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1. ECFHGJIKMLONMPRQTSVU
( WYXOZ 17km,100hPa; []\ ,

K
L=Q^S_U

) `baOcedHfOg=hjiOkRl]mJn . oOpRq , rs iYkutwvYxzy|{~}]� QO�V�J���|� , �Cl NYP9Q
db�1nV�O� (Brewer-Dobson �O� ), � s x]�Rl�o
pC`w�O�Cd��=���V�_pDt��J� � n (SPARC 2000).

r s �M� ,
KJL]N]PCQ~SMU s fYgD`^}]� Q s �Y�

p]��tJ���.�¡ O¢~£�¤Cnb¥M¦utw§9¨ , r s K]L9QS_U pMg4t�©Yª�¤Cn�r�«|`|¬Y­z«whRn . y¯®DyHh
q�° ,

K]L9Q~SMU pYg sj±]²J³]´�µO¶Y·J³]´ q~¸¹ nOº~»V¼O½M¾Jd�¿Y¨_{ s ©YªRqTÀOÁ=l]`OhO¨ .Â ·Rs¯Ã~Ä ®e° ,
KVLJQHSTU p~g s�±~²V³V´ ­JÅ

«Ty¡{ , Æ�Ç�X~}~� Q d�ÈM��n�ÉVÊ^ËMÌ=ÍÎ¢¯Ï swÐÑ
( Ò]Ó~Ô ,Holton et al.1995) dY�|n ’stratospheric

pump’ « ,
KVL�N~PJQ l sÕ¶ X~a N~Ö �V� K qH×~}

¤CnHØMpYÏ ´9s^Ð Ñ (Kerr-Munslow and Norton

2006 ; Norton 2006) heÙÎqb¸1rÕ¤jÚ�Û P d��Tn|ÜKYÝ_Þ s�ß � s|³Y´ q^àeáe° � n .

yH®.ybhYq�° , â_ãäy^�jå]­eh KJL9Q~SMU p]gsj³]´ t�æ^�1°�¤T­9Å]` , çYªMèRé�¢�Ì¯ê.t|ë�¨
�jì�í , ¨Mî � s ­9ÅDæ KJL9Q�SMU p]g4d N y¡Ú
Û P dR�Vn^Ü K]ÝOÞ s|ï lTðMñ�tHò9ó_¤��O� , Ø¹ hbôMõRq1Ùbö9°Õh s ®�dT¿]¨_{]÷_øOhjù�Ü=tT\
¤ s qYúbûRlJm]n .

�Rrbl , ü ÃYÄ ` K]L sjý U �Mg (SST) ÁJþ�qK]LYNMPCQ l s �Y� K ÁJþ4tÕõ9Ó=nC«wÿ]Ó , ØMp
ØJ�M���YéO£ (AGCM) tbë=¨M{4r s�� ë4t����
m]n^¨M`	��
 �
� n�� S���� t¡õCÓ ( Ò�ÓYÔ ,

KOL
SST

sj¶ X����1twØ ¹�� y , �O�YpO�]� K sj¶ X
a����Dt���� ��� n ), � s	� ë]q KOLMNOP�Q s g
X ³M´ d9Ù s ���ÕhbðOñ.t�õCÓ�nT®Rt	 �!R� .

2. "$#&%(')#�*�+
ü Ã�Ä d�,VëeyÕ�-�Té^£M` ,CCSR/NIES AGCM

Ver.5.6 lj�$.�ª�/VX T42, Ú�ÛHª�/VX L24( �~é�£0�1 ` 0.4hPa), 2�3&465 «OyH{Tp�7&8 SST tÕõ
Ó]� . �OéV£R` 5

·9s�9�: �);(<jÉYÌ>=_¾Rt�?�@ ,

� sBARs 15
· Á s é]¢JÌ_t 1 CED>F�l�GBH1y , �� t�ª_èuyÕ{�I&.�J�K , p$7�8$KuyÕ{Të�¨Jn .

L$L
.$J]gMXz«NM&�YÚCÛ P d~¿J¨O{ , �Mé_£ s 2&3�4
5 s p&7�8&« ERA40

s
1979

·
1 I�®�° 2002

·

O
1: P	Q�R�S�T-U	V�WYX)Z�[ (color) \B]-Z�[B^B_B`a
[K],(contour) b a�c�d
e ` a [5 × 10−5m/s] f	gh�i�j6kYl�m

. (a) S′
× 2 (b) S′/2 (c) S + 1 (d)

S − 1

8 I�njl s p�7�8 s¯· .>J�8Dt
o�p�¤Rn�« ,
K_LVN

P�Q^S~U�q Â l , �VéV£ s$r �Îq µ_µ f_g , M$�_Ú
Û P q�sJ¨)t�uVqwvä° � � .

� °wd KMLONMPRQ�SU WMX�q ERA40 �=�bæ µOµ W=¨ (90hPa).

4�5�`^[Y\ s �6�¯d , Iyx s KML (15◦S− 15◦N)

SST ÁOþYq-2�3�4�5�«{z�hJn 4 ¿]dj¿O¨~{)|(}b� .

4�5�~ 4�5$�_­
S′

× 2
KYL

SST
s|¶ X����1t 2 ��¤=n

S′/2
KML

SST
s|¶ X����1t��YÁ9dT¤=n

S + 1
KYL

SST t	���9d 1K �&� ��� n
S − 1

KYL
SST t	���9d 1K �&� ��� n

[&� sB� 4&5Jl s �&�C`	�={�2&3�4&5�®.° s �
�Rl)��¤ .

owp s �~�-���Jé]¢]Ì�«_y¯{ ECMWF ERA40

ç_ªOèJé]¢]Ì_t
,Më.yH� . ���O` 1979
·

1 I�®1°
2002

·
8 I�l��&.Vª&/OX9` 2.5◦ × 2.5◦, Ú=Û-��u

` 1000hPa ®.° 1hPa
s ê&� U 23 �Rl]mJn .

3. SST ���9I$�w�����w���&�� î 4 ¿ s 4�5Cd&�Ryw{ · .wJ s L�L .wJMgMX
«�M��YÚ9Û P s 2�3�4�5ed N ¤CnB���1t��=¤ (

O
1). S′

× 2 l ,
KML=Q^SVU�� �)�_\-�Y}O� Q l^fMg

��� , S′/2 l�`$�TiOkClTWYg��&�z«wh(}~� . nO�



S+ 1 ` S′
× 2 «{ �¡uy|�H�$� «�hu� ,

KOL }O� Q
l S′

× 2 �C�bæ 0 �¢n�l^fOg&���z«¯h(}�� . y¯®
y ,
KOL_N_P�Q^S~U `wWOg��$� «Õhu� , WOg$����®

° f_g$�$�Cd�£ �¥¤J�=n
� S q S′
× 2 dBo&!^W=¨

(70hPa
q Â

). �)�ed S − 1 ` S′/2 «¦ &¡ y|�|�
��l ,

KOL }_� Q l 0 ��n^ljWOg$�$��q�§ ¹ , g_X
���=q�£��¨¤��9n��ª©¯q S′/2 d�o6!�W9¨ (90hPaq Â

).

M$�OÚCÛ P ���9d��Ryw{]` S′
× 2,S + 1 q KMLNOP�Q l s 0-«OP �$� ,S′/2,S− 1 qO\w� P ����l

mJn . �Cy¯{��R{ s 4�5�l)¬Ov&y¯{ 50hPa �C� 0
�Jl Brewer-Dobson ��� sw³  u«¯� s Ú�Û P ���
dR��n^Ü K gMX ³ K�q)­�®�yw{M¨�n . S + 1,S − 1

` 100hPa ®1° 10hPa n^l^ÚRÛB��uMd r ó�����h
M��~Ú�Û P �w� s�¯�° tYy¡{V¨]n|q ,S′

× 2,S′/2 `K_L
,90hPa

q Â d¯o±� 9�² ¢b£ s�³ � hj�������
q-´�µ�y�{_¨~{ ,50hPa ��� 0 � s K_L lM`	Mw�VÚ
Û P �&��q ³ � ¨ .KMLRQTSVU dT¿Y¨O{ S′

× 2 l ß ¨ EP ¶MÊ±<�·9jÐ Ñ ��� , S′/2 l ß ¨ EP ¶VÊ&<�· 9-¸w¹ ���Jq
vä° � �RrJ«Õ®.° (

O$º
), r s KYL ,90hPa

q Â s
o�� 9&² ¢T£ s)³ � ¨T�O�6�&�D` Kerr-Munslow

and Norton(2006) heÙÎl>»_� � �wÏ=d	¼ ´ �Õ� �
M��M�_�Rl]mJnJr�«�qOÿYÓ1° � n .

r_rwljÚRÛ P [>½ s-� ë�q KML=Q^S_U pOg9dwð
ñet õ�Ó�{~¨YnE¾�¿-ÀYqMmOnT�T� , ð~ñ s mOn � ë
t�Á�Â�¤Rn¯ªMè4t	|y�YÃM­=q�mJn . �RrHl ³_ï�Ä
=OÊj¢�.)J (Transformed Euler Mean: [_\ ,TEM)Å K HwÆ��M�&Ç�tHëR¨]� K Ð&È ªYè�t�|É� ( ÇD`
Andrews et al.(1987) t
Ê�Ë ).
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ö�h�ÌJd ,

v̄∗ ≡ v̄ −

1

ρ0

∂

∂z
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ρ0

v′θ′
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)

,

w̄∗
≡ w̄ +

1

a cos φ

∂

∂φ

(

cos φ
v′θ′

θ̄z

)

(2)

v̄∗ q>M��±Í)Î P ,w̄∗ q�M$�OÚCÛ P l]m]n .

(1),(2)
s�Ï �Jl_\ q ¹ s�ÐwÑ z `���ÒVÁ¢ÓE�6Ô .

(1) Õ)Ö�×�Ø	Ù$Ú�Û$Ü�Ý , Þ$×&ß&à>á±âäãEå-Î�æç
, è(éBæ ç , ê6ë)ì�í$ì , î�ï�ð>ñ�å-ò$ì$ó�ô ( å

õ
2: öB÷-ø>ù>ú>û 10◦S − 10◦N TEM üBý�þ�ÿ���������
	

( � ) ��
�����û�������� ( � )90hPa û������� ûNý� "!$#&%�' . ( ( : %�' [K], ) : �*�,+�- [K/day],.
: /�0
ý�1-ý [K/day], 2 : ���43Bý [K/day])

ò6î�ì ), î ï�ð$ñ	è¢é�ì�ó6ô ( è¢é>î�ì ) 5�687 .9;: Õ�<>=�Ý$å@? 10 A±â ã¨òB? 10 A�Ó"CEDGF�H ,I C�DBJ¢ÕBè�é�KML , 90hPa Õ�NBO�Û>P�ïEQMR : ,

TEM S$ìUTEVMWBXBY¢ï±ðwñ
ì8Z*[>\>] Ó_^a`�H .bdc Ø�e>fB<8=(ï�Q8R :@g Ô (
õ

2).h8h ÝwÙ�Ú�Û�Üi5�å�ò�æ ç , å�ò6î�ì Ø�jlk�mn RMH*o@pBqGF�H .I CEDBj(Õ	è(é�KML�âäã , 80,90hPa klrE`s5�rt Ù¢Ó g Ô . 90hPa Ý&Ø�è±é	æ ç ásk�u*v , è±é	î
ìlk�wsR�uBv , ê�ë�ì�í&ìxk�í&ì(Ýsy>z�{}|;~��
F : R�ñ . 50hPa ï_� ñx5¦è�é-î�ì¢ØMy>z 0 5"��

, è(é)æ ç 5Yê�ë>ì&í$ì¢Õ�{�|s~_�>k�� ��� Q .h Õ-ê�ë�ì�í&ì¢Õ)í&ì>�8��Ø , � ï���Ùxk@�8�8C� ÙBA±â ã cB� H h 5�Ý@�G��ñ"�>�B�>�l�-Û�Ü¢ï
ð�ñsr��$Ý , è�é�æ ç ��uBvM�M��5�� ����� ð �
ï��M�>�8�$������kBwx�U`EHMH�o�5"�U�äã � ,

h
�� B¡�Ø�¢�W�Ý�ð �¤£B¥ Ý8¦�ñ .

90hPa ��N>O�ÛMP�â ã , ÙMA�5Nè�é)æ ç ��§M¨
kE©xRU��k�ª6â � , è�é�î&ì«r�ª c â±ï� M¡­¬"®
� , ê�ë>ì&í$ì�5�¯��BÛ>P�¬sF : R�ñ*�*k�ª�â�ñ .hBh â ã¨ìB°d±�²*³M��Ù�ïM´dF : è�é)æ ç ��µ
®xk@¶­·�¸ , è(é)î$ìdk�m n R�5,ª�â±ñ .

S′
× 2,S′/2 ïM´dF :>¹�º � õ ¬ g;» (

õ
3).I C@D*j;�
è�é_K�L�ï�Q�R : , S′

× 2 Ý�Ø 90hPa

Ý t ÙM¼M½�5_� � , è�é�î&ì���¾>¼M½�5Yê�ë>ì�í
ì���¿>¼>½;k�{$|s~��}F , 50hPa Ý6Ø t Ù>¼B½�5 ,



õ
3: À 2 #�Á,Â . Ã�Ä�Å , ( Æ )S′

× 2 ( Ç )S′/2 ú�û�ö
÷-ø>ù�È;ÉYû,Ê�Ë

õ
4: À 2 #�Á
Â . Ã@Ä>Å , ( Æ )S + 1 ( Ç )S − 1 ú�û

öB÷-ø>ù�È;ÉYû,Ê�Ë

è�é-æ ç ��¾>¼B½�5¦ê�ë>ì&í�ì$��¿M¼B½dkE{$|;~
��F : R�ñ . �*H S′/2 Ý6Ø 90hPa Ý@Ì&ÙB¼>½ , è
é	îwìx�"¿�¼*½«5{ê�ë-ì$íwìsk@{x|8~��$F , 50hPa

Ý±Ø�Ì6Ù8¼M½ , è¢é�æ ç ��¿U¼M½i5�ê(ëwì�í�ì��
¾>¼B½dkE{$|;~_��F : R±ñ .

h>h â ã 90hPa �BÙ
AM¼M½�Ø)è�é�î&ìM¼M½$�� M¡­¬@Íi¸�Î�Ï , ÐB�B¢
W�Ý�Ø-è(é-æ ç ���>�;k@Ñ>Ò » ñ*��kBª�â(ñ .

90hPa ��N�O�ÛBP�Ø S′
× 2,S′/2 ��R c*� r , Ù

A8¼8½i5�è�é>î�ì��@§M¨lk�©Ó¸ , ê(ëwì6í�ìlkdÐ
��¯ ï*�x` : R±ñ .

I C�D(Ý�Ø� M¡}��m n âl`EH
è�é�æ ç ¼>½�Ô�k , è�é)î&ì�5�Õ8ÖGF�H�NMO�ÛMP
¬dF : R : , �&Ù���N>O�ÛMP$��×dØ$¬"¶Ù·}¸�F :
R±ñ .

S + 1,S − 1 ïM´dF :>¹�º � õ ¬ g;» (
õ

4).I C�D�jd��è±é�KBL±ï�Q>R : , S + 1 Ý&Ø 90hPa

Ý�Ì�Ù>¼M½�5_� � , ê�ë>ì�í�ì}��¿M¼M½�5Nè�é)æç ��¾>¼M½ , è�é�î&ì���¾>¼M½xk�{}|;~��aF : R:
, 50hPa Ý t Ù8¼8½ , ê�ëwì6í�ì���¿U¼8½i5�è
é>æ ç �@¾M¼8½lk�{�|d~��­F : R�ñ . S − 1 Ý±Ø

õ
5: ö)÷�ø�ùwú�û 12-3 Ú�û ( � )70hPa( � )100hPa��Û*Ü�	 �>�"3)ý;Ý�Þ*ß
à"á (w′θ′)[K·m/s] #�â�
@ã

[m/s].

90hPa Ý>ÙMAM¼>½xkUyMz�pä¸ , ê�ë�ì�í&ì���¾M¼
½�5Yè�é�æ ç ��¿8¼M½ , è�é)î&ì}��¿8¼>½xk*{�|
~��$F : R�ñ . 50hPa Ý�Ì$Ù*¼*½ , ê�ë-ì$íwìx�_¾
¼>½å5¦è�é-æ ç ��¿M¼M½dk*{}|s~���F : R�ñ .

h
h â ã 50hPa Ýsæ S′

× 2,S′/2 5 ¹@º ï-è�é�æ ç
���>�;k@Ñ>ÒGF : R�ñ��*k�ª�â(ñ . F�â}F 90hPa

æ-ÙBAB¼>½å5Yê�ë�ì�í$ìM¼B½;k ¹�çBè ï��d` :�é�
, ê�ë�F�H-ÙMA$� c>� kEì h » �8�>�U�$��Û�Ü
�}5�¯$��íMîsk@ìÙ· : R±ñ .

h � æBï�Z » ñ��8�
�M�l��¶�· n k�ÛUª�`EH>H*oa5
�>�äã � ñ .

90hPa �"N*O$Û�P�ï�QBR : , S + 1 Ý>æ�Ù*A*¼*½
5�§>¨xk�ð�RU�>æ)è�é)î&ìM¼M½�5_��ñ�k ,

çBè k
à@ðÙF : R*�*R*¢&ï S′

× 2,S′/2 ylñ{Û�P�r�à@ðÙF: RB�BR . ê�ë>ì&í$ì�5_æ ¹@ç>è ÝsyMz�¯}��NMO
ÛMP}¬sF : R±ñ . S − 1 Ý8æ-è(é-æ ç ¼>½ , è(é)î
ì8¼>½��BR c>� r
§M¨dkEòä¸ , 7-11 ó���ô çBè k
à*ð » ñ . ê�ë>ì�í�ìi5�æ 1-5 ó�ï ¹@ç>è ÝsyMz
¯���NBO�Û>P�¬sF : R�ñ .h*h â ã ì�°*õ�³BöwÙ�¬	à º ï�Û$Ü n�÷ H"J � ,

ê�ë-ì$íwìx��ì�°;±@²�³B�$Ù8ø8��µ�®;k��B� ã � ,

è�é-æ çUù è�é-î$ì�5 ìM°d±@²�³>�&Ùl��§>¨;k�ò
¸ú��ñ h 5
k>�>� ã � ñ .

4. û*üBý$þ*ÿ��������9U: �"<�= ( ��ï S′
× 2,S′/2) Ý	Ù�A�¼�½�ï
§­F: ¶�·@�@µ>®�¬Ur�H ã*F�H , è�é�î�ì ïM´lF : �	x» ñ�HBo , 12-3 ó(ÝU��eMf><U=G5
��ï	ì8°>§ ç

±�²E³��
�x��Ù*A*¼*½Mø8�" *¡sk £*¥ Ô*`�H S′
×2

� 100hPa 5 70hPa ï é Ï&ñ�è�éBî�ì��B|����@�
(w′θ′) 5�ö>C��$��K8L�¬�� » (

õ
5, 6).

eEfE<�=8æ 100hPa ï é R :���� , 160◦E 5 30◦W

¬�����5@F
H�¾U�
è6é
î>ì��E|����_��k� � ,70hPa



õ
6: À 5 #�Á4Â . !xÅ S′

× 2 ûEöB÷-ø>ù�È;ÉYû,Ê�Ë .

ÝBæ*Ð � k�ÍÙ¸#"%$�F : R&ñ . &�ïMr 100hPa Ý�¶
·"��è�é�î�ì'�E|����"��æ�(%) » ñ�k , 10◦S − 10◦N

âäã+* �>: R�ñ@¢ ,70hPa ÝM�,"�$;k�wMR .
h � ã

¾l�	è�éBî�ì-��|.������kB¢�W±Ý�"�$ » ñ h 5�Ý ,h ��/E�10�2$¬,uEv » ñ,�*�l¬ú®s��ñ . è6é
î>ì'�
|3�4����5¤ö*C��;�"KBL�5�¬65 ÷ : ���&ñ;5 , ÐE�
K*L8æ�7%8 -Gill 9�:�;U~ (Matsuno,1966;Gill,1980)

5
��Õ*Ö8k,< ã � ñ . ÐsF : 6-9 ó;æ�è�é�î�ì=��|
�%���U� 100hPa Ý8��¾$�>�?�;k�738 -Gill 9@:%;
~U5 ¹@º ï�ò>A�ïBÛ�Ú » ñ .

S′
×2 æ �
� ¢B� 170◦E �
�}¬%�1�«5EF_H , è±é

î$ì@��|B�?���M��¾�¼�½;k 100hPa Ý�< ã � , Ð �
k 70hPa Ý8æEw�Ü«F : R±ñ . ð*` : h �B�>|����
�>k�ZDC » ñ h 5
Ý)ì>°x±@²�³¢ï t ÙB¼>½�¬8r@H
ã*F : R�ñx5��>�äã � ñ . S′/2 Ý8æ ¹ �
0D2¢ï_¿
¼M½xk 100hPa Ý� � ,70hPa Ý%"3$åF , ì8°l±�²
³ ï�Ì�ÙM¼>½­¬sr@H ã*F : R(ñ$5"�U�äã � ñ (

õ
E

).h*h â ã , ì�° SST ��F*A*¼*½�¬�GsØ ( "
$ )
n

÷ H h 5�Ý)ìM°B§ ç ±�ï é Ï�ñ1H3I�ì$��FBA�ê>§J k>Í�Ü ( wwÜ )
n � 9-:
;$~�kBÍ�Ü ( w�Ü ) F�H

5��>�äã � ñ .

 B<�Ýlr h �	è�é-î�ì$��íMîUk%< ã � ñ�â�K3L» ñ�H�o , ì8°>õ>³UöDM���FMAM¼>½xk�¶Ù·@R £M¥
� ENSO N�Ol~QPSR (1996

I
-1999

I
) ï , ERA40

5�Ð���R�Tl��õ�³8ö�M�¬�®x�8H
U�V�W
I>��¬�X�Y
F@Ha5 h�Z âU� � �wà*ð$k�<Éã � ,  U<�Ý�r�è¢é
î&ì}��íUîxæ�(>)GF , UDVDW6Ý%[3 3\�]�Ýs¦�ñ h
5�kB^ ã�â6ï*�d`�H (

õ E
).

5. _�`
CCSR/NIES AGCM Ver.5.6 ¬�î8RBH4a�j*<B=
Ý , ì8°M²B³UöDMMK8Ll�)Û&Ü�ï�ð*` : ìU°M§ ç ±
²�³3�D�$��°3bMC*D3MBA¢ï$ñ���íMîsk@¶�·��� >¡

¬�®x��ñ>â6ïEQMR :%cBd H .

a8jM<8=�ïEQUR : , å�? 15 A(â ã ò8? 15 A��
ÝM��õ*³>ö�Mx�,F�A�¼�½}¬�GsØ ( "�$ )

n�÷ H�<>=
Ý;æ ,

I C�D�F@H)ìU°U§ ç ±*²M³ (90hPa,10◦S −

10◦N) ��°DbMC*D3M>A;k3eDf ( ¢�g ) F , ÐB���l�
 �¡dk)î�ï�ð>ñ�è�é	ì$ó�ô ( è�éBî�ì ) �_�B�lÔ8`
H . å@? 15 A�âäã ò>? 15 Al��õ�³MöDM�¬Bà º ï
1K ¢,g n"÷ H�<>=�Ý8æ , ê6ë�ì�í�ìl�_�>��Ý-ìB°
§ ç ±E²B³M�>Mdk8¢�gåF�H . �BH>à º ï 1K e�h
H�<8=±ÝsæBì8°x±E²B³M�>M$æ)Û;ª ã c , è�é)æ ç
5Yè(é-î�ì$�-í$ì>í8î«5Yê�ë�ì�í$ì���u�vMíMîsk
� �¤�å�ji 5"�d`�H . 50hPa ð � ¢�k�ÝUæ 9d: �
<B=�Ý Brewer-Dobson l%mx��Û c ï6ð�ñ�è±é	æ ç
��íMîUk@Ñ>ÒGF�H .

è±é	îwìxæ�ì�°6Ý�Ñ�Ò » ñ�7�8 -Gill 9':�;;~nb
��l�mMJ ï�ð�` : �M� n � , ì8°MõB³UöDM���F>A
¼M½$��GxØ ( "3$ ) ksÐ>��íUîl��ÍwÜ ( w�Ü ) ¬sr
H ã�F�H .
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