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@BADCBE:FHGJI
( KMLON 17 km,100 hPa; PRQHS @DATFUGOI ) VXWZY5[]\$^`_baTcJ_bdOeTfgZhjiBkDlnmboJpMqsrutvgbh [w\yx*^z_X{J| Fb}X~J���]�:lb� c�S�� t xO� i��O�T�j�����Z�p [��M� ��l (SPARC 2000)

m�r�ty� cuS @OAjF�GyITt dye:Vv{y| FBtn�y�Jpy� [J�D�����b��B� l`�Z� [w :¡uS rut¢@JA�F�GZIOp e�[�£O¤ � lRrD¥ V¢¦y§ ¥ f lvm@JAjFXGZIOp e:V¢¨J©JªJ«�[R^z_J¬ � SJJ®y¯ tv°:�b±Z²´³ SJµ �n¶T� ¡ m·rut ¨J©JªJ« t¸:¹ �Zº ¡J_H» tT��¼ fU½D¾ qjkMl�m µJ®B¯ i V CBE:FJ²À¿uÁvÂ LO{B| Fy}JÃ � lBÄMÅbÆ:ÇÈ ��É qbÊJË � l�rR¥]i:ÁvÂ LD{O| FBijt a�Ì�Í tXEM� [vÎO«*^wS�� � [¢ÏBÐ � l��:¼¢�v@AjiDtbÑvÒOE SDa iDt QZÓ EMquÔ { �`��l (‘stratospheric pump‘)
m J®y¯ tnÕMqJÖ ®J¯ ���× ÄDÅZÆjÇ È ��É tuØ «BL qHÙ Í ³ S5� �:�:����@DA:iRtJÑ�ÒME�q B®D¯ t µ �yÚ$³ f lO�

c � SDÛ @D¶ZÜOÝBÞji J®O¯DµZ¨ t¢@BABCJE�FXGJIBp e qU¶�� ¡ (Holton et al. 1995)
m�r`�

q
stratospheric pump ¾ iDkMlvm W Õ S @BABCJEOØ «B¾ × kMlvmb@BAOßJIO� e tvà L Õ Ì t

eJLZá qUCyE*¥ � �j�nâ$¼ã�O�Z@�tvà LZä Cyå [ Ô {À^æS @OA QvçB{y| FUèDFXGZIjiuéyêOIJëì [`Îb« � lR�R¼ f ÙJp Éy«�[wíO{ � lnmJCJE:tOÁ`îJÂ L q J®y¯ tn°:�nïZð�²·¿�ñR�  }Hò
«À^æS:� t¢ÙOp Éy«�[wªOó �]ô:lb� c � S éJêJIJë ì �vâ ¼ Û @O¶ZÜyÝJÞjq J®y¯ t µ �HÚ´³
f � SZJ®O¯DµZ¨ t¢@BA:FXGJIOp e qU¶���³ f l (Kerr-Munslow and Norton 2006; Norton

2006)
m�õy� ¨B©OªO« ¥÷ö f lXq S FXGJI QU| tvøJù�tvùJú KDL qX@BA�FUGyIstnû ÉyüOýOþ @�¢ÿ�� [���� l:¥ ¡ ¼ãÝOÞ × kDl (Hartmann et al. 2001; Hatsushika and Yamazaki 2003)

m
���
	 VD� � ¿vt����qH@MA�FbGBI���� t eOL � ��� lnÿ
���yº ¡J_ZSn¨M© � à Y t�����
� � � ijt����s����� [� H_HS CCSR/NIES AGCM5.6

t�!�"�#�$ � �T�bl&%�'Tt��OÞ$¥
ERA40 (B¤�) $ � Ç [  ¡XS @MÊ+* ¤�) [-, ¼UrM¥zi/.¢t:�j¼ f ��Rq�@BA:FXGJI�t eOLyª
« �nC ^]_ Ú ¡10��·[32 � tU² S õb� � t1�� V14 q ¸j¹ ¥ f65n_�7MÍ98 rZ�`��lbtH² [�:�;
^ �um<�=nhst�>@? [BA�C ( DbK 0 m) ^ �&%
'Bi Vn{y| F Quç (50 hPa) [ Á`îT�`@OARiMt y®J¯
µy¨ � ¬FE l KBe�GJá ¥æ° ¨ � ¬�E l dOe�Gyá qIH ¿�����m O®J¯ (10◦N-90◦N)

t
>J?�tLK
[�A1C´^ �&%
'5¥`tBMON�i SOµb¨ t KOe�GZáTV¢y®J¯ t�>@? A�C �j�UlyÁ¢Â L ÄOÅUÆRÇ È �vÉtOPOQMq ¸R¹ ¥RH*¿ � S ° ¨ t dye�GZá × y®J¯ t
>�? A�C ���XlyÁ¢Â L ÄJÅUÆRÇ È �nÉ q ª
óÀ^ �`ÝOÞRq ¸R¹ iDk 5 �umBÖ ®y¯ (10◦S-90◦S)

t�>@?�t+K [BA�C´^ �1%�'D²·¿ S Ö ®J¯ t
>? A1C ���XlJÄJÅUÆRÇ È �nÉ tOPOQ V1S�T �]�j�Uq S�� t`ÿ�� V @OA {J| F Quç ¥zF�GZIji�U�u² 5 �Xmb@DA Q�çM{B| F (50hPa)
�BV 5�_ Holton et al.(1995)

i�W � �:� stratoshperic



X § ii

pump
t Û @R¶OÜDÝMÞTqIY § ¥ fZ5 �Hm ^ ² ^ @MA�FbGBI V ÁuÂ LD{D| Fj� ¬�E lDÄDÅyÆ:ÇÈ �nÉ tOPOQTt`ÿ��s��M�[ S CyERFXë ì ¥ äMÛ @ þ @�t ªOó t¢ÿ��jq�\�]��-�M�j�um@OA
(15◦S − 15◦N)

tvßJIO� e tvà L�GJá·[�^6_ ( `�a )
�¢ôTlT¥ S @BAOCOE�Fy²5¿ {O| F

Q�ç i�b�c � l ’ d�e -Gill f Ç �:� (Matsuno 1966; Gill 1980)’
qJÚIQ

(
P+Q

)
�`� S�f Ç �

� Ñ�g
����iRt�h��:�Ul1iZjv@O~D��t¢ÝDÞ�i S @BAOCOEjFUGJIOp e q QOÓ (
ÑvÒ

) ^ ��m eJL
ª Q:��k ^z_MV Norton(2006)

tn�ZÞ ¥ml�n ^z_B¡ lXq S�� t ¸R¹ ¥ f l-�� V ö fF5 �Xm�õ�n@OAstußyIB� e [nWLo �JÑvÒ ( QJÓ )
�¢ôTlT¥ S�pyá i�j�E����Hl Û @D¶yÜ [ Y$¥ ^ �nÝBÞi {J| F Quç�[ Á¢îs�nA�q
r+s eOL q QOÓ (
ÑvÒ

) ^ S r`�j� V Á¢Â L ÄBÅbÆRÇ È ��É tnÿ��× H"¿����Umb@DABßOID� e tuà L�GOá q ^�_ ( `�a )
� l�rj¥ V La Niña(El Niño)

���$¥æC
t ^]_D¡ lZ� c�S ENSO uIv·� � qIwFx f 1996 Y -1999 Y t1yZ�Zi�z�{·�¢���vßJIO� e [ #$ � � �|�uS�} �ByTt ERA40

¥~MON [@,�5 ��¥HrD¥ S @OAjFXßZIJp e�[I���&( �ji Í �um���
1998 Y 1 � t KBe t ( ���jqI� ³ S Y f�0���V hT�:�Ul1i|jn@O~O�stnÝOÞ�� 5 �umDõZ�ußID� e �
k � l1%�'+<
�:i S 200 hPa

tuùB�O�"¥�@DA:FHGOI:ijtnû ÉJüDýBþ @�t�à L���� q�
�:i ÍUfD¡ "�t�Ù Í ��iI����k
k�� [-2"^wS Hartmann et al. (2001)
è

Hatsushika and

Yamazaki(2003)
¥���� ^ �n�yÞRq�� ¿æ�j�um
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1

1.1
ß à á â ãåä æ ç è éëê ì

í�î Å�ÆLÇðï-ñ1ò í�î Åóïõô�ö�Å
É-÷�Æøï�ù-ú6û-Ç�È�ü
û1ý í�î ÅBÆ�Ç|þ�ñ�ÿ�� ����� É��
¥
	����� ò����
É���� ��������� þ��Oû ��� 	��! #"�$�þ&%('*) úLò WMO( +
Æ ��,�-/. )

È0 �1�É ��� 	�%('2)~ú�û1ý

“
������� 	 2◦C/km �3�óï � û4���Bö�ÈOò#1�1���576&� 2km 8BÈ
É�9;: �����<� ñ 2◦C/km=4>�?�� '�ö ”

1�É ��� þ�@�ACBIïRÃ�Ä ïEDFÈ�ñ í�î ÅOÆ�Ç�F3G(	�H � 5mò�Ã�Ä6È�ñ�I 17km, DFÈ�ñJI 6km

ïLK�ÉMFNG�þ�O*P ��Q 	
ü�û1ý
�4RS�L6&T�É ���  7UZþ�V � ÉMFNG =XW
Y<Z�[ È
ñ � B ò�Ã�Ä í�î Å�ÆLÇ =\���
Y û�1�ï�]^ þ
 #_�`;	&a
R+úNb�'�û1ý+Ã�Ä í�î Å�ïRô�öFÅ�É�c�þ-÷�ÆLÇ
	�ü�ûLÉOÈ�ñ � B ò í�î Å<R*)

ô�ö�Å�d ïfe3g�	�h3iC�Lb�'CB ö (‘transition zone‘) 	��N Y û�ïL'j�Ekj �ü�û (Highwood

and Hoskins 1998) ýS��l�bIÃ�Ä í
î Å+Æ�Ç|È6ñ � B Ã�Ä í
î Å+Æ
ö (Tropical Tropopause

Layer;TTL) ï\m3n�ú|û
1�ï� �ü�û�ý�o3p�qFÈ�ñ1Ã�Ä í�î ÅOÆ�Ç =M� G�È�r � �9òSs�t 10 G
Ru)wv�t 10 G�É1Ä�x�9�: � G�	��! #y�'�����öøï Y û1ý
ÃFÄ íFî Å�Æ�Ç
z�{/É � G�ñ�|
} ~����
�
� = �&b(��5 ò�v(�
�/É;� þN�(R�BE� þ;�*�
'+ý
K�É � G�ÉJ�3������þ .�Y û�pNq�	�{3�*8+È � ù1ú(b('Fû�	+ò*�&��þ/��É��3%
	j��É��
G�Ã
Ä í�î ÅIÆ�Ç3z�{óÉ � G = r � ��b�'6û�É�R = k�� Y û�þ�ñ���)4�Lò(O � O3���������
(Atmospheric General Circulation Model; �N��ò AGCM) ÉJ����ÒLÌj ½�¾��øï&É<c�þ��Lú
	
ü*5 ò< ��|þL¡<¢ ùJú�û+þ�ñL�*lJb�' � '�ý

1.2
ß à á â ãåä æ ç è £¥¤ ¦

Ã�Ä í�î ÅOÆ�Ç ( F3G�I 17km ò�s;t 10 G3§;v3t 10 G ) ñ�D�¨�b�y ���&©�ª È�ü�û�ý�ô�ö
Å
þ�� [ û4|�} =4«
¬J�®�¯<�<°�±3² ��È�ÉLO � É��*P =�³�? û|ïRò�Ã�Ä í�î ÅBÆ�Çu��5 ô�ö
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1 µ ¶�· 2

¸
1.1 HALOE ¹ MLS º�»�¼�½�¾�¿�À�Á�ÂNÃÅÄÇÆ(È(ÂNÃÊÉ�Ë�Ì3Í(Î�Ï (con-

tour)[ppmv] º4Ð;Ñ�Ò�Ó;Ô;Ñ�Õ�Ö (SPARC 2000) ×JØNÙMÚ�Û�Ü�Ý;Þ 400K ß�àLØNÙá Û<âEãMä�å7æMßNçéè�ê

Å�d�ë �<ì 	 î�í � ò3D���î�þMï�ð ù-úIò3D�È í�î Å;dN��ñ Y û4ò�ó�Ç��<� (Brewer-Dobson

�<� ; �3�Bò BD �<� ) 	�ô >(Y û<��¨�þ�òIô�ö�Å
ÉLë � ñ�õ�ï÷ö2�X	�1BÉ�D�¨�b�y �
� Ã�Ä íî ÅBÆLÇ =Xø�ù �4b�ú(b ( ûLt�G í�î Å
ü4ú|É�ë �<ì  #�� Y û ) òNK�É ù ��È�ý�Ò�þ
��5éþ�ÿ�/=���Z ú6û(1
ï�ï � û ( ��þ )( � 1.1) ý
K
É�Õ
ò�ô
ö|ÅFþ��('�b OH �������Zþ��Lû	�	
��OÉ�	� (CH4 + OH −→ H2O + CH3)

È�þ<ÿ ��� 	���Ï Y û&	Oò���þ ù ��È �(Z ú(�Jþ<ÿ ��� þ�����û�ïMK�ú�þ���û�����ñ;R � 5��
ù�'+ý2��l&b/1OÉ��Nþ ù ��þ���5Rò�Ã
Ä í�î ÅIÆ�ÇNz�{óÉ � G
	Lô�ö|Å�É�þ�ÿ ���u=�� } Y
û�ïL'j� ��Ç ="!$# ýÊ�LRS @ò�º&%FÉ�ô�ö�Å�þJïNð ù1ú�ûJë ��ì 	 !'# þNÿ ��� ñBòFÃ
Ä íî ÅIÆ�Ç�É ©�ª 9�( �&� � G6È;ý
Ò ù�ú��/û�ñ<�6É�þ�ÿ ��� ��5� �ù�)1þ*) � '+ý2KIú6ñ�Ã
Ä í�î ÅOÆ�Ç,++þ�ñ ’cold trap’ ïLm�nIúZû�-&.S��5� �ù�)1þ&�0��' ( I 188-194K)

©�ª 	�ü
5 ò+Ã�Ä í�î ÅBÆLÇ/+�É�ë ��ì ñ�þ�9;ï�ðFÈ�1BÉ ©�ª*=Xø�ù �~òSK�É�y �S= ��0*�\bS��80�4�
¨�È�ü�û (Holton and Gettleman 2001) ý;þ�ÿ � ñ�ô�ö�Å�É�O � ��1 ~32�4 ù ��þ�OjP ��56*=�7�? û1ý 1

# ñ�þ<ÿ � 	�þ���8�9���&� (OH) É�:�;�<�È
ü�û�1�ïRò>=|þ�þ�ÿ � 	  Ê�?@ þ��+û���A�BDC&E*? @ 9�F � GHG��DI = r�¨Fû�1Fï~ò0K0�Lb�þ�ÿ � 	�D ª ô�ö&JLK (Polar

Stratospheric Clouds) GM:�;�<ðï � û
1�ï�E�ü
û�ý�1-ú!)NG�O�b>GJ�N%|ñNP�Q�R�S�J*T�U'GV�W	X�YMZ>[�\	]D^N_a`&bdc�e J�GMf�g�h X ��i [a\$^ c�e J9j$kDl�G�m�n _�oqp*^�r�sutwv
xDy \a]>^{z,t | }�~���� G���� _9� y�xu��� �aEH�*� yD��� E>� b�|���� P�Q�R�SaJLT�U
h V�^�� G V�W����u� � �Htw[*���������	[a\>]D^�X�����^ � \M�
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1 � ��� 3

1.3
  ¡ ¢ £ ¤ ¥

¦�§ GM¨�© z/t�|�ª�« ¬® §a¯�°D±�²D³D´ P�Q�R�S>µ�T�U�¶ ¦'´ V�W8�����¸·�¹�\"���u^�ºx |'»�¼�W�c�e µ _M½	¾$\�¿�ÀÂÁaÃ8Ä ±�Å$´�Æ�Ç _&`L\�È�É U�Ê � ´MË�Ì ( Í sDÎ Holton et

al. 1995)
^w|9ÏDÐ R�S&µ ³a´ �W�Ñ R�Ò�Ó	Ô Ï&XLÕ	ca[$\NÖ h Å � ( ×�Ø¸Ù ¯uÚL±�Å | ×�Ø°�²ÛÚ l Å |���Ü Å�Ý )

´*Æ�Ç _&`9\NÈ�É U�Ê � ´MËDÌ ( Í s	Î Kerr-Munslow and Norton

2006;Norton 2006)
|Âª�«����Þ^�ß�à � \*XÂ| µLT�U&á e ´ R�S _�â�ã ä�å ´ å�æ�ç�WaX*Ï�Ð

µÂT�U ´�è	Å�éDê i Ï,���Dë,·N¹'\ ËDÌ (Hartmann et al. 2001) �/ì XÂí8îut�v'\ ( ï�ð ßñ�ò ´�ó «
)
�

1.3.1 ô8õ÷öùøqúüûqý÷þ�ÿ��������
»�¼�W	��
 µ ³ Õ�c¸·�v�\�¿�ÀLÁ>Ã'Ä ±�Å ( Ù ¯'Ú�±�Å )

ß ���� X�� � ´���´�� ½��a[a\M�� ´ ��������~ ³ ßMc�e µ X�� � _ � \	]	^�zÛt�|¸¿�ÀÂÁ	ÃHÄ ±�Å X*c�e µ � ³ ½��>[a\M�$�º x ] ´MÅ XLc�e µ ³LÆ�Ç [a\>]D^ ³ |H� ´��'´ � � �����Û·�¹�\M�/] ´ � � ´ ���aX��$Ä jÄ Ü ´ �"! �$# � |&%(' � ´ 
�v$�{Õ*)9·"¹�\M�$¿�ÀLÁ>Ã'Ä ±MÅ&´�Æ9Ç X,+�-�.�_�/,]*\ � tÎM| Å&´�Æ9Ç'´10	2 ^3%�' � ´ 
�va_a`*\4�$Ä j Ä�Ü�X,5HÀ l ¯ º |76�8	9	: ´�; � zÛt�|,]´ %(' � ´ 
Dv$�=<	>D[�\@?ùpd|%�A ³	´ á ò 
�|�Ï�Ð ³D´ Y�Z&
>X +�-�.�_NÕ*)�\��Û] ´ »¼�W'¿�ÀÂÁ	ÃHÄ ±�Å$´MÆ�Ç X�È�É U�Ê �¸��B9�	[a\=CD8� ‘stratospheric pump‘
^�E�FÂ���$º

x Y�Z&
$ß G*Ï&H�I/��ÕJ)Â·"¹&\9����|�] ´ ¿�ÀLÁ>Ã'Ä ±�Å&´�Æ9Ç'´,K ·�X�Ï�Ð ³D´ Y�Z
8�
ë�«�º |$� ´ G�Ï&H�I 0&2 ^L5HÀ l ¯ [a\>`>ã � é�êM�N V�W	X � �8t�·"v&\9����_�|	Ï�Ð&�
 µÂT�U�¶ ¦u´ V�W¸���D�,·�¹$\�� Holton et al.(1995)

ßMÏDÐ4�
 µÂT�UD¶ ¦8´ V�W ´ ª�«���8��] ´ c�e µ _M½��Þº���»N¼�W�/	O'¿�ÀLÁ>Ã'Ä ±MÅ&´�Æ9Ç$´ ª�«���� ³"P(Q º����Þ]�vaßR(SUT	V&W�X=Y �8ì ´[Z	\ z/t |	]���~ ´1^ X�_U��~,`&b � »N¼�W�/	O ´ ¿�ÀÂÁ	Ã'Ä ±�Å$´1`��W	X�Ö � pd|�]	��~ ´ � ´@^ X>»N¼�W�c�e µ ³D´"K y ¿�ÀLÁ>Ã'Ä ±MÅ�Æ�Ç X�/,]�b�|u� ´ ÔÌ ^9º x | K y %(' � 
DvÛ^ K y YMZ&
 ´ ����_�|&]���~&��ª ´ Ï�Ð	�	
 µ�a�b XH`�bcH�sD\^ y ã � ´L³ � \��

1.3.2 dfe¸øqú ûJgJhi�kj
Plumb and Eluszkiewcz(1999)

ßU+&- � »M¼�W&/4O ´ ¿�À�Á�ÃuÄ ±�Å X�lnm*½���º�|�»M¼W�c�e µ ³*Å$´MÆ9Ç _a`L\ stratospheric pump
�$/Û]�[7o&p ³ ß�Y�Z
�A'ßNÏ�Ð8� ³ q z�rÂ|

Ï�Ð�c�e µ�áUs&tvu |7��
 µ�a�b ´ YMZ&
>X P(QÂ³ ��� y ^�ºw| BD Ê �'_�ß�Ï�Ð>z/t ´1w tz ´ Ö h Å � W Ñ(GLÏ i Ï ´MË�Ì X"x�� ³ � \H^Lyvz,º��L������| stratospheric pump
X,{

| . � ´ ß 80hPa
`�b Y�e�^�[a\ P � :	}D[�\

(Highwood and Hoskins 1998)
�

Ï�Ð ´ R b�f�~ (Sea Surface Temperature;
ñ á | SST)

ßM�W ^ '�_���� ³ ß � y ( �$l��Á��� ¶ ¦ W �$l���� ³ ç ~ |�� M ���	� ³ � ~ )
��� ´ ����Ï�Ð ³D´ ��
&_�`*\ÂY�Z&
 � ���

�W ^ '�_���� ³ ß � p�|�Ï�Ð SST
´ ç ~ A/��»��'_U�	
aX,/,]Â\���'�X � \M�ù] ´ �W ^
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'�_U��� ³ � y ��
$ß�� ´1� A�X �	� ³ � \ f�g�h9Ó�Ô Ï ´ �W�Ñ���8��Õ��L� Gill(1980)
ß

�	� �1������ ² _NÏ�Ð ³D´1��� . �U� Ï T	V �=�(.�_[�$sD\	]	^�_�`�� x Ï�Ð&��
 µ |>c�e
µ�á@s ³��	  [a\"Ö h�Ê � ( �'l ¯	± l Ê � )

�$¡�CÞº����
Kerr-Munslow and Norton(2006)ß

ERA15
´ ��¢>z/t Ï�Ð	�	
 µ a�b�¶ ¦'´ Y�Z&
 ´ ª�«�����£*|ac�e µ ´[¤ �,`�b � µ a�b

¶ ¦u´@¤ � ³ � �¸tL·�v x	y \8^�º�|,� ´	¥U¦ 
(£ µ"a	bD¶ ¦u´�Ån§�¨ � x B���·�v xDy(©ª º����¸·>t §
Norton(2006)

³ ßv« ´�Å ßNÏ�Ð&��
 µ ´ f�g�h�Ó�Ô Ï ´ &¬�Ñ7����£��� �Å O®o ª º�|�Ö¯�Ö Ê � �	� ² (Atmospheric General Circulation Model;
ñ á | AGCM)

|
HadAM3 GCM

� 2 y�x
AGCM ° ´ ÑvGLÏ&±�Ï/��Ï�Ð&�&
 µ ´��7§ &¬7����|�	¬�Ñ7���§ T p x �&s

(
Ð&² M"³v´ © ª=µ )¶±�Ï&8

)
|MÑ7G*Ï	±�Ï ´ 	¬�Ñ4��� T&V £L�¬&��� T&V §U·

? x |9Ï�Ð	�	
 µ�a�b�¶ ¦a³D´�¥1¦ 
8� K � © 0	2 � ´ © « ª � Q t�z § ºM���H�$º x ��
 ´»[��¼�¬ ´ ª�«���� §v¨�¸ |'� ´ Ó�Ô Ï ´ �¬�Ñ��� � A ´ »[��¼�¬�£���� ´ © « ª ³ � ´NËÌ £�� ! º
( ×�Ø §�¦ y¹ ì Ï�Ð	�	
 µ a�b ß@Hvº © )

|�� ´ ��� § Ï�Ð	��
 µ�a�b�¶ ¦H´ ~ ¬´ ª�«����7£ � �®»*·�¼ © ª ºM���

1.3.3 ½¿¾ ûJ¾*ÀkÁ,ö�ÂÄÃÆÅ�Ç*�ÄÈJÉÆÊÄdüû�Ë�Ì
Ï�Ð	�	
 µ ³ ß1�	
 §(¨(¸ÎÍ'´ ç�Ï�ä�å (convective anvil;

ñ á�Ð anvil)
£4Ñ ©@Ò

Hartmann

et al.(2001)
ß�« ´

anvil
ª ÏDÐ µ"a&b�¶ ¦�§,Ó å (cirrus)

£�Ñ(��Ô �7Õ Ð anvil
£

cirrus
§

'�p�Ö éØ× º Ô è>Å�é	ê ª
cirrus

£ éØ× º ÔUÙ è>Å�é	ê £ÂÏ�. § 5¸À�Ú ¯ º1Ö�Ï © ª º Ô Ò
anvil

´ å�æ ´ ~ ¬ÜÛ Tca Ð	Ý ´�¥�´ cirrus
´ ~ ¬ÜÛ Tcirrus

ª º1Ô �&Õ Ð1Þ	ß ´�à	á Ö&¯ áNèÅ�é�ê®á�â*Æ ª	ã ê®áNË�Ì Û[ä&å*æUÔ ª æ Ð anvil
Û�ç&è ª¶é +*æ Ð cirrus

á�êë	ì Û
ε
ª ´

© ª Þ�ß á�à&§�íî4á&ï�ð £ ñ ¸óò(ô Ò
εσT 4

ca = 2εσT 4
cirrus

¨�õ Ö
cirrus

á[ê&ë&ö�÷	ø ¬�ù íî4áv¨vú=§1û®ü ©@Ò

Tcirrus =
4

√

1

2
Tca

« á&ï[ð�§v¨�¸ Ðý�þ ø ¬�ÿ��vÏ anvil
á��á

cirrus
ù�� ø����Ø¸ Ðý�þ ø	� ù anvil

á ý�þ
 ���������� Ô�� Ð�� Ú������	����� ý�þ ø	��á �vÏ anvil
ÿ"!ñ$#&% Ð�Ý á('	�  cold

trap
ÿ")ñ$#*% ��+ æ1Ô Ò

ü Ô
Hatsushika and Yamazaki(2003)

 �ù
AGCM

�-,��/.10  � Ú2�3���1�4��� á�56�798;: á"<�=95�>�5 ù Ý á/?�@-,BA4C �ED Ð�F�G ê4ë ù ?�@H+�I�J�KML  �N;O1P�QSR 5 ù
110hPa

,�AT�"U ù I�J
0
 �V �1W�+YX[Z]\�^ G ê	ë ÿ1_ á`�a !ñ æ*b�c ��+ æ�d�e$_/%�ùf c"g	h ��,4�&i ý ÿ�j�k( �V Al\ ý�m � c"n(o m9p X c SST

��,��9��q�rs^ G ê	ë��/t�u�\v d�c i ý�m1ý�þ XHZ m ��q�rs^ G ê	ë ù�w$#"c;d��( �V ��+ æ�d"e



x
1 y z	{ 5

1.4
| }

~4� æ�d&��� �5 6 g�h 7/8	: �(� m ø��(�;�Ma�C d Zs� ��k4ù \��;.	0S�����Y�$a&� c;d��� \�� m� � ÿ 5 6 g�h 7/8	: �(� m ø�����[r����	� ÿ�V ��X��"ô c�b1��� ��S=�aUî(�
m ÿ����� �V � e�_/%�ù��&� � ñ U 7 �����S���	�;� � �-��� G +]\;5 6 g�h 7  m� �(< g  Q;R 5-��,4� G�m c9¡	% m� �$C�\;¢(£ � �&¤	¥[a���¦ b ø��(�;�MaY§¨W*� d�� \ _ m �	�ÿ�©�ª¬«&b[« ü�ú d	�� SV � e�_ W  \��®�¯ mM°�± ù W % Z ©;ª¬«�d � �$a&²H³ «b 5 6g;h 748�:1´ m �;�Ha"µ�¶���u D \ AGCM

a·� c	b9¸ � �Maº¹�» V � c4ù"¼(½2#&¾ �&¿ 8	ÀÁ a*�-¦
( Â ¦1Ã/\�5 6 SST m/� ��Ä�`Ha&�2r D�« \ N�O�P�Q1R 5 m/� �;<SÅ	Æ[a*¹�» #·¾�

)
\(¹S» #*%Sd � � ÿ 5 6 g	h 7 m ø��(�;���B� m ,vú��¤�¥[aY��¦1��X4\ ü d·Ç�È SST

a
AGCM

�&��¦"\
SST m ¤	¥ m(É  5 6 g�h 7�8(: P ø m ��.	0S���S� m�Ê a�� m"Ë �(�	Ì  r9� m X�a�µ/¶S��� e
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2

2.1 Í Î ÏÑÐ Ò Ó ÔÌ�Õ m P�ÖS� m �B�-�$+ «�b ECMWF(European Centre for Medium-Range Weather

Forecasts)40 × ��.�0��1�S� (ERA40) (Simmons and Gibson 2000)
a·� c � e�N ö	Ø�q mÙ	Ú�Û�Ü	Ý ù

2.5◦ × 2.5◦
\	Þ�'"Ø�q;�

23
U  �ß ��à ÿ

1hPa
 1V � eSá Ü;Ü	Ý ù

6
á Ü  \�1��� mâ Ü ù 1957 × 9 ã 1 ä 00Z

XHZ
2002 × 8 ã 31 ä 18Z

 �V � ÿ \������*å	� m ïð��/\	æ(ç Ç;È m�è ü7õ d 1979 × 1 ã XHZ/a&é(êM�"� c(b�c � e W m �S�1���9ë c	b m 5 6g�h 7/8	: ù
100hPa

: +º�1� e

2.2 Í Î ì í î Ò ï ðòñ ó ô õ
2.2.1 CCSR/NIES AGCM Ver.5.6 ö2÷ùø�ú
;®	¯  �û � «d

AGCM
ù

CCSR/NIES AGCM Ver.5.6
 �V �

( ü�ý ù&þ 2.1)
e

û �Sÿ(���
CCSR/NIES AGCM Ver.5.6.��	�

T42L24(
��� ù

0.4hPa)�	: N ø ã ö�� m P	� Ê
 ! Ì;Õ 
 !
���� ã ö�� m P	� Ê ( � �;Å(Æ )�

2.1: ������� AGCM �����
Þ�'���� ù

σ
����a*� c \1³ � #&%Sd é�ê R�! a P	" �	���·��# «*b � c(b;c � e

σ
�	�  m
 � ù%$ î m ,�ú��%&�'  �V � e

(
U m ¿ 8 Ê )



x
2 y Ø	(

7

1.00000 0.99000 0.97000 0.93000 0.87000

0.79000 0.71000 0.63000 0.53000 0.43000

0.33000 0.24000 0.16000 0.10000 0.06300

0.04000 0.02500 0.01600 0.01000 0.00630

0.00400 0.00250 0.00160 0.00100 0.00001

(
U m�) þ Ê )

0.99500 0.97999 0.94995 0.89988 0.82977

0.74975 0.66972 0.57949 0.47938 0.37921

0.28415 0.19904 0.12917 0.08100 0.05119

0.03229 0.02038 0.01292 0.00810 0.00512

0.00323 0.00204 0.00129 0.00043
� «

AGCM
ù

5 ×-m�*,+ � �.- ��� ��/ a�&10\ _ m 2Bm 15 ×�3�m �1�S�;a 1 ä54�6  ³ �«�_/% a*.	0 «ºb ã ö��87 ,
P	� Ê 7 «ºb � c � e 
 !�9 SST

��;:[aY>�¦ ¡ ��³�� #&%Sd�R
! a<�;=�Õ8>

(CTR)
+ « \@? m Õ8> m�ÊA Ç�È SST

Õ�>
(Sobs)

a%B�rDC b W m �;=	Õ�>�XZ m Ä�`  /þ � e Sobs
Õ�> A �;.;0S�S�S��+ m t�E¨aGFIH e 68J8K ��L	M +ON	`�Þ�' hQP�Rc	b \

AGCM m ��=;Õ�>�+ ERA40 m"ã K � P@� Ê�m× K � Ê a�t;ETS.UB+ ( V 2.1)
\95 6

g�h 7/8	: �(�� 
AGCM m I,HXW 9�9;Y L  \�N(`;Þ�' h W;Z c [ q�W]\ Z %�d"e¨# Z P 56 g	h 7�8(:�^ M�W

ERA40
,�A"C 9	9 ^ c

(AGCM:90hPa,ERA40:100hPa)
e

2.2.2 _a`cbedIfeg
hji B�k�Õ�>8l A \	C�m m � ^ a 0m

P�«�d Õ8>(\;n	o�m m � ^ a 0m
P�«�d Õ�>�\Tp o�m

m � ^ a 0m
P�«d Õ8>Ba _%qTr%q Fas d/e

Õ8>8t Õ8>�u �
PAL

C	m m Cv o m � ^ a 0m
P STU

PNH
n	o�m m Cv o m � ^ a 0m

P STU
PSH

p%o�m m Cv o m � ^ a 0m
P STU

�
2.2: wyx�z�{�|�}D~��X���<�j� ���X�G�

o	mQ� h<ia� B�k�S�U*Õ�>
(PNH � PSH)

P�R@��� A���Â ¦;Ã � PNH �������T��� n@� 10
M

� l ��� �5� P����e� � n8� 10
M $ n �

0m
P.���8� U ��� q � �Õ�> A hGi � B kTSU��¡ l 
�¢@£1¤@¥�¦�§1¨5©�ª,�<«;¬��® �1¯ ��°�±TW%²	³@´�µ�¶]·;¸@¹�ºQ��L�M�»	¼ P1½ ��¾�H

� °�± �j¿À U�� � ��Á%Â STU;Ã�Ä8��Å8>�l8Æ�U��QÃ�Ç � � � ��Å�> A hjia�jÈÊÉÌË H%� ¡ l´@µT¶�� Í;Î � l�» À �a� � H�Ã;Ä P
Holton et al.(1995)

l;Ï@Ð q Ã�¾�H ��Ñ �	M@Ò	Ó�¶;ÔÕ;Ö�×TØ ¤	¥�¦�§Q¨j©�ª ��°�±1��Ù �<«�¬ÚG® �@� Ø ÐTÛ�l�Ü � � ¡ �aÝßÞ;à �jáÀ �8� Ø �
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æ
2.1 ç�è�é�ê�ë�ì�íOî�ï�ð;íßñ é<ê�ð ( ò )AGCM íOó�ô��%��õ ( ö ) ERA40 íO÷�éê�î�ï�ð�íßñ�éGê�ð (color: ç�è�é<ê�ë�ì [K],contour: øGù�ú�ûOü [10−4m/s])

2.2.3 SST ýÿþ���� feg
SST ��� ×Ø Å���l�Ü �	��
� SST

��²8³
(
�	����Ü�p��

15 � - � � 15 � ) ��� Û Ø�� ��� ����� Æ Ø � Ü «;¬ �® Ø Å�� ¡ � �@ä���� �"!$#�� �8«��® Ø Å%� �'& ÅQ� SST (�)* ¿À Ø Å�� *�+-, Ã
( ./ Ü10 2.2

¡�2
2.2
*�34

)
�

Å���5 Å��	6	7
S′

× 2 8 � 15 � - � � 15 ��9 SST 9 � � �:� * 2 ; ×TØ
S′/2 < =	>$9 SST 9 � � �"� *@? (�� ×�Ø
S + 1 < =">A9 SST

*
1K
�B�G® Ø

S − 1 < =">A9 SST
*

1K
«:C G® Ø

Sobs HadISST 9ED�	! SST
*

1996 F 1 D -1999 F 12 DG9�HGI ¿À ØJ
2.3: SST K�L	M�NPORQ@S1TVU�WEX�íPY�Z

& Å 9 SST
* ¿�À Ã�ÅG�aÜ"[

SST 9 Ù 9�\�] � ½ 9"^_� ²³�´�µ,¶@·T¸�¹�º 9"`�� »¼ *�a & �-b Ø � * Á�Â ×QØ �%c%d � Ã SST e ©�§ Ü ’The Hadley Centre Global sea Ice
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æ
2.2 fgW XRMVh�igj%í ñ�é<ê SST[K].( òRk ) S′

× 2, ( ö�k ) S′/2, ( òml ) S + 1, ( önl ) S − 1

Coverage and Sea Surface Temperature data(HadISST1.1)’
�"[ D%�!Ae ©�§ �TÆ É ['op [

1◦ × 1◦ 9%q ¨�rts ��Æ ØRu [ t42 9Ev�w��G� »:xzyPc�d�yg{%| Øm}�~�~ ��[@»:x 9 °	±ÜE�:�%�Ab Øg��� 9�� 9$� Á@À���� Ø (
2

2.3)
}

c�d HGI Ü ENSO ��������9 �_��� 1996 F�� � 1999 F ��Æ É [ 4 �'�V� © 9����V���R�� ¥ � *g+ |m[ v�:�����_�@���m� � �	! *�+�, {�| Ø�}

2.3 � � �  ¢¡
£ 91¤-¥ [ .:/���¦ |"{�Ü1§�¨ � ¨�© }

2.3.1 TEM ª�«¬¯®
° �_±	²m�"!8ä�^ £�³ � ½ 9�´�µ��	! y�Ã ä�^ £�³ Ü [n¶·8¸8Í;Î * ±�q�±'�n¸�¹ ( º�» ÍÎ
) #�� Á8À Øn¼ � [	½ 9 ¶·�¾8Í;Î *g¿ É ¥ ×	À � u Æ Ø ( Á ÂÄÃ�ÅAÆ � Í;Î )

}%Ç � Ü�¶�·
¾ �EÈ ( Á À�É�ÊRË$Ì ²EÈ ) � ¾ Ø�Í$Î µG9�Ï�Ð *�ÑÓÒ ¾ Ý �mÔ��Õ$9 Í	Î u [ <tÖ1×mØ8äG��m¶:·¾ �1Ù�Ú�#�EÛ:Ü y�Ã1Ý�Þ:[ ´µ���! * � Ø � Ç 9�=	>$9%ß@àA9 ¶·¾�á u'â�ã �1ä �
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æ
2.3 1998 ñ 1 ÷;í HadISST MRåVQ SST[K].( ò ) 1◦

× 1◦ æ:ç@èé ,( ö )T42 íëê1ì�ì	Mëí1î�ï
ð � [:ñ � Û:ò 1 ¦'9 ó b �Rô á ä � 9Gõ Ý �Rö÷-�:� , {�yRø Ý�ùú �'û Øn}�~ 9�ü ý *
v�þ yP["ÿ ¼ 9Eº�»����t��� y ù ¶�·�¾ ��� * ñ ¥ × ù:ú ����	 ° �_±	²m�	! (Transformed

Euler Mean; 
�� [ TEM) ä�^ £%³ * ¤� ×.Ø (
3�4

Andrews et al. 1987)
} ø�������� ä

^ £ �R� |	{R["¶·¾'� È���õ�� Í$Î µG9���� *�� � ¼ ���¯Ö��gÔ�"ÕA9�� � `���� �9�( *â�ã �gä � y [ �¦n»�!�":Û�#%� �%$�& y � |(':·�¾ ��� *()+* � } ~ �-, ["ÿ ¼�. ,�/ 9�01 .�2 �1Ô�3"Õ u `�4��� .�5�6 yg{�| � | ù"ú�7 û � }
v̄∗

≡ v̄ −
1

ρ0

∂

∂z

(

ρ0v′θ′

θ̄z

)

(2.1)

w̄∗
≡ w̄ +

1

a cosφ

∂

∂φ

(

v′θ′ cos φ

θ̄z

)

(2.2)

v̄∗: 8�9'8;: á [m/s],w̄∗: 8�9�<�= á [m/s].
~ 9�ÈG9 ¿ d � � 9�8�9 . õ������ ( 8�9���� )

*d_| ù�> ^ £�³ u TEM
> ^ £�³ �g�?� }

∂ū

∂t
+ v̄∗

(

1

a cosφ

∂ū cos φ

∂φ
− f

)

+ w̄∗
∂ū

∂z
− X̄ =

1

ρ0a cos φ
∇ · F (2.3)

ū
(

f +
ū

a
tan φ

)

+
1

a

∂Φ̄

∂φ
= G (2.4)

∂Φ̄

∂z
−

Rθ̄

H
e−κz/H = 0 (2.5)

1

a cosφ

∂v̄∗ cos φ

∂φ
+

1

ρ0

∂ρ0w̄
∗

∂z
= 0 (2.6)

∂θ̄

∂t
+

v̄∗

a

∂θ̄

∂φ
+ w̄∗

∂θ̄

∂z
− Q̄ = −

1

ρ0

∂

∂z

[

ρ0

(

v′θ′
θ̄φ

aθ̄z
+ w′θ′

)]

(2.7)

ò � � [�@ 4 >BA 9��?� > ^ £ [+C 4 >BA 9��+� > ^ £ , D ����E�F�[ �+��!�"�Û�# [��G�� > ^ £ ����� }�~:~ 7 �IH¯� � F ≡
(

0, F (φ), F (z)
) ,

EP(Eliassen-Palm) Ã:± r H Ë �KJ
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Én��O ÈBP�Q���4¯� Ç P(R�S >IA�TVU-� } ø ù O Ç P�W�X , 
?�+P�õ-Y .�6 * ��� � }
F (φ)

≡ ρ0a cosφ

(

ūz
v′θ′

θ̄z
− v′u′

)

(2.8)

F (z)
≡ ρ0a cosφ

[(

f −
1

a cosφ

∂ū cos φ

∂φ

)

v′θ′

θ̄z
− w′u′

]

(2.9)

∇ · F ≡
1

a cos φ

∂

∂φ

(

F (φ) cos φ
)

+
∂F (z)

∂z
(2.10)

Ḡ
, C 4 >�A P À 4�Z�[]\^P ��_ P�` 7 ûba O�c X .�d ð(e�fhgnð _ �(iø ù Obj P(8�9+��� . õ�k;l 7nm ��8�9 '�·�¾ »�! á�onp�q χ̄∗( 
�� O 8�9 á�orp^q )

, »
!�":Û�# ( s 2.6) []\ O 
?�+P�õ-Y .�t �(i

ρ0v̄
∗ = −

∂χ̄∗

∂z
, ρ0w̄

∗ =
1

a cosφ

∂χ̄∗ cos φ

∂φ
(2.11)

C 4 >IA P���� >�u s g D ���+E�F TKv�w Þ?x�y � g O 
?�+P_õGY t ´µ E�z�{-| Z g~} 0. p � �^sG����\ _ ��i
(

f + 2
tanφ

a
ū

)

∂ū

∂z
= Gz −

R

aH
θ̄φe−κz/H (2.12)

�+� T�� e ù;���B7 ,�O
Gz

g
2ūa−1 tanφ ����� 7rm ��ó m+� P ùú (f � R

aH θ̄φe−κz/H

�nó mB� t � )
O 
+�?P_õ-Y t } 4�ZIP p�� ��W a��G� i

f
∂ū

∂z
+

R

aH
θ̄φe−κz/H = 0 (2.13)

2.4
� � � �

3 M 7 ,-�^� ���?�-� P���� . � e l O 4 M 7 , SST
. p � � �-� P���� . � e l����-P��� TK� Y�i �� �E�z } 4�¡�9 g 8�9�<�=;¢�¡�9BP '�£�¤-¥�¤ P(X�¦ TK§+¨ O �+��©�ª .G« k

l Oh¬ P « Y t } 4�+ g~®�¯ P(+ -��° m�± P�[ T�§�¨�² i TEM ³�´-µ�¶ >�u s .I« a ´·�¸��+� T�� e O¹¬ P�º+»G��´ �B¼�½�¤ 3 } ¡+9n¾�¿ m t�5+6 T 6rÀ ± [ T�§-¨n² iÂÁnÃ�l
EP Ä�ÅIÆ�H�Ç�¡�9 O EP Ä�ÅIÆ�H�Ç�È�É?¡�Ê O?Ë Ê+¢ onp�q ¡�Ê TKÌBÍ OÎ¬ P « Y t�Ï P;º
»�� }�Ð �Ñ T+Ò;± \ÔÓ ®�¯ T  §b� y ² P�[ TK§+¨I² inÕ t w ¾ EP Ä�Å�Æ;Ö;Ç T�× ÖÙØÛÚÜ U Ó�Ý�¾�Þ Ð Ü;ß a OGà�á W�X T 200 âÙÃKl;ã�ä�Ó ² inÁBÃKl�å�æIP q f P 1

10 �+�+ç�ãGä
Ã t e i� \�¾ 5 Mè¾�l��-��P j g T�� YÔi SST ¾ p Ó ²��-� Ü P�´ ·�¸��+� Ü }+Ð ¡�Ên¾�é�Ãê¿m t�ë�ì T+Ò�± \�Ã ±�í ¾ « ² à�á ´�î�ïð¾ � e l Oñ¬ P « Y t;Ï P�º�»?� j P�` Tóò WÙÃKle ² P�[ O�ô�õ�ö�÷ �?ø+ù�Ç�ú?û;Ú?[b\ §?¨�² i�é�¢I¾ « ²�ü�ý P�þ Ï�ÿ�� ¾(é?Ó ² ë�ì ¾ �e l O AGCM []\~� \ _ ± þ Ï�ÿ���� ´ g ý ô�� ���	� m þ Ï�ÿ�� P;X�¦ t ¬ [ \ O ü�ý Pý�
�� Ð� ���� ¬ � u Ð�� ´ �B¼�½�¤���� � þ Ï�ÿ�� ¾���� T ìrÀ l e ² � [ T�� \V[�¾
Ó ² i



�
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3

%

j � �nç �K� � �(� ¾ « ²'&�ò�( ��) Å+*-,/.óû Ï �;´ �G¼�½�¤ ¾ ¬ � «10ót ���2! ìIÀ ²
[! §-¨�± ��� ���+�-� � ���3!4#IÓ�i � k ±;�-� ç�5/6 � �87 � ! 0m ¾ðÃ ± PAL

�-� �
10◦N − 90◦N

��7 � ! 0m ¾BÃ � 0◦ − 10◦N !49�\ó[?¾;:�< Ã ± PNH
�?� �

10◦S − 90◦S
�

7 � ! 0m ¾ðÃ � 0◦ − 10◦S !49 \V[�¾=:�<hÃ ± PSH
�?� �

3
� Ü�> ²

( ?�@hÃ4A P ³ �?�B4C�D
) E

3.1
FHG I J K L

�V�	M ���?� � ��� �=N   õPO�Q Ð ¡�Ê B Ë Ê à�á ¢�¡�Ê �;R £�¤�S ¦�¾�TGÃ4A ��U�V�W�X�Y
(12-3 Z )

B$[ V�W/� XPY
(6-9 Z ) ¾ ��\ A8]�Ã ± ( ^ 3.1[ ¡�Ê ]) E`_ ±�acb � ±�Í ¾ 7�d��� �8e Ò ]�Ó ( ^ 3.2a,b) E PAL ç 12-3 Z Ü ´ N ��f�g�h ¼ (50hPa) !�i;jn¾ � Q ¡�Ê B

��k�¢+¡�Ê Bmlon ± ( ^ 3.1a) E�´ N ¼�½�¤ Ò$� Q ¡�Ê � ��� ¾�p n A \ ²+q �;®�¯ ç�r�s�¢
¡�Ê Ü8t�Ü�> ² E_ ± U�V�W/� ��u Ð Ü�v \ r�s�¢�¡�Ê Bxw Q ¡�Ê q � ´ N g�h ¼ !Pi;jB¾��
k�¢�¡�Ê B � Q ¡�Ê q > ² � Ü � ^ 3.2a !8y+z�Ó ² B 7�d ��� � Ë Ê àBá ¢ B'[ U"� Q Ð�{Ð !�| Í-² ö�÷ B;l	n A \ ² E`_ ± i u Ð ��f�g�h ¼ (70 hPa)

��� !�imj B Ã ± r8s?¢ B �Q ¡�Ê �8}�~ q > ² E 6-9 Z Ü ç���f�g�h ¼ ¾ w Q ¡�Ê B r8s�¢+¡�Ê q��`�I± ( ^ 3.1b) E�´N Ü
80 hPa !�imjð¾�r8s+¢�¡�Ê B 50 hPa !�imj B Ã ± w Q ¡�Ê q >�� � i u Ð Ü ��k�¢�¡

Ê B � Q ¡�Ê � 40◦S − 60◦S
Ü r�s�¢�¡�Ê Bxw Q ¡�Ê � ��u Ð Ü ��k�¢�¡�Ê B�w Q ¡�Ê q�����P��� l ö�÷ B'l1n ± E3_ ± � ^ 3.2b !�ycz?Ó ² B 30◦S − 60◦S

Ü 7�d �?� � Ë Ê àIá ¢ B[ U/� Q Ð�{�Ð !8| Í � ��u Ðo� ��f�g�h ¼ Ü Ë Ê àIá ¢ B Q Ð�{�Ð ! v Í A \ ² E PNH çU�V�W��	� ´ N ¾�TIÃ4A ��N   õPO�Q Ð B Ë Ê àIá ¢ � S ¦ð¾-T�Ã Y�� ¾8� ��� � PAL
B��

� Ã ± ��� B4l1n ± ( ^ 3.1c,d) E 12-3 ZI¾�TGÃ4A ( ^ 3.1c)
� ´ No� 50hPa

�P� � � Q ¡�Ê q
PAL

��� ø�� « � Ò4�������"� � r8f+é�¢ ¼ Ü � � Q ¡�Ê q+��� \ E�´ N ¼�½�¤���� � r8s
¢�¡�Ê Ò PAL

« � Ò'���P�3� \ E 6-9 ZI¾�TGÃ4A ( ^ 3.1d)
� ´ No� 50hPa

Ü r�s�¢�¡�Ê BxwQ ¡�Ê q PAL
B ��� ¾ �1� ��U�V�W ¾�T�Ã;A � ø�� � PAL

B�� � Ã ± ö�÷ B4l	n ± E PSH

ç 20◦S − 70◦S
��}�~ Ü

PAL
B�� � � ö�÷ !�# Ã ± ( ^ 3.1e,f) E 6-9 Zð¾���k�¢�¡�Êð¾�T�Ã

A 45◦S
�

20hPa ¾ Ò i;j3!'�`� ö�÷ !GÃ ± ( ^ 3.1e) E�´ N ¾�TIÃ4A-ç � 100hPa !�i;j B Ã
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�
3.1 P �� 	¡o¢o£ (color) ¤�¥`¦�§1¨1©�ª�« [K],(contour) ¬-«`¯®P°1ª-«

[5 × 10−5m/s] ±�²�³ 0, ´8²�³¶µ (a)PAL,12-3 · , (b)PAL,6-9 · , (c)PNH,12-3 · ,

(d)PNH,6-9 · , (e)PSH,12-3 · , (f)PSH,6-9 ·

±m� Q ¡�ÊBç �-�-±+q �;®�¯ çm¸ l ²-Ò � B'l1n ± E 12-3 ZIç 20◦S − 70◦S
Ü

PAL
��� ø��B�� � Ã ± ö�÷ ! B � � 30◦S

�
70hPa !�i4j B Ã ±m� Q ¡�Ê B � Á �P¹ h � 100hPa

Ü �+¹ k
¢�¡�Ê qc�º�»�-± ( ^ 3.1f) E

´ N ¼�½�¤ (10◦S − 10◦N, 90hPa)
B g�h ¼ ¹ f (50hPa)

� ¿/_�¼ l�½�¾ !�]ð¾�_ B Í�² EY�� ¿�À
T̄ [K] (90hPa) w̄∗[m/s] (90hPa) T̄ [K] (50hPa) w̄∗[m/s] (50hPa)

12-3 Z CTR 189.8 0.00061 198.2 0.00024

6-9 Z CTR 192.9 0.00036 201.3 0.00006



�
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�
3.2 Â;Ã; 8¡8¢8£ (color) ¤;¥=¦'§=¨m© [K],(contour) ¬4«=+®Ä° [1 × 10−3m/s] ±

²�³ 0, ´�²�³¶µ (a)10-100hPa,12-3 · , (b)10-100hPa,6-9 · , (c)10-500hPa,12-3 · ,

(d)10-500hPa,6-9 ·

Y�� ¿�À
∆T̄ [K] (90hPa) ∆w̄∗[m/s] (90hPa) ∆T̄ [K] (50hPa) ∆w̄∗[m/s] (50hPa)

PAL +1.3 +3.5×10−5 +2.3 -1.2×10−4

12-3 Z PNH +1.2 -2.1×10−5 +2.0 -1.0×10−4

PSH +0.3 +1.7×10−5 -0.1 -6.6×10−7

PAL +1.1 +7.7×10−5 -0.8 +1.0×10−4

6-9 Z PNH +0.2 +2.3×10−5 -0.9 +1.1×10−4

PSH +0.3 -1.9×10−5 0.0 -1.0×10−6

5�ÅoÆ�¾ 80hPa Ç � ¹ hBç�Èð¾=É N Ü Ë Ê àBá8Ê q r�h B ¸ l Á ö�÷ !'#�ÃmA \ Á�E�Ë �
ç�Ì�Í � M=Î ¾1Ç � é Ê1Ï �=Ð�Ñ�=Ò�Ó q�Ô3Õ �Ö ��q ���Ø×4A \ Á'Ù q�Ú�Û3�4� Á�E Ö Ë Ü
é Ê�Ï Ò$ÜGÍ�Ý �8�o� ^`!$]-Ó (P Þ ¿�À [ ß�Ê ] àá^ 3.3,

7�d ¿�À àá^ 3.2c,d) E
PAL ç 12-3 Zoâ � ø�� ��7�d ¿�À B acb Ó`Á B � 200hPa-500hPa

�
0◦ − 30◦N _ Ü q r�sÊ ß�Ê B;l � ��7�d ¿-À Ü ç 5◦N

��� ! M Õ ��}�~ Ü ç ¹ k Ê l Ý�Í �¯¹ k Ê !�|�Ñ �mã Á



�
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�
3.3

�
3.1 åçæxè+é$ê , ¬'«;+®�°�ê [2×10−4m/s] ë'ì (a)PAL,12-3 · , (b)PAL,6-

9 · , (c)PNH,12-3 · , (d)PNH,6-9 · , (e)PSH,12-3 · , (f)PSH,6-9 ·

ß�í B'l Á ( ^ 3.3a) E`_ Ý � 150hPa
�

5◦S
�P� ! M \ Ý 100hPa-500hPa

�
0◦ − 20◦S

Ü ¹ kÊ ß�í B;l � ��7�d ¿�À Ü � r�s Ê !�|�î�A \ Á�E 150hPa
�

5◦S !�i=j B ×mA-r�s Ê ß�í q>�� ��7�d ¿�À � r�s Ê ! v î�A \ Á=EØË�Ë;¼ � � PAL
�

12-3 Z-ï�ç�ðòñ�óVû ÐPÑ q�ô�õ�ö� â l Á=ß�í3!4÷�gØ×»ø�É N Ïcù�ú�û�ü"ý r�s Ê ! vPþ ×4A \ Á ý q�ÿ ¼	Á�E PAL
ý

6-9 Z� É N ï���í���� Ê ß�í q 100hPa-500hPa _+ï��	� ý ÷�
�`×mA	� � ø 10◦S ��i=j"â�r8sÊ ß�í`ï�� d ¿�À	ý ¹ k Ê �8|-î�ø ô�õ ��imjâ ¹ k Ê ß�í`ï�r�s Ê �8|-î�ø 10◦N ��imj/â
r�s Ê ß�í	ï-r�s Ê � v î�A \ Á ( ^ 3.3b) E3×;¼3×»É N ý ¹ k Ê ß�í � ø 100hPa Ç � r�h
ï��	��×4A \ l \ E�Ç n A�� d ¿�À1ý 10◦N â���Ácr�s Ê	ý i4j�� v î�ø ô�õ ûPüý ��� Ê �



�
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�
3.4 P ); �¡8¢�£ 90hPa,12-3 ·

£»¤�¥8¦m§8¨�©�ª=«/å TEM )&*�+,.-./10�2�354 *7698

�
3.5 P )4 8¡8¢8£ 50hPa,12-3 ·

£»¤�¥8¦m§8¨�©�ª=«/å TEM )&*�+,&-./:0�2�3$4 *&6:8

�
3.6 P )8 c¡c¢+£ 90hPa,6-9 ·

£»¤�¥8¦m§8¨�©�ª=«/å TEM )&*�+,.-./10�2�354 *7698

�
3.7 P )� c¡+¢+£ 50hPa,6-9 ·

£»¤�¥8¦m§8¨�©�ª=«/å TEM )&*�+,&-./:0�2�3$4 *&6:8

| þ 'Á8ß�í�=÷�g�×�ø�ð ñcó #�Ð�Ñ ý r�s ~ q 10◦N â(;�i×�ø+É N ÏPù�ú¯ý ��í<��� Ê
ß�í q ¹ h>=?�@�Ø×1A l \ ý q�ÿ ¼`Á7B PNH

ý
12-3 Z � 150hPa ø 5◦S ��imjâ8ø ��C � ý

PAL = ��� ý r8s Ê ß�íD�1×:A+øE� d ¿-À`ý ��}�~ ï ý r�s Ê � v î�A \ Á ( ^ 3.3c) B`_ Ý
150hPa ø 10◦N �Pi4jâ ¹ k Ê ß�í q � � ø Ö ý ¹ h ý ô�õ ûPü � M \ A�� d ¿�À`ý ¹ k Ê �v�þ ×&A \ Á�B Ö ×&A 300hPa ø 30◦N

û�ü ��i�jF=�×&A�ø �@C � ý PAL = �+� â�� d ¿1Àý ¹ k Ê ��| þ �mã A \ Á�B PAL
ý ��C �G= ��� â8ø<H Êoý Ò þ q É N Ï�ù�ú"ý r�s Ê � vþ 'oÁ�ß�íI�m÷�gº×1A \ Á ý q�ÿ ¼	Á�B PNH

ý
6-9 Z � �	C � ý PAL =7J@K �ML ß�í ý SN ��×1A	� � ø 10◦S ��i;jO=�× Ý r�s Ê ß�í q PAL â a@P A�| \ ( ^ 3.3d) B Ö ×1A ��C �ý

PAL = �8� É N ý ¹ k Ê ß�í � ø 100hPa Ç � r8h-ï��	� ×9A \ l \ ý q�ÿ ¼`Á&B PSH
ý

12-3 Z � 15◦S ��imjâ ¹ k Ê ß�íO= l � ø ��C � ý � d ¿-À`ý r�s Ê ��| þ �=ã ø 10◦S �
i;joâ���Ácr�s Ê ß�í q ø�� d ¿�À`ý r�s Ê � v�þ ×Äø Ö ý ß�í q 100hPa Ç � r-_�ï��	��×
A�r�s Ê � v+þ ×1A \ Á ( ^ 3.3e) B PSH

ý
6-9 Z � ø PSH

ý
12-3 Z ý ß�íD� U@Q â7R�S Ý

Ç�T l ÷�
D�1×:A	� � ø 15◦S ��i;jO=�× Ý ¹ k Ê ß�í q ��C �	ï ý � d ¿�À`ý ¹ k Ê � v+þ



�
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�
3.8 P ); �¡8¢�£ (color)EP U.V�WYXYZ\[1]=ª4« [10−5m/s2], (contour) ¬4«=°;²�^_ ª;« [5 kg/m/s], ±;²P³ 0, ´;²�³xµ ,(vector)EP U1V�WYXYZ$ª4« [m2/s2] (a)PAL,12-

3 · , (b)PAL,6-9 · , (c)PNH,12-3 · , (d)PNH,6-9 · , (e)PSH,12-3 · , (f)PSH,6-9 ·

×$ø ô�õ ��`&aO=�× Ý�b�c Ê ß�íedE��f ¿�Àoý b(c Ê ��g þ ×.A<h1Á ( i 3.3f) B2×m¼3×�Ë ýb7c Ê ß�í�j � b(k ï�l�m�n�oPø�É�p Ï�ù�ú ï � ¹�q Ê ß�í>=:rts7A	h�Á7B
Ì'ÍI��u Î × Ý ½�¾ ø�v�w	xI��u Î × Ý ¿�À ï � 12-3 yoâ&v	w�x	z@{ �	|�} Ï�ý(~	� ß�í
= b&c Ê ß�í�ø�É	p>=&`.{ ��|�} Ï ï ý z � ß�í>=9� q Ê ß�ítd��>�Yo+øel�w�x���u Î × Ý.�À ï � 6-9 y"â�l�w�x�z!{ ��|�} Ï ( � û�ü2ý ��� |�} Ï � uG� )

ý�~�� ß�íF= b�c Ê ß�í-ø
`7{ �@|	} Ï ï ý z � ß�í�=1� q Ê ß�íed����$o Ý BºË ý��	� � Ì;Í��u Î × Ý Ët=8â	Ç�Á
Holton et al.(1995) ï�� ÿ o Ý stratospheric pump

ý�� þ â Ô�� '`Áe=5�@�M�Yo��&B Ö ×9A� � ß�íG=?��í���� Ê ß�í ý	�.�<� ��ø |�} Ï â ÿ1Ý s7A����(���oât������� � ��� þ d����



�
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�
3.9 �:�.�( 7¡�¢ (color)EP U.V�W\XYZ\[1] [10−5m/s2], (contour)( £ ) ¤:¥&¦1§�^_
[5kg/m/s],( ¨ ) ©7ª(«.¬7�®:¯ [3m/s], °&§�± 0, ²7§�±Y³ , (vector)EP U7V�W$X5Z

[m2/s2] (a)12-3 ´ , (b)6-9 ´ , (c)12-3 ´ , (d)6-9 ´

µ�¶ �!��=:�<�I�5o·��B¹¸ � ¸1l�w@x ¶ � stratospheric pump
ý7º�� d 20◦S

û�üe¶�»D¼ s
A��¾½ ø stratospheric pump

� �	p ¼�¶�¿<� r�h¹=�¸&À Plumb and Eluszkiewcz(1999) =ÂÁÃ 't�&B PAL ø PNH Ä � ¸:A � 6-9 y ý PNH ��u�ÅY�	ptÆ ù�ú � z ��Ç�È Ä�rts�À�d�øÉ�	p
H	�tÆ b ��d�Ê	ËG=9�@�D�Yo·� b7c � Ç�È �$ÌG¸:A	�>½ ø�H	�tÆ�Ê	Ë ý&Í�Î d�Ï@Ð>¸:A�h<�(BÑ o � stratospheric pump

� �	p ¶ � 80hPa
û�ü ��½ b(} ¶ ��� µ�¶ �@�e=�¸&À Highwood

and Hoskins(1998) =ÒÁ Ã '��&BÓ b � �Ô�	ptÆ ù�úoý � È �e�7� Ç�È � ø@H�� ý ��Õ �$Ê�Ë>=\'��<Ö ý =�ø |�} Æ	����h �
Æ ù�úoý7×EØ/ý ��Õ �$Ê	ËÙ=\'��<Ö ý d��@�M�Yo��&B�Ú·¸9A�Û·Ä1�	p�H��!Æ ù�ú�û�üt¶ � � È
�e�7�Ù= � � Ç�Èoý@�1� d�Ü&Ý ¶ � r�h ý d ÿ � �&BtÞ ¼ ½ � � Ç�È Ä7H¸9Acø��e�7���eÄt�
����� � ��� þ ý1º	� d���� µ = ��ß �$r�h Ñ =�=9r½ ø � ��� þ Ä&H¾¸9A�à ý&á	â d(�	� µ� �$Û�ã<'t�!�!T5r�ä�åM�9æGTÒç�è�d@�@�7BtÚ Ñ ¶ TEM é��<ê�ë k�ì�í � â h	À.�@îE�	ä�å
�1æOTïB í (2.7) ð(ñ�ò¹ð �	ó ð C�ô � þ Ó�õ ð.öI�9÷�òtmE�	æ¾¸\ø(ù�ö�d �	ó � þ Ä(H!'��ú�û ð1ü í ��=�½ýø�Ú�ð7þEj�Ä&H¸:A ÿ������ øIÿ������eð�à	�·�:ð k�
 ¶� h�A	h<�Eð ��� Ü



�
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�
3.10 P $:�( (¡(¢ (color)EP %'&�(*),+5[1]'-1¥ [10−5m/s2], (contour) ©1ª&«:¬

�®$¯'-:¥ [3m/s], °:§�± 0, ²1§�±?³ ,(vector)EP %'&.(/)/+*-1¥ [m2/s2] (a)PAL,12-

3 ´ , (b)PAL,6-9 ´ , (c)PNH,12-3 ´ , (d)PNH,6-9 ´ , (e)PSH,12-3 ´ , (f)PSH,6-9 ´

� � Ä " �!0
∂θ̄

∂t
= −

v̄∗

a

∂θ̄

∂φ
− w̄∗

∂θ̄

∂z
+ Q̄ −

1

ρ0

∂

∂z

[

ρ0

(

v′θ′
θ̄φ

aθ̄z
+ w′θ′

)]

(3.1)

Ñ�Ñ ¶ �21DÅ�ð!3�4 z 5 Ç�6�78�:9;" 0í
(3.1) ð�ñ�ò�5 ��ó �=< ¶ ø�÷�ò �=> ö � �$l�v��	��ø@?BA(�	�	ø@C!���=����ø�D�Ä����

l�v��FE=G ( l�v�D�� ) øFD�Ä����'?BA7��E=G ( ?BA#D�� ) HJI�K.0 Ñ	Ñ ¶ C!���=���¹Ä�5!L� M�N �	��ø�O� M�N ���<ø@PFQ�R�S � �<ø�T8U�VW�.XWY ( ä=Z ¶ Å�r	h�[ �8\ ð�VW�@XWY ) ]



�
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_ �#`tð	 eÄ����9��E�Ger¹à1ð	a�b;cd ¼ oFe=f��!0Eyhg�H.ð!R�i�jeð 4 k$y�l@m � æ�s!e=f
��À@n(ø ��ó ��< ö�5poFq�] _ �#`�ð ��r ¸ � a>�Yn�s�t7ã�u ¶�v ½Ôø<ùEö�ð ú�û Ät�e½wR �
c M�N l�x � � � �?��æ¾¸ïø�Ú�ð&��æ¸7À � �·Ät���yLF M�N ����ð ��< 7 c�ù�ö�ð ú�û HÂ�µ Ä	z���{J] " �EÀ�n	Ä7ø�ù�ö�ð ú�û 5 ���eµ ÄpL= M�N ���|H � � Ç�È Äp}<oe� Ñ H:c#~=�\ o��!0 Ñ�Ñ � ��C!���F����H � � Ç�È 5	��� �F�y� | " � Ñ H�c��@�M�ïoe�!0>¸ � ¸Yø�P�Q
R·ðpS � �����tÚ�ð } c���J�M�yL= M�N ð.Ê	Ëeð � � �F< r¹à øFLF M�N ð.� µ r#��� Ó�õ
ð�� r µ r á	â c v���� ø�C!��������5	��� ��� �*� � � Ñ H�Ö1�	��� � �!0��;e<ð ��� ¶ ��F� �!Æ��� ¶=v � 90hPa Hy�	�=���!Æ�ð 50hPa Ä�Þ=f@e�ø.��� 10 �������F� 10 � � l@m
¸7Àp��Ä�ÞFf�e�ø TEM éE�!ê�ëF  ìEí Ät�¡:�@îE�	ä�å � æW¢�À#0

P é�£ � ð TEM éE��î��	ä�åeð	¤�¥·Ä�ÞFf�e�ø@¦=��ø�oFq�g�H.Ä!§�� Ç�È ð!¤�¥ � d�n@e
V���¨ ¶29�" 0 ( © 3.4,3.5,3.6,3.7) 0 90hPa ø 12-3 ªeÄ�ÞFf@e ( © 3.4) ø PAL 5'C�«2¬F��¬ ÇÈ H?�A#®�¯ Ç�È c�s�t#z���{p]¹¸JeFf�¡�ð�c�°F��¡	0�Úe¸Je§ ó�± < ð Ç�È c.����²�ð	j �
Ì>¸&À#0��;5D½w?�A#®�¯ Ç�È H³§�� Ç�È ð ��´ c2µ·¶ýø=C�«¬���¬=¸�¹�ð� r�º�»2¼�½ c�¾(ð
§=�=¸F¹ ��¿�À ��Ápe�f;¡�ð�c�°���¡20 PNH 52§F�=¸F¹�c PAL H/Â À j�Ã@c@Ä@C�«.¬��F¬
¸F¹8Å	ÆFÇBc@È \ ¶�Ä.?�A®=¯F¸F¹85=s=t@É�Ê�Ë » ¢#e�f;¡20;¾ � 5 10◦S − 10◦N

� l�m|ÁÀ�À nFË	Ä��2Ì�ÍFÎBÅ@Ï	ÐF¯�¸�¹ÑHÒ��Ì�Í=Î�Å@��Ó¯�¸�¹;c�Ô�Õ�{JÖ@` \J�;À�À n@× v ¡!0ÙØ
Å 7 Ä�?�A2®F¯�¸�¹;c PAL ÚBÛ,Ü�ÝWÛ�Ä�C�«�¬=Þ�¬8Å�Ü < Ë.ßWÁJe ¿ §��F¸�¹�c.à�á \p��À
Hyâ=ãh� � ¡#0 PSH 5!��e�Å'ä8Å!Æ�Ç�c�Ü|¶�Ä;?BA#D�¬�¸�¹�Å'ÆFÇ�c�Ä�È \ f » cå�§F�F¸
¹Wæ ¿#À �.ÁJeFf�¡�Å�c�°F��¡	0ç Ë 90hPa Ä 6-9 ª�Ë.è�f�e ( © 3.6) Ä PAL 5 12-3 ª�HJéêBË#Ä�C�«�¬FÞ�¬�¸�¹|H³?BA2®
¯�¸�¹�c.z���{J]8ÁJeFf�¡@Å�c�°F�;¡!0�C�«¬�Þ�¬=¸�¹�ÅpÆ�Ç�×#¦=§�¸�¹;c ¿2À � \p� Ä�§�ë± < Å#¸�¹;c.�BÅ#jWæ�ì�Á À 0 PNH 5	C�«�¬=Þ�¬�¸�¹|H,?�A2D�¬�¸�¹;c@z��;{']ÙÁ*Ä�?BA2®
¯F¸�¹�c�����Ü�f.0FC;«¬=Þ�¬=¸�¹�Å!ÆFÇ�×¦�§�¸F¹�c ¿�À � \p� e�f�¡#0 PSH 5!C;«�¬FÞ
¬=¸�¹ÑH³?�A#D@¬F¸�¹�c.z���{p]8Á,C�«2¬FÞ�¬=¸�¹�c@���=Ü=f0F?�A	®�¯�¸�¹�Ë;Ú�Ûí¦F§�¸�¹
c ¿#À � \J� eFf�¡	0
¾�¾p���ÒÄ 90hPa 5 PAL H PNH ×C�«¬�Þ�¬=¸�¹�ÅpÆ�Ç=Ä PSH ×?�A#®�¯�¸�¹ÑH³?�A#D

¬=¸�¹BÅ'Æ�Ç�×§���¸�¹;c ¿#À � \p� eFf�¡@Å.c@°F�;¡!0
50hPa Ä 12-3 ª�Ë�è=f@e ( © 3.5) Ä PAL 5	?�A#®�¯�¸�¹ÑHC�«2¬FÞ�¬=¸�¹BÅ.îFfz���{p]�ïð c v Û�Ä�?BA®=¯=¸F¹�ËBÚ�Û�¦�§F¸F¹�c ¿�À � \!� e�f�¡20 PNH 5 PAL é�ê�Å#?�A®=¯
¸�¹�H³C;«¬=Þ�¬�¸�¹�Å2z��;{'];ï ð ×.Ä�?BA2®�¯F¸�¹�Ë�Ú�Ûw¦=§F¸�¹;c ¿2À � \p� e=f�¡#0
PSH 5�ñpÅ'ä ¿ Æ�Ç;c�ÜÑ¶w§���¸�¹ ¿ s�H�òWñ » f0

50hPa Ä 6-9 ª�Ë�è=f@e ( © 3.7) Ä PAL 5!?�A	®�¯�¸�¹�HÒC�«2¬�Þ�¬;c.z��;{J]8Á*Ä�?�A	®
¯=¸F¹8Ë�Ú�ÛÒó=§=¸�¹�c ¿�À � \!� ¡0ôÁp�hÁ 12-3 ª|H!s=t�é2õÙÅ	öø÷ \ Å	ÆFÇÙË�Á'e;5Ä
§=�=¸F¹�Å#öø÷ \ c.È \ f@0 PNH 5 PAL Hpé�ê�Å2?�A2®=¯=¸F¹ôH³C�«.¬�ÞF¬�¸F¹8ÅzÙ�;{
];ï ð ×�Ä2?�A	®�¯�¸�¹�Ë;Ú�Û�ó�§�¸�¹�c ¿#À � \J� eFf�¡2cÄ 12-3 ª�Å PNH Ú�Û ¿ §���¸
¹�Å'öh÷ \ c�È \ f�0 PSH 5 12-3 ª�Å ¿ Å�HJé#ê�Ä�§���¸�¹ ¿*ù ä�ÅpÆ�Ç ¿ s�H�òWñ » f0ú Ï�Å�¾�Hy���³Ä 50hPa ×�5#û�ü�Å ±Fý Ë�Ú�¡!?�A2®F¯BÅ!þF¥�cÿ�� º × v ¡c.Ä PAL H
PNH 5!?�A#®�¯�ä�Å!jBË����.§���¸�¹;c#¦F§BË » ¡��
	@c���� � ¡�
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90hPa ×#"�$ÙË#§!�=¸F¹8Ë � Á&%�¦�'#Æ=ÇåæJì|Á À Å!"�(�«�¬�ÞF¬ÙÃ�¢ À !)�*®=¯�Å ±+ Ë;Ú�Û-,�.!/10�§��32�®�45��¡768':9pï ð "�¾#Å�;1<;×3"�$�= »�>�? 6@Á8%� ÛA@ À » 'B¾
6B2�°���¡��¾�C#" Holton et al.(1995) 6�"&D » ¡!¤�¥�ÃE2�ÄGF8H�æ�I�JÑÁ À >�? 2#�!�E�
�K������Å�Ü + Ã!L�Ë�MÙÝ�� » ' À�N ( O�ã5P�QR	�÷TS5�1,!.�Å&U=Þ5V�WF¯BÅ ±Fý Ë�Ú�¡�X�YZ1[ ¤@¬�Å ±Fý Ä\W�¯#]2û@ü�Å ±Fý ) Ä�Ø�Å >�? 2 stratospheric pump Ë�^:_ À 6 ¿ â=ãa`bCc  50hPa ×�" PAL 6 PNH ×\)7*2®�¯�Ë�Ú c «¬�§�� ±!+ 2�öå÷ » Æ�Ç�æ ¿2À `.Á*Ä�dFÌ
Í�Å!F�H�Å >�? " 12-3 ª�Å1e » `gf�Ä 6-9 ª�Ë ¿ >�? æ:Ç�ã1%�' c Å�2�°�h c 
F�HWæ�I�JÑÁ À ¾36:×�ÄÑñ'Å�i������\�3��������2�jEkml8C À Å�h�ÄWÝ À ñpÅ;Ú#9yË�n�op6q�r�s û�ü�Ë�t ý æ ¿#À `.Á À Å�h�æBu�v3� c ÀEN Ä P w1x5 m6b�\y�Å ÀEN Ë�z1{�x! ;Å���Å|�} �Wæyì#� EP ~��
������6,Ä EP ~��
�����\���=Ä5��¹ q�r!s���� ï���æ��
� (P w�x5 

[ ¸�¹ ]: � 3.8, z�{�x! : � 3.9a,b) 
12-3 �BË PAL 6 PNH ×���� ÁB% 10-70hPa Ä 20◦N

ú d;×�Ä EP ~��#������Å\��	�÷:¸�¹
2���C�Ä EP ~��7������Å����=¸�¹hæ�ì�Á8%5' c ¾�6�hm`³Ä5���E�#���B����6!Ø�Å��1��<72�Ü+ ÁB%�' c Å\2E��h c ( � 3.8a,c) �Ø�C;Ë��#'2Ä���¹���� ��� ïB�=¸�¹�" BD û�ü�6��R	;÷Å� CBæ:ìÑÁ,Ä BD û@ü
2�Ü + ÁB%!' c Å\2E�!h c  PSH " 100hPa Ä 20◦S

ú�� ×Ä EP ~��
�
���;Å@Ü3'�����¸F¹
2E��`�C c 2@Ä�öø÷ »�q!r5s û�ü8Å�t + "��å÷�%3' » ' ( � 3.8e) �Ø�Á
% 40◦N

ú d�× EP ~!�R�����;Å��3	B÷y¸F¹72��
C�Ä EP ~��R�����;Å�����¸F¹�æyì|Á À 2@Ä
d=Ì=ÍÙÅ3F�Håæ\I�J�Á&%3' » ' À�N Äp�5�1�#�a�8�����b �Å�j�kB×�" » ¶��3�1�7�a�����8Å¡�¢ �R	=Å�t + 6yâ�ã:`TC c  6-9 �;× ¿ PAL 6 PNH 2�����Á8% 100hPa Ä 30◦N Å EP ~
�
�������E�=¸�¹BË�Ú c BD û@ühæ!Ü N c 	�÷2Å	û@ü�6³Ä 70hPa Ä\£1¤!¥E¦�Å EP ~��
�����
�1�§6Ä 100hPa Ä 30◦S ¥1¦;×�Å EP ~��#�������E��Ë�Ú c&¨�©�ª�« Û�ÅE¬� À û�ü#2�®!¯Gl
C3%3' c ( � 3.8b,d) 5'�f�C ¿ �5�1�
�K�8����Å�j�kÙÅ�*�° º�>!? Å�eG6�"�â�ã�±³²�Ä ¡�¢
��	�Å�t +ø¿ ï ð Á�%3' c ¾#6B2=â�ã�`�C c  PSH " 12-3 ��Å ¿ Åa6µ´�ÂÑÁ&%@Ä 20hPa 6
100hPa Ä 50◦S æ1¶8·§6�ÁB% EP ~��
�������E�!¸1¹�2��§`gC.Ä�Ø�C�Ë;Ú�ÛÜ5' BD û�üWæ	Ü+ l�º c û�üÙÅ�¸�¹
2��
C7»12.ÄG¼Å >!? "�½!¾8Ë!"�¿R'�%3'!À!' ( � 3.8f) a¼Å2û�üa"3�
�E���K�B����Å�Ü + 2�Á�»K`1Â�»&Ã
Ä�Å
23Æ c 2�Ä EP ~��7�����\¸�¹�Å�Ç�È�h�`&"�É�u�Ë�Ê
e�Ë c ¼36�"!Ì8Í
À�'� 3hPa Î 60◦S ¥1¦#Ï EP ~��
�����5Ð\�!	;÷�¸1¹�2��3C
»�» N Î�¼BC
2#�������������7Ð�jEk�Ð >�? Ï!Æ c 6:â=ãa`gC c ç:Ñ �������G�&���aÐ\j!k�25Ò�ÓÕÔ�ñ#9btKÖ
»3Ð�h�Î�×KØµÙ!<GÐ 10-700hPa Ï7Ð EP ~
�
������Î EP ~��#�������1��Î�Ò�ÓaÔBz1{�x! 
Ð�Úp6�� Ñ ��� (P w�x! : � 3.10, z1{�x! :

� 3.9c,d) 
12-3 �#Ï�" PAL 6 PNH 2�d�Û�Ü�Ý�<7Ï�´5ÞÕÂ�»�ß�àGÔ�á�Â�Î 40◦N â�d7Ï EP ~��7���
�E���3¸�¹KÐ�;�<mÔ�¶�· Ñ Ò�Ó
25ã + l�C�Î�¼�Ð�;�<RÏ#" 200hPa ¥�¦aÐ�e EP ~!�R�����
Ð��E��¸�¹aÔ�ápÂB%!' c ( � 3.10a,c)  PSH " 40◦S â � Ï PAL 6ä´!ÞmÂ8%�Î 300hPa Î 50◦S

Ô�¶�· Ñ EP ~!�R�����1���5¸�¹72�ÆÕØ�Î 50hPa Î 70◦S ¥�¦ Ñ �5f!h3À�å5Ó!¸�¹72�Æ c Ð�e
Ï3Æ c ( � 3.10e) !��æ#Ï EP ~��
�����3Ð�ç�è ¡�¢ � c ¸�¹
25Æ c 2\Î!��é#2 60◦S â ��Ñ

�
Ö c :¼BC#" � nRÐ�z1ê:Ô 0m
Ñ Â�»�» N Ð >�? 6�ë�Ö:`bCEÎ � Û�Ü�"EìE2�í#ÀÕ²�¶�î����

�E���K�B����Ð >�? 2�ï3'R¼�6EÁ�ÆmØðÎ � n�hm`&Ð���Ð >�? Ñ1ñ C#»K6Bë!ÖG`gC c  6-9 � Ñ



�
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ò Â8%\ÎEd�Û�Ü�" PAL 6 PNH 2�´5ÞÕÂ�»�ß�à�68ÀÕØäÎ 100hPa Î 30◦N Ô1¶&·�6�Â�» EP ~
�
�����3Ð��1��¸1¹�6TÒ\Ó�¸1¹#2���`bC\Î�ó�Ð1ç�è�Ï EP ~��#������2!ç�è ¡1¢ ÂT�E�ÕÂ8%�'c Ð�2��
Ö c ( � 3.10b,d) K¼8C�"�Ò\Ó�¸�¹�2��������������32 ¡1¢ ÏRô c Ò�Ó�Ð�/1õ�öGÔ�®
¯ÕÂ�»�» N 6�ë�Öa`gC c  � Û�Ü�" PAL 6 PSH 2 12-3 �§6ä´!ÞmÂ�»�ß1à:Ô�ápÂgÎ � n32��
é�6�ë5ÖG`gC c EP ~��7������2 300hPa ×RØTç�æ�Ï�£�¤�	7ô Ñ ¡�¢ Â�%!' c Ð\2��!h c ( �
3.10f) 
÷1» q�r�s�ø1ù Ð�t + Ï 50◦S − 60◦S Ð � d�Ð�ú������32�ã§²bÀmØûÎ5ú���Ó7Ð ò�ü Ï
Ò\Ó32�ã + l�C�%�' c  60◦S â � "��
Ï1Ò�ÓRÐ�ï + 2���ô&%!' c 

12-3 �RÐ PAL 6 PNH "�d�Û�Ü#Ï EP ~��#�����:6 EP ~��#�����\�E�RÐ�ï +RÑ × c n�o
Ð1ã + 6 BD

ø�ù ÐEï + 2E��`�C�Î 6-9 ��" PAL 6 PSH Ï EP ~��R�����m6 EP ~!�R���
�1���KÐ\ï + 2E��`TC7»12EÎ!n�o3V BD

ø�ù
ý Ð >�? "�þml�h�_E»�m¼!¼�hm`ÿd!Û!Üa" � Û
Ü Ñ���� F�H Ñ × c �5�1�
�a�B���
2 BD

ø�ù Ñ�� ô�À >!? Ô���Ö�%3'3»7¼#682#É:`�h Ñ À
ØðÎ5���\�3���������E�RÐ � ô�l�Ð	�R' Ñ ×
Ø BD

ø1ù Ð�
��t } 2�Á�»�`�l8C!%�' c 6T� c
Holton et al.(1995) 6����5� c 2�Î�½�¾
]�� s Ï5"����
À1��� � ¸�¹�Ï5"1À�'!» N Î
¼�Ð	��à
2�½�¾7]�� s Z ú�Ð�
���t } Ô3Á�»a`EÂ�%5' c 6&"Eë5Ö�± ²ûÎ�¼�Ð��#Ï3"����pÂ�À�'�� 6-9 �
Ð PAL 6 PNH "&d�Û�Ü!¯�æ#]����
Ï EP ~ 7�����\�1�5¸�¹!Î�ó�Ð�ç!�7Ï EP ~� 
�����
�1��¸1¹#2#"�`bC�»��a¼8C�"�$� �%'&)(+*!,7Ð�ï +7Ñ ×
Øg�!��¯�æ�]5Ð&å3Ò\Ó32 0 Ð�;1<#Ï3Ð
EP ~� 7�����\���
2�ï + ÂTÎ�ó�Ð�-�.3Ï�Ò\Ó/0 Ñ ×7ØbÒEÓ Ñ�1  c ��ó�Â8%2$� �%3&4(�*
,aÔ�ç�è ý ¡1¢ l8ºEÎ#ç�è3Ï5Ð EP ~5 
�������E�:Ô!6§²�_�»�6�ë!Öa`bCEÎ�Û�Ü�Ð!73Ï98�¯�æ
]�2�å!Ó�Ð�» N ç�è Ñ ¡�¢ Ï�ô�À�''$� �%3&4(�*!,��;:�2�å�ÓGÔ	<�=�Â&%!'5»K6Bë5ÖG`gC c �
12-3 �7Ð PSH Ï98�d�Û�Ü�ê!î5>7Ð EP ~ #�������1��¸�¹�2#"�`bC c �m¼BC38 � Û�Ü�Ð5F�H
I�J Ñ ×7ØûÎ�W � 2�t?ÕÂÿd�Û�Ü�Ð&ê�î5>�W � ]1Ï � d�ú>5@5>RÐ�U�/�hG`TÒ�Ó�2�ã + l8C#»
6�ë�Öa`gC c �
ó�C Ñ ×7Ø�$� �%9&4(+*!,A8�Ò\Ó7Ð\ã�B�;1<:ÔDC�L#E ¡E¢3F c @AG\25Æ c » N
(Matsuno 1970; Andrews et al. 1987) Î\ê5î�>�Ï�Ð EP ~ 7�����E�1�
2�ï
÷3_�»K6Bë!ÖG`
C c �
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4

SST

¼�Ð	H48 SST
Ñ W F c ½�¾#]�� s ¥1¦�Ð�IJ Ñ!ò F c x�K
Ð�ß1à:Ô�á F �ED7À c SST Ð�Ç

ÈKÔ+�7Ö!»�L Ñ ½�¾
]�� sMAN ó�Ð!O�P Ñ4Q Ð
×3R�À!S�T3U3Æ c h
Ô	? � c �3Va_�»&x�K38 2

HRÏ�WYX�»R×AR Ñ Î\½5¾ (15◦S − 15◦N)SST Ð�Z�>�[�õRhÕ`&ÐEf�\KÔ 2 ] Ñ!^2_ Â�» S′
× 2

x9Ka`bÎ�Û!Ç Ñ j�k�Â�» S′/2 x�K (2 67Ô�÷b`	c5E S’ w�x�Kd`feg ) Î:÷�»&½!¾ SST Ð�ú>
Ô���� Ñ 1 K ç�X1» S + 1 x�Kh`µÎ#��� Ñ 1 K ��X�» S − 1 x�K (2 67ÔE÷A`fc�E S w�x�Ka`
eg ) Î
ó�ÂfE�i�j SST Ð���[1õ!Ú:Ô 1996 k 1 �'lhm 1999 k 12 �K÷�Ï#�RÖ5» Sobs x9K3Ï
Æ�n��

4.1 S’
o

,S
o p q

÷#r S′
× 2 Î S′/2(S′ s�t K ) Î S + 1 Î S − 1(S s�t K ) `vu�w t K Ñ 69BEEÎ�k'[1õ3Î 12-3x Î 6-9
x Ð�y2zA[5õRú2>3{3|}`f~3|2�����§Ô�� F (S′,S s3t K [ {3| ]: � 4.1( kb[3õ ), �

4.2(12-3
x

), � 4.3(6-9
x

), u5w t K : � 4.4a( k�[Eõ ), � 3.2a(12-3
x

), � 3.2b(6-9
x

) ) �
k9[�õ Ñ3òb� EEÎ S′

× 2 8 70hPa Î���yGÔ����` ����� ú�{�|�`��&ê3î�>3�3��ê3ú�{|AU
"�mv\�� 30hPa ×7Ø�ç�æ'�'8 � ú�{5|2U��Û�Ü4���&î�>)�����!~�n ( � 4.1a) ��~|��A���b8
100hPa ���5�����:Ô��	��` ����� B�U�ã�B�ç!����{�|�`�� 10◦S ���5�#�{�|'U���n!�5�yb�
70hPa lhmBç����{|3U'��  0 �!¡5¢2U\Ù3UpØ��A�8ê5î�>'�'8�ï9B�5���{|�`f£A¤!E�B�n��
S′/2 8 S′

× 2 `	B�r5\¦¥v§���{5|4�!¨5©«ª � E�¬d®� 70hPa ����y¦ª5����` �!� ê5ú{|�`
�&ê3î�>3�3� � ú�{| (

��¯4�
70◦N �5�Y8�þh°#£�ê3ú�{�| ) � 30hPa ±)�ç�æ3�38�²�Û!Ü��

�&î5>A�����ê�ú5{5|'U���³�!�yb�8�£B ( � 4.1b) ��~5|�2���A8 100hPa ���������¦ª��
��` ���!� B�U�ã�B5�����5{�|�`´� 10◦S �Eç!���5{5|��y)� 70hPa l«m�ç!���5{5|'U9�5 
0 �!¡5¢2U�µ3Ud��¦�8ê5î�>'�'8�ï9B�ç!���{|�`f£A¤�E�B'n�� ��¯b� � 70◦N �5�48�þ«°�£
�5�#�5{5|'����n�� S + 1 8 S′

× 2 `�¶�· �!��¸�¹ ª+º � � 50hPa ����yYª��	��` �����» {
|3U���¼�4½5��{5|'U 20hPa ����¾���¿3B�E�B�n ( � 4.1c) � 50hPa �5²�ÀÁ)� 40◦ ª��	��`�!�	Â�» {�|3U'� Â�Ã5Ä �5 	Å¢�`®�yb� 100hPa ���2���«³� 100hPa � 70◦S ���3� �» {
|«ªfº F5Æ ~�|��)�#�)Ç 100hPa �����9��«ª����` ���È �9��{|AU È#É9Ê ¿«Ëf� 10hPa �
40◦S − 40◦N ¾��#µ'UA¤!E�B�n Æ � Â�ÃÄ ��Ç�Ì)����Í#�{�| ¯ U#� 100hPa � 70◦S ���3��Î
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Ô
4.1 S’,S Õ�Ö�×�Ø�Ù�Ú	Û#Ü´Ý�Þ	ß (color) à�á!Þ	ß!â�ã�ä�å [K],(contour) æ	å!ç�èé ä	å [5 × 10−5m/s].(a) S′

× 2 (b) S′/2 (c) S + 1 (d) S − 1

°�£ È ���5{5|Yª+º3Ò Æ S − 1 Ç S′/2 `�¶�· � � S + 1 `�§)�!{�|)��¨�©�ª+º � � 50hPa ���
yhª��!�ê` �#��Â'» {�|bU 10hPa ¾���¿)ë�ì'ë2n ( � 4.1d)

Æ
50hPa ��²�À�Á 40◦ ª��!�ê`�!���5» {�|3U'� Â�Ã5Ä �5 	Å¢�`®�yb� 100hPa ���4���«³� 100hPa � 70◦S ���3� Â�» {

|«ªfºAÒ Æ ~�|��)�#�)Ç 100hPa �����9��«ª����` ��� ��Í���{|AU È#É9Ê ¿«Ëf� 10hPa �
30◦S − 40◦N ¾��#µ'UA¤!ì�ë�n Æ � Â�ÃÄ ��Ç�Ì)� È ���{�| ¯ U#� 100hPa � 70◦S ���3��Î
°�£���Í��5{5|Yª+º3Ò Æí � 12-3

x ��Ñ � ì�� S′
× 2 Ç 50hPa ����y�ª5�	��` �����» {5|�`�� Â�ÃÄ ª5�	��` ���Â�» {5|'U�î�m;\An ( � 4.2a)
Æ

100hPa ���y3��Ç�ï5ï Â�» {5|Yª+º � ì�ë�n Æ ~�|�A�!�
Ç 50hPa ����y)�� � v�9Ç È ����{5|��Y� Â�Ã�Ä �'Ç��Í��{| ¯ U�� 100hPa ����y2�9ÇÈ ���5{5|�`���Í#�{�|3U#ð9l�ë�ñ�ò�ó�ô2��õ�ö � ����y'��[�÷¦ª2`�nb`�øù'úfû�ô�Ò3n'±'ü
£#¨�©��5£2¤�ì�ë'n Æ S′/2 Ç 70hPa ����y¦ª5����` �!��Â�» {|�`D��À�Á Â�Ã�Ä `®ý�À�Á¦�Ã�Ä �'� �» {5|�ª�º � ì�ë'n ( � 4.2b)

Æ ý�ÀÁ Â�Ã�Ä `D�#ÀÁ¦� ÃÄ ��Ç Â�» {5|Aþ�î�mÿ n Æ ~�|��)���4Ç 70hPa ����yA�'� È �9��{|��2��À�Á Â9Ã�Ä `�ý�À�Á�� Ã�Ä � È �9��{
|��9�#ÀÁ¦� ÃÄ `®ý�À�Á Â�ÃÄ ���5Í��{|2þ�î�m ÿ � 100hPa ����y2�9Ç S′

× 2 `´¶�· �
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Ô
4.2 S’,S Õ�Ö#×�ØfÙ�Ú�Û�Ü 12-3 �Ü (color) à!á�Þ�ß�â!ã!ä�å [K],(contour) æ�å

ç�è é äfå [5 × 10−5m/s].(a) S′
× 2 (b) S′/2 (c) S + 1 (d) S − 1

��È ���{�|�`D��Í��5{5|b��ð'l�ë�õö�þ�î�m ÿ n Æ S + 1 Ç 50hPa ����yYª��f��` ���!�5»
{|3þ È#É�Ê���� �2� Â�Ã�Ä �'Ç Â�» {5|�ªDº � ì�ë'n ( � 4.2c)

Æ
100hPa ����y2�9Ç Â�» {

|3þ#î�m ÿ n Æ ~5|�2���AÇ��y'�9�5 ����A� È ���5{�|��Y� Â�ÃÄ �9Ç���Í��5{5|'þ#î�m ÿ
n Æ S − 1 Ç S + 1 `´§4��¨5©�ª�º � � 50hPa ����y¦ª5�	��` �!��Â�» {|�`�� Â�Ã�Ä � �»
{5|'þ#î�m ÿ n ( � 4.2d)

Æ
100hPa ����y'�9Ç �5» {�|3þ#î�m ÿ n Æ ~�|��2�!�bÇ	��y'��� 

�	�A���5Í#�{�|��� Â�Ã5Ä ��Ç È ���{�|'þ�î�m ÿ n Æ
6-9
x ��Ñ � ì�� S′

× 2 Ç 70hPa �+��yYª��	��` �����» {5|�`´����À5ÁY� ÃÄ � �» {5|�
²5À5Á Â�Ã5Ä � Â�» {�|3þ#î�m ÿ n ( � 4.3a)

Æ ~5|�A�!�AÇ 100hPa ���������3��
�ë È ���
{|�` 15◦S ��
�ë�Í���{5|2þ�î�m ÿ n Æ �#ÀÁ¦� Ã�Ä � È ����{|���²ÀÁ Â�Ã�Ä ���Í
��{5|2þ�î�m ÿ n Æ S′/2 Ç 80hPa ����y�ª�����` ����Â�» {|�`�� Ã�Ä �'� Â�» {5|�� Â�ÃÄ �3� ��» {�|Aþ�î�m ÿ n ( � 4.3b)

Æ ~�|��)�#�4Ç���9��b�3��
9ë���Í���{�|�` 10◦S �
� È ����{5|��¦� Ã�Ä �9���5Í���{5|�` Â�Ã�Ä �3� È ����{�|2þ�î�m ÿ n Æ S + 1 Ç 50hPa �
��yYª��	��` �����» {5|'þ È�É�Ê��� �Y� Ã5Ä `®ý5ÀÁ Â�ÃÄ �9Ç Â�» {�|��3��À5Á Â�Ã5Ä
�'Ç ��» {5|2þ�î�m ÿ n ( � 4.3c)

Æ
100hPa ����y3�'Ç Â�» {5|2þ�î�m ÿ n Æ ~|��A���bÇ��
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Ô
4.3 S’,S Õ�Ö�×�Ø�Ù�Ú	Û�Ü 6-9 ��Ü (color) à�á!Þ	ß!â�ã�ä�å [K],(contour) æ�å!ç

è é ä	å [5 × 10−5m/s].(a) S′
× 2 (b) S′/2 (c) S + 1 (d) S − 1

y3���5 ����b� È ���5{5|��� Ã5Ä `�ýÀ5Á Â�Ã5Ä ��Ç��5Í#�{�|�A��À5Á Â�Ã5Ä � È ���5{
|3þ#î�m ÿ n Æ S − 1 Ç 70hPa ���yYª��f��` � ì Â�» {�|�`!� ÃÄ `�ýÀ5Á Â�Ã�Ä � �» {
|��9�#ÀÁ Â�ÃÄ � Â�» {5|2þ�î�m ÿ n ( � 4.3d)

Æ ~5|��A���)Ç���y3�'�� ����4����Í���{
|��)� ÃÄ `®ý5À5Á Â�ÃÄ � È ���{�|�2��À5Á Â�Ã5Ä ���Í��5{5|'þ#î�m ÿ � Æ
P s�t�Ó `����5���4¾#l�£ ¸5¹ ªD�)��¾b`�c9n Æ

t�Ó ��� T̄ [K] (90hPa) w̄∗[m/s] (90hPa) T̄ [K] (50hPa) w̄∗[m/s] (50hPa)

k���÷ 191.3 0.00053 199.6 0.00017

CTR 12-3
x

189.8 0.00061 198.2 0.00024

6-9
x

192.9 0.00036 201.3 0.00006



Ï
4 Ð SST ��Ñ�Ò3n t�Ó 28

Ô
4.4 ����Ö�×��ÜvÝ#Þ!ß (color) à�á�Þ�ß�â�ã [K],(contour) æ!å#çè é [m/s].(a)

100-10hPa, contour � 2 × 10−4 ��� ,(b) 500-10hPa, contour � 1 × 10−3 ���

� ��÷
t�Ó ∆T̄ [K] (90hPa) ∆w̄∗[m/s] (90hPa) ∆T̄ [K] (50hPa) ∆w̄∗[m/s] (50hPa)

S′
× 2 -0.28 +4.9×10−5 -0.75 +3.6×10−5

S′/2 +0.84 -6.0×10−5 +0.44 -1.9×10−5

S + 1 +0.53 +7.3×10−5 -0.67 +6.6×10−5

S − 1 +0.02 -8.6×10−5 +0.66 -5.1×10−5

12-3
x

t�Ó ∆T̄ [K] (90hPa) ∆w̄∗[m/s] (90hPa) ∆T̄ [K] (50hPa) ∆w̄∗[m/s] (50hPa)

S′
× 2 +0.03 -1.2×10−5 -1.10 +4.1×10−5

S′/2 +0.86 -2.2×10−5 +0.54 -2.6×10−5

S + 1 +0.66 +6.2×10−5 -0.90 +6.9×10−5

S − 1 -0.23 -7.2×10−5 +0.67 -5.7×10−5
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Ô
4.5 S’,S Õ�Ö�×�Ø�Ù�Ú	Û#Ü´Ý�Þ	ß (color) à�á!Þ	ß!â�ã�ä�å [K],(contour) æ	å!ç�èé ä	å [3 × 10−4 m/s].(a) S′

× 2 (b) S′/2 (c) S + 1 (d) S − 1

6-9
x

t�Ó ∆T̄ [K] (90hPa) ∆w̄∗[m/s] (90hPa) ∆T̄ [K] (50hPa) ∆w̄∗[m/s] (50hPa)

S′
× 2 -0.45 +8.9×10−5 -0.45 +2.2×10−5

S′/2 +0.82 -5.3×10−5 +0.32 -1.4×10−5

S + 1 +0.26 +7.2×10−5 -0.50 +6.9×10−5

S − 1 +0.33 -7.5×10−5 +0.35 -2.8×10−5

�4¾�"9��õ�¶'Ò! �#´� �y�$�%'&5þ)(!* � ��þ S′
× 2 # S + 1 ��+'¾�¤ � ��þ S′/2 # S − 1

���� Æ � " � �y,&�-�.b�0/�1�ª	2�ì' �#´��y3� »Ä {�|)�43�59þ76 98;:, Â�Ä þ�<A£
 ��= ����>b�5Ç7?'*5£ë Æ S′

× 2 Ç �» {5|� S′/2 Ç Â�» {�|3�#�;@ ÿBA Ç È %�CA�!{�|3�
�; Æ S + 1 Ç Â�» {|2���%�C)� »Ä {5|�� S − 1 Ç�DFE5ü	G�� � � »Ä {5|2þ'�  0 �9�
 Æ 12-3

x # 6-9
x ª4HI3Ò! �#´�D��y�$�%'&5�7J3�9� »5Ä {�|)�!K�óML���N!O�þ 6-9

x � �P £M 4Q�R�þ�î A;ÿ  Æ
~�|�A�!�{�|bÇ!SUT9� t�Ó �	Å2ì5�#��V�'&	" A �UW�X3þ�Y�Z�° ÿ  �¨�©�ª � ì�ëM Æ ½
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Ô
4.6 S’,S Õ�Ö#×�ØfÙ�Ú�Û�Ü 12-3 �Ü (color) à!á�Þ�ß�â!ã!ä�å [K],(contour) æ�å

ç�è é äfå [3 × 10−4 m/s].(a) S′
× 2 (b) S′/2 (c) S + 1 (d) S − 1

@f� P s�t�Ó #����2�UV��'&A¥\[ =� �'ª+�'Ò (S’,S s�t�Ó [ {�| ]: � 4.5(
� ��÷ ), � 4.6(12-3x

), � 4.7(6-9
x

), u�w t�Ó : � 4.4b(
� ��÷ ), � 3.2c(12-3

x
), � 3.2d(6-9

x
),)
Æ

� ��÷4��T�ë�ì�� S′
× 2 Ç7V�,&�Å�¢A� Â�» {|�ªDº � ��~|��b���bÇ 10◦S ���«ª5�	�]#��� 
9ë È �9��{�|2þ È�É'Ê ¿Aëì9ë! #þ�����y�&�-�.���b��
�^«° ÿ ì9ë! ( � 4.5a)

Æ ½� ì 10◦N ���aª��!�_# �#� 
'ë���Í���{�|hª	º � �`bac�ó)d�eaª���f 	��Òg �{�|hª	º��� Æ
S′/2 Ç S′

× 2 #��� �§4��{5|4��¨�©A���MV��,&�Å�¢2� ��» {|¦ª�º � �9~|��A���bÇ
10◦S ���«ª5�	�]# ��� 
�ë�5Í���{5|2þ È�É9Ê ¿2ëì�ë' �þ��'��y�&)-�.��5�A��
�^�° ÿ ì
ë! ( � 4.5b)

Æ ½ � ì 10◦N ��«ª���h# ��� 
9ë È ����{�|«ªfº � �`ia)c	ó�d�e«ªfý�f
D�#Ò! �{�|¦ª+º �!� Æ S + 1 Ç S′

× 2 #®¶�· ����»Ä {5|'�#��V5�'&�Å5¢2� Â�» {�|¦ª+º ��
( � 4.5c)

Æ �¯A�
S′

× 2 #j<A£«¼� 150hPa ��²�ÀÁ)� 60◦ ���3� �5» {5|YªDº ��� Æ ~5|
�)�#�4Ç!���9��b����Í���{�|]#;²�À�Á 10◦ ª���h# ���È �9��{�|«ªfº � ��½ ÿ þ���y�$
%,&'¾���¿2ë5ì�ë' Æ @�@0" A `ka�cfó�d�e2þ#��y3� ÃÄ�É R��)�	�)����� P {5|«ª�º ��� Æ
S − 1 Ç S + 1 #��� !§Y��{|���¨©b���'V���&#Å�¢b� ��» {�|«ª�º � � 150hPa ��²�À�Á��
60◦ ���A� Â�» {5|�ªDº ��� ( � 4.5d)

Æ ~5|��A���)Ç�����5�A� È ����{�|]#;²5À�Á 10◦ ª
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Ô
4.7 S’,S Õ�Ö�×�Ø�Ù�Ú	Û�Ü 6-9 ��Ü (color) à�á!Þ	ß!â�ã�ä�å [K],(contour) æ�å!ç

è é ä	å [3 × 10−4 m/s].(a) S′
× 2 (b) S′/2 (c) S + 1 (d) S − 1

���l# ��� �Í���{|¦ª�º � �A½ ÿ þ���y�$�%,&'¾���¿Aë5ì�ë' Æ ° A � 20◦S # 20◦N ª5�
�l# ����È ���5{�|3þ��«³�2��Í#�Yª0m�^ � ì�ëM ���þ�:�"' Æ @�@4" A `na7cDó�d�e3þ#���
���)�4oY��°4p��!"�T	m�^¦°4p, 	{5|YªDº ��� Æ

12-3
x � 6-9

x ��Ñ � ì�� S′
× 2 Ç�V��,&���{5|4��¨�©Aþ 12-3

x
,6-9

x �)�hË�£�q)ë�þ�îA ÿ £�ë ( � 4.6a, 4.7a)
Æ

S′/2 Ç�V��!&9��{5|4�!õ�öbÇ 12-3
x

,6-9
x �)�hË�£�q)ë�þ�î Avÿ

£�ë�þ 12-3
x ��~|��b���b��{5|2þ�«Ë�ë ( � 4.6b, 4.7b)

Æ
S + 1 Ç 12-3

x � 10◦S ª5�	�
# �!�5È ����{5|�� 6-9

x �9Ç 15◦N ª5���l# �!�5È ����{5|2þ�î A ÿ �2ë�r ÿ ¥rV��Yª�
�^
Ò, É R���{5|Yª+º ��� Æ ( � 4.6c, 4.7c)

Æ
S − 1 Ç 12-3

x ���y�V5�'&�Å5¢2���Í��{5|l#
20◦S � È �9��{�|�� 6-9

x � 10◦N ����Í���{�|h# 20◦N � È ����{�|Aþ�î A+ÿ � ( � 4.6d,

4.7d)
Æ

@�@	��`na7cDó0d	e)�0s�t�ª�V5�b�3±) #Í)ub�Uv�1'" Axw�y Ò, �	= ��Å2ì�� t�Ó �9��Í)uz {�|«ª�ºAÒ (S’,S s�t'Ó [ {�| ]: � 4.8(
� �5÷ ), � 4.9(12-3

x
), � 4.10(6-9

x
), uw t'Ó :

� 4.13(
� ��÷ ), � 4.12(12-3

x
), � 4.13(6-9

x
)
Æ

� ��÷4��Íu z ��Ñ � ì#� S′
× 2 Ç 60◦E # 180◦ ª��f�)�������," A 30◦S �!µ�{A£ Ã5Ä �
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Ô
4.8 S’,S Õ�Ö#×�ØfÙ�Ú�Û�Ü;Ý�Þ�ß�|�}�~!ä�å [1 × 10−5 kg/m2/s] (a) S′

× 2 (b)

S′/2 (c) S + 1 (d) S − 1

� ¤!ì�Í�u z þ����3Ò, �{5|«ª9¥�D��2uw t9Ó �#Ì)£�Í�u5y4� 5◦N Å�¢A�Í�u z þ����'Ò, 
{|¦ª�º2Ò ( � 4.8a) S′/2 Ç 5◦N ��Í�u z þ)���3Ò� �{|l#����9Ò� �{|2þ#² É	� ÿ � 10◦S

� 45◦E # 150◦E ª5�	�4�7���'Ò, �{|l#	£2¤�ì�ë; ( � 4.8b)
Æ

S + 1 Ç Æ 10◦S � 60◦E #
180◦ �'Í�u z þ��!�bÒ� �{�|3� 5◦N �9�9 �Å9¢����;�AÒ� #{�|�#!£� ( � 4.8c)

Æ
S − 1 Ç

S′
× 2 #j<)£h��5Ì ¯ ¤ � Í�u z �U���¢4Ç5£ë5þ�� 10◦S ��Íu z þ����9Ò� �{|�ªDº � ì

ë; ( � 4.8d)
Æ

12-3
x � 6-9

x ��Ñ � ì�� S′
× 2 Ç 10◦S � 180◦ ª��f��# ��� ���b�!{�|4�5Ç���Ë�£�qbë�þ� ë�þ#� 5◦N � 120◦E ��Ç 12-3
x �0���5� 6-9

x �4���)��{5|Yª�� 10◦S � 60◦E �U���)��{�|
þ 6-9

x ��m�^¦ªDº � ì�ë' ( � 4.9a, 4.10a)
Æ

S′/2 Ç 10◦N � 110◦E ª5�	�4��� 12-3
x �'Ç

�M����{|�� 6-9
x �3Ç����4��{�|«ªfº � ì9ë! ( � 4.9b, 4.10b)

Æ ¾ � 10◦N � 180◦ ª���
� 12-3

x �7�;�9{�|bþ3�! �þ�� 6-9
x �2Ç�½��#{�|bþ�Îa°�ë Æ S + 1 Ç 10◦S � 60◦E ª��!�

�!� 12-3
x ��Ç4���{5|'þ#î A;ÿ  �þ#� 6-9

x �9Ç5½��{�|3þ#Î�°!ë ( � 4.9c, 4.10c)
Æ ½ � ì

10◦N ���3��Ç 6-9
x �U���{5|'þ� P �!¡�¢2�#î Avÿ  #þ�� 12-3

x �5Ç½5��{5|'þ�m^ � ì
ë; Æ S − 1 Ç������ 150◦E ª��	�b��� 12-3

x ����{�| ¯ þ#� 6-9
x �7���{�|)��£2¤�ì�ë

 ( � 4.9d, 4.10d)
Æ ½ � ì 20◦N �5�2� 6-9

x ��î A ÿ  4����{|)Ç�� 12-3
x ��m�^ � ì�ë

 Æ ¾ � 30◦N � 120◦E � 6-9
x �0���5{5|'þ#î A;ÿ  �þ#� 12-3

x �5Çm�ë0���{5|b��£2¤�ì
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Ô
4.9 S’,S ÕfÖ�×�ØDÙ!Ú�Û�Ü 12-3 �)��Ür|r}4~�ä	å [1 × 10−5 kg/m2/s] (a) S′

× 2

(b) S′/2 (c) S + 1 (d) S − 1

ë; Æ
° A �!�´yz���÷��9�5Íu z {�|b� Ã5Ä õö4ªDº'Ò ( � 4.14(

� ��÷ ), 4.15(12-3
x

), 4.16(6-

9
x

))
Æ � 4.5 #\H�I2Ò, g#����)����y)��¬�ë5ì � ��÷�y�z���÷AÍu z �0s�^ ���0��� ��~|

�)�#�2þsM^ � ì9ë' ��= �4Í�u z � Ã�Ä õ�ö)�7s�^2þ�V��4� Ã�Ä õ�ö4�7s;^�ª����'��º �
ì�ëM ���þ�:�"' Æ S′

× 2 �9Ç 10◦N �Í)u z þ)����Ò, 	{�|�� 15◦S �����9Ò, 	{5|Yª+º � �
V��2þ��'���;�3Ò� 3±Aüf£�{�|�ªfº ��� Æ S′/2 �3Ç 10◦N ª������Í�u z ���M��{�|�� 15◦S

������{|¦ª�º � ��V��3þ 10◦N ���A��
�^«° ÿ ��ýMCb�0o¦� � ì�ë' 5��þ�:�", Æ S + 1 �
Ç 15◦S # 15◦N �7���{5|� 20◦S # 20◦N �)���5{�|¦ª+º � ��V�9þ��y'� Ã5ÄÉ R�����
����� P {�|¦ª+º �!� Æ S − 1 Ç S + 1 #��5 	§4��{5|'� 20◦S # 20◦N ������{�|� 15◦S #
15◦N ����5{5|YªDº � ��V5�'þ��5������ª�~ � m^9Ò! �{�|YªDº �!� Æ

12-3
x # 6-9

x �'Ñ � ì ( � 4.15, 4.16) � S′
× 2 Ç 15◦N ª��!�Y�#� 6-9

x Ç7�;�9{�| ¯
þ�� 12-3

x �9Ç5½��{�|3þ	m�^ � ì�ëM Æ S′/2 Ç 10◦S ���¦ª��f�l# ��� ���{�|�# 10◦N �
�«ª����]# ��� ����{5|2þ 12-3

x ��
 P � 6-9
x �m9ë Æ S + 1 Ç 10◦S # 10◦N ª5�	�4�U�

��{�|'þ�î Avÿ  �þ��2½5�0��Ë°�Ç 12-3
x þ 10◦S � 6-9

x þ 10◦N � É ���«Ë!ë Æ S − 112-3x � 6-9
x �5ë�r ÿ ¥ 20◦S # 20◦N ª5���)�0����{|l#;� 15◦S # 15◦N ª5�	�4�7����{5|2þ

î A;ÿ  #þ#� 12-3
x �9Ç 20◦S �4���{5|�# 15◦S �0���5{5|� 6-9

x �9Ç 20◦N �4����{�|l#
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Ô
4.10 S’,S ÕfÖ�×�Ø+Ù!Ú�Û�Ü 6-9 �)��Ür|r}4~�ä	å [1 × 10−5 kg/m2/s] (a) S′

× 2

(b) S′/2 (c) S + 1 (d) S − 1

Ô
4.11 �0�!Ö#×)��Ü;Ý�Þ�ß�|�}�~

[1 × 10−5 kg/m2/s]

Ô
4.12 ����Ö�×���Ü 12-3 ��ÜU|

}U~ [1 × 10−5 kg/m2/s]
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Ô
4.13 �U��Ö�×��#Ü 6-9 �5Ü�|�}

~ [1 × 10−5 kg/m2/s]

Ô
4.14 à5á�Þ�ßB����Ý�Þ�ß'|}

~ [1 × 10−5 kg/m2/s] ����Ö× :�
, S′

× 2( ä�å ): � , S′/2( ä�å ): � ,

S + 1( äfå ): �0� , S − 1( äfå ): }U�

Ô
4.15 à�á�Þ!ß���� 12-3 ��Ü0|

}4~ [1 × 10−5 kg/m2/s] �4�	Ö�× :�
, S′

× 2( ä�å ): � , S′/2( ä�å ): � ,

S + 1( ä	å ): �U� , S − 1( ä	å ): }4�

Ô
4.16 à�á!Þ	ß���� 6-9 �5Ü�|�}

~ [1 × 10−5 kg/m2/s] ����Ö× :�
, S′

× 2( ä�å ): � , S′/2( ä�å ): � ,

S + 1( äfå ): �0� , S − 1( äfå ): }U�

15◦N �����5{5|b�U�'�þ)��Ë�ë Æ�'È " A S′  �¡9Ó�¢ S  �¡'Ó �)£�Ç�½ ÿ,¤�ÿ §;¥�¦¨§�©�ª�«�õ�ö3þ�¶9·�¬	ì�ë! �§�þ�:;"
 Æ ½�¬fì S+1(S−1) «M§ Â�Ã5Ä $�%'&M§ Â�» (  » ) ©	ªl#�®5Í (

È0¯
) °�©	ª ¢�±�² §0 »

(
Â�»

) ©�ªl# È�¯ ( ®5Í ) °�©�ª]#fë«ü »�Ä ©�ª]#�³�ª�´�µ�°�©�ª�§!õ�ö;" A BD d�e�§�s�t
þ)¶�Ë�ì�ëM �#\:�"! (S′  	¡�Ó «g·��7��§ BD d	eg§0s�t9þ!¸ Â�Ã5Ä «�î Avÿ  �þ ¢�±�² $
%!&	«M§UW�X4Ç�ÎF¹�ë )

Æ @�§ ¸5¹ Ç ±�² #�¸ Ã5Ä § SST §�º�ý!»)¼'þ)��Ë P�½  g# ¢ BD d
eAþ�
�^¾¹ ÿ  �#�¬7¿ Olsen et al.(2007) #xÀ�ÁÂ¬fì�ë' Æ ¾�¿ ±�² ®�JM$�%,&MÃ�Ñ�¬fì ¢ S
 �¡�Ó «9Ç0³�ª�´,µ7°�§�©	ª�# »5Ä ©	ª'þ´,µ7��°�Ã,Ä) �Å ± »Ä s�^Â#xV�Æ9þÇ P ¢ S′  �¡
Ó «�ÇUÈAë Æ ±�² &)-	.�É�Ê!«9Ç���¥�¦g§�³	ª�´,µ�°�©	ªgÃ0VB¬fì ¢ »Ä ©�ª�§0¥	¦3þ�Ë��B¬
ì�ëM �¿ = ¢ Ä,ÌÍ´�µ���°�§4Î ¹ þ�Ï�¼�Ð�« ½ ë�@M#Dþ�Ñ�* A;ÿ  Æ
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Ô
4.17 ����Ö�×�Ü 10◦S − 10◦N ��Ü (

�
) à	á�Þ�ß�â�ã [K] ( � ) ç�è�Ò é [K/s] ( � )ÓÔ�Õ�Ö�Õ

[K/s] ( � ) ç5èØ× Õ [K/s] (a) 12-3 �Üvç5è�Ù7Ú�Û	Ü�Ý�Þ (b) 6-9 �Ü
ç�è�Ù�Ú0Û�ÜxÝrÞ (c) Ý�Þfß����vç�è�Ù�Ú0Û�ÜxÝrÞ (d) 90hPa Ø�Ù�ß7àxá0â0ã�Ü�ä0åæ4ç

è @4« TEM  	±;é)ê É�ë	ì «M§ ±�í Ï�î�ïñð 10◦S − 10◦N « � ��÷ ¢ 12-3 ò ¢ 6-9 ò�§ ±
² &)-�.�É	Ê¨§�´�µ;ó�ô�õ�ö4÷�ô,Ã9Ñ�¬	ì ¢ùø ¿ 90hPa §�ú  �û Ã�Ñ,¬	ìüþý�¿ ( ÿ�� ¡9Ó :�

4.17, S′
× 2[ ©�ª ]:

�
4.18, S′/2[ ©�ª ]:

�
4.19, S + 1[ ©�ª ]:

�
4.20, S − 1[ ©�ª ]:

�
4.21)

Æ
D ½�� Ã7��§�Îþ¹�"gý¿���N�s�^ ¢ º�ýM��° ¢ º#ý�� ±	��
� ¬ ¢ ì (3.1) ð���N!« � ½ùP �� Ã0V�Ò, �f��gÃUs��Â¬fì�ëM ��
ÿ�� ¡�Ó Ã��,¬	ì ¢ � ��÷M� � ��g§�K�ó;L�þ 80hPa # 90hPa «����	�	�Ø��# ½ ý�¿ (

�
4.17c) � è @7«,§�� ½ f�� � ´�µ�M°¨§)(������]#! �Å ± � ± §#"%$'&�(M«*)! �@,#	þ�:'"
 ���´�µ�� ± §�� ��+ ¹-,#� 50hPa Ã ½  �#�´�µ���°�#. 'Å ± � ±'/ ���1032¨Ã�"	$*&4(F¬ ¢
´�µ�M°¨ÃgÄ�Ì5� � / ·�¿ A ¹�6�7�,, �§ / :'"g 1� 12-3 ò � ��¨§gK38!L / 80hPa Ã�)
Ì ¢ è @U«M§9� ½ f�� � ´,µ���°�§�(:�����ù#5 ;Å ± � ± §�";$�&�(MÃ ½ ý<7�,M (

�
4.17a) �è ¬�7�´Fµ:� ± §�(���� / 90hPa É;Ê¨«�=�>@? P�½ ý37,g 3� 6-9 ò � ��F§ñKA8�L /

90hPa Ã7��Ì ¢ ´�µ���° / 12-3 òBÄ�ÌB=�> + ¹�, (
�

4.17b) ��´�µ-� ± §7� � ��CAD Ä�Ì7¹
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J
4.18 S′

× 2 K 10◦S − 10◦N LAK ( M ) N1O3P-Q#R#S1T1U [K] ( V ) W�X�Ò#Y#T-U
[K/s] ( Z )

Ó�ÔØÕUÖ4Õ T4U [K/s] ( [ ) W3X�× Õ T4U [K/s] (a) 12-3 \AK5W:X�ÙUÚUÛÜ
ÝØÞ (b) 6-9 \:K.W3X�Ù0Ú4Û�Ü ÝrÞ (c) ]�P^Q_5`aW:X0Ù0Ú4Û�ÜjÝØÞ (d) 90hPa bdc
ß<ejáUâ4ãAKjäUå æ4ç

f Ã + ¹hg ½ Ì ¢i 8�j / 130hPa Ã�k�üB¬�7�,�H<�#l�m�n�o¨ð^p@H'q ¢ 90hPa §<r�� � ���
´�µ�k�°gÃ�s',�n�oÂ¬�7�,�H /�¢ ´�µ-� ± · + ¹-, ½ / f l�m�n�oFð'¬47�,�H�§ /�t�u H (

�
4.17d) �# ;Å ±�v	± q5� � §9n�o /#w�x � ½'y q u f5z  'Å ±�v	±h�9{�| CA} u f�~#� 6�ð��� G*H4��� /-��� ¬�7�,�H'q t�u H��

S′
× 2 Ã��!¬�7 z4� C:D � 90hPa Ä,Ì������1�����A� z 100hPa �'�a�-���������A��q^�,ý

7�,H (
�

4.18c) � 90hPa � �1�@� ��� ~1� ����� ~��;� / �	�1����q<�h�17�,H1� 50hPa

� �<�� �:���A� � ��� 0 �A��� z �'� k��'�*�#H � ����� ~4�*� /������ �� ����¢¡�£�¤ f
� 7�,*H�� 12-3 ¥@¦ 90hPa � �h�1§ ����� z �;� k������ z  ¨3� v ����� / "¢$&<( � z
 �©����@¦�ª�« 0 ��)�H ( ¬ 4.18a)  50hPa �*¦ �h�-§ ����� / ª�« 0 � �h� k������®qa 
¨#� v ����� / "	$*&4( � z �;� k������ / �� ����¯¡�£-¤ f � 7�,�H ~ /�t�u H� 6-9 ¥h¦
90hPa � �;�1§ �����°q �h� k������ / ?°g z±y 6'�'�h�²�� ���� / £#¤ f#³ 6�7�,*Hhq t
u H ( ¬ 4.18b)  50hPa ��¦ �h�1§ ����� / ª�« 0 ��)�� z �h� k������ / �� �����¡�£#¤
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J
4.19 S′/2 K 10◦S − 10◦N L-K ( M ) N4O<P^Q<R9S4T4U [K] ( V ) W3Xa¶4Y9T4U [K/s]

( Z ) ·:¸�¹�º�¹-T�U [K/s] ( [ ) W�X¼»�¹-T�U [K/s] (a) 12-3 \�K¼W�X1½-¾�¿�ÀaÁ�Â
(b) 6-9 \AK.W3X�½9¾9¿3ÀÃÁ¼Â (c) ]�P�Q*_.`.W:X�½9¾9¿#À²Á¼Â (d) 90hPa bdc-Ä<e²ÅÆ4Ç K5È4É<Ê4Ë

f � 7�,�H ~ /�t�u H- 90hPa
~ l�m�n�oh¦ �h�1§ �����®q �h� k������'�3 �©���� / £#¤f1³ 6�7�Ì�� z �'��§ ���A� ~ ��� / �'�.?�, ( ¬ 4.18d) : �©����Íq5 �¨-� v ���A� ~ w�x

´ / ?�, y q u f²z  �¨1� v ���A�h¦ {�| CA} u f4~1� 6h¡^��Î�G*H9��� /����Ï� 7�,�H'q t
u H<

S′/2 ��´ � 7 z:� C3D ¦ 100hPa ��������-�� ��A� z 110hPa ��!�-���#�� ��A�Íq��*�
7�,*H ( ¬ 4.19c)  90hPa �*¦ �;�1§ � ~-� ����� ~1Ð�Ñ q �;� k�� ~-��Ò�Ó�Ô@~ =�> ~1ÐÑ �;�h�Õ�� ���� / £#¤ f3³ 6�7�Ì�� z �;�1§ ����� ~ � / ��� /3Ö�× ,: 50hPa �*¦ �;�
k�� ~���Ò�Ó�Ô'~3Ø:Ù �'�'�Õ�� ���� / £1¤ f#³ 6�7�,�H� 12-3 ¥;¦ 90hPa � �'�-§ �����
/#Ú ���'�-7�Ì��B�� ����Ï£��;� Ö�× , ( ¬ 4.19a)  6-9 ¥@¦ � C�D q Ö�× �1��Û¢¦���, ( ¬
4.19b)  90hPa

~ l�m�n�oh¦ �h�1§ �����®q �h� k������	�h�h�² �©���� / £3¤ f:³ 6�7�,
H / z �'��§ � ~4Ü�Ý /1Ö¯× , ( ¬ 4.19d) : �©����Íq5Þ�¨-� v ���A� ~ w�x ´ / ?�, y q uf5z Þ�¨1� v ���A�h¦ {�| CA} u f4~1� 6h¡^��Î�G*H Ó�Ô /����Ï� 7�,�H'q t�u H<
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J
4.20 S + 1 K 10◦S − 10◦N L�K ( M ) N#O3P�Q3R1S#T1U [K] ( V ) W�X�¶1Y#T-U

[K/s] ( Z ) ·-¸�¹9º4¹<T4U [K/s] ( [ ) W3Xa»4¹9T4U [K/s] (a) 12-3 \AK5W:X�½9¾9¿#À
Á�Â (b) 6-9 \:K.W3X�½<¾4¿3ÀÃÁ¼Â (c) ]�P^Q_5`aW:X<½<¾4¿3À²Á�Â (d) 90hPa bdc
Ä<e²Å Æ4Ç K²È9É<Ê4Ë

S + 1 ��´ � 7 z:� C�D ¦ 70hPa �;�d�#��:�� ���� z 80hPa �h�¼�3�*�#�� ����°q9�;�
7�,�H ( ¬ 4.20c)  90hPa ��¦ �'� k����A� z ���§ ����� ~ , � 6¢£ w � z �� ��A��q^�*�
7�,*H-:Þ¨3� v ����� /#Ú �: �©����®q ~ w�x ´ /:ß �Ãà��1á�â���â y q u f!z Þ¨#� v
� ~:ã o;ä�� Ó�Ôh~<å�æ;ç�è�é¯f¼ê H- 50hPa �*¦ �;� k�� ~-��Ò�Ó�Ôh~��� �;�h�²�� ��
� ç £#¤ f3³<ê á�â�H- 12-3 ¥h¦ 110hPa ë�ì;� �h� k������®q �h�1§ ����� ç Ú ��í°î9á
âH ( ¬ 4.20a)  6-9 ¥	¦ 90hPa � �@�#§ ����� ~ w ç3�;� � �� ���� ç�Øhï �1á�âH ( ¬
4.20b)  90hPa

~ l�m�n�o'¦ 8 ¥�ë:ì ~ ���§ �����Íq �� k������ ~ w �*�'� z  �©��A� ~
�â i�ð j ç�ñ g f!ê á�â�H ç#z�ò'~3ó-ô ¦�õ�ö ç1÷ â ( ¬ 4.20d) 3 �©��A��q²Þ�¨-� v ���
� ~ w�x ´ ç�Ø g z Þ�¨1� v � ~1ã oä Ó�Ô�ç�è�é%faê H�

S − 1 ��´ � á zA��ø D ¦ 80hPa ����������� ��A� z 100hPa ��a�1���#�� ����Íq��*�
á�Ì�� z 90hPa ¦�ª�« 0 q9�;�-á�â�H ( ¬ 4.21c)  90hPa �*¦ �h�1§ �ùq �h� k�� ~���Ò�ÓÔ�çAØ#Ù � á�â�H ç#z  �©����;¦�ª�« 0 ��ú�H<:Þ�¨1� v ���A� ç w � S + 1 q^û-ü'�� �©��



E
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J
4.21 S − 1 K 10◦S − 10◦N L�K ( M ) N#O3P�Q3R1S#T1U [K] ( V ) W�X�¶1Y#T-U

[K/s] ( Z ) ·-¸�¹9º4¹<T4U [K/s] ( [ ) W3Xa»4¹9T4U [K/s] (a) 12-3 \AK5W:X�½9¾9¿#À
Á�Â (b) 6-9 \:K.W3X�½<¾4¿3ÀÃÁ¼Â (c) ]�P^Q_5`aW:X<½<¾4¿3À²Á�Â (d) 90hPa bdc
Ä<e²Å Æ4Ç K²È9É<Ê4Ë

��q ~ w�x ´ ç ß �ýà¯��á���â y q u f²z Þ�¨-� v � ~1ã o'äA� Ó�Ô�ç�è�é%faê H� 50hPa ¦
�;� k�� ~���Ò�Ó�Ô;~#Ø:Ù �'�;�ý�� ���� ç £1¤ f#³9ê á�â�H� 12-3 ¥h¦ 90hPa �3�� ����ç p faê H ç#z Þ�¨-� v �h¦ ��ø D �� w ��� ç-þ�ÿ��¯³ â ( ¬ 4.21a) �� � á ��ø D q�û�ü
�- �©����®qaÞ¨3� v ����� ~ w�x ´ ç�Ø â: 6-9 ¥@¦ 90hPa � �h�1§ �ùq �h� k�� ~ Ú �
� ç p f!ê3z  �©��A�;¦ Ú �A�*�<á�â�H ( ¬ 4.21b)  ��ø D ����� z  �©��A��q²Þ�¨-� v � ~
w�x ´ ç�� â# 90hPa

~ l�m�n�o;¦ �� k��Íq ���§ � ç Ú ���	� ç
�%³ g z ª�«��:ü���ú�H
( ¬ 4.21d) : �©��A��q²Þ�¨-� v ����� ~ ´�	¡�phH'q z���� ä���¦ w�x ´ çAØ â ç 6-12 ¥��
¦����;ä z w�x ´ ç�� g 1-5 ¥;¦ Ø â1��� q � á ��ø D�� ��õ � P �Aµ I q^û-ü'� 50hPa

z
90hPa

~
10◦S − 10◦N

ø D � ¤����
� ñ â:á TEM �:���
 ���!#" ( " 3.1) �*�#H^�%$'&�(�) ~ ¬*¡+**G ( ,�-�µ I : ¬ 4.22, S, S′

��µ I [ �A� ]: ¬ 4.23, ¬ 4.24) 
90hPa � ñ â�á ( ¬ 4.23)

z ,�-�µ I ¦�.	� �'� k���q.Þ�¨#� v � ç'/10�2�3 � á�âAá z �
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J
4.22 46567�8�L-K 90hPa, ]<P�QAK.N9O9P�Q9R9S [K] 9 TEM :�¹�;=<�>�?A@�KCB=D [K/day]

J
4.23 S,S′ :�7E8'LhK 90hPa,

]�P3Q'K<NAO�P3Q�R�SAT:U [K] 9
TEM :-¹#;�<
>�?�@�KFB�D�KdT�U
[K/day]

J
4.24 S,S′ :�7E8;L;K 50hPa,

]�P3Q'K9NAO�P3Q�RASATAU [K] 9
TEM :�¹�;�<�>�?�@�K=BGD�K¼T-U
[K/day]

��§ �±£ �%³ �<�IH ç ú�H ç1z�ò'~�Jh~ �IHh¦ �%³ â1�.h� �� k�� z t � u � �'��§ �h�*�
�B��  ç £�¤ f-³�ê á�â�H ~#ç t�u H< S′

× 2 ¦<Þ�¨1� v ���A��q ���§ ���A����ª�« /K0�23 � z �'�-§ ����� ç �� ����%¡�£1¤ f � á�â�H ~:ç t�u H� S′/2 ¦ S′
× 2 q9ª�«�L ~ ���

¡A* � z Þ¨3� v �����®q �;�1§ ����� ç ª�« /10E2�3 � z �h� k������Ï£ þ�ÿ	~ ��H ç ú
H�#�� ����@¦�.	� �;�-§ �����@�'�'�-£-¤ f#³4ê H� S + 1 ¦�Þ*¨1� v ������q �'� k����
� z �h�1§ ����� ~ 3

J;ç ª�« /10M2�3 � z Þ¨3� v �����	�;����á#�� ���� ç £#¤ f3³9ê
H� S − 1 ¦ S + 1 qNL ~ �A�*�-Þ�¨1� v ������q �'� k������ z �'��§ ���A� ~ 3

J*ç ª�«/O0�2A3 � á z  �©��A� ç ª�« 0 q^��<á�â�H<
50hPa � ñ â�á ( ¬ 4.24)

z ,�-�µ I ¦ �;� k���q5Þ*¨#� v � ç#/10�2�3 � á�ÌÏ� z �;��§
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� ~ �IH@¦ u ��� �¯³ â#*ª�« �� k��'���B��  ç £�¤ f-³�ê á�â�S< S′
× 2 ¦9Þ�¨1� v �

���Íq �'� k����A� ç ª�« /K0�2A3 � z �� ����;¦ �'� k����A�h�*�'��£�¤ f-³4ê S< S′/2 ¦
Þ*¨1� v ������q �;� k������ ç ª�« /10T263 � z �� ����h¦ �;� k��;�'�;��£1¤ f#³9ê S�
S + 1 ¦<Þ*¨#� v �����°q �;� k������ ç ª�« /O0T263 � z �� ����h¦ �'� k������h�'�;��£
¤ f1³9ê S� S − 1 ¦�Þ�¨#� v �����°q �;� k������ ç#/O0T263 � z �� ����h¦ �;� k������
����£-¤ f1³�ê S�

50hPa ¦ � á ~ µ I ~  �©��A� ç �� k�� J �*�'��£-¤ f-³4ê á�Ì�� z�y-~ ���*��¦ �� k
�;�*�
S-¨-� �:Òh~�Ó�Ô�ç &�U;ä3��ú�S ~3ç t�u S<%� � á S �Aµ I ¦ �'� k�� Jh~ � ~ Ö�×³ �����: �©��A� ç#VIV��%³ â# ��u	� z 90hPa ¦ S′ �Aµ I � ���§ ����� ç ����� z S + 1

��¦<Þ*¨#� v ����� z S − 1 ¦�W�X � á�â�S� S ��µ I ��¦�Þ�¨#� v � ~#ã o;ä�� Ó�Ô;~<å�æç p faê S< y�y u f Norton(2006) �'Y t ê ¤ z�Z ©�Þ�õI[�\�]A�%¡+H é S;q6� ~ \�]A�@�
�'�_^ ß ³�ê S Ö r�`�o ~ $#a ç �'� �	¡�b:o � z ��cMd�eIf ç1�AÒ�³4ê S'q�âhg Ü�Ý�ç &�U
ä%q�¦�i f ��â¯q9âjgk] Ý ���'�:¤# S’ ��µ�l� �©����@� Ö�× �-��H±¡�£#¤ f � ¤ �h�1§ �V

S �Aµ�l�� Ö�× �<��H%¡�£�¤ f � ¤<Þ�¨-� v �@� ñ âAá�¦ 5 Q�h��nm �Moqp �ES<
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4.25 S,S’ :�7�8�s
tvu�w6x (color)EP ¿�y'z+{}|=~������ [10−5m/s2], (contour)� �
�������������
��� [3 kg/m/s], ���%� 0, �
���=� ,(vector)EP ¿�y�z6{F|����

[m2/s2] (a)S′
× 2, (b)S′/2, (c)S+1, (d)S-1

� ����� �h� �¯¡�£#¤h�+R'����f%��������� ßE� ¡����F��#RKS�¤���� P ��µ�l��4û#ü@�
EP � 0M �¡�3 � EP � 0T �¡�3
¢�£ �6�A����¤h´A¥%¡+*TR (S’,S �Aµ�l [ ��� ]: ¬ 4.25, ,�-�µ
l : ¬ 4.27) 

S′
× 2 ¦<��c�õ��Md��G¦ ç
§�¨ � EP � 0M 
¡�3 ����© × ��� ç � 100hPa �3��c%¡Iª6«@�

$Ia � �I¬	© × ��� ê ¡�b� � á�â�S ( ¬ 4.25a) 1®
� Ó�Ô ��;� 100hPa �#¯I°�ë�ìO�I±G²
����� ç £:¤j� ³�ê á*âES3�� � á 10hPa � 50◦S ¡�ª�«%� EP � 0O �¡#3 �'$�a*��� ç ú
�n�E� ê �*�A�<áh£ Ø â�¬M© × �<� ê�ç b� ³4ê á�â�S< S′/2 ¦4��c�õ��Td�±G¦ ç�§�¨ � EP

� 0M 
¡
3 �A��© × ��� ç � 100hPa �3��c¯¡�ª�«h� ¢I£ � ��¯�°K© × ��� ê ¡�bI � á�â�S
( ¬ 4.25b) 1®�� Ó�Ô �*�'� 100hPa �4��c	��±�²����A� ç £-¤O� ³4ê á�â%S<M� � á 10hPa �
50◦S ¡#ª6«;� EP � 0T �¡�3 � ¢#£ ��� ç ú¯�³�k� ê �*�A�<áh£ Ø â�¯�°	© × ��� ê�ç ^Ïî�á
â�S� S + 1 ¦<��c	±�¦�õ��Td ç�§�¨ � EP � 0M 
¡�3 � Ø â
¬E© × ���´�Gª�µ §�¨ � EP �0M �¡�3 ¯�°K© × ���;��
S 70hPa �.��c¢¡#ª6«�� � ¤G$�a���� ç ú��³�'®�� Ó�Ô%¶ 100hPa �
��cK�I±�²���·I¸ ç £-¤¹� ³9ê á�â�S ( ¬ 4.25c) �� � á 100hPa �IºI»�¼O� 50◦ ¡Iª6«´� �
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4.26 S,S’ :�7�8�s
tvu�w6x (color)EP ¿�y'z+{}|=~������ [10−5m/s2], (contour)� �
�������������
��� [5 kg/m/s], ���%� 0, �
���=� ,(vector)EP ¿�y�z6{F|����

[m2/s2] (a)S′
× 2, (b)S′/2, (c)S+1, (d)S-1

á�� EP � 0M �¡�3 � ¢�£ ·�¸h�T½E¾q¯�°K© × �<� ê�ç ^Íî^á�â�S< S − 1 ¦�ª6µ�© §�¨ � EP

� 0T �¡�3 �G¬M© × ·�¸ ç � 70hPa �A��c¢¡�ªA«¿� � á ¢#£ � ��¯�°K© × �<� ê ¡6b� � á�â
S ( ¬ 4.25d) 1®�� Ó�Ô�¶ 100hPa �A��c	�#À�Á#�I·�¸ ç £-¤O� ³4ê á�â%S<1� � á 100hPa �
ºI»I¼K� 50◦ ¡#ª6«�� � ¤ EP � 0T �¡�3 �G$#a�·�¸h�T½M¾n¬M© × �<� ê�ç ^Ïî^á�â%S�� ���'±�¦�õ��Td¹� ß�Â d�ÀG¦ ¶ �:û-üE�3¬¡+*TR ( ¬ 4.26)  S′

× 2 ¦ 150hPa � 5◦N ¡�ª
«h� EP � 0M �¡�3 � ¢�£ ·I¸��#� ç új¾³�K�I��ÃTÄ�� � â EP � 0T �¡�3 $#a�·I¸ ç�Å � ê
S ( ¬ 4.26a) �����] Ý ����¸����%f����¢¦ 80hPa ë�ì ¶�Æ î�SM½EgAÇ
·�¸�¡A* � �-�%c	d
eIf ¶ �G��¸�È � �%É��9�IHh¦ �%³ â�� ç�Ê �TS< S′/2 ¦ 150hPa � 5◦N ¡�ªA«h� EP � 0M ¡
3 ��$Ia�·�¸��I� ç úË¾n�h����ÃTÄ�� � â EP � 0E 
¡�3'¢�£ ·�¸ ç'Å � ê S ( ¬ 4.26b) 
�%¸�����f�����¦ 80hPa ë�ì ¶TÆ î#S	½Og�Ç#·%¸�¡�*KR çI¢�£ ·%¸ ç�� â¤��#�#��cOdIe
f ¶ �
��¸�ÈOÌ#�TÉ	���%H%¦ S′

× 2 ½O¾#£ ÖÏ× âA S + 1 ¦ 150hPa � 5◦N ¡�ªG«¢� EP �0M �¡�3�¢#£ ·�¸���� ç ú�¾³������Ã�Ä ( Í;�#±�Î ) � EP � 0T �¡�3 $�a�·�¸ ç
Å � ê S ( ¬
4.26c) T�I��] Ý ����¸I�I��f��#�@¦'À�¦ ß�Â d ï
¶�Ï o ·I¸¯¡+* � ����cMd�e�f ¶ �G��¸�È
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4.27 465�7G8�s�tvuGwFx (color)EP ¿�y'z�{�|}~6���A� [10−5m/s2], (contour)(a)� �������G���I�v�G��� [10 kg/m/s],(b) Ð�ÑGw6x�Ò�Ó=Ô���� [10 m/s], ����� 0, ���

�v� ,(vector)EP ¿�y'z�{�|}�6� [m2/s2].

Ì���É��9�IH@¦ S′
× 2 ����� Ö¯× â�� ç�Ê ��S� S − 1 ¦ 150hPa � 5◦N ¡#ªA«h� EP � 0T ¡
3 $Ia�·I¸���� ç új¾N������ÃTÄ ( Í@��±
Î¿�=Õ'Î ) � EP � 0E �¡
3�¢I£ ·I¸ ç�Å � ê S

( ¬ 4.26c) �����] Ý ���I¸�����f����	¦�À�¦ ß�Â d ï
¶'Ï o ·�¸%¡F* � ����cMd�e�f ¶ �G�
¸�ÈMÌ��%É��9�IHh¦ S′/2 ����� Ö¯× â�� ç�Ê �TS<
Ö ï ��Ç�] Ý ¡+Öh� ï �A�%S<

1
ρ0a cos φ

∇ · F [m/s2]

µ%l 20◦N-60◦N,10-90hPa 20◦S-60◦S,10-90hPa 20◦S-20◦N,10-90hPa 20◦S-20◦N,90-110hPa

CTR -1.0×10−5 -7.0×10−6 -3.2×10−5 -1.1×10−5

∆ 1
ρ0a cos φ∇ · F [m/s2]

µ%l 20◦N-60◦N,10-90hPa 20◦S-60◦S,10-90hPa 20◦S-20◦N,10-90hPa 20◦S-20◦N,90-110hPa

S′
× 2 -1.6×10−7 -4.4×10−7 -7.3×10−7 -1.3×10−6

S′/2 +3.8×10−7 +5.4×10−7 +7.2×10−7 +2.5×10−6

S + 1 -5.0×10−8 +4.2×10−7 -4.3×10−7 -8.5×10−8

S − 1 +2.2×10−7 -8.6×10−8 +5.6×10−7 +6.6×10−7

� á%�<µ�l�#Ì�âAá Norton(2006)
¶ Y Ê�ê ¤M½�g=Ç<��cMd�eIf�ë:ìO� EP � 0T �¡�3 $#a

(
¢#£

) ·I¸ ç�×IØ%³4ê ¤- � � � �I¸�ÈMÌ��I·I¸;¦ �¯³ o ����$#&�(�) ¶  �©I·I¸;�<õ � &�U
ä¹�9¦IÇ��FÇI�;�3¤1�Íh� S’ ��µ%l ¶ EP � 0E �¡
3 ·I¸O� Ó�Ô�ç�� â��'£3´ Ê �=Ù'�j���
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4.28 S,S’ :�7�8�s
tvu�w6x (color)EP ¿�y'z+{}|=~������ [10−5m/s2], (contour)

Ð�Ñ�wGx�ÒIÓ�Ô
��� [1 m/s], ����� 0, �
���=� ,(vector)EP ¿
y�z6{F|6��� [m2/s2]

(a)S′
× 2, (b)S′/2, (c)S+1, (d)S-1

Ó�Ô�ç ª�«4��cTd�eIf���ûhîvÚ�© ¶ ú�S:¤������I��f�� ç b# ³�ê ¤ ç ¯I°�ëAì%¡�Û × ÈEÌ��
¦ �%³ o ��Õ�Ü�� ç Ö¯× â1 S ��µ�lM��Î ç EP � 0T �¡�3 ·I¸	� Ó�Ô�ç�Ø â ç1Ó�Ô RTS����ç Ú'â�¤���� 10◦S − 10◦N

ø#ÝT¶
S’ �Aµ%l¹½E¾�£ � â��I¸�ÈMÌ��I·I¸¢¡+Þ ß±� ¤��KßGà�á#â ��ã Ù � EP � 0M 
¡
3 ��ä�å%æ	©��Gã Ùhç6Å SIè���� EP � 0M 
¡
3 � EP �0M �¡�3�¢#£ �Ic�é ø'Ý à�á'â ç *TR (S,S’ �Iê�l [ ·I¸ ] ëíì 4.28, ,�-Iê%l : ì 4.27) î

S′
× 2 ï 150hPa ��ð�c ç ª�« ß EP � 0M 
¡
3 � ¢�£ ·�¸ ç á'â çAñIò¿ó á#â ·I¸¿�AÇEô

á�âTS ( ì 4.28a) î ï è 300hPa � 45◦N
ç ª�«õ� ó è EP � 0	 �¡�3 ��$�a%·�¸ ç �K�����

�¹� Ø â à%â ·�¸ ç ^°îIö�÷�á�âTS�î 50hPa ½K¾=± Â ¶ ï�c%é ø�Ý àMá�â �Gã%øOï�ù¹�Aújû
Ç�â
î S′/2 ï S′

× 2 �üLK��·I¸	�Gý#þ ç * ó � 150hPa ��ð�c ç ª6«�� ó è EP � 0T �¡�3 �
$�a�·�¸ ç áIâ ç�ÿ�òõó � à�â ·�¸���ÇKô1á�âMS ( ì 4.28b) î ï è 70hPa ½O¾F± Â ��ð�c��
ªGµ�� ¶�� â á�â ·�¸ ç ú�S�î S + 1 ï 100hPa ��º�»�¼¹� 30◦

ç ª�« ß � EP � 0	 �¡�3#¢£ �=Õ
Ü�����æ��K� � ø ß ½'S ��� á�â ·�¸���ú ¾N����� á#â ·I¸	� 10hPa
ï�¶�
	���� S

( ì 4.28c) î S − 1 ï S + 1 �kL¹��·�¸1��ý�þ ç * ó � 100hPa ��º�»�¼1� 30◦
ç ª�« ß � EP
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4.29 S,S’ :�7
8
s�t 12-3 ��t (color)EP �Gy�z={+|F~�� [10−5m/s2], (contour)� �
�������������
��� [5 kg/m/s], ���%� 0, �
���=� ,(vector)EP ��y�z6{F|����

[m2/s2] (a)S′
× 2, (b)S′/2, (c)S+1, (d)S-1

� 0M 
¡
3 $Ia¿�FÕ
Ü�����æ��K� � ø ß ½'S ��� à�â ·�¸	��úË¾N����� à�â ·I¸	� 10hPa �¶�
������ S ( ì 4.28d) î� ±#�j�ü� S′ � ê�lMï6ð�cE±�¦����d%� EP ��  �¡�� ��� � (
¢�£

) ·�¸�� à�â (
á�â

) ·
¸ ç�! è1�#"�î S � ê�lMï$���E��ã p ��Õ�Ü����Iæ�� � à�á�â ·�¸ ç�! è1� ó �&%�'�� EP �
�  �¡(� ��ä�å�ÎM© ç ã p öA÷ ���*) ®%�+� Ê � ) î

4 ,%��ê%l�"- �I¶ �jª�µ�. Â0/ ¶ EP ��  �¡�� ��ã p � ×IØ ö1'Tè�îËª6µ��. Â�/ ¶
� EP ��  �¡(� ��ã p ï�2���3*46587�9E��ã p ��: � �<;�=�ö>''�?2���304@587�9EïBA ß$C
»�¼ ¶ED�F " ) ®��F�j�k� P � ê*G �1H�I ß Ü�»�¼O� C (12-3 J ) �=Õ
»�¼O� C (6-9 J ) ��KL � EP ��  �¡(� � EP ��  �¡��
¢#£ ����¸I�I��M�N O��I¤ � ¥���P�é�Q Ý à�á�â ç8R "�î
��Ù EP ���  �¡(� � EP ��  �¡��
¢#£ ���I¸�����M�NO���¤ � ¥ ß , ��� � 12-3 J�Q Ýó èG����M�S�T ç>R " (S’,S � ê0G [ ·�¸ ]: ì 4.29;EP ���  �¡�� ·�¸ ç Û�U ó è�ì : ì 4.31VW ê�G : ì 3.9a) î
S′

× 2 ï 70hPa ½E¾+± Â ß�X �� EP Y���Z�[ �*\ ã�]0� Å_^ 'Mè ( ì 4.29a) î 70hPa ï
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4.30 S,S’ c�d�e�f�g 6-9 ��g (color)EP ��h�i1jlkBm(nEo�p [10−5m/s2], (con-

tour) q$p�r�s�t(u�v�wyx(o$p [5 kg/m/s], z$v�{ 0, |�v�{#} ,(vector)EP ��h i+j8k
o>p [m2/s2] (a)S′

× 2, (b)S′/2, (c)S+1, (d)S-1

60◦N − 70◦N ~ 5hPa ï 45◦N − 70◦N �E�����(� EP Y��Z�[ �*\���� �8��0�E� ^ '�~1� �
�>���1ï 70hPa � 40◦N − 60◦N ~ 5hPa � 30◦N − 45◦N ����� ^ 'Eè�î 30hPa � ^ 3hPa ~
20◦N − 70◦N � EP Y���Z�[ ����� ������� ^ '~�% \����@����� 60◦N � �0������� � \
�*'��E�_���
î0% ó>� 50hPa ~ 10◦N

\
EP Y���Z�[ � ���� 70hPa ~ 20◦N

\
EP Y���ZE[���������@�8���	���>\� �¡ �E��� �*��) î S′/2 ï*¢B£*¤�� \ .�¥ / ��¦ � EP Y���Z�[ �

� �0�E� ^ '�~@% \$��� � 50◦N §�¨ \ .¥ / � \�©	� � \ ��'������ ����) �E~�ª�P����@«\�¬��®(¯����*� � � ( ° 4.29b) ±�²�³�´ \ .�¥ / ~�ª�P /�µ M¶� 40◦S − 40◦N
\ .�¥ / �· � EP Y�	Z([ �E��� �E� ^ '�~@% \���� �(ª�P /�µ M0� \ � ¸��� ��~	²(³´	� \$� ���

� \ ��'��(�¹� ���*) ± S + 1
®Bº ³�´ \ .�¥ / � S′

× 2 �<»�¼¾½$�$¿À�Á R ½Â~ 70hPa � \
60◦N − 70◦N � ^ ~ 5hPa � \ 45◦N − 70◦N �E� \ EP Y��	ZE[ �*\��� �l����y~ 70hPa

� \ 40◦N − 50◦N � ^ ~ 5hPa � \ 25◦N − 45◦N ��� \ EP Y��@Z�[ �	\ � � �1����Ã �^ '�� ( ° 4.29c) ± EP Y��@Z�[ � ��� ��� ®(º ³�´ \ ¢(¤�Ä�.�¥ / � · � � ^ '�~ 30hPa ~
20◦N Á�¢1Å¹� ½$� EP Y�	Z([ � ���_� \���� ��~ 50hPa ~ 20◦N Á ¢>Å ���E�0�&�8\� �¡ Ã
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4.31 S,S’ c$dEeEf�g 12-3 È�g (color)EP É�h i+j8klm$n(o$p [10−5m/s2], (con-

tour) qEpEr�sEt�u�v*w8x�oEp [5 kg/m/s], z�v*{ 0, |Ev*{l} , (a)S′
× 2, (b)S′/2,

(c)S+1, (d)S-1

�_�>Ê�Ë ) ± S − 1
®

40◦N − 70◦N � \ EP Y���Z�[ � � ���� ����� 100hPa ~ 60◦N Á¢
Å�� ½(� �����¾�l\(  ¡ �y~ 50-5hPa ~ 20◦N � \ EP Y��	ZE[ ���� ��� ����)BÌ	�������\� �¡ ~Bª�P /Eµ M0� ^ 5hPa ~ 60◦S Í�� \ EP Y�	Z([ �E��� � � ���	� 100hPa ~ 10◦S Á
¢1Å¹��½�� Ì��E�*�¾�8\� �¡ Ã����>Ê�Ë ) ( ° 4.29d) ±Î Ë�Ê�~ 6-9 J � ,�Ë�Ê�H(I \ °�Á R " (S’,S � Ç G [ � � ]: ° 4.30;EP Y�	Z([ � � �?Á�Ï
U¹½$��° : ° 4.32,

V W Ç G : ° 3.9b) ±
S′

× 2
® ²(³�´�¢l£�¤Ä \ EP Y�	Z([ ��\���� �+� � �	�E) EP Y���Z�[ � � ����0ÃE�^ ' ) ( ° 4.30a) ±Eª�P \ /Eµ M¹�y.¥ / � · \ EP Y�	Z([ � ����� � ����Ð Ê ©�� � \ �

'�Ã�ÑÒÔÓ1'�Ê�Ë ) Ã�ª�P�� \��Õ�Ö�®(×�Ø6��ÙÛÚ ~ 100hPa ~ 0◦ − 10◦N §¨ �$Ü Í Ð Ê�Ë) ± S′/2
®

S′
× 2 �$Ý�Þ$ß \ ����àáÔÁ+â?ãB~	²E³�´ \ ¢>£�¤�Ä�.�¥ / � EP Y���Z�[ �*\

� � �8�� �	�E) EP Y���Z�[ �E� � �� (70◦S §�¨ ® � ��� � ) Ã�� ^ ' ) ( ° 4.30b) ±�Í
� 100hPa ~ 30◦S − 40◦N

\
EP Y���Z([ �E� � � � ��� Ð ÊE~ � �@� � \ ��'�Ã�Ñ�Ò�Ó>' ) ±

S′
× 2 �ä»�¼�½1Ê�ª�P /�µ M�§¨ \ ��¸����� \(å Ö Ã ×�Ø@�(Ù Ë�± S + 1

® ²E³�´ \ ¢>£�¤



`
4 a SST

��Æ " )>Ç G 50

b
4.32 S,S’ c�d�e�f�g 6-9 È�g (color)EP É�h�i1jlkBm(nEo�p [10−5m/s2], (con-

tour) qEpEr�sEt�u�v*w8x�oEp [5 kg/m/s], z�v*{ 0, |Ev*{l} , (a)S′
× 2, (b)S′/2,

(c)S+1, (d)S-1

Ä�.¥ / � EP Y�	Z([ �*\ � � �8�� �	�E) EP Y�	Z([ �E��� � � (70◦S
® ����� � ) Ã

� ^ ' ) ( ° 4.30c) ±Eª�P /Eµ M0� ^æº ³´ \ ¢1¤�Ä.¥ / ��ç?Ð Ê \ EP Y���Z([ � � ���
� ����Ð Ê ©�� � \ ��'�Ã�Ñ�Ò�Ó>'�~ª�P /Eµ M X �$è ª�P�.�¥ / � · � �$Õ �� � !! � ^
" ±�%�½>Ê S′

× 2
�(é - ��ÕÖ Ã�ê�Ë�± S − 1

® ²(³�´ \ ¢>£�¤�Ä.¥ / � EP Y��Z�[ �*\��� �8��0Ã�ë ) Ã�~�ì \ 3
Ç G �(é -�� � ���6\ ��0ÃEí�Ó�Ë ( ° 4.30d) ±Eª�P /�µ M0� ^º ³�´ \ ¢�¤�Ä�.�¥ / ��çÔÐ Ê \ EP Y���Z�[ ����� ��� ����Ð Ê ���6� � \ �0'0ÃÑÒ¾Ó

'�~�ª�P /�µ M X ��è ª�P�.¥ / � · ���¸E��� ��Á ! � ^ "�± S′/2
�(é -��¸ Ö Ã�ê�Ë�±� � � ^ ~Bî	Ê \BÇ G�� 12-3 J ®1º ³´�~ 6-9 J ® ²(³�´ \ ¢B¤Ä62���304@5+7$9*ÃEï�]¾½

Ê*Ë )�\ Ã�ð*� ) ±�Ó ^$� S � Ç G0� ®�ñ ³�´ \ ¢�¤�Ä�2�� 3	4�5>7�9 ! ï�]¹½BÊ*Ë ) ±�«
' ® 2���3*46587$90Ã ò�ó*� \ ô(õ ö ��� ) � ÷(~�¢1¤�Ä \$ø ò�ó0Ã��Ô� Ú ï�ù&½�� S � Ç G
� õ�öú�û ��üý*ÃEï�]¾½$�@�+þ�ÿ ^ ' ) ±	H ��� ª�P /�µ M�§�¨ \���� M   ¡@\ ���Á>� )
�y~ S � Ç G�� ® ª�P /�µ M \���� M  �¡ Ã ñ ³´�� \ EP Y��	Z([
	�� � \1¬ Á�¦ Ú���
Ê�Ë )�\���� ½Â~ S’ � Ç G ® ª�P /Eµ M�§�¨ \ EP Y���Z�[
	E�� \B¬ Á(¦ Ú��� Ê�Ë ) \
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b
4.33 S,S’ c$dEeEf�g 12-3 È�g (color)EP É�h i+j8klm$n [10−5m/s2], (contour)

q$p�r�s�t(u�v�wyx(o$p [10 kg/m/s], z$v�{ 0, |�v�{#} ,(vector)EP É�h i+j8klo$p
[m2/s2] (a)S′

× 2, (b)S′/2, (c)S+1, (d)S-1

Ã ð�� ) ±
Ó ^>� S � Ç G�� ® EP Y���Z([�	 � � � � \ S�T�Ã 12-3 J��y~ 6-9 J0�² º��	���$Ì�� ½

Ê�Ë )�\���� ½Â~ S’ � Ç G ® S�T ® ² º�Ì�� ½>Ê�Ë ) ÃE~
����ÍE� ! Ì�� ½>Ê�Ë ) ±�Í �1ª�P� · ��� / � ^>\ EP Y���Z([�	E��¹� � � �� !���� ï�Ò�Á*½>Ê�Ë )�\ Ã ð�� ) ± S′
× 2

®
6-9 J � ª�P /�µ M���¦�Ë EP Y��	ZE[�	�������_� ©�� � \ � '�Ã�!�.�ÓB'�Ê�Ë ) Ã�~ 12-3

J � ª�P /�µ M�� EP Y���Z�["	 ��� ����� ����� � \�� '*Ã#!�.&Ó$'*Ê*Ë ) ± S’/2
® ª�P

/Eµ M0� \ EP Y��	Z([
	�� � \ � �$Ã 12-3 J ® ² � �8~ 6-9 J ®Bº�� � � ï*ð ) Ã�~ Ë%$'!
EP Y���Z�[#	 ��� ���¶� ���6� � \�� '6Á&!*.�" ) ± S+1

®
6-9 J \�� Ã�ª�P /�µ M��

¦�Ë�² � � \ EP Y��	Z([�	E� �_�y� ��� ��Ã�ë � ~ 12-3 J ®Bº�� � \"' Ë EP Y���Z�[
	��
��� �� ��	Ã�ë ) ± S−1

®
S+1 �äß	��~ 6-9 J � ª�P /�µ M	��¦�Ë º@� � \ EP Y���Z�[

	�� �¹� ��� � �0Ã�ë � ~ 12-3 J �#' Ë�² � � \ EP Y���Z([�	E��¹�y� ����0Ã�ë ) ±
Ó ^>� � · ��� / �ä.�¥ / � · � \ H(I \ °	Á R " ( ° 4.33(12-3 J ), 4.34(6-9 J )) ±
12-3 J �	Æ ½(Ê�~ S′

× 2
®

150hPa ~ 10◦S Á�¢EÅÛ��½���ê�Ë EP Y(��Z[�	 ��� �0� å
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b
4.34 S,S’ c�d�e�f�g 6-9 È�g (color)EP É�h�i1jlkBm(nEo�p [10−5m/s2], (con-

tour) q>pBr1sBt$u1vw x$o1p [10 kg/m/s], z1v { 0, |Bv�{y} ,(vector)EP ÉBh�i jÂk
o>p [m2/s2] (a)S′

× 2, (b)S′/2, (c)S+1, (d)S-1

Ö Ã0ë � ~6% \�¬� ��¦*Ë#)�� ��� M  �¡ ����Ã�� ^ ' ) Ã�~0ª�P /�µ M+* \�¬��® íÔÓ�Ë
( ° 4.33a) ± S′/2

®
150hPa ~ 10◦S Á�¢�Å ��½E� EP Y��@Z�[%	���*����Ã�ë � ~�% \",.-�

EP Y���Z([�	 � � � ��ÃE� ^ ' ) ( ° 4.33b) ±�% \1¬� � 110hPa ~ 10◦S Á ¢>Å¹� ½$� )
� ��� M   ¡ ��	Ã*ë � ~�ª�P /�µ M � ��¸ � ���?Á ! � ^ " ± S + 1

®
S′

× 2 �ä»�¼¾½1Ê�~
150hPa ~ 25◦S Á�¢>Å_��½��$ê�Ë EP Y���Z�[
	 ��� �� å Ö Ã�ë � ~�% \1¬� �¦�Ë
)� �� M  �¡ � ��ÃE� ^ ' ) ÃE~æª�P /�µ M/* \B¬@® í?Ó(Ë ( ° 4.33c) ± S − 1

®
150hPa ~ 25◦S

Á ¢>Å¹� ½$��ê�Ë EP Y���Z�[
	%0�1��� å Ö Ã�ë � ~.2 \�� · � EP Y��	Z([
	 ��� � �0Ã
� ^�354 ( ° 4.33d) ±(2 \ ¿ À 130hPa ~ 10◦S Á�¢>Å_��½���) � ����6� �¡ � ��ÃE� ^73 ~(ª859 µ 6@� �¸ � Á�:(� ^7; ±

6-9 < ��Æ ½lÊ�~ S′
× 2

®
150hPa ~ 10◦N Á�¢>Å_��½�� EP Y��	Z([
	 ��� � � å Ö Ã�ë � ~

2 \�,(- � EP Y���Z�[
	%0�1���0Ã�� ^�3=4 ( ° 4.34a) ±(2 \1¬ �¦�Ë
) � ����6� �¡ �
��Ã�� ^>3 ~�ª 8.9 µ 66����Õ/� ���ÔÁ(:�� ^?; ± S′/2

®
150hPa ~ 10◦N Á�¢$Å���½�� EP

Y��	ZE["	%0�1���� å Ö Ã�ë � ~@2 \
,5- � EP Y���ZE[�	 � � ����Ã�� ^>3.4 ( ° 4.34b) ±
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b
4.35 S,S’ c$dEeEf�g 12-3 È�g (color)EP É�h i+j8klm$n(o$p [10−5m/s2], (con-

tour) B#C�D"E%F�G H�o�p [1 m/s], zEv0{ 0, |�v*{>} ,(vector)EP É�h�i$jBk$o�p
[m2/s2] (a)S′

× 2, (b)S′/2, (c)S+1, (d)S-1

2 \B¬� ��¦�Ë�)�� ����6� ¡ ��	Ã�� ^>3 ~(ª 8=9 µ 66� ��¸ � ���?Á/:�� ^?; ± S + 1
®

150hPa ~ 5◦N Á ¢BÅ�� ½(� EP Y��	ZE["	 �� ���	Ã�ë � ~I2 \ ,5-*� EP Y���ZE[�	�0�1
����Ã�� ^73.4 ( ° 4.33c) ±(2 \$¬� � 150hPa ~ 5◦S Á¢BÅ_�½��
)�� ����6� ¡ ���	Ã*ë� ~�ª 859 µ 6@���Õ�� ���Á�:E� ^>; ± S − 1

®
150hPa ~ 5◦N Á¢1Å��½�� EP Y���Z�[

	�0�1*����Ã�ë � ~(2 \",.-�� EP Y��@Z�[%	 ��� ����Ã � ^J3I4 ( ° 4.33d) ±(2 \(¬� �
150hPa ~ 5◦S Á�¢>Å_��½���) � ����6� �¡ � ��Ã�ë � ~�ª 859 µ 6@� �¸ � ���Á�:(� ^>; ±K �

EP Y���Z�[
	E���~ EP Y���Z�[
	 � � ���~ 8�L�M�N ø ò�ó���Á 12-3 <~ 6-9 <
2 3(O�3��#P Ë�Ê
Q ; ±

12-3 < ��P Ë�Ê�Q ; (S’,S � Ç.A [ �*� ]: ° 4.35,
V*W Ç=A

: ° 3.9c) ± S′
× 2

®
200hPa ~

20◦S − 20◦N � EP Y��	Z([
	 ���6\$å�Ö Ã�ë � ~/2 \�� · � ò�ó��0Ã�ë 4 ( ° 4.35a) ± º
³�´Ô¢(¤�Ä \ EP Y��@Z�[%	 ®(º�� � \ ���&Á�½>~ 300hPa ~ 45◦N � \ 0�1*��� � 10hPa ~
70◦ � \$��� � ��Ã
!�R�Ó 3 �(± 100hPa ~ 20◦N Á ¢>Å¹� ½$��ò�ó�� ® ~ ����\ ï�ù �	��Ð
Ê�² º/S Ä�T�Ä�����: � !/R&Ó 3 ���#� ^>3�4 ± S’/2

® ª 8 ��� 9 � · Á�¢$Å � EP Y���Z
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b
4.36 S,S’ c�d�e�f�g 6-9 È�g (color)EP É�h�i1jlkBm(nEo�p [10−5m/s2], (con-

tour) B#C�D"E%F�G H�o�p [1 m/s], zEv0{ 0, |�v*{>} ,(vector)EP É�h�i$jBk$o�p
[m2/s2] (a)S′

× 2, (b)S′/2, (c)S+1, (d)S-1

[�	 \ ² � �+� �¹� ø ó�� �0Ã�~�Í � 300hPa ~ 50◦N � EP Y���Z([�	 \���� ��2 3����"4 ò
ó�� �0Ã�� ^7354 ( ° 4.35b) ± S+1

®
100hPa ~ 30◦N � 20◦S � EP Y��	Z([
	 ��� � �¹�8ò

ó���	Ã�� ^>3 ~�Ë�$ 3 :"2 \�© �0� EP Y��	ZE[�	�Ã ©�� � \ ����Á	½1Ê*Ë 4 ( ° 4.35c) ±
S − 1

®
S+1 �BÝÞ1ß \ �� \ à á?Á0½lÊ X � ~ 100hPa ~ 30◦N � 20◦S � EP Y���Z�[
	#0

1�� �¹� ø ó�� �0Ã�� ^73 ~�Ë%$ 3 :
2 \ §�¨	� EP Y���Z�[
	Ã ©	� � \ ��0�%0�1¾½>Ê�Ë4
( ° 4.35d) ±K �

6-9 < �#P Ë Ê
Q ; (S’,S � Ç�A [ � � ]: ° 4.36,
V W Ç�A

: ° 3.9d) ± S′
× 2

® ª 8 ���9 � · Á¢1Å � EP Y��	ZE["	 �� �+ò�ó�����Ã*ë � ~/2 \�"� � 10◦S Á¢1Å � EP Y���Z
["	%0�1���	Ã�ë 4 ( ° 4.36a) ± S′/2

®
S′

× 2 �<ß \ ��� \ àá�Á�½1Ê X � ~0ª 8 ��� 9 �· Á ¢BÅ � EP Y��	ZE["	%0�1_� ø ó�����Ã*ë � ~/2 \�"� � 10◦S Á ¢BÅ � EP Y���Z�["	� � � ��Ã�ë 4 ( ° 4.36b) ± S+1
®

30hPa ~ 45◦S Á�¢1Å � ò�ó��¹� EP Y���Z([�	 � � �
��� 100hPa ~ 20◦N Á ¢BÅ � ò�ó������ 150hPa ~ 35◦N Á¢1Å � EP Y���ZE[�	 � � ����Ã
� ^73.4 ( ° 4.36c) ± S − 1

®
100hPa ~ 30◦S Á ¢BÅ � EP Y��	ZE[�	�0�1����_� ø ó�����Ã
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� ^�3 ~ 150hPa ~ 20◦N Á�¢1Å �$ø ó��0Ã�� ^�3 ~�2 \�� ¥¹�+�E¥ � EP Y��	Z([
	 ��� �
��~*² º6� EP Y���Z�[
	#0�1���0ÃE� ^�3=4 ( ° 4.36d) ±U � � ^ ~ S′

× 2 � ® ª 859 µ 6 §�¨	� \ EP Y���Z�[
	%0�1���¹��2 30� VXW ) � ����6 ¡ ���	Ã 12-3 < ��� : 6-9 < \ � Ã�¦ Ú ~&« 3	® ª 8 � · ��� 9 � ^B\ EP Y���Z�["	�Ã�@� ¦�ùÔÓ 3 ����÷?�>þ*ÿ ^?3.4 ± S′/2 �@:8ª 8=9 µ 6 §�¨�� \ EP Y���Z�[#	 �� ���¶�
2 3��
VYW )�� ����6� ¡ ���	Ã 12-3 < ��� : 6-9 < \
� Ã#Z�[�¦ Ú ~�« 3	® ª 8 � · ���9 � ^B\ EP Y���Z�["	�Ã ���\' ù�½���� ÷?�lþ�ÿ ^73.4 ± S + 1

® ª 859 µ 6 §¨ \ EP Y
��Z�["	�0�1������2 3	� VYW )� ����6�  ¡ ��	Ã 12-3 < ��� 6-9 < \
� Ã�¦ Ú ~ ñ ³�´\ ¢B¤�Ä�� ^B\ EP Y���Z�["	%0�1	Ã ��� ¦	Í Ð ��� ÷?�lþ�ÿ ^73.4 ± S − 1

® ª 8=9 µ 6 §
¨ \ EP Y��	ZE[�	 �� ���_��2 3��
V]W )�� ����6� ¡ ����Ã 12-3 <_� 6-9 <��0Ý�Þ�^�_
Ä���ë � ~	Ë�$ 3 : ñ ³�´ \ ¢$¤�Ä�� ^B\ EP Y���ZE[�	 � � Ã ' Í Ð ���÷��lþ�ÿ ^>3=4 ±
«�«�� ^ S’ � Ç(A � ® ª 8 ��� 9 � ^$\ EP Y���Z�[#	 \ ï�]�~ S � Ç(A � ®�ñ ³�´ \ ¢�¤
Ä0� ^>\ EP Y��	Z([�	 \ ï�]*Ã#) � ����6� �¡ Álï�]�Ó&`�Ê�Ë 4 «��8Ã/a ^ � � � Ð ��±
4.2

b c
SST d e

Sobs
\$Ç�A ¿À ®�f�g/h/i�j � é#k ½lÊ/2 \�l�m�n Ál� 4 ± AGCM

\���� ï�Ò*Ã m�Ç �oZ
[($ 3 Ã�ë 4 ��÷(~ AGCM

\ ¿ À¹� ERA40 p ��\%h�i�j�� 5 q?< \�r Ò M%N Á��  ~ 1996s
1 <�� ^ 1999

s
12 <�ÍE� \ Sobs

Ç/A	\
90hPa ~ ERA40

\
100hPa � \ ²�¤ 10 Ä�� ^º ¤ 10 Ä@ÍE�	Á M�N ½�� 8�L�M%N S Ä��\) ��t5u ��\�� ��v�ÁJQ ; ( ° 4.37) ±

2 \ ¿À�~ 2 a	�"w Ð � é%k �x^�y � ~�z h�{+| }�S ��¹�\) ��t=u � Ã ' Ë�T � Ã�ë 4 ÃE~~+� ��� ï�Ò/��ü s ï�Ò	Ã�»*¼�½���¿�À¶�1� Ð ��± 1998
s

1 < ,��@|
�I��| £ S Á AGCM

� l/m �?� ��±Ô½��&½l~ 1998
s

6 < U ¸ | ERA40 ����� 3 � ��Õ��%����� Á l�m �?���
� Ð ��±�)���t.u �6�*Æ ½1Ê 1998

s Í�� ® ERA40
�Eé�� ~ AGCM

|�h+i+j ®���| �¾��Ó
���(��Ã���� � í?Ó Ú �	ÿ 4 Ã�~ 1998

s(U ¸ ® ERA40
| ) ��t=u � ÃEí?Ó Ú � Ð ��«*�8��~

2 | �0Ã���� � í?Ó Ú � Ð Ê�Ë 4�| Ã�ð�� 4 ±I2�½lÊ ERA40
| )��t5u ��® « |��.| í�Ó�Ë

T � Á�2 |�� :x� P ( ° 4.38) ±%)���t�u � Ã�íÔÓ Ú � Ð � � :�����ð��J$ ~$ª 8.9 µ 6 Ã�£S@� � Ð �6�1Ë W «0�%:(� Ú ~ 1998
s(U�� |%h(i/j Ã%t=u � Áx�������¹½>Ê*Ë 4 «*�>Ã�þ�ÿ

� 354 ±K � « 3 ÍE� |BÇ�A �&^
y � TEM ��ª(�"� � _�� ���#4 ª�0�������Áxw	Ë
����  |�¡�¢ Ã
AGCM � ERA40 £�»0¼_½$Ê 4�¤ Á�¥�¦ ;�4 ± ERA40

h5i5j®
100hPa

|�§ ¥�Ã 70hPa �¨#© Ã 150hPa ª�« Ú � 100hPa £%t=u �.¬��®�¯�°�± Á�w W ª °�±�� Ã5²�³ ��´�{ Ó 3=4�µ¶ Ã�ë 4
· 2=¸�£ 95hPa Á�¹?º ;=4 !��5£ ERA40
|

95hPa � 10◦S − 10◦N
M�N £ | TEM

��»/�"� � _�� +¼#4 »�0%������Á&w W ( ½ 4.39)
·

S�¾ ï�ù�ª+² º�r�� ��¿ 5¼"4�À�Á »�Â�Ã.Ä � Ã�í?Ó�Ë�Å�÷�Æ�Ë�Å · 2=Ç>Ê"¿ 5¼"4 t5u�»
Â�Ã |  ÈÄ$ï�Ò | �5� | í�Ó�Ó | Å÷ 2 É �Ê�Ë Ç&Ì/Í 4 ·.Î $�½ 4.37

| ) ° t=u � ª�^"y � ERA40 ª�Ï � Ì AGCM
| t5u r��   |�� ª ����Ð�Ñ(Ò"ÓÕÔ Ö�|%Ò�×�¤(4�· 1998

s
1 <|�Ø�S Ä � ERA40 � Sobs

|�Ö%Ù�3 :>��t5u r�Ú.|�¡�¢ £�Ä�ÛÝÜ�¿ 5¼#4 t=u�»�Â�Ã |�¡�¢ £
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â
4.37 1996 ã 1 ä -1999 ã 12 ä#å�æ 10◦S − 10◦N, 5 çèä�é�ê�D�E=ë�ì7B�C D�E íî
[K]: ï , ð�ñ�ò�ó\ô [m/s]: õ ( ö )ERA40,95hPa( ÷ )Sobs,90hPa

Í 4 ªxø�ùú� 3=4
· 1998
s

1 < | ¿ 5¼%4 t=u »�Â�ÃIÄ û | s | ^�ü �� Ï � Ì%ý�þ�ÿ�� ÒÓÕÔ Ö"·
1998

s
1 �=Ä El Niño

|���i�� ü�£�Í�� � S′/2

	 Å SST

±��5 Û�/¸/ª�� ø�����=ªo�
1998 � 1 �.Ä SST

|
�����5¬��
��°+Ò�� � Ç�Å
!"����#�$
¿�» Ò�Ø�%���° ��&
Å('%Ç�ÅIª?ø
ù)'+*� ·
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â
4.38 ERA40 æ 100hPa,1979 ã 1 ä -2002 ã 8 ä%å#æ 10◦S − 10◦N,5 ç ä é ê�-. ë\ì+/102- . í î [K]: ï , ð�ñ�ò�ó�ô [m/s]: õ
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â
4.39 1996 ã 1 ä -1999 ã 12 ä�å�æ 10◦S − 10◦N, 5 ç>ä�é�ê"- . ë�ì3/ 0"-. í î [K]: ï , ò+ó�é�ô [K/day]: õ , 4�576"8"6 [K/day]: 9 , ò+ó2: 6 [0.5 K/day]

( ö )ERA40,95hPa( ÷ )Sobs,90hPa
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5

5.1
; < =?> @ A B C B D E

5.1.1 FHGJILK�MHNPORQJS
T Ì ��á�, ( UWV S′ X�Y ) Z %����"[ V
\ÝÇ&Ì�]�^�_ Û
`�a)��&�b('%Ç2b
cWV�d�3#e$2f�gh V àei Ì�ø�j��e�b"k�] 100hPa l 70hPa Z � cWVedm3#W$2fon X�p �7q (w′θ′) lsr�t�u��v�w t"xWyz' ��Ù * � r�t�{ � � 12-3 �|l 6-9 � ��} *e~m*eV"� Ö Ì��e� ( ��� á�, : �

5.1, 5.6 , S’,S � á�, : � 5.2,5.3,5.4,5.5, 5.7,5.8,5.9,5.10)Î%Ù
12-3 �(V�� Ö Ìm�W���"��� á�,�� 100hPa Z �7��� ] 160◦ ��� Z"#�$�c�f�n X�p �q��7�����5Ò�� *�] 70hPa Z ��}��7�5Ò ���Ji Ì Ö  ( � 5.2) �(���
yz' � �����7� V�#�$

c�f�n Xep ��q�Ò ý�þ����)��a�ù�Ì Ö  ��Ò�× y��� Î b7] 100hPa
�������P�

20◦ ] 120◦E
��� Zm� ��� l 100◦W Z �(���=Òm� *�] 70hPa Z ���Li Ì Ö  Ò ]P�"�P' � 10◦S − 10◦N

V
������aIù�Û Ö � S′
× 2

�
100hPa Z � 5◦S ] 180◦ ��� Zm#�$�c�f�n XWp ��q�������[=Ò� *�] 70hPa Z ��}�����[=Ò ���|i Ì Ö  ( � 5.2) �(���2yz' � �����7� V7#�$�c�f�n X�p��q���[5Ò� �%���[ ���XÜ3¡
Ì Ö  �%Ò�× y��� Î b�] 100hPa

�2�����(�
20◦ ] 150◦E ���

Z�� ��[5Ò7� * ] 70hPa Z ���¢i Ì Ö  Ò ]£�m��' � 10◦S − 10◦N V3�����¤a�ù�Û Ö � S′/2�
S′

× 2 l¦¥ �
�"[W�
§ ¨ Z�] 100hPa Z � 5◦S ] 160◦E �"� Z�#�$
c"fPn X�p �7q�� � �"[Ò�� *�] 70hPa Z }�����[=Ò ���|i Ì Ö  ( � 5.3) �(���2yz' � �����7� V7#�$�c�f�n X�p��q���[5Ò�Ø�%���[ ���XÜ3¡
Ì Ö  ��Ò�× y�7� 20◦S V3� ��[ l ����[5Ò�© ù� Ò ]J�1*P&
10◦S − 10◦N V
������aIù�Û Ö � S + 1

�
S’ � á�, lsªIÛz�¦] 100hPa Z �
��� ] 160◦ V7#

$7c"fon X�p �7q�������[+Òm© ù� Ò#Ó Ô�Ö ( � 5.4) � 70hPa Z }��
��[������¢i Ì Ö  Ò ]« '¬y�Ve� ������� Z��XÜm'*W  �%���[�� Ó Ô
Ö � S − 1
�

S + 1 l¯® 	 �� Ò ¥ ����[�§¨ ��Û i ] 100hPa Z � 5◦N ] 160◦E V ÓÕÔ Ö #�$
c"fPn X�p �7q�� � �"[+Ò�� *m] 70hPa Z}��2�"[+Ò��"�£i Ì Ö  Ò ] S’ � á�, V�Ï�°�Wl « 'y�V�� �����2� Z�� Ü�'+*e Ø�%��"[��ÓÕÔ Ö
( � 5.5) �± V 6-9 �PV�� Ö�² ��������� á�,�� 100hPa Z � 20◦N ] 100◦E ��� V�#($mc�fzn X�p�mq�Ò"�(��³�´�Ò�µ �¯] 70hPa Z �����Li2²(Ö  ( � 5.6) �P� ���(��³�´)� f v ��� ��¶ {
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â
5.1 12-3 ä�æ¯·1¸3¹
º
å
æ (color) ò%ó+:16�»3¼�½¾À¿ (w′θ′) [K · m/s],(vector) Á

-�Â�æsÃ î - .�Ä�Å æ¬Æ1Ç (u′, v′)[m/s] ( ö )70hPa, ( ÷ )100hPa

Ò����7� V�ý�þ����P��&�b)' i1²/Ö 7� 12-3 ��V�È�°"] ���7³�´.Ò�ÉeÊ V Ð�Ë¢i3²�Ì �¦](n
X�p ��q�� ^�_ Ô V7È�° ])� �����2��Í�� ��� � ÓúÔ
Ö l?ø�ùP'À*�2� S′

× 2
�

100hPa Z �
20◦N ] 130◦E ��� V7#�$�c�fon XWp ��q�� ^z_"Û ����[ lÀ] 5◦S ] 160◦E ��� V ÓÝÔ Û ���[5Ò7� *"] 70hPa Z ��}�����[5Òm�"�|i�²�Ö  ( � 5.7) � 12-3 � � S′

× 2 lÈmÎ��eWl+]�^
_"Û ����[=Ò r�t�u ��[ l�l"&�V É�Í"Ï�Ë£i2²�Ì �¦] 10◦S − 10◦N Z © �l"� �����7� Z��Ð '+*�  �%��"[W�
Ñ)Ò�Ó � S′/2

�
100hPa Z � 20◦N ] 120◦E � � V
#�$�c fPn X�p ��q��

^�_
Ô2� �"[ l¯] 5◦S ] 160◦E � � V ÑoÒ Ô2� �"[�Õ�� * ] 70hPa Z ��}��2��[�Õ��"�£i�²�Ó
 ( � 5.8) � 12-3 � � S′/2 lÀÈ Î��e�ls]�^�_7Ô�� ��[�Õ r�t�u ��[ l�lm&�V É�Í Ï�Ë£i�²Ì �Ö] 10◦S − 10◦N Z © elm� �����2� Z�� Ð '+*e�× %���[W��Ñ)Ò
Ó � S + 1

�
100hPa Z�

20◦N ] 130◦E ��� V7#�$�c�fon XWp ��q��7Ñ�Ò Ô ����[ lÀ] 80◦E ��� V Ñ�Ò Ô�� ��[eÕµ �Ö]���*�' �2��[W�3��� �"�(Ø Z�Ù Ó"²�Ó  ( � 5.9) � i y isv�w t x�Z�Ú�elm��*�' �
�[(��Û�Ü�Ý�Þ Y2ß�à i3²oi ØPá �"Õ�â ye�� 70hPa Z � 20◦N ����ã�ä �7��[(�7���Ji3²�Ó
�� 12-3 � � S + 1 lÀÈ Î��e�ls] Ñ�Ò Ô ����[�Õ r�t�u ��[ l�l &7V É�å�Í Ï�Ë£i�²�Ì �æ]
10◦S − 10◦N Z © el�� �"���2� Z�� Ð '+*�  �%���[�� y�Ô�� Ñ)Ò7Ó � S − 1

�
100hPa Z�

20◦N ] 130◦E ��� V7#�$�c�fon XWp ��q�� � ��[ l+] 60◦E ��� V ����[�Õ�µ �¦])� � ���[o����� ���zØ Z�Ù Ó�²�Ó  ( � 5.10) � 70hPa Z � 20◦N ���Wã�ä ����[)�m���çi
²�Ó
�� 12-3 � � S − 1 lÀÈ Î��e�ls] Ñ�Ò Ô ����[�Õ r�t�u ��[ l�l &7V É�å�Ímè�é£i�²�Ì �æ]
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í
5.2 12-3 î ï S′

× 2 ð�ï (color) ñ�òs:�6�»1¼�½À¾s¿ (w′θ′) ó�ô [K · m/s],(vector)

Á3-1Â"ï¯Ã3õ3- .�Ä�Å ïÆ3Ç (u′, v′) ó1ô [m/s] ( ö )70hPa, ( ÷ )100hPa

10◦S − 10◦N Z © Wl�� �"���
� Z�� Ð 'À*��× %���[W�
Ñ)Ò
Ó �
��*�' � ��yo'¦] 12-3 ��Z �3���eø�� 170◦E �"� �"ù�ú¢l i b
] 6-9 ��Z � 20◦N ] 130◦E

l ����ø�� 170◦E ��� ��ù1úJl i b�#e$7c�f�n XWp ��q�����[�Õ 100hPa Z © '* ] } * Õ
70hPa Z �mû"ü¢i3²�Ó 7�)d�¡ ² � � n XWp ��q�Õ ý�þ �W���l�Z %�����[ V7��� i1²�Ó 
l�ì�ÿo'*e�� }�i1² 10◦S − 10◦N Z � #W$7c"fon Xep�� q ý"þ�������� ] S′ ��� , Z	��

V © '¤*Wbm�"r�t�u ��[ l��� ² ì�ÿ�(l] }�� { ������� -Gill ����� Y (Matsuno 1966;

Gill 1980) l � ®�� Õ © '*��7�����Pl i3² ×���� (
  ��� ) �! �"$#�ù2úey�' å!% # ����%

Z � ( � ) & [ ] �"� y�'('�*�b Ê�) Z7� (
�

) & [ l�Ô!� ( *£l i�² S′
× 2 #,+�-.#0/�1�� : �

5.11) �
�2#�3 � y54À]�f v SST #�{�6�7 Ï�ü ( UPV�8!9!& [ 7;:=< ( >�? ))

Ò Wb���l1Z"]�f v
\!@=A�V Ì.B ��CD3�fE#�8!9�F�\!G Õ!H ü (

û�ü
)
Ò0I ]������ Y Õ!H"ü (

û�ü
) ] } #�3 � ]JLK c�fzn X�pM� q & [�ÕDH ØONQP 9D& [ 7SR bO4UT��el Õ�â yP¡�b"�|� I�� Hatsushika

and Yamazaki(2001) # La Niña V�V3f v A�WMX�Z 160◦E 7"ù�ú�V ø�Y @�& [ l   P & [�Õ ]
El Niño V�V2f v A	W�X�Z 180◦ 7�ù1ú�VMZ�[2@�& [ l¦× P & [�Õ R�bL4 Ò,I ��l Ó á 3 � l
®�� i�²�Ó �
�
�\# ��]�Õ ERA40 Z^R © 4 I ��ym] Ø b
] } # J=K c�f)n Xep\� q #�{�6L7	_$` SST 7

aWÿ�b AGCM Z\a � ZW_ ²�Ó ��yS7Ub�c!TS� b"k�] 4 ë�Z J.K c f^#2��� Õ ��
=d�¡�b 1998
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í
5.3 12-3 î�ï S′/2 ð�ï (color) ñ"òfe,g�»3¼ ½¬¾¿ (w′θ′) ó1ô [K · m/s],(vector)

Á,h1Â"ï¯Ã3õ,hUi Ä�Å ïÆ3Ç (u′, v′) ó1ô [m/s] ( ö )70hPa, ( ÷ )100hPa

j
1 k (5 lmk é�n t x ) # J=K c�fon Xep\� q & [ #�� ( � 5.12) ls] Sobs #�_�V�o^#M_�p

# JSK c"fPn X�pq� q & [ #m�S7¬�ST ( � 5.13) �(���3Z�]�& [ l i�² ERA40 Z � 1979
j

1

k�y�4 2002
j

8 k.#	r��!�mV�d��,��s � y�4;#�& [ ] Sobs
� ������t�y�4;#�& [ 7�� Ó b��

ERA40 # 1998
j

1 k � 100hPa Z �3���eø # 150◦E 7"ù�ú�V1��# JSK c fPn X�p\� q &[eÕ��SI ] 70hPa Z ��} #\& [�Õ >�? i3²�Ó �7�����
yO4 95hPa # J�K c�f�u Õ 1998
j

1

k�VvZ Õ 4�Ô�yW¡mb(l â y���� J=K c"fon Xep�� q & [ #�{�6=#0w�x � ] 12-3 k�# S′/2 V2®
� i�²�Ó �2� Sobs # 1998

j
1 k � ERA40 #v_�Vqo¢l¦®�� i b�3 � l�Ô N ] 100hPa Z �3���ø # 150◦E 7�ù1ú�V3�L# J.K c"fon X�p�� q & [�Õ��DI ] 70hPa Z ��} #q& [�Õ >�? i�²Ó �2�P���1yy4 90hPa # J.K c"f�u Õ 1998

j
1 kWV2Z Õ 4¤Ô"ye¡�b�l â yD�2���z 73È�Î�T��els] �"� � � ] 150◦E l 15◦S ] 110◦W 7"ù�ú|l i b3��# JSK c"fPn X�pq�q & [ 7 Ó�{�I R¬� i3²�Ó � Õ ] Sobs #\x Õ �!& [eÕ ^z_ Ó � Ò 42V�r�t�u�& [�� Sobs #

x Õ y�Ô N ^�_ Ó ��� I�� AGCM
Õ �q# ³"´ #
r�t"u$7¤^�_
k�V	T��,�S� Õ�µ �Wl¬ì�ÿ�4 I

��� }�i�²�É����!% #�r�t�u�& [ #�{�6 Õ ª�ÔD�7�¢� I�� ERA40 V � SST ã"ä #3���|R µ
�"b k(l¤ì�ÿE4 I �
�
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í
5.4 12-3 î"ï S + 1 ð7ï (color) ñmò}eUg�»3¼�½¾+¿ (w′θ′) ó1ô [K · m/s],(vector)

Á,h1Â"ï¯Ã3õ,hUi Ä�Å ïÆ3Ç (u′, v′) ó1ô [m/s] ( ö )70hPa, ( ÷ )100hPa
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í
5.5 12-3 î"ï S − 1 ð7ï (color) ñmò}eUg�»3¼�½¾+¿ (w′θ′) ó1ô [K · m/s],(vector)

Á,h1Â"ï¯Ã3õ,hUi Ä�Å ïÆ3Ç (u′, v′) ó1ô [m/s] ( ö )70hPa, ( ÷ )100hPa
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í
5.6 6-9 î�ï+·3¸3¹7º7ð�ï (color) ñ"òfe,g�»2¼ ½¬¾¿ (w′θ′) [K · m/s],(vector) Á

h�Â"ïsÃ1õ�hmi Ä�Å ï¬Æ1Ç (u′, v′)[m/s] ( ö )70hPa, ( ÷ )100hPa
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í
5.7 6-9 î ï S′

× 2 ð�ï (color) ñmò}eUg�»3¼�½¾+¿ (w′θ′) ó1ô [K · m/s],(vector)

Á,h1Â"ï¯Ã3õ,hUi Ä�Å ïÆ3Ç (u′, v′) ó1ô [m/s] ( ö )70hPa, ( ÷ )100hPa
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í
5.8 6-9 î�ï S′/2 ðmï (color) ñ�ò~e0g�»7¼�½�¾¤¿ (w′θ′) ó
ô [K · m/s],(vector)

Á,h1Â"ï¯Ã3õ,hUi Ä�Å ïÆ3Ç (u′, v′) ó1ô [m/s] ( ö )70hPa, ( ÷ )100hPa
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í
5.9 6-9 î�ï S + 1 ð�ï (color) ñ"ò}e,g�»2¼ ½¾¿ (w′θ′) ó3ô [K · m/s],(vector)

Á,h1Â"ï¯Ã3õ,hUi Ä�Å ïÆ3Ç (u′, v′) ó1ô [m/s] ( ö )70hPa, ( ÷ )100hPa
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í
5.10 6-9 î"ï S − 1 ð7ï (color) ñmò}eUg�»3¼�½¾+¿ (w′θ′) ó1ô [K · m/s],(vector)

Á,h1Â"ï¯Ã3õ,hUi Ä�Å ïÆ3Ç (u′, v′) ó1ô [m/s] ( ö )70hPa, ( ÷ )100hPa

í
5.11 S′

× 2 ð�ï 100hPa ���q�0�¦ñmò}eUg�»3¼�½¾+¿¬ó1ô.� Á,h1Â3ó�ô��,� ïQ�;� í
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í
5.12 1998 � 1 î (5 �sî	���2h\i ) ï ERA40 ð"ï (color) ñ�òUe\g�»�¼�½3¾�¿

(w′θ′) �,�,�1ó1ô [K · m/s],(vector) Á,h1Â"ï¯Ã3õ,hUi Ä�Å ïÆ3Ç (u′, v′) ï��,�,�1ó1ô
[m/s] ( ö )70hPa, ( ÷ )100hPa
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í
5.13 1998 � 1 î (5 �Öî;�,�,hUi ) ï Sobs ð7ï (color) ñmò}eUg�»3¼�½¾+¿ (w′θ′)

ó�ô [K · m/s],(vector) Á	h�Â�ï¬Ã7õ	h0i Ä�Å ï3Æ7Ç (u′, v′) ó7ô [m/s] ( ö )70hPa,

( ÷ )100hPa
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5.2
� ��� � �

í
5.14 S’,S �U�q��ï��0hmi , �,�,hUi��Q� 90hPa �~�\�����3õ1ó1ô ( � )[K],  �¡U¢�£¤ g2ó3ô ( ¥ ) [5 × 10−7K/s], ¦�§�¨3ó3ô ( © )[1 × 10−5kg/m2/s], ªM«2¬ 0¡,¢0£2ó1ô

( ®�¯ )[5 W/m2], 200hPa ð�ïQ°,§;¨3ó�ô ( §;± )[1 × 10−6kg/kg]

²´³�µ F�¶�·^¸=· ³L¹Oºv» ì�¼yTO��½ Hartmann et al.(2001) ¾ Hatsushika and Ya-

mazaki(2003) ¿À4 µ ·=Á=ÂS@EA^#�ÃSÄ ³�Å �2ÄSÆSÇ�9$È�·=Á.Â.@EA�WSX ³vÉOÊ �	Ë=Ì�ÍÎ ¸M· ³,Ï�Ð 7 É.ÊM»�Ñ�Ò�Ó ¾�È�Ô Ê 4 I Ò #2Õ µ ·�ÁSA\W�X=# j!Ö2×´º�Ø P 9�&�Ù µ Ë�ÌMÍ
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Ü
5.15 S’,S �,�\�2ÝQ�qh;i ,10◦S − 10◦N h;i.�}� 90hPa �m���q���,Þ�ß,à ( � )[K],

 0¡;¢0£ ¤ g0ß;à ( ¥ ) [5 × 10−7K/s], ¦�§�¨,ß,à ( © )[2 × 10−5kg/m2/s], ªM«	¬á 0¡
¢,£,ß;à ( ®�¯ )[10 W/m2], 200hPa â\Ý�°,§;¨,ß;à ( §;± )[2 × 10−6kg/kg]
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Î ¸M·�ã�Ù µ Â�@.ä,å�æ´¾ ºm» [�ç�è�ãMÙEé µ ÄMÆ�Ç�9=ä;å�æ´¾ ºU» 200hPa ä,Ä�çMè�ãMÙ´¾ê.ë�ì Ë�ÌvÍ Î (Outgoing Long wave Radiation; í�Z µ OLR) ãMÙ=ä0î�ï�ð�ñ µ�ò ï�ð�ñ^éó�ôDõ\ô ³�¹Sºm»qö�÷
( î�ï�ð�ñ [ ã�Ù ]: ø 5.14,

ò ï�ð�ñ [ ã�Ù ]: ø 5.15) ½
î�ï�ð!ñ ³�¹.º,» ( ø 5.14)

µvù.» äqúDtDÕ�ûvç�è!ã�Ùü¾ 200hPa Ä!ç�è!ã�ÙLä\ð!ñ�äqý�þ
È�ÿ������ ºU»�Ñ!Ò ½ Ó�Ó ¿�� S’

µ
S �Mú
	�ä Ñ�� ô� Â��=ä���� ³�Å��áµ ÄMÆ�Ç�ï�È���� º»�Ñ�Ò ävÈ���¿ Ò ½ ó º,»�� ï�ã�Ù ¾�Ë�Ì�Í Î ¸�·=È µ ÿ������� $ä\ã�Ùyé.¾�! »�ÑSÒ ½ ÓÓ ¿"� Ó ä$#�%=Õ'&�Ë�Ì�Í ÎL³ & � ï��
�yé�(
) º�Å�* ¾ ÷=Ò�+
, È�-�.�Õ0/ Ò ¾UÔ Ê � ôÒ ½ S′

× 2 &0æ�1�ú
	�Õ	Â���ä32�4
5�Õ0/ Ò 5◦N 6�7SÕ
8�9
��ä;:�� ³.Å<� µ Ä�ç�è^ä�=�ã
Ù µ OLR ä?>�ã�ÙS¿���Ä�Æ�Ç!ïDÈ�@�ÈA! »�ÑDÒ ävÈ���¿ Ò ½ ó�ô ³�B.Ñ�µ Ë!ÌMÍ Î ¸�·Lä�>
ã�Ù=ä'2$4�5\È 5◦N

³ / �(µ�� ï�ãMÙ�ä?==ä'2�4
5S¾ � ô È$CED »�Ñ!Ò ½�F Ø 12.5◦S Õ\Ä�ç
è^ä�>!ã�Ù µ OLR ä�=�ã�ÙS¿G��Ä�Æ�Ç!ï�È�8�È<! »!Ñ�Ò ä2È��!¿ Ò ½ ó	ô ³�BSÑ�µ Ë�Ì�Í Î
¸�·�ä?=�ãMÙ�ä'2�4
5qÈ 12.5◦S

³ / �(µ >�ä � ï�ã�Ù=ä'2$4�5.¾ � ô È$CHD »�Ñ�Ò ½ S′/2 &
æ�1�ú�	!Õ�Â��.ä'2$4�5\Õ�/ Ò 5◦N 6I7�Õ�8?9��=ä;J;� ³�Å��áµ Ä�ç�è=ä�>�ãMÙ µ OLR ä�=
ã�Ù.¿"��Ä�Æ�Ç�ïSÈ
8�ÈK! »DÑ�Ò.Ó ¾;È���¿ Ò ½ ó	ô ³$B=Ñ	µ Ë!Ì�Í Î ¸�·Lä$=�ã�ÙLä�2�4
5�È 5◦N

³ / � µ >Lä � ï�ã�Ù^ä32�4
5=¾ � ô È$CLD »�ÑDÒ ½KF Ø 15◦S Õ�Ä�ç�è�ä�=�ã�Ù µ
OLR ä?>�ã�Ù�¿G��Ä�Æ�Ç�ï�È�@�ÈA! »!ÑDÒ ävÈI�!¿ Ò ½ ó	ô ³�B.Ñ\µ Ë�Ì�Í Î ¸�·^ä?>!ã�Ù
ä32�4�5\È 15◦S

³ / �áµ ==ä � ï�ãMÙ�ä'2$4�5S¾ � ô È�CED »�Ñ�Ò ½ S + 1 &�MIN�O�ä 12.5◦

Õ�8?9��=ä;J;� ³�Å��áµ Ä�ç�è=ä�>�ãMÙ µ OLR & SST ä�8�9EéQPAR ù�S3T�³ >�ã�Ù=ä�U ë�³
/ Ò È µyÓ ä�#�%�Õ�&?V'W ³�X�Y�Z\[�] >�ãMÙ ¾ ] ! »�ÑM»�µ ÄMÆ�Ç�ïDÈ�8vÈ<! »�Ñ!Ò ä2È��
¿ Ò ½ ó	ô ³�BSÑ�µ Ë�Ì�Í Î ¸�·K& Ó ä�6�7SÕ � ï�ã�Ù ³�X�Y�µ =�ã�ÙSÈ�^ ìA_`] ! »!Ñ�Ò ½
SST ä�8$9 ³.ÅA��µMÖ�×aT�³ Ë�Ì�Í Î ¸�·=È;b!¸ º,»�Ñ�Ò U ë dc � ô Ò (S’ ��ú0	=ä SST

&�Á�e Öv×D÷SÒ ¾�æ�1�ú
	O¾QfKDmÕ
/ ÒvØIgqµ�Ó ä Ï�Ð È;h ]�Ñ ) ½ S − 1 &?MIN�O^ä 12.5◦ Õ
8�9��.ä;:;� ³�Å3�(µ Ä�çMè�ä?=�ãMÙ µ OLR & SST ä?i0@SédPKR ù�S�T�³ =�ãMÙ�ä?U ë�³ /Ò È µ�Ó ä?#I%�Õ
&�V0W ³�X�Y�Zj[�] =�ã�Ù´¾ ] ! »�Ñv»	µ ÄMÆ�Ç�ï�È�@MÈ�! »�Ñ�Ò ä	ÈI��¿Ò ½ ó\ô ³?BSÑqµ Ë�ÌvÍ Î ¸�·A& Ó ä?6I7�Õ � ï�ã�Ù ³�X�Y2µ ã�ÙDÈ�>�þ ë�³ U ÑM»DÒ ½ SST

äI8?9 ³SÅ3�(µ�Öv×<T�³ Ë�ÌMÍ Î ¸�·�È;k�h ºU»�Ñ�Ò U ë `c � ô Ò ½²�³
10◦S − 10◦S

Öv× º0Øqò ï�ð�ñ ³!¹.ºU» ( ø 5.15)
µ

S′
× 2 & 180◦ Õ	Ä�ç�è^ä�>!ã�Ù µ

OLR ä�=�ã�Ù�¿G��Ä�Æ�Ç�ï�È
8MÈA! »!ÑDÒ ävÈI�!¿ Ò ½ ó	ô ³�B.Ñ\µ�� ï�ä�=�ã�ÙG2�4�5\Õ
Ë�Ì�Í Î ¸�·�ã�Ù.ÈDÿ�� 0 ¾ ] ! »!Ñ�Ò ½ S′/2 & 160◦E Õ	Ä!ç�èLä$=�ã�Ù µ OLR ä�>�ã�Ù
¿�� ÄMÆ�Ç�ïDÈ�@MÈ<! »�Ñ!Ò ä2È���¿ Ò ½ ó�ô ³?BSÑqµ�� ï=äl>�ãMÙ�2$4�5l6�7�ä 160◦E Õ µ
Ë!ÌMÍ Î ¸�·Lä�=�ã�Ù�È ZG[A_m]"� µ ó ä$n�n�o�ä 140◦E

³ Ë!ÌMÍ Î ¸�·Lä�=�ã�Ù�ä<2�4�5
È�Õ ì0»!Ñ�Ò ½ S + 1 & 60◦E

µ
180◦ Õ	Ä�ç�è^ä�>!ã�Ù µ OLR ä�=�ã�Ù�¿G��Ä�Æ�Ç�ï�È�8�9 µ

125◦E Õ	Ä�Æ�Ç�ï�ä�=�ã�Ù µ OLR ä?>!ã�ÙS¿���Ä�Æ�Ç!ïDÈ�@�û º;»�ÑDÒ ¾`�!¿ Ò ½ ó�ô ³�BÑ\µ�� ï�ã�Ù=ä32�4�5\Õ
& ]�Ñ 60◦E
µ

180◦ ÕqË�ÌvÍ Î ¸M·^ä?=�ãMÙ=ä32�4
5 µ 125◦E Õ�>�ã
Ù�ä'2�4
5qÈ c � ô Ò ½ S − 1 & 60◦E

µ
160◦ Õ\Ä�çMè=ä�=�ã�Ù µ OLR äl>�ãMÙ�¿\� Ä�Æ�Ç�ï

È�@Mû ºU»�Ñ�Ò ¾p��¿ Ò ½ ó\ô ³?BSÑqµ
� ï�ãMÙ�ä'2�4
5qÕ�& ]�Ñ 60◦E ÕqË�ÌMÍ Î ¸M·�ä�>
ã�Ù=ä'2$4�5\È�/ �(µ 160◦E Õ�=�ãMÙ�È Zj[A_q] ! »�Ñ�Ò ä2È���¿ Ò ½Ó!Ó ¿E� µ ûMç�èÀ¾ 200hPa ä\Ä�ç�è=È2·�ÁAr�s�t$äqËDÌ�Í Î ¸�· ¾`=�u ¹ élv ³ Â
�Lä
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w�x ]
30◦E − 180◦ Õ ö ºmµ Ã!ÄEä	Ä!Æ�Ç�ï$ä
8;9 ( @�û ) & ó ä�8�y^Õ�z�{ T�] ·DÁKrIs

tEä�Ë�Ì�Í Î ¸�·�ä;k�h ( bD¸ ) é�| ì,µ ó ä ÏDÐ &;}�~=Õ ì�]�Ñ$Ó ¾ µ S′ �!ú3	SÕ ó ä ÏÐ &����SÕ0/ ÒSÓ ¾mÈ���¿ ��µEÓ ä����a& Hartmann et al.(2001) ¾���� µ Hatsushika and

Yamazaki(2003) ¾��
� º;»�ÑDÒ ½'F Øqµ ·�Á SST ä?b�¸ ( k�h ) È�·�Á3r;s�t^ä�Ë�Ì�Í Î ¸
·�éd^ ìA_ b�¸ ( k�h )

[l�SÒDÓ ¾~ÈI��¿<! Ø ½
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6

6.1
� �

CCSR/NIES AGCM Ver.5.6 é ,SÑM»���� é;��� µ / Ò2Ñ &�·�Á^ä���t�ç � éQ��� [l� ·
Á�Â��0r�sIt ( ·�Á'r�sIt ) � �.³ Â ÷�ÒUÏ�Ð ¾ ó ä��0��é�� Y�Ø ½ó ä?��� µ í�@�ä Ó ¾�È���¿<! Ø ½

�
ù<� %Lä ��� é;���H� Ø ú�	 (PAL) �
�3�l�;�I��Á�r;s�t (10◦S − 10◦N � 90hPa) ä�� � È
12-3 �<& 1.3K � 6-9 ��& 1.2K 8?9H�q� ó ä � ïI���<& Ñ�� ôa`��� ���I�^äl  É � Å	Ò  ä¡ ! Ø�¢ ó ��� 12-3 �<�l£�N�Oa¤,î�ïDÕ0¥�¦�§�¨K©m4�Ì=ä?kIªA� B«* EP ¬�¦'$5�®!ä;:;���
¤0î�ï�¯�°�r0�I� EP ¬�¦<;5;® x�± ã�Ùyé  Ø ��� Brewer-Dobson ²�³Oé$:I� [���Ò È��
��´'r$s�tDÕ�&�Â��'r$²I³�ä Ï�Ð È;µ � @�û���ãMÙDÈ$¶�¯ [ ô ]I· ! Ø�¢ F Ø 6-9 ����¥�¦;§
¨a©d4qÌ�ä�k�ªK� B.Ñ � EP ¬�¦3�5�®�ä�:�����¤;Ç�î�ïDÕ EP ¬�¦3�5$®Dä xI± ã�Ù�é  Ø
� ÷ È�� ó ä Ï�Ð &�£�N�OA� X�Y : _ �3¸�¹=ä �d� é ]"_ � Ø Ì.ä Ï�Ð  / � ��¯�°0r0¤mÇ�î
ï�ä�º Ñ #I%.Õ�� · ó ä Ï�Ð él»�¼�Õ ì?� � EP ¬�¦3�5�®	ã�ÙA� Å2Ò�½ Ù�¾�¿�t�²�³�ã�Ù 
��´KF\Õ;À ·�]�· ! Ø�¢

� £�N�OLä ��� é����H� Ø ú
	 (PNH) �����l�;����´3r;s�t�� �0Á 12-3 �<& 1.2K � 6-9 �<&
0.2K 8?9H�q� ó ä � ïI����& Ñ�� ô�p�0� �����a�'Â Ò  ä ¡ ! Ø�¢ 12-3 �.ä�£�N�O�ä�¥�¦
§'¨K©Q4qÌ�k�ª^ä����A& ù<� %Lä ��� él} _ � Ø ú�	GÃlf�Ä<��� EP ¬�¦3�5�®�ä�:�����¤�î
ï�¯�°3r���� EP ¬�¦��5$® xI± ã�ÙEé  Ø �I� Brewer-Dobson ²I³yé�:�� [l�=Ò�Á �;��´
r�sItDÕ�&?Å��0r$²I³�ä Ï�Ð'Á µ � @Mû���ãMÙ Á ¶�¯ [ ô ]�· ! Ø�¢

� ¸$N�O^ä �d� é$���E� Ø ú�	 (PSH) ���3�Q�;����´3r$s�t�� �0Á 12-3 ��&�Æ��'Â ÒlÇ�È ��ÉÊ ém- ]  �ËK� 0.3K � 6-9 �<& Ç3È�Ì �$ém- ]  �ËK� 0.3K 8�9E� Ø�¢vù�� %^ä �Q� é$���E�Ø ú
	EÃlf$ÄA��� 6-9 �A�
¥�¦�§0¨a©Q4�Í�ä�k�ªa� B=Ñ � EP ¬�¦��5$®Dä;:����\¤�Î!î�ïDÕ
EP ¬�¦�$5�®�ä x�± ã�ÙEé  Ø � ÷�Á � ó ä?Ï�Ða&?£�N�OK� X�Y : _ ��¸�¹=ä ��� é ]"_ �Ø Í=ä?Ï�Ð  / � ��¯�°'r'¤�Î!î�ï=ä�º3Ñ�#�%3Òj� · ó ä�Ï�Ð�él»�¼0Ò ìl� � EP ¬�¦�$5�®
ã�Ù<�'Â;Ó ½ ÙI¾�¿�t�²I³�ãMÙ  ��´KF$Ò;À ·�]�· !;Ô ¢

� 15◦S − 15◦N ä���t�ç � ä ò ï�ã�Ù�é 2 ÕA�<��Ô�ú�	 (S′
× 2) �
��������Ö
×IØ���´�r�s�t

� �0Á 0.2K i3@a�`� ó ä�- ] �3��&�ÆA�3Â�Ó Ç�È ��É Ê ä� �Ë ¡ !�Ô ¢'Ù ä�ú�	�Ò�&?��´<8
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y�Å���r · �?Ý�^
��Í�Þ Á J�� [ ô � ó Ý$���
���
´<r;s�t
6�7�Ý EP ¬�¦<;5;®�ß�à
á�â
Ãq� 100hPa ��ã�ä
6I7aÝ�8�9
��á�â«Ãå�
´�r;s�t3Ò'Ý�ÆK��Â�Ó ÇAÈ ��É Ê Á J�� [ ô Ô ¢ F
Ô 6-9 �<�;¸�N�O'Ò�o;æ�Ý?���<�'Â�Ó EP ¬�¦'�5$®
Ý�ç�è ò�é Ý?��� Á ¸�N�O�Î�î�ï�¯�°0r
��� EP ¬�¦3�5$®;ß�à�áIâjêm¶�¯�� Brewer-Dobson ²�³AÝ�J���êm|�Ñ�Ô ¢

� 15◦S − 15◦N Ý���t�ë � Ý ò ï�á�âjêQN!ð<�A��Ô0ú�	 (S′/2) �
�������IÖ�×IØ���´3r;s�t���'Á
0.8K 8�9L�p� ó Ý?- ] �'��&�Æ<��Â;Ó Ç<È ��É Ê Ý? �Ë ¡ !�Ô ¢ FIÔ Ù Ý�ú�	
Ò0&?��´

8�y�Å��'r · ��Ý�^���Í�Þ Á :�� [ ô � ó Ý?��������´3r$sIt�6�7KÝ EP ¬�¦'�5$® xI± áIâ
Ãq� 100hPa ��ã�ä
6I7aÝI@�û���á�â«Ãå�
´�r;s�t3Ò'Ý�ÆK��Â�Ó ÇAÈ ��É Ê Á :�� [ ô Ô ¢ F
Ô 6-9 �<�;¸�N�O'Ò�o;æ�Ý?���<�'Â�Ó EP ¬�¦'�5$®
Ý�ç�è ò�é Ý?��� Á ¸�N�O�Î�î�ï�¯�°0r
��� EP ¬�¦3�5$® x�± áIâjêm¶�¯�� Brewer-Dobson ²�³AÝ;:;��êm|�Ñ�Ô ¢

� 15◦S − 15◦N Ý���t�ë � ê���Äa� 1K 8�9 [�� Ô\ú'	 (S + 1) �0�A�?�I��Ö'×�Ø
��´Ar�s�t
� ��Á 0.5K 8�9ì�d� ó Ý�- ] �<�'& ��� �����jÝ� 
Ë ¡ !IÔ ¢ F�Ô Ù Ý\ú'	'Ò3& 12-3 �
�
6-9 �aÝ�Ñ � ô�Qí ��´�¯
°<r
@;y"ê�¤�îïÃ���ÔIo�æ
á�â��AÂ ��ð N
O�¤qî!ï · ��Ý0¥�¦�§
¨G©?4�Í Á�ÇjÈ ç
è'ñKòK� ]«� � ó Ý����3�I�3´'¯'°Kr0@Iy�Ý EP ¬0¦�I5I®�ß
à3á�âóÃ
Brewer-Dobson ²I³aÝ�J��jêd|AÑ�Ô ¢ ��t�ë � ÝI8�9 Á ��t · �åôjõ [ ô Ó�ö
Í�ô�÷aÝ�ø\ê
b�n\�q�I��´3r$sItAÝlö�Í�ô�÷��I�\êmb�� [�� ��Ñ
Ó ¢

� 15◦S − 15◦N Ý?��t�ë � êl�IÄ�� 1K i0@ [�� Ô,ú�	 (S − 1) ���3�Q�;��Ö�×�Ø���´�sIt�� �Á ÿ������G� ]G_ �;� ó�ô & ��� ���I��� Ç�È�Ì ����Æ<�'Â;Ó Ç3È ��É Ê Ý�ùK¦�úl®
Ý?���0Ò
/'!�Ô ¢ F�Ô Ù Ý,ú
	�Ò�& 12-3 ��� 6-9 ��ÝIÑ � ô�pí ��´�¯�°0r�@�yjêI¤�îLÃ��?Ô?û�æ�áIâ
�3Â �üð N�O�¤lý�ï · �lÝ�¥�¦�§�¨K©m4?Í Á�Ç�È ç�è3Ò<þ ]G_q]G� � ó Ý?��������´�¯�°0r�@
yaÝ EP ¬�¦�$5�® xI± á�â«Ã Brewer-Dobson ²�³aÝ;:���êQ|AÑ�Ô ¢ ��t�ë � Ý�i'@ Á ��t· �ÿôaõ [ ô ÓQö�ÍIô�÷AÝ�ø�ê�kH���q����´3r$sItAÝlö�Í�ô�÷��I�\êQk�h [�� ��Ñ
Ó ¢

�
ù ��Ý,ú
	'����Ñ��;�;��´'r�sIt'Ò
& ��� á�â<�?Å"��¤�ý � ¯�°0r����<Ý Ç3È�Ì ��Ý	��� Á -
.a� ] Ó Ù Ã?& ]�· !;Ô ¢ � · �`����´KÝ 50hPa Ò0& ù �0Ý�ú�	
Ò Ç<È�Ì �<Ý? �Ë Á��
� á
âjê  Ôa����Ô ¢ ¤�Î�ý � ¯�°'rIÒ�&l�AÝ ��� áIâ�� ½ â Ç�È ��á�â�êd¶�¯G�p�?��´AÝ 50hPa

Ò�& ��� áIâA���'� Brewer-Dobson ²�³K�'Â;Ó Ç3È�Ì �<Ý;JI: Á�
��T Ã ] Ó ¢
� Æ<��Â�Ó Ç<È ��É Ê ����Ñ���� Ç�È Æ��j¬�¦3�5�® (w′θ′) Ý�ë�×��
�<&������ -Gill �a¨�4<ú
Ý�
�<�?���E�p�;Î
�
� ( i��
� ) ��²I³aÝ
¤lî · ��û��<Ý�ã�ä��'Ò;= ( > ) á�â���ã�ä · ���� Ô;o���Ò$> ( = ) á�âLÃ ] Ó?U � Á /
Ó ¢LÙ Ý!<& 100hPa

· �Q8�°A�#" _ ��� � ��k�ª%$
ÓIÔ g �'&�Ý)(�Ý?°���i � ( Î � ) á�â�ê  ÔK�*$ ¢ ��´ SST Ý,+ � á�â�êmb�- ( k�ª )

[�� Ô. ���l��´�Å��0r
���0R�Ó�/����KÝ,+ � � Å�0 Á J;� ( :;� )
[ � ��K¨�43ú Á J�� ( :;� ) �p�Ç<È Æ��\¬�¦�$5�®�á�â Á J'F � &�Ý�(
Ý$°<�$i � ( Î � ) á�â\ê  Ô��*$ ¢ F�Ô Ù Ý1�a¨�4

ú�& 12-3 �<��ã�ä�� 160◦E 6I7�� 6-9 ����� 20◦N � 140◦ ��¤lî�ê  � ¢
�1996 Ö 1 � -1999 Ö 12 ��F�Ò0Ý2�3 SST ê�Ë54�Ô60	 (Sobs) �)��Ñ����0f
7'8aÝ ERA409
:�;=<=> ¨3Ã ��´%?1@�A���B�C;�
ß � Ý�71D�E����3�Q��F�GE��Ô ¢ ERA40 �F�H�� AGCM

Ý ½ â Ç�È#I0Á'JLK ÑMN� Á�O Ó=P$Ý�Ý?� SST Ý)Q0êmË 4��1R�S�T�ÞEÃ 1998 Ö 1 ��U)VAÝlÎ
Bjê 9�W ÒAþ;Ô ¢ 1998 Ö 1 �AÝ�Î�B=X'Ý? �ËYP ERA40 Ã AGCM Ã�P���ÆA�3Â�Ó Ç�È ��ÉÊ Ò O[Z � Ç3È ÆI��¬�¦'\$®
Ý 100hPa �]�=^�Ólë�×��������'���5Pm��ãIä
_)`�� 160◦E ê
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¤lîHÃ���Ôcb�áIâ�ê�Ñ]d � Pq¶�¯G��Ô
� ��´�?'@)A'Ò
Ýlö�Í�ô�÷<����Ñ��;��e;ëIøLÃ 200hPa Ý,f�ëIø Ág ´�?1@�A<Ý�ö�Í�ô�÷�h g Ãi�jlk Ò O Ó Ù Ã;êlý � ���
m'+ � ��� ( npo$Å I Ý1q�r s 30◦E − 180◦) Ò'tvuwm�x
faÝfy Î � Ý�z1{ ( |�e ) }�&�Ý�z1~<Ò���� �
s g�� ?�@
AaÝ�ö=��ô
÷�h g Ý��� ( ��h ) ê��Eþ�m
&�Ý#���p}1���%�aþ1s��'�"þ K � ON�����%�����I êc�"þ���T54�� S′

× 2 m S′/2 ��&��#���
},����� O�����

6.2
� � �   ¡

¢�£ �¤]¥v¦�u�§)¨�|���©�¦«ª
z�¬5¯®N� �
� °�o ±]�#²5³ g�´�µ }1¶
· -Gill ¸L¹ >5º �)» K o1¼�½�¾ �5¦�¿=ÀÁw® � � ©��#Âl}1B
Ã�Ä
Å
o � u�Æ,��Ç�È�É�Ê >1Ë �#Ì�Í�ª1Î5�)§����)��Ï�Ð�HN�	Ñ)ÒNª OÁZ m EP Ó
Ô%Õ'\'É=o k uc§
P#Ö×=� O � �

�
g�� ?'@)A5o�Ø=^
� AGCM C ERA40 �#Ù�Ú�Û�ª'ÜNÝ#� K ®%� ��Þ m�ß �	à�á ;=<=> ¹cC�âã�ä PwÍ���§�á ;på�æ ��Ö×N�%©�¦«ª]ç=À=�1Ï�Ð�H%� �

�
W�è � TEM é�ê)ë
D���},m
ì í
î�ï'ÕpðñÉ
Ê >Ë �,� �,Ì�Í å ¿�ò5ó�ôNs�� ��Þ m�õ��,ö å÷ Åø¦�u�§1ù�ú g h g Â�o,û �ü §���� � õ�� ��Þ AGCM ��ó#ý]a�þø¦ÿF�GYu�§1n5o ��I��
�'ù=ú g h g ªb�����})s�� � ©�® å���� ¾�� ��Þ m�¸�Ô	�
¹5ï�
����� º�å Í��)§`��=¾��
Ñ�Ò�ª O � �

�
W���� Í uc§���� AGCM }²N³1á���Ã�ª 24 � ¦�� � m ± Z W��lå���� o�¿�À���o�}²N³1á
��Ã å z�¬]s � §�})sl�s�� �

� ����¹ �"!5� k�#%$�&%' � AGCM �
ó#ý�È)( å 1 *�¦)u�§
�=�1ª�m 1 *ÿ¨�|��]É�Ê�� Ë �,+� ª1ù�-	.)Î
þø¦�u�§1�%/#s10�2 å43 � §��1Ï $ uw®=s������'mLóý=È"(���5 s��]Ö768���¹å Ì ':9<; ¾%��Ñ)Ò%ª & � �
� =�Ô?>�¹5ï4�,�N��@)A�¾��céCB��,D�EY¦)u�§�m Li et al.(2006) ��Í��lÿ®
§
� � -	.F=�Ô<>=¹
ï4�,�N��G)H�I (Refractive index)

å Í�� ±KJ)¦�u � ª'm EP Ó�Ô%ÕMLÉ=�1@"A
éNB å J � �OCP �Q/s�Ï �'�� + è ��}�G)H	I%ª i o�s��,�)I å D�Eø¦�u�§�Í��)§��'ª'mY± 'SR Í�s � ÍT å8U ó1¾'Ñ�Ò�ª & � �
� V4WCX�Y�Z�[��	\?] å X1YYu � ©=¦�^�± 'S_ \�`	acb�d�Ã�Ï[c��=�Ô<>=¹�ïe�,� �cÎ
þ�ª�f7g
^"h � §ci ���'��5����_�j ×C^�E)k å 0m ^Qi�§ci �������)ÞM_��	l���m)n å �%/ �poNÀ�§
i �����'� stratospheric pump ��q�r �?s�t ^ � ¾N�,u�v å ¿�À���^�w _ V�W å o À	xN^�y
é�@)A�¾%�	=
Ô?>=¹�ïe��z å8{"|%} ü � ( É�~ ºM�c���<� �,Z�[ ) Ï _ =�Ô<>=¹�ïe�1zQ^,�%/�h
u�v å 2 À�� ¦�����®N����/�hKV<�"� åe���Q� ^)X1Y�¾�� ¦8���?�,� T å ¿�À��cÑ)Ò�ª & ���
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D	�	�K��� & ��V������)�	�F^	w1�Á± '��	  iM¡¾"�cV1�?�	�7�,D	�%ª�¢Q£1®K¤�¥	¦ å ©�©
¡<�<§¨/?^�w�hÁ�h�ÏF�)�L¦©�7�N¡]¾��lõFi	§?ª« _ D�� å ic§?¬F�� _�®�¯�°�± ��� ¦²³�´�µK¶ ����^�w�·¹¸ �� �º iMy�¬¡]¾���õ»i,§ AGCM �MD�� å i,§<¬»�K�M+ � _<¼�½
��¾�¿�ÀF��É�Á�Â�Ã º ¹)���MÄ ¯�Å�Æ�¶ ���7^�w1��o ��  ic§��K¡¾	� CCSR/NIES AGCM

Ver.5.6 � � ÍC^�ÇNi�¡Ci�§ _�¼	½ �	¾�¿�À7�]É�Á�Â�Ã º ¹<��ÈNÉ�^"ÊMË n�Ì ¥�¦�Í7^ ��  i
¡1¾)�)¥�¦)ÎF��Ï�Ð�� & � �NÑ�Ò	Ó�ÔN^	w1�	o�Õ)Ö�×C^)h ' ¡�i��M��×ÙØÚh t ��Õ"Ö�×C^)h��
�,Ï�Ð�é &�'ÚÛ�Ü J�Ý"ÞM��¡�i��M��¥	¦"Î7�"ß�àQ��áNâ _Qã i8ä�åKæ Ü�ç � & ���"ß�àQ^�·è¸��  iM¡�é)��ê�ë<� 2 ìQâKíeîïiN¸ñð¨Ý éFò ÜeÛ�ó ô ¡Ni1���



80

[1] Andrews, D. G., J. R. Holton, and C. B. Leovy, 1987: Middle Atmosphere Dynamics.

Academic Press.

[2] Gill, A. E., 1980: some simple solution for heat-induced tropical circulation. Quart

J. Roy. Meteor. Soc., 106, 447-462.

[3] Hartmann, D. L., J. R. Holton, and Q. Fu, 2001: The heat balance of the tropical

tropopause, cirrus, and stratospheric dehydration. Geophts. Res. Lett., 28, 1969-1972

[4] Highwood, E. J., and B. J. Hoskins, 2001: The tropical tropopause. Quart. J. Roy.

Meteor. soc., 124, 1579-1604

[5] Holton, J. R., P. H. Haynes, M. E. McIntyre, A. R. Douglass, R. B. Rood, and L.

Pfister, 1995: Stratosphere-troposphere exchange. Rev. Geophys., 33, 403-439.

[6] Holton, J. R., and A. Gettleman, 2001: Horizontal trasport and the dehydration of

the stratosphere. Geophys. Res. Lett., 28, 2799-2802.

[7] Hatsushika, H., and K. Yamazaki, 2001: Interannual variations of temperature and

vertical motion at the tropical tropopause associated with ENSO. Geophys. Res. Lett.,

28, 2891-2894.

[8] Hatsushika, H., and K. Yamazaki 2003: Stratospheric drain over Indonesia and de-

hydration within the tropical tropopause layer diagnosed by air parcel trajectories.

J. Geophys. Res., 108(D19), 4610, doi:10.1029/2002JD002986.

[9] Kerr-Munslow, A. M., and W. A. Norton, 2006: Tropical wave driving of the annual

cycle in tropical tropopause temperatures. PartI: ECMWF analyses. J. Atmos. Sci.,

63, 1410-1419.

[10] Norton, W. A., 2006: Tropical wave driving of the annual cycle in tropical tropopause

temperatures. PartII: Model results. J. Atmos. Sci., 63, 1420-1431.

[11] Matsuno, T., 1966: Quasi-geostrophic motions in the equatorial area. J. Meteor. soc.

japan, 44, 25-43.

[12] Matsuno, T., 1970: Vertical Propagation of Stationary Planetary Waves in the Winter

Northern Hemisphere. J. Atoms. Sci.,, 27, 871-883.

[13] Olsen, M. A., M. R. Schoeberl, J. E. Nielsen, 2007: Response of stratpspheric circu-

lation and stratosphere-troposphere exchange to changeng sea surface temperatures.



õ�öM°�÷
81

J. Geophys. Res., 112, D16104,doi:10.1029/2006JD008012.

[14] Plumb, R. A., and J. Eluszkiewcz, 1999: The Brewer-Dobson circulation:Dynamics

of the tropical upwelling. J. Atmos. Sci., 56, 868-890.

[15] Simmons, A. J., J. K. Gibson,2000: The ERA-40 Project Plan. ERA-40 Project

Report Series 1, 61 pp.

[16] SPARC:Assesment of Upper Tropospheric and Stratospheric Water Vaper, pp. 215-

220, World Climate Research Programme, WCRP-113, WMO/TDNo. 1043,2000.



82

A.
ø ù ú û ü ý þ ÿ � �

A.1. � � log p � � � � � 	 
 �� � ��� � �

log p ��������� z[m] í�� �»í�!#""ä%$'&)( , *,+%� � Ü (8ä-!#"/. .

z = −H ln(p/ps) (6.1)

ò�ò�0 H[m] �-1�2�3547698;: ,p[Pa] �<� � ,ps[Pa] ��= >�� �#0�?�. .ã (8ä , ò5@��'�cíA*�+ log p ��� Ü ( , B�C D,E�FHG�I'� �»í�!#"�J�KML5N�O,P Q�D'R7S�TU�V/W @�X�S Ü�Y . .

Du

Dt
− (f +

u tanφ

a
) v +

Φλ

a cos φ
= X (6.2)

Dv

Dt
+ (f +

u tanφ

a
) u +

Φλ

a
= Y (6.3)

Φz = H−1Rθe−κz/H (6.4)

[uλ + (v cos φ)φ]

a cos φ
+

(ρ0w)z

ρ0
= 0 (6.5)

Dθ

Dt
= Q (6.6)

ò�òH0 , Z7[\@ λ, φ, z �%]�� , ^'� , �/�'D�E�@<_'`'a , u[m/s] �cb9d-e f/� ,v[m/s] �-gih/e
f�� ,w[m/s] �c*�+<jkf�� , a[m] ��=�G l'm ,f [s−1] �onULqprLtsvu wk3/x-3y0 , f ≡ 2Ω sinφ,

Ω ��= Gz@-{%|'}kf��o0 Ω = 2π(day)−1 = 7.292 × 10−5 s−1 , φ �c^�� ,λ �c] � , Φ[m2/s2]

�,~ p,�#O�� �,�y4 , X[m/s2] �k]#�#DME9@k�/�����9��@y�9�9�o� , Y [m/s2] �-^9�#D�E
@7�o����,��@-���,�#� , θ[K] �7�9� , κ = R/Cp 0 , R[JK−1kg−1] �y�U�,�9�,�o� ,

cp[JK−1kg−1] �%���z@5���o�k� , Q[K/s] �%�9�-�/�'�U0o?)� , Q ≡ (J/cp)e
κz/H ,J [J] �-�

��� �,?'JM��@H�o�i��� �   ,ρ0[kgm−3] �H¡7¢�£ �#0 , ρ0 ≡ ρse
−z/H , ρs[kgm−3] �H= >'£

�#0 , ρs ≡ ps/RTs,ps[Pa] ��= >�� � ,Ts[K] ��¤�G�Ck¥ = >�� � .



¦
6 § ¨/© 83

ª J ,
D

Dt
=

∂

∂t
+

u

a cosφ

∂

∂λ
+

v

a

∂

∂φ
+ w

∂

∂z

(u, v, w) =

(

a cosφ
Dλ

Dt
, a

Dφ

Dt
,
Dz

Dt

)

0/?�. . « «H0 w �5¬-UFH®'¯7°U± Y *,+cf'�r�H�%¬-²r( Y " . (A³�( , ´v�Aµ�¶�@H·'¸ , ¹�@º ��= >�»k$½¼5¾ "7¿iÀ½Á<" .

A.2 EM � � � �
Â j#Ã�Ä<Å/Æ7Ç È#Ã Y ¶H@HÉ��U@�Ê�Ë\¼AÌ�Í/Î,.5Ï/F�� , Ck¥'jÐ�ÒÑ ( ?/.y"'�HÓ�Ô ) @<ÕkÖ�×
!�¼%Ø/Ù#.#«#��ÚiÛ'Ü,0o?/. . ¹�@%Õ7Ö/×�!r�c� 2 ÝÞ�A@Hß/R9Ú�Ø/ÙMàâá , 1 ã#�5Ck¥/j#Ú-Ñ
@5ä�å/æ�ç½¼�èvÙ9.9«9��� , é�ê 1 ã#�5Ñ,Ú�ëíìv@%�/î�Xo×�!907C ¥ojM¼�èvÙ9.,«#��0#?#. .

«�«�0yCk¥'jU�c] �'C-¥ (
V�W

, ï�ð'C-¥ ) ·,0/@<j�áU¼�ñr( , ( ò ) @9ó9êAF�>9Î . ô9Ù�õ ,

Ā(φ, z, t) =
1

2π

∫ 2π

0

A(λ, φ, z, t)dλ

¹U(A¿yCk¥'j#³½à�@<_ º � (′) @,ó#êAFH>#Î .

A′(λ, φ, z, t) ≡ A − Ā

�'îkX öz@�·�¸ ,

AB = (Ā + A′)(B̄ + B′)

= ĀB̄ + ĀB′ + A′B̄ + A′B′

� Y � ,(̄′) = 0 @ Jk÷ ,

AB = ĀB̄ + A′B′ (6.7)

Á9à�F , u ø�uo�5~'ù�`�a�F�ú9(A¿ [6.5] ¼Aû ¸/ü ,
V/W @,ó#êAF/ý u,þ%ÿ%15X S½¼�!#"o.�� ,

ρ0
DA

Dt
= ρ0

(

∂A

∂t
+

u

a cosφ

∂A

∂λ
+

v

a

∂A

∂φ
+ w

∂A

∂z

)

+ ρ0A

(

1

a cosφ

∂u

∂λ
+

1

a cosφ

∂v cos φ

∂φ
+

1

ρ0

∂ρ0w

∂z

)

(6.8)

ρ0
DA

Dt
=

(

∂ρ0A

∂t
+

u

a cos φ

∂ρ0A

∂λ
+

v

a

∂ρ0A

∂φ
+ ρ0w

∂A

∂z

)

+ A

(

1

a cosφ

∂ρ0u

∂λ
+

1

a cos φ

∂ρ0v cos φ

∂φ
+

∂ρ0w

∂z

)

(6.9)

DA

Dt
=

∂A

∂t
+

1

a cos φ

∂uA

∂λ
+

1

a cosφ

∂vA cosφ

∂φ
+

1

ρ0

∂ρ0wA

∂z
−

uA tanφ

a
(6.10)
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��Î9.��q] ��D,E�@�����D RkSz� ,

∂u

∂t
+

1

a cosφ

∂uu

∂λ
+

1

a cosφ

∂uv cos φ

∂φ
+

1

ρ0

∂ρ0uw

∂z
− fv +

Φλ

a cosφ
= X (6.11)

«�«�0 [6.11] F�ú9(A¿iï�ð'C-¥M¼,�c.U� ,

∂ū

∂t
−fv̄+

1

a cos φ

∂ūv̄ cos φ

∂φ
+

1

ρ0

∂ρ0ūw̄

∂z
+

1

a cosφ

∂u′v′ cos φ

∂φ
+

1

ρ0

∂ρ0u′w′

∂z
= X̄(6.12)

ª J [6.5] ¼�ï'ð�C-¥9Î9.U� ,

1

a cosφ

∂v̄ cos φ

∂φ
+

1

ρ0

∂ρ0w̄

∂z
= 0 (6.13)

«�áU¼ [6.13] F�����(�¿5�'îkX öz@	�9¼�
�������MÁ�ü�.�� ,

∂ū

∂t
+v̄

(

1

a cosφ

∂ū cos φ

∂φ
− f

)

+w̄
∂ū

∂z
−X̄ = −

1

a cosφ

∂v′u′ cos φ

∂φ
−

1

ρ0

∂ρ0w′u′

∂z
(6.14)

��� @����\¼�!#"k¿ , � ��@�K\L5N�O,P7Q�D R7S'T�éíï�ð'C-¥½¼9�c.U� ,

∂v̄

∂t
+

v̄

a

∂v̄

∂φ
+ w̄

∂v̄

∂z
+ ū

(

f +
ū

a
tan φ

)

+
1

a

∂Φ

∂φ
− Ȳ

= −
1

a cos φ

∂v′2 cos φ

∂φ
−

1

ρ0

∂ρ0w′v′

∂z
−

u′2

a
tan φ (6.15)

∂Φ̄

∂z
−

1

H
Rθ̄e−κz/H = 0 (6.16)

∂θ̄

∂t
+

v̄

a

∂θ̄

∂φ
+ w̄

∂θ̄

∂z
− Q̄ = −

1

a cosφ

∂v′θ′ cos φ

∂φ
−

1

ρ0

∂ρ0w′θ′

∂z
(6.17)

A.3. TEM � � � �
ª�� ���-°�D'R7S\F	��" ¿ , �� �I90�!#"cðv@��$��¼%Î�.iÏ#F�%'&i.����(\@-�i�/����è*)U@
a�¼	+��#�-,k4½( , ³ ãiç ������.o³�à0/*1�( Y "2�� �I�34M¼%Ø'Ù/. . «Aá#� , 59Ï/F��769@
�98'F2:z.��'�	(9Úy� � è�)�F�;�<Ð(A¿'" Y "�Jk÷k0/?�. .

v̄∗
≡ v̄ −

1

ρ0

∂

∂z

(

ρ0v′θ′

θ̄z

)

(6.18)

w̄∗
≡ w̄ +

1

a cosφ

∂

∂φ

(

v′θ′ cos φ

θ̄z

)

(6.19)
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[6.18][6.19] ¼ [6.13]-[6.17] F����)(>=��zF<Ck¥'j�@<Ç a , 
�vFcï�ð'C-¥9³�à�@ � á-Ç�a\¼�a? Î9.�� TEM D R7S'T#Ú�@Ðàíá,. .

∂ū

∂t
+ v̄∗

(

1

a cosφ

∂ū cos φ

∂φ
− f

)

+ w̄∗
∂ū

∂z
− X̄ =

1

ρ0a cos φ
∇ · F (6.20)

ū
(

f +
ū

a
tan φ

)

+
1

a

∂Φ̄

∂φ
= G (6.21)

∂Φ̄

∂z
−

Rθ̄

H
e−κz/H = 0 (6.22)

1

a cosφ

∂v̄∗ cos φ

∂φ
+

1

ρ0

∂ρ0w̄
∗

∂z
= 0 (6.23)

∂θ̄

∂t
+

v̄∗

a

∂θ̄

∂φ
+ w̄∗

∂θ̄

∂z
− Q̄ = −

1

ρ0

∂

∂z

[

ρ0

(

v′θ′
θ̄φ

aθ̄z
+ w′θ′

)]

(6.24)

F ≡
(

0, F (φ), F (z)
)

F (φ)
≡ ρ0a cosφ

(

ūz
v′θ′

θ̄z
− v′u′

)

(6.25)

F (z)
≡ ρ0a cosφ

[(

f −
1

a cosφ

∂ū cos φ

∂φ

)

v′θ′

θ̄z
− w′u′

]

(6.26)

∇ · F ≡
1

a cos φ

∂

∂φ

(

F (φ) cos φ
)

+
∂F (z)

∂z
(6.27)


