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gives vortex stretching and so intensifies the lower level cyclonic anomaly. 

The streamfunction field tilts to the west with increasing height.  From the omega

equation, there is ascent ahead of the cyclonic anomaly.  This vertical motion
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vRCTi�aE]`�k] ]^FkFkL ��LNPN]`�kLjABD A^~E�kLN��L"!�]`�kLjABD ~@_kA^�@Pji�� _ki�g��ELj_ki�F�] D��E��i%_©LNM%]^PV��LNDELN��L Fk]`�kLjABD�]^Pj�^A^_©Lj�kCE��>
vRCEL F¥�-�EFk�R�$i,Fk�ELj�k]`�@PNi��ÂA^_�PN]`_O�^i H�FkM%]^Pji-�@DEMYABDEFG�G_O]^L DTi�a3~E_kA^�@PNi���F%>�S�����]`W�L DT���kCTi,�ÂA^_kh!]`_Oad��AXaTi�P
PNLNDEi�]`_�I��kCTi�D �kCEidMYABFG�����EDEMY�kLjABD �$i�MYAB��i�FVg��E]^aT_©]`�kLNM`> vRCELNF i�DEFO�T_ki�F �kCE]`���kCTi%_OidiY�XL FG�kF�]/�EDEL gt�Ti
��LND@LN�-�@��> v�CTi%_k�ÂA^_ki^Iph�i"DTi%i�a ABD@Pj� i�D@Fk�T_ki��kCE]`���kCTid]^Pj�^A^_OLj�kC@�;LNF�M%]`~@]`�@PNi�A^� <5DEaELNDT��]/PjAXM%]^P
��LND@LN�-�@�+_©]`�kCTi%_R�kCE]^D��kCEi��BPjA^�@]^P���L DELN� �E� A^�#]�DEABD;H gt�@]^aT_O]`�kLNM����EDEMY�kLjABD�>
vRCTi���h�A ��ABFG��MYAB����ABD ��i%�kCEA�aEF��ÂA^_�Fk�EMOC ] ~E_kA^�@PNi�� ]`_ki�MYABD�Fk�T�B]`�Gi��^_O]^aELNi�D��3��i%�kCTAXaEF3]^DEa
g��E]^FkLIH�JVi%hR�GABDd��i%�kCEA�aEF�>�vRCTi%���[A^�kC"]`~E~E_kAz�XLN��]`�Gi,J�i%hR�GABD6E®FVm"i%�kCTA�a�IEh�CELNM©C�LNF <E_OFk�¥iY�X]^��L DTi�a�>
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=�ABDEFOLNaTi%_3�kCTir��L DELN��LNFO]`�kLjABD�A^��]^D A^�;FGi�MY�kLj�^i/���EDEMY�kLNABD � � 3 ��h�Lj�kC _ki�Fk~[i�MY�"�GA�] �^i�MY�GA^_ 3 > q«�
LNF ~$ABFkFkLN�@Pji��GA/aEi%_OLj�^id]^D Lj�Gi%_O]`�kLN�^id]^Pj�^A^_OLj�kCE� �kC@]`��M%]^D �$i3�@FGi�a �GA�<@DEa �kCTi��`]^PN�Ti3A^� 3 ]`���kCTi
��LND@LN�-�@��>#S��3MYABDEFkLNaEi%_OLNDT� ]�FGi�MYABDEa�A^_OaEi%_Rv³]z��PjA^_VFGi%_OLji�F!iY�X~@]^DEFkLNABD�A^� � � 3 �©I@]^D@a��EFkLNDT� �kCTi���]^MY�
�kCE]`���kCEiR�^_O]^aELji�Dt��A^� � L F
!%i%_kA�]`��],��LNDEL �-�E�dI��kCEi�D��kCTi�JVi%hR�GABD�E®F���i%�kCTAXa�]^Pj�^A^_OLN�kCE�<LNF�A^�@�k]^LNDTi�a
��S�i�]^Pji^I³x�A�`�`B�[=

3�� � H 	 3�� ��� �z(7� H P	� ��|�'B�
h�CTi%_Oi�W�LNF2�kCTi�Lj�Gi%_O]`�kLjABD�I ( 	 ��� � LNF2�kCTi�CEi�FkFkLN]^D���]`�G_OL �$I�]^D@a P 	 � � LNFp�kCTi��^_O]^aELji�Dt�2�^i�MY�GA^_z>
vRCTi"~@]`_O]^��i%�Gi%_ � � CE]^F��$i%i�D�LNDEFki%_k�Gi�a LNDt�GA/�kCTi)i�gt�@]`�kLjABD FGA �kCE]`��] PNLNDTid��LNDELN��L Fk]`�kLjABD A^���kCTi
���EDEMY�kLjABD � L F¥~$i%_k�¸A^_©��i�a�LND3�kCTi,aELN_ki�MY�kLjABD ( � H P >
q�D ]rP ]`_k�^i)FkM%]^PNi"~E_kA^�5Pji��;Fk�EM©C ]^F�aE]`�k]r]^FOFkLN��LNP ]`�kLjABD �kCTi)CEi�FkFkLN]^D���]`�G_OL � ( LNF��GA�A iY�X~$i�DEFkLj�^i
�GA�M%]^PNM%�EPN]`�Gi�]^DEarFG�GA^_Oi�iY�X~@PNLNM%LN�kPj�^Ig]^DEa FGA)]`~@~E_kA��TLN��]`�kLNABDEF,� �EFG���$i���]^aTi^> #TAB�T_ Fk�EM©CrFk�@Lj�k]`�@Pji
]`~E~E_OA��TLN��]`�kLjABDEF�C@]��^i��$i%i�D��Gi�FG�Gi�arh�Lj�kCELND)�kCTi & } $�]`_-�¸_O]^��i%h2A^_kW�]`~E~@P Lji�a"�GA"�kCTi�np]^aT����AXaTi�P�>
vRCTi�Fki3]`_Oi��kCEid��i%�kCTAXaEF A^�VFG�Gi%i%~$i�FG��aTi�FOMYi�D��%I!MYABD�Fk�T�B]`�Gi��^_O]^aELji�Dt�%I7g��E]^FkLIH�JVi%hR�GABD ]^DEa P LN��Lj�Gi�a;H
��i���A^_O� $EhVCELNMOC�]`_Oi,DTAzhaTi�FkMY_OLj�$i�a�>

(�� \�� ( ��Y*8*,5 *, )��>*, ��i*;���
f*-YcW���

vRCTi�Fk�Gi%i%~[i�Fk�,aTi�FkMYi�Dt����i%�kCTAXa�]`~E~E_kAz�XL ��]`�Gi�F��kCTi�CEi�FkFkLN]^D���]`�G_OLj�����)�kCEi�LNaTi�Dt�kLj������]`�G_OL �$>�vRCTi
]^Pj�^A^_OLN�kCE� �kCTi%_ki%�ÂA^_ki,�$i�MYAB��i�F)=

3�� � H 	 3�� ��� ��P	� ��|^�B�
vRCTi-FGi�]`_OMOC)aELj_ki�MY�kLNABDdLNF¥�BLj�^i�D"�t�3�kCTi E®aTAzh�D@CELNPNP ETaELN_ki�MY�kLjABD�>pUVAzh�i%�^i%_�I[�kCELNFR��i%�kCTA�a)M%]^D E !�Lj� !�]`�_E
LNDt�GA��kCTi���L DELN� �E��I��BLj��L DT��FkPjAzh MYABD��^i%_k�^i�D@MYi-h�CEi�D3�kCTi�MYABDEaELN�kLjABD�Dt�@���$i%_¥A^� ( LNFRP ]`_k�^i^>
vRCTi�Dt�@��i%_OLNM%]^PtFG�Gi%i%~$i�FG�³aTi�FOMYi�D���]^Pj�^A^_OLN�kCE� �EFki�a�LND��kCELNF�_Oi%~[A^_O�³�EFGi�F³�kCTi2�^_O]^aELji�Dt�kFgABD@Pj���GAV~@_kAz�XLNaTi
�kCTi�Fki�]`_OMOC)aELj_ki�MY�kLjABD�IX]^D@ad�EFGi�FR]^D"LNDTiY�T]^MY�RFGi�]`_OMOC"�GA�M%]^PNM%�@PN]`�Gi��kCTi�FG�Gi%~)Pji�DT�^�kC�>

(�� \�� J .a�Q�,e��WP��N�*/6��Y���+��*;���
f*-YcW���

q«��LNF�~$ABFkFkLN�@Pji �GA)�EFGi��kCEi��^_O]^aELji�Dt�,�^i�MY�GA^_OF-�GA)MYABD@FG�G_O�EMY��MYABD9FG�T�B]`�Gi�aELj_ki�MY�kLNABDEF H�Ig�kCE]`�-�k]`W^i�LNDt�GA
]^M%MYAB�EDt���kCTi-CTi�FkFkLN]^D"��]`�G_OL �$>2c�^A�A�adaEi�FkMY_OLj~E�kLNABD3A^�wMYABD9FG�T�B]`�Gi aELj_ki�MY�kLNABDEFRLNF¥�BLN�^i�D"LND"ZXCEi%h�M©Ct�TW
��x�A�A�&t�©>-=�ABD�Fk�T�B]`�Gi aELj_ki�MY�kLNABDEF�M%]^D��$i-MYABDEFk�G_O�EMY�Gi�a��EFkLNDE���kCTi MYABD�FG�E�B]`�Gi���_O]^�MH«ZXM©CE��LNaT��~E_kAXMYi�FkF
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LNF!�BLj�^i�D"�t��=
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� � �

� � � � � ��|i@^�

h�CTi%_Oi��kCTi�� � � ]`_ki-MOCTABFGi�D)FGA��kCE]`� � � � (K� � 	 {��¸A^_����		�T>2vRCELNF��BLj�^i�F)=

� � � 	 � X � � (K� �� �� (K� � � ��|�`B�

vRCTi�~@_kA^�@Pji�� LNF3�kC@]`� ( LNF��@DTW�DEAzh�D�> UVAzh�i%�^i%_�I-LN�dLNF�FG�kLNPNP�~$ABFkFkLN�@Pji��GA MYABDEFG�G_O�@MY�"MYABD�Fk�T�B]`�Gi
aELj_Oi�MY�kLjABDEF¥�����EFkLNDT���kCEi,�^_O]^aELji�Dt�R�^i�MY�GA^_OF�
 � ]`��i�]^MOC)~$ABLNDt�<� � ��S�i�]^Pji^I#x�Ai@`|�Iwx�A�`�`B�©>�vRC@]`��LNF%IEh�i
MOCEAtABFGi 8 � 	 � 
 � � H 	 � � � � H IE�GA�A^�E�k]^LND
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� �� � 	 P � � � H � P � � P � � H �
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vRCTi <5DE]^PTMYABD�Fk�T�B]`�Gi�aELj_Oi�MY�kLjABD�LNF�MYABD�Fk�T�B]`�Gi��GA,]^P PT~E_ki%�XLjAB�EFwaELj_Oi�MY�kLjABDEF%IBCTA¼h2i%�^i%_zIt�kCT_OAB�T�BC��kCTi¥h!]��
�kCTi%��CE]z�^i,�$i%i�DdMYABDEFG�G_O�@MY�Gi�a�IEABDEPj���kCTi,~E_Oi%��LjAB�@F¥FGi�]`_OMOC)aELj_ki�MY�kLNABD�DTi%i�aEF¥�GA��$i,FG�GA^_Oi�a�>
vRCTi,MYABD9FG�T�B]`�Gi �^_O]^aELNi�D�����i%�kCTA�a"�EFGi�adLNDd�kCELNF¥h�A^_kW�LNF¥WXDTAzhVDd]^FVc�|^|B�,=¥m ��J�]^FkC�I³x�A�A`{���]^D@adLNF
]�MYABD�Fk�T�B]`�Gi,�^_©]^aELji�Dt����i%�kCTAXa3�kCE]`���EFki�FR]�PNLNDEi�]`_RFGi�]`_OMOC"�GA��E_O]^MOW^i%�V]���LNDELN� �E��>
vRCTi�MYABD�Fk�T�B]`�Gi-�^_O]^aELji�Dt�¥��i%�kCTAXad�EFGi�F!�kCTi,CEi�FkFkLN]^D���]`�G_©L ��LNDE�¸A^_O��]`�kLjABD3LN��~@PNL M%Lj�kPj�^>³UVAzh�i%�^i%_�I[�kCTi
g��E]^FkLIH�JVi%hR�GABDd��i%�kCEA�ad]`~@~E_kA��TLN��]`�Gi�FR�kCTi�CTi�FkFOLN]^D3iY��~5PNLNM%Lj�kPj�^>
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