
Max-Planck-Institut
für Meteorologie

by

REPORT  No. 321

IMPACT OF THE VERTICAL RESOLUTION
ON THE TRANSPORT OF PASSIVE TRACERS

IN THE ECHAM4 MODEL

Christine Land   Johann Feichter   Robert Sausen

HAMBURG, June 2001

2.6

2.8

3.0

3.2

3.4

3.6

3.8

60OS 30OS 0O 30ON 60ON

S
F

6 
 m

ix
in

g 
ra

tio
  [

 p
pt

v 
]

latitude

Oct./Nov. 1994
Nov. 1993
Nov. 1990

L19
L39



MAX-PLANCK-INSTITUT
FÜR METEOROLOGIE
BUNDESSTRASSE 55
D - 20146  HAMBURG
GERMANY

Tel.: +49-(0)40-4 11 73-0

E-Mail:
Telefax: +49-(0)40-4 11 73-298

REPb 321

<name> @ dkrz.de

AUTHORS:

Christine Land
Johann Feichter

Max-Planck-Institut
für Meteorologie

Robert Sausen Institut für Physik der Atmosphäre, 
DLR Oberpfaffenhofen,
D- 82234 Wessling,
Germany



��� �����	��
������� ����������������� �"!#
$�&%'�(�&
)


*) ����� +,���-)�!.�/
���0
�1���-!2!��43$� +,�����5�"��!

�&) ����� 6�798 :<; = ; 
?>'�@�

ACBEDGFIHKJMLONQPKRSBKTVU4WYX[Z]\[U4^QLQPEF_HVJa`bBEcSF_dVe[U4HVf

LOg�F_h]ikj�lmF_HVX[noikpqHKeO\OWr\Ods\�tvudS^Cg'UQ\[U&wx^[wylYw{zyWYUyPS|�dsHVJSU&e[eO\O^vF_}kU�~{~�P
� iS�{�S�&�]���"FI���SdS^[zSP��"U4^O��F_H]�oP
f[pqHKeO\OWr\Ods\�tvudS^�j�Z]��eOW�n�JSU4^���\O�$w{eO�SZGuF_^[UyP � DG`��C��UQ^O�stqFI��U4HSZVwxt�UQH�P
� iS�{�o�{�x�b��U&e[eOl�W�HVzKPE�"U4^O��F_Hk�

RxdSlr���o�yPK�o�{�S�
� eOds�S�Wr\O\[U&J?\[w�#U4lrl�dVev�

p�cScS ¡�{¢o�]£¥¤v���o�{�

¦�§�¨ª©q©¬«Om®k¨ª¯y°�±²¯_³(´ªµI¶q·x¨v©O¸ ¹«�ºC´v±²»]´4°I°�©¬«O¼¾½k»¿´v¯x°yÀ#°¥Á¥©ÃÂvÄ °I«



Å$Æ2Ç4È_É_ÊSËyÈoÌ

�	ZVU\O^vFIHKeO�¹wx^O\-wxt�\OZVU$�EFye[e¾WrÍ{U\O^vFyX&U4^[e*LmÎ¥A5� f F_HVJ�ckT#Ï�ZMFxeb�¹U&U4HÐ�Ñw�JsUQl�lYU¥J�Ò�W�\OZ�\ÃÒ�w?ÍoU4^[eOWYwyHKe-wxt
\OZVU@zoU4HVU4^vF_lGXQW�^[X4dSlÓFI\OWYwyH?�$w�JSU4lGÔ�A��C�bg'��Ò5Wr\OZ�J�W���UQ^[U4H]\CÍoU4^O\OWÕX�F_lG^[U&e[wxlrdS\OWYwxH.Ö�\OZVU�eO\vF_HVJVF_^[J×�$w�JSU4l
Ò5Wr\OZ��_¢?�$w�JSU4lØlÓF&�oU4^[e � D���¢o��FIHVJÙF?ZSWYzyZKUQ^�^[U&e[wxlrdS\OWYwxH�Í{UQ^[e¾WÕwxH�Ò5Wr\OZ��{¢�lmF&�{U4^[e � D.�o¢{�vB'�ÐU�eO\OdVJk�
\OZVUW���MFxXQ\�wytØÍ{UQ^O\OWYX�FIl�^[U&e[wxlrds\OWÕwxH�wxH�\OZVU�$w�JSU4l�lÕU&J�\O^vF_HVeO��wx^O\-X[ZMF_^vFxXQ\[U4^OWYeO\OWYX¥e&B×|(wy\OZÚ�Ñw�JsUQlYe-F_^[U
F_�SlYU\[w�X_F_�S\OdS^[U*\OZVU�wx�Ve[U4^OÍoU&JÙc�T#ÏX&wyHKX¥U4H]\O^vF_\OWÕwxHVe�WrHÐ\OZVU$\O^[wx�¹w{eO�SZKUQ^[UyP2�sdS\�W�HÐ\OZVU�eO\O^vF_\[woe¾�SZVU4^[U
\OZVU'c�T2Ï��W�hkW�HVzÚ^vFI\OWYwoe�F_^[U?w�ÍoU4^[U&eO\OW���F_\[U&J¹BÛD.�o¢�z{U4HVU4^vFIl�l��/X�F_lÕX4dSlÓFI\[U&eZSWYzxZVU4^�eO\O^vFI\[w{eO�SZKUQ^OWYX'c�T#Ï
�WÜh�W�HVz�^vFI\OWYwoe�\OZMF_HÝD���¢�PØF_HVJÙ\OZSWYe$JSU4ÍkWÓF_\OWÕwxH,WrHKXQ^[U�Fxe[U&eÒ�W�\OZÞFIl�\OW�\OdVJSUyB1��ZVU?J�W��¹U4^[U4HVX&U��¹U4\ÃÒ�U¥U4H
\OZVU"�$w�JSU4l�lÕU&JÑ�S^[wyßslÕU&e�WYe5�MFI^O\Ol��aF_\O\O^OWr�sdS\[U&J×\[w�\OZVUb^[U&eOWYJ�dMF_l��$U_F_H×�$U4^OWYJ�WÕwxHMF_lGX4Wr^[X4dSlÓFI\OWYwxH.PkÒ�ZSWYX[Z?WÕe
eO\O^[wxHVz{U4^ØWrH'DG�o¢@\OZMF_H×W�HàD���¢�FIHVJÑ�MF_^O\Olr�$\[w�\OZVU"W�HSW�\OWmF_lGzylYwx�MFIl�l��ÑX&wxHVeO\vF_H]\�c�T#ÏCX&wyHVX&U4H]\O^vFI\OWYwxH.B��	ZVU
X&wx�*�EFI^OWYe[wxH�wxt��$w�JSU4lrlYU&JáLmÎ¥A5� f eOdS^OtqFxX¥U$X&wxHVX&U4Hk\O^vF_\OWYwyHVeF_HVJâÍ{U4^O\OWÕX�F_l��S^[wxßSlÕU&e�Ò�W�\OZ,wy�VeãUQ^OÍyF_\OWYwyHVe
ZMFxe�eOZVw�Ò5H/\OZEFI\$FIHÙW�HVX4^[U�Fye[U&JÐÍoU4^O\OWYX�FIl5^[U¥eãwyl�dS\OWYwyHÙW�H/\OZKUaX4l�Wr��F_\[U��$w�JSU4l�Ô�A��C�bg'�'^[U&J�dVX&U&e�\OZKU
eO\O^[U4HVzx\OZ�wxt�eO\O^vF_\[w{eO�SZVU4^[U�\O^[wx��woeO�sZVU4^[UaUvhsX[ZMF_HVz{UyB�DG�{¢�F_lrlYw�ÒCeÑFa�¹U4\O\[U4^$^[U4�S^[U&e[U4Hk\vF_\OWYwyH�wxt�e¾ZMFI^O�
zx^vFyJkWÕU4H]\[e�F_\Ø\OZVU"\O^[wy��wx�MFIdKe[UC\OZMFIH'D���¢sB2�	ZSWÕe	^[U&eOdSl�\[eØWrH'F�Ò�U_F_noU4^�Jsw�Ò�H]Ò�F_^[J$\O^vFIHKeO�¹wx^O\äFxX4^[woe[e�\OZKU
\O^[wx�¹wx�MF_dVe[UyB5�Cw�Ò�U4ÍoU4^¥P�X&wx�*�EFI^[U&J?\[w$wy�Ke[U4^OÍyFI\OWYwyHKeä\OZKU-JSw�Ò5H]Ò�FI^[J?\O^vF_HVeO��wy^O\CWÕeC\[w�w$eO\O^[wxHVz×F_lYe[w�WrH
\OZVU�DG�o¢�eOW��-dSlÓF_\OWÕwxH.B
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�	ZVU�zxlÕwx�MF_l(�$w�JSU4l�Ô�A��C�bg'�?ZMFxe���U¥U4HÙU&eO\vFI�slrWYeOZVU&JÙFye�F?�¹w�Ò�U4^OtÓdSlØ\[w�wxl�t�wy^�zylYwx�MFIlØX4l�Wr��F_\[U$ÍyFI^OW�¤
F_�SW�lrW�\¬��F_HVJ,X[ZEFIHVz{U?eOWr��dSlÓFI\OWYwyHKe � UyB²zSBrP5æ�çxè�éQê&ëÞê�ì�ç{írîÜPC��¢{¢k£]ïØð5ñ�êvòQó_ëEê&ôaê�ì-ç{írîÜP��_¢{¢{¢o�@t�wy^�X4l�Wr��F_\[U
e[U4HVe¾Wr\OW�Í]Wr\Ã��Uvhk�¹U4^OW��$UQH]\[e � UyB²zSB�P�õ�ê&ö�òQ÷kìqê&ô×çxëMøaù.ñI÷]úçyëKë2P	��¢o¢]£x�vP�FIHVJÚt�wx^-\O^vFxX¥U4^�\O^vFIHKeO�¹wx^O\�e¾\OdVJ�WYU¥e
� UyBûzKB�P�ü�öÓú�ú�ôOêªòQóÚê�ì-ç{írîÜPC��¢{¢o¢�ï�ý�þ&ê�íÓí¿é4ì�ô¹ÿñxú ê�ì@çoí�îÜPØ�{�o�{�o�vB/�Cw�Ò�U4ÍoU4^¥P	X[ZMF_^vFyX4\[U4^OWYeO\OWÕX?eOZVwx^O\[X&wy�W�HVz{e
ZMFQÍoUbeOZVw¥Ò�H×ds�aX&wyHKX¥U4^OHSW�HVz�\OZVUb\O^vF_HVeO��wy^O\5wytGXãZVU4�*WYX�FIl�eO��U&X4WÕU&e�F_HVJ��EFye[e¾WrÍ{U"\O^vFyX&U4^[e�W�H×\OZVU"�$w�JSU4l��²e
eO\O^vF_\[w{eO�SZVU4^[UäF_HVJdS�s�¹U4^Ø\O^[wx�¹w{eO�SZVU4^[UyB�ü�öÓú�ú�ôãêªòQó�ê�ì#ç{írî � ��¢o¢{¢{�vP{Ò�ZKw��$w�JSU4lrlYU&J�\OZVU"UQ^Ods�S\OWÕwxH×wxtM\OZKU
Í{wylYX�FIHVw�g'wxdSH]\-j�WrHEFI\OdS��w�F_HVJâ\OZKU�eOdS�VeãU��{dVU4H]\-\O^vF_HVeO��wx^O\�wxt�ÍowxlÕX�F_HSWYX×FyU4^[w{e[wxlÃP.ZMFQÍoU�eOZKw�Ò�HÚ\OZMFI\
eOdslr�SZEFI\[U@WÕe"\O^vF_HVeO��wy^O\[U&J'��wylYU4Ò�FI^[J�F_HVJ�JSw�Ò5H]Ò�FI^[J'W�H]\[w�\OZVU��$w�JSU4l��ûeC\O^[wy��woe¾�SZVU4^[U*F_\�F^vF_\[U-��dVX[Z
tqFxeO\[U4^ä\OZEFIHâwx�Ve[U4^OÍ{U¥J�B�ý�þ&ê�íÓí éQìmô¹ÿñxú0ê�ì5çoí�î � �{�{�o�{��e¾dS�S��wy^O\[U&J'\OZSWYe"ßSHVJ�W�HVz�WrH�\OZKUQW�^b\O^vF_HVeO��wy^O\beO\OdVJk�
wxt#L�Î&A�� f Po\OZVU"w¥hkWYJVFIH]\�wxt�^vFyJkWÕw�X�F_^O�¹wxH � LmÎ¥A��vBk��ZVU4��eOW��-dslmF_\[U&J$\OZVU"eO�S^[U�FxJ�WrHKz-wxt�L�Î&A�� f PoÒ�ZsWÕXãZ�Ò�Fye
W�H]\O^[w�J�dVX&U&J×W�H]\[w\OZVU�eO\O^vF_\[woe¾�SZVU4^[Ubwyt.\OZVUbHVwx^O\OZVU4^OH'ZVU4�*WYeO�SZKUQ^[U��k�?FI��w�ÍoUvikzy^[wxdSHVJÑH]dVX4lÕU�F_^�Ò�U�FI��wxH
\[U&eO\[e@WrHÚ\OZVU$ßStÓ\OWYU&e*F_HVJ�W�HÐ\OZVU�¹U&zxWrHsHSWrHKzàwxt�\OZVUÑeOW�hk\OWYU&e¥B?��ZKUQ��t�wydSHKJ�\OZMF_\-\OZVU*�Ñw�JsUQl�lYU¥J LmÎ A�� f
X&wxHVX&UQH]\O^vF_\OWÕwxH�FI\"eOdS^OtqFxX&U-eO\vF_\OWYwyHVe5W�HVX4^[U_Fxe[U&e5tqFyeO\[U4^C\OZMF_H�wy�VeãUQ^OÍ{U&JàJkdS^OWrHKz�\OZVU�ßS^[eO\C�oU�F_^�F_tÓ\[U4^ä\OZKU
H]dVX4lYU_F_^�\[U&eO\5�MFIH?\O^[U�FI\Ã�oB
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JSU4ßVX4WYU4Hk\�\O^vF_HVeO��wy^O\ØXãZMFI^vFxX4\[U4^OWÕeO\OWYX&e�WrH�\OZKUäÔ�A��C�bg'�b�$w�JSU4lVeO\OdKJ�WÕU&eØX4W�\[U¥J�F_��w�ÍoUyB�c]ZEFI^O��zx^vFyJkWÕU4H]\[e¥P
Fxe�\OZVU4��FI^[U�wx�Ve[U4^OÍoU&Jbt�wx^GJ��]HMF_�*WYX��MF_^vFI�$U4\[U4^[e�lrW�noU�UyBûzKB�P¥�¹wx\[U4Hk\OWÓF_loÍ{wy^O\OWYX4Wr\Ã�-X4lÕw{e[U2\[w�\OZVU�\O^[wx��wy�MF_dVe[UyP
X�F_HSHVwx\���U�^[U4�S^[w�JkdVX&U¥JÒ5Wr\OZ$\OZKU�lÓFI^[z{UCzy^OWYJ�¹w&h$eOW	�&U&e�\Ã�]�SWYX_F_lVt�wx^ØX4dS^O^[U4Hk\ä�@A�g'e¥B2�"JSJ�W�\OWYwyHMF_l�lr�oP{\OZKU
H]dS�$U4^OWÕX�F_l#J�W��MdKeOWÕwxH�Fye[eãw�XQWÓF_\[U¥JÑÒ�W�\OZ'\OZVU-e[U4�WÜiSDGFxzx^vFIHVzxWÓFIH$\O^vF_HVeO��wy^O\"e[XãZVU4�ÑU@dVe[U&J�t�wy^5\OZVU�\O^vFxX&UQ^
\O^vF_HVeO��wy^O\	WÕe	�S^[wy�EFI�Sl���\[w�w�eO\O^[wxHVzKB#Ô�HsZMFIHKX¥U&J?eO�MF_\OWmF_l�^[U&e[wyl�dS\OWYwyH?X�FIH��¹UbUvhk�¹U&X4\[U&J�\[w$JSU&X4^[U�FyeãUä\OZKU
�S^[wx�SlYU4�Ñe	WrH'U4Wr\OZKUQ^5^[U&eO�¹U&X4\ � ð5çxéQòQ÷?çxëMø�ùGç�
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c�wCtqF_^#U4�¹wx^O\[eGW�H�Wr��S^[w�Í]W�HVz"lÓFI^[z{Uvi�e[X�F_lÕU�J��]HMF_�WÕX&e.ZMF&ÍoU(��F_W�HSlr�@t�w�XQdKe[e[U&J�wxH�W�HVX4^[U�FyeOW�HVz5\OZVUØZVwx^OW	�¥wxHS¤
\vF_lV^[U&e[wxlrds\OWÕwxH � UyB²zSB�P�"ñ���ö�íÓíÜêoPV�_¢{¢s�{ïSæMê&ëVö�ñxôoP���¢o¢{~�ï���ö�íÓí¿ö�çxú�é4ñyë?ê�ì�ç{írîÜPM��¢o¢{~sï���çxôvé[÷�ç{íÓí�ê�ì�ç{írîÜPM�_¢{¢]£y�vP
JSU4Í{UQlYwx�SWrHKz×�$wx^[U*eãwy�SZsWÕeO\OWYX�FI\[U&J��EFI^vF_�$UQ\O^OWYevF_\OWÕwxHâe[XãZVU4�$U¥e � U{BûzSBrP�ù.ñx÷oú*çxëVëÙçxëMø�ð5ñ�êvòQó_ëMê&ôoP��_¢{¢{�o�vP
wx^ØJ�Wr��U4^[U4Hk\	\O^vFIHVe¾�¹wx^O\Øe[X[ZVU4�$U&e � UyB²zSBrPKð5çyé4òQ÷ÑçyëEø-ùGç�
�ôOê&ëEòvêoPK��¢o¢{��ï�ð5ê&ö�ìm÷oú*ê&ö�ê&ôbçxëMø-æ�çxè�éQê&ëGP]�o�{�s�_�vB
�CHslr�ÚlrW�\O\OlÕU�F_\O\[U4Hk\OWYwxH,ZMFye���U¥U4H,�MF_WYJ�\[w�\OZVU?e[U4HVeOW�\OWrÍ]W�\¬�ÙwytbeOW��-dslmF_\[U&J/Jk�kHEFI�WYX¥e$wxHÙ\OZVU�ÍoU4^O\OWÕX�F_l
^[U&e[wxlrds\OWÕwxH.PEF_lr\OZVwxdVzxZÚù#öÓëMø���ê&ë�çxëMø*õ¹ñ�����ð5ç��4öÓëEñ���ö�ì	� � ��¢o�{¢{��Uvhk�SlmF_W�HVU&Ja\OZEFI\C\OZVU�Í{U4^O\OWÕX�F_lG^[U&e[wyl�dS\OWYwyH
ZMFxeb\[w��¹U$XãZVw{e[U4HâJ��]HMF_�*WYX�FIl�l���X¥wxHVeOWYeO\[U4H]\�\[w�\OZVUZVwx^OW��&wxHk\vF_l�^[U&e[wyl�dS\OWYwyH�WrHÐwy^[JSU4^�\[w?W���S^[w�ÍoU\OZKU
�{dMF_lrW�\Ã�*wxtM\OZKU��$w�JSU4lVwxdS\O�SdS\¥B#��ZVU4W�^(ßsHVJ�W�HVzoe�Ò�U4^[UCeOdS�S��wx^O\[U¥J��]���5í��{ç�ê�ì#ç{írî � �_¢{¢S���vB2�ClÕeãw�ü�évè �xèkó_ö
� ��¢o¢x�]��eOZVw�Ò�U&J�\OZEFI\"F-ZsWÕzxZVU4^�ÍoU4^O\OWYX�FIl�^[U&e[wxlrds\OWÕwxH×W�Ha\OZKU�eO\O^vF_\[woeO�sZVU4^[U"WÕe	HVU&X¥U&e[eªFI^O�$\[w�W��*�s^[w�ÍoUb\OZKU
eOW��-dslmF_\[U&J�\O^[wx�¹w{eO�SZVU4^OWYX"ÍyFI^OWÓF_�SWrl�W�\¬�oB	�äw¥Ò�UQÍ{U4^¥P!�"ñ���ö�íÓí ê � ��¢o¢s�_��JsUQ\[U&X4\[U&JawxHSl����WrHKwy^�XãZMF_HVzoU&eCFye	ZVU
^[U&J�dVX&U&J�\OZKU"ÍoU4^O\OWÕX�F_l�zy^OWYJ×eO�EFyX4W�HVz-tÓ^[wx�9�sB �@\[wÑ��B £bn]� F_\äF�ZKwy^OW	�&wyH]\vF_l.e¾�¹U&X4\O^vFIlE^[U&e[wxlrdS\OWYwxH×wyt2�ä�s�{B
üSñxú#"Eó_öÓëKéÑçxëMø%$	úçyëKèSê�í � �{�{�o�{�C�¹wxW�Hk\[U&JÚwydS\@\OZMFI\��A�g'ebHKU¥U&JâF�Í{UQ^O\OWYX�FIl�^[U&e[wxlrds\OWÕwxHâwxtäFI\blYU�Fye¾\
�{~�ZKj�F�\[w$FI\O\vF_W�HaH]dS�$U4^OWÕX�F_lGX&wyH]ÍoU4^[z{U4HVX&UbWrH?eOW��-dSlÓFI\[U&J�Ò�FI\[U4^¾ioÍyFI��wxdS^äJ�WYeO\O^OW��SdS\OWYwyH�B
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��U4^Ot�wy^O�$U&JâÒ5Wr\OZÞD.�o¢'F_HVJ,D��_¢?eOW��-dslmF_\OWrHKz�\OZVU×JkWÕeO\O^OW��SdS\OWYwxHVewyt�LmÎQA�� f F_HVJ,c�T#Ï�BÚ��ZVUÑ�Ñw�JsUQl�lYU¥J
\O^vFxX&UQ^5e[U4\¾i]dS�?WYe�wxdS\OlrW�HVU&J�WrH?\OZSWYeäe[U&X4\OWYwyH.B

���a� �#�1�

c�T2Ï-WYe�W�HSW�\OWmF_l�WÕe[U&J�WrHÚ�¹wx\OZ��$w�JSU4lYebÒ�W�\OZ,FazxlYwy�MF_l�lr�'dSHSW�t�wx^O� X&wyHVX&U4H]\O^vFI\OWYwxHâßVU4lYJâwxtä�sB �{���S�s\OÍâwyH
R]FIH]dMF_^O���yPs�_¢{�{¢äFxX&X¥wx^[J�W�HVz"\[w 8 ê&ëVëKöÓë2�bê�ì.çoí�î � ��¢o¢{¢o�vB.�	ZVUØ��UQ^OWYw�J��_¢{�o¢	\[w��¢o¢{� � ßSÍoU	�oU�FI^[eª��WYe#\OZVU4H
eOW��-dslmF_\[U&J��]�^OdSHSHsWrHVz@\OZVU5�Ñw�JsUQlsWrH�X4l�Wr��F_\[wylYwozxWYX_F_l��$w�JSU�Ò5Wr\OZ�wx�Ve[U4^OÍ{U¥J$eãU_F"e¾dS^OtqFyX&U	\[UQ���U4^vFI\OdS^[U&e
F_HVJÐWÕX&U�X¥w¥ÍoU4^�Fye��¹wxdSHVJKFI^O�ÙX&wyHVJkWr\OWYwyHKe¥BÐ��ZKU×eOdS^OtqFxX&U×U4�WÕeãeOWÕwxH�,Sdsh/wyt"c�T#Ï*WÕe��S^[U&e[X4^OW��¹U&JÐdVeOW�HVz
U&eO\OW���FI\[U&eØwxt¹�$wxH]\OZSlr�$zxlÕwx�MF_lMU4�WÕeãeOWÕwxHVe�^vF_\[U&e�Fye��S^[wx��woe[U&J�]�×ùGê5��öÓë?çyëEø - ê&éªéª÷kçyöÓúê&ô � �_¢{¢{�o�vB2�	ZVU
c�T2Ïbe[wxdS^[X&U¥e"F_HVJ?\OZVU4Wr^"eO\O^[U4HVzx\OZâFI^[U�J�WÕe¾\O^OWr�Sds\[U¥J�z{U&wozx^vF_�SZSWYX_F_l�lr�×FxX&X¥wx^[J�W�HVz$\[w$��wx�SdSlÓFI\OWYwyH'JSU4HVeOW�\Ã�
F_HVJ�U4lYU¥X4\O^OWYX�FIl]��w�Ò�U4^�dVevFxzoUØFxeGzyW�ÍoU4H�W�H 8 ê&ëKëVöÓë2�äê�ì�çoí�î � �_¢{¢o¢{� � e[U&U�TGWYzyds^[U��o�vB�c�T2ÏGWYeG�S^[U&JSwx�WrHEFIH]\Ol��

T.WÕzxdS^[U-��Ö}��Y�S�|5KRw5�QX GI~�w�^/]QGIH�JLKMGONQP�JRGTS5U\w5U ]�]QYMU2HLGOJ��\S5W���� Ï HLS5PQKM~+Y�H�k

U4�Wr\O\[U&J?W�HàW�HVJ�dKeO\O^OWmF_l�WÕe[U&J?^[U&zyWYwxHVeäwxt#\OZKU�HVwx^O\OZVU4^OH'ZVU4�*WYeO�SZKUQ^[UyPMeOdVX[Z�Fxe� Cwx^O\OZ��C�$U4^OWÕX�F�PEÔ�dS^[wx�¹UyP

�



F_HVJ�c�wxdS\OZâÔØFxeO\b��e¾WmF�B���ZVU4^[U$F_^[U�HKw×eOW�HSn�e"WrH�\OZVU�\O^[wy��woe¾�SZVU4^[U$FIHVJ�e¾\O^vFI\[w{eO�SZVU4^[UyB$ð5ç���öÓéª÷kçyëSóxçyôOç
ê�ì�ç{írî � ��¢o¢{�o��Fxe[eOdS�$U2\OZMF_\�c�T#Ï.WÕe.JSU&eO\O^OdVX4\[U&J-W�H�\OZVU��$U&e[w{eO�SZVU4^[UØFyeGF	^[U&eOdSl�\[e#wxtSU4lÕU&X4\O^[wyH�FI\O\vFxX[ZS�$U4H]\¥B
�"e�\OZSWYe�eOWrHsnbWÕe2eO\OWrl�l�ÍoU4^O��dsHVX4lÕU�F_^¥PxÒ�UØJ�WYJ-HVwx\GW�HVX4lrdKJSUØW�\#W�H�wxdS^G�$w�JSU4l�eOWr��dSlÓFI\OWYwyHKe¥B2pqH�\OZVUØt�wxl�lÕw�Ò5WrHKzKP
^[U&eOdSl�\[e�Ò5Wr\OZ?^[U&eO��U¥X4\5\[wÑckT#ÏbFI^[U"�s^[U¥eãUQH]\[U&J�tÓ^[wy�9\OZKUblmFxeO\��{U�FI^CwytG\OZKUb�$w�JSU4l¹W�H]\[U&zy^vF_\OWÕwxH.B

���.� ���(���� 

|�Fxe[U&J$wxH�wy�VeãUQ^OÍ{U&J$�S^[wxßSlÕU&e�wxt#LmÎ¥A�� f :kñI÷oëVéQì¼ñyë � ��¢{�o¢{��X¥wxHVeO\O^OdKXQ\[U&J$\OZKU¡�&wxHMF_lrl��$eO�]�*�$U4\O^OWYXbJ�WÕe¾\O^OWr¤
�Sds\OWÕwxH�wyt�UvhsX¥U&e[e�LmÎ¥A5� f t�wy^��"X4\[wx�¹U4^�_¢{�{�sBC�	ZSWYebJ�WÕe¾\O^OWr�Sds\OWÕwxH�^[U4�S^[U&e[U4H]\[ebwyHSl���F^[wydKzyZ�U&eO\OW���FI\[UyP
��U&X_F_dVe[UCwx�Ve[U4^OÍyFI\OWYwxHVe�Ò�U4^[Ube[X�F_^[X¥UyB�g�F_H]�WrH��OU&X4\OWYwyHVe5w�X&XQds^O^[U¥J�J�dS^OW�HVz�\OZVU"H]dVX4lÕU�F_^�\[U&eO\�e[U4^OWYU&e¥PKFIHVJ
\OZVU�\[wy\vF_l#FI�$wxdSH]\�wxtG^vFxJ�WYwkFxX4\OWrÍ{Ub��FI\[U4^OWÓFIl�W�H]\O^[w�J�dVX&U&JaWYe5dSHVX4lÕU�F_^¥B	Ô�^O^[wx^"U¥e¾\OWr��F_\[U¥e5t�wx^�\OZSWYe"J�WÕe¾\O^OWr¤
�Sds\OWÕwxH�ZMF&Í{U"HVwx\��¹U&U4H×zxWrÍ{U4H.B�p¼H×\OZVU4W�^�^[U&X&UQH]\�e¾\OdVJ�� - ê&évéª÷kçxöÓú*ê&ôbçxëMø�ù.ê5��öÓë � �{�o�{�o��eO��eO\[U4��F_\OWÕX�F_lrl��
W�H]ÍoU&eO\OWYzkF_\[U&J×\OZVU�wy�Ke[U4^OÍyFI\OWYwyHEFIl��MFxeOWYe�t�wx^�\OZSWYeCJ�WÕe¾\O^OWr�Sds\OWÕwxH.PKHMF_�$U4lr��\OZVU�eO\O^vF_\[woe¾�SZVU4^OWÕX�FIW�^�eªFI��SlYU&e
X&wxlrlYU&XQ\[U&J�J�dS^OW�HVzH]dVX4lÕU�F_^�Ò�U�FI��wxH×\[U&eO\[eäF_HVJ��SdS�Sl�WYeOZVU&J×W�H��äU�F_lr\OZ�F_HVJacSF_t�U4\¬�?DGFI��wx^vFI\[wx^O�$^[U4�¹wx^O\[e¥B
�	ZVU4�×JSU4\[U4^O�*W�HVU&J'FIH?dSHVX&U4^O\vFIW�H]\¬�?wyt.lÕU&e[e	\OZMFIH£¢�~Q¤ t�wx^�\OZVU��{dMF_^O\[U4^Olr���ÑU�F_Hàe¾\O^vFI\[w{eO�SZVU4^OWYX LmÎ A�� f
FxX4\OWrÍ]W�\¬�×X&wxHVX&U4Hk\O^vF_\OWYwyHVe&B

T.WÕzxdS^[UÙ�sÖ¦¥2S5U w�^§Z\Y+w5U¨]QGIH�JLKMGONQP�JRGTS5U©S5W�YMª(~�Y+HLH LmÎ e7« f `bS�^OPQZ\YVZFG6ª(GOU |*KRw5JMGTS£w�H1P HLY�]�w�H%GOU G6JRGIw�^�]�GTH�¬
JLKRG6NQPQJRGIS5U£WqS5K�«;~aJRS5NYMKxyzo��m*GOU®JLX Y1ltm�o*HLGOZ¡P ^Tw5JMGTS5Utk°¯�HLS�^IGOU2Y+H�±dm����(²;mb³5�(²§³5���(²�´b³5�(²#y5³5���(²�µ�³5���(²�w5U ]
³5�����¶·yz��¸ Lº¹ Z\S�^TY¼»zZ\S�^TY�k

�"e�\OZVU×\O^vF_HVeO��wx^O\�W�H,\OZVU?eO\O^vFI\[w{eO�SZKUQ^[UÑWÕeJSwx�WrHEFI\[U&JÐ�]�©�&wxHMFIl	Ò�W�HVJSe�Wr\WYe$Fye[e¾dS�$U¥JÐ\OZMF_\�¹wx�-�
W�H]\O^[w�J�dVX&U&J LmÎ A�� f WÕe�JkWÕeO\O^OW��SdS\[U&J½�¥wxHMF_lrl��'ZVwx�Ñw{z{UQHKU¥wxdVeOl��?HSWrHKU��$wxH]\OZVe�F_tÓ\[U4^b\OZVUe[U4^OWÕU&e�wxtØ�¹wx�-�
\[U&eO\[e¥B#��ZVU[�&wyHEFIlE�$U_F_H×J�WYeO\O^OW��SdS\OWYwyH'wxt.UvhsX&U&e[eäLmÎ¥A�� f ZMFxe��¹U&U4H×\O^vF_HVeOt�U4^O^[U&J�\[w�\OZVUbJ�W���UQ^[U4H]\��$w�JSU4l
zx^OWÕJsebwyt�D���¢�F_HVJâDG�{¢ � eãU¥UT.WÕzxdS^[U$�o�vB�Ô#hSX&U&e[e�LmÎ¥AÝÒ�Fye"�s^[U¥Jswy�W�HMFIH]\Ol���^[U4lÕU�Fxe[U&J�WrH]\[w�\OZVUeO\O^vF_\[wy¤
eO�sZVU4^[Uàwxtb\OZVU'HVwx^O\OZVU4^OHÞZKUQ�WYeO�SZVU4^[UyB g�F_hkW��-dS� LmÎ¥A5� f Íowxl�dS�$U'�*WÜhkWrHKz�^vF_\OWYwoe$\OZKUQ^[U�UvhsX&U&U¥JsU¥J

£



~{�o�{� ? ��� ¸ L¾¹Ø�$wxlÕUb¿¥�$wylYU���wylYU4Ò�FI^[J'wxt	�{� =  ¡��U4\¬Ò�U&U4H,�_�{�$F_HVJ�~o�ZKj�F�Bbp¼H�\OZVU�\O^[wy��woe¾�SZVU4^[U-wxt�\OZKU
e[wxdS\OZVU4^OH�ZVU4�*WYeO�SZKUQ^[U�\OZVU�LmÎ¥A�� f X&wxHVX&UQH]\O^vF_\OWÕwxH×Ò�Fxe�lYw�Ò�U4^�\OZEFIH��o�{� ? ��� ¸ L�¹��$wxlÕUb¿¥�ÑwxlYU{B

�	ZVU\[U4�*��wx^vFIlØÍyF_^OWmF_\OWYwyHÐwyt�\OZKU$\O^[wy��w{eO�SZVU4^OWYXaLmÎQA�� f X&wyHVX&U4H]\O^vFI\OWYwxHâWYe�JSU4\[U4^O�WrHKU¥JÚ�]��UvhsX[ZMF_HVz{U&e
Ò5Wr\OZ�\OZKUØw�X¥U�F_H.PQ\OZVU�\[UQ^O^[U&eO\O^OWÓF_lk�sWÕw{eO�SZVU4^[UyPxFIHKJb\OZVU�dS�S��U4^�FI\O�$w{eO�SZVU4^[UyP¥Ò�ZSWYX[Z�WrHKXQl�dVJSU&e�ÍyF_^OWÓFI\OWYwyHKe�WrH
\OZVU5HMF_\OdS^vF_lM�S^[w�JkdVX4\OWÕwxH.PsFIH]\OZS^[wx�¹w{z{UQHsWÕX5UQ�WYe[eOWYwyHKe¥P�F_HVJ^vFxJ�WÕw]FxXQ\OW�ÍoUCJSU&X�F&�oB�TVwxl�lÕw�Ò5WrHKz - ê&évéª÷kçxöÓú*ê&ô
ê�ì�ç{írî � �_¢{¢y�]��Ò�U�F_�S�Sl���F"eOW���SlYUØ�$w�J�dSlYUØt�wy^2\OZVU�zxlYwy�MF_l�X�FI^O��wyH�X4�sX4lYUyB2��UØJ�W�Í]WÕJsU�\OZVU	�SWÕw{eO�SZKUQ^[U�W�H]\[w
\OZS^[U&UbX�F_^O�¹wxH$^[U&e[U4^OÍowxWr^[e � TGWYzydS^[Ub�]�vB��	ZVU"eO��FIl�lYU¥e¾\Ø^[UQ�s^[U¥eãUQH]\[e	lÕU�F&Í{U¥e&P�ßsHVUC^[w�wy\[e¥PsF_HVJ�\ÃÒ�WYzoe&B�pq\	ZMFye
F@X_F_�MFxX4Wr\Ã�$wytØ���o~�j(z � A��	FIHVJ*Wr\[eØ\Ods^OHVw�ÍoU4^�\OW��$U"WÕe5���{U_F_^[e¥B��	ZVU"e[U&X&wyHVJ*^[U¥eãUQ^OÍ{wyW�^¥PkÒ�W�\OZaF�X_F_�MFxX4Wr\Ã�
wxt	�]£x~$j�z � A	�"eO\vFIHKJSe"t�wy^"�S^vF_HVXãZVU&e¥PE^[w�wx\[e¥P.FIHVJ'\O^[U&Uvio\O^OdSHSn�e¥B�p¼\�\vFIn{U&e��k£��{U�FI^[e"\[w�tÓdSl�lr�?^[U4�SlÕU4HSWYeOZ
W�\¥Bbc�wxW�lÕe"eO\[wx^[U�\OZVU�lÓFI^[z{U&eO\@F_�$wydsHk\bwxt�X�F_^O�¹wxH.B"�	ZSWYe"^[U¥eãUQ^OÍ{wyW�^"WÕeCt�U&J?�]�a��wy\OZ�wx\OZVU4^C^[U¥eãUQ^OÍ{wyW�^[e¥B�pq\
ZMFxe�F'X�F_�MFxXQW�\Ã�âwyt��¥�]�{�×j�z � A��@Ò�W�\OZáF?\OdS^OHKw�ÍoU4^\OWr�$U�wxt��]£x~×�{U�FI^[e¥B��	ZVU LmÎ A�� f X&wxHk\[U4H]\wyt�\OZKU
w�X&U�FIHKe�F_HVJÙ\OZVU×UvhsX[ZEFIHVz{U�Ò5Wr\OZ,\OZKU×\[U4^O^[U&eO\O^OWÓFIl5�SWÕw{eO�SZKUQ^[UÑWrHÙ\OZVU��$w�JSU4l�JSU4��UQHKJSewyHÙ\OZVU�LmÎ¥A�� f
X&wxHVX&UQH]\O^vF_\OWÕwxHàF_\�\OZVU@eOdS^OtqFxX¥U"lYU4ÍoU4l#F_HVJ�\OZVU L�Î A�� f X&wyH]\[U4H]\�W�HaU�FyXãZa^[U&e[U4^OÍ{wyW�^¥PEFIHKJ�WYe��S^[wx�¹wx^O\OWYwyHMF_l
\[wÑ\OZVUÑL¼fQA5� f eOdS^OtqFxX&U\,sdshsU¥e�FxebJSU4�SWYX4\[U¥JàWrH�T.WÕzxdS^[U�KB@�	ZSWÕebe¾Wr��SlYU��Ñw�JsUQl2t�wy^"\OZVU�zxlÕwx�MF_l#X�FI^O��wyH
X4��X4lÕU�wxHSl���FxX¥X&wxdSH]\[e-t�wx^�lYwyHKzy¤¼\[UQ^O� U4hsXãZMFIHKzoU&e��¹U4\ÃÒ�U¥U4HÙU�FyXãZ�^[U&e[U4^OÍowxW�^¥BâckU_Fxe[wxHMF_l(ÍyF_^OWÓFI\OWYwyHKe*F_^[U
HVwx\�W�HVX4lrdKJSU&J¹B

atmosphere

ocean
soils

branches
twigs

leaves

675

105

1420

60

25

23,1

35

33,1

3,8

1,9

1,9

T.WÕzxdS^[U��SÖ��§^TS5N w�^r~�w5KLNS5UÀ~a�(~+^IY%w5U ] L¼f e}« f�Á PQª(Y�HxÂÃ�Ä|Qpºe}uL»5w5ÅrNYMJ�ÆgY�YaU½JLX2Y�KRY+H�YMKL`bS�G6KRH\JRS�|�YMJ�X YMK\Æ�G6JLX
HLY�^TY�~MJMY+]�KRY�HLYMK�`bS�GOK�H�GT��Y+HÇÂ ��|5Åtw�H}P HLY�]ÈG6U�JLX Y�Z\S�]�Y+^�HLG6Z[P ^Iw5JRGIS5U H�k

p¼H�\OZVU��$w�JSU4l#e¾Wr��dSlmF_\OWYwyH�wxHSl��×\OZVU�J�WYeO\O^OWr�sdS\OWÕwxH�wxt(UvhsX&U¥eãe�LmÎQA5� f PEHEFI�$U4lr��FxJSJ�W�\OWÕwxHMF_l(LmÎ¥A�� f tÓ^[wx�
F_�¹w¥ÍoUvi�zx^[wxdSHVJ�H]dVX4lYU_F_^-Ò�U�F_�¹wxHÐ\[U¥e¾\[e�WYe-�$w�JSU4l�lÕU&J¹Bà��ZVU4^[U4t�wx^[U\OZVU�HMF_\OdS^vF_lØ�S^[w�J�dVX4\OWYwyHÙwxt�LmÎ¥A�� f
F_HVJÐ\OZVU'U4�*WYe[eOWYwxHáJkdVU×\[wÚwy\OZKUQ^�F_H]\OZS^[wy��w{zoU4HSWYX×e[wxdS^[X&U&e � U{BûzSBrP�t�woeãeOWrl	tÓdVU4läX&wy���SdVeO\OWYwxH�wy^�^[U4lÕU�Fxe[U
tÓ^[wx�9l�WÕzxZ]\�Ò�F_\[U4^ä^[U�FxX4\[wy^[ev�(WÕe"wx�Wr\O\[U&J¹Bb�äX¥U�F_HVe"FI^[U-F_�SlYU�\[w�e¾\[wy^[U-F�ÍyFyeO\bF_�ÑwxdSH]\"wyt�X_F_^O��wyH.B5p¼\"WÕe
Fxe[eOdS�$U&J'\OZMF_\-J�WYe[e[wxlrÍ{U&J�LmÎ¥A�� f WÕe�^vFI�SWYJ�l����W�hsU&JâJSw¥Ò�H]Ò�FI^[J�B���ZVU4^[U4t�wy^[U�\OZVU�,sdsh��MFxX[n�tÓ^[wx�0\OZKU
w�X&U�FIHW�H]\[w�\OZKU@F_\O�$woe¾�SZVU4^[UCWÕeØHKU¥zxlYU¥X4\[U&J¹BØLmÎ¥A5� f ZMFxe�F�^vFyJ�WYw]FyX4\OW�ÍoUCZMF_lrtÕiolrW�t�U"wytG~]£y�{�"�{U_F_^[e¥B���e�\OZKU
LmÎQA�� f i�e¾Wr��dSlmF_\OWYwyH��¹U4^OWYw�J-Uvhk\[UQHKJSe�wxHSl��-w�Í{UQ^5�_�5�{U_F_^[eG\OZKUØ^vFyJkWÕw]FyX4\OW�ÍoU�JsU¥X�F&��wxt.LmÎQA5� f WYeGHKU¥zxl�WÕzxWr�slÕUyB
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æVè�ôÍÌ4ç{òvê��Iç{í¿èSê&é

�	ZVUØwy�Ke[U4^OÍoU&J*ckT#Ï2�*WÜhkWrHKz"^vFI\OWYwbFI\2\OZVU�eOdS^OtqFxX&UØX4lÕw{e[U4lr�bt�wxl�lÕw�ÒCe#F#�{dMFyJk^vFI\OWYXØtÓdSHVX4\OWYwyH�W�H-\OW��ÑU ��Î ê�íÓíÜê&ô
ê�ìCçoí�îÜP(�_¢{¢k£x�vBÑ��ZVU$zxlYwy�MF_l#\O^[U4HVJÐwxt�\OZVU�$w�JSU4lrlYU&J��WÜh�W�HVz?^vF_\OWÕw � W�Hâ�S�S\OÍS��FI\@\OZVU$eOdS^OtqFxX&U*X�F_Hâ��U
F_�S�S^[w¥hkW���FI\[U&J��]�

Ï�Ð�Ñ�ÒÓ �qÔ �ÖÕ �2> ~o�{�§×Ù� >¿�{�{� Ô ×Ù�2> �{�o� Ô�f t�wy^äD.�o¢ � ���
Ï Ð L ÒÓ �qÔ �ÖÕ �2> ~o�]£r×Ù� >¿�{�{� Ô ×Ù�2> �{�S� Ô f t�wy^äD��_¢ � �{�

Ò5Wr\OZ Ô ��U4WrHVz*\OZVU�\OW��$U � W�H'�oU�FI^[eª��^[U4lÓFI\OW�ÍoU�\[w���¢o¢{�sB(��ZKU��$w�JSU4lrlYU&J?�ÑwxHVwx\[wyHsWÕXbW�HVX4^[U�FyeãU�WYeäeOl�WYzyZ]\Ol��
tqFxeO\[U4^"\OZMFIH�\OZVUzy^[w�Ò5\OZ�^vFI\[U�\OZMF_\ Î ê�íÓíÜê&ôê�ìCçoí�î � ��¢{¢k£x�CX_F_lYXQdslmF_\[U&J'tÓ^[wy� wx�Ve[U4^OÍyFI\OWYwxHMFIl�JVF_\vFsB�ØCeO¤
W�HVz'\OZVU�evFI�$U�U4�WYe[eOWYwyHÙe[X&U4HMFI^OWYw 8 ê&ëVëKöÓë2��ê�ìbç{írî � ��¢o¢{¢o�@FIlYe[w'JSU4\[U&XQ\[U&JÙW�H�\OZKUQW�^WrH]\[U4^[X&wy��MF_^OWYe[wyH
eO\OdKJ���\OZMF_\�\OZVU�eOW��-dSlÓFI\[U&J?eOdS^OtqFxX&U"�*WÜhkWrHKz$^vFI\OWYw�Ò�Fye5ZSWYzyZKUQ^5\OZMF_Hàwx�Ve[U4^OÍoU&J�t�wy^CU4ÍoU4^O�×�$w�JSU4lGFI\"FIl�l
\OW��$U¥e5wyt.\OZVUb�oU�F_^-��¢o¢{�-F_\äF_lrl��$U�FxeOdS^[U4�$UQH]\�e¾Wr\[U&e¥B(�äw¥Ò�UQÍ{U4^¥Ps\OZVU�J�W��¹U4^[U4HVX&U&e���U4\¬Ò�U&U4Ha��wx\OZaX4dS^OÍoU&e
^[U4��FIW�H�eO��F_lrl�J�dS^OW�HVz×\OZsWÕeb��U4^OWÕw�J�ÖCW�H�\OZVU��¹U&zxWrHsHSWrHKz×wxtä��¢o�{¢\OZVU��$w�JSU4l�lÕU&J'�W�hkW�HVz�^vFI\OWYw�WYeblYw�Ò�U4^
\OZMF_H�wx�Ve[U4^OÍoU&J'�]���sB �y�*�S�S\OÍMP2FIHVJ'W�H�\OZVU�U4HVJ�wxtä��¢{¢o�W�\"WÕe�F_��wydS\���B¿�{��S�s\OÍàZsWÕzxZVU4^ � e[U&U�T.WÕzSBG~{�vB
A(wyHVeãU��{dVU4H]\Ol��]PkÒ�U-F_^[UbX&wyHsßVJSU4H]\�Ò�W�\OZ'\OZVU�XãZVwoeãUQH?U4�*WYe[eOWYwxHVe¥B
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uak[ÙgX Y'~aPQKL`bY�H7KMYM�QKMY+HLYaU�J�|�^IS5N w�^Í²
U S5KLJLX2YMKLU\X YaZ\GTH���X YMKMY�²�w5U ]�HLS5PQJLX YaKLU\X YaZFGIH��QX2YMKRY�²�KRY�H��tkI²�ZFY�w5U H}S5WàJLX Yrlnm�o'Z\S�]�Y+^ KRY�H�P ^6JRH�k

p¼H/T.WÕzxdS^[U×�?\OZKU�wy�Ke[U4^OÍoU&J/F_HVJ�\OZVU��$w�JSU4l�lÕU&J�ckT#Ï�WrHKXQ^[U�Fxe[UHVU�F_^-\OZVU�e¾dS^OtqFyX&U�F_^[U�JSU4�SWYX4\[U¥J�B��	ZVU
J�W���UQ^[U4HVX&U&e��¹U4\ÃÒ�U&UQHÑ�¹wx\OZ�Ñw�JsUQlEeOW��-dSlÓFI\OWYwxHVeØFI^[U5ÍoU4^O�$eO��FIl�lqP{WqB²UyB{lYw�Ò�U4^�\OZMF_H���B �o�"�s�S\OÍMB���ZKUQ^[U4t�wx^[U
wxHSl��×\OZVU��$w�JSU4lGÍyFIl�dVU&e"tÓ^[wx� \OZVUDG�{¢eOWr��dSlÓFI\OWYwyHâF_^[U��slÕwx\O\[U&J¹Bb�"ebc�T2Ï"WÕeC�S^[U&JSwx�WrHMF_H]\Olr��U4�Wr\O\[U&J
F_\�\OZKU�e¾dS^OtqFyX&U5wytE\OZVU5HVwy^O\OZKUQ^OHÑZVU4�*WYeO�SZKUQ^[UyPo\OZVU5�*WÜhkWrHKz�^vF_\OWÕw@\OZVU4^[UäWYe�ZSWYzyZVU4^�\OZMF_H$WrH$\OZKU�eãwydS\OZKUQ^OH
ZVU4�WYeO�SZVU4^[UyB	��ZVU@ÍyFIl�dVU&e�F_\"p.��FáHMF � �o��=O �P2�I£�=Ã� �äF_HVJ��"U&wy^[zx¤qÍ{wyHS¤� CUQds��FQ�oU4^�eO\vF_\OWÕwxH � £���=[cMP���=�� �
J�W���UQ^5�]�aFI��wxdS\ä��B¿���S�S\OÍMB(��ZVU&e[U"t�U�F_\OdS^[U&eäF_^[U"HSWYX¥U4l��×X�FI�s\OdS^[U&J×�]�×��wx\OZ×�$w�JSU4l�ÍoU4^[eOWYwyHKe¥B

�	ZVU"zoU&w{zy^vF_�SZSWYX�FIlVJkWÕeO\O^OW��SdS\OWYwxHawxt�\OZVU�c�T#Ï	�W�hkW�HVz-^vF_\OWYw*Fxe�eOW��-dSlÓF_\[U¥J*�k�×D.�o¢�FI\Ø\OZVU"lYw�Ò�U&eO\Ø�$w�JSU4l
lYU4ÍoU4l�t�wy^ � U&X&U4�-��U4^��_¢{¢{��WYe�eOZKw�Ò�H�WrH?TGWYzydS^[U�£b\[w{zoU4\OZVU4^�Ò5Wr\OZ?\OZVU�JkWr��U4^[UQHKX¥U"��U4\¬Ò�U&U4H?�¹wx\OZ×�$w�JSU4l
eOW��-dslmF_\OWÕwxHVe¥B*��ZKU�c�T#Ï��W�hkW�HVz?^vFI\OWYw?WÕebZsWÕzxZ/F_�¹w¥ÍoU�\OZVU�e[wxdS^[X&U�^[U&zyWYwyHKe�wytØ��wx\OZâZVU4�WÕe¾�SZVU4^[U&e¥BÑpqH
\OZVU�HVwx^O\OZVU4^OH�ZVU4�WÕe¾�SZVU4^[U?Wr\$UvhsX¥U&U&JSe���B¿�à�S�S\OÍ�F_�¹w�Í{U×\OZKUaU�FxeO\[U4^OHâØ�HsWr\[U&JÞc]\vF_\[U&e¥P	Ô�dS^[wy��UyP5FIHVJ
c�wxdS\OZVU�FxeO\���e¾WmF�B�AØwx��MFI^[U&J�\[w�\OZKU�HVwx^O\OZVU4^OH�ZVU4�WYeO�SZVU4^[UCX¥wxHVX&U4H]\O^vFI\OWYwyHKe�HKU_F_^�\OZVU"eOdS^OtqFxX¥U	\OZVU"c�T#Ï
J�WYeO\O^OW��SdS\OWYwyH�WrHÚ\OZVUe[wyds\OZVU4^OHâZVU4�WÕe¾�SZVU4^[U�WÕeb�$wx^[U��¥wxHMF_lrl��'dSHSW�t�wy^O�aP¹\OZVwxdVzxZ�\OZVU���B¿�*�S�S\OÍ�WYe[wyl�W�HVU
�SdslÕz{U&e$e[wyds\OZkÒ�F_^[JÞw¥ÍoU4^ac�wxdS\OZÝ�C�$U4^OWÕX�FÐFIHKJ��CtÓ^OWÕX�F�BÛ�	ZVU'J�Wr��U4^[U4HVX&U¥eÑ�¹U4\ÃÒ�U&UQH1\OZVU?\¬Ò�wÐ�$w�JSU4l
eOW��-dslmF_\OWÕwxHVeØF_^[U�X&wyHsßSHVU&J�\[w�\OZVU5^[U&zyWYwyHKe�Ò5Wr\OZ$\OZKU�ZSWYzxZVU&eO\(U4�WYe[eOWYwyHVe&Px�SdS\�^[U4��FIW�H�eO��FIl�lqP{WqB²UyB�P{��UQlYw�Ò
�Q¤ � TGWYzKB�£]Pk^OWÕzxZ]\v�vB

T.WÕzxdS^[U��CJ�WYeO�SlÓF&��e#�$U4^OWÕJkWÕwxHMF_lk�s^[wyßSlYU&e#wxtS\OZVU�e¾dS^OtqFyX&U�c�T2Ï#�WÜhkWrHVz"^vF_\OWYw@FxeG�$w�JSU4l�lÕU&J@�k��DG�o¢"F_HVJ�D��_¢
t�wx^( Cw�Í{UQ���¹U4^"��¢o¢{�5\[woz{U4\OZVU4^�Ò5Wr\OZ$wx�Ve[U4^OÍyFI\OWYwxHVe#\vF_noU4H�w�Í{U4^�\OZVUC��\OlÓF_Hk\OWYX��äX¥U�F_H�W�H� Cw�ÍoU4�-��U4^"�_¢{¢o�
F_HVJ äw¥ÍoU4�-��U4^���¢{¢o�5�]��\OZKUÇØ5HSW�ÍoU4^[eOW�\¬�wyt��CU4WÕJSU4l��¹U4^[z � Øb�b�"� � ùGê5��öÓë×çxëMø - ê&éªéª÷kçyöÓúê&ôoPE��¢o¢{�{�vP{FIHVJ
W�Ha Cw�ÍoU4���¹U4^b��¢o¢x�b�]�� @�5�"�-B]�	ZVUClmF_\O\[U4^�JVFI\vF�ZMF&Í{Uä��U&U4HaFyJ���dVeO\[U&J$\[w�\OZKUvØb�b�1X�FIl�W��S^vFI\OWYwxH×e[X�FIlYU
��Î ê�íÓí ê&ô�ê�ì�ç{írîÜPG�_¢{¢k£x�vB"�"JSJkWr\OWYwyHEFIl�lr�oP.FIl�l#wx�Ve[U4^OÍyF_\OWÕwxHMF_l#JVF_\vF$ZMF&Í{U-��U&U4H�e[X�FIlYU&Ja\[w� äw¥ÍoU4�-��U4^$�_¢{¢o�
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T.WÕzxdS^[U*£]Ö;i%S5U�JLX ^6�FZ\Y�w5UV��� Ï Z\G6ª�G6U |'KRw5JRGIS'U Y�w5K�JLX Y#H.PQKLWqw�~�Y�w�H�Z\S�]QY+^I^IY+]ÈN���ltm�oçpÍ^TYaW	Jaugw5U2]1]QGOè�YaKRYaU ~�Y
NYMJ�ÆgY�YaUvNS5JLXéZ\S�]QY�^ HLG6Z[P ^Iw5JRGIS5U H;pÍlnm�o§êvlÄyzo(²�KMGT|5X�Jau_WqS5K}ErY�~+YaZ[NYMK;yzo�o�m(k·�!S�HLG6JRG6`bY'p	U Y�|�w5JRGO`bY¼u_`�w�^OP2Y+HAw5KRY
H�X w�]QY�]ÈG6U�N ^Iw�~LÚVpq|5KRYa�Quak_ë}U G6J¼±t�Q��JL`�k

Ò5Wr\OZ�\OZKU�zxlYwy�MF_lMzx^[w�Ò5\OZ$^vFI\[UbFxeØzyW�ÍoU4H��]� Î ê�íÓíÜê&ô"ê�ì�çoí�î � �_¢{¢k£x�vB.��U5dVe[U&J\OZVUbzxlYwy�MF_lVzx^[w�Ò�\OZÑ^vFI\[UC\[w
e[X�F_lÕU(\OZVUäwx�Ve[U4^OÍyF_\OWÕwxHMF_lVJVF_\vFsB#pqH$\OZVU5�oU�F_^[e��¹U4t�wx^[U���¢o¢x�SP_\OZVUäJkWr��U4^[UQHKX¥U5��UQ\ÃÒ�U&U4H$\OZVUäzxlYwy�MF_lVzx^[w�Ò�\OZ
^vF_\[U�FIHKJ�\OZVUbzx^[w�Ò�\OZ?^vF_\[U¥eCFI\	\OZVUbeOdS^OtqFxX&UbwytG\OZKU"HVwy^O\OZKUQ^OH�F_HVJ�\OZVU@e[wyds\OZVU4^OH×ZVU4�WÕe¾�SZVU4^[UbÒ�FxeØlÕU&e[e
\OZMF_H?��¤$B2��ZKU�c�T#Ï�X&wxHVX&UQH]\O^vF_\OWÕwxH�Ò�wydSlYJ�\OZVU4^[UQt�wx^[U�wxHSl����¹U(��F_^[zxWrHMF_l�lr�-JkWr��U4^[UQH]\�WrtK\OZVUØZVU4�WYeO�SZVU4^OWYX
zx^[w�Ò�\OZÙ^vF_\[U&eZMFyJÐ��U&UQH,dKe[U&J�\[wÚe[X�FIlYU�\OZKUaJVF_\vF�B,�ClYe[w'WrH,\OZsWÕe$zx^vFI�sZ,\OZVUae¾\O^[wyHVz�X¥wxHVX&U4H]\O^vFI\OWYwyH
zx^vFyJkWÕU4H]\�F_\-\OZVU�e¾dS^OtqFyX&U��U4\¬Ò�U&U4H�\OZKU$HVwx^O\OZVU4^OHáF_HVJÚ\OZVU�e[wxdS\OZVU4^OHâZKUQ�WYeO�SZVU4^[U$WYe�XQlYU�FI^Ol���Í]WÕe¾Wr�SlYUyB
A(wy��MF_^[U&J'\[w�\OZVUwx�Ve[U4^OÍyFI\OWYwxHVe"�¹wx\OZ��$w�JSU4lYe"^[U_F_l�WÕeO\OWYX�FIl�l��àeOW��-dslmF_\[U�\OZSWÕe��ÑU4^OWYJ�WYwyHMF_l��S^[wyßslÕUyB��	ZVU
�$w�JSU4lC^[U¥e¾dSlr\[eÑJ�Wr��U4^×wxHSlr��e¾lrWYzyZ]\Ol��,WrH1HVwx^O\OZVU4^OHÞZVU4�WÕe¾�SZVU4^[U'�WÕJ�¤¼lmF_\OW�\OdVJSU&e¥B �Cw�Ò�U4ÍoU4^¥P5W�\�WÕeÑHVwx\
��woeãeOWr�slÕU2\[wäeªF&�bZVw�ÒÐeOWÕzxHSW�ßVX�FIH]\�\OZSWYeG^[U&eOdslr\GWYeGÒ5Wr\OZKwydS\.^OdSHSHSW�HVzbFIH�UQHKe[U4�-�SlYUØwytSe¾Wr��dSlmF_\OWYwyHVe&PIe¾\vFI^O\OW�HVz
Ò5Wr\OZ×JkWr��U4^OWrHVz@�$UQ\[U&wx^[wylYw{zyWYX�FIlVX&wxHVJ�W�\OWÕwxHVe¥BG��U�^[U4tÓ^vF_WrHKU¥J*tÓ^[wy��\OZSWYe�J�dVUC\[w�\OZKUäZsWÕzxZ�X&wy��SdS\vF_\OWYwyHMF_l
Uvhk�¹U4HVeãU{B

�CHÚ\OZVUÒ�ZKwylYUyP.\OZVU&e[U^[U&eOdSl�\[e�eOZKw�Ò \OZEFI\�\OZKU�zoU&w{zy^vF_�SZSWYX�FIl�J�WYeO\O^OWr�sdS\OWÕwxHÙwyt�\OZKU�e[wxdS^[X&U¥e�FIHVJ�\OZVU4Wr^
eO\O^[U4HVzx\OZaF_^[U"X[ZVw{e[U4HaF_�S�S^[wx�S^OWmF_\[U4lr�$\[w��]WÕU4lYJ�^[U�F_lrWYeO\OWYX�e¾dS^OtqFyX&U"X&wyHKX¥U4H]\O^vF_\OWÕwxHVeØW�H�\OZVU"�$w�JSU4l�eOWr��dSlÓFI¤
\OWYwyHKe¥Bb�2w�U&eO\OW���F_\[U�\OZKU*zxlYwy�MF_l���UQ^Ot�wx^O��FIHKX¥U�wxt���wy\OZ��$w�JSU4lYe¥PE\OZKU-Í{UQ^O\OWYX�FIl�J�WYeO\O^OWr�sdS\OWÕwxH�ZMFxeC\[w���U
U4ÍyF_lrdMF_\[U&J¹B

ì ê&ôQìmö�òvç{í¹øxöÓéQìmôvö��4èSìmö�ñyë�çxëMø'"EôOñMí(íÜê&é

p¼H�TGWYzyds^[Uà¢'\OZKU�F_HSH]dMF_läF_HVJ��&wyHMF_l��$U�FIH�c�T2Ï�J�WYeO\O^OW��SdS\OWYwyH�t�wx^?�_¢{¢o��FxeeOW��-dSlÓFI\[U&JÙ�]�,DG�o¢�FIHVJ
\OZVU�J�W��¹U4^[U4HVX&U���U4\¬Ò�U&U4H'�¹wx\OZ'�Ñw�JsUQlGe¾Wr��dSlmF_\OWYwyHVe"F_^[U-eOZVw¥Ò�H.B5p¼H'\OZVU�DG�{¢eOW��-dSlÓF_\OWÕwxH � T.WÕzSB�¢�PslYUQtÓ\v�
\OZVU�c�T#Ï"�WÜhkWrHVzÑ^vFI\OWYw�JSU&X4^[U�FyeãU¥e5Ò�W�\OZ'WrHKXQ^[U�FxeOW�HVz×F_lr\OW�\OdVJSUyBb`CF_HVzyW�HVztÓ^[wx� �$wx^[U�\OZMF_H��sBû�$�S�S\OÍ�F_\
\OZVUÑeOdS^OtqFxX¥U$wxt�\OZVU*HVwy^O\OZKUQ^OHÙZVU4�WYeO�SZVU4^[U$�WYJ�lmF_\OW�\OdVJSU&e-\[w'ÍyF_l�dVU&e-lYw�Ò�U4^-\OZMF_H/��B �×�s�S\OÍâ��wylYU4Ò�FI^[J
wxt�~o��=O  FI��w�ÍoU$~{��ZKj�F�BTSds^O\OZVU4^¥P2\OZVU$c�T#Ï@�W�hkW�HVz?^vFI\OWYwaJsU¥X4^[U�Fxe[U&e"�ÑwxHVwx\[wyHsWÕX�F_lrl��atÓ^[wx� HVwx^O\OZâ\[w
e[wxdS\OZÙW�H,\OZVU?Ò�ZVwxlÕUÑ\O^[wy��w{eO�SZVU4^[UyBápqH�\OZKUaeO\O^vF_\[w{eO�SZVU4^[UyP(ZVw�Ò�U4ÍoU4^¥P5FI\�F�zxW�ÍoU4HÝF_lr\OW�\OdVJSU�\OZVU?X¥wxHS¤
X&U4H]\O^vFI\OWYwyHÚWÕe�zx^[U_F_\[U&eO\�W�H�\OZKU$\O^[wy�sWÕX&eFIHVJÚJSU&X4^[U_Fxe[U&e�\[w¥Ò�FI^[JSe@\OZVU$��wylYU&e¥B?�	ZSWÕe�eO\O^OdVX4\OdS^[UÑ^[Uz,VU&XQ\[e
\OZVUC^[U&eOWYJ�dMF_l��ÑU�F_H��$U4^OWÕJ�WYwxHMFIl�X4W�^[XQdslmF_\OWÕwxH�Ò5Wr\OZ�\O^[wy��woe¾�SZVU4^OWÕX�F_W�^�UQH]\[U4^OW�HVz�\OZVUbeO\O^vF_\[woeO�sZVU4^[U"WrH�\OZKU
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T.WÕzxdS^[U�sÖ�i%YMKRGI]QGIS5U w�^/��KRS5î ^IY+H�S5W�JLX YÇH�PQKLWÍw�~+Y¡��� Ï Z\G6ª�G6U |'KRw5JRGISFS5U%JLX2Y#h·JM^Tw5U�JRGI~'«;~�Y�w5Uxw�H�Z\S�]QY+^I^IY+]�N��
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u}p�ónôaõ¼ö	÷Èø5÷�ùrú#ôaûRûLüQø�ö	ýFôaþ(²�yzo�o�bu+²�w5U ][N��vÞr«}h�hÀG6U\«;~aJRS5NYMK+»5Þ�S+`bYaZ[NYMK
yzo�o�j1pqH�JLKRw�GI|5X�J}^IGOU Y¼u;pzÿ7ô����Tôaþ[ô��Aø����I²�yzo�o���uLuak

\O^[wx�SWYX¥e&Px^OWÕe¾WrHVz�dS�]Ò�FI^[J¹PsF_HVJ��Ñw¥ÍkW�HVzb��wxlÕU4Ò�F_^[J�JSw¥Ò�H]Ò�FI^[JW�HZSWYzyZVU4^�lmF_\OW�\OdVJSU&e �.- ñ{íÜì¼ñyëGPK��¢o�{�o�vB.�	ZVU
J�W���UQ^[U4HVX&U$��U4\¬Ò�U&U4HÐ�¹wx\OZ��$w�JSU4lØeOW��-dSlÓF_\OWÕwxHVe�WÕe�eO��FIl�lØWrHÐ\OZVU$\O^[wx��woeO�sZVU4^[U � lÕU&e[e@\OZMF_HÝ�yB¿~Q¤��vP2�SdS\
W�H,\OZVU'eO\O^vF_\[woeO�sZVU4^[U×\OZVU?�$w�JSU4l�^[U&eOdslr\[e�JkWr��U4^�eO��eO\[U4��F_\OWYX_F_l�lr�oP	U&eO�¹U&X4WÓFIl�lr�ÐW�H�\OZVU�HVwy^O\OZKUQ^OH1ZVU4�Wr¤
eO�sZVU4^[U{B#�ä��w�Í{U"\OZVU"\O^[wy��wx�MFIdKe[UbDG�o¢�eOW��-dSlÓF_\[U¥e(ZSWÕzxZVU4^��WÜh�W�HVz�^vF_\OWÕw{e�\OZMF_HàD��_¢�PSF_HVJ$\OZKU�J�W��¹U4^[U4HVX&U
W�HVX4^[U�Fye[U&e	Ò�W�\OZâFIl�\OWr\OdKJSU � T.WÕzSB�¢�Ps^OWÕzxZ]\v�vB"�	ZSWÕe"J�W���UQ^[U4HVX&U�X_F_H?�¹U�U4hk�SlÓF_WrHVU&J?�]��Fe¾\O^[wyHVz{U4^ä^[U&eOWYJ�dMF_l
�$U�FIH��$UQ^OWYJ�WYwyHEFIl�X4Wr^[X4dSlÓF_\OWÕwxHaW�H?\OZVU-DG�{¢-e¾Wr��dSlmF_\OWYwyH � e[U&UbTGWYzyds^[U$�_�{�vB p¼Hà\OZKU-DG�{¢-eOW��-dslmF_\OWÕwxH×\OZKU
HVwx^O\OZVU4^OH?ZVU4�*WYeO�SZKUQ^[U�F_HSH]dMF_l��ÑU�F_H×�$U4^OWÕJkWÕwxHMF_l¹��Fxe[e�X4W�^[X4dSlmF_\OWYwyH�WÕe5eOWÕzxHSW�ßVX�FIH]\Ol���eO\O^[wxHVzoU4^�\OZEFIH�WrH
\OZVUD���¢��$w�JSU4l#^OdSH.B@�	ZSWÕe"X�F_H��¹UFI\O\O^OW��SdS\[U&J'\[wÑ\OZVU-lYw�Ò5¤qtÓ^[U5�{dVU4HVX4�aÍyF_^OWmF_�SW�lrW�\Ã��wxt�\OZVU��ÑU4^OWYJ�WYwyHMF_l
\[U4��¹U4^vF_\OdS^[U�\O^vFIHKeO�¹wx^O\¥PMÒ�ZSWYX[Z�WYebJ�WYeO\OW�HVX4\Olr��eO\O^[wxHVz{U4^�W�H�\OZVU�dS�s�¹U4^O�$woe¾\��$w�JSU4l2lÕU4ÍoU4lYe�wxt(\OZKUÑD.�o¢
eOW��-dslmF_\OWÕwxH�X&wy��MF_^[U&J×\[w?D��_¢ � e[U&UùGçxëMø?ê�ì�ç{írîÜP2��¢o¢{¢{�vB5pqH�\OZVU�e[wxdS\OZVU4^OH�ZVU4�WÕeO�sZVU4^[U���wy\OZ'�$w�JSU4lÕe
zxWrÍ{U"^vFI\OZKUQ^CeOW��*W�lÓFI^5^[U¥e¾dSlr\[e	Ò�W�\OZ'^[U¥e¾�¹U&X4\�\[w\OZVUb^[U&eOWYJ�dMF_l��$U_F_H?��Fxe[e�X4W�^[X4dSlmF_\OWYwyH.B

p¼H×TGWYzxdS^[U�o�5Ò�UbeOZVw�Ò1wy�VeãUQ^OÍ{U&J�ÍoU4^O\OWYX�FIl��S^[wxßSlYU¥e	wyt�\OZVU�c�T2Ï��WÜh�W�HVz�^vF_\OWÕw�tÓ^[wy� �MF_l�lÕw�wxH�e[wxdSHVJ�W�HVz{e
W�H�Ô�eO^vFIHKzoU � �o� =  "�vPØ�CW�^[Uae¾dS^$l��û�"JSwxdS^ � �o� =  "�vP�F_HVJ��5��JSU4^vFI�MFxJ � �I£ =  "� �.- çyôªëVöÓéQòQ÷áê�ì�ç{írîÜPä��¢o¢{�sï
)5ç{ì�ôOç�ê�ì.çoí�îÜPK�_¢{¢]£y�¹\[woz{U4\OZVU4^�Ò5Wr\OZ$�$wxHk\OZslr���$U_F_H^[U&eOdSl�\[e(wxtV��wx\OZ*�$w�JSU4lVe¾Wr��dSlmF_\OWYwyHVe�t�wx^ � U&X&U4�-��U4^
��¢o¢{�"\[w�UQÍyF_l�dMFI\[UC��wy\OZÑ�Ñw�JsUQlYe¥B��Cl�l¹wx�Ve[U4^OÍyF_\OWÕwxHMF_lVÍ{UQ^O\OWYX�FIl��S^[wxßSlYU&eØZMF&Í{Uä��U&U4H×e[X�FIlYU&J\[w � U&X&U4�-��U4^
��¢o¢{��B�pq\5ZMFxe�\[w��UbnoU4�S\5WrH'�W�HVJ×\OZEFI\C\OZVUb^[U4t�U4^[U4HVX&U�zy^[w¥Ò�\OZ?^vFI\[UbWYe5ÍyFIl�WÕJ�t�wx^�\OZVU�eOdS^OtqFxX¥U�F_HVJ�HVwx\
HVU&X&U&e[evF_^OWrl��Ct�wy^�\OZVUØe¾\O^vFI\[w{eO�SZVU4^[UyB2�"e�\OZVUØeO\O^vF_\[woe¾�SZVU4^OWÕX�X&wxHVX&UQH]\O^vF_\OWÕwxH�lÓFyz{e���U4ZSWrHKJb\OZVU�\O^[wx�¹w{eO�SZVU4^OWYX

���



T.WÕzxdS^[U$¢sÖ¡h}UQU�P w�^�w5U ]V�+S5U w�^!Z\Y�w5U{�(� Ï Z\GOª(GOU2|vKRw5JMGTS�H§w�H�Z\S�]QY+^I^IY+]1N��%lnm�odpq^IYaW	Jau}w5U ]V]QG6è�YMKÇYMU2~+Y'ltm�o
Z\GOU�P HglÄyzo�p	KRGI|5X�J+uÄWqS5K§yzo�o�m(k·ë}U2GOJ¼±!�Q�QJL`/k

ã�ä¼å ã � å

T.WÕzxdS^[U��_��Ögh}UQU�P w�^ ZFY�w5U\KRY+H�GT]�P2w�^QZFY�w5UÈZ\YaKRGI]QGTS5U2w�^QZFw�H�H Á PQª�G6UÈP�U GOJMH·S5WÄyz� Ò Ú(|b»5H}w�HAHLGOZ¡P ^Tw5JMY+]�N��\ltm�o
pq^IYMW	J+u7w5U2]{l_yzo{p	KMGT|5X�Jauak
	�w�^OP2Y+H#NYaJºÆAY�YMUß¬¾m�JRS�¬�µ��Oyz� Ò Ú(|b»5H'w5U ]{µÈJRS1m�6yz� Ò Ú�|b»5H'w5KRY\H�X w�]�Y+]ßGOUï|5KRYM�ßw5U ]
N ^Iw�~LÚ�²�KRY�H��Y+~aJRG6`bY+^6�bk

wxHVUyPx\OZVU5e[X�FIl�WrHKz"Ò�wydSlYJ��¹U	�$wy^[UCFyX&X4dS^vF_\[U�W�tM\OZVUCFyz{U�wxt.F_W�^�ZMFxJ��¹U&U4H\vFIn{UQH$W�H]\[w-FxX¥X&wxdSH]\¥B��Cw�Ò�U4ÍoU4^¥P
\OZVU�J�W��¹U4^[U4HVX&U�WÕe�FxzkF_W�H�e¾��F_l�lÃB@� c�T#Ï�X&wxHVX&U4Hk\O^vF_\OWYwyH�wxt"�{B ~�S�S\OÍ'W�H�\OZVU�eO\O^vF_\[woeO�sZVU4^[U-W�H�RkF_H]dMF_^O�
��¢o¢{� � UyB²zSB.FI\"\OZVUeO\vF_\OWÕwxH�Ô�eO^vF_HVzoU � e[U&UTGWYzyds^[Ua�{���O��Ò�wxdSlYJ�W�HVX4^[U_Fxe[U�\[w��yB¿¢*�S�S\OÍ'dSH]\OW�l � U&X&U4�-��U4^
��¢o¢{�ÑdVeOW�HVz�e[wxlÕU4l���\OZVU×e¾dS^OtqFyX&U�zx^[w�Ò5\OZ�^vF_\[UyBÚ��F_nkW�HVz�F_HáFxzoUÑwytC�'�oU�FI^[e�W�Hk\[wÚFyX&X&wydsHk\¥P#\OZVU�evF_�$U
X&wxHVX&UQH]\O^vF_\OWÕwxH×Ò�wxdSlYJ×^OWYe[U"\[w�F�eOl�WÕzxZ]\Olr�ÑlÕw�Ò�U4^5ÍyFIl�dVU�wxt��yB¿���S�S\OÍMB

p¼H×z{UQHKUQ^vF_lqP{�$w�JSU4lM^[U&eOdslr\[e�F_HVJ�wx�Ve[U4^OÍyF_\OWÕwxHVe�F_^[UäW�H�z{w�w�J�FyX&X&wy^[JKFIHVX&U	�¹U4lYw�Ò�\OZVUC\O^[wx�¹wx�MF_dVe[UyB��Cw�Ò�¤

���



0
5

10
15
20
25
30
35
40

1 1.5 2 2.5 3 3.5

al
tit

ud
e 

[k
m

]

�

 

Esrange 68oN

a)
Jan. 92
Feb. 92
Mar. 92
Mar. 95

L19
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SF6 mixing ratio [pptv]

Aire 44oN

b)

Sep. 93
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SF6 mixing ratio [pptv]

Hyderabad 17oN

c)

Mar. 87
Apr. 94

T.WÕzxdS^[Ub�{�{Ö·«7N2HLYMK�`bY+]#��KRS5î ^IY+H!S5W J�X Yg�(� Ï Z\G6ª�G6U |}KRw5JRGISrw�]���P H.JRY+]§JRSrErY+~�YMZ¡N/YaK@yzo�o�m§w5J�]QG6è�YMKRYaU�J_^TS�~�w5JRGTS5U2H�k

U4ÍoU4^¥P�F_��w�ÍoU$\OZKU$\O^[wy��wx�MFIdKe[UyP�U&eO�¹U&X4WÓFIl�lr��W�HÙ�o� =  9F_HVJ/�{� =   � TGWYzKB	�{��FsP �M�"\OZVUÑ�$w�JSU4l	e¾Wr��dSlmF_\OWYwyHVe
zxWrÍ{U-ZsWÕzxZVU4^ ��� �_�Q¤ WrHâ�CW�^[U��C�*WÜhkWrHKz×^vF_\OWÕw{e"\OZMF_Hâwx�Ve[U4^OÍoU&J¹B��	ZVUJ�W��¹U4^[U4HVX&U��¹U4\ÃÒ�U¥U4H��$w�JSU4l�FIHVJ
wx�Ve[U4^OÍyF_\OWÕwxHMF_lkÍyF_l�dVU&e#WYe#zx^[U�FI\[U&eO\2WrHVe¾WÕJSU(\OZVUØ��wylÓFI^.Íowx^O\[U4h�B��	ZSWYe�JSU4Í]WÓFI\OWYwyHX�FIH���FIW�HSl�����U�FI\O\O^OW��SdS\[U&J
\[w�\OZVUbX[ZKwoe[U4H�W�HSW�\OWmF_lGc�T#Ï5J�WYeO\O^OWr�sdS\OWÕwxH.B���ZVU"�$w�JSU4l�eOWr��dSlÓFI\OWYwyHKeØÒ�U4^[UbeO\vFI^O\[U&JÑÒ�W�\OZàF�zylYwy�EFIl�lr�dSHsWr¤
t�wx^O� �WÜh�W�HVzb^vF_\OWYw-wxt¹��B¿�{�C�S�S\OÍMB�p¼H���¢o¢{�C\OZVU��$w�JSU4lSÍyF_l�dVU&e�WrH\OZVUCeO\O^vF_\[woeO�sZVU4^[U�ZMF&Í{U�\[w@U4hsX&U&U&J�\OZKU
W�HSW�\OWmF_l��*WÜhkWrHKz�^vF_\OWYwoe¥Po��U¥X�F_dVe[UC\OZVUbeOds�S�Sl��×wyt#ckT#Ï5tÓ^[wy� \OZVU"\O^[wx��woeO�sZVU4^[UäW�HVX4^[U�FyeãU¥e(Ò�W�\OZaW�HVX4^[U�FyeOW�HVz
eOds^OtqFyX&U"U4�*WYe[eOWYwxHVe¥B��	ZVU4^[UQt�wx^[U"\OZVU"�$w�JSU4l�ÍyFIl�dVU&e�W�H?\OZVUbeO\O^vF_\[woeO�sZVU4^[UbU4hsX&U&U&J×\OZVUbwx�Ve[U4^OÍ{U¥J?X&wyHKX¥U4HS¤
\O^vF_\OWÕwxHVe¥PVÒ�ZSWYX[ZâF_^[U�lÕw�Ò�U4^bwx^@F_�¹wxdS\"\OZVU�evF_�ÑU@ÍyFIl�dVU�\OZMF_H�\OZVU-W�HSW�\OWmF_l(ckT#Ïb�WÜh�W�HVzÑ^vFI\OWYwKB@TsdS^O\OZVU4^¥P
\OZVU��Ñw�JsUQl�lYU¥JÑZVwx^OW��&wxHk\vF_lGJ�W��MdKeOWÕwxH×�WYzyZ]\5�¹U�eãwy�$U4Ò�ZMF_\�\[w�w�ZSWYzyZ�F_\äFeO��U¥X4\O^vF_l�^[U¥eãwyl�dS\OWYwyH?wyt��ä�{�sB
p¼HVX4^[U�FyeOW�HVz@\OZVUCZVwy^OW	�&wyH]\vF_lV^[U&e[wxlrds\OWÕwxH$Ò�wydslÕJ$^[U&J�dKX¥UC\OZVU"J�W��EdVeOWYwyH�J�dKUä\[w�\OZVU"e[U4�W�isDGFxzy^vF_HVzxWmF_H*FxJ�¤
Í{U¥X4\OWYwyHe[XãZVU4�ÑU � ð�çxéQòQ÷*çxëMøï��ö�íÓí ö�çyú�éQñxë2Pk��¢o¢{�{�vBGp¼H��5�sJsUQ^vF_�MFxJ � T.WÕzSBK�{�¥X���\OZKUäFxzy^[U&U4�$UQH]\2�¹U4\ÃÒ�U¥U4H
wx�Ve[U4^OÍoU&J?FIHVJ��$w�JSU4lrlYU&J��S^[wxßSlYU&e�WYe�^vF_\OZVU4^äz{w�w�J¹B

��êvçxë�ç��{êñRÌ�ìÓ÷�ê�éQìmôãç{ìqñxé�"V÷kê&ôvö�ò-çxöÓô

�"e-c�T2Ï�Jsw�U¥e�HVwy\bZEF&ÍoU×F_H]��eOW�HSn�WrHÚ\OZVU$eO\O^vF_\[woe¾�SZVU4^[UyP.\OZVUÍoU4^O\OWYX_F_lØeO\O^OdVX4\OdS^[U�wxt�W�\[eb��Fyeãeb�W�hkW�HVz
^vF_\OWÕwSP¹HMF_�ÑU4l���\OZVU�JSU&X4^[U�FyeãU�Ò5Wr\OZÚWrHKXQ^[U�FxeOW�HVzàF_l�\OWr\OdVJsU{PGWÕe�JSwy�W�HMF_\[U¥Jà�k��\OZVU��Fye[e@U4hsXãZMFIHKzoU^vF_\[U
��U4\¬Ò�U&U4H�\OZVU�\O^[wy��w{eO�SZVU4^[UFIHVJ'\OZKU*e¾\O^vFI\[w{eO�SZVU4^[UyB@��ZVU�\O^vF_HVeO��wy^O\"\OW��$U¥eãX_F_lYU�wxt�\OZVUU4hsXãZMFIHKzoU@��FQ�

�&�



��U$JSU&e[X4^OWr��U&Jâ�]��\OZKU$�$U_F_H,Fyz{U$wyt	\OZVU×F_Wr^���Fxe[e¥B×��ZVU�X&wxHVX&U4�S\-wxtäFyz{UyP.\vFIn]W�HVz'W�Hk\[w�FxX&X&wydSH]\�\OZKU
eO\vF_\OWYeO\OWÕX�F_l#HMF_\OdS^[Uwxt�FIW�^"�MFI^[X&U4lYebÒ�Fye"t�wx^O��FIl�l���JsUQÍ{U4lÕwx�¹U&J��]� - çoíÓí�çxëMø%)5í¿è�ú1� � ��¢{¢y�]�vB|�Fxe[U&J�wyH
\OZVU4W�^�Ò�wx^On�P��?çyè(�I÷Ðê�ì"ç{írî � ��¢{¢k£x�vP - ç{íÓí�çyëEø �?çyè(�I÷ � ��¢o¢{�{�vP#F_HVJ - ç{íÓí�ê�ì�ç{írî � �_¢{¢o¢{�"JSU4^OW�ÍoU&Jâ\OZKU
�$U�FIH'Fyz{U"wyt2eO\O^vFI\[w{eO�SZKUQ^OWYX�F_Wr^�tÓ^[wx�9X[ZKUQ�WYX�FIl�\O^vF_HVeO��wy^O\	�Ñw�JsUQl�eOW��-dslmF_\OWÕwxHVe¥B#��ZVUb�$U�F_HàFxzoU"wxt�FIH
F_Wr^Ø��Fxe[e�W�H�\OZVUbeO\O^vF_\[woe¾�SZVU4^[UCWÕeØ\OZKUälÓFxz�\OW��ÑUbwxt�\OZVU"eO\O^vF_\[woe¾�SZVU4^OWÕXC^[U&eO��wyHKe[U�tÓ^[wx� \OZVU"\O^[wx�¹w{eO�SZVU4^OWYX
�WÜh�W�HVz$^vF_\OWYw � æ�òQ÷oú�ö�ø{ì�çxëMø*ý�÷kêvøxöÓú×P2�_¢{¢s�_�vB5�CW�ÍoU4H�\OZMF_\ä\OZVU@\O^vFyX&U4^"X¥wxHVX&U4H]\O^vFI\OWYwyH'JSw�U&e5HVwy\5ZMF&Í{U
F_H]��eOW�HSn/F_HVJÐ\OZVU�eOdS^OtqFxX¥U�X&wyHVX&U4H]\O^vFI\OWYwxH/W�HVX4^[U�FyeãU¥e�l�WrHVU�F_^Olr�ÚWrHÙ\OW��$U{P(\OZVUÑ�$U_F_H�Fyz{U���wxt�F_H1F_W�^
��Fxe[ebFI\�FÑlÕw�X�F_\OWÕwxH��� Ò�W�\OZ�F$\O^vFxX&U4^�X¥wxHVX&U4H]\O^vFI\OWYwyH Ï � ���� Ô �bX�F_H��¹UF_�S�S^[w¥hkW���F_\[U&J��]��JSU4\[UQ^O�W�HSW�HVz
\OZVU�\OWr�$UbÒ5ZVU4H×\OZVU�e¾dS^OtqFyX&U"ZMFxJ�\OZVU�evF_�$UbX¥wxHVX&U4H]\O^vFI\OWYwyH � �?çyè(�I÷aê�ìØçoí�îÜP¹�_¢{¢k£x�vÖ

Ï � ���� Ô ��Õ Ï Ó �qÔ�� � � �� �O� � �{�
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\OZVU�\O^vFxX¥U4^bX&wyHKX¥U4H]\O^vF_\OWÕwxH Ï � � ���� Ô �bF_\"�¹wxW�Hk\!�� F_HVJ'\OZVU��S^[U4Í]WÕwxdVebw�X&X4dS^O^[U4HVX&U�wxt�\OZSWYebX¥wxHVX&U4H]\O^vFI\OWYwyH
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p¼Hàz{U4HVU4^vFIlqPsW�\�\vF_noU&e�F�\OW��$U*)���t�wx^�\OZVU�zxlYwy�MF_l��$U_F_H'eOWÕzxHMF_l�wyt2\OZVU�eOdS^OtqFxX&Ub\O^vFxX¥U4^CX¥wxHVX&U4H]\O^vFI\OWYwyH?\[w
^[U�FxX[Z�\OZVUU5�{dMF_\[wy^OWÓFIl�\O^[wx�¹wx�MF_dVe[UyB��"e"\OZVU��$U_F_H�FxzoU�W�Hâ\OZVUeO\O^vF_\[woe¾�SZVU4^[U�ZMFye"��U&U4HâJSU4ßSHVU&J�Ò5Wr\OZ
^[U4t�U4^[U4HVX&Uä\[w�\OZVUbU5�{dMF_\[wy^OWÓF_lM\O^[wx�¹wx�MF_dVe[UyPo�SdS\�Ò5Wrl�l��¹UbX�F_lÕX4dSlÓFI\[U&J$�]�$dVe¾WrHVz Ï Ó � Ô7�]e¥B � ����F_HVJ � �{��t�wx^
DG�{¢�FIHVJ?D���¢sPk^[U&eO��U¥X4\OW�ÍoU4l��K�vP+����ZMFxe�\[w��¹U�^[U¥JkdVX&U¥J��]�,)��
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c�T2Ï�WYe�FÑZSWYzyZSl���eOdSW�\vF_�SlÕU�\O^vFxX&UQ^@t�wy^�X�F_lÕX4dSlÓFI\OW�HVz��S^[U&X4WÕe[U4l���\OZVU�$U�FIHÙFyz{UyÖb\OZKU$UQ�WYe[eOWYwyHKe"WrHVX4^[U�Fxe[U
l�WrHKU_F_^Ol��]Pk\OZVU@zkFxeØWYe�lYwyHVzIiolrW�Í]WrHVzSPsFIHVJ�\OZVU"\O^[U4HVJ'wxt�\OZVU�eOdS^OtqFxX&UbX&wyHVX&U4H]\O^vFI\OWYwxH×WYe�JSw�X4dS�$U4H]\[U¥Jd�{dSW�\[U
Ò�U4l�lÃB�p¼\[e-e¾dS^OtqFyX&U�X&wyHVX&U4H]\O^vFI\OWYwxH�WrHKXQ^[U�Fxe[U&e[�odEFyJ�^vF_\OWYX_F_l�lr�'W�Hâ\OW��ÑUyB ì ñ{í ó?ê�ìCç{írî � �_¢{¢]£y�CJSU4\[U4^O�WrHVU&J
����t�wx^äFÈ�{dMFyJk^vFI\OWYX�FIl�lr�$W�HVX4^[U�Fye¾WrHVz�eOdS^OtqFxX&U"X¥wxHVX&U4H]\O^vFI\OWYwyH?wyt�c�T#Ï"FIHKJ×X&wy��MF_^[U&J$\OZVU4W�^�^[U&eOdSl�\[e�Ò5Wr\OZ
\OZVw{e[U"FyXãZSWYUQÍ{U&J×FyeãeOdS�WrHKz�Fbl�W�HVU�FI^ØW�HVX4^[U�Fye[UyB2�1Wr\OZ?F-zxWrÍ{U4Hac�T#Ï	�W�hkW�HVz-^vF_\OWYw.���@WYeØlÕw¥Ò�UQ^�Fxe[eOds�*W�HVz
l�WrHKU_F_^�WrHKXQ^[U�FxeOW�HVz�c�T2Ï��WÜh�W�HVz�^vFI\OWYw{e¥B2��ZVUC\OW��$U�JkWr��U4^[UQHKX¥U"JSU&X4^[U�FyeãU¥e�Ò5Wr\OZ�JSU&XQ^[U�FxeOW�HVz��WÜh�W�HVz�^vFI\OWYw
F_HVJ�\OZVU4^[U4t�wx^[U�W�HVX4^[U�FyeãU¥e�Ò�W�\OZâW�HVX4^[U_FxeOW�HVz'Fyz{U�wxt�F_H�FIW�^���Fxe[e¥B$�Cw�Ò�U4Í{UQ^¥P.\OZKU$J�Wr��U4^[U4HVX&UÒ�Fye�wxHSl��
��B¿~Ñ�oU�F_^[ebt�wx^�\OZVU$wxlÕJSU&eO\�FIW�^b��Fye[eãU¥e�WrHÚ\OZVU4Wr^�W�H]ÍoU&eO\OWYzkF_\OWYwyH � ���£Õ ���oU�F_^[ev�vBÑTS^[wx� wy�VeãUQ^OÍyF_\OWYwyHMF_l
JVF_\vF ì ñoí²ó�ê�ì#ç{írî � ��¢o¢]£y�.JSU4\[U4^O�*W�HVU&J�)��?\[w@�¹UC�sB ��F�B���ZKUäDG�{¢�F_HVJ�\OZVUbD��_¢C�$w�JSU4lVe¾Wr��dSlmF_\[U"FblYw�Ò�U4^
ÍyF_lrdKU�wyt��sB ��F$F_HVJ?�sBû�$FsPk^[U&eO��U¥X4\OW�ÍoU4l��]B

p¼Ha\OZKU�t�wxlrlYw�Ò�W�HVzSPk\OZVU-eO\O^OdKXQ\Ods^[U-wxtG�$U_F_H�Fyz{UbW�Ha\OZVU�eO\O^vF_\[woeO�sZVU4^[U"WÕeCJSU4\[U4^O�*W�HVU&J?dVeOW�HVz\OZVU@^[U¥e¾dSlr\[e
wxt�\OZVU$�{U�FI^?�_¢{¢{���]�âW�H]ÍoU4^O\OW�HVz�Ô}�VB � ~o��dVeOW�HVz'Ô}�ke&B � �_��FIHKJ � �{�vB�T.WÕzxdS^[U����'JSU4�SWYX4\[e-\OZVU*ÍoU4^O\OWÕX�F_l
FxzoU�eO\O^OdVX4\OdS^[U�wyt���wy\OZ��$w�JSU4lYe¥B�pqH���wx\OZ��Ñw�JsUQl�eOW��-dSlÓFI\OWYwxHVeC\OZVU-�$U�F_HâFyz{U�WYe"lÕw¥Ò�U¥e¾\�W�H�\OZVU�lYw�Ò�U4^
\O^[wx�SWYX_F_l�eO\O^vFI\[w{eO�SZKUQ^[UyBÑp¼\-W�HVX4^[U_Fxe[U&eb��wylYU4Ò�FI^[JÐFIHKJ�Ò�W�\OZ�W�HVX4^[U�Fye¾WrHVz'F_lr\OW�\OdVJSUyB���F_�SlYU?�*eOZKw�Òäeb\OZKU
�$U4^OWÕJkWÕwxHMF_l¹zx^vFyJkWÕU4H]\äwxt#FIHsHkdEFIl��$U�FIH'Fyz{UC�¹U4\ÃÒ�U¥U4H��¹wx\OZ×��wylYU&e�F_HVJ�\OZVU"\O^[wx�SWYX&e�t�wx^�\OZVU�~{�*F_HVJ$\OZKU
���o��ZVj�F$lYU4ÍoU4l(Fxe��$w�JSU4l�lÕU&J?�]��D.�o¢�P�D���¢sPEF_HVJ�g'�"Ô�A��C�bg'�KBCp¼H�~o��ZVj�FW�\"WÕebF_�¹wxdS\b��oU�F_^[ebFIHVJ
W�Hâ���o��ZVj�F�Wr\5WÕe��{B ~FIHKJa���oU�F_^[e�W�Ha\OZKU-DG�{¢�F_HVJ�\OZKU-D���¢�e¾Wr��dSlmF_\OWYwyH.Pk^[U&eO��U&XQ\OW�ÍoU4l��oB
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�	ZVU&e[UbÍyF_lrdVU&ebFxzy^[U&U�Ò5Wr\OZ'\OZVUFxzoU�JkWÕeO\O^OW��SdS\OWYwxH�wyt�\OZVU*�äp¾cSc?�$w�JSU4l � �äw�JSJVF_^[Jàp¼HVeO\OW�\OdS\[U�t�wy^bc]�MFxX&U
c]\OdKJ�WÕU&e����ClYwx�MFIl�A�l�W���F_\[U�g?WYJSJ�lYU$��\O�$woe¾�SZVU4^[U�$w�JSU4lm�be¾ZVw�Ò�HÚWrH - ç{íÓíØçxëMøâ�?çxè(�I÷ � ��¢{¢k£x� � \OZVU4Wr^
T.WÕzxdS^[U�����FIHVJÐWYe�e¾lrWYzyZ]\Ol���lYw�Ò�U4^�\OZMFIHÙ\OZVU�ÍyF_lrdVU&e$FxX[ZSWYU4ÍoU&JÐÒ�W�\OZ/\OZKUàg'�"Ô�A��C�bg'�KPG\OZVU��WYJSJ�lYU
F_\O�$woeO�sZVU4^[U$ÍoU4^[eOWYwyH,wxt�Ô�A	�ä�bg'�SP�Ò5ZVwoeãU$\[wy�Ù�$w�JSU4l�lYU4ÍoU4l�WYe*X&U4H]\O^[U&J�FI\$FI��wxdS\Ñ�{�?n]�aBÙp¼H/\OZKU
g'�"Ô�A��C�bg'�-eOW��-dslmF_\OWÕwxH�\OZVUbJkWr��U4^[UQHKX¥U"W�H�FIHSH]dMF_lE�ÑU�F_HàFxzoU5��UQ\ÃÒ�U&U4Ha\OZVUbU5�{dMF_\[wy^CFIHVJ*\OZVUb��wylYU&e
WYe�F_�¹wxdS\���B ~��{U�FI^[e.WrH$~y�CZVj�FbFIHKJ��5�oU�F_^[e#W�Ha���{��ZVj�F � ��çxë2�QöÓëVö�çyëEøäõ�ê&ö�òQ÷kìqê&ôoP{�{�o�{�{�vB@ØCeOW�HVzbFbAØ�Cg
X&w�Í{UQ^OW�HVzC\OZVU�F_\O�$woe¾�SZVU4^[U�dS�-\[w�~{�	nk�aP��?çxè(�I÷ê�ì�ç{írî � �_¢{¢k£x��JSU4\[U4^O�WrHVU&JF5�ÑU4^OWYJ�WYwyHMF_lSFyz{UØzx^vFyJ�WYU4H]\
Ò5ZSWÕXãZ�Ò�Fxe"\¬Ò5WÕX&U$Fye"lÓF_^[zoUyB���ZKUÑF_W�^b��Fxe[eCW�H��o��is�o�n]� F_lr\OW�\OdVJSU � ~{�_iM�_��ZVj�F{�CÒ�Fye��*�oU�F_^[e�wylYJSU4^¥B
�	ZVU"eO\O^vFI\[w{eO�SZKUQ^OWYX"Fyz{Uäe¾\O^OdVX4\OdS^[UbX�FIlYX4dSlmF_\[U&J$tÓ^[wx� wx�Ve[U4^OÍ{U¥J*ÍoU4^O\OWÕX�F_lGc�T#Ï¾io�S^[wxßSlYU¥e5FIlYe[w-e¾ZVw�ÒäeØwxlYJSU4^
F_Wr^ØF_�¹w�Í{U�\OZVU5��wylYU&e¥B - çxôvëKöÓéQòQ÷*ê�ì#ç{írî � �_¢{¢{�sPs��¢o¢{�{�GJSU4\[U4^O�WrHVU&J×F_H�Fyz{U�wxt.~�iM�_�C�{U_F_^[e�t�wy^�F_Wr^���Fyeãe[U&e
W�Ha\OZKUb�¹wxlÓFI^5Íowx^O\[U4h�B	��ZKU¥eãU"ZSWÕzxZ?ÍyFIl�dVU&e��WYzyZ]\C�¹U�FI\O\O^OW��SdS\[U&J?\[w�FIW�^���Fxe[e[U&e�Ò5Wr\OZ'lYw�Ò ckT#ÏC�W�hkW�HVz
^vF_\OWÕw{e�X&wx�WrHVztÓ^[wx�9ZSWYzxZ�F_lr\OW�\OdVJSU&ebF_HVJae¾WrHSn]W�HVz$JSw�Ò5H]Ò�FI^[J�F_�¹w�Í{Ub\OZVU@�¹wxlÕU&e¥B(�"e�\OZKUb\[wy�'lYU4ÍoU4lÕeCwxt
��wy\OZ$wxt�wydS^��$w�JSU4lVÍ{UQ^[e¾WÕwxHVeØFI^[UCX&U4Hk\O^[U&J×F_\C�_�"ZKj�F-F_HVJHVw@eOWrHsn*ZEFye���U¥U4H$JSU&e[X4^OW��¹U&J¹Po\OZVU5�ÑU�F_H×Fyz{U
W�Ha\OZKUb�$w�JSU4lÕe	ZMFye	\[w�¹U"lYw�Ò�U4^äX&wx��MFI^[U&J�\[w�\OZVU&e[U�wx�Ve[U4^OÍyFI\OWYwxHVe¥B�A	FIlYX4dSlÓFI\OWYwyHKe�tÓ^[wx�9wy�VeãUQ^OÍyF_\OWYwyHVe
eOZKw�Ò¡\OZMF_\b\OZVU��$U_F_H�FxzoU�W�HVX4^[U_Fxe[U&e"tÓ^[wx�<�Ñ\[wà~*�oU�F_^[ebÒ�W�\OZâW�HVX4^[U�FyeOW�HVzÑlmF_\OWr\OdKJSUwyH�\OZKU�HKwy^O\OZVU4^OH
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ZVU4^[U5\OZVUbFyz{U5ÍyFIl�dVU&e�FI^[U5lYw�Ò�U4^¥P�W�HVJ�WYX�FI\OW�HVz@\OZMFI\ØZKwy^OW	�&wyH]\vF_lV�W�hkW�HVz�WÕeØw�Í{U4^[U¥e¾\OWr��F_\[U¥J�B�TSds^O\OZVU4^O�Ñwx^[UyP
J�dKUä\[w�\OZVU"ZKwy�$w{zoU4HVU&wxdVe�WrHSW�\OWÓFIlGc�T2ÏäJ�WYeO\O^OW��SdS\OWYwyH�\OZVU"ZVwx^OW��&wxH]\vFIl�X&wyHVX&U4H]\O^vFI\OWYwxHazx^vFyJ�WYU4H]\Ø�¹U4\ÃÒ�U¥U4H
lYw�Ò�U4^�F_HVJ�ZSWÕzxZVU4^�lÓF_\OWr\OdVJsU¥e5�WÕzxZ]\���UbdSHVJsUQ^[U&eO\OW���FI\[U&J¹PS^[U¥e¾dSlr\OW�HVzW�HalYw�Ò�U4^bFyz{U"ÍyFIl�dVU&e5WrH?\OZVUb��wylÓF_^
Í{wy^O\[Uvh�B

p¼HàF��$wy^[U"^[U&X&U4H]\�Ò�wx^On - ç{íÓí�çxëMø��?çxè(�I÷ � �_¢{¢o�{��eOZVw¥Ò�U¥J*\OZMFI\CJSU&eO�SW�\[U"\OZVUblYwyHKz-l�Wrt�U4\OW��$U�wyt�c�T#Ï5Wr\[e
XãZVU4�*WYX�FIlGJsU¥e¾\O^OdVX4\OWÕwxH'WrH'\OZVU@�ÑU&e[w{eO�SZKUQ^[U�WÕe5^[U4lÕU4ÍyF_Hk\"t�wx^�\OZVU@�$U_F_H�Fyz{U�X�FIlYX4dSlÓFI\OWYwyH?tÓ^[wx� wy�Ke[U4^OÍyFI¤
\OWYwyHKe¥B � dVU@\[w�\OZSWYebeOW�HSnMPE\OZVU�ÍoU4^O\OWYX�FIl�X¥wxHVX&U4H]\O^vFI\OWYwyH�zx^vFyJkWÕU4H]\[e�FI^[U@lÕw¥Ò�UQ^"\OZMF_H�\OZVU4�?Ò�wydSlYJ'��U�t�wx^
F���UQ^Ot�U&X4\Ol���WrHKUQ^O\5\O^vFyX&U4^¥B��	ZVU4^[U4t�wy^[Ub\OZKU�wy�Ke[U4^OÍoU&J×�$U�F_HàFxzoU"WYe�w�Í{U4^[U¥e¾\OWr��F_\[U¥J�B���Z]dVe&PsWrt2\OZVUb�$U&e[wy¤
eO�sZVU4^OWÕXCeOW�HSnZMFyJ��U&U4H�WrHKXQl�dVJSU&J$W�H�\OZVUC�$w�JSU4lMe¾Wr��dSlmF_\OWYwyHVe&P{\OZVUC�$U�FIHaFxz{U�Ò�wxdSlÕJ*�Ñw{eO\�l�Wrn{UQl��×Fxzy^[U&U
��U4\O\[UQ^CÒ�W�\OZ�\OZVU�wy�VeãUQ^OÍyF_\OWYwyHVe&B - ç{íÓí#çxëMø��?çyè(�I÷ � �_¢{¢o�{�Øt�wxdSHVJ?\OZMF_\C\OZVU�w¥ÍoU4^[U&eO\OWr��F_\OWÕwxH'WÕeCZSWYzxZVU4^
W�H×\OZVUbUvhk\O^vF_\O^[wy�SWYX&e�\OZMF_H×W�H×\OZKUb\O^[wy�sWÕX&e¥B � U4��U4HVJ�W�HVz�wxH×\OZKU"�Ñw�JsUQl�dVeãU¥J?FIHKJ$�S^[U&e[X4^OWr��U&Jae¾WrHSn�eØ\OZKU
FxzoU"W�H��o� =   Ò�Fxeäw�Í{U4^[U¥e¾\OWr��F_\[U¥J?dS�?\[w'����¤�W�H��o��n]�0F_HVJ�dS�'\[w��o~Q¤ WrH��{��nk�aBCAØwxHVeOWYeO\[U4H]\�Ò5Wr\OZ
\OZVU	^[U&eOdSl�\[e(e¾ZVw�Ò�H$e[w�tqFI^2\OZVU�Í{U4^O\OWÕX�F_l¹FxzoU�zx^vFxJ�WÕU4H]\�WÕe�lYw�Ò�U4^(W�H\OZVU"DG�o¢C\OZEFIHW�H*\OZKU�D���¢"eOW��-dSlÓF_\OWÕwxH.B
�	ZSWÕe(WÕeCFI\O\O^OW��SdS\[U&J�\[w*F�eO\O^[wxHVz{UQ^Ø^[U&eOWYJ�dMF_l��$U_F_H×�$U4^OWYJ�WÕwxHMF_l¹X4W�^[X4dSlmF_\OWYwyH�Ò�ZSWYX[Z?WÕe(\vFIH]\vF_�ÑwxdSH]\�\[w$F
eO\O^[wxHVz{U4^�dS�]Ò�FI^[J�\O^vF_HVeO��wy^O\5ÍoU4lÕw�X4W�\¬�ÑWrH?\OZVUb\O^[wx�SWYX¥e&B
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�	ZVU�\[U4��¹wx^vF_lVU4ÍowxlrdS\OWYwxHÑwxtE\OZVU@LmÎQA5� f ��Fye[e�J�dVU	\[wbH]dVX4lÕU�F_^�Ò�U_F_��wyH�\[U&eO\[eØFye�eOW��-dSlÓF_\[U¥J��]��\OZVU�D.�o¢
�$w�JSU4l{WÕeGJsUQ�sWÕX4\[U&J-W�H�T.WÕzxdS^[U"����t�wx^�\OZVU�\[wx\vFIl]�$w�JSU4l�FI\O�$w{eO�SZVU4^[UyP¥\O^[wy��woe¾�SZVU4^[UyPxeO\O^vFI\[w{eO�SZKUQ^[UyP_HVwx^O\OZS¤
U4^OH.P2F_HVJ�e[wxdS\OZVU4^OH�ZVU4�WYeO�SZVU4^[UyB$�	ZVUeO\O^OdVX4\OdS^[U$wxt�\OZVU�D���¢$^[U&eOdSl�\[ebWYebÍoU4^O��eOW��WrlÓFI^-F_HVJ�\OZKUQ^[U4t�wx^[U
HVwx\�eOZVw�Ò5H.B��CtÓ\[U4^�\OZVU5W�HSWr\OWÓF_lrWYevF_\OWÕwxHWrHa�"X4\[wx�¹U4^C�_¢{�{�C\OZVUäzxlYwy�MF_lMLmÎ¥A�� f X&wxH]\[UQH]\�W�H$\OZVU�F_\O�$woe¾�SZVU4^[U
JSU&X4^[U�FyeãU¥e�Ò�W�\OZ�\OW��$U{P#�¹U&X�F_dVe[U×LmÎQA�� f WYe�F_�Ve[wx^O�¹U&J��]�Ú\OZVU�w�X&U�FIHVe�FIHVJ�\OZVU�\[U4^O^[U&eO\O^OWÓFIlØ�sWÕw{eO�SZVU4^[UyB
�	ZVU�JSU&X4^[U�FyeãU�W�H$\OWr�$U5t�wyl�lYw�Òäe�^[wxdVzyZslr�$FIH�Uvhk��wyHVU4H]\OWÓFIlVX4dS^OÍ{UCÒ�W�\OZaFIH$Uviot�wylYJ�W�HVzb\OW��ÑUCwxt¹HsWrHVU5�oU�F_^[e¥B
�	ZVU LmÎ A�� f X&wxHk\[U4H]\CWrH?\OZVU-e¾\O^vFI\[w{eO�SZVU4^[U�JsU¥X4^[U�Fxe[U&e�^vF_�SWÕJklr�?J�dS^OW�HVz\OZVU�ßs^[eO\��{U_F_^bFItÓ\[U4^�\OZKU�W�HSWr\OWÓF_lr¤
WYevF_\OWÕwxH � �]��F_�¹wxdS\-~{��¤��vB�p¼\-WYe-JSwx�WrHMF_\[U&J��]��\OZVU�JsU¥X4^[U�Fxe[Uwyt�e¾\O^vFI\[w{eO�SZVU4^OWYX�L�Î&A�� f ��Fxe[ebW�Hâ\OZKU
HVwx^O\OZVU4^OHZVU4�WÕeO�sZVU4^[U{B#��ZVU5U4iot�wxlÕJ�W�HVzC\OW��ÑU&eØF_^[U��yB¿�bF_HVJ��{B �C�oU�F_^[e�t�wx^#\OZKUäDG�{¢bFIHKJ*D���¢"eOW��-dSlÓF_\OWÕwxH.P
^[U&eO��U&XQ\OW�ÍoU4l��oB�TVwx^�\OZVUC�¹U4^OWYw�J×�"X4\[wy��U4^(\[w � U&X&UQ���¹U4^"��¢o�{�"\OZVUCUvi]t�wxlÕJkWrHVz@\OWr�$U&eØwxt¹\OZKU�e¾\O^vFI\[w{eO�SZVU4^OWYX
HVwx^O\OZVU4^OH?ZVU4�*WYeO�SZKUQ^[U L�Î A�� f ��Fye[e5J�W��¹U4^äe¾WÕzxHSW�ßVX�FIH]\Ol����¹U4\ÃÒ�U&UQH?��wy\OZ?�$w�JSU4l¹^OdsHVe¥B(��ZVUbÍyF_l�dVU&e�F_^[U
�yB¿�bF_HVJ��{B �Ct�wx^�\OZVUCDG�{¢bFIHVJ$D���¢"eOW��-dSlÓF_\OWÕwxH.Px^[U&eO��U&XQ\OW�ÍoU4l��oB���ZMF_\��ÑU�F_HVe�\OZVU�ZsWÕzxZVU4^�Í{U4^O\OWÕX�F_lS^[U&e[wyl�dS¤
\OWYwyH�$w�JSU4l¹D.�o¢CWYe��$wy^[UCeOdSW�\[U&J\[wb�S^[U&e[U4^OÍoU"eO\O^[wxHVzbÍ{UQ^O\OWYX�FIlK\O^vFyX&U4^Øzy^vFxJ�WYU4Hk\[e&B � dS^OW�HVz�\OZVU5t�wxlrlYw�Ò�W�HVz
�$wxHk\OZKe�\OZVU&e[U�zx^vFxJ�WÕU4H]\[eäF_^[U�eO�$w�wx\OZVU&J×F_HVJ×\OZKU�Uvi]t�wxlÕJkWrHVz�\OW��ÑU&eCX&wyH]ÍoU4^[z{UyB

p¼H,\OZVU?\O^[wy��w{eO�SZVU4^[U�\OZVU×�$w�JSU4l�lÕU&JÞLmÎ¥A5� f ��Fye[e�W�HVX4^[U�Fye[U&e$J�ds^OWrHVz�\OZVU?ßS^[eO\�oU�F_^$�]�1F_��wydS\$�{��¤$B
� dS^OW�HVz�\OZSWYeØ\OWr�$U"\OZVU"\O^vF_HVeO��wx^O\�wyt�LmÎ¥A5� f tÓ^[wx� \OZKUbeO\O^vFI\[w{eO�SZKUQ^[UCW�H]\[w-\OZVU"\O^[wx��woeO�sZVU4^[UäWYe�eO\O^[wxHVz{U4^
\OZMF_H�\OZVU'ds�S\vFIn{U'WrHá\OZVU�w�X&U_F_HVe�F_HVJ,W�HÞ\OZVU?\[U4^O^[U&eO\O^OWÓFIl"�SWYwoe¾�SZVU4^[UyBÛ�	ZVU'\[U4�*��wx^vFIlCÍyFI^OWÓF_\OWÕwxHÞwxt
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T.WÕzxdS^[U��_��ÖgÙ!YaZv�S5KRw�^�YM`bS�^6PQJRGIS5U�S5WJLX Y LmÎ e}« f Z\w�HLH·WÍS5KgHLY�^IY+~aJRY�]vKRY�|�GIS5U HgS5WtJLX Y�w5JLZ\S�H��QX2YMKRY7w�H·Z\S�]�Y+^I^TY�]
N��élnm�o(k

eO\O^vF_\[w{eO�SZVU4^OWYX×FIHKJâ\O^[wx�¹w{eO�SZKUQ^OWYXaLmÎ¥A5� f ��Fxe[e[U&e-X�F_H���U�Uvhk�SlÓFIW�HVU&JÐ�k�ÚZVU4�WÕeO�sZVU4^OWÕX�J�Wr��U4^[U4HVX&U¥e�wxt
\OZVU5e[U�FyeãwyHMF_l�ÍyF_^OWmF_\OWÕwxH$wytE\OZVU5\O^[wy��wx�MFIdKe[UØZVU4WYzyZ]\¥B�p¼H$\OZVU5zylYwy�EFIlS�$U�F_H.P{\OZVU	\O^[wy��wx�MFIdKe[U�WYe�ZSWÕzxZVU4^�WrH
HVwx^O\OZVU4^OHae¾dS��ÑU4^Ø\OZMF_H×W�H�HVwx^O\OZVU4^OH?Ò�W�Hk\[U4^¥B(�äU4HVX&UyPo\OZVU"\O^[wy��w{eO�SZVU4^[U � eO\O^vF_\[woeO�sZVU4^[U_�(UQHKX¥wx��MFxe[e[U&e
Fà�SWÕz{z{UQ^ � e¾��F_l�lÕU4^v��^[U&zyWYwxHÞFIHVJ/\OZVU4^[UQt�wx^[U?\OZVU LmÎ A�� f ��Fxe[e$J�ds^OWrHVzÐ\OZVU'eOds�*�$U4^��$wxHk\OZKe�wyH,\OZKU
HVwx^O\OZVU4^OH?ZVU4�*WYeO�SZKUQ^[U�WÕe	�SWÕz{z{UQ^ � eO��FIl�lÕU4^v�(\OZMFIH'J�dS^OW�HVz\OZVU�Ò�W�Hk\[U4^5�ÑwxH]\OZVe¥B

� X¥wx��MF_^OWÕe[wxH�wxt�\OZVU�\[U4��¹wx^vF_l�U4Íowxlrds\OWÕwxH�wyt�\OZVU LmÎ A�� f ��Fxe[eCW�H�\OZVU�HVwy^O\OZKUQ^OHÐFIHVJ'\OZKU*eãwydS\OZKUQ^OH
ZVU4�WYeO�SZVU4^[U�^[U4Í{U_F_lYe"\OZMFI\C\OZVU�tqFye¾\�JSU&X4^[U�FyeãU�W�Hà\OZKU-HVwx^O\OZVU4^OH�ZVU4�WÕe¾�SZVU4^[U�X�F_H'�MFI^O\Ol��?�¹U�Uvh��slmF_WrHKU¥J
�]�$\O^vF_HVeO��wy^O\�wxt�LmÎ¥A�� f \[w-\OZKUbe[wyds\OZVU4^OH�ZVU4�WÕeO�sZVU4^[U{B���ZVU"ZKUQ�WYeO�SZVU4^OWYXbJ�W��¹U4^[U4HVX&U"ÍyFIHsWÕeOZKU¥e(�k�$\OZKU
U4HVJÐwyt��_¢{�]£kB?�	ZVUaF_HSH]dMF_lØ�$U_F_HÐWrH]\[U4^OZVU4�WÕeO�sZVU4^OWÕX�U4hsXãZMFIHKzoU$\OW��$U&e*F_^[U×��B¿�{�'FIHVJÙ��B¿�{���oU�FI^[e�t�wx^
\OZVU�DG�o¢F_HVJ�\OZVU-D���¢�eOWr��dSlÓFI\OWYwyH�PK^[U&eO�¹U&X4\OW�ÍoU4lr�oB(pqH�U4W�\OZVU4^ä�$w�JSU4lGeOW��-dSlÓF_\OWÕwxHa\OZKUbWrH]\[U4^OZVU4�WÕe¾�SZVU4^OWÕX
UvhsX[ZMF_HVz{U�\OW��$U�e¾ZVw�Òäe�F��WrHSW��-ds� W�H×eOds�*�$U4^ � e[U&U"FIlYe[w�ý�þ&ê�íÓí éQì�ô�ÿñyú ê�ì2çoí�îÜPS�{�o�{�{�vB#D.FI\[U4^�\OZVU�LmÎ¥A�� f
JSU&X4^[U�FyeãU"WrH'\OZVU-F_\O�$woe¾�SZVU4^[UbWYe�FX&wxHVe[U5�{dVU4HVX&U�wyt.\OZVU�dS�s\vFIn{U�W�Ha\OZVU�w�X&U_F_HVeCFIHVJ�W�Ha\OZVU@\[U4^O^[U¥e¾\O^OWmF_l
�SWYw{eO�SZVU4^[UyB

LmÎ�C � f ç{ìØìm÷kê-éªè�ôÍÌ4ç{òvê

p¼H$TGWYzydS^[U��¥�"�$w�JSU4l�lÕU&JFIHVJ�wx�Ve[U4^OÍoU&J�\[U4�*��wx^vFIlSU4Íowxl�dS\OWÕwxHVe�wytK�¹wx�-��S^[w�JkdVX&U¥J LmÎ A�� f F_^[U�J�WYeO�SlÓF&�oU&J
t�wx^$e[U4lÕU&X4\[U&J,eOdS^OtqFxX¥U�eO\vF_\OWÕwxHVe�Fxe�^[U4lÓFI\OW�ÍoU'JSU4Í]WÓFI\OWYwyH,tÓ^[wx� \OZVU?HMFI\Ods^vFIl5�MFyXãn�zy^[wxdSHVJÙÍyF_lrdKUaW�H���U4^
�W�l � =ED =L= �vBÞý�þ&ê�íÓí éQì�ô�ÿñyú ê�ì�ç{írî � �o�{�o�{�bZEF&ÍoU'FIl�^[U�FyJk��eOZVw¥Ò�HÙ\OZMF_\*\OZKU×W�HSW�\OWmF_l@LmÎ¥A5� f X¥wxHVX&U4H]\O^vFI\OWYwyH
dVeãU¥JW�H�\OZVUC�$w�JSU4lMe¾Wr��dSlmF_\OWYwyH�t�wx^��"X4\[wy��U4^"�_¢{�o�äWÕeØZsWÕzxZVU4^�\OZMFIH�wy�VeãUQ^OÍ{U&J×FI\�F_lrl�eO\vF_\OWÕwxHVe � e[U&U5\OZVU4Wr^
T.WÕzxdS^[U����{�vBÙ�"e�\OZSWÕe$JsUQÍ]WÓFI\OWYwxH/WYewyHslr�Ð^[U4lmF_\[U&J�\[wÐFIH,U4^O^[wxHVU&wydVe�W�HSW�\OWmF_l�LmÎ¥A�� f J�WÕe¾\O^OWr�Sds\OWÕwxH.P(Ò�U
ZMFQÍoU�eOds�S\O^vFyX4\[U&J�\OZSWÕeCwx�¹e[U4\�W�H'wydS^CX&wy��MF_^OWÕeãwyH?wytG�$w�JSU4l�lÕU&J'FIHKJawx�Ve[U4^OÍoU&J LmÎ A�� f X&wyHVX&U4H]\O^vFI\OWYwxHVe¥B
j2wylYU4Ò�FI^[J�wyt��{� =  ���F�hkWr��dS�<LmÎQA5� f FxX4\OWrÍ]W�\¬��X¥wxHVX&U4H]\O^vFI\OWYwyHKeäF_\�\OZVU�eOds^OtqFyX&U"Ò�U4^[Ubwy�Ke[U4^OÍoU&J×W�H×\OZKU
lÓFI\[Ube¾dS��ÑU4^CwytØ��¢o�{��B2TSdS^O\OZVU4^"e[wxdS\OZ×��F�h�W��-ds� X&wyHVX&U4H]\O^vFI\OWYwxHVe�w�X&X4dS^O^[U&JaF_\�lÓFI\[U4^�\OW��$U&e¥Ps�¹U&X�F_dVe[U
\OZVUà��F_W�H W�HS�Sds\àwxt-��wy��� LmÎ¥A Ò�Fxe×W�H \OZVU�HVwx^O\OZVU4^OHÛZVU4�WÕe¾�SZVU4^[U�eO\O^vF_\[woe¾�SZVU4^[UyB9�	ZVUâwx�Ve[U4^OÍ{U¥J
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GIHKJML'NPORQ�S'T UWV-X4Y[Z�\�Y�]_^`]�a�b[Xdcfe�gh] ijaM]�Ylkmk�Yl]n^`oqpsr�t�ZdYPuvk�wEghYyx�oIz{r!]�esX9|hY�]-c}bdY[i�~�a�Zdesk�Y[\�askE��bdwma�g�a���b4|-Y
ija�gMb4|-k�u�ijY�e�g�� Î�� U����la�gh�lY[g�b4Zde�b[w�a�g.e�b�X4Ylk�Yl�[b[Y�]*X���Z4�`es�lY>X�bde�bdwma�ghXl�

� O{���#�MNl�y�>�hH��#O{NPO{����O��M� �d� O��h���{L'NdNPO{����O��M�����s hH��jL-� � Î�¡�¢ � ���M����O{� � Nl� � H;���%£*¤¥O �9¦ O�O{�¨§}��NP��©����'�
�y����ª«O{�¬��H¬�%J � �M��H;£�Q�E®°¯Os�yNP£��±I� � O{N �d� O°���M����O{� � Nl� � H;���²�'O��{NPOs��£PO��!� � �y���I£ � � � H;���%£�³�¤#O��s��L%£POf��L��{�KOs�yN
� O�£ � £[O�NdH;O�£ � �M�!O��%�'O��#³q���%� � Î�¡>¢ � ¦ �M£ � �y©O{�!L'�,¤�¯��h��Os�y��£>�y��� �d� O � O{NdNPO�£ � NdH´�y�&¤'H;�£d� � O{NPOµ

¡ �����+�yNPO�� � � �d� Of�M¤�£PO{N Í � � HK�M��£ �d� O}���y �H��jL'�¶���M����O{� � Nl� � H;����£�� ���d� Of£dL'Nd�·�M��O>H�� �d� O}���h�'O{�qNPO�£�L'� � £
�h���{L'N>� � ����Os�yNd�¬H;O{N � H��¸O��y��� �d� O¹���M����O{� � Nl� � H;�������y �H��jL'�ºH;£ � H;J � O{N �d� ���!��¤%£PO{N Í O��#(» � H;£�� Í O{NPO�£d¼
� H���� � H;�����s�y���M�'�¬¯�¤¥O�Ol ��'�`��H���O���¤�¯�� � �h�/£ � NP�M��Jj�'� ¦ � ¦ ��NP� � Nl����£��#�MN � H¬� �d� O}H¬�'H � H`���¥£ � �MJO}���¥¤¥� �d�
���h�'O{�½£dH��jL-�´� � HK�M��£�¿¾f£¹��H�Nf���M£P£PO�£f�M�����MN �d� O{Nd� � O{��HK£�� � O{NdHK���MNdHKJMH��ÀJµO � �.Hm -O��²H¬� � � �d� O.£[��L �d� O�Nd�
� O{��H;£d� � O{NPO ¦ H �d� �y�²H¬� � O{N � O{��HK£d� � O{NdHK�
Ol '� � �y��JO � H¬��O
���Á�KO�£P£ �d� �y� ����O°¯Os�yN�H�� ¤#� �d� ���h�'O{�K£/ÂÃ£PO�O
�y¤#� Í OsÄl³ �d� O
� Í O{NPO�£ � H���� � O�� �'� ¦ � ¦ ��NP� � Nl�y��£d�¥��N � H�� ����N �d� O�Nd� � O���H;£d� � O{NPO/��HK�h�`� � H � L��-O�£ �d� O�NPO{�Ã�MNPO
�y�K£[�¿���M� � NdH¬¤'L � O�£ � � �d� O>£P�ML �d� O{Nd� � O{��H;£d� � O{NdH;�>£dL'Nd�·�M��O������%��O{� � Nl� � HK�M��£����%�*�;Os���-£ � �j�y��� Í O{NPO�£ � H�����¼
� H;���v�M� �d� O � Î ¡>¢ � £dL'Nd�·�M��O*���M����O�� � Nl� � HK�M���M� �d� O�£P�ML �d� O{Nd� � O{��H;£d� � O{NPO��Å�Æ�ÇÃÈ´ÉÊ�Æ�ÇÃÆ�Ë.ÌMÍ+Î�Ï¥ÌMÐhÑ�Æ�Í
Â·ÒµÓÓ-QsÄ(£dL'¤�£ � H � L � O�� �d� O�£PO{��H�Ô-±��MJ�Nl�y��JMH´�y���M� Í O�� � HK�M�,£[� � O{��O��M�½Õ ¡�Ö ¾¹×²Sj¤�¯Ø��±��MJMNl����JMH`�������h�h¼
L'�;O*�y���²£dH��jL'�`� � O�� �d� O � Nl�y��£d�¥��N � ��� � Î�¡>¢ � f» � O�¯!�Ã�ML'��� �d� � ���d� O
� Í O�NPO�£ � H���� � O�� �'� ¦ � ¦ ��NP�!Ù'Lh 
�`NP�M� �d� O�£ � Nl� � �£�� � O{NPO
H¬� � � �d� O � NP�M�#�µ£d� � O�NPO
H;£*� �d� NdH¬¤-L � ��¤-�KO � � �d� O���L'��O{NdH;�y�y�(�'NP�M�#O{N � H;O�£/��� �d� O

QsÚ



£PO{��HmÔ'±��MJMNl����JMH`��� � Nl����£��#�MN � £P� � O���O����%� ��� �¿� �����h�'O{���h¯��+�y��HK��£� Ö � ¦ O Í O{N�³¥H � HK£°���;Os��Nd��¯ Í H;£dH�¤'�;O
�d� � �j�d� O Í �y�¬L�O�£
��� �d� O�Û'NP£ � ���M����O�� � Nl� � HK�M�«���s �H¬�/L'� �yNPO��;� ¦ O{N*H�� �d� O,±�ÜµÚ!£dH��jL'�`� � H;�M� �d� �y�«H¬�
�d� O�±�QyÚ�£dH��jL'�`� � H;�M�I³@O�£d�¥O��{H`������¯ H¬�R�.H;�h¼��y���v�;� ¦ O{Nj�`� � H � L��'O�£/��� �d� O����MN �d� O{Nd� � O{��H;£d� � O{NPO�²» � HK£
£dL%JJµO�£ � £ �d� � �
�d� O,�-� ¦ � ¦ �yNP� � Nl�y��£d�¥�MN � H;£
�KO�£P£�� Í O�NPO�£ � H���� � O��«H�� �d� O � H;J � O{N Í O�N � H;�s����NPO�£P����L � H;���
���h�'O{�·

» � O � Î�¡>¢ � �����%��O{� � Nl� � HK�M�Ý�-O��{NPOs�M£PO�£��·�M£ � O{N �d� �y�Ý�M¤�£PO{N Í O��Þ� � �y�¬��£dL-Nd�·����O £ � � � HK�M��£¸H¬� �d� O�±�QyÚ
£dH��jL-�´� � HK�M�I
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