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°® Ä±°ÂZº�§�²ºÀ¯±�\Àºº� ¶³Z��°®��¿¦|�¦�²¿¦��b�¦�Áv¿®z-
°®�Â��°Zºd¨·�zº] \ºº�¨¯�zd¯�ÏÎ�ÖÏ��Ä¦¶¤À£®�ÓÍ ³°Z]�¿Â¦vc
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v´³Zº¯ ©¦zÀºÀ�c�vº³Â°��z.º¿®�ÄZºº·³°Z]�¿Â¦vc�°®���Î ¾Âvk�
Ávº¿®�Äzdº°§�>Zd^ºº�³�©v��Z]�v¿Z��¾¸d´¯��Á®º]�¶¤À£®�ÓÍ ¿Â¦vc
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¾�°z]�®°º¯�¶¤�´¯�°®�\À��bÀ�£º¯�Â®�±¦�¾s°®À³��Î ª¨�

¾�°z]�®°º¯ ©Z��£�°®�½Zs�¾«¡�®¦º¯�À¦|À¯��Ï ª¨�
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|Àº³ �º·Â&� ²º¿¦�ÄZº·Á®¦®��®®z-¾º¯ �¿Zºº�z��¢¿z��±¦�¾«¡
°®�§Zºº³¦Â°��¿¦|�¦�¢¿z��±¦�¦°�½Zs�¾«¡ ®¦º¯�b�°°v·��¿¦|�¦
��ÎÍ ª º̈� Â�Ð ¾Âvk��v¿Z°³¾¯�vÀ¿Pc��cz¯�Äz]°Z§�zÀÀ�c�`lÀd³
¾º�s�¶º�]¦° Zº·°Zº°Àc�¶º°·�°®�½Zºs ¾º«¡�®¦ºº¯ bº�°°vº·
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�¶¤À£®��³°Z]�¿Â¦vc

ÓÍ ÑÍ ÏÍ bÀ�£º¯ Äz]°Z§
Ð�ÍÖE Î�ÔÏE Í�ÔÐDE \À��b�� �cz¯
Í�ÒÓF Í�ÏÒF ºº \À��¶³Z� �cz¯
ÏÑ�ÍÖD Ñ�ÕÎD Í�ÖÔD \À��b�� Ä±°ÂZ�§ ²À¯±
ÐÍ�ÔÖD Ò�ÖÏD Í�ÓÕE \À��¶³Z� Ä±°ÂZ�§ ²À¯±

�v´�Z]¾°³�°¦®¾´�¯�»Èds¦�Ä¦°¦®�v�°®�j´��¾Z°do¦�n���°®��v³°¦® ½zd�¯�»zo�¦¿ ª£¦vo�¶§�Àºd��z·�®¦v�¦
�b�¦�Á®º]�|À#Z³�§º�°�°¦v¤¯����

�¿Z¯±¡�®°º¯�©Z��£�°®��¾�°lc�©°º��¶]��½Zs�b�°°v·�v³Â°��Ô ª¨�

¾�°z]�®°º¯�©Z��£�°®�Äz·Z��´º�t¯�À±Â��Õ ª¨�
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�����°®�½Zs�bÀ À§�Â�b�°°v·��§Z³¦Â°�vÀ«ºc�z]�Ä°Z§®¿®�¶]�¾�cz¯�ÄZ·²À¯±�Äz]°Z§�zÀÀ�c�zg¦

ÎÎÎ

¾�°z]�®°º¯�©Z��£�°®�¸Z^�¦�¾]¡�b¿¦v·�\¿z���Ö ª¨�

Zº] �5� Í�ÖÍ��¾º³¦ºc�¶º�]¦°�Â��½Zººs b�°°v·�Z] �5� Í�ÖÔ��
bººÀ�£º¯�Â®�z· Ä¦z]��²¿¦z]Z´]��b�¦�¶d�¦®�§Z³¦Â°�vÀ«ºc�°¦v¤¯

��ÎÏ Â�ÎÎ ÄZ·ª¨���v¿®z-�³±¦z]�¶«®Z�¯�¦¿
�¾º«¡ ®¦ºº¯ bºº�°°v·�¶§�v´·®¾¯�ÀZ�³ Ô ª¨� Â�Ð ¾Âvk
Ä±°ÂZº�§ ²ººÀ¯±�\À��¶³Z��bÀ�£º¯�°®�§Z³¦Â°�vÀ«ºc�v´³Z°·
�ÏÒ��ªº�«�Â�¦ººÀ´c��bº�¦�Á®ºº] \Àºº� b���bÀ�£º¯�±¦�zd�À]
zdº�À]�\À��ÄÇZ]�ÄZ·bÀ�£º¯�°®��¿Z�z��¶§�v³¦Á®z§ ³°¦|-
\À��²À¿Z��±¦�zd�À]�\À����Â�bÀ�£º¯�°®�Â��\À����Â�±¦

¶º§ vº³¦Á®z§�¿Èº�¦ �ÏÐ� À¦°Zºº¨°·�Â�zsZ¯º��²À´#®·��b�¦
¾Â¦�¶k°®�°®��\À��¶³Z��°®�½Zs�Ä|Àsª�Zo��sZ���·Z§
°®�¾º]¡��¿Zº�z��Zºº] ~���Â��®t��¶¬À�Â�¶]�½Zs��¿Z�z��Z]
¾º]¡��¿Zºº�z��ª¯Z���\À��b���bÀ�£º¯�°®�Â��v�Z]¾¯�¶Z^c°¦
j¿Zºd³�¶]Zº�¯�¶º§ �bº�¦�Ávºº´´§�²ÀÀ�c�Ä|Àsª�Zo��·Z§�°®

�v�Z]¾¯�z�Zo��·Â&�

ÄzÀ-¶lÀd³
�¾º«¡ ®¦ºº¯ °¦vº¤¯��·Zº§ ÄZº¿º-��º·Â&� ²¿¦�j¿Zd³��ª§�°®
½Zºs ¸Z^�¦�¾]¡�b¿¦v· \¿z��Â�Z·¶³¦®½Zs z�£ ¾³±Â ²À.³ZÀ¯
²ºÀ¯±�¶ºº] b^�³�Ä±°ÂZ�§ ²À¯±�\À��¶³Z� Âb���bÀ�£º¯�°®
ÓÍ¿Â¦vºc Zºº] ³°Z]�°®�¶§�®¦®�ÀZ�³�j¿Zd³��¾¿º� ±¦��b�¦ ¾�cz¯
¾�sZºº� ¶§��¾«¡ ®¦º¯�Â�½Zs�b�°°v·��¾p���§Z³¦Â°��¶¤À£®
¶³Z��Â�b���°®�Ä±°ÂZ�§ ²À¯±�°®��v´�Z]¾¯�½Zs��¿Z�z��±¦

¶º§ ²º¿¦�¶º] zºº�³��b�¦ �cz¯�¶]Z�¯�ÄZ·bÀ�£º¯�±¦�zd�À]�\À�
°®�Ä±°ÂZºº�§ ÄZ·²À¯±�\À��b���bÀ�£º¯�°®�½Zs��¿Z�z�
zº] ÁÂÈº� \Àº� ¶³Zº� bººÀ�£º¯�°®�Â�Á®º]�¾]¡��¿Z�z��¶lÀd³
ªºÀs®�½Zººs b�°°v· °®�|À³�¾¨À³Z¨¯��¿Z�z���¾]¡��¿Z�z�
¶ººlÀd³�À¦ºc¾¯��Áv¯¡�b�® ¶]�j¿Zd³�±¦�²À´#®·�Â���ÏÐ��v�Z]¾¯
�ºcz¯�\ºº¿ztc�zg¦�°®�½Zs�bÀ À§�zd�À]��·Z§ ªÀ«®�¶§�b�z-
¾Zº¤d³¦��\Àº� bº���bººÀ�£º¯�¶]�b^�³ �\À� ¶³Z��b°�£�°®
Á®ºº] \Àº� ¶³Zº� bººÀ�£º¯�±¦�®t��©ZÀ¬°��zg¦�°®�½Zs�zd�À]
bº���bÀ�£º¯�Z]��cz¯�\À��¶³Z� °®�½Zs�bÀ À§�©ÂZ c��b�¦
zdº�À]�bº�Z^³¦�¶ºlÀd³�°®�Â��À¡�zdº°§�\Àº� Zºº] >ÇZ°do¦��\À�

�v�Z]¾¯��^cz¯�½Zs�n���°®�¾«¡�ÄZ¿Z¤]
Ä°¦|.�Z��

¾º¬¯ ¬zº� °Zº^d�¦�ªºp¯�±¦� �ºº·Â&� ²¿¦�ÄZ·¶´¿|·�±¦�¾�t]
zºº] �ÎÐÔÒ Zc�ÎÐÐÐ ÄZ·¾Z���¾�¦°¦�±¦��¬��Á®Z d�¦ zg¦ ¾�°z]
Ä¦°ºº� b¿Zºº°o�Z]���0�� v§�bpc��§º�°�Â��¿Z�z��vÀ«ºc
ÀZºÀ«Èk�vº°o¦�zdºº§®�ÄZ£¡�¶]�¢¬�d¯��°º�§�¾°¬��ÄZ·�·Â&�
�®ºº�¾¯�¾ºº³¦®°v£ Â z¨�c�¶¬À�Â�²¿v]�¶§��b�¦�Áv��bs¦®z�
zdº§®�ÄZºº£¡�©Z°o±�±¦�¶§�v´³¦®¾¯�\k¦Â�ÀZ-v´�¿º³��²À´#®·
Ä°¦|.ºº�Z���²d¯��¿¦z¿Â�Â�¶�«Z�¯�z�Zs ¶] Äº�º¯�®Z·z��vÀ�

�v´¿Z°³
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ÎÎÏ

¶¤À£®�ÓÍ Â�ÑÍ �ÏÍ ¿Â¦vc�Z]�ÄZ·³°Z]�°®�§Z³¦Â°���ºc���]z¯�zd¯�z]�¿z-��¾«¡ ®¦º¯ b�°°v·��Ð ¾Âvk
�¶¤À£®��³°Z]�¿Â¦vc

ÓÍ ÑÍ ÏÍ bÀ�£º¯ Äz]°Z§
Í�ÎÎÐE Í�ÍÏÕE Í�ÍÎÏD \À��b�� �cz¯
Í�ÍÏÒF Í�ÍÍÔF ºº \À��¶³Z� �cz¯
Í�ÒÔÎD Í�ÍÓÓDE Í�ÍÎÑD \À��b�� Ä±°ÂZ�§ ²À¯±
Í�ÖÒD Í�ÎÍÒD Í�ÍÎÎD \À��¶³Z� Ä±°ÂZ�§ ²À¯±

�v´�Z]¾°³�°¦®¾´�¯�»Èds¦�Ä¦°¦®�v�°®�j´��¾Z°do¦�n���°® �v³°¦® ½zd�¯�»zo�¦¿�ª£¦vo�¶§�Àºd��z·�®¦v�¦
�b�¦�Á®º]�|À#Z³�§º�°�°¦v¤¯ ��º

¾�°z]�®°º¯�ÄZ·°Z°Àc�°®�§Z³¦Â°�¶¬À�Â�¶]�¾«¡�®¦º¯�b�°°v·�v³Â°��ÎÍ ª¨�

¾�°z]�®°º¯�¶¤�´¯�°®�¾«¡�®¦º¯�Â�½Zs�b�°°v·�¶�]¦°��ÎÎ ª¨�
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ÎÎÐ

¾�°z]�®°º¯�¶¤�´¯�°®�Áv��vÀ«ºc�§Z³¦Â°�Â�¾«¡�®¦º¯�b�°°v·�¶�]¦°��ÎÏ ª¨�

Á®Z d�¦�®°º¯��]Z´¯
Â�½Zºs ¾¨¿|Àº� ÄZº·¾-&º¿Â�¾º��]�zºº] Ä±°Â½Zs�ÄZ·³Â°�zg¦��ÎÐÔÕ �¾¯Zo°¦�°v���¿�Â�¾oº«zÀ¯��»��¡���¸��¿��¾�Z^�«Zo��Î

�ÏÑ�ÎÐ ��Ð�Ð ¾�À^� �]Z´¯ Â�Ä±°ÂZ�§ Àº´� Â�¿º¬� �½°º«�¶�°|¯�°®�©°¯�®z¨¬°�
�v¸�¯�¾�Â®z��ÁZ.�³¦®�©¦°Z�d³¦��¾Â¦�ÜZ#��bsZ´� ½Zs �ÎÐÔÍ�¬��¹��ZÀ³�¢o��Ï
�À¦z¸c�ÁZ.�³¦®�©¦°Z�d³¦��¾Â¦�ÜZ# �À¡�¾zd´§�Â�¾]¡��¿Z�z� �ÎÐÔÒ �¬��¾·Z�°��Ð

��� $JXLODU�� 5��� (�� )�� .HOO\�DQG�5��'��+HLO� ������(IIHFW�RI�FXOWLYDWLRQ�RQ�VRLOV�LQ�QRUWKHUQ�*UHDW�3ODLQV UDQJHODQG��6RLO
6FL��6RF��$P��-����������������

��� $UVKDG�� 0�� $���$��-��)UDQ]OXHEEHUV�DQG�5��+��$]RR]� ������&RPSRQHQW�RI�VXUIDFH�VRLO�VWUXFWXUH�XQGHU�FRQYHQWLRQDO
DQG�QR�WLOODJH�LQ�QRUWKHUQ�&DQDGD��6RLO�7LOODJH�5HV������������

��� %ODFN� &�� 5�� ������ %XON�GHQVLW\��33� ,Q��0HWKRGV�RI�6RLO�$QDO\VLV��3DUW�,���QG HG���$P��6RF���$JURQ� ,QF���0DGLVRQ�
:,�

��� %URDGEHQW�� )�� )�� ����� 2UJDQLF� PDWWHU� 33� ,Q�� 0HWKRGV� RI�6RLO�$QDO\VLV��3DUW�,,���QG HG���$P��6RF���$JURQ� ,QF��
0DGLVRQ��:,�

��� %XUZHOO��5��(���5��5��$OOPDUDV�DQG�/��/��6ORQHNHU� ������6WUXFWXUDO�DOWHUDWLRQ�RI�VRLO�VXUIDFH�E\�WLOODJH�DQG�UDLQIDOO��-�
6RLO�:DWHU�&RQVHUY���������������

��� &DUWHU�� 0�� 5��� (��*��*UHJRULFK��'��:��$QGHUVRQ��-��:��'RUDQ��+��+��-DQVRQ�DQG�)��-��3LHUFH��������&RQFHSWV�RI�VRLO
TXDOLW\� DQG�WKHLU�VLJQLILFDQFH� 33� ,Q��0HWKRGV�IRU�$VVHVVLQJ�6RLO�4XDOLW\��6RLO�6FL��6RF��$P���6SHFLDO�3XE�� 1R�
����0DGLVRQ��:,�

���� &KRXGKDU\�� 0�� $��� $�� 5�� /DO� DQG� :�� $�� 'LFN� ������/RQJ�WHUP�WLOODJH�HIIHFWV RQ�UXQRII�DQG�VRLO�HURVLRQ�XQGHU
VLPXODWHG�UDLQIDOO�IRU�D�&HQWUDO�2KLR�VRLO��6RLO�7LOODJH�5HV��������������

���� 'RUDQ�� -�� :�� DQG� 7�� %�� 3DUNLQ� ������ 'HILQLQJ� DQG� DVVHVVLQJ� VRLO� TXDOLW\�� 33� ,Q�� 'HILQLQJ� 6RLO�4XDOLW\�IRU
6XVWDLQDEOH�(QYLURQPHQW��6RLO�6FL� 6RF��$P���6SHFLDO�3XE�� 1R������0DGLVRQ��:,�
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ÎÎÑ

���� (OOLRWW�� -�� $�� DQG�$��$��(IHWKD� ������,QIOXHQFH�RI�WLOODJH�DQG�FURSSLQJ�V\VWHP�RQ�VRLO�RUJDQLF�PDWWHU��VWUXFWXUH�DQG
LQILOWUDWLRQ�LQ�D�UROOLQJ�ODQGVFDSH��&DQ��-��6RLO�6FL��������������

���� (QJHOPDQ��5��DQG 3��/HUR\� ������3RSXODWLRQ�DQG�VXVWDLQDEOH�IRRG�SURGXFWLRQ� ,,��/LPLWV��33� ,Q��&RQVHUYLQJ�/DQG�
&RPPLWWHH�IRU�WKH�1DWLRQDO�,QVWLWXWH�IRU�WKH�(QYLURQPHQW��:DVKLQJWRQ��'�&�

���� )HUUHUDV��/��$���-��/��&RVWD��)��2��*DUFLD�DQG�&��3HFRUDUL� ������(IIHFW�RI�QR�WLOODJH�RQ�VRPH�VRLO�SK\VLFDO�SURSHUWLHV
RI�D�VWUXFWXUDO�GHJUDGDHH�3HWURFDOFLF�3DOHXGROO�RI�WKH�VRXWKHUQ�3DPSD�RI�$UJHQWLQD��6RLO�7LOODJH�5HV������������

����)RRG�DQG�$JULFXOWXUH�2UJDQL]DWLRQ� ������/DQG��)RRG�DQG�3HRSOH��5RPH��)$2�
���� .DUOHQ�� '�� /�� 0�� -�� 0DXVKEDFN�� -�� :�� 'RUDQ�� 5�� )�� +DUULV�DQG�*��(��6FKXPDQ��������6RLO�TXDOLW\��D�FRQFHSW�

GHILQLWLRQ�DQG�IUDPHZRUN�IRU�HYDOXDWLRQ��6RLO�6FL��6RF��$P��-�����������
���� .HPSHU�� :�� '�� DQG� 5�� &�� 5RVHQDX� ������ $JJUHJDWH� VWDELOLW\� DQG� VL]H� GLVWULEXWLRQ�� 33� ,Q��0HWKRGV�RI�6RLO

$QDO\VLV��3DUW�,���QG HG���$P��6RF���$JURQ� ,QF���0DGLVRQ��:,�
���� .OLQJHELHO�� $�� $�� DQG�$��0��2QHDO� ������6WUXFWXUH�DQG�LWV�LQIOXHQFH�RQ�WLOWK�RI�VRLOV� 6RLO�6FL��6RF��$P��3URF�����

������
���� .OXWH�� $��$������� /DERUDWRU\�PHDVXUHPHQW�RI�K\GUDXOLF�FRQGXFWLYLW\� 33� ,Q��0HWKRGV�RI�6RLO�$QDO\VLV��3DUW�,���QG

HG���$P��6RF��RI�$JURQ��,QF���0DGLVRQ��:,�
���� /D\RQ�� 7�� /��� +��2��%XFNPDQ�DQG�1��&��%UDG\� ������7KH�1DWXUH�DQG�3URSHUWLHV�RI�6RLO� ��WK HG���0DF�0LOODQ�&R��

1HZ�<RUN�
���� 0RXVDYL� 6�� )�� DQG� 5�� 5DLVLDQ� ������ (IIHFW� RI� YHJHWDWLRQ� FRYHU��VORSH�DQG�UDLQIDOO�LQWHQVLW\�RQ�UXQRII�LQ�VRPH

ZDWHUVKHGV�RI�&KDKDUPDKDO�DQG�%DNKWLDU\�3URYLQFH��,UDQ�$JULF��5HV��������������
���� 1HXIHOGHW�� +��� 0��$��$\DU]D��'��9��6��5HVFN�DQG�:��=HFK� ������'LVWULEXWLRQ�RI�ZDWHU�VWDEOH�DJJUHJDWH�LQ�&HUUDGR

2[LVROV� 6RLO�7LOODJH�5HV������������
���� 6FKXPDFKHU�� 0�� -��� -�� $�� /LQGVWURP�� -��$��6FKXPDFKHU�DQG�*��'��/HPPH� ������0RGHOLQJ�RI�VSDWLDO�YDULDWLRQ�LQ

SURGXFWLYLW\�GXH�WR�WLOODJH�DQG�ZDWHU�HURVLRQ��6RLO�7LOODJH�5HV��������������
����6PLO��9������� (QYLURQPHQW��5HDOLWLHV��0\WKV��2SWLRQV� 2[IRUG��&ODUHQGRQ�
����7HQ\ZD��0��0��DQG�5��/DO� ������,PSDFW�RI�ODQGVFDSH�SRVLWLRQ�RQ�VRLO�HURGLELOLW\���WK ,6&2�&RQIHUHQFH��1HZ�'HOKL�

,QGLD�
���� 7LVVHQ��+��DQG�-��:��6WHZDUW� ������3DUWLFOH�VL]H�IUDFWLRQV�DQG�WKHLU�XVH�LQ�VWXGLHV�RI�VRLO�RUJDQLF�PDWWHU FRPSRVLWLRQ

LQ�VL]H�IUDFWLRQ��6RLO�6FL��6RF��$P��-��������������
���� 86'$� 15&6� ������ 6RLO� 4XDOLW\�� ,QWURGXFWLRQ�� 6RLO� 4XDOLW\� ,QIRUPDWLRQ� 6KHHW�

KWWS���ZZZ�VWDWODE�LVWDWH�HGX�VXUYH\�64,�
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