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ËÜÔ�ä Ð�Ê�Ê*Ô�É�Ï�î�ç�Ê,äÚÒ�çwÕ*Ï Ô�Õ�Ê*ÔÚÑÓÐ�Ò�ÑÓËÜÏ Ô�çvÐ�Ê�ç�î�ØÇÑÓËÜÔ�ä�Ö�Ð�Ï�Ì�Ò�ÔÚÑ�É�Ð�Ï Î9Ï ä Ê�Ô�ËÍÕ�Ö�Ï�Ð�Õ*ËÜÔ�ä�Õ�Ï î�ØÍå
Ò�ØÜØQÒ�Õ&ÑvÑÓÏ�Õ*ÏEÏ Ø^Ñ�É�Ê,Î/Ï ØÍÒ�Ðtç ÑÓÐÓÒeÑÓÏ ç-Î�É�Ê*Ð-Ê�Ò�Ô�å2ç ÑÓÐ-Ê*Ô�ä�Ñ�É�Ê*Ô8ÑÓÉ�Ê,Î9Ï ØÙÒ�Ðwú Ï Ð ÑÓÊ�ð^Å

È=É�Ê=Ò�Ì\Î�ØÜËÜÑ�î�å�ÊGÒ�Ô�å�ÎIÉRÒ�ç�Ê}Ï�ÖRÑÓÉIÊD$5×�÷ Õ�Ï î�ØÍå�Ò�ØÍç-Ï¼Þ9ÊwÌxÏzåIî�ØÙÒ�Ñ�Ê*åÀÞÚß�ËÜÔTÑ�Ê*Ð�Ò�Õ&ë
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å�Ê�Ê*å3ËÍç�Ö�Ï îIÔ�å3ìvÉIÊ*Ô�ÒeÑÓÌxÏ ç�Î�ÉIÊ*Ð�ËÜÕ�Ì\ÏEå�Ê�ØÍç{Ò�Ð-Ê�å�Ð�ËÇú Ê*Ô3ÞÚß�ÌxËÍå�å�ØÜÊ&ëíØÙÒ�Ñ�ËÜÑÓîIå�ÊÅ!©!zÈ
Ò�ÔIÏ Ì�Ò�ØÍËÍÊ�ç*Å�0íÑ¼ËÜçvØÍËÍÿ�Ê*ØÇß�ÑÓÉRÒeÑ5Ñ�É�Ê[$�×�÷ ËÍç�ç�Ê�Ô�ç�ËÇÑÓËÜú�ÊÀÑ�Ï�ç-î�ÞIÑÓÐ-Ï Î�ËÜÕæÒ�Ø�!#!zÈ_Ò�Ô�Ï Ì\Òeë
ØÜËÍÊ*ç�üRÉ�Ï�ìwÊ&ú Ê�Ð*ü/ìvÉIËÍÕ$ÉQüRÑÓÉIÐ�Ï î�ä�É2ÑÓÉIÊ*ËÍÐ=ËÜÔ©,Rî�Ê�Ô�Õ*Ê:Ï Ô?ÑÓÉ�ÊM)¼Ò�åIØÍÊ�ß2ÛwËÜÐ�Õ�î�ØÙÒ�Ñ�ËÍÏ Ô^üIÕæÒ�Ô
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JêÔ�Ï ËÜç�Ê�KÇüQÑÓÉTî�ç,Î�Ð-ÏzåIî�Õ*ËÜÔ�ä?ÒBJâÐ-Ê*åÇKQÎ9Ï�ìwÊ�Ð,ç�Î9Ê*Õ�Ñ�Ð�î�Ì ËÜÔ�ÏzÕ�ÊæÒ�ÔIËÍÕ�ú�Ò�Ð-ËÙÒ�Þ�ØÜÊ*ç{Ò�Ô�å�Õ*Ï�ë
É�Ê�Ð�Ê�ÔTÑ¼ç�ËÜä ÔRÒ�ØÜç=ÏCú�Ê*Ð5Ì�î�ØÜÑ�ËÍÎ�ØÜÊ¼ß Ê*Ò�Ð�ç�ÑÓÏxå�Ê*Õ*Ò�å�Ê�ç*ÅvÈ=É�ÊÀÐ�Ê*ç-Î/Ï�Ô�ç�Ê�Ï�Ö'ÑÓÉIÊ:ÏEÕ*Ê*Ò�Ô<Ï Ô
ç-ÊæÒ�ç-Ï ÔRÒ�ØRÑÓÏ:ËÍÔÚÑÓÊ�Ð ëàÒ�Ô�ÔTîRÒ�Ø�Ñ�Ï:å�Ê�ÕæÒ�å�Ò�Ø9Ñ�ËÍÌxÊ*çWëàç�Õ*Ò�ØÍÊ�çlÑÓÏ:É�ËÍä ÉEëíÖ�Ð�ÊdcTî�Ê*Ô�Õ&ß�$5×�÷NÖ�Ï Ð-Õ&ë
ËÜÔ�ä:Ï�Ö^ÑÓÉIÊ5ÏEÕ*Ê*Ò�Ô�ËÜç-%kÒ�Ñ�X*Ê*Ð-Ï�Ï Ð-å�Ê*Ðh+�Ð�Ò�ÑÓÉIÊ*Ð�ìwÊ�ØÍØºå�Ê*ç-Õ*Ð-ËÍÞ9Ê*å�ÞÚßxç-Ñ�ÏzÕ$ÉRÒ�ç-ÑÓËÜÕ5Õ�ØÍËÜÌ�Ò�Ñ�Ê
ÌxÏzåIÊ*ØÍç=ìvËÇÑÓÉ2Ñ�É�ÊÀÏzÕ�ÊæÒ�Ô�Õ�ËÍÐ-Õ*î�ØÍÒ�ÑÓËÜÏ Ô?Î�ØÙÒæßEËÍÔ�äxÔ�Ï\Ð�Ï ØÜÊ�ÅvøwîIÑ�ÑÓÉIÊ*Ð�Ê�Ò�Ð�ÊÀç�ËÜä Ô�Ë¢:RÕæÒ�ÔÚÑ
å�Ê�ÎRÒ�Ð ÑÓî�Ð-Ê*ç'ËÜÔ:ÿ�Ê�ßÀÐ�Ê�ä ËÍÏ�Ô�ç*ÅLÈ=É�Ê*Ð-ÊwËÜç~Ê&úzËÜå�Ê*ÔIÕ*Ê}Ñ�ÉRÒ�Ñ~Ò�åIú�Ê*Õ&ÑÓËÜú�ÊwÊba^Ê�Õ�ÑÓç'Î�ØÙÒæß,Ò�Ô:ËÍÌ�ë
Î9Ï Ð-ÑÓÒ�ÔÚÑ'Ð-Ï ØÍÊGËÍÔ�ÿ�Ê�ß:Õ*Ê�ÔÚÑÓÊ*Ð-ç�Ï�ÖºÒ�Õ&ÑÓËÜÏ Ô�Ï�ÖRÑ�É�Ê}Ñ�Ð�ËÜÎ/Ï ØÜÊ�üeç�î�Õ$É�Ò�ç'ËÜÑ�ç'Ô�Ï�Ð-ÑÓÉIÊ*Ð�Ô�å�ËÍÎ9Ï ØÍÊ�ü
Ñ�Ï�ìvÉIËÍÕ$É?ÑÓÉ�ÊÀÒ�Ñ�Ì\Ï ç-Î�É�Ê�Ð�ËÍÕ _ Ê&Ñ�ç-ÑÓÐ-ÊæÒ�Ì�Ì�Òæß�Þ9Ê,ç�Ê�Ô�ç�ËÇÑÓËÜú�Ê�Å?)¼ÒæúEËÍÔ�ä�Ð-Ê*å�å�Ê�Ô�Ê*å8ÑÓÉ�Ê
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Ï ÞIç�Ê*Ð úEËÍÔ�ä ç-ßEç-Ñ�Ê*Ì Ì�Ò�ËÜÔÚÑ$Ò�ËÜÔ�Ê*å�ËÍÔ�ç�î�ÎIÎ/Ï Ð Ñ�Ï�Ö{Ï Î9Ê*ÐÓÒeÑÓËÍÏ�ÔRÒ�Ø=ÔTî�ÌxÊ*Ð�ËÜÕæÒ�Øtì}ÊæÒeÑÓÉ�Ê�Ð
Î�Ð-Ê*å�ËÜÕ�Ñ�ËÍÏ ÔQÅ� 5Ò�å�ËÍÏ ç-Ï Ô�å�Ê�åRÒ�ÑÓÒ:Ï�ú Ê�ÐwÑÓÉIÊ5ÑÓÐ-Ï Î�ËÜÕ*ç*üEÉ�Ï�ì}Ê�ú Ê�Ð*ü�ËÜç}ç-Ê�ú�Ê*Ð�Ê�ØÜß\ØÍËÜÌ\ËÇÑÓÊ*å�ÞÚß
Ñ�É�ÊvÔEîIÌ�Þ/Ê�Ð�Ï�Ö^Ð-Ê*Î9Ï Ð-Ñ�ËÍÔ�ä,ç Ñ$Ò�Ñ�ËÍÏ Ô�ç�Ò�Ô�åxÑ�É�ÊvØÙÒ�Õ$ÿ:Ï�ÖQÕ�Ï ÔÚÑÓËÜÔEîIÏ î�çGÒ�Ô�åxÉ�Ï ÌxÏ ä Ê�Ô�Ï î�ç
Ð-Ê*Õ*Ï�Ð�å�ç�Åê'8Ï Ð�Ê�ÏCú�Ê*Ð�üGÌxÏ ÔÚÑÓÉIØÜß3Ì\Ê*Ò�Ôûç-ÑÓÒ�ÑÓËÜç-Ñ�ËÍÕ*ç�Ò�Ð�Ê\Ö�Ð�Ê�cTî�Ê�ÔÚÑÓØÜß�Õ*Ï ÌxÎ�îIÑ�Ê*å�Ö�Ð-Ï Ì
Ð-Ê*ØÙÒeÑÓËÜú�Ê*ØÇß�Ö�Ê�ì åRÒ�ËÜØÜß�Ð-Ê*Î9Ï Ð-Ñ�ç*üºÒ�ÔIå8Ñ�É�Ê:ÌxËÍç-ç�ËÜÔ�ä�Ï Þ�ç-Ê*Ð-ú�Ò�Ñ�ËÍÏ ÔIç5Ò�Ð�Ê,Ï�Ö ÑÓÊ�Ô2Õ�Ï Ô�ç-Ê*Õ*îEë
Ñ�ËÜú Ê�üIÔ�Ï�Ñ=ÐÓÒ�ÔIå�Ï ÌxØÜßxÏ ÐwÊ&ú Ê�Ô�ØÜß�ç�ÎRÒ�Õ�Ê*åQÅ�È=É�Ê{Ð-Ê*ç-î�ØÜÑ=ËÜçwÑÓÉ�Ò�ÑtÌxÏ ÔÚÑÓÉ�ØÇßxÌ\Ê*Ò�Ô�çtÉRÒæú�Ê
ç Ñ$Ò�Ô�å�Ò�Ð�å�Ê�Ð�Ð�Ï�Ð�ç¼Ï�Ô<ÑÓÉ�Ê�Ï Ð�å�Ê�Ð�Ï�ÖlÑ�É�Ê�ç-ËYX*Ê�Ï�ÖlÑÓÉIÊ�Ò�Õ�Ñ�îRÒ�Ø~ç�ËÍä�ÔRÒ�Ø)Ï�Ö�Õ*ØÜËÍÌ\Ò�ÑÓÊ{ú�Ò�Ð-ËÇë
Ò�ÞIËÍØÍËÇÑàß Å�'2Ï Ð-Ê*Ï�ú Ê�Ð*üÚÑÓÉIÊ=ÔEîIÌ�Þ/Ê�Ð�Ï�Ö9Ð�Ê�Î/Ï Ð ÑÓç�Ï�Ö9Ê&ú Ê*ÔxÌxÏ ÔÚÑÓÉ�ØÇß�ç Ñ$Ò�Ô�å�Ò�Ð�åzëíØÍÊ&ú Ê*ØIåRÒ�Ñ$Ò
Ö�Ð-Ï Ì ç-ÎRÒ�Ð�ç-Ê*ØÇß�å�ËÜç-ÑÓÐ-ËÍÞ�îzÑÓÊ*å�ç Ñ$Ò�Ñ�ËÍÏ Ô�ç�É�Ò�ç�Þ/Ê�Ê*Ôxå�Ê*Õ�ØÍËÜÔ�ËÍÔ�ä¼ç�ËÍÔIÕ*Ê=ÑÓÉ�Ê=ÌxËÍåEë$Æ�ñ²��þ�ç*ü�Ê*ç ë
Î9Ê*Õ�ËÙÒ�ØÜØÜß�Ñ�É�Ð�Ï�î�ä É�Ï îzÑ�×5Ö�Ð-ËÍÕ*Ò\Ò�ÔIåÎ!zÏ îIÑ�É<×5Ì\Ê�Ð�ËÍÕ*ÒIÅ=È=ÉTî�ç*ü^Ì�Ò�ËÜÔÚÑ$Ò�ËÜÔ�ËÍÔ�ä�Ñ�É�Ê�Õ�Ï Ôzë
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Ñ�ËÍÔTî�Ï î�ç�Ï Î9Ê*Ð�Ò�ÑÓËÜÏ Ô2Ï�ÖlÑÓÉ�Ê�ç�Ê�Õ�Ð�ËÇÑÓËÍÕ*Ò�ØÍØÇß�ËÜÌ\Î9Ï Ð Ñ$Ò�ÔÚÑvä Ð-Ï î�Ô�åzëíÞRÒ�ç-Ê*å�Õ�Ï Ì\Î9Ï Ô�Ê�ÔÚÑÓç¼Ï�Ö
2ÀÛ=÷/! ËÍç�Ê�ç�ç-Ê*ÔÚÑÓËÍÒ�ØgÅ�÷¼Övç-ËÍÌxËÍØÙÒ�ÐÀËÜÌ\Î9Ï Ð Ñ$Ò�Ô�Õ�Ê�Ò�Ð�Ê�Õ�Ï ÔÚÑÓËÍÔTî�ËÜÔ�ä�ËÜÌ\Î�Ð-Ï�ú Ê*ÌxÊ*ÔÚÑ�ç�ËÍÔ
Ñ�É�Ê�Î9Ê*Ð Ö�Ï Ð�Ì\Ò�Ô�Õ�Ê�Ï�Ö � ë � å�Ò�Ñ$Ò�Ò�ç�ç�ËÜÌ\ËÜØÙÒ�Ñ�ËÍÏ Ô�ç-Õ$É�Ê*ÌxÊ*ç�ü^ÑÓÉIÊ�Òæú�Ò�ËÍØÍÒ�Þ�ËÍØÜËÜÑàß\Ï�ÖGÒ\ç-î�Õ&ë
Õ�Ê*ç�ç-ËÍÏ Ô8Ï�Ö'î�Î�ä Ð�Ò�å�Ê*å8Ð�Ê*Ò�ÔRÒ�ØÇßEç�ËÍç=ÎIÐ�ÏEå�î�Õ�Ñ�ç�Ö�Ð-Ï Ì Ñ�É�ÊÀÌ�Ò _ Ï�ÐtÏ Î9Ê*ÐÓÒeÑÓËÍÏ�ÔRÒ�ØQÕ�Ê*ÔÚÑÓÊ�Ð�ç*ü
Ò�ÔIå�Ñ�É�Ê=Ö�Ð�Ê�Ê5Ò�Ô�å�Ï Î/Ê�Ô\Ê�ðzÕ$ÉRÒ�Ô�ä Ê�Ï�Ö/Ï Þ�ç-Ê*Ð-ú�Ò�Ñ�ËÍÏ Ô�Ò�ØIåRÒeÑ$Ò{ç�Ê&ÑÓç*Å"$�Ï Ô�ÊvÏ�Ö9ÑÓÉ�Ê�ç�ÊvÕæÒ�Ô
Þ9Ê{Ñ$Ò�ÿ�Ê*Ô?Ö�Ï Ð=ä ÐÓÒ�ÔTÑ�Ê*åQÅ

N O »:¤�» »�£B»Å¾dÆ8¦ � ¦�P`º ¢VU�¥É¾ � £ � »�£�U ¤ · ¥�¢ � Æ

È=É�Ê¼ÏCú�Ê*Ð�Ò�Ð�Õ$É�ËÜÔ�ä�cTî�Ê*ç ÑÓËÍÏ�Ô�Ï�Ö�ÑÓÉ�Ê¼×tÑÓØÙÒ�ÔTÑ�ËÍÕ�ÛDC	0íÝ~×- Î�Ð�Ï�ä ÐÓÒ�Ì"ËÜç�ÈlËÜÔ�ìvÉRÒ�ÑtìwÒæßEç
å�ÏEÊ*ç5Õ*Ï îIÎ�ØÍÊ�å�Ò�ÑÓÌxÏ ç-Î�É�Ê*Ð-Ê&ëíÏzÕ�ÊæÒ�Ô�åzßzÔ�Ò�Ì\ËÜÕ*ç�ËÍÔ8ÑÓÉ�Ê:×tÑÓØÙÒ�ÔTÑ�ËÍÕÀç�Ê�Õ�ÑÓÏ�Ð�Î�ØÙÒæß8Ò�Ô�Ò�Õ&ë
Ñ�ËÜú Ê5Ð�Ï ØÜÊ5ËÜÔ�Õ�ØÍËÍÌ\Ò�Ñ�Êvú�Ò�Ð-ËÙÒ�ÞIËÍØÍËÇÑàß©ëÿ0íÑ�çwÎ�Ð-ËÍÌ\Ò�Ð-ß�ä�ÏÚÒ�ØºËÍçGÑÓÏ[cTîRÒ�ÔTÑ�ËÜÑÓÒ�ÑÓËÇú Ê*ØÇß�ÑÓÊ*ç Ñ=Ò�ÔIå
ËÜÌ\Î�Ð-Ï�ú Ê�Ï�î�Ð:îIÔ�å�Ê*Ð-ç-ÑÓÒ�Ô�å�ËÜÔ�ä�Ï�ÖvÌxÊ*Õ$ÉRÒ�ÔIËÍç�Ìxç:Ò�Ô�åûÌxÏzå�Ê�ØÍç,Ï�Ö�Ò�Ñ�Ì\Ï�ç�Î�É�Ê�Ð�ËÜÕ�Ò�ÔIå
ÏEÕ*Ê*Ò�Ô�Î�Ð-ÏzÕ�Ê*ç-ç�Ê*çtÑ�ÉRÒ�Ñ}ØÍÊ*Ò�å\Ñ�Ï�Õ*ØÜËÍÌ\Ò�ÑÓÊtú�Ò�Ð-ËÙÒ�ÞIËÍØÍËÇÑàß�ËÜÔ\Ñ�É�Ê¼×tÑ�ØÙÒ�ÔÚÑÓËÜÕ�Ò�Ô�å�ËÇÑÓçGä ØÍÏ Þ�Ò�Ø
Õ�Ï Ô�ç�ÊdcTî�Ê*Ô�Õ�Ê*ç�Å 6~Ò�ÐÓÒ�ÌxÊ�Ñ�Ê*Ð-ËYXæÒeÑÓËÍÏ�Ô�ç�Ï�Ö�ÿ�Ê�ß�Î�Ð-ÏzÕ�Ê*ç�ç-Ê*ç�ËÜÔùÌxÏEå�Ê*ØÜç�Ì�î�ç-Ñ�Ò�ØÜç�Ï�Þ/Ê
ËÜÌ\Î�Ð-Ï�ú Ê*åLÈ5ËÇÑ�ËÍç�ÑÓÉ�Ê�Ï Ô�ØÜß8É�Ï�Î/Ê�Ñ�Ï�ËÍÌxÎ�Ð�Ï�ú�Ê�Õ*Ï�î�Î�ØÍÊ�åzë}2ÀÛ4' Õ*ØÜËÍÌ\Ò�ÑÓÊÀÎ�Ð-Ê*å�ËÜÕ�ÑÓËÜÏ Ô�ç
ìvÉ�ËÜÕ$É�Ò�Ð�Ê�%�Ò�ØÜÌ\Ï ç Ñs+{î�Ô�ËÇú Ê*Ð-çÓÒ�ØÜØÜß3Ñ$Ò�ÿ�Ê*Ô�Ò�ç�Ñ�É�Ê�ç�Õ�ËÍÊ�ÔTÑ�Ë;:RÕ�Õ*Ï Ô�ç-Ê*Ô�ç-î�ç*Å±Z�Ê�Ì�î�ç-Ñ
å�Ê&ÑÓÊ�Ð�ÌxËÍÔ�Ê¼ìvÉIÊ�ÑÓÉIÊ*ÐvÏ Þ�ç-Ê*Ð-ú�Ê*å<Ò�Ô�å?ç�ËÜÌ�î�ØÙÒeÑÓÊ*å\ú�Ò�Ð�ËÙÒ�Þ�ËÍØÜËÜÑàß�ËÜçtÖ�î�Ô�åRÒ�ÌxÊ*ÔÚÑÓÒ�ØÍØÇß\Õ�Ï îzë
Î�ØÜÊ*åQüCìvÉ�Ê&ÑÓÉ�Ê�Ð~Ï ÔIÊ}Õ�Ï Ì\Î9Ï Ô�Ê�ÔÚÑ~åIÐ�ËÜú�Ê*ç)ú�Ò�Ð�ËÍÒ�Þ�ËÍØÜËÜÑàß�ËÍÔ{Ñ�É�Ê}Ï�ÑÓÉ�Ê�Ð*üCìvÉ�Ê�Ñ�É�Ê*Ð~Ì\ÏEå�Ê*ØÜÊ*å
ú�Ò�Ð-ËÙÒ�Þ�ËÜØÍËÇÑàß�Þ9ÊæÒ�Ð-ç{Ò�ÔÚß<Ð-Ê*ØÍÒ�ÑÓËÜÏ Ô8Ñ�Ï�Ï Þ�ç-Ê*Ð ú Ê*å�ú�Ò�Ð-ËÙÒ�Þ�ËÜØÍËÇÑàß üºÒ�Ô�å2ìvÉ�Ê�Ñ�É�Ê*Ð{ÌxÏzåIÊ*ç¼Ï�Ö
ú�Ò�Ð-ËÙÒ�Þ�ËÜØÍËÇÑàß\Ï�Ô�Õ*Ê:ËÍå�Ê�ÔTÑ�Ë;:RÊ�å�Ò�Ð-Ê,Î�Ð�Ê�å�ËÍÕ&Ñ$Ò�Þ�ØÜÊ�ÅD0àÌxÎ�Ð-ÏCú�Ê*ÌxÊ*ÔÚÑ�Ï�Ö�Ò�Ñ�Ì\Ï ç-Î�É�Ê�Ð�ËÍÕÀÒ�ÔIå
ÏEÕ*Ê*Ò�Ô�ËÍÕ=Õ�ËÍÐ-Õ*î�ØÍÒ�ÑÓËÜÏ Ô�ÌxÏzå�Ê�ØÍç�ü Ê*ç-Î/Ê�Õ*ËÙÒ�ØÍØÜß:Þ9Ï î�Ô�åRÒ�Ð-ß�ØÍÒ�ß�Ê*ÐlÖ�Ï Ð-Ì�î�ØÍÒ�ÑÓËÜÏ Ô�ç*ü�Ð�Ê�Î�Ð�Ê�ç�Ê*ÔEë
ÑÓÒ�ÑÓËÜÏ Ô<Ï�ÖGç-ÊæÒeëíËÍÕ*Ê�üQÕ*ØÜÏ î�å�ç�üQå�Ê�Ê*Î3Ò�Ô�å�ç-ÉRÒ�ØÍØÜÏ�ìbÕ*Ï ÔÚú Ê�Õ�Ñ�ËÍÏ Ô�Ê�Ñ�Õ�ÅÇü�ËÍç¼Ò�Õ*Ê*ÔÚÑ�ÐÓÒ�ØlÎ�Ò�Ð-Ñ
Ï�ÖLÑÓÉIÊÀÎIÐ�Ï ä Ð�Ò�Ì8Å

!zÎ9Ê*Õ�Ë;:RÕ*Ò�ØÍØÇß�ì}ÊÀÌ�î�ç-Ñ�È
Q Ò�ç�ç�Ê�Ì�Þ�ØÜÊ�Ò&cTîRÒ�ÔÚÑÓËÇÑ$Ò�Ñ�ËÜú Ê�É�ËÍç ÑÓÏ Ð-ËÍÕæÒ�Ø~Ò�Ô�å�Ð�Ê*Ò�Ø'ÑÓËÜÌ\ÊÀåRÒ�ÑÓÒ�ç�Ê&Ñ{ÑÓÉRÒ�Ñ�Ì�Òæß8Þ/Ê
îIç�Ê*å?ÑÓÏ�Ñ�Ê*ç-Ñ*üRËÍÌxÎ�Ð�Ï�ú�Ê{Ò�Ô�å8ËÍÔ�ËÇÑÓËÍÒ�ØÍË;X*ÊvÌ\ÏEå�Ê�ØÍçtÏ�ÖLÕ�Ï î�Î�ØÜÊ*å8×tÑÓØÙÒ�ÔTÑ�ËÍÕ�Õ�ØÍËÜÌ�Ò�Ñ�Ê
ú�Ò�Ð-ËÙÒ�ÞIËÍØÍËÇÑàß Å

Q ÌxÏEå�Ê*ØÚÕ�Ï î�Î�ØÜÊ*å�ÒeÑÓÌxÏ ç�Î�ÉIÊ*Ð�Ê�ëàÏEÕ*Ê*Ò�ÔzëàËÜÕ*ÊGËÍÔÚÑÓÊ�ÐÓÒ�Õ&ÑÓËÜÏ Ô�ç)ËÍÔÀÑÓÉ�ÊG×tÑÓØÍÒ�ÔÚÑÓËÍÕGç�Ê�Õ�Ñ�Ï Ð*ü
cTîRÒ�ÔTÑ�ËÜÖ ß5ÑÓÉ�Ê�ËÍÐ�ËÍÔ¡,Rî�Ê*ÔIÕ*Ê*çLÏ Ô,ÑÓÉ�Ê�Ð-Ê*ä ËÜÏ ÔRÒ�Ø�Ò�Ô�åÀØÙÒ�Ð-ä Ê*Ð�ç-ÕæÒ�ØÜÊ�Õ*ØÍËÜÌ�ÒeÑÓÊlç ßzç ÑÓÊ�Ì2ü
Ò�Ô�å?ËÍÔÚú Ê�ç-ÑÓËÜäÚÒ�Ñ�Ê,Ñ�É�Ê*ËÜÐ=Î�Ð�Ê�å�ËÍÕ&Ñ$Ò�ÞIËÍØÍËÇÑàß

Q ËÜÌ\ÎIÐ�Ï�ú Ê�Ñ�É�Ê,ÎRÒ�ÐÓÒ�Ì\Ê&ÑÓÐ�Ë;XæÒ�Ñ�ËÍÏ Ô�Ï�Ö'ÿ�Ê�ß?Î�Ð-ÏzÕ�Ê*ç-ç�Ê*ç5ËÍÔ?Ï î�Ð=ÌxÏEå�Ê*ØÜç*Å
×�ÿ�Ê&ß�cTî�Ê*ç ÑÓËÍÏ�ÔxÑ�ÉRÒ�Ñ�Î9Ê*Ð-ú�Ò�åIÊ*ç�Ì�î�Õ$É�Ï�Ö9ÑÓÉ�Êvå�ËÜç�Õ�î�ç�ç-ËÍÏ Ô�Ï�Ö9ÑÓÉ�Ê=Ð-Ï ØÍÊ=Ï�Ö9Ñ�É�Êv×tÑ-ë

ØÍÒ�ÔÚÑÓËÍÕwÏzÕ�ÊæÒ�ÔxËÍÔ�Õ*ØÜËÍÌ\Ò�ÑÓÊGú�Ò�Ð�ËÍÒ�Þ�ËÍØÜËÜÑàß�ü�ËÍçlÑ�É�Êvç�Ê�Ô�ç�ËÇÑÓËÜúEËÇÑàß�Ï�Ö9ÑÓÉ�Ê�ÌxËÍå�å�ØÜÊ&ëíØÙÒ�Ñ�ËÜÑÓîIå�ÊGÒ�Ñ-ë
ÌxÏ ç�ÎIÉ�Ê*Ð-ÊtÑÓÏ,Õ$ÉRÒ�Ô�ä�Ê*ç�ËÍÔ�ç-î�Ð-ÖkÒ�Õ�ÊvÞ/Ï îIÔ�åRÒ�Ð ß�Õ*Ï�Ô�å�ËÜÑ�ËÍÏ ÔIç*ü ËÜÔ�Õ*ØÜî�å�ËÍÔIä/!#!zÈ=ç�üEç-ÊæÒ,ËÍÕ�Ê�ü
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Ò�ÔIåºï�Ï Ð5ØÙÒ�Ô�å^Å5È=É�Ê�ÏzÕ�Õ*î�Ð-Ð�Ê*ÔIÕ*Ê�Ï�Ö�å�Ë¢a^Ê�Ð�Ê�ÔTÑ¼Ð�Ê�ä ËÍÏ Ô�Ò�Ø)ØÍÏ�ìcÖ�Ð�ÊdcEîIÊ*Ô�Õ&ß�Ì\ÏEå�Ê�ç¼Ò�ÔIå
Ñ�É�Ê�ËÍÔÚÑÓÊ�ÐÓÒ�Ô�ÔTîRÒ�Ølú�Ò�Ð�ËÙÒ�Þ�ËÍØÜËÜÑàß?Ï�ÖGÑÓÉ�Ê�$�×�÷ Ì�Òæß�Þ9Ê�ç�Ê�Ô�ç�ËÇÑÓËÜú�Ê�ÑÓÏ?Ì\ËÜå�å�ØÜÊ�ØÙÒ�Ñ�ËÜÑ�î�å�Ê
!#!EÈ{ÅO)5Ï�ì}Ê�ú Ê�Ð*ü}Ê&ðzÎ/Ê�Ð�ËÜÌ\Ê�ÔTÑ�ç�ìvËÜÑ�Éû×>2:Û4' ÉRÒæú Ê?ØÜÊ*å�ÑÓÏ�Ð�Ò�ÑÓÉIÊ*Ð�Õ�Ï ÔIÖ�î�ç-ËÍÔ�ä�Ò�ÔIå
ËÜÔ�Õ*Ï ÔIç�ËÍç ÑÓÊ�ÔTÑ5Õ*Ï�Ô�Õ*ØÜî�ç�ËÜÏ Ô�ç*Åv×5å�å�ËÜÑ�ËÍÏ Ô�Ò�ØÍØÇß üIú�Ò�Ð-ËÙÒ�Þ�ËÜØÍËÇÑàß�ËÜÔ8Ñ�É�ÊÅ$�×�÷rÕ�Ï î�ØÜå<Þ9ÊÀÑ�ËÍÊ*å
Ñ�Ï8!#!zÈ=ç�Ï�ú Ê�Ð�Ñ�É�ÊwÑ�Ð�Ï Î�ËÜÕæÒ�Øz×tÑÓØÍÒ�ÔÚÑÓËÍÕwÒ�Ô�å�Ê&ú Ê*Ô�ÑÓÉIÊtÑÓÐ�Ï�Î�ËÍÕ*Ò�Øzç-Ï îIÑ�Éx×tÑ�ØÙÒ�ÔÚÑ�ËÍÕ�Å)ÝGÒ�Ð-ËÇë
Ò�Ñ�ËÍÏ ÔIç}ËÜÔ�ÑÓÉ�Ê�ÑÓÐ-Ï Î�ËÍÕ*Ò�Øº×tÑÓØÍÒ�ÔÚÑÓËÍÕ¼Ò�Ð�Ê5ç�î�ÞIç-Ñ$Ò�ÔTÑ�ËÙÒ�Ø/Ò�Ô�å�ËÜÔÚú Ï ØÇú Ê¼ç ÑÓÐ-Ï Ô�ä�ËÜÔTÑ�Ê*Ð�Ò�Ô�ÔTîRÒ�Ø
Ò�ÔIå�å�Ê*Õ*Ò�åRÒ�ØLú�Ò�Ð�ËÍÒ�ÑÓËÜÏ Ô�çvÏ�Ö�ÌxÊ*Ð-ËÍå�ËÜÏ ÔRÒ�Ø9!#!EÈ ä�ÐÓÒ�å�ËÜÊ*ÔÚÑÓç�ÅÉ!zîIÕ$É�ú�Ò�Ð�ËÙÒeÑÓËÍÏ�Ô�ç*üRìvÉ�ËÜÕ$É
ÌxÏ ç-ÑLØÜËÍÿ�Ê�ØÜß�Ò�a^Ê�Õ�ÑLÑÓÉ�Ê?)¼Ò�å�ØÍÊ&ß,Õ*ËÍÐ-Õ*î�ØÍÒ�ÑÓËÜÏ ÔQü�Î9Ï�ÑÓÊ�ÔÚÑÓËÙÒ�ØÍØÜß5ÌxÏzå�îIØÙÒ�Ñ�Ê"$5Ï Ð ÑÓÉ�×tÑ�ØÙÒ�ÔÚÑ�ËÍÕ
ÌxËÍå�åIØÍÊ�ØÙÒ�Ñ�ËÜÑ�î�å�Ê}Ò�ÑÓÌxÏ ç�ÎIÉ�Ê*Ð-ËÍÕ}ú�Ò�Ð-ËÙÒ�ÞIËÍØÍËÇÑàß¼Ñ�É�Ð�Ï îIä É�Ò�Ô�ÒeÑÓÌxÏ ç�Î�ÉIÊ*Ð�ËÜÕwÞ�Ð-ËÍå�ä�ÊwÌxÊ*Õ$Ézë
Ò�ÔIËÍç�ÌýÒ�ÿEËÜÔ2Ñ�Ï�ÑÓÉRÒeÑ�Ò�Õ&ÑÓËÜÔ�ä�Ï�ú Ê�Ð5Ñ�É�ÊÅ6~Ò�Õ*Ë¢:RÕ�Å5È=É�Ê�Ð-Ê*ç�Î9Ï Ô�ç-Ê�Ï�ÖlÑ�É�Ê�ÒeÑÓÌxÏ ç�Î�ÉIÊ*Ð�Ê
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year stable isotope record from the GISP-2 iceY
core from central Greenland (White et al., 1996).
Similar evidence emerges from the tree-ring data
(Cook et al; 1998). H. Wanner (personal commu-
nication, 1998), however, reconstructs the NAO
from proxy and documentary sources and hypoth-
esizes that decadal-scale cold phases during the
Late Maunder Minimum (1675-1715) were re-
lated to successive negative NAO events.  If the
main forcing mechanism of the NAO were due
to its interaction with synoptic-scale eddies, then
Z
one might expect its frequency spectrum to be
white. The spectrum of the wintertime NAO in-
dex is slightly red (power increases with period)
with an indication of enhanced power in some
frequency bands (though not large enough to be
considered statistically significant; Wunsch,
1998). However, frequency domain analyses
(Mann and Park, 1996; Tourre et al., 1998), sug-
gests that these relatively weak spectral peaks
relate to basin-wide coherent phenomena and so
perhaps are real.  [ Thompson and Wallace (1998)
have drawn attention to the fact that the NAO
may be the regional manifestation of a hemi-
spheric mode of variability centered over the Arc-

tic Ocean. 
Z

This “Arctic Oscillation” - the AO - is
an equivalent barotropic, zonally symmetric struc-
ture which couples the troposphere with the strato-
Z
sphere (Perlwitz and Graf; 1995) and modulates
the strength of the polar vortex, as in the zonal
Z
index of Rossby et al (1939). Because the energy
density of the mode remains high well into the
stratosphere, it has been suggested that the NAO
could be modulated through its interaction with
the polar vortex and hence be sensitive to an-
Z
thropogenic influences in the stratosphere. Cause-
Z
and-effect within the stratosphere are not yet
sorted out; one extreme view is the “Charney-
Drazin” picture of upward propagating energy
from the energetic winter troposphere, with the
stratosphere both conditioning the waveguide, and
turning the ener
Z

gy into a breaking planetary wave.
Another is that an increasingly strong polar strato-
spheric vortex could actively excite the tropo-
spheric NAO.

 2.1a  — Covarying patterns in the ocean
There are clear indications that the North

Atlantic Ocean varies significantly with the
overlying atmosphere. Expectation of an im-
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Figure 2.2 — Regression between winter SST and land surface temperatures and the NAO index (courtesy of M.
V
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isbeck and H. Cullen)
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