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�$%675$&7�7KUHH�EURLOHU�WULDOV�ZHUH�FRQGXFWHG�WR�DJH�RI���GD\V�����GD\V�DQG����GD\V��IRU�WULDOV�������DQG����UHVSHFWLYHO\��,Q�WULDO����WZR�WUHDWPHQWV�ZHUH�XVHG�����WKH�FRQWURO� �F�� LQ� ZKLFK� FKLFNV� UHFHLYHG� QR� SUHYHQWLYH� PHGLFDWLRQ� LQ� WKH� IRUP� RI�FKORUWHWUDF\FOLQH� �WHWUDF\FOLQH�+&/��� ��� SUHYHQWLYH�PHGLFDWLRQ� �P���� LQ�ZKLFK� RQH�GD\�ROG�FKLFNV�ZHUH�JLYHQ�D�SUHYHQWLYH�FRXUVH��IRU�VHYHQ�GD\V��RI�FKORUWHWUDF\FOLQH�DW�����J�/�GULQNLQJ�ZDWHU��,Q�WULDO����WKUHH�WUHDWPHQWV�ZHUH�XVHG��WUHDWPHQWV����F��DQG�� �P����ZKHUH�VLPLODU�WR�WKRVH�LQ�WULDO����KRZHYHU��FKLFNV�LQ�WUHDWPHQW����P�����ZHUH�JLYHQ�WKH�SUHYHQWLYH�FRXUVH�IRU����GD\V��,Q�WKH�WKLUG�WULDO��IRXU�WUHDWPHQWV�ZHUH�XVHG�����FRPPRQ�EURLOHU�KRXVH�FOHDQ�RXW�DQG�FKLFNV�ZHUH�JLYHQ�QR�PHGLFDWLRQ��F�QP������FRPPRQ� EURLOHU� KRXVH� FOHDQ�RXW� DQG� RQH� GD\�ROG� FKLFNV� ZHUH� JLYHQ� D� SUHYHQWLYH�



0$(1�+��6$0$5$�

���

FRXUVH�IRU���GD\V��F�P�������VWDQGDUG�EURLOHU�KRXVH�FOHDQ�RXW�DQG�FKLFNV�UHFHLYHG�QR�PHGLFDWLRQ� �V�QP��� ��� VWDQGDUG� EURLOHU� KRXVH� FOHDQ�RXW� DQG� FKLFNV� UHFHLYHG� D�SUHYHQWLYH� FRXUVH� IRU� �� GD\V�� (DUO\� DGPLQLVWUDWLRQ� RI� FKORUWHWUDF\FOLQH� GLG� QRW�VLJQLILFDQWO\� DIIHFW� PRUWDOLW\� LQ� WULDO� ��� EXW� VLJQLILFDQWO\� DIIHFWHG� PRUWDOLW\�� ERG\�ZHLJKW� JDLQ� DQG� IHHG� FRQYHUVLRQ� LQ� WULDOV� �� DQG� ���+RXVH� FOHDQ�RXW�� LQ� WULDO� ��� GLG�VLJQLILFDQWO\� DIIHFW� EURLOHU� SHUIRUPDQFH� DQG� PRUWDOLW\� UHJDUGOHVV� RI� HDUO\�DGPLQLVWHULQJ� RI� FKORUWHWUDF\FOLQH�� ,W� ZDV� FRQFOXGHG� WKDW� DGPLQLVWHULQJ� RI�FKORUWHWUDF\FOLQH� WR� RQH� GD\� ROG� EURLOHU� FKLFNV� DQG� XVLQJ� JRRG� FOHDQ�RXW� DQG�GLVLQIHFWLRQ� PHDVXUHV� HQKDQFHG� SHUIRUPDQFH� DV� HYDOXDWHG� E\� JDLQ� DQG� IHHG�FRQYHUVLRQ�DQG�GHFUHDVHG�FKLFN�PRUWDOLW\���.(<�:25'6��EURLOHUV��SHUIRUPDQFH��PRUWDOLW\��DQG�DQWLELRWLFV���,1752'8&7,21�� 0RUWDOLW\� RI� EURLOHUV� HVSHFLDOO\� LQ� HDUO\� OLIH� LV� RI� JUHDW� FRQFHUQ� WR�EURLOHU� SURGXFHUV�� )DFWRUV� DVVRFLDWHG� ZLWK� FKLFN� PRUWDOLW\� LQFOXGH� EUHHGHU�IORFN��QXWULWLRQ��GLVHDVHV��DQG�IDUP�PDQDJHPHQW��0F1DXJKWRQ�HW DO���������6DLQVEXU\�� ������ =DQGHU� DQG� 0DOOLVRQ�� ������ $XVWLF� DQG� 6FRWW�� �������'LVHDVHV� VXFK� DV� *XPERUR�� VDOPRQHOORVLV�� (�� FROL�� PXFRSODVPRVLV�� DQG�DVSHUJLOORVLV� FDQ� H[HUW� WKHLU� XQIDYRUDEOH� HIIHFWV� RQ� WKH� FKLFNV� �6DLQVEXU\���������0RVW� GLVHDVH� SDWKRJHQV�FDQ�EH�FDUULHG�E\�D� ODUJH�QXPEHU�RI� LQVHFW�SHVWV� WKDW� LQIHVW� SRXOWU\� KRXVHV�� 3RXOWU\� KRXVH� FOHDQ�RXW� DQG� GLVLQIHFWLQJ�PHDVXUHV� FRXSOHG� ZLWK� QXWULWLRQDO� VXSSOHPHQWDWLRQ� DQG� SUHYHQWLYH�PHGLFDWLRQ�FDQ� UHGXFH� WKH�GLVHDVH�FKDOOHQJH� WR�PLQLPXP�/HYHO��6DLQVEXU\�������� OLVWHG� VHYHUDO� DQWLELRWLFV� WKDW� KDYH�EHHQ� VKRZQ� WR� EH� EHQHILFLDO� IRU�FKLFN�SHUIRUPDQFH�ZKHQ�XVHG�HDUO\�LQ�WKH�OLIH�RI�WKH�ELUG��7KHVH�DQWLELRWLFV�LQFOXGH� FKORUWHWUDF\FOLQH�� R[\WHWUDF\FOLQH�� DQG� OLQFRP\FLQ� LQ� FRPELQDWLRQ�ZLWK� VSHFWLQRP\FLQ�� $GPLQLVWUDWLRQ� RI� DQWLELRWLFV� VHSDUDWHO\� RU� LQ�FRPELQDWLRQ� ZLWK� YLWDPLQV� KDV� EHHQ� UHSRUWHG� WR� LPSURYH� OLYDELOLW\� DQG�JURZWK� UDWH� LQ� \RXQJ� EURLOHU� FKLFNV� WR� YDULDEOH� GHJUHHV� �9HUQLPE� HW� DO��������� 0DJRQLJOH� HW DO��� ������ 3HWHUVRQ� HW DO��� ������� ,W� LV� FRPPRQ� WKDW�SURGXFHUV�XVH�DQWLELRWLF�DV�D�UHPHGLDO�PHDVXUH�ODWHU�LQ�WKH�FKLFN�OLIH�UDWKHU�WKDQ�D�SUHYHQWLYH�RQH��0HDQZKLOH��SURGXFHUV�GR�QRW�DLP�DW��LQYHVWLQJ�PRUH�LQ� WKH�KRXVH�FOHDQ�RXW�EHWZHHQ�EURLOHU�SDWFKHV��7KHUHIRUH�� WKH�REMHFWLYH�RI�WKH�SUHVHQW�VWXG\�ZDV�WR�HYDOXDWH�WKH�HIIHFWV�RI�DGPLQLVWHULQJ�WKH�DQWLELRWLFV�DV�D�SUHYHQWLYH�FRXUVH�RQ�SHUIRUPDQFH�DQG�PRUWDOLW\�RI�EURLOHUV�WDNLQJ�LQWR�DFFRXQW�WKH�FOHDQ�RXW�SUDFWLFHV�RI�SRXOWU\�KRXVH��0$7(5,$/6�$1'�0(7+2'6��7ULDO���� ,Q� WULDO� �� WUHDWPHQWV�ZHUH�� ��� FRQWURO� �F��� ��� SUHYHQWLYH�PHGLFDWLRQ��P���� LQ� ZKLFK� GD\� ROG� FKLFNV� ZHUH� JLYHQ� D� SUHYHQWLYH� FRXUVH� RI�FKORUWHWUDF\FOLQH� SUHSDUDWLRQ� �����PJ� WHWUDF\FOLQH� +&/����� JP�SUHSDUDWLRQ�� DW� ���� J�OLWHU� RI� GULQNLQJ� ZDWHU� �DV� UHFRPPHQGHG� E\� WKH�
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PDQXIDFWXUHU��� )LIWHHQ� KXQGUHG� FRPPHUFLDO� EURLOHUV� ZHUH� UDQGRPO\�DVVLJQHG� DW� �� GD\� RI� DJH� WR� WKH� WZR� WUHDWPHQWV�� (DFK� WUHDWPHQW� ZDV�UHSOLFDWHG� WKUHH� WLPHV�ZLWK� ���� FKLFNV� SHU� UHSOLFDWH� IORRU� SHQ��7KH� FKLFNV�ZHUH� UDLVHG� DFFRUGLQJ� WR� WKH� VWDQGDUG� SURFHGXUHV� �%HOO� DQG�1RUWK�� �������&KLFNV�ZHUH�IHG�D�VWDQGDUG�VWDUWHU�GLHW�WKDW�PHW�QXWULHQW�UHTXLUHPHQWV��15&��������� 7KH� WULDO� ZDV� LQWHQGHG� WR� ODVW� IRU� �� ZHHNV�� KRZHYHU�� GXH� WR�XQFRQWUROOHG� FLUFXPVWDQFHV� LW� ZDV� FRQGXFWHG� IRU� �� GD\V�� 0RUWDOLW\� ZDV�UHFRUGHG� GDLO\�� DQG� IHHG� FRQYHUVLRQ�ZDV� DGMXVWHG� WR�PRUWDOLW\�� 3HQV� ZHUH�ZHLJKHG�DV�D�JURXS��DQG�IHHG�FRQVXPSWLRQ�ZDV�PHDVXUHG�DW���GD\V�RI�DJH��
7ULDO���� ,Q�WULDO����WUHDWPHQWV�ZHUH�����FRQWURO��F��LQ�ZKLFK�FKLFNV�ZHUH�UDLVHG�DFFRUGLQJ� WR� WKH� FRQYHQWLRQDO� �FRPPRQ�� VWDQGDUGV�� ��� FKLFNV� LQ� WKLV�WUHDWPHQW� UHFHLYHG� FKORUWHWUDF\FOLQH� IRU� �� GD\V� �P����� ��� FKLFNV� LQ� WKLV�WUHDWPHQW� UHFHLYHG� WKH� DQWLELRWLF� IRU� ���GD\V� �P������7KH� WULDO� ODVWHG� IURP�FKLFN� SODFHPHQW� WR� ��ZHHNV� RI� DJH�� 7KLUW\�VL[� KXQGUHG� ��GD\� ROG� EURLOHUV�ZHUH�� REWDLQHG� IURP� ORFDO� GLVWULEXWRU�� UDQGRPO\� DVVLJQHG� WR� WKH� WKUHH�WUHDWPHQWV��(DFK� WUHDWPHQW�ZDV� UHSOLFDWHG� WKUHH� WLPHV�ZLWK� ���� FKLFNV� SHU�UHSOLFDWHG� IORRU� SHQ�� (DFK� IORRU� SHQ� ZDV� HTXLSSHG� ZLWK� ��� WXEH�VKDSHG��PDQXDOO\�ILOOHG� KDQJLQJ� IHHGHUV�� IRXU� EHOO�VKDSHG� JUDYLW\� IORZ� GULQNHUV�� D�UDGLDQW� KHDW� EURRGHU�� DQG� ��� FP� GU\� ZRRG� VKDYLQJV� OLWWHU�� &KLFNV� ZHUH�H[SRVHG� WR� ���KU��GD\� SKRWRSHULRG�� 1DWXUDO� FXUWDLQ� YHQWLODWLRQ� ZDV�DYDLODEOH�� &KLFNV� UHFHLYHG� VWDQGDUG� FRPPHUFLDO� VWDUWHU� DQG� JURZHU� GLHWV��0RUWDOLW\� ZDV� UHFRUGHG� GDLO\�� DQG� IHHG� FRQYHUVLRQ� ZDV� DGMXVWHG� IRU�PRUWDOLW\�� 3HQV� ZHUH� ZHLJKHG� DV� D� JURXS�� DQG� IHHG� FRQVXPSWLRQ� ZDV�PHDVXUHG�DW���ZHHNV�RI�DJH��
7ULDO���� ,Q� WULDO� ��� � WUHDWPHQWV�ZHUH�� ��� WKH� FRQWURO� �F�QP�� LQ�ZKLFK� UHDULQJ�KRXVHV� ZHUH� FOHDQHG� ZLWKRXW� XVLQJ� SURSHU� GLVLQIHFWDQW� �FRPPRQ� RU�FRQYHQWLRQDO� FOHDQLQJ� SURFHGXUHV�� DQG� FKLFNV� UHFHLYHG� QR� PHGLFDWLRQ�� ���FRPPRQ�KRXVH�FOHDQLQJ�DQG�PHGLFDWLRQ�IRU���GD\V��F�P���LQ�ZKLFK�UHDULQJ�KRXVHV� ZHUH� FOHDQHG� FRQYHQWLRQDOO\� DQG� FKLFNV� UHFHLYHG� FKORUWHWUDF\FOLQH�IRU� VHYHQ� GD\V�� ��� VWDQGDUG� KRXVH� FOHDQLQJ� DQG� QR� PHGLFDWLRQ� �V�QP�� LQ�ZKLFK� UHDULQJ�KRXVHV�ZHUH�FOHDQHG�DFFRUGLQJ� WR� VWDQGDUG�SURFHGXUHV� �%HOO�DQG�1RUWK�������DQG�ELUGV�UHFHLYHG�QR�FKORUWHWUDF\FOLQH�����VWDQGDUG�KRXVH�FOHDQLQJ�DQG�PHGLFDWLRQ�IRU���GD\V��V�P���LQ�ZKLFK�KRXVHV�ZHUH�FOHDQHG�DV�LQ� WUHDWPHQW� �� DQG� ELUGV� UHFHLYHG� FKORUWHWUDF\FOLQH� IRU� �� GD\V�� 7KLUW\�KXQGUHG���GD\�ROG�EURLOHUV��REWDLQHG�IURP�D�ORFDO�GLVWULEXWRU��ZHUH�UDQGRPO\�DVVLJQHG� WR� WKH�IRXUWK� WUHDWPHQWV��(DFK� WUHDWPHQW�ZDV�UHSOLFDWHG�ILYH�WLPHV�ZLWK� ���� FKLFNV� SHU� UHSOLFDWHG� IORRU� SHQ�� 5HSOLFDWH� JURXSV� IRU� HDFK�WUHDWPHQW�RFFXSLHG�D�VLQJOH�KRXVH�DQG� WKH�VWRFNLQJ�GHQVLW\�ZDV�VLPLODU�IRU�
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DOO�WUHDWPHQWV��0DQDJHPHQW�SUDFWLFHV�IRU�WKHVH�FKLFNV�ZHUH�VLPLODU�WR�WKRVH�RI� WULDO� ���0RUWDOLW\�ZDV� UHFRUGHG�GDLO\�� DQG� IHHG�FRQYHUVLRQ�ZDV�DGMXVWHG�IRU� PRUWDOLW\�� 3HQV� ZHUH� ZHLJKHG� DV� D� JURXS� DQG� IHHG� FRQVXPSWLRQ� ZDV�PHDVXUHG�DW����GD\V�RI�DJH��� 'DWD� ZHUH� DQDO\]HG� XVLQJ� WKH� *HQHUDO� /LQHDU� 0RGHOV� �*/0��SURFHGXUH� �6$6�� ������� 6HSDUDWLRQ� RI� PHDQV� ZDV� E\� 'XQFDQ¶V� PXOWLSOH�UDQJH� WHVW�� 3HUFHQWDJH� PRUWDOLW\� YDOXHV� ZHUH� VXEMHFWHG� WR� DUF� VLQH�WUDQVIRUPDWLRQ� WR� QRUPDOL]H� IUHTXHQF\� GLVWULEXWLRQ� EHIRUH� VWDWLVWLFDO�DQDO\VLV��6WDWLVWLFDO�WHVWV�DW�WKH������OHYHO�ZHUH�FRQVLGHUHG�VLJQLILFDQW��5(68/76��� 7DEOH���VKRZV�WKH�DYHUDJH�ZHLJKW�JDLQ��IHHG�FRQYHUVLRQ�DQG�SHUFHQW�PRUWDOLW\� IRU� FKLFNV� LQ� WULDO����:HLJKW�JDLQ�ZDV� VLJQLILFDQWO\�GLIIHUHQW�DW���GD\V� RI� DJH�� )HHG� FRQYHUVLRQ� UDWLR� ZDV� QRW� VLJQLILFDQWO\� DIIHFWHG� E\�WUHDWPHQWV�� KRZHYHU�� LW� LV� ORZHU� IRU� FKLFNHQV� UHFHLYHG� WKH� SUHYHQWLYH�DQWLELRWLF�GRVH��3HUFHQWDJH�PRUWDOLW\�ZDV�ORZHU�������YV��������IRU�FKLFNHQV�UHFHLYLQJ�DQWLELRWLFV�DQG�ZDV�QRW�VLJQLILFDQWO\�DIIHFWHG�E\�PHGLFDWLRQ��� 7DEOH� �� VKRZV� WUHDWPHQWV� HIIHFW� RQ� ERG\�ZHLJKW�� IHHG� FRQYHUVLRQ��DQG� SHUFHQWDJH� PRUWDOLW\� IRU� FKLFNHQV� LQ� WULDO� ��� %RG\� ZHLJKW� ZDV�VLJQLILFDQWO\�GLIIHUHQW�E\�HLWKHU���RU����GD\V�PHGLFDWLRQ�EXW�ZDV� ORZHU�IRU�WKH� ELUGV� LQ� WKH� FRQWURO� WUHDWPHQW�� )HHG� FRQYHUVLRQ� UDWLR� ZDV� DOVR�VLJQLILFDQWO\� LPSURYHG� ELUGV� JLYHQ� FKORUWHWUDF\FOLQH� IRU� �� GD\V� DQG� IRU� ���GD\V��3HUFHQWDJH�PRUWDOLW\�ZDV�VLJQLILFDQWO\�KLJKHU�������YV������DQG��������IRU� FKLFNHQV� LQ� WKH� FRQWURO� WUHDWPHQW� FRPSDUHG� WR� WKDW� IRU� FKLFNHQV� LQ� WKH�WUHDWPHQWV���DQG����� 7DEOH� �� VKRZV� WKH� IHHG� FRQYHUVLRQ� DQG� SHUFHQWDJH� PRUWDOLW\� IRU�FKLFNV�UDLVHG�WR����GD\V�RI�DJH�LQ�WULDO����)HHG�FRQYHUVLRQ�ZDV�VLJQLILFDQWO\�LPSURYHG� E\� VWDQGDUG� KRXVH� FOHDQLQJ� DQG� HDUO\� DQWLELRWLF� PHGLFDWLRQ��3UHYHQWLYH� DQWLELRWLF� FRXUVH� VLJQLILFDQWO\� ORZHUHG� SHUFHQWDJH� PRUWDOLW\� LQ�WKH�KRXVH�FOHDQHG�E\�FRQYHQWLRQDO�PHDQV��)XUWKHU�VLJQLILFDQW�LPSURYHPHQW�ZDV� DOVR� QRWHG�ZKHQ� KRXVHV�ZHUH� FOHDQHG� SURSHUO\� UHJDUGOHVV� RI� XVLQJ�RU�QRW�XVLQJ�SUHYHQWLYH�PHGLFDWLRQ��',6&866,21��� 5HVXOWV� RI� WKHVH� WULDOV� DUH� LQ� DJUHHPHQW�ZLWK� SUHYLRXV� H[SHULPHQWV�GHDOW� ZLWK� WKH� HIIHFWV� RI� HDUO\� SUHYHQWLYH�PHGLFDWLRQ� DQG� WKRVH� GHDOW�ZLWK�GLVFLSOLQHG� FOHDQ�RXW�RI� FKLFN�KRXVHV�RQ� IHHG�FRQYHUVLRQ�DQG� VXUYLYDELOLW\�RI� EURLOHUV� �9HUQLPE� HW DO��� ������ 0DJRQLJOH� HW� DO��� ������� 7KH� XVH� RI�FKORUWHWUDF\FOLQH� LQ� WULDOV� �� DQG� �� UHVXOWHG� LQ� FRQVLVWHQW� HIIHFWV� RQ�ZHLJKW�JDLQ�� IHHG� FRQYHUVLRQ� DQG� PRUWDOLW\� UHJDUGOHVV� RI� WKH� GXUDWLRQ� RI�FKORUWHWUDF\FOLQH� DGPLQLVWUDWLRQ�� ,QWHUHVWLQJO\�� KRXVH� FOHDQ� RXW� SURFHGXUH�UHVXOWHG�LQ�DQ�RYHUDOO�SRVLWLYH�HIIHFW�RQ�WKHVH�SDUDPHWHUV��\HW�QRQ�VLJQLILFDQW�
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HIIHFWV� ZHUH� QRWLFHG� ZKHQ� FKORUWHWUDF\FOLQH� ZDV� DGPLQLVWHUHG�� 7KHVH� GDWD�VXJJHVW�WKDW�D�GLVFLSOLQHG�FOHDQ�RXW�SURJUDP�ZRXOG�EH�PRUH�EHQHILFLDO�WKDQ�QRQ�GLVFLSOLQHG� FOHDQ� RXW� SURFHGXUH� HYHQ� LI� SUHYHQWLYH� PHGLFDWLRQ� ZHUH�LPSOHPHQWHG�� 0RUWDOLW\� LQ� WKH� ILUVW� IRXU� RU� ILYH� GD\V� RI� WKH� ELUGV¶� OLIH� LV�DIWHU�HIIHFWV� RI� WKH� PDQDJHPHQW� DQG� KHDOWK� RI� WKH� EUHHGHUV� RU� WKH�PDQDJHPHQW�K\JLHQH�RI�WKH�KDWFKHU\��3HWHUVRQ�HW�DO���������DQG�=DQGHU�DQG�0DOOLVRQ���������7ULDO���LQGLFDWHV�WKDW�DOPRVW�RQH�KDOI�RI�WKH�ORVVHV�LQ�FKLFNV�RFFXUUHG�LQ�WKH�ILUVW����GD\V�LQ�OLIH��7KHUHIRUH��ORVVHV�LQ�FKLFNV�ODWHU�LQ�OLIH�PLJKW�EH�GXH�WR�HIIHFWV�RI�EURLOHU�KRXVH��GLVHDVHV��RU�PDQDJHPHQW�DVVXPLQJ�WKDW�WKHUH�LV�QRWKLQJ�WR�FULWLFL]H�LQ�WKH�QXWULWLRQ�RI�WKH�EURLOHUV��� 8QGHU� FRPPHUFLDO� FRQGLWLRQV� VDWLVIDFWRU\� FOHDQ� XS� LV� QHYHU�DFFRPSOLVKHG� GXH� WR� WKH� LUUHJXODULW\� RI� WKH� WXUQ�URXQG� SHULRGV� EHWZHHQ�EURLOHU� EDWFKHV�� ,Q� DGGLWLRQ�� PDQ\� ZRUNHUV� DUH� XQ�DZDUH� RI� WKH�FRQVHTXHQFHV�RI�DQWLELRWLF�DGPLQLVWUDWLRQ� ODWHU� LQ� WKH�FKLFN� OLIH��7KHUHIRUH��VDWLVIDFWRU\�FOHDQ�XS�RI� WKH�SRXOWU\�KRXVH�DQG� WKH�XVH�RI�D�EURDG�VSHFWUXP�DQWLELRWLF�HDUO\�LQ�WKH�FKLFN�OLIH�LV�LQHYLWDEOH��� ,Q� FRQFOXVLRQ�� SURSHU� FOHDQ� RXW� DQG� GLVLQIHFWLQJ� PHDVXUHV�VLJQLILFDQWO\�LPSURYHG�IHHG�FRQYHUVLRQ�DQG�GHFUHDVHG�PRUWDOLW\��,Q�DGGLWLRQ��WKH�XVH�RI�EURDG�VSHFWUXP�DQWLELRWLFV��FKORUWHWUDF\FOLQH�LQ�WKH�FXUUHQW�VWXG\��HDUO\� LQ� WKH�FKLFN� OLIH�VLJQLILFDQWO\� LPSURYHG�ZHLJKW�JDLQ��IHHG�FRQYHUVLRQ��DQG�ORZHUHG�PRUWDOLW\��5()(5$1&(6�����$XVWLF��5�(��DQG�0�/��6FRWW��������1XWULWLRQDO�GHILFLHQF\�GLVHDVHV��3DJHV������� LQ�� 'LVHDVHV� RI� 3RXOWU\�� �WK� (GLWLRQ�� %�:�� &DOQHN�� +�-� %DUQHV��&�:�� %HDUG�� :�0�� 5HLG�� DQG� +�:�� <RGHU�� -U��� HGV�� ,RZD� 6WDWH�8QLYHUVLW\�3UHVV��$PHV��,$����� %HOO�� '�'�� DQG� 0�2�� 1RUWK�� ������ &RPPHUFLDO� &KLFNHQ� 3URGXFWLRQ�0DQXDO���WK�HG��9DQ�1RVWUDQG�5LQHKROW��1HZ�<RUN��1<�����'XQFDQ��'�%���������0XOWLSOH�UDQJ�DQG�0XOWLSOH�)�WHVWV��%LRPHWULFV������������� 0DJRQLJOH�� 5�$��� &�)�� 3HWHUVRQ�� DQG� (�� 6WHHOH�� ������ 7KH� HIIHFW� RI�VXEFXWDQHRXV� LQMHFWLRQ� RI� R[\WHWUDF\FOLQH� DQG� YLWDPLQV� LQ� GD\�ROG�EURLOHU�FKLFNV��3RXOWU\�6FL�����������������0F1DXJKWRQ��-�/���-�:��'HDWRQ��DQG�)�1��5HHFH��������(IIHFW�RI�DJH�RI�SDUHQWV�DQG�KDWFKLQJ�HJJ�ZHLJKW�RQ�EURLOHU�FKLFN�PRUWDOLW\��3RXOWU\�6FL�������������� 1DWLRQDO�5HVHDUFK�&RXQFLO��������1XWULHQW�5HTXLUHPHQWV�RI�3RXOWU\���WK�HG��1DWLRQDO�$FDGHP\�3UHVV��:DVKLQJWRQ��'&����� 3HWHUVRQ�� 5�$��� *�+�� &DUSHQWHU� DQG�:�7�� -RQHV�� ������5HVHDUFK�1RWH��(IIHFW� RI� WHWUDF\FOLQH� K\GURFKORULGH� DQG� R[\WHWUDF\FOLQH� K\GURFKORULGH�



0$(1�+��6$0$5$�

���

JLYHQ� YLD� GULQNLQJ� ZDWHU� RQ� HDUO\� PRUWDOLW\� RI� EURLOHU� FKLFNV� IURP�WZHQW\�HLJKW�ZHHN�ROG�GDPV��3RXOWU\�6FL������������������� 6DLQVEXU\�� '��� ������ 7KH� KHDOWK� RI� SRXOWU\�� 3DJHV� �������� LQ�� 3RXOWU\�+HDOWK�DQG�0DQDJHPHQW���QG�HG��*UDQDGD�3XEOLVKLQJ�/WG��/RQGRQ��8.�����6DLQVEXU\��'���������7KH�SRXOWU\�KRXVH��3DJHV������� LQ��3RXOWU\�+HDOWK�DQG�0DQDJHPHQW���QG�HG��*UDQDGD�3XEOLVKLQJ�/WG��/RQGRQ��8.������6$6�,QVWLWXWH��������6$6�8VHUV�*XLGH��6$6�,QVWLWXWH��,QF���&DU\��1&������9HUQLPE��*�'���+��%DFKPDQQ��DQG�(��3DQLW]��������(IIHFW�RI�JHQWDPLFLQ�RQ� HDUO\� PRUWDOLW\� DQG� ODWHU� SHUIRUPDQFH� RI� EURLOHU� DQG� /HJKRUQ�FKLFNHQV��$YLDQ�'LV������������������=DQGHU��'�9��DQG�(�7��0DOOLVRQ��������3ULQFLSOHV�RI�GLVHDVH�SUHYHQWLRQ��'LDJQRVLV�DQG�&RQWURO��3DJHV�������LQ��'LVHDVHV�RI�3RXOWU\���WK�HGLWLRQ�%�:��&DOQHN��+�-��%DUQHV��&�:��%HDUG��:�0��5HLG��DQG�+�:��<RGHU��-U���(GV��,RZD�6WDWH�8QLYHUVLW\�3UHVV��$PHV��,$���7DEOH� ��� (IIHFW� RI� WUHDWPHQW� RQ� JDLQ�� IHHG� FRQYHUVLRQ� UDWLR�� DQG�PRUWDOLW\�RI�EURLOHU�FKLFNV�UDLVHG�WR���GD\V�RI�DJH��7ULDO�����
7UHDWPHQW� � *DLQ� � )HHG�FRQYHUVLRQ�� � PRUWDOLW\��J�� � �J�IHHG��J�JDLQ�� � ���������
& �FRQWURO�� � �����E ����D ����D�

0�����PHGLFDWHG��� �����D ����D ����D

3 !�)� � � ����� ����������������������������� � � �������������
�
D�E� 'LIIHUHQW� OHWWHUV� LQGLFDWH� VLJQLILFDQW� GLIIHUHQFH� EHWZHHQ� PHDQV� ZLWK�
FROXPQV�������������3�d �������7DEOH��(IIHFWV�RI�WUHDWPHQWV�RQ�ERG\�ZHLJKW���IHHG�FRQYHUVLRQ�UDWLR�DQG�PRUWDOLW\�RI�EURLOHU�FKLFNV�UDLVHG�WR����GD\V�RI�DJH���7ULDO����
7UHDWPHQW�� � %RG\�ZHLJKW�� � )HHG�FRQYHUVLRQ� ��������0RUWDOLW\�� �J�������������������������J�IHHG��J�JDLQ�����������������������������
& �FRQWURO�� � ������E ����D ����D

0��� � ������ �����D ����E ����E

0���� � ������ �����D ����E ����E

3!)� ����� � �������� ������������ � � ������
D�E� 'LIIHUHQW� OHWWHUV� LQGLFDWH� VLJQLILFDQW� GLIIHUHQFH� EHWZHHQ� PHDQV� ZLWK�
FROXPQV��3�d �������
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�7DEOH� ��� (IIHFWV� RI� WUHDWPHQWV� RQ� IHHG� FRQYHUVLRQ� UDWLR� DQG�PRUWDOLW\�RI�EURLOHU�FKLFNV�UDLVHG�WR����GD\V�RI�DJH��7ULDO�����
7UHDWPHQW� � )HHG�FRQYHUVLRQ�UDWLR� � 0RUWDOLW\��J�IHHG��J�JDLQ�� � � � ���������
F�QP� � � � ����D ����D

FP��� � � � ����E ����E

V�QP� � � � ����EF� ����F

VP��� � � � ����EF� ����F

S!)� � � � �������� � � ��������������
�
D�E�F� 'LIIHUHQW� OHWWHUV� LQGLFDWH� VLJQLILFDQW� GLIIHUHQFH� EHWZHHQ� PHDQV� ZLWK�
FROXPQV��3�d ������


