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,GHQWLILFDWLRQ�RI�9LEULR VS��DV FDXVH�RI�ZKLWH�IHFHV�
GLVHDVHV�LQ�ZKLWH�VKULPS�3HQDHXV�YDQQDPHL DQG�
KDQGOLQJ�ZLWK�KHUEDO�LQJUHGLHQWV�LQ (DVW�/DPSXQJ�
5HJHQF\��,QGRQHVLD
6XSRQR��:DUGL\DQWR��(VWL�+DUSHQL��$QQLVD�+� .KRWLPDK��$VWUL�1LQJW\DV

'HSDUWPHQW�RI�$TXDFXOWXUH��)DFXOW\�RI�$JULFXOWXUH��/DPSXQJ�8QLYHUVLW\��/DPSXQJ
%DQGDU�/DPSXQJ��,QGRQHVLD��&RUUHVSRQGLQJ�DXWKRU� 6XSRQR�

VXSRQRBXQLOD#\DKRR�FRP

$EVWUDFW�� :KLWH� IHFHV GLVHDVH� �:)'�� LV� RQH� RI� WKH� GLVHDVHV� WKDW� DWWDFN� ZKLWH VKULPS �3HQDHXV�
YDQQDPHL���7KLV�GLVHDVH�FDXVHV�FXOWLYDWLRQ� IDLOXUH�DQG KXJH� ORVV� IRU�VKULPS� IDUPHUV��7KH�FDXVH�RI� WKLV�
GLVHDVH�LV�WKRXJKW�WR�EH�GXH�WR�WKH�DEXQGDQFH�RI�WKH�9LEULR EDFWHULD�SRSXODWLRQ�LQ�FXOWLYDWLRQ�PHGLD��7KLV�
VWXG\�ZDV�DLPHG WR�GHWHUPLQH�WKH�DEXQGDQFH�RI�9LEULR VS� DQG�WKH�SUHVHQFH�RI�9LEULR VS� DV�D�WULJJHU�IRU�
:)'�LQ�3��YDQQDPHL SRQGV�DQG�WR�VWXG\�WKH�XVH�RI�VHYHUDO�KHUEDO�LQJUHGLHQWV�LQ�VXSSUHVVLQJ�WKH�JURZWK�
RI�9LEULR VS��6DPSOHV�ZHUH� WDNHQ� IURP�VHFRQGDU\� FDQDOV�� WHUWLDU\�FDQDOV��SULPDU\�FDQDOV�� VKULPS�SRQG
ZDWHUV�WKDW�ZHUH�QRW�LQIHFWHG�ZLWK�:)'��VKULPS�SRQG ZDWHU�LQIHFWHG�ZLWK�:)'��DQG�VKULPS�LQIHFWHG�E\�
:)'��6DPSOHV�WDNHQ�IURP�WKRVH ORFDWLRQV ZHUH�WKHQ�LQRFXODWHG� WKH�WRWDO�SRSXODWLRQ�RI�WKH�EDFWHULD�ZDV�
FDOFXODWHG��LGHQWLILHG�DQG�WHVWHG�IRU�DQWL�EDFWHULDO�DFWLYLW\�XVLQJ�VHYHUDO�KHUEDO�SURGXFWV��$FFRUGLQJ�WR�WKH�
UHVXOWV�RI� WKH�VWXG\��9LEULR DEXQGDQFH�ZDV�REWDLQHG�DV� IROORZV��ZDWHU�VDPSOH ZDV�SRVLWLYH RI�:)'�E\
�������î��� &)8 P/����VKULPS�LQWHVWLQH ZDV�SRVLWLYH�RI :)'�E\��������î��� &)8 P/��� SULPDU\�FDQDO�RI�
������î��� &)8 P/��� VHFRQGDU\� FDQDO� RI� �������î��� &)8 P/��� WHUWLDU\� FDQDO �������î��� &)8 P/���
VKULPS�SRQG ��RI��������î��� &)8 P/��� VKULPS�SRQG ��RI��������î��� &)8 P/��� VKULPS�SRQG ��RI�
�������î��� &)8 P/��� DQG� KHDOWK\� VKULPS� LQWHVWLQH� RI���������î��� &)8 P/��� 7KH� W\SH� RI� 9LEULR
LGHQWLILHG� DQG� VXVSHFWHG� RI� WULJJHULQJ� :)'� GLVHDVH� ZHUH� 9� YXOQLILFXV�� 9� SDUDKDHPRO\WLFXV� DQG� 9�
DOJLQRO\WLFXV��$QWLEDFWHULDO� WHVW VKRZHG�WKDW�PDQJURYH� OHDI H[WUDFW��5KL]RSKRUD�DSLFXODWD��KDG�WKH�EHVW�
LQKLELWRU\� HIIHFW� RQ� 9�� SDUDKDHPRO\WLFXV �]RQH� RI� LQKLELWLRQ RI� ����� PP��� IROORZHG� E\� NHWDSDQJ� OHDI�
H[WUDFW �����PP� ]RQH�RI� LQKLELWLRQ�� DQG� SDSD\D� OHDI� H[WUDFW �]RQH� RI� LQKLELWLRQ RI���� PP��� 7KH� EHVW�
FRQFHQWUDWLRQ�RI�PDQJURYH�OHDI�H[WUDFW�LQ�VXSSUHVVLQJ�WKH�JURZWK�RI�9LEULR SDUDKDHPRO\WLFXV ZDV�����PJ
/���
.H\ :RUGV��9LEULR DEXQGDQFH��:)'�WULJJHUV��DQWLEDFWHULDO DFWLYLW\��9LEULR SDUDKDHPRO\WLFXV� 5KL]RSKRUD�
DSLFXODWD�

,QWURGXFWLRQ� :KLWH� VKULPS� 3HQDHXV YDQQDPHL LV� D W\SH� RI� VKULPS� WKDW� LV� ZLGHO\�
FXOWLYDWHG� LQ� ,QGRQHVLD�� 7KLV� LV� EHFDXVH� WKHVH� VKULPS� KDYH� SURPLVLQJ� SURVSHFWV� DQG�
SURILWV� �%DEX� HW� DO ������� +RZHYHU�� GLVHDVH� DWWDFNV� RIWHQ� RFFXU LQ� 3� YDQQDPHL
FXOWLYDWLRQ�� 'LVHDVHV� DUH� FRPPRQO\� FDXVHG� E\� EDFWHULD�� SDUDVLWHV�� YLUXVHV�� DQG� IXQJL��
7KLV�GLVHDVH�DWWDFN�RFFXUV�ZKHQ�HQYLURQPHQWDO�FRQGLWLRQV��SDWKRJHQV��DQG� FXOWLYDQ DUH�
QRW�EDODQFHG��(QJHULQJ�HW�DO �������3DWKRJHQV�WKDW�RIWHQ�DWWDFN�3� YDQQDPHL DUH�9LEULR
�.KDPHVLSRXU�HW�DO ������:LGRZDWL�HW�DO ������

2QH�RI�WKH�GLVHDVHV�WKDW�DSSHDU�LQ�VKULPS�IDUPLQJ�LV�ZKLWH�IHFHV�GLVHDVH �:)'���
7KLV� GLVHDVH� LV� FKDUDFWHUL]HG E\� WKH� DSSHDUDQFH� RI� ZKLWH� IHFHV RQ� WKH� VXUIDFH� RI� WKH�
FXOWXUH�PHGLXP��:)'� LV�DOOHJHGO\ FDXVHG�E\�DQ�DEXQGDQFH�RI�9LEULR VS��RQ�FXOWLYDWLRQ�
PHGLD �-D\DGL�HW�DO �������7KH� LQFUHDVH� LQ� WKH�QXPEHU�RI�9LEULR VS� LV�GXH� WR�DGYHUVH�
HQYLURQPHQWDO�FRQGLWLRQV��HVSHFLDOO\�KLJK�RUJDQLF�PDWWHU�FRQWHQW��$FFRUGLQJ�WR�7DVOLKDQ�
HW�DO �������� LQFUHDVPHQW�RI� WKH VKULPS�SURGXFWLRQ�FDQ�EH�PDLQWDLQ�E\�PRQLWRULQJ� WKH�
TXDOLW\�RI�ZDWHU��SURYLGLQJ�WKH�SURSHU IHHG��DQG�DSSURSULDWH�DGPLQLVWUDWLRQ�RI SURELRWLF�RU�
DQWLELRWLF�GRVHV��+RZHYHU��WKH�XVH�RI�DQWLELRWLFV�LV�QRW�UHFRPPHQGHG�LQ�VKULPS�IDUPLQJ�
EHFDXVH� LW� OHDYHV� D� UHVLGXH� WKDW� HQGDQJHUV� FRQVXPHUV�� 6DIH� LQJUHGLHQWV� WKDW� KDYH�
DQWLEDFWHULDO�SRWHQWLDO�FDQ�EH�REWDLQHG�IURP�VRPH�SODQWV� +HUEDO�LQJUHGLHQWV�RU�PHGLFLQDO�
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SODQWV�DUH�DOO�W\SHV�RI�SODQWV�WKDW�FDQ�EH�XVHG�DV�PHGLFLQDO�KHUEV��ERWK�VLQJO\�DQG�LQ�D�
PL[WXUH� WKDW� LV�FRQVLGHUHG�DQG�EHOLHYHG� WR�FXUH�D� GLVHDVH�RU� FDQ�KDYH�DQ� LQIOXHQFH�RQ�
KHDOWK��+HUEDO�LQJUHGLHQWV�DUH�XVHG�EHFDXVH�WKH\�DUH�VDIH�DQG�GR�QRW�SURGXFH�UHVLGXHV�LQ�
FXOWLYDWHG� RUJDQLVPV� VR WKDW WKH\� DUH� VDIH� IRU� FRQVXPSWLRQ� DQG� IULHQGO\� WR WKH�
HQYLURQPHQW��<XKDQD�HW�DO ������$PLQ]DUH HW�DO ����� 9HQWROD ������

6RPH� KHUEDO� LQJUHGLHQWV� WKDW� FDQ� EH� XVHG� LQFOXGH� SDSD\D �&DULFD� SDSD\D���
NHWDSDQJ �7HUPLQDOLD�FDWDSSD���DQG�PDQJURYH �5KL]RSKRUD�DSLFXODWD� OHDI�H[WUDFWV�� &�
SDSD\D OHDI� H[WUDFW� FRQWDLQV� IODYRQRLGV�� WDQQLQV�� DONDORLGV�� YLWDPLQ� &�� NDUSDLQ��
F\DQRJHQLF�� JOXFRVLGHV�� DQG� SDSDLQ� HQ]\PHV� VR� WKDW� LW� KDV� WKH� SRWHQWLDO� DV� DQ�
DQWLR[LGDQW� DQG� DQWLVHSWLF� �(OHD]X� HW� DO ������� :KLOH� 7� FDWDSSD OHDI� H[WUDFW� KDV� DQ�
HIIHFWLYH�DQWLEDFWHULDO�FKHPLFDO�FRQWHQW��EDFWHULFLGDO��

2QH�DUHD�RI�VKULPS�IDUPLQJ�LQ�,QGRQHVLD�WKDW� IDFHV DQ�HSLGHPLF�RI�:)'�LV�3DVLU�
6DNWL� 'LVWULFW�� (DVW� /DPSXQJ� 5HJHQF\�� /DPSXQJ� 3URYLQFH�� 7KLV� UHJLRQ LV� RQH� RI� WKH�
VKULPS� SURGXFLQJ� UHJLRQV� LQ� /DPSXQJ� 3URYLQFH�� 7KH� FRQGLWLRQ� RI� WKH� VKULPS� SRQGV� LQ�
WKDW�ORFDWLRQ�KDV�EHHQ�DWWDFNHG�E\�:KLWH�IHFHV�GLVHDVH �:)'��ZKLFK�FDXVHV�D�KXJH�ORVV�
IRU� VKULPS� IDUPHUV�� 7KH� VWXG\� ZDV� DLPHG WR� GHWHUPLQH� WKH� FDXVH� RI� :)'� DQG� LWV�
WUHDWPHQW�QHHGV�WR�EH�FRQGXFWHG WR�UHGXFH�WKH�LQFLGHQFH�RI�:)'�DQG�SUHYHQW�IDLOXUH�RI�
VKULPS�IDUPLQJ XVLQJ�KHUEDO�LQJUHGLHQWV�

0DWHULDO�DQG�0HWKRG

6WXG\�VLWH� 7KH�UHVHDUFK�ZDV�FRQGXFWHG�LQ�(DVW�/DPSXQJ�5HJHQF\��,QGRQHVLD� 6DPSOHV�
ZHUH�WDNHQ�IURP�VHFRQGDU\�FDQDOV��WHUWLDU\�FDQDOV��SULPDU\�FDQDOV��VKULPS�SRQG�ZDWHUV�
WKDW� ZHUH� QRW� LQIHFWHG� ZLWK�:)'�� VKULPS� SRQG� ZDWHU� LQIHFWHG� ZLWK�:)'�� DQG� VKULPS�
LQIHFWHG�E\�:)'��5HVHDUFK�ORFDWLRQ�FDQ�EH�VHHQ�LQ�)LJXUH���

)LJXUH����5HVHDUFK�ORFDWLRQ�

6DPSOH�FROOHFWLRQ� 6DPSOLQJ�ZDV�FDUULHG�RXW�E\�WDNLQJ�����P/ ZDWHU�VDPSOHV�XVLQJ�D�
VDPSOH�ERWWOHV��6DPSOHV�ZHUH�WDNHQ�IURP���ORFDWLRQV�ZLWK���UHSOLFDWHV�IRU�HDFK�ORFDWLRQ��
7DNHQ� 6DPSOHV ZHUH GLUHFWO\� LQRFXODWHG� RQ� 7&%6�PHGLD� 6DPSOHV� DOVR� ZHUH� FROOHFWHG�
IURP�KHDOW\�DQG�:)'�LQIHFWHG 3� YDQQDPHL�
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7RWDO� EDFWHULDO� FRXQW� $IWHU� LQFXEDWLRQ� IRU� ��� KRXUV�� D� JURZLQJ� EDFWHULDO� FRORQ\�ZDV�
FDOFXODWHG�E\�SODFLQJ�D�SHWUL�GLVK�RQ�WRS�RI�WKH�&RORQ\�&RXQWHU�GHYLFH�DQG�WKH�EDFWHULDO�
FRORQ\�ZDV�WKHQ�FDOFXODWHG�DQG�FRXQWHG XVLQJ WKH�IRUPXOD�
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:KHUH�
1  �1XPEHU�RI�FRORQLHV��&)8�P/���
ܥ  �1XPEHU�RI�FDOFXODWHG�RI�EDFWHULDO�FRORQLHV�RQ�WKH�SHWUL�GLVKHV
ܲ  �'LOXWLRQ�)DFWRU
ܸ  �6DPSOH�9ROXPH

%DFWHULDO� LGHQWLILFDWLRQ� ,GHQWLILFDWLRQ�RI�9LEULR ZDV�FDUULHG�RXW�E\�D�TXDGUDQW� VWURNH�
PHWKRG�ZLWK� VHYHUDO� VWDJHV� WR� REWDLQ� �� SXUH� LVRODWH�� 7KH� LVRODWH ZHUH� WKHQ� LGHQWLILHG��
,GHQWLILFDWLRQ� RI� 9LEULR VS�� ZDV� FDUULHG� RXW� XVLQJ� 0,&52%$&770� ��� (� *UDP� 1HJDWLYH�
,GHQWLILFDWLRQ�6\VWHP��2;2,'��DQG� UHDG�XVLQJ�VRIWZDUH�PLFURUREDFW�������2EVHUYDWLRQ�
RI� FHOO� PRUSKRORJ\� LQFOXGHV JUDP� VWDLQLQJ�� FHOO� VKDSH�� DQG�PRWLOLW\� WHVW�� 3K\VLRORJLFDO�
SURSHUWLHV�LQFOXGH�FDWDODVH�WHVW��LQGROH�WHVW��05�93�WHVW��&LWUDWH�6LPPRQV�WHVW��DQG�76,$�
WHVW�

%DFWHULDO�PHGLXP� $�WRWDO�RI�����J�RI�1XWULHQW�$JDU��1$��PHGLD�ZDV�ZHLJKHG�DQG�WKHQ�
SODFHG LQWR� HUOHQPH\HU� DQG� GLOXWHG ZLWK� ���� P/ RI� VHD� ZDWHU�� (UOHQPH\HU� WXEH�
FRQWDLQLQJ� QXWULHQW� DJDU ZDV KHDWHG� XVLQJ� D KRW� SODWH� XQWLO� WKH� VROXWLRQ� ZDV
KRPRJHQHRXV�� WKHQ� DXWRFODYHG� IRU� ���PLQXWHV� ZLWK� D� WHPSHUDWXUH� RI� ����&� XQGHU� D�
SUHVVXUH�RI���DWP��$�WRWDO�RI����P/ RI�VWHULOH�QXWULHQW�DJDU�ZDV�SRXUHG�LQWR�D�SHWUL�GLVK�
DQG� OHDYHG XQWLO� LW� VROLGLILHG�� 7KH� SRXULQJ�ZDV GRQH� LQ� WKH� ODPLQDU� DLU� IORZ� WR� SUHYHQW�
FRQWDPLQDWLRQ�

%DFWHULDO�FXOWLYDWLRQ� 1XWULHQW�%URWK��1%��PHGLD�ZDV�ZHLJKHG�DV�PXFK�DV������J�WKHQ�
WUDQVIHUUHG LQWR� HUOHQPH\HU�DQG����P/ RI� VHD�ZDWHU ZDV�DGGHG��7KH�HUOHQPH\HU� WXEH�
FRQWDLQLQJ�PHGLD 1%�ZDV�KHDWHG�XVLQJ�D�KRW�SODWH�XQWLO�WKH�VROXWLRQ�ZDV�KRPRJHQHRXV�
DQG�KHDWHG�E\�DXWRFODYLQJ�IRU����PLQXWHV�DW�D�WHPSHUDWXUH�RI�����&�XQGHU�D�SUHVVXUH�RI�
�� DWP�� 3XUH� FXOWXUH� RI� 9LEULR SDUDKDHPRO\WLFXV ZDV� LQRFXODWHG� DVHSWLFDOO\� LQWR� �� WHVW�
WXEHV� FRQWDLQLQJ��� P/ VWHULOH�1XWULHQW�%URWK� �1%��PHGLD��7HVW� WXEH�ZDV� LQFXEDWHG� LQ�
VKDNLQJ�LQFXEDWRU IRU���WR���KRXUV��7DPSHPDZD HW�DO�������

$QWLEDFWHULDO�DFWLYLW\�WHVW�RI�KHUEDO�LQJUHGLHQQWV� $�WRWDO�RI�����/ RI�OLTXLG�LVRODWH�9�
SDUDKDHPRO\WLFXV ZLWK�D�GHQVLW\�RI���� &)8 P/���ZHUH�GURSSHG� RQ�1XWULHQW�$JDU� �1$��
PHGLD�DQG�ZDV�OHYHOHG�ZLWK�VSUHDGHU��'LVF�SDSHU�ZDV SODFHG�RQ�WKH�PHGLD�FRQWDLQLQJ�D�
VSUHDG�RI�EDFWHULD�ZLWK�D� OLWWOH�SUHVVXUH�� $ WRWDO�RI�����/�RI�&� SDSD\D OHDI�H[WUDFW��7�
FDWDSSD OHDI�H[WUDFW��DQG�5� DSLFXODWD OHDI�H[WUDFW�ZLWK�D�FRQFHQWUDWLRQ�RI�����PJ /���LQ�
HDFK�H[WUDFW�ZHUH�GULSSHG�RQ�D�SDSHU�GLVF�ZLWK�D�GLDPHWHU�RI���PP��7KH�SHWUL�GLVK�ZDV
WKHQ�LQFXEDWHG�IRU����KRXUV��)XUWKHUPRUH��PHDVXUHPHQW�RI�WKH�]RQH�RI�LQKLELWLRQ RI�WKH�
H[WUDFWV DJDLQVW�EDFWHULD�ZDV�FDUULHG�RXW��7KH�DELOLW\�WR� LQKLELW�EDFWHULD� LV�FKDUDFWHUL]HG�
E\�WKH�IRUPDWLRQ�RI�D�FOHDU�]RQH�DURXQG�WKH�WHVWHG GLVF SDSHUV�

'HWHUPLQDWLRQ� RI� WKH� EHVW� FRQFHQWUDWLRQ� $� WRWDO� RI� ��� �/ RI� OLTXLG� LVRODWH� 9LEULR
SDUDKDHPRO\WLFXV ZLWK�D�GHQVLW\�RI� ��� &)8 P/�� ZHUH�GURSSHG�RQ�1XWULHQW�$JDU� �1$��
PHGLD�DQG�ZDV�OHYHOHG�ZLWK�VSUHDGHU��'LVF�SDSHU�ZDV SODFHG�RQ�WKH�PHGLD�FRQWDLQLQJ�D�
VSUHDG�RI� LVRODWH ZLWK�D�OLWWOH�SUHVVXUH��$�WRWDO�RI ����/�RI�5� DSLFXODWD OHDI�H[WUDFW�ZDV�
GURSSHG�RQ�SDSHU�GLVNV�PHDVXULQJ���PP�ZLWK�FRQFHQWUDWLRQV�RI���������������������DQG�
���� PJ /���� 3RVLWLYH� FRQWURO� ZDV UHSUHVHQWHG� E\� JLYLQJ� SDSHU� GLVFV� FRQWDLQLQJ�
FKORUDPSKHQLFRO� DQWLELRWLFV� ZKLOH� QHJDWLYH� FRQWURO ZDV� QHXWUDO� GLVF� SDSHU� �ZDWHU�
GLVLQIHFWDQW� RQO\��� $OO� WUHDWPHQWV� ZHUH� LQFXEDWHG� IRU� ��� KRXUV�� $IWHU� WKH� LQFXEDWLRQ�
SHULRG��WKH�GLDPHWHU�RI�WKH�]RQH�RI�LQKLELWLRQ IRUPHG�DURXQG�WKH�GLVF�SDSHU�ZDV�REVHUYHG�
DQG�PHDVXUHG�
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6WDWLVWLFDO DQDO\VLV� 7KH�GDWD�RI�9LEULR VS� DEXQGDQFH�LQ�WKH�VWXG\�ILHOG�ZHUH SUHVHQWHG�
LQ� WDEOH� IRUP� DQG� DQDO\]HG� GHVFULSWLYHO\� DFFRUGLQJ� WR� WKH� UHVHDUFK� REMHFWLYHV�� 'DWD� RI�
DQWLEDFWHULDO�DFWLYLWLHV�ZHUH�DQDO\]HG�XVLQJ�$QRYD�IROORZHG�E\�OHDVW�VLJQLILFDQW�GLIIHUHQFH�
�VLJQLILFDQFH�RI�GLIIHUHQFHV�DW�S�������

5HVXOWV�� ,Q� WKH� SULPDU\� FDQDO RU� WKH� PDLQ� FDQDO�� DEXQGDQFH� RI� 9LEULR VS� ZDV�
�������î��� &)8 P/�� VR� WKDW� WKLV� FDQDO LV� VWLOO� DW VDIHW\� OHYHO� IRU� VKULPS� FXOWXUH�
�7DVOLKDQ� HW� DO� ������� 7KH� WRWDO� DEXQGDQFH� RI� 9LEULR VS�� RQ� VHFRQGDU\� FDQDOV� ZDV�
�������î��� &)8 P/��� VR� WKDW� LW� H[FHHGV� WKH� VDIH� OLPLW� LQ� WKH� ZDWHUV�� :KLOH� LQ� WKH�
WHUWLDU\�FDQDO ZKLFK�LV�WKH� LQOHW�DQG�RXWOHW�FDQDO��WKH�WRWDO�DEXQGDQFH�RI�9LEULR VS��ZDV�
�������î��� &)8 P/����0RUHRYHU�� WKH� WRWDO� DEXQGDQFH� RI�9LEULR VS� LQ� VKULPS� SRQG� ��
ZDV� �������î��� &)8 P/�� DQG� �������î��� &)8 P/�� LQ� VKULPS� SRQG� ���:KLOH WRWDO�
DEXQGDQFH�RI�9LEULR VS� LQ�VKULPS�SRQG���ZDV��������î��� &)8 P/����7KH�DEXQGDQFH�RI�
9LEULR VS� LQ�DOO VWXG\�VLWHV LV�SUHVHQWHG LQ�7DEOH���

7DEOH �
7KH�DEXQGDQFH�RI�9LEULR VS��LQ�DOO�VWXG\�VLWHV

6DPSOH $EXQGDQFH RI�9LEULR �&)8 P/���
:DWHU ��� �������î���

3ULPDU\�FDQDO �������î���

6HFRQGDU\�FDQDO �������î���

7HUWLDU\�FDQDO �������î���

6KULPS�SRQG�� ��� �������î���

6KULPS�SRQG � �������î���

6KULPS�SRQG � �������î���

6KULPS�LQWHVWLQH���� �������î���

+HDOWK\�V6KULPS�LQWHVWLQH ��������î���

�� �LQIHFWHG�ZLWK�:)'�

&RORU�RI�EDFWHULDO�FRORQ\�LQ�7&%6$�PHGLD� 7&%6$�PHGLD�LV�D�VHOHFWLYH�PHGLXP�WKDW�
FDQ� LQKLELW� WKH�JURZWK�RI�XQGHVLUDEOH�EDFWHULD�DQG�FDQ�GLVWLQJXLVK 9LEULR� LQWR���JURXSV��
QDPHO\�D�JURXS�WKDW�IHUPHQWV�VXFURVH�FKDUDFWHUL]HG�E\�\HOORZ�FRORQLHV�DQG�D�JURXS�WKDW�
GRHV�QRW�IHUPHQW�VXFURVH�FKDUDFWHUL]HG�E\�JUHHQ�FRORQLHV�

7KH�FKDUDFWHULVWLFV�RI�WKH�FRORQLHV�RI�9��SDUDKDHPRO\WLFXV DQG�9��YXOQLILFXV RQ�WKH�
7&%6$�PHGLD� LQFOXGHG� URXQG��JUHHQ�RU�EOXLVK�JUHHQ� FRORQLHV� LQ� WKH�PLGGOH�RI� FRORQLHV�
ZLWK�D�GLDPHWHU�RI�����PP�DQG�GLG�QRW�IHUPHQW�VXFURVH��&RORQLHV�RI�9��SDUDKDHPRO\WLFXV
DQG�9��YXOQLILFXV ZHUH� IRXQG� LQ�VHFRQGDU\�� WHUWLDU\��VKULPS�SRQG���DQG�VKULPS�SRQG���
VDPSOHV��3ULPDU\�FDQDO�DQG�VKULPS�SRQG���VDPSOHV�VKRZHG�PRUSKRORJLFDO�FKDUDFWHULVWLFV�
RI�\HOORZ�FRORQLHV�DQG WKH�DELOLW\�RI�WKH�FRORQ\�WR�IHUPHQW�VXFURVH �)LJXUH���� 7KLV�ZDV�
VHHQ�IURP�FRORQ\�FKDQJHV�IURP�JUHHQ�WR�\HOORZ�RQ�7&%6$�PHGLD��7KH�FKDUDFWHULVWLFV�RI�
WKHVH�FRORQLHV�DUH�W\SLFDO�9��DOJLQRO\WLFXV��9��IOXYLDOLV��/LVWRQHOOD DQJXLOODUD��DQG�RWKHUV�

$
%

)LJXUH����&RORU�RI�9LEULR�VS��LQ�WKH�PHGLD� $�� <HOORZ�FRORUHG�9LEULR VS��FRORQ\��%�� *UHHQ�
FRORUHG�9LEULR VS��FRORQ\�
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%DFWHULDO� LGHQWLILFDWLRQ� ,GHQWLILFDWLRQ�RI�9LEULR VS� DW� WKH�VWXG\�VLWHV�ZDV�FDUULHG�RXW�
E\� WDNLQJ� WKH� PRVW� IRUPHG� FRORQLHV� RQ� 79&� �7RWDO� 9LEULR &RXQW��� ,GHQWLILFDWLRQ� ZDV�
FDUULHG�RXW�XVLQJ�WKH�0,&52%$&770����(�*UDP�1HJDWLYH�,GHQWLILFDWLRQ�6\VWHP��2;2,'��
DQG� WKH UHVXOWV ZHUH� UHDG E\ WKH� PLFUREDFW� ����� VRIWZDUH�� 7KH� UHVXOWV� RI� WKH�
LGHQWLILFDWLRQ�FDUULHG�RXW�DUH�SUHVHQWHG�LQ�7DEOH���

7DEOH �
,GHQWLILFDWLRQ�5HVXOWV�RI�9LEULR VS��DW�WKH�VWXG\�VLWHV

$QWLEDFWHULDO� DFWLYLW\� RI� KHUEDO� LQJUHGLHQWV� 7KH� UHVXOWV� RI� WKH� PHDVXUHPHQW� RI�
DQWLEDFWHULDO�DFWLYLW\�IURP�VHYHUDO�H[WUDFWV�RI�KHUEDO� LQJUHGLHQWV�ZLWK�D�FRQFHQWUDWLRQ�RI�
����PJ /���LQFXEDWHG�IRU����KRXUV�FDQ�EH�VHHQ�LQ�7DEOH���

7DEOH �
2EVHUYDWLRQ�RI�DQWLEDFWHULDO�DFWLYLW\ RI�KHUEDO�LQJUHGLHQWV

7HVWHG�PDWHULDO
,QKLELWLRQ�]RQH�GLDPHWHU��PP�

$YHUDJH��PP�
, ,, ,,,

&� SDSD\D OHDI�H[WUDFW ���� ���� ���� ��������
7� FDWDSSD OHDI�H[WUDFW ���� ���� ���� ��������
5� DSLFXODWD OHDI�H[WUDFW ���� ���� ���� ��������

&RQFHUQLQJ� WKH� DQWLEDFWHULDO� DFWLYLW\� RI� KHUEDO� LQJUHGLHQWV� WHVWHG�� EDVHG� RQ� VWDWLVWLFDO�
DQDO\VLV��WKHUH�LV�QR�VLJQLILFDQW�GLIIUHQHFH�DPRQJ�WUHDWPHQWV�

7KH�EHVW�FRQFHQWUDWLRQ RI�PDQJURYH OHDI�H[WUDFW��7KH�UHVXOWV�RI�WKH�PHDVXUHPHQW�
RI� DQWLEDFWHULDO� DFWLYLW\� ZHUH� LQGLFDWHG� E\� WKH� SUHVHQFH� RI� ]RQH� RI� LQKLELWLRQV�� QDPHO\�
]RQH� RI� LQKLELWLRQV� ZKHUH� EDFWHULD� GLG� QRW� JURZ� DURXQG� SDSHU� GLVFV� RI� JURZWK� RI� 9�
SDUDKDHPRO\WLFXV DIWHU����KRXUV�LQFXEDWLRQ�FDQ�EH�VHHQ LQ�7DEOH���

7DEOH �
2EVHUYDWLRQ�RI�DQWLEDFWHULDO�DFWLYLW\�RI�PDQJURYH�OHDI�H[WUDFW

&RQFHQWUDWLRQ�RI�5�
DSLFXODWD OHDI

H[WUDFW��PJ�/���

,QKLELWLRQ�]RQH�GLDPHWHU��PP�
$YHUDJH��PP�

6DPSOH�, 6DPSOH�,, 6DPSOH�,,,

��� ���� ���� ���� ���������
��� ���� ���� ���� ���������
��� ���� ���� ���� ���������
��� ���� ���� ���� ���������
��� ���� ���� ���� ���������

,Q� WKH� DQWLEDFWHULDO� WHVWLQJ� RI� KHUEDO� OHDI� H[WUDFW� LQ� LQKLELWLQJ� WKH� JURZWK� RI� 9�
SDUDKDHPRO\WLFXV��SRVLWLYH�FRQWUROV�ZHUH�XVHG�LQ�WKH�IRUP�RI�FKORUDPSKHQLFRO�DQWLELRWLFV�
DQG� QHJDWLYH� FRQWUROV� LQ� WKH� IRUP� RI� GLVWLOOHG� ZDWHU�� $QWLEDFWHULDO� WHVWLQJ� XVLQJ�
FKORUDPSKHQLFRO�VKRZHG�WKDW�WKH�GLDPHWHU�RI�WKH�]RQH�RI�LQKLELWLRQ�SURGXFHG�ZDV�������

6DPSOH .LQG�RI�9LEULR
)HFHV ��� 9� SDUDKDHPRO\WLFXV

3ULPDU\�FDQDO 9� DOJLQRO\WLFXV
6HFRQGDU\�FDQDO 9� YXOQLILFXV
7HUWLDU\�FDQDO 9� YXOQLILFXV

6KULPS�SRQG�� � LQIHFWHG�ZLWK�:)'� 9� SDUDKDHPRO\WLFXV
6KULPS�SRQG�� 9� DOJLQRO\WLFXV
6KULPS�SRQG � 9� DOJLQRO\WLFXV

6KULPS�LQWHVWLQH���� 9� SDUDKDHPRO\WLFXV
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PP�ZKLFK�ZDV�FDWHJRUL]HG�DV�PHGLXP��'HVLQIHFWHG ZDWHU GR�QRW�IRUP�]RQH�RI�LQKLELWLRQ�
EHFDXVH� LW� LV� D DUH� SXUH� ZDWHU� ZLWKRXW� WKH� FRQWHQW� RI� DFWLYH� FRPSRXQGV� WKDW� KDYH�
DQWLEDFWHULDO� SURSHUWLHV� �7DPSHPDZD� HW� DO ������� 7KXV�� HDFK� FRQFHQWUDWLRQ� VKRZV� D�
GLIIHUHQW�]RQH�RI�LQKLELWLRQ��7KH�JUHDWHU�WKH�FRQFHQWUDWLRQ�RI�H[WUDFW�WKH�JUHDWHU�WKH�]RQH�
RI� LQKLELWLRQ�IRUPHG��7KH�KLJKHU�WKH�FRQFHQWUDWLRQ�RI�5� DSLFXODWD OHDI H[WUDFW�XVHG��WKH�
PRUH�DQWLEDFWHULDO�FRQWHQW�ZLOO�EH��WKXV�LW�FDQ�LQKLELW�WKH�JURZWK�RI�9� SDUDKDHPRO\WLFXV�
6WDWLVWLFDO� DQDO\VLV� VKRZHG� WKDW� GLIIHUHQW� FRQFHQWUDWLRQ� RI� 5� DSLFXODWD OHDI H[WUDFW�
DIIHFWHG�RQ�LQKLELWLRQ�WRZDUG 9� SDUDKDHPRO\WLFXV JURZWK�

'LVFXVVLRQ�� 6HFRQGDU\� DQG� WHUWLDU\� FDQDOV� DUH� JHQHUDOO\� FORVHG� FDQDOV� WKDW� DUH� QRW�
FURVVHG� E\� KHDY\� LUULJDWLRQ� FDQDOV�� ,Q� DGGLWLRQ�� ERWK� FDQDOV� KDYH� D� OHYHO� RI� RUJDQLF�
PDWWHU WKDW� WHQGV� WR� EH� KLJKHU� WKDQ� RI� WKH� SULPDU\� FDQDO GXH� WR�ZDVWH� IURP�SUHYLRXV�
FURS��7KLV�FDXVHV�D�EXLOGXS�RI�WKH�DPRXQW RI�EDFWHULD�DQG�WRWDO�RUJDQLF�PDWWHU��720� LQ�
WKH�FDQDO�DW�ORZ�WLGH��7RWDO�RUJDQLF�PDWWHU�ZLOO�WULJJHU�WKH�JURZWK�RI�9LEULR�VS� �(LOHU HW�DO�
�������7KH�KLJK�WRWDO�RUJDQLF�PDWWHU�LQ�WHUWLDU\�DQG�VHFRQGDU\�FDQDOV ZDV�GXH�WR�ZDVWH�
IURP�VKULPS�SRQG�ZKLFK�FDQQRW�EH�UHOHDVHG WRWDOO\�LQWR�WKH�VHD� ,Q�WKLV�VWXG\�DUHD��LQOHW�
DQG�RXWOHW�RI�SRQG�ZHUH�LQ�RQH�FDQDO� 3RQG�LW�LV ILOOHG�ZKHQ�KLJK�WLGH�RFFXUV DQG�HPSW\HG�
ZKHQ�DW�ORZ�

7KH� FRQGLWLRQ� RI� VKULPS� SRQG� � DQG� VKULPS� SRQG� �� KDYH� QRW� VKRZQ� FOLQLFDO�
V\PSWRPV�RI�:)'�DWWDFN��KRZHYHU��WRWDO�DEXQGDQFH�RI�9LEULR ���� &)8� P/���FDQ�WULJJHU�
:)'�DWWDFNV��7KLV�FDQ�EH�VHHQ�IURP�WKH�UHVXOWV�REWDLQHG�LQ�:)'�SRVLWLYH�ZDWHU�VDPSOHV�
DQG� :)'� SRVLWLYH� VKULPS� LQWHVWLQHV� ZKLFK� KDYH� D� WRWDO� DEXQGDQFH� RI� 9LEULR VS� RI�
�������î��� &)8 P/��� DQG� �������î��� &)8 P/�� UHVSHFWLYHO\�� $W� WKH� ORFDWLRQ� RI� WKH�
IDUP��SUHYLRXVO\�ZHUH�:)'�DQG�:669��:KLWH�6SRW�6\QGURPH�9LUXV��RXWEUHDNV� VR�WKDW�LW�
GLG�QRW�UXOH�RXW�WKH�SRVVLELOLW\�RI�:)'�GLVHDVH�DWWDFNV�DJDLQ��+HDOWK\�VKULPS�LQWHVWLQHV�
KDYH�9LEULR EDFWHULD�ZLWK�D�WRWDO�DEXQGDQFH�RI���������î��� &)8 P/����ZKLFK�LQGLFDWHV�
WKDW�9LEULR�SUHVHQFH�LQ�KHDOWK\�VKULPS�GRHV�QRW�EHFRPH�D�SDWKRJHQ�EHFDXVH�WKH�QDWXUH�
RI� WKH� EDFWHULD� LV� RSSRUWXQLVWLF�� EXW� FDQ� EH� SDWKRJHQLF� LQ� FHUWDLQ� FRQGLWLRQV�� 5HVHDUFK�
FRQGXFWHG� E\� .KDULVPD� 	 0DQDQ� ������� UHSRUWHG WKDW�� LQ� YDQDPH� VKULPS� 9LEULR
DEXQGDQFH�H[FHHGLQJ���� &)8 P/���ZDV�VXVFHSWLEOH�WR�DWWDFN�E\�9LEULRVLV��$FFRUGLQJ�WR�
7DVOLKDQ� HW� DO ������� WKH� SUHVHQFH� RI�9LEULR EDFWHULD�ZKLFK� H[FHHGV���� &)8�P/�� FDQ�
FDXVH�PDVV�GHDWK�LQ�FXOWLYDWHG�VKULPS�

/RZ� SRSXODWLRQ� RI� SDWKRJHQLF� EDFWHULD� LQ� FXOWLYDWLRQ� PHGLD� ZLOO� SURYLGH� EHWWHU�
VKULPS� KHDOWK� FRQGLWLRQV� VR� WKDW� JURZWK� RI� VKULPS� LV� EHWWHU �1XUED\D� HW� DO �������
$FFRUGLQJ� WR�.KDULVPD�	 0DQDQ� �������� WRWDO� EDFWHULD� WKDW� H[FHHGV� WKH� WKUHVKROG� KDV�
WKH� SRWHQWLDO� WR� LQFUHDVH� GLVHDVH� LQIHFWLRQ� ZKLFK� LQ� WXUQ� FDXVHV� PDVV� PRUWDOLW\� RI�
FXOWXUHG� VKULPS�� ,QFUHDVHG� SRSXODWLRQ� RI� 9LEULR VS�� FDQ� EH� FDXVHG� E\� KLJK� GLVVROYHG�
RUJDQLF�PDWWHU�IURP�WKH�UHVW�RI�WKH�IHHG�DQG�VKULPS�IHFHV �3DHQD�HW�DO ������

,GHQWLILFDWLRQ�UHVXOWV�VKRZHG�VHYHUDO�W\SHV�RI�9LEULR��QDPHO\�9��SDUDKDHPRO\WLFXV��
9��YXOQLILFXV��DQG�9� DOJLQRO\WLFXV��7KH�JURXS�WKDW�ZDV�VXFFHVVIXOO\�LVRODWHG�DW�WKH�VWXG\�
VLWH�VKRZHG�D�ORZ�YDULHW\�RI�VSHFLHV��7KLV�LQGLFDWHV�WKDW�WKH�VKULPS�SRQG�ZDWHUV�GR�QRW�
FRQWDLQ�PDQ\�W\SHV�RI 9LEULR�

9LEULR LV�WKH�GRPLQDQW�IORUD�LQ�HJJV��ODUYDH�DQG�SRVW�ODUYDH�RI�VKULPS��+DPHHG�HW�
DO ������� $FFRUGLQJ� WR� 2WWD� 	� .DUXQDVDJDU� �������� DQ� LQFUHDVH� LQ� RUJDQLF� PDWHULDO�
VRXUFHG� LV� GHULYHG� IURP� IHHG� DQG� IHFHV� HQFRXUDJH WKH� PLFURIORUD� WR� GHYHORS� LQWR�
RSSRUWXQLVWLF� SDWKRJHQV� /LPVXZDQ� ������ UHSRUWHG� WKDW 9�� KDUYH\L�� 9�� YXOQLILFXV�� 9��
SDUDKDHPRO\WLFXV� 9�� DOJLQRO\WLFXV� DQG� 9LEULR VS� DUH� SDWKRJHQLF� EDFWHULD� WKDW� DUH�
DOZD\V� IRXQG� LQ� KDWFKHULHV� DQG� VKULPS SRQGV�� $FFRUGLQJ� WR� 7DVOLKDK� HW� DO ������ DQG�
$QMDLQL HW�DO ��������:)'� LV� FDXVHG�E\�PLFURVSRULGLD� �IURP� WKH�(QWHURF\WR]RRQ JURXS��
DQG�JUHJDULQ��DOOHJHGO\ GHULYHG�IURP�WKH�1HPDWRSVLV�VS���LQFRUSRUDWHG�ZLWK�9LEULR��6RPH�
9LEULR DUH� LGHQWLILHG� LQ� :)'�LQIHFWHG� VKULPS�� LQFOXGLQJ� 9�� YXOQLILFXV� 9�� IOXYLDOLV� 9�
SDUDKDHPRO\WLFXV� 9�� DOJLQRO\WLFXV� 9�� PLPLFXV� 9�� FKROHUDH� DQG� /LVWRQHOOD GDPVHOD�
5DODODJH�HW�DO �������IRXQG�9��DOJLQRO\WLFXV�DQG�9��IOXYLDOLV�DV�WKH�FDXVHV�RI�ZKLWH�IHFHV�
GLVHDVHV�LQ�3��PRQRGRQ JURZ�RXW�SRQGV�LQ�6UL�/DQND��

7KH� UHVXOWV� RI� WKH� PHDVXUHPHQW� RI� WKH� DQWLEDFWHULDO� DFWLYLW\� RI� &� SDSD\D�� 7�
FDWDSSD DQG� 5� DSLFXODWD OHDI H[WUDFWV VKRZHG� WKH� VKRZHG� WKH� DQWLEDFWHULDO� SRWHQWLDO�
DJDLQWV�9LEULR� VS� 7KH\ KDG�GLIIHUHQW� ]RQH�RI� LQKLELWLRQ�YDOXHV�RI�ZKLFK�&� SDSD\D OHDI�
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H[WUDFW�ZDV�����PP��7� FDWDSSD OHDI�H[WUDFW�ZDV�����PP��DQG�5� DSLFXODWD OHDI�H[WUDFW
�����PP��5��DSLFXODWD OHDI�H[WUDFW�KDG�WKH�KLJKHVW�DYHUDJH�]RQH�RI�LQKLELWLRQ�FRPSDUHG�
WR�&�� SDSD\D OHDI� DQG� 7�� FDWDSSD OHDI� H[WUDFWV�� 7KH� GLIIHUHQFH� LQ� WKH� DYHUDJH� ]RQH� RI�
LQKLELWLRQ� RI� &�� SDSD\D�� 7�� FDWDSSD�� DQG� PDQJURYH� OHDI� H[WUDFW� ZDV� GXH� WR� WKH�
DQWLEDFWHULDO� FRPSRXQGV� FRQWDLQHG� LQ� HDFK� RI� WKH� KHUEDO� OHDI� H[WUDFWV� KDYLQJ� GLIIHUHQW�
DPRXQWV�RI�DFWLYH�FRPSRXQGV�

0DUVKDOO�HW�DO �������UHSRUWHG� WKDW�DQWLEDFWHULDO�FRPSRXQGV� IRXQG� LQ�&��SDSD\D
OHDI�H[WUDFW�DUH�DONDORLG�RI������J��IODYRQRLGV�RI������J��VDSRQLQ�RI������J��DQG�WDQQLQ�RI�
����� J�� :KHUHDV� 7�� FDWDSSD OHDI� H[WUDFW� FRQWDLQV� DQWLEDFWHULDO� FRPSRXQGV� VXFK� DV�
DONDORLG�RI������J��IODYRQRLG�RI������J��VDSRQLQ�RI������J��WDQQLQ�RI������J� $FFRUGLQJ�WR�
2NSDNR� HW� DO �������� WKH� OHDI� RI� 7� FDWDSSD FRQWDLQV VDSRQLQ�� WDQQLQ�� SKHQRO� DQG�
IODYRQRLG� DV� SK\WRFKHPLFDO FRPSRXQGV�� ZKLFK FDQ� VXUSUHVV� WKH� JURZWK� RI� EDFWHULD�� $�
VWXG\� FRQGXFWHG� E\� (NZXHPH� HW� DO ������� VKRZHG� WKDW� 5�� DSLFXODWD OHDI� H[WUDFW�
FRQWDLQHG� DFWLYH� FRPSRXQGV� LQ� WKH� IRUP� RI� DONDORLG� RI� ����� J�� IODYRQRLG� RI ����� J��
VDSRQLQV�RI������J��WDQQLQ�RI������J��VWHURLG�RI������J��DQG�WHUSHQRLGV�RI������J�

$QWLEDFWHULDO� DFWLYLW\� FRPSRXQGV� IRXQG� LQ� KHUEDO� OHDI� H[WUDFWV� KDYH� GLIIHUHQW�
PHFKDQLVPV� WR� VXSSUHVV� EDFWHULDO� JURZWK�� $FFRUGLQJ� WR� 'DUVDQD� HW� DO �������� WKH�
PHFKDQLVP� RI� DFWLRQ� RI� DONDORLGV� DV� DQWLEDFWHULDO� LV� WR� GLVUXSW� WKH� FRQVWLWXHQW�
FRPSRQHQWV�RI�SHSWLGRJO\FDQ� LQ�EDFWHULDO�FHOOV�VR� WKDW� WKH�FHOO�ZDOO� OD\HU� LV�QRW� IRUPHG�
LQWDFW� DQG� FDXVHV� FHOO� GHDWK�� )ODYRQRLG� FRPSRXQGV� VHUYH� WR� LQKLELW� FHOO� PHPEUDQH�
IXQFWLRQ� �.XPDU� HW� DO ������� :KLOH� VDSRQLQV� VHUYH� WR� UHGXFH� VXUIDFH� WHQVLRQ� VR� WKDW�
SHUPHDELOLW\�ZLOO�ULVH�RU�FHOO�OHDNDJH�ZLOO�RFFXU�VR�WKDW�LQWUDFHOOXODU�FRPSRXQGV�ZLOO�FRPH�
RXW��1XULD�HW�DO �������7DQLQ�ZRUNV�E\�LQKLELWLQJ�WKH�V\QWKHVLV�RI�SHSWLGRJO\FDQ�VR�WKDW�
WKH�EDFWHULD�DUH�XQDEOH�WR�GLYLGH�DQG�FHOOV�DUH�O\VHV�GXH�WR�RVPRWLF�DQG�SK\VLFDO�SUHVVXUH�
ZKLFK�LQ�WXUQ�EDFWHULDO�FHOOV�GLH��1JDMRZ�HW�DO ������

7KH�DQWLEDFWHULDO�DFWLYLW\�WHVW�RI�5� DSLFXODWD OHDI�H[WUDFW�VKRZHG�LWV�DELOLW\�DV�DQ�
DQWLEDFWHULDO�� $QWLEDFWHULDO� WHVWLQJ� RI�5�� DSLFXODWD OHDI� H[WUDFW� � FDQ� EH� VHHQ� LQ� 7DEOH� ��
DERYH� ZKLFK� LV� FKDUDFWHUL]HG� E\� WKH� IRUPDWLRQ� RI� D� FOHDU� ]RQH� ZKLFK� VKRZV� WKDW� DW�
FRQFHQWUDWLRQV�RI�����PJ /��������PJ /��������PJ /��������PJ /����DQG�����PJ /����5��
DSLFXODWD OHDI�H[WUDFW�ZDV�DEOH�WR�LQKLELW�WKH�JURZWK�RI�9� SDUDKDHPRO\WLFXV�

7KH� PHDVXUHPHQW� UHVXOWV� RI� ]RQH� RI� LQKLELWLRQ� GLDPHWHU� RI� 5�� DSLFXODWD OHDI�
H[WUDFW� DW� D� FRQFHQWUDWLRQ�RI�����PJ /�� DQG�����PJ /���ZHUH� FDWHJRUL]HG�DV�ZHDN�RI�
ZKLFK������PP�DQG������PP��UHVSHFWLYHO\��5��DSLFXODWD OHDI�H[WUDFW�DW�FRQFHQWUDWLRQV�RI�
����PJ /��������PJ /���� DQG�����PJ /���ZHUH� FDWHJRUL]HG�DV�PRGHUDWH�RI�ZKLFK������
PP�� ����� PP�� DQG� ����� PP�� UHVSHFWLYHO\�� 7KH� YDOXH� RI� DQWLEDFWHULDO� DFWLYLW\� DW� D�
FRQFHQWUDWLRQ�RI�����PJ /���KDG�WKH�KLJKHVW�]RQH�RI�LQKLELWLRQ�ZLWK�DQ�DYHUDJH�YDOXH�RI�
WKH�GLDPHWHU�RI �����PP�ZKLFK�ZDV FDWHJRUL]HG�DV�PRGHUDWH��

&RQFOXVLRQV� $FFRUGLQJ�WR�WKH�UHVHDUFK�UHVXOWV��LW�FDQ�EH�FRQFOXGHG�WKDW�
�� 7KH�DEXQGDQFH�RI�EDFWHULD�LQ�WKH�VWXG\�VLWH�YDULHG��7KH�DEXQGDQFH�RI�9LEULR VS��DV�D�

WULJJHU�IRU�:)'�LV�DURXQG���� &)8 P/�� RU�FDQ�EH�VDLG�H[FHHGLQJ�WKH�VDIH�OLPLW�RI����

&)8 P/���
�� ,GHQWLILFDWLRQ�RQ�SRVLWLYH�FRQWURO�DQG�SRVLWLYH�VKULPS�LQWHVWLQH�RI�:)'��W\SH�RI�9LEULR

VS�� IRXQG� LQ� WKH� VWXG\� VLWHV� ZHUH� 9�� SDUDKDHPRO\WLFXV� 9�� YXOQLILFXV� DQG� 9��
DOJLQRO\WLFXV� 7KH�W\SH�RI�9LEULR VS� DV�D�WULJJHU�IRU�:)'�LV�9��SDUDKDHPRO\WLFXV�

�� 7KH� EHVW� FRQFHQWUDWLRQ� RI�PDQJURYH �5� DSLFXODWD�� OHDI� H[WUDFW� LQ� VXSSUHVVLQJ� WKH�
JURZWK�RI�9� SDUDKDHPRO\WLFXV ZDV�����PJ /���

5HIHUHQFHV

$PLQ]DUH� 0��� $OLDNEDUOX� -��� 7DMLN� +��� ���� 7KH� HIIHFW� RI� &LQQDPRPXP� ]H\ODQLFXP�
HVVHQWLDO�RLO�RQ�FKHPLFDO�FKDUDFWHULVWLFV�RI�/\RQHU�W\SH�VDXVDJH�GXULQJ�UHIULJHUDWHG�
VWRUDJH��9HWHULQDU\ 5HVHDUFK )RUXP�����������

$QMDLQL� -��� )DGMDU� 0��� $QGD\DQL� 6�� $JXVWLQ� ,��� %D\X� ,��� ���� +LVWRSDWKRORJLFDO� LQ� JLOO��
KHSDWRSDQFUHDV DQG� JXW� RI� ZKLWH� VKULPS� �/LWRSHQDHXV� YDQQDPHL�� LQIHFWHG� ZKLWH�
IHFHV�GLVHDVH �:)'�� /LIH�6FLHQFH �������������
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%DEX '��� 5DYXUX� 0XGH� -� 1��� ���� (IIHFW� RI� GHQVLW\� RQ� JURZWK� DQG� SURGXFWLRQ� RI�
/LWRSHQDHXV� YDQQDPHL RI� EUDFNLVK� ZDWHU� FXOWXUH� V\VWHP� LQ� VXPPHU� VHDVRQ� ZLWK�
DUWLILFLDO� GLHW� LQ� 3UDNDVDP� 'LVWULFW�� ,QGLD�� $PHULFDQ� ,QWHUQDWLRQDO� -RXUQDO� RI�
5HVHDUFK�LQ�)RUPDO��$SSOLHG��GDQ�1DWXUDO�6FLHQFHV �����������

'DUVDQD�,��*��2���%HVXQJ�,��1��.�� 0DKDWPL�+������� 3RWHQVL GDXQ�ELQDKRQJ��$QUHGHUD�
FRUGLIROLD �7HQRUH��6WHHQLV�� GDODP�PHQJKDPEDW� SHUWXPEXKDQ� EDNWHUL� (VFKHULFKLD�
FROL VHFDUD�,Q�YLWUR� ,QGRQHVLD�0HGLFXV�9HWHULQXV �������������

(LOHU� $��� /DQJHQKHGHU 6�� %HUWLOVVRQ� 6�� 7UDQYLN� /� -�� ���� +HWHURWURSKLF� EDFWHULDO�
JURZWK� HIILFLHQF\� DQG� FRPPXQLW\� VWUXFWXUH� DW� GLIIHUHQW� QDWXUDO� RUJDQLF� FDUERQ�
FRQFHQWUDWLRQV��$SSOLHG�DQG�(QYLURQPHQWDO�0LFURELRORJ\ ����������±������

(NZXHPH� )�� 1��� 1ZRGR� 2�� )�� &��� -RVKXD� 3�� (��� 1NZRFKD� 3�� (��� (OXND� 3�� (��� ����
4XDOLWDWLYH�DQG�TXDQWLWDWLYH�SK\WRFKHPLFDO�VFUHHQLQJ�RI�WKH�DTXHRXV�OHDI�H[WUDFW�RI�
6HQQD� PLPRVRLGHV�� ,WV� HIIHFW� LQ� LQ� YLYR� OHXNRF\WH� PRELOL]DWLRQ� LQGXFHG� E\�
LQIODPPDWRU\� VWLPXOXV� ,QWHUQDWLRQDO� -RXUQDO� RI� &XUUHQW� 0LFURELRORJ\� DQG� $SSOLHG�
6FLHQFH ����������

(OHD]X &��2��� (OHD]X .��&��� $ZD� (��� &KXNZXPD�6��&��� ���� &RPSDUDWLYH� VWXG\� RI� WKH�
SK\WRFKHPLFDO�FRPSRVLWLRQ�RI� WKH� OHDYHV�RI� ILYH�1LJHULDQ�PHGLFLQDO�SODQWV� -RXUQDO�
RI�%LRWHFKQRORJ\�DQG�3KDUPDFHXWLFDO�5HVHDUFK �����������

(QJHULQJ�$���+RJHUZHUI�/���6OLQJHQEHUJK�-������� 3DWKRJHQ±KRVW±HQYLURQPHQW�LQWHUSOD\�
DQG�GLVHDVH�HPHUJHQFH� (PHUJLQJ�0LFUREHV�DQG�,QIHFWLRQV �����H��

+DPHHG�6��$���5DKDPDQ�.��+���$ODJDQ�$���<RJDQDQGKD�.������� $QWLELRWLF�UHVLVWDQFH�LQ�
EDFWHULD� LVRODWHG� IURP� KDWFKHU\�UHDUHG� ODUYDH� DQG� SRVW�ODUYDH� RI�0DFUREUDFKLXP�
URVHQEHUJLL��$TXDFXOWXUH ����������

-D\DGL� 0��� 3UDMLWQR� $��� 0DIWXFK�� ���� 7KH� LGHQWLILFDWLRQ� RI� 9LEULR� VSS�� EDFWHULD� IURP�
/LWRSHQDHXV� YDQQDPHL LQIHFWHG�E\�ZKLWH� IHFHV� V\QGURPH�� ,QWHUQDWLRQDO� -RXUQDO� RI�
&KHP7HFK�5HVHDUFK��������������

.KDPHVLSRXU )��� 1RVKDGL� (��� 0RUDGL� 0��� 5DLVV\� 0�� ����� 'HWHFWLRQ� RI� 9LEULR� VSS�� LQ�
VKULPS�IURP�DTXDFXOWXUH�VLWHV�LQ�,UDQ�XVLQJ�SRO\PHUDVH�FKDLQ�UHDFWLRQ��3&5���$$&/�
%LRIOX[����������

.KDULVPD�$���0DQDQ�$������� .HOLPSDKDQ�%DNWHUL�9LEULR VS��SDGD�$LU�3HPEHVDUDQ�8GDQJ�
9DQQDPHL� �/LWRSHQDHXV� YDQQDPHL�� VHEDJDL� 'HWHNVL� 'LQL� 6HUDQJDQ� 3HQ\DNLW�
9LEULRVLV��-XUQDO�,OPLDK�3HULNDQDQ�GDQ�.HODXWDQ �������������

.XPDU� $��� .XPDU� $��� 7KDNXU� 3��� 3DWLO� 6��� 3D\DO� &��� .XPDU� $��� 6KDUPD� 3��� ����
$QWLEDFWHULDO� DFWLYLW\� RI� JUHHQ� WHD� �&DPHOOLD� VLQHQVLV�� H[WUDFWV� DJDLQVW� YDULRXV�
EDFWHULD�LVRODWHG�IURP�HQYLURQPHQWDO�VRXUFHV��7KH�5HFHQW�5HVHDUFK�LQ�6FLHQFH�DQG�
7HFKQRORJ\ �����������

/LPVXZDQ� &��� ���� :KLWH� IHFHV� GLVHDVHV� LQ� 7KDLODQG�� %XOHWLQ� 1LFRYLWD� 0DJD]LQH��
7KDLODQG��S����

0DUVKDOO (��8���&KLZHQGX�6���8NSDEL�(��2��� (]LNSH�&��$������� $QWLPLFURELDO� VFUHHQLQJ�
DQG� SK\WRFKHPLFDO� DQDO\VLV� RI� &DULFD� SDSD\D OHDI� H[WUDFWV� 6WDQGDUG� 5HVHDUFK�
-RXUQDO�RI�0LFURELRORJLFDO�6FLHQFH ���������

1JDMRZ� 0��� $ELGMXOX� -��� .DPX� 9�� 6��� ���� 3HQJDUXK� DQWLEDNWHUL� HNVWUDN� NXOLW� EDWDQJ�
PDWRD� �3RPHWLD� SLQQDWD�� WHUKDGDS� EDNWHUL� 6WDSK\ORFRFFXV� DXUHXV VHFDUD� LQ�
YLWUR� -XUQDO�0,3$�8QVUDW�2QOLQH �������������

1XUED\D�� 0XOLDQL�� 7RPSR $��� ���� 3HQHOLWLDQ� $SOLNDVL� %DNWHUL� 3URELRWLN� 3DGD� %XGLGD\D�
8GDQJ�:LQGX� �3HQDHXV�PRQRGRQ�� GL� 7DPEDN��3URVLGLQJ� )RUXP� ,QRYDVL� 7HNQRORJL�
$NXDNXOWXU� SS����������

1XULD�0��&���)DL]DLWXQ�$���6XPDQWUL������ 8ML�$NWLYLWDV�$QWLEDNWHUL�(NVWUDN�(WDQRO�'DXQ�
-DUDN� 3DJDU� �-DWURSKD� FXUFDV /�� 7HUKDGDS� %DNWHUL� 6WDSK\ORFRFFXV� $XUHXV $7&&�
������� (VFKHULFKLD� &ROL� $7&&�� 'DQ� 6DOPRQHOOD� 7\SKL� $7&&� ������ 0HGLDJUR
�������±���

2NSDNR� (�� &��� /RXLV� +��� 0DJX� 7�� 2��� $NZR� -�� .��� $NDNXUX� 2�� 8��� %LVRQJ� (�� $��� ����
3K\WRFKHPLFDO� VFUHHQLQJ� DQG� SUR[LPDWH� QXWULWLRQDO� DQDO\VLV� RI� EURZQ� OHDYHV� RI�
,QGLDQ� DOPRQG� �7HUPLQDOLD� FDWDSSD /�� ,QWHUQDWLRQDO� -RXUQDO� RI� 6FLHQWLILF� DQG�
5HVHDUFK�3XEOLFDWLRQV �������������

2WWD 6�� .��� .DUXQDVDJDU� ,��� ���� %DFWHULRORJLFDO� VWXG\� RI� VKULPS� 3HQDHXV� PRQRGRQ
)DEULFLXV��KDWFKHULHV�,Q�,QGLD��-XUQDO�$SSOLHG ,FKWK\RORJ\ ������������
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3DHQD� 0��� 6\DPVXGGLQ� 5��� 5DQL &�� 7DQGLSD\XN +�� ���� 7KH� GLVWULEXWLRQ� RI� RUJDQLF�
ZDVWH� GLVFKDUJHG� IURP� VXSHU�LQWHQVLYH� YDQDPH� VKULPS� �/LWRSHQDHXV� YDQQDPHL��
SRQGV�PRQLWRUHG�XVLQJ�VWDEOH�LVRWRSHV��$$&/�%LRIOX[������������������

5DODODJH��.���3UDVDQQD 6DQGDUXZDQ�.XPDUD�3� 6���+HWWLDUDFKFKL�0������� :KLWH�IDHFHV�
V\QGURPH� FDXVHG� E\� 9LEULR� DOJLQRO\WLFXV DQG� 9LEULR� IOXYLDOLV LQ� VKULPS�� 3HQDHXV�
PRQRGRQ� �)DEULFLXV� ������ � PXOWLPRGDO� VWUDWHJ\� WR� FRQWURO� WKH� V\QGURPH� LQ� 6UL�
/DQNDQ�JURZ�RXW�SRQGV� $VLDQ�)LVKHULHV�6RFLHW\ �����������

7DPSHPDZD� 3�� 9��� -RKDQLV� -�� 3��� )HEE\� (� )� .�� ���� 8ML� (IHNWLYLWDV� (NVWUDN� 'DXQ�
.HWDSDQJ �7HUPLQDOLD &DWDSSD /�� WHUKDGDS %DNWHUL %DFLOOXV
DP\OROLTXHIDFLHQV� 3KDUPDFRQ �������������

7DVOLKDQ� $��� )DLUXV� 0� 6�� 6XSLWR�� ���� 3HWXQMXN� 7HNQLV� SHQJHQGDOLDQ� SHQ\DNLW� EHUDN�
SXWLK��ZKLWH�IHFHV�GLVHDVHV��SDGD�XGDQJ�YDQDPH�GL�WDPEDN��.HPHQWHULDQ�.HODXWDQ�
GDQ�3HULNDQDQ�'LUHNWXU�-HQGHUDO�3HULNDQDQ�%XGLGD\D��%%3%$%�����S�

9HQWROD�&� /������� 7KH�DQWLELRWLF�UHVLVWDQFH�FULVLV��SDUW����FDXVHV�DQG�WKUHDWV��3KDUPDF\�
DQG�7KHUDSHXWLFV�����������

:LGRZDWL� ,���=DLQXUL�0���.XVXPDQLQJUXP�+��3���0DHVDURK�<���+DUGLYLOOLHU�<���/HLJQHO�9���
%RXUJRXJQRQ� 1��� 0RXJHW� -��/��� ����� ,GHQWLILFDWLRQ� RI� DJHQWV� FDXVLQJ� YLEULRVLV� LQ�
/LWRSHQDHXV� YDQQDPHL VKULPS� FXOWXUH� LQ� .HQGDO�� &HQWUDO� -DYD�� ,QGRQHVLD� DQG�
DSSOLFDWLRQ� RI� PLFURDOJDH� 'XQDOLHOOD� VDOLQD DQG� 7HWUDVHOPLV� FKXL� DV� ELR�FRQWURO�
DJHQWV�DJDLQVW�YLEULRVLV��$$&/�%LRIOX[���������������

<XKDQD� 0��� 1RUPDOLQD ,�� 6XNHQGD�� ���� 3HPDQIDDWDQ� (NVWUDN� %DZDQJ� 3XWLK� �$OOLXP�
VDWLYXP�� XQWXN� 3HQFHJDKDQ� GDQ� 3HQJREDWDQ� SDGD� ,NDQ� 3DWLQ� �3DQJDVLRQRGRQ�
K\SRSKWKDOPXV��\DQJ�GLLQIHNVL�$HURPRQDV�K\GURSKLOD��-XUQDO�$NXDNXOWXU�,QGRQHVLD�
������������

5HFHLYHG�����)HEUXDU\�������$FFHSWHG���� 0DUFK�������3XEOLVKHG�RQOLQH���� $SULO �����
$XWKRUV�
6XSRQR��/DPSXQJ�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH��'HSDUWPHQW�RI�$TXDFXOWXUH��,QGRQHVLD��/DPSXQJ�������
%DQGDU�/DPSXQJ��-DODQ�6XPDQWUL�%URMRQHJRUR�1R�����H�PDLO��VXSRQRBXQLOD#\DKRR�FRP
:DUGL\DQWR��/DPSXQJ�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH��'HSDUWPHQW�RI�$TXDFXOWXUH��,QGRQHVLD��/DPSXQJ�
����� %DQGDU�/DPSXQJ��-DODQ�6XPDQWUL�%URMRQHJRUR�1R�����H�PDLO� ZDUGLEGLIS#JPDLO�FRP
(VWL�+DUSHQL��/DPSXQJ�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH��'HSDUWPHQW RI�$TXDFXOWXUH��,QGRQHVLD��/DPSXQJ�
����� %DQGDU�/DPSXQJ��-DODQ�6XPDQWUL�%URMRQHJRUR�1R�����H�PDLO� HG\SHQL#\DKRR�FRP
$QQLVD�+XVQXO�.KRWLPDK��/DPSXQJ�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH��'HSDUWPHQW�RI�$TXDFXOWXUH��,QGRQHVLD��
/DPSXQJ� ����� %DQGDU�/DPSXQJ��-DODQ�6XPDQWUL�%URMRQHJRUR�1R�����H�PDLO� DQQLVD�KXVQXONK#\DKRR�FRP
$VWUL�1LQJW\DV��/DPSXQJ�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH��'HSDUWPHQW�RI�$TXDFXOWXUH��,QGRQHVLD��/DPSXQJ�
����� %DQGDU�/DPSXQJ��-DODQ�6XPDQWUL�%URMRQHJRUR�1R�����H�PDLO� DVWUL�QLQJWLDV��#JPDLO�FRP
7KLV�LV�DQ�RSHQ�DFFHVV�DUWLFOH�GLVWULEXWHG�XQGHU�WKH�WHUPV�RI�WKH�&UHDWLYH�&RPPRQV�$WWULEXWLRQ�/LFHQVH��ZKLFK
SHUPLWV�XQUHVWULFWHG�XVH��GLVWULEXWLRQ�DQG�UHSURGXFWLRQ�LQ�DQ\�PHGLXP��SURYLGHG�WKH�RULJLQDO DXWKRU�DQG�VRXUFH
DUH�FUHGLWHG�
+RZ�WR�FLWH�WKLV�DUWLFOH�
6XSRQR��:DUGL\DQWR��+DUSHQL� (��� .KRWLPDK $��+��� 1LQJW\DV $��� ����� ,GHQWLILFDWLRQ�RI�9LEULR� VS�� DV� FDXVH� RI�
ZKLWH�IHFHV�GLVHDVHV�LQ�ZKLWH�VKULPS�3HQDHXV�YDQQDPHL DQG�KDQGOLQJ�ZLWK�KHUEDO�LQJUHGLHQWV LQ�(DVW�/DPSXQJ�
5HJHQF\��,QGRQHVLD��$$&/�%LRIOX[���������������


