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$EVWUDFWϮϲ

,Q� VHYHUDO� FDVHV� D� FRUUHODWLRQ� ZDV� IRXQG� EHWZHHQ� SRO\DPLQHV DQG� DELRWLF� VWUHVV� WROHUDQFH��Ϯϳ

+RZHYHU��WKH�LQGLYLGXDO�SRO\DPLQHV PD\�KDYH�GLIIHUHQW�HIIHFWV� ZKLFK�DOVR YDU\�GHSHQGLQJ�RQϮϴ

WKH� W\SH� RI� WUHDWPHQW� :KHQ� DSSOLHG� DV� VHHG� VRDNLQJ� RU� DGGHG� K\GURSRQLFDOO\� ���� P0�Ϯϵ

SXWUHVFLQH�DQG�VSHUPLGLQH��GLIIHUHQW�FKDQJHV�ZHUH�LQGXFHG�GXULQJ�����0�FDGPLXP�VWUHVV�LQ�ϯϬ

ZKHDW�SODQWV��6HHG�VRDNHG�SODQWV�ZHUH�H[SRVHG�WR�FDGPLXP�LPPHGLDWHO\�DIWHU�JHUPLQDWLRQ�IRU�ϯϭ

��GD\V��ZKLOH�SODQWV� SUH�WUHDWHG�ZLWK�SRO\DPLQHV�K\GURSRQLFDOO\�ZHUH� VWUHVVHG�DW� DJH�RI����ϯϮ

GD\V�IRU���GD\V�ϯϯ

3XWUHVFLQH� SUH�WUHDWPHQW� ZDV� EHQHILFLDO� ERWK DV� VHHG� VRDNLQJ� DQG DSSOLHG� K\GURSRQLFDOO\��ϯϰ

ZKLOH�VSHUPLGLQH�RQO\�KDG D�SURWHFWLYH�HIIHFW�LQ�WKH�FDVH�RI VHHG�VRDNLQJ� HQKDQFLQJ�WKH�&G�ϯϱ

LQGXFHG� R[LGDWLYH� VWUHVV� ZKHQ� ZHUH� SUH�WUHDWHG K\GURSRQLFDOO\�� 7KH� GLIIHUHQFHV� REVHUYHG�ϯϲ

ZHUH� UHODWHG WR WKH� SRO\DPLQH� PHWDEROLVP� 7KH DFFXPXODWLRQ� RI� HQGRJHQRXV SXWUHVFLQH�ϯϳ

EH\RQG�D�FHUWDLQ�DPRXQW�PD\�EH LQ�UHODWLRQ�ZLWK�WKH�QHJDWLYH�HIIHFW RI K\GURSRQLF�VSHUPLGLQH�ϯϴ

SUH�WUHDWPHQW�GXULQJ &G VWUHVV��7KH�LQFUHDVHG�SXWUHVFLQH�FRQWHQW�ZDV�DOVR�FRUUHODWHG ZLWK�WKH�ϯϵ

KLJKHVW� DFFXPXODWLRQ� RI� &G�� VDOLF\OLF� DFLG� DQG� SUROLQH� FRQWHQWV� LQ� SODQWV� WUHDWHG� ZLWK� DϰϬ

FRPELQDWLRQ� RI� VSHUPLGLQH� DQG� &G�� +RZHYHU�� WKH� H[SUHVVLRQ� OHYHO� RI� WKH� JHQH� HQFRGLQJ�ϰϭ

SK\WRFKHODWLQ� V\QWKDVH� ZDV RQO\� LQIOXHQFHG� E\� K\GURSRQLFDOO\� DSSOLHG� VSHUPLGLQH�� ZKLFK�ϰϮ

GHFUHDVHG�LW�XQGHU�FDGPLXP�VWUHVV� &KDQJHV�LQ�WKH DFWLYLWLHV�RI�DQWLR[LGDQW�HQ]\PHV� GLDPLQH�ϰϯ

DQG�SRO\DPLQH�R[LGDVHV ZHUH�DOVR�GLVFXVVHG��ϰϰ

ϰϱ

.H\ZRUGV� FDGPLXP��SK\WRFKHODWLQ V\QWKDVH��SXWUHVFLQH��VDOLF\OLF�DFLG��VSHUPLGLQH��ZKHDWϰϲ

$EEUHYLDWLRQV�� $'&�� DUJLQLQH� GHFDUER[\ODVH�� $3;�� DVFRUEDWH� SHUR[LGDVH�� '$2�� GLDPLQH�ϰϳ

R[LGDVH�� &$7�� FDWDODVH�� *5�� JOXWDWKLRQH� UHGXFWDVH�� *�32'�� JXDLDFRO SHUR[LGDVH�� *67��ϰϴ

JOXWDWKLRQH�6�WUDQVIHUDVH��2'&�� RUQLWKLQH� GHFDUER[\ODVH� 3&6�� SK\WRFKHODWLQ� V\QWKDVH�� 3$�ϰϵ

SRO\DPLQH��3$2��SRO\DPLQH�R[LGDVH��387��SXWUHVFLQH��6$��VDOLF\OLF�DFLG��63'��VSHUPLGLQH��ϱϬ

630��6SHUPLQH�ϱϭ

ϱϮ



ϯ

ϱϯ

�� ,QWURGXFWLRQ�ϱϰ

,QYHVWLJDWLRQV�RQ�FRPSRXQGV�FDSDEOH�RI�UHGXFLQJ�WKH�VWUHVV�VHQVLWLYLW\�RI�SODQWV�DUH�RI�ϱϱ

JUHDW�LPSRUWDQFH�LQ�WKH�HYHU�FKDQJLQJ�HQYLURQPHQW��ZKHUH WKH�DFFXPXODWLRQ�RI�KHDY\�RU�RWKHU�ϱϲ

WR[LF� PHWDOV� IXUWKHU� LQKLELWV WKH� JURZWK� DQG� GHYHORSPHQW� RI� SODQW� RUJDQLVPV�� 3RO\DPLQHV�ϱϳ

�3$V��FRXOG EH�SURPLVLQJ�FRPSRXQGV�IRU�WKH�UHGXFWLRQ�RI�DELRWLF�VWUHVV�VHQVLWLYLW\�LQ�SODQWV��ϱϴ

7KH�PRVW� DEXQGDQW� 3$V�� QDPHO\� SXWUHVFLQH� �387��� VSHUPLGLQH� �63'�� DQG� VSHUPLQH�ϱϵ

�630��� WKHLU� ELRV\QWKHWLF� SDWKZD\V DQG� WKH� NH\� HQ]\PHV� RI� WKHLU� PHWDEROLVP� DUH� ZHOO�ϲϬ

GRFXPHQWHG�� 3XWUHVFLQH� LV� V\QWKHVL]HG� E\� WKH� GHFDUER[\ODWLRQ� RI� RUQLWKLQH�� FDWDO\VHG� E\�ϲϭ

RUQLWKLQH�GHFDUER[\ODVH �2'&���RU� LQGLUHFWO\�E\� WKH�GHFDUER[\ODWLRQ�RI�DUJLQLQH�E\�DUJLQLQH�ϲϮ

GHFDUER[\ODVH �$'&���YLD�DJPDWLQH��+LJKHU�SRO\DPLQHV��63'�DQG�630��DUH�SURGXFHG�E\�WKH�ϲϯ

VHTXHQWLDO�DGGLWLRQ�RI�DPLQRSURS\O�PRLHWLHV�WR�WKH�387�VNHOHWRQ�WKURXJK�HQ]\PDWLF�UHDFWLRQV�ϲϰ

FDWDO\VHG� E\� WKH� VSHUPLGLQH� DQG� VSHUPLQH� V\QWKDVHV� �63'6� DQG� 6306��� 6�ϲϱ

DGHQRV\OPHWKLRQLQH� GHFDUER[\ODVH� LV� UHVSRQVLEOH� IRU� WKH� V\QWKHVLV� RI� GHFDUER[\ODWHG� 6�ϲϲ

DGHQRV\OPHWKLRQLQH� ZKLFK� LV� XVHG� IRU� WKH� DGGLWLRQ� RI� WKH� DPLQRSURS\O� PRLHW\� 387 LVϲϳ

FDWDEROL]HG�E\�GLDPLQH�R[LGDVHV� �'$2��DQG�63'�DQG�630�E\�SRO\DPLQH�R[LGDVHV� �3$2V�ϲϴ

�0RVFKRX�HW�DO���������/LX�HW�DO���������ϲϵ

$OWKRXJK�LQ�VHYHUDO�FDVHV�D�FRUUHODWLRQ�ZDV�IRXQG�EHWZHHQ�WKH�HQGRJHQRXV�3$ FRQWHQW�ϳϬ

DQG�VWUHVV�WROHUDQFH��WKLV�UHODWLRQVKLS�FDQQRW�EH�JHQHUDOL]HG �0LQRFKD�HW�DO���������3iO�HW�DO���ϳϭ

�������3$V VKRXOG�QR�ORQJHU�EH�FRQVLGHUHG�VLPSO\�DV�GLUHFW�SURWHFWLYH�PROHFXOHV��EXW�UDWKHU�ϳϮ

DV� FRPSRXQGV� WKDW� DUH� LQYROYHG� LQ� D� FRPSOH[� VLJQDOOLQJ� V\VWHP� DQG�KDYH�D�NH\� UROH� LQ� WKH�ϳϯ

UHJXODWLRQ�RI�VWUHVV�WROHUDQFH��3$ PHWDEROLVP�DQG�VLJQDOOLQJ�DUH LQYROYHG�LQ�LQWHUDFWLRQV�ZLWK�ϳϰ

RWKHU� PHWDEROLF� SDWKZD\V DQG� KRUPRQDO� FURVV�WDON�� )XUWKHUPRUH�� LQGLYLGXDO� 3$V FDQ� EH�ϳϱ

FRQYHUWHG�LQWR�HDFK�RWKHU�LQ�WKH�3$ F\FOH �3iO�HW�DO����������7KXV��WKH�SUHFLVH�PHFKDQLVP�RI�ϳϲ

KRZ�3$V FRQWURO�SODQW�UHVSRQVHV�LV ODUJHO\�XQNQRZQ��7KHUH�DUH VWLOO�JDSV LQ�RXU�LQIRUPDWLRQ�ϳϳ
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RQ�WKH�UHJXODWLRQ�RI�3$�ELRV\QWKHVLV XQGHU�FRQWURO�DQG�VWUHVV�FRQGLWLRQV��RQ�WKHLU�UROH�LQ�JHQH�ϳϴ

H[SUHVVLRQ�DQG�RQ�WKHLU�LQWHUDFWLRQ�ZLWK�SODQW�KRUPRQHV��ϳϵ

*UHDWHU�DWWHQWLRQ�VKRXOG�EH�SDLG�WR�FDGPLXP �&G�� QRW�RQO\�GXH�WR LWV KLJK�SHQHWUDWLRQ�ϴϬ

DELOLW\� EXW�DOVR�EHFDXVH LW�FDXVHV VXEVHTXHQW�GDPDJH�WR DQLPDOV�DQG�KXPDQV ZKHQ�HQWHULQJϴϭ

WKH� IRRG� FKDLQ� �GL� 7RSSL� DQG� *DEULHOOL�� ������ 3iO� HW� DO��� ������� &G LQGXFHV� D� QXPEHU� RI�ϴϮ

SK\VLRORJLFDO�FKDQJHV� IURP�YLVXDO�V\PSWRPV��VXFK�DV�JURZWK�LQKLELWLRQ�DQG�FKORURVLV� WR�WKH�ϴϯ

LQKLELWLRQ� RI� SKRWRV\QWKHVLV�� WKH� IRUPDWLRQ� RI� IUHH� UDGLFDOV� DQG� WKH� LQGXFHG� V\QWKHVLV� RI�ϴϰ

SURWHFWLYH� FRPSRXQGV�� $PRQJ� WKH� SRWHQWLDO� GHIHQFH� PHFKDQLVPV�� FKHODWLRQ� IROORZHG� E\�ϴϱ

FRPSDUWPHQWDOLVDWLRQ�WR�WKH�YDFXROHV� FDQ EH SHUIRUPHG E\ FRPSRXQGV RI WKLRO RULJLQ VXFK�DV�ϴϲ

SK\WRFKHODWLQV� �3&V�� 7KH� HDUO\� DFWLYDWLRQ� RI� 3&� V\QWKHVLV� ZDV� UHSRUWHG� LQ� VHYHUDO� SODQW�ϴϳ

VSHFLHV� GXULQJ FDGPLXP� VWUHVV� �6WROW� HW� DO��� ������ 3iO� HW� DO��� ������ .RYiFV� HW� DO��� ����D��ϴϴ

/ySH]�&OLPHQW�HW�DO���������*RQGRU�HW�DO����������&G�VWUHVV�KDV�EHHQ�UHSRUWHG�WR�LQFUHDVH�WKH�ϴϵ

387�FRQWHQW�DQG�WR�LQGXFH WKH�HQ]\PHV�LQYROYHG�LQ�LWV�V\QWKHVLV�LQ�WKH�OHDYHV�RI�ZKHDW�SODQWV��ϵϬ

ZKLOH�&G�LQGXFHG�R[LGDWLYH�VWUHVV�ZDV�DOOHYLDWHG�E\�3$ WUHDWPHQW� LQ� WKH�VDPH�SODQW�VSHFLHV�ϵϭ

�*URSSD�HW�DO����������+RZHYHU�RQO\�D�IHZ�FRQWURYHUVLDO�VWXGLHV�KDYH�EHHQ�SXEOLVKHG�RQ�WKH�ϵϮ

HIIHFW� 3$� WUHDWPHQW� RQ� 3& V\QWKHVLV XQGHU� KHDY\� PHWDO� VWUHVV�� HVSHFLDOO\� RQ� WKH� JHQH�ϵϯ

H[SUHVVLRQ�OHYHO �*URSSD�HW�DO���������+VX�HW�DO���������1DKDU�HW�DO���������3iO�HW�DO����������ϵϰ

7KH�FRQWHQW�RI�WKH�SODQW�KRUPRQH VDOLF\OLF�DFLG��6$��KDV�DOVR�EHHQ�UHSRUWHG�WR�H[KLELWϵϱ

D FRQFHQWUDWLRQ�GHSHQGHQW�LQFUHDVH�DIWHU�WUHDWPHQW�ZLWK�&G �3iO�HW�DO��������� $OWKRXJK�RWKHU�ϵϲ

DXWKRUV�IRXQG�QR�LQFUHDVH�LQ�WKH�HQGRJHQRXV�6$�FRQWHQW��/DQGEHUJ�DQG�*UHJHU���������RU QR�ϵϳ

GLUHFW�UHODWLRQVKLS�EHWZHHQ WKH�6$�FRQWHQW�DQG�WKH�OHYHO�RI�&G�WROHUDQFH�LQ�ZKHDW��LW�KDV�EHHQ�ϵϴ

VXJJHVWHG� WKDW� 6$� KDV� VRPH� UROH� LQ� KHDY\� PHWDO� WROHUDQFH �.RYiFV� HW� DO��� ����D�� $�ϵϵ

UHODWLRQVKLS�EHWZHHQ�6$�DQG�3$V�ZDV�VXJJHVWHG�E\�VHYHUDO�VWXGLHV SHUIRUPHG�XQGHU�FRQWURO�ϭϬϬ

DQG�VWUHVV�FRQGLWLRQV �1pPHWK�HW�DO���������3iO�HW�DO���������6]DODL�HW�DO���������ϭϬϭ
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$OWKRXJK�3$V�DUH�XVXDOO\�FRQVLGHUHG�DV�D�IDPLO\�RI�VLPLODU�PROHFXOHV��GLIIHUHQW�3$V�ϭϬϮ

PD\� KDYH� GLIIHUHQW� HIIHFWV� DQG� WKH� SURWHFWLYH� HIIHFW�PD\� YDU\� DV� D� IXQFWLRQ� RI� WKH� W\SH� RI�ϭϬϯ

WUHDWPHQW��,Q�RUGHU�WR�VKRZ WKH�GLIIHUHQFHV�EHWZHHQ�WKH YDULRXV�3$ WUHDWPHQWV DQG�WR�JDLQ�DϭϬϰ

EHWWHU� XQGHUVWDQGLQJ� RI WKH� UROH� RI� 3$V� XQGHU� KHDY\� PHWDO� FRQGLWLRQV�� WKH� SUHVHQW� ZRUN�ϭϬϱ

LQYHVWLJDWHG�WKH�EDFNJURXQG�RI�WKH�SRWHQWLDO�HIIHFW�RI�3$�WUHDWPHQW��387�DQG�63'�DSSOLHG�DV�ϭϬϲ

VHHG�VRDNLQJ�RU�K\GURSRQLF�SUH�WUHDWPHQW��RQ�ZKHDW�SODQWV��LQ�UHODWLRQ�WR FKDQJHV�LQ�WKH�3$�ϭϬϳ

SRRO� $�SRVVLEOH�UHODWLRQVKLS�ZLWK�6$�ZDV�DOVR�VWXGLHG�XQGHU�&G VWUHVV�FRQGLWLRQV��DV�ZHOO�DV�ϭϬϴ

FKDQJHV� LQ� WKH� JHQH� H[SUHVVLRQ� OHYHO� RI� SK\WRFKHODWLQ� V\QWKDVH�� RQH� RI� WKH� NH\� HQ]\PHV LQϭϬϵ

KHDY\�PHWDO�GHWR[LILFDWLRQ�ϭϭϬ

ϭϭϭ

�� 0DWHULDOV�DQG�PHWKRGVϭϭϮ

���� 3ODQW�PDWHULDO�DQG�JURZWK�FRQGLWLRQVϭϭϯ

7KH� ZKHDW� �7ULWLFXP� DHVWLYXP /��� YDULHW\� (PHVH� ZDV� VHOHFWHG� IRU� WKH� SUHVHQW�ϭϭϰ

H[SHULPHQW�EDVHG�RQ�D�SUHYLRXV�VWXG\�RQ�&G�VWUHVV LQ�ZKHDW �.RYiFV�HW�DO�������E���ZKLOH�WKHϭϭϱ

387� DQG� 63'� FRQFHQWUDWLRQ� DSSOLHG� DV� D SUH�WUHDWPHQW� ZDV FKRVHQ� RQ� WKH� EDVLV� RI� D�ϭϭϲ

K\GURSRQLF VWXG\� SHUIRUPHG DOVR� RQ ZKHDW� �6]DODL� HW� DO��� ������� ,Q� RUGHU� WR� FRPSDUH�ϭϭϳ

GLIIHUHQFHV�EHWZHHQ� WKH� GLIIHUHQW� 3$ DSSOLFDWLRQ�PRGHV�� WKH� VDPH�FRQFHQWUDWLRQ�RI�387�RU�ϭϭϴ

63'�ZDV�XVHG�IRU�VHHG�SUH�WUHDWPHQW�ϭϭϵ

,Q� WKH� ILUVW� H[SHULPHQW�� WKH� VHHGV�ZHUH� GLYLGHG� LQWR� WKUHH� JURXSV� RQH� RI�ZKLFK ZDV�ϭϮϬ

SULPHG�LQ�GLVWLOOHG�ZDWHU��ZKLOH�WKH�RWKHUV ZHUH�WUHDWHG�ZLWK�����P0�387�RU�63'��$IWHU����K�ϭϮϭ

VRDNLQJ�WKH�VHHGV�ZHUH�PRYHG WR�ILOWHU�SDSHU�DQG�DOORZHG�WR�JHUPLQDWH�IRU���GD\V� DIWHU�ZKLFKϭϮϮ

KDOI�RI�HDFK JURXS�ZDV�JURZQ�XQGHU�FRQWURO FRQGLWLRQV �FRQWURO���ZKLOH�WKH�RWKHUV�ZHUH�WUHDWHG�ϭϮϯ

K\GURSRQLFDOO\�ZLWK����P0�&G�12��� IRU���GD\V��&G��387VV�&G�DQG 63'VV�&G��LQ�PRGLILHG�ϭϮϰ

+RDJODQG� VROXWLRQ LQFOXGLQJ� �������P0�.12��� �����P0�&D�12����� �������P0 .+�32���ϭϮϱ

������P0�0J62�[�+�2��������P0�+%2��������P0�0Q&O�[�+�2��������P0 =Q62�[�+�2��ϭϮϲ
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�����P0�&X62�[�+�2��������P0��1+���0R�2��[�+�2��������P0 )H62�[�+�2��DQG�������ϭϮϳ

P0�1D�('7$[�+�2 �3iO�HW�DO���������DW�������&�ZLWK������K�OLJKW�GDUN�SHULRGLFLW\�DQG�����ϭϮϴ

UHODWLYH�KXPLGLW\�LQ�D�&RQYLURQ�3*5����SODQW�JURZWK�FKDPEHU��&RQWUROOHG�(QYLURQPHQWV�/WG��ϭϮϵ

:LQQLSHJ�� &DQDGD��� 7KH� SKRWRV\QWKHWLF� SKRWRQ� IOX[� GHQVLW\� ZDV� ���� ȝPRO� P�� V���� *ODVV�ϭϯϬ

EHDNHUV�ZHUH�XVHG� ZLWK����SODQWV�EHDNHU� 3ODQWV�ZHUH�JURZQ�RQ�VWDLQOHVV�VWHHO�QHW�ϭϯϭ

,Q� WKH�VHFRQG�H[SHULPHQW� WKH�ZKHDW�VHHGV ZHUH�JHUPLQDWHG�DQG�JURZQ�XQGHU�FRQWURO�ϭϯϮ

FRQGLWLRQV� IRU� D� ZHHN�� DIWHU� ZKLFK WKUHH� JURXSV� ZHUH� IRUPHG�� RQH� FRQWURO� DQG� WZR� 3$�ϭϯϯ

WUHDWPHQWV �����P0�387K\G RU�63'K\G�� DOO�RI�ZKLFK ZHUH�PRYHG�WR�SODVWLF SRWV�IRU ��GD\Vϭϯϰ

LQ�RUGHU�WR�DYRLG�WKH�LQWHUDFWLRQ�EHWZHHQ�3$V�DQG�JODVV��$IWHU�WKDW�WKH�URRWV�ZHUH�ZDVKHG�DQG�ϭϯϱ

WKH�SODQWV�ZHUH�HLWKHU�JURZQ�XQGHU�FRQWURO�JURZWK�FRQGLWLRQV��IRU D�UHFRYHU\ SHULRG �FRQWURO��ϭϯϲ

RU� WUHDWHG�ZLWK� ���P0�&G�12��� IRU� �� GD\V� �&G�� 387K\G�&G� DQG� 63'K\G�&G�� DJDLQ� LQ�ϭϯϳ

JODVV�EHDNHUV ZLWKRXW�3$V�ϭϯϴ

ϭϯϵ

����&KORURSK\OO�D�IOXRUHVFHQFH�LQGXFWLRQ�PHDVXUHPHQWVϭϰϬ

&KORURSK\OO�D IOXRUHVFHQFH� ZDV� PHDVXUHG� XVLQJ� D� SXOVH� DPSOLWXGH� PRGXODWHG�ϭϰϭ

IOXRURPHWHU� �,PDJLQJ�3$0� 0�6HULHV� )OXRURPHWHU�� :DO]�� (IIHOWULFK�� *HUPDQ\��� 7KH�ϭϰϮ

PD[LPXP�TXDQWXP�\LHOG� RI�36,,� SKRWRFKHPLVWU\�� )Y�)P��ZDV� FDOFXODWHG� DV�)Y�)P  � �)P�ϭϰϯ

)���)P��ZKHUH�)P�LV�WKH�PD[LPDO�IOXRUHVFHQFH�LQGXFHG�E\�D�VDWXUDWLQJ�IODVK�������ȝPRO�P��ϭϰϰ

V�� 33)'� IRU����� V�� LQ� OHDYHV�GDUN�DGDSWHG� IRU����PLQ�� DQG�)�� LV� WKH�PLQLPXP�FKORURSK\OO�ϭϰϱ

IOXRUHVFHQFH� \LHOG� LQ� WKH� GDUN� �33)'��� �� ȝPRO�P�� V����� 7KH� HIIHFWLYH� 36,,� TXDQWXP� \LHOG�ϭϰϲ

�ǻ)�)P¶�� ZKLFK� UHSUHVHQWV� WKH� SURSRUWLRQ� RI� DEVRUEHG� OLJKW� HQHUJ\� FRQVXPHG� LQ�ϭϰϳ

SKRWRFKHPLVWU\��ZDV�PHDVXUHG�DW�D�OLJKW�LQWHQVLW\�RI�����ȝPRO�P�� V�� DQG�FDOFXODWHG�DV��)P¶�ϭϰϴ

)��)P¶��ZKHUH�)P¶� LV� WKH�PD[LPDO� IOXRUHVFHQFH� OHYHO� LQGXFHG�E\�D�VDWXUDWLQJ� OLJKW�SXOVH� LQ�ϭϰϵ

WKH� VWHDG\� VWDWH OLJKW�DGDSWHG� VWDWH�� DQG� )� LV� WKH� VWHDG\� VWDWH� FKORURSK\OO� IOXRUHVFHQFH�ϭϱϬ



ϳ

LPPHGLDWHO\� SULRU� WR� WKH� IODVK�� 0HDVXUHPHQWV� ZHUH� SHUIRUPHG� RQ� WKH� ODVW� IXOO\� H[SDQGHG�ϭϱϭ

OHDYHV�ϭϱϮ

ϭϱϯ

���� 'HWHUPLQDWLRQ�RI�JURZWK�ELRPDUNHUV DQG &G�FRQWHQWVϭϱϰ

0HDVXUHPHQWV ZHUH�PDGH�RQ WKH�URRW�DQG�VKRRW�OHQJWK�DQG�WKH�IUHVK�ZHLJKW�RI�WKH�URRW�ϭϱϱ

DQG� VKRRW�� 7KH� � &G FRQWHQW� � LQ� � WKH� � OHDYHV� � DQG� URRWV� ZDV� � GHWHUPLQHG� � IURP� � DLU�GULHG��ϭϱϲ

VDPSOHV���DSSUR[��������J��RI�HDFK��VDPSOH���XVLQJ��WKH��LQGXFWLYHO\��FRXSOHG��SODVPD�DWRPLF��ϭϱϳ

HPLVVLRQ��VSHFWURPHWU\��PHWKRG���,&3�$(6���-RELQ�<YRQ��8OWLPD�����VHTXHQWLDO��LQVWUXPHQW���ϭϱϴ

DIWHU��PLFURZDYH��7HIORQ��ERPE�GLJHVWLRQ�ZLWK�FF��+12�+&O��$QWRQ�HW�DO���������ϭϱϵ

ϭϲϬ

���� 3UROLQH�FRQWHQWϭϲϭ

7KH� SUROLQH� FRQWHQW� ZDV� GHWHUPLQHG� RQ� WKH� EDVLV� RI� LWV� UHDFWLRQ� ZLWK� QLQK\GULQ��ϭϲϮ

DFFRUGLQJ�WR�WKH�%DWHV�PHWKRG��%DWHV�HW�DO���������ϭϲϯ

ϭϲϰ

���� (Q]\PH�DVVD\Vϭϲϱ

)RU�WKH�DQDO\VLV�RI�DQWLR[LGDQW�HQ]\PH�DFWLYLW\������J�WLVVXH �IUHVK�OHDYHV�RU�URRWV� ZDV�ϭϲϲ

KRPRJHQL]HG� LQ�����P/� LFH�FROG�7ULV�+&O�EXIIHU� �����0��S+������ FRQWDLQLQJ���P0�0J&O�ϭϲϳ

DQG���P0�('7$��DQG�PHDVXUHPHQWV�ZHUH�SHUIRUPHG�DV�GHVFULEHG�E\ 3iO�HW�DO����������7KH�ϭϲϴ

DVFRUEDWH� SHUR[LGDVH� �$3;� (&� ������������ DFWLYLW\� RI� WKH� H[WUDFW� ZDV� PHDVXUHG�ϭϲϵ

VSHFWURSKRWRPHWULFDOO\� E\� PRQLWRULQJ� WKH� GHFUHDVH� LQ� DEVRUEDQFH� DW� ���� QP�� ZKLOH� WKH�ϭϳϬ

FDWDODVH� �&$7� (&������������DFWLYLW\�ZDV�GHWHUPLQHG�E\� WKH�GHFUHDVH� LQ�DEVRUEDQFH�DW�����ϭϳϭ

QP��7KH�JXDLDFRO�SHUR[LGDVH��*�32'� (&������������DFWLYLW\�ZDV�GHWHUPLQHG�DW�����QP�DQG�ϭϳϮ

WKH�JOXWDWKLRQH�UHGXFWDVH��*5� (&�����������DFWLYLW\�DW�����QP��7KH�JOXWDWKLRQH�6�WUDQVIHUDVH�ϭϳϯ

�*67� (&������������DFWLYLW\�ZDV�PHDVXUHG�E\�PRQLWRULQJ�FKDQJHV�LQ� WKH�DEVRUEDQFH�DW�����ϭϳϰ

QP��$QWLR[LGDQW�HQ]\PH�DFWLYLWLHV ZHUH H[SUHVVHG�LQ�QNDWDO�J�� IUHVK�ZHLJKW��):��ϭϳϱ



ϴ

ϭϳϲ

���� 3$ DQDO\VLVϭϳϳ

7KH�DQDO\VLV�ZDV�FDUULHG�RXW�DV�GHVFULEHG�E\�1pPHWK�HW�DO����������7KH�IUHH�IUDFWLRQ�RI�ϭϳϴ

3$V��QDPHO\�387��63'�DQG�630 ZHUH�DQDO\VHG�DV�GDQV\ODWHG�GHULYDWLYHV�YLD�+3/&�XVLQJ�D�ϭϳϵ

:����� VHSDUDWLRQ� PRGXOH� RQ� D� UHYHUVH� SKDVH� FROXPQ �.LQHWH[� &���� �P�� ���� [� ���� PP��ϭϴϬ

3KHQRPHQH[� ,QF���DQG�D�:����VFDQQLQJ�IOXRUHVFHQFH�GHWHFWRU�ZLWK�H[FLWDWLRQ�DW�����QP�DQG�ϭϴϭ

HPLVVLRQ�DW�����QP��:DWHUV��0LOIRUG��0$��86$���ϭϴϮ

ϭϴϯ

���� 'LDPLQH�R[LGDVH��DQG�SRO\DPLQH�R[LGDVH�HQ]\PH�DFWLYLWLHVϭϴϰ

7KH�HQ]\PH�DFWLYLWLHV�RI�GLDPLQH�R[LGDVH��'$2��(&�����������DQG�SRO\DPLQH�R[LGDVH�ϭϴϱ

�3$2��(&�����������ZHUH�HVWLPDWHG�E\� WKH�PHWKRG�RI�7DNiFV�HW� DO�� ������ DQG�H[SUHVVHG�DV�ϭϴϲ

HQ]\PH�XQLWV�SHU�J�IUHVK�ZHLJKW��8�J�� ):��ϭϴϳ

ϭϴϴ

���� 6$ H[WUDFWLRQ�DQG�DQDO\WLFDO�SURFHGXUHϭϴϵ

6$� H[WUDFWLRQ� DQG� DQDO\VLV� ZHUH� SHUIRUPHG� DFFRUGLQJ� WR� 3iO� HW� DO�� �������� $IWHU�ϭϵϬ

VHSDUDWLRQ�RQ�D�UHYHUVH�SKDVH�FROXPQ��$%=������[����PP����PP��6XSHOFR��%HOOHIRQWH��86$�ϭϵϭ

6$�ZDV� TXDQWLILHG� IOXRULPHWULFDOO\� �H[FLWDWLRQ�� ���� QP�� HPLVVLRQ�� ���� QP�� XVLQJ� D�:����ϭϵϮ

IOXRUHVFHQFH�GHWHFWRU �:DWHUV��86$���ϭϵϯ

ϭϵϰ

���� *HQH�H[SUHVVLRQ�DQDO\VLVϭϵϱ

)RU� WKH� JHQH� H[SUHVVLRQ� DQDO\VLV�� IXOO\� GHYHORSHG� OHDI� DQG� URRW� VDPSOHV�ZHUH� FROOHFWHG� LQ�ϭϵϲ

WKUHH� ELRORJLFDO� UHSOLFDWHV�� (DFK� ELRORJLFDO� UHSOLFDWH� ZDV� SUHSDUHG� ZLWK� WKUHH� WHFKQLFDO� UHSHWLWLRQV�ϭϵϳ

7RWDO�51$�ZDV�H[WUDFWHG� IURP�VDPSOHV�XVLQJ�75,�5HDJHQW���DIWHU�ZKLFK� WKH� VDPSOHV�ZHUH� WUHDWHG�ϭϵϴ

ZLWK�'1DVH� ,�� FOHDQHG�ZLWK� D�'LUHFW�]RO��51$�0LQL3UHS�.LW� �=\PR�5HVHDUFK�� ,UYLQH��&$��86$��ϭϵϵ

DFFRUGLQJ� WR� WKH�PDQXIDFWXUHU¶V� LQVWUXFWLRQV��7KH�SXULW\�DQG�FRQFHQWUDWLRQ�RI�51$�ZDV�DVVHVVHG�E\�ϮϬϬ

XVLQJ� 1DQRGURS� ����� 6SHFWURSKRWRPHWHU� �7KHUPR� 6FLHQWLILF�� :LOPLQJWRQ�� '(�� 86$��� DQG� WKH�ϮϬϭ



ϵ

VDPSOHV�ZHUH� DOVR� UXQ�RQ�DJDURVH�JHO� VWDLQHG�ZLWK� HWKLGLXP�EURPLGH� WR� FKHFN� WKH� LQWHJULW\�RI� WRWDO�ϮϬϮ

51$�� F'1$� V\QWKHVLV� ZDV� PDGH� IURP� �� �J� RI WRWDO� 51$� XVLQJ� 0�0/9� 5HYHUVH� 7UDQVFULSWDVH�ϮϬϯ

�3URPHJD� &RUSRUDWLRQ�� 0DGLVRQ�� :,�� 86$��� *HQH�VSHFLILF� SULPHUV� �$'&�� 2'&� DQG� 3&6�� DQG�ϮϬϰ

KRXVHNHHSLQJ�SULPHUV��7D�������3DRODFFL�HW�DO���������6XSSO��7DEOH�����3&5%,2�6\*UHHQ�0L[��3&5�ϮϬϱ

%LRV\VWHPV�� /RQGRQ�� 8.�� DQG� D� &);��� 7RXFK�� 5HDO�7LPH� 3&5� 'HWHFWLRQ� 6\VWHP� �%LR�5DG��ϮϬϲ

+HUFXOHV�� &$�� 86$�� ZHUH� XVHG� IRU� WKH� TXDQWLWDWLYH� UHDO�WLPH� 3&5� UHDFWLRQ�� 7KH� UHODWLYH� JHQH�ϮϬϳ

H[SUHVVLRQ�YDOXHV�ZHUH�GHWHUPLQHG�ZLWK�WKH�ǻ&W�PHWKRG��7KUHVKROG�F\FOH��&W��YDOXHV�ZHUH�QRUPDOL]HG�ϮϬϴ

XVLQJ�WKH�&W�YDOXHV�RI�KRXVHNHHSLQJ�JHQH�7D�������HQFRGLQJ�SKRVSKRJOXFRQDWH�GHK\GURJHQDVH�ϮϬϵ

ϮϭϬ

����� 6WDWLVWLFDO�DQDO\VLVϮϭϭ

7KH� UHVXOWV� ZHUH� WKH� PHDQV� RI� DW� OHDVW� ILIW\ UHSOLFDWHV� IRU� HDFK� WUHDWPHQW� IRU� WKH�ϮϭϮ

ELRPDVV� SDUDPHWHUV DQG� RI� �� UHSOLFDWHV� IRU� WKH &G� FRQWHQW�� HQ]\PH� DFWLYLW\� DQG� +3/&�Ϯϭϯ

DQDO\VLV��7KH�GDWD�ZHUH�VWDWLVWLFDOO\�HYDOXDWHG�XVLQJ�WKH�VWDQGDUG�GHYLDWLRQ�DQG�W�WHVW PHWKRGV��Ϯϭϰ

Ϯϭϱ

�� 5HVXOWVϮϭϲ

���� %LRPDVV� SDUDPHWHUV�� FKORURSK\OO� FRQWHQW�� FKORURSK\OO�D� IOXRUHVFHQFH� SDUDPHWHUV�Ϯϭϳ

FDGPLXP�DQG�SUROLQH�FRQWHQWVϮϭϴ

,Q� WKH� ILUVW� H[SHULPHQW� �VHHG� VRDNLQJ�� WKH� ELRPDVV� SDUDPHWHUV� VKRZHG� WKDW� &G�Ϯϭϵ

WUHDWPHQW� GUDPDWLFDOO\ GHFUHDVHG WKH VKRRW� DQG� URRW� JURZWK� DQG� GHYHORSPHQW� RI� ZKHDW�ϮϮϬ

VHHGOLQJV �7DEOH�����7KH�387VV�WUHDWPHQW GLG�QRW�LQIOXHQFH WKH�JURZWK�SDUDPHWHUV DQG�63'VVϮϮϭ

RQO\�LQGXFHG�D�VOLJKW� EXW�VWDWLVWLFDOO\�VLJQLILFDQW�LQFUHDVH�LQ WKH�VKRRW�OHQJWK� 7KH�FRPELQHG�ϮϮϮ

WUHDWPHQW�387VV�&G�GHFUHDVHG�WKH�QHJDWLYH�HIIHFW�RI�&G�RQ�VKRRW�DQG�URRW�OHQJWK�DQG�VKRRW�ϮϮϯ

):�� ZKLOH� 63'VV RQO\ DOOHYLDWHG� WKH� &G�LQGXFHG� GHFUHDVH� LQ� VKRRW� ):� &G� DSSOLFDWLRQ�ϮϮϰ

VLJQLILFDQWO\� LQFUHDVHG� WKH�&G� FRQWHQW� LQ� ERWK� RI� WKH� OHDYHV� DQG� URRWV� RI�ZKHDW� SODQWV�� DQG�ϮϮϱ

VLPLODU�YDOXHV�ZHUH� DOVR� UHFRUGHG�DIWHU� WKH�387VV�&G�DQG�63'VV�&G� WUHDWPHQWV� �7DEOH�����ϮϮϲ

&G� WUHDWPHQW� GHFUHDVHG� WKH� FKORURSK\OO� FRQWHQW� DQG� WKH� RSWLPDO� �)Y�)P�� DQG� HIIHFWLYH�ϮϮϳ



ϭϬ

�')�)P¶��TXDQWXP�\LHOG�RI�36,,��KRZHYHU�� WKLV�ZDV�DOOHYLDWHG�E\�387VV�DQG�HYHQ�PRUH�E\�ϮϮϴ

63'VV� 7KH�SUROLQH�FRQWHQW�LQFUHDVHG�LQ�WKH�URRWV�RI�SODQWV�SUH�WUHDWHG�ZLWK�387VV RU 63'VV��ϮϮϵ

&G� WUHDWPHQW� DOVR� LQFUHDVHG� LWV� OHYHO� LQ� WKH� URRWV�� EXW� QR� DGGLWLYH� HIIHFW� RI� WKH� FRPELQHG�ϮϯϬ

WUHDWPHQWV��387VV�&G�RU�636VV�&G��ZDV�IRXQG��7DEOH���� 1HLWKHU�3$�SUH�WUHDWPHQW�QRU &G�Ϯϯϭ

WUHDWPHQW�DORQH�LQIOXHQFHG WKH�SUROLQH�OHYHO LQ�WKH�OHDYHV��ZKLOH�WKH�387VV�&G�DQG�63'VV�&G�ϮϯϮ

WUHDWPHQWV�LQFUHDVHG�LW�Ϯϯϯ

,Q� WKH� VHFRQG H[SHULPHQW��ZKHQ����GD\�ROG�SODQWV�ZHUH� H[SRVHG� WR ��GD\V�RI�&G�Ϯϯϰ

VWUHVV� VLJQLILFDQWO\�GHFUHDVH�LQ�WKH�FKORURSK\OO�FRQWHQW� WKH�)Y�)P�DQG�')�)P¶ FKORURSK\OO�DϮϯϱ

IOXRUHVFHQFH�SDUDPHWHUV LQ�WKH�OHDYHV��ZKLOH�LQFUHDVH LQ�WKH SUROLQH�FRQWHQW�LQ�WKH�URRWV ZHUH�Ϯϯϲ

GHWHFWHG� +\GURSRQLFDOO\ DSSOLHG ����P0�387�SUH�WUHDWPHQW�IRU���GD\V�LQGXFHG�JUHDWHU�VKRRW�Ϯϯϳ

DQG�URRW�GHYHORSPHQW��PDQLIHVWHG�PDLQO\�LQ� WKH�VKRRW�DQG� URRW� OHQJWK�SDUDPHWHUV��7DEOH�����Ϯϯϴ

7KH�SRVLWLYH�HIIHFW�RI�387�GXULQJ &G�VWUHVV�ZDV�SURYHG�E\�WKH�VKRRW�ELRPDVV�SDUDPHWHUV��DV�Ϯϯϵ

WKH 387K\G�&G�SODQWV�KDG�ORQJHU�VKRRWV�WKDQ WKH�&G�WUHDWHG�SODQWV�DQG�HYHQ�WKDQ�WKH�FRQWURO��ϮϰϬ

7KH�FKORURSK\OO�FRQWHQW�DQG�')�)P¶ SDUDPHWHU�ZHUH KLJKHU�DIWHU�387K\G�&G�WUHDWPHQW�WKDQ�Ϯϰϭ

DIWHU &G�DORQH�� ,Q�FRPSDULVRQ��ZKHQ����P0�63' ZDV�DSSOLHG�DORQH LW�KDG�D�QHJDWLYH�HIIHFW�ϮϰϮ

RQ� URRW�JURZWK� DQG�FKORURSK\OO� FRQWHQW�� DQG� LQGXFHG�KLJK�SUROLQH�DFFXPXODWLRQ� LQ�ERWK� WKH�Ϯϰϯ

OHDYHV�DQG�URRWV� IXUWKHUPRUH� 63'K\G SUH�WUHDWPHQW�HQKDQFHG�WKH�HIIHFW�RI�&G��DV�WKH�ORZHVW�Ϯϰϰ

ELRPDVV�YDOXHV DQG�FKORURSK\OO�FRQWHQW DQG�WKH�KLJKHVW�SUROLQH�DFFXPXODWLRQ�ZHUH UHFRUGHGϮϰϱ

DIWHU�63'K\G�&G�WUHDWPHQW� 7KH�KLJKHVW�&G�DFFXPXODWLRQ�ZDV�IRXQG�LQ�WKH�OHDYHV�DQG�URRWV�Ϯϰϲ

RI� 63'K\G�&G�WUHDWHG� SODQWV�� +RZHYHU�� WKH� 387K\G�&G� WUHDWPHQW� UHVXOWHG� LQ� D� URRW� &G�Ϯϰϳ

FRQWHQW�VLPLODU�WR�WKDW�RI�SODQWV�WUHDWHG�ZLWK�&G�DORQH��ZKLOH�WKH�OHDI�&G�FRQWHQW�ZDV�KLJKHU�Ϯϰϴ

�7DEOH����Ϯϰϵ

ϮϱϬ

���� $QWLR[LGDQW�HQ]\PH�DFWLYLWLHVϮϱϭ



ϭϭ

&G�WUHDWPHQW�XVXDOO\�LQGXFHV R[LGDWLYH�VWUHVV�LQ�SODQWV� ,Q�WKH�VHHG�VRDNLQJ�H[SHULPHQW�ϮϱϮ

LW�UHVXOWHG�LQ�LQFUHDVHG�*5��&$7��$3;�DQG�*�32'�DFWLYLWLHV� ZKLFK�ZHUH PRUH�SURQRXQFHG�Ϯϱϯ

LQ� WKH� OHDYHV�� WKDQ� LQ� WKH� URRWV� LQ� WKH�FDVH�RI�*5��$3;�DQG�*�32'�� �3$V�DSSOLHG�DORQH�DV�Ϯϱϰ

VHHG�VRDNLQJ�KDG�QR LQIOXHQFH RQ WKHVH�HQ]\PHV��7DEOH���� EXW�DIWHU�&G�WUHDWPHQW�WKH�SRVLWLYH�Ϯϱϱ

HIIHFWV�RI�387�DQG�63'�VHHG�SUH�WUHDWPHQWV�ZHUH�PDQLIHVWHG�LQ�WKH�ORZHU�DFWLYLW\�RI�&$7�LQ�Ϯϱϲ

WKH� OHDYHV� DQG� URRWV�� $3;� LQ� WKH� OHDYHV�� DQG� *67� LQ� WKH� URRWV�� VXJJHVWLQJ� ORZHU� OHYHO� RI�Ϯϱϳ

GDPDJH��7KHVH�UHVXOWV� WRJHWKHU�ZLWK�WKH�ELRPDVV�DQG�SKRWRV\QWKHVLV�SDUDPHWHUV� VXJJHVW�WKDW�Ϯϱϴ

SUH�WUHDWPHQW� RI� WKH� VHHGV�ZLWK� 387�RU 63'� UHGXFHG� WKH� DGYHUVH� HIIHFW� RI�&G� WR� D� FHUWDLQ�Ϯϱϵ

H[WHQW��ϮϲϬ

,Q�WKH�VHFRQG�H[SHULPHQW�&G�VWUHVV�DOVR LQGXFHG�*�32'�DFWLYLW\�LQ�WKH�OHDYHV�DQG�*5��Ϯϲϭ

&$7� DQG�$3;� DFWLYLW\� LQ� WKH� URRWV� �7DEOH� ���� 3$� WUHDWPHQWV� DORQH� DSSOLHG� K\GURSRQLFDOO\�ϮϲϮ

LQIOXHQFHG� WKH� DQWLR[LGDQW� HQ]\PHV� DFWLYLWLHV�� DV� 387K\G SUH�WUHDWPHQW� GHFUHDVHG� WKH� OHDI�Ϯϲϯ

&$7�DQG�$3;�DFWLYLW\��ZKLOH�63'K\G SUH�WUHDWPHQW�WHQGHG�WR�LQGXFH�WKH�DQWLR[LGDQW�V\VWHP��Ϯϲϰ

OHDGLQJ� WR� LQFUHDVHG� *5� DQG� *67� DFWLYLW\� LQ� WKH� URRWV�� VXJJHVWLQJ� WKDW� 63'� VWUHVVHG� WKH�Ϯϲϱ

SODQWV�� 6LPLODU� DQWLR[LGDQW� HQ]\PH� DFWLYLWLHV� ZHUH� REVHUYHG� LQ� WKH� 387K\G�&G� DQG� &G�Ϯϲϲ

WUHDWPHQWV��ZKLOH� WKH�63'K\G�&G� WUHDWPHQW� UHVXOWHG� LQ� WKH�KLJKHVW�*5��*67��$3;�DQG�*�Ϯϲϳ

32'�DFWLYLWLHV� LQ� WKH�URRWV��VXJJHVWLQJ�JUHDWHU� UHVSRQVH� WR�R[LGDWLYH�SUHVVXUH�DV DQ�DGGLWLYH�Ϯϲϴ

HIIHFW�RI�63'�DQG�&G�Ϯϲϵ

ϮϳϬ

���� &KDQJHV�LQ�3$ FRQWHQW DQG�FDWDEROLVPϮϳϭ

6RDNLQJ�VHHGV LQ�387�DQG�63'�DORQH�LQGXFHG�YDULRXV�FKDQJHV�LQ�WKH�3$ FRQWHQWV��ϮϳϮ

7KH� 387VV WUHDWPHQW� GLG� QRW� VLJQLILFDQWO\� LQIOXHQFH� WKH� 387�� 63'� RU� 630� OHYHOV� LQ� WKH�Ϯϳϯ

OHDYHV��EXW�GHFUHDVHG� WKH�387�OHYHO� LQ� WKH�URRWV� ,Q�FRQWUDVW� 63'VV� WUHDWPHQW� LQFUHDVHG� WKH�Ϯϳϰ

DPRXQWV�RI�387�DQG 630�LQ�WKH�OHDYHV��UHYHDOLQJ�WKH�IXQFWLRQLQJ RI�WKH�3$�F\FOH��)LJ� �$�Ϯϳϱ

&�� &G� VWUHVV� FDXVHG� D� JUHDW DFFXPXODWLRQ� RI�387� LQ� ERWK� WKH� OHDYHV� DQG� URRWV�� EXW� KDUGO\�Ϯϳϲ



ϭϮ

LQIOXHQFHG� WKH� OHYHO� RI� KLJKHU� 3$V� �63'� RU� 630�� DV� RQO\ VOLJKW� WKRXJK VWDWLVWLFDOO\�Ϯϳϳ

VLJQLILFDQW�GHFUHDVH�LQ�URRW�63'�DQG�OHDI�630�FRQFHQWUDWLRQ�ZHUH�REVHUYHG��)LJ���$�&�� &G�Ϯϳϴ

LQGXFHG� LQFUHDVHV� LQ� WKH� 387� OHYHO� ZDV� DOVR� IRXQG� LQ� 387VV�&G� DQG� 63'VV�&G�WUHDWHG�Ϯϳϵ

SODQWV��,Q�WKH�FDVH�RI�WKH�OHDYHV�RI�387VV�&G�WUHDWHG�SODQWV�WKLV�LQFUHPHQW�ZDV�WHQGHQWLRXVO\�ϮϴϬ

EXW� QRW� VWDWLVWLFDOO\� VLJQLILFDQWO\� ORZHU� FRPSDUHG� WR� WKH� RWKHU� &G� WUHDWPHQWV� �&G� RU�Ϯϴϭ

63'VV�&G��)LJ���$�&���ϮϴϮ

7KH� '$2� DQG 3$2� DFWLYLWLHV� LQ� WKH� OHDYHV� ZHUH� KDUGO\� LQIOXHQFHG� E\� WKH�Ϯϴϯ

WUHDWPHQWV��H[FHSW�IRU�3$�VHHG�VRDNLQJ�DORQH��ZKHUH�WKH�'$2�DFWLYLW\�GHFUHDVHG�LQ�WKH�387VV�Ϯϴϰ

DQG�LQFUHDVHG�LQ� WKH�63'VV WUHDWPHQW �7DEOH����� ,Q�WKH�URRWV�&G�WUHDWPHQW�HLWKHU�DORQH�RU� LQ�Ϯϴϱ

FRPELQDWLRQ�ZLWK�3$V�GHFUHDVHG�WKH�'$2�DFWLYLW\��7KH�ORZHVW�URRW�'$2�DQG�3$2�DFWLYLWLHV�Ϯϴϲ

ZHUH REVHUYHG� LQ� WKH� FDVH�RI� WKH�387VV�&G� WUHDWPHQW��ZKLOH� WKH�63'VV�SUH�WUHDWPHQW� RQO\�Ϯϴϳ

VOLJKWO\�DOOHYLDWHG�WKH�GHFUHDVLQJ�HIIHFW�RI�&G�VWUHVV��7DEOH����Ϯϴϴ

7KH�387K\G DQG�63'K\G WUHDWPHQWV�DORQH� LQFUHDVHG� WKH�HQGRJHQRXV�3$�FRQWHQW�Ϯϴϵ

�387��63'�DQG�HYHQ�630���HVSHFLDOO\�LQ�WKH�URRWV��)LJ���'�)���VKRZLQJ WKDW�WKH�387�RU�63'�ϮϵϬ

WDNHQ� XS� E\� ZKHDW� SODQWV� LV� PHWDEROLVHG LQ� WKH� 3$ F\FOH�� $PRQJ� WKH� 3$V� WKH� PRVW�Ϯϵϭ

SURQRXQFHG�FKDQJHV�ZHUH�REVHUYHG LQ� WKH�387�FRQWHQW��%HVLGHV� WKH�3$�SUH�WUHDWPHQWV��&G�ϮϵϮ

DOVR� LQFUHDVHG� WKH� 387� OHYHO� LQ� WKH� OHDYHV� DQG� URRWV�� DQG� WKH� FRPELQHG� WUHDWPHQWV�Ϯϵϯ

�387K\G�&G� RU� 63'K\G�&G�� ZHUH� IRXQG� WR� KDYH� DQ� DGGLWLYH� HIIHFW�� ZLWK� WKH� KLJKHVW�Ϯϵϰ

DFFXPXODWLRQ�RI�387�LQ�WKH�63'K\G�&G�WUHDWPHQW�Ϯϵϱ

$V�DOVR�IRXQG�LQ�WKH�ILUVW�H[SHULPHQW��VHHG�VRDNLQJ�WUHDWPHQW���387�SUH�WUHDWPHQW�Ϯϵϲ

GHFUHDVHG� EXW� &G� GLG� QRW� FKDQJH� WKH� '$2� DFWLYLW\� LQ� WKH� OHDYHV� VWDWLVWLFDOO\� VLJQLILFDQWO\�Ϯϵϳ

FRPSDUHG� WR� WKH� FRQWURO� SODQWV� �7DEOH� ���� +RZHYHU�� OHDI� '$2� DFWLYLW\� ZDV� ORZHU� LQ�Ϯϵϴ

63'K\G�&G�WKDQ�LQ�SODQWV�WUHDWHG�RQO\�ZLWK�&G��ZKLFK�ZDV�DOVR�PDQLIHVWHG�LQ�WKH�ORZHU�&G�Ϯϵϵ

LQGXFHG�LQFUHPHQW�RI�387�LQ�WKH�OHDYHV� 1RQH�RI�WKH�WUHDWPHQWV�LQIOXHQFHG WKH�'$2�DFWLYLW\�ϯϬϬ



ϭϯ

LQ�WKH�URRWV�RU WKH�3$2�DFWLYLW\�LQ�WKH�OHDYHV��DQG�RQO\�&G� HLWKHU�DORQH�RU�LQ�FRPELQDWLRQ�ZLWK�ϯϬϭ

63'�SUH�WUHDWPHQW� LQFUHDVHG WKH�URRW�3$2�DFWLYLW\�ϯϬϮ

ϯϬϯ

���� 6$ FRQWHQWϯϬϰ

3$� SUH�WUHDWPHQWV� DSSOLHG� DV� VHHG VRDNLQJ� GLG� QRW� LQIOXHQFH� WKH� 6$� FRQWHQW�� &GϯϬϱ

DORQH LQGXFHG�D�GUDPDWLF�DFFXPXODWLRQ�RI�6$�LQ�ERWK�WKH�IUHH�DQG�ERXQG IRUPV�LQ�WKH�OHDYHV��ϯϬϲ

ZKLOH� LW� RQO\� LQFUHDVHG WKH� ERXQG� IRUP� LQ� WKH� URRWV� �)LJ�� �$�%��� +RZHYHU�� ZKHQ� 3$� SUH�ϯϬϳ

WUHDWPHQW�SUHFHGHG�WKH�&G�VWUHVV��WKHUH�ZDV�D�OHVV�SURQRXQFHG�LQFUHDVH�LQ�WKH 6$�LQ�WKH�OHDYHV��ϯϬϴ

ZLWK�WKH�ORZHVW�6$�OHYHO�LQ�WKH�FDVH�RI�WKH�63'VV�&G WUHDWPHQW�ϯϬϵ

387K\G SUH�WUHDWPHQW�GHFUHDVHG�WKH�6$�FRQWHQW��HVSHFLDOO\�LQ�WKH�ERXQG�IRUP�ERWK�ϯϭϬ

LQ�WKH�OHDYHV�DQG�URRWV��ZKLOH�63'K\G�GLG�QRW�LQIOXHQFH�LW��)LJ���'�(���&G�VWUHVV�LQGXFHG�6$�ϯϭϭ

DFFXPXODWLRQ�LQ�WKH�OHDYHV�RI�ZKHDW��:KHQ�387�SUH�WUHDWPHQW�SUHFHGHG�&G�VWUHVV�ORZHU�OHDI�ϯϭϮ

6$�FRQWHQW�ZDV�GHWHFWHG��HVSHFLDOO\�LQ�WKH�ERXQG�IRUP��ZKLOH�LQ�WKH�FDVH�RI�WKH�63'K\G�&G�ϯϭϯ

WUHDWPHQW� D� KLJKHU� URRW� OHYHO� RI� ERWK� IUHH� DQG�ERXQG�6$�ZDV� IRXQG� FRPSDUHG� WR�&G� VWUHVV�ϯϭϰ

DORQH�ϯϭϱ

ϯϭϲ

���� *HQH�H[SUHVVLRQϯϭϳ

7KH�WUDQVFULSWLRQ OHYHOV RI�$'&�DQG�2'&�JHQHV��HQFRGLQJ�WKH�V\QWKHVLV�HQ]\PHV�RI�ϯϭϴ

387��VKRZHG�GLIIHUHQW�SDWWHUQ��$'&�VKRZHG�KLJKHU�OHYHO�RI�H[SUHVVLRQ�WKDQ�2'&��&KDQJHV�ϯϭϵ

LQ�WKH�JHQH�H[SUHVVLRQ�OHYHO�RI�WKHP�ZHUH GHSHQGHG RQ�WKH�W\SH�RI�WKH�3$�WUHDWPHQWV��387�RU�ϯϮϬ

63'�DV� VHHG� VRDNLQJ� DORQH� GLG� QRW� LQIOXHQFH� WKH� H[SUHVVLRQ� RI� HLWKHU�$'&�RU�2'&��ZKLOH�ϯϮϭ

ZKHQ�ZHUH�DSSOLHG�K\GURSRQLFDOO\�� WKHVH�3$V�VLJQLILFDQWO\�LQFUHDVHG�WKH�H[SUHVVLRQ�OHYHO�RI�ϯϮϮ

$'&��EXW�QRW�2'& �)LJ���$�&���&G�VWUHVV�DOVR�LQFUHDVHG�WKH�OHYHO�RI�$'&�WUDQVFULSW LQ�ERWK�ϯϮϯ

RI�WKH H[SHULPHQWV �VHHG�VRDNLQJ�DQG�K\GURSRQLF�WUHDWPHQWV� �)LJ���$�%���+RZHYHU��LQ�FDVH�ϯϮϰ

RI�WKH�FRPELQHG�WUHDWPHQWV��3$�VHHG�VRDNLQJ��HVSHFLDOO\�63'VV�&G�LQFUHDVHG�WKH�$'&�DQG�ϯϮϱ



ϭϰ

2'&�H[SUHVVLRQ��ZKLOH�LQ�WKH�K\GURSRQLF�WUHDWPHQW�ORZHU�WUDQVFULSWLRQ OHYHOV ZHUH IRXQG�LQϯϮϲ

WKH� OHDYHV�RI�387K\G�&G� DQG�63'K\G�&G�WUHDWHG�SODQWV� WKDQ� LQ WKH�&G�WUHDWHG�RQHV��)LJ��ϯϮϳ

�%�'��ϯϮϴ

,Q� WKH� ILUVW� H[SHULPHQW�� RQO\� 387VV� SUH�WUHDWPHQW� GHFUHDVHG� WKH� H[SUHVVLRQ� OHYHO� RI�ϯϮϵ

3&6�JHQH� LQ� WKH� OHDYHV��ZKLOH� QR� VLJQLILFDQW� FKDQJHV�ZHUH� IRXQG� DIWHU�&G� WUHDWPHQWV� �)LJ��ϯϯϬ

�(����,Q�WKH�VHFRQG�H[SHULPHQW��DOWKRXJK�387K\G�RU�63'K\G�SUH�WUHDWPHQW�DQG�&G�VWUHVV�KDG�ϯϯϭ

QR�LQIOXHQFH�RQ�WKH�H[SUHVVLRQ�RI�WKH�3&6�JHQH��63'�SUH�WUHDWPHQW�LQ�FRPELQDWLRQ�ZLWK�&G�ϯϯϮ

VLJQLILFDQWO\�GHFUHDVHG�LW�LQ�WKH�OHDYHV�RI�WKH����GD\�ROG ZKHDW�SODQWV��)LJ���)��ϯϯϯ

ϯϯϰ

�� 'LVFXVVLRQϯϯϱ

0DQ\� VWXGLHV� KDYH� UHSRUWHG� DQ� LQFUHDVHG� OHYHO� RI� 3$V� ZKHQ� SODQWV� DUH� H[SRVHG� WR�ϯϯϲ

DELRWLF� VWUHVV� FRQGLWLRQV�� IXUWKHUPRUH� HQKDQFHG� DELRWLF� WROHUDQFH� KDV� EHHQ� UHSRUWHG� DIWHU�ϯϯϳ

YDULRXV� 3$� WUHDWPHQWV� PDLQO\� GXH� WR 3$V� DFWLQJ� DV� DQWLR[LGDQWV RU� LQIOXHQFLQJ� WKH�ϯϯϴ

DQWLR[LGDQW� V\VWHP �*KRVK�HW� DO��� ����� 3DUYLQ� HW� DO��� �������+RZHYHU� UHFHQW� UHYLHZV KDYHϯϯϵ

LQGLFDWHG� WKDW� 3$V� DUH� NH\� FRPSRXQGV� LQ� VLJQDOOLQJ� LQWHUDFWLQJ ZLWK� HQGRJHQRXV� SODQW�ϯϰϬ

KRUPRQHV DQG�LQIOXHQFLQJ VHYHUDO�GHIHQFH�PHFKDQLVPV HYHQ DW�WKH�JHQH�H[SUHVVLRQ�OHYHO��/LX�ϯϰϭ

HW�DO���������0LOOHU�)OHPLQJ�HW�DO���������3iO�HW�DO��������ϯϰϮ

3$V�DUH�XVXDOO\�FRQVLGHUHG�WR�EH VLPLODU�PROHFXOHV ZLWK�URERUDQW DQG�SURWHFWLYH�UROHV��ϯϰϯ

+RZHYHU� QRW�RQO\�PD\�GLIIHUHQW�3$V KDYH�GLIIHUHQW�HIIHFWV� EXW WKH�HIIHFW�PD\ DOVR�YDU\�DV�D�ϯϰϰ

IXQFWLRQ�RI�WKH�W\SH�RI�WUHDWPHQW��,Q�WKH�SUHVHQW�H[SHULPHQW�WKH�SURWHFWLYH�HIIHFW�RI�387�DQG�ϯϰϱ

63' XVHG�LQ�WKH�VDPH�FRQFHQWUDWLRQ ODUJHO\�GHSHQGHG RQ�WKH�W\SH�RI�WUHDWPHQW��%RWK�387�DQG�ϯϰϲ

63'�ZHUH HIIHFWLYH�DJDLQVW�&G VWUHVV LQ�ZKHDW�ZKHQ�XVHG�IRU VHHG�VRDNLQJ��EXW�RQO\ 387�ZDV�ϯϰϳ

EHQHILFLDO�LQ�WKH�FDVH�RI K\GURSRQLF�SUH�WUHDWPHQW��7KH�SRVLWLYH�HIIHFW�RI�WKH�387VV WUHDWPHQW�ϯϰϴ

ZDV� PDQLIHVWHG� PDLQO\� DV� DQ LQFUHDVH LQ ELRPDVV� SDUDPHWHUV�� WKDW� RI� 63'VV� DV� LPSURYHGϯϰϵ

SKRWRV\QWKHVLV�UHODWHG� SDUDPHWHUV�� DQG K\GURSRQLF� 387� SUH�WUHDWPHQW LQFUHDVHG VKRRW�ϯϱϬ



ϭϱ

ELRPDVV SURGXFWLRQ�� FKORURSK\OO�D IOXRUHVFHQFH� SDUDPHWHUV� DQG FKORURSK\OO FRQWHQW XQGHU�ϯϱϭ

FDGPLXP�VWUHVV�FRQGLWLRQV� ,Q�FRQWUDVW��VSUD\LQJ�ZLWK�63'�DQG�630 ZHUH�IRXQG�WR�UHGXFHϯϱϮ

&G�VWUHVV�LQ�GHWDFKHG ULFH�OHDYHV��ZKLOH�387�GLG�QRW��+VX�HW�DO���������ϯϱϯ

6HYHUDO� VWXGLHV� KDYH� GHPRQVWUDWHG� WKH� SURWHFWLYH� UROH� RI� 3$V� DJDLQVW� YDULRXV� VWUHVV�ϯϱϰ

IDFWRUV� WKURXJK� WKH� UHJXODWLRQ� RI� FDWLRQ� FRQFHQWUDWLRQ�� DQWLR[LGDQWV�� SKRWRV\QWKHVLV��ϯϱϱ

SK\WRKRUPRQHV�DQG�JHQH�H[SUHVVLRQ��0LQRFKD�HW�DO���������3iO�HW�DO����������,W�LV�HYLGHQW�WKDW�ϯϱϲ

LQGLYLGXDO�3$V��387��63'�RU�630��KDYH GLIIHUHQW HIIHFWV��PDLQO\�GXH� WR�GLIIHUHQFHV� LQ� WKH�ϯϱϳ

3$�PHWDEROLVP�LQGXFHG�LQ�WKH�SODQW�E\�3$�WUHDWPHQW��:KHQ�DSSOLHG�K\GURSRQLFDOO\� 387�GLG�ϯϱϴ

QRW�LQGXFH DQ\ QHJDWLYH�FKDQJHV�LQ�HLWKHU�ZKHDW�RU�PDL]H�SODQWV��ZKLOH�WKH�VDPH�FRQFHQWUDWLRQ�ϯϱϵ

RI�KLJKHU�3$V��63'�DQG�630�� LQGXFHG�JURZWK�LQKLELWLRQ�DQG�R[LGDWLYH�VWUHVV��HVSHFLDOO\�LQ�ϯϲϬ

PDL]H��ZKLFK�FRXOG EH�H[SODLQHG�E\�WKH�KLJK�DFFXPXODWLRQ�RI�387�LQ WKH�3$�F\FOH��6]DODL�HW�ϯϲϭ

DO��������� ,Q�WKH�SUHVHQW�H[SHULPHQW�ZH�IRFXVHG�RQ WKH�FRPSDULVRQ�RI�WKH�HIIHFWV�RI�GLIIHUHQW�ϯϲϮ

3$�WUHDWPHQWV�RQ�ZKHDW�SODQWV�XQGHU�&G�VWUHVV� LQYROYLQJ�FKDQJHV�LQ� WKH�3$�PHWDEROLVP� ,Q�ϯϲϯ

WKH�ILUVW�H[SHULPHQW�RQO\�63'VV�LQFUHDVHG WKH�630�FRQWHQW�LQ�WKH�OHDYHV��ZKLOH�LQ�WKH�VHFRQG�ϯϲϰ

H[SHULPHQW�387K\G RU 63'K\G LQFUHDVHG�WKH�387�DQG�63'�FRQWHQWV HVSHFLDOO\�LQ�WKH�URRWV��ϯϲϱ

DQG WKH 630� OHYHO� RQO\� URVH� LQ� WKH� URRWV�� VXJJHVWLQJ� WKDW� 387� RU� 63'� XSWDNH� UHVXOWHG� LQ�ϯϲϲ

IXUWKHU� V\QWKHVLV� WR� 63'� RU� 630��$V� DOVR� UHSRUWHG� E\� RWKHU� DXWKRUV �*URSSD� HW� DO��� ������ϯϲϳ

������ WKH�JUHDWHVW�LQFUHDVH�LQ�3$�FRQWHQW�LQGXFHG�E\�&G�ZDV�REVHUYHG�IRU�387�LQ�WKH�OHDYHV�ϯϲϴ

DQG�URRWV�RI�ZKHDW�SODQWV��LQ�ERWK�WKH�H[SHULPHQWV��ZKLFK�FDQ�EH�H[SODLQHG�E\�WKH�LQFUHDVHG�ϯϲϵ

JHQH� H[SUHVVLRQ� OHYHO RI� $'&� $OWKRXJK WKH� FRPELQHG� WUHDWPHQWV�� 387VV�&G�� 63'VV�&GϯϳϬ

DQG�HYHQ�387K\G�&G�UHVXOWHG� LQ�VLPLODU�3$�SDWWHUQV��63'K\G�&G�FDXVHG�KLJKHU� OHDI�387�ϯϳϭ

DFFXPXODWLRQ� WKDQ WKH�FRUUHVSRQGLQJ &G�WUHDWPHQW� 7KH�3$�SRRO� LV�G\QDPLF��FKDQJLQJ�RYHU�ϯϳϮ

WLPH�DV�3$V�XQGHUJR�UDSLG�LQWHUFRQYHUVLRQ�LQ�WKH�SRO\DPLQH�F\FOH��3iO�HW�DO����������7KH�PRVW�ϯϳϯ

DEXQGDQW�3$V�DUH�387��63'�DQG�630�LQ�WKH�RUGHU�RI�WKH�V\QWKHVLV�SDWKZD\��EXW�XVXDOO\�63'�ϯϳϰ

LV�WKH�PRVW�GRPLQDQW�3$�LQ�ZKHDW��3$�SRRO�LV�LQIOXHQFHG�E\�WKH�DJH�RI�WKH�SODQWV��DV�KLJKHU�ϯϳϱ



ϭϲ

3$�OHYHO�FDQ�EH�IRXQG�LQ�\RXQJ�VHHGOLQJV��FRPSDUHG�WKH�ROGHU�RQH�� WKH�FRQWHQWV�RI�3$�DOVR�ϯϳϲ

FKDQJH� GXULQJ� WKH� GD\�� IXUWKHUPRUH� GLIIHUHQFHV�PD\� RFFXUV� EHWZHHQ�GLIIHUHQW� RUJDQV� �URRW��ϯϳϳ

VWHP�� OHDI� RU� VHHG��� XSSHU� DQG� ORZHU� OHDYHV�� RU� EHWZHHQ� EDVDO� DQG� DSLFDO� OHDI� VHJPHQWVϯϳϴ

�3DVFKDOLGLV� DQG�5RXEHODNLV�$QJHODNLV�� ������ 3ODQWV WU\� WR�PDLQWDLQ� DQ� RSWLPXP�3$� SRRO�ϯϳϵ

DQG�3$�UDWLR� DV�WKH�DFFXPXODWLRQ�RI�387 LQ�WKH�SUHVHQW�H[SHULPHQW�UHVXOWHG�IURP�WKH�XSWDNH�ϯϴϬ

RI�387� �387K\G�&G�� RU� WKH� EDFN�FRQYHUVLRQ� RI� WKH�63'� WDNHQ�XS� WR�387� �63'K\G�&G��ϯϴϭ

OHDGLQJ� WR� D� KLJK� 387��63'�630�� UDWLR� KDV� EHHQ� UHSRUWHG� WR� UHVXOW� LQ� SODQW� LQMXU\� XQGHU�ϯϴϮ

VWUHVV� FRQGLWLRQV� �6KX� HW� DO��� ������ 7KDW�PD\� DOVR� EH� WKH� UHDVRQ�ZK\� WKH� LQKLELWLRQ� RI� WKH�ϯϴϯ

H[SUHVVLRQ� RI� 2'&� ZDV� IRXQG� LQ� 387K\G�&G� DQG� 63'K\G�&G�WUHDWHG� SODQWV �6XSSO��ϯϴϰ

)LJ����� 7KH�UHVXOWLQJ�KLJK�387�OHYHO�LQ�63'K\G�&G�WUHDWHG�SODQWV�PD\�KDYH�QHJDWLYH�HIIHFWV��ϯϴϱ

DV�VKRZQ�E\�WKH�GHFUHDVH�LQ�ELRPDVV�SDUDPHWHUV DQG FKORURSK\OO�FRQWHQW DQG�WKH�KLJKHVW�&G�ϯϴϲ

DFFXPXODWLRQ� LQ�ERWK� WKH� OHDYHV� DQG� URRWV� $OWKRXJK� LQFUHDVHG�3$�FRQWHQW�ZDV� IRXQG� WR�EH�ϯϴϳ

UHVSRQVLEOH� IRU� WKH� &G�LQGXFHG� GDPDJH�� WKH� LQKLELWLRQ� RI� 387� V\QWKHVLV� FRXOG� QRW� UHVWRUH�ϯϴϴ

QRUPDO�URRW�JURZWK�LQ�ZKHDW�SODQWV��*URSSD�HW�DO��������� 7KH�XQFRQWUROODEOH�LQFUHDVH�LQ�WKH�ϯϴϵ

387�OHYHO�PD\�DOVR�H[SODLQ� WKH�QHJDWLYH�HIIHFW� RI�KLJKHU�3$V� �63'�DQG�630��REVHUYHG� LQ�ϯϵϬ

PDL]H��6]DODL�HW�DO����������+RZHYHU��63'�KDV�EHHQ�UHSRUWHG�WR�VWLPXODWH�URRW�&G�XSWDNH��EXW�ϯϵϭ

QRW� WUDQVORFDWLRQ� LQWR� WKH� OHDYHV� RI� %UDVVLFD� MXQFHD� �$RXQ� HW� DO��� ������� 63'� DQG� 630�ϯϵϮ

WUHDWPHQWV� GHFUHDVHG� WKH� &G� FRQWHQW� LQ� GHWDFKHG� ULFH� OHDYHV� �+VX� DQG� .DR�� ������ ,Q� WKH�ϯϵϯ

SUHVHQW� H[SHULPHQWV�� &G� WUHDWPHQWV� LQ� FRPELQDWLRQ� ZLWK� 63'� UHVXOWHG� LQ� WKH� KLJKHVW� &G�ϯϵϰ

DFFXPXODWLRQ� LQ� WKH�URRWV��KRZHYHU�� WKH� WUDQVORFDWLRQ�RI�&G� LQWR� WKH� OHDYHV� LQ�63'K\G�&G�ϯϵϱ

WUHDWHG�SODQWV�ZDV� QRW� DV� LQWHQVLYH� DV� LQ� WKH� FDVH� RI�387K\G�&G� WUHDWPHQW� 3$V�ZHUH� DOVR�ϯϵϲ

IRXQG�WR�KDYH�D�PHWDO�FKHODWRU�IXQFWLRQ��*URSSD�HW�DO���������:HQ�HW�DO����������LQGLFDWLQJ�D�ϯϵϳ

UHODWLRQVKLS�EHWZHHQ�PHWDO�WR[LFLW\�DQG�WKH�SDWWHUQ�RI�3$�DFFXPXODWLRQ��DV�UHFHQWO\�UHSRUWHG�ϯϵϴ

LQ�WKH�FDVH�RI�ULFH��3iO�HW�DO���������EXW�LW�KDV�QRW EHHQ�GHPRQVWUDWHG�FOHDUO\�\HW�ZKHWKHU�3$�ϯϵϵ

&G�FRPSOH[HV�DUH�DV�HIILFLHQWO\�FRPSDUWPHQWDOLVHG�WR�YDFXROHV�DV�3&�&G�FRPSOH[HV�ϰϬϬ



ϭϳ

&G�DQG�3$�WUHDWPHQWV�PD\�LQIOXHQFH�WKH�H[SUHVVLRQ�OHYHO�RI�$'&�DQG�2'&�JHQHV��DV�ϰϬϭ

LW�ZDV�IRXQG�LQ�D SUHYLRXV�VWXG\�RQ�ULFH��3iO HW�DO����������+RZHYHU��FKDQJHV�LQ�3$�FRQWHQW�ϰϬϮ

QRW� DOZD\V� FRUUHODWHG�ZLWK� H[SUHVVLRQ� OHYHO� RI� WKH� JHQHV�� DV� SRVW�WUDQVFULSWLRQDO� UHJXODWLRQ�ϰϬϯ

PD\� DOVR� RFFXU� �.RYiFV� HW� DO��� ������� DQG� RWKHU� PHFKDQLVP� PD\� DOVR� EH� LQYROYHG� LQ� WKH�ϰϬϰ

PDLQWHQDQFH� RI� WKH� RSWLPDO� 3$� SRRO� $SRSODVWLF� '$2� DFWLYLW\� GLG� QRW� FKDQJH� XQGHU� WKH�ϰϬϱ

SUHVHQW�FRQGLWLRQV��EXW� WKLV�'$2�LV� UHVSRQVLEOH� IRU� WKH� WHUPLQDO�FDWDEROLVP�RI�387��QRW� IRU�ϰϬϲ

WKH� EDFN�FRQYHUVLRQ� RI� 63'� WR� 387�� $FFRUGLQJ� WR� WKHVH� WKH� DOUHDG\� KLJK� DSRSODVWLF�ϰϬϳ

'$2�3$2�DFWLYLWLHV�DUH�UHVSRQVLEOH�IRU�WKH�FDWDEROLVP�RI�3$�GXH�WR�WKH�FRQWUROOHG�3$�H[RGXV�ϰϬϴ

LQWR�WKH�DSRSODVW��&RQD�HW�DO����������63'VV�DQG�63'K\G�WUHDWPHQWV�DORQH�DOVR�LQFUHDVHG�WKH�ϰϬϵ

387� FRQWHQW�� LQ� WKHVH� FDVHV� WKH� EDFN�FRQYHUVLRQ� RI� WKH� XSWDNHQ� 63'� WR� 387� VKRXOG� EH�ϰϭϬ

RFFXUUHG�� DV� VXJJHVWHG� LQ� ZKHDW� DQG� PDL]H� SODQWV� �6]DODL� HW� DO��� ������ ,Q� WKH� SUHVHQW�ϰϭϭ

H[SHULPHQW��GHSHQGLQJ�RQ�WKH�DSSOLHG�3$�DQG�RQ�WKH�W\SH�RI�WUHDWPHQW��GLIIHUHQW�PHFKDQLVPV�ϰϭϮ

PD\�RFFXU�DQG�UHVXOW�WKH�REVHUYHG�FKDQJHV�LQ�WKH�3$�SRRO��3RVVLEOH�PHFKDQLVPV�DQG�FKDQJHV�ϰϭϯ

ZHUH� GLVFXVVHG� RQ� 6XSSO�� )LJ���� FRPSDULQJ� 387VV�&G�� 387K\G�&G�� 63'VV�&G� DQG�ϰϭϰ

63'K\G�&G�WUHDPHQWV�ϰϭϱ

&KDQJHV� LQ�HQGRJHQRXV�6$�FRQWHQW�GXULQJ�DELRWLF� VWUHVV�DQG� WKH�SURWHFWLYH�HIIHFW�RI�ϰϭϲ

H[RJHQRXVO\�DSSOLHG�6$�KDYH DOVR�EHHQ�GHPRQVWUDWHG� $V�D�SODQW�KRUPRQH� 6$ LV�LQYROYHG�LQ�ϰϭϳ

JHQHUDO�VWUHVV�UHVSRQVHV��LQ�D�FRPSOH[�UHODWLRQVKLS�ZLWK�RWKHU�SODQW�KRUPRQHV��OHDGLQJ�WR�WKH�ϰϭϴ

UHJXODWLRQ� RI� JHQH� H[SUHVVLRQ�� 7KHUH� LV� HYLGHQFH� WKDW� QRW� RQO\�PD\� 6$� FDXVH� D� ULVH� LQ� WKH�ϰϭϵ

TXDQWLW\�RI�526�LQ�WKH�FHOO��EXW�526�PD\�DOVR�OHDG�WR�WKH�DFFXPXODWLRQ�RI�6$� VXJJHVWLQJ�WKH�ϰϮϬ

H[LVWHQFH� RI� D� VHOI�LQGXFHG� 6$�+�2� F\FOH �3iO� HW� DO��� ������� ,W� KDV� EHHQ� UHSRUWHG� WKDW� 6$�ϰϮϭ

WUHDWPHQW�LQIOXHQFHV�WKH�3$ FRQWHQW�DQG�FDWDEROLVP��1pPHWK�HW�DO���������6]HSHVL�HW�DO���������ϰϮϮ

:DQJ�HW�DO����������6LPLODUO\��VHHG�VRDNLQJ�ZLWK�63'�RU�630�HQKDQFHG�WKH�6$�FRQWHQW��,TEDO�ϰϮϯ

HW�DO����������,Q�ZKHDW�DQG�PDL]H�SODQWV�K\GURSRQLF�3$�WUHDWPHQW LQGXFHG�6$�DFFXPXODWLRQ�ϰϮϰ

ZKLFK�ZDV�KLJKHU�LQ�WKH�FDVH�RI�6'3�DQG�HYHQ�KLJKHU DIWHU�630��FRPSDUHG�WR�387�WUHDWPHQWVϰϮϱ



ϭϴ

�6]DODL HW� DO��� ������� %DVHG� RQ� WKHVH� UHVXOWV� D� UHODWLRQVKLS� LV� WKRXJKW� WR� H[LVW� EHWZHHQ�ϰϮϲ

HQGRJHQRXV�6$�DQG�3$�FRQWHQWV��,Q�ERWK�RI�WKH�SUHVHQW�H[SHULPHQWV�&G�WUHDWPHQW�OHG�WR�6$�ϰϮϳ

DFFXPXODWLRQ�HVSHFLDOO\�LQ�WKH�OHDYHV� DV�SUHYLRXVO\�UHSRUWHG�LQ ZKHDW��.RYiFV�HW�DO�������D���ϰϮϴ

,W�LV�SRVVLEOH�WKDW�WKH�LQLWLDO�EDVDO�DQG�VWUHVV�LQGXFHG�OHYHOV RI�6$�LQ�WKH�WZR�H[SHULPHQWV RQO\�ϰϮϵ

GLIIHUHG EHFDXVH�LQ� WKH�ILUVW�H[SHULPHQW� WKH�VHHGOLQJV�ZHUH�LPPHGLDWHO\ H[SRVHG�WR�&G�DIWHU�ϰϯϬ

JHUPLQDWLRQ� DQG� VDPSOHG� RQ� WKH� �WK GD\��ZKLOH� LQ� WKH� VHFRQG� H[SHULPHQW� ���GD\�ROG� SODQWVϰϯϭ

ZHUH�WUHDWHG�ZLWK�&G�DQG�VDPSOHG�RQ�WKH���VW GD\��+RZHYHU��ZKHQ�387VV�RU�63'VV�SUHFHGHG�ϰϯϮ

&G�WUHDWPHQW�D�OHVV�SURQRXQFHG LQFUHDVH�LQ�6$�FRQWHQW�ZDV�IRXQG�LQ�WKH�OHDYHV FRPSDUHG�WR�ϰϯϯ

SODQWV�WUHDWHG�ZLWK�&G�DORQH��ZKLFK�PD\�H[SODLQ�WKH�REVHUYHG�SURWHFWLYH�HIIHFW��,Q�FRQWUDVW�WR�ϰϯϰ

WKH�VHHG�VRDNLQJ�SUH�WUHDWPHQW��RQO\�K\GURSRQLF�SUH�WUHDWPHQW�ZLWK�387�ZDV�DEOH�WR�PLWLJDWH�ϰϯϱ

WKH� ULVH� LQ 6$�FRQWHQW� FDXVHG�E\�&G LQ� WKH� OHDYHV��ZKLOH� WKH�63'K\G�&G� WUHDWPHQW�KDG DQ�ϰϯϲ

DGGLWLYH� HIIHFW� RQ�6$�FRQWHQW� LQ� WKH� URRWV�� 6$� LV� D ZHOO�NQRZQ�KRUPRQH� LQYROYHG� LQ� VWUHVV�ϰϯϳ

VLJQDOOLQJ�LQ�SODQWV� DQG�H[SRVXUH�WR�&G�KDV�EHHQ�VKRZQ�WR�VWLPXODWH�6$�DFFXPXODWLRQ�LQ�WKH�ϰϯϴ

URRWV �'DO&RUVR HW� DO��� ������ ,Q�PXWDQW� OLQHV� RI� $UDELGRSVLV� 6$� GHILFLHQF\� GHFUHDVHG� WKH�ϰϯϵ

JURZWK� LQKLELWLRQ FDXVHG�E\�3E�RU�&G�VWUHVV��DQG� WKH�FRQVHTXHQW�EORFNDJH�RI�6$�VLJQDOOLQJ�ϰϰϬ

DOVR�KDG�D�VOLJKW SURWHFWLYH�HIIHFW �7DR�HW�DO���������� 7KH�KLJKHVW�6$�DQG�387�DFFXPXODWLRQ�ϰϰϭ

ZDV IRXQG� DW� ZKROH� SODQW� OHYHO� LQ� 63'K\G�&G�WUHDWHG SODQWV �6XSSO�� )LJ�� ���� 7KLV� LV� QRW�ϰϰϮ

VXUSULVLQJ��DV�D�FORVH�FRUUHODWLRQ�KDV�UHFHQWO\�EHHQ�UHSRUWHG�EHWZHHQ�WKH�HQGRJHQRXV�3$�DQG�ϰϰϯ

6$�FRQWHQWV��ZKLFK�PD\�EH� UHVSRQVLEOH� IRU� WKH� QHJDWLYH� HIIHFW� RI� JUHDWHU� FRQFHQWUDWLRQV� RI�ϰϰϰ

KLJKHU� 3$V� �63'� DQG� 630�� �6]DODL� HW DO��� ������� &RPSDUHG� WR� WKH� FRUUHVSRQGLQJ� &G�ϰϰϱ

WUHDWPHQWV� KLJKHU� URRW� *5�� *67�� $3;� DQG� *�32'� DFWLYLWLHV� ZHUH� DOVR� IRXQG� IRU�ϰϰϲ

63'K\G�&G���ϰϰϳ

3UROLQH� DFWV� DV� D� PDMRU� UHVHUYRLU� RI� HQHUJ\� DQG� QLWURJHQ�� ZKLFK� FDQ� EH� XWLOLVHG� WRϰϰϴ

UHVXPH JURZWK�XQGHU�VWUHVV�FRQGLWLRQV��DQG�LW�KDV�EHHQ�REVHUYHG�WR�DFFXPXODWH LQ�UHVSRQVH�WR�ϰϰϵ

KHDY\�PHWDOV LQ�VHYHUDO�SODQW�VSHFLHV��VXJJHVWLQJ�WKDW�LW�SOD\V�D UROH�LQ�KHDY\�PHWDO�WROHUDQFH�ϰϱϬ



ϭϵ

�6]DEDGRV�DQG�6DYRXUH�������� 3UROLQH�LV�QRW�RQO\�D�GLUHFW�526�VFDYHQJHU� EXW�DOVR�KHOSV�WR�ϰϱϭ

VWDELOL]H�DQWLR[LGDQW�HQ]\PHV��/LDQJ�HW�DO��������� ,WV�DFFXPXODWLRQ�ZDV�IRXQG�WR�EH�6$� DQG�ϰϱϮ

526�GHSHQGHQW�LQ�$UDELGRSVLV��)DEUR�HW�DO���������9HUVOXHV�HW�DO����������387�WUHDWPHQW�KDV�ϰϱϯ

EHHQ�UHSRUWHG�WR�LQGXFH�DQ�LQFUHDVH LQ�SUROLQH�FRQWHQW��VXJJHVWLQJ�WKDW�WKH�3$�PHWDEROLVP�LV�ϰϱϰ

OLQNHG�WR SUROLQH�V\QWKHVLV��3iO�HW�DO���������6]DODL�HW�DO����������,Q�WKH�OHDYHV�DOO WKH�FRPELQHG�ϰϱϱ

WUHDWPHQWV� LQFUHDVHG� WKH� SUROLQH� FRQWHQW�� ZLWK� WKH� PRVW� GUDPDWLF� LQFUHDVH� LQ� WKH OHDYHV RIϰϱϲ

63'K\G�&G�WUHDWHG SODQWV��ZKHUH�WKH�KLJKHVW�&G�XSWDNH ZDV�REVHUYHG �6XSSO��)LJ������ 7KLV�ϰϱϳ

ILQGLQJ� LV� LQ� DFFRUGDQFH�ZLWK� WKH� VXJJHVWLRQ WKDW� SUROLQH�PD\� IXQFWLRQ� DV� D�PHWDO� FKHODWRU�ϰϱϴ

�6KDUPD�HW�DO��������ϰϱϵ

:KHQ� &G� HQWHUV� WKH� F\WRVRO� WKH� V\QWKHVLV� RI� PHWDO�ELQGLQJ� OLJDQGV� LV� DFWLYDWHG� LQ�ϰϲϬ

SODQWV�� UHVXOWLQJ� LQ� WKH�IRUPDWLRQ�RI�FRPSOH[�IRUPLQJ�DJHQWV�FDSDEOH�RI FRPSDUWPHQWDOLVLQJϰϲϭ

KHDY\�PHWDOV�WR�WKH�YDFXROHV� 3&V�DUH�VRPH�RI�WKH�PDMRU KHDY\�PHWDO�FKHODWRUV�LQ�SODQWV��7KH�ϰϲϮ

HQ]\PH�UHVSRQVLEOH�IRU�WKH�V\QWKHVLV�RI�3&V�LV�J�JOXWDP\O�F\VWHLQH�GLSHSWLG\O�WUDQVSHSWLGDVH�ϰϲϯ

�3&6���ZKLFK�LV�DOVR�H[SUHVVHG�ZLWKRXW�KHDY\�PHWDO�VWUHVV��EXW� LV�SULPDULO\�DFWLYDWHG�E\�WKH�ϰϲϰ

SUHVHQFH�RI�KHDY\�PHWDOV��&REEHW�������3iO�HW�DO���������ϰϲϱ

,Q� D� SUHYLRXV� VWXG\� LW� ZDV� GHPRQVWUDWHG� WKDW� 387� SUH�WUHDWPHQW� LQKLELWHG 3&�ϰϲϲ

V\QWKHVLV� DW� WKH� PROHFXODU� DQG� JHQH� H[SUHVVLRQ� OHYHOV� LQ� ULFH� �3iO� HW� DO��� ������� 6LPLODUO\��ϰϲϳ

630�&G� WUHDWPHQW� GHFUHDVHG� WKH� 3&� OHYHOV� LQ� WKH� URRWV� RI�&DQDYDOLD� OLQHDWD �<XQ� HW� DO���ϰϲϴ

��������,Q�FRQWUDVW��WKH�SRVLWLYH�HIIHFW�RI�3$�WUHDWPHQWV�ZDV�IRXQG�LQ�VRPH�FDVHV�WR�UHVXOW�LQ�ϰϲϵ

KLJKHU�3&� FRQWHQW �+VX� DQG�.DR� ������&KRXGKDU\� HW� DO��� ������1DKDU� HW� DO��� �������ZKLOH�ϰϳϬ

RWKHU�DXWKRUV�UHSRUWHG�WKDW�3$V�KDG�QR�HIIHFW�RQ�WKH�3&�OHYHO �*URSSD�HW�DO����������7KH 3$�ϰϳϭ

PHWDEROLVP�PD\�LQIOXHQFH�WKH�V\QWKHVLV�RI�3&V�QRW�RQO\�GXH�WR V\QWKHVLV�DQWDJRQLVP��&\V�LVϰϳϮ

WKH� FRPPRQ� SUHFXUVRU RI� KLJKHU� 3$V� DQG� 3&V��� EXW� DOVR� WR� WKH� IDFW� WKDW 3$V� DUH� PHWDO�ϰϳϯ

FKHODWRUV��VR 3$�&G�ELQGLQJ�PD\�SUHYHQW�&G�IURP VWLPXODWLQJ WKH�LQGXFWLRQ�RI 3&�V\QWKHVLV��ϰϳϰ

/LWWOH�LQIRUPDWLRQ�LV�DYDLODEOH�DERXW�WKH�HIIHFW�RI�3$V�RQ�3&�V\QWKHVLV�DW�WKH�JHQH�H[SUHVVLRQ�ϰϳϱ



ϮϬ

OHYHO��,Q WKH�SUHVHQW�ZRUN 3$�SUH�WUHDWPHQWV�GLG�QRW�LQIOXHQFH�WKH�H[SUHVVLRQ�OHYHO�RI�WKH�3&6�ϰϳϲ

JHQH�LQ�WKH�OHDYHV�DQG�URRWV�RI�ZKHDW�SODQWV ZKHQ�DSSOLHG�DV�VHHG�VRDNLQJ��EXW WKH�K\GURSRQLF�ϰϳϳ

DSSOLFDWLRQ�RI�63' UHGXFHG�JHQH�H[SUHVVLRQ LQ� WKH� OHDYHV GXULQJ &G�VWUHVV� +RZHYHU�� WKHVH�ϰϳϴ

FKDQJHV� DORQH�DUH�QRW� UHVSRQVLEOH� IRU� WKH�REVHUYHG RSSRVLWH�HIIHFW�RI�387K\G�DQG�63'K\G�ϰϳϵ

SUH�WUHDWPHQWV�XQGHU�&G�VWUHVV�ϰϴϬ

ϰϴϭ

�� &RQFOXVLRQVϰϴϮ

$OWKRXJK FHUWDLQ� 3$ SUH�WUHDWPHQWV� �387VV�� 63'VV�� RU� K\GURSRQLF� 387�� SURYLGHGϰϴϯ

SURWHFWLRQ� DJDLQVW� KHDY\�PHWDO� VWUHVV LQ� ZKHDW�� WKHVH� EHQHILFLDO� HIIHFWV� ZHUH� QRW� UHODWHG WRϰϴϰ

GHFUHDVHG�&G�XSWDNH��3$�SUH�WUHDWPHQW LQ�LWVHOI�GLG�QRW�LQIOXHQFH WKH�3&6�JHQH�H[SUHVVLRQ LQ�ϰϴϱ

WKH�URRWV� +RZHYHU� 3$V�DOVR�KDYH�PHWDO�FKHODWLQJ�DELOLW\��ZKLFK�FRXOG�H[SODLQ�ZK\�JUHDWHUϰϴϲ

&G�TXDQWLWLHV ZHUH GHWHFWHG�LQ�SODQWV�WUHDWHG�K\GURSRQLFDOO\�ZLWK�63'� 7KH�QHJDWLYH�HIIHFW�RI�ϰϴϳ

K\GURSRQLF�63'�ZDV�FRUUHODWHG ZLWK�WKH�KLJKHVW�DFFXPXODWLRQ�RI�387��6$�DQG�SUROLQH��7KH�ϰϴϴ

UHVXOWV� GHPRQVWUDWHG� WKDW� FKDQJHV� LQ� WKH� 3$� SRRO� DUH� LPSRUWDQW� IRU� WKH� ILQH� WXQLQJ� RI� 3$�ϰϴϵ

LQGXFHG�VWUHVV�WROHUDQFH�DQG�IRU�WKH�KRUPRQDO�EDODQFH��+RZHYHU��D EHWWHU�XQGHUVWDQGLQJ�RI WKH�ϰϵϬ

H[DFW� PHFKDQLVPV� H[HUWLQJ D� SURWHFWLYH� HIIHFW� XQGHU� &G� VWUHVV� FRQGLWLRQV� ZLOO VWLOO� UHTXLUH�ϰϵϭ

IXUWKHU�UHVHDUFK�ϰϵϮ

ϰϵϯ

$FNQRZOHGJHPHQWVϰϵϰ

7KLV� ZRUN� ZDV� IXQGHG E\� D� JUDQW� IURP� WKH� 1DWLRQDO� 5HVHDUFK�� 'HYHORSPHQW� DQG�ϰϵϱ

,QQRYDWLRQ�2IILFH �1.),+�.���������ZKLFK�LV�JUDWHIXOO\�DFNQRZOHGJHG��ϰϵϲ

ϰϵϳ

5HIHUHQFHVϰϵϴ



Ϯϭ

$QWRQ�� �$��� �5pNiVL�� �0��� �8]LQJHU�� �1��� �6]pSOiEL�� �*��� �0DNy�� �$��� ������� �0RGHOOLQJ� WKH�ϰϵϵ

SRWHQWLDO�HIIHFWV�RI�WKH�+XQJDULDQ�UHG�PXG�GLVDVWHU�RQ�VRLO�SURSHUWLHV��:DWHU�$LU�6RLO�ϱϬϬ

3ROOXW�����������������ϱϬϭ

%DWHV�/��6���:DOGUHQ�5��3���7HDUH ,��'���������5DSLG�GHWHUPLQDWLRQ�RI�IUHH�SUROLQH�IRU�ZDWHU�ϱϬϮ

VWUHVV�VWXGLHV��3ODQW�6RLO��������������ϱϬϯ

&KRXGKDU\��6��3���.DQZDU��0���%KDUGZD�M�5���<X��-�4��7UDQ�/�6��3��������&KURPLXP�VWUHVV�ϱϬϰ

PLWLJDWLRQ� E\� SRO\DPLQH�EUDVVLQRVWHURLG� DSSOLFDWLRQ� LQYROYHV� SK\WRKRUPRQDO� DQG�ϱϬϱ

SK\VLRORJLFDO�VWUDWHJLHV�LQ�5DSKDQXV�VDWLYXV /���3OR6�21( ���H������ϱϬϲ

&REEHWW�� &�� 6�� ������ 3K\WRFKHODWLQV� DQG� WKHLU� UROHV� LQ� KHDY\� PHWDO� GHWR[LILFDWLRQ�� 3ODQW�ϱϬϳ

3K\VLRO���������������ϱϬϴ

'DO&RUVR�*��)DULQDWL�6��)XULQL�$��������5HJXODWRU\�QHWZRUNV�RI� FDGPLXP�VWUHVV� LQ�SODQWV��ϱϬϵ

3ODQW�6LJQDO�%HKDY�������������ϱϭϬ

GL�7RSSL��/�6���*DEEULHOOL��5�� ������5HVSRQVH� WR� FDGPLXP� LQ� KLJKHU� SODQWV��(QYLURQ��([S��ϱϭϭ

%RW��������������ϱϭϮ

)DEUR��*���.RYDFV�� ,��� 3DYHW��9��� 6]DEDGRV�� /���$OYDUH]��0�(�� ������ 3UROLQH� DFFXPXODWLRQ�ϱϭϯ

DQG�$W3�&6��JHQH�DFWLYDWLRQ�DUH�LQGXFHG�E\�SODQW�SDWKRJHQ�LQFRPSDWLEOH�LQWHUDFWLRQV�ϱϭϰ

LQ�$UDELGRSVLV��0RO��3ODQW�0LFUREH�,QWHUDFW��������������ϱϭϱ

*DR��6���<DQ��5���&DR��0���<DQJ��:���:DQJ��6���&KHQ��)��������(IIHFWV�RI�FRSSHU�RQ�JURZWK��ϱϭϲ

DQWLR[LGDQW�HQ]\PHV�DQG SKHQ\ODODQLQH�DPPRQLD�O\DVH�DFWLYLWLHV�LQ�-DWURSKD�FXUFDV /��ϱϭϳ

3ODQW�6RLO�(QYLURQ��������������ϱϭϴ

*KRVK��1���'DV��6�3���0DQGDO��&���*XSWD��6���'DV��.���'H\��1���$GDN��0�.��������9DULDWLRQV�ϱϭϵ

RI�DQWLR[LGDWLYH�UHVSRQVHV�LQ�WZR�ULFH�FXOWLYDUV�ZLWK�SRO\DPLQH�WUHDWPHQW�XQGHU�VDOLQLW\�ϱϮϬ

VWUHVV��3K\VLRO��0RO��%LRO��3ODQWV��������������ϱϮϭ



ϮϮ

*RQGRU�� 2�.��� 3iO�� 0��� 'DUNy�� e��� -DQGD�� 7��� 6]DODL�� *�� ������ 6DOLF\OLF� DFLG� DQG� VRGLXP�ϱϮϮ

VDOLF\ODWH�DOOHYLDWH�FDGPLXP�WR[LFLW\�WR�GLIIHUHQW�H[WHQWV�LQ�PDL]H �=HD�PD\V /����3/R6�ϱϮϯ

21(������H���������ϱϮϰ

*URSSD��0��'���7RPDUR��0��/���%HQDYLGHV�0��3��������3RO\DPLQHV�DQG�KHDY\�PHWDO�VWUHVV��ϱϮϱ

WKH� DQWLR[LGDQW� EHKDYLRU� RI� VSHUPLQH� LQ� FDGPLXP� DQG� FRSSHU�WUHDWHG� ZKHDW� OHDYHV��ϱϮϲ

%LRPHWDOV��������������ϱϮϳ

*URSSD�� 0�'��� =DZR]QLN�� 0�6��� 7RPDUR�� 0�/��� %HQDYLGHV�� 03�� ������ ,QKLELWLRQ� RI� URRW�ϱϮϴ

JURZWK�DQG�SRO\DPLQH�PHWDEROLVP�LQ�VXQIORZHU��+HOLDQWKXV�DQQXXV��VHHGOLQJV�XQGHU�ϱϮϵ

FDGPLXP�DQG�FRSSHU�VWUHVV��%LRO��7UDFH�(OHP��5HV����������������ϱϯϬ

+VX��<��7���.DR��&��+��������&DGPLXP�LQGXFHG�R[LGDWLYH�GDPDJH�LQ�ULFH�OHDYHV�LV�UHGXFHG�ϱϯϭ

E\�SRO\DPLQHV��3ODQW�6RLO������������ϱϯϮ

,TEDO��0���$VKUDI��0���-DPLO��$���5HKPDQ��6��������'RHV�VHHG�SULPLQJ�LQGXFH�FKDQJHV�LQ�WKH�ϱϯϯ

OHYHOV�RI�VRPH�HQGRJHQRXV�SODQW�KRUPRQHV�LQ�KH[DSORLG�ZKHDW�SODQWV�XQGHU�VDOW�VWUHVV"�ϱϯϰ

-��,QW��3ODQW�%LRO��������������ϱϯϱ

.RYiFV�� 9��� *RQGRU�� 2�.��� 6]DODL�� *��� 'DUNy�� (��� 0DMOiWK�� ,��� -DQGD�� 7��� 3iO� 0�� ����D�ϱϯϲ

6\QWKHVLV�DQG�UROH�RI�VDOLF\OLF�DFLG�LQ�ZKHDW�YDULHWLHV�ZLWK�GLIIHUHQW�OHYHOV�RI�FDGPLXP�ϱϯϳ

WROHUDQFH��-��+D]DUG��0DWHU�������������ϱϯϴ

.RYiFV��9���*RQGRU��2�.���6]DODL��*���0DMOiWK��,���-DQGD��7���3iO��0������E��89�%�UDGLDWLRQ�ϱϯϵ

PRGLILHV� WKH� DFFOLPDWLRQ� SURFHVVHV� WR� GURXJKW� RU� FDGPLXP� LQ� ZKHDW�� (QYLURQ� ([S�ϱϰϬ

%RW����������± �����ϱϰϭ

.RYiFV� =��� 6LPRQ�6DUNDGL� /��� 6]XFV� $��� .RFV\� *� ������ 'LIIHUHQWLDO� HIIHFWV� RI� FROG��ϱϰϮ

RVPRWLF� VWUHVV�DQG�DEVFLVLF�DFLG�RQ�SRO\DPLQH�DFFXPXODWLRQ� LQ�ZKHDW� $PLQR�$FLGV��ϱϰϯ

��� ���������ϱϰϰ

/DQGEHUJ��7���*UHJHU��0��������'LIIHUHQFHV�LQ�R[LGDWLYH�VWUHVV�LQ�KHDY\�PHWDO�UHVLVWDQW�DQG�ϱϰϱ

VHQVLWLYH�FORQHV�RI�6DOL[�YLPLQDOLV��-��3ODQW�3K\VLRO�������������ϱϰϲ



Ϯϯ

/LDQJ�� ;��� =KDQJ�� /��� 1DWDUDMDQ�� 6�.��� %HFNHU�� '�)�� � ������ 3UROLQH� PHFKDQLVPV� RI� VWUHVV�ϱϰϳ

VXUYLYDO� $QWLR[LG��5HGR[�6LJQDO����������������ϱϰϴ

/LX��-�+���:DQJ��:���:X��+���*RQJ��;���0RULJXFKL��7��������3RO\DPLQHV�IXQFWLRQ�LQ�VWUHVV�ϱϰϵ

WROHUDQFH��IURP�V\QWKHVLV�WR�UHJXODWLRQ��)URQW��3ODQW�6FL����������ϱϱϬ

/ySH]�&OLPHQW�� 0�� )��� $UERQD�� 9��� 3pUH]�&OHPHQWH�� 5�� 0��� =DQGDOLQDV�� 6�� ,�� *yPH]�ϱϱϭ

&DGHQDV�� $�� ������ (IIHFW� RI� FDGPLXP� DQG� FDOFLXP� WUHDWPHQWV� RQ� SK\WRFKHODWLQ� DQG�ϱϱϮ

JOXWDWKLRQH�OHYHOV�LQ�FLWUXV�SODQWV��3ODQW�%LRO�-� ��� �������ϱϱϯ

0LOOHU�)OHPLQJ��/���2OLQ�6DQGRYDO��9���&DPSEHOO��.���5DOVHU��0��������5HPDLQLQJ�P\VWHULHV�ϱϱϰ

RI�PROHFXODU�ELRORJ\��7KH�UROH�RI�SRO\DPLQHV�LQ�WKH�FHOO��-��0RO��%LRO�����������������ϱϱϱ

0LQRFKD��5���0DMXPGDU��5���0LQRFKD��6�&��������3RO\DPLQHV�DQG�DELRWLF�VWUHVV�LQ�SODQWV��D�ϱϱϲ

FRPSOH[�UHODWLRQVKLS��)URQW��3ODQW�6FL���� ����ϱϱϳ

0RVFKRX��3�1���:X��-��� &RQD��$���7DYODGRUDNL��3���$QJHOLQL��5���5RXEHODNLV�$QJHODNLV�.�$���ϱϱϴ

������ 7KH� SRO\DPLQHV� DQG� WKHLU� FDWDEROLF� SURGXFWV� DUH� VLJQLILFDQW� SOD\HUV� LQ� WKH�ϱϱϵ

WXUQRYHU�RI�QLWURJHQRXV�PROHFXOHV�LQ�SODQWV��-��([S��%RW�����������������ϱϲϬ

1DKDU�� .��� +DVDQX]]DPDQ�� 0��� $ODP�� 0�0��� 5DKPDQ�� $��� 6X]XNL�� 7��� )XMLWD�� 0�� ������ϱϲϭ

3RO\DPLQH� DQG� QLWULF� R[LGH� FURVVWDON�� $QWDJRQLVWLF� HIIHFWV� RQ� FDGPLXP� WR[LFLW\� LQ�ϱϲϮ

PXQJ�EHDQ�SODQWV� WKURXJK�XSUHJXODWLQJ� WKH�PHWDO� GHWR[LILFDWLRQ�� DQWLR[LGDQW� GHIHQVH�ϱϲϯ

DQG�PHWK\OJO\R[DO�GHWR[LILFDWLRQ�V\VWHPV� (FRWR[LFRO��(QYLURQ��6DI���������������ϱϲϰ

1pPHWK��0��� -DQGD�� 7��� +RUYiWK�� (��� 3iOGL�� (��� 6]DODL�� *�� ������ ([RJHQRXV� VDOLF\OLF� DFLG�ϱϲϱ

LQFUHDVHV�SRO\DPLQH�FRQWHQW�EXW�PD\�GHFUHDVH�GURXJKW� WROHUDQFH� LQ�PDL]H��3ODQW�6FL��ϱϲϲ

���������������ϱϲϳ

3DVFKDOLGLV� .�$��� 5RXEHODNLV�$QJHODNLV� .�$�� ������ 6SDWLDO� DQG� WHPSRUDO� GLVWULEXWLRQ� RI�ϱϲϴ

SRO\DPLQH� OHYHOV� DQG�SRO\DPLQH�DQDEROLVP� LQ�GLIIHUHQW�RUJDQV�WLVVXHV�RI� WKH� WREDFFR�ϱϲϵ

SODQW��&RUUHODWLRQV�ZLWK�DJH��FHOO�GLYLVLRQ�H[SDQVLRQ��DQG�GLIIHUHQWLDWLRQ��3ODQW�3K\VLRO��ϱϳϬ

�������������ϱϳϭ



Ϯϰ

3iO� 0���&ViYiV� *���6]DODL� *���2OiK� 7���.KDOLO� 5���<RUGDQRYD� 5���*HOO��*���%LULQ\L� =V���ϱϳϮ

1pPHWK� (���-DQGD� 7���������3RO\DPLQHV�PD\�LQIOXHQFH�SK\WRFKHODWLQ�V\QWKHVLV�GXULQJ�ϱϳϯ

&G�VWUHVV�LQ�ULFH� -��+D]DUG��0DWHU��GRL�RUJ���������M�MKD]PDW�������������ϱϳϰ

3iO�� 0��� +RUYiWK�� (��� -DQGD�� 7��� 3iOGL�� (��� 6]DODL�� *�� ������ &DGPLXP� VWLPXODWHV� WKH�ϱϳϱ

DFFXPXODWLRQ� RI� VDOLF\OLF� DFLG� DQG� LWV� SXWDWLYH� SUHFXUVRUV� LQ� PDL]H� �=HD� PD\V /���ϱϳϲ

SODQWV��3K\VLRO��3ODQW���������������ϱϳϳ

3iO��0���+RUYiWK��(���-DQGD��7���3iOGL��(���6]DODL��*��������3K\VLRORJLFDO�FKDQJHV�DQG�GHIHQFH�ϱϳϴ

PHFKDQLVPV�LQGXFHG�E\�FDGPLXP�VWUHVV�LQ�PDL]H��-��3ODQW�1XWU��6RLO�6FL���������������ϱϳϵ

3iO��0��� .RYiFV�� 9��� 9LGD�� *��� 6]DODL�� *��� -DQGD�� 7�� ������ &KDQJHV� LQGXFHG� E\� SRZGHU\�ϱϴϬ

PLOGHZ� LQ� WKH� VDOLF\OLF� DFLG� DQG� SRO\DPLQH� FRQWHQWV� DQG� WKH� DQWLR[LGDQW� HQ]\PH�ϱϴϭ

DFWLYLWLHV�RI�ZKHDW�OLQHV��(XU��-��3ODQW�3DWKRO�������������ϱϴϮ

3iO��0���6]DODL��*���-DQGD��7��������6SHFXODWLRQ��3RO\DPLQHV�DUH�LPSRUWDQW� LQ�DELRWLF�VWUHVV�ϱϴϯ

VLJQDOOLQJ��3ODQW�6FL�������������ϱϴϰ

3DUYLQ�� 6��� /HH�� 2�5��� 6DWKL\DUDM�� *��� .KRUROUDJFKDD�� $��� .LP�� <�-��� <DQJ�� '�&�� ������ϱϴϱ

6SHUPLGLQH� DOOHYLDWHV� WKH� JURZWK� RI� VDOLQH�VWUHVVHG� JLQVHQJ� VHHGOLQJV� WKURXJK�ϱϴϲ

DQWLR[LGDWLYH�GHIHQVH�V\VWHP� *HQH�������������ϱϴϳ

3DRODFFL�� $�5��� 7DQ]DUHOOD�� 2�$��� 3RUFHGGX�� (��� &LDIIL�� 0�� ������ ,GHQWLILFDWLRQ� DQG�ϱϴϴ

YDOLGDWLRQ�RI� UHIHUHQFH�JHQHV� IRU�TXDQWLWDWLYH�57�3&5�QRUPDOL]DWLRQ� LQ�ZKHDW��%0&�ϱϴϵ

0ROHFXODU�%LRORJ\� �������ϱϵϬ

6KDUPD��6�6���6FKDW��+���9RRLMV��5��������,Q�YLWUR DOOHYLDWLRQ�RI�KHDY\�PHWDO�LQGXFHG�HQ]\PH�ϱϵϭ

LQKLELWLRQ�E\�SUROLQH��3K\WRFKHPLVWU\����� ����±�����ϱϵϮ

6KX��6���<XDQ��/�<���*XR��6�5���6XQ��-���/LX��&�-��������(IIHFWV�RI�H[RJHQRXV�VSHUPLGLQH�RQ�ϱϵϯ

SKRWRV\QWKHVLV�� [DQWKRSK\OO� F\FOH� DQG� HQGRJHQRXV� SRO\DPLQHV� LQ� FXFXPEHU� VHHGOLQJ�ϱϵϰ

H[SRVHG�WR�VDOLQLW\��$IU��-��%LRWHFK����������������ϱϵϱ



Ϯϱ

6WROW��-�3���6QHOOHU��)�(�&���%U\QJHOVVRQ��7���/XQGERUJ��7���6FKDW��+��������3K\WRFKHODWLQ�DQG�ϱϵϲ

FDGPLXP�DFFXPXODWLRQ�LQ�ZKHDW��(QYLURQ��([S��%RW������������ϱϵϳ

6]DEDGRV��/���6DYRXUp��$��������3UROLQH��D�PXOWLIXQFWLRQDO�DPLQR�DFLG��7UHQGV�3ODQW�6FL������ϱϵϴ

�������ϱϵϵ

6]DODL��*���-DQGD��.���'DUNy��(���-DQGD��7���3HHYD��9���3iO� 0��������&RPSDUDWLYH�DQDO\VLV�RI�ϲϬϬ

SRO\DPLQH�PHWDEROLVP�LQ�ZKHDW�DQG�PDL]H�SODQWV���3ODQW�3K\VLRO��%LRFKHP������������ϲϬϭ

����ϲϬϮ

6]HSHVL��È���*pPHV��.���2URV]��*���3HWĘ��$���7DNiFV��=���9RUiN��0���7DUL��,��������,QWHUDFWLRQϲϬϯ

EHWZHHQ� VDOLF\OLF� DFLG� DQG� SRO\DPLQHV� DQG� WKHLU� SRVVLEOH� UROHV� LQ� WRPDWR� KDUGHQLQJ�ϲϬϰ

SURFHVVHV��$FWD�%LRO��6]HJHG��������������ϲϬϱ

7DNiFV��=���3RyU��3���7DUL�� ,��������&RPSDULVRQ�RI�SRO\DPLQH�PHWDEROLVP� LQ� WRPDWR�SODQWV�ϲϬϲ

H[SRVHG� WR� GLIIHUHQW� FRQFHQWUDWLRQV� RI� VDOLF\OLF� DFLG� XQGHU� OLJKW� RU� GDUN� FRQGLWLRQV��ϲϬϳ

3ODQW�3K\VLRO��%LRFKHP������������������ϲϬϴ

7DR� 6���6XQ� /���0D� &���/L� /���/L� *���+DR� /��������5HGXFLQJ�EDVDO�VDOLF\OLF�DFLG�HQKDQFHV�ϲϬϵ

$UDELGRSVLV�WROHUDQFH�WR�OHDG�RU�FDGPLXP��3ODQW�6RLO������ ��������ϲϭϬ

9HUVOXHV��3�(���.LP��<�6���=KX��-�.��������$OWHUHG�$%$��SUROLQH�DQG�K\GURJHQ�SHUR[LGH�LQ�ϲϭϭ

DQ�$UDELGRSVLV� JOXWDPDWH�� JO\R[\ODWH� DPLQRWUDQVIHUDVH�PXWDQW�� 3ODQW�0RO�� %LRO�� ����ϲϭϮ

��������ϲϭϯ

:DQJ��;���=KDQJ��<�������5HJXODWLRQ�RI�VDOLF\OLF�DFLG�RQ�SRO\DPLQH�V\QWKHVL]H�XQGHU�1D&O�ϲϭϰ

VWUHVV�LQ�OHDYHV�RI�WKH�\DOL�SHDU� 5HV��-��$SSO��6FL��(QJ��7HFKQRO���������������ϲϭϱ

:HQ�� ;��3�� %DQ�� <�� ,QRXH�� +�� 0DWVXGD�� 1�� 0RULJXFKL�� 7�� ������ 6SHUPLGLQH� OHYHOV� DUH�ϲϭϲ

LPSOLFDWHG� LQ� KHDY\� PHWDO� WROHUDQFH� LQ� D� VSHUPLGLQH� V\QWKDVH� RYHUH[SUHVVLQJ�ϲϭϳ

WUDQVJHQLF�(XURSHDQ� SHDU� E\� H[HUWLQJ� DQWLR[LGDQW� DFWLYLWLHV�� 7UDQVJHQLF�5HV�� ��� ���ϲϭϴ

����ϲϭϵ



Ϯϲ

<XQ�� ,�6��� +ZDQJ�� ,�'��� 0RRQ�� %�<��� .ZRQ�� <�0�� ������ (IIHFW� RI� VSHUPLQH� RQ� WKH�ϲϮϬ

SK\WRFKHODWLQ� FRQFHQWUDWLRQ� DQG� FRPSRVLWLRQ� LQ� FDGPLXP�WUHDWHG� URRWV� RI�&DQDYDOLD�ϲϮϭ

OLQHDWD VHHGOLQJV��-��3ODQW�%LRO��������������ϲϮϮ

ϲϮϯ

ϲϮϰ

ϲϮϱ

ϲϮϲ

ϲϮϳ

ϲϮϴ

ϲϮϵ

ϲϯϬ

ϲϯϭ

ϲϯϮ

ϲϯϯ

ϲϯϰ

/HJHQGV�ϲϯϱ

)LJXUH��� (IIHFWV�RI�����P0�SXWUHVFLQH�RU�VSHUPLGLQH�SUH�WUHDWPHQW�DV�VHHG�VRDNLQJ��387VV�ϲϯϲ

RU�63'VV��DQG�RU����P0�&G�12��� WUHDWPHQW� �&G��387VV�&G�DQG�63'VV�&G�� IXUWKHUPRUH�ϲϯϳ

����P0�SXWUHVFLQH�RU�VSHUPLGLQH�K\GURSRQLF�SUH�WUHDWPHQW� �387K\G�RU�63'K\G��DQG�RU����ϲϯϴ

P0� &G�12��� WUHDWPHQW� �&G�� 387K\G�&G� DQG� 63'K\G�&G�� RQ� WKH� SRO\DPLQH� FRQWHQWV��ϲϯϵ

QDPHO\�SXWUHVFLQH��387� $ DQG�'���VSHUPLGLQH��63'��% DQG�(��DQG�VSHUPLQH��630��& DQG�)�ϲϰϬ

LQ� WKH� OHDYHV� DQG� URRWV� RI� ZKHDW� SODQWV��'DWD� UHSUHVHQW�PHDQ� YDOXHV� �6'��'LIIHUHQW� OHWWHUV�ϲϰϭ

LQGLFDWH�VLJQLILFDQW�GLIIHUHQFHV�EHWZHHQ�WKH�WUHDWPHQWV�DW�3������ϲϰϮ

)LJXUH��� (IIHFWV�RI�����P0�SXWUHVFLQH�RU VSHUPLGLQH�SUH�WUHDWPHQW�DV�VHHG�VRDNLQJ��387VV�ϲϰϯ

RU�63'VV��DQG�RU����ȝ0�&G�12��� WUHDWPHQW� �&G��387VV�&G�DQG�63'VV�&G�� IXUWKHUPRUH�ϲϰϰ



Ϯϳ

����P0�SXWUHVFLQH�RU�VSHUPLGLQH�K\GURSRQLF�SUH�WUHDWPHQW� �387K\G�RU�63'K\G��DQG�RU����ϲϰϱ

P0� &G�12��� WUHDWPHQW� �&G�� 387K\G�&G DQG� 63'K\G�&G�� RQ� WKH� VDOLF\OLF� DFLG� �6$��ϲϰϲ

FRQWHQW LQ�WKH�IUHH��$ DQG�&� RU ERXQG�IRUP��% DQG�'��LQ�WKH�OHDYHV�DQG�URRWV�RI�ZKHDW�SODQWV��ϲϰϳ

'DWD�UHSUHVHQW�PHDQ�YDOXHV��6'��'LIIHUHQW�OHWWHUV�LQGLFDWH�VLJQLILFDQW�GLIIHUHQFHV�EHWZHHQ�WKH�ϲϰϴ

WUHDWPHQWV�DW�3������ϲϰϵ

)LJXUH� �� &KDQJHV� LQ� WKH� JHQH� H[SUHVVLRQ� RI� WKH� DUJLQLQH� GHFDUER[\ODVH� �$'&�� �$�%���ϲϱϬ

RUQLWKLQH�GHFDUER[\ODVH��&�'��DQG�SK\WRFKHODWLQ�V\QWKDVH �3&6� JHQHV �(�)��LQ�WKH�OHDYHV�RI�ϲϱϭ

ZKHDW SODQWV�DIWHU�����P0�SXWUHVFLQH�RU�VSHUPLGLQH�SUH�WUHDWPHQW�DV�VHHG�VRDNLQJ �387VV�RU�ϲϱϮ

63'VV��DQG�RU����P0�&G�12��� WUHDWPHQW��&G��387VV�&G�DQG�63'VV�&G�� IXUWKHUPRUH�����ϲϱϯ

P0�SXWUHVFLQH�RU�VSHUPLGLQH�K\GURSRQLF�SUH�WUHDWPHQW��387K\G�RU�63'K\G��DQG�RU����P0�ϲϱϰ

&G�12��� WUHDWPHQW� �&G��387K\G�&G� DQG�63'K\G�&G���'DWD� UHSUHVHQW�PHDQ�YDOXHV �6'��ϲϱϱ

Q ��� �� � DQG� �� VLJQLILFDQW� GLIIHUHQFHV� EHWZHHQ� IROG� FKDQJHV� DW� WKH� 3������� ����� DQG�ϲϱϲ

������OHYHOV��UHVSHFWLYHO\�ϲϱϳ

6XSSOHPHQWDU\�)LJXUH����&RPSDULVRQ�RI�WKH�HIIHFWV�RI�SRO\DPLQH�SUH�WUHDWPHQWV�DSSOLHG�DV�ϲϱϴ

VHHG�VRDNLQJ�RU�K\GURSRQLFDOO\��SXWUHVFLQH��387�RU�VSHUPLGLQH� 63'��XQGHU�FDGPLXP�VWUHVV�ϲϱϵ

RQ�SRO\DPLQH�PHWDEROLVP��FRQWHQWV�RI�VDOLF\OLF�DFLG��6$��DQG�SUROLQH��3UR���DQG�RQ�FDGPLXP�ϲϲϬ

XSWDNH� 7KH�VL]H�RI� WKH� OHWWHUV�HLWKHU�IRU�SRO\DPLQHV��387��63'�DQG�VSHUPLQH� 630��RU� IRU�ϲϲϭ

6$��3UR�DQG�&G�LQGLFDWHG�WKH�OHYHO�RI�DFFXPXODWLRQ��7KH�WKLFNQHVV�RI�WKH�DUURZV�LQGLFDWH�WKH�ϲϲϮ

LQWHQVLW\� RI� WKH� HIIHFWV�� ZKLWH� DUURZV� IRU� FKDQJHV� LQ� JHQH� H[SUHVVLRQ� �VWLPXODWLRQ� RU�ϲϲϯ

LQKLELWLRQ���EODFN�DUURZV�IRU�WKH�LQWHUFRQYHUVLRQ�LQ�WKH�SRO\DPLQH�F\FOH��ZKLOH�EODFN�VWULSSHG�ϲϲϰ

DUURZ�IRU�WKH�SRO\DPLQH�XSWDNH�ϲϲϱ



7DEOH��� (IIHFWV�RI�����P0�SXWUHVFLQH�RU�VSHUPLGLQH�SUH�WUHDWPHQW�DV�VHHG�VRDNLQJ��387VV�RU�63'VV��DQG�RU����P0�&G�12��� WUHDWPHQW��&G��387VV�&G�
DQG�63'VV�&G��RQ�WKH�ELRPDVV��IOXRUHVFHQFH�LQGXFWLRQ�SDUDPHWHUV�DQG�FDGPLXP��FKORURSK\OO�DQG�SUROLQH�FRQWHQWV� WKH�DQWLR[LGDQW�HQ]\PH�DFWLYLWLHV��QDPHO\�
JOXWDWKLRQH� UHGXFWDVH� �*5��� JOXWDWKLRQH�6�WUDQVIHUDVH� �*67��� FDWDODVH� �&$7��� DVFRUEDWH�SHUR[LGDVH� �$3;��DQG� JXDLDFRO� SHUR[LGDVH� �*�32'��� DQG� RQ� WKH�
GLDPLQH� R[LGDVH� �'$2�� DQG� SRO\DPLQH� R[LGDVH� �3$2�� DFWLYLWLHV� LQ�ZKHDW� SODQWV��'DWD� UHSUHVHQW�PHDQ� YDOXHV� �6'��'LIIHUHQW� OHWWHUV� LQGLFDWH� VLJQLILFDQW�
GLIIHUHQFHV�EHWZHHQ�WKH�WUHDWPHQWV�DW�3�������

&RQWURO &G 387VV 387VV�&G 63'VV 63'VV�&G

6KRRW�OHQJWK��FP� �����������F ����������D �����������FG ����������E �����������G ����������D

6KRRW�):��J� ������������F ������������D ������������F ������������E ������������F ������������E

5RRW�OHQJWK��FP� �����������F ����������D �����������F ���������E �����������F ����������D

5RRW�):��J�� ������������E ������������D ����������� E ������������D ������������E �����������D

/HDI�&G��PJ�NJ��� ����������D �����������F ����������D ������������G ����������E ������������FG

5RRW�&G��PJ�NJ��� ����������D ���������������F ����������D ��������������G ����������E ���������������G
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