
7KH�,VODPLF�8QLYHUVLW\�RI�*D]D��1DWXUDO�6FLHQFHV�VHULHV��9RO�����1R����33���������������

,03529(0(17�2)�*/8&26(�/(9(/��/,3,'�352),/(��620(�
(1=<0(�$&7,9,7,(6�$1'�6758&785(�2)�3$1&5($6�$1'�/,9(5�,1�',$%(7,&�5$76�75($7('�:,7+�*/,%(1&/$0,'(��

$EGHO�5DKLHP�$��$VKRXU�'HSDUWPHQW�RI�&KHPLVWU\��$O�$TVD�8QLYHUVLW\��*D]D��3DOHVWLQH�0DJHG�0��<DVVLQ�'HSDUWPHQW�RI�%LRORJ\��,VODPLF�8QLYHUVLW\�RI�*D]D��3DOHVWLQH�DQG�1HKDG�5��(O\D]ML�'HSDUWPHQW�RI�%LRORJ\��$O�$TVD�8QLYHUVLW\��*D]D��3DOHVWLQH��
�

� �¾»
» » » » ¿
�

������»
���� ��

»
������»

�����¿ ¿
¿¿

��
¿�

$EVWUDFW� 7KH� WKHUDSHXWLF� HIIHFW� RI� JOLEHQFODPLGH� RQ� VHUXP� YDOXHV� RI� JOXFRVH��WRWDO� OLSLGV��WULJO\FHULGHV��FKROHVWHURO�� WUDQVDPLQDVHV�DQG�DONDOLQH�SKRVSKDWDVH�DV�ZHOO� DV� RQ� WKH� KLVWRORJLFDO� VWUXFWXUH� RI� SDQFUHDV� DQG� OLYHU� ZHUH� H[DPLQHG� LQ�DOOR[DQ� GLDEHWLF� UDWV�� � *OLEHQFODPLGH� GHFUHDVHG� WKH� HOHYDWLRQ� RI� VHUXP� JOXFRVH�IURP�������� LQ� WKH�GLDEHWLF� VXE�JURXS� WR�EH������� LQ� WKH� WUHDWHG�GLDEHWLF� VXE�JURXS�DV�FRPSDUHG�WR�WKH�FRQWURO�� �7RWDO�OLSLG�FRQWHQW�LQ�GLDEHWLF�VXE�JURXS�ZDV�JUDGXDOO\�LQFUHDVHG�WR�UHDFK�D�SHUFHQWDJH�LQFUHDVH�RI��������LQ�WKH�HLJKWK�ZHHN�DV�FRPSDUHG�WR�FRQWURO���*OLEHQFODPLGH�DGPLQLVWUDWLRQ�GHFUHDVHG�WKH�HOHYDWLRQ�RI�WRWDO� OLSLGV� WR� ����� LQ� WUHDWHG� GLDEHWLF� DQLPDOV� DV� FRPSDUHG� WR� FRQWURO���7ULJO\FHULGH� DQG� WRWDO� FKROHVWHURO� FRQFHQWUDWLRQV�� WUDQVDPLQDVHV� DQG� DONDOLQH�



,03529(0(17�2)�*/8&26(�/(9(/����

� ���

SKRVSKDWDVH�DFWLYLWLHV�ZHUH�LQFUHDVHG�LQ�GLDEHWLF�UDWV���+RZHYHU�WKHVH�LQFUHPHQWV�ZHUH��LQ�JHQHUDO��EDFNHG�QHDU�WR�QRUPDO�OHYHOV�DIWHU�JOLEHQFODPLGH�DGPLQLVWUDWLRQ���+LVWRSDWKRORJLF� FKDQJHV� LQ� SDQFUHDV� DQG� OLYHU� RI� DOOR[DQ� GLDEHWLF� UDWV� ZHUH�PDQLIHVWHG�� �2Q�JOLEHQFODPLGH� WUHDWPHQW�� WKH� LVOHWV�RI�/DQJHUKDQV� VWDUWHG� WR�UH�H[LVW�EXW�VWLOO�ZLWK�OLPLWHG�SDWWHUQ��7KH�H[LVWLQJ�FHOOV�WKHPVHOYHV�VHHPHG�WR�UHJDLQ�QHDU� WR� QRUPDO� GLVWULEXWLRQ�� � $OVR�� JOLEHQFODPLGH� WUHDWPHQW� VWLPXODWHV�FRQVLGHUDEOH�UHFRYHU\�WR�OLYHU�GDPDJHG�WLVVXHV��
�.H\�ZRUGV��'LDEHWHV��UDWV��JOLEHQFODPLGH��SDQFUHDV��OLYHU��OLSLG��HQ]\PH��

�,QWURGXFWLRQ�%ORRG� JOXFRVH� FRQFHQWUDWLRQ� LV� QRUPDOO\� WLJKWO\� UHJXODWHG� E\� WKH� FRRUGLQDWHG�DFWLRQ� RI� LQVXOLQ� DQG� FRXQWHU� UHJXODWRU\� KRUPRQHV�� � $� EDODQFH� LV� PDLQWDLQHG�EHWZHHQ� JOXFRVH� SURGXFWLRQ� E\� WKH� OLYHU�� DQG� JOXFRVH� FOHDUDQFH� LQWR� SHULSKHUDO�WLVVXHV��SULPDULO\�PXVFOHV���,QVXOLQ�UHOHDVHG�IURP�EHWD�FHOOV�RI�WKH�SDQFUHDWLF�LVOHW�LV� FRQVWDQWO\� DGMXVWHG� VR� WKDW� QRUPRJO\FHPLD� LV� PDLQWDLQHG�� � 7KH� IDLOXUH� RI�GLDEHWLF�SDWLHQWV�WR�PDLQWDLQ�QRUPDO�EORRG�JOXFRVH�FRQFHQWUDWLRQV�LV�GXH�WR�HLWKHU�D GHIHFW� LQ� LQVXOLQ� UHOHDVH� RU� WKH� LQHIIHFWLYH� XWLOL]DWLRQ� RI� LQVXOLQ� UHVXOWLQJ� LQ�K\SHUJO\FHPLD�������,Q�K\SHUJO\FHPLD�WKHUH�DUH�GHFUHDVH�LQ�FHOOXODU�JOXFRVH�XSWDNH�DQG�VWRUDJH�DV� JO\FRJHQ� DQG� IDW�� H[FHVV� JOXFRVH� EUHDNGRZQ� IURP� VWRUDJH�� GHIHFWLYH�JO\FRO\VLV�� DQG� H[FHVV� IDW� EUHDNGRZQ�� $OO� WKHVH� DFWLRQV� UHVXOW� LQ� FHOOXODU�VWDUYDWLRQ�DQG�DFFXPXODWLRQ�RI�JOXFRVH�DQG�IDW�LQ�EORRG��)DW�EUHDNGRZQ�UHVXOWV�LQ�LQFUHDVHG� OHYHOV� RI� IUHH� IDWW\� DFLGV� LQ� EORRG� ����� ,QVXOLQ� GHILFLHQF\� FDXVHV�K\SHUWULJO\FHULGHPLD� GXH� WR� GHFUHDVHG� OLSRSURWHLQ� OLSDVH� DFWLYLW\� WKDW� UHVXOWV� LQ�DFFXPXODWLRQ�RI�FK\ORPLFURQV�DQG�YHU\�ORZ�GHQVLW\� OLSRSURWHLQV� �9/'/�� LQ� WKH�SODVPD�������$VVRFLDWHG�FKDQJHV�LQ�SODVPD�OLSLG�DQG�OLSRSURWHLQ�OHYHOV�LQ�GLDEHWHV�UHPDLQ� LPSRUWDQW� LQ� WHUPV� RI� H[SODLQLQJ� WKH� DFFHOHUDWHG� DWKHURVFOHURVLV� ������3ODVPD� YDOXHV� RI� FKROHVWHURO�� WULJO\FHULGHV�� DQG� WKHLU� ORZ� GHQVLW\� OLSRSURWHLQ��/'/�� DQG� 9/'/� VXEIUDFWLRQV� ZHUH� IRXQG� WR� LQFUHDVH� ZLWK� WKH� VHYHULW\� RI�K\SHUJO\FHPLD������$OWHUDWLRQ� RI� HQ]\PH� DFWLYLWLHV� GXULQJ� K\SHUJO\FHPLD� ZDV� WKH� VXEMHFW� RI��FRQFHUQ�IRU�PDQ\�DXWKRUV���(OHYDWHG�OHYHOV�RI�VHUXP�DPLQRWUDQVIHUDVHV��DVSDUWDWH�WUDQVDPLQDVH�� $67� DQG� DODQLQH� WUDQVDPLQDVH�� $/7�� DQG� DONDOLQH� SKRVSKDWDVH��$/3��ZHUH�UHFRUGHG�LQ�GLDEHWLF�DQLPDOV����������'LDEHWHV� PHOOLWXV� LV� FKDUDFWHUL]HG� E\� ZLGH� VSUHDG� SDWWHUQ� RI� GDPDJH� LQ�DOPRVW� HYHU\� WLVVXH� RI� WKH� ERG\� LQFOXGLQJ� SDQFUHDV� DQG� OLYHU�� � +LVWRSDWKRORJLF�
FKDQJHV� LQFOXGLQJ� YDFXRODU� GHJHQHUDWLRQ�� UHGXFWLRQ� RI�E�FHOOV� DQG� SDQFUHDWLF�
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QHFURVLV�ZHUH�GHPRQVWUDWHG�LQ�WKH�SDQFUHDV�RI�GLDEHWLF�DQLPDOV�������������/LYHU�OHVLRQV� RI� GLDEHWLF� DQLPDOV� LQFOXGHG� K\GURSLF� GHJHQHUDWLRQ� LQ� KHSDWRF\WHV��LQFUHDVH�LQ�.XSIIHU�FHOOV��QHFURVLV�DQG�SUHVHQFH�RI�LQIODPPDWRU\�FHOOV�������������
*OLEHQFODPLGH� VWLPXODWHV� LQVXOLQ� VHFUHWLRQ� IURP� SDQFUHDWLF� E�FHOOV�SULQFLSDOO\�E\�LQKLELWLQJ�$73�VHQVLWLYH�.� �.$73� FKDQQHOV�LQ�SODVPD�PHPEUDQH������� 6HUXP� JOXFRVH� ZDV� XQFKDQJHG� DIWHU� JOLEHQFODPLGH� DGPLQLVWUDWLRQ� EXW�

SODVPD� LQVXOLQ� URVH� E\� ���� DQG� ���� DIWHU� WKH� ��� DQG� ���� PJ�PLQ� LQIXVLRQV��UHVSHFWLYHO\��������$OWKRXJK�GLDEHWHV�PHOOLWXV�KDV�EHFRPH�D�FRPPRQ�FKURQLF�GLVHDVH�LQ�*D]D�VWULS�� RQO\� IHZ� UHSRUWV� DGGUHVVHG� WKH�SUREOHP� ������7KH� FXUUHQW� LQYHVWLJDWLRQ� LV�DLPHG� WR� KLJKOLJKW� WKH� DOWHUDWLRQV� RI� JOXFRVH� OHYHO�� OLSLG� SURILOH� DQG� RI� VRPH�HQ]\PH� DFWLYLWLHV� LQ� DOOR[DQ� GLDEHWLF� UDWV�� �$OVR�� FKDQJHV� LQ� SDQFUHDV� DQG� OLYHU�VWUXFWXUH� DUH� LQYHVWLJDWHG�� � *OLEHQFODPLGH� ZDV� WKH� GUXJ� RI� FKRLFH� DV� LW� LV�FRPPRQO\�XVHG�IRU�WKH�WUHDWPHQW�RI�GLDEHWHV�PHOOLWXV�LQ�*D]D�6WULS������
�0DWHULDOV�DQG�0HWKRGV�([SHULPHQWDO�$QLPDOV�$QLPDOV� XVHG� LQ� WKH� FXUUHQW� LQYHVWLJDWLRQ� ZHUH� \RXQJ� DGXOW� PDOH� DOELQR� UDWV��ZHLJKLQJ� ������� JP�� � 7KH\� ZHUH� SXUFKDVHG� IURP� WKH� EUHHGLQJ� XQLW� RI� %LRORJ\�GHSDUWPHQW��)DFXOW\�RI�6FLHQFH��,VODPLF�8QLYHUVLW\�RI�*D]D���$QLPDOV�ZHUH�KRXVHG�LQ� ZHOO�DHUDWHG� FDJHV� DQG� OHIW� IRU� RQH� ZHHN� EHIRUH� H[SHULPHQWDWLRQ� WR� DGDSW� WR�ODERUDWRU\�FRQGLWLRQV���&RPPHUFLDO�EDODQFHG�GLHW�DQG�ZDWHU�ZHUH�FRQWLQXRXVO\�DQG�UHJXODUO\�VXSSOLHG�DG�OLELWXP�DOO�RYHU�WKH�H[SHULPHQWDO�SHULRG��
,QGXFWLRQ�RI�GLDEHWHV�DQG�WUHDWPHQW�$QLPDOV� ZHUH� GLYLGHG� LQWR� WZR� PDMRU� JURXSV�� � 2QH� JURXS� ZDV� XVHG� DV� QRUPDO�FRQWURO�� �7KH�RWKHU�JURXS�RI�DQLPDOV�ZHUH� IDVWHG����KRXUV� WKHQ�UHQGHUHG�GLDEHWLF�E\� D� VLQJOH� LQWUDSHULWRQHDO� LQMHFWLRQ� RI� D� IUHVKO\� SUHSDUHG� DOOR[DQ� PRQRK\GUDWH�VROXWLRQ�DW�D�GRVH�RI�����PJ�NJ�ERG\�ZHLJKW������ 5DWV�ZLWK�JOXFRVH�OHYHO�!����PJ�GO� ZHUH� XVHG�� � 7KH� GLDEHWLF� DQLPDOV� ZHUH� VXEGLYLGHG� LQWR� WZR� VXE�JURXSV���$QLPDOV� RI� WKH� ILUVW� VXE�JURXS� UHPDLQHG� ZLWKRXW� WUHDWPHQW� DQG� FRQVLGHUHG� DV� D�GLDEHWLF� FRQWURO� JURXS�� ZKLOH� WKH� VHFRQG� JURXS� ZDV� JLYHQ� JOLEHQFODPLGH� DQG�FRQVLGHUHG�DV�D� WUHDWHG�GLDEHWLF�VXE�JURXS���*OLEHQFODPLGH��&RPPHUFLDOO\�NQRZQ�DV�*OXFRFDUH�� ZDV� SXUFKDVHG� IURP� ORFDO� SKDUPDFLHV� DV� WDEOHWV� DQG� WKHQ� JULQQHG�XVLQJ�D�PRUWDU��7KH�SRZGHU�ZDV�GLVVROYHG� LQ�ZDWHU�DQG�RUDOO\�DGPLQLVWUDWHG�DW�D�GRVH� OHYHO� RI����PJ�NJ�ERG\�ZHLJKW�� GDLO\� IRU� HLJKW�ZHHNV��ZKLFK� UHSUHVHQWV� WKH�
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RYHUDOO� H[SHULPHQWDO� GXUDWLRQ�� � 7KLV� ZDV� GRQH� E\� VSHFLDO� VWRPDFK� WXEH� ZLWK� D�VPRRWK�WLS�WR�SURWHFW� WKH�LQWHULRU� OLQLQJ�RI� WKH�RUDO�DQG�EXFFDO�FDYLW\�IURP�LQMXU\���7KH�GRVH�RI�JOLEHQFODPLGH�ZDV�HVWLPDWHG���������
�3K\VLRORJLFDO�6WXGLHV�$QLPDOV�IURP�ERWK�QRUPDO�FRQWURO�DQG�H[SHULPHQWDO�VXE�JURXSV�ZHUH�GHFDSLWDWHG�ZHHNO\� IRU� HLJKW� ZHHNV�� %ORRG� ZDV� FROOHFWHG� LQ� ��� PO� SODLQ� WXEHV� IRU� VHUXP�SUHSDUDWLRQ��&OHDU�VHUXP�VDPSOHV�ZHUH�VHSDUDWHG�E\�FHQWULIXJDWLRQ�DW������U�S�P��IRU� ���PLQ�� � 6HUXP� JOXFRVH�ZDV� GHWHUPLQHG� ������ 7KH� NLWV� XVHG� SXUFKDVHG� IURP�5DQGR[� ODE� /7'�� 8�.�� � 6HUXP� WRWDO� OLSLGV� ZHUH� GHWHUPLQHG� E\� XVLQJ� WKH�FRORULPHWULF� PHWKRG� ������ 6HUXP� WULJO\FHULGH� FRQFHQWUDWLRQ� ZDV� GHWHUPLQHG�HQ]\PDWLFDOO\� ������ 6HUXP� WRWDO� FKROHVWHURO� OHYHOV� ZHUH� GHWHUPLQHG� IROORZLQJ�LQVWUXFWLRQ�PDQXDOV�RI�5DQGR[�UHDJHQW�NLWV��������(Q]\PH�DFWLYLWLHV�ZHUH�PHDVXUHG�E\�XVLQJ�%RHKULQJHU�UHDJHQW�NLWV���7KH�DFWLYLW\�RI�DVSDUWDWH�DPLQRWUDVIHUDVH��$67��DQG�DODQLQH�DPLQRWUDVIHUDVH��$/7��ZHUH�GHWHUPLQHG��������7KH�DFWLYLW\�RI�DONDOLQH�SKRVSKDWDVH��$/3��ZDV�PHDVXUHG��������
�+LVWRORJLFDO�6WXGLHV�)ROORZLQJ� GHFDSLWDWLRQ� DW� ZHHNO\� EDVLV� IRU� HLJKW�ZHHNV�� WKH� SDQFUHDV� DQG� OLYHU�ZHUH� GLVVHFWHG� IUHHG� IURP� WKH� VXUURXQGLQJ� FRQQHFWLYH� WLVVXHV� DQG� RUJDQV�� WKHQ�H[FLVHG���7KH\�ZHUH�LPPHGLDWHO\�LPPHUVHG�LQ�VDOLQH�VROXWLRQ�IRU�EORRG�UHPRYDO���7KH�SUHSDUDWLRQV�ZHUH�WKHQ�IL[HG�LQ�����EXIIHUHG�IRUPDOLQH��������)L[HG�WLVVXHV�ZHUH�GHK\GUDWHG��FOHDUHG�ZLWK�[\OHQH�DQG�FRPSOHWHO\�LPSUHJQDWHG�ZLWK�SDUDIILQ�ZD[���7KH�WLVVXHV�ZHUH�WKHQ�VHFWLRQHG�E\�D�URWDU\�PLFURWRPH�DW�D�WKLFNQHVV�RI���PP��PRXQWHG� DQG� DIIL[HG� WR� VOLGHV� DQG� ODWHU� XVHG� IRU� WKH� URXWLQH� KDHPDWR[\OLQ�DQG�HRVLQ�VWDLQ�������
�6WDWLVWLFDO�$QDO\VLV�$OO�WKH�H[SHULPHQWDO�GDWD�ZHUH�VWDWLVWLFDOO\�DQDO\]HG�������

�5HVXOWV�3K\VLRORJLFDO�VWXGLHV�7KH�GDWD�LQ�7DEOH���VKRZV�WKH�DYHUDJH�RI�JOXFRVH��WRWDO�OLSLG��WULJO\FHULGH�DQG�WRWDO�FKROHVWHURO� OHYHOV� LQ� WKH� VHUXP� RI� ERWK� FRQWURO� DQG� H[SHULPHQWDO� JURXSV�� � ,W� LV�REYLRXV� WKDW� WKHUH� LV� D� SURJUHVVLYH� LQFUHDVHG� LQ� WKH� OHYHOV� RI� VHUXP� JOXFRVH� LQ�DOOR[DQ� GLDEHWLF� UDWV�� FRPPHQFLQJ� IURP� WKH� ILUVW� ZHHN�� 7KH� UDWH� RI� LQFUHDVH� LV�
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DPRXQWHG� WR��������DW� WKH�HQG�RI� WKH�H[SHULPHQW�DV�FRPSDUHG� WR�FRQWURO�JURXS���+RZHYHU�� RQ� JOLEHQFODPLGH� DGPLQLVWUDWLRQ�� VHUXP� JOXFRVH� OHYHOV� ZHUH�VLJQLILFDQWO\�GHFUHDVHG� UHFRUGLQJ�������RI�FKDQJH�DV�FRPSDUHG� WR�FRQWURO�JURXS���$ SURJUHVVLYH� LQFUHDVH� LQ� VHUXP� WRWDO� OLSLG�ZDV� REVHUYHG� IRU� GLDEHWLF� UDWV�ZKLFK�EHFDPH�PRUH�SURQRXQFHG�GXULQJ� WKH� ODVW� WKUHH�ZHHNV�ZLWK�D�PD[LPLXP�YDOXH�RI�������� DV� FRPSDUHG� WR� QRUPDO� FRQWUROV�� � +RZHYHU�� QRQ�VLJQLILFDQW� LQFUHDVH� LQ�VHUXP�WRWDO�OLSLG�OHYHOV�ZDV�UHFRUGHG�LQ�WKH�UDWV�WUHDWHG�ZLWK�JOLEHQFODPLGH��ZKHUH�LW� UHDFKHG� D�PD[LPXP�RI� �����DV� FRPSDUHG� WR� FRQWURO�� � 6HUXP� WRWDO� FKROHVWHURO�OHYHO�ZDV�JHQHUDOO\�LQFUHDVHG�DPRQJ�GLDEHWLF�DQLPDOV���7KLV�LQFUHDVH�EHFDPH�PRUH�SURQRXQFHG�FRPPHQFLQJ�IURP�WKH�WKLUG�ZHHN�WLOO�WKH�HQG�RI�WKH�VWXG\��VKRZLQJ�D�PD[LPXP� YDOXH� RI� ������ DV� FRPSDUHG� WR� WKH� FRQWURO�� � +RZHYHU�� WKH� WUHDWHG�GLDEHWLF�VXE�JURXS�VKRZHG�WKDW�WKH�WRWDO�FKROHVWHURO�OHYHO�ZDV�PRUH�RU�OHVV�QHDU�WR�FRQWURO� OHYHO�� �$� VXEVWDQWLDO� LQFUHDVH� LQ� VHUXP� WULJO\FHULGH� OHYHOV� RI�GLDEHWLF� UDWV�ZDV�UHFRUGHG�ZLWK�D�SHUFHQWDJH�LQFUHDVH�RI��������DW�WKH�HQG�RI�WKH�H[SHULPHQW�DV�FRPSDUHG�WR�FRQWUROV���2Q�WKH�RWKHU�KDQG��WKHUH�ZDV�QR�VLJQLILFDQW�FKDQJH�RI�VHUXP�WULJO\FHULGH�FRQFHQWUDWLRQ�LQ�WKH�WUHDWHG�GLDEHWLF�VXE�JURXS�ZKHQ�FRPSDUHG�WR�WKH�FRQWURO� JURXS� DQG� PDQDJHG� WR� VWLPXODWH� PRUH� RU� OHVV� FRQVWDQW� ILJXUHV� RQ�WULJO\FHULGH�FRQFHQWUDWLRQ�VKRZLQJ�D�SHUFHQWDJH� LQFUHDVH�RI������DV�FRPSDUHG� WR�FRQWURO�JURXS�� �7KH�DFWLYLWLHV�RI� VHUXP�$67��$/7�DQG�$/3�IRU�ERWK�FRQWURO�DQG�H[SHULPHQWDO�DQLPDOV�DUH�SUHVHQWHG�LQ�7DEOH�����$�JHQHUDO�LQFUHDVH�LQ�$67�DFWLYLW\�ZDV� IRXQG� LQ� WKH� GLDEHWLF� VXE�JURXS�� � 7KLV� HOHYDWLRQ� UHDFKHG� D� VLJQLILFDQW� YDOXH�FRPPHQFLQJ�IURP�WKH� WKLUG�ZHHN�� �7KH�SHUFHQWDJH�ZDV�HVWLPDWHG�WR�EH�������DV�FRPSDUHG�WR�FRQWURO�JURXS���
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2Q� WKH� RWKHU� KDQG�� GLDEHWLF� UDWV� WUHDWHG� ZLWK� JOLEHQFODPLGH� HYLGHQFHG� D� QRQ�VLJQLILFDQW�LQFUHDVH�LQ�WKH�HQ]\PH�DFWLYLW\�UHFRUGLQJ�D�SHUFHQWDJH�LQFUHDVH�RI������DV�FRPSDUHG�WR�QRUPDO�FRQWURO�JURXS���6HUXP�$/7�DFWLYLW\�LQ�GLDEHWLF�UDWV�VKRZHG�D KLJKO\� VLJQLILFDQW� LQFUHDVH� GXULQJ� DOO� WLPH� SHULRGV� H[DPLQHG�ZLWK� D� SHUFHQWDJH�LQFUHDVH�RI��������DW�WKH�HQG�RI�WKH�H[SHULPHQW�DV�FRPSDUHG�WR�FRQWURO�JURXS���2Q�JOLEHQFODPLGH� WUHDWPHQW�� $/7� DFWLYLW\� UHFRUGHG� D� QRQ�VLJQLILFDQW� LQFUHDVH� RI�������� � )RU� DONDOLQH� SKRVSKDWDVH�� D� KLJKO\� VLJQLILFDQW� LQFUHDVH� LQ� WKH� HQ]\PH�DFWLYLW\� LQ� GLDEHWLF� VXE�JURXS� ZDV� GHWHFWHG�� � 7KLV� LQFUHDVH� EHJDQ� IURP� WKH� ILUVW�ZHHN� UHFRUGLQJ� D� SHUFHQWDJH� LQFUHDVH� RI� ������� DV� FRPSDUHG� WR� FRQWURO� JURXS���0RUHRYHU��VHUXP�$/3�DFWLYLW\�VWLOO�LQFUHDVHG�EXW�QRW�VLJQLILFDQWO\�LQ�UDWV�IURP�WKH�WUHDWHG� GLDEHWLF� VXE�JURXS� ZLWK� D� SHUFHQWDJH� LQFUHDVH� RI� ����� DV� FRPSDUHG� WR�FRQWURO�JURXS���
+LVWRORJLFDO�VWXGLHV�3DQFUHDV�)LJ���� UHSUHVHQWV�SDQFUHDWLF�VHFWLRQ�IURP�QRUPDO�FRQWURO�DOELQR�UDW�VKRZLQJ�LVOHWV�
RI�/DQJHUKDQV� FRQWDLQLQJ� QRUPDO�D�DQG�E�FHOOV�� � 7KH� KLVWRORJ\� RI� SDQFUHDVH� RI�GLDEHWLF� UDWV� VKRZHG� LQWHQVLYH� KLVWRSDWKRORJLF� FKDQJHV� �)LJ�� ���� � 7KHVH�LQYHVWLJDWHG� DV� YDFXRODU� GHJHQHUDWLRQ� DQG� ORVV� RI� UHJXODU� SDWWHUQ� RI� LVOHWV��
UHGXFWLRQ�LQ�VL]H�DQG�QXPEHU�RI�E�FHOOV��K\GURSLF�DQG�IDWW\�GHJHQHUDWLRQ��QHFURWLF�
DQG� IDLQWO\� VWDLQHG�� RI� VSHFLILF� JUDQXOHV�RI�E�FHOOV��+DHPRUUKDJLF� LQILOWUDWLRQ� DQG�VFDU�WLVVXH�LQ�EHWZHHQ�SDQFUHDWLF�OREXOHV��7KH�GLVWULEXWLRQ�RI�WKH�GLIIHUHQW�W\SHV�RI�
FHOOV�ZLWKLQ�HDFK�LVOHW�ZDV�GLVUXSWHG�ZKHUH�PDLQO\�D�FHOOV�ZHUH�SUHVHQW��7KH�ZDOOV�RI�SDQFUHDWLF�GXFWV�ZHUH�WKLFNHQHG��$�ODUJH�SRUWLRQ�RI�WKH�SDQFUHDWLF�DFLQL�DFTXLUHG�S\NQRWLF�QXFOHL�ZLWK� OLPLWHG�VHFUHWRU\� LQWLW\�� � ,Q�JOLEHQFODPLGH�WUHDWPHQW��)LJ������WKH�HDUOLHU�ZHHNV�VWLOO�VKRZHG�VRPH�GLVWXUEDQFHV�LQ�WKH�GLVWULEXWLRQ�RI�FHOOV�ZLWKLQ�LVOHWV� RI� /DQJHUKDQV�� K\GURSLF� GHJHQHUDWLRQ� RI� VRPH� LVOHW� FHOOV�� VFDU� WLVVXH� LQ�EHWZHHQ�SDQFUHDWLF�OREXOHV�GHQRWLQJ�DUHDV�RI�GHJHQHUDWHG�LVOHWV��7KH�H[RFULQH�SDUW��DFLQL�� VXIIHUHG� IURP�HDUO\�GHJHQHUDWLYH�FKDQJHV�� �$W� WKH� ODWH�ZHHNV�� WKH� LVOHWV�RI�/DQJHUKDQV� VWDUWHG� WR� UH�H[LVW� EXW� VWLOO� ZLWK� OLPLWHG� SDWWHUQ�� 7KH� H[LVWLQJ� FHOOV�WKHPVHOYHV�VHHPHG�WR�UHJDLQ�QHDU�WR�QRUPDO�GLVWULEXWLRQ��
�
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)LJ����3KRWRPLFURJUDSK�RI�D�VHFWLRQ�RI�WKH�SDQFUHDV�RI�QRUPDO�
FRQWURO�UDW�VKRZLQJ�LVOHWV�RI�/DQJHUKDQV��LO��FRQWDLQLQJ�QRUPDO�D
DQG�E FHOOV��+;�±�(��;��������

)LJ�����3KRWRPLFURJUDSK�RI�SDQFUHDWLF�WLVVXH�RI�GLDEHWLF�UDWV�VKRZLQJ���$��WKLFNHQLQJ�LQ�WKH�ZDOOV�RI�WKH�SDQFUHDWLF�GXFW�� ���>+;�±�(��;���@�� ��%��VFDU�WLVVXH�UHSODFLQJ�QHFURWLF� LVOHWV� RI�/DQJHUKDQV�� >+;�±�(��;���@�� � �&��EORRG�FORW��
�p� UHSODFLQJ�KDHPRUUKDJLF�OHVLRQV��>+;�±�(��;���@����'��S\NQRWLF�QXFOHL����� Q���ZLWK�QHFURWLF�FHOOV���>+;�±�(��;���@���

%

$

'

$

&
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)LJ�� ��� 3KRWRPLFURJUDSK� RI� SDQFUHDWLF� WLVVXH� RI� GLDEHWLF� UDWV� WUHDWHG� ZLWK�JOLEHQFODPLGH� VKRZLQJ�� �$��K\GURSLF�GHJHQHUDWLRQ�ZLWK�KDHPRUUKDJLF�LQILOWUDWLRQ�������LQ�WKH�LVOHW��>+;�±�(��;���@���%���UHH[LVWDQFH�RI�LVOHWV�RI�/DQJHUKDQV�ZLWK�YDULDEOH�VL]HV�DQG�GHJHQHUDWLYH�SDQFUHDWLF�DFLQL��>+;±�(�� ;���@�� � �&�� � QHDU� WR� QRUPDO� SDQFUHDWLF� � DUFKLWHFWXUH� LQ� FHOOV� RI�SDQFUHDWLF�DFLQL�>+;�±�(��;���@��

)LJ�����+LVWRORJLFDO�H[DPLQDWLRQ�RI�WKH�OLYHU�RI�QRUPDO�DOELQR�UDWV�VKRZLQJ���$��QRUPDO�KHSDWLF�SDWWHUQ�>+;� ��(��;���@�� � � �%��SRUWDO� DUHD�ZLWK�KHSDWLF�YHLQ�DQG�ELOH�GXFW���>+;�±�(��;����@���

$ %
%

$

$ %

&

%
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�)LJ�����3KRWRPLFURJUDSK�RI�VHFWLRQV�RI�WKH�OLYHU�RI�GLDEHWLF�UDW�VKRZLQJ���$��
GHJHQHUDWLYH�FHOOV��JUDQXODWHG�	�YDFXRODWHG�F\WRSODVP�DQG�GLODWHG�VLQXVRLGV��>�+;��
(�� ;� ��@�� �%�� VKRZLQJ� QHFURWLF� DUHD� �Q�� LQYDGHG� KHSDWLF� OREXOHV� DQG� GLODWHG�
VLQXVRLGDO� VSDFHV� �� � �� � � > + ;� (�� ;� ���@�� �&�� LQFUHDVH� LQ� .XSIIHU� FHOOV�� FKURQLF�
P RQRQXFOHDU� O\ P SKRF\ WHV� DQG� 5%&V� � > + ;� (�� ;���@�� �'�� QHFURWLF� FKDQJHV� ZLWK�
YDFXRODU�F\ WRSODVP �	 �DEQRUP DO�KHSDWLF�DUFKLWHFWXUH� �> + ;� �(��;���@� �

)LJ�� ��� 3 KRWRP LFURJUDSKV� RI� VHFWLRQV� RI� WKH� OLYHU� RI� GLDEHWLF� RI� JOLEHQFODP LGH�
WUHDWHG�UDWV�VKRZLQJ� ��$ ��GHJHQHUDWLYH�KHSDWRF\ WH��G��� � > � + ;� � �(��;����@� ��%��SRUWDO�
WUDFW� DQG�EORRG�YHVVHOV�ZLWK�QHDU� WR�QRUP DO� P DUJLQV�DQG�SUHVHQFH�RI�.XSIIHU�FHOOV����
��N� �� � > + ;� � �(��;���@� � �&�� � UHGXFWLRQ�RI�GLODWHG�VLQXVRLGV�DQG�H[LVWHQFH�RI�QRUP DO�
OHYHO� RI� .XSIIHU� FHOOV� > + [� � � (�� ;� ��@�� �'�� VKRZLQJ� � � QHDU� WR� QRUP DO� KHSDWLF�
DUFKLWHFWXUH�ZLWK�LWV�OREXODU�SDWWHUQ�DQG�SRUWDO�WUDFWV�> + ;�� �(��;����@� �

%

&

$

$ %

& '
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/LYHU�6HFWLRQ�RI�WKH�OLYHU�IURP�QRUPDO�FRQWURO�DOELQR�UDW�VKRZLQJ�QRUPDO�KHSDWLF�SDWWHUQ�LV�LOOXVWUDWHG�LQ�)LJ������+LVWRORJLFDO�OHVLRQV�RI�OLYHU�IURP�GLDEHWLF�UDWV�DUH�VKRZQ�LQ�)LJ�� ��� � 7KH\�ZHUH� SUHVHQW� LQ� WKH� IRUP�RI� K\GURSLF� GHJHQHUDWLRQ� LQ� KHSDWRF\WHV��IDLQWO\�VWDLQHG�F\WRSODVP��PRUH�RU�OHVV�VKUXQNHQ�QXFOHL��LQFUHDVH�LQ�.XSIIHU�FHOOV��GLODWHG� VLQXVRLGV�� ZLGHU� SRUWDO� WUDFWV� ZLWK� ORRVH� HGHPDWRXV� FRQQHFWLYH� WLVVXHV��WKLFNLQLQJ� RI� EORRG� YHVVHO� ZDOOV� DQG� ELOH� FDQDOLFXOL�� LQIODPPDWRU\� FHOOV� PDLQO\�O\PSKRF\WHV��QHFURVLV�ZLWKLQ�KHSDWRF\WHV�DQG�SRUWDO� WUDFWV�DQG�WKH�HQG�UHVXOW�ZDV�WKH� ORVV� RI� QRUPDO� KHSDWLF� DUFKLWHFWXUH� LQ�PRVW� RI� WKH� OLYHU� WLVVXH�� �7UHDWPHQW�RI�GLDEHWLF�UDWV�E\�JOLEHQFODPLGH�ZDV�IRXQG�WR�VWLPXODWH�FRQVLGHUEOH�UHFRYHU\�WR�OLYHU�GDPDJHG� WLVVXHV� �)LJ����� �'LODWDWLRQV�ZLWKLQ� VLQXVRLGV�ZHUH� UHGXFHG�DQG�.XSIIHU�FHOO� SUHVHQFH� UHWXUQHG� WR� QHDU� WR� QRUPDO� OHYHOV�� +HSDWRF\WHV� UHWDLQHG� WKHLU�F\WRSODVPLF� LQWHJULW\�� 7KH� HQG� UHVXOW� ZDV� D� QHDU� WR� QRUPDO� KHSDWLF� DUFKLWHFWXUH�ZLWK�LWV�OREXODU�SDWWHUQ�DQG�SRUWDO�WUDFWV��+RZHYHU��OLPLWHG�DUHDV�ZHUH�VWLOO�VOLJKWO\�DIIHFWHG�� +HSDWRF\WHV� ZHUH� SUREDEO\� XQGHUJRLQJ� UHFRYHU\� EXW� UHTXLULQJ� ORQJHU�GXUDWLRQ� RI� WUHDWPHQW�� � 7KH� GDWD� VKRZHG� FOHDUO\� WKDW� PDQ\� SK\VLRORJLFDO� DQG�KLVWRORJLFDO�DVSHFWV�FRXOG�EH�DOWHUHG�LQ�GLDEHWHV�DQG�JOLEHQFODPLGH�UHWXUQ�PRVW�RI�VXFK�FKDQJHV�WR�QHDU�QRUPDO��

'LVFXVVLRQ�3K\VLRORJLFDO�,QYHVWLJDWLRQ�0RVW�RI�UDWV�GHYHORSHG�GLDEHWHV�ZLWKLQ�WZHQW\�IRXU�KRXUV�RI�DOOR[DQ�LQMHFWLRQ�DQG�LW� SHUVLVWHG� WKURXJKRXW� WKH�ZKROH� H[SHULPHQWDO� GXUDWLRQ�� �7KH�K\SHUJO\FHPLD� LV�VXJJHVWHG� WR� EH� GXH� WR� ODFN� RI� LQVXOLQ�� LQFUHDVHG� JOXFRQHRJHQHVLV�� DQG�RU�JO\FRJHQRO\VLV���������� �6XFK�VXJJHVWLRQV�FRPH�DV�D�QRUPDO�VHTXHO�WR�GHFUHDVHV�
DQG� LQKLELWLRQ� RI� SDQFUHDWLF� E�FHOO� DFWLYLWLHV� RI� DOOR[DQ� GLDEHWLF� UDWV���*OLEHQFODPLGH�SURYRNHG�D�VWURQJ�K\SRJO\FHPLF�DFWLRQ�LQ�WKH�GLDEHWLF�UDWV���7KLV�DFWLRQ� LV� LQ� FRQFRPLWDQW�ZLWK� WKH� ILQGLQJV�RI� VHYHUDO� LQYHVWLJDWRUV� ���������������*OLEHQFODPLGH� PD\� SRWHQWLDWH� LQVXOLQ� HIIHFWV�� HLWKHU� E\� LQFUHDVLQJ� LQVXOLQ�VHFUHWLRQ� ������������ LQFUHDVLQJ� UHOHDVH� RI� ERXQG� LQVXOLQ� ������ HQKDQFLQJ�WUDQVSRUW�RI�EORRG�JOXFRVH�WR�SHULSKHUDO�WLVVXHV������RU�LQKLELWLQJ�WKH�GHJUDGDWLRQ�RI�LQVXOLQ�LQ�WKH�YDVFXODU�HQGRWKHOLDO�FHOOV�������6HUXP� WRWDO� OLSLGV� ZHUH� IRXQG� WR� EH� VLJQLILFDQWO\� LQFUHDVHG� LQ� GLDEHWLF�UDWV���7KLV�UHVXOW�LV�LQ�DFFRUG�ZLWK�RWKHU�VWXGLHV�����������+RZHYHU��DGPLQLVWUDWLRQ�RI�JOLEHQFODPLGH� WR�GLDEHWLF� UDWV� UHWDUGHG� WKH� WRWDO� OLSLG� OHYHOV� WR�DOPRVW�QRUPDO�
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VLWXDWLRQ�� � ,QGXFWLRQ�RI�GLDEHWHV�E\� DOOR[DQ�PDQDJHG� WR� VWLPXODWH�D�GRXEOH� IROG�LQFUHDVH� LQ� WULJO\FHULGH� OHDGLQJ� WR� K\SHUWULJO\FHULGHPLD�� 7KLV� UHVXOW� LV� LQ�DJUHHPHQW�ZLWK� WKH� ILQGLQJV� RI��� ��������� � )HHGLQJ� RI� JOLEHQFODPLGH� WR� GLDEHWLF�UDWV�LQGXFHG�UHJUHVVLRQ�LQ�WULJO\FHULGH�ILJXUHV�ZKLFK�EHFRPH�PRUH�SURQRXQFHG�LQ�WKH�ODVW�IRXU�ZHHNV�RI�WKH�VWXG\���6LPLODU�LQFUHDVH�LQ�WRWDO�FKROHVWHURO�OHYHOV�ZDV�GHWHFWHG�IROORZLQJ�DOOR[DQ�LQMHFWLRQ�WR�UDWV���6XFK�HQKDQFHPHQW�LV�LQ�DFFRUGDQFH�ZLWK� VHYHUDO� DXWKRUV� ������������$�FRPPRQ�FDXVH�RI�HOHYDWHG�FKROHVWHURO� LV� WKH�GHYHORSPHQW� RI� GLDEHWLF� QHSKURSDWK\� DQG� QHSKURWLF� V\QGURPH�� � $JDLQ��JOLEHQFODPLGH� SRWHQWLDWHG� DWWHQXDWLRQV� LQ� FKROHVWHURO� FRQFHQWUDWLRQV� WKDW� ZHUH�PRUH� YLVXDOL]HG� LQ� WKH� ODVW� IRXU� ZHHNV� RI� WKH� VWXG\�� � ,W� VHHPV� UHDVRQDEOH� WR�FRQFOXGH� WKDW� JOLEHQFODPLGH� WDNHV� D� ORQJHU� PRGH� RI� DFWLRQ� WKDW� PD\� EH�HQFRXQWHUHG�DIWHU�IRXU�ZHHNV�WUHDWPHQW��7KH�VLJQLILFDQW�LQFUHDVH�LQ�VHUXP�$67�	�$/7�DFWLYLWLHV�REVHUYHG�LQ�UDWV�DIWHU� DOOR[DQ� LQMHFWLRQ� LV� LQ� DJUHHPHQW� ZLWK� RWKHU� ILQGLQJV� ����������� $IWHU� D�SDWKRORJLF� GLVRUGHU�� VHUXP� WUDQVDPLQDVH� OHYHOV� ULVH�� $67� VKRZHG� D� QRWDEO\�KLJKHU� LQFUHDVH� WKDQ�GLG�$/7��ZKLFK� LV� LQ�FRQIRUPLW\�ZLWK� WKH�SUHVHQW� ILQGLQJV�DQG� WKRXJKW� WR�EH� FRQVLVWHQW�ZLWK� WKH�JUHDWHU�QHHG� IRU�JOXFRQHRJHQLF� VXEVWUDWHV�DQG�IRU�KHSDWLF�DQG�WLVVXH�GDPDJH������$/3�LV�SUHVHQW�LQ�VHYHUDO�NLQGV�RI�WLVVXHV�LQFOXGLQJ�OLYHU��ERQH�DQG�LQWHVWLQH�������7KH�HOHYDWHG�OHYHO�RI�WKLV�HQ]\PH�IRXQG�LQ� GLDEHWLF� DQLPDOV� LV� LQ� DFFRUGDQFH� ZLWK� WKDW� UHSRUWHG� ����� ,Q� JHQHUDO�� WKH�VLJQLILFDQW� LQFUHDVH� LQ�$67��$/7�	�$/3�DFWLYLWLHV�RFFXUUHG�LQ�DOOR[DQ�GLDEHWLF�UDWV� FRXOG� EH� GXH� WR� WKH� WR[LFLW\� RI� DOOR[DQ�� H[WHQVLYH� WLVVXH� GLVWUXFWLRQV��GLVWXUEDQFHV� LQ� WKH� WUDQVSKRVSKRU\ODWLRQ� DQG� LQ� WKH� JHQHUDO� PHWDEROLVP� RI� WKH�GLIIHUHQW�FHOOV�DQG�WLVVXHV�RI�GLDEHWLF�UDWV�� �2Q�WKH�RWKHU�KDQG��DGPLQLVWUDWLRQ�RI�JOLEHQFODPLGH�WR�WKH�GLDEHWLF�UDWV�UHGXFHV�WKH�DFWLYLWLHV�RI� WKHVH�HQ]\PHV���6XFK�UHGXFWLRQ� FRXOG� EH� DWWULEXWHG� WR� LQFUHDVHG� LQVXOLQ� VHFUHWLRQ�� KHSDWLF� XSWDNH� RI�JOXFRJHQLF�DPLQR�DFLGV�DQG�VWLPXODWLRQ�RI�DPLQR�DFLG�LQFRUSRUDWLRQ�LQWR�SURWHLQ��
+LVWRORJLFDO�,QYHVWLJDWLRQ�3DQFUHDV�7KH�REVHUYHG�LQWHQVLYH�KLVWRSDWKRORJLF�FKDQJHV�LQ�SDQFUHDV�RI�DOOR[DQ�GLDEHWLF�UDWV�LQFOXGLQJ�YDFXRODU�GHJHQHUDWLRQ�� ORVV�RI�UHJXODU�SDWWHUQ�RI�LVOHWV��UHGXFWLRQ�LQ�VL]H�

DQG�QXPEHU�RI�E�FHOOV�DQG�SDQFUHDWLF�DFLQL�DFTXLUHG�S\NQRWLF�QXFOHL�ZLWK� OLPLWHG�VHFUHWRU\� LQWLW\� DUH� LQ� DFFRUGDQFH� ZLWK� RWKHU� ILQGLQJV� ��������� 7KH� UHOHDVH� RI�SDQFUHDWLF� HQ]\PHV�� SDUWLFXODUO\� OLSDVH� DQG� WU\SVLQ� LQ� DQ� DFWLYH� IRUP� LQWR� WKH�SDQFUHDV� LWVHOI� FDXVH� QHFURVLV� ����� *OLEHQFODPLGH� ZDV� IRXQG� WR� VWLPXODWH�
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FRQVLGHUDEOH�UHFRYHU\�WR�SDQFUHDWLF�GDPDJHG�WLVVXH��*OLEHQFODPLGH�KDV�EHHQ�IRXQG�WR� VWLPXODWH� LQVXOLQ� VHFUHWLRQ�� � $� FRUUHODWLRQ� ZDV� REVHUYHG� EHWZHHQ� LQVXOLQ�VHFUHWLRQ�ZLWK�JOLEHQFODPLGH�DQG�WKH�KLVWRORJLFDO�FKDQJHV�RI�LVOHW�FHOOV�ZKLFK�PD\�
VXJJHVW� DOVR� WKHLU� VWLPXODWLRQ� RI� WKH� UHVHUYH� FHOOV� WR� GLIIHUHQWLDWH� LQWR�E�FHOOV� RU�HQKDQFHPHQW�RI�WKH�PXOWLSOLFDWLRQ�RI�WKH�UHPDLQLQJ�OLYLQJ�FHOOV���7KLV�HIIHFWV�PD\�EH�GXH�WR�WKH�DELOLW\�RI�JOLEHQFODPLGH�WR�XQGHUJR�R[LGDWLRQ�UHGXFWLRQ�YHU\�HDVLO\�LQ�ELRORJLFDO� V\VWHPV� WR�JLYH�GLVXOSKLGH�FRPSRXQGV� WKDW�\LHOGHG� WKH�PRVW�GHVFULEHG�SK\VLRORJLFDO�HIIHFWV�RU�RQ�WKHLU�GLUHFW�LQWHUDFWLRQV�RQ�FDUERK\GUDWH�PHWDEROLVP�LQ�
DVVRFLDWLRQ� ZLWK� WKHLU� HIIHFW� RQ� DFWLYDWLQJ� E�FHOOV� IRUPDWLRQ� ������ ,W� LV� ZRUWK�PHQWLRQLQJ�WKDW�WKH�KLVWRORJLFDO�IHDWXUHV�FRLQFLGHG�ZLWK�WKH�UHSRUWHG�SK\VLRORJLFDO�
RQHV�� �7KH� UHFRYHU\�ZLWKLQ� LVOHWV� RI�/DQJHUKDQV� DQG� WKH� QHZO\� IRUPHG�KHDOWK�E�FHOOV� IURP� GLIIHUHQWLDWLRQ� RI� EORRG� FHOOV� DFWLYDWHG� D� PRUH� QRUPDOL]HG� SDWWHUQ� RI�VHFUHWLRQ�� 7KLV� LV� PDLQO\� DWWULEXWHG� WR� WKH� FORVH� UHODWLRQ� EHWZHHQ� WKH� LVOHWV� DQG�EORRG�FLUFXODWLRQ���

�/LYHU�7KH� REVHUYHG� KLVWRSDWKRORJLF� DOWHUDWLRQV� RI� OLYHU� LQ� DOOR[DQ� GLDEHWLF� UDWV�UHSUHVHQWHG�E\�YDFXRODU�DQG�K\GURSLF�GHJHQHUDWLRQ��LQFUHDVH�LQ�.XSIIHU�FHOOV�ZLWK�KHSDWLF�VLQXVRLGV��WKLFNHQLQJ�RI�EORRG�YHVVHO�ZDOOV�DQG�ELOH�FDQDOLFXOL�DQG�QHFURVLV�RI�KHSDWLF�OREXOHV�DUH�VLPLODU�WR�WKDW�IRXQG�LQ�OLYHU�RI�GLIIHUHQW�DQLPDOV�VXEMHFWHG�WR�YDULRXV�DJHQWV�����������&\WRSODVPLF�YDFXRODWLRQ�PD\�EH�DWWULEXWHG�WR�EH�IRUPHG�DV�D UHVXOW� RI� EUHDNGRZQ� RI� OLSRSURWHLQ� FRPSOH[HV� LQ� WKH� DIIHFWHG� FHOOV� ������ 7KH�YDFXRODWLRQV� DUH� PDLQO\� D� FRQVHTXHQFH� RI� FRQVLGHUDEOH� GLVWXUEDQFHV� LQ� OLSLG�LQFOXVLRQV� DQG� IDW� PHWDEROLVP� RFFXUULQJ� XQGHU� SDWKRORJLFDO� FDVHV� ��������� 7KH�GHJHQHUDWLYH�FKDQJHV�LQ�WKH�OLYHU�ZHUH�DWWULEXWHG�WR�WKH�GLVWXUEDQFHV�LQFOXGLQJ�WKH�LQFUHDVH� LQ� WKH� OHYHO� RI� FKROHVWHURO� ZKLFK� SUHGLVSRVHG� WKH� FHOO� PHPEUDQH� WR�GHJHQHUDWLRQ� ������ 9DFRXODU� GHJHQHUDWLRQ� PD\� DOVR� EH� D� QRUPDO� VHTXHQFH� WR�GLVUXSWLRQ� RI� O\VRVRPHV��7KHLU� K\GURO\WLF� HQ]\PHV� XQGHU� SDWKRORJLFDO� FRQGLWLRQV�DUH� OLEHUDWHG� EULQJLQJ� DERXW� FRQVLGHUDEOH� DXWRO\VLV� RI� YDULRXV� FHOOXODU� SDUWV� ������$OVR��LQKLELWLRQ�RI�ERWK�$73�V\QWKHWDVH�DQG�$73�DVH�DFWLYLWLHV�LQ�PLWRFKRQGULD�RI�UDW� OLYHU� PD\� EH� KHOG� UHVSRQVLEOH� IRU� GHJHQHUDWLYH� DQG� QHFURWLF� FKDQJHV� �������$JDLQ� WKH�QHFURVLV�ZDV� DWWULEXWHG� WR�GHSOHWLRQ�RI� JOXWDWKLRQH� LQ� WKHLU� WLVVXH� ��������$ IUDQN� LQGLFDWLRQ� RI� F\WRWR[LF� LQMXU\� LQGXFHG� E\� GUXJV� DQG� FKHPLFDOV� LV� WKH�FKURQLF�LQIODPPDWRU\�UHVSRQVH�������+RZHYHU��WKH�DGPLQLVWUDWLRQ�RI�JOLEHQFODPLGH�WR�DOOR[DQ�GLDEHWLF�UDWV�PDQDJHG�WR�DPHQG�PRVW�RI�WKH�SUHYLRXV�OHVLRQV���7KH�HQG�UHVXOWV�ZDV�D�QHDU�WR�QRUPDO�KHSDWLF�DUFKLWHFWXUH�ZLWK�LWV�OREXODU�SDWWHUQ�DQG�SRUWDO�
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WUDFWV���,Q�DFFRUGDQFH�LPSURYHG�SDWWHUQV�KDYH�EHHQ�UHSRUWHG�IROORZLQJ�JOLPHSLULGH��D�VXOIRQ\OXUHD�DJHQW�� WUHDWPHQW�RI� W\SH� ,,�GLDEHWHV�PHOOLWXV� ������ ,W�ZDV�UHFRUGHG�WKDW�PHWIRUPLQ�KDYH�WKH�VDPH�HIIHFW�������
�$FNQRZOHGJPHQW�7KH�DXWKRUV�ZRXOG�OLNH�WR�H[SUHVV�WKHLU�GHHS�WKDQNV�WR�3URI��'U��6DQDD�0��5HIDDW�3URI�� RI� +LVWRORJ\� DQG� +LVWRFKHPLVWU\�� *LUOV� &ROOHJH� IRU� 6FLHQFH� (GXFDWLRQ� DQG�$UWV��$LQ� 6KDPV�8QLYHUVLW\��&DLUR�� (J\SW� IRU� KHU� JUHDW� KHOS� GXULQJ� WKH� GLIIHUHQW�SHULRGV�RI�WKLV�ZRUN��
�5HIHUHQFHV����'LQQHHQ�� 6���*HULFK�� -�� DQG�5L]]D�� 5�� �������� &DUERK\GUDWH�PHWDEROLVP� LQ� QRQ�LQVXOLQ�� GHSHQGDQW�GLDEHWHV�PHOOLWXV��(QJO��-��0HG��������������������*XWKULH��'�:�� DQG�*XWKULH��5�$�� ��������7KH� GLVHDVH�SURFHVV�RI� GLDEHWHV�PHOOLWXV�� ,Q��� 5HVWHU�0�0��DQG�%RYLQJ�0�0���HGV���7KH�QXUVLQJ�FOLQFV�RI�1RUWK�$PHULFDQ���������� ������������ 7DVNLQHQ��05�� DQG� 1LNNLOD�� ($�� �������� /LSRSURWHLQ� OLSDVH� DFWLYLW\� RI� DGLSRVH� WLVVXH�� DQG� VNHOHWDO�PXVFOH� LQ� LQVXOLQ�GHILFLHQW� KXPDQ� GLDEHWHV��5HODWLRQ� WR� KLJK� GHQVLW\�� DQG� YHU\� ORZ�GHQVLW\� OLSRSURWHLQ� DQG� UHVSRQVH� WR� WUHDWPHQW�� 'LDEHWRORJLD� ����� ������������� 1LNNLOD�� (�� �������� $UH� SODVPD� OLSRSURWHLQV� UHVSRQVLEOH� IRU� WKH� H[FHVV� DWKHURVFOHURVLV�� LQ�GLDEHWHV�"�$FWD�(QGRFULQRO������6XSSO����������������6RVHQNR��-�0���%UHVORZ��-�/���0LHWWLQHQ��2�6��DQG�*DEED\��.�+�����������+\SHUJO\FHPLD�� DQG� SODVPD� OLSLG� OHYHOV�� $� SURVSHFWLYH� VWXG\� RI� \RXQJ� LQVXOLQ�GHSHQGHQW�� GLDEHWLF�SDWLHQWV��1��(QJO�������������������� 7DQDND�� N��� � 1DQEDUD�� 6��� 7DQDND�� 7��� .RLGH�� +�� DQG� +D\DVKL�7���������� $PLQRWUDQVIHUDVH�DFWLYLW\� LQ� WKH� OLYHU�RI�GLDEHWLF�PLFH��'LDEHWHV�5HV��&OLQ��3UDFW��� �����±�������� 6KHHOD�� &�*�� DQG� $XJXVWL�� .�7�� �������� $QWLGLDEHWLF� HIIHFW� RI� 6�DOO\O� F\VWHLQH�� VXOSKR[LGH� LVRODWHG� IURP� JDUOLF� $OOLXP� VDWLYXP� /LQQ�� � ,QGLDQ� �-�� ([S�� %LRO�� ����� ������������ )HLOOHX[�'XFKH�� 6��� *DUODWWL�� 0�� DQG� %XUFHOLQ�� 0�� �������� $� FLQDU� ]RQDWLRQ� RI� WKH�� KRUPRQDO� UHJXODWLRQ� RI� F\VWROLF� DVSDUWDWH� DPLQRWUDQVIHUDVH� LQ� OLYHU�� $PHU�� -��� 3K\VLRO������F���������������&XUUDQ��5�&����������&RORU�DWODV�RI�KLVWRSDWKRORJ\���UG�HG��(QJOLVK�ODQJXDJH�ERRN�VRFLHW\��� +DUYHU\�0LOOHU��2[IRUG�8QLY��3UHVV������(/�.HVKDZ\��$�+����6KDEDQ��,����%DNU\��0�(���(/�$]DZ\��$�,���1DML��$�,��DQG�� $EEDV��� $�����������DQG�+LVWRSDWKRORJLFDO��DQG�+LVWRFKHPLFDO�VWXGLHV�RQ�WKH�OLYHU��SDQFUHDV��� NLGQH\�DQG�DGUHQDOV�RI�GLDEHWLF�DQG�VSOHHQHFWRPL]HG�GLDEHWLF�GRJV��(J\SW��-��+LVWRO��� �������������



,03529(0(17�2)�*/8&26(�/(9(/����

� ���

����5DZL�� 6��0�� ��������6WXGLHV� RQ� WKH� DELOLW\�RI� VXOSKXU�FRQWDLQLQJ�FRPSRXQGV� WR�EODFN�� GLDEHWRJHQLF�HIIHFW�RI�DOOR[DQ� LQ�DOELQR�UDWV��3URF��=RRO��6RF��$�5��(J\SW���������� ����������� +DVFKHN�� :0�� DQG� 5RXVVHDX[�� &�*�� �������� +DQG� ERRN� RI� WR[LFRORJLF� SDWKRORJ\��� $FDGHPLF�3UHVV��/RQGRQ�DQG�1HZ�<RUN������%XUN��.�)���+LOO��.�(���$ZDG�� -�$���0RUURZ�� -��'�� DQG� O\RQV��3�5�� ������� �/LYHU�DQG�� NLGQH\� QHFURVLV� LQ� VHOHQLXP� GHILFLHQW� UDWV� GHSOHWHG� RI� JOXWDWKLRQH� /DE�� ,QYHVW���� �������������������� /DQJWU\�� +�'�� DQG� %DOIRXU� -$�� �������� *OLPHSULGH�� $� 5HYLHZ� RI� LWV� XVH� LQ� WKH�� PDQDJHPHQW�RI�W\SH���GLDEHWHV�PHOOLWXV������$VKFURIW��)0��DQG�$VKFURIW��6-+����������0HFKDQLVP�RI�LQVXOLQ�VHFUHWLRQ��,Q�� ,QVXOLQ��� 0ROHFXODU� %LRORJ\� WR� 3DWKRORJ\�� $VKFURIW�� )0�� DQG� $VKFURIW�� 6-+�� (GV��� 2[IRUG��8�.���� 2[IRUG�8QLYHUVLW\�3UHVV��SS������������� )DURXTXH�� +�0�2�� DQG� 0HUHGLWK�� ,�7�� �������� (IIHFW� RI� LQKLELWLRQ� RI� $73�VHQVLWLYH�� SRWDVVLXP� FKDQQHOV� RQ� PHWDEROLF� YDVRGLODWLRQ� LQ� WKH� KXPDQ� IRUHDUP�� &OLQLFDO�� 6FLHQFH�����������������3DOHVWLQLDQ�0LQLVWHU\�RI�+HDOWK��������7KH�6WDWXV�RI�+HDOWK�LQ�3DOHVWLQH��$QQXDO�5HSRUW������ +DOLP�� '�� .KDOLID� �� N��� $ZDGDODK�� 5��� (/�'HVVRXN\�� (�$��� +DIH]�� 7�� DQG� (/� ±�� +DZDU\�� =�� ������� �� 6HUXP� PLQHUDO� FKDQJHV� LQ� DOOR[DQ� GLDEHWHV� EHIRU� DQG� DIWHU�� WUHDWPHQW�ZLWK�VRPH�K\SRJO\FHPLF��GUXJV��=��(UQDKUXQJVZLVV���������±��������� 3DJHW�� *�(�� DQG� %DUQHV�� -�0�� �������� (YDOXDWLRQ� RI� GUXJ� DFWLYLWLHV�� ,Q�� 3KDUPDFRPHWULFV��UG�(GLWLRQ�/DZUDQFH��$FDGHPLF�3UHVV��/RQGRQ�DQG�1HZ��<RUN������7ULQGHU��3����������*OXFRVH�*2'�3$3�PHWKRG�(Q]\PDWLF�FRORULPHWULF�PHWKRG��$QQ��� &OLQ��%LRFKHP������������� =ROOQHU�� 1�� DQG� .LUVK�� .�� �������� 0LFURGHWHUPLQDWLRQ� RI� OLSLGV� E\� WKH�� VXOSKRSKRVSKRYDQLOOLQ�UHDFWLRQ��=��*HV��([S��0HG���������������� )RVVDWL�� 3�� DQG� 3ULQFLSH�� /�� ��������7ULJO\FHULGHV�(Q]\PDWLF�&RORULPHWULF�7HVW��&OLQ��� &KHP������������������� 5LFKPRQG�� :�� �������� 3UHSDUDWLRQ� DQG� SURSHUWLHV� RI� FKROHVWHURO� R[LGDVH� IURP�� 1RFDUGGLD� VS�� $QG� LWV� DSSOLFDWLRQ� WR� WKH� HQ]\PDWLF� DVVD\� RI� WRWDO� FKROHVWHURO� LQ�� VHUXP��&OLQ��&KHP��������������������� 5HLWPDQ�� 6�� DQG� )UDQNHO�� 6�� ������� �� $� &RORULPHWULF� PHWKRG� IRU� WKH� JOXWDPLF� ±�� S\UXYDWH�WUDQVDPLQDVH��$P��-��FOLQ��3DWK�����������±���������%HVVH\���2�$���/RZU\��'�+��DQG�%URFN��-�0����������0HWKRG�IRU�WKH�� GHWHUPLQDWLRQ�� RI�DONDOLQH�SKRVSKDWDVH�ZLWK�ILYH�FXELF�PLOOLOLWHUV�RI�VHUXP��-��� %LRO�� &KHP��� �������������� /LOOLH�� 5�'�� �������� +LVWRORJLFDO� WHFKQLTXHV� DQG� SUDFWLFDO� KLVWRFKHPLVWU\�� 0F*UDZ�� +LOO��8�6�$������ %UXFH� FDVVHOPDQ� :�&�� �������� $IWHU� +DUULV�� +�)�� �������� ³+LVWRFKHPLFDO�� 7HFKQLTXH´�E\�0HWKXDQ�DQG�&R��/7'������ +LQH�� -�� DQG� :HWKHULOO�� *�%�� �������� $� SURJUDPPHG� WHVW� LQ� VWDWLVWLFV�� %RRN� ,,,��� &KDSPDQ�DQG�+DOO��/RQGRQ��
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���� 'H)URQ]R�� 5�$�� DQG� 6LPRQVRQ�� '�&�� ������� �� *OXFRVH� WR[LFLW\� ,Q� �� $GYDQFHV� LQ�� (QGRFULQRORJ\�DQG�0HWDEROLVP��9RO����VW��/RXLV��0�2��0RVE\��3����±���������$EX�$PUD�� (/�6� ������� �� 3K\VLRORJLFDO� VWXGLHV� RQ� GLDEHWLF�PDOH� DOELQR�PLFH� WUHDWHG�� ZLWK� D� EUDG\NLQLQ� SRWHQWLDWLQJ� IDFWRUV� �%3)�� VHSDUDWHG� IURP� MHOO\� ILVK� DQG� FREUD�� VQDNH�YHQRPV��-��(J\SW��*HU��6RF��=RRO������±���������� $YRJDUR�� $��� 9DOHULR�$��� *QXGL�/��� 0DUDQ�$��� =ROOL�0��� 'XQHU�(��� 5LFFLR�$��� 'HO�� SUDWR�6��� 7LHQJR�$�� DQG� 1RVDGLQL�5�� �������� .HWRQH� ERG\� PHWDEROLVP� LQ�� 1,''0��(IIHFWV�RI�VXOIRQ\OXUHD�WUHDWPHQW��'LDEHWHV��������������������� *XGDW�� 8��� %XQJHUW�� 6��� .HPPHU�� )�� DQG� +HLQHPDQQ�� /�� �������� 7KH� EORRG� JOXFRVH�� ORZHULQJ� HIIHFWV� RI� H[HUFLVH� DQG� JOLEHQFODPLGH� LQ�SDWLHQWV� ZLWK� W\SH� ,,� GLDEHWHV�� PHOOLWXV��'LDE�0HG�������������������0DU��DEVWUDFW�������:ROIIHQEXWWHO��%+���*RPLV��5���6TXDWULWR��6���-RQHV��13��DQG�3DWZDUGKDQ��51��� ��������� $GGLWLRQ� RI� ORZ�GRVH� URVLJOLWD]RQH� WR� VXOSKRQ\OXUHD� WKHUDS\� LPSURYHV�� JO\FHPLF�FRQWURO�LQ�W\SH���GLDEHWLF�SDWLHQWV��'LDEHW��0HG��-DQ��������������������*UDQQHU��.�'�� ��������+RUPRQHV� RI� SDQFUHDV�� ,Q��+DUSHU¶V� %LRFKHPLVWU\�� 5REHUW�0��� �HG��/DQJH�0HGLFDO�3XEOLFDWLRQ��&DOLIRUQLD��������������� &KDQJ��0�:�� DQG� -RKQVRQ��0�� �������� (IIHFW� RI� JDUOLF� RQ� FDUERK\GUDWH�PHWDEROLVP�� DQG�OLSLG�V\QWKHVLV�LQ�UDWV��-��1XWU���������������������&DUR��-�(����������(IIHFW�RI�JO\EXULGH�RQ�FDUERK\GUDWH�PHWDEROLVP�DQG�LQVXOLQ�� DFWLRQ��� $P��-��0HG�����������������0XOGHU��+���6FKRSPDQ��:��DQG�9DQGHUOHO\��$�-����������([WUDSDQFUHDWLF�LQVXOLQ�� HIIHFW�RI�JOLEHQFODPLGH��(XU��-�&OLQ��3KDUPDFRO�������������������� (/�6D\HG� $�=�� DQG� $OL�� 6�+�� ������� �� (IIHFW� RI� FRPELQHG� HVWURJHQ� ±� SURJHVWHURQH�� LQMHFWLRQ� RQ� OHYHOV� RI� VHUXP� HOHFWURO\WHV� LQ� DOOR[DQ� ±� LQGXFHG� GLDEHWLF� IHPDOH�� UDWV��(J\SW��-��0HG��6FL���������-XQH�����±���������� :ROIIHQEXWWHO�� %+�� �������� 7\SH� �� GLDEHWHV� PHOOLWXV�� $VSHFWV� RI� FRPSOLFDWLRQV� DQG�� WUHDWPHQW��1HWK�-�0HG������������������������$EUDPV�� -�� -���*LQVEHUJ��+�� DQG�*UXQG\�� 60�� ��������0HWDEROLVP�RI� FKROHVWHURO� DQG�� SODVPD�WULJO\FHULGHV�LQ�QRQ�NHWRWLF�GLDEHWHV�PHOOLWXV��'LDEHWHV������������������+RZDUG��%�9�� �������� /LSRSURWHLQ�PHWDEROLVP� LQ� GLDEHWHV�PHOOLWXV�� -��/LSLG�5HV�� ����� ������������� $UEHHQ\�� &�0�� DQG� (GHU�� +�$�� �������� (IIHFWV� RI� GLDEHWHV� RQ� WKH� PHWDEROLVP� RI�� WULDF\OJO\FHURO�ULFK�OLSRSURWHLQV��%LRFKHP��6RF��7UDQV��������������������� -DPHV�� 7�:X�� �������� 5HYLHZ� RI� 'LDEHWHV�� ,GHQWLILFDWLRQ� RI� 0DUNHUV� IRU� (DUO\�� 'HWHFWLRQ�� *O\FHPLF� FRQWURO�� DQG� 0RQLWRULQJ� &OLQLFDO� &RPSOLFDWLRQV�� -�� &OLQ��� /DE��$QDO\VLV������������������ 3HDY\�� '�(��� 7D\ORU�� -�0�� DQG� -HIIHUVRQ�� /�� 6�� �������� 7LPH� FRXUVH� RI� FKDQJHV� LQ�� DOEXPLQ� V\QWKHVLV� DQG� P51$� LQ� GLDEHWLF� DQG� LQVXOLQ�WUHDWHG� GLDEHWLF� UDWV�� $P��� -��3K\VLRO�������������������� 5XWNLHZLH]�� -�0��� *RUVND�� 0�� DQG� *URVNL�� 7�� �������� $ODQLQH� DQG� $VSDUWDWH�� DPLQRWUDQVIHUDVH�DFWLYLWLHV�LQ�PXVFOHV�RI�UDWV��$FWD��3K\VLRO���������������
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����*LWQLFN��*���/D%UHFTXH��'�5��DQG�0RRG\��)�*���������'LVHDVHV�RI�WKH�OLYHU�DQG��%LOLDU\�� WUDFW�� 0RVE\�<HDU� %RRN�� ,QF�� ������ :HVWOLQH� ,QGXVWULDO� 'ULYH�� 6W� /RXLV��� 0LVVRXUL�������SS����������������� (OHZD�� )�+�� �������� +LVWRFKHPLFDO� VWXGLHV� RI� WKH� HIIHFWV� RI� GH[VDPSKHWDPLQH�� VXOSKDWH�RQ�WKH�PDPPDOLDQ�OLYHU��(J\SW�M��+LVWRO�������������������������� $PHU�� 0�$��� (OZHD�� )�� +��� (O�6KHUVKDE\�� $�� 0�� DQG� $EGHO�$]L]�� $�0�� ��������� +LVWRSDWKRORJLFDO� DQG� KLVWRFKHPLFDO� HIIHFWV� RI� HLPHULDQ� LQIHFWLRQ� RQ� WKH� KRVW�� WLVVXH��/LYHU�RI�UDEELW��(J\SW��-��=RRO������������������ (O�$NNDG�� 0�0�� �������� 7KH� FKDQJHV� LQGXFHG� LQ� WKH� KLVWRORJ\�� XOWUDVWUXFWXUH� DQG�� KLVWRFKHPLVWU\� RI� WKH� OLYHU� DQG� NLGQH\� RI� WKH� ZKLWH� UDW� XQGHU� WKH� HIIHFW� RI� WZR�� DQDHVWKHWLF� GUXJV� NHWDODU� DQG� FDUERFDLQH�� 3K�'�� 7KHVLV�� )DFXOW\� RI� VFLHQFH�� $LQ�� 6KDPV�8QLY������ =KDQJ�� ,�� DQG� :DQJ�� &�� �������� +LVWRSDWKRORJLFDO� DQG� KLVWRFKHPLFDO� VWXGLHV� RQ� WKH�� WR[LF�HIIHFWV�RI�EURGLIDFRXP�LQ�PRXVH�OLYHU��$FWD�$FDG��0HG��VFL������������������(O�%DQKDZ\��0�$��6DQDG��6�0���6DNU��6�$���(O�(ODLPD��,�$��DQG�0DKUDQ��+�$������������ +LVWRSDWKRORJLDO� VWXGLHV� RQ� WKH� HIIHFW� RI� WKH� DQWLFRDJXODQW� URGHQWLFLGH� ³�� %URGLIDFRXP´�RQ�WKH�OLYHU�RI�UDWH��-��(J\SW��*HU��6RF��=RRO�������F������������������ &RSUD��$���$KXMD�� 6�'���*XSWD�� 3�3�� DQG�1DJSDO�� 6�.�� ��������+LVWRSDWKRORJLFDO� DQG�� /LSLG� FKDQJHV� LQ� YDULRXV� RUJDQV� RI� FKLFNV� �*DOOXV� GRPHVWLFXV�� FDXVHG� E\� DFWXH�� DQG�FKURQLF�WR[LFLW\�RI�PHWDV\WRU�5�DQG�ODE\FLG��=EO��9HW��0HG������$���������������� (O�%DQKDZ\��0�$���0RKDOODO��0�� DQG�$WWLD��0�0�� �������� KLVWRSDWKRORJLFDO� FKDQJHV�� LQ� WKH� UDW� OLYHU� WLVVXHV� DIWHU� DFXWH� WUHDWPHQW� ZLWK� WKH� QDUFRWLF� GUXJ� �%XWRUSKDQRO�� WDUWUDWH���(J\SW��-��0HG��6FL�������������������6KLQJX��.���(JHU��(�,��DQG�-RKQVRQ��%�+�� ��������+\SR[LD�SHU�VH�FDQ�SURGXFH�KHSDWLF�� GDPDJH�ZLWKRXW�GHDWK�LQ�UDWV��$QHVWK��$QDOJ��������������������� 6DODK�� 1�� �������� +\SRJO\FHPLF� DQG� K\SROLSLGHPLF� HIIHFWV� RI� PHWWRUPLQ� DQG�� QLFRWRQLF� DFLG� RQ� H[SHULPHQWDO� REHVH� GLDEHWLF� UDWV�� -�� (J\SW�� *HU�� 6RF�� =RRO���� ���F�������������


