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��WK�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�/LIH�&\FOH�$VVHVVPHQW�RI�)RRG�������/&$�)RRGV������ 
2Q�³7KH�UROH�RI�HPHUJLQJ�HFRQRPLHV�LQ�JOREDO�IRRG�VHFXULW\´ 
������2FWREHU�������/LPD��3HUX��K\EULG�FRQIHUHQFH� 
 

 � 

$VVHVVLQJ�WKH�HFR�HIILFLHQF\�RI�LUULJDWLRQ�VFHQDULRV�XVLQJ�7HUULWRULDO�/LIH�&\FOH�
$VVHVVPHQW��:DWHU��HQHUJ\�DQG�LQIUDVWUXFWXUH�QH[XV�RI�DJULFXOWXUDO�DUHDV 

1LFRODV�5RJ\�����3KLOLSSH�5RX[�����7KLEDXOW�6DORX�����&KDUORWWH�3UDGLQDXG�����$JDWD�6IHUUDWRUH���
1LFRODV�*pKpQLDX���$UQDXG�+pOLDV�����(OpRQRUH�/RLVHDX��� 

��,7$3��8QLY�0RQWSHOOLHU��,15$(��,QVWLWXW�$JUR��0RQWSHOOLHU��)UDQFH 
��(OVD��5HVHDUFK�*URXS�IRU�(QYLURQPHQWDO�/LIHF\FOH�DQG�6XVWDLQDELOLW\�$VVHVVPHQW��0RQWSHOOLHU��)UDQFH  
��6RFLHWH�GX�&DQDO�GH�3URYHQFH�HW�G
$PHQDJHPHQW�GH�OD�5HJLRQ�3URYHQFDOH��&6��������/H�7KRORQHW��&HGH[���$L[�HQ�
3URYHQFH���������)UDQFH 
��%5/�,QJpQLHULH�������DYHQXH�3LHUUH�0HQGqV�)UDQFH�%3��������1vPHV��)��������)UDQFH 
 
.H\ZRUGV��(FR�HIILFLHQF\��'HFLVLRQ�PDNLQJ��/LIH�&\FOH�$VVHVVPHQW��LUULJDWLRQ��$JULFXOWXUDO�UHVHUYRLU��:DWHU�WUDQVIHU� 
 
&RUUHVSRQGLQJ�DXWKRU��7HO��������������������� 
�(�PDLO�DGGUHVV��QLFRODV�URJ\#LQUDH�IU 
 
,QWURGXFWLRQ 
,UULJDWLRQ� LV� RQH� RI� WKH� PDLQ� VWUDWHJLHV� IRU� DGDSWLQJ� DJULFXOWXUH� WR� FOLPDWH� FKDQJH� �(O� &KDPL�	�
'DFFDFKH�� ������ DV� LW� DOORZV� VXVWDLQLQJ� \LHOGV� LQ� WKH� IDFH� RI� GURXJKW� DQG� LQFUHDVLQJ� WHPSHUDWXUH�
�0ERZ�HW�DO����������/DUJH�VFDOH�SODQQLQJ�SURMHFWV�FDQ�EH�LPSOHPHQWHG�WR�VHFXUH�DJULFXOWXUDO�DUHD�
ZDWHU�VXSSO\�VXFK�DV�,QWHU�%DVVLQ�:DWHU�7UDQVIHUV��,%:7���EDVHG�RQ�LPSRUWHG�ZDWHU�UHVRXUFHV��RU�
$JULFXOWXUDO�5HVHUYRLUV��$5��WKDW�KDUYHVW�ORFDO�UXQ�RII�ZDWHU��7KHVH�K\GUDXOLF�LQIUDVWUXFWXUHV�KDYH�D�
ORQJ�OLIHWLPH��WKHUHIRUH�DQ�H[�DQWH�HQYLURQPHQWDO�DVVHVVPHQW�LV�UHTXLUHG�WR�VXSSRUW�ORFDO�GHFLVLRQ�
PDNLQJ� DQG� VXSSRUW� WHUULWRULDO� SODQQHUV� IRU� WKH� VHOHFWLRQ� RI� WKH� OHDVW� LPSDFWIXO� DOWHUQDWLYH� RQ� WKH�
HQYLURQPHQW� 
6HYHUDO�VWXGLHV�KDYH�XVHG�/LIH�&\FOH�$VVHVVPHQW� �/&$�� WR�FRPSDUH� WKH�HQYLURQPHQWDO� LPSDFW�RI�
K\GUDXOLF� VWUXFWXUHV� �%\UQH� HW� DO��� �������+RZHYHU�� WKH� ERXQGDULHV� VWRS� DW� WKH�ZDWHU� VXSSO\� JDWH��
7KHUHIRUH��WKH\�GR�QRW�JUDVS�WKH�HQWLUH�UDQJH�RI�VHUYLFHV�SURYLGHG�E\�LUULJDWLRQ��VXFK�DV�WKH�WHUULWRULDO�
VRFLR�HFRQRPLF�EHQHILWV�UHVXOWLQJ�IURP�DJULFXOWXUDO�\LHOG�FRQVHUYDWLRQ��7KHVH�OLPLWDWLRQV�DUH�LQKHUHQW�
RI�WKH�/&$�IUDPHZRUN�ZKLFK�LV�D�SURGXFW�RULHQWHG�PHWKRG�DW�D�³PLFURVFDOH´�DQG�GR�QRW�DOORZ�IRU�WKH�
IXOO�LQWHJUDWLRQ�RI�WKH�WHUULWRULDO�FRQWH[W��DQG�PXOWLIXQFWLRQDOLW\��/RLVHDX�HW�DO���������� 
7KHVH� OLPLWDWLRQV� FDQ� EH� RYHUFRPH� E\� XVLQJ� 7HUULWRULDO� /&$� �7�/&$��� DQ� DGDSWDWLRQ� RI� WKH�
FRQYHQWLRQDO�/&$�IUDPHZRUN��WR�DVVHVV�WKH�SHUIRUPDQFH�RI�D�WHUULWRU\�DQG�DQ�DVVRFLDWHG�ODQG�SODQQLQJ�
VFHQDULR�ZKLOH�FRQVLGHULQJ� LWV�PXOWLIXQFWLRQDOLW\� �H�J��HFRQRPLF��VRFLDO�RU�HQYLURQPHQWDO� ODQG�XVH�
IXQFWLRQV���/RLVHDX�HW�DO����������7KH�7�/&$�RXWSXWV�DUH�HFR�HIILFLHQF\�UDWLRV��L�H��WKH�UDWLRV�EHWZHHQ�
VHUYLFHV�SURYLGHG�E\�WKH�WHUULWRU\�DQG�LWV�HQYLURQPHQWDO�LPSDFWV��6HSSlOl�HW�DO����������7KLV�VWXG\�
DLPV�DW�XVLQJ�WKH�7�/&$�IUDPHZRUN�WR�FRPSDUH�WKH�HFR�HIILFLHQF\�RI�ODQG�SODQQLQJ�VFHQDULRV�ZLWK�RU�
ZLWKRXW�K\GUDXOLF�SURMHFW�LPSOHPHQWDWLRQ��,Q�DGGLWLRQ��WUDGH�RIIV�LQ�WKH�:DWHU�(QHUJ\�,QIUDVWUXFWXUH�
QH[XV�EHWZHHQ�SURMHFWV�ZHUH�LGHQWLILHG��DQG�WKH�GHVLJQ�FRQGLWLRQV�XQGHU�ZKLFK�RQH�SURMHFW�SHUIRUPV�
EHWWHU�HQYLURQPHQWDOO\�WKDQ�DQRWKHU�DUH�GLVFXVVHG��*HQHULF�FRQFOXVLRQV�DUH�GUDZQ�IURP�D�WKHRUHWLFDO�
FDVH�VWXG\�RI�DQ�DJULFXOWXUDO�DUHD�RFFXS\LQJ�����KD�ORFDWHG�LQ�D�ZDWHU�VWUHVVHG�DUHD�LQ�WKH�6RXWK�RI�
)UDQFH� 
 
0DWHULDOV�DQG�PHWKRGV 
$V� VKRZQ� LQ� )LJXUH� ��� WKUHH� ODQG� SODQQLQJ� VFHQDULRV�ZLOO� EH� FRPSDUHG�� L�H�� RQH� UDLQIHG� VFHQDULR�
�6FHQDULR����DQG�WZR�LUULJDWHG�VFHQDULRV��6FHQDULR���±�,%:7�DQG�6FHQDULR���±�$5���6LQFH�6FHQDULR�
��GRHV�QRW�KDYH�DQ\�LUULJDWLRQ�LQIUDVWUXFWXUH��WKH�FURSV�DUH�UDLQIHG��7KUHH�W\SHV�RI�FURSV�KDYH�EHHQ�
VHOHFWHG�WR�EH�FRQVLVWHQW�ZLWK�0HGLWHUUDQHDQ�DJULFXOWXUH�DQG�WR�UHIOHFW�D�GLYHUVLW\�RI�SURGXFWLRQ�ERWK�
LQ� WHUPV�RI� W\SH�RI�SODQWV� �SHUHQQLDO�RU�QRW�� FXOWLYDWHG�RU�QRW��� DQG� LQ� WHUPV�RI�YDORUL]DWLRQ� �IRRG�
VHFXULW\�RU�DGGHG�YDOXH�FUHDWLRQ���%RWK�VFHQDULRV���DQG���KDYH�WKH�VDPH�FURS�RFFXSDWLRQ��,QGHHG��QRQ�
LUULJDWHG�FURSV�VWLOO�RFFXS\�WKH�FXOWLYDWHG�DUHD�ZKLOH�LUULJDWHG�FURSV�RFFXS\�WKH�UHPDLQLQJ�VXUIDFH��
:LWK�DFFHVV�WR�LUULJDWLRQ��LW�LV�DVVXPHG�WKDW�\LHOGV�FRXOG�EH�LQFUHDVHG�DQG�YLQHV�ZRXOG�QR�ORQJHU�EH�
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��WK�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�/LIH�&\FOH�$VVHVVPHQW�RI�)RRG�������/&$�)RRGV������ 
2Q�³7KH�UROH�RI�HPHUJLQJ�HFRQRPLHV�LQ�JOREDO�IRRG�VHFXULW\´ 
������2FWREHU�������/LPD��3HUX��K\EULG�FRQIHUHQFH� 
 

 � 

UHJLVWHUHG�DV�&RQWUROOHG�'HVLJQDWLRQ�RI�2ULJLQ��&'2���\LHOG�OLPLWV��EXW�ZRXOG�UDWKHU�EH�FODVVLILHG�
ZLWKLQ�3URWHFWHG�*HRJUDSKLFDO�,QGLFDWLRQV��3*,�� 
7KH�,%:7�LPSRUWV�ZDWHU�IURP�DQ�XQVWUHVVHG�DUHD�ZKHUHDV�WKH�$5�XVHV�ZDWHU�QHDU�WKH�DJULFXOWXUDO�
SHULPHWHU��LQ�WKH�VDPH�ZDWHU�VWUHVVHG�DUHD��8QOLNH�WKH�$5��WKH�,%:7�DOORZV�IRU�WKH�LUULJDWLRQ�RI�D�
ODUJH�DUHD��IRU�ZKLFK�WKH�VWXGLHG�WHUULWRU\�RQO\�UHSUHVHQWV�D�VPDOO�VKDUH��LPSDFW�DOORFDWLRQ�EDVHG�RQ�D�
UDWLR�EHWZHHQ�WKH�DQQXDO�TXDQWLW\�RI�LUULJDWLRQ�ZDWHU�QHHGHG�E\�WKH�WHUULWRU\�DQG�WKH�DQQXDO�TXDQWLW\�
RI� ZDWHU� FLUFXODWLQJ� LQ� WKH� ,%:7��� 7KH� V\VWHP� ERXQGDULHV� UHO\� RQ� D� FUDGOH� WR� WHUULWRULDO� JDWH�
SHUVSHFWLYH�� HQFRPSDVVLQJ�DOO�XSVWUHDP�SURFHVVHV� UHODWHG� WR� WKH�ZDWHU� VXSSO\�� WKH� HQHUJ\�XVH�� WKH�
LUULJDWLRQ� LQIUDVWUXFWXUH� DV� ZHOO� DV� DOO� WKH� LQSXWV� QHFHVVDU\� WR� SURGXFH� FURSV�� 7R� GHDO� ZLWK�
PXOWLIXQFWLRQDOLW\��GLIIHUHQW� WHUULWRULDO� VHUYLFHV�DUH�TXDQWLILHG�� L�H�� ODQG�PDQDJHPHQW� �KD��DQG�IRRG�
SURGXFWLRQ��NJ���'DWD�FROOHFWLRQ�LV�EDVHG�RQ�ZDWHU�DQG�HQHUJ\�EDODQFHV��DQG�XVLQJ�H[LVWLQJ�SURFHVVHV�
LQ� GDWDEDVHV� VXFK� DV� $JULEDO\VH� DQG� :RUOG� )RRG� /&$� 'DWDEDVH�� (QYLURQPHQWDO� LPSDFWV� DUH�
TXDQWLILHG�DW�ERWK�WKH�PLGSRLQW�DQG�WKH�HQGSRLQW�OHYHO�ZLWK�WKH�/LIH�&\FOH�,PSDFW�$VVHVVPHQW�PHWKRG�
,03$&7�:RUOG���%XOOH�HW�DO����������7KHQ�DFFRUGLQJ�WR�7�/&$�IUDPHZRUN��HFR�HIILFLHQF\�LQGLFDWRUV�
DUH�FRPSXWHG� 

 
 

)LJXUH���'HVFULSWLRQ�RI�WKH�WKUHH�ODQG�SODQQLQJ�VFHQDULRV�VWXGLHG�ZLWK�WKH�7�/&$�IUDPHZRUN 
 
5HVXOWV�DQG�GLVFXVVLRQ 
7KH�HFR�HIILFLHQF\�UDWLRV�VKRZHG�WKDW� WKH�UHVXOWV� IRU� WKH�HQYLURQPHQWDO�SHUIRUPDQFH�RI�D�VFHQDULR�
GHSHQG�RQ�WKH�LQYHVWLJDWHG�WHUULWRULDO�IXQFWLRQ�� 
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DUHD�PDQDJHPHQW�++��³+XPDQ�+HDOWK´��(FR��³(FRV\VWHPV´��
)1(8�� ³)RVVLO� DQG� 1XFOHDU� (QHUJ\� 8VH´�� 058�� ³0LQHUDO�
5HVRXUFH�8VH´ 
 
 
 

)LJXUH� �� (FR�HIILFLHQF\� FDOFXODWHG� IRU� WKH� ELRPDVV�
SURGXFWLRQ 
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��WK�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�/LIH�&\FOH�$VVHVVPHQW�RI�)RRG�������/&$�)RRGV������ 
2Q�³7KH�UROH�RI�HPHUJLQJ�HFRQRPLHV�LQ�JOREDO�IRRG�VHFXULW\´ 
������2FWREHU�������/LPD��3HUX��K\EULG�FRQIHUHQFH� 
 

 � 

)RU� H[DPSOH�� LQ� )LJXUH� ��� ZKHQ� ORRNLQJ� DW� ³/DQG� PDQDJHPHQW´�� 6FHQDULR� �� �UDLQIHG�� LV� PRUH�
SHUIRUPDQW�WKDQ�VFHQDULRV���DQG����LUULJDWHG��IRU�DOO�LPSDFW�FDWHJRULHV��7KH�UHVXOWV�DUH�PRUH�FRQWUDVWHG�
ZKHQ�ORRNLQJ�DW�³)RRG�3URGXFWLRQ´��RQ�)LJXUH����ZKHUH�ERWK�LUULJDWHG�VFHQDULRV�SHUIRUP�ZRUVH�WKDQ�
WKH�UDLQIHG�VFHQDULR�RQO\�RQ�)RVVLO�DQG�1XFOHDU�(QHUJ\�8VH��)1(8���EHFDXVH�WKH\�ERWK�XVH�WKH�)UHQFK�
HOHFWULFLW\�PL[�IRU�LUULJDWLRQ��PDLQO\�EDVHG�RQ�QXFOHDU�HQHUJ\�� 
6FHQDULR���DQG�6FHQDULR���KDYH� WKH�VDPH�FURS�RFFXSDWLRQ��7KHUHIRUH�� WKH�GLIIHUHQFH�RI� WKHLU�HFR�
HIILFLHQFLHV�UHVLGHV�LQ�WKH�LPSDFWV�RI�ZDWHU�VXSSO\��7KH�ODWWHU�LV�SUHVHQWHG�LQ�)LJXUH��� 

 
)LJXUH���(QYLURQPHQWDO�LPSDFWV�DW�PLGSRLQW�IRU�6FHQDULR���DQG���ZDWHU�VXSSOLHV 

&&��VW��³&OLPDWH�&KDQJH��VKRUW�WHUP´��&&��OW��³&OLPDWH�&KDQJH��ORQJ�WHUP´��32)��³3KRWRFKHPLFDO�2[LGDQW�)RUPDWLRQ´��
2/'��³2]RQH�/D\HU�'HSOHWLRQ´��)(FR��³)UHVKZDWHU�(FRWR[LFLW\´��+7F��³+XPDQ�7R[LFLW\�FDQFHU´��+7QF��³+XPDQ�
7R[LFLW\�QRQ�FDQFHU´��:6��³:DWHU�VFDUFLW\´��)$��³�)UHVKZDWHU�$FLGLILFDWLRQ´��7$��³7HUUHVWULDO�$FLGLILFDWLRQ´��)(��
³)UHVKZDWHU�(XWURSKLFDWLRQ´��0(��³0DULQH�(XWURSKLFDWLRQ´��/7��ELR��³/DQG�7UDQVIRUPDWLRQ��ELRGLYHUVLW\´��/2��ELR��

³/DQG�2FFXSDWLRQ��ELRGLYHUVLW\´��30)��³3DUWLFXODU�0DWWHU�)RUPDWLRQ´��,5��³,RQL]LQJ�5DGLDWLRQ´� 
3,,��³3ULPDU\�,UULJDWLRQ�,QIUDVWUXFWXUH´��6,,��³6HFRQGDU\�,UULJDWLRQ�,QIUDVWUXFWXUH´��7,,��³7HUWLDU\�,UULJDWLRQ�

,QIUDVWUXFWXUH´ 
6FHQDULR���SHUIRUPV�ZRUVW�WKDW�6FHQDULR���RQ����RI����LPSDFWV�FDWHJRULHV�EHFDXVH�RI�LWV�:DWHU�(QHUJ\�
,QIUDVWUXFWXUH� QH[XV�� &RQFHUQLQJ� LPSDFWV� GXH� WR� ZDWHU� FRQVXPSWLRQ�� XQOLNH� WKH�$5�� WKH� ,%:7�
VXSSOLHV�ZDWHU�IURP�D�ORZ�ZDWHU�VWUHVV�DUHD�ZLWK�D�ORZ�$:$5(�FKDUDFWHUL]DWLRQ�IDFWRU��&)���7KXV��
IRU�ZDWHU�VFDUFLW\��:6���WKLV�OHDGV�WR�DQ�DYRLGHG�LPSDFW�IRU�WKH�6FHQDULR����&RQFHUQLQJ�WKH�HQHUJ\�
XVH��WKH�LPSDFWV�RI�VFHQDULR���DUH�DERXW�WZR�IROG�KLJKHU�WKDQ�VFHQDULR����EHFDXVH�WKH�HQHUJ\�XVH�RI�
WKH�,%:7�LV�DSSUR[LPDWHO\�KDOI�WKDW�RI�WKH�$5��)RU�WKH�³,QIUDVWUXFWXUH´�SDUW�RI�WKH�QH[XV��UHVXOWV�DUH�
PRUH�PL[HG��)RU�VRPH�RI�WKH�PLGSRLQW�LQGLFDWRUV��WKH�,%:7�SHUIRUPV�ZRUVH�WKDQ�WKH�$5�EHFDXVH�RI�
WKH�KLJK�DPRXQW�RI�FDVW�LURQ�QHFHVVDU\�LQ�LWV�LQIUDVWUXFWXUH��2Q�)UHVKZDWHU�(FRWR[LFLW\��)(FR��DQG�
)UHVKZDWHU�(XWURSKLFDWLRQ��)(���$5�SHUIRUPV�ZRUVH�WKDQ�,%:7�EHFDXVH�WKH�DPRXQW�RI�EURQ]H�DQG�
FRSSHU�QHFHVVDU\�IRU�HTXLSSLQJ�WKH�$5�SXPSLQJ�VWDWLRQ�LV�IXOO\�DOORFDWHG�WR�WKH�VWXGLHG�WHUULWRU\��7KH�
VDPH�DSSOLHV�WR�/DQG�7UDQVIRUPDWLRQ��ELRGLYHUVLW\��/7��ELR��DQG�/DQG�2FFXSDWLRQ��ELRGLYHUVLW\��/2��
ELR��EHFDXVH�RI�WKH�KLJK�DPRXQW�RI�ODQG�RFFXSLHG�E\�$5��XQOLNH�WKH�,%:7��ZKLFK�LQYROYHV�D�EXULHG�
SLSHOLQH�� 7KHVH� UHVXOWV� KLJKOLJKW� WKH� ZDWHU�� HQHUJ\� DQG� LQIUDVWUXFWXUH� QH[XV� LQGXFHG� E\� WKH� WZR�
K\GUDXOLF�SURMHFWV��7KLV�QH[XV�LV�GHWHUPLQHG�E\�WZR�PDLQ�GHVLJQ�SDUDPHWHUV��L�H��L��WKH�OHQJWK�RI�WKH�
,%:7�SLSHOLQH��/,%:7��DQG�LL��WKH�DPRXQW�RI�ZDWHU�ZLWKGUDZQ�DW�VRXUFH�IRU�,%:7�DOORFDWHG�WR�WKH�
DJULFXOWXUDO�DUHD���DOORFDWLRQ,%:7��� 
)LJXUH���SUHVHQWV�WKH�HQYLURQPHQWDO�EUHDN�HYHQ�DUHDV�EHWZHHQ�WKH�,%:7�DQG�$5�ERUGHUHG�E\�WLSSLQJ�
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��WK�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�/LIH�&\FOH�$VVHVVPHQW�RI�)RRG�������/&$�)RRGV������ 
2Q�³7KH�UROH�RI�HPHUJLQJ�HFRQRPLHV�LQ�JOREDO�IRRG�VHFXULW\´ 
������2FWREHU�������/LPD��3HUX��K\EULG�FRQIHUHQFH� 
 

 � 

OLQHV�DFFRUGLQJ�WR�GLIIHUHQW�LPSDFW�FDWHJRULHV��7KH�(FRV\VWHPV�EUHDN�HYHQ�DUHD�FDQ�RQO\�EH�DFKLHYHG�
ZLWK�XQUHDOLVWLF�YDOXHV�RI��/,%:7���DOORFDWLRQ,%:7���+HQFH��,%:7�DOZD\V�SHUIRUPV�EHWWHU�WKDQ�$5�
RQ�(FRV\VWHPV�GDPDJHV�DV�ZHOO�DV�IRU�ZDWHU�UHVRXUFHV�DV�LW�LPSRUWV�ZDWHU�IURP�DQ�XQVWUHVVHG�DUHD��WR�
D�ZDWHU�VWUHVVHG�DUHD��$�SURMHFW�EDVHG�RQ�LPSRUWHG�UHVRXUFHV�FDQ�SHUIRUP�EHWWHU�RQ�DOO�WKH�HQGSRLQW�
LQGLFDWRUV��LI�WKH�SDUDPHWHUV�DUH�ORFDWHG�LQ�=RQH����H�J��/,%:7� ����NP�DQG��DOORFDWLRQ,%:7� ��������
)RU�RWKHU�YDOXHV�RI��/,%:7��DOORFDWLRQ,%:7���WKHUH�LV�QR�EHWWHU�VFHQDULR�IRU�DOO�WKH�HQGSRLQW�LQGLFDWRUV� 

 
 

)LJXUH���(QYLURQPHQWDO�EUHDN�HYHQ�DUHD�IRU�ZKLFK�,%:7�ZDWHU�VXSSO\�LV�EHWWHU�WKDQ�$5 
 
&RQFOXVLRQ�DQG�SHUVSHFWLYHV 
7�/&$�ZDV� DSSOLHG� WR� D� WKHRUHWLFDO� DJULFXOWXUDO� DUHD� WR� FRPSDUH� WKH� HFR�HIILFLHQF\� RI� WKUHH� ODQG�
SODQQLQJ�VFHQDULRV�ZLWK�RU�ZLWKRXW�WKH�LPSOHPHQWDWLRQ�RI�K\GUDXOLF�SURMHFWV���7KHVH�PHWULFV��SURYLGH�
H[KDXVWLYH�LQIRUPDWLRQ�DERXW�WKH�HQYLURQPHQWDO�SHUIRUPDQFH�RI�ODQG�SODQQLQJ�VFHQDULRV�FRQVLGHULQJ�
WHUULWRULDO�PXOWLIXQFWLRQDOLW\��7KH�HQYLURQPHQWDO�SHUIRUPDQFH�RI�WKH�WKUHH�ODQG�SODQQLQJ�VFHQDULRV�FDQ�
YDU\�GHSHQGLQJ�RQ�WKH�VHOHFWHG�WHUULWRULDO�IXQFWLRQ��7KHVH�RXWSXWV�DOORZ�WKH�LGHQWLILFDWLRQ�RI�VFHQDULRV�
WKDW�OLPLW�WUDGH�RIIV�EHWZHHQ�GLIIHUHQW�IXQFWLRQV�DQG�LPSDFWV��7�/&$�UHVXOWV�DOVR�KLJKOLJKW�WUDGH�RIIV�
LQ� WKH� ZDWHU�HQHUJ\�LQIUDVWUXFWXUH� RI� K\GUDXOLF� SURMHFWV�� 7KHVH� WUDGH�RIIV� GHSHQG� RQ� GHVLJQ�
SDUDPHWHUV�VXFK�DV�WKH�VL]H�RI�WKH�ZDWHU�SLSHOLQH�RU�WKH�ZDWHU�IORZ��2QH�OLPLWDWLRQ�RI�WKLV�VWXG\�LV�WKH�
XVH�RI�D�VWDWLF�DSSURDFK�ZLWKRXW�FRQVLGHULQJ�SURVSHFWLYH�HOHPHQWV��H�J���FOLPDWH��K\GURORJ\�DQG�VRLO��
ZKLFK�DUH�H[SHFWHG�WR�IXUWKHU�LQWHQVLI\�GXULQJ�WKH�OLIHVSDQ�RI�WKH�K\GUDXOLF�LQIUDVWUXFWXUH��DQG�DIIHFW�
WKHLU�ORQJ�WHUP�HQYLURQPHQWDO�SHUIRUPDQFH�� 
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��WK�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�/LIH�&\FOH�$VVHVVPHQW�RI�)RRG�������/&$�)RRGV������ 
2Q�³7KH�UROH�RI�HPHUJLQJ�HFRQRPLHV�LQ�JOREDO�IRRG�VHFXULW\´ 
������2FWREHU�������/LPD��3HUX��K\EULG�FRQIHUHQFH� 
 

 � 
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