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,QWHUUHODWLRQVKLS�RI�IDFWRUV�LQIOXHQFLQJ�\LHOG�RI�ILHOG�SHD���3LVXP�VDWLYXP�/���LQ�ZHVWHUQ�&DQDGD�
�'HQJ�-LQ�%LQJ�� :DUNHQWLQ��7��� �$$)&��&5&�0RUGHQ�5HV��6WDWLRQ��8QLW����������5WH�����&RQQHU��5��� %ODGH��6��� 0RUGHQ��0DQLWRED�5�0��5���&DQDGD�0F$QGUHZ��'�� DQG�6ORDQ��$��� �&URS�'HY��&HQWHU�����&DPSXV�'ULYH��6DVNDWRRQ��6.��&DQDGD�� �&'&�1RUWK��55���)RUG�5RDG��(GPRQWRQ��$OEHUWD��&DQDGD�� 7KH�LQWHUUHODWLRQVKLSV�RI�\LHOG��GD\V�WR�IORZHULQJ��'7)���GD\V�WR�PDWXULW\��'70���YLQH�OHQJWK��9/���ODWH�IORZHULQJ� ORGJLQJ� VFRUH� �/���� SUH�KDUYHVW� ORGJLQJ� VFRUH� �/���� DQG� VHHG� ZHLJKW� �6:�� RI� ILHOG� SHD� �3LVXP�VDWLYXP� ZHUH�LQYHVWLJDWHG�XVLQJ����OLQHV�WHVWHG�LQ�ZHVWHUQ�&DQDGD�LQ������������7KHVH����OLQHV�ZHUH�WHVWHG�WRJHWKHU�ZLWK� WKH�RWKHU����OLQHV� LQ�D���[ � ODWWLFH�H[SHULPHQW�DW����ORFDWLRQV� LQ�6DVNDWFKHZDQ��$OEHUWD��DQG�0DQLWRED��7KH�WHVW�ORFDWLRQV�ZHUH�FODVVLILHG�LQWR�=RQH����=���RU�=RQH����=���RQ�WKH�EDVLV�RI�WKH�DQQXDO�UDLQIDOO�DQG� WHPSHUDWXUH�DW�HDFK� ORFDWLRQ��ZKHUH�=��ZDV�FRRO�DQG�PRLVW�ZKHUHDV�=��ZDV�ZDUP�DQG�GU\�� ,Q�JHQHUDO��\LHOG� ZDV� QHJDWLYHO\� DVVRFLDWHG� ZLWK� '7)� DQG� SRVLWLYHO\� DVVRFLDWHG� ZLWK� 6:� LQ� ERWK� \HDUV�� 7KH� KLJKHVW�\LHOGLQJ� HQWULHV� KDG� '7)� RI� ������� DQG� 6:� RI� DERXW� ���� PJ�� $OO� WUDLWV� EXW� /�� VKRZHG� D� KLJK� SRVLWLYH�FRUUHODWLRQ�EHWZHHQ�WKH�WZR�FOLPDWLF�]RQHV�HDFK�\HDU��VXJJHVWLQJ�WKDW�WKHVH�WUDLWV�FRXOG�EH�HYDOXDWHG�LQ�HLWKHU�]RQH��DQG�GLYLGLQJ�WKH�WHVW�ORFDWLRQV�LQWR�WZR�]RQHV�LQ�D�JLYHQ�\HDU�PD\�QRW�EH�QHFHVVDU\���

,QGXFWLRQ�RI�HPEU\RJHQHVLV�IURP�LVRODWHG�PLFURVSRUH�FXOWXUHV�RI�SHD��3LVXP�VDWLYXP�/���
�/�OVGRUI��0���$OOHQ��.���� &URS�'HY��&HQWUH��8QLY��RI�6DVNDWFKHZDQ��:DUNHQWLQ��7���DQG�9DQGHQEHUJ��$�� 6DVNDWRRQ��6.��&DQDGD�� ,VRODWHG�PLFURVSRUH� FXOWXUH� KDV� EHFRPH� DQ� LPSRUWDQW� WRRO� IRU� WKH� LQGXFWLRQ�RI� LQVWDQW�KRPR]\JRVLW\� LQ�EUHHGLQJ�OLQHV�RI�PDQ\�FURSV��7KLV�SURMHFW�LQYHVWLJDWHG�WKH�DSSOLFDWLRQ�RI�KDSORLG�WHFKQRORJ\�WR�SHD��3LVXP�VDWLYXP� /��� $� SURWRFRO� LV� EHLQJ� GHYHORSHG� LQ� ZKLFK� HPEU\RV� FDQ� EH� REWDLQHG� GLUHFWO\� IURP� PLFURVSRUHV�ZLWKRXW�DQ�LQWHUYHQLQJ�FDOOXV�SKDVH��7KH�VZLWFK�IURP�D�JDPHWRSK\WLF�WR�D�VSRURSK\WLF�SDWKZD\�ZDV�LQGXFHG�E\�HLWKHU� KHDW� VWUHVV� DQG�RU� DX[LQ� GHSHQGLQJ� RQ� WKH� JHQRW\SH��7KLV� UHVXOWHG� LQ� V\PPHWULFDO�PLFURVSRUH� QXFOHL�GLYLVLRQV�GXULQJ�PLWRVLV��5HJHQHUDWLRQ�IROORZHG�WKH�QRUPDO�VWDJHV�RI�HPEU\R�GHYHORSPHQW�IURP�SUR�HPEU\R�WKURXJK�JOREXODU�WR�WKH�PDWXUH�IRUP��$�SODQWOHW�ZDV�UHJHQHUDWHG�IURP�RQH�FXOWLYDU��(IIRUWV�FRQWLQXH�WR�LGHQWLI\�NH\�IDFWRUV�WR�LPSURYH�WKLV�SURWRFRO�DQG�WR�DFKLHYH�FRPSOHWH�UHJHQHUDWLRQ����

(IIHFW�RI�YDULHW\�DQG�HQYLURQPHQW�RQ�



3,680�*(1(7,&6� ����³92/80(���� 1$3,$�$%675$&76�

WKH�FRPSRVLWLRQ�RI�ILHOG�SHD��3LVXP�VDWLYXP�/���
�:DQJ��1���DQG�'DXQ��-�.�� &DQDGLDQ�*UDLQ�&RPPLVVLRQ��*UDLQ�5HV��/DERUDWRU\�� ���������0DLQ�6W���:LQQLSHJ��&DQDGD�� 3URWHLQ�FRQWHQW�ZDV�XVHG�DV�DQ�LQGLFDWRU�RI�HQYLURQPHQWDO�HIIHFW�IRU�D�VWXG\�RQ�WKH�HIIHFW�RI�YDULHW\�DQG�HQYLURQPHQW� RQ� WKH� FRPSRVLWLRQ� RI� ILHOG� SHDV�� )RXU� ILHOG� SHD� YDULHWLHV�� HDFK� ZLWK� WKUHH� OHYHOV� RI� SURWHLQ�FRQWHQW�� ZHUH� VHOHFWHG� IURP� IDUP� JURZQ� VDPSOHV� IURP� WKH� ����� FURS� DQG� WHVWHG� IRU� WKHLU� SUR[LPDWH�FRPSRVLWLRQ�� ROLJRVDFFKDULGHV� DQG� PLQHUDO� FRQWHQWV�� 3URWHLQ� FRQWHQW� RYHUDOO� UDQJHG� IURP� ����� WR� �������$QDO\VLV� RI� YDULDQFH� VKRZHG� WKDW� ERWK� YDULHW\� DQG� HQYLURQPHQW� KDG� D� VLJQLILFDQW� HIIHFW� RQ� VWDUFK�� DFLG�GHWHUJHQW�ILEUH��$')���QHXWUDO�GHWHUJHQW�ILEUH��1')��DQG�DVK�FRQWHQW��6LJQLILFDQW�GLIIHUHQFHV�LQ�VXFURVH�DQG�UDIILQRVH� ZHUH� IRXQG� DPRQJ� YDULHWLHV�� (QYLURQPHQW� KDG� D� OLWWOH� HIIHFW� RQ� WKH� FRQWHQW� RI� ROLJRVDFFKDULGHV��6LJQLILFDQW�YDULHWDO�DQG�HQYLURQPHQWDO�GLIIHUHQFHV�LQ�.��0Q�DQG�3�ZHUH�QRWHG��&D��DQG�&X�VKRZHG�VLJQLILFDQW�YDULHWDO�GLIIHUHQFHV�ZKLOH�)H��0J�DQG�=Q�KDG�VLJQLILFDQW�HQYLURQPHQWDO�GLIIHUHQFHV��$Q�LQWHUDFWLRQ�HIIHFW�RI�YDULHW\� DQG� HQYLURQPHQW� RQ�1')�DQG�0Q�ZDV� QRWHG��3URWHLQ�DQG� VWDUFK�FRQWHQW�ZHUH� LQYHUVHO\�FRUUHODWHG��$')�DQG�1')�ZHUH�GLUHFWO\�FRUUHODWHG�ZLWK�SURWHLQ�DQG�LQYHUVHO\�FRUUHODWHG�ZLWK�VWDUFK��$OVR��$')�DQG�1')�GLUHFWO\�FRUUHODWHG�ZLWK�HDFK�RWKHU��7KHUH�ZHUH�QR�VLJQLILFDQW�FRUUHODWLRQV�EHWZHHQ�SUR[LPDWH�FRPSRVLWLRQ�DQG�ROLJRVDFFKDULGHV��+RZHYHU��UDIILQRVH�ZDV�SRVLWLYHO\�FRUUHODWHG�ZLWK�VXFURVH�ZKLOH�QHJDWLYHO\�FRUUHODWHG�ZLWK�YHUEDVFRVH�� 7KHUH� ZHUH� VLJQLILFDQW� FRUUHODWLRQV� EHWZHHQ� PLQHUDO� FRQWHQWV� DQG� VRPH� RI� WKH� SUR[LPDWH�FRPSRQHQWV�DQG�ROLJRVDFFKDULGHV����

*HQHWLF�GLVVHFWLRQ�RI�WROHUDQFH�WR�FRPPRQ��URRW�URW��$SKDQRP\FHV�HXWHLFKHV�
0XUSK\��5�/��� 0F*HH��5��-��� �'HSW��3ODQW�6FL��DQG�3ODQW�3DWK���0RQWDQD�6WDWH�8QLY���%R]HPDQ��07��86$�*UDX��&�5��� *UH\��:��� �3LOOVEXU\�$J��5HV��'HSW��������1RUWK��WK�6W���/H�6XHXU��01��86$�3U]\ERURZVNL��-�$��� DQG�:HHGHQ��1��)��� ��'HSW��3ODQW�3DWK���8QLY��RI�:LVFRQVLQ��0DGLVRQ�:,��86$�� 5HFRPELQDQW�LQEUHG�SRSXODWLRQV�GHULYHG�IURP�FURVVLQJ�WKH�OLQH�01�����WROHUDQW�WR�FRPPRQ�URRW�URW��ZLWK�VHYHUDO�RWKHU�OLQHV��ZHUH�VXEMHFWHG�WR�ILHOG�DQG�JUHHQKRXVH�WULDOV�WR�LGHQWLI\�DQG�DQDO\]H�WKH�JHQHV�LQYROYHG�LQ�WKH� WROHUDQW� UHVSRQVH�� 5,/� SRSXODWLRQV� ZHUH� JURZQ� LQ� /H� 6XHXU��01� LQ� ILHOGV� NQRZQ� WR� EH� LQIHVWHG�ZLWK�FRPPRQ�URRW�URW��/LQNDJH�PDSV�ZHUH�JHQHUDWHG�IRU�HDFK�RI�WKH�5,/�SRSXODWLRQV�DQG�VHJUHJDWLRQ�RI�WROHUDQFH�IRU� FRPPRQ� URRW� URW� ZDV� FRPSDUHG� WR� WKH� VHJUHJDWLRQ� RI� PDUNHUV� RQ� WKHVH� OLQNDJH� PDSV�� 2QH� 5,/� ZDV�JHQHUDWHG� IURP� D� FURVV� ZLWK� DQRWKHU� WROHUDQW� OLQH� ZLWK� DQ� LQGHSHQGHQW� SHGLJUHH��$OO� RI� WKH� UHVXOWLQJ� OLQHV�GLVSOD\HG�UHDVRQDEOH�OHYHOV�RI�WROHUDQFH��LQGLFDWLQJ�WKDW�WKH�WZR�RULJLQDO�SDUHQWV�SRVVHVVHG�WKH�VDPH�JHQHV�IRU�WROHUDQFH�� 7KUHH� RWKHU� 5,/� SRSXODWLRQV� �IURP� FURVVHV� ZLWK� VXVFHSWLEOH� OLQHV�� JDYH� UHVXOWV� VXJJHVWLQJ� WKH�SUHVHQFH� RI� WROHUDQFH� JHQHV� RQ� OLQNDJH� JURXSV� ,9�� 9,� DQG� 9,,�� 1R� LQGLFDWLRQ� RI� D� UROH� RI� RWKHU� GLVHDVH�UHVLVWDQFH�JHQHV��YLUXV�UHVLVWDQFH��PLOGHZ�UHVLVWDQFH��ZLOW�UHVLVWDQFH��ZDV�REVHUYHG���

676�PDUNHUV�IRU�FRPSDUDWLYH�PDSSLQJ�LQ�OHJXPHV�
�
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%UDXQHU��6��� 0XUSK\��5�/��� �'HSW�%LRORJ\��$VKODQG�8QLY���$VKODQG��2+��86$�:DOOLQJ��-�*��� 3U]\ERURZVNL��-�$��� DQG�� � 'HSW��3ODQW�6FL��DQG�3ODQW�3DWK��:HHGHQ��1�)��� 0RQWDQD�6WDWH�8QLY���%R]HPDQ��07��86$�� 3&5�SULPHUV�IRU�DSSUR[LPDWHO\����JHQHV�KDYH�EHHQ�GHYHORSHG�LQ�SHD��3LVXP�VDWLYXP�/����0RVW�RI�WKHVH�SULPHUV�DOVR�DPSOLI\�KRPRORJRXV�VHTXHQFHV�LQ�RWKHU�OHJXPH�JHQHUD��LQFOXGLQJ�/HQV� 3KDVHROXV�DQG�/XSLQXV�7KH�SULPHUV�ZHUH�GHVLJQHG�WR�EH�FRPSOHPHQWDU\�WR�KLJKO\�FRQVHUYHG�VHTXHQFHV�LQ�H[RQV�RI�NQRZQ�JHQHV��,Q�DGGLWLRQ�� WKH� SULPLQJ� VHTXHQFHV� ZHUH� VHOHFWHG� WR� EH� ����� WR� ����� ES� DSDUW� RQ� WKH� JHQRPLF� '1$� DQG� WR�DPSOLI\�D�IUDJPHQW�WKDW�FRQWDLQHG�DW�OHDVW�RQH�LQWURQ��6HTXHQFH�SRO\PRUSKLVP�ZDV�REVHUYHG�E\�UHVWULFWLRQ�RI�WKH�DPSOLILHG�IUDJPHQW�ZLWK�DQ�HQGRQXFOHDVH�ZLWK�D���EDVH�UHFRJQLWLRQ�VLWH��0DSSLQJ�RI�WKHVH�JHQHV�LQ�OHQWLO�DQG�SHD�LQGLFDWH�WKDW�WKH�SULPHUV�VKRXOG�KDYH�JHQHUDO�XWLOLW\�IRU�FRPSDUDWLYH�PDSSLQJ�LQ�OHJXPHV���
*HQHWLF�VWXG\�RI�UHVLVWDQFH�WR�$VFRFK\WD�EOLJKW�LQ�OHQWLO��/HQV�FXOLQDULV�0HGLN��

7DU¶DQ�� %���%XFKZDOGW��/��� �&URS�'HY��&HQW���8QLY��RI�6DVNDWFKHZDQ��6DVNDWRRQ��6.�6�1��$���&DQDGD�9DQGHQEHUJ��$��� �6DVNDWRRQ�5HV��&HQW���$JULF��DQG�$JULIRRG�&DQDGD��6DVNDWRRQ��6.��&DQDGD�:DUNHQWLQ��7�� DQG�(XMD\O��,��� �%LRWHFKQRORJ\��*HUPSODVP�3URJ���,&$5'$��3�2��%R[�������$OHSSR��6\ULD�� $VFRFK\WD�OHQWLV�LV�RQH�RI�WKH�OHDGLQJ�IDFWRUV�UHVSRQVLEOH�IRU�VHYHUH�FURS�ORVVHV�LQ�PRVW�OHQWLO�SURGXFWLRQ�DUHDV�DURXQG� WKH�ZRUOG��6HYHUDO�VRXUFHV�RI�UHVLVWDQFH�JHQHV�KDYH�EHHQ�LGHQWLILHG��$OWKRXJK�EUHHGLQJ�HIIRUWV�KDYH�GHYHORSHG�VRPH�PRGHUDWH�UHVLVWDQW�OLQHV��WKHUH�DUH�VWLOO�JDSV�LQ�XQGHUVWDQGLQJ�WKH�EDVLF�JHQHWLFV�RI�WKH�GLVHDVH� UHVLVWDQFH� LQ� OHQWLO��7KH� VWXG\�ZDV�FRQGXFWHG� WR�HQKDQFH�RXU�XQGHUVWDQGLQJ�RI� WKH�JHQHWLF�EDVLV� IRU�DVFRFK\WD� UHVLVWDQFH� LQ� OHQWLO� E\� PHDQV� RI� 47/� DQDO\VLV� XVLQJ� WKH� H[LVWLQJ� OLQNDJH� PDS� DQG� 3&5�EDVHG�DSSURDFKHV� WR� LVRODWH� UHVLVWDQFH� JHQH� DQDORJXHV� �5*$�� VHTXHQFHV� IURP� WKH� OHQWLO� JHQRPH�� ,GHQWLILFDWLRQ�RI�47/�DQG�GLVHDVH�UHVLVWDQFH�UHODWHG�VHTXHQFHV�LQ�OHQWLO�ZRXOG�SURYLGH�SODQW�EUHHGHUV�ZLWK�QHZ�WRROV��ZKLFK�ZLOO�HQKDQFH�WKHLU�DELOLW\� WR�VHOHFW�IRU�GLVHDVH�UHVLVWDQW� OHQWLO�D�EUHHGLQJ�SURJUDP��)RU� WKH�VWXG\�����UHFRPELQDQW�LQEUHG�OLQHV�GHULYHG�IURP�D�FURVV�EHWZHHQ�,//�����DQG�/���������V��ZHUH�XVHG��7KH�OLQHV�ZHUH�WHVWHG�IRU�WKH�UHDFWLRQ� WR� WZR� LVRODWHV� �50������� DQG�3&���� RI�$�� OHQWLV� LQ� D�JURZWK�FKDPEHU�DW� WKH�6DVNDWRRQ�5HVHDUFK�&HQWUH��2YHU�����5$3'�DQG�,665�SULPHUV�LQFOXGLQJ�WKRVH�WKDW�DUH�OLVWHG�LQ�)RUG�HW�DO���������ZHUH�VFUHHQHG�IRU� SRO\PRUSKLVPV� EHWZHHQ� WKH� WZR� SDUHQWV� DQG� WKH� UHVLVWDQFH� DQG� VXVFHSWLEOH� EXONV�� 7KH� PDUNHU� GDWD�JHQHUDWHG�LQ�WKLV�DQDO\VLV�ZHUH�LQWHJUDWHG�LQWR�WKH�H[LVWLQJ�OLQNDJH�PDS�GHYHORSHG�IURP�WKH�VDPH�SRSXODWLRQ��(XMD\O� HW� DO��� ������ IROORZHG� E\� 47/� DQDO\VLV� IRU� WKH� UHDFWLRQ� WR� WZR� LVRODWHV� XVLQJ� 47/� &DUWRJUDSKHU��9HUVLRQ� ������ SURJUDP�� 7ZR� 47/� �/2'� !� ����� HDFK� RQ� /*� �� DQG� /*� �� ZHUH� LGHQWLILHG� WR� FRQWURO� WKH�UHVLVWDQFH�WR�DVFRFK\WD�EOLJKW�LQ�WKLV�SRSXODWLRQ��7KHVH�47/�H[SODLQHG�������/*����DQG�������/*����RI�WKH�GLVHDVH�UHDFWLRQ�YDULDELOLW\��7KH�47/�RQ�/*���DW�WKH�23%������ORFXV�FRQWUROV�WKH�UHVLVWDQFH�WR�DW�OHDVW�WKH�WZR�LQGHSHQGHQW� LVRODWHV� �50� ������ DQG� 3&����� 7KH� 23%������ PDUNHU� ZDV� FRQYHUWHG� LQWR� D� 6&$5�PDUNHU� WR�VLPSOLI\�WKH�DQDO\VLV��0RUH�WKDQ����5*$�FORQHV�ZHUH�JHQHUDWHG�IURP�WKH�DPSOLILFDWLRQ�RI�OHQWLO�,//�����'1$�XVLQJ� GHJHQHUDWH� SULPHUV� WDUJHWLQJ� OHXFLQH� ULFK� UHSHDWV� �/55��� QXFOHRWLGH� ELQGLQJ�VLWHV� �1%6�� DQG� NLQDVH�GRPDLQ�FRQWDLQLQJ� VHTXHQFHV�� 3UHOLPLQDU\� DQDO\VLV� LQGLFDWHG� VHYHUDO� RI� WKHVH� JHQRPLF� IUDJPHQWV� ZHUH�KRPRORJRXV�WR�HDFK�RWKHU�����WR������LGHQWLW\���'DWDEDVH�VHDUFK�UHVXOWV�LQGLFDWHG�VRPH�VLJQLILFDQW�VHTXHQFH�VLPLODULWLHV�WR�NQRZQ�UHVLVWDQFH�JHQHV�VXFK�DV�536���IURP�$UDELGRSVLV� DQG�/���IURP�IOD[���:H�DUH�FXUUHQWO\�LQ�SURJUHVV�WR�PDS�WKHVH�5*$V�LQWR�WKH�OHQWLO�JHQRPH�DQG�WR�GHWHUPLQH�WKH�FRQWULEXWLRQ�RI�WKHVH�5*$V�WR�WKH�UHDFWLRQ�WR�DVFRFK\WD�EOLJKW���,PSDFW�RI�VHHGLQJ�GDWH�RQ�SHUIRUPDQFH�RI�HDUO\�PDWXULQJ�OHQWLO�YDULHWLHV�LQ�GLIIHUHQW�DJUR�UHJLRQV�RI�6DVNDWFKHZDQ�
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1OH\D��7�0��� 9DQGHQEHUJ��$��� �&URS�'HY��&HQWUH��8QLY��RI�6DVNDWFKHZDQ��6DVNDWRRQ��6.�6�1��$���&DQDGD�*DQ��<��� DQG�.XWFKHU��5��� ��6DVNDWRRQ�5HV��&HQWUH��$JULF��DQG�$JULIRRG�&DQDGD��6DVNDWRRQ�6�1��;���&DQDGD��
�6ZLIW�&XUUHQW�6.�DQG��0HOIRUW�6.�� 7KH�ODUJH�JUHHQ�PDUNHW�FODVV��/DLUG�W\SH�OHQWLO��GRPLQDWHV�OHQWLO�SURGXFWLRQ�LQ�&DQDGD��7KLV�PDUNHW�FODVV�KDV�DFFRXQWHG�IRU�PRUH�WKDQ�����RI�WRWDO�OHQWLO�SURGXFWLRQ�LQ�WKH�SDVW����\HDUV��$ERXW�����RI�&DQDGLDQ�OHQWLO�SURGXFWLRQ�LV� LQ�6DVNDWFKHZDQ�ZKHUH�SURGXFWLRQ�LV�FHQWHUHG�LQ�WKH�'DUN�%URZQ�DQG�PRLVW�'DUN�%URZQ�VRLO�]RQHV��/HQWLO�SURGXFWLRQ�LV�XVXDOO\�QRW�VXFFHVVIXO�LQ�WKH�QRUWKHDVW�SDUW�RI�WKH�SURYLQFH��PRLVW�%ODFN�RU�WKH�*UH\�VRLO�]RQHV��ZKHUH�WKH�VRLOV�DUH�RIWHQ�WRR�ZHW�IRU�SURGXFWLRQ�RI�KLJK�TXDOLW\�VHHG�RU�WKH�JURZLQJ�VHDVRQ�LV�WRR�VKRUW� IRU� WKH� ODWH� PDWXULQJ� DQG� KLJKO\� LQGHWHUPLQDWH� OHQWLO� YDULHWLHV�� 7KH� OXVK� FDQRS\� XQGHU� FRRO� PRLVW�FRQGLWLRQV�DOVR�SURYLGHV�DQ�H[FHOOHQW�PLFURFOLPDWH�IRU�GHYHORSPHQW�RI�GLVHDVHV���� 5HFHQWO\��WKH�EUHHGLQJ�SURJUDP�DW�&URS�'HYHORSPHQW�&HQWUH�KDV�UHOHDVHG�HDUO\�PDWXULQJ�OHQWLO�FXOWLYDUV��LQ� FRPSDULVRQ� WR� /DLUG��� (DUO\� PDWXULQJ� OHQWLO� JHUPSODVP� IURP� ,&$5'$� LV� DOVR� DYDLODEOH�� 7KHVH� QHZ�FXOWLYDUV�KDYH�LPSURYHG�FDQRS\�DHUDWLRQ�GXH�WR�D�ORZHU�GHJUHH�RI�EUDQFKLQJ��7KH�QHZ�OHQWLO�FXOWLYDUV�RIIHU�WKH�SRWHQWLDO�WR�VKLIW�OHQWLO�SURGXFWLRQ�LQ�WKH�SURYLQFH�QRUWKZDUGV�WR�LQFOXGH�WKH�7KLQ�%ODFN�DQG�7KLFN�%ODFN�VRLO�]RQHV��,Q�WKHVH�QHZ�DUHDV��VHHGLQJ�GDWHV�PD\�KDYH�WR�EH�DGMXVWHG�VR�WKDW�FURS�PDWXULW\�GRHV�QRW�RFFXU�HDUO\�LQ�WKH� VHDVRQ� ZKHQ� SUHFLSLWDWLRQ� LV� VWLOO� KLJK�� $� VWXG\� ZDV� FRQGXFWHG� ZLWK� WKH� REMHFWLYH� RI� GHWHUPLQLQJ� WKH�RSWLPXP� VHHGLQJ� GDWH� IRU� WKH� HDUO\� PDWXULQJ� OHQWLO� FXOWLYDUV� LQ� WKUHH� GLIIHUHQW� FURS� SURGXFWLRQ� DUHDV� RI�6DVNDWFKHZDQ��)LIWHHQ�OHQWLO�JHQRW\SHV��HLJKW�IURP�,&$5'$��WZR�IURP�$XVWUDOLD�DQG�ILYH�ORFDO�FXOWLYDUV�ZHUH�VHHGHG�DW�ILYH�VHHGLQJ�GDWHV�VWDUWLQJ�WKH�VHFRQG�ZHHN�RI�0D\�DQG�FRQWLQXLQJ�DW�ZHHNO\�LQWHUYDOV�WLOO�WKH�VHFRQG�ZHHN�RI� -XQH��7KH� UHVXOWV� VKRZHG�D� ODUJH�GHFUHDVH� LQ�VHHG�\LHOG�ZKHQ�VHHGLQJ� LV�GHOD\HG�EH\RQG� WKH� WKLUG�ZHHN� RI� 0D\� LQ� GULHU� HQYLURQPHQWV� EXW� \LHOG� ZDV� PDLQWDLQHG� XS� WR� WKH� ILUVW� ZHHN� RI� -XQH� LQ� ZHWWHU�HQYLURQPHQWV��,Q�JHQHUDO��JHUPSODVP�IURP�,&$5'$�SHUIRUPHG�SRRUO\�LQ�FRPSDULVRQ�WR�ORFDO�FKHFNV�LPSO\LQJ�SRRU DGDSWDELOLW\�RI�WKH�H[RWLF�JHUPSODVP�� �
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+DQODQ��7�*���%DOO��5�$���DQG�� 'HSW��RI�3ODQW�6FL���8QLY��RI�6DVNDWFKHZDQ�$��9DQGHQEHUJ� ���&DPSXV�'ULYH��6DVNDWRRQ��6.� &DQDGD��&XUUHQW� ODUJH� JUHHQ� OHQWLO� FXOWLYDUV� VLPLODU� WR� WKH� FXOWLYDU� /DLUG� DUH� VXVFHSWLEOH� WR� ORGJLQJ� LQ� WKH�6DVNDWFKHZDQ�HQYLURQPHQW��7KH�JRDO�RI�WKH�VWXG\�ZDV�WR�LGHQWLI\�FKDUDFWHULVWLFV�RI�OHQWLO�FDQRS\�DUFKLWHFWXUH�WKDW�ZLOO�OHDG�WR�UHGXFHG�ORGJLQJ�DQG�LPSURYHG�\LHOG�DQG�TXDOLW\��)RXU�VWLII�VWHP�,&$5'$��)/,3��JHQRW\SHV�YDU\LQJ�LQ�OHDI�VL]H�DQG�FDQRS\�RSHQQHVV�ZHUH�FRPSDUHG�WR�ODUJH�JUHHQ�DQG�RWKHU�ORFDOO\�DGDSWHG�FXOWLYDUV�DW�WKUHH� SRSXODWLRQ� GHQVLWLHV� LQ� WKH� ILHOG� LQ� ������ 'DWD� ZHUH� UHFRUGHG� IRU� SDUDPHWHUV� WKDW� LQIOXHQFH� FDQRS\�VWUXFWXUH��0HDVXUHPHQWV�LQFOXGHG�VWDQG�HVWDEOLVKPHQW�DW�VHHGOLQJ�HPHUJHQFH��ELRPDVV�DQG�OLJKW�LQWHUFHSWLRQ�DW�ZHHNO\�LQWHUYDOV��DQG�VWHP�VWLIIQHVV��6WHP�VWLIIQHVV�PHDVXUHPHQWV�ZHUH�EDVHG�RQ�WKH�GHJUHH�RI�VWHP�EHQGLQJ�DQG�RQ�WKH�DELOLW\�RI�WKH�FDQRS\�WR�UHJDLQ�KHLJKW�DIWHU�FUXVKLQJ��&XOWLYDUV�DGDSWHG�WR�6DVNDWFKHZDQ�KDG�JUHDWHU�ELRPDVV��EXW�ODUJH�JUHHQ�FXOWLYDUV�ZLWK�FDQRS\�GHYHORSPHQW�VLPLODU�WR�/DLUG�KDG�ZHDN�VWHPV�DQG�ZHUH�SURQH�WR� ORGJLQJ�� 6RPH� )/,3� JHQRW\SHV� KDG� VWLIIHU� VWHPV� DQG� OHVV� EUDQFKLQJ�� UHVXOWLQJ� LQ� OHVV� ELRPDVV� DQG� ]HUR�ORGJLQJ�FRPSDUHG�WR�ORFDOO\�DGDSWHG�FXOWLYDUV��2WKHU�)/,3�JHQRW\SHV�KDG�LQWHUPHGLDWH�FDQRS\�FKDUDFWHULVWLFV��&ULPVRQ�DQG�&'&�0LOHVWRQH�UHVSRQGHG�VLPLODUO\�WR�)/,3�JHQRW\SHV��EXW�ZHUH�PRUH�VLPLODU�WR�WKH�ODUJH�JUHHQ�FXOWLYDUV�IRU�ORGJLQJ�DQG�ELRPDVV��&'&�0LOHVWRQH�DQG�&ULPVRQ�KDG�LPSURYHG�FDQRS\�DUFKLWHFWXUH�FRPSDUHG�WR�ODUJH�JUHHQ�FXOWLYDUV��6WHP�VWLIIQHVV�ZDV�VXSHULRU�LQ�)/,3�JHQRW\SHV��5HGXFHG�EUDQFKLQJ�PD\�EH�XVHIXO�WUDLW�WR�KHOS�UHGXFH�ORGJLQJ����
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'HYHORSPHQW�RI�PLFURVSRUH�FXOWXUH�WHFKQRORJ\�IRU�WKH�SURGXFWLRQ�RI�GRXEOHG�KDSORLG�OLQHV�RI�FKLFNSHD��&LFHU�DULHWLQXP�/���
/�OVGRUI��0���'DPHQW��7��� &URS�'HY��&HQWUH��8QLY��RI�6DVNDWFKHZDQ�:DUNHQWLQ��7���DQG�9DQGHQEHUJ��%�� 6DVNDWRRQ��6.�6�1��$���&DQDGD�� ,VRODWHG�PLFURVSRUH�FXOWXUH�LV�D�WHFKQLTXH�HPSOR\HG�LQ�D�QXPEHU�RI�LPSRUWDQW�ILHOG�FURSV�IRU�WKH�LQGXFWLRQ�RI LQVWDQW� KRPR]\JRVLW\� LQ� EUHHGLQJ� OLQHV�� � 7KLV� SURMHFW� LQYHVWLJDWHG� WKH� DSSOLFDWLRQ� RI� WKLV� WHFKQRORJ\� WR�FKLFNSHD� �&LFHU� DULHWLQXP� /���� � $W� WKLV� SRLQW� LQ� RXU� UHVHDUFK�� HPEU\RV� FDQ� EH� LQGXFHG� GLUHFWO\� IURP�PLFURVSRUHV�ZLWKRXW�DQ�LQWHUYHQLQJ�FDOOXV�SKDVH�� �(PEU\R�GHYHORSPHQW�IROORZHG�WKH�XVXDO�VWDJHV�IURP�SUR�HPEU\R�WKURXJK�JOREXODU�WR�µKHDUW�VKDSHG¶�VWDJHV�DQG�VRPHWLPHV�WR�WKH�FRW\OHGRQDU\�VWDJH�� �2XU�UHVHDUFK�LV�QRZ IRFXVHG�RQ�REWDLQLQJ�PDWXUH�HPEU\RV�DQG�WKHLU�FRQYHUVLRQ�LQWR�SODQWOHWV���

$VVHVVLQJ�GLYHUVLW\�LQ�D�&DQDGLDQ�SRSXODWLRQ��RI $VFRFK\WD�UDELHL�IURP�FKLFNSHD�
�&KRQJR��*��� �'HSW��RI�3ODQW�6FL������&DPSXV�'ULYH�*RVVHQ��%�'��� 8QLY��RI�6DVNDWFKHZDQ��6DVNDWRRQ��6.�6�1��$���&DQDGD�%XFKZDOGW��/��� �$JULF��DQG�$JUL�)RRG�&DQDGD�5HV��&HQ���6DVNDWRRQ��6.�6�1��;���&DQDGD�$GKLNDUL��7��� DQG� 3UHVHQW�DGGUHVV���86'$�$56��'HSW��RI�%RWDQ\�DQG�3ODQW�3DWK��5LPPHU��6�5�� 3XUGXH�8QLY���:HVW�/DID\HWWH��,1��86$�� )RUW\�LVRODWHV�RI�$VFRFK\WD�UDELHL�RI�FKLFNSHD�IURP�&DQDGD�ZHUH�DVVHVVHG�IRU�YDULDELOLW\�XVLQJ�YLUXOHQFH�WHVWV�DQG�UDQGRPO\�DPSOLILHG�SRO\PRUSKLF�'1$��5$3'���'LIIHUHQWLDO�OLQHV�ZHUH�VHOHFWHG�IURP�DQ�LQLWLDO�SRRO�RI����OLQHV�FXOWLYDUV��6HYHUDO�JURXSV�RI�LVRODWHV�ZHUH�YLUXOHQW�RQO\�RQ�FHUWDLQ�OLQHV�RI�WKH�HLJKW�GLIIHUHQWLDOV�WKDW�ZHUH�XVHG��,VRODWHV�IURP�&DQDGD�ZHUH�KLJKO\�YDULDEOH�LQ�YLUXOHQFH��UDQJLQJ�IURP�WKRVH�ZKLFK�ZHUH�ZHDNO\�YLUXOHQW�RQ�DOO���GLIIHUHQWLDOV�WR�WKRVH�ZKLFK�ZHUH�KLJKO\�YLUXOHQW�RQ���RI���GLIIHUHQWLDOV��7KUHH�RI�WKH���5$3'�EDQGLQJ�SDWWHUQV�REVHUYHG�DPRQJ�LVRODWHV�IURP�&DQDGD��DFFRXQWHG�IRU�����RI�WKH�&DQDGLDQ�SRSXODWLRQ��$OO�ILYH�LVRODWHV�IURP�$XVWUDOLD����RI���IURP�6\ULD����RI���IURP�WKH�86$��DQG���RI���IURP�,QGLD�KDG�D EDQGLQJ�SDWWHUQ�VLPLODU�WR�WKH�PRVW�FRPPRQ�SDWWHUQ�DPRQJ�&DQDGLDQ�LVRODWHV��EXW�ERWK�LVRODWHV�IURP�7XUNH\�ZHUH�GLIIHUHQW�IURP�DQ\�&DQDGLDQ�LVRODWH��7KHUH�ZDV�QR�DVVRFLDWLRQ�EHWZHHQ�5$3'�DQG�SDWKRW\SH�JURXSV��%DVHG�RQ�5$3'�EDQGLQJ�SDWWHUQV��$��UDELHL��WHOHRPRUSK�'LG\PHOOD�UDELHL� ZDV�PRUH�FORVHO\�UHODWHG�WR�$��OHQWLV��WHOHRPRUSK�'LG\PHOOD�OHQWLV� WKDQ�WR�$��SLQRGHV��WHOHRPRUSK�0\FRVSKDHUHOOD�SLQRGHV��
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