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©N�É©N¥����I¥¢�Æ��������¬³���q¸�����¸����¢�É©N¥���£|�����Ù���¢¥��������¡����¥¢��±��Y©�¥¢¸q©N�����:�s������©�µ��=��¥���±��É©N¥�¸�»�µN«Å��¥�¸����
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¤ ³¿ÎwÐ·½ ®Ùèw×¿è;Â ² ÍzÒ;Â0¹ ² ®ðÕö®°½¾³¿¶·³µÍw´·¼AÁ©¼w´·¶;»�®°½�¹È³µØ°¼AÁ«Ø°ÍAÕÖ¸¡Íw´·®°´È¹ºÂ,ÍwÚy¹ ² ®Ùü�Ð·Áµ®°½ ³µ¼A´%ÕÖ®°¼w´
Ø°³µ½ Ø°Ð·Áµ¼�¹º³¿Íw´rÃ�¸·¼A´·®°ÁµÂ{Ã�¼A¯s¼w´·¶ýÃ�À·¯¾¯û¼A´·¶ð¹º½ ¼w´·Â¾Ú ÍA½¾ÕÖ®°¶öü6Ð·Á¿®°½¾³¿¼w´öÕÖ®°¼A´öØ°³¿½¾Ø°Ð·Á¿¼�¹È³µÍA´�Ã�¸·¼w´·®°Á¿Â
Ã�Ø°¯s¼w´·¶úÃ�¶·¯¾¯ Ú Íw½>¹"®°Ø°®°Õ�À¡®°½¾× ¤ ÍA½¡¹ ² ®0»�®°½�¹È³µØ°¼wÁ »©®°Á¿Í�Ø°³Ï¹È³µ®°ÂÙÃ�¸·¼w´·®°Á¿Â{Ã�À·¯û¼A´·¶úÃ�¶·¯¾¯ ê·´·®°Îw¼�¹º³Ó»�®
»*¼AÁµÐ·®°Âu³µ´·¶·³µØ°¼�¹º®Ä¼wÂ¾Ø°®°´È¹º× ±)² ®Äü6Ð·Á¿®È½ ³µ¼A´ Õö®°¼w´ Ø°³¿½¾Ø°Ð·Á¿¼�¹º³¿Íw´ ² ¼wÂ�¼ Ø°®°Á¿Á Ò�³Ó¹ ² ¼wÂ¾Ø°®°´È¹r³µ´
¹ ² ®;¹È½¾ÍA¸·³µØ°Â¾ê�´·ÍA½�¹ ² Ò&¼A½¾¶·Â�ÕöÍ�¹È³µÍw´Ý¼wÁ¿ÍwÚ ¹<¼A´·¶�¶·®°Â¾Ø°®°´º¹%³µ´ý¹ ² ®;Ò�³¿´º¹È®°½ ² ®°ÕÖ³¿Â¾¸ ² ®°½¾®%ÕÖ³¿¶��
Áµ¼�¹º³Ó¹ºÐ·¶·®°Â¾× ±)² ®°½ ®
³µÂ�¼rÂzÕö¼wÁ¿Á�Ø°®°ÁµÁ&Ã�½¾®°¼AØ ² ³¿´·Î¤Ð·¸ý¹ÈÍ)3�� ²@º ¼A¯�ÍAÚ,¼AÂ¾Ø°®°´º¹%³µ´r¹ ² ® ¹º½ Íw¸·³¿Ø°Âzê
Â¾ÍwÐ�¹ ² Ò&¼A½¾¶·ÂúÕÖÍ�¹È³µÍA´�¼wÁ¿ÍwÚ ¹¤¼w´·¶�¶·®°Â¾Ø°®°´º¹Ý³¿´ ¹ ² ® Â¾Ð·ÕöÕÖ®°½ ² ®°Õö³µÂ¾¸ ² ®°½¾®ÝÕö³µ¶��zÁ¿¼�¹È³Ï¹ÈÐ·¶·®°Âz×
±)² ®°½ ®%³µÂ�¼¤½ ® »�®°½¾Â¾®µ� ¤ ®°½ ½¾®°Á¢�¤Ø°®°Á¿Á�¼�¹ ² ³¿Î ² Á¿¼�¹È³Ï¹ÈÐ·¶·®°Â�ÍAÚs¹ ² ®�Ò;³µ´È¹º®°½ ² ®°ÕÖ³¿Â¾¸ ² ®°½¾®°êûÒ�³Ó¹ ²
¼wÂ¾Ø°®°´È¹&´·ÍA½�¹ ² ÍAÚ¡þ���» ê©Â¾ÍwÐ�¹ ² Ò&¼A½¾¶·Â�ÕÖÍ�¹º³¿Íw´Ö¼wÁµÍAÚ ¹{¼A´·¶Ö¶·®°Â¾Ø°®°´È¹"³µ´"¹ ² ®ûÒ�³¿´º¹È®°½ ² ®°Õö³µÂ¾¸ ² ®°½¾®
ÕÖ³¿¶��zÁµ¼�¹º³Ó¹ºÐ·¶·®°Â¾× ±)² ³¿Âö¶·Í�®°ÂÖ´·Í�¹ú¼wÎA½¾®°®�Ò�³Ó¹ ² ¹ ² ®úÂ¾³µ´·ÎwÁ¿®ÄØ°®°ÁµÁ�¸«®°½ ² ®°Õö³µÂ¾¸ ² ®°½¾® � ½¾® Ò&®°½'�
¹&ÍwÀ·Â¾Íw´ Ø°³µ½ Ø°Ð·Áµ¼�¹º³µÍA´ Ò ² ³µØ ² ÁµÍA´·ÎÿÁµ³Ó»�®°¶£Ø ² ®°Õö³µØ°¼AÁ$¹È½¾¼AØ°®°½¾Â<¼A´·¶ ¹ ² ®³´�¼wÎA½¾¼A´·Îw³¿¼w´�ÕÖ®°¼A´
Ã�¸·¼A½¾Ø°®°Á?Ú ÍAÁµÁ¿ÍzÒ�³¿´·Îw¯)Ø°³¿½¾Ø°Ð·Á¿¼�¹È³µÍw´ý³µ´·¶·³¿Ø°¼�¹È®°× ±�² ®;¼A¸·¸«®°¼w½ ¼w´·Ø°® ÍwÚ�¹ ² ® ¤ ®°½¾½ ®°Á+Ø°®°ÁµÁ?³¿Â{¶·Ð·®�¹ÈÍ
¹ ² ®�¼z»�®°½ ¼wÎw³¿´·ÎÄÐ·Â¾®°¶ ³µ´<¹ ² ®�ü�Ð·Áµ®°½¾³¿¼w´ Õö®°¼w´ Ø°¼wÁ¿Ø°Ð·Áµ¼�¹º³¿Íw´�¶ ¼z»�®°½¾¼AÎw³¿´·ÎÄ³¿ÂzÍAÀ·¼w½ ³µØ�Â¾Ð·½¾Ú ¼AØ°®°Â
¼w½ ÍwÐ·´·¶�Á¿¼�¹È³Ï¹ÈÐ·¶·®ÄØ°³¿½¾Ø°Á¿®°Â¾×ª¼ðÍzÒ&® »�®°½¾êû¹ ² ®
Õö®°¼w´½�·ÍzÒ ¶·Í7®°Â�´·Í�¹%Ú ÍAÁµÁ¿ÍzÒ Á¿¼�¹È³Ï¹ÈÐ�¶·®
Ø°³¿½¾Ø°Á¿®°Â
¼w´·¶�Ò ² ®°´�¹ ² ®�»©®°½�¹º³¿Ø°¼wÁ+ÕöÍ�¹È³µÍA´%³µÂ,¼z»�®°½¾¼AÎw®°¶ú¼wÁ¿Íw´·Î�Ø°ÍA´º¹ÈÍwÐ·½ Â�ÍAÚ*¹ ² ®"Õö®°¼w´��·ÍzÒ�¹ ² ®°½¾®&³¿Â
¼�Á¿¼w½ Îw®ðØ°¼A´·Ø°®°ÁµÁ¿¼�¹È³µÍA´úÀ¡® ¹ÜÒ&®°®°´u¹ ² ®&¼wÂ¾Ø°®°´º¹"´·®°¼w½�¹ ² ®&¸«ÍAÁµ®ð¼A´�¶%¶·®°Â¾Ø°®°´È¹;³µ´ÄÕö³µ¶��zÁµ¼�¹º³Ó¹ºÐ·¶·®°Â
Ã�·ÙÍw½�¹ºÍA´·ê;è���Aéw¯ × ±�² ®ý¹º½¾¼A´·Â¾Ú Íw½ ÕÖ®°¶ôü6Ð·Áµ®°½ ³µ¼A´ ÕÖ®°¼A´ Ø°³µ½ Ø°Ð·Áµ¼�¹º³¿Íw´ Â ² ÍzÒ�ÂÖ¹ ² ®ÝØ°Áµ¼AÂ¾Â¾³µØ
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¤ ³µÎAÐ·½ 	 èA×µè�6èAè$Û 	 ¼A½s¼z» 	 ½ ¼wÎ 	 ÍwÚ7Õ 	 ¼A´�Ø°³µ½ Ø°Ð·Áµ¼�¹º³¿Íw´�¶·³µ¼AÎw´·ÍAÂ�¹º³¿Ø°ÂûÚ Íw½R¹ 	 Ø 	 Õ�À 	 ½¾×�
0Íw¸�½ ÍzÒ�ü6Ð·Á 	 ½¾³¿¼w´£Õ 	 ¼w´ Ø°³µ½ Ø°Ð·Áµ¼�¹È³µÍA´§Ã�¼�� à ¼A´·¶ Ã�À�� á,× � Í�¹ ¹ºÍAÕ ½¾ÍzÒ���¹È½¾¼A´·Â¾Ú Íw½ Õ 	 ¶ ü6Ð·Á 	 ½ ³µ¼A´Õ 	 ¼A´ Ø°³µ½ Ø°Ð·Áµ¼�¹º³¿Íw´ Ã�Ø�� à�°Ý¼A´·¶ Ã�¶�� á{° × �·ÍwÁ¿³µ¶4Ø°ÍA´º¹ÈÍwÐ·½ Â�³¿´·¶·³µØ°¼�¹ 	 ¸¡ÍwÂ¾³Ï¹È³Ï» 	 »*¼AÁµÐ 	 Â¾ê¶·¼wÂ ² 	 ¶ Ø°Íw´È¹ºÍAÐ·½¾Â,� 	 ½¾ÍÄ¼A´·¶ ¶�Í�¹¾¹ 	 ¶ Ø°Íw´È¹ºÍAÐ·½¾Â&´ 	 Îw¼�¹º³Ó» 	 ×�
 ² 	 Ø°Íw´È¹ºÍAÐ·½&³¿´º¹ 	 ½�»*¼AÁsÚ ÍA½6¹ ² 	Õ 	 ½ ³µ¶·³¿Íw´·¼AÁ«» 	 ÁµÍ�Ø°³Ï¹È³ 	 ÂÖÃ�¼��ð¼A´·¶ Ã�Ø��ð³¿Â,�A×]�«Õ Â%�@� ê¡¹ ² 	 Ø°Íw´È¹ºÍAÐ·½&³µ´È¹ 	 ½�»*¼AÁsÚ ÍA½6¹ ² 	 » 	 ½�¹º³µØ°¼AÁ» 	 ÁµÍ�Ø°³Ó¹º³ 	 Â
Ã�À��&¼A´·¶£Ã�¶��&³¿Â,� ç è���������� º ¼$Â �@�z× � ´ Ã�À��&¼A´·¶£Ã�¶��&´ 	 Îw¼�¹º³Ó» 	 »7¼wÁµÐ 	 Â"³µ´·¶·³¿Ø°¼�¹ 	¼wÂ¾Ø 	 ´È¹º×
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Â¾³µ´·ÎAÁ 	 Ø 	 Á¿Á©¸ 	 ½ ² 	 ÕÖ³¿Âz¸ ² 	 ½ 	 Ø°³µ½ Ø°Ð�Á¿¼�¹È³µÍA´·× ¤ Íw½É¹ ² 	 Ò;³µ´È¹ 	 ½ ² 	 ÕÖ³¿Â¾¸ ² 	 ½ 	 ¹ ² 	 ½ 	 ³µÂ�¼wÂ¾Ø 	 ´º¹&³µ´
¹ ² 	 ¹È½¾ÍA¸·³µØ°Â¾ês´·ÍA½�¹ ² Ò&¼A½¾¶·ÂðÕöÍ�¹È³µÍw´r¼wÁ¿ÍwÚ ¹�¼w´·¶r¶ 	 ÂzØ 	 ´È¹Ö³µ´ö¹ ² 	 Ò�³¿´È¹ 	 ½ 	 $y¹º½ ¼��ä¹È½¾Íw¸·³¿Ø°Â¾× ¤ ÍA½
¹ ² 	 ÂzÐ·ÕöÕ 	 ½ ² 	 ÕÖ³¿Â¾¸ ² 	 ½ 	 ¹ ² 	 Ø°³µ½ Ø°Ð·Áµ¼�¹º³¿Íw´�³¿Â{Á 	 Â¾ÂÙÂ�¹È½¾ÍA´·Îwê?½ 	 ¼AØ ² ³¿´·Î
ÍA´·ÁÏÛ Ð·¸ö¹ÈÍ<3�� ²@º ¼wê
Ò�³Ó¹ ² Ò 	 ¼��%¼wÂ¾Ø 	 ´È¹;³µ´�¹ ² 	 ¹º½ Íw¸·³¿Ø°Â¾ê�Â¾ÍAÐ�¹ ² Ò&¼w½ ¶·ÂÙÕÖÍ�¹º³¿Íw´Ä¼wÁ¿ÍwÚ ¹ ¼w´·¶�Ò 	 ¼��%¶ 	 Â¾Ø 	 ´º¹�³¿´u¹ ² 	Â¾Ð·ÕÖÕ 	 ½ 	 $�¹È½¾¼1�ä¹º½¾ÍA¸·³µØ°Â¾×�
 ² 	 ¤ 	 ½¾½ 	 Á¡Ø 	 Á¿Á«ÍAÚ�¹ ² 	 ü6Ð·Á 	 ½¾³¿¼w´%Õ 	 ¼w´%Ø°³µ½ Ø°Ð·Áµ¼�¹º³¿Íw´
³¿´·¶·Ð·Ø 	 ¶úÀÈÛ
¹ ² 	 ¸«ÍwÁ 	 Ò&¼w½ ¶ú¹ 	 ÕÖ¸ 	 ½¾¼�¹ÈÐ·½ 	 �·Ð�$ 	 Â ² ¼AÂ;À 	�	 ´�½ 	 ÕöÍz» 	 ¶�Ú ½¾ÍAÕÌ¹ ² 	 ½ 	 Â¾³µ¶·Ð·¼wÁ�Ø°³¿½¾Ø°Ð·Áµ¼�¹º³¿Íw´
ÀÈÛÝ¹ ² 	 ¹º½ ¼w´·Â¾Ú ÍA½¾Õö¼�¹È³µÍA´·Â�³µ´ 	 ��Ð·¼�¹º³¿Íw´�èw×¢2�Ã���¼wÕ 	 Â¾ê0����wòAê�Â 	 Ø ¹È³µÍA´½�w×µè��¾×�
 ² 	 ½ 	 Â¾³µ¶·Ð·¼wÁÕ 	 ¼A´ÝØ°³¿½¾Ø°Ð·Á¿¼�¹È³µÍA´�³µÂ;Â�¹È½¾ÍA´·Î 	 ½ ³µ´ ·`¼ Ò�³¿´º¹ 	 ½�¹ ² ¼w´ �@¼ Ò�³¿´º¹ 	 ½�À 	 Ø°¼wÐ·Â 	 ÍwÚ?¹ ² 	 Â�¹º½ Íw´·Î
Ò&¼z» 	 �z¶·½¾³Ó»É³¿´�Î
³µ´u¹ ² 	 ·`¼ Ò�³µ´È¹ 	 ½�Ã'·ðÍw½�¹ºÍA´·ê+è���wé��¾×
dfegdhe�� iTj,km|Dp�s#t0����~fp�uwkq®yl n0ogkqp�rgsxtvuwkqsxtvkqz{n,sx|}rg~ft0�
�·Ð·À·Â�¹º³Ó¹ºÐ�¹È³µ´·Î 	 �yÐ�¼�¹º³¿Íw´·ÂÄÃ�èw×¢2��;Ú Íw½
Ã àÉÆ á���³¿´ý¹ ² 	 ü6Ð·Á 	 ½ ³µ¼A´��zÕ 	 ¼A´ 	 ��Ð·¼�¹È³µÍA´·ÂýÃ�èw×¢���;¼w´·¶
½ 	 ¼A½¾½ ¼w´·ÎA³µ´·ÎÖÎA³Ï» 	 Â�¹ ² 	 ¹º½ ¼w´·Â¾Ú ÍA½¾Õ 	 ¶rü6Ð·Á 	 ½¾³¿¼w´rÕ 	 ¼w´ 	 �yÐ·¼�¹È³µÍA´·Â��
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Á 	 ¼A¶u¹ÈÍu¼�¶ 	 ¸·¼A½�¹ÈÐ·½ 	 Ú ½ ÍwÕ�¹ ² 	 ÎA½¾¼A¶·³ 	 ´È¹7�äÒ;³µ´·¶rÀ·¼AÁµ¼A´·Ø 	 À 	 ¹ÜÒ 	�	 ´ ÞÝ¼A´·¶ ÷ ¼w´·¶ú³µ´ÄÕÖÍAÂ�¹
Õ 	 ¹ 	 Íw½ ÍwÁ¿ÍwÎA³µØ°¼AÁ?¼w¸·¸·Áµ³¿Ø°¼�¹È³µÍA´·ÂÙ³µÂ{Â¾Õö¼wÁ¿Áµ×+*4³µÂ{¶ 	 í·´ 	 ¶�¼AÂ

" â¡� î à
î Ô

� à
ã�å î à

î Ç � áöî à
î Ê ï !

� �
ã�åÉØ°ÍwÂ©Ç î

î Ç à � à � Ø°ÍAÂ¡Ç � î
î Ê

á � à � � Þ � Þ � ¹º¼A´ÙÇ
ã,å ç

Ã�èw×���è��

� ´Ù¹ ² 	 ¹ ² 	 ½¾ÕöÍ�¶�ÛÉ´·¼wÕö³µØ 	 ��Ð·¼�¹º³µÍA´ýÃ�èA×�� 	 �¡¹ ² 	,	 ¶·¶�Û��·Ð�$ 	 Âû¼w½ 	.- � Þ � ê�¹ ² 	 » 	 ½�¹º³¿Ø°¼wÁ@�·Ð�$
ÍwÚf�°ÍA´·¼wÁ�ÕÖÍAÕ 	 ´È¹ºÐ·ÕÖê�¼w´·¶ - � õ � ê?¹ ² 	 » 	 ½�¹È³µØ°¼AÁf�·Ð�$ ÍAÚ�¸«Í�¹ 	 ´º¹È³µ¼AÁÉ¹ 	 Õö¸ 	 ½¾¼�¹ºÐ·½ 	 ×/
 ² 	 Â 	
	 ¶·¶�Û ¹ 	 ½ ÕÖÂ
¼A´·¶ � 0213%4 � 5� ² ¼w½ 	 Â¾ÕÖ¼AÁµÁ{Ø°ÍwÕö¸�¼A½ 	 ¶ÝÒ;³Ï¹ ² ¹ ² 	 Í�¹ ² 	 ½"¹ 	 ½ ÕÖÂ¾×76,¹ ² 	 ½ 	 ¶·¶�Û
�·Ð�$ 	 Âð¼w½ 	 ³¿´ö¹ ² 	 ü º �·Ð�$ÿ¼w´·¶8"ô¹ 	 ½ ÕÖÂ{³¿´ö¹ ² 	 ² Íw½ ³��°ÍA´º¹È¼wÁ?ÕöÍwÕ 	 ´º¹ÈÐ·Õ 	 ��Ð·¼�¹º³¿Íw´·Â¾×
dfegdhe:9 iTj,kml)ogrgs#�}�kqt<;>=)s#ogu ?0nA@

 ² 	 ü º �·Ð�$2³¿Âÿ¼ � 	 Û=¶·³¿¼wÎA´·ÍwÂ�¹È³µØ À 	 Ø°¼wÐ·Â 	 ³Ó¹ Ø ² ¼A½¾¼AØ ¹ 	 ½ ³µÂ 	 Â�Â¾ÍwÕ 	 À·¼wÂ¾³¿Ø ¸ ² ÛÉÂ¾³µØ°¼AÁ
¸·½¾ÍA¸ 	 ½�¹º³ 	 ÂÙÍwÚ�¹ ² 	 �·ÍzÒ ¼w´·¶ 	 ¶·¶�Ûÿ¶·³µÂ�¹ÈÐ·½¾À·¼w´·Ø 	 Â¾×

¤ Íw½�Áµ³¿´ 	 ¼w½ ê+Â�¹ 	 ¼w¶�Û�ê+Ú ½¾³¿Ø ¹È³µÍA´·Á 	 Â¾Â�¼w´·¶Ä¼w¶·³¿¼wÀ·¼�¹º³¿Ø ¶·³¿Âä¹ÈÐ·½¾À·¼A´·Ø 	 Â{¼wÀ¡ÍwÐ�¹&¼uØ°Íw´·Â 	 ½�»*¼�¹È³Ï» 	Ã ¹ÈÍú¹ ² 	 ÍA½¾¶ 	 ½ÖÍwÚ6¹ ² 	 Ò&¼z» 	 ¼wÕö¸·Áµ³Ó¹ºÐ·¶ 	 �
Õ 	 ¼w´ �·ÍzÒ ¹ ² 	 ¶·³Ó» 	 ½ Î 	 ´·Ø 	 ÍwÚ6¹ ² 	 ü º �·Ð�$
»*¼A´·³µÂ ² 	 Â¾ê7Ò ² 	 ½ 	 ¼wÂ,Ú Íw½?¹ ² 	 Âz¼AÕ 	 Ø°ÍA´·¶·³Ï¹È³µÍA´·Â ¹ ² 	 Ú Íw½ Ø°³µ´·ÎAÂ�Íw´;¹ ² 	 ½¾³¿Î ² ¹&ÍAÚ7¹ ² 	 ü6Ð·Á 	 ½¾³µ¼A´
5 	 ¼w´ 	 ��Ð·¼�¹º³¿Íw´·Â�Ã�èw×¢�w¼���¼A´·¶ÿÃ�èA×�� 	 ��¼w½ 	 ´·Íw´���� 	 ½ ÍúÃ'&ð´·¶·½ 	 Ò;Â (�*x+�-/. ê ���2��Aê«Â 	 Ø ¹È³µÍw´ÄéA×�3��¾×

 ² ³¿Â)³¿Â)¼A´·Í�¹ ² 	 ½,¼w¶�»7¼w´È¹º¼wÎ 	 ÍwÚ?Ð·Â¾³¿´·Î&¹ ² 	 ¹º½ ¼w´·Â¾Ú ÍA½¾Õ 	 ¶Äü6Ð·Á 	 ½ ³µ¼A´³5 	 ¼A´ 	 ��Ð·¼�¹º³¿Íw´·Â�Íz» 	 ½¹ ² 	 ü�Ð·Á 	 ½¾³¿¼w´ 5 	 ¼A´ 	 �yÐ·¼�¹º³¿Íw´·Â¾×CB ² 	 ´Ý¹ ² 	 ü º �·Ð�$ ¶·³Ó» 	 ½ Î 	 ´·Ø 	 ê  ç M ê"³µÂF� 	 ½¾Íý¹ ² 	»*¼A½¾³¿¼�¹È³µÍA´·ÂÙÍwÚ à � õ � ³¿´Ö¹ ² 	 » 	 ½�¹º³¿Ø°¼wÁ0¼w´·¶ýÍwÚ à � Þ � ³¿´Ö¹ ² 	 ² Íw½ ³��°ÍA´º¹È¼wÁ?ÕÖ¼zÛÿ´·Í�¹�À 	 � 	 ½¾Í<À·Ð�¹
À·¼wÁ¿¼w´·Ø 	�	 ¼AØ ² Í�¹ ² 	 ½û¹ºÍöÎA³Ï» 	 ¹ ² 	 � 	 ½¾ÍÖü º �·Ð�$ ¶·³Ï» 	 ½ Î 	 ´·Ø 	 ×
 ² 	 ¶ 	 ¸ 	 ´·¶ 	 ´·Ø 	 ÍwÚ  ç M Íw´)¹ ² 	 ¸ ² ÛÉÂ¾³µØ°¼AÁ�¸·½ Íw¸ 	 ½�¹È³ 	 Â ÍAÚÑ¹ ² 	 Ò&¼z» 	 Â Ø°¼A´�À 	D	 $É¸·½ 	 Â¾Â 	 ¶ÀÈÛö¹ ² 	 Ò&¼z» 	 ¼wØ ¹È³Ï»É³Ó¹ÜÛrØ°ÍA´·Â 	 ½�»*¼�¹º³¿Íw´
½ 	 Áµ¼�¹º³¿Íw´·êw¹ ² 	 Î 	 ´ 	 ½¾¼AÁµ³¿Â 	 ¶%ü6Á¿³µ¼wÂ¾Â 	 ´�� º ¼wÁ¿Õ§¹ ² 	 Íw½ 	 ÕE�

î�F
î Ô�ï  ç M Ë æ ïHG ÃJI � �zÆ Ã�èw×���é��

Ò ² 	 ½ 	 F ¼w´·¶ æ ¼w½ 	 Õ 	 ¼A´ �yÐ�¼A¶·½¾¼�¹º³¿Ø
Ú Ð·´·Ø ¹º³¿Íw´·Â�ÍwÚ�¶·³µÂ�¹ÈÐ·½¾À·¼A´�Ø 	 ��Ð·¼A´º¹È³Ï¹È³ 	 Â�¼w´·¶r¹ ² 	
G ÃKI � �s¹ 	 ½¾ÕÌ½ 	 ¸·½ 	 Â 	 ´È¹ºÂÙ´·ÍA´·Áµ³¿´ 	 ¼w½ûÒ&¼z» 		 9 	 Ø ¹ºÂ¾ê*Ò�³Ó¹ ² I�¼wÂs¹ ² 	 Òð¼z» 	 ¼wÕö¸·Áµ³Ó¹ºÐ·¶ 	 ×L
 ² 	¹ 	 ½ Õ F ³¿Â,¹ ² 	 Ò&¼z» 	 ¼AØ ¹º³Ó»É³Ó¹ÜÛ�¶ 	 ´·Â¾³Ó¹ÜÛ ¼A´·¶ �NM� ì ½ 	 ¸·½ 	 Â 	 ´È¹ºÂ)Ò&¼z» 	 �ä¹È½¾¼A´·Âz³ 	 ´º¹ 	 9 	 Ø ¹ºÂ ¼w´·¶
»*¼A´·³µÂ ² 	 Â�Ú Íw½%Âä¹ 	 ¼w¶�Û�Ò&¼z» 	 Âz×O
 ² 	 ¹ 	 ½¾Õ æ ½ 	 ¸·½ 	 Â 	 ´º¹ÈÂ<¹ ² 	 Ú ½ ³µØ ¹È³µÍA´·¼wÁ"¼A´·¶�¶·³¿¼wÀ·¼�¹º³µØ
	 9 	 Ø ¹ºÂu¼w´·¶r»*¼A´·³µÂ ² 	 ÂöÚ Íw½�Ø°ÍA´·Â 	 ½�»*¼�¹º³Ó» 	 Ò&¼z» 	 Â¾×P
 ² 	 ü º �·Ð�$ ¶·³Ó» 	 ½ Î 	 ´·Ø 	 ê  ç M ês¹ ² Ð·Â
¶ 	 ¸ 	 ´·¶·Â%Íw´ Ò&¼z» 	 ¹È½¾¼A´·Â¾³ 	 ´·Ø 	 ¼w´·¶ ´·Íw´��zØ°Íw´·Â 	 ½�»*¼�¹È³Ï» 	 Ò&¼z» 	/	 9 	 Ø ¹ÈÂ Ã�&ð´·¶·½ 	 Ò�Â4(�*�+�-/. ê
���2��Aê�Ø ² ¼A¸�¹ 	 ½�é�� ×QB ² 	 ´ ¹ ² 	 Ò&¼z» 	 Â�¼w½ 	 Ø°Íw´·Â 	 ½�»*¼�¹È³Ï» 	 ê  ç M ¶ 	 Â¾Ø°½ ³µÀ 	 Âs¹ ² 	 »*¼A½¾³µ¼�¹º³¿Íw´ÖÍwÚ
¹ ² 	 Ò&¼¾» 	 ¼AØ ¹º³Ó»É³Ï¹ÜÛ<¶ 	 ´·Â¾³Ó¹ÜÛ%¼wÂ ¶·³¿Â�¹ºÐ·½ À·¼w´·Ø 	 Â�¸·½ Íw¸·¼AÎw¼�¹ 	 ³¿´È¹ºÍÙ½ 	 ÎA³µÍA´·ÂûÍAÚ·¶·³¢9 	 ½ 	 ´º¹,¶ 	 ´·Â¾³Ï¹ÜÛ
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Íw½�¸«Í�¹ 	 ´È¹º³¿¼wÁ�»�Íw½�¹È³µØ°³Ó¹ÜÛ Îw½ ¼w¶·³ 	 ´º¹öÃJ��¼wÕ 	 Â¾êx�1���wò��¾×!
 ² 	 ü º �·Ð�$rØ°¼w´%À 	 ³¿´º¹ 	 ½¾¸·½ 	 ¹ 	 ¶ú¼wÂ�¼
�·Ð�$ ÍwÚ0�Üü º Ò&¼z» 	 ¼AØ ¹º³Ó»É³Ï¹ÜÛ��öÚ Íw½�ÂzÕö¼wÁ¿Á+¼wÕö¸·Áµ³Ó¹ºÐ·¶ 	 Ò&¼z» 	 Â)Íw´ú¼u¸·Ð·½ 	 ÁÓÛ4�°Íw´·¼AÁ+À·¼wÂ¾³µØ,�·ÍzÒ
Ã�&Ù´·¶·½ 	 Ò;Âzê©���2����¾×

� 	 Ø ¹º³µÍA´�þA×�3ýÍwÚ!��¼wÕ 	 Â%Ã7�1���Aò�� Â ² ÍzÒ�Â{¹ ² ¼�¹<³µ´Ä¹ ² 	 �yÐ·¼wÂ¾³ �zÎ 	 ÍwÂ�¹È½¾ÍA¸ ² ³µØ
Ø°¼wÂ 	 ¹ ² 	 ü º
�·Ð�$ú» 	 Ø ¹ÈÍw½)³µÂ)¸·¼w½ ¼wÁ¿Á 	 Á*¹ºÍ&¹ ² 	 Á¿Í�Ø°¼wÁ?ÎA½¾ÍAÐ�¸�» 	 ÁµÍ�Ø°³Ó¹ÜÛÝ¼A´·¶·ê�Ð·´·Á¿³�� 	 ½ ¼zÛ%¹º½¾¼AØ°³µ´·ÎAê+¶·Í 	 Â{´·Í�¹
½ 	 ÁÓÛ�ÍA´
¼w´ÈÛr¼AÂ¾ÂzÐ·Õö¸�¹º³¿Íw´·Â,¼wÀ¡ÍwÐ�¹�¹ ² 	 À·¼AØ��yÎw½ ÍwÐ·´·¶ �·ÍzÒ�×  ç M ³µ´;¹ ² 	 ��Ð·¼AÂ¾³ �zÎ 	 ÍAÂ�¹º½ Íw¸ ² ³¿ØØ°¼wÂ 	 ¼AÁµÂ¾Í;¶ 	 Â¾Ø°½¾³¿À 	 Â0¹ ² 	 ÕöÍ�¶·³µí·Ø°¼�¹º³¿Íw´<ÍAÚ�¹ ² 	 À·¼AÂz³¿ØÙÂ�¹º¼�¹ 	 Ø ² ¼A´·Î 	 Â�³µ´"¹ ² 	 ¸¡ÍwÁ 	 Ò&¼w½ ¶F�·Ð�$
ÍwÚ0¸¡Í�¹ 	 ´º¹È³µ¼AÁ·»�ÍA½�¹È³µØ°³Ó¹ÜÛ�×

¤ ³¿ÎwÐ·½ 	 èA×µéÄÂ ² ÍzÒ;Â�¼úØ°½¾ÍAÂ¾Â��zÂ 	 Ø ¹È³µÍA´ÝÍwÚ6ü º �·Ð�$�¶·³Ï» 	 ½ Î 	 ´·Ø 	 ¼AÂ ¶ 	 í·´ 	 ¶�³¿´ 	 ��Ð·¼�¹º³¿Íw´èw×����úÚ ÍA½ö¼�Ø°Á¿³µÕö¼�¹ÈÍwÁ¿ÍwÎA³µØ°¼AÁ{Õ 	 ¼w´ ¹ 	 Ø 	 Õ�À 	 ½¾×HS 	 Ø ¹ºÍA½¾Â
ÍAÚðü º �·Ð�$ ¼A½ 	 Íz» 	 ½'�z¸·ÁµÍ�¹¾¹ 	 ¶·×
� ´�¹ ² ³µÂrÂ�¹ÜÛÉÁ 	 ÍwÚ;í·ÎAÐ·½ 	 ¹ ² 	 ¶·³Ï» 	 ½ Î 	 ´·Ø 	 Ø°ÍA´º¹ÈÍwÐ·½ Âý³µ´·¶·³¿Ø°¼�¹ 	 Ò ² 	 ½ 	 ¶·³µÂ�¹ÈÐ·½¾À·¼w´·Ø 	 Â�¼A½ 	

div.F/Re cosφ (m sT -1 day-1)  
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¤ ³µÎAÐ·½ 	 èA×µé�
èwèuÛ 	 ¼w½�¼z» 	 ½¾¼AÎ 	 ÍAÚ,ü6Á¿³µ¼AÂ¾Â 	 ´�� º ¼AÁµÕ �·Ð�$ ¶·³Ï» 	 ½ Î 	 ´·Ø 	 Ú Íw½�¹ 	 Ø 	 Õ�À 	 ½)Ò�³Ó¹ ²¼w½ ½¾ÍzÒ;Â�ÍwÚ,ü�Áµ³¿¼wÂ¾Â 	 ´�� º ¼wÁ¿Õ �·Ð�$ Íz» 	 ½��z¸·Á¿Í�¹¾¹ 	 ¶·×Z
 ² 	 Ø°ÍA´º¹ÈÍwÐ·½�³µ´È¹ 	 ½�»*¼wÁ�Ú Íw½�¹ ² 	 ü º �·Ð�$¶·³Ï» 	 ½ Î 	 ´·Ø 	 ³µÂ_�w×¢3$Õ Â ��� ¶·¼zÛ ��� ×��·ÍAÁµ³¿¶�Ø°Íw´È¹ºÍAÐ·½¾Â�³¿´·¶·³µØ°¼�¹ 	 ¶·³Ï» 	 ½ Î 	 ´·Ø 	 Ã�¸«ÍAÂ¾³Ï¹È³Ï» 	  ç M � ê¶·Í�¹ ¹ 	 ¶ýØ°Íw´È¹ºÍAÐ·½¾ÂÙ³¿´·¶·³µØ°¼�¹ 	 Ø°ÍA´º» 	 ½ Î 	 ´·Ø 	 ×
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Î 	 ´ 	 ½ ¼�¹ 	 ¶ ¼w´·¶£¶·³¿Â¾Âz³¿¸·¼�¹ 	 ¶�¼w´·¶ ² ÍzÒ ¹ ² 	 Ûô³µ´È¹ 	 ½ ¼wØ ¹
Ò;³Ï¹ ² ¹ ² 	 Õ 	 ¼A´ ��Í¾Ò�ê�Ò ² ³µÁ 	 ¹ ² 	» 	 Ø ¹ºÍA½¾Âð³¿´�¶·³¿Ø°¼�¹ 	 ² ÍzÒ ¶·³µÂ�¹ÈÐ·½¾À·¼A´·Ø 	 Âð¸·½ Íw¸·¼AÎw¼�¹ 	 ¹ ² ½ ÍwÐ·Î ² ¹ ² 	 ¼�¹ÈÕÖÍAÂz¸ ² 	 ½ 	 Ã�ü�¶·ÕÖÍA´[��½¾×
(�*f+�-/. ê#���2��N�¾×.B ² 	 ½ 	  ç M]\ �rÃ�¶·Í�¹¾¹ 	 ¶rØ°Íw´È¹ÈÍwÐ·½¾Â2�û¹ ² 	 ½ 	 ³¿Â$Ò&¼z» 	 ¶·³µÂ¾Â¾³¿¸·¼�¹È³µÍw´uÒ ² 	 ½ 	 ¼wÂÒ ² 	 ½ 	  ç M_^ �rÃ�ÂzÍAÁµ³¿¶rØ°ÍA´º¹ÈÍwÐ·½ Â2��¹ ² 	 ½ 	 ³¿Â$Ò&¼z» 	 Î 	 ´ 	 ½ ¼�¹È³µÍA´·×

� ´%í·ÎAÐ·½ 	 èA×µé)¹ ² 	 ½ 	 ³¿Â�¶·³µÂ¾Â¾³µ¸·¼�¹º³¿Íw´ÄÍw½�Ø°Íw´È» 	 ½¾Î 	 ´·Ø 	 ¹ ² ½¾ÍAÐ·Î ² ÍwÐ�¹&ÕÖÍAÂ�¹"ÍAÚ7¹ ² 	 Õö³µ¶·¶·Á 	¼�¹ÈÕÖÍAÂ¾¸ ² 	 ½ 	 Ò;³Ï¹ ² Â¾ÍwÕ 	 ¶·³Ï» 	 ½ Î 	 ´·Ø 	8` Ð·Â�¹ÝÂ¾ÍwÐ�¹ ² ÍAÚ)¹ ² 	a	 ��Ð·¼�¹ºÍA½ýÐ·¸ ¹ºÍ �13�� ²�º ¼Aê�³µ´
´·Íw½�¹ ² 	 ½ ´§Ã Ò;³µ´È¹ 	 ½:� ² 	 ÕÖ³¿Âz¸ ² 	 ½ 	 ÕÖ³¿¶·¶�Á 	 Á¿¼�¹È³Ï¹ÈÐ·¶ 	 ÂöÀ 	 ¹ÜÒ 	�	 ´ èAò�� ¼A´·¶���2� ²@º ¼ÿ¼�¹u¹ ² 	² 	 ¼w½�¹ ÍwÚ ¹ ² 	 ·`¼ ÂzÐ·À�¹È½¾ÍA¸·³µØ°¼AÁ `b	 ¹§Ã�Â 	�	 í·ÎwÐ·½ 	 èA×]�N�ÿ¼A´·¶�´ 	 ¼A½%¹ ² 	 Ò;³µ´È¹ 	 ½Ý¸«ÍAÁ 	 ³¿´
¹ ² 	 Â�¹È½¾¼�¹ÈÍwÂ¾¸ ² 	 ½ 	 ×Z
 ² 	 Ø°ÍA´º» 	 ½ Î 	 ´·Ø 	 ³¿Â�Âä¹È½¾ÍA´·Î¤³¿´�ÕÖ³¿¶·¶·Á 	 Áµ¼�¹º³Ó¹ºÐ·¶ 	 Â�ÍwÚ ¹ ² 	 Â¾ÍwÐ�¹ ² 	 ½¾´Ã�Â¾Ð·ÕöÕ 	 ½:� ² 	 Õö³µÂ¾¸ ² 	 ½ 	 À 	 ÁµÍzÒ �12�� ²�º ¼u¼w´·¶ú´�ÍA½�¹ ² ÍAÚ0é�� »g·§À 	 ÁµÍzÒ èAò�� ²@º ¼rÃ�³µ× 	 ×?À 	 Á¿ÍzÒ¹ ² 	 ¹ ² 	 ½ 	 Îw³¿Íw´£ÍAÚðØ°ÍA´º» 	 ½ Î 	 ´·Ø 	 �¾×7
 ² 	 ½ 	 ³¿Â<¼wÁµÂ¾ÍÝÂ�¹º½ Íw´·ÎÝØ°Íw´È» 	 ½¾Î 	 ´·Ø 	 ³¿´ÿ¹ ² 	 Ò�³¿´º¹ 	 ½Â�¹º½ ¼�¹ÈÍwÂ¾¸ ² 	 ½ 	 êû¼AÀ«Íz» 	 ò�� ²@º ¼wê¡Ò ² ³µØ ² ³¿Âð¼%½ 	 Îw³¿Íw´¤ÍAÚ«Ò&¼z» 	 �zÀ·½ 	 ¼��³µ´·ÎýÍAÚû¸·Á¿¼w´ 	 ¹È¼w½�Û�Â¾Ø°¼AÁ 	c ÍwÂ¾Â¾ÀÈÛ§Ò&¼z» 	 Â¾× ´�Í�Í��³µ´·Î ¼�¹¤¹ ² 	 ü º �·Ð�$ » 	 Ø ¹ºÍw½ Â¾ê�¹ ² 	 ½ 	 ³¿Â Ð·¸ÈÒ&¼A½¾¶ñ¸·½¾Íw¸·¼AÎw¼�¹º³¿Íw´
¹ ² ½ ÍwÐ·Î ² ÍwÐ�¹s¹ ² 	 ÕÖ³¿¶·¶·Á 	 Áµ¼�¹º³Ó¹ºÐ·¶ 	 Â¾êAÒ�³Ó¹ ²u² Íw½ ³��°ÍA´º¹È¼wÁ�¸·½¾ÍA¸·¼wÎA¼�¹È³µÍA´�¼�¹����»g· ¼w´·¶uÀ 	 ¹ÜÒ 	�	 ´è��u¼w´·¶ré�D»%·ðê*Ò�³Ó¹ ² ¶�Í¾Ò�´ÈÒ 	 ÁµÁ¿³µ´·Î%À 	 ¹ÜÒ 	�	 ´ ���ö¼A´·¶rè� »g·§À 	 ÁµÍ¾Ò ��þ�� ²@º ¼A×

� ´ÿÂ 	 Ø ¹º³µÍA´ÝòA×µò�¹ ² 	 ü�Áµ³µ¼AÂ¾Â 	 ´�� º ¼AÁµÕv�·Ð�$ Ò;³µÁ¿Á$À 	 Ø°ÍA´·Â¾³µ¶ 	 ½ 	 ¶�³µ´ÿÕÖÍA½ 	 ¶ 	 ¹È¼w³¿ÁÉ¹ºÍúÂ 	�	Ò ² ³¿Ø ² ÍAÚ�¹ ² 	 ¹ 	 ½¾ÕöÂ�¼w½ 	 ³¿ÕÖ¸«ÍA½�¹È¼w´È¹<Ú Íw½,¹ ² ³µÂ;½ 	 Â 	 ¼w½ Ø ² × ¤ Íw½"¶·³�9 	 ½ 	 ´º¹;Ò&¼z» 	 Âu¶·³¢9 	 ½ 	 ´È¹
	 ¶·¶�Ûö¹ 	 ½¾ÕöÂ6¼w½ 	 ³¿ÕÖ¸¡Íw½�¹º¼A´º¹È× ¤ Íw½ 	 $É¼wÕö¸·Á 	 ê¡Ø°Íw´·Â¾³µ¶ 	 ½+¹ ² 	 ��Ð·¼AÂz³ �zÎ 	 ÍAÂ�¹º½ Íw¸ ² ³µØ{À 	 ¹º¼1�z¸·Áµ¼A´ 	Ú ÍA½¾Õ ÍAÚ�¹ ² 	 
)üh5 	 ��Ð·¼�¹È³µÍA´·ÂÄ¼A´·¶�¹ ² 	 ü º �·Ð�$É×d
 ² ³µÂÄ³µÂ%¶·³µÂ¾Ø°Ð·Â¾Â 	 ¶ô³¿´ Â 	 Ø ¹È³µÍA´ éA×�3
ÍwÚ &ð´·¶·½ 	 Ò;Â)(�*0+�- .,Ã7�1��2��� ê�Â 	 Ø ¹º³¿Íw´ è¤ÍAÚ &ð´·¶·½ 	 Ò�ÂúÃ7�1��2���;¼w´·¶�Â 	 Ø ¹È³µÍw´�þA×�3rÍwÚ���¼AÕ 	 ÂÃ7�1���Aò�� ×e
 ² 	 ¹ 	 ½¾ÕöÂ ³¿´  ç M ¼A½ 	 ½ 	 ¶·Ð·Ø 	 ¶ú¹ÈÍ�¹ ² ÍwÂ 	 ³¿´º»�ÍAÁÏ»É³¿´·Î ² Íw½ ³��°ÍA´º¹È¼wÁûÎA½¾¼A¶·³ 	 ´È¹ºÂ;³¿´
à � Þ � Ã�Ú ½ ÍwÕ 	 ��Ð·¼�¹º³¿Íw´£èA×]�1�w¼��ö¼w´·¶ » 	 ½�¹º³¿Ø°¼wÁ{Îw½¾¼A¶·³ 	 ´È¹ºÂ<³¿´ à � õ � Ã�Ú ½ ÍwÕ 	 ��Ð·¼�¹º³¿Íw´£èA×]�1�wÀ�� ×

 ² 	 Â 	 ¼A½ 	 ¹ ² 	 ¹ 	 ½ ÕÖÂ6³¿ÕÖ¸¡Íw½�¹º¼A´º¹ÙÚ ÍA½ c ÍwÂ¾Â¾ÀÈÛöÒ&¼z» 	 ¸·½¾ÍA¸·¼wÎA¼�¹È³µÍA´·×©�)ÍA´È» 	 ½ Â 	 ÁÏÛ�ê7¹ ² 	 ¹ 	 ½ Õá � Þ � Ã ¹ ² 	 » 	 ½�¹È³µØ°¼AÁy¹È½¾¼w´·Â¾¸¡Íw½�¹ðÍAÚW�°ÍA´·¼wÁ©ÕÖÍAÕ 	 ´È¹ºÐ·Õ���Ú ½ ÍwÕ 	 ��Ð·¼�¹º³¿Íw´%èA×]�1�wÀÖ³µÂ�³µÕö¸«ÍA½�¹È¼w´È¹
Ú ÍA½�Îw½ ¼z»É³Ï¹ ÛúÒ&¼z» 	 ÂuÃ�Â 	 Ø ¹º³¿Íw´ròw×¿þwêW&ð´·¶·½ 	 Ò�Â¸(�*h+�-/.0Ã7�1��2���2� ×

fhg2i jlknm�k o/prqtsvuxwyw.z>{e|
¹&³µ¼AÎw´·ÍwÂ�¹È³µØ°ÂÙ¼z»7¼w³µÁ¿¼wÀ·Á 	 ³¿´ö¹>} 	 üh�{5eB ¤ ¶·¼�¹È¼<Â 	 ¹�¼A½ 	 ¹ 	 ÕÖ¸ 	 ½ ¼�¹ÈÐ·½ 	 êR�°Íw´·¼AÁ?¼w´·¶ýÕ 	 ½¾³¿¶��
³µÍA´·¼wÁ�Ò�³¿´·¶·ÂÄ¼A´·¶�» 	 ½�¹º³¿Ø°¼wÁ6» 	 Á¿Í7Ø°³Ó¹ÜÛ�×~
+} 	 ¹ 	 ½ ÕÖÂ%³µ´�¹>} 	 ¹�} 	 ½¾ÕöÍ�¶�ÛÉ´·¼wÕö³µØ ¼w´·¶¡�°Íw´·¼AÁ
ÕÖÍAÕ 	 ´È¹ºÐ·Õ 	 ��Ð·¼�¹È³µÍA´·ÂöÃ�èw×¢� 	 ¼w´·¶¤èw×¢�w¼��ûÒ 	 ½ 	 Ø°¼AÁµØ°Ð·Á¿¼�¹ 	 ¶ Ú ½ ÍwÕ4¹�} 	 Â 	 Ú ÍwÐ·½{¶·³µ¼AÎw´·ÍwÂ�¹È³µØ°Â
Ò�³Ó¹>}�¹�} 	�	 $«Ø 	 ¸�¹º³µÍA´·ÂúÍAÚ £ ¼A´·¶ � ×d
�} 	 Â 	 ¹ÜÒ&Í�¹ 	 ½¾ÕöÂÄØ°¼A´·´·Í�¹¤À 	 Ø°¼wÁ¿Ø°Ð·Áµ¼�¹ 	 ¶�Ú ½ ÍwÕ
¹>} 	 ¶·³µ¼AÎw´·ÍAÂ�¹º³¿Ø°Â{¼z»*¼A³µÁ¿¼wÀ·Á 	 ³¿´�¹�} 	 ¶·¼�¹º¼�Â 	 ¹;¼A´·¶uÒ 	 ½ 	 Ø°¼AÁµØ°Ð·Á¿¼�¹ 	 ¶r¼AÂ�½ 	 Âz³¿¶·Ð·¼wÁ¿Â{Ú ½ ÍwÕ§¹>} 	Í�¹�} 	 ½&¹ 	 ½ ÕÖÂ<³¿´ ¹�} 	8	 ��Ð·¼�¹º³¿Íw´·Â¾ê&¼wÂ¾Â¾Ð·Õö³µ´·Î 	 ¼wØ�} 	 ��Ð·¼�¹º³¿Íw´£À·¼AÁµ¼A´·Ø 	 ¶·× £ ³µÂ 	 $É¸ 	 Ø ¹ 	 ¶¹ºÍ À 	 Õö¼w³¿´·ÁÏÛ§¶·Ð 	 ¹ÈÍ ¶·³¿¼wÀ·¼�¹º³¿Ø�} 	 ¼�¹º³µ´·Î ¼w´·¶ � ³¿Â 	 $É¸ 	 Ø ¹ 	 ¶ ¹ÈÍ À 	 Õö¼w³¿´�ÁÓÛñ¶·Ð 	 ¹ÈÍ
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+} 	,	���� Û%ÕÖÍAÕ 	 ´È¹ºÐ·Õm��Ð�$%³¿Â¡¹>} 	 �°ÍA´·¼wÁ�Õ 	 ¼w´�ÍAÚAà � Þ � ×,
�} 	 ¹È³µÕ 	 Õ 	 ¼A´�ÍwÚA¹�} 	 �°Íw´·¼AÁ
Õ 	 ¼A´%³µÂ�Ð·Â¾Ð·¼AÁµÁÓÛrØ°¼wÁ¿Ø°Ð·Áµ¼�¹ 	�� ×+
 Í;³µ´È» 	 Â�¹º³µÎA¼�¹ 	 à � Þ � ³Ï¹ÈÂ 	 ÁµÚ6Ã 	 ×µÎA×A¹ºÍ 	 $É¼AÕÖ³¿´ 	 ¼;Á¿¼�¹È³Ï¹ÈÐ � ³µ´·¼AÁ �ÁµÍA´·Îw³Ó¹ºÐ � ³¿´·¼wÁsÂ�¹È½¾Ð·Ø ¹ÈÐ·½ 	 � ê«¹>} 	 �°Íw´·¼AÁ Õ 	 ¼w´·³¿´·ÎÄ³µÂ&´·Í%Á¿Íw´·Î 	 ½'� 	 ½¾Ú ÍA½¾Õ 	�� À·Ð�¹�Â¾ÍwÕ 	 ¹È³µÕ 	Õ 	 ¼A´·³µ´·ÎÝ³µÂöÂ�¹º³µÁ¿Á)½ 	 ��Ð·³¿½ 	�� × à � Þ � Ø°¼w´ À 	 Â2�·Á¿³Ï¹�Ð�� ³¿´º¹ÈÍÿ³Ï¹ºÂÖÂä¹È¼�¹È³µÍA´·¼w½�Û�¼A´ � ¹È½¾¼w´·Â¾³ 	 ´º¹



:<;>=@?>A�BDCFE>GIH0:<JLKNMPO>=@A"=RQ�STBUA�;>VWO>V�X'V�Y[Z�\]V[CF^_H`J a"A�b>O>Z (��
Ø°ÍwÕ��«ÍA´ 	 ´º¹ÈÂ2�

Ä à � Þ � Å Ë Ã à¨� à��?ÃßÞ � ÞÑ� Æ
Ë Ä à � Å Ä Þ � Å ï Ä à � ° Þ � °:Å Æ Ã�èw×¿èwþ��

Â�¹º¼�¹º³¿Íw´·¼A½�Û ¹º½ ¼w´·Â¾³ 	 ´È¹
�·½¾Í¾»É³ ��	�� ¹>}·¼�¹ \ à \ Þ ^�^ Ë \ à ^�\ Þ ^ ×h·ðÍ�¹ 	 ¹>}·¼�¹ \ àyÞ ^e×Ë \ à ^�\ Þ ^ ×f� 	�	 ¼���� 	 ´ � ³ $6�
Ú ÍA½�¼E�·½¾Í�ÍwÚ�ÍAÚ 	 ��Ð·¼�¹È³µÍA´rèw×¿èwþA×


+} 	 Â�¹º¼�¹º³¿Íw´·¼A½�Ûÿ¼w´ � ¹º½ ¼w´·Â¾³ 	 ´º¹Ù¹ 	 ½ ÕÖÂðÚ ÍA½6à � Þ � ê�à � õ � ¼w´ � á � Þ � Ò 	 ½ 	 Ø°¼AÁµØ°Ð·Áµ¼�¹ 	�� ¼A´ �¹º³¿Õ 	 �z¼z» 	 ½ ¼wÎ 	�� Ð·Â¾³µ´·Î,¹�} 	 Âz³¿ÕE�·Á 	 ¹ÈÍ����®}·¼�¹,Õ 	 ¼A´·³µ´·Î ¼AÂ ��	 Â¾Ø°½ ³µÀ 	�� ¼wÀ¡Íz» 	 ×�
ûÒ&Í Õ 	 ¼w´·³¿´�Î� 	 ½ ³µÍ � Â�Ò 	 ½ 	 Ð·Â 	�� �ûé��A×�3 � ¼zÛÉÂ¾ê¡Ò�}·³µØ�} ³µÂ&´ 	 ¼w½�¹ºÍ ¹>} 	 ¼z» 	 ½¾¼AÎ 	 ÕöÍw´È¹>}¤Á 	 ´·Î�¹�} ÍAÚ$é�w×¿òwé
� ¼zÛÉÂ¾êÉ¼A´ � �1� � ¼zÛÉÂ¾× ¤ Íw½ 	 ¼AØ�}<Õ 	 ¼A´�³¿´·Î� 	 ½¾³¿Í � ¹�} 	 Õ 	 ¼A´
ÍwÚ¡¼AÁµÁq�1�;Íw½$é�w×�3 � ¼zÛ¯� 	 ½ ³µÍ � ÂÒ} 	 ½ 	 ¹�} 	 Ø 	 ´È¹º½ 	 �¡Íw³¿´º¹úÚ 	 ÁµÁ�³¿´ ¼���¼w´yÐ·¼w½�Û�ê ¤ 	 À·½ Ð·¼w½�Û 	 ¹ºØ°× Ò 	 ½ 	 ¹�} 	 ´ Ú ÍwÐ·´ � ¹ºÍ¤Îw³Ó» 	¼w´Ý¼w´·´yÐ·¼wÁ�Ø ÛÉØ°Á 	 × � ´�Â 	 Ø ¹º³¿Íw´�èA×µér³Ï¹ Ò&¼AÂ�´·Í�¹ 	�� ¹>}·¼�¹%Ú Íw½,¹>} 	 �°Íw´·¼wÁ¿ÁÏÛ ¼z» 	 ½¾¼AÎ 	��� ¼�¹È¼wêÀ 	 Ú Íw½ 	 ¼w´ÈÛ£¹º³¿Õ 	 Õ 	 ¼w´·³¿´·Îwê 	 ¼wØ�} � ³µ¼AÎw´·ÍAÂ�¹º³¿ØÿÍwÚ;þAò Á¿¼�¹º³Ó¹ºÐ ��	 Â¾ê�èAé�Á 	 » 	 Á¿Âr¼w´ � éwéwéAþ��
¹º³¿Õ 	 Â�¹ 	 �·Âû¹ÈÍ7Í�ö¼AÀ«ÍAÐ�¹<�1���x5 � ÍAÚ � ³¿Â7�ÖÂ2�·¼wØ 	 × ¤ Íw½+¹�} 	 Â�¹º¼�¹º³µÍA´·¼w½�Ûr¼A´ � ¹º½ ¼w´·Â¾³ 	 ´È¹�¹ 	 ½¾ÕØ°¼wÁ¿Ø°Ð·Áµ¼�¹º³¿Íw´·Â?¹�} 	n� ¼�¹º¼"³¿Â�´·Í�¹±�°Íw´·¼AÁµÁÓÛÄ¼z» 	 ½ ¼wÎ 	�� × � ´·Ø°Á¿Ð � ³µ´·Î�¹�} 	n	 $�¹È½¾¼ � ³¿Õ 	 ´·Â¾³µÍA´<ÍAÚ ��è�2
ÁµÍA´·Îw³Ó¹ºÐ ��	 �«ÍA³µ´È¹ºÂ$ÒðÍwÐ·Á � ÕÖ¼� 	 ¼uèAéuÁ 	 » 	 Á � ¼�¹º¼uí·Á 	 ¼AÀ«ÍAÐ�¹ èwòy* � ³µ´úÂ¾³�� 	 ê*Ò}·³¿Ø�}ý³µÂ�´·Í�¹
¼��·½ ¼wØ ¹º³¿Ø°¼wÁ+í·Á 	 Â¾³¢� 	�	 ³Ó¹>} 	 ½)³¿´u¹ 	 ½¾ÕöÂ)ÍwÚ�Õö¼w´·³¬�·Ð·Áµ¼�¹º³¿Íw´úÍw½,Â�¹ÈÍw½ ¼wÎ 	 × � ´·Â�¹ 	 ¼ � ê+³µ´ � ³Ó»É³ � Ð·¼AÁÁ 	 » 	 Á¿Â;Ò 	 ½ 	 Â�¹ÈÍw½ 	�� ³¿´ Â 	 �·¼w½ ¼�¹ 	 í·Á 	 Âö¼w´ � ÍA´·ÁÏÛ Â 	 Á 	 Ø ¹ 	�� Á 	 » 	 Á¿Â<´ 	 ¼A½&¹>} 	 ¹º½ Í��«Í��·¼wÐ·Â 	Á 	 » 	 Á�Ò 	 ½ 	 Ø°Íw´·Â¾³ ��	 ½ 	�� ê©¹�} 	 Â 	 À 	 ³µ´·Î¦3�wêW��wêW��wê#����Aê#��éAèö¼w´ � ��33v} º ¼w×
Ø>A�C BU=�S \]bQÙQÚ�A�Û'V¡Ù

+} 	 }·Íw½ ³��°Íw´È¹º¼AÁ*Ò�³¿´ � Â¾ê¡Þ�¼w´ � à«ê+Ø°¼A´rÀ 	�� ³Ó»É³ ��	�� ³¿´º¹ÈÍ"¹>} 	 ³µ½)½ Í�¹È¼�¹È³µÍA´·¼wÁ+¼A´ �h� ³Ï» 	 ½ Î 	 ´È¹Ø°ÍwÕ��«ÍA´ 	 ´º¹ÈÂ¾×
+} 	 }·Íw½ ³��°ÍA´º¹È¼wÁ?» 	 Á¿Í�Ø°³Ï¹ÜÛ�í 	 Á � ê�ÜôË ÃßÞ0Æ à¡�¾ê6ØÈ¼A´r¹>} 	 ´ À 	���	 Â¾Ø°½ ³µÀ 	�� ³¿´
¹ 	 ½ ÕÖÂ�ÍAÚ0¹ÜÒ&ÍrÂ¾Ø°¼wÁ¿¼w½;í 	 Á � Â¾ê�¹>} 	 Â�¹º½ 	 ¼wÕ>Ú Ð·´·Ø ¹È³µÍA´·êQÝðê�¼A´ � ¹�} 	 » 	 ÁµÍ�Ø°³Ï¹ ÛÞ�«Í�¹ 	 ´È¹º³¿¼wÁ¿ê�ß�ê
Ã�Â 	�	 ��¼AÕ 	 Â¾êf����wòAêÉØ�}·¼���¹ 	 ½±2�� Ò} 	 ½ 	

Ü Ëáàâ�ã  Ý ï  ß0Æ Ã�èA×µè���
Ü¡äÄËáàâ�ã  Ý&Æ Ã�èA×µè2��
Ü¡åuË  ß ç Ã�èw×¿è����


+} 	 ÂJæÈ½ 	 ¼wÕ�Ú Ð·´·Ø�æÈ³µÍA´ ½ 	 �·½ 	 Â 	 ´�æºÂ%ÂJæº½ 	 ¼wÕöÁµ³¿´ 	 Â%Ú Íw½<æ>} 	 ´·Íw´�� � ³Ï» 	 ½ Î 	 ´�æ4�·ÍzÒ;ê�Ò�³çæ>}
æ>} 	x� ³µÂJæÈ¼w´·Ø 	 À 	 æÜÒ 	�	 ´ÝÁ¿³µ´ 	 Â"ÍwÚ�Ø°ÍA´·ÂKæÈ¼w´�æÖÂJæº½ 	 ¼wÕ.Ú Ð�´·Ø�æÈ³µÍA´ÿÀ 	 ³µ´·ÎÖ�·½ Í��¡Íw½�æº³¿Íw´·¼AÁ¡æºÍ�æ>} 	ÕÖ¼AÎw´·³çæºÐ ��	 ÍwÚ�æ>} 	 ´·Íw´�� � ³Ó» 	 ½¾Î 	 ´�æ"» 	 ÁµÍ�Ø°³çæÜÛ�×¨&è�·ÁµÍ&æ�ÍwÚûÂKæÈ½ 	 ¼AÕ Ú Ð·´·Ø�æÈ³µÍA´¤Îw³Ó» 	 Â"¼w´¤³ ��	 ¼ÍwÚÑæ>} 	 Â®�·¼Næº³¿¼wÁ � ³µÂJæº½ ³µÀ·Ð·æÈ³µÍA´�ÍwÚ�æ>} 	 ½ Í&æÈ¼&æÈ³µÍA´·¼wÁ$Íw½;´·ÍA´� � ³Ó» 	 ½¾Î 	 ´>æ �·ÍzÒ Ã'¼ðÍwÁçæºÍA´·ê`�1���Aèwê



:<;>=@?>A�BDCFE>GIH0:<JLKNMPO>=@A"=RQ�STBUA�;>VWO>V�X'V�Y[Z�\]V[CF^_H`J a"A�b>O>Z ��)
Â 	 Ø�æº³¿Íw´ 2A×µé��¾×


+} 	 ´ 	 $¨æAæÜÒ&ÍúØ�}·¼��·æ 	 ½ Â Á¿Í�Í��r¼Næ<æ>} 	 ½ 	 ÂzÐ·ÁçæºÂ ÍwÚ%æ�} 	 
�üh5 ÂJæÈÐ � Û ÍAÚ%æ�} 	 üh� 5eB ¤
¼w´·¼AÁÏÛ«Âz³¿Â � ¼Næº¼A×µ�+}·¼��·æ 	 ½ué¤ÁµÍ�Í��Âö¼NæÂæ>} 	 ¼w´·´yÐ·¼wÁ�Ø ÛÉØ°Á 	 ³µ´/æ 	 Õ�� 	 ½¾¼NæºÐ·½ 	 ³¿´�æ�} 	 æ�} 	 ½��ÕÖÍ � Û«´�¼AÕÖ³¿Ø 	 ��Ð·¼&æÈ³µÍA´·êÉÁµ³¿´@��³¿´·Î�³çæ!æÈÍ{Ò&¼z» 	 � � ½ ³Ï»É³¿´·Îö³µ´æ�} 	 �°Íw´·¼AÁ«ÕöÍwÕ 	 ´>æÈÐ·Õ 	 ��Ð·¼Næº³¿Íw´·×
�+}·¼��·æ 	 ½{òöÁ¿Í7Í��Â{¼Næ�æ>} 	 ü6Á¿³µ¼wÂ¾Â 	 ´�� º ¼wÁ¿Õ �·Ð�$ ³µ´ýÎw½ 	 ¼&æ 	 ½ ��	 æÈ¼w³¿Áµ×



ihg>é ê©{Âm�prqtë/ì�svm�z2qh{

+}·³¿ÂöØ�}·¼��·æ 	 ½u³µ´È» 	 ÂJæº³µÎA¼&æ 	 ÂAæ�} 	Ö� ½ ³Ï»É³¿´·Î ÍwÚQæ>} 	 ¼w´·´yÐ·¼wÁ�Ø ÛÉØ°Á 	 ³µ´[æ�} 	 æ�} 	 ½¾ÕöÍ � Û«´·¼wÕö³µØ
	 ��Ð·¼Næº³¿Íw´ Ã�èw×¢� 	 � ÀÈÛ ³¿´º» 	 ÂJæÈ³µÎw¼Næº³¿´·Î�æ>} 	 ¼A´·´�Ð·¼AÁûØ ÛÉØ°Á 	 ÍwÚ 	 ¼wØ�}�ÍAÚræ>} 	 ³µ´ � ³Ï»«³ � Ð·¼AÁíæ 	 ½¾ÕöÂ
³µ´xæ>}·¼Næ 	 ��Ð·¼&æÈ³µÍA´·×L
�} 	 ÕÖ¼AÂ¾ÂÙØ°Íw´�æº³¿´�Ð·³çæÜÛ 	 ��Ð·¼Næº³¿Íw´�Ã�èw×¢� � ��³¿ÂÙ³µ´È» 	 ÂJæº³¿Îw¼&æ 	�� ê Á¿³µ´@�y³µ´·ÎAæ>} 	æ>} 	 ½ ÕÖÍ � ÛÉ´·¼AÕÖ³¿Ø 	 �yÐ·¼&æº³¿Íw´aæÈÍhæ�} 	 �°Íw´·¼AÁÙÕöÍwÕ 	 ´�æºÐ·Õ 	 �yÐ·¼&æÈ³µÍA´ñÃ�èw×¢�w¼��¾× ¤ ³¿´·¼wÁ¿ÁÏÛîæ>} 	
� ½¾³Ó»É³¿´·Î
ÍAÚ¡æ�} 	 ¼w´·´yÐ·¼wÁ�Ø ÛÉØ°Á 	 ³µ´Eæ�} 	 �°ÍA´·¼wÁ�ÕÖÍAÕ 	 ´�æºÐ·Õ 	 ��Ð·¼&æÈ³µÍA´�³µÂÙ³¿´º» 	 ÂJæº³¿Îw¼Næ 	�� ×A
�} 	æ 	 ½ ÕÖÂ$³µ´ 	 ¼AØ�}uÍwÚ�æ�} 	 Â 	�	 �yÐ·¼&æº³¿Íw´·Âv}·¼z» 	 À 	�	 ´ÖØ°¼AÁµØ°Ð·Áµ¼Næ 	�� Ú ½ ÍwÕïæ>} 	 Â¾³ $�}·ÍAÐ·½¾ÁÓÛúü#�{5eB ¤
¼w´·¼AÁÏÛ«Âz³¿Â � ¼Næº¼ � ³¿Â¾Ø°Ð·ÂzÂ 	�� ³¿´öÂ 	 Ø�æÈ³µÍA´<èw×���ê·Ð·Â¾³¿´·Î�æ>} 	�� ¼&æÈ¼A�·½¾Í�Ø 	 Â¾Â¾³µ´·Î;Õ 	 æ�}·Í � Â � ³¿ÂzØ°Ð·Â¾Â 	��³µ´ýÂ 	 Ø�æº³¿Íw´�èA×µéA×

� ´eæ�}·³µÂ&½ 	 Â 	 ¼A½¾Ø�}Öæ�} 	 ���v} º ¼
Á 	 » 	 ÁûÍAÚ%æ>} 	�� ¼Næº¼
Â 	 æðÒ&¼wÂ<�·½¾³¿´·Ø°³��·¼AÁµÁÓÛ�ÂKæÈÐ � ³ 	�� ×x
�}·³µÂÁ 	 » 	 Á�³µÂ ` Ð·ÂJæ<¼wÀ«Íz» 	 æ>} 	 æÈ½¾Í��·³µØ°¼AÁ�æº½ Í��¡Í��·¼AÐ·Â 	 Ò} 	 ½ 	 æ>} 	 ½ 	 ³¿Â ¼ýÁµ¼A½¾Î 	 ¼A´·´�Ð·¼AÁ$Ø ÛÉØ°Á 	 ³¿´
æ 	 Õ�� 	 ½ ¼&æÈÐ·½ 	 Â¾ê$Â 	�	 í·ÎAÐ·½ 	 ��×¿èwêÑ�·¼wÎ 	 2w× � ´¤Â 	 Ø�æº³¿Íw´ éA×µþ�æ>} 	 ���v} º ¼
Á 	 » 	 Áû³¿Â"Ø°ÍA´·Â¾³ ��	 ½ 	��¼w´ � æ>} 	 ½ 	 Â¾Ð·ÁµæÈÂÙØ°ÍwÕ��·¼w½ 	�� Ò�³çæ>}�æ>}·ÍAÂ 	 ¼&æ���v} º ¼w×

ihg2f ðÓñ�u k�{�{¯ì/k�òÁsvótsnò2u z>{ m�ñ�u mQu�pDô w qhõÓm�ñeu m�ñ�uxprö
ô qtëeót{�k�ô z�s�u�÷Öì�knm�z2qh{


+} 	 æ>} 	 ½ ÕÖÍ � ÛÉ´·¼AÕÖ³¿Ø 	 ��Ð·¼Næº³¿Íw´%Ã�èw×¢� 	 ��Ò&¼wÂ0³¿´º» 	 ÂJæº³¿Îw¼Næ 	�� æÈÍ�Â 	�	 Ò�}·¼&æ � ½ ³Ï» 	 Â�æ�} 	 Ø�}·¼w´·Î 	 Â³µ´_�«ÍNæ 	 ´�æº³¿¼wÁ!æ 	 ÕE� 	 ½¾¼NæºÐ·½ 	 ÂýÍz» 	 ½xæ�} 	 ¼A´·´�Ð·¼AÁ&Ø ÛÉØ°Á 	 × ¤ ³¿ÎwÐ·½ 	 éA×]�rÂ®}·ÍzÒ;Âxæ�} 	 ¼A´·´�Ð·¼AÁ
ò��



:<;>=@?>A�BDC�(>GIH0:<JLKNMPO>=@A"=RQ�OqCøÛ Ü Û�Ù>YTA";>B)=«ÙÑÙWb>=�X�Ú�ZrÚ�X�B �[E
Ø ÛÉØ°Á 	 ³µ´¯�«ÍNæ 	 ´�æº³¿¼wÁ�æ 	 Õ�� 	 ½ ¼&æÈÐ·½ 	 ¼&æ���v} º ¼öÚ ½ ÍwÕÌò�»g·ÞæÈÍöò��U»g�·× &�Á¿¼w½ Î 	 ¼w´·´yÐ·¼wÁ+Ø Û«Ø°Á 	Ø°¼w´ À 	 Â 	�	 ´£À 	 æÜÒ 	�	 ´ ¼����·½ Í�$É³¿ÕÖ¼&æ 	 ÁÏÛôè���»g· ¼w´ � è�U»g�¶�æ�}·³µÂ�}·¼AÂ<Áµ¼A½¾Î 	 ÂJær¼wÕE�·Á¿³µæÈÐ ��	À 	 æÜÒ 	�	 ´ý¼����·½ Í�$É³µÕö¼&æ 	 ÁÏÛ��1�»%· ¼w´ � ����»g�·×�
+} 	 �«ÍNæ 	 ´�æº³¿¼wÁ¨æ 	 ÕE� 	 ½¾¼NæºÐ·½ 	 ¼Næ,æ�} 	<	 ��Ð·¼NæºÍA½³µÂ)¼����·½ Í�$É³µÕö¼&æ 	 ÁÏÛ¡�1�vù Ò&¼w½ Õ 	 ½)³¿´)·`¼ñÂ¾Ð·ÕÖÕ 	 ½væ�}·¼w´)· ¼£Ò�³µ´�æ 	 ½¾×

Potential Temperature (K) 90 hPa
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¤ ³µÎAÐ·½ 	 éA×]�1�©5 	 ¼w´%¼A´�´yÐ·¼wÁ©Ø ÛÉØ°Á 	 ÍwÚªæ>} 	 �ÈÍA´·¼wÁ©Õ 	 ¼A´��¡Í&æ 	 ´�æº³¿¼wÁ�æ 	 ÕE� 	 ½ ¼&æÈÐ·½ 	 ¼Næ ���v} º ¼A×
+} 	 Ø°ÍA´>æÈÍwÐ·½<³µ´�æ 	 ½�»*¼wÁÙ³µÂ4���yù × �·ÍAÁµ³ � À·Á¿¼wØ � Áµ³¿´ 	 Â%³µ´ � ³µØ°¼Næ 	 �A×�2�»g·ðê,æ�} 	[	 ��Ð·¼&æÈÍw½%¼A´ ��w×¢2U»g��×

+} 	 ¼w´·´yÐ·¼wÁ$Ø ÛÉØ°Á 	 ³µ´�æ>} 	 ½¾¼Næ 	 ÍwÚ$Ø�}·¼A´�Î 	 ÍwÚ©�«ÍNæ 	 ´�æº³¿¼wÁ�æ 	 ÕE� 	 ½ ¼&æÈÐ·½ 	 Ò�³çæ>}ÿ½ 	 Â2� 	 Ø�ææºÍ[æº³¿Õ 	 ê � 5� ì ê�³¿ÂúÂ2}·ÍzÒ;´ô³µ´ í·ÎwÐ·½ 	 éA×µèA×Ó
�} 	 ½ 	 ³µÂÄ¼ ÂJæº½ Íw´·Î¤Ò&¼A½¾Õö³µ´·Î�À 	 æÜÒ 	�	 ´ è��"»g·

¼w´ � è��U»%�ôÚ ½ ÍwÕ &'�·½ ³µÁ,æÈÍî��Ð·ÁÏÛ�¼w´ � ¼�ÂJæÈ½¾ÍA´·Î�Ø°Í�ÍwÁ¿³µ´·Î Ú ½ ÍwÕ &ðÐ·ÎAÐ·ÂJæ8æÈÍ�·ðÍz» 	 Õ�À 	 ½ ×
+} 	 Ò&¼w½ ÕÖ³¿´·Î�¼w´ � Ø°Í�ÍwÁ¿³µ´·Î ¼A½ 	 ÂJæº½ Íw´·Î 	 ÂJæ�À 	 æÜÒ 	�	 ´ �1� » ·>¼A´ � �1� » ��ê ��	 Ø°½ 	 ¼wÂ¾³¿´·Î ³¿´
ÂJæº½ 	 ´·Î&æ�}�Ú ½¾ÍAÕ �1��»�æºÍrè�D» ³µ´�À«ÍNæ>}a} 	 Õö³µÂ2��} 	 ½ 	 Âz× ¤ ½¾ÍAÕ��y¼A´�Ð·¼A½�Û�æºÍ³&'�·½ ³µÁ¿ê,À 	 æÜÒ 	�	 ´è�� » · ¼A´ � è�� » �·êræ�} 	 ½ 	 ³µÂ�» 	 ½�Û¤Ò 	 ¼��<Ò&¼A½¾ÕÖ³¿´·Îw× ¤ Ð·½�æ>} 	 ½"Â¾ÍwÐ·æ�}·êûÀ 	 æÜÒ 	�	 ´�¼AÀ«ÍAÐ·æöè�� » �
¼w´ � 3��U»g�·êræ�} 	 ½ 	 ³¿Â)Ò&¼w½ ÕÖ³¿´·ÎrÂJæÈ¼w½�æº³¿´·Î 	 ¼A½¾Á¿³ 	 ½�æ>}·¼A´¯æ�} 	e	 ��Ð·¼NæºÍw½ ³µ¼AÁÉÒ&¼w½ ÕÖ³¿´·Îwê6Áµ¼AÂKæÈ³µ´·Î
Ú ½ ÍwÕ ¤ 	 À·½ Ð·¼w½�ÛxæÈÍ���Ð·ÁÏÛ�ê©¼w´ � æ>} 	 ½ 	 ³µÂ$Ø°Í�ÍwÁ¿³µ´·Î Ú ½ ÍwÕ &ÙÐ·ÎwÐ·ÂJæDæºÍ���¼A´�Ð·¼A½�Û�ê©í�´·³¿Â2}·³µ´·Î�Áµ¼Næ 	 ½æ>}·¼A´'æ>} 	�	 ��Ð·¼&æÈÍw½ ³µ¼AÁ*Ø°Í�ÍwÁ¿³µ´·ÎA×©·ðÍA½Jæ�}öÍAÚ�æ>} 	�	 ��Ð·¼NæºÍA½¾³¿¼wÁ�Ò&¼A½¾Õö³µ´·Î"¼A´ � Ø°Í�ÍAÁµ³¿´·Îwê·À 	 æÜÒ 	�	 ´¼wÀ¡ÍwÐ·æuè�3U»g· ¼A´ � 3�U»g·&ê�æ�} 	 ½ 	 ³µÂ�Ò&¼w½ ÕÖ³¿´·Îú¼w´ � Ø°Í�ÍwÁ¿³µ´·Î%ÍwÚræ�} 	 Í����«ÍAÂz³çæ 	 Â 	 ´·Â 	 æºÍ�æ>} 	
	 ��Ð·¼NæºÍA½¾³¿¼wÁ�Ò&¼A½¾Õö³µ´·Îu¼A´ � Ø°Í�ÍwÁ¿³µ´·ÎAê�Ò�³çæ>}%Ø°Í�ÍAÁµ³¿´·Î�Ú ½ ÍwÕ ¤ 	 À·½¾Ð·¼A½�ÛeæÈÍÂ��Ð·ÁÏÛ¤¼A´ � Ò&¼w½ ÕÖ³¿´·Î
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Ú ½ ÍwÕ &ðÐ·ÎAÐ·ÂJænæÈÍ���¼w´yÐ·¼w½�Û�×


+}·³¿Â ½ 	 Â 	 ¼A½¾Ø�}�Ò;³µÁ¿Á�Ø°ÍA´·Ø 	 ´>æÈ½¾¼Næ 	 Íw´�æ>} 	 �1� »g·OæÈÍL���U»g� Á¿¼&æÈ³µæÈÐ ��	 À·¼A´ � À 	 Ø°¼AÐ·Â 	æ>} 	 ¼A´·´�Ð·¼AÁ�Ø ÛÉØ°Á 	 À 	 æÜÒ 	�	 ´ïæ�}·ÍwÂ 	 Áµ¼Næº³çæºÐ ��	 Â¤³µÂ�½ 	 Áµ¼Næº³Ï» 	 ÁÓÛ Áµ¼A½¾Î 	 Ú Íw½rÀ«Í&æ�} �«ÍNæ 	 ´�æº³¿¼wÁæ 	 Õ�� 	 ½ ¼&æÈÐ·½ 	 ¼A´ � ½ ¼&æ 	 ÍAÚÉØ�}·¼w´·Î 	 ÍwÚ%�«Í&æ 	 ´>æÈ³µ¼AÁªæ 	 ÕE� 	 ½¾¼&æÈÐ·½ 	 × � 	 æÜÒ 	�	 ´��1� » ·�¼w´ � �1� » �
æ>} 	 ½¾¼Næ 	 ÍwÚ�Ø�}·¼w´·Î 	 ÍwÚª�¡Í&æ 	 ´>æÈ³µ¼AÁ�æ 	 Õ�� 	 ½¾¼NæºÐ·½ 	 ³¿Â�´ 	 ¼w½ ÁÏÛöØ°Íw´·ÂJæÈ¼w´�æ�¼&æ6¼)ÎA³Ï» 	 ´+æÈ³µÕ 	 Ú ÍA½¢æ�} 	Áµ¼Næº³çæºÐ ��	 À·¼w´ � ê ��	 Ø°½ 	 ¼wÂ¾³¿´�ÎÖ³¿´ýÕö¼wÎA´·³µæÈÐ ��	 ÍAÐ·æºÂ¾³ ��	 æ>}·¼Næ Áµ¼Næº³çæºÐ ��	 À·¼w´ � ×��ðÂ¾³µ´·Îu¼ðÒ�³ ��	 ½Áµ¼Næº³çæºÐ ��	 À·¼A´ � Ò&ÍwÐ·Á �H��	 Ø°½ 	 ¼wÂ 	 æ>} 	 ¼AÕE�·Á¿³µæÈÐ ��	 ÍwÚ!æ�} 	 ¼w´·´yÐ·¼wÁ{Ø ÛÉØ°Á 	 À 	 ³µ´·ÎÝÂKæÈÐ � ³ 	�� ×
�·ÍwÕ 	 ÍNæ>} 	 ½?ÂJæºÐ � ³ 	 ÂQ}·¼z» 	 Ð·Â 	�� Ò�³ ��	 ½ Á¿¼&æÈ³µæÈÐ ��	 À·¼w´ � Â�³µ´ 	 $«¼wÕö³µ´·³µ´·ÎDæ�} 	 æº½ Í��·³¿Ø°¼wÁw¼A´·´�Ð·¼AÁØ ÛÉØ°Á 	 × c ¼A´ ��	 Á (�* +�-/.$Ã�è���wè��ÙÐ·Â 	 è�� » ·CæºÍ
è�� » � ¼w´ � é� » ·]æÈÍ%é� » �¤Áµ¼Næº³çæºÐ ��	 À·¼w´ � Â!æºÍ
	 $É¼AÕÖ³¿´ 	 Ð��ºÒ 	 ÁµÁµ³¿´·Îwê��{Ð·Áµ¼ 	 »*¼³("*h+�-/.�Ãg����wò���Ð·Â 	 é��»g·�æÈÍué��U»g�ÂæºÍ�ÁµÍ�Í�<¼&æ�æ 	 ÕE� 	 ½¾¼&æÈÐ·½ 	¼w´ � c 	 ³ � ¼w´ � * ¼wÎ 	 Ã7�1��2��&�)Ð·Â 	 è�� » ·_æÈÍÖè�� » �eæºÍÖÁ¿Í�Í��Ä¼&æ+æº½ Í��¡Í��·¼AÐ·Â 	 } 	 ³¿Î�}�æº×A
�} 	 Â 	¼wÁ¿Á)³µ´·Ø°Á¿Ð �«	 æ>} 	 ½ 	 Îw³¿Íw´ Ò} 	 ½ 	 æ�} 	 ½ ¼&æ 	 ÍwÚ{Ø�}·¼w´·Î 	 ÍwÚn�«ÍNæ 	 ´�æº³¿¼wÁyæ 	 Õ�� 	 ½¾¼NæºÐ·½ 	 ³¿Â<´·Í&æ
Ø°Íw´·ÂJæÈ¼w´�æ¤¼AØ°½¾ÍAÂ¾Â<Áµ¼Næº³çæºÐ ��	 Â¾× 
�} 	 }·Íw½ ³��°ÍA´>æÈ¼wÁ�Â2�·¼wØ°³¿´·Î�ÍAÚ©æ�} 	 ü#�{5eB ¤ � ¼Næº¼ÿ³¿ÂÖÂ¾Ð·Ø�}
æ>}·¼NæAæ>} 	 ´ 	 ¼w½ 	 ÂKæ<ÎA½¾³ � À¡Í�$�æÈÍ��1��»&³¿Â��w×¢2�» × c 	 ³ � ¼w´ � *;¼wÎ 	 Ãg���2��N�&¼wÁ¿Â¾ÍúÐ·Â 	 ����»g· æºÍ
���U»%��Ú Íw½�æ�} 	 ³µ½�æº½ Í��¡Í��·¼AÐ·Â 	 } 	 ³µÎ�}�æ%ÂKæÈÐ � Û�ê�´·Í&æÈ³µ´·Î�æ>}·¼Næ�æ>} 	 ¼AÕE�·Á¿³µæÈÐ ��	 ÍwÚ�æ>} 	 ¼A´·´�Ð·¼AÁ
Ø ÛÉØ°Á 	 »*¼w½ ³ 	 Â$Ò;³µæ�}rÁ¿¼&æÈ³µæÈÐ ��	 ×
+} 	 ¼ � ³¿¼wÀ·¼Næº³¿ØÄØ°Í�ÍAÁµ³¿´·Îeæ 	 ½¾ÕÖê{� á ° � 5� ² ê,³¿ÂuÂ2}·ÍzÒ;´ ³¿´�í·ÎAÐ·½ 	 éw×¿éw×
�} 	 ½ 	 ³¿ÂuÎ 	 ´ 	 ½¾¼AÁ¼ � ³¿¼wÀ·¼Næº³¿Ø�Ø°Í�ÍwÁ¿³µ´·Îyæ�}·½¾ÍAÐ·Î�}·ÍAÐ·æÑæ�} 	 æÈ½¾Í��·³µØ°Â,Ã�À·ÁµÐ 	 �zÎw½ 	�	 ´�� À 	 æÜÒ 	�	 ´�è�� » �;¼w´ � è�� » ·ð×,
�}·³µÂ
	 $¨æ 	 ´ � Â��1��»&Ú Ð·½�æ>} 	 ½ ´·Íw½�æ>}�æºÍúé�U»g· ³¿´ ·`¼ Â¾Ð·ÕÖÕ 	 ½ ¼A´ � �1��»&Ú Ð·½�æ>} 	 ½ Â¾ÍwÐ·æ�}¯æÈÍúé���»g�
³µ´ª· ¼ñÒ;³µ´�æ 	 ½ ê,ÂzÐ·Ø�}[æ>}·¼Nææ�} 	 À·¼w´ � ÍAÚ,Ø°Í�ÍAÁµ³¿´·Î�Â2�·¼w´·Â�¼AÀ«ÍAÐ·æ 3� »;³µ´ÝÁµ¼Næº³çæºÐ ��	 ¼&æ
¼A´ºÛ
æº³¿Õ 	'� Ð·½ ³µ´·Înæ>} 	 Û 	 ¼w½ × � ´�æ>} 	'	 $¨æÈ½¾¼1�Kæº½ Í��·³¿Ø°Â�} 	 ¼Næº³¿´·ÎúÃ Û 	 Á¿ÁµÍ¾Ò{�z½ 	�� ��Ø°¼w´
À 	 Â 	�	 ´·×+
+} 	 ½ 	³µÂu¼ ÂJæº½ Íw´·Î¤Ø°Í�ÍwÁµ³¿´·Î Ã � ¼w½g�ÝÀ·ÁµÐ 	 �u´ 	 ¼w½Læ>} 	�	 ��Ð·¼&æÈÍw½u³¿´ 6 Ø�æºÍAÀ 	 ½�¼A´ � ·ÙÍz» 	 Õ�À 	 ½Ö¼w´ �¼<Òð¼w½¾Õö³µ´·Î ` Ð·ÂJæÄ´·ÍA½Jæ�}�ÍwÚQæ�} 	�	 ��Ð·¼&æÈÍw½�³µ´��Ð·´ 	 ¼w´ � ��Ð·ÁÏÛ�×a
+} 	 Â 	 æÈ³µÕ 	 ÂuØ°ÍA½¾½ 	 Â2�«Íw´ �Ò�³çæ>} æ>} 	 Áµ¼A½¾Î 	 ÂJæÿØ�}·¼w´·Î 	 Âr³µ´æ 	 Õ�� 	 ½ ¼&æÈÐ·½ 	 ³¿´ôí·ÎAÐ·½ 	 éw×¿èwê�Í�Ø°Ø°Ð·½ ½¾³¿´·Î ` Ð·ÂJæÿ¼wÚ�æ 	 ½�æ>} 	ÕÖ³¿´·³µÕ�Ð·Õ ¼w´ � Õö¼�$É³¿Õ�Ð·Õ ³¿´8æ>} 	�	 ��Ð·¼NæºÍA½¾³¿¼wÁ � 5� ì ½ 	 Â2� 	 Ø�æº³Ó» 	 ÁÓÛ�× � ´8æ>} 	 · ¼7æ>} 	 ½ 	 ³µÂ�¼
½ 	 ÎA³µÍA´
ÍAÚ+ÂJæº½ Íw´·Î�Ø°Í�ÍwÁ¿³µ´·Î�´ 	 ¼w½íæ>} 	L	 �yÐ·¼&æÈÍw½�³µ´�æ�} 	 Ò�³¿´>æ 	 ½ Ò}·³¿Ø�}ÄÕöÍz» 	 Â�´·ÍA½Jæ�}ºÒ&¼A½ � Â,³µ´
æ>} 	 Â¾Ð·ÕÖÕ 	 ½$Ò�} 	 ´�³µæ�¼AÁµÂ¾Íö½ 	 ¼AØ�} 	 Âð¼öÕö¼�$É³¿Õ�Ð·ÕÖ×


+} 	 ½ 	 Â¾³ � Ð·¼AÁ©ÍAÚ¥æ>} 	 æ>} 	 ½ ÕÖÍ � ÛÉ´·¼AÕÖ³¿Ø 	 ��Ð·¼&æÈ³µÍA´·ê¥æ�} 	n� ³¿¼wÀ·¼Næº³¿Øn} 	 ¼&æÈ³µ´·ÎAê £;ê©³µÂ$Â®}·ÍzÒ;´
³µ´�í·ÎAÐ·½ 	 éA×µòA×a
�}·³µÂLæ 	 ½ Õ Õö¼w³¿´·ÁÏÛ£Í����«ÍwÂ 	 ÂLæ>}·¼NæÄÍAÚQæ�} 	 ¼ � ³¿¼wÀ·¼&æÈ³µØ
Ø°Í�ÍAÁµ³¿´·Îw×�
+} 	 ½ 	 ³¿Â
} 	 ¼&æÈ³µ´·ÎLæ>}·½ ÍwÐ·Î�}·ÍAÐ·æ�æ�} 	 æº½¾Í��·³µØ°Â¾ê7Ò�}·³µØ�}ýÕöÍz» 	 Â{´·Íw½�æ>}ÈÒ&¼w½ � Â � Ð·½ ³µ´·Î_·`¼ Â¾Ð·ÕÖÕ 	 ½¾ê?¼w´ �Ø°Í�ÍwÁ¿³µ´·ÎÙ³µ´+æ>} 	!	 $¨æÈ½¾¼1�Kæº½ Í��·³¿Ø°Âz× � ´næ�} 	 ·`¼�æ>} 	 ½ 	 ³µÂs¼{À·¼w´ � ÍwÚ*ÂKæÈ½¾ÍA´·Î 	 ½Ñ} 	 ¼&æÈ³µ´·Î�Ã�ÍA½¾¼A´·Î 	 � êÒ}·³¿Ø�}r³µÂL�·Ð·Â2} 	�� ¼zÒ&¼zÛÿÚ ½¾ÍAÕ�æ>} 	�	 ��Ð·¼&æÈÍw½)³¿´�æ>} 	 Â¾Ð·ÕÖÕ 	 ½ ×
+} 	 ¼ � ³¿¼wÀ·¼Næº³¿ØrØ°Í�ÍwÁ¿³µ´·Îÿ¼A´ �ï� ³¿¼wÀ·¼Næº³¿Øh} 	 ¼&æÈ³µ´·Î¯æ 	 ½ ÕÖÂ
¼A½ 	 Õ�Ð·Ø�}�Áµ¼A½¾Î 	 ½Aæ�}·¼w´�æ>} 	½¾¼Næ 	 ÍAÚ?Ø�}·¼A´·Î 	 ÍwÚr�«Í&æ 	 ´>æÈ³µ¼AÁ¨æ 	 ÕE� 	 ½ ¼&æÈÐ·½ 	 ê+½ 	 ¼wØ�}·³µ´·Î���×¿òvù � ¼zÛ§�@�s»*¼AÁµÐ 	 Â�³µ´æ�}·³µÂ�½ 	 Îw³¿Íw´
� Ð·½¾³¿´·Î�·`¼ Â¾Ð·ÕÖÕ 	 ½¾êÉÒ�} 	 ½ 	 ¼wÂ � 5� ì ³µÂ"¼w´ Íw½ ��	 ½"ÍwÚ�Õö¼wÎA´·³µæÈÐ ��	 Á¿ÍzÒ 	 ½"¼&æu³µæÈÂ ÕÖ¼1$É³¿Õ�Ð·ÕÖê
½ 	 ¼AØ�}·³¿´·Î Íw´·ÁÓÛm�A×]��þvù � ¼zÛ ��� ×Õ
+} 	 ¼ � ³µ¼AÀ·¼&æÈ³µØ Ø°Í7ÍAÁµ³¿´·Î ¼w´ �C� ³µ¼wÀ·¼Næº³¿Øt} 	 ¼Næº³¿´·Î�æ 	 ½¾ÕöÂ
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Potential Temperature Change (K day� -1) 90 hPa

Janú Febû Mar Aprý Mayú Junþ Julþ Augþ Sepû Octÿ Nov� Decû  
 

-40

-30

-20

-10

0

10

20

30

40

L
at

itu
de�

-0
.1

4

-0.10

-0
.1

0

-0
.06

-0.06

-0
.0

6

-0
.02

-0
.0

2

-0.02

-0.02
0.02�

0.02

�

0.02

�
0.

02

0.02�

0.
02�

0.06
�

0.0
6

0.
06

� 0.
06

0.
10

�

0.10
0.

14�

�! #"%$�&('*)%+#,%-/.0'21 ´ 1 ´·´ $�1%354768423#':9<;�=?>�'*&(1@=A'*9%;B4C>�1 ´ "%'*9%;BD29 ´ 1<3FEG'21 ´IH 9@=A' ´ =A J1<3
=A'2E H '2&K1L=?$�&('M1L=ON%PQ>�R!1%+ ST>�'O429 ´ =?9<$�&U ´ =A'2&WVX1<3B JYZP%+#P%,Q[]\�1^6`_baK+ c�9<3J #\d429 ´ =?9<$�&(Y
 ´ \� J421L=?' H 9%Y( e=? eVb'fVX1<3#$�'2YhgW ´ 42&('21<Y( ´ "G=?'2E H '2&(1@=A$�&K'?Y(iKjk\�1%Y(>�'?\]429 ´ =A9%$�&(Y5 ´ \� #421@=A'lD2'2&(9
Vm1%3#$�'2Ydg ´ 9n4C>�1 ´ "%'2io1 ´ \p\�9L=K=A'2\p429 ´ =?9<$�&KYq ´ \� J421L=?' ´ '2"%1L=? eVb'rVm1%3#$�'2Ysgt\�'242&('21%Y^ ´ "
=A'2E H '2&K1L=?$�&('2Y(i(+uc�9<3J #\wv�3#1%4yxz3# ´ '2Y{ ´ \� #421@=A'FN<+J|~}K��jm=?>�'5'2��$�1@=A9%&�1 ´ \�N%+#|<}Kc�+
421 ´ 42'23�'21%4y>w9L=?>�'2&�9<$�=5��$b �=A'F423#9%Y('23e6�+��{9%Y(' ´ 3#9%;�gK�LN%N<�%i�1%3#Y(9�Y(>�9^��Y�=?>�1L=�=A>�'�=A>�'2Y('T=���9
=A'2&KEGY{3J1<&K"<'23�6]421 ´ 42'23�'21%4y>w9L=?>�'2&�9<$�=Aj�3#'21^V� ´ "�� ��@� 1<Y�1lY(EG1%3#3�&('2Y( #\�$�1%3�v8'7=���'2' ´ =?>�'2EG+S�>�'�&K'2EG1% ´  ´ "�=���9�=A'2&KEGY� ´ =A>�'d=A>�'2&KEG9�\�6 ´ 1<El #4p'2��$�1L=A J9 ´ j��  7¡¢�£ � ��y¤ 1 ´ \
� ��@¥  7¦ � ¦ �y§¢ £ �K¨q© ª¬«#L« j¬1%&('lEB$�4y>*Y^El1<3J3#'2&�=?>�1 ´ =?>�'f=?'2&(ElY5 #3J3#$�YW=?&(1@=A'2\: ´ =A>� JY54C>�1 H =?'2&(j'2Y H '242 J1<3J3e6® ´ =A>�'�=?&(9 H  #42Y�1 ´ \ ´ '21<&Q=A>�'�=?&(9 H 9 H 1<$�Y('2+�S�>�'76®\�9 ´ 9@=¯>�1^Vb'B1GY( #" ´  #°�421 ´ =
'2±`'247=l9 ´ =?>�'B1 ´·´ $�1<3�476�423#'¯ ´ =A'2E H '2&(1@=A$�&K'2YF429%E H 1<&K'2\h�� �=A>²=A'2&KEGY�Y($�4C>Z1%Y�\� #1%v�1L=A J4
>�'21L=? ´ "�gt³ ´ \�&K'7��Y¯´Aµ�¶�·¹¸ºjQ�@N<|%»<¼�½F #3J3#'G´Aµ¬¶�·¾¸ºj��LN%|<»%¼�¿¬3J$�Y(D2x� #'7�5 #42Dz´Aµ�¶�·¹¸ºj��@N<N%À<¼`�{1 ´ \�'23
´Aµk¶<·¹¸ºj�,<P%P<,%i(+

�Á J"<$�&K'�)<+J��Y(>�9^��Y�=A>�'�1 ´·´ $�1<3�476�423J'� ´lH 9L=?' ´ =? #1%3Â=A'2E H '2&K1L=?$�&('�1 ´ 9%EG1%3e6Ug H 1 ´ '23�gt1<iKi
1 ´ \z'21%4y>z9<;X=A>�'k=A'2&KEGYT ´ =A>�'k=?>�'2&(El9X\�6 ´ 1<EG J4f'2��$�1L=? #9 ´ g H 1 ´ '23Qgtv�i(ik1^Vb'2&(1%"<'2\Ã1<42&K9<Y(Y
=A>�'F3#1@=A �=A$�\�'Fvb1 ´ \�N%+#| } �Ä=A9lN%+#| } cw1L=5N%PQ>�R!1<+

S�>�' H 9L=?' ´ =? #1%3b=?'2E H '2&(1@=A$�&('F #Y{>� J"<>�'2&� ´ ��Å�Y($�EGEl'2&�=?>�1 ´  ´ �{ÅÆ�5 ´ =A'2&BgW°�"%$�&('
)<+J�<1%i(j� ´ 4?&K'21<Y( ´ "Çv`'7=���'2' ´ ³ H &( J3Q1 ´ \]³�$�"<$�YW=h1 ´ \]\�'242&('21%Y^ ´ "�v8'7=���'2' ´ ³�$�"%$�YÈ=²1 ´ \



ÉlÊÌË�ÍÌÎ2Ï�Ð²ÑÌÒ�Ó�ÉlÔ�Õ×ÖÙØÌË�Î?Ë�ÚFØ�Ð~ÛWÜÝÛtÞÌß:Î?ÊÌÏ�ËbÞ�ÞÝàÌËbáTâ�ãÝâ<áWÏ ä`å

Adiabatic Heating and Cooling (K dayæ -1) 90 hPa
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Q (Residual, Diabatic Heating) (K day-1) 90 hPa
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Potential Temperature Anomaly (K) 90 hPa,
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Thermodynamic Equation (K dayT -1) 90 hPa
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1D Model Potential Temperature (K)  90 hPa°
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1D Model Potential Temperature (K)  70 hPa°
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Residual Mean Vertical Velocity (x10Ö -3 Pa s-1 ) 90 hPa
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<ϖ*> (x10g -3 Pa/s)
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Deseasonalised <µ ϖ*> (x10-3 Pa/s)
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Integral contributions (x10Ö -3 Pa/s)
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Deseasonalised integral contributions (x10ë -3 Pa/s)
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ü`ê�ç þ;ëhòu*�öÄù�ú`ë¼ú`÷mêJç; h÷7ò�ùBñmô^þ;ëhôr÷ õhç ù�çrëhûÏò`ëhñ7ê ��� ú��Qñ7í

� ú`ç*û�ê�ëhû�é`ô ùÔõhñ7ò`ò`÷wùû*�ë õh÷7ýÛ�`ñ7ê�ëhüü�|ç ùBú ÷Fù�ú`ëhêJû ü`é`ëÄùB÷Áñ ô*ñmõÉw ÷7ø¼û�çrý�çrô*ñmê ûHù�é`ü�è
çrëhû�íàý�÷7û�ëBò`ô*÷mø � �����- �¤ô*÷ ÷�w7ëhü ñFù�é`û ç*ò`è�ñ�ü`ç*û�õhê�ëAùBçrû�ëhüÁçròBù�ëhè7ê�ñ7ô«÷7ø«ñ�ø ÷mêJý ÷7ø ù�ú`ë�ý�ñmû�û
õh÷mòBù�ç*òóé`ç ùpö ë32óé`ñwùBçr÷7òÁùB÷Áësã�ñ7ý¿çrò`ëä�|ú`ñFùû�n÷7êHùBçr÷7òÍ÷7øLù�ú`ë�ø ÷7ê�õhçrò`è`� ñmûÄø ê�÷7ý ü`ç;<�ëhê�ëhòBù
ôrñ�ö ëhêJû�íç8d÷1�dëJþ;ëhêÏû�ú`ëÑõh÷mò`û�ç*ü`ëhê�ëhü¿ùBú`ë��n÷7êHùBçr÷7òÄ÷mø ý¿ñ7û�û6ª`é�ã�ñFù $�� ú��Qñ)�|ú`ç*õ=ú¾õh÷7é`ôrü�*në
ñmõhõh÷7é`ò�ùBëhüºø ÷7ê é`û�çrò`è|ü`ç
<nëhêJëhò�ù é����nëhê«ôrç*ý¿ç ù�ûÒø ÷7ê�ù�ú`ëÏç*ò�ùBëhèmêJñmô
�t�|ú`ç*õ=úÄç*û ñ�þ ëhêÀö�ü`ç;<�ëhêJëhò�ù
ý¿ëAùBú`÷ ü�ùB÷¼ùBú`ëÑ÷7ò`ë¼ëhý@�`ôr÷ ö;ëhü�ú`ëhê�ëhí

/dûÿñ�õ=ú`ëhõÉwG��4`èmé`êJë ìmí �Î û�ú`÷1�Ñû p q õhñ7ôrõhé`ô*ñwùBëBüz÷7ò|ú`ñ7ôrø^ý¿÷ ü`ëhôóôrëAþ;ëhôrûQø êJ÷mý¦ç*ò�ùBëhèmêJñwùBçrò`è
¦ q

ñwùÏù�ú`ëzôrç*ý¿ç ù�û � í*î r (}ñmò`ü � írî r ��ñmò`üþ4`èmé`êJëuì7í '- û ú`÷1�ÑûLùBú`çrû çròBù�ëhê��n÷7ôrñFù�ëhü�÷mòBù�÷ºø é`ôrô
ý¿÷ ü`ëhô`ô*ëAþ;ëhôrû�í � ú`ëhû�ë64`è7é`ê�ëhû�ñ7ê�ëQþ;ëhêHö û�çrý�çrô*ñmê�ùB÷�4`èmé`êJë ì7í � �|ú`çrõ ú�û�ú`÷1�Ñû p q õhñmô*õhé`ôrñFù�ëhü
ø êJ÷mý ùBú`ëºü`ë34`ò`ç ù�ç*÷mò èmç þ;ëhòÿ*Bö ë32 é`ñwùBçr÷7ò 	 írî�*`í � ú`ëÄý¿ñ7èmò`ç ù�é`ü`ëº÷møjùBú`ëºñmò`òóé`ñmôÒõAö�õhô*ë
ñwù ��� ú��Qñ�ç*ûÑû�ôrç*èmúBù�ô ö èmêJëhñwùBëhê¤ø ÷7ê p q õhñmô*õhé;ô*ñwùBëhü0*Bö ç*ò�ùBëhèmêJñwùBçrò`èuùBú`ë�ý�ñmû�û|õh÷mòBù�ç*ò é`ç ùpö
ë32 é`ñFù�ç*÷mò����|ç ù�ú�é���� ëhô*ôrç*ò;èÎê�ëhñ7õ=ú`ç*ò`è¿ôr÷1� ëhêfþ^ñ7ôré`ëhû�ç*ò`(98Ðû�é`ý¿ý�ëhê�í
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<ϖ*> (x10-3 Pa/s) calculated from vÖ * on half levels

 Janh  Febi  Marj  Aprk  Mayj  Junl  Jull  Augl  Sepi  Octm  Novn  Deco  
 

150

140

130

120

110

100

90

80

70

60

50

40

30

20

10

Pr
es

su
re

 (
hP

a)

-3.20-3.00-2.80 -2.60
-2.60 -2.40

-2.40 -2.20
-2.20 -2.00-2.00

-1
.80-1.80

-1.60-1.60

-1.40
-1.40

-1.20

-1.20

-1.00
-1.00

-0.80

-0.80

-0.60

-0.60

-0.40

-0.40

-0.20
-0.20

æQçrè7é`ê�ëÔì7í 'Î ï ð�ëhñ7ò¨ñmò`òóé`ñmô¼õAö�õhô*ë ÷mø ù�ú`ëÔêJëhû�çrü`é`ñ7ôÑý�ëhñmò þ;ëhêÀù�ç*õBñ7ô þ;ëhô*÷ õhç ùpö#� p q��uñmû
õhñmô*õhé`ôrñFù�ëhü ÷7ò ú`ñ7ôrødý¿÷ ü`ëhô�ôrëAþ;ëhôrûÄø ê�÷7ý

¦
q¿é`û ç*ò`èÁë32 é`ñFù�ç*÷mò�ì7írì��|ç ù�ú ôrñFù�ç ù�é`ü`ë¾ô*çrý�ç ùBû� í*îtr�(Íñmò`ü � í*îtr��`í � ú`ë ��� ú��QñÑôrëAþ;ëhô çrû«ç*ò`ü`çrõhñFù�ëhü��Ñç ùBú�ñÑû�÷mô*çrü *`ô*ñmõÉwzôrç*ò`ëhí � ú`ë�õh÷7ò�ùB÷mé`ê

çròBùBëhêHþ^ñ7ô ç*û ���y#�:������ �Qñfû ��� íd, ÷wùJù�ëhü õh÷mòBù�÷7é`ê�ûÏç*ò`ü`çrõhñFù�ëÑò`ëhè7ñwùBç þ;ë þ9ñmôré`ëhû � é���� ëhôrô*çrò`è���í
æ ÷mê�õh÷mý@�`ñmêJçrû�÷mò�� ù�ú`ë�ü`÷1�|ò�� ñmêJü¨õh÷mòBù�êJ÷mô)�`êJçrò`õhç
�`ôrëÜ�`ê�÷���÷mû�ëhü *�ö 8dñ önò`ëhû «¬á®#¯±°� '���� �¤é`û�ëhû|ñ�ûHù�êJëhñmý�ø é`ò`õAùBçr÷7ò�ù�÷ ü`ë34`ò`ë¤ù�ú`ë�êJëhû ç*ü`é`ñmô�þ;ëhôr÷ õhç ù�ç*ëhû�í � ú`ëhç*ê��`ñ��nëhê¼é`û�ëhû

ù�ú`ë ��� ð ë32 é`ñwùBçr÷7ò`ûÒçrò|ùBëhê�ý¿ûÒ÷7ø9ùBú`ëdôr÷7è�è1�`ê�ëhû�û�é`êJë þ;ëhêÀù�ç*õhñmô�õh÷ ÷7ê�ü`ç*ò`ñwùBë3���7í � ú`ëAö �Ñê�ç ù�ë
ù�ú`ë¼ý¿ñ7û�ûÏõh÷mòBù�ç*ò é`ç ùpö ë32 é`ñFù�çr÷7ò�ñ7û


�â  õh÷mû��

�
� � � ¦

q õh÷mû��§��� 
	 ¥

�
� � � 	 ¥ 
 q � � ��� � ì7í Î �

�|ú`ëhêJë 	 ¥ � ësã¢� � " ����u�Jí
� ú`ëAöÍùBú`ëhò ü`ë34`ò`ëÄùBú`ë�ý�ëhê�ç*ü`çr÷7ò`ñmô¤õhçrêJõhé`ôrñFù�ç*÷mò çrò ùBëhê�ý�û�÷møÑñ ûHùBê�ëhñ7ý ø é`ò`õAù�ç*÷mò��

� � � � �����bû é`õ ú¿ùBú`ñwù

¦
q � " 

	 ¥ õh÷mû§�
� �
� ¨ � � ìmí - ñ��

p q � 
�â  	 ¥ õh÷mû��

� �
� � � � ìmí - *��
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<ϖ*> (x10-3 Pa/s) calculated from v� * interpolated onto full levels

 Janh  Febi  Marj  Aprk  Mayj  Junl  Jull  Augl  Sepi  Octm  Novn  Deco  
 

150

140

130

120

110

100

90

80

70

60

50

40

30

20

10

Pr
es

su
re

 (
hP

a)

-3.40-3.20-3.00-2.80-2.60-2.40 -2.20-2.20

-2.00-2.00

-1.80-1.80

-1.60-1.60

-1.40

-1.40

-1.20-1.20

-1.00

-1.00

-0.80

-0.80

-0.60

-0.60

-0.40�

-0.40

-0.20

-0.20

æQçrè7é`ê�ë¨ìmí �- ï ð�ëhñ7ò ñmò`òóé`ñmô�õAö�õhôrë¦÷7øÎù�ú`ë¨êJëhû ç*ü`é`ñmô�ý¿ëhñ7ò}þ;ëhêÀù�ç*õhñmô¿þ;ëhô*÷ õhç ùpö#� p=q��
õhñmô*õhé`ôrñFù�ëhüÁø êJ÷mý çròBù�ëhè7ê�ñFù�ç*ò`è�ùBú`ëÎý¿ñ7û ûzõh÷mòBù�ç*òóé;ç ùpö�ë32 é`ñFù�ç*÷mò�ùBú`ëhò ç*ò�ùBëhê���÷mô*ñwùBëhüÁ÷7òBù�÷
ø é`ô*ô`ý¿÷ ü`ëhô`ô*ëAþ ëhô*û�í � ú`ë ��� ú��QñÑôrëAþ;ëhô;ç*û�çrò`ü`ç*õhñwùBëhü:�Ñç ùBú¿ñ¤û�÷7ôrç*ü *`ôrñ7õxwzô*çrò`ëhí � ú`ë õh÷7ò�ùB÷mé`ê
çròBùBëhêHþ^ñ7ô ç*û ���y#�:������ �Qñfû ��� íd, ÷wùJù�ëhü õh÷mòBù�÷7é`ê�ûÏç*ò`ü`çrõhñFù�ëÑò`ëhè7ñwùBç þ;ë þ9ñmôré`ëhû � é���� ëhôrô*çrò`è���í

� ú`ëAö�ù�ú`ëhòÍê�ës�Ñê�ç ùBëÎù�ú`ëþ h÷mò`ñmôdý¿÷mý�ëhò�ùBé`ý ë32 é`ñwùBçr÷7ò��~ñmû�û�é`ý�çrò`è ñ ûHù�ëhñ7üMö ûHù�ñwùBë
ñwùBý¿÷7û��`ú`ëhê�ë3�`ù�÷¿è7ç þ;ë

� � � � � �
� � � � ��� �

� �
� �

� �
� � " � �

� �
� �
� � � 	 ¥ ���  � õh÷7û � � � � ì7í ß �

�|ú`ëhêJë � � ��  õh÷7û&� � � � �â �� õh÷mû��§���ÿù�ú`ëÎñ7ò`èmé`ô*ñmêÑý¿÷7ý¿ëhòBù�é`ý ��ëhê~é`ò`ç ùÄý�ñmû�û���ñmò`ü
� � ���� �"!$# ��% � P � &Áí � ú`ë� h÷mò`ñ7ô�ý�÷mý�ëhò�ùBé`ý ë32óé`ñwù�ç*÷mòÄç*û êJëhñmêJê�ñmò`è7ëhüÄñmò`üÄçròBù�ëhè7ê�ñFù�ëhü
ù�÷Û4`ò`üuù�ú`ëÑûHùBê�ëhñ7ý ø é`ò`õAù�ç*÷mò`ï

� � � � ��� � '
(

	 ¥ � �  � õh÷mû � �� � � ¤ �*) (,+.-
¡/�10 � � ìmí $ �

�|ú`ëhêJë ù�ú`ë ç*òBù�ëhèmêJñwùBçr÷7ò~çrûÿñ7ôr÷7ò`è�ñ�õh÷mòBù�÷7é`êÿ÷7ø^õh÷7ò`ûHù�ñ7ò�ùLñmò`èmé`ô*ñmê ý�÷mý�ëhò�ùBé`ý¿íâÊL÷7é`ò`ü`ñmêÀö
õh÷mò`ü`ç ù�ç*÷mò`ûÑñ7ê�ëdù�ú`ñFù 	 ¥ 
 q324265u� ñ7ò`ü � 24275à� ñ7û8� 24265:9 í�æ êJ÷mý ùBú`çrû 
 q õhñmòºù�ú`ëhò*nëuõhñmô*õhé`ôrñFù�ëhü�ø ê�÷7ý ù�ú`ë�ûHù�êJëhñmý�ø é`ò`õAùBçr÷7ò`í<;pòÄùBú`çrûÑêJëhû�ëhñmêJõ=ú p q çrû¤õBñ7ôrõhé`ô*ñwùBëhüÔø êJ÷mý p
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ñmõhõh÷7ê�ü`ç*ò`è¤ù�÷¿ë32 é`ñFù�ç*÷mò 	 írî�*`í

� ú`ëÏü`÷1�Ñò� ñ7ê�üÄõh÷mòBùBê�÷mô��`êJçrò`õhç
�;ô*ë)�`ê�÷��n÷mû�ëhüI*Böu8dñ�ö�ò`ëhû «¬=®�¯±° � ����� � *`ê�ëhñ�wóûÒü;÷��|ò�|ú`ëhêJë�ñ7ò;è7é`ôrñ7ê�ý¿÷7ý¿ëhòBù�é`ý û�é`ê�ø ñ7õhëhû�ü`÷ ò`÷wù�û��`ñmò�ù�ú`ë ñwù�ý�÷mû��`ú`ëhêJë�çrò�ù�ú`ëzþ ëhêÀù�ç*õhñmô*í
ý�÷mû�ëhò`ô*÷mø`ñ7ò`ü!8Ï÷mô ùB÷mò � '��� ì��bû�ú`÷1� ëhüÏùBú`ñwù ùBú`çrûÿ÷ õhõhé`ê�û ë32 é`ñwùB÷mê]� ñmêJü~÷mø �- r��9õh÷7ò`õhôré`ü`ç*ò`è
ù�ú`ñFù«ü`÷1�|ò�� ñ7ê�ü~õh÷7ò�ùBê�÷7ômçrûb÷mò`ô ö¿é`û�ëhø é`ô#�n÷7ôrës� ñ7ê�ü¼÷mø '- rJí � ú`ëAö�ñmôrû�÷ ò`÷Fù�ëhüLù�ú`ñFù�*nëAùÌ� ëhëhò
�- r ñ7ò`ü¿ì � r ësã ùBê�ñ¤õhñ7ê�ëB� ñ7û�ò`ëhëhü`ëhü�ø ÷mênùBú`ë�õhñ7ôrõhé`ô*ñwùBçr÷7ò¿ü`é`ëQù�÷ ² û�ç*èmò`ç;4`õhñ7ò�ù ü;ëAþnçrñFù�ç*÷mò`û
ø êJ÷mý ñ þ;ëhêHùBçrõhñ7ôrô öÔ÷7ê�ç*ëhò�ùBëhü¾ôrç*ò`ëhí;³

8d÷mô ù�÷7ò «�¬�®#¯±° � �����- �¾û�ú`÷1� ñ èmëhò`ëhê�ñ7ôrç*û�ëhü}ø ÷7ê�ý ÷7ø�ü`÷1�Ñò� ñ7ê�ü õh÷mòBù�êJ÷mô
� �Ñú`ëhê�ë
ù�ú`ë¾ûHùBëhñmüMö¨ûHùBñwùBë¾õh÷mò`ü`ç ùBçr÷7ò�çrû�ò`÷Fù�é`û�ëhü`í � ú`ëAö¨û�ú`÷1� ùBú`ñwù¾ñÔø ÷mêJõhçrò`èÔçrò ù�ú`ë¾ô*÷1� ëhê
ûHù�êJñwùB÷mû��`ú`ëhê�ç*õ ësã ùBê�ñ'è?ù�êJ÷��`ç*õhû�õhñ7ò êJëhñmõ ú û ç*ü`ës� ñ ö�ûÔñ7õhê�÷7û ûÎù�ú`ë�ùBê�÷��;ç*õhû ñ7ò`ü çròBù�÷ ùBú`ë
÷�����÷mû�ç ù�ëÒú`ëhý¿ç*û��`ú`ëhê�ë1> ² ò`÷mò�è ô*÷ õhñmôóõh÷mòBù�êJ÷mô
³mí?;xòÏùBú`ëÒûHù�ëhñmüMöºûHùBñwùBë ù�ú`ëÒø ÷7ê�õhç*ò`èdç*ûQëhò�ùBçrêJëhô ö
ü`÷1�|ò�� ñ7ê�ü`û��uê�ëAùBé`ê�ò`ç*ò`è�ù�÷¾ùBú`ë õh÷7ò`õhë3�Mù�÷møÑü`÷1�Ñò� ñ7ê�ü õB÷7òBù�ê�÷7ôrí@;pòÁùBú`ëºùBê�÷��`çrõhû~ù�ú`ë
ù�ç*ý¿ëhû�õhñ7ôrëÒù�÷|ê�ëhñ7õ=úÄñ~û?ùBëhñmüMö�ûHùBñwùBëdçrû þ;ëhêHö�ôr÷7ò`è���û�é`õ=ú~ù�ú`ñFùÒùBú`ëdûHù�ëhñ7ü7ö¾û?ùBñwùBëdôrç*ý¿ç ù¼ñmò`ü
ü`÷1�|ò�� ñ7ê�ü�õh÷mòBùBê�÷môbç*û�é`û�ëhø é`ôb÷mò`ô ö�ç*ò�ùBú`ëÑësã ùBê�ñ'è?ù�êJ÷��`ç*õhû í

� ñmêJôrç*ëhê�çrò ù�ú`ç*û«û�ëhõAù�ç*÷mò p q õhñ7ôrõhé`ô*ñwùBëhüÎü`çrêJëhõAù�ô ö�ø ê�÷mý ¦ q
� ñmû û�ú`÷1�Ñò¼ùB÷:*në�û�ç*ý¿ç*ôrñ7êbùB÷

p q õhñ7ôrõhé`ô*ñwùBëhü ø ê�÷7ý}ùBú`ë~ü`ë34`ò`ç ùBçr÷7ò�èmç þ ëhò�ç*ò�ë32 é`ñwùBçr÷7ò 	 í*î�*��`ù�ú`ë~ý�ëAù�ú`÷ ü¾é`û�ëhü�çrò¿ùBú`çrû
ê�ëhû�ëhñ7ê�õ ú`í � ú`ëÑñmû�û�é`ý@�Mù�çr÷7ò�÷7ø ñ�ûHù�ëhñ7üMö�ûHùBñwù�ë¤ú`ñmû�ò`÷wù�*�ëhëhò�ý�ñmü`ë¤ñmò`üzù�ú`ë¼ôrç*ý¿ç ù�ñwùBçr÷7ò
÷møfñmò`èmé`ô*ñmêdý¿÷7ý¿ëhòBù�é`ý�û�é`ê�ø ñ7õhëhû¼û��`ñmò`ò`ç*ò`èzù�ú`ëuñwùBý¿÷7û��`ú`ëhê�ëuçròÎù�ú`ëdþ;ëhêHùBçrõhñmôQü`÷9ëhû¤ò`÷wù
ñ����`ô öGí � ú`çrû ê�ëhû�ëhñmêJõ=ú�çrû�ñmô*û ÷�ô*÷ ÷�w ç*ò`è�ý¿ñ7çrò`ô ö�ñwùLùBú`ë�*`ñ7ôrñ7ò`õhë¼÷7ø`ù�ëhêJý¿û�êJñwùBú`ëhêÿù�ú`ñ7ò�ñFù
é`û�çrò`è~ñ~ü`êJç þnçrò`èÏùBëhê�ý¦ù�÷|õhñmô*õhé`ôrñFù�ë«ùBú`ëdé��� ëhô*ôrç*ò`èmí � ú`ëdü`ñFù�ñ|û�ëAù¤é`û�ëhüÄú`ëhê�ëdçrûbù�ú`ë9*nëhûHù
ü`ñwùBñÔû ëAù¾ñ þ^ñ7çrô*ñ�*`ô*ë�ø ÷7ê¤ùBú`ë�ùBê�÷��;ç*õhñmô ñFù�ý¿÷7û��`ú`ëhê�ëhí � ú`ëhê�ëhø ÷7ê�ë¿ùBú`ë�õhñmô*õhé`ôrñFù�ç*÷mò`ûÎé`û�ëhü
çrò�ùBú`çrû~êJëhû ëhñ7ê�õ úÁõhñmò_*�ëÎü`÷mò`ëÎç*ò�ù�ú`ëÑùBê�÷��`çrõhû��Lé`ò`ôrç
w7ë~ùBú`ë�õhñmô*õhé`ôrñFù�ç*÷mò ø ÷7êÑü`÷1�|ò�� ñmêJü
õh÷mòBù�êJ÷môb÷7øV8dñ ö�ò`ëhû «¬�®#¯ ° � ����� ��í
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Potential Temperature Change (K dayZ -1) 70 hPa
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o,��q4lEo1�cxks~i � Q��� �;"gj zÁo,tro1lÌq�|pogv"q4lEj�ipwK�1j�j��.s.ipw8s~i8q�|poUå#" ipj z�lEo1x���|po1v}s�q�v?�cxy��s~�K�p�Às~i
å#" vEìplns.ipw��XlExÞq�|po1l\q�|px�i vE�p�c��o1lÁx�ipmæq�|pogzÁx�ln��s~ipwfs~iNå$" vE�p����o1lï�.x�v"q�vÁÕãj�lg�.j�ipw�o1l
x�ipm ì�o1ipo,q4lExÞq�o1v8Õ �pl"q4|po4lÁipj�l"q4|p��q�jþipj�l"q4| j�Õ ¡ ��änåg�pYÁs.x�ÓpxÞq�s~�c|po1xÞq�s~ipwë�"ipjÞqcvE|pj z3ip�Ùs~v
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Adiabatic Heating and Cooling (K dayZ -1) 70 hPa
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Û{s.w��plEoË³�� ¡ µ�� ùNo1x�iûx�ipi/�px��3�,Ú��1�.o j�Õïq�|poË�1j�ipx��8��o1x�i x�mps.x�Ópxyq4s.�Ë�1j�j��~s.ipw��   ª � � Q��� �xyq-K��S|p�{x��²üØ|poþ�1j�i4q�j��plks~i�q4o1l"t x���s.vk��� ¡ mTmpx Ú �uÿ � çpj��.s.m²�1j�i�q4j��plnvcs~ipmps.�1xyq4oþì�j�v s�q�s�tuo
t x��.�po1vØ�"|po1xÞq�s~ipw��n� mpx�vE|po1mZ�1j�i4q�j��plEv{s.ipmps~�1xyq4o}�1o1lEj�t x��~�po1v{x�ipmkmpjyqnq�o1mk�1j�i�q4j��plnv{s.ipmps.�1xÞq�o
ipo1w�xÞq�s�tuoØt x��.�po1vk�"�1j�j��.s~ipw��n��çpj��.s~mCÓp�~x���ýf�~s.ipo1vgs~ipmps.�1xÞq�o3���.µ ä åï�ñq�|poÙo1���pxyq4j�lØx�ipmC���~µ ä çp�
Õãx�s.ln��ÚNvEs.�cs.�~x�lØxÞq!K���|u�{xïq�jïq4|pxyq8xÞqÙ����|p�{xC�N pw��plEoà³��~é���Óp�*q�q4|poÙ�cs.ips~�K�p�ês~iM|uo1xÞq�s~ipw
ipo1x�l ¡ �/änå�s.iîå#" vE�p����o1lU|px�vUs.i4q�o1ipvEs� po1mNx�ipmCs~vU�1j�j��~s.ipw��

Û�s~w��plnoæ³�� ¡ �CvE|pj z3vUq�|po<x�ipi��px��?�,Ú��1�.oþs.iËì�jyq4o1i�q4s.x���q4o1��ì�o1lnxyq4�plEo<x�ipj��cx���Úû�´ìux�ipo1�
�"x��E�Ùx�ipmËo1x���|Ëj�ÕÌq4|poàq�o1ln��vKs~iMq4|poÙq�|po1ln��j�m*Ú�ipx���s.�<o1�/�pxyq4s.j�i �"ìpx�ipo1�g�´Óp�E�8x tuo1lEx�w�o1m
x��1lnj�vEvïq�|pof�.xÞq�s�q��pmpofÓpx�ipmÜ���.µ�änåÅq4jN���.µ/änç²xyq-K��S|p�{x�� ü�|ps.vc�1x�iâÓ�oþ�1j��cìux�lEo1m:z3s�q�|
 pw��plno8³�� S Õãj�l�����|p�{x��

üØ|po�o1vEvEo1i4q�s~x��/ìplEj��1o1vEvXs.v tuo1l"ÚævEs~��s~�.x�luq4j�q�|pxÞq�xyq\���S|p�{x��?Ûrlnj���%gìplEs~�4q4j:%ï�pw��pv"q�q�|po
x�mps~x�ÓpxÞq�s~���1j�j��~s.ipwM��|px�ipw�o1vE��z8s�q4| � Q�� lno1v ì�j�ipmps~ipw�q4jKq4|po1v o���|px�ipw�o1v8x�ipmMq�|poZmps.x�Ópxyq4s.�
|po1xyq4s.ipwÜlno1vEì�j�iumps~ipwNq�jCq�|poT��|px�ipw�o1vîs.iáì�jÞq�o1i4q�s~x��?q4o1��ì�o1lExÞq��plno1��%ïvkq4|po ì�jyq4o1i�q4s.x��
q�o1�cì�o1lnxyq4�plEoËmpo1�1lEo1x�vEo1vNÕ lEj�� %ï�pw��pv"q²j�i�zÁx�lEmpv�q�|poTmps.x�ÓuxÞq�s~�ë|po1xyq4s.ipw lEo1vEì�j�ipmpvÔÓ�Ú
s.ip�1lno1x�vEs~ipwCx�w�x�s.ip��q4|ps.v}q�s~��ocipjyqc�~x�w�w�o1m<z3s�q�|TlEo1vEì�o1�,qàq4jkq�|poZ��xÞ��s~�K�p� s~iNì�jÞq�o1i4q�s~x��
q�o1�cì�o1lnxyq4�plEo1��z3|ps.��|ës�qàzÁx�v8xyq����S|p�{x��þü�|po1lEocs.v8x��.vEjMvEs~��s~�.x�l8Ó�o1|px t�s.j��plÙxyqàq4|poÁq$zÁj
�.o,tuo1�~v{ÕãlEj���7Ù�,q�j�Ó�o1lpq�j�YÁo1�1o1�KÓ�o1ln��í�o,q$zÁo1o1iP'�x�i��px�l"Úæx�ipm�%gìplEs~�1q�|po�x�mps.x�Ópxyq4s.�\�4j�j��.s~ipw
s.vÔipjÞqëipo1x�ln��Ú �1j�ipv q4x�i4q��cÓp�*qËs.vCvE�~s.w�|�q4��Ú s~ip�1lEo1x�v s~ipw x�ipmâq�|po1lnoës~vCx �1j�lElno1v ì�j�ipmps~ipw
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Potential Temperature Anomaly (K) 70 hPa�
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Thermodynamic Equation (K day¦ -1) 70 hPa
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Û{s.w��plEoC³�� ¡ ���TùNo1x�i x�ipi/�px��Ø�,Ú��1�~oÔx tuo1lEx�w�o1m Õãlnj��ú���~µ�änå q�jT���.µ/äEçßxÞqC���S|p�{xëj�ÕZ�´x��
q�|poþì�jyq4o1i�q4s.x���q�o1�cì�o1lnxyq4�plEo<x�ipm��´Óp�Uq4|po8q�o1ln��vks.iCq4|po8q�|po1ln��j�m*Ú�ipx���s.�fo1���pxÞq�s~j�i xÞq
K���|p�{x���h$iÔ�´Óp��q�|po�q�o1ln��v�x�lEo � Q��� �´vEj��~s.m�Óu�~x���ýk�.s~ipo1�E�   » 
��� � Q� � �"mpjÞqEq�o1m�Óp�.�poØ�.s~ipo1�E�   ª � � Q���"mpx�vE|po1mâw�lEo1o1i²�.s~ipo1�E� ¼ �´mpx�vE|po1m²x�ipm²mpjyqnq�o1m j�lEx�ipw�oþ�.s~ipo1�kx�ipm   ���� » ½ Q ½ Q�¾� � Q ¿ © ªÁÀÃÂ�À�"mpx�vE|Cx�ipmcq�|plno1o8mpjÞqEq4o1mClEo1mî�.s~ipo1�E�
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w�lnx�mp�px��ñs~ip�1lEo1x�v o�s~i � Q�� mp�plEs.ipw�q�|ps~v�q�s~��o1�*z8s�q4|c�1j�lElno1vEì�j�ipmps~ipwÁ��|px�ipw�o1vSs~igq�o1�cì�o1lExÞq��plno
x�ipmîmps.x�Ópxyq4s.�8|po1xÞq�s~ipw��

h iûvEo1�,q4s.j�iû³��.³ßs�qÔzÁx�v:vE|pj z8i q�|pxyqËx�mps.x�ÓuxÞq�s~�Ë|po1xyq4s.ipw mplEs�tro1væq4|uoîq4o1��ì�o1lExÞq��plno
��|px�ipw�oZÓp�*qïz8s�q4|Nxþlnx�mps.xÞq�s�tuoclno1�.xÞ��xyq4s.j�i<q�s~��o1vE�1x��~oÁq$z8s.�1ogq4|pxyqcj�ÕS����|p�{x��kh$iNvEo1�,q�s.j�i
³��~éTs�qczÁx�væipjyq4o1mTq�|pxÞqCxyqÄK��S|p�{xîq4|poCs~i�q4o1w�lnx�ipmßs~iTq�|poMs.i4q�o1w�lEx��UÕ j�ln�új�ÕSq�|poC�cx�vEv
�1j�i4q�s~i/�ps�q$Ú o1���pxÞq�s~j�iT|ux�mËx�iëx�ipi/�px��S�,Ú��1�~o8z3s�q�|Ëxf��x�w�ips�q4�pmpoæj�Õ?x�Ó�j��*q�|px��.Õ�q�|pxÞqæj�Õ
����|p�{x��

Û�s~w��plnoÜ³��.���ávE|ujEz3vMq�|poÜx�ipi/�px��Z�,Ú��1�~oßj�Õàq4|poNq4o1lE��vTs.iáq4|poâ�1j�ipx��k�cj��co4i4q4�p�
o1���pxÞq�s~j�iþ�´³��~����Õ j�l q4|po\�~xyq4s�q4�pmpo�Ópx�ipmÙ���~µ�ä,åNq4j����~µ/änç3xÞqÁK��S|p�{x��?üØ|ps.v��1x�i3Ó�o\�1j���ìpx�lEo1m
z3s�q�|Å pw��plEoM³�� ¡yÝ Õ j�lZ���S|p�{x��áüØ|poMx�ipi/�px��Ø�,Ú��1�~oCs.i � � �"Óp�~x���ý���s.vcipjyqCx�vZv"q�lnj�ipwTxyq
K���|p�{x���z3s�q�|ZvEj��co�s.ipmps.�1xÞq�s~j�iZj�ÕuxàvEo1��sÆ* x�ipi/�px�� vEo1�1j�ipm�ì�o1x�ý3s~i6%gìplEs~�.��ü�|ps.v\s~v���x�s~ip��Ú
mplEs�tuo1iëÓ4Ú:q4|poc�\� �p�*�²mps�tuo1lEw�o1ip�1oæmps�t�s.mpo1mëÓ4ÚÔq�|poZx�ÓpvEj��~�*q�oïtuj�l´q�s~�1s�q$Ú �"lno1mp�E�)%ïw�x�s.ip�
q�|po1lno:s.v<vEj��coÔ�1j�i4q�lns.Óp�*q4s.j�i q4jîq4|poÔmplEs�t�s.ipwËÓ�Úâq�|poÔlExÞq�oîj�ÕÁ��|px�ipw�o:j�Õï�1j�ipx��Sz3s~ipmp�
ÿ�� � ��� �{�´Óp�.�po1��x�iumàq�|ps~v?|px�v?�cj�lnoUo1ð�o1�,qàj�i � � Ó�o,q$zÁo1o1i-%ïìplEs~�ux�ipmp'��pipogxÞq$K��S|p�{xØq�|px�i
xyq<���S|p�{x��Nü�|poælEo1vEs~mu�px��?ipj�i=* �1j�ipvEo1l"tñxyq4s�tuoþÕãj�ln�1s.ipw ���� �"j�lEx�ipw�o1�Ùx��.vEjC�1j�i4q�lns.Óp�*q�o1vks~i
å#" z8s.i4q�o1lZx�ipmp��z8s�q4|âlnxyq4oþj�Õ���|px�ipw�oMj�Õ�q�|poþ�1j�ipx��Ìz8s.ipmp�Øw�s�tuo1v�x�i²s.ipmps~�1xyq4s.j�iâj�Õ�x
vEo1��sÆ* x�ipi/�px����,Ú��1�.o8s.i � � �

>&?AC Ç:dN[ [ ÈKY�É
çpo1�,q�s~j�ië³��.�fv |pj zÁo1mCq4|pxyqÙq4|po��.xÞq�s�q��pmpocÓpx�ipm ¡ � ä åûq�j ¡ � ä çës.v�q�|poæ�cj�v"qæx�ìpìplnj�ìplns.xÞq�o
�.xÞq�s�q��pmpo\Ópx�ipmÙÕãj�l�q�|ps~v�lEo1vEo1x�lE��|p��h q�zÁo1i�q?j�i�q4j�vE|pj zËq�|pxÞq�q�|poSx�ipi/�px����,Ú��1�~o�s~i8ì�jyq4o1i�q4s.x��
q�o1�cì�o1lnxyq4�plEoCxÞqî����|p��xTÕ j�lc���~µ ä å q4jT���~µ ä çßs~v�mplEs�tuo1i Ó�Ú²q�|poM��|px�ipw�o1væs~ißx�mps~x�ÓpxÞq�s~�
|po1xyq4s.ipwÜx�ipm �1jñj��.s~ipw��   ª � � Q��� �QüØ|poNmps.x�Ópxyq4s.�N|po1xyq4s.ipw²lno1vEs.mp�px���q4o1lE�c� ¼Ù�3lno1v ì�j�ipmpv
q�jæq�|pof��|px�ipw�o1v�s~iâì�jyq4o1i�q4s.x��Ìq4o4�cì�o1lnxyq4�plEoMx�ipm²j�ìpì�j�vEo1vàq4|uoþx�mps.x�Ópxyq4s.�f|po1xyq�s~ipw x�ipm
�1j�j��~s.ipw�� çpo1�,q�s~j�iÜ³��~³����pvEs~iuw:x:vEs~��ìp�.s� po1m tuo1lEvEs~j�iÜj�ÕXq�|po3q�|po1ln��j�m*Ú�ipx���s~�Mo1���pxÞq�s~j�ip�
�1j�i² pln��o1mþq�|pxÞqgq4|pokx�mps~x�Ópxyq4s.�K|po1xÞq�s~ipwþx�ipm:�1jñj��.s~ipwÙq�o1lE� mplEs�tro1v?q4|poZx�ipi��px��X�,Ú��1�~ocs~i
ì�jÞq�o1i4q�s~x�� q4o1��ì�o1lnxyq4�plEo3xÞq8����|p�{x�� z3s�q�|îx�lEx�mps.xÞq�s�troÙlEo1�~xy��xÞq�s~j�iZq�s~��o1vE�1x��~o3j�ÕÌé��Smpx Ú�vE�

çpo1�,q�s.j�ik³��~é�� ¡ vE|pj zÁo1mïq4|pxyqÌq�|po}x�mps.x�Ópxyq�s~�}|po1xyq4s.ipwïx�ipmK�1j�j��.s~ipw�q4o1lE���1�.j�v o1��ÚþÕãj��.�~j z3v
q�|po\lEo1vEs~mp�px��/��o1x�i3�pì�zïo4�~�.s~ipw?q4o1lE�c� ª � �?íXÚc��x�vEvÌ�1j�i4q�s~i��ps�q$Ú<��|px�ipw�o4vÌs.iØq4|po��pì4zÁo1�.�~s.ipw��
ª � �{s~iNxþ�~xyq4s�q4�pmpoZÓpx�ipm x�lEoKmplns�tuo1i Ó�Ú²��|px�ipw�o4vÁs~iþq4|pokj��*q4�ujEz3� � � �{Õãlnj�� q�|poko1mpw�okj�Õ
q�|pxÞqï�.xÞq�s�q��pmpoïÓpx�ipm<xÞqg�.o,tuo1�~v�x�Ó�j tuo�q�|pog�pì4zÁo1�~�.s~iuw��gü�|pog��x�<,j�lEs�q$ÚÔj�Õ/q�|poïx�ipi��px��r�,Ú��1�.o
s.iCq4|poæ�pì4zÁo1�.�~s.ipwNÓ�o,q$zÁo1o1i²���.µ6ä,å x�ipmË���.µ�änçËxÞqþ���S|p�{xCs.vKmplEs�tuo1i Ó�Ú ��|px�ipw�o1vïq4jZq�|po
j��*q4�pj z Õãlnj��è���.µ ä å x�ipm:���.µ ä ç:ipo1x�lgx�ipmÔx�Ó�j tuok����|u�{x��ÙüØ|po ² ipo1x�lï���S|p�{x�³æs.�cìp�.s~o1v
x��.j��1x����1j�i4q�lnj��~��lExÞq�|po1l�q�|px�iîx�ipj�i=* �.j��1x���mpj z8i�zïx�lEmC�1j�i4q�lnj��~�

çpo1�,q�s.j�i ³�� S q4|po1i �1j�ipvEs.mpo1lnv8q�|poC�1j�ipx����cj���o1i4q��p� o1���pxÞq�s.j�ip�ïvE|pj z8s.ipwMq�|pxÞq�q4|po
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Zonal Momentum Equation (msò -1) 70 hPa
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mps�t�s.mpo1mCÓ4Ú Ö × �"o1���pxÞq�s~j�iM³��~���}xyqÙ��KS|p�{x���q�o1ln��vØxÞq8���~µ ä åû��s~i/�pvSq�o1ln��v�xyqÙ���.µ ä çp��üØ|po
q�o1ln��v�x�lno � � �"vEj��~s.mfÓp�~x���ýþ�~s.ipo1�n� ÿ��� � ���� �´mpjyqnq�o1mfÓp�.�poà�.s~ipo1�E� � 	 
��� � ��� �"mpx�vE|po4mMw�lEo1o1if�.s~ipo1�E�
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j��*q4�pj z3� � � �àÕ lEj�� q�|poÔ�~xyq4s�q4�pmpoNÓpx�ipmp�8���.µ�änåQq�jË���~µ�ä,çp�Ùs~vþmplEs�tuo1iáÓ�Úßq4|poÔ���~s.x�v vEo1i=*
�{x��~� �p�*�ëmus�tuo1lEw�o1ip�1o1� ¬<¯® �Áü�|us~vïx�w�lEo1o1v\z8s�q4|æq�|po3lno1v �p��q�vïj�Õ�q4|po3mpj z3i4zÁx�lnm:�1j�i4q�lnj��
ìplEs~ip�1s.ìp�~o1�rq4|pxyq ª � s.vØmulns�tuo1iÔÓ4Úë�\� �p�*� mps�tuo1lnw�o1ip�1oKx�Ó�j tuo3s�q��

h iþvEo1�,q4s.j�iM³�� Ý q�|po#K��S|p�{xk�~o,tuo1�ñzÁx�v�o,��x���s~ipo1mu�Øü�|ps.v�|px�v}x3�.x�lEw�o1l}x�ipi/�px����,Ú��1�~oÙs~i
q�o1�cì�o1lnxyq4�plEoÙq4|px�i ����|u�{x��-Ì�j�j�ý�s~ipwîxyqàq4|poÁq4o1lE��v3s~iþq�|poàq4|po1lE�cj�m*Ú�ipx��cs.�æo1�/�uxÞq�s~j�i
q�|ps~vkx�ipi/�px��}�,Ú��1�~ofs.vkmplEs�tro1i²Ó4Ú q4|po<��|px�ipw�o1vZs.i x�mps.x�Ópxyq4s.�þ|po1xyq4s.ipwÔx�ipm²�1j�j��~s.ipwÔx�ipm
j�ìpì�j�vEo1m Ó4Ú mps.x�Ópxyq4s.�C|po1xÞq�s~ipw�� çpo1�,q�s~j�i ³��.³T�1j�i² plE��o1mëq4|pxyq�q�|poîx�mps~x�Ópxyq4s.�Ô|po1xÞq�s~ipw
x�ipm �1j�j��~s.ipw3q�o1lE� mulns�tuo1vØq4|pocx�ipi��px����,Ú��1�.ocs.i ì�jÞq�o1i4q�s~x���q4o1��ì�o4lnxyq4�plEoZxyq)K��S|p�{xMÓp�*q
z3s�q�|Cxæ�~j�ipw�o1lglnx�mps~xyq4s�tuo3lno1�.xÞ��xyq4s.j�icq4s.�co1v �1x��.oKj�Õ{µ��Smpx Ú�vE�$,gx�ipmpo1��.�0�254¯ÍÌ�"���������ØvE|pj z
x�iîs.ip�1lno1x�vEo3s~iîlnx�mps~xyq4s�tuo8lno1�.xÞ��xyq4s.j�icq4s.�co1v �1x��.o3xÞq8|po1s.w�|�q4vg�pìcq4j6K���|p�{xæx�ipmîmpo1�1lno1x�vEo
x�Ó�j tuo1� ü�|po,ÚÅvE|pj z xÜ�1j�lnlEo1vEì�j�ipmpo1ip�1oËÓ�o,q$zÁo1o1iâq4|poTì�o1x�ý s~i lnx�mps~xyq4s�tuoTlno1�.xÞ��xyq4s.j�i
q�s~��o1vE�1x��.o x�ipmáq�|poâì�o1x�ýûs.iÅ��x�w�ips�q4�pmpoâj�Õ<x�ipi��px����,Ú��1�.oßs~iáq4o1��ì�o1lnxyq4�plEo1� üØ|po,Ú
�1j�ip�1�~�pmpo�q4|pxyq{q�|po�j�ÓpvEo1l´tro1mcx�ipi/�px��ñ�,Ú��1�.o�s.iïq4o1��ì�o1lnxyq4�plEo�s.v�mp�po{q�j�q�|po��.j�ipwÁlnx�mps~xyq�s�tuo
lEo1�~xy��xyq4s.j�icq�s~��o1vE�1x��.o1vï�1j��pìp�~o1m�z3s�q�|îxcipo1x�lØ�1j�ipv"q4x�i4q3x�ipi/�px����,Ú��1�.o8s.iM�pì�zÁo1�~�.s~ipw

çpo1�,q�s.j�iæ³��.é�� ¡ vE|pj zÁo1m3q4|pxyq{q�|poU�cx=< j�lEs�q$ÚMj�Õ�q�|po�x�ipi/�px��u�,Ú��1�~ogs~iàq4|poU�pì4zÁo1�.�~s.ipwØzÁx�v
mplEs�tuo1ißÓ4Ú�j��*q��pj z ipo1x�lZx�ipmV<,�pv"qîx�Ó�j tuoM���S|p�{x��Sz8s�q4|ßxN�1j�i�q4lEs~Óp�*q�s~j�iÜÕãlEj��ÎK��S|p�{x
<,�pv"q<�pipmpo1lK|px��~Õ?j�Õ�q�|pxÞqþÕ lEj�� ���S|p�{x��VÌÌj�j�ý�s.ipwCxÞq8q4|poæ�1j�iux��\��j���o1i4q��p� o1�/�pxyq4s.j�ip�
q�|poÙx�ipi/�px����,Ú��1�.o8s~i � � s~vØvE��x��.�~o1l�q�|px�iîxÞqÙ����|p�{xcÓp�*q8s.vUx�w�x�s.ifmplEs�tuo1iC�cx�s~iu��Ú Ó�Ú<q�|po
��� �u�*� mps�tuo1lEw�o1ip�1o1�l%ï��q�|pj��pw�|Cq4|po4lnoþs.vkx:vE�cx��~�.o1lZx�ipi��px��?�,Ú��1�~oMs~iÜj��*q$zÁo1�~�.s.ipwNx�ipm
�pì4zÁo1�.�~s.ipwZxÞqLK��S|p�{xUq�|px�iæ���S|p�{x��/q4|po1lEoïs~v?xK�~x�lnw�o1l�x�ipi/�px��r�,Ú��1�~oàs~i8q4o4�cì�o1lnxyq4�plEoïmp�po
q�jàq4|po8�K�p��|Ô�.j�ipw�o1l�lnx�mps~xyq4s�tuo3lno1�.xÞ��xyq4s.j�icq4s.��o1vE�1x��.o1vE�

üØ|po8�cx�s~iCì�j�s.i4q4vUj�Õuq4|ps.vg��|px�ì*q�o1lØx�lEo1�
Ï ü�|poÁs.�cì�j�l´q�x�i�qÁ�.xÞq�s�q��pmpoÁÓpx�ipmþs~v ¡ ��änåâq4j ¡ �/änç=Hßq�|poïipo1x�lEo1v"qÙw�lEs~mfÓ�j ��q4j ¡ ��ä�s.v

���.µ/än�
Ï ü�|poØq�o1�cì�o1lnxyq4�plEo1vgx�lEoàmplEs�tro1iCÓ�Úfq�|po8x�mps.x�Ópxyq4s.�Ù|uo1xÞq�s~ipwcx�ipmî�1j�j��~s.ipw��
Ï ü�|po�lnx�mps~xyq4s�tuoclno1�.xÞ��xÞq�s.j�iþq�s.�co1vE�1x��~o�Õãj�l?q4|uokmplns�t�s~ipwMj�Õ�q4o1��ì�o1lExÞq��plno1v8Ó�Ú²x�mps.x*

ÓpxÞq�s~�8|po1xyq4s.ipw�x�ipmC�1j�j��~s.ipwcs~vUé���mpx Ú�vgxÞq8���S|p�{x��
Ï ü�|po3x�mps~x�ÓpxÞq�s~�8|po1xÞq�s~ipwcx�ipmC�1j�j��.s~ipwcs.vU�1j�i�q4lEj��.�~o1mÔÓ4Úfq4|po8�pì4zÁo1�.�~s.ipw�� ª � �
Ï ü�|poþ�pì�zÁo1�~�.s~ipw Ó�o,q$zÁo1o1i²���~µ6äEåÀx�ipm ���~µ/änç xÞqf���S|p�{x:s~vK�1j�i4q�lnj��.�~o1m²Ó�ÚTq4|po<ipo,q

j��*q��pj z8� � � ��Õãlnj�� ���~µ/änå x�ipmî���~µ/änçîipo1x�lØx�ipmMx�Ó�j tuo3����|u�{x��
Ï ü�|po3mpj z8i�zÁx�lEmÔ�1j�i�q4lEj���s.vU�~j��1x��ÆHûiuo1x�l�x�ipmÐ<,�pv"q3x�Ó�j troÙ����|p��x��
Ï ü�|poþipo,qfj���q4�pj z Õ lEj�� ���.µ�änå x�ipm ���~µ/änç s~vkmplns�tuo1i²Ó4Úëq�|po<���~s.x�vEv o1i=* �{x��.� �p�*�

mps�tro1lnw�o1ip�1o1� ¬<¯® ��xyq3���.µ ä å�x�ipmC���.µ ä çp�
üØ|poZipo,��qc��|px�ì*q�o1lÁs.i4tro1v"q4s.w�xyq4o1vØq�|pok���~s.x�v vEo1i=* �{x��.� �p�*�²mps�tuo1lEw�o1ip�1o�x�ipm s�q�và�1j��L*

ì�j�ipo1i�q4vgs.iîw�lno1xyq4o1l�mpo,q�x�s.�.�



ÑÒ?1Ó Ô�ÕkW�Y�^nÖ:dF×SW�VE^&Õ
h$iáq4|poâìplEo,t�s.j��pv ��|px�ì*q4o1lþq�|poâ�\� �p�*�Qmps�tuo1lnw�o1ip�1oTzÁx�vës.mpo1i4q�s� uo1mÅx�vTmplns�t�s~ipw²q�|po
j��*q4�pj z Õ lEj�� ���.µ/äEå@x�ipm ���.µ�änçËipo1x�l3����|p�{xÔx�ipmCq�|/�pvgq4|po<x�ipi/�px����,Ú��1�.oþs~iCq�lnj�ìps~�1x��
q�o1�cì�o1lnxyq4�plEo1v�xyqï���S|p�{x���üØ|ps~vØ��|px�ì*q�o1l}s.i4tuo1v q4s.w�xyq4o1v�q4|poà�\�â�p�*�:mps�tuo1lnw�o1ip�1oàs.ifj�lnmpo1l
q�jîw�x�s~iTx�iT�pipmpo1lnv"q�x�iumps~ipwCj�Õ�q�|pocìp|�Ú�vEs~�1x���j�lns.w�s.i j�Õ�q�|poÁq�lnj�ìps~�1x���zÁx tuoI* mplEs�t�s.ipw��CíÌÚ
mpo1�1j��cì�j�vEs.ipwæq4|po<��� �p�*� mps�tuo1lnw�o1ip�1oþs.iËmps~ð�o1lEo1i4qKzÁx Ú�vE��j�ipo<�1x�iËmpo,q4o1lE�cs.ipo8z8|ps.��|
ìplEj��1o1vEvEo1vïx�lno8s~��ì�j�l"q4x�i4q�q�jÁq4|po8x�ipi��px��Ì�,Ú��1�.o1�

h iÜq�|poËlEo1v"q j�ÕØq�|ps~vÔ��|px�ì*q�o1l�q4|poË���ê�p�*� mps�tuo1lEw�o1ip�1o s.vÔmpo1�1j��cì�j�v o1m s~i�q4jTq4|po
�1j�i4q�lns.Óp�*q4s.j�ipvgÕãlnj����

Ï ipj�l"q4|po1lEiîx�ipmCvEj��*q�|po1lniÔ|po1��s~v ìp|po1lno1vE�
Ï |pj�lEs~�1j�i4q�x�� zÁx tuo1i��p�KÓ�o1lEvE�
Ï |pj�lEs~�1j�i4q�x���x�ipmctuo1l´q�s~�1x����1j��cì�j�ipo1i�q4v �
Ï o1mpm*ÚT�p�*��o1vgx�ipmîv"q�xyq4s.j�ipx�l´ÚTx�ipmcq4lEx�ipv s~o1i�q3�1j���ì�j�ipo1i4q�vE�

ÑÒ?AØ BÚÙpÛ Õ<^îY�W:ÙRÛcYÁÕ ÈPÕFÖ ]�^Cd<W;ÙpÛZYÁÕ ÙRÛc[ V�]3ÜFÙpÛZY�Û ×S^&ÕRÝ
W�Y\V1Þ:d<W�VE^&ÕN]ÅWX^ W;ÙpÛ bS^&ÕWÈPß [ ^C[ ÛÐÕkW�dN[ ÛZefdFÈUW�VE^&Õ

Û{s.w��plEo3é�� ¡ vE|pj z3v?q�|po8�1j�i4q�lns.Óp�*q�s~j�ipvïj�Õ�q4|poKmps.ð�o1lEo1i4qUq�o1lE�cvïs.i�q4|po3�1j�ipx�����j��co1i�q4�p�
o1���pxÞq�s~j�ip�Sq�|ps.vïq�s~��oþipjyqfmps�t�s~mpo1mßÓ4Ú ÖÞ× �´s.�~o1��o1���pxÞq�s.j�iÜ³��.µ��E��xÞqM���.µ�änå x�ipmâ���.µ�änç²xyq

Ý �



¶c·X¸p¹Xº1»�¼pqX¾À¿Á¶cÂ�Ã ®ÅÄ ¸pº4¸�Æ!àr¼7Ç´ÊrÇ"ÉJàâágº1¼¤àr¹XÇ´Ï�¸pÎ;ãK¸�Èr»åä Ä ¼7Ç´È�Ç"ÉÌÊ Ê�æ
����|p�{x��Ø�{x�ipo1�?�"x���vE|pj z3vg���.µ�ä,å © ���~µ/änçu�\�"Óp�Ø���.µ�änå x�ipmË�´�1�Ø���~µ/ä,çp�

Û�s~lEv"qfj�Õ�x��.���1j��cìpx�lno- pw��plEo<é�� ¡ �"x��E�}s~iCz3|ps~��|:q�|po8q4o1lE�cvZx�lEo<ipjÞqfmps�t�s.mpo1m²Ó4Ú Ö�× �
q�j�q�|poþo1���ps�t x��~o1i4q( pw��plnofs~iCq�|po<ìplno,t�s.j��pvc��|px�ì*q4o1lE�: pw��plEo<³�� ¡yÝ ��s.iCz8|ps.��|Ôq�|po3q�o1ln��v
x�lno8mps�t�s.mpo1mCÓ�Ú Ö × ��í�o1�1x��pv o Ö × ��|px�ipw�o1vUvEs~w�ictuo1l´Úë�1�~j�vEoØq�jïq�|po8o1�/�pxyq�j�l� pw��plno8é�� ¡ �"x��vE|pj z3vØq4|pokv �p� j�Õ�q�o1ln��vàxyqc���.µ ä å x�ium ���.µ ä çp�\lnxyq4|po1l?q4|px�iþq�|poZmps.ð�o1lEo1ip�1o1�þü�|poÁq$zÁj
 pw��plno1vfw�s�tuoÔo1vEvEo1i�q4s.x��.��Ú q�|poÔvEx��co:lEo1vE�p��q�çUq4|uxÞq�q�|poÔj���q4�pj z3� � � �ÁÕãlnj�� q�|poÔ�~xyq4s�q4�umpo
Ópx�ipmÜs.vZmplEs�tuo1ißÓ4Ú q4|poM�\�.s~x�vEvEo1i=* �{x��~� �u�*� mps�tuo4lnw�o1ip�1o1� ¬< ® ��x���q�|pj��pw�|Ôq�|pofvE�1x��.s~ipw
|px�vØ��|px�ipw�o1mp�

è j�iuvEs~mpo1lEs~ipwÄ< �pv q � � s.ié pw��plnoCé�� ¡ ìux�ipo1�.v:�´x��ïq4j �"�1� ç�q4|poZq4jyq4x���x�ipi/�px��Ø�,Ú��1�~oCs.v
��x�s.ip��Úâmp�poÁq�jkq4|pocx�ipi��px��S�,Ú��1�.ocs.ifq�|poZå#"ï��q4|po�ç²"aj�ìpì�j�vEs.ipwkq4|ps.vÙv �~s.w�|�q4��Ú��fh$ifq4|po
å#" �"Óp�Us�qKs.v�q4|po3��� �p�*�Ëmps�tuo1lnw�o1ip�1oM�"lno1mÔ�.s~ipo1��z8|ps.��|:s.vï�cx�s.ip��Úëmplns�t�s.ipw3q4|po3x�iui/�px��
�,Ú��1�~ocs~i � � �Xx���q4|pj��pw�|�q�|po1lnoKs.vÁvEj��coK�1j�i4q�lns.Óp�*q4s.j�i:Õ lEj�� ° �"j�lnx�ipw�o3�~s.ipo1�E�3h icq�|pokç²"
�"�1�Xq�|poÁx�ipi/�px����,Ú��1�~oÙs~i � � ��z8|ps.��|Cj�ìpì�j�vEo1v{q�|po}q�jÞq�x���x�iui/�px����,Ú��1�.o1��s~v��cx�s~ip��ÚN�1j��cs.ipw
Õãlnj�� ° � üØ|ps~vfÓpx��.x�ip�1o1v<j��*q�q�|poCo1ð�o1�,qNj�Õ ° s.iTq4|poÔå#"ï�Ø�~o1x�mps.ipwîq�jMt�s~l"q4�px��~��Ú ipj
x�ipi/�px����,Ú��4�~oKs.i ° s.icq4|po�q4jyq4x��\�´x��n�

ÑÒ?A> ê ^&ÕpÝ�×S^&ÕN]�ÛZY�GpÈUW�VAG)Û [ ÛÐ×ëÙFÈPÕNV�×ìÈ9ßß`y^CYÁ×UV1Õpí
üØ|po�q4o1lE� ° �Áx�væìplEo,t�s~j��pvE��Úû��o1i4q�s~j�ipo1m s~i vEo4�,q4s.j�i ���~��� ¡ �gs.vÙq�|poÔ�pipvEì�o1�1sî po1m �1j�ipx��
�1j��cì�j�ipo1i�q j�Õ3ipj�i=* �1j�ipv o1l´t xÞq�s�troË�co1��|px�ips.�1x��3Õãj�lE�1s~ipw�vCÕãlnj�� q4|poë�1j�ipx��Ù�cj��co1i�q4�p�
üØ�\ù o1���pxyq4s.j�iþ�´���~��x��E��h q�s~vÌ�1x��.�1�p�.xÞq�o1m3x�v�xUlno1vEs.mp�px���Ó4Úcx�vEvE�p��s~ipwïÓpx��.x�ip�1o�s.i8o1���pxyq4s.j�i
���~��x3Óp�*qÙs~v}o,��ì�o1�,q4o1mkq4jkÓ�oï��x�s.ip��ÚCmp�po}q4jØq�|poïw�lnx t�s�q$ÚæzÁx tuoÙmplnx�w3Õãlnj��ûq�|poï� è ùpT Û
��j�mpo1��j�lEj�w�lnx�ìp|ps.�Ùw�lnx t�s�q ÚfzÁx tuoKvE��|uo1�cof�"vEo1�,q4s.j�iC���~³��n�

Û�s~w��plno8é��~�cvE|pj z3v�q4|po8x�ipi/�px����,Ú��1�~oKs.i ° xyq3����|p�{x��UüØ|po1lEo8s.vUx�Ópx�ipmCj�ÕÌì�j�vEs�q4s�tuo
t x��.�po1v�j�Õ�x�Ó�j��*qà����ä?s.i3z8s.m*q4|Mx�lEj��pipm3q�|poÁo1���pxÞq�j�lXz3s�q�|þipo1w�xyq4s�tuo�tñx��~�po1v�vE�plElnj��pipmps~ipw
s�q4�ïü�|ps.vïì�j�vEs�q4s�tuoKÓpx�ipmîs.vgmps~v ìp�~x��1o1m:ipj�l"q4|�zÁx�lEmpvïmp�plEs~ipwæå#" vE�p�c��o1ln� è j�ipvEo1���po1i4q���Ú
q�|po1lno8x�lEoàvE��x��.��x�ipi/�px����,Ú��1�.o1vgj�ÕXj�ìpì�j�v s�q�oàvEo1ipvEo1vgxyq8���.µ4änå x�ipmM���~µ/änçu�ñz8|ps.��|CvE�p�Åq�j
ìplEj�mp�p�1o3xcipo,q3x�ipi��px����,Ú��1�.o3ipo1x�lØ�1o1lEj�s~iÄ pw��ulno8é�� ¡ �"x��E��ü�|us~vgÓpx�ipmîÕãj��~�.jEz3vSq4|po8vEx��co
ìpxyqnq�o1lniTx�v�q4|pok�4�~s.�cxyq4j��~j�w�s.�1x�����o1x�iTh$i4q�o1lN* üÌlEj�ìps~�1x�� è j�i4tuo1lEw�o1ip�1oRï�j�ipo1�Sv o1o#T x��.s~vEo4l
x�ipmñð8x��*q4s.o1læ� ¡ ����³��n�\x�ipmË�cx ÚßÓ�o�mp�poÙq�jî�1j�i�tuo1�,q�s�tuo1��ÚËq�lns.w�w�o1lno1mîzÁx tuo1vE� ° s~iîq�|ps~v
Ópx�ipm s~vZì�j�vEs�q�s�tro1��s~�.o1��o1x�v"q$zÁx�lEmp��x�ipm �~s.o1vKx�Ó�j tuo3zÁo1v q zÁx�lnmNz8s.ipmpvkv j�q�|pxÞq3zïo4v"q$zÁx�lEm
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Zonal Momentum Equation (msó -1day-1), 9.8oN+9.8oS
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X (residual) (m s� -1 day-1) 90 hPa
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div.F/Re cosφ (m s� -1 day-1) 90 hPa
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div.F/Re cosφ (m s-1 day8 -1)    all wavenumbers
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wavenumber 2?
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(c)

wavenumbers greater than and equal to 3A
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����$&:����F��O|< ýÔ�! "�# ���B*ë@J K ÿº�à� þ�� ý'�+�# ���$&�KEØ��� ýÔ�h�ç���¯�! �������� ÿ��������������9ý�%@� ����$å$25¹.��
ðh�q%Aÿ�$+$&���L��
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����$&:¯��%���O(ý'�#�!�à�����#�!�Aý K ÿº�1ý'����%Û�Ý�F��$ò�# ��@ ���� ý�)����#�!���S����O]±P���L�1ý'������O²ý'%�%�ý':�����ý����Y���z<��=±P��%=�
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- div.F/Re cosφ (m s-1 dayZ -1), 9.8oN + 9.8oS
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SOUTH 9.8oS
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 â ���Og����/�������'�°���/ÐÒ6 ÓigºÏ Oid×±P�Hhjf������!��JÖOid×±kd�O���Old'�#�!�N<��=±P���Og�$ K �Hh
����$&:¯�������#�!%@����Omd'�#�!�"���0hf�! ��Hh��o����O %��3gº�# ��Hh��q ���$2d'%=:� ��HhF�������!�nh�d K gº�od����P%���89 ��]:����D�#%
%� ��=< - ��1�2���0 A B :��7g�%32��'0 A E�J -LK 1à2��'0 A B ����O - ��132��'0 A E��³89 ��à�!�Hh�$&%&�3h��Y���'�ÔÜ=$ - %����pd�O
K �����XW³�7d�����1FJ�$2."� - O������!��O K �7g�� �pd�����1FJ?$2.; - O���%= ���Oqf3h��������pd�����1FJ�$65¹. - O���%� �����O
�# ihF���]O��D���#��Orh���Oo�7d'����1��
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c�dpf0gihF�"���'I %� ��=<¹%@�! ��|�����ug����Î�������'��d'�q�# ��| ��3hjd')����!�#���Ò����Oq±S�HhL�nd'�����Ò����$&:¯���P���!�!%
���S�! ��¹ÐÒ6�ÓigºÏ�OidÔ±P�Hhjf���������J ´P¶acb=dfehgXikj"lnm J·���¹2���0�AFBè����Oq2���0�AFE�J·����O&�! ��¹O�������$+:¯��%jdÔ�od�������Ò�# ���%�������$&:¯�������#�!%�d'�!�#�q<@�=±S���ug�$ K �HhF%���B��=±P���Og�$ K �Hh�%¸�����q����Oæ�h<��ç ��=±P� K �����
����$ K d'����O�d��à�# id'%*Gif0gihF�¹����O3<Nd��'� K �UhF���Ý�HhjhF��O+�#�&��%Ñ$,."��J'��
� �Sw�tP� ´P¶a b dfehgXi j"lnm���� y��!w&���k�M���ç�$�M� ��D�# "�# ��àB@ë - O�1*����O�E�ë - f�1@ ���±S�à�����Og����k±²�3hjd'���nd'����%Ò<¹ id��µ /�3hjd'%��à�¡h���$ $25¹.��à89 ��
B@ë  ���%���%f�nhF���if ��:�:k��%jd��if+±²�0h�d��D�nd'����d'�($2."�DJ���ç8H id'%à���0g�%���%3� %���$2d×Ü=�����ug����Û���¯�!�'�
d��q���'�ÔÜ=$&�Ñ89 ��]��:�:k��%jd��if?±²�3hjd'���od����md'�q$2."�DJ�+ ���%Ñ�+%� ��0h�:o$+�DÏkd�$wg�$¢d��oá�g�����J����3h��pd��Hh
�# ����Ú�! ���á�g��Ô��$2d'�id�$tg�$ d��Ö$25¹.��ÀðØ�(�# ���E�ë $65¹.ê ���%¸�($2d'�id�$tg�$ �£hF��$ á�g����
�#�æE���:º�!��$ K �Hh K gº�+�# ��o%=$&���'�HOP���HhF����%���d��$2."��J' K ���h<������ â gif3g�%f������OìB@�=±P��$ K �Hh
���0g�%���%Î�! ��;$,d��id'$tg�$¤d'�3�! ��¹E�ëì�#�D�#���z�!�&�z���Hgih¥d��¸E���:º�#��$ K �HhF�@89 ��;$,d��id'$tg�$¤d'�3�! ��
�#�D�#��� ´P¶a b dfehgDikj|lÕm - ��19Oig��9�!�@�# ��;����$ K d'����O �HGk�����#%Ñ����$2."��J'&����O¸$65¹.+�¡h���$��# ��Û�h<��
 ���$2d'%�:� ��Hh���%í�# ����q�z���HgihF%vd�� â gif0g�%f�!�
¦ �SyV�¨§��k�cw�tP�ÛtP� � �SxzyVw��L��t��Û���|�çvÎ�S�uxM�cwH�|� �ky6©u}«ª A�¬r ©7}«ª A�® ��� yn�#w3yV�²�,��� ��D�# ��# ��� ��0h�d�)����#�!��� -fK 1�����O�±S�HhL�nd'����� - ��1�����$+:¯�������#�!%H ��=±P�?�����ug����z±»�0h�d��D�nd�����%u<] id��µ 
�0h�d�%��¸�£h���$ $65¹.��Ö8H ��o ��3hjd')����!�#���9����$&:¯�������!�q ���%3��%f�nhF���if���:P:k��%jd'�if¸±»�0h�d��D�nd'���¯d��
$2."�DJ���Y8H id'%¹���0g�%���%]�Y%=��$,dÔÜ=�����Og����·±»�0h�d��D�nd����°d������'�ÔÜ=$&�Y8H ��&��:�:¯��%jd��ifà±²�3hjd'���od����±d'�
$2."�DJ�+ ���%Ñ�&%� ��0hF:q$&��Ïkd'$tg�$¤d'�qá�g�����J����0hF�7d'�Hh5�! ����à�# ��;á�g��Ô�æ$,d��id'$tg�$¤d'�q$25¹.��
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-divF/(Recosφ² ) (ms-1day-1),
9.8oN+9.8³ oS
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(g)

Horizontal Component, ½
9.8oN+9.8³ oS

J
´

F
µ

M
¶

A
·

M
¶

J
´

J
´

A
·

S
¸

O
¹

N
º

D
»

 
 

-0.4
-0.2
0.0
0.2
0.4
0.6
0.8
1.0
1.2
1.4

(b)

9.8¼ oN

J
´

F M A M J
´

J
´

A S
¸

O
¹

N
º

D  
 

-0.4
-0.2
0.0
0.2
0.4
0.6
0.8
1.0
1.2
1.4

(e)

9.8¼ oS

J
´

F
µ

M
¶

A
·

M
¶

J
´

J
´

A
·

S
¸

O
¹

N
º

D
»

 
 

-0.4
-0.2
0.0
0.2
0.4
0.6
0.8
1.0
1.2
1.4

(h)

Vertical Component, ¾
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ced7f3gih��R¿0À'I0Á âÃÂiÂ giÄ����������'�Ud Â �# ��� ��0h�d�)�� Â �oÄ���Ä Â O]±P�Hhf�od��HÄ�������$&:¯� Â � Â �!%H���²�# ��@ÐÎ6ÓigºÏ
OidÔ±P�Hh�f�� Â ����J ´P¶acb=dfehgXi j"lnm Àq89 ��"�����pg�$ Â %]%� ��=<ï�!���oÄ��'J5 ��0h�d�)�� Â �oÄ��SÄ Â Oß±S�HhL�nd'�HÄ��Î����$&:¯�DÜ
Â � Â �#%�h���%�:k�����nd×±S���×��À*89 ��vh��=<¹%Ò%� ��=<N20À'0 A BRÅ;23À�0 A EPJS23À�0 A B4Ä Â O+20À'0 A E,h���%�:¯�����odÔ±P���×�uÀÑ8H ��
<RÄ=±P� Â g�$ K �Hh�����$+:¯� Â � Â �!%�Ä3h��¥Ä��'�ÔÜ=$ - %=���7d'O K �pÄ��µW3�pd Â ��1FJk$,.6Æ�J' - O��D���!��O K �pg��Ñ�7d Â ��1SÄ Â O
$65¹. - OiÄ�%� ���O�hF��Oq�7d Â ��1jÀ
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©u}Çª A�¬ � �(� �u� �fx�yV�»�,�M�ð Â �# ��à�#�D�nÄ�� ´�¶acb�dLeØgDiSj|lnm - O�1,Ä Â O/�! ��o ��0h�d�)�� Â �oÄ�� - ��12Ä Â O�±P�HhL�nd��HÄ�� - ��1&����$&:¯� Â � Â �#%�J
$65¹.à iÄ�%ÈÄ Â Ä ÂiÂ giÄ��z±ÉÄ3hjdpÄ��od�� Â d Â �! ���%=� Â %���h���,Ogidph���O��!�àOihjd×±P� Q R Ä Â OY$,.6Æ�J'à��:�:¯��%=��%
�# id'%RÄ ÂiÂ giÄ��k±ÉÄ3hjdpÄ��od�� Â À]89 ��3%� iÄ3h�:�:¯�HÄ�Wrd Â $,.6Æ�J'�d Â á�g Â �-d'%?�¡h���$ñ�! ��àB*ëÊÄ Â O"�! ��
 ��0h�d�)�� Â �oÄ��·����$+:k� Â � Â ����� ´P¶a b dfehgDi j|lÕm À©u}Çª A�® ��Ë �Sw�w��D� yV�²�,���
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(g)

Stationary Component, õ
9.8oN+9.8oS
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-divF/(Recosφë ) (ms-1day-1),
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(g)

Stationary Component, õ
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(h)

Transient Component, õ
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ÐÒ6 ÓigºÏ OidÔ±P�Hh�f�� Â ����J ´P¶acb=dfehgXi j"lnm À 8H ��ï�����pg�$ Â %è%� ��=< �!���oÄ��'JÞ%f�nÄD�nd'� Â Ä3hf�ÖÄ Â O
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h���%�:k�����nd×±S���×��À 8H ��(��O�Oº�C����$&:¯� Â � Â �#%�Ä0hF�¸�!���oÄ�� - %����pd�O K �pÄ��µWÞ�7d Â ��1�J j|lÕm � iK� d - Q � � � 1- O��D���!��O K �pg��+�7d Â ��1�J j|lÕm � iK� dpd - Q � � � 1 - OiÄ�%= ���O±f0hF��� Â �7d Â ��1�J j|lÕm � ` � d - Q � � � 1 - OiÄ�%= ���O*Ä Â OO����F�#��O÷�0h�Ä Â f����7d Â ��1�Ä Â O j|lÕm{� ` � d7d - _ � � � 1 - OiÄ�%� ÿÄ Â Oç�# ihF����O��D���!��OÿhF��O��pd Â ��1�À�89 ��
�nd'$+��Ü=$&�HÄ Â d Â f|:k�Hhjd'�zOrd'%Ñ.�43À7I&OiÄ=�¯%sÀ
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���P�! ��¹Oih�dÔ±kd Â fÌd Â �! ��¹)�� Â Ä��c$+��$+� Â �ng�$å��,OgiÄD�nd'� Â À

y@%jd Â fJÄ*ÆD4¸OiÄ=�Ú$+�HÄ Â d Â fo:¯�Hh�d��zO1f0d×±S��%]%jd'$2d'�7Ä3h�h���%jg��Ô�!%H�#�à�! ��&.�40ÀpIßOiÄ=�ê$+�HÄ Â d Â f
:¯�Hh�d��zOiÀvc�dpf0gihF�U¿3À�2+%� ��=<]%Î�! ��¹ÐÎ6÷ÓigºÏæOid×±P�Hhjf�� Â ����J ´P¶a�b�dfehgXikj|lÕm J·O�������$&:¯��%=��Omd Â �#�2d×�#%%f�nÄD�nd'� Â Ä3hf�ýÄ Â O|�ohjÄ Â %sd'� Â �"����$+:k� Â � Â �#%;� �0hí�! ��mÆD4ßOiÄ=�Ú$+�HÄ Â d Â fY:¯�Hhjd'�zOiÀ"89 id�%?Gif0gih��
�HÄ Â K �;����$+:iÄ3h���O3<wd×�# Gif3gih��U¿0À7ã3�Ý�0h7�! ��¹.�40ÀpI&OiÄ=�/$&�HÄ Â d Â f+:¯�Hhjd'�zOiÀ

8H ��Y����������%,d Â Ä����Û����$+:k� Â � Â �#%&��� ´P¶a b dfehgDiSj"lnm � �0h9�# ��1Æ�4 OiÄ=�Ö$+�HÄ Â d Â f°Ä3h��¹±P�Hhf�
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(g)

Stationary Component, õ
9.8oN+9.8oS
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(h)

Transient Component, õ
9.8oN+9.8oS
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(i)
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ÓigºÏòOidÔ±P�Hh�f�� Â ����J ´�¶a b dLeØgXiSj|lnm ÀC8H ��������7g�$ Â %ß%� ��=< �!���nÄ���J?%f�oÄ��od�� Â Ä3hf��Ä Â Oç�nh�Ä Â %jd'� Â �
����$&:¯� Â � Â �!%mh���%�:¯�����odÔ±P���×�uÀ 89 ��*hF�=<]%o%� ��=< 20À'0�AFB{Å;20À'0MAFE�Jà23À�0�AFBêÄ Â OÞ23À�0�AFEiÀø8H ��
 ��0h�d�)�� Â �oÄ���Ä Â O3±P�Hhf�od��HÄ�������$+:¯� Â � Â �!%ÃÄ0hF�9�!���oÄ�� - %����pd�O K �pÄ��µW¸�pd Â ��1�J· ��3hjd')�� Â �nÄ�� - O����F�#��O
K �7g��¹�7d Â ��1�JXÄ Â O3±S�HhL�nd'�HÄ�� - O#Ä�%� ���OmhF��Oq�7d Â ��1jÀH8H ��9�nd'$+��Ü=$+�HÄ Â d Â f+:¯�Hh�d��zOrd�%tÆD4&OiÄ=��%jÀ
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P 89 id�%Ãd'%5�ohjg��¹� �0h K ���# JÄ+.�43À7I&OiÄ=�1Ä Â OrÄmÆ�4&OiÄ��/$&�HÄ Â d Â f+:k�Hhjd'�»OiÀ
P 89 ��qE�ëø��� Â �nh�d K gº�#��%ÌÄ�%f�oh�� Â f*Ä ÂiÂ giÄ��H���������mÄ Â O��! ��qB@ëø iÄ�%2Ä/%���$,dÔÜsÄ ÂiÂ giÄ��
�������'�&<wd×�# úÄ�$2Ä3d Â B@ëC<wd Â �!�Hh&$2ÄDÏkd�$tg�$ÖÄ Â Oê%������ Â OiÄ3hf�ÞB*ëå�oÄ3h��×�÷%sg�$&$+�Hh
$,Ä�Ïkd'$tg�$2À

P 89 ��9Q � � � �#�HhF$×d Â �! P�� ��3hjd')�� Â �nÄ��c����$&:¯� Â � Â �NÄ Â O K ���! à�! ��Û_ � � � Ä Â OàQ � � � �!�Hh�$&%
d Â �! P�; ��0h�d�)�� Â �oÄ��·����$+:¯� Â � Â �tÄ0hF��d�$+:k�0hL�nÄ Â �oÀ

P _ � � � f3dÔ±P��%5�! ��;$,Ä0d Â ��� Â �ohjd K gº�nd'� Â �#���! ��UÄ ÂiÂ giÄ������¯�����Nd Â �# ��¹B*ë�<NdÔ�! rÄ&%���$,dÔÜ
Ä ÂiÂ giÄ������ Â �ohjd K gº�nd'� Â �¡h���$°Q � � � d Â �HhF�HÄ�%jd Â f]�! ��¹B@ëÖ<wd Â �!�Hh*$,Ä�Ïkd'$tg�$2À�89 ��wÄ Â Ü
Â giÄ��S�������'�Ãd�%Ò��:�:¯��%��!O K �rÄ Â Ä ÂiÂ giÄ��S���������vd Â Q � � � �£hF��$��! ��Î±P�Hhf�od��HÄ��k����$+:k� Â � Â �nÀ

P Q � � � �£hF��$C�# ��Ñ±P�Hhf�od��HÄ��î����$&:¯� Â � Â �,f3dÔ±P��%��! ���$2Ä3d Â ��� Â �ohjd K g��od�� Â �#�¹�# ��tÄ Â#Â giÄ��
�������'�wd Â �# ��;E�ëÖ<NdÔ�! q%���$&�]��� Â �ohjd K gº�od�� Â �£hF��$°_ � � � Ä Â Oq��:�:¯��%jd×�nd'� Â �£h���$>Q � � � À

P ð ÂÚâ gif3g�%ã�àQ � � � J7Q � � � �£hF��$å�# ��]±P�Hhf�od��HÄ��Û����$&:¯� Â � Â �rÄ Â O _ � � � Ä3h���Ä��'�í%�$,Ä��'�ÈÄ��
K ���! �ÆD4MAFBVÄ Â OxÆD4MAFEiÀ9ð Â ó�������$ K �Hh5Q � � � Ä Â O3_ � � � Ä0hF��Ä��¹�3h Â �HÄ0h9$,Ä�Ïkd'$tg�$¤ÄD�
ÆD4MAFB Ä Â OmÄ����»�! ih����UÄ0hF�NÄ��¹�3h Â �HÄ0hH$,Ä�Ïkd'$tg�$�Ä���Æ�4�AFEiÀ

P 89 ��H$,Ä�Ï�d�$tg�$éd Â �! ��9%f�oÄ��od�� Â Ä0hL�¸����$+:k� Â � Â �vd Â á�g Â �¥d'%ÎOig��7�#�Ò�# ��7Q � � � ����$&:¯�DÜ
Â � Â �Ãd Â �# ��� ��0h�d�)�� Â �oÄ���ÐÎ6ÚÓigºÏ�d Â �! ��HB@ëÃÀ�Q � � � Ä Â O�_ � � � d Â �! ��î±P�HhL�nd'�HÄ��PÐÒ6çÓigºÏ
Ä���%��q��� Â �nh�d K gº�!�;�#�3�! P�&%���$2d×ÜsÄ ÂiÂ giÄ��í���¯�����6d Â �# ��&B@ë{ÀÎ8H id'%]$2ÄDÏkd'$tg�$é�z���Hgih�%
� Â �Ô�÷d Â á�g Â �¹<] �� Â �# ��|$&�HÄ Â d Â f :¯�Hh�d��zOxd'%à.�40ÀpI OiÄ���%-Ä Â O�d Â K ���! çá�g Â ��Ä Â O
á�g��×�/<] �� Â �! ��"$+�HÄ Â d Â fq:¯�Hh�d��zO�d'%�Æ�4qOiÄ=��%jÀ�8H ��¹�ohjÄ Â %jd'� Â �Y����$&:¯� Â � Â �#J�<wd×�# 
d×�#%?$2d Â d'$tg�$ld Â B@ëC%jg�$+$&�Hh�JÎO����Hh��HÄ�%���%H�# ��à�HGk�����|�����! id�%;á�g Â �&$2ÄDÏkd�$tg�$ld Â
�! ��9�#�D�nÄ��cÐÒ6ÖÓigºÏ/Oid×±P�Hhjf�� Â ���HÀ

ù�úLù@úLù �&ý��R"íÿ����R�?ÿ��R�S�Ì�²ý��?þ#�X��ý��J�����Ð
��$��$Wn��þPÿ�Hÿ���"
Bè ��Hh��HÄ�% j"lnm d'%{ÄY)�� Â Ä����×��Ä=±P�Hh�Ä0f���O�,OgiÄ Â �odÔ�h��J¯�! ��à��� Â �nh�d K gº�nd Â fY��O�Oº�q�!�Hh�$&%?O�� Â ��� iÄ=±P�Î�!� K �9)!� Â Ä��'�Ô�JÄ=±P�HhjÄ3f���O2Ä Â O��# ��HdphÒ�'� Â f3dÔ�og�Oid Â Ä���Oid�%f�nh�d K gº�od�� Â %í�HÄ Â K �H�!� Â %jd�O��HhF��OiÀ
B��;�HÄ Â OP��G Â �NÄ�±S�����!�0h ~�� 4�� ~ � i3� � ~ � ` � %sg��µ +�! iÄ��

~ � iK� � }È~�����%|� � `
Q � � �
� `

^çQ � � � � - ¿0ÀpI0Ä�1

~ � ` � � }È~�����%|� � ^
Æ

}È~¯����%D� - �]����%D�k1 i
Q � � �
� `

^æ_ � � � - ¿0ÀpI K 1
Ä Â O
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j|l ~�� Æ
}'~�����%D�

�
� � ����%|� ~ � iK� Å

� ~ � ` ���� l - ¿0À'I�1
8H ug�% j"lnm��Cj"l ~ À?8H id'%{d�%{Ä Â Ä�:�:ihF�=Ïkd�$,Ä��od�� Â K ���HÄ0g�%������¯�! ��]:ih���%�� Â ���à���k�#�HhF$+%%jg��X �Ä�% �·J � ` Ä Â O � ` d Â ��,ugiÄ��od�� Â % - 3ÀçÆD4�1�Ä Â O - ¿0ÀpI�1�À 6�hF��±kd��3g�%��Ô�÷<@�/��� Â %jd'O��Hh���O
´P¶acb=dLeØgXi j|lnm �Ý�0hÑ��� Â %sd'%f�#� Â ����<wd×�# |�# ��à)�� Â Ä��u$&��$&� Â �og�$®:����D�#%jÀàë@�HhF� ´P¶acb�dLeØgXi j|l ~ <Nd��'�K ��g�%���OmÄ Â O3�! ��9±ÉÄ3hjd'�0g�%H����$+:k� Â � Â �#%vd Â �!�Hh�$&%Ñ���²�# ��¹� �0gih���� Â �ohjd K gº�nd Â f"��O�Oº�Y�#�HhF$+%

<wd'��� K �?�pÄ K ���'����O�Ä�%Ñ�Ý�����'�=<]%jÁ

^ÌÆ
}'~�����%|� j|l ~ . ^ Æ

}'~�����% � �
�
� � ����% � � � `

Q � � �
� `

- j|l ~ � iK� d�1
Å Æ

}'~�����% � �
�
� � ����% � �@Q � � � - j|l ~ � iK� d7d'1

^ �
��� � ^

Æ
}'~�����%D� - �¹����%|�¯1 i

Q � � �
� `

- j|l ~ � ` � d'1
Å �

��� - _ � � � 1 l - j|l ~ � ` � dpd�1 - ¿0Àpã�1

c�dpf0gihF��%1¿0ÀØÆ�4qÄ Â OÐ¿0ÀØÆ0Æç%� ��=< �! ��¯f����0f3hjÄ�:� id'�HÄ��àOid'%f�nh�d K gº�od�� Â ��� ´P¶a�b�dfehgXi j|l ~ Ä�%
�HÄ��'�Hg��7ÄD�#��OÚ�£hF��$ �# ��|%���:iÄ0h�Ä��!�|��O�Oº�æ�#�HhF$+%à�Ý�0h¹ó�������$ K �Hh�Ä Â O â gif3gP%f��h���%�:¯�����odÔ±P���Ô��À
8H ��@�#�D�nÄ���Ju%ã�oÄ��od�� Â Ä0hL��Ä Â O|�ohjÄ Â %sd'� Â �&�!��$+:k� Â � Â �#%�Ä0hF��%= ��=< Â d Â :iÄ Â ���'% - Ä�1FJ -fK 1{Ä Â O
- ��1�hF��%�:¯�����nd×±P���Ô��À
&��z��WOd Â f6ÄD�*�! ��Ñ�#�D�nÄ�� ´�¶acb�dLeØgµi j|l ~ J�:iÄ Â ��� - Ä�1Ãd Â K �D�# Gif3gih���%�Jed Â �# ���O�����:"�nhF��:id'��%K ���h<���� Â ÆD4�AFB×Ä Â OqÆD4MAFEiÒ'd Âçâ gif3g�%ã�¹�! ��ohF�6d'%]%=��$+�+��OPOº�öÄ����odÔ±kd×�h�ì�=±P�Hh��HÄ�%f� â �£hjd'�HÄ�J

�# �� Â �0hL�# ��Hh Â ð Â OidpÄ Â �»���HÄ Â Ä Â O³%��3gº�# â %jd7Ä�J K ���h<���� Â Ä K �0gº�ß.�4 A Ð Ä Â O�Æ/I�4 A Ð�À³ð Â
ó�������$ K �Hhí�! ��Hh��wd'%@$+�0hF�]��O�Oº��Ä����nd×±kdÔ�h�¸�# iÄ Â d Â â gif0g�%f�@<NdÔ�! ��O�Oº��Ä����ndÔ±�dÔ�h�xÄD�]$+��%ã�
��� Â f0d×�ng�O���%�JP��%�:¯���HdpÄ��'�Ô�Y�=±P�Hh¯�! ��Û6eÄ��Hd�G��'Ä Â O â �#�pÄ Â �nd'�9�z���HÄ Â %sÀí8H ��HhF�¥d'%eÄ��'%=�@$+�3h��Û��O�Oº�
Ä����odÔ±�dÔ�h���3gº�#%jd�O��¹�! id�%��pÄ��odÔ�ogPO�� K Ä Â O�d Â ó�������$ K �HhH�# iÄ Âçâ gif3g�%ã�oÀæä9��$&:iÄ0h�d Â fq:iÄ Â ���
- Ä�1u<NdÔ�! ¸:iÄ Â ����% -fK 1�Ä Â O - ��1Èd Â �# ��í�h<��&Gif3gih���%�J»�# ���$,ÄKE��3hjd×�h�����»�# ��?��O�Oº��Ä����nd×±kd×�h�±d Â
�HÄ��µ (Gif0gihF�2d'%]Oig��;�#�3�! ��"%f�nÄD�nd'� Â Ä0hL�����$+:k� Â � Â � - :iÄ Â ��� -fK 1F1jÀq8H ��Hh��2d�%]$&�0h��+��O�Oº�
Ä����odÔ±�dÔ�h�ýd Â �! ��*�nh�Ä Â %jd�� Â �&����$+:¯� Â � Â �-d Â ó�������$ K �Hhí�! iÄ Â�â gif3g�%f�#J K gº��d Â K �D�# �HÄ�%���%
dÔ�wd'%Ñ$tg��µ ����%�%Î�! iÄ Â d Â �! ��¹%f�nÄD�nd'� Â Ä3hf������$&:¯� Â � Â �oÀ

c�dpf0gihF��%m¿0ÀØÆ�úÄ Â O�¿0ÀçÆD.%= ��=<ö�# ��±f����0f3hjÄ�:� id��HÄ��¹Oid'%f�nh�d K gº�od�� Â ���H�# ��æ%f�nÄD�nd'� Â Ä3hf�
����$&:¯� Â � Â �à���P�# ��¹ ��0h�d�)�� Â �oÄ�������$&:¯� Â � Â �#%*��� ´P¶a b dfehgXikj|l ~ �Ý�3h9ó?������$ K �Hh{Ä Â O â gif3g�%ã�
h���%�:k�����nd×±S���×��ÀN8H ��&�!�Hh�$Öd Â Q � � � - j"l ~ � iK� d'12d�%+%� ��=< Â d Â :iÄ Â ��� - Ä�1-Ä Â O��! ��&�#�HhF$ d Â
Q � � � - j|l ~ � iK� d7d'1'd�%9%� ��=< Â d Â :iÄ Â ��� -LK 1jÀ¥ced7f3g#hF��%'¿0ÀØÆ/¿-Ä Â OJ¿3ÀçÆÚI3%� ��=<Þ�! ��Uf����0f0h�Ä�:� id'�HÄ��Oid�%f�ohjd K gº�nd'� Â ���z�# ���%f�nÄD�nd'� Â Ä0hL� ����$+:¯� Â � Â �?���²�! ��Ò±P�Hhf�nd'�HÄ��¯����$&:¯� Â � Â �#%9��� ´P¶a�b�dfehgXi j"l ~
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Stationary Component'
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(b)

Transient Component'
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(c)

GIHKJMLONQPSRUTWVYXUZ\[]P_^UJMNQ`MaObOHKc_`MdfeOHKgihjNkHKlOLmhnHK^Mop^Mq rtsuwvyx{z}|�~������ q�^MN��fP_c_Pn��l�P_NQT��I`MoOP_d��i`M�
gQbO^y��g�hnbOP�hn^Yhn`Ud rtsu�vQxiz�|�~ ������� �{lO��hjbOP�gihj`�hjH�^UoO`UN{��c_^U��a�^MoOP_ojh `Mote¡�{c_�¢hjbOP£hjNk`UoOgQHKP_onh
c_^U��a�^MoOP_ojhnT¥¤¦bOP�c_^Mojhn^ULON§HKonhnP_Ni¨©`MdtHKg¢V�TKXª�«g rts eO`y� rts T¬�dKdtdK^MoOJUH®hjLOeOP_g¯`MNQP¥aOdK^�hQhnP_e � q�^MNhjbOP�dK`�hjH®hjLOeOP�lt`MoOe RMX±°³²´hn^�RUXµ°k¶OT¦¬·��`Ua�^UqthnbOP]c_^MojhnHKoOP_onhjg¢HKg¦`Ud�gy^�gQbO^y�]oOT
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-div.E/(Recosφ) (m s-1day-1)   August
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Transient Component'
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(c)

GIHKJMLONQP´RUTWVUVYZþ[]P_^MJUNk`UaObOHKc_`Md�eOH�gÿhnNQH�lOLmhjH�^Uo ^Uq rtsu�vQxiz�|�~ � ��� q�^UN ¬¢LOJULOgihnT �I`UoOP_d �{`U�
gQbO^y��g�hnbOP�hn^Yhn`Ud rtsu�vQxiz�|�~ ������� �{lO��hjbOP�gihj`�hjH�^UoO`UN{��c_^U��a�^MoOP_ojh `Mote¡�{c_�¢hjbOP£hjNk`UoOgQHKP_onh
c_^U��a�^MoOP_ojhnT¥¤¦bOP�c_^Mojhn^ULON§HKonhnP_Ni¨©`MdtHKg¢V�TKXª�«g rts eO`y� rts T¬�dKdtdK^MoOJUH®hjLOeOP_g¯`MNQP¥aOdK^�hQhnP_e � q�^MNhjbOP�dK`�hjH®hjLOeOP�lt`MoOe RMX±°³²´hn^�RUXµ°k¶OT¦¬·��`Ua�^UqthnbOP]c_^MojhnHKoOP_onhjg¢HKg¦`Ud�gy^�gQbO^y�]oOT
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q�^MN �fP_c_P_�£l�P_N�`UoOe ¬¢LOJMLOgihSNkP_gya P_c³hjH®¨tPnd®�±T ¤¦bOP�hnP_NQ� HKo�������� � �����
	��� HK��H�g�gQbO^y�]o´HKo
aO`UoOP_dÕ�i`M�f`UoOe hnbOP�hjP_NQ�þHKo��������Õ� ������	��� H�HK�¢HKgfgQbO^y��o HKo aO`MotP_dÕ�ilO�kT ¤¦bOP_gQP�gQbO^MLOdKe l�Pc_^U��aO`UNkP_e���H®hjb aO`UoOP_d �ilO�¦H�o��OJMLONQP_g RMT V�X�`UoOe RUTWVUVYT

¤¦bOP_NQP�H�g¦¨tP_Ni��d�H hkhjd�P P_eOem� `Uc³hnH ¨�H h�� H�o�� � � � � ����� 	 ~  HK��H�o P_H hnbOP_N��fP_c_P_�£l�P_N����OJMLONQPRUTWV��M`U��^UN�¬¢LOJULOgih ���OJULONkP�RUTWV��M`U�kT G�NQ^M� bOP_NkP�^Moj�f`MNQeOg � LOoOdKP_gQg ^YhnbtP_N{��H�gQP�gQa�P_c_H��OP_e �H h gQbO^ULOdKe l P `MgQgQLt��P_e´hnbO`Yh ��P_onhjH�^Uo ^Mq���������HKg NQP_q P_NQNkHKoOJ hn^ hnbO`Yh ^Uq¢hnbOP ¨�P_N{hjH�c_`Ud
c_^U��a�^MoOP_ojh �»� ��� 	��� H�T¸�Ì�Ð ½_¿ÎÍ"!$#»½_Í{Ì�Ð$% ½_Ì ¾µÈ»È$&«ºtÒU½nÍ{ÖwÍ{½�&\Í{Ð('�¾ÀÒU¾*)+!ª¾À¿�Ê
, ^M��aO`MNQH�oOJ-�OJULONkP_g�RMT V�XUl � RUTWV�� `UoOe RUT V�R H®h c_`Uo l P�gQP_P_o hnbO`Yh�hnbOP���`/.³^UNkH h��´^Mq hjbOP
P_eOem� `Mc³hjH®¨�H h�� HKo�hnbOP�VYXm°ªdK`�hjH®hjLOeOP�lO`MoOe�HKo�hjbOP§hn^Yhn`Udtgihj`�hjH�^UoO`MNi��c_^U��a�^MoOP_ojh��iRMT VYXMlO�ªHKg
eOLOP hj^0� � � � �"�OJULONkP�RUTWV��MlO�w��H®hjb�gQ^U��P�c_^UonhjNkHKlOLmhnHK^Mo�q�NQ^M�1� � � � ���OJMLONQP RUT V�RUlO�kT2� � � � bO`Ug
`�lO`MoteOP_e gihjNkLOc³hjLONQP�^Uq§a ^UgQH hnH ¨tP�`UoOe oOP_JU`YhnH ¨tP�NQP_JMHK^Motg�^Uq rtsu v xiz�|�~ � ��� l P³h��fP_P_o�3UXU°"4
`UoOe+�MXµ°65¡H�o�hnbOP�²87 � �]bOHKc b c_`Mo l P�gyP_P_o HKo�hnbOP¢hn^Yhn`UdØgihj`�hjH�^UoO`UN{� c_^U��a�^UoOP_onhjT�¤¥bOHKgaO`YhkhjP_Nko«c_^MLOdKe l�P�eOLOP£hj^S` c_^U�£lOH�oO`YhnHK^Mo«^Mq¦gihj`�hjH�^UoO`UN{��aOdK`MoOP³hj`MNi� �f`y¨tP_g�JMP_oOP_NQ`�hjP_e
HKo hnbOP�hnNQ^MaOHKc_g�aONQ^MaO`UJM`YhnHKoOJ ^ULmh��f`MNQeOg `UoOe�gihj`�hjH�^UoO`MNi� aOd�`UoOP³hn`UN{� JUP_oOP_NQ`�hjP_e´H�o hjbOP
P:9ÀhnNQ`�;ÿhjNk^UaOHKc_g aONk^UaO`MJU`�hjH�oOJSHKon�f`MNQeOg ��<^�P_bO� `MoOe>=ËP_P � �UXMX?�M�QT�¤¥bOP a�^MgQH hnH ¨tP NkP_JUHK^Mo
^y¨tP_NÕhjbOP�gQ^ULmhnb@;yP_`Ugih��I`Uc_H��Oc�H�g�eOLOP¢hj^A� � � � l P³h��fP_P_o�VYX ° ² `UoOe«VYX ° ¶S`UoOeB� � � � ���OJMLONQP
RUTWVYRM`U��l P_dK^y� V�X ° ¶OT ¤¥bOP�oOP_JM`YhnH ¨tP NkP_JUHK^Mo ^y¨�P_N]gQ^ULmhnb ¬¢gQH�` `UoOe-C}oOeO^MoOP_gQHK` HKg]eOLOPfhj^
�*�����©l P³h��fP_P_o V�XU°k² `MoOe�VYX±°k¶ `UoOeD�*�E��� �"�OJULONkPRUTWVYRM`U�»`Ul�^y¨tP�V�Xµ°k²¢T¯¤¦bOPÕa�^MgyH®hjH®¨tP¦NkP_JUH�^Uo
^y¨tP_NªhjbOP]PGFµLO`Yhj^MNQH�`Ud©�fP_gih£�I`Uc_H��Oc�HKg¦atNkHK��`UNkHKd®� eOLOP¥hj^H�I����� �"�OJULONkP]RUTWVYRMlO�QT
¸�Ì�Ð ½_¿ÎÍ"!$#»½_Í{Ì�Ð$% ½_Ì ¾µÈ»È$&«ºtÒU½nÍ{ÖwÍ{½�&\Í{Ð(JB#ØÏ�#K%n½µÊ
, ^M��aO`MNQH�oOJL�OJMLONQP_g RMT VMVYl � RMT V��«`MoOe�RUTWV�� H®h c_`Uo�l P gQP_P_o«hjbO`�h hnbOP P_eOem�É`Mc³hjH®¨�H h��
^y¨tP_N�P_`Ugih�¬�q�NQH�c_` � C}oOeOH�` `MoOe gy^MLmhjbS¬¢gQH�` HKo�hnbOP hj^Yhn`UdØgihj`�hjH�^UoO`MNi� c_^U��a�^MoOP_ojh �iRMT VUV�lO�HKg�eOLOP�hn^+� � � � �"�OJULONkP RMT V��UlO� `MoOeM� � � � ���OJMLtNkPSRUT V�NUlO�kTPO�LmhngQHKeOP hnbOP V�X ° dK`�hjH®hjLOeOP
lO`UoOeQ�R��������OJMLONQP£RMT V�NU`M�¦c_^UonhjNkHKlOLmhjP_g hn^]hnbOP£NQP_JMHK^MoOg�^UqIc_^Uon¨�P_NkJUP_oOc_P �ia ^UgQH hnH ¨tP ¨©`MdKLOP_g
^Uq rtsu v xiz�|�~ � ��� � ^Q¨�P_N ¬¢gQHK` `UoOe hjbOP oO^MNihnb@;ÿ�fP_gÿh �I`Uc_H��Oc `UoOe hnbOP oO^UN{hjb@;yP_`Mgih �I`Mc_HS�Oc_T¤¦bOP eOH®¨tP_NQJMP_oOc_P ^Q¨�P_N�oO^UN{hjb«¬¢q�NkHKc_` `UoOeShjbOP�T H�eteOd�P�5 `Mgih H�oU� � � � c_`MoOc_P_dKg]�]H hjbShjbOP
c_^Uon¨tP_NQJMP_oOc_P H�oV�?���W�¯�"�OJULONkP]RUTWV��MlO�QT
J ÐØÐX#»ºtÓ¥Ò?&wÒ±Ói¾ ÍiÐ �Y�����[Z � ���
	 ~  Í{Í�\±Ê, ^MoOgQHKeOP_N��OJMLONQP_gfRUTWV��Ml `UoOe RMT V��UlOT�¤¦bOP_NkP�HKg¢` dK^�h ��^MNQP£P_eOem� `Mc³hjH®¨�H h�� H�o �fP_c_P_�£l�P_N
hjbO`Mo HKo ¬�LOJULOgih�l�P³h �fP_P_o RMXM°k² `MoOe RUX±°k¶OT�C�oS��P_c_P_�£l P_Nf`Yh V�XU°k² � `Md hnbO^ULOJMb hjbOP_NQP£H�g`�d�^Yh]^Mq»c_`MoOc_P_dKd�`YhnHK^Mo l�P³h��fP_P_o a ^UgQH®hjH ¨tP�`UoOe oOP_JM`YhnH ¨tP�NQP_JUH�^UoOg � �OJMLtNkP]RMTS]MP�gQbO^y�]g§hjbO`�hhjbOP_NkPfHKg`�a ^UgQH®hjH®¨�P�^_^MoO`Ud ��P_`UoOT[C�o ¬¢LOJULOgihf`Yh�VYX °k² hjbOP_NkP¢HKgÕ�£LOc�b dKP_gQgÕP_eOem� `Uc³hnH ¨�H®h��
hjbO`Mo V�Xµ°k²´H�o��fP_c_P_�£l�P_NQT¤¦bOHKg§P_eOem� `Mc³hjH®¨�H h���c_`UoOc_P_d�g hn^�JUH®¨�P¥`�oOP_`UN2^_P_NQ^]lOLmh¦a ^UgQH hnH ¨tP
^_^UoO`Mdt��P_`MoOT_C}o�l�^�hjb�¬¢LOJULOgih `MoOe �fP_c_P_�£l�P_NwhjbOP_NkP H�g dKP_gQg¯P_eOem��`Uc³hnH ¨�H®h�� `�h�V�XY°k¶�hnbO`Uo
VYX ° ²·��H®hjb gQ^M��P�c_`UoOc_P_d�dK`�hjH�^Uo l�P³h��fP_P_o a�^MgQH hnH ¨tP�`UoOe oOP_JU`�hjH®¨tP NkP_JUH�^UoOg£JMH ¨�H�oOJ gQ��`UdKd
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-1/Recos2φ d/dφ (cos2φ ua p v’θ’/θp)  December
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1/Recos2φ d/dφj  (cos2φ v’u’)
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GIHKJMLONQPÉRMT V��UZ []P_^UJMNQ`MaObOHKc_`UdSeOH�gihjNkHKlOLmhjH�^Uo ^Mq hnbOPÉgihj`�hjH�^UoO`MNi� c_^U��a�^UoOP_onh ^Uq�hjbOP
bO^UNkHS^_^Mojhn`Udfc_^M��a ^UoOP_onhjg ^Mq rtsu�vyxiz�|�~ ����� q ^UN��fP_c_P_�£l�P_NkT��I`UoOP_d��{`U��gybO^y�]g hnbtP�hnP_NQ�
HKoA�*�E���§� �����
	 ~  HK�¯`UoOe �{lO�gQbO^y��gIhjbOP¯hnP_NQ� H�oA�?����� � ������	 ~  HKH��QT¤¦bOP�c_^Uonhj^ULON¯HKonhjP_N{¨©`Md�HKgVYT�Xª�\g rts eO`y� rts T¥¬¢d�d dK^MoOJUH®hjLOeOP_g `MNQP�aOdK^�hQhnP_e � q ^UN»hnbOP]d�`YhnH hnLOeOP]lO`UoOe�RUXm°k² hn^�RUXµ°k¶OT¦¬
��`Ma ^MqthjbOP]c_^MojhnHKoOP_onhjg¢H�g `Ud�gQ^�gybO^y�]oOT
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-1/Recos2φ d/dφ (cos2φ up v’θ’/θp)  August
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1/Recos2φ d/dφj  (cos2φ v’u’)
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GIHKJMLONQPÉRMT V��UZ []P_^UJMNQ`MaObOHKc_`UdSeOH�gihjNkHKlOLmhjH�^Uo ^Mq hnbOPÉgihj`�hjH�^UoO`MNi� c_^U��a�^UoOP_onh ^Uq�hjbOP
bO^UNkHS^_^Mojhn`Ud�c_^U��a�^UoOP_onhjg ^Uq rOsuwvyx{z}|�~������ q�^MN�¬�LOJULOgihjT �I`MoOP_d �i`M��gQbO^y��g£hjbOP hnPnNk� H�o
�*�����f� ������	 ~  HK��`UoOe �ilO��gQbO^y��g hnbOP�hnP_NQ� HKo���������� � ����	 ~  H�HK�kT ¤¥bOP c_^Uonhj^MLON�HKonhjP_N{¨©`Ud§HKgVYT�Xª�\g rts eO`y� rts T¥¬¢d�d dK^MoOJUH®hjLOeOP_g `MNQP�aOdK^�hQhnP_e � q ^UN»hnbOP]d�`YhnH hnLOeOP]lO`UoOe�RUXm°k² hn^�RUXµ°k¶OT¦¬
��`Ma ^MqthjbOP]c_^MojhnHKoOP_onhjg¢H�g `Ud�gQ^�gybO^y�]oOT
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a�^MgQH hnH ¨tP�^_^MoO`Ud ��P_`MoOg����OJMLONQP]RMTS]MbO�QT
J ÐØÐX#»ºtÓ¥Ò?&wÒ±Ói¾ ÍiÐ �Y�����0Z �����
	��� Í�\±Ê, ^MoOgQHKeOP_N+�OJMLONQP_g RUTWVYRM` `MoOe RUTWV�NM`UT ¤¦bOP_NQP H�g ¨tP_N{� dKH®hQhjd�P P_eOem� `Uc³hnH ¨�H h�� HKo P_H®hjbOP_N
�fP_c_P_�£l�P_N�^UN�¬�LOJULOgih l�P³h��fP_P_o V�X ° ² `MoOe�V�X ° ¶OT(<ÕP³h��fP_P_o\RUX ° ²Ç`MoOe«RMX ° ¶ hjbOP_NkP�H�g
��^MNQP¦P_eOem� `Mc³hjH®¨�H h�� HKo��fP_c_Pn��l�P_N hjbO`Uo�¬¢LOJMLOgihjT_C�o �fP_c_P_�£l�P_NwhjbOP�VYX ° dK`�hjH®hjLOeOP¦lO`UoOeOg
c_Lmh�`Uc_Nk^UgQg hnbOP¦P_eOJMP_g ^Uq c_^Mojhn^ULONkg gQLONQNk^ULOoOeOHKoOJ]��`�9�H���`�`MoOe���HKoOH���`]c_P_onhjNkP_e�l�P³h��fP_P_o
V�Nµ°£`MoOe��UXµ°³T ¬Ih VYXµ°³²·hjbOP_gQP a�^MgyH®hjH®¨tP `MoOe oOP_JU`YhnH ¨tP�NQP_JMHK^MoOg JMH ¨tP�`SgQ��`Ud�doOP_JU`�hjH®¨�P
^_^UoO`Md���P_`Uo ���OJMLONQP¢RMTS]MP_�Õ`UoOe�`�h�V�X±°k¶£hjbOP³� JMH ¨tPf`�gQ��`MdKd�a�^MgyH®hjH®¨tP ^_^MoO`Ud���P_`Uo �"�OJULONkP
RUT�]UbO�kT_C�o�¬�LOJULOgihªhnbtP]V�X ° ²´d�`YhnH hnLOeOP¦lO`MoOe�c_Lmhng§`Uc_Nk^UgQg�hjbOP¥NQP_JMHK^Mo�^Mq�c_^Uon¨�P_NkJUP_oOc_P�^y¨tP_N
P_`UgihnP_NQo ¬¢gQH�`�`MoOe�hjbOP]oO^UN{hjb@;ÿ�fP_gih �I`Mc_HS�Oc � JUH®¨�HKoOJ�`�dK`MNQJUP_N a�^MgQH hnH ¨tP�^_^UoO`Md ��P_`Mo hjbO`MoHKo ��P_c_P_�£l P_NQT�¬Ih VYX ° ¶ hjbOP�^_^UoO`Mdª��P_`Uo HKg�cnd�^UgQPfhj^�^_P_Nk^UT�C�o hnbOP�²D7 hjbOP_NkP�H�g]gQ^U��P
c_`UoOc_P_d�dK`�hjH�^Uo l P³h��fP_P_oQ�?�����Ë`UoOe��*����� T
J ÐØÐX#»ºtÓ¥Ò?&wÒ±Ói¾ ÍiÐ �������0Z �����
	��� ÍiÍ"\±Ê, ^MoOgQHKeOP_NA�OJMLONQP_g�RUTWVYRMl `UoOe RMT V�NUlOT-C�o ��P_c_P_�£l P_N�hjbOP���`@.³^MNQH®h�� ^MqÕP_eOem��`Uc³hnH ¨�H h���H�g
l�P³h��fP_P_o��MXU°k² `MoOe´V�Xµ°k¶ �]H hnb gQ^U��P�P_eOem�\`Uc³hnH ¨�H®h�� `Ul ^y¨tPQ�UXÎ°k² � ^y¨tP_N£¬¢gQH�` `MoOe hjbOPoO^UN{hjb@;ÿ�fP_gihÕ�I`Uc_H��OcnT�C�o£¬¢LOJULOgihØhjbOP§P_eOem��`Uc³hnH ¨�H®h�� H�g»c_^Uo��OoOP_e hn^ l�P³h��fP_P_oA�MX�°65 � V��MXµ°:5 ��UX ° ² `MoOe«VYX ° ¶OT�C�o �fP_c_P_�£l�P_N�`�h�l�^�hjb«V�X ° ² `UoOe«V�X ° ¶ � hjbOPA^_^Mot`Md ��P_`Mo H�gfa�^UgQH®hjH®¨tP��H®hjb gQ��`MdKd¯otP_JM`YhnH ¨tP�NQP_JMHK^MoOg¢hn^Sc_`MoOc_P_d^ULmh�hjbOP�gihjNk^UoOJMP_N�a�^MgQH hjH®¨tP�NkP_JUH�^UoOg��igQP_P `Ud�gy^
�OJULONkP RUT�]UP `MoOe�bO�QTÅ¤¦bOP�^_^UoO`Md¦��P_`Uo�`�h«V�XM°k¶ HKg�gQ��`Ud�dKP_N�hnbO`Uo hnbO`Yh `Yh VYXU°k²¢T�C�o
¬¢LOJMLOgÿh `Yh VYX±°k¶ hjbOP�oOP_JU`�hjH®¨tP NkP_JUH�^UoOg�^ULmh��fP_H�JUb hnbOP a ^UgQH®hjH ¨tP�NkP_JUHK^MoOg�hj^ JUH®¨�P ` oOP³h
oOP_JU`�hjH®¨tP
^_^UoO`Mdw��P_`Mo��]bOP_NQP_`Mg `Yh�VYXm°k¶ hnbOP_NQP�HKg¥�£LOc�b dKP_gQg�P_eOem� `Mc³hjH®¨�H h � `MoOe ` gQ��`Ud�d
oOP³h�oOP_JU`�hjH®¨�P
^_^UoO`MdË��P_`UoOT

¤»^�LOoOeOP_Nkgihj`UoOe�hnbOP£c�bO`MoOJUP_gfHKo P_eOem� c_^UonhnNQHKlOLmhnHK^MoOg�l P³h��fP_P_oS��P_c_P_�£l P_Nf`UoOe ¬¢L@;
JULOgih��OJULONkP�RUTWV�3 gQbt^Q��g�hjbOP�gihjNkP_`U� q�LOoOc³hjH�^Uo �2�¢� `YhQ�UXªbO�I` q�^MN��fP_c_P_�£l�P_N�`MoOe ¬¢L@;JULOgihnT�C�o ¬�LOJULOgih�hnbOP��O^y� H�g���^Mgÿhnd ��^_^UoO`Md `MoOe �fP_gih��f`UNke´HKo hjbOP hjNk^UaOHKc_gQT�C�o hjbOP
NQP_JMHK^Mo\^MqªhjbOP ¬¢gQH�`Uo«��^UoOgQ^À^Mo � �]btH�c b�^�c_c_LONkg�^y¨tP_N�P_`Ugih ¬¢q�NkHKc_` � C�oOeOHK` `UoOe ¬¢gQHK` H�o
hjbOPSgQLO����P_N � hnbOPSgihnNQP_`M� q�LOoOc³hjH�^Uo gQbO^y��g hnbOP LOan�f`MNQe¡P:9µhjP_oOgQHK^Mo¡^MqÕhjbOPS��^MoOgy^À^Mo
`UonhnHKc³��c_d�^UoOP ��� `M��`MoO`YhjbO`Mo � V���N?]?�[�±`M��P_g � V��?�MR?�¥�fLOo��MP_Nihj^Mo � V��?��NU�kT ¤¦bOP_NkP HKg�`Ud�gQ^
` ��HKoO^MN]`UonhjH�ck��c_dK^MoOP�`MgygQ^Àc_H�`YhnP_e ��H hnb ��^MoOgQ^�^Mo ^y¨tP_N�T P:9�H�c_^SlOLmh£hnbOHKg£H�g��fP_d�d¯`y�¢`y�
q�Nk^U�þhnbOP hnNQ^UaOH�c_gQT´G H�JULONkP�RMT V�3U`SgQbO^y�]g�hjbO`�h HKo ��P_c_P_�£l P_N�`UonhjH�c³��c_dK^MoOP_g�`MgQgQ^�c_H�`YhnP_e
��H®hjb hnbOP ��^MoOgQ^�^Mo `UNkP aONkP_gyP_onh ^y¨tP_N ¶O^ULmhjb\¬¢��P_NkHKc_` � �fP_gÿh ¬¢q�NkHKc_` `UoOe oO^MNihnb@;yP_`Ugih
¬¢LOgihnNQ`Ud�HK`MT ¤¥bOP_gyP�c_H�NQc_LOd�`YhjH�^UoOg�`MNQP�oOP_`UNkd �\gÿ������P³hnNQH�c_`UdÕ`Ml�^MLmh�hnbOP�PGFÀLO`Yhn^UNkT�C�o hnbOP
hjNk^UaOH�c_g�hjbOP��O^Q� H�g��fP_gih��f`UNke ^y¨�P_NKC�oOeO^UoOP_gQH�`¢`MoOe¦hnbtP�C}oOeOH�`Uo
O�c_P_`Uo£`MoOe�P_`Ugih��f`MNQe�^y¨tP_N
hjbOP£�I`Mc_HS�Oc£`MoOe ¬Ihjd�`UonhjH�c£^Àc_P_`UoOgQT�¤¦bOP_NkP£HKg�oO^MNihnbj�f`MNQe `MoOe gQ^ULmhnbj�f`MNQe��O^y� l�P³h��fP_P_o
hjbOP ��^MoOgQ^À^Uo c_HKNkc_LOdK`�hjH�^UoOgQT�¤¦bOP ��^UoOgQ^À^Mo `UonhjH�c³��c_dK^MoOP_g]`Yh¢hjbOH�ghnHK��P�^Mq��tP_`UN�c_`Mo l P
hjbO^MLOJUbnh ^Mqf`Mg�hnbOP���^MgQgQlj� ��^�eOP_g�^Mq¯hjbOP []H�dKd gQ^Ud�LmhjHK^Mo�q�^MN d�^Àc_`Ud�HKgQP_e´bOP_`YhnHKoOJ oOP_`MN
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-d/dp(ζ v’θ’/θp� )  December
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d/dp(ω° ’u’)
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GIHKJMLONQP�RMT V�RUZ[�Pn^MJUNk`UaObOH�c_`UdteOH�gÿhnNQH�lOLmhjH�^Uo�^MqÀhnbOP¢gihj`YhnHK^MoO`UN{� c_^M��a�^MoOP_ojh¢^MqÀhnbOP ¨�P_N{hjH�c_`Ud
c_^U��a�^MoOP_ojhng§^Mq rOsu�v x{z}| ~ ����� q ^UN»��P_c_P_�£l�P_NkTÕ�I`UoOP_dË�{`U�»gQbO^y��g�hjbOP»hjP_Nk�ÉH�oH�@����� � �����
	��� H��`UoOe �{lO�ÕgQbO^y��gªhnbOP¯hjP_Nk� HKo��2�º���§� � ��� 	��� HKH��QT¥¤¥bOP�c_^Mojhn^ULONÕH�ojhnP_Ni¨�`UdwH�g]V�TKXª�«g rOs eO`y� rts T
¬¢d�d¢dK^MoOJUH®hjLOeOP_g�`UNkP aOdK^�hQhnP_e � q ^UN�hjbOP dK`�hjH®hjLOeOP lO`UoOe�RMXM°³² hj^ RUXµ°k¶OT ¬ ��`Ma ^Mq¯hnbOP
c_^UonhjH�oOP_ojhng¢HKg `MdKgQ^�gQbO^y��oOT
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-d/dp(ζ v’θ’/θ¼ p)  August
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GIHKJMLONQP�RMT V�NUZ[�Pn^MJUNk`UaObOH�c_`UdteOH�gÿhnNQH�lOLmhjH�^Uo�^MqÀhnbOP¢gihj`YhnHK^MoO`UN{� c_^M��a�^MoOP_ojh¢^MqÀhnbOP ¨�P_N{hjH�c_`Ud
c_^U��a�^MoOP_ojhng�^Mq rtsu�vyxiz�|�~ ����� q�^UN ¬¢LOJMLOgÿhnT��I`UoOP_dÕ�i`M��gQbO^y�]gÕhjbOP hnP_NQ�þHKoQ�������¥� �����
	��� H��`UoOe �{lO�ÕgQbO^y��gªhnbOP¯hjP_Nk� HKo��2�º���§� � ��� 	��� HKH��QT¥¤¥bOP�c_^Mojhn^ULONÕH�ojhnP_Ni¨�`UdwH�g]V�TKXª�«g rOs eO`y� rts T
¬¢d�d¢dK^MoOJUH®hjLOeOP_g�`UNkP aOdK^�hQhnP_e � q ^UN�hjbOP dK`�hjH®hjLOeOP lO`UoOe�RMXM°³² hj^ RUXµ°k¶OT ¬ ��`Ma ^Mq¯hnbOP
c_^UonhjH�oOP_ojhng¢HKg `MdKgQ^�gQbO^y��oOT
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hjbOP PGFÀLO`�hj^MNS�{[]HKd�d � V��?]UX��0�µ`M��P_g � V��?�MRU�kT�C}o��fP_c_P_�£l�P_N�hnbOP ��^MoOgQ^�^Mo `MojhnHKc³��c_d�^UoOP_g
`UNkP �£LOc b���^MNQP�gÿ������P³hjNkHKc_`Ud `Ul ^ULmh�hnbOP PGFÀLO`�hj^UN�`MoOe\^Àc_c_LON�^y¨tP_N ��^UNkP dK^MoOJUH®hjLOeOP_g
hjbO`Mo�HKo�¬�LOJULOgihjT·¤¦bOP []H�dKd¦gQ^Ud�LmhjH�^Uo�gQbO^y��g�hnbO`Yh � �]bOP_o hjbOP_NkP HKg�bOP_`YhnHKoOJ ��bOH�c�b´HKg
gi������P³hjNkHKc_`Mdw`Ul ^ULmh§hnbtP¢PGFµLO`Yhn^UN � `�Í�P_d ¨�H�o£�f`y¨tP�aONk^UaO`MJU`�hjP_g¯P_`Mgÿh��f`MNQe `MoOe�aOdK`MoOP³hj`MNi��f`y¨tP_g�aONk^UaO`MJU`�hjP��fP_gih��f`MNQe q�Nk^U� hjbOP�q�^MNQc_H�oOJ NQP_JUH�^UoOTQ4·bOP_o hjbOP�bOP_`�hjH�oOJ H�g£^?Î hnbOP
PGFÀLO`�hj^MN � H®h�c_`Mo l�P�eOP_c_^M��a ^UgQP_eSHKonhj^�`�aO`MNih ��bOH�c�bSH�g¢gÿ������P³hnNQH�c�`Ml�^MLmh�hnbOP�PGFÀLO`�hj^MN`UoOe `£aO`UN{h�]btH�c b H�g¥`MojhnHKgi������P³hnNQH�c_T¢¤»^�hnbOPfP_`Ugih�^Mq©hjbOPfbOP_`YhnHKoOJ�^UoOd®� hjbOPfgi������P³hjNkHKc
aO`UN{h£bO`Ug `Moj� PGÎ�P_c³hnTf¤»^�hjbOP¦�¢Pngih�^Uq�hjbOP]btP_`�hjH�oOJ�`Uo `Mgi������P³hjN{� HKo�hjbOP]`MojhnHKc³��c_dK^MotP_g
oO^UN{hjb `MoOe gy^MLmhjb ^MqIhjbOP�bOP_`�hjH�oOJSeOP³¨tP_dK^UaOgQT ¤¦bOP�`MojhnHKc³��c_d�^UoOP HKo hnbOP�bOP_��HKgQaObOP_NkP hj^
��bOH�c�b�hjbOP�bOP_`�hjH�oOJ HKg�eOHKgQaOdK`Mc_P_e eO^U��HKoO`�hjP_g��"�±`U��P_g � V��?�MRU�QT�¤¦bOP�¬�gyH�`Uo ��^MoOgy^À^Mo H�o²D7 gQLO����P_NfbO`Mg�` gihjNk^UoOJ�`UonhjH�c³��c_dK^MoOP�c_P_onhjNkP_e oOP_`MNDC�oOeOHK`�`UoOe�hnbOP£cnH�NQc_LOd�`YhnHK^MoSHKg¢^Uq
hjbOP�q�^MNQ��^UqthnbOP]`Ugi������P³hnNQH�c�q�^MNQ��^UqthnbOP][]H�dKdwgQ^MdKLmhnHK^MotT

C}o]��P_c_P_�£l P_NOhjbOP P_eOem��hjP_Nk��gÏ�@����� ���OJMLtNkP RMT V��UlO� `MoOeÐ�*���������OJMLtNkPªRUT V�RU`M� gQbO^y�pP_eOem�
`Uc³hnH ¨�H h���oOP_`MN P_`Uc b ^Mq§hnbOP `UonhnHKc³��c_d�^UoOP_g�`UgQgQ^Àc_HK`�hjP_eS��H®hjb hnbOP ��^MoOgQ^À^Uo\c_H�NQc_LOd�`YhnHK^MoOg
gQbO^y��o�H�o hnbOP gihjNkP_`U� q�LOoOc³hnHK^Mo ���OJMLONQP RUTWV�3M`U� � �2�º�����"�OJULONkP RMT V�RUlO� `MdKgQ^«bO`Ug P_eOem�
`Uc³hnH ¨�H h�� oOP_`UN hjbOP_gQP�`UonhjH�c³��c_dK^MoOP_g � hn^�`�dKP_gQgQP_N�P:9ÀhnP_ojhnT�¶OH���H�dK`MNQd®� HKoS¬¢LOJMLOgÿh¢hjbOP�P_eOem�hjP_Nk��g$� � � � �"�OJULONkP�RUTWV��MlO�ª`UoOe�� � � � ���OJMLtNkP RMT V�NU`M�§bO`y¨�P P_eOem� `Uc³hnH ¨�H®h�� oOP_`MN P_`Mc�b ^UqµhjbOP
`UonhnHKc³��c_d�^UoOP_g�`MgQgQ^�c_H�`YhnP_e ��H®hjb ��^UoOgQ^À^Uo c_H�NQc_LOd�`YhnHK^MoOg gQbO^y�]o HKo hnbtP�gÿhnNQP_`M� q LOotc³hnHK^Mo
���OJMLONQP�RUT V�3U`M� � ���º���f�"�OJULONkP RUTWV�NMlO��`Ud�gy^ bO`Mg�P_eOeM�\`Uc³hnH ¨�H®h�� oOP_`MN¥hnbOP_gQP�`UonhjH�c³��c_dK^MoOP_g �hj^ `Sd�PngQgQP_N�P:9ÀhnP_ojhnT ¤¦bOP ��`MHKo P_eOem�´`Uc³hnH ¨�H®h��pq ^UN�`MdKdËhjbOP_gQP�P_eOem� hjP_Nk��g HKg oOP_`UN�hnbOP
��^MoOgQ^À^Uo `MojhnHKc³��c_dK^MoOPng¢^MNI��bOP_NkP¦hjbOP_NkP]H�g gQHKJMoOHS�Oc_`Mojh£��P_NkHKeOH�^UoO`MdØ��^YhnHK^MoOT

G H�JULONkP�RUTWV�Ñ�gQbO^y�]g¦hjbOP�JUP_^MJUNk`UaObOHKc_`MdªeOHKgihjNkHKlOLmhnHK^Mo ^UqËhnbOP�a�P_N{hjLONklO`YhnHK^Uo q�Nk^U� hnbOP
^_^UoO`Md���P_`Mo¡NkPngQH�eOLO`Ud���P_`Mo ¨tP_NihnHKc_`Md¨tPnd�^Àc_H h�� � �Ò� � q�^MN ��P_c_P_�£l P_N `MoOe¡¬�LtJMLOgihjTÓC�o
�fP_c_P_�£l�P_NØhnbOP_NQP�H�g¯`]aO`YhkhjP_Nko�^Uq�P_oObO`UoOc_P_e�LOan�fP_dKd�HKoOJ£`UoOe�eO^y�]oj�fP_d�dKH�oOJ H�o�hjbOP NQP_JUH�^UoOg
^Uq�hjbOP���^MoOgQ^À^UoSc_HKNkc_LOdK`�hjH�^UoOg�oO^�hjP_eSH�o�hnbOP�atNkP³¨�H�^ULOg�at`MNQ`MJUNk`UaObOTAC�oS¬¢LOJMLOgÿh¢hjbOP_NkP H�g
gihjNk^UoOJMd � P_oObO`UoOc_P_e LOan�fP_dKd�HKoOJ oOP_`UNfhnbOP ��^MoOgQ^À^Uo c_HKNkc_LOdK`YhnHK^Mo\oO^�hjP_e«HKo hjbOP ¬�LOJULOgih
gihjNkP_`U� q�LOoOc³hjH�^UoOT

G H�JULONkP�RUTWV�]�gQbO^y�]g¦hjbOP�JUP_^MJUNk`UaObOHKc_`MdªeOHKgihjNkHKlOLmhnHK^Mo ^UqËhnbOP�a�P_N{hjLONklO`YhnHK^Uo q�Nk^U� hnbOP
^_^UoO`Md¥��P_`Mo«a ^YhnP_ojhnHK`Md hnP_��a P_NQ`�hjLONkP � �Ô� � q ^UN �fP_c_P_�£l�P_N�`UoOe ¬¢LOJMLOgÿhnTÕC}o �fP_c_P_�£l�P_N
hjP_��a�P_Nk`YhnLONQP_g¯`MNQP JMP_oOP_NQ`MdKd®� JMNQP_`�hjP_N�hnbO`Uo�hnbOPÐ^_^MoO`UdO��P_`Uo�l P³h��fP_P_oSV�NMX ° 4 `MoOeÖ�MX ° 5 ���H®hjb P_oObO`MoOc_Pne£hnP_��a PnNk`YhnLONQP_gÕP_H hnbOP_NÕgQHKeOP¢^Mq©hnbOPfPGFµLO`Yhn^UN¯`Yh V��MXj°"4 `UoOe��MXµ°"4·TÕ¤»P_�H;
a�P_Nk`YhnLONQP_g `UNkP l P_dK^y� hnbOP�^n^MoO`Ud¯��P_`Mo l P³h��fP_P_o V��UXÎ°65É`MoOepV�NMXµ°"4 � ��H®hjb eOP_c_NQP_`UgQP_e
hjP_��a�P_Nk`YhnLONQP_g£P_H hnbOP_N£gQH�eOP�^UqËhjbOP PGFÀLO`�hj^MN�`�h V�NMXm°65§T�4·H hnbtH�o hjbOP VYXU°�dK`�hjH®hjLOeOP lO`MoOe
hjP_��a�P_Nk`YhnLONQP_g `UNkP«LOa´hj^×ÑØÍ `Ul ^y¨tP hjbOPM^n^MoO`Ud ��P_`Uo·`UoOeÉeO^y�]ophj^ÕÑUTS��Í l P_dK^y�
H hnTÙC�o ¬¢LOJULOgih hnbOP_NQP HKg ` gy��`Ud�d£NkP_JUH�^Uo ^Uq¢hnP_��a P_NQ`�hjLONkP_g l�P_d�^y� hnbOP�^_^MoO`Ud]��P_`Mo
aOLOgQbOHKoOJ HKonhj^ hjbOP NkP_JUH�^Uo�`Ml�^y¨tP hjbOPU^_^UoO`Md]��P_`Uo `�h hnbOP PGFÀLO`Yhn^UN q�Nk^U� V��MX ° 4 hj^
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Stream Function (x10Ú 6 m2s-1)  December
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Vertical Velocity Perturbation � ω’ (x10-3 Pa s-1) December
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Potential Temperature Perturbation E θ’ (K)  December
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Meridional Velocity Perturbation v’  (msn -1)  December
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1/Recos2φ d/dφ (cos� 2φ v’u’)  June
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Stream Function (x10� 6 m2s-1)  June
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Ê÷±´ÑùÉÓµ½³#Åç¾²Ê´ÃÍ®ÿÆI	 ¾²ÅöÌô¼²±´Ê´Ã ÆÎÀ´¾�Æ�ÆÎÀ´µ�ÑÒ¾e\;¼�³#®ÿÆ&Ï ¼�Ì´ÆÎÀ´µ�¾²Ê´Ê ±´¾²ÂìÁ+Ï!Á½Â�µI	 ¾�ÅöÃ´±´µ ÆÇ¼D	 ¾îú�µ�n
Ê÷±´ÑùÉÓµ½³#Å °�³Èµ½¾�ÆÎµ½³ ÆÎÀ´¾�Ê ¼²³�µ+� ±´¾²Â�ÆÇ¼*ÆÇÀ´³Èµ½µ+�¯³#¾
ÆÇÀ´µ½³ ÆÇÀ´¾²Ê Â�¼²Ê´°�µ½³[	 ¾îú�µ½Â�µ½Ê´°�ÆÎÀ ¿´Â�¾�Ê´µ+ÆÎ¾�³1Ï
	 ¾îú�µ½Å#·�ø�À´µ*¾�Ê´Ê÷±´¾�Â Á+Ï!Á½Â�µAÌô¼�³ ÆÇÀ´µ*µ½Ã´°²µ½Åö¼�Ì�ÆÎÀ´µ*Â�¾�ÆÎ® ÆÎ±�Ã´µ�É´¾�Ê´Ã�ü�¹7����ÆÇ¼4ü
¹�����	 ¾²Åç¾�Â�Å#¼
Ã´±´µAÑÒ¼�³Èµ ÆÇ¼ ÆÎÀ´µ"��� Á½¼²Ñ�¿Ó¼²Ê´µ½ÊÇÆ�ÆÎÀ´¾�Ê ÆÇ¼ ÆÎÀ´µ"��� ÁÎ¼²Ñ�¿�¼�Ê´µ½ÊÎÆÇ·

ø�À´µ�ý}|6~´±eX�	 ¾²Å�ÆÎÀ´µ½Ê Ì ±´³�ÆÎÀ´µÎ³ùÃ´µ½Á½¼�ÑÒ¿Ó¼�Å#µ½Ã ®�ÊÎÆÇ¼ñúDµ½³1ÆÇ®�Á½¾�Â ¾�Ê´Ã À´¼�³È®�Ö½¼²ÊÇÆÎ¾�Â Á½¼²Ñ�n
¿Ó¼²Ê´µ½ÊÇÆÎÅ/Ü�Å#µ½Á+ÆÎ®�¼²Ê�¶�·�¶�·�¸�æÈ·Õø À´®�ÅAÅ#À´¼
	 µ½Ã4ÆÎÀ´¾�Æ�É�¼�ÆÎÀÕÆÇÀ´µ ú�µ½³�ÆÇ®�Á½¾�Â ¾²Ê´Ã À´¼�³È®�Ö½¼²ÊÇÆÎ¾�Â Á½¼²Ñ�n
¿Ó¼²Ê´µ½ÊÇÆÎÅ;	 µ½³#µÍ®�Ñ�¿�¼�³1ÆÇ¾²ÊÇÆ4¾²Ê´ÃýÉÓ¼
ÆÇÀÄÆÇÀ´µÍÊ´¼²³�ÆÎÀ´µ½³#Ê ¾�Ê´ÃýÅ#¼²±2ÆÇÀ´µ½³ÈÊ3À´µ½Ñ�®�Åî¿´À´µ½³Èµ½Å"	 µ½³#µ
®�ÑÒ¿Ó¼²³�ÆÎ¾�ÊÎÆÇ·�T&ÊùÆÇÀ´µ����ýÆÇÀ´µ ¾�Ê´Ê÷±´¾�ÂÓÁ+Ï!Á½Â�µ½Å ®�ÊùÆÇÀ´µ ú�µ½³�ÆÎ®�Á½¾²Âì¾�Ê´Ã À´¼²³#®�ÖÎ¼²ÊÎÆÇ¾�ÂÓÁ½¼�ÑÒ¿Ó¼�Ê´µ½ÊÎÆÇÅ
Ñ�¼²Å�ÆÇÂÿÏ Á½¾²Ê´Á½µÎÂ�µ½¾²Á(À3¼
ÆÇÀ´µ½³Ò¼²±2Æ-Ì ¼�³�	 ¾îú�µ½Ê÷±´ÑùÉÓµ½³ÈÅÕ¼�Ê´µÕ¾�Ê´ÃÄÆl	 ¼�· D¼�³�	 ¾#úDµ½Ê÷±´ÑùÉÓµ½³ÈÅ
°�³Èµ½¾�ÆÎµ½³�ÆÎÀ´¾�Ê ¼²³Íµ+� ±´¾�ÂöÆÎ¼ ÆÇÀ´³Èµ½µ4ÆÎÀ´µ�À´¼�³È®�Ö½¼²ÊÇÆÎ¾�Â�Á½¼�ÑÒ¿Ó¼²Ê´µ½ÊÇÆ ¿´¾²³�ÆÎ®�¾²Â�ÂÿÏ<Á½¾²Ê´Á½µ½Â�ÅñÆÇÀ´µ
ú�µ½³�ÆÎ®�Á½¾²ÂìÁ½¼�ÑÒ¿Ó¼�Ê´µ½ÊÎÆ��!°�®ÿú!®�Ê´° ¾ùÅ#Ñ�¾²Â�Â!³Èµ½Å#®�Ã´±´¾²Âì¾�Ê´Ê÷±´¾�Â�Á+Ï!Á½Â�µ½·�T;ÊùÆÎÀ´µ�����	 ¾îú�µ½Ê ±´ÑùÉ�µ½³#Å
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¼�Ê´µ ¾²Ê´ÃöÆl	 ¼�¿´¾�³1ÆÇ®�¾²Â�ÂÿÏßÁ½¾²Ê´Á½µ½Â ÆÇÀ´µ ¾²Ê´Ê ±´¾²Â Á+ÏÓÁ½Â�µ�®�Ê�	 ¾#úDµ½Ê÷±´ÑùÉÓµ½³ÈÅ °�³Èµ½¾�ÆÎµ½³�ÆÎÀ´¾�Êù¼²³0µ7�÷±´¾�Â
ÆÇ¼ ÆÎÀ´³#µ½µ½·�ø�À´®�Åç°�®ÿú�µ½Åç¾ÒÅ#µÎÑÒ®onî¾²Ê´Ê ±´¾²ÂlÁÈÏÓÁ½Â�µA®�ÊÒÆÎÀ´µ*À´¼�³È®�Ö½¼²ÊÇÆÎ¾�Â Á½¼²Ñ�¿�¼�Ê´µ½ÊÇÆÎ·

�´µ½Á+ÆÇ®�¼²Ê<¶²·�¶²· � Å#À´¼
	 µ½Ã ÆÎÀ´¾�ÆÄÆÎÀ´µ ýf|�~´±eX Á½¾�Ê ÉÓµ Á½¼�Ê´Å#®�Ã´µ½³Èµ½Ãó®�Ê�ÆÇµ½³ÈÑ�Å ¼²Ì ÆÇÀ´µ
®�Ê´Ã´®ÿú!®�Ã´±´¾�Âçµ½Ã´Ã2Ï�~´±eX!µ½Åt�I	*À´®�Á:À�Á½¾�ÊýÉÓµ4Ã´µ½Á½¼�ÑÒ¿Ó¼²Å#µ½Ã ®�ÊÎÆÇ¼ Å�ÆÇ¾�ÆÎ®�¼²Ê´¾�³1Ï ¾²Ê´Ã ÆÇ³È¾�Ê´Å#®�µ½ÊÇÆ
Á½¼�ÑÒ¿Ó¼²Ê´µ½ÊÇÆÎÅ#·�T&Ì�ÆÎÀ´µ½Åîµ*¾�³Èµ*Ê´¼�Æ*Ö½¼²Ê´¾�Â�Â Ï ¾îú�µ½³#¾²°�µ½Ã�ÆÎÀ´µ½®�³�°�µ½¼²°�³È¾�¿´À´®�Á½¾�Â Ã´®�Å�ÆÎ³#®�É´±2ÆÇ®�¼�Ê-Á½¾²Ê
ÉÓµ Å�ÆÇ±´Ã´®�µ½ÃýÆÎ¼ °�®ÿú�µ ¾�Ê ®�Ã´µ½¾ ¼²Ìb	*À´®�Á:À Â�¼²Ê´°�®ÿÆÇ±´Ã´µ½Å4Á½¼²ÊÇÆÎ³#®�É´±2ÆÇµÕÆÎ¼ÄÆÇÀ´µ ¾²Ê´Ê ±´¾²Â Á+Ï!Á½Â�µ
Ü�Å#µ½Á+ÆÎ®�¼²Êù¶�·�¶�·�¶�æÈ· ø À´µ Å�ÆÇ¾
ÆÇ®�¼�Ê´¾�³1ÏÒÁ½¼�Ñ�¿�¼�Ê´µ½ÊÎÆ�®�ÅDÆÇÀ´µ Å#®�°²Ê´®��´Á½¾�ÊÎÆ Á½¼²Ñ�¿�¼�Ê´µ½ÊÎÆ��9ÆÎÀ´µ Ã´³È® ú!®�Ê´°
®�Å ÆÎÀ´µ½³#µ½Ìô¼²³#µù¾ñÂ�¼²Ê´°�µ½³ ÆÇ®�Ñ�µ½Å#Á½¾²Â�µ+�¯Å#Â�¼
	 µ½³ µ+��µ½Á+ÆÇ·*ø�À´µöÆÇ³È¾�Ê´Å#®�µ½ÊÇÆ Á½¼�ÑÒ¿Ó¼�Ê´µ½ÊÎÆÒ°²® ú�µ½Å�¼�Ê´ÂÿÏ
¾ÍÅ#Ñ�¾²Â�Â Á½¼�ÊÎÆÇ³È®�É´±2ÆÎ®�¼²ÊÍÆÇ¼ùÆÇÀ´µ�¾²Ê´Ê ±´¾²Â Á+Ï!Á½Â�µ+� É´±2ÆßÃ´¼ µ½Å*³Èµ½Ã´±´Á½µ�ÆÇÀ´µÒµ+�Óµ½Á+Æß¼²ÌlÆÎÀ´µ�Å#µ½Ñ�®�n
¾�Ê´Ê÷±´¾�Â Á+ÏÓÁÎÂ�µùÅ#µ½Á½¼�Ê´Ã´¾²³�Ï ÑÒ¾ XÓ®�Ñù±´Ñ)®�ÊÍõÚ±�Ê´µ½·

ø�À´µ ¾�Ê´Ê÷±´¾�Â0Á+Ï!Á½Â�µ ®�Ê ýf|�~´±eX Ã´®ÿúDµ½³È°�µ½Ê´Á½µ ®�Å Ã´±´µöÆÇ¼ß¾ßÁ½¼²ÑùÉ´®�Ê´¾
ÆÇ®�¼�ÊÄ¼�Ì!×ÎÙäÛ�Ù0®�ÊñÆÎÀ´µ
À´¼�³È®�Ö½¼²ÊÇÆÎ¾�ÂlÁ½¼�ÑÒ¿Ó¼²Ê´µ½ÊÇÆ ¾�Ê´Ã�g Ù Û Ù ¾�Ê´Ã�× Ù_^�Ù ®�ÊÒÆÇÀ´µ�ú�µ½³1ÆÇ®�Á½¾²Â Á½¼²Ñ�¿�¼�Ê´µ½ÊÎÆÇ· ø�À´µ�× Ù�^�Ù ÆÇµ½³ÈÑ
®�Ê ÆÎÀ´µ-À´¼�³È®�Ö½¼²ÊÇÆÎ¾�Â�Á½¼�ÑÒ¿Ó¼²Ê´µ½ÊÇÆ ®�ÅßÊ´¼�Æ-®�ÑÒ¿Ó¼²³�ÆÎ¾�ÊÎÆÇ· ø�À´µ.g Ù Û Ù ¾�Ê´Ã�× Ù_^
Ù ÆÎµ½³#ÑÒÅ/®�Ê ÆÎÀ´µ
ú�µ½³�ÆÎ®�Á½¾²Â�Á½¼�ÑÒ¿Ó¼�Ê´µ½ÊÎÆÕ¼²¿´¿Ó¼²Åîµßµ½¾²Á(À ¼
ÆÇÀ´µ½³ ®�Ê4ÆÇÀ´µ.��� É´±2Æ/Á½¼�ÑÒ¿´Â�µ½ÑÒµ½ÊÇÆÍµ½¾²Á(À ¼
ÆÇÀ´µ½³ ®�Ê
ÆÇÀ´µ�����·'T;ÊñÆÎÀ´µ���� × Ù Û Ù ¿´³#¼#ú!®�Ã´µ½Å ¾/Å#µ½Ñ�®�nî¾�Ê´Ê÷±´¾�Â¯Á+ÏÓÁ½Â�µ+� µ½Ê´À´¾�Ê´Á½®�Ê´°ùÆÎÀ�µ ¾²Ê´Ê ±´¾²Â Á+Ï!Á½Â�µ
®�Êx����	A®�ÊÇÆÎµ½³ É´±2ÆÒ¾²Ã´Ã´®�Ê´°ß¾/Å#µ½Á½¼�Ê´Ã´¾²³�Ï Ñ�¾�X!®�Ñù±´Ñ ®�ÊÄõÚ±´Ê´µ½·�T&ÊñÆÇÀ´µ���� × Ù Û Ù ¼²¿´¿Ó¼�Å#µ½Å
ÆÇÀ´µ/¾²Ê´Ê ±´¾²Â Á+Ï!Á½Â�µÕ®�Ê4ÆÇÀ´µAú�µ½³�ÆÎ®�Á½¾²Â Á½¼�ÑÒ¿Ó¼²Ê�µ½ÊÎÆÎ· þç±´°�±´Å�Æ ®�Å ¾�ÆÇ®�Ñ�µ�	*À´µ½Ê ¾²Â�Â ÆÇÀ´³Èµ½µ ¼²Ì
ÆÇÀ´µ½Å#µ ÆÇµ½³ÈÑ�Å�¾�³Èµ ÅîÑÒ¾�Â�Â!®�Ê/ÉÓ¼�ÆÎÀ/À´µ½Ñ�®�Åî¿´À´µ½³Èµ½Åt��	*À´µ½³#µ½¾²Å�®�Ê�V µ½Á½µ½ÑùÉÓµ½³ ¾�Â�Â ÆÇÀ´µ ÆÎµ½³#ÑÒÅ�¾�³Èµ
Ê´µ½¾�³�ÑÒ¾ X!®�Ñù±´Ñ)µ�X!Á½µ½¿2Æ Ìô¼²³�× Ù�^�Ù Ìô³È¼�Ñ ÆÎÀ�µ�ú�µ½³�ÆÎ®�Á½¾²Â0Á½¼²Ñ�¿Ó¼²Ê´µ½ÊÇÆA®�ÊÒÆÎÀ´µ"����·

þ�Ê3®�ÑÒ¿Ó¼²³�ÆÎ¾�ÊÎÆ Ã´®���µ½³#µ½Ê´Á½µ ÉÓµ+Æl	 µ½µ½Ê þ�±´°²±´Å?Æ ¾�Ê´Ã�V µ½Á½µ½ÑùÉÓµ½³ñ®�Å*ÆÎÀ´µ4¿Ó¼²Åî®ÿÆÇ®�¼�Ê�¾²Ê´Ã
Ê÷±´ÑùÉÓµ½³ ¼�ÌÓÆÇÀ´µùÑÒ¼�Ê´Å#¼ ¼�Ê ¾²ÊÇÆÎ®�Á+Ï!Á½Â�¼�Ê´µ½Å#·%T;ÊdV µ½Á½µ½ÑùÉÓµ½³ ÑÒ¼�Ê´Å#¼ ¼²ÊÄ¾²ÊÎÆÇ®�Á+ÏÓÁ½Â�¼²Ê´µ½Å�Á½¾�ÊÄÉ�µ
Å#µ½µ½Ê-¼îú�µ½³D�´¼²±2ÆÇÀÕþ�ÑÒµ½³#®�Á½¾Z��	 µ½Å�Æ þ�Ì ³#®�Á½¾Z�ì¾²Ê´Ã4Ê´¼�³1ÆÇÀen�	 µ½Å�ÆAþ�±´Å�ÆÎ³#¾²Â�®�¾�·bT;ÊÍþ�±´°�±´Å�Æ�ÆÎÀ´µ½³#µ
®�Å�¼²Ê´Â ÏñÆÎÀ�µ Å#¼²±2ÆÇÀ þ�Å#®�¾²Ê Ñ�¼�Ê´Å#¼ ¼²Ê/¾�ÊÎÆÇ®�Á+Ï!Á½Â�¼²Ê´µI	*À´®�Á:ÀÍ®�Å ¿´±´Å#À´µ½Ã�	 µ½Â�Âì¼��ÒÆÎÀ´µ�µ+� ±´¾
ÆÇ¼�³È·
ø�À´®�Å�¿�¼�ÆÎµ½ÊÇÆÎ®�¾²Â�ÂÿÏ À´¾�Å�®�ÑÒ¿Ó¼�³1ÆÇ¾²ÊÇÆ ®�ÑÒ¿´Â�®�Á½¾�ÆÎ®�¼²Ê´Å�Ìô¼²³lÆÎÀ´µKý}|�~´±eX Ã´®�Å?ÆÎ³#®�É´±2ÆÇ®�¼�ÊÕ¾�Ê´Ã�	 ¾îú�µ
Ã´³#®ÿú!®�Ê´° ®�Ê*ÆÇÀ´µçÂ�¼
	 µ½³0ÆÎ³#¼²¿´®�Á½¾²Â�Å�ÆÎ³#¾
ÆÇ¼²Åî¿´À´µ½³Èµ½·�T Æ�®�Å ÀÇÏ!¿�¼�ÆÎÀ´µ½Åî®�Å#µ½Ã ÆÎÀ´¾�Æç®�Ê.V µ½Á½µ½ÑùÉ�µ½³0ÆÎÀ´µ
úû¾²³#®�¼�±´Å*ÑÒ¼�Ê´Å#¼ ¼�Ê ¾�ÊÎÆÇ®�Á+Ï!Á½Â�¼²Ê´µ½ÅùÑ�µ½¾²ÊÕÆÇÀ´¾
Æ�ÆÇÀ´µ½³Èµ�®�Å�Ñù±´Á(À ÑÒ¼�³Èµiý}|�~´±eX Ã´® ú�µ½³#°²µ½Ê´Á½µ
¾�Ê´Ã Á½¼²ÊÇú�µ½³#°²µ½Ê´Á½µ½· ø À´µíýf| ~´±eX Ã´® ú�µ½³#°²µ½Ê´Á½µ ¿´Â�¼�ÆÇÅ/Ìô³È¼�Ñ ÆÇÀ´µ Å#µ½¿´¾�³#¾
ÆÇµ µ½Ã´Ã2Ï¡~´±eX!µ½Å
¾�Â�ÂlÀ´¾îúDµ µ½Ê´À´¾²Ê´Á½µ½Ã µ½Ã´Ã2Ï�¾²Á+ÆÇ®ÿú!®ÿÆ&Ï Ü�³Èµ½°�®�¼�Ê´Å�¼�Ì¯Á½¼�ÊÎú�µ½³#°²µ½Ê´Á½µ ¾²Ê´Ã Ã´® ú�µ½³#°²µ½Ê´Á½µ½æ Ê´µ½¾²³ ÆÎÀ´µ
Ñ�¼²Ê´Å#¼ ¼�Ê ¾�ÊÎÆÇ®�Á+Ï!Á½Â�¼²Ê´µ½Å#·�T;Ê µ½¾²Á(À µ½Ã´Ã2ÏU~´±eX*ÆÇµ½³ÈÑ,ÆÎÀ´µ½³#µ�®�Å¯¾�Â�¼
Æ ¼²Ì�Á½¾�Ê´Á½µ½Â�Â�¾
ÆÇ®�¼�Ê ÉÓµ+Æl	 µ½µ½Ê
ÆÇÀ´µ½Å#µ ³#µ½°²®�¼²Ê´ÅN	AÀ´µ½Ê Á½¾�Â�Á½±´Â�¾
ÆÇ®�Ê´°çÆÎÀ´µ Ö½¼²Ê´¾�ÂDÑÒµÎ¾²Ê��!É´±2Æ ®�Ê¢V µ½Á½µ½ÑùÉÓµ½³0ÆÎÀ´µ½³#µ ®�Å�¾A°²³#µ½¾�ÆÎµ½³
Ê´µ+ÆBý}|�~´±eX Ã´®ÿú�µ½³#°�µ½Ê´Á½µ½·

T;Ê õÚ±´Ê´µAÆÇÀ´µ½³Èµ ®�Å ¾²Ã´Ã´® ÆÎ®�¼²Ê´¾�Â µ½Ã´Ã2Ï,¾²Á+ÆÇ®ÿú!®ÿÆ&Ï,®�Ê × Ù Û Ù ¾�ÅöÆÇÀ´µ/þ�Å#®�¾�Ê Ñ�¼²Ê´Å#¼ ¼²Ê ¾�ÊÎÆÇ®�n
Á+Ï!Á½Â�¼�Ê´µñÀ´¾²Å�¾Õ°²³#µ½¾
ÆÇµ½³£	 µ½Å�Æl	 ¾²³#Ã�µ�X ÆÎµ½ÊÇÆ7� ³#µ½¾²Á(À´®�Ê´°ÒÆÎÀ´µ�þ¯ÆÎÂ�¾�ÊÎÆÎ®�Ác¤�Á½µ½¾²Ê´·ßø�À´®�ÅA®�Å Ê´¼�Æ
¿´³#µ½Å#µ½ÊÎÆ�®�Ê õ÷±´ÂÿÏÚ· ø�À´®�Å °²® ú�µ½Å¯¾²Êùµ½¾�³ÈÂ ÏßÅ#±´ÑÒÑ�µ½³�ÑÒ¾ X!®�Ñù±´Ñ<®�ÊöÆÇÀ´µ À´¼²³#®�Ö½¼�ÊÎÆÇ¾²Â Á½¼�ÑÒ¿Ó¼²Ê´µ½ÊÇÆ
¼�ÌOýf|�~´±eX Ã´® ú�µ½³#°²µ½Ê´Á½µ+� ¾²Ê´Ã4¾ÒÅ#µ½Ñ�®�nî¾�Ê´Ê÷±´¾�ÂlÁ½¼�ÊÎÆÎ³#®�É´±2ÆÎ®�¼²ÊÒÆÎ¼ ÆÇÀ´µ*Å#®�°�Ê´¾²Â�·

T;Ê�V µ½Á½µ½ÑùÉÓµ½³ìÆÇÀ´µ Ñ�¼²Ê´Å#¼ ¼�ÊÒ¾�ÊÎÆÇ®�Á+Ï!Á½Â�¼²Ê´µ½Å ¾�³Èµ�Ê´µ½¾²³#ÂÿÏ Å?ÏÓÑ�ÑÒµÈÆÎ³#®�Á½¾�ÂD¾²ÉÓ¼�±2Æ¯ÆÇÀ´µ µ+� ±´¾ n
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ÆÇ¼²³ ¾�Ê´Ã�Å#¿´³#µ½¾²ÃA¼²±2Æ Á½¼îú�µ½³#®�Ê´°�ÑÒ¼�Å�Æ Â�¼�Ê´°�®ÿÆÇ±´Ã´µ½Å#· ø À´µ ¾²Å#Åî¼ Á½®�¾�ÆÎµ½ÃA¾�ÊÎÆÎ®�Á+Ï!Á½Â�¼�Ê´µ ¿�µ½Ê´µ+ÆÇ³#¾
ÆÇµ½Å
±´¿ ®�ÊÎÆÇ¼�ÆÇÀ´µ*ÆÎ³#¼²¿´®�Á½¾²Â Â�¼
	 µ½³ Å�ÆÎ³#¾�ÆÎ¼�Å#¿´À´µ½³Èµ Ü?V ±´Ê�¦²µ½³1ÆÇ¼²Ê�� ü�§Z§Z�²æI	AÀ´µ½³Èµ ®ÿÆ Ã´®�Å#Å#®�¿´¾�ÆÎµ½ÅçÆÇ¼
°�®ÿú�µ-¾ Ê´¼�ÊenîÖ½µ½³#¼ Á½¼²ÊÇÆÎ³#®�É´±2ÆÇ®�¼�Ê ÆÎ¼ÕÆÎÀ´µùý}|¨~´±eX Ã´®ÿú�µ½³#°�µ½Ê´Á½µ½· ø À´®�ÅßÃ´³#®ÿú�µ½Åß¼�±2Æl	 µ½Â�Â�®�Ê´°
Ìô³È¼�Ñ ÆÎÀ�µ ÆÇ³È¼�¿´®�Á½¾�Â Â�¼
	 µ½³AÅ�ÆÎ³#¾
ÆÇ¼²Åî¿´À´µ½³Èµ½·©T&Ê þ�±´°²±´Å�ÆAÆÎÀ´µ�ÑÒ¼�Ê´Å#¼ ¼�Ê ¾�ÊÎÆÇ®�ÁÈÏÓÁ½Â�¼²Ê´µßÁ½¼îúDµ½³ÈÅ
Â�µ½Å#Å ¼�Ì�ÆÇÀ´µù°²Â�¼²ÉÓµA¾²Ê´Ã ®�Å�Á½µ½ÊÇÆÎ³#µ½ÃÄ¼��/ÆÇÀ´µùµ+� ±´¾
ÆÇ¼²³t� ®�ÊñÆÇÀ´µJ�D��·9ª�¼�Ê´Å#µ+� ±´µ½ÊÎÆÇÂÿÏ ÆÇÀ´µ½³#µù®�Å
Â�µ½Å#Å[	 ¾îú�µ Ã´®�Å#Å#®�¿´¾
ÆÇ®�¼�Ê ®�ÊñÆÇÀ´µAÅ�ÆÇ³È¾�ÆÎ¼�Å#¿´À´µ½³Èµ+�¯°�®ÿú!®�Ê´°ß¾ñÅîÑÒ¾�Â�Â�µ½³çÁ½¼�ÊÎÆÇ³È®�É´±2ÆÎ®�¼²ÊñÆÇ¼�ÆÇÀ´µBýf|
~´±eX�Ã´® ú�µ½³È°�µ½Ê´Á½µ½· ø�À´µßÁ:À´¾�Ê´°²µ/®�ÊFý}|2~´±eX�Ã´® ú�µ½³#°²µ½Ê´Á½µÕ¼îú�µ½³çÆÎÀ´µ*Ï�µ½¾�³ ÑÒ¼ Ã´±´Â�¾
ÆÇµ½ÅöÆÇÀ´µ
¼�±2Æ«	 µ½Â�Â�®�Ê´°�Ìô³È¼�Ñ ÆÎÀ´µ ÆÎ³#¼²¿´®�Á½¾²Â!Â�¼
	 µ½³ Å�ÆÇ³È¾�ÆÇ¼²Å#¿´À´µ½³#µ£	AÀ´®�Á(À�� ÉÎÏ Â�¼ Á½¾�ÂÓÃ�¼t	AÊ7	 ¾�³ÈÃÍÁ½¼²ÊÇÆÎ³#¼²Â��
Ñ�¼ Ã´±´Â�¾�ÆÎµ½Å�ÆÇÀ´µ ¾�ÑÒ¼�±´ÊÎÆ ¼�ÌÎÆÇ³È¼�¿´®�Á½¾�ÂÚ±´¿7	 µ½Â�Â�®�Ê´°ç¾�Ê´Ã�ÆÇÀ÷±´Å ¾�Ã´®�¾�É´¾
ÆÇ®�Á À´µ½¾
ÆÇ®�Ê´°ç¾²Ê´Ã*Á½¼ ¼²Â�®�Ê´°�·
ø�À´®�Åç®�Ê ÆÇ±´³ÈÊ4Á½¾²±�Å#µ½ÅçÁ:À´¾�Ê´°²µ½Åç®�Ê ÆÇÀ´µ*Ö½¼²Ê´¾�ÂìÑÒµ½¾�ÊÍ¿Ó¼�ÆÎµ½ÊÎÆÇ®�¾²ÂûÆÇµ½ÑÒ¿Óµ½³È¾�ÆÇ±´³Èµ½·

D±´³�ÆÎÀ´µ½³ñ±´Ê´Ã´µ½³ÈÅ�ÆÇ¾�Ê´Ã´®�Ê´° ¼²Ì ÆÎÀ´µ-Â�®�Ê�¦ ÅßÉÓµ+Æl	 µ½µ½Ê�ÆÇÀ´µÍÀ´µ½¾�Æ�nî®�Ê´Ã´±´Á½µ½Ã ÆÇ³È¼�¿´®�Á½¾�Â�Á½®�³ÈÁ½±en
Â�¾
ÆÇ®�¼�Ê´Å�¾�Ê´Ã/ÆÇÀ´µ½®�³�®�Ê�~´±´µ½Ê´Á½µñ¼�Ê/ÆÇ³È¼�¿´®�Á½¾�Â�Â�¼
	 µ½³�Å�ÆÇ³È¾�ÆÇ¼²Å#¿´À´µ½³#®�Á ÆÇµ½ÑÒ¿Óµ½³È¾�ÆÎ±´³#µ½ÅAÁ½¼²±´Â�Ã É�µ
°�¾²®�Ê´µ½ÃAÉÇÏÒÁ½¼�Ê´Å#®�Ã´µ½³È®�Ê´° ÆÇÀ´µ Åî¼²Â�±2ÆÎ®�¼²Ê´Å °�®ÿú�µ½ÊùÉÇÏÒ»*®�Â�Â�Ü#ü�§Z¬²¹�æÈ·}T&Ê ÆÇÀ´¾�Æ Å�ÆÎ±´Ã2Ïñ® Æ9	 ¾²Å0Å#À´¼
	AÊ
¾ñÆÎ³#¼²¿´®�Á½¾²Â[ö¼²ÅîÅ#ÉÎÏ�	 ¾îú�µ Ü®	AÀ´®�Á(À ®�Åù¾�¦ ®�Ê-ÆÎ¼�ÆÎÀ´µ ±´¿´¿�µ½³AnîÂ�µ+ú�µÎÂ Ñ�¼²Ê´Åî¼ ¼²Ê ¾�ÊÎÆÇ®�Á+Ï!Á½Â�¼²Ê´µ½Åîæ
®�ÅùÌ ¼�³#Á½µ½ÃÕÆÇ¼ÒÆÇÀ´µ;	 µ½Å�Æ/¼�Ì0ÆÇÀ´µñÀ´µ½¾
ÆÇ®�Ê´°-³Èµ½°�®�¼�Ê��N	*À´®�Â�µß¾ � µ½Â ú!®�Ê¯	 ¾îú�µ ®�ÅùÌô¼�³ÈÁ½µ½ÃÍÆÎ¼ÒÆÎÀ´µ
µ½¾�Å�Æß¼�Ì ÆÎÀ´µ�À´µ½¾�ÆÎ®�Ê´°Í³Èµ½°�®�¼�Ê´·�°�¼�ÆÎÀ ÆÎÀ´µ½Å#µ;	 ¾îú�µ½ÅùÁ½¼�±´Â�ÃÕúDµ½³1ÆÇ®�Á½¾�Â�Â Ï ¿´³#¼²¿´¾�°²¾�ÆÇµ ®�ÊÇÆÎ¼ÒÆÎÀ´µ
Å�ÆÇ³È¾�ÆÎ¼�Å#¿´À´µ½³#µÍ¾�Ê´Ã ¿´³#¼ Ã´±´Á½µ±~´±eX!µ½Åñ¼²Ì ×²ÙäÛ�Ù*Ü1Ìô³#¼²Ñ ÆÇÀ´µ�ö¼�Å#Å#ÉÇÏ²	 ¾îú�µ½æñ¾²Ê´Ãhg¯Ù�Û�Ù*Ü�Ìô³È¼�Ñ
ÆÇÀ´µ � µ½Â ú!®�ÊW	 ¾îú�µ½æ#·¡T>Æ�	�¼�±´Â�ÃýÉÓµ4¿�¼�Å#Å#®�É´Â�µ�ÆÇ¼ Å�ÆÇ±´Ã2Ï ÆÎÀ´µ4Ã´®�Å#Å#®�¿´¾�ÆÇ®�¼�Êý¼�Ì ÆÇÀ´µ¯ö¼²ÅîÅ#ÉÎÏ
¾�Ê´Ã � µ½Âÿú!®�ÊJ	 ¾îú�µ½Åö®�Ê/¾ Ê´¼²ÊenîÂ�®�Ê´µÎ¾²³ ÑÒµ½Á(À´¾²Ê´®�Å�ÆÎ®�Á*ÑÒ¼ Ã´µ½Â�	AÀ´µ½³Èµ ÆÇÀ´µKý}|�~´±eXÓµ½Å�Á½¼�±´Â�Ã ÉÓµ
Á½¼�ÑÒ¿´¾�³Èµ½Ã4ÆÇ¼ ÆÎÀ´µñ³#µ½Å#±´Â ÆÎÅù¼�ÌlÆÇÀ´®�ÅAÁ(À´¾²¿2ÆÇµ½³È·x�´®�Ê´Á½µ*ÆÇÀ´®�ÅAÁ(À´¾²¿2ÆÇµ½³*Å#À´¼
	AÅçÆÇÀ´¾
ÆñÉÓ¼
ÆÇÀÕÆÎÀ´µ
Ã´® ú�µ½³È°�µ½Ê´Á½µ/¼�Ì0× Ù Û Ù ¾�Ê´Ã�g Ù Û Ù ¾�³Èµ�®�Ñ�¿Ó¼²³�ÆÎ¾�ÊÎÆ�� ÆÇÀ´®�Å*Ñ�¾#Ïý®�ÑÒ¿´Â Ï ÆÇÀ´¾�ÆñÉ�¼�ÆÎÀÕÆÇÀ´µ%ö¼�Å#Å#ÉÇÏ
¾�Ê´Ã � µ½Â ú!®�Êc	 ¾îú�µ½Å�¿´Â�¾îÏ ¾Ò³È¼�Â�µ*®�Ê ÆÇÀ´µ�¾�Ê´Ê÷±´¾�Â Á+Ï!Á½Â�µ½·



T&Ê�ÆÎÀ´µ�¿´³Èµ+ú!®�¼²±´Å Á:À�¾²¿2ÆÇµ½³ÈÅlÆÇÀ´µïý}ª�m.³  ¾²Ê´¾�ÂÿÏ!Å#®�Å Ã´¾
ÆÇ¾[	 ¾�Å Å�ÆÎ±´Ã´®�µ½Ã´· ø�À´®�Å Á:À�¾²¿2ÆÇµ½³M	*®�Â�Â
ÉÓµ½°²®�Ê±	*® ÆÎÀ�Ã´µ½Å#Á½³#®�É´®�Ê´°�ÆÇÀ´µñÅ#À´¼²³�ÆÇÁ½¼²Ñ�®�Ê´°�Åù¼²Ì0ÆÎÀ´µiý}ª�m�³< Ã´¾�ÆÎ¾ÍÅ#µ+Æ/¾²Ê´Ã�µ�X!¿´Â�¾²®�Ê´®�Ê´°
	AÀÎÏ/Ã´¾�ÆÎ¾ Ì ³#¼²Ñ ¾ç°�µ½Ê´µ½³È¾�Â Á½®�³ÈÁ½±´Â�¾
ÆÇ®�¼�Ê Ñ�¼ Ã´µ½Â!Ü�»"ª�mÄæ Å#±´Á(À ¾�Å�ÆÎÀ´µ£´�Ê´®��´µ½Ã�m ¼ Ã´µ½ÂìÜ?´�m æ
	A®�Â�Â ÉÓµù±´Å#µ½Ìô±´Â�·JT;ÊÄÅ#µ½Á+ÆÇ®�¼�Êx�²·�¶*ÆÇÀ´µJ´�Ê´®��´µ½Ãhm ¼ Ã´µ½Âk	*®�Â�Â¯ÉÓµùÃ´µ½Å#Á½³#®�ÉÓµ½Ã ¾�Ê´Ã Å#µ½Á+ÆÇ®�¼�Êx�²·�µ
	A®�Â�Â Ã´µ½ÅîÁ½³È®�É�µ ÆÎÀ´µß¿´³#¼ Á½µ½Å#Å#®�Ê´°Ä¼²Ì¯ÆÎÀ´µ.´�m Ã�¾
ÆÇ¾²·�ø À´µßÑ�¾�®�Ê Ñ�µ+ÆÎÀ´¼ Ã´¼²Â�¼²°�Ïh	A®�Â�Â É�µ/¾�Å
Ìô¼²Â�Â�¼
	AÅ#º

R �´µ+Æ*±´¿Õ¾�Ê´ÃÕ³#±´ÊùÆÎÀ´µ;´�Ê´®��´µ½Ã¯m ¼ Ã´µ½Â ÆÇ¼ ¿´³#¼ Ã´±´Á½µ�¾²Ê µ+� ±´® úû¾²Â�µ½ÊÎÆùÃ´¾�ÆÎ¾ Å#µ+Æ ÆÇ¼�ÆÎÀ´¾�Æ
¼²Ì�ÆÇÀ´µTýfªbm�³ 3¾²Ê´¾�ÂÿÏ!Å#®�ÅçÃ´¾
ÆÇ¾²·

R �¼�³ÈÑØ¾*ÑÒµ½¾�Ê�¾�Ê´Ê÷±´¾�ÂDÁ+Ï!Á½Â�µ�®�Êñ¿�¼�ÆÇµ½ÊÎÆÇ®�¾�Â²ÆÎµ½Ñ�¿�µ½³#¾
ÆÇ±´³#µ½Å Ìô³È¼�Ñ ÆÎÀ´µ�´�Ê´®��´µ½Ã.m ¼ Ã�µ½Â
Ã´¾
ÆÇ¾²·

R þçÊ´¾�ÂÿÏ!Å#µ*ÆÇÀ´µñÉ´¾²Â�¾²Ê´Á½µñ¼�ÌlÆÇÀ´µ�ÆÎµ½³#ÑÒÅA®�ÊÕÆÇÀ´µñøïý}mÐÆÇÀ´µ½³ÈÑ�¼ Ã2Ï!Ê´¾²Ñ�®�Áßµ+� ±´¾�ÆÎ®�¼²ÊÍÆÇ¼
�´Ê´Ã�	AÀ´¾�ÆA®�ÅöÃ´³#®ÿú!®�Ê´°*ÆÎÀ´µ ÆÎµ½Ñ�¿Óµ½³È¾�ÆÎ±´³#µ�Á(À´¾²Ê´°�µ½Åç¼îú�µ½³ ÆÇÀ´µ*¾²Ê´Ê ±´¾²Â Á+Ï!Á½Â�µ½·

R þçÊ´¾�ÂÿÏ!Å#µ ÆÇÀ´µ/øïý}m ÑÒ¾�Å#Å Á½¼�ÊÎÆÇ®�Ê ±´®ÿÆ&Ï µ+�÷±´¾�ÆÎ®�¼²ÊÄÆÎ¼d�´Ê´Ãd	AÀ´µ½³#µùÆÇÀ´µ/Ê´µ+ÆÕ¼²±2Æ�~´¼
	
Ìô³È¼�Ñ<ÆÎÀ´µ ÆÎ³#¼�¿´®�Á½Åö®�Åö¿´³#¼ Ã´±´Á½®�Ê´°ñ¾ÒÁ+ÏÓÁ½Â�µA®�ÊÒÆÎ³#¼²¿´®�Á½¾�Âûú�µ½³1ÆÇ®�Á½¾�Âl¾�Å#Á½µ½ÊÇÆÎ·

R þçÊ´¾�ÂÿÏ!Å#µ�ÆÇÀ´µÒÉ´¾�Â�¾�Ê´Á½µ�¼²ÌìÆÇÀ´µ ÆÇµ½³ÈÑ�Å*®�ÊÕÆÎÀ´µÒøïý}m Ñ�¼²Ñ�µ½ÊÎÆÇ±´ÑËµ+� ±´¾
ÆÇ®�¼�Ê ÆÇ¼��´Ê´Ã
	*À´¾�ÆAÌô¼²³#Á½µ½Åö¾²³#µ�Ã´³#®ÿú!®�Ê´°�ÑÒ¾�Å#Åç¼�±2Æ7~´¼
	ØÌô³#¼²Ñ ÆÇÀ´µ�ÆÇ³È¼�¿´®�Á½Åî·

R ª ¼�ÑÒ¿´¾�³Èµ�ÆÇÀ´µ�³#µ½Å#±´Â ÆÎÅf	A®ÿÆÇÀ ÆÇÀ´¼²Åîµ�¼�Ì�ÆÎÀ´µTý}ª�m�³<ý¾²Ê�¾²Â ÏÓÅî®�ÅçÃ´¾�ÆÎ¾�·
T&ÊÄÁ(À´¾²¿2ÆÇµ½³�µ�ÆÇÀ´µ ³Èµ½Åî±´ÂÿÆÇÅ ¼�ÌÓÆÇÀ´®�Å ¾²Ê´¾�ÂÿÏ!Å#®�Å[	A®�Â�Â ÉÓµùÃ´µ½Å#Á½³#®�ÉÓµ½Ã ¾�Ê´Ã Á½¼�ÑÒ¿´¾�³Èµ½Ã.	A®ÿÆÇÀñÆÇÀ´µ
³#µ½Å#±´ÂÿÆÇÅçÌô³È¼�Ñ<ÆÎÀ´µTý}ª�m�³< ¾²Ê´¾�ÂÿÏ!Å#®�ÅçÃ´¾
ÆÇ¾²·

ü
¹Z¬
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s¯q�À udÁ.Â¯zMÃIÄSÂ¯w Å�Æ.Ç¯È6Â¯ÉÊÃIÁ.Ë Ì2ÍÏÎ Ð Ñ Òxy�ÃIy
m ¾�ÊÎÏ ¾�Å#¿Óµ½Á+ÆÎÅ ¼²ÌD¾ ³Èµ�nî¾�Ê´¾�ÂÿÏ!Å#®�Å Ã´¾�ÆÎ¾ Å#µ+ÆöÅ#±´Á(ÀÒ¾²Å!ÆÎÀ´µïýfªbm�³  Ã´¾�ÆÎ¾ Å#µ+Æ�¾²³#µ�Ã´µ½¿Óµ½Ê´Ã´µ½ÊÎÆ
¼�Ê3ÆÎÀ´µ ¾²Å#Åî®�Ñ�®�Â�¾
ÆÇ®�Ê´°,Ìô¼�³Èµ½Á½¾�Å�Æ ÑÒ¼ Ã´µ½Âù¾�Ê´Ã ® ÆÎÅ ¿´ÀÎÏ!Å#®�Á½Å#· ø À´µ½³#µ À´¾îú�µ ÉÓµ½µ½Ê�úû¾²³#®�¼�±´Å
Á:À´¾�Ê´°�µ½Å*ÆÎ¼/ÆÇÀ´µùýfªbm�³ <Ñ�¼ Ã´µ½ÂÓ	AÀ´®�Á(À3À´¾îú�µ-¾��Óµ½Á+ÆÎµ½Ã���¾�ÑÒ¼�Ê´°²Å�Æ-¼
ÆÇÀ´µ½³ ÆÎÀ´®�Ê´°²Å
� ÆÇÀ´µ
À÷±´Ñ�®�Ã´®ÿÆ&Ïd�´µ½Â�Ã´Å#·�ø�À´µ½Å#µ�Á:À´¾�Ê´°²µ½Å�®�Ê´Á½Â�±´Ã´µ½Ã/Á:À´¾�Ê´°²®�Ê´°�ÆÇÀ´µ}	 ¾îÏÍÀ ±´ÑÒ®�Ã´®ÿÆ&Ï ®�Å ³Èµ½¿´³#µ½Å#µ½ÊÇÆÎµ½Ã
®�Ê�ÆÎÀ´µ-Ñ�¼ Ã´µ½Âç¾²Ê´Ã�Á(À´¾²Ê´°�®�Ê´°-ÆÇÀ´µc	 ¾#ÏýÆÇÀ´µ ¾�Å#Å#®�ÑÒ®�Â�¾�ÆÎ®�¼²Ê,¼²Ì ¼²É´Å#µ½³�úû¾
ÆÇ®�¼�Ê´¾²ÂçÃ´¾
ÆÇ¾±	 ¾�Å
Ã´¼�Ê´µ Ü?�´®�ÑÒÑ�¼�Ê´Å�Ô�Õ�ÖF×ÙØÚ�çü�§Z§�§�æÈ·÷ý ¾²Á(À ¼²Ì¯ÆÇÀ´µ½Å#µ/Á(À´¾²Ê´°�µ½Å Ñ�¾îÏ�À´¾#úDµ/À´¾²Ã ¾�Ê µ+��µ½Á+ÆÕ¼�Ê
ÆÇÀ´µ ³Èµ½Åî®�Ã´±´¾�ÂÓÑ�µ½¾²ÊÕÁ½®�³#Á½±´Â�¾�ÆÎ®�¼²ÊÕ®�ÊAÆÇÀ´µ Ñ�¼ Ã´µ½Â�·�T Æ[	 ¾�Å�ÑÒµÎÊÎÆÎ®�¼�Ê´µ½ÃÕ®�Ê/Å#µ½Á+ÆÎ®�¼²ÊÕ¸²· ü
·�¸öÆÇÀ´¾
Æ
ÆÇÀ´µ�®�Ñ�¿´Â�µ½Ñ�µ½ÊÎÆÇ¾
ÆÇ®�¼�Ê ¼�Ì!¶ZV[n�Ûö¾�³ ®�ÅI¦÷Ê´¼
	AÊùÆÇ¼AÀ´¾îú�µ ¾Z��µ½Á+ÆÇµ½ÃAÆÎÀ´µ�Å?ÆÎ³#¾
ÆÇ¼²Å#¿´À´µ½³#®�Á ³Èµ½Å#®�Ã´±´¾�Â
Ñ�µ½¾²Ê Á½®�³ÈÁ½±´Â�¾�ÆÎ®�¼²Ê�� Ü�¹ZÜ ×�Ý
Ü g�ÝÈæÈ· þ Á½¼�ÑÒ¿´¾�³È®�Å#¼�ÊÕ¼�Ì ÆÇÀ´µKý}öþ}n ü��ùÃ´¾
ÆÇ¾ùÅ#µ+Æ*¾�Ê´ÃAÆÎÀ´µCýföþ}n
ü ��¿´Â�±´Å ÆÇÀ´µ�¼�¿�µ½³#¾
ÆÇ®�¼�Ê´¾�Â ¾²Ê´¾�ÂÿÏ!Å#µ½ÅçÃ´¾�ÆÎ¾ÒÅ#µ+Æ��l±´Åîµ½Ã4®�ÊÒÆÎÀ´µ*¿´³Èµ+ú!®�¼²±´ÅçÁ(À´¾²¿2ÆÇµ½³ÈÅt�0®�ÅöÅ#À´¼
	AÊ
®�Ê ÆÇÀ´µ�Ê´µ�X ÆùÅîµ½Á+ÆÎ®�¼²Ê´·

s¯qtÞ Í¨Â±w ßdy�zfÅ7ÈàÂ¯Æ Â±ÉáÌ�â�ãåä[À�s yJÆxÒ Ì2âæãåä[À�s ßxç7vxÈ
Â±ß¯Ë�zfy�Ã�ÅtÂ±ÆxyJç»yJÆdyJçt{èÈàË�È

ø�À´®�Å¯Å#µ½Á+ÆÇ®�¼²Ê Á½¼�ÑÒ¿´¾�³Èµ½Å�ÆÇÀ´µ ¸²¸ Ï�µ½¾²³#Å¯¼²ÌNýfçþfn ü �ö¿´Â�±´Å ¼²¿Óµ½³È¾�ÆÎ®�¼²Ê´¾�ÂÚ¾�Ê´¾²Â Ï!Å#µ½Å�ÜAV µ½Á½µ½ÑùÉÓµ½³
ü §�éZ¬�ê�¤�Á+ÆÎ¼�É�µ½³ ¸�¹²¹Dü
æ ±´Åîµ½Ãý®�ÊýÁ:À´¾�¿2ÆÎµ½³#Å � ¾²Ê´Ãý¶U	*® ÆÇÀ Ã´¾�ÆÎ¾ Ìô³#¼²ÑÏ\+±´Å�ÆÒÆÇÀ´µ7ý}öþ}n ü �
¿Óµ½³È®�¼ ÃýÜAV µ½Á½µ½ÑùÉÓµ½³ñü §�éZ¬�êD�µ½É´³#±´¾�³1Ï,ü §�§�¶²æ�®�Ê ¼²³#Ã´µ½³ ÆÎ¼ Å#µ½µ�®�ÌìÆÇÀ´µ ³#µ½Å#±´Â ÆÎÅ*¾²³#µ ¾Z��µ½Á+ÆÇµ½Ã
ÉÎÏÕÆÇÀ´µ�Á(À´¾²Ê´°�µ½Åç®�ÊÒÆÎÀ´µ*Ñ�¼ Ã´µ½Â ¾²Ì ÆÇµ½³¯ÆÎÀ´µTý}öþfn ü �Ò¿Óµ½³È®�¼ Ã´·

�®�°�±´³Èµ;�²· ü�Å#À´¼
	*Å ÆÇÀ´µ ³#µ½Å#®�Ã�±´¾²Â Ñ�µ½¾²ÊÒú�µ½³�ÆÎ®�Á½¾²ÂûúDµ½Â�¼ Á½® Æ&ÏF� g Ý � Ì ¼�³�Ü1¿´¾�Ê´µ½Â Ü1¾�æÈæ¯ÆÇÀ´µ ¸�¸
Ï�µ½¾�³ÈÅ�¼²Ì ÆÎÀ´µCýfªbm�³  ¾�Ê´¾²Â ÏÓÅî®�Å�Ã�¾
ÆÇ¾ù±´Å#µ½ÃÕ¾²Ê´Ã Ü�¿´¾²Ê´µ½Â�Ü�É´æÈæ0ÆÎÀ´µKý}öþ}n ü��ù¿�µ½³#®�¼ Ã´· ø À´µ
¿´Â�¼
ÆÇÅ�Ìô¼�³ ÆÎÀ´µ Æl	 ¼ÍÃ´¾
ÆÇ¾Í¿Óµ½³È®�¼ Ã´Å*¾²³#µ�ú�µ½³�Ï Åî®�Ñ�®�Â�¾²³�®�Ê °�µ½Ê´µ½³#¾²Â Å#À´¾�¿Óµ½·���µ½¾²³;§�¹ À�|¯¾Í®�Ê
ÆÇÀ´µ�ÆÇ³È¼�¿´®�Á½Å Ã´®���µ½³#µ½Ê´Á½µ½Å*¾²³#µ °�µ½Ê´µ½³È¾�Â�Â Ï Â�µ½Å#Å�ÆÇÀ´¾²Ê ü�¹�ë�·�T&Ê ¼
ÆÇÀ´µ½³�¾�³Èµ½¾�Å Ã´®���µ½³#µ½Ê´Á½µ½Å*¾²³#µ
°�³Èµ½¾�ÆÎµ½³t� µ½Å#¿Óµ½Á½®�¾�Â�Â Ï�®�Ê ÆÇÀ´µ*ÑÒ®�ÃenîÂ�¾�ÆÎ® ÆÎ±´Ã´µ½Åç¾�Ê´Ã4Ê´µ½¾²³�ÆÇÀ´µ*¿�¼�Â�µ½Å#·

�®�°�±´³Èµ¯��·�¸ ÅîÀ´¼
	*ÅAÆÇÀ´µ-¾�Ê´Ê÷±´¾�Â�Á+Ï!Á½Â�µ ®�Ê3¿�¼�ÆÇµ½ÊÎÆÎ®�¾�Â ÆÇµ½ÑÒ¿Óµ½³È¾�ÆÎ±´³#µ-¾�Ê´¼²Ñ�¾²Â ÏÔÜ�¿´¾²Ê´µ½Â
Ü�¾²æ#æ�¾²Ê´Ã�µ½¾�Á:À�¼²Ì0ÆÎÀ´µ ÆÇµ½³ÈÑ�Åù®�ÊÕÆÎÀ´µ�ÆÇÀ´µ½³ÈÑ�¼ Ã2Ï!Ê´¾²Ñ�®�Áßµ+�÷±´¾�ÆÎ®�¼�Ê�Ü�¿´¾²Ê´µ½ÂçÜ1É´æ#æ*¾îú�µ½³#¾²°�µ½Ã
¾�Á½³È¼�Å#Å�ÆÎÀ´µÒÂ�¾�ÆÎ® ÆÎ±´Ã´µ�É´¾�Ê´Ãè§�·�¬Z��� ÆÎ¼�§�·�¬���� ¾
Æc§�¹ À�|¯¾ÍÌô¼²³Kýfçþfn ü �²·Õ¯®�°�±´³#µ � ·��Õ®�Å ÆÇÀ´µ
µ+� ±´®ÿúû¾�Â�µ½ÊÇÆ Ìô¼²³!ÆÇÀ´µöµ½ÊÎÆÇ®�³#µö¸�¸�Ï�µ½¾�³ Ã´¾
ÆÇ¾�Å#µ+ÆÇ· ø À´µö³#µ½Å#±´ÂÿÆ ®�Å µ½Å#Å#µ½ÊÇÆÎ®�¾²Â�ÂÿÏ�ÆÇÀ´µöÅî¾²Ñ�µ�Ìô¼�³!ÆÎÀ´µ
Æl	 ¼ß¿Óµ½³#®�¼ Ã´Å}	A®ÿÆÇÀ Á:À�¾²Ê´°�µ½Å ®�Ê4¿Ó¼�ÆÎµ½ÊÎÆÇ®�¾²ÂDÆÎµ½Ñ�¿�µ½³#¾
ÆÇ±´³Èµù¼�ÌÓÆÎÀ´µùÅ#¾�ÑÒµùÑ�¾�°²Ê´® ÆÎ±´Ã´µù¾�ÆöÆÇÀ´µ
Å#¾�ÑÒµ�ÆÎ®�ÑÒµ�¼²Ì´Ï�µ½¾�³È·öø À´µ�¾²Ã´®�¾²É´¾�ÆÎ®�Á Á½¼ ¼�Â�®�Ê´° À´¾²Å�¾ Å#®�Ñ�®�Â�¾²³ Á+Ï!Á½Â�µ�®�Ê>ý}öþ}n ü��Z�Ó¾�ÂÿÆÇÀ´¼²±�°²À
	A®ÿÆÇÀ ¾4°²³#µ½¾�ÆÎµ½³*Ã´µ½ÁÎ³Èµ½¾�Å#µß®�Ê�Á½¼ ¼�Â�®�Ê´°4®�Ê��D� Å#±´Ñ�ÑÒµ½³#·Wì íì�î ³#µ½Å#¿Ó¼²Ê´Ã´Å�ÆÎ¼ ÆÇÀ´µß¾²Ã´®�¾²É´¾�ÆÎ®�ÁÁ½¼ ¼�Â�®�Ê´°ù¾�Ê´ÃAÆÎÀ´µ�Ã´®�¾�É´¾
ÆÇ®�Á À´µ½¾�ÆÎ®�Ê´° ³Èµ½Å#¿Ó¼²Ê´Ã�Å ÆÎ¼öÆÎÀ´µ Á:À´¾�Ê´°²µ�®�Ê ¿�¼�ÆÇµ½ÊÎÆÇ®�¾�ÂÚÆÇµ½ÑÒ¿Óµ½³È¾�ÆÎ±´³#µ+�
¾�ÂÿÆÇÀ´¼²±´°�ÀÍÃ´µ½Á½³#µ½¾²Åî®�Ê´°ß®ÿÆÇÅ�À´µ½¾�ÆÎ®�Ê´°�µ+��µ½ÁÈÆAÉÎÏ Â�µ½Å#Åç®�Ê���� Åî±´ÑÒÑ�µ½³È·

�®�°�±´³Èµ[��· � ÅîÀ´¼
	*ÅÓÆÇÀ´µ ¾�Ê´Ê÷±´¾�Â÷Á+Ï!Á½Â�µ�¼�Ì2ÆÎÀ´µlÆÎµÎ³ÈÑ�Å¯®�ÊçÆÇÀ´µ Ö½¼²Ê´¾�Â÷Ñ�¼²Ñ�µ½ÊÎÆÇ±´Ñ<µ+�÷±´¾�ÆÎ®�¼²Ê
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¯®�°²±´³#µ.��· ü�º gDÝAÌ ¼�³"V µ½Á½µ½ÑùÉ�µ½³ÕÜ�¾²æ*¸�¸ÒÏ�µ½¾�³ù¾#úDµ½³È¾�°²µ Ü�µ½ÊÎÆÇ®�³#µ�ý}ª�m.³  ¾�Ê´¾²Â Ï!Å#®�Å Ã´¾
ÆÇ¾
¿Óµ½³È®�¼ Ã´æ Ü�É´æ5ýföþ}n ü � ¿�µ½³#®�¼ Ã ¾îú�µ½³#¾²°�µ½· �´¼²Â�®�Ã Á½¼²ÊÇÆÎ¼�±´³ÈÅý®�Ê´Ã´®�Á½¾
ÆÇµ ¿Ó¼�Å#®ÿÆÇ®ÿú�µ úû¾�Â�±´µ½Å
Ü�Ã´µ½Å#Á½µ½ÊÎÆÇæ�� Ã´¾�Å#À´µ½ÃØÁ½¼�ÊÎÆÇ¼²±´³#Å�Ö½µ½³#¼ ¾�Ê´ÃÔÃ´¼
Æ#ÆÎµ½ÃóÁ½¼�ÊÎÆÇ¼²±´³#Å�Ê´µ½°�¾
ÆÇ®ÿú�µ Ü1¾�Å#Á½µ½ÊÎÆÇæÈ· ø À´µ
Á½¼�ÊÎÆÇ¼²±´³�®�ÊÎÆÇµ½³1úû¾�Âl®�Åö¹ÚÞ ¸k�*ü
¹ è,+ |¯¾ Å è�é ·
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Potential Temperature Anomaly (K)-
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Thermodynamic Equation (K dayS -1)
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V
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3\[]6_^]=@M>HK`aBb?c;>dQ=e;>dQ=IM>HK9gfQRA?Q4EHKBChi=IjgNO4E;GBC9E?
¯®�°²±´³#µx��·�¸�ºBm µ½¾�Ê ¾�Ê´Ê÷±´¾�Â Á+Ï!Á½Â�µ ¾îú�µ½³#¾²°�µ½Ã Ìô³#¼²Ñ §�·�¬���� ÆÎ¼Y§�·�¬���� ¾
Æh§²¹ À�|¯¾ ¼�ÌñÜ1¾�æ
ÆÇÀ´µ/¿�¼�ÆÎµ½ÊÇÆÎ®�¾²ÂlÆÇµ½ÑÒ¿Óµ½³È¾�ÆÎ±´³#µß¾²Ê´Ã Ü1É´æöÆÎÀ´µ*ÆÇµ½³ÈÑ�Å ®�Ê4ÆÎÀ´µ*ÆÇÀ´µ½³ÈÑ�¼ Ã2Ï!Ê´¾²Ñ�®�Á µ+� ±´¾
ÆÇ®�¼�Ê ¾
Æ
§�¹�À�|¯¾ Ìô¼²³lk}öþ}n ü �AÃ´¾
ÆÇ¾�·£T;ÊÄÜ1É´æ0ÆÎÀ´µ ÆÎµÎ³ÈÑ�Å�¾²³#µ ì íì�î Ü�Å#¼²Â�®�Ã/É�Â�¾�Á ¦ñÂ�®�Ê´µ½æt�nm oIpê ë ì íì ã Ü1Ã´¼�ÆÈÆÇµ½ÃÉ´Â�±´µÄÂ�®�Ê´µ½æt�qm g Ý7ì íì ` Ü1Ã´¾�Å#À´µ½Ã °�³Èµ½µ½Ê,Â�®�Ê´µ½æ�� r Ü1Ã´¾�Å#À´µ½Ã ¾�Ê´Ã Ã´¼�ÆÈÆÇµ½Ã ¼²³#¾�Ê´°²µ-Â�®�Ê´µ½æ ¾�Ê´Ã
m ìì ` o@s í s í<tê ë íIuwv g Ù ^ Ù Ü1Ã´¾�Å#À4¾²Ê´Ã ÆÎÀ´³#µ½µAÃ´¼
Æ#ÆÎµ½Ã4³Èµ½Ã4Â�®�Ê´µ½æ#·
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ÜGy²·�§²æ Ìô¼²³¯ÆÇÀ´µ Â�¾
ÆÇ®ÿÆÇ±´Ã´µ*É´¾²Ê´Ã¯§²·�¬ � �3ÆÇ¼%§²·�¬ � �Õ¾�Æ;§�¹ À�|¯¾²·ö¯®�°²±´³#µzy�· ü µÒ®�Å�ÆÎÀ´µ*µ+� ±´®ÿúû¾�Â�µ½ÊÇÆ
Ìô¼²³´ÆÇÀ´µ ¸²¸ Ï�µ½¾²³ Ã´¾
ÆÇ¾öÅ#µ+ÆÇ· þ�°�¾²®�ÊöÆÎÀ´µ ³Èµ½Åî±´ÂÿÆ�®�Å µ½Å#Å#µ½ÊÇÆÎ®�¾²Â�ÂÿÏ ÆÎÀ´µ Å#¾�ÑÒµ Ìô¼²³´ÆÇÀ´µlÆl	 ¼ç¿Óµ½³È®�¼ Ã´Å#·
ø�À´µ�¾�Ê´Ê÷±´¾�Â Á+Ï!Á½Â�µA®�Ê ×�Ý ®�ÅöÃ´³È® ú�µ½Ê4ÉÎÏ ÆÎÀ´µqkf|»~�±eX Ã´®ÿúDµ½³È°�µ½Ê´Á½µ½·�ø À´µ*³È¾�ÆÎµ�¼²ÌlÁ(À´¾²Ê´°�µ�¼�Ì
Ö½¼�Ê´¾²Â�	*®�Ê´Ã-À´¾²Å�¾ßÅ#µ½ÑÒ®onî¾²Ê´Ê ±´¾²Â Á+Ï!Á½Â�µ�	*À´®�Á:À Á½¼�ÊÎÆÇ³È®�É´±2ÆÎµ½Å ÆÎ¼ß¾²Ê´Ã-¼²¿´¿Ó¼�Å#µ½Å ÆÇÀ´µ*Ã´³#®ÿú!®�Ê´°
¼�Ì ×¹Ý�¾
Æ ÆÇÀ´µ�Åî¾²Ñ�µ�ÆÎ®�ÑÒµ½Åç¼�Ì�Ï�µ½¾�³�¾²ÅöÌô¼²³¯ÆÇÀ´µ�¸�¸ Ï�µ½¾�³�Ã´¾
ÆÇ¾ÒÅ#µ+ÆÎ·

Zonal Momentum Equation (ms-1)

Jan{ Feb| Mar Apr} May{ Jun~ Jul~ Aug~ Sep| Oct� Nov� Dec|  
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¯®�°²±´³#µx��·�y�º�m µ½¾²Ê ¾²Ê´Ê ±´¾²Â Á+Ï!Á½Â�µ ¼�Ì�ÆÎÀ´µñÆÇµ½³#ÑÒÅÍ®�Ê ÆÎÀ´µ Ö½¼²Ê´¾�ÂçÑ�¼�ÑÒµ½ÊÇÆÎ±´Ñ µ+� ±´¾�ÆÎ®�¼²Ê
Ã´® úÓ®�Ã´µ½Ã3ÉÎÏ �g��Ü�µ+� ±´¾
ÆÇ®�¼�Ê�y�·�§�æ ¾
Æ�§²¹ À�|¯¾ Ìô¼²³�k}öþ}n ü��ÄÃ´¾�ÆÎ¾Z��ÆÎµ½³#Ñ�Å ¾�Æ±§²·�¬ � � Ñ�®�Ê ±´Å
ÆÇµ½³ÈÑ�Å ¾�ÆU§�·�¬ � �´· ø À´®�Å ®�Å ÆÎÀ´µ/Ã´®���µ½³#µ½Ê´Á½µÕÉÓµ+Æl	 µ½µ½Ê ÆÎÀ´µ ÆÎµ½³#ÑÒÅÒ¾
Æ�§�·�¬ � � ¾²Ê�Ã²§²·�¬ � � ¾�Æ§�¹�À�|¯¾�· ø�À´µ�ÆÇµ½³ÈÑ�Å ¾²³#µ × Ý Ü�Å#¼²Â�®�ÃñÉ´Â�¾�Á ¦ÒÂ�®�Ê´µ½æt�/é�<� ì �ì�î Ü1Ã´¼�ÆÈÆÇµ½Ã�É´Â�±´µöÂ�®�Ê´µ½æ�� è � p��� ì �ì ` Ü�Ã´¾²ÅîÀ´µ½Ã°�³Èµ½µ½Ê Â�®�Ê´µ½æt� éêìë#í1ï;ð ã��l� �� � Ü�Ã´¾²Å#À/¾�Ê´ÃAÆÇÀ´³Èµ½µ Ã´¼�Æ#ÆÎµ½Ã/³#µ½Ã/Â�®�Ê´µ½æ ¾�Ê´Ã �� � Ü1Ã´¾�Å#À´µ½Ã/¾�Ê´Ã/Ã´¼
Æ#ÆÎµ½Ã¼�³È¾�Ê´°²µ*Â�®�Ê´µ½æÈ·

ø�À´µ½Å#µ¢�´°�±´³#µ½Å Å#À´¼
	 ÆÎÀ´¾�ÆAÆÇÀ´µ½³#µßÀ´¾#úDµ ÉÓµ½µ½Ê Å#Ñ�¾²Â�Â Á(À´¾²Ê´°�µ½Å ®�Ê4ÆÎÀ´µß³#µ½Å#®�Ã´±´¾²Â ÑÒµÎ¾²Ê
Á½®�³ÈÁ½±´Â�¾
ÆÇ®�¼�Ê É�µ+Æl	 µ½µ½Ê ÆÎÀ´µ�k}öþ}n ü��Í¾�Ê´Ã�Å#±´É´Å#µ+� ±´µ½ÊÎÆÍ¼�¿�µ½³#¾
ÆÇ®�¼�Ê´¾�Â ¾²Ê´¾�ÂÿÏ!Å#µ½Å�	*À´®�Á:À¯	A®�Â�Â
À´¾îú�µ�¾���µ½Á+ÆÇµ½Ã/Ñ�¼ Ã´µ½ÂÓÉ�¾²Â�¾²Ê´Á½µ½·���¼
	 µ+ú�µ½³¯ÆÇÀ´µ Á:À´¾�Ê´°²µ½Å À´¾îú�µ Ê´¼�Æ ¾Z��µ½Á+ÆÇµ½ÃùÆÎÀ´µ�³#µ½Å#±´Â ÆÎÅ ¼²Ì
ÆÇÀ´®�Åç³#µ½Å#µ½¾²³#Á:À´·
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Òdy�Ã�y
°�µ½Á½¾²±�Å#µ0ÆÎÀ´µ�k}ª�m.³ 4Ã´¾�ÆÎ¾öÅ#µ+Æ�À´¾²Å0ÉÓµ½µ½Êù¿´³È¼ Ã´±´Á½µ½ÃùÉÇÏ�¾�Å#Å#®�ÑÒ®�Â�¾�ÆÎ®�Ê´°çÑ�®�X!µ½Ã ³#µ½Å#¼²Â�±2ÆÎ®�¼²Ê��
±´Ê´µ+ú�µ½Ê´Â Ï Å#¿´¾�Á½µ½Ã�� ¼�É´Å#µ½³1úû¾�ÆÎ®�¼²Ê´¾�Â!Ã´¾
ÆÇ¾ù®�ÊÎÆÇ¼ù¾ Ñ�¼ Ã´µ½Â�¾�Ê´Ã ±´Å#®�Ê´°çÆÇÀ´µ Ñ�¼ Ã´µ½Â ÆÎ¼ ¿´³È¼ Ã´±�Á½µ
Ã´¾�ÆÎ¾ç¼�Êù¾ç³#µ½°²±´Â�¾²³ °²³#®�ÃçÆÇÀ´µ Ã´¾
ÆÇ¾f	A®�Â�Â Ê´¼�Æ Ê´µ½Á½µ½Å#Å#¾�³È®�Â Ï ³Èµ½¿´³#µ½Å#µ½ÊÎÆ�¾�É´¾²Â�¾²Ê´Á½µ½Ã Å�ÆÇ¾
ÆÇµ ¼�Ì ÆÎÀ´µ
¾�ÆÎÑ�¼²Å#¿´À´µ½³#µ½· ø�À´µ½³Èµ ®�Å ¾/Â�¾�³È°�µöúû¾²³#®�¾�ÆÎ®�¼²Ê ®�ÊñÆÇÀ´µ ¾²Á½Á½±´³#¾²Á+Ï ¾�Ê´ÃñÆ&Ï!¿�µ½Å�¼�Ì�¼�É´Å#µ½³�ú ¾�ÆÎ®�¼²Ê´Å
®�Ê Ã´®���µ½³#µ½ÊÎÆ-³#µ½°²®�¼²Ê´Å�¾�Ê´ÃÄÆÇÀ´®�ÅÒ®�Å�Ê´¼
ÆÍ¼�ÉÎú!®�¼�±´Åñ®�Ê ÆÇÀ´µÕ¾�Ê´¾²Â Ï!Å#µ½Ã Ã´¾�ÆÎ¾�·�m ¼ Ã´µ½Â É´®�¾�Å#µ½Å
Ñ�¾#Ï Ã´¼²Ñ�®�Ê�¾
ÆÇµ�úû¾�³È®�¾²É´Â�µ½Å 	AÀ´®�Á:À4À´¾îú�µ�Ê´¼�Æ*É�µ½µÎÊÍÃ´®�³Èµ½Á+ÆÇÂÿÏ ¼²É´Å#µ½³�ú�µ½Ã´·�ø À�µ�Ñ�¼ Ã´µ½ÂìÌô¼²³#Á½µ½Å
ÆÇÀ´µßúû¾²³#®�¾�É´Â�µ½Å�	A®ÿÆÇÀ´®�Ê ®ÿÆ ÆÇ¼
	 ¾²³#Ã´ÅùÆÇÀ´µßúû¾�Â�±´µ½Å�	*À´®�Á:ÀY	 ¼�±´Â�Ã °²® ú�µ ¾ É´¾�Â�¾�Ê´Á½µ½Ã,Ñ�¼ Ã´µ½Â
Å#®�Ñù±´Â�¾�ÆÎ®�¼²Ê���ÆÇÀ÷±´Å ÆÇÀ´µ*³#µ½Å#±´Â Æ Ñ�¾îÏ Ê´¼�ÆùÉÓµ�ÆÎÀ´µAÅ#¾�ÑÒµA¾�Åçµ½®ÿÆÇÀ´µ½³ç¾�É´¾�Â�¾�Ê´Á½µ½Ã ¾�ÆÎÑ�¼²Å#¿´À´µ½³#µ
¼�³*¾4É´¾�Â�¾�Ê´Á½µ½Ã ÑÒ¼ Ã´µ½Â�� É´±2ÆßÅ#¼�Ñ�µ�	*À´µ½³#µ/®�Ê�ÉÓµ+Æl	 µ½µ½Ê´· þ�ÅùÑ�µ½ÊÎÆÇ®�¼�Ê´µ½Ã ®�ÊÍÆÎÀ´µñ¿´³Èµ+ú!®�¼²±´Å
Å#µ½Á+ÆÇ®�¼�Ê-ÆÇÀ´µ�³#µ½Å#®�Ã´±´¾²Â Ñ�µ½¾²Ê�Á½®�³#Á½±´Â�¾
ÆÇ®�¼�Ê À´¾²Åù¾�Â�Åî¼4Á:À´¾�Ê´°�µ½Ã Å#Â�®�°²ÀÇÆÎÂ Ï3É�µ+Æl	 µ½µ½Ê�kföþ}n ü �
¾�Ê´Ã ÆÎÀ´µ-¼�¿�µ½³#¾
ÆÇ®�¼�Ê´¾�Âö¾�Ê´¾²Â ÏÓÅîµ½Å#· T>Æ ®�Åß¿Ó¼²Å#Å#®�É´Â�µñÆÎÀ´¾�ÆñÆÇÀ´µ-³ÈµÎÅ#®�Ã´±´¾�Â�ÑÒµ½¾�Ê�Á½®�³#Á½±´Â�¾�ÆÎ®�¼²Ê
®�ÊÕÆÇÀ´µñ¾²Ê´¾�ÂÿÏ!Å#®�ÅJ�´µ½Â�Ã´ÅùÌô³È¼�Ñ ÆÎÀ´µ�k}ªbm�³  Ñ�¼ Ã´µ½Â ®�ÅAÊ´¼�ÆßÅ#µ½Â�ÌinîÁ½¼�Ê´Å#®�Å�ÆÎµ½ÊÇÆÕ¼²³�É´¾�Â�¾�Ê´Á½µ½Ã
Å#±´Á(ÀùÆÎÀ´¾�Æ ÆÇÀ´µ½³Èµ ÑÒ¾îÏ-É�µ µ�X÷ÆÇ³È¾J�´Á+ÆÎ® ÆÎ®�¼²±´Å¯ÆÎµ½³#ÑÒÅ�®�ÊAÆÇÀ´µ�ø�k}mËµ+� ±´¾�ÆÎ®�¼²Ê´Å#·�kf� ±´¾�ÆÎ®�¼²Ê¢��· ü
®�Â�Â�±´Å�ÆÎ³#¾
ÆÇµ½Å ÆÎÀ´µ*¿Ó¼²Å#Åî®�É´®�Â�® Æ&Ï ¼�Ì0¾�ÊÕ¾�Ã´Ã´µ½ÃÒÆÇµ½³#Ñ � ®�ÊÒÆÇÀ´µ�Ö½¼�Ê´¾²Â Ñ�¼²Ñ�µ½ÊÎÆÇ±´Ñ)µ+� ±´¾�ÆÎ®�¼²Ê��

� Û
�F��� × Ý   m ü

¡£¢!Á½¼�Å¥¤
�
� ¤ Ü ÛAÁ½¼²Å¦¤�æ m g Ý � Û�F§ v

ü
¡K¢!Á½¼²Å¦¤ ÝñÞ 3 v ¨©v ��Þ ÜA�²· ü
æ

ø�À´®�Å ÆÎµ½³#Ñ%� �D��³#µ½¿´³Èµ½Åîµ½ÊÎÆÇÅ ¾A¿Óµ½³�ÆÎ±´³#É´¾
ÆÇ®�¼�Ê/Ã´±´µ ÆÎ¼öÆÎÀ´µ�¾�Ê´¾�ÂÿÏ!Å#®�Å�Å#Á:À´µ½Ñ�µ ¾�Ê´Ã/®ÿÆ ÑÒ¾îÏ
¿´³#¼#ú!®�Ã´µAÅ#¼²Ñ�µ ¼�Ì�ÆÇÀ´µ Ã´³#®ÿú!®�Ê´°Ò¼�Ì�ÆÇÀ´µ ³#µ½Å#®�Ã´±´¾�Â Ñ�µ½¾²ÊÍÁ½®�³#Á½±´Â�¾�ÆÎ®�¼²Ê4®�Ê ÆÎÀ´µ�¾²Ê´¾�ÂÿÏ!Å#®�Å��´µ½Â�Ã´Å#·
ø�À÷±´Å ÆÇÀ´µ�³#µ½Å#®�Ã´±´¾²Âcª ¨¬« ®�Ê4Á:À´¾�¿2ÆÎµ½³#Åç¸ ÆÎ¼Ò¶�	A®�Â�Â ¾²Á+ÆÇ±´¾�Â�Â Ï ÉÓµ�³#µ½¿´³Èµ½Åîµ½ÊÎÆÇ®�Ê´° ¨v �ç·
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Á½¼�Ê´Ã´®ÿÆÇ®�¼�Ê´Å Å#À´¼�±´Â�Ã ÉÓµù®�Ê ¾ñÉ´¾�Â�¾�Ê´Á½µ½Ã Å�ÆÎ¾�ÆÎµ+� Å#±´Á(ÀßÆÎÀ´¾�ÆçÆÇÀ´µA³Èµ½Åî®�Ã´±´¾�Â Ñ�µ½¾²ÊÄÁ½®�³#Á½±´Â�¾�ÆÎ®�¼²Ê
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Å#À´¼�±´Â�Ã-°�®ÿú�µA¾�É´¾�Â�¾�Ê´Á½µ½Ã4Ã´¾
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¼�±2ÆÎ¿´±2Æ�Ã´®�¾�°²Ê�¼²Å�ÆÇ®�Á½Å ¾îú ¾�®�Â�¾²É´Â�µ'	AÀ´®�Á(À�	 ¼�±´Â�Ã ÉÓµ ±´Å#µ½Ìô±´ÂûÌô¼²³�ÆÎÀ´µ�³#µ½Å#µ½¾�³ÈÁ(ÀÒÁ½¾�Ê É�µ Å#µ½Â�µ½Á+ÆÇµ½Ã´·
V ®�¾²°�Ê´¼�Å�ÆÎ®�Á½Å µ�X!¿Óµ½Á+ÆÎµ½ÃÍÆÇ¼/°�® ú�µÒÑ�¼²³#µ ®�Ê´Ìô¼²³#ÑÒ¾�ÆÎ®�¼²Ê ¾²ÉÓ¼²±2Æ ¨ ¾�Ê´Ã r�	 µ½³#µÒÅîµ½Â�µ½Á+ÆÇµ½Ã Ìô¼�³
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±³²_´�µ·¶¹¸_´gº¹»_¼�´g¸·½�¼¿¾A²_´ ´ � m ´@¾ ¤ÁÀ·Â ´ ´cÃ ½ÅÄ_´g¸ÇÆ�¶¹¸_´gºÅÈ_ÉËÊÌ¸_ÍcÆ y·ÎÐÏ »_º�ºÅ´ Ã ÈÒÑEÓÌÓ yÌÔÖÕ ¶Ì×¦´
Ô�Õ�ÖF×ÙØ ÈlØ,ÙÌÙ:Ñ�ÚIÛÜ±³²_½�¼Ý½Å¼ÝÊ�Þ Ï Æàßq²_½ Â ²á²_ÊÌ¼ãân´g´ Ã ¸_´@ä:´gº�¶Ì×n´g¸¬åæ¶,çK¾è²_´�¸_»_Ê,º�×_»_çI×n¶,¼é´·¶Ìå
Â ºÅ½�µ·ÊE¾è´qµ·¶¹¸_´gºÅº�½ Ã_ê Ê Ã ¸ëßì´gÊ�¾A²_´gç³åæ¶ÌçI´ Â ÊÌ¼G¾A½ Ã_ê Û

Þq´ Ã ´gç�Ê,º Â ½Åç Â »_ºÅÊE¾è½Å¶ Ã µ·¶¹¸_´gºÅ¼�Ê,ç�´ Â ¶,µ·×_º�½ Â Ê�¾A´g¸·¾A²_ç�´g´@íé¸_½Åµë´ Ã ¼�½Å¶ Ã ÊÌº Ã »_µë´gç�½ Â ÊÌºaµë¶8¸Lí
´gºÅ¼³â_ÊÌ¼�´g¸�¶ Ã ¼é´@¾A¼�¶,åÒ´gî¹»_Ê�¾A½Å¶ Ã ¼eßã²_½ Â ² ê ¶éä:´gç Ã ¾è²_´£¾A½Åµ·´Á´@ä:¶Ìº�»L¾è½Å¶ Ã ¶Ìå_¾A²:´zÊE¾èµ·¶,¼�×_²_´gç�´gÛ
±³²_´z×_ç�½�µ·½ï¾è½ïä:´q´gî¹»_ÊE¾è½�¶ Ã ¼�Ê,ç�´ì»_¼�´g¸_Û�±�²_´g¼�´qÊÌçI´�¾è²_´ìµ·¶,µ·´ Ã ¾è»_µëÈaµ·Ê,¼é¼ Â ¶ Ã ¾è½ Ã »_½ï¾ñðòÊ Ã ¸
¾è²_´gçIµ·¶¹¸Lð Ã Ê,µ·½ Â ´gî¹»_Ê�¾A½Å¶ Ã ¼�Û�±ó¶Ü¼�¶,ºôä:´q¾è²_´g¼�´�´gîÖ»_Ê�¾A½Å¶ Ã ¼ Ã »_µ·´gçI½ Â Ê,ºÅºïðõ½ Ã Ê�çI´gÊÌ¼�¶ Ã ÊÌâ_ºÅ´
ºÅ´ Ã_ê ¾è²ö¶ÌåK¾A½Åµë´÷ßq½ô¾A²¬¾A²_´ Â ¶,µ·×_»L¾A´gçøç�´g¼�¶,»_ç Â ´g¼ Â »_ç�çI´ Ã ¾AºôðùÊéä]Ê,½Åº�ÊÌâ_º�´úÊ,×_×_ç�¶éû¿½�µ·ÊE¾è½�¶ Ã ¼
Ê Ã ¸�ÊÌ¼�¼�»_µë×L¾è½Å¶ Ã ¼·Ê,ç�´øµ·Ê,¸_´gÛwÆ�¶Ì¼G¾�Þ Ï Æü¼ë»_¼é´Ý¾A²_´ý²Að¿¸_ç�¶,¼G¾èÊE¾è½ Â åæ¶,ç�µà¶,åi¾è²_´ø×_ç�½�µzí
½ô¾A½ôä:´þ´gîÖ»_Ê�¾A½Å¶ Ã ¼�È�´gî¹»_Ê�¾A½Å¶ Ã ¼�ØÌÛ�Ø ê ½ôä:´ Ã ½ ÃwÂ ²_ÊÌ×L¾è´gçëØ,Ûõ±�²_´A¼�´þ´gîÖ»_Ê�¾A½Å¶ Ã ¼·ÊÌ¼�¼�»_µ·´ë¾A²_Ê�¾
ä:´gçG¾A½ Â Ê,ºKÊ ÂgÂ ´gº�´gç�ÊE¾è½�¶ Ã ¼ëÊ,ç�´÷¼�µ·Ê,ºÅº�Ê Ã ¸Ü¾è²_ÊE¾Ýä:´gçG¾A½ Â Ê,ºKºÅ´ Ã_ê ¾è²¬¼ Â ÊÌº�´g¼ëÊ,ç�´÷µÝ» Â ²�¼�µ·Ê,ºÅº�´gç
¾è²_Ê Ã ²_¶,ç�½�ÿg¶ Ã ¾èÊ,º�º�´ Ã_ê ¾A²w¼ Â ÊÌº�´g¼ Î ¾A²_´ ª ¼�²_Ê,ºÅº�¶éß³íéÊE¾èµë¶Ì¼�×_²_´gç�´ « ÊÌ×_×_çI¶éû¿½ÅµëÊ�¾A½Å¶ Ã Ú�Û��_¶Ìµ·´
¾è´gçIµ·¼zÊÌçI´ Ã ´ ê ºÅ´ Â ¾A´g¸ò½ Ã_Â ºÅ»_¸_½ Ã:ê ¾è²_´ Ï ¶ÌçI½Å¶,ºÅ½�¼�¾è´gç�µë¼Á½ Ã ä:¶,ºôä¿½ Ã_ê Ø�� Â ¶,¼ ¤ åæç�¶,µ ¾A²:´�µë¶�í
µ·´ Ã ¾è»_µ ´gî¹»_ÊE¾è½�¶ Ã ÛõÉË¶éßì´@ä:´gç�� ²_½ô¾A´�Ê Ã ¸��KçI¶ÌµëºÅ´@ð Î ÑEÓÌÓ	�ÌÚã¼é²_¶�ßì´g¸ ¾è²_ÊE¾�¾è²_½�¼·º�Ê�¾I¾è´gç
ÊÌ×_×_çI¶éû¿½�µ·ÊE¾è½�¶ Ã ½Å¼ Ã ¶�¾¬ÊÌºïßìÊéð¿¼÷ä8ÊÌºÅ½�¸_È�´g¼�×¦´ Â ½ÅÊ,ºÅºôð ½ Ã ¼>ð Ã ¶Ì×L¾è½ Â íé¼ Â ÊÌº�´�µë¶�¾A½Å¶ Ã ¼ü½ Ã ¾è²_´
¾èçI¶Ì×_½ Â ÊÌº�ÊE¾èµë¶Ì¼�×_²_´gç�´gÛ³±�²_´@ð ×_çI¶8¸_» Â ´g¸ýÊë¼�´@¾q¶ÌåÒ´gîÖ»_Ê�¾è½�¶ Ã ¼Pßã²_½ Â ²�½ Ã_Â º�»_¸_´�¾è²_´ Ï ¶,ç�½�¶Ìº�½Å¼
¾è´gçIµ·¼c½ Ã ä:¶,ºôä¿½ Ã_ê Ø	� Â ¶Ì¼ ¤ Ê Ã ¸ëßq²_½ Â ²�¼G¾è½�ºÅº Â ¶ Ã ¼�´gçÐä¥´�´ Ã ´gç ê ðFÈóÊ Ã_ê »_º�ÊÌç³µ·¶,µ·´ Ã ¾è»_µÊ Ã ¸
×n¶E¾è´ Ã ¾è½�ÊÌº]ä:¶ÌçÐ¾è½ Â ½ô¾ñðFÛ
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¸_çGð ÊÌ½�ç�Û

µ Ã ´gîÖ»:ÊE¾è½�¶ Ã ¼��ÌÛg�ÌÊ�Ê Ã ¸¶�,Û*�,â·¾A²_´ Ï ¶ÌçI½Å¶,ºÅ½�¼�¾A´gç�µëÈPØ	� \] Â ¶Ì¼3�nÈó½Å¼c½ Ã:Â º�»_¸_´g¸_Ènßã½ï¾è²�¾A²_´
¼�µ·Ê,ºÅº�´gçc¾è´gçIµ·¼ ��ÒÓW�Ô Ê Ã ¸ ��ÒÓWDÔ ½ Ã_Â ºÅ»_¸_´g¸�åæ¶Ìç Â ¶ Ã ¼�´gçGä8Ê�¾A½Å¶ Ã Î � ²_½ô¾è´÷Ê Ã ¸Î�Kç�¶,µ·º�´@ð¿ÈÁÑ�Ó,Ó��,Ú�Û
±³²_´¸bqØ�� � Â ¶Ì¼3�ý¾A´gç�µ ½�¼ÁçI´@¾èÊ,½ Ã ´g¸ú½ Ã �á¾A¶ Â ¶ Ã ¼�´gçÐä¥´ë´ Ã ´gç ê ðüßq²_´ Ã ¾A²_´ Ï ¶ÌçI½Å¶,ºÅ½�¼K¾A´gç�µ
½Å¼ìçI´@¾èÊ,½ Ã ´g¸_Û�±³²_´�º�ÊÌ¼G¾ì¾A´gç�µë¼z¶ Ã ¾è²_´Ýº�´gåC¾ë²_Ê Ã ¸�¼�½�¸_´Ç¶,å¿¾A²_´g¼é´Ç´gî¹»_ÊE¾è½�¶ Ã ¼�Èi½ Ã ä:¶Ìºïä¿½ Ã_ê�Õ SÕ×ÖÊ Ã ¸ Õ SÕÙØ ÈaÊ,ç�´z¸_»_´³¾è¶ì¾A²_´q»_¼�´q¶,å:¾è²_´Ú+øä:´gçÐ¾è½ Â ÊÌº Â ¶¹¶ÌçI¸_½ Ã ÊE¾è´Áç�Ê�¾A²_´gçi¾è²_Ê Ã ×_çI´g¼é¼�»_çI´gÛ


������Û � ��������!�#Ú�6��Ü7Ýy� �6!Þ��#
ßà_´r&ËÆ ßìÊÌ¼ã»_¼�´g¸á½ Ã ¾Gà_´·¼�´@¾Iíé»_×þßaà_½ Â àþßìÊ,¼ã¸_´A¼�½ êÌÃ ´g¸áåæ¶,çK¾Gà_´�ÍP¾Aµ·¶,¼é×Jà_´gçI½ Â Æ�¶¹¸_´gº
µñÃ ¾A´gçGí Â ¶,µ·×_Ê,ç�½�¼é¶ ÃáÕ çI¶�á@´ Â ¾ Î ÍcÆ µ Õ Úã¼�´ Â ¶ Ã ¸á×Jà_ÊÌ¼�´ Î ÍcÆ µ Õ í µDµ Ú�Û ÍcÆ µñÕ ½�¼qÊ Ã ¶ Ã_ê ¶Ì½ Ã_ê
½ Ã ¾A´gç Ã Ê�¾A½Å¶ Ã ÊÌºó×_ç�¶�á ´ Â ¾ì¾è¶ Â ¶Ìµë×_ÊÌçI´ÇÊE¾èµë¶Ì¼�×Jà_´gçI½ Â µ·¶¹¸_´gº�¼zÊ Ã ¸ú¸_´@¾A´gç�µë½ Ã ´�Ê Ã ðá¼Gð¿¼G¾è´gµìí
Ê�¾A½ Â ´gçIç�¶,ç�¼£» Ã ¸_´gç£ÊÝ¼�´@¾z¶,å�çI´gÊÌº�½Å¼G¾è½ Â Ê Ã ¸ Ã ´gÊ,ç�ºïð�½Å¸_´ Ã ¾è½ Â Ê,º Â ¶ Ã ¸_½ô¾A½Å¶ Ã ¼£Ê Ã ¸÷åæ¶Ìça¾<à_´c¼éÊ,µ·´
¾è½�µ·´ø×n´gçI½Å¶¹¸_ÛÎßÚà_´øâ_Ê ÂÙ·Öê çI¶Ì» Ã ¸�Ê Ã ¸¬åæ¶ÌçIµÝ»_ºÅÊE¾è½�¶ Ã ¶,å�ÍcÆ µñÕ í µ ½�¼�¸_´g¼ Â çI½Åâ¦´g¸�½ Ã ÞÁÊ�¾A´g¼
Î ÑEÓÌÓ,ØÌÚIÛ ßà_´�µë¶8¸_´gºFçI´g¼�»_ºô¾è¼óå ¶ÌçaÍËÆ µñÕ í µ ßì´gç�´ Â ¶,µ·×_Ê,ç�´g¸³ßq½ô¾<àãÊ�¼�»_â_¼�´@¾K¶,åè¾Gà_´7H Ï Æ��ãâ
H7ä�ÍlíQÑ×�zçI´@íéÊ Ã Ê,ºôð¿¼�½�¼ ¸_Ê�¾AÊ Î ¼é´g´�ÞqÊE¾è´g¼ :G;�=5>³?¥Î Ñ�Ó,ÓÌÓ,Ú�Úó¼�¶£¾Gà_ÊE¾i¾<à_´�çI´gºÅÊE¾è½ïä:´�ân´Là_Êéä¿½�¶Ì»_çI¼ ¶,å
µ·¶¹¸_´gº�¼cÊ Ã ¸ÜçI´@íéÊ Ã Ê,ºôð¿¼�½�¼z¸_ÊE¾èÊ·½Å¼lßì´gº�º ·¹Ã ¶�ß Ã ÛÁÍcÆ µ Õ í µDµ ½Å¼cÊ Â ¶ Ã ¾è½ Ã »_ÊE¾è½�¶ Ã ¶,åiÍcÆ µñÕ í µ
â_»L¾ ßã½ï¾Gà·Ê Ã ½Åµë×_ç�¶éä:´g¸÷´@û¿×n´gçI½Åµë´ Ã ¾AÊÌº¥¸_´g¼�½ ê,Ã Ê Ã ¸zßã½ï¾Gà·ÊKßã½�¸_´gçlçIÊ Ã_ê ´�¶,åFä]ÊÌçI½ÅÊ,â_ºÅ´g¼lÊ Ã ¸
×_ç�¶ Â ´g¼�¼�´g¼i» Ã ¸_´gçó½ Ã ä:´g¼G¾è½ ê Ê�¾A½Å¶ Ã ÊÌ¼¥ßì´gº�º8Ê,¼óÊ Ã ½ Ã ä:´g¼G¾è½ ê ÊE¾è½�¶ Ã ½ Ã ¾A¶�à_¶éß¬¾Gà_´lÍcÆ µ Õ µ·¶¹¸_´gºÅ¼
à_Êéä:´�½�µ·×_ç�¶éä:´g¸_Û µ ¾�½�¼q´@û¿×n´ Â ¾A´g¸þ¾Gà_ÊE¾�ÍcÆ µ Õ í µDµ ßã½�ºÅºeâ¦´ Â ¶Ìµë´�Ê�ân´ Ã_Â à_µëÊÌç · çI´gåæ´gç�´ Ã_Â ´
åæ¶,çÝÊE¾èµë¶Ì¼�×Jà_´gç�½ Â µ·¶¹¸_´gºÅ¼�Û|�K´ Â Ê,»_¼�´Ý¾<à_´ ÍcÆ µñÕ í µDµ µ·¶¹¸_´gº�¼�´@¾Iíé»_×á½Å¼�ßì´gºÅº�¸_´gÄ Ã ´g¸�Ê Ã ¸
» Ã ¸_´gç�¼G¾A¶¹¶8¸ü½ Ã ¾<à_´ÝÊ�¾Aµ·¶,¼�×yà_´gçI½ ÂÇÂ ¶ÌµëµÝ» Ã ½ô¾ñð¬Ê Ã ¸÷ßq½Åº�ºóº�Ê�¾A´gçìân´ÝçI½ ê ¶ÌçI¶Ì»_¼�ºôð Â ¶,µ·×_Ê,ç�´g¸
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ßã½ï¾Gà�ÊËçIÊ Ã_ê�æ7ç å ç ¾Gà æ ç ÊE¾Gè ç	é ×Jà æ ç�½ Â è ç"êJæLë*é Ê ÃJê ç æ íéÊ Ã Ê ë ð éÌìgéíê ÊïîAÊÌÈ éDðJñ àÇÊ é î<à æ H7ä�ÍlíÌ�,Ù
×_ç ç á æLñ îAÈ ì î ì*é Ê ê	ç"ç"êòéDæ îIí ð ×jî ç¸ðJéDæ å ç çíî<à ì*é ç æLéDæ ÊÌç ñ à_Û

ßà æ â_Ê éDì*ñ éÌæ îIí ð × ç åMî<à æ & ÃJì Ä æLê Æ ç"êJæLë å ç çaÍËÆ µñÕ í µDµXì*é�êJæLéÌñ ç ì â æLê'ìÅÃ ÍcÆ µñÕ &�óÁÆõô
êJç"ñLð è ægÃ îèÊ×î ìgçÌÃöÎ ØÌÙ,ÙÌØÌÚIÈ Ê ë îGà ç	ð:ê à ·	æ ðõ× ç�ì�Ã î é ß ì*ëgë â æ ç æ × æ Ê×î æLê à æ ç æ Û(ßà æ è ç6êJæLë ìgé
ÉcÊ ê ÍcÆõ@þä æ ç éDìgçÌÃ �,Û*�,Ûcßà ìgé ç æLéDæ ÊÌç ñ à ðJéDæLé îGà æ î<à ì ç�îñð ë*æ ä æLë ä æ ç éDì*ç,Ãöç å îGà æ è ç6êJæLë È
ç�Ê×îGà æ ç îGà_Ê Ã îGà æÝÃJì�ÃJæ î æLægÃ¶ë*æ ä æLë ä æ ç éDì*ç,ÃÉêJæLéDñ ç ì â æLê¶ì�Ã ÍcÆ µ Õ &�óÁÆõô êJç6ñLð è ægÃ îAÊïî ì*ç,Ã
Î Ø,ÙÌÙ,ØÌÚIÛÚ÷ ì ) æ ç ægÃ î êJì Ê êÌÃJç�é î ì*ñLé î ç îGà æ�é îèÊ ÃJê Ê,ç ê ÍcÆ µñÕ í µDµ�êJì Ê ê,ÃJç�é î ì*ñºç	ð îè× ð îqÊ,ç æ�ðJéÌæLê
å ç ç,îGà ìgé ç æLéDæ ÊÌç ñ à:È Ê ë îGà ç	ð_ê à´îGà æaé îAÊ ÃJê Ê,ç ê ÍËÆ µñÕ í µDµVêJì Ê êÌÃJç	é î ìgñ<é ÊÌç æ Êéä]Ê ì*ë ÊÌâ ë*æ åæç ç è Ê
×_ÊÌçIÊ ëgë*æLë¼ì�Ã î ægê çIÊïî ì*ç,Ã Û

ßà æ è ç"êyæLë ðJéDæLé Êþç ægê�ðJë ÊÌç ê ç ì*ê íé× ç�ì�Ã î�à ç ç ì ÿ ç,Ã îAÊ ë Ã}ð è æ ç ì*ñ Ê ë ç æ ×_ç æLéDægÃ îAÊïî ì*ç,Ã ÈlîGà æ
ÍcçIÊ · ÊéßcÊ é îAÊ ê,ê�æ ç æLê AÇ�QC ê ç ì*ê ÛQßÚà æ à ç ç ì ÿ ç,Ã îAÊ ë ç æLéÌç	ë*ð î ì*ç,Ãrì*é Ê ë*ç,Ã_ê�ì î ðJêJæ í ë Ê×î ì î ðJêJæ³ê ç ì*ê
ç åeÓ�¿÷âAð²Ã�@ ê ç ì*ê × ç	ìÅÃ î é È ç çcØÌÛg�}øcâèð²@,Û*Ã	�}øIÛjßÚà ì*é�ìgé ÊÌâ ç	ð î��:ÑïÃ · è âèð¬Ø	Ã�Í · è Êïî¾îGà æ
æ î ð Ê×î ç çqÊ ÃJê Ê,â ç	ð î·ØÌÓ	� · è âAðwØ	Ã�Í · è Ê×î¸����ø ç å ë Ê×î ì î ðJêJæ Û µ î ì*éºñLç è·×_Ê,ç�Ê,â ëgæ î ç îGà æ
ß�,Ø é × æLñ îèç�Ê ë ç æLéDç�ëgð î ìgçÌÃ Ûùßà ìgé.ìgé îñß ìgñLæ Ê érñLç Ê,ç éDæ Ê é îGà æ H Ï Ær�ãâ Ê Ã Ê ë ð éDìgé�ê Ê×îèÊ
ðJéDæLê Ûrßà æ ç æ Ê,ç æ îGà ì çeîñðúàAð¿â_ç ìgêBð_ÃJæ ä ægÃJë ð é ×_Ê ñLæLê è ç"êJæLë,ë*æ ä æLëgéºìÅÃ îGà æ ä æ çeî ì*ñ Ê ë È åæç ç è
îGà æºéÌð çIåæÊ ñLæ î ç �ûà Õ Ê,Û�ßà æ î ç ×jîGà_ç æLæaë*æ ä æLëgé ÊÌç æ × ð ç æ ×_ç æLéDéDð ç æ'ë*æ ä æLëgé È9îGà æaëgç ß æLé îÇÄLä æ
ë*æ ä æLëgé Ê,ç æ ÊÌç æ±éDìÅê è·Ê ë*æ ä æLë*é Û�ßÚà æ ä æ çeî ìgñ Ê ë ç æLéDç	ë*ð î ì*ç,Ã�ìÅÃ î<à æ îèç ç × ç�é ×Jà æ ç æwì*é Ê,â ç�ð î
Ø · èëÛßà æ ä æ çeî ì*ñ Ê ë ç æLéDç	ë*ð î ìgçÌÃ.ç å©îGà æ è ç6êJæLë9ì*éQé à ç ß Ã.ì�Ã Ä ê	ð ç æ �,Û*�,Û Ïç è·×_ÊÌç æ îGà ìgé î ç
îGà æ'æ î ðJì ä]Ê ë*ægÃ îjH Ï Æ��üâõç æLéDç	ë*ð î ì*ç,Ã(é à ç ß Ã¶ìÅÃ Ä ê	ð ç æ ØÌÛ*�,Û%â ç çûî<à ì*é ç æLéDæ ÊÌç ñ àrîGà æ &cÆ
ê ÊïîAÊ³ßìÊ é�ì�Ã î æ ç�× ç	ë Ê×î æLê�çÌÃ î ç îGà æ¾é Ê	è æ ×_ç æLéÌéDð ç æ�ë*æ ä æLë*é Ê é å ç ç�î<à æ H Ï Ær�ãâ ê ÊïîAÊÌÛQ÷ ðJæ
î ç¸ê Ê×îèÊ é î ç çIÊ ê	æ�ëgì è ì îèÊ×î ìgçÌÃJé¾ç,ÃJë ð�îGà æ î ç × Ñ×¿ë×_ç æLéDéDð ç æ'ëgæ ä æLë*é ß æ ç æaé î ç ç æLê Û

ßà æ è ç"êyæLë ßìÊ é ç ð_Ã åæç ç èý÷ æLñLæ èÝâ æ çìÑ�Ó�Ã	ÍQî ç Æ�ÊÌç ñ à�Ñ�Ó,Ó�¿�ßaà ìgñ à_ÈnÊïî�ÑïÃ�ð æ Ê,ç é Ê ÃJê
@¸è ç,Ã î<à é È ì*é �ìð æ ÊÌç é Ê ÃJê Í¸è ç,Ã î<à é�é à ç ç�î æ ç,îGà_Ê Ã î<à æ H Ï Æ��üâ ê Ê×îèÊ ðJéDæLê Û


������þ � ����������!�� Ü7#%��$6�6!�ÿ¼$
µñÃJé î æ Ê ê¶ç å9î<à æ'é îèÊ ÃJê Ê,ç êõêJì Ê ê,ÃJç�é î ì*ñLé�ðJéDæLê å ç ç�ÍcÆ µñÕ í µDµ È êJì Ê ê,ÃJç�é î ì*ñLé ß æ ç æ'ñ à ç�éDægÃ î ç
â æ è ç�é î ðJéDæ å ðJë î ç îGà ìgé ç æLéDæ ÊÌç ñ à_Û�� ç î<à_ÊïîjîGà æwê ÊïîAÊò×_ç ç"ñLæLéÌéDì�Ã_ê ßìÊ é Ê é¸éDì è ìgë ÊÌç�Ê é
× ç	éDéÌì â ë*æ î ç î<à_Êïî�å ç çûîGà æ H Ï Æ��ãâ Ê Ã Ê ë ð éÌìgé�ê ÊïîèÊ êJì Ê êÌÃJç	é î ìgñLé ß æ ç æ�ç	ð îè× ð î æ ä æ çGð éDì û
à ç�ð ç é È�Ê×î�ÙÌÙ�K�ÙÌÙ,È Ù�¿	KÅÙÌÙ,ÈËÑ�Ø	KÅÙ,ÙýÊ ÃJê Ñ×Í�K�ÙÌÙ,&�ß Ï Û7ßÚà ì*é à ç ß æ ä æ ç êJç"æLé è æ Ê Ã îGà_Ê×îÁä æ çÐð
à ìÅê àLíéåæç æ î ðJægÃJñ ð¶îAç�Ê ÃJéÌìgægÃ î é èëÊéð¬â æ´æ û ñLë*ðJêJæLê åæç ç è î<à æ H Õ � ð û êJì Ê ê,ÃJç�é î ì*ñLé Ê ÃJê îGà æ
è ç è ægÃ î ð è æ î ð Êïî ì*ç,Ã ÛÚßà æ â:Ê éDì*ñ¾êJì Ê ê,ÃJç�é î ì*ñLé�ñ à ç�éDægÃ ß æ ç æ UãÈ � È � Ê ÃJê d çÌÃ ×_ç æLéDéDð ç æë*æ ä æLëgé�Ô î<à æLéDæ Ê,ç æ î<à æ�êJì Ê êÌÃJç	é î ì*ñLé ßºà ì*ñ à�ß æ ç æ Ê ëgéDç Êéä]Ê ì*ë ÊÌâ ëgæ�ìÅÃ î<à æ H Ï Æ��ãâáÊ Ã Ê ë ð éDì*é
ê ÊïîAÊÌÛ�H êJê ðòî æ ç�è é ��� � � È � � U � È9d � U � Ê ÃJê d � ��� ß æ ç æ´ç�ð îA× ð î¾î ç�æ Ê éDæ îGà æañ Ê ë*ñLðJë Êïî ì*çÌÃõç åîGà æ H Õ � ð û êJì Ê êÌÃJç	é î ì*ñLé Û/ßà æLéDæwêJì Ê ê,ÃJç�é î ìgñLé ß æ ç æòì�Ã î æ ç�× ç	ë Ê×î æLê åæç ç è è ç6êJæLëQëgæ ä æLë*é
î ç ×_ç æLéDéDð ç æ�ëgæ ä æLë*é ß ì î<à ìÅÃ îGà æ è ç"êJæLë Ê ÃJê ß æ ç æ¸ç	ð îè× ð îëÊ é ÿ ç,Ã Ê ë è æ Ê ÃJé Û Í êJêJì î ì*ç,Ã Ê ë
êJì Ê êÌÃJç	é î ìgñLé È ÃJç îøÊéä]Ê ìgë Ê,â ë*æ åæç ç è_î<à æ H Ï Æ��ãâùÊ Ã Ê ë ð éÌìgéjê Ê×îèÊ,È�ÊÌç æ.êJìgéDñLðJéÌéDæLê�ì�Ã îGà æ
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Vertical Resolution of Data�

1000

900

800

700

600

500

400

300

200

100

0

Pr
es

su
re

 (
hP

a)

�

â ìÅê	ð ç æ �ÌÛg��K.ßÚà æ î<à ì ç�îñð ë*æ ä æLë ä æ çeî ì*ñ Ê ë ç æLéÌç	ë*ð î ì*ç,Ãúç åíî<à æ &ËÆ ì�ÃJñLë*ðJêJì�Ã_ê î ç × ç,ê ç�Ê,×Jàèð
Îeëgæ å îAÚ³Ê ÃJê î<à æ ×_ç æLéÌéDð ç æaë*æ ä æLëgé�ðJéDæLê å ç çíî<à æ Ê Ã Ê ë ð éÌìgé�ç å9î<à æ &cÆ ê Ê×îèÊ Î ç ì�ê à<îèÚIÛ

å ç	ë*ëgç ß ì�Ã_ê|éDæLñ î ì*ç,Ãyé ÛùôQîGà æ ç êJì Ê êÌÃJç	é î ìgñLé ÊÌç æ Êéä]Ê ì*ë ÊÌâ ë*æ åæç ç è ×_Ê,ç�Ê ë*ëgæLë ÍËÆ µñÕ í µDµ ç ð_ÃJé È
éDðJñ àòÊ é à ç ç ì ÿ çÌÃ îèÊ ë ä æLëgç"ñLì î ì*æLé Ê ÃJêÉñLçÌÃ ä æLñ î ì ä æ çIÊ ì�Ã ÛòßÚà æLéDæ ÊÌç æ Êéä]Ê ì*ë ÊÌâ ëgæ¸ç,Ã î<à æ å ðJëgë
ë Ê×î ì î ðJêJæ í ëgçÌÃ_ê	ì î ðJêJæ�ê ç ì*êBçÌÃ è ç"êJæLëûë*æ ä æLë*é ÛõßÚà æ à ç ç ì ÿ çÌÃ îèÊ ë ä æLëgç"ñLì î ìgæLé È � Ê ÃJêò� È¿ß æ ç æ
ìÅÃ î æ ç�× ç	ë Ê×î æLê(ç,Ã î ç ×_ç æLéDéDð ç æ'ëgæ ä æLë*é å ç ç ñ Ê ëgñLðJë Ê×î ìgçÌÃ(ç åyîGà æ�é îAç æ Ê	è å ð_ÃJñ î ìgçÌÃ Û
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ßà æ.êJì Ê,â_Êïî ì*ñ à æ Ê×î ìÅÃ_ê È �qÈ ìÅÃ îGà æ î<à æ çDè ç6ê ð Ã Ê�è ì*ñwæ î ð Êïî ìgçÌÃ Î ØÌÛ�Ó æ ÚIÈiß ì*ëgë â æ èëÊ ìÅÃJë ð
êJðJæ î ç'é à ç çeîñßcÊéä æ�Î ��� ÚKÊ ÃJê�ë*ç,Ã_ê ßìÊéä æ·Î�� � ÚVà æ Ê×î ì�Ã_ê Û�É ç ß æ ä æ çIÈ ì î%èëÊéð�Ê ëgéDç´ì�ÃJñ<ëgðJêJæ
éDç è ærç î<à æ ç é èëÊ ëgë î æ ç�è é'éDðJñ à�Ê é îGà æ ç�è·Ê ë7ñLç,ÃJêJðJñ î ìgçÌÃöÎ Í ÃJê ç æ ß éw:G;�=�>1? ÈËÑ�Ó�Í	ÃÌÈe×_Ê ê�æ
ÑÌÑ×�ÌÚ£Ê ÃJê à æ Êïî ìÅÃ_êjêJðJæ î ç ×_ç ç"ñLæLéDéÌæLé¾éDðJñ àþÊ éÚñLç,ÃJêJægÃJé Ê×î ìgçÌÃ Û� ç îGà ç åJî<à æLéÌæ è·Êéð ç"ñLñLð ç
ìÅÃ îGà æ Ê éDéDì è ì*ë Êïî æLê(ê ÊïîAÊëÊ ÃJê îGà æºë Êïî�î æ ç ìgé ×_ÊÌçIÊ�è æ îèç ì ÿ æLê(ì�Ã î<à æ &cÆ�Û

ßiß ç ç�Ê êyì Êïî ì*ç,Ã´êJì Ê êÌÃJç	é î ì*ñLé ß æ ç æÚñ à ç�éDægÃ å ç ç ì�Ã ä æLé î ì�ê Ê×î ìgçÌÃ�ç å �qÈ Ã Ê	è æLë ð é à ç çeîñßìÊéä æ
à æ Êïî ìÅÃ_ê çIÊïî æLé åæç ç è éDç�ë ÊÌçúçIÊ êJì Êïî ì*çÌÃ Ê Ãyêãë*ç,Ã_ê ßìÊéä æ à æ Ê×î ì�Ã_ê ç�Ê×î æLé åæç ç è Ê,â éDç çIâ æLê
Ê ÃJê ç æ í æ è ì îDî æLêúëgçÌÃ_ê Ê ÃJêÎé à ç ç�îñßìÊéä æ ç�Ê êyì Êïî ì*ç,Ã âèðÉîGà æ HlÊ,çeî<àJI é'éDð ç�åæÊ ñLæ È ñLë*ç	ðJêJé Ê ÃJê
Êïî<è ç	é ×Jà æ ç ìgñ�ê Ê éDæ<é Û�ßà æLéDæ�êJì Ê êÌÃJç	é î ìgñLé ÊÌç æ Êéä]Ê ì*ë ÊÌâ ëgæ ç,Ã è ç"êyæLë:Î +¿Ú ë*æ ä æLë*é åæç ç è�î<à æ &ËÆ
Ê ÃJê Ê,ç æ î<à ægÃ´ìÅÃ î æ çI× ç	ë Êïî æLê´çÌÃ î ç îGà æ ×:ç æLéDéDð ç æÚë*æ ä æLë*é ç æ î ðJì ç æLê å ç ç3î<à æ ßH Æ ñ Ê ë*ñLðJë Êïî ì*ç,Ã
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å ç ç ñLç èë×_ÊÌç ì*éDç,Ã ß ì î<à²î<à æ H Ï Æ��ãâ ê ÊïîAÊÌÛ ßà æLéDæBêJì Ê ê,ÃJç�é î ìgñLéòñ Ê Ã â æÉéDð â é î ì î ð î æLê
êJì ç æLñ î ë ð ìÅÃ × ë Ê ñLæòç å � ì�Ã î<à æ îGà æ ç�è ç"ê ð Ã Ê�è ì*ñ.æ î ð Ê×î ìgçÌÃ â æLñ Ê ðJéÌæ îGà æ ð Ê,ç æ à æ Êïî ìÅÃ_ê
ç�Ê×î æLé Ê ÃJê îGà æ'æ î ð Ê×î ìgçÌÃõêJæLéDñ ç ì â æLé îGà æ å ç ç ñLì�Ã_êrç å�î<à æ ç�Ê×î æ'ç å ñ à_Ê Ã_ê	æ´ç å�î æ è·× æ ç�Ê×î ð ç æ
âAð êJì ) æ ç ægÃ îÝç�Ê×î æLé�ç å ñ à_Ê Ã_ê�æ�ç å�à æ Êïî ìÅÃ_ê Û

ßà æ ç�Ê êJì Ê×î ìgçÌÃcéDñ à æ è æúìgé Ê éõêJæLéDñ ç ì â æLêãì�Ã Õíç × æ�:<;r=5>1?ÇÎ ØÌÙ,ÙÌÙÌÚ�Ê ÃJê ç æ å æ ç ægÃJñLæLé
îGà æ ç æLìÅÃ Û�ßÚà æ ×_ÊÌçIÊ�è æ îAç ìgé Êïî ì*ç,Ã�ìÅÃJñLëgðJêJæLé î<à æ±æ ) æLñ î érç å ä]Ê,ç ì*ç	ðJé Êïî<è ç	é ×Jà æ ç ìgñÜê Ê éDæLé È
Ê æ ç ç�éDç	ë*é Ê ÃJêwñLëgç�ðJêJé¾êJðJæ î ç ÊÌâ éDç ç�×�î ì*ç,Ã ÈÒç æ í æ è ìgéDéÌìgçÌÃ Ê ÃJê±éDñ Ê×îDî æ ç ìÅÃ_ê Û

µ î ìgé Ê ëgéDç × ç�éDéDì â ë*æ î<à_Êïî ñLç,Ã ä æLñ î ìgçÌÃ Ê ÃJê�ñLëgç�ðJêJé�ñ Ê Ã ç æ Ê ñ à ð ×�î ç î<à æ îAç ç × ç ×:Ê ðJéDæ¾ìÅÃ
îGà ìgé è ç"êJæLë�éDì è ðJë Êïî ìgçÌÃ È éDðJñ à�î<à_ÊïîQî<à æ ç æ è·Êéðüâ æ�ç îGà æ çQà æ Ê×î ì�Ã_ê åæç ç è ñLëgç�ðJê ×_ç ç"ñLæLéDéDæ<é
éDðJñ àþÊ é�ë Êïî ægÃ îaà æ Êïîãå ç ç è ñLçÌÃJêJægÃJé Êïî ì*ç,Ã Û
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��<kyn�
�~������i�o"{|o
ßà æ'ð_ÃJé × æLñ<ì Ä æLê ÃJç,Ã í ñLçÌÃJéDæ çÐä]Êïî ì ä æ è æLñ à_Ê ÃJìgñ Ê ë å ç ç ñLìÅÃ_ê È �¬È ì�Ã îGà æ ÿ ç,Ã Ê ë è ç è ægÃ î ð è
æ î ð Ê×î ìgçÌÃþÎ Ø,ÛÅÓ,ÊÌÚíèëÊéð ì�ÃyñLëgðJêJæéDðJñ à%î<à ìÅÃ_ê	é Ê é åæç ì*ñ î ì*ç,Ã Ê ÃJê�ê ç ì ä ì�Ã_ê�êJðJæ î çìê ç�Êéä ì îñðÝßìÊéä æ
ê ç�Ê ê·Î ÞÚ�ã÷zÚ ç ç ñLçÌÃ ä æLñ î ì ä æ è ç è ægÃ î ð è � ð û¿ÛKÍ ëgë îGà æLéDæ è·Êéð ç"ñLñLð ç ì�Ã îGà æ Ê éDéDì è ì*ë Êïî æLê
ê ÊïîAÊ·Ê ÃJê îGà æ�ë Ê×îDî æ ç³Ê,ç æ ×_ÊÌçIÊ�è æ îèç ì ÿ æLê(ì�Ã î<à æ &cÆ�Û

� Ê,ç ìgç�ðJéúê ç�Ê�ä ì îñð ßìÊéä æ�ê ç�Ê êöêJì Ê êÌÃJç	é î ì*ñLé ß æ ç æ/ñ à ç�éDægÃ È Ã Ê�è æ<ë ðùî<à æ à ç ç ì ÿ çÌÃ îèÊ ë
Ê ñLñLæLëgæ ç�Ê×î ìgçÌÃJé åæç ç è é Ê×î ð çIÊïî æLêwé îAç æLéDé È�àAð ê çIÊ ðJëgì*ñ á ð è·×ýÊ ÃJê îèçIÊÌ×_× æLêòë*æLæ ßìÊéä æLé Û�ßà æLéDæ
é à ç�ðJëgêÜê�ì ä æ è ç ç æ�ìÅÃ å ç çDèëÊïî ì*ç,Ã Ê,â ç�ð î � ì�Ã î<à æ ÿ çÌÃ Ê ë è ç è ægÃ î ð è æ î ð Êïî ì*ç,Ã Û

ßà æ ÞQ�ü÷ êJì Ê ê,ÃJç�é î ì*ñLé Ê,ç æ Êéä8Ê ìgë Ê,â ë*æBç,Ã è ç"êJæLë�Î +¿Ú ëgæ ä æLë*é åæç ç è î<à æ &cÆ Ê ÃJê
ÊÌç æ î<à ægÃrìÅÃ î æ çI× ç	ë Ê×î æLêrç,Ã î ç îGà æ ×_ç æLéDéDð ç æ�ë*æ ä æLëgé ç æ î ðJì ç æLê å ç çXî<à æ ßHlÆ ñ Ê ë*ñLðJë Êïî ì*ç,Ã å ç ç
ñLç èë×_ÊÌç ì*éDç,Ã ß ì î<àî<à æ H Ï Æ��üâ ê ÊïîAÊÌÛ7ßà ìgélìÅÃ î æ çI× ç�ë Êïî ì*ç,Ã'ìgélêyç,ÃJæ â æ å ç ç æ�éDð è¸è ìÅÃ_ê îGà æ
êJì ) æ ç ægÃ î³ÞQ�ü÷ êJì Ê ê,Ãyç	é î ìgñLéíìÅÃ´ç ç êJæ ç9î çcê	æ î�Ê î ç îAÊ ë ÞÚ�ã÷ å ç ç ñLìÅÃ_ê â æLñ Ê ðJéDæQç å îGà æVë ÊÌç ê�æ
ñ à_Ê Ã_ê�æLé ìÅÃjéDð çIåæÊ ñLæ ×_ç æLéÌéDð ç æ�ç ä æ ç ç ç çÌê ç�Ê,×Jàèð Î � æ â é î æ çIÈ_ØÌÙ,ÙÌØ,Ú�ÛVßÚà æLéÌæêJì Ê êÌÃJç	é î ì*ñLé ñ Ê Ã
â æ.éDð â é î ì î ð î æLê�êJì ç æLñ î ë ð ì�Ã × ë Ê ñLæ.ç å � ìÅÃ îGà æ ÿ çÌÃ Ê ë è ç è ægÃ î ð è æ î ð Ê×î ìgçÌÃ â æLñ Ê ðJéDæ
îGà æ ðòÊÌç æ Ê ñLñLæLëgæ ç�Ê×î ìgçÌÃJé�êJðJæ î ç îGà æ ÞÚ�ã÷ Ê ÃJê îGà æ'æ î ð Ê×î ìgçÌÃõêJæLéDñ ç ì â æLé îGà æ å ç ç ñLìÅÃ_ê�ç å
îGà æ ç�Ê×î æ�ç å ñ à_Ê Ã_ê�æ.ç å³ÿ ç,Ã Ê ë ä æLëgç"ñLì îñð Î�ç ç�ÿ ç,Ã Ê ë Ê ñLñLæLë*æ çIÊïî ì*ç,Ã Ú ìÅÃ î æ ç�è é�ç å êJì ) æ ç ægÃ î
Ê ñLñLæLëgæ ç�Ê×î ìgçÌÃJé Û

ßà æ�ê ç�Êéä ì îñð�ßìÊéä æ¾ê ç�Ê ê%éDñ à æ è æ�ðJéDæLé Ê ÃJìgéDç îAç ç × ìgñ�ç ç ç,ê çIÊÌ×JàAðÝß ì î<à ëgç ß³í ëgæ ä æLë â_ç æ Ê · í
ìÅÃ_ê�éDðJñ àúî<à_Êïî.î<à æÉç ç çÌê ç�Ê,×Jà ì*ñüê çIÊéä ì îñð ßìÊéä æ|ê ç�Ê ê²ìgé ×_ç ç × ç çeî ì*ç,Ã Ê ë î ç îGà æ ä æ ç�î ìgñ Ê ë
êJì ä æ ç ê�ægÃJñLæ'ç å3î<à æ ßìÊéä æ'é îèç æLéDé K

� � �"!$#
� `
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ßaà æ ç æ & ìgé î<à æ ßìÊéä æ'é îèç æLéÌé Ê ÃJê % ìgé îGà æ Êïî<è ç	é ×yà æ ç ì*ñ�êJægÃJéÌì îñð ×_ç ç Ä ëgæ Û
ßà æ àèð ê ç ç�é îAÊïî ì*ñ àèð ê çIÊ ðJëgì*ñ á ð è·× êJì Ê êÌÃJç	é î ì*ñ ç æ ×_ç æLéDægÃ î é îGà æ.æ ) æLñ î ç å ëgç ß ë*æ ä æLë È
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ÃJçÌÃ í ëgìÅÃJæ Ê,çëßìÊ�ä æ íéâ_ç æ Ê ·"ì�Ã_ê�æ ) æLñ î é ßaà ì*ñ à ç"ñLñLð çýÊïî ë*ç ß â:ç ç	ðJêyæúÃ"ð èÝâ æ ç é Û ô Ã î<à æ
êJç ß Ã ß ìÅÃJê È êJç ß Ã ßìÊ,ç êJéQéDë*ç × æ¾ç ånÊºè ç	ð_Ã îAÊ ì�Ã ç ì*ê_ê�æ�é îAç ç,Ã_ê ß ì�ÃJêJéQç"ñLñLð çlâ ægÃJæ Ê×îGàqß æLëgë í
è ì û æLêòë Êéð æ ç éç å¿Ê ì ç�ÛÚßÚà ì*éKê�ì ä æLé Ê´àAð ê çIÊ ðJë*ìgñ íÐá ð èë×�îñð¿× æ ç æLé × ç,ÃJéÌæëÎÐÕíæLë î ì*æ ç�Ê ÃJê÷Ïë ÊÌç · È
Ñ�Ó	ÃÌÓ,Ú�Û

Í ÃJç î<à æ ç ë*ç ß ëgæ ä æLëñLç,Ã îAç ì â ð î ì*ç,Ã î çúê çIÊéä ì îñð¬ßìÊéä æ±ê çIÊ êõì*é î<à æ â_ç æ Ê ·"ì�Ã_êBç å ÃJçÌÃ í
àAð ê ç ç	é îèÊïî ì*ñ îèçIÊÌ×_× æLê¶ë*æLæ ßìÊéä æLé Û ��æLæ ßìÊéä æ<é�ñ Ê Ã¶ç"ñLñLð ç ç,Ã î<à æ´ë*æLæ´ç ç êJç ß Ã ß ì�ÃJê�éDì*êJæ
ç å¿Êaè ç�ð_Ã îAÊ ìÅÃ ç ìgê_ê�æ�ð_ÃJêJæ ç ñLæ ç�îèÊ ìÅÃ ×JàAð éDì*ñ Ê ëXñLç,ÃJêJì î ì*çÌÃJé ÛÚßÚà æ ß ì*ê î<à ç å"îGà æ è ç�ð_Ã îèÊ ìÅÃ
ç ìgê_ê�æ è ðJé îáâ æ�éDðJñ à/îGà_Ê×îòîGà æ Ê ì ç � ç ß é±ç ä æ çþç�Ê×îGà æ ç�îGà_Ê Ã ÊÌç ç�ð_ÃJê îGà æ è ç�ð_Ã îèÊ ìÅÃ Û
ßà æ ß ì�ÃJê é × æLæLêOìgé Ê ëgéDç�ì è·× ç ç�îèÊ Ã îAÛ �ãà æ î<à æ ç ëgæLæ ßìÊéä æLé ÊÌç ì*éDæBìgé�ê	ç ä æ ç ÃJæLê âèðùÊ
×_ÊÌçIÊ�è æ î æ ç ·¹ÃJç ß Ã Ê é îGà æ � ñLç ç æ ç³×_Ê,ç�Ê�è æ î æ çIÛ ��æLæ ßìÊéä æLé èëÊéð â æLñLç è æ îèçIÊÌ×_× æLê ßaà ægÃ
îGà æ � ñLç ç æ çe×_ÊÌçIÊ�è æ î æ çûà_Ê é îñß çºêJì*é î ìÅÃJñ î ä]Ê ë*ðJæLé Ê×î,îñß çºêJìgé î ìÅÃJñ î ëgæ ä æLëgé ß ì î<à�à ìÅê àzä8Ê ëgðJæLé
ë*ç ß êJç ß Ã Ê ÃJêBëgç ß ä]Ê ë*ðJæLé à ìÅê à ð ×_È éDðJñ à.îGà_Ê×î�îGà æ à ìÅê à æ ç ë*æ ä æLëûñ Ê Ã_ÃJç î·å ç çDè ßìÊéä æLé Û
ßà æ ä æ çeî ì*ñ Ê ë*ë ð ×_ç ç ×_Ê ê Êïî ìÅÃ_ê ßìÊéä æLé ç æ � æ<ñ î ç )¶î<à æ�ìÅÃ î æ çIåæÊ ñLæ â æ îñß æLægÃ î<à æ îñß ç¶ëgæ ä æLëgé
ê�ì ä ì�Ã_êõêJç ß Ã ßìÊ,ç êJë ðö×_ç ç ×_Ê ê Ê×î ì�Ã_êÜê ç�Êéä ì îñðòßìÊéä æLé ÛÎßà æLéDæ ç æ � æLñ î ç )õîGà æ ê ç ç	ð_ÃJê Ê ÃJê
â_Ê ñ¡·±ç ).î<à æ´ìÅÃ î æ çIåæÊ ñLæ Èó×_ç ç"êJðJñLìÅÃ_ê ÊºîAç�Ê ìÅÃõç å ëgæLæ ßìÊéä æLé Û´ßÚà æLéÌæ´ñ Ê Ã â æ'éDæLægÃ ä ì*éDð Ê ëgë ð
ßaà ægÃÎñLëgç�ðJêJé å ç çDè ì�Ã Ê�ç ægê	ðyë ÊÌçq×_Ê×îDî æ ç Ã|êJç ß Ã ß ìÅÃJêÎç åVè ç�ð_Ã îèÊ ìÅÃ çIÊ Ã_ê�æLé ÛõßÚà æ ðõÊÌç æ
è ç	é î ñLç èjè çÌÃ±ìÅÃ è ìgê í ë Êïî ì î ðJêJæLé Û

Ícâ ç ä æ îGà æ àAð ê çIÊ ðJë*ìgñ á ð è·×�Ê ÃJê å ç çeßìÊéä æLé Ê×î'à ìÅê à æ ç¾â¥ç ç�ðJêJæÝÃ}ð èÝâ æ ç é�é Êïî ð ç�Ê×î æLê
é îèç æLéDé´ìgé ×_ÊÌçIÊ�è æ îèç ì*éDæLê Û�� ìÅÃJê|é îAç æLéDé'ì*éañ Ê,ç�ç ì*æLê|ð ×AßìÊÌç êJé âèðüä æ ç�î ìgñ Ê ëgë ðõ×_ç ç ×_Ê ê Ê×î ì�Ã_ê
ßìÊéä æLé Û µ å îGà æ Ê�è ç�ð_Ã î ç å é îèç æLéÌé�ñ Ê,ç�ç ì*æLê�ð ×�åæç ç è â æ<ëgç ß ì*éÇê ç æ Êïî æ ç�îGà_Ê Ã Ê ñ ç ì î ìgñ Ê ë
ä]Ê ë*ðJæ îGà ægÃ îGà æ ßìÊéä æ â æLñLç è æLé¸ð_ÃJé îèÊ,â ë*æ Ê ÃJê ×_ÊÌç�î ì Ê ëgë ð â_ç æ Ê ·"é È ñ Ê ðJéDìÅÃ_ê ßìÊéä æòê ç�Ê ê È
éDæLæaæ î ð Ê×î ìgçÌÃ �,Û ÑEÙÌÛÚßÚà ì*é¾ìgé ç æ ×_ç æLéDæAÃ î æLê âAðòî<à æºé Ê×î ð çIÊïî æLêwé îèç æLéÌé¾êJì Ê ê,ÃJç�é î ì*ñ Û

Í,îËÓ,Ùûà Õ ÊÚîGà æ³ê çIÊéä ì îñð�ßìÊéä æ�ê ç�Ê ê�ì*é æ û¿× æLñ î æLê î ç â æ èëÊ ì�Ãyë ðþå ç ç è é Ê×î ð çIÊïî æLê�é îèç æLéDé
ß ì îGàþÊë× ç�éDéDì â ë*æaé èëÊ ë*ë�ñLç,Ã îAç ì â ð î ìgçÌÃ åæç ç è àAð ê çIÊ ðJëgì*ñ á ð èë×ÜÊ ÃJê�ÃJçjñLçÌÃ îèç ì â ð î ì*ç,Ã åæç ç è
îèçIÊÌ×_× æLê�ë*æLæ ßìÊéä æLéãÎ � æ â é î æ çIÈ¿Ø,ÙÌÙÌØ Ô Þqç ægê	ç çÐð :G;,=5>1? ÈPÑ�Ó,Ó�Í,Ú�Û�â ì�ê�ð ç æ �ÌÛg� é à ç ß é ä æ çeî ì*ñ Ê ë
ñ ç ç	éDé í éÌæLñ î ì*ç,ÃJéÚç å"î<à æ ÿ ç,Ã Ê ë è æ Ê Ã ê çIÊéä ì îñðëßìÊéä æ%ê çIÊ ê åæç ç è Î ÊÌÚ¼îèçIÊÌ×_× æLê�ë*æLæ ßìÊ�ä æLé È Î â_Ú
àAð ê ç�Ê ðJë*ìgñ á ð è·×ÜÊ ÃJê¬Îeñ Ú é Êïî ð ç�Ê×î æLê(é îAç æLéDé å ç ç�÷ æLñLæ èÝâ æ çcå ç ç,î<à æ &cÆ ê ÊïîAÊÌÛ�ßóçIÊÌ×_× æLê
ë*æLæ ßìÊ�ä æLé è·Ê ìÅÃJë ð ñLçÌÃ îèç ì â ð î æ â æLë*ç ß ¿ÌÙ,Ùûà Õ Ê ìÅÃ î<à æ+* É è ì*ê í ë Êïî ì î ðJêJæLé ß ì î<à éÌç è æ
ñLçÌÃ îèç ì â ð î ì*ç,Ãwì�Ã î<à æ �_ÉcÛ�Élð ê çIÊ ðJëgì*ñ á ð è·×òà_Ê é Ê é îAç ç,Ã_ê�ñLçÌÃ îèç ì â ð î ì*ç,Ãwì�Ã î<à æ,* É�è ìgê í
ë Ê×î ì î ðJêJæLéÚð ×´î ç Ø	�ÌÙûà Õ Ê�Ê ÃJê.é è·Ê ë*ëgæ ç ñLçÌÃ îèç ì â ð î ìgçÌÃJé Êïî ë*ç ß æ ç ëgæ ä æLë*é�ì�Ã îGà æ ç æLé î ç å©îGà æ
* ÉõÊ ÃJê'ì�Ã �_Éw× ç	ë Ê,çóç ægê�ìgçÌÃJé ÛV�_Ê×î ð çIÊïî æLê´é îAç æLéDé à_Ê é Ê é îèç çÌÃ_ê�ñLçÌÃ îèç ì â ð î ì*çÌÃ î<à_ç ç	ð_ê à ç	ð î
îGà æ-* É ß ì îGà éDç è æjñLçÌÃ îèç ì â ð î ì*ç,Ã Êïî ë*ç ß ëgæ ä æLëgéaìÅÃ îGà æ �_É × ç�ë ÊÌçzç ægê�ìgçÌÃJé Û.�_Êïî ð ç�Ê×î æLê
é îèç æLéDéûìgé îGà æ�ç,ÃJë ð ñLç èë× çÌÃJægÃ î ß ì îGà éDìÅê,ÃJì Ä ñ Ê Ã î ñLçÌÃ îèç ì â ð î ì*çÌÃJé Ê,â ç ä æ Ø,ÙÌÙûà Õ ÊËÊ ÃJê îGà æLéDæ
ÊÌç æ è·Ê ìÅÃJë ð ì�Ã.* É Ê ÃJê �_É è ì*ê í ë Êïî ì î ðJêJæLé Û *�ç,ÃJæ�ç åíî<à æ.ñLç è·× çÌÃJægÃ î é à_Ê é Ê é îèç çÌÃ_ê
ñLçÌÃ îèç ì â ð î ì*ç,ÃcìÅÃ î<à æ îAç ç × ìgñ Ê ë�ð ×_× æ ç�îèç ç × ç�é ×Jà æ ç æ Ê ÃJêOëgç ß æ ç é îèçIÊïî ç�é ×Jà æ ç æ Û ßÚà æLéDæ
Ä ê�ð ç æLé Ê,ç æºéÌì è ìgë Ê,ç7î ç î<à ç�éDæ'é à ç ß Ã¶ì�Ã Þqç ægê	ç çÐð :G;V=5>1?iÎ Ñ�Ó,Ó�Í,Ú�ÛzÞqç ægê�ç çGð :G;Q=5>1?iÎ Ñ�Ó,Ó�Í,Ú
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Ê ëgéDç¸ìÅÃJêJìgñ Êïî æ îGà_Ê×î ê çIÊéä ì îñð÷ßìÊéä æ'ê ç�Ê êjì*éë Ê,ç ê	æLé î êJð ç ìÅÃ_ê/* É ß ì�Ã î æ ç�Û

ßà æzê çIÊéä ì îñð÷ßìÊéä æaê çIÊ ê�éDñ à æ è æ Ê ÃJêòñ Ê ë*ñLðJë Êïî ì*ç,ÃJé å ç çlîGà æ ä]ÊÌç ì*ç	ðJé ÞÚ�ã÷ êJì Ê ê,ÃJç�é í
î ìgñLé ÊÌç æ�êJæLéDñ ç ì â æLê è ç ç æ å ðJëgë ð ì�Ã Þqç ægê�ç çÐð :G;�=5>1? Î Ñ�Ó,Ó�Í,Ú�Û

ßà æLéDæwêJì Ê ê,ÃJç�é î ìgñLé èëÊéð ÃJç î ì�ÃJñLë*ðJêJæ Ê ë*ë × ç	éÌéDì â ë*æ.ñLçÌÃ îèç ì â ð î ì*ç,ÃJé î ç �áÛ�ÞÁç ægê�ç çGð
:G;,=5>1?nÎ ÑEÓÌÓ	ÍÌÚ ÃJç î æ î<à_Êïî ç î<à æ ç éÌç	ð ç ñLæLéQç å ê çIÊéä ì îñð·ßìÊéä æLéÚéDðJñ à÷Ê é�êJæLæ × ñLç,Ã ä æLñ î ìgçÌÃ × ægÃ í
æ îèçIÊïî ìÅÃ_ê î<à_ç ç	ð_ê à�îGà æ îèç ç × ç ×_Ê ðJéDæ è·Êéðý× ë ÊéðøÊÁç ç�ëgæì�Ã ×_ç ç ä ì*êJì�Ã_êqê çIÊéä ì îñð�ßìÊéä æ Ê ñ î ì ä ì î ð
ìÅÃ îGà æ%é îèçIÊïî ç�é ×Jà æ ç æ Û�Þqç�Êéä ì îñð÷ßìÊéä æLé¾êJðJæ î çjñLçÌÃ ä æLñ î ì*ç,Ã ÊÌç æzÃJç îqç æ ×_ç æLéDægÃ î æLêõìÅÃ îGà æLéDæ
è ç"êJæLë�êJì Ê êÌÃJç	é î ì*ñLé â ð î¶èëÊéð â æ±ì è·× ç ç�îèÊ Ã îAÈ æLé × æLñLì Ê ë*ë ð ì�Ã îGà æ îAç ç × ì*ñ Ê ë îAç ç × ç ×_Ê ðJéDæ
ç ægê	ì*ç,Ã Û´ßà æ´ñLç,Ã ä æLñ î ìgçÌÃBéDñ à æ è æ�ì�Ã î<à ì*é è ç6êJæLëlìÅÃJñLç ç�× ç ç�Ê×î æLé�ñLçÌÃ ä æLñ î ì ä æ è ç è ægÃ î ð è
ê ç�Ê êúÎ Þqç ægê	ç çÐð :<;Ú=5>³? ÈKÑEÓÌÓ	ÃÌÚIÛºßÚà ì*é�ì*é ×_Ê,ç�Ê�è æ îèç ì ÿ æLê Ê×îÇÊ ëgë�ë*æ ä æLë*é È éDç î<à_Êïî ñLçÌÃ ä æLñ î ì ä æ
è ç è ægÃ î ð è ê ç�Ê ê èëÊéð â æ|éDì�êÌÃJì Ä ñ Ê Ã î¬Ê×îòÓÌÙûà Õ Ê,Û µñÃ Þqç ægê�ç çGð :G;�=5>1?ãÎ ÑEÓÌÓ	ÃÌÚ ì î ìgé
ñLæ çeîAÊ ì�ÃJë ð é à ç ß Ã î ç%ç"ñLñLð ç ÃJæ ÊÌç�î<à æ îAç ç × ì*ñ Ê ë îèç ç × ç ×_Ê ðJéDæ ÛQ& Ã å ç ç�î ð_Ã Ê×î æLë ðFÈ¥Ê êJì Ê ê,ÃJç�é î ìgñ
ç æ ×_ç æLéDægÃ î ìÅÃ_ê î<à ì*é�ê ç�Ê ê ßìÊ écÃJç î ç	ð îA× ð îÇå ç ç èýî<à æ è ç"êJæLë å ç çûîGà ìgé è ç"êJæLë�ìÅÃ î ægê ç�Ê×î ìgçÌÃ Û
Í ëgéDç È�â æLñ Ê ðJéÌæ î<à æ.ê Ê×îèÊ ì*é´éDì û¹íÌà ç	ð ç ë ðÖÈíî<à æ�æ ) æLñ î éjç åÚà ìÅê àLíéåæç æ î ðJægÃyñ ð|îAç�Ê ÃJéDì*ægÃ î é Ê,ç æ
ÃJç î ì�ÃJñLë*ðJêJæLê(ì�Ã î<à æ H Õ � ð û êJì Ê êÌÃJç�é î ì*ñLé Ê ÃJê èëÊéð â æ ×_ç æLéDægÃ î ì�Ã �¬Û

0+120 35426.798�7-:<;=7-> ?@7,ACBD7E7-: AGFH7 IKJML N O PQ:<R STL
R<PUAVP >�7EAV>

ßà æ è-W ìYX�êJì ) æ�ZDæ�XJñLæLéG[�æ î]\ æLæ�X î<à æ H_^V`HaãâbW XJê îGà æ &E` ê Wïî�W éDæ î é W ZDæ�ìcXJêJìgñ W×î æLê.ìYX
îdW [Jë*æfe"gihjg

0+12k 35PUAVP l<8�mn;=79> >o4d:qp
ßà æ è/W á ç"Z�ì î]r ç"s îGà æwê Wïî�Wut ZDç"ñLæLéDéDìcXwv.sÅç"Z î<à æ &E` ê W×îdWx\,W é W é¸êJæLéDñ�Z�ìc[9æ<êysÅç"Z î<à æ
H_^V`qaüâ�W X W ë r éDì*é¾ê Wïî�W ìYX±éDæLñ î ìgç"X Ø g @ g ßà æ è-W ìYX±êJì ) æ�Z�æ�XJñLæLé W ZDæ%êJæLéDñ�ZDìY[�æLê à æ�ZDæ�g

ßà æEZ W êJì W×î ìgç"X W XJêxv"Z W{z ì î]r/\,W{z æ�êwZ W v'êJì W v|XJç�é î ìgñLé \ æ�Z�æ�ìcX î æ�Z t ç	ë W×î æLêxs}Z�ç è è ç"êJæLë
ë*æ z æLëgéwç"X î ç îGà æ<ZDæ�~}ðJìcZ�æLê t Z�æLéÌéDðwZ�æBë*æ z æLëgé2g ßà æ t ZDæLéDéDðwZ�æÉç|s�æ W ñ àöè ç"êJæLë�ë*æ z æLë \,W é
ñ W ëgñLðJë W×î æLê�s}Z�ç èOîGà æ¾éDðwZ�s W ñLæ t Z�æLéDéÌðwZ�æ��©064�� W XJê A�W	C�W XJê A [ C ñLç"æ��¸ñLìgæ�X î éVsÅç"Z7æ W ñ à v"Z�ì*ê
t ç	ìcX î@W XJê î ì è æLé î æ t�W ñLñLç|ZDêJìYXwv î ç îGà æ�ZDæLë Wïî ì*ç"Xõ0 -��'RK� 0©4�g ßÚà æòê W×îdWH\ æ�Z�æ î<à æ�X
ìcX î æ�Z t ç	ë W×î æLê î ç îGà æfZDæ�~"ðJìYZDæLê t Z�æLéDéDðwZDæ'ë*æ z æLëgé2g

ßà æ z�W Z�ì*ç	ðJé î æ�Z è é ìYX î<à æ��Lç|X W ë è ç è æ�X î ð è�W XJê îGà æ�Z è ç"ê r X W	è ìgñæ�~}ð W×î ìgç"XJéU� Ø gc� W
W XJê Ø gY��æ�� \ æ�Z�æ îGà æ�X±ñ W ë*ñLðJë Wïî æLê+[Jð î�\ ì îGà�îGà æ�êJì W [ W×î ìgñ à æ W×î ìYXwv/v�ì z æ�X�[ r

��- �  |� R �E� � R ��������� �{�{��� 2 ��e"gih"hj�



hjilkJmlnLo"prqlsutwv x�kynLk�z�{|o}n<il~Xxl~3�e~3�3����~3pr�a��v �<n<�lx�� �"(�(
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(a)

Hydraulic Jump§
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(b)

Saturated Stress
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(c)

â ìcv	ðwZDæ°e"gYe K²± Z W{z ì î]r³\,W{z æ�êwZ W vOêJì W v|XJç�é î ì*ñLé.s ç"Z ÷ æLñLæ è [�æ�ZbsÅç"Z°� W � î Z W|twt æLêýëgæLæ
\,W{z æLé2�´��[�� à�r êwZ W ðJëgì*ñ á ð è-tµW XJê¶�eñ��Bé Wïî ðwZ W×î æLêüé î ZDæLéDé2g ßà æ�ñ<ç|X î ç�ðwZÉìYX î æ�Z z�W ëjì*é
Ù g Ø e è é Ñ [ ê W{r Ñ [ gV*¾æ�v Wïî ì z æ·Z�æ�v�ìgç"XJé W ZDæ�é àwW êJæLêwg



hjilkJmlnLo"prqlsutwv x�kynLk�z�{|o}n<il~Xxl~3�e~3�3����~3pr�a��v �<n<�lx�� �"(�¸
��hjv³¹»º tòv

¼ kJn<k ½ éDéDì è ì*ë Wïî æLê¾��ZDæ t Z�æ<éDæ�X îdW×î ìgç"XÎç|s
ç|[JéDæ�Z z�W×î ìgç"XJé2� ñLìcZ�ñLðJë W×î ìgç"X XJç î
XJæLñLæLéDé W Z�ì*ë r ìcX¿[ W ë W XJñLæ��

` ç"êJæLë*ëgæLê ��[ W ë W XyñLæLê ñLìYZDñLðJë WjÀ
î ì*ç|Xw�/XJç î XJæLñLæLéDé W Z�ì*ë r ë*ìg·�æ´Z�æ W ë
\ ç|ZDëgêw�

	 o}�G~3���ln�
e~� Á t æLñ î Z W ë ± Z�ì*ê t ç	ìcX î
Â ~3p�
�Ã�~��nLkJ� ß h Ù	¿ Á t æ<ñ î Z W ë

ç|Z * Í,Ù ±ÄW ðJéÌéDì W X
hÅgÆh Ø e ø ç|Z�ÇHh Ø eû· è

½ Z W · W{\,W/È
@ g Ã e øÊÉ�Ø g Ã5ø ç"ZUÇ �ÌØ,Ù$ÉýØ�Í,Ù · è

Ë�xÌ�3oÍ�5n�
�~� Á æ è ì À � W v"Z W Xwv�ì W X H ðJëgæ�ZDì W X
Î o}pMn�
���ky� @ h ë*æ z æLë*é2� [9ç î�î ç è @ t ðwZDæ

A éDìcv è/W	C � î ç t e t ðwZ�æ t Z�æLéÌéDðwZ�æ
@,Ù ë*æ z æLë*é2� [9ç î�î ç è e t ðwZDæ
A éDìcv è/W	C � î ç tw@9t ðwZ�æ t Z�æLéÌéDðwZ�æ

¼ kJn<k
Ï o}p�
e~�x

÷ æLñLæ è [�æ�Z hj� Ã�Í î ç ô ñ î ç"[9æ�Z
Ø,ÙÌÙ h-� Ø,Ø,r æ W Z�éQh"h è ç"X îGà é2�

÷ æLñLæ è [�æ�Z·hÅ� Ã	Í�î ç `<W ZDñ à hÅ�"� ¿
��h Ã,r æ W ZDé @jè ç"X îGà é2�

Ð o}�
¼ 
�ky��l~3�<n�
����

U � � �©��� d U � � �©�Ñ� d �� a Ò Á a à æ W×î ìYXwvqZ Wïî æLé2�
±Gaü÷ êJì W v|XJç�é î ì*ñLé

ßÌW [Jë*æfe"gih KÚßÌW [Jë*æºñLç è/twW ZDìYXwv îGà æ è-W ìYX t ç�ìcX î éç"s îGà æ H_^�`qaãâÓW XJê &E` ê W×îdW éDæ î é2g
\aà æ�Z�æ îGà æ'éDðw[JéDñ�ZDì t�î éf� a W XJê Á a é î�W XJê<s ç|Z î<à æ'ñLç"X î Z�ìc[Jð î ì*ç|XJéÔs}Z�ç è ëgç"Xwv \EW{z æ W XJê
é à ç"Z î]\,W{z æ à æ Wïî ìcXwvuZ Wïî æLé-Z�æLé t æLñ î ì z æLë r g ßà æ î æ�Z è � ������� �{�{��� W ëgë*ç \ é-s ç|ZQXJç î�W ëgëQç"s �
[�æLìYXwv¿s}Z�ç è î<à æjëgç"Xwv \,W{z æ W XJê¶é à ç"Z î]\,W{z æqZ W êJì Wïî ì*ç"XÕ[Jð î s}Z�ç è éÌðJñ àòî<à ìcXwv	é W é%ë Wïî æ�X î
à æ Wïî sÖZDç è ñ<ç|XJêJæ�XJé Wïî ì*ç|X(ìcXwñLë*ç	ðyêJé$XJç î ìcXJñLëgðJêJæLê(ìcX îGà æ�ç�ð î�t ð î êJì W v|XJç�é î ìgñLé2g
ßà æÄXJç"X À ñLç"XJéDæ�Z z�Wïî ì z æ è æLñ àwW XJì*ñ W ëÌs ç|ZDñLìYXwv \,W é�v�ì z æ�X�[ r

� - � �|!$# R � �Í���c�×�{�{�]� ��e|gÆh Ø"W �
W XJê

� �|!$# - � �"!$#·Ø ��� ! �iÙ]��� R � �|!$#�Ú�Û �{Üc�]�{�×� ÝwÞ��{ß�à R � �"!$#xá �]âc�{Üc��âc��� á âcÜc���c� 2 ��e"gih Ø [w�
\aà æ�Z�æ î<à æ�éDðw[JéDñ�ZDì t�î·±Vaã÷ é îdW XJêJéUs ç|ZGv"Z W{z ì î]rx\EW{z æºêwZ W v|gQµ]Xwæ�~}ð Wïî ìgç"X@e"gih Ø|W � �"!$#
ZDæ t Z�æLéDæ�X î é îGà æ î ç î�W ëJç|s îGà æ ±Gaü÷ êJì W v"XJç	é î ì*ñLé W éãv	ì z æ�XrìYX¸æ�~"ð W×î ìgç"X/e"gih Ø [wg ßà ìgé7éDð èÔÀ
è/W×î ìgç"Xwì*é t æ�Z2s ç|Z è æLê+[9æ�s ç"Z�æ î<à æºìYX î æ�Z t ç	ë W×î ìgç"Xwç"X î ç t Z�æLéÌéDðwZ�æaë*æ z æLëgé�êJðJæ î ç î<à æºë W Z2v	æ
z�W ZDì Wïî ì*ç|XòìYX.éÌðwZ�s W ñLæ t Z�æLéDéÌðwZ�æºç z æ�ZÚç|ZDç|v"Z W|tJàdr � \aà ì*ñ à ì*éÚì è/t ç"Z îdW X îä\aà æ�XòñLç"XJéDì*êJæ�Z�ìcXwv
v"Z W{z ì î]ru\,W{z æLé¿� a æ�[Jé î æ�Z2� ØÌÙ,ÙÌØ �2g ßà æ î æ�Z è � �Í���c� �å�{�]� W ë*ëgç \ é·s ç|ZÔXJç îqW ë*ëûç|s � [�æLìYXwv
s}Z�ç è îGà æ W{z�W ì*ë W [Jëgæqv|Z W{z ì î]rn\,W{z æ�êwZ W v(êJì W v|XJç�é î ì*ñLé2�QéDðJñ à´W éºñ<ç|X z æLñ î ì z æ è ç è æ�X î ð è
êwZ W v W XJê W X r�à ìYv àæÀ s}Z�æ�~"ðJæ�XJñ ròî Z W XJéDì*æ�X î é$XJç î ìYXJñLë*ðJêJæLê(ìYX Hãç � ðæèÉêJì z æ�Z�v�æ�XJñLæ�g



k+1dé ê_:QAG8�mnR<ëÕ;=AG42m+:
ßà ìgéjñ àwW"t�î æ�Z�ìcX z æLé î ìcv Wïî æLé î<à æ.êwZ�ì z ìYXwvÉç"s îGà æ W XwX}ð W ë�ñ r ñLë*æ.ìcX î<à æ î<à æ�Z è ç"ê r X W�è ì*ñ
æ�~"ð W×î ìgç"Xy� Ø gY��æ��f[ r ìYX z æLé î ìcv W×î ìYXwv îGà æ W XwX"ð W ë,ñ r ñLëgæ�ç"s7æ W ñ à ç|s îGà æjìcXJêJì z ì*êJð W ë î æ�Z è é
ìcX îGàwW×î æ�~"ð Wïî ì*ç|Xwg ßÚà æ è/W éDé¾ñLç"X î ìYX"ðJì î]r æ�~"ð W×î ìgç"X.� Ø gY��êw�Úìgé¾ìcX z æLé î ìYv Wïî æLêw�lëgìcXJ·}ìcXwv îGà æ
îGà æ�Z è ç"ê r X W	è ìgñwæ�~"ð W×î ìgç"X î ç îGà æ��Lç"X W ë è ç è æ�X î ð è æ�~"ð W×î ìgç"Xwg ßÚà æwêwZ�ì z ìYXwvÉç"s îGà æ
W XwX}ð W ë9ñ r ñLëgæ�ìYX îGà æE�Lç|X W ë è ç è æ�X î ð è æ�~"ð W×î ìgç"Xn� Ø gc� W � ìgé î<à æ�X�ìcX z æLé î ìcv Wïî æLêwg â ìYX W ë*ë r �
îGà æ Hãç � ðæèõêJì z æ�Z2v	æ�XJñLæ�ìgéÚé î ðJêJì*æLêòìcXxv|ZDæ W×î æ�Z�êyæ î�W ìgëcg ßÚà æ î æ�Z è éÚìYX�æ W ñ à ç|s î<à æ ßÚH_`
æ�~"ð W×î ìgç"XJé àwW{z æQ[9æLæ�Xõñ W ëgñLðJë W×î æLê<s}Z�ç è îGà æaéDì×è à ç�ðwZ�ë r�&E` ê Wïî�W êJìgéDñLðJéÌéDæLê¶ìcXõéDæLñ î ì*ç|X
e"g � ðJéDìYX�v îGà æ´ê Wïî�W�t ZDç"ñLæLéDéDìcXwv î æLñ à XJìY~"ðJæLéaêJì*éDñLðJéDéDæLê|ìYXBéDæLñ î ìgç"XJé Ø g @�W XJêÕe|g ¿ g ½ é%ìcX
ñ àwW"t�î æ�Z @¾îGà æÄ� ÙûàwçoW ëgæ z æLë¼ìgéìYX z æLé î ìYv W×î æLêwg ßÚà æfZ�æLéDðJë î é W Z�æ�ñLç è/twW ZDæLê \ ì î<à´îGà ç�éDæ%ç"s
ñ àwW"t�î æ�Z @-W XJê � g

k+12ì íîFH7 P�:Õ:¿ë<P�ï¶;=ðn;Uï27 4d: AGFH7 AÌ7-8ãñ > m+òîAVFq7 AGFH798�ó
ñ mnRqðn:ÕP�ñ 4�;�7-ô�ëÕPUAG42m+:

ßà æ î<à æ�Z è ç"ê r X W�è ì*ñ�æ�~"ð W×î ìgç"Xu� Ø gc�	æ�� ì*éVìYX z æLé î ìYv W×î æLê î çaéDæLæ \aàwW×î êwZ�ì z æLé îGà æ¾ñ àwW Xwv	æLé
ìcX t ç î æ�X î ì W ë î æ è/t æ�Z W×î ðwZ�æLéwç z æ�Z î<à æ W XwX"ð W ë�ñ r ñLëgæ�g â ìYv�ðwZ�æ ¿ gÆh±é à ç \ é î<à æ W XwX"ð W ë
ñ r ñLëgæ�ìYX t ç î æ�X î ì W ë î æ è-t æ�Z Wïî ðwZDæ W×î � ÙûàwçoW [�æ î]\ æLæ�X �ÌÙMø * W XJê �,Ù}ø Á g ½ ë W Z2v	æ W XwX}ð W ë
ñ r ñLëgæañ W X¿[�æ�éÌæLæ�X@[�æ î]\ æLæ�X W|twt ZDç{èXì è/W×î æLë ròØ,Ù<ø * W XJê Ø,Ù}ø Á � î<à ì*é�ìgéé î ZDç|Xwv�æ�Z�[�æ î]\ æLæ�X

h Ø��



hjilkJmlnLo"prÀlsutwv x�kynLk�z�xlp�
���
�l�ÎnLiloõkwÌ��lkJ�V�5���5��o �"(3q
W"twt Z�ç{èXì è/W×î æLë r h Ù�ø * W XJê�h Ù}ø Á g ßà æ t ç î æ�X î ì W ë î æ è/t æ�Z Wïî ðwZDæ Wïî�îGà æ æ�~"ð Wïî ç"Z�ì*é W|twt ZDç{è À
ì è-Wïî æLë r h Ùûóõ\,W Z è æ�Z¾ìcX@*EöùéÌð èjè æ�Z îGàwW X \ ìYX î æ�Z2g�µ]XwñLç è-t�W ZDìgéDç"X î ç îGà æ Hã^�`qaãâ
ê Wïî�W ��÷wv	ðwZDæ @ gÆhÅ� îGà æ &$` ì*é W [�ç	ð î e óø\,W Z è æ�Z î<à ZDç	ðwv à ç	ð îî<à æ r æ W Z�[�æ îÆ\ æLæ�X Ø,Ù ø *
W XJê ØÌÙ ø Á � î<à æ W XwX"ð W ë¼ñ r ñLë*æ àwW é�éDì è ìgë W Z è-W v|XJì î ðJêJæÄ[Jð îîGà æ è ìYXJì è ð è ç"ñLñ<ðwZ�é W [�ç�ð î
ç"XJæ è ç|X î<à ë Wïî æ�Z2g

Potential Temperature (K) ù
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â ìcv	ðwZDæ ¿ gÆh K ` æ W X W X�X}ð W ë3ñ r ñLëgæ�ç"s îGà æU�<ç|X W ë è æ W X t ç î æ�X î ì W ë î æ è/t æ�Z Wïî ðwZDæ W×î � ÙûàwçoW g
ßà æõñLç|X î ç�ðwZ�ìcX î æ�Z z�W ë¾ì*éHe ó g Á ç�ëgì*êy[Jë W ñÙ·/ëgìcXJæLé�ìYXyêJìgñ Wïî æ h"hÅg @ ø�*E� î<à æ(æ�~"ð Wïî ç"Z W XJê
h"hÅg @ ø Á g

ßà æ W XwX}ð W ëûñ r ñLëgæ¸ìcX îGà æ9Z W×î æ�ç"sûñ àwW X�v	æ�ç"s t ç î æ�X î ì W ë î æ è/t æ�Z Wïî ðwZDæ \ ì îGà ZDæLé t æLñ î
î ç î ì è æ�� Õ ®Õ » ��ì*éré à ç \ X ìYXy÷wv�ðwZDæ ¿ g Ø g ßà æ�Z�æ¶ìgé \,W Z è ìYXwv.[�æ î]\ æ<æ�X ØÌÙ<ø * W XJê Ø,Ù}ø Á
s}Z�ç è â æ�[wZDð W Z r±î ç ½ ðwv�ðJé î-W XJê¶ñLç"ç�ë*ìYXwv�s}Z�ç è ½ ðwv	ðyé î%î ç â æ�[�Z�ð W Z r g ßÚà æ \,W Z è ìcXwv�ì*é
é î Z�ç"Xwv	æLé î ìcX�5ðwXJæ W XJê îGà æ�ñLç"ç	ë*ìYXwv(é î ZDç|Xwv�æLé î ìYX ô ñ î ç|[�æ�ZÄ[�æ î]\ æLæ�X h Ù<ø * W XJêõh Ù}ø Á g
Á ç�ð î<à ç"s ØÌÙ ø Á î<à æ�ZDæ(ìgé W@\,W Z è ìcXwv \aà ìgñ à ì*éré î Z�ç"Xwv	æ�Z�æ W ZDëgì*æ�Z îGàwW X îGà æ±æ�~}ð W×î ç|ZDì W ë
\,W Z è ìYXwv"�%é î ZDç|X�v	æLé î s}Z�ç èT`<W Z�ñ à|î ç `<W{r � W XJê W é î Z�ç"Xwv�ñLç"ç�ëgìcXwv s}ZDç è ô ñ î ç|[�æ�Z î ç
÷ æLñLæ è [�æ�Z2� \ æ W ·	æ�XJìYXwv|ë Wïî æ�Z îGàwW X î<à æòæ�~}ð Wïî ç"ZDì W ëVñLç6ç	ë*ìYXwv"g *�ç|Z î<à ç|s ØÌÙ ø * î<à æ�Z�æ.ì*é
\,W Z è ìYXwv W XJêòñLç"ç	ë*ìYXwv´ç|s îGà æ�ç twt ç�éDì î æ�éDæ�XJéDæ î ç î<à æ%æ�~}ð Wïî ç|ZDì W ë \,W Z è ìYXwv W XJê�ñLç"ç	ë*ìYXwv"�
\ ì îGà ñLç6ç	ë*ìYXwv-s}Z�ç è â æ�[wZ�ð W Z r.î ç ½ ðwv	ðyé î�W XJê \,W Z è ìYXwvqs}ZDç è ½ ðwv�ðJé îî ç â æ�[wZDð W Z r gÚµ]X
ñLç è-twW Z�ì*éDç|X î ç î<à æ H_^V`Haãâ ê W×îdW �o÷wv	ð�Z�æ @ g Ø � îGà æ´æ�~"ð W×î ç|ZDì W ë \,W Z è ìcXwv W XJêõñLç"ç�ëgìcXwv
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Z W×î æLé W Z�æ è ðJñ à ë*æLéDélé î Z�ç"Xwv W×î¼îGà æ t æ W ·"é2�ÍZDæ W ñ à ìYXwv�ç|XJë rëÙ gih Øûó ê W{r Ñ [ W XJê ÀéÙ gih ó ê W{r Ñ [
ñLç è-twW Z�æLê \ ì îGàqÙ gih ¿ûó ê W{r Ñ [ W XJê ÀéÙ gÆh ¿ûó ê W{r Ñ [ g ßÚà æ�ìcXJñ�Z�æ W éDæ�ìYX îGà æ \,W Z è ìYXwv¾ç"ñLñLðwZ�é
v"Z W êJð W ë*ë r ç z æ�Z W ë*ç|Xwv�æ�Z t æ�Z�ì*ç"ê \aà æ�Z�æ W é îGà æ \,W Z è ìYX�v´ìcX î<à æ H_^V`Haãâ ê W×îdW Z�æ è/W ìYXJé
ë*ç \ [9æ î]\ æLæ�X� W X"ð W Z r W XJê ½ t Z�ì*ëYg ßà æwñLç6ç	ë*ìYXwv W ëgéÌç�ç"ñLñLðwZDé�ç z æ�Z W ë*ç|Xwv�æ�Z t æ�Z�ì*ç"êw�
÷wXJì*é à ìYXwv�ìYX â æ�[wZ�ð W Z r Z Wïî<à æ�Z î<àwW X è ìgê ÀÌ÷ æLñLæ è [�æ�Z�g â Z�ç è ½ t ZDìgë î ç ô ñ î ç|[�æ�Z îGà æÄZ Wïî æ
ç"s�ñ àwW Xwv�æ%ç"s t ç î æ�X î ì W ë î æ è/t æ�Z Wïî ðwZDæ�ìgéVXJæ W ZDë r ñLç"XJé îdW X îÄW×îÔW v�ì z æ�X î ì è æ,s ç"Z îGà æ-h ÙMø *
î ç�h Ù"ø Á ë W×î ì î ðJêJæÄ[ W XJêw��ñ àwW Xwv�ìcXwv�ìYX è/W v"XJì î ðJêJæaç	ð î éDìgêJæ îGàwW×î ë Wïî ì î ðJêJæ·[ W XJêwg ßà ìgé¾ì*é
éDì è ì*ë W Z$[�æ àwW{z ìgç�ðwZ î ç îGà æ H_^�`qaãâ ê Wïî�W [Jð î s ç|Z W é à ç|Z î æ�Z t æ�ZDìgç6ê.�eìYX îGà æ Hã^�`qaãâ
ê Wïî�WîGà ìgéQç"ñLñLðwZ�éGsÖZDç è ½ t Z�ì*ë î ç ÷ æLñLæ è [�æ�Z��2g ßà æ à ç|ZDìY�Lç"X îdW ë9é twW ñ<ìYXwv´ç|s î<à æ &E` ê Wïî�W
ì*éûéDðJñ à%îGàwW×îíî<à æVXJæ W Z�æLé î v"Z�ì*ê9[�ç{è�æLé î ç9h Ù øoW ZDæ Í g Ã e øoW XJê�h|hjg Ø e ø g ßÚà æ�ë Wïî ì î ðJêJæÚñ à ç�éDæ�X
W é îGà æ�ë*ì è ì î ç|s îGà æÄ[ W XJê±ðJéDæLê�s ç|ZÚñ W ëgñLðJë W×î ìgç"XJé \ ì î<àjîGà ìgé�ê W×îdW ìgé�h"hÅg Ø e ø�g

ßà æ W êJì W [ Wïî ì*ñ�ñLç"ç�ëgìcXwv î æ�Z è � b d 4 � S
�Úìgéjé à ç \ XúìcX´÷wv	ðwZDæ ¿ g @ g ßà æ�Z�æwìgé9v	æ�XJæ�Z W ë

W êJì W [ W×î ìgñ�ñLç"ç�ëgìcXwv î<à ZDç�ðwv à ç�ð îwîGà æ î Z�ç t ì*ñLé.��[Jë*ðJæ À v|ZDæLæ�Xw�+[�æ î]\ æLæ�X Ø,Ù�ø Á W XJê @,Ù}ø *$g
ßà ìgé�æ�è î æ�XJêJéxsÅðwZ îGà æ�Z-XJç|Z î<à¶î ç W [�ç z æ �ÌÙ ø *_ìcX *Eö_éÌð èjè æ�Z W XJêÓs ðwZ î<à æ�ZjéDç�ð îGà¶î ç

Potential Temperature Change (K day� -1) 
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â ìcv	ðwZDæ ¿ g Ø	Kø` æ W X W XwX"ð W ëºñ r ñLë*æ|ç"s î<à æ Z W×î æ�ç|s'ñ àwW Xwv	æ�ç|s��Lç|X W ë è æ W X t ç î æ�X î ì W ë
î æ è-t æ�Z Wïî ðwZDæ Wïî � ÙûàwçoW g ßÚà æúñLç|X î ç�ðwZ¶ìYX î æ�Z z�W ë'ìgé Ù g Ù,Øûó ê W{r Ñ [ g Á ç�ëgì*ê�ñLç|X î ç�ðwZDé
ìcXJêJìgñ Wïî æ t ç	éDì î ì z æ z�W ë*ðJæLéq�eìYXJñ�ZDæ W éDìYXwv î æ è/t æ�Z W×î ðwZ�æ<é2����ê W é à æ<êBñLç"X î ç	ðwZDéºìYXJêJì*ñ W×î æ-�Læ�ZDç
z�W ë*ðJæLé ��XJçãñ àwW Xwv	æ�� W XJê êJç î�î æLê ñLç|X î ç�ðwZ�é/ìcXJêJìgñ Wïî æ¾Xyæ�v Wïî ì z æ z�W ë*ðJæLé ��êJæLñ�ZDæ W éÌìYXwv
î æ è-t æ�Z Wïî ðwZDæLé2�2g Á ç�ëgì*ê@[Jë W ñÙ·.ë*ìYXyæLé¾ìYXJêJì*ñ W×î æqh"hÅg @Mø *$� îGà æºæ�~}ð Wïî ç|Z W XJê h"hÅg @�ø Á g
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[�æLëgç \ �ÌÙ5ø Á ìcX+*$ö \ ìcX î æ�Z�éDðJñ à�î<àwWïîÚî<à æ·[ W XJêwç"s�ñLç"ç�ëgìcXwv¸é twW XJé¾ç z æ�Z ¿ÌÙMø ç"s�ë Wïî ì î ðJêJæ
îGà Z�ç�ðwv à ç�ð î�îGà æ r æ W Z2� \ ì*êJæ�Z î<àwW X¶ìcX î<à æ Hã^�`qaãâ ê Wïî�W ��÷wv	ðwZDæ @ g @ ��g�µ�X î<à æjæ�è î Z WÅÀ
î Z�ç t ìgñLé à æ W×î ìYXwv/� r æLëgë*ç \VÀ ZDæLêw�ûñ W X-[9æÚéDæLæ�Xwg ßÚà æ�ZDæQì*é W é î Z�ç"Xwv�ñLç6ç	ë*ìYXwv-��ê W Z�··[Jë*ðJæ��=XJæ W Z
îGà æræ�~}ð Wïî ç"Z'ìYX ÷ æLñLæ è [�æ�Z W XJê� W X}ð W Z r°W XJê W-\,W Z è ìYXwv á ðJé î XJç"Z îGà ç|s î<à æ�æ�~"ð W×î ç|Z
ìcX�5ðwXJæ W XJê�5ðJë r g ßÚà æLéDæ î ì è æLé�ñLç"Z�ZDæLé t ç|XJê \ ì îGà ë W Z2v	æañ àwW Xwv	æLé%ìYX îGà æ î æ è/t æ�Z Wïî ðwZDæ
ìcX´÷wv	ðwZDæ @ g Ø �Qç6ñLñLðwZ�ZDìYXwv á ðJé îxW s î æ�Z î<à æ è ìcXJì è ð è W XJê è-W èXì è ð è ìYX î<à æræ�~"ð Wïî ç"Z�ì W ë
Õ ®Õ » � W éÄsÅç"Z î<à æ Hã^�`qaãâ ê Wïî�W g�µ]X î<à æ-*$ö î<à æ�ZDæ�ì*é W ZDæ�v	ì*ç|XBç|s7é î ZDç|XwvòñLç"ç�ëgìcXwv¿XJæ W Z
îGà æ�æ�~}ð Wïî ç"Z7ìcX î<à æ \ ìYX î æ�Z2g ßÚà ìgé [wZ W XJñ à æLéQç�ð î � \ ì î<à ç"XJæ$[wZ W XJñ à�è ç z ìcXwv·XJç"Z îGà�\,W Z�êJé
W Z�ç�ðwXJê îGà æ \,W Z è ìcXwv�ìYX îGà æòéDð è¸è æ�Z W XJê îGà æwç îGà æ�Z-Z�æ è/W ìcXJìYXwv XJæ W Z îGà æòæ�~"ð Wïî ç"Z�g
ßà ìgé�ìgé�éDë*ìYv à<î ë r êJì ) æ�Z�æ�X îî ç îGà æ H_^V`Haãâ ê W×îdW � \aà ìgñ à(àwW é W é î ZDç|XwvjñLç"ç�ëgìcXwv è ç z ìcXwv
XJç"Z îGà�\,W Z�êJéºìYX î<à æjéDð è¸è æ�Z \ ì îGànW.è/W èXì è ð è ìYX ½ ðwv�ðJé î g ßà æ/XJç|Z î<à æ�Z2Xu[wZ W XJñ à ìcX
îGà æ &$` ê Wïî�W ìgé XJç�ìgéÌìgæ�Z W XJê àwW é \ æ W ·	æ�XJæLê@[ r ½ ðwv	ðJé î g ßÚà æ�Z�æ�ì*é W ë*éDç W êJì*é î ìcXJñ î [ W XJê
ç"s�é î ZDç|Xwv�æ�ZjñLç"ç�ëgìcXwv W ë*ç|Xwv îGà æòæ�~"ð Wïî ç"ZjìYX î<à æ &E` ê WïîdWH\aà æ�ZDæ W é�ìcX îGà æ H_^V`Haãâ
ê Wïî�W%îGà æ�Z�æºìgéUv�æ�XJæ�Z W ëgë r é î ZDç|Xwv�æ�ZÚñLç"ç	ë*ìYX�v/[9æ î]\ æLæ�X Ù øVW XJê ØÌÙ}ø Á g

Adiabatic Heating and Cooling (K day� -1) 

Janú Febû Mar Aprü Mayú Juný Julý Augý Sepû Octþ Novÿ Decû  
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Q (Longwave Heating) (K dayí -1) 
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Q (Shortwave Heating) (K dayí -1) 
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Q (Residual) (K day-1) 
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�C�VX�aFP�RcTVE�XVA4�.¯A�ZRUAOLdTVE;�ZRUA4�A�yAOa�aiRcAtKOKqAS�VL;�FE;�DahAS�A� ± LNPDCA�cRUE;�0�DL�RcAS�A�dRcTVEH�DXVA4�.¯A�ZRUAOLdLNPzP�KtA4�A�.�
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Potential Temperature Anomaly (K)¹
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Thermodynamic Equation (K dayÓ -1)
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§�\]TA¨,�C��À«����¯A¥�RUTVE�RUE;�FW[ag�C�`E � ��g� �iaFPDKOAtX�¯VK4�DL�{wKOAS�VE;¥ ±�ä åFæç©è � ��gé �iXVPgRFRUENX�¯VKOCVE�KOAS�VE;¥ ±�ä êmë � ��gé�iXA�DaFTVENX��.�FENE;�wKOAS�VE;¥ ± �xìOíîìOïñð|�iXA�DaFTVEUX]�.�VX[XVPgRFRUENXwPC�`�C�A��ExKtA4�VE;¥,�C�VX ä ���é å`ò � ò ��óç è �`ô Ó êMõ·öZõ�iXA�DaFT2�.�VX[RcTA�`ENE}XVPgRFRUENX2�FENX�KOAS�VE;¥0�



�[�§÷Vømo;p6qsrmtvuxw yS÷XoN÷|{}ymqf~���~��m��oN�mpª÷A�m���§÷A���h���h��p ���
�
¯VC�RbK4�.�C�DENXk�}A�RcTx�FENa � ENL�R�RUP�RcTVE}W[A4�VAtW�CVWùA4�2�DXVA4�.¯A�ZRUAOLeTVEB�gRcAS�A���C�VX�LNPzP�KtA4�A�C�

@]AS��CA�`E�G.�4áeaFTVPZ�}a§RUTVE�XVENLNPDW � PDaFA�RUAOP.�HPC� �¤A4�URcPc©;µ T_E;�gRcAS�A� ± » µ TVE;�gRcA4�A�c�.�VXlRUTVE
�FENaFAtXVCA��K|�Zª_E;�0�.��ENX2�ê�FPDWÙ£C£¢�O~����¦RUP2£C£¢�O~J� » ��kmTVEc�.�A�zCA�DK©L � LNKOE}AOamLUPDW � P�aFENX�Wk��AS�VK � PC�
RcTVE´�`ENaFAOXVCA�DK
RUE;�FW �}A�RUTªaFP�W[E�LNPC�UR@�`A4¯VC�RcAtPC���ê�FPDWúRUTVE�©;µ TVE;�ZRUA4�A�.�}kmTVE´©;µ TVE;�gRcAS�A�
TA��aeA�RUa}W�AS�VAOW�CVW¯A4� » E � RcENW´¯�E;� ± �}TVE;��RUT_E � PgRcE;�URcAS��K�RUENW � E;�`�ZRUCA�FE�PC�ÈA��CA�`E[G.�OG.��AOa
��Wk�_ÂqAtW�CVW ± �}TVE;�FE;�DabA�R�AtamRUTVEk�`ENahAtXVCA��K��bTVAtL�TjTA��aeAvRcaeW�AS�VAOW�CVW¯A4� Ë CVK � ��k�TVE�©;µ
TVE;�ZRUA4�A��Ata9�FENa � PC�VXVA4�A�HLNKtP�aFENK � RcP�RUTVE}L|TA�C�A�DENanA4� � PZRUE;�cRUA4�DKµRcENW � E;�0�gRcCA�`E;�

Q components (K dayû -1)
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RcE;�`W�anAS� �ß�iE;¡zCA�gRcAtPC�x�C�¤£C£¢¥0��k�TVEbKtA4�VENa¶�.�FEmRUPZRB��K �ß��ahPDKOAtX�¯VK4�DL�{�KOAS�VE;¥ ± ����� �iXA�DahTVENX
�FENX�KOAS�VE;¥ ± ��� � ��XA��aFTVENX��.�VX�XVPZR`RcENX�PC�`�C�A�DEeKtA4�VE;¥E�C�VX � 	�
��� ��� ïñðg�iXVPgRFRUENX � ENKOKtPZ�¬KOAS�VE;¥0�

Ô a}� PC�xRUT_E]ãÈä Þ µ®@ XA�gR@�yRUTVEk�DXVA4�.¯A�ZRUAOLwLNPzP�KtA4�A��AtaeXA�FA[ªqAS�A�[RUTVE��.�A�zCA�DK]L � LNKOE�A4�
RcENW � E;�`�ZRUCA�FENa�AS�uRcTVAOa]�FE;�DAOP.�A�³k�TVE¬©;µ TVE;�gRcAS�A��AOa^�FENa � P.�VXVA4�A� RUPHRUTVEyRUENW � E;�0�ZRUCA�FE
L|TA�C�A��ENa0�
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�dE·ÂzRyRcTVE´ª
E;��RcAtL;��K�LNPDW � PC�VE;�UR�PC�]RUTVE¬�`ENaFAOXVCA��KxW�E;�C��W�E;�`AOXVAtPC�A�DKxLNAS�FLNCVK4�gRcAtPC� ± ê ë ± Ata
LNPC�VaFAtXVE;�FENXA�

Residual Mean Vertical Velocity (x10-3 Pa s-1 ) 
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@BA�]DC_^FE Ga`cb�I�d£E�egfheaf_fJC_e�KxLji�LNKOE�PgkBRUTVEl^`ENaFAOXVC_e�KxW�E�eafnm_E�^iRUAOL�eDK�m_ENKOPzLNAvRoipegRlqD\�T_rsea`
k�TVE�LNPafURcPDC_^wA�fURcE�^mte�KxAOa[\aucv#w�xZ\�rgyzrse]a|r_s(`|{VPDKOAtX¥LNPgfcRUP�C_^`a[AcfVXVAOL�egRcE�}�P�aFAvRcA~m
E=mte�KtCVENa
� XVP(��fC��ENKOKtA�f_]a���BX_eDahTVENXªLNPgfcRUP�C_^`anA�fVXVAtL�eZRUE��NE�^FP�mteDKOCVENa�egf_X�XVPZR`RcENXuLNPgfcRUP�C_^`anA�fVXVAtLCegRcE
fVE�]aegRcA~m_E�mteDKOCVENa � C_}C��ENKtKOA�f_]g�(`

@]Ac]�C_^`EHGa`cbªaFTVP��}adRUTVElegf_fzC_eDK�LjiqLNKtE A�f ê ë k�^`P�W���\J�`�«RUPG�D\z�j{!eZR�q�\�T_rseg`Y�dPgRcE
RcT_egR5����ENL�e�CVaFE7}_^FENaFaFC_^`E�C_fVA�RUa�eg^FEwA�f�CVahE[TVE�^FE��FfVE�]aegRcA~m_E�mteDKOCVENa}Pgk êBë LNPa^�^FENa(}�PafVX�RUP
C_}C��ENKOKtA�f_]a�s}�P�aFAvRcA~m
EDm�e�KtCVENaMRcPHXVP���fC��ENKOKtA�f_]g`bkmTVE�]�E�fVE�^�e�K�}_eZR`RcE�^�fªPak ê ë�AOadaFAtW�AtK�eg^MRUP
RcT_egR�Pak�RUTVEJe�XVAcea�_egRcAtLbLNPzP�KtA�f_]HA�fn�_]DC_^FE�Gg`O~g�SENa(}�ENLNA�e�KtK�i²AcfHRcTVE}Ej�zR5^�e��ÈRC^FPg}VAOLNa(�s�VC�R�RcTVE
aFAOW[AOKcea^`A�RUAOENa=��E�Ro��ENE�fuRcTVENaFE}Ro��P&�_]�C_^`ENaJea^`E>fVPZR�eDabLNKOE�ea^�eDa���E�Ro��ENE�fuRcTVEHE��JCVA�mteDKOE�fUR
�_]�C_^`ENa�k Pa^�RUTVE�����d7�«@´X_egR5e � ê ë Acfh�_]�C_^`E�~g`�buLNP�W�}_ea^`ENXG�}A�RUT�eDXVA�eg�_eZRUAOL LNPzP�KtA�f_]
A�f��_]�C_^`E�~g`O~g�(`���fªRUT_EyR5^`Pa}VAtLNa�RUTVE�^FE�Ata�e�^`E�]�AtPaf³Pak�XVP���f5��ENKtKOAcf_]� ñCVaiR�fVPa^�RcT�Pak]RUTVE
E��zC_egRcPg^�Acf²�¢¡ aFCVW�W[E�^(�mLNPg^(^`ENa�}�PafVXVAcf_]HRUP>�£eg^FW[A�f_]uA�f�RUTVE�e�XVA�eg�_eZRUAOLHTVE�egRcAcf_]GegfVX
LNPzP�KtA�f_]g` kmTVE�^FEjAta�E�fVT_eafVLNENX¤C_}C��ENKOKtA�f_] A�f�RcTVE�RC^FPg}VAOLNa(�yENa(}�ENLNAce�KtK�i Acf¡�¢¡¤�}A�fURcE�^��
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¶�· ^�^(¸�¹(} · f_º_»�f_]½¼ · ¼5¾_¸!^(¸�]g» · f_¹ · k=¸�f_¾_egf ¶ ¸�º ¶�·�·a¿ »�f_]g`ÁÀA¾_¸ ¶�· f5¼ ·aÂ ^�¹ · k Â }C�£¸ ¿�¿ »�f_]
k ·g¿�¿c· �+¹(»�Ã�» ¿ ea^�}_eÄ¼(¼C¸�^(f_¹Å¼ · ¼C¾_¸ ¶�· fC¼ ·gÂ ^(¹ · k ¶�·�·g¿ »�f_]g�s¸�¹(}/¸ ¶ »ce ¿c¿ i�»�f�¼C¾_¸¢¼C^ · }_» ¶ ¹£»�f�¼C¾_¸
Æ¢¡¢Ç ¶�· Ã>}_eg^(¸�¸�¹(}/¸ ¶ »�e ¿�¿ iK¼C¾_¸ ¶�· f5¼ ·aÂ ^�¹�»cf È�ÉÅ��»~¼5¾�¼5¾_¸�� ¿�Â ¸ ¶�·a¿c·aÂ ^(¸�º�^(¸�]g» · f_¹�»cfl¼C¾_¸
eaº_»cea�_eÄ¼5» ¶ ¾_¸�e�¼C»�f_]½eaf_º ¶�·�·g¿ »cf_]3} ¿�· ¼5`Ê��¼n»�¹�¼C¾_¸&^(¸�¹(»cº Â e ¿ m#¸�^¼5» ¶ e ¿ m ¸ ¿�·�¶ »�¼oi���¾_» ¶ ¾Ë»c¹
º_^(»~mÌ»cf_]�¼C¾_¸ ¶ ¾_eaf_]g¸�¹�»�fÍeaº_»cea�_e�¼C» ¶�¶�·�·a¿ »�f_]a`

<ϖ*> (x10Î -3 Pa/s)
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×s»�] Â ^(¸£Øa`cqaÙ:dG¸�eafÍegf f Â e ¿/¶ i ¶�¿ ¸ · k�¼5¾_¸�^(¸�¹(»�º Â e ¿ Ã�¸�eaf=m#¸�^¼5» ¶ e ¿ m ¸ ¿c·�¶ »~¼oi²� È�É��@e(m#¸�^�ea]g¸�ºk�^ · Ã xaxÄ`�ÚÜÛ�ÆÝ¼ · xaxÄ`�ÚÜÛ�{ `ÞÀ�¾_¸ßqgà�¾_rse ¿ ¸jm ¸ ¿ »c¹&»�f_º_» ¶ e�¼5¸�ºá��»�¼C¾âe�¹ ·g¿ »cºâ� ¿ e ¶äãE¿ »cf_¸�`À�¾_¸ ¶�· fC¼ ·gÂ ^A»�fC¼5¸�^mte ¿ »�¹�àauåxaw�x�àçæ y rse�¹èæ_é�`Aê · ¼�¼5¸�º ¶�· fC¼ ·gÂ ^(¹A»�f_º_» ¶ e�¼C¸�f_¸�]aeÄ¼5»~m ¸Amte ¿�Â ¸�¹� Â }C�£¸ ¿c¿ »�f_]g�(`

×I»c] Â ^�¸�Øg`�q�¹(¾ · ��¹De£m ¸�^ë¼C» ¶ e ¿ì¶ ^ · ¹�¹ë��¹(¸ ¶ ¼5» · f · k ¼5¾_¸�^�¸C¹(»cº Â e ¿ Ã�¸�eaf=m#¸�^¼5» ¶ e ¿ m ¸ ¿�·�¶ »~¼oi²�
e�m ¸�^(eg]a¸�ºík�^ · Ã xgx�`�Ú²Û�Æî¼ · xaxÄ`�ÚÜÛ�{_`ïÀ�¾_¸n�_] Â ^�¸&¹(¾ · ��¹ · f ¿ i�¼C¾_¸ Â }_}/¸�^�¼5^ · } · ¹(}_¾_¸�^(¸
eaf_º�¹ë¼5^�e�¼ · ¹(}_¾_¸�^(¸���k�^ · Ã x�ðgà�¾_rse�¼ · x�àI¾_rsea��»c`�¸�`s¼C¾_¸=¼ · } · kI¼C¾_¸�º_eÄ¼5eK¹(¸j¼C`Ëñ ¶�¿ ¸�ea^
eaf_f Â e ¿Å¶ i ¶�¿ ¸ ¶ eaf!�ò¸�¹(¸�¸Cf�eÄ¼lÃ · ¹ë¼ ¿ ¸jm#¸ ¿ ¹(����»�¼C¾h¸�f_¾_eaf ¶ ¸�º Â }C�£¸ ¿c¿ »cf ]K»�f!Æ¢¡ó��»�fC¼5¸�^
eaf_º�º_¸ ¶ ^(¸�eg¹�¸�º Â }C�£¸ ¿�¿ »�f_]ß»�f�Æ¢¡Ý¹ Â Ã�Ã>¸�^�`Êñs¼&qaàI¾ rseÍ¼C¾_¸�Ã>eÄ�Ì»cÃ Â Ã Â }C�£¸ ¿�¿ »�f_]ß»�¹
ô à²uõØòw�xÄà æ yzrseI¹ æ é egf_º ·�¶�¶�Â ^(¹nk�^ · Ã ê£¸ ¶ ¸�ÃJ�/¸�^�¼ ·�ö eaf Â ea^i÷eaf_º�¼5¾_¸½Ã�»�f_»cÃ Â Ã »�¹
ô à²uõvòw�xÄà²æ y rseI¹èæ é�kø^ · Ã ö²Â f_¸�¼ ·>¿ eÄ¼5¸ öÜÂ_¿ i²`¢×s»�] Â ^(¸�Øg`ùxÄà>¹�¾ · ��¹�¼5¾_¸�¸�� Â »�mte ¿ ¸�fC¼-�_] Â ^(¸
��»~¼5¾7¼C¾_¸Jeaf_f Â e ¿ Ã>¸�egfG^(¸�Ã · m ¸�º�kø^ · Ãú¼C¾_¸�º_e�¼Cea`�À�¾_»c¹¢�_] Â ^�¸J¹�¾ · ��¹ · f ¿ iíxaxÄà�¾_rse�¼ ·
x�àI¾_rse>º Â ¸A¼ · ¼C¾_¸ ¿ eg^(]g¸�º_¸ ¶ ^�¸�ea¹(¸J»cf�Ã�ea]gf_»�¼ Â º_¸ · k ¼5¾_¸�eaf_f Â e ¿ì¶ i ¶�¿ ¸���»~¼5¾�¾_¸�»�]g¾5¼C`
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Deseasonalised <	 ϖ*> (x10-3 Pa/s)
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×s»�] Â ^(¸DØg`ùxÄàaÙ�ñ¢f_f Â e ¿#¶ i ¶�¿ ¸ · k²¼5¾_¸�^(¸�¹(»�º Â e ¿ Ã�¸�eaf�m ¸�^ë¼5» ¶ e ¿ m ¸ ¿�·�¶ »~¼oi²� È É � e�m ¸�^(ea]g¸�º�k�^ · ÃxaxÄ`�Ú Û Æß¼ · xaxÄ`�Ú Û {g��»�¼C¾£¼C¾_¸�egf_f Â e ¿ Ã>¸�egf>^�¸�Ã · m ¸�º_`AÀ�¾_¸AqaàI¾_rse ¿ ¸jm ¸ ¿ »�¹�»�f_º_» ¶ e�¼C¸�º���»�¼C¾e>¹ ·a¿ »�º�� ¿ e ¶èãÍ¿ »�f_¸�`�À�¾_¸ ¶�· fC¼ ·gÂ ^�»�fC¼5¸�^mte ¿ »�¹�à²uõàavgðòw�xÄà æ y rse�¹ æ é `

��f�¼5¾_¸��F��d7�ó×Ëº_e�¼Cea���_] Â ^�¸�Úa`cqa��»~¼��£eg¹¢f · ¼C¸Cº�¼5¾_eÄ¼�¼C¾_¸Jº_¸ ¶ ^(¸�ea¹(¸�º Â }C�£¸ ¿�¿ »�f_]l»cf
Æ¢¡ ¹ Â Ã>Ã�¸�^ ·�¶�¶�Â ^(¹-¸�ea^ ¿ »�¸�^-»cfn¼5¾_¸�i ¸�ea^-eÄ¼Í¾_»�]g¾_¸�^ ¿ ¸jm ¸ ¿ ¹(`|À�¾_»c¹�»c¹-e ¿ ¹ · ¼C^ Â ¸�»�fn¼C¾ ¸
�¢d º_e�¼Ce&� Â ¼l»�¹ ¿ ¸�¹(¹=}_^ · f ·gÂ f ¶ ¸�º_`½�of&¼5¾_¸��F��d7� ×âº_eÄ¼5e�¼5¾_¸�Ã�»�f_»cÃ Â Ã Â }5�£¸ ¿c¿ »cf_]
� Ã�e��/»�Ã Â Ã mte ¿�Â ¸��J»�¹=»�f ¿ e�¼C¸ ö²Â_¿ iËe�¼�xaxÄà�¾_rseGegf_º!»�f ö²Â f_¸leÄ¼lØgà�¾_rseg`!��fn¼C¾_¸��¢d
º_e�¼Ce�¼C¾_¸lÃ�»�f_»cÃ Â ÃÁ»�¹=e�¼J¼5¾_¸��/¸�]g»�f_f_»cf_] · k öÜÂ_¿ iíe�¼�xaxÄà�¾_rseKegf_º�eg]aeg»�f!»cf ö²Â f_¸�e�¼
ØaàI¾_rsea` À�¾_¸KÃ>eÄ�Ì»cÃ Â Ã Â }5�£¸ ¿c¿ »cf_] � Ã>»cf_»�Ã Â Ã m�e ¿cÂ ¸���»�fß¼C¾_¸���d º_eÄ¼5eße�¼Kqgà�¾_rse
·�¶�¶�Â ^(¹�¹ ¿ »�]g¾5¼ ¿ i ¿ eÄ¼5¸�^legf_ºp¾_eg¹�eh¹ ¿ »�]g¾5¼ ¿ i ¿�· �£¸�^-mte ¿�Â ¸�¼5¾_egfp»cfh¼C¾_¸��F��d7� × º_e�¼5e
� ô àaucØ#w�x�à æ y rse�¹ æ é ¶�· Ã>}_eg^(¸�º���»�¼C¾ ô àau��#w�x�à æ y rse�¹ æ_é ���g¼5¾_¸�Ã>»cf »cÃ Â Ãú»�¹�e�¼De£¹�»cÃ>» ¿ eg^
¼5»cÃ>¸¢¼ · ¼5¾_¸=���Ad7�ó×Eº_eÄ¼5e�eaf_ºKe ¿ ¹ · ¾_ea¹�el¹ ¿ »c]a¾C¼ ¿ i ¿�· �£¸�^ m�e ¿�Â ¸ � ô àaucv#w�x�à æ yìrse�¹ æ é
¶�· Ã�}_ea^�¸�ºß��»�¼C¾ ô à²uõvað#w�x�àaæ y rseI¹èæ é��(Ç�¼5¾_¸n^�eaf_]g¸ · kÅ¼C¾_¸Geaf_f Â e ¿D¶ i ¶�¿ ¸Ge�¼GqaàI¾_rse!»c¹
¹ ¿ »c]a¾C¼ ¿ i½¹(Ã>e ¿�¿ ¸�^�¼5¾_eaf�»�f=¼5¾_¸����Ad�� ×áº_e�¼Cea`
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������� � !#"%$'&)(+*,*.-0/214365 147�5 398:$<;47%(+365 /=1
�of!¹(¸ ¶ ¼5» · f!Úa`c�a`åx-»�¼��£ea¹J¹(¾ · ��fh¾ · �î¼5¾_¸>e�m#¸�^�ea]g¸�m ¸�^ë¼C» ¶ e ¿ m ¸ ¿�·�¶ »~¼oiËe ¶ ^ · ¹(¹Je ¿ eÄ¼5»~¼ Â º_¸
�_eaf_º ¶�·aÂ_¿ ºË�ò¸&k ·gÂ f_º|�5ip»�fC¼5¸�]g^(eÄ¼5»cf_]�¼C¾_¸&Ã>eg¹(¹ ¶�· f5¼C»�f Â »�¼ùiâ¸�� Â e�¼C» · f_` ×s»c] Â ^(¸ÍØa`åxax
¹(¾ · ��¹s¼5¾_¸¢egf_f Â e ¿Ì¶ i ¶�¿ ¸�»cf�¼5¾_¸¢»�fC¼C¸C]g^(egf_º · kì¸�� Â e�¼5» · f�Úg`�ÚJk · ^ì¼C¾_¸%��d�º_eÄ¼5eg����»�¼5¾�¼C¾_¸
eaf_f Â e ¿ Ã�¸�eafn^�¸�Ã · m ¸�º_`�À�¾_¸ ¿ e�¼C»�¼ Â º_¸��_eaf_º Â ¹(¸�ºnk · ^I¼5¾_¸�»cf5¼C¸�]a^�e�¼C» · fn»�¹�kø^ · Ã xgx�`cÚ Û Æ
¼ · xgx�`cÚ Û {#`

À�¾_¸ ¿ eg^(]g¸�¹ë¼Jmteg^(»ce�¼C» · fß»�f&¼C¾_¸�eaf_f Â e ¿�¶ i ¶�¿ ¸�»cf�¼5¾_»c¹J� ] Â ^(¸�»c¹J»�f&¼C¾_¸ ¿�· �£¸�¹ë¼ ¿ ¸jm ¸ ¿ �
e�¼Kqaà�¾_rse���¾_¸�^�¸�¼C¾_¸G»�fC¼5¸�]g^(eaf_ºí»c¹làauåxgx²w�xÄàaæ y rseI¹èæ é��/¸ ¿c· � ¼C¾_¸KÃ�¸�eafí»cf ö egf Â eg^ëi
eaf_º&à²u x�àòw�x�àÜæ y rse�¹�æ é¢ea� · m ¸�¼5¾_¸�Ã�¸�eafG»cf ö²Â_¿ i²`�À�¾_»c¹¢»�¹F¼C¾_¸�¹(eaÃ>¸D¼C»�Ã�»�f_]7ea¹�k · ^I¼C¾ ¸
eaf_f Â e ¿�¶ i ¶C¿ ¸�»�f È:É�eÄ¼>qaà�¾_rseg`ÍÀ�¾_¸7egf_f Â e ¿F¶ i ¶�¿ ¸7eÄ¼>�aàI¾_rse&»c¹A  Â ¹ë¼ Â f_º_¸�^�¾_e ¿ kì¼C¾_»�¹
Ã>eg]af_»~¼ Â º_¸��t��¾_¸�^(¸�¼C¾_¸�»cf5¼C¸�]a^�eaf_º&»c¹Dàauc�#w�x�à æ y rse�¹èæ_éD�/¸ ¿c· �Ê¼5¾_¸�Ã>¸�eaf�»�f�dKeg^ ¶ ¾&egf_º
à²uõðòw�xÄà æ y rse�¹ æ é ea� · m ¸F¼5¾_¸�Ã>¸�egf7»�f ö²Â_¿ i²�/eg]aeg»�f£��»~¼5¾�¼C¾_¸D¹(egÃ>¸F¼C»�Ã�»�f_]�ea¹@¼5¾_¸Degf_f Â e ¿
¶ i ¶�¿ ¸D»cf È É ` ¡¢»c]a¾_¸�^ ¿ ¸jm#¸ ¿ ¹�º · f · ¼�¹(¾ · �âea¹ ¿ eg^(]g¸Ae£Ã>eg]af_»�¼ Â º_¸�»cf>egf_f Â e ¿_¶ i ¶�¿ ¸�`�ñ�� · m ¸
ÚaàI¾_rse�¼5¾_¸�^(¸�»�¹De�¹(Ã�e ¿c¿ ¹(¸�Ã�»���egf_f Â e ¿z¶ i ¶�¿ ¸�`

� · Ã>}_ea^�»�f_]>¼5¾_»c¹D��»~¼5¾n¼5¾_¸��F��d7�ó×âº_e�¼Cea�Å� ] Â ^(¸�Úg`ùxÄÚa��¼5¾_¸�eaf_f Â e ¿�¶ i ¶�¿ ¸�»cf&¼5¾_¸
»�fC¼C¸�]a^(e ¿ »�¹ ¿ ¸�¹(¹>¹ë¼C^ · f_]Keaf_ºG¼5»�Ã�¸�ºá¹ ¿ »�]g¾5¼ ¿ iE¸�ea^ ¿ »c¸�^(`Ë¡ · �£¸jm ¸�^>»�f�� · ¼5¾G¼5¾_¸?�¢d egf_º
���Ad7�ó×�º_eÄ¼5eI¼C¾_¸@¼C»�Ã�»�f_] · k5¼5¾_¸�eaf_f Â e ¿a¶ i ¶�¿ ¸Å»�f:¼5¾_¸�»�fC¼5¸�]g^(egf_º�eÄ¼FqaàI¾_rse ¶�· ^�^(¸�¹(} · f_º_¹
��»~¼5¾�¼5¾_¸Degf_f Â e ¿ ¶ i ¶�¿ ¸D»�f È É eÄ¼Dqaà�¾_rse�k · ^Ì¼C¾_e�¼�º_e�¼Ce�¹(¸j¼5`Añ ¿ ¹ · �a¼5¾_¸�Ã>ea]gf_»�¼ Â º_¸ · kÜ¼C¾_¸
eaf_f Â e ¿#¶ i ¶�¿ ¸¢e�¼��aàI¾_rse�»c¹�  Â ¹ë¼ Â f_º_¸�^ ¾_e ¿ kÜ¼5¾_e�¼�eÄ¼�qaà�¾_rse�k · ^F¸�e ¶ ¾�º_e�¼Ce�¹(¸j¼C`A@:¸j¼o�£¸�¸�f
Øaà-eaf_ºÍÚaà�¾_rse£¼C¾_¸:¼o� · º_eÄ¼5e�¹(¸j¼C¹D�/¸�¾_e�m ¸�� Â »�¼C¸�º_»CBò¸�^�¸CfC¼ ¿ iÌÇ_¼5¾_¸%�¢d º_eÄ¼5e-¾_eg¹De¢m ¸�^i
¹(Ã>e ¿�¿ eaf_f Â e ¿�¶ i ¶�¿ ¸D��¾_¸�^(¸�eg¹�¼5¾_¸��F��d7� ×Ëº_eÄ¼5e>¾_ea¹ ¶ ¾_eaf_]g¸�ºn¹(»�]gfneaf_ºn¾_eg¹�e�¹ë¼C^ · f_]
eaf_f Â e ¿t¶ i ¶�¿ ¸ ·aÂ ¼ · k }_¾_eg¹�¸s��»~¼5¾¢¼C¾_¸Aqgà�¾_rse ¶ i ¶�¿ ¸�`:ñ¢� · m#¸AÚaàI¾_rse�� · ¼C¾=º_e�¼Ce�¹(¸j¼5¹�¹(¾ · �
e>¹(¸�Ã>»~��eaf_f Â e ¿ì¶ i ¶�¿ ¸D��»�¼C¾&¹(»cÃ>» ¿ eg^�¼C»�Ã�»�f_]g¹(`

ñ¢¹�k · ^F¼C¾_¸J����d7� ×|º_e�¼5e�¼C¾_¸D�¢d º_e�¼Ce�¹(¾ · �ï¼5¾_eÄ¼=Ã · ¹ë¼ · k#¼5¾_¸Jeaf_f Â e ¿z¶ i ¶�¿ ¸-»cf
È�É£�/¸j¼o�£¸�¸�fßqg`�b Û Æ eaf_º�qa`cb Û {�e�¼-qaà�¾_rseÍ»c¹�º_^�»�m ¸�fß�CiG¼C¾_¸>¾ · ^(»c� · fC¼5e ¿ m ¸ ¿c·�¶ »�¼C»�¸�¹�f_¸�eg^
qaàI¾_rsea`

×I»c] Â ^�¸ÍØg`ùxÄv�¹(¾ · ��¹ È�É ¶ e ¿c¶�Â ¿ e�¼C¸�º · fá¾_e ¿ kDÃ · º_¸ ¿A¿ ¸jm ¸ ¿ ¹�kø^ · ÃÁ»�fC¼5¸�]g^(e�¼C»�f_] E É-e�¼
¼5¾_¸ ¿ »cÃ>»~¼5¹=xaxÄ`�ÚaÛ�Æ eaf_ºßxaxÄ`�ÚÜÛ�{ `D×I»c] Â ^�¸�Øg`ùx�Ú-¹�¾ · ��¹�¼5¾_»c¹�»�fC¼5¸�^�} ·a¿ e�¼C¸�º · fC¼ · k Â_¿�¿ Ã · º_¸ ¿
¿ ¸jm ¸ ¿ ¹(`¢À�¾_¸�¹(¸��_] Â ^(¸�¹Aea^�¸ m ¸�^i3¹(»cÃ>» ¿ eg^s¼ · �_] Â ^(¸£Øa`cq¢��¾_» ¶ ¾&¹(¾ · ��¹ È É ¶ e ¿c¶�Â_¿ eÄ¼5¸�ºÍk�^ · Ã
¼5¾_¸�º_¸��_f_»�¼C» · fn]a»~m ¸�fn�5i�¸�� Â eÄ¼5» · f&vg`�bg�_`

À�¾_¸�¹(¸ ¶ eaf��ò¸ ¶�· Ã�}_ea^�¸�º���»~¼5¾�¼C¾_¸¢���Ad�� ×ßº_e�¼Ce � �_] Â ^�¸�¹ Úa`ùxÄ�a�#Úg`ùxÄð�egf_º�Úa`cqa`c�=�of
¼5¾_¸£�F��d7�ó×hº_e�¼Cea��¼C¾_¸£Ã>eg]af_»�¼ Â º_¸ · kt¼C¾_¸£eaf_f Â e ¿Ì¶ i ¶�¿ ¸�eÄ¼�qgà�¾_rse-»c¹A¹ ¿ »�]g¾5¼ ¿ iK]a^�¸�e�¼C¸�^
k · ^ ÈDÉ ¶ e ¿�¶�Â_¿ e�¼C¸�ºG�5iß»cf5¼C¸�]a^�e�¼C»�f_]�¼5¾_¸�Ã>ea¹(¹ ¶�· f5¼C»�f Â »�¼oi!¸�� Â eÄ¼5» · f7��¾_¸�^(¸�eg¹£»cf>¼C¾ ¸F�¢d
º_e�¼Ce�¼5¾_¸ · }_} · ¹(»�¼C¸�»c¹�¼5^ Â ¸�`
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Deseasonalised integral contributions (x10H -3 Pa/s)

 JanÏ  FebÐ  Mar  Apr  May  JunÓ  JulÓ  AugÓ  SepÐ  OctÔ  NovÕ  Dec  
 

90

80

70

60

50

40

30

20

10

Pr
es

su
re

 (
hP

a)

-0
.04

0I

-0
.0

40J

-0
.0

20K

-0
.0

20L

-0
.02

0M

-0
.0

20N

0.000

0.000

O

0.000

P

0.
00

0

0.0
00

0.020

0.
02

0Q

0.020
0.

04
0

0.
06

0

×s»�] Â ^(¸nØa`åxaxÄÙßdG¸�eafáeaf_f Â e ¿�¶ i ¶�¿ ¸ · k�¼5¾_¸&»cf5¼C¸�]a^�eaf_º · k£¸�� Â eÄ¼5» · fËÚg`�Úg��¼5e ã ¸�fEeÄ¼�¼5¾_¸
¿ »cÃ>»~¼5¹£xgx�`cÚ²Û�ÆEeaf_ºGxgx�`cÚÜÛ�{_� ¹(¾ · ��»cf_]Jkø^ · Ã ¼5¾_¸�¼ · } · k²¼5¾_¸�e�¼CÃ · ¹�}_¾_¸�^�¸�º · ��f�¼ · qgà�¾_rsea`À�¾_»c¹�»�¹7Ã Â_¿ ¼5»c} ¿ »c¸�ºË�5ih¼5¾_¸&k�e ¶ ¼ · ^�»�f|kø^ · f5¼ · kF¼C¾_¸&»�fC¼5¸�]g^(e ¿ ¹(»c]af|»cf|¸�� Â eÄ¼5» · f|Úg`�Úl¼ ·�/¸ ¶�· Ã>}_eg^(eg� ¿ ¸���»�¼C¾ È�É�`�ÀA¾_¸ ¶�· f5¼ ·aÂ ^�»�fC¼5¸�^mte ¿ »c¹¢à²uõà#x²w�xÄà æ y rse�¹ æ é `�{ ·g¿ »cº ¶�· f5¼ ·aÂ ^(¹»�f_º_» ¶ e�¼C¸�} · ¹�»~¼5»~m ¸�mte ¿cÂ ¸�¹ � º · ��f5�£¸ ¿c¿ »cf_]a����º_eg¹(¾_¸�º ¶�· fC¼ ·gÂ ^(¹J»�f_º_» ¶ e�¼C¸���¸�^ · mte ¿cÂ ¸�¹Jeaf_ºº · ¼�¼5¸�º ¶�· fC¼ ·gÂ ^(¹�»cf_º_» ¶ eÄ¼5¸�f_¸�]ge�¼C»�m ¸�mte ¿�Â ¸�¹ � Â }5�£¸ ¿c¿ »cf_]a��`
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<ϖ*> (x10-3 Pa/s) calculated from vS * on half levels 

 JanÏ  FebÐ  Mar  Apr  May  JunÓ  JulÓ  AugÓ  SepÐ  OctÔ  NovÕ  Dec  
 

150

140

130

120

110

100

90

80

70

60

50

40

30

20

10

Pr
es

su
re

 (
hP

a)

-1.80
-1.60 -1

.40-1.40

-1.20-1.20

-1.00

-1.00

-0.80
-0.80

-0.60
-0.60

-0.40-0.40

-0.40

-0.20
-0.20

T

×s»CU ÂWV ¸½Ø9XZY\[aÙ^]K¸`_9ab_caWa Â _ ¿�¶edÌ¶�¿ ¸ ·cf ¼5¾_¸ V ¸�¹(»�º Â _ ¿ Ã�¸`_cahg ¸ V ¼5» ¶ _ ¿ g ¸ ¿c·�¶ »�¼ dji È É i _a¹
¶ _ ¿c¶�Â_¿ _Ä¼5¸�º fkV�· Ã E É Â ¹(»CaWU|¸ml Â _�¼C» · aâÚcX�Úon�»~¼5¾ ¿ _�¼C»�¼ Â º_¸ ¿ »cÃ>»~¼5¹pYcY\X�ÚçÛ�Æq_9a_ºrYcY\X�ÚÜÛesWX
À�¾_¸#tgà�¾Wuv_ ¿ ¸eg ¸ ¿ »�¹&»�a_º_» ¶ _Ä¼5¸�ºhn�»�¼C¾b_�¹ ·g¿ »cºxw ¿ _ ¶èãp¿ »�a_¸`X ÀA¾_¸ ¶�· aC¼ ·gÂWV »CaC¼5¸ V g,_ ¿ »�¹àjyzYj{FYÄàÜæ9|}uv_�¹�æ é~XDê · ¼�¼5¸�º ¶�· aC¼ ·gÂWV ¹D»�a_º_» ¶ _Ä¼5¸Da_¸`U9_�¼C»�g ¸4g6_ ¿�Â ¸�¹D� ÂW� n£¸ ¿�¿ »CaWU9�~X
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<ϖ*> (x10-3 Pa/s) calculated from v� * interpolated onto full levels

 JanÏ  FebÐ  Mar  Apr  May  JunÓ  JulÓ  AugÓ  SepÐ  OctÔ  NovÕ  Dec  
 

150

140

130

120

110

100

90

80

70

60

50

40

30

20

10

Pr
es

su
re

 (
hP

a)

-2.20-2.20-2.00

-1.80
-1.80

-1.60
-1.60

-1.40

-1.40

-1.20
-1.20

-1.00
-1.00

-0.80

-0.80

-0.60

-0.60

-0.40
-0.40

-0.20-0.20

×s»CU ÂWV ¸½Ø9XZYÄÚaÙ^]K¸`_9ab_caWa Â _ ¿�¶edÌ¶�¿ ¸ ·cf ¼5¾_¸ V ¸�¹(»�º Â _ ¿ Ã�¸`_cahg ¸ V ¼5» ¶ _ ¿ g ¸ ¿c·�¶ »�¼ dji È É i _a¹
¶ _ ¿c¶�Â_¿ _Ä¼5¸�º fkV�· Ã E É Â ¹(»CaWU|¸ml Â _�¼C» · aâÚcX�Úon�»~¼5¾ ¿ _�¼C»�¼ Â º_¸ ¿ »cÃ>»~¼5¹pYcY\X�ÚçÛ�Æq_9a_ºrYcY\X�ÚÜÛesWX
À�¾_¸#tgà�¾Wuv_ ¿ ¸eg ¸ ¿ »�¹&»�a_º_» ¶ _Ä¼5¸�ºhn�»�¼C¾b_�¹ ·g¿ »cºxw ¿ _ ¶èãp¿ »�a_¸`X ÀA¾_¸ ¶�· aC¼ ·gÂWV »CaC¼5¸ V g,_ ¿ »�¹àjyzYj{FYÄàÜæ9|}uv_�¹�æ é~XDê · ¼�¼5¸�º ¶�· aC¼ ·gÂWV ¹D»�a_º_» ¶ _Ä¼5¸Da_¸`U9_�¼C»�g ¸4g6_ ¿�Â ¸�¹D� ÂW� n£¸ ¿�¿ »CaWU9�~X
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×s»CU ÂWV ¸�ØcX®Y°¯-¹(¾ · n�¹�¼5¾_¸%_caWa Â _ ¿@¶ed/¶�¿ ¸ ·9f ¼5¾_¸ ¼5¸ V Ã>¹A»Ca=¼5¾_¸%± · aW_ ¿ Ã · Ã�¸`a5¼ Â Ã¤¸`l Â _�¼C» · a
�ëÚ9XCt9� fø·cV ¼5¾_¸ ¿ _Ä¼5»~¼ Â º_¸²wW_ca_ºhY9Y°X�Ú²Û�Æ ¼ · YcY\X�ÚÜÛ s�_Ä¼¢tgà�¾Wuv_cX-ÀA¾_¸¢³WU ÂWV ¸=¹(¾ · n�¹´n�¾W_Ä¼�»�¹
f�·9V(¶ »�aWU�¼5¾_¸ ·aÂ ¼mµ · n fkV�· Ã ¼5¾_¸�¸�ºWUa¸ ·cf ¼C¾_¸ ¿ _�¼C»�¼ Â º_¸¶wW_ca_ºp_�¼oY9Y°XcÚgÛ�Æ·_ca_º^Y9Y°X�Ú²Û s¸_�¼
taàI¾Wuv_cX�À�¾_»c¹³WU ÂWV ¸ ¶ _ca�w/¸ ¶�· Ã � _ V ¸�º¢n�»~¼5¾�³WU ÂWV ¸�ÚcX®Y�Ø f�·9V ¼C¾ ¸�¹2ºA]�» ×áºW_�¼m_cX

À�¾_¸ V ¸l»c¹>_ ¶�¿ ¸`_ V _caWa Â _ ¿ ¶edÌ¶�¿ ¸Í»Ca EtÉ���w ¿ _ ¶èã ��n�¾_» ¶ ¾�»�¹ ¿c· nÞ»�a�Æ�¼ ¹ Â Ã>Ã�¸ V _ca_º
¾_»CUg¾_¸ V »�a�Æ�¼½n�»�a5¼C¸ V~i/¶�·cV V ¸�¹ �/· a_º_»CaWU�n�»�¼C¾ �WV ¸egÌ» ·aÂ ¹4_9aWa Â _ ¿/¶ed/¶�¿ ¸�¹�¹(¾ · nFaWXDÀA¾_¸£Ã>_g»Ca
º V »¾gÌ»�aWU f�·9V ¼5¾_»c¹D»�¹ fkV(· Ã ¼5¾_¸D¹¤u¿µ ÂÁÀ º_»�g ¸ V Ua¸`a ¶ ¸?� V ¸�ºW�¤n�»�¼C¾&¹ · Ã>¸ ¶�· a5¼ V »�w Â ¼5» · a fkV�· Ã
Â Ã`Ä�ÅÇÆ ÈÊÉ®Ë�ÌÍÏÎ � d ¸ ¿�¿c· nD� X�ÀA¾_¸ V _�¼C¸ ·9f�¶ ¾W_9aWUa¸ ·cf ± · aW_ ¿ n�»Ca_º#��w ¿cÂ ¸`�A¾W_a¹ _�¹(¸�Ã>»¾ÐÑ_caWa Â _ ¿@¶edÌ¶�¿ ¸
n�»~¼5¾o_ ¿ _ V Ug¸ V g,_ V »�_�¼C» · aowò¸j¼Ên£¸�¸`a½ñ �WV » ¿ _9a_ºos_¸ � ¼C¸�Ã�w/¸ V ¼5¾W_9aÒwò¸j¼Ên£¸�¸`a#Ó ¶ ¼ · w/¸ V _9a_º
]�_ V�¶ ¾ i _a¹ f�·cV ¼C¾_¸F¹¤º4]Ô»ó×�ºW_Ä¼Õ_9XAÀ�¾_¸ V ¸�Ã>_g»Ca_»�aWU�¼5¸ V Ã�¹_ V ¸�¹(Ã«_ ¿c¿ X

À�¾_¸>_9aWa Â _ ¿�¶edÌ¶�¿ ¸�»�a E É »�¹�¹(Ã«_ ¿c¿ ¸ V »Cal¼5¾_¸>�] ºW_�¼m_=¼5¾W_9a½»Ca�¼C¾ ¸>¹2º4]Ô» ×pºW_�¼m_
w Â ¼�»Ca�w · ¼C¾ ¶ _a¹(¸�¹�»�¹�º V »�g ¸`aÖw d ¼C¾_¸F¹¤u¿µ ÂÁÀ º_»�g ¸ V Ug¸`a ¶ ¸`X

���~× �)��� ��¦�¡��A�Ô�«¡¤� ����Ø ¥Ù¦���� ���¢¡¤� �Ô�«£ �Õ¥vÚ����¢¡�� �+¦��ÔÛ
� ¡¤�ÕÜ���� �~¦���¥Ý��¦ � ��� ª+¦������Þ£ ¦�£ �¢�²� ��£ �¢¬?����� �~¦��

×s»CU ÂWV ¸�Ø9XZYÄð�¹(¾ · n�¹�¼5¾_¸ ¶�· aC¼ V »Cw Â ¼C» · a ·cf ¼5¾_¸�º_»CBò¸ V ¸`aC¼D¼5¸ V Ã>¹�»Ca-¼5¾_¸�± · aW_ ¿ Ã · Ã�¸`a5¼ Â Ã
¸`l Â _Ä¼5» · a i ¼5¾_»c¹:¼C»�Ã>¸¢a · ¼-º_»�gÌ»cº_¸�ºßw d à\á �»CXc¸`XI¸`l Â _�¼C» · a3Ú9XCâ9��_Ä¼�YcY\X�Ú²Û�Æã_9a º½Y9Y°X�Ú²Û s�_�¼
taàI¾Wuv_cX�uv_9a_¸ ¿ ��_9�£¹(¾ · n�¹�Y9Y°XcÚaÛ�Æ�äÔY9Y°XcÚ�Ûes i ��wW�>Y9Y°XcÚÜÛ�Æã_9a º½� ¶ �>YcY\X�ÚÜÛesWX7ÀA¾ »c¹ ¶ _9aowò¸
¶�· Ã � _ V ¸�º¢n�»�¼C¾�³WU ÂWV ¸�¯cX®Y f�·9V ¼C¾_¸%¹¤º4]Ô» ×�ºW_�¼m_cXAñ¢¹:»�a ¶ ¾W_ � ¼C¸ V ¯�¼C¾_¸:¼C¸ V Ã>¹A»CaJ¼C¾_»�¹
³WU ÂWV ¸>¾W_Ñg ¸Ôa · ¼Ôw/¸�¸`a½º_»¾gÌ»�º_¸�ºåw d àÏá ¹ · ØcX®Y�ðæ��_9��¹(¾ · n�¹�¼C¾_¸>¹ Â Ã ·9f ¼5¸ V Ã>¹D_Ä¼ÖYcY\X�ÚgÛ�Æ
_ca_º#YcY\X�Ú Û s i0V _�¼C¾_¸ V ¼5¾W_9a�¼5¾_¸�º_»CBò¸ V ¸`a ¶ ¸`X

º · a ¹(»cº_¸ V »�aWU¶ç Â ¹ë¼ E É »�aå³WU ÂWV ¸�¹�Ø9XZYÄð���_c�A¼ · � ¶ ��¼C¾_¸�¼ · ¼Õ_ ¿ _9aWa Â _ ¿ ¶edÌ¶�¿ ¸Í»c¹-Ã«_a»�a ¿�d
º Â ¸�¼ · ¼C¾_¸_caWa Â _ ¿ò¶edÌ¶�¿ ¸¢»�a�¼5¾_¸¢Æ¼ i n�»�¼C¾¶_�¹�Ã«_ ¿c¿ò·9�W�/· ¹(»�¼C» · a fkV(· Ãâ¼C¾_¸�sW¼�X#ñ ¹(»cÃ>» ¿ _ V
� _�¼�¼5¸ V a�n�_a¹�¹�¸�¸`a�»Ca¢¼C¾_¸A¹¤º4]Ô» ×�ºW_�¼m_cX=èéa¢¼C¾_¸AÆ¼ê��wW�I»~¼A_ �W� ¸`_ V ¹/¼ · wò¸�¼5¾_¸ ë�ìîí�ïCð¾ñÑòÑóÊô
n�¾_» ¶ ¾E»c¹Íº V »¾gÌ»�aWUn¼5¾_¸�_9aæa Â _ ¿�¶edÌ¶�¿ ¸ i�·c�W�ò· ¹(¸�ºõw d ¼C¾_¸�¹¤u�µ ÂÁÀ º_»�g ¸ V Ug¸`a ¶ ¸`X)èÊaß¼5¾_¸
¹2ºA]Ô»ó×EºW_Ä¼Õ_�¼5¾_¸²_caWa Â _ ¿I¶ed/¶�¿ ¸�n�_a¹�º V »¾g#¸`aow d ¼C¾_¸«¹¤uxµ ÂÁÀ º_»�g ¸ V Ug¸`a ¶ ¸%n�»~¼5¾�¹ · Ã�¸
¶�· aC¼ V »Cw Â ¼C» · a fkV�· Ã ë¸X�èÊa�¼5¾_¸DsW¼�� ¶ �F¼C¾_¸F_9aæa Â _ ¿z¶edÌ¶�¿ ¸�»Ca E É »�¹�Ã«_a»�a ¿¾d½¶�· Ã>»�aWU fkV(· Ã
¼5¾_¸�¹2u¸µ ÂÁÀ º_»�g ¸ V Ug¸`a ¶ ¸�_ca_º�»c¹ ·c�W�ò· ¹(¸�º�w d ë�ìîí�ïCð¾ñÑòÑóÊôöX�ÀA¾_»�¹=Ug»�g ¸�¹´_Ag ¸ V�d ¹(Ã«_ ¿c¿ _9aWa Â _ ¿
¶edÌ¶�¿ ¸�»�a E É n�»~¼5¾n¼5¾_¸�Ã>_ À »cÃ Â Ãq_ca_ºhÃ>»�a_»�Ã Â Ã ¿ _�¼C¸ V ¼C¾æ_9a!»Can¼C¾_¸J¼ · ¼m_ ¿ E É XåèÊan¼5¾_¸
¹2ºA]Ô»ó×pºW_Ä¼Õ_J¼C¾_¸²¹2ubµ ÂÁÀ º_»�g ¸ V Ug¸`a ¶ ¸�n�_g¹ ·cf ¼C¾_¸=¹(¸`a ¹(¸£¼ · º V »�g ¸£¼5¾_¸²_caWa Â _ ¿I¶edÌ¶�¿ ¸
»CaK¼5¾_¸=¼ · ¼Õ_ ¿ EÌÉ²w Â ¼>n�_g¹ ·9�W�/· ¹(¸�º.w d ë ¼ · Ua»¾g ¸�_ E É ·cf ¼C¾_¸ ·9�W�/· ¹(»~¼5¸Í¹�¸`a_¹(¸`XpÀ�¾_¸
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Zonal Momentum Equation (msø -1)
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×s»CU ÂWV ¸�Ø9XZY\¯aÙ�]G¸`_cah_caWa Â _ ¿A¶edÌ¶�¿ ¸ ·cf ¼C¾_¸-¼5¸ V Ã>¹7»�aK¼C¾_¸�± · aW_ ¿ Ã · Ã>¸`aC¼ Â Ã ¸`l Â _Ä¼5» · aº_»�g/»�º_¸�ºpw d à á �ë¸`l Â _Ä¼5» · a!Ú9XCt9��_�¼¶taàI¾Wuv_ i ¼C¸ V Ã�¹¢_Ä¼oY9Y°XcÚÜÛ�Æ¤Ã>»�a Â ¹�¼5¸ V Ã>¹²_�¼ÒYcY\X�ÚaÛesWX
À�¾_»c¹�»�¹�¼C¾_¸&º_»CBò¸ V ¸`a ¶ ¸�wò¸j¼Ên£¸�¸`a½¼5¾_¸>¼5¸ V Ã>¹Ô_Ä¼åYcY\X�ÚCÛjÆ _9a º YcY\X�ÚÜÛ sh_�¼ÖtaàI¾Wuv_cXâÀA¾_¸
¼5¸ V Ã>¹A_ V ¸ E/É%�ë¹ ·a¿ »�º?w ¿ _ ¶èã�¿ »Ca_¸`� i éÍ°Î � ���� �º · ¼�¼5¸�º?w ¿�Â ¸ ¿ »�a_¸`� i æ ���ÍÏÎ � ��	� �ëºW_g¹(¾_¸Cº�U V ¸�¸`a ¿ »�a_¸`� i

é
����� ï������ �Í\Î �ëºW_g¹(¾�_ca_º�¼5¾ V ¸�¸Dº · ¼(¼C¸�º V ¸�º ¿ »�a_¸`� i Â������ÍÏÎ �ëºW_g¹�¾_¸�º¶_9a_º�º · ¼�¼5¸�º ·9V _9aWUa¸ ¿ »�a_¸`�
_ca_º Â´Ã°ÄCÅÇÆ ÈÊÉ®Ë�ÌÍ\Î �ºW_a¹(¾_¸�ºÖ_9a_º&º · ¼�¼5¸�º d ¸ ¿�¿c· n ¿ »Ca_¸`� X

_caWa Â _ ¿F¶edÌ¶�¿ ¸�¹-»�a ë�ì6í�ïöð ñÑòÑóéô fkV�· Ã�¼C¾_¸�¼Ên · ¾_¸�Ã>»c¹ � ¾_¸ V ¸�¹ ·9�W�/· ¹�¸>¸`_ ¶ ¾ · ¼C¾_¸ V ¼ · Ua»¾g#¸>_
¹(Ã>_ ¿�¿ _caWa Â _ ¿D¶edÌ¶�¿ ¸G»�a½¼5¾_¸>¼ · ¼Õ_ ¿ ��_c� i _a¹ f�·cV ¼5¾_¸Ö¹¤º4]Ô» ×úºW_Ä¼Õ_9X¿» ¾_¸ V ¸`_g¹l»�a3¼C¾_¸
¹2ºA]Ô»ó×óºW_Ä¼Õ_�¼C¾_¸�¹2uãµ ÂÁÀ º_»�g ¸ V Ug¸`a ¶ ¸n»Ca½w · ¼C¾�¾_¸�Ã�»�¹ � ¾_¸ V ¸�¹Fn�_g¹ ·cf ¼C¾_¸�¹(¸`a_¹(¸�¼ ·
º V »¾g ¸ E É i ¹ Â Ã�Ã>»�aWU£¼ · Ua»¾g#¸%_²w_»�UcUg¸ V _caWa Â _ ¿/¶edÌ¶�¿ ¸ ·cf ¼C¾W_�¼�¹�¸`a_¹(¸ i »CaJ¼C¾_¸%�] ºW_�¼m_�¼C¾_¸
¼Ên · ¾_¸�Ã>»c¹ � ¾_¸ V ¸�¹ ·c�W�/· ¹(¸�¸`_ ¶ ¾ · ¼5¾_¸ V i Ua»¾gÌ»CaWU>_>¹(Ã>_ ¿�¿0V ¸�¹(»�º Â _ ¿�¶edÌ¶�¿ ¸�»Ca-¼5¾_¸:¼ · ¼Õ_ ¿ X
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×s»CU ÂWV ¸¢ØcX®Y�Ø�¹(¾ · n�¹s¼5¾_¸�_9aWa Â _ ¿/¶edÌ¶�¿ ¸�»�aÒ��_9�=U V _Ñg/»�¼ d n�_Ñg ¸�º V _9U f V(· Ã ¹~_�¼ ÂWV _Ä¼5¸�º�¹ë¼ V ¸�¹(¹ i
��wW� ë�ìîí�ïCð¾ñÑòÑóÊôA_9a_ºõ� ¶ ��¼5¾_¸�¼ · ¼Õ_ ¿ ë _a¹J»Ca!¸`l Â _Ä¼5» · ahð9XZY\[cXßÀA¾_¸ V ¸�¹(»�º Â _ ¿ ë fkV�· Ã¤¼5¾_¸
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Zonal Momentum Equation (ms5 -1day-1), 11.3o N + 11.3o S
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(a)

NORTH 11.3= o N
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(b)

SOUTH 11.3= o S
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(c)

×s»CU ÂWV ¸�Ø9XZYÄðaÙ�]G¸`_cah_caWa Â _ ¿A¶edÌ¶�¿ ¸ ·cf ¼C¾_¸-¼5¸ V Ã>¹7»�aK¼C¾_¸�± · aW_ ¿ Ã · Ã>¸`aC¼ Â Ã ¸`l Â _Ä¼5» · a
�ë¸`l Â _�¼C» · aÍÚ9XCâ9�=_Ä¼�taà�¾Wuv_9XAÀ�¾_¸ �_¿�· ¼5¹ ¹(¾ · np¼C¸ V Ã�¹´_�¼¢��_9��Y9Y°XcÚgÛ�Æ �_¿cÂ ¹�¼C¸ V Ã�¹A_Ä¼¢YcY\X�ÚaÛ s
��_g¹v³WU ÂWV ¸AØ9XZY\¯c� i ��wW�AY9Y°XcÚ Û Æ._9a º�� ¶ �AY9Y°XcÚ Û sWXÅÀ�¾_¸z¼C¸ V Ã>¹ _ V ¸ E É à á �¹ ·a¿ »�º²w ¿ _ ¶èã�¿ »�a_¸`� i � �����ëº · ¼(¼C¸�º�w ¿�Â ¸ ¿ »Ca_¸`� i ô È É � ��	� �ºW_a¹(¾_¸�º�U V ¸�¸`a ¿ »�a_¸`� i é
 � >� ï��@? yBA��ëºW_g¹(¾�_ca_º>¼C¾ V ¸�¸�º · ¼(¼C¸�º
V ¸�º ¿ »�a_¸`� i ëDCFEHG½�ëºW_g¹(¾_¸Cº>_ca_º>º · ¼�¼5¸�º ·9V _9aWUa¸ ¿ »�a_¸`�¤_ca_º ë�ìîí�ïCð ñ òÑóÊô��ºW_a¹(¾_¸�º�_9a_º>º · ¼(¼C¸�º
d ¸ ¿�¿c· n ¿ »Ca_¸`� X
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¹2ºA]Ô»ó×áºW_Ä¼Õ_�n�_g¹�¹�¾ · nFan»�a�³WU ÂWV ¸F¯9XC[9X

À�¾_¸�U V _ÑgÌ»~¼ d n�_~g#¸Gº V _cU.�>I »KJ��¢_ML�tONQPWuv_ ifkV�ROS LTP+UWV+X�_cU9a RFY L�X[Z Y _Ñg,_OX[\�_cw+\[U i X Y
a+U`_ V \ d _F\]\^V+_+U`L RaY _	LT_ V _MLTU&V Y L V U Y�Y~i _ YWY P R nDabXCa Y U&ZcL�X R aed9XC¯9X[f9Xhg RiROj X�aWU½_	L`LTP+U
Y _ML�_ V _	LTU&V Y L V U Y�Y ��³WUF_ V Ulk9XZY	kc_9�mL�P+U V UlX Y _�wW_9a+V Rcf �@RFY XnLTX¾g4UoIA»pJ Rcf _cw R _qL¶[ONOr^XCa
nsX]VqLTP�_ VtR _Wa+VsL�P+UuU`lv_W_ML RcV n^XwL�P?axU`U9_ML�X�gxUuIA»pJ Y _ V V�R _Wa+V+X�aWUyXnLÕX/zmP+X Y4�@RFY XwL�X�gxU�wW_ca+V
X Y V+X YÑ� \�_FZ&U&V¸a RcV LTPmn�_ V V Y V+_ V XCaWU|{�¼ Y _ S}S U V XDz/P+X Y PW_ Y _ Y X S X]\C_ V�� _	L�L�U V aWL R LTPW_	L
XCalL�P+U¢¹¤º4]Ô»p~�VW_MLm_cX²¼ R n�UegxU V~i LTP+U ��ROY XwL�X�gxU#I »KJxnsXnLTP+X�a�L�P+UHL VtRc� X[Z Y PW_ Y _Fg4U V�d
Y�S _O\[\ S _cU9a+XwL�_+V+U i \[U Y�Y LTPW_ca�N9XZY S�Yc�x� VW_ d��+� i _9a+VsLTP+U«Y9Y°X]f r \�_ML�XwL�_+V+U Y _ V U=nsXnLTP+X�a�L�P+X Y
wW_ca+VWX s+_Ww Y U`l�_+U`a�LT\ d L�P+U V U/X Y gxU V�d \[XwLtLT\]U Rcf _ca¢_9aWa�_W_O\+Z d Z&\[U4_MLFYcY°X]f&r�V+_+U�L R L�P+UmI »KJ
V+XC_9Uca ROY LTX]Z Y X

zmP+U V U Y X]V+_æ_O\ ë ��³WUF_ V U|kcX®YMk9wW�lPW_ YoY L V�R aWU ��ROY XwL�X�gxU�g,_F\]_+U Y X�a�LTP+U!L V�Rc� X]Z Y _ca+V
a+U`Uc_	LTX¾gxU¢g,_O\[_+U Y XCa*LTP+U?a RcV LTP+U V a�P+U S X Y~� P+U V UWX�a�{¼ÝnsX�aTL�U V _9a+V�ç�_ Y L Y�R _qL�P R9f LTP+U
U`l�_W_	L R9V XCao{¼ Y _ S}S U V XH��L«YcY\X[f r { ë�ìîí�ïCð¾ñÑòÑóÊô�PW_ Y a+U`Uc_	LTX¾g4U´g,_O\[_+U Y XCao{�¼pnsX�aTL�U V _ca+V
��ROY XwL�X�gxUvg,_F\]_+U Y X�a�{�¼ Y _ S}S U V~i _ML%Y9Y°X]f r sHL�P+U/Z d Z&\[U/X Y XCa�L�P+U Rc�W��ROY XwL�U Y U`a Y U`X è�LmX Y L�P+X Y
V U Y X]V+_W_F\+LTU VtS nsP+X]Z�P|Z R aTL V X�w+_qLTU Y L R LTP+U S _ ç R9V XwL d�R9f L�P+UF_9aWa�_W_O\�Z d Z&\[U^XCa ë _	L/LTP+U Y U
\C_	LTXnLT_+V+U Y X`I V U`U RcV�d��T���1�B� �~Y\tctO�c� i V+U S#R a Y L V _ML�XCaWU#L�P+U � _ V _ S UcL V X Y _ML�X R a�_ Y U&V�X�a�LTP+X Y
S}R V+U&\ Y UcL�_ �Wi�Y P R n�U&V¸_ ��ROY XnLTX¾gxU?_OZ&Z&U&\[U V _ML�X R aDV+_+U^L R Z R amgxU&ZcLTX¾g4U S}ROS U`a�LT_ S V V _9U
XCa�LTP+U!Z&U`a�L V U Rcf LTP+U>è�zAºm�Òçc_ Y L�w�U&\ R nqY	NFN�PWuv_ i nsXwL�P#a+U`U9_MLTX¾gxUÔ_FZ&Z&U&\]U V _	LTX R a Y U&XwL�P+U V
Y X[V+U`X/z/P+X Y X Y�Y X S X[\�_ V L R LTP+U � _MLtLTU V a Y U&U`a!P+U V U i L�P R _WUFP ë�ìîí�ïCð¾ñÑòÑóÊô4V R U Y a R L�l�_+XwL�U V U`_FZ�P
a+U`Uc_	LTX¾gxU4g,_O\[_+U YHY�R _qL�P R9f L�P+UFè�z4º/��XCa�³WUF_ V U�kcX®YMk9wWX

zmP+UHL R LÕ_O\ ë �>Z`�HPW_ Y _ Y X S X]\C_ V�� _MLtLTU V a!L R LTPW_ML Rcf LTP+U�¹2ºA]Ô»K~ ë w+_qL�n^XwL�P�_ca
_FV+V+XnLTX R aW_O\ �@RFY XnLTX¾g4U V U`UFX R a`XCa}L�P+UFsW¼KX�a|{�¼ÞnsX�a�LTU V X�zmP+U V U�X Y _F\ Y�R _ S _ À X S _ S çc_ Y L
Y�R _qL�P R9f LTP+U�U`l�_W_ML RcV X�a�{�¼ÝnsX�aTL�U V nsP+X]Z�P�X Y a R L Y U&U`a X�a|LTP+U ë XCa*LTP+U?¹2º4]Ô»p~
VW_MLm_cX

èéa Y U&ZcLTX R ao¯cX[foXwL%n�_ Y Z ROS}S U`aTL�U&V`LTPW_	LuLTP+U ��ROY XnLTX¾gxUuL V�Rc� X]Z`_F\ wW_9a+V�X�a ë f¡R \]\ R n Y
LTP+U Y _ S U � _MLtLTU V ax_ Y LTP+U�èÊaTL�U V Ð�z VtRc� X]Z`_F\�º R aÕgxU V UOU`a+Z&U�� R a+U½��è�z4ºm���~Xu~�XCUO_ V U¢kcX®YM�
Y P R n Y LTP+UDZ R amgxU&ZcLTX¾g4U V _FX�a f _F\]\4n^P+X[Z�PKX Y _ �WV�RÑÀîd©f¡R9V L�P+Upè�zAºm�0X�zmP+X Y¢Y P R n Y LTP+U
V+X Y L�XCa+ZcL�X�gxU?a R9V L�PÕn�_ V V Y�S#R g4U S U`aTL R9f L V�R9� X[Z`_O\£Z R aÕgxU&ZcLTX R a¤V+_ V XCaWU*{¼ Y _ S}S U V _ca+V
Y�R _qL�PÕn�_ V V Y�S#R g4U S U`aTLoV+_ V X�aWU�sW¼ Y _ S}S U V X`zmP+U V U!X Y _�Z RcV V U Y~��R a+V+XCaWU�a RcV LTPmn�_ V V Y
_ca+V Y�R _OL�Pmn�_ V V YmS}R gxU S U`a�LsXCa�LTP+U V U Y X]V+_W_F\ ë¥XCa?³WUF_ V U�k9XZY	kcwWX¦z/P+X Y~i Z RFS w+X�a+U&V¢n^XwL�P
Z RFS«� _ V X Y�R a Y L R I V U`U RcV�d��T�/�1�B� �~Y\tctO�c� �WV Ueg§X R _ Y \ d�S U`aTL�X R a+U�V iQS U`_ca Y LTPW_	L ë�ìîí�ïCð¾ñÑòÑóÊô
X Y \[X j U&\ d L R w�U^Z R aÕgxU&ZcL�X�gxU S}ROS U`a�LT_ S V V _9U#V+_+U/L R Z R aÕgxU&ZcL�X�gxU&\ d L V X�UcUOU V U&V¢n�_ÑgxU Y X
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X (GWD saturated stress) (m s³ -1 day-1) 
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(a)

X (Residual) (m s-1 day-1) 
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(b)

X (GWD total) (m sÍ -1 day-1) 
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(c)

~�X[ÜO_+Ý�U*kFÞàßMkOá�â*U&ãOä�ãOä+ä�_+ãO\�Zcå§Z&\]U ROæ�ç P+U S ãFX]ä�Z ROS}è@R ä+U&ä çTY�ROæ é ã ç¢êOëQì+í ãOÞïî�ãFð
ñ�ì+ò�ósñ£çTì+ô�õ&ò ä ç Ý�ö]÷+ø ç ö ò ä æ Ý òFùúñ ã ç ø+Ý�ã çTô&û*ñ>ç Ý ô&ñ�ñ�ü î>÷+ð çTì+ô Ý ô&ñ ö û ø+ãFý%ãFä û î õ ð ç�ì+ôsñ ø ùþòOæãFý]ý õ&òOù}è@ò ä ô ä çTñ î>ö]ä õ ý[ø û ö]ä+Ü ç Ýtã è+è@ô&û ý ô&ô^ó ã�ÿ ô&ñ ãFä ûDì å û Ý�ãOø+ý[ö õ�� ø ù}è ðtÞ�z ì+ôlõ&ò ä çTò ø+Ýö[ä ç�ô Ý>ÿ ãOýsö ñ*ë Þ ß ù ñ��x�+û ã�å �x� Þ�� ò ý[ö û ÷+ý[ã õ�� ý[ö]ä ô�ñ ö]ä û ö õ ã çTô ßOßMÞ�� r { ü�çTì+ô�ô	� ø+ã çTò Ý|ãOä ûßFß	Þ
� r �+Þ
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Convective rain (mm hr& -1)

Jan' Feb( Mar Apr) May' Jun* Jul* Aug* Sep( Oct+ Nov, Dec(  
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D�ö[ÜOø+Ý ôFE Þ ßHGFá/â ô ãFäWãFä+ävøxãOý õ å õ ý ô^òFæxçTì+ô�õ&ò ä�ÿ ô&õcç önÿ ô ÝtãFö]ä æ ãFý]ý[ÞJI ì+ôsõ&ò ä ç�ò ø+Ýmö]ä ç�ô Ý>ÿ ãOý�ö ñ
ë Þ ë%K�ù}ù ì ÝMLON�ÞJ� ò ý]ö û ÷+ý]ã õP� ý[ö]ä ô�ñ ö[ä û ö õ ã çTô ßFßMÞ��RQTS ü�çTì+ô^ô	� ø+ã çTò ÝmãFä û ßFß	Þ
�"QU�+Þ
VXWZY []\ ^`_ba cedTfhgji�k�gjlemng
D�ö[ÜOø+Ý ôoE Þàßqp ñ�ì+ò�ósñ�çTì+ôsr�íut øRv û önÿ ô Ý�Ü ô ä õ&ôuæ Ý òFùxwFë Q S çTò�wFë Q �oã ç�êOëQì+í ãFÞ D�ö[ÜOø+Ý ôsw Þ
�
ó ã ñ çTì+ô^ô	� ø+öwÿ ãOý ô ä ç�è ý òMçsæ¡ò Ý çTì+ô�rzy âb{|D û ã ç ãFÞ

I ì+ô Ý ô ö ñ ã ñ�ì+ò Ý çWè�ô Ý�ö ò�û òOæ�ù ö[ä+ö ù ø ù õ&ò äTÿ ô ÝtÜ ô ä õ&ô î ù ãqv§ö ù ø ù ÿiãFý]ø ô&ñ ð}ãFÝ ò ø+ä û
çTì+ô�ô	� ø+ã ç�ò Ý æ Ý òFù~} ø+ä ô¦çTò�� ø+ÜOø ñ>ç ÞJ��ä ç�ì+ôFrzy â�{�D û ã ç ã û önÿ ô Ý�Ü ô ä õ&ô ö ñ�ñ�ô&ô ä|ö]ä ç�ì ö ñ
è�ô Ýtö ò�ûR� ç�ì+ôyù ãqv§ö ù ø ù ÿ ãFý]ø ô&ñ ãFÝ ô ÜOÝ ô ã çTô Ý ü�çTò�ç�ì+ô�ô v çTô ä çuçTì ã ç�ç�ì+ô Ý ô ö ñ ã õ�ì ãOä+Ü ô�òOæ
ñ ö[ÜOä+Þ y/ò ä çTò ø+Ý ñ¦òFæ õ&ò ä ñ>ç ãOä ç�õ&ò äTÿ ô ÝtÜ ô ä õ&ô ãFÝ ô�è ø ñ�ì+ô&û ã ó ã�å æ Ý òOùeçTì+ô�ô	� ø+ã çTò Ý¦ãFÝ ò ø+ä û
çTì ö ñ£è�òOñ ö ç öwÿ ô Ý ô ÜOö ò ä+Þ�I ì+ô&ñ�ô�ô v çTô ä ûoæ ø+Ý ç�ìxô Ý ñ�ò ø çTì^ç�ì ãFälä ò Ý ç�ì ÜOöwÿ§ö]ä+Ü�ãOä!ãOä+ä�ø+ãOý õ å õ ý ô
ö[ä õ&ò ä�ÿ ô ÝtÜ ô ä õ&ô ã ç ßFß	Þ
� Q � ü+ó ö ç�ì|ù}ò Ý ô�õ&ò ä�ÿ ô Ý�Ü ô ä õ�ô ö]ä�So� ó ö]ä çTô Ý çTì ãOäXSo� ñ ø ù}ù}ô ÝtÞ
I ì+ô#è ã çtçTô Ýtä�ö[ä�So� ñ�è Ý�ö]ä+Ü`ö ñ Ý�ã çTì+ô Ý û ö�� ô Ý ô ä ç�ç�ò�çTì+ôhr�y â�{|D û ã ç ãFÞbI ì+ô ÷+ãOä û�òOæ
ù ö]ä+ö ù ø ù õ&ò ä�ÿ ô ÝtÜ ô ä õ&ô ö ñlæ ø+Ý çTì+ô Ý!ä ò Ý çTìaõ ãOø ñ ö[ä+Ü¤ãOäaãFä+ävø+ãFý õ å õ ý ô¢òOæ£ç�ì+ôWòFè+è@òFñ ö ç�ô
ñ�ô ä ñ�ô ã ç ßOßMÞ��"QTS ü ó ö ç�ì ý ô&ñ�ñHõ&ò ä�ÿ ô ÝtÜ ô ä õ&ô ö]äXSo� ó ö]ä çTô Ý çTì ãOäXSo� ñ ø ù}ù#ô Ý�Þ

I ì+ô Ý ô ö ñ ã ù ãHv§ö ù ø ù ö[ä õ&ò ä�ÿ ô Ý�Ü ô ä õ&ô ä ô ãFÝj� ë QUS ÷ ôcç�ó�ô&ô ä ��è Ýtö[ý¦ãOä û�} ø+ýwå�ãFä û
ãFä ò	çTì+ô Ý�ä ô ãFÝ���� Q S ö[äh� õcçTò ÷ ô Ý ÜFönÿ§ö[ä+Üsã ñ�ô&ù ö���ãFä+ävø+ãFý õ å õ ý ô ã ç çTì+ô&ñ�ô ý[ã ç ö ç ø û+ô&ñ Þ ��ä ç�ì+ô
rzy â�{�D û ã ç ã çTì+ô Ý ô ö ñ ã ñ�ô&ù ö���ãOä+ä�ø+ãOý õ å õ ý ô�ñ ý[ö]Ü ì�ç ýnå æ ø+Ý ç�ì+ô Ý¦ä ò Ý çTì Þ ��ä çTì+ô ��� çTì+ô Ý ô
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div.F/Re cosφ (m s� -1 day-1) 

Jan' Feb( Mar Apr) May' Jun* Jul* Aug* Sep( Oct+ Nov, Dec(  
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D�ö[ÜOø+Ý ô¢E ÞàßqpFá â ô ãFä ãFä+ävø+ãFý õ å õ ý ôpòOæoçTì+ô¢r�í t øRv û öwÿ ô ÝtÜ ô ä õ&ô&ü N£¥¤M¦¨§ª©�«¬b®°¯ ü ã çêFë�ì+í ãFÞb� ò ý[ö û ÷+ý]ã õP� ý[ö[ä ô&ñ ö[ä û ö õ ã çTô ßOßMÞ
�RQUS üQë Q�ãOä û ßOßMÞ��±QT�+ÞbI ìxôyõ&ò ä ç�ò ø+Ýuö]ä ç�ô Ý>ÿ ãOý�ö ñ
ë Þàß ù ñ LON û ã�å�LON�Þ²� ò ý[ö û�õ&ò ä ç�ò ø+Ý ñ ö]ä û ö õ ã çTô�û önÿ ô ÝtÜ ô ä õ&ô î è@òFñ ö ç önÿ ô ¬�®³¯ ð ü û+ò	ç�ç�ô&û�õ&ò ä çTò ø+Ý ñö[ä û ö õ ã ç�ôsõ&ò ä�ÿ ô Ý�Ü ô ä õ&ô Þ



��������	���b���~��� ��O�	������������������	������������� �"!��"��� #%$�´
ö ñ ã ù ãqv�ö ù ø ù õ&ò ä�ÿ ô ÝtÜ ô ä õ&ô ö]ä�So� ó ö]ä ç�ô Ý£ãOä û ã ù ö]ä+ö ù ø ù ö[ähSo� ñ ø ù#ù}ô Ý£ã ñ�æ ò Ý ç�ì+ô
rzy â�{�D û ã ç ã ü ãFý çTì+ò ø+Ü ì`ç�ìxôlù ö[ä+ö ù ø ù ò�õ&õ ø+Ý ñ�æ ò Ý ù ø õ�ì ý ô&ñ�ñ�ç ö ù#ô ãFä û ö ñsñ ý[ö]Ü ì�ç ýnå
æ ø+Ý çTì+ô Ý ñ�ò ø ç�ì Þ

I ì+ôµr�í¶t øRv û önÿ ô ÝtÜ ô ä õ&ô�õ ãFä�÷ ô�û+ô&õ&òFù#è�òOñ�ô&û ö[ä çTò�õ&ò ä ç Ýtö[÷+ø ç ö ò ä ñmæ Ý òFù çTì+ô ä ò Ý çTì �
ô Ý�ä ãOä û ñ�ò ø ç�ì+ô Ý�ä ì+ô&ù ö ñ�è+ì+ô Ý ô&ñ ãOä û ö[ä çTò õ&ò ä ç Ýtö[÷+ø ç ö ò ä ñ¢æ Ý òFù¥çTì+ô�ì+ò Ý�ö�· ò ä ç ãOýsãOä û
ÿ ô Ý ç ö õ ãOý õ&òOù}è�ò ä ô ä ç�ñ Þ¸D�ö[ÜOø+Ý ô¹E Þàß ê ñ�ì+ò�ósñ^ç�ì+ô ãFä+ävø+ãFý õ å õ ý ô ö[ä çTì+ô�ì+ò Ýtö
· ò ä ç ãFýmãFä û
ÿ ô Ý ç ö õ ãOý õ&òOù}è@ò ä ô ä çTñ%òOæ�çTì+ô�r�í�t øRv û önÿ ô Ý�Ü ô ä õ&ô ã ç ßFßMÞ��ºQTS¤ãOä û ßOßMÞ
�"QT�+Þ»I ì+ô�ô	� ø+önÿ ãFý ô ä ç
¼ ÜFø+Ý ô!æ¡ò Ý ç�ì+ô�rzy â�{�D û ã ç ãWö ñ ¼ ÜOø+Ý ô�w Þ E î�÷+ý[ã õ���ñ�ò ý[ö û ý[ö]ä ô&ñ�ò ä+ýwå�ð�Þ�S ò	çTôuçTì ã ç�ç�ì+ô
ñ�ô ä ñ�ô�òFæ çTì+ô ãOä+ä�ø+ãOý õ å õ ý ô�æ ò Ý ç�ì+ô Ý ô	� øxö]Ý ô&ûsû Ý�önÿ§ö[ä+Ü òFæ ½¿¾ ö ñ Ý ô&û ø õ&ô&ûÀr í�t øRv û öwÿ ô ÝtÜ ô ä õ&ô
ö[äXSo� ñ ø ù#ù}ô ÝHãFä û ö]ä õ Ý ô ã ñ�ô&û�r íÁt øRv û öwÿ ô Ý�Ü ô ä õ&ô ö[ä�SÂ� ó ö[ä çTô Ý ò Ýmã�ÃÅÄÂÆ ñ�ì ã è�ô ö]ä
çTì+ô�è ý ò	çTñ Þ
Ç�È �	O� LON£�¤Z¦¨§ª©�« ¬�®³¯ÊÉUË ��ÌÍ��� È ����ÎÏ��ÐI ì+ô SÂ� ì ã ñ ãFä�ãOä+ä�ø+ãOý õ å õ ý ô ö[ä çTì+ô!òOè+è�òFñ ö çTôlñ�ô ä ñ�ô^çTò#çTì ã ç!æ¡ò Ý û Ýtöwÿ§ö]ä+Ü ½�¾ ãFä û ö]ä
çTì+ô�òOè+è�òFñ ö çTô�ñ�ô ä ñ�ô¦ç�òHç�ì ã ç�òFæ ç�ì+ôÑr�y â�{|D û ã ç ã ü�ósì ö]ý ô£çTì+ô ��� ì ã ñ ãOäoãFä+ävø+ãFý õ å õ ý ô
ö[ä ç�ì+ôyõ&ò Ý�Ý ô&õcç#ñ�ô ä ñ�ô#æ¡ò Ý û Ýtöwÿ�ö[ä+Ü ½ ¾ ãFä û ö[ä ç�ì+ôyñ ã ù}ô�ñ�ô ä ñ�ô�ç�òsç�ì ã ç�òFæ§ç�ì+ôjr�y â�{|D
û ã ç ãFÞJI ì ö ñ ÜOöwÿ ô&ñ ã ñ�ù ãOý[ý ü ä ò ö ñ å�ãFä+ävø+ãFý õ å õ ý ô ö[ä çTì+ô/ç�òMç ãFý LON£ ¤ ¦¨§ª©H« ¬�®³¯ ÞsI ì+ô Ý ô ö ñ ãFý ñ�òã ñ>ç Ý ò ä+Ü ñ�ô&ù ö���ãFä+ävø+ãFý õ å õ ý ô&üxó ö ç�ì ã ñ�ô&õ&ò ä û|ù ãqv§ö ù ø ù ö[äWâ*ã�å1Þ
Ò È ���¨Ó È ���	O�²O���Ô�������	���"��²� È ÎÏ� È ���±���	ÌbÕ È ��#�#��³Ö QU×XØ #�#��³Ö QÅÙ ÉUË ��ÌÍ��� È¿Ú ÐI ì+ô^ì+ò Ýtö
· ò ä ç ãOý õ&òFù#è�ò ä ô ä çsì ã ñ ã ù ãHv§ö ù ø ù ö[ä�â*ã�å�ãOä û ã ù ö]ä+ö ù ø ù ö[ä } ø+ä ô&ü+ó ö ç�ì
ã ñ�ù ãFý]ý ô Ý ù ãHv§ö ù ø ù ö[ä�Û ô&õ&ô&ù ÷ ô ÝyãFä û�ù ö]ä+ö ù ø ù ö]äÜD ô ÷+Ýtø+ãFÝ�å1ÞÜI ì ö ñ ö ñ�ñ ö ù ö[ý[ãOÝ ç�ò
çTì+ô�ì+ò Ýtö
· ò ä ç ãFý õ&òOù}è@ò ä ô ä ç ö[ä çTì+ôÝrzy âb{|D û ã ç ãOÞuI ì+ô ÿ ô Ý ç ö õ ãOý õ&òFù#è�ò ä ô ä ç`ì ã ñ ã
ù ö]ä+ö ù ø ù ö]ä ��è Ýtö[ý ü�è ãFÝ ç ö]ãFý]ýwå õ ãOä õ&ô ý[ý]ö[ä+Ü ò ø ç£çTì+ô�ù ãHv§ö ù ø ù ö[älâ*ã�å òOæiç�ìxô�ì+ò Ý�ö�· ò ä ç ãOý
õ&òFù#è�ò ä ô ä ç ÞÞ��ä çTì+ô¹rzy â�{|D û ã ç ã çTì+ô ÿ ô Ý ç ö õ ãFý õ&òOù}è�ò ä ô ä çWì ã ñ ã ù ø õ�ì ñ>ç Ý ò ä+Ü ô Ý
ãFä+ävø+ãFý õ å õ ý ô ö[ä çTì+ô�ñ�ô ä ñ�ô�æ ò Ý û Ýtöwÿ§ö]ä+Ü ½�¾ Þ
#�#��³Ö Q × É ÎÏ����������� È¿Ú Ð��ä ç�ì+ô So��ö ç ö ñ�ç�ì+ô�ì+ò Ýtö
· ò ä ç ãFý õ&òOù}è�ò ä ô ä ç ó^ì ö õ�ìlì ã ñ ãFä#ãFä+ävø+ãFý õ å õ ý ô ö[ä çTì+ô�ñ�ô ä ñ�ô ç�ò
û Ý�önÿ ô ½ß¾ Þ�I ì ö ñ ö ñ�ñ ç Ý ò ä+Ü ô Ý çTì ãOäoö[ä çTì+ôor�y â�{|D û ã ç ãOÞ I ì+ô ÿ ô Ý ç ö õ ãOý õ&òFù#è�ò ä ô ä ç ãOý ñ�ò
ì ã ñ ã ñ>ç Ý ò ä+Ü ô Ý^ãFä+ävø+ãFý õ å õ ý ô^çTì ãOä�ö[ä çTì+ô�r�y â�{�D û ã ç ã`ãOä û+ü ã ñ�æ¡ò Ý ç�ì+ô�rzy âb{|D
û ã ç ã üOç�ì ö ñ ö ñ ö[ä çTì+ô/òFè+è�òOñ ö ç�ômñ�ô ä ñ�ôQç�ò�çTì ã ç Ý ô	� ø+ö[Ý ô&û�ç�òuû Ý�önÿ ô ½ ¾ Þ�Ä�ä+ý[ö �OôQç�ì+ôJrzy â�{�D
û ã ç ã çTì+ô ÿ ô Ý ç ö õ ãOý õ&òOù}è@ò ä ô ä çºà]ñuòOè+è�òFñ ö]ä+Ü õ å õ ý ô ö ñHñ>ç Ý ò ä+Ü ô Ý çTì ãOä|ö ç�ñ�ì+ò Ý�ö�· ò ä ç ãOý õ&òFù �
è�ò ä ô ä ç}çTò ÜOöwÿ ô ã ç�òMç ãFý/ãOä+ä�ø+ãOý õ å õ ý ô î û ð}ö]ä ç�ì+ôWòFè+è@òFñ ö ç�ô`ñ�ô ä ñ�ô}çTì ãOä Ý ô	� ø+ö[Ý ô&ûaæ¡ò Ý
û Ý�önÿ§ö]ä+Ü ½ ¾ Þ
#�#��³Ö Q Ù ÉUá È �	� È Î � ÈâÚ Ð
��ä çTì+ô ��� ö ç ö ñ£çTì+ô ÿ ô Ý ç ö õ ãOý õ&òFù#è�ò ä ô ä ç�ó^ì ö õ�ì�ì ã ñ ãOä ãOä+ä�ø+ãOý õ å õ ý ô ö]ä çTì+ô�ñ�ô ä ñ�ô�ç�ò
û Ý�önÿ ô ½ß¾ ÞjI ì ö ñ ö ñuñ>ç Ý ò ä+Ü ô Ý çTì ãOä*ö[ä çTì+ôjrzy âb{|D û ã ç ãOÞjI ì+ôyì+ò Ýtö
· ò ä ç ãFý õ&òOù}è@ò ä ô ä ç
ì ã ñ ãOä�ãOä+ä�ø+ãOý õ å õ ý ô ö]ä çTì+ô#òFè+è@òFñ ö ç�ô!ñ�ô ä ñ�ô^çTò�ç�ì ã ç Ý ô	� ø+ö[Ý ô&ûWç�ò`û Ý�önÿ ô ½ ¾ ü ã ñ ö[ä çTì+ô
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(g)

Horizontal Component, ï
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(h)

Vertical Component, ð
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(i)

D�ö[ÜOø+Ý ôÝE Þàß ê á � ä+ävø+ãFý õ å õ ý ô ö]ä çTì+ô�ì+ò Ý�ö�· ò ä ç ãOý¦ãFä û ÿ ô Ý ç ö õ ãOý õ&òFù#è�ò ä ô ä çTñ#òFæ�ç�ì+ô¹r ít øRv û öwÿ ô Ý�Ü ô ä õ&ô&ü LON£ ¤ ¦¨§ª©�« ¬b®°¯ Þ I ì+ô¤õ&ò ý]ø ù ä ñ�ñ�ì+ò�ó ç�òMç ãFý ülì+ò Ýtö
· ò ä ç ãFýsãFä û ÿ ô Ý ç ö õ ãFý
õ&òFù#è�ò ä ô ä ç�ñ Ý ô&ñ�è@ô&õcç öwÿ ô ýnå1Þ I ì+ô Ý ò�ósñ¤ñ�ì+ò�ó ßFß	Þ
�	QTSoñ!ßOßMÞ���QU� ü ßFß	Þ
�±QTS ãOä û ßOßMÞ��±QT�
Ý ô&ñ�è@ô&õcç önÿ ô ýnå1Þ



��������	���b���~��� ��O�	������������������	������������� �"!��"��� #%ò�ó
rzy â�{�D û ã ç ãFÞ�I ì+ô Ý ô ö ñ ãFý ñ�ò ã ñ�ì ãOÝ è�è�ô ã � ö]ä�â*ã�å�ö[ä çTì+ôyì+ò Ýtö
· ò ä ç ãFý õ&òFù#è�ò ä ô ä ç�ü
ä òMç�è Ý ô&ñ�ô ä ç ö[ä ç�ì+ôorzy â�{|D û ã ç ãOÞ�I ì+ô�ì+ò Ýtö
· ò ä ç ãFý�ãFä û ÿ ô Ý ç ö õ ãOý õ&òFù#è�ò ä ô ä ç�ñ/ñ ø ùeç�ò
ÜFönÿ ô ãFä�ãFä+ävø+ãFý õ å õ ý ô ö[ä çTì+ô�õ&ò ÝtÝ ô&õcç�ñ�ô ä ñ�ô^æ¡ò Ý û Ýtöwÿ�ö[ä+Ü ½¿¾tü ã ñ ö[ä çTì+ôFr�y â�{|D û ã ç ãFÞ
Ò È ���¨Ó È ���	O�²� È ÎÏ� È ���±��� É ÌÍ�±� È ���ô� È ����ÎÏ��ÐI ì+ô ãFä+ävø+ãFý�ÿ ãOÝ�ö]ã ç ö ò ä�ö]ä ç�ì+ô�ì+ò Ý�ö�· ò ä ç ãOý õ&òFù}è@ò ä ô ä ç ö[ä çTì+ô So� ö ñyòFæQçTì+ô�ñ�ô ä ñ�ôyçTò
û Ý�önÿ ô ½ ¾ ü�ó ö çTì�ç�ì+ô ��� òFè+è@òFñ ö[ä+Ü ç�ì ö ñ Þ¹I ì+ô!è@ô ã � ö[ä�â¢ã�å�ö[ä çTì+ô ��� õ&ò ä ç Ý�ö]÷+ø çTô&ñmçTò
çTì+ô�ñ�ô&ù ö���ãFä+ävø+ãFý õ å õ ý ô�ñ�ô&ô ä�ö[ä î>÷+ðtÞ���ä çTì+ôõr�y â�{|D û ã ç ã ü�çTì+ôoñ�ô&ù ö���ãFä+ävø+ãFý õ å õ ý ô
ã è+è@ô ãFÝ ô&ûWù#ò Ý ô�ñ>ç Ý ò ä+ÜOýwå ö[ä ç�ì+ô SÂ��Þ
ö �±���	�¨�"��²� È ÎÏ� È ���±�÷� É �	�������ô� È �¨��ÎÏ��ÐI ì+ô Ý ô ö ñ ã ñ>ç Ý ò ä+Ü!ãFä+ävø+ãFý+ÿ ãOÝ�ö[ã ç ö ò ä`ö[ä ç�ì+ô So� ósì ö õ�ì¢òFè+è@òFñ�ô&ñ çTì+ô�û Ýtöwÿ§ö]ä+Ü òFæ ½ ¾ Þµ��ä
çTì+ô ��� çTì+ô ãFä+ävø+ãFýiÿ ãOÝ�ö]ã ç ö ò ä�ö ñ�ô	� ø+ãOý[ýnå ñ>ç Ý ò ä+Ü#ãFä û ö ñmòFæ+ç�ì+ô�ñ�ô ä ñ�ô Ý ô	� ø+ö[Ý ô�ûyçTò�û Ý�önÿ ô
½ ¾ Þ I ì+ô&ñ�ôsñ ø ù çTò ÜOöwÿ ô ã�ÿ ô Ý>å ñ�ù ãOý[ý ü ä ò ö ñ å�ãFä+ävø+ãFý õ å õ ý ô ö[ä çTì+ô^ñ�ô ä ñ�ômç�ò#û Ý�önÿ ô ½ ¾ Þ

I ì+ô ÷+ãFý]ãFä õ&ôuòFæ+çTô Ý ù}ñ ö[ä çTì+ô ÿ ô Ý ç ö õ ãOý õ&òFù#è�ò ä ô ä ç ÜFönÿ ô ãOä òOè+è�òOñ ö çTô Ý ô&ñ ø+ý çsæ¡ò Ý çTì+ô
ñ ø ù òFæxçTì+ôuì+ô&ù ö ñ�è+ì+ô Ý ô&ñ ö[ä çTì+ô ÿ ô Ý ç ö õ ãFý ç�ò�çTì ã ç^òFæ+ç�ì+ôFrzy â�{�D û ã ç ã ü�ó ö ç�ì#çTì+ô So�
û+òFù ö[ä+ã ç ö]ä+Ü|Ýtã ç�ì+ô Ý çTì ãOä çTì+ô ����Þ�I ì+ô So� ÿ ô Ý ç ö õ ãOý õ&òOù}è@ò ä ô ä ç ãOý ñ�ò`û+òOù ö[ä+ã çTô&ñmç�ì+ô
So� ì+ò Ýtö
· ò ä ç ãFý õ&òFù#è�ò ä ô ä ç ÞÑI ì ö ñ ÜOöwÿ ô&ñ ã ñ�ù ãFý]ý ü ä ò ö ñ å�ãFä+ävø+ãFý õ å õ ý ô ö[ä ç�ì+ômçTò	ç ãOý r�í
t øRv û önÿ ô Ý�Ü ô ä õ&ô Þ

øµùTúzùTû ü�ýÑýµþ ÿ ������� ý �	��
����
���� ÿ ��
���
�� ü�� ����� ý �����	�����	�����
� ÜOãFö]ä ümç�ì+ôer í t øRv û önÿ ô Ý�Ü ô ä õ&ô ö ñ�ô v§ã ù ö[ä ô&û�ù}ò Ý ô¢õ ý òOñ�ô ýwå ü ö]ä ç�ô Ý ù#ñ�òOæ�çTì+ô¢ô&û+û å
t øRv ô&ñ ã ñ ö[ä ôÍ� ø+ã ç ö ò ä w Þ��FÞ¹D�ö[ÜOø+Ý ôhE Þ KOë�ñ�ì+ò�ósñmç�ì+ôhr�í¢t øRv û öwÿ ô Ý�Ü ô ä õ&ô&ü LON£ ¤ ¦¨§ª©�«¬b®°¯ ü
û+ô&õ&òFù#è�òOñ�ô�û ö[ä çTòuç�ìxô�æ¡ò ø+Ý ô&û+û å çTô Ý ù}ñmæ¡ò Ý ç�ì+ô ä ò Ý ç�ìxô ÝtäWãOä û`ñ�ò ø çTì+ô Ý�ä ì+ô&ù ö ñ�è+ì+ô Ý ô&ñ Þ
I ì ö ñHõ ãFä`÷ ô^õ&òOù}è ãOÝ ô&ûyó ö çTì#ç�ì+ô ¼ Ý ñ>ç�õ&ò ý[ø ù ä òFæ ¼ ÜOø+Ý ôFw Þ
p æ ò Ý ç�ì+ôFrzy â�{�D û ã ç ãOÞ

��ñ�æ¡ò Ý ç�ìxôÀr�y â�{|D û ã ç ã ü ö]ä*ãFý]ý è ãOä ô ý ñ�òFæ ¼ ÜFø+Ý ôÀE Þ KFëFüO½! #"$ �æ Ý òFù çTì+ô�ì+ò Ý�ö�· ò ä ç ãOý
õ&òFù#è�ò ä ô ä ç î ¬�®³¯&% «(' ö]ðHî û+ò	ç�ç�ô&û ÷+ý[ø ô ý[ö]ä ô ð ö ñ�ñ�ù ãFý[ýxãOä û!û+ò�ô&ñ ä ò	ç�ñ�ì+ò�ó ã ñ>ç Ý ò ä+Ü�ãFä+ävø+ãFý
õ å õ ý ô&ü�ñ�ò�ç�ì+ô�ì+ò Ýtö
· ò ä ç ãFý õ&òOù}è@ò ä ô ä çuòOæ L�N£¥¤P¦�§Å©P«¬b®°¯ ö ñ£ù ãOö[ä+ýwå û ø ôQçTòmçTì+ô�ç�ô Ý ù ö[ä�ÿ ò ýwÿ±�
ö[ä+Ü ½  *)+ î ¬b®°¯ % «(' ö]ö[ðtÞ ��ä ç�ì+ô�æ¡ò ý]ý ò�ó ö[ä+Ü çTì+ôÂ½  "  çTô Ý ùïæ Ý òFù çTì+ô�ì+ò Ýtö
· ò ä ç ãFý õ&òOù}è@ò ä ô ä ç
ó ö]ý[ý ÷ ô ö]ÜFä ò Ý ô&û Þ

��ä è ãFä ô ý�î>ãOð ö ç�õ ãFäl÷ ô�ñ�ô&ô ä çTì ã ç çTì+ô ç�ô Ý ù#ñ ósì ö õ�ì ãOÝ ô ö]ä ç�ì+ôHñ�ô ä ñ�ô�ç�ò�û Ýtöwÿ ô ½%¾ ãOÝ ô
,  *)+ î>Ý ô&û ý]ö[ä ô ð æ Ý òOù°çTì+ô ÿ ô Ý ç ö õ ãFý õ&òOù}è@ò ä ô ä ç î ¬b®°¯ %.- ' ö[ö]ð�ãFä ûX½  .)+ î�ÜFÝ ô&ô ä�ý[ö]ä ô ð æ Ý òOù
çTì+ô�ì+ò Ýtö
· ò ä ç ãFý õ&òFù#è�ò ä ô ä ç î ¬�®³¯/% «(' ö[ö]ð�Þ`I ì ö ñ ö ñ#è ãOÝ ç ö[ãOý[ýnå õ ãFä õ&ô ý]ý ô&û ÷�å ½  "  î ò ÝtãFä+Ü ôý[ö]ä ô ð æ Ý òFù çTì+ô ÿ ô Ý ç ö õ ãOý õ&òFù}è@ò ä ô ä ç î ¬�®³¯0%.- ' ö[ðtÞx��ä ç�ì+ô�rzy â�{|D û ã ç ã ç�ì+ô ãFä+ävø+ãFý
õ å õ ý ô ö[ä ,1 )  ö ñ ãF÷ ò ø ç ß ù ñ L�N û ã�å LON è@ô ã ��çTò#è@ô ã ��ó^ì+ô Ý ô ã ñ çTì+ô ãFä+ävø+ãFý õ å õ ý ô ö[ä ½  )  
ö ñ ãF÷ ò ø ç}ë Þ wQù ñ LON û ã�å�LON�Þ�I ì ö ñ ö ñ^è ãFÝ ç ö]ãFý]ýwå õ ãFä õ&ô ý]ý ô&û ÷�å ãOä�ãOä+ä�ø+ãOý õ å õ ý ô!òOæ ãO÷ ò ø ç
ë Þ EQù ñ LON û ã�å�LONuö[ä ½  "  Þb� ò�ó�ô ÿ ô Ýsö]ä ç�ì+ô ÄHâ û ã ç ã ç�ì+ô ãFä+ävø+ãFý õ å õ ý ô ö[ä ,  *)+ ö ñ�ò ä+ýwå
ë Þ EQù ñ LON û ã�å�LON ü1ó ö çTìsç�ì+ô ãOä+ä�ø+ãOý õ å õ ý ô ö[ä ½  .)+ ãO÷ ò ø ç�ë Þ
� ù�ñ LON û ã�å�LON�Þ�I ì+ôuòOè+è�òOñ ö[ä+Ü
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-divF/(Recosφ2 ) (ms-1day-1),
11.3oN+11.3oS

Jan3 Feb4 Mar
5

Apr6 May3 Jun7 Jul7 Aug7 Sep4 Oct8 Nov9 Dec4  
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-0.4
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(a)

11.3: oN

Jan3 Feb4 Mar Apr6 May3 Jun7 Jul7 Aug7 Sep4 Oct8 Nov9 Dec4  
 

-0.6
-0.4
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(b)

11.3: oS

Jan3 Feb4 Mar Apr6 May3 Jun7 Jul7 Aug7 Sep4 Oct8 Nov9 Dec4  
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1.8

 

(c)

D�ö<;Oø>= ôjE!?�KFë!@À�BA>A ø>COý õ�D§õ ý ô ö AFEHG>IJA>K = ELG>I = A C A+ûNMOK ø EHG>I = APG>I&ù ö MRQ>G>I = ITSUKWVJQ+K!A>IUALEHMK!X�ELG>IFr�Y¶t>Z v\[>]_^ I =�; IUA>SUIU` LON£¥¤Z¦¨§ª©H«¬b®°¯ `aMRG>KOb ] A ; EHG>I�SUK!ALE =�]<c Z(E ] K!A>M/X = KWVdI C SeGfKWX>EHG>I
I [>[ D¢t>Z v EHI = VJMR? I G>IgQ>hiKjELMFMRG>KObkELI = VlM C Enm C!o�p!p ?<q QTSÂñTp!p ?<q Q�r `Jm c>osp!p ?<q QÅStC A [muS ovpWp ?iq Q�r�= IUMRQ+IUS�E ]w^ IUhwDx? I G>IyI [>[ DzSUK!VlQ{KWA>IUAHELM C!= I|EHK$E C h�muMRK!h ]<[fc h C Se}~h ] A>I o ` ¬�®³¯ % «(' ]m ½  "  o m [ KjE�EHI [�c h<Z>I�h ] A>I o ` ¬�®³¯ % «(' ]i] m ½  .){ o m [>C MRG>I [f;W= IUIUA�h ] A>I o ` ¬b®°¯ %.- ' ] m³½  "  o m [>C MOG>I [C A [~[ KjE�EHI [ K =RC A ; I�h ] A>I o&C A [ ¬b®³¯ %.- ' ]<] m ,� )  o m [>C MOG C A [ EHG = ILI [ KjE�EHI [~= I [ h ] A>I o ? I G>IE ] VJI � VlI C A ] A ; Q+I =R] K [~] M&q!�W? �l[>C D{MO?
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C A>A�Z C h�S�D{SLhiI ] Aj½  "  ] M&�!?
E�V�M LON>[>C D LON ?

� AvELG>I�A>K = ELG>I = A�G>IUV ] MRQ>G>I = I�m�Q C A>IUh�m c>oRo EHG>I�V C(� K =R] E�DgK!X�EHG>I C A>A�Z C h�S�D{SUh<I ] AyEHG>I
MRIUA>MRI�ELK [>=�]_^ I ½O¾ ] MvX = K!VÊ½  *)+ C A [ ,  .)+ G C MvKWA>h_D CJ^ I = D�MRV C h<h C A>A�Z C h�S�D�SUh<IU? I G>I
C A>A�Z C h�S�D{SLhiI ] AÑ½  "  Q C!= E ]iC hih_D�S C A>SUIUhiM	EHG ] M C A>A�Z C h�S�D�SUhiIU` ;W]_^�] A ;�C�= IUM ]i[ Z C h LON£ ¤ ¦�§Å©�« ¬b®³¯b ] EHG C MRV C h<h C A>A�Z C h>S�D�SUhiI0KWQ>Q{KWM ] A ; EHG>I [>=�]_^�] A ; K!X ½�¾�?²y0KWVJQ CW= I [ b ] EHG�EHG>I rzy|  {|D
[>C E C I C SeG�I [>[ DJEHI = V¡G C M	EHG>I&M C VJIBMRIUA>MRI�K!X C A>A�Z C h�S�D�SUhiI c Z(E�ELG>I/V CW; A ] EHZ [ IUM¢K!X�EHG>I
C A>A�Z C h�S�D{SLhiI C!= I [>]�� I = IUALEH`>b ] EHG£EHG>I C A>A¤Z C h�S�D�SUh<I ] A ,  *)+ VvZ>SeG�MRV C h<hiI = ?

� AFEHG>IlMRK!Z(EHG>I = APG>IUV ] MRQ>G>I = Ism�Q C A>IUh&m�S oRo ELG>I C A>A�Z C h¥S�D�SUhiIUM ] A¹½  "  C A [ ,  .){ CW= I
K!X�EHG>I�MRIUA>MRI|EHK [>=R]w^ I ½O¾R`{Q C!= E ]iC hih_DgS C A>SUIUhih<I [�c Db½  )  ? � ;!C!] AyEHG>I C A>A¤Z C h�S�D�SUhiILM C!= IBK!X
EHG>IvM C VJIyMRIUA>MRI C M/X¦K = EHG>I�r�y0  {|D�[>C E CTc Z(E/ELG>IyV C!; A ] EHZ [ IUMBKWX+ELG>I C A>A�Z C h�S�D�SUh<IUM
C A [ ELG>I c>C h C A>SUI ] AvEHG>I�EHI = VJM C!= I [>]
� I = IUALEH`aQ = K [ Z>S ] A ;£C VvZ>S§G�MRV C h<hiI =¨C A>A�Z C h{S�D�SUh<I
] A LON£¥¤Z¦¨§ª©�« ¬b®°¯ ? I G>IJMRIUV ]��OC A>A�Z C h¥S�D�SUhiITMRIUIUA ] A�ELG>IJG>K =R]
· KWAHE C h1SLKWVJQ+K!A>IUALE ] A ¼ ; Z = IE!? pj©l] M [ Z>I0ELK�EHG>I ½  *)+ EHI = V ] AlELG ] M0G>IUV ] MRQ>G>I = IU?

I KlMRZ>VJV CW=R] MRIU@
ª I G>I So�«C A>A�Z C h0S�D�SUh<I CW=R] MRILM�X = KWVtELG>IfG>K =�]
· KWAHE C h0SUK!VlQ{KWA>ILALE�K!X LON£�¤Z¦�§Å©�«�¬b®³¯KWQ>Q{K!MRI [sc DgELG>I ^ I = E ] S C h�SUKWVJQ+K!A>IUALEH? � A�EHG>I ^ I = E ] S C h+EHG>I C A>A�Z C h1S�D{SUh<I ] Ab½  "  
] M&Q C!= E ]iC hih_D\S C A>SUIUhih<I [gc D ,  .)+ ?

ª I G>I r��dC A�A�Z C h�S�D�SUhiI CW=R] MRIUM�X = KWV¬ELG>I ^ I = E ] S C h�SUK!VlQ{KWA>IUAHEFK!X LON£ ¤ ¦�§Å©H« ¬�®³¯ K!Q �
Q+K!MRI [fc D�ELG>I�G>K =R]�· K!ALE C haSUK!VlQ{K!A>IUALEH? � A£ELG>I ^ I = E ] S C h�EHG>I C A>A¤Z C h�S�D�SUh<IUM ] A�½  "  
C A [ ,� )  CW= I ] A£EHG>I�M C VJI�MOIUA>MRIU?

ª I G>I0E�b�KJG>IUV ] MRQ>G>I = IUMBQ C!= E ]iC hih_D\S C A>SUIUh	I C SeG�K$EHG>I = àiM C A>A¤Z C h	S�D{SUh<IUMR?
ª I G>I�E�b�K�G>IUV ] MRQ>G>I = IUM C A [ G>K =�]
· KWAHE C h C A [�^ I = E ] S C h�SLKWVJQ+K!A>IUALEHM C A [ I [>[ D�EHI = V
SUKWVJQ{KWA>IUAHELMBG CO^ I C A>A�Z C h	S�D�SUhiIUM ] AlELG>IyM C VlI�MRIUA>MRIUM C M&X¦K = ELG>IFr�y0  {|D[>C E C
c Z(EyK!X [>]�� I = IUAHEvMuE = IUA ; ELG>MR`�MRK�EHG C E|EHG>I�MRZ>VJM ;W]_^ I [>]�� I =�] A ;T= IUMRZ>hwEHMR?

ª I G>I C A>A�Z C h�S�D�SUhiI ] A ,  *)+ ] M�VvZ>S§G�MRV C h<hiI =1] A&EHG>I Ä   [>C E C ELG C A ] A&ELG>I»rzy|  {�D
[>C E C b�G>I = I C M�ELG>I�K$EHG>I = I [>[ D�ELI = VlM/G CO^ I�M ] V ] h C!= V CW; A ] EHZ [ IUMR?

® KjELG¯ELG>INA>K = ELG>I = A C A [ MOKWZ(EHG>I = A°G>IUV ] MRQ>G>I = IUM CW= I ] VlQ{K = E C ALEH`0ELG>I\G>K =R]�· K!ALE C h
SUK!VlQ{KWA>IUAHEJKWX L�N£ ¤ ¦�§Å©�«�¬b®³¯ c I ] A ;�] VlQ{K = E C ALE ] AFELG>I So�±C A [ EHG>I ^ I = E ] S C h�SUK!VlQ{K!A>IUALE
] A£EHG>I r�� ?

VXWR² ³T´ i�g£µv¶ ·"_�lem¥´�dR¸Xl
�BhwEHG>KWZ ; GzhiK!A ;W] ELZ [>] A C h ] A>X¦K = V C E ] K!APX#K = ELG>IJI [>[ DSUK!ALE =R]<c Z(E ] KWA>M0EHK£ELG>I�r�Y¢t>Z v X¦K =
Û IUSUIUV c I =�C A [ �BZ ; Z>MuE ] M�A>KjE CO^�CW] h C!c h<I�X¦K = ELG>I Ä   [>C E C�c IUS C Z>MOIBEHG ] M ] A>X¦K = V C E ] K!A
b C M0A>KjE�K!Z(ELQ>Z(E�X = KWV¹ELG>I�VlK [ IUh [ Z>I¨ELK [>] MR} � MOQ C SUI�h ] V ] E C E ] K!A>MR`�ELG>I�MºE = I C VdX¦Z>A>S�E ] K!A
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S C A c IBQ>h<KjE�EHI [ ? I G ] M ] M¨MRG�KRbyA ] A ¼ ; Z = IµE!?�K p0C A [ S C A c I�SUK!VJQ CW= I [ b ] ELG ¼ ; Z = IowW? p E
X¦K = EHG>I�rzy0  {|D�[>C E C ?

I G>IXt>KOb ] MTVJKWMºELh_D · K!A C h C A [ b�IUMuE�b CW=R[�] AsEHG>IlE = KWQ ] SUM ] Au�BZ ; Z>MuEH` C MJX¦K = EHG>I
rzy|  {�D»[>C E C ? I G>ITZ>QLb C!=�[ I v ELIUA>M ] KWAzK!X�ELG>I��BM ]iC ANVJK!A>MRK¤KWA C AHE ] S�D�SUhiK!A>ITS C A c I
MRIUIUATK ^ I = I C MuEs�BX =R] S C ` � A [>]<C�C A [ �/M ]<C ` C M�S C A�ELG>I0SUK =R= IUMRQ{KWA [�] A ; S ]<= SUZ>h C E ] K!AlK ^ I = EHG>I
� A [>]<C A�K¤SUI C A C A [ ELG>I C ALE ] S�D{SUh<KWA>I�K ^ I =  sI v�] SUK!? I G�I�S ]i= SUZ>h C E ] KWA�M¨K ^ I = �/M ]<C£C A [ EHG>I
� A [>]<C A~K¤SUI C A CW= I [>] MRQ>h C SUI [ Q+K!hiI�b C!=�[ M0SUK!VlQ C!= I [ b ] ELG£ELG>I�r�y0  {|D¼[>C E C ? I G>I = I ] M
C hiMRKgMRKWVJI�MRK!Z(ELGHb CW=R[ M t>KObkK ^ I = EHG>I�I C MuE�Y C S ] ¼ SybyG>I = I C MBELG>Ibt>KOb¡b C M · K!A C h C A [
b�IUMuE�b C!=�[ M ] AlELG ] M = I ;!] K!A ] A�EHG>I�rzy0  {|D�[>C E C ?

� A Û IUSUIUV c I = ELG>I = I C!= I C ALE ] S�D�SUh<KWA>IUM C MRMRK¤S ]<C EHI [ b ] EHG�ELG>I£VlK!A>MRK¤K!A>M�K ^ I =�r K!Z(ELG
�BVlI =R] S C `Bb�IUMuE��/X =R] S CnC A [ A>K = EHG � I C MºE �/Z�MuE =RC h ]iC ? I G>IUMRI C AHE ] S�D�SUhiK!A>IUM CW= INA>I CW= hwD
MuD�VJVlI�E =�] S C h CWc KWZ(EJELG>I~IU½¤Z C EHK = ` C MJX#K = ELG>I�rzy|  {|D¾[>C E C ? � KOb�I ^ I = EHG>I [ I�E C!] h<M
K!X�EHG>I~MºE = I C V X#Z>A>S�E ] KWA CW= I [>]�� I = IUAHEL? I G>I · I = Kzh ] A>I ] ANELG>IfA>K = EHG>I = AG>IUV ] MRQ�G>I = I
] M�X¦Z = ELG>I = A>K = EHG ] A�EHG>IBb�IUMuEHI = APG>IUV ] MOQ>G>I = IU¿�EHG>IlX¦Z = ELG>IUMuE�MRKWZ(EHG ] E = I C SeG>IUM ] MFKW� QTS
K ^ I = EHG>I���ELh C AHE ] SU? � AlELG>I�r�y0  {�Dn[>C E C ELG ] M|h ] A>I = I C SeG>IUM �ºQTS K ^ I = EHG>I�Y C S ] ¼ S C A [
p � QUS K ^ I = EHG>I��1EHh C ALE ] SU? �¨^ I = MRK!Z(ELG>I = AN sI v{] SUK!`�EHG>I = I ] M C SUh<KWMRI [ SUKWAHELK!Z =�C!= K!Z>A [
byG ] S§G\EHG>I = I ] M C S ]i= SUZ>h C E ] KWA>`�byG>I = I C M ] A\ELG>I¹r�y0  {|D±[>C E C ELG>I~MuE = I C VÀX¦Z>A>S�E ] KWA
K!A>hwD¹MRG>KOb�I [»C A ] A>S = I C MOIU`0EHG>IgSUK!ALEHKWZ = M [ I ^�]<C E ] A ;¼C!= K!Z>A [ EHG ] M = I ;!] K!A>? �¨^ I = EHG>I
MRK!Z(ELG � I C MuEJY C S ] ¼ S�ELG>I�A>K = EHGLb C!=�[ M [ I ^�]iC E ] KWA ] AFELG>I�MºE = I C VÁX¦Z>A>S�E ] K!AsSUKWAHELK!Z = M�MRIUIUA
] AgELG�IÝrzy|  {�DÂ[>C E Cg] MlA>K$E�Q = IUMOIUALE ] A�EHG>I Ä   [>C E C `�b ] ELGgEHG>I r K!Z(EHG`�BVlI =R] S C A
C A [ �/Z>MºE =RC h ]iC A C AHE ] S�D�SUhiK!A>IUM = I C S§G ] A ; X#Z = EHG>I =�] ALEHK&EHG ] M = I ;W] KWA>? I G>IBS ]<= SUZ>h C E ] K!A>M C!= I
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Stream Function (x10ê 6 m2s-1)  December
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Zonal Momentum Equation (msÑ -1day-1), 16.3o N + 16.3o S
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-divF/(Recosφð ) (ms-1day-1),
16.3oN+16.3ñ oS
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Horizontal Component, û
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(h)

Vertical Component, ü
16.3oN+16.3ñ oS
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MO- + (��kÛ�H¢� + � * + (��o�X�0� + � ) %.� ) #!VJ'D#�-��0- + �C(�� ) (|(�% * %.-�%.-�-_��%.� )1PQ) ���J��- + (�� * �0- * � + #
�����?�X� FDG�� Ð (�� * � * �K�0% � �0� + (�%�-Ä��- + (��JÒ\[z�T] � ��% + %ý�X-���� � �J�2#��R��� ���HØ �5(�� ) (U(�%.�|%
*,+ �&#�- � �0�I%.-�-_��%.� )1PQ) ��� + (�%�- + (��vÒ\[z�T] � ��% + %�� Ð (��Z(�#�����p0#�- + %.� ) #WVA'8#�-��0- + (�% * %.-
%�-�-���%�� )&PD) ���È��- + (��K#�'�'8# * � + � * �0- * � + # + (�% + ���0�_�������0� + #k�����?�´� F G �D% * ��- + (X��Ò\[z�T] �
��% + %�%�-��Ú��� ����ØkVI� ��% + %.� Ð (��0�&�L� * %�� * #|% * (�%.��'�'D�0% � ��-��S% P ��- + (��E(�#.����p0#�- + %.�
) #!VJ'D#.-��0- + �y-�# + '��&� * �0- + ��- + (��TÒm[>�T] � ��% + % � � +l* �0�0-Å% + ��� ����Ø1� Ð (��T(�#.����p0#�- + %.�
%�-��>�´�0� + � ) %�� ) #!VJ'D#�-��0- +B*u* �>V + # � �=�X� %.-Z%�-�-���%�� )1PQ) �����- + (�� ) #��&��� )1+* �0- * �y�x#��Ì���&�=�Q��- �
F G �^% * ��- + (��yÒ\[z�T] � ��% + %�� � � +o+ (��Z%�-�-���%�� )1PQ) ���R� * �K�0% � �0� + (�%�-Y��- + (��vÒm[>�T] �
��% + %A%�-��E% + �.����� Ø ��- + (��CVo� ��% + %��
¥L¦ â¨§,© ¦8ª à0«X¬² ¦8³ ß ¦´ª á ª à ½ µLá�² ¦´ª¯® ² ¦ ¬ Î¯³ ª¯Â
Ð (��E%�-�-���%��u��%.����% + ��#.-���- + (��E(�#.����p0#�- + %.� ) #!VA'8#�-��0- + ��- + (���ÙIH�� * #�� + (�� * �0- * � + #
�����?�X� FDG&���5� + ( + (��5Û�H¾#.'�'D# * ��- �<+ (�� * �^% * �x#�� + (X��Ò\[>�T] � ��% + %A%.-��Y% + �.�����(Ø���- + (��
VI����% + %.� Ð (��0�&�<� * %Z'D�0% � ��-ý�Ä% P ��- + (��<Û�Ho�Q%�� * # * �0�0-"% + ��� ���HØ1Û��>MO- + (���Ò\[z�T] �
��% + % + (�� * �UVJ�=qi%.-�-_��%.� )1PQ) ���Z%.'�'D�0%.���0�fVJ#��&� *,+ ��#.- � � P ��- + (���ÙIHI�
� á�â�à0§,²�«�¬² ¦8³ ß ¦´ª á ª à ½ à0Ê¯§�â ® ² ¦ ¬ Î^³ ª¯Â
Ð (��0�&�k� * % *,+ �&#�- � %�-�-���%�����%.����% + ��#�-"��- + (��yÙIH±�5(�� ) (Ä#�'�'8# * � *m+ (��Z���&�=�Q��- � #�� F G �KMO-
+ (��JÛ�H + (��A%.-�-_��%.�Q��%��&��% + ��#�-�� * �K�0% � �0� � �5(��0�&�0% * � + �K% * �0���X%.��� P *,+ ��#.- � % *z+ (��JÙIH
�2#.�A��� ���¤Ø � %.-��|� * #.� + (�� * �0- * �T�&�0�_�����&�0� + #"���&�=�X� F G � Ð (�� * � * �>V + # � �=�X�T%.-|%.-�-_��%.�
)1PQ) ���Z#�'�'D# * ��- �K+ (��C���&�=�Q��- � #.� F G �

Ú * �2#.� �.������Ø + (��TÙoH¾�X�0� + � ) %.� ) #WVA'D#.-��0- + ��#!VJ��-�% + � * #i�X�0� + (��AÛ�H¾�X�0� + � ) %.� ) #!VKq
'D#.-��0- + �YHI#i�K�1�X�0�&� + (��JÙIH (X#.����p0#�- + %.� ) #!VJ'D#�-��0- + � *5*,+ �&#�- � �0�<% + �$Ö���� Ø * # + (�% +È+ (��
+ # + %.��ÙIH ) #!VJ'D#.-��0- + � '�%.-��0� � � ��� ��#_� * -�# + #�'�'D# * � + (��������?�Q��- � #.� F G � � � + (�% * % * �UVA�?q
%�-�-���%�� )1PD) ���0� Ð (��A%.-X-���%�� )1PD) ���T��- + (X� + # + %.��Ò\�¹Ó��(Ô����?�X�0� � �0- ) �l� * ��� *i* -�#.� *,P %�-��
*,+ �&#�- � �0� + (�%�-"�2#.�C��� ����Ø&�

� � � ���&�yÖ���� @T* (�#i� *\+ (��vÒm�°Ó��(Ô ���?�X�0� � �0- ) �R��� ) #!VJ'D# * �0�S��- + # + (��Z�2#.���o�0��� P Ó��(Ô
+ �0��V * � Ð (�� *5) %�- � � ) #!VA'�%.���0�ý�5� + (|'X%.-��0� � % � #���Õ � ����� @ � × �2#�� + (��JÒm[>�T] � ��% + %
%�-��"'�%�-��0� � % � #.��Õ � ������Ö�����ÙJ�2#.�C��� ���¤Ø1�

Ú � %.��-���F����	�8�2�&#!V + (��I(�#.����p0#�- + %.� ) #WVA'8#�-��0- + � çTè¹é�
 æ� � � � ��# +�+ �0� � �����I����-�� � � ** VA%.���
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çlèÿé 
 á � � � F � � � � � ��% * (��0�E%�-��E��# +&+ �0�ý#.��%�- � �<����-�� � %.-�� çlèÿé 
 á � ��� � à ����� � � ��% * (E%�-�� + (��&�0�
��# +&+ �0�"���0�"����-X� � � Ð (�� + �<VJ�1qOVA�0%�-���- � 'D�0�&��#_�L� * ��Ù.�<ÝR�X% PQ* �
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%�-��R��#_� * -�# +y* (�#i�w% *,+ �&#�- � %�-�-���%�� )1PD) ��� * # + (��y(�#��&��p0#.- + %�� ) #!VJ'D#�-��0- + #.� Û�ÜâÏã�ä3å c�æ çlè¹é
� * VA%���-�� P ����� + # + (X� + �0��V ��-B�X#.�=�Q��- � F ����� � çTè¹é 
 æ� ��� � � Ð (�� + �0�RV * #�� + (�� * �0- * � + #
�����?�X� F G %��&�zà ����� � �&�0�"����-�� � �2�&#!V + (��y�X�0� + � ) %.� ) #WVA'8#�-��0- + � çlèÿé 
 á � ��� � %.-��JF ����� � � ���0�0-
����-�� � �2��#WV + (���(�#��&��p0#�- + %�� ) #!VJ'D#.-��0- + � çTè¹é�
 æ� ��� � � Ð (�� * � * '�%�� + ��%.��� PW) %.- ) �0�����0� � P
F � � � � #.��%.- � �T����-�� � �x��#WV + (��C�´�0� + � ) %�� ) #WVA'8#�-��0- + � çTè¹é�
 á � � � � Ð (X� �&�0��% + �?�´� *,+ �&�0- ��+ ( *
#�� + (��È�´�0� + � ) %�� ) #!VJ'D#�-��0- +B* �¯�C� + (Yà ����� -�# + ��� ) ���0% * ��- � � �0��#i� p0�0��#L��-PÙIH * �>VlVA�0���
) #�- + �&� � � + � + # + (��C%.-�-_��%.� )1PQ) ���Z#.'�'D# * ��- � F G * �0�0-L��-fÕ � ������Ö������.�

Ð (�� + �K#k'8�0% �_* ��-E�S% P %.-��FÙI#i�X�UV � �0�>%.���I����� + # + (�� * �UVJ�=qi%.-X-���%�� )1PQ) ���È��-Zà ����� �
Ð (�� *E* �UVJ�=qi%.-X-���%�� )1PQ) ���l�K% *ý* �0�0- ��- + (��gÒm[>�T] � ��% + % � � + -�# + % + ������� Ø ��- + (��
VI� ��% + %.� Ð (��J��� ) #WVA'8# * � + ��#.-|��- + #E�0��� P Ó��(Ô + �0�RV * % +K+ (�� * ��% + � + ����� � �=�X� * %FVZ� ) (
VA#.��� * �iVA����%.�<��� * ��� +C+ # + (��JÒm[>�T] � ��% + % + (�%�-U% + ��� ��� Ø �"Æ<-��T'8# *�* � � ���T���0% * #�-|�2#��
+ (�� * � *K+ (��~V5� ) (Ü��#i�K�0�A��� * #���� + ��#�-�#�� + (��EVI� ��% + % ) #!VJ'�%��&�0�|�5� + ( + (���Ò\[>�T] �
��% + %��¨Úo-�# + (��0� ) %.� * �&VA% P � � + (��o����� ) ��� +OPA+ (��oVI-��iÕ��0� �Ä#_���0�X(�% * ��- * �<V5�X��% + ��- �>+ (X�
VA#.- * #_#�-����- ) ��������- �A+ (�� + �iVA��- � #.��VA#�- * #_#.- #�- * � + � + (��T'�% +�+ �0��- * %.-�� + (�� *,+ ���0- � + (
#�� + (�� * �0% * #�-�%.� )1PQ) ���0� � #��I��ÔD%!VJ'����0� + (��o�K� *,+ ÚI�x��� ) %.-sVA#.- * #_#.-Ä'D�0-�� + �&% + � *y+ #Á#T�2%.�
-�#�� + (�%�-��Ä%.���&�=�X� *z+ #Á# �0%��&� P ��-ÄHI%.�>ÚI�S� � Û�����- � #! #"%$'&)( �u�.Ù�Ù.� � �D�5(�� ) (|� *+ (���VA#_���0�
�X�0� * ��#�-S� * �0�L�2#.� + (���ÚI�SMO� qiM�M * �<V5����% + ��#.- * �

*,+#-/. 02143 3 57698

Û�� )1+ ��#�- Ö.��� * (�#i�K�0� + (�% + � % * ��- + (���Ò\[>�T] � ��% + %.� + (�� *,+ ��#�- � � *,+ %�-�-���%�� )1PQ) ���E��-
+ �UVJ'D�0�&% + �����Z%.-��Ä�&% + �5#.� ) (�%�- � �Z#.� + �UVA'8�0��% + ���&�I�K% * ��- + (��Z��% + � + ����� � %.-��/��Ù�Ø�Ù + #
��Ù Ø Û´� Ð (��Y��% + � + ����� � %�-��W�.����� Ø Ù + #���� ��� Ø Û|�K% *C+ (��0-�� * �0� + #U%�-�%.� PQ* � + (�� Ð Ò\�
�0�_��% + ��#�- * �

Ð (��ý%�-�-���%�� )1PD) ���"��-Å'D# + �0- + ��%.� + �UVJ'D�0�&% + �����ý% + ��Ùt(��u%��x#�� �������(Ø�Ù + #��.�����¤Ø1Û/� *
�����?�X�0- � P|+ (�� ) (�%�- � � * ��- %�����% � % + � ) (��0% + ��- � %.-�� ) #_#�����- � � ß à G { :{�á � Ð (�� ) (�%.- � � * ��-
'D# + �0- + ��%�� + �UVJ'D�0�&% + �����T%.���J��� * 'D#.-����0� + #"%�-��|#�'�'8# * �0� � P ; � + (��T����% � % + � ) (��0% + ��- �
��� * ������%�� + �0�RVJ� Ð (�� * � *l* �<VJ����%�� + # + (���Òm[>�T] � ��% + %��K%.� + (�#�� � ( + (�� ) (�%�- � � * %.���
VA#.��� � �&%�����%��X��- + (���VI� ��% + % + (�%�-T��- + (��/Ò\[z�T] � ��% + %�� Ð (��I%�-�-���%�� )1PQ) ���I��- ; � *
VA%.��-�� P ����� + # + (��J�&� * ������%����Q�5� + (sÑ0] �&%�����% + ��#.-S��� * 'D#.-�����- �E) ��# * �0� PY+ # + (�� ) (�%�- � � *
��-"'D# + �0- + ��%�� + �UVJ'D�0�&% + �����0�

Û�� )1+ ��#.-�Ö.��� * (�#i�K�0� + (�% +m+ (���%.����% � % + � ) (��0% + ��- � %�-�� ) #_#.����- � �8ß à G { :{�á �´� * * �iVA����%�� + #
+ (������ * ������%���VA�0%.- ��'B�I�$������- � � à G��Z%.� + (X#.� � ( -�# + % *") ��# * �U% * �<VJ����%��&� +OP % * �x#�� + (��
Ò\[z�T] � ��% + %�� Û�� )1+ ��#.- Ö������ � * (�#i� *l+ (�% + � � P VJ% *�*Ä) #.- + ��-���� +OP � ) (�%.- � � * ��- + (��
��'$�K�0������- � � à G � ��- %"��% + � + ����� � %.-�� %��&�A�����?�X�0- � PÜ) (�%�- � � * ��- + (��T#.� + Ó�#i�C� F G �\�2�&#!V
+ (��J�0� � �T#.� + (�% + ��% + � + ����� � %.-��U% � #i�X� + (��A��'$�K�0������- � � Ð (��lVA%=<1#��&� +OP #�� + (��A%�-�-���%��
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)1PQ) ���A��- + (��k��'B�K�0������- � � � + �K�0�0-��.������Ø�Ù %�-����.�����xØ&ÛS% + ��Ùt(��u%ý� * �����=�X�0- � Pë) (�%�- � � *
+ # + (�� #.� + Ó�#i� �x��#WV ��� ���xØ�Ù %.-X� �.������Ø&Ûë-��0%��Z��Ùt(��u%.� Ð (�� £ -��$%.�k�.Ùt(��u%�¤Y�<VJ'������ *
��# ) %.�u��#i�C-B�K%.��� ) #.- + ��#.���t-�# + -�#�-:qi��# ) %�� ) #.- + ��#.��� Ð (�� * �&� * �X� + � *y+ (�� * %!VJ�J% * �x#�� + (��
Ò\[z�T] � ��% + %��

Û�� )1+ ��#.-ÃÖ.� @/) #.- * �����0� *A+ (��Up0#�-�%.��VJ#!VJ�0- + �>V �0�_��% + ��#�-��kÚ * �2#.� + (��PÒm[>�T] �
��% + % + (��R#�� + Ó�#i� �x��#WV + (��A��% + � + ����� � %.-���� F8G&�m� * �����?�X�0- � PS+ (��lÒ\����% *�* �0-:qi�u%��iV Ó��(Ô
���=�X�0� � �0- ) �0� çlèÿé � Ð (��0����� * % * VA%.��� ) #.- + ��� � � + ��#.- �x��#!V + (������ * ������%.� ` � Û�� )1+ ��#.-
Ö��iÝ + (��0- ) #�- * �����0� *T+ (�� ) #.- + ��� � � + ��#�- + # + (�� * ���&�=�Q��- � �2�&#!V + (�� + �I#�(��UVA� * '�(��0��� * �
Ð (�� * � )1+ ��#�- * (�#i� *l+ (�% + ��- + (��zÙIH `Ea_b,c�d?eifihOj � * �����?�Q��- �|+ (��ë%�-�-���%�� )1PQ) ���Å��- F G
#�'�'8# * �0� � PT+ (��BÒ\�¼Ó��(ÔY���=�X�0� � �0- ) �0���5(��0�&�0% * ��- + (��IÛ�HÚ� + � *^+ (��BÒ\�¼Ó��(ÔY���=�X�0� � �0- ) �
�5(�� ) ( � * �����?�Q��- � F G �5#.'�'D# * �0� � P `Ya_b,c�d egfihOj � `Sa_b,c�d?eifihOj<) %.- ) �0� * #.� + �5(��0- + (�� + �K#
(��UVA� * '�(��0��� * %.��� ) #.- * �����0�&�0� + # � � + (��0�&�CÛ�� )1+ ��#.-gÖ��iÖT��-B�X� *,+ � � % + � * ` � * (�#i�C��- �C+ (�% + % +
��Ù (��u%Ä� + � *Z) #!VJ'D# * �0�nVJ%���-X� P #�� `La_b,c d eifihOj ��- + (�� + �&#�'�� )0* %.-��ë�2��#WV + (�� * % + ���&% + �0�
*,+ �&� *�* ) #WVA'8#�-��0- + #.� � �&%i�Q� +OP �K%i�X�Y����% � ��- + (��"��Ô + ��% q + �&#�'�� )0* � M + �K% *T* (�#i�5- + (�% +
`Äa_b,c�d?eifihOj ) #��&��� * 'D#.-�� *�+ # + (��AM Ð [%>Ü%�-��U� * '���# � % � � P ����� + # ) #�-$�X� )&+ �=�X�0� P + ��� ��� �0���0�
�K%i�X� * �2��#WV + (�� ) #.-B�X� )1+ �?�X��VA#!VJ�0- + �>V ���&% � '�%.��%WVA� + �&��p0% + ��#�-�� Ð (��o'�%��&%!VJ� + �&��p0% + ��#�-
(�% * � �0�0- * (�#i�C- + # ) %�� * �I% )0) �0���0�&% + ��#�- * % + � Ù�Ù (�� % � ! ��� � #�� P  #"?$'&)( �¯� ���A@ � %.-��l� * -�# +
) %�'�'8�0�Y��- + (�� * VA#_���0� � � + � * %i��%�����% � ���<% + %.���aVJ#_�X�0� ���1�X�0� * �

Ð (��gÒ\�¡ÓX�(Ôw���?�X�0� � �0- ) ��� * *,+ �������0�¡��- * � )1+ ��#�- Ö.��@AB + (X� * * (�#i� *k+ (�% +A+ (��0�&�S%��&�
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%��&�yVJ%���-X� P ��'B�K�0������- � ��Ú��5���X�0����% + � + �X��� � %�-��Y�x#�� + (��5VI�r��% + %��m�$Ö�Ø�Ù + #L�jÖ�Ø&ÛX���K% *
* (�#i�5- + # � �?�X� ) ��# * �0�5�&� * ��� +$*>+ # + (��lÒ\[z�l] � ��% + %E��% + � + ����� � %�-��U#.�I��Ù Ø Ù + # ��Ù Ø Û
� * � )1+ ��#.-\Ö.��� � � Ð (�� *È) #.����� � �Z����� + # + (��Z'D#_#��&�0�I(�#.����p0#�- + %.�¯�&� * #.��� + ��#.-Ä#�� + (��vVA#_���0�
#��>'8#_#��&�0� * �iVZ����% + ��#�-"#�� + (���VA#.- * #_#.- * �

M�-R# + (��0� �&� * �0%�� ) (T# + (��0�&�.�5�����0�t��% + � + ����� � %�-�� * �K�0���z� * �0��� I �0���J%.-�� ! % � � � ��� × � � �
�2#.�¯��ÔD%!VA'����0��� * �0�k��ÙWØ�Ù + #o��Ù�Ø&Û + #���#_# � % + ) #.-$�´� )1+ ��#.-J%.-�� + ��#.'D#�'�%.� * � (��0� � ( + ��- � # + (
# � * �0�3��% + ��#.-�%�� %.-��fVA#_���0� ��% + %��

Ð (��o��#i�C-B�K%.��� ) #�- + ��#��´'��&��- ) ��'X���K'���#.'D# * �0� � P HI% P -�� *  #"l$M&)( � ���.�´� � � ���0% ��* �X#��5-
�5(��0�&�L%.- � ����%.�lVA#WVA�0- + �>V * �����2% ) � * ��#�-�# +L* '�%�- + (��E% + VJ# * '�(��0�&�L��- + (��k�´�0� + � ) %����
I # * �0-���#���%.-��5Ho#�� + #�- � � ���.� � * (�#i�K�0� + (�% +Ì+ (�� * # )0) ��� * �0�_��% + #��3�K%��&�Z#��Ï�jÝ(Ø&� ) #.- ) ��������- �
+ (�% + ��#i�C-B�I%���� ) #�- + ��#��C� * #.-X� P � * �0�2���Z'8#����1�K%��&�w#��"�$Ý Ø � Ð (�� P %�� * #�-�# + �0� + (�% +
� � + �K�0�0-/�$Ý!Øz%�-��L�.Ù�Øz��Ô + �&% ) %��&�z�K% * -��0�0���0�Y�x#�� + (�� ) %.� ) ����% + ��#�-L�X��� + # £ * � � -��iÕ ) %�- +
���1�Q��% + ��#.- * �x��#WV %��X�0� + � ) %���� P #.�����0- + �0�Ú����-��0¤���- + (��|%.- � ����%.��VA#WVA�0- + �>V * �����2% ) � * �
Ð (�� * � ) %.� ) ����% + ��#�- * �I�$�&� � % * �0� #�- + (��|% *�* ��VJ' + ��#�- + (�% +E+ (��|% + VJ# * '�(��0���U� * ��- %
*,+ �0%.� P�*,+ % + �0� HI#�� + #.-m n"�$'&)( � � ���WÝ �I* (�#i�I�0� + (�% + �2#.�È% * �<VJ'���� *,+ ��% + # * '�(��0�&� ) �2#�� ) ��- �
) #�- + �&#��>�K% * ������� )1+ � P ��#i�5-$�K%��&�Ç��- + (�� *,+ �0%�� P¢*,+ % + � � � +L+ (�% + �5(��0-Ç% + �&%�- * ���0- +
�2#.� ) ��- � �K% * � * �0� + (��S'��>VA'���- � % )1+ ��#.-¡����� + # + (�� * �2#�� ) ��- � ��Ô + �0-����0� * �����1�K% PQ* % *
�K�0���C% * ��#i�C-B�K%.��� * �J%�-�� ) #������ ���0% ) ( �2��� + (��0�E��- + # + (�� + ��#.'�� )0* ��M�- + (�� * ��� * �0%.� ) (
+ (��R% *�* �>VJ' + ��#.- + (�% +I+ (��R% + VJ# * '�(��0�&�A� * ��-�% *,+ �$%.� PÅ*,+ % + �R(�% * -�# + � �$�0-NVA%.���J%.-��
+ (�� ) %.� ) ����% + ��#.-gVA� + (�#Á�S��#_� * -�# + �&�0�_�����&�R%.- � ����%��&VA#WVA�0- + �>V * ���&�2% ) � *+ # * '�%.- + (��
�X�0� + � ) %.��� Ð (��0�&�0�2#��&� + (X� * ���iVA� + % + ��#�-A��#Á� * -�# + % n � )1+m+ (�� ) (�#�� ) �I#��8��% + � + ���X� * � * �0�l(��0�&�0�

I %.-����0�Q #"l$M&)( � ��Ù.Ù�� � � * �0� �.Ù Ø Ù + #C��Ù Ø Û %.-��l��Ù Ø Ù + #Z�.Ù Ø Ûl��% + � + ����� � %.-�� * � Ð (�� P
'D�0�&�2#.�RV % * �<VA����%.� ) %�� ) ����% + ��#�- + # + (��ë��#i�5-$�K%.��� ) #�- + �&#�� ) %.� ) ����% + ��#.- * #��kHI% P -�� *
 #"J$'&)( � � ���X� � %.-�� I # * �0-���#.�k%.-��ÚHI#�� + #.- � �����.� � � � + ��# -�# + ��- ) �����X� + (��"�X�$� + � ) %��
�0��� P VA#WVA�0- + �>V Ó��(ÔQ�<à ����� �A��- + (��0����Ò\�«Ó��(Ô ) %�� ) ����% + ��#.-��T-�#.�L��# + (�� P ��- ) �������
` ��- + (��0���"�2#�� ) ��- �Ä+ �0�RV * � Ð (�� P *,+ % + � + (�% +E+ (��U��% + � + ����� � %�-��»VZ� *6+ � � ) (�# * �0-



ÞJÊ¯«>ß�àUá¤âlï�äZYE§,µ$² Î µ$µ$§ ¦´ª « ª^® ² ¦´ª ²�¬ Î µ$§ ¦´ª µ ·!ã�ã
* �T� ) ���0- + � P �2%.�t�2�&#!V + (��o�0�_��% + #.� + (�% + + (��t�X#�� + � ) � +OP � * -�# + + #_# * VJ%������ Ð (�� P %�� * #Z-�# + �
%R'��&% )1+ � ) %.�Ï���iVA� + % + ��#.-ý��-E# � + %���-���- � # � * �0�,��% + ��#�-�%.�Ï� *6+ �<VJ% + � * #.� çlèÿé � Ð (�� PÄ) #�- ) �������
+ (�% + ��% + � + ����� � %.-�� * #.�¯% + ���0% *6+ �.ÙxØ�Ù + #A��Ù�Ø&Û � �?�´�C%J���0% * #.-�% � ���5��� * ��� + �

HI#i�K�1�X�0� I �0���U%.-�� ! % � � � � � × � � � * �0� + (��Y��Ù Ø Ù + #U��Ù Ø ÛU��% + � + ����� � %.-X�|��- + (��0���
*,+ ��� P #.� ) #�-$�X� )1+ ��#.-J%�-�� + �&#�'8#�'�%.� * �y(��0� � ( + ��-�# + ��- � + (�% +u+ (�� * (X%.'D�y%.-��R%WVA'���� + �����y#��
+ (��I%.-�-_��%.� )1PQ) ���K��- + �&#�'D#.'�%�� * �o(��0� � ( +È) (�%�- � � * �C� + ( ��% + � + �����0� I # * �0-���#�� � ���.�!Ý � � * �0�
��Ù�Ø�Ù + #L��Ù�Ø&Û + #J��#Á# � % +z+ (�� + (��0��VA#_� P -�%WVA� ) �0�_��% + ��#.-L��- + (��C��#��K�0� *,+ ��% + # * '�(��0�&�0�

]N� + (���- + (��ë��Ù!ØJ��% + � + ����� � %�-��Ü� * �0�Ü��- + (�� * �&� * �0%.� ) ( + (�� ) #�- + #.��� * #.� + (��L�&% + �
#�� ) (�%.- � �l#.�y'D# + �0- + ��%�� + �UVJ'D�0�&% + ���&� %��&�l-��0%���� PÜ) #.- *6+ %�- + % ) ��# *i*�+ (��l��% + � + ����� � %�-��
�2#.�T%.- P � �?�X�0- + �<VJ�0�ÇÆ<� +B* ����� + (�� * ��% + � + ����� � %.-�� + (��Y��% + �L#.� ) (�%�- � �Y#��o'D# + �0- + ��%��
+ �UVJ'D�0�&% + �����5��� ) �&�0% * � * �2#��y% � �?�´�0- + �<VJ�0� � �?�Q��- � % * VJ%������0��%!VJ'���� + �����C%.-�-_��%.� )1PQ) ���0�

Ð (��o�.Ùt(��u%C���1�X�0�D� * ) (�# * �0- � � ) %.� * ��� + � *Ì+ (��o���1�X�0�´%i��%.����% � ���o��- + (��/Òm[>�T] � ��% + %
* � + -��0%.��� *,+l+ # + (�� ) #.��� 'D#���- +A+ ��#�'8#�'�%.� * �L%�-��|�C� + ( + (�� � ���0% + � *,+ %�-�-���%�� )1PQ) ���S��-
'D# + �0- + ��%�� + �UVA'D�0�&% + �����0� �S%.- P # + (��0� *,+ ������� * � I �0����%�-�� ! % � �0�>��� × ÝABuHI#.� + #�-��>� ���.ÙMB
I # * �0-���#��y%.-�� HI#.� + #�-��o���.���AB I %.-����0�o #"/$'&)( �m��Ù.Ù��.�t�2#��<��ÔQ%WVA'���� � (�%i�X� � * �0�¡��Ù.Ùt(��u%
� � ) %.� * �0�D% * -�# + �0�J��- * � )1+ ��#.-Y� ���.�X� + � * %.-A%.'�'���#.'�����% + �z���1�X�0� ) #!VJVJ#�-�� P %���%�����% � ���z�2��#WV
# � * �0�3��% + ��#.- * %�-��NVA#_���0� * � Ð (��p@.Ùt(��u%"� * %.� * #"��#_# � �0� % + � + �\��- + (��JÒm[>�T] � �X% + %.�
� � ) %.� * � + (��R��%�� � � *,+ %.-�-_��%.� )1PQ) ���J��- + �UVA'8�0��% + ���&�J� * % +I+ (�% + ���1�X�0� %�-��Ä� + %�� * # (�% * %
��%.� � � ) #.- + ��� � � + ��#�- + # + (��<%�-�-���%�� )1PQ) ���5��-"��'B�K�0������- � % + ��Ù (�� %.�

[ +dq \^]J_ e46rbdh!bHÏps k,jma�]p_ 5�ÏgÏt145u`wvr8!v�`d_ bHÏ ax_L3 y,_L6r5�z
ac1469_

Ð (�� ��%��&��#.� *D+ �0�RV * ��- + (�� + (��0�RVJ#_� P -�%!VJ� ) �0�_��% + ��#.- � ������� � �K�0��� ) %�� ) ����% + �0�T%.-�� ) #WVÈq
'�%��&�0���KMO- � # + ( + (��yÒm[>�T] � %.-��YVI�r��% + % � * �0� * � )1+ ��#�- * �.���A%.-���Ö����A��� * 'D� )1+ �=�X�0� PD�
+ (��"��#!VJ��-�%�- +A+ �0��V * ��- + (��"�0����% + ��#�-�%.��� + (��L%.����% � % + � )L) #_#.����- � %.-�� + (��E����% � % + � )
(��0% + ��- �\+ �0��V * � Ð (��y%.����% � % + � )) #_#.����- � ���&�=�X� *D+ (��'D# + �0- + ��%�� + �UVJ'D�0��% + ���&� ) (�%.- � � * %�-��
+ (��K����% � % + � ) (��0% + ��- � ��� * '8#�-�� * + # + (�� + �UVA'8�0��% + ���&� ) (�%�- � � * �Q#�'�'D# * ��- �I+ (��K%�����% � % + � )
) #_#�����- � ��MO- + (��ÈVI� ��% + % + (��<����% � % + � ) (��0% + ��- � ��� * 'D#.- * �5� * ��- + (��C��#�- � �K%i�´�Z(��0% + ��- �
%�-�� + (��l��� * ������%������% � % + � ) (��0% + ��- � �y%�-��ë-�# + ��- + (�� * (�#�� + �K%i�X�E(��0% + ��- � �NÚ + @.Ùt(��u%
� * � )1+ ��#.-Y���iÖ � ��- + (���Ò\[z�T] � ��% + % + (��C��� * ��� + � *t+ (�� * %!VJ�0�
I # * �0-���#.� � �����WÝ �k* (�#i�K�0�±'���# +$* #��o��% + � + ������-X%.� �K�0� � ( + �0��%i�´�0�&% � � * �2��#WV ��Ù Ø Ù + #

��Ù Ø Û/#.� + �0�RV * ��- + (�� + (��0�RVJ#_� P -�%!VJ� ) �0�_��% + ��#.-Å% + @.ÙS%.-��¡��Ù (�� %S�2��#WV + �I# P �0%.� *
#��y% *�* �<VJ����% + �0��# � * �0�3��% + ��#�- * � Ð (�� ��% + �l#.� ) (�%�- � � #.� + �UVJ'D�0�&% + ����� * (�� * (�#i�K�0�S�K% *
* VA%.��� ) #!VJ'�%��&�$�U�C� + ( + (��Y����% � % + � ) (��0% + ��- � %�-���%�����% � % + � )L) #_#�����- � � �5(�� ) ( VA%.��-�� P
) %�- ) �0�����0���0% ) (�# + (��0�k#.� + � Ð (�� * � *k* �iVA����%.� + # + (�� �&� * ��� +B* '���� * �0- + �0� ��- + (�� *o+ (�� * � * �



ÞJÊ¯«>ß�àUá¤âlï�äZYE§,µ$² Î µ$µ$§ ¦´ª « ª^® ² ¦´ª ²�¬ Î µ$§ ¦´ª µ ·!ã´ï
MO-L(��0�>��� * ��� +B*m+ (��C��%.����% + �?�X�C(��0% + ��- � ��#WVA��-�% + � * %�-��E�X�&�=�X� *\+ (�� + �UVA'D�0�&% + ����� ) (�%�- � �
% + ��Ùt(��u%"%.-�� + (��J%�����% � % + � )R) #_#�����- � ��#WVA��-�% + � * % + @.Ùt(��u%��ýÛ�(�� ) #.- ) ������� *>+ (�% + % +
@�Ù (��u% + (��o%�-�-���%�� )1PQ) ���I��- + �UVJ'D�0�&% + �����I� * �&�0��% + �0� + # + (��o%.-�-_��%.� )1PQ) ���I��- ��'$�K�0������- � �
�5� + (J�5(�� ) ( + (��C�&� * ��� +B* #.� + (�� *t+ (�� * � * % � �&�0�0�

Ú * �iVA'����I#.-��1qi���<VJ�0- * ��#�-�%.��VA#_���0���K% * � * �0� + # + � *,+ + (�� + (��0#�� PR+ (�% +m+ (��o%.����% � % + � )
) #_#�����- � �����?�´� * + (�� + �UVA'8�0��% + ���&� * � Ð (��Z�&� * ��� +B* %��&� * (�#i�5-Ä��- * � )1+ ��#.-S�����.�yÚ + ��Ù (��u%
+ (��k%.����% � % + � )k) #_#�����- � �K% *K* (�#��5- + #l�����?�´� + (��k%.-�-_��%.� )1PQ) ���J��- + �UVJ'D�0��% + ���&�o�5� + (Ä%
��%.����% + �?�X�o���0��%jÔQ% + ��#�- + �<VJ� *�) %����I#�� @ Ùt��% PQ* �D%.-X�A% + @.Ùt(��u%>�5� + (T%C�&%�����% + �=�X�o���0��%jÔD% + ��#.-
+ �iVA� *�) %.���L#.� × Ùt��% PD* � Ú + Ý.Ùt(��u%�%�-��/% � #i�X� + (��~VA#_���0�y��#_� * -�# + �K#�� � %�-�� # + (��0�
'���# ) � *�* � * VZ� *,+ ��#WVA��-�% + �0� Ð (�� * �E�&�0��%$ÔQ% + ��#.- + �iVA� *�) %���� * %.��� * (�#.� + �0� + (�%.- + (�# * � ��-
I %�-����0�{ #"N$M&)( � ��Ù.Ù�� � � � + (�%i�X�5% * �<VJ����%�� �X�0� + � ) %.�^'��&#!Õ����0�

[ +d| \^]J_ e46rbdh!bHÏps k,j}a�]p_ 5vÏgÏt145u`~vr8!v�`d_ bLÏ ac69k,y4bnvo5u`
12y7�Z_L`#`#bHÏps

Ð (��k%.����% � % + � ) (��0% + ��- � %�-�� ) #_#.����- � �K% * �����0- + �iÕ��0�|% *m+ (��Z�����?�Q��- �5+ �0�RV ��- + (�� + (��0�,q
VA#_� P -X%WVA� ) �0����% + ��#.-¾%.-��W(��0- ) � + (��Å%�-�-���%�� )1PD) ���Å��- + �UVJ'D�0�&% + ����� * � Úo����% � % + � )
(��0% + ��- � %.-�� ) #Á#.����- � %.-�� ) (�%�- � � * ��-J��'$�K�0������- � �K�0�&� + (��0-A��-B�X� *,+ � � % + �0�A��-£VA#.���y��� + %.���
� * � )1+ ��#.- * ��� @ %�-��\Ö���� � � Ð (�� + ��#.'�� ) %.� ��'B�K�0������- �Y* (�#i� * % * �<VJ����%��<'�% +�+ �0��- + # + (�% + #��
+ (���%�����% � % + � ) (��0% + ��- � %�-�� ) #Á#.����- � �z�5� + ( ��� +�+ ��� ) #�- + �&� � � + ��#�- + # + (��|%.-�-_��%.� )1PQ) ���
�2�&#!V + (��<�X�0� + � ) %.� � ��%.�����0- + #.�y'D# + �0- + ��%�� + �UVJ'D�0��% + ���&�0� Ð (�� * �<VA����%.��� +OP � � + �K�0�0- + (��
%�����% � % + � )�) #_#�����- � %.-��A��'$�K�0������- � � *\� �&�0% + �0�t��- + (��|Ò\[>�T] � ��% + % + (�%.- + (��>VI� ��% + %��
Ð (���VJ% *�*5) #.- + ��-���� +OP �0�_��% + ��#�- � ������� � �K% * ���0%.���&%�- � �0� + #~Õ�-�� + (��T%i�X�0��% � �C�X�0� + � ) %.�
�X�0��# ) � +OP % ) ��# *�* %Z��% + � + ����� � %.-�� ����� + # + (��K(�#�����p0#�- + %.��VJ% *�* ���=�X�0� � �0- ) �C% +y+ (��K�0� � � *
#�� + (�% + ��% + � + ����� � %.-�� � �0�_��% + ��#�-Å�.��� � � Ð (�� * �K% *o+ (��0-Å��ÔQ%!VJ��-��0�Å���1�X�0� � P ���1�X�0��� + #
��� + �0��VA��-����5(�� ) (Y���1�X�0� * �K�0�&� * � � -��<Õ ) %�- + ��-"�����?�Q��- �È+ (X�<��'B�K�0������- � % + ��Ù (��u%��

M�- � # + (S��% + % * � +B*+ (���VA%=<1#��&� +OP #.� + (��R%.-�-_��%.� )1PQ) ���J��- + (��k��'B�K�0������- � % + ��Ùt(��u%
� � + �K�0�0-�� Ù Ø Ù±%.-X�Y��Ù Ø ÛÈ�K% * ����� + # + (��>%�-�-���%�� )1PQ) ������- + (��0VA% *�* ���=�X�0� � �0- ) �I-��0%�� + #
��Ù (��u%��.�5� + (J��� +�+ ��� ) #�- + �&� � � + ��#.-A�x��#WVN���1�X�0� * % � #i�X��@�Ù (��u%�� Ð (X� + �<VA��- � #�� + (��y%�-�-���%��
)1PQ) ���I(�� � (��$�\��'T� * �0%��&�����0� + (�%.-T% +\+ (�� + �&#�'8#�'�%.� * �>%�-��A��- + (�����'�'D�0� + ��#.'D# * '�(��0�&�o%�-��
+ (��0�&� � * % * �UVJ�=qi%.-�-_��%.� )1PQ) ���E��- + (��l��- + � � �&%�-��ë��- + (�� *,+ �&% + # * '�(��0���0� Ð (�� *k* � ��� � *,+B*
+ (�% +>+ (��0�&�C%.���C��� n �0���0- + '��&# ) � *�* � * ��#WVA��-X% + ��- � ��- + (�� *,+ ��% + # * '�(��0�&�5%�-�� + �&#�'8# * '�(��0���
%�-�� + (�% + �2#�� + (��K%�-�-���%�� )1PQ) ���<��Ùt(��u%k� + � *¯+ (��K��-:q * � + �ý'���# ) � *�* � * % *i* # ) ��% + �0�Z�C� + ( + (��
+ �&#�'8# * '�(��0��� ) '��&# ) � *�* � * �¯-�# +C*,+ �&% + # * '�(��0��� ) '���# ) � *�* � * �´�C(�� ) (Y%��&�<�iVA'8#�� + %�- + �

Ð (��Tp0#.-�%���VA#WVA�0- + �>V��0�_��% + ��#.- � �.���.% � �K% * �&�0%��&��%.- � �0� + #"�����0- + ��� P|+ (��T�����?�Q��- �
+ �0��V �2#�� + (��A#.� + Ó�#i�C� F G � �0�_��% + ��#�-|����� � � � #.� + (��TÒ\[z�l] � ��% + % � * � )1+ ��#.- ���iÝ �+ (��
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��% + % � * � )1+ ��#.- * Ö�� @ %.-��JÖ.��� �D+ (��|VA%.��-J�����?�Q��- �y+ �0�RV �K% * % � %.��- + (��|Ò\����% *i* �0-:qi�u%.�<V Ó��(Ô
���=�X�0� � �0- ) �0�X�5� + ( * #!VJ� ) #.- + ��� � � + ��#�-Y�2�&#!V + (��C�&� * ������%�� `�+ �0��Vs% + �.�����HØ&�

Ð (�����#i�C-B�I%���� ) #.- + ��#.�k%�-��¾-�#�-:qi��# ) %.� ) #�- + ��#�� ) %.� ) ����% + ��#.- * #��AHI% P -�� *  n"t$'&)(
� � ���X� � B I # * �0-���#��^%�-��EHI#.� + #�- � � ���.� � BQHI#.� + #�-! #"{$M&)( � � ���WÝ � %.-�� I %.-����0�r #"{$'&S( � ��Ù.Ù�� �
� * �Y�����?�Q��- � #.� + (��Lp0#�-�%.�|VA#!VJ�0- + �>V �0���X% + ��#�- � P �K%i�X�Y�2#.� ) ��- ��*<+ # ) %�� ) ����% + � + (��
��'$�K�0������- � � I # * �0-���#��Ì%�-��ýHI#.� + #�- � ���.��� � * (�#i�K�0� + (�% +È� �&%i�Q� +OP �K%i�X�È����% � �K% *y* � � -��<Õ:q
) %�- + % * %Z'�%.� + #.� + (��I��#i�C-B�K%.��� ) #.- + ��#.� ) %.� ) ����% + ��#�- #.-�� P ��- ���iVA� + �0� �&� � ��#�- * �Q-�%WVA�0� P
��- + (��vÙIH¾-��0%��Z��Ù.Ùt(��u% � � + �K�0�0-Ä��Ù Ø ÙN%.-�� @ Ù Ø ÙN%.-��Y% � #i�X�ý��Ùt(��u% � � + �K�0�0-��.Ù Ø Ù
%�-�� × Ù�Ø�ÙI� I %.-����0�� #"�$'&)( � ��Ù.Ù�� � %.� * #S-�� � ��� )1+ ` ��- + (��0��� ) %�� ) ����% + ��#�-Å#��y��'B�K�0������- �
�2�&#!V + (��<p0#.-�%���VA#WVA�0- + �>Vs�0�_��% + ��#�-��0ÚÇ-_�>V � �0�>#��^%�� + (�#�� * � ! ��% P %.-�� 4 ��- � �0� + #.-��
���.��ÙABNP�����%.�1��%� #"�$M&)( �A���.� @ BKHI#�� + #.-� n"�$'&)( �A� ���WÝMBK�m���>V � %.-��»Ò\��� *�� ���1�C� ) p0� �����.� �
(�%i�X� * (�#i�5- + (�% + �^��- + (�� *,+ �0%�� P *,+ % + �0�´�K%i�X�Z��-X��� ) �0�S�x#�� ) ��- � ��- + (��5��Ô + ��%�q + ��#.'�� )0* � *
��- * �T� ) ���0- +5+ #ý���&�=�X� + (��J# � * �0�,�X�0�U%.-�-_��%.� )1PQ) ���A��-Ä��'$�K�0������- � ��- + (X� + ��#�'�� )0* �<]¾(��0-
+ (�� + �<VJ� *�) %����I#�� + (��m�K%i�X�K����% � � * ) #WVA'�%.��% � ��� + # + (��o��%.����% + �?�X�I���0��%$ÔQ% + ��#�- + �<VJ� *i) %.���0�
+ �&#�'�� ) %�����'$�K�0������- �K) %.- � �m�����?�X�0- � P ��Ô + ��% + �&#�'�� ) %��$�K%i�X������?�Q��- � � HI#�� + #.-� #"9$'&)( �D� ���WÝ � �
Ð (�� * #�- * (�#�� + �0� + �<VJ� *�) %���� *Ì+ (�%�- + (��>%�-�-���%�� )1PQ) ��� ) #.- * �����0���0�A(��0��� + (�� *,+ ��% + # * '�(��0�&� )
�K%i�X�Z�����?�Q��- �T) %.-L�&�0% ) (L��- + # + (�� + ��#.'�� )0* �

Ð (��5�&�0��% + �?�´� ) #�- + �&� � � + ��#�- *\+ # + (��C���&�=�Q��- � #�� FXGz�2��#WV + (�� + �K#A(��UVJ� * '�(��0��� * �K�0���
��-$�X� *,+ � � % + �0��� � #�� + (���Ò\[z�l] � ��% + % � * � )1+ ��#�- @ ��� �m+ (�� + # + %��¯%.-�-_��%.� )1PQ) ���J�x#�� � # + (
(��UVA� * '�(��0��� * � * ����� + # + (��/ÙoH %.-��T'�%.� + ��%.��� P") %�- ) �0�����0� � PR+ (��oÛ�HI� Ð (X� * %�-�-���%�� )1PQ) ���
� * �����?�X�0- � P çTè¹é ��- � # + (ý(��UVA� * '�(��0�&� * �IHI#i�K�1�X�0�>��- + (��<Û�H + (��<�&� * ������%�� ` #.'�'D# * � *
çlèÿé � ) %�� * ��- �>+ (��I%.-�-_��%.� )&PD) ���I��- F�G + # � �o��- + (��o#�'�'8# * � + � * �0- * �0� Ð (��o%�-�-���%�� )1PQ) ��� *
��- ` ��- + (��JÙIH %�-��|Û�H�VJ# *,+ � P ) %.- ) �0��� + # � �=�X�T% * VA%.���m%�-�-���%�� )1PQ) ���l��- + (�� + # + %��
` #.� + (�� ) #��&��� )1+"* �0- * � + #Ä���&�=�X� + (��E%.-�-_��%.� )1PQ) ��� * �0�0-/��- F G � � + %�VZ� ) ( * VA%.�����0�
%�-�-���%�� )1PQ) ��� + (�%�- + (X% + #.� çlèÿé � � #�� + (��kVo� ��% + % � * � )1+ ��#.- * Ö��iÝT%�-��gÖ���� �m+ (�� + # + %��
%�-�-���%�� )1PQ) ���È�2#.� � # + ( (��UVJ� * '�(��0��� * � * ����� + # + (���ÙIHÚ%.-��ý'�%�� + ��%.��� PY) %.- ) �0�����0� � PT+ (��
Û�HI��Ú + ��� ����Ø�Ù `SaÁb3c d eifih�j ��#WVA��-�% + � * %.-��U� * '�%�� + ��%���� P�) %�- ) �0�����0� � P çlèÿé �~Ú + �.������Ø&Û
çlèÿé ��#!VJ��-�% + � * � Ð (��5%.-�-_��%.� )1PQ) ��� * ��- ` a_b,c d eifihOj ��- + (���ÙIHÇ%�-��"Û�HW% + ��� ���!Ø|VJ# *,+ � P
) %�- ) �0��� + # � �?�´�R% * VJ%����u%�-�-���%�� )1PQ) ���R��- + (�� + # + %.� `ýa_b,c d eifihOj #.� + (�� * �0- * � + #ý�����?�X� F G
� � +<* VA%.�����0� + (�%.- + (��K%�-�-���%�� )1PQ) ���È��- çlèÿé � � #.� + (��J�jÖ.��� Ø��% + � + ����� � %.-�� + (��K�����?�Q��- �
#�� FQGy� *y* �<VJ����%�� + # + (�% + #�� + (X��Òm[>�T] � ��% + %	E `La_b,c�d?eifihOj (�% * %vVZ� ) ( * VA%������0�%�-�-���%��
)1PQ) ��� + (�%.-"�2#.�C��� ���!Ø&�
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Ð (��|Ò\����% *�* �0-:qi�u%.�<V Ó��(Ôý���=�X�0� � �0- ) �t�K% * �x��� + (��0� *,+ �������0� + #I%�- * �K�0� + (�� + �K#<���X� *,+ ��#.- *
£ ]¾(��0�&� ��# + (��/�<VJ'D#�� + %.- + �K%i�X� ��� *�* ��'�% + ��#.- �&� � ��#.- * �����WV¨¤ %�-�� £ ]¾(�� ) ( %.��� + (��
�<VJ'D#.� + %�- + �K%i�X� * V¨¤ � #.� + (��zÒ\[z�T] � ��% + % + (�� ��� * ��� +B* %��&� � �?�X�0-w��- ) (�%�' + �0� @
�5(��0�&�0% * �x#�� + (��CVI�r��% + % + (��C��� * ��� +B* %.��� � �?�´�0-L��- * � )1+ ��#.- * Ö���@J%�-��fÖ.���.�

Ú * �x#�� + (X�Jp0#�-�%.��VA#WVA�0- + �>V �0�_��% + ��#.- + (�� ) #.- + ��� � � + ��#�- *>+ # çlèÿé �x��#WV + (�� + �K#
(��UVA� * '�(��0��� * �K�0�&� *,+ �������0��� Ð (��lÒm�»Ó��(ÔÅ���=�X�0� � �0- ) �È�K% * ��� ) #!VJ'D# * �$����- + #k�´�0� + � ) %��
%�-��ý(�#.����p0#�- + %.� ) #!VJ'D#.-��0- +$* �2#.� � # + ( ��% + % * � +$* %.-�� ��- + #Z(�#�����p0#�- + %.�_�K%i�X�0-��>V � �0�>�2#.�
+ (���Ò\[z�l] � ��% + % * � + �

� #�� + (���Ò\[z�T] � ��% + % * � + � + �K% * �2#���-�� + (X% +K+ (��£VJ%<�#��&� +OP #.� + (��k%�-�-���%�� )1PQ) ���
��- � # + (w(��UVJ� * '�(��0��� * %.-��Ç�2#�� + (��ë(�#��&��p0#.- + %��Z%.-��Ü�´�0� + � ) %�� ) #WVA'D#.-��0- +$* �K% * �����
+ #"�K%i�X�0-_�>V � �0� *L� ���0% + �0� + (�%.-±#.�A�0�_��%�� + # + (����0�0�È�&% + (��0� + (�%�-���#.- � �0�<�K%i�X�0���0- � + (
'���%.-�� + %.� P �K%i�X� * �IMO- + (���ÙIHI�Q�x#�� � # + ( + (��K(�#��&��p0#.- + %��Ï%.-��k�X�0� + � ) %�� ) #WVA'D#.-��0- +$* � + (��
%�-�-���%�� )&PD) ���>� * #.'�'D# * �0� � P �I%i�´�0-��>V � �0� * #�-��y%�-�� + �K# � �=�Q��- � % * �UVA�?qi%�-�-���%�� )1PQ) ������-
+ (�� + # + %���#��Á%.���B�K%i�´�0-��>V � �0� * ��MO- + (�� Û�H + (�� ��%��&��% + ��#�- * ��->�K%i�X�$-��>V � �0� * #.-��%�-�� + �K#
�2#.� + (��I(�#��&��p0#.- + %��´%�-��5�X�0� + � ) %.� ) #WVA'8#�-��0- +B*y) %�- ) �0���>MO- + (��I(�#��&��p0#�- + %�� ) #!VJ'D#�-��0- + ��-
+ (��ÈÛ�H + (X� �K%i�X�0-��>V � �0� ) #!VJ'D#.-X�0- +B* %��&�K#�� + (�� * %WVA� * �0- * �<%�-��ý#.'X'8# * � + (��K%.-�-_��%.�
)1PQ) ���I���0�_�������0� + #C�X�&�=�X� F�G&�yMO- + (��t�´�0� + � ) %�� ) #!VJ'D#.-��0- + + (��m�K%i�X�0-��>V � �0� ) #WVA'8#�-��0- +B*
%��&�A#.� + (�� * %WVA� * �0- * �A%�-��U%.���R#�� + (�� * �0- * �T���0�_�������0� + #E���&�=�X� F G � Ð (��lÙIHþ%�-�-���%��
)1PQ) ���l� * ��- + (�� * �0- * � + #E���&�=�X� F G %.-��U� * ����� + # + (��J(�#��&��p0#�- + %.� ) #!VJ'D#.-��0- + #�� çlèÿé �
'�%�� + ��%���� PL) %�- ) �0�����0� � PA+ (��\�X�0� + � ) %�� ) #!VJ'D#.-��0- + � Ð (��IÛ�H %.-�-_��%.� )1PQ) ���K� * ��- + (�� * �0- * �
+ #5���&�=�X� F8G %�-��l� * ����� + # + (��m�X�0� + � ) %�� ) #WVA'8#�-��0- + #.� çTè¹é �8'�%�� + ��%���� PL) %.- ) �0�����0� � PA+ (��
(�#��&��p0#.- + %�� ) #WVA'8#�-��0- + �

� #�� + (��IVI� ��% + %5% + �.�����¤Ø�Ù + (��I%.-�-_��%.� )1PQ) ���K� ** VA%.���8%�-�� #.� + (�� * �0- * �È#�'�'8# * ��- �
�����?�Q��- � F G %.-��J% + �$Ö���� Ø Ù�� + (�% * % * �UVJ�=qi%.-X-���%�� )1PQ) ��� �5� + ( + (�� * �>VlVA�0�¥VJ#�- + ( * #�� + (��
* �0- * �T�2#��o�����?�Q��- � F G � Ð (��J(�#.����p0#�- + %.� ) #!VJ'D#.-��0- + (�% * %.-�%.-�-_��%.� )1PQ) ���A#�� + (�� * �0- * �
+ #C���&�=�X� F8G\%.-��T� * #�'�'8# * �0� � PJ+ (��m�X�0� + � ) %�� ) #WVA'D#.-��0- + �D% * �2#.� + (��/Òm[>�T] � ��% + %.�MO-
+ (��<Û�H + (��z�X�0� + � ) %�� ) #!VJ'D#.-��0- + (�% * %�-E%�-�-���%�� )1PQ) ���C#.� + (�� * �0- * � + #R�����?�X� F G %.-��"� *
'�%�� + ��%���� P|) %�- ) �0�����0� � PE+ (��C(�#��&��p0#�- + %.� ) #!VJ'D#�-��0- + �^% * �2#�� + (��yÒ\[z�l] � ��% + %�� � �=�Q��- �
% * VJ%����y%�-�-���%�� )1PQ) ���"#.� + (�� * �0- * � + #Ä���&�=�X� F G � � #.� � # + ( + (�� ��% + � + ����� � %.-�� *K+ (�� *
� �?�X� * % * VA%.��� ��� * ������%�� * �UVA�?qi%�-�-��X%.� )1PQ) ���C��- + (�� + # + %�� çTè¹é � � + �$Ö����LØz(�% * % *,+ �&#�- � �0�
%�-�-���%�� )1PD) ���Z#�� + (�� * �0- * � + #J���&�=�X� F G �

� #�� � # + (T��% + % * � +B* � # + ( + (��>-�#�� + (��0��-T%�-�� * #.� + (��0�&-l(��UVA� * '�(��0�&� * %.�����<VA'8#�� + %.- + �
+ (��A(�#��&��p0#�- + %�� ) #!VJ'D#�-��0- + #.� çTè¹é � �0��- � �iVA'8#�� + %.- + �2#.�<�����?�Q��- � F G ��- + (��TÙIH %�-��
+ (��y�X�0� + � ) %�� ) #WVA'D#.-��0- + ��- + (��<Û�HI�

Ð (��&Òm�¯ÓX�(ÔE���?�´�0� � �0- ) �m�K% * + (��0-T��� ) #!VJ'D# * �0�T��- + # + (�� ) #.- + ��� � � + ��- � �0��� Pk+ �0��V *
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#�� + (�� (�#��&��p0#.- + %���%�-����X�0� + � ) %�� ) #WVA'8#�-��0- +B* �2#.� � # + (5��% + % * � +B* %.-��Z��- + # + (�� *,+ % + ��#�-�%�� P
%�-�� + �&%�- * ���$- +Z) #!VJ'D#�-��0- +B* #.� + (�# * �C�0��� PE+ �0�RV * �2#.� + (���Òm[>�T] � �X% + % * � + �

M�- + (��TÒm[>�T] � ��% + %"� + �K% *5* �0�0- + (�% +C+ (��T%.-�-_��%.� )1PQ) ���l��- çlèÿé � * ����� + # + (��
*,+ % + ��#�-�%.� P/) #!VJ'D#�-��0- +B* #.� + (��I�K%i�X� * � Ð (�� + �&%�- * ���0- +T) #!VJ'D#�-��0- +B* �\�2#�� � # + (Ü� Ùt��% P
%�-��±�.Ù��iÝt��% P VA�0%.-���- � '8�0����#_� * �<(�%i�X����� +&+ ��� ) #.- + ��� � � + ��#�-���K�%��&��% + ��#�- * #�- * �0% * #.-�%��
+ �iVA� *�) %.��� *K) #������L��- ) ������� + (�# * �5����� + #K�K%��´�Z���&�=�Q��- � �2��#WV + (�� *,+ ��% + # * '�(��0�&�5#�� �K%i�X�
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� ø = Î���ÎWÒdÎWÕTÏWÎ æ ÒHÎ ÔÀÔ àTÒHÎ�� ð�� �
�/> ? àTÒ@� Ó ÏWÎ æ ÒHÎ ÔdÔ àTÒHÎ�� ð�� �
A « ÐnØ�Ñ ÔÀæ ÖTÎWÒHá�Ï Ôdæ ÎWÏWá�°TÏuÖ�àTØ�áB�TáFÐ Þ � ð�� �
A@C ¬QÑ	Ð ÓMÝED�Ó Ð#ÎWÒ%ÏWÑMÕnÐnÎnÕnÐF� ð�� �
AHGJI
K� å Ý ÑMà
� Ý áBL�àôá	� D�Ó Ð#ÎWÒ%ÏWÑMÕnÐ#ÎWÕnÐF� ð�� �
AHGJM�K� N ÏWÎ Ý á	L�àTáB� D�Ó ÐnÎWÒ�ÏWÑAÕ#ÐnÎWÕ#ÐF� ð�� �
O ú á Ó�PTÓ Ðná�Ï�ÖTÎ Ó Ðná�Õ ß
O I�Q å ÑAÕ#ÐnÒdá P àÐná�ÑAÕiÐnÑ-�Tá Ó�PTÓ Ð#á�ÏÆÖTÎ Ó Ð#á�Õ ß �¿ÒdÑAØ Ý ÑAÕ ß�D�ÓSR ÎÛÖTÎ Ó Ð#á�Õ ß Ò Ó ÐnÎ Ô
O1T Q å ÑAÕ#ÐnÒdá P àÐná�ÑAÕiÐnÑ-�Tá Ó�PTÓ Ð#á�ÏÆÖTÎ Ó Ð#á�Õ ß �¿ÒdÑAØ Ô ÖTÑMÒ�Ð D�ÓSR Î7ÖTÎ Ó Ð#á�Õ ß Ò Ó Ð#Î Ô
OVUEW+XZY [S\S]_^ = Î Ô á	�Tà ÓMÝ ÏWÑMÕnÐnÒdá P àÐná�ÑAÕ�Ð#Ñ`�Tá Ó�PTÓ Ð#á�ÏÆÖTÎ Ó Ð#á�Õ ß
a ÿ � Ô ÎWà
�TÑ	×ÀÒ Ó �Tá�à Ô � ð�� �@b Ô ÎWÎÛÎ�L�à Ó Ð#á�ÑMÕ�®Mã�ê
ü ö ÓAÔ ÏWÑAÕ Ô Ð Ó Õ#Ðc�¿ÑMÒd�TÒ ÞÃÓ á�Òe��êA¼�f7gih ÷ôøkj�ß'÷ôø �
üdl = Ó �Tá�à Ô Ñ��ôÐ#ÖTÎU¯ Ó Ò�Ð#Ö���ÄAãBm�f9��ne����oWØ-�
p ¬�á�ØiÎ
þ ¬QÎWØ æ ÎWÒ Ó ÐnàTÒdÎ
þrq ¬QÎWØ æ ÎWÒ Ó ÐnàTÒdÎÛÒHÎ��¿ÎWÒHÎWÕTÏWÎ æ ÒdÑA° Ý Îs� ð�� �
þ�ÿ å ÑAÕ Ô Ð Ó ÕnÐÛÒdÎ��¿ÎWÒHÎWÕTÏWÎ�Ð#ÎWØ æ ÎWÒ Ó Ð#àTÒHÎs�òêMâ��7ht�¿ÑMÒxÐnÖTÎÆØiáB�
� Ý Î

Ó ÐnØ�Ñ Ôdæ ÖTÎWÒHÎ��
þ Ë u á�ÒòÐ#à ÓAÝ Ð#ÎWØ æ ÎWÒ Ó Ð#àTÒHÎ�� ð�� �@b Ô ÎWÎÛÎ�L�à Ó Ð#á�ÑAÕ,®AãB�
v w ÑMÕ ÓAÝ ÏWÑMØ æ ÑMÕTÎWÕnÐÛÑ�� R Î Ý Ñ�ÏWáFÐ Þ
x � ÎWÒHáB�Tá�ÑMÕ ÓMÝ ÏWÑAØ æ ÑMÕTÎWÕnÐ7Ñ�� R Î Ý Ñ�ÏWá�Ð Þ
x > = Î Ô á	�Tà ÓMÝ Ø�Î Ó Õ,ØiÎWÒdá	�Tá�ÑAÕ ÓMÝ
R Î Ý Ñ�ÏWá�Ð Þ b Ô ÎWÎÛÎ�L�à Ó Ð#á�ÑAÕ,êAã�¼
y > = Î Ô á	�Tà ÓMÝ Ø�Î Ó Õ R ÎWÒòÐ#á�Ï ÓAÝ
R Î Ý Ñ�ÏWá�Ð Þ � Ý Ñ ß × æ ÒHÎ ÔdÔ àTÒHÎÆÏWÑ�ÑAÒ@�Tá�Õ Ó Ð#Î Ô ��b

Ô ÎWÎUÎ�L�à Ó Ðná�ÑAÕ�êMã�¼
¾y u ÎWÒ�Ðná�Ï ÓAÝkR Î Ý Ñ�ÏWá�Ð Þ � ð�� ��b Ô ÎWÎÛÎ�L�à Ó Ðná�ÑAÕ,®AãBm
z w ÑAÕ ÓMÝ ÏWÑAØ æ ÑAÕTÎWÕ#ÐÛÑ���ÕôÑAÕ×ÀÏWÑMÕ Ô ÎWÒ R Ó Ðná R ÎuØ�ÎWÏ Ö Ó ÕTá�Ï ÓMÝ �¿ÑAÒdÏWá�Õ ß
z6{ Qe| å ÑAÕ#ÐnÒdá P àÐná�ÑAÕiÐnÑ z ��ÒdÑAØ ß Ò ÓSR á�Ð ÞFD�ÓSR Î}�TÒ ÓAß
z U~W'XBY�[S\S]�^ = Î Ô á	�Tà ÓMÝ ÏWÑMÕnÐnÒdá P àÐná�ÑAÕ�Ð#Ñ z� � ÎWÒdá	�Tá�ÑAÕ ÓMÝ ÏWÑMØ æ ÑAÕTÎWÕ#ÐuÑ���ÕTÑAÕ×ÀÏWÑMÕ Ô ÎWÒ R Ó Ð#á R ÎÛØ�ÎWÏ Ö Ó ÕTá�Ï ÓMÝ �¿ÑAÒdÏWá�Õ ß
� � Ñ ß × æ ÒdÎ ÔdÔ àTÒHÎ R ÎWÒ�Ðná�Ï ÓAÝ ÏWÑ�ÑAÒ@�Tá�Õ Ó Ð#Î�b Ô ÎWÎÛÎ�L�à Ó Ð#á�ÑMÕ�êMã��
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� � ÓSR Î Ó Ø æTÝ áFÐ#à
�TÎ
� = Ó Ðná�ÑiÑ��ôÐ#ÖTÎUØ�Ñ Ý ÎWÏWà Ý�Ó Ò D ÎWá ß Ö#ÐuÑ�� D�Ó Ð#ÎWÒ?ÐnÑUÐnÖTÎÆØiÑ Ý ÎWÏWà Ý�Ó Ò D Îná ß ÖnÐ

Ñ��%�TÒ ÞÃÓ á�Òe� ð�� �
��� « PTÔ Ñ Ý àÐ#Î R ÑAÒ�Ðná�ÏWáFÐ Þ b Ô ÎWÎÆÎ�L�à Ó Ð#á�ÑMÕ�mAã����
� u ÎWÒòÐ#á�Ï ÓMÝ ÏWÑ�ÑMÒ��Tá�Õ Ó Ð#Î-� ð�� �
� � Ñ	ÐnÎWÕ#Ðná ÓAÝ Ð#ÎWØ æ ÎWÒ Ó Ð#àTÒHÎ
� I � á	L�àTá	� D�Ó Ð#ÎWÒ æ Ñ	ÐnÎWÕ#Ðná ÓAÝ Ð#ÎWØ æ ÎWÒ Ó ÐnàTÒdÎ�� ð�� �
� � Ê����wÊ�Ë �S� Ê�� � ð�� �
� � ÑMÕ ß áFÐ#à
�TÎ
� � ð�� � Ô ÎWÎÆÎ�L�à Ó Ðná�ÑAÕ�®Mã�Ä
� ¯9�ÕTÎWÒ1�¿àTÕTÏ�Ð#á�ÑMÕ �

ø õ õ õ õ õ � � ð�� �
� « ÐnØ�Ñ Ôdæ ÖTÎWÒHá�Ï}�TÎWÕ Ô áFÐ Þ æ ÒdÑA° Ý Î
� � Ó@R Î Ô ÐnÒdÎ ÔdÔ �TàTÎ�ÐnÑ ß Ò ÓSR áFÐ Þ�D�ÓSR Î Ô
í � Ó Ðná�Ðnà
�TÎ
� ö ÎWÑ æ Ñ	ÐnÎWÕnÐ#á ÓAÝ b � è ó��
� u Î Ý Ñ�ÏWá�Ð ÞÃæ ÑOÐ#ÎWÕnÐ#á ÓMÝ
� ? ÐnÒdÎ Ó Ø���àTÕôÏ�Ðná�ÑAÕ
� u ÎWÒ�Ðná�Ï ÓAÝ ÏWÑAØ æ ÑMÕTÎWÕnÐÛÑ�� R Î Ý Ñ�ÏWá�Ð Þ
� > = Î Ô á	�Tà ÓMÝ Ø�Î Ó Õ R ÎWÒòÐ#á�Ï ÓAÝ
R Î Ý Ñ�ÏWá�Ð Þ b Ô ÎWÎUÎ�L�à Ó Ðná�ÑAÕ�êAã�¼
ì = Ñ	Ð Ó Ðná�ÑAÕ�Ò Ó ÐnÎUÑ��ôÐ#ÖTÎÆ¯ Ó ÒòÐ#Ö��'fAã�ê��Aê/ne��� ÷H WÔ ÷ôø �

¡s¢¤£ ¯ Ý á ÓAÔdÔ ÎWÕ× � ÓAÝ Ø ´ à¥�Tá R ÎWÒ ß ÎWÕTÏWÎ�b Ô ÎWÎÛÎ�L�à Ó Ðná�ÑAÕ,êAã����
¡s¢¤£ GJ¦HK ½/ÑMÒHØ ÓAÝ á Ô Î§��ÖTÑMÒHá�ÜWÑAÕ#Ð ÓMÝ ÏWÑAØ æ ÑAÕTÎWÕ#ÐuÑ���¯ Ý á ÓMÔdÔ ÎWÕ× � ÓMÝ Ø ´ à

�Tá R ÎWÒ ß ÎWÕTÏWÎ
¡s¢¤£ G � K ½/ÑMÒHØ ÓAÝ á Ô Î§� R ÎWÒ�Ðná�Ï ÓAÝ ÏWÑAØ æ ÑAÕTÎWÕ#ÐuÑ��Q¯ Ý á ÓMÔdÔ ÎWÕ× � ÓMÝ Ø ´ à6�Tá R ÎWÒ ß ÎWÕTÏWÎ
x~¨©v/¨ ¯ª�
� Þ ØiÑMØiÎWÕ#ÐnàTØ ´ àrb ÐnÖTÎ æ Ñ Ý Î D/Ó Ò@� ´ à�Ñ��QÜWÑAÕ ÓMÝ ØiÑMØiÎWÕ#ÐnàTØ
x~¨ � ¨ ¯ª�
� Þ ÖTÎ Ó Ð ´ àrbTÐ#ÖTÎ æ Ñ Ý Î D�Ó Ò�� ´ à�Ñ�� æ ÑOÐ#ÎWÕnÐ#á ÓMÝ ÐnÎWØ æ ÎWÒ Ó ÐnàTÒdÎ
�i¨©v/¨ u ÎWÒòÐ#á�Ï ÓMÝ ´ àÃÑ���ÜWÑMÕ ÓAÝ Ø�ÑAØ�ÎWÕnÐ#àTØ
� ¨ � ¨ u ÎWÒòÐ#á�Ï ÓMÝ ´ àÃÑ�� æ ÑOÐ#ÎWÕnÐ#á ÓMÝ ÐnÎWØ æ ÎWÒ Ó ÐnàTÒdÎ
� � >§« ¬« � « �Tá Ó�PTÓ Ðná�ÏUÖTÎ Ó Ð#á�Õ ß�Ó Õ
�tÏWÑ�Ñ Ý á�Õ ß
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¬ Ó�j ÎÆ¬ ÓÀÞ�Ý ÑAÒ ? ÎWÒdá�Î Ô ¯  æTÓ Õ Ô á�ÑMÕ Ô Ñ��/Ô`� Á À ÂÄÁ"Æ � Ó Õ
�ÕÔ`� ÁF�ÖÂÄÁ ø ��È

Ôµ� Á À ÂÅÁ9Æ �rè×Ô`� Á � À Ô ¨ � Á �%Ø	� Á À ÂÅÁÙÆ � ��Á%Ú
��Û À Ô ¨ ¨ � Á �%ØZ� Á À ÂÄÁÙÆ � �»Á�Ú Æ

ê�Û À(Ü�Ü§Ü

è×ÔÕ� Á � À ÂÄÁ/Æ Ô ¨ � Á � À ÂÅÁ ÆÆ Ôk¨ ¨Ñ� Á �
ê ÀÖÜ§Ü�Ü

�'Çcã����
Ô`� Á��ÃÂÄÁ ø �rè×Ô`� Á � À Ô ¨ � Á �%ØZ� Á��ÖÂÅÁ ø � ��Á%Ú

��Û À Ô ¨ ¨ � Á �%ØB� ÁF�ÖÂÄÁ ø � �¥Á�Ú Æ
ê�Û ÀÖÜ§Ü�Ü

è×Ô`� Á � �ÖÂÄÁ ø Ô ¨ � Á � À ÂÅÁ Æ ø Ô ¨ ¨ � Á �
ê ÀÖÜ§Ü�Ü

�'Çcã�ê��

Ùxá�Õ
�»�+Çcã����În ÂÄÁ Æ ø È

ÂÅÁ Æ ø Ô`� Á À ÂÅÁ9Æ �rè ÂÅÁ Æ ø Ôµ� Á � À ÂÅÁ ø � ÂÄÁ ø ÂÅÁÙÆ ��Ô ¨ � Á � À
� ÂÅÁ ø ÂÅÁ9Æ � Æ

ê Ô ¨ ¨ � Á � ÀÖÜ§Ü�Ü
�'Çcã	m��

Ùxá�Õ
�»�+Çcã�ê��În ÂÄÁ ÆÆ È

ÂÄÁ ÆÆ Ô`� Á��(ÂÄÁ ø �rè ÂÅÁ ÆÆ Ôµ� Á � �ÖÂÅÁÙÆ � ÂÄÁ ø ÂÅÁÙÆ �HÔ ¨ � Á � À � ÂÅÁ ø ÂÄÁ9Æ � Æ
ê Ô ¨ ¨ � Á � À(Ü�Ü§Ü

�'Çcã�â��
Ý Ó�j Îs�'Çcã	m�� � �'Çcã�â���bRÕTÎ ßAÝ ÎWÏ�Ðná�Õ ß ÖTá ß Ö�ÑAÒ@�TÎWÒ?ÐnÎWÒdØ Ô È

ÂÅÁ Æ ø Ô`� Á À ÂÄÁ9Æ � �(ÂÅÁ ÆÆ Ôµ� ÁF�(ÂÅÁ ø �
� ÂÅÁ Æ ø �ÖÂÅÁ ÆÆ Ô`� Á � À � ÂÄÁ ø À ÂÅÁÙÆ �%� ÂÄÁ ø ÂÅÁÙÆ ��Ô ¨ � Á �

= Î Ó ÒHÒ Ó Õ ß ÎÅ�¿ÑMÒÞÔ ¨ � Á ��È

Ô ¨ � Á ��� ÂÅÁ Æ ø Ôµ� Á À ÂÅÁÙÆ � �ÃÂÄÁ ÆÆ Ô`� Á��ÖÂÅÁ ø � � � ÂÄÁ Æ ø �ÃÂÄÁ ÆÆ ��Ô`� Á �
� ÂÅÁ ø À ÂÅÁ9Æ �%� ÂÅÁ ø ÂÄÁ9Æ �

¢ �+Çcã�®��
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? à PTÔ Ð#áFÐ#àÐnÎ Á è ÁÙà b ÂÅÁ ø è Á/àá��Á/à ÷ôø b ÂÅÁÙÆ è Á�à�â ø �¥Á9à bkÔ`� Á �rè(Ô à b
Ô`� Á À ÂÄÁ9Æ �rè
Ô à�â ø Ó Õ
�ÕÔ`� ÁF�ÖÂÄÁ ø �rèãÔ à ÷ôø á�Õ#ÐnÑ�Î�L�à Ó Ðná�ÑAÕäÇcã�®�È

Ô ¨ � Á/à �ª� � Á/àÄ��Á9à ÷Tø � Æ Ô à�â ø � � Á9à�â ø �»Á9à � Æ Ô à ÷Tø � � Á/àá��Á/à ÷ôø � Æ � � Á/à�â ø �»Á9à � Æ Ô à
ØB� Á/àÄ�¥Á/à ÷ôø � À � Á�à�â ø �¥Á9à � Ú � Á/àÄ��Á/à ÷ôø �%� Á/à�â ø ��Á/à �

� � Á/àá�»Á9à ÷Tø �
� Á/à�â ø ��Á9à ÷Tø ��� Á/à�â ø �»Á9à � Ô à�â ø �

� Á/à�â ø �¥Á/à �
� Á/à�â ø �»Á9à ÷ôø �%� Á/àá��Á/à ÷ôø � Ô à ÷ôø

� � Á/àá�»Á9à ÷ôø �
� Á/à�â ø ��Á9à ÷ôø �%� Á/à�â ø �»Á9à � Ô à

À � Á/à�â ø �»Á9à �
� Á/à�â ø �»Á9à ÷ôø ��� Á/àÄ��Á9à ÷Tø � Ô à

� � Á/àÄ�¥Á/à ÷ôø ���åÔ à�â ø � Ô à �
� Á/à�â ø ��Á9à ��� Á/à�â ø �»Á9à ÷Tø � �

� Á/à�â ø ��Á/à �%�æÔ à ÷Tø � Ô à �
� Á/àá�»Á9à ÷ôø �%� Á/à�â ø �¥Á/à ÷ôø �

¢
�'Çcã�Ä��

¯®�ç è-é ¶ëêíìc¶ · ·¹¸@º�² ¶ ²`î ¼ ²

½

¾

½

¾

¿�À �

Á

Á À ÂÄÁÙÆ

Á À ÂÄÁ ø

¿�À ê

¿

ÂÄÁ9Æ
ÂÅÁ ø

Ùxá ß àTÒdÎÅÇcã�ê�È � Î R Î Ý�Ô �Tá ÓMß Ò Ó ØÉ�¿ÑAÒ��¿ÑMÒ D�Ó Ò��ä�Tá	Ê�ÎWÒHÎWÕTÏWÎWã
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�ÕÔ`� Á À ÂÄÁ9Æ �@È

ÔÞ� Á À ÂÄÁ ø �lè(Ô`� Á � À Ô ¨ � Á �%Ø	� Á À ÂÄÁ ø � �¥Á%Ú
��Û À Ô ¨ ¨ � Á �%ØB� Á À ÂÅÁ ø � �»Á�Ú Æ

ê�Û ÀÖÜ§Ü�Ü

è(Ô`� Á � À ÂÅÁ ø Ô ¨ � Á � À ÂÄÁ Æ ø Ô ¨ ¨ � Á �
ê ÀÖÜ§Ü�Ü

�'Çcã	f��
Ôµ� Á À ÂÅÁ9Æ �rè×Ô`� Á � À Ôk¨"� Á �%Ø	� Á À ÂÅÁÙÆ � ��Á%Ú

��Û À ÔE¨ ¨~� Á �%ØZ� Á À ÂÄÁÙÆ � �»Á�Ú Æ
ê�Û À(Ü�Ü§Ü

è×ÔÕ� Á � À ÂÄÁ/Æ Ô ¨ � Á � À ÂÅÁ ÆÆ Ô ¨ ¨ � Á �
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Ùxá�Õ
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ÂÅÁ ÆÆ Ô`� Á À ÂÅÁ ø �rè ÂÅÁ ÆÆ Ôµ� Á � À ÂÅÁ9Æ � ÂÄÁ ø ÂÅÁÙÆ ��Ô ¨ � Á � À � ÂÅÁ ø ÂÅÁ9Æ � Æ
ê Ô ¨ ¨ � Á � ÀÖÜ§Ü�Ü

�'Çcã	���

Ùxá�Õ
�»�+ÇcãBñ��În ÂÄÁ Æ ø È

ÂÅÁ Æ ø Ô÷� Á À ÂÅÁ9Æ �rè ÂÅÁ Æ ø ÔÞ� Á � À ÂÄÁ ø � ÂÅÁ ø ÂÄÁ9Æ ��Ô ¨ � Á � À � ÂÄÁ ø ÂÅÁÙÆ � Æ
ê Ô ¨ ¨ � Á � À(Ü�Ü�Ü

�+Çcã������
Ý Ó�j Îs�'Çcã	��� � �'Çcã������@b ÕTÎ ßMÝ ÎWÏ�Ð#á�Õ ß ÖTá ß Ö�ÑMÒ��TÎWÒ?Ð#ÎWÒHØ Ô È

ÂÄÁ ÆÆ Ôµ� Á À ÂÅÁ ø � �ÃÂÄÁ Æ ø Ô`� Á À ÂÄÁ9Æ �
� ÂÄÁ ÆÆ �ÖÂÄÁ Æ ø Ô`� Á � À � ÂÅÁ9Æ��ÃÂÄÁ ø �%� ÂÅÁ ø ÂÅÁÙÆ ��Ô ¨ � Á � ¢

= Î Ó ÒHÒ Ó Õ ß ÎÅ�¿ÑMÒÞÔ ¨ � Á ��È

Ô ¨ � Á �ª� ÂÄÁ ÆÆ Ô`� Á À ÂÅÁ ø � �ÖÂÅÁ Æ ø Ô`� Á À ÂÅÁ9Æ � � � ÂÄÁ ÆÆ �(ÂÅÁ Æ ø ��Ô`� Á �� ÂÅÁÙÆd�(ÂÅÁ ø �%� ÂÅÁ ø ÂÄÁ9Æ �
¢ �+Çcã������

? à PTÔ Ð#áFÐ#àÐnÎ Á è ÁÙà b ÂÅÁ ø è Á/à�â ø �¥Á/à b ÂÅÁÙÆ è Á�à�â�Æø�¥Á9à bkÔ`� Á �rè(Ô à b
Ô`� Á À ÂÄÁ9Æ �rè
Ô à�â�Æ Ó Õ
�ÕÔ`� Á À ÂÄÁ ø �lè(Ô à�â ø á�ÕnÐ#Ñ�Î�L�à Ó Ð#á�ÑMÕùÇcãBú�È

Ô ¨ � Á/à �ª� � Á/à�â�Æ���Á9à � Æ Ô à�â ø � � Á9à�â ø �»Á9à � Æ Ô à�âHÆ�� � Á/à�â�Æø�¥Á/à � Æ � � Á/à�â ø �»Á9à � Æ Ô à
ØZ� Á/à�â�Æø��Á/à � � � Á/à�â ø �¥Á/à � Ú � Á/à�â ø �»Á9à ��� Á/à�â�Æø��Á/à �

� � Á/à�â�Æª�»Á9à �
� Á/à�â�Æ���Á9à�â ø ��� Á/à�â ø �»Á9à � Ô à�â ø �

� Á/à�â ø �¥Á/à �
� Á/à�â�Æø�»Á9à�â ø �%� Á/à�â�Æø�¥Á/à � Ô à�â�Æ

� � Á/à�âHÆ��»Á9à �
� Á/à�âHÆø��Á9à�â ø �%� Á/à�â ø �»Á9à � Ô à

À � Á/à�â ø �»Á9à �
� Á/à�â�Æª�»Á9à�â ø ��� Á/à�â�Æ���Á9à � Ô à

� � Á/à�â�Æø�¥Á/à ���åÔ à�â ø � Ô à �
� Á/à�â ø ��Á9à ��� Á/à�âHÆø�»Á9à�â ø � �

� Á/à�â ø ��Á/à �%�æÔ à�âHÆ�� Ô à �
� Á/à�âHÆ��»Á9à �%� Á/à�â�Æø�¥Á/à�â ø �

¢
�+Çcã��Oê��
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½

¾

½
¾¿ � �

¿ � ê

Á

ÁF�ÃÂÄÁ ø

ÁF�ÃÂÄÁÙÆ

ÂÄÁ9Æ

¿
ÂÅÁ ø

Ùxá ß àTÒdÎeÇcã	m�È � Î R Î Ý�Ô �Tá ÓMß Ò Ó ØÉ�¿ÑMÒ PTÓ Ï j§D�Ó Ò����TáBÊ�ÎWÒdÎWÕTÏWÎWã

Ý Ó�j Î Ý ÓÀÞ�Ý ÑAÒ ? ÎWÒdá�Î Ô�ïëð�æTÓ Õ Ô á�ÑMÕ Ô Ñ��/Ô`� Á��ÃÂÄÁ ø � Ó Õ
�-Ô`� Ás�ÃÂÅÁÙÆ ��È

ÔÞ� Á��ÖÂÅÁ ø �rèãÔ`� Á � À ÔE¨"� Á �%Ø	� ÁF�(ÂÅÁ ø � ��Á�Ú
��Û À ÔE¨ ¨"� Á �%Ø	� ÁF�(ÂÅÁ ø � ��Á%Ú Æ

ê�Û À(Ü�Ü§Ü

èãÔ`� Á � �ÖÂÅÁ ø Ô ¨ � Á � À ÂÄÁ Æ ø ÔE¨ ¨"� Á �
ê À(Ü�Ü§Ü

�+Çcã���m��
Ô`� Á��ÃÂÄÁ9Æ �rè×Ô`� Á � À Ôk¨"� Á �%ØZ� Á��ÖÂÅÁ
Æ � ��Á%Ú

��Û À Ôk¨ ¨Ñ� Á �%ØB� ÁF�ÖÂÄÁ
Æ � �¥Á�Ú Æ
ê�Û ÀÖÜ§Ü�Ü

è×Ô`� Á � �ÖÂÄÁ9Æ Ô ¨ � Á � À ÂÅÁ ÆÆ ÔE¨ ¨"� Á �
ê ÀÖÜ§Ü�Ü

�+Çcã��Oâ��

Ùxá�Õ
�»�+Çcã���m���n ÂÅÁ ÆÆ È

ÂÄÁ ÆÆ Ô`� Á��(ÂÄÁ ø �rè ÂÅÁ ÆÆ Ôµ� Á � �ÖÂÅÁÙÆ � ÂÄÁ ø ÂÅÁÙÆ �HÔ ¨ � Á � À � ÂÅÁ ø ÂÄÁ9Æ � Æ
ê Ô ¨ ¨ � Á � À(Ü�Ü§Ü

�+Çcã���ú��

Ùxá�Õ
�»�+Çcã��Oâ���n ÂÅÁ Æ ø È

ÂÅÁ Æ ø ÔÞ� Á��(ÂÄÁ9Æ �rè ÂÅÁ Æ ø ÔÞ� Á � �ÃÂÅÁ ø � ÂÄÁ ø ÂÅÁÙÆ ��Ô ¨ � Á � À � ÂÅÁ ø ÂÅÁ9Æ � Æ
ê Ô ¨ ¨ � Á � ÀÖÜ§Ü�Ü

�+Çcã���þ��
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Ý Ó�j Îs�'Çcã���ú�� � �'Ç�ã���þ���b9ÕTÎ ßMÝ ÎWÏ�Ðná�Õ ß ÖTá ß Ö,ÑAÒ@�TÎWÒ?ÐnÎWÒdØ Ô È

ÂÅÁ ÆÆ Ô`� Á��ÃÂÄÁ ø � �ÃÂÄÁ Æ ø Ô`� Á��ÃÂÄÁÙÆ �
� ÂÄÁ ÆÆ �ÖÂÄÁ Æ ø Ô`� Á � � � ÂÅÁÙÆ��ÖÂÄÁ ø �ë� ÂÄÁ ø ÂÅÁÙÆ ��Ô ¨ � Á � ¢

= Î Ó ÒHÒ Ó Õ ß ÎÅ�¿ÑMÒÞÔ ¨ � Á ��È

Ô ¨ � Á ��� ÂÅÁ ÆÆ Ô`� Á��(ÂÄÁ ø � �ÖÂÅÁ Æ ø Ô`� ÁF�(ÂÅÁÙÆ � � � ÂÅÁ ÆÆ �ÃÂÄÁ Æ ø ��Ôµ� Á �� ÂÅÁ ø �(ÂÅÁÙÆ �%� ÂÅÁ ø ÂÄÁ9Æ �
¢ �+Çcã���f��

? à PTÔ Ð#áFÐ#àÐnÎ Á è ÁÙà b ÂÅÁ ø è Á�àÄ�¥Á9à ÷ôø b ÂÄÁ9Æ è Á/àá�»Á9à ÷ Æ b
Ô`� Á �rè×Ô à bkÔ`� ÁF�ÖÂÄÁÙÆ �rè
Ô à ÷ Æ Ó Õ
�ÕÔ`� ÁF�ÖÂÄÁ ø �rèãÔ à ÷ôø á�Õ#ÐnÑ�Î�L�à Ó Ðná�ÑAÕäÇcã	ú�È

Ô ¨ � Á/à �ª� � Á/àÄ��Á9à ÷ Æ � Æ Ô à ÷Tø � � Á9àÄ��Á9à ÷Tø � Æ Ô à ÷ Æ�� � Á/àá��Á/à ÷ Æ � Æ � � Á/à��»Á9à ÷ôø � Æ Ô à
ØZ� Á/àÄ��Á/à ÷ôø � � � Á/àá��Á/à ÷ Æ � Ú � Á/àÄ�¥Á/à ÷ôø ��� Á/àÄ��Á/à ÷ Æ �

� � Á/àá�»Á9à ÷ Æ �
� Á/à ÷ Æ���Á9à ÷Tø ��� Á/àÄ�»Á9à ÷Tø � Ô à ÷ôø �

� Á/àÄ�¥Á/à ÷ôø �
� Á/à ÷ Æø�»Á9à ÷ôø �%� Á/àá��Á/à ÷ Æ � Ô à ÷ Æ

� � Á/àá�»Á9à ÷ Æ �
� Á/à ÷ Æø��Á9à ÷ôø �%� Á/àÄ�»Á9à ÷ôø � Ô à

À � Á/àÄ�»Á9à ÷ôø �
� Á/à ÷ Æª�»Á9à ÷ôø ��� Á/àÄ��Á9à ÷ Æ � Ô à

� � Á/àÄ�¥Á/à ÷ Æ ���åÔ à ÷ôø � Ô à �
� Á/àÄ��Á9à ÷Tø ��� Á/à ÷ Æø�»Á9à ÷Tø � �

� Á/àá��Á/à ÷ôø �%�æÔ à ÷ Æ�� Ô à �
� Á/àá�»Á9à ÷ Æ �%� Á/à ÷ Æø�¥Á/à ÷ôø �

¢
�+Çcã���ñ��



= ÎWÏ ÓMÝ�Ý Î�L�à Ó Ðná�ÑAÕ�êMã�ê�þ�b æTÓMß ÎÅm���È

� x ¨ v ¨�� è � � x`� x �ë� v�� v � �
è � x ¨ � � v ¨ � À � x ¨ > v ¨ > � ¢ � å ã����

Ùxá�Ò Ô Ð§b ÏWÑMÕ Ô áB�TÎWÒlÐnÖTÎ Ý Î���ÐuÖ Ó Õ
� Ô á	�TÎÆÑ���Î�L�à Ó Ð#á�ÑMÕ å ã�� Ó Õ
��Î ð�æTÓ Õ
� xÎ¨©v/¨ È

x ¨ v ¨ è � xµ� x ��� v�� v �
è x"vs� xÑv��»x v À x v ¢ � å ã�ê��

Ý Ó�j Î�Ð#ÖTÎ�Ðná�ØiÎÆØiÎ Ó Õ,Ñ�� x ¨ v ¨	b ÕTÑ	Ðná�Õ ß ÐnÖ Ó Ð ��� À�� � è ��� � À � � � È

� x ¨ v ¨ � è � � x`� x �%� vs� v � �
è � x"v � � � x~v � � � x v � À � x v � ¢ � å ãBm��

��ñ�ñ



 Fò%òió"!�#%$'&��äôÖ0
	��	§$+,9!
�
õÎ2��
!�#�	§õ��
!�*§$+ó~!�	-#%ó~Ì�,/3�ò7,9*§$�	�$+,/! :�;��
� Ñ D ÏWÑMÕ Ô á	�TÎWÒ{ÐnÖTÎ��TÒ Ô Ð�Ð#ÎWÒHØïÑMÕiÐnÖTÎÛÒHá ß Ö#ÐÛÖ Ó Õ
� Ô áB�TÎuÑ���Î�L�à Ó Ð#á�ÑMÕ å ã�� Ó Õ
��Î ð�æTÓ Õ
��á�Ð
á�ÕnÐnÑpáFÐ Ô ÏWÑMÕ Ô Ð#áFÐ#àTÎWÕnÐoÐnÎWÒdØ Ô È

� x ¨ � � v ¨ � è � x`� x � � v�� v �
è � � x � � � x � �%� � v � � � v � �
è � x � � v � � � x � � v � � � x � � v � À � x � � v � ¢ � å ã�â��

� Ñ D ÏWÑAÕ Ô áB�TÎWÒxÐnÖTÎ Ô ÎWÏWÑMÕ
�7Ð#ÎWÒHØZÑAÕ7ÐnÖTÎUÒHá ß Ö#Ð�Ö Ó Õ
� Ô áB�TÎ�Ñ�� Î�L�à Ó Ð#á�ÑMÕ å ã��	ã ï4ð�æTÓ Õ
� x§¨ >
á�ÕnÐnÑpáFÐ Ô ÏWÑMÕ Ô Ð#áFÐ#àTÎWÕnÐoÐnÎWÒdØ Ô È

x ¨ > è x`� xµ� � x`� x �
è x`� xµ� � x � À � x � � å ã	ú��

Ó Õ
�LÐ#ÖTÎWÒHÎÆá Ô�Ó�Ô á�Ø�á Ý�Ó Ò%ÒdÎ Ô à Ý Ðc�¿ÑAÒ v ¨ > ã
� Ñ D Î ð�æTÓ Õ
� x ¨ > v ¨ > á�ÕnÐ#Ñ�á�Ð Ô ÏWÑAÕ Ô Ðná�ÐnàTÎWÕ#Ð�ÐnÎnÒHØ Ô È

x ¨ > v ¨ > è � xµ� x`� � x � À � x � �%� vs� v�� � v � À � v � � � å ã	þ��
è x"vs��x vs��x � v � À x � v �
� x~v À x v À x � v � � x � v �
� � x � v À � x � v À � x � � v � � � x � � v �
À � x � v�� � x � v�� � x � � v � À � x � � v � ¢ � å ãBf��
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Ý Ó�j Î�Ð#ÖTÎ�Ðná�ØiÎÆØiÎ Ó Õ,Ñ�� x�¨ > v�¨ > b ÕTÑ	Ðná�Õ ß ÐnÖ Ó Ð � � è��� � � Ó Õ
� ����� � ��� è ��� � � � � È

� x ¨ > v ¨ > � è � x"v � � � x v � � � x � v ��� À � x � v ���
� � x"v � À � x v � À � x � v ��� � � x � v ���
� ��� x � v � À ��� x � v � À ��� x � � v ��� � ��� x � � v ���
À ��� x � v � � ��� x � v � � ��� x � � v ��� À ��� x � � v ���
è � x"v � � � x v � � � x � � v � À � x � � v �
� � x"v � À � x v � À � x � � v � � � x � � v �
� � x � � v � À � x � � v � À � x � � v � � � x � � v �
À � x � � v � � � x � � v � � � x � � v � À � x � � v �
è � x"v � � � x v � � � x~v � À � x v �
� � x � � v � À � x � � v � À � x � � v � � � x � � v � ¢ � å ã	ñ��

� �
�LÐ#ÖTÎÆÒHÎ Ô à Ý Ðc�¿ÑAÒ � x ¨ � � v ¨ � ��ÒdÑMØZÎ�L�à Ó Ðná�ÑAÕ å ã�â Ó Õ
�ù�¿ÑMÒ � x ¨ > v ¨ > � ��ÒdÑMØZÎ�L�à Ó Ðná�ÑAÕ å ã	ñ�È

� x ¨ � � v ¨ � À � x ¨ > v ¨ > � è � x � � v � � � x � � v � � � x � � v � À � x � � v �
À � x"v � � � x v � � � x"v � À � x v �
� � x � � v � À � x � � v � À � x � � v � � � x � � v �
è � x"v � � � xÑv � � � x v � À � x v �! � å ãB���

ÏWÑMØ æTÓ ÒHá�Õ ß ÐnÖTá Ô ÐnÑiÎ�L�à Ó Ðná�ÑAÕ å ãBm

è � x ¨ v ¨ � ¢ � å ã������
Ý Ö�à Ô Î�L�à Ó Ðná�ÑAÕ,êAã�ê�þiÖTÑ Ý � Ô ã
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