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,1752'8&7,21�
'XULQJ� UHFHQW� \HDUV� WKHUH� KDV� EHHQ� LQFUHDVHG� LQWHUHVW� LQ� WKH� XVH� RI�

HQ]\PDWLF� VWDELOL]DWLRQ� WHFKQLTXHV� IRU� WKH� SUHVHUYDWLRQ� DQG� XWLOL]DWLRQ� RI� IHHG�
PDWHULDOV� IRU� DQLPDO� IHHGLQJ� LQ� SDUWLFXODU�� D� JUHDW� GHDO� RI� DWWHQWLRQ� KDV� EHHQ�
FRQFHQWUDWHG� RQ� WKH� XWLOL]DWLRQ� RI� ILVKHU\� E\�SURGXFWV�� LQFOXGLQJ� ORZ� JUDGH�
LQGXVWULDO� ILVK� VSHFLHV�� ILOOHWLQJ� ZDVWH� DQG� E\�FDWFK�� $OWKRXJK� LW� KDV� DOVR� EHHQ�
SRVVLEOH� WR� WUHDW� SODQW� SURWHLQ� DQG� WHUUHVWULDO� DQLPDO� E\�SURGXFWV� XVLQJ� HQVLOLQJ�
WHFKQLTXHV� �1RUPDQ�HW� DO�� ������� WKH� FRQFHQWUDWLRQ� RI� UHVHDUFK� HIIRUW� RQ� ILVKHU\�
E\�SURGXFWV� KDV� DULVHQ� EHFDXVH� RI� WKH� KLJK� OHYHO� RI�ZDVWDJH�ZLWKLQ� WKH� LQGXVWU\�
GXH� WR� LWV� RIWHQ� VHDVRQDO� QDWXUH� DQG� FRVW� RI� VWRULQJ� �IUHH]LQJ�� DQG� WUDQVSRUWLQJ�
WKHVH�PDWHULDOV�RYHU�ORQJ�GLVWDQFHV�WR�WKH�QHDUHVW�ILVK�PHDO�SODQW���

7KH� WZR� WHFKQLTXHV� ZKLFK� KDYH� GHDOV� HQVLOLQJ� WKURXJK� FKHPLFDO�
DFLGLILFDWLRQ��DFLG�SUHVHUYHG�VLODJH��RU�EDFWHULDO�IHUPHQWDWLRQ��IHUPHQWHG�VLODJH���
$FLG� SUHVHUYHG� VLODJHV�� YDULRXV� DFLGV�� �ERWK� RUJDQLF� DQG� LQRUJDQLF��� KDYH� EHHQ�
XVHG�� ,Q� RUJDQLF� DFLGV�� W\SLFDOO\� VXOSKXULF� DFLG� DQG� K\GURFKORULF� DFLG�� KDYH� WKH�
DGYDQWDJH� RI� EHLQJ� VWURQJ� DFLGV�� UHODWLYHO\� FKHDS� DQG� ZLGHO\� DYDLODEOH� EXW� WKH\�
UHTXLUH�WKH�S+�RI�WKH�ILQDO�VLODJH�WR�EH���RU�EHORZ�WR�SUHYHQW�EDFWHULDO�VSRLODJH��LQ�
DGGLWLRQ� EHIRUH� VXFK� D� VLODJH� LV� IHG� �E\� PL[LQJ� ZLWK� DQ� DSSURSULDWH� GU\� ELQGHU�
SUHPL[���
� ,Q�FRQWUDVW��RUJDQLF�DFLGV�DOWKRXJK�PRUH�H[SHQVLYH�KDYH�PXFK�EHWWHU�DQWL�
EDFWHULDO�SURSHUWLHV� �:RROIRUG�������� �,W� LV�SRVVLEOH� WR�XVH�D�PL[WXUH�RI� LQRUJDQLF�
DQG� RUJDQLF� DFLGV� WR� REWDLQ� WKH� VWUHQJWK� DQG� HFRQRP\� RI� WKH� IRUPHU� ZLWK� WKH�
SUHVHUYDWLYH� SURSHUWLHV� RI� WKH� ODWWHU�� 3URSLRQLF� DFLG� LV� RIWHQ� XVHG�QRW� RQO\� IRU� LWV�
DQWLEDFWHULDO�SURSHUWLHV�EXW�DOVR�EHFDXVH�LW�SUHYHQWV�PRXOG�JURZWK��0RXOG�JURZWK��
LQ�SDUWLFXODU�$VSHUJLKXV�IODYXV� KDYH�EHHQ�UHSRUWHG� LQ�IRUPLF�DFLG�VLODJH�VWRUHG� LQ�
WURSLFDO�FRQGLWLRQV�HYHQ�DW�S+�OHVV�WKDQ����.RPSLDQJ�HW�DO�������D���5XQJUXDQJVDN�
DQG�8WQH��������IHG�ILVK�VLODJHV�SUHSDUHG�E\�XVLQJ�GLIIHUHQW�DFLGV�WR�UDLQERZ�WURXW�
DQG� H[DPLQHG� FKDQJHV� LQ�SURWHDVH�DFWLYLW\� LQ� WKH�GLJHVWLYH� WUDFWV��7KH\� UHSRUWHG�
WKDW�� WKH� DFLGV� WHVWHG� �IRUPLF�� K\GURFKORULF� DQG� VXOSKXULF�� RQO\� K\GURFKORULF� DFLG�
KDG�QR�HIIHFW�RQ�SURWHDVH�DFWLYLW\�LQ�DQ\�UHJLRQ�RI�WKH�LQWHVWLQH��ZKLOH�IRUPLF�DQG�
VXOSKXULF�DFLGV�FDXVHG�UHGXFWLRQ�LQ�SURWHDVH�DFWLYLW\�DW�KLJK�GLHWDU\�VLODJH�OHYHOV���
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&R�GULHG� VXOSKXULF�SURSLRQLF� ILVK� VLODJH� KDV� EHHQ� XVHG� VXFFHVVIXOO\� DV� D�
UHSODFHPHQW�IRU�ILVK�PHDO�LQ�UDLQERZ�WURXW�GLHWV��+DUG\�HW�DO�����������

)HUPHQWHG�VLODJHV��VLODJH�SURGXFWLRQ�LV�DOVR�SRVVLEOH�E\�ODFWLF�DFLG�EDFWHULDO�
IHUPHQWDWLRQ��7R�XQGHUJR�SURSHU�IHUPHQWDWLRQ�WKH�UDZ�PDWHULDO�PXVW�FRQWDLQ�ODFWLF�
DFLG� EDFWHULD�� D� VXLWDEOH� QXWULWLRQDO� VXEVWUDWH� IRU� WKH� EDFWHULD� DQG� D� WHPSHUDWXUH�
FRPSDWLEOH�ZLWK� UDSLG�JURZWK��$OWKRXJK� ODFWLF�DFLG�EDFWHULD�DUH� LQYDULDEO\�SUHVHQW�
LQ� WKH� UDZ�PDWHULDO�DQG�D�VWDUWHU�FXOWXUH� LV�QRW� UHTXLUHG��.RPSLDQJ�HW�DO�������E�
DQG� ����F�� WKH� LQRFXODWLRQ� RI� PDWHULDO� ZLWK� IHUPHQWHG� VWDUWHU� FXOWXUH� LV�
UHFRPPHQGHG���

7R�IDYRU�WKH�JURZWK�RI�ODFWLF�DFLG�EDFWHULD�DV�RSSRVHG�WR�VSRLODJH�EDFWHULD�D�
VSHFLILF�IHUPHQWDEOH�VXEVWUDWH� LV�PL[HG�ZLWK�WKH�PLQFHG�UDZ�PDWHULDO�WR�EH�HQVLOHG��
0RODVVHV� DGGHG� DW� D� UDWLR� RI� DW� OHDVW� ����� �Z�Z��PRODVVHV� WR� ILVK� DUH� SDUWLFXODUO\�
HIIHFWLYH� �.RPSLDQJ� HW� DO��� ����E� DQG� 5DD� DQG�*LOGEHUJ�� ������� 8QGHU� IDYRXUDEOH�
FRQGLWLRQV� WKH� ODFWLF�DFLG�SURGXFHG�UHGXFHV�WKH�3+�RI� WKH�VLODJH��SUHVHUYLQJ� LW� IRUP�
VSRLODJH� DQG� HQFRXUDJLQJ� DXWRO\VLV� E\� QDWXUDOO\� RFFXUULQJ� SURWHDVH� HQ]\PHV��
3UHOLPLQDU\� IHHGLQJ� WULDOV�ZLWK� ILVK� LQGLFDWHG� WKDW� IHUPHQWHG�VLODJHV�DUH�QXWULWLRQDOO\�
HTXLYDOHQW� WR� ILVK�PHDO�� ,Q� YLHZ� RI� WKH� HQKDQFHG� VWRUDJH� SURSHUWLHV� RI� WKHVH� DFLG�
SUHVHUYDWLRQ�WHFKQLTXHV�DQLPDO�&DUERK\GUDWHV�VLODJHV�KROG�SDUWLFXODU�SURPLVH�IRU�XVH�
ZLWKLQ� WKH� VXEWURSLFDO�WURSLFDO� UHJLRQV� ZKHUH� FRQYHQWLRQDO� IUHH]LQJ� WHFKQLTXHV� DUH�
H[SHQVLYH� RU� QRW� DYDLODEOH� �-DFNVRQ�� HW� DO��� ������� 6ROWDQ� DQG� 7KDUZDW� �������
LQGLFDWHG� WKDW� IHUPHQWHG� ILVK� VLODJH� FDQ� VXFFHVVIXOO\� UHSODFH� XS� WR� ��� DQG� ����RI�
ILVK� PHDO� LQ� 1LOH� WLODSLD�� 2�� QLORWLFXV� DQG� $IULFDQ� FDWILVK�� &ODULV� JDULHSLQXV� GLHWV�
ZLWKRXW� DGYHUVH� HIIHFW�RQ�JURZWK�SHUIRUPDQFH�RU� IHHG�XWLOL]DWLRQ�RI� HDFK�RI� WLODSLD�
FDWILVK��

7KH�DLP�RI�WKH�VWXG\�ZDV�DLPHG�WR�LQYHVWLJDWH�WKH�HIIHFW�RI�UHSODFH�ILVK�PHDO�E\�
IHUPHQWHG�VLODJH�DW�GLIIHUHQW�UDWHV���������������DQG������LQ�1LOH�WLODSLD�IU\�GLHWV��

�
0$7(5,$/6�$1'�0(7+2'6�

7KH�SUHVHQW�VWXG\�ZDV�FDUULHG�RXW�DW�WKH�/DERUDWRU\�RI�)LVK�1XWULWLRQ�)DFXOW\�RI�
$JULFXOWXUH� DW� 0RVKWRKRU�� %HQKD� 8QLYHUVLW\�� 7KH� SUDFWLFDO� ZRUN� RI� WKH� SUHVHQW�
H[SHULPHQW�ZDV�VWDUWHG�RQ�WKH���-XQH������DQG�ODVWHG�XQWLO�WKH����$XJXVW�RI�WKH�VDPH�
\HDU� ���� GD\V��� )LIWHHQ� UHFWDQJXODU� DTXDULD� ���î��î��FP� ����� OLWHU� IRU� HDFK�� ZHUH�
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ILOOHG�E\�����OLWHU�IUHVKZDWHU����UHSOLFDWHV�IRU�HDFK�WUHDWPHQW��DQG�HDFK�DTXDULXP�ZDV�
VWRFNHG�ZLWK����ILVK�ZLWK�DQ�LQLWLDO�ZHLJKW�UDQJHG�IURP������WR������J��

7KH�H[SHULPHQWDO� ILVK�ZHUH�REWDLQHG�IURP�$EEDVVD�KDWFKHU\��$EX�+DPPDG��
$IWHU� DFFOLPDWL]DWLRQ� ILVK� ZHUH� UDQGRPO\� GLVWULEXWHG� LQWR� WKH� H[SHULPHQWDO� DTXDULD�
UHSUHVHQWLQJ�WKH�ILYH�WUHDWPHQWV�$W�VWRFNLQJ�ERG\�ZHLJKW��%:��DQG�ERG\�OHQJWK��%/��
IRU�HDFK�DTXDULXP�ZHUH�UHFRUGHG���7KH�DTXDULD�ZHUH�FOHDQHG�DQG�ZDWHU�ZDV�UHSODFHG�
HYHU\� IRXU� GD\V�� GLVVROYHG�R[\JHQ�ZDV�PDLQWDLQHG�DW�����±�����PJ�O�E\� FRQWLQXRXV�
DHUDWLRQ�DQG�ZDWHU�WHPSHUDWXUH�DW����WR����&���
3UHSDUDWLRQ�RI�IHUPHQWHG�ILVK�VLODJH��))6���

)LVK� E\�SURGXFWV� �QRQ� HGLEOH� SDUWV��ZHUH� REWDLQHG� IURP�(O�2ERXU�PDUNHW� DQG�
PLQFHG��))6�ZDV�SUHSDUHG�E\�PL[LQJ�WKH�PLQFHG�ILVK�E\�SURGXFWV�������ULFH�EUDQ�
������DV�ILOOHU��GULHG�PRODVVHV������DV�D�VRXUFH�RI�FDUERK\GUDWH��HQHUJ\��DQG����
\RJXUW� �DV� D� VRXUFH� RI� /DFWREDFLOOXV� VSS� IRU� ODFWLF� DFLG� DQDHURELF� IHUPHQWDWLRQ�
SURFHVV���3RWDVVLXP�VRUEDWH�VROXWLRQ������DV�DQWLPLFURELDO�DJHQW�ZDV�VSUD\HG�DQG�
WKH� PL[WXUH� ZDV� SDFNHG� LQ� EODFN� SRO\HWK\OHQH� EDJV�� $OO� EDJV� ZHUH� LQFXEDWHG� LQ�
WLJKWO\�KDUG�SODVWLF�FRQWDLQHU�DQG�VWRUHG�DW�DPELHQW�WHPSHUDWXUH�WKDW�UDQJHG�IURP�
���WR����&��7KH�HQVLODJH�SURFHVV�FRPSOHWHG�DIWHU����GD\V�DQG�DW�WKH�HQG��D�OLTXLG�
))6�RI�S+�����ZDV�REWDLQHG�DQG�VXQ�GULHG�IRU���GD\V��7KH�UHVXOWDQW�GULHG�))6�KDG�
EURZQLVK�FRORU�DQG�VWURQJ�ILVK�RGRU�DQG�FRQWDLQHG��������FUXGH�SURWHLQ��&3���������
'LHW�SUHSDUDWLRQ�

)LYH� GLHWV� ZHUH� SUHSDUHG� E\� WKRURXJKO\� PL[LQJ� WKH� LQJUHGLHQWV� ZKLFK�
FRPSRVHG�RI�ILVK�PHDO��VR\EHDQ�PHDO��IHUPHQWHG�ILVK�VLODJH��\HOORZ�FRUQ��YHJHWDEOH�
RLO�DQG�ZKHDW�EUDQ�ZLWK�GLIIHUHQW�SHUFHQWDJH��7DEOH�����,Q�SUHSDULQJ�WKH�GLHWV��GU\�
LQJUHGLHQWV�ZHUH� ILUVW�JURXQG� WR�D�VPDOO�SDUWLFOH�VL]H�� ,QJUHGLHQWV�ZHUH�PL[HG�DQG�
WKHQ�ZDWHU�ZDV�DGGHG�WR�REWDLQ�D�����PRLVWXUH�OHYHO��'LHWV�ZHUH�SDVVHG�WKURXJK�D�
PLQFHU� PDFKLQH� ZLWK� GLDPHWHU� RI� �� PP� DQG� ZHUH� VXQ� GULHG� IRU� �� GD\V�� 7KH�
H[SHULPHQWDO�GLHWV�ZHUH�IRUPXODWHG�WR�UHSODFH���������������RU������RI�)0�E\�))6�
EDVHG� RQ� SURWHLQ� FRQWHQW�� $OO� GLHWV� ZHUH� IRUPXODWHG� WR� EH� LVRQLWURJHQRXV� �����
SURWHLQ��DQG�LVRFDORULF�������NFDO�0(�NJ�GLHW����

�
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7DEOH����&RPSRVLWLRQ�DQG�FKHPLFDO�DQDO\VLV�RI�WKH�H[SHULPHQWDO�GLHWV���
([SHULPHQWDO�GLHWV�

)HHG�LQJUHGLHQWV� 'LHW�� 'LHW�� 'LHW�� 'LHW�� 'LHW��
)LVK�PHDO������� ���� ���� ���� ��� ��
)HUPHQWHG�ILVK�VLODJH��))6�� �� ��� ��� ��� ���
6R\EHDQ�PHDO� ��� ��� ��� ��� ���
<HOORZ�FRUQ� ��� ��� ��� ��� ��
:KHDW�EUDQ� ��� �� �� �� ��
9HJHWDEOH�RLO� �� �� �� �� ��
9LW��	�0LQ��PL[WXUH� � ��� ��� ��� ���
6XP� ���� ���� ���� ���� ����
&KHPLFDO�DQDO\VLV� �GHWHUPLQHG�RQ�GU\�PDWWHU�EDVLV�
'U\�PDWWHU��'0�� ������ ������ ������ ������ ������
&UXGH�SURWHLQ��&3�� ������ ������ ������ ������ ������
(WKHU�H[WUDFW��((�� ����� ����� ����� ����� �����
&UXGH�ILEHU��&)�� ����� ����� ����� ����� ������
$VK� ����� ����� ����� ����� �����
1)(� ������ ������ ������ ������ ������
0(��.FDO�NJ�GLHW�� ����� ����� ����� ����� �����
3�(�UDWLR� ������� ������ ������ ������ ������

��9LWDPLQ�	�PLQHUDO�PL[WXUH�NJ�SUHPL[����9LWDPLQ�'��������PLOOLRQ�,8��$�������PLOOLRQ�,8���(����J��.������J���

%�������J��5LERIODYLQ������J��%�������J��%������PJ��3DQWRWKHQLF�DFLG����J��1LFRWLQLF�DFLG����J��)ROLF�DFLG��

����J�%LRWLQ����PJ���0Q�����J��=Q�����J��)H�����J��&X����J��,������J��6HOHQLXP������J�DQG�&R������PJ��

��1LWURJHQ�IUHH�H[WUDFW��1)(�� �����&3�((�&)�$VK��

��0HWDEROL]DEOH�HQHUJ\�ZDV�FDOFXODWHG�IURP�LQJUHGLHQWV�EDVHG�RQ�15&��������YDOXHV�IRU�WLODSLD��

��3URWHLQ�WR�HQHUJ\�UDWLR�LQ�PJ�SURWHLQ�.FDO�0(��

�
7LODSLD�IU\�IHG�WKH�SHOOHWHG�GLHWV����PP�LQ�GLDPHWHU��DW�D�GDLO\�UDWH�RI������GXULQJ�

WKH� �VW�PRQWK��� WKHQ�JUDGXDOO\� GHFUHDVHG� WR� ��� ��QG�PRQWK�� DQG� ��� ��UG�PRQWK�� RI�
WRWDO�ELRPDVV���GD\�ZHHN��WZLFH�GDLO\�DW������DP�DQG������SP��DQG�WKH�DPRXQW�RI�IHHG�
ZDV� EL�ZHHNO\� DGMXVWHG� DFFRUGLQJ� WR� WKH� FKDQJHV� LQ� ERG\� ZHLJKW� WKURXJKRXW� WKH�
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H[SHULPHQWDO�SHULRG�����GD\V���$ERXW�����RI�ZDWHU�YROXPH�LQ�HDFK�DTXDULXP�ZDV�GDLO\�
UHSODFHG�E\�DHUDWHG�IUHVK�ZDWHU�DIWHU�FOHDQLQJ�DQG�UHPRYLQJ�WKH�DFFXPXODWHG�H[FUHWD��
:DWHU� WHPSHUDWXUH�� S+�DQG�GLVVROYHG� R[\JHQ�ZHUH�PHDVXUHG�GDLO\�DW������SP�ZKLOH�
WRWDO�DPPRQLD�ZDV�ZHHNO\�PHDVXUHG��:DWHU�TXDOLW\�SDUDPHWHUV�PHDVXUHG�ZHUH�IRXQG�
WR�EH�ZLWKLQ�DFFHSWDEOH�OLPLWV�IRU�ILVK�JURZWK�DQG�KHDOWK��%R\G���������

*URZWK� SHUIRUPDQFH� DQG� IHHG� XWLOL]DWLRQ� SDUDPHWHUV� ZHUH� PHDVXUHG� DV�
IROORZV��
&RQGLWLRQ� IDFWRU� �.�� � �:�/�� î����:KHUH���:� �ZHLJKW� RI� ILVK� LQ� ³JUDPV´�� /� �
WRWDO�OHQJWK�RI�ILVK�LQ�³FP´�

6SHFLILF�JURZWK�UDWH��6*5�� � [W
�/Q:�/Q: � ��������:KHUH�/Q� �WKH�QDWXUDO�ORJ��

:�� ILUVW�ILVK�ZHLJKW��:�  WKH�IROORZLQJ�ILVK�ZHLJKW�LQ�³JUDPV´�DQG���W� �SHULRG�LQ�
GD\V��
:HLJKW�JDLQ� �ILQDO�ZHLJKW��J��±�LQLWLDO�ZHLJKW��J��
)HHG�FRQYHUVLRQ�UDWLR��)&5�� �)HHG�LQJHVWHG��J��:HLJKW�JDLQ��J��
3URWHLQ�HIILFLHQF\�UDWLR��3(5�� �:HLJKW�JDLQ��J��3URWHLQ�LQJHVWHG��J��

$W� WKH� HQG� RI� HDFK� H[SHULPHQW�� WKUHH� ILVK� ZHUH� UDQGRPO\� VDPSOHG� IURP�
HDFK�DTXDULXP�DQG�VXEMHFWHG�WR�WKH�FKHPLFDO�DQDO\VLV�RI�ZKROH�ILVK�ERG\��0RLVWXUH��
GU\�PDWWHU� �'0���HWKHU�H[WUDFW� �((��� FUXGH�SURWHLQ� �&3��� FUXGH� ILEHU� �&)��DQG�DVK�
FRQWHQW� RI�GLHWV�DQG� ILVK�ZHUH�GHWHUPLQHG�DFFRUGLQJ� WR� WKH�PHWKRGV�GHVFULEHG� LQ�
$2$&����������

6WDWLVWLFDO�DQDO\VLV�RI�WKH�REWDLQHG�GDWD�IRU�WKH�H[SHULPHQW�ZHUH�DQDO\]HG�
DFFRUGLQJ�WR�6$6���������'LIIHUHQFHV�EHWZHHQ�PHDQV�ZHUH�WHVWHG�IRU�VLJQLILFDQFH�
DFFRUGLQJ� WR� 'XQFDQ
V� PXOWLSOH� UDQJ� WHVW� DV� GHVFULEHG� E\� 'XQFDQ� �������� 7KH�
IROORZLQJ�PRGHO�ZDV�XVHG�WR�DQDO\]H�WKH�REWDLQHG�GDWD���

<LM� � �� L ��HLM�
:KHUH��<LM� �WKH�REVHUYDWLRQ�RQ�WKH�LMWK�ILVK�HDWHQ�WKH�LWK�GLHW��P  RYHUDOO�PHDQ���
DL WKH� HIIHFW� RI� LWK� GLHW� (LM�  � UDQGRP� HUURU� DVVXPHG� WR� EH� LQGHSHQGHQWO\� DQG�

UDQGRPO\�GLVWULEXWHG����� ��H���
�
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5(68/76�$1'�',6&866,21�
%RG\�ZHLJKW�%:��DQG�ERG\�OHQJWK��%/���

$V�GHVFULEHG�LQ�7DEOH������WKH�KLJKHVW�DYHUDJH�%:���������ZDV�UHFRUGHG�IRU�
FRQWURO�JURXS�ZKLFK� IHG�WKH�EDVDO�GLHW��FRQWURO���5HSODFLQJ�RI�����RU�����RI�ILVK�
PHDO��)0��E\�IHUPHQWHG�ILVK�VLODJH��))6��LQ�WKH�GLHWV�))6���DQG�))6���UHGXFHG�WKH�
ILQDO� %:� WR� ������ DQG� ������ J� EXW� WKHVH� YDOXHV� GLG� QRW� VLJQLILFDQWO\� GLIIHUHQW�
�3�������IURP�WKDW�IHG�WKH�EDVDO�GLHW��7DEOH������

&RPSDUHG� WR� ILVK� IHG� WKH� EDVDO� GLHW�� WKH�KLJKHU� UHSODFLQJ� OHYHOV�RI� )0�E\�
))6�����RU�������LQ�WKH�GLHWV�))6���DQG�))6����VLJQLILFDQWO\��3��������GHFUHDVHG�
WKH�%:�RI�1LOH�WLODSLD�IU\�WR�������DQG�������J��UHVSHFWLYHO\�LQGLFDWLQJ�WKH�SRVVLELOLW\�
RI�UHSODFLQJ�����RI�)0�LQ�WKH�EDVDO�GLHWV�RI�1LOH�WLODSLD�IU\�E\�))6�ZLWKRXW�DGYHUVH�
HIIHFW�RQ�WKH�ILQDO�%:���

$W� H[SHULPHQW� WHUPLQDWLRQ� WKH� KLJKHVW� DYHUDJH� %/� ������FP��ZDV� UHFRUGHG�
IRU�ILVK�JURXS���ZKLFK�IHG�WKH�GLHW�))6��������RI�)0�UHSODFHG�E\�))6��IROORZHG�LQ�
D GHVFHQGLQJ�RUGHU�E\�WKRVH�IHG�WKH�FRQWURO�GLHW��))6���������FP���))6������������
))6��� � ��������� DQG�))6���� �������� UHVSHFWLYHO\�DQG� WKH�GLIIHUHQFHV�EHWZHHQ� ILVK�
JURXSV�ZHUH�VLJQLILFDQW��

7KH�KLJKHVW�DYHUDJH�FRQGLWLRQ�IDFWRU��������ZDV�UHFRUGHG�IRU�ILVK�JURXS�IHG�
WKH�GLHW�))6�����FRPSOHWH�UHSODFHPHQW�RI�)0�E\�))6��IROORZHG�LQ�GHVFHQGLQJ�RUGHU�
E\�WKRVH�IHG�WKH�GLHW�))6����������))6�����������))6����������DQG�))6������������

5HVXOWV� RI� 7DEOH� ���� DUH� LQ� DFFRUGDQFH� ZLWK� WKH� UHVXOWV� RI� 1ZDQQD� DQG�
'DUDPROD� �������ZKR� IRXQG� WKDW�� UHSODFLQJ�)0�E\� VKULPS�KHDG�ZDVWH�PHDO� DW����
�����������DQG�����LQ�����SURWHLQ�GLHWV�GHFUHDVHG�ILQDO�%:�DQG�WKH�GHFUHDVH�ZDV�
PRUH� SURQRXQFHG� DW� WKH� KLJKHU� UHSODFLQJ� OHYHOV�� ,Q� DQRWKHU� VWXG\��:DVVHI�HW� DO���
�������IRXQG�WKDW�UHSODFHPHQW�RI������������RU������RI�))�E\�))6�DORQH�RU�PL[HG�
ZLWK�VR\EHDQ�PHDO�������VLJQLILFDQWO\��3�������GHFUHDVHG�WKH�ILQDO�%:�RI�1LOH�WLODSLD�
IHG�����&3�H[SHULPHQWDO�GLHWV��

6ROWDQ�DQG�7KDUZDW�������� LQFRUSRUDWHG� IHUPHQWHG�ILVK�E\�SURGXFWV�VLODJH�
LQ� LVR�QLWURJHQRXV� ����� &3�� DQG� LVRFDORULF� ������ .FDO� 0(�� GLHWV� IRU� 1LOH� WLODSLD��
2UHRFKURPLV�QLORWLFXV�DQG�$IULFDQ�FDWILVK��&ODULDV�JDULSLQXV�WR�UHSODFH������������RU�
�����RI�)0�DQG�WKH\�IRXQG�WKDW��GULHG�))6�FDQ�VXFFHVVIXOO\�UHSODFH�XS�WR����DQG�
����RI� )0� LQ� WLODSLD� DQG� FDWILVK�GLHWV�� UHVSHFWLYHO\�ZLWKRXW�DQ\� VLJQLILFDQW� ORVV� LQ�
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ILQDO� %:�ZKLOH� WKH� KLJKHU� UHSODFLQJ� OHYHOV� ����� ��� RU� ����� IRU� WLODSLD� DQG� ��� RU�
����� IRU� FDWILVK�� VLJQLILFDQWO\� UHGXFHG� WKH� ILQDO� %:� IRU� WKH� WZR� ILVK� VSHFLHV�� ,Q�
DQRWKHU�VWXG\��6ROWDQ�DQG�(O�/DLWK\��������HYDOXDWHG�WKH�VLODJH�PDGH�IURP�ILVK�E\�
SURGXFWV�DQG�WRPDWR�DQG�SRWDWR�E\�SURGXFWV�LQ�LVRQLWURJHQRXV�������DQG�LVRFDORULF�
������.FDO�0(��GLHWV�IHG�WR�1LOH�WLODSLD�IU\�DQG�WKH\�IRXQG�WKDW�UHSODFHPHQW�RI�����
RI� WKH� GLHWDU\� SURWHLQ� E\� VLODJH� GLG� QRW� VLJQLILFDQWO\� DIIHFWHG� WKH� ILQDO� %:� RI� 1LOH�
WLODSLD�ZKLOH�WKH�KLJKHU�UHSODFLQJ�OHYHOV�����RU������VLJQLILFDQWO\�UHGXFHG�%:�RI�1LOH�
WLODSLD���
�
7DEOH� ��� /HDVW� VTXDUH�PHDQV� DQG� VWDQGDUG� HUURU� IRU� WKH� HIIHFW� RI� UHSODFLQJ� OHYHOV� RI� ILVK�

PHDO�E\�IHUPHQWHG�ILVK�VLODJH�LQ�WKH�GLHWV�RQ�ERG\�ZHLJKW��%:���ERG\�OHQJWK��%/��
DQG�FRQGLWLRQ�IDFWRU��.��RI�1LOH�WLODSLD�IU\���

%RG\�ZHLJKW�J %RG\�OHQJWK�FP &RQGLWLRQ�IDFWRU'LHWV� 1R�� ,QLWLDO� )LQDO� ,QLWLDO� )LQDO� ,QLWLDO� )LQDO�
))6���FRQWURO�� ��� � ������D� ����� �����D� ����� �����
))6��� ��� ����� �����DE ����� �����D� ����� �����
))6��� ��� ����� �����DE ����� �����D� ����� �����
))6��� ��� ����� ������E� ����� �����D� ����� �����
))6���� ��� ����� ������F� ����� �����E� ����� �����
6WDQGDUG�HUURU� � ����� ������ ������ ������ ������ ������
$YHUDJHV�ZLWKLQ�HDFK�FROXPQ�IROORZHG�E\�GLIIHUHQW�OHWWHUV�DUH�VLJQLILFDQWO\�GLIIHUHQW��3�������

�
:HLJKW�JDLQ��:*��DQG�VSHFLILF�JURZWK�UDWH��6*5���

5HVXOWV� RI� 7DEOH� ���� LQGLFDWHG� WKDW�� LQFUHDVLQJ� OHYHO� RI� VXEVWLWXWLQJ� OHYHOV�RI�
)0�E\�))6�XS� WR�����GLG�QRW� VLJQLILFDQWO\�DIIHFWHG�:*�RI�1LOH� WLODSLD� IU\�ZKLOH� WKH�
KLJKHVW� VXEVWLWXWLQJ� OHYHOV� ���� RU� ������ VLJQLILFDQWO\� GHFUHDVHG�:*� DQG� WKH� VDPH�
WUHQG� ZDV� DOVR� REVHUYHG� IRU� VSHFLILF� JURZWK� UDWH� �6*5��� 1ZDQQD� DQG� 'DUDPROD�
�������IRXQG�WKDW��UHSODFLQJ�)0�E\�VKULPS�KHDG�ZDVWH�PHDO�DW���������������DQG�����
LQ� ���� SURWHLQ� GLHWV� GHFUHDVHG� ILQDO� :*� DQG� 6*5� DQG� WKH� GHFUHDVH� ZDV� PRUH�
SURQRXQFHG�DW�WKH�KLJKHU�UHSODFHPHQW�OHYHOV��,Q�DQRWKHU�VWXG\��:DVVHI�HW�DO����������
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IRXQG� WKDW� UHSODFHPHQW� RI� ���� ���� ��� RU� ����� RI� ))� E\� ))6� DORQH� RU�PL[HG�ZLWK�
VR\EHDQ�PHDO� ������GLG�QRW�VLJQLILFDQWO\�DIIHFWHG�:*�DQG�6*5�RI�1LOH� WLODSLD�E\�WKH�
SDUWLDO�RU�WKH�FRPSOHWH�UHSODFHPHQW�RI�))6�DORQH�RU�ZKHQ�PL[HG�ZLWK�VR\EHDQ�PHDO���

6LPLODU�UHVXOWV�ZHUH�REWDLQHG�E\�6ROWDQ�DQG�7KDUZDW��������ZKR�LQGLFDWHG�
WKDW� GULHG� ))6� FDQ� VXFFHVVIXOO\� UHSODFH� XS� WR� ��� DQG� ���� RI� )0� LQ� WLODSLD� DQG�
FDWILVK�GLHWV��UHVSHFWLYHO\�ZLWKRXW�DQ\�QHJDWLYH�VLJQLILFDQW�HIIHFW�LQ�:*�RU�6*5�ZKLOH�
WKH�KLJKHVW�UHSODFLQJ�OHYHOV���������RU������IRU�WLODSLD�DQG����RU������IRU�FDWILVK��
VLJQLILFDQWO\�UHGXFHG�WKH�:*�DQG�IRU�WKH�WZR�ILVK�VSHFLHV��,Q�DQRWKHU�VWXG\��6ROWDQ�
DQG�(O�/DLWK\� ������� HYDOXDWHG� WKH� VLODJH�PDGH� IURP� ILVK� E\�SURGXFWV�DQG� WRPDWR�
DQG�SRWDWR�E\�SURGXFWV�LQ�LVRQLWURJHQRXV�������DQG�LVRFDORULF�������.FDO�0(��GLHWV�
IHG�WR�1LOH�WLODSLD�IU\�DQG�KH�IRXQG�WKDW�UHSODFHPHQW�RI�����RI�WKH�GLHWDU\�SURWHLQ�
E\� VLODJH�GLG�QRW�VLJQLILFDQWO\�DIIHFWHG� WKH�:*�RU�6*5�RI�1LOH� WLODSLD� IU\�ZKLOH� WKH�
KLJKHU�UHSODFLQJ�OHYHOV�����RU������VLJQLILFDQWO\�UHGXFHG�:*�RI�1LOH�WLODSLD���

7KH�SUHVHQW�VWXG\�VKRZHG�WKDW�))6�SRVVHVVHG�DGHTXDWH�QXWULWLRQDO�YDOXH�IRU�
1LOH� WLODSLD� IU\� DW� ORZ� LQFOXVLRQ� OHYHOV��PDNLQJ� SRVVLEOH� VXEVWLWXWLRQ� OHYHO� RI� XS� WR�
���� RI� ILVK� PHDO� SURWHLQ� ZLWKRXW� DGYHUVH� HIIHFW� RQ� JURZWK� SHUIRUPDQFH� RI� 1LOH�
WLODSLD�IU\���

7KH�VXSHULRU�SHUIRUPDQFH�RI�FRQWURO�ILVK�JURXS�IHG�WKH�GLHW�))6��ZDV�UHIHUUHG�
WR�WKH�IDFW�WKDW�WKH�QXWULWLRQDO�YDOXH�RI�)0�SURWHLQ�DSSUR[LPDWLQJ�DOPRVW�H[DFWO\�WR�
WKH�QXWULWLRQDO�UHTXLUHPHQWV�RI�FXOWXUHG�ILQILVK�VSHFLHV��7DFRQ����������:KHQ�����
RU�����RI�)0�SURWHLQ�ZDV�UHSODFHG�E\�))6�SURWHLQ�GLG�QRW� IROORZHG�E\�VLJQLILFDQW�
HIIHFW�RQ�DOO�JURZWK�SDUDPHWHUV��%:��%/��:*�DQG�6*5��ZKLOH�WKH�KLJKHU�UHSODFLQJ�
OHYHOV� ���� RU� ������ VLJQLILFDQWO\� DGYHUVHG� WKHVH�SDUDPHWHUV�� 6ROWDQ� DQG�7KDUZDW�
������� VKRZHG� WKDW� )0� FRQWDLQHG� FRPSDUDWLYHO\� KLJKHU� WRWDO� LQGLVSHQVDEOH� DPLQR�
DFLG��,$$��FRQWHQW����������WKDQ�))6����������DQG�WKH�,$$�RI�))6�GLG�QRW�FRYHU�
WKH� UHTXLUHPHQWV� RI� 1LOH� WLODSLD� IURP� WKHVH� DPLQR� DFLGV�� 7KHUHIRUH�� WKH� KLJKHU�
UHSODFLQJ� OHYHOV� RI� )0� E\� ))6� ����� ��� RU� ������ VLJQLILFDQWO\� UHGXFHG� DOO� JURZWK�
SHUIRUPDQFH�SDUDPHWHUV�RI�1LOH�WLODSLD��7DEOH�����
�



5(3/$&(0(17�2)�),6+�0($/�%<�)(50(17('�),6+�%<�352'8&76�6,/$*(�,1�7+(�',(76�2)�1,/(�
7,/$3,$���25(2&+520,6�1,/27,&6��)5<�

��

7DEOH����/HDVW�VTXDUH�PHDQV�DQG�VWDQGDUG�HUURU�IRU�WKH�HIIHFW�RI�UHSODFLQJ�OHYHOV�
RI�ILVK�PHDO��)0��E\�IHUPHQWHG�ILVK�VLODJH��))6��LQ�WKH�GLHWV�RQ�ZHLJKW�
JDLQ��:*��DQG�VSHFLILF�JURZWK�UDWH��6*5��RI�1LOH�WLODSLD�IU\����

'LHWV� 1R�� :*��J�ILVK�� 6*5�����
))6���FRQWURO�� �� �����������D��� �����������D���
))6��� �� �����������D��� �����������D���
))6��� �� �����������D��� ������������D��
))6��� �� �����������E��� �����������E���
))6���� �� �����������E�� �����������E��
�$YHUDJHV�ZLWKLQ�HDFK�FROXPQ�KDYLQJ�GLIIHUHQW�OHWWHUV�DUH�VLJQLILFDQWO\�GLIIHUHQW��3��������

��$YHUDJH�RI�WKUHH�UHSOLFDWHV��DTXDULD��

�
7KH� KLJKHU� OHYHOV� ����� )0� UHSODFHPHQW� E\� ))6�� ZHUH� UHSRUWHG� LQ� HDUOLHU�

UHSRUWV�RI� /DSLH�DQG�%LJXHUDV�%HQLWH]� �������ZKR� IRXQG�QR�GLIIHUHQFHV� LQ�JURZWK�
SHUIRUPDQFH�RI�1LOH�WLODSLD�IHG�D�IRUPLF�DFLG�SUHVHUYHG�ILVK�VLODJH�EOHQGHG�ZLWK�)0�
�������DQG�JURZWK�SHUIRUPDQFH�ZDV�VLJQLILFDQWO\�UHGXFHG�ZKHQ�WKH�UHSODFLQJ�OHYHOV�
LQFUHDVHG� XS� WR� ����� $OVR�� )DJEHQUR� ������� DQG� )DJEHQUR� HW� DO��� ������� VWDWHG�
WKDW��XS�WR�����RI�)0�SURWHLQ�FRXOG�EH�VXFFHVVIXOO\�UHSODFHG�ZLWK�WLODSLD�VLODJH�DQG�
VR\EHDQ�PHDO�������LQ�����&3�GLHWV�IRU�DOO�PDOH�2��QLORWLFXV�

)HHG�LQWDNH��),���
7DEOH� ���� VKRZ� WKDW�� WKH� � KLJKHVW� DYHUDJH� IHHG� LQWDNH� ������� J�� ZDV�

UHFRUGHG�IRU�ILVK�IHG�FRQWURO�GLHW�DQG�WKH�ORZHVW�RQH�ZDV�UHFRUGHG�IRU�ILVK�IHG�WKH�
GLHW� ))6���� ZKHUH� WKH� )0� ZDV� FRPSOHWHO\� UHSODFHG� E\� ))6� DQG� WKH� GLIIHUHQFHV�
EHWZHHQ�ILVK�JURXSV�ZHUH�VLJQLILFDQW��3���������

5HVXOWV� RI� 6ROWDQ� DQG� 7KDUZDW� ������� LQGLFDWHG� WKDW� IHHG� LQWDNH� � ZDV�
VLJQLILFDQWO\��3�������GHFUHDVHG�ZLWK�HDFK�LQFUHDVH�LQ�))6�FRQWHQW�RI�WLODSLD�GLHWV�DV�
D UHSODFHPHQW�RI�)0��2Q�WKH�RWKHU�KDQG�:DVVHI�HW�DO����������IRXQG�WKDW��SDUWLDO�RU�
WRWDO� UHSODFHPHQW� RI� )0� E\� ))6� DORQH� RU� PL[HG� ZLWK� VR\EHDQ� PHDO� GLG� QRW�
VLJQLILFDQWO\�DIIHFWHG�IHHG�LQWDNH����
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2QH�RI�WKH�PRVW�FRPPRQ�GLIILFXOWLHV�REVHUYHG�ZKHQ�XVLQJ�DOWHUQDWLYH�VRXUFHV�
RI�DQLPDO�SURWHLQV� LV� WKH�DFFHSWDQFH�RI�WKH�IHHG��HYLGHQWO\�UHODWHG�WR� LWV�SDODWDELOLW\��
,Q� WKLV� H[SHULPHQW� WKH� DFFHSWDQFH� RI� WKH� GLHWV�ZDV� YHU\� JRRG�� HVSHFLDOO\� WKH� EDVDO�
GLHW� ))6��� ))6� LQFOXGHG� LQ� GLHWV� IHG� WR� WLODSLD� KDG� SRVLWLYH� IHHG� XWLOL]DWLRQ� DQG�
GLJHVWLELOLW\� �)DJEHQUR�DQG�%HOOR�2OXVRML�������DQG�)DJEHQUR���������-DWRPHD�HW�DO���
�������IRXQG�WKDW�WKH�KLJKHU�),�ZHUH�UHFRUGHG�IRU�1LOH�WLODSLD�IU\�IHG�GLHWV�FRQWDLQHG�
������DQG�����VKULPS�KHDG�VLODJH�DV�D� UHSODFHPHQW� WR� ILVK�PHDO�DQG�WKH�ZRUVW�),�
ZDV�REWDLQHG�WKH�KLJKHU�UHSODFLQJ�OHYHOV���������DQG�������
�
)HHG�FRQYHUVLRQ�UDWLR��
� 7DEOH�����VKRZHG�WKDW�)&5�YDOXHV�ZHUH�IRXQG�WR�EH������������������������DQG�
�����IRU�ILVK�JURXSV�IHG�WKH�GLIIHUHQW�H[SHULPHQWDO�GLHWV��))6���))6����))6����))6���
DQG�))6�����UHVSHFWLYHO\��DQG�WKH�GLIIHUHQFHV�ZHUH�VLJQLILFDQW��3���������

7KH�EHVW�)&5�ZDV�UHFRUGHG�IRU�ILVK�IHG�WKH�GLHW�))6���ZKHUH�����RI�)0�SURWHLQ�
ZDV�UHSODFHG�E\�))6�SURWHLQ�DQG�GLG�QRW�VLJQLILFDQWO\�GLIIHUHQW� IURP�WKRVH�REWDLQHG�
IRU�ILVK�JURXS�IHG�WKH�FRQWURO�GLHW��))6����7KH�KLJKHVW�UHSODFLQJ�OHYHOV�RI�)0�E\�))6�
���� RU� ������ VLJQLILFDQWO\� �3�������� DGYHUVHG� )&5�� 6LPLODU� UHVXOWV� ZHUH� DOVR�
REWDLQHG�E\�6ROWDQ�DQG�7KDUZDW��������ZKR�IRXQG�WKDW�WKH�EHVW�)&5�DQG�3(5�ZHUH�
UHFRUGHG�IRU�ILVK�IHG�WKH�GLHW�))6���ZKHUH�����RI�)0�SURWHLQ�ZDV�UHSODFHG�E\�))6�
SURWHLQ�DQG�GLG�QRW�VLJQLILFDQWO\�GLIIHUHQW�IURP�WKRVH�REWDLQHG�IRU�ILVK�JURXS�IHG�WKH�
FRQWURO� GLHW� �))6���� 7KH� KLJKHU� UHSODFLQJ� OHYHOV� RI� )0� E\� ))6� ����� ��� RU� ������
VLJQLILFDQWO\� �3�������� DGYHUVHG� )&5� IRU� 1LOH� WLODSLD�� )DJEHQUR� DQG� %HOOR�2OXVRML�
��������)DJEHQUR��������DQG��-DWRPHD�HW�DO���������� IRXQG�WKDW��WKH�EHVW�)&5�ZDV�
UHFRUGHG�IRU�1LOH�WLODSLD�IU\�IHG�GLHWV�FRQWDLQHG�������DQG�����VKULPS�KHDG�VLODJH�DV�
D UHSODFHPHQW�WR�ILVK�PHDO�DQG�WKH�ZRUVW�)&5�ZDV�REWDLQHG�E\�WKH�KLJKHU�UHSODFLQJ�
OHYHOV� ����� ��� DQG� ������ 2Q� WKH� RWKHU� KDQG�� /DSLH� DQG� %LJXHUDV�%HQLWH]� �������
IRXQG�QR�GLIIHUHQFH�LQ�IHHG�HIILFLHQF\�EHWZHHQ�2��QLORWLFXV�IHG�D�IRUPLF�DFLG�SUHVHUYHG�
ILVK�VLODJH�EOHQGHG�ZLWK�)0�������RU�D�)0�EDVHG�GLHW��,Q�DQRWKHU�VWXG\�:DVVHI�HW�DO���
������� IRXQG� WKDW�� SDUWLDO� RU� WRWDO� UHSODFHPHQW� RI� )0� E\� ))6� DORQH� RU�PL[HG�ZLWK�
VR\EHDQ� PHDO� GLG� QRW� VLJQLILFDQWO\� DIIHFWHG� )&5�� 6WRQH� HW� DO��� ������� VWXGLHG� WKH�
DSSDUHQW� GLJHVWLELOLW\� DQG� XWLOL]DWLRQ� RI� ILVK� SURWHLQ� VXEMHFWHG� WR� WKH� HQVLODJLQJ�
SURFHVV��FRPSDULQJ�ZLWK�ILVK�PHDO�LQ�GU\�GLHWV�IHG�WR�UDLQERZ�WURXW��6DOPR�TDLUGQHUL���
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7KH\� UHSRUWHG� WKDW� GLJHVWLELOLW\� YDOXHV�ZHUH� KLJKHU� IRU� WKH� ILVK� VLODJH� WKDQ� IRU� ILVK�
PHDO�� WKH� ILVK� VLODJHV� ZHUH� QRW� HIILFLHQWO\� XWLOL]HG� IRU� JURZWK�� :KROH� ILVK� DQG� ILVK�
SURFHVVLQJ� ZDVWHV� ZHUH� IRXQG� WR� EH� HTXLYDOHQW� VRXUFHV� RI� QLWURJHQ� SURYLGHG� WKH�
GHJUHH� RI� DXWRO\VLV� ZDV� WKH� VDPH� DQG� WKH� GLHWV� ZHUH� RWKHU� ZLVH� QXWULWLRQDOO\�
EDODQFHG��

3URWHLQ�HIILFLHQF\�UDWLR��3(5���
� 5HVXOWV� RI� 3(5� RI� WLODSLD� IU\� IHG� WKH� GLIIHUHQW� H[SHULPHQWDO� GLHWV� DUH�
VXPPDUL]HG�LQ�7DEOH������$V�GHVFULEHG�LQ�WKLV�WDEOH��WKH�DYHUDJH�3(5�IRU�ILVK�JURXSV�
IHG� WKH� H[SHULPHQWDO� GLHWV� UDQJHG� EHWZHHQ� ����� DQG� ����� DQG� WKH� KLJKHVW� YDOXH�
ZDV�REVHUYHG�IRU�ILVK�JURXS�IHG�WKH�GLHW�))6���ZKHUH�����RI�)0�ZDV�UHSODFHG�E\�
))6�ZKLOH� WKH�ZRUVW�RQH�ZDV� UHFRUGHG� IRU� ILVK� IHG� WKH�GLHW� ))6����+DUG\�HW�DO���
�������UHSRUWHG�WKDW�3(5�RI�UDLQERZ�WURXW�IHG�ILVK�VLODJH�DW�OHYHOV�RI����������DQG�
����ZHUH������������DQG�������UHVSHFWLYHO\���
7DEOH����/HDVW�VTXDUH�PHDQV�DQG�VWDQGDUG�HUURU�IRU�WKH�HIIHFW�RI�UHSODFLQJ�OHYHOV�RI�

ILVK�PHDO��)0��E\� IHUPHQWHG�ILVK�VLODJH��))6�� LQ�WKH�GLHWV�RQ�)HHG�LQWDNH�
�JP�ILVK��� �)HHG�FRQYHUVLRQ�UDWLR��)&5��DQG�3URWHLQ�HIILFLHQF\�UDWLR��3(5��
RI�1LOH�WLODSLD�IU\����

'LHWV� 1R��� )HHG�LQWDNH�
�JP�ILVK�

)HHG�FRQYHUVLRQ�
UDWLR�

3URWHLQ�
HIILFLHQF\�UDWLR�

))6���FRQWURO�� �� �����������D� ����������E� ������������

))6��� � �����������
DE� ����������DE��� ������������

))6��� �� �����������E� ����������E��� ������������
))6��� �� �����������EF ����������D��� ������������
))6���� �� �����������F� ����������DE�� ������������
$YHUDJHV�ZLWKLQ�HDFK�FROXPQ�KDYLQJ�GLIIHUHQW�OHWWHUV�DUH�VLJQLILFDQWO\�GLIIHUHQW��3���������

��$YHUDJH�RI�WKUHH�UHSOLFDWHV��DTXDULD��

�
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)DJEHQUR� DQG� %HOOR�2OXVRML� �������� )DJEHQUR� ������� DQG� � -DWRPHD� HW� DO���
������� IRXQG� WKDW� WKH� KLJKHU� 335� ZDV� UHFRUGHG� IRU� 1LOH� WLODSLD� IU\� IHG� GLHWV�
FRQWDLQHG�������DQG�����VKULPS�KHDG�VLODJH�DV�D�UHSODFHPHQW�WR�ILVK�PHDO�DQG�WKH�
ZRUVW�3(5�ZDV�REWDLQHG�WKH�KLJKHU�UHSODFLQJ� OHYHOV���������DQG�������,Q�DQRWKHU�
VWXG\�6ROWDQ�DQG�7KDUZDW� �������VWDWHG� WKDW� WKH�EHVW�3(5�ZHUH� UHFRUGHG� IRU� ILVK�
IHG�WKH�GLHW�))6���ZKHUH�����RI�)0�SURWHLQ�ZDV�UHSODFHG�E\�))6�SURWHLQ�DQG�GLG�
QRW� VLJQLILFDQWO\� GLIIHUHQW� IURP� WKRVH� REWDLQHG� IRU� ILVK� JURXS� IHG� WKH� FRQWURO� GLHW�
�))6���DQG�7KH�KLJKHU�UHSODFLQJ�OHYHOV�RI�)0�E\�))6���������RU�������VLJQLILFDQWO\�
�3�������� DGYHUVHG� 3(5�� 2Q� WKH� RWKHU� KDQG�� :DVVHI� HW� DO��� ������� IRXQG� WKDW��
SDUWLDO�RU�WRWDO�UHSODFHPHQW�RI�)0�E\�))6�DORQH�RU�PL[HG�ZLWK�VR\EHDQ�PHDO�GLG�QRW�
VLJQLILFDQWO\�DIIHFWHG�3(5��
�
3UR[LPDWH�DQDO\VLV�RI�ZKROH�ILVK��

7KH�DYHUDJH�SUR[LPDWH�DQDO\VLV�RI�WLODSLD�DV�DIIHFWHG�E\�UHSODFLQJ�OHYHOV�RI�
)0�E\�))6� LQ� WKH�GLHWV�RXWOLQHG� LQ� WDEOH� �����$V�GHVFULEHG� LQ� WKLV� WDEOH��GU\�PDWHU�
UDQJHG�EHWZHHQ�������DQG���������FUXGH�SURWHLQ�������WR���������HWKHU�H[WUDFW�
UDQJHG�EHWZHHQ�������WR�������DQG�DVK�IURP�������WR��������DQG�WKH�GLIIHUHQFHV�
DPRQJ� WKH� GLIIHUHQW� H[SHULPHQWDO� ILVK� JURXSV� ZHUH� VLJQLILFDQW� IRU� HWKHU� H[WUDFW�
�3�������DQG�FUXGH�SURWHLQ��3�������RQO\���

$V� FRPSDUHG� WR� FRQWURO� JURXS� �))6���� DOO� UHSODFLQJ� OHYHOV� RI� )0� E\� ))6�
VLJQLILFDQWO\� �3������� LQFUHDVHG� DVK� FRQWHQW� RI� ZKROH� ILVK� ERGLHV� FRPSDUHG� WR�
FRQWURO�JURXS�DQG�WKHVH�UHVXOWV�PD\�EH�GXH�WR�WKH�KLJK�DVK�FRQWHQW�RI�ILVK�ZDVWHV�
XVHG� LQ� SUHSDUDWLRQ� RI� ))6� DQG� WKHVH� UHVXOWV� ZHUH� UHODWLYHO\� VLPLODU� WR� WKRVH�
REWDLQHG� E\�:DVVHI�HW� DO��� �������ZKR� IRXQG� WKDW�� UHSODFLQJ� RI� )0�E\� ))6�XS� WR�
����GLG�QRW�VLJQLILFDQWO\�DIIHFWHG�SURWHLQ�FRQWHQW�RI�WLODSLD�ERGLHV��,Q�UHFHQW�VWXG\��
&DYDOKHLUR�HW�DO����������VXEVWLWXWHG�ILVK�PHDO�E\�IHUPHQWHG�VKULPS�LQGXVWU\�ZDVWHV�
DW� D� VXEVWLWXWLQJ� OHYHOV� RI� ��� ������ ����� DQG� ����� LQ� WKH� GLHWV� RI� 1LOH� WLODSLD��2��
QLORWLFXV� DQG� WKH\� IRXQG� WKDW�� WKH� SDUWLDO� RU� FRPSOHWH� UHSODFHPHQW� RI� )0� E\�
IHUPHQWHG� VKULPS� LQGXVWU\�ZDVWHV� GLG� QRW� VKRZ�DQ\� DSSUHFLDEOH� YDULDWLRQ� IRU� WKH�
GU\� PDWWHU� DQG� SURWHLQ� FRQWHQW� RI� ILVK�� 6ROWDQ� DQG� 7KDUZDW� ������� IRXQG� WKDW�
LQFUHDVLQJ�UHSODFLQJ� OHYHOV�RI�)0�E\�))6�LQ�1LOH�WLODSLD�GLHWV�GHFUHDVHG�'0�FRQWHQW�
LQ�WKH�ZKROH�ERG\�DQG�WKH�GLIIHUHQFHV�EHWZHHQ�ILVK�JURXSV�ZHUH�QRW�VLJQLILFDQW�DQG�
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LQFUHDVLQJ� ))6� OHYHOV� LQ� WLODSLD� GLHWV� XS� WR� ���� DV� D� VXEVWLWXWH� RI� )0� GLG� QRW�
VLJQLILFDQWO\�DIIHFWHG�SURWHLQ�FRQWHQW�LQ�ZKROH�ERG\�ZKLOH�WKH�KLJKHU�UHSODFLQJ�OHYHOV�
���� RU� ������ VLJQLILFDQWO\� LQFUHDVHG� SURWHLQ� FRQWHQW� RI� ZKROH� ERG\�� 7KH\� DOVR�
DGGHG�WKDW�SDUWLDO�RU� WRWDO� UHSODFHPHQW�RI�))6�E\�)0�GLG�QRW�VLJQLILFDQWO\�DIIHFWHG�
((�FRQWHQW�RI�WLODSLD�ILVK��

6ROWDQ�HW�DO����������IRXQG�WKDW�'0�RI�FDWILVK�GLG�QRW�VLJQLILFDQWO\�DIIHFWHG�E\�DOO�
UHSODFLQJ� OHYHOV� RI� )0� E\� ))6� ����� ���� ��� DQG� ������ DQG� WKH� VDPH� WUHQG�ZDV� DOVR�
REVHUYHG�IRU�DVK�FRQWHQW�RI�ZKROH�ILVK�ERGLHV�DQG�WKH\�DGGHG�WKDW�FRPSDUHG�WR�FRQWURO�
ILVK�JURXS��DOO� UHSODFLQJ� OHYHOV�RI�)0�E\�))6�VLJQLILFDQWO\� �3��������GHFUHDVHG�SURWHLQ�
DQG� ((� FRQWHQW� ZKHUHDV� ILVK� JURXS� IHG� WKH� FRQWURO� GLHW� �))6��� JDLQHG� WKH� KLJKHVW�
SURWHLQ�DQG�((�FRQWHQWV���

�
7DEOH����/HDVW�VTXDUH�PHDQV�DQG�VWDQGDUG�HUURU�IRU�WKH�HIIHFW�RI�UHSODFLQJ�OHYHOV�RI�ILVK�

PHDO��)0��E\�IHUPHQWHG�ILVK�VLODJH��))6��LQ�WKH�GLHWV�RQ�SUR[LPDWH�DQDO\VLV�RI�
1LOH�WLODSLD�IU\��

'LHWV� 1R��� 'U\�PDWWHU� &UXGH�SURWHLQ� (WKHU�H[WUDFW� $VK�
))6���FRQWURO�� �� ����������� �����������D� �����������E� ����������

))6��� �� ����������� �����������E� �����������E� ����������
))6��� �� ����������� �����������E� �����������D� ����������
))6��� �� ����������� �����������E� �����������E� ����������
))6���� �� ����������� �����������D� �����������E� ����������
$YHUDJHV�ZLWKLQ�HDFK�FROXPQ�KDYLQJ�GLIIHUHQW�OHWWHUV�DUH�VLJQLILFDQWO\�GLIIHUHQW��3���������

(FRQRPLFDO�(IILFLHQF\��
7KH� FXUUHQW� LQYHVWLJDWLRQ� KLJKOLJKWV� WKH� SRWHQWLDO� RI� XVLQJ� IHUPHQWHG� ILVK�

VLODJH� DV� D� UHSODFHPHQW� IRU� ILVK� PHDO� LQ� WKH� GLHWV� RI� 1LOH� WLODSLD� IU\�� *HQHUDOO\��
UHVXOWV�RI�WKH�SUHVHQW�VWXG\�VKRZHG�WKH�SRVVLELOLW\�RI�UHSODFLQJ�RI�)0�E\�))6�XS�WR�
���� LQ� WLODSLD� IU\� GLHWV� ZLWKRXW� DGYHUVH� HIIHFW� RQ� JURZWK� SHUIRUPDQFH� DQG� IHHG�
XWLOL]DWLRQ���
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)HHG�FRVW�LV�FRQVLGHUHG�WR�EH�WKH�KLJKHVW�UHFXUUHQW�FRVW�LQ�DTXDFXOWXUH��RIWHQ�
UDQJLQJ�IURP����WR������GHSHQGLQJ�RQ�WKH�LQWHQVLW\�RI�WKH�RSHUDWLRQ��$Q\�UHGXFWLRQ�
LQ�IHHG�FRVWV�HLWKHU�WKURXJK�GLHW�GHYHORSPHQW��LPSURYHG�KXVEDQGU\�RU�RWKHU�GLUHFW�
RU� LQGLUHFW� PHDQV� LV� WKHUHIRUH� GHFUHDVHG� WKH� WRWDO� SURGXFWLRQ� LQYHVWPHQW� DQG�
LQFUHDVHG� WKH� QHW� UHWXUQ� �&ROOLQV� DQG�'HOPHQGR�� ������*UHHQ�������DQG�'H�6LOYD�
DQG�$QGHUVRQ����������

$OO� RWKHU� FRVWV� DUH� DOPRVW� FRQVWDQW�� WKHUHIRUH�� WKH� IHHGLQJ� FRVWV� UHTXLUHG� WR�
SURGXFH�RQH�NJ�JDLQ� LQ�ZHLJKW�FRXOG�EH�XVHG�WR�FRPSDUH�WKH�HFRQRPLFDO�HIILFLHQF\�RI�
GLIIHUHQW�H[SHULPHQWDO�WUHDWPHQWV���

$V�VKRZQ� LQ�7DEOHV����DQG����� IHHG�FRVWV��/(�WRQ��GHFUHDVHG�JUDGXDOO\�ZLWK�
LQFUHDVLQJ� VXEVWLWXWLRQ� OHYHO� RI� )0� E\� ))6�� 'DWD� SUHVHQWHG� LQ� WKH� VDPH� WDEOHV�
VKRZHG� WKDW�� LQFUHDVLQJ� VXEVWLWXWLRQ� OHYHO� RI� )0� E\� ))6� DW� ���� ���� ��� DQG� �����
GHFUHDVHG�IHHG�FRVWV�E\��������������������DQG���������UHVSHFWLYHO\���

&RPSDUHG� WR� WKH� FRQWURO� GLHW�� IHHG� FRVWV� �/(�NJ� :*�� GHFUHDVHG� IRU� DOO�
VXEVWLWXWLRQ� OHYHOV�RI� )0�E\�))6� LQ� WKH�GLHWV�� ,Q�FRQFOXVLRQ�� UHSODFLQJ�����RI� ILVK�
PHDO�E\�IHUPHQWHG�ILVK�VLODJH��UHGXFHG�IHHGLQJ�FRVWV�E\��������IRU�WLODSLD�IU\��

7DEOH����)HHG�FRVWV��/�(��IRU�SURGXFLQJ�RQH�NJ�ZHLJKW�JDLQ�E\�ILVK�IHG�WKH�H[SHULPHQWDO�GLHWV��
1LOH�WLODSLD�IU\�

'LHWV� &RVWV�
�/�(��WRQ

5HODWLYH�
WR�

FRQWURO�
�

'HFUHDVH�
LQ�IHHG�
FRVW����

)&5�
)HHG FRVWV��
�/�(��NJ�

:HLJKW�JDLQ�
5HODWLYH�
WR�FRQWURO�

�

'HFUHDVH�LQ�
)HHG�FRVWV�
�/�(��NJ�
:HLJKW�
JDLQ�

))6� ������� ���� ����� ���� ����� ���� ��
))6�� ������� ������ ����� ���� ����� ������ �����
))6�� ������� ������ ������ ���� ����� ������ ������
))6�� ������� ������ ������ ���� ����� ������ �����
))6��� ������� ������ ������ ���� ����� ������ ������
�) HHG�FRVWV�NJ�Z HLJKW�JDLQ� �) &5�î�FRVWV�RI�NJ�IHHG��

�
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7DEOH� ��� /RFDO� PDUNHW� SULFH� �/�(��WRQ�� IRU� IHHG� LQJUHGLHQWV� XVHG� IRU� IRUPXODWLQJ� WKH�
H[SHULPHQWDO�GLHWV�ZKHQ�WKH�H[SHULPHQW�ZDV�VWDUWHG��

,QJUHGLHQWV 3ULFH��/�(�����WRQ�
)LVK�PHDO� �����
<HOORZ�FRUQ� �����
6R\EHDQ�PHDO�� �����
)HUPHQWHG�ILVK�VLODJH��))6�� �����
:KHDW�EUDQ� ����
9HJHWDEOH�RLO� �����
9LW��	�0LQ��0L[WXUH� ������

5()(5(1&(6�
$VVRFLDWLRQ� RI� 2IILFLDO� $QDO\WLFDO� &KHPLVWV�� $2$&� �������� 2IILFLDO� 0HWKRGV� RI�

$QDO\VLV��:DVKLQJWRQ��'��&��
%R\G��'�� ��������:DWHU�4XDOLW\� LQ�:DUP�ZDWHU�)LVK�3RQGV��$XEXUQ�8QLYHUVLW\�

$JULFXOWXUDO�([SHULPHQW�6WDWLRQ��$XEXUQ��$/��
&DYDOKHLUR��-��0��2���2OLYHLUD�GH�6RX]D��(��DQG�%RUD��3��6����������8WLOL]DWLRQ�RI�

VKULPS� LQGXVWU\� ZDVWH� LQ� WKH� IRUPXODWLRQ� RI� WLODSLD� �2UHRFKURPLV�
QLORWLFXV�/LQQDHXV��IHHG��%LRUHVRXUFH�7HFKQRORJ\���������������

&ROOLQV�� 5�� $�� DQG� 'HOPHQGR�� 0�� 1�� �������� &RPSDUDWLYH� HFRQRPLFV� RI�
DTXDFXOWXUH� LQ� FDJHV�� UDFHZD\V� DQG� HQFORVXUHV�� ,Q�� $GYDQFH� LQ�
DTXDFXOWXUH��(QJODQG��)LVKLQJ�1HZV�%RRNV���

'H�6LOYD�� 6�� 6�� DQG� $QGHUVRQ�� 7�� $�� �������� )LVK� QXWULWLRQ� LQ� DTXDFXOWXUH��
&+$30$1�HGDZ	�+$//��/RQGRQ��

'XQFDQ��'��%����������0XOWLSOH�UDQJH�DQG�0XOWLSOH�WHVW��%LRPHWHULFV������������
)DJEHQUR�� 2�� $�� �������� 'ULHG� IHUPHQWHG� ILVK� VLODJH� LQ� GLHWV� IRU�2UHRFKURPLV�

QLORWLFXV��,VUDHOL�-��$TXDFXOW���%DPLGJHK�����������������
)DJEHQUR�� 2�� $�� DQG� -DXQFH\�� .�� �������� &KHPLFDO� DQG� QXWULWLRQDO� TXDOLW\� RI�

GULHG� IHUPHQWHG� ILVK� VLODJH� DQG� WKHLU� QXWULWLYH� YDOXH� IRU� WLODSLD�
�2UHRFKURPLV�QLORWLFXV���$QLPDO�)HHG�6FL���7HFKQRO���������������

)DJEHQUR�� 2�� $�� � DQG� %HOOR�2OXVRLL�� 2�� $�� �������� 3UHSDUDWLRQ�� QXWULHQW�
FRPSRVLWLRQ�DQG�GLJHVWLELOLW\�RI�IHUPHQWHG�VKULPS�KHDG�VLODJH��)RRG�
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&KHPLVWU\����������������
)DJEHQUR�� 2�� $��� -DXQFH\�� .�� DQG� +D\ORU�� *�� �������� 1XWULWLYH� YDOXH� RI� GLHWV�

FRQWDLQLQJ�GULHG�ODFWLF�DFLG�IHUPHQWHG�ILVK�VLODJH�DQG�VR\EHDQ�PHDO�
IRU� MXYHQLOH� 2UHRFKURPLV� QLORWLFXV� DQG� &ODULDV� JDULHSLQXV� $TXDW��
/LY��5HVRXU�������������

*UHHQ��%��:����������6XEVWLWXWLRQ�RI�RUJDQLF�PDQXUH�IRU�SHOOHWHG�IHHG�LQ�WLODSLD�
SURGXFWLRQ��$TXDFXOWXUH���������������

+DUG\��5�:���6KHDUHU��.�'��DQG�6SLQHOOL��-����������7KH�1XWULWLRQDO�SURSHUWLHV�RI�
&R�� GULHV� ILVK� VLODJH� LQ� UDLQERZ� WURXW� �6DOPR� JDLUGQHUL� GU\� GLHWV��
$TXDFXOWXUH�������������

-DFNVRQ�� $�-��� .HUU�� $�.�� DQG� %XOORFN�� $�0�� �������� )LVK� VLODJH� DV� D� GLHWDU\�
LQJUHGLHQW� IRU� VDOPRQ�� ,,�� 3UHOLPLQDU\� JURZWK� ILQGLQJV� DQG� QXWULWLRQDO�
SDWKRORJ\��$TXDFXOWXUH��������������

-DWRPHV��0��3���1RYRD��0��$��2���)LJXHURD�� -��/��$���+DOO��*��0��DQG�6KLUDL��.��
�������� )HDVLELOLW\� RI� ILVKPHDO� UHSODFHPHQW� E\� VKULPS� KHDG� VLODJH�
SURWHLQ�K\GURO\VDWH�LQ�1LOH�WLODSLD��2UHRFKURPLV�QLORWLFXV�/��GLHWV��-��
6FL��)RRG�$JULF����������������

.RPSLDQJ��,�3���$ULIXGLQ��5��DQG�5DD��-��������D���,Q��$GYDQFHV�LQ�ILVK�VFLHQFH�
DQG� WHFKQRORJ\�� �-�-�� &RQQHOO�� HG���� SS�� ��������� )LVKLQJ� 1HZV�
%RRN��/WG��/RQGRQ���

.RPSLDQJ�� ,�3��� 'DUZDQWR�� $�� DQG�$ULIXGGLQ��5�� ������E���1XWULWLRQDO� YDOXH� RI�
ILVK� VLODJH�� ,Q�� -�*�� 'LVQH\� DQG� '�� -DPHV� �HGLWRUV��� ILVK� VLODJH�
SURGXFWLRQ�DQG�LWV�XVH��)�$�2�)LVK��5HS��1R�������SS���������

.RPSLDQJ�� ,�3��� <DVKDGL� 7�� DQG� &UHVVZHOO�� '�&�� ������ F��� ,Q�� )LVK� VLODJH�
SURGXFWLRQ�DQG�LWV�XVH���-�&��'LVQH\�DQG�'��-DPHV��HGV���SS��������
)$2�ILVK�5HS\�1R��������

/DSLH�� /�� 3�� � DQG� %LJXHUDV�%HQLWH]�� &�� 0�� �������� )HHGLQJ� VWXGLHV� RQ� WLODSLD�
�2UHRFKURPLV�QLORWLFXV� XVLQJ�ILVK�VLODJH��SS����������,Q��'��-DPHV�
�HG���)$2�)LVK�5HS���1R�������)$2��5RPH��

1RUPDQ��&�$��� 6LOYHUVLGH��'���+HFWRU��'�$�� DQG�)UDQFLV�� 6�� �������� )LVK� VLODJH��
7URS��6FL���������������
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15&���������1XWULHQW�UHTXLUHPHQW�RI�ILVK��1DWLRQDO�$FDGHP\�3UHVV��:DVKLQJWRQ�
'�&��

1ZDQQD��/��&��DQG�'DUDPROD��-��$�����������+DUQHVVLQJ�RI�VKULPS�KHDG�ZDVWH�LQ�
1LJHULD�IRU�ORZ�FRVW�SURGXFWLRQ�RI�WLODSLD��3DNLVWDQ��-��RI�1XWULWLRQ���
�������������

5DD��-��DQG�*LOGEHUJ��$����������)LVK�VLODJH��$�UHYLHZ��&5&��&ULWLFDO�5HYLHZV�LQ�
)RRG�6FLHQFH�DQG�1XWULWLRQ������������������

5XQJUXDQJVDN��.��DQG�8WQH��)����������(IIHFW�RI�GLIIHUHQW�DFLGLILHG�ZHW�IHHG�RQ�
SURWHDVH� DFWLYLWLHV� LQ� WKH� GLJHVWLYH� WUDFW� DQG� RQ� JURZWK� UDWH� RI�
UDLQERZ�WURXW��6DOPR�JDLUGQHUL�ULFKRUGVRQ� $TXDFXOWXUH�������������

6$6���������6$6�3URFHGXUH�*XLGH�³YHUVLRQ������(G´��6$6�,QVWLWXWH�,QF���&DU\��1&��
86$��

6ROWDQ��0��$��DQG�(O�/DLWK\��6��0��0����������(YDOXDWLRQ�RI�IHUPHQWHG�VLODJH�PDGH�
IURP� ILVK�� WRPDWR�DQG�SRWDWR�E\�SURGXFWV�DV�D� IHHG� LQJUHGLHQW� IRU�
1LOH� WLODSLD�� 2UHRFKURPLV� QLORWLFXV�� (J\SW�� -�� $TXDW�� %LRO�� 	� )LVK���
�������������

6ROWDQ�� 0�� $�� DQG� 7KDUZDW�� $�� $�� �������� 8VH� RI� ILVK� VLODJH� IRU� SDUWLDO� RU�
FRPSOHWH� UHSODFHPHQW� RI� ILVK� PHDO� LQ� GLHWV� RI� 1LOH� WLODSLD��
2UHRFKURPLV� QLORWLFXV� DQG� $IULFDQ� FDWILVK�� &ODULV� JDULHSLQXV�
(J\SWLDQ�-��1XWULWLRQ�DQG�)HHGV�����������������

6ROWDQ�� 0�� $��� +DQDI\�� 0�� $�� � DQG� :DID�� 0�� ,�� $�� �������� $Q� (YDOXDWLRQ� RI�
)HUPHQWHG�6LODJH�0DGH�IURP�)LVK�%\�3URGXFWV�$V�$�)HHG�,QJUHGLHQW�
IRU� $IULFDQ� &DWILVK� �&ODULDV� JDULHSLQXV���*OREDO� 9HWHULQDULD�� ��������
����

6WRQH��)��(���+DUG\��5�:���6KHDUHU��.�'��DQG�6FRWW��7��0����������8WLOL]DWLRQ�RI�
ILVK� VLODJH� E\� UDLQERZ� WURXW� �6DOPR� *DLUGQHUL��� $TXDFXOWXUH�� ����
���������

7DFRQ��$��*��-����������)HHG�LQJUHGLHQWV�IRU�ZDUP�ZDWHU�ILVK��ILVK�PHDO�DQG�RWKHU�
SURFHVVHG�IHHGVWXIIV��)$2�)LVKHULHV�&LUFXODU�1R�������)$2��5RPH��

:DVVHI��(��$���6ZHLODP��0��$��DQG�$WWDODK��5��)����������7KH�XVH�RI�IHUPHQWHG�
ILVK� VLODJH� DV� D� UHSODFHPHQW� IRU� ILVK� PHDO� LQ� 1LOH� WLODSLD�
�2UHRFKURPLV� QLORWLFXV� GLHWV�� (J\SW�� -�� 1XW�� )HHG�� �� �6SHFLDO�
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,VVXH�������������
:RROIRUG��0����������0LFURELRORJLFDO�VFUHHQLQJ�RI�WKH�VWUDLJKW�FKDLQ�IDWW\�DFLGV��

�&��� &��� DV� SRWHQWLDO� VLODJH� DGGLWLYHV�� -RXUQDO� RI� WKH� 6FLHQFH� RI�
)RRG�DQG�$JULFXOWXUH����������������

�
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