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7D E OH � � � 5HFLSH�IRU�SUHSDULQJ�WKH�PL[WXUH�RI�PLFURQXWULHQWV&RPSRXQG &KHPLFDO�IRUPXOD $PRXQW��NJ�KD &RQFHQWUDWLRQ���0DJQHVLXP�6XOSKDWH 0J62� �� 0J ± ��0DQJDQHVH�6XOSKDWH 0Q62� �� 0Q ± ��)HUURXV�6XOSKDWH )H62� �� )H ± ��=LQF�6XOSKDWH =Q62� �� =Q ± ��&RSSHU�6XOSKDWH &X62� ��� &X ± ��%RULF�$FLG +�%2� � % ± ��$PPRQLXP�0RO\EGDWH �1+���0R2� � 0R ± �� 7KH�DXWKRU�SUHYLRXVO\�WHVWHG�WKH�DPRXQWV�DQG�WKH�SHUFHQWDJH�RI�WKH�QXWULHQWV� 0DJQHVLXP�LV�D�VHFRQGDU\�QXWULHQW�7KH� IHUWLOL]HUV� ZHUH� XQLIRUPO\� VSUHDG� LQ� WUHQFKHV� DIWHU� HDFK� EUDQFK� KDUYHVW�� LPPHGLDWHO\� EHIRUH� WKH� �UGLUULJDWLRQ�5HDULQJ� KRXVHV�ZHUH� HTXLSSHG�ZLWK� DXWRPDWLF� WHPSHUDWXUH� DQG� KXPLGLW\� FRQWURO� GHYLFHV�� ,Q� WKH� FRQWURO�JURXSV��WKH�UHDULQJ�ZDV�GRQH�DW�VWDQGDUG�UHJLPHV�RI�WHPSHUDWXUH��KXPLGLW\��LOOXPLQDWLRQ��DQG�DLU�VSHHG��7DEOH ���GHVFULEHG�LQ�-DSDQHVH��.RUHDQ��,QGLDQ��%XOJDULDQ�DQG�8NUDLQLDQ�OLWHUDWXUH��$MX]DZD��������=ORWLQ��%RODYLQ��������+DQGERRN «��������6HULFXOWXUH «��������.ULVKQDVZDP\��������
7D E OH � � � 6WDQGDUG� UHJLPHV� RI� WHPSHUDWXUH�� UHODWLYH� KXPLGLW\��LOOXPLQDWLRQ�� DQG�DLU� VSHHG�GXULQJ� WKH�VLONZRUP�UHDULQJ$JH 7HPSHUDWXUH���& 5HODWLYH�KXPLGLW\��� ,OOXPLQDWLRQ��O[ $LU�VSHHG��P�VHF��DQG���LQVWDUV �� �� �� �����LQVWDU �� �� �� �����DQG���LQVWDUV �� �� �� ���0RXQWLQJ�DQG�VSLQQLQJ �� �� �� ���5HDULQJ� ZDV� SHUIRUPHG� XVLQJ� SODVWLF� WUD\V� ���î��î�� FP�� DFFRPPRGDWLQJ� ���� ODUYDH� FRXQWHG�LPPHGLDWHO\�DIWHU�WKH��QG PRXOW��'XULQJ�HDFK�H[SHULPHQW�DOO�WKH�ODUYDH�ZHUH�IHG�ZLWK�HTXDO�DPRXQWV�RI�OHDYHV�RI�WKH� VDPH� YDULHW\��%HG� VSDFLQJ� ZDV� SHUIRUPHG� GDLO\� EHIRUH�PRUQLQJ� IHHGLQJ�� DQG� EHG� FOHDQLQJ�ZDV� SHUIRUPHG�DIWHU�HDFK�PRXOW�%RWWOHEUXVK�W\SH�SODVWLF�PRXQWDJH�ZHUH�XVHG�IRU�PRXQWLQJ����EUHHGV�ZHUH�XVHG�WKURXJKRXW�WKH�H[SHULPHQWV��DQG�HYHU\�EUHHG�ZDV�WHVWHG�LQ���UHSOLFDWHV�RI�����ODUYDH�FRXQWHG� LPPHGLDWHO\� DIWHU� WKH� �QG PRXOW�� 7KH� EUHHGV� ZHUH� REWDLQHG� IURP� WKH� $JURPLHU &R�� JHUP� EDQN� DQG�UHSUHVHQWHG� �� &KLQHVH�� �� -DSDQHVH�� �� (XURSHDQ� DQG� �� HJJ� VH[�OLPLWHG� EUHHGV�� $OO� EUHHGV� ZHUH� RI� GLIIHUHQW�JHRJUDSKLFDO�RULJLQV��EUHG�DQG�VHOHFWHG�LQ�$JURPLHU &R��JHUP�EDQN�DQG�VWRUHG�XQGHU�WKHVH�FRGHV�:H�LPSOHPHQWHG�KRXVH�GLVLQIHFWLRQV�ZLWK�� ��VROXWLRQ�RI�FKORULQDWHG�OLPH��EOHDFKLQJ�SRZGHU���&D2&O���LQ�WKH�:�9�VSUD\�IRUP��DQG�RQ�WKH�QH[W�GD\ ± ZLWK���� ��VROXWLRQ�RI�DFHWLF�DFLG��&+�&22+��LQ�WKH�VSUD\�IRUP�$OVR�ZH�SHUIRUPHG�HJJ�GLVLQIHFWLRQV�ZLWK����� ��VROXWLRQ�RI�DFHWLF�DFLG�IRU��� PLQXWHV�%HG� DQG� ODUYDH� GLVLQIHFWLRQV� ZHUH� SHUIRUPHG� DIWHU� HYHU\� PRXOW� ZKHQ� �� �� RI� ODUYDH� ILQLVKHG� WKHLU�PRXOWLQJ��D�VSHFLDO SRZGHU�IRU�EHG�GLVLQIHFWLRQV�ZDV�DSSOLHG�XQLIRUPO\�DW� WKH�UDWH�RI���� J�P� RI�EHG�LQ�\RXQJ�LQVWDUV�DQG���� J�P� LQ�ODWH�LQVWDUV��7KH�SRZGHU�ZDV�DSSOLHG�RQFH�RQ�WKH��WK GD\�RI�WKH�ILIWK�LQVWDU�EHIRUH�WKH��VWPRUQLQJ�IHHGLQJ�ZKHQ�WKHUH�ZHUH�QR�HGLEOH�OHDYHV LQ�WKH�EHGV��7KH�EHG�GLVLQIHFWDQW�LQJUHGLHQWV�ZHUH�DV�IROORZV��FDOFLXP�R[LGH ± �� ���EOHDFKLQJ�SRZGHU ± �� ���EHQ]RLF�DFLG ± � ���'LDWKDQH 0 �� ± � ��:H�IRUPHG�WKH�IROORZLQJ�WHVW�JURXSV�([SHULPHQW ���$OO�LQVWDUV�UHDUHG�DW����&�([SHULPHQW ���$OO�LQVWDUV UHDUHG�DW����&�([SHULPHQW ����±�UG LQVWDUV�UHDUHG�DW����&���±�WK LQVWDUV�UHDUHG�DW����&�'XULQJ�PRXOWLQJ� WKH� UHODWLYH� KXPLGLW\�ZDV� UHGXFHG� WR� �� ��� DQG� D� Q\ORQ� FRYHU�ZDV� UHPRYHG� IURP� WKH�EHGV�RI�WKH�\RXQJ�LQVWDU�ODUYDH�PDLQWDLQLQJ�WKH�RULJLQDO�WHPSHUDWXUH��:H�NHSW�LOOXPLQDWLRQ��UHODWLYH�KXPLGLW\�DQG�DLU�VSHHG�LQ�FRQWURO�DQG�WHVW�JURXSV�FRQVWDQW�'XULQJ�WKH�\HDUV�RI������DQG���������WHVW�UHDULQJV�SHU�\HDU�RI�DOO�EUHHGV�ZHUH�FRQGXFWHG�LQ���UHSOLFDWHV�RI����� ODUYDH� HDFK�� DQG� WKH� FRFRRQ� FROOHFWHG� ZHUH� FKHFNHG IRU� WKH� PDLQ� SURGXFWLYH� FKDUDFWHUV�� 7KH� GDWD� ZHUH�VWDWLVWLFDOO\�DQDO\]HG�XVLQJ�WKH�VWDQGDUG�PHWKRGV�5 H V X O W V � D Q G � G L V F X V V L R Q � )URP�7DEOH���LW�LV�HYLGHQW�WKDW�WKH�WHPSHUDWXUH�UHJLPHV�JDYH�WKH�VDPH�LQIOXHQFH�RQ� WKH� WHVW�EUHHGV� LUUHVSHFWLYH�RI� WKHLU�RULJLQ��7KH�DYHUDJH�GDWD� IRU� WKH���\HDUV�VKRZ�QR�HIIHFW�RI� WKH�UHDULQJ� WHPSHUDWXUH� UHJLPHV�RQ� WKH�SXSDWLRQ� UDWLR�� ,W�PHDQV� WKDW� WHPSHUDWXUH� IURP���� WR����&�DUH� WKH�RSWLPXP�UDQJH� IRU� QRUPDO� GHYHORSPHQW� RI� ODUYDH� DQG� DFFRUGLQJO\� VKRZ� D� KLJK� VXUYLYDO� UDWLR�� %� 0DQLUDMX� HW DO� �������UHDUHG�WKH�VLONZRUP�EUHHGV�3XUH�0\VRUH��PXOWLYROWLQH��DQG�1%�'���ELYROWLQH��XQGHU�FRQVWDQW�WHPSHUDWXUH�RI��������� ��� DQG� ���&� GXULQJ� \RXQJ� DQG� ODWH� LQVWDUV� ZLWK� DOO� GLIIHUHQW� FRPELQDWLRQV�� +H� UHSRUWHG� WKDW� WKH� ORZ�WHPSHUDWXUH� RI� ���&� WKURXJKRXW� WKH� UHDULQJ� IDYRUHG� WKH�KLJKHU� VLON� FRQYHUVLRQ�ZLWK� EHWWHU� VXUYLYDO� LQ�ELYROWLQH�EUHHGV���� ����2XU�UHVXOWV�FRQILUP�KLV�ILQGLQJ�ZLWK�HYHQ�DW�D�ORZHU�WHPSHUDWXUH�����&��
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7D E OH � � � (IIHFW� RI� GLIIHUHQW� WHPSHUDWXUH� UHJLPHV� RQ� WKH�PDLQ� SURGXFWLYH� FKDUDFWHUV� RI� WKH� GLIIHUHQW�VLONZRUP�EUHHGV %UHHGV*URXSV (� (� (�� (� (�D (�� (�E (� (� (�� (��3XSDWLRQ���([SHULPHQW�� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����([SHULPHQW�� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����([SHULPHQW�� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����&RQWURO ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����'XUDWLRQ�RI�WKH�ODUYDO�VWDJH��KU([SHULPHQW�� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���([SHULPHQW�� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���([SHULPHQW�� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���&RQWURO ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���&RFRRQ�ZHLJKW��J([SHULPHQW�� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����([SHULPHQW�� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����([SHULPHQW�� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����&RQWURO ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����6KHOO�ZHLJKW��J([SHULPHQW�� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����([SHULPHQW�� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����([SHULPHQW�� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����&RQWURO ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����6LON�UDWLR���([SHULPHQW�� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����([SHULPHQW�� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����([SHULPHQW�� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����&RQWURO ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� 3������� 3������� 3�������2XU�UHVXOWV�VKRZHG�D�RQH�GD\�LQFUHDVH�RI�WKH�ODUYDO�VWDJH�GXUDWLRQ�LQ�([SHULPHQW ��DQG�D�RQH�GD\�GHFUHDVH�RI� WKLV� FKDUDFWHU� LQ� ([SHULPHQW �� DQG�([SHULPHQW �� FRPSDUHG�ZLWK� WKH� FRQWURO��2WKHU� DXWKRUV� �9HQXJRSDOSLOOL��.ULVKQDVZDP\��������+DQXPDSSD�� ������%DVKNDU�HW DO��� ������GHWHFWHG�D�GLUHFW�FRUUHODWLRQ�EHWZHHQ�PHWDEROLF�UHVSRQVHV�RI�WKH�VLONZRUP�DQG�WHPSHUDWXUH��ZKLFK�LV�LQ�FRQILUPDWLRQ�ZLWK�WKH�UHVXOWV�REWDLQHG�E\�XV�LQ�WKH�SUHVHQW�VWXG\��7KH�GDWD� IRU� WKH�FRFRRQ�ZHLJKW� DQG�VKHOO�ZHLJKW� SURYH�WKDW�PRVW�RI� WKH� WHVWHG�EUHHGV�VKRZ�D�VLJQLILFDQW�LQFUHDVH� IRU� ERWK� FKDUDFWHUV� LQ� ([SHULPHQW ��� D� GHFUHDVH� LQ� ([SHULPHQW ��� DQG� QR� VLJQLILFDQW� FKDQJH� LQ�([SHULPHQW ��FRPSDUHG�ZLWK� WKH�FRQWURO��7KH�KLJKHVW�DQG�SURYHQ�YDOXHV�DUH�GHPRQVWUDWHG�LQ�([SHULPHQW ��WKDW�H[FHHGV� ([SHULPHQW ��� ([SHULPHQW �� DQG� FRQWURO� E\� �����±����� J�� �����±����� J�� DQG� �����±����� J�������±����� �������±��������DQG�����±�������UHVSHFWLYHO\�6LPLODUO\�� WKH� KLJKHVW� YDOXHV� IRU� VKHOO� ZHLJKW� ZHUH� UHFRUGHG� LQ� ([SHULPHQW ��� H[FHHGLQJ� ([SHULPHQW ���([SHULPHQW ��DQG�FRQWURO�E\������±����� J������±����� ���������±����� J������±����� ����DQG������±����� J������±�������UHVSHFWLYHO\��7KH�EUHHGV�RI�WKH�-DSDQHVH�RULJLQV�WHQGHG�WR�JLYH�D�FRPSDUDWLYHO\�KLJKHU�LQFUHDVH�RI�VKHOO�ZHLJKW�LQ�([SHULPHQW ��FRPSDUHG�ZLWK�WKH�EUHHGV�RI�WKH�&KLQHVH�RULJLQV�$FFRUGLQJ� WR� 3� 7]HQRY� �����D�� ����E��� 3� 7]HQRY� DQG�*� 0ODGHQRY� �������� ORZ� ����&�� DQG�PRGHUDWH�����&�� WHPSHUDWXUH� ILIWK� ODUYDO� LQVWDU� UHDULQJ� LQFUHDVHG� WKH� TXDQWLWLHV� RI� IRRG� LQJHVWHG� DQG� GLJHVWHG��ZKLOH� WKH�KLJK�WHPSHUDWXUH�SURGXFHG�WKH�RSSRVLWH�HIIHFW��/RZ�WHPSHUDWXUH�ILIWK�LQVWDU�UHDULQJ�LQFUHDVHG�WKH�FRFRRQ�ZHLJKW��VKHOO� ZHLJKW�� FRFRRQ� \LHOG� SHU� ER[� RI� HJJV�� PRWK� HPHUJHQFH� SHUFHQWDJH� DQG� QXPEHU� DQG ZHLJKW� RI� HJJV� SHU�OD\LQJ��$OVR�6� 8HGD�HW DO� �������UHSRUWHG�WKDW�WKHUH�ZHUH�QRW�DQ\�VLJQLILFDQW�GLIIHUHQFHV�FRQFHUQLQJ�WKH�JURZWK�UDWH��FRFRRQ�ZHLJKW�� VKHOO�ZHLJKW� DQG�IHFXQGLW\�EHWZHHQ�UHDULQJ�RI� WKH�ILIWK� LQVWDU�VLONZRUP�ODUYDH�DW����&�DQG����&��ZKHQ WKH�ODUYDH�DUH�IHG�ZLWK�JRRG�TXDOLW\�PXOEHUU\�OHDYHV�$FFRUGLQJ�WR�6� 8HGD�DQG�.� 6X]XNL���������-XQ�/LDQJ�;X�DQG�;LDR�)HQJ�:X���������(� 0DQLUDMX���������ZLWK�WKH�LQFUHDVH�RI�WKH�WHPSHUDWXUH�IURP����WR����&��WKH�FRQYHUVLRQ�RI�PXOEHUU\�OHDYHV�WR�VLON�GHFUHDVHV�$OO� WKHVH� ILQGLQJV� DUH� LQ� DJUHHPHQW� ZLWK� RXU� UHVXOWV� LQ� WKH� ODWH� LQVWDUV�� +RZHYHU� LQ� WKH� \RXQJ� LQVWDUV��UHDULQJ� WHPSHUDWXUH� UHVXOWV� DUH� FRQWUDU\� WR� <� 7DQDND� ������� ZKR� UHSRUWHG� WKDW� WKH� WHPSHUDWXUH� GXULQJ� \RXQJ�LQVWDUV��,��,,��,,,��DIIHFWV�WKH�FRFRRQ�FKDUDFWHUV��FRFRRQ�DQG�VKHOO�ZHLJKW��FRQVLGHUDEO\��WKH�RSWLPXP�EHLQJ����&��DQG� WKH�ZRUVW ± ���&��+H� DOVR� UHFRUGHG� WKH�KLJKHVW� VKHOO�ZHLJKW� UDWLR�ZLWK� WKH� ORZHVW� ODUYDO� ORVV� DW����&��2XU�UHVXOWV� FDQ� EH� H[SODLQHG� E\� WKH� ILQGLQJ� RI� &� '�� %DVDYDUDMX� HW DO� ������� ZKR� PDGH� D� FRQFOXVLRQ� WKDW� WKH�WHPSHUDWXUH�LQIOXHQFHV�WKH�PHWDEROLF�DFWLYLWLHV�RI�ODUYDH�GHSHQGLQJ�QRW�RQO\�RQ�DQ�LQVWDU�EXW�DOVR�RQ�D�EUHHG��$OVR�LW�ZDV�UHSRUWHG�E\�*� 3��6LQJK�HW DO� �<RXQJ «��������WKDW�LI�\RXQJ�VLONZRUPV�DUH�UHDUHG�XQGHU�KLJK�WHPSHUDWXUH�RI� ��±���&�� LW� LV� DEVROXWHO\� QHFHVVDU\� WR� IHHG� WKHP�ZLWK� ULFK� QXWULWLYH� OHDYHV� LQ� VXIILFLHQW� TXDQWLW\��,I� WKH� OHDI�TXDOLW\�DQG�TXDQWLW\�DUH�LQVXIILFLHQW��LW�LV�QHFHVVDU\�WR�ORZHU�WKH�WHPSHUDWXUH�E\�RQH�GHJUHH�LQ�HYHU\�LQVWDU��:KLFK�PHDQV�WKDW�WKH LQIDQW�VLONZRUPV��VLPLODU�WR�JURZQ�VLONZRUPV�KDYH�EHWWHU�XWLOL]DWLRQ�RI�IRRG�DW�ORZHU�WHPSHUDWXUH�)URP� WKH� GDWD� SUHVHQW� LQ� 7DEOH �� ZH� FDQ� QRWLFH� WKDW� WKHUH� ZDV� QR� VLJQLILFDQW� HIIHFW� RI� WKH� UHDULQJ�WHPSHUDWXUH� RQ� WKH� VKHOO�ZHLJKW� UDWLR�� ,Q� RXU� RSLQLRQ� WKLV�PD\� EH� H[SODLQHG�E\� WKH� IDFW� WKDW� WKH� DSSOLFDWLRQ� RI�
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PLFUR� DQG� VHFRQGDU\� QXWULHQWV� JDYH� HTXDO� LQIOXHQFH� RQ� LQFUHDVLQJ� WKH� FRFRRQ� DQG� VKHOO� ZHLJKWV�� +RZHYHU� D�VOLJKW� LQFUHDVH� LV� QRWLFHG� LQ�([SHULPHQW ��ZLWK� KLJKHU� WHPSHUDWXUH� UHDULQJ��ZKLFK� FDQ�EH� H[SODLQHG�E\� WKH� IDFW�WKDW�WKH�IRRG�ZDV�XWLOL]HG�PRUH�HIIHFWLYHO\�XQGHU�WKH�KLJK�WHPSHUDWXUH�WKDQ�XQGHU�ORZ�DQG�PRGHUDWH�WHPSHUDWXUHV��DV�UHSRUWHG�E\�3� 7]HQRY������E��'DWD�IURP�)LJ� ��VKRZ�WKH�JHQHUDOL]HG�UHVXOWV��WKH�FRFRRQ�\LHOG�SHU�ER[�UHYHDO�D�VLJQLILFDQW�LQFUHDVH�RYHU�WKH�FRQWURO�XQGHU� WKH� ORZ� WHPSHUDWXUH� UHJLPH�����&��WKURXJKRXW� WKH�ZKROH� ODUYDO�SHULRG�LQ�([SHULPHQW ��DQG�D�VLJQLILFDQW� GHFUHDVH� XQGHU� WKH� KLJK� WHPSHUDWXUH� UHJLPH� ����&�� WKURXJKRXW� WKH� ZKROH� ODUYDO� SHULRG� LQ�([SHULPHQW ��� DV� H[SHFWHG�� +RZHYHU� D� VOLJKW� GHFUHDVH� LQ� WKH� FRFRRQ�ZHLJKW� DQG� LQ� SXSDWLRQ� UDWLR�PDQLIHVWHG�WKHPVHOYHV�DV�D�VLJQLILFDQW�GHFUHDVH� LQ� WKH�FRFRRQ�\LHOG�SHU�ER[� LQ�([SHULPHQW ��ZKHUH� WKH�\RXQJ� LQVWDUV�ZHUH�UHDUHG�DW��� &��DQG�ODWH�LQVWDUV ± DW��� &��([FHOOHQFH�RI�WHVWHG�WHPSHUDWXUH�UHJLPH�WR�([SHULPHQW ���([SHULPHQW ��DQG�FRQWURO�ZDV� EHWZHHQ�����±���� NJ� �����±����� ��������±���� NJ� �����±����� ����DQG�����±���� NJ������±������� UHVSHFWLYHO\��6LPLODUO\� WR� FRFRRQ� ZHLJKW� FKDUDFWHU�� WKH� KLJKHVW� FRFRRQ� \LHOG� SHU� ER[� ZDV� UHFRUGHG� LQ�EUHHGV�RI�WKH�-DSDQHVH�DQG�&KLQHVH�RULJLQV�
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([SHULPHQW�� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����([SHULPHQW�� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����([SHULPHQW�� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����&RQWURO ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
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) L J � � � (IIHFW�RI�GLIIHUHQW�WHPSHUDWXUH�UHJLPHV�RQ�WKH�FRFRRQ�\LHOG�SHU�ER[�LQ�WKH�GLIIHUHQW�VLONZRUP�EUHHGV�
& R Q F O X V L R Q V � 7KH� ORZHU� WHPSHUDWXUH� ���&�GXULQJ� WKH�ZKROH� ODUYDO� SHULRG� LQVWHDG� RI� WKH� VWDQGDUG�UHJLPH�����&�IRU�\RXQJ�DQG����&�IRU�ODWH�LQVWDUV��OHDGV�WR�KLJKHU�FRFRRQ�ZHLJKW��FRFRRQ�VKHOO�ZHLJKW�DQG�FRFRRQ�\LHOG� SHU� ER[��E\������±����� J� �����±���� ���� �����±����� J� �����±���� ���� DQG�����±���� NJ� �����±�������UHVSHFWLYHO\��+RZHYHU�WKH�UHDULQJ�WHPSHUDWXUH�GRHV�QRW�DIIHFW�HLWKHU�WKH�VKHOO�RU�WKH�SXSDWLRQ�UDWLR��LQGLFDWLQJ�WKDW�WKLV�UDQJH����±�� &��LV�RSWLPXP�IRU�WKH�VLONZRUP�UHDULQJ��,Q�JHQHUDO��KLJKHU�YDOXHV�DQG�SURYHQ�GLIIHUHQFHV�ZHUH�REWDLQHG�LQ�EUHHGV�RI�WKH�-DSDQHVH�DQG�&KLQHVH�RULJLQV��DQG�ORZHU�RQHV ± DW�JHQHWLFDOO\�VH[�OLPLWHG�EUHHGV�

5 ( ) ( 5 (1& ( 6$MX]DZD +DQGERRN�RI�VLONZRUP�UHDULQJ� ± 7RN\R��)XML�3XEOLVK�&R���/WG�������� ± ��� SS�%DVDYDUDMX &� '�� /DNVKPL .XPDUL %�� $QDQWKDQDUD\DQD 6� 5� (IIHFW�RI�WHPSHUDWXUH�RQ�FRQVXPSWL RQ�DQG�XWLOL]DWLRQ�RI�IRRG�LQ�WZR�EUHHGV�RI�%RPE\[�PRUL /���� 6HULFRORJLD� ± ����� ± 9RO� ����� �� ± 3� ���±����%DVKNDU 5� 0�� 5DMDVKHNDU 5�� *RYLQGDSSD 6� (IIHFW�RI�WHPSHUDWXUH�RQ�WKH�IHUWLOLW\�DQG�JRQDGDO�RUJDQLF�FRPSRVLWLRQ�RI�VLONZRUP� %RPE\[�PRUL /���� 1DWLRQDO�FRQIHUHQFH�RQ�PXOEHUU\�DQG�VHULFXOWXUH� ± ����� ± $EVW� � ����+DQGERRN�RI�VHULFXOWXUH � 1� 3HWNRY��0� 3HWNRY��0� 0DQVKHY�HW DO�� ± 6RILD��=HPL]GDW�3XEO��+RXVH������� ± ��� SS�+DQXPDSSD 7� 9� (IIHFW� RI� WHPSHUDWXUH� RQ� IRRG� DQG�ZDWHU� XWLOL]DWLRQ� LQ� GLIIHUHQW� EUHHGV� RI� WKH� VLONZRUP� %RPE\[�PRUL /��� 3K�'�� WKHVLV�� %DQJDORUH�8QLY� ± %DQJDORUH������� ± �� SS�-ROO\ 0� 6� &KDZNL�UHDULQJ�FRQFHSW��RUJDQL]DWLRQ�DQG�PDQDJHPHQW��� ,QGLDQ�6LON� ± ����� ± 9RO� ����� �� ± 3� ��±���-XQ /LDQJ ;X� ;LDR )HQJ :X 5HVHDUFK�RQ� LPSURYHPHQW�RI�HIILFLHQF\�RI� WUDQVIRUPLQJ�OHDI� LQJHVWHG�LQWR�WKH�VLON�RI� WKH�VLONZRUP� %RPE\[�PRUL �� ,QW��&RQJ��(QWRPRO���%HLMLQJ��&KLQD� ± ����� ± 3� ���.DUDLYDQRY 6� 6WXGLHV�RQ�WKH�VLQJOH�DQG�FRPSO H[�HIIHFW�RI�WKH�WHPSHUDWXUH��IHHGLQJ�DPRXQW�DQG�WKH�IHHGLQJ�GHQVLW\�RQ�WKH�VLONZRUP� %RPE\[�PRUL /��GHYHORSPHQW�DQG�SURGXFWLYLW\��3K�'��WKHVLV�� %XOJDULDQ�$JU��$FDG� ± 6RILD������� ± �� SS�.ULVKQDVZDP\ 6� 7KH�PRLVWXUH�IDFWRU�LQ�VHULFXOWXUH��� ,QGLDQ�6LON� ± ����� ± 9RO� ����� �� ± 3� ��±���.ULVKQDVZDP\ 6� 6SHFLDO� IHDWXUHV� RI� WURSLFDO� VHULFXOWXUH� DQG� ILYH� FUXFLDO� VWHSV� IRU� VXFFHVVIXO� VLONZRUP� UHDULQJ� �� ,QGLDQ� 6LON� ± 9RO� ����� �� ± 3� ��±���0DQLUDMX %�� %DODYHQNDWVXDEEDLDK 0�� 'DWWD 5� .� 6FLHQWLILF� DQG� SUDFWLFDO� PHWKRGV� R I� VLONZRUP� GLVHDVH� PDQDJHPHQW� �� ,QGLDQ� 6LON� ±����� ± 9RO� ����� ��� ± 3� ��±���0DQLUDMX (� 6WXGLHV� RQ� VWDQGDUGL]DWLRQ� RI� UHDULQJ� PHWKRGV� RI� \RXQJ� DJH� VLONZRUPV� %RPE\[� PRUL /��� 3K�'�� WKHVLV� � %DQJDORUH� 8QLY� ±%DQJDORUH������� ± 3� ��±���
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0DQLUDMX (�� 6HNKDUDSSD %� 0�� 5DJKXUDPDQ 5� (IIHFW�RI�WHPSHUDWXUH�RQ�OHDI �VLON�FRQYHUVLRQ�LQ�VLONZRUP�%RPE\[�PRUL /���� 6HULFRORJLD� ±����� ± 9RO� ����� �� ± 3� ���±����0DQMXOD $� +RZ�WKH�FRRSHUDWLYH�HJJ�SURGXFWLRQ�FHQWUHV�LQ�-DSDQ�ZRUN��� ,QGLDQ�6LON� ± ����� ± 9RO� ����� ��� ± 3� ��±���3HWNRY 0� 6WXG\�RQ�WKH�HIIHFW�RI�VRPH�HQYLURQPHQWDO�IDFWRUV�RQ�WKH�VLONZRUP� %RPE\[�PRUL /��GHYHORSPHQW�DQG�SURGXFWLYLW\��3K�'��WKHVLV�� +LJKHU�$JULF��,QVW� ± 3ORYGLY������� ± �� SS�5DSXVDV +� 5�� *DEULHO %� 3� 6XLWDEOH� WHPSHUDWXUH�� KXPLGLW\� DQG� ODUYDO� GHQVLW\� LQ� WKH� UHDULQJ� RI� %RPE\[�PRUL �� 3KLOLSS��$JU� ± ����� ±9RO� ����� �±�� ± 3� ���±����5HDOL *�� 0HQHJKLQL $�� 7UDHYVDQ 0� %DFLFROWXUD�PRGHUQD� ± %RORQD��(GDJULFROH������� ± ��� SS�5HODWLRQ� RI� UHDULQJ� FRQGLWLRQV� WR� WKH� LQJHVWLR Q� DQG� GLJHVWLRQ� RI� PXOEHUU\� OHDYHV� LQ� WKH� VLONZRUP�� 6DQVK�� 6KLNHQMR�� +RNDNX� 6� 0DWVXPXUD��6� 7DQDND��7� .RVDND��6� 6X]XNL��� 7HFK��%XOO� ± ����� ± 9RO� ����� �� ± 3� ���6HULFXOWXUH��7UDLQLQJ�PDQXDO � 6� +��/LP��<� 7��.LP��6� 3��/HH�HW DO�� ± 5RPH��)$2������� ± �� SS�6KLURWD 7� 6HOHFWLRQ�RI�KHDOWK\�VLONZRUP�VWUDLQ�WKURXJK�KLJK�WHPSHUDWXUH�UHDULQJ�RI�ILIWK�LQVWDU�ODUYDH��� 5HSRUWV�6LON�6FL��5HV��,QVW� ± ����� ±9RO� ����� ��� ± 3� ���6LJHPDWVX +�� 7DNHVKLWD +� 2Q�WKH�JURZWK�RI�VLON�JODQGV�DQG�VLON�SURWHL QV�SURGXFWLRQ�E\�VLONZRUP�UHDUHG�DW�YDULRXV�WHPSHUDWXUHV�GXULQJ�WKH�ILIWK�LQVWDU��� $FWD�VHULFRO� ± ����� ± � ��� ± 3� ���±����7DNDJDVKL 6�� 8HGD 6� (IIHFW�RI�UHDULQJ�HQYLURQPHQW��HVSHFLDOO\�DLU�FXUUHQW�XSRQ�WKH�ERG\�RI�WKH�VLONZRUP�ODUYD� %RPE\[�PRUL /��LQ�DUWLILFLDO�GLHW�UHDULQJ��� -��6HULFXOW��6FL��-DS� ± ����� ± 9RO� ����� �� ± 3� ���±����7DQDND <� 6HULFRORJ\� ± %RPED\��&6%������� ± 3� ��±���7]HQRY 3� (IIHFW� RI� WHPSHUDWXUH�RQ� WKH� WLPH�ZKHQ� WKH�PHWDPRUSKRVH�KRUPRQH�RI� VLONZRUP�� %RPE\[�PRUL��DSSHDUV� �� %XOJ��-��$JU��6FL� ±����D� ± � �� ± 3� ��±���7]HQRY 3� (IIHFW�RI�WHPSHUDWXUH�GXULQJ�WKH�� WK ODUYDO�LQVWDU�RQ�WKH�IRRG�GU\�PDWWHU�XWLOL]DWLRQ�LQ�WKH�VLONZRUP� %RPE\[�PRUL /���� %XOJ��-��$JU��6FL� ± ����E� ± � �� ± 3� ���±����7]HQRY 3�� 0ODGHQRY *� (IIHFW�RI�WHPSHUDWXUH�GXULQJ�WKH�� WK ODUYDO� LQVWDU�RQ�WKH�YDOXHV�RI�WKH�ELRORJLFDO�DQG�UHSURGXFWLYH�FKDUDFWHUV�LQ�WKH�VLONZRUP�%RPE\[�PRUL /���� %XOJ��-��$JU��6FL� ± ����� ± � �� ± 3� ���±����8HGD 6� 6WXGLHV�RQ�WKH�HIIHFWV�RI�UHDULQJ�WHPSHUDWXUH�XSRQ�WKH�KHDOWK� RI�WKH�VLONZRUP�ODUYDH�DQG�XSRQ�WKH�DPRXQW�RI�FRFRRQ�VLON�SURGXFWLRQ ±���RQ�WKH�HIIHFW�RI�ORZHU�WHPSHUDWXUH�UHDULQJ��� -��6HULFXOW��6FL��-DS� ± ����� ± 9RO� ����� �� ± 3� ��±���8HGD 6�� .XPDUD 5�� 6X]XNL .� 6WXG\�RQ�WKH�JURZWK�RI�%RPE\[�PRUL /� ± ���(IIHFW�RI�WKH�HQYLURQPHQW�GXULQJ�WKH�UHDULQJ�SHULRG�RQ�WKH�ODUYDO�JURZWK��VLON�\LHOG�DQG�ZDVWHV�RI�VXEVWDQFHV�LQ�WKH�UHHOLQJ��� %XOO��6HULFXOW��([S��6WD� ± ����� ± 9RO� ����� �� ± 3� ���±����8HGD 6� 0DUL]XND +� 6WXGLHV�RQ� WKH�HIIHFW� RI� WKH� UHDULQJ� WHPSHUDWXUH DIIHFWLQJ� WKH�KHDOWK�RI� WKH� VLONZRUP�ODUYDH� DQG�XSRQ� WKH�TXDOLW\�RI�FRFRRQV ± ���(IIHFW�RI�WHPSHUDWXUH�LQ�HDFK�LQVWDU��� $FWD�6HULFRO� ± ����� ± 9RO� ����� �� ± 3� ���8HGD 6�� 6X]XNL .� 6WXGLHV�RQ�WKH�JURZWK�RI�WKH�VLONZRUP�%� PRUL /� ± ���&KURQRORJLFDO�FKDQJHV�RI�WKH�DPRXQW�RI�IRRG�LQJHVWHG�DQG�GLJHVWHG��ERG\�ZHLJKW�DQG�ZDWHU�FRQWHQW�DQG�WKHLU�PXWXDO�UHODWLRQVKLSV��� %XOO��6HULFXOW��([S��6WD� ± ����� ± 9RO� ����� �� ± 3� ��±���8OODO 6� 5�� 1DULVLPKDQQD 1� +DQGERRN�RI�SUDFWLFDO�VHULFXOWXUH� ± %RPED\��&6%������� ± 3� ���±���������9HQXJRSDOSLOOL 6�� .ULVKQDVZDP\ 6� $GDSWDELOLW\� RI� VLONZRUP� %RPE\[� PRUL /�� WR� WURSLFDO� FRQGLWLRQV ± ��� 6WXGLHV� RQ� WKH� HIIHFW� RI� KLJK�WHPSHUDWXUH�GXULQJ�ODWHU�GHYHORSPHQWDO�VWDJHV�RI�VLONZRUP��� ,QGLDQ�-��6HULFXOW� ± ����� ± 9RO� ����� �� ± 3� ��±���9HUPD $� 1�� $WZDO $� 6� (IIHFW� RI� FRQVWDQW� DQG� YDULDEOH� WHPSHUDWXUH� RQ� WKH� GHYHORSPHQW� DQG� VLON� SURGXFWLRQ� RI� %RPE\[� PRUL /���/HSLGRSWHURQ�%RPE\FLG���� -��5HV��3XQMDE�$JU��8QLY� ± ����� ± � �� ± 3� ���±����<DNRPRWR 7�� )XMLPDNL 7� ,QWHU� VWUDLQ�GLIIHUHQFH�LQ�IRRG�HIILFLHQF\�RI�WKH�VLONZRUP�UHDUHG�RQ�DUWLILFLDO�GLHW��� -��6HULFXOW��6FL��-DS� ± ����� ±� ��� ± 3� ���±����<RXQJ�DJH�UHDULQJ�RI�VLONZRUP��%RPE\[�PRUL /��$�UHYLHZ � *� 3��6LQJK��9� %��0DWKXU��&� .��.DPEOH�HW DO� �� 6HULFRORJLD� ± ����� ± 9RO� ����� �� ± 3� ���±����=ORWLQ $� =�� %RODYLQ ,� 3� ,QIRUPDWLRQ�DERXW�VLONZRUP� ± .LHY��8UR]KD\������� ± �� SS�$JULFXOWXUDO�&RPSDQ\�©$JURPLHUª��(J\SW6HULFXOWXUDO�,QVWLWXWH�RI�8NUDLQLDQ�$FDGHP\�RI�$JUDULDQ�6FLHQFHV 5HFHLYHG�����������
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