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1 � �

1.1 � � � � � � �
	
1.1.1 ������������ �������� �"!$#�%

(Stratospheric Sudden Warming,SSW) &('$)$* ���+�-, .0/21�3+4 5$67�89,;:;<>=$?$@9ACB-DFE ' 1 G�HJI�K , L$M K9NPO /2�����Q?-RTS(U$%9A O #�VW<YX�Z,;:P<\[
SSW

S\]$� &J' Matsuno(1971) ^`_Tab'-N"c S _�dY^\'fe$g �ihkjml-n9VW<Yo$pqsrt�-���"Svu�w$xsrySJz-{$|"}P, ~$�9,T�C<\[CVP4f�+� '(e$g ��,f�-���>�9�\o-p$���SJq9A �$��� ^ l-n0E ';��� ,fqsrm�i� g r�A z-{�|"}kE ' u$w$x��Y�i�k�Y�+<\[(% K xS"�v��� �"�fV _�dy^\' �i��RTS cJ� ,��(�"% K$�$K AQ���0E ' ?-R`A #�% E ' ¡$¢$K$£A�¤C%`V+<J[�¥P¦ ' SSW & #"%"§ ' #"% ^(¨©d«ª�¬"�®�^�_�a°¯ <J±;h ^ ¤C%FE ' B-DE\�J=-?$@k/ ¯ <\±Ph ^v²�³i´ �v�W< �+µ AP:P<\[ �$� ,�/ ' ?-R+SC¤f%sr«u�w$xWS\¶-�& % K x+SP�\�·�f�;��Ev4iA jm7P¸9V+<J[

1.1.2 ����¹�º¼»½¹�¾À¿Á�FÂ¼¹�Ã©Ä
SSW

S _Td 4Q���T�-,9SJ7P¸ & ���+� ^ r�ÅQÆ�j�Ç '"e�g � ^\ÈPÉ �>ÊTË�V�Ì�ÍfÎWA.�Ï·Ð�jyh ^ 4WÑ(Ò����f[-�P�+�$hFj ePg �iÓTS ÈPÉ S`ÔiÕ$ÖP×"Ø"A���Ð+�J�P�WÙ '$ÚU-Û$ÜTS�ÝQÞ ^fß 4�A�< � r�Afà$á��v�W<\[P��ryâ"Ù ' Limpasuvan et al. (2004) &J' SSW, ' �$���(u$w��i��x+SJU-ã$ä9hkjYS\å-x$æ-ç`A�èQéPêWrY4;<+ë(� key day
riEyÒ ' 39 ìíWS\îi�`ïQ�-ð��yñ9ò ' SSW

A e-g � ^ ÊWË V ÈiÉ �Yó"ô9�([ � S\õ�ö ' U�ã$ä;h�jySvuw��i�$x$æ-çsrmu�w-�i��U-%$æ-ç9A ' �$���ih�j e$g � ^ ¯ Ñ+÷ aøc(� l-n;VW<>ùiú`A;:��j2h�rY49Ñf�
(
ï

1.1)
[9Æ�� ' SSW

SJû-ü;ý ^-& 1000hPa þ , &Jÿ�� Ev4�ò��+Sv�"?��8��	��é�
 ^�_ ÷�T�(U"ã"ä`h j>S�� K�� æ$ç�A ' SSW
S(§`, & ]"���\�T< �Tµ"^ :9<

(
ï

1.2)
[ EYh�E '0� S c � l�n & SSW

§ ^ ¦ ^ ü��f<Q����, & 4$ò�[-í+âPÙ ' Baldwin

and Dunkerton (2001) &\' �$���-,����9V+<Y6�w��;é�� A ' 2 ' 3 G�H § ^\e$g � ^�cQ� ln9VW< � r(�yî$��ïQ�ið ^`_+a Ð�j2h ^ E\�([ � �kjYS���� &J' U$ã$ä9hkjyS\u�w-x$æ-ç



2 � 1 � & ��� ^
4·Å ' å����iù$�	�`A � �`VW<>7"8 �	�fé�
>A ' �"�W�-h j e�g ��Ó0r�
 2 ' 3 G�H S�� é��P,�l$n`V+< � r ���FEYÒPò`<([TÆi� ' Nakagawa and Yamazaki(2006) &('$e�g � ?R�S(U"%9A ¡ ò�rf� ' SSW

S È�É�&(e"g � ^$& l;�sjY4$ò � rQ���sEYÒPò`<\[O�� S _�d 4 ' å�����ù � S c(� l-n�r &��T^v' �-���"S eig �CÓ9S È$É SW/ d�� r ßS\Ì`ÍQÎ�riE Ò ' �i���ihkjyS���� ' V;4 �+�Yå�������ùi���9A e-g �CÓ c(� l-n;VW<YÌÍ Î9A;:"< � r(� Perlwitz and Harnik (2003) & �0EyÒ�ò9<v[ Perlwitz and Harnik (2003) &J'q�L
1 ^��! E ' 10 ' 30 ' 50hPa þ r�" 15

ëYh0j$#
15
ëJS �&%$Ø�'�("��)kÑC�

500hPaþ S�*+�ä$�-ð��Yñ�ÑQ�([ � S � 1
*�+ �Pé � S&,Q�-LTSJzT�v�-L9hkj ' 10hPa

r
500hPa^.- ò-Ò -�_f� 6

ëvS �/%iØ�'0((,�z��\�-L�SWèQé9ê(A&1�j2�`�Q[;ï
1.3 ^J' '0(	" 6

ë
(a) ' # 6

ë
(b)
,9S '�� S � 1

*�+ �Pé � ^J¨©d � K�2/3 ï`���9VQ[ ��� , ' '0( A	45%6 �PS�r � & �$���iA87�ñ0E '�9 '$�PS�r � &Je$g �iA�7�ñkEyÒ"ò9< � r(�;:=<fVW<v[ ���h�j ' (a)
, & qiL 1

S�>-z & � ^\� � ' (b)
, & å ^\� òiÒ"ò;< � r�AC�"h`<\[ ß Æ a '��� & (a)

, OQ�$' (b)
, cQ�T^ l-nFE Ò"ò9<\[;Æ�� '�� SJ�$���ihkj e$g �CÓ`S È$É A���`VW< h.?;h &J' 2hPa
r

10hPa ^.- �"< 58 @ N
h0j

74 @ N
,��i�sE\�\u"w��$��x ^�A$ÿVW< � r(�;�FE '$cQ� lin`AP:P< � îsr 4-ò � î9, î$�0Ev��B$�i�TS>u�w$�i��xWS\ú�C þD þ ïW���sE\� (

ï
1.4)
[E j>S ���`h j ' åF�&���iù��	� & �����-h j e�g ��Ó-�$�sEÒ

10hPa
h j

500hPa
Ó


6
ë I"K , c ��^\È$É ��GWâ`< � r A$�"hW<J[ � S, H � � é� & å�����ù$��� ^8H ô '/I 7�JWòf[�Eyh·Ev4�Akj ' E�jYS���� & î$��ïQ�$ð ^ r$ÅJÆ�ÑÒ -sa '$K�L Å>S _`dY^ å��/����ù-���9A cQ� l-n9V�<�SCh�ryò;ÑQ�\X�Z+S K	M ± '9� SNO�ÔiÕ-Ö�×PØ & Æ"Ñ��0÷�:��Tj�h ^ �\�PÒPòP4�òC[ �+� ,/P � �`, &Q' 2007 Q 2

B0RS
SSW S § ^ û$üFE(�Jo$p�����q+S(�$�+�-hkj e$g �CÓ�S\1"3+4 c � l$n ì í���T�U ^��ðFE ' SSW

ýi§ ^.- �P<v���+� 5$6�7"8��VT0EW÷«��ð9V+< � r , 'Wc � l$n�S K0M rÔ�Õ-Ö"×$ØW��Ð·j�h ^ VW< � rQ�  �W r�VW<J[
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� �TS���� r  �W 3

ï
1.1: SSW39 ì í`,Cî��k�v�`�, H � K D þ ï [Limpasuvan et al.(2004)]

[
( O )

U"%�æ$ç ' ( c )
u½w"�-��uPw�x�æ-ç;[-æ�ç & U�ã�ä9h0j>SCÇ��-[

ï
1.2: SSW39 ì í·,`îT�©�$��� ' 1000hPa þ�^�- ��< � K � æTç [Limpasuvan et

al.(2004)]
[

( � )SSW
S

22
ë2ýPh j

7
ë�ýP,��-� ' ( � )SSW

S
7
ë°§�h j

22
ë°§`,i�i�k�\�`�+/ S [

� È�& 95 �	� :�,9:P< � rQ���`VQ[+��
TE ' æ$ç & U�ã$ä`h jvSCÇ��-[



4 � 1 � & ��� ^

ï
1.3: 10hPa ' 500hPa þ`^$- �-< q�L 1

�.��S � K � S 2�3 ï [Perlwitz and Harnik(2003)]
[

10hPa(500hPa) þ S � K � � ' ��%fØ5'�(." 6
ë ' # 6

ëir2Ñy��*&+iä���ð`S
500hPa(10hPa)S � 1

*�+ �;é �«S,C�-L�, 2�3 E(�-ïf[ (a)
'0(0"

6
ë ' (b)

'0(0#
6
ë

ï
1.4:

î����v�`�$B"�-��SJuPw��-�"xTSJú0C þ D þ ï [Perlwitz and Harnik (2003)]
[

58N
h0j

74N
,��$�k�\�`�Ju;w"�-��uPw�xTS

2hPa
hkj

10hPa
SJç�A ' (a)0.5 ��� æ$ç���+â`<�r ��r ' (b)

"
0.5 ��� æ$ç�� c02 <+rf�J,Cî"�FEJ�Q[
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2
� � � � �

2.1 � � �	� 
 � �����������
JRA-25 ����� /JCDAS ����� �"!$#&%(' � 1979 )+*-, 2007 . 2 / � 3 /�&�

1 0 4 1 (00,06,12,18UTC) 2�354"6 Ò�798:�<;>=@?A8CBEDGF�H 8I� 0 �<J �LK(M Ò ��N��!&#
O

2.1: JRA25/JCDAS .QP�R%S' 1979 )T*N, 2007 )S. 2
�

3 / 1 0 4 1 (00,06,12,18UTC)U"� ��V�W 1.25 X$Y 1.25 XZ([]\�^
23
\

(1000hPa-0.4hPa)�_�N�Q!�` ^ a$b_c�dfe]g_h"iGj W ��kF�ml��TnQo_l���p�q

2.2 r s t uvw= ���x��!�y�z5��{�|$#_}E~ ���w= � F ,�6(�"�G� �$�GO 2.2
= {+|Q#

O
2.2: �_�N��!]�<�

a0 �������
Ω ��� .$�G�_W
H ���_� i������
φ ��W
λ ��W
f �w� b ���w���<�+� f = 2Ω sinφ



6 � 2 � �_�N��!��E�+��� ����y�z

z � ^�p��
	
� (z = −H log p)

~V
p
��w=@7�� � U���l ����� �:i

u, v
k��ml��Tn$o_l

ω
Z�[��

θ
q
�

Φ
a]b_cGdfe&g_h"i

q � �
�
� �
ψ

����"^

� ! ���� �_� β ���E�]� �! �"�� Ò�F � B&� ��� �E��� 6(� � �
	�>= `#x� Ò ���� Ò_F �"#
2.2.1 $&%('
� �)� l � �
*
+��S��� � ^�p��
	
�
,>=@7EF-Ò@�

(

∂

∂t
+ ~V · ∇

)

q = 0 (2.1)

� O
-���. ��#�!
/w� �
q ≡ ∇2ψ + f +

f 2
0

ρ0N2

∂

∂z

(

ρ0
∂ψ

∂z

)

�10 ��#+!
/>� � ` ^ � k����<J�23 (-) �546 2�3 (’)(
k����<J *-, .87 )

=:9�� � � |D;9�<"�
q = q′ + q

�
ψ = ψ + ψ′ = −uy + ψ′ � |(��� � v

�
v = v + v′ =

∂ψ

∂x
+
∂ψ′

∂x
=
∂ψ′

∂x

� * � �"#f4�, =���kF�=�GJ
> .@?E'�`�A B;B 4 F �DC
EE|>��� � (2.1)
���

∂q′

∂t
+ u

∂q′

∂x
+
∂ψ′

∂x

(

dq
dy
+
∂q′

∂y

)

= 0 (2.2)

��* � �"# � ! �:��F 46f��G
H � 46 23 .8I . 4 BJB 4 F �5CEE|��K� � 46>.ML �B 4 F � |(� � � B���.\Ò@��� (2.2)
�

(

∂

∂t
+ u

∂

∂x

)

q′ +
dq
dy
∂ψ′

∂x
= 0 (2.3)



2.2. ����y_z 7

� ��. �"# � . � .�� 46S.Q�f� ��kF�=��� �EWf� cx �G�Q! � . �
ψ′ = ez/2HRe

[

Ψ(y, z)eik(x−cxt)
]

(2.4)

��|(��� ��� (2.3)
�Q�

∂2Ψ

∂y2
+

f 2
0

N2

∂2Ψ

∂z2
+ n2

kΨ = 0 (2.5)

� D �Q# �
� �@�
n2

k(y, z) =
1

u − cx

∂q
∂y
− k2
−

f 2
0

4HN2
(2.6)� 0-8:�

nk ��� ^ k
= �E|�������	 ��
��&# � ! �]� (2.4) . ez/2H

���
ρ−1/2

0

=��� |����� 0 �"# � (2.5)
�������� .���� *@+G� . F ����� 7x8:� Ψ ��� ����	>. I .QF������ �

����� =@0 � � � B=9 *T�"#@}_~ �����J��� ��W � K(ME� � � B! � F�� � *-, �J��� �Wf� 0 �G�Q!]#�"$#�� � E&%��(. ���
�('�� .�)�* = �+|(�����f� O�- |(� � � =�D �"#� ! � � ��	
�+�+�Q�GkF� � ^ � wn � |(��� � ����	 � cx = 0 . � .
n2

k =
1

a0u
∂q
∂φ
−

(

wn

a0 cos φ

)2

−
f 2

(2NH)2
(2.7)

� O
-���. ��#
2.2.2 +-,/.10 2-3547698
Eliassen-Palm flux

SSW
=;:-<>=@?)�GJ@=&?�l .Q`)Af�;G!A+|>� =��Q� ` F 4"6�! b+� �G� (Transformed

Eulerian Mean , TEM)
*�+<� � � F !��<� B;B � �)0 � # � �
� l@*@+G�,(=&7)� � TEM*
+��w��� � ^�p
��	
�,S=@7_F �

∂u
∂t
− f0v∗ =

1
ρ0

~∇ · ~F + X (2.8)

∂θ

∂t
+ ω∗

∂θ0

∂z
= Q (2.9)

∂v∗

∂y
+

1
ρ0

∂ω∗

∂z
= 0 (2.10)�10 �"# �
� �@� (v∗, ω∗)

�
v∗ = v −

1
ρ0

∂

∂z

(

ρ0v′θ′/
∂θ0

∂z

)

(2.11)



8 � 2 � �_�N��!��E�+��� ����y�z

ω∗ = ω +
∂

∂y

(

v′θ′/
∂θ0

∂z

)

(2.12)

�DE��N4�6(���
7 �&�
�����T� 0 ��# ~F
�

E-P flux(Eliassen-Palm flux) ��
��@6 � }E~E.	 < = E
�-4"6(��#
~F =

(

−ρ0v′u′ , ρ0 f0v′θ′/
∂θ0

∂z

)

(2.13)

� ! � E-P flux
��� � ���� = )�*�|�� � � .� �
�������M�Q�T�����&|�� #�" # � � E-P

flux
B��
� |(�K� ���$�&k�l�� � �
��� |>� ���T�
�ml
� � B� �! � (

�
(2.8)) # X,Q

�Q�
" 6�#]6�$&% �('+?*)���)��&+ � 8-,�.T= ��/ |�����. � 0 �"#�0 *<� WKB 132(.4� � �
E-P flux

�
~F = A~cg

�6587 � � B "�9 ��# A
� �>.(:���W � ~cg

� �(.(;G�_W � 0 ��# " #�� � E-P flux .&� .� �>.;)�* * � = 0&<+|���#� ! � � ��	
�+�+�Q�G� (2.8)
�

∂u
∂t
− f v∗ =

1
ρ0a0 cosφ

~∇ · ~F + X (2.14)

� ��.��
~F =

(

−ρ0a0 cosφu′v′, ρ0a0 cosφ f v′θ′/
∂θ0

∂z

)

(2.15)�10 �Q#
3 =�>�?A@3B�C�DFEHGJI�KML [Plumb(1985)]

N�O . (y,z)2
vQP�� E��-4 6+! E-P flux � � Plumb

�
3
vQP�=(R4S ��!]# � .��������� ��� �
E
T
U>.846(.�)�*f� O- ��� F �"# � ! �$� .8 �" =G��V�> � kQ� 0�W �<�

� F � � � =(X � B�Y R �10 ��#
~F = p cosφ

(

v′2 −
1

2Ωa sinφ
∂(v′Φ′)
∂λ

,−u′v′ +
1

2Ωa sin φ
∂(u′Φ′)
∂λ

,
2Ω sinφ

S

[

v′T ′ −
1

2Ωa sin φ
∂(T ′Φ′)
∂λ

])

(2.16)
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3

E���S�]�
2007 ) 2 /(~��_*N, 3 /���� = * � � �H �$! SSW .�� + � � SSW .��.M46S.�~ * )�* =�+_F �m���x��!$#  � ����� N � � SSW .�� +�� " .	� = 4�6>.G~* )�*w.�����
��5� {+|Q#

3.1 2007
 �

2 � � � � � 3 � � � ��� � � � � � � ��� �
 � �!#"

2007 $ 2 %'&)(+*-,/.	0 SSW 132�46587:9<;:= 3.1 >3? 2007 $ 2 @ 15 AB(
* 3 @ 10 A<C ! 1 80 D N E'F !'G�H+I�J 0	KMLMNMOP5Q7/R	0S;UT:V�W�X�Y[Z " 4K ?]\^ X�Y'Z " 8K

!)_a` ;  8J (b*-? 10hPa >dcMe�f 2 @ 20 Ag(b*-K�L#hMi	jkRl? 2 @ 27 Am (6* 3 @ 2 An>d()o�f�p�L�?Mq J (b* 3 @ 4 Ar>�(#o�f<s]tQj�LkRuf�e `) Mv h'w�( ` ;

= 3.1: 80 D N E�F !SG�H6I�J 0	K�L�1�xMy:z#YS{d|}=S;�T#V'WdX�Y�Z " 4K ?:\ ^ X�Y'Z"
8K
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	 >	?  1 SSW 1�
� >'c:o `������ 1�������y >��ae[f���� 0�;}= 3.2

" ? 2 @ 15

Au(+* 3 @ 15 A<C ! ? 30hPa >dc)e[f 65 D N (b* 75 D N
!'G[H6I�J 0 E-P flux 1���� � 5n7 R�0"!	1 !)_a` ;$# "&%(' ?�):h 1979 $:(b* 2006 $�1UA ' 13K�*�+�?-,:hdK�*�+.0/213�45 1&+�?$6:h 1979 $:(b* 2006 $ C ! 187�9]Y�>dc)o `;:�< +�? :�= +�?->#h

2007 $ 1�+ !#_:` ;[K?*�+ (+*Bw)( `A@"B >	? ���"� 13x?CMy !#" E-P flux 1���� �  "�D�EGF >8H 1�+P5 v�I ?�JLKM?��N " i-O >�P�Q I3J f)e ` ;bRr(PRB? 2007 $ >�cae
fd? 3 @ 4 ? 5 ASR�T ! ? E-P flux 1&�"� �  " 1979 $:(b* 2006 $�1 :�= 5VU�W#9 `L@ABX <ZY X�[ 1&+ 5n7kRl?$J�K�M��N)hM%$O�>\M�] J fMeM0  av h�wM( ` ;  1 @AB X ?�M
��N 1�^�_ X %-OL`}1&P�Q "�a X  #vu!#_a` ;
E)i�(+* ? 2007 $ 2 @�bU>3, .30 SSW 1��-�U> �����[!#" ?�c�9�YM>&d�e >'pSL/R ?
q�1��[s t	jML R�0  :v h�wa( ` ;�C[0  1 2 fhgQ13jaL:h�i�,:9 ` 3 @ 2 An(+* 3 @ 8

AQ>�(#odf ���j��! ����[y]18^_ X %$O�kml:h-i[, RQ03? v e Bna X&o�p h�qaX#W�(b*r�s !�Y 0�;�E)%�?�c�9�YM>�?#p'LkR ?[s�t3jML:h-t  mu 0 SSW
v ?�q�1&� >8v?w I�J

0&x�yU1�%-O�k�lU>m�ae�f���� 5�z u 0�;

= 3.2: 2 @ 15 AB(b* 3 @ 15 AQC ! 1 30hPa >dc#o ` 65N (b* 75N
!SG�H6IQJ 0 E-P flux

1���� �  (kg/s2) 1�z�{�|a;�# "�%}' ?) ~ K�*�+M?�> ~ 2007 $M?�, ~ K�*�+ + 1�3?45 ?�K�*�+ -
1�3�4�5 ?�6 ~ 1979 $ (b* 2006 $�1 :�< ? :�= +M;
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3.2
� � � � � � �


�� !
	 0 @"B >	? 2 @ 20 An( * 3 @ 4 A<C ! 1&c e�9�Y ! SSW
"

2 f�, .8f)e)0d; � r!)" ?  1&9]Y�>Sc#o `\���A���� 132�4�>m�Me�f����kR�0�;}C��<? 10hPa >dc#o `
xMy�� 1'z#Y&i�� 5;�L� ` ;a= 3.3 > 10hPa

! 1�������� V�������x�yP5n7#9<;]T:V'WdX
Y�Z 400gpm ?]\ ^ X " ?�, ~ 30800gpm E)i�?�6 ~ 30400gpm E)% 587 9<;  1[= ! ? 2

@ 23 A " 1 f gQ1 SSW 1 :�� 9�? 27 A " pdL 5��! �0'z-9�? 3 @ 2 A " s]t3j�L 5��! 
0�z-9�? 3 @ 4 A "#" fhgQ1 SSW 1 :�� 9 !#_a` ;�7 f)1�= ! ��$ 1

�  h�^�_ !)_a` ;
C[0<?}= (b) % (c)

! " ?�&�'�(}h*)���+rF-,:(+*-F/.�0}im` v .�1 >#2�� RQfae43  #v
h[wa( ` ;  rJ (+*-? " fa1 SSW

!65 >���$ 1 h67�8/Rrf�c I ?:pSL�9 >�.�9:hds�:�;I�J 0  #v h[wa( ` ;L�}C I ?PC<�m��$ 1 h�i�=/R8f 1 fhg�1 SSW h�i�,/R ?���1<>@?
h =6I 3 X `�v�Y ><.�1:h�pSL Rg? q�1��[s�t-��$ 1 h�i�= Rrf 2 fhgQ1 SSW hd, .30 #v h
A@B ` ;

(a) 2 @ 23 A (b) 2 @ 27 A

(c) 3 @ 2 A (d) 3 @ 4 A

= 3.3: 10hPa 1/�6�/���PV��/���[x)y);#i�( * ? 2 @M? (a)23 Al? (b)27 Al? 3 @ (c)2 A ?
(d)4 Al; T)VSWdX�Y'Z " ? 400gpm ;�\ ^ X " ?�, ~ 30800gpm Eai<?-6 ~ 30400gpm Ea%d;
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	 >�?  1 @"B X x�y}h��r1 @"B >8k�l/Rnf Y 0�1S(�5\�L� ` 0� �? = 3.4 >�? 50 D N

(k* 80 D N
!�G�H+I�J 0<?�7L��$ �  1 E-P flux 1<xay��Sz#Y�{'|�= 5Q7 9<;����	� �

1�i�
 Yd" E-P flux 1&��� �  ?� G O�
 " E-P flux 1��<F �  5�� Rl?������ �]1�� I" ? 100hPa
@ I i !#" 10 � R8f _)` ; C�0<?����#> " 00UTC

v
12UTC 1�+ 5��:e)0�; 1�=[(b*-? 1 fhgQ1 SSW 1�
 1 2 @ 17 A m (k*���� � (+* ���"� ` 1&�]1�i$O�k�l:h

^�_U> X `: #v h'? 100hPa
! 1 E-P flux (+* w)( ` ;]q J EMpS? 2 @ 25 A<C !����"��!" ?ai$O�>8kl Rl? 10hPa Ea% ! .�1 > 10hPa

@�I i ! ,! �1 >8kl RrfMe `# )v h�wM(` ;aq[1&��? ���A� 7�1 ! � " &�C�y�"?`mkl R " .� 	? ���A� .�1�13L�y#h : !�%�h u
0 3 @ 2 A m (+* s�t$k�l�O�
 " .#
 Y > X ` ;UC�0	?}= 3.2

! !B7/R30 @"B >3? 2 f g
1 SSW 1&��? 3 @ 4 A m (+* ? ���"� %<( ! E-P flux h)%$
 Y > X `# #v h[wa( ` ; rJ (+* ? 1 f g�1 SSW

" ��� � (k*Sk�l/RQf Y 0/)�%�&�X��:h . >�'�(�9 `: #v >@GI*)�Y t  �I3J 0  :v h�w)( ` ;}q RQf'? 2 @ 27 A8(k* 3 @ 2 A " ?�&�C�y$"j`��}h
kl)9 `# av > @�I . 1 ! d+ X-, K}1�f/.}>�0 B pdL)h�,k.�0&�[?3s]t#.�1 >��#h/'1(
R ? 2 f g31 SSW hd,/.�0 v*2 B6* J]` ;

= 3.4: 7?��$ �  1 E-P flux 13x)y}z)Y[{S|]=�;����	� �}1$��� �  ?�� G��  " q J3 J ? E-P flux 1��"� �  ?4�<F �  ;��#�5� �}1 < YMI�" ?$6�7��#�5� � _ 0 I ?8�<F�  "
1.0×107 kg/s2 ?���� �  " 5.75 × 104kg/s2 !)_#` ;}0�9 R ? 100hPa

@ I i !:" ?< Y�I 5 10 � R8f _a` ;
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x�y�1�i-O�kl >m�Me�f " ?)= 3.4
!�� � ! Y'` hS?�2�>dpdL����]1&i�, z)>dc)e�f��

h��	��|�
�5��Q1 @"B >�k�l R ?����K 5rNMO I�� 0�1'(�wa(b* X ed;}q  �! ?#pSL�? 2

f gQ1 SSW 18��1&kl	��� 58? E-P flux 1�����|:{�|P5 	U`# #vB! @�I�� R@3 ��� R�0<;
= 3.5 ? = 3.6

" ?	�#(+*-?��� G[H K v ?7���$ �  1&x�y�1 E-P flux( ~F)
v ?���> @'`

�	� G�H K]1��!+ay�>����)9 ` ?���y !��hu 0 E-P flux 1&i� (∇ · ~F/ρ0 cosφ) 5n7:9<;}C
0	?}= 3.5

" i[(+* 2 @ 28 A ? 3 @ 1 Al?}= 3.6
" i[(+* 3 @ 2 A ? 3 Al? 4 A<5*�]e)0�;

T#V'W'XMY�Z " ?	��� G�H ����K " ? 5m/s ? ∇ · ~F/ρ0 cos φ
"

4m/s/day
!#_)` ; E-P flux

1 �#�	� �}1 < Y�IS" = 3.4
v � . !)_#` ;

C��	?}= 3.5 �]1!��� G[H K v = 3.5 " 1&7L��$ �  5 #%$-x?yU> v ! X B E-P flux 1
k�l	&]t�'�(U>��Me[f 	 f)e 3 ; 2 @ 28 A�>�? = 3.5 � i @�I ? 70hPa i-O�? 60 D N EdF! J�K)�1:h�*�+kRl? SSW h�,k.nfMe `# )v h r�s !�YS` ;�= 3.5 "}i�(b* ?$J�K)�1 !" ?�x�y > @mu f 8 m/s/day E)i v e Bn<ZY X , K��+�1 hd, .rfMe ` ; q�1���M? 3 @
1 AQ>�?�= 3.5 �:% ! wM( `L@�B >�?�.�1 ! , K#h�s�:�; IrJ fMe ` ;[= 3.5 "}%�(b* ?  
1 v-YQ! ! xy:h6."�>8k�l#9 `) )v > @�I xy > @S` , K�+ h�,k.nf�c I ?)q Jbv �
�)9 `L@AB > 10hPa ? 50 D N R�T ! J�K�!+�1:h�, .nfMe ` ;)q J > @�I ? 3 @ 2 A !)" ?
= 3.6 �}i ! w)( `j@"B >	?�.�1 !	, e , K�? 10hPa ? 50 D N RT >�J�K	)�1}h.- �6I3J
fae ` ;)= 3.6 "]i !)" ? 10hPa RT 1	? 50 D N (+* 80 D N >�J�K��!+�)�1 h _ I ?�- �IQJ 0 , K�(�5 ���A� % � (b*ui$Okl#9 ` x�y > v ! X B E-P flux 1/'�( > @�u f6.�1
1 , K65 0!+ R " .# ` ;�q[1�'(U> @�u fS? 3 @ 3 A !:" ?}= 3.6 � ( ! ? 10hPa

@GI
i-O�1!)�1 ! , K:h�1 3 X I ? I *�>&J�K���+}hS,/.rfae ` ( = 3.6 " ( ) ;L�Me#>3? 3 @
4 AQ> " ?)= 3.6 �:% ! 7 IQJ 0 @AB >�? 10hPa i$O�? 70 D N E�F ! s]t$J�K#h�, .l? 2 f
g�1 SSW h�i�,/R30�; rJ (+* ?�x�y > @ I ? 2 @ 28 A�> 70hPa

@ I i-OU1 60 D N EdF >2*	+/R30&J�K	)�1" , K�>��+ IQJ 0  )v %�? )jY43 e�f<, .�0&���]1�i$O�kl > @�I ? 3 @ 1 AQ> 10hPa ?
50 D N RT ! J�K��!+ I�J ? 3 @ 2 An(b* 4 AQ>S(:odf:q  Q! J�K	)�1P55- � R�0  )v h
w)( ` ;L�}C I ? 2 @�b}(+* 3 @�i[& >�(:o'fd, .	0 2 f)1 SSW

v ?Uq�1�Ya1 ���"� .
1 ! 1&d�e X L�y#pM% " ? ���A� ( ! 1&����> v ! X B E-P flux 1/'�(�i� > @�u f )jY
t  [I3J 0  #v h[w)( ` ;
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��� G[H ����K 7���$ �  

= 3.5: � � G�H ���LK ( � )
v 7?��$ �  1 E-P flux( ~F)

v q�1.'�(b5��ay !�� u 0 !d1
(∇ · ~F/ρ0 cosφ)( " ) ; ( � ) T)VSW�SY'Z 5m/s ?M\ ^ X�YSZ 10 m/s ; ( " )E-P flux 1 ����� �" ?}= 3.4

v � .B; ∇ · ~F/ρ0 cos φ
" T#V'W�X�Y�Zd?]\ ^ X�Y[Z " v !�> 4m/s/day

! ?�,
h�H	)�1�?m6 h [ )�1 !#_a` ;:0�9�Rl? � 8m/s/day Ea%�? � 12m/s/day E)i !:"���" N
B[f�ck* �3?�� 4 � 4m/s/day > "�� 5-�:oSfae X e
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��� G[H ����K 7���$ �  

= 3.6: 3 @ 2 Au(b* 4 A3C ! 1/�	� G�H ����K v x�y�1 E-P flux
v � > @'` �!+)y]12���

| {d|�=d; T#V'WSX<?4���5� �}1 ���]1 ����" = 3.5
v � .
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	 >Q?-��$  �U5;z B� )v > @�I ? �r18��$ �  h  1���� G�H K]1QN�O�> 5 >�7�8 R
0M1[(�58�L� ` ; C��3?���$ 1

�  v ��$ 2
�  >m�)e�fS7}9<;:= 3.7 ? = 3.8 >	? % �

$ �  >�0 B E-P flux ���5� � v q�1/'(�i�� 587#9�;  QJ (+*-? 2 @ 28 A ? 3 @ 1 AQ1, K�!+ " ? 5 v Rnf���$ 1 1 E-P flux 1/'�(?i� ! , .nfMeM0  )v h�wM( ` ; D O�?)=
3.7 %a> @�I ?��$ 1

�  1 E-P flux
" ? 10hPa ? 70 D N E$�]5!(�� >2'�(M?���$ 2

" ? 60

D E��$,! �" ! '�( R8fMe ` 0� 	?  18J�K�)�1�1�- � > " ?���O]1&� �  h�7�8 RnfMe` ;)= 3.8 i[(b* ? 3 @ 2 A�> X `�v ?���$ 1
!#" = 3.6 1&J�K��+�1 v����� . 7	�a>3?

� .8('? q J E:ia1 , I3! J?K���+b5j!<0P*[R8fae ` ; D O�?���$ 2
!#" ? 10hPa ? 60 D

N RT !#" ��$ 1
��
 J�K���+ !#_a` hS?]q J @�I .�1 !#" , K��!+ !)_)` ; 3 @ 3 A�>X `]v ��� 1��e ""@�I���� > X I ?���$ 1

!:" = 3.6
! J�K��!+ Rnfae ` )�1 v�����

. )�1 ! ?-7���$ �  @�I <ZY 3 J�K�!+/RnfMe ` ; D O�?���$ 2
!)" ? � . )�1 ! , K

��+ hd, .nfae ` ; 3 @ 4 A !#" ? ���"� i �:! , K��+65:R8fMe ` !�1 " ?��$ 2
�  

!:_#` ; 	 >	?}= 3.9 >$��$ 3
�  1 E-P flux 5Q7:9	;$��� � �}1 < YMId" = 3.7

v�� .!)_a` ;  8J (b*-?m��$ 1 ?���$ 2 >����Mf ���A� >dc)e�fd?�� $ 3 1 E-P flux
"&=PI 3 ?

q�1!'�(?i���1 < Y�I ! 4m/s/day 5��!B `�@"B X + " *�+/R X eS;  rJ (b* ?���$ 3 1���"��! 12��� G[H K�1�NMOL` 1<7�8 "�=PI e v�2 B `: )v h���� ` ;
E)i)1���$  �/R30 E-P flux 1���� (+* ?  1$9�YM>dc:o ` ��� G[H K 12��+�0!+ " ?

��$ 1 1�7�8:h-^�_ !:_ I ? ���A���� N�� " ��$ 1
�  v �	� G�H K v 1�������� !��

�'! Y[`# #v h[wa( u 0<;
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��$ 1 ��$ 2

= 3.7: 2 @ 28 A ( i )
v

3 @ 1 AQ1$��$ 1
v ��$ 2 1 E-P flux

v � > @[` ��+#y�12���M|
{d|]=';UT#V'WSX	?8�#��� �}1 � �]1 � �]" = 3.5 > � .
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��$ 1 ��$ 2

= 3.8: 3 @ 2 A ( i ) ? 3 @ 3 A ( ( ) ? 3 @ 4 A ( % ) ��$ 1
v ��$ 2 1 E-P flux

v ��> @S` �
+ay�1/����| {d|]='; T)V'WSX	?8�#�5� � 1 � �]1 � ��" = 3.5 > � .
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2 @ 28 A 3 @ 1 A

3 @ 2 A 3 @ 3 A

3 @ 4 A

= 3.9: ��$ 3 >dc#o ` E-P flux
v ��> @d` �!+My]1����|:{�|}=d;:T)VdWdX3?����� � 1

���]1 ����" = 3.5 > � .
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3.3
� � � � ��� � � � � � � �
	 � �

�������
3 � 4 ��������� ���"! #�$&%('*),+&-*.&/1032�45

3.2
�7698;:�<7=?>A@B�

3 � 4 � �1��C ��D�E�F �*G(< !,HJIK$&%JLM���7'"�12ML � 5
3.8 ' > +"- 6N� 3 � 4 �O' � �"D 1

� ��D 2
�*�

E-P flux �P!,HJI?E�F1LM��� = �12 1=
L*Q�R � IP2�4S T � ��UV��W�X3��YZI�[]\ � �^L`_3a�'P! #�$"% : -,+12 �= b Q�R�0c2�4 3 � 4 �
� 10hPa

=
500hPa ���"D�E&F3��dMe�f"g7h i��Kjlk�m b 5 3.10

� 5
3.11 ' 8 0`4 5 3.10� �PD 1 ElF � 5 3.11

� �"D 2 E"FJ��d�e�fPg(h�i��nj*k&m ��o 2O4 5 3.10 [p\ � 500hPa

�,i`qsrKt�u�v�w('�x�y10�2Ok�z�{�|�}&~cL � 10hPa
�^� t��M�1� �"�7'�x�y10�2 <�� �

�&D 1 ��W�X � k]� =�=P6 '�v�Y : -�+^2�4 : [ :N� 5 3.11 []\ �1� � 500hPa
=

10hPa

��k�z�{1�&��z,{�|�}�~ �`�������7�9� m(' x�y :N� � �����`� {(���`��� b3: -�+c2^= L&�1[32�4p� @���� ' � W�X(� Y�I =�� ���,� bOG 2 <�� ' ��� ��D�E�F(' ����k
m&��� � m7 Kk�m1¡M¢ 5 b 5 3.12 ' 8 0 4 �£ []\ � �&D 1

�
2
=l6 ' 3 � 1 � � E&¤c¥� W�X ���,��<1¦ -,+c2`L � 3 � 2 ��' � E,¤c¥ � k]� =�="6 'M§c'�Y©¨ J= L"��[32�4O£c�

E-P flux
�*8 � £J< �V��ªM#�$�% (
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