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1 HZ�<RUN���������������&KLFDJR���������������/ RQGRQ��������������/ RV�$QJHOHV���������������6DQ�) UDQFLVFR�
� � �� � � �� � � �� � � � ����������LQIR# G\ QDP LFORJLF�FRP ����������ZZZ�G\ QDP LFORJLF�FRP ����

&RVW�( IIHFWLYHQHVV�6WXGLHV��0 HWKRGRORJ\ �
8 SGDWHG�- XO\ �� � � � �

�

$V� P DUNHWHUV� VHHN� WR� LP SURYH� WKH� HIIHFWLYHQHVV� RI� P DUNHWLQJ� FRP P XQLFDWLRQV� E\ � LQFRUSRUDWLQJ�
P XOWLSOH�P HGLD�LQWR�DGYHUWLVLQJ�FDP SDLJQV��DW�OHDVW�WZR�NH\ �TXHVWLRQV�HP HUJH��

ƒ� +RZ�FDQ�GLIIHUHQW�P HGLD�EH�LQWHJUDWHG�P RVW�HIIHFWLYHO\ " ��

ƒ� : KLFK�FRP ELQDWLRQV�RI�P HGLD�DUH�P RVW�FRVW�HIILFLHQW�IRU�VSHFLILF�EUDQGV�DQG�DXGLHQFHV" �

&RVW� ( IIHFWLYHQHVV� 6WXGLHV� �&( 6�� SURYLGH� DFWLRQDEOH� LQIRUP DWLRQ� DERXW� WKH� UHODWLYH� EUDQGLQJ�
HIIHFWLYHQHVV� RI� DGYHUWLVLQJ� P HGLD� ZLWKLQ� DQ� LQWHJUDWHG� P DUNHWLQJ� FRP P XQLFDWLRQV� IUDP HZRUN��
7KLV�DQDO\ VLV�SURYLGHV�D�P HDVXUH�RI�WKH�FRVW�RI�REWDLQLQJ�D�FKDQJH�LQ�D�JLYHQ�EUDQG�P HWULF�
IRU�HDFK�P HGLXP �DQG�FRP ELQDWLRQ�RI�P HGLD�DQG�RIIHULQJ�JXLGDQFH�IRU�P HGLD�EXGJHW�DOORFDWLRQ��

8 QGHUVWDQGLQJ� WKH� LP SDFW� RI� DGYHUWLVLQJ� H[ SHQGLWXUHV� LV� D� FULWLFDO� FRP SRQHQW� RI� LP SURYLQJ� D�
SURGXFW¶V�SURILWDELOLW\ ��$V�DGYHUWLVHUV�XVH�D�YDULHW\ �RI�P HGLD² WHOHYLVLRQ��SULQW��UDGLR��RQOLQH��RXW�RI�
KRP H² LQ� DQ� LQWHJUDWHG� P DUNHWLQJ� FRP P XQLFDWLRQV� �,0 &�� IUDP HZRUN�� DQDO\ VLV� RI� WKH� UHODWLYH�
HIIHFWLYHQHVV� RI� HDFK� P HGLXP � LQ� UHDFKLQJ� FRQVXP HUV� DQG� FKDQJLQJ� FRQVXP HUV¶� DWWLWXGHV� DQG�
EHKDYLRUV� EHFRP HV� HVVHQWLDO� WR� LP SURYLQJ� WKH� SHUIRUP DQFH� RI� WKH� DGYHUWLVLQJ� IXQFWLRQ� DQG�
EXLOGLQJ�FRP SHWLWLYH�DGYDQWDJH��

7KH� &( 6 � DSSURDFK� JLYHV� DGYHUWLVHUV�� DJHQFLHV�� DQG� SXEOLVKHUV� LQIRUP DWLRQ� DERXW� WKH� HIIHFWLYH�
FRVW� RI� UHDFKLQJ� DQG� SHUVXDGLQJ� FRQVXP HUV��7KH� UHVXOWV� DUH� FRP SDUDEOH� DFURVV� VWXGLHV� DQG�
SURYLGH� LQVLJKW� LQWR� ERWK� WKH� RYHUDOO� FRVW� HIIHFWLYHQHVV� RI� DQ� LQGLYLGXDO� FDP SDLJQ� DQG� WKH�
UHODWLYH� HIIHFWLYHQHVV� RI� WKH� LQGLYLGXDO� P HGLD� DQG� P HGLD� FRP ELQDWLRQV� XVHG� LQ� WKH�
FDP SDLJQ�� ZKHQ� MXGJHG� DJDLQVW� GLIIHUHQW� EUDQGLQJ� REMHFWLYHV�� &URVV0 HGLD� &RVW� ( IIHFWLYHQHVV�
6WXGLHV�DOORZ�WKH�P DUNHWHU�WR�DQVZHU�WKH�NH\ �TXHVWLRQV�DERXW�P HGLD�HIIHFWLYHQHVV�DQG�GHYHORS�
P RUH�FRVW�HIIHFWLYH�P HGLD�SODQV��

�

2 YHUYLHZ �RI�0 HWKRGRORJ\ �

&RVW� ( IIHFWLYHQHVV� 6WXGLHV� UHSUHVHQW� DQ� H[ WHQVLRQ� RI� ' \ QDP LF� / RJLF¶V� &URVV0 HGLD� 5 HVHDUFK�
GHVLJQ��&URVV0 HGLD�5 HVHDUFK�VWXGLHV�DUH�EDVHG�RQ�OLYH��LQ�P DUNHW�WHVWV�WKDW�P HDVXUH�WKH�LP SDFW�
RI� D� FDP SDLJQ� RQ� WKH� WDUJHWHG� DXGLHQFH�� 7KH� GHVLJQ� FRP ELQHV� ' \ QDP LF� / RJLF¶V� SURSULHWDU\ �
$G6FRXW�WUDFNLQJ�V\ VWHP �ZLWK�DQ�RQOLQH�VXUYH\ �LQVWUXP HQW�WR�UHODWH�DGYHUWLVLQJ�LQ�GLIIHUHQW�P HGLD�
WR�EUDQG�DWWLWXGHV��XWLOL] LQJ�D�FRQWURO�H[ SRVHG�UHVHDUFK�GHVLJQ��

7KH� EDVLF� DSSURDFK� LV� WR� XVH� RQOLQH� VXUYH\ V� WR� ORFDWH� LQGLYLGXDOV� ZKR� KDYH� EHHQ� H[ SRVHG� WR�
GLIIHUHQW�FRP ELQDWLRQV�RI�WKH�DGYHUWLVLQJ�WKURXJK�YDULRXV�FKDQQHOV�DQG�DQDO\ ] H�WKH�HIIHFW�RI�WKRVH�
P HGLD�FRP ELQDWLRQV�RQ�WKH�EUDQG�P HWULFV��

7KLV� P HWKRG� XVHV� : HE�EDVHG� VXUYH\ � WHFKQLTXHV� WR� P DWFK� P HGLD� H[ SRVXUH� WR� EUDQG� P HWULFV��
VXFK�DV�%UDQG�$ZDUHQHVV��%UDQG�) DYRUDELOLW\ ��DQG�3XUFKDVH�,QWHQW��7KLV�DSSURDFK�DQVZHUV�WKH�
TXHVWLRQ� RI� KRZ� WKH� YDULRXV�P HGLD� ILW� LQWR� WKH� P DUNHWLQJ� P L[ �� EDVHG� RQ� HDFK� P HGLXP ¶V� LP SDFW��
7KH� UHVSRQGHQWV� DUH� UHFUXLWHG� YLD� : HE� LQWHUFHSWV� RU� H�P DLO�� DQG� DUH� UHIOHFWLYH� RI� WKH� DXGLHQFH�
UHDFKHG�E\ �WKH�DGYHUWLVLQJ�FDP SDLJQ��

' \ QDP LF� / RJLF� ILHOGV� D� UHSUHVHQWDWLYH� RQOLQH� VDP SOH�� XVLQJ� DQ� H[ SHULP HQWDO� DG� VHUYLQJ� GHVLJQ�
ZKHQ�QHFHVVDU\ ��5 HVSRQGHQWV�DUH�UHFUXLWHG�GXULQJ�WKH�SHULRG�LP P HGLDWHO\ �SULRU�WR�WKH�FDP SDLJQ�
ODXQFK� WR� HVWDEOLVK� D� EDVHOLQH� FRQWURO� JURXS� DQG� DUH� UHFUXLWHG� WKURXJKRXW� WKH� FDP SDLJQ� WR�
P HDVXUH�LWV�HIIHFWLYHQHVV��$VVLJQP HQW�WR�P HGLD�FHOOV�LV�EDVHG�RQ�RSSRUWXQLW\ �WR�VHH�DGYHUWLVLQJ�
�2 76��� 5 HSRUWHG� P HGLD� FRQVXP SWLRQ� LV� XVHG� WR� GHWHUP LQH� RIIOLQH� H[ SRVXUH� RSSRUWXQLW\ �� : KHQ�
,QWHUQHW�DGYHUWLVLQJ�LV�D�FRP SRQHQW�RI�WKH�FDP SDLJQ��HOHFWURQLF�FRRNLH�GDWD�LV�XVHG�DV�WKH�2 76�
P HDVXUH��
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7KH� VXUYH\ � LQFOXGHV� EUDQG� P HWULF�� P HGLD�� DQG� FODVVLILFDWLRQ� TXHVWLRQV�� 7KH� TXHVWLRQV� XVHG� WR�
GHWHUP LQH�H[ SRVXUH�WR�RIIOLQH�P HGLD�DUH�EDVHG�RQ�LQGXVWU\ �VWDQGDUG�SUDFWLFHV�DQG�DUH�GHYHORSHG�
WR�UHIOHFW�WKH�RIIOLQH�P HGLD�SODQ��

&URVV0 HGLD� DQDO\ VLV� LV� EDVHG� RQ� FRP SDULVRQV� RI� UHVSRQGHQW� JURXSV� WKDW� KDYH� H[ SRVXUH�
RSSRUWXQLW\ �WR�GLIIHUHQW�FRP ELQDWLRQV�RI�P HGLD��7KH�FRP ELQDWLRQV�LQ�D�SDUWLFXODU�VWXG\ �ZLOO�GHSHQG�
XSRQ� WKH� P HGLD� LQFOXGHG� LQ� WKH� FDP SDLJQ� DQG� WKH� GHVLJQ� DQG� WLP LQJ� RI� WKH� P HGLD� SODQ�� ( DFK�
JURXS� LV� FRP SDUHG� DJDLQVW� D� EDVHOLQH� FRQWURO� JURXS�� 7KH� DQDO\ VLV� RI� P HGLD� FRP ELQDWLRQV�
SURYLGHV�DQ�XQGHUVWDQGLQJ�RI�WKH�V\ QHUJ\ �DFURVV�P HGLD��7KH�IROORZLQJ�FKDUW�LOOXVWUDWHV�D�UHVHDUFK�
GHVLJQ�RI�D�FDP SDLJQ�WKDW�FRQWDLQV�WKUHH�P HGLD��6XFK�GHVLJQV�YDU\ �DFFRUGLQJ�WR�WKH�QXP EHU�RI�
HOHP HQWV�LQ�WKH�FDP SDLJQ�DV�ZHOO�DV�WLP LQJ��LQFLGHQFH�DQG�RWKHU�IDFWRUV���

�

7KH� &RVW� ( IIHFWLYHQHVV� 6WXG\ � SURFHVV� LQYROYHV� VL[ � VWHSV�� IURP � VWXG\ � GHVLJQ� WR� P HGLD� P L[ �
UHFRP P HQGDWLRQV��

6WHS�� �� * DWKHU�P HGLD�XVDJH�DQG�FDP SDLJQ�LQIRUP DWLRQ�
2 IIOLQH�DQG�,QWHUQHW�XVDJH�DQG�H[ SRVXUH�
' HP RJUDSKLFV��
0 HGLD�FRVW��UHDFK��DQG�IUHTXHQF\ �

6WHS�� �� 6XUYH\ �UHVSRQGHQWV�
%UDQG�P HWULFV��P HGLD�XVDJH��DQG�VHJP HQWDWLRQ�YDULDEOHV�

6WHS�� �� : HLJKW�VDP SOH�WR�P DWFK�RYHUDOO�P DUNHW��
EDVHG�RQ�P HGLD�FRQVXP SWLRQ�DQG�GHP RJUDSKLFV�

6WHS�� �� ' HULYH�EUDQGLQJ�P HWULFV�XVLQJ�WKH�Z HLJKWHG�VDP SOH�
IRU�HDFK�P HGLXP �DQG�UHOHYDQW�FRP ELQDWLRQV�
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1 HZ�<RUN���������������&KLFDJR���������������/ RQGRQ��������������/ RV�$QJHOHV���������������6DQ�) UDQFLVFR�
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6WHS�� �� ' HWHUP LQH�FRVW�HIIHFWLYHQHVV�
EDVHG�RQ�FRVW�DQG�P HGLD�UHDFK�

6WHS�� �� ' HYHORS�P HGLD�DOORFDWLRQ�UHFRP P HQGDWLRQV�
EDVHG�RQ�UHODWLYH�FRVW�HIIHFWLYHQHVV�LQGLFHV�

7KH�IROORZLQJ�VHFWLRQV�GHVFULEH�HDFK�VWHS�LQ�JUHDWHU�GHWDLO��

�

6WHS�� ���* DWKHU�P HGLD�XVDJH�DQG�FDP SDLJQ�LQIRUP DWLRQ�

7KH�ILUVW�VWHS�LQ�WKH�UHVHDUFK�SURFHVV�LQYROYHV�VFRSLQJ�DQG�TXDOLI\ LQJ�WKH�SURMHFW�DQG�RXWOLQLQJ�WKH�
UHVHDUFK�GHVLJQ��) RU�' \ QDP LF�/ RJLF�WR�FRP SOHWH�WKLV�VWHS��WKH�FOLHQW�P XVW�SURYLGH�VHYHUDO�SLHFHV�
RI�LQIRUP DWLRQ��LQFOXGLQJ���

ƒ� P HGLD�SODQ�LQIRUP DWLRQ��LQFOXGLQJ�VFKHGXOH��VSHQGLQJ��DQG�5 �) � �
ƒ� FDP SDLJQ�REMHFWLYHV�
ƒ� FDP SDLJQ�FUHDWLYH��LI�DYDLODEOH��
ƒ� LQIRUP DWLRQ�UHODWLQJ�WR�WKH�RYHUDOO�P DUNHW�DQG�WKH�WDUJHW�DXGLHQFH�

7KH�LQIRUP DWLRQ�DERXW�DGYHUWLVLQJ�VSHQGLQJ�DQG� GHOLYHU\ �LV�WDNHQ� IURP �WKH�DGYHUWLVLQJ�VFKHGXOH�
DQG�LV�XSGDWHG�DW�WKH�HQG�RI�WKH�FDP SDLJQ�WR�UHIOHFW�FKDQJHV�GXULQJ�WKH�FDP SDLJQ�SHULRG��7KLV�
LQIRUP DWLRQ�LV�FRP ELQHG�ZLWK�GDWD�IURP �WKH�ILHOG�VXUYH\ �DQG�WR�FUHDWH�P HGLD�H[ SRVXUH�FHOOV��

7KH�VWUDWHJLF�REMHFWLYHV� IXUQLVK� LQVLJKW�DERXW�WKH�UHODWLYH� LP SRUWDQFH�RI�DZDUHQHVV��NQRZOHGJH��
DQG� SHUVXDVLRQ� JRDOV� DQG� DUH� XVHG� WR� JXLGH� DQDO\ VLV� DQG� VWUDWHJLF� UHFRP P HQGDWLRQV�� 7KH�
FDP SDLJQ�FUHDWLYH�LV�DOVR�XVHG�WR�KHOS�LQWHUSUHW�UHVXOWV�DQG�IRUP XODWH�UHFRP P HQGDWLRQV��DV�ZHOO�
DV�WR�YDOLGDWH�WKH�VXUYH\ �LQVWUXP HQW��

,QIRUP DWLRQ� DERXW� WKH� P HGLD� FRQVXP SWLRQ� EHKDYLRU� DQG� GHP RJUDSKLFV� RI� WKH� RYHUDOO� SRSXODWLRQ�
DQG�WDUJHW�DXGLHQFH�DUH�QHHGHG�WR�P DWFK�WKH�VDP SOH�WR�WKH�WDUJHW�SRSXODWLRQ�DQG�WR�FDOFXODWH�WKH�
FRVW�HIIHFWLYHQHVV�RI�WKH�FDP SDLJQ��

6SHFLILF�LQIRUP DWLRQ�DERXW�WKH�LQIRUP DWLRQ�UHTXLUHP HQWV�LV�OLVWHG�LQ�$SSHQGL[ �$ ��

�

6WHS�� ���6XUYH\ �UHVSRQGHQWV�

2 QFH� WKH� FDP SDLJQ� LQIRUP DWLRQ� LV� FROOHFWHG� DQG� WKH� UHVHDUFK� GHVLJQ� LV� FUHDWHG�� D� VXUYH\ �
LQVWUXP HQW�LV�GUDIWHG��WHVWHG��DQG�DSSURYHG�IRU�DGP LQLVWUDWLRQ��$W�WKH�VDP H�WLP H��D�VDP SOLQJ�SODQ�
LV�GHVLJQHG�WR�UHFUXLW�UHVSRQGHQWV�DQG�WKH�SURFHVV�IRU�WUDFNLQJ�RQOLQH�DGYHUWLVLQJ�H[ SRVXUH�LV�VHW�
XS��

5 HVSRQGHQWV� DUH� UHFUXLWHG� DQG� WKH� VXUYH\ � LV� DGP LQLVWHUHG� RQOLQH�� 7KH� VDP SOH� LV� JHQHUDOO\ �
UHFUXLWHG� RQ� VLWHV� UHIOHFWLYH� RI� WKH� FDP SDLJQ� DXGLHQFH�� $OWHUQDWLYHO\ �� SDQHO� UHFUXLWP HQW� P D\ � EH�
HP SOR\ HG�WR�UHDFK�WKH�WDUJHW�SRSXODWLRQ��7KH�XVH�RI�RQOLQH�VDP SOLQJ�SURYLGHV�VLJQLILFDQW�EHQHILWV�
LQ�WHUP V�RI�VSHHG��DFFXUDF\ ��DQG�FRVW�RYHU�RWKHU�VDP SOLQJ�P HWKRGV��,I�D�VXSSOHP HQWDO�VDP SOH�LV�
GHHP HG�DGYLVDEOH�WR�UHDFK�WKH�HQWLUH�DXGLHQFH�UHSUHVHQWDWLYH�RI�WKH�FDP SDLJQ�WDUJHW��WHOHSKRQH�
LQWHUYLHZLQJ� P D\ � EH� XVHG� WR� DXJP HQW� WKH� RQOLQH� VDP SOH�� 7KH� VWDQGDUG� VDP SOH� VL] H� SHU� FHOO� LV�
� � � ��

5 HVSRQGHQWV�DUH�ILUVW�DVNHG�TXHVWLRQV�UHODWHG�WR�EUDQG�DZDUHQHVV��NQRZOHGJH��DQG�SHUVXDVLRQ��
* HQHUDO�RQOLQH�DQG�RIIOLQH�P HGLD�XVDJH�OHYHOV�DQG�GHP RJUDSKLF�LQIRUP DWLRQ�DUH�DOVR�FROOHFWHG�LQ�
WKH� VXUYH\ �� 7KLV� LQIRUP DWLRQ� LV� XVHG� WR� GHYHORS� RQOLQH� DQG� RIIOLQH� P HGLD� XVDJH� SURILOHV� IRU�
UHVSRQGHQWV� DV� ZHOO� DV� WR� XQGHUVWDQG� H[ SRVXUH� WR� VSHFLILF� RIIOLQH� DGYHUWLVLQJ� P HGLD� DP RQJ�
LQGLYLGXDO� P DUNHW� VHJP HQWV�� ( [ SRVHG�FRQWURO� JURXSV� UHODWLYH� WR� RQOLQH� DGYHUWLVLQJ� DUH� FUHDWHG��
XVLQJ�DG�VHUYLQJ�DXGLHQFH�VHJP HQWDWLRQ�WHFKQRORJ\ �ZKHQ�VXLWDEOH��DQG�YHULILHG� �RU�GHWHUP LQHG��
XVLQJ�' \ QDP LF�/ RJLF¶V�SURSULHWDU\ �$G6FRXW�WUDFNLQJ�FRGH��7KH�EUDQGLQJ�LP SDFW�RI�RIIOLQH�P HGLD�LV�
GHWHUP LQHG�E\ �DVVHVVLQJ�2 SSRUWXQLW\ �WR�6HH��2 76��RI�VSHFLILF�HOHP HQWV�RI�WKH�RIIOLQH�P HGLD�SODQ�
DQG�FUHDWLQJ�P HGLD�H[ SRVXUH�JURXSV���
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6XUYH\ �' HVLJQ�

&URVV0 HGLD� 5 HVHDUFK� XVHV� WKH� P RVW� DFFXUDWH� P HWKRG� DYDLODEOH� IRU� GHWHUP LQLQJ� DGYHUWLVLQJ�
H[ SRVXUH� RSSRUWXQLW\ � RQOLQH� DQG� RIIOLQH�� 7KH� P HWKRGRORJ\ � LV� EDVHG� RQ� P HDVXULQJ� DGYHUWLVLQJ�
RSSRUWXQLW\ � WR� VHH� �2 76��� WKH� VWDQGDUG� EDVLV� IRU� P RVW� DGYHUWLVLQJ� HIIHFWLYHQHVV� UHVHDUFK�� ' DWD�
IURP �WKH�VDP SOH�LV�UHFRQFLOHG�ZLWK�WKH�P HGLD�SODQ��IRU�QRQ�,QWHUQHW�P HGLD��DQG�HOHFWURQLF�GDWD��IRU�
RQOLQH�P HGLD��WR�GHWHUP LQH�DQ�RSSRUWXQLW\ �WR�VHH��2 76��FDP SDLJQ�DGYHUWLVLQJ���

0 HDVXUHP HQW� RI� RYHUDOO� P HGLD� XVDJH� SURYLGHV� LQIRUP DWLRQ� WR� FODVVLI\ � UHVSRQGHQWV� DJDLQVW�
VWDQGDUG�P HGLD�FRQVXP SWLRQ�TXLQWLOHV��RU�GHFLOHV���7KH�UHVXOWV�RI�WKLV�DQDO\ VLV�DUH�XVHG�WR�P DWFK�
WKH� ' \ QDP LF� / RJLF� RQOLQH� VDP SOH� WR� WKH� RYHUDOO� SRSXODWLRQ�� 7KLV� DOVR� DOORZV� UHVHDUFKHUV� WR�
GHYHORS� YDOLG� FRP SDULVRQV� EHWZHHQ� WKH� UHVXOWV� SURGXFHG� E\ � ' \ QDP LF� / RJLF� VXUYH\ V� DQG� RWKHU�
LQGXVWU\ �UHVHDUFK��

2 IIOLQH� DGYHUWLVLQJ� 2 76� LV� VXUYH\ �EDVHG� DQG� P HDVXUHG� E\ � VHOI�UHSRUWHG� P HGLD� XVDJH�� 7KH�
TXHVWLRQV�XVHG�WR�GHWHUP LQH�H[ SRVXUH�WR�RIIOLQH�P HGLD�DUH�EDVHG�RQ�LQGXVWU\ �VWDQGDUG�SUDFWLFHV�
DQG�DUH�JHQHUDOO\ �FRQVLVWHQW�ZLWK�WKH�P DMRU�P HGLD�V\ QGLFDWLRQ�FXUUHQFLHV�XVHG�WR�P HDVXUH�HDFK�
P HGLXP ��7KH�VXUYH\ �LQVWUXP HQW�LV�FXVWRP L] HG�WR�DGDSW�WKH�VSHFLILF�TXHVWLRQ�IRUP �DQG�FRQWHQW�WR�
WKH� FDP SDLJQ� P HGLD� SODQ�� 7KH� IROORZLQJ� H[ DP SOHV� VKRZ� KRZ� RIIOLQH� H[ SRVXUH� RSSRUWXQLW\ � LV�
P HDVXUHG�IRU�GLIIHUHQW�P HGLD��

�

3ULQW��0 DJD] LQHV��

7KH� TXHVWLRQV� XVHG� WR� GHWHUP LQH� DGYHUWLVLQJ� H[ SRVXUH� RSSRUWXQLW\ � IRU� SULQW� DGYHUWLVLQJ� DUH�
GHYHORSHG� EDVHG� RQ� WKH� LQVHUWLRQ� VFKHGXOH� RI� WKH� DGYHUWLVLQJ�� ' XH� WR� LWV� YLVXDO� QDWXUH�� WKH�
,QWHUQHW�LV�ZHOO�VXLWHG�IRU�JDWKHULQJ�VHOI�UHSRUWHG��P DJD] LQH�P HGLD�FRQVXP SWLRQ�GDWD��4 XHVWLRQV�
GHWHUP LQH� SULQW� P HGLD� UHDGHUVKLS� DW� WKH� LVVXH� OHYHO� DV� ZHOO� DV� GHWHUP LQLQJ� RYHUDOO� UHDGHUVKLS��
,P DJHV�RI�FHUWDLQ�LVVXHV�VHFWLRQV�P D\ �EH�XVHG�DV�DQ�DLG�WR�UHFRJQLWLRQ��: KLOH�UHVSRQGHQWV�P D\ �
KDYH� WURXEOH� UHP HP EHULQJ� ZKHWKHU� WKH\ � UHDG� D� SDUWLFXODU� LVVXH� ZKHQ� SURP SWHG� E\ � D� GDWH��
VKRZLQJ�WKHP �WKH�FRYHU�RI�D�SDUWLFXODU�LVVXH�HQDEOHV�WKHP �WR�UHFDOO�UHDGHUVKLS�ZLWK�D�KLJK�GHJUHH�
RI�DFFXUDF\ ��

%HORZ�LV�DQ�H[ DP SOH�RI�D�VXUYH\ �TXHVWLRQ� IRU�SULQW��0 DJD] LQH�FRYHU�LP DJHV�FDQ�EH�DGGHG�P LG�
UHFUXLWP HQW�DV�WKH\ �KLW�WKH�QHZVVWDQGV�DQG�VKLSSHG�WR�VXEVFULEHUV���
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1 HZ�<RUN���������������&KLFDJR���������������/ RQGRQ��������������/ RV�$QJHOHV���������������6DQ�) UDQFLVFR�
� � �� � � �� � � �� � � � ����������LQIR# G\ QDP LFORJLF�FRP ����������ZZZ�G\ QDP LFORJLF�FRP ����

�

3ULQW��1 HZVSDSHU��

7KH�TXHVWLRQV�XVHG�WR�GHWHUP LQH�DGYHUWLVLQJ�H[ SRVXUH�RSSRUWXQLW\ �IRU�QHZVSDSHU�DGYHUWLVLQJ�DUH�
GHYHORSHG� EDVHG� RQ� WKH� LQVHUWLRQ� VFKHGXOH� RI� WKH� DGYHUWLVLQJ�� 4 XHVWLRQV� GHWHUP LQH� QHZVSDSHU�
UHDGHUVKLS� DW� WKH� LVVXH� OHYHO� DV� ZHOO� DV� GHWHUP LQLQJ� UHDGHUVKLS� RI� SDUWLFXODU� VHFWLRQV� RI� FHUWDLQ�
LVVXHV��LI�DSSURSULDWH��,P DJHV�RI�FHUWDLQ�LVVXHV�VHFWLRQV�P D\ �EH�XVHG�DV�ZHOO���

�

�

�

7HOHYLVLRQ�DQG�5 DGLR�

( [ SRVXUH� RSSRUWXQLW\ � IRU� WHOHYLVLRQ� DQG� UDGLR� DGYHUWLVLQJ� FDQ� EH� GHWHUP LQHG� E\ � DVNLQJ�
UHVSRQGHQWV� ZKHWKHU�WKH\ � ZDWFKHG�RU�OLVWHQHG�WR�SURJUDP P LQJ�ZKHUH�WKH�FDP SDLJQ�DGYHUWLVLQJ�
UDQ��,I�DGYHUWLVLQJ�LV�UXQQLQJ�RQ�D�VLQJOH��VSHFLILF�HYHQW��WKHQ�UHVSRQGHQWV�ZKR�UHSRUW�OLVWHQLQJ�RU�
ZDWFKLQJ�WKH�HYHQW�DUH�GHWHUP LQHG�WR�KDYH�WKH�RSSRUWXQLW\ �IRU�H[ SRVXUH���

: KHQ�DGYHUWLVLQJ�LV�UXQQLQJ�IRU�SHULRGV�RI�WLP H�DFURVV�79�RU�UDGLR�SURJUDP P LQJ��UHVSRQGHQWV�DUH�
DVNHG� DERXW� IUHTXHQF\ � RI� YLHZLQJ�OLVWHQLQJ� RI� FRQVXP SWLRQ� RI� WKDW� SURJUDP P LQJ�� 7KH� ZHLJKW� RI�
WKH� DGYHUWLVLQJ� UXQQLQJ� GXULQJ� WKH� SURJUDP P LQJ� GHWHUP LQHV� WKH� WKUHVKROG� RI� FRQVXP SWLRQ� DW�
ZKLFK�2 76�LV�LQGLFDWHG���

%HORZ�DUH�H[ DP SOHV�RI�TXHVWLRQV�IRU�ERWK�WHOHYLVLRQ�DQG�UDGLR�H[ SRVXUH�RSSRUWXQLW\ ���

�

�

�

�

�

�

�

�

�

) LJ��� �±�&URVV0 HGLD�5 HVHDUFK��6DP SOH�%URDGFDVW�4 XHVWLRQV�

) LJ��� �±�&URVV0 HGLD�5 HVHDUFK��6DP SOH�1 HZSDSHU�4 XHVWLRQ�
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1 HZ�<RUN���������������&KLFDJR���������������/ RQGRQ��������������/ RV�$QJHOHV���������������6DQ�) UDQFLVFR�
� � �� � � �� � � �� � � � ����������LQIR# G\ QDP LFORJLF�FRP ����������ZZZ�G\ QDP LFORJLF�FRP ����

2 QOLQH�

7R�GHWHUP LQH�H[ SRVXUH�RSSRUWXQLW\ �WR�RQOLQH�FUHDWLYH��RQOLQH�2 76���WKH�VWXGLHV�XWLOL] H�$G6FRXW��D�
SDWHQW�SHQGLQJ� WHFKQRORJ\ � WKDW� LV� SDUW� RI� ' \ QDP LF� / RJLF¶V� $G,QGH[ � V\ VWHP �� : KHQ� VXUYH\ �
UHVSRQGHQWV�HQWHU�WKH�VXUYH\ ��WKH�V\ VWHP �UHFRJQL] HV�ZKHWKHU�RU�QRW�WKH\ �KDYH�EHHQ�VHUYHG�DQ\ �
RQOLQH� DGV� LQ� D� JLYHQ� FDP SDLJQ�� ,Q� DGGLWLRQ�� WKH� V\ VWHP � LGHQWLILHV� H[ DFWO\ � ZKLFK� FUHDWLYH� RU�
FRP ELQDWLRQ� RI� RQOLQH� FUHDWLYH� ZDV� VHUYHG�� RQ� ZKDW� VLWHV� WKH� FUHDWLYH� ZDV� VHUYHG�� DV� ZHOO� DV�
H[ SRVXUH�IUHTXHQF\ �DQG�UHFHQF\ ��

�

6WHS�� ���: HLJKW�VDP SOH�WR�P DWFK�RYHUDOO�P DUNHW�

' DWD� ZHLJKWLQJ� LV� XVHG� WR� P DWFK� WKH� VDP SOH� WR� NQRZQ� GHP RJUDSKLF� DQG� P HGLD� FRQVXP SWLRQ�
FKDUDFWHULVWLFV� RI� WKH� RYHUDOO� SRSXODWLRQ� DQG� WKH� WDUJHW� P DUNHW�� 7KLV� SURFHGXUH� FRUUHFWV� IRU� DQ\ �
RYHUVDP SOLQJ� RU� XQGHUVDP SOLQJ� RI� LQGLYLGXDO� JURXSV� DQG� LP SURYHV� RXU� DELOLW\ � WR� JHQHUDOL] H� WKH�
UHVXOWV�WR�WKH�RYHUDOO�P DUNHW��

7KH�VWDQGDUG�SURFHGXUH�LV�WR�ZHLJKW�WKH�FRQWURO�DQG�FDP SDLJQ�SHULRGV�LQGLYLGXDOO\ �WR�HQVXUH�WKDW�
WKH�GHP RJUDSKLF�DQG�P HGLD�FRQVXP SWLRQ�SURILOH�RI�WKH�FRQWURO�UHVSRQGHQWV�P DWFKHV�WKDW�RI�WKH�
RYHUDOO�DXGLHQFH�IRU�WKH�FDP SDLJQ��$IWHU�GDWD�FOHDQLQJ�LV�SHUIRUP HG��WKH�GDWD�DUH�ZHLJKWHG�XVLQJ��

ƒ� FHQVXV�GDWD��IRU�GHP RJUDSKLFV��
ƒ� V\ QGLFDWHG�P HGLD�GDWD��WR�UHIOHFW�P HGLD�XVDJH�RI�WKH�WDUJHW�SRSXODWLRQ��

0 HGLD� FRQVXP SWLRQ�� DV� GHWHUP LQHG� IURP � WKH� RQOLQH� VXUYH\ �� LV� XVHG� WR� P DWFK� UHVSRQGHQWV� WR�
V\ QGLFDWHG�P HGLD�TXLQWLOH� �RU�GHFLOH��GDWD�� ,I�D�WHOHSKRQH�VXUYH\ �LV�XVHG��WKHVH�UHVSRQGHQWV�DUH�
DOVR�LQFOXGHG�LQ�WKLV�DQDO\ VLV��

0 HGLD� FRQVXP SWLRQ� ZHLJKWLQJ� LV� SHUIRUP HG� EDVHG� RQ� WKH� P HGLD� LQFOXGHG� LQ� WKH� ' \ QDP LF� / RJLF�
&URVV0 HGLD�VWXG\ �� ,Q�JHQHUDO��GLVWULEXWLRQV�RI�WHOHYLVLRQ�DQG�RQOLQH�P HGLD�FRQVXP SWLRQ�DUH�XVHG�
WR�P DWFK�WKH�VDP SOH�WR�WKH�SRSXODWLRQ��5 HVSRQGHQWV�DUH�DVVLJQHG�WR�WHOHYLVLRQ�YLHZHUVKLS�Q�WLOHV�
DQG� ,QWHUQHW�XVHUVKLS�Q�WLOHV��EDVHG�RQ�WKLUG�SDUW\ �V\ QGLFDWHG�GDWD��7KHVH�UHVSRQGHQWV�DUH�DOVR�
DVVLJQHG�WR�VWDQGDUG�GHP RJUDSKLF�FDWHJRULHV��XVXDOO\ �EDVHG�RQ�LQFRP H��DJH��DQG�VH[ ��7KH�GDWD�
DUH�WKHQ�ZHLJKWHG�WR�WKH�QDWLRQDO�SRSXODWLRQ�XVLQJ�ULP �ZHLJKWLQJ�

2

�

' HSHQGLQJ�RQ�WKH�DFWXDO�EXLOG��ZHHNO\ �RU�P RQWKO\ �GDWD�P D\ �EH�XVHG�WR�FODVVLI\ �UHVSRQGHQWV�DQG�
GHYHORS� GLIIHUHQW� ZHLJKWV� E\ � ZHHN� RU� P RQWK�� ' DWD� DUH� ZHLJKWHG� LQGHSHQGHQWO\ � WR� WKH� RYHUDOO�
SRSXODWLRQ�DQG�WR�WKH�WDUJHW�P DUNHW� IRU�WKH�DGYHUWLVHU¶V�FDP SDLJQ��$SSHQGL[ �%� FRQWDLQV�D�P RUH�
GHWDLOHG�RXWOLQH�RI�WKH�ULP �ZHLJKWLQJ�SURFHGXUH��

$V� QRWHG� DERYH�� ZHLJKWLQJ� WKH� VDP SOH� RQ� P XOWLSOH� UHVSRQGHQW� FKDUDFWHULVWLFV� DGMXVWV� IRU�
GLIIHUHQFHV� EHWZHHQ� WKH� RQOLQH� DXGLHQFH� DQG� WKH� WDUJHW� P DUNHW�� +HDY\ � ,QWHUQHW� XVHUV� P D\ �
FRQVXP H�RWKHU�P HGLD�DW�D�GLIIHUHQW�UDWH�WKDQ�OLJKW�,QWHUQHW�XVHUV�

3

�7KHUHIRUH��ZH�FDQQRW�DVVXP H�
WKDW�UHDFK�DQG�IUHTXHQF\ �IRU�WKH�WRWDO�DXGLHQFH�ZLOO�WUDQVODWH�GLUHFWO\ �LQWR�UHDFK�DQG�IUHTXHQF\ �IRU�
WKH� RQOLQH� DXGLHQFH�� 7R� DGMXVW� IRU� GLIIHUHQFHV�� WKH� VDP SOH� GLVWULEXWLRQV� RQ� WKHVH� FKDUDFWHULVWLFV�
DUH�P DWFKHG�WR�WKH�GLVWULEXWLRQV�LQ�WKH�WRWDO�DXGLHQFH��7KHLU�UHVXOWLQJ�ZHLJKWV�DUH�XVHG�WR�SURGXFH�
D�VDP SOH�WKDW�P DWFKHV�WKH�JHQHUDO�P DUNHW�LQ�WHUP V�RI�P HGLD�FRQVXP SWLRQ��LQFRP H��DJH��DQG�VH[ ��

7KH�VDP SOH�ZHLJKWLQJ�P HWKRGRORJ\ �UHSUHVHQWV�D�VLJQLILFDQW�LP SURYHP HQW�RYHU�SUHYLRXV�HVWLP DWHV�
RI�FURVV�P HGLD�HIIHFWLYHQHVV��$V�D�UHVXOW�RI�WKH�ZHLJKWLQJ�SURFHVV��WKH�GLVWULEXWLRQ�RI�NH\ �P HGLD�
XVDJH�DQG�GHP RJUDSKLF�FKDUDFWHULVWLFV�P LUURU�WKH�GLVWULEXWLRQ�LQ�WKH�WDUJHW�P DUNHW��

�

�

�

�
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1 HZ�<RUN���������������&KLFDJR���������������/ RQGRQ��������������/ RV�$QJHOHV���������������6DQ�) UDQFLVFR�
� � �� � � �� � � �� � � � ����������LQIR# G\ QDP LFORJLF�FRP ����������ZZZ�G\ QDP LFORJLF�FRP ����

6WHS�� ���' HULYH�EUDQGLQJ�P HWULFV�XVLQJ�WKH�Z HLJKWHG�VDP SOH�

$IWHU�WKH�GDWD�DUH�FOHDQHG�DQG�ZHLJKWHG��WKH�EUDQGLQJ�LP SDFW�RI�WKH�FDP SDLJQ�LV�DVVHVVHG��

%UDQGLQJ�P HWULFV�DUH�FDOFXODWHG�EDVHG�RQ�WKH�ZHLJKWHG�VDP SOH��7KH�UHVXOWLQJ�DJJUHJDWH�P HWULFV�
SURYLGH�WKH�EHVW�HVWLP DWH�RI�WKH�RYHUDOO�EUDQGLQJ�LP SDFW�RI�WKH�FDP SDLJQ�RQ�WKH�WRWDO�RQOLQH�DQG�
RIIOLQH�P DUNHW��6WDQGDUG�P HWULFV�P D\ �LQFOXGH��

ƒ� 8 QDLGHG�%UDQG�$ZDUHQHVV�
ƒ� $LGHG�%UDQG�$ZDUHQHVV�
ƒ� $GYHUWLVLQJ�$ZDUHQHVV�
ƒ� 0 HVVDJH�$VVRFLDWLRQ�
ƒ� 6SRQVRUVKLS�$VVRFLDWLRQ�
ƒ� %UDQG�$WWULEXWH�5 DWLQJV�
ƒ� %UDQG�) DYRUDELOLW\ ��WRS�WZR�ER[ ��
ƒ� 3XUFKDVH�,QWHQW�RU�&RQVLGHUDWLRQ��WRS�WZR�ER[ ��

7KHVH� P HWULFV� DUH� FRP SXWHG� IRU� HDFK� P HGLXP � DQG� P HGLD� FRP ELQDWLRQ� LQ� WKH� UHVHDUFK� GHVLJQ��
7KH�VSHFLILF�FRP SDULVRQV�WR�EH�LQFOXGHG�LQ�WKH�DQDO\ VLV�GHSHQG�XSRQ�WKH�GHVLJQ�RI�WKH�VWXG\ ��,Q�
P RVW� FDVHV�� WKHUH� ZLOO� EH� D� SUH�FRQWURO� JURXS� UHFUXLWHG� SULRU� WR� WKH� EHJLQQLQJ� RI� WKH� FDP SDLJQ��
7KLV� JURXS� P D\ � EH� XVHG� WR� HVWDEOLVK� EDVHOLQH� OHYHOV� IRU� WKH� EUDQGLQJ� P HWULFV�� 2 IWHQ�� WKH� 79�
H[ SRVHG�JURXS� ZLOO�EH�XVHG�DV�D�UHIHUHQFH�EDVHOLQH�FRP SDULVRQ� IRU�WKH�RWKHU�P HGLD�GXULQJ�WKH�
FDP SDLJQ��1 RW�DOO�P HGLD�FRP ELQDWLRQV�FDQ�DOZD\ V�EH�FRP SDUHG��6WDQGDUG�WZR�WDLOHG� ] �WHVWV� IRU�
GLIIHUHQFHV�EHWZHHQ�WZR�SURSRUWLRQV�DUH�SHUIRUP HG�DW�WKH�� � � �OHYHO��

%UDQG�P HWULFV�DUH�FRP SXWHG�IRU�WKH�FDP SDLJQ�WDUJHW�V���DV�GHILQHG�E\ �WKH�FOLHQW��DV�ZHOO�DV�IRU�WKH�
RYHUDOO� VDP SOH�� ,Q� DGGLWLRQ�� UHOHYDQW� GHP RJUDSKLF�� SV\ FKRJUDSKLF�� DQG� SURGXFW� XVDJH� YDULDEOHV�
DUH�XVHG�WR�WHVW�IRU�GLIIHUHQFHV�LQ�P HGLD�LP SDFW�DFURVV�P DUNHW�VHJP HQWV��

7KH�IROORZLQJ�ILJXUH�LOOXVWUDWHV�KRZ�WKH�DQDO\ VLV�FRP ELQHV�WKH�VXUYH\ �GDWD��P HGLD�SODQ�GDWD��DQG�
XQLYHUVH� �ZHLJKWLQJ�� LQIRUP DWLRQ� WR� GHWHUP LQH� DFFXUDWH� P HGLD� H[ SRVXUH� OHYHOV�� 7KH� DQDO\ VLV�
XWLOL] HV� D� WULDQJXODWLRQ� DSSURDFK� WKDW� SURYLGHV� HVWLP DWHV� RI� H[ SRVXUH� EDVHG� RQ� WKH� UHVSRQGHQW�
GDWD��FDP SDLJQ�GDWD��DQG�DSSURSULDWH�ZHLJKWV��

�

�
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�
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�
) LJXUH�� �±�' HWHUP LQLQJ�H[ SRVXUH�WKURXJK�FRP SDULVRQ�RI�WKUHH�GDWD�VRXUFHV�
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1 HZ�<RUN���������������&KLFDJR���������������/ RQGRQ��������������/ RV�$QJHOHV���������������6DQ�) UDQFLVFR�
� � �� � � �� � � �� � � � ����������LQIR# G\ QDP LFORJLF�FRP ����������ZZZ�G\ QDP LFORJLF�FRP ����

�

6WHS�� ���' HWHUP LQH�FRVW�HIIHFWLYHQHVV�

$IWHU�WKH�DQDO\ VLV�RI�EUDQGLQJ�LP SDFW�SURYLGHV�LQVLJKW�LQWR�WKH�RYHUDOO�HIIHFW�RI�WKH�DGYHUWLVLQJ�RQ�
DZDUHQHVV� DQG� SHUVXDVLRQ�� WKLV� LQIRUP DWLRQ� LV� FRP ELQHG� ZLWK� GDWD� DERXW� P HGLD� FRVW� DQG�
FDP SDLJQ�UHDFK�WR�DVVHVV�WKH�FRVW�HIIHFWLYHQHVV�RI�WKH�FDP SDLJQ��7KH�JRDO�RI�WKLV�DQDO\ VLV�LV�WR�
GHWHUP LQH� ZKLFK� P HGLD� RU� P HGLD� FRP ELQDWLRQV� DUH� WKH� P RVW� HIILFLHQW� P HDQV� RI� DFKLHYLQJ�
EUDQGLQJ� REMHFWLYHV�� 7KLV� LV� DFFRP SOLVKHG� E\ � FDOFXODWLQJ� WKH� &RVW� 3HU� 3HUVRQ� IRU� HDFK� EUDQG�
P HWULF�DQG�P HGLXP �RU�P HGLD�FRP ELQDWLRQ�LQ�WKH�UHVHDUFK�GHVLJQ��

7KH�&RVW�3HU�3HUVRQ��&33��P HDVXUHV�WKH�GROODU�FRVW�RI�D�SRVLWLYH�FKDQJH�LQ�RQH�EUDQG�P HWULF�IRU�
RQH� FRQVXP HU�� ) RU� H[ DP SOH�� WKH� RQOLQH� &33� IRU� %UDQG� $ZDUHQHVV� ZRXOG� UHSUHVHQW� WKH� FRVW� RI�
P DNLQJ� RQH� FRQVXP HU� DZDUH� RI� WKH� EUDQG� DP RQJ� FRQVXP HUV� ZLWK� RSSRUWXQLW\ � WR� VHH� RQOLQH�
DGYHUWLVLQJ�DORQH���

� � �

7KH�&33��&RVW�3HU�3HUVRQ��LQGH[ �RI�P HGLXP �M�RQ�EUDQG�P HWULF�L�LV���

( ) 05<<

&

%

&
&33 4

55

4

4

5

4

4

5

4

´´-
== 6

�

ZKHUH�

� � &7  ��� WRWDO�FRVW��LQ�GROODUV��IRU�DGYHUWLVLQJ�P HGLXP �M�

7KH�WRWDO�QXP EHU�RI�SHRSOH�P RYHG�WR�WRS�WZR�ER[ ��H�J��P DGH�DZDUH��E\ �P HGLXP �M�RQ�EUDQG�P HWULF�

L�� 8 9% � �LV�GHILQHG�DV��

� � ( ) 05<<% :

;;

:

;

: ´´-= < �

� ZKHUH�� �

� � < = >  � FRQWURO�RU�EDVHOLQH�OHYHO�IRU�P HWULF�L�

� � < = 7  � P HWULF�L�IRU�DGYHUWLVLQJ�P HGLXP �M�

� 5 7 �  � � �UHDFK�IRU�DGYHUWLVLQJ�P HGLXP �M�

� 0 �  � WRWDO�P DUNHW�VL] H�RU�SRSXODWLRQ�
�

�

,Q�WKH�DERYH�HTXDWLRQ���< = 7 � � �< = > � �UHSUHVHQWV�WKH�EUDQGLQJ�HIIHFW�DQG�LV�HTXDO�WR�WKH�SHUFHQWDJH�RI�
WKH� VDP SOH� DIIHFWHG� E\ � P HGLXP � M�� ) RU� H[ DP SOH�� LI� < = > � LV� WKH� EDVHOLQH� OHYHO� RI� %UDQG� $ZDUHQHVV�
DQG�< = 7 �LV�WKH�OHYHO�RI�DZDUHQHVV�DP RQJ�WKRVH�ZLWK�RSSRUWXQLW\ �WR�VHH�DGYHUWLVLQJ�P HGLXP �M��WKHQ�
�< = 7 � � � < = > � � UHSUHVHQWV� WKH� SHUFHQWDJH� LQFUHDVH� LQ� %UDQG� $ZDUHQHVV� DP RQJ� WKRVH� ZLWK� H[ SRVXUH�
RSSRUWXQLW\ �WR�WKH�P HGLXP ��7KLV�EUDQGLQJ�HIIHFW�LV�P XOWLSOLHG�E\ �FDP SDLJQ�UHDFK�DQG�GLYLGHG�LQWR�
WKH� FRVW� RI� WKH� P HGLD� FKDQQHO� WR� GHWHUP LQH� D� FRVW�SHU�SHUVRQ�� 6LQFH� 5 7 0 � UHSUHVHQWV� WKH� WRWDO�
QXP EHU�RI�SHRSOH�LQ�WKH�P DUNHW�UHDFKHG�E\ �P HGLXP �M��%= 7 �LV�HTXDO�WR�WKH�WRWDO�QXP EHU�RI�SHRSOH�
DIIHFWHG�E\ �WKH�P HGLXP ��,Q�WKH�DERYH�H[ DP SOH��%= 7 �UHSUHVHQWV�WKH�QXP EHU�RI�SHRSOH�P DGH�DZDUH�
RI�WKH�EUDQG�E\ �DGYHUWLVLQJ�RQ�P HGLXP �M��

7KH� IROORZLQJ� LV� DQ� H[ DP SOH�� ZLWK� GHP RQVWUDWLRQ� GDWD�� RI� WKH� DJJUHJDWH� UHVXOWV� RI� D� &RVW�
( IIHFWLYHQHVV� 6WXG\ �� 7KH� GROODU� YDOXHV� UHSUHVHQW� WKH� FRVW� SHU� SHUVRQ� WR� FKDQJH� HDFK� EUDQG�
P HWULF��

�
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1 HZ�<RUN���������������&KLFDJR���������������/ RQGRQ��������������/ RV�$QJHOHV���������������6DQ�) UDQFLVFR�
� � �� � � �� � � �� � � � ����������LQIR# G\ QDP LFORJLF�FRP ����������ZZZ�G\ QDP LFORJLF�FRP ����

� 79� 2 QOLQH� 3ULQW� 79� � �
2 QOLQH�

79� � �
2 QOLQH� � �
3ULQW�

8 QDLGHG�%UDQG�$ZDUHQHVV� � � �� � � � � �� � � � � �� � � � � �� � � � � �� � �

$LGHG�%UDQG�$ZDUHQHVV� � � �� � � � � �� � � � � �� � � � � �� � � � � �� � �

0 HVVDJH�$VVRFLDWLRQ� � � �� � � � � �� � � � � �� � � � � �� � � � � �� � �

%UDQG�) DYRUDELOLW\ � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � �

3XUFKDVH�,QWHQW� � � �� � � � � �� � � � � �� � � � � �� � � � � �� � �

�

$V�FDQ�EH�VHHQ�LQ�WKH�FKDUW��79�SURYHG�WR�EH�DQ�HIILFLHQW�P HGLXP �IRU�EXLOGLQJ�DZDUHQHVV��ZLWK�WKH�
ORZHVW� &33� IRU� XQDLGHG� DZDUHQHVV� DQG� WKH� VHFRQG�ORZHVW� FRVW� IRU� DLGHG� DZDUHQHVV�� 2 Q� WKH�
RWKHU�KDQG��79�LQ�LVRODWLRQ� \ LHOGHG� WKH�KLJKHVW� &33� IRU�3XUFKDVH� ,QWHQW�� ,Q�WKH� FDVH�RI�WKH�WZR�
SHUVXDVLRQ� P HWULFV� �%UDQG� ) DYRUDELOLW\ � DQG� 3XUFKDVH� ,QWHQW��� LW� ZDV� WKH� FRP ELQHG� 2 76� IRU� 79��
RQOLQH�� DQG� SULQW� WKDW� SURGXFHG� WKH� ORZHVW� &RVW� 3HU� 3HUVRQ�� 7KLV� VXJJHVWV� WKDW� VFKHGXOLQJ� WR�
P D[ LP L] H�GXSOLFDWLRQ�DFURVV�WKH�WKUHH�P HGLD�P D\ �EH�DQ�HIILFLHQW�P HDQV�RI�LQFUHDVLQJ�SHUVXDVLRQ��
2 QOLQH�SURYHG�WR�EH�WKH�P RVW�HIILFLHQW�P HGLXP �IRU�0 HVVDJH�$VVRFLDWLRQ��ZLWK�WKH�FRP ELQDWLRQ�RI�
79��RQOLQH��DQG�SULQW�DOVR�\ LHOGLQJ�JRRG�UHVXOWV��

�

6WHS�� ���' HYHORS�P HGLD�DOORFDWLRQ�UHFRP P HQGDWLRQV�

5 HFRP P HQGDWLRQV� DUH� SURYLGHG� IRU�LP SURYLQJ� EXGJHW�DOORFDWLRQ�EDVHG�RQ�FDP SDLJQ�REMHFWLYHV��
ZKLOH�DFNQRZOHGJLQJ�WKH�OLP LWDWLRQV�RI�SURMHFWLQJ�GDWD�IURP �RQH�FDP SDLJQ��: KLOH�WKH�UHVXOWV�P D\ �
EH� XVHG� WR� GHYHORS� UHFRP P HQGHG� LP SURYHP HQWV�� RSWLP L] DWLRQ� RI� P HGLD� DOORFDWLRQ� IRU� IXWXUH�
VSHQGLQJ�LV�QRW�SRVVLEOH�EDVHG�RQ�WKH�UHVXOWV�RI�D�VLQJOH�FDP SDLJQ��

,Q� WKH� H[ DP SOH� SUHVHQWHG� LQ� 6WHS� � �� UHFRP P HQGDWLRQV� IRU� DQ� DZDUHQHVV�EXLOGLQJ� FDP SDLJQ�
ZRXOG�IRFXV�RQ�LQFUHDVLQJ�WKH�HP SKDVLV�RQ�WHOHYLVLRQ�DGYHUWLVLQJ�DQG�LP SURYLQJ�LWV�UHDFK��) RU�D�
FDP SDLJQ�GHVLJQHG�WR�SURGXFH�%UDQG�) DYRUDELOLW\ �DQG�3XUFKDVH�,QWHQW��WKH�HP SKDVLV�VKRXOG�EH�
RQ� LQFUHDVLQJ� WKH� GXSOLFDWLRQ� RI� WHOHYLVLRQ�� SULQW�� DQG� RQOLQH�� UDWKHU� WKDQ� RQ� XVLQJ� WKH� P HGLD�
LQGLYLGXDOO\ �WR�H[ WHQG�UHDFK��6LQFH�WKH�FRVW�HIIHFWLYHQHVV�RI�WKH�FDP SDLJQ�LV�LP SURYHG�ZKHQ�WKH�
P HGLD�DUH�XVHG�LQ�FRP ELQDWLRQ��P HGLD�DOORFDWLRQ�VKRXOG�EH�IRFXVHG�RQ�UHDFKLQJ�P RUH�FRQVXP HUV�
ZLWK�P XOWLSOH�P HGLD��

$FFXUDWH�GHWHUP LQDWLRQ�RI�DQ�RSWLP DO�P HGLD�DOORFDWLRQ�UHTXLUHV�SUHFLVH�VSHFLILFDWLRQ�RI�WKH�P DUNHW�
UHVSRQVH� WR� FKDQJHV� LQ� DGYHUWLVLQJ� VSHQGLQJ� E\ � P HGLXP �� ' XH� WR� WKH� JHQHUDOO\ � ORZ� OHYHO� RI�
VSHQGLQJ�RQ�,QWHUQHW�DGYHUWLVLQJ��IRU�H[ DP SOH��LW�P D\ �EH�GLIILFXOW�WR�SURMHFW�WKH�EUDQGLQJ�LP SDFW�RI�
D�ODUJH�UHODWLYH�LQFUHDVH�LQ�VSHQGLQJ�DFFXUDWHO\ �� : KLOH�VP DOO�FKDQJHV�LQ�VSHQGLQJ�P D\ �SURGXFH�
OLQHDU� FKDQJHV� LQ� EUDQGLQJ� HIIHFWV�� P DMRU� UHDOORFDWLRQV� RI� VSHQGLQJ� P D\ � UHVXOW� LQ� XQDFFHSWDEOH�
OHYHOV�RI�HUURU�LQ�SUHGLFWLRQ���

7KH�UHVXOWV�RI�D�VLQJOH�FDP SDLJQ�DUH�D�FRP ELQDWLRQ�RI�P HGLD�HIIHFWV��FDP SDLJQ�FUHDWLYH�HIIHFWV��
DQG� H[ WHUQDO� IDFWRUV� �VXFK� DV� FRP SHWLWLYH� DFWLYLW\ �� HFRQRP LF� FRQGLWLRQV�� VHDVRQDOLW\ �� HWF���� 7KH�
GHYHORSP HQW�RI�FOLHQW�QRUP V�LV�HQFRXUDJHG�WR�XQGHUVWDQG�WKH�HIIHFWV�RI�P HGLD�DOORFDWLRQ�DFURVV�
YDULHG� OHYHOV� RI� VSHQGLQJ� DQG� GLIIHUHQW� FUHDWLYH� H[ HFXWLRQV�� 6LQFH� RQH� VWXG\ � FDQ� RQO\ � SURYLGH�
GLUHFWLRQDO� LQIRUP DWLRQ� UHJDUGLQJ� P HGLD� VSHQGLQJ�� ' \ QDP LF� / RJLF� ZRUNV� ZLWK� P DQ\ � FOLHQWV� WR�
GHYHORS�FOLHQW�VSHFLILF�QRUP DWLYH�GDWD��

&RVW� ( IIHFWLYHQHVV� 6WXGLHV� KDYH� EHHQ� GHYHORSHG� WR� HQFRXUDJH� UHSHWLWLRQ� RI� UHVHDUFK� DFURVV�
FDP SDLJQV�WR�GHYHORS�DJJUHJDWHG�OHDUQLQJ���
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1 HZ�<RUN���������������&KLFDJR���������������/ RQGRQ��������������/ RV�$QJHOHV���������������6DQ�) UDQFLVFR�
� � �� � � �� � � �� � � � ����������LQIR# G\ QDP LFORJLF�FRP ����������ZZZ�G\ QDP LFORJLF�FRP ����

�

1 RWHV�
�

2

� 6KDURW�� 7UHYRU� �� � � � � �� ³: HLJKWLQJ� 6XUYH\ � 5 HVXOWV�´� - RXUQDO� RI� WKH� 0 DUNHW� 5 HVHDUFK� 6RFLHW\ ��
9RO��� � �� � � ��/ RQGRQ��0 DUNHW�5 HVHDUFK�6RFLHW\ ��� � � � � � � ��
�

3

�' UDYLOODV��- LP ��* HUDUG�%URXVVDUG��DQG�- HIIUH\ �* UDKDP ��� � � � � ��³&URVV�0 HGLD�DQG�WKH�: HE��%HVW�
3UDFWLFHV� IRU� 8 VLQJ� WKH� ,QWHUQHW� WR� 0 HDVXUH� &URVV�0 HGLD� $GYHUWLVLQJ� &DP SDLJQV�´� ZKLWH� SDSHU�
SUHVHQWHG�DW�WKH�$5 ) �: HHN�RI�: RUNVKRSV��6HSWHP EHU�� � ��� � � � ��
�
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1 HZ�<RUN���������������&KLFDJR���������������/ RQGRQ��������������/ RV�$QJHOHV���������������6DQ�) UDQFLVFR�
� � �� � � �� � � �� � � � ����������LQIR# G\ QDP LFORJLF�FRP ����������ZZZ�G\ QDP LFORJLF�FRP ����

$ SSHQGL[ �$ �

&( 6�,QIRUP DWLRQ�5 HTXLUHP HQWV��
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,QIRUP DWLRQ� ' HWDLO�QHHGHG�
2 QOLQH�P HGLD�SODQ� 1 XP EHU�RI�LP SUHVVLRQV�
�� 6LWHV�6LWH�DUHDV�
�� &UHDWLYH�7HFKQRORJ\ �7\ SHV�
�� ' DWHV�
�� &30 �GDWD�
�� ,QIR�RQ�UHFUXLWP HQW�P HGLD�REWDLQHG��FRQWURO�LP SV��
�� �
7HOHYLVLRQ�5 DGLR� 7RWDO�* 5 3�75 3�P HGLD�ZHLJKW�
�� 3ODFHP HQWV��FKDQQHOV��SURJUDP P LQJ��
�� ) OLJKW�GDWHV�
�� ( VWLP DWHG�LQFLGHQFH�RI�YLHZHUV�ZLWKLQ�RQOLQH�SODQ�
�� &RVW�GDWD�E\ �* 5 3�
�� %URDGFDVW�IUHTXHQF\ �TXLQWLOHV�E\ �ZHHN�
�� ' D\ SDUWV��LI�DYDLODEOH�
�� 3URJUDP P LQJ�VFKHGXOH��LI�DYDLODEOH�
� �
3ULQW� 3XEOLFDWLRQV�DQG�LQVHUWLRQ�GDWHV�
�� 2 Q�VDOH�VXEVFULEHU�GDWHV�SHU�SXEOLFDWLRQ�
�� %XGJHW�DOORFDWHG�WR�SULQW�EX\ �
� �
2 2 + � 5 HJLRQDO�* HRJUDSKLF�,QIRUP DWLRQ�
�� * 5 3
V�
�� 2 2 + �EXGJHW�
�� �
&UHDWLYH� 9LHZ�RQOLQH�RIIOLQH�FUHDWLYH�RU�FRP SV��GUDIWV��
�� 5 HYLHZ�RQOLQH�RIIOLQH�P HVVDJLQJ�
�� �
0 DUNHWLQJ�LQIRUP DWLRQ� 7DUJHW�VHJP HQWV�
�� 0 DUNHWLQJ�2 EMHFWLYHV�
�� �
0 HGLD� 5 HFRQFLOLDWLRQ�&KDQJHV�WR�0 HGLD�VFKHGXOH�
�� �
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1 HZ�<RUN���������������&KLFDJR���������������/ RQGRQ��������������/ RV�$QJHOHV���������������6DQ�) UDQFLVFR�
� � �� � � �� � � �� � � � ����������LQIR# G\ QDP LFORJLF�FRP ����������ZZZ�G\ QDP LFORJLF�FRP ����

$ SSHQGL[ �%�

' HVFULSWLRQ�RI�5 LP �: HLJKWLQJ�0 HWKRGRORJ\ �

$�VDP SOH�LV�D�VXEVHW�GUDZQ�IURP �D�VSHFLILF�XQLYHUVH�� �: KHQ�SURSHUO\ �H[ HFXWHG��WKH�VDP SOH�FDQ�
SURYLGH�DFFXUDWH�HVWLP DWHV�RI�WKH�FKDUDFWHULVWLFV�RI�WKDW�XQLYHUVH��

+RZHYHU��D�VDP SOH�LV�VXEMHFW�WR�VDP SOLQJ�HUURU�LQ�WKH�VHQVH�WKDW�RQH�UDQGRP �VDP SOH�P D\ � \ LHOG�
VOLJKWO\ �GLIIHUHQW�UHVXOWV�IURP �DQRWKHU���) RU�H[ DP SOH��RQH�UDQGRP �VDP SOH�RI�� � � �DGXOWV�P D\ �KDYH�
� � � P DOHV� DQG� � � � IHP DOHV�� DQRWKHU� UDQGRP � VDP SOH� RI� � � � � DGXOWV� P D\ � KDYH� � � � P DOHV� DQG� � � �
IHP DOHV���7R�WKH�H[ WHQW�WKDW�D�VDP SOH�P D\ �GLIIHU�IURP �WKH�XQLYHUVH��WKH�VDP SOH�HVWLP DWHV�P D\ �EH�
LQDFFXUDWH��

7R� REWDLQ� EHWWHU� DFFXUDF\ �� LW� LV� GHVLUDEOH� WR� KDYH� WKH� VDP SOH� P DWFK� WKH� XQLYHUVH� RQ� LP SRUWDQW�
FKDUDFWHULVWLFV�� HVSHFLDOO\ � WKRVH� WKDW� DUH� EHOLHYHG� WR� EH� UHODWHG� WR� WKH� VXUYH\ � UHVXOWV�� � ) RU�
H[ DP SOH�� LI� WKH� VXUYH\ � VXEMHFW� LV� KHDYLO\ � P DGH� XS� RI� KHDY\ � ,QWHUQHW� XVHUV�� ZH� ZRXOG� OLNH� WKH�
VDP SOH�WR�KDYH�WKH�SURSHU�SURSRUWLRQV�RI�,QWHUQHW�FRQVXP SWLRQ�WKDW�LV�VLP LODU�WR�WKH�SURSRUWLRQV�RI�
WKH�LQGXVWU\ �FXUUHQF\ ��

7KH� ZHLJKWLQJ� P HWKRG� XVHG� E\ � ' \ QDP LF� / RJLF� LV� NQRZQ� LQ� WKH� OLWHUDWXUH� YDULRXVO\ � DV� ULP �
ZHLJKWLQJ�� P DUJLQDO� ZHLJKWLQJ�� UDNLQJ�� VDP SOH� EDODQFLQJ�� LWHUDWLYH� SURSRUWLRQDWH� ILWWLQJ� DQG�
LWHUDWLYH�SURSRUWLRQDWH�VFDOLQJ��

,Q� WKHRU\ �� ULP � ZHLJKWLQJ� LV� VLP SO\ � D� VHULHV� RI� LWHUDWLRQV� RI� VLQJOH�YDULDEOH� FHOO� ZHLJKWLQJ�� � 7KH�
DVVXP SWLRQ�LV�WKDW�WKH�UHVHDUFKHU�KDV�DSSURSULDWH�XQLYHUVH�HVWLP DWHV�VHSDUDWHO\ �IRU�HDFK�RI�D�VHW�
RI�YDULDEOHV���7KLV�LQIRUP DWLRQ�LV�GHULYHG�IURP �V\ QGLFDWHG�P HGLD�P HDVXUHP HQW��VXFK�DV�0 5 ,� �DQG�
WKH�8 �6��FHQVXV��ERWK�KLJKO\ �UHOLDEOH�GDWD�VRXUFHV���

7KH�ZHLJKWLQJ�EHJLQV� ZLWK� WKH� ILUVW�YDULDEOH� DQG�WKH�VDP SOH�LV� ZHLJKWHG� E\ � HDFK�FHOO� ZLWKLQ�WKLV�
YDULDEOH�� � ( DFK�FDVH�ZLOO�QRZ�KDYH�D�ZHLJKW�DWWDFKHG�� �7KLV�ZHLJKWHG�GLVWULEXWLRQ�ZLOO�P DWFK�WKH�
XQLYHUVH�RQ�WKLV�YDULDEOH��

7KH�ZHLJKWLQJ�FRQWLQXHV�WR�WKH�VHFRQG�YDULDEOH���%\ �FRP SDULQJ�WKH�FHOO�WRWDO�DJDLQVW�WKH�XQLYHUVH�
HVWLP DWH�� \ RX� REWDLQ� D� ZHLJKWLQJ� IDFWRU� WKDW� \ RX� ZLOO� LP SRVH� RQ� WRS� RI� WKH� SUHYLRXV� ZHLJKW� E\ �
P XOWLSOLFDWLRQ�� �1 RZ�HDFK�FDVH�KDV�D�QHZ�ZHLJKW�DWWDFKHG�� �7KH�ZHLJKWHG�GLVWULEXWLRQ�ZLOO�P DWFK�
WKH� XQLYHUVH� RQ� WKLV� YDULDEOH�� � : H� QRWH� WKDW� WKH� ZHLJKWHG� GLVWULEXWLRQ� P D\ � QR� ORQJHU� P DWFK� WKH�
XQLYHUVH�RQ�WKH�SUHYLRXV�YDULDEOH��

7KH�SURFHVV�LV�UHSHDWHG�IRU�WKH�UHVW�RI�WKH�YDULDEOHV��XSGDWLQJ�WKH�ZHLJKWV���$ IWHU�SDVVLQJ�WKURXJK�
DOO�WKH�YDULDEOHV��ZH�KDYH�D�VHW�RI�ZHLJKWV�WKDW�ZLOO�P DWFK�WKH�XQLYHUVH�RQ�WKH�ODVW�YDULDEOH��EXW�QRW�
QHFHVVDULO\ �RQ�WKH�RWKHU�YDULDEOHV��

7KH�SURFHVV�LV�UHSHDWHG�VWDUWLQJ� ZLWK�WKH� ILUVW�YDULDEOH�� � 7KH� ZHLJKWHG�GLVWULEXWLRQV� ZLOO�EHFRP H�
FORVHU� DQG� FORVHU� WR� WKH� XQLYHUVH� HVWLP DWHV� IRU� DOO� WKH� YDULDEOHV�� � ( YHQWXDOO\ �� WKH� ZHLJKWHG�
GLVWULEXWLRQV� ZLOO� P DWFK� WKH� XQLYHUVH� HVWLP DWHV� ZLWKLQ� D� VSHFLILHG� QXP HULFDO� SUHFLVLRQ� �VD\ �� � �
GHFLP DO�SRLQWV��DQG�ZH�VWRS�WKH�SURFHVV��

7KH� P DWKHP DWLFDO� SURSHUWLHV� RI� WKH� ULP � ZHLJKWLQJ� DOJRULWKP � KDYH� EHHQ� VWXGLHG� H[ WHQVLYHO\ � DQG�
YDOLGDWHG�E\ �UHVHDUFKHUV�LQ�P DQ\ �ILHOGV���7KH�P RVW�LP SRUWDQW�SURSHUW\ �LV�WKDW�ULP �ZHLJKWLQJ�UHVXOWV�
LQ� D� XQLTXH� VHW� RI� ZHLJKWV� WKDW� UHSUHVHQW� WKH� OHDVW� DP RXQW� RI� ZHLJKWLQJ� QHHGHG� WR� P DWFK� WKH�
XQLYHUVH�HVWLP DWHV�RQ�WKH�YDULDEOHV��

7KH� VWDQGDUG� ULP � ZHLJKWLQJ� VFKHP H� XVHG� IRU� &URVV0 HGLD� VWXGLHV� XWLOL] HV� WKHVH� ZHLJKWLQJ�
YDULDEOHV��

ƒ� 0 HGLD�FRQVXP SWLRQ�GHWHUP LQHG�IURP �V\ QGLFDWHG�P HGLD�UHVHDUFK�VRXUFHV�
ƒ� $JH�
ƒ� 6H[ �
ƒ� ,QFRP H�

2 WKHU�YDULDEOHV�P D\ �EH�DGGHG�GHSHQGLQJ�RQ�WKH�GDWD�DQG�FDP SDLJQ���
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1 HZ�<RUN���������������&KLFDJR���������������/ RQGRQ��������������/ RV�$QJHOHV���������������6DQ�) UDQFLVFR�
� � �� � � �� � � �� � � � ����������LQIR# G\ QDP LFORJLF�FRP ����������ZZZ�G\ QDP LFORJLF�FRP ����

,GHDOO\ �� VDP SOH� EDODQFLQJ� ZLOO� DFKLHYH� WKLV� SURSHU� GHP RJUDSKLF� UHSUHVHQWDWLRQ� ZLWKRXW� DSSO\ LQJ�
ZHLJKWV�WR�UHVSRQGHQWV�WKDW�DUH�YHU\ �GLIIHUHQW�IURP �WKH�DYHUDJH�ZHLJKW���

�

5 HIHUHQFHV�

6KDURW��7UHYRU��� � � � � ��³: HLJKWLQJ�6XUYH\ �5 HVXOWV�´�- RXUQDO�RI�WKH�0 DUNHW�5 HVHDUFK�6RFLHW\ ��9RO��
� � �� � � ��/ RQGRQ��0 DUNHW�5 HVHDUFK�6RFLHW\ ��� � � � � � � ��

�
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1 HZ�<RUN���������������&KLFDJR���������������/ RQGRQ��������������/ RV�$QJHOHV���������������6DQ�) UDQFLVFR�
� � �� � � �� � � �� � � � ����������LQIR# G\ QDP LFORJLF�FRP ����������ZZZ�G\ QDP LFORJLF�FRP ����

$ SSHQGL[ �&�

&RP SDULVRQ�RI�$OWHUQDWLYH�5 HVHDUFK�$SSURDFKHV�

' \ QDP LF� / RJLF� ILHOGV� D� UHSUHVHQWDWLYH� RQOLQH� VDP SOH�� XVLQJ� DQ� H[ SHULP HQWDO� DG� VHUYLQJ� GHVLJQ�
ZKHQ� VXLWDEOH�� 2 WKHU� VWDQGDUG� DSSURDFKHV� WR� WKH� P HDVXUHP HQW� RI� DGYHUWLVLQJ� HIIHFWV�� VXFK� DV�
P DWFKHG� P DUNHWV� DQG� WHOHSKRQH� WUDFNLQJ�� GR� QRW� DGHTXDWHO\ � FDSWXUH� WKH� LP SDFW� RI� ORZ�UHDFK�
P HGLD�� &URVV0 HGLD� VWXGLHV� SURYLGH� DQ� DGYDQWDJH� LQ� WKH� DELOLW\ � WR� FRVW�HIIHFWLYHO\ � UHFUXLW�
UHVSRQGHQWV�DQG�LVRODWH�P HGLD�HOHP HQWV�
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