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w9t(°!y=��w9|	v/z�¹�¥Ov/r�u�v/t_u�w9v1�M~Ku0v�zQz9v/r7q*v��Kt�w9{�{�v.�Kv/{�� ��r�w9v/�Kv/t_���=o�t��=� ��{�|�~K��t�vm{�w9v1�Kv/r�v/w9|	{x�=oSw9t��
|	v/r���r�v/|	w9v/r7v/t �  �wQt�v1y=o�{�p	����rjz9w9� ��v��Xw9{��ao�{�{�w9~Kt"o�t�uS�´t�|	v/r���r�v/|	y=|	w9~Kt_u�v/r£ 0r7q*v��Kt�w9{�{�v.±�t�u�v/|�{�w9� �
y=t�{<� ��z9w9v/¨av/t�uTw9t¤°by=��w9|	v/z�º=��o�t�uTu�y={X°by=��w9|	v/z ® p	y=¨a|£u�w9v_ �r�qav/�Kt�w9{�{�v�{<~K¥_w9v#u�w9v#�Xw9{��ao�{�{�w9~Kt
u�w9v/{�v/r0n�rj�Kv�wQ|*�=o�{�y=�R�Rv/t �
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2 Theoretisc he Konzepte und Modelle

»T¼9½,¾�¼Q¿�À�¿/ÁÃÂ!Ä=Å�¼9½	¿/Æ6À<ÇKÆQÆ0È=ÉO¿/¼9¿/Ê�Æ9¿/¼�¿�ÊjÊ7¿/¼9Ë Ì�½£ÉO¿/Ê�¾�¿/Í$Î=Ï£Ð�ÁÑ¿/¼9Í�¿/Í
À�ÇKÆ9ÆQ¿�Íf½	Ì�¿/ÇKÊ7¿/½	¼9À�Ë Ì�¿cÂbÇKÍ�Ò
È=¿/Å�½	¿.ÓaÇKÊ�Ôa¿/À<½	¿/Æ9ÆQ½*ÉO¿/Ê�¾�¿/Í�Õ¦¾�¼9¿b¼QÍ_¾�¿/ÊJÀ�Å�Ö=½	¿�Ê�¿/Í#×X¼9À�ØaÐ�À�À�¼9ÇKÍOÓa¿/Ê�É_¿�Í�¾�¿/½aÉO¿/Ê�¾�¿/Í$Ù<Ï£Ð�ÁÚÄ=Í�¾�¿/Ò
Ê�¿/ÍRÀ�ÇKÆ9Æ�¿�¼QÍRØaÍ�Ä=Å�Å�¿/ÊAÛ�ÜK¿/Ê�ÜKÆ9¼9Ë Ø�Ý�ÜK¿/ÊA¾�¿/Ê�È=¿/¼9½	¼QÔa¿1½	Ì�¿/ÇKÊ�¿/½	¼9À�Ë Ì�¿1Þ�Í�À�Ö=½	È=¿�È=Ð�ÁßÞ�Í�½	Ä=Ê�Øa½	¼QÀ<Ë Ì�¿/Í
Ï,¼9Ê�ØaÐ�ÁRÅ�ÇKÆ9Ä=ÊjÀ<½	Ê�ÇKÁÑÔ*¿�Ô*¿�ÜK¿/ÍàÉO¿/Ê�¾�¿/Í�Õ�ÇKÌ�Í�¿e¾�Ä=ÜK¿/¼�¾0¼9¿#á�ÇKÆ9Æ9À�½	Ö=Í�¾�¼9ÔaØ*¿�¼Q½$¼9Í¤¾�¿/Êb×XÄ=Ê�À�½	¿/Æ9Æ9Ð�Í�Ô
ÜK¿/Ä=Í�À�Å�ÊsÐ�Ë Ì�¿/Í#È=Ð�ÉOÇKÆ9Æ9¿/Í$Ù

2.1 Barokline und barotr ope Transpor te

×X¼Q¿!Ì�ÇKÊj¼9È=ÇKÍ�½	Ä=ÆQ¿�Íeâ1¿/À�Ë Ì�ÉO¼QÍ�¾�¼QÔaØa¿/¼9½	¿/ÍeãcÐ�Í�¾_ämØaåKÍ�Í�¿/Í�¼9Í#¿/¼9Í�¿4Ó*¿�Êj½	¼9ØaÄ=Æ¦Ô*¿�ÁR¼Q½	½	¿�ÆQ½	¿XæPÜKÄ=Ê�ÇK½	Ê�ÇKÒ
Å�¿/ç�Â!ÇKÁRÅ�ÇKÍ�¿/Í�½	¿Tèã"ÜKÈ=ÉeÙ�èäkÐ�Í�¾S¿/¼9Í�¿1Óa¿/Ê�½	¼9ØaÄ=Æ�ÓaÄ=Ê�¼9¼9¿/Ê�¿/Í�¾0¿_æPÜKÄ=Ê7ÇKØ*Æ9¼9Í�¿�ç0Â!ÇKÁRÅ�ÇKÍ�¿/Í�½	¿Méã_ÜKÈ=É#Ù
éämÄ=Ð�ê	Ô*¿�À�Å�Ä=Æ9½	¿/Í#ÉO¿/Ê�¾�¿/Í$Î

ãSë&èã#ìíéã æPÈ=ÇKÍ�Ä=Æ9ÕdÇKÀ�½	ÉOÖ=Êj½	À$ÇKÊ�¼9¿/Í�½	¼Q¿�Êj½	ç æPî*ÙPï<ç

äOëðèäXì�éä æPÁR¿/Ê�¼9¾�¼9ÇKÍ�Ä=Æ9ÕGÍ�ÇKÊ�¾�ÉOÖ=Êj½	À$ÇKÊ�¼9¿/Í�½	¼Q¿�Êj½	ç

»M¼9½Y¾�¿/Êíñ<Êj¼9Ôa¼9¾òÆ9¼9¾Añ<Ò	Þ�Å�Å�Ê�ÇKóG¼9ÁRÄ=½	¼9ÇKÍôæPÓaÔaÆõÙPÎ"ö�Í�½	¿�ÊjÄ=ÜKÀ<Ë Ì�Í�¼9½	½�÷*Ùøï=Ù ù=ç	Õf¾�¿/Êúá�ÇKÊ�Ä=Ð�À�À�¿/½	Ò
È=Ð�Í�Ô[¿�¼QÍ�¿/ÀRÐ�Í�¾�Ð�Ê�Ë Ì�Æ9Ö=À�À�¼9Ôa¿/ÍBû�ÇK¾�¿/Í�ÀMæPÓaÔaÆõÙPÎ6ö�Í�½	¿�ÊjÄ=ÜKÀ<Ë Ì�Í�¼9½	½�÷*ÙPï=Ù ÷=ç�Ð�Í�¾ü¾�¿/Ê_û�ÇKÐ�À�À�¼9Í�¿/À<ý*Ò
ÞkÅ�Å�Ê7ÇKóG¼9ÁRÄ=½	¼9ÇKÍRæPÓaÔaÆõÙPÎjö�Í�½	¿/Ê�Ä=ÜKÀ�Ë Ì�Í�¼Q½	½�÷*ÙPï=ÙPï<ç*¿/Ê�Ôa¼9ÜK½�À�¼9Ë Ìe¿�¼QÍ�¿i¾�¼9Óa¿/Ê�Ôa¿/Í�È=ê	Ê7¿/¼9¿xÜKÄ=Ê�ÇK½	Ê�ÇKÅ�¿xþG½	Ê�åKÒ
ÁRÐ�Í�Ô�æNèã�ÿ��=èäKÿeçjÙG×X¼9¿OÂ!ÇKÍ�½	¼9Í�Ð�¼9½	Ö=½	À�ÔaÆ9¿/¼9Ë Ì�Ð�Í�ÔRÆ9Ö��*½,À�¼9Ë Ìf¾�Ä=Í�ÍàÁR¼Q½,¿/¼9Í�¿�ÊbÜKÄ=Ê7ÇK½	Ê�ÇKÅ�¿/ÍfþG½	Ê�ÇKÁRÒ
ê	Ð�Í�Øa½	¼9ÇKÍ

Ψ
¿/Ê�ê	Ý�ÆQÆ9¿/ÍJÎ

èãRë�� ï
ÿ
�

Ψ��� èäOë ï
ÿ
�

Ψ�
	 æPî*Ù î=ç

ÿü¼9À�½*¾�¼9¿��a¼9¿/ê	¿!¾�¿/À�
�È=¿/Ä=Í�ÜKÇK¾�¿/Í�ÀdÙ
�´Á��£Ä=Ì�ÁR¿/ÍR¾�¿/Ê£þ�Óa¿/Ê7¾0ÊsÐ�Å�Ò���Ì�¿/ÇKÊ�¼Q¿#æPÓ*ÔaÆõÙPÎ�Þ�ÜKÀ�Ë Ì�¼9Í�½	½�î*Ù î=ç0Ð�Í�¾�À�Å�Ö=½	¿/Ê�¿�Í�á6Ä=Ê�¼9Ä=Í�½	¿�ÍTæPÓ*ÔaÆõÙPÎ

ÞkÜKÀ<Ë Ì�Í�¼9½	½Kî*Ù �=ç*À<½	¿/Æ9ÆQ½�¾0¼9¿xÜKÄ=Ê7ÇK½	Ê�ÇKÅ�¿iþG½	Ê�ÇKÁRê	Ð�Í�Øa½	¼9ÇKÍ
Ψ

¿/¼9Í�¿AÍ�Ý�½	È=Æ9¼9Ë Ì�¿4â1Ê�å��a¿i¾�Ä=Ê§Õ Ð�Á¡È*Ù ûAÙj¾�¿/Í
ÜKÄ=Ê�ÇK½	Ê�ÇKÅ�¿/Í��GÊjÄ=Í�À�Å�ÇKÊ�½�æ èã�ÿ�� èä�ÿeç�Ä=Ð�ÀA¾�¿/Ê0á�¿/Ê�½	¼9Ø*Ä=Æ9ØaÇKÁRÅ�ÇKÍ�¿�Í�½	¿x¾�¿/Ê��£ÇK½	Ä=½	¼QÇKÍ#¾�¿/À��M¼9Í�¾�À�Ë Ì�Ð�Ò
ÜK¿/À�Õ�¾�¿/Á�½	ÇKÅ�ÇKÔ*Ê�Ä=Å�Ì�¼QÀ<Ë Ì�¿/ÍOá�ÇKÊ�½	¿/óGÒ	þG½	Ê�¿/½	Ë Ì�¼QÍ�ÔaÕ¦¾�¿/Á����0û�Þ��£Ò���¿/Ê�ÁÚ¿�½	Ë¦Ù È=ÐSÜK¿/Ê�¿�Ë Ì�Í�¿�Í$Ù ÞkÐ�Ë Ì
É_¿�Í�ÍOÀ�¼9Ë ÌOÁR¼Q½�¾0¿�ÁíÜKÄ=Ê�ÇK½	Ê7ÇKÅ�¿/Í���Ê�Ä=Í�À�Å�ÇKÊ�½aÓa¿/Ê�À�Ë Ì�¼9¿/¾�¿/Í�¿��0¼9Ôa¿/Í�À�Ë Ì�Ä=ê	½	¿/Í#¾�¿/Ê�ÔaÊ�Ç��aÊjÖ=Ð�ÁR¼9Ôa¿/Í
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S�13*�!L)�476>*�13*0YZ)�,:13�",>13,�l�P�13)�,mYZ�"*
n()�476813YoS�+�?�13,>=�2<+Q13!9-&�"/�*>2<�;476:)�%(2p?�13!Oq01E!$*��"#&)�'��",>*�13-&!L�"13!9H*�13,GCDYZ@(%('"25/��"'")�,>PGrtsu'"13�"476>%(,>-Qv0Rtw<x>1E�;,81y13�",>z�)�47681�su'"13�"4768%(,>-Qz�{(!d?��;1y/�)�!F+�*�!9+�@(1�[K*�!9+�YZz�%(,8#0*��"H+�,
Ψ
R}|N%(!9476ZS��"'"?�%(,>-�?�13! c~+�*�)�*��"+�,�?�13! q&13!L*��"#&)�'8�",>*�1E-0!L�"13!L*�13,:CDYZ@(%(';2</��;'")�,8P�13!F6>j�'"*dYZ)�,mz�{(!?��"1u,>�"476>*�H�q&�"25#&+�251�25*�)�*��"+�,>j�!91u/�)�!F+�*�!9+�@(1�[e*�!$]�YZ%(,8-��",m13�",>1EY�lUP�1E)�,�YZ�"*(n()�476>13Y�S�+�?�13,.?��"1)�'"2u�<[eq&13!9?�!�%(@(H�S�)�';)�,8471&�T/�13#&)�,8,>*�1ysu'"13�"476>%(,8-d�

�U� Ψ�
�_�
w��� 47%(!L';� r5�� x rt�0R ��x

r � 25*�136>*�z�{(!�?�13,�YZ13!L�"?��"+�,>)�'"13,�su!L)�?��"13,>*�13,�?�1E2N�\+�!L�;+�'"�"25H��()�!L)�YZ*�13!L2��&= ��� z�{(!�13�",81�YZ�;*�*�'"13H!91G|N�"4768*�1�%(,>? �� z�{(!�?�13,Wh��",>?�25476>%(/J)�,�?�13!yl�/�13!Ln(j�47681:?�132�l�P�13)�,>25�>,>�"476>*�'"�",>13)�!F1:Ie13!LYZ1� %(!9?�13,�q&13!L,>)�4768';j�2<25�"-0*$R xCD25*�?�13!dl�P�13)�,�P�+�,8)�'K?�%(!9476�V�+�,>*��",813,>*�1T/�13-&!913,>P�*�=E25+N#&)�,>,�?��"1y/�)�!9+�*�!9+�@(1y[K*�!F+�YZz�%(,>#&*��"+�,
Ψ
)�Y�]�25*�'"�"476>1E,�c )�,>?�)�%(z 13�",>13,�#&+�,>25*�)�,8*�13,Jh�13!L*A-&13251E*�P�*�=0?��"1G[eq01E!9?�!�%(@(H�S�)�'")�,8471�13,>*�'")�,>-?�13! S�!913�"*�13,>-&!L)�?�1��",8*�13-&!$�"13!L*
%(,8?J?��"1N��]�25%(,8-G)�Y � 132<*�';�"476813,.c )�,8?�?�%(!9476.!913�"/�%(,>-&25/�13?��",>-&H*�1���%(,>#&H�su!91E,>P�254768�;4768*�13,�-&13254768'"+�252513, � 1E!9?�13,�rtq&-&'�Rt�K�(13?�'"+�25#&B�=Aw< � �¡�x$Rg���"*T?�13!X[Kq&13!9?�!�%(@(HS�)�'")�,>471X';j�¢&*025�"476��;,�?�13!�c 13-&13'e1E�;,81�!913476>*0-&%(*�1y£�j�6>13!�%(,8-Qz�{(!O?�13,Q/�)�!9+�*�!9+�@(13,�Ie!$)�,825@(+�!L*&�;YCD,>,813!913,G?�13!d25%(/�*�!9+�@(�"25476813,Gh��"!$/�1E'�13!L!913�"476>13,Wrtq&-&'�Rt�5c �",>*�+�%('K1E*8)�'�R =8w< � � �x$R|N�"1\|N!L)�#01EH��()�2525)�-&1TP � �"25476813,�[e{(?�)�YZ13!L�;#&)\%(,8?�f�,>*�)�!L#&*��;2<476>13Y¤fU!F476>�"@(13'�25*�13'"'"*g13�",81pM�13!9H/��",>?�%(,>-UP � �"25476>13,�?�13Y¥f�*�'")�,>*��"#Q%(,8?.?�13Yi�()�P��"¦(#G?�)�!§=�%(,>?:)�%(z>?�13,G-&13+�-&!L)�@(6>�"25476813,QS�!91E�;H*�13,.?�1E!~|N!L)�#&13H��()�252<)�-01�13¨e�"25*��"13!L*(#&13�",>1�P�+�,>)�'"1�S�1E-0!F13,>P�%(,8-�?�1E2\l�P�13)�,>2y?�%(!9476�V�+�,8*��;,813,>*�1�Rl�6>,81�P�+�,>)�'"1�S�13-&!913,8P�%(,>-�?�%(!9476©V�+�,>*��",>13,8*�1.�"25*p?��"1�h�)�6>' 13�",>1E!U-&131E�;-&,813*�13,�c )�,>?�/�13?��",>H-&%(,>-�z�{(!U?��;1m[K*�!9+�YZz�%(,8#0*��"+�,

Ψ
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3 Besc hreib ung des Modells

ÒÔÓÄÕ�Ö�×	Ø�Ù�Ú�Û�Ù�Ú?Ü�Ú�Û�Ù�Ý�Þ�ß	à�áBÙ�ß	Ú�Ù9â0Ù+Þ�à�á�ã�Ù+ß1ä�å�Ú'ØXÛ�Ù�ÞzæTç�Ù�è�Ú'Ó Ö�Û0Ù+×1×	Þ�é<Û0Ù+ãyêaÖ�Û�Ù�×	×	ë�Ö�Ú�Ü�Ø�å�ã�è�Ý�ß	Ö�ì
Ú�Ù�Ú`Û0ß	Ù�Þ-Ù�ã�íTã,ä�Ù+ß1Ý�é�Û�Ù�ã�îdè�á'×UÛ�Ù�ã�è�Ý�Ó Ö�Þ-ï�á�ð�ã�ß	Þ�à�á�Ù�Ú�ñWè�Ú�Û�ä�Ù�Û�ß	Ú�Ø�å�Ú�Ø�Ù�ÚTå�Ú'Û?Û�Ù�ã�Ù+òUï�Ù�ã�ß	Ó Ù�Ú'ì
Ý�Ù�×	×1Ù+Ú?óUÝ�ã�è�Ý�Ù�Ø�ß1ÙEß	ÚAÛ�Ù�ãRôeè�ã�ß1è�Ý�ß	Ö�ÚAÛ�Ù�Þyè�Ý�Ó Ö�Þ�ï�á'ð�ã,ß	Þ�à�á'Ù�ÚXíTÚ�Ý�ã�ß	Ù�ä�Þ�õ

3.1 Das GFDL-Ozeanmodell MOM 2

ö�è�ÞZß	ÚBÛ�ß	Ù�Þ�Ù�ãyíTã�ä�Ù�ß	ÝF÷�Ù�ã�øAÙ�Ú�Û�Ù�Ý�Ù%ê5Ö�Û�Ù�×	×�êaæTê�ù?ú�ê5Ö�Û�å�×1è�ãWæTà�Ù�è�ÚkêaÖ�Û�Ù�×	é�ô�Ù�ã�Þ�ß	Ö�Ú?ù�û�Û�Ù�Þ
ü Ù�Ö�ï�á�ý�Þ�ß	à�è�×eþ*×	å�ß	ÛCö�ý�Ú'è�Ó ß1àJÿ0è�ä�Ö�ã�è�Ý�Ö�ã�ýCú ü þ�ÿ0ö�û^ä�è�Þ�ß	Ù�ã�Ý^è�å�ÕzíTã�ä�Ù�ß	Ý�Ù�Ú8÷�Ö�Ú4â�ã,ý�è�Úpú���������û
å�Ú�Û��ZÖ�ò ú�������	�ûqå�Ú'Û�ø?å�ã7Û0Ù9÷*Ö�Ú�
�è�à�è�Ú�Ö�øAÞ�ë�ßqú���������ûRç�åfÛ�Ù�ã^á�ß	Ù�ãW÷�Ù�ã�øAÙ�Ú�Û�Ù�Ý�Ù+Úkô�Ù�ã�Þ�ß	Ö�ÚBÙ+ã�ì
ø?Ù+ß1Ý�Ù+ã,Ý,õ�
0ÞEÙ+Ú�Ý�á�ð�×	Ý0Ù�ß	Ú�ß	Ø�Ù��Að�á�Ù�ã3å�Ú'Ø*Ù+Ú�é<Û�ß	ÙTÙ�ÞEä�Ù�Þ�Ö�Ú'Û�Ù�ã�ÞZØ�Ù�Ù�ß	Ø�Ú�Ù�ÝFÓ è�à�á'Ù�Ú�é�Ø�ã�Ö���ã�ð�å�Ó ß	Ø*Ù
�ã�Ö�ç�Ù�Þ�Þ�Ù�Ó ß	Ýe×1è�Ú'Ø�Ù�Ú��WÙ�ß	Ý�Þ�ë�è�×1Ù+ÚNç�ålÓ Ö�Û�Ù�×	×	ß	Ù�ã�Ù�Úqõ+Ò�Ó Õ�Ö�×	Ø�Ù�Ú�Û�Ù�ÚkÞ�Ö�×	×FÛ�è�ÞEê5Ö�Û0Ù+×1×'ë�å�ã,ç�Û�è�ã�ì
Ø*Ù+Þ�Ý�Ù�×	×	Ý*øAÙ�ã7Û0Ù+Úyõ

3.1.1 Die Modellgleic hung en

ü ã3å�Ú�Û�×	è�Ø�ÙdÛ�Ù�Þ?êaÖ�Û�Ù�×	×	Þ?Þ�ß	Ú�Û Û�ß	Ùdþ�×	è�à�á�øAè�Þ�Þ�Ù+ã�Ø�×1Ù+ß1à�á'å�Ú�Ø�Ù�Ú'éyè�ä�Ø*Ù+×1Ù+ß1Ý�Ù+Ý9è�å�ÞBÛ�Ù�Ú��Aè�÷�ß	Ù�ã�ì
ó<Ý�Ö�ë�Ù�Þ�ì ü ×	Ù�ß	à�á'å�Ú�Ø�Ù�Úyõ�
�ß	Ú�ÙXè�å�Þ�Õ���á'ã,×	ß	à�á�ÙAö�ß	Þ�ë�å�Þ�Þ�ß	Ö�Ú8Û�Ù�ã%Õ���ã[Û0ß	ÙXþ�×	è�à�á�øAè�Þ�Þ�Ù+ã�Ø�×1Ù+ß1à�á'å�Ú�Ø�Ù�Ú
÷*Ù+ã,øAÙ�Ú'Û�Ù�Ý�Ù�Ú��Að�á'Ù�ã3å�Ú�Ø�Ù�Úvä�Ù+Ü�Ú�Û�Ù�Ý*Þ�ß	à�á?ß	ÚAê���×	×1Ù+ã��aî5ß	×	×1Ù+ä�ã,è�Ú'Ûaú���������û��

� Ò�Ú�Û�Ù�ã��! #"%$&$&'�(*)�$&+%,�-/.%.%01 32�'�465�7�'� #(`øAß	ã�ÛvÛ�ß	Ù}ï�è�ã�Ý�ß	Ù�×	×	Ù8�WÙ�ß	Ý�è�ä�×	Ù�ß	Ý�å�Ú�Ø[ß	Ú`Û�Ù�ã:9wÖ�Ú'Ý�ß	Ú�å�ß	ì
Ý�ð�Ý�Þ�Ø�×	Ù�ß	à�á�å�Ú'Øk÷�Ù�ã�Ú�è�à�á'×	ð�Þ�Þ�ß	Ø�Ý�é*øAÖ�Ó ß	Ý0ó<à�á�è�×	×	øAÙ�×	×	Ù�Úlå�Ú'Ý�Ù�ã�Û�ã;��à�ë�Ý�ø?Ù+ã�Û�Ù�Ú å�Ú�Ûlß1Ú�Û�Ù�Ú<<ã�ð�Ø�á�Ù+ß1Ý�Þ-Ý�Ù�ã�Ó Ù�ÚJÛ�Ù�ã0Ò�Ó ï�å�×1Þ-Ø*×	Ù�ß	à�á'å�Ú�Ø�Ù�ÚXÙ�ß	Ú�Ù%ë�Ö�Ú�Þ-Ý�è�Ú�Ý�ÙZö�ß	à�á�Ý�Ùw÷�Ù�ã�øAÙ�Ú�Û�Ù�Ý,õ� Ò�Ú Û�Ù�ã�$&.*=%>�01'�$&?&=%)�(@-/.%.%01 32�'�465�7�'� #(gøAÙ�ã7Û0Ù+Ú&Û�ß	Ù ü Ù�Ö�ï�Ö�Ý�Ù�Ú�Ý�ß	è�×BA�ð�à�á�Ù+ÚÂè�×1Þ69%å�Ø�Ù�×	ìA�ð�à�á�Ù+Ú è�Ú�Ø�Ù�Ú�Ö�Ó Ó Ù+Ú�évÙ�ß	Ú'Ùgã�ð�å�Ó ×	ß	à�á ë�Ö�Ú'Þ�Ý�è�Ú�Ý�ÙC
�ã�Û�ä�Ù�Þ-à�á�×	Ù�å�Ú�ß	Ø�å�Ú�Ø�÷�Ù�ã�øAÙ�Ú�Û�Ù�Ý
å�Ú�Û2ã�è�Û�ß	è�×	Ù ôRè�ã�ß	è�Ý�ß1Ö�Ú'Ù�ÚaÛ0Ù+ã�Ó Ù�Ý�ã�ß1Þ-à�á�Ù�ÚD9%Ö�Ù�Õ]Ü�ç�ß	Ù�Ú'Ý�Ù�ÚC÷�Ù�ã�Ú�è�à�á'×	ð�Þ�Þ�ß	Ø�Ý�úE7�=*'�(�$&=%)�F�F�,-/.%.*01 #2�'�465�7�'� #(Fû,õ� Ò�ÚvÛ�Ù�ãG7�015�H*'�7�'� #(%)�F�F�)�(I-/.%.%01 32�'�465�7�'� #(Xø?Ù+ã�Û�Ù�Úv×	Ö�ë�è�×1Ù%á'Ö�ã,ß	ç�Ö�Ú'Ý�è�×1ÙJ9%Ö�Ó ï�Ö�Ú'Ù�Ú�Ý�Ù�Ú`Û�Ù�ã
�ã�Û�ã�Ö�Ý�è�Ý�ß	Ö�Ú`÷�Ù�ã�Ú'è�à�á�×	ð�Þ�Þ�ß	Ø�Ý�é+øAÖ�Û�å�ã�à�áJÛ�ß	ÙZ÷�Ö�ÚJÛ�Ù�ã�ô�Ù�ã�Ý�ß	ë�è�×1Ø�Ù�Þ-à�á�øAß	Ú�Û�ß	Ø*ë�Ù�ß	Ý�è�ä�á�ð�Ú'Ø*ß	ì
Ø�ÙJ9%Ö�Ó ï�Ö�Ú�Ù�Ú'Ý�ÙEÛ0Ù+ãG�ZÖ�ã�ß	Ö�×	ß1Þ-ë*ã�è�Õ�Ý'÷*Ù+ã,Þ-à�á�øAß	Ú�Û�Ù�Ý,õ
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3.2.1 Das regionale Modell
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4 Darstellung der Ergebnisse
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4.1.4 Die dreidimensionale Struktur der Ström ung
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4.1.5 Windsc hub und thermohaliner Antrieb
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4.2 Ergebnisse des idealisier ten Atlantikmodells
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4.2.3 Das meridionale Over turning
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4.2.4 Die dreidimensionale Struktur der Ström ung
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4.2.5 Windsc hub und thermohaliner Antrieb
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5 Diskussion und Interpretation der
Ergebnisse
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5.1 Transpor te dur ch die Drake-Passage
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58 KAPITEL 5. DISKUSSION UND INTERPRETATION DER ERGEBNISSEÂOÃ!Ä�Å#Æ)Ç'È
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5.1.7 Diskussion der vereinfac hten Topographie des ModellsýþÅ:Í�Ê�ÃMÌ
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Ã!Ä�Ô'Æ)Æ+Ê�É�ß�Ô'Å#é*Ê�Å\Ä�Å²Í�Î�Ê¥ÂOÈ
Ç'È
é*Ã!Ä�Ç'Û#Î�ÊbÍ�Ê�Ã� ÃsÄ�Ö*Ê�Ò43'Ä�Æ+Æ)Ä�é*Êié*Ê�ê�Ä�à�Û#Ésä�ý�ê ÿ�È
Ý�é�ÊnÅ#Í�Ê�Å`ê�×
à�Û#É�Ê\Î�à�Û2ÿ�Ë'Ã � ÊnÃsÆ+à�Û#Î�Ê�Í�Ê�Å#Ê.5�Ê�Ä�Ý�Î�Æ)Î�Ê�ÃkÔ'Å#é*Ê�Å�Í�Ê�ÃÂOÈ
Ç'È
é*Ã!Ä�Ç'Û#Î�Ê¬Í�Î�Ê ö¡Ê�Ù:Ê�Î�Ý�Æjÿ�Ë'ÃxÍ�Ê�Å ùjÅ#É�Ä�Ã!Ö*É�Î�Æ)à�Û#ÊnÅ2;�Î�Ã!Ö*Ô'ê�Ç'È
Ý�Ä�Ã!Æ)É�È
ê ÃfÊ�Ý�Ê � Ä�Å#É�Ê:í�Ä�Ý�Ä�Å#à�Ê²Ä�ÅÍ�ÊnÃ<� Ã!Ä�Ö*Ê�Ò43'Ä�Æ)Æ)Ä�é*Ê�Ô'Å#É�Ê�Ã!Æ)Ô'à�Û�Ê�Å��



5.1. TRANSPORTE DURCH DIE DRAKE-PASSAGE 59=*>@?�ACBED�F*GIHJALKM?ONEPOALQSRTALPOU�V*BWALR	XZY[BWGIH]\_^WALBWGIHJU�QJ`Sa�> bcV*U�Red fgALRTPOR�U�h�i4?OF*^(F*QjGIALklALRT`gm*QJV*XZU�KQJBWGIHJX4^WBWQJALF*RnA�o ALR	KpAqU�QjPr^WF*X4ALR	F*^WAps@ALBWtEU�QJ`gY[X4ALR	KpAg>vucALR.ALQjX4^(F*Qj`wALBWQJALY0?ORTACB(X4ACQJ`gR	F*P�ACYP�U�RnGIHxPOB(AyucR	F*zgALi4{�F*Y[Y|F*`�A+B(QjX4AL`gR	B(ACR}X4A~KpALR	BWP�BWNEQjF*^(AytEF*RnNEX4RTNEh�Ayo�R	F*QJY|h�NER}X"KpU���fgALRTiY[GIHJ�SBWQJPOALQ�>nd�NEKpBWX ^Wm*�gX�Y|B(GIHcPOBWAed�X4m*R	zgA�P�ACY��.QjX4F*R	z�X4BWY[GIHjALQ_�@BWR	z�U�Kph�NE^WF*R	Y[X4RTNEKpYOKpBWX4X4AL^WYP�ACR�?OF*^WF*QJGIA.F*U�Y�P�ACR�s@NEX4F*X4BWNEQ�POALRe��BWQjP�Y|GIHJU�tEY[h�F*QjQJU�QJ`]U�QJP�POALRe^(F*X4ACR}F*^WALQ$s@ALBWtEU�QJ`tEALY[X4BWKpKpALQ���fg`g^n>��[�]BWPOF*zgF:�wo�Y[U�GIHjB(�gF*kj=|�*a*�*�l\_BW^(^WkJ=|�*�*�*�}��I�C�j�������g  GIU�R	^(¡8¢�£¤:¥§¦E¨}© £ª�«j¬ P�­�®°¯ ��a�> ±*±*�
±�>@�e�SALBWX4ALQjY�Y[ALB�ALBWQJA.o�NEh�NE`gR	F*h�HJBWA1KpBWX�R	m*U�Kp^WB(GIH~^WALBWGIHJX�fgF*R	B(BWALRnALQJPOALR�²wALACRTALY[tENEPOALQjX4B(AC³4A© tEACX4R}F*GIHjX4ALX4kE�SNEtEALBJPOBWA.�.QjX4F*R	z�X4BWY�fgNEQ$´�µ © i4¶�NEQJX4U�RTACQpU�KpY[GIHJ^WNEY[Y[ACQ��SB(RnP·>LucALR·ALQJX4i^(F*Qj`qALBWQjALR�POBWAc�1QJX4F*R	zgX4BWY
U�KpY[GIHJ^WBWAL�gALQJPOALQ¸´�µ © i4¶�NEQJX4U�ReBWQJX4AL`gR	BWALR	X4A_tEF*RTNEX4RTNEh�Aco R	F*QJY[ih�NER}Xg¹�tEALR�POBWALY[A
¶�NEQJX4U�ROKpU��ºfgALR	Y[GIHj�SB(QjPOALQJk»�]F*Y@POU�RTGIH0^WF*X4ALR	F*^WA�s@ALBWtEU�QJ`ºACR}Kp¼E`g^WBWGIHJX�]ACRTPOALQ:zgF*QJQ�>|²wBWXJ\"^(ACB(GIHjU�QJ`0a�> a"ALRn`�BWtEXjY[BWGIH����½¾ �j�¿�����JÀÂÁyÃjÄ�Å =©°Æ�Ç GIU�R	^(¡ Ã £¤¦ ¨ © ¥ £ª Æ�È PO­�®°¯ ��a�> ±*�*�
��>@ÉÊY|X:P�BWAËR	m*U�Kp^WBWGIHJArÌ<F*R	BWF*X4B(NEQÍf�NEQ © `�R	¼E�gALR¿kÎY[N�POF*��P�BWA°´�µ © i4¶ÎNEQjX4U�RTALQÏfgNEQÏPOALRucR}F*zgALi4{�F*Y|Y[F*`gA"tE^WNEGIzgB(ACR}XJ�]ACRTPOALQJk*POF*QJQ]�SBWRTP$P�BWA8d�X4m*R	zgA8POALYe�1QJX4F*R	zgX4B(Y|GIHJALQ:�@BWR	z�U�Kpih�NE^(F*R	Y[X4RnNEKpYÐPOU�RTGIHwPOALQytEF*RTNEX4RTNEh�ACQ�o R	F*QJY[h�NER	Xe¹�tEALR_ALBWQJA]POU�RTGIHwPOB(A]ucR	F*zgALi4{�F*Y[Y[F*`gAtE^(NEGIzgBWALR	X4A�´�µ © i4¶�NEQJX4U�R<tEALY[X4BWKpKpX}>|\_^WALBWGIHJU�Qj`0a�> a8`�BWtEXjHJBWALR	³4¹�R»�Á Ã

Ψ
Å ´©9Æ ® Á Ã ÄÎÅ =©°Æ Ç GIU�R	^W¡ Ã £¤¦E¨}© ¥ £ª Æ ��a�> ±*b*�

b�>@d�BWQJPËPOBWA¸R	m*U�Kp^WBWGIHJALQ§Ì<F*R	BWF*X4BWNEQJALQ�POALR_²wALALRTACY[tENEPOALQJX4BWAL³4A © Y[N+`gRTNE�gkOPOF*�2POBWAq´<µ © i¶ÎNEQjX4U�RTALQ�h�R	F*z�X4BWY[GIH~h�F*R	F*^(^WAL^�V*UwPOALQ © i4¶�NEQJX4U�RTALQ�fgALR	^WF*U�³4ALQJkZY|N�ALRT`gBWtEX�Y[BWGIH2KpBWX�POALQ�.Rn`�U�KpACQJX4ALQ�F*U�Y0Ñ1QJX4ALR	F*tEY[GIHjQJBWX4X�a�>�=*> b$POB(A¸POU�GIH9\_^WALBWGIHJU�Qj`§a�>�=|�$`�AC`�ACtEALQJA]fgALRTALBWQJi³4F*GIHJX4AÎ?�F*^WF*QjGIAg� ´�Ò+Ó ¾ Ψ
®�Ò~Ó ¾ Ä Ç =¦ ¨ £¤ Ó ¾ ��a�> ±*a*�

ÉÔQ+o F*tEAL^W^(A:a�>�=_tEALÕ�QJPOALX�Y|B(GIH+ALBWQJA0Ö1tEALR	Y[BWGIHJX�¹�tEACRÎPOBWA0tEALX4R	F*GIHjX4ALX4ALQ�×�m*^W^WAg> ×gF*^W^<bSALQjX4Y[h�R	BWGIHJXPOALR"POALQw²wNEPOAL^W^WALQwP�BWALY|ALR"�1R	tEALBWX·V*U�`gR�U�QJPOAS^WBWAL`gALQJPOALQyBWPOALF*^WBWY[BWALR	X4ALQwo�NEh�NE`gR	F*h�HJBWAg> �1tEtEBW^WiPOU�QJ`�a�> �¸V*ALBW`�X�POB(ASo NEh�NE`�R	F*h�HjB(AºF*Q�POALR8ucR	F*z�ACi4{�F*Y[Y[F*`gA:F*U�³·?OF*Y[BWY1fgNEQ�ØOoZÙ1{�Ù¸=|±*¯�Y[NE�SBWAPOALQ�Ì�ACR}^WF*U�³@POALR
´<µ © i4¶�NEQjX4U�RTALQ�>ÚucBWA0F*U�YcPOALKÛX4BWAL³4ALQ~Ù.V*ACF*Q2zgNEKpKpALQJPOALQ�´�µ © i4¶�NEQJX4U�RnALQ�SALRTPOALQpfgNEQ$POALR·ucR	F*zgALi4{�F*Y[Y[F*`gA1tE^WNEGIzgB(ACR}X4kgY[N]POF*��×gF*^W^��0RTALGIHjX<`gU�X�ACB(QjA1RTALF*^WBWY[X4BWY[GIHJAÐo�NEh�NEi`gR	F*h�HJBWA:�SB(ACP�ACRT`gB(tEX}>l�.U�GIH+B(Qw×gF*^W^<�¸X4RTALX4ALQ~P�BWA:³4¹�R8P�ACQ2×gF*^(^<b¸RTAC^(ACf�F*QjX4ALQ2o R}F*QjY[h�NER	X4A0F*U�³4kPONEGIH+HjF*XePOALR��wBWQJP�V*U�Y[m*X4V*^WBWGIH�¹�tEACRÎACB(QjALQ�Ü|d f�ACRTPOR�U�heÜ|i4F*R}X4BW`gALQ~o�ALR	KÝALBWQJACQ2POB(RnALzgX4ALQ~ØOBWQJiD�U��ºF*U�³JP�ACQ0�1QJX4F*R	zgX4B(Y|GIHJALQ:�@BWR	z�U�Kph�NE^WF*R	Y[X4RTNEK�>



60 KAPITEL 5. DISKUSSION UND INTERPRETATION DER ERGEBNISSEÞ1ßáà�âCãJä*å�âLæ�ç*å¸èEâCå�æ}é4âCê(ëWâLãjìLíSâLëWîIïJâLã:ðOêWãJñ�å�òÐóOâLæ�ô"æ}ä*óOêWâLãjéjóOâLæ�èEä*æTõEögë(êWãjâLã:÷�õEé4âLãJé4êWâLëWëWâLãð�ãjâLæTàgêWâ_ä*å�øOóOâLãqù1ãJé4ä*æ	ögé4êWú[îIïJâCã¸û@êWæ	ö�å�ßp÷�õEëWä*æ	ú[é4æTõEßMïjä*é4ì�íSü*æTâcâLú·ê(ãjé4âLæTâLú|ú[ä*ãJé4ìÚêWã�âLêWãJâCßýïjþEÿïJâLæÎä*å�ñ�þEú[âLãjó�âCã��wõEóOâLëWë�ßpêWéeâLêWãJâLæÎæTâLä*ëWêWú[é4êWú[îIïJâCã���õE÷�õEàgæ	ä*÷�ïJêWâ0ô_ëWâLêWîIïjå�ãJà���� �¸âCãJé4ëWä*ãJà�óOâLæà�âCõEú[é4æTõE÷�ïJêWú[îIïjâLã���õEãJé4å�æTâLã�ç*åwêWãJé4âLàgæ	êWâLæTâLã�å�ãJówç*åwå�ãJé4âLæ	ú[å�îIïjâLãJìgíSâLëWîIïJâCã+ù1ãJé4âLêWëOóOêWâ
	gâLæTÿú[îIïJêWâLóOâLãjâLã���âLæ	ßpâÎä*ãqóOâLæ
�OõEæ	é4ê(îIêWé��gÿ��Oä*ëWä*ãJîIâ���� �cïJä*èEâLã����gõEëWàgâLãJóOâ���âLæ	ßpâÎö�þEãjãJâLãSóOä*èEâLêgèEä*ÿæTõEé4æTõE÷�â���æ	ä*ãJú|÷�õEæ}é4â���èEâLæ<óOêWâ8àgâLõEú|é4æTõE÷�ïJêWú[îIïjâLã���õEãJé4å�ænâLã
	gâLæ�å�æ	ú[ä*îIïJâCã
�
��� âLæ��4ð �Où"!@ÿ���âLæ	ß��

#%$'&�(*)+-, . ��� /1012
� âLêWã:ëWêWãJâLä*æ
	gõEß43wêWãJóOú[îIïjå�èÐä*èEïjü*ãJàgêWàgâLæ�5|ðOögßpä*ã
5|ÿ4ä*æ	é4êWà�âCæ���âLæ	ß��

6 )798 +;: +=<?>@ . ��� /�AB2
� âLêWã:ëWêWãJâLä*æ
	gõEã:óOâLæC!@õEé4ä*é4êWõEã:óOâLú
3wêWãJóOú[îIïJå�èEâCúeä*èEïjü*ãJàgêWàgâLæ�5BDE	gâLænó�æ�å�÷F5|ÿ�� âLæ	ß��

)7 8 + îIå�æ	ëHGI>@ . ��� /1J12
� å�ãJó¸âLêWãK��âLæ	ßpì*óOâLæ�ó�êWâ�ãJêWîIïjé4ë(êWãjâLä*æTâLãSå�ãJó¸æTâLêWèEå�ãJàgú[èEâCó�êWãjà�é4âCã0ðOø�ø4âLögé4â
âLãjé4ïJü*ëWéL�

6 îIå�æ	ëMG >N . ��� /1O12



5.1. TRANSPORTE DURCH DIE DRAKE-PASSAGE 61

P�QSRIRUTWVMQ�RIVHXZYI[�\MVHRIQS]1^_QSRa`bRIT�^_QSVMc9`bRed'fgc9QSTWVMRed'[�QSR�hWiji�Qlk�[�QmfgQSYI^
k�\MQSVMRnfBVHRIT�`bReT�o'QS^pRe]1XZYeq\Mr1fgfgVMd'['stQl^_TWQSR
k'u9ReRIQSRevwfgxyk']1ReRKTWVMQzc9]1^_x9[�^_x9{bQz|E[�^}x9~ai�`bRek'[�VMx9R
Ψ
]1\Mf�|E`b~a~aQzTW^_QSVMQS^ |E[�^_x9~aqi�`bRek'[�VMx9ReQlR

Ψ� v Ψ � `bReT Ψ � T ]1^}d�Qlfg[�QS\M\M[�s�QS^_TWQSR��w��VMQS^pc9QSV�fg[�QS\M\M[ Ψ� TWQSRa��QSVM\�TWQS^�c9]1^_x9[�^}x9{bQSR|E[�^}x9~ai�`bRek'[�VMx9R
Ψ
TW]1^�vWTWQS^�]1`bf�TWQS~���hW�W�"��q��EQS^p~�^_QSfg`b\M[�VMQS^p[�v

Ψ � s�VH^}T;]1`bfgfgXZYe\MVMQS�'\MVMXZY�]1`bfTWQS~=�Bh k'~a]1R��Bq��EQS^p~4c9Ql^_QSXZYeRIQS['`bReT
Ψ � ]1`bf*TWQS~=�B|Eo'QS^}T ^�`b{F�Bq���QS^p~��

Ψ � Ψ�e� Ψ �z� Ψ � ��� � �1�1�~aVM[L�
�%�

Ψ�g�e ¡-¢ � �%��£ �*¤¡-¢ v ��� � � ¤ �

� �
Ψ � �  ¡¥¢ �§¦ ¤¨9© ¡;ª ¡¬«?­® ��� � �1¯1�

`bReT
� �

Ψ � �  ¡ ¢ � ¤¨9© ¡ XZ`b^p\H° ­® ��� � �1�1�
± QS^y�"Re[�QSVM\

Ψ� st`b^}T QtVMR�TWVMQSfgQl~��"c9fgXZYeRIVM[�[ ��� � ¤ �zTWVMfgk'`b[�VMQS^p[�`bReT¥fg[�QS\M\M[²QSVMReQt^_QSVMR¥[�YIQS^_q~ax9Ye]1\MVMRKd'QS[�^pVMQSc9QSReQ�c9]1^_x9[�^_x9{bQz|E[�^pu9~a`bRIdyT ]1^��B³�VM['TWQSR
��QS^p~aQSR
Ψ � `bReT Ψ � k'x9~a~aQSR�TWVM^_QSk'[o'x9~´PµVHRIT�d�Ql[�^LVMQSc9QlReQF��RI[�QSVM\MQ�TWQS^bc9]1^_x9[�^_x9{bQlR¶|�[�^Lu9~a`bRId�·1`KTWQS~¸[�YIQS^p~ax9Ye]1\MVMR�d'QS[�^pVMQSc9QSReQlR�"Re[�QSVM\�YeVMRe·1`F�



62 KAPITEL 5. DISKUSSION UND INTERPRETATION DER ERGEBNISSE

¹�º1»M» ¼E½9¾b½9¿'Àpº1¾bÁeÂMÃ Ä�Å1ÆÈÇeÉ�½9ÊeË�ÌbÀ_ÃlÊ ÍWº1»Hº1ÊIÎZÃÏº1Ê�ÐWÃSÀ ÑyÀLº1Ò'Ã�Óbº1ÔgÔgº1¿'ÃÕ ÖUÆØ×ÚÙ ¾bº1ÀLº1»M»MÃS»9Û1ÌUÄ�Ç�É�½9ÊIË�ÌbÀ_ÃSÊ ÜÞÝlßIà�áãâåä9æçÎZÌbÀp»Hè�éIêëKì�í9î Æ êïzðIñ Ð ò�ó-Ù
ô ÖUÆ�õó-ÙKö�Ò'»MÃSÂMÊe÷ ÌbøaÔBÎZÁe»MÂMÃSù'ÃSÊKú"ÊeË�º1ÀpÒ'Ë�ÂHÔ Ü9ûü ß�à�ájâçä æ�ýaþ ÿ � �� ��� ÎZÌbÀp» èmé��	
�� � ì êï ðIñ Ð òzó;Ù

 ÖUÆ�õó;Ù
ö�øaÂMË�Ë�ÃS»M÷ ��ÃSÀ_ÐWÃSÊ��9»H½9ÎZÒ'ÂMÃSÀpË ý é

Ψ �
Ý
� ð ó ýaþÞÿ � �� ��� ÎZÌbÀL» èÏé��	
 � � ì êï�ð

� ÖUÆ õó;ÙKö�ÔgÃSÁIÀC¿'À_½9ù'÷ ¾bº1Àpº1»M»MÃS»9Û1Ì Æ�Ç�É�½9ÊIË�ÌbÀ_ÃSÊ Ä Ö�� ü Ψ
ó Ö�� ü ÿ � �
 � êë � ü

����������� �"!$#&%�')(+*-,/.10�243�,65�798:8;2<,<=-,<>�?@5�AB,DCE?@=F?@5�GH,I*-5�79J/K�L@5NMPO@,<*-AQ3$,<2SR�T1U$TVMW2<?1U$K�*-,E?1593�,<2S(+2<?@O1,6X�YE?@Z<Z6?VMP,

[9����\]� ^�_�`Nab!�#&c$'dR�T1U$TVMW2<?1U$K�*-,"?15�3�,62e(+26?1O@,<XBYE?1Z6Z<?VMW,e?@f6.gCE?@Z<*-Ze>$T15�hERji+YEi+k�l$mnX:(+*F,po:T15�ABf�26=F*-5�*-,<5qZ<AB,<=-=F,65
3�*-,rR�*-, .1,tsu3�,6Zjvw,<,<2<,<Z<J/T13$,<5�Z�*-5nvw,<AB,<265x3$?12<yz3�*-,r{�2|,65�}1,65~3�,62jMW2<?1f~,<*-5NMP, .�L@2<J/A�,65x��=-L1GHK$,<5
*F�wi+}@,<?15�}1,6* MW,<5�.4��s�XBo:T15�ABf�2|,65��



5.2. DIE VERTEILUNG DER BAROKLINEN POTENTIELLEN ENERGIE 63

5.2 Die Verteilung der baroklinen potentiellen Energie
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5.2.1 Der Einfluß des thermohalinen Antriebs
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5.2.2 Der Einfluß der windg etriebenen Deacon-Zelle
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5.2.3 Zusammenwirken von Windsc hub und thermohalinem Antrieb
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5.2.4 Ein idealisier tes analytisc hes Modell
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5.3.2 Der Drake-Passagen-Effekt
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