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.H\ZRUGV� &RPSOHPHQWDULW\��ZLQG�HQHUJ\��VRODU��3HDUVRQ�FRHIILFLHQW�

$EVWUDFW� 7KLV�SDSHU�SUHVHQWV�D�VWXG\�WR�VKRZ�WKH�FRPSOHPHQWDULW\�EHWZHHQ�VRODU�DQG�ZLQG�HQHUJ\�
SRWHQWLDOV� LQ� %HQLQ� 5HSXEOLF�� 'DLO\� ZLQG� VSHHG� GDWD� LQ� WKH� FRDVW� RI� &RWRQRX� FLW\�� SUHFLVHO\� LQ�
&DGMHKRXQ�GLVWULFW��KDV�EHHQ�XVHG�WR�DVVHVV�ZLQG�HQHUJ\�SRWHQWLDO��6RODU�SRWHQWLDO�LV�HYDOXDWHG�XVLQJ�
VSDWLR�WHPSRUDO�GDLO\�VRODU�UDGLDWLRQ�GDWD�FRYHULQJ�WKH�FRXQWU\��,Q�WKLV�UHVHDUFK��ZH�KDYH�IRXQG�WKH�
ORFDWLRQV�RIIHULQJ�RSWLPDO�FRPSOHPHQWDULW\�EHWZHHQ�VRODU�DQG�ZLQG�HQHUJ\��7KH�FRPSOHPHQWDULW\�LV�
PHDVXUHG�ZLWK�3HDUVRQ�FRUUHODWLRQ�FRHIILFLHQW� ZKLFK�LV�XVHG�DV�REMHFWLYH�IXQFWLRQ�WR�EH�PLQLPL]HG��
7KH�RSWLPL]DWLRQ�PHWKRG�XVHG�LV�3DUWLFOH�6ZDUP�2SWLPL]DWLRQ��362�� ZKLFK�KDV�EHHQ�LPSOHPHQWHG�
LQ�0DWODE���:H�VKRZHG�WKDW�DQ�RSWLPDO�FRPSOHPHQWDULW\�LV�REWDLQHG�EHWZHHQ�WKH�FRDVW�RI�&RWRQRX�
LQ�WKH�µ/LWWRUDO¶�GHSDUWPHQW�DQG�WKH�FHQWUDO�SDUW�RI�WKH�FRXQWU\�LQ�WKH�µ&ROOLQHV¶�GHSDUWPHQW�
,QWURGXFWLRQ

5HQHZDEOH� HQHUJ\� WHFKQRORJLHV� DUH� WDNLQJ� DQ� LPSRUWDQW� SURSRUWLRQ� LQ� WKH�ZRUOG� JOREDO� HQHUJ\�
PL[��,Q�IDFW�WKH�SDUW�RI�UHQHZDEOH�HQHUJ\�VKDUHG�LQ�WKH�JOREDO�HQHUJ\�SURGXFWLRQ�ZDV�����LQ������
DQG� LV� SUHGLFWHG� WR� EH� ���� E\� ���� >�@�� :RUOG� (QHUJ\� &RXQFLO� UHSRUWHG� LQ� ����� WKDW� WKH�
FRQWULEXWLRQ�RI�ZLQG�DQG�SKRWRYROWDLF��39��HQHUJLHV�LQ�WKH�JOREDO�PL[�ZDV�UHVSHFWLYHO\����DQG���
>�@��

'HVSLWH� EHLQJ� IUHH� IXHO� VRXUFHV�� WKH\� ERWK� KDYH� DQ� LQWHUPLWWHQW� QDWXUH�� 7KXV�� LW� LV� QRW� HDV\� WR�
KDUQHVV� WKHP� ZLWKRXW� DFFXUDWH� FDOFXODWLRQV�� ,Q� IDFW�� DQ� LQWHUHVWLQJ� VROXWLRQ� IRU� DWWHQXDWLQJ� WKHLU�
IOXFWXDQW�QDWXUH�LV�WR�FRPELQH�WKHP�VLQFH�WKH\�KDYH�GLIIHUHQW�LQWHUPLWWHQF\�QDWXUH�

)URP� WKH� OLWHUDWXUH� UHYLHZ�� PDQ\� UHVHDUFK� KDYH� EHHQ� DFKLHYHG� FRQFHUQLQJ� FRPSOHPHQWDULW\�
EHWZHHQ� UHQHZDEOH� HQHUJ\� VRXUFHV�� ,Q� >�@�� WKH� FRPSOHPHQWDULW\� EHWZHHQ� K\GUR� DQG�ZLQG� HQHUJ\�
KDYH� EHHQ� HYDOXDWHG� LQ� %UD]LO�� $� FRPSOHPHQWDULW\� PDS� ZDV� GUDZQ� WR� VKRZ� WKH� VSDWLRWHPSRUDO�
FRPSOHPHQWDULW\�EHWZHHQ�ZLQG�DQG�K\GUR�HQHUJ\�VRXUFHV��$QRWKHU�VWXG\�KDYH�EHHQ�FRQGXFWHG�IRU�
RIIVKRUH� ZLQG� DQG� K\GUR� HQHUJ\� FRPSOHPHQWDULW\� LQ� %UD]LO� >�@�� 7KLV� VWXG\� UHYHDOHG� D� JRRG�
FRPSOHPHQWDULW\� EHWZHHQ� RIIVKRUH�ZLQG� UHVRXUFHV� DQG� K\GUR� SODQWV� LQVWDOOHG� LQ� WKH� FRXQWU\�� 7KH�
FRPSOHPHQWDULW\�ZDV�PHDVXUHG�XVLQJ�FRUUHODWLRQ�FRHIILFLHQW�EDVHG�RQ�PRQWKO\�ZLQG�VSHHG�GDWD�DQG�
SUHFLSLWDWLRQ� OHYHO�� ,Q� >�@�� DQRWKHU� VWXG\� DVVHVVHG� WKH� FRPSOHPHQWDULW\� EHWZHHQ� VRODU� DQG� ZLQG�
HQHUJ\�LQ�&KLQD��7KH�VSDWLRWHPSRUDO�FRPSOHPHQWDULW\�EHWZHHQ�ZLQG�DQG�VRODU�HQHUJ\�ZDV�DVVHVVHG�
IRU�VHYHUDO�ORFDWLRQV�LQ�&KLQD��7KLV�VWXG\�VKRZHG�WKDW�WKH�FRPELQDWLRQ�RI�VRODU�DQG�ZLQG�UHVXOWV�LQ�
VPRRWKHU�IOXFWXDWLRQV�RI�HQHUJ\�WKDQ�HDFK�VRXUFH FRQVLGHUHG�LQGLYLGXDOO\�



)URP�WKH�SUHYLRXVO\�SXEOLVKHG�SDSHUV��WKH�FRDVWDO�DUHD�RI�%HQLQ�5HSXEOLF�LV�WKH�PRVW�IDYRUDEOH�
IRU�ZLQG�HQHUJ\�SURGXFWLRQ�>�@±>�@��7KH�FRXQWU\�LV�JOREDOO\�FRYHUHG�UHJDUGLQJ�VRODU�HQHUJ\��ZKHUH�
WKH�QRUWKHUQ�DQG� WKH�FRDVWDO�DUHD�DUH�SUHVHQWLQJ� WKH�JUHDWHVW�SRWHQWLDOV� �VHH�)LJ�����7KH�FRXQWU\� LV�
DOVR�IDYRUDEOH�WR�PLFUR��SLFR�K\GUR HQHUJ\�EHFDXVH�RI�LWV�PDQ\�ULYHUV�

,W�WXUQV�RXW�IURP�WKH�DQDO\VLV�RI�WKH�SXEOLVKHG�SDSHUV�LQ�JHQHUDO�WKDW�WKH�PL[�RI�FRPSOHPHQWDU\�
VRXUFHV� FDQ� FRQWULEXWH� WR� D� PXFK� VWDEOH� SRZHU� JHQHUDWLRQ�� +HQFH�� FRQYHQLHQW� VHOHFWLRQ� RI� WKHLU�
ORFDWLRQ� LV� YHU\� LPSRUWDQW� WR JXDUDQW\� WKLV� FRPSOHPHQWDULW\�� 7KLV� UHVHDUFK� SURSRVHV� D� VHOHFWLRQ�
DSSURDFK�RI� WKHVH� ORFDWLRQV�E\�XVLQJ�DQ�RSWLPL]DWLRQ�DSSURDFK��&RQVLGHULQJ�WKH�SUHYLRXV�UHVHDUFK�
RQ�ZLQG�SRWHQWLDO� LQ�%HQLQ��ZH� DUH� ORRNLQJ� IRU� WKH�RSWLPDO�SODFHPHQW�RI� D� VRODU� IDUP�ZKLFK�FDQ�
HQVXUH�D�JRRG�FRPSOHPHQWDULW\�ZLWK�D�ZLQG�HQHUJ\�IDUP�LQ�WKH�FRDVWDO�DUHD�RI�WKH�FRXQWU\�
7KLV�SDSHU�LV�VWUXFWXUHG�LQ�WKUHH�VHFWLRQV��DIWHU�WKLV�LQWURGXFWLRQ��7KH�ILUVW�VHFWLRQ�SUHVHQWV�WKH�VWXG\�
DUHD�DQG�WKH�RSWLPL]DWLRQ�SUREOHP�IRUPXODWLRQ��7KH�QH[W�VHFWLRQ�FRQFHUQV�WKH�UHVXOWV�REWDLQHG�DQG�
WKH�ODVW�SDUW�JLYHV�WKH�PDLQ�DFKLHYHPHQWV�RI�WKLV�UHVHDUFK�
0DWHULDO�DQG�0HWKRGRORJ\
6WXG\ $UHD DQG 'DWD

%HQLQ� 5HSXEOLF� LV� D� FRDVWDO� FRXQWU\� RI� :HVW� $IULFD�� $V� SUHVHQWHG� LQ� )LJ� ��� WKH� FRXQWU\� LV�
ERUGHUHG� E\� 1LJHU� LQ� WKH� 1RUWK�� %XUNLQD�)DVR� LQ� WKH� 1RUWK�:HVW�� 7RJR� LQ� WKH� 6RXWK�:HVW� DQG�
1LJHULD�LQ�WKH�(DVW��7KH�FRDVWDO�OLQH�RI�WKH�FRXQWU\�LV�RQH�RI�WKH�VPDOOHVW�LQ�:HVW�$IULFD�ZLWK�RQO\�
����NP�OHQJWK�

$YHUDJH�GDLO\�ZLQG�VSHHG� LV�REWDLQHG�IURP�WKH�GDWDEDVH�SUHVHQWHG�LQ� >�@��7KLV�GDWDEDVH�FRYHUV�
WKH� SHULRG� IURP� ����������� WR� ����������� DQG� LV� WDNHQ� DW� WKH� &DGMHKRXQ� �ORFDWHG� LQ� &RWRQRX��
DLUSRUW� FRRUGLQDWH� SRVLWLRQ�� 7KH� SURSRUWLRQ� RI� GDWD� DYDLODEOH� LV� �������� 7DEOH� � SUHVHQWV� IXUWKHU�
LQIRUPDWLRQ�RQ�WKLV�GDWDVHW�

7DEOH����'DLO\�ZLQG�VSHHG�GDWDVHW�LQIRUPDWLRQ�
,QIRUPDWLRQ 9DOXH
7\SH :LQG�VSHHG
/RFDWLRQ ,QWHUQDWLRQDO�DLUSRUW�RI�&DGMHKRXQ�± &RWRQRX
'XUDWLRQ �����������WR�����������
)UHTXHQF\ 'DLO\
0LVVLQJ�GDWD ��'D\V
0LQLPXP ����P�V
0D[LPXP �����P�V

)LJ� � SUHVHQWV� WKH� YLVXDOL]DWLRQ� RI� WKH� GDLO\� ZLQG� VSHHG� GDWD� LQ� &DGMHKRXQ� DLUSRUW�� )URP� WKH�
DQDO\VLV�RI�WKLV�FXUYH��WKH�GDLO\ ZLQG�VSHHG�YDULHV�EHWZHHQ�����P�V�DQG������P�V�



)LJ����'DLO\�ZLQG�VSHHG�LQ�&DGMHKRXQ�DLUSRUW�
:LQG VSHHG GLVWULEXWLRQ LV LOOXVWUDWHG LQ )LJ � WKURXJK D KLVWRJUDP� ,W FDQ EH QRWLFHG WKDW ZLQG VSHHG
RFFXUUHQFH LV OLNHO\ LQ WKH UDQJH RI � P�V DW �� P KHLJKW LQ &RWRQRX FRDVW�

)LJ �� :LQG VSHHG UHODWLYH SUREDELOLW\ RI RFFXUUHQFH DW �� P�
7KH�GDLO\� DYHUDJH�'LUHFW�1RUPDO� ,UUDGLDWLRQ� �'1,�� LV� REWDLQHG� IRU� WKH� VDPH�SHULRG� IURP >��@��

7KLV� GDWD� FRYHUV� WKH� VXUIDFH� RI� WKH� FRXQWU\� ZLWK� D� SUHFLVLRQ� RI� ������ LQ� ORQJLWXGH� DQG� ������ LQ�
ODWLWXGH��)XUWKHU�LQIRUPDWLRQ�UHODWHG�WR�WKLV�GDWDVHW�LV�SUHVHQWHG�LQ�7DEOH���



7DEOH����'DLO\�VRODU�LUUDGLDWLRQ�GDWDVHW�LQIRUPDWLRQ�
,QIRUPDWLRQ 9DOXH
7\SH '1,
/RFDWLRQ %HQLQ�
3UHFLVLRQ��/RQ�[�/DW� �������[������
'XUDWLRQ �����������WR�����������
)UHTXHQF\ 'DLO\�
+HOLRVDW��6$5$+��GDWDVHW�DUH�XVHG�IRU�GDLO\�ZLQG�VSHHG�GDWD�>��@��7KH�VSDWLDO�YLVXDOL]DWLRQ�RI�

WKH \HDUO\�PHDQ�'1,�IRU������KDYH�EHHQ�FRPSXWHG�XVLQJ�0DWODE� DQG�LV�SUHVHQWHG�LQ )LJ����2QH�
FDQ�QRWLFH�WKDW�WKH�1RUWKHUQ�SDUW�RI�WKH�FRXQWU\�LQ�JHQHUDO�SUHVHQWV�WKH�H[WUHPH�'1,�YDOXHV�IRU�WKH�
\HDU������

)LJ����6SDWLDO�YLVXDOL]DWLRQ�RI�'1,�IRU�\HDU������
2SWLPL]DWLRQ�3UREOHP�)RUPXODWLRQ�

,Q�RUGHU�WR�DVVHVV�WKH�FRPSOHPHQWDULW\�EHWZHHQ�VRXUFHV��WKHLU�SRWHQWLDO�PXVW�EH�PRGHOHG��,Q�WKH�
OLWHUDWXUH�� D� GLPHQVLRQOHVV� LQGH[� DSSURDFK� LV� JHQHUDOO\� XVHG� IRU WKLV� SXUSRVH� >�@�� >�@�� >��@�� 7KLV�
DSSURDFK�FRQVLGHUV�WKDW�WKH�SRZHU�IOXFWXDWLRQV�DUH�GXH�LQ�PDMRULW\�WR�'1,�IRU�VRODU�HQHUJ\�DQG�ZLQG�
VSHHG�IRU�ZLQG�HQHUJ\��7KXV��VRODU�SRWHQWLDO�LV�REWDLQHG�E\�

���
ZKHUH� UHSUHVHQWV�WKH�GLPHQVLRQOHVV�FRHIILFLHQW�UHODWHG�WR�VRODU�SRWHQWLDO�DQG� WKH�'1,�IRU�WKH�
GD\�

7KH�ZLQG�HQHUJ\�SRWHQWLDO�LV�PRGHOHG�DV�
���

ZKHUH� UHSUHVHQWV�WKH�GLPHQVLRQOHVV�FRHIILFLHQW�UHODWHG�WR�ZLQG�HQHUJ\�SRWHQWLDO�DQG� LV�WKH�ZLQG�
VSHHG�IRU�WKH� GD\�

7KH�GLPHQVLRQOHVV�FRHIILFLHQWV� DQG� DUH�GHWHUPLQHG�FRQVLGHULQJ�WKH�DQQXDO�SURGXFWLRQ�RI�
HDFK�VRXUFH��,Q�WKLV�SDSHU��ZH�KDYH�FRQVLGHUHG�DQ�DQQXDO�HQHUJ\�SURGXFWLRQ�RI� E\�\HDU�IRU�
HDFK�VRXUFH��7KH�\HDUO\�SURGXFWLRQ�IRU�ZLQG�HQHUJ\�LV�



���
DQG�WKH�\HDUO\�VRODU�SURGXFWLRQ� LV�JLYHQ�E\�

���
7KH�GLPHQVLRQOHVV�FRHIILFLHQWV� DQG� DUH�REWDLQHG�E\�VROYLQJ�����DQG�����

$IWHU� PRGHOLQJ� HDFK� VRXUFH¶V� SRWHQWLDO�� WKH� FRPSOHPHQWDULW\� EHWZHHQ� WKHP� FDQ� QRZ� EH�
FDOFXODWHG�� ,Q� WKH� OLWHUDWXUH�� WKLV� FRPSOHPHQWDULW\� FDQ�EH�TXDQWLILHG�XVLQJ�FRUUHODWLRQ�FRHIILFLHQWV��
7KXV� WKH�3HDUVRQ�FRUUHODWLRQ�FRHIILFLHQW�LV�JHQHUDOO\�XVHG�IRU�WKLV�SXUSRVH�>�@��>�@��>��@��>��@��,Q�WKLV�
SDSHU��WKLV�3HDUVRQ FRUUHODWLRQ�FRHIILFLHQW�LV�JLYHQ�E\�

���

ZKHUH� UHSUHVHQWV� WKH� DQQXDO� DYHUDJH� RI� WKH� ZLQG� JHQHUDWLRQ� DQG�
UHSUHVHQWV�WKH�DQQXDO�DYHUDJH�RI�WKH�VRODU�JHQHUDWLRQ�

%HFDXVH�RI�WKH�VSDWLDO�YDULDELOLW\�RI�WKH�VRODU�UHVRXUFH��WKH�FRUUHODWLRQ�FRHIILFLHQW�SUHVHQWHG�LQ�����
YDU\�ZLWK� WKH�JHRJUDSKLF� FRRUGLQDWHV�RI� WKH�VRODU� UHVRXUFH�FRQVLGHUHG��7KH� UHVXOWLQJ�RSWLPL]DWLRQ�
SUREOHP�FDQ�EH�IRUPXODWHG�DV�IROORZ�

���

ZKHUH� DQG� DUH� UHVSHFWLYHO\� WKH� ODWLWXGH� DQG� WKH� ORQJLWXGH� RI� WKH� VRODU� UHVRXUFH� WR�
HYDOXDWH�

7KH�FRQVWUDLQW�IRU�WKLV�SUREOHP�LV�WKDW�WKH�JHRJUDSKLFDO�FRRUGLQDWHV�REWDLQHG�PXVW�IDOO�LQWR�%HQLQ�
ODQG� WHUULWRU\�� 6LQFH� WKH� VRODU� UDGLDWLRQ� GDWDVHW� LV� SURYLGHG�ZLWK� D� SUHFLVLRQ� RI� ����� [ ������� WKH�
VRODU� SRWHQWLDO� DW� DQ\� FRRUGLQDWH� ORFDWLRQ� QRW�PDWFKLQJ�ZLWK� WKH� RULJLQDO� GDWDVHW� LV� REWDLQHG� E\� D�
VLPSOH�OLQHDU�LQWHUSRODWLRQ�
362�$OJRULWKP

7R�VROYH�WKH�RSWLPL]DWLRQ�SUREOHP��D�362�LV�D�VWRFKDVWLF�SRSXODWLRQ�EDVHG�DOJRULWKP��,W�KDV�EHHQ�
GHYHORSHG�E\�.HQQHG\�DQG�(EHUKDUW�LQ������>��@��$�VZDUP�LV�PDGH�RI�D�VHW�RI�SDUWLFOHV�PRYLQJ�LQ�
WKH� VHDUFK� VSDFH�� (DFK� SDUWLFOH� LV� FKDUDFWHUL]HG� E\� LWV� SRVLWLRQ� DQG� YHORFLW\�� 7KH� SRVLWLRQ� RI� WKH�
SDUWLFOH�DFWXDOO\�UHSUHVHQWV�D�SRVVLEOH�FRQILJXUDWLRQ�RI�WKH�V\VWHP�WR�EH�RSWLPL]HG��7KH�YHORFLW\�LV�D�
FRUUHFWLYH�YDOXH�WKDW�VKRXOG�EH�DSSOLHG�WR�WKH�SDUWLFOH�WR�XSGDWH�LWV�SRVLWLRQ�ZLWK�UHVSHFW�WR�WKH�EHVW�
SRVLWLRQV�RI�WKH�VZDUP��7KH�YHORFLW\�LV�REWDLQHG�E\�FRQVLGHULQJ�WKH�VRFLDO�EHKDYLRU�RI�WKH�VZDUP�DV�
ZHOO�DV�WKH�FRJQLWLYH�EHKDYLRU�RI�WKH�SDUWLFOH�

,Q�WKLV�UHVHDUFK��WKH�362�LPSOHPHQWHG�LQ�0DWODE� FRPELQHV�WKH�FRQVWULFWLRQ�GHYHORSHG�LQ�>��@
DQG� WKH� PXOWLSOH� VWDUW� GHYHORSHG� LQ� >��@�� ,Q� RUGHU� WR� WDFNOH� GLYHUJHQFH� RI� WKH� DOJRULWKP�� ZH�
LQWURGXFHG�D�PHPRU\�RI�WKH�EHVW�SDUWLFOH�IRU�HDFK�LQLWLDOL]DWLRQ�RI�WKH�DOJRULWKP��%\�GRLQJ�WKLV��WKH�
DOJRULWKP� LV� IRUFHG� WR� VHDUFK� IRU� EHWWHU� SRVLWLRQV� DW� HDFK� LQLWLDOL]DWLRQ�� 7KH� IORZFKDUW� RI� WKH�
DOJRULWKP�LV�SUHVHQWHG�LQ )LJ���



)LJ����)ORZFKDUW�RI�WKH�LPSOHPHQWHG�362�DOJRULWKP�
5HVXOWV�DQG�'LVFXVVLRQV
362�FRQYHUJHQFH�FKDUDFWHULVWLF

7KH�RSWLPL]DWLRQ�SUREOHP�SUHVHQWHG�LV�VROYHG�XVLQJ�7DEOH�� YDOXHV��362�DOJRULWKP�FRHIILFLHQWV�
DQG� DUH� VHW� WR� ����� >��@�� 7KH� RSWLPL]DWLRQ� LV� SHUIRUPHG� RQ� D� ��� SDUWLFOHV� VZDUP� ZLWK�

���� LWHUDWLRQV� DQG� ��� WXUQV�� 7KH� WROHUDQFH� LV� WUDFNHG� VWDUWLQJ� IURP� WKH� ��WK� LWHUDWLRQ� DQG� WKH�
WROHUDQFH�YDOXH�LV��������



7DEOH����362�VHWXS�
3DUDPHWHUV� 9DOXHV
362�&RHIILFLHQW� ����
362�&RHIILFLHQW� ����
6ZDUP�VL]H ��
1XPEHU�RI�WXUQV ��
1XPEHU�RI�LWHUDWLRQV ���
7ROHUDQFH��!���LWHUDWLRQV�
/RZHU�OLPLWV�>ODWP��ORQP@ >��1����(@
8SSHU�OLPLWV�>ODW0��ORQ0@ >���1����(@
7KH�FRQYHUJHQFH�FKDUDFWHULVWLF�RI�WKH�362�DOJRULWKP�LPSOHPHQWHG�LV�SUHVHQWHG�LQ )LJ����2QH�FDQ�

QRWLFH� WKDW� WKH� 3HDUVRQ� FRUUHODWLRQ� FRHIILFLHQW� GHFUHDVHV�ZLWK� WKH� LWHUDWLRQV�� 362�KDYH� FRQYHUJHG�
IURP� WKH� ��WK� LWHUDWLRQ� ZLWK� D� 3HDUVRQ FRUUHODWLRQ FRHIILFLHQW� RI� ��������� 5HIHUULQJ� WR� >�@��
FRUUHODWLRQ�FRHIILFLHQW�YDOXHV�DUH�FODVVLILHG�LQWR�WKUHH�JUDGHV�� IRU�ORZ�GHJUHH�RI�FRUUHODWLRQ��

VWDQGV� IRU UHPDUNDEOH� FRUUHODWLRQ� DQG� IRU� KLJK� GHJUHH� � RI� � FRUUHODWLRQ��
1HJDWLYH� FRUUHODWLRQ�� LV� UHFRPPHQGHG� IRU� UHGXFLQJ� WRWDO� RXWSXW� SRZHU� IOXFWXDWLRQV� >�@�7KXV� WKH�
YDOXH � �������LV� WKH�3HDUVRQ�FRHIILFLHQW� WKDW�PLQLPL]HV�WKH�REMHFWLYH�IXQFWLRQ�ZLWK�UHVSHFW� WR� WKH�
HQYLURQPHQWDO�GDWD�XVHG��7KLV�YDOXH�VKRZV�D�UHPDUNDEOH�LQYHUVH�FRUUHODWLRQ�EHWZHHQ�VRODU�DQG�ZLQG�
UHVRXUFHV�UHIHUULQJ�WR�WKH�LQWHUSUHWDWLRQ�RI�3HDUVRQ FRUUHODWLRQ FRHIILFLHQW�YDOXHV�SUHVHQWHG�LQ�>�@�

)LJ����&RQYHUJHQFH�FKDUDFWHULVWLF�RI�LPSOHPHQWHG�362�DOJRULWKP�
2SWLPDO�/RFDWLRQ�IRU�:LQG�DQG�6RODU�5HVRXUFHV

7KH� SRVLWLRQ� RI� SDUWLFOHV� DW� WKH� ODVW� LWHUDWLRQ� RI� WKH� DOJRULWKP� DQG� WKH� ORFDWLRQ� RI� WKH� ZLQG�
UHVRXUFH� DUH� SUHVHQWHG� LQ� )LJ� ��� ,Q� WKLV� ILJXUH� EOXH� GLDPRQG� PDUNHUV� UHSUHVHQW� HDFK� SDUWLFOH¶V�
SRVLWLRQ� DW� WKH� ODVW� LWHUDWLRQ�� *UHHQ� FLUFOH� PDUNHUV� JLYH� WKH� LQGLYLGXDO� EHVW� SRVLWLRQV� DW� WKH� ODVW�
LWHUDWLRQ�� 5HG� VWDU� PDUNHUV� VKRZ� WKH� JOREDO� EHVW� SDUWLFOH� SRVLWLRQ� ZKLFK� LV� ORFDWHG� DW� ORQJLWXGH�
�����(� DQG� ODWLWXGH� �����1� LQ� WKH� GHSDUWPHQW� RI� µ&ROOLQV¶�� 7KH� EODFN� VTXDUH�PDUNHU� SRLQW� LV� WKH�
ORFDWLRQ� RI� WKH� ZLQG� UHVRXUFH� ZKLFK� LV� ORFDWHG� DW� ORQJLWXGH� �����(� DQG� ODWLWXGH� �����1� LQ� WKH�
GHSDUWPHQW�RI�µ/LWWRUDO¶��2QH�FDQ�QRWLFH�WKDW�WKH�RSWLPDO�ORFDWLRQ�IRXQG�IRU�VRODU�UHVRXUFH�LV�QRW�LQ�
WKH�DUHD�ZLWK�WKH�JUHDWHVW�VRODU�SRWHQWLDO��7KLV�FDQ�EH�H[SODLQHG�E\�WKH�IDFW�WKDW�FRPSOHPHQWDULW\�LV�
QRW�UHODWHG�WR� WKH�DPSOLWXGHV�RI�WKH�SRWHQWLDOV�RI�WKH�HQHUJ\�VRXUFHV�DQG�LV�GHWHUPLQHG�RQO\�RI�WKH�
FULWHULRQ�����



)LJ����3RVLWLRQV�DW�WKH�ODVW�LWHUDWLRQ�
'1,�DW�WKH�RSWLPDO�ORFDWLRQ�KDYH�EHHQ�H[WUDFWHG�DQG�LV�SUHVHQWHG�LQ )LJ����)LJ���D FRUUHVSRQGV�WR�

WKH�ZLQG�VSHHG YDULDWLRQV LQ�&DGMHKRXQ�± &RWRQRX�ZKHUHDV�)LJ���E�FRUUHVSRQGV WR�WKH�GDLO\�'1,
YDULDWLRQV IRU�\HDU�������2QH�FDQ�QRWLFH�WKDW�'1,�YDULHV�EHWZHHQ������:�P� DQG��������:�P� DQG�
WKH� ORZHVW� YDOXHV� RI� '1,� ODVW� IURP� -XO\� WR� 6HSWHPEHU�� %\� GRLQJ� WKH� VDPH� DQDO\VLV� ZLWK� ZLQG�
YDULDWLRQV�LQ�)LJ����RQH�FDQ�QRWLFH�WKDW�WKH�SHULRG�IURP�-XO\�WR�6HSWHPEHU�LV�DFWXDOO\�WKH�SHULRG�ZLWK�
WKH�KLJKHVW�ZLQG�VSHHG�YDOXHV��



)LJ����:LQG�VSHHG�YDULDWLRQV��ODWLWXGH������1�DQG�ORQJLWXGH������(��DQG�'1,�YDULDWLRQV��ODWLWXGH�
�����1�DQG�ORQJLWXGH������(��

&RQVLGHULQJ�����DQG������ WKH�SRZHU�SURGXFWLRQ�RI�VRODU�DQG�ZLQG�HQHUJ\�DUH�SUHVHQWHG�DW )LJ����
%\� DQDO\]LQJ� )LJ� � DQG� IRFXVLQJ� RQ�ZLQG� HQHUJ\� SURGXFWLRQ� LQ� GDVK�� LW� LV�ZRUWK� WR� GLVWLQFWLYHO\�
QRWLFH� ORZ� SURGXFWLRQ� SHULRGV� DQG� KLJK� SURGXFWLRQ� SHULRGV�� /RZ� SURGXFWLRQ� SHULRGV� VSDQ� IURP�
-DQXDU\�WR�)HEUXDU\�DQG�$SULO�WR�-XQH�ZKHUHDV�KLJK�SURGXFWLRQV�RFFXU EHWZHHQ�)HEUXDU\�DQG�$SULO�
DQG�DOVR�IURP�-XQH�WR�-DQXDU\

)LJ����:LQG�DQG�VRODU�SRZHU�JHQHUDWLRQ�



2Q�WKH�RWKHU�KDQG��VRODU�SURGXFWLRQ�LV�PRUH�KRPRJHQRXV�UHJDUGLQJ�WKH�SURGXFWLRQ�SHDN��,W�LV�DOVR�
ZRUWK� WR� QRWLFH� WKDW�SHULRGV�RI� ORZ�ZLQG�SRZHU�SURGXFWLRQ�DUH� FRPSHQVDWHG�ZLWK�39�SURGXFWLRQ�
GXULQJ�WKH�VDPH�WLPH�FRQVLGHULQJ�WKH�39�DYDLODELOLW\��7KLV�LV�LOOXVWUDWHG�DW )LJ�� ZKLFK�SUHVHQWV�WKH�
FRPELQHG� SURGXFWLRQ� RI�ZLQG� DQG� VRODU� HQHUJ\� VRXUFHV�� )URP )LJ� ��� LW� FDQ� EH� QRWLFHG� D� VPRRWK�
IOXFWXDWLRQ� LQ� WKH� WRWDO�SRZHU�JHQHUDWLRQ�DV�FRPSDUHG� WR�ZLQG�JHQHUDWLRQ�DORQH�� ,QGHHG IRU�D�JULG�
FRQQHFWHG� DSSOLFDWLRQ�� LW�PD\� EH� LQWHUHVWLQJ� WR� FRPSHQVDWH� ODFNV� GXH� WR� ORZ�ZLQG� SURGXFWLRQ E\�
FRPELQLQJ�ZLWK�39�SURGXFWLRQ�

)LJ����&RPELQHG�SURGXFWLRQ�IURP�39�DQG�ZLQG�
&RQFOXVLRQ

7KLV� SDSHU� SUHVHQWHG� D FRPSOHPHQWDULW\ VWXG\� EHWZHHQ� VRODU� DQG�ZLQG� HQHUJ\� SRWHQWLDOV� 7KH�
FRPSOHPHQWDULW\�ZDV�DVVHVVHG�XVLQJ� WKH�3HDUVRQ�FRUUHODWLRQ�FRHIILFLHQW� 7KH�ORFDWLRQ�RI�VRODU�DQG�
ZLQG�VRXUFHV�ZDV�GHWHUPLQHG�WR�PLQLPL]H�WKH�3HDUVRQ�FRUUHODWLRQ�FRHIILFLHQW�XVLQJ�362�DOJRULWKP��
,Q� WKH� VSHFLILF� FDVH� RI� %HQLQ� 5HSXEOLF�� ZH� VKRZHG� WKDW� RSWLPDO� FRPSOHPHQWDULW\� ZDV� REWDLQHG�
EHWZHHQ� WKH� FRDVWDO� UHJLRQ� LQ� µ/LWWRUDO¶� GHSDUWPHQW� IRU� ZLQG� DQG� µ&ROOLQV¶� GHSDUWPHQW� IRU� VRODU�
HQHUJ\�

7KH� DSSURDFK� GHYHORSHG� LQ� WKLV VWXG\� LV� LPSRUWDQW� IRU� UHQHZDEOH� DSSOLFDWLRQ� SURMHFWV� ZKHUH�
GLIIHUHQW�VRXUFHV�DUH�FRPELQHG�IRU�SRZHU�JHQHUDWLRQ��
5HIHUHQFHV
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>�@ $�� 5�� 6LOYD�� )�� 0�� 3LPHQWD�� $�� 7�� $VVLUHX�� DQG� 0�� +�� &�� 6S\ULGHV�� ³&RPSOHPHQWDULW\� RI�
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>�@ &�� (�� +RLFND� DQG� ,�� +�� 5RZODQGV�� ³6RODU� DQG� ZLQG� UHVRXUFH� FRPSOHPHQWDULW\�� $GYDQFLQJ�
RSWLRQV�IRU�UHQHZDEOH�HOHFWULFLW\�LQWHJUDWLRQ�LQ�2QWDULR��&DQDGD�´�5HQHZ��(QHUJ\��YRO������QR��
���SS����±�����-DQ�������

>�@ &�� 1�� $ZDQRX�� -�� 0�� 'HJEH\�� DQG� (�� $KORQVRX�� ³(VWLPDWLRQ� RI� WKH� PHDQ� ZLQG� HQHUJ\�
DYDLODEOH�LQ�%HQLQ��([�'DKRPH\��´�5HQHZ��(QHUJ\��YRO�����QR���±���SS�����±����������

>�@ $�� %�� $NSR�� -�� &�� 7�� 'DPDGD�� +�� (�� 9�� 'RQQRX�� %�� .RXQRXKHZD�� DQG� &�� 1�� $ZDQRX��
³(YDOXDWLRQ�GH�OD�SURGXFWLRQ�pQHUJpWLTXH�G¶XQ�DpURJpQpUDWHXU�VXU�XQ�VLWH�LVROp�GDQV�OD�UpJLRQ�
F{WLqUH�GX�%pQLQ�´�5HY��(QHUJ��5HQRXYHODEOHV��YRO������QR�����SS�����±����������

>�@ $��0��+RXHNSRKHKD��%��%��.RXQRXKHZD��1��%��7RNSRKR]LQ��DQG�&��1��$ZDQRX��³(VWLPDWLRQ�
GH�OD�SXLVVDQFH�pQHUJpWLTXH�pROLHQQH�j�SDUWLU�GH�OD�GLVWULEXWLRQ�GH�:HLEXOO�VXU�OD�F{WH�EpQLQRLVH�
j�&RWRQRX�GDQV�OH�*ROIH�GH�*XLQpH�´�5HY��(QHUJ��5HQRXYHODEOHV��YRO������QR�����SS�����±�����
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>��@ 8�� 3IHLIURWK� HW� DO��� ³6XUIDFH�5DGLDWLRQ�'DWD� 6HW� � +HOLRVDW� �6$5$+�� � (GLWLRQ� ��´� 6DWHOOLWH�
$SSOLFDWLRQ�)DFLOLW\�RQ�&OLPDWH�0RQLWRULQJ��&0�6$)��������

>��@ <�� /LX�� /�� ;LDR�� +�� :DQJ�� /�� /LQ�� DQG� 6�� 'DL�� ³,QYHVWLJDWLRQ� RQ� WKH� VSDWLRWHPSRUDO�
FRPSOHPHQWDULW\�RI�ZLQG�HQHUJ\�UHVRXUFHV�LQ�&KLQD�´�6FL��&KLQD�7HFKQRO��6FL���YRO������QR�����
SS�����±����������

>��@ 0�� 3�� &DQWmR��0�� 5�� %HVVD�� 5�� %HWWHJD�� '�� +��0�� 'HW]HO�� DQG� -��0�� /LPD�� ³(YDOXDWLRQ� RI�
K\GUR�ZLQG�FRPSOHPHQWDULW\�LQ�WKH�%UD]LOLDQ�WHUULWRU\�E\�PHDQV�RI�FRUUHODWLRQ�PDSV�´�5HQHZ��
(QHUJ\��YRO�������SS������±������)HE�������

>��@ 5��(EHUKDUW�DQG�-��.HQQHG\��³$�QHZ�RSWLPL]HU�XVLQJ�SDUWLFOH�VZDUP�WKHRU\�´�LQ���3URFHHGLQJV�
RI�WKH�6L[WK�,QWHUQDWLRQDO�6\PSRVLXP�RQ�0LFUR�0DFKLQH�DQG�+XPDQ�6FLHQFH��������0+6�¶����
������SS����±���

>��@ 0��&OHUF� DQG� -��.HQQHG\�� ³7KH� SDUWLFOH� VZDUP� � H[SORVLRQ�� VWDELOLW\�� DQG� FRQYHUJHQFH� LQ� D�
PXOWLGLPHQVLRQDO�FRPSOH[�VSDFH�´�,(((�7UDQV��(YRO��&RPSXW���YRO�����QR�����SS����±����)HE��
�����

>��@ 0DKDPDG� 1DEDE� $ODP�� ³3DUWLFOH� 6ZDUP� 2SWLPL]DWLRQ�� $OJRULWKP� DQG� LWV� &RGHV� LQ�
0$7/$%�´������


