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0XVKURRPV� DUH� EHFRPLQJ� LPSRUWDQW� WR� KXPDQ� GLHWV� DOO�
RYHU� WKH�ZRUOG��7KHUHIRUH�� LW� LV� QHFHVVDU\� WR� LQYHVWLJDWH�
WKH�DSSURSULDWH�VXEVWUDWH�DQG�VXSSOHPHQWV�RQ�ZKLFK�WKH\�
FDQ�EH�FXOWLYDWHG�WR�PD[LPL]H�\LHOG�DQG�HQVXUH�D�FRQVWDQW�
VXSSO\�� 

0RVW�DJULFXOWXUDO�ZDVWHV�DUH�JHQHUDOO\� LQFLQHUDWHG� LQ� WKH�
RSHQ�� ZLWK� LWV� DWWHQGDQW� WKUHDW� WR� WKH� HQYLURQPHQW� RU�
GXPSHG� LQGLVFULPLQDWHO\� LQ� WKH� RSHQ�� ,W� FDQ� DFW� DV� D�
EUHHGLQJ�JURXQG�IRU�YHFWRUV��DQG�LWV�OHDFKDWH�FDQ�SROOXWH�
ERWK� WKH� DGMDFHQW� VWUHDPV� DQG� JURXQGZDWHU�� +RZHYHU��
YDOXH� FDQ�EH� DGGHG� WR� WKHVH�ZDVWHV� WKURXJK� WKHLU� XVH� LQ�
WKH� FXOWLYDWLRQ� RI� HGLEOH� DQG� PHGLFLQDO� PXVKURRPV�� DQ�
HIILFLHQW�ZD\�WR�ELRORJLFDOO\�UHF\FOH�WKHVH�ZDVWHV�>�@� 

0XVKURRPV� DUH� FXOWLYDWHG� RQ� OLJQRFHOOXORVLF� PDWHULDOV�
VXFK� DV�PDL]H� FREV�� FHUHDO� VWUDZV�� FRWWRQ�ZDVWHV�� VXJDU�
FDQH� EDJDVVH�� ZRRG� VKDYLQJV�� RLO� SDOP� ZDVWHV�� EDQDQD�
OHDYHV��FRFRQXW�SHULFDUS��ZDWHU�K\DFLQWK��FRFRD�SRGV��DQG�
VDZGXVW�>�������������@��2QH�RI�WKH�PDMRU�IDFWRUV�OLPLWLQJ�
VXEVWUDWH�FRORQL]DWLRQ�E\�PXVKURRP�P\FHOLXP�LV�WKH�QX�
WULHQW�FRPSRVLWLRQ�DQG�WKH�QDWXUH�RI�WKH�EDVDO�PHGLXP�RQ�
ZKLFK�LW�LV�JURZLQJ��7KHVH�SOD\�DQ�LPSRUWDQW�UROH�LQ�WKH�
IUXFWLILFDWLRQ�RI�WKH�PXVKURRP��7KH�JURZWK�DQG�\LHOG�RI�
D� PXVKURRP� DUH� GHSHQGHQW� RQ� LWV� DELOLW\� WR� XWLOL]H� WKH�
LQKHUHQW�QXWULHQWV�LQ�WKH�VXEVWUDWH�>�@��7R�DFTXLUH�D�JRRG�
NQRZOHGJH�RI�WKH�PXVKURRP�IUXLWLQJ�VXEVWUDWHV��WKH�QXWUL�
WLRQDO� FRQWHQWV� RI� WKH� VXEVWUDWH� FDQ� EH� LPSURYHG� E\� WKH�
DGGLWLRQ�RI�VRPH�QLWURJHQRXV�VXSSOHPHQWDWLRQ�WR�WKH�VXE�
VWUDWH�>�@� 

3OHXURWXV� VSS�� FRPPRQO\� FDOOHG� R\VWHU� PXVKURRPV� DUH�
WKH� PRVW� VXFFHVVIXOO\� FXOWLYDWHG� PXVKURRP�� 7KH\� DUH�
FRQVLGHUHG�DV�GHOLFDF\�ULFK�LQ�SURWHLQ�DQG�DUH�KLJKO\�SDO�
DWDEOH��7KLV�JURXS�RI�PXVKURRP�VHFUHW�VWURQJ�H[WUDFHOOX�
ODU�HQ]\PHV�ZKLFK�KDYH�WKH�SRWHQWLDO� WR�GLJHVW��PLQHUDO�
L]H�� DEVRUE� DQG� JURZ� RQ� FRPSOH[� RUJDQLF� FRPSRXQGV�
VXFK� DV� OLJQLQ�� FHOOXORVH� DQG� KHPLFHOOXORVH� LQ� DJUR-
LQGXVWULDO�ZDVWHV�>�����@�� 

7R�DFTXLUH�JRRG�PXVKURRP�IUXLWLQJ�VXEVWUDWHV��WKH�QXWUL�
WLRQDO�FRQWHQWV�RI�WKH�VXEVWUDWH�FDQ�EH�LPSURYHG�E\�DGG�
LQJ� VRPH� QLWURJHQRXV� VXSSOHPHQWV� WR� WKH� VXEVWUDWH� >�@��
7KLV�VWXG\�ZDV�DLPHG�DW�LQFUHDVLQJ�WKH�JURZWK��\LHOG��DQG�
ELRFKHPLFDO�FRPSRVLWLRQ�RI�WKH�IUXLWLQJ�ERGLHV�RI�3��IORU�
LGD�DV�DIIHFWHG�E\�WKH�DGGLWLRQ�RI�VRPH�RUJDQLF�UHVLGXHV�
WR� LWV� EDVDO� VXEVWUDWH� �VDZGXVW�� DV� SRVVLEOH� QLWURJHQ�
VRXUFHV� 
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7KH� 2\VWHU� PXVKURRP��3�� IORULGD� LQYHVWLJDWHG� LQ� WKHVH�
UHVHDUFK� ZRUNV� ZDV� FROOHFWHG� IURP� WKH� PXVKURRP� SUR�
GXFWLRQ� XQLW� RI� WKH� 9HJHWDEOH� 3URJUDPPH� RI� 1DWLRQDO�
+RUWLFXOWXUDO� 5HVHDUFK� ,QVWLWXWH� �1,+257��� ,EDGDQ��1L�
JHULD��7KH�LQRFXOXP�XVHG�ZDV�REWDLQHG�E\�WLVVXH�FXOWXUH�
RI�WKH�VSRURFDUS�RI�WKH�WHVW�PXVKURRP��ZKLFK�ZDV�PDLQ�
WDLQHG�RQ�SRWDWR�GH[WURVH�DJDU��3'$��IRU�UHJXODU�VXEFXO�
WXULQJ�WKURXJKRXW�WKH�SHULRG�RI�LQYHVWLJDWLRQ�>��@� 

����6SDZQ�SUHSDUDWLRQ 

6SDZQ�ZDV�SUHSDUHG�LQ�����PO�FDSDFLW\�ERWWOHV��6RUJKXP�
JUDLQV�ZHUH�ZDVKHG�WR�UHPRYH�GXVW��EURNHQ��DQG�LPPD�
WXUH� NHUQHOV�� DGGHG� ZLWK� ���� ULFH� EUDQ� WR� SUHYHQW� WKH�
VHHGV� IURP� FORJJLQJ� WRJHWKHU� DIWHU� VWHULOL]DWLRQ�� DQG�
VRDNHG� LQ� FOHDQ� ZDWHU� RYHUQLJKW�� 7KLV� ZDV� GUDLQHG� DQG�
ILOOHG� LQ� WKH� ERWWOHV� DIWHU� PL[LQJ� ZLWK� ��� FDOFLXP� FDU�
ERQDWH��7KH�JUDLQV�ZHUH�DXWRFODYHG��FRROHG��DQG�LQRFXODW�
HG�ZLWK�DFWLYHO\�JURZLQJ�P\FHOLXP�RI�WKH�PXVKURRP�RQ�
SRWDWR�GH[WURVH�DJDU�VODQWV�DQG�ZHUH�LQFXEDWHG�DW��������
&�IRU�P\FHOLD�JURZWK�IRU����GD\V�XQWLO�WKH�P\FHOLXP�IXO�
O\�UDPLILHG�WKH�JUDLQV�>��@� 

����6XEVWUDWH�SUHSDUDWLRQ 

6DZGXVW�RI�*PHOLQD�DERUHD�ZDV�FROOHFWHG�IURP�)RUHVWU\�
5HVHDUFK� ,QVWLWXWH� RI�1LJHULD�� ,EDGDQ�� 7KLV�ZDV� GLYLGHG�
LQWR�SRUWLRQV�WR�ZKLFK�����HDFK�RI�WKH�IROORZLQJ�VXSSOH�
PHQWV�ZDV�DGGHG��&%��:%��5%��3.&��*1&��62<$��30�
DQG�WR�WKH�FRQWURO�ZDV�QR�VXSSOHPHQW�DGGHG��:DWHU�ZDV�
VHSDUDWHO\� DGGHG� WR� WKH� YDULRXV� VXEVWUDWH� PL[WXUHV� WR�
PRLVWXUH�FRQWHQW� �0�&��RI�DERXW�����ZLWK�FDOFLXP�FDU�
ERQDWH������WR�DGMXVW�WKH�S+�RI�WKH�VXEVWUDWH�WR������7KLV�
LV�WR�HQVXUH�RSWLPXP�0�&�DQG�S+�IRU�3OHXURWXV�VSS�SUR�
GXFWLRQ�>��@� 

���� (IIHFW� RI� VXEVWUDWH� PL[WXUHV� RQ� P\FHOLD� JURZWK�
DQG�IUXLWLQJ�ERG\�SURGXFWLRQ 

3RUWLRQV�RI�WKH�YDULRXV�VXEVWUDWH�PL[WXUHV�RXWOLQHG�DERYH�
ZHUH�ILOOHG�VHSDUDWHO\�LQ�WHVW�WXEHV�DQG�SRO\HWK\OHQH�EDJV�
IRU� WKH� HYDOXDWLRQ� RI� WKH� P\FHOLD� JURZWK� DQG� IUXLWLQJ�
ERG\�SURGXFWLRQ� UHVSHFWLYHO\��(DFK� WUHDWPHQW�ZDV� UHSOL�
FDWHG�IRXU�WLPHV��7KH�ILOOHG�WHVW�WXEHV�ZHUH�DXWRFODYHG�DW�
���R&� IRU� ���PLQXWHV� ZKLOH� WKH� EDJV� ����� J�EDJ�� ZHUH�
SDVWHXUL]HG�DW���R&�IRU���KRXUV�DFFRUGLQJ�WR�WKH�PHWKRG�
RI�)DVLGL�DQG�(NXHUH�>��@�VOLJKWO\�PRGLILHG�E\�,GRZX�HW�
DO��>��@��7KH�WHVW�WXEHV�ZHUH�DXWRFODYHG�DQG�XVHG�IRU�P\�
FHOLD�JURZWK�PRQLWRU�ZKLOH�WKH�EDJV�ZHUH�XVHG�IRU�IUXLW�
LQJ� ERG\� IRUPDWLRQ� RI� WKH� PXVKURRP�� 7KH� EDJV� FRXOG�
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DOVR�KDYH�EHHQ�DXWRFODYHG� LI� WKHUH�ZDV�DQ�DXWRFODYH�ELJ�
HQRXJK�WR�FRQWDLQ�WKH�TXDQWLW\�XVHG�LQ�WKLV�UHVHDUFK�ZRUN��
3DVWHXUL]LQJ� WKH� EDJV� KRZHYHU� DFKLHYHG� WKH� GHVLUHG� UH�
VXOW� 

$IWHU�FRROLQJ��ERWK� WKH� WHVW� WXEHV�DQG� WKH�VXEVWUDWH�EDJV�
ZHUH�LQRFXODWHG�ZLWK�DFWLYHO\�JURZLQJ�PXVKURRP�P\FH�
OLXP�SUHSDUHG�DV�VWDWHG�DERYH�DQG�ZHUH�ERWK�LQFXEDWHG�DW�
URRP�WHPSHUDWXUH�>�������&@� LQ�D�GDUN�URRP�ZLWK�VXIIL�
FLHQW�YHQWLODWLRQ�IRU����DQG����GD\V�UHVSHFWLYHO\��9HUWLFDO�
P\FHOLXP�JURZWK�ZDV�REVHUYHG�DQG�PHDVXUHG�HYHU\�RWK�
HU�GD\�IRU�WZR�ZHHNV�RQ�WKH�WHVW�WXEHV��$W�WKH�H[SLUDWLRQ�
RI�WKH�LQFXEDWLRQ�SHULRG�IRU�WKH�VXEVWUDWH�EDJV��WKH\�ZHUH�
FXW� RSHQ� RQ� WKH� VLGHV� ZLWKRXW� GLVWXUELQJ� WKH� P\FHOLXP�
DQG�ZHUH� VSUD\HG�ZLWK�ZDWHU� WZLFH� D� GD\� XVLQJ� D� KDQG�
VSUD\HU�ZLWK�WKH�EDJV�NHSW�XQGLVWXUEHG�IRU�WKH�DSSHDUDQFH�
RI�IUXLWLQJ�ERGLHV�� 

'D\V� WR� IXOO� FRORQL]DWLRQ� DQG� DSSHDUDQFH� RI�PXVKURRP�
SULPRGLD�ZHUH�WDNHQ��7KH�IUXLWLQJ�ERGLHV�ZHUH�KDUYHVWHG�
DV�WKH\�DSSHDUHG�DQG�DSSURSULDWH�JURZWK�GDWD�ZHUH�WDNHQ��
0HDQV�RI�WKH�GDWD�FROOHFWHG�ZHUH�FRPSDUHG�DQG�ELRORJL�
FDO� HIILFLHQF\� �UDWLR� RI� IUHVK� PXVKURRPV� KDUYHVWHG� WR�
VXEVWUDWH�GU\�ZHLJKW�[������ZDV�FDOFXODWHG� 

)RU� WKH�SUR[LPDWH�DQDO\VLV�� IUHVKO\�KDUYHVWHG�PXVKURRP�
IUXLWLQJ�ERGLHV�IURP�WKH�GLIIHUHQW�WUHDWPHQWV�ZHUH�GULHG�DW�
��R&� IRU� WZR� GD\V�� 7KH\�ZHUH�ZHLJKHG�� SRZGHUHG� LQ� D�
0RXOLQH[� EOHQGHU� DQG� VLHYHG� WKURXJK� D� ����P� VLHYH��
7KH� ILQDO� SRZGHUHG� VDPSOHV� ZHUH� VWRUHG� LQ� GHVLFFDWRUV�
XQWLO�QHHGHG�IRU�DOO� WKH�DQDO\VHV�GRQH��'HWHUPLQDWLRQ�RI�
QLWURJHQ� ZDV� E\� WKH� PLFUR-.MHOGKDO� PHWKRG�� 0RLVWXUH�
FRQWHQW� ZDV� GRQH� DFFRUGLQJ� WR� WKH� PHWKRG� RI� $2$&��
>��@�� 'U\� PXVKURRP� VDPSOH� ��J�� ZDV� SODFHG� LQ� D� SUH-
ZHLJKHG�FUXFLEOH�LQ�D�PXIIOH�IXUQDFH�KHDWHG�JUDGXDOO\�DW�
���R&� DQG� WKH� UHVXOWLQJ� UHVLGXH� ZDV� ZHLJKHG� WR� GHWHU�
PLQH�WKH�DVK�FRQWHQW�>��@���7KH�UHVLGXHV�IURP�WKH�LQFLQHU�
DWHG� VDPSOHV� DERYH� ZHUH� XVHG� IRU� WKH� GHWHUPLQDWLRQ� RI�
PDFUR�DQG�PLFUR�HOHPHQWV�FRQWHQWV�RI�DOO�WKH�PXVKURRP�
VDPSOHV�� 
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)LJXUH� �� VKRZV� WKH� ELRORJLFDO� HIILFLHQF\� RI� 3�� IORULGD�
ZKHQ� GLIIHUHQW� RUJDQLF� DGGLWLYHV�ZHUH� DGGHG� WR� LWV� VXE�
VWUDWH� WR� ERRVW� LWV� JURZWK�� 7KH� SUHVHQFH� RI� WKH� YDULRXV�
DGGLWLYHV� LQ� WKH� EDVDO� VXEVWUDWH� HQKDQFHG� WKH� ELRORJLFDO�
HIILFLHQF\� RI� WKH� PXVKURRP� ZKHQ� FRPSDUHG� ZLWK� WKH�
FRQWURO���3���IORULGD�KDG�LWV�KLJKHVW�%(�RQ�ULFH�EUDQ��5%��

DQG�LWV� OHDVW�RQ�WKH�FRQWURO��'D\V�WR�P\FHOLXP�FRORQL]D�
WLRQ�ZHUH�VKRUWHVW�RQ�&%�DQG�ORQJHVW�RQ�30�DQG�JURXQG�
QXW�FDNH��*1&���6KRUWHVW�GD\V�WR�SULPRGLD�LQLWLDWLRQ�ZDV�
REVHUYHG�RQ�FRUQ�EUDQ�DQG�WKH�ORQJHVW�RQ�30� 

3�� � IORULGD� KDG� LWV� KLJKHVW� QXPEHU� RI� IUXLW� ERGLHV� RQ�
*1&��3.&�DQG�5%� UHVSHFWLYHO\� DQG� WKH� ORZHVW�ZDV�RQ�
WKH�FRQWURO��7KH�WRWDO�IUXLWLQJ�ERG\�\LHOG�ZDV�KLJKHVW�RQ�
5%�DQG�ORZHVW�RQ�RWKHUV��7KH�ZLGHVW�SLOHXV�ZDV�REVHUYHG�
RQ�:%�DQG�3.&�ZLWK�WKH�QDUURZHVW�RQ�WKH�FRQWURO��7KH�
ORQJHVW�VWLSH�ZDV�REWDLQHG�RQ�3.&�DQG�WKH�VKRUWHVW�ZDV�
REWDLQHG� RQ� WKH� FRQWURO�� 7KH� ELJJHVW� IUXLW� VL]H�ZDV� UHF�
RUGHG� RQ� 5%� DQG� VPDOOHVW� ZDV� RQ� 30�� 7KH� SURGXFWLRQ�
HIILFLHQF\�ZDV�KLJKHVW�RQ�5%�DQG�ZDV� OHDVW�RQ� WKH�FRQ�
WURO��7DEOH���� 

1LWURJHQ�DQG�SURWHLQ�FRQWHQWV�RI�PXVKURRP�IUXLWLQJ�ERG�
LHV� KDUYHVWHG� RQ� VXSSOHPHQWHG� VXEVWUDWHV� ZHUH� KLJKHU�
WKDQ�WKRVH�IURP�WKH�FRQWURO�VXEVWUDWH�WR�ZKLFK�QR�VXSSOH�
PHQW� ZDV� DGGHG� �7DEOH� ���� )DW� FRQWHQW� ZDV� ORZ� LQ� WKH�
PXVKURRP� IUXLWLQJ� ERGLHV�� 3�� � IORULGD� �ZDV� REVHUYHG� WR�
KDYH�KLJK�DVK�FRQWHQW�LQ�LWV�IUXLWLQJ�ERGLHV� 

7DEOH���VKRZV�WKH��PDFUR-HOHPHQW�FRQWHQWV�RI�3���IORULGD�
JURZQ� RQ� VDZGXVW� VXSSOHPHQWHG� ZLWK� GLIIHUHQW� RUJDQLF�
DGGLWLYHV�� 3� IORULGD� IUXLWLQJ� ERGLHV� FRQWDLQHG� D� KLJK�
DPRXQW� RI� DOO� WKH� PDFUR-HOHPHQWV� �SRWDVVLXP�� VRGLXP��
PDJQHVLXP��FDOFLXP��DQG�SKRVSKRUXV��WHVWHG��,WV�IUXLWLQJ�
ERGLHV�ZHUH�DOVR�IRXQG�WR�FRQWDLQ�D�YHU\�KLJK�DPRXQW�RI�
YLUWXDOO\� DOO� WKH� PLFUR-HOHPHQWV� ZLWK� WKH� H[FHSWLRQ� RI�
FRSSHU� 

,GRZX�HW�DO�3DQ�$IULFDQ�-RXUQDO�RI�/LIH�6FLHQFHV����������������-��� 

)LJ����(IIHFW�RI�GLIIHUHQW�DGGLWLYHV�RQ�WKH�ELRORJLFDO�HIILFLHQ�
F\�RI�3���IORULGD�� 

&%� �FRUQ� EUDQ��� 3.&� �SDOP� NHUQQHO� FDNH��� 30� �SRXOWU\� PD�
QXUH��:%� �ZKHDW� EUDQ��� 5%� �ULFH� EUDQ��� *1&� �JURXQG� QXW�
FDNH���62<$��VR\�PHDO���DQG�WKH�FRQWURO�� 



 

Ϯϯϱ 

 

,GRZX�HW�DO�3DQ�$IULFDQ�-RXUQDO�RI�/LIH�6FLHQFHV����������������-��� 

���'LVFXVVLRQ 

,Q�QDWXUH��3OHXURWXV� VS�PRVWO\�JURZ�RQ� WKH�GHDG�SDUW� RI�
SODQWV�ZKLFK�DUH�JHQHUDOO\�SRRU�LQ�QXWULHQWV�DQG�YLWDPLQV�
>�@��,W�KDV�EHHQ�HVWDEOLVKHG�WKDW�ERWK�P\FHOLD�JURZWK�DQG�
IUXLWLQJ�ERG\�GHYHORSPHQW�GHSHQG�RQ�OLJQRFHOOXORVLF�PD�
WHULDOV��SDUWLFXODUO\�WKH�FDUERQ��QLWURJHQ�UDWLR��&�1��ZKLFK�
KDV�EHHQ�UHSRUWHG�WR�EH������LQ�YDULRXV�VXEVWUDWHV�>��@�� 

,Q� WKLV� SUHVHQW� VWXG\�� WKH� VXSSOHPHQWDWLRQ� RI� WKH� EDVDO�
PXVKURRP�VXEVWUDWH� �VDZGXVW�� �ZLWK� WKH�YDULRXV�RUJDQLF�
DGGLWLYHV� HQKDQFHG� WKH� ELRORJLFDO� HIILFLHQF\�� SURGXFWLRQ�
HIILFLHQF\� DQG� P\FHOLD� JURZWK� RI�3�IORULGD� ZKHQ� FRP�
SDUHG�ZLWK�WKH�FRQWURO��7KLV� LV�QHFHVVDU\�EHFDXVH�WKH�QL�
WURJHQ� FRQWHQW� LQ� PRVW� RI� WKH� VXEVWUDWHV� HPSOR\HG� IRU�
PXVKURRP�FXOWLYDWLRQ�UDQJHV�EHWZHHQ�����DQG������>����
��@�� +HQFH� WKH� DGGLWLRQ� RI� QLWURJHQ� VRXUFHV� WR� WKH� VXE�
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&% �����F ����GH ����EF �����D 
3.& �����D ����G ����F �����E 
30 �����E ����G ����D �����E 
:% ������D ����EF ����F �����G 
5% �����E ����F ����F �����E 
*1& �����E ����E ����E �����F 
62<$ �����EF ����D ����EF �����F 
&21752/ �����G ����H ����F �����D 

7DEOH� ��� (IIHFWV� RI� GLIIHUHQW� QLWURJHQ� DGGLWLYHV� RQ�
WKH�SUR[LPDWH�FRQWHQWV�RI�3OHXURWXV�IORULGD 

0HDQV� IROORZHG� E\� WKH� VDPH� VXSHUVFULSW� OHWWHU�V�� LQ� HDFK� FROXPQ�
DUH� QRW� VLJQLILFDQWO\� GLIIHUHQW� �3!������ DFFRUGLQJC� WR� '057�&%�
�FRUQ� EUDQ��� 3.&� �SDOP� NHUQQHO� FDNH��� 30� �SRXOWU\� PDQXUH��:%�
�ZKHDW�EUDQ���5%��ULFH�EUDQ���*1&��JURXQGQXW�FDNH���62<$��VR\�
PHDO���DQG�WKH�FRQWURO� 
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HIILFLHQF\���� 

&% �����E �����G ����GH ����H ����G �����G 
3.& �����E �����E ����D ����D ����F �����E 
30 ����G �����H �����F ����G ����F ������I 
:% ����F �����F ����E ����E ����E �����F 
5% ������E �����D ����E ����F ����D �����D 
*1& �����D �����G ����H �����I ����H �����H 
62<$ ����H ������I ����G ����H�II �����I ����J 
&21752/ ����I �����J �����I ����J ����H ����K 

7DEOH����(IIHFWV�RI�GLIIHUHQW�VXEVWUDWH�DGGLWLYHV�RQ�WKH�JURZWK�DQG�\LHOG�RI�3�IORULGD 

0HDQV�IROORZHG�E\�WKH�VDPH�VXSHUVFULSW�OHWWHU�V��LQ�HDFK�FROXPQ�DUH�QRW�VLJQLILFDQWO\�GLIIHUHQW��3!������DFFRUGLQJ�WR�'057� 
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3.& ����DE �����H ����D ����E ����D �����G �����D ����G ������E 

30 ����D �����G ����D ����EF ����E �����F �����DE ����G ������E 

:% ����EF ������D ����E ����D ���� �����D �����F ����E ������G 

5% ����E �����EF ����EF ����DE ����FG �����H �����F ����E ������F 

*1& ����DE �����FG ����DE ����E ����G �����E �����EF ����F ������F 

62<$ ����D �����F ����D ����DE ����GH �����EF �����E ����EF ������E 

&21752/ ����D �����GH ����E ����DE ����H �����D �����F ����D ������D 

7DEOH� ��� (IIHFWV� RI� GLIIHUHQW� QLWURJHQ� DGGLWLYHV� RQ�0DFUR� DQG�PLFUR� QXWU LHQW� FRQWHQWV� RI�3OHXURWXV� IORULGD�
IUXLWLQJ�ERGLHV 

0HDQV�IROORZHG�E\�WKH�VDPH�VXSHUVFULSW�OHWWHU�V��LQ�HDFK�FROXPQ�DUH�QRW�VLJQLILFDQWO\�GLIIHUHQW��3!������DFFRUGLQJ�WR�'057� 
�&%� �FRUQ� EUDQ��� 3.&� �SDOP� NHUQQHO� FDNH��� 30� �SRXOWU\�PDQXUH��:%� �ZKHDW� EUDQ���5%� �ULFH� EUDQ���*1&� �JURXQGQXW� FDNH���
62<$��VR\�PHDO���DQG�WKH�FRQWURO� 
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VWUDWHV�UHVXOWHG�LQ�KLJKHU�PXVKURRP�\LHOG�� 

7KH�DGGLWLRQ�RI�5%�LQFUHDVHG�VLJQLILFDQWO\�WKH�ELRORJLFDO�
DQG�SURGXFWLRQ�HIILFLHQFLHV�DQG�DOO�WKH�JURZWK�FKDUDFWHUV�
HYDOXDWHG�IRU�3��IORULGD��D�UHVXOW�FRQVLVWHQW�ZLWK�WKH�ILQG�
LQJV� RI�1DUDLDQ� HW� DO��� >�@�ZKR� UHSRUWHG� WKDW� GXULQJ� WKH�
FXOWLYDWLRQ� RI�3�� IORULGD� RQ� PDL]H� FREV�� WKH� DGGLWLRQ� RI�
VR\D�PHDO� DV� VXSSOHPHQW� WR� WKH�PDL]H� FRE� VXEVWUDWH� LQ�
FUHDVHG�WKH�ELRORJLFDO�HIILFLHQF\�E\������ 

%LRORJLFDO�DQG�SURGXFWLRQ�HIILFLHQFLHV�RI�3��RVWUHDWXV�ZDV�
DOVR� IRXQG� WR� LQFUHDVH�PRVW�ZKHQ�SDOP�NHUQHO�FDNH�ZDV�
XVHG� WR� VXSSOHPQW� LWV� VDZGXVW� VXEVWUDWH�� 7KLV� UHVXOW� LV�
DOVR�LQ�OLQH�ZLWK�WKH�ILQGLQJV�RI�)DQDG]R�HW�DO���>��@��1D�
UDLDQ�HW�DO���>�@�DQG�'RPRQGRQ�HW�DO���>��@��ZKRVH�UHSRUW�
LQGLFDWHG� WKDW� WKH� VXSSOHPHQWDWLRQ� RI� ZKHDW� VWUDZ� ZLWK�

FRWWRQ�VHHG�KXOO��LQFUHDVHG�WKH�%(��RI�3��RVWUHDXV���FRWWRQ�
VHHG�FDNH�LPSURYHG�WKH�\LHOG�RI�3��IORULGD�DQG�JUDVV�FKDII�
ZDV�IRXQG�WR�ERRVW�WKH�%(�LQ�WKH�FXOWLYDWLRQ�RI�6WURSKDULD�
VSS� DQG� R\VWHU� PXVKURRP� UHVSHFWLYHO\�� ,GRZX� DQG�
.DGLUL��>��@�DOVR�UHSRUWHG�D�ELRORJLFDO�HIILFLHQF\�RI�XS�WR�
������� RI� 3�� SXOPRQDULXV� JURZQ� RQ� VDZGXVW� VXSSOH�
PHQWHG�ZLWK�3.&�ZKLFK� LV�DOVR� LQ�FRQVRQDQFH�ZLWK�RXU�
ILQGLQJV��3��IORULGD�DOVR�UHFRUGHG�LWV�KLJKHVW�\LHOG��P\FH�
OLD� JURZWK�� SURGXFWLRQ� DQG� ELRORJLFDO� HIILFLHQFLHV� ZKHQ�
5%�ZDV�DGGHG�WR�LWV�EDVDO�VXEVWUDWHV�DV�D�VXSSOHPHQW�� 

7KLV�UHVXOW�LV�DW�YDULDQFH�ZLWK�WKH�ILQGLQJ�RI�*DXWDP�DQG�
5DP�>��@�ZKR�UHSRUWHG�WKDW�WKH�DGGLWLRQ�RI�:%�WR�ZKHDW�
VWUDZ�GXULQJ�WKH�FXOWLYDWLRQ�RI�3��IORULGD�ZDV�VLJQLILFDQWO\�
VXSHULRU�WR�WKH�UHVXOW�REWDLQHG�ZKHQ�ULFH�EUDQ�ZDV�DGGHG�
WR�WKH�VDPH�ZKHDW�VWUDZ�VXEVWUDWH��7KLV�UHVXOW�FRXOG�VXJ�
JHVW�WKDW�WKH�XVH�RI�ZKHDW�VWUDZ�DV�D�EDVDO�VXEVWUDWH�PLJKW�
KDYH�ERRVWHG�WKH�SHUIRUPDQFH�RI�WKH�PXVKURRP�DV�ZKHDW�
VWUDZ�LV�NQRZQ�WR�EH�ULFKHU�LQ�QXWULHQWV�WKDQ�VDZGXVW� 

7KH�HQKDQFHG�SHUIRUPDQFH�RI�DOO�WKHVH�PXVKURRPV�ZKHQ�
WKHLU� EDVDO� VXEVWUDWHV� ZHUH� VXSSOHPHQWHG� ZLWK� RUJDQLF�
UHVLGXHV� VXJJHVWV� WKDW� WKH� DYDLODELOLW\� RI� VHYHUDO� DPLQR�
DFLGV� DQG� SURWHDVH� DV� ZHOO� DV� WUDQVDPLQDVH� DFWLYLWLHV� LQ�
WKHVH�VXSSOHPHQWV�ERRVWHG�WKHLU�SHUIRUPDQFH� 

%RRVWLQJ� VDZGXVW� VXEVWUDWH� ZLWK� WKH� IROORZLQJ� QLWURJHQ�
VXSSOHPHQWV�&%��3.&��30��:%��5%��*1&��DQG�62<$�
DW�D�UDWLR�RI��������VXSSOHPHQW�WR�VDZGXVW��FDXVHG�VLJQLIL�
FDQW�FKDQJHV�LQ�WKH�QXWULWLRQDO�DQG�FKHPLFDO�FRPSRVLWLRQ�
RI�PXVKURRPV�SURGXFHG�� �7KLV� LV� LQ� DJUHHPHQW�ZLWK� WKH�
ILQGLQJV�RI�%DQLN�DQG�1DQGL��>��@�ZKR�UHSRUWHG��D�VLJQLI�
LFDQW�FKDQJH�LQ�WKH�QXWULHQW�FRPSRVLWLRQ�RI�3OHXURWXV�VD�
MRU-FDMX�JURZQ�RQ�VSHQW�ULFH�VWUDZ�FRPSRVW�VXSSOHPHQW�
HG�ZLWK�FRWWRQ�VHHG�SRZGHU�� 

�����&RQFOXVLRQ� 

$GGLWLRQ�RI�5%�WR�VDZGXVW�PHGLXP�LQGXFHG�KLJKHVW�\LHOG�
RI�3�� IORULGD�� ,Q� WHUPV� RI� IUXLWLQJ� ERG\� \LHOG�� ZLWK� VDZ�
GXVW� DV� WKH� EDVDO� VXEVWUDWH� IRU� DOO� WUHDWPHQWV�� WKH� \LHOGV�
DUH�LQ�WKH�RUGHU�5%�!�3.&�!�:%�!�*1&�!�30�!�62<$��
/RRNLQJ� DW� WKH� IUXLWLQJ� ERG\� TXDOLWLHV�� IRU� SURWHLQ� FRQ�
WHQW��3.&�!�:%�!�5%�!�30�!�62<$�!�&%��*HQHUDOO\��
DOO� WUHDWPHQWV� SHUIRPHG� VLJQLILFDQWO\� KLJKHU� WKDW� FRQWURO�
LQ� WHUPV� RI� IUXLWLQJ� ERG\� \LHOG�� SURWHLQ� DQG� IDW� FRQWHQW�
VXJJHVWLQJ�WKDW�PXVKURRP�JURZWK�DQG�IUXLWLQJ�ERG\�\LHOG�
FDQ� EH� LPSURYHG� E\� DGGLQJ� RUJDQLF� VXSSOHPHQWV� WR� WKH�
EDVDO�VXEVWUDWH��� 

 

,GRZX�HW�DO�3DQ�$IULFDQ�-RXUQDO�RI�/LIH�6FLHQFHV����������������-��� 

)LJ� ��� (IIHFW� RI� VXEVWUDWH� DGGLWLYHV� RQ� QXPEHU � RI�
GD\V�WR�VXEVWUDWH�FRORQL]DWLRQ�RI�3���IORULGD 

&%� �FRUQ� EUDQ��� 3.&� �SDOP� NHUQHO� FDNH��� 30� �SRXOWU\� PD�
QXUH��:%� �ZKHDW� EUDQ��� 5%� �ULFH� EUDQ��� *1&� �JURXQGQXW�
FDNH���62<$��VR\�PHDO���DQG�WKH�FRQWURO� 

)LJ� ��� (IIHFW� RI� VXEVWUDWH� DGGLWLYHV� RQ� QXPEHU � RI�
GD\V�WR�DSSHDUDQFH�RI�3���IORULGD�� 

&%� �FRUQ�EUDQ���3.&� �SDOP�NHUQQHO� FDNH���30� �SRXOWU\�PD�
QXUH��:%� �ZKHDW� EUDQ��� 5%� �ULFH� EUDQ��� *1&� �JURXQGQXW�
FDNH���62<$��VR\�PHDO���DQG�WKH�FRQWURO 
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$FNQRZOHGJPHQWV 

7KH�DXWKRUV�ZLVK�WR�DFNQRZOHGJH�0UV�$NLQULQVROD�)�2���
0UV�0DMHNDGHJEH�� *�$�� DQG� IRU� WKHLU� WHFKQLFDO� VXSSRUW�
GXULQJ�WKH�FRXUVH�RI�WKH�VWXG\��� 

&RQIOLFW�RI�,QWHUHVW 

7KH�$XWKRUV�GHFODUH�WKDW�WKHUH�LV�QR�FRQIOLFW�RI�LQWHUHVW��� 

$XWKRUV�&RQWULEXWLRQ� 

22,� �� &$2�� 2$$��&RQFHLYHG� DQG� GHVLJQHG� WKH� UH�
VHDUFK��FRQWULEXWHG�WR�WKH�ZULWLQJ�RI�WKH�SDSHU��22,�DQG�
&$2��FROOHFWHG�WKH�GDWD��22,��$QDO\]HG�WKH�GDWD��$OO�
DXWKRUV�DSSURYHG�WKH�ILQDO�YHUVLRQ�RI�WKH�PDQXVFULSW� 

5HIHUHQFHV 

�� =KDPJ�<4��5RHVFK�&.�DQG�%URDUGLH�.��/LYLQJ�V\QDSWLF�
PDUNHU�YHVLFOH��V\QDSWRWDJPLQ-*)3��*HQHVLV������������-
��������–����� 

�� ,GRZX� 22�� 2WXQOD� &$�� 2NH� 2$� DQG� $GHODMD� %$�� (IIL�
FLHQF\� RI� GLIIHUHQW� FRQFHQWUDWLRQV� RI� ZDWHU� K\DFLQWK�
�(LFKKRUQLDFUDVVLSHV� �0DUW��� 6ROPV��� RQ� VDZGXVW� DV� VXE�
VWUDWH� IRU� WKH� FXOWLYDWLRQ� RI� 3OHXURWXVRVWUHDWXV� �-DFT�� ([��
)U���.XPPHU���DQ�2\VWHU�0XVKURRP��-RXUQDO�RI%LRORJLFDO�
DQG�&KHPLFDO�5HVHDUFK�������������������-����� 

�� ;LQJ�=7��&KHQJ�-+��7DQ4��DQG�3DQ<-��(IIHFW�RI�QXWULWLRQ�
DO� SDUDPHWHUV� RQ� ODFFDVVH�SURGXFWLRQ�E\� WKH� FXOLQDU\� DQG�
PHGLFLQDO�PXVKURRP��*ULIROD�IURQGRVD��:RUOG�-�0LFURELRO�
%LRWHFKQR�������O��������–���� 

�� $OHPDZRU�)��']RJEHILD�93��2GGR\H�2.�DQG�2OGKDP�-+��
$IULFDQ�-RXUQDO�RI�%LRWHFKQRORJ\�������������������-����� 

�� 1DUDLDQ�5�� 6DKX�5.��.XPDU� 6��*DUJ�6.�� 6LQJK�&6� DQG�
.DQDXQMLD�56��,QIOXHQFH�RI�GLIIHUHQW�QLWURJHQ�ULFK�VXSSOH�
PHQW� GXULQJ� FXOWLYDWLRQ� RI�3OHXURWXV� IORULGD� RQ� FRUQ� FRE�
VXEVWUDWH��(QYLURQPHQWDOLVWV�������������-�� 

�� ,GRZX�22��(YDOXDWLRQ�RI�GLIIHUHQW� VXEVWUDWHV�DQG�FRPEL�
QDWLRQ� RQ� WKH� JURZWK� RI� 3OHXURWXV� SXOPRQDULXV� �)ULHV��
4XHLOHII��6DMR-FDMX����1LJHULD�-RXUQDO�RI�+RUWLFXOWXUDO�6FL�
HQFH�������������-��� 

�� 0XNKRSDGK\D\�5��&KDWWHUMHH�3%��*XKD�$.��%LRFKHPLFDO�
FKDQJHV�GXULQJ� IHUPHQWDWLRQ�RI�HGLEOH�PXVKURRP�

VDMRU-FDMXLQZKH\�3URFHVV�%LRFKHP��������������–���� 

�� /HOOH\--� DQG-DQ%HQ$�3URGXFWLYLW\� LPSURYHPHQWRIR\VWHU�
PXVKURRP� VXEVWUDWHZLWKDFRQWUROOHGUHOHDVHRIQXWULHQW��
0XVKURRP1HZV�������������–��� 

�� 8SDGK\D\�5�.��3ODQW�QDWXUDO�SURGXFWV��7KHLU�SKDUPDFHXWL�
FDO�SRWHQWLDO�DJDLQVW�GLVHDVHV�DQG�GUXJ�UHVLVWDQW�PLFURELDO�
SDWKRJHQV�� -RXUQDO� RI� 3KDUPDF\� 5HVHDUFK�� ������ ������
����-���� 

��� 2HL� 3��%HQHILWV� RI�PXVKURRP�� � ,Q�PXVKURRP� FXOWLYDWLRQ��
DSSURSULDWH� WHFKQRORJ\� IRU� PXVKURRP� JURZHUV�� %DFNK\V�
�3XEOLVKHU���/HLGHQ��7KH�1HWKHUODQGV�����������-���� 

��� ,GRZX�22��.DGLUL��0�DQG�2WXQOD��&$��,QIOXHQFH�RI�,QRFX�
ODWLRQ�0HWKRG�DQG�6SDZQ�/HYHO�RQ�%LRORJLFDO�(IILFLHQF\�
RI� 3OHXURWXV� RVWUHDWXV�� -RXUQDO� RI� $SSOLHG� (QYLURQPHQ�
WDO��0DQDJHPHQW���������������������–����� 

��� 6WDPHWV�� 3��0DWHULDOV� IRU� IRUPXODWLQJ� IUXLWLQJ� VXEVWUDWHV���
,Q�*URZLQJ�*RXUPHW� DQG�0HGLFLQDO�0XVKURRPV�� �UG� HGL�
WLRQ�� � 7HQ� 6SHHG� 3UHVV�� %HUNHOH\�� 7RURQWR�� ������ ���� –�
����� 

��� )DVLGL�,2�DQG�(NXHUH�88��6WXGLHV�RQ�3OHXURWXV�WXEHUUHJL�
XP� �IULHV�� ,VQJHU��&XOWLYDWLRQ�SUR[LPDWH� FRPSRVLWLRQ� DQG�
PLQHUDO� FRQWHQWV� RI� VFOHURWLD��)RRG�&KHPLVWU\�������� ����
���-��� 

��� ,GRZX�22�DQG�.DGLUL��0���,QIOXHQFH�RI�VRPH�RUJDQLF�VXS�
SOHPHQWV�RQ�WKH�JURZWK�DQG�\LHOG�RI�3OHXURWXVSXOPRQDULXV
�)ULHV��2XHOHW� RQ� VDZGXVW� VXEVWUDWH��(QYLURWURSLFD�� ������
�����-��� 

��� $VVRFLDWLRQ� RI� $QDO\WLFDO� &KHPLVW� �$2$&�� ������� ����
���� 

��� $VVRFLDWLRQ�RI�$QDO\WLFDO�&KHPLVW��$2$&����������������� 

��� $]L]L�� .$�� 6KDPOD�� 75�� DQG� 6UHHNKDQWLDK�� .5�� &XOWLYD�
WLRQ� RI� VDMRU-FDMX� RQ� FHUWDLQ� DJUR�ZDVWHV� DQG�
XWLOL]DWLRQ�RI� WKH� IRU� FHOOXORVHDQG�'-[\ODQDVH�SURGXFWLRQ��
0XVKURRP�-RXUQDO�RI�WKH�7URSLFV��������������-��� 

��� *XSWD��<��DQG�9LMD\��%��3RVW�FRPSRVWLQJ�VXSSOHPHQWDWLRQ�
LQ�$JDULFXV� ELVSRUXV� XQGHU� VHDVRQDO� JURZLQJ� FRQGLWLRQV��
,QWHUQDWLRQDO� &RQJUHVV� RI� ,606� KHOG� DW� 'XEOLQ�� ,UHODQG��
����� 

��� )DQDG]R��0��=LUHYD��'7��'XEH��(��DQG�0DVKLQJDLG]H��$%��
(YDOXDWLRQ�RI�YDULRXV�VXEVWUDWH�VXSSOHPHQWV�IRU�ELRORJLFDO�
HIILFLHQF\� RI�3OHXURWXV� VDMRU-FDMX� DQG� 3�� RVWUHDWXV�� $IUL�
FDQ�-RXUQDO�RI�%LRWHFKQRORJ\���������������������-������ 
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