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1&$6,
6RXWKHUQ�5HJLRQDO�&HQWHU

)HEUXDU\�����





$FNQRZOHGJHPHQWV

7KLV�PHWKRG�ZDV�SUHSDUHG�E\�'U��0DU\$QQ�*XQVKHIVNL��6HQLRU�5HVHDUFK�6FLHQWLVW�DW�WKH
1&$6,�6RXWKHUQ�5HJLRQDO�&HQWHU���2WKHU�DVVLVWDQFH�ZDV�SURYLGHG�E\�$OH[�*KROVRQ��6HQLRU
5HVHDUFK�6FLHQWLVW��'HDQ�+R\��5HVHDUFK�$VVRFLDWH��DQG�/DUU\�/D)OHXU��1&$6,�)HOORZ��DW�WKH
1&$6,�:HVW�&RDVW�5HJLRQDO�&HQWHU�

1&$6,�ZRXOG�OLNH�WR�DFNQRZOHGJH�WKH�IROORZLQJ�ODERUDWRULHV�DQG�LQGLYLGXDOV�IRU�WKHLU
YROXQWDU\�SDUWLFLSDWLRQ�LQ�WKH�LQWHUODERUDWRU\�YDOLGDWLRQ�RI�WKLV�PHWKRG�

&ROXPELD�$QDO\WLFDO�6HUYLFHV��-DFNVRQYLOOH�)/��:DUG�'LFNHQV�DQG�-RVK�$SSOH
&ROXPELD�$QDO\WLFDO�6HUYLFHV��.HOVR�:$��(G�:DOODFH�DQG�/RUHQ�3RUWZRRG
'DWD�$QDO\VLV�7HFKQRORJLHV��,QF��'XEOLQ�2+��5RQ�0LWFKXP
3HUIRUPDQFH�$QDO\WLFDO�,QF���D�GLYLVLRQ�RI�&ROXPELD�$QDO\WLFDO�6HUYLFHV��
6LPL�9DOOH\�&$��0LFKDHO�7XGD\�DQG�-RKQ�<RNR\DPD
67/�6DYDQQDK�/DEV��6DYDQQDK�*$��&UDLJ�5DWNH\�DQG�0\URQ�<RXQJ
:H\HUKDHXVHU�&R���)HGHUDO�:D\�:$��5LFN�%RJDU�DQG�0LNH�*URYH

)RU�PRUH�LQIRUPDWLRQ�DERXW�WKLV�PHWKRG��FRQWDFW�

0DU\$QQ�*XQVKHIVNL��3K�'�
6HQLRU�5HVHDUFK�6FLHQWLVW
1&$6,�6RXWKHUQ�5HJLRQDO�&HQWHU
3�2��%R[�������
*DLQHVYLOOH�)/�������
����������������H[W�����
PJXQVKHIVNL#QFDVL�RUJ

)RU�PRUH�LQIRUPDWLRQ�DERXW�1&$6,�SXEOLFDWLRQV��FRQWDFW�

3XEOLFDWLRQV�&RRUGLQDWRU
1&$6,
3�2��%R[������
5HVHDUFK�7ULDQJOH�3DUN�1&������������
��������������
SXEOLFDWLRQV#QFDVL�RUJ

1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW��,QF���1&$6,�����������0HWKRGV�0DQXDO��
6HOHFWHG�+$36��LQ�&RQGHQVDWHV�E\�*&�),'���5HVHDUFK�7ULDQJOH�3DUN��1&��1DWLRQDO�&RXQFLO
IRU�$LU�DQG�6WUHDP�,PSURYHPHQW��,QF�

������E\�WKH�1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW��,QF�



'LVFODLPHU

7KH�PHQWLRQ�RI�WUDGH�QDPHV�RU�FRPPHUFLDO�SURGXFWV�GRHV�QRW�FRQVWLWXWH�HQGRUVHPHQW�RU
UHFRPPHQGDWLRQ�IRU�XVH�



� )HEUXDU\�����

1&$6,�0(7+2'�',�+$36������
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��� 6FRSH�DQG�$SSOLFDWLRQ

��� 7KLV�PHWKRG�LV�XVHG�IRU�WKH�DQDO\VLV�RI�PHWKDQRO��&$6�������������DFHWDOGHK\GH
�&$6�������������PHWK\O�HWK\O�NHWRQH��&$6�������������DQG�SURSLRQDOGHK\GH��&$6
������������LQ�FRQGHQVDWH�VDPSOHV�IURP�SXOS�DQG�SDSHU�PLOOV�E\�JDV
FKURPDWRJUDSK\�IODPH�LRQL]DWLRQ�GHWHFWLRQ��*&�),'����$�YHUVLRQ�RI�WKLV�PHWKRG�ZDV
SXEOLVKHG�DV�$SSHQGL[�,�RI�1&$6,�7HFKQLFDO�%XOOHWLQ�1R�������0HWKRG�IRU�$QDO\VLV
RI�0HWKDQRO��$FHWRQH��$FHWDOGHK\GH�DQG�0HWK\O�(WK\O�.HWRQH�LQ�/LTXLG�6DPSOHV��DQG
KDV�EHHQ�UHZULWWHQ�WR�FRQIRUP�ZLWK�WKH�FRQWHQWV�DQG�IRUPDW�HVWDEOLVKHG�E\�WKH�(00&
IRU�(3$�ZDVWHZDWHU�PHWKRGV�

��� 7\SHV�RI�FRQGHQVDWHV�IRU�ZKLFK�WKLV�PHWKRG�FDQ�EH�XVHG�LQFOXGH�FRQGHQVDWH�WR�EH
SLSHG�WR�D�ELRORJLFDO�WUHDWPHQW�V\VWHP�DQG�FRQGHQVDWH�HQWHULQJ�WKH�VWULSSHU�V\VWHP�

��� 7KH�PHWKRG�KDV�EHHQ�YDOLGDWHG�LQ�WZR�ODERUDWRULHV�XVLQJ�8QLWHG�6WDWHV�(QYLURQPHQWDO
3URWHFWLRQ�$JHQF\��(3$��0HWKRG������)LHOG�9DOLGDWLRQ�RI�(PLVVLRQ�&RQFHQWUDWLRQV
IURP�6WDWLRQDU\�6RXUFHV��$SSHQGL[�$�WR�&)5������DQG�LV�D�YDOLGDWHG�PHWKRG�

��� 7KLV�PHWKRG�LV�DSSOLFDEOH�IRU�GHWHFWLQJ�PHWKDQRO��DFHWDOGHK\GH��0(.��DQG
SURSLRQDOGHK\GH�LQ�FRQGHQVDWHV�DW�WKH�SDUWV�SHU�PLOOLRQ��SSP��OHYHO���$�FRUUHFWLRQ
IDFWRU�PD\�EH�QHHGHG���$OO�FRUUHFWLRQ�IDFWRUV�DUH�JLYHQ�LQ�6HFWLRQ������

��� 7KLV�PHWKRG�LV�UHVWULFWHG�WR�XVH�E\��RU�XQGHU�WKH�VXSHUYLVLRQ�RI��DQDO\VWV�H[SHULHQFHG
LQ�WKH�XVH�RI�JDV�FKURPDWRJUDSKV�DQG�VNLOOHG�LQ�WKH�LQWHUSUHWDWLRQ�RI�FKURPDWRJUDPV�
(DFK�DQDO\VW�PXVW�GHPRQVWUDWH�DQ�DELOLW\�WR�JHQHUDWH�DFFHSWDEOH�UHVXOWV�ZLWK�WKLV
PHWKRG�

��� 6XPPDU\�RI�WKH�0HWKRG

��� 6DPSOHV�DUH�FROOHFWHG�GLUHFWO\�IURP�WKH�FRQGHQVDWH�VWUHDP�XVLQJ�DQ�DSSURSULDWH
FROOHFWLRQ�YHVVHO���)RU�VDPSOH�VWUHDPV�ZKLFK�DUH�H[WUHPHO\�KRW��D�FRROLQJ�FRLO�LV�XVHG
WR�ORZHU�WKH�WHPSHUDWXUH�RI�WKH�VDPSOH�WR�EHORZ���� )��7KH�VDPSOHV�DUH�NHSW
UHIULJHUDWHG�XQWLO�DQDO\VLV�

��� ,Q�WKH�ODERUDWRU\��DQ�DOLTXRW�RI�WKH�VDPSOH�LV�WUDQVIHUUHG�WR�DQ�DXWRVDPSOHU�YLDO���$Q
DOLTXRW�RI�DQ�LQWHUQDO�VWDQGDUG�VROXWLRQ�LV�DGGHG�WR�HDFK�RI�WKH�DXWRVDPSOHU�YLDOV���7KH
LQWHUQDO�VWDQGDUG�LV�DOVR�XVHG�DV�D�WLPH�UHIHUHQFH�SHDN���$Q�DOLTXRW�RI�D�VXUURJDWH
VROXWLRQ�FDQ�DOVR�EH�DGGHG���7KH�DTXHRXV�VDPSOHV�DUH�WKHQ�LQWURGXFHG�GLUHFWO\�LQWR�WKH
JDV�FKURPDWRJUDSK�HTXLSSHG�ZLWK�D�FDSLOODU\�FROXPQ���7KH�*&�FROXPQ�LV�WHPSHUDWXUH
SURJUDPPHG�WR�VHSDUDWH�WKH�DQDO\WHV�IURP�RWKHU�FRPSRXQGV�ZKLFK�PD\�EH�SUHVHQW�LQ
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WKH�VDPSOH���7KH�DQDO\WHV�DUH�GHWHFWHG�ZLWK�D�IODPH�LRQL]DWLRQ�GHWHFWRU�ZKLFK�LV
LQWHUIDFHG�WR�WKH�JDV�FKURPDWRJUDSK�

��� ,GHQWLILFDWLRQ�RI�WKH�DQDO\WHV�LV�GHWHUPLQHG�E\�FRPSDULVRQ�RI�WKHLU�UHODWLYH�UHWHQWLRQ
WLPHV�ZLWK�WKH�UHODWLYH�UHWHQWLRQ�WLPHV�RI�D�NQRZQ�VWDQGDUG���,I�WKH�UHVXOWV�DUH
TXHVWLRQDEOH��FRQILUPDWLRQ�PD\�EH�SHUIRUPHG�E\�XVLQJ�D�PDVV�VSHFWURPHWHU�DV�WKH
GHWHFWRU�

��� 7KH�VHQVLWLYLW\�RI�WKH�PHWKRG�LV�GHILQHG�DV�WKH�PLQLPXP�PHDVXUHPHQW�OHYHO��00/�
DQG�IRU�XQGLOXWHG�VDPSOHV�LV�VHW�DW���PJ�/�IRU�WKLV�PHWKRG�

��� 4XDOLW\�LV�DVVXUHG�WKURXJK�IUHTXHQW�WHVWLQJ�RI�WKH�DQDO\WLFDO�V\VWHPV���7KLV�LV
DFFRPSOLVKHG�E\�XVLQJ�D�VHFRQG�VRXUFH�UHIHUHQFH�PDWHULDO��D�UHVROXWLRQ�WHVW�PL[WXUH�
FDOLEUDWLRQ�FKHFN�VDPSOHV�DQG�VSLNH�UHFRYHU\�VDPSOHV���0HWKRG�EODQNV���GXSOLFDWHV�
DQG�PDWUL[�VSLNHV�PXVW�DOVR�EH�DQDO\]HG�ZLWK�HDFK�DQDO\WLFDO�EDWFK�WR�HQVXUH�GDWD
TXDOLW\�

��� 'HILQLWLRQV

��� 7KH�GHILQLWLRQV�EHORZ�DUH�VSHFLILF�WR�WKLV�PHWKRG��EXW�FRQIRUP�WR�FRPPRQ�XVDJH�DV
PXFK�DV�SRVVLEOH�

����� %DWFK���JURXSLQJ�RI�VDPSOHV��QRW�PRUH�WKDQ���

����� PJ�/���PLOOLJUDPV�SHU�OLWHU

����� 0D\���7KLV�DFWLRQ��DFWLYLW\��RU�SURFHGXUDO�VWHS�LV�QHLWKHU�UHTXLUHG�QRU
SURKLELWHG�

����� 0XVW�QRW���7KLV�DFWLRQ��DFWLYLW\��RU�SURFHGXUDO�VWHS�LV�SURKLELWHG�

����� 0XVW���7KLV�DFWLRQ��DFWLYLW\��RU�SURFHGXUDO�VWHS�LV�UHTXLUHG�

����� 6KRXOG���7KLV�DFWLRQ��DFWLYLW\��RU�SURFHGXUDO�VWHS�LV�VXJJHVWHG��EXW�QRW
UHTXLUHG�

��� ,QWHUIHUHQFHV

��� 0HWKRG�LQWHUIHUHQFHV�PD\�EH�FDXVHG�E\�FRQWDPLQDQWV�LQ�VROYHQWV��UHDJHQWV��JODVVZDUH�
DQG�RWKHU�VDPSOH�SURFHVVLQJ�KDUGZDUH���$OO�RI�WKHVH�PDWHULDOV�PXVW�EH�URXWLQHO\
GHPRQVWUDWHG�WR�EH�IUHH�IURP�LQWHUIHUHQFHV�XQGHU�WKH�FRQGLWLRQV�RI�WKH�DQDO\VHV�E\
UXQQLQJ�ODERUDWRU\�EODQNV�DV�GHVFULEHG�LQ�6HFWLRQ�������

���� *ODVVZDUH�PXVW�EH�VFUXSXORXVO\�FOHDQHG���&OHDQ�DOO�JODVVZDUH�E\�GHWHUJHQW�ZDVKLQJ
ZLWK�KRW�ZDWHU�DQG�ULQVLQJ�ZLWK�WDS�ZDWHU���7KH�JODVVZDUH�VKRXOG�WKHQ�EH�GUDLQHG�GU\
DQG�EDNHG�DW�RYHU���� &�IRU�VHYHUDO�KRXUV�
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���� ,QMHFWLRQV�LQWR�WKH�*&�PXVW�EH�PDGH�ZLWK�D�FOHDQ�V\ULQJH���&DUU\RYHU�RI�DQDO\WHV�IURP
SUHYLRXVO\�LQMHFWHG�KLJK�OHYHO�VWDQGDUGV�RU�VDPSOHV�FDQ�KDYH�D�ODUJH�LQIOXHQFH�RQ�WKH
PHDVXUHG�YDOXHV�RI�VXEVHTXHQW�VDPSOHV�RU�VWDQGDUGV���$IWHU�LQMHFWLRQ�RI�WKH�VDPSOH�
WKH�V\ULQJH�VKRXOG�EH�FOHDQHG�LPPHGLDWHO\�E\�ULQVLQJ�WKH�V\ULQJH�WHQ�WLPHV�ZLWK�92&�
IUHH�',�ZDWHU�

��� 6HYHUDO�FRPSRXQGV�ZKLFK�DUH�QRW�+$3V�FDQ�LQWHUIHUH�ZLWK�WKH�FKURPDWRJUDSK\�LI�WKH
VHSDUDWLRQ�LV�QRW�HIILFLHQW��7KHVH�FRPSRXQGV�LQFOXGH�PHWK\O�PHUFDSWDQ��HWKDQRO�
DFHWRQH��DQG�GLPHWK\O�VXOILGH���:KHQ�SHUIRUPHG�SURSHUO\��WKLV�PHWKRG�GRHV
VXIILFLHQWO\�VHSDUDWH�WKHVH�FRPSRXQGV�IURP�WKH�DQDO\WHV�RI�LQWHUHVW�DW�FRQFHQWUDWLRQV
IRXQG�LQ�FRQGHQVDWHV�

��� &RPSRXQGV�PD\�LQWHUIHUH�ZLWK�WKH�LQWHUQDO�VWDQGDUG���7ZR�LQWHUQDO�VWDQGDUGV�DUH
VSHFLILHG�E\�WKH�PHWKRG�VR�WKDW�RQH�IUHH�RI�LQWHUIHUHQFH�FDQ�EH�VHOHFWHG���:KHQ
LQLWLDOO\�DQDO\]LQJ�VDPSOHV�RI�XQNQRZQ�FRPSRVLWLRQ��DQ�LQMHFWLRQ�ZLWKRXW�LQWHUQDO
VWDQGDUG�FDQ�EH�SHUIRUPHG�WR�GHWHUPLQH�LI�DQ�LQWHUIHUHQFH�H[LVWV�

��� 6DIHW\

��� $OO�FKHPLFDOV�VKRXOG�EH�WUHDWHG�DV�SRWHQWLDO�KHDOWK�KD]DUGV���,W�LV�UHFRPPHQGHG�WKDW
SUXGHQW�SUDFWLFHV�IRU�KDQGOLQJ�FKHPLFDOV�LQ�WKH�ODERUDWRU\��(3$�*RRG�/DERUDWRU\
3UDFWLFH��EH�HPSOR\HG�

��� 7KLV�PHWKRG�GRHV�QRW�DGGUHVV�DOO�VDIHW\�LVVXHV�DVVRFLDWHG�ZLWK�LWV�XVH���7KH�ODERUDWRU\
LV�UHVSRQVLEOH�IRU�PDLQWDLQLQJ�D�VDIH�ZRUN�HQYLURQPHQW�DQG�D�FXUUHQW�DZDUHQHVV�RI
26+$�UHJXODWLRQV�UHJDUGLQJ�VDIH�KDQGOLQJ�RI�FKHPLFDOV�XVHG�LQ�WKLV�PHWKRG�
0DWHULDO�VDIHW\�GDWD�VKHHWV��06'6V��VKRXOG�EH�DYDLODEOH�WR�DOO�SHUVRQQHO�LQYROYHG�LQ
WKHVH�DQDO\VHV�

��� 0HWKDQRO��0(.��SURSLRQDOGHK\GH��DQG�DFHWDOGHK\GH�DUH�IODPPDEOH�OLTXLGV�ZKLFK
PD\�EH�KDUPIXO�LI�LQKDOHG�RU�LQJHVWHG���8VH�LQ�D�ODERUDWRU\�IXPH�KRRG�DQG�ZHDU
DSSURSULDWH�JORYHV��H\H�SURWHFWLRQ��DQG�RWKHU�SURWHFWLYH�FORWKLQJ�

��� (TXLSPHQW�DQG�6XSSOLHV

��� %UDQG�QDPHV�DQG�VXSSOLHUV�DUH�FLWHG�IRU�LOOXVWUDWLYH�SXUSRVHV�RQO\���1R�HQGRUVHPHQW�LV
LPSOLHG���(TXLYDOHQW�SHUIRUPDQFH�PD\�EH�DFKLHYHG�XVLQJ�HTXLSPHQW�DQG�PDWHULDO
RWKHU�WKDQ�WKRVH�VSHFLILHG�KHUH��EXW�GHPRQVWUDWLRQ�RI�HTXLYDOHQW�SHUIRUPDQFH�WKDW
PHHWV�WKH�UHTXLUHPHQWV�RI�WKLV�PHWKRG�LV�WKH�UHVSRQVLELOLW\�RI�WKH�ODERUDWRU\�

��� 6DPSOLQJ�HTXLSPHQW

����� 6DPSOHV�DUH�WR�EH�FROOHFWHG�LQ�JODVV�ERWWOHV�WR�]HUR�KHDGVSDFH���,W�LV
UHFRPPHQGHG�WKDW����P/�JODVV�YLDOV�ZLWK�7HIORQ �IDFHG�VLOLFRQH�EDFNHG�OLGV
�92$�YLDOV��EH�XVHG�
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����� )LJXUH���JLYHV�D�VFKHPDWLF�VKRZLQJ�WKH�FRQILJXUDWLRQ�RI�D�92$�VDPSOH
FRROLQJ�WUDLQ���9DOYH�VL]HV�VKRXOG�EH�VPDOO�HQRXJK�WR�\LHOG�FRQWUROODEOH�ORZ
IORZ�UDWHV��L�H���������P/�SHU�PLQXWH����7KH�GLDPHWHU�RI�WKH�WXELQJ�VKRXOG�EH
VPDOO��L�H���DURXQG������LQFK�LQVLGH�GLDPHWHU��

��� /DERUDWRU\�JODVVZDUH�DQG�VXSSOLHV

����� $XWRVDPSOHU�YLDOV�FDSDEOH�RI�KROGLQJ���P/�

����� 9ROXPHWULF�IODVNV

����� 9ROXPHWULF�SLSHWV

����� 6\ULQJHV��LQFOXGLQJ�JDV�WLJKW�V\ULQJHV�

��� $QDO\WLFDO�HTXLSPHQW

����� *DV�FKURPDWRJUDSK\�V\VWHP���JDV�FKURPDWRJUDSK\�DQDO\WLFDO�V\VWHP�FRPSOHWH
ZLWK�D�FU\RJHQLFDOO\�FRROHG�WHPSHUDWXUH�SURJUDPPDEOH�JDV�FKURPDWRJUDSK
ZLWK�HLWKHU�D�SXUJH�SDFNHG�RU�VSOLW�VSOLWOHVV�LQMHFWLRQ�SRUW

����� *XDUG�FROXPQ������P�[������PP�GHDFWLYDWHG�IXVHG�VLOLFD�FDSLOODU\�FROXPQ

����� &ROXPQ������P�[������PP�[��� P������F\DQRSURS\OSKHQ\O����
GLPHWK\OSRO\VLOR[DQH�ERQGHG�SKDVH������SKDVH��IXVHG�VLOLFD�FDSLOODU\�FROXPQ
�IRU�H[DPSOH��-	:�6FLHQWLILF�'%������+HZOHWW�3DFNDUG�+3�����

����� *&�GHWHFWRU���IODPH�LRQL]DWLRQ�ZLWK�DSSURSULDWH�GDWD�V\VWHP��D�ODUJH�ERUH�MHW
WLS�LV�UHFRPPHQGHG��FDSLOODU\�MHW�WLSV�ZHUH�IRXQG�WR�UHVXOW�LQ�IUHTXHQW�IODPH�
RXWV

��� 5HDJHQWV�DQG�6WDQGDUGV

��� 'HLRQL]HG�ZDWHU���'HLRQL]HG�ZDWHU�VKRXOG�EH�WHVWHG�LPPHGLDWHO\�EHIRUH�XVH�WR�YHULI\
WKH�DEVHQFH�RI�DQ\�WDUJHW�DQDO\WHV���,I�LW�LV�IRXQG�WR�EH�FRQWDPLQDWHG��LW�PD\�EH
QHFHVVDU\�WR�SUHSDUH�IUHVK�GHLRQL]HG�ZDWHU��SXUJH�WKH�ZDWHU�ZLWK�QLWURJHQ�RU�KHOLXP�
RU�ERLO�WKH�ZDWHU�WR�UHPRYH�WKH�FRQWDPLQDQW�V��

��� $QDO\WLFDO�VWDQGDUGV���5HDJHQW�JUDGH�RU�WKH�KLJKHVW�SXULW\�PHWKDQRO��DFHWDOGHK\GH�
SURSLRQDOGHK\GH��PHWK\O�HWK\O�NHWRQH��F\FORKH[DQRO��DQG�������WULIOXRURHWKDQRO�PXVW
EH�XVHG���(DFK�QHDW�PDWHULDO�VKRXOG�EH�DQDO\]HG�IRU�SXULW\�DQG�WR�YHULI\�WKH�DEVHQFH�RI
RWKHU�WDUJHW�DQDO\WHV�RU�FRQWDPLQDQWV�SULRU�WR�EHLQJ�XVHG�IRU�WKH�SUHSDUDWLRQ�RI

��,W�ZDV�IRXQG�WKDW�D�VPDOO�EXEEOH�LQ�WKH�YLDO�DOORZHG�UDSLG�PL[LQJ�RI�WKH�VDPSOH�WR�GLVSHUVH�WKH�LQWHUQDO
VWDQGDUG�
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VWDQGDUGV���7KH�PLQLPXP�DFFHSWDEOH�SXULW\�LV�������6RPH�VXSSOLHUV�RI
SURSLRQDOGHK\GH�UHSRUW�����SXULW\�DQG�XSRQ�LQTXLU\�LQGLFDWH�WKHUH�PD\�EH�IURP���WR
���ZDWHU�

��� ,QWHUQDO�VWDQGDUG�SULPDU\�VSLNLQJ�VROXWLRQ���&\FORKH[DQRO�RU
������WULIOXRURHWKDQRO�FDQ�EH�XVHG�DV�WKH�LQWHUQDO�VWDQGDUG�

����� 3UHSDUH�SULPDU\�VWRFN�VROXWLRQ�E\�DGGLQJ������P/�F\FORKH[DQRO�WR�D�WDUHG
���P/�JURXQG�JODVV�VWRSSHUHG�YROXPHWULF�IODVN���:HLJK�WKH�IODVN�DIWHU�WKH
DGGLWLRQ�RI�WKH�LQWHUQDO�VWDQGDUG�DQG�UHFRUG�WKH�ZHLJKW�WR�WKH�QHDUHVW�����PJ�
)LOO�WKH�IODVN�WR����P/�ZLWK�',�ZDWHU���7KLV�ZLOO�UHVXOW�LQ�D�QRPLQDO
�������PJ�/�SULPDU\�VWRFN�VROXWLRQ���&RPSXWH�WKH�H[DFW�FRQFHQWUDWLRQ
�PJ�/��XVLQJ�WKH�ZHLJKW�JDLQ���7KH�VROXWLRQ�FDQ�EH�VWRUHG�DW�URRP
WHPSHUDWXUH�IRU�RYHU���PRQWKV�

����� 3UHSDUH�SULPDU\�VWRFN�VROXWLRQ�E\�DGGLQJ������P/�RI�������WULIOXRURHWKDQRO�WR
D�WDUHG����P/�JURXQG�JODVV�VWRSSHUHG�YROXPHWULF�IODVN�SDUWLDOO\�ILOOHG�ZLWK�',
ZDWHU���:HLJKW�WKH�IODVN�DIWHU�WKH�DGGLWLRQ�RI�WKH�VWDQGDUG�DQG�UHFRUG�WKH
ZHLJKW�WR�WKH�QHDUHVW�����PJ���7KLV�VKRXOG�UHVXOW�LQ�D�QRPLQDO��������PJ�/
SULPDU\�VWRFN�VROXWLRQ���&RPSXWH�WKH�H[DFW�FRQFHQWUDWLRQ��PJ�/��XVLQJ�WKH
ZHLJKW�JDLQ���7KLV�VROXWLRQ�PXVW�EH�VWRUHG�LQ�D�UHIULJHUDWRU�

��� &DOLEUDWLRQ�SULPDU\�VWRFN�VROXWLRQ���)LOO�D����P/�JURXQG�JODVV�VWRSSHUHG
YROXPHWULF�IODVN�ZLWK�DSSUR[LPDWHO\����P/�',�ZDWHU���7DUH�WKH�IODVN�DIWHU�WKH�DGGLWLRQ
RI�WKH�ZDWHU���$IWHU�HDFK�DGGLWLRQ�RI�DQDO\WH��ZHLJK�DQG�UHFRUG�WKH�ZHLJKW�JDLQ�WR�WKH
QHDUHVW�����PJ���8VLQJ�D�V\ULQJH��DGG������P/�RI�PHWKDQRO��WDNLQJ�FDUH�WR�GURS�WKH
PHWKDQRO�GLUHFWO\�LQWR�WKH�ZDWHU�ZLWKRXW�ZHWWLQJ�WKH�VLGHV�RI�WKH�IODVN���,Q�D�OLNH
PDQQHU��DGG���� /�RI�DFHWDOGHK\GH����� /�RI�SURSLRQDOGHK\GH��DQG���� /�RI�PHWK\O
HWK\O�NHWRQH���2QFH�DOO�WKH�DQDO\WHV�KDYH�EHHQ�DGGHG��ILOO�WKH�IODVN�WR�WKH�PDUN���7KLV
ZLOO�UHVXOW�LQ�D�QRPLQDO��������PJ�/�PHWKDQRO�������PJ�/�DFHWDOGHK\GH��������PJ�/
SURSLRQDOGHK\GH��DQG������PJ�/�PHWK\O�HWK\O�NHWRQH�SULPDU\�VWRFN�VROXWLRQ���8VH
WKLV�ZHLJKW�JDLQ�WR�FRPSXWH�WKH�H[DFW�DQDO\WH�FRQFHQWUDWLRQV���1RWH�WKDW�DFHWDOGHK\GH
DQG�SURSLRQDOGHK\GH�DUH�H[WUHPHO\�YRODWLOH�DQG�GHJUDGH�LQ�WKH�QHDW�VROXWLRQV�RYHU
WLPH���$�FKLOOHG�JDV�WLJKW�V\ULQJH�PXVW�EH�XVHG�WR�GHOLYHU�WKH�QHDW�FRPSRXQGV�WR�WKH
YROXPHWULF�IODVN���1HZ�QHDW�VWDQGDUGV�IRU�DFHWDOGHK\GH�DQG�SURSLRQDOGHK\GH�VKRXOG
EH�REWDLQHG�ZKHQ�WKH�VHFRQG�VRXUFH�VWDQGDUG�UHTXLUHPHQW�LV�QRW�PHW�XVLQJ�IUHVKO\
SUHSDUHG�VWDQGDUGV���$Q�DOWHUQDWLYH�ZRXOG�EH�WR�SXUFKDVH�D�SULPDU\�VWRFN�VROXWLRQ
IURP�D�FKHPLFDO�UHIHUHQFH�VXSSO\�FRPSDQ\���7KH�SULPDU\�VWRFN�PXVW�EH�VWRUHG�LQ�WKH
UHIULJHUDWRU�DQG�PXVW�EH�UH�SUHSDUHG�PRQWKO\���7KH�VWRUDJH�WLPH�RI�VHDOHG�RU�QLWURJHQ
EODQNHWHG�VWDQGDUG�VROXWLRQV�KDV�QRW�EHHQ�HYDOXDWHG�DW�WKLV�WLPH���/RQJHU�VWRUDJH�WLPH
PD\�EH�DOORZHG�LQ�FDVHV�ZKHUH�GDWD�DUH�SURYLGHG�WKDW�VXSSRUWV�LW�

��� &DOLEUDWLRQ�DQG�PDWUL[�VSLNH�VROXWLRQV���3UHSDUH�VWDQGDUG�VROXWLRQV�E\�GLOXWLRQV�RI
WKH�VWRFN�VROXWLRQ�XVLQJ�JDV�WLJKW�V\ULQJHV�WR�PHDVXUH�WKH�UHTXLUHG�DOLTXRWV�RI�SULPDU\
VWDQGDUG���7KH�UHTXLUHG�GLOXWLRQV�DUH�VKRZQ�EHORZ���3UHSDUH�PDWUL[�VSLNH�VROXWLRQV�E\
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FDOFXODWLQJ�WKH�FRQFHQWUDWLRQ�RI�DQDO\WHV�GHVLUHG�DQG�GLOXWLQJ�WKH�SULPDU\�VWRFN
VROXWLRQ�

/�RI�VWRFN
VROXWLRQ

WR�DGG�WR����P/
YROXPHWULF�IODVN

5HVXOWLQJ�DFHWDOGHK\GH�
0(.��DQG�SURSLRQDOGHK\GH

FRQFHQWUDWLRQ
�PJ�/�

5HVXOWLQJ
PHWKDQRO

FRQFHQWUDWLRQ
�PJ�/�

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

��� 6HFRQG�VRXUFH�VWDQGDUG�RU�FHUWLILHG�UHIHUHQFH�VWDQGDUG���$�VHFRQG�VRXUFH
VWDQGDUG�RU�FHUWLILHG�UHIHUHQFH�VWDQGDUG�FRQWDLQLQJ�WKH�DQDO\WHV�LQ�DQ�DTXHRXV�VROXWLRQ
PXVW�EH�SUHSDUHG�RU�REWDLQHG�DQG�DQDO\]HG�DIWHU�HYHU\�UHFDOLEUDWLRQ�RI�WKH�LQVWUXPHQW�
7KH�VWDQGDUG�PXVW�EH�VWRUHG�LQ�D�UHIULJHUDWRU�DQG�PXVW�EH�UH�SUHSDUHG�PRQWKO\���7KH
VWRUDJH�WLPH�RI�VHDOHG�RU�QLWURJHQ�EODQNHWHG�VWDQGDUG�VROXWLRQV�KDV�QRW�EHHQ�HYDOXDWHG
DW�WKLV�WLPH���/RQJHU�VWRUDJH�WLPH�PD\�EH�DOORZHG�LQ�FDVHV�ZKHUH�GDWD�DUH�SURYLGHG
WKDW�VXSSRUWV�LW�

��� 5HVROXWLRQ�WHVW�PL[WXUH���3UHSDUH�D�UHVROXWLRQ�WHVW�PL[WXUH�FRQWDLQLQJ�WKH�DQDO\WHV�RI
LQWHUHVW�DORQJ�ZLWK�WKH�SRVVLEOH�LQWHUIHUHQFHV�GHVFULEHG�LQ�6HFWLRQ�������7KLV�PL[WXUH
FDQ�EH�SUHSDUHG�E\�ILUVW�SUHSDULQJ�D�UHVROXWLRQ�VWRFN�VROXWLRQ�E\�DGGLQJ�����P/�RI
GLPHWK\O�VXOILGH������P/�RI�DFHWRQH��DQG�����P/�RI�HWKDQRO�WR�D����P/�YROXPHWULF
IODVN�DQG�GLOXWLQJ�ZLWK�PHWKDQRO���7KHQ�DGG����/�RI�WKH�SULPDU\�VWRFN�VROXWLRQ�DQG
����/�RI�UHVROXWLRQ�VWRFN�VROXWLRQ�WR����P/�RI�',�ZDWHU���$QDO\]H�����P/�RI�WKLV
PL[WXUH�DV�LI�LW�ZHUH�D�VDPSOH�

��� 6DPSOH�&ROOHFWLRQ��3UHVHUYDWLRQ��DQG�6WRUDJH

��� &ROOHFWLRQ���*UDE�VDPSOHV�DUH�FROOHFWHG�GLUHFWO\�IURP�WKH�SURFHVV�OLTXLG�VWUHDP�XVLQJ
DQ�DSSURSULDWH�FROOHFWLRQ�YHVVHO��W\SLFDOO\�D����P/�92$�YLDO���)RU�VDPSOH�VWUHDPV
ZKLFK�DUH�JUHDWHU�WKDQ�����&��D�FRROLQJ�FRLO�LV�XVHG�WR�ORZHU�WKH�WHPSHUDWXUH�RI�WKH
VDPSOH�WR�EHORZ���� )���7KH�FRROLQJ�FRLO�WXELQJ�VKRXOG�EH�IOXVKHG�IRU�WZR�WR�WKUHH
PLQXWHV�ZLWK�WKH�FRQGHQVDWH�WR�EH�VDPSOHG�SULRU�WR�FROOHFWLQJ�D�VDPSOH���7KLV�LV�GRQH
E\�RSHQLQJ�ERWK�YDOYHV�DQG�DOORZLQJ�WKH�VDPSOH�WR�UXQ�WKURXJK�WKH�WXELQJ���$IWHU�WKH
OLQH�LV�IOXVKHG��YDOYHV�DUH�WKURWWOHG�EDFN�WR�VORZ�WKH�IORZ�UDWH���7KH�WHPSHUDWXUH�RI�WKH
OLTXLG�WR�EH�VDPSOHG�VKRXOG�EH�FKHFNHG�WR�EH�VXUH�LW�LV�FRRO�SULRU�WR�FROOHFWLQJ�WKH
VDPSOH���8VH�FDXWLRQ�ZKHQ�VDPSOLQJ�HYHQ�PRGHUDWHO\�KRW�VWUHDPV�LQWR�JODVV�YLDOV�
VLQFH�WKH�KHDW�PD\�FDXVH�WKH�JODVV�WR�EUHDN���)LOO�WKH�YLDO�WR�]HUR�KHDGVSDFH�ZLWK�WKH
VDPSOH�
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��� 3UHVHUYDWLRQ���1R�SUHVHUYDWLRQ�LV�QHFHVVDU\�IRU�FRQGHQVDWH�VDPSOHV�

��� 6WRUDJH���$OO�VDPSOHV�PXVW�EH�VWRUHG�LQ�D�UHIULJHUDWRU��� &��XQWLO�DQDO\VLV���6DPSOHV
PD\�EH�VWRUHG�IRU����GD\V��DW�ZKLFK�WLPH�WKH�UHFRYHU\�RI�DFHWDOGHK\GH�PD\�IDOO�WR�OHVV
WKDQ�����

��� 4XDOLW\�&RQWURO

��� (DFK�ILHOG�VDPSOLQJ�SURJUDP�RU�ODERUDWRU\�WKDW�XVHV�WKLV�PHWKRG�LV�UHTXLUHG�WR�RSHUDWH
D�IRUPDO�TXDOLW\�DVVXUDQFH�SURJUDP���/DERUDWRU\�RU�ILHOG�SHUIRUPDQFH�LV�FRPSDUHG�WR
HVWDEOLVKHG�FULWHULD�WR�GHWHUPLQH�LI�WKH�UHVXOWV�RI�WKH�DQDO\VHV�PHHW�WKH�SHUIRUPDQFH
FULWHULD�RI�WKH�PHWKRG�

��� *&�0DLQWHQDQFH

����� ,QMHFWRU�PDLQWHQDQFH���7KH�VHSWXP�DQG�LQMHFWLRQ�OLQHU�VKRXOG�EH�UHSODFHG
ZKHQ�QHFHVVDU\���,I�WKLV�LV�QRW�GRQH��UHWHQWLRQ�WLPH�VKLIWV�DQG�SHDN�EURDGHQLQJ
FDQ�RFFXU�

����� %DNHRXWV���:DWHU�FDQ�EXLOG�XS�LQ�WKH�*&��FDXVLQJ�SHDN�EURDGHQLQJ�DQG�),'
IODPH�RXW���)UHTXHQW�EDNHRXWV�RI�WKH�V\VWHP�KHOS�WR�SXUJH�WKH�V\VWHP�RI�H[FHVV
ZDWHU���.HHSLQJ�WKH�LQMHFWLRQ�SRUW�SXUJH�IORZLQJ�WKURXJKRXW�WKH
FKURPDWRJUDSKLF�UXQ�ZLOO�KHOS�WR�UHPRYH�ZDWHU�IURP�WKH�V\VWHP��H�J���GLVDEOH
³JDV�VDYHU´�RQ�+3������V\VWHPV��

��� ,QLWLDO�*&�),'�SHUIRUPDQFH

����� 6HFRQG�VRXUFH�RU�FHUWLILHG�UHIHUHQFH�PDWHULDO���$�VHFRQG�VRXUFH�RU�FHUWLILHG
UHIHUHQFH�PDWHULDO�PXVW�EH�HYDOXDWHG�DIWHU�HDFK�UHFDOLEUDWLRQ�RI�WKH�LQVWUXPHQW�
5HFRYHULHV�EHWZHHQ����DQG������DUH�UHTXLUHG�IRU�PHWKDQRO��DQG�EHWZHHQ���
DQG������IRU�WKH�RWKHU�WKUHH�DQDO\WHV�

����� 5HVROXWLRQ�WHVW�PL[WXUH���7KH�UHVROXWLRQ�WHVW�PL[WXUH�GHVFULEHG�LQ�6HFWLRQ����
PXVW�EH�DQDO\]HG�DIWHU�HDFK�UHFDOLEUDWLRQ��DQG�ZHHNO\�WKHUHDIWHU���7KLV�LV�WR
DVVXUH�WKDW�WKH�FKURPDWRJUDSK\�V\VWHP�LV�ZRUNLQJ�DSSURSULDWHO\���%DVHOLQH
UHVROXWLRQ�EHWZHHQ�DFHWDOGHK\GH�PHWKDQRO�DQG�HWKDQRO�SURSLRQDOGHK\GH�
DFHWRQH�LV�UHTXLUHG���7KH�GLPHWK\O�VXOILGH�DQG�DFHWRQH�QHHG�QRW�EH�EDVHOLQH
UHVROYHG���)LJXUHV���DQG���FRQWDLQ�VDPSOH�FKURPDWRJUDPV�

����� 5HSURGXFLELOLW\�FKHFN���:KHQ�WKH�LQVWUXPHQW�LV�VHW�XS�WR�SHUIRUP�WKLV�PHWKRG
D�UHSURGXFLELOLW\�VHQVLWLYLW\�FKHFN�PXVW�EH�SHUIRUPHG���6HYHQ�DOLTXRWV�RI�WKH
UHVROXWLRQ�WHVW�PL[�PXVW�EH�DQDO\]HG���7KH��56'�RI�WKH�VHYHQ�DQDO\VHV�PXVW
EH�OHVV�WKDW�����IRU�DFHWDOGHK\GH�DQG�OHVV�WKDQ�����IRU�SURSLRQDOGHK\GH�DQG
0(.�
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��� &RQWLQXLQJ�*&�),'�SHUIRUPDQFH

����� %ODQNV���2QH�PHWKRG�EODQN�PXVW�EH�SUHSDUHG�SHU�DQDO\WLFDO�EDWFK�WR
GHPRQVWUDWH�WKDW�DOO�PDWHULDOV�DUH�LQWHUIHUHQFH�IUHH���7KH�FRQFHQWUDWLRQ�RI�WKH
DQDO\WHV�LQ�WKH�EODQN�PXVW�EH�EHORZ�����PJ�/�

����� &DOLEUDWLRQ�YHULILFDWLRQ���%HIRUH�HDFK�VHW�RI�VDPSOHV�LV�DQDO\]HG��D�FDOLEUDWLRQ
FKHFN�LV�GRQH�WR�GHWHUPLQH�WKDW�WKH�*&�),'�V\VWHP�LV�RSHUDWLQJ�ZLWKLQ
DFFHSWDEOH�SDUDPHWHUV���7KH�FDOLEUDWLRQ�FKHFN�PXVW�LQYROYH�WKH�DQDO\VLV�RI�D
FDOLEUDWLRQ�VWDQGDUG�LQ�WKH�PLG�UDQJH�RI�WKH�FDOLEUDWLRQ�FXUYH���7KH
FRQFHQWUDWLRQV�RI�WKH�DQDO\WHV�PXVW�EH�ZLWKLQ� ����RI�WKH�H[SHFWHG
FRQFHQWUDWLRQ�IRU�DFHWDOGHK\GH��SURSLRQDOGHK\GH��DQG�0(.��DQG� ����IRU
PHWKDQRO���,I�WKH�FDOLEUDWLRQ�IDLOV�WR�PHHW�WKHVH�H[SHFWHG�FULWHULD��WKH�*&�),'
V\VWHP�PD\�UHTXLUH�PDLQWHQDQFH���,I�URXWLQH�PDLQWHQDQFH�GRHV�QRW�FRUUHFW�WKH
SUREOHP��D�QHZ�VWDQGDUG�SUHSDUHG�IURP�D�IUHVK�FDOLEUDWLRQ�VWRFN�VROXWLRQ
VKRXOG�EH�UXQ���,I�WKLV�VWLOO�IDLOV��WKH�LQVWUXPHQW�ZLOO�QHHG�WR�EH�UHFDOLEUDWHG�

����� 5HSOLFDWHV���5HSOLFDWHV�FRQVLVW�RI�UXQQLQJ�WZR�RU�PRUH�VHSDUDWH�DOLTXRWV�RI�WKH
VDPSOH�WKURXJK�WKH�HQWLUH�DQDO\WLFDO�SURFHGXUH���$�GXSOLFDWH�PXVW�EH
SHUIRUPHG�IRU�HDFK�EDWFK�RI�VDPSOHV���7KH�UHODWLYH�SHUFHQW�GLIIHUHQFH�DQG�WKH
PHDQ�VKRXOG�EH�WDEXODWHG�LQ�D�PHWKRG�SUHFLVLRQ�ORJ�

����� 0DWUL[�VSLNH�UHFRYHU\���$�PDWUL[�VSLNH�PD\�EH�SUHSDUHG�IRU�HDFK�EDWFK�RI
VDPSOHV���8VLQJ�WKH�PHDQ�FRQFHQWUDWLRQ�GHWHUPLQHG�E\�WKH�UHSOLFDWH�DQDO\VHV
RU�WKH�OHYHO�GHWHUPLQHG�IURP�D�VLQJOH�PHDVXUHPHQW��GHWHUPLQH�WKH�VSLNLQJ
OHYHO�ZKLFK�ZLOO�JLYH�DW�OHDVW�WKUHH�WLPHV�WKH�VDPSOH�FRQFHQWUDWLRQ���,I�WKH
VDPSOH�GRHV�QRW�KDYH�GHWHFWDEOH�OHYHOV�RI�DQDO\WHV��VSLNH�WKH�VDPSOH�DW
DSSUR[LPDWHO\�ILYH�WLPHV�WKH�ORZHVW�FDOLEUDWLRQ�OHYHO�RI�WKH�LQVWUXPHQW���6SLNH
WKH�VDPSOH�ZLWK�WKH�GHWHUPLQHG�DPRXQW�RI�WKH�FDOLEUDWLRQ�VWDQGDUG�PDWUL[
VSLNH�VROXWLRQ��6HFWLRQ������DQG�DQDO\]H�WKH�VDPSOH�LQ�WKH�QRUPDO�PDQQHU�
&DOFXODWH�WKH�SHUFHQW�UHFRYHU\�XVLQJ�(TXDWLRQ���

(TXDWLRQ��

:KHUH�

5� �SHUFHQW�UHFRYHU\�RI�PDWUL[�VSLNH
&6� �PHDVXUHG�FRQFHQWUDWLRQ�RI�VSLNHG�VDPSOH
&1� �PHDVXUHG�FRQFHQWUDWLRQ�RI�QDWLYH�VDPSOH
&7� �WKHRUHWLFDO�FRQFHQWUDWLRQ�RI�VSLNH

���
&

&&
5

7

16
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���� &DOLEUDWLRQ�DQG�6WDQGDUGL]DWLRQ

���� ),'�RSHUDWLQJ�FRQGLWLRQV

$VVHPEOH�WKH�*&�),'�DQG�HVWDEOLVK�WKH�RSHUDWLQJ�FRQGLWLRQV�RXWOLQHG�LQ�7DEOH���RU���
2QFH�WKH�*&�),'�V\VWHP�LV�RSWLPL]HG�IRU�DQDO\WLFDO�VHSDUDWLRQ�DQG�VHQVLWLYLW\��WKH
VDPH�RSHUDWLQJ�FRQGLWLRQV�PXVW�EH�XVHG�WR�DQDO\]H�DOO�VDPSOHV��EODQNV��FDOLEUDWLRQ
VWDQGDUGV��DQG�TXDOLW\�DVVXUDQFH�VDPSOHV��1RWH�WKDW�FRQVWDQW�LQMHFWLRQV�RI�DTXHRXV
VDPSOHV�FDQ�FDXVH�ZDWHU�WR�EXLOG�XS�LQ�WKH�V\VWHP���7KLV�ZLOO�FDXVH�WKH�UHWHQWLRQ�WLPHV
WR�VKLIW�DQG�WKH�SHDNV�WR�EURDGHQ���,W�LV�UHFRPPHQGHG�WKDW�D�EDNHRXW�RI�WKH�V\VWHP�EH
SHUIRUPHG�DIWHU�DSSUR[LPDWHO\����LQMHFWLRQV���7KLV�VKRXOG�FRQVLVW�RI�KHDWLQJ�WKH
LQMHFWRU�WR���� &��WKH�RYHQ�WR�RYHU���� &�EXW�OHVV�WKDQ�����&��DQG�WKH�GHWHFWRU�WR
��� &�IRU�VHYHUDO�KRXUV�

���� *&�),'�DQDO\VLV�RI�FDOLEUDWLRQ�VWDQGDUGV

������ 'HWHUPLQH�WKH�UHWHQWLRQ�WLPHV�RI�WKH�DQDO\WHV�E\�WDNLQJ�����P/�RI�WKH�PLG�
UDQJH�FDOLEUDWLRQ�VROXWLRQ�DQG�DGGLQJ�����/�RI�WKH�LQWHUQDO�VWDQGDUG�VROXWLRQ�
7KLV�ZLOO�UHVXOW�LQ�FRQFHQWUDWLRQV�RI�����PJ�/�RU�����PJ�/�RI�F\FORKH[DQRO�RU
������WULIOXRURHWKDQRO��UHVSHFWLYHO\��LQ�WKH�DXWRVDPSOHU�YLDO���,QMHFW����/�RI�WKLV
VROXWLRQ�DQG�GHWHUPLQH�WKH�UHODWLYH�UHWHQWLRQ�WLPHV�RI�WKH�DQDO\WHV�WR�WKH
LQWHUQDO�VWDQGDUG�XVLQJ�(TXDWLRQ���

������ 3UHSDUH�D�ILYH�SRLQW�FDOLEUDWLRQ�FXUYH�IRU�WKH�IRXU�DQDO\WHV�E\�WDNLQJ�����P/�RI
HDFK�FDOLEUDWLRQ�VROXWLRQ�DQG�DGGLQJ�WKH�LQWHUQDO�VWDQGDUG�VROXWLRQ�DV�GHVFULEHG
DERYH���7KH�FDOLEUDWLRQ�UDQJH�LV�GHILQHG�LQ�6HFWLRQ�������8VH�RI�DQ�LQWHUQDO
VWDQGDUG�IRU�FDOLEUDWLRQ�LV�UHTXLUHG�

������ &DOFXODWH�WKH�UHODWLYH�UHVSRQVH�IDFWRU��55)0��IRU�HDFK�DQDO\WH�XVLQJ�(TXDWLRQ
����,I�WKH�UHODWLYH�VWDQGDUG�GHYLDWLRQ��56'��RI�WKH�DYHUDJH�55)0�LV�OHVV�WKDQ
����IRU�PHWKDQRO�DQG�����IRU�DFHWDOGHK\GH��SURSLRQDOGHK\GH��DQG�0(.��WKH
FDOLEUDWLRQ�LV�DFFHSWDEOH��7KH�DYHUDJH�55)0�FDQ�EH�XVHG�LQ�DOO�VXEVHTXHQW
FDOFXODWLRQV���,I�WKH�FDOLEUDWLRQ�GRHV�QRW�SDVV�WKH�FULWHULD�WKH�FDOLEUDWLRQ�FXUYH
VROXWLRQV�PXVW�EH�UHDQDO\]HG�DQG�UHHYDOXDWHG���,W�PD\�EH�QHFHVVDU\�WR�SHUIRUP
LQVWUXPHQW�PDLQWHQDQFH�SULRU�WR�UHDQDO\VLV���,I�UHDQDO\VLV�DOVR�IDLOV�WR�SURGXFH
D�OLQHDU�FXUYH��QHZ�FDOLEUDWLRQ�VWDQGDUGV�PXVW�EH�SUHSDUHG�DQG�DQDO\]HG�

������ $QDO\]H�DQG�FDOFXODWH�WKH�FRQFHQWUDWLRQ�RI�WKH�PLG�UDQJH�FDOLEUDWLRQ�VWDQGDUG
GDLO\��SULRU�WR�HDFK�VDPSOH�VHW��XVLQJ�(TXDWLRQ�����&DOFXODWH�WKH�SHUFHQW
UHFRYHU\�RI�WKH�VWDQGDUG�XVLQJ�(TXDWLRQ���WR�YHULI\�WKH�FDOLEUDWLRQ���,Q�KRXVH
SHUFHQW�UHFRYHU\�FRQWURO�OLPLWV�PXVW�EH�GHWHUPLQHG��DQG�DUH�QRW�WR�H[FHHG
����IRU�PHWKDQRO�DQG� ����IRU�WKH�RWKHU�WKUHH�DQDO\WHV���,I�WKH�OLPLWV�DUH
H[FHHGHG��HLWKHU�SUHSDUH�D�QHZ�VWDQGDUG�RU�SHUIRUP�LQVWUXPHQW�PDLQWHQDQFH�
,I�QHFHVVDU\��UHFDOLEUDWH�WKH�LQVWUXPHQW�
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(TXDWLRQ��

:KHUH�

557$� �UHODWLYH�UHWHQWLRQ�WLPH�RI�FRPSRXQG�$
5W$� �UHWHQWLRQ�WLPH�RI�FRPSRXQG�$
5W,6� �UHWHQWLRQ�WLPH�RI�LQWHUQDO�VWDQGDUG��F\FORKH[DQRO�RU

������WULIORXURHWKDQRO�

(TXDWLRQ��

:KHUH�

$0� �DUHD�RI�PHWKDQRO�SHDN
$,6� �DUHD�RI�LQWHUQDO�VWDQGDUG�SHDN
&0� �FRQFHQWUDWLRQ�RI�PHWKDQRO�LQMHFWHG
&,6� �FRQFHQWUDWLRQ�RI�LQWHUQDO�VWDQGDUG�LQMHFWHG

(TXDWLRQ��

:KHUH�

&$� �FRQFHQWUDWLRQ�RI�FRPSRXQG�$�LQ�VDPSOH��PJ�/�
$$� �DUHD�RI�WKH�FRPSRXQG�$�SHDN�LQ�WKH�VDPSOH
&,6� �FRQFHQWUDWLRQ�RI�WKH�LQWHUQDO�VWDQGDUG��PJ�/�
$,6� �DUHD�RI�WKH�LQWHUQDO�VWDQGDUG�SHDN
55)0� �UHODWLYH�UHVSRQVH�IDFWRU�RI�FRPSRXQG�$��6HFWLRQ������

,6

$
$ 5W

5W
557

0

,6

,6

0
0 &

&

$

$
55)

$,6

,6$
$ 55)$

&$
&
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(TXDWLRQ��

:KHUH�

&0� �FRQFHQWUDWLRQ�RI�DQDO\WH�PHDVXUHG
&(� �FRQFHQWUDWLRQ�RI�DQDO\WH�H[SHFWHG

���� $QDO\WLFDO�UDQJH�DQG�PLQLPXP�FDOLEUDWLRQ�OHYHO

������ 'HPRQVWUDWH�WKDW�WKH�FDOLEUDWLRQ�FXUYH�LV�OLQHDU��UHODWLYH�UHVSRQVH�IDFWRUV
H[KLELW�D�56'�OHVV�WKDQ�����IRU�PHWKDQRO�RU�����IRU�WKH�RWKHU�WKUHH�DQDO\WHV�
WKURXJKRXW�WKH�UDQJH�RI�WKH�FDOLEUDWLRQ�FXUYH�GHVFULEHG�LQ�6HFWLRQ�����

������ 'HPRQVWUDWH�WKDW�DFHWDOGHK\GH��SURSLRQDOGHK\GH�DQG�0(.�DUH�GHWHFWDEOH�DW
����PJ�/�ZLWK�DQ�56'�RI�OHVV�WKDQ�����IRU�DFHWDOGHK\GH�DQG�OHVV�WKDQ����
IRU�WKH�RWKHU�WZR�DQDO\WHV�DV�GHVFULEHG�LQ�6HFWLRQ�������

���� 3URFHGXUH

���� 7UDQVIHU�DQ�DOLTXRW������P/��RI�WKH�VDPSOH�WR�DQ�DXWRVDPSOHU�YLDO�E\�JDV�WLJKW�V\ULQJH�
$GG���� /�RI�WKH�LQWHUQDO�VWDQGDUG�SULPDU\�VSLNH�VROXWLRQ���������PJ�/�F\FORKH[DQRO
RU��������PJ�/�������WULIOXRURHWKDQRO��WR�HDFK�RI�WKH�DXWRVDPSOHU�YLDOV���3HUIRUP�WKH
DQDO\VLV�E\�GLUHFW�DTXHRXV�LQMHFWLRQ�LQWR�WKH�*&�),'���,I�WKH�FRQFHQWUDWLRQ�RI�DQ
DQDO\WH�LV�PRUH�WKDW�����DERYH�WKH�FDOLEUDWHG�UDQJH��WKH�VDPSOH�VKRXOG�EH�GLOXWHG�DQG
UHDQDO\]HG�WR�PHDVXUH�WKH�DQDO\WH�FRQFHQWUDWLRQ�

���� ,I�GLOXWLRQ�LV�QHFHVVDU\��LQMHFW�VRPH�IUDFWLRQDO�YROXPH�OHVV�WKDQ�����P/�XVLQJ�D�JDV�
WLJKW�V\ULQJH�LQWR�DQ�DXWRVDPSOH�YLDO�ZKLFK�LV�WKHQ�EURXJKW�WR���P/�ZLWK�',�ZDWHU�DQG
DQDO\]HG�DV�GHVFULEHG�LQ�6HFWLRQ��������&DOFXODWH�WKH�GLOXWLRQ�IDFWRU�XVLQJ�(TXDWLRQ���

(TXDWLRQ��

9
�')

:KHUH�

')� �WKH�GLOXWLRQ�IDFWRU
9� �WKH�YROXPH�RI�VDPSOH��P/��LQMHFWHG�LQWR�WKH�DXWRVDPSOH�YLDO

���
&

&
HU\FRY5H3HUFHQW

(

0
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���� 'DWD�$QDO\VLV�DQG�&DOFXODWLRQV

���� *&�),'�GDWD�DQDO\VLV

������ 7KH�DQDO\WHV�DUH�LGHQWLILHG�E\�FRPSDULVRQ�RI�WKH�UHWHQWLRQ�WLPHV�UHODWLYH�WR�WKH
LQWHUQDO�VWDQGDUG�HVWDEOLVKHG�LQ�WKH�FDOLEUDWLRQ�WR�WKH�UHODWLYH�UHWHQWLRQ�WLPHV�LQ
WKH�VDPSOHV��7KH�VDPSOH�FRPSRQHQW�UHODWLYH�UHWHQWLRQ�WLPH��557��VKRXOG�IDOO
ZLWKLQ� �����557�XQLWV�RI�WKH�557�RI�WKH�VWDQGDUG�FRPSRQHQW�

������ &DOFXODWH�WKH�VDPSOH�FRQFHQWUDWLRQ��XVLQJ�WKH�LQWHUQDO�VWDQGDUG�UHVSRQVH
IDFWRUV�HVWDEOLVKHG�LQ�6HFWLRQ���������DFFRUGLQJ�WR�(TXDWLRQ�����8VH�D�GLOXWLRQ
IDFWRU�RI���LI�QR�GLOXWLRQ�LV�PDGH�DQG�FKRRVH�WKH�SURSHU�FRUUHFWLRQ�IDFWRU�EDVHG
RQ�WKH�LQWHUQDO�VWDQGDUG�DQG�KDUGZDUH�FRQILJXUDWLRQ�XVHG���8VH�D�FRUUHFWLRQ
IDFWRU�RI���LI�QR�VLJQLILFDQW�FRUUHFWLRQ�IDFWRU�LV�IRXQG�

(TXDWLRQ��

:KHUH�

&$� �FRQFHQWUDWLRQ�RI�FRPSRXQG�$�LQ�VDPSOH��PJ�/�
$$� �DUHD�RI�WKH�FRPSRXQG�$�SHDN�LQ�WKH�VDPSOH
&,6� �FRQFHQWUDWLRQ�RI�WKH�LQWHUQDO�VWDQGDUG��PJ�/�
$,6� �DUHD�RI�WKH�LQWHUQDO�VWDQGDUG�SHDN
55)0� �UHODWLYH�UHVSRQVH�IDFWRU�RI�FRPSRXQG�$��6HFWLRQ������
&)� �FRUUHFWLRQ�IDFWRU�IURP�0HWKRG�����YDOLGDWLRQ��7DEOH���
')� �GLOXWLRQ�IDFWRU

������ ,I�VDPSOHV�FDQQRW�EH�DQDO\]HG�ZLWKRXW�GLOXWLRQ��WKH�00/�PXVW�EH�DGMXVWHG�WR
UHIOHFW�WKH�ORZHVW�GLOXWLRQ�IDFWRU�XVHG�E\�PXOWLSO\LQJ�WKH�00/����PJ�/��E\
WKH�GLOXWLRQ�IDFWRU�FDOFXODWHG�LQ�(TXDWLRQ���

���� 'DWD�UHYLHZ�UHTXLUHPHQWV

������ 7KH�GDWD�DUH�UHYLHZHG�IRU�DFFXUDF\�RI�WKH�LGHQWLILFDWLRQ��*&�SUREOHPV�
LQWHUIHUHQFHV��DQG�ELDV���$Q\�SUREOHPV�VKRXOG�EH�FRUUHFWHG�SULRU�WR�UHSRUWLQJ
DQDO\WLFDO�UHVXOWV�

������ $OO�WKH�FKURPDWRJUDPV�DUH�PDQXDOO\�UHYLHZHG�WR�FRQILUP�LQWHUQDO�VWDQGDUG
DQG�DQDO\WH�LGHQWLILFDWLRQ�DV�ZHOO�DV�WKH�LQWHJUDWLRQ�DUHDV���$V�SDUW�RI�WKLV

$,6

,6$
$ 55)$

')&)&$
&
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UHYLHZ��WKH�DQDO\VW�DVVHVVHV�ZKHWKHU�RU�QRW�WKH�FRQFHQWUDWLRQ�LV�ZLWKLQ�WKH
FDOLEUDWLRQ�UDQJH�RI�WKH�LQVWUXPHQW���7KH�DQDO\VW�VKRXOG�GHWHUPLQH�ZKHWKHU
GLOXWLRQ�RI�WKH�VDPSOHV�LV�UHTXLUHG���$QRWKHU�WRRO�WKDW�FDQ�EH�XWLOL]HG�WR
LGHQWLI\�WKH�DQDO\WH�SHDNV�LV�WR�RYHUOD\�WKH�VDPSOH�FKURPDWRJUDP�ZLWK�WKH
VWDQGDUG�FKURPDWRJUDP�

������ 7KH�LQWHUQDO�VWDQGDUG�DUHD�FRXQWV�PXVW�EH�UHYLHZHG�DQG�DGGHG�WR�D�FRQWURO
FKDUW���7KH�LQ�KRXVH�GHWHUPLQHG�FRQWURO�OLPLWV�PXVW�QRW�H[FHHG� ����RI�WKH
PHDQ�

������� $Q\�LQFRQVLVWHQFLHV�EHWZHHQ�UHSOLFDWH�DQDO\VHV�PXVW�EH�UHVROYHG��L�H���LI�DQ
DQDO\WH�LV�GHWHFWHG�LQ�RQH�UHSOLFDWH�DQG�QRW�WKH�RWKHU���DQG�DWWHPSWV�PDGH�WR
GHWHUPLQH�WKH�UHDVRQ�IRU�WKH�LQFRQVLVWHQFLHV�

������ *HQHUDWH�D�UHSRUW�WKDW�LQFOXGHV�WKH�UHWHQWLRQ�WLPH��WKH�DUHD��DQG�WKH�FDOFXODWHG
FRQFHQWUDWLRQV�RI�WKH�DQDO\WHV��LQWHUQDO�VWDQGDUG�UHFRYHU\��EDVHG�RQ�DUHD
FRXQWV���DQG�VXUURJDWH�UHFRYHU\�LQ�SHUFHQW�

������ 5HSRUW�WKH�UHVXOWV�IRU�WKH�OHDVW�GLOXWH�VDPSOH�ZKHUH�WKH�FRQFHQWUDWLRQ
PHDVXUHG�ZDV�ZLWKLQ�WKH�DFFHSWDEOH�FDOLEUDWLRQ�UDQJH�

������ :KHUH�DQDO\WHV�DUH�QRW�GHWHFWHG�RU�DUH�GHWHFWHG�EHORZ�WKH�ORZHVW�FDOLEUDWLRQ
VWDQGDUG��UHSRUW�WKH�0LQLPXP�0HDVXUHPHQW�/HYHO���5HSRUW�D�UHYLVHG
0LQLPXP�0HDVXUHPHQW�/HYHO�LQ�DFFRUGDQFH�ZLWK�6HFWLRQ��������IRU�DQ\
GLOXWH�DQDO\VHV�ZKHUH�OHVV�GLOXWH�VDPSOHV�ZHUH�QRW�UXQ�DQG�IRU�DQ\�DQDO\WH�WKDW
ZDV�QRW�GHWHFWHG�

���� 'DWD�UHSRUWLQJ�UHTXLUHPHQWV

������ 5HSRUW�UHVXOWV�LQ�PJ�/�WR�WKUHH�VLJQLILFDQW�ILJXUHV�

������ 5HSRUW�DOO�FRUUHVSRQGLQJ�EODQNV��UHSOLFDWHV��DQG�PDWUL[�VSLNH�UHFRYHULHV�IRU
HDFK�DQDO\WLFDO�EDWFK�RI�VDPSOHV�

���� 0HWKRG�3HUIRUPDQFH

���� 6LQJOH�ODERUDWRU\�PHWKRG�YDOLGDWLRQ�VWXGLHV�ZHUH�SHUIRUPHG�GXULQJ�WKH�GHYHORSPHQW
RI�WKH�PHWKRG��DQG�LQFOXGHG�HYDOXDWLRQ�EDVHG�RQ�WKH�8QLWHG�6WDWHV�(QYLURQPHQWDO
3URWHFWLRQ�$JHQF\��(3$��0HWKRG������)LHOG�9DOLGDWLRQ�RI�(PLVVLRQ�&RQFHQWUDWLRQV
IURP�6WDWLRQDU\�6RXUFHV��$SSHQGL[�$�WR�&)5�������$�VXPPDU\�RI�WKH�PHWKRG
SHUIRUPDQFH�GDWD�LV�SUHVHQWHG�LQ�6HFWLRQ�����7DEOH���

���� 3ROOXWLRQ�3UHYHQWLRQ

���� 7KH�ODERUDWRU\�VKRXOG�FKHFN�VWDWH�DQG�ORFDO�UHTXLUHPHQWV�WR�GHWHUPLQH�LI�SROOXWLRQ
SUHYHQWLRQ�HTXLSPHQWLV�UHTXLUHG�RU�UHFRPPHQGHG�LQ�LWV�DUHD�
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���� :DVWH�0DQDJHPHQW

���� ,W�LV�WKH�UHVSRQVLELOLW\�RI�WKH�ODERUDWRU\�WR�FRPSO\�ZLWK�DOO�IHGHUDO��VWDWH��DQG�ORFDO
UHJXODWLRQV�JRYHUQLQJ�ZDVWH�PDQDJHPHQW��SDUWLFXODUO\�WKH�KD]DUGRXV�ZDVWH
LGHQWLILFDWLRQ�UXOHV�DQG�ODQG�GLVSRVDO�UHVWULFWLRQV��DQG�WR�SURWHFW�WKH�DLU��ZDWHU��DQG
ODQGV�E\�PLQLPL]LQJ�UHOHDVHV�LQWR�WKH�HQYLURQPHQW���&RPSOLDQFH�ZLWK�DOO�VHZDJH
GLVFKDUJH�SHUPLWV�DQG�UHJXODWLRQV�LV�DOVR�UHTXLUHG�

���� 5HIHUHQFHV

���� 1DWLRQDO�&RXQFLO�RI�WKH�3DSHU�,QGXVWU\�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW��,QF�
�1&$6,�����������9RODWLOH�RUJDQLF�HPLVVLRQV�IURP�SXOS�DQG�SDSHU�PLOO�VRXUFHV��3DUW
;���7HVW�PHWKRGV��TXDOLW\�DVVXUDQFH�TXDOLW\�FRQWURO�SURFHGXUHV��DQG�GDWD�DQDO\VLV
SURWRFROV���7HFKQLFDO�%XOOHWLQ�1R��������5HVHDUFK�7ULDQJOH�3DUN��1&��1DWLRQDO
&RXQFLO�RI�WKH�3DSHU�,QGXVWU\�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW��,QF�

���� 8QLWHG�6WDWHV�(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��(3$����0HWKRG������)LHOG
9DOLGDWLRQ�RI�(PLVVLRQ�&RQFHQWUDWLRQV�IURP�6WDWLRQDU\�6RXUFHV��$SSHQGL[�$�WR
&)5�����

���� 7DEOHV��'LDJUDPV��)ORZFKDUWV��DQG�9DOLGDWLRQ�'DWD

���� 7KURXJK�WKH�XVH�RI�WKH�(3$�0HWKRG�����YDOLGDWLRQ�SURFHGXUH��WKLV�PHWKRG�KDV�EHHQ
VKRZQ�WR�EH�D�YDOLG�PHWKRG�IRU�PHDVXUHPHQW�RI�PHWKDQRO��DFHWDOGHK\GH��PHWK\O�HWK\O
NHWRQH��DQG�SURSLRQDOGHK\GH�LQ�FRQGHQVDWHV�IURP�NUDIW�PLOO�VRXUFHV���$�VXPPDU\�RI
WKHVH�YDOLGDWLRQ�GDWD�LV�SUHVHQWHG�LQ�7DEOH���
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7DEOH�����*&�),'�2SHUDWLQJ�&RQGLWLRQV�IRU�6HOHFWHG�+$3V�$QDO\VLV
3XUJHG�3DFNHG�,QMHFWRU

,QMHFWLRQ� 'LUHFW��6SOLWOHVV�
,QMHFWRU�7HPSHUDWXUH� ��� &
,QMHFWLRQ�9ROXPH� �� /
,QMHFWLRQ�/LQHU�6L]H� ��PP�LG��QR�SDFNLQJ�
6\ULQJH�5LQVH ���ULQVHV�ZLWK�92&�IUHH�',�ZDWHU
),'�'HWHFWRU�7HPSHUDWXUH� ��� &
+��)ORZ�5DWH� DSSUR[�����P/�PLQ
$LU�)ORZ�5DWH� DSSUR[������P/�PLQ
0DNHXS�*DV� 1LWURJHQ�RU�+HOLXP
0DNHXS�*DV�)ORZ�5DWH� DSSUR[�����P/�PLQ
&DUULHU�*DV� +HOLXP
&DUULHU�*DV�)ORZ�5DWH� FRQVWDQW�SUHVVXUH�PRGH�WR�JLYH��

P/�PLQ�DW�URRP�WHPSHUDWXUH��RU�XVH
FRQVWDQW�IORZ�PRGH�DW���P/�PLQ

&ROXPQ� -	:�'%���������P�[������PP�LG�[
��PLFURQ�IXVHG�VLOLFD�FDSLOODU\
FROXPQ�ZLWK����P�GHDFWLYDWHG�IXVHG
VLOLFD�JXDUG�FROXPQ

&U\RJHQLFV� 2Q
7HPSHUDWXUH�3URJUDP� &�
����������,QLWLDO� � &�IRU���PLQ
����������5DPS��� � &�PLQ�WR��� &�IRU���PLQXWHV
����������5DPS��� �� &�PLQ�WR���� &�IRU���PLQXWHV
����������5DPS��� �� &�PLQ�WR���� &�IRU���PLQXWHV
5HWHQWLRQ�7LPH�2UGHU� $FHWDOGHK\GH��0HWKDQRO�

3URSLRQDOGHK\GH��������
7ULIOXRURHWKDQRO��0HWK\O�(WK\O
.HWRQH��&\FORKH[DQRO

&\FORKH[DQRO�5HWHQWLRQ�7LPH� �������PLQ
5HODWLYH�5HWHQWLRQ�7LPH� $FHWDOGHK\GH��������

0HWK\O�0HUFDSWDQ��������
0HWKDQRO��������
(WKDQRO��������
3URSLRQDOGHK\GH��������
$FHWRQH��������
'LPHWK\O�VXOILGH��������
������7ULIOXRURHWKDQRO��������
0(.��������
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7DEOH�����*&�),'�2SHUDWLQJ�&RQGLWLRQV�IRU�6HOHFWHG�+$3V�$QDO\VLV
6SOLW�6SOLWOHVV�,QMHFWRU

,QMHFWLRQ� 'LUHFW��6SOLWOHVV�
3XUJH�)ORZ�5DWH� DSSUR[�����P/�PLQ
3XUJH�7LPH� �����PLQ
,QMHFWRU�7HPSHUDWXUH� ��� &
,QMHFWLRQ�9ROXPH� �� /
,QMHFWLRQ�/LQHU�6L]H� ��PP�LG�ZLWK�IXVHG�VLOLFD�SDFNLQJ�LQ

WKH�ERWWRP��5HVWH[��������������
6\ULQJH�5LQVH ���ULQVHV�ZLWK�92&�IUHH�',�ZDWHU
),'�'HWHFWRU�7HPSHUDWXUH� ��� &
+��)ORZ�5DWH� DSSUR[�����P/�PLQ
$LU�)ORZ�5DWH� DSSUR[������P/�PLQ
0DNHXS�*DV� 1LWURJHQ�RU�+HOLXP
0DNHXS�*DV�)ORZ�5DWH� DSSUR[�����P/�PLQ
&DUULHU�*DV� +HOLXP
&DUULHU�*DV�)ORZ�5DWH� FRQVWDQW�SUHVVXUH�PRGH�WR�JLYH��

P/�PLQ�DW�URRP�WHPSHUDWXUH��RU�XVH
FRQVWDQW�IORZ�PRGH�DW���P/�PLQ

&ROXPQ� -	:�'%���������P�[������PP�LG�[
��PLFURQ�IXVHG�VLOLFD�FDSLOODU\
FROXPQ�ZLWK����P�GHDFWLYDWHG�IXVHG
VLOLFD�JXDUG�FROXPQ

&U\RJHQLFV� 2Q
7HPSHUDWXUH�3URJUDP� &�
����������,QLWLDO� � &�IRU���PLQ
����������5DPS��� � &�PLQ�WR��� &�IRU���PLQXWHV
����������5DPS��� �� &�PLQ�WR���� &�IRU���PLQXWHV
����������5DPS��� �� &�PLQ�WR���� &�IRU���PLQXWHV
5HWHQWLRQ�7LPH�2UGHU� $FHWDOGHK\GH��0HWKDQRO�

3URSLRQDOGHK\GH��������
7ULIOXRURHWKDQRO��0HWK\O�(WK\O
.HWRQH��&\FORKH[DQRO

&\FORKH[DQRO�5HWHQWLRQ�7LPH� �������PLQ
5HODWLYH�5HWHQWLRQ�7LPH� $FHWDOGHK\GH��������

0HWK\O�0HUFDSWDQ��������
0HWKDQRO��������
(WKDQRO��������
3URSLRQDOGHK\GH��������
$FHWRQH��������
'LPHWK\O�VXOILGH��������
������7ULIOXRURHWKDQRO��������
0(.��������
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�� )HEUXDU\�����

7DEOH������0HWKRG�����9DOLGDWLRQ�5HVXOWV

&RUUHFWLRQ�)DFWRU��&)�

,QWHUQDO�VWDQGDUG
�����,QMHFWRU $FHWDOGHK\GH 0HWKDQRO 3URSLRQDOGHK\GH

0HWK\O�HWK\O
NHWRQH

&\FORKH[DQRO
�����3DFNHG�SXUJH

���� 1$D ���� ����

&\FORKH[DQRO
�����6SOLW�VSOLWOHVV

���� ���� ���� ����

������7ULIOXRURHWKDQRO
�����3DFNHG�SXUJH

���� 1$D ���� ����

������7ULIOXRURHWKDQRO
�����6SOLW�VSOLWOHVV

���� 1$D ���� 1$D

D��QRW�DSSOLFDEOH�GXH�WR�LQVLJQLILFDQW�ELDV

)LJXUH�����92$�6DPSOH�&RROLQJ�7UDLQ

3URFHVV�(IIOXHQW

&RROHU

&RROLQJ�&RLO

6DPSOH�&ROOHFWLRQ�3RLQW

,FH�%DWK
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)LJXUH������(QWLUH�6DPSOH�&KURPDWRJUDP�RI�5HVROXWLRQ�7HVW�0L[WXUH

)LJXUH�����3DUWLDO�6DPSOH�&KURPDWRJUDP�RI�5HVROXWLRQ�7HVW�0L[WXUH
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)LJXUH�����(3$�0HWKRG�����9DOLGDWLRQ�$SSURYDO�/HWWHU�±�SDJH��
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)LJXUH�����FRQW����(3$�0HWKRG�����9DOLGDWLRQ�$SSURYDO�/HWWHU�±�SDJH��
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6RXWKHUQ�5HJLRQDO�&HQWHU�

0D\������





$FNQRZOHGJHPHQWV�

7KLV�PHWKRG�ZDV�SUHSDUHG�E\�'U��0DU\$QQ�*XQVKHIVNL��6HQLRU�5HVHDUFK�6FLHQWLVW��DQG�-LP�
6WDLQILHOG��5HVHDUFK�$VVRFLDWH�DW�WKH�1&$6,�6RXWKHUQ�5HJLRQDO�&HQWHU���2WKHU�DVVLVWDQFH�
ZDV�SURYLGHG�E\�7HUU\�%RXVTXHW��6HQLRU�5HVHDUFK�6FLHQWLVW��ZLWK�WKH�1&$6,�:HVW�&RDVW�
5HJLRQDO�&HQWHU��

)RU�PRUH�LQIRUPDWLRQ�DERXW�WKLV�PHWKRG��FRQWDFW�

0DU\$QQ�*XQVKHIVNL��3K�'��
6HQLRU�5HVHDUFK�6FLHQWLVW�
1&$6,�6RXWKHUQ�5HJLRQDO�&HQWHU�
3�2��%R[��������
*DLQHVYLOOH��)/��������
���������������H[W������
PJXQVKHIVNL#QFDVL�RUJ��

)RU�PRUH�LQIRUPDWLRQ�DERXW�1&$6,�SXEOLFDWLRQV��FRQWDFW�

3XEOLFDWLRQV�&RRUGLQDWRU�
1&$6,�
3�2��%R[�������
5HVHDUFK�7ULDQJOH�3DUN��1&�������������
���������������
SXEOLFDWLRQV#QFDVL�RUJ�

1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW��,QF���1&$6,�����������0HWKRGV�0DQXDO���
0HWKDQRO�LQ�SURFHVV�OLTXLGV�DQG�ZDVWHZDWHUV�E\�*&�),'���5HVHDUFK�7ULDQJOH�3DUN��1�&���
1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW��,QF��

������E\�WKH�1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW��,QF��



'LVFODLPHU�

7KH�PHQWLRQ�RI�WUDGH�QDPHV�RU�FRPPHUFLDO�SURGXFWV�GRHV�QRW�FRQVWLWXWH�HQGRUVHPHQW�RU�
UHFRPPHQGDWLRQ�IRU�XVH��
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���� 6FRSH�DQG�$SSOLFDWLRQ

���� 7KLV�PHWKRG�LV�XVHG�IRU�WKH�DQDO\VLV�RI�PHWKDQRO��&$6������������LQ�SURFHVV�OLTXLG�
VDPSOHV�IURP�SXOS�DQG�SDSHU�PLOOV�E\�JDV�FKURPDWRJUDSK\�IODPH�LRQL]DWLRQ�GHWHFWLRQ�
�*&�),'����7KLV�LV�DQ�XSGDWH�RI�WKH�1&$6,�0HWKRG�',�0(2+���������$Q�ROGHU��
YHUVLRQ�RI�WKLV�PHWKRG�ZDV�SXEOLVKHG�LQ�$SSHQGL[�,�RI�1&$6,�7HFKQLFDO�%XOOHWLQ�����
DV�0HWKRG�IRU�0HWKDQRO��$FHWRQH��$FHWDOGHK\GH��DQG�0HWK\O�(WK\O�.HWRQH�LQ�/LTXLG�
6DPSOHV��DQG�KDV�EHHQ�UHZULWWHQ�WR�FRQIRUP�ZLWK�WKH�FRQWHQWV�DQG�IRUPDW�HVWDEOLVKHG�
E\�WKH�(00&�IRU�(3$�ZDVWHZDWHU�PHWKRGV���7KLV�YHUVLRQ�LQFOXGHV�RQO\�PHWKDQRO��
VLQFH�PHWKDQRO�LV�WKH�RQO\�FRPSRXQG�IRU�ZKLFK�WKH�PHWKRG�KDV�EHHQ�YDOLGDWHG�DW�WKLV�
WLPH��

���� 7\SHV�RI�SURFHVV�OLTXLGV�IRU�ZKLFK�WKLV�PHWKRG�FDQ�EH�XVHG�LQFOXGH�VDPSOHV�IURP�
ERWK�NUDIW�SXOSLQJ�PLOOV�DQG�VXOILWH�SXOSLQJ�PLOOV���/LTXLG�W\SHV�LQFOXGH�FRQGHQVDWH��
GLUW\�KRW�ZDWHU�SODQW�OLTXLG��HYDSRUDWRU�FRQGHQVDWH��IRXO�FRQGHQVDWH��LQIOXHQW�WR�
VOXGJH�SRQGV��VWULSSHG�FRQGHQVDWH��WUHDWHG�HIIOXHQW��XQWUHDWHG�HIIOXHQW�DQG�ZHDN�ZDVK��

���� 7KH�PHWKRG�KDV�EHHQ�VLQJOH�ODERUDWRU\�YDOLGDWHG�XVLQJ�WKH�8QLWHG�6WDWHV�
(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��(3$��0HWKRG������)LHOG�9DOLGDWLRQ�RI�(PLVVLRQ�
&RQFHQWUDWLRQV�IURP�6WDWLRQDU\�6RXUFHV��$SSHQGL[�$�WR�&)5������DQG�LV�D�YDOLGDWHG�
PHWKRG���

���� 7KLV�PHWKRG�LV�DSSOLFDEOH�IRU�GHWHFWLQJ�PHWKDQRO�LQ�SURFHVV�OLTXLGV�DW�WKH�SDUW�SHU�
PLOOLRQ��SSP��OHYHO���

���� 7KLV�PHWKRG�LV�UHVWULFWHG�WR�XVH�E\��RU�XQGHU�WKH�VXSHUYLVLRQ�RI��DQDO\VWV�H[SHULHQFHG�
LQ�WKH�XVH�RI�JDV�FKURPDWRJUDSKV�DQG�VNLOOHG�LQ�WKH�LQWHUSUHWDWLRQ�RI�FKURPDWRJUDPV���
(DFK�DQDO\VW�PXVW�GHPRQVWUDWH�WKH�DELOLW\�WR�JHQHUDWH�DFFHSWDEOH�UHVXOWV�ZLWK�WKLV�
PHWKRG��

���� �6XPPDU\�RI�WKH�0HWKRG

���� 6DPSOHV�DUH�FROOHFWHG�GLUHFWO\�IURP�WKH�SURFHVV�OLTXLG�VWUHDP�XVLQJ�DQ�DSSURSULDWH�
FROOHFWLRQ�YHVVHO���)RU�VDPSOH�VWUHDPV�ZKLFK�DUH�H[WUHPHO\�KRW��D�FRROLQJ�FRLO�LV�XVHG�
WR�ORZHU�WKH�WHPSHUDWXUH�RI�WKH�VDPSOH�WR�EHORZ���� )���(IIOXHQW�VDPSOHV�PXVW�EH�
SUHVHUYHG�ZLWK�DFLG�WR�S+�����XSRQ�FROOHFWLRQ���7KH�VDPSOHV�DUH�NHSW�UHIULJHUDWHG�
XQWLO�DQDO\VLV��

���� ,Q�WKH�ODERUDWRU\��DQ�DOLTXRW�RI�WKH�VDPSOH�LV�WUDQVIHUUHG�WR�DQ�DXWRVDPSOHU�YLDO���7R�
HDFK�RI�WKH�DXWRVDPSOHU�YLDOV��DQ�DOLTXRW�RI�DQ�DSSURSULDWH�LQWHUQDO�VWDQGDUG�VROXWLRQ�
PXVW�EH�DGGHG���7KH�LQWHUQDO�VWDQGDUG�LV�DOVR�XVHG�DV�D�WLPH�UHIHUHQFH�SHDN���7KH�
DTXHRXV�VDPSOHV�DUH�WKHQ�GLUHFWO\�LQWURGXFHG�LQWR�WKH�JDV�FKURPDWRJUDSK�HTXLSSHG�
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ZLWK�D�FDSLOODU\�FROXPQ���7KH�*&�FROXPQ�LV�WHPSHUDWXUH�SURJUDPPHG�WR�VHSDUDWH�WKH�
PHWKDQRO�IURP�RWKHU�FRPSRXQGV�ZKLFK�PD\�EH�SUHVHQW�LQ�WKH�VDPSOH���7KH�PHWKDQRO�
LV�GHWHFWHG�ZLWK�D�IODPH�LRQL]DWLRQ�GHWHFWRU�ZKLFK�LV�LQWHUIDFHG�WR�WKH�JDV�
FKURPDWRJUDSK���

���� ,GHQWLILFDWLRQ�RI�PHWKDQRO�LV�GHWHUPLQHG�E\�FRPSDULVRQ�RI�LWV�UHWHQWLRQ�WLPH�ZLWK�WKH�
UHWHQWLRQ�WLPH�RI�D�NQRZQ�VWDQGDUG���,I�WKH�UHVXOWV�DUH�TXHVWLRQDEOH��FRQILUPDWLRQ�FDQ�
EH�SHUIRUPHG�E\�XVLQJ�D�GLIIHUHQW�*&�FROXPQ����

���� 7KH�VHQVLWLYLW\�RI�WKH�PHWKRG�LV�GHILQHG�DV�WKH�PLQLPXP�PHDVXUHPHQW�OHYHO��00/��
DQG�IRU�XQGLOXWHG�VDPSOHV�LV�VHW�DW�����PJ�/�IRU�WKLV�PHWKRG��

���� 4XDOLW\�LV�DVVXUHG�WKURXJK�WHVWLQJ�RI�WKH�DQDO\WLFDO�V\VWHPV���7KLV�LV�DFFRPSOLVKHG�E\�
XVLQJ�D�VHFRQG�VRXUFH�UHIHUHQFH�PDWHULDO��FDOLEUDWLRQ�FKHFN�VDPSOHV�DQG�VSLNH�
UHFRYHU\�VDPSOHV���0HWKRG�EODQNV��GXSOLFDWHV�DQG�PDWUL[�VSLNHV�VKRXOG�DOVR�EH�
DQDO\]HG�ZLWK�HDFK�DQDO\WLFDO�EDWFK�WR�HQVXUH�GDWD�TXDOLW\��

���� 'HILQLWLRQV�

���� 7KH�GHILQLWLRQV�EHORZ�DUH�VSHFLILF�WR�WKLV�PHWKRG��EXW�FRQIRUP�WR�FRPPRQ�XVDJH�DV�
PXFK�DV�SRVVLEOH��

������ %DWFK���JURXSLQJ�RI�VDPSOHV��QRW�PRUH�WKDQ����

������ PJ�/���PLOOLJUDPV�SHU�OLWHU�

������ 0D\���7KLV�DFWLRQ��DFWLYLW\��RU�SURFHGXUDO�VWHS�LV�QHLWKHU�UHTXLUHG�QRU�
SURKLELWHG��

������ 0XVW�QRW���7KLV�DFWLRQ��DFWLYLW\��RU�SURFHGXUDO�VWHS�LV�SURKLELWHG��

����� 0XVW���7KLV�DFWLRQ��DFWLYLW\��RU�SURFHGXUDO�VWHS�LV�UHTXLUHG��

����� 6KRXOG���7KLV�DFWLRQ��DFWLYLW\��RU�SURFHGXUDO�VWHS�LV�VXJJHVWHG��EXW�QRW�
UHTXLUHG��

���� ,QWHUIHUHQFHV�

���� 0HWKRG�LQWHUIHUHQFHV�PD\�EH�FDXVHG�E\�FRQWDPLQDQWV�LQ�VROYHQWV��UHDJHQWV��JODVVZDUH�
DQG�RWKHU�VDPSOH�SURFHVVLQJ�KDUGZDUH���$OO�RI�WKHVH�PDWHULDOV�PXVW�EH�URXWLQHO\�
GHPRQVWUDWHG�WR�EH�IUHH�IURP�LQWHUIHUHQFHV�XQGHU�WKH�FRQGLWLRQV�RI�WKH�DQDO\VHV�E\�
UXQQLQJ�ODERUDWRU\�EODQNV�DV�GHVFULEHG�LQ�6HFWLRQ��������

��� *ODVVZDUH�PXVW�EH�VFUXSXORXVO\�FOHDQHG���&OHDQ�DOO�JODVVZDUH�E\�GHWHUJHQW�ZDVKLQJ�
ZLWK�KRW�ZDWHU�DQG�ULQVLQJ�ZLWK�WDS�ZDWHU���7KH�JODVVZDUH�VKRXOG�WKHQ�EH�GUDLQHG�GU\�
DQG�EDNHG�DW�RYHU���� &�IRU�VHYHUDO�KRXUV��
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��� ,QMHFWLRQV�LQWR�WKH�*&�PXVW�EH�PDGH�ZLWK�D�FOHDQ�V\ULQJH���&DUU\RYHU�RI�DQDO\WHV�
IURP�SUHYLRXVO\�LQMHFWHG�KLJK�OHYHO�VWDQGDUGV�RU�VDPSOHV�FDQ�KDYH�D�ODUJH�LQIOXHQFH�
RQ�WKH�PHDVXUHG�YDOXHV�RI�VXEVHTXHQW�VDPSOHV�RU�VWDQGDUGV���$IWHU�LQMHFWLRQ�RI�WKH�
VDPSOH��WKH�V\ULQJH�VKRXOG�EH�FOHDQHG�LPPHGLDWHO\�E\�ULQVLQJ�WKH�V\ULQJH�WHQ�WLPHV�
ZLWK�92&�IUHH�',�ZDWHU��

��� 6HYHUDO�FRPSRXQGV�FDQ�LQWHUIHUH�ZLWK�WKH�FKURPDWRJUDSK\�LI�WKH�VHSDUDWLRQ�LV�QRW�
HIILFLHQW��7KHVH�FRPSRXQGV�LQFOXGH�PHWK\O�PHUFDSWDQ��HWKDQRO��DFHWRQH��DQG�GLPHWK\O�
VXOILGH���:KHQ�WKH�FU\RJHQLF�*&�PHWKRG�LV�SHUIRUPHG�SURSHUO\��WKLV�PHWKRG�GRHV�
VXIILFLHQWO\�VHSDUDWH�WKHVH�FRPSRXQGV�IURP�PHWKDQRO�DW�FRQFHQWUDWLRQV�IRXQG�LQ�
FRQGHQVDWHV���:KHQ�WKH�QRQ�FU\RJHQLF�*&�PHWKRG�LV�SHUIRUPHG�SURSHUO\��WKH�PHWKRG�
XVHG�GLOXWLRQ�WR�UHPRYH�WKHVH�LQWHUIHUHQFHV���7KLV�FDQ�EH�DFKLHYHG�EHFDXVH�WKH�
PHWKDQRO�FRQFHQWUDWLRQ�LQ�WKHVH�W\SHV�RI�VDPSOHV�LV�PXFK�ODUJHU�WKDQ�WKH�
FRQFHQWUDWLRQ�RI�WKHVH�RWKHU�FRPSRXQGV��

��� &RPSRXQGV�PD\�LQWHUIHUH�ZLWK�WKH�LQWHUQDO�VWDQGDUG��:KHQ�LQLWLDOO\�DQDO\]LQJ�
VDPSOHV�RI�XQNQRZQ�FRPSRVLWLRQ��DQ�LQMHFWLRQ�ZLWKRXW�LQWHUQDO�VWDQGDUG�FDQ�EH�
SHUIRUPHG�WR�GHWHUPLQH�LI�DQ�LQWHUIHUHQFH�H[LVWV��

���� 6DIHW\�

���� $OO�FKHPLFDOV�VKRXOG�EH�WUHDWHG�DV�D�SRWHQWLDO�KHDOWK�KD]DUG���,W�LV�UHFRPPHQGHG�WKDW�
SUXGHQW�SUDFWLFHV�IRU�KDQGOLQJ�FKHPLFDOV�LQ�WKH�ODERUDWRU\�EH�HPSOR\HG��

���� 7KLV�PHWKRG�GRHV�QRW�DGGUHVV�DOO�VDIHW\�LVVXHV�DVVRFLDWHG�ZLWK�LWV�XVH���7KH�ODERUDWRU\�
LV�UHVSRQVLEOH�IRU�PDLQWDLQLQJ�D�VDIH�ZRUN�HQYLURQPHQW�DQG�D�FXUUHQW�DZDUHQHVV�RI�
26+$�UHJXODWLRQV�UHJDUGLQJ�VDIH�KDQGOLQJ�RI�FKHPLFDOV�XVHG�LQ�WKLV�PHWKRG���
0DWHULDO�VDIHW\�GDWD�VKHHWV��06'6V��VKRXOG�EH�DYDLODEOH�WR�DOO�SHUVRQQHO�LQYROYHG�LQ�
WKHVH�DQDO\VHV��

���� 0HWKDQRO�LV�D�IODPPDEOH�OLTXLG�ZKLFK�PD\�EH�KDUPIXO�LI�LQKDOHG�RU�LQJHVWHG���8VH�LQ�
D�ODERUDWRU\�IXPH�KRRG�DQG�ZHDU�DSSURSULDWH�JORYHV��H\H�SURWHFWLRQ�DQG�RWKHU�
SURWHFWLYH�FORWKLQJ��

���� (TXLSPHQW�DQG�6XSSOLHV�

���� %UDQG�QDPHV�DQG�VXSSOLHUV�DUH�FLWHG�IRU�LOOXVWUDWLYH�SXUSRVHV�RQO\���1R�HQGRUVHPHQW�
LV�LPSOLHG���(TXLYDOHQW�SHUIRUPDQFH�PD\�EH�DFKLHYHG�XVLQJ�HTXLSPHQW�DQG�PDWHULDO�
RWKHU�WKDQ�WKRVH�VSHFLILHG�KHUH��EXW�GHPRQVWUDWLRQ�RI�HTXLYDOHQW�SHUIRUPDQFH�WKDW�
PHHWV�WKH�UHTXLUHPHQWV�RI�WKLV�PHWKRG�LV�WKH�UHVSRQVLELOLW\�RI�WKH�ODERUDWRU\��

���� 6DPSOLQJ�HTXLSPHQW�

������ 6DPSOHV�DUH�WR�EH�FROOHFWHG�LQ�JODVV�RU�SODVWLF�ERWWOHV�WR�]HUR�KHDGVSDFH���,W�LV�
UHFRPPHQGHG�WKDW����P/�JODVV�YLDOV�ZLWK�7HIORQ �IDFHG�VLOLFRQH�EDFNHG�OLGV�
�92$�YLDOV��EH�XVHG��



',�0(2+��������0HWKDQRO�LQ�3URFHVV�/LTXLGV�DQG�:DVWHZDWHUV�E\�*&�),'

� �� 0D\������

������ )LJXUH���VKRZV�WKH�FRQILJXUDWLRQ�RI�D�92$�VDPSOH�FRROLQJ�WUDLQ���9DOYH�VL]HV�
VKRXOG�EH�VPDOO�HQRXJK�WR�\LHOG�FRQWUROODEOH�ORZ�IORZ�UDWHV��L�H���������P/�
SHU�PLQXWH����7KH�GLDPHWHU�RI�WKH�WXELQJ�VKRXOG�EH�VPDOO��L�H���DURXQG������
LQFK�LQVLGH�GLDPHWHU���

���� /DERUDWRU\�JODVVZDUH�DQG�VXSSOLHV�

������ $XWRVDPSOHU�YLDOV�FDSDEOH�RI�KROGLQJ���P/�

������ 9ROXPHWULF�IODVNV�

������ 9ROXPHWULF�SLSHWV�

������ 6\ULQJHV�

���� $QDO\WLFDO�HTXLSPHQW�

����� *DV�FKURPDWRJUDSK\�V\VWHP���JDV�FKURPDWRJUDSK\�DQDO\WLFDO�V\VWHP�FRPSOHWH�
ZLWK�D�WHPSHUDWXUH�SURJUDPPDEOH�JDV�FKURPDWRJUDSK�VXLWDEOH�IRU�VSOLWOHVV�
LQMHFWLRQ�DQG�DOO�UHTXLUHG�DFFHVVRULHV�LQFOXGLQJ�V\ULQJHV��DQDO\WLFDO�FROXPQV�
DQG�JDVHV��

����� *XDUG�FROXPQ������P�[������PP�GHDFWLYDWHG�IXVHG�VLOLFD�FDSLOODU\�FROXPQ�

����� &ROXPQ������P�[������PP�[��� P�ERQGHG�SKDVH�'%�����IXVHG�VLOLFD�FDSLOODU\�
FROXPQ��-	:�6FLHQWLILF�RU�HTXLYDOHQW������P�[������PP�[����� P�ERQGHG�
SKDVH�'%�:$;�IXVHG�VLOLFD�FDSLOODU\�FROXPQ��-	:�6FLHQWLILF�RU�HTXLYDOHQW���
���P�[������PP�[��� P�ERQGHG�SKDVH�'%�����IXVHG�VLOLFD�FDSLOODU\�FROXPQ�
�-	:�6FLHQWLILF�RU�HTXLYDOHQW��>QRQ�FU\RJHQLF�PHWKRG@��RU�RWKHU�FROXPQ�
VKRZQ�WR�EH�FDSDEOH�RI�VHSDUDWLQJ�PHWKDQRO�IURP�W\SLFDO�FRPSRQHQWV�IRXQG�LQ�
SURFHVV�OLTXLGV��

����� *&�GHWHFWRU���)ODPH�LRQL]DWLRQ�ZLWK�DSSURSULDWH�GDWD�V\VWHP���D�ODUJH�ERUH�MHW�
WLS�LV�UHFRPPHQGHG��FDSLOODU\�MHW�WLSV�ZHUH�IRXQG�WR�UHVXOW�LQ�IUHTXHQW�IODPH�
RXWV��

���� 5HDJHQWV�DQG�6WDQGDUGV�

��� 'HLRQL]HG�ZDWHU����'HLRQL]HG�ZDWHU�VKRXOG�EH�WHVWHG�LPPHGLDWHO\�EHIRUH�XVH�WR�
YHULI\�WKH�DEVHQFH�RI�DQ\�WDUJHW�DQDO\WHV���,I�LW�LV�IRXQG�WR�EH�FRQWDPLQDWHG��LW�PD\�EH�
QHFHVVDU\�WR�SUHSDUH�IUHVK�GHLRQL]HG�ZDWHU��SXUJH�WKH�ZDWHU�ZLWK�QLWURJHQ�RU�KHOLXP��
RU�ERLO�WKH�ZDWHU�WR�UHPRYH�WKH�FRQWDPLQDQW�V���

��� $QDO\WLFDO�VWDQGDUGV���5HDJHQW�JUDGH�RU�WKH�KLJKHVW�SXULW\�PHWKDQRO�DQG�
F\FORKH[DQRO�PXVW�EH�XVHG����
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��� ,QWHUQDO�VWDQGDUG�SULPDU\�VSLNLQJ�VROXWLRQ��3UHSDUH�SULPDU\�VWRFN�VROXWLRQ�E\�
DGGLQJ��������P/�F\FORKH[DQRO�WR�D�WDUHG�����P/�JURXQG�JODVV�VWRSSHUHG�YROXPHWULF�
IODVN���:HLJK�WKH�IODVN�DIWHU�WKH�DGGLWLRQ�RI�WKH�LQWHUQDO�VWDQGDUG�DQG�UHFRUG�WKH�
ZHLJKW�WR�WKH�QHDUHVW�����PJ���)LOO�WKH�IODVN�WR�����P/�ZLWK�',�ZDWHU���7KLV�ZLOO�UHVXOW�
LQ�D�QRPLQDO�������PJ�/�SULPDU\�VWRFN�VROXWLRQ���&RPSXWH�WKH�H[DFW�FRQFHQWUDWLRQ�
�PJ�/��XVLQJ�WKH�ZHLJKW�JDLQ���7KH�VROXWLRQ�FDQ�EH�VWRUHG�DW�URRP�WHPSHUDWXUH�IRU�
RYHU���PRQWKV���$�KLJKHU�FRQFHQWUDWLRQ�RI�LQWHUQDO�VWDQGDUG�VKRXOG�EH�SUHSDUHG�DQG�
XVHG�LI�WKH�XSSHU�OLPLW�RI�WKH�FDOLEUDWLRQ�FXUYH�EHLQJ�XVHG�LV�DERYH�����PJ�/���
$GGLWLRQDOO\��DQRWKHU�LQWHUQDO�VWDQGDUG�PDWHULDO�FRXOG�EH�XVHG�LI�LW�LV�GHPRQVWUDWHG�
WKDW�LW�GRHV�QRW�LQWHUIHUH�ZLWK�DQ\�RWKHU�SHDNV�LQ�WKH�FKURPDWRJUDP��

��� &DOLEUDWLRQ�SULPDU\�VWRFN�VROXWLRQ���)LOO�D�����P/�JURXQG�JODVV�VWRSSHUHG�
YROXPHWULF�IODVN�ZLWK�DSSUR[LPDWHO\����P/�',�ZDWHU���7DUH�WKH�IODVN�DIWHU�WKH�
DGGLWLRQ�RI�WKH�ZDWHU���8VLQJ�D�V\ULQJH��DGG�������P/�RI�PHWKDQRO��WDNLQJ�FDUH�WR�
LQMHFW�WKH�PHWKDQRO�GLUHFWO\�LQWR�WKH�ZDWHU���7KLV�ZLOO�UHVXOW�LQ�D�QRPLQDO�������PJ�/�
PHWKDQRO�SULPDU\�VWRFN�VROXWLRQ���8VH�WKLV�ZHLJKW�JDLQ�WR�FRPSXWH�WKH�H[DFW�PHWKDQRO�
FRQFHQWUDWLRQ���

��� &DOLEUDWLRQ�VROXWLRQV���3UHSDUH�ILYH�VWDQGDUG�VROXWLRQV�E\�VHULDO�GLOXWLRQV�RI�WKH�
VWRFN�VROXWLRQ���)RU�WKH�FU\RJHQLF�*&�PHWKRGV��WKH�FDOLEUDWLRQ�UDQJH�LV�����WR������
PJ�/���,W�KDV�EHHQ�IRXQG�WKDW�WKH�OLQHDU�UDQJH�FDQ�EH�H[WHQGHG�XS�WR��������PJ�/��EXW�
WKH�DFFXUDF\�DW�WKH�ORZHU�FRQFHQWUDWLRQV�LV�FRPSURPLVHG��DQG�WKH�SRVVLELOLW\�IRU�
LQWHUIHUHQFHV�LQFUHDVHV���)RU�WKH�QRQ�FU\RJHQLF�*&�PHWKRG��WKH�UHTXLUHG�FDOLEUDWLRQ�
UDQJH�LV�����WR�����PJ�/����

��� 6HFRQG�VRXUFH�VWDQGDUG�RU�FHUWLILHG�UHIHUHQFH�PDWHULDO���$�VHFRQG�VRXUFH�VWDQGDUG�
RU�FHUWLILHG�UHIHUHQFH�VWDQGDUG�FRQWDLQLQJ�PHWKDQRO�LQ�DQ�DTXHRXV�VROXWLRQ�PXVW�EH�
SUHSDUHG�RU�REWDLQHG�DQG�DQDO\]HG�DIWHU�HYHU\�FDOLEUDWLRQ�RI�WKH�LQVWUXPHQW���$�VHFRQG�
VRXUFH�VWDQGDUG�LV�D�VWDQGDUG�WKDW�LV�PDGH�IURP�PHWKDQRO�SXUFKDVHG�IURP�D�GLIIHUHQW�
YHQGRU�WKDQ�WKDW�ZKLFK�ZDV�XVHG�WR�SUHSDUH�WKH�FDOLEUDWLRQ�SULPDU\�VWRFN�VROXWLRQ��

���� 6DPSOH�&ROOHFWLRQ��3UHVHUYDWLRQ�DQG�6WRUDJH�

��� &ROOHFWLRQ���*UDE�VDPSOHV�DUH�FROOHFWHG�GLUHFWO\�IURP�WKH�SURFHVV�OLTXLG�VWUHDP�XVLQJ�
DQ�DSSURSULDWH�FROOHFWLRQ�YHVVHO��W\SLFDOO\�D����P/�92$�YLDO���)RU�VDPSOH�VWUHDPV�
ZKLFK�DUH�JUHDWHU�WKDQ����R)��D�FRROLQJ�FRLO�LV�XVHG�WR�ORZHU�WKH�WHPSHUDWXUH�RI�WKH�
VDPSOH�WR�EHORZ���� )���7KH�FRROLQJ�FRLO�WXELQJ�VKRXOG�EH�IOXVKHG�IRU�WZR�WR�WKUHH�
PLQXWHV�ZLWK�WKH�ZDVWHZDWHU�WR�EH�VDPSOHG�SULRU�WR�FROOHFWLQJ�D�VDPSOH���7KLV�LV�GRQH�
E\�RSHQLQJ�ERWK�YDOYHV�DQG�DOORZLQJ�WKH�VDPSOH�WR�UXQ�WKURXJK�WKH�WXELQJ���$IWHU�WKH�
OLQH�LV�IOXVKHG��YDOYHV�DUH�UHVWULFWHG�WR�VORZ�WKH�IORZ�UDWH���7KH�WHPSHUDWXUH�RI�WKH�
OLTXLG�WR�EH�VDPSOHG�VKRXOG�EH�FKHFNHG�WR�EH�VXUH�LW�LV�FRRO�SULRU�WR�FROOHFWLQJ�WKH�
VDPSOH���8VH�FDXWLRQ�ZKHQ�VDPSOLQJ�HYHQ�PRGHUDWHO\�KRW�VWUHDPV�LQWR�JODVV�YLDOV��
VLQFH�WKH�KHDW�PD\�FDXVH�WKH�JODVV�WR�EUHDN���)LOO�WKH�YLDO�WR�]HUR�KHDGVSDFH�ZLWK�WKH�
VDPSOH��

��� 3UHVHUYDWLRQ���(IIOXHQW�VDPSOHV�PXVW�EH�SUHVHUYHG�ZLWK�DFLG�XSRQ�FROOHFWLRQ���7KLV�
FDQ�EH�DFFRPSOLVKHG�E\�DGGLQJ�VHYHUDO�GURSV�RI�GLOXWH���1��DFLG��L�H���+&O��+�62���WR�
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WKH�VDPSOH�YLDO�EHIRUH�VDPSOH�FROOHFWLRQ�WR�EULQJ�WKH�S+�GRZQ�WR������WKHQ�ILOO�WR�]HUR�
KHDGVSDFH�DV�GHVFULEHG�DERYH���'R�QRW�DFLGLI\�WR�EHORZ�S+�����1R�SUHVHUYDWLRQ�LV�
QHFHVVDU\�IRU�RWKHU�W\SHV�RI�SURFHVV�OLTXLGV��

��� 6WRUDJH����$OO�VDPSOHV�PXVW�EH�VWRUHG�LQ�WKH�UHIULJHUDWRU��� &��XQWLO�DQDO\VLV���
6DPSOHV�PD\�EH�VWRUHG�IRU�DW�OHDVW����GD\V��

���� 4XDOLW\�&RQWURO�

��� (DFK�ILHOG�VDPSOLQJ�SURJUDP�RU�ODERUDWRU\�WKDW�XVHV�WKLV�PHWKRG�LV�UHTXLUHG�WR�
RSHUDWH�D�IRUPDO�TXDOLW\�DVVXUDQFH�SURJUDP���/DERUDWRU\�RU�ILHOG�SHUIRUPDQFH�LV�
FRPSDUHG�WR�HVWDEOLVKHG�FULWHULD�WR�GHWHUPLQH�LI�WKH�UHVXOWV�RI�WKH�DQDO\VHV�PHHW�WKH�
SHUIRUPDQFH�FULWHULD�RI�WKH�PHWKRG�

��� *&�0DLQWHQDQFH�

������ ,QMHFWRU�PDLQWHQDQFH���7KH�VHSWXP�DQG�LQMHFWLRQ�OLQHU�VKRXOG�EH�UHSODFHG�
ZKHQ�QHFHVVDU\���,I�WKLV�LV�QRW�GRQH��UHWHQWLRQ�WLPH�VKLIWV��SHDN�EURDGHQLQJ�DQG�
ORZ�FRQWLQXLQJ�FDOLEUDWLRQ�YHULILFDWLRQ�UHFRYHULHV�FDQ�RFFXU���

������ %DNHRXWV���:DWHU�FDQ�EXLOG�XS�LQ�WKH�*&��FDXVLQJ�SHDN�EURDGHQLQJ�DQG�),'�
IODPH�RXW���)UHTXHQW�EDNHRXWV�RI�WKH�V\VWHP�KHOS�WR�SXUJH�WKH�V\VWHP�RI�H[FHVV�
ZDWHU����

��� ,QLWLDO�*&�),'�SHUIRUPDQFH

����� 6HFRQG�VRXUFH�RU�FHUWLILHG�UHIHUHQFH�PDWHULDO���$�VHFRQG�VRXUFH�RU�FHUWLILHG�
UHIHUHQFH�PDWHULDO�PXVW�EH�HYDOXDWHG�DIWHU�HDFK�UHFDOLEUDWLRQ�RI�WKH�
LQVWUXPHQW���5HFRYHULHV�EHWZHHQ����DQG������DUH�UHTXLUHG�IRU�PHWKDQRO���

����� 5HSURGXFLELOLW\�FKHFN���:KHQ�WKH�LQVWUXPHQW�LV�VHW�XS�WR�SHUIRUP�WKLV�PHWKRG�
D�UHSURGXFLELOLW\�VHQVLWLYLW\�FKHFN�PXVW�EH�SHUIRUPHG���6HYHQ�DOLTXRWV�RI�WKH�
����PJ�/�FDOLEUDWLRQ�VWDQGDUG�PXVW�EH�DQDO\]HG���7KH��56'�RI�WKH�VHYHQ�
DQDO\VHV�IRU�PHWKDQRO�PXVW�EH�OHVV�WKDW�������

���� &RQWLQXLQJ�*&�),'�SHUIRUPDQFH

������ %ODQNV���2QH�PHWKRG�EODQN�PXVW�EH�SUHSDUHG�SHU�DQDO\WLFDO�EDWFK�WR�
GHPRQVWUDWH�WKDW�DOO�PDWHULDOV�DUH�LQWHUIHUHQFH�IUHH���7KH�FRQFHQWUDWLRQ�RI�
PHWKDQRO�LQ�WKH�EODQN�PXVW�EH�EHORZ�����PJ�/�

������ &DOLEUDWLRQ�YHULILFDWLRQ���%HIRUH�HDFK�VHW�RI�VDPSOHV�LV�DQDO\]HG��D�FDOLEUDWLRQ�
FKHFN�LV�GRQH�WR�GHWHUPLQH�WKDW�WKH�*&�),'�V\VWHP�LV�RSHUDWLQJ�ZLWKLQ�
DFFHSWDEOH�SDUDPHWHUV���7KH�FDOLEUDWLRQ�FKHFN�PXVW�LQYROYH�WKH�DQDO\VLV�RI�D�
FDOLEUDWLRQ�VWDQGDUG�LQ�WKH�PLG�UDQJH�RI�WKH�FDOLEUDWLRQ�FXUYH���7KH�
FRQFHQWUDWLRQ�RI�PHWKDQRO�PXVW�EH�ZLWKLQ� ����RI�WKH�H[SHFWHG�
FRQFHQWUDWLRQ���,I�WKH�FDOLEUDWLRQ�IDLOV�WR�PHHW�WKHVH�H[SHFWHG�FULWHULD��WKH�
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*&�),'�V\VWHP�PD\�UHTXLUH�PDLQWHQDQFH���,I�URXWLQH�PDLQWHQDQFH�GRHV�QRW�
FRUUHFW�WKH�SUREOHP��D�QHZ�VWDQGDUG�SUHSDUHG�IURP�D�IUHVK�FDOLEUDWLRQ�VWRFN�
VROXWLRQ�VKRXOG�EH�UXQ���,I�WKLV�VWLOO�IDLOV��WKH�LQVWUXPHQW�ZLOO�QHHG�WR�EH�
UHFDOLEUDWHG�

������ 5HSOLFDWHV���5HSOLFDWHV�FRQVLVW�RI�UXQQLQJ�WZR�RU�PRUH�VHSDUDWH�DOLTXRWV�RI�WKH�
VDPSOH�WKURXJK�WKH�HQWLUH�DQDO\WLFDO�SURFHGXUH���$�GXSOLFDWH�PXVW�EH�
SHUIRUPHG�IRU�HDFK�EDWFK�RI�VDPSOHV���7KH�UHODWLYH�SHUFHQW�GLIIHUHQFH�DQG�WKH�
PHDQ�VKRXOG�EH�WDEXODWHG�LQ�D�PHWKRG�SUHFLVLRQ�ORJ��

������ 0DWUL[�VSLNH�UHFRYHU\���$�PDWUL[�VSLNH�PD\�EH�SUHSDUHG�IRU�HDFK�EDWFK�RI�
VDPSOHV���8VLQJ�WKH�PHDQ�FRQFHQWUDWLRQ�GHWHUPLQHG�E\�WKH�UHSOLFDWH�DQDO\VHV�
RU�WKH�OHYHO�GHWHUPLQHG�IURP�D�VLQJOH�PHDVXUHPHQW��GHWHUPLQH�WKH�VSLNLQJ�
OHYHO�ZKLFK�ZLOO�JLYH�DW�OHDVW�WKUHH�WLPHV�WKH�VDPSOH�FRQFHQWUDWLRQ���,I�WKH�
VDPSOH�GRHV�QRW�KDYH�GHWHFWDEOH�OHYHOV�RI�DQDO\WHV��VSLNH�WKH�VDPSOH�DW�
DSSUR[LPDWHO\�ILYH�WLPHV�WKH�ORZHVW�FDOLEUDWLRQ�OHYHO�RI�WKH�LQVWUXPHQW���6SLNH�
WKH�VDPSOH�ZLWK�WKH�GHWHUPLQHG�DPRXQW�RI�WKH�FDOLEUDWLRQ�VWDQGDUG�RU�PDWUL[�
VSLNH�VROXWLRQ�DQG�DQDO\]H�WKH�VDPSOH�LQ�WKH�QRUPDO�PDQQHU���&DOFXODWH�WKH�
SHUFHQW�UHFRYHU\�XVLQJ�(TXDWLRQ����

(TXDWLRQ��

:KHUH��

5� �SHUFHQW�UHFRYHU\�RI�PDWUL[�VSLNH�
&6� �PHDVXUHG�FRQFHQWUDWLRQ�RI�VSLNHG�VDPSOH�
&1� �PHDVXUHG�FRQFHQWUDWLRQ�RI�QDWLYH�VDPSOH�
&7� �WKHRUHWLFDO�FRQFHQWUDWLRQ�RI�VSLNH�

���
&

&&
5

7

16
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����� &DOLEUDWLRQ�DQG�6WDQGDUGL]DWLRQ�

���� ),'�RSHUDWLQJ�FRQGLWLRQV�

$VVHPEOH�WKH�*&�),'�DQG�HVWDEOLVK�WKH�RSHUDWLQJ�FRQGLWLRQV�RXWOLQHG�LQ�7DEOH�������
RU�����2WKHU�FKURPDWRJUDSKLF�FROXPQV�DQG�FRQGLWLRQV�PD\�EH�XVHG�LI�LW�KDV�EHHQ�
HVWDEOLVKHG�WKDW�PHWKDQRO�LV�VHSDUDWHG�IURP�FRPSRXQGV�ZKLFK�PD\�FDXVH�
LQWHUIHUHQFH��DQG�TXDOLW\�FRQWURO�SDUDPHWHUV�DUH�PHW���2QFH�WKH�*&�),'�V\VWHP�LV�
RSWLPL]HG�IRU�DQDO\WLFDO�VHSDUDWLRQ�DQG�VHQVLWLYLW\��WKH�VDPSOH�RSHUDWLQJ�FRQGLWLRQV�
PXVW�EH�XVHG�WR�DQDO\]H�DOO�VDPSOHV��EODQNV��FDOLEUDWLRQ�VWDQGDUGV�DQG�TXDOLW\�
DVVXUDQFH�VDPSOHV���1RWH�WKDW�FRQVWDQW�LQMHFWLRQV�RI�DTXHRXV�VDPSOHV�FDQ�FDXVH�ZDWHU�
WR�EXLOG�XS�LQ�WKH�V\VWHP���7KLV�ZLOO�FDXVH�WKH�UHWHQWLRQ�WLPHV�WR�VKLIW�DQG�WKH�SHDNV�WR�
EURDGHQ���,W�LV�UHFRPPHQGHG�WKDW�DIWHU�DSSUR[LPDWHO\����LQMHFWLRQV�D�EDNHRXW�RI�WKH�
V\VWHP�EH�SHUIRUPHG���7KLV�VKRXOG�FRQVLVW�RI�KHDWLQJ�WKH�LQMHFWRU�WR���� &��WKH�RYHQ�
WR�RYHU���� &�DQG�WKH�GHWHFWRU�WR���� &�IRU�DW�OHDVW�VHYHUDO�KRXUV��

���� *&��),'�DQDO\VLV�RI�FDOLEUDWLRQ�VWDQGDUGV�

������� 'HWHUPLQH�WKH�UHWHQWLRQ�WLPH�RI�PHWKDQRO�E\�WDNLQJ�����P/�RI�WKH�PLG�UDQJH�
FDOLEUDWLRQ�VROXWLRQ�DQG�DGGLQJ�����/�RI�WKH�LQWHUQDO�VWDQGDUG�VROXWLRQ���,I�D�
������PJ�/��LQWHUQDO�VWDQGDUG�SULPDU\�VWRFN�VROXWLRQ�ZDV�SUHSDUHG��WKLV�ZLOO�
UHVXOW�LQ�D�FRQFHQWUDWLRQ�RI����PJ�/�RI�F\FORKH[DQRO�LQ�WKH�DXWRVDPSOHU�YLDO��
,I�D�GLIIHUHQW�FRQFHQWUDWLRQ�ZDV�XVHG��FDOFXODWH�WKH�FRUUHFW�FRQFHQWUDWLRQ�
UHVXOWLQJ�LQ�WKH�DXWRVDPSOHU�YLDO���,QMHFW����/�RI�WKLV�VROXWLRQ�DQG�GHWHUPLQH�
WKH�UHODWLYH�UHWHQWLRQ�WLPH�RI�PHWKDQRO�WR�WKH�LQWHUQDO�VWDQGDUG�XVLQJ�(TXDWLRQ�
���

������ 3UHSDUH�D�ILYH�SRLQW�FDOLEUDWLRQ�FXUYH�IRU�PHWKDQRO�E\�WDNLQJ�����P/�RI�HDFK�
FDOLEUDWLRQ�VROXWLRQ�DQG�DGGLQJ�WKH�LQWHUQDO�VWDQGDUG�VROXWLRQ�DV�GHVFULEHG�
DERYH���7KH�FDOLEUDWLRQ�UDQJH�LV�GHILQHG�LQ�6HFWLRQ�������8VH�RI�DQ�LQWHUQDO�
VWDQGDUG�IRU�FDOLEUDWLRQ�LV�UHTXLUHG���

������ &DOFXODWH�WKH�UHODWLYH�UHVSRQVH�IDFWRU��55)0��IRU�PHWKDQRO�XVLQJ�(TXDWLRQ�����
,I�WKH�UHODWLYH�VWDQGDUG�GHYLDWLRQ��56'��RI�WKH�DYHUDJH�55)0�LV�OHVV�WKDQ�����
IRU�PHWKDQRO��WKH�FDOLEUDWLRQ�LV�DFFHSWDEOH��7KH�DYHUDJH�55)0�FDQ�EH�XVHG�LQ�
DOO�VXEVHTXHQW�FDOFXODWLRQV���,I�WKH�FDOLEUDWLRQ�GRHV�QRW�SDVV�WKH�FULWHULD�WKH�
FDOLEUDWLRQ�FXUYH�VROXWLRQV�PXVW�EH�UHDQDO\]HG�DQG�UHHYDOXDWHG���,W�PD\�EH�
QHFHVVDU\�WR�SHUIRUP�LQVWUXPHQW�PDLQWHQDQFH�SULRU�WR�UHDQDO\VLV���,I�UHDQDO\VLV�
DOVR�IDLOV�WR�SURGXFH�D�OLQHDU�FXUYH��QHZ�FDOLEUDWLRQ�VWDQGDUGV�PXVW�EH�
SUHSDUHG�DQG�DQDO\]HG����

������� $QDO\]H�DQG�FDOFXODWH�WKH�FRQFHQWUDWLRQ�RI�WKH�PLG�UDQJH�FDOLEUDWLRQ�VWDQGDUG�
GDLO\��SULRU�WR�HDFK�VDPSOH�VHW��XVLQJ�(TXDWLRQ�����&DOFXODWH�WKH�SHUFHQW�
UHFRYHU\�RI�WKH�VWDQGDUG�XVLQJ�(TXDWLRQ���WR�YHULI\�WKH�FDOLEUDWLRQ���,Q�KRXVH�
SHUFHQW�UHFRYHU\�FRQWURO�OLPLWV�PXVW�EH�GHWHUPLQHG��DQG�DUH�QRW�WR�H[FHHG�
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����IRU�PHWKDQRO���,I�WKH�OLPLWV�DUH�H[FHHGHG��HLWKHU�SUHSDUH�D�QHZ�VWDQGDUG�
RU�SHUIRUP�LQVWUXPHQW�PDLQWHQDQFH���,I�QHFHVVDU\��UHFDOLEUDWH�WKH�LQVWUXPHQW��

(TXDWLRQ���

:KHUH��

5570� �UHODWLYH�UHWHQWLRQ�WLPH�RI�PHWKDQRO�
5W$� �UHWHQWLRQ�WLPH�RI�PHWKDQRO�
5W,6� �UHWHQWLRQ�WLPH�RI�LQWHUQDO�VWDQGDUG��F\FORKH[DQRO��

(TXDWLRQ���

:KHUH���

$0� �DUHD�RI�PHWKDQRO�SHDN�
$,6� �DUHD�RI�LQWHUQDO�VWDQGDUG�SHDN�
&0� �FRQFHQWUDWLRQ�RI�PHWKDQRO�LQMHFWHG�
&,6� �FRQFHQWUDWLRQ�RI�LQWHUQDO�VWDQGDUG�LQMHFWHG�

(TXDWLRQ���

:KHUH��

&0� �FRQFHQWUDWLRQ�RI�PHWKDQRO�LQ�VDPSOH��PJ�/��
$0� �DUHD�RI�PHWKDQRO�SHDN�LQ�WKH�VDPSOH�
&,6� �FRQFHQWUDWLRQ�RI�WKH�LQWHUQDO�VWDQGDUG��PJ�/��
$,6� �DUHD�RI�WKH�LQWHUQDO�VWDQGDUG�SHDN�
55)0� �UHODWLYH�UHVSRQVH�IDFWRU�RI�PHWKDQRO��6HFWLRQ���������

,6

0
0 5W
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(TXDWLRQ���

:KHUH��

&0� �FRQFHQWUDWLRQ�RI�PHWKDQRO�PHDVXUHG�
&(� �FRQFHQWUDWLRQ�RI�PHWKDQRO�H[SHFWHG�

���� $QDO\WLFDO�UDQJH�DQG�PLQLPXP�FDOLEUDWLRQ�OHYHO

������ 'HPRQVWUDWH�WKDW�WKH�FDOLEUDWLRQ�FXUYH�LV�OLQHDU��UHODWLYH�UHVSRQVH�IDFWRUV�
H[KLELW�D�56'�OHVV�WKDQ�����IRU�PHWKDQRO��WKURXJKRXW�WKH�UDQJH�RI�WKH�
FDOLEUDWLRQ�FXUYH�GHVFULEHG�LQ�6HFWLRQ������

������ 'HPRQVWUDWH�WKDW�PHWKDQRO�LV�GHWHFWDEOH�DW�����PJ�/�ZLWK�DQ�56'�RI�OHVV�WKDQ�
����IRU�PHWKDQRO�DV�GHVFULEHG�LQ�6HFWLRQ�������

����� 3URFHGXUH�

���� 7UDQVIHU�DQ�DOLTXRW������P/��RI�WKH�VDPSOH�WR�DQ�DXWRVDPSOHU�YLDO���$GG���� /�RI�WKH�
LQWHUQDO�VWDQGDUG�SULPDU\�VSLNH�VROXWLRQ�WR�HDFK�RI�WKH�DXWRVDPSOHU�YLDOV��3HUIRUP�WKH�
DQDO\VLV�E\�GLUHFW�DTXHRXV�LQMHFWLRQ�LQWR�WKH�*&�),'���,I�WKH�FRQFHQWUDWLRQ�RI�DQ�
DQDO\WH�LV�PRUH�WKDW�����DERYH�WKH�FDOLEUDWHG�UDQJH��WKH�VDPSOH�VKRXOG�EH�GLOXWHG�DQG�
UHDQDO\]HG�WR�PHDVXUH�WKH�DQDO\WH�FRQFHQWUDWLRQ���

���� ,I�GLOXWLRQ�LV�QHFHVVDU\��YROXPHWULF�IODVNV�FDQ�EH�XWLOL]HG�WR�DFKLHYH�WKH�GHVLUHG�
FRQFHQWUDWLRQV��$Q�DOLTXRW�RI�WKH�GLOXWHG�VDPSOH�LV�WKHQ�DQDO\]HG�DV�GHVFULEHG�LQ�
6HFWLRQ�������&DOFXODWH�WKH�GLOXWLRQ�IDFWRU�XVLQJ�(TXDWLRQ����

(TXDWLRQ���

6

7

9
9

')

:KHUH��

')� �GLOXWLRQ�IDFWRU�
96� �YROXPH�RI�VDPSOH��P/��XVHG�
97�� �WRWDO�YROXPH�RI�GLOXWLRQ��P/��

���
&

&
HU\FRY5H3HUFHQW

(
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����� 'DWD�$QDO\VLV�DQG�&DOFXODWLRQV�

���� *&�),'�GDWD�DQDO\VLV

������� 7KH�DQDO\WHV�DUH�LGHQWLILHG�E\�FRPSDULVRQ�RI�WKH�UHODWLYH�UHWHQWLRQ�WLPHV�
HVWDEOLVKHG�LQ�WKH�FDOLEUDWLRQ�WR�WKH�UHWHQWLRQ�WLPHV�LQ�WKH�VDPSOHV��7KH�VDPSOH�
FRPSRQHQW�UHODWLYH�UHWHQWLRQ�WLPH��557��VKRXOG�IDOO�ZLWKLQ� �����557�XQLWV�
RI�WKH�557�RI�WKH�VWDQGDUG�FRPSRQHQW��

������� &DOFXODWH�WKH�VDPSOH�FRQFHQWUDWLRQ��XVLQJ�WKH�LQWHUQDO�VWDQGDUG�UHVSRQVH�
IDFWRUV�HVWDEOLVKHG�LQ�6HFWLRQ���������DFFRUGLQJ�WR�(TXDWLRQ���

(TXDWLRQ���

:KHUH��

&$� �FRQFHQWUDWLRQ�RI�FRPSRXQG�$�LQ�VDPSOH��PJ�/��
$$� �DUHD�RI�WKH�FRPSRXQG�$�SHDN�LQ�WKH�VDPSOH�
&,6� �FRQFHQWUDWLRQ�RI�WKH�LQWHUQDO�VWDQGDUG��PJ�/��
$,6� �DUHD�RI�WKH�LQWHUQDO�VWDQGDUG�SHDN�
55)0� �UHODWLYH�UHVSRQVH�IDFWRU�RI�FRPSRXQG�$��6HFWLRQ�������
&)� �FRUUHFWLRQ�IDFWRU�IURP�0HWKRG�����YDOLGDWLRQ��7DEOH����
')� �GLOXWLRQ�IDFWRU�

���� 'DWD�UHYLHZ�UHTXLUHPHQWV

������� 7KH�GDWD�DUH�UHYLHZHG�IRU�DFFXUDF\�RI�WKH�LGHQWLILFDWLRQ��*&�SUREOHPV��
LQWHUIHUHQFHV�DQG�ELDV���$Q\�SUREOHPV�VKRXOG�EH�FRUUHFWHG�SULRU�WR�UHSRUWLQJ�
RI�DQDO\WLFDO�UHVXOWV��

������ $OO�FKURPDWRJUDPV�PXVW�EH�PDQXDOO\�UHYLHZHG�WR�FRQILUP�LQWHUQDO�VWDQGDUG�
DQG�DQDO\WH�LGHQWLILFDWLRQ�DQG�DUHD�LQWHJUDWLRQV���$V�SDUW�RI�WKLV�UHYLHZ��WKH�
DQDO\VW�DVVHVVHV�ZKHWKHU�RU�QRW�WKH�FRQFHQWUDWLRQ�LV�ZLWKLQ�WKH�FDOLEUDWLRQ�
UDQJH�RI�WKH�LQVWUXPHQW���7KH�DQDO\VW�VKRXOG�GHWHUPLQH�LI�WKH�OHYHO�RI�
LQWHUIHUHQFHV�DQG�EDVHOLQH�QRLVH�FDQ�EH�FRUUHFWHG�ZLWK�GLOXWLRQ�RI�WKH�VDPSOHV��
$QRWKHU�WRRO�WKDW�FDQ�EH�XWLOL]HG�WR�LGHQWLI\�WKH�DQDO\WH�SHDNV�LV�WR�RYHUOD\�WKH�
VDPSOH�FKURPDWRJUDP�ZLWK�WKH�VWDQGDUG�FKURPDWRJUDP��

������ 7KH�LQWHUQDO�VWDQGDUG�DUHD�FRXQWV�PXVW�EH�UHYLHZHG�DQG�DGGHG�WR�D�FRQWURO�
FKDUW���7KH�LQ�KRXVH�GHWHUPLQHG�FRQWURO�OLPLWV�PXVW�QRW�H[FHHG� ����RI�WKH�
PHDQ��

$,6

,6$
$ 55)$

')&)&$
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������ $Q\�LQFRQVLVWHQFLHV�EHWZHHQ�UHSOLFDWH�DQDO\VHV�DUH�UHVROYHG��L�H���LI�PHWKDQRO�
LV�GHWHFWHG�LQ�RQH�UHSOLFDWH�DQG�QRW�WKH�RWKHU���DQG�DWWHPSWV�DUH�PDGH�WR�
GHWHUPLQH�WKH�UHDVRQ��

������ *HQHUDWH�D�UHSRUW�WKDW�LQFOXGHV�WKH�UHWHQWLRQ�WLPH��WKH�DUHD��DQG�WKH�FDOFXODWHG�
FRQFHQWUDWLRQV�RI�WKH�DQDO\WHV��DQG�LQWHUQDO�VWDQGDUG�UHFRYHU\��EDVHG�RQ�DUHD�
FRXQWV���

������ 5HSRUW�WKH�UHVXOWV�IRU�WKH�OHDVW�GLOXWH�VDPSOH�ZKHUH�WKH�FRQFHQWUDWLRQ�
PHDVXUHG�ZDV�ZLWKLQ�WKH�DFFHSWDEOH�FDOLEUDWLRQ�UDQJH��

������ :KHUH�DQDO\WHV�DUH�QRW�GHWHFWHG�RU�DUH�GHWHFWHG�EHORZ�WKH�ORZHVW�FDOLEUDWLRQ�
VWDQGDUG��UHSRUW�WKH�0LQLPXP�0HDVXUHPHQW�/HYHO���5HSRUW�D�UHYLVHG�
0LQLPXP�0HDVXUHPHQW�/HYHO�LQ�DFFRUGDQFH�ZLWK�6HFWLRQ��������IRU�DQ\�
GLOXWH�DQDO\VHV�ZKHUH�OHVV�GLOXWH�VDPSOHV�ZHUH�QRW�UXQ�DQG�IRU�DQ\�DQDO\WH�WKDW�
ZDV�QRW�GHWHFWHG��

���� 'DWD�UHSRUWLQJ�UHTXLUHPHQWV

������� 5HSRUW�UHVXOWV�LQ�PJ�/�WR�DSSURSULDWH�QXPEHU�RI�VLJQLILFDQW�ILJXUHV�IRU�
LQGLYLGXDO�VLWXDWLRQV��

������� 5HSRUW�DOO�FRUUHVSRQGLQJ�EODQNV��UHSOLFDWHV�DQG�PDWUL[�VSLNHV�UHFRYHULHV�IRU�
HDFK�DQDO\WLFDO�EDWFK�RI�VDPSOHV��

����� 0HWKRG�3HUIRUPDQFH�

����� 6LQJOH�ODERUDWRU\�PHWKRG�YDOLGDWLRQ�VWXGLHV�ZHUH�SHUIRUPHG�GXULQJ�WKH�GHYHORSPHQW�
RI�WKH�PHWKRG��DQG�LQFOXGHG�HYDOXDWLRQ�EDVHG�RQ�WKH�8QLWHG�6WDWHV�(QYLURQPHQWDO�
3URWHFWLRQ�$JHQF\��(3$��0HWKRG������)LHOG�9DOLGDWLRQ�RI�(PLVVLRQ�&RQFHQWUDWLRQV�
IURP�6WDWLRQDU\�6RXUFHV��$SSHQGL[�$�WR�&)5�������7KH�PHWKRG�SHUIRUPDQFH�GDWD�DUH�
SUHVHQWHG�LQ�6HFWLRQ�����7DEOH����

����� 3ROOXWLRQ�3UHYHQWLRQ�

����� 7KH�ODERUDWRU\�VKRXOG�FKHFN�ZLWK�VWDWH�DQG�ORFDO�UHTXLUHPHQWV�WR�GHWHUPLQH�LI�
SROOXWLRQ�SUHYHQWLRQ�HTXLSPHQW��VXFK�DV�VROYHQW�UHFRYHU\�GHYLFHV��DUH�UHTXLUHG�RU�
UHFRPPHQGHG�LQ�WKHLU�DUHD���8VH�RI�WKHVH�GHYLFHV�WR�UHFODLP�VROYHQWV�FDQ�EH�SDUW�RI�D�
SROOXWLRQ�SUHYHQWLRQ�SURJUDP�WR�UHGXFH�DLU�HPLVVLRQV��
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����� :DVWH�0DQDJHPHQW�

����� ,W�LV�WKH�UHVSRQVLELOLW\�RI�WKH�ODERUDWRU\�WR�FRPSO\�ZLWK�DOO�IHGHUDO��VWDWH�DQG�ORFDO�
UHJXODWLRQV�JRYHUQLQJ�ZDVWH�PDQDJHPHQW��SDUWLFXODUO\�WKH�KD]DUGRXV�ZDVWH�
LGHQWLILFDWLRQ�UXOHV�DQG�ODQG�GLVSRVDO�UHVWULFWLRQV��DQG�WR�SURWHFW�WKH�DLU��ZDWHU��DQG�
ODQGV�E\�PLQLPL]LQJ�UHOHDVHV�LQWR�WKH�HQYLURQPHQW���&RPSOLDQFH�ZLWK�DOO�VHZDJH�
GLVFKDUJH�SHUPLWV�DQG�UHJXODWLRQV�LV�DOVR�UHTXLUHG��

����� 5HIHUHQFHV�

����� 1DWLRQDO�&RXQFLO�RI�WKH�3DSHU�,QGXVWU\�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW��,QF��
�1&$6,���������9RODWLOH�2UJDQLF�(PLVVLRQV�IURP�3XOS�DQG�3DSHU�0LOO�6RXUFHV��3DUW�
;���7HVW�0HWKRGV��4XDOLW\�$VVXUDQFH�4XDOLW\�&RQWURO�3URFHGXUHV��DQG�'DWD�$QDO\VLV�
3URWRFROV��7HFKQLFDO�%XOOHWLQ�1R�������5HVHDUFK�7ULDQJOH�3DUN��1&��1DWLRQDO�&RXQFLO�
RI�WKH�3DSHU�,QGXVWU\�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW��,QF��

����� 8QLWHG�6WDWHV�(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��(3$��0HWKRG������)LHOG�9DOLGDWLRQ�
RI�(PLVVLRQ�&RQFHQWUDWLRQV�IURP�6WDWLRQDU\�6RXUFHV��$SSHQGL[�$�WR�&)5�������

����� 7DEOHV��'LDJUDPV��)ORZFKDUWV�$QG�9DOLGDWLRQ�'DWD�

����� 7KURXJK�WKH�XVH�RI�WKH�(3$�0HWKRG�����YDOLGDWLRQ�SURFHGXUH��WKLV�PHWKRG�KDV�EHHQ�
VKRZQ�WR�EH�D�YDOLG�PHWKRG�IRU�PHDVXUHPHQW�RI�PHWKDQRO�LQ�WUHDWHG�HIIOXHQW��
XQWUHDWHG�HIIOXHQW��VWULSSHG�FRQGHQVDWH��IRXO�FRQGHQVDWH�DQG�ZHDN�ZDVK�IURP�NUDIW�
PLOO�VRXUFHV��DQG�FRQGHQVDWH��HYDSRUDWRU�FRQGHQVDWH��LQIOXHQW�WR�VOXGJH�DQG�GLUW\�KRW�
ZDWHU�SODQWV�IURP�VXOILWH�PLOO�VRXUFHV���$�VXPPDU\�RI�WKHVH�YDOLGDWLRQ�GDWD�DUH�
SUHVHQWHG�LQ�7DEOH����
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7DEOH�����*&�),'�2SHUDWLQJ�&RQGLWLRQV�IRU�0HWKDQRO�$QDO\VLV�
'%�����&ROXPQ�ZLWK�&U\RJHQLFV�

,QMHFWLRQ�� 'LUHFW��6SOLWOHVV��
,QMHFWRU�7HPSHUDWXUH�� ��� &�
,QMHFWLRQ�9ROXPH�� �� /�
,QMHFWLRQ�/LQHU�6L]H�� ��PP�LG��QR�SDFNLQJ��
6\ULQJH�5LQVH�� ���ULQVHV�ZLWK�92&�IUHH�',�ZDWHU�
),'�'HWHFWRU�7HPSHUDWXUH�� ��� &�
+��)ORZ�5DWH�� DSSUR[�����P/�PLQ�
$LU�)ORZ�5DWH�� DSSUR[������P/�PLQ�
0DNHXS�*DV�� 1LWURJHQ�RU�+HOLXP�
0DNHXS�*DV�)ORZ�5DWH�� DSSUR[�����P/�PLQ�
&DUULHU�*DV�� +HOLXP�
&DUULHU�*DV�)ORZ�5DWH�� FRQVWDQW�SUHVVXUH�PRGH�WR�JLYH���

P/�PLQ�DW�URRP�WHPSHUDWXUH��RU�XVH�
FRQVWDQW�IORZ�PRGH�DW���P/�PLQ��

&ROXPQ�� -	:�'%���������P�[������PP�LG�[�
��PLFURQ�IXVHG�VLOLFD�FDSLOODU\�
FROXPQ�ZLWK����P�GHDFWLYDWHG�IXVHG�
VLOLFD�JXDUG�FROXPQ�

&U\RJHQLFV�� 2Q�
7HPSHUDWXUH�3URJUDP� &��
����������,QLWLDO�� � &�IRU���PLQ�
����������5DPS���� � &�PLQ�WR��� &�IRU���PLQXWHV�
����������5DPS���� �� &�PLQ�WR���� &�IRU����PLQXWHV�
����������5DPS���� �� &�PLQ�WR���� &�IRU���PLQXWHV�
5HWHQWLRQ�7LPH�2UGHU�� $FHWDOGHK\GH��0HWK\O�0HUFDSWDQ��

0HWKDQRO��(WKDQRO��
3URSLRQDOGHK\GH��0HWK\O�(WK\O�
.HWRQH��&\FORKH[DQRO�

5HODWLYH�5HWHQWLRQ�7LPH�� 0HWKDQRO���������
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7DEOH�����*&�),'�2SHUDWLQJ�&RQGLWLRQV�IRU�0HWKDQRO�$QDO\VLV�
'%�:$;�&ROXPQ�ZLWK�&U\RJHQLFV�

,QMHFWLRQ�� 'LUHFW��6SOLWOHVV��
,QMHFWRU�7HPSHUDWXUH�� ��� &�
,QMHFWLRQ�9ROXPH�� �� /�
,QMHFWLRQ�/LQHU�6L]H�� ��PP�LG��QR�SDFNLQJ��
6\ULQJH�5LQVH�� ���ULQVHV�ZLWK�92&�IUHH�',�ZDWHU�
),'�'HWHFWRU�7HPSHUDWXUH�� ��� &�
+��)ORZ�5DWH�� DSSUR[�����P/�PLQ�
$LU�)ORZ�5DWH�� DSSUR[������P/�PLQ�
0DNHXS�*DV�� 1LWURJHQ�RU�+HOLXP�
0DNHXS�*DV�)ORZ�5DWH�� DSSUR[�����P/�PLQ�
&DUULHU�*DV�� +HOLXP�
&DUULHU�*DV�)ORZ�5DWH�� FRQVWDQW�SUHVVXUH�PRGH�WR�JLYH���

P/�PLQ�DW�URRP�WHPSHUDWXUH��RU�XVH�
FRQVWDQW�IORZ�PRGH�DW���P/�PLQ��

&ROXPQ�� -	:�'%�:$;�����P�[������PP�LG�
[�����PLFURQ�IXVHG�VLOLFD�FDSLOODU\�
FROXPQ�ZLWK����P�GHDFWLYDWHG�IXVHG�
VLOLFD�JXDUG�FROXPQ�

&U\RJHQLFV�� 2Q�
7HPSHUDWXUH�3URJUDP� &��
����������,QLWLDO�� � &�IRU���PLQ�
����������5DPS���� � &�PLQ�WR��� &�IRU���PLQXWHV�
����������5DPS���� �� &�PLQ�WR���� &�IRU����PLQXWHV�
����������5DPS���� �� &�PLQ�WR���� &�IRU���PLQXWHV�
5HWHQWLRQ�7LPH�2UGHU�� $FHWDOGHK\GH��$FHWRQH��0HWK\O�

(WK\O�.HWRQH��0HWKDQRO��
&\FORKH[DQRO�

5HODWLYH�5HWHQWLRQ�7LPH�� 0HWKDQRO���������
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'%�����&ROXPQ�ZLWKRXW�&U\RJHQLFV�

,QMHFWLRQ�� 'LUHFW��6SOLWOHVV��
,QMHFWRU�7HPSHUDWXUH�� ��� &�
,QMHFWLRQ�9ROXPH�� �� /�
,QMHFWLRQ�/LQHU�6L]H�� ��PP�LG��QR�SDFNLQJ��
6\ULQJH�5LQVH�� ���ULQVHV�ZLWK�92&�IUHH�',�ZDWHU�
),'�'HWHFWRU�7HPSHUDWXUH�� ��� &�
+��)ORZ�5DWH�� DSSUR[�����P/�PLQ�
$LU�)ORZ�5DWH�� DSSUR[������P/�PLQ�
0DNHXS�*DV�� 1LWURJHQ�RU�+HOLXP�
0DNHXS�*DV�)ORZ�5DWH�� DSSUR[�����P/�PLQ�
&DUULHU�*DV�� +HOLXP�
&DUULHU�*DV�)ORZ�5DWH�� FRQVWDQW�SUHVVXUH�PRGH�WR�JLYH���

P/�PLQ�DW�URRP�WHPSHUDWXUH��RU�XVH�
FRQVWDQW�IORZ�PRGH�DW���P/�PLQ��

&ROXPQ�� -	:�'%���������P�[������PP�LG�[�
��PLFURQ�IXVHG�VLOLFD�FDSLOODU\�
FROXPQ�ZLWK����P�GHDFWLYDWHG�IXVHG�
VLOLFD�JXDUG�FROXPQ�

&U\RJHQLFV�� 2II�
7HPSHUDWXUH�3URJUDP� &��
����������,QLWLDO�� �� &�IRU���PLQ�
����������5DPS���� � &�PLQ�WR��� &�IRU���PLQXWHV�
����������5DPS���� �� &�PLQ�WR���� &�IRU����PLQXWHV�
����������5DPS���� �� &�PLQ�WR���� &�IRU���PLQXWHV�
5HWHQWLRQ�7LPH�2UGHU�� $FHWDOGHK\GH��0HWK\O�0HUFDSWDQ��

0HWKDQRO��(WKDQRO��
3URSLRQDOGHK\GH��0HWK\O�(WK\O�
.HWRQH��&\FORKH[DQRO�

5HODWLYH�5HWHQWLRQ�7LPH�� 0HWKDQRO���������
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7DEOH����0HWKRG�����9DOLGDWLRQ�5HVXOWV�IRU�0HWKDQRO�

6RXUFH� 6WDWLVWLFDO�
3DUDPHWHUV�

,QWHUSUHWDWLRQ�,QIRUPDWLRQ�

56'�
�6��
��

56'�
�8�/�
��

&)� +LJK�
6SLNHG�
6DPSOH�
&RQF��
�PJ�/��

/RZ�8QVSLNHG�
6DPSOH�
&RQF��
�PJ�/��

$YHUDJH�
6DPSOH�
&RQF���
�PJ�/��

&RQGHQVDWH�D�� ��� �� 1$� ���� ���� ����

'LUW\�+RW�:DWHU�3ODQW�D� ��� ��� 1$� ����� ����� �����

(YDSRUDWRU�&RQGHQVDWH�D� ��� ��� 1$� ����� ���� ����

)RXO�&RQGHQVDWH�� ��� �� 1$� ����� ����� �����

,QIOXHQW�WR�6OXGJH�D� ��� ��� 1$� ���� ���� ����

6WULSSHG�&RQGHQVDWH� �� �� 1$� ���� ��� ���

8QWUHDWHG�(IIOXHQW� �� ��� 1$� �� ��� ���

:HDN�:DVK� ��� �� 1$� ����� ��� ����F

7UHDWHG�(IIOXHQW�E� ��� ��� 1$� ���� ��� ���
D�IURP�D�VXOILWH�PLOO�
E�XVHG�GRXEOH�VSLNLQJ�SURFHGXUH��DQG�WUHDWHG�ZLWK�QLWULF�DFLG�IRU�SUHVHUYDWLRQ�
F�7KLV�YDOXH�LV�QHJDWLYH�GXH�WR�OHVV�WKDQ������UHFRYHU\�RI�WKH�VSLNH��DQG�WKH�VPDOO�

FRQFHQWUDWLRQ�RI�PHWKDQRO�SUHVHQW�DV�FRPSDUHG�WR�WKH�VSLNH�FRQFHQWUDWLRQ�
56'�6����5HODWLYH�VWDQGDUG�GHYLDWLRQ�RI�VSLNHG�VDPSOHV�
56'�8�/����5HODWLYH�VWDQGDUG�GHYLDWLRQ�RI�XQVSLNHG�RU�ORZ�OHYHO�VSLNHG�VDPSOHV�
&)���&RUUHFWLRQ�IDFWRU�DV�FDOFXODWHG�LQ�WKH�0HWKRG�����YDOLGDWLRQ�SURFHGXUH���$�FRUUHFWLRQ�

IDFWRU�LV�FDOFXODWHG�RQO\�LI�WKHUH�LV�D�KLJK�ELDV�SUHVHQW�
1$���1RW�DSSOLFDEOH�
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)LJXUH�����92$�6DPSOH�&RROLQJ�7UDLQ�

3URFHVV�(IIOXHQW

&RROHU

&RROLQJ�&RLO

,FH�%DWK
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1&$6,�:HVW�&RDVW�5HJLRQDO�&HQWHU�
&RUYDOOLV��2UHJRQ�



$FNQRZOHGJPHQWV�

7KLV�UHSRUW�ZDV�ZULWWHQ�E\�'LDQD�&RRN��3URMHFW�/HDGHU��DQG�'HDQ�+R\��6HQLRU�5HVHDUFK�$VVRFLDWH�DW�1&$6,¶V�:HVW�
&RDVW�5HJLRQDO�&HQWHU���-XGLWK�$GDPVNL�DQG�.DUHQ�3KHOSV�DVVLVWHG�ZLWK�GRFXPHQW�SUHSDUDWLRQ��

)RU�PRUH�LQIRUPDWLRQ�DERXW�WKLV�UHVHDUFK��FRQWDFW��

'LDQD�&RRN�
3URMHFW�/HDGHU�
1&$6,�:HVW�&RDVW�5HJLRQDO�&HQWHU�
3�2��%R[�����
&RUYDOOLV��25��������
���������������
GFRRN#QFDVL�RUJ�

3DXO�:LHJDQG�
9LFH�3UHVLGHQW��:DWHU�4XDOLW\�
1&$6,�
3�2��%R[�������
5HVHDUFK�7ULDQJOH�3DUN��1&�������������
���������������
SZLHJDQG#QFDVL�RUJ�

-RKQ�3LQNHUWRQ��3K�'��
9LFH�3UHVLGHQW��$LU�4XDOLW\�
1&$6,�
3�2��%R[�������
5HVHDUFK�7ULDQJOH�3DUN��1&�������������
���������������
MSLQNHUWRQ#QFDVL�RUJ�

)RU�LQIRUPDWLRQ�DERXW�1&$6,�SXEOLFDWLRQV��FRQWDFW��

3XEOLFDWLRQV�&RRUGLQDWRU�
1&$6,�
32�%R[�������
5HVHDUFK�7ULDQJOH�3DUN��1&�������������
���������������
SXEOLFDWLRQV#QFDVL�RUJ�

1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW��,QF���1&$6,�����������'HYHORSPHQW�DQG�DSSOLFDWLRQ�RI�D�PHWKRG�
IRU�PHDVXULQJ�UHGXFHG�VXOIXU�FRPSRXQGV�LQ�SXOS�DQG�SDSHU�PLOO�ZDVWHZDWHUV���7HFKQLFDO�%XOOHWLQ�1R�������5HVHDUFK�
7ULDQJOH�3DUN��1&��1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW��,QF��

�������E\�WKH�1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW��,QF��



1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW�

QFDVL
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35(6,'(17¶6�127(�

,Q�UHFHQW�\HDUV��1&$6,¶V�WHFKQLFDO�SURJUDP�KDV�DGGUHVVHG�WKH�LGHQWLILFDWLRQ�RI�RGRURXV�FRPSRXQGV��
LQ�ZDVWHZDWHUV�DQG�WKHLU�HPLVVLRQ�IURP�ZDVWHZDWHU�WUHDWPHQW�SODQWV��::73V���7R�IDFLOLWDWH�WKLV���
VWDII�HYDOXDWHG�H[LVWLQJ�DQDO\WLFDO�PHWKRGV�DQG��ZKHUH�QHFHVVDU\��GHYHORSHG�QHZ�PHWKRGV�DLPHG��
DW�LGHQWLI\LQJ�DQG�TXDQWLI\LQJ�ZDVWHZDWHU�FRQVWLWXHQWV�WKDW�PD\�FRQWULEXWH�WR�RGRUV�LQ�DQG�DURXQG�
WUHDWPHQW�V\VWHPV��$V�SDUW�RI�WKLV�HIIRUW��1&$6,�GHYHORSHG�DQG�DSSOLHG�1&$6,�0HWKRG�56&�������
IRU�WKH�GHWHUPLQDWLRQ�RI�WRWDO��LQRUJDQLF��VXOILGH��PHWK\O�PHUFDSWDQ��0H6+���GLPHWK\O�VXOILGH��'06���
GLPHWK\O�GLVXOILGH��'0'6���DQG�GLPHWK\O�WULVXOILGH��'076��LQ�SXOS�DQG�SDSHU�PLOO�ZDVWHZDWHUV��
7KHVH�UHGXFHG�VXOIXU�FRPSRXQGV�KDYH�EHHQ�DVVRFLDWHG�ZLWK�RGRUV�LQ�::73V�DQG�DUH�RIWHQ�WUDFNHG��
DV�SDUW�RI�RGRU�UHGXFWLRQ�SURJUDPV��7KLV�UHSRUW�SUHVHQWV�WKH�UHVXOWV�RI�D�VLQJOH�ODERUDWRU\�HYDOXDWLRQ�
RI�WKH�PHWKRG�WR�DVVHVV�SUHFLVLRQ�DQG�DFFXUDF\��PHWKRG�EODQNV��OLQHDULW\��DQG�UHSURGXFLELOLW\��
&RQFHQWUDWLRQV�RI�WRWDO�VXOILGH��0H6+��'06��'0'6��DQG�'076�PHDVXUHG�LQ�VDPSOHV�FROOHFWHG�
WKURXJKRXW�WKH�::73V�RI�RYHU�WZHQW\�PLOOV�DUH�DOVR�LQFOXGHG��,QIRUPDWLRQ�LQ�WKLV�UHSRUW�ZLOO�EH��
RI�XVH�WR�PLOO�SHUVRQQHO�ZKR�PLJKW�ZLVK�WR�FRRUGLQDWH�DQDO\VHV�RI�WKHVH�FRPSRXQGV�DQG�WR�WKRVH�
WDVNHG�ZLWK�UHGXFLQJ�HPLVVLRQV�RU�RGRUV�UHODWHG�WR�UHGXFHG�VXOIXU�FRPSRXQGV��

5RQDOG�$��<HVNH�

-XQH������





1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW�

QFDVL
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'HSXLV�OHV�GHUQLqUHV�DQQpHV��OH�SURJUDPPH�WHFKQLTXH�GH�1&$6,�D�H[DPLQp�O¶LGHQWLILFDWLRQ�GHV�
FRPSRVpV�RGRUDQWV�GDQV�OHV�HDX[�XVpHV�HW�OHXU�pPLVVLRQ�SDU�OHV�V\VWqPHV�GH�WUDLWHPHQW�GHV�HDX[�XVpHV�
�67(8���3RXU�FH�IDLUH��OH�SHUVRQQHO�GH�1&$6,�D�pYDOXp�OHV�PpWKRGHV�DQDO\WLTXHV�H[LVWDQWHV�HW��
ORUVTXH�FHOD�V¶DYpUDLW�QpFHVVDLUH��D�GpYHORSSp�GH�QRXYHOOHV�PpWKRGHV�YLVDQW�j�LGHQWLILHU�HW�TXDQWLILHU�
OHV�FRPSRVDQWV�GHV�HDX[�XVpHV�VXVFHSWLEOHV�GH�FRQWULEXHU�DX[�RGHXUV�j�O¶LQWpULHXU�HW�DXWRXU�GHV�
V\VWqPHV�GH�WUDLWHPHQW���'DQV�OD�PrPH�IRXOpH��1&$6,�D�GpYHORSSp�HW�DSSOLTXp�VD�PpWKRGH�56&�
������SRXU�GpWHUPLQHU�OHV�VXOIXUHV�WRWDX[��LQRUJDQLTXHV���OH�PpWK\OH�PHUFDSWDQ��0H6+���OH�VXOIXUH��
GH�GLPpWK\OH��6'0���OH�GLVXOIXUH�GH�GLPpWK\OH��'6'0��HW�OH�WULVXOIXUH�GH�GLPpWK\OH��76'0��GDQV�
OHV�HDX[�XVpHV�GHV�IDEULTXHV�GH�SkWHV�HW�SDSLHUV���&HV�FRPSRVpV�GH�VRXIUH�UpGXLW�VRQW�DVVRFLpV�DX[�
RGHXUV�GDQV�OHV�67(8�HW�VRQW�VRXYHQW�VXUYHLOOpV�GDQV�OH�FDGUH�GHV�SURJUDPPHV�GH�UpGXFWLRQ�GHV�
RGHXUV���/H�SUpVHQW�UDSSRUW�PRQWUH�OHV�UpVXOWDWV�G¶XQH�pYDOXDWLRQ�HQ�ODERUDWRLUH�GH�FHWWH�PpWKRGH�DILQ�
G¶HQ�GpWHUPLQHU�OD�SUpFLVLRQ�HW�O¶H[DFWLWXGH��OHV�EODQFV�GH�PpWKRGH��OD�OLQpDULWp�HW�OD�UHSURGXFWLELOLWp���
/H�UDSSRUW�FRQWLHQW�pJDOHPHQW�OHV�FRQFHQWUDWLRQV�GH�VXOIXUHV�WRWDX[��0H6+��60'��'6'0�HW�76'0�
PHVXUpHV�GDQV�GHV�pFKDQWLOORQV�FROOHFWpV�GDQV�OHV�67(8�GH�SOXV�GH�YLQJW�IDEULTXHV���/H�SHUVRQQHO�GHV�
IDEULTXHV�TXL�VRXKDLWH�FRRUGRQQHU�OHV�DQDO\VHV�GH�FHV�FRPSRVpV�HW�FHOXL�HQ�FKDUJH�GH�OD�UpGXFWLRQ�GHV�
pPLVVLRQV�RX�GHV�RGHXUV�UHOLpHV�DX[�FRPSRVpV�GH�VRXIUH�UpGXLW�WURXYHURQW�XWLOH�O¶LQIRUPDWLRQ�FRQWHQXH�
GDQV�FH�UDSSRUW����

5RQDOG�$��<HVNH�

-XLQ������
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$%675$&7�

7KLV�UHVHDUFK�ZDV�LQLWLDWHG�WR�GHYHORS�DQG�DSSO\�D�PHWKRG�IRU�GHWHUPLQDWLRQ�RI�WRWDO��LQRUJDQLF��
VXOILGH��PHWK\O�PHUFDSWDQ��0H6+���GLPHWK\O�VXOILGH��'06���GLPHWK\O�GLVXOILGH��'0'6���DQG�
GLPHWK\O�WULVXOILGH��'076��LQ�SXOS�DQG�SDSHU�PLOO�ZDVWHZDWHU�VDPSOHV��1&$6,�0HWKRG�56&�������
XWLOL]HV�VHSDUDWH�SUHVHUYDWLRQV�DQG�LQMHFWLRQV�IRU�GHWHUPLQDWLRQ�RI�WRWDO�VXOILGH��]LQF�DFHWDWH�DW�S+�����
DQG�RUJDQLF�UHGXFHG�VXOIXU�FRPSRXQGV��256&V���DVFRUELF�DFLG�DW�S+�������$OO�VDPSOHV�DUH�DFLGLILHG�
�S+�������SULRU�WR�GLUHFW�LQMHFWLRQ�RQ�D�JDV�FKURPDWRJUDP�HTXLSSHG�ZLWK�D�SXOVHG�IODPH�SKRWRPHWULF�
GHWHFWRU��3)3'���'DLO\�FDOLEUDWLRQ�YHULILFDWLRQV�\LHOGHG�DYHUDJH�UHFRYHULHV�RI������IRU�WRWDO�VXOILGH�
�Q ����DQG�DYHUDJH�UHFRYHULHV�UDQJLQJ�IURP����WR������IRU�WKH�256&V��Q �����0HWKRG�EODQNV�ZHUH�
IUHH�RI�WKH�WDUJHW�DQDO\WHV��3UHFLVLRQ�DQG�DFFXUDF\�ZHUH�DVVHVVHG�XVLQJ�VXUURJDWH�DQG�PDWUL[�VSLNH�
UHFRYHU\�H[SHULPHQWV�DQG�UHSOLFDWH�DQDO\VHV��6XUURJDWH�UHFRYHULHV�IRU�WRWDO�VXOILGH��0H6+��'06��
'0'6��DQG�'076�LQ�RYHU������VDPSOHV�UDQJHG�IURP����WR�������ZLWK�DQ�DYHUDJH�UHFRYHU\�RI�
�������0DWUL[�VSLNH�UHFRYHULHV�DYHUDJHG��������������������DQG�����IRU�WRWDO�VXOILGH��0H6+��'06��
'0'6��DQG�'076��UHVSHFWLYHO\���3UHFLVLRQ�UHVXOWV�DV�UHIOHFWHG�E\�SRROHG�UHODWLYH�SHUFHQW�GLIIHUHQFHV�
�53'V��IRU�GXSOLFDWH�DQDO\VHV�UDQJHG�IURP�����WR�������6WRUDJH�VWDELOLW\�VWXGLHV�LQGLFDWHG�VWDELOLW\�RI�
WKH�VDPSOHV�IRU�XS�WR����GD\V��,QMHFWLRQ�S+�VLJQLILFDQWO\�LPSDFWHG�UHFRYHU\�RI�WRWDO�VXOILGH��ZLWK�S+�
����\LHOGLQJ�WKH�KLJKHVW�UHFRYHU\��������6WXGLHV�WR�DVVHVV�PDWUL[�DQG�VDPSOLQJ�YDULDELOLW\�\LHOGHG�
DYHUDJH�UHODWLYH�VWDQGDUG�GHYLDWLRQV�RI�������IRU�WRWDO�VXOILGH��������IRU�0H6+��������IRU�'06��
������IRU�'0'6��DQG�������IRU�'076��ZHOO�DERYH�WKH�YDULDELOLW\�RI�a���REVHUYHG�IRU�WKH�
DQDO\WLFDO�PHWKRG��

,QYHVWLJDWLRQV�FRQGXFWHG�LQ�FRQMXQFWLRQ�ZLWK�RGRU�UHGXFWLRQ�VWXGLHV�DW�WKHVH�PLOOV�\LHOGHG�D�ZLGH�
UDQJH�RI�UHVXOWV�IRU�UHGXFHG�VXOIXU�FRPSRXQG�FRQFHQWUDWLRQV�IURP�VLPLODU�ORFDWLRQV�ZLWKLQ�ZDVWHZDWHU�
WUHDWPHQW�SODQWV��::73V���0HGLDQ�FRQFHQWUDWLRQV�DW�SULPDU\�FODULILHU�RXWOHWV�ZHUH�����PJ�6�/�IRU�
WRWDO�VXOILGH����� J�6�/�IRU�0H6+����� J�6�/�IRU�'06����� J�6�/�IRU�'0'6��DQG����� J�6�/�IRU�
'076��0HGLDQ�FRQFHQWUDWLRQV�DW�WKH�IURQWV�RI�$6%V�ZHUH�����PJ�6�/�IRU�WRWDO�VXOILGH����� J�6�/�IRU�
0H6+����� J�6�/�IRU�'06����� J�6�/�IRU�'0'6��DQG����� J�6�/�IRU�'076��0HGLDQ�FRQFHQWUDWLRQV�
IURP�PLGSRLQWV�RI�WUHDWPHQW�ZHUH������PJ�6�/�IRU�WRWDO�VXOILGH�DQG����� J�6�/�IRU�256&V��,Q�ILQDO�
HIIOXHQWV��VDPSOH�PHGLDQV�ZHUH����� J�6�/�IRU�DOO�WDUJHW�DQDO\WHV��

.(<:25'6�

DQDO\WLFDO�PHWKRGV��GLPHWK\O�GLVXOILGH��GLPHWK\O�VXOILGH��HIIOXHQW��PHWK\O�PHUFDSWDQ��UHGXFHG�VXOIXU�
FRPSRXQGV��WRWDO�VXOILGH��ZDVWHZDWHU�

5(/$7('�1&$6,�38%/,&$7,216�

6SHFLDO�5HSRUW�1R���������-XQH���������(YDOXDWLRQ�RI�VXOILGH�LRQ�GHWHFWRU�WXEHV�IRU�GHWHUPLQLQJ�
VXOILGH�FRQFHQWUDWLRQV�LQ�SXOS�DQG�SDSHU�PLOO�ZDVWHZDWHUV���

135,�+DQGERRN����$������0DUFK���������+\GURJHQ�VXOSKLGH�±�3XOS�DQG�SDSHU��



0HWKRGV�0DQXDO����%������'HFHPEHU���������0HWKRG�56&��������5HGXFHG�VXOIXU�FRPSRXQGV�E\�
GLUHFW�LQMHFWLRQ�*&�3)3'��

7HFKQLFDO�%XOOHWLQ�1R�������$XJXVW���������&RPSLODWLRQ�RI�VSHFLDWHG�UHGXFHG�VXOIXU�FRPSRXQG�DQG�
WRWDO�UHGXFHG�VXOIXU�HPLVVLRQV�GDWD�IRU�NUDIW�PLOO�VRXUFHV��

1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW
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/HV�DXWHXUV�GX�UDSSRUW�RQW�LQLWLp�FHWWH�UHFKHUFKH�DILQ�GH�GpYHORSSHU�HW�G¶DSSOLTXHU�XQH�PpWKRGH�SRXU�
GpWHUPLQHU�OHV�VXOIXUHV�WRWDX[��LQRUJDQLTXHV���OH�PpWK\OH�PHUFDSWDQ��0H6+���OH�VXOIXUH�GH�GLPpWK\OH�
�6'0���OH�GLVXOIXUH�GH�GLPpWK\OH��'6'0��HW�OH�WULVXOIXUH�GH�GLPpWK\OH��76'0��GDQV�OHV�pFKDQWLOORQV�
G¶HDX�XVpH�GH�IDEULTXHV�GH�SkWHV�HW�SDSLHUV���'DQV�OD�PpWKRGH�56&�������GH�1&$6,��OD�SUpVHUYDWLRQ�GHV�
pFKDQWLOORQV�HW�O¶DMXVWHPHQW�GX�S+�SUpDODEOH�DX[�LQMHFWLRQV�VRQW�VpSDUpV�SRXU�GpWHUPLQHU�OHV�VXOIXUHV�
WRWDX[��DFpWDWH�GH�]LQF�j�S+�����HW�OHV�FRPSRVpV�RUJDQLTXHV�GH�VRXIUH�UpGXLW��&265���DFLGH�DVFRUELTXH�j�
S+�������7RXV�OHV�pFKDQWLOORQV�VRQW�DFLGLILpV��S+�������SUpDODEOHPHQW�j�O¶LQMHFWLRQ�GLUHFWH�GDQV�XQ�
FKURPDWRJUDSKH�HQ�SKDVH�JD]HXVH�PXQL�G¶XQ�GpWHFWHXU�SKRWRPpWULTXH�j�IODPPH�SXOVpH���SXOVHG�IODPH
SKRWRPHWULF�GHWHFWRU���3)3'���/HV�YpULILFDWLRQV�TXRWLGLHQQHV�GH�FDOLEUDWLRQ�RQW�GRQQp�GHV�SRXUFHQWDJHV�
GH�UpFXSpUDWLRQ�PR\HQV�GH������SRXU�OHV�VXOIXUHV�WRWDX[��Q ����HW�GHV�SRXUFHQWDJHV�GH�UpFXSpUDWLRQ�
PR\HQV�V¶pFKHORQQDQW�GH����j������SRXU�OHV�&265��Q �����/HV�EODQFV�GH�PpWKRGH�QH�FRQWHQDLHQW�SDV�
OHV�VXEVWDQFHV�FLEOpHV�SRXU�DQDO\VH���/HV�DXWHXUV�RQW�pYDOXp�OD�SUpFLVLRQ�HW�O¶H[DFWLWXGH�HQ�UpDOLVDQW�GHV�
H[SpULHQFHV�VXU�OD�UpFXSpUDWLRQ�GHV�pWDORQV�DQDORJXHV��VXUURJDWH��HW�GHV�PDWULFHV�HQULFKLHV�DLQVL�TXH�GHV�
DQDO\VHV�GHV�UpSOLFDV���/HV�SRXUFHQWDJHV�GH�UpFXSpUDWLRQ�GHV�pWDORQV�DQDORJXHV�SRXU�OHV�VXOIXUHV�WRWDX[��
OH�0H6+��6'0��'6'0�HW�76'0�GDQV�SOXV�GH������pFKDQWLOORQV�V¶pFKHORQQDLHQW�HQWUH����HW�������
DYHF�XQ�SRXUFHQWDJH�GH�UpFXSpUDWLRQ�PR\HQ�GH��������/HV�PR\HQQHV�GH�UpFXSpUDWLRQ�SRXU�OHV�PDWULFHV�
HQULFKLHV�pWDLHQW�GH�������������������HW�����SRXU�OHV�VXOIXUHV�WRWDX[��OH�0H6+��OH�6'0��OH�'6'0�HW�OH�
76'0��UHVSHFWLYHPHQW���/D�SUpFLVLRQ�GHV�UpVXOWDWV��UHSUpVHQWpH�SDU�OH�UHJURXSHPHQW�GHV�GLIIpUHQFHV�
UHODWLYHV�GHV�SRXUFHQWDJHV��UHODWLYH�SHUFHQW�GLIIHUHQFHV��53'V��SRXU�OHV�DQDO\VHV�GHV�GXSOLFDWDV��
V¶pFKHORQQDLW�GH�����j�������/HV�pWXGHV�GH�VWDELOLWp�ORUV�GH�O¶HQWUHSRVDJH�LQGLTXDLHQW�TXH�OD�VWDELOLWp�GHV�
pFKDQWLOORQV�VH�SURORQJHDLW�MXVTX¶j����MRXUV���/H�S+�G¶LQMHFWLRQ�D�SURGXLW�XQ�LPSDFW�VLJQLILFDWLI�VXU�OD�
UpFXSpUDWLRQ�GHV�VXOIXUHV�WRWDX[���/H�S+�GH�����D�SURGXLW�OD�UpFXSpUDWLRQ�OD�SOXV�pOHYpH��������/HV�pWXGHV�
YLVDQW�j�pYDOXHU�OD�YDULDELOLWp�GH�OD�PDWULFH�HW�GH�O¶pFKDQWLOORQQDJH�D�SURGXLW�GHV�pFDUWV�W\SHV�UHODWLIV�
PR\HQV�GH�������SRXU�OHV�VXOIXUHV�WRWDX[��������SRXU�OH�0H6+��������SRXU�OH�6'0��������SRXU�OH�
'6'0�HW�������SRXU�OH�76'0���&HV�YDOHXUV�VH�WURXYHQW�ELHQ�DX�GHVVXV�GH�OD�YDULDELOLWp�GH�a���
REVHUYpH�SRXU�OD�PpWKRGH�DQDO\WLTXH��

/HV�LQYHVWLJDWLRQV�UpDOLVpHV�HQ�FRPELQDLVRQ�DYHF�OHV�pWXGHV�GH�UpGXFWLRQ�GHV�RGHXUV�GDQV�FHV�
IDEULTXHV�RQW�SURGXLW�XQ�ODUJH�LQWHUYDOOH�GH�UpVXOWDWV�SRXU�OHV�FRQFHQWUDWLRQV�GH�FRPSRVpV�GH�VRXIUH�
UpGXLW�HW�FH��SRXU�GHV�HQGURLWV�VLPLODLUHV�GDQV�OHV�V\VWqPHV�GH�WUDLWHPHQW�GHV�HDX[�XVpHV��67(8�����
/HV�FRQFHQWUDWLRQV�PpGLDQHV�DX[�VRUWLHV�GH�FODULILFDWHXUV�SULPDLUHV�pWDLHQW�GH�����PJ�6�/�SRXU�OHV�
VXOIXUHV�WRWDX[����� J�6�/�SRXU�OH�0H6+����� J�6�/�SRXU�OH�6'0����� J�6�/�SRXU�OH�'6'0�HW��
���� J�6�/�SRXU�OH�76'0��/HV�FRQFHQWUDWLRQV�PpGLDQHV�j�O¶DYDQW�GHV�%6$��EDVVLQV�GH�VWDELOLVDWLRQ�
DpUpV���pWDLHQW�GH�����PJ�6�/�SRXU�OHV�VXOIXUHV�WRWDX[����� J�6�/�SRXU�OH�0H6+����� J�6�/�SRXU��
OH�6'0����� J�6�/�SRXU�OH�'6'0�HW����� J�6�/�SRXU�OH�76'0��/HV�FRQFHQWUDWLRQV�PpGLDQHV�
G¶pFKDQWLOORQV�SUpOHYpV�j�PL�FKHPLQ�GDQV�OHV�V\VWqPHV�GH�WUDLWHPHQW�pWDLHQW�GH������PJ�6�/�SRXU�OHV�
VXOIXUHV�WRWDX[�HW����� J�6�/�SRXU�OHV�&265��'DQV�OHV�HIIOXHQWV�ILQDX[��OHV�PpGLDQHV�GHV�pFKDQWLOORQV�
pWDLHQW�GH����� J�6�/�SRXU�WRXWHV�OHV�VXEVWDQFHV�FLEOpHV�SRXU�DQDO\VH��

��,O�V¶DJLW�GX�GpODL�GH�FRQVHUYDWLRQ��1�G�7���
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0276�&/e6�

0pWKRGHV�DQDO\WLTXHV��GLVXOIXUH�GH�GLPpWK\OH��VXOIXUH�GH�GLPpWK\OH��HIIOXHQW��PpWK\OH�PHUFDSWDQ��
FRPSRVpV�GH�VRXIUH�UpGXLW��VXOIXUHV�WRWDX[��HDX�XVpH�

$875(6�38%/,&$7,216�'(�1&$6,�'$16�&(�'20$,1(�

5DSSRUW�VSpFLDO�QR��������MXLQ���������(YDOXDWLRQ�RI�VXOILGH�LRQ�GHWHFWRU�WXEHV�IRU�GHWHUPLQLQJ�VXOILGH�
FRQFHQWUDWLRQV�LQ�SXOS�DQG�SDSHU�PLOO�ZDVWHZDWHUV���

135,�+DQGERRN����$������PDUV���������+\GURJHQ�VXOSKLGH�±�3XOS�DQG�SDSHU��

0HWKRGV�0DQXDO����%������GpFHPEUH���������0HWKRG�56&��������5HGXFHG�VXOIXU�FRPSRXQGV�E\�
GLUHFW�LQMHFWLRQ�*&�3)3'��

%XOOHWLQ�WHFKQLTXH�QR������DR�W���������&RPSLODWLRQ�RI�VSHFLDWHG�UHGXFHG�VXOIXU�FRPSRXQG�DQG�WRWDO�
UHGXFHG�VXOIXU�HPLVVLRQV�GDWD�IRU�NUDIW�PLOO�VRXUFHV��
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���� $QDO\WLFDO�0HWKRG�%ODQNV �������������������������������������������������������������������������������������������������� �

���� 3UHFLVLRQ�DQG�$FFXUDF\ ������������������������������������������������������������������������������������������������������ ��

���� 6DPSOH�3UHVHUYDWLRQ�DQG�6WDELOLW\ ������������������������������������������������������������������������������������ ���

���� S+�$GMXVWPHQW�3ULRU�WR�'LUHFW�,QMHFWLRQ��������������������������������������������������������������������������� ���

���� 1&$6,�0HWKRG�56&�������&RPPHQWV ���������������������������������������������������������������������������� ���

���� 0(7+2'�$33/,&$7,21�������������������������������������������������������������������������������������������������������� ���

���� 5HVXOWV�IRU�:DVWHZDWHU�7UHDWPHQW�3ODQW�6DPSOHV ������������������������������������������������������������ ���

���� 0DWUL[�DQG�6DPSOLQJ�9DULDELOLW\ �������������������������������������������������������������������������������������� ���

���� 6800$5<�$1'�&21&/86,216� ���������������������������������������������������������������������������������������� ���
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$33(1',&(6�

$� 1&$6,�0HWKRG�56&���������5HGXFHG�6XOIXU�&RPSRXQG�E\�'LUHFW�,QMHFWLRQ�
*&�3)3' ������������������������������������������������������������������������������������������������������������������������� $��
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7DEOH����� *ORVVDU\�RI�7HUPV�IRU�6XOILGH�&RPSRXQGV ������������������������������������������������������������������������ ��

7DEOH����� 0LOO�:DVWHZDWHU�7UHDWPHQW�3ODQWV�6DPSOHG����������������������������������������������������������������������� ��

7DEOH����� &RQILUPDWLRQ�RI�7RWDO�6XOILGH�6WDQGDUG�&RQFHQWUDWLRQ�8VLQJ�7KUHH�,QGHSHQGHQW�
0HWKRGV ������������������������������������������������������������������������������������������������������������������������������ ��

7DEOH����� 0HDQ�$EVROXWH�3HUFHQW�(UURU�&DOFXODWLRQV�IRU�&DOLEUDWLRQ�&XUYHV������������������������������������ ��

7DEOH����� 'DLO\�&DOLEUDWLRQ�9HULILFDWLRQ�6XPPDU\�IRU�1&$6,�0HWKRG�56&������ ������������������������� ��

7DEOH����� 0HWKRG�'HWHFWLRQ�/LPLW�6WXG\�)LQGLQJV ���������������������������������������������������������������������������� ��

7DEOH����� 6XUURJDWH�5HFRYHU\�6XPPDU\ �������������������������������������������������������������������������������������������� ��

7DEOH����� 0DWUL[�6SLNH�5HFRYHU\�6XPPDU\������������������������������������������������������������������������������������� ���

7DEOH����� 3UHFLVLRQ�LQ�:DVWHZDWHU�7UHDWPHQW�3ODQW�0DWULFHV� ��������������������������������������������������������� ���

7DEOH����� (IIHFWV�RI�,QMHFWLRQ�S+�RQ�6XOILGH�6WDQGDUG�5HFRYHU\����������������������������������������������������� ���

7DEOH����� 5HGXFHG�6XOIXU�&RPSRXQG�6XPPDU\�IRU�0LOO�:DVWHZDWHU�7UHDWPHQW�3ODQWV ����������������� ���

7DEOH����� 9DULDELOLW\�LQ�0LOO�'�$HUDWHG�6WDELOL]DWLRQ�%DVLQ�6DPSOH�&RQFHQWUDWLRQV ���������������������� ���

7DEOH����� 9DULDELOLW\�LQ�0LOO�7�$HUDWHG�6WDELOL]DWLRQ�%DVLQ�6DPSOH�&RQFHQWUDWLRQV����������������������� ���

7DEOH����� 9DULDELOLW\�LQ�0LOO�.�:DVWHZDWHU�7UHDWPHQW�3ODQW�6DPSOH�&RQFHQWUDWLRQV��������������������� ���

7DEOH����� 9DULDELOLW\�LQ�0LOO�3�:DVWHZDWHU�7UHDWPHQW�3ODQW�6DPSOH�&RQFHQWUDWLRQV���������������������� ���

7DEOH����� 0DWUL[�DQG�6DPSOLQJ�9DULDELOLW\�6XPPDU\���������������������������������������������������������������������� ���

),*85(6�

)LJXUH����� 8QSUHVHUYHG�6RGLXP�6XOILGH�6WDQGDUG�5HFRYHU\�RYHU�6WRUDJH�7LPH �������������������������������� ��

)LJXUH����� 6XUURJDWH�5HFRYHULHV�RI�7RWDO�6XOILGH�LQ�:DVWHZDWHU�7UHDWPHQW�3ODQW�0DWULFHV��������������� ��

)LJXUH����� 6XUURJDWH�5HFRYHULHV�RI�2UJDQLF�5HGXFHG�6XOIXU�&RPSRXQGV�LQ�:DVWHZDWHU�
7UHDWPHQW�3ODQW�0DWULFHV�������������������������������������������������������������������������������������������������� ���

)LJXUH����� 5HGXFHG�6XOIXU�&RPSRXQG�3HUFHQW�5HPDLQLQJ�DW�S+�����DQG�S+����3UHVHUYDWLRQ�
ZLWK�=LQF�$FHWDWH�DQG�$VFRUELF�$FLG�� ����������������������������������������������������������������������������� ���

)LJXUH����� 5HGXFHG�6XOIXU�&RPSRXQG�3HUFHQW�5HPDLQLQJ�DW�S+�����DQG�S+����3UHVHUYDWLRQ�
ZLWK�=LQF�$FHWDWH�������������������������������������������������������������������������������������������������������������� ���

)LJXUH����� 0LOO�$�3UHVHUYDWLRQ�DQG�6WDELOLW\�5HVXOWV������������������������������������������������������������������������� ��

)LJXUH����� 0LOO�-�3UHVHUYDWLRQ�DQG�6WDELOLW\�5HVXOWV �������������������������������������������������������������������������� ���

)LJXUH����� 3UHVHUYDWLRQ�S+�DQG�7RWDO�6XOILGH�&RQFHQWUDWLRQV�RYHU�D����'D\�3HULRG ����������������������� ���

)LJXUH����� 7RWDO�6XOILGH�%LDV�DIWHU�)RXUWHHQ�'D\V�RI�6WRUDJH ����������������������������������������������������������� ���

)LJXUH����� 7RWDO�6XOILGH�&RQFHQWUDWLRQ�&KDQJHV�LQ�:DVWHZDWHU�7UHDWPHQW�3ODQWV ��������������������������� ���

)LJXUH����� 0HWK\O�0HUFDSWDQ�&RQFHQWUDWLRQ�&KDQJHV�LQ�:DVWHZDWHU�7UHDWPHQW�3ODQWV������������������� ���

)LJXUH����� 9DULDELOLW\�LQ�0LOO�.�:DVWHZDWHU�7UHDWPHQW�3ODQW�6DPSOHV �������������������������������������������� ���
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5('8&('�68/)85�&203281'6�,1�38/3�$1'�3$3(5�0,//�:$67(:$7(56�

���� ,1752'8&7,21�

2GRU�LV�DQ�RQJRLQJ�LVVXH�IRU�PDQ\�SXOS�DQG�SDSHU�IDFLOLWLHV�DQG�DQ�LPSRUWDQW�SDUW�RI�PDQ\�PLOO�
HQYLURQPHQWDO�PDQDJHPHQW�SURJUDPV��$QWL�QXLVDQFH�ODZV�DQG�SHUPLW�UHTXLUHPHQWV�WKDW�DGGUHVV�
IXJLWLYH�RGRUV�DUH�EHFRPLQJ�PRUH�FRPPRQ�DQG�SXOS�DQG�SDSHU�PLOOV�DUH�RIWHQ�XQGHU�SUHVVXUH�WR�
FRQWURO�RGRUV��+LVWRULFDOO\��PRVW�RI�WKH�DWWHQWLRQ�LQ�WKH�SXOS�DQG�SDSHU�LQGXVWU\�KDV�EHHQ�RQ�NUDIW�PLOOV�
DQG�WKH�UHGXFHG�VXOIXU�FRPSRXQGV��56&V��JHQHUDWHG�GXULQJ�NUDIW�SXOSLQJ�DQG�UHJXODWHG�DV�WRWDO�
UHGXFHG�VXOIXU��756���756�LQFOXGHV�K\GURJHQ�VXOILGH��+�6���PHWK\O�PHUFDSWDQ��0H6+���GLPHWK\O�
VXOILGH��'06���DQG�GLPHWK\O�GLVXOILGH��'0'6���$V�SURFHVV�HPLVVLRQV�RI�56&V�KDYH�EHHQ�UHGXFHG��
HPLVVLRQV�RI�56&V�IURP�ZDVWHZDWHU�WUHDWPHQW�SODQWV��::73V��KDYH�EHFRPH�DQ�LVVXH�DW�PDQ\�PLOOV��
7R�EHWWHU�XQGHUVWDQG�WKH�IDFWRUV�WKDW�LQIOXHQFH�UHOHDVHV�RI�56&V�WR�WKH�DLU��D�VLPSOH��DFFXUDWH��DQG�
VHQVLWLYH�PHWKRG�WR�PHDVXUH�56&V�LQ�ZDVWHZDWHU�VDPSOHV�ZDV�GHYHORSHG��*KROVRQ��+R\��DQG�
&KDPEHUV��������'HYHORSPHQW�RI�DGGLWLRQDO�PHWKRGV�WR�DVVHVV�RGRURXV�FRPSRXQGV�LQ�DLU�DQG�ZDWHU�
�&RRN�DQG�+R\�������DQG�VWXGLHV�WR�GHYHORS�HIIHFWLYH�PRGHOV�IRU�SUHGLFWLQJ�DLU�HPLVVLRQV�DUH�
RQJRLQJ��1&$6,�KDV�GHYHORSHG��HYDOXDWHG��DQG�DSSOLHG�DQDO\WLFDO�PHWKRGV�IRU�PHDVXULQJ�56&V��
YRODWLOH�IDWW\�DFLGV��DQG�RWKHU�RGRURXV�FRPSRXQGV�DW�::73V��7KHVH�UHVHDUFK�HIIRUWV�LQGLFDWH�WKDW�
56&V��VSHFLILFDOO\�WRWDO�VXOILGH��0H6+��'06��'0'6��DQG�GLPHWK\O�WULVXOILGH��'076���IUHTXHQWO\�
FDXVH�RGRUV�DVVRFLDWHG�ZLWK�::73�RSHUDWLRQV��$FFXUDWH��UHSURGXFLEOH�PHDVXUHPHQW�RI�VXOILGH�DQG�
RWKHU�UHGXFHG�VXOIXU�VSHFLHV�LQ�SXOS�DQG�SDSHU�PLOO�ZDVWHZDWHUV�LV�RI�FRQVLGHUDEOH�LPSRUWDQFH�WR�WKH�
LQGXVWU\��

1&$6,�GHYHORSHG�0HWKRG�56&��������D�JDV�FKURPDWRJUDSK\��*&��SXOVHG�IODPH�SKRWRPHWULF�
GHWHFWRU��3)3'��PHWKRG�IRU�WKH�DQDO\VLV�RI�56&V�LQ�DTXHRXV�VDPSOHV�DW�FRQFHQWUDWLRQV�RI����WR�
����� J�6�/��*KROVRQ��+R\��DQG�&KDPEHUV��������6LQFH�LWV�GHYHORSPHQW��WKH�PHWKRG�KDV�EHHQ�
UHYLVHG�DQG�XVHG�WR�PHDVXUH�56&V�LQ�D�YDULHW\�RI�DTXHRXV�SKDVH�VDPSOHV�IURP�PDQ\�::73V��7KLV�
UHSRUW�GLVFXVVHV�WKH�GHYHORSPHQW�DQG�DSSOLFDWLRQ�RI�1&$6,�56&��������LQFOXGLQJ�TXDOLW\�DVVXUDQFH�
DQG�FRQWURO�GDWD��::73�VDPSOH�DQDO\VLV��VDPSOH�SUHVHUYDWLRQ�VWXGLHV��DQG�HIIRUWV�WR�DGDSW�WKH�
PHWKRG�IRU�GHWHUPLQDWLRQ�RI�IUHHO\�DYDLODEOH�VXOILGH��

���� $QDO\WLFDO�0HWKRGV�IRU�5HGXFHG�6XOIXU�&RPSRXQGV�LQ�$TXHRXV�6DPSOHV�

7KH�FKHPLFDO�QDWXUH�RI�56&V�PDNHV�WKHP�D�FKDOOHQJH�WR�PHDVXUH��7KH�PDLQ�GLIILFXOWLHV�HQFRXQWHUHG�
GXULQJ�GHWHUPLQDWLRQ�RI�56&V�KDYH�EHHQ�UHYLHZHG��:DUGHQFNL�������DQG�FDQ�EH�VXPPDUL]HG�DV�WKH�
QHHG�WR�GHWHFW�KLJKO\�UHDFWLYH�FRPSRXQGV�DW�ORZ�FRQFHQWUDWLRQV��'HWHUPLQDWLRQ�RI�56&V�LV�
FKDOOHQJLQJ�GXH�WR�WKHLU�DEVRUSWLYH��DGVRUSWLYH��SKRWR�UHDFWLYH��YRODWLOH��ELRORJLFDOO\�DFWLYH��DQG�
R[LGDWLYH�SURSHUWLHV�WKDW�FDQ�OHDG�WR�ORVVHV�GXULQJ�VDPSOH�FROOHFWLRQ��VWRUDJH��DQG�DQDO\VLV��)RU�
H[DPSOH��DHURELF�ELRORJLFDO�DFWLYLW\�FDQ�UHPRYH�VXOILGH��ZKLOH�DQDHURELF�DFWLYLW\�FDQ�JHQHUDWH�VXOILGH��
7KH�SRODU�QDWXUH�RI�WKHVH�FRPSRXQGV��HVSHFLDOO\�VXOILGH�DQG�0H6+��PDNHV�WKHP�DWWUDFWLYH�WR�DFWLYH�
VLWHV�FRPPRQ�WR�VXUIDFHV��H�J���PHWDO��HQFRXQWHUHG�GXULQJ�VDPSOLQJ�DQG�DQDO\VLV��

6XOILGH�GHWHUPLQDWLRQV�DUH��E\�QHFHVVLW\��PHWKRG�GHILQHG�EHFDXVH�VXOILGH�DVVXPHV�YDULRXV�IRUPV�
GHSHQGLQJ�RQ�VDPSOH�S+��WHPSHUDWXUH��LRQLF�VWUHQJWK��DQG�WKH�ELRORJLFDO�FRQVWLWXHQWV�SUHVHQW��
7DEOH�����SUHVHQWV�D�JORVVDU\�RI�WHUPV�WKDW�GHILQH�YDULRXV�IRUPV��7RWDO�VXOILGH�LV�GHILQHG�KHUH�DV�
GLVVROYHG�K\GURJHQ�VXOILGH�SOXV�K\GURVXOILGH�LRQ�SOXV�DFLG�VROXEOH�PHWDOOLF�VXOILGH�DQG�VXOILGH�ZHDNO\�
DVVRFLDWHG�ZLWK�RUJDQLFV�LQ�WKH�VDPSOH��6���LV�FRQVLGHUHG�WR�EH�SUHVHQW�LQ�QHJOLJLEOH�DPRXQWV�XQOHVV�
VDPSOH�S+�LV�DERYH�����7R�REWDLQ�D�PHDVXUHPHQW�RI�GLVVROYHG�VXOILGH��VDPSOHV�XQGHUJR�HLWKHU�
IORFFXODWLRQ�RU�ILOWUDWLRQ�SULRU�WR�DQDO\VLV��'LVVROYHG�VXOILGH�LQFOXGHV�+�6��XQ�LRQL]HG�VXOILGH��DQG�+6

�

�LRQL]HG�VXOILGH���6RPH�PHWKRGV��IRU�H[DPSOH�+DFK�0HWKRG�������+DFK�&RPSDQ\��������UHFRPPHQG�



�� 7HFKQLFDO�%XOOHWLQ�1R������
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VDPSOH�FHQWULIXJDWLRQ�DQG�DQDO\VLV�RI�WKH�VXSHUQDWDQW�IRU�GHWHUPLQDWLRQ�RI�GLVVROYHG�VXOILGH��8Q�
LRQL]HG�+�6�KDV�EHHQ�FDOFXODWHG�XVLQJ�WKH�GLVVROYHG�VXOILGH�FRQFHQWUDWLRQ��VDPSOH�S+��DQG�SUDFWLFDO�
LRQL]DWLRQ�FRQVWDQW�IRU�+�6��)UHHO\�DYDLODEOH�VXOILGH�YDULHV�IURP�GLVVROYHG�VXOILGH�LQ�WKDW�LW�DOVR�
LQFOXGHV�VXOILGHV�ZKLFK�PD\�GLVVRFLDWH�IURP�RUJDQLFV�UHDGLO\�LQ�WKH�PDWUL[�DQG�WKHUHIRUH�EH�IUHHO\�
DYDLODEOH�DV�VXOILGH��7KH�DFLG�VROXEOH�PHWDOOLF�VXOILGHV�DUH�DQ\�RI�WKH�PHWDO�VXOILGHV�WKDW�DUH�VROXEOH�LQ�
DFLG��)RU�H[DPSOH��LURQ�VXOILGH��)H6��LV�FRPPRQO\�SUHVHQW�LQ�ZDVWHZDWHUV��7KH�RUJDQLF�UHGXFHG�
VXOILGHV�LQFOXGH�DQ\�RI�WKH�YDULRXV�RUJDQLF�FRPSRXQGV�WKDW�FRQWDLQ�VXOILGH��DQG�WKH�RUJDQLF�UHGXFHG�
VXOIXU�FRPSRXQGV��256&V��FRPPRQO\�GHWHFWHG�LQ�ZDVWHZDWHUV�LQFOXGH�0H6+��'06��'0'6��DQG�
'076��6XOILGHV�LQ�DOO�WKH�IRUPV�OLVWHG�LQ�7DEOH�����PD\�EH�DQWLFLSDWHG�LQ�SXOS�DQG�SDSHU�PLOO�
ZDVWHZDWHUV��

7DEOH������*ORVVDU\�RI�7HUPV�IRU�6XOILGH�&RPSRXQGV�

3DUDPHWHU� 'HVFULSWLRQ�

7RWDO�VXOILGH� 'LVVROYHG�+�6�DQG�+6
���DFLG�VROXEOH�PHWDOOLF�VXOILGHV��DQG�VXOILGH�

ZHDNO\�DVVRFLDWHG�ZLWK�RUJDQLFV�

'LVVROYHG�VXOILGH� 6XOILGH�UHPDLQLQJ�DIWHU�VXVSHQGHG�VROLGV�KDYH�EHHQ�UHPRYHG�E\�
IORFFXODWLRQ�DQG�VHWWOLQJ��+6����+�6��

+6�� :DWHU�VROXEOH�LRQL]HG�K\GURJHQ�VXOILGH�

+�6� 8Q�LRQL]HG�K\GURJHQ�VXOILGH��FDOFXODWHG�IURP�GLVVROYHG�VXOILGH��
VDPSOH�S+��DQG�SUDFWLFDO�LRQL]DWLRQ�FRQVWDQW�RI�+�6�

)UHHO\�DYDLODEOH�VXOILGH� 'LVVROYHG�VXOILGH�SOXV�VXOILGH�ZHDNO\�DVVRFLDWHG�ZLWK�RUJDQLFV�

$FLG�VROXEOH�PHWDOOLF�VXOILGHV� 0HWDO�VXOILGHV�VROXEOH�LQ�DFLG�VROXWLRQ�

2UJDQLF�UHGXFHG�VXOILGH�
FRPSRXQGV�

2UJDQLF�FRPSRXQGV�FRQWDLQLQJ�VXOIXU��FRPPRQO\�0H6+��'06��
'0'6��'076�

7KH�SUHVHUYDWLRQ�WHFKQLTXH�UHFRPPHQGHG�LQ�6WDQGDUG�0HWKRGV�DQG�LQ�(3$�0HWKRG�������IRU�VXOILGH�
LQYROYHV�DGGLWLRQ�RI�D�EDVLF�]LQF�DFHWDWH�VROXWLRQ��$3+$�������86(3$��������7KHVH�PHWKRGV�
DQDO\]H�VDPSOHV�DIWHU�DFLGLILFDWLRQ�DQG�WKHUHIRUH�DVVHVV�WRWDO�VXOILGH��1&$6,�56&�������DQG�56&�
������XWLOL]H�D�VLPLODU�SUHVHUYDWLRQ�DQG�DQDO\VLV�DSSURDFK��DOVR�SURYLGLQJ�D�PHDVXUHPHQW�RI�WRWDO�
VXOILGH�FRQFHQWUDWLRQ��

7KH�PDMRULW\�RI�PHWKRGV�XWLOL]HG�IRU�WKH�GHWHFWLRQ�RI�RUJDQLF�VXOIXU�FRPSRXQGV��0H6+��'06��
'0'6��DQG�'076��XVH�JDV�FKURPDWRJUDSK\�ZLWK�D�VXOIXU�VHOHFWLYH�GHWHFWRU��7KHVH�PHWKRGV�GLIIHU�
PDLQO\�LQ�WKH�DSSURDFK�XVHG�WR�LVRODWH�DQG�LQWURGXFH�WKH�FRPSRXQGV�WR�WKH�*&��*&�PHWKRGV�XVHG�WR�
DQDO\]H�56&V�LQ�DTXHRXV�VWUHDPV�LQFOXGH�VROYHQW�H[WUDFWLRQ��$QGHUVVRQ�DQG�%HUIVWURP�������3UDNDVK�
DQG�0XUU\��������VSDUJLQJ��5D\QHU��0XUU\��DQG�:LOOLDPV�������&DURQ�DQG�.UDPHU�������6DXQGHUV�
DQG�/DUVRQ�������2¶&RQQHU�DQG�*HQHVW��������KHDGVSDFH��&KDL��/LX��DQG�=KX�������1&$6,��������
DQG�GLUHFW�LQMHFWLRQ��%pUXEp��3DUNLQVRQ��DQG�+DOO��������6ROYHQW�H[WUDFWLRQ�PHWKRGV�VXIIHU�IURP�SRRU�
VHQVLWLYLW\�EHFDXVH�D�FRQFHQWUDWLRQ�VWHS�FDQQRW�EH�SHUIRUPHG�GXH�WR�WKH�YRODWLOLW\�RI�56&V��0XOWLSOH�
VROYHQWV�PD\�EH�QHHGHG�WR�HIIHFWLYHO\�H[WUDFW�DOO�WKH�FRPSRXQGV��DQG�WKH�VROYHQWV�PD\�LQWHUIHUH�ZLWK�
*&�DQDO\VLV��6SDUJLQJ�PHWKRGV�DUH�FRPSOLFDWHG��PXOWL�VWHS��WLPH��DQG�ODERU�LQWHQVLYH�SURFHGXUHV��
7KH\�UHTXLUH�VSHFLDO�JODVVZDUH�DQG�JDV�KDQGOLQJ�HTXLSPHQW�ZLWK�JDV�SKDVH�FDOLEUDWLRQV��+HDGVSDFH�
PHWKRGV�KDYH�EHHQ�XVHG�IRU�DQDO\VLV�RI�56&V�LQ�EODFN�OLTXRU��&KDL��'KDVPDQD��DQG�=KX�������DQG�
DUH�FXUUHQWO\�XQGHU�LQYHVWLJDWLRQ�E\�1&$6,�IRU�DSSOLFDWLRQ�WR�ZDVWHZDWHU�VDPSOHV��

1&$6,�XVHG�WKH�GLUHFW�DTXHRXV�LQMHFWLRQ�DSSURDFK�IRU�GHWHUPLQDWLRQ�RI�WRWDO�VXOILGH�DQG�256&V�
GHVFULEHG�E\�%pUXEp��3DUNLQVRQ��DQG�+DOO��������DV�WKH�EDVLV�IRU�GHYHORSPHQW�RI�0HWKRG�56&�������
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�*KROVRQ��+R\��DQG�&KDPEHUV��������,QMHFWLRQ�YROXPH�ZDV�PLQLPL]HG�VR�OHVV�SRWHQWLDO�LQWHUIHUHQWV�
HQWHUHG�WKH�FROXPQ��D�FRRO�LQMHFWLRQ�SRUW�ZDV�DSSOLHG�WR�PLQLPL]H�WKH�DPRXQW�RI�ZDWHU�HQWHULQJ�WKH�
FROXPQ��DQG�WKH�LQMHFWLRQ�VOHHYH�ZDV�SDFNHG�ZLWK�JODVV�ZRRO�WR�SUHYHQW�QRQYRODWLOH�FRPSRQHQWV�IURP�
JHWWLQJ�RQWR�WKH�FROXPQ��$�VHQVLWLYH�GHWHFWRU��WKH�SXOVH�IODPH�SKRWRPHWULF�GHWHFWRU��3)3'���ZDV�
UHTXLUHG�WR�DFKLHYH�WKH�GHVLUHG�GHWHFWLRQ�OLPLWV�XVLQJ�D�VPDOO�LQMHFWLRQ�YROXPH��&KHVNLV��$WDU��DQG�
$PLUDY��������7KH�3)3'�HOLPLQDWHG�WKH�IODPH�RXW�SUREOHP�DVVRFLDWHG�ZLWK�GLUHFW�DTXHRXV�LQMHFWLRQV��
DV�WKH�IODPH�LV�UHLJQLWHG�WKUHH�WLPHV�SHU�VHFRQG��%HFDXVH�RI�WKH�SXOVHG�IODPH��WKH�VDPSOH�VLJQDO�FDQ�EH�
GHOD\HG�WR�PLQLPL]H�WKH�FRQWULEXWLRQ�RI�FDUERQ�WR�WKH�VXOIXU�VLJQDO��UHVXOWLQJ�LQ�ERWK�EHWWHU�VHOHFWLYLW\�
DQG�D�KLJKHU�VLJQDO�WR�QRLVH�UDWLR��7KH�3)3'�\LHOGV�D�VHQVLWLYLW\�RI���SJ�6�IRU�'06��DQ�RUGHU�RI�
PDJQLWXGH�LQFUHDVH�LQ�VHQVLWLYLW\�RYHU�D�IODPH�SKRWRPHWULF�GHWHFWRU��$�FDSLOODU\�FROXPQ�ZDV�XVHG�
ZLWK�WKH�3)3'��LQFUHDVLQJ�VHQVLWLYLW\�E\�GHFUHDVLQJ�SHDN�ZLGWK��1&$6,�KDV�DQDO\]HG�D�YDULHW\�RI�
VDPSOHV�IURP�::73V�VLQFH�WKH�PHWKRG¶V�LQLWLDO�GHYHORSPHQW�DQG�HYDOXDWLRQ��DQG�LQ�WKH�SURFHVV�KDV�
UHYLVHG�WKH�PHWKRG�WR�HQKDQFH�LWV�SHUIRUPDQFH��

��� 5(9,6,21�2)�1&$6,�0(7+2'�56&��������56&��������

7KLV�VHFWLRQ�SURYLGHV�LQIRUPDWLRQ�UHJDUGLQJ�WKH�UHYLVLRQ�RI�1&$6,�0HWKRG�56&�������DQG�D�
VXPPDU\�RI�WKH�TXDOLW\�DVVXUDQFH�DQG�TXDOLW\�FRQWURO�GDWD�DFTXLUHG�GXULQJ�WKH�SDVW�VHYHUDO�\HDUV�IRU�
WKH�RULJLQDO�PHWKRG��1&$6,�������*KROVRQ��+R\��DQG�&KDPEHUV�������DQG�LWV�UHFHQW�UHYLVLRQ��56&�
�������$SSHQGL[�$���0DMRU�UHYLVLRQV�LQFOXGH�D�VHFWLRQ�GHVFULELQJ�WKH�IRUPV�RI�VXOILGH�DVVHVVHG�XVLQJ�
WKH�PHWKRG��VHFWLRQV�RQ�SUHFDXWLRQV�UHTXLUHG�WR�GHDFWLYDWH�PHWDO�VXUIDFHV�DQG�FOHDQ�WKH�LQMHFWLRQ�SRUW��
SURFHGXUHV�WR�DGGUHVV�H[FHVVLYH�SHDN�EURDGHQLQJ��FKDQJHV�WR�WKH�ORZHU�FDOLEUDWLRQ�OLPLW�RI�WKH�PHWKRG�
�LQFUHDVHG�IURP�a���WR�a��� J�6�/���SURFHGXUHV�WR�YHULI\�WKH�FRQFHQWUDWLRQ�RI�WKH�VXOILGH�VWDQGDUG��
DGGLWLRQDO�LQVWUXFWLRQV�UHJDUGLQJ�SUHSDUDWLRQ�RI�WKH�]LQF�DFHWDWH�SUHVHUYDWLRQ�VROXWLRQ��VXUURJDWH�
UHFRYHU\�SURFHGXUHV�DQG�FULWHULD��DQG�UHYLVLRQV�WR�WKH�TXDOLW\�FRQWURO�FULWHULD�IRU�FDOLEUDWLRQ�FXUYHV��
GDLO\�FDOLEUDWLRQ�YHULILFDWLRQV��PDWUL[�VSLNH�UHFRYHULHV��DQG�GXSOLFDWH�SUHFLVLRQ��

���� 0HWKRG�6XPPDU\�

0HWKRG�56&�������LV�XVHG�WR�GHWHUPLQH�FRQFHQWUDWLRQV�RI�WRWDO�VXOILGH��0H6+��'06��'0'6��DQG�
'076�LQ�ZDVWHZDWHUV�IURP�SXOS�DQG�SDSHU�PLOOV��56&V�DUH�PHDVXUHG�E\�GLUHFW�DTXHRXV�LQMHFWLRQ�
*&�3)3'��7KH�FRQFHQWUDWLRQ�RI�VXOILGH�PHDVXUHG�XVLQJ�WKLV�PHWKRG�UHSUHVHQWV�WKH�WRWDO�DPRXQW�RI�
VXOILGH�LQ�WKH�VDPSOH�WKDW�LV�YRODWLOH�DW�S+������,W�LV�EHOLHYHG�WKDW�WKLV�LQFOXGHV�DOO�IUHHO\�GLVVROYHG�
VXOILGH�SOXV�VXOILGH�ZHDNO\�DVVRFLDWHG�ZLWK�HLWKHU�GLVVROYHG�RUJDQLF�PDWWHU�RU�FHUWDLQ�WUDQVLWLRQ�
PHWDOV��,I�WKH�QDWLYH�S+�RI�D�VDPSOH�LV�JUHDWHU�WKDQ������WKH�DFWXDO�VXOILGH�FRQFHQWUDWLRQ�LQ�VROXWLRQ�
PLJKW�EH�OHVV�WKDQ�WKH�FRQFHQWUDWLRQ�PHDVXUHG�E\�WKLV�PHWKRG��

7KH�PHWKRG�XWLOL]HV�VHSDUDWH�LQMHFWLRQV�IRU�WRWDO�VXOILGH�DQG�256&V��7KLV�LV�UHTXLUHG�LQ�RUGHU�WR�
SUHVHUYH�WKH�FRPSRXQGV�HIIHFWLYHO\��6DPSOHV�FROOHFWHG�IRU�WRWDO�VXOILGH�DQDO\VHV�DUH�SUHVHUYHG�E\�WKH�
DGGLWLRQ�RI������PJ�RI�]LQF�DFHWDWH�GHK\GUDWH�DQG�a�������HTXLYDOHQWV�RI�1D2+�SHU����P/��92$�
YLDO��RI�VDPSOH��S+�!�����3UHVHUYDWLRQ�RI�0H6+��'06��'0'6��DQG�'076�LQYROYHV�DGGLWLRQ�RI�
����PJ�RI�DVFRUELF�DFLG�DQG�DGMXVWPHQW�WR�S+������XVLQJ�D�����SKRVSKRULF�DFLG�VROXWLRQ��3ULRU�WR�
DQDO\VLV�D�SRUWLRQ�RI�WKH�VDPSOH�LV�WUDQVIHUUHG�WR�DQ�DXWRVDPSOHU�YLDO�LQ�WKH�ODERUDWRU\��DFLGLILHG�WR�
S+�������WRWDO�VXOILGH���DQG�VSLNHG�ZLWK�LQWHUQDO�VWDQGDUG��WKLRSKHQH��DQG�D�VXUURJDWH�UHFRYHU\�
VWDQGDUG��WKLRDQLVROH���6DPSOHV�DUH�DQDO\]HG�YLD�*&�3)3'�E\�LQMHFWLQJ�D��� /�VDPSOH�LQ�VSOLW�PRGH�
RQWR�D�*&�HTXLSSHG�ZLWK�D�&URVVERQG ����F\DQRSURS\OSKHQ\O������GLPHWK\O�SRO\VLOR[DQH�IXVHG�
VLOLFD�FDSLOODU\�FROXPQ��-	:�'%���������P�[������PP�L�G��ZLWK����� P�ILOP���7KH�LQMHFWLRQ�SRUW�LV�
FOHDQHG�DQG�WKH�LQMHFWLRQ�SRUW�OLQHU�LV�FKDQJHG�SULRU�WR�HDFK�VDPSOH�VHW�WR�DYRLG�SUREOHPV�DVVRFLDWHG�
ZLWK�EXLOGXS�RI�FRQWDPLQDQWV�LQ�WKH�V\VWHP��HVSHFLDOO\�RQHV�WKDW�JHQHUDWH�D�VXOIXU�GLR[LGH�DUWLIDFW�
SHDN�WKDW�FDQ�LQWHUIHUH�ZLWK�TXDQWLWDWLRQ�RI�PHWK\O�PHUFDSWDQ��56&V�DUH�LGHQWLILHG�E\�FRPSDULQJ�WKHLU�
UHODWLYH�UHWHQWLRQ�WLPHV�ZLWK�WKH�UHODWLYH�UHWHQWLRQ�WLPHV�RI�WKH�LQWHUQDO�VWDQGDUG�XVLQJ�D�PXOWLSRLQW�
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FDOLEUDWLRQ�FRYHULQJ�WKH�UDQJH�IURP�a���WR������ J�6�/��6DPSOHV�ZLWK�FRQFHQWUDWLRQV�DERYH�WKH�
KLJKHVW�FDOLEUDWLRQ�SRLQW�DUH�GLOXWHG�SULRU�WR�DQDO\VLV��7KH�FULWHULRQ�IRU�DFFHSWDEOH�OLQHDULW\�LV�D�PHDQ�
DEVROXWH�SHUFHQW�HUURU��0$3(��IRU�WKH�FXUYH�RI� �����7KH�UHVXOWV�RI�WKH�FDOLEUDWLRQ�FXUYH�IRU�HDFK�
FRPSRXQG�DUH�HLWKHU�ILWWHG�WR�D�TXDGUDWLF�HTXDWLRQ�RU�GHVFULEHG�E\�DQ�DYHUDJH�UHODWLYH�UHVSRQVH�IDFWRU��
GHSHQGLQJ�RQ�ZKLFK�PHHWV�WKH�0$3(�FULWHULRQ��

7KH�TXDOLW\�RI�WKH�GDWD�JHQHUDWHG�XVLQJ�WKLV�PHWKRG�LV�DVVXUHG�E\�FDOLEUDWLRQ�FKHFNV��GDLO\�EODQN�
DVVHVVPHQWV��VDPSOH�GXSOLFDWH�DQDO\VHV��DQG�PDWUL[�VSLNHG�VDPSOHV�ZLWK�HDFK�VHW�RI�VDPSOHV�DQDO\]HG�
RQ�D�JLYHQ�GD\��,Q�DGGLWLRQ��VXUURJDWH�VSLNH�UHFRYHULHV�DUH�GHWHUPLQHG�ZLWKLQ�HDFK�PDWUL[�WHVWHG��7KH�
UHVROXWLRQ�RI�WKH�VHSDUDWLRQ�RI�'06�DQG�&6��LV�GHWHUPLQHG�SHULRGLFDOO\�WR�DVVXUH�WKDW�
FKURPDWRJUDSK\�LV�FRQVLVWHQW��

���� 0LOO�:DVWHZDWHU�7UHDWPHQW�3ODQWV�6DPSOHG�

$�YDULHW\�RI�VDPSOHV�FROOHFWHG�IURP�::73V�ZHUH�XWLOL]HG�GXULQJ�YDOLGDWLRQ�DQG�DSSOLFDWLRQ�RI�WKLV�
PHWKRG��7DEOH�����VKRZV�LQIRUPDWLRQ�UHJDUGLQJ�PLOO�IXUQLVK��SURFHVV�W\SH��FRQGHQVDWH�PDQDJHPHQW��
DQG�::73�W\SH��
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7DEOH�������0LOO�:DVWHZDWHU�7UHDWPHQW�3ODQWV�6DPSOHG�

0LOO�&RGH� )XUQLVKD� 3URFHVV�7\SHE� &RQGHQVDWH�0DQDJHPHQW� ::73F

$� 6:� NUDIW� KDUG�SLSLQJ� $6%�
%� 6:��GHLQN� *:��703��UHF\FOH� 1$� $6�$6%�
&� 6:��2&&� NUDIW� KDUG�SLSLQJ� $6%�
'� 6:� NUDIW��GLVVROYLQJ�NUDIW� KDUG�SLSLQJ� $6%�
(� 6:��2&&� NUDIW��UHF\FOH� VWHDP�VWULSSLQJ� $6%�
)� 6:�+:��2&&� NUDIW��UHF\FOH� VWHDP�VWULSSLQJ� $6%�
*� 6:��+:� NUDIW� VWHDP�VWULSSLQJ� $6%�
+� 6:��+:��GHLQN� NUDIW��UHF\FOH� VWHDP�VWULSSLQJ�KDUG�SLSLQJ� $6%�$6�
,� 6:� NUDIW� VWHDP�VWULSSLQJ�KDUG�SLSLQJ� $6%�
-� +:��6:��2&&� NUDIW��UHF\FOH��166&� KDUG�SLSLQJ�� $6%�
.� +:��6:� NUDIW� KDUG�SLSLQJ�� $6%�
/� 6:��GHLQN� 703��UHF\FOH� 1$� $6�
0� +:��2&&� 166&��UHF\FOH� KDUG�SLSLQJ� $6%�$6�
1� +:�6:� NUDIW� KDUG�SLSLQJ� $6�
2� 6:� NUDIW� VWHDP�VWULSSLQJ� $6%�
3� 6:� NUDIW� VWHDP�VWULSSLQJ� $6%�
4� 6:�+:��2&&� NUDIW��UHF\FOH� VWHDP�VWULSSLQJ� $6%�
5� 6:�+:� NUDIW� VWHDP�VWULSSLQJ� $6%�
6� 6:�+:� NUDIW� VWHDP�VWULSSLQJ� $6%�
7� 6:�+:� NUDIW� KDUG�SLSLQJ� $6%�
8� 6:�+:� NUDIW� 1$� $6%�
9� 6:�+:� NUDIW� VWHDP�VWULSSLQJ� $6�$6%�

D� +:� �KDUGZRRG��6:� �VRIWZRRG��2&&� �ROG�FRUUXJDWHG�FRQWDLQHUV�
E� *:� �JURXQGZRRG��703� �WKHUPR�PHFKDQLFDO�SXOSLQJ��166&� �QHXWUDO�VXOILWH�VHPL�FKHPLFDO�
F� $6� �DFWLYDWHG�VOXGJH��$6%� �DHUDWLRQ�VWDELOL]DWLRQ�EDVLQ�
1$� �QRW�DSSOLFDEOH�

���� 0(7+2'�9$/,'$7,21�

3UHSDUDWLRQ�DQG�SUHVHUYDWLRQ�RI�WKH�VWDQGDUGV�XWLOL]HG�LQ�WKLV�PHWKRG�KDYH�SURYHQ�WR�EH�FULWLFDO�VWHSV��
'XULQJ�LQLWLDO�PHWKRG�GHYHORSPHQW��SULPDU\�VWDQGDUGV�RI�0H6+��'06��'0'6��DQG�'076�ZHUH�
JUDYLPHWULFDOO\�SUHSDUHG�IURP�QHDW�FRPSRXQGV�WR�D�FRQFHQWUDWLRQ�RI�DSSUR[LPDWHO\������ J�6�P/�LQ�
PHWKDQRO��7KH�WRWDO�VXOILGH�VWDQGDUG�ZDV�SUHSDUHG�IURP�VRGLXP�VXOILGH�QRQDK\GUDWH�LQ�SXUJHG�
GHLRQL]HG�ZDWHU��%HFDXVH�WKH�3)3'�KDV�DQ�HTXDO�PRODU�UHVSRQVH�IRU�VXOIXU��VWDQGDUGV�ZHUH�SUHSDUHG�
WR�KDYH�HTXDO�TXDQWLWLHV�RI�VXOIXU��3ULPDU\�VWRFNV�ZHUH�XWLOL]HG�WR�SUHSDUH�D�ILYH�SRLQW�FDOLEUDWLRQ�
FXUYH�DW�FRQFHQWUDWLRQV�RI�a������������������DQG������ J�6�/��$Q�LQGHSHQGHQW�FKHFN�VWDQGDUG�
FRQWDLQLQJ�0H6+��'06��DQG�'0'6�ZDV�REWDLQHG�IURP�&UHVFHQW�&KHPLFDOV��7KH�UHFRYHULHV�RI�DQ�
DOLTXRW�RI�WKLV�VWDQGDUG�GLOXWHG�WR�D�FRQFHQWUDWLRQ�RI����� J�P/�DQG�DQDO\]HG�IRXU�WLPHV�RYHU�D�VL[�
GD\�SHULRG�SURYLGH�DQ�LQGLFDWLRQ�RI�WKH�YDOLGLW\�RI�WKH�FDOLEUDWLRQ�VWRFNV��7KH�DQDO\VHV�RI�WKH�
LQGHSHQGHQW�FKHFN�VWDQGDUGV�\LHOGHG�DYHUDJH�UHFRYHULHV�DQG�56'V��UHVSHFWLYHO\��RI�������DQG�������
IRU�0H6+�������DQG������IRU�'06��DQG������DQG�������IRU�'0'6��YHULI\LQJ�WKDW�FDOLEUDWLRQ�
VWDQGDUGV�DQG�LQGHSHQGHQW�FKHFN�VWDQGDUGV�ZHUH�LQ�JRRG�DJUHHPHQW�IRU�WKHVH�FRPSRXQGV��
&RQILUPDWLRQ�RI�WKH�VXOILGH�VWDQGDUG�LV�PRUH�FRPSOH[�GXH�WR�WKH�LQVWDELOLW\�RI�WKH�VWDQGDUGV��

���� 6XOILGH�6WDQGDUG�&RQFHQWUDWLRQ�

6WDQGDUGV�RI�XQSUHVHUYHG�VXOILGH�VROXWLRQV������ J�6�/��ZHUH�IRXQG�WR�EH�XQVWDEOH��ORVLQJ�RYHU�����
DIWHU����KRXUV��GHSHQGLQJ�RQ�WKH�KDQGOLQJ�RI�WKH�VWRFN�VROXWLRQ��)LJXUH�������
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)LJXUH�������8QSUHVHUYHG�6RGLXP�6XOILGH�6WDQGDUG�5HFRYHU\�RYHU�6WRUDJH�7LPH�

7R�LQFUHDVH�VWDELOLW\�RI�WKH�VXOILGH�VWDQGDUG��LW�ZDV�SUHSDUHG�DW�D�FRQFHQWUDWLRQ�RI����� J�6�P/�LQ�D�
VROXWLRQ�RI������PRODU�]LQF�DFHWDWH�DGMXVWHG�WR�S+����ZLWK��1�VRGLXP�K\GUR[LGH�VROXWLRQ��7KLV�
VWDQGDUG�ZDV�D�GLVSHUVHG�FROORLG�RI�D�]LQF�ELVXOILGH�FRPSOH[�ZKLFK�KDV�EHHQ�IRXQG�WR�EH�VWDEOH�WR�
R[LGDWLRQ�RYHU�D�SHULRG�RI�VHYHUDO�PRQWKV�ZKHQ�VWRUHG�DW�� &��:KHQ�XVLQJ�WKH�SUHVHUYHG�VWRFN�
VWDQGDUG��FDUH�PXVW�EH�WDNHQ�WR�DOORZ�LW�WR�FRPH�WR�URRP�WHPSHUDWXUH�DQG�WR�PL[�LW�WKRURXJKO\�SULRU�WR�
UHPRYLQJ�DQ�DOLTXRW�IRU�XVH��%HFDXVH�WKLV�VROXWLRQ�LV�D�FROORLGDO�VXVSHQVLRQ��YHULILFDWLRQV�RI�
UHSURGXFLELOLW\�RI�WKH�VWDQGDUG�FRQFHQWUDWLRQ�ZHUH�SHUIRUPHG�E\�DQDO\]LQJ�WKUHH�UHSOLFDWHV�IURP�WKH�
YLDO���5HSURGXFLELOLW\�DQG�VWDELOLW\�ZHUH�DOVR�YHULILHG�IRU�HDFK�VHW�RI�VDPSOHV�E\�FRQGXFWLQJ�D�
FDOLEUDWLRQ�YHULILFDWLRQ�DQG�FDOFXODWLQJ�WKH�SHUFHQW�UHFRYHU\��7KH�VXOILGH�VWDQGDUG�XWLOL]HG�LQ�WKH�
ODERUDWRU\�ZDV�SHULRGLFDOO\�YHULILHG�IRU�FRQFHQWUDWLRQ�DFFXUDF\�XVLQJ�DQ�LQGHSHQGHQW�ODERUDWRU\��
9HULILFDWLRQ�LQFOXGHG�FRQILUPDWLRQ�RI�WKH�VWDQGDUG�FRQFHQWUDWLRQ�XVLQJ�WKUHH�GLIIHUHQW�DQDO\WLFDO�
WHFKQLTXHV��(3$�0HWKRG��������VXOILGH�E\�WLWUDWLRQ��86(3$��������(3$�0HWKRG��������VXOILGH�E\�
FRORULPHWU\��PHWK\OHQH�EOXH���86(3$��������DQG�SHUR[LGH�R[LGDWLRQ�IROORZHG�E\�(3$�0HWKRG�����
�86(3$��������2[LGDWLRQ�FRQYHUWV�WKH�VXOILGH�LQ�WKH�VWDQGDUG�WR�VXOIDWH��ZKLFK�LV�DVVHVVHG�E\�LRQ�
FKURPDWRJUDSK\��5HVXOWV�REWDLQHG�IRU�WKH�VXOILGH�VWDQGDUG�YHULILFDWLRQV�DUH�VXPPDUL]HG�LQ�7DEOH������
7KH\�LQGLFDWH�JRRG�DJUHHPHQW�ZLWK�WKH�JUDYLPHWULFDOO\�FDOFXODWHG�FRQFHQWUDWLRQ�RI�WKH�WRWDO�VXOILGH�
VWDQGDUG�

7DEOH�������&RQILUPDWLRQ�RI�7RWDO�6XOILGH�6WDQGDUG�&RQFHQWUDWLRQ�8VLQJ�7KUHH�,QGHSHQGHQW�0HWKRGV�

*UDYLPHWULF�
�PJ�6�/��

(3$�0HWKRG��������
�PJ�6�/��

(3$�0HWKRG�������
�PJ�6�/��

(3$�0HWKRG�����
�PJ�6�/��

$YHUDJH�
�PJ�6�/��

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

���� ,QVWUXPHQW�&DOLEUDWLRQ�

7R�HVWDEOLVK�WKH�FDOLEUDWLRQ�IXQFWLRQ�IRU�WKH�PHWKRG��D�PXOWLSRLQW�LQWHUQDO�VWDQGDUG�FDOLEUDWLRQ�
FRYHULQJ�WKH�RSHUDWLQJ�UDQJH�RI�WKH�PHWKRG��a���WR�������J�6�/��ZDV�SHUIRUPHG��$SSHQGL[�$��
6HFWLRQ��������7KH�EHVW�TXDGUDWLF�ILW�ZDV�DVVHVVHG�E\�SORWWLQJ�WKH�UHVSRQVH�UDWLR�RI�HDFK�FRPSRXQG�
YHUVXV�WKH�UDWLR�RI�WKH�VWDQGDUG�FRQFHQWUDWLRQ�YHUVXV�WKH�LQWHUQDO�VWDQGDUG��&XUYH�ILWWLQJ�VRIWZDUH�
�$JLOHQW�&KHPVWDWLRQ��ZDV�XWLOL]HG�WR�ILQG�WKH�EHVW�TXDGUDWLF�ILW�IRU�WKH�GDWD��$OWHUQDWLYHO\��WKH�
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DYHUDJH�UHVSRQVH�IDFWRUV�IRU�HDFK�FRPSRXQG�ZHUH�FDOFXODWHG�DQG�HYDOXDWHG�WR�GHWHUPLQH�ZKLFK�
DSSURDFK�EHVW�PHW�WKH�FDOLEUDWLRQ�FULWHULD�EDVHG�RQ�D�0$3(�RI������IRU�HDFK�FRPSRXQG��7KH�0$3(�
FDOFXODWLRQ�LV�VKRZQ�LQ�(TXDWLRQ����7KLV�DSSURDFK�LV�XWLOL]HG�WR�HYDOXDWH�WKH�ILW�EHWZHHQ�PRGHO�
SUHGLFWLRQV�DQG�PHDVXUHG�YDOXHV��,Q�WKLV�FDVH�WKH�SUHGLFWLRQ�GHWHUPLQHG�XVLQJ�D�TXDGUDWLF�ILW�FXUYH�
ZDV�FRPSDUHG�WR�WKH�PHDVXUHG�FRQFHQWUDWLRQV�IRU�WKH�WDUJHW�FRPSRXQGV�GHWHUPLQHG�DW�HDFK�
FRQFHQWUDWLRQ�OHYHO�RI�D�ILYH�SRLQW�FDOLEUDWLRQ�FXUYH��7KH�0$3(�GDWD�IRU�HLJKWHHQ�FDOLEUDWLRQ�FXUYHV�
DQDO\]HG�RYHU�D�SHULRG�RI�ILYH�\HDUV�DUH�VXPPDUL]HG�LQ�7DEOH������2XWOLHUV�ZHUH�GHWHUPLQHG�XVLQJ�D�
*UXEEV�WHVW��DQG�RQH�YDOXH�IRU�WRWDO�VXOILGH�ZDV�UHPRYHG��

Q

&

&&

0$3( FDO

FDO ���

� �(TXDWLRQ����

� ZKHUH�� 0$3(�LV�WKH�PHDQ�DEVROXWH�SHUFHQW�HUURU�
&FDO�LV�WKH�FRQFHQWUDWLRQ�LQ�WKH�FDOLEUDWLRQ�VWDQGDUG�
&�LV�WKH�FRQFHQWUDWLRQ�PHDVXUHG�IRU�WKH�FDOLEUDWLRQ�OHYHO�
Q�LV�WKH�QXPEHU�RI�FDOLEUDWLRQ�OHYHOV�

7DEOH�������0HDQ�$EVROXWH�3HUFHQW�(UURU��0$3(��&DOFXODWLRQV�IRU�&DOLEUDWLRQ�&XUYHV�

&RPSRXQG� 0$3(�$YHUDJH� 6WDQGDUG�'HYLDWLRQ� 5DQJH�RI�0$3(V� Q�
7RWDO�VXOILGH� ����� ����� ������������ ���
0H6+� ����� ����� ������������ ���
'06� ����� ����� ������������ ���
'0'6� ����� ����� ������������ ���
'076� ����� ����� ������������ ���

7KHVH�GDWD�LQGLFDWH�JRRG�DJUHHPHQW�EHWZHHQ�WKH�FRQFHQWUDWLRQV�GHWHUPLQHG�XVLQJ�D�TXDGUDWLF�ILW�
HTXDWLRQ�IRU�WKH�FDOLEUDWLRQ�FXUYH�DQG�WKH�JUDYLPHWULFDOO\�GHWHUPLQHG�FRQFHQWUDWLRQV�RI�WKH�VWDQGDUGV��

���� 2QJRLQJ�&DOLEUDWLRQ�9HULILFDWLRQ�

$�FDOLEUDWLRQ�YHULILFDWLRQ�RU�RQJRLQJ�UHFRYHU\�VWDQGDUG�ZDV�DVVHVVHG�GDLO\�ZLWK�HDFK�VHW�RI�VDPSOHV�
DQDO\]HG��Q�������7KLV�FKHFN�ZDV�FRQGXFWHG�DW�D�FRQFHQWUDWLRQ�RI�a���� J�6�/�E\�VSLNLQJ�����P/�RI�
SXUJHG�%DUQVWHDG�GHLRQL]HG�ZDWHU�ZLWK�WKH�WDUJHW�DQDO\WHV�DQG�FDOFXODWLQJ�WKH�UHFRYHU\�RI�WKH�VSLNH�
IROORZLQJ�DFLGLILFDWLRQ�RI�WKH�VDPSOHV�ZLWK�����SKRVSKRULF�DFLG�DQG�GLUHFW�LQMHFWLRQ�RQ�WKH�*&�3)3'�
XQGHU�WKH�FRQGLWLRQV�GHVFULEHG�LQ�$SSHQGL[�$��6HFWLRQ�������

5HVXOWV�RI�WKH�FDOLEUDWLRQ�YHULILFDWLRQV�SHUIRUPHG�GXULQJ�WKLV�VWXG\�DUH�VXPPDUL]HG�LQ�7DEOH������7KH�
GDWD�ZHUH�H[DPLQHG�IRU�WKH�SUHVHQFH�RI�RXWOLHUV�XVLQJ�D�*UXEEV�WHVW�DQG�QRQH�ZHUH�IRXQG��7DEOH�����
FRQWDLQV�WKH�DYHUDJH�SHUFHQW�UHFRYHU\�GHWHUPLQHG�IRU����FDOLEUDWLRQ�YHULILFDWLRQV�FRQGXFWHG�LQ�
FRQMXQFWLRQ�ZLWK�WRWDO�VXOILGH�DQDO\VHV�DQG����FDOLEUDWLRQ�YHULILFDWLRQV�FRQGXFWHG�LQ�FRQMXQFWLRQ�ZLWK�
256&�DQDO\VHV��7KH�SRROHG�UHODWLYH�VWDQGDUG�GHYLDWLRQ��56'��RI�WKH�UHFRYHULHV�DQG�WKH�UDQJH�RI�
UHFRYHULHV�REVHUYHG�DUH�SURYLGHG��$YHUDJH�FDOLEUDWLRQ�YHULILFDWLRQ�UHFRYHULHV�UDQJHG�IURP����WR������
DFURVV�DOO�WDUJHW�DQDO\WHV��3RROHG�56'V�IRU�WKH�UHFRYHULHV�UDQJHG�IURP�����WR��������&DOLEUDWLRQ�
YHULILFDWLRQ�FULWHULD�IRU�WKH�PHWKRG�ZHUH�HVWDEOLVKHG�IURP�WKHVH�GDWD�XVLQJ�WKH�VWDQGDUG�(3$�
FDOFXODWLRQV�RI�ZDUQLQJ�DQG�DFWLRQ�OLPLWV��,'47)��������:DUQLQJ�OLPLWV�DUH�WKH�DYHUDJH�UHFRYHU\� ��
WLPHV�WKH�6'�RI�UHFRYHULHV��DQG�DFWLRQ�OLPLWV�DUH�WKH�DYHUDJH�UHFRYHU\� ��WLPHV�WKH�6'�RI�UHFRYHULHV���
:DUQLQJ�OLPLWV�IRU�WKH�WDUJHW�DQDO\WHV�UDQJHG�IURP������WR�������



�� 7HFKQLFDO�%XOOHWLQ�1R������

1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW�

7DEOH�������'DLO\�&DOLEUDWLRQ�9HULILFDWLRQ�6XPPDU\�IRU�1&$6,�0HWKRG�56&�������

3DUDPHWHU� 7RWDO�6XOILGH� 0H6+� '06� '0'6� '076�
$YHUDJH���UHFRYHU\� ���� ��� ���� ���� ����
3RROHG�56'�RI�UHFRYHULHV���� ����� ����� ����� ���� �����
5DQJH�RI���UHFRYHULHV� ����������� ����������� ����������� ����������� �����������
:DUQLQJ�OLPLWV� ����������� ����������� ����������� ����������� �����������
$FWLRQ�OLPLWV� ����������� ����������� ����������� ����������� �����������
Q� ��� ��� ��� ��� ���

���� 0HWKRG�'HWHFWLRQ�/LPLW�

7KH�PHWKRG�GHWHFWLRQ�OLPLW��0'/��ZDV�FDOFXODWHG�XVLQJ�WKH�(3$�DSSURDFK�GHVFULEHG�LQ����&)5�3DUW�
����$SSHQGL[�%��)HGHUDO�5HJLVWHU��������$�VDPSOH�RI�ILQDO�HIIOXHQW�IURP�DQ�XQEOHDFKHG�NUDIW�PLOO�
ZDV�VWRUHG�ZLWKRXW�SUHVHUYDWLRQ�DQG�XVHG�DV�D�PDWUL[�IRU�WKH�0'/�H[SHULPHQW�DIWHU�WKH�VXOILGH�
FRQFHQWUDWLRQ�KDG�GURSSHG�WR�OHVV�WKDQ���� J�6�/��7KH�VDPSOH�ZDV�IRUWLILHG�ZLWK�WKH�256&V�DW�WKH�
FRQFHQWUDWLRQV�OLVWHG�LQ�7DEOH������7KH�VDPSOH�ZDV�DQDO\]HG�WHQ�WLPHV��ZLWK�WKH�UHVXOWV�VKRZQ�LQ�
7DEOH������H[SHULPHQW�����([FHSW�IRU�WRWDO�VXOILGH��WKH�0'/V�REWDLQHG�ZHUH�EHORZ�WKH�FDOLEUDWLRQ�
UDQJH�DQG�DQ�DQDO\VLV�RI�D�VWDQGDUG�DW�WKHVH�OHYHOV�IDLOHG�WR�SURYLGH�SHDNV�JUHDWHU�WKDQ�WKUHH�WLPHV�WKH�
EDVHOLQH�QRLVH��7KH�H[SHULPHQW�ZDV�UHSHDWHG�WR�FRQILUP�WKHVH�ILQGLQJV�DQG�\LHOGHG�VLPLODU�UHVXOWV�
�H[SHULPHQW�����7KLV�LOOXVWUDWHV�WKH�SRWHQWLDO�IRU�WKH�(3$�0'/�PHWKRG�WR�XQGHUSUHGLFW�WKH�
FRQFHQWUDWLRQ�DW�ZKLFK�DQDO\WHV�FDQ�EH�GHWHFWHG��8QWLO�D�EHWWHU�HVWLPDWH�RI�WKH�0'/�FDQ�EH�PDGH��WKH�
ORZHU�OHYHO�RI�WKH�FDOLEUDWLRQ�FXUYH�LV�D�VDIH�YDOXH�WR�XVH�DV�D�GHWHFWLRQ�OLPLW��

7DEOH�������0HWKRG�'HWHFWLRQ�/LPLW�6WXG\�)LQGLQJV�

&RPSRXQG�
0HDQ�&RQFHQWUDWLRQ�

� J�6�/�D
56'�
����

([SHULPHQW���0'/
� J�6�/��

([SHULPHQW���0'/
� J�6�/��

7RWDO�VXOILGH� ����� ����� ����� �����
0H6+� ����� ����� ���� ����
'06� ����� ����� ���� �����
'0'6� ����� ����� ���� ����
'076� ����� ���� ���� ����

D� UHVXOWV�IRU�Q� ����UHSOLFDWHV�

���� $QDO\WLFDO�0HWKRG�%ODQNV�

$�EODQN�ZDV�DQDO\]HG�ZLWK�HDFK�VDPSOH�VHW�WR�DVVHVV�EDFNJURXQG�OHYHOV�RI�WKH�WDUJHW�DQDO\WHV�LQ�
SXUJHG�%DUQVWHDG�GHLRQL]HG�ZDWHU��WKH�VSLNLQJ�VROXWLRQV�RI�LQWHUQDO�VWDQGDUG�DQG�VXUURJDWH��DQG�
EDFNJURXQG�FRQFHQWUDWLRQV�WKDW�PD\�EH�UHOHDVHG�IURP�WKH�*&�V\VWHP�XSRQ�DFLGLILFDWLRQ��%ODQNV�ZHUH�
SUHSDUHG�E\�SODFLQJ�D�����P/�DOLTXRW�RI�SXUJHG�%DUQVWHDG�GHLRQL]HG�ZDWHU�LQ�DQ�DXWRVDPSOHU�YLDO�DQG�
VSLNLQJ�LW�ZLWK�WKH�DSSURSULDWH�DPRXQW�RI�LQWHUQDO�VWDQGDUG�DQG�VXUURJDWH�FRPSRXQG��7KH�VROXWLRQ�ZDV�
DFLGLILHG��S+�������E\�DGGLWLRQ�RI����WR���� /�RI�����SKRVSKRULF�DFLG�DQG�ZDV�LQMHFWHG�RQWR�WKH�
*&�3)3'��1RQH�RI�WKH�WDUJHW�DQDO\WHV�ZHUH�GHWHFWHG�LQ�WKH�DQDO\WLFDO�PHWKRG�EODQNV�GXULQJ�
GHWHUPLQDWLRQ�RI�WRWDO�VXOILGH��Q ����RU�256&V��Q �����
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���� 3UHFLVLRQ�DQG�$FFXUDF\�

������ 6XUURJDWH�5HFRYHU\

(DFK�VDPSOH�ZDV�VSLNHG�ZLWK�D�VXUURJDWH��WKLRDQLVROH���DQG�LWV�UHFRYHU\�ZDV�GHWHUPLQHG��7KHVH�GDWD�
SURYLGH�DQ�DVVHVVPHQW�RI�WKH�PHWKRG¶V�DFFXUDF\�LQ�HDFK�VDPSOH�PDWUL[�PHDVXUHG��$�VXPPDU\�RI�WKH�
VXUURJDWH�UHFRYHU\�GDWD�LV�SURYLGHG�LQ�7DEOH������

7DEOH�������6XUURJDWH�5HFRYHU\�6XPPDU\�

3DUDPHWHU� 7KLRDQLVROH�5HVXOWV�
$YHUDJH���UHFRYHU\� ����
3RROHG�56'�RI�UHFRYHULHV� ����
5DQJH�RI���UHFRYHULHV� �����������
:DUQLQJ�OLPLWV� �����������
$FWLRQ�OLPLWV� �����������
Q� �����

7R�HYDOXDWH�WKH�LPSDFW�RI�VDPSOH�PDWUL[�RQ�VXUURJDWH�UHFRYHU\��WKH�GDWD�ZHUH�H[DPLQHG�E\�SORWWLQJ�
WKH�UHFRYHULHV�REWDLQHG�LQ�VDPSOHV�FROOHFWHG�IURP�SULPDU\�FODULILHUV��WKH�IURQW�SRUWLRQV�RI�DHUDWHG�
VWDELOL]DWLRQ�EDVLQV��$6%V���PLGSRLQWV�RI�$6%V��ILQDO�HIIOXHQWV��DQG�KDUG�SLSHG�FRQGHQVDWHV��$Q�
DGGLWLRQDO�FDWHJRU\�FDOOHG�³RWKHU´�LQFOXGHG�DOO�VDPSOHV�FROOHFWHG�DW�VLWHV�VXFK�DV�SURFHVV�VHZHUV�DQG�
EHOW�SUHVV�ILOWUDWHV��6XUURJDWH�UHFRYHULHV�IURP�WRWDO�VXOILGH�DQG�256&V�DUH�VXPPDUL]HG�LQ�)LJXUHV�����
DQG������UHVSHFWLYHO\��LQ�WKH�IRUP�RI�ER[�DQG�ZKLVNHU�SORWV��(DFK�SORW�SURYLGHV�D�FHQWUDO�ER[�WKDW�
FRYHUV�WKH�PLGGOH�����RI�WKH�GDWD��WKH�VLGHV�RI�WKH�ER[�DUH�WKH�ORZHU�DQG�XSSHU�TXDUWLOHV��DQG�WKH�
KRUL]RQWDO�OLQH�GUDZQ�WKURXJK�WKH�ER[�LV�WKH�PHGLDQ��7KH�ZKLVNHUV�H[WHQG�WR�WKH�ORZHU�DQG�XSSHU�
YDOXHV�RI�WKH�GDWD��UDQJH���DQG�WKH�VLQJOH�SRLQW�� ��LV�WKH�PHDQ��9DOXHV�WKDW�IDOO�EH\RQG�WKH�ZKLVNHUV�
EXW�ZLWKLQ�WKUHH�LQWHUTXDUWLOH�UDQJHV�DUH�VXVSHFWHG�RXWOLHUV�DQG�DUH�SORWWHG�DV�VPDOO�ER[HV��$�*UXEEV�
WHVW�ZDV�XWLOL]HG�WR�GHWHUPLQH�DQ\�RXWOLHUV��Q ����DQG�WKH\�ZHUH�UHPRYHG�IURP�WKH�GDWD�VHW�SULRU�WR�
JUDSKLQJ��
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)LJXUH�������6XUURJDWH�5HFRYHULHV�RI�7RWDO�6XOILGH�LQ�:DVWHZDWHU�7UHDWPHQW�3ODQW�0DWULFHV�
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)LJXUH�������6XUURJDWH�5HFRYHULHV�RI�2UJDQLF�5HGXFHG�6XOIXU�&RPSRXQGV��
LQ�:DVWHZDWHU�7UHDWPHQW�3ODQW�0DWULFHV�

������ $FFXUDF\�LQ�D�0DWUL[���0DWUL[�6SLNH�5HFRYHU\

$FFXUDF\�ZDV�DVVHVVHG�ZLWK�HDFK�VDPSOH�VHW�DQDO\]HG�E\�IRUWLI\LQJ�D�VDPSOH�ZLWK�WKH�WDUJHW�DQDO\WHV�
DW�FRQFHQWUDWLRQV�RQH�WR�ILYH�WLPHV�WKH�QDWLYH�FRQFHQWUDWLRQ��5HFRYHULHV�RI�WKH�VSLNHG�WDUJHW�
FRPSRXQGV�ZHUH�FDOFXODWHG�IRU�HDFK�H[SHULPHQW�DQG�D�VXPPDU\�RI�WKH�GDWD�LV�SURYLGHG�LQ�7DEOH������
$�*UXEEV�WHVW�ZDV�XWLOL]HG�WR�GHWHUPLQH�DQ\�RXWOLHUV��Q ����DQG�WKH\�ZHUH�UHPRYHG�IURP�WKH�GDWD�VHW�
SULRU�WR�VXPPDUL]LQJ�WKH�GDWD�DQG�SHUIRUPLQJ�VXEVHTXHQW�FDOFXODWLRQV��$YHUDJH�PDWUL[�VSLNH�
UHFRYHULHV�UDQJHG�IURP����WR�������ZLWK�D�SRROHG�UHODWLYH�VWDQGDUG�GHYLDWLRQ�UDQJLQJ�IURP������WR�
������GHSHQGLQJ�RQ�WKH�WDUJHW�FRPSRXQG��7KHVH�GDWD�ZHUH�XWLOL]HG�WR�FDOFXODWH�PDWUL[�VSLNH�UHFRYHU\�
FULWHULD�IRU�0HWKRG�56&�������E\�FDOFXODWLQJ�WKH�ZDUQLQJ�DQG�DFWLRQ�OLPLWV�OLVWHG�LQ�WKH�WDEOH��,'47)�
�������

7DEOH�������0DWUL[�6SLNH�5HFRYHU\�6XPPDU\�

3DUDPHWHU� 7RWDO�6XOILGH� 0H6+� '06� '0'6� '076�
$YHUDJH���UHFRYHU\� ��� ���� ���� ���� ���
3RROHG�56'�RI�UHFRYHULHV� ����� ����� ����� ����� �����
5DQJH�RI���UHFRYHULHV� ����������� ����������� ����������� ����������� �����������
:DUQLQJ�OLPLWV���� ����������� ����������� ����������� ����������� �����������
$FWLRQ�OLPLWV���� ����������� ����������� ����������� ����������� �����������
Q� ��� ��� ��� ��� ���

������ 3UHFLVLRQ�LQ�D�0DWUL[���'XSOLFDWH�$QDO\VHV

0HWKRG�SUHFLVLRQ�ZDV�HYDOXDWHG�ZLWK�HDFK�VDPSOH�VHW�E\�DQDO\]LQJ�D�VDPSOH�LQ�GXSOLFDWH�DQG�
GHWHUPLQLQJ�WKH�UHODWLYH�SHUFHQW�GLIIHUHQFH��53'��EHWZHHQ�WKH�VDPSOH�DQG�GXSOLFDWH�FRQFHQWUDWLRQV��
3UHFLVLRQ�GDWD�ZHUH�DVVHVVHG�E\�SRROLQJ�WKH�53'V�REVHUYHG�EHWZHHQ�GXSOLFDWH�VHWV��7DEOH�����LV�D�
VXPPDU\�RI�WKHVH�GDWD�DV�ZHOO�DV�WKH�FDOFXODWHG�XSSHU�ZDUQLQJ�DQG�DFWLRQ�OLPLWV�IRU�PHWKRG�SUHFLVLRQ��
7KH�DYHUDJH�SRROHG�53'V�UDQJHG�IURP�����WR�������LQGLFDWLQJ�JRRG�SUHFLVLRQ�IRU�WKH�PHWKRG��7KH�
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KLJKHVW�YDULDELOLW\�ZDV�REVHUYHG�IRU�WRWDO�VXOILGH�DQG�PHWK\O�PHUFDSWDQ��DV�DQWLFLSDWHG��DV�WKHVH�
FRPSRXQGV�DUH�WKH�PRVW�XQVWDEOH�DQG�UHDFWLYH�RI�WKH�WDUJHW�FRPSRXQGV��

7DEOH�������3UHFLVLRQ�LQ�:DVWHZDWHU�7UHDWPHQW�3ODQW�0DWULFHV�

3DUDPHWHU� 7RWDO�6XOILGH� 0H6+� '06� '0'6� '076�
$YHUDJH�SRROHG�53'��� ���� ���� ���� ���� ����
5DQJH�RI�53'V�� ��������� ��������� ���������� ���������� �����������
:DUQLQJ�OLPLWV���� ����� ����� ���� ���� ����
$FWLRQ�OLPLWV���� ����� ����� ���� ���� �����
QD� ��� ��� ��� ��� ���

D� Q�LV�GHSHQGHQW�RQ�FRPSRXQGV�GHWHFWHG�LQ�QDWLYH�VDPSOHV�XWLOL]HG�GXULQJ�WKHVH�DVVHVVPHQWV�

���� 6DPSOH�3UHVHUYDWLRQ�DQG�6WDELOLW\�

������ ,QLWLDO�([SHULPHQWV�WR�$VVHVV�WKH�6WDELOLW\�RI�5HGXFHG�6XOIXU�&RPSRXQGV�XVLQJ�9DULRXV�
3UHVHUYDWLRQ�7HFKQLTXHV

'XH�WR�WKH�UHDFWLYLW\�RI�56&V��ZKLFK�FDQ�UHDFW�ZLWK�VXUIDFHV��YRODWLOL]H��R[LGL]H��RU�EH�ELRFKHPLFDOO\�
WUDQVIRUPHG��VDPSOH�VWDELOLW\�LV�RIWHQ�RQH�RI�WKH�PDMRU�SUREOHPV�HQFRXQWHUHG��*KROVRQ��+R\��DQG�
&KDPEHUV��������FRQGXFWHG�VWXGLHV�WR�DGGUHVV�VXUIDFH�UHDFWLYLW\�E\�GHDFWLYDWLQJ�VDPSOLQJ�JODVVZDUH�
ZLWK�DFLG�DQG�WULPHWK\OVLOR]DQHV��FROOHFWLQJ�VDPSOHV�XVLQJ�VWDQGDUG�YRODWLOH�RUJDQLF�PHWKRGV��QR�
VSODVK�VDPSOLQJ��]HUR�KHDGVSDFH�VWRUDJH��DQG�UHIULJHUDWLRQ���DGMXVWLQJ�VDPSOH�S+�WR������RU�!���WR�
FRQWURO�ELRUHDFWLYLW\��DQG�XVLQJ�DQWLR[LGDQWV�WR�FRQWURO�R[LGDWLRQ��([SHULPHQWV�WR�FRQWURO�R[LGDWLRQ�
LQFOXGHG�DQ�LQYHVWLJDWLRQ�RI�WKH�XVH�RI�VRGLXP�WKLRVXOIDWH��DVFRUELF�DFLG��VRGLXP�ELVXOILWH��
JOXWDWKLRQH��DQG�S\URJDOORO��5HVXOWV�LQGLFDWHG�WKDW�VRGLXP�WKLRVXOIDWH�DQG�VRGLXP�ELVXOILWH�ZHUH�
LQFRPSDWLEOH�ZLWK�WKH�DQDO\WLFDO�PHWKRG��DQG�FKURPDWRJUDSKLF�LQWHUIHUHQFHV�ZHUH�HQFRXQWHUHG�ZLWK�
JOXWDWKLRQH��$VFRUELF�DFLG�ZDV�IRXQG�WR�EH�PRUH�HIIHFWLYH�WKDQ�S\URJDOORO�LQ�SUHVHUYLQJ�0H6+�DQG�
VXOILGH��7KHVH�ILQGLQJV�LQGLFDWHG�WKDW�UHGXFLQJ�S+�XVLQJ�SKRVSKRULF�DFLG�DQG�DVFRUELF�DFLG�LPSURYHG�
VWDELOLW\�IRU�0H6+��'06��'0'6��DQG�'076�LQ�PRVW�PDWULFHV��EXW�VWDELOLW\�RI�VXOILGH�ZDV�VWLOO�
ODFNLQJ�LQ�VHYHUDO�PDWULFHV���$GGLWLRQDO�VWXGLHV�ZHUH�FRQGXFWHG�WR�LPSURYH�WKH�VWDELOLW\�RI�WRWDO�
VXOILGH�XVLQJ�D�]LQF�DFHWDWH�VROXWLRQ�WR�IRUP�D�VWDEOH�FRPSOH[�RI�]LQF�VXOILGH��

������ 6DPSOH�6WRUDJH�6WDELOLW\

([SHULPHQWV�ZHUH�FRQGXFWHG�WR�LQYHVWLJDWH�WKH�VWRUDJH�VWDELOLW\�RI�WRWDO�VXOILGH�LQ�HIIOXHQW�VDPSOHV�
IURP�0LOOV�$�DQG�(��D�EOHDFKHG�DQG�DQ�XQEOHDFKHG�NUDIW�PLOO��UHVSHFWLYHO\��ZKHQ�SUHVHUYHG�XVLQJ�D�
VROXWLRQ�RI�DVFRUELF�DFLG�DQG�]LQF�DFHWDWH�DW�S+����DQG�DW�S+�����RYHU�D�SHULRG�RI����GD\V��$OLTXRWV�RI�
WKH�YDULRXV�VDPSOHV�ZHUH�DQDO\]HG�LQ�GXSOLFDWH�RU�WULSOLFDWH�RQ�HDFK�GD\�DVVHVVHG��$SSHQGL[�$��
6HFWLRQ�����DFLGLILFDWLRQ�DQG�GLUHFW�LQMHFWLRQ�RQ�WKH�*&�3)3'���7KH�FRQFHQWUDWLRQV�UHPDLQLQJ�LQ�HDFK�
DOLTXRW�RQ�HDFK�GD\�RI�WHVWLQJ�ZHUH�FDOFXODWHG�DQG�DUH�VKRZQ�LQ�)LJXUH������

7KHVH�UHVXOWV�LQGLFDWH�WKDW�256&V�ZHUH�VWDEOH��!a����UHPDLQLQJ��LQ�VROXWLRQV�RI�DVFRUELF�DFLG�DQG�
]LQF�DFHWDWH�DW�S+�����RXW�WR����GD\V�LQ�0LOO�(�HIIOXHQW�DQG�RXW�WR���GD\V�LQ�0LOO�$�HIIOXHQW��7KH�
FRQFHQWUDWLRQV�RI�VXOILGH�UHPDLQLQJ�LQ�VROXWLRQ�GURSSHG�RII�RYHU�WKUHH�GD\V�XQGHU�VLPLODU�FRQGLWLRQV��
7KH�ILQGLQJV�DW�S+����ZHUH�PRUH�YDULDEOH�IRU�VXOILGH��EXW�WKH�JHQHUDO�WUHQG�IRU�WKH�256&V�ZDV�
GHFUHDVLQJ�DIWHU�'D\���IRU�DOO�EXW�'0'6��7KLV�ZDV�SUREDEO\�GXH�WR�R[LGDWLRQ�RI�0H6+�WR�'0'6�LQ�
WKH�PDWUL[��WKXV�DV�0H6+�GHFUHDVHG�'0'6�LQFUHDVHG��

7R�DVVHVV�WKH�LPSDFW�RI�DVFRUELF�DFLG�YHUVXV�]LQF�DFHWDWH�WKH�H[SHULPHQW�ZDV�UHSHDWHG�XVLQJ�VROXWLRQV�
RI�]LQF�DFHWDWH�DW�S+����DQG�����ZLWKRXW�WKH�DGGLWLRQ�RI�DVFRUELF�DFLG��5HVXOWV�DUH�LOOXVWUDWHG�LQ�)LJXUH�
�����:KHQ�WKH�SHUFHQW�RI�VXOILGH�UHPDLQLQJ�GURSSHG�EHORZ������RQH�PRUH�H[SHULPHQW�ZDV�FRQGXFWHG�
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WR�FRQILUP�WKLV�WUHQG��DQG�WKHQ�IXUWKHU�DQDO\VHV�ZHUH�GLVFRQWLQXHG��$W�S+�����WKLV�RFFXUUHG�EHWZHHQ�
'D\���DQG�'D\���LQ�WKH�HIIOXHQWV�IURP�0LOOV�$�DQG�(��DOWKRXJK�LQ�0LOO�(�HIIOXHQW�WKH�256&V�
DSSHDUHG�VWDEOH�VR�IXUWKHU�DQDO\VHV�ZHUH�FRQGXFWHG�RXW�WR�'D\����$W�S+����LW�ZDV�DSSDUHQW�DIWHU�
'D\���WKDW�0H6+�ZDV�QRW�VWDELOL]HG��EXW�VXOILGH�UHPDLQHG�VWDEOH�RXW�WR����GD\V��

$V�LOOXVWUDWHG�LQ�)LJXUH������DVFRUELF�DFLG�DW�S+�����VWDELOL]HG�256&V�EXW�QRW�VXOILGH��)LJXUH�����
LOOXVWUDWHV�VWDELOL]DWLRQ�RI�VXOILGH�DW�S+����ZLWK�]LQF�DFHWDWH��ZKLOH�PHWK\O�PHUFDSWDQ�LV�ORVW�XQGHU�
WKRVH�FRQGLWLRQV��%DVHG�RQ�WKHVH�H[SHULPHQWV��WZR�SUHVHUYDWLRQ�VFKHPHV�ZHUH�DGRSWHG�IRU�WKH�1&$6,�
56&�PHWKRG��SUHVHUYDWLRQ�DW�S+�����ZLWK�WKH�DGGLWLRQ�RI�DVFRUELF�DFLG�WR�DFW�DV�DQ�DQWLR[LGDQW�IRU�
VWDELOL]DWLRQ�RI�WKH�256&V��DQG�SUHVHUYDWLRQ�DW�S+����ZLWK�]LQF�DFHWDWH�IRU�VWDELOL]DWLRQ�RI�WRWDO�
VXOILGH��7KH�HIIHFWLYHQHVV�RI�WKLV�DSSURDFK�ZDV�IXUWKHU�VXEVWDQWLDWHG�E\�WKH�VWDELOLW\�REVHUYHG�IRU�WKH�
VXOILGH�VWDQGDUG�LQ�]LQF�DFHWDWH�DW�S+�����DV�GLVFXVVHG�LQ�6HFWLRQ������
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7RWDO�6XOILGH 0H6+ '06 '0'6 '076

)LJXUH�������5HGXFHG�6XOIXU�&RPSRXQG�3HUFHQW�5HPDLQLQJ�DW�S+�����
DQG�S+����3UHVHUYDWLRQ�ZLWK�=LQF�$FHWDWH�DQG�$VFRUELF�$FLG�
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7RWDO�6XOILGH 0H6+ '06 '0'6 '076

)LJXUH�������5HGXFHG�6XOIXU�&RPSRXQG�3HUFHQW�5HPDLQLQJ�DW�
S+�����DQG�S+����3UHVHUYDWLRQ�ZLWK�=LQF�$FHWDWH�

������ 2QJRLQJ�,QYHVWLJDWLRQV�RI�6DPSOH�3UHVHUYDWLRQ�DQG�6WDELOLW\

:KLOH�FRQGXFWLQJ�D�VXUYH\�RI�WKH�DTXHRXV�SKDVH�LQ�D�::73��ZKHUHLQ�VDPSOHV�ZHUH�VSOLW�EHWZHHQ�WKH�
1&$6,�:HVW�&RDVW�5HJLRQDO�&HQWHU�DQG�DQRWKHU�ODERUDWRU\��TXHVWLRQV�DURVH�UHJDUGLQJ�GLIIHUHQFHV�LQ�
WRWDO�VXOILGH�FRQFHQWUDWLRQV�UHSRUWHG�XVLQJ�0HWKRG�56&��������7KH�PHWKRG�XVHV�DVFRUELF�DFLG�DW�S+�
����IRU�SUHVHUYDWLRQ�RI�WKH�256&V�DQG�]LQF�DFHWDWH�DW�S+����IRU�SUHVHUYDWLRQ�RI�VXOILGH��7KH�RWKHU�
ODERUDWRU\�XWLOL]HG�D�GLIIHUHQW�SUHVHUYDWLRQ�IRU�WKH�WDUJHW�DQDO\WHV�WKDW�XVHG�]LQF�DFHWDWH�DQG�DVFRUELF�
DFLG�DGMXVWHG�WR�D�ILQDO�S+�RI������ZLWK�VRGLXP�K\GUR[LGH�VROXWLRQ��7KH�FRQFHQWUDWLRQ�GLIIHUHQFHV�
REVHUYHG�ZHUH�PRVW�SURQRXQFHG�LQ�VDPSOHV�IURP�WKH�IURQW�SRUWLRQ�RI�WKH�::73��VHWWOLQJ�SRQG�RXWOHW�
DQG�WKH�IURQW�SRUWLRQ�RI�WKH�$6%���$GGLWLRQDO�H[SHULPHQWV�ZHUH�FRQGXFWHG�WR�H[DPLQH�WKH�GLIIHUHQFH�
LQ�WRWDO�VXOILGH�FRQFHQWUDWLRQV�GXH�WR�SUHVHUYDWLRQ��1&$6,�VWDII�FROOHFWHG�VDPSOHV�DW�WZR�PLOOV�LQ�
RUGHU�WR�GHWHUPLQH�WRWDO�VXOILGH�FRQFHQWUDWLRQV�LQ�WKH�QDWLYH�VDPSOHV�ZLWKLQ���KRXUV�RI�FROOHFWLRQ��
6DPSOHV�ZHUH�FROOHFWHG�DQG�DOLTXRWHG�IRU�SUHVHUYDWLRQ�ZLWK�]LQF�DFHWDWH�DW�S+�����DVFRUELF�DFLG�DW�S+�
�����DQG�]LQF�DFHWDWH�SOXV�DVFRUELF�DFLG�DW�S+�!����8QSUHVHUYHG�VDPSOHV�ZHUH�DOVR�DQDO\]HG��(DFK�RI�
WKH�GLIIHUHQWO\�SUHVHUYHG�DOLTXRWV�ZDV�DQDO\]HG�RQ�'D\V����������RU����DQG����XVLQJ�56&�������IRU�
WRWDO�VXOILGH��\LHOGLQJ�WKH�UHVXOWV�LOOXVWUDWHG�LQ�)LJXUHV�����DQG������$V�LQGLFDWHG�LQ�WKH�ILJXUHV��VDPSOHV�
SUHVHUYHG�ZLWK�]LQF�DFHWDWH�DQG�DVFRUELF�DFLG�DW�S+�!���\LHOGHG�WKH�KLJKHVW�FRQFHQWUDWLRQV�RI�WRWDO�
VXOILGH�LQ�DOO�VDPSOHV�H[FHSW�'D\����LQ�WKH�VDPSOHV�FROOHFWHG�IURP�0LOO�-��,Q�DOO�FDVHV�SUHVHUYDWLRQ�
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ZLWK�]LQF�DFHWDWH�DW�S+����RU����LQ�WKH�VDPSOH�FROOHFWHG�DW�0LOO�$�\LHOGHG�KLJKHU�FRQFHQWUDWLRQV�WKDQ�
'D\���XQSUHVHUYHG�VDPSOHV��7KLV�PLJKW�LQGLFDWH�D�ORVV�RI�VXOILGH�GXH�WR�YRODWLOL]DWLRQ�RU�R[LGDWLRQ�LQ�
WKH�'D\���XQSUHVHUYHG�VDPSOH��$OWHUQDWLYHO\��WKH�KLJK�SUHVHUYDWLRQ�S+�PD\�FRQWULEXWH�WR�UHOHDVH�RI�
VXOILGH�IURP�RWKHU�VXOIXU�FRQWDLQLQJ�PROHFXOHV�LQ�WKH�PDWUL[��\LHOGLQJ�D�IDOVH�SRVLWLYH�ELDV�WKDW�LV�
LQGLFDWHG�E\�WKH�WUHQG�RI�LQFUHDVLQJ�FRQFHQWUDWLRQV�RYHU�WLPH�IRU�WKH�VDPSOHV�SUHVHUYHG�DW�S+�������
6DPSOHV�SUHVHUYHG�ZLWK�DVFRUELF�DFLG�DW�S+�����DQG�XQSUHVHUYHG�VDPSOHV�JDYH�VLPLODU�UHVXOWV�RQ�'D\V�
��DQG���LQ�0LOO�$��ZKLOH�WKH�DVFRUELF�DFLG�SUHVHUYHG�VDPSOH�FRQFHQWUDWLRQV�ZHUH�VOLJKWO\�ORZHU�LQ�WKH�
0LOO�-�VDPSOHV��&RQFHQWUDWLRQV�RI�WRWDO�VXOILGH�LQ�XQSUHVHUYHG�VDPSOHV�GURSSHG�WR�QRQGHWHFW�RQ�'D\���
RU���LQ�ERWK�VDPSOH�PDWULFHV��6XOILGH�FRQFHQWUDWLRQV�LQ�VDPSOHV�SUHVHUYHG�ZLWK�DVFRUELF�DFLG�DW�S+���
GURSSHG�VWHDGLO\�RYHU�WKH����GD\�SHULRG�LQ�ERWK�PDWULFHV��
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)LJXUH�������0LOO�-�3UHVHUYDWLRQ�DQG�6WDELOLW\�5HVXOWV�



7HFKQLFDO�%XOOHWLQ�1R������ ���

1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW�

%HFDXVH�SUHOLPLQDU\�H[SHULPHQWV�LQGLFDWHG�WKDW�WRWDO�VXOILGH�FRQFHQWUDWLRQV�LQFUHDVHG�ZLWK�LQFUHDVLQJ�
S+��KLJKHU�FRQFHQWUDWLRQV�DW�S+����WKDQ�DW�S+�����DQG�RYHU�WLPH��IXUWKHU�VWXGLHV�ZHUH�GRQH�WR�DGGUHVV�
DQG�XQGHUVWDQG�WKLV�SKHQRPHQRQ��7KH�REMHFWLYH�RI�WKHVH�VWXGLHV�ZDV�WR�HYDOXDWH�WKH�LPSDFW�RI�VDPSOH�
SUHVHUYDWLRQ�XVLQJ�]LQF�DFHWDWH�RYHU�D�S+�UDQJH�RI���WR����RQ�WRWDO�VXOILGH�FRQFHQWUDWLRQV�RYHU�D�
SHULRG�RI�a���GD\V��6DPSOHV�IRU�WKLV�ZRUN�ZHUH�FROOHFWHG�IURP�IRXU�PLOOV��0LOOV�,��3��4��DQG�6���
([SHULPHQWDO�ZRUN�IRFXVHG�RQ�VDPSOHV�FROOHFWHG�DW�LQOHWV�WR�$6%V��SULPDU\�FODULILHU�RXWOHW���IURQW�
SRUWLRQV�RI�$6%V��DQG�PLGSRLQWV�RI�$6%V��DV�WKHVH�VDPSOH�PDWULFHV�\LHOGHG�WKH�JUHDWHVW�GLIIHUHQFHV�LQ�
FRQFHQWUDWLRQV�GXH�WR�SUHVHUYDWLRQ�S+�REVHUYHG�LQ�SUHYLRXV�ZRUN��8QSUHVHUYHG�JUDE�VDPSOHV�ZHUH�
FROOHFWHG�E\�PLOO�SHUVRQQHO�DQG�VKLSSHG�WR�WKH�1&$6,�:HVW�&RDVW�5HJLRQDO�&HQWHU��:&5&��YLD�
RYHUQLJKW�FRXULHU��6DPSOHV�ZHUH�FROOHFWHG�XVLQJ�SURFHGXUHV�IRU�YRODWLOH�RUJDQLF�FRPSRXQGV��ZHUH�
VWRUHG�DW�� &��DQG�ZHUH�VKLSSHG�WR�1&$6,�RQ�LFH��&RPSDULVRQV�ZHUH�EDVHG�RQ�UHODWLYH�FRQFHQWUDWLRQV�
RI�WRWDO�VXOILGH�UHPDLQLQJ�LQ�D�VDPSOH�VWDUWLQJ�IURP�D�GHVLJQDWHG�'D\���VHOHFWHG�E\�WKH�:&5&�
ODERUDWRU\��8SRQ�DUULYDO�DW�WKH�ODERUDWRU\��VDPSOHV�ZHUH�VFUHHQHG�WR�DVVHVV�WKH�DPRXQWV�RI�EDVH���1�
1D2+��UHTXLUHG�WR�DGMXVW�D�S+���]LQF�DFHWDWH�VWRFN�WR�D�S+�WKDW�ZRXOG�DOORZ�WKH�VWRFN�WR�EH�DGGHG�WR�
VDPSOHV�WR�DFKLHYH�WKH�GHVLUHG�S+�RI���������������������DQG������ZKLOH�DGGLQJ�WKH�VDPH�DPRXQW�RI�]LQF�
DFHWDWH�DQG�WKH�VDPH�YROXPH�RI�SUHVHUYDWLRQ�VWRFN����P/�LQ�D����P/�92$�YLDO��WR�HDFK�VDPSOH��WKXV�
NHHSLQJ�WKH�GLOXWLRQ�IDFWRU�FRQVWDQW��6DPSOHV�ZHUH�DOLTXRWHG�LQ�WKH�ODERUDWRU\�LQ�VHWV�RI�WKUHH�DQG�
DGMXVWHG�WR�DSSUR[LPDWHO\�S+�����������������DQG�����$Q�DGGLWLRQDO�DOLTXRW�RI�XQSUHVHUYHG��83��VDPSOH�
ZDV�DOVR�SUHSDUHG��7KLV�SURYLGHG�D�VHW�RI�UHSOLFDWH�VDPSOHV�WR�EH�DQDO\]HG�RQ�DSSUR[LPDWHO\�'D\V����
�����WR����DQG�����2QH�UHSOLFDWH�ZDV�DQDO\]HG�XVLQJ�56&�������DQG�WKH�RWKHU�ZDV�XVHG�WR�YHULI\�
VDPSOH�S+��7KLV�DOORZHG�YHULILFDWLRQ�WKDW�WKH�WDUJHWHG�S+�YDOXH�ZDV�PDLQWDLQHG�ZKLOH�ORVV�RI�VXOILGH�
ZDV�PLQLPL]HG��7KH�DFWXDO�GD\�RI�DQDO\VLV�VKLIWHG�VOLJKWO\�IRU�WKH�YDULRXV�VDPSOLQJ�VHWV��GHSHQGLQJ�
RQ�VDPSOH�DUULYDO�DW�WKH�ODERUDWRU\��

,QIRUPDWLRQ�UHJDUGLQJ�WKH�VDPSOHV�XWLOL]HG�LQ�WKLV�VWXG\�DUH�VXPPDUL]HG�LQ�7DEOH������1RWH�WKDW�WKH�
LQLWLDO�S+�RI�WKH�VDPSOH�IURP�WKH�SULPDU\�FODULILHU�DW�0LOO�6�ZDV���DQG�WKDW�WKH�0LOO�,�VDPSOHV�ZHUH�
UHFHLYHG�DW�S+�!���7KH�S+V�RI�WKH�GHVLJQDWHG�DOLTXRWV�ZHUH�UH�PHDVXUHG�RQ�HDFK�GD\�RI�DQDO\VLV�WR�
FRQILUP�WKDW�WKH�DGMXVWHG�S+�OHYHO�KDG�EHHQ�DFKLHYHG�DQG�PDLQWDLQHG�RYHU�WKH����GD\�SHULRG���5HVXOWV�
RI�WKH�SUHVHUYDWLRQ�VWXG\�DUH�VKRZQ�LQ�)LJXUH������

'LIIHUHQW�SDWWHUQV�ZHUH�REVHUYHG�GHSHQGLQJ�RQ�WKH�PDWUL[�DQG�PLOO�VDPSOHG��8QSUHVHUYHG�VDPSOHV�
JHQHUDOO\�\LHOGHG�WKH�ORZHVW�FRQFHQWUDWLRQV�RI�WRWDO�VXOILGH�RQ�'D\����([FHSWLRQV�ZHUH�REVHUYHG�LQ�
VDPSOHV�IURP�WKH�SULPDU\�FODULILHU��LQLWLDO�S+��S+L��������FRQFHQWUDWLRQ������PJ�6�/��DQG�WKH�IURQW�RI�
WKH�$6%��S+L������FRQFHQWUDWLRQ����� J�6�/��IURP�0LOO�6��DV�ZHOO�DV�IURP�WKH�PLGSRLQW�RI�WKH�$6%�
�S+L������FRQFHQWUDWLRQ����� J�6�/��IURP�0LOO�,��,Q�WKRVH�VDPSOHV�FRQFHQWUDWLRQV�RI�WRWDO�VXOILGH�LQ�
XQSUHVHUYHG�VDPSOHV�RQ�'D\���ZHUH�VLPLODU�WR�RU�KLJKHU�WKDQ�WKRVH�LQ�SUHVHUYHG�VDPSOHV��6WDELOLW\�RI�
WRWDO�VXOILGH�LQ�WKH�XQSUHVHUYHG�VDPSOHV�ZDV�SRRU��ZLWK�����ORVVHV�REVHUYHG�EHWZHHQ�'D\���DQG�'D\�
��LQ�D�PDMRULW\�RI�WKH�VDPSOHV��([FHSWLRQV�ZHUH�REVHUYHG�LQ�VDPSOHV�FROOHFWHG�DW�WKH�PLGSRLQW�RI�WKH�
0LOO�,�$6%�DQG�WKH�IURQW�RI�WKH�0LOO�6�$6%��%DVHG�RQ�WKHVH�REVHUYDWLRQV�DQG�SUHYLRXV�VWXGLHV��
FROOHFWLRQ�DQG�VKLSPHQW�RI�XQSUHVHUYHG�VDPSOHV�IRU�WRWDO�VXOILGH�DQDO\VHV�XVLQJ�YRODWLOH�VDPSOH�
FROOHFWLRQ�WHFKQLTXHV�LV�QRW�UHFRPPHQGHG��



��� 7HFKQLFDO�%XOOHWLQ�1R������

1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW�
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3ULPDU\�&ODULILHU�2XWOHW�0LOO�6
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)LJXUH�������3UHVHUYDWLRQ�S+�DQG�7RWDO�6XOILGH�&RQFHQWUDWLRQV�RYHU�D����'D\�3HULRG�



7HFKQLFDO�%XOOHWLQ�1R������ ���

1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW�

3UHVHUYDWLRQ�S+V�LQ�WKH�UDQJH�RI�����WR������\LHOGHG�VLPLODU�UHVXOWV�IRU�WRWDO�VXOILGH��7KLV�VXJJHVW�WKDW�
WKH�VKLIW�LQ�WRWDO�VXOILGH�FRQFHQWUDWLRQV�REVHUYHG�IROORZLQJ�DGGLWLRQ�RI�EDVH�DQG�]LQF�DFHWDWH�LV�PDWUL[�
VSHFLILF�DQG�PD\�EH�DIIHFWHG�E\�WZR�SKHQRPHQD��7KH�ILUVW�LQYROYHV�D�FKHPLFDO�SDWKZD\�WKDW�UHVXOWV�LQ�
DQ�LQFUHDVHG�OHYHO�RI�WRWDO�VXOILGH�LPPHGLDWHO\�IROORZLQJ�DGGLWLRQ�RI�EDVLF�]LQF�DFHWDWH�VROXWLRQ�
�SRVVLEO\�UHODWHG�WR�QXFOHRSKLOLF�VXEVWLWXWLRQ�RU�EDVH�FDWDO\]HG�UHDFWLRQV���$QRWKHU�SDWKZD\�RFFXUV�
VORZO\�RYHU�WLPH�WR�IXUWKHU�LQFUHDVH�WRWDO�VXOILGH�OHYHOV�LQ�VRPH�PDWULFHV��,QYHVWLJDWLRQV�LQWR�WKH�
QDWXUH�RI�WKHVH�SKHQRPHQD�DUH�VWLOO�LQ�SURJUHVV��:KHQ�ELDVHV�IRU�S+���DQG����UHVXOWV�ZHUH�SORWWHG�
YHUVXV�FRQFHQWUDWLRQV�LQ�WKH�VDPSOHV�LW�ZDV�QRWHG�WKDW�WKH�PDMRU�ELDV�RFFXUUHG�LQ�VDPSOHV�ZLWK�
FRQFHQWUDWLRQV�DURXQG�����PJ�6�/��)LJXUH�������7KHUHIRUH��VDPSOHV�ZLWK�FRQFHQWUDWLRQV�RI�VXOILGH�
EHORZ�����PJ�6�/�VKRXOG�EH�DQDO\]HG�DV�VRRQ�DV�SRVVLEOH�IROORZLQJ�FROOHFWLRQ��
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7RWDO�6XOILGH�$YHUDJH�,QLWLDO�&RQFHQWUDWLRQ��PJ�6�/
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)LJXUH�������7RWDO�6XOILGH�%LDV�DIWHU�)RXUWHHQ�'D\V�RI�6WRUDJH�

5HVXOWV�RI�WKH�SUHVHUYDWLRQ�S+�VWXG\�LQGLFDWH�WKDW�LQ�VRPH�PDWULFHV�D�FKDQJH�LQ�QDWLYH�S+�E\�WKH�
DGGLWLRQ�RI�EDVLF�]LQF�DFHWDWH�SUHVHUYDWLRQ�VROXWLRQ�XVHG�LQ�1&$6,�0HWKRGV�56&�������DQG�56&�
������UHVXOWV�LQ�DQ�LQFUHDVH�LQ�WRWDO�VXOILGH�FRQFHQWUDWLRQV�PHDVXUHG��7KLV�LQFUHDVH�ZDV�REVHUYHG�LQ�
VDPSOHV�FROOHFWHG�IURP�0LOOV�4�DQG�3�DW�WKH�IURQWV�DQG�PLGSRLQWV�RI�WKHLU�$6%V��,W�ZDV�DOVR�REVHUYHG�
LQ�WKH�VDPSOH�FROOHFWHG�IURP�WKH�PLGSRLQW�RI�WKH�$6%�DW�0LOO�,��,Q�WKH�VDPSOHV�WKDW�GHPRQVWUDWHG�WKLV�
LQFUHDVH�LW�ZDV�REVHUYHG�DW�DOO�S+V�WHVWHG�ZLWKLQ�WKH�UDQJH�RI���WR�����7KLV�WUHQG�ZDV�REVHUYHG�LQ�ILYH�
RI�WKH�WHQ�VDPSOHV�WHVWHG��

6HYHQ�RXW�RI�WHQ�VDPSOHV�\LHOGHG�LQFUHDVHG�WRWDO�VXOILGH�FRQFHQWUDWLRQV�DIWHU�RQH�RU�WZR�GD\V�RI�
VWRUDJH��6L[�RXW�RI�WHQ�VDPSOHV�\LHOGHG�LQFUHDVHG�FRQFHQWUDWLRQV�DIWHU�ILYH�RU�VL[�GD\V��$IWHU����WR����
GD\V��DOO�VDPSOHV�WHVWHG�WR�GDWH��0LOO�,�LV�QRW�LQFOXGHG��\LHOGHG�LQFUHDVHG�WRWDO�VXOILGH�OHYHOV�FRPSDUHG�
WR�XQSUHVHUYHG�VDPSOHV�RQ�'D\����7KH�PDJQLWXGH�RI�WKHVH�FKDQJHV�DSSHDUV�WR�EH�PDWUL[�VSHFLILF�DQG�
KDV�QRW�SUHYLRXVO\�EHHQ�REVHUYHG�LQ�VDPSOHV�FROOHFWHG�SDVW�WKH�PLGSRLQW�RI�WKH�WUHDWPHQW�V\VWHP�RU�
SULRU�WR�WKH�IURQW�RI�WKH�$6%��7KHUHIRUH��WKH�56&�������SURWRFRO�LV�UHWDLQHG�LQ�56&�������IRU�WRWDO�
VXOILGH�DQDO\VHV�RI�VDPSOHV�UHTXLULQJ�SUHVHUYDWLRQ�DQG�VKLSSLQJ��DV�OLPLWHG�EHQHILWV�UHJDUGLQJ�
DOWHUQDWLYH�S+V�RI�SUHVHUYDWLRQ�ZHUH�REVHUYHG�GXULQJ�WKLV�VWXG\��,QYHVWLJDWLRQV�RI�DOWHUQDWLYH�
SUHVHUYDWLRQ�VFKHPHV�ZLOO�FRQWLQXH��EXW�EDVHG�RQ�WKH�ILQGLQJV�RI�WKLV�VWXG\�DQG�WKH�YROXPH�RI�



��� 7HFKQLFDO�%XOOHWLQ�1R������

1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW�

OLWHUDWXUH�DYDLODEOH�UHJDUGLQJ�VXOILGH�SUHVHUYDWLRQ��WKH�EDVLF�]LQF�DFHWDWH�DSSURDFK�LV�WKH�EHVW�DYDLODEOH�
SURFHGXUH�DW�WKLV�WLPH�IRU�VDPSOHV�UHTXLULQJ�SUHVHUYDWLRQ�RU�VKLSPHQW��

8QSUHVHUYHG�VDPSOHV�ORVW�WRWDO�VXOILGH�UDSLGO\�EHWZHHQ�'D\���DQG�'D\���RI�DQDO\VLV��WKHUHIRUH��
DQDO\VLV�RI�XQSUHVHUYHG�VDPSOHV�LV�QRW�UHFRPPHQGHG�LI�VWRUDJH�RU�VKLSSLQJ�LV�UHTXLUHG��

���� S+�$GMXVWPHQW�3ULRU�WR�'LUHFW�,QMHFWLRQ�

7KH�REMHFWLYH�RI�WKLV�VWXG\�ZDV�WR�HYDOXDWH�WKH�LPSDFW�RI�VDPSOH�DFLGLILFDWLRQ�IROORZLQJ�SUHVHUYDWLRQ�
ZLWK�]LQF�DFHWDWH�DW�S+����WR�UHOHDVH�WRWDO�VXOILGH�IRU�DQDO\VLV��7KH�H[SHULPHQW�H[DPLQHG�D�UDQJH�RI�
S+�DGMXVWPHQWV�SULRU�WR�GLUHFW�LQMHFWLRQ�RI�WRWDO�VXOILGH�VWDQGDUGV�SUHVHUYHG�XVLQJ�]LQF�DFHWDWH�DW�
S+����DV�VSHFLILHG�LQ�56&�������DQG�56&���������,Q�RUGHU�WR�IUHH�VXOILGH�ERQGV�ZLWK�]LQF�SULRU�WR�
GLUHFW�LQMHFWLRQ�RQWR�WKH�*&��VDPSOHV�ZHUH�DFLGLILHG�WR�S+�����WR������7KLV�DGMXVWPHQW�FDQ�DOVR�IUHH�
VXOILGHV�DVVRFLDWHG�ZLWK�RWKHU�PHWDOV�DQG�RUJDQLFV�LQ�WKH�PDWUL[��

5HVXOWV�RI�LQMHFWLRQ�S+�H[SHULPHQWV�DUH�VXPPDUL]HG�LQ�7DEOH������7KH�GDWD�LQGLFDWH�WKDW�LQ�RUGHU�WR�
REWDLQ�UHFRYHU\�RI�WKH�]LQF�SUHVHUYHG�VXOILGH�VWDQGDUG�WKH�S+�RI�WKH�VDPSOH�PXVW�EH�DGMXVWHG�WR�EHORZ�
S+���SULRU�WR�LQMHFWLRQ��$W�S+�������UHFRYHU\�ZDV�REVHUYHG��7KH�SRVW�DFLGLF�LQMHFWLRQV�ZHUH�PDGH�LQ�
DQ�HIIRUW�WR�IUHH�DQ\�VXOILGH�WUDSSHG�LQ�WKH�LQMHFWLRQ�SRUW�LQ�WKH�IRUP�RI�]LQF�VXOILGH��7KH�ILUVW�DFLGLF�
LQMHFWLRQ�IROORZLQJ�WKH�S+���LQMHFWLRQ�\LHOGHG�DGGLWLRQDO�VXOILGH��7KH�VHFRQG�DFLGLF�LQMHFWLRQ�DOVR�
\LHOGHG�DGGLWLRQDO�VXOILGH��EXW�WR�D�VPDOOHU�GHJUHH��,QMHFWLRQ�DW�S+���UHVXOWHG�LQ�DERXW�����UHFRYHU\�RI�
WKH�VXOILGH�VWDQGDUG��EXW�IXUWKHU�DFLGLF�LQMHFWLRQV�GLG�QRW�UHVXOW�LQ�DGGLWLRQDO�GHWHFWLRQV�RI�VXOILGH��7KLV�
PD\�EH�DFFRXQWHG�IRU�E\�ORVVHV�H[SHFWHG�WR�RFFXU�RXW�RI�WKH�VSOLW�YHQW�RI�WKH�JDV�FKURPDWRJUDSK�
GXULQJ�LQMHFWLRQ��

7DEOH�������(IIHFWV�RI�,QMHFWLRQ�S+�RQ�6XOILGH�6WDQGDUG�5HFRYHU\�

S+���
���UHFRYHU\��

S+���
���UHFRYHU\��

S+�����
���UHFRYHU\��

$OLTXRW�LQMHFWHG� �� ��� ���
)LUVW�SRVW�DFLGLF�LQMHFWLRQ� ��� �� ��
6HFRQG�SRVW�DFLGLF�LQMHFWLRQ� ��� �� ��

([SHULPHQWV�WR�LQYHVWLJDWH�DQ�RSWLPXP�S+�RI�DGMXVWPHQW�SULRU�WR�GLUHFW�LQMHFWLRQ�LQ�RUGHU�WR�IUHH�
VXOILGH�IURP�WKH�]LQF�SUHVHUYDWLYH�LQGLFDWHG�WKDW�WKH�FXUUHQWO\�XVHG�S+������LV�RSWLPDO�IRU�WKH�JUHDWHVW�
UHFRYHU\�RI�WRWDO�VXOILGH��

���� 1&$6,�0HWKRG�56&�������&RPPHQWV�

$V�WKH�GDWD�SUHVHQWHG�LQ�WKH�SUHYLRXV�VHFWLRQV�LOOXVWUDWH��1&$6,�0HWKRG�56&�������LV�D�SUHFLVH�
�56'V������LQ�VWDQGDUGV��53'V������LQ�VDPSOHV�PDWULFHV��DQG�DFFXUDWH��DYHUDJH�UHFRYHULHV�
!���LQ�VWDQGDUGV��!����LQ�PDWULFHV��PHWKRG�IRU�GHWHUPLQDWLRQ�RI�56&V�LQ�SXOS�DQG�SDSHU�PLOO�
PDWULFHV��6DPSOH�SUHVHUYDWLRQ�DW�S+�����ZLWK�DVFRUELF�DFLG�KDV�SURYHQ�HIIHFWLYH�IRU�VWDELOL]DWLRQ�RI�
256&V��6DPSOH�SUHVHUYDWLRQ�DW�S+����ZLWK�]LQF�DFHWDWH�KDV�SURYHQ�HIIHFWLYH�LQ�D�PDMRULW\�RI�PDWULFHV�
DVVHVVHG��DOWKRXJK�D�KLJK�ELDV�LV�VRPHWLPHV�REVHUYHG�LQ�VDPSOHV�ZLWK�LQLWLDO�FRQFHQWUDWLRQV�EHORZ�
DSSUR[LPDWHO\�����PJ�6�/��3UHVHUYDWLRQ�DQG�VWRUDJH�VWDELOLW\�VWXGLHV�LQGLFDWHG�WKDW�!����RI�WKH�WDUJHW�
FRPSRXQGV�UHPDLQHG�DIWHU�D����GD\�KROGLQJ�SHULRG�XVLQJ�WKH�SUHVHUYDWLRQ�VFKHPH�LQ�56&�������
�$SSHQGL[�$��6HFWLRQ�������

0DMRU�FKDOOHQJHV�UHODWH�WR�WKH�YRODWLOH�DQG�UHDFWLYH�QDWXUH�RI�56&V��ZKLFK�UHTXLUHV�VSHFLDO�DWWHQWLRQ�WR�
DFWLYH�VLWHV�RQ�DOO�V\ULQJHV�DQG�LQVWUXPHQWDWLRQ�WKDW�ZLOO�FRPH�LQ�FRQWDFW�ZLWK�VDPSOHV��,QVWUXPHQW�
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PDLQWHQDQFH�LV�UHTXLUHG�RQ�D�GDLO\�EDVLV��DV�ZHOO�DV�FDUHIXO�VDPSOH�KDQGOLQJ�WR�UHGXFH�ORVVHV�
IROORZLQJ�VDPSOH�DFLGLILFDWLRQ��WRWDO�VXOILGH���

���� 0(7+2'�$33/,&$7,21�

1&$6,�KDV�XVHG�0HWKRGV�56&�������DQG�56&�������WR�VXUYH\�::73V�IRU�WRWDO�VXOILGH�DQG�256&�
OHYHOV�LQ�WKH�DTXHRXV�SKDVH��0DQ\�RI�WKH�PLOOV�VXUYH\HG�FRQWDFWHG�1&$6,�IRU�DVVLVWDQFH�LQ�JDWKHULQJ�
GDWD�WR�DGGUHVV�D�YDULHW\�RI�LQIRUPDWLRQ�QHHGV��WKHUHIRUH��VLPLODU�VDPSOLQJ�VLWHV�ZHUH�QRW�DOZD\V�
LQFOXGHG�DW�HDFK�PLOO��7KHVH�GDWD�KDYH�EHHQ�XWLOL]HG�E\�PLOOV�WR�KHOS�GLUHFW�RGRU�UHGXFWLRQ�HIIRUWV�DQG�
SURYLGH�LQVLJKW�UHJDUGLQJ�DUHDV�RI�WKH�::73�ZKHUH�LQFUHDVHV��JHQHUDWLRQ��DQG�GHFUHDVHV�
�YRODWLOL]DWLRQ��R[LGDWLRQ��SUHFLSLWDWLRQ��RI�VXOILGH�DQG�256&�FRQFHQWUDWLRQV�DUH�REVHUYHG��

0DQ\�VXOIXU�FRQYHUVLRQV�FDQ�RFFXU�LQ�WKH�::73��6XOILGH�PD\�EH�SUHFLSLWDWHG�E\�PHWDOV�DV�PHWDO�
VXOILGHV���,W�FDQ�EHFRPH�ZHDNO\�DVVRFLDWHG�ZLWK�RUJDQLFV��2[LGDWLRQ�UHDFWLRQV��ERWK�FKHPLFDO�DQG�
ELRFKHPLFDO��VXFK�DV�WKH�FRQYHUVLRQ�RI�PHWK\O�PHUFDSWDQ�WR�GLPHWK\O�GLVXOILGH�DQG�WKH�R[LGDWLRQ�RI�
VXOILGH�WR�VXOIDWH��PD\�WDNH�SODFH��$V�WKH�S+�RI�WKH�DTXHRXV�SKDVH�VKLIWV��VR�GRHV�WKH�HTXLOLEULXP�RI�
VXOILGH��$W�KLJKHU�S+V��!�����D�PDMRULW\�RI�VXOILGH�LV�ZDWHU�VROXEOH��+6���DQG�DW�ORZHU�S+V��������WKH�
VXOILGH�LV�LQ�JDVHRXV�IRUP��+�6�J����,Q�DQDHURELF�DUHDV�VXOIDWH�PD\EH�FRQYHUWHG�WR�VXOILGH�E\�VXOIDWH�
UHGXFLQJ�EDFWHULD��$OO�WKHVH�UHDFWLRQV�FRQWULEXWH�WR�D�KLJK�OHYHO�RI�YDULDELOLW\�ZLWK�UHJDUG�WR�VXOIXU�
IRUPV�DQG�FRQFHQWUDWLRQV�LQ�WKH�::73��

���� 5HVXOWV�IRU�:DVWHZDWHU�7UHDWPHQW�3ODQW�6DPSOHV�

'DWD�IRU�56&�FRQFHQWUDWLRQV�LQ�DTXHRXV�VDPSOHV�FROOHFWHG�DW�WKH�PLOOV�OLVWHG�LQ�7DEOH�����DUH�
VXPPDUL]HG�LQ�7DEOH������7KH�GDWD�DUH�QRW�QHFHVVDULO\�UHIOHFWLYH�RI�LQGXVWU\�ZLGH�56&�FRQFHQWUDWLRQV�
EHFDXVH�WKH�PLOOV�IURP�ZKLFK�VDPSOHV�ZHUH�FROOHFWHG�ZHUH�LQYHVWLJDWLQJ�RGRU�VRXUFHV�DQG�WKXV�PLJKW�
UHSUHVHQW�D�JURXS�ZLWK�JHQHUDOO\�KLJKHU�56&�OHYHOV��6DPSOLQJ�VLWHV�ZHUH�YDULDEOH��GHSHQGLQJ�RQ�HDFK�
PLOO¶V�::73�FRQILJXUDWLRQ�DQG�LQIRUPDWLRQ�QHHGV��&RPPRQO\�VDPSOHG�VLWHV�LQFOXGHG�RXWSXW�IURP�
WKH�SULPDU\�FODULILHU��IURQW�SRUWLRQ�RI�WKH�$6%�RU�$6��PLGSRLQW�RI�WKH�$6%��DQG�ILQDO�HIIOXHQW��6RPH�
VDPSOHV�UHTXLUHG�GLOXWLRQ�SULRU�WR�DQDO\VLV�LQ�RUGHU�WR�EH�ZLWKLQ�WKH�ZRUNLQJ�UDQJH�RI�WKH�PHWKRG��

5HVXOWV�REWDLQHG�RQ�KLJKO\�GLOXWHG�VDPSOHV�KDYH�QRW�EHHQ�DVVHVVHG�RU�YDOLGDWHG�IRU�WKLV�PHWKRG��
WKHUHIRUH��WKHVH�GDWD�PD\�EH�VXEMHFW�WR�HUURU��7KH�VWDWLVWLFV�LQ�7DEOH������DYHUDJH��PHGLDQ��DQG�6'��
ZHUH�FDOFXODWHG�E\�VXEVWLWXWLQJ�KDOI�WKH�ORZHU�FDOLEUDWLRQ�OLPLW��������PJ�6�/�IRU�WRWDO�VXOILGH��
��� J�6�/�IRU�256&V��IRU�DOO�WDUJHW�DQDO\WHV�ZLWK�FRQFHQWUDWLRQV�EHORZ�WKH�ORZHU�FDOLEUDWLRQ�OLPLW�RI�
WKH�PHWKRG��$�PHGLDQ�YDOXH�LQ�WKH�WDEOH�QHDU�KDOI�WKH�ORZHU�FDOLEUDWLRQ�OLPLW�LQGLFDWHV�WKDW�WKH�WDUJHW�
DQDO\WH�ZDV�QRW�GHWHFWHG�LQ�D�PDMRULW\�RI�VDPSOHV�DVVHVVHG��7DEOH�����FRQWDLQV�LQIRUPDWLRQ�IURP�D�
WRWDO�RI����GLIIHUHQW�XQLWV�RI�RSHUDWLRQ��)LJXUHV�VKRZLQJ�FRQFHQWUDWLRQV�RI�WRWDO�VXOILGH�DQG�256&V�LQ�
VDPSOHV�IURP�WKH�RXWOHW�RI�WKH�SULPDU\�FODULILHU��IURQW�RI�WKH�$6%��DQG�PLGSRLQW�RI�WKH�$6%�FDQ�EH�
IRXQG�LQ�$SSHQGL[�%��6HFWLRQ�%���$�PDMRULW\�RI�ILQDO�HIIOXHQW�VDPSOHV�\LHOGHG�FRQFHQWUDWLRQV�EHORZ�
WKH�ORZHU�FDOLEUDWLRQ�OLPLW�DQG�ZHUH�QRW�JUDSKHG��7KH�FRPSOHWH�GDWD�VHW�IRU�WKH�VDPSOLQJ�VLWHV�
DVVHVVHG�DW�HDFK�PLOO�LV�SURYLGHG�LQ�$SSHQGL[�%��6HFWLRQ�%���7KHVH�GDWD�FKDUDFWHUL]H�56&�
FRQFHQWUDWLRQV�HQFRXQWHUHG�LQ�DTXHRXV�VDPSOHV�IURP�YDULRXV�ORFDWLRQV�LQ�SXOS�DQG�SDSHU�PLOO�
::73V��
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7DEOH�������5HGXFHG�6XOIXU�&RPSRXQG�6XPPDU\�IRU�0LOO�:DVWHZDWHU�7UHDWPHQW�3ODQWV�

3DUDPHWHU�

7RWDO�
6XOILGHD

�PJ�6�/��
0H6+E

� J�6�/��
'06E

� J�6�/��
'0'6E

� J�6�/��
'076E

� J�6�/��
3ULPDU\�FODULILHU�RXWOHW� � � � �
5DQJH� ������������� ����������� ����������� ����������� ����������
$YHUDJH� ���� ���� ���� ���� ���
0HGLDQ� ���� ��� ��� ��� ���
6'F� ���� ���� ���� ���� ���
QG� ��� ��� ��� ��� ���

)URQW�RI�$6%�RU�$6� � � � �
5DQJH�� ������������� ������������ ����������� ����������� �����������
$YHUDJH� ����� ����� ���� ����� ����
0HGLDQ� ����� ��� ��� ��� ���
6'� ����� ����� ����� ����� ����
Q� ��� ��� ��� ��� ���

0LGSRLQW�RI�$6%�� � � � �
5DQJH�� ������������� ����������� ����������� ����������� ����������
$YHUDJH� ����� ���� ���� ���� �����
0HGLDQ� ����� ���� ���� ���� ����
6'� ����� ���� ���� ���� ���
Q� ��� ��� ��� ��� ���

)LQDO�HIIOXHQW� � � � � �
5DQJH�� ������������� ���������� ����������� ���������� ����������
$YHUDJH� ����� ����� ����� ����� 1$�
0HGLDQ� ����� ���� ���� ���� 1$�
6'� ����� ����� ����� ����� 1$�
Q� ��� ��� ��� ��� ���

D� KDOI�WKH�ORZHU�FDOLEUDWLRQ�OLPLW�RI�������PJ�6�/��RU�������PJ�6�/��XWLOL]HG�IRU�QRQ�GHWHFWV�GXULQJ�WKHVH�
FDOFXODWLRQV�

E� KDOI�WKH�ORZHU�FDOLEUDWLRQ�OLPLW�RI���� J�6�/��RU���� J�6�/��XWLOL]HG�IRU�QRQ�GHWHFWV�GXULQJ�WKHVH�FDOFXODWLRQV�
F� VWDQGDUG�GHYLDWLRQ
G� QXPEHU�RI�VDPSOHV�DVVHVVHG�
1$� �QRW�GHWHFWHG�DERYH�ORZHU�FDOLEUDWLRQ�OLPLW�RI�WKH�PHWKRG�

)LJXUH�����VKRZV�FKDQJHV�LQ�FRQFHQWUDWLRQV�RI�WRWDO�VXOILGH�REVHUYHG�LQ�::73V�DV�WKH�ZDVWHZDWHU�
SURJUHVVHG�IURP�SULPDU\�FODULILFDWLRQ�WR�ILQDO�HIIOXHQW���6RPH�::73V�ZHUH�VDPSOHG�PRUH�WKDQ�RQFH�
DQG�DUH�OLVWHG�DV�WKH�PLOO�FRGH�IROORZHG�E\�D�URPDQ�QXPHUDO�WR�LQGLFDWH�WKH�GLIIHUHQW�VDPSOLQJ�GDWHV��
7KLV�JUDSK�LQFOXGHV�GLIIHUHQW�VDPSOLQJV�WKDW�RFFXUUHG�DW�0LOOV�&��'��-��.��2��6��DQG�9�WR�LOOXVWUDWH�WKH�
YDULDELOLW\�REVHUYHG�DW�D�JLYHQ�PLOO�GXULQJ�GLVWLQFW�VDPSOLQJ�HSLVRGHV��

)LJXUH�����SURYLGHV�DQ�LQGLFDWLRQ�RI�GLIIHUHQFHV�REVHUYHG�LQ�256&V�DW�YDULRXV�PLOOV��7KLV�JUDSK�
VKRZV�FKDQJHV�LQ�PHWK\O�PHUFDSWDQ�FRQFHQWUDWLRQV�WKURXJK�WKH�::73V�VDPSOHG��$V�LQGLFDWHG��
PHWK\O�PHUFDSWDQ�FRQFHQWUDWLRQV�DW�0LOOV�&��'��DQG�.�LQFUHDVHG�IROORZLQJ�DGGLWLRQ�RI�KDUG�SLSHG�
FRQGHQVDWHV�DIWHU�SULPDU\�FODULILFDWLRQ�QHDU�WKH�IURQW�SRUWLRQ�RI�WKH�$6%�LQ�WKRVH�::73V��

&RQFHQWUDWLRQV�RI�'06��'0'6��DQG�'076�\LHOGHG�PHGLDQ�UHVXOWV����� J�6�/�DW�DOO�VDPSOLQJ�
ORFDWLRQV�VXUYH\HG�DW�HYHU\�PLOO��7UHQGV�LQ�FRQFHQWUDWLRQV�IROORZHG�WKRVH�REVHUYHG�IRU�PHWK\O�
PHUFDSWDQ�DQG�ZHUH�RIWHQ�OLQNHG�WR�LQSXW�RI�KDUG�SLSHG�FRQGHQVDWHV�WR�WKH�::73��
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)LJXUH�������0HWK\O�0HUFDSWDQ�&RQFHQWUDWLRQ�� J�6�/��&KDQJHV�LQ�:DVWHZDWHU�7UHDWPHQW�3ODQWV�
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���� 0DWUL[�DQG�6DPSOLQJ�9DULDELOLW\�

,Q�DGGLWLRQ�WR�WKH�YDULDELOLW\�LQKHUHQW�LQ�WKH�PHWKRG��SXOS�DQG�SDSHU�PLOO�PDWUL[�FRQFHQWUDWLRQV�DUH�
H[SHFWHG�WR�YDU\�VSDWLDOO\��IURP�VLWH�WR�VLWH�DQG�VDPSOLQJ�SRLQW�WR�VDPSOLQJ�SRLQW��DQG�WHPSRUDOO\�
�RYHU�WLPH�DW�WKH�VDPH�PLOO���7HPSRUDO�YDULDELOLW\�ZDV�DVVHVVHG�GXULQJ�DSSOLFDWLRQ�RI�WKH�PHWKRG�WR�
::73�VDPSOHV�DQG�UHVXOWV�DUH�SUHVHQWHG�LQ�WKLV�VHFWLRQ��7HPSRUDO�YDULDELOLW\�ZRXOG�EH�DQWLFLSDWHG�WR�
EH�KLJKHU�DW�WKH�IURQW�HQG�RI�WKH�::73��H�J���SULPDU\�FODULILHU�DQG�ILUVW�SRUWLRQ�RI�WKH�$6%���DQG�
GHFUHDVH�DV�HIIOXHQW�SURJUHVVHV�WKURXJK�WUHDWPHQW��7KHUHIRUH��VHYHUDO�RI�WKH�YDULDELOLW\�VWXGLHV�IRFXVHG�
RQ�VDPSOHV�IURP�WKHVH�IURQW�HQG�ORFDWLRQV��6HYHUDO�IDFWRUV�PD\�LPSDFW�PDWUL[�FRQFHQWUDWLRQV�DQG�
YDULDELOLW\��LQFOXGLQJ�S+��GLVVROYHG�R[\JHQ��YRODWLOL]DWLRQ��JHQHUDWLRQ��DQG�GHJUDGDWLRQ��,Q�DGGLWLRQ��
SURFHVV�YDULDELOLW\�RFFXUULQJ�DW�HDFK�PLOO�FDQ�LPSDFW�FRQFHQWUDWLRQV�RI�WKH�WDUJHW�DQDO\WHV�LQ�WKH�
::73��([SHULPHQWV�ZHUH�FRQGXFWHG�WR�DVVHVV�PDWUL[�YDULDELOLW\�DW�YDULRXV�PLOOV�RYHU�WKH�FRXUVH�RI�
WKHVH�VWXGLHV��6WXG\�GHVLJQV�YDULHG�RYHU�WKH�IRXUV�\HDUV�GXULQJ�ZKLFK�WKLV�ZRUN�ZDV�FRQGXFWHG�DQG�
DUH�GHVFULEHG�EHORZ�ZLWK�HDFK�GDWD�VHW��5HVXOWV�LQFOXGH�YDULDELOLW\�GXH�WR�WKH�VDPSOLQJ�SURFHVV�DV�D�
FRQVHTXHQFH�RI�WKH�UHDFWLYLW\�DQG�YRODWLOLW\�RI�56&V��0DWUL[�VSHFLILF�YDULDELOLW\�LV�UHSUHVHQWHG�PRUH�
GLUHFWO\�E\�UHVXOWV�IRU�'06��ZKLFK�LV�PRUH�VWDEOH�WKDQ�WKH�RWKHU�56&V��

7KH�ILUVW�H[SHULPHQW�H[DPLQHG�WKH�YDULDELOLW\�RI�WRWDO�VXOILGH�FRQFHQWUDWLRQV�DW�WKH�$6%�LQOHW�RI�
0LOO�'��6DPSOHV�ZHUH�FROOHFWHG�HYHU\�KRXU�IRU�VHYHQ�KRXUV�DQG�DQDO\]HG�IRU�WRWDO�VXOILGH��
&RQFHQWUDWLRQV�UDQJHG�IURP������WR������ J�6�/��ZLWK�DQ�DYHUDJH�RI������ J�6�/�DQG�D�UHODWLYH�
VWDQGDUG�GHYLDWLRQ�RI��������)XUWKHU�H[SHULPHQWV�DW�WKDW�VLWH�H[SORUHG�YDULDELOLW\�E\�FROOHFWLQJ�WZR�WR�
WKUHH�VDPSOHV�SHU�GD\�IRU�WKUHH�GD\V�DW�WKH�$6%�LQOHW�DQG�RQH�VDPSOH�SHU�GD\�IRU�WKUHH�GD\V�DW�WKH�
$6%�RXWOHW��$OO�WDUJHW�56&V�ZHUH�HYDOXDWHG�GXULQJ�WKLV�H[SHULPHQW��\LHOGLQJ�WKH�UHVXOWV�VKRZQ�LQ�
7DEOH������

7DEOH�������9DULDELOLW\�LQ�0LOO�'�$HUDWHG�6WDELOL]DWLRQ�%DVLQ�6DPSOH�&RQFHQWUDWLRQV�

� 7RWDO�6XOILGH� 0H6+� '06� '0'6� '076�
$6%�LQOHW� � � � � �
5DQJH�� J�6�/�� ����������� ����������� ����������� ����������� ������������
$YHUDJH�� J�6�/�� ����� ����� ����� ���� ����
56'�� ��� ��� ��� ��� ���

$6%�RXWOHW� � � � � �
5DQJH�� J�6�/�� ������������ ����������� ������������ ���������� ����
$YHUDJH�� J�6�/�� ����� ����� ����� ���� ����
56'�� ���� ���� ���� ���� 1$�

1$� �QRW�DSSOLFDEOH��FRQFHQWUDWLRQ�EHORZ�ORZHU�FDOLEUDWLRQ�OLPLW�

7KH�VHFRQG�VWXG\�H[DPLQHG�YDULDELOLW\�RI�WKH�56&V�LQ�DQ�$6%�DW�0LOO�7�GXULQJ�RQH�GD\��6DPSOHV�
ZHUH�FROOHFWHG�WKUHH�WLPHV�SHU�GD\��$0��PLGGD\��30��DW�WKH�PL[�ER[�SULRU�WR�WKH�$6%��WKH�LQOHW�RI�WKH�
$6%��DQG�WKH�RXWOHW�RI�WKH�$6%��5HVXOWV�DUH�VXPPDUL]HG�LQ�7DEOH������

7KH�WKLUG�H[SHULPHQW�LQYROYHG�FROOHFWLRQ�RI�VDPSOHV�WKUHH�WLPHV�SHU�GD\�IRU�IRXU�GD\V�IURP�WKH�
FODULILHU�RXWOHW�DW�0LOO�-�WR�DVVHVV�YDULDELOLW\�LQ�WRWDO�VXOILGH�FRQFHQWUDWLRQV��&RQFHQWUDWLRQV�UDQJHG�
IURP������WR������ J�6�/��ZLWK�DQ�DYHUDJH�RI������ J�6�/�DQG�D�UHODWLYH�VWDQGDUG�GHYLDWLRQ�RI�
�������
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7DEOH�������9DULDELOLW\�LQ�0LOO�7�$HUDWHG�6WDELOL]DWLRQ�%DVLQ�6DPSOH�&RQFHQWUDWLRQV�

� 7RWDO�6XOILGH� 0H6+� '06� '0'6� '076�
0L[�%R[�3ULRU�WR�$6%� � � � � �

5DQJH�� J�6�/�� ������������ ���������� ���������� ���������� ����������
$YHUDJH�� J�6�/�� ������� ���� ���� ���� ����
56'�� ����� ����� ���� ����� �����

$6%�,QOHW� � � � � �
5DQJH�� J�6�/�� ������������ ���������� ���������� ������������ ����������
$YHUDJH�� J�6�/�� ����� ���� ���� ����� ����
56'�� ����� ����� ����� ����� �����

$6%�2XWOHW� � � � � �
5DQJH�� J�6�/�� � � ������������ ���������� �
$YHUDJH�� J�6�/�� ���� ���� ����� ������ ����
56'�� 1$� 1$� ����� ����� 1$�

1$� �QRW�DSSOLFDEOH��FRQFHQWUDWLRQ�EHORZ�ORZHU�FDOLEUDWLRQ�OLPLW�

7KH�IRXUWK�H[SHULPHQW�H[DPLQHG�YDULDELOLW\�RYHU�D�WZR�GD\�SHULRG�DW�0LOO�.��ZLWK�VDPSOHV�FROOHFWHG�
WKUHH�WLPHV�SHU�GD\�IURP�WKH�VHWWOLQJ�SRQG�SULRU�WR�WKH�$6%��632���WKH�IURQW�RI�$6%�3RQG���
�)$6%3����DQG�WKH�RXWOHW�RI�$6%�3RQG����2$6%3����5HVXOWV�DUH�VXPPDUL]HG�LQ�7DEOH�����DQG�
LOOXVWUDWHG�LQ�)LJXUH������

7DEOH�������9DULDELOLW\�LQ�0LOO�.�:DVWHZDWHU�7UHDWPHQW�3ODQW�6DPSOH�&RQFHQWUDWLRQV�

� 7RWDO�6XOILGH� 0H6+� '06� '0'6� '076�
632� � � � � �
5DQJH�� J�6�/�� ������������ ���������� ���������� ���������� ������������
$YHUDJH�� J�6�/�� ����� ���� ���� ���� �����
56'�� ����� ����� ���� ����� �����

)$6%3�� � � � � �
5DQJH�� J�6�/�� ������������ ���������� ���������� ���������� ������������
$YHUDJH�� J�6�/�� ����� ���� ���� ���� �����
56'�� ����� ����� ���� ����� �����

2$6%3�� � � � � �
5DQJH�� J�6�/�� ������������� ���������� ���������� ������������ ������������
$YHUDJH�� J�6�/�� ������ ���� ���� ����� �����
56'�� ����� ����� ����� ����� �����
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'076�

)LJXUH�������9DULDELOLW\�LQ�0LOO�.�:DVWHZDWHU�7UHDWPHQW�3ODQW�6DPSOHV�

$GGLWLRQDO�VWXGLHV�ZHUH�FRQGXFWHG�DW�PLOO�3�RYHU�D�IRXU�GD\�SHULRG��$Q�DYHUDJH�RI�WKUHH�VDPSOHV�ZDV�
FROOHFWHG�DW�HDFK�VLWH�RQ�HDFK�GD\�RI�WKH�VWXG\��7KH�SULPDU\�FODULILHU�LQOHW�DQG�RXWOHW�DQG�WKH�$6%�LQOHW�
DQG�RXWOHW�ZHUH�VDPSOHG��ZLWK�WKH�UHVXOWV�UHSRUWHG�LQ�7DEOH������

7KH�OHYHO�RI�YDULDELOLW\�REVHUYHG�GXULQJ�WKHVH�VDPSOLQJV�LOOXVWUDWHV�WKH�FRPSOH[LW\�RI�DVVHVVLQJ�
FKDQJHV�LQ�56&�FRQFHQWUDWLRQV�WKURXJKRXW�D�::73�RYHU�WLPH��2YHUDOO�YDULDELOLW\��56'����7DEOH�
�����WKURXJKRXW�WKH�H[SHULPHQWV�GHVFULEHG�KHUHLQ�UDQJHG�IURP�����WR�������ZLWK�DQ�DYHUDJH�RI�������
IRU�WRWDO�VXOILGH��IURP�����WR�������ZLWK�DQ�DYHUDJH�RI�������IRU�0H6+��IURP�����WR�������ZLWK�DQ�
DYHUDJH�RI�������IRU�'06��IURP�����WR�������ZLWK�DQ�DYHUDJH�RI�������IRU�'0'6��DQG�IURP������
WR�������ZLWK�DQ�DYHUDJH�RI�������IRU�'076��7KLV�YDULDELOLW\�PD\�EH�LQIOXHQFHG�E\�PDWUL[��
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VDPSOLQJ�PHWKRG��DQG�DQDO\WLFDO�YDULDELOLW\��ZKLFK�ZDV�GHWHUPLQHG�WR�EH�OHVV�WKDQ������IRU�DOO�WDUJHW�
DQDO\WHV��6HFWLRQ���������

7DEOH�������9DULDELOLW\�LQ�0LOO�3�:DVWHZDWHU�7UHDWPHQW�3ODQW�6DPSOH�&RQFHQWUDWLRQV�

� 7RWDO�6XOILGH� 0H6+� '06� '0'6� '076�
3ULPDU\�FODULILHU�LQOHW� � � � � �

5DQJH�� J�6�/�� ���������� ������������ ���������� ����������� �����������
$YHUDJH�� J�6�/�� ���� ����� ����� ���� �����
56'�� ����� ����� ����� ����� �����

3ULPDU\�FODULILHU�RXWOHW� � � � � �
5DQJH�� J�6�/�� ����������� ����������� ������������ ���������� �����������
$YHUDJH�� J�6�/�� ���� ��� ��� ���� ���
56'�� ����� ����� ����� ����� �����

$6%�LQOHW� � � � � �
5DQJH�� J�6�/�� ����������� ����������� ����������� ����������� ������������
$YHUDJH�� J�6�/�� ���� ���� ��� ���� �����
56'�� ����� ����� ����� ����� �����

$6%�RXWOHW� � � � � �
5DQJH�� J�6�/�� ���������� ����������� �������� ����������� ����
$YHUDJH�� J�6�/�� ���� ����� ��� ����� 1$�
56'�� ����� ����� ����� ����� 1$�

1$� �QRW�DSSOLFDEOH��FRQFHQWUDWLRQ�EHORZ�ORZHU�FDOLEUDWLRQ�OLPLW�

7DEOH�������0DWUL[�DQG�6DPSOLQJ�9DULDELOLW\�6XPPDU\��56'���

� 7RWDO�6XOILGH� 0H6+� '06� '0'6� '076�
0LOO�'� � � � � �

$6%�LQOHW� �����DQG���� ��� ��� ��� ���
$6%�RXWOHW� ���� ���� ���� ���� 1$�

0LOO�7� � � � � �
0L[�ER[�WR�$6%� ����� ����� ���� ����� �����
$6%�LQOHW� ����� ����� ����� ����� �����
$6%�RXWOHW� 1$� 1$� 1$� 1$� 1$�

0LOO�-� � � � � �
3ULPDU\�FODULILHU�RXWOHW� ����� � � � �

0LOO�&� � � � � �
6HWWLQJ�SRQG�RXWOHW� ����� ����� ���� ����� �����
$6%�LQOHW�SRQG��� ����� ����� ���� ����� �����
$6%�RXWOHW�SRQG���� ����� ����� ����� ����� �����

0LOO�3� � � � � �
3ULPDU\�FODULILHU�LQOHW� ����� ����� ����� ����� �����
3ULPDU\�FODULILHU�RXWOHW� ����� ����� ����� ����� �����
$6%�LQOHW� ����� ����� ����� ����� �����
$6%�RXWOHW� ����� ����� ����� ����� 1$�

2YHUDOO�5DQJH� ����������� ����������� ����������� ��������� ����������
2YHUDOO�$YHUDJH� ����� ����� ����� ����� �����
1$� �QRW�DSSOLFDEOH��FRQFHQWUDWLRQ�EHORZ�ORZHU�FDOLEUDWLRQ�OLPLW�
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���� 6800$5<�$1'�&21&/86,216�

7KLV�UHVHDUFK�LQGLFDWHV�WKDW�1&$6,�0HWKRG�56&�������LV�HIIHFWLYH�IRU�DVVHVVLQJ�WRWDO�VXOILGH��0H6+��
'06��'0'6��DQG�'076�LQ�SXOS�DQG�SDSHU�PLOO�ZDVWHZDWHUV��7KH�PHWKRG�XWLOL]HV�D�VHSDUDWH�
SUHVHUYDWLRQ�DQG�LQMHFWLRQ�IRU�GHWHUPLQDWLRQV�RI�WRWDO�VXOILGH�DQG�256&V��6DPSOHV�DUH�SUHVHUYHG�ZLWK�
]LQF�DFHWDWH�DW�S+����IRU�WRWDO�VXOILGH�DQG�ZLWK�DVFRUELF�DFLG�DW�S+�����IRU�256&V��$OO�VDPSOHV�DUH�
DFLGLILHG��S+�������SULRU�WR�GLUHFW�LQMHFWLRQ�RQ�WKH�*&�DQG�DUH�GHWHFWHG�XVLQJ�D�3)3'��7KH�DSSOLFDEOH�
PHWKRG�UDQJH�LV�a���WR������ J�6�/�ZLWKRXW�VDPSOH�GLOXWLRQ��DQG�FDQ�EH�H[WHQGHG�DERYH�WKDW�UDQJH�
XVLQJ�VDPSOH�GLOXWLRQ�SULRU�WR�DFLGLILFDWLRQ�DQG�DQDO\VLV��

0HWKRG�YDOLGDWLRQ�UHVXOWV�LQGLFDWH�JRRG�DJUHHPHQW�EHWZHHQ�FRQFHQWUDWLRQV�GHWHUPLQHG�XVLQJ�D�
TXDGUDWLF�ILW�HTXDWLRQ�IRU�RYHU����FDOLEUDWLRQ�FXUYHV�DQG�JUDYLPHWULFDOO\�GHWHUPLQHG�FRQFHQWUDWLRQV�RI�
VWDQGDUGV��'DLO\�FDOLEUDWLRQ�YHULILFDWLRQV�\LHOGHG�DYHUDJH�UHFRYHULHV�RI������IRU�WRWDO�VXOILGH��Q ����
DQG�DYHUDJH�UHFRYHULHV�RI����WR������IRU�256&V��Q �����0HWKRG�EODQNV�ZHUH�IUHH�RI�WKH�WDUJHW�
DQDO\WHV��Q �����3UHFLVLRQ�DQG�DFFXUDF\�ZHUH�DVVHVVHG�XVLQJ�VXUURJDWH�VSLNHV��PDWUL[�VSLNHV��DQG�
UHSOLFDWH�DQDO\VHV��6XUURJDWH�UHFRYHULHV�IRU�WRWDO�VXOILGH��0H6+��'06��'0'6��DQG�'076�LQ�RYHU�
�����SXOS�DQG�SDSHU�PLOO�ZDVWHZDWHU�VDPSOHV�UDQJHG�IURP����WR�������ZLWK�DQ�DYHUDJH�RI�������
0DWUL[�VSLNH�UHFRYHULHV�DYHUDJHG��������������������DQG�����IRU�WRWDO�VXOILGH��0H6+��'06��'0'6��
DQG�'076��UHVSHFWLYHO\��3UHFLVLRQ�UHVXOWV�DV�UHIOHFWHG�E\�SRROHG�53'V�IRU�GXSOLFDWH�DQDO\VHV�UDQJHG�
IURP�����WR������IRU�DOO�WDUJHW�DQDO\WHV��6WRUDJH�VWDELOLW\�XVLQJ�PHWKRG�VSHFLILHG�SUHVHUYDWLRQV�
LQGLFDWHG�VWDELOLW\�RI�WKH�VDPSOHV�IRU�XS�WR����GD\V��,QMHFWLRQ�S+�VLJQLILFDQWO\�LPSDFWHG�UHFRYHU\�RI�
WRWDO�VXOILGH��ZLWK�S+�����\LHOGLQJ�WKH�KLJKHVW�UHFRYHU\��������

7KH�PHWKRG�ZDV�HIIHFWLYHO\�DSSOLHG�WR�D�YDULHW\�RI�VDPSOHV�FROOHFWHG�WKURXJKRXW�::73V�DQG�VRPH�
SURFHVV�VHZHUV�IURP�RYHU����SXOS�DQG�SDSHU�PLOOV��5HVXOWV�ZHUH�KLJKO\�YDULDEOH��9DULDELOLW\�PD\�KDYH�
EHHQ�GXH�WR�FKDQJHV�LQ�PDWULFHV�RYHU�WLPH�RU�WR�VDPSOLQJ�WHFKQLTXHV��7KURXJKRXW�VHYHUDO�VWXGLHV�WR�
DVVHVV�YDULDELOLW\�DW�VHOHFWHG�VDPSOLQJ�VLWHV��56'V�ZHUH�������IRU�WRWDO�VXOILGH��������IRU�0H6+��
������IRU�'06��������IRU�'0'6��DQG�������IRU�'076��7KLV�LV�ZHOO�DERYH�WKH�YDULDELOLW\�RI�a���
REVHUYHG�IRU�WKH�DQDO\WLFDO�PHWKRG�DORQH��

5HVXOWV�RI�LQYHVWLJDWLRQV�FRQGXFWHG�LQ�FRQMXQFWLRQ�ZLWK�RGRU�UHGXFWLRQ�VWXGLHV�DW����PLOOV�\LHOGHG�D�
ZLGH�UDQJH�RI�56&�FRQFHQWUDWLRQV�IURP�VLPLODU�ORFDWLRQV�ZLWKLQ�::73V��7KHVH�GDWD�DUH�QRW�
QHFHVVDULO\�UHIOHFWLYH�RI�LQGXVWU\�ZLGH�FRQFHQWUDWLRQV�EHFDXVH�WKH�SDUWLFLSDWLQJ�PLOOV�ZHUH�LQ�WKH�
SURFHVV�RI�LQYHVWLJDWLQJ�RGRU�VRXUFHV��0HGLDQ�FRQFHQWUDWLRQV�DW�SULPDU\�FODULILHU�RXWOHWV�ZHUH�
����PJ�6�/�IRU�WRWDO�VXOILGH����� J�6�/�IRU�0H6+����� J�6�/�IRU�'06����� J�6�/�IRU�'0'6��DQG�����
J�6�/�IRU�'076��0HGLDQ�FRQFHQWUDWLRQV�DW�WKH�IURQWV�RI�$6%V�ZHUH�����PJ�6�/�IRU�WRWDO�VXOILGH�����
J�6�/�IRU�0H6+����� J�6�/�IRU�'06����� J�6�/�IRU�'0'6��DQG����� J�6�/�IRU�'076��0HGLDQ�

FRQFHQWUDWLRQV�IURP�PLGSRLQWV�RI�$6%V�ZHUH������PJ�6�/�IRU�WRWDO�VXOILGH�DQG����� J�6�/�IRU�
256&V��)LQDO�HIIOXHQW�VDPSOH�PHGLDQV�ZHUH����� J�6�/�IRU�DOO�WDUJHW�DQDO\WHV��

1&$6,�0HWKRG�56&�������KDV�SURYHQ�WR�EH�DQ�HIIHFWLYH�WRRO�IRU�LQYHVWLJDWLQJ�RGRURXV�FRPSRXQGV�LQ�
SXOS�DQG�SDSHU�PLOO�ZDVWHZDWHU�WUHDWPHQW�SODQWV��

5()(5(1&(6�

$PHULFDQ�3XEOLF�+HDOWK�$VVRFLDWLRQ��$3+$���$PHULFDQ�:DWHU�:RUNV�$VVRFLDWLRQ��$::$���DQG�
:DWHU�(QYLURQPHQW�)HGHUDWLRQ��:()�����������6WDQGDUG�PHWKRGV�IRU�WKH�H[DPLQDWLRQ�RI�ZDWHU�
DQG�ZDVWHZDWHU���WK�(G���*UHHQEHUJ��$�(���&OHVFHUL��/�6���DQG�(DWRQ��$�'���HGV����������������
:DVKLQJWRQ�'&��$PHULFDQ��3XEOLF�+HDOWK�$VVRFLDWLRQ��$PHULFDQ�:DWHU�:RUNV�$VVRFLDWLRQ��
:DWHU�(QYLURQPHQW�)HGHUDWLRQ��
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$QGHUVVRQ��.���DQG�%HUIVWURP��-�*�7����������7KH�IRUPDWLRQ�RI�RUJDQLF�VXOIXU�FRPSRXQGV�GXULQJ�NUDIW�
SXOSLQJ��3DUW����&RRNLQJ�SURFHGXUH�DQG�PHWKRG�RI�DQDO\VLV�RI�RUJDQLF�VXOIXU�FRPSRXQGV�IRUPHG��
6YHQVN�3DSSHUVWLGQLQJ�����������������

%pUXEp��3�5���3DUNLQVRQ��3�'���DQG�+DOO��(�5����������0HDVXUHPHQW�RI�UHGXFHG�VXOSKXU�FRPSRXQGV�
FRQWDLQHG�LQ�DTXHRXV�PDWULFHV�E\�GLUHFW�LQMHFWLRQ�LQWR�D�JDV�FKURPDWRJUDSK�ZLWK�D�IODPH�
SKRWRPHWULF�GHWHFWRU���-RXUQDO�RI�&KURPDWRJUDSK\�$��������������

&DURQ��)���DQG�.UDPHU�-�5����������*DV�FKURPDWRJUDSKLF�GHWHUPLQDWLRQ�RI�YRODWLOH�VXOILGHV�DW�WUDFH�
OHYHOV�LQ�QDWXUDO�IUHVKZDWHUV���$QDO\WLFDO�&KHPLVWU\�������������

&KDL��;�6���'KDVPDQD��%���DQG�=KX��-�<����������'HWHUPLQDWLRQ�RI�YRODWLOH�RUJDQLF�FRPSRXQG�FRQWHQWV�
LQ�NUDIW�PLOO�VWUHDPV�XVLQJ�KHDGVSDFH�JDV�FKURPDWRJUDSK\���-RXUQDO�RI�3XOS�DQG�3DSHU�6FLHQFH
�������������

&KDL��;�6���/LX��3�+���DQG�=KX��-�<����������$QDO\VLV�RI�YRODWLOH�RUJDQLF�VXOIXU�FRPSRXQGV�LQ�NUDIW�
OLTXRUV�E\�IXOO�HYDSRUDWLRQ�KHDGVSDFH�JDV�FKURPDWRJUDSK\��,Q�3URFHHGLQJV�RI�7$33,�
,QWHUQDWLRQDO�(QYLURQPHQWDO�&RQIHUHQFH�DQG�([KLELW�����������$WODQWD��*$��7$33,�3UHVV��

&KHVNLV��6���$WDU��(���DQG�$PLUDY��$����������3XOVHG�IODPH�SKRWRPHWHU��$�QRYHO�JDV�FKURPDWRJUDSK\�
GHWHFWRU���$QDO\WLFDO�&KHPLVWU\�������������

&RRN��'���DQG�+R\��'�5����������$QDO\WLFDO�WHFKQLTXHV�IRU�LQYHVWLJDWLQJ�RGRUV�DW�SXOS�DQG�SDSHU�
IDFLOLWLHV��SUHOLPLQDU\�UHVXOWV���,Q�3URFHHGLQJV�IURP�WKH������7$33,�(QYLURQPHQWDO�&RQIHUHQFH��
3RUWODQG��25��86$���$WODQWD��*$��7$33,�3UHVV�

)HGHUDO�5HJLVWHU����������$SSHQGL[�%�WR�3DUW����±'HILQLWLRQ�DQG�SURFHGXUH�IRU�WKH�GHWHUPLQDWLRQ�RI�
WKH�PHWKRG�GHWHFWLRQ�OLPLW��UHY���������)HGHUDO�5HJLVWHU����������2FWREHU�����

*KROVRQ��$���+R\��'�5���DQG�&KDPEHUV��/����������$�GLUHFW�DTXHRXV�LQMHFWLRQ�JDV�FKURPDWRJUDSKLF�
PHWKRG�IRU�PHDVXULQJ�UHGXFHG�VXOIXU�FRPSRXQGV�LQ�SXOS�PLOO�HIIOXHQWV���,Q�3URFHHGLQJV�IURP�WKH�
�����7$33,�(QYLURQPHQWDO�&RQIHUHQFH��0RQWUHDO��4&��&DQDGD���$WODQWD��*$��7$33,�3UHVV��

+DFK�&RPSDQ\����������0HWKRG������VXOILGH��0HWK\OHQH�EOXH�PHWKRG���,Q�:DWHU�DQDO\VLV�KDQGERRN��
�WK�HG���UHY���������������/RYHODQG��&2��+DFK�&RPSDQ\��

,QWHUJRYHUQPHQWDO�'DWD�4XDOLW\�7DVN�)RUFH��,'47)�����������8QLIRUP�IHGHUDO�SROLF\�IRU�TXDOLW\�
DVVXUDQFH�SURMHFW�SODQV��(YDOXDWLQJ��DVVHVVLQJ��DQG�GRFXPHQWLQJ�HQYLURQPHQWDO�GDWD�FROOHFWLRQ�
DQG�XVH�SURJUDPV�±�3DUW����8)3�4$33�PDQXDO���(3$�3XEOLFDWLRQ�1R��(3$�����%�������$��
'R'�3XEOLFDWLRQ�1R��'7,&�$'$����������:DVKLQJWRQ��'&��8QLWHG�6WDWHV�(QYLURQPHQWDO�
3URWHFWLRQ�$JHQF\��8QLWHG�6WDWHV�'HSDUWPHQW�RI�'HIHQVH��8QLWHG�6WDWHV�'HSDUWPHQW�RI�(QHUJ\��

1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW��,QF���1&$6,�����������/DERUDWRU\�VWXGLHV�RI�LQ�
GLJHVWHU�EODFN�OLTXRU�R[LGDWLRQ��,'2��IRU�756�GHVWUXFWLRQ���1&$6,�7HFKQLFDO�%XOOHWLQ�1R������
5HVHDUFK�7ULDQJOH�3DUN��1&���1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW��,QF��

����������0HWKRG�56&��������5HGXFHG�VXOIXU�FRPSRXQGV�E\�GLUHFW�LQMHFWLRQ���,Q�1&$6,
0HWKRGV�0DQXDO���5HVHDUFK�7ULDQJOH�3DUN��1&���1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�
,PSURYHPHQW��,QF��

2¶&RQQHU��%�/���DQG�*HQHVW��6����������$�PHWKRG�IRU�WKH�DQDO\VLV�RI�WRWDO�UHGXFHG�VXOSKXU��756��
FRPSRXQGV�LQ�NUDIW�PLOO�DTXHRXV�SURFHVV�VWUHDPV���335��������3XOS�DQG�3DSHU�5HVHDUFK�,QVWLWXWH�
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LQRUJDQLF�DQLRQV�E\�LRQ�FKURPDWRJUDSK\��5HY�������&LQFLQQDWL��2+��8QLWHG�6WDWH�(QYLURQPHQWDO�
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���� 6&23(�$1'�$33/,&$7,21�

���� 7KLV�PHWKRG�LV�XVHG�IRU�WKH�GHWHUPLQDWLRQ�RI�WKH�UHGXFHG�VXOIXU�FRPSRXQGV��56&V��WRWDO�
VXOILGH�DV�K\GURJHQ�VXOILGH��+�6��>���������@��PHWK\O�PHUFDSWDQ��0H6+��>�������@��
GLPHWK\O�VXOILGH��'06��>�������@��GLPHWK\O�GLVXOILGH��'0'6��>��������@��DQG�GLPHWK\O�
WULVXOILGH��'076��>���������@�LQ�ZDVWHZDWHUV�IURP�SXOS�DQG�SDSHU�PLOOV��7KH�56&V�DUH�
PHDVXUHG�E\�GLUHFW�DTXHRXV�LQMHFWLRQ�JDV�FKURPDWRJUDSK\�ZLWK�SXOVHG�IODPH�SKRWRPHWULF�
GHWHFWLRQ��*&�3)3'���

���� 7KH�FRQFHQWUDWLRQ�RI�VXOILGH��+�6��PHDVXUHG�XVLQJ�WKLV�PHWKRG�UHSUHVHQWV�WKH�WRWDO�DPRXQW�RI�
VXOILGH�LQ�WKH�VDPSOH�YRODWLOH�DW�S+������,W�LV�EHOLHYHG�WKDW�WKLV�LQFOXGHV�DOO�IUHHO\�GLVVROYHG�
VXOILGH�SOXV�VXOILGH�ZHDNO\�DVVRFLDWHG�ZLWK�HLWKHU�GLVVROYHG�RUJDQLF�PDWWHU�RU�FHUWDLQ�
WUDQVLWLRQ�PHWDOV��,I�QDWLYH�VDPSOH�S+�LV�JUHDWHU�WKDQ������WKH�DFWXDO�WRWDO�VXOILGH�FRQFHQWUDWLRQ�
LQ�VROXWLRQ�PLJKW�EH�OHVV�WKDQ�WKH�FRQFHQWUDWLRQ�PHDVXUHG�E\�WKLV�PHWKRG��

���� 7KH�PHWKRG�KDV�EHHQ�DSSOLHG�WR�LQIOXHQW�WR�ZDVWHZDWHU�WUHDWPHQW��VDPSOHV�IURP�ZLWKLQ�WKH�
ZDVWHZDWHU�WUHDWPHQW�V\VWHP��DQG�HIIOXHQW�IURP�ZDVWHZDWHU�WUHDWPHQW��

���� 7KLV�PHWKRG�KDV�EHHQ�YDOLGDWHG�IRU�D�VLQJOH�ODERUDWRU\��

���� 7KLV�PHWKRG�LV�UHVWULFWHG�WR�XVH�E\��RU�XQGHU�WKH�VXSHUYLVLRQ�RI��DQDO\VWV�H[SHULHQFHG�LQ�WKH�
XVH�RI�JDV�FKURPDWRJUDSKV�DQG�VNLOOHG�LQ�WKH�LQWHUSUHWDWLRQ�RI�FKURPDWRJUDPV��(DFK�DQDO\VW�
PXVW�GHPRQVWUDWH�DQ�DELOLW\�WR�JHQHUDWH�DFFHSWDEOH�UHVXOWV�ZLWK�WKLV�PHWKRG��

���� 6800$5<�2)�7+(�0(7+2'�

���� 6DPSOHV�DUH�FROOHFWHG�GLUHFWO\�IURP�WKH�DTXHRXV�SURFHVV�VWUHDP�RU�ZDVWHZDWHU�EDVLQ�XVLQJ�
DSSURSULDWH�FROOHFWLRQ�YHVVHOV��6DPSOHV�UHTXLUH�WZR�GLIIHUHQW�SUHVHUYDWLRQ�WHFKQLTXHV�WR�
SUHVHUYH�DOO�DQDO\WHV��6DPSOHV�DUH�NHSW�UHIULJHUDWHG�XQWLO�DQDO\VLV��

���� ,Q�WKH�ODERUDWRU\��DQ�DOLTXRW�RI�WKH�VDPSOH�LV�WUDQVIHUUHG�WR�D���P/�VHDOHG�YLDO��$Q�DOLTXRW�RI�
DQ�LQWHUQDO�VWDQGDUG�VROXWLRQ�LV�DGGHG�WR�HDFK�RI�WKH�YLDOV��7KH�VDPSOH�LV�DFLGLILHG��WRWDO�
VXOILGH�RQO\��DQG�LQMHFWHG�LQWR�WKH�*&�ZLWK�D�VSOLW�LQMHFWLRQ��7KH�*&�FROXPQ�LV�WHPSHUDWXUH�
SURJUDPPHG�WR�VHSDUDWH�WKH�DQDO\WHV�IURP�RWKHU�FRPSRXQGV�ZKLFK�PD\�EH�SUHVHQW�LQ�WKH�
VDPSOH��7KH�DQDO\WHV�DUH�VHOHFWLYHO\�GHWHFWHG�ZLWK�D�3)3'��

���� ,GHQWLILFDWLRQ�RI�WKH�56&V�LV�GHWHUPLQHG�E\�FRPSDULVRQ�RI�WKHLU�UHODWLYH�UHWHQWLRQ�WLPHV�ZLWK�
WKH�UHODWLYH�UHWHQWLRQ�WLPHV�RI�DQ�LQWHUQDO�VWDQGDUG��,I�WKH�UHVXOWV�DUH�TXHVWLRQDEOH��
FRQILUPDWLRQ�XVLQJ�D�VHFRQG�FROXPQ�PD\�EH�QHFHVVDU\��

���� 7KH�56&V�DUH�TXDQWLILHG�E\�FRPSDULVRQ�ZLWK�OLTXLG�VWDQGDUGV�XVLQJ�WKH�LQWHUQDO�VWDQGDUG�
WHFKQLTXH��0XOWLSOH�VWDQGDUGV�DUH�DQDO\]HG�WR�FRYHU�D�FDOLEUDWLRQ�UDQJH�RI����WR�������J�6�/��
&DOLEUDWLRQ�WR�ORZHU�FRQFHQWUDWLRQV�PD\�EH�SRVVLEOH�IRU�VRPH�FRPSRXQGV��'LOXWLRQ�LV�
UHTXLUHG�WR�DQDO\]H�VDPSOHV�ZLWK�FRQFHQWUDWLRQV�DERYH�������J�6�/��
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���� 7KH�PHWKRG�GHWHFWLRQ�OLPLW�ZDV�FDOFXODWHG�XVLQJ�WKH�86(3$�SURFHGXUH�LQ����&)5�3DUW�����
$SSHQGL[�%��)HGHUDO�5HJLVWHU�������LQ�D�ILQDO�HIIOXHQW�FROOHFWHG�IURP�DQ�XQEOHDFKHG�NUDIW�
PLOO�DIWHU�DOORZLQJ�WKH�VXOILGH�OHYHO�WR�GURS�WR�OHVV�WKDQ�����J�6�/��7KH�PHWKRG�GHWHFWLRQ�OLPLW�
GHWHUPLQHG�IRU�WRWDO�VXOILGH�ZDV�������J�6�/��7KH�VHQVLWLYLW\�RI�WKH�PHWKRG�KDV�QRW�EHHQ�
GHWHUPLQHG�IRU�0H6+��'06��'0'6��DQG�'076��DQG�WKH�GHWHFWLRQ�OLPLWV�KDYH�QRW�EHHQ�
HVWDEOLVKHG��0H6+��'06��'0'6��DQG�'076�KDYH�EHHQ�VXFFHVVIXOO\�FDOLEUDWHG�GRZQ�WR�
FRQFHQWUDWLRQV�RI�����J�6�/��

���� 'DWD�TXDOLW\�LV�DVVXUHG�ZLWK�RQJRLQJ�UHFRYHU\�DVVHVVPHQWV��GXSOLFDWH�DQDO\VHV��VXUURJDWH�
UHFRYHU\�H[SHULPHQWV��PDWUL[�VSLNH�H[SHULPHQWV��DQG�EODQN�DQDO\VHV��0H6+��'06��DQG�
'0'6�VWDQGDUGV�DUH�FKHFNHG�E\�FRPSDULQJ�WKH�UHVXOWV�ZLWK�DQ�LQGHSHQGHQWO\�SUHSDUHG�
VWDQGDUG��7KH�VXOILGH�VWDQGDUG�LV�YHULILHG�E\�LQGHSHQGHQW�DQDO\VLV�XVLQJ�(3$�0HWKRGV�������
DQG��������

���� '(),1,7,216�

��� 7KH�GHILQLWLRQV�EHORZ�DUH�VSHFLILF�WR�WKLV�PHWKRG��EXW�FRQIRUP�WR�FRPPRQ�XVDJH�DV�PXFK�DV�
SRVVLEOH��

������ �J�/�±�PLFURJUDPV�RI�FRPSRXQG�SHU�OLWHU�

������ �J�6�/�±�PLFURJUDPV�RI�VXOIXU�SHU�OLWHU�

������ 0D\�±�WKLV�DFWLRQ��DFWLYLW\��RU�SURFHGXUDO�VWHS�LV�QHLWKHU�UHTXLUHG�QRU�SURKLELWHG�

������ 0XVW�QRW�±�WKLV�DFWLRQ��DFWLYLW\��RU�SURFHGXUDO�VWHS�LV�SURKLELWHG�

������ 0XVW�±�WKLV�DFWLRQ��DFWLYLW\��RU�SURFHGXUDO�VWHS�LV�UHTXLUHG�

������ 6KRXOG�±�WKLV�DFWLRQ��DFWLYLW\��RU�SURFHGXUDO�VWHS�LV�VXJJHVWHG��EXW�QRW�UHTXLUHG�

���� ,17(5)(5(1&(6�

���� 0HWKRG�LQWHUIHUHQFHV�PD\�EH�FDXVHG�E\�FRQWDPLQDQWV�LQ�VROYHQWV��UHDJHQWV��JODVVZDUH��
LQMHFWLRQ�SRUW�OLQHUV��DQG�RWKHU�VDPSOH�SURFHVVLQJ�KDUGZDUH��$OO�RI�WKHVH�PDWHULDOV�PXVW�EH�
URXWLQHO\�GHPRQVWUDWHG�WR�EH�IUHH�IURP�LQWHUIHUHQFHV�XQGHU�WKH�FRQGLWLRQV�RI�WKH�DQDO\VHV�E\�
UXQQLQJ�ODERUDWRU\�EODQNV��

���� *ODVVZDUH�PXVW�EH�VFUXSXORXVO\�FOHDQHG��DQG�JODVVZDUH�WKDW�FRPHV�LQ�FRQWDFW�ZLWK�
FRQFHQWUDWLRQV�OHVV�WKDQ�����J�6�/�PD\�QHHG�WR�EH�GHDFWLYDWHG��*ODVVZDUH�FDQ�EH�GHDFWLYDWHG�
HLWKHU�E\�VRDNLQJ�LQ�DFLG�IROORZHG�E\�VLO\ODWLRQ�RU�E\�6LOWHN70�FRDWLQJ�DV�GHVFULEHG�LQ�6HFWLRQ�
�������$IWHU�XVH��FOHDQ�DOO�JODVVZDUH�E\�ZDVKLQJ�ZLWK�PLOG�GHWHUJHQW�LQ�KRW�ZDWHU�DQG�ULQVLQJ�
ZLWK�WDS�ZDWHU��7KH�JODVVZDUH�VKRXOG�WKHQ�EH�GUDLQHG�XQWLO�FRPSOHWHO\�GU\��

���� ,W�LV�UHTXLUHG�WKDW�DOO�PHWDO�VXUIDFHV�WKDW�FRPH�LQ�FRQWDFW�ZLWK�WKH�VDPSOH�EH�GHDFWLYDWHG��7KLV�
LQFOXGHV�LQMHFWLRQ�SRUW�OLQHUV��VHDOV��DQG�V\ULQJH�QHHGOHV��'HDFWLYDWH�WKH�PHWDO�VXUIDFHV�DV�
GHVFULEHG�LQ�6HFWLRQ����������

���� 7KH�LQWHUQDO�VWDQGDUG��WKLRSKHQH��PD\�EH�SUHVHQW�LQ�VRPH�SXOS�PLOO�SURFHVV�VWUHDPV��,I�WKH�
FRPSRVLWLRQ�RQ�D�PDWUL[�LV�XQNQRZQ��D�VDPSOH�DQDO\]HG�ZLWKRXW�LQWHUQDO�VWDQGDUG�VKRXOG�EH�
H[DPLQHG�IRU�WKH�SUHVHQFH�RI�WKLRSKHQH��7KH�VXUURJDWH��WKLRDQLVROH��FDQ�EH�XVHG�DV�DQ�LQWHUQDO�
VWDQGDUG�LI�LQWHUIHUHQFH�ZLWK�WKLRSKHQH�LV�LGHQWLILHG��
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���� 6RPH�FRPSRXQGV�FDQ�LQWHUIHUH�ZLWK�WKH�FKURPDWRJUDSK\�LI�WKH�VHSDUDWLRQ�LV�QRW�HIILFLHQW��
6SHFLILF�LQWHUIHUHQFH�LQFOXGHV�SDUWLDO�FRHOXWLRQ�RI�FDUERQ�GLVXOILGH�ZLWK�GLPHWK\O�GLVXOILGH��
:KHQ�SHUIRUPHG�SURSHUO\��WKLV�PHWKRG�VHSDUDWHV�WKHVH�FRPSRXQGV�VXIILFLHQWO\��'XULQJ�WKH�
GHYHORSPHQW�RI�WKH�PHWKRG��FDUERQ�GLVXOILGH�ZDV�QRW�GHWHFWHG�LQ�DQ\�RI�WKH�ZDVWHZDWHU�
VDPSOHV�DQDO\]HG��

���� $IWHU�D�QXPEHU�RI�LQMHFWLRQV�RI�VDPSOHV��D�VXOIXU�GLR[LGH�DUWLIDFW�SHDN�FDQ�LQWHUIHUH�ZLWK�
PHWK\O�PHUFDSWDQ��$�FOHDQ��GHDFWLYDWHG�LQMHFWLRQ�SRUW�OLQHU�VKRXOG�EH�LQVWDOOHG�DIWHU�
DSSUR[LPDWHO\����VDPSOH�LQMHFWLRQV��7KH�LQMHFWLRQ�SRUW�JROG�VHDO�VKRXOG�DOVR�EH�FOHDQHG�ZLWK�
GHLRQL]HG�ZDWHU��PHWKDQRO��DQG�DFHWRQH�XVLQJ�D�ORQJ�FRWWRQ�VZDE�SULRU�WR�LQVHUWLQJ�WKH�FOHDQ�
LQMHFWLRQ�SRUW�OLQHU�GXULQJ�OLQHU�FKDQJHV��

���� 6$)(7<�

���� $OO�FKHPLFDOV�VKRXOG�EH�WUHDWHG�DV�SRWHQWLDO�KHDOWK�KD]DUGV��,W�LV�UHFRPPHQGHG�WKDW�SUXGHQW�
SUDFWLFHV�IRU�KDQGOLQJ�FKHPLFDOV�LQ�WKH�ODERUDWRU\�EH�HPSOR\HG��15&��������

���� 7KLV�PHWKRG�GRHV�QRW�DGGUHVV�DOO�VDIHW\�LVVXHV�DVVRFLDWHG�ZLWK�LWV�XVH��7KH�ODERUDWRU\�LV�
UHVSRQVLEOH�IRU�PDLQWDLQLQJ�D�VDIH�ZRUN�HQYLURQPHQW�DQG�D�FXUUHQW�DZDUHQHVV�RI�26+$�
UHJXODWLRQV�UHJDUGLQJ�VDIH�KDQGOLQJ�RI�FKHPLFDOV�XVHG�LQ�WKLV�PHWKRG��0DWHULDO�VDIHW\�GDWD�
VKHHWV��06'6V��VKRXOG�EH�DYDLODEOH�WR�DOO�SHUVRQQHO�LQYROYHG�LQ�WKHVH�DQDO\VHV��

��� 7KH�56&V�DUH�HLWKHU�IODPPDEOH�JDVHV�RU�OLTXLGV�WKDW�PD\�EH�KDUPIXO�LI�LQKDOHG�RU�LQJHVWHG��
7KHVH�FRPSRXQGV�FDQ�DOVR�FDXVH�D�FRQVLGHUDEOH�QXLVDQFH�RGRU��8VH�WKHP�LQ�D�ODERUDWRU\�
IXPH�KRRG�DQG�ZHDU�DSSURSULDWH�JORYHV��H\H�SURWHFWLRQ��DQG�RWKHU�SURWHFWLYH�FORWKLQJ��

���� (48,30(17�$1'�6833/,(6�

1RWH��%UDQG�QDPHV�DQG�VXSSOLHUV�DUH�FLWHG�IRU�LOOXVWUDWLYH�SXUSRVHV�RQO\��1R�HQGRUVHPHQW�LV�
LPSOLHG��(TXLYDOHQW�SHUIRUPDQFH�PD\�EH�DFKLHYHG�XVLQJ�HTXLSPHQW�DQG�PDWHULDO�RWKHU�WKDQ�
WKRVH�VSHFLILHG�KHUH��EXW�GHPRQVWUDWLRQ�RI�HTXLYDOHQW�SHUIRUPDQFH�WKDW�PHHWV�WKH�
UHTXLUHPHQWV�RI�WKLV�PHWKRG�LV�WKH�UHVSRQVLELOLW\�RI�WKH�ODERUDWRU\��

���� 6DPSOLQJ�(TXLSPHQW�

������ 6DPSOHV�DUH�WR�EH�FROOHFWHG�LQ�DPEHU�JODVV�ERWWOHV�ZLWK�PLQLPDO�KHDGVSDFH��,W�LV�
UHFRPPHQGHG�WKDW����P/�DPEHU��ERURVLOLFDWH�JODVV�YLDOV�ZLWK�7HIORQ �IDFHG�VLOLFRQH�
EDFNHG�OLGV��92$�YLDOV��EH�XVHG��$OWKRXJK�SDVVLYDWLRQ�RI�JODVVZDUH�IRU�56&�
FRPSRXQGV�LV�FRPPRQ�SUDFWLFH��SDVVLYDWLRQ�RI�VDPSOH�FRQWDLQHUV�GXULQJ�WKLV�VWXG\�
KDV�QRW�EHHQ�IRXQG�WR�EH�QHFHVVDU\�LQ�WKH�VWDQGDUG�RSHUDWLQJ�UDQJH�RI�WKLV�PHWKRG��
6RPH�LPSURYHPHQW�RI�WKH�ORZHU�OHYHO�FDOLEUDWLRQ�UHVSRQVH�KDV�EHHQ�IRXQG�ZKHQ�
XVLQJ�SDVVLYDWHG�DXWRVDPSOHU�YLDOV��,I�SDVVLYDWLRQ�RI�JODVVZDUH�LV�GHVLUHG��RQH�RI�WKH�
IROORZLQJ�WHFKQLTXHV�FDQ�EH�XVHG��

�������� 6RDN�FOHDQ�JODVVZDUH�LQ�D�����+&O�VROXWLRQ�IRU�DW�OHDVW�RQH�KRXU��5LQVH�WKH�
JODVVZDUH�WKRURXJKO\�ZLWK�ZDWHU��IROORZHG�E\�DQ�DFHWRQH�ULQVH��DLU�GU\LQJ��
DQG�WUHDWPHQW�ZLWK����GLPHWK\OGLFKORURVLODQH�LQ�WROXHQH��5LQVH�WKH�
JODVVZDUH�ZLWK�WROXHQH��PHWKDQRO��DQG�ZDWHU��WKHQ�DLU�GU\�LW��
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�������� 7UHDW�FOHDU�92$�YLDOV�ZLWK�WKH�6LOWHN�GHDFWLYDWLRQ�SURFHVV��5HVWHN�
&RUSRUDWLRQ��%HOOHIRQWH��3$���&DXWLRQ��VWURQJ�FDXVWLF�GHWHUJHQWV�ZLOO�UHPRYH�
WKH�6LOWHN�FRDWLQJ��

�������� 7UHDW�V\ULQJH�QHHGOHV�E\�VORZO\�SXPSLQJ�D�����VROXWLRQ�RI�%67)$�LQ�
KH[DQH�WKUHH�WLPHV�IROORZHG�E\�D�ULQVH�ZLWK�DFHWRQH��PHWKDQRO��DQG�ZDWHU��

������ 7KH�XVH�RI�DXWRPDWLF�VDPSOH�FROOHFWLRQ�HTXLSPHQW�KDV�QRW�EHHQ�YDOLGDWHG�IRU�WKLV�
PHWKRG�DQG�VKRXOG�QRW�EH�LQFRUSRUDWHG�XQWLO�LWV�HIIHFWLYHQHVV�KDV�EHHQ�SURYHQ��

���� /DERUDWRU\�*ODVVZDUH�DQG�6XSSOLHV�

������ $PEHU���P/�DXWRVDPSOHU�YLDOV�GHDFWLYDWHG�LI�GHVLUHG�E\�RQH�RI�WKH�PHWKRGV�
GHVFULEHG�LQ�6HFWLRQ�������

������ 9ROXPHWULF�IODVNV�����P/�����P/��

������ 6\ULQJHV��LQFOXGLQJ�JDV�WLJKW�V\ULQJHV��GHDFWLYDWHG�E\�PHWKRGV�GHVFULEHG�LQ�
6HFWLRQ���������

���� $QDO\WLFDO�(TXLSPHQW�

������ *DV�FKURPDWRJUDSK\�V\VWHP�±�JDV�FKURPDWRJUDSK\�DQDO\WLFDO�V\VWHP�FRPSOHWH�ZLWK�D�
FU\RJHQLFDOO\�FRROHG��WHPSHUDWXUH�SURJUDPPDEOH�JDV�FKURPDWRJUDSK�ZLWK�D�
VSOLW�VSOLWOHVV�LQMHFWLRQ�SRUW�DQG�DOO�UHTXLUHG�DFFHVVRULHV�LQFOXGLQJ�V\ULQJHV��DQDO\WLFDO�
FROXPQV��DQG�JDVHV�

������ ,QMHFWLRQ�SRUW�OLQHU�±���PP�GHDFWLYDWHG��VLODQL]HG�RU�6LOWHN��VWUDLJKW�JODVV�OLQHU�OLJKWO\�
SDFNHG�ZLWK�D�SOXJ�RI�GHDFWLYDWHG��VLODQL]HG��TXDUW]�WZR�WKLUGV�WKH�GLVWDQFH�IURP�WKH�
VHSWXP�HQG�RI�WKH�OLQHU��6HFWLRQ�����)LJXUH����

������ &ROXPQ�±����P�[������PP�[����� P�����F\DQRSURS\OSKHQ\O�����
GLPHWK\OSRO\VLOR[DQH�ERQGHG�SKDVH������SKDVH��IXVHG�VLOLFD�FDSLOODU\�FROXPQ�

������ *&�GHWHFWRU�±�SXOVHG�IODPH�SKRWRPHWULF�GHWHFWRU��2,�$QDO\WLFDO�RU�HTXLYDOHQW��ZLWK�
DSSURSULDWH�GDWD�V\VWHP�

���� 5($*(176�$1'�67$1'$5'6�

��� 5HDJHQWV

������ 'HLRQL]HG��',��ZDWHU�VKRXOG�EH�WHVWHG�LPPHGLDWHO\�EHIRUH�XVH�WR�YHULI\�WKH�DEVHQFH�
RI�DQ\�WDUJHW�DQDO\WHV��,I�WKH�ZDWHU�LV�FRQWDPLQDWHG��LW�PD\�EH�QHFHVVDU\�WR�SUHSDUH�
IUHVK�GHLRQL]HG�ZDWHU��SXUJH�WKH�ZDWHU�ZLWK�QLWURJHQ�RU�KHOLXP��RU�ERLO�WKH�ZDWHU�WR�
UHPRYH�WKH�FRQWDPLQDQW�V���

������ 3UHSDUH�SKRVSKRULF�DFLG�VROXWLRQ�E\�FRPELQLQJ�RQH�SDUW�RI�SKRVSKRULF�DFLG��UHDJHQW�
JUDGH��ZLWK�WKUHH�SDUWV�GHLRQL]HG�ZDWHU��

������ 3UHSDUH�DFLGLILHG�',�ZDWHU�E\�DGGLQJ�SKRVSKRULF�DFLG�VROXWLRQ��6HFWLRQ��������WR�',�
ZDWHU��6HFWLRQ��������XQWLO�WKH�S+�LV�EHWZHHQ�����DQG�������,W�WDNHV�DSSUR[LPDWHO\�����
P/�RI�DFLG�LQ���/�RI�ZDWHU�WR�UHDFK�WKLV�S+��

������ /�$VFRUELF�DFLG��$&6�UHDJHQW�JUDGH��

������ 0HWKDQRO��GLVWLOOHG�LQ�JODVV��
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������ 3UHSDUH�WKH�]LQF�DFHWDWH�VROXWLRQ�����PPROH�/��E\�DGGLQJ������J�RI�]LQF�DFHWDWH�
GHK\GUDWH��UHDJHQW�JUDGH��WR�����P/�RI�',�ZDWHU��6ORZO\�DGMXVW�WKH�S+�GURS�ZLVH�E\�
DGGLQJ��1�1D2+�ZKLOH�VWLUULQJ�WKH�',�ZDWHU�FRQWDLQLQJ�WKH�]LQF�DFHWDWH��WKLV�WDNHV�
���WR����PLQXWHV���'URSZLVH�DGGLWLRQ�LV�LPSRUWDQW�XS�WR�S+�����LQ�RUGHU�WR�SURGXFH�
VPDOO�FU\VWDOV�RI�WKH�UHVXOWLQJ�VDOW�ZKLFK�ZLOO�KRPRJHQL]H�XSRQ�VKDNLQJ��2QFH�S+�����
LV�DFKLHYHG�GURSZLVH�DGGLWLRQ�LV�QRW�ORQJHU�UHTXLUHG��)LQLVK�DGMXVWLQJ�WKH�S+�WR�
EHWZHHQ����DQG������XVLQJ�WKH��1�1D2+�VROXWLRQ��WRWDO��1�1D2+�UHTXLUHG�LV�
DSSUR[LPDWHO\����P/���7KLV�VROXWLRQ�VKRXOG�SURGXFH�D�ILQH��HYHQ�VXVSHQVLRQ�ZKLFK�
GRHV�QRW�VHWWOH�UDSLGO\��,I�\RX�VKDNH�WKH�FRQWDLQHU�DQG�WKHQ�OHW�LW�VLW��LW�ZLOO�XVXDOO\�
UHPDLQ�LQ�VXVSHQVLRQ�IRU�RYHU����PLQXWHV��

������ 3UHSDUH�GLPHWK\OGLFKORURVLODQH��'0'&6�����LQ�WROXHQH�E\�DGGLQJ����P/�RI�
'0'&6�WR�����P/�RI�WROXHQH��,W�LV�DOVR�DYDLODEOH�DV�D�PL[WXUH�IURP�6XSHOFR�DV�
6\ORQ�&7��

������ 3UHSDUH�1�2�ELV�WULPHWK\OVLO\O�WULIOXRURDFHWDPLGH��%67)$������LQ�KH[DQH�E\�
DGGLQJ�����P/�RI�%67)$�WR�����P/�RI�KH[DQH��

������ 7ROXHQH��GLVWLOOHG�LQ�JODVV��

������� +H[DQH��GLVWLOOHG�LQ�JODVV��

������� &D&O��GHVLFFDQW�������$&6�UHDJHQW�JUDGH�

������� 3UHSDUH�1D2+���1�E\�GLVVROYLQJ����J�RI�SHOOHWV��������LQWR���/�RI�',�ZDWHU��

��� $QDO\WLFDO�6WDQGDUGV�

$QDO\WLFDO�VWDQGDUGV�DUH�SUHSDUHG�IURP�SXUH�VWDQGDUGV��5HSRUWHG�SXULW\�VKRXOG�EH�JUHDWHU�WKDQ�
����IRU�DOO�WKH�QHDW�PDWHULDO�XVHG��

������ 3UHSDUH�WKH�LQWHUQDO�VWDQGDUG�SULPDU\�VROXWLRQ�E\�ZHLJKLQJ����PJ��WR�WKH�QHDUHVW�����
PJ��RI�WKLRSKHQH�DQG�GLOXWLQJ�WR����P/�LQ�YROXPHWULF�IODVNV�ZLWK�PHWKDQRO��3UHSDUH�
WKH�SULPDU\�VWDQGDUG�DW�D�FRQFHQWUDWLRQ�RI�DSSUR[LPDWHO\���PJ�6�P/��&DOFXODWH�WKH�
DFWXDO�FRQFHQWUDWLRQ�XVLQJ�(TXDWLRQ����

(TXDWLRQ���
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� ZKHUH�� &6�LV�WKH�FRQFHQWUDWLRQ�RI�VXOIXU�LQ�WKH�VWDQGDUG��PJ�6�P/��
P�LV�WKH�PDVV�RI�WKH�FRPSRXQG�DGGHG�WR�WKH�VWDQGDUG��PJ��
)6�LV�WKH�IUDFWLRQ�RI�VXOIXU�LQ�WKH�FRPSRXQG��6HFWLRQ�����7DEOH���H[FHSW�IRU�
1D6�����+�2��ZKLFK�LV���������
96�LV�WKH�WRWDO�YROXPH�RI�WKH�VWDQGDUG��P/��

������ 3UHSDUH�WKH�VXUURJDWH�VWDQGDUG�SULPDU\�VROXWLRQ�E\�ZHLJKLQJ��WR�WKH�QHDUHVW�����PJ��
���PJ�RI�WKLRDQLVROH�DQG�GLOXWLQJ�WR����P/�LQ�YROXPHWULF�IODVNV�ZLWK�PHWKDQRO��
3UHSDUH�WKH�SULPDU\�VWDQGDUG�DW�D�FRQFHQWUDWLRQ�RI�DSSUR[LPDWHO\���PJ�6�P/��
&DOFXODWH�WKH�DFWXDO�FRQFHQWUDWLRQ�XVLQJ�(TXDWLRQ����

������ 3UHSDUH�D�FRPELQHG�LQWHUQDO�VWDQGDUG�DQG�VXUURJDWH�ZRUNLQJ�VROXWLRQ�E\�DGGLQJ�����
�/�RI�HDFK�SULPDU\�VWRFN��6HFWLRQV�������DQG��������WR�D����P/�YROXPHWULF�IODVN�DQG�
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GLOXWLQJ�WR�WKH�PDUN�ZLWK�PHWKDQRO��7KH�FRQFHQWUDWLRQ�LQ�WKH�VROXWLRQ�LV�
DSSUR[LPDWHO\�����J�6�P/�IRU�HDFK�FRPSRXQG��

������ 3UHSDUH�D�SULPDU\�DQG�ZRUNLQJ�VWDQGDUG�RI�VXOILGH�IURP�VRGLXP�VXOILGH�QRQDK\GUDWH�
�1D�6���7KH�1D�6����+�2�VKRXOG�EH�HLWKHU�RSDTXH�RU�ZKLWH�FU\VWDOV��7KLV�PDWHULDO�LV�
K\GURVFRSLF�DQG�ZLOO�WXUQ�LQWR�D�VOXUU\�LI�QRW�VWRUHG�LQ�D�GU\�HQYLURQPHQW�VXFK�DV�D�
GHVLFFDWRU�FRQWDLQLQJ�DQK\GURXV�&D&O��DQG�ZUDSSHG�ZLWK�WDSH�WR�VHDO�WKH�ERWWOH��,W�
ZLOO�DOVR�WXUQ�\HOORZ�RU�JUHHQ��HOHPHQWDO�VXOIXU��LQ�VWRUDJH��3UHSDUH�WKH�ZRUNLQJ�
VROXWLRQ�E\�DGGLQJ�����PJ�RI�]LQF�DFHWDWH�GLK\GUDWH�WR����P/�RI�SXUJHG�',�ZDWHU��
6ORZO\�DGMXVW�WKH�S+�GURS�ZLVH�E\�DGGLQJ��1�1D2+�ZKLOH�VWLUULQJ�WKH�ZDWHU�
FRQWDLQLQJ�WKH�]LQF�DFHWDWH��WKLV�WDNHV����WR����PLQXWHV���'URSZLVH�DGGLWLRQ�LV�
LPSRUWDQW�XS�WR�S+�����LQ�RUGHU�WR�SURGXFH�VPDOO�FU\VWDOV�RI�WKH�UHVXOWLQJ�VDOW�ZKLFK�
ZLOO�KRPRJHQL]H�XSRQ�VKDNLQJ��2QFH�S+�����LV�DFKLHYHG�GURSZLVH�DGGLWLRQ�LV�QRW�
ORQJHU�UHTXLUHG��)LQLVK�DGMXVWLQJ�WR�EHWZHHQ������DQG����XVLQJ�WKH���1�1D2+�
VROXWLRQ��$GG����PJ�RI�1D�6����+�2��ZHLJKHG�WR�WKH�QHDUHVW�����PJ��ZKLOH�
FRQWLQXLQJ�WR�VWLU�IRU���PLQXWHV���KLV�VROXWLRQ�VKRXOG�EH�D�ZHOO�GLVSHUVHG�VXVSHQVLRQ�
ZLWK�QR�YLVLEOH�FOXPSLQJ�RI�WKH�VROLGV��7UDQVIHU�WKH�VROXWLRQ�TXDQWLWDWLYHO\�LQWR�D����
P/�YROXPHWULF�IODVN�DQG�GLOXWH�WR�WKH�PDUN�ZLWK�SXUJHG�',�ZDWHU��7KH�FRQFHQWUDWLRQ�
LQ�WKH�VROXWLRQ�ZLOO�EH�DSSUR[LPDWHO\������J�6�P/��ZLWK�DQ�HTXLYDOHQW�WRWDO�VXOILGH�
FRQFHQWUDWLRQ�RI������J�P/��&DOFXODWH�WKH�DFWXDO�FRQFHQWUDWLRQ�XVLQJ�(TXDWLRQ����
7KH�IUDFWLRQ�RI�VXOIXU��)6��LQ�1D�6����+�2�LV���������

������ 3UHSDUH�D�SULPDU\�VROXWLRQ�RI�0H6+�E\�VORZO\�EXEEOLQJ�0H6+�JDV�LQWR�D�WDUHG�
���P/�YROXPHWULF�IODVN�FRQWDLQLQJ�PHWKDQRO��$OORZ�WKH�0H6+�WR�GLVVROYH�LQWR�WKH�
PHWKDQRO�XQWLO�DSSUR[LPDWHO\����PJ��ZHLJKHG�WR�WKH�QHDUHVW�����PJ��KDV�EHHQ�DGGHG��
7KLV�FRUUHVSRQGV�WR�DSSUR[LPDWHO\�����P/�RI�SXUH�JDV�DW�URRP�WHPSHUDWXUH��8VH�D�
WKLQ�������LQFK��7HIORQ�OLQH�WR�WUDQVIHU�WKH�0H6+�LQWR�WKH�PHWKDQRO�DQG�EH�VXUH�WKDW�
DQ\�PHWKDQRO�FOLQJLQJ�WR�WKH�OLQH�LV�NQRFNHG�EDFN�LQWR�WKH�YROXPHWULF�IODVN�EHIRUH�
PHDVXULQJ�WKH�ILQDO�ZHLJKW��'LOXWH�WR�WKH�PDUN�ZLWK�PHWKDQRO�IRU�D�FRQFHQWUDWLRQ�RI�
DSSUR[LPDWHO\���PJ�6�P/�RU�����PJ�P/�DV�0H6+��&DOFXODWH�WKH�DFWXDO�FRQFHQWUDWLRQ�
XVLQJ�(TXDWLRQ����

������ 3UHSDUH�D�SULPDU\�VROXWLRQ�RI�'06�E\�ZHLJKLQJ����PJ��WR�WKH�QHDUHVW�����PJ��RI�
'06�LQWR�D����P/�YROXPHWULF�IODVN�FRQWDLQLQJ�PHWKDQRO��'LOXWH�WR�WKH�PDUN�ZLWK�
PHWKDQRO�IRU�D�FRQFHQWUDWLRQ�RI�DSSUR[LPDWHO\���PJ�6�P/�RU�����PJ�P/�DV�'06��
&DOFXODWH�WKH�DFWXDO�FRQFHQWUDWLRQ�XVLQJ�(TXDWLRQ����

������ 3UHSDUH�D�SULPDU\�VROXWLRQ�RI�'0'6�E\�ZHLJKLQJ����PJ��WR�WKH�QHDUHVW�����PJ��RI�
'0'6�LQWR�D����P/�YROXPHWULF�IODVN�FRQWDLQLQJ�PHWKDQRO��'LOXWH�WR�WKH�PDUN�ZLWK�
PHWKDQRO�IRU�D�FRQFHQWUDWLRQ�RI�DSSUR[LPDWHO\���PJ�6�P/�RU�����PJ�P/�DV�'0'6��
&DOFXODWH�WKH�DFWXDO�FRQFHQWUDWLRQ�XVLQJ�(TXDWLRQ����

������ 3UHSDUH�D�SULPDU\�VROXWLRQ�RI�'076�E\�ZHLJKLQJ����PJ��WR�WKH�QHDUHVW�����PJ��RI�
'076�LQWR�D����P/�YROXPHWULF�IODVN�FRQWDLQLQJ�PHWKDQRO��'LOXWH�WR�WKH�PDUN�ZLWK�
PHWKDQRO�IRU�D�FRQFHQWUDWLRQ�RI�DSSUR[LPDWHO\���PJ�6�P/�RU�����PJ�P/�DV�'076��
&DOFXODWH�WKH�DFWXDO�FRQFHQWUDWLRQ�XVLQJ�(TXDWLRQ����



$��

1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW�

������ 3UHSDUH�D�ZRUNLQJ�VROXWLRQ�RI�0H6+�E\�DGGLQJ�����P/�RI�WKH�SULPDU\�VROXWLRQ�
�6HFWLRQ��������WR�D����P/�YROXPHWULF�IODVN�DQG�GLOXWLQJ�ZLWK�PHWKDQRO��0H6+�LV�QRW�
VWDEOH�ZKHQ�PL[HG�ZLWK�WKH�RWKHU�VWDQGDUGV�

������� 3UHSDUH�D�SULPDU\�VROXWLRQ�RI�FDUERQ�GLVXOILGH��&6���E\�ZHLJKLQJ����PJ��WR�WKH�
QHDUHVW�����PJ��RI�&6��LQWR�D����P/�YROXPHWULF�IODVN�FRQWDLQLQJ�PHWKDQRO��'LOXWH�WR�
WKH�PDUN�ZLWK�PHWKDQRO�IRU�D�FRQFHQWUDWLRQ�RI�DSSUR[LPDWHO\���PJ�6�P/�RU�����
PJ�P/�DV�&6���&DOFXODWH�WKH�DFWXDO�FRQFHQWUDWLRQ�XVLQJ�(TXDWLRQ����

������� 3UHSDUH�D�ZRUNLQJ�VROXWLRQ�RI�PL[HG�56&V�DQG�&6��E\�DGGLQJ�����P/�RI�WKH�SULPDU\�
VROXWLRQV�RI�'06��6HFWLRQ���������'0'6��6HFWLRQ���������'076��6HFWLRQ���������DQG�
&6���6HFWLRQ���������WR�D����P/�YROXPHWULF�IODVN�DQG�GLOXWLQJ�ZLWK�PHWKDQRO��

��� &DOLEUDWLRQ�6WDQGDUGV

������ 3UHSDUH�D�PXOWLOHYHO�FDOLEUDWLRQ�ZRUNLQJ�VROXWLRQ�E\�DGGLQJ����� /�RI�HDFK�RI�WKH�
LQGLYLGXDO�ZRUNLQJ�VROXWLRQV�RI�VXOILGH��6HFWLRQ���������0H6+��6HFWLRQ���������DQG�
PL[HG�56&V��6HFWLRQ���������WR�D���P/�YROXPHWULF�IODVN��'LOXWH�WR�WKH�PDUN�ZLWK�
SXUJHG�',�ZDWHU�DQG�DGMXVW�WKH�S+�WR�DURXQG�����ZLWK�SKRVSKRULF�DFLG�VROXWLRQ��7KH�
FDOLEUDWLRQ�ZRUNLQJ�VROXWLRQ�KDV�OLPLWHG�VWDELOLW\�DQG�VKRXOG�EH�SUHSDUHG�WKH�GD\�LW�LV�
XVHG��

������ 3UHSDUH�D�QRPLQDO�����J�6�/�FDOLEUDWLRQ�VWDQGDUG�E\�DGGLQJ������/�RI�WKH�PXOWLSRLQW�
FDOLEUDWLRQ�VROXWLRQ��6HFWLRQ��������WR�����P/�RI�S+�����DGMXVWHG�',�ZDWHU��6HFWLRQ�
�������LQ�D���P/�DXWRVDPSOH�YLDO��$GG����/�RI�WKH�LQWHUQDO�VWDQGDUG�ZRUNLQJ�VROXWLRQ�
�6HFWLRQ��������IRU�D�QRPLQDO�LQWHUQDO�VWDQGDUG�FRQFHQWUDWLRQ�RI������J�6�/��&DOFXODWH�
WKH�FRQFHQWUDWLRQ�RI�HDFK�RI�WKH�DQDO\WHV�DQG�WKH�LQWHUQDO�VWDQGDUG�XVLQJ�(TXDWLRQ����

(TXDWLRQ���
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� ZKHUH�� &FDO�LV�WKH�FRQFHQWUDWLRQ�RI�WKH�DQDO\WH�LQWHUQDO�VWDQGDUG�LQ�WKH�FDOLEUDWLRQ�
VWDQGDUG���J�6�/��
&:6�LV�WKH�FRQFHQWUDWLRQ�RI�WKH�DQDO\WH�LQ�WKH�ZRUNLQJ�VROXWLRQ���J�6�P/��
9:6�LV�WKH�YROXPH�RI�ZRUNLQJ�VROXWLRQ�DGGHG�WR�WKH�FDOLEUDWLRQ�VWDQGDUG��P/��
9FDO�LV�WKH�YROXPH�RI�WKH�FDOLEUDWLRQ�VWDQGDUG��������/��

������ 3UHSDUH�D�QRPLQDO�����J�6�/�FDOLEUDWLRQ�VWDQGDUG�E\�DGGLQJ�����/�RI�WKH�PXOWLSRLQW�
FDOLEUDWLRQ�VROXWLRQ��6HFWLRQ��������WR�����P/�RI�S+�����DGMXVWHG�',�ZDWHU��6HFWLRQ�
�������LQ�D���P/�DXWRVDPSOHU�YLDO��$GG����/�RI�WKH�LQWHUQDO�VWDQGDUG�ZRUNLQJ�
VROXWLRQ��6HFWLRQ��������IRU�D�QRPLQDO�LQWHUQDO�VWDQGDUG�FRQFHQWUDWLRQ�RI������J�6�/��
&DOFXODWH�WKH�FRQFHQWUDWLRQ�RI�HDFK�RI�WKH�DQDO\WHV�DQG�WKH�LQWHUQDO�VWDQGDUG�XVLQJ�
(TXDWLRQ����

������ 3UHSDUH�D�QRPLQDO������J�6�/�FDOLEUDWLRQ�VWDQGDUG�E\�DGGLQJ�����/�RI�WKH�PXOWLSRLQW�
FDOLEUDWLRQ�VROXWLRQ��6HFWLRQ��������WR�����P/�RI�S+�����DGMXVWHG�',�ZDWHU�LQ�D���P/�
DXWRVDPSOHU�YLDO��$GG����/�RI�WKH�LQWHUQDO�VWDQGDUG�ZRUNLQJ�VROXWLRQ��6HFWLRQ��������
IRU�D�QRPLQDO�LQWHUQDO�VWDQGDUG�FRQFHQWUDWLRQ�RI������J�6�/��&DOFXODWH�WKH�
FRQFHQWUDWLRQ�RI�HDFK�RI�WKH�DQDO\WHV�DQG�WKH�LQWHUQDO�VWDQGDUG�XVLQJ�(TXDWLRQ����



$��

1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW�

������ 3UHSDUH�D�QRPLQDO������J�6�/�FDOLEUDWLRQ�VWDQGDUG�E\�DGGLQJ������/�RI�WKH�
PXOWLSRLQW�FDOLEUDWLRQ�VROXWLRQ��6HFWLRQ��������WR�����P/�RI�S+�����DGMXVWHG�',�ZDWHU�
LQ�D���P/�DXWRVDPSOHU�YLDO��$GG����/�RI�WKH�LQWHUQDO�VWDQGDUG�ZRUNLQJ�VROXWLRQ�
�6HFWLRQ��������IRU�D�QRPLQDO�LQWHUQDO�VWDQGDUG�FRQFHQWUDWLRQ�RI������J�6�/��&DOFXODWH�
WKH�FRQFHQWUDWLRQ�RI�HDFK�RI�WKH�DQDO\WHV�DQG�WKH�LQWHUQDO�VWDQGDUG�XVLQJ�(TXDWLRQ����

������ 3UHSDUH�D�QRPLQDO�������J�6�/�FDOLEUDWLRQ�VWDQGDUG�E\�DGGLQJ������/�RI�WKH�
PXOWLSRLQW�FDOLEUDWLRQ�VROXWLRQ��6HFWLRQ��������WR�����P/�RI�S+�����DGMXVWHG�',�ZDWHU�
LQ�D���P/�DXWRVDPSOHU�YLDO��$GG����/�RI�WKH�LQWHUQDO�VWDQGDUG�ZRUNLQJ�VROXWLRQ�
�6HFWLRQ��������IRU�D�QRPLQDO�LQWHUQDO�VWDQGDUG�FRQFHQWUDWLRQ�RI������J�6�/��&DOFXODWH�
WKH�FRQFHQWUDWLRQ�RI�HDFK�RI�WKH�DQDO\WHV�DQG�WKH�LQWHUQDO�VWDQGDUG�XVLQJ�(TXDWLRQ����

������ 3UHSDUH�D�GDLO\�FDOLEUDWLRQ�FKHFN�VWDQGDUG�������J�6�/��E\�DGGLQJ������/�RI�WKH�
ZRUNLQJ�VWDQGDUGV�RI�VXOILGH��6HFWLRQ���������0H6+��6HFWLRQ���������DQG�PL[HG�56&V�
�6HFWLRQ���������WR�����P/�RI�S+�����DGMXVWHG�',�ZDWHU��6HFWLRQ��������LQ�D���P/�
DXWRVDPSOHU�YLDO��$GG����/�RI�WKH�LQWHUQDO�VWDQGDUG�ZRUNLQJ�VROXWLRQ��6HFWLRQ��������
IRU�D�QRPLQDO�LQWHUQDO�VWDQGDUG�FRQFHQWUDWLRQ�RI������J�6�/��&DOFXODWH�WKH�
FRQFHQWUDWLRQ�RI�HDFK�RI�WKH�DQDO\WHV�DQG�WKH�LQWHUQDO�VWDQGDUG�XVLQJ�(TXDWLRQ����

������ :KHQ�SUHSDULQJ�VWDQGDUGV�RU�VDPSOHV��WKH�DXWRVDPSOHU�YLDO�KDV�DQ�DLU�EXEEOH�DIWHU�
EHLQJ�VHDOHG��7KLV�LV�LPSRUWDQW�VR�WKDW�WKH�DQDO\WH�DQG�LQWHUQDO�VWDQGDUG�VSLNHV�FDQ�EH�
PL[HG�ZHOO�EHIRUH�DQDO\]LQJ�WKH�VDPSOH�RU�VWDQGDUG��$W�OHDVW�WKUHH�JRRG�LQYHUWHG�
VKDNHV�VKRXOG�EH�SHUIRUPHG�EHIRUH�LQMHFWLQJ�WKH�VWDQGDUG�RU�VDPSOH��

���� 6$03/(�&2//(&7,21��35(6(59$7,21��$1'�6725$*(�

��� &ROOHFWLRQ

&ROOHFW�JUDE�VDPSOHV�GLUHFWO\�IURP�WKH�SURFHVV�OLTXLG�VWUHDP�XVLQJ�DSSURSULDWH�FROOHFWLRQ�
YHVVHOV��W\SLFDOO\����P/�92$�DPEHU�YLDOV��)LOO�HDFK�YLDO�ZLWK�WKH�VDPSOH��OHDYLQJ�PLQLPXP�
KHDGVSDFH��&ROOHFW�D�VHSDUDWH�VDPSOH�IRU�DQDO\]LQJ�WRWDO�VXOILGH�EHFDXVH�RI�WKH�SUHVHUYDWLRQ�
WHFKQLTXH��$�VXEVWDQWLDO�TXDQWLW\�RI�SUHVHUYDWLYH�LV�UHTXLUHG��VR�D�GLOXWLRQ�IDFWRU�LV�QHHGHG�WR�
FRUUHFW�IRU�GLOXWLRQ�GXH�WR�SUHVHUYDWLRQ��7KLV�FDQ�EH�DFFRPSOLVKHG�E\�PHDVXULQJ�WKH�YROXPH�
RI�SUHVHUYDWLYH�DGGHG�DQG�WKH�ILQDO�YROXPH�RI�WKH�VDPSOH�LQFOXGLQJ�SUHVHUYDWLYH��

��� 3UHVHUYDWLRQ

������ 3UHVHUYDWLRQ�IRU�WKH�DQDO\VLV�RI�0H6+��'06��'0'6��DQG�'076�UHTXLUHV�WKH�
DGGLWLRQ�RI�����PJ�RI�DVFRUELF�DFLG�WR�D����P/�92$�YLDO����J�/��DQG�S+�DGMXVWPHQW�
WR������ZLWK�SKRVSKRULF�DFLG�VROXWLRQ��7R�DGMXVW�WKH�S+��DGG�D�UHSUHVHQWDWLYH�VDPSOH�
WR�DQ�H[WUD�YLDO�FRQWDLQLQJ�DVFRUELF�DFLG��0HDVXUH�WKH�YROXPH�RI�SKRVSKRULF�DFLG�
UHTXLUHG�WR�UHDFK�WKH�WDUJHW�S+�DQG�GLVFDUG�WKDW�VDPSOH��8VH�WKDW�YROXPH�RI�DFLG�WR�
DGMXVW�WKH�VDPSOHV�WR�EH�DQDO\]HG��,I�WKH�YROXPH�RI�DFLG�QHHGHG�LV�OHVV�WKDQ���P/��QR�
FRUUHFWLRQ�IRU�GLOXWLRQ�LV�UHTXLUHG��

������ 3UHVHUYDWLRQ�IRU�WKH�DQDO\VLV�RI�WRWDO�VXOILGH�UHTXLUHV�WKH�DGGLWLRQ�RI���P/�RI�]LQF�
DFHWDWH�VROXWLRQ��6HFWLRQ��������WR�D����P/�92$�YLDO��7KH�ILQDO�S+�RI�WKH�VDPSOH�
VKRXOG�EH�JUHDWHU�WKDQ�����$GMXVW�WKH�S+�ZLWK���1�1D2+�VROXWLRQ�LI�QHFHVVDU\��$�
FRUUHFWLRQ�IRU�WKH�GLOXWLRQ�RI�WKH�VDPSOH�E\�WKH�SUHVHUYDWLYH�PXVW�EH�PDGH��)RU�
H[DPSOH��LI����P/�RI�VDPSOH�LV�GLOXWHG�WR����P/��WKH�PHDVXUHG�FRQFHQWUDWLRQ�VKRXOG�
EH�PXOWLSOLHG�E\�D�GLOXWLRQ�IDFWRU�RI�������6DPSOH�YROXPHV�FDQ�EH�PHDVXUHG�
JUDYLPHWULFDOO\�RU�XVLQJ�FDOLEUDWHG�JODVVZDUH��JUDGXDWHG�F\OLQGHU���



$��

1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW�

��� 6WRUDJH

$OO�VDPSOHV�PXVW�EH�VWRUHG�LQ�D�UHIULJHUDWRU��� &��XQWLO�DQDO\VLV��6WRUDJH�VWDELOLW\�KDV�EHHQ�
IRXQG�WR�EH�PDWUL[�GHSHQGHQW��8VLQJ�WKH�SUHVFULEHG�SUHVHUYDWLRQ�WHFKQLTXHV��JUHDWHU�WKDQ�
����UHFRYHU\�ZDV�IRXQG�IRU�DOO�FRPSRXQGV�LQ�ERWK�D�EOHDFKHG�NUDIW�PLOO�HIIOXHQW�DQG�DQ�
XQEOHDFKHG�NUDIW�PLOO�HIIOXHQW�DIWHU����GD\V�RI�VWRUDJH��6WRUDJH�RI�]LQF�DFHWDWH�SUHVHUYHG�
VDPSOHV�ZLWK�QDWLYH�FRQFHQWUDWLRQV�RI������PJ�6�/�FROOHFWHG�LQ�KLJKO\�DHUDWHG�SRUWLRQV�RI�
::73�KDYH�\LHOGHG�LQFUHDVLQJ�FRQFHQWUDWLRQV�RI�WRWDO�VXOILGH�RYHU�WLPH��

���� 48$/,7<�&21752/�

7R�FRQWURO�WKH�TXDOLW\�RI�WKH�GDWD�JHQHUDWHG�XVLQJ�WKLV�PHWKRG��DQ�LQLWLDO�FDOLEUDWLRQ�FKHFN��
LQGHSHQGHQW�VWDQGDUG�FKHFN��GDLO\�EODQN�FKHFNV��GDLO\�FDOLEUDWLRQ�FKHFNV��VXUURJDWH�UHFRYHU\�
H[SHULPHQWV��SHULRGLF�GXSOLFDWHV��DQG�SHULRGLF�PDWUL[�VSLNHV�VKRXOG�EH�SHUIRUPHG��

��� ,QLWLDO�&DOLEUDWLRQ�&KHFN�

$�PXOWLSRLQW�LQWHUQDO�VWDQGDUG�FDOLEUDWLRQ�VKRXOG�EH�SHUIRUPHG�FRYHULQJ�WKH�RSHUDWLQJ�UDQJH�
RI�WKH�PHWKRG�����WR�������J�6�/���$�ZLGHU�RU�QDUURZHU�UDQJH�LV�DFFHSWDEOH�LI�DOO�VDPSOH�
FRQFHQWUDWLRQV�IDOO�ZLWKLQ�WKDW�UDQJH��7KH�FULWHULRQ�IRU�DFFHSWDEOH�OLQHDULW\�LV�D�PHDQ�DEVROXWH�
SHUFHQW�HUURU��0$3(��IRU�WKH�FXUYH�RI�OHVV�WKDQ�RU�HTXDO�WR������6HFWLRQ����������

���� ,QGHSHQGHQW�6WDQGDUG�&KHFN�

:KHQ�D�SULPDU\�VWDQGDUG�LV�SUHSDUHG�IRU�FDOLEUDWLRQ�DQG�PDWUL[�VSLNH�H[SHULPHQWV��LW�VKRXOG�
EH�FRPSDUHG�ZLWK�DQ�LQGHSHQGHQW�VWDQGDUG�HLWKHU�SUHSDUHG�IURP�DQRWKHU�VRXUFH�RI�FRPSRXQG�
RU�REWDLQHG�IURP�D�FHUWLILHG�VWDQGDUG�YHQGRU��2QO\�PHWK\O�PHUFDSWDQ��GLPHWK\O�VXOILGH��DQG�
GLPHWK\O�GLVXOILGH�DUH�FRPPHUFLDOO\�DYDLODEOH�DV�VROXWLRQV�LQ�PHWKDQRO�DW�WKLV�WLPH��&UHVFHQW�
&KHPLFDOV���7KH�LQGHSHQGHQW�VWDQGDUG�VKRXOG�PDWFK�WKH�SULPDU\�VWDQGDUG�XVHG�IRU�FDOLEUDWLRQ�
DQG�PDWUL[�VSLNHV�ZLWKLQ������7KLV�FKHFN�ZLOO�PLQLPL]H�ELDV�GXH�WR�HUURUV�LQ�VWDQGDUG�
SUHSDUDWLRQ��

���� 'DLO\�%ODQN�&KHFNV

$�GDLO\�EODQN�FKHFN�VKRXOG�EH�SHUIRUPHG�EHIRUH�UXQQLQJ�VDPSOHV��$�EODQN�FKHFN�VKRXOG�EH�
SHUIRUPHG�LI�FDUU\RYHU�LV�VXVSHFWHG��H�J���DIWHU�UXQQLQJ�D�VDPSOH�RXWVLGH�WKH�FDOLEUDWLRQ�
UDQJH���$�EODQN�FKHFN�FRQVLVWV�RI�DQDO\]LQJ�����P/�RI�SXUJHG�',�ZDWHU�ZLWK�LQWHUQDO�VWDQGDUG�
DQG�VXUURJDWH�DV�GHVFULEHG�LQ�6HFWLRQ�������7KH�56&�OHYHO�LQ�WKH�EODQN�VKRXOG�QRW�H[FHHG�
����RI�WKH�ORZHVW�FDOLEUDWLRQ�SRLQW�����J�6�/�IRU�0H6+��'06��'0'6��DQG�'076�����J�6�/�
IRU�WRWDO�VXOILGH���

���� 'DLO\�&DOLEUDWLRQ�&KHFNV�

3UHSDUH�DQG�DQDO\]H�D�PLG�OHYHO�FDOLEUDWLRQ�SRLQW�HYHU\�GD\�WKDW�VDPSOHV�DUH�DQDO\]HG��7KH�
SHUFHQW�UHFRYHU\�RI�HDFK�FRPSRXQG�LQ�WKH�VWDQGDUG�VKRXOG�EH�ZLWKLQ�����RI�WKH�SHUFHQW�
UHFRYHU\�RI�WKH�VDPH�FDOLEUDWLRQ�OHYHO�LQ�WKH�PXOWLSRLQW�FDOLEUDWLRQ��,I�WKH�GDLO\�FDOLEUDWLRQ�
FKHFN�IDLOV��LW�VKRXOG�EH�UHSHDWHG��,I�LW�IDLOV�D�VHFRQG�WLPH��WKH�VWDQGDUGV��ZRUNLQJ��SULPDU\��
LQWHUQDO�VWDQGDUG��VKRXOG�EH�UH�SUHSDUHG��,I�LW�FRQWLQXHV�WR�IDLO��WKH�PXOWLSRLQW�FDOLEUDWLRQ�
VKRXOG�EH�UHSHDWHG��$�VXPPDU\�RI�VLQJOH�ODERUDWRU\�GDLO\�FDOLEUDWLRQ�FKHFNV�IRU�WKLV�PHWKRG�
LV�SURYLGHG�LQ�6HFWLRQ�����7DEOH����
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���� 6XUURJDWH�5HFRYHU\�&KHFN�

,Q�WKLV�PHWKRG�WKLRDQLVROH�LV�XWLOL]HG�DV�D�VXUURJDWH�IRU�WKH�UHGXFHG�VXOIXU�FRPSRXQGV��$OO�
VDPSOHV�DUH�VSLNHG�ZLWK��� /�RI�WKH�WKLRDQLVROH�VSLNLQJ�VROXWLRQ��6HFWLRQ��������WR�PRQLWRU�
VXUURJDWH�UHFRYHU\��7KH�SHUFHQW�UHFRYHU\�RI�WKH�VXUURJDWH�VKRXOG�EH�GHWHUPLQHG�DQG�WKH�
UHVXOWV�FKDUWHG�WR�GRFXPHQW�WKH�VXUURJDWH�UHFRYHU\�RI�WKH�PHWKRG��3HUIRUPDQFH�FULWHULD�IRU�
DFFHSWDEOH�VXUURJDWH�UHFRYHU\��DV�GHWHUPLQHG�GXULQJ�D�VLQJOH�ODERUDWRU\�YDOLGDWLRQ�RI�WKLV�
PHWKRG��DUH�SUHVHQWHG�LQ�6HFWLRQ�����7DEOH����

���� 'XSOLFDWH�$QDO\VHV�

$�GXSOLFDWH�VDPSOH�VKRXOG�EH�DQDO\]HG�ZLWK�HDFK�VHW�RI�VDPSOHV��EDWFK�RI�VDPSOHV�QR�JUHDWHU�
WKDQ������'XSOLFDWH�DQDO\VLV�UHTXLUHV�WKH�DQDO\VHV�RI�VHSDUDWH�DOLTXRWV�RI�WKH�VDPSOH��7KH�
UHODWLYH�SHUFHQW�GLIIHUHQFH�EHWZHHQ�WKH�WZR�VDPSOHV�VKRXOG�EH�FDOFXODWHG�DQG�FKDUWHG�WR�
HVWLPDWH�WKH�PHWKRG¶V�SUHFLVLRQ��6HFWLRQ�����7DEOH���OLVWV�WKH�UHODWLYH�SHUFHQW�GLIIHUHQFHV�
IRXQG�GXULQJ�D�VLQJOH�ODERUDWRU\�YDOLGDWLRQ�RI�WKH�PHWKRG��

���� 0DWUL[�6SLNH�$QDO\VHV�

$�PDWUL[�VSLNH�DQDO\VLV�VKRXOG�EH�SHUIRUPHG�ZLWK�HDFK�VHW�RI�VDPSOHV��EDWFK�RI�VDPSOHV�QR�
JUHDWHU�WKDQ������$�NQRZQ�DPRXQW�RI�WKH�56&�ZRUNLQJ�VROXWLRQV�VKRXOG�EH�DGGHG�WR�D�VDPSOH�
VR�WKDW�WKH�QDWLYH�SOXV�WKH�VSLNH�OHYHO�RI�HDFK�56&�LV�DW�OHDVW�RQH�WLPHV�WKH�QDWLYH�OHYHO��7KH�
SHUFHQW�UHFRYHU\�RI�WKH�PDWUL[�VSLNH�VKRXOG�EH�GHWHUPLQHG�DQG�WKH�UHVXOWV�FKDUWHG�WR�
GRFXPHQW�WKH�UHFRYHU\�RI�WKH�PHWKRG��6HFWLRQ�����7DEOH���OLVWV�WKH�UHFRYHU\�IRXQG�GXULQJ�
VLQJOH�ODERUDWRU\�YDOLGDWLRQ�VWXGLHV��

���� )LHOG�5HSOLFDWHV�DQG�)LHOG�6SLNHV

'HSHQGLQJ�RQ�VSHFLILF�SURJUDP�UHTXLUHPHQWV��ILHOG�UHSOLFDWHV�DQG�ILHOG�VSLNHV�RI�WKH�DQDO\WHV�
RI�LQWHUHVW�LQWR�VDPSOHV�PD\�EH�UHTXLUHG�WR�DVVHVV�WKH�SUHFLVLRQ�DQG�DFFXUDF\�RI�VDPSOLQJ�DQG�
VDPSOH�WUDQVSRUWLQJ�WHFKQLTXHV��

���� 5HVROXWLRQ�&KHFNV

7KH�UHVROXWLRQ�RI�WKH�VHSDUDWLRQ�VKRXOG�EH�FKHFNHG�SHULRGLFDOO\��LGHDOO\�RQ�D�GDLO\�EDVLV��E\�
PHDVXULQJ�WKH�YDOOH\�EHWZHHQ�WKH�'06�DQG�&6��SHDNV��7KH�YDOOH\�VKRXOG�EH�OHVV�WKDQ�����RI�
WKH�DYHUDJH�SHDN�KHLJKWV�RI�WKH�WZR�SHDNV��,I�WKH�YDOOH\�LV�����RU�JUHDWHU��PDLQWHQDQFH�RI�WKH�
LQMHFWLRQ�SRUW�DQG�RU�FROXPQ�LV�QHFHVVDU\��

����� &$/,%5$7,21�$1'�67$1'$5',=$7,21�

���� *&�3)3'�2SHUDWLQJ�&RQGLWLRQV�

$VVHPEOH�WKH�*&�3)3'�DQG�HVWDEOLVK�WKH�RSHUDWLQJ�FRQGLWLRQV�RXWOLQHG�LQ�6HFWLRQ�����
7DEOH����8VH�WKH�FRQGLWLRQV�VSHFLILHG�E\�WKH�3)3'�PDQXIDFWXUHU�WR�RSWLPL]H�IRU�WKH�GHWHFWLRQ�
RI�VXOIXU�FRPSRXQGV��2QFH�WKH�*&�3)3'�V\VWHP�LV�RSWLPL]HG�IRU�DQDO\WLFDO�VHSDUDWLRQ�DQG�
VHQVLWLYLW\��WKH�VDPH�RSHUDWLQJ�FRQGLWLRQV�PXVW�EH�XVHG�WR�DQDO\]H�DOO�VDPSOHV��EODQNV��
FDOLEUDWLRQ�FKHFNV��DQG�TXDOLW\�DVVXUDQFH�VDPSOHV��
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,I�H[FHVVLYH�SHDN�EURDGHQLQJ�LV�REVHUYHG�IRU�VXOILGH�DQG�0H6+��D�SUHVVXUH�SXOVH�GXULQJ�WKH�
LQMHFWLRQ�PLJKW�NHHS�WKH�LQMHFWLRQ�IRFXVHG�RQ�WKH�FROXPQ��7KLV�KDV�EHHQ�QHFHVVDU\�ZKHQ�
XVLQJ�DXWRLQMHFWRUV�ZLWK�D�UDSLG�LQMHFWLRQ�VWURNH��$Q�LQLWLDO�SUHVVXUH�RI����SVL�IRU�����PLQ�
IROORZHG�E\�D�UDSLG�GURS�EDFN�WR�D�FRQVWDQW�IORZ�RI�����P/�PLQ�VKDUSHQHG�WKH�HDUO\�HOXWLQJ�
SHDNV��.HHS�WKH�SUHVVXUH�SXOVH�WLPH�WR�D�PLQLPXP�EHFDXVH�WKH�3)3'�ORVHV�LWV�VXOIXU�UHVSRQVH�
DW�KLJK�FDUULHU�JDV�IORZ�UDWHV�

���� ,QLWLDO�0XOWLSRLQW�&DOLEUDWLRQ�

7KH�VTXDUH�URRW�RI�WKH�3)3'�UHVSRQVH�IRU�VXOIXU�LV�DSSUR[LPDWHO\�OLQHDU�ZLWK�UHVSHFW�WR�
FRQFHQWUDWLRQ�RYHU�WKH�RSHUDWLQJ�UDQJH�RI�WKH�PHWKRG��7R�GHPRQVWUDWH�WKLV�DQG�HVWDEOLVK�D�
FDOLEUDWLRQ�IXQFWLRQ�IRU�WKH�PHWKRG��SUHSDUH�DQG�DQDO\]H�FDOLEUDWLRQ�VWDQGDUGV�WR�FRYHU�WKLV�
UDQJH��7KH�LQWHUQDO�VWDQGDUG�FDOLEUDWLRQ�DSSURDFK�VKRXOG�EH�XVHG�IRU�WKLV�PHWKRG��&DOLEUDWH�
WKH�56&V�XVLQJ�FRQFHQWUDWLRQV�QRUPDOL]HG�WR�WKH�VXOIXU�FRQWHQW�RI�WKH�VWDQGDUG��7KH�XVH�RI�
VXOIXU�FRQFHQWUDWLRQV�HQVXUHV�WKDW�WKH�FRQFHQWUDWLRQV�SUHSDUHG�FRYHU�WKH�RSHUDWLQJ�UDQJH�RI�
WKH�GHWHFWRU��,W�DOVR�DOORZV�WKH�UHODWLYH�UHVSRQVH�IDFWRUV�WR�EH�FKHFNHG��EHFDXVH��WKHRUHWLFDOO\��
WKH\�VKRXOG�DOO�EH����

������� 'HWHUPLQH�WKH�UHWHQWLRQ�WLPHV�RI�WKH�DQDO\WHV�E\�DQDO\]LQJ�D�GDLO\�FDOLEUDWLRQ�VROXWLRQ�
�6HFWLRQ���������$�FKURPDWRJUDP�VLPLODU�WR�WKDW�VKRZQ�LQ�6HFWLRQ�����)LJXUH���VKRXOG�
EH�REWDLQHG��,GHQWLI\�WKH�SHDNV�DQG�GHWHUPLQH�WKHLU�UHODWLYH�UHWHQWLRQ�WLPHV�XVLQJ�
(TXDWLRQ����6HFWLRQ�����7DEOH���OLVWV�WKH�UHODWLYH�UHWHQWLRQ�WLPHV�IRU�WKH�56&V�XVLQJ�
WKLV�PHWKRG��

(TXDWLRQ���

,6

L
L 57

57
557

� ZKHUH�� 557L�LV�WKH�UHODWLYH�UHWHQWLRQ�WLPH�IRU�FRPSRXQG�L�
57L�LV�WKH�UHWHQWLRQ�WLPH�IRU�FRPSRXQG�L�
57,6�LV�WKH�UHWHQWLRQ�WLPH�IRU�WKH�LQWHUQDO�VWDQGDUG�

������� 3UHSDUH�D�ILYH�SRLQW�FDOLEUDWLRQ�FXUYH�WR�GHWHUPLQH�WKH�UHODWLRQVKLS�EHWZHHQ�
LQVWUXPHQW�UHVSRQVH�DQG�FRQFHQWUDWLRQ�RYHU�WKH�RSHUDWLQJ�UDQJH�IRU�HDFK�DQDO\WH��
$QDO\]H�HDFK�RI�WKH�FDOLEUDWLRQ�VWDQGDUGV�SUHSDUHG�DV�GHVFULEHG�LQ�6HFWLRQV�������
WKURXJK��������

������� 7KH�UHVXOWV�RI�WKH�FDOLEUDWLRQ�VWDQGDUG�DQDO\VHV�IRU�HDFK�FRPSRXQG�DUH�HLWKHU�ILWWHG�WR�
D�TXDGUDWLF�HTXDWLRQ�RU�GHVFULEHG�E\�DQ�DYHUDJH�UHODWLYH�UHVSRQVH�IDFWRU�XVLQJ�
LQWHUQDO�VWDQGDUG�FDOLEUDWLRQ�WHFKQLTXHV��7R�ILQG�WKH�EHVW�TXDGUDWLF�ILW�IRU�WKH�GDWD��
SORW�WKH�UHVSRQVH�UDWLR�RI�HDFK�FRPSRXQG�DV�FDOFXODWHG�LQ�(TXDWLRQ���YHUVXV�WKH�UDWLR�
RI�WKH�VWDQGDUG�FRQFHQWUDWLRQ�YHUVXV�WKH�LQWHUQDO�VWDQGDUG�FRQFHQWUDWLRQ��&XUYH�ILWWLQJ�
VRIWZDUH�HLWKHU�LQ�WKH�GDWD�V\VWHP��H�J���$JLOHQW�&KHPVWDWLRQ��RU�H[WHUQDO�WR�WKH�GDWD�
V\VWHP��H�J���([FHO��FDQ�EH�XVHG�WR�ILW�WKH�EHVW�TXDGUDWLF�HTXDWLRQ�LQ�WKH�IRUP�RI�
(TXDWLRQ����
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(TXDWLRQ���

,6

L

$

$
55

� ZKHUH�� 55�LV�WKH�UHVSRQVH�UDWLR�
$L�LV�WKH�DUHD�RI�WKH�SHDN�IRU�FRPSRXQG�L�
$,6�LV�WKH�DUHD�RI�WKH�LQWHUQDO�VWDQGDUG�SHDN�

(TXDWLRQ���

�
55L &F&ED55

� ZKHUH�� 55�LV�WKH�UHVSRQVH�UDWLR��
D�LV�WKH�\�LQWHUFHSW�IURP�WKH�TXDGUDWLF�UHJUHVVLRQ�
E�LV�WKH�OLQHDU�FRQVWDQW�IURP�WKH�TXDGUDWLF�UHJUHVVLRQ�
&5��LV�WKH�UDWLR�RI�WKH�FRPSRXQG�FRQFHQWUDWLRQ�YHUVXV�WKH�LQWHUQDO�VWDQGDUG�
FRQFHQWUDWLRQ�
F�LV�WKH�TXDGUDWLF�FRQVWDQW�IURP�WKH�TXDGUDWLF�UHJUHVVLRQ�

,I�WKH�FDOLEUDWLRQ�FULWHULD�FDQQRW�EH�PHW�XVLQJ�D�TXDGUDWLF�ILW��WKH�DYHUDJH�UHVSRQVH�
IDFWRU�FDQ�EH�XVHG��&DOFXODWH�WKH�DYHUDJH�UHVSRQVH�IDFWRU�E\�ILQGLQJ�WKH�PHDQ�RI�WKH�
UHODWLYH�UHVSRQVH�IDFWRUV�FDOFXODWHG�IRU�HDFK�FRQFHQWUDWLRQ�RI�VWDQGDUG��DV�VKRZQ�LQ�
(TXDWLRQ����

(TXDWLRQ���

FDO,6

,6L
L &$

&$
55)

� ZKHUH�� 55)L�LV�WKH�UHODWLYH�UHVSRQVH�IDFWRU�IRU�FRPSRXQG�L�
$L�LV�WKH�DUHD�RI�WKH�SHDN�IRU�FRPSRXQG�L�
$,6�LV�WKH�DUHD�RI�WKH�LQWHUQDO�VWDQGDUG�SHDN�
&FDO��LV�WKH�FRQFHQWUDWLRQ�DV�VXOIXU�LQ�WKH�FDOLEUDWLRQ�VWDQGDUG���J�6�/��
&,6�LV�WKH�FRQFHQWUDWLRQ�RI�LQWHUQDO�VWDQGDUG�DV�VXOIXU���J�6�/��

7R�HYDOXDWH�WKH�FORVHQHVV�RI�WKH�ILW�IRU�WKH�FDOLEUDWLRQ��XVH�WKH�FDOLEUDWLRQ�PRGHO�
FKRVHQ��TXDGUDWLF�FXUYH�RU�DYHUDJH�UHVSRQVH�IDFWRU��WR�FDOFXODWH�WKH�FRQFHQWUDWLRQ�IRU�
HDFK�FDOLEUDWLRQ�OHYHO��8VH�(TXDWLRQ���WR�FDOFXODWH�WKH�FRQFHQWUDWLRQ�XVLQJ�WKH�
TXDGUDWLF�PRGHO�RU�(TXDWLRQ���WR�FDOFXODWH�WKH�DYHUDJH�UHVSRQVH�IDFWRU�PRGHO��
'HWHUPLQH�WKH�HUURU�IRU�HDFK�OHYHO�DQG�FDOFXODWH�WKH�PHDQ�DEVROXWH�SHUFHQW�HUURU�
�0$3(��DV�VKRZQ�LQ�(TXDWLRQ����7KH�0$3(�LV�XVHG�E\�VRIWZDUH�SDFNDJHV�VXFK�DV�
6$6�DQG�6WDWJUDSKLFV�WR�HYDOXDWH�WKH�ILW�EHWZHHQ�D�PRGHO�SUHGLFWLRQ�DQG�WKH�
PHDVXUHG�YDOXHV��
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(TXDWLRQ���

,6L &
F

55DFEE
&

�

��

� ZKHUH�� &L�LV�WKH�PHDVXUHG�FRQFHQWUDWLRQ�RI�FRPSRXQG�L���J�6�/��
D�LV�WKH�\�LQWHUFHSW�IURP�WKH�TXDGUDWLF�UHJUHVVLRQ�
E�LV�WKH�OLQHDU�FRQVWDQW�IURP�WKH�TXDGUDWLF�UHJUHVVLRQ�
F�LV�WKH�TXDGUDWLF�FRQVWDQW�IURP�WKH�TXDGUDWLF�UHJUHVVLRQ�
55�LV�WKH�UHVSRQVH�UDWLR�
&,6�LV�WKH�FRQFHQWUDWLRQ�RI�LQWHUQDO�VWDQGDUG�DV�VXOIXU���J�6�/��

(TXDWLRQ���

,6L &
55)

55
&

� ZKHUH�� &L�LV�WKH�PHDVXUHG�FRQFHQWUDWLRQ�RI�FRPSRXQG�L���J�6�/��
55�LV�WKH�UHVSRQVH�UDWLR�
55)�LV�WKH�UHODWLYH�UHVSRQVH�IDFWRU�
&,6�LV�WKH�FRQFHQWUDWLRQ�RI�LQWHUQDO�VWDQGDUG�DV�VXOIXU���J�6�/��

(TXDWLRQ���

Q

&

&&

0$3( FDO

FDO ���

� ZKHUH�� 0$3(�LV�WKH�PHDQ�DEVROXWH�SHUFHQW�HUURU�
&FDO�LV�WKH�FRQFHQWUDWLRQ�LQ�WKH�FDOLEUDWLRQ�VWDQGDUG�
&�LV�WKH�FRQFHQWUDWLRQ�PHDVXUHG�IRU�WKH�FDOLEUDWLRQ�OHYHO�
Q�LV�WKH�QXPEHU�RI�FDOLEUDWLRQ�OHYHOV�

7KH�0$3(�VKRXOG�EH�EHORZ�����IRU�HDFK�FRPSRXQG��6HFWLRQ�����7DEOH���OLVWV�WKH�
0$3(�IRXQG�IRU�VHYHUDO�FDOLEUDWLRQV�XVLQJ�ERWK�DQ�DYHUDJH�DQG�D�TXDGUDWLF�
FDOLEUDWLRQ�PRGHO��6HFWLRQ�����)LJXUH���VKRZV�D�W\SLFDO�FDOLEUDWLRQ�FXUYH�IRU�WKH�
3)3'�UHVSRQVH�ZLWK�D�TXDGUDWLF�ILW��

,I�D�����0$3(�FDQQRW�EH�DFKLHYHG��RQH�RU�PRUH�RI�WKH�IROORZLQJ�DFWLRQV�VKRXOG�EH�
WDNHQ��

����������6WDQGDUGV�VKRXOG�EH�UHDQDO\]HG�LI�WKH�DQDO\VLV�DSSHDUV�WR�EH�VXVSHFW�
GXH�WR�ODUJH�YDULDWLRQ�IURP�SUHGLFWHG�UHVSRQVH��

����������6WDQGDUGV�VKRXOG�EH�UHSUHSDUHG�LI�WKH\�DSSHDU�WR�EH�VXVSHFW�DIWHU�
UHDQDO\VLV��
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����������6\VWHP�PDLQWHQDQFH�VKRXOG�EH�SHUIRUPHG��LQFOXGLQJ�UHSODFLQJ�WKH�
LQMHFWLRQ�SRUW�OLQHU��UHSODFLQJ�WKH�VHSWXP��FOLSSLQJ�WKH�FROXPQ��
FKHFNLQJ�WKH�VSOLW�UDWLR��DQG�FKHFNLQJ�WKH�GHWHFWRU�SDUDPHWHUV��

����������7KH�FDOLEUDWLRQ�UDQJH�PD\�EH�UHGXFHG�E\�HOLPLQDWLQJ�WKH�ORZ�OHYHO�
RU�KLJK�OHYHO�FDOLEUDWLRQ�VWDQGDUG��,I�WKH�FDOLEUDWLRQ�UDQJH�LV�FKDQJHG��
GR�QRW�UHSRUW�YDOXHV�WKDW�DUH�PHDVXUHG�RXWVLGH�WKLV�UDQJH��7KLV�LV�
HVSHFLDOO\�WUXH�IRU�WKH�TXDGUDWLF�PRGHO��ZKHUH�ODUJH�HUURUV�FDQ�RFFXU��

����� 'DLO\�&DOLEUDWLRQ�&KHFN�

3ULRU�WR�DQDO\]LQJ�VDPSOHV�HDFK�GD\��D�GDLO\�FDOLEUDWLRQ�FKHFN�VKRXOG�EH�SUHSDUHG�
�6HFWLRQ��������DQG�DQDO\]HG��&DOFXODWH�WKH�SHUFHQW�UHFRYHU\�RI�WKH�VWDQGDUG�XVLQJ�(TXDWLRQ�
���WR�YHULI\�WKH�FDOLEUDWLRQ��,Q�KRXVH�SHUFHQW�UHFRYHU\�FRQWURO�OLPLWV�VKRXOG�EH�GHWHUPLQHG��
DQG�VKRXOG�QRW�H[FHHG�������,I�WKH�FDOLEUDWLRQ�FKHFN�GRHV�QRW�SDVV��WKH�DFWLRQ�LWHPV�LQ�
6HFWLRQ��������VKRXOG�EH�UHSHDWHG��,I�WKHVH�IDLO��WKH�LQLWLDO�PXOWLSRLQW�FDOLEUDWLRQ�VKRXOG�EH�
UHSHDWHG��6HFWLRQ�����7DEOH���VXPPDUL]HV�WKH�UHVXOWV�IRU�GDLO\�FDOLEUDWLRQ�FKHFNV�GXULQJ�WKH�
PHWKRG�HYDOXDWLRQ�DQG�VXEVHTXHQW�VLQJOH�ODERUDWRU\�DQDO\VHV��
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� ZKHUH�� 5�LV�WKH�UHFRYHU\�LQ�SHUFHQW�
&L��LV�WKH�PHDVXUHG�FRQFHQWUDWLRQ�IRU�FRPSRXQG�L���J�6�/��
&,&�LV�WKH�FRQFHQWUDWLRQ�PHDVXUHG�GXULQJ�WKH�LQLWLDO�FDOLEUDWLRQ���J�6�/��

����� %/$1.�$1$/<6,6�

$�PHWKRG�EODQN�VKRXOG�EH�SUHSDUHG�DQG�DQDO\]HG�ZLWK�WKH�LQLWLDO�FDOLEUDWLRQ�DQG�HYHU\�GD\�RQ�
ZKLFK�VDPSOHV�DUH�DQDO\]HG��3UHSDUH�WKH�EODQN�WKH�VDPH�DV�WKH�FDOLEUDWLRQ�VWDQGDUGV��EXW�RQO\�
DGG�WKH�LQWHUQDO�VWDQGDUG�VROXWLRQ��6HFWLRQ�������7KH�EODQN�FRQFHQWUDWLRQ�VKRXOG�EH�OHVV�WKDQ�
����RI�WKH�ORZHVW�FDOLEUDWLRQ�SRLQW��+LJK�EODQN�OHYHOV�FDQ�EH�FDXVHG�E\�FRQWDPLQDWHG�UHDJHQW�
ZDWHU�DFLG��FRQWDPLQDWHG�LQWHUQDO�VWDQGDUG��FRQWDPLQDWHG�JODVVZDUH�RU�V\ULQJHV��DQG�GLUW\�
LQMHFWLRQ�SRUWV��5HVROXWLRQ�RI�VXOIXU�GLR[LGH��D�FRPPRQ�FRQWDPLQDWH��IURP�PHWK\O�PHUFDSWDQ�
LV�FULWLFDO�IRU�PHHWLQJ�WKH�EODQN�FULWHULD��6HFWLRQ�����)LJXUH���VKRZV�D�W\SLFDO�VDPSOH�ZLWK�
0H6+�UHVROYHG�IURP�WKH�DUWLIDFW�SHDN��

����� 352&('85(�

���� 6DPSOH�$QDO\VLV

7UDQVIHU�D�NQRZQ�YROXPH������P/��RI�WKH�VDPSOH�WR�DQ�DXWRVDPSOHU�YLDO�XVLQJ�D�GHDFWLYDWHG�
JDV�WLJKW�V\ULQJH��,I�WKH�VDPSOH�LV�SUHVHUYHG�DW�S+������QR�S+�DGMXVWPHQW�LV�UHTXLUHG��,I�WKH�
VDPSOH�LV�SUHVHUYHG�DW�S+�����SKRVSKRULF�DFLG�VROXWLRQ�VKRXOG�EH�DGGHG�WR�EULQJ�WKH�S+�WR�
EHWZHHQ�����DQG������'HWHUPLQH�WKH�DPRXQW�RI�DFLG�QHHGHG�XVLQJ�D�WULDO�VDPSOH��WKHQ�DGG�WKH�
GHWHUPLQHG�DPRXQW�WR�WKH�VDPSOH�WR�EH�DQDO\]HG��W\SLFDOO\����WR�����/���$GG����/��DVVXPLQJ�
D�VDPSOH�YROXPH�RI�����P/��RI�WKH�LQWHUQDO�VWDQGDUG�VROXWLRQ�����PJ�6�/�WKLRSKHQH�DQG�
WKLRDQLVROH��WR�WKH�YLDO��%H�VXUH�WKDW�WKH�VSLNH�JRHV�LQWR�WKH�VDPSOH�OLTXLG�DQG�WKDW�LW�LV�ZHOO�
PL[HG��6HFWLRQ���������,QMHFW�WKH�VDPSOH�XVLQJ�WKH�H[DFW�LQVWUXPHQWDO�FRQGLWLRQV�XVHG�IRU�WKH�
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DQDO\VLV�RI�WKH�FDOLEUDWLRQ�VWDQGDUGV��6HFWLRQ��������&DOFXODWH�WKH�FRQFHQWUDWLRQ�RI�HDFK�56&�
XVLQJ�(TXDWLRQ���RU����GHSHQGLQJ�RQ�WKH�FDOLEUDWLRQ�PRGHO��,I�WKH�FRQFHQWUDWLRQ�LV�DERYH�WKH�
FDOLEUDWLRQ�UDQJH��WKH�VDPSOH�PXVW�EH�GLOXWHG�DQG�UHDQDO\]HG��

����� 'LOXWLRQ�

,I�GLOXWLRQ�LV�QHFHVVDU\��LQMHFW�VRPH�IUDFWLRQDO�YROXPH�OHVV�WKDQ�����P/�LQWR�WKH�YLDO�XVLQJ�D�
GHDFWLYDWHG�JDV�WLJKW�V\ULQJH��EULQJ�LW�WR�����P/�ZLWK�',�ZDWHU�S+�DGMXVWHG�WR������DQG�
DQDO\]H�LW�DV�GHVFULEHG�LQ�6HFWLRQ�������&DOFXODWH�WKH�GLOXWLRQ�IDFWRU�E\�GLYLGLQJ�����P/�E\�
WKH�YROXPH�RI�VDPSOH�XVHG��)RU�VDPSOHV�SUHVHUYHG�IRU�WRWDO�VXOILGH�DQDO\VLV��GLOXWLRQ�E\�WKH�
SUHVHUYDWLYH�PXVW�DOVR�EH�DFFRXQWHG�IRU�E\�PXOWLSO\LQJ�WKH�WZR�GLOXWLRQ�IDFWRUV�WRJHWKHU��

����� '$7$�$1$/<6,6�$1'�&$/&8/$7,216�

���� ,GHQWLILFDWLRQ�RI�&RPSRXQGV

$Q�DQDO\WH�LV�LGHQWLILHG�E\�FRPSDULVRQ�RI�WKH�UHODWLYH�UHWHQWLRQ�WLPH�RI�WKH�VDPSOH�ZLWK�WKH�
UHODWLYH�UHWHQWLRQ�WLPH�RI�DQ�DXWKHQWLF�VWDQGDUG�RI�WKH�WDUJHW�FRPSRXQG�DQDO\]HG�XVLQJ�WKH�
VDPH�DQDO\WLFDO�FRQGLWLRQV��6HFWLRQ�����7DEOH���OLVWV�WKH�UHODWLYH�UHWHQWLRQ�WLPH�ZLQGRZV�IRU�
WKH�56&V�DQG�WKH�DEVROXWH�UHWHQWLRQ�WLPH�ZLQGRZV�IRU�WKH�LQWHUQDO�VWDQGDUGV��

���� 4XDQWLILFDWLRQ�RI�&RPSRXQGV�

0HDVXUH�WKH�FRQFHQWUDWLRQ�RI�HDFK�DQDO\WH�DV�VXOIXU�XVLQJ�(TXDWLRQ���RU����WKHQ�DGMXVW�IRU�
GLOXWLRQ�DQG�SHUFHQW�VXOIXU�XVLQJ�(TXDWLRQ����WR�UHSRUW�WKH�FRQFHQWUDWLRQ�DV�PDVV�RI�
FRPSRXQG�LQVWHDG�RI�VXOIXU��7KH�IUDFWLRQ�RI�VXOIXU�LQ�HDFK�FRPSRXQG�FDQ�EH�IRXQG�LQ�6HFWLRQ�
����7DEOH����
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� ZKHUH�� &�LV�WKH�FRQFHQWUDWLRQ�RI�FRPSRXQG�LQ�WKH�VDPSOH���J�/��
&L��LV�WKH�PHDVXUHG�FRQFHQWUDWLRQ�IRU�FRPSRXQG�L���J�6�/��
')�LV�WKH�GLOXWLRQ�IDFWRU�
)6�LV�WKH�IUDFWLRQ�RI�VXOIXU�LQ�WKH�FRPSRXQG�

���� 'XSOLFDWH�3UHFLVLRQ�(VWLPDWH

'XSOLFDWH�VDPSOHV�VKRXOG�EH�DQDO\]HG�ZLWK�HDFK�VHW�RI�VDPSOHV��&DOFXODWH�WKH�UHODWLYH�SHUFHQW�
GLIIHUHQFH��53'��IRU�HDFK�GXSOLFDWH�SDLU�DV�VKRZQ�LQ�(TXDWLRQ�����
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� ZKHUH�� 53'�LV�WKH�UHODWLYH�SHUFHQW�GLIIHUHQFH�LQ�WKH�WZR�GHWHUPLQDWLRQV�
&��LV�WKH�ILUVW�FRQFHQWUDWLRQ�PHDVXUHG���J�/��
&��LV�WKH�VHFRQG�FRQFHQWUDWLRQ�PHDVXUHG���J�/��
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WKH�SHUFHQW�UHFRYHU\�XVLQJ�(TXDWLRQ�����
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� ZKHUH�� 5�LV�WKH�SHUFHQW�UHFRYHU\�
&06�LV�WKH�FRQFHQWUDWLRQ�PHDVXUHG�LQ�WKH�PDWUL[�VSLNHG�VDPSOH���J�/��
&�LV�WKH�FRQFHQWUDWLRQ�PHDVXUHG�LQ�WKH�XQVSLNHG�VDPSOH���J�/��
&6�LV�WKH�WKHRUHWLFDO�FRQFHQWUDWLRQ�RI�WKH�VSLNHG�FRPSRXQG���J�/��

����� 0(7+2'�3(5)250$1&(�

����� 6LQJOH�ODERUDWRU\�SHUIRUPDQFH�RI�WKLV�PHWKRG�LV�GHWDLOHG�LQ�6HFWLRQ�����7DEOHV���DQG����6LQJOH�
ODERUDWRU\�SUHFLVLRQ�LV�HVWLPDWHG�WR�EH�������0H6+�DQG�����RU�OHVV�IRU�WKH�RWKHU�56&V��7KH�
DYHUDJH�PDWUL[�VSLNH�UHFRYHULHV�UDQJHG�IURP����WR������IRU�DOO�WDUJHW�DQDO\WHV��7KH�DYHUDJH�
VXUURJDWH�VSLNH�UHFRYHU\�ZDV�������

����� ,QWHUODERUDWRU\�SUHFLVLRQ�HVWLPDWHV�KDYH�QRW�EHHQ�GHWHUPLQHG�IRU�WKLV�PHWKRG��

����� 32//87,21�35(9(17,21�

���� 7KH�ODERUDWRU\�VKRXOG�FKHFN�VWDWH�DQG�ORFDO�UHTXLUHPHQWV�WR�GHWHUPLQH�LI�SROOXWLRQ�SUHYHQWLRQ�
HTXLSPHQW�LV�UHTXLUHG�RU�UHFRPPHQGHG�LQ�LWV�DUHD��

����� :$67(�0$1$*(0(17�

���� ,W�LV�WKH�UHVSRQVLELOLW\�RI�WKH�ODERUDWRU\�WR�FRPSO\�ZLWK�DOO�IHGHUDO��VWDWH��DQG�ORFDO�UHJXODWLRQV�
JRYHUQLQJ�ZDVWH�PDQDJHPHQW��SDUWLFXODUO\�WKH�KD]DUGRXV�ZDVWH�LGHQWLILFDWLRQ�UXOHV�DQG�ODQG�
GLVSRVDO�UHVWULFWLRQV��DQG�WR�SURWHFW�WKH�DLU��ZDWHU��DQG�ODQGV�E\�PLQLPL]LQJ�UHOHDVHV�LQWR�WKH�
HQYLURQPHQW���&RPSOLDQFH�ZLWK�DOO�VHZDJH�GLVFKDUJH�SHUPLWV�DQG�UHJXODWLRQV�LV�DOVR�UHTXLUHG��

����� 5()(5(1&(6�

����� )HGHUDO�5HJLVWHU����������$SSHQGL[�%�WR�3DUW����±'HILQLWLRQ�DQG�SURFHGXUH�IRU�WKH�
GHWHUPLQDWLRQ�RI�WKH�PHWKRG�GHWHFWLRQ�OLPLW��UHY���������)HGHUDO�5HJLVWHU����������2FWREHU�����

����� 1DWLRQDO�5HVHDUFK�&RXQFLO��15&���������3UXGHQW�SUDFWLFHV�LQ�WKH�ODERUDWRU\��:DVKLQJWRQ��
'&��1DWLRQDO�$FDGHP\�3UHVV�

����� 7D\ORU��-�.����������4XDOLW\�DVVXUDQFH�RI�FKHPLFDO�PHDVXUHPHQWV���&KHOVHD��0,��/HZLV�
3XEOLVKHUV��
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7DEOH������5HVXOWV�RI�'DLO\�&DOLEUDWLRQ�&KHFNV�

&RPSRXQG� 0HDQ�5HFRYHU\ 56'����� Q�
7RWDO�VXOILGH� ���� ����� ���
0HWK\O�PHUFDSWDQ� ����� ����� ���
'LPHWK\O�VXOILGH� ���� ����� ���
'LPHWK\O�GLVXOILGH� ���� ���� ���
'LPHWK\O�WULVXOILGH� ���� ����� ���

7DEOH������6XUURJDWH�5HFRYHU\�

&RPSRXQG� 0HDQ�5HFRYHU\ 56'����� Q�
7KLRDQLVROH� ���� ���� �����

7DEOH������'XSOLFDWH�5HVXOWV�DQG�0DWUL[�6SLNH�5HFRYHU\�

� 'XSOLFDWH�3UHFLVLRQ� 0DWUL[�6SLNH�5HFRYHU\�

&RPSRXQG�
3RROHG�56'D

��� Q�
0HDQ�5HFRYHU\�

����
56'�
���� Q�

7RWDO�VXOILGH� ���� ��� ��� ����� ���
0HWK\O�PHUFDSWDQ� ����� ��� ���� ����� ���
'LPHWK\O�VXOILGH� ���� ��� ���� ����� ���
'LPHWK\O�GLVXOILGH� ���� ��� ���� ����� ���
'LPHWK\O�WULVXOILGH� ���� ��� ��� ����� ���

D� HTXDWLRQ�IRU�SRROHG�UHODWLYH�VWDQGDUG�GHYLDWLRQ�FDQ�EH�IRXQG�LQ�7D\ORU������
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7DEOH������*&�3)3'�2SHUDWLQJ�&RQGLWLRQV�IRU�0HDVXULQJ�5HGXFHG�6XOIXU�&RPSRXQGV�

,QMHFWLRQ�SRUW� VSOLW�������UDWLR��

,QMHFWLRQ�YROXPH� ���/�

6SOLW�YHQW�IORZ�UDWH� ���P/�PLQ�KHOLXP�

,QMHFWRU�WHPSHUDWXUH� ��� &�
,QMHFWLRQ�OLQHU� ��PP�LG�ZLWK�IXVHG�VLOLFD�ZRRO�SDFNLQJ��GHDFWLYDWHG��

HLWKHU�6LOWHN�RU�6LODQL]HG��
&DUULHU�JDV� KHOLXP�

&DUULHU�JDV�IORZ�UDWH� FRQVWDQW�IORZ�PRGH�DW�����P/�PLQ��SUHVVXUH�SXOVH�DW�
LQMHFWLRQ�PLJKW�EH�QHFHVVDU\�VHH�6HFWLRQ�������

&ROXPQ� -	:�'%���������P�[������PP�LG�ZLWK������P�ILOP�IXVHG�
VLOLFD�FDSLOODU\�FROXPQ�RU�HTXLYDOHQW�

2YHQ�WHPSHUDWXUH�SURJUDP� �

,QLWLDO� �� &��
5DPS��� � &�PLQ�WR��� &�IRU���PLQXWHV�
5DPS��� � &�PLQ�WR���� &��
5DPS��� �� &�PLQ�WR���� &�IRU���PLQXWHV�

'HWHFWRU� 3)3'��2,�PRGHO������RU�HTXLYDOHQW��

7HPSHUDWXUH� ����&�

&RPEXVWLRQ�WXEH� ��PP�

2SWLFDO�ILOWHU� %*�����SXUSOH��

+\GURJHQ�IORZ� ���P/�PLQ�

$LU�IORZV� RSWLPL]HG�DV�GHVFULEHG�E\�PDQXIDFWXUHU�

3XOVH�UDWH� ����+]�

6LJQDO� VTXDUH�URRW�RI�307�VLJQDO�

7DEOH������6XPPDU\�RI�,QLWLDO�&DOLEUDWLRQ�5HVXOWV�

� $YHUDJH�5HVSRQVH�)DFWRU� � 4XDGUDWLF�)LW�

&RPSRXQG�
0HDQ�
55)D

0HDQ�
0$3(E� � 0HDQ�DF� 0HDQ�EG� 0HDQ�FH�

0HDQ�
0$3(E�

7RWDO�VXOILGH� ������ ����� ������� ������ ������� �����
0HWK\O�PHUFDSWDQ� ������ ����� ������� ������ ������� �����
'LPHWK\O�VXOILGH� ������ ����� ������� ������ ������� �����
'LPHWK\O�GLVXOILGH� ������ ����� ������� ������ ������� �����
'LPHWK\O�WULVXOILGH� ������ ����� ������� ������ ������� �����

D� DYHUDJH�RI�HLJKW�FDOLEUDWLRQ�VHWV¶�PHDQ�UHODWLYH�UHVSRQVH�IDFWRUV�
E� DYHUDJH�RI�ILIWHHQ�FDOLEUDWLRQ�VHWV¶�PHDQ�DEVROXWH�SHUFHQW�HUURUV�
F� DYHUDJH�RI�HLJKW�FDOLEUDWLRQ�VHWV¶�\�LQWHUFHSWV�IURP�D�TXDGUDWLF�UHJUHVVLRQ�
G� DYHUDJH�RI�HLJKW�FDOLEUDWLRQ�VHWV¶�OLQHDU�FRQVWDQWV�IURP�D�TXDGUDWLF�UHJUHVVLRQ�
H� DYHUDJH�RI�HLJKW�FDOLEUDWLRQ�VHWV¶�TXDGUDWLF�FRQVWDQWV�IURP�D�TXDGUDWLF�UHJUHVVLRQ�
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7DEOH������5HWHQWLRQ�7LPH�6WDWLVWLFV�IRU�56&V�DQG�6XOIXU�)UDFWLRQ�

&RPSRXQG�
0HDQD

557�
56'E

����
5HODWLYH�5HWHQWLRQ�
7LPH�:LQGRZF�

)UDFWLRQ�
6XOIXU�

7RWDO�VXOILGH� ������ ���� ������±������� �������
0HWK\O�PHUFDSWDQ� ������ ����� ������±������� �������
'LPHWK\O�VXOILGH� ������ ����� ������±������� �������
'LPHWK\O�GLVXOILGH� ������ ����� ������±������� �������
'LPHWK\O�WULVXOILGH� ������ ����� ������±������� �������

,QWHUQDO�VWDQGDUGV�
0HDQ�57G

�PLQ��
56'E

����
5HWHQWLRQ�

7LPH�:LQGRZ�
)UDFWLRQ�
6XOIXU�

7KLRSKHQH� ������ ����� ������±������� �������
7KLRDQLVROH� ������ ����� ������±������� �������

D� PHDQ�UHODWLYH�UHWHQWLRQ�WLPH��UHODWLYH�WR�WKLRSKHQH��IRU����FDOLEUDWLRQ�VWDQGDUG�DQDO\VHV�
E� UHODWLYH�VWDQGDUG�GHYLDWLRQ�IRU����FDOLEUDWLRQ�VWDQGDUG�DQDO\VHV�
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��������DFUHV��LV�IROORZHG�E\�D�VHFRQG�$6%�������DFUHV��WKDW�IORZV�LQWR�D�������DFUH�VWDELOL]DWLRQ�
ODJRRQ�SULRU�WR�ILQDO�RXWIDOO��6DPSOHV�ZHUH�FROOHFWHG�DW�WKH�PL[�ER[��$6%�LQOHW��DQG�ILQDO�HIIOXHQW�IRU�
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2GRU�PLQLPL]DWLRQ�LV�DQ�DFWLYH�JRDO�IRU�PDQ\�SXOS�DQG�SDSHU�IDFLOLWLHV�DQG�DQ�LPSRUWDQW�SDUW�RI�PLOO�
HQYLURQPHQWDO�PDQDJHPHQW�SURJUDPV��$V�DQWL�QXLVDQFH�ODZV�DQG�SHUPLW�UHTXLUHPHQWV�WKDW�DGGUHVV�
IXJLWLYH�RGRUV�KDYH�EHFRPH�PRUH�SUHYDOHQW��RGRU�UHGXFWLRQ�HIIRUWV�KDYH�DWWUDFWHG�LQFUHDVHG�DWWHQWLRQ�
ZLWKLQ�WKH�LQGXVWU\��+LVWRULFDOO\��PRVW�HIIRUWV�WR�FRQWURO�RGRUV�KDYH�IRFXVHG�RQ�PLQLPL]LQJ�UHOHDVHV��
RI�UHGXFHG�VXOIXU�FRPSRXQGV��56&V���LQ�SDUWLFXODU�K\GURJHQ�VXOILGH��PHWK\O�PHUFDSWDQ��GLPHWK\O�
VXOILGH��DQG�GLPHWK\O�GLVXOILGH��IURP�WKH�NUDIW�SURFHVV��$V�SURFHVV�HPLVVLRQV�KDYH�EHHQ�UHGXFHG���
56&�HPLVVLRQV�IURP�ZDVWHZDWHU�WUHDWPHQW�SODQWV��::73V��KDYH�EHFRPH�PRUH�QRWLFHDEOH�DW�VRPH�
PLOOV��7R�DVVLVW�PHPEHUV�LQ�GHDOLQJ�ZLWK�RGRU�LVVXHV�UHODWHG�WR�::73�RSHUDWLRQV��1&$6,�KDV�
FRQGXFWHG�D�PXOWL�\HDU�UHVHDUFK�SURJUDP�WKDW�LQFOXGHV�GHYHORSPHQW�DQG�DSSOLFDWLRQ�RI�PRQLWRULQJ�
PHWKRGV��H[WHQVLYH�FKDUDFWHUL]DWLRQ�RI�RGRURXV�FRPSRXQG�FRQFHQWUDWLRQV�DQG�HPLVVLRQV�IURP�PLOO�
::73V��DQG�VXSSRUW�RI�RGRU�FRQWURO�WHFKQRORJ\�HYDOXDWLRQV��$�FRQVLGHUDEOH�ERG\�RI�NQRZOHGJH��
KDV�UHVXOWHG�IURP�WKHVH�HIIRUWV�DQG�WKH�HIIRUWV�RI�PHPEHU�FRPSDQLHV�WKDW�KDYH�LPSOHPHQWHG�RGRU�
PDQDJHPHQW�SURJUDPV��

7KLV�UHSRUW�VXPPDUL]HV�LPSRUWDQW�DVSHFWV�RI�RGRU�PDQDJHPHQW�SURJUDPV��VRXUFH�FKDUDFWHUL]DWLRQ�
VWXG\�GHVLJQV��DQG�RYHUYLHZV�RI�DYDLODEOH�RGRU�FRQWURO�WHFKQRORJLHV��,W�ZLOO�EH�RI�LQWHUHVW�WR�PLOOV�ZLWK�
::73�RGRU�LVVXHV��HVSHFLDOO\�WKRVH�WKDW�KDYH�MXVW�EHJXQ�WR�IRUPXODWH�RGRU�PDQDJHPHQW�SURJUDPV��
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027�'8�35e6,'(17�

3RXU�SOXVLHXUV�IDEULTXHV�GH�SkWHV�HW�SDSLHUV��OD�PLQLPLVDWLRQ�GHV�RGHXUV�HVW�XQ�REMHFWLI�FRQVWDQW��
HW�FRQVWLWXH�XQH�SRUWLRQ�LPSRUWDQWH�GHV�SURJUDPPHV�GH�JHVWLRQ�HQYLURQQHPHQWDOH�GH�O¶XVLQH���(Q�
UpSRQVH�j�O¶DSSDULWLRQ�GH�SOXV�HQ�SOXV�IUpTXHQWH�GH�UpJOHPHQWDWLRQV�HW�G¶H[LJHQFHV�FRQWHQXHV�GDQV��
OHV�SHUPLV�DXWRULVDWLRQV�HW�D\DQW�SRXU�REMHFWLI�GH�GLPLQXHU�OHV�QXLVDQFHV�UHOLpHV�DX[�RGHXUV�IXJLWLYHV��
O¶LQGXVWULH�D�DSSRUWp�XQH�DWWHQWLRQ�VSpFLILTXH�j�OD�UpGXFWLRQ�GHV�RGHXUV���+LVWRULTXHPHQW��OD�PDMRULWp�
GHV�HIIRUWV�YLVDQW�OH�FRQWU{OH�GHV�RGHXUV�pWDLW�FHQWUpH�VXU�OD�UpGXFWLRQ�GHV�UHMHWV�GH�FRPSRVpV�GH�
VRXIUHV�UpGXLWV��&65���SOXV�SDUWLFXOLqUHPHQW��OH�VXOIXUH�G¶K\GURJqQH��OH�PpWK\OPHUFDSWDQ��OH�VXOIXUH�
GH�GLPpWK\OH�HW�OH�GLVXOIXUH�GH�GLPpWK\OH�JpQpUpV�SDU�OH�SURFpGp�NUDIW���¬�FHUWDLQHV�IDEULTXHV��O¶HIIHW�
UpVXOWDQW�GH�OD�UpGXFWLRQ�GHV�pPLVVLRQV�GH�SURFpGpV��IXW�TXH�OHV�pPLVVLRQV�GH�&65�GHV�V\VWqPHV�GH�
WUDLWHPHQW�GHV�HIIOXHQWV��67(��VRQW�GHYHQXHV�SOXV�SHUFHSWLEOHV���$ILQ�G¶DVVLVWHU�VHV�PHPEUHV�GDQV�OD�
UHFKHUFKH�GH�VROXWLRQV�DX[�SUREOpPDWLTXHV�G¶RGHXUV�UHOLpHV�DX[�RSpUDWLRQV�GH�67(��1&$6,�D�PHQp��
XQ�SURJUDPPH�GH�UHFKHUFKHV�V¶pFKHORQQDQW�VXU�SOXVLHXUV�DQQpHV�HW�TXL�LQFOXW���OH�GpYHORSSHPHQW�HW�
O¶DSSOLFDWLRQ�GH�PpWKRGHV�GH�PRQLWRULQJ���OD�FDUDFWpULVDWLRQ�H[KDXVWLYH�GHV�FRQFHQWUDWLRQV�HW�pPLVVLRQV�
GH�FRPSRVpV�RGRUDQWV�SURYHQDQW�GH�67(�GHV�IDEULTXHV�HW�OH�VXSSRUW�ORUV�G¶pYDOXDWLRQV�GH�WHFKQRORJLHV�
GH�FRQWU{OH�GHV�RGHXUV���&HV�HIIRUWV��DLQVL�TXH�FHX[�GHV�FRPSDJQLHV�PHPEUHV�D\DQW�LPSODQWpV�GHV�
SURJUDPPHV�GH�JHVWLRQ�GHV�RGHXUV��RQW�SHUPLV�GH�EkWLU�XQH�EDQTXH�LPSRUWDQWH�GH�FRQQDLVVDQFHV�VXU��
OH�VXMHW��

&H�UDSSRUW�UpVXPH�OHV�DVSHFWV�OHV�SOXV�LPSRUWDQWV�GHV�SURJUDPPHV�GH�JHVWLRQ�GHV�RGHXUV�HW�GH�OD�
SODQLILFDWLRQ�G¶pWXGHV�GH�FDUDFWpULVDWLRQ�GHV�VRXUFHV�HQ�SOXV�GH�SURFXUHU�XQ�VXUYRO�GHV�WHFKQRORJLHV��
GH�FRQWU{OH�GHV�RGHXUV�GLVSRQLEOHV��&H�UDSSRUW�LQWpUHVVD�OHV�IDEULTXHV�D\DQW�GHV�SUREOpPDWLTXHV��
UHOLpHV�DX[�RGHXUV�GH�67(�HW�WRXW�SDUWLFXOLqUHPHQW�OHV�IDEULTXHV�TXL�FRPPHQFHQW�j�IRUPXOHU�OHXUV�
SURJUDPPHV�GH�JHVWLRQ�GHV�RGHXUV��

5RQDOG�$��<HVNH�

0DL������
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6800$5<�2)�,1'8675<�(;3(5,(1&(�:,7+�2'25�0,1,0,=$7,21��
$7�:$67(:$7(5�75($70(17�3/$176�

7(&+1,&$/�%8//(7,1�12������
0$<������

$%675$&7�

2GRU�HPLVVLRQV�DW�NUDIW�PLOOV�KDYH�KLVWRULFDOO\�EHHQ�DWWULEXWHG�WR�UHGXFHG�VXOIXU�JDVHV�JHQHUDWHG��
DQG�UHOHDVHG�IURP�SXOS�SURFHVVLQJ�DUHDV��$GYDQFHV�LQ�FROOHFWLRQ�DQG�PDQDJHPHQW�V\VWHPV�KDYH�
PLQLPL]HG�WKHVH�UHOHDVHV�DQG�WKHLU�LPSDFWV�RQ�FRPPXQLW\�RGRUV�XQGHU�QRUPDO�RSHUDWLQJ�FRQGLWLRQV��
$V�WKHVH�DGYDQFHV�KDYH�RFFXUUHG��LW�KDV�EHFRPH�DSSDUHQW�WKDW�DW�VRPH�PLOOV��RGRUV�RULJLQDWLQJ�LQ�WKH�
ZDVWHZDWHU�WUHDWPHQW�SODQW��::73��DUHD�PD\�DOVR�FRQWULEXWH�WR�FRPPXQLW\�RGRUV��7KLV�UHSRUW�KDV�
EHHQ�SUHSDUHG�WR�DVVLVW�FRPSDQLHV�LQWHUHVWHG�LQ�UHGXFLQJ�RGRUV�DVVRFLDWHG�ZLWK�::73V��%DVHG�RQ�
DYDLODEOH�OLWHUDWXUH��FRQWDFW�ZLWK�PHPEHU�PLOOV��DQG�1&$6,�UHVHDUFK�UHVXOWV��WKLV�UHSRUW�SURYLGHV�DQ�
RYHUYLHZ�RI�D��RGRU�UHGXFWLRQ�SURJUDPV�ZLWKLQ�WKH�SXOS�DQG�SDSHU�LQGXVWU\��E��RGRURXV�FRPSRXQGV�
LGHQWLILHG�LQ�SXOS�DQG�SDSHU�PLOO�::73V��F��VRXUFH�LGHQWLILFDWLRQ�VXUYH\�LQIRUPDWLRQ��LQFOXGLQJ�
DQDO\WLFDO�PHWKRGV�DQG�VDPSOLQJ�FRQVLGHUDWLRQV��DQG�G��FRQWURO�PHWKRGV�IRU�K\GURJHQ�VXOILGH�LQ�SXOS�
DQG�SDSHU�PLOO�ZDVWHZDWHU��LQFOXGLQJ�FKHPLFDO�SUHFLSLWDWLRQ�ZLWK�PHWDO�VDOWV��FKHPLFDO�R[LGDWLRQ��
ELRORJLFDO�WUHDWPHQW��S+�DGMXVWPHQW��QLWUDWH�DGGLWLRQ��ELRVWLPXODQWV��RUJDQLF�VFDYHQJHUV��HQ]\PH�
EORFNHUV��RGRU�QHXWUDOL]HUV��ELRFLGHV��DQG�YHJHWDWLYH�VKHOWHUEHOWV��([DPSOHV�RI�DSSOLFDWLRQV�RI�WKHVH�
WHFKQLTXHV�DUH�LQFOXGHG�ZKHQ�DYDLODEOH��

.(<:25'6�

DQDO\WLFDO�PHWKRGV��ELRORJLFDO�WUHDWPHQW��ELRVWLPXODQWV��HQ]\PH�EORFNHUV��K\GURJHQ�SHUR[LGH��
K\GURJHQ�VXOILGH��RGRU��RGRU�UHGXFWLRQ��RUJDQLF�VFDYHQJHUV��R[LGDWLRQ��SUHFLSLWDWLRQ��SXOS�PLOO��
UHGXFHG�VXOIXU�FRPSRXQGV��VXOILGH��YRODWLOH�IDWW\�DFLGV��ZDVWHZDWHU�WUHDWPHQW�

5(/$7('�1&$6,�38%/,&$7,216�

7HFKQLFDO�%XOOHWLQ�1R�������-XQH���������'HYHORSPHQW�DQG�DSSOLFDWLRQ�RI�D�PHWKRG�IRU�PHDVXULQJ�
UHGXFHG�VXOIXU�FRPSRXQGV�LQ�SXOS�DQG�SDSHU�PLOO�ZDVWHZDWHUV�

6SHFLDO�5HSRUW�1R���������)HEUXDU\���������$Q�HYDOXDWLRQ�RI�D�FRORULPHWULF�PHWKRG�IRU�WKH�
GHWHUPLQDWLRQ�RI�WRWDO�VXOILGH�LQ�SXOS�DQG�SDSHU�PLOO�ZDVWHZDWHUV��

6SHFLDO�5HSRUW�1R���������-XQH���������(YDOXDWLRQ�RI�VXOILGH�LRQ�GHWHFWRU�WXEHV�IRU�GHWHUPLQLQJ�
VXOILGH�FRQFHQWUDWLRQV�LQ�SXOS�DQG�SDSHU�PLOO�ZDVWHZDWHUV�

7HFKQLFDO�%XOOHWLQ�1R�������$XJXVW���������&RPSLODWLRQ�RI�VSHFLDWHG�UHGXFHG�VXOIXU�FRPSRXQG�DQG�
WRWDO�UHGXFHG�VXOIXU�HPLVVLRQV�GDWD�IURP�NUDIW�PLOO�VRXUFHV�

7HFKQLFDO�%XOOHWLQ�1R�������0D\���������/DERUDWRU\�VWXGLHV�RI�LQ�GLJHVWHU�EODFN�OLTXRU�R[LGDWLRQ�
�,'2��IRU�756�GHVWUXFWLRQ��

7HFKQLFDO�%XOOHWLQ�1R�������)HEUXDU\���������+HDOWK�HIIHFWV�RI�UHGXFHG�VXOIXU�JDVHV��
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5e680e�'(�/¶(;3e5,(1&(�'(�/¶,1'8675,(�3285�/$�0,1,0,6$7,21�'(6�
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%8//(7,1�7(&+1,48(�12������
0$,������

5e680e�

+LVWRULTXHPHQW��OHV�pPLVVLRQV�G¶RGHXUV�GH�IDEULTXHV�NUDIW�pWDLHQW�DWWULEXpHV�DX[�VRXIUHV�UpGXLWV�
JD]HX[�JpQpUpV�HW�UHMHWpV�GDQV�OHV�]RQHV�GH�IDEULFDWLRQ�GH�OD�SkWH���'HV�DPpOLRUDWLRQV�DSSRUWpHV��
DX[�V\VWqPHV�GH�FROOHFWLRQ�HW�GH�JHVWLRQ�RQW�SHUPLV�GH�PLQLPLVHU�FHV�UHMHWV�DLQVL�TXH�OHXUV�LPSDFWV��
VXU�OHV�QLYHDX[�G¶RGHXUV�GDQV�OD�FRPPXQDXWp��VRXV�GHV�FRQGLWLRQV�G¶RSpUDWLRQ�QRUPDOHV����$X�IXU��
HW�j�PHVXUH�TXH�FHV�DPpOLRUDWLRQV�pWDLHQW�DSSRUWpHV��LO�GHYHQDLW�DSSDUHQW�TX¶j�FHUWDLQHV�XVLQHV��OHV�
RGHXUV�pPDQDQW�GX�V\VWqPH�GH�WUDLWHPHQW�GHV�HIIOXHQWV��67(��SRXYDLHQW�DXVVL�FRQWULEXHU�DX[�QLYHDX[�
G¶RGHXUV�SHUFHSWLEOHV�GDQV�OD�FRPPXQDXWp���&H�UDSSRUW�D�pWp�SUpSDUp�DILQ�G¶DVVLVWHU�OHV�FRPSDJQLHV�
GpVLUDQW�UpGXLUH�OHV�RGHXUV�UHOLpHV�DX[�67(���(Q�VH�IRQGDQW�VXU�OD�OLWWpUDWXUH�GLVSRQLEOH��VXU�GHV�
FRPPXQLFDWLRQV�DYHF�OHV�XVLQHV�PHPEUHV�HW�VXU�GHV�UpVXOWDWV�GH�UHFKHUFKHV�HIIHFWXpHV�SDU�1&$6,���
FH�UDSSRUW�SURFXUH�XQH�YXH�G¶HQVHPEOH�GHV���D��SURJUDPPHV�GH�UpGXFWLRQ�G¶RGHXUV�HQ�XWLOLVDWLRQ��
GDQV�O¶LQGXVWULH�GHV�SkWHV�HW�SDSLHUV��E��FRPSRVpV�RGRUDQWV�GpWHFWpV�GDQV�OHV�67(�GHV�IDEULTXHV�GH�
SkWHV�HW�SDSLHUV��F��LQIRUPDWLRQV�FRQFHUQDQW�OHV�pWXGHV�YLVDQW�O¶LGHQWLILFDWLRQ�GHV�VRXUFHV�G¶RGHXUV�
LQFOXDQW�OHV�PpWKRGHV�DQDO\WLTXHV�HW�OHV�SUpFDXWLRQV�j�WHQLU�HQ�FRPSWH�ORUV�GHV�SUpOqYHPHQWV��G��OHV�
PpWKRGHV�GH�FRQWU{OH�GX�VXOIXUH�G¶K\GURJqQH�GDQV�OHV�HIIOXHQWV�GHV�IDEULTXHV�GH�SkWHV�HW�SDSLHU�
LQFOXDQW�OD�SUpFLSLWDWLRQ�FKLPLTXH�j�O¶DLGH�GH�VHOV�PpWDOOLTXHV��O¶R[\GDWLRQ�FKLPLTXH��OH�WUDLWHPHQW�
ELRORJLTXH��O¶DMXVWHPHQW�GX�S+��O¶DGGLWLRQ�GH�QLWUDWH��OHV�ELR�VWLPXODQWV��OHV�DJHQWV�G¶pSXUDWLRQ�
RUJDQLTXHV��OHV�LQKLELWHXUV�HQ]\PDWLTXHV��OHV�QHXWUDOLVHXUV�G¶RGHXUV��OHV�ELRFLGHV�HW�OHV�EULVH�YHQW�
YpJpWDX[��'HV�H[HPSOHV�G¶DSSOLFDWLRQV�GH�FHV�WHFKQLTXHV�RQW�pWp�LQFOXV�ORUVTX¶LOV�pWDLHQW�GLVSRQLEOHV��

0276�&/e6�

PpWKRGHV�DQDO\WLTXHV��WUDLWHPHQW�ELRORJLTXH��ELR�VWLPXODQWV��LQKLELWHXUV�HQ]\PDWLTXHV��SHUR[\GH�
G¶K\GURJqQH��VXOIXUH�G¶K\GURJqQH��RGHXU��UpGXFWLRQ�G¶RGHXU��DJHQWV�G¶pSXUDWLRQ�RUJDQLTXHV��R[\GDWLRQ��
SUpFLSLWDWLRQ��IDEULTXH�GH�SkWH��FRPSRVpV�GH�VRXIUHV�UpGXLWV��VXOIXUH��DFLGHV�JUDV�YRODWLOV��WUDLWHPHQW�
GHV�HIIOXHQWV�

$875(6�38%/,&$7,216�'(�1&$6,�'$16�&(�'20$,1(�

%XOOHWLQ�WHFKQLTXH�1R�������-XLQ���������'HYHORSPHQW�DQG�DSSOLFDWLRQ�RI�D�PHWKRG�IRU�PHDVXULQJ�
UHGXFHG�VXOIXU�FRPSRXQGV�LQ�SXOS�DQG�SDSHU�PLOO�ZDVWHZDWHUV�

5DSSRUW�VSpFLDO�1R���������)pYULHU���������$Q�HYDOXDWLRQ�RI�D�FRORULPHWULF�PHWKRG�IRU�WKH�
GHWHUPLQDWLRQ�RI�WRWDO�VXOILGH�LQ�SXOS�DQG�SDSHU�PLOO�ZDVWHZDWHUV��

5DSSRUW�VSpFLDO�1R���������-XLQ���������(YDOXDWLRQ�RI�VXOILGH�LRQ�GHWHFWRU�WXEHV�IRU�GHWHUPLQLQJ�
VXOILGH�FRQFHQWUDWLRQV�LQ�SXOS�DQG�SDSHU�PLOO�ZDVWHZDWHUV�

%XOOHWLQ�WHFKQLTXH�1R�������$R�W���������&RPSLODWLRQ�RI�VSHFLDWHG�UHGXFHG�VXOIXU�FRPSRXQG�DQG�
WRWDO�UHGXFHG�VXOIXU�HPLVVLRQV�GDWD�IURP�NUDIW�PLOO�VRXUFHV�

%XOOHWLQ�WHFKQLTXH�1R�������0DL���������/DERUDWRU\�VWXGLHV�RI�LQ�GLJHVWHU�EODFN�OLTXRU�R[LGDWLRQ�
�,'2��IRU�756�GHVWUXFWLRQ��

%XOOHWLQ�WHFKQLTXH�1R�������)pYULHU���������+HDOWK�HIIHFWV�RI�UHGXFHG�VXOIXU�JDVHV�
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&217(176�

���� ,1752'8&7,21 ������������������������������������������������������������������������������������������������������������������������ ��

���� 29(59,(:�2)�0,//�2'25�5('8&7,21�352*5$06����������������������������������������������������� ��

���� 2'25286�&203281'6�$1'�7+(,5�6285&(6���������������������������������������������������������������� ��

���� 6285&(�,'(17,),&$7,21�6859(<6 ���������������������������������������������������������������������������������� ��

���� $QDO\WLFDO�0HWKRGV�������������������������������������������������������������������������������������������������������������� ��

���� 6DPSOLQJ�&RQVLGHUDWLRQV ���������������������������������������������������������������������������������������������������� ��

���� 6XPPDU\�RI�1&$6,�6RXUFH�,GHQWLILFDWLRQ�6XUYH\V ����������������������������������������������������������� ��

���� &21752/�0(7+2'6�)25�+<'52*(1�68/),'(������������������������������������������������������������ ���

���� 2YHUYLHZ�RI�6XOILGH�%HKDYLRU�LQ�:DVWHZDWHU�6\VWHPV ���������������������������������������������������� ���

���� &KHPLFDO�3UHFLSLWDWLRQ������������������������������������������������������������������������������������������������������ ���

���� 2[LGDWLRQ �������������������������������������������������������������������������������������������������������������������������� ���

���� 1LWUDWH�$GGLWLRQ ���������������������������������������������������������������������������������������������������������������� ���

���� 0LVFHOODQHRXV�2GRU�0LQLPL]DWLRQ�$SSURDFKHV ��������������������������������������������������������������� ���

���� 6800$5<�$1'�&21&/86,216 ����������������������������������������������������������������������������������������� ���
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7$%/(6�

7DEOH����� 2GRURXV�&RPSRXQGV�,GHQWLILHG�LQ�3XOS�DQG�3DSHU�0LOO�:DVWHZDWHU�7UHDWPHQW�
3ODQWV����������������������������������������������������������������������������������������������������������������������������������� ��

7DEOH����� 2YHUYLHZ�RI�6XOILGH�0HWKRGV�IRU�$TXHRXV�6DPSOHV���������������������������������������������������������� ��

7DEOH����� 2YHUYLHZ�RI�6XOILGH�0HWKRGV�IRU�$PELHQW�$LU�0RQLWRULQJ����������������������������������������������� ��

7DEOH����� 3HUFHQW�5HGXFWLRQ�LQ�+\GURJHQ�6XOILGH��0HWK\O�0HUFDSWDQ��DQG�'LPHWK\O�
6XOILGH�GXULQJ�D�3HUR[LGH�$GGLWLRQ�7ULDO�&RQGXFWHG�LQ�D�)RXO�&RQGHQVDWH �������������������� ���

7DEOH����� $TXHRXV�6XOILGH�&RQFHQWUDWLRQV�EHIRUH�DQG�DIWHU�:DVWHZDWHU�7UHDWPHQW�3ODQW�
0RGLILFDWLRQV �������������������������������������������������������������������������������������������������������������������� ���

7DEOH����� $PELHQW�6XOILGH�/HYHOV�EHIRUH�DQG�DIWHU�7UHDWPHQW�ZLWK�DQ�2UJDQLF�6FDYHQJHU ������������ ���

7DEOH����� 6XPPDU\�RI�6XOILGH�&RQWURO�0HWKRGV�LQ�WKH�3XOS�DQG�3DSHU�,QGXVWU\ ���������������������������� ���

),*85(6�

)LJXUH����� :DVWHZDWHU�7UHDWPHQW�3ODQW�7RWDO�6XOILGH�(VWLPDWHG�0DVV�)ORZV���%DVHOLQH�
$VVHVVPHQW�������������������������������������������������������������������������������������������������������������������������� ��

)LJXUH����� 0DMRU�6XOILGH�7UDQVLWLRQV�LQ�WKH�:DVWHZDWHU�7UHDWPHQW�3ODQW ����������������������������������������� ���

)LJXUH����� 6XOILGH�5HGXFWLRQ�DIWHU�)HUURXV�6XOIDWH�$GGLWLRQ�WR�D�)RXO�&RQGHQVDWH�������������������������� ���

)LJXUH����� 6XOILGH�&RQFHQWUDWLRQV�DIWHU�3HUR[LGH�$GGLWLRQ�WR�D�)RXO�&RQGHQVDWH ���������������������������� ���

)LJXUH����� (IIHFW�RI�+\GURJHQ�3HUR[LGH�'RVH�DQG�5HWHQWLRQ�7LPH�RQ�6XOILGH�5HPRYDO�
(IILFLHQF\�������������������������������������������������������������������������������������������������������������������������� ���

)LJXUH����� (IIHFW�RI�+\GURJHQ�3HUR[LGH�'RVH�DQG�6DPSOH�/RFDWLRQ�RQ�6XOILGH�5HPRYDO�
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'XH�SULPDULO\�WR�WKH�XVH�RI�VXOIXU�LQ�SXOSLQJ�SURFHVVHV��WKH�SXOS�DQG�SDSHU�LQGXVWU\�KDV�IUHTXHQWO\�
EHHQ�DVVRFLDWHG�ZLWK�UHOHDVHV�RI�RIIHQVLYH�RGRUV��,Q�UHFHQW�GHFDGHV��VXEVWDQWLDO�SURJUHVV�KDV�EHHQ�
PDGH�LQ�FRQWUROOLQJ�UHOHDVHV�RI�UHGXFHG�VXOIXU�FRPSRXQGV��56&V��IURP�SXOSLQJ�DQG�OLTXRU�SURFHVVLQJ�
DUHDV��$V�WKHVH�FRQWUROV�KDYH�EHHQ�SXW�LQ�SODFH��UHVLGXDO�VRXUFHV�RI�RGRU�KDYH�EHFRPH�PRUH�DSSDUHQW��
DQG�DW�VRPH�PLOOV��RGRURXV�HPLVVLRQV�IURP�ZDVWHZDWHU�WUHDWPHQW�DQG�ZDVWH�KDQGOLQJ�DUHDV�KDYH�EHHQ�
LGHQWLILHG�DV�LPSRUWDQW�SRWHQWLDO�FRQWULEXWRUV�WR�RGRU�REVHUYHG�LQ�VXUURXQGLQJ�FRPPXQLWLHV��

7KLV�UHSRUW�GRFXPHQWV�SXOS�DQG�SDSHU�LQGXVWU\�H[SHULHQFH�LQ�PLQLPL]LQJ�RGRUV�DVVRFLDWHG�ZLWK�
ZDVWHZDWHU�WUHDWPHQW�SODQWV��::73V��DQG�GLVSRVDO�DUHDV��,QIRUPDWLRQ�LQFOXGHG�LQ�WKH�UHSRUW�ZDV�
REWDLQHG�IURP�SXEOLVKHG�OLWHUDWXUH��1&$6,�UHVHDUFK�ZRUN��DQG�PHPEHU�FRPSDQ\�VWXGLHV��,W�SURYLGHV�
DQ�RYHUYLHZ�RI�NH\�HOHPHQWV�RI�RGRU�UHGXFWLRQ�SURJUDPV��D�UHYLHZ�RI�RGRURXV�FRPSRXQGV�LGHQWLILHG�
LQ�PLOO�RGRU�VXUYH\V��D�VXPPDU\�RI�1&$6,�UHVHDUFK�WR�FKDUDFWHUL]H�RGRURXV�FRPSRXQGV�DQG�HPLVVLRQV��
D�EULHI�GHVFULSWLRQ�RI�DQDO\WLFDO�WRROV��DQG�LQIRUPDWLRQ�RQ�VXOILGH�EHKDYLRU�LQ�::73V�DQG�RGRU�
FRQWURO�PHWKRGV��IRFXVLQJ�RQ�K\GURJHQ�VXOILGH��WKDW�KDYH�EHHQ�FRQVLGHUHG�RU�DSSOLHG�ZLWKLQ�WKH�
LQGXVWU\��

���� 29(59,(:�2)�0,//�2'25�5('8&7,21�352*5$06�

$�QXPEHU�RI�DSSURDFKHV�KDYH�EHHQ�XWLOL]HG�LQ�WKH�SXOS�DQG�SDSHU�LQGXVWU\�WR�PLQLPL]H�RGRU�LPSDFWV�
IURP�::73V��%ORQGHHO�HW�DO��������%UXQJDUGW�������'XIUHVQH�DQG�/DURFKH�������0DUVKDOO�������
0F(ZHQ��:LWKHUVSRRQ��DQG�&KDSPDQ�������2OHQGRUI��-DFREL��DQG�%RQLVWDOO�������2¶&RQQRU�DQG�
/HGRX[�������5DPVD\�HW�DO���������6RPH�NH\�FRPSRQHQWV�RI�VXFFHVVIXO�SURJUDPV�LQFOXGH�XVH�RI��
RGRU�UHGXFWLRQ�PDQDJHPHQW�WHDPV��HIIHFWLYH�FRPPXQLW\�HGXFDWLRQ�DQG�LQWHUDFWLRQ��RGRU�GHWHFWLRQ�
VXUYH\V��RGRURXV�FRPSRXQG�DQG�VRXUFH�LGHQWLILFDWLRQ�VWXGLHV��DLU�GLVSHUVLRQ�PRGHOLQJ��WHVWLQJ�DQG�
DSSOLFDWLRQ�RI�RGRU�FRQWURO�WHFKQLTXHV��DQG�RQJRLQJ�SHUIRUPDQFH�PRQLWRULQJ��

2GRU�UHGXFWLRQ�SODQV�DUH�RIWHQ�IRUPXODWHG�DQG�SXUVXHG�E\�D�WHDP�FRQVLVWLQJ�RI�SHUVRQQHO�IURP�
YDULRXV�DUHDV�RI�WKH�PLOO��LQFOXGLQJ�HQJLQHHULQJ��HQYLURQPHQWDO��PDLQWHQDQFH��WHFKQLFDO��DQG�
RSHUDWLRQV��2OHQGRUI��-DFREL��DQG�%RQLVWDOO��������7HDPV�PD\�LQFOXGH�VSHFLDOLVWV�VXFK�DV�RXWVLGH�
FRQVXOWDQWV�ZLWK�H[SHUWLVH�LQ�RGRU�UHGXFWLRQ�DQG�ZDVWHZDWHU�WUHDWPHQW�V\VWHP�RSHUDWLRQV��8UEDQVNL��
/LVWHU��DQG�5DRXO�������5DPVD\�HW�DO���������

2GRU�LV�JHQHUDOO\�WKH�FKLHI�FRPSODLQW�DPRQJ�QHLJKERUV�LQ�PLOO�FRPPXQLWLHV��7KHUHIRUH��FRPPXQLW\�
LQYROYHPHQW�LV�D�FRPSRQHQW�RI�PDQ\�RGRU�UHGXFWLRQ�SURJUDPV��+HPPHQ�DQG�:LQJHV��������,Q�VRPH�
FDVHV��D�FRPPXQLW\�HGXFDWLRQ�DQG�LQWHUDFWLRQ�SURJUDP�LWVHOI�FDQ�UHVXOW�LQ�IHZHU�RGRU�FRPSODLQWV�
�:LWKHUVSRRQ�HW�DO���������,QWHUDFWLRQ�FDQ�WDNH�D�YDULHW\�RI�IRUPV��0DQ\�SURJUDPV�DUH�SURDFWLYH��
RQJRLQJ��DQG�EDVHG�RQ�WZR�ZD\�FRPPXQLFDWLRQ��)DFLOLW\�PDQDJHPHQW�SURYLGHV�LQIRUPDWLRQ�WR�
FRPPXQLW\�UHVLGHQWV�DQG�RWKHU�VWDNHKROGHUV�RQ�HQYLURQPHQWDO�LVVXHV��KHDOWK�DQG�VDIHW\�SHUIRUPDQFH��
ULVN��DQG�RWKHU�IDFWRUV��0LOOV�RIWHQ�SURYLGH�DYHQXHV�WKURXJK�ZKLFK�FRPPXQLW\�FRQFHUQV�DQG�VXJJHVWLRQV�
FDQ�EH�DGGUHVVHG�E\�LQYLWLQJ�FRQVWUXFWLYH�GLVFXVVLRQV��2QH�RQ�RQH�GLVFXVVLRQV�ZLWK�UHVLGHQWV�RIWHQ�
ZRUN�EHVW�ZKHQ�GHDOLQJ�ZLWK�RGRU�FRPSODLQWV��6RPH�VXJJHVW�WKDW�WKH�JRDO�VKRXOG�EH�WR�HVWDEOLVK�DQG�
PDLQWDLQ�FUHGLELOLW\��DQG�WR�XWLOL]H�HIIHFWLYH�FRPPXQLFDWLRQ�WR�HGXFDWH�WKH�SXEOLF�DERXW�VWHSV�EHLQJ�
WDNHQ�DQG�SURJUHVV�EHLQJ�PDGH�WR�UHGXFH�RGRUV��0DUVKDOO�������&,&,��������

0DQ\�RGRU�UHGXFWLRQ�SURJUDPV�EHJLQ�ZLWK�D�VXEMHFWLYH�VXUYH\�WR�DVFHUWDLQ�ZKHUH�RGRUV�DUH�FRPLQJ�
IURP��KRZ�RIWHQ�WKH\�DUH�HQFRXQWHUHG��WKH�WLPHV�RI�GD\�RGRUV�DUH�REVHUYHG��DQG�WKH�GXUDWLRQ�DQG�
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LQWHQVLW\�RI�RGRURXV�HYHQWV��7KHVH�VXUYH\V�RIWHQ�LQYROYH�LQWHUYLHZV�ZLWK�PLOO�SHUVRQQHO�DQG�
VRPHWLPHV�ZLWK�FRPPXQLW\�PHPEHUV��([DPLQDWLRQ�RI�RGRU�FRPSODLQW�KLVWRULHV�LQ�FRQMXQFWLRQ�ZLWK�
PHWHRURORJLFDO�GDWD�FDQ�DOVR�KHOS�GHWHUPLQH�OLNHO\�VRXUFHV�RI�RGRUV��

)LHOG�PHDVXUHPHQWV�DUH�VRPHWLPHV�PDGH�XVLQJ�WRWDO�UHGXFHG�VXOIXU��756��RU�K\GURJHQ�VXOILGH��+�6��
DV�WKH�RGRU�VXUURJDWH��,Q�DGGLWLRQ��QRUPDO�::73�SURFHVV�PHDVXUHPHQWV�VXFK�DV�WHPSHUDWXUH��IORZ�
UDWH��S+��GLVVROYHG�R[\JHQ��'2���R[LGDWLRQ�UHGXFWLRQ�SRWHQWLDO��253���ELRFKHPLFDO�R[\JHQ�GHPDQG�
�%2'���DQG�WRWDO�VXVSHQGHG�VROLGV��766��OHYHOV�DUH�RIWHQ�FRPSLOHG��0HWHRURORJLFDO�PHDVXUHPHQWV�
VXFK�DV�ZLQG�VSHHG�DQG�GLUHFWLRQ�WDNHQ�LQ�FRQMXQFWLRQ�ZLWK�ILHOG�PHDVXUHPHQWV�RI�756�RU�+�6�PD\�
DOVR�EH�XVHIXO��$�UHYLHZ�RI�DYDLODEOH�GDWD�DQG�LQIRUPDWLRQ�LV�RIWHQ�FRPSOHWHG�WR�GHWHUPLQH�DUHDV�RI�
FRQFHUQ�ZLWK�UHJDUG�WR�JHQHUDWLRQ�DQG�HPLVVLRQ�RI�RGRURXV�FRPSRXQGV��

$LU�GLVSHUVLRQ�PRGHOLQJ�FDQ�EH�XVHG�WR�DVFHUWDLQ�WKH�SRWHQWLDO�FRQWULEXWLRQV�RI�VRXUFHV�ZLWKLQ�D�PLOO�
WR�DPELHQW�RGRU�FRQFHQWUDWLRQV�LQ�WKH�VXUURXQGLQJ�FRPPXQLW\��2¶&RQQRU�DQG�/HGRX[�������
-lUYHQVLYX��0lHQSll��DQG�-lPVl�-RXQHOD��������$LU�HPLVVLRQ�DQG�GLVSHUVLRQ�PRGHOLQJ�UHVXOWV�KDYH�
VKRZQ�VWURQJ�FRUUHODWLRQV�WR�PHDVXUHPHQWV�PDGH�E\�VQLIILQJ�WHDPV�GXULQJ�RGRU�LQYHVWLJDWLRQV�
�YDQ�GHQ�+D]HO�DQG�:DHJHPDHNHUV��������

5HGXFWLRQ�WHFKQLTXHV�WKDW�KDYH�EHHQ�DSSOLHG�WR�RGRUV�UHODWHG�WR�56&V�DQG�YRODWLOH�IDWW\�DFLGV��9)$V��
LQFOXGH�FKHPLFDO�SUHFLSLWDWLRQ�ZLWK�PHWDO�VDOWV��XVH�RI�R[LGL]LQJ�DJHQWV��S+�DGMXVWPHQW��ELRORJLFDO�
WUHDWPHQW��DOWHUQDWLYH�HOHFWURQ�DFFHSWRUV��ELRVWLPXODQWV��RUJDQLF�VFDYHQJHUV��HQ]\PH�EORFNHUV��RGRU�
QHXWUDOL]HUV��ELRFLGHV��DQG�YHJHWDWLYH�VKHOWHUEHOWV��'\HU�������:()�������+DUVKPDQ�DQG�%DUQHWWH�
�������0RVW�RGRU�UHGXFWLRQ�SODQV�LQFOXGH�D�PHDQV�RI�PHDVXULQJ�SURJUHVV�WRZDUG�JRDOV��$VVHVVPHQWV�
RIWHQ�LQYROYH�FDOFXODWLQJ�UHGXFWLRQV�LQ�VXOILGH�OHYHOV�RU�RGRU�FRPSODLQWV��

���� 2'25286�&203281'6�$1'�7+(,5�6285&(6�

2GRURXV�FRPSRXQGV�FDQ�FRPH�IURP�PDQ\�VRXUFHV�LQ�PLOO�HQYLURQPHQWV��LQFOXGLQJ�WKH�SXOS�PLOO��
SDSHU�PLOO��ZRRG�SLOH��EDUN�SLOH��VWURQJ�ZDVWH�SRQG��SULPDU\�FODULILHU��VOXGJH�GHZDWHULQJ�DUHD��
ELRORJLFDO�WUHDWPHQW�V\VWHP��UHFHLYLQJ�ZDWHUV��ODQGILOO��OHDFKDWHV��DQG�RWKHUV��1&$6,��������
3RWHQWLDOO\�RGRURXV�VXEVWDQFHV�LQFOXGH�SURFHVV�DGGLWLYHV��FRPSRXQGV�JHQHUDWHG�GXULQJ�PDQXIDFWXULQJ��
SURFHVV�JHQHUDWHG�FRPSRXQGV�GHULYDWL]HG��GHFRPSRVHG��RU�UHDUUDQJHG�LQ�HIIOXHQW�WUHDWPHQW��DQG�
SURGXFWV�RI�DQDHURELF�GHFRPSRVLWLRQ��

9)$V�DQG�DOGHK\GHV�UHVXOW�IURP�DQDHURELF�GHFRPSRVLWLRQ�RI�FDUERK\GUDWHV��LQ�FHOOXORVH��DQG�SURWHLQV�
�LQ�ELRPDVV���9)$V��DFHWLF��SURSLRQLF��DQG�EXW\ULF�DFLGV��FDQ�FRQWULEXWH�WR�RGRU�LQ�UHF\FOHG�SDSHU�PLOO�
V\VWHPV�DQG�SDSHU��'DYLV�DQG�6PLWK��������2¶&RQQRU��%XFKDQDQ��DQG�.RYDFV��������LQGLFDWHG�WKDW�
RGRUV�DVVRFLDWHG�ZLWK�HIIOXHQW�WUHDWPHQW�V\VWHP�UHVLGXDOV�DW�FKHPLFDO�DQG�QRQ�FKHPLFDO�PLOOV�ZHUH�
GXH�WR�SURGXFWV�RI�DQDHURELF�GHFRPSRVLWLRQ��LQFOXGLQJ�9)$V��S�FUHVRO��LQGROH��DQG�VNDWROH��9)$V�
DOVR�SOD\�D�UROH�LQ�VXOILGH�JHQHUDWLRQ�E\�SURYLGLQJ�VXEVWUDWH�IRU�VXOIDWH�UHGXFLQJ�EDFWHULD��65%���
([WUDFWLYHV�UHOHDVHG�GXULQJ�ZRRG�SURFHVVLQJ�DQG�SXOSLQJ��VXFK�DV�WHUSHQHV��DUH�YRODWLOH�DQG�SRRUO\�
VROXEOH�DQG�FDQ�FRQWULEXWH�WR�RGRU��%HFDXVH�VXOIXU�FRPSRXQGV�DUH�XWLOL]HG�LQ�SXOSLQJ�SURFHVVHV��
�H�J���VRGLXP�VXOILGH�LQ�NUDIW�SXOSLQJ��VXOILWH�LQ�VXOILWH�SXOSLQJ���VXOIXU�LV�DYDLODEOH�IRU�D�YDULHW\�RI�
WUDQVIRUPDWLRQV�WKDW�FDQ�RFFXU�GXULQJ�SURFHVVLQJ�DQG�ZDVWHZDWHU�WUHDWPHQW��56&V�VXFK�DV�PHWK\O�
PHUFDSWDQ��0H6+���GLPHWK\O�VXOILGH��'06���GLPHWK\O�GLVXOILGH��'0'6���DQG�GLPHWK\O�WULVXOILGH�
�'076��DUH�IRUPHG�GXULQJ�NUDIW�SXOSLQJ�E\�WKH�UHDFWLRQ�RI�VXOILGH�ZLWK�PHWKR[\�JURXSV�RI�OLJQLQ�YLD�
QXFOHRSKLOLF�VXEVWLWXWLRQ�UHDFWLRQV��%LHUPDQQ��������&HUWDLQ�SURFHVV�ZDVWHZDWHUV��H�J���HYDSRUDWRU�
FRQGHQVDWHV��PD\�EH�VLJQLILFDQW�VRXUFHV�RI�56&V�LQ�NUDIW�PLOOV��7KH�SUHVHQFH�RI�VXOILGH�LQ�ZDVWHZDWHU�
FDQ�DOVR�UHVXOW�IURP�DQDHURELF�UHGXFWLRQ�RI�VXOIDWH�E\�65%��,Q�DGGLWLRQ�WR�56&V�DQG�9)$V��D�YDULHW\�
RI�RWKHU�RGRURXV�FRPSRXQGV�KDYH�EHHQ�IRXQG�LQ�FKHPLFDO�SXOS�PLOO�HIIOXHQWV��LQFOXGLQJ�IRUPLF�DFLG��
DPPRQLD��VXOIXU�GLR[LGH��DQG�QLWULF�R[LGH��*R\HU�DQG�/DYRLH��������$�VWXG\�FRQGXFWHG�WR�HVWLPDWH�
DLUERUQH�FRQFHQWUDWLRQV�RI�RGRURXV�FRPSRXQGV�IURP�ZDVWHZDWHU�WUHDWPHQW�ODJRRQV�DW�NUDIW�SXOS�PLOOV�
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LGHQWLILHG�DFHWLF�DFLG��SURSLRQLF�DFLG��WKLRSKHQRO��IXUIXUDOGHK\GH����IXUDQ�PHWKDQRO��FDPSKRU���
��EXWR[\HWKDQRO��DQG�RWKHUV��/DQJH�DQG�&KULVWLDQVHQ��������7KHVH�FRPSRXQGV�DUH�NQRZQ�WR��
KDYH�UHODWLYHO\�ORZ�RGRU�WKUHVKROGV��

1&$6,�KDV�GHYHORSHG�DQG�DSSOLHG�D�YDULHW\�RI�DQDO\WLFDO�WRROV�WR�LGHQWLI\�DQG�TXDQWLI\�FRPSRXQGV�
WKDW�FRQWULEXWH�WR�RGRUV�LQ�ZDVWH�VWUHDPV��LQFOXGLQJ�1&$6,�0HWKRG�56&��������D�GLUHFW�LQMHFWLRQ�
PHWKRG�IRU�TXDQWLI\LQJ�56&V��1&$6,��������DQG�D�JDV�FKURPDWRJUDSK\�ROIDFWRU\�PDVV�VSHFWURPHWU\�
�*&�2�06��PHWKRG��&RRN�DQG�+R\��������

*&�2�06�ZDV�XVHG�GXULQJ�DQ�LQLWLDO�LQGXVWU\�ZLGH�LQYHVWLJDWLRQ�WR�KHOS�LGHQWLI\�FRPSRXQGV�LQ�
YDULRXV�SXOS�DQG�SDSHU�PLOO�ZDVWHZDWHUV�WKDW�ZHUH�DVVRFLDWHG�ZLWK�RGRUV��7KH�PHWKRG�SURYLGHV�
VLPXOWDQHRXV�LGHQWLILFDWLRQ�RI�FRPSRXQGV�DQG�FKDUDFWHUL]DWLRQ�RI�RGRU�WUDLWV�DQG�LQWHQVLWLHV�E\�KXPDQ�
REVHUYHUV��,W�ZDV�GHWHUPLQHG�WKDW�PRVW�RI�WKH�FRPSRXQGV�UHVSRQVLEOH�IRU�RGRU�DW�SXOS�DQG�SDSHU�
IDFLOLWLHV�ZHUH�DPHQDEOH�WR�SXUJH�DQG�WUDS�PHWKRGV��VR�D�FRPELQDWLRQ�RI�SXUJH�DQG�WUDS�DQG�*&�2�
06�ZDV�DSSOLHG�WR�VDPSOHV�FROOHFWHG�WKURXJKRXW�::73V�DW�WHQ�GLIIHUHQW�PLOOV��3HUVRQQHO�ZKR�
SDUWLFLSDWHG�DV�ROIDFWRU\�VQLIIHUV�ZHUH�VHOHFWHG�EDVHG�RQ�WKHLU�DELOLW\�WR�GHWHFW�DQG�GHVFULEH�RGRUV�IURP�
VROXWLRQV�RI�VWDQGDUG�VWRFNV�FRQWDLQLQJ�DFHWLF�DFLG��PHWK\O�HWK\O�NHWRQH��SURSLRQLF�DFLG��LVREXW\ULF�
DFLG��EXW\ULF�DFLG��DOSKD�SLQHQH��LVRYDOHULF�DFLG��YDOHULF�DFLG��EHWD�SLQHQH��OLPRQHQH��S�F\PHQH��
SKHQRO��R�FUHVRO��P�FUHVRO��S�FUHVRO��JXDLDFRO��LVR�ERUQHRO��ERUQHRO��DOSKD�WHUSLQHRO��LQGROH��JHRVPLQ��
PHWK\O�LQGROH��+�6��0H6+��'0'6��DQG�'076��2GRU�LQWHQVLW\�ZDV�GHVFULEHG�DV�WKUHVKROG��ZHDN��
PRGHUDWH��RU�VWURQJ�GXULQJ�GXSOLFDWH�UXQV�SHUIRUPHG�RQ�HDFK�VDPSOH�DVVHVVHG��&RPSRXQGV�LGHQWLILHG�
DV�FRQWULEXWLQJ�WR�RGRUV�YLD�*&�2�06�ZHUH�FRQILUPHG�DJDLQVW�DXWKHQWLF�VWDQGDUGV��&RQFHQWUDWLRQV�IRU�
WRWDO�VXOILGH��0H6+��'06��'0'6��'076��DQG�DFHWLF��SURSLRQLF��LVREXW\ULF��EXW\ULF��LVRYDOHULF��DQG�
YDOHULF�DFLG�ZHUH�DOVR�DVVHVVHG�XVLQJ�GLUHFW�LQMHFWLRQ�PHWKRGV�RQ�WKH�VDPH�::73�VDPSOHV��1&$6,�
�������������%DVHG�RQ�WKHVH�LQYHVWLJDWLRQV�DQG�LQIRUPDWLRQ�IRXQG�LQ�WKH�OLWHUDWXUH��WKH�PDLQ�
FRPSRXQGV�LGHQWLILHG�DV�FRQWULEXWLQJ�WR�RGRUV�HPLWWHG�IURP�SXOS�DQG�SDSHU�PLOO�::73V�DUH�
VXPPDUL]HG�LQ�7DEOH�����DORQJ�ZLWK�RGRU�GHVFULSWLRQV�DQG�RGRU�WKUHVKROG�GDWD��&RRN�DQG�+R\�������
/DQJH�DQG�&KULVWLDQVHQ��������7KH�RGRU�GHWHFWLRQ�WKUHVKROG�LV�GHILQHG�DV�WKH�RGRU�LQWHQVLW\�
GLVWLQJXLVKDEOH�IURP�EDFNJURXQG��

1&$6,�VWXGLHV�DQG�7DEOH�����LQGLFDWH�WKDW�56&V�FRQWLQXH�WR�EH�LPSOLFDWHG�DV�RQH�RI�WKH�PDMRU�FODVVHV�
RI�RGRURXV�FRPSRXQGV�HPLWWHG�IURP�::73V��&RRN�DQG�+R\��������2I�WKH�56&V��+�6�LV�RIWHQ�WKH�
PDMRU�RGRU�FRQWULEXWRU��7KHUHIRUH��PDQ\�RI�WKH�PLQLPL]DWLRQ�WHFKQLTXHV�DQG�H[DPSOHV�LQ�WKLV�UHSRUW�
IRFXV�RQ�DSSURDFKHV�WKDW�UHGXFH�+�6�UHODWHG�RGRUV��
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7DEOH�������2GRURXV�&RPSRXQGV�,GHQWLILHG�LQ�3XOS�DQG�3DSHU�0LOO�:DVWHZDWHU�7UHDWPHQW�3ODQWV�

&RPSRXQG� 2GRU�'HVFULSWLRQ�
2GRU�'HWHFWLRQ�

7KUHVKROG��PJ�P��D

5HGXFHG�6XOIXU�&RPSRXQGV� � �
K\GURJHQ�VXOILGH�
PHWK\O�PHUFDSWDQ�
GLPHWK\O�VXOILGH�
GLPHWK\O�GLVXOILGH�
GLPHWK\O�WULVXOILGH�
���PHWK\OWKLR����SURSHQH�
���PHWK\OWKLR����SURSHQH�
HWK\O�PHWK\O�GLVXOILGH�

URWWHQ�HJJV�
URWWHQ�HJJV��VXOIXU�OLNH��SXOS�PLOO�
URWWHQ�YHJHWDEOHV��VRXU�PLON�
URWWHQ�HJJV��EXUQW�UXEEHU�
SXWULG�UDQFLG��URWWHQ�HJJV��EXUQW�UXEEHU�
URWWHQ�YHJHWDEOHV��EXUQW�UXEEHU�
PDWFK�VWULNH��VNXQN�
QRW�OLVWHG�

��������������
��������
��������������
��������������
������
QRW�DYDLODEOH�
QRW�DYDLODEOH�
������

9RODWLOH�)DWW\�$FLGV� � �
DFHWLF�DFLG�
SURSDQRLF�DFLG��SURSLRQLF�DFLG��
EXW\ULF���LVREXW\ULF�DFLG�
YDOHULF���LVRYDOHULF�DFLG�
FDSURLF���LVRFDSURLF�DFLG�
��PHWK\OEXW\ULF�DFLG�

YLQHJDU�
SXQJHQW��UDQFLG�
UDQFLG�EXWWHU�
UDQFLG�FKHHVH�
JRDW�RU�OLPEXUJHU�FKHHVH�
UDQFLG��IDWW\�

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

7HUSHQHV� � �
DOSKD�SLQHQH�
EHWD�SLQHQH�
OLPRQHQH�
S�F\PHQH�

PHGLFLQDO��FKHPLFDO�
URWWHQ�YHJHWDEOHV��VNXQN�OLNH�
ZRRGV\�
PHGLFLQDO��OLNH�D�KRVSLWDO�

������
����SSE�LQ�ZDWHU�
�����
������

2WKHUV� � �
DFHWDOGHK\GH�
��PHWK\O���SHQWDQRQH��0,%.��
JXDLDFRO�
VNDWROH�

VROYHQW�OLNH�
VZHHW��YDQLOOD��SKHQROLF�
SKHQROLF��IORUDO�DW�ORZ�FRQF��
IHFDO�

�������
����
�������
������

6285&(6��9HUVFKXHUHQ�������5XWK�������9DQ�*HPHUW�DQG�1HWWHQEUHLMHU������
D� GHWHFWLRQ�WKUHVKROGV�LQ�DLU��XQOHVV�RWKHUZLVH�VWDWHG���UDQJHV�VKRZQ�ZKHUH�UHSRUWHG�YDOXHV�GLIIHU�VLJQLILFDQWO\�

���� 6285&(�,'(17,),&$7,21�6859(<6�

���� $QDO\WLFDO�0HWKRGV�

1&$6,�KDV�SDUWLFLSDWHG�LQ�D�YDULHW\�RI�VWXGLHV�LQYROYLQJ�ILHOG�PHDVXUHPHQWV�DW�::73V�WR�GHWHUPLQH�
RGRURXV�FRPSRXQG�VRXUFHV�DQG�SRVVLEOH�VLWHV�DW�ZKLFK�VXOILGH�DQG�9)$V�PLJKW�EH�JHQHUDWHG�DQG�
HPLWWHG��&RRN�DQG�+R\�������&UDZIRUG�������������1&$6,��������7KLV�VHFWLRQ�GLVFXVVHV�VRPH�RI�
WKH�PHWKRGV�XWLOL]HG�WR�PHDVXUH�RGRURXV�FRPSRXQGV��IRFXVLQJ�RQ�VXOILGH�DQDO\VHV��7KHVH�VWXGLHV�
RIWHQ�LQFOXGHG�DQ�DVVHVVPHQW�RI�FRQFHQWUDWLRQV�RI�WKH�PDLQ�RGRURXV�FRPSRXQGV�LQ�DLU�DQG�DTXHRXV�
SKDVHV��DORQJ�ZLWK�VXSSRUWLQJ�GDWD�VXFK�DV�S+��'2��%2'��766��DQG�253��6HYHUDO�PHWKRGV�IRU�
GHWHUPLQLQJ�VXOILGH�LQ�DTXHRXV�DQG�DLU�VDPSOHV�DUH�VXPPDUL]HG�KHUHLQ��,W�LV�QRWHZRUWK\�WKDW�VXOILGH�LV�
KLJKO\�UHDFWLYH�DQG�YRODWLOH��DQG�WKHUHIRUH�SUHVHQWV�D�VXEVWDQWLDO�DQDO\WLFDO�FKDOOHQJH��2WKHU�
FRPSRXQGV�RI�SRWHQWLDO�LQWHUHVW�ZLWK�UHVSHFW�WR�WUHDWPHQW�SODQW�RGRUV�LQFOXGH�0H6+��'06��'0'6��
'076��DQG�YDULRXV�9)$V��

6XOILGH�PD\�H[LVW�LQ�ZDVWHZDWHUV�LQ�VHYHUDO�FKHPLFDO�IRUPV��LQFOXGLQJ�GLVVROYHG�+�6�JDV��K\GURVXOILGH�
LRQ��+6����DFLG�VROXEOH�PHWDO�VXOILGHV��DQG�VXOILGHV�DVVRFLDWHG�ZLWK�RUJDQLF�FRPSRXQGV��6XOILGH�LRQ��
�6����UHSUHVHQWV�DQ�LQVLJQLILFDQW�IUDFWLRQ�RI�WRWDO�VXOILGH�DW�ZDVWHZDWHU�S+V�!�����6HFWLRQ�������DQG�
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1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW�

)LJXUH�����SURYLGH�PRUH�GHWDLOV�RQ�WKLV�UHODWLRQVKLS���$WWHPSWV�WR�GHYHORS�DQDO\WLFDO�PHWKRGV�VSHFLILF�
WR�DQ\�RI�WKHVH�LQGLYLGXDO�IRUPV�KDYH�EHHQ�ODUJHO\�XQVXFFHVVIXO�GXH�WR�WKH�DFWLYH�FKHPLFDO�QDWXUH�RI�
VXOILGH��7KXV��PRVW�PHWKRGV�PHDVXUH�WRWDO�VXOILGH�LQ�WKH�DTXHRXV�SKDVH��7RWDO�VXOILGH�LV�XVXDOO\�
GHILQHG�DV�VXOILGH�WKDW�ZLOO�EH�UHOHDVHG�IURP�VROXWLRQ�XSRQ�DFLGLILFDWLRQ�RI�ZDVWHZDWHU�WR�S+�������
'LVVROYHG�VXOILGH��+�6�DQG�+6

���PD\�EH�PHDVXUHG�DIWHU�VXVSHQGHG�VROLGV�KDYH�EHHQ�UHPRYHG�E\�
IORFFXODWLRQ��FHQWULIXJDWLRQ��RU�ILOWUDWLRQ��8Q�LRQL]HG�VXOILGH��GLVVROYHG�+�6��PD\�EH�FDOFXODWHG�IURP�
WKH�FRQFHQWUDWLRQ�RI�GLVVROYHG�VXOILGH��WKH�S+�RI�WKH�VDPSOH��DQG�WKH�SUDFWLFDO�LRQL]DWLRQ�FRQVWDQW�RI�
VXOILGH��$3+$��$::$��DQG�:3&)��������1&$6,�VWXGLHV�WR�LQYHVWLJDWH�XVH�RI�IORFFXODWLRQ��
FHQWULIXJDWLRQ��DQG�ILOWUDWLRQ�IRU�DVVHVVLQJ�GLVVROYHG�VXOILGH�LQ�SXOS�DQG�SDSHU�PLOO�ZDVWHZDWHUV�
VKRZHG�WKDW�WKRVH�PHWKRGV�UHVXOW�LQ�KLJK�YDULDELOLW\�DQG�ORVVHV�RI�VXOILGH��SRRU�SUHFLVLRQ�DQG�
DFFXUDF\���:KHQ�DWWHPSWLQJ�WR�PHDVXUH�GLVVROYHG�VXOILGH��VWXGLHV�WR�YHULI\�WKH�SUHFLVLRQ�DQG�DFFXUDF\�
RI�WKH�PHWKRGV�LQ�WKH�PDWUL[�DQG�H[SHULPHQWV�WR�PHDVXUH�NQRZQ�FRQFHQWUDWLRQV�RI�TXDOLW\�FRQWURO�
VWDQGDUGV�DUH�KLJKO\�UHFRPPHQGHG��7DEOH�����FRQWDLQV�D�VXPPDU\�RI�FRPPRQO\�XVHG�PHWKRGV�IRU�
GHWHUPLQLQJ�VXOILGH�LQ�DTXHRXV�VDPSOHV��,W�SURYLGHV�EULHI�PHWKRG�GHVFULSWLRQV��DSSOLFDEOH�UDQJHV��DQG�
SRVVLEOH�LQWHUIHUHQFHV��

7DEOH�������2YHUYLHZ�RI�6XOILGH�0HWKRGV�IRU�$TXHRXV�6DPSOHV�

0HWKRG�'HVFULSWLRQ� 0HWKRG�6XPPDU\� 5DQJH�
,QWHUIHUHQFHV�DQG�

&RPPHQWV�
6XOILGH�LRQ�WXEHV� � � �

W\SH��� 6����3E�12����JLYHV�3E6� a���������SSP� PHUFDSWDQV��VXOIDWHV��
LURQ��FKORULGH�

W\SH��� 6����3E�&+�&2����JLYHV�3E6� a��������SSP� IDOVH�QHJDWLYHV�DW�
ORZ�OHYHOV�

7LWUDWLRQ��LRGLQH�� LRGLQH�R[LGL]HV�VXOILGH�WR�VXOIXU�
XQGHU�DFLG�FRQGLWLRQV��H[FHVV�
LRGLQH�LV�EDFN�WLWUDWHG�ZLWK�
VRGLXP�WKLRVXOIDWH�

DERYH���SSP� WKLRVXOIDWH��VXOILWH��
VRPH�RUJDQLFV�

&RORULPHWULF�
�PHWK\OHQH�EOXH��

VXOILGH�UHDFWV�ZLWK�
GLPHWK\O�S�SKHQ\OHQHGLDPLQH�
�S�DPLQRGLPHWK\O�DQLOLQH��LQ�
WKH�SUHVHQFH�RI�IHUULF�FKORULGH�
WR�SURGXFH�PHWK\OHQH�EOXH�

a�������SSP� FRORU�DQG�WXUELGLW\�

&DSLOODU\�]RQH�
HOHFWURSKRUHVLV�

HOHFWURO\WH�DQG�LQGLUHFW�89�DW�
����QP�

QRW�DYDLODEOH� LVVXHV�ZLWK�VXOILGH�
VWDELOL]DWLRQ�

*DV�FKURPDWRJUDSK\��
VXOIXU�VHOHFWLYH�
GHWHFWRUD

VSDUJLQJ�RU�GLUHFW�LQMHFWLRQ�
�1&$6,�56&���������RU�
KHDGVSDFH��RU�VROYHQW�H[WUDFWLRQ�
IROORZHG�E\�*&�66'�

YDULHV�
GHSHQGLQJ�RQ�
GHWHFWRU��

FRHOXWLQJ�
FRPSRXQGV��
DFWLYH�VXUIDFHV�

(OHFWURFKHPLFDO�
PHWKRGV��WRWDO�
VXOILGH��(3$�
0HWKRG�������

VLOYHU�VLOYHU�VXOILGH�HOHFWURGH�WHVW��
UHTXLUHV�VDPSOH�GLVWLOODWLRQ��
OLPLWHG�GDWD�RQ�SXOS�DQG�SDSHU�
PDWULFHV�

�����������SSP� FROORLGDO�VXEVWDQFHV�

D� 66'V�LQFOXGH�SXOVHG�IODPH�SKRWRPHWULF�GHWHFWRUV��3)3'��DQG�VXOIXU�FKHPLOXPLQHVFHQFH�GHWHFWRUV �6&'��

0HWKRG�VHOHFWLRQ�VKRXOG�EH�EDVHG�RQ�WKH�OHYHO�RI�DFFXUDF\�DQG�SUHFLVLRQ�UHTXLUHG�IRU�WKH�WDVN�DW�KDQG��
)RU�H[DPSOH��YDOXDEOH�GDWD�UHJDUGLQJ�JHQHUDO�WUHQGV�FDQ�EH�REWDLQHG�XVLQJ�VFUHHQLQJ�PHWKRGV�VXFK�DV�
VXOILGH�LRQ�GHWHFWRU�WXEHV��1&$6,��������,I�EHWWHU�DFFXUDF\�DQG�SUHFLVLRQ�DUH�UHTXLUHG��FRORULPHWULF�
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WHFKQLTXHV�SURYLGH�JRRG�DFFXUDF\�DQG�SUHFLVLRQ�DW�FRQFHQWUDWLRQV�DERYH����SSE�DQG�DUH�UHODWLYHO\�
HDV\�DQG�LQH[SHQVLYH�WR�SHUIRUP��1&$6,��������

7DEOH�����OLVWV�VRPH�RI�WKH�PHWKRGV�WKDW�KDYH�EHHQ�XWLOL]HG�WR�PHDVXUH�VXOILGH�LQ�DLU�GXULQJ�VWXGLHV�WR�
LQYHVWLJDWH�VXOILGH�UHODWHG�RGRUV�DQG�HPLVVLRQV�LQ�WKH�SXOS�DQG�SDSHU�LQGXVWU\��KWWS���ZZZ�OSHV�RUJ��
/HVVRQV�/HVVRQ�����B�B$LUB4XDOLW\�SGI��/HZLV�HW�DO��������5DFLQH�������1,26+�������(VSOLQ�
������1DWXVFK��6HZHOO��DQG�7DQQHU��������$�YDULHW\�RI�WRROV�VXFK�DV�JDV�GHWHFWRU�WXEHV��SDSHU�WDSHV��
SDWFKHV��DQG�VLQJOH�JDV�PRQLWRUV�KDYH�EHHQ�XVHG�WR�GHWHFW�VXOILGH�LQ�VFUHHQLQJ�HIIRUWV���'LUHFW�RQVLWH�
PHDVXUHPHQWV�PD\�EH�SUHIHUUHG��DOWKRXJK�OLPLWHG�PHWKRGV�DUH�DYDLODEOH�IRU�VXFK�DVVHVVPHQWV�RI�
RGRURXV�FRPSRXQGV�RWKHU�WKDQ�VXOILGH��,QIRUPDWLRQ�UHJDUGLQJ�FRPSRXQGV�RWKHU�WKDQ�VXOILGH�FDQ�EH�
REWDLQHG�XVLQJ�JDV�FKURPDWRJUDSK\��*&��VXOIXU�VHOHFWLYH�GHWHFWRU��66'���*&�PDVV�VSHFWURPHWU\�
�06���DQG�*&�2�06��&RRN�DQG�+R\��������

7DEOH�������2YHUYLHZ�RI�6XOILGH�0HWKRGV�IRU�$PELHQW�$LU�0RQLWRULQJ�

0HWKRG�'HVFULSWLRQ� 0HWKRG�6XPPDU\� 5DQJH�
,QWHUIHUHQFHV�DQG�

&RPPHQWV�
(OHFWURFKHPLFDO�
PHWKRGV��2GDORJ�
JDV�ORJJHU��JDV�
PRQLWRUV��

PRGH�RI�DFWLRQ�YDULHV� a��������SSP��
PHWKRG�
GHSHQGHQW�

*ROG�ILOP�VHQVRU�
�-HURPH�DQDO\]HU��

GHWHFWV�FKDQJH�LQ�UHVLVWDQFH�
GXH�WR�DGVRUSWLRQ�RI�+�6�RQ�
D�WKLQ�JROG�ILOP�

�����������SSP� 0H6+��IUHTXHQW�VHQVRU�
UHJHQHUDWLRQ�UHTXLUHG�

3DSHU�WDSH��SDWFKHV� GHWHFWV�FRORU�FKDQJH�LQ�VSRW�
RQ�SDSHU�WDSH�RU�SDWFK�
LPSUHJQDWHG�ZLWK�
DSSURSULDWH�UHDJHQW��H�J���
OHDG�DFHWDWH��

a�����������SSP� DYHUDJH�YDOXHV�RQO\��
ODFN�SUHFLVLRQ�

*DV�GHWHFWLRQ�WXEHV�� PHGLD�LQ�WXEH�UHDFWV�ZLWK�
NQRZQ�YROXPH�RI�DLU�DQG�
FKDQJHV�FRORU�

a�����������SSP� �

&DYLW\�ULQJ�GRZQ�
VSHFWURVFRS\�

RSWLFDO�DEVRUSWLRQ�WHFKQRORJ\�
XVHV�ODVHU��RSWLFDO�FDYLW\��
DQG�SKRWRGHWHFWRU��

XOWUDWUDFH� �

$PELHQW�+�6�
DQDO\]HUV�

WKHUPDO�FRQYHUVLRQ�RI�+�6�WR�
62���89�IOXRUHVFHQFH�
GHWHFWLRQ�

PHWKRG�
GHSHQGHQW�

62��\LHOGV�KLJK�ELDV�

*&�06��*&�2�06��
*&�66'�

DLU�VDPSOHV�FROOHFWHG�DQG�
RIWHQ�FRQFHQWUDWHG�SULRU�WR�
DQDO\VLV�XVLQJ�D�YDULHW\�RI�
GHWHFWRUV�

PHWKRG�
GHSHQGHQW�

FRHOXWLQJ�FRPSRXQGV��
ORVVHV�GXULQJ�VDPSOH�
FROOHFWLRQ�DQG�VWRUDJH�

,I�VDPSOHV�DUH�WR�EH�FROOHFWHG�DQG�VWRUHG�SULRU�WR�DQDO\VLV��SUHVHUYDWLRQ�ZLWK�]LQF�DFHWDWH�DW�S+�!���LV�
HVVHQWLDO��2QFH�D�VDPSOH�LV�SUHVHUYHG�LW�PXVW�EH�DFLGLILHG�SULRU�WR�DQDO\VLV��DQG�ZLOO�WKHUHIRUH�\LHOG�D�
FRQFHQWUDWLRQ�IRU�WRWDO�VXOILGH��,W�LV�SUXGHQW�WR�QRWH�WKDW�PDQ\�RI�WKH�PHWKRGV�WKDW�DVVHVV�VXOILGH�
FRQFHQWUDWLRQV�LQ�DTXHRXV�VDPSOHV��LQFOXGLQJ�1&$6,�0HWKRG�56&��������PHDVXUH�WRWDO�VXOILGH�
�VXOILGH�UHOHDVHG�XSRQ�DFLGLILFDWLRQ�RI�ZDVWHZDWHU�WR�S+�������LQFOXGLQJ�PHWDO�VXOILGHV�DQG�VXOILGHV�
ZHDNO\�DVVRFLDWHG�ZLWK�RUJDQLFV��DQG�PD\�\LHOG�RYHUHVWLPDWHV�RI�VXOILGH�DYDLODEOH�IRU�HPLVVLRQ��7KLV�
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LV�RQH�RI�WKH�DGGLWLRQDO�FKDOOHQJHV�LQ�LQYHVWLJDWLQJ�RGRUV�UHODWHG�WR�+�6�EHFDXVH�D�GLUHFW�UHODWLRQVKLS�
EHWZHHQ�WRWDO�VXOILGH�FRQFHQWUDWLRQ�LQ�D�ZDWHU�VDPSOH�DQG�+�6�HPLVVLRQV�WR�WKH�DLU�GRHV�QRW�H[LVW��

���� 6DPSOLQJ�&RQVLGHUDWLRQV�

6HYHUDO�IDFWRUV�PXVW�EH�FRQVLGHUHG�ZKHQ�GHYHORSLQJ�D�VDPSOLQJ�SODQ�WR�FKDUDFWHUL]H�RGRURXV�
FRPSRXQGV��,QLWLDO�VFUHHQLQJ�VWXGLHV�WR�LGHQWLI\�WUHDWPHQW�FRPSRQHQWV�IRU�PRUH�LQWHQVLYH�
LQYHVWLJDWLRQ�DUH�UHFRPPHQGHG�WR�PD[LPL]H�XVH�RI�UHVRXUFHV��6XFK�VWXGLHV�PD\�WDNH�DGYDQWDJH�RI�
DQDO\WLFDO�WRROV�VXFK�DV�VXOILGH�GHWHFWLRQ�WXEHV�DQG�JROG�ILOP�DLU�PRQLWRUV�WR�SURYLGH�DQ�LQGLFDWLRQ�RI�
RGRU�JHQHUDWLRQ�DQG�HPLVVLRQ�VLWHV��6XFK�PHWKRGV�PHDVXUH�FRQFHQWUDWLRQV�LQ�VLWX�DQG�DYRLG�WKH�QHHG�
IRU�VDPSOH�SUHVHUYDWLRQ��1&$6,�VWXGLHV�KDYH�FRQILUPHG�WKDW�56&�FRQFHQWUDWLRQV�LQ�WKH�DTXHRXV�
SKDVH�FDQ�EH�TXLWH�YDULDEOH�ZLWK�UHVSHFW�WR�WLPH��,W�LV�WKHUHIRUH�LPSRUWDQW�WR�FRQGXFW�VXUYH\V�PXOWLSOH�
WLPHV�WR�JDLQ�D�FRPSOHWH�XQGHUVWDQGLQJ�RI�V\VWHP�FKDUDFWHULVWLFV��1&$6,��������$TXHRXV�SKDVH�
VDPSOHV�FDQ�EH�XVHG�WR�GHWHUPLQH�FKDQJHV�LQ�ZDVWHZDWHU�FRQFHQWUDWLRQV�LQWR�DQG�RXW�RI�WUHDWPHQW�
XQLWV�DQG�DLU�SKDVH�PHDVXUHPHQWV�WDNHQ�LQ�FRQMXQFWLRQ�ZLWK�ZDWHU�VDPSOLQJ�FDQ�EH�XVHG�WR�LQGLFDWH�
HPLVVLRQ�SRLQWV��

6FUHHQLQJ�VWXGLHV�ZLOO�LQGLFDWH�ZKHQ�PRUH�LQWHQVLYH�VXUYH\�ZRUN�LV�QHHGHG��:KHQ�DGGLWLRQDO�ZRUN�LV�
FDOOHG�IRU��PRUH�DFFXUDWH�DQDO\WLFDO�WHFKQLTXHV��VXFK�DV�FRORULPHWULF�DQG�*&�PHWKRGV��DUH�IUHTXHQWO\�
HPSOR\HG��7KHVH�PHWKRGV�RIWHQ�UHTXLUH�FROOHFWLRQ�RI�DTXHRXV�SKDVH�VDPSOHV�IRU�ODWHU�DQDO\VLV��
%HFDXVH�RGRU�FDXVLQJ�FRPSRXQGV�DUH�YRODWLOH��SURSHU�VDPSOLQJ�DQG�SUHVHUYDWLRQ�WHFKQLTXHV�PXVW�EH�
HPSOR\HG�WR�HQVXUH�UHSUHVHQWDWLYHQHVV�RI�VDPSOHV��$OORZDEOH�KROGLQJ�WLPHV��HYHQ�IRU�SUHVHUYHG�
VDPSOHV��VKRXOG�EH�KHHGHG�DQG�VXFK�WLPLQJ�PXVW�EH�IDFWRUHG�LQWR�VWXG\�SODQV��,Q�VRPH�FDVHV�VDPSOH�
KROGLQJ�WLPHV�DQG�DYDLODEOH�DQDO\WLFDO�FDSDFLW\�PD\�UHSUHVHQW�SRWHQWLDOO\�VLJQLILFDQW�FRQVWUDLQWV�RQ�D�
VLWH�VXUYH\��

���� 6XPPDU\�RI�1&$6,�6RXUFH�,GHQWLILFDWLRQ�6XUYH\V�

2QO\�PLQLPDO�LQIRUPDWLRQ�LV�DYDLODEOH�LQ�WKH�OLWHUDWXUH�RQ�56&�HPLVVLRQV�IURP�NUDIW�PLOO�::73V��
7KLV�VXEMHFW�LV�FKDOOHQJLQJ�QRW�RQO\�EHFDXVH�RI�WKH�FRPSOH[LW\�RI�ZDWHU�FKHPLVWU\��EXW�DOVR�EHFDXVH�RI�
LQKHUHQW�GLIILFXOWLHV�LQ�PHDVXULQJ�DLU�HPLVVLRQV�IURP�WKHVH�JURXQG�OHYHO�DUHD�VRXUFHV��1&$6,�UHFHQWO\�
FRPSOHWHG�DQ�H[WHQVLYH�DQG�FRPSUHKHQVLYH�VWXG\�DLPHG�DW�TXDQWLI\LQJ�56&�HPLVVLRQV�IURP�SXOS�PLOO�
::73�VRXUFHV��,Q�DGGLWLRQ��QXPHURXV�DTXHRXV�SKDVH�VXUYH\V�KDYH�EHHQ�SHUIRUPHG�DW�D�YDULHW\�RI�
SXOS�DQG�SDSHU�PLOOV�LQ�VXSSRUW�RI�RGRU�UHGXFWLRQ�VWXGLHV��,QIRUPDWLRQ�JOHDQHG�IURP�WKHVH�VWXGLHV�LV�
VXPPDUL]HG�KHUHLQ��

������ 0XOWL�0LOO�56&�(PLVVLRQV�6WXG\�RI�3XOS�DQG�3DSHU�0LOO�:DVWHZDWHU�7UHDWPHQW�3ODQWV

7KLV�PXOWL�PLOO�VWXG\��&UDZIRUG��&UDSR��DQG�-DLQ�������ZDV�FRPSUHKHQVLYH�LQ�WKDW�LW�JHQHUDWHG�
LQIRUPDWLRQ�RQ�OLTXLG�FRQFHQWUDWLRQV��V\VWHP�RSHUDWLQJ�SDUDPHWHUV��DQG�HPLVVLRQV�IURP�D�UDQJH�RI�
::73�VRXUFHV�VXFK�DV�SULPDU\�FODULILHUV��SUH�DHUDWLRQ�VHWWOLQJ�SRQGV��DHUDWHG�VWDELOL]DWLRQ�EDVLQV�
�$6%V���DFWLYDWHG�VOXGJH�WUHDWPHQW��$67��XQLWV��DQG�SRVW�DHUDWLRQ�SROLVKLQJ�SRQGV��7KH�WKUHH�SULPDU\�
REMHFWLYHV�RI�WKH�VWXG\�ZHUH�WR�D��TXDQWLI\�56&�HPLVVLRQV�YLD�VSDWLDO�DPELHQW�DLU�VDPSOLQJ��E��
GHYHORS�DQ�XQGHUVWDQGLQJ�RI�IDFWRUV�WKDW�DIIHFW�56&�HPLVVLRQV�IURP�NUDIW�PLOO�::73V��DQG�F��JDWKHU�
GDWD�QHFHVVDU\�WR�FDOLEUDWH�DQG�RU�GHYHORS�PHFKDQLVWLF�RU�VHPL�HPSLULFDO�PRGHOV�WR�SUHGLFW�HPLVVLRQV��

$Q�H[WHQVLYH�OLTXLG�VDPSOLQJ�DQG�SURFHVV�GDWD�FROOHFWLRQ�SURJUDP�ZDV�FRQGXFWHG�LQ�FRQMXQFWLRQ�ZLWK�
HPLVVLRQV�GHWHUPLQDWLRQV�YLD�VSDWLDO�DPELHQW�DLU�VDPSOLQJ��/LTXLG�VDPSOHV�ZHUH�FROOHFWHG�DQG�
DQDO\]HG�IRU�WRWDO�VXOILGH��0H6+��'06��'0'6��'076��VXOIDWH��WKLRVXOIDWH��DQG�WRWDO�RUJDQLF�FDUERQ�
�72&���'DWD�RQ�ZDVWHZDWHU�WHPSHUDWXUH��S+��'2��DQG�FRQGXFWLYLW\�DW�PXOWLSOH�GHSWKV�ZHUH�UHFRUGHG�
ZKHQ�JUDE�VDPSOHV�ZHUH�FROOHFWHG�LQ�EDVLQV��SRQGV��DQG�SULPDU\�FODULILHUV��7KH�VSDWLDO�DPELHQW�DLU�
VDPSOLQJ�PHWKRG�XVHG�LQ�WKH�VWXG\��FDOOHG�ERXQGDU\�OD\HU�HPLVVLRQ�PRQLWRULQJ��ZDV�XVHG�SUHYLRXVO\�
WR�PHDVXUH�756�HPLVVLRQV�IOX[HV�IURP�WKUHH�NUDIW�PLOO�$6%V�LQ�&DQDGD��(VSOLQ��������������



�� 7HFKQLFDO�%XOOHWLQ�1R������

1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW�

7UDGLWLRQDO�VSDWLDO�DPELHQW�DLU�VDPSOLQJ�PHWKRGV�XVHG�WR�PHDVXUH�HPLVVLRQV�IURP�DUHD�VRXUFHV�
LQYROYH�D�IL[HG�DUUD\�RI�WRZHUV�SODFHG�GRZQZLQG�IURP�WKH�VRXUFH��7KHVH�WRZHUV�FROOHFW�DPELHQW�DLU�
VDPSOHV�DW�PXOWLSOH�KRUL]RQWDO�DQG�YHUWLFDO�ORFDWLRQV��DQG�HPLVVLRQV�IOX[HV�DUH�FDOFXODWHG��+RZHYHU��
DFFXUDWH�PHDVXUHPHQWV�RI�HPLVVLRQV�IOX[HV�IURP�DUHD�VRXUFHV�VXFK�DV�$6%V�UHTXLUH�XVH�RI�VHYHUDO�
UHODWLYHO\�WDOO�WRZHUV��VLPXOWDQHRXV�RSHUDWLRQ�RI�VHYHUDO�LQGHSHQGHQW�VDPSOLQJ�WUDLQV��DQG�DQDO\VLV�RI�D�
PXOWLWXGH�RI�VDPSOHV��7KH�ERXQGDU\�OD\HU�HPLVVLRQ�PRQLWRULQJ�XVHG�LQ�WKLV�VWXG\�LQYROYHG�FURVVZLQG�
LQWHJUDWHG�GRZQZLQG�VDPSOLQJ�DW�PXOWLSOH�HOHYDWLRQV�XVLQJ�D�PRELOH�FDUW�DQG�KHOLXP�ILOOHG�EDOORRQ�WR�
KRLVW�VDPSOH�OLQHV�WR�PXOWLSOH�HOHYDWLRQV��6DPSOHV�ZHUH�FRQGLWLRQHG�ZLWK�D�1DILRQ�GU\HU�DQG�FROOHFWHG�
LQ�HYDFXDWHG�DQG�SDVVLYDWHG�FDQLVWHUV�WKDW�ZHUH�VXEVHTXHQWO\�SUHVVXUL]HG�ZLWK�QLWURJHQ��&DQLVWHU�
FRQWHQWV�ZHUH�ODWHU�DQDO\]HG�RII�VLWH�IRU�756�FRPSRXQGV�XVLQJ�D�*&�SXOVHG�IODPH�SKRWRPHWULF�
GHWHFWRU��3)3'��PHWKRG��5HVXOWV�DUH�VXPPDUL]HG�EHORZ��

�� 3ULPDU\�FODULILHUV�ZHUH�PLQRU�VRXUFHV�RI�756�HPLVVLRQV��PDLQO\�GXH�WR�WKH�UHODWLYHO\�VPDOO�
VXUIDFH�DUHDV�DYDLODEOH�IRU�HPLVVLRQV��

�� 3ULPDU\�VHWWOLQJ�SRQGV�DW�IRXU�RI�WKH�VL[�NUDIW�PLOOV�WHVWHG�ZHUH�VLJQLILFDQW�VRXUFHV�RI�+�6�
HPLVVLRQV��7KH\�DUH�LGHDO�HQYLURQPHQWV�IRU�JHQHUDWLRQ�RI�VXOILGH�YLD�ELRFKHPLFDO�VXOIDWH�
UHGXFWLRQ�GXH�WR�WKHLU�KLJK�RUJDQLF�ORDGLQJV�DQG�W\SLFDOO\�ORQJ�UHVLGHQFH�WLPHV�UHODWLYH�WR�SULPDU\�
FODULILHUV��7KHLU�ODUJHU�H[SRVHG�VXUIDFH�DUHDV�DOVR�SURYLGH�JUHDWHU�RSSRUWXQLW\�IRU�HPLVVLRQV�RI�
VXOILGH�DV�+�6��7KH�DPRXQW�RI�+�6�HPLWWHG�YHUVXV�WUDQVIHUUHG�WR�GRZQVWUHDP�VHFRQGDU\�WUHDWPHQW�
SURFHVVHV�ZDV�IRXQG�WR�GHSHQG�RQ�ZLQG�VSHHG��OLTXLG�SKDVH�S+��DQG�WHPSHUDWXUH��

�� $6%V�ZLWK�VXIILFLHQW�DHUDWLRQ��HVSHFLDOO\�LQ�WKH�IURQW�HQGV�RI�WKH�V\VWHPV�ZKHUH�R[\JHQ�GHPDQG�
LV�JUHDWHVW��ZHUH�PLQRU�VRXUFHV�RI�+�6�HPLVVLRQV��%HWZHHQ����DQG�������RI�WRWDO�VXOILGH�LQ�
SULPDU\�HIIOXHQW�DSSHDUHG�WR�EH�GHVWUR\HG��SUHVXPDEO\�WKURXJK�ELRORJLFDO�DQG�RU�FKHPLFDO�
R[LGDWLRQ��+RZHYHU��KLJKHU�+�6�HPLVVLRQV�ZHUH�PHDVXUHG�LQ�RQH�$6%�ZKHUH�DHUDWLRQ�ZDV�
PDUJLQDO�RU�ORZ�UHODWLYH�WR�%2'�ORDGLQJ��

�� 3RVW�DHUDWLRQ�SRQGV��SROLVKLQJ�SRQGV��ZHUH�PLQRU�VRXUFHV�RI�+�6�HPLVVLRQV��

�� 0H6+��'06��DQG�'0'6�HPLVVLRQV�ZHUH�SULPDULO\�UHODWHG�WR�FRQGHQVDWH�FROOHFWLRQ�DQG�VWULSSLQJ�
SUDFWLFHV�DQG�W\SH�RI�VHFRQGDU\�WUHDWPHQW��2UJDQLF�VXOIXU�FRPSRXQG�HPLVVLRQV�ZHUH�KLJKHU�DW�
$6%V�UHFHLYLQJ�FRQGHQVDWHV�YLD�KDUG�SLSLQJ��%HWZHHQ����DQG�����RI�'06�KDUG�SLSHG�WR�$6%V�
ZDV�DFFRXQWHG�IRU�LQ�HPLVVLRQV��$V�0H6+�LV�NQRZQ�WR�R[LGL]H�WR�IRUP�'0'6��WKHVH�WZR�
FRPSRXQGV�ZHUH�FRQVLGHUHG�WRJHWKHU�LQ�D�PDVV�EDODQFH��:KHQ�FRQVLGHUHG�DV�D�JURXS��EHWZHHQ����
DQG�����RI�WKH�WRWDO�VXOIXU�LQ�0H6+�DQG�'0'6�ZDV�HPLWWHG��ZLWK�WKH�UHPDLQGHU�DSSDUHQWO\�
WUHDWHG�DQG�GHVWUR\HG��

�� +�6�HPLVVLRQV�IURP�$67V�ZHUH�PLQLPDO��$67V�DOVR�SURYLGHG�KLJKHU�DSSDUHQW�GHVWUXFWLRQ�RI�
0H6+��'06��DQG�'0'6��ZLWK�GHVWUXFWLRQ�HIILFLHQFLHV�RI���������DQG������UHVSHFWLYHO\��

������ :DVWHZDWHU�7UHDWPHQW�3ODQW�$TXHRXV�6XUYH\V

1&$6,�KDV�SURYLGHG�DQDO\WLFDO�VXSSRUW�WR�D�QXPEHU�RI�PLOOV�WKDW�ZHUH�FRQGXFWLQJ�RGRU�UHGXFWLRQ�
VWXGLHV���$TXHRXV�VDPSOHV�ZHUH�DQDO\]HG�IRU�56&V�WR�KHOS�SLQSRLQW�WUHDWPHQW�XQLWV�ZKHUH�VXOILGH�
JHQHUDWLRQ�DQG�ORVV��HPLVVLRQ�RU�R[LGDWLRQ��RFFXUUHG��)ORZ�DQG�DQDO\WLFDO�GDWD�KDYH�EHHQ�XVHG�WR�
GHYHORS�HVWLPDWHV�RI�PDVV�IORZV�HQWHULQJ�DQG�H[LWLQJ�WUHDWPHQW�XQLWV���7KHVH�HVWLPDWHV�SURYLGH�D�ZD\�
WR�GHWHUPLQH�LI�56&V�LQFUHDVH�RU�GHFUHDVH�RQ�QHW�DFURVV�WKH�XQLWV��&RXSOHG�ZLWK�GDWD�VXFK�DV�S+��'2��
253��DQG�DPELHQW�DLU�PHDVXUHPHQWV��WKHVH�HVWLPDWHV�FDQ�SURYLGH�YDOXDEOH�LQVLJKWV�WR�DLG�LQ�
GHYHORSPHQW�RI�HIIHFWLYH�RGRU�FRQWURO�SURJUDPV��
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$Q�H[DPSOH�RI�VXOILGH�PDVV�IORZ�HVWLPDWHV�LV�SURYLGHG�LQ�)LJXUH������7KH�LQIRUPDWLRQ�LOOXVWUDWHG�LQ�
WKH�ILJXUH�ZDV�DFTXLUHG�GXULQJ�RGRU�UHGXFWLRQ�VWXGLHV�FRQGXFWHG�DW�D�EOHDFKHG�NUDIW�PLOO�ZLWK�D�
::73�FRQVLVWLQJ�RI�D�SULPDU\�FODULILHU��D�QRQ�DHUDWHG�HTXDOL]DWLRQ�EDVLQ��WKUHH�$6%V��DQG�D�ODUJH�
TXLHVFHQW�EDVLQ��)RXO�FRQGHQVDWH�ZDV�EHLQJ�KDUG�SLSHG�WR�WKH�IURQW�HQG�RI�WKH�ILUVW�DHUDWLRQ�EDVLQ�
ZKHQ�WKH�LQLWLDO�VXUYH\�RFFXUUHG��%DVHOLQH�GDWD�VXJJHVWHG�WKDW�VXOILGH�JHQHUDWLRQ�RFFXUUHG�LQ�WKH�
SULPDU\�FODULILHU�DQG�WKH�ILUVW�$6%��,Q�DGGLWLRQ��WKH�IRXO�FRQGHQVDWH�LQSXW��KDUG�SLSH�LQOHW��DW�WKH�IURQW�
RI�WKH�ILUVW�$6%�ZDV�VXVSHFWHG�RI�EHLQJ�D�FRQWULEXWLQJ�VRXUFH�RI�RGRURXV�FRPSRXQGV�WR�WKH�EDVLQ��1HW�
GHFUHDVHV�LQ�VXOILGH�DFURVV�WKH�HTXDOL]DWLRQ�EDVLQ�DQG�VHFRQG�$6%�LQGLFDWHG�SRWHQWLDO�HPLVVLRQ�SRLQWV��
DOWKRXJK�LW�LV�LPSRUWDQW�WR�FRQVLGHU�WKDW�VRPH�RU�DOO�RI�WKH�GHFUHDVHV�PD\�KDYH�EHHQ�GXH�WR�FKHPLFDO�
RU�ELRFKHPLFDO�R[LGDWLRQ��7KHVH�ILQGLQJV��LQ�DGGLWLRQ�WR�DLU�PRQLWRULQJ�UHVXOWV�DQG�RGRU�VXUYH\�ZRUN��
ZHUH�XWLOL]HG�E\�WKH�PLOO�WR�GHYHORS�D�SKDVHG�DSSURDFK�WKDW�LQFOXGHG�PRYLQJ�WKH�IRXO�FRQGHQVDWH�
DGGLWLRQ�SRLQW�WR�WKH�VHFRQG�DHUDWLRQ�EDVLQ�DQG�LQFUHDVLQJ�DHUDWLRQ�KRUVHSRZHU�LQ�WKH�V\VWHP��
0DLQWDLQLQJ�DHURELF�FRQGLWLRQV�WKURXJKRXW�WKH�WUHDWPHQW�V\VWHP�SUHFOXGHV�JHQHUDWLRQ�RI�+�6�YLD�
GLVVLPLODWRU\�VXOIDWH�UHGXFWLRQ��

3ULPDU\�&ODULILHU

3URFHVV�6HZHUV

����
������
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6HWWOLQJ�3RQG

%OHDFKLQJ�
(IIOXHQW

&DQDO

)LJXUH�������:DVWHZDWHU�7UHDWPHQW�3ODQW�7RWDO�6XOILGH�
(VWLPDWHG�0DVV�)ORZV��OE�6�GD\���%DVHOLQH�$VVHVVPHQW�

7KHVH�GDWD��DQG�WKRVH�FROOHFWHG�GXULQJ�RWKHU�::73�VXUYH\V��VXJJHVW�WKDW�VXOILGH�JHQHUDWHG�GXULQJ�
ZDVWHZDWHU�WUHDWPHQW�LV�XVXDOO\�DVVRFLDWHG�ZLWK�WUHDWPHQW�XQLWV�LQ�ZKLFK�DQR[LF�FRQGLWLRQV�RFFXU�
HLWKHU�E\�GHVLJQ��SULPDU\�WUHDWPHQW��RU�GXH�WR�LQVXIILFLHQWO\�DHUDWHG�ELRORJLFDO�WUHDWPHQW�EDVLQV��,W�LV�
OLNHO\��EDVHG�RQ�DLU�PRQLWRULQJ�GDWD��WKDW�::73�DUHDV�ZKHUH�VXOILGH�JHQHUDWLRQ�FDQ�RFFXU�DUH�DOVR�WKH�
DUHDV�ZKHUH�WKH�SRWHQWLDO�IRU�HPLVVLRQV�LV�KLJKHVW��+RZHYHU��DFWXDO�HPLVVLRQ�UDWHV�GHSHQG�RQ�VHYHUDO�
SK\VLFDO�SURSHUWLHV�RI�WKH�]RQHV��VXFK�DV�VXUIDFH�DUHD�WR�YROXPH�UDWLR�DQG�OHYHO�RI�WXUEXOHQFH��/RVV�RI�
56&V�LQ�VRPH�WUHDWPHQW�]RQHV�PD\�EH�GXH�WR�YRODWLOL]DWLRQ�RU�WR�R[LGDWLRQ�E\�FKHPLFDO�RU�ELRORJLFDO�
SURFHVVHV��6HYHUDO�IDFWRUV�LQIOXHQFH�PDVV�WUDQVIHU�RI�VXOILGH�LQ�WKH�::73��0DVV�WUDQVIHU�IURP�QRQ�
DHUDWHG�::73�XQLWV�VXFK�DV�SULPDU\�VHWWOLQJ�SRQGV�DQG�SRVW�DHUDWLRQ�VWDELOL]DWLRQ�SRQGV�RFFXUV�
SULPDULO\�WKURXJK�YRODWLOL]DWLRQ��ZKLOH�PDVV�WUDQVIHU�IURP�DHUDWHG�XQLWV�VXFK�DV�$6%V�RFFXUV�WKURXJK�
ERWK�YRODWLOL]DWLRQ�DQG�VWULSSLQJ��7KHUHIRUH��RYHUDOO�PDVV�WUDQVIHU�RI�VXOILGH�LQ�WKH�::73�LV�
LQIOXHQFHG�E\�DHUDWRU�FKDUDFWHULVWLFV��H�J���LPSHOOHU�GLDPHWHU��USP���SK\VLFDO�SURSHUWLHV��H�J���GHQVLW\�
DQG�YLVFRVLW\�RI�DLU��DHUDWLRQ�KRUVHSRZHU��UDWH�DQG�HIIHFWLYHQHVV�RI�R[\JHQ�WUDQVIHU��GLIIXVLYLW\�RI�
R[\JHQ�LQ�WKH�ZDWHU��ZLQG�YHORFLW\��FRPSRXQG�GLIIXVLYLW\�LQ�ZDWHU��XQLW�GLPHQVLRQV�VXFK�DV�UDWLR�RI�
IHWFK�WR�GHSWK���DQG�WKH�+HQU\¶V�ODZ�FRQVWDQW��GHSHQGHQW�RQ�S+��WHPSHUDWXUH��FRPSRXQG�K\GUDWLRQ��
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FRPSRXQG�FRQFHQWUDWLRQ��FR�VROYHQW�DQG�FR�VROXWHV��GLVVROYHG�VDOWV��VXVSHQGHG�VROLGV��GLVVROYHG�
RUJDQLF�PDWWHU��DQG�VXUIDFWDQWV���6WDXGLQJHU�DQG�5REHUWV�������86(3$��������$OWKRXJK�DTXHRXV�
VXUYH\V�FDQ�SURYLGH�XVHIXO�LQIRUPDWLRQ�ZKHQ�PDNLQJ�RGRU�UHGXFWLRQ�GHFLVLRQV��DGGLWLRQDO�GDWD�PD\�
EH�UHTXLUHG�WR�SLQSRLQW�]RQHV�RI�JHQHUDWLRQ��R[LGDWLRQ��DQG�YRODWLOL]DWLRQ�ZLWKLQ�WKH�::73��

��� &21752/�0(7+2'6�)25�+<'52*(1�68/),'(�

1&$6,�UHVHDUFK�DQG�SXEOLVKHG�OLWHUDWXUH�UHJDUGLQJ�::73�RGRU�UHGXFWLRQ�LQGLFDWH�WKDW�+�6�LV�D�
SULPDU\�FDXVH�RI�RGRUV�DVVRFLDWHG�ZLWK�::73�RSHUDWLRQV��7KXV��HIIRUWV�WR�PLQLPL]H�VXFK�RGRUV�
W\SLFDOO\�IRFXV�RQ�FRQWURO�PHWKRGV�WR�UHGXFH�+�6�JHQHUDWLRQ�DQG�HPLVVLRQ��$�YDULHW\�RI�PHWKRGV�KDYH�
EHHQ�SURSRVHG��PDQ\�RI�ZKLFK�KDYH�EHHQ�ILHOG�WHVWHG�DQG�LPSOHPHQWHG��7R�EHWWHU�XQGHUVWDQG�WKH�
EDVLV�IRU�WKHVH�PHWKRGV��DQ�RYHUYLHZ�RI�PDMRU�VXOIXU�WUDQVIRUPDWLRQV�WKDW�FDQ�RFFXU�LQ�::73V�LV�
SURYLGHG��8QGHUVWDQGLQJ�VXOIXU�FKHPLVWU\�FDQ�EH�FKDOOHQJLQJ�DQG�LV�D�OLIHORQJ�SXUVXLW�IRU�VRPH�
FKHPLVWV��6XOIXU�KDV�D�WRWDO�RI�WHQ�R[LGDWLRQ�VWDWHV��LQFOXGLQJ����������������������ò��������������DQG�
����DQG�IRU�WKLV�DQG�RWKHU�UHDVRQV��WUDQVIRUPDWLRQ�UHDFWLRQV�DUH�FRPSOH[��

7KLV�VHFWLRQ�GHVFULEHV�FRQWURO�PHWKRGV�WKDW�KDYH�EHHQ�GHYHORSHG�DQG�WHVWHG�LQ�WKH�SXOS�DQG�SDSHU�DQG�
RWKHU�LQGXVWULHV�WR�FRPEDW�DQG�PLQLPL]H�RGRUV�DULVLQJ�IURP�56&V��VSHFLILFDOO\�+�6��DQG��WR�D�OLPLWHG�
H[WHQW��RWKHU�RGRU�FDXVLQJ�FRPSRXQGV�VXFK�DV�9)$V��=KDQJ�HW�DO���������'DWD�DFTXLUHG�IURP�1&$6,�
PHPEHU�FRPSDQ\�VWXGLHV�DUH�LQFOXGHG�DV�H[DPSOHV�RI�WHFKQLTXHV�WKDW�KDYH�EHHQ�XWLOL]HG�DW�SXOS�DQG�
SDSHU�PLOOV�LQ�WKH�8�6��DQG�&DQDGD��

���� 2YHUYLHZ�RI�6XOILGH�%HKDYLRU�LQ�:DVWHZDWHU�6\VWHPV�

+�6�LV�D�ZHDN�GLEDVLF�DFLG�WKDW�ZLOO�GLVSURSRUWLRQDWH�LQ�ZDVWHZDWHU�DFFRUGLQJ�WR�(TXDWLRQ�����2I�WKH�
VXOIXU�VSHFLHV�VKRZQ��RQO\�+�6�LV�YRODWLOH��7KH�UHDFWLRQ�LV�DIIHFWHG�E\�WKH�S+�RI�WKH�ZDVWHZDWHU��
WHPSHUDWXUH��DQG�LRQLF�VWUHQJWK��+6��IRUPDWLRQ�FDQ�DOVR�UHVXOW�IURP�VXOIDWH�DQG�WKLRVXOIDWH�UHGXFWLRQ��

� �+�6� �+����+6� ���+����6��� �(T�������

7KH�FKHPLFDO�IDWH�DQG�WUDQVSRUW�RI�VXOIXU�FRPSRXQGV�LQ�WKH�::73�LV�D�FRPSOH[�VHULHV�RI�FKHPLFDO�
DQG�ELRFKHPLFDO�UHDFWLRQV�DQG�SK\VLFDO�WUDQVSRUW�SURFHVVHV��7RRNH�������=KDQJ�HW�DO���������DV�
VKRZQ�LQ�)LJXUH������7KH\�LQFOXGH�YRODWLOL]DWLRQ��UHGXFWLRQ��GLVVLPLODWRU\�DQG�DVVLPLODWRU\���R[LGDWLRQ�
�FKHPLFDO�DQG�ELRORJLFDO���DQG�PLQHUDOL]DWLRQ��

7KH�PHFKDQLVPV�RI�VXOILGH�JHQHUDWLRQ�LQ�ZDVWHZDWHU�V\VWHPV�PD\�EH�QXPHURXV�DQG�FRPSOH[��EXW�
PRVW�OLWHUDWXUH�VRXUFHV�LQGLFDWH�WKDW�WKH�SULPDU\�PHFKDQLVP�LV�GLVVLPLODWRU\�VXOIDWH�UHGXFWLRQ��7KLV�
ELRORJLFDOO\�PHGLDWHG�UHDFWLRQ�RFFXUV�XQGHU�FRQGLWLRQV�WKDW�FDQ�GHYHORS�LQ�PDQ\�SXOS�DQG�SDSHU�
ZDVWHZDWHU�WUHDWPHQW�V\VWHPV��KLJK�WHPSHUDWXUHV��KLJK�%2'�DQG�VXOIDWH�ORDGV��DQG�DQ�DEVHQFH�RI�
HQHUJHWLFDOO\�IDYRUDEOH�HOHFWURQ�DFFHSWRUV�VXFK�DV�R[\JHQ�RU�QLWUDWH��'HOJDGR�HW�DO��������=KDQJ�HW�DO��
�������7KHVH�FRQGLWLRQV�DUH�OLNHO\�WR�RFFXU�LQ�DQDHURELF�VHFWLRQV�RI�WKH�WUHDWPHQW�V\VWHP��7RRNH�
������$6&(�������VXFK�DV�SULPDU\�VHWWOLQJ�XQLWV��WKH�IURQW�HQG�RI�DHUDWHG�XQLWV��DQG�VOXGJH�GHSRVLWV��
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)LJXUH�������0DMRU�6XOILGH�7UDQVLWLRQV�LQ�WKH�:DVWHZDWHU�7UHDWPHQW�3ODQW�

$�W\SLFDO�ELRORJLFDOO\�PHGLDWHG�UHGXFWLRQ�LV�LOOXVWUDWHG�LQ�(TXDWLRQ������

� �+����62�
�� ��+�2���6

��� �(T�������

2[LGL]HG�VXOIXU�LV�XVXDOO\�QRW�D�OLPLWLQJ�UHDFWDQW�LQ�SXOS�DQG�SDSHU�PLOO�ZDVWHZDWHU�EHFDXVH�VXOIDWH�
DQG�RWKHU�LQWHUPHGLDWHV��VXOILWH��WKLRVXOIDWH��SRO\WKLRQDWHV��GLPHWK\O�VXOIR[LGH��HOHPHQWDO�VXOIXU��DUH�
SUHVHQW��7RRNH��������7KH�UHDFWLRQ�LV�DIIHFWHG�E\�S+��WHPSHUDWXUH��DYDLODEOH�QXWULHQWV��DEVHQFH�RI�
65%��DQG�WKH�253�RI�WKH�V\VWHP��'HOJDGR�HW�DO���������:DVWHV�ZLWK�KLJK�%2'��FRQFHQWUDWLRQV�
�����WR������PJ�/��FDQ�HQKDQFH�VXOILGH�SURGXFWLRQ��%HFDXVH�VXOILGH�JHQHUDWLRQ�LV�GHSHQGHQW�RQ�
DQDHURELF�FRQGLWLRQV��DQ\�ZDVWH�WKDW�DFFHOHUDWHV�WKH�FRQVXPSWLRQ�RI�R[\JHQ�WHQGV�WR�SURGXFH�VXOILGH�
�$6&(��������*HQHUDOO\��VXOILGH�LV�SUHVHQW�LQ�ZDVWHZDWHUV�ZLWK�QHJDWLYH�253�YDOXHV����������$V�
WHPSHUDWXUH�LQFUHDVHV�WKH�UDWH�RI�VXOILGH�IRUPDWLRQ�ZLOO�LQFUHDVH��%RRQ��������7KH�SURSRUWLRQV�RI�
+�6��+6

���DQG�6���LQ�WKH�ZDVWHZDWHU�DUH�VLJQLILFDQWO\�DIIHFWHG�E\�S+�DV�ZHOO�DV�WHPSHUDWXUH�DQG�LRQLF�
VWUHQJWK��

1&$6,�KDV�JHQHUDWHG�ODERUDWRU\�GDWD�FKDUDFWHUL]LQJ�WKH�UDWH�RI�VXOILGH�JHQHUDWLRQ�LQ�DQDHURELF�ZDWHUV�
UHSUHVHQWDWLYH�RI�SULPDU\�VHWWOLQJ�XQLWV�RU�XQGHU�DHUDWHG�$6%V��3DOXPER�HW�DO���������7KHVH�GDWD�
LQGLFDWH�WKDW�VXOILGH�FDQ�EH�JHQHUDWHG�UDSLGO\�LQ�WKHVH�ZDWHUV��VXJJHVWLQJ�WKH�DQDHURELF�ZDWHU�FROXPQ�
DV�D�SULPDU\�VRXUFH�RI�VXOILGH�LQ�WUHDWPHQW�V\VWHPV��$GGLWLRQDOO\��ILHOG�GDWD�ZHUH�FROOHFWHG�WR�HVWLPDWH�
WKH�FRQWULEXWLRQ�RI�VOXGJH�GHSRVLWV�WR�+�6�DLU�HPLVVLRQV��7KHVH�GDWD��IURP�D�VLQJOH�WUHDWPHQW�V\VWHP��
LQGLFDWHG�WKDW�D�ODUJH�PDMRULW\�RI�WKH�JDV�SURGXFHG�LQ�VOXGJH�GHSRVLWV�ZDV�PHWKDQH�DQG�FDUERQ�
GLR[LGH��+�6�ZDV�����RI�WKH�JDV�JHQHUDWHG�LQ�VOXGJH�GHSRVLWV��

$VVLPLODWRU\�VXOIDWH�UHGXFWLRQ�LQYROYHV�LQFRUSRUDWLRQ�RI�WKH�VXOIXU�LQ�VXOIDWH�LQWR�FHOOXODU�RUJDQLF�
FRQVWLWXHQWV�YLD�D�VXOILGH�LQWHUPHGLDWH��$VVLPLODWRU\�UHGXFWLRQ�RIWHQ�RFFXUV�LQ�VHGLPHQWV�
�9DLUDYDPXUWK\�DQG�6FKRRQHQ��������

$LU�:DWHU�,QWHUIDFH�

+�6�

6OXGJH�
6HGLPHQW�

VXOIDWH��
WKLRVXOIDWH�

+�6�� ��+6��+� ��6����+�

S.� S.����

5HGXFWLRQ���2[LGDWLRQ�

65%�

9RODWLOL]DWLRQ�

SRO\VXOILGHV��HOHPHQWDO�VXOIXU��VXOILWH��
WKLRVXOIDWH��SRO\WKLRQDWHV��VXOIDWH�

:DWHU�
&ROXPQ�

PHWDO�VXOILGHV

0HWDOV�3UHFLSLWDWLRQ�

$QDHURELF�%DFWHULDO�5HGXFWLRQ�

+�6��J��
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1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW�

%RWK�FKHPLFDO�DQG�ELRORJLFDO�VXOILGH�R[LGDWLRQ�FDQ�RFFXU�LQ�WKH�::73��&KHPLFDO�R[LGDWLRQ�LV�
W\SLFDOO\�VORZHU�WKDQ�ELRORJLFDO�R[LGDWLRQ��$6&(�������7RRNH��������DQG�LV�LQIOXHQFHG�E\�S+��
WHPSHUDWXUH��UHDFWDQW�FRQFHQWUDWLRQ�UDWLRV��LRQLF�VWUHQJWK��DQG�RWKHU�IDFWRUV�VXFK�DV�WKH�SUHVHQFH�RI�
WUDQVLWLRQ�PHWDO�FDWDO\VWV��7KH�UHVXOWLQJ�SURGXFWV��H�J���VXOIDWH��HOHPHQWDO�VXOIXU��GHSHQG�RQ�WKHVH�
IDFWRUV��%LRORJLFDO�R[LGDWLRQ�RFFXUV�YLD�VXOIXU�R[LGL]LQJ�EDFWHULD�WKDW�XVH�VXOILGH��HOHPHQWDO�VXOIXU��
WKLRVXOIDWH��RU�RWKHU�SDUWLDOO\�UHGXFHG�R[LGHV�RI�VXOIXU�DV�D�VRXUFH�RI�HQHUJ\��SURGXFLQJ�VXOIDWH��

2UJDQLF�FRPSRXQGV�WKDW�FRQWDLQ�VXOIXU�FDQ�EH�GHFRPSRVHG�E\�KHWHURWURSKLF�PLFURRUJDQLVPV�WKDW�
LQFRUSRUDWH�VRPH�RI�WKH�VXOIXU�DQG�UHOHDVH�VRPH�DV�VXOILGH��7KLV�SURFHVV�RI�PLQHUDOL]DWLRQ�LV�
LOOXVWUDWHG�LQ�(TXDWLRQV�����DQG������7KH�VXOIXU�FRQWDLQLQJ�RUJDQLF�FRPSRXQG�LV�UHGXFHG�WR�0H6+��
ZKLFK�LQ�WXUQ�LV�K\GURO\]HG�ELRFKHPLFDOO\�WR�PHWK\O�DOFRKRO�DQG�VXOILGH��$6&(��������

� +�2���&+�6&+�&+1+�&22+� �&+�6&+���1+����&+�&+�&2&22+� �(T�������

� &+�6+���+�2� �&+�2+���+�6� �(T�������

7KH�PDLQ�FRQWURO�PHWKRGV�XVHG�WR�PLQLPL]H�RGRUV�GXH�WR�VXOILGH�HQFRXUDJH�SURFHVVHV�WKDW�UHGXFH�RU�
HOLPLQDWH�VXOILGH�JHQHUDWLRQ�DQG�HQFRXUDJH�LWV�UHPRYDO�YLD�R[LGDWLRQ��FKHPLFDO�DQG�ELRORJLFDO��RU�
SUHFLSLWDWLRQ��PHWDOV�DQG�RUJDQLF�VFDYHQJHUV���,Q�DGGLWLRQ��PHWKRGV�WKDW�HQFRXUDJH�VXOILGH�WR�UHPDLQ�
GLVVROYHG�LQ�VROXWLRQ��H�J���S+�DGMXVWPHQW��XQWLO�R[LGDWLRQ�RU�SUHFLSLWDWLRQ�FDQ�RFFXU�DUH�HPSOR\HG��
6RPH�FRQWURO�PHWKRGV��H�J���HQ]\PH�EORFNHUV��VHOHFWLYH�XVH�RI�ELRFLGHV��DWWHPSW�WR�SUHYHQW�RU�OLPLW�
65%�DQG�WKXV�VXOILGH�JHQHUDWLRQ�SULRU�WR�RU�ZLWKLQ�WKH�::73��$GGLWLRQDO�PHWKRGV�DWWHPSW�WR�
QHXWUDOL]H�RGRUV�DQG�OLPLW�RU�GLUHFW�WKHLU�GLVWULEXWLRQ��H�J���YHJHWDWLYH�VKHOWHU�EHOWV��XQWLO�R[LGDWLRQ�FDQ�
RFFXU�LQ�WKH�DWPRVSKHUH��

���� &KHPLFDO�3UHFLSLWDWLRQ�

2GRU�PLQLPL]DWLRQ�VWUDWHJLHV�EDVHG�RQ�SUHFLSLWDWLRQ�FRQYHUW�GLVVROYHG�RGRU�FDXVLQJ�FRPSRXQGV�LQWR�
LQVROXEOH�VDOWV��WKHUHE\�SUHFLSLWDWLQJ�WKHP�RXW�RI�ZDVWHZDWHU�PDWULFHV�DQG�UHQGHULQJ�WKHP�XQDYDLODEOH�
IRU�YRODWLOL]DWLRQ�VWULSSLQJ�RU�IRU�UHDFWLRQV�RFFXUULQJ�LQ�WKH�OLTXLG�FROXPQ��6XOILGH�VDOWV�RI�PHWDOV�VXFK�
DV�LURQ��FKURPLXP��FRSSHU��]LQF��QLFNHO��RU�FDGPLXP�DUH�YHU\�VSDULQJO\�VROXEOH��DQG�DGGLWLRQ�RI�
PHWDOV�ZLOO�FDXVH�VXOILGHV�WR�SUHFLSLWDWH��=KDQJ�HW�DO���������,URQ�LV�WKH�PRVW�FRPPRQO\�XVHG�PHWDO�IRU�
VXOILGH�FRQWURO��6DOWV�VXFK�DV�IHUURXV�FKORULGH��)H&O����IHUULF�FKORULGH��)H&O����DQG�IHUURXV�VXOIDWH�
�)H62���KDYH�DOO�EHHQ�WHVWHG�LQ�VHYHUDO�DSSOLFDWLRQV�WR�FRQWURO�VXOILGH�UHODWHG�RGRUV��$GGLWLRQ�RI�DQ\�
RI�WKHVH�FRPSRXQGV�UHVXOWV�LQ�IRUPDWLRQ�RI�LURQ�VXOILGH�WKDW�KDV�D�VROXELOLW\�RI�����PJ�/�RI�ZDWHU�
�)H6���/LGH��������7KH�FKHPLFDO�UHDFWLRQ�RI�)H&O��ZLWK�VXOILGH�LV�VKRZQ�LQ�(TXDWLRQ������6WXGLHV�
LQGLFDWH�WKDW�D�PL[WXUH�RI�IHUURXV�DQG�IHUULF�LURQ�VDOWV�PD\�SURYLGH�JUHDWHU�UHGXFWLRQV�LQ�VXOILGH�WKDQ�
HLWKHU�VDOW�LQGLYLGXDOO\��=KDQJ�HW�DO���������

� )H&O�����+6
����6�� �YDULRXV�)H�VXOILGH�GLVXOILGHV����+&O� �(T�������

)H&O��UHDFWV�VLPLODUO\�WR�)H&O��EXW�KDV�RQO\�����RI�WKH�+�6�UHPRYDO�FDSDFLW\�SHU�PROH��7KH�UHGXFHG�
FRVW�RI�)H&O��UHODWLYH�WR�)H&O��FDQ�RIWHQ�RIIVHW�WKLV�GUDZEDFN��6ROXEOH�LURQ�VDOWV�DUH�XVXDOO\�DSSOLHG�DV�
FRQFHQWUDWHG�OLTXLG�VROXWLRQV�WKDW�FDQ�EH�VWRUHG�LQ�WRWHV�RU�WDQNV�DQG�PHWHUHG�LQWR�WKH�ZDVWH�VWUHDP�
XVLQJ�D�FKHPLFDO�PHWHULQJ�V\VWHP��3OXPELQJ�V\VWHPV�RIWHQ�UHTXLUH�XVH�RI�39&�WR�PLQLPL]H�FRUURVLRQ��
ZKLFK�FDQ�RFFXU�ZLWK�PHWDO�SLSHV��)H62��DQG�)H&O��DUH�PLOGO\�FRUURVLYH�DFLGV�DQG�WKHUHIRUH�UHTXLUH�
DSSURSULDWH�SUHFDXWLRQV�GXULQJ�KDQGOLQJ��

'LVDGYDQWDJHV�UHODWH�WR�LQFUHDVHG�VOXGJH�JHQHUDWLRQ�DQG�PHWDOV�WKDW�FDQ�EH�SUREOHPDWLF�ZKHQ�VOXGJH�
LV�LQFLQHUDWHG�LQ�D�ERLOHU��7KH\�PD\�LQIOXHQFH�WKH�S+�RI�WKH�VROXWLRQ�LI�WKH�EXIIHULQJ�FDSDFLW\�RI�WKH�
ZDVWHZDWHU�LV�ORZ��7KH�HIIHFWLYHQHVV�RI�WKLV�DSSURDFK�LQ�::73�XQLWV�LQ�ZKLFK�VROLGV�PD\�
DFFXPXODWH��VXFK�DV�$6%V�DQG�SROLVKLQJ�EDVLQV��FDQ�EH�OLPLWHG��DV�VHWWOHG�PHWDO�VXOILGHV�PD\�ODWHU�
UHOHDVH�+�6�YLD�ELRFKHPLFDO�UHGXFWLRQ�RI�WKH�SUHFLSLWDWHG�FRPSRXQGV��
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7KH�HIIHFWLYHQHVV�RI�)H&O��DV�DQ�RGRU�FRQWURO�FKHPLFDO�ZDV�WHVWHG�GXULQJ�D�IXOO�VFDOH�WULDO�RQ�VOXGJH�
KDQGOLQJ�DQG�HIIOXHQW�FODULILFDWLRQ�V\VWHPV��&URZGHU��7LQWL��DQG�1LHGHQ]X��������7KH�IDFLOLW\�XWLOL]HG�
D�SULPDU\�FODULILFDWLRQ�V\VWHP�DQG�DHUDWLRQ�WDQNV�WR�WUHDW�SXOS�PLOO�HIIOXHQW��%OHDFK�SODQW�HIIOXHQW�ZDV�
WUHDWHG�LQ�DQDHURELF�UHDFWRUV��DQG�DQDHURELF�VOXGJH�ZDV�FRPELQHG�ZLWK�SULPDU\�VOXGJH�DQG�GHZDWHUHG�
RQ�EHOW�SUHVVHV��)LOWUDWH�IURP�WKH�GHZDWHULQJ�V\VWHP�ZDV�UHWXUQHG�WR�WKH�SULPDU\�FODULILHU��7KH�H[LVWLQJ�
RGRU�FRQWURO�VWUDWHJ\�LQFOXGHG�FRQWLQXRXV�DGGLWLRQ�RI�VRGLXP�K\SRFKORULWH�WR�WKH�VOXGJH�KDQGOLQJ�
V\VWHP�DQG�RFFDVLRQDO�DGGLWLRQ�RI�FDOFLXP�K\SRFKORULWH�WR�WKH�SULPDU\�FODULILHU��2GRU�FRQWURO�
SHUIRUPDQFH�XQGHU�WKH�H[LVWLQJ�VWUDWHJ\�ZDV�FRPSDUHG�WR�WZR�VFHQDULRV��DGGLWLRQ�RI�)H&O��DQG�
DGGLWLRQ�RI�D�SURSULHWDU\�SURGXFW��)HUULVRUE70��D�PL[�RI�)H&O��DQG�RWKHU�DGGLWLYHV��WR�WKH�VOXGJH�
KDQGOLQJ�DQG�HIIOXHQW�WUHDWPHQW�V\VWHPV��

)H&O��DQG�)HUULVRUE�ZHUH�DGGHG�WR�WKH�FRPELQHG��DQDHURELF���SULPDU\��VOXGJH�VWUHDP�MXVW�XSVWUHDP�RI�
WKH�GHZDWHULQJ�SUHVV��%RWK�DGGLWLYHV�ZHUH�IRXQG�WR�EH�HTXDOO\�HIIHFWLYH�LQ�UHGXFLQJ�RGRUV�DW�WKDW�
ORFDWLRQ��2GRU�UHGXFWLRQ�WKURXJK�WKH�XVH�RI�VRGLXP�K\SRFKORULWH�ZDV�DOVR�FRPSDUDEOH��KRZHYHU��
XVLQJ�VRGLXP�K\SRFKORULWH�FRVW�DERXW�WZLFH�DV�PXFK�DV�WUHDWPHQW�ZLWK�)H&O���$GGLWLRQDOO\��WKH�
DXWKRUV�REVHUYHG�DQ�LQFUHDVH�LQ�253��,W�ZDV�DOVR�VSHFXODWHG�WKDW�)H&O��EHQHILWHG�VOXGJH�GHZDWHULQJ��

,Q�WKH�HIIOXHQW�WUHDWPHQW�V\VWHP��)H&O��DQG�)HUULVRUE�ZHUH�DGGHG�LQ�D�KLJKO\�WXUEXOHQW�]RQH�DKHDG�RI�
WKH�SULPDU\�FODULILHU��WKHUHE\�SURPRWLQJ�UDSLG�PL[LQJ��)H&O��ZDV�IRXQG�WR�UHGXFH�+�6�HPLVVLRQV�E\�
����DW�WKDW�ORFDWLRQ��DQG�)HUULVRUE�ZDV�IRXQG�WR�EH�HYHQ�PRUH�HIIHFWLYH��

$�VWXG\�WR�LQYHVWLJDWH�DGGLWLRQ�RI�)H62��WR�UHGXFH�VXOILGH�LQ�D�IRXO�FRQGHQVDWH�ZDV�FRQGXFWHG�DW�D�
EOHDFKHG�NUDIW�PLOO�SXOSLQJ�VRIWZRRG�DQG�KDUGZRRG��([SHULPHQWV�LQYROYHG�DGGLQJ������JDOORQV�SHU�
KRXU��*3+��RI�)H62���GHQVLW\�QRW�SURYLGHG��WR�WKH�IRXO�FRQGHQVDWH�KHDGHU��ZKLFK�KDG�D�IORZ�RI�����
PLOOLRQ�JDOORQV�SHU�GD\��0*'���WKHQ�PHDVXULQJ�VXOILGH�DW�IRXU�GURS�OHJV�ORFDWHG�EHWZHHQ�WKH�DGGLWLRQ�
SRLQW�DQG�D�SRLQW�SULRU�WR�LQWURGXFWLRQ�RI�IRXO�FRQGHQVDWH�WR�WKH�::73��'RVDJH�DQG�UHWHQWLRQ�WLPH�
WUHQGV�ZHUH�HYDOXDWHG�XVLQJ�D�VFUHHQLQJ�WHFKQLTXH�WKDW�LQYROYHG�FROOHFWLQJ����P/�VDPSOHV�LQ�D�����
P/�ERWWOH�WKDW�ZDV�FORVHG�DQG�DJLWDWHG�IRU�RQH�PLQXWH��7KH�FDS�ZDV�UHPRYHG�DQG�D�-HURPH�DLU�
PRQLWRU�ZDV�XVHG�WR�PHDVXUH�YRODWLOH�+�6�LQ�WKH�KHDGVSDFH�RI�WKH�ERWWOH��8VLQJ�WKLV�WHFKQLTXH��
KHDGVSDFH�+�6�FRQFHQWUDWLRQV�LQ�WKH�IRXO�FRQGHQVDWH�UDQJHG�IURP�����WR�����SSP�SULRU�WR�DGGLWLRQ�RI�
)H62��DQG�IURP����WR�����SSP�IROORZLQJ�DGGLWLRQ��5HGXFWLRQV�LQ�VXOILGH�UDQJHG�IURP����DW�WKH�ILUVW�
GURS�OHJ�WR�����DW�WKH�VHFRQG��WKLUG��DQG�IRXUWK�GURS�OHJV��)LJXUH�������LQGLFDWLQJ�D�VLJQLILFDQW�
UHGXFWLRQ�LQ�VXOILGH�RQFH�WKH�)H62��ZDV�ZHOO�PL[HG�LQ�WKH�IRXO�FRQGHQVDWH�VHZHU��1&$6,�ILOHV���
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)LJXUH�������6XOILGH�5HGXFWLRQ�DIWHU�)HUURXV�6XOIDWH�$GGLWLRQ�WR�D�)RXO�&RQGHQVDWH�
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���� 2[LGDWLRQ�

6HYHUDO�R[LGL]LQJ�DJHQWV�KDYH�EHHQ�XVHG�IRU�GHVWUXFWLRQ�RI�RGRUV�UHVXOWLQJ�IURP�+�6��7KH�DSSURDFK�LV�
WR�R[LGL]H�WKH�VXOILGH�LQWR�QRQYRODWLOH�IRUPV�VXFK�DV�HOHPHQWDO�VXOIXU��WKLRVXOIDWH��VXOILWH��DQG�VXOIDWH��
&KHPLFDO�R[LGDWLRQ�UHDFWLRQV�DUH�JHQHUDOO\�VORZHU�WKDQ�ELRFKHPLFDO�R[LGDWLRQ�UHDFWLRQV��$6&(�
�������,Q�WKH�SUHVHQFH�RI�ODUJH�RUJDQLF�ORDGV��DV�ZLWK�LQGXVWULDO�ZDVWHZDWHUV��WKH�HFRQRPLFV�RI�
R[LGL]LQJ�DJHQW�XVH�FDQ�EH�SURKLELWLYH�GXH�WR�FRPSHWLWLYH�UHDFWLRQV�ZLWK�RUJDQLF�PDWHULDOV��6RPH�RI�
WKH�FRPPRQO\�XVHG�R[LGL]LQJ�DJHQWV�DUH�FKORULQH��FKORULQH�GLR[LGH��K\SRFKORULWH��R[\JHQ��DQG�
K\GURJHQ�SHUR[LGH��,QGXVWU\�H[SHULHQFH�ZLWK�XVH�RI�R[LGL]LQJ�DJHQWV�LV�VXPPDUL]HG�KHUHLQ��

������ +\GURJHQ�3HUR[LGH

+\GURJHQ�SHUR[LGH��+�2���FDQ�EH�XVHG�WR�FKHPLFDOO\�R[LGL]H�+�6�LQWR�HLWKHU�HOHPHQWDO�VXOIXU�RU�
VXOIDWH��WKH�IRUPHU�DW�S+����WR����WKH�ODWWHU�DW�S+�!��WR�����DV�VKRZQ�LQ�(TXDWLRQV�����DQG������,Q�WKH�
UDQJH�RI�S+���WR����ERWK�UHDFWLRQV�PD\�RFFXU��([FHVV�+�2��FDQ�R[LGL]H�RWKHU�ZDVWHZDWHU�FRPSRQHQWV�
RU�GHFRPSRVH�WR�UHOHDVH�R[\JHQ�DQG�ZDWHU��

� +�2����+�6� �6����+�2� �(T�������

� �+�2����6
�� �62�

������+�2� �(T�������

+�2��LV�D�FOHDU��FRORUOHVV��QRQIODPPDEOH�FRPSRXQG�WKDW�LV�PLVFLEOH�ZLWK�ZDWHU�LQ�DOO�SURSRUWLRQV�DQG�
LV�QRUPDOO\�VROG�DV�D�VROXWLRQ�H[SUHVVHG�DV�D�SHUFHQWDJH�RI�WKH�VROXWLRQ¶V�ZHLJKW��H�J���D�����VROXWLRQ�
FRQWDLQV�����+�2��DQG�����ZDWHU�E\�ZHLJKW���6ROXWLRQV�RI�!���DUH�FODVVLILHG�DV�R[LGL]HUV�E\�WKH�
8�6��'HSDUWPHQW�RI�7UDQVSRUWDWLRQ��+�2��FDQ�EH�REWDLQHG�LQ�VPDOO�GUXPV�RU�WDQNV�HTXLSSHG�ZLWK�
PHWHULQJ�SXPSV�DQG�SOXPEHG�WR�WKH�DGGLWLRQ�SRLQW���6WRUDJH�FRQWDLQHUV�PXVW�EH�SURSHUO\�YHQWHG�
EHFDXVH�FRQWDPLQDWLRQ�RU�H[FHVV�KHDW�FDQ�DFFHOHUDWH�GHFRPSRVLWLRQ�WR�R[\JHQ�DQG�ZDWHU��6SHFLDO�
VDIHW\�KDQGOLQJ�LV�UHTXLUHG��LQFOXGLQJ�H\H�SURWHFWLRQ�DQG�SURWHFWLYH�FORWKLQJ��

'DYLHV��&KULVW\��DQG�2¶&RQQRU��������UHSRUWHG�RQ�WKH�HIIHFWLYHQHVV�RI�XVLQJ�+�2��WR�FRQWURO�RGRUV�
UHVXOWLQJ�IURP�UHOHDVH�RI�+�6�DW�IRXU�ORFDWLRQV�DURXQG�WKH�::73�DW�D�SXOS�DQG�SDSHU�PLOO�LQ�&DQDGD��
7KH�VSHFLILF�REMHFWLYHV�ZHUH�WR�UHGXFH�+�6�FRQFHQWUDWLRQ�LQ�DQ�DQDHURELF�VSLOO�EDVLQ�HIIOXHQW�UHWXUQHG�
WR�WKH�HIIOXHQW�FODULILFDWLRQ�DQG�WUHDWPHQW�V\VWHP��WUHDW�DQDHURELF�VOXGJH�IURP�WKH�VSLOO�EDVLQ��
PLQLPL]H�RGRUV�DULVLQJ�IURP�VHZHULQJ�FRQGHQVDWHV��DQG�WUHDW�DOO�IRXO�FRQGHQVDWHV�IURP�WKH�PLOO�GXULQJ�
D�VFKHGXOHG�VKXWGRZQ�RI�WKH�VWHDP�VWULSSHU��

+�2��ZDV�IRXQG�WR�EH�HIIHFWLYH�IRU�RGRU�UHGXFWLRQ�DW�DOO�WKH�ORFDWLRQV��,W�ZDV�DGGHG�WR�WKH�DQDHURELF�
VSLOO�EDVLQ�HIIOXHQW�DW�D�ORFDWLRQ�WKDW�SURPRWHG�JRRG�PL[LQJ�SULRU�WR�LQWURGXFWLRQ�LQWR�WKH�FODULILHU��7KH�
UHVLGHQFH�WLPH�DVVRFLDWHG�ZLWK�WUDQVIHU�RI�HIIOXHQW�IURP�WKH�VSLOO�EDVLQ�WR�WKH�FODULILHU�ZDV�VXIILFLHQW�WR�
R[LGL]H�+�6�DQG�PLQLPL]H�RGRU��6OXGJH�GHZDWHULQJ�HTXLSPHQW�FRQVLVWHG�RI�D�VFUHHQ��DQ�DJLWDWLRQ�
WDQN��D�FHQWULIXJH��DQG�D�EHOW�SUHVV��+�2��ZDV�DGGHG�WR�WKH�DJLWDWLRQ�WDQN��,Q�DGGLWLRQ��DQ�RGRU�
FRQWUROOLQJ�VSUD\��(FRVRUE��ZDV�DSSOLHG�WR�WKH�DLU�DURXQG�WKH�VFUHHQV�WR�FDSWXUH�DQ\�UHVLGXDO�RGRUV��
+�2��ZDV�DOVR�XVHG�WR�UHGXFH�RGRUV�GXULQJ�RFFDVLRQDO�VHZHULQJ�RI�FRQGHQVDWHV��'RVDJH�OHYHOV�ZHUH�
VHOHFWHG�EDVHG�RQ�ODERUDWRU\�VWXGLHV�WKDW�LQGLFDWHG�WKDW�a����PJ�+�2��/�RI�WUHDWHG�FRQGHQVDWH�ZDV�
VXIILFLHQW�WR�UHPRYH�RGRUV��$�VROXWLRQ�FRQWDLQLQJ�����+�2��ZDV�DOVR�XVHG�WR�UHGXFH�RGRUV�GXULQJ�
VWHDP�VWULSSHU�GRZQWLPH�HYHQWV�ZKHQ�IRXO�FRQGHQVDWHV�ZHUH�SLSHG�GLUHFWO\�LQWR�WKH�DHUDWLRQ�SRQG��

+�2��DQG�FDOFLXP�SHUR[LGH��&D2���KDYH�EHHQ�XVHG�LQ�WKH�SUHVHQFH�RI�SHUR[LGDVH��DQ�HQ]\PH�IRXQG�LQ�
KRUVHUDGLVK��WR�UHPRYH�RGRUV�LQ�VZLQH�PDQXUH��6ZLQH�PDQXUH�LV�NQRZQ�WR�FRQWDLQ�ODUJH�DPRXQWV�RI�
9)$V��SKHQROLF�FRPSRXQGV��DQG�LQGROLF�FRPSRXQGV�WKDW�KDYH�EHHQ�LPSOLFDWHG�LQ�RGRU��3HUR[LGDVH��LQ�
WKH�SUHVHQFH�RI�SHUR[LGHV��KDV�EHHQ�IRXQG�WR�SRO\PHUL]H�SKHQROLF�RGRUDQWV��WKHUHE\�UHGXFLQJ�
DVVRFLDWHG�RGRUV��*RYHUH�HW�DO���������
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+�2��KDV�DOVR�EHHQ�XVHG�VXFFHVVIXOO\�DV�RQH�HOHPHQW�RI�D�PXOWL�SURQJHG�DSSURDFK�WR�FRQWURO�RGRU�
DWWULEXWHG�WR�9)$�JHQHUDWLRQ�LQ�DQDHURELF�HQYLURQPHQWV��'DYLV�DQG�6PLWK��������+�2��ZRXOG�EH�
SDUWLFXODUO\�EHQHILFLDO�IRU�XVH�LQ�PLOOV�ZLWK�KLJK�OHYHOV�RI�ZDWHU�UHXVH��H�J���VRPH�UHF\FOH�PLOOV���
2[\JHQ�OLPLWHG�HQYLURQPHQWV�LQ�WKH�SURFHVV�ZDWHU�WUDQVSRUW�V\VWHP�DW�WKRVH�IDFLOLWLHV�FDQ�EH�LGHDO�IRU�
DQDHURELF�EDFWHULDO�JURZWK��7UDGLWLRQDO�R[LGL]HUV�VXFK�DV�VRGLXP�K\SRFKORULWH��FKORULQH��DQG�FKORULQH�
GLR[LGH�LQFUHDVH�WRWDO�FKORULGH�DQG�FRQGXFWLYLW\�LQ�WKH�UHXVHG�HIIOXHQW��ZKLFK�FDQ�GLVUXSW�SURFHVV�
SHUIRUPDQFH�DQG�FDXVH�FRUURVLRQ��7KH�PXOWL�SURQJHG�DSSURDFK�XVHG�DW�D������UHF\FOHG�FRUUXJDWLQJ�
PHGLXP�PLOO�IRFXVHG�RQ�JRRG�RSHUDWLQJ�SUDFWLFHV�DLPHG�DW�R[\JHQDWLRQ��ELRFLGH�DSSOLFDWLRQ�WR�
FRQWURO�WKH�DPRXQW�RI�DHURELF�EDFWHULD��DQG�+�2��XVH�WR�SUHYHQW�DQDHURELF�HQYLURQPHQWV�LQ�WKH�
VHFRQGDU\�WUHDWPHQW�V\VWHP��'DYLV�DQG�6PLWK�������

1&$6,�DVVLVWHG�D�EOHDFKHG�NUDIW�PLOO�WKDW�FRQGXFWHG�D�WULDO�WR�LQYHVWLJDWH�WKH�HIIHFWV�RI�DGGLQJ�+�2�

WR�IRXO�FRQGHQVDWHV��)RXO�FRQGHQVDWHV�ZHUH�SLSHG�GLUHFWO\�WR�WKH�ILUVW�EDVLQ�RI�D�PXOWL�VWDJH�$6%��
6DPSOHV�ZHUH�FROOHFWHG�DW�WZR�ORFDWLRQV��MXVW�SULRU�WR�DGGLWLRQ�RI�SHUR[LGH�DQG�MXVW�IROORZLQJ�WKH�
DGGLWLRQ�SRLQW��RYHU�D�ILYH�GD\�SHULRG�WR�DVVHVV�LPSDFWV�RQ�VXOILGH�FRQFHQWUDWLRQV��6DPSOHV�ZHUH�
DQDO\]HG�XVLQJ�GLUHFW�LQMHFWLRQ�*&�3)3'��1&$6,�0HWKRG�56&��������1&$6,��������+�2��ZDV�
DGGHG�DV�D�����VROXWLRQ�DW�D�UDWH�RI������JDOORQV�SHU�PLQXWH��*30��WR�WKH�IRXO�FRQGHQVDWH�VWUHDP��
ZKLFK�KDG�D�IORZ�UDWH�RI���0*'��UHVXOWLQJ�LQ�D�FRQFHQWUDWLRQ�RI�DSSUR[LPDWHO\������J�+�2��/�RI�IRXO�
FRQGHQVDWH��7KH�DYHUDJH�UHGXFWLRQ�LQ�VXOILGH�FRQFHQWUDWLRQ�ZDV�RYHU������DV�LOOXVWUDWHG�LQ�)LJXUH������
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8Q WUHDWHG 3HUR[LGH �7UHD WHG

)LJXUH�������6XOILGH�&RQFHQWUDWLRQV�DIWHU�3HUR[LGH�$GGLWLRQ�������J�/��WR�D�)RXO�&RQGHQVDWH�
>QXPEHUV�DERYH�EDUV�UHSUHVHQW�SHUFHQW�UHGXFWLRQV�LQ�WRWDO�VXOILGH�REVHUYHG�HDFK�GD\@�

'RVDJH�DQG�UHWHQWLRQ�WLPH�WUHQGV�ZHUH�HYDOXDWHG�XVLQJ�D�VFUHHQLQJ�WHFKQLTXH�WKDW�LQYROYHG�FROOHFWLQJ�
���P/�VDPSOHV�LQ�D�����P/�ERWWOH�WKDW�ZDV�FORVHG�DQG�DJLWDWHG�IRU�RQH�PLQXWH��7KH�FDS�ZDV�UHPRYHG�
DQG�D�-HURPH�DLU�PRQLWRU�ZDV�XVHG�WR�PHDVXUH�YRODWLOH�+�6�LQ�WKH�KHDGVSDFH��7KH�HIIHFW�RI�SHUR[LGH�
GRVH�DQG�UHWHQWLRQ�WLPH�DUH�LOOXVWUDWHG�LQ�)LJXUH������5HGXFWLRQV�RI�!����ZHUH�REVHUYHG�DIWHU�WKH�ILUVW�
PLQXWH��DQG�DW�VRPH�GRVDJH�UDWHV�WKH\�LQFUHDVHG�PRGHVWO\�ZLWK�DGGLWLRQDO�UHWHQWLRQ�WLPH��)LJXUH�����
LOOXVWUDWHV�WUHQGV�IRU�GRVHV�RI�����DQG�����*30�RI�D�����+�2��VROXWLRQ�WR�WKH���0*'�IRXO�FRQGHQVDWH�
DW�WKH�IRXU�VDPSOLQJ�ORFDWLRQV��GURS�OHJV���WKURXJK�����$OWKRXJK�VRPH�YDULDELOLW\�ZDV�REVHUYHG��D�
VLJQLILFDQW�UHGXFWLRQ�LQ�VXOILGH�ZDV�REVHUYHG�DW�WKH�ILUVW�GURS�OHJ�XQGHU�ERWK�DGGLWLRQ�UDWHV�
LQYHVWLJDWHG�DQG�LQFUHDVHG�JUDGXDOO\�DV�WKH�IRXO�FRQGHQVDWH�SURJUHVVHG�WKURXJK�WKH�GURS�OHJV��

�����

���� ���� ����� �����
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)LJXUH�������(IIHFW�RI�+\GURJHQ�3HUR[LGH�'RVH��������������������DQG������J�/��DQG�
5HWHQWLRQ�7LPH�RQ�6XOILGH�5HPRYDO�(IILFLHQF\�>KHDGVSDFH�PHDVXUHPHQWV@�
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)LJXUH�������(IIHFW�RI�+\GURJHQ�3HUR[LGH�'RVH��������������������DQG������J�/��DQG�
6DPSOH�/RFDWLRQ�RQ�6XOILGH�5HPRYDO�(IILFLHQF\�>KHDGVSDFH�PHDVXUHPHQWV@�

$QRWKHU�H[DPSOH�RI�+�2��XVH�DW�D�EOHDFKHG�NUDIW�PLOO�LV�LOOXVWUDWHG�LQ�)LJXUH������7KH�PLOO�FRQGXFWHG�D�
EHQFK�VWXG\�SULRU�WR�DQ�RGRU�UHGXFWLRQ�WULDO�WR�GHWHUPLQH�WKH�GRVH�UHVSRQVH�FXUYH�IRU�SHUR[LGH�
DGGLWLRQ�WR�IRXO�FRQGHQVDWHV��)RXO�FRQGHQVDWHV�ZHUH�WUHDWHG�ZLWK�WKH�R[LGDQW������+�2���GHQVLW\�
����J�P/��YROXPHV�VKRZQ�LQ�WKH�ILJXUH��HTXLYDOHQW�WR�������������������DQG������J�+�2��/�RI�IRXO�
FRQGHQVDWH��DW��� &�IRU����PLQXWHV�LQ�VHDOHG�YLDOV��6DPSOHV�ZHUH�UHPRYHG�DQG�DQDO\]HG�E\�GLUHFW�
DTXHRXV�LQMHFWLRQ�*&�VXOIXU�FKHPLOXPLQHVFHQFH�GHWHFWRUV��6&'��IRU�VXOILGH��0H6+��'06��DQG�
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'0'6��7KH�GDWD�LQGLFDWH�WKDW�VXOILGH�DQG�0H6+�ZHUH�UHDGLO\�UHPRYHG��EXW�WKDW�'06�UHTXLUHG�
VLJQLILFDQWO\�KLJKHU�GRVHV�WR�DFKLHYH�HTXLYDOHQW�OHYHOV�RI�UHPRYDO��'0'6�ZDV�QRW�UHPRYHG�DQG�LQ�
IDFW�LQFUHDVHG�ZLWK�SHUR[LGH�GRVH��SUHVXPDEO\�GXH�WR�R[LGDWLRQ�RI�0H6+��
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3HUR[LGH��OEV��)RXO�&RQGHQVDWH��JDO�
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)LJXUH�������+\GURJHQ�3HUR[LGH�'RVH�5HVSRQVH�&XUYH�IRU�7UHDWPHQW�RI�)RXO�&RQGHQVDWHV�

)ROORZLQJ�WKH�EHQFK�VWXGLHV��D�PLOO�WULDO�ZDV�FRQGXFWHG�RYHU�D�ILYH�GD\�SHULRG��+�2��ZDV�DGGHG�WR�WKH�
IRXO�FRQGHQVDWH�WDQN��S+�����WR������DW�D�UDWH�RI���JDOORQ�������+�2�� WR�HYHU\�����JDOORQV�RI�
FRQGHQVDWH��ZKLFK�LV�HTXLYDOHQW�WR�����J�+�2��/�RI�IRXO�FRQGHQVDWH��7KLV�DGGLWLRQ�SRLQW�SURYLGHG�D�
UHWHQWLRQ�WLPH�RI�a���PLQXWHV�SULRU�WR�WKH�::73��7KH�WULDO�UHVXOWHG�LQ�RYHUDOO�DYHUDJH�UHGXFWLRQV�LQ�
VXOILGH��0H6+��DQG�'06�RI�������������DQG��������UHVSHFWLYHO\��7DEOH�������7KH�OHYHO�RI�'0'6�
LQFUHDVHG��SUREDEO\�GXH�WR�R[LGDWLRQ�RI�0H6+�WR�'0'6��GXULQJ�WKH�DGGLWLRQ�EXW�UHSRUWHGO\�GLG�QRW�
DIIHFW�RYHUDOO�RGRU�IURP�WKH�::73��1&$6,�ILOHV���7KH�PLOO�FRQWLQXHV�WR�IHHG�+�2��WR�WKH�IRXO�
FRQGHQVDWH�DQG�KDV�UHSRUWHG�D�UHGXFWLRQ�LQ�RGRU�DW�WKH�::73��

7DEOH�������3HUFHQW�5HGXFWLRQ�LQ�+\GURJHQ�6XOILGH��0HWK\O�0HUFDSWDQ��DQG�'LPHWK\O�6XOILGH�
GXULQJ�D�3HUR[LGH�$GGLWLRQ�7ULDO�&RQGXFWHG�LQ�D�)RXO�&RQGHQVDWH�

'D\�RI�6WXG\� +�6� 0H6+� '06�
�� ����� ����� ������
�� ����� ����� �����
�� ����� ����� ����
�� ����� ����� ����
�� ����� ����� ������

$YHUDJH� ����� ����� ������
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������ &KORULQH�DQG�&KORULQH�'LR[LGH

%RWK�FKORULQH��&O���DQG�FKORULQH�GLR[LGH��&O2���FDQ�UHDFW�ZLWK�VXOILGH�LQ�ZDVWHZDWHU�WR�IRUP�GLVVROYHG�
VXOIDWHV��VXOIXULF�DFLG��DQG��LQ�WKH�FDVH�RI�&O���HOHPHQWDO�VXOIXU��(TXDWLRQV�����DQG�����LOOXVWUDWH�WKH�
WZR�GLIIHUHQW�UHDFWLRQV�WKDW�RFFXU�ZLWK�&O��DQG�+�6��+\GURFKORULF�DFLG�LV�DOVR�IRUPHG�LQ�WKH�
ZDVWHZDWHU�PDWUL[�DV�D�UHVXOW�RI�WKH�UHDFWLRQ�ZLWK�&O���UHGXFLQJ�WKH�S+�RI�WKH�ZDVWHZDWHU��
,QWHUPHGLDWH�UHDFWLRQV�EHWZHHQ�VXOIXU�DQG�VXOIDWH�FDQ�DOVR�RFFXU��LQFOXGLQJ�IRUPDWLRQ�RI�WKLRVXOIDWH��
WULWKLRQDWH��DQG�VXOILWH��GHSHQGLQJ�RQ�S+��WHPSHUDWXUH��RUJDQLF�PDWWHU�LQ�WKH�PDWUL[��DQG�WKH�GHJUHH�RI�
PL[LQJ��&O��DQG�&O2��XVH�LQ�IXOO�VFDOH�V\VWHPV�LV�OLPLWHG�E\�DVVRFLDWHG�VDIHW\��VWRUDJH��DQG�KDQGOLQJ�
SUREOHPV��+DJHQ�DQG�+DUWXQJ��������&O��LV�XVXDOO\�DGGHG�WR�WKH�ZDVWH�VWUHDP�DV�HLWKHU�K\SRFKORULWH�
RU�FKORULQH�JDV��6RGLXP�K\SRFKORULWH�LV�RIWHQ�XVHG�ZKHUH�GRVDJHV�DUH�VPDOO�������OE�GD\��RU�ZKHUH�
FKORULQH�JDV�LV�H[FOXGHG�IURP�FRQVLGHUDWLRQ�IRU�VDIHW\�UHDVRQV��7KHVH�V\VWHPV�RIWHQ�FRQVLVW�RI�D�WDQN��
PHWHULQJ�SXPS��K\SRFKORULWH�VROXWLRQ�IHHG�SLSLQJ��W\SLFDOO\�SODVWLF���DQG�GLIIXVHU�RU�LQMHFWLRQ�V\VWHP�
�$6&(��������7KH�SURSHU�UDWLR�RI�FKHPLFDOV�WR�VXOILGH�LV�������WR��������Z�Z��ZKHQ�DGGHG�DV�DQ�
DTXHRXV�VROXWLRQ��=KDQJ�HW�DO���������

� &O����+�6���2
�� �6���+�2����&O

�� �(T�����

� +�6����&O�����+�2� �+�62�����+&O� �(T�����

$�ODERUDWRU\�EHQFK�WULDO�RI�VRGLXP�K\SRFKORULWH��EOHDFK��DGGLWLRQ�WR�D�IRXO�FRQGHQVDWH�IURP�D�
EOHDFKHG�NUDIW�PLOO�\LHOGHG�WKH�GRVH�UHVSRQVH�FXUYH�LQ�)LJXUH������%OHDFK������J�&O��/��ZDV�DGGHG�DW�
����JDOORQV�SHU�����JDOORQV�RI�FRQGHQVDWH��,W�ZDV�GHWHUPLQHG�WKDW�UHGXFLQJ�VXOILGH��0H6+��DQG�'06�
WR�OHYHOV������PJ�6�/�ZRXOG�UHTXLUH�����JDOORQV�RI�EOHDFK��DW�����J�&O��/��GHWHUPLQHG�E\�WLWUDWLRQ��WR�
HYHU\�����JDOORQV�RI�FRQGHQVDWH��'XH�WR�SURKLELWLYH�FDSLWDO�UHTXLUHPHQWV��DOWHUQDWLYH�WHFKQLTXHV�
�+�2��DQG�)H62���ZHUH�HPSOR\HG��1&$6,�ILOHV���
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)LJXUH�������6RGLXP�+\SRFKORULWH�'RVH�5HVSRQVH�&XUYH�
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������ &DWDO\WLFDOO\�(QKDQFHG�2[LGDWLRQ

:HW�VFUXEELQJ�LQ�FRQYHQWLRQDO�SDFNHG�EHG�VFUXEEHUV�KDV�EHHQ�XVHG�WR�WUHDW�756�JDVHV�JHQHUDWHG�DW�
VHZDJH�WUHDWPHQW�ZRUNV��$Q�R[LGL]LQJ�FKHPLFDO�VXFK�DV�VRGLXP�K\SRFKORULWH�LV�W\SLFDOO\�XVHG�
�1RUYDO��%XUWRQ��DQG�.DQWHUV��������7KLV�DSSURDFK�KDV�DOVR�EHHQ�XVHG�LQ�SXOS�PLOOV�LQ�WKH�8�6��DQG�
&DQDGD�WR�WUHDW�ERWK�ORZ�YROXPH�KLJK�FRQFHQWUDWLRQ�DQG�KLJK�YROXPH�ORZ�FRQFHQWUDWLRQ�JDVHV�
�1RUPDQGLQ��������2QH�SDSHU�PLOO�LQ�&DQDGD�XVHV�FDWDO\WLFDOO\�HQKDQFHG�VFUXEELQJ�ZLWK�VRGLXP�
K\SRFKORULWH�IRU�RGRU�FRQWURO��7KH�2'25*8$5'70�SURFHVV�XVHV�D�SURSULHWDU\�QLFNHO�FDWDO\VW�WR�
LQFUHDVH�ERWK�UDWH�DQG�H[WHQW�RI�756�FRPSRXQG�R[LGDWLRQ�DQG�KDV�EHHQ�UHSRUWHG�WR�EH�HIIHFWLYH�LQ�
WUHDWPHQW�RI�756�ODGHQ�JDV�VWUHDPV��1RUYDO��%XUWRQ��DQG�.DQWHUV��������7KH�$&&(1770�SURFHVV�
DOVR�XVHV�D�QLFNHO�FDWDO\VW�DQG�KDV�EHHQ�UHSRUWHG�WR�EH�HIIHFWLYH�LQ�WUHDWPHQW�RI�IRXO�DQG�FOHDQ�
FRQGHQVDWHV��'XIUHVQH�HW�DO��������1RUYDO��%XUWRQ��DQG�.DQWHUV��������/DERUDWRU\�VWXGLHV�LQGLFDWHG�
WKDW�WKH�FDWDO\VW�FRPSOHWHO\�R[LGL]HV�756�FRPSRXQGV�WR�QRQ�RGRURXV�VXOIRQLF�DFLGV�DQG�VXOIRQHV��
7KLV�DSSURDFK�DOVR�UHGXFHG�FKHPLFDO�R[\JHQ�GHPDQG��&2'��RI�FRQGHQVDWHV�E\������

������ 3RWDVVLXP�3HUPDQJDQDWH

3RWDVVLXP�SHUPDQJDQDWH��.0Q2���LV�D�VWURQJ�R[LGL]LQJ�DJHQW�WKDW�KDV�EHHQ�XVHG�VXFFHVVIXOO\�IRU�
RGRU�FRQWURO�DW�::73�VRXUFHV�LQ�SXOS�DQG�SDSHU�PLOOV��,W�UHDFWV�ZLWK�VXOILGH�WR�IRUP�HOHPHQWDO�VXOIXU�
RU�SRWDVVLXP�VXOIDWH��GHSHQGLQJ�RQ�S+��(OHPHQWDO�VXOIXU�IRUPV�XQGHU�DFLGLF�FRQGLWLRQV��ZKLOH�
SRWDVVLXP�VXOIDWH�LV�SURGXFHG�XQGHU�DONDOLQH�FRQGLWLRQV��(TXDWLRQ��������,W�LV�RIWHQ�VXSSOLHG�DV�D����
VROXWLRQ�LQ�ZDWHU��

� �+�6����.0Q2� ��.�62����6���0Q2���0Q2�����+�2� �(T��������

$Q�LQWHJUDWHG�SXOS�DQG�SDSHU�PLOO�LQ�WKH�QRUWKHDVWHUQ�8�6��UHSRUWHG�VXFFHVVIXO�DSSOLFDWLRQ�RI�.0Q2�

WR�UHGXFH�RGRUV�DVVRFLDWHG�ZLWK�WKH�VOXGJH�GHZDWHULQJ�DUHD��-DFNVRQ��������7KH�IDFLOLW\�SURGXFHG�
EOHDFKHG�NUDIW�SXOS�DQG�VSHFLDOW\�FRDWHG�SDSHU�DQG�JHQHUDWHG�DERXW����0*'�RI�ZDVWHZDWHU��2GRU�ZDV�
DQ�LVVXH�LQ�WKH�VOXGJH�GHZDWHULQJ�SODQW��GXH�SULPDULO\�WR�JHQHUDWLRQ�RI�VXOILGH�XQGHU�DQDHURELF�
FRQGLWLRQV��)XUWKHUPRUH��+�6�ZDV�UHVSRQVLEOH�IRU�VHYHUH�FRUURVLRQ�LQ�ZDVWHZDWHU�WUDQVSRUW�SLSHV��
'LVVROYHG�VXOILGHV�LQ�EHOW�SUHVV�ILOWUDWHV�ZHUH�DOVR�EODPHG�IRU�LQFUHDVHG�ILODPHQWRXV�EDFWHULD�DQG�
EXONLQJ�SUREOHPV�LQ�WKH�$67�SODQW��

/DERUDWRU\�WHVWV�ZHUH�IROORZHG�E\�D�SODQW�WULDO��.0Q2��ZDV�IRXQG�WR�EH�YHU\�HIIHFWLYH�LQ�FRQWUROOLQJ�
RGRUV�DURXQG�WKH�VOXGJH�GHZDWHULQJ�SODQW��$SSUR[LPDWHO\�����RI�+�6�JHQHUDWHG�LQ�WKH�GHZDWHULQJ�
SUHVVHV�ZDV�HOLPLQDWHG��DQG�VXOILGH�LQ�EHOW�SUHVV�ILOWUDWH�ZDV�UHGXFHG�WR�OHVV�WKDQ�����PJ�/��,W�ZDV�DOVR�
QRWHG�WKDW�.0Q2��KDG�D�EHQHILFLDO�LPSDFW�RQ�VOXGJH�FRQGLWLRQLQJ��7KH�FRPSDQ\�VXEVHTXHQWO\�
LQVWDOOHG�D�GU\�FKHPLFDO�IHHGHU�WR�DGG�.0Q2��LQWR�WKH�EOHQGHU�LPPHGLDWHO\�XSVWUHDP�RI�WKH�
GHZDWHULQJ�PDFKLQHV��$�GRVDJH�UDWH�RI�����OE�.0Q2��SHU�GU\�WRQ�RI�VOXGJH�ZDV�IRXQG�WR�HOLPLQDWH�
WKH�RGRU�SUREOHP�DURXQG�WKH�GHZDWHULQJ�V\VWHP��&RVWV�DVVRFLDWHG�ZLWK�.0Q2��XVH�ZHUH�H[SHFWHG�WR�
EH�RIIVHW�E\�UHGXFHG�GHPDQG�IRU�SRO\PHU�DLGV�LQ�WKH�GHZDWHULQJ�V\VWHP��$GGLWLRQDOO\��HOLPLQDWLRQ�RI�
FRUURVLRQ�ZDV�H[SHFWHG�WR�DGG�WR�WKH�HFRQRPLF�DGYDQWDJH�DVVRFLDWHG�ZLWK�SHUPDQJDQDWH�XVH��

������ 2[\JHQ

7KH�LPSRUWDQFH�RI�R[\JHQ�LQ�RGRU�FRQWURO�OLHV�LQ�WKH�IDFW�WKDW�LW�SOD\V�D�NH\�UROH�LQ�ELRFKHPLFDO�
UHDFWLRQV�LQ�ZKLFK�RUJDQLF�PDWWHU�LV�R[LGL]HG�GXH�WR�WKH�DFWLYLW\�RI�PLFURRUJDQLVPV��:KHUH�VXFK�
DFWLYLW\�RFFXUV��'2�LV�FRQVXPHG�DV�RUJDQLF�PDWWHU�LV�R[LGL]HG��,Q�PDQ\�HQYLURQPHQWV�IRXQG�LQ�
ZDVWHZDWHU�FROOHFWLRQ�DQG�WUHDWPHQW�V\VWHPV��R[\JHQ�LV�QRW�DYDLODEOH�LQ�VXIILFLHQW�DPRXQWV�UHODWLYH�WR�
WKH�DPRXQW�RI�ELRGHJUDGDEOH�PDWWHU�SUHVHQW��:KHUH�VXFK�FRQGLWLRQV�H[LVW��PLFURRUJDQLVPV�DGDSW�E\�
XWLOL]LQJ�DOWHUQDWLYH�HOHFWURQ�DFFHSWRUV��LQ�RUGHU�RI�SUHIHUHQFH�QLWUDWH��VXOIDWH��FDUERQ�GLR[LGH���:KHQ�
R[\JHQ�DQG�QLWUDWH�KDYH�EHHQ�GHSOHWHG�IURP�D�ZDVWHZDWHU��PLFURRUJDQLVPV�XWLOL]H�VXOIDWH�LQ�D�SURFHVV�
NQRZQ�DV�GLVVLPLODWRU\�VXOIDWH�UHGXFWLRQ��UHVXOWLQJ�LQ�JHQHUDWLRQ�RI�VXOILGH��7KXV��DYRLGLQJ�VXFK�
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FRQGLWLRQV�E\�HQVXULQJ�DGHTXDWH�FRQFHQWUDWLRQV�RI�'2�RU�QLWUDWH�LV�WKH�EDVLV�IRU�PDQ\�RGRU�FRQWURO�
VFKHPHV�ZKHUH�LQ�VLWX�VXOILGH�JHQHUDWLRQ�UHSUHVHQWV�D�SULPDU\�VRXUFH�RI�RGRUV��5HVHDUFK�KDV�LQGLFDWHG�
WKDW�VXOILGH�OHYHOV�LQFUHDVH�LQ�DUHDV�RI�WKH�::73�ZKHUH�'2�LV����PJ�/��0DKPRRG��%DQHUMHH��DQG�
6DFNHOODUHV��������

,Q�DGGLWLRQ�WR�LWV�UROH�LQ�SUHYHQWLQJ�VXOILGH�JHQHUDWLRQ��R[\JHQ�DOVR�FKHPLFDOO\�UHDFWV�ZLWK�VXOILGH��
FRQYHUWLQJ�LW�WR�YDULRXV�R[LGL]HG�IRUPV�VXFK�DV�HOHPHQWDO�VXOIXU�DQG�WKLRVXOIDWH��0RVW�LQIRUPDWLRQ�
DYDLODEOH�RQ�+�6�R[LGDWLRQ�LV�GHULYHG�IURP�VWXGLHV�FDUULHG�RXW�LQ�VHDZDWHU��ZDWHU�VDWXUDWHG�ZLWK�
VXOILGH��DQG�EXIIHUHG�VROXWLRQV��5HVHDUFKHUV�KDYH�FRQFOXGHG�WKDW�FKHPLFDO�R[LGDWLRQ�RI�DTXHRXV�
VXOILGH�LV�FKDUDFWHUL]HG�E\�DQ�LQLWLDO�LQGXFWLRQ�SHULRG�IROORZHG�E\�D�VHULHV�RI�UHDFWLRQV�WKDW�FDQ�RFFXU�
RYHU�D�UHODWLYHO\�ORQJ�SHULRG��,W�KDV�EHHQ�GHPRQVWUDWHG�WKDW�XVH�RI�R[\JHQ�WR�R[LGL]H�VXOILGH�FDQ�EH�
LQIOXHQFHG�E\�FHUWDLQ�HOHPHQWV�DQG�RUJDQLFV�WKDW�FDQ�LQKLELW��JO\FHURO��FDUELWRO��('7$��RU�DFW�DV�
FDWDO\VWV�IRU��PDQJDQHVH��QLFNHO��LURQ��FREDOW��FRSSHU��R[LGDWLRQ��7KH�LQLWLDO�R[LGDWLRQ�UDWH�LV�LQYHUVHO\�
SURSRUWLRQDO�WR�WKH�LQLWLDO�LQGXFWLRQ�SHULRG��&KHQ�DQG�0RUULV��������7KH�PDMRU�SURGXFWV�LGHQWLILHG�DUH�
HOHPHQWDO�VXOIXU��6����WKLRVXOIDWH��6�2�

�����VXOILWH��62�
�����DQG�VXOIDWH��62�

�����5HDFWLRQ�UDWHV�KDYH�EHHQ�
IRXQG�WR�EH�GHSHQGHQW�RQ�S+��WHPSHUDWXUH��UHDFWDQW�FRQFHQWUDWLRQV��VXOILGH�DQG�R[\JHQ���LRQLF�
VWUHQJWK��DQG�RWKHU�IDFWRUV�VXFK�DV�WKH�SUHVHQFH�RI�FDWDO\VWV��WUDQVLWLRQ�PHWDOV���7KH�UDWH�RI�FKHPLFDO�
VXOILGH�R[LGDWLRQ�YDULHV�VLJQLILFDQWO\�ZLWK�S+�ZLWKLQ�WKH�PLOGO\�DFLGLF�WR�PLOGO\�EDVLF�UDQJH��LW�ZDV�
IRXQG�WR�LQFUHDVH�IURP�S+����UHDFK�D�PD[LPXP�DURXQG�S+������DQG�GHFOLQH�WR�D�PLQLPXP�DURXQG�S+�
�����.XKQ��.HOVDOO��DQG�&KDQD��������,QKLELWRU\�HIIHFWV�GXH�WR�WKH�SUHVHQFH�RI�FHUWDLQ�RUJDQLF�
FRPSRXQGV�KDYH�DOVR�EHHQ�UHSRUWHG��&OLQH�DQG�5LFKDUGV�������&KHQ�DQG�0RUULV��������,Q�JHQHUDO��DW�
FRQVWDQW�S+��WHPSHUDWXUH��DQG�LRQLF�VWUHQJWK��WKH�UHDFWLRQ�UDWH�LV�H[SUHVVHG�DV�D�IXQFWLRQ�RI�WRWDO�
VXOILGH�DQG�'2�FRQFHQWUDWLRQV��2YHUDOO�UHDFWLRQ�RUGHUV�KDYH�EHHQ�FDOFXODWHG�WR�EH�����������ZLWK�
UHVSHFW�WR�VXOILGH�������ZLWK�UHVSHFW�WR�'2��LQ�EXIIHUHG�ZDWHU�DQG�VHDZDWHU��&KHQ�DQG�0RUULV��������
5HVHDUFKHUV�KDYH�DOVR�XWLOL]HG�UDWH�HTXDWLRQV�ZLWK�RYHUDOO�UHDFWLRQ�RUGHUV�RI�����WR�GHVFULEH�VXOILGH�
R[LGDWLRQ��0LOOHUR�HW�DO���������&XUUHQW�HYLGHQFH�LQGLFDWHV�WKDW�WKH�LPSDFW�RI�LRQLF�VWUHQJWK�RQ�VXOILGH�
R[LGDWLRQ�LV�SUREDEO\�PDWUL[�VSHFLILF��1LHOVHQ��9ROOHUWVHQ��DQG�+YLWYHG�-DFREVHQ��������

2[LGDWLRQ�RI�VXOILGH�LQ�LQGXVWULDO�ZDVWHZDWHUV�FDQ�DOVR�EH�ELRORJLFDOO\�PHGLDWHG��$V�D�UHVXOW��VRPH�RI�
WKH�FKDLQ�UHDFWLRQV�PD\�LQYROYH�ELRORJLFDO�SDWKZD\V��7KH�UHODWLYH�VLJQLILFDQFH�RI�FKHPLFDO�YV��
ELRORJLFDO�R[LGDWLRQ�LV�QRW�FOHDUO\�XQGHUVWRRG��:LOPRW�HW�DO���������IRXQG�WKDW�ELRORJLFDO�VXOILGH�
R[LGDWLRQ�DFFRXQWHG�IRU����WR�����RI�WKH�WRWDO�R[LGDWLRQ�UDWH�LQ�ZDVWHZDWHU��7KH\�UHSRUWHG�D�UHDFWLRQ�
RUGHU�RI�����WR�����IRU�WRWDO�VXOILGH�DQG�����IRU�'2�GXULQJ�FRPELQHG�ELRORJLFDO�DQG�FKHPLFDO�
R[LGDWLRQ��0RUH�SURQRXQFHG�FRQWULEXWLRQV�IURP�ELRORJLFDO�R[LGDWLRQ�������KDYH�DOVR�EHHQ�UHSRUWHG�
�.RWURQDURX�DQG�+RIIPDQQ��������

$�YDULHW\�RI�WHFKQLTXHV�KDYH�EHHQ�XVHG�WR�HQVXUH�DHURELF�FRQGLWLRQV�DV�D�PHDQV�WR�FRQWURO�VXOILGH�
RGRUV��LQFOXGLQJ�LQVWDOODWLRQ�RI�FRQYHQWLRQDO�DHUDWLRQ�GHYLFHV��DSSOLFDWLRQ�RI�PROHFXODU�R[\JHQ��DQG�
UHGLVWULEXWLRQ�RI�RUJDQLF�ORDGV��7KH�UDWH�DQG�HIILFLHQF\�RI�R[\JHQ�WUDQVIHU�EHFRPH�LPSRUWDQW�
SDUDPHWHUV�WR�FRQVLGHU�IRU�RGRU�UHGXFWLRQ�VWUDWHJLHV�UHO\LQJ�RQ�R[\JHQ��&RQYHQWLRQDO�V\VWHP�GHVLJQV�
WKDW�HPSOR\�DHUDWLRQ�HTXLSPHQW�VXFK�DV�VXUIDFH�DHUDWRUV��FRDUVH�EXEEOH�GLIIXVHUV��DQG�ILQH�EXEEOH�
GLIIXVHUV�FDQ�PDLQWDLQ�DHURELF�FRQGLWLRQV�LQ�ELRORJLFDO�WUHDWPHQW�V\VWHPV��+RZHYHU��'2�
FRQFHQWUDWLRQV�YDU\�VSDWLDOO\�LQ�WKHVH�V\VWHPV�DQG�PD\�EH�LQDGHTXDWH�WR�PDLQWDLQ�DHURELF�FRQGLWLRQV�
LQ�]RQHV�WKDW�H[SHULHQFH�KLJK�RUJDQLF�ORDGV��VXFK�DV�LQ�WKH�IURQW�HQGV�RI�$6%V�DQG�ZKHUH�KLJK�
VWUHQJWK�VWUHDPV�VXFK�DV�IRXO�FRQGHQVDWHV�DUH�LQWURGXFHG��0RUHRYHU��XQWUHDWHG�RU�SDUWLDOO\�WUHDWHG�
ZDVWHZDWHUV�PD\�GHSOHWH�DYDLODEOH�'2�FRQFHQWUDWLRQV�LQ�QRQ�DHUDWHG�YHVVHOV�DQG�SLSHV��FUHDWLQJ�LGHDO�
FRQGLWLRQV�IRU�VXOILGH�JHQHUDWLRQ�YLD�ELRFKHPLFDO�UHGXFWLRQ�RI�VXOIDWH��,Q�WKHVH�VLWXDWLRQV��R[\JHQ�PD\�
EH�DGGHG�WR�ZDVWHZDWHU�WR�FRQWURO�VXOILGH�OHYHOV��3XUH�R[\JHQ�KDV�EHHQ�XVHG�LQ�WKH�LQGXVWU\�IRU�WKLV�
DQG�RWKHU�SXUSRVHV�IRU�PDQ\�\HDUV��2[\JHQ�JDV�DSSOLHG�WR�D�ZDVWHZDWHU�RU�WUHDWHG�HIIOXHQW�FDQ�
LQFUHDVH�'2�WR�OHYHOV�ZHOO�DERYH�DLU�VDWXUDWLRQ�YDOXHV��*DVHRXV�R[\JHQ�LV�W\SLFDOO\�VXSSOLHG�IURP�D�
OLTXLG�R[\JHQ�WDQN��DQG�WKH�V\VWHP�LQFOXGHV�D�VWRUDJH�YHVVHO��YDSRUL]HU��SLSLQJ��VRPH�PHDQV�RI�
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GLIIXVLQJ�WKH�JDV�LQWR�WKH�ZDVWHZDWHU��DQG�SURFHVV�FRQWUROV��6DIH�KDQGOLQJ�SUDFWLFHV�DUH�UHTXLUHG�
EHFDXVH�R[\JHQ�VXSSRUWV�FRPEXVWLRQ��

$�UHODWLYHO\�QHZ�PHWKRG�WR�DFFRPSOLVK�R[\JHQ�DGGLWLRQ�LV�WKH�6SHHFH�FRQH��6SHHFH�Q�G���6SHHFH�DQG�
&OLGHQFH��������,W�LV�GHVLJQHG�WR�PD[LPL]H�R[\JHQ�GLVVROXWLRQ�ZLWK�PLQLPXP�HQHUJ\�H[SHQGLWXUH���
$Q�LQGXVWULDO�LQVWDOODWLRQ�RI�D�6SHHFH�FRQH�GHPRQVWUDWHG�D�����2��DEVRUSWLRQ�HIILFLHQF\�E\�
GLVVROYLQJ�a��WRQV�RI�R[\JHQ�SHU�GD\�LQWR����0*'�RI�ZDVWHZDWHU��2[\JHQ�FRQFHQWUDWLRQV�
DSSURDFKHG����PJ�/�EHIRUH�WKH�HIIOXHQW�HQWHUHG�D�IRUFH�PDLQ��6SHHFH�DQG�&OLGHQFH��������7KLV�
WHFKQRORJ\�KDV�EHHQ�DSSOLHG�DW�D�SDSHU�PLOO�WR�PDLQWDLQ�D�SRVLWLYH�'2�OHYHO�LQ�D�ILYH�PLOH�SLSH�XVHG�WR�
WUDQVSRUW�HIIOXHQW�WR�WKH�GLVFKDUJH�SRLQW��(27��������7ZR�HLJKW�IRRW�GLDPHWHU�FRQHV�ZHUH�XWLOL]HG�WR�
UDLVH�WKH�'2�OHYHO�WR�DSSUR[LPDWHO\����PJ�/��7KLV�DSSURDFK�PLJKW�EH�XVHG�WR�R[\JHQDWH�HIIOXHQW�
HQWHULQJ�SULPDU\�FODULILHUV��SUH�DHUDWLRQ�VHWWOLQJ�SRQGV��DHUDWLRQ�SRQGV��DQG�HYHQ�SROLVKLQJ�SRQGV��7KH�
WHFKQRORJ\�FDQ�EH�DGMXVWHG�WR�HQVXUH�WKDW�DGHTXDWH�R[\JHQ�LV�DOZD\V�DYDLODEOH�DV�HIIOXHQW�PRYHV�
WKURXJK�WKH�::73��WKHUHE\�SUHYHQWLQJ�VXOILGH�JHQHUDWLRQ�GXH�WR�DQR[LF�FRQGLWLRQV��

2[\JHQ�ZDV�XVHG�HIIHFWLYHO\�DW�D�PLOO�WKDW�PDNHV�OLQHUERDUG�DQG�PHGLXP�IURP�NUDIW��UHF\FOHG�ILEHU��
DQG�QHXWUDO�VXOILWH�VHPL�FKHPLFDO�SXOSV�WR�FRQWURO�JHQHUDWLRQ�RI�VXOILGH�LQ�D�SULPDU\�FODULILHU��1&$6,�
SDUWLFLSDWHG�LQ�D�VWXG\�WR�GHWHUPLQH�ZKHWKHU�R[\JHQ�LQMHFWLRQ�DW�D�SULPDU\�FODULILHU�FRXOG�UHGXFH�
VXOILGH�FRQFHQWUDWLRQV�LQ�WKH�::73��%DVHOLQH�VDPSOHV�ZHUH�FROOHFWHG�SULRU�WR�LQLWLDWLRQ�RI�WKH�
R[\JHQ�DGGLWLRQ�WULDO�IRU�XVH�LQ�HVWLPDWLQJ�VXOILGH�UHGXFWLRQ��2[\JHQ�ZDV�LQMHFWHG�LQWR�WKH�HIIOXHQW�
VWUHDP�DKHDG�RI�WKH�SULPDU\�FODULILHU�DW�WKH�GLVFKDUJH�IURP�WKH�OLIW�VWDWLRQ�DW�UDWHV�RI�ò��ô��DQG���WRQ�
SHU�GD\��73'��IRU�IRXU�GD\V�DW�HDFK�DGGLWLRQ�UDWH��7KUHH�GLIIHUHQW�VDPSOHV�ZHUH�FROOHFWHG�WKURXJKRXW�
HDFK�GD\�RI�WHVWLQJ�DQG�ZHUH�DQDO\]HG�XVLQJ�1&$6,�0HWKRG�56&��������1&$6,��������)LJXUH�����
LOOXVWUDWHV�WKH�YDULDELOLW\�REVHUYHG�IRU�WRWDO�VXOILGH�FRQFHQWUDWLRQV�LQ�DTXHRXV�VDPSOHV�FROOHFWHG�DW�WKH�
FODULILHU�RXWOHW�SULRU�WR�R[\JHQ�DGGLWLRQ�DQG�DW�HDFK�R[\JHQ�DGGLWLRQ�UDWH��

'XH�WR�DVVRFLDWHG�FRVW�EHQHILWV��WKH�IDFLOLW\�EXLOW�D���73'�R[\JHQ�JHQHUDWRU�RQVLWH�LQVWHDG�RI�EX\LQJ�
DQG�WUDQVSRUWLQJ�R[\JHQ�WR�WKH�IDFLOLW\��1&$6,�ILOHV����7KH�V\VWHP�KDV�EHHQ�XWLOL]HG�WR�KHOS�FRQWURO�
VXOILGH�OHYHOV�DW�WKH�SULPDU\�FODULILHU��
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)LJXUH�������3ULPDU\�&ODULILHU�(IIOXHQW�7RWDO�6XOILGH�9DULDELOLW\�
%HIRUH�DQG�'XULQJ�2[\JHQ�$GGLWLRQ�7ULDOV�
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0DQ\�RGRU�UHGXFWLRQ�SURJUDPV�WKDW�KDYH�EHHQ�LPSOHPHQWHG�LQ�WKH�SXOS�DQG�SDSHU�LQGXVWU\�XWLOL]H�D�
YDULHW\�RI�WHFKQLTXHV�IRFXVHG�RQ�RSWLPL]DWLRQ�RI�::73V�WKURXJK�PRGLILFDWLRQV�VXFK�DV�DGGLQJ�
DHUDWLRQ�FDSDFLW\�DQG�UHGLVWULEXWLQJ�RUJDQLF�ORDGV�WR�LQFUHDVH�'2�DQG�PLQLPL]H�DQDHURELF�]RQHV�LQ�WKH�
WUHDWPHQW�V\VWHP��

2QH�H[DPSOH�RFFXUUHG�DW�D�NUDIW�PLOO�LQ�WKH�QRUWKHUQ�8�6��WKDW�ZDV�H[SHULHQFLQJ�DQ�LQFUHDVH�LQ�RGRU�
FRPSODLQWV��7KH�PLOO�XVHG�D�-HURPH�DPELHQW�DLU�PRQLWRU�WR�GHWHUPLQH�WKH�PDLQ�VLWHV�RI�+�6�
YRODWLOL]DWLRQ�ZLWKLQ�LWV�::73��7KH�VWXG\�LQYROYHG�FKDUDFWHUL]LQJ�WKH�::73�E\�PHDVXULQJ�DPELHQW�
DLU�+�6�OHYHOV��'2��S+��VXOILGH�LQ�WKH�DTXHRXV�SKDVH��XWLOL]LQJ�D�³VKDNHU´�WHVW�WR�WUDFN�+�6�ZLWKLQ�WKH�
V\VWHP���VXOIDWH��QLWUDWH��PLFURELDO�SRSXODWLRQV��DQG�253��'DWD�LQGLFDWHG�WKDW�WKH�ILUVW�$6%�ODJRRQ�
ZDV�WKH�VRXUFH�RI�RGRUV��7KH�PLOO�LQVWLJDWHG�D�SODQ�LQ�WKDW�ODJRRQ�WKDW�HOLPLQDWHG�XVH�RI�VXOIXULF�DFLG�
WR�FRQWURO�S+��DGGHG�OLPH�WR�WKH�LQDFWLYH�VLGH�WR�LQFUHDVH�S+��LQVWDOOHG�EDIIOH�FXUWDLQV�WR�UHGXFH�DFWLYH�
VL]H�DQG�LPSURYH�WKH�IORZ�SDWWHUQ��DQG�DGGHG�DHUDWRUV�WR�WKH�DFWLYH�VLGH��7KLV�LQFUHDVHG�DHUDWLRQ�
LQWHQVLW\�DQG�GHFUHDVHG�DQDHURELF�]RQHV��7KH�DYHUDJH�PD[LPXP�GDLO\�+�6�FRQFHQWUDWLRQ�PHDVXUHG�LQ�
WKH�ILUVW�$6%�ODJRRQ�GURSSHG�IURP�����SSE�WR����SSE�DIWHU�WKH�EDIIOH�FXUWDLQ�ZDV�LQVWDOOHG��DQG�WKH�
PLOO�KDV�H[SHULHQFHG�D�GHFOLQH�LQ�RGRU�FRPSODLQWV��5DFLQH��������

1&$6,�SDUWLFLSDWHG�LQ�D�VWXG\�DW�D�EOHDFKHG�NUDIW�PLOO�SXOSLQJ�VRIWZRRG�DQG�KDUGZRRG�WKDW�DOVR�
LQFUHDVHG�DHUDWLRQ�FDSDFLW\�DQG�PDGH�V\VWHP�PRGLILFDWLRQV�WR�WKH�::73�WR�KHOS�UHGXFH�RGRUV�UHODWHG�
WR�VXOILGH��7KH�::73�FRQVLVWHG�RI�D�SULPDU\�FODULILHU�DQG�D�VHWWOLQJ�SRQG�IROORZHG�E\�DQ�$6%�
GLYLGHG�LQWR�IRXU�EDVLQV�WUHDWLQJ�DSSUR[LPDWHO\��������OE�GD\�RI�%2'��:KHQ�WKH�SURMHFW�ZDV�
LQLWLDWHG��FRQGHQVDWHV�ZHUH�EHLQJ�URXWHG�GLUHFWO\�WR�WKH�ILUVW�EDVLQ�RI�WKH�$6%��KDUG�SLSH���7KH�PLOO�
H[DPLQHG�VHYHUDO�RSWLRQV�WR�UHGXFH�VXOILGH�HPLVVLRQV�DW�WKH�::73��0RGLILFDWLRQV�LQFOXGHG�
UHGLUHFWLQJ�IRXO�FRQGHQVDWH�WR�WKH�VHFRQG�$6%�DQG�LQFUHDVLQJ�DHUDWLRQ�KRUVHSRZHU�LQ�WKH�ILUVW�WKUHH�
$6%V�E\������7DEOH�����VXPPDUL]HV�FRPSDUDWLYH�VXOILGH�FRQFHQWUDWLRQV�LQ�DTXHRXV�VDPSOHV�
FROOHFWHG�WKURXJKRXW�WKH�::73�SULRU�WR�DQG�IROORZLQJ�V\VWHP�PRGLILFDWLRQV��7KLV�H[DPSOH�
LOOXVWUDWHV�WKH�HIIHFWLYHQHVV�RI�PRGLILFDWLRQV�DLPHG�DW�PLQLPL]LQJ�DQDHURELF�FRQGLWLRQV�LQ�$6%V�RQ�
VXOILGH�OHYHOV�DQG�DVVRFLDWHG�RGRUV��

7DEOH�������$TXHRXV�6XOILGH�&RQFHQWUDWLRQV�%HIRUH�DQG�
$IWHU�:DVWHZDWHU�7UHDWPHQW�3ODQW�0RGLILFDWLRQV�

6DPSOLQJ�/RFDWLRQ�

7RWDO�6XOILGH�
%HIRUH�0RGLILFDWLRQV�

�PJ�6�/��

7RWDO�6XOILGH�
$IWHU�0RGLILFDWLRQV�

�PJ�6�/��
/LIW�VWDWLRQ�� ����� �����
3ULPDU\�FODULILHU�RXWOHW� ����� �����
6HWWOLQJ�SRQG� ����� ������
&DQDO�WR�$6%� ����� ������
)RXO�FRQGHQVDWH� ���� �����
)LUVW�$6%�EDVLQ� ����� ������
6HFRQG�$6%�EDVLQ� ����� ������
7KLUG�$6%�EDVLQ� ����� ������
2XWOHW�RI�$6%� ������ ������

���� 1LWUDWH�$GGLWLRQ�

8QGHU�DQR[LF��]HUR�'2��FRQGLWLRQV�PLFURRUJDQLVPV�FDQ�XWLOL]H�QLWUDWH�DV�DQ�HOHFWURQ�DFFHSWRU��
UHVXOWLQJ�LQ�UHGXFWLRQ�RI�QLWUDWH�WR�QLWURJHQ�JDV��(TXDWLRQ��������7KXV��QLWUDWH�FDQ�EH�DGGHG�WR�
ZDVWHZDWHUV�LQVWHDG�RI�RU�LQ�DGGLWLRQ�WR�R[\JHQ�DV�D�PHDQV�RI�SUHFOXGLQJ�VXOIDWH�UHGXFWLRQ�DQG�WKH�
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DFFRPSDQ\LQJ�JHQHUDWLRQ�RI�VXOILGH��1LWUDWH�PD\�DOVR�UHPRYH�+�6�IURP�ZDVWHZDWHU�E\�ELRFKHPLFDO�
FRQYHUVLRQ�RI�VXOILGH�WR�VXOIDWH��(TXDWLRQ��������

� �12�
�����&+�2+� ��&2�����1�����+�2����2+

��� �(T��������

� �12�
�����+�6� ��62�

������1�����+�2����+
�� �(T��������

$�QLWUDWH�DGGLWLRQ�V\VWHP�XVXDOO\�FRQVLVWV�RI�D�VWRUDJH�WDQN�IRU�WKH�QLWUDWH�VROXWLRQ��RIWHQ�HLWKHU�
VRGLXP�RU�FDOFLXP�QLWUDWH���D�PHWHULQJ�SXPS��SLSLQJ��DQG�YDOYHV��,I�WKH�GU\�IRUP�LV�XVHG��D�GU\�IHHGHU�
DQG�PL[LQJ�V\VWHP�LV�UHTXLUHG��7KH�DYHUDJH�VWRLFKLRPHWU\�UHSRUWHG�LQ�WKH�OLWHUDWXUH�UDQJHV�IURP�����WR�
����PJ�12�

��PJ�6��ZLWK�DQ�DYHUDJH�VXOILGH�HOLPLQDWLRQ�RI����WR�������=KDQJ�HW�DO���������

1LWUDWH�FRPSRXQGV�KDYH�EHHQ�XVHG�WR�UHGXFH�RGRUV�DW�D�QXPEHU�RI�SXOS�DQG�SDSHU�PLOOV��:DWVRQ�HW�DO��
������2¶&RQQRU�HW�DO��������*UROHDX�HW�DO���������,Q�UHVSRQVH�WR�RII�VLWH�RGRU�FRPSODLQWV��WKHVH�
FKHPLFDOV�ZHUH�XWLOL]HG�GXULQJ�D�WULDO�SHUIRUPHG�DW�D�::73�UHFHLYLQJ�LQIOXHQW�IURP�D�VXOILWH�DQG�
NUDIW�SXOS�PLOO��7KH�::73�FRQVLVWHG�RI�SULPDU\�FODULILFDWLRQ��D�VHWWOLQJ�ODJRRQ��DQG�D�812;�
DFWLYDWHG�VOXGJH�SURFHVV��2GRU�VXUYH\V�LQGLFDWHG�WKDW�WKH�PDMRU�VRXUFH�RI�VXOILGH�RGRU�ZDV�WKH�VHWWOLQJ�
ODJRRQ��,W�UHFHLYHG����0*'�RI�ZDVWHZDWHU�IRU�WUHDWPHQW��6RGLXP�QLWUDWH�ZDV�DGGHG�WR�WKH�IURQW�DQG�
PLG�SRLQW�RI�WKH�ODJRRQ��'RVDJH�UDWHV�UDQJHG�IURP�����WR�����/�PLQ��FRQFHQWUDWLRQ�RI�ELRORJLFDO�
WUHDWPHQW�VROXWLRQ�ZDV�QRW�SURYLGHG E\�WKH�DXWKRUV���WKH�KLJK�GRVDJH�ZDV�WULDOHG�LQLWLDOO\��IROORZHG�E\�
VXFFHVVLYHO\�ORZHU�UDWHV��'XULQJ�WKH�WZR�ZHHN�WULDO��VXOILGH�ZDV�UHGXFHG�IURP�D�UDQJH�RI����WR�
���PJ�/�WR����PJ�/�DW�WKH�RXWOHW�RI�WKH�VHWWOLQJ�ODJRRQ��:DWVRQ�HW�DO���������

7KLV�DSSURDFK�ZDV�DOVR�XVHG�WR�FRQWURO�RGRUV�IURP�GHZDWHUHG�VOXGJH�DW�D�UHF\FOHG�SXOS�PLOO�
SURGXFLQJ�KLJK�TXDOLW\�GHLQNHG�UHF\FOHG�PDUNHW�SXOS��*UROHDX�HW�DO���������,W�SURDFWLYHO\�DGGUHVVHG�
RGRUV�DQG�FRUURVLYH�JDVHV�JHQHUDWHG�GXULQJ�ZDUPHU�PRQWKV�LQ�D�GHZDWHUHG�VOXGJH�VWRUDJH�SLOH�ORFDWHG�
LQ�D�WHPSRUDU\�RXWGRRU�KROGLQJ�DUHD��2GRUV�ZHUH�PRVW�QRWLFHDEOH�ZKHQ�VWRFNSLOHG�VOXGJH�UHPDLQHG�LQ�
SODFH�IRU�PRUH�WKDQ�D�GD\�DQG�DIWHU�ZHHNHQGV�DQG�KROLGD\V��DQG�ZKHQ�WKH�SLOH�ZDV�EHLQJ�UHPRYHG�RU�
GLVWXUEHG��LQGLFDWLQJ�DQDHURELF�DFWLYLW\�LQ�WKH�LQQHU�UHJLRQV�RI�WKH�VOXGJH�SLOH��$IWHU�FRQGXFWLQJ�EHQFK�
WHVWV�WKDW�\LHOGHG�D�VLJQLILFDQW�UHGXFWLRQ�LQ�VXOILGH�OHYHOV�DFURVV�D�UDQJH�RI������WR�����P/�RI�QLWUDWH�
�GHQVLW\�a����J�P/��IRU�HYHU\�����J�RI�VDPSOH��GHZDWHUHG�VOXGJH���D�IXOO�VFDOH�WULDO�WR�HVWDEOLVK�
HIIHFWLYH�GRVDJH�UDWHV�ZDV�SXUVXHG��2YHU�D�VHYHQ�PRQWK�DSSOLFDWLRQ�SHULRG��WKH�DYHUDJH�GRVDJH�UDWH�
ZDV����JDOORQV�SHU�GD\��*3'��RI�SURGXFW�LQWR�����GU\�WRQV�RI�FDNH�VROLGV��D�FRQFHQWUDWLRQ�RI�
DSSUR[LPDWHO\�����J�QLWUDWH�NJ�RI�FDNH�VROLGV��7KLV�UHVXOWHG�LQ�HOLPLQDWLRQ�RI�RGRU�FRPSODLQWV�
DVVRFLDWHG�ZLWK�VOXGJH�SLOHV�DQG�WKH�DELOLW\�WR�VWRUH�GHZDWHUHG�VOXGJH�FDNH�IRU�XS�WR�VHYHQ�GD\V��7KH�
PLOO�ZDV�DOVR�DEOH�WR�HOLPLQDWH�XVH�RI�DQ�RGRU�PDVNLQJ�DJHQW�DURXQG�WKH�VOXGJH�SLOH��

2WKHU�DSSOLFDWLRQV�ZLWKLQ�WKH�LQGXVWU\�LQFOXGH�D�VWXG\�FRQGXFWHG�DW�D�VHPL�FKHPLFDO�PLOO�ZLWK�DQ�
HIIOXHQW�IORZ�RI���0*'��7KH�::73�FRQVLVWHG�RI�D�SULPDU\�FODULILHU�DQG�DQ�$67�V\VWHP��6RGLXP�
QLWUDWH�ZDV�LQLWLDOO\�DGGHG�WR�WKH�SULPDU\�FODULILHU�DQG�HTXDOL]DWLRQ�EDVLQ��7KH�PLOO�VZLWFKHG�WR�
FDOFLXP�QLWUDWH�EHFDXVH�LW�ZDV�UHDGLO\�DYDLODEOH��UHGXFHG�FRVWV��DQG�DFKLHYHG�VLPLODU�UHVXOWV��,W�EHJDQ�
WUHDWLQJ�RQH�RI�WKH�SDSHU�PDFKLQH�LQSXWV�LQVWHDG�RI�WKH�FRPELQHG�LQIOXHQW�WR�WKH�SULPDU\�FODULILHU�DQG�
HTXDOL]DWLRQ�EDVLQ�WR�UHGXFH�WKH�YROXPH�RI�FDOFLXP�QLWUDWH�UHTXLUHG��2GRU�ZDV�FRQWUROOHG��DV�LQGLFDWHG�
E\�D�UHGXFWLRQ�LQ�RGRU�FRPSODLQWV��1&$6,��������

���� 0LVFHOODQHRXV�2GRU�0LQLPL]DWLRQ�$SSURDFKHV�

������ S+�$GMXVWPHQW

+�6�LV�PRGHUDWHO\�DFLGLF��DQG�ZKHQ�GLVVROYHG�LQ�VROXWLRQ��IUHH�+�6�FRQFHQWUDWLRQV�DUH�GLFWDWHG�E\�WZR�
HTXLOLEULXP�UHDFWLRQV���WKH�HTXLOLEULXP�EHWZHHQ�+�6�DQG�+6

��DQG�WKH�HTXLOLEULXP�EHWZHHQ�+6��DQG�6��

��&RQFHQWUDWLRQV�RI�+�6��+6
���DQG�6���LQ�WKH�DVVRFLDWHG�HTXLOLEULD�GHSHQG�RQ�WKH�S+�RI�WKH�VROXWLRQ��

8QGHU�KLJKO\�EDVLF�FRQGLWLRQV��+6��DQG�6���DUH�SUHGRPLQDQW��ZLWK�KLJKHU�S+�IDYRULQJ�6����7KHVH�LRQLF�
IRUPV�RI�VXOILGH�DUH�XQDYDLODEOH�IRU�YRODWLOL]DWLRQ�DQG�VWULSSLQJ��(TXLOLEULXP�VKLIWV�WR�+�6�DV�S+�
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GHFUHDVHV��WKHUHE\�LQFUHDVLQJ�WKH�XQ�LRQL]HG�IUDFWLRQ�DQG�WKH�FRQFHQWUDWLRQ�RI�+�6�DYDLODEOH�IRU�
YRODWLOL]DWLRQ��7KH�GHSHQGHQFH�RI�WKH�IUDFWLRQ�RI�+�6�SUHVHQW�LQ�XQGLVVRFLDWHG�IRUP�RQ�S+�LV�VKRZQ�LQ�
)LJXUH������$W�D�S+�RI�DSSUR[LPDWHO\������+�6�DQG�+6

��DUH�HTXLPRODU��7KXV��S+�DGMXVWPHQW�PD\�EH�
XVHG�LQ�VRPH�VLWXDWLRQV�WR�KHOS�NHHS�VXOILGH�LQ�VROXWLRQ�XQWLO�R[LGDWLRQ�FDQ�RFFXU��
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)LJXUH�������'HSHQGHQFH�RI�6XOILGH�'LVVRFLDWLRQ�RQ�/LTXLG�3KDVH�S+�

$�VRIWZRRG�NUDIW�PLOO�HTXLSSHG�ZLWK�VHWWOLQJ�SRQGV�SULRU�WR�DQ�$6%�DGGHG�FDXVWLF��1D2+��WR�
ZDVWHZDWHU�HQWHULQJ�WKH�VHWWOLQJ�SRQG��$�WDUJHW�RI�S+�����ZDV�PDLQWDLQHG�LQ�DQ�HIIRUW�WR�NHHS�VXOILGH�
LQ�WKH�ZDWHU�FROXPQ��7KLV�S+�DGMXVWPHQW��LQ�FRQMXQFWLRQ�ZLWK�XVH�RI�QLWUDWHV��UHGXFHG�VXOILGH�RGRUV�
DVVRFLDWHG�ZLWK�WKH�VHWWOLQJ�SRQGV�GXULQJ�D�WHPSRUDU\�XSVHW�RI�WKH�::73��1&$6,�ILOHV��

������ ,Q�'LJHVWHU�7UHDWPHQW

5HVHDUFK�KDV�H[DPLQHG�WKH�SRVVLELOLW\�RI�R[LGL]LQJ�56&V�IRUPHG�LQ�WKH�GLJHVWHU�SULRU�WR�WKH�EORZ��
1&$6,�VWXGLHV��1&$6,�������XVLQJ�'RXJODV�ILU�FKLSV�LQ�ODERUDWRU\�EDWFK�GLJHVWHUV�LQGLFDWHG�WKDW�IRU�
GLJHVWHU�FRQILJXUDWLRQV�WHVWHG�DW�KLJK�WHPSHUDWXUHV�DVVRFLDWHG�ZLWK�LQ�GLJHVWHU�R[LGDWLRQ��,'2���DOO�
VXOILGH��0H6+��DQG�'0'6�ZHUH�FRQYHUWHG�WR�QRQYRODWLOH�IRUPV�LQ�DSSUR[LPDWHO\���WR���PLQXWHV��7KH�
PRUH�R[LGDWLRQ�UHVLVWDQW�'06�ZDV�UHGXFHG�DERXW�����LQ�FRQFHQWUDWLRQ�XQGHU�WKH�VDPH�FRQGLWLRQV��$W�
DQ�RSWLPXP�WHPSHUDWXUH�RI���� &��DSSUR[LPDWHO\����R[\JHQ�ZDV�UHTXLUHG�IRU�WKH�756�GHVWUXFWLRQ�
QRWHG���5HVXOWV�DOVR�LQGLFDWHG�WKDW�WKH�R[LGL]HG�VXOIXU�FRPSRXQGV�ZHUH�QRW�VXVFHSWLEOH�WR�UHYHUVLRQ�WR�
UHGXFHG�IRUPV��ZKLOH�,'2�KDG�QR�VLJQLILFDQW�LPSDFW�RQ�SXOS�\LHOG��SK\VLFDO�SURSHUWLHV��RU�
EOHDFKDELOLW\��

$GGLWLRQDO�VWXGLHV�RQ�,'2�RI�EODFN�OLTXRU�XVLQJ�R[\JHQ�KDYH�LQGLFDWHG�WKDW�0H6+�DQG�'06�FDQ�EH�
UHGXFHG�E\����DQG������UHVSHFWLYHO\��E\�DGGLWLRQ�RI������R[\JHQ�RQ�SXOS��ZKLFK�FRUUHVSRQGV�WR�WZR�
PROHV�RI�R[\JHQ�SHU�PROH�RI�VRGLXP�VXOILGH��.ULQJVWDG�HW�DO���������$QRWKHU�VWXG\�GRFXPHQWHG�WKDW�
0H6+�DQG�'06�IRUPHG�GXULQJ�SXOSLQJ�FDQ�EH�FRQYHUWHG�WR�QRQ�YRODWLOH�FRPSRXQGV�WKURXJK�
UHDFWLRQV�ZLWK�SRO\VXOILGH�RU�SRO\WKLRQDWH�LPPHGLDWHO\�SULRU�WR�WUDQVIHU�RI�SXOS�IURP�WKH�GLJHVWHU�
�7RUPXQG�DQG�7HGHU��������+RZHYHU��QHLWKHU�RI�WKHVH�WHFKQRORJLHV�KDV�EHHQ�LPSOHPHQWHG�LQ�NUDIW�
PLOOV��5HVHDUFKHUV�DW�WKH�8QLYHUVLW\�RI�:DVKLQJWRQ�DQG�WKH�8QLYHUVLW\�RI�,GDKR�KDYH�UHSRUWHGO\�EHHQ�
ZRUNLQJ�RQ�DQ�,'2�VWUDWHJ\�WKDW�LQMHFWV�PROHFXODU�R[\JHQ�DW�WKH�FRPSOHWLRQ�RI�WKH�SXOSLQJ�F\FOH��
ZLWK�OLTXRU�DQG�SXOS�VWLOO�LQVLGH�WKH�GLJHVWHU��756�FRPSRXQGV�DUH�R[LGL]HG�DW�HOHYDWHG�WHPSHUDWXUH�
DQG�SUHVVXUH�ZLWK�WKLV�DSSURDFK��
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5HVHDUFK�KDV�DOVR�H[DPLQHG�ZD\V�WR�SUHYHQW�IRUPDWLRQ�RI�RGRU�FDXVLQJ�FRPSRXQGV��VSHFLILFDOO\�756�
FRPSRXQGV��=KX�HW�DO���������UHSRUWHG�WKDW�WKH�H[WHQW�RI�IRUPDWLRQ�RI�RUJDQLF�UHGXFHG�VXOIXU�
FRPSRXQGV��256&V��FKDQJHV�VLJQLILFDQWO\�ZKHQ�SXOSLQJ�NLQHWLFV�VKLIW�IURP�³EXON�SKDVH´�WR�³UHVLGXDO�
SKDVH´�GHOLJQLILFDWLRQ��5HVLGXDO�SKDVH�GHOLJQLILFDWLRQ�LV�DVVRFLDWHG�ZLWK�UHPRYDO�RI�UHFDOFLWUDQW�OLJQLQ�
IURP�WKH�SXOS�DQG�RFFXUV�DW�ORZHU�UHDFWLRQ�UDWHV�DQG�PXFK�ORZHU�VHOHFWLYLW\��VHOHFWLYH�UHPRYDO�RI�
OLJQLQ�ZLWKRXW�DIIHFWLQJ�FHOOXORVH���7KDW�ZRUN�LGHQWLILHG�D�SKDVH�WUDQVLWLRQ�SRLQW��373��DVVRFLDWHG�ZLWK�
WKH�VKLIW�IURP�EXON�WR�UHVLGXDO�SKDVH�GHOLJQLILFDWLRQ�EHORZ�ZKLFK�256&�IRUPDWLRQ�LQFUHDVHG��7KH�
373�ZDV�IRXQG�WR�RFFXU�DURXQG�NDSSD�QXPEHUV����IRU�VRIWZRRGV�DQG����IRU�KDUGZRRGV��7KH�VWXG\�
VXJJHVWHG�WKDW�IRUPDWLRQ�RI�WKHVH�RGRU�FDXVLQJ�FRPSRXQGV�FDQ�EH�PLQLPL]HG�LI�GHOLJQLILFDWLRQ�LQ�WKH�
GLJHVWHU�LV�WUXQFDWHG�DW�WKH�373��6WXGLHV�KDYH�DOVR�LQGLFDWHG�WKDW�DQWKUDTXLQRQH��$4���DQ�DGGLWLYH�
XVHG�LQ�GLJHVWHUV�WR�LPSURYH�VHOHFWLYLW\�WRZDUG�OLJQLQ��FDQ�EH�XVHG�WR�UHGXFH�IRUPDWLRQ�RI�56&V��$�
����UHGXFWLRQ�LQ�IRUPDWLRQ�RI�56&V�ZDV�H[SHFWHG�LQ�IXOO�VFDOH�V\VWHPV�ZKHQ�$4�ZDV�XVHG�DQG�WKH�
FRRN�ZDV�WHUPLQDWHG�DW�WKH�373��<RRQ�HW�DO���������

������ %LRVWLPXODQWV

%LRVWLPXODQWV�DUH�FKHPLFDOV�WKDW�VWLPXODWH�WKH�PHWDEROLVP�RI�EDFWHULD�DQG�HQFRXUDJH�DQDHURELF�
UHVSLUDWLRQ��DV�ZHOO�DV�UDSLG�JURZWK�DQG�DFWLYLW\�RI�IDFXOWDWLYH�DQDHUREHV��%LRVWLPXODQWV�WHVWHG�DW�SXOS�
DQG�SDSHU�PLOOV��9ROSH�HW�DO��������0LOOHU��0F0LOOHQ��DQG�6REHU�������3RWH�DQG�'Z\HU�������ZHUH�
EDVHG�RQ�DQ�DONDORLG�FRPSRXQG�GHULYHG�IURP�WZR�QDWXUDOO\�RFFXUULQJ�SODQW�H[WUDFWV�FRPELQHG�ZLWK�D�
VHTXHVWHULQJ�DJHQW�IRU�DSSOLFDWLRQ�WR�::73V�LQ�OLTXLG�IRUP��'RVDJH�UDWHV�UDQJHG�IURP������WR���
SSP��7UHDWPHQW�ZDV�XVXDOO\�DFFRPSOLVKHG�E\�DGGLQJ�D�VKRFN�ORDG�IROORZHG�E\�VPDOOHU�GDLO\�GRVDJHV��
7ZR�VWXGLHV�LQ�ZKLFK�ELRVWLPXODQWV�ZHUH�DGGHG�WR�::73V�DUH�VXPPDUL]HG�KHUHLQ��

2QH�RI�WKH�ILUVW�UHSRUWHG�VWXGLHV�ZDV�FRQGXFWHG�DW�D�QHZVSULQW�PLOO�::73�����0*'��FRQVLVWLQJ�RI�D�
SULPDU\�FODULILHU��DQ�$6%��DQ�DFWLYDWHG�VOXGJH��$6��SODQW��DQG�D�VHFRQG�$6%��,Q�DQ�HIIRUW�WR�HOLPLQDWH�
DQDHURELF�RGRUV��UHGXFH�VOXGJH�YROXPH��DQG�LPSURYH�WUHDWPHQW�HIILFLHQF\��WKH�PLOO�XWLOL]HG�D�
ELRVWLPXODQW��0LOOHU��0F0LOOHQ��DQG�6REHU��������,QLWLDO�VXUYH\�ZRUN�LQGLFDWHG�WKDW�RGRUV�ZHUH�
HPLWWHG�IURP�WKH�ILUVW�$6%��WKH�VHFRQGDU\�FODULILHU��DQG�WKH�VOXGJH�SUHVV�EXLOGLQJ��%LRVWLPXODQW�
DSSOLFDWLRQ�DW�WKH�ILUVW�$6%�DSSDUHQWO\�UHVXOWHG�LQ�HOLPLQDWLRQ�RI�RIIHQVLYH�RGRUV�IURP�WKDW�DUHD�DQG�
UHGXFWLRQ�RI�RGRUV�LQ�VHFRQGDU\�ZDVWHG�VROLGV��:DVWLQJ�RI�VHFRQGDU\�VROLGV�IURP�WKH�$6�SODQW�ZDV�
DOVR�UHGXFHG��DV�ZHOO�DV�HIIOXHQW�766��

$QRWKHU�VWXG\�ZDV�FRQGXFWHG�DW�D�VXOILWH�PLOO�HTXLSSHG�ZLWK�D�::73�FRQVLVWLQJ�RI�D�SULPDU\�
FODULILHU�IROORZHG�E\�WKUHH�$6%V��3RWH�DQG�'Z\HU��������7KH�PLOO�FRQGXFWHG�D�WULDO�E\�DGGLQJ����/�
SHU�GD\��ODWHU�UHGXFHG�WR����/�SHU�GD\��RI�ELRVWLPXODQW�WR�WKH�RYHUIORZ�ZHLU�EHWZHHQ�WKH�ILUVW�ODJRRQ��
WUHDWLQJ�����PLOOLRQ�OLWHUV�SHU�GD\��0/'��RI�SXOS�PLOO�ZDVWHZDWHU��DQG�WKH�VHFRQG�ODJRRQ��WUHDWLQJ�����
0/'�RI�SDSHU�PLOO�ZDVWHZDWHU��$IWHU�LQLWLDO�VXFFHVV�WKH�PLOO�EHJDQ�DGGLQJ�ELRVWLPXODQW�SULRU�WR�WKH�
ILUVW�ODJRRQ�DV�ZHOO��$IWHU�DSSOLFDWLRQ�ZDV�LQLWLDWHG��WKH�QXPEHU�RI�RGRU�FRPSODLQWV�GURSSHG��DORQJ�
ZLWK�PHDVXUHG�FRQFHQWUDWLRQV�RI�+�6��,Q�DGGLWLRQ��VHWWOHDELOLW\�LPSURYHG�LQ�WKH�ODJRRQV�DQG�766�DQG�
%2'�GURSSHG�WR�DFFHSWDEOH�OHYHOV��7KH�PLOO�JHQHUDWHG�OHVV�VOXGJH�DQG�VWRSSHG�XVLQJ�SRO\PHUV�DQG�
RWKHU�FKHPLFDOV�LQ�VHFRQGDU\�WUHDWPHQW��UHVXOWLQJ�LQ�D�QHW�FRVW�VDYLQJV��

������ 2UJDQLF�6FDYHQJHUV

2UJDQLF�VFDYHQJHUV�DUH�RUJDQLF�EDVHG�PROHFXOHV�WKDW�VHOHFWLYHO\�UHDFW�ZLWK�56&V�FRQWDLQLQJ�DFLGLF�
SURWRQV��+�6�DQG�0H6+���%HFDXVH�WKH�VFDYHQJHUV�VHOHFWLYHO\�UHDFW�ZLWK�WKHVH�FRPSRXQGV��WKHUH�LV�
OLWWOH�GHPDQG�GXH�WR�RWKHU�FRQWDPLQDQWV��DQG�DSSOLFDWLRQ�UDWHV�DUH�SURSRUWLRQDO�WR�WKH�VXOILGH�DQG�
0H6+�OHYHOV�SUHVHQW��7KH�UHDFWLRQ�IRUPV�D�ZDWHU�VROXEOH�SURGXFW��2UJDQLF�VFDYHQJHU�WHFKQRORJ\�
DYRLGV�VRPH�RI�WKH�SUREOHPV��FRUURVLRQ�GDPDJH�WR�HTXLSPHQW��H[FHVV�VOXGJH��LQFUHDVHG�S+�OHYHOV��
DVVRFLDWHG�ZLWK�RWKHU�RGRU�FRQWURO�FKHPLFDOV��$Q�RUJDQLF�VFDYHQJHU�SURGXFW�ZDV�DSSOLHG�DW�D�
QHZVSULQW�PLOO�DGGUHVVLQJ�VXOILGH�UHODWHG�RGRUV�DW�LWV�::73��+DJHQ�DQG�+DUWXQJ��������7KH�::73�
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LQFOXGHG�WZR�SDUDOOHO�SULPDU\�FODULILHUV�DQG�DQ�$67�V\VWHP��7KH�RUJDQLF�VFDYHQJHU�ZDV�DGGHG�WR�WKH�
SULPDU\�FODULILHU�LQIOXHQW��DQG�DPELHQW�VXOILGH�OHYHOV�ZHUH�UHGXFHG�DIWHU����KRXUV��7DEOH�������

7DEOH�������$PELHQW�6XOILGH�/HYHOV�%HIRUH�DQG�$IWHU�7UHDWPHQW�ZLWK�DQ�2UJDQLF�6FDYHQJHU�

/RFDWLRQ�

$PELHQW�6XOILGH�/HYHO
%HIRUH�7UHDWPHQW�

�SSP��

$PELHQW�6XOILGH�/HYHO�
$IWHU�7UHDWPHQW�

�SSP��
3ULPDU\�FODULILHU� ��������� ������
3ULPDU\�VOXGJH�SUHVV� �������� ������
6HFRQGDU\�VOXGJH�SUHVV� �������� ���
6285&(���+DJHQ�DQG�+DUWXQJ������

2UJDQLF�VFDYHQJHUV�KDYH�DOVR�EHHQ�DSSOLHG�DW�D�NUDIW�PLOO�WR�UHGXFH�VXOILGH�RGRUV�DVVRFLDWHG�ZLWK�
OLTXRU�VSLOOV�DQG�WDQN�FOHDQLQJ�RSHUDWLRQV�E\�DGGLQJ�WKHP�WR�WKH�VSLOO�FRQWDLQPHQW�VXPS�SULRU�WR�WKH�
SULPDU\�FODULILHU��7KH�SURGXFW�ZDV�PDQXDOO\�DGGHG�WR�ZDVWHZDWHU�ZKHQ�S+�DQG�FRQGXFWLYLW\�
PHDVXUHPHQWV�UHDFKHG�VSHFLILF�OHYHOV��FRQGXFWLYLW\�ZDV�XWLOL]HG�DV�D�VXUURJDWH�IRU�OLTXRU�VSLOOV�
EHFDXVH�LW�RIWHQ�LQFUHDVHV�GXULQJ�D�VSLOO���7KH�RUJDQLF�VFDYHQJHU�KHOSHG�NHHS�VXOILGH�LQ�VROXWLRQ�XQWLO�
R[LGDWLRQ�FRXOG�RFFXU�ZLWKLQ�WKH�::73��+DJHQ�DQG�+DUWXQJ��������

������ (Q]\PH�%ORFNHUV

(Q]\PH�EORFNHUV�DIIHFW�WKH�DFWLRQ�RI�RQH�RI�WKH�HQ]\PHV�WKDW�65%�XVH�WR�PHWDEROL]H�VXOIDWHV�WR�
VXOILGH��WKHUHE\�UHGXFLQJ�IRUPDWLRQ�RI�VXOILGH��7KH�DSSURDFK�ZDV�DSSOLHG�DW�DQ�LQWHJUDWHG�SXOS�DQG�
SDSHU�PLOO¶V����0*'�::73�FRQVLVWLQJ�RI�SULPDU\�FODULILFDWLRQ�IROORZHG�E\�$67��$IWHU�LQLWLDO�
VXUYH\�VWXGLHV�XVLQJ�VXOILGH�PRQLWRUV�DQG�65%�WHVW�NLWV��LW�ZDV�GHWHUPLQHG�WKDW�D�PDMRULW\�RI�VXOILGH�
ZDV�SURGXFHG�LQ�WKH�WKLFNHQHU�WKDW�VXSSOLHG�WKH�VOXGJH�SUHVV��(Q]\PH�LQKLELWRU�ZDV�DGGHG�WR�WKH�
WKLFNHQHU�PL[�ER[��WKH�IDFLOLW\�DOVR�DGGHG�)H62��IRU�VXOILGH�FRQWURO���$Q�HLJKW�PRQWK�WULDO�ZDV�
FRQGXFWHG�GXULQJ�ZKLFK�IHHG�RI�WKH�HQ]\PH�EORFNHU�YDULHG�IURP���WR����SSP��LQ���0*'�IORZ�WR�WKH�
WKLFNHQHUV���6WXG\�UHVXOWV�LQGLFDWHG�WKDW�WKH�SULPDU\�REMHFWLYH�RI�UHGXFLQJ�VXOILGH�ORDGV�WR�WKH�ODQGILOO�
ZDV�PHW��6XOILGH�OHYHOV�PHDVXUHG�QHDU�WKH�EHOW�SUHVVHV�DQG�VOXGJH�SLOHV�LQ�WKH�SUHVV�EXLOGLQJ�ZHUH�
UHGXFHG��,Q�DGGLWLRQ��WKH�PLOO�ZDV�DEOH�WR�UHGXFH�WKH�DPRXQW�RI�)H62��XVHG�WR�SUHFLSLWDWH�VXOILGH�IURP�
�����OE�G�WR�����OE�G��ZKLFK�KHOSHG�NHHS�RYHUDOO�FKHPLFDO�WUHDWPHQW�FRVWV�FRQVWDQW��$UWKXU�DQG�$QNHU�
�������

������ 2GRU�1HXWUDOL]HUV

2GRU�QHXWUDOL]HUV�ZRUN�E\�DEVRUELQJ�RU�DGVRUELQJ�RGRURXV�FRPSRXQGV��W\SLFDOO\�+�6��0H6+��DQG�
9)$V��1HXWUDOL]HUV�DUH�DSSOLHG�LQWR�WKH�DLU�DV�YDSRUV�RU�PLVWV�DQG�UHTXLUH�LQVWDOODWLRQ�RI�D�GHOLYHU\�
V\VWHP��0DQ\�FRPPHUFLDOO\�DYDLODEOH�QHXWUDOL]HUV�DUH�EDVHG�RQ�HVVHQWLDO�RLOV��

$�PLOO�LQ�WKH�FHQWUDO�8�6��SXOSLQJ�KDUGZRRG�DQG�ROG�FRUUXJDWHG�FRQWDLQHUV�KDV�EHHQ�HIIHFWLYHO\�
XWLOL]LQJ�DQ�RGRU�QHXWUDOL]DWLRQ�V\VWHP�IRU�VHYHUDO�\HDUV��7KH�PLOO�SHULRGLFDOO\��ZKHQ�VROLGV�ORDGLQJV�
DUH�KLJK�DQG�R[\JHQ�OHYHOV�DUH�ORZ�LQ�WKH�::73��KDV�SUREOHPV�ZLWK�RGRUV�DVVRFLDWHG�ZLWK�WKH�
LQIOXHQW�SRQG�WKDW�UHFHLYHV�PLOO�SURFHVV�ZDWHU�DQG�VWRUP�ZDWHU��7KH�RGRU�QHXWUDOL]DWLRQ�V\VWHP�LV�
DFWLYDWHG�ZKHQ�RGRU�OHYHOV�LQFUHDVH�DQG�ZLQG�GLUHFWLRQ�PLJKW�LPSDFW�WKH�FRPPXQLW\��7KH�
YDSRUL]DWLRQ�V\VWHP�FRQVLVWV�RI�D������IW��PLQ�EORZHU�YHQWLQJ�WKURXJK������IHHW�RI�HLJKW�LQFK�
GLDPHWHU�SHUIRUDWHG�39&�OLQHV�WKDW�UXQ�KRUL]RQDOO\�DORQJ�WKH�HGJH�RI�WKH�ILUVW�LQIOXHQW�SRQG�DQG�DUH�
HOHYDWHG�YHUWLFDOO\�E\�DSSUR[LPDWHO\�WKUHH�IHHW��7KH�PLOO�UHSRUWHG�WKDW�WKH�V\VWHP�ZDV�HIIHFWLYH�LQ�
UHGXFLQJ�RGRU�FRPSODLQWV��1&$6,�ILOHV���
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$�VLPLODU�V\VWHP�ZDV�LQVWDOOHG�DURXQG�WKH�SHULPHWHU�RI�DQ�HIIOXHQW�WUHDWPHQW�SRQG�DQG�DQ�HPHUJHQF\�
VSLOO�EDVLQ�WR�KHOS�FRQWURO�RGRUV�DW�D�SDSHU�PLOO�LQ�&DQDGD��$IWHU�LQVWDOODWLRQ�RI�WKH�V\VWHP��ZKLFK�LV�
XWLOL]HG�IURP�0D\�WKURXJK�1RYHPEHU��RGRU�FRPSODLQWV�GHFOLQHG�E\������1&$6,�ILOHV���

������ %LRFLGHV

%LRFLGHV�FRQWURO�RGRUV�E\�VXSSUHVVLQJ�WKH�DFWLYLW\�RI�PLFURRUJDQLVPV��$GYDQWDJHV�RYHU�FKHPLFDO�
R[LGDQWV�IRU�RGRU�FRQWURO�DUH�WKDW�ELRFLGHV�DUH�PRUH�SHUVLVWHQW�LQ�WKH�V\VWHP��WKH\�GR�QRW�LQWHUIHUH�ZLWK�
SXOSLQJ�DQG�SDSHUPDNLQJ��DQG�ORZHU�TXDQWLWLHV�DUH�UHTXLUHG��'\HU��������'LVDGYDQWDJHV�DUH�UHODWHG�WR�
WKH�S+�VHQVLWLYLW\�RI�PDQ\�ELRFLGHV�DQG�WKDW�ELRORJLFDO�ZDVWHZDWHU�WUHDWPHQW�V\VWHPV�PD\�EH�DIIHFWHG�
E\�ELRFLGH�FDUU\RYHU��%LRFLGHV�DUH�RIWHQ�XVHG�LQ�FRQMXQFWLRQ�ZLWK�RWKHU�RGRU�UHGXFWLRQ�WHFKQLTXHV�WR�
DGGUHVV�RGRUV�DW�UHF\FOHG�SDSHU�PLOOV��)RU�H[DPSOH��D�PXOWL�SURQJHG�DSSURDFK�XVHG�DW�D������
UHF\FOHG�FRUUXJDWLQJ�PHGLXP�PLOO�LQFOXGHG�ELRFLGH�DSSOLFDWLRQ�DW�VHYHUDO�SRLQWV�LQ�WKH�SDSHU�V\VWHP�
WR�FRQWURO�WKH�DPRXQW�RI�DHURELF�EDFWHULD��'DYLV�DQG�6PLWK��������7KH�FRPELQHG�DSSURDFK�WR�9)$�
RGRU�FRQWURO�LQFOXGHG�JRRG�RSHUDWLRQDO�SUDFWLFHV��WKH�ELRFLGH�SURJUDP��DQG�V\VWHP�R[\JHQDWLRQ�XVLQJ�
+�2���,W�UHVXOWHG�LQ�D�����UHGXFWLRQ�LQ�DFHWLF�DFLG�DQG�D�����UHGXFWLRQ�LQ�EXW\ULF�DFLG��

������ 6KHOWHUEHOWV

9HJHWDWLYH�VKHOWHUEHOWV�KDYH�EHHQ�DFFHSWHG�LQ�WKH�8�6��IRU�FRQWURO�RI�VXOILGH�UHODWHG�RGRUV��HVSHFLDOO\�
LQ�WKH�OLYHVWRFN�LQGXVWU\��5HFHQW�LQYHVWLJDWLRQV�KDYH�FRQFOXGHG�WKDW�SURSHUO\�GHVLJQHG�DQG�
LPSOHPHQWHG�VKHOWHUEHOWV�FDQ�EH�HIIHFWLYH�LQ�RGRU�UHGXFWLRQ�YLD�IRXU�PHFKDQLVPV��7\QGDOO�DQG�
&ROOHWWL��������

��� PL[LQJ�DQG�GLOXWLRQ�RI�RGRURXV�DLU�ZLWK�IUHVK�DLU�GXH�WR�WXUEXOHQFH�FUHDWHG�E\�ZLQG��

��� UHGXFWLRQ�LQ�ZLQG�VSHHG�DFURVV�ZDVWH�SRQGV��RQH�RI�WKH�PDMRU�IDFWRUV�FRQWULEXWLQJ�WR�LQFUHDVHG�
HPLVVLRQ�UDWHV�IURP�SXOS�DQG�SDSHU�PLOOV��&UDZIRUG��������

��� SK\VLFDO�LQWHUFHSWLRQ�RI�SDUWLFOHV��DQG�WKH�RGRURXV�FRPSRXQGV�DWWDFKHG�WR�WKHP��DQG�RWKHU�
FRPSRXQGV�YLD�FROOHFWLRQ�RQ�OHDI�VXUIDFHV��DQG�

��� EUHDNGRZQ�RI�RGRURXV�FRPSRXQGV�WKURXJK�DEVRUSWLRQ�DQG�DGVRUSWLRQ�RI�RGRURXV�FKHPLFDOV�RQ�
IROLDJH�DQG�VXEVHTXHQW�EUHDNGRZQ�RI�WKRVH�FKHPLFDOV�E\�PLFURELDO�DFWLYLW\��

1LFRODL�HW�DO���������FRQGXFWHG�VWXGLHV�DURXQG�D�PDQXUH�VWRUDJH�SRQG�XVLQJ�+�6�DV�WKH�PHDVXUDEOH�
LQGLFDWRU�RI�RGRU�UHGXFWLRQ��7KH\�GHWHUPLQHG�WKDW�IRU�DOO�ZLQG�VSHHGV��DYHUDJHG��D�PDWXUH�VKHOWHUEHOW�
UHGXFHG�+�6�FRQFHQWUDWLRQV�E\������

$�WKUHH�URZ�VKHOWHUEHOW�LV�FXUUHQWO\�UHFRPPHQGHG�LQ�WKH�GDLU\�LQGXVWU\��7KLV�DSSURDFK�LQFRUSRUDWHV�
WKUHH�GLIIHUHQW�WUHH�VSHFLHV��D�URZ�RI�VKUXEV�QHDUHVW�WKH�RGRU�VRXUFH�WR�GLYHUW�DLU�XSZDUG�DQG�ILOWHU�WKH�
DLU�QHDUHVW�WKH�JURXQG��D�WDOO�FRQLIHU�URZ�LQ�WKH�PLGGOH�WR�SURYLGH�ZLQG�VSHHG�UHGXFWLRQ�RQ�D�ORQJ�WHUP�
EDVLV��DQG�D�IDVW�JURZLQJ�GHFLGXRXV�WUHH�URZ�WR�SURYLGH�ZLQG�UHGXFWLRQ�RQ�D�VKRUW�WHUP�EDVLV�
�%ROLQJHU�DQG�0D\��������9HJHWDWLYH�EXIIHUV�VKRXOG�KDYH�D�SRURVLW\�RI����WR�����DQG�D�KHLJKW�RI�
���WR����IHHW�WR�EHFRPH�IXOO\�HIIHFWLYH��7\QGDOO�DQG�&ROOHWWL��������

$OWKRXJK�VKHOWHUEHOW�HIIHFWV�RQ�RGRU�PRYHPHQW�DQG�DEDWHPHQW�KDYH�\HW�WR�EH�VWXGLHG�LQ�GHWDLO�DURXQG�
SXOS�DQG�SDSHU�LQGXVWU\�::73V��WKH\�PD\�EH�ZRUWK�FRQVLGHULQJ�GXH�WR�VLJQLILFDQW�+�6�UHGXFWLRQV�
UHSRUWHG�E\�WKH�OLYHVWRFN�LQGXVWU\��7KH\�KDYH�WKH�DGGHG�EHQHILW�RI�EHLQJ�DHVWKHWLFDOO\�SOHDVLQJ�WR�
VXUURXQGLQJ�FRPPXQLWLHV��



��� 7HFKQLFDO�%XOOHWLQ�1R������

1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW�

���� 6800$5<�$1'�&21&/86,216�

7KLV�UHSRUW�SURYLGHV�D�VXPPDU\�RI�SXOS�DQG�SDSHU�LQGXVWU\�H[SHULHQFHV�ZLWK�RGRU�PLQLPL]DWLRQ�
PHWKRGV�DW�::73V��2YHU�����GRFXPHQWV�ZHUH�UHYLHZHG��DORQJ�ZLWK�1&$6,�UHVHDUFK�ILOHV�DQG�
LQWHUYLHZV�ZLWK�PHPEHU�FRPSDQLHV�WKDW�KDYH�UHFHQWO\�FRQGXFWHG�RGRU�PLQLPL]DWLRQ�VWXGLHV��7KH�NH\�
FRPSRQHQWV�LQ�PDQ\�RGRU�UHGXFWLRQ�SURJUDPV�DW�SXOS�DQG�SDSHU�PLOOV�LQFOXGH�IRUPDWLRQ�RI�DQ�RGRU�
UHGXFWLRQ�WHDP��LQWHUDFWLRQV�ZLWK�FRPPXQLWLHV��VXEMHFWLYH�VXUYH\V�RI�::73V��ILHOG�PHDVXUHPHQWV�RI�
DPELHQW�DLU�DQG�ZDWHU��PRGHOLQJ�WR�KHOS�SUHGLFW�RGRU�LPSDFWV�LQ�FRPPXQLWLHV��DQG�VHOHFWLRQ��
DSSOLFDWLRQ��DQG�DVVHVVPHQW�RI�RGRU�FRQWURO�PHWKRGV��

+\GURJHQ�VXOILGH�LV�RQH�RI�WKH�PDMRU�RGRURXV�FRPSRXQGV�HQFRXQWHUHG�LQ�::73V��$�YDULHW\�RI�
PHWKRGV�FDQ�EH�HPSOR\HG�IRU�PDNLQJ�ILHOG�PHDVXUHPHQWV�RI�VXOILGH�LQ�ZDWHU��LQFOXGLQJ�VXOILGH�LRQ�
WXEHV�DQG�PHWKRGV�EDVHG�RQ�WLWUDWLRQ��FRORULPHWU\��FDSLOODU\�]RQH�HOHFWURSKRUHVLV��*&�66'��DQG�
HOHFWURFKHPLVWU\��$LUERUQH�VXOILGH�OHYHOV�PD\�EH�DVVHVVHG�XVLQJ�HOHFWURFKHPLFDO�PHWKRGV��JROG�ILOP�
VHQVRUV��SDSHU�WDSHV�DQG�SDWFKHV��JDV�GHWHFWLRQ�WXEHV��FDYLW\�ULQJ�GRZQ�VSHFWURVFRS\��DPELHQW�+�6�
DQDO\]HUV��*&�06��*&�2�06��DQG�*&�66'��

1&$6,�KDV�FRQGXFWHG�VHYHUDO�VRXUFH�LGHQWLILFDWLRQ�VXUYH\V�DW�LQGXVWU\�::73V��5HVXOWV�LQGLFDWH�WKDW�
SULPDU\�FODULILHUV�DUH�W\SLFDOO\�PLQRU�VRXUFHV�RI�56&�HPLVVLRQV��DOWKRXJK�VLJQLILFDQW�FRQFHQWUDWLRQV�
RI�VXOILGH�PD\�EH�JHQHUDWHG�LQ�WKHVH�XQLWV��3ULPDU\�VHWWOLQJ�SRQGV�DQG�XQGHU�DHUDWHG�$6%V�FDQ�EH�
VLJQLILFDQW�SRLQWV�RI�VXOILGH�JHQHUDWLRQ�DQG�HPLVVLRQV��$67V�DQG�$6%V�ZLWK�VXIILFLHQW�DHUDWLRQ��
HVSHFLDOO\�LQ�WKH�IURQW�HQG�RI�WKH�V\VWHP��KDYH�SURYHQ�WR�EH�PLQRU�VRXUFHV�RI�VXOILGH�HPLVVLRQV��DQG�
SRVW�DHUDWLRQ�SRQGV�DUH�PLQRU�VRXUFHV��(PLVVLRQV�RI�0H6+��'06��DQG�'0'6�DUH�RIWHQ�UHODWHG�WR�
FRQGHQVDWH�FROOHFWLRQ�DQG�VWULSSLQJ�SUDFWLFHV�DQG�WKH�W\SH�RI�VHFRQGDU\�WUHDWPHQW�HPSOR\HG��0LOOV�
WKDW�VWHDP�VWULSSHG�IRXO�FRQGHQVDWHV�KDG�ORZ�RU�XQGHWHFWDEOH�OHYHOV�RI�256&V�IURP�DOO�::73�XQLWV�
DVVHVVHG��ZKLOH�KDUG�SLSLQJ�RI�IRXO�FRQGHQVDWHV�WR�$6%V�UHVXOWV�LQ�VLJQLILFDQW�256&�HPLVVLRQV�IURP�
WKRVH�EDVLQV��$TXHRXV�SKDVH�VXUYH\V�LQGLFDWH�WKDW�VXOILGH�JHQHUDWLRQ�LV�DVVRFLDWHG�ZLWK�DQR[LF�]RQHV�
ZKHUH�KLJKHU�FRQFHQWUDWLRQV�RI�ELRGHJUDGDEOH�VXEVWDQFHV�DUH�SUHVHQW��$TXHRXV�VXOILGH�VXUYH\V�FDQ�
KHOS�LGHQWLI\�DUHDV�ZKHUH�VXOILGH�OHYHOV�LQFUHDVH�DQG�GHFUHDVH��DOWKRXJK�LQWHUSUHWDWLRQ�RI�WKHVH�GDWD�LV�
FKDOOHQJLQJ�GXH�WR�PXOWLSOH�UHDFWLRQ�SDWKZD\V��LQFOXGLQJ�R[LGDWLRQ��JHQHUDWLRQ��DQG�YRODWLOL]DWLRQ��
2QFH�VRXUFHV�KDYH�EHHQ�LGHQWLILHG��FRQWURO�PHWKRGV�PD\�EH�VHOHFWHG�DQG�DSSOLHG��

2GRUV�DW�PRVW�::73V�DUH�DVVRFLDWHG�ZLWK�+�6��DQG�PDQ\�FRQWURO�PHWKRGV�KDYH�EHHQ�SURSRVHG�DQG�
WHVWHG��(IIHFWLYH�FRQWURO�PHWKRGV�DFW�RQ�RQH�RU�PRUH�FKHPLFDO��ELRFKHPLFDO��RU�SK\VLFDO�SURFHVVHV�
WKDW�LQFOXGH�GLVVLPLODWRU\�DQG�DVVLPLODWRU\�UHGXFWLRQ��FKHPLFDO�DQG�ELRORJLFDO�R[LGDWLRQ��
YRODWLOL]DWLRQ��DQG�PLQHUDOL]DWLRQ��0DQ\�PHWKRGV�WR�UHGXFH�RGRUV�DVVRFLDWHG�ZLWK�::73V�WDUJHW�
SURFHVVHV�WKDW�PLQLPL]H�VXOILGH�JHQHUDWLRQ�DQG�HQFRXUDJH�LWV�UHPRYDO�YLD�R[LGDWLRQ�RU�SUHFLSLWDWLRQ��
7DEOH�����VXPPDUL]HV�UHVXOWV�RI�VWXGLHV�UHSRUWHG�LQ�WKH�OLWHUDWXUH�RU�FRQGXFWHG�E\�PHPEHU�FRPSDQLHV�
LQ�FRRSHUDWLRQ�ZLWK�1&$6,�ZKHUH�WKH�HIIHFWLYHQHVV�RI�FRQWURO�PHWKRGV�IRU�UHGXFLQJ�+�6�ZHUH�
HYDOXDWHG��

&KHPLFDO�SUHFLSLWDWLRQ�XVLQJ�LURQ�VDOWV�KDV�EHHQ�IRXQG�WR�UHGXFH�+�6�HPLVVLRQV�E\�DV�PXFK�DV������
7KH�PDLQ�GLVDGYDQWDJH�LV�UHODWHG�WR�LQFUHDVHG�VOXGJH�JHQHUDWLRQ�DQG�PHWDOV�DFFXPXODWLRQ��$�YDULHW\�
RI�FKHPLFDO�R[LGDWLRQ�DSSURDFKHV�KDYH�EHHQ�WHVWHG��LQFOXGLQJ�DGGLWLRQ�RI�R[\JHQ��K\GURJHQ�SHUR[LGH��
FKORULQH��FKORULQH�GLR[LGH��DQG�SRWDVVLXP�SHUPDQJDQDWH��7KH�HIIHFWLYHQHVV�RI�WKHVH�WHFKQLTXHV�YDULHV�
GHSHQGLQJ�RQ�GRVHV�DQG�DSSOLFDWLRQ�VLWHV��EXW�JHQHUDOO\�UDQJHV�IURP����WR�����UHGXFWLRQ�LQ�+�6��
3URMHFWV�WKDW�KDYH�EHHQ�HIIHFWLYH�LQ�UHGXFLQJ�RGRUV�DW�SXOS�DQG�SDSHU�PLOO�::73V�LQFOXGH�LQMHFWLQJ�
R[\JHQ�DW�D�SULPDU\�FODULILHU��DGGLQJ�DHUDWLRQ�FDSDFLW\�DQG�UHGLVWULEXWLQJ�RUJDQLF�ORDGLQJ�LQ�DQ�$6%��
DQG�DGGLQJ�QLWUDWH�FRPSRXQGV�DV�DOWHUQDWLYH�HOHFWURQ�DFFHSWRUV�LQ�WKH�SULPDU\�FODULILHU��VHWWOLQJ�SRQG��
RU�GHZDWHUHG�VOXGJH��2WKHU�WHFKQLTXHV�WKDW�KDYH�UHVXOWHG�LQ�UHGXFWLRQV�LQ�RGRU�FRPSODLQWV�LQFOXGH�S+�
DGMXVWPHQW�WR�PLQLPL]H�VXOILGH�YRODWLOL]DWLRQ��WDUJHWHG�XVH�RI�ELRVWLPXODQWV��RUJDQLF�VFDYHQJHUV��
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HQ]\PH�EORFNHUV��RGRU�QHXWUDOL]HUV��DQG�ELRFLGHV��$QRWKHU�FRQFHSW�ZRUWK\�RI�FRQVLGHUDWLRQ�LV�WKH�XVH�
RI�YHJHWDWLYH�VKHOWHUEHOWV�WKDW�KDYH�EHHQ�DSSOLHG�LQ�WKH�VZLQH�LQGXVWU\�WR�UHGXFH�RGRUV�DURXQG�
WUHDWPHQW�SRQGV��2YHUDOO��VRPH�RI�WKH�PRVW�VXFFHVVIXO�VWUDWHJLHV�IRU�RGRU�PLQLPL]DWLRQ�DW�::73V�
LQYROYH�HOLPLQDWLRQ�RI�DQR[LF�FRQGLWLRQV�LQ�WUHDWPHQW�EDVLQV��

7DEOH�������6XPPDU\�RI�6XOILGH�&RQWURO�0HWKRGV�LQ�WKH�3XOS�DQG�3DSHU�,QGXVWU\�

&RQWURO�0HWKRG� $SSOLFDWLRQ�
$YHUDJH�6XOILGH�

5HGXFWLRQD� 5HIHUHQFH�
)HUULF�FKORULGH��)H&O��� VOXGJH�GHZDWHULQJ��SULRU�

WR�SULPDU\�FODULILHU�
���� &URZGHU��7LQWL��DQG�

1LHGHQ]X������
)HUURXV�FKORULGH��)H&O��� IRUFH�PDLQ� a���� :ROVWHQKROPH�DQG�

-DEORQHU������
)HUURXV�VXOIDWH��)H62��� IRXO�FRQGHQVDWH�KHDGHU� a���� 1&$6,�ILOHV�
+\GURJHQ�SHUR[LGH��+�2��� IRXO�FRQGHQVDWH� ��������� 1&$6,�ILOHV�
6RGLXP�K\SRFKORULWH�
�1D&O2��

IRXO�FRQGHQVDWH� ���� 1&$6,�ILOHV�

3RWDVVLXP�SHUPDQJDQDWH�
�.0Q2���

VOXGJH�GHZDWHULQJ� a���� -DFNVRQ������

2[\JHQ��2��� SULPDU\�FODULILHU�LQOHW� a���±����� 1&$6,�ILOHV�
,QFUHDVHG�DHUDWLRQ�+3� $6%� UHGXFHG�RGRU�

FRPSODLQWV�
5DFLQH������

6RGLXP�QLWUDWH��1D12��� VHWWOLQJ�ODJRRQ��VOXGJH�
GHZDWHULQJ�

a����
HOLPLQDWHG�RGRU�
FRPSODLQWV�

:DWVRQ�HW�DO��������
*UROHDX�HW�DO�������

&DOFLXP�QLWUDWH��&D12��� SDSHU�PDFKLQH�VHZHU� UHGXFHG�RGRU�
FRPSODLQWV�

1&$6,�ILOHV�

&DXVWLF�IRU�S+�FRQWURO� VHWWOLQJ�SRQG�SULRU�WR�
$6%�

UHGXFHG�RGRU�
FRPSODLQWV�

1&$6,�ILOHV�

$QWKUDTXLQRQH�DQG�
SXOSLQJ�PRGLILFDWLRQV�

LQ�GLJHVWHU� ���� <RRQ�HW�DO�������

%LRVWLPXODQWV� $6%�ODJRRQ� UHGXFHG�VXOILGH�
FRQFHQWUDWLRQV�
DQG�RGRU�
FRPSODLQWV�

3RWH�DQG�'Z\HU������

2UJDQLF�VFDYHQJHUV� SULPDU\�FODULILHU��VOXGJH�
SUHVV�

!���� +DJHQ�DQG�+DUWXQJ�
�����

(Q]\PH�EORFNHUV� VOXGJH�WKLFNHQHU�PL[�
ER[�

UHGXFHG�VXOILGH�
DQG�RGRU�

$UWKXU�DQG�$QNHU������

2GRU�QHXWUDOL]HUV� HPHUJHQF\�VSLOO�EDVLQ� ���� 1&$6,�ILOHV�
%LRFLGHV� SDSHU�V\VWHP� a����UHGXFWLRQ�

LQ�9)$V�
'DYLV�DQG�6PLWK������

D� YDOXHV�DUH�IRU�VXOILGH�XQOHVV�RWKHUZLVH�QRWHG�
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5()(5(1&(6�

$PHULFDQ�3XEOLF�+HDOWK�$VVRFLDWLRQ��$3+$���$PHULFDQ�:DWHU�:RUNV�$VVRFLDWLRQ��$::$���DQG�
:DWHU�3ROOXWLRQ�&RQWURO�)HGHUDWLRQ��:3&)����������������6���)��&DOFXODWLRQ�RQ�XQ�LRQL]HG�
K\GURJHQ�VXOILGH���,Q�6WDQGDUG�PHWKRGV�IRU�WKH�H[DPLQDWLRQ�RI�ZDWHU�DQG�ZDVWHZDWHU����WK�HG�����
�������������:DVKLQJWRQ��'&��$PHULFDQ�3XEOLF�+HDOWK�$VVRFLDWLRQ��

$PHULFDQ�6RFLHW\�RI�&LYLO�(QJLQHHUV��$6&(�����������6XOILGH�LQ�ZDVWHZDWHU�FROOHFWLRQ�DQG�WUHDWPHQW�
V\VWHPV���1HZ�<RUN��$PHULFDQ�6RFLHW\�RI�&LYLO�(QJLQHHUV��

$UWKXU��3�-���DQG�$QNHU��/�6����������+\GURJHQ�VXOILGH�RGRU�FRQWURO�WHFKQRORJ\���,Q�3URFHHGLQJV�RI�
WKH�7$33,�,QWHUQDWLRQDO�(QYLURQPHQWDO�&RQIHUHQFH������������$WODQWD��*$��7$33,�3UHVV��

%LHUPDQQ��&�-����������+DQGERRN�RI�SXOSLQJ�DQG�SDSHUPDNLQJ���QG�HG���6DQ�'LHJR��&$��$FDGHPLF�
3UHVV��

%ORQGHHO��0���)UDQoRLV��)���%HUQDHUW��3���DQG�%DHUW��5����������6ROYLQJ�RGRXU�SUREOHPV�WRJHWKHU�ZLWK�
WKH�QHLJKERXUKRRG���,Q�3URFHHGLQJV��:()�$::$�2GRUV�DQG�$LU�(PLVVLRQV�&RQIHUHQFH������
�����$SULO�������+DUWIRUG��&7���:DWHU�(QYLURQPHQW�)HGHUDWLRQ�DQG�$PHULFDQ�:DWHU�:RUNV�
$VVRFLDWLRQ��

%ROLQJHU��'���DQG�0D\��*����������2GRU��*LYH�\RXU�QHLJKERUV�D�EUHDN±$�ZLQGEUHDN���0LFKLJDQ�'DLU\�
5HYLHZ��������������

%RRQ��$�*����������6HSWLFLW\�LQ�VHZHUV��&DXVHV��FRQVHTXHQFHV��DQG�FRQWDLQPHQW���:DWHU�6FLHQFH�DQG�
7HFKQRORJ\����������������

%UXQJDUGW��-����������2GRU�UHGXFWLRQ�±�,GHQWLILFDWLRQ�DQG�FRQWURO���3UHVHQWHG�DW�1&$6,�&HQWUDO�/DNH�
6WDWHV�5HJLRQDO�0HHWLQJ���5HVHDUFK�7ULDQJOH�3DUN��1&��1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�
,PSURYHPHQW��,QF��

&KHPLFDO�,QGXVWU\�&RXQFLO�RI�,OOLQRLV��&,&,�����������5HFRPPHQGDWLRQV�IRU�HIIHFWLYH�FRPPXQLW\�
RXWUHDFK�IURP�&KHPLFDO�,QGXVWU\�&RXQFLO�RI�,OOLQRLV�5HVSRQVLEOH�&DUH��VWDWH�RXWUHDFK�SDQHO���
5RVHPRQW��,/��&KHPLFDO�,QGXVWU\�&RXQFLO�RI�,OOLQRLV��,QF��

&KHQ��.�<���DQG�0RUULV��-�&����������.LQHWLFV�RI�R[LGDWLRQ�RI�DTXHRXV�VXOILGH�E\�2����(QYLURQPHQWDO�
6FLHQFH�DQG�7HFKQRORJ\���������������

&OLQH��-�'���DQG�5LFKDUGV��)�$����������2[\JHQDWLRQ�RI�K\GURJHQ�VXOILGH�LQ�VHDZDWHU�DW�FRQVWDQW�
VDOLQLW\��WHPSHUDWXUH��DQG�S+���(QYLURQPHQWDO�6FLHQFH�DQG�7HFKQRORJ\���������������

&RRN��'�/���DQG�+R\��'�5����������$QDO\WLFDO�WHFKQLTXHV�IRU�LQYHVWLJDWLQJ�RGRUV�DW�SXOS�DQG�SDSHU�
IDFLOLWLHV��3UHOLPLQDU\�UHVXOWV���,Q�3URFHHGLQJV�IURP�WKH������7$33,�(QYLURQPHQWDO�&RQIHUHQFH��
3RUWODQG��25���$WODQWD��*$��7$33,�3UHVV�

²²²����������:KDW¶V�WKDW�VPHOO"�$QDO\WLFDO�PHDVXUHPHQWV�IRU�RGRURXV�FRPSRXQGV�LQ�SXOS�DQG�
SDSHU�PLOO�ZDVWHZDWHUV���:()�$	:0$�2GRUV�DQG�$LU�(PLVVLRQV�������$SULO������3KRHQL[��$=�
�RQ�&'����:DWHU�(QYLURQPHQW�)HGHUDWLRQ�DQG�$LU�	�:DVWH�0DQDJHPHQW�$VVRFLDWLRQ��

&UDZIRUG��5����������0HDVXUHPHQW�RI�UHGXFHG�VXOIXU�FRPSRXQGV�DQG�PHWKDQH�HPLVVLRQV�IURP�NUDIW�
PLOO�ZDVWHZDWHU�WUHDWPHQW�SODQWV���,Q�:()�$	:0$�2GRUV�DQG�$LU�(PLVVLRQV��$SULO�������
+DUWIRUG��&7���:DWHU�(QYLURQPHQW�)HGHUDWLRQ�DQG�$LU�	�:DVWH�0DQDJHPHQW�$VVRFLDWLRQ��
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²²²����������5HVXOWV�RI�ZDVWHZDWHU�WUHDWPHQW�SODQW�UHGXFHG�VXOIXU�FRPSRXQG�HPLVVLRQ�VWXGLHV���
3UHVHQWHG�DW�1&$6,�6RXWKHUQ�5HJLRQDO�0HHWLQJ��-XQH��������1DVKYLOOH��71���5HVHDUFK�7ULDQJOH�
3DUN��1&��1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW��,QF��

&UDZIRUG��5�-���&UDSR��$�0���DQG�-DLQ��$�.����������5HGXFHG�VXOIXU�FRPSRXQG�DQG�PHWKDQH�
HPLVVLRQV�IURP�NUDIW�SXOS�DQG�SDSHU�PLOO�ZDVWHZDWHU�WUHDWPHQW�SODQWV���3UHVHQWHG�DW�
:()�$	:0$�2GRUV�DQG�$LU�(PLVVLRQV��������$SULO������3KRHQL[��$=���:DWHU�(QYLURQPHQW�
)HGHUDWLRQ�DQG�$LU�	�:DVWH�0DQDJHPHQW�$VVRFLDWLRQ��

&URZGHU��-�5���-U���7LQWL��*�$���DQG�1LHGHQ]X��3�0����������:DVWHZDWHU�RGRU�FRQWURO�XVLQJ�IHUULF�
FKORULGH���,Q�3URFHHGLQJV�RI�WKH�7$33,�,QWHUQDWLRQDO�(QYLURQPHQWDO�&RQIHUHQFH����������$WODQWD��
*$��7$33,�3UHVV��

'DYLHV��'�7���&KULVW\��7���DQG�2¶&RQQRU��%����������&RPEDWWLQJ�RGRXU�SUREOHPV�LQ�D�NUDIW�PLOO�XVLQJ�
K\GURJHQ�SHUR[LGH���3XOS�DQG�3DSHU�&DQDGD���������������

'DYLV��&�.���DQG�6PLWK��.�6����������&RQWUROOLQJ�RGRU�IURP�YRODWLOH�IDWW\�DFLGV�LQ�FORVHG��UHF\FOH�
SDSHU�PLOO�V\VWHPV���3XOS�DQG�3DSHU���������������

'HOJDGR��6���$OYDUH]��0���5RGULJXH]�*RPH]��/�(���DQG�$JXLDU��(����������+�6�JHQHUDWLRQ�LQ�D�
UHFODLPHG�XUEDQ�ZDVWHZDWHU�SLSH��&DVH�VWXG\��7HQHULIH��6SDLQ����:DWHU�5HVHDUFK����������������

'XIUHVQH��5���&DRXHWWH��/���1RUYDO��*�:���DQG�.DQWHUV��&�-����������7UHDWPHQW�RI�FOHDQ�FRQGHQVDWH�
XVLQJ�FDWDO\WLFDOO\�HQKDQFHG�R[LGDWLRQ���,Q�3URFHHGLQJV�RI�WKH�7$33,�,QWHUQDWLRQDO�
(QYLURQPHQWDO�&RQIHUHQFH�����������$WODQWD��*$��7$33,�3UHVV��

'XIUHVQH��5���DQG�/DURFKH��,����������(YDOXDWLRQ�RI�VXOIXU�VRXUFH�HPLVVLRQ�DURXQG�WKH�ZDVWHZDWHU�
WUHDWPHQW�RI�D�NUDIW�PLOO���,Q�3URFHHGLQJV�RI�WKH�7$33,�,QWHUQDWLRQDO�(QYLURQPHQWDO�&RQIHUHQFH���
������������$WODQWD��*$��7$33,�3UHVV��

'\HU��-����������2GRU�FRQWURO�LQ�UHF\FOHG�ILEHU�PLOOV���3URJUHVV�LQ�3DSHU�5HF\FOLQJ�$XJXVW��������

(FR�2[\JHQ�7HFKQRORJLHV��//&��(27�����������(&2��V\VWHP�GHIHDWV�K\GURJHQ�VXOILGH���3DSHU�
,QGXVWU\��'HFHPEHU����KWWS���ZZZ�HFR�WHFK�FRP��

(VSOLQ��*�-����������%RXQGDU\�OD\HU�HPLVVLRQ�PRQLWRULQJ���$LU�3ROOXWLRQ�&RQWURO�$VVRFLDWLRQ�-RXUQDO
�����������������

²²²����������7RWDO�UHGXFHG�VXOSKXU��756��HPLVVLRQV�IURP�HIIOXHQW�ODJRRQV���3XOS�	�3DSHU�
&DQDGD�������������

*RYHUH��(�0���7RQHJDZD��0���%UXQV��0�$���:KHHOHU��(�)���.HSKDUW��.�%���9RLJW��-�:���DQG�'HF��-���
�������8VLQJ�PLQFH�KRUVHUDGLVK�URRWV�DQG�SHUR[LGHV�IRU�WKH�GHRGRUL]DWLRQ�RI�VZLQH�PDQXUH��$�
SLORW�VFDOH�VWXG\���%LRUHVRXUFH�7HFKQRORJ\���������������

*R\HU��1���DQG�/DYRLH��-����������(PLVVLRQV�RI�FKHPLFDO�FRPSRXQGV�DQG�ELRDHURVROV�GXULQJ�WKH�
VHFRQGDU\�WUHDWPHQW�RI�SDSHU�PLOO�HIIOXHQWV���$PHULFDQ�,QGXVWULDO�+\JLHQH�$VVRFLDWLRQ�-RXUQDO
������������

*UROHDX��-���&ODXVHQ��7���+XQQLIRUG��'���(OOLV��.���DQG�+X]D��6����������%LR[LGH�LPSURYHV�DLU�TXDOLW\��
FRQWUROV�RGRUV�DQG�FRUURVLYH�JDV�JHQHUDWLRQ�LQ�GHZDWHUHG�VOXGJH���,Q�3URFHHGLQJV�RI�WKH�7$33,�
,QWHUQDWLRQDO�(QYLURQPHQWDO�&RQIHUHQFH���$WODQWD��*$��7$33,�3UHVV��

+DJHQ��&�(���DQG�+DUWXQJ��5�:����������1HZ�FKHPLFDO�WUHDWPHQW�PHWKRG�FRQWUROV�ZDVWHZDWHU�V\VWHP�
RGRU���3XOS�DQG�3DSHU�1RYHPEHU��������
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+DUVKPDQ��9���DQG�%DUQHWWH��7����������:DVWHZDWHU�RGRU�FRQWURO��$Q�HYDOXDWLRQ�RI�WHFKQRORJLHV���
:DWHU�(QJLQHHULQJ�DQG�0DQDJHPHQW���������������

+HPPHQ��0���DQG�:LQJHV��.����������&RPPXQLW\�SDUWLFLSDWLRQ�LQ�D�PLOO�VSRQVRUHG�RGRU�VXUYH\���,Q�
7$33,�,QWHUQDWLRQDO�(QYLURQPHQWDO�&RQIHUHQFH�DQG�([KLELW������������$WODQWD��*$��7$33,�
3UHVV��

-DFNVRQ��-�+����������3RWDVVLXP�SHUPDQJDQDWH�VROYHV�RGRU�SUREOHP�DW�&RQVROLGDWHG�PLOO���3XOS�DQG�
3DSHU�$SULO����������

-lUYHQVLYX��0���0lHQSll��7���DQG�-lPVl�-RXQHOD��6��/����������)LHOG�VXUYH\�RI�UHGXFHG�VXOIXU�
HPLVVLRQV�IURP�D�PRGHUQ�)LQQLVK�SXOS�PLOO���(QYLURQPHQWDO�3URJUHVV����������������

.RWURQDURX��$���DQG�+RIIPDQQ��0�5����������&DWDO\WLF�DXWRR[LGDWLRQ�RI�K\GURJHQ�VXOILGH�LQ�
ZDVWHZDWHU���(QYLURQPHQWDO�6FLHQFH�DQG�7HFKQRORJ\������������������

.ULQJVWDG��.�3���0F.HDQ��:�7���/LEHUW��-���.OHSSH��3�-���DQG�/DLVKRQJ��&����������2GRU�UHGXFWLRQ�E\�
,'2�RI�NUDIW�EODFN�OLTXRU�ZLWK�R[\JHQ���7$33,�-RXUQDO��������������

.XKQ��$�7���.HOVDOO��*�+���DQG�&KDQD��0�6����������$�UHYLHZ�RI�DLU�R[LGDWLRQ�RI�DTXHRXV�VXOILGH�
VROXWLRQV���-RXUQDO�RI�&KHPLFDO�7HFKQRORJ\�DQG�%LRWHFKQRORJ\���$����������

/DQJH��&�5���DQG�&KULVWLDQVHQ��-����������&KDUDFWHUL]DWLRQ�RI�RGRUV�RULJLQDWLQJ�IURP�SXOS�DQG�SDSHU�
ZDVWHZDWHU�ODJRRQV���,Q�7$33,�,QWHUQDWLRQDO�(QYLURQPHQWDO�&RQIHUHQFH�DQG�([KLELW��0D\������
$WODQWD��*$���$WODQWD��*$��7$33,�3UHVV��

/HZLV��5���0DJHUV��.���6DWWOHU��$���.KRXU\�-���0F&DZ��.���0DWKLVRQ��6���DQG�/HH��-����������'HWHFWLRQ��
LGHQWLILFDWLRQ�DQG�TXDQWLWDWLRQ�RI�RGRURXV�HPLVVLRQV�XVLQJ�ZKROH�DLU�VDPSOLQJ��JDV�
FKURPDWRJUDSK\�PDVV�VSHFWURPHWU\�DQG�VHPLTXDQWLWDWLYH�ROIDFWRPHWU\���,Q�:()�$	:0$�2GRUV�
DQG�$LU�(PLVVLRQV��$SULO��������%HOOHYXH��:$���:DWHU�(QYLURQPHQW�)HGHUDWLRQ�DQG�$LU�	�:DVWH�
0DQDJHPHQW�$VVRFLDWLRQ��

/LGH��'�5���HG��LQ�FK������������3K\VLFDO�FRQVWDQWV�RI�LQRUJDQLF�FRPSRXQGV���,Q�+DQGERRN�RI�
FKHPLVWU\�DQG�SK\VLFV����UG�HG����������������%RFD�5DWRQ��)/��&5&�3UHVV��

0DKPRRG��7���%DQHUMHH��6���DQG�6DFNHOODUHV��5�:����������6RXUFHV�DQG�IDWH�RI�756�FRPSRXQGV�LQ�D�
SXOS�PLOO�$6%���:DWHU�6FLHQFH�DQG�7HFKQRORJ\��������������������

0DUVKDOO��.����������%HLQJ�SDUW�RI�WKH�FRPPXQLW\��0LOO�RGRUV�DQG�SXEOLF�UHVSRQVH���3UHVHQWHG�DW�
1&$6,�:HVW�&RDVW�5HJLRQDO�0HHWLQJ���5HVHDUFK�7ULDQJOH�3DUN��1&��1DWLRQDO�&RXQFLO�IRU�$LU�
DQG�6WUHDP�,PSURYHPHQW��,QF��

0F(ZHQ��'���:LWKHUVSRRQ��-���DQG�&KDSPDQ��3����������2GRU�FRQWURO�PDVWHU�SODQQLQJ�DQG�
ELRWHFKQRORJ\�DSSOLFDWLRQV�DW�'HOWD�'LDEOR�6DQLWDWLRQ�'LVWULFW���,Q�3URFHHGLQJV��:()�$::$�
2GRUV�DQG�$LU�(PLVVLRQV�&RQIHUHQFH�����������$SULO�������+DUWIRUG��&7���:DWHU�(QYLURQPHQW�
)HGHUDWLRQ�DQG�$PHULFDQ�:DWHU�:RUNV�$VVRFLDWLRQ��

0LOOHU��6���0F0LOOHQ��'�'���DQG�6REHU��*����������$�PHWKRG�WR�HOLPLQDWH�DQDHURELF�RGRUV��UHGXFH�
VOXGJH�YROXPHV�DQG�LQFUHDVH�ELRORJLF�WUHDWPHQW�HIILFLHQF\�LQ�HIIOXHQW�WUHDWPHQW�SODQWV���,Q�
3URFHHGLQJV�RI�WKH�7$33,�,QWHUQDWLRQDO�(QYLURQPHQWDO�&RQIHUHQFH������������$WODQWD��*$��
7$33,�3UHVV��

0LOOHUR��)�-���+XEOLQJHU��6���)HUQDQGH]��0���DQG�*DUQHWW��6����������2[LGDWLRQ�RI�+�6�LQ�VHDZDWHU�DV�D�
IXQFWLRQ�RI�WHPSHUDWXUH��S+��DQG�LRQLF�VWUHQJWK���(QYLURQPHQWDO�6FLHQFH�DQG�7HFKQRORJ\
���������������



7HFKQLFDO�%XOOHWLQ�1R������ ���

1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW�

1DWLRQDO�&RXQFLO�>RI�WKH�3DSHU�,QGXVWU\@�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW��,QF���1&$6,�����������
3URFHVV�ZDWHU�TXDOLW\�DQG�ZDWHU�UHXVH�SUDFWLFHV�DW�ORZ�DQG�]HUR�GLVFKDUJH�UHF\FOHG�SDSHUERDUG�
PLOOV���7HFKQLFDO�%XOOHWLQ�1R��������5HVHDUFK�7ULDQJOH�3DUN��1&��1DWLRQDO�&RXQFLO�RI�WKH�3DSHU�
,QGXVWU\�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW��,QF��

����������/DERUDWRU\�VWXGLHV�RI�LQ�GLJHVWHU�EODFN�OLTXRU�R[LGDWLRQ��,'2��IRU�756�GHVWUXFWLRQ�
7HFKQLFDO�%XOOHWLQ�1R��������5HVHDUFK�7ULDQJOH�3DUN��1&��1DWLRQDO�&RXQFLO�RI�WKH�3DSHU�,QGXVWU\�
IRU�$LU�DQG�6WUHDP�,PSURYHPHQW��,QF��

����������8QGHUVWDQGLQJ�RGRU�IURP�ZDVWHZDWHU�WUHDWPHQW�V\VWHPV���:HEFDVW���5HVHDUFK�
7ULDQJOH�3DUN��1&��1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW��,QF��

����������(YDOXDWLRQ�RI�VXOILGH�LRQ�GHWHFWRU�WXEHV�IRU�GHWHUPLQLQJ�VXOILGH�FRQFHQWUDWLRQV�LQ�
SXOS�DQG�SDSHU�PLOO�ZDVWHZDWHUV���6SHFLDO�5HSRUW�1R����������5HVHDUFK�7ULDQJOH�3DUN��1&��
1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW��,QF��

����������$Q HYDOXDWLRQ�RI�D�FRORULPHWULF�PHWKRG�IRU�WKH�GHWHUPLQDWLRQ�RI�VXOILGH�LQ�SXOS�DQG�
SDSHU�PLOO�ZDVWHZDWHUV���6SHFLDO�5HSRUW�1R����������5HVHDUFK�7ULDQJOH�3DUN��1&��1DWLRQDO�
&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW��,QF��

²²²����������'HYHORSPHQW�DQG�DSSOLFDWLRQ�RI�D�PHWKRG�IRU�PHDVXULQJ�UHGXFHG�VXOIXU�FRPSRXQGV�
LQ�SXOS�DQG�SDSHU�PLOO�ZDVWHZDWHUV���7HFKQLFDO�%XOOHWLQ�1R��������5HVHDUFK�7ULDQJOH�3DUN��1&��
1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW��,QF��

1DWLRQDO�,QVWLWXWH�IRU�2FFXSDWLRQDO�6DIHW\�DQG�+HDOWK��1,26+�����������+\GURJHQ�VXOILGH��������,Q�
1,26+�0DQXDO�RI�$QDO\WLFDO�0HWKRGV���WK�HG���8QLWHG�6WDWHV�&HQWHU�IRU�'LVHDVH�&RQWURO��1DWLRQDO�
,QVWLWXWH�IRU�2FFXSDWLRQDO�6DIHW\�DQG�+HDOWK��

1DWXVFK��'�)�6���6HZHOO��-�5���DQG�7DQQHU��5�/����������'HWHUPLQDWLRQ�RI�K\GURJHQ�VXOILGH�LQ�DLU±$Q�
DVVHVVPHQW�RI�LPSUHJQDWHG�SDSHU�WDSH�PHWKRGV���$QDO\WLFDO�&KHPLVWU\����������������

1LFRODL��5�(���3KRO��6�+���/HIHUV��5���DQG�'LWWEHQQHU��$����������1DWXUDO�ZLQGEUHDN�HIIHFW�RQ�OLYHVWRFN�
K\GURJHQ�VXOILGH�UHGXFWLRQ�DQG�DGDSWLQJ�DQ�RGRU�PRGHO�WR�6RXWK�'DNRWD�ZHDWKHU�FRQGLWLRQV���
3URMHFW�IXQGHG�E\�6RXWK�'DNRWD�3RUN�3URGXFHUV���6RXWK�'DNRWD�6WDWH�8QLYHUVLW\��

1LHOVHQ��$�+���9ROOHUWVHQ��-���DQG�+YLWYHG�-DFREVHQ��7����������'HWHUPLQDWLRQ�RI�NLQHWLFV�DQG�
VWRLFKLRPHWU\�RI�FKHPLFDO�VXOILGH�R[LGDWLRQ�LQ�ZDVWHZDWHU�RI�VHZHU�QHWZRUNV���(QYLURQPHQWDO�
6FLHQFH�DQG�7HFKQRORJ\�������������������

1RUPDQGLQ��$����������&RPSDUDWLYH�DQQXDO�FRVW�HIILFLHQF\�EHWZHHQ�WKHUPDO�DQG�FKHPLFDO�R[LGDWLRQ�
RI�756�LQ�NUDIW�PLOOV���7$33,�-RXUQDO���������

1RUYDO��*���%XUWRQ��7���DQG�.DQWHUV��&����������7KH�UHPRYDO�RI�SXOS�PLOO�RGRXUV�E\�QRYHO�FDWDO\WLF�
HQYLURQPHQWDO�WHFKQRORJ\���3XOS�DQG�3DSHU�&DQDGD������������

2¶&RQQRU��%�,���%XFKDQDQ��%�(���DQG�.RYDFV��7�*����������&RPSRXQGV�FRQWULEXWLQJ�WR�RGRUV�IURP�
SXOS�DQG�SDSHU�PLOO�ELRVROLGV���3XOS�DQG�3DSHU�&DQDGD���������������

2¶&RQQRU��%���&UDLJ��'�&���+X]D��6���DQG�%R[��%����������8VH�RI�D�FRPPHUFLDO�DGGLWLYH�IRU�VOXGJH�
RGRXU�FRQWURO���,Q�3URFHHGLQJV�RI�WKH�7$33,�,QWHUQDWLRQDO�(QYLURQPHQWDO�&RQIHUHQFH���$WODQWD��
*$��7$33,�3UHVV��

2¶&RQQRU��%���DQG�/HGRX[��&����������756�LQYHQWRULHV�DQG�DLU�GLVSHUVLRQ�PRGHOLQJ�IRU�RGRXU�
UHGXFWLRQ�DW�D�NUDIW�PLOO�ZLWK�DQ�DFWLYDWHG�VOXGJH�WUHDWPHQW�SODQW���7$33,�-RXUQDO�����������



��� 7HFKQLFDO�%XOOHWLQ�1R������

1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW�

2OHQGRUI��6���-DFREL��.���DQG�%RQLVWDOO��'����������.UDIW�PLOO�RGRU�PRQLWRULQJ�DQG�RSHUDWLRQDO�UHVXOWV���
,Q�7$33,�,QWHUQDWLRQDO�(QYLURQPHQWDO�&RQIHUHQFH�DQG�([KLELW���$WODQWD��*$��7$33,�3UHVV��

3DOXPER��-���5DPDJH��.���6WUDWWRQ��6���DQG�8SWRQ��%����������8SGDWH�RQ�1&$6,�LQYHVWLJDWLRQV�LQWR�
VXOILGH�JHQHUDWLRQ�LQ�ZDVWHZDWHU�WUHDWPHQW�SODQWV���,Q�$GYDQFH�6XPPDULHV�RI�3UHVHQWDWLRQV�������
:HVW�&RDVW�5HJLRQDO�0HHWLQJ��*���±*������5HVHDUFK�7ULDQJOH�3DUN��1&��1DWLRQDO�&RXQFLO�IRU�
$LU�DQG�6WUHDP�,PSURYHPHQW��,QF��

3RWH��5�3���DQG�'Z\HU��(�-����������0LFURELDO�ELRVWLPXODQW�XVH�LQ�UHVROYLQJ�ZDVWH�ZDWHU�WUHDWPHQW�
LVVXHV�DW�/\RQV�)DOOV�3XOS�DQG�3DSHU���,Q�3URFHHGLQJV�RI�WKH�7$33,�,QWHUQDWLRQDO�(QYLURQPHQWDO�
&RQIHUHQFH������������$WODQWD��*$��7$33,�3UHVV��

5DFLQH��%����������0HDVXULQJ�+�6�GRZQ�WR���SSE���3UHVHQWHG�DW�WKH�1&$6,�1RUWKHUQ�5HJLRQDO�
0HHWLQJ��0D\������5HVHDUFK�7ULDQJOH�3DUN��1&��1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�
,PSURYHPHQW��,QF��

5DPVD\��.���0DQROHVFX��'���:HQW]HOO��3���DQG�:LQLN��&����������(FRQRPLF�EHQHILWV�DFKLHYHG�IURP�DQ�
RGRXU�UHGXFWLRQ�SURMHFW���,Q�3URFHHGLQJV�RI�WKH�7$33,�,QWHUQDWLRQDO�(QYLURQPHQWDO�&RQIHUHQFH��
����������$WODQWD��*$��7$33,�3UHVV��

5XWK��-�+����������2GRU�WKUHVKROGV�DQG�LUULWDWLRQ�OHYHOV�RI�VHYHUDO�FKHPLFDO�VXEVWDQFHV��$�UHYLHZ���
$PHULFDQ�,QGXVWULDO�+\JLHQH�$VVRFLDWLRQ�-RXUQDO�������������

6SHHFH��5�(���Q�G���&RVW�HIIHFWLYH�RGRU�FRUURVLRQ�SUHYHQWLRQ�LQ�ZDVWHZDWHU�FROOHFWLRQ�V\VWHPV�E\�
VXSHUR[\JHQDWLRQ���:()�F020���KWWS���ZZZ�FPRP�QHW��

6SHHFH��5�(���DQG�&OLGHQFH��'����������6XSHUR[\JHQDWLRQ��$�SUHVFULSWLRQ�IRU�RGRU�DQG�FRUURVLRQ�
SUHYHQWLRQ���:DWHU�(QYLURQPHQW�DQG�7HFKQRORJ\�0DUFK������

6WDXGLQJHU��-���DQG�5REHUWV��3�9����������$�FULWLFDO�UHYLHZ�RI�+HQU\¶V�ODZ�FRQVWDQWV�IRU�HQYLURQPHQWDO�
DSSOLFDWLRQV���&ULWLFDO�5HYLHZV�LQ�(QYLURQPHQWDO�6FLHQFH�DQG�7HFKQRORJ\����������������

7RRNH��'�/����������6XOIXU�WUDQVSRUW�DQG�IDWH�LQ�D�SXOS�PLOO�ZDVWHZDWHU�WUHDWPHQW�V\VWHP���3K'�WKHVLV���
8QLYHUVLW\�RI�0RQWDQD��

7RUPXQG��'���DQG�7HGHU��$����������(OLPLQDWLRQ�RI�PDORGRURXV�RUJDQLF�VXOIXU�FRPSRXQGV�IURP�WKH�
NUDIW�SXOSLQJ�SURFHVV�ZLWK�SRO\VXOILGH�DQG�SRO\WKXLQDWH���1RUGLF�3XOS�DQG�3DSHU�5HVHDUFK�
-RXUQDO����������

7\QGDOO��-���DQG�&ROOHWWL��-����������$LU�TXDOLW\�DQG�VKHOWHUEHOWV��2GRU�PLWLJDWLRQ�DQG�OLYHVWRFN�
SURGXFWLRQ±$�OLWHUDWXUH�UHYLHZ���3URMHFW�1R��������������������IRU�WKH�8QLWHG�6WDWHV�
'HSDUWPHQW�RI�$JULFXOWXUH��1DWLRQDO�$JURIRUHVWU\�&HQWHU���$PHV��,$��,RZD�6WDWH�8QLYHUVLW\��
)RUHVWU\�'HSDUWPHQW��

8QLWHG�6WDWHV�(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��86(3$�����������$LU�HPLVVLRQV�PRGHOV�IRU�ZDVWH�
DQG�ZDVWHZDWHU���(3$�����5�������$���5HVHDUFK�7ULDQJOH�3DUN��1&��8QLWHG�6WDWHV�
(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��

8UEDQVNL�5���/LVWHU��6���DQG�5DRXO��'����������'HYHORSPHQW�RI�DQ�HIIHFWLYH�756�DQG�RGRU�UHGXFWLRQ�
SURJUDP���3XOS�DQG�3DSHU�&DQDGD��������������

9DLUDYDPXUWK\��0�$���DQG�6FKRRQHQ��0�$�$���HGV������������*HRFKHPLFDO�WUDQVIRUPDWLRQV�RI�
VHGLPHQWDU\�VXOIXU���$&6�6\PSRVLXP�6HULHV�������:DVKLQJWRQ��'&��$PHULFDQ�&KHPLFDO�6RFLHW\��

YDQ�GHQ�+D]HO��3�-���DQG�:DHJHPDHNHUV��&�+�)�0����������2GRXU�DQQR\DQFH�LQ�D�UHVLGHQWLDO�DUHD�QHDU�
D�SDSHUPLOO���3XEOLF�+HDOWK�5HYLHZV�������������
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1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW�

9DQ�*HPHUW��/�-���DQG�1HWWHQEUHLMHU��$�+����������&RPSLODWLRQ�RI�RGRXU�WKUHVKROG�YDOXHV�LQ�DLU�DQG�
ZDWHU���9RRUEXUJ��1HWKHUODQGV��1DWLRQDO�,QVWLWXWH�IRU�:DWHU�6XSSO\��DQG�=HLVW��1HWKHUODQGV��
&HQWUDO�,QVWLWXWH�IRU�1XWULWLRQ�DQG�)RRG�5HVHDUFK�712��

9HUVFKXHUHQ�.����������+DQGERRN�RI�HQYLURQPHQWDO�GDWD�RQ�RUJDQLF�FKHPLFDOV���QG�HG���1HZ�<RUN��
9DQ�1RVWUDQG�5HLQKROG��

9ROSH��*���&KULVWLDQVHQ��-�$���:HVFRWW��-���/HMHXU��5���DQG�5XPEDXJK��(����������8VH�RI�D�VOLPH�
SURGXFLQJ�PLFURRUJDQLVP�WR�HQKDQFH�ELRPDVV�VHWWOHDELOLW\�LQ�DFWLYDWHG�VOXGJH�DQG�$6%�V\VWHPV���
,Q�3URFHHGLQJV�RI�WKH�7$33,�,QWHUQDWLRQDO�(QYLURQPHQWDO�&RQIHUHQFH������������$WODQWD��*$��
7$33,�3UHVV��

:DWHU�(QYLURQPHQW�)HGHUDWLRQ��:()�����������&RQWURO�RI�RGRUV�DQG�HPLVVLRQV�IURP�ZDVWHZDWHU�
WUHDWPHQW�SODQWV���0DQXDO�RI�3UDFWLFH�1R�������$OH[DQGULD��9$��:DWHU�(QYLURQPHQW�)HGHUDWLRQ��

:DWVRQ��$���*RJJLQV��5���+XQQLIRUG��'���2YHUWRQ��%���DQG�+X]D��6����������2GRU�FRQWURO�DQG�VXOILGH�
UHPRYDO�IURP�D�ZDVWHZDWHU�WUHDWPHQW�SODQW�ODJRRQ���,Q�7$33,�,QWHUQDWLRQDO�(QYLURQPHQWDO�
+HDOWK�DQG�6DIHW\�&RQIHUHQFH�DQG�([KLELW��$SULO��������&KDUORWWH��1&���$WODQWD��*$��7$33,�
3UHVV��

:LOPRW��3�'���&DGHH��.���.DWLQLF��-�-���DQG�.DYDQDXJK��%�9����������.LQHWLFV�RI�VXOILGH�R[LGDWLRQ�E\�
GLVVROYHG�R[\JHQ���-RXUQDO�RI�WKH�:DWHU�3ROOXWLRQ�&RQWURO�)HGHUDWLRQ������������������

:LWKHUVSRRQ��-�5���0DQQ��-���&HVFD��-���%DUQHV��-���DQG�$OOHQ��(����������%DODQFLQJ�FRPPXQLW\�RGRU�
FRQWURO�GHPDQGV�ZLWK�LQQRYDWLRQ�LQ�RGRU�DVVHVVPHQW�DQG�FRQWURO�VWUDWHJLHV�DQG�DSSURDFKHV���,Q�
:()�$	:0$�2GRUV�DQG�$LU�(PLVVLRQV��$SULO��������%HOOHYXH��:$���:DWHU�(QYLURQPHQW�
)HGHUDWLRQ�DQG�$LU�	�:DVWH�0DQDJHPHQW�$VVRFLDWLRQ��

:ROVWHQKROPH��3�/���DQG�-DEORQHU��0�/����������6XOILGH�DQG�RGRU�FRQWURO�DW�1DYDO�6WDWLRQ�(YHUHWW���,Q�
:()�$	:0$�2GRUV�DQG�$LU�(PLVVLRQV�&RQIHUHQFH�3URFHHGLQJV���:DWHU�(QYLURQPHQW�
)HGHUDWLRQ�DQG�$LU�	�:DVWH�0DQDJHPHQW�$VVRFLDWLRQ��

<RRQ��6�+���&KDL��;��6���=KX��-�<���/L��-���DQG�0DOFROP��(�:����������,Q�GLJHVWHU�UHGXFWLRQ�RI�RUJDQLF�
VXOIXU�FRPSRXQGV�LQ�NUDIW�SXOSLQJ���$GYDQFHV�LQ�(QYLURQPHQWDO�5HVHDUFK�������������

=KDQJ��/���'H�6FKU\YHU��3���'H�*XVVHPH��%���'H�0X\QFN��:���%RRQ��1���DQG�9HUVWUDHWH��:����������
&KHPLFDO�DQG�ELRORJLFDO�WHFKQRORJLHV�IRU�K\GURJHQ�VXOILGH�HPLVVLRQ�FRQWURO�LQ�VHZHU�V\VWHPV��$�
UHYLHZ���:DWHU�5HVHDUFK����������������

=KX��-�<���&KDL��;��6���3DQ��;�-���/XR��4���DQG�/L��-����������4XDQWLILFDWLRQ�DQG�UHGXFWLRQ�RI�RUJDQLF�
VXOIXU�FRPSRXQG�IRUPDWLRQ�LQ�D�FRPPHUFLDO�ZRRG�SXOSLQJ�SURFHVV���(QYLURQPHQWDO�6FLHQFH�DQG�
7HFKQRORJ\�������������������
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5REHUW�&UDZIRUG�
1&$6,�6RXWKHUQ�5HJLRQDO�&HQWHU�

*DLQHVYLOOH��)ORULGD�



$FNQRZOHGJPHQWV�

7KH�DFFRPSOLVKPHQW�RI�WKLV�ODUJH��FRPSOH[�SURMHFW�UHTXLUHG�WKH�GHGLFDWHG�HIIRUWV�RI�PDQ\�SHRSOH��7KH�VWDII��
DW�WKH�1&$6,�6RXWKHUQ�5HJLRQDO�&HQWHU�LQ�1HZEHUU\��)ORULGD��ZLWK�VLJQLILFDQW�FRQWULEXWLRQV�WR�WKLV�SURMHFW�
LQFOXGHG�$VKRN�-DLQ��5RE�&UDZIRUG��$QQ�&UDSR��-LP�6WDLQILHOG��9LSLQ�9DUPD��'HUHN�6DLQ��-HII�'UHVH��5DXOLH�
5DXOHUVRQ��*DQND�6ODYRYD��/HH�&DUOVRQ��%HQ�)DLU��%LOO�5LFH��7UDF\�6WXEEV�DQG�6XVDQ�.LUNODQG��'LDQD�&RRN�
DQG�'HDQ�+R\�DW�WKH�1&$6,�:HVW�&RDVW�5HJLRQDO�&HQWHU�LQ�&RUYDOOLV��2UHJRQ��DOVR�PDGH�YHU\�VLJQLILFDQW�
FRQWULEXWLRQV�WR�WKLV�SURMHFW��-RKQ�3LQNHUWRQ��9LFH�3UHVLGHQW��$LU�4XDOLW\��DW�WKH�1&$6,�KHDGTXDUWHUV�LQ�
5HVHDUFK�7ULDQJOH�3DUN��1RUWK�&DUROLQD��SURYLGHG�RYHUVLJKW�IRU�WKLV�SURMHFW���

)LQDOO\��WKH�DXWKRUV�ZRXOG�OLNH�WR�WKDQN�WKH�PLOO�DQG�FRUSRUDWH�VWDII�RI�WKH�FRPSDQLHV�WKDW�SDUWLFLSDWHG�LQ�WKLV�
VWXG\��

)RU�PRUH�LQIRUPDWLRQ�DERXW�WKLV�UHVHDUFK��FRQWDFW��

5REHUW�&UDZIRUG��
3URMHFW�/HDGHU�
1&$6,�6RXWKHUQ�5HJLRQDO�&HQWHU�
����6:����WK�7HUUDFH�
1HZEHUU\��)/��������
����������������H[W������
UFUDZIRUG#QFDVL�RUJ�

-RKQ�3LQNHUWRQ��3K�'��
9LFH�3UHVLGHQW��$LU�4XDOLW\�
1&$6,�
3�2��%R[�������
5HVHDUFK�7ULDQJOH�3DUN��1&�������������
���������������
MSLQNHUWRQ#QFDVL�RUJ�

)RU�LQIRUPDWLRQ�DERXW�1&$6,�SXEOLFDWLRQV��FRQWDFW��

3XEOLFDWLRQV�&RRUGLQDWRU�
1&$6,�
3�2��%R[�������
5HVHDUFK�7ULDQJOH�3DUN��1&�������������
���������������
SXEOLFDWLRQV#QFDVL�RUJ�

1DWLRQDO�&RXQFLO�RI�WKH�3DSHU�,QGXVWU\�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW��,QF���1&$6,�����������(PLVVLRQV�RI�
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5HGXFLQJ�WKH�RGRU�LPSDFW�RI�NUDIW�SXOS�PLOOV�UHPDLQV�RQH�RI�WKH�WRS�HQYLURQPHQWDO�SULRULWLHV�IRU��
WKH�SXOS�DQG�SDSHU�LQGXVWU\��:LWK�WKH�ZLGHVSUHDG�LPSOHPHQWDWLRQ�RI�LQ�PLOO�FRQWURO�PHDVXUHV�WR�
PLQLPL]H�HPLVVLRQV�RI�UHGXFHG�VXOIXU�FRPSRXQGV�IURP�SXOS�PLOO�VRXUFHV��DWWHQWLRQ�KDV�VKLIWHG�WR�WKH�
ZDVWHZDWHU�WUHDWPHQW�SODQW�DV�WKH�PRVW�VLJQLILFDQW�UHPDLQLQJ�RGRU�VRXUFH�DW�NUDIW�PLOOV��)RU�WKH�PRVW�
SDUW��ZDVWHZDWHU�WUHDWPHQW�SODQW�RGRU�SUREOHPV�KDYH�EHHQ�YLHZHG�DV�VLWH�VSHFLILF�VLWXDWLRQV�UHTXLULQJ�
FRUUHVSRQGLQJ�VLWH�VSHFLILF�VROXWLRQV��,Q�WKH�DEVHQFH�RI�D�IXQGDPHQWDO�XQGHUVWDQGLQJ�RI�UHGXFHG�
VXOIXU�FRPSRXQG�HPLVVLRQV�IURP�YDULRXV�FRPSRQHQWV�RI�ZDVWHZDWHU�WUHDWPHQW�SODQWV�DQG�WKH�IDFWRUV�
DIIHFWLQJ�WKRVH�HPLVVLRQV��PLOOV�IDFHG�ZLWK�RGRU�LVVXHV�KDYH�RIWHQ�KDG�WR�UHVRUW�WR�WULDO�DQG�HUURU�
DSSURDFKHV�IRU�LGHQWLI\LQJ�WKH�FDXVHV�DQG�ILQGLQJ�D�ZRUNDEOH�VROXWLRQ��

'HYHORSLQJ�D�EHWWHU�XQGHUVWDQGLQJ�RI�UHGXFHG�VXOIXU�FRPSRXQG�HPLVVLRQV�IURP�NUDIW�PLOO�ZDVWHZDWHU�
WUHDWPHQW�SODQWV�KDV�EHHQ�D�ORQJ�VWDQGLQJ�1&$6,�JRDO��7ZR�PDMRU�LPSHGLPHQWV�H[LVWHG�WKDW�SUHYHQWHG�
SURJUHVV�WRZDUGV�WKLV�JRDO��)LUVW��DQDO\WLFDO�PHWKRGV�KDG�WR�EH�IRXQG�IRU�TXDQWLI\LQJ�UHGXFHG�VXOIXU�
FRPSRXQGV�LQ�DPELHQW�DLU�DQG�ZDVWHZDWHU��6HFRQG��D�FRVW�HIIHFWLYH�WHFKQLTXH�ZDV�UHTXLUHG�WR�GLUHFWO\�
PHDVXUH�UHGXFHG�VXOIXU�HPLVVLRQV�IURP�LQGLYLGXDO�FRPSRQHQWV�RI�DFWXDO�WUHDWPHQW�SODQWV��$IWHU�
FRQVLGHUDEOH�HIIRUW��ZH�EHOLHYH�WKHVH�WZR�REVWDFOHV�KDYH�QRZ�EHHQ�RYHUFRPH��$�VHSDUDWH�WHFKQLFDO�
EXOOHWLQ�GHVFULELQJ�WKH�DQDO\WLFDO�PHWKRGV�DQG�HPLVVLRQ�PHDVXUHPHQW�WHFKQLTXH�LV�QRZ�EHLQJ�SUHSDUHG��

7KLV�WHFKQLFDO�EXOOHWLQ�FRQWDLQV�WKH�UHVXOWV�RI�DSSO\LQJ�WKH�QHZ�PHWKRGV�DQG�VDPSOLQJ�WHFKQLTXH�WR�
ZDVWHZDWHU�WUHDWPHQW�SODQWV�DW�VL[�NUDIW�PLOOV��(PLVVLRQ�UDWHV�RI�WKH�IRXU�UHGXFHG�VXOIXU�FRPSRXQGV�
�K\GURJHQ�VXOILGH��PHWK\O�PHUFDSWDQ��GLPHWK\O�VXOILGH��DQG�GLPHWK\O�GLVXOILGH��ZHUH�GHWHUPLQHG�IRU�
QXPHURXV�FRPSRQHQWV�RI�WKHVH�SODQWV��VHZHU�YHQWV��SULPDU\�FODULILHUV��SUH�DHUDWLRQ�VHWWOLQJ�EDVLQV��
HTXDOL]DWLRQ�EDVLQV��DQG�VSLOO�SRQGV��DHUDWHG�VWDELOL]DWLRQ�EDVLQV��DFWLYDWHG�VOXGJH�WUHDWPHQW�XQLWV���
DQG�YDULRXV�W\SHV�RI�SRVW�DHUDWLRQ�EDVLQV��7KH�FRQFXUUHQW�FROOHFWLRQ�RI�ZDVWHZDWHU�VDPSOHV�DOORZHG�
GHWHUPLQDWLRQ�RI�FRQFHQWUDWLRQV�RI�WKHVH�FRPSRXQGV��SOXV�RWKHU�SK\VLFDO�DQG�FKHPLFDO�SURSHUWLHV��DW�
YDULRXV�SRLQWV�ZLWKLQ�WKHVH�FRPSRQHQWV��7KH�ZDVWHZDWHU�GDWD�ZHUH�FULWLFDO�WR�LGHQWLI\LQJ�SRWHQWLDO�
IDFWRUV�DIIHFWLQJ�WKH�REVHUYHG�HPLVVLRQ�UDWHV��

%DVHG�RQ�WKH�VL[�ZDVWHZDWHU�WUHDWPHQW�SODQWV�VDPSOHG��SULPDU\�FODULILHUV��ZHOO�DHUDWHG�EDVLQV��HLWKHU�
DHUDWHG�VWDELOL]DWLRQ�EDVLQV�RU�DFWLYDWHG�VOXGJH�WUHDWPHQW�UHDFWRUV��DQG�SRVW�DHUDWLRQ�UHWHQWLRQ�EDVLQV�
ZHUH�IRXQG�WR�EH�PLQRU�VRXUFHV�RI�+�6�HPLVVLRQV��7KH�ODUJHVW�VRXUFHV�ZHUH�PXOWL�DFUH�DQDHURELF��
SUH�DHUDWLRQ�EDVLQV�VXFK�DV�SULPDU\�VHWWOLQJ�SRQGV�RU�VSLOO�SRQGV��$HUDWHG�VWDELOL]DWLRQ�EDVLQV�ZKHUH��
IRXO�FRQGHQVDWHV�ZHUH�GLUHFWO\�LQWURGXFHG�YLD�D�VXEPHUJHG�HQFORVHG�SLSH�ZHUH�IRXQG�WR�EH�WKH�PRVW�
VLJQLILFDQW�VRXUFH�RI�HPLVVLRQV�RI�WKH�WKUHH�RUJDQLF�UHGXFHG�VXOIXU�FRPSRXQGV��(PLVVLRQ�UDWHV�IRU��
WKH�VDPH�XQLW�RIWHQ�YDULHG�FRQVLGHUDEO\�RYHU�WLPH��DQG�VLPLODU�XQLWV�DW�GLIIHUHQW�SODQWV�JHQHUDOO\�GLG�
QRW�KDYH�HTXLYDOHQW�HPLVVLRQ�UDWHV��9DULDEOHV�DIIHFWLQJ�HPLVVLRQ�UDWHV�LQFOXGHG�LQFRPLQJ�ORDGLQJV��
RI�VXOILGH�DQG�RUJDQLF�FRPSRXQGV��HIIOXHQW�S+��HIIOXHQW�WHPSHUDWXUH��GLVVROYHG�R[\JHQ�OHYHOV��DPRXQW�
RI�DHUDWLRQ��ZLQG�VSHHG��DQG�DWPRVSKHULF�VWDELOLW\��

$OWKRXJK�WKLV�LQYHVWLJDWLRQ�ZDV�LQLWLDOO\�IRFXVHG�RQ�UHGXFHG�VXOIXU�FRPSRXQGV��LW�SUHVHQWHG�DQ�
RSSRUWXQLW\�WR�REWDLQ�PHWKDQH�LQIRUPDWLRQ�ZLWK�PRGHVW�DGGLWLRQDO�HIIRUW��0HWKDQH�FRQFHQWUDWLRQ�
PHDVXUHPHQWV�ZHUH�XVHG�WR�HVWLPDWH�PHWKDQH�HPLVVLRQ�UDWHV�IURP�WKH�ZDVWHZDWHU�WUHDWPHQW�SODQWV��
7KLV�DGGLWLRQDO�ZRUN�ZDV�XQGHUWDNHQ�WR�VHH�LI�FXUUHQW�JUHHQKRXVH�JDV�HPLVVLRQ�IDFWRUV�EHLQJ�XVHG��



WR�HVWLPDWH�PHWKDQH�HPLVVLRQV�IURP�SXOS�PLOO�ZDVWHZDWHU�WUHDWPHQW�V\VWHPV�DUH�UHDOLVWLF��,W�DSSHDUV�
WKDW�WKHVH�IDFWRUV�DUH�XQUHDOLVWLFDOO\�KLJK��

7KH�ILHOG�ZRUN�GHVFULEHG�LQ�WKLV�WHFKQLFDO�EXOOHWLQ�UHSUHVHQWV�D�VLJQLILFDQW�VWHS�IRUZDUG�LQ�TXDQWLI\LQJ�
UHGXFHG�VXOIXU�FRPSRXQG�HPLVVLRQV�IURP�NUDIW�PLOO�ZDVWHZDWHU�WUHDWPHQW�SODQWV�DQG�LGHQWLI\LQJ�IDFWRUV�
WKDW�DIIHFW�HPLVVLRQ�UDWHV�LQ�GLIIHUHQW�FRPSRQHQWV�RI�WKH�SODQW��7KH�XOWLPDWH�JRDO�IRU�1&$6,�LV�WR�
GHYHORS�D�PRGHO�IRU�SUHGLFWLQJ�WKHVH�HPLVVLRQV�XVLQJ�VLWH�VSHFLILF�WUHDWPHQW�SODQW�GHVLJQ�FKDUDFWHULVWLFV��
RSHUDWLQJ�SDUDPHWHUV��DQG�PHDVXUDEOH�HIIOXHQW�SURSHUWLHV��7R�IRUPXODWH�WKLV�PRGHO��ZH�ZLOO�EH�GUDZLQJ�
RQ�WKH�UHVXOWV�RI�WKLV�ILHOG�ZRUN�DQG�DGGLWLRQDO�ODERUDWRU\�VWXGLHV�WKDW�DUH�QRZ�LQ�SURJUHVV�WR�DGGUHVV�
WKH�IDWH�RI�VXOIXU�FRQWDLQLQJ�FRPSRXQGV�LQ�HIIOXHQW��

5RQDOG�$��<HVNH�

6HSWHPEHU������
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/D�UpGXFWLRQ�GH�O¶LPSDFW�GHV�RGHXUV�LVVXHV�GHV�IDEULTXHV�GH�SkWH�NUDIW�GHPHXUH�XQH�GHV�SULRULWpV�
HQYLURQQHPHQWDOHV�GHV�SOXV�LPSRUWDQWHV�SRXU�O¶LQGXVWULH�GHV�SkWHV�HW�SDSLHUV���6XLWH�j�O¶DGRSWLRQ��
j�JUDQGH�pFKHOOH�GH�PHVXUHV�GH�FRQWU{OH�GDQV�OHV�XVLQHV�SRXU�OD�PLQLPLVDWLRQ�GHV�pPLVVLRQV�GH�
FRPSRVpV�GH�VRXIUH�UpGXLWV�GHV�GLIIpUHQWHV�VRXUFHV�GHV�IDEULTXHV�GH�SkWHV��O¶DWWHQWLRQ�V¶HVW�WRXUQpH�
YHUV�OHV�V\VWqPHV�GH�WUDLWHPHQW�GHV�HIIOXHQWV�TXL�VRQW�PDLQWHQDQW�FRQVLGpUpV�FRPPH�pWDQW�OHV��
VRXUFHV�UpVLGXHOOHV�OHV�SOXV�LPSRUWDQWHV�G¶RGHXUV�GHV�IDEULTXHV�NUDIW���'DQV�OD�PDMRULWp�GHV�FDV���
OHV�SUREOpPDWLTXHV�G¶RGHXUV�GH�V\VWqPHV�GH�WUDLWHPHQW�GHV�HIIOXHQWV�RQW�pWp�DERUGpHV�FRPPH�pWDQW�
VSpFLILTXHV�j�FKDTXH�VLWH�HW�QpFHVVLWDQW�GHV�VROXWLRQV�WRXW�DXVVL�VSpFLILTXHV���eWDQW�GRQQp�O¶DEVHQFH�
G¶XQH�FRPSUpKHQVLRQ�IRQGDPHQWDOH�GHV�pPLVVLRQV�GH�FRPSRVpV�GH�VRXIUH�UpGXLW�SURYHQDQW�GHV�
GLYHUVHV�FRPSRVDQWHV�GHV�V\VWqPHV�GH�WUDLWHPHQW�GHV�HIIOXHQWV�DLQVL�TXH�GHV�IDFWHXUV�DIIHFWDQW�FHV�
pPLVVLRQV��OHV�IDEULTXHV�FRQIURQWpHV�j�GHV�SUREOpPDWLTXHV�G¶RGHXUV�Q¶RQW�SDV�HX�G¶DXWUHV�FKRL[�TXH�
G¶XWLOLVHU�GHV�DSSURFKHV�HVVDLV�HUUHXUV�DILQ�G¶LGHQWLILHU�OHV�FDXVHV�GHV�SUREOqPHV�SRXU�HQVXLWH�
LGHQWLILHU�GHV�VROXWLRQV�UpDOLVDEOHV��

/H�GpYHORSSHPHQW�G¶XQH�PHLOOHXUH�FRPSUpKHQVLRQ�GHV�pPLVVLRQV�GH�FRPSRVpV�GH�VRXIUH�UpGXLW�
SURYHQDQW�GHV�V\VWqPHV�GH�WUDLWHPHQW�GHV�HIIOXHQWV�GHV�IDEULTXHV�GH�SkWH�NUDIW�GHPHXUH�XQ�REMHFWLI��
GH�ORQJXH�GDWH�GH�1&$6,���/D�SURJUHVVLRQ�YHUV�O¶DWWHLQWH�GH�FHW�REMHFWLI�V¶HVW�KHXUWpH�j�GHX[�JUDQGV�
REVWDFOHV���3UHPLqUHPHQW��GHV�PpWKRGHV�DQDO\WLTXHV�SRXU�TXDQWLILHU�OHV�FRPSRVpV�GH�VRXIUH�UpGXLW�
GDQV�O¶DLU�DPELDQW�HW�GDQV�OHV�HIIOXHQWV�GHYDLHQW�rWUH�WURXYpHV���'HX[LqPHPHQW��XQH�WHFKQLTXH�HIILFLHQWH�
HW�pFRQRPLTXH�pWDLW�QpFHVVDLUH�SRXU�PHVXUHU�OHV�pPLVVLRQV�GH�VRXIUH�UpGXLW�GH�FRPSRVDQWHV�VSpFLILTXHV�
GHV�V\VWqPHV�GH�WUDLWHPHQW�GHV�HIIOXHQWV�HQ�SODFH���6XLWH�j�GHV�HIIRUWV�FRQVLGpUDEOHV��QRXV�FUR\RQV�TXH�
FHV�GHX[�REVWDFOHV�RQW�PDLQWHQDQW�pWp�VXUPRQWpV���8Q�EXOOHWLQ�WHFKQLTXH�GLVWLQFW�HVW�SUpVHQWHPHQW�HQ�
FRXUV�GH�SUpSDUDWLRQ�HW�FH�GHUQLHU�GpFULUD�OHV�PpWKRGHV�G¶DQDO\VHV�HW�OD�PpWKRGH�G¶pFKDQWLOORQQDJH�
GHV�pPLVVLRQV�SRXU�OHV�V\VWqPHV�GH�WUDLWHPHQW�GHV�HIIOXHQWV��

&H�EXOOHWLQ�WHFKQLTXH�FRQWLHQW�OHV�UpVXOWDWV�GH�O¶XWLOLVDWLRQ�GHV�QRXYHOOHV�PpWKRGHV�G¶DQDO\VHV�HW��
GH�OD�PpWKRGH�G¶pFKDQWLOORQQDJH�SRXU�FDUDFWpULVHU�OHV�V\VWqPHV�GH�WUDLWHPHQW�GHV�HIIOXHQWV�GH��
VL[�IDEULTXHV�GH�SkWH�NUDIW���/HV�WDX[�G¶pPLVVLRQV�GHV�TXDWUH�FRPSRVpV�GH�VRXIUH�UpGXLW��VXOIXUH�
G¶K\GURJqQH��PpWK\OPHUFDSWDQ��VXOIXUH�GH�GLPpWK\OH�HW�GLVXOIXUH�GH�GLPpWK\OH��RQW�pWp�GpWHUPLQpV�
SRXU�SOXVLHXUV�FRPSRVDQWHV�GH�FHV�V\VWqPHV�GH�WUDLWHPHQW���pYHQWV�G¶pJRXWV��FODULILFDWHXUV�SULPDLUHV��
EDVVLQV�GH�VpGLPHQWDWLRQ�SUpFpGDQW�O¶DpUDWLRQ��EDVVLQV�G¶pJDOLVDWLRQ�HW�pWDQJV�GH�UpWHQWLRQ�GH�
GpYHUVHPHQWV��EDVVLQV�GH�VWDELOLVDWLRQ�DpUpV��V\VWqPHV�GH�WUDLWHPHQW�SDU�ERXHV�DFWLYpHV�HW�GLYHUV�W\SHV�
GH�EDVVLQV�HQ�DYDO�GHV�pWDSHV�G¶DpUDWLRQ���/HV�SUpOqYHPHQWV�VLPXOWDQpV�G¶pFKDQWLOORQV�G¶HDX[�XVpHV�
RQW�SHUPLV�GH�GpWHUPLQHU�OHV�FRQFHQWUDWLRQV�GH�FHV�FRPSRVpV��DLQVL�TXH�G¶DXWUHV�SURSULpWpV�SK\VLTXHV�
HW�FKLPLTXHV��HQ�GLYHUV�SRLQWV�GH�FHV�FRPSRVDQWHV���/HV�GRQQpHV�VXU�OHV�HDX[�XVpHV�pWDLHQW�HVVHQWLHOOHV�
j�O¶LGHQWLILFDWLRQ�GHV�IDFWHXUV�SRXYDQW�SRWHQWLHOOHPHQW�DIIHFWHU�OHV�WDX[�G¶pPLVVLRQV�REVHUYpV��

(Q�V¶DSSX\DQW�VXU�OHV�pFKDQWLOORQQDJHV�HIIHFWXpV�j�VL[�V\VWqPHV�GH�WUDLWHPHQW�GHV�HIIOXHQWV��OHV�
DXWHXUV�RQW�GpWHUPLQp�TXH�OHV�FODULILFDWHXUV�SULPDLUHV��OHV�EDVVLQV�DpUpV��TXH�FH�VRLW�OHV�EDVVLQV�GH�
VWDELOLVDWLRQ�DpUpV�RX�OHV�V\VWqPHV�GH�WUDLWHPHQW�SDU�ERXHV�DFWLYpHV��HW�OHV�GLYHUV�W\SHV�GH�EDVVLQV�GH�
UpWHQWLRQ�HQ�DYDO�GHV�pWDSHV�G¶DpUDWLRQ�VRQW�GHV�VRXUFHV�G¶pPLVVLRQV�PLQHXUHV�GH�+�6���/HV�VRXUFHV�
G¶pPLVVLRQV�OHV�SOXV�LPSRUWDQWHV�VH�VRQW�DYpUpV�rWUH�OHV�EDVVLQV�DQDpURELTXHV�j�JUDQGH�VXSHUILFLH��
SUpFpGDQW�O¶DpUDWLRQ�WHOV�TXH�OHV�EDVVLQV�GH�VpGLPHQWDWLRQ�SULPDLUHV�HW�OHV�pWDQJV�GH�UpWHQWLRQ�GH�
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GpYHUVHPHQWV���/HV�DXWHXUV�RQW�DXVVL�GpWHUPLQp�TXH�OD�VRXUFH�OD�SOXV�LPSRUWDQWH�G¶pPLVVLRQ�GHV�WURLV�
FRPSRVpV�GH�VRXIUH�UpGXLW�RUJDQLTXHV�pWDLHQW�OHV�EDVVLQV�G¶pJDOLVDWLRQ�DpUpV�GDQV�OHVTXHOV�GHV�
FRQGHQVDWV�FRQWDPLQpV�VRQW�LQWURGXLWV�GLUHFWHPHQW�SDU�O¶HQWUHPLVH�G¶XQH�FRQGXLWH�VXEPHUJpH���/HV�
WDX[�G¶pPLVVLRQV�SRXU�XQ�PrPH�EDVVLQ�SRXYDLHQW�YDULHU�GH�PDQLqUH�VLJQLILFDWLYH�GDQV�OH�WHPSV�HW�GH�
PDQLqUH�JpQpUDOH��GHV�EDVVLQV�FRPSDUDEOHV�VLWXpV�GDQV�GHV�IDEULTXHV�GLIIpUHQWHV�QH�SUpVHQWDLHQW�SDV�
GHV�WDX[�G¶pPLVVLRQV�pTXLYDOHQWV���3DUPL�OHV�YDULDEOHV�DIIHFWDQW�OHV�WDX[�G¶pPLVVLRQV��PHQWLRQQRQV�OHV�
FKDUJHV�j�O¶HQWUpH�GH�FRPSRVpV�VRXIUpV�HW�RUJDQLTXHV��OH�S+�GH�O¶HIIOXHQW��OD�WHPSpUDWXUH�GH�O¶HIIOXHQW��
OHV�QLYHDX[�G¶R[\JqQH�GLVVRXW��OH�WDX[�G¶DpUDWLRQ��OD�YLWHVVH�GHV�YHQWV�HW�OD�VWDELOLWp�GHV�FRQGLWLRQV�
DWPRVSKpULTXHV��

0rPH�VL�OHV�UHFKHUFKHV�HIIHFWXpHV�GDQV�OH�FDGUH�GH�FH�SURMHW�pWDLHQW�LQLWLDOHPHQW�RULHQWpHV�YHUV�OHV�
FRPSRVpV�GH�VRXIUH�UpGXLW��HOOHV�SUpVHQWDLHQW�OD�SRVVLELOLWp�G¶REWHQLU�GHV�LQIRUPDWLRQV�VXU�OH�PpWKDQH�
HW�FH��VDQV�QpFHVVLWHU�G¶HIIRUWV�VXSSOpPHQWDLUHV�VLJQLILFDWLIV���'HV�PHVXUHV�GH�FRQFHQWUDWLRQ�GH�
PpWKDQH�RQW�pWp�XWLOLVpHV�SRXU�HVWLPHU�OHV�WDX[�G¶pPLVVLRQ�GH�PpWKDQH�GHV�V\VWqPHV�GH�WUDLWHPHQW��
GHV�HIIOXHQWV���&HWWH�WkFKH�DGGLWLRQQHOOH�D�pWp�HQWUHSULVH�DILQ�G¶pYDOXHU�VL�OHV�IDFWHXUV�G¶pPLVVLRQV�GH�
JD]�j�HIIHW�GH�VHUUH�SUpVHQWHPHQW�XWLOLVpV�SRXU�HVWLPHU�OHV�pPLVVLRQV�GH�PpWKDQH�GH�V\VWqPHV�GH�
WUDLWHPHQW�GHV�HIIOXHQWV�GHV�IDEULTXHV�GH�SkWHV�VRQW�UpDOLVWHV���,O�DSSHUW�TXH�FHV�IDFWHXUV�G¶pPLVVLRQV�
VRQW�DQRUPDOHPHQW�pOHYpV��

/H�WUDYDLO�GH�WHUUDLQ�GpFULW�GDQV�FH�EXOOHWLQ�WHFKQLTXH�UHSUpVHQWH�XQ�JUDQG�SDV�HQ�DYDQW�HQ�FH�TXL�D��
WUDLW�j�OD�TXDQWLILFDWLRQ�GHV�pPLVVLRQV�GH�FRPSRVpV�GH�VRXIUH�UpGXLW�YHQDQW�GHV�V\VWqPHV�GH�WUDLWHPHQW�
GHV�HIIOXHQWV�GH�IDEULTXHV�NUDIW�DLQVL�TX¶j�O¶LGHQWLILFDWLRQ�GHV�IDFWHXUV�TXL�DIIHFWHQW�OHV�WDX[�G¶pPLVVLRQV�
GDQV�OHV�GLIIpUHQWHV�FRPSRVDQWHV�GX�V\VWqPH�GH�WUDLWHPHQW���/¶REMHFWLI�XOWLPH�GH�1&$6,�HVW�GH�
GpYHORSSHU�XQ�PRGqOH�SRXU�SUpYRLU�FHV�pPLVVLRQV�HQ�XWLOLVDQW�OHV�SDUDPqWUHV�VSpFLILTXHV�GHV�V\VWqPHV�
GH�WUDLWHPHQW�GHV�HIIOXHQWV�WHOV�TXH���OHV�FULWqUHV�GH�FRQFHSWLRQ��OHV�SDUDPqWUHV�G¶RSpUDWLRQ�HW�OHV�
SURSULpWpV�PHVXUDEOHV�GHV�HIIOXHQWV���3RXU�IRUPXOHU�FH�PRGqOH��QRXV�XWLOLVHURQV�OHV�UpVXOWDWV�GHV�
WUDYDX[�GH�WHUUDLQ�GpFULWV�GDQV�FH�UDSSRUW�DLQVL�TXH�OHV�UpVXOWDWV�G¶pWXGHV�GH�ODERUDWRLUH�VXSSOpPHQWDLUHV�
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UHGXFHG�VXOIXU�FRPSRXQGV�ZHUH�ODUJHO\�D�IXQFWLRQ�RI�PLOO�FRQGHQVDWH�KDQGOLQJ�SUDFWLFHV��0HWKDQH�
HPLVVLRQV�DSSHDUHG�WR�EH�UHODWHG�WR�WKH�OHYHO�RI�DSSDUHQW�DQDHURELF�ELRORJLFDO�DFWLYLW\�DQG�VOXGJH�
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2GRU�DVVRFLDWHG�ZLWK�HPLVVLRQV�RI�UHGXFHG�VXOIXU�FRPSRXQGV�IURP�NUDIW�SXOS�PLOOV�KDV�EHHQ�RI�ORQJ�
VWDQGLQJ�FRQFHUQ��$V�WRWDO�UHGXFHG�VXOIXU��756��HPLVVLRQV�IURP�SXOS�PLOO�DQG�FKHPLFDO�UHFRYHU\�DUHD�
VRXUFHV�VXFK�DV�GLJHVWHUV��HYDSRUDWRUV��UHFRYHU\�IXUQDFHV��OLPH�NLOQV�DQG�VPHOW�GLVVROYLQJ�WDQNV�KDYH�
EHHQ�GUDPDWLFDOO\�UHGXFHG�RYHU�WKH�ODVW����\HDUV��DWWHQWLRQ�KDV�JUDGXDOO\�VKLIWHG�WR�PLOO�ZDVWHZDWHU�
WUHDWPHQW�V\VWHPV�DV�WKH�PDLQ�UHPDLQLQJ�VRXUFH�RI�756�HPLVVLRQV�DQG�FRPPXQLW\�RGRU�LPSDFWV��
$OWKRXJK�D�JUHDW�GHDO�RI�LQIRUPDWLRQ�H[LVWV�RQ�756�HPLVVLRQV�IURP�SXOS�PLOO�VRXUFHV��WKLV�LV�
XQIRUWXQDWHO\�QRW�WKH�FDVH�IRU�ZDVWHZDWHU�WUHDWPHQW�V\VWHPV��

7KHUH�DUH�WZR�PDLQ�PHFKDQLVPV�WKDW�FDQ�JLYH�ULVH�WR�756�HPLVVLRQV�IURP�ZDVWHZDWHU�WUHDWPHQW�
V\VWHPV��)LUVW��UHGXFHG�VXOIXU�FRPSRXQGV�SUHVHQW�LQ�WKH�HIIOXHQW�PD\�YRODWLOL]H�ZKHQ�H[SRVHG�WR�
DPELHQW�DLU��HVSHFLDOO\�ZKHQ�WKH�HIIOXHQW�LV�LQ�D�WXUEXOHQW�VWDWH��7KLV�PHFKDQLVP�LV�WKH�PDLQ�VRXUFH�RI�
RUJDQLF�UHGXFHG�VXOIXU�FRPSRXQG�HPLVVLRQV��PHWK\O�PHUFDSWDQ��GLPHWK\O�VXOILGH��GLPHWK\O�GLVXOILGH���
DQG�FDQ�EH�D�VLJQLILFDQW�VRXUFH�RI�K\GURJHQ�VXOILGH��6HFRQG��ELRORJLFDO�DFWLYLW\�LQ�WKH�VHGLPHQW�UHVXOWV�
LQ�UHOHDVH�RI�JDVHV�VXFK�DV�PHWKDQH��FDUERQ�GLR[LGH�DQG�K\GURJHQ�VXOILGH��7KHVH�JDVHV�IRUP�EXEEOHV�
ZKLFK�ULVH�WKURXJK�WKH�ZDWHU�FROXPQ�DQG�DUH�UHOHDVHG�WR�WKH�DWPRVSKHUH��WKXV�FRQWULEXWLQJ�WR�UHGXFHG�
VXOIXU�FRPSRXQG��56&��HPLVVLRQV�IURP�WKH�WUHDWPHQW�V\VWHP��7KLV�PHFKDQLVP�LV�SDUWLFXODUO\�
LPSRUWDQW�ZKHQ�KLJK�OHYHOV�RI�DQDHURELF�DFWLYLW\�DUH�SUHVHQW��

2Q�VLWH�ZDVWHZDWHU�WUHDWPHQW�V\VWHPV�DW�NUDIW�PLOOV�W\SLFDOO\�LQYROYH�VROLGV�UHPRYDO��FODULILFDWLRQ���
ELRORJLFDO�WUHDWPHQW�RI�GLVVROYHG�RUJDQLFV��DQG�VHWWOLQJ�RI�ELRORJLFDO�VROLGV��0DQ\�GLIIHUHQW�
FRQILJXUDWLRQV�H[LVW�IRU�WKHVH�V\VWHPV��RSHUDWLQJ�FKDUDFWHULVWLFV�YDU\�ZLGHO\��DQG�UDZ�HIIOXHQW�
SURSHUWLHV�GLIIHU�IURP�PLOO�WR�PLOO��%HFDXVH�RI�WKH�XQLTXHQHVV�RI�HDFK�V\VWHP��LW�KDV�SURYHQ�QHDUO\�
LPSRVVLEOH�WR�PDNH�JHQHUDOL]DWLRQV�DERXW�756�HPLVVLRQV�IURP�WKHP��(YHQ�WKRXJK�PRGHOLQJ�LV�D�
XVHIXO�WRRO�IRU�HVWLPDWLQJ�HPLVVLRQV�RI�YRODWLOH�RUJDQLF�IURP�ZDVWHZDWHU�WUHDWPHQW�V\VWHPV��LW�LV�QRW�
\HW�D�YLDEOH�DSSURDFK�IRU�UHGXFHG�VXOIXU�FRPSRXQGV�EHFDXVH�WKHUH�LV�LQVXIILFLHQW�XQGHUVWDQGLQJ�RI�WKH�
FRPSOH[�UHDFWLRQV�RFFXUULQJ�ZLWKLQ�WKH�V\VWHPV�LQYROYLQJ�VXOIXU�FRQWDLQLQJ�FRPSRXQGV��

*LYHQ�WKLV�VLWXDWLRQ��LW�ZRXOG�DSSHDU�WKDW�VLWH�VSHFLILF�PHDVXUHPHQWV��LQFOXGLQJ�GLUHFW�PHDVXUHPHQW�RI�
756�HPLVVLRQV��IRU�D�QXPEHU�RI�ZDVWHZDWHU�WUHDWPHQW�V\VWHPV�DUH�HVVHQWLDO�WR�LGHQWLI\LQJ�DQG�
XQGHUVWDQGLQJ�WKH�IDFWRUV�DIIHFWLQJ�756�UHOHDVHV��+RZHYHU��GLUHFW�PHDVXUHPHQW�RI�756�HPLVVLRQV�
IURP�ZDVWHZDWHU�WUHDWPHQW�V\VWHPV�LV�D�FKDOOHQJLQJ�WDVN�VLQFH�WKHVH�V\VWHPV�DUH�FRPSULVHG�RI�
PXOWLSOH�DUHD�VRXUFHV��VRPH�RI�ZKLFK�FDQ�KDYH�VXUIDFH�DUHDV�RQ�WKH�RUGHU�RI�����DFUHV��%HVLGHV�ODUJH�
VXUIDFH�DUHDV��WKH�VSDWLDO�DQG�WHPSRUDO�YDULDELOLW\�RI�UHOHDVHV��VXUIDFH�WXUEXOHQFH�FDXVHG�E\�
PHFKDQLFDO�DHUDWLRQ��DQG�H[LVWHQFH�RI�VXUIDFH�IRDP�SRVH�DGGLWLRQDO�VDPSOLQJ�LVVXHV��7KH�WDVN�LV�
IXUWKHU�FRPSOLFDWHG�ZKHQ�DWWHPSWLQJ�WR�LVRODWH�HPLVVLRQV�IURP�YDULRXV�FRPSRQHQWV�RI�WKH�V\VWHP��
H�J���SULPDU\�FODULILHUV��DHUDWHG�VWDELOL]DWLRQ�EDVLQV��VHWWOLQJ�EDVLQV��HWF��

2QH�DSSURDFK�IRU�VDPSOLQJ�RI�JDVHRXV�HPLVVLRQV�IURP�DUHD�VRXUFHV�VXFK�DV�ODQGILOOV��DJULFXOWXUDO�
RSHUDWLRQV��DQLPDO�IHHG�ORWV��PDWHULDO�VWRUDJH�SLOHV��DQG�ODJRRQV�LQYROYHV�GLUHFW�PHDVXUHPHQW�RI�
YHUWLFDO�IOX[HV�IURP�WKH�VXUIDFH�XVLQJ�IOX[�FKDPEHUV�RU�PLFURPHWHRURORJLFDO�LQVWUXPHQWDWLRQ��7KLV�
DSSURDFK�LV�EHVW�VXLWHG�IRU�UHODWLYHO\�VPDOO�DUHD�VRXUFHV�ZLWK�VSDWLDOO\�XQLIRUP�HPLVVLRQV��,W�ZRXOG�EH�
LPSUDFWLFDO�IRU�ODUJH�NUDIW�PLOO�ZDVWHZDWHU�WUHDWPHQW�V\VWHPV��$OVR��IOX[�FKDPEHUV�GR�QRW�OHQG�
WKHPVHOYHV�WR�PHDVXULQJ�HPLVVLRQV�IURP�ODUJH�VXUIDFH�DHUDWRUV�XVHG�LQ�SXOS�DQG�SDSHU�LQGXVWU\�
ZDVWHZDWHU�WUHDWPHQW�SODQWV��



�� 7HFKQLFDO�%XOOHWLQ�1R������

$QRWKHU�DSSURDFK�IRU�GHWHUPLQLQJ�DUHD�VRXUFH�HPLVVLRQV�UHOLHV�RQ�PHDVXULQJ�DPELHQW�FRQFHQWUDWLRQV�
DQG�PHWHRURORJLFDO�GDWD��7KH�HPLVVLRQ�UDWH�IURP�WKH�DUHD�VRXUFH�LV�WKHQ�EDFN�FDOFXODWHG�ZLWK�DQ�
DWPRVSKHULF�GLVSHUVLRQ�PRGHO�XVLQJ�WKH�PHDVXUHPHQWV�WR�HVWLPDWH�WKH�WRWDO�DPRXQW�RI�PDWHULDO�
SDVVLQJ�WKURXJK�D�YHUWLFDO�SODQH�GRZQZLQG�RI�WKH�DUHD�VRXUFH��&RQFHQWUDWLRQ�PHDVXUHPHQWV�PXVW�EH�
PDGH�DW�D�VXIILFLHQW�QXPEHU�RI�GRZQZLQG�SRLQWV��ERWK�KRUL]RQWDOO\�DQG�YHUWLFDOO\��WR�REWDLQ�D�
UHDVRQDEOH�DSSUR[LPDWLRQ�RI�WKH�WRWDO�IOX[�WKURXJK�WKH�SODQH��,Q�WKLV�DSSURDFK��VDPSOLQJ�GHYLFHV�DUH�
W\SLFDOO\�GHSOR\HG�RQ�WRZHUV��$Q�DOWHUQDWLYH�LV�WR�PDNH�KRUL]RQWDO�SDWK�LQWHJUDWHG�PHDVXUHPHQWV�DW�
VHYHUDO�KHLJKWV��JHQHUDOO\�UHTXLULQJ�WKH�XVH�RI�RQH�RU�PRUH�WRZHUV��HPSOR\LQJ�)RXULHU�7UDQVIRUP�
,QIUDUHG�6SHFWURVFRS\��)7,5��RU�RWKHU�UHPRWH�VHQVLQJ�WHFKQRORJLHV��7KH�IRUPHU�DSSURDFK�LV�QRW�
VXLWDEOH�IRU�XVH�DW�SXOS�DQG�SDSHU�PLOOV�EHFDXVH�RI�WKH�SUHVHQFH�RI�PXOWLSOH�VRXUFHV�RI�UHGXFHG�VXOIXU�
JDVHV�DW�HDFK�VLWH�ZKLFK�FDQQRW�EH�LVRODWHG�DQG�WKH�GLIILFXOW\�RI�LQVWDOOLQJ�PXOWLSOH�WRZHUV��7KH�XVH�RI�
ORQJ�SDWK�LQVWUXPHQWV��DOWKRXJK�DWWUDFWLYH��LV�QRW�IHDVLEOH�DW�WKLV�SRLQW�DV�WKH�UHGXFHG�VXOIXU�JDV�
FRQFHQWUDWLRQV�DURXQG�ZDVWHZDWHU�WUHDWPHQW�V\VWHPV�DUH�WRR�ORZ�WR�EH�UHOLDEO\�PHDVXUHG�ZLWK�
FXUUHQWO\�DYDLODEOH�ORQJ�SDWK�LQVWUXPHQWV��

5HFRJQL]LQJ�WKH�GLIILFXOWLHV�DVVRFLDWHG�ZLWK�PHDVXULQJ�UHGXFHG�VXOIXU�JDV�HPLVVLRQV�IURP�ZDVWHZDWHU�
WUHDWPHQW�V\VWHPV�DW�SXOS�DQG�SDSHU�PLOOV��(VSOLQ�UHSRUWHG�RQ�D�QRYHO�PHDVXUHPHQW�DSSURDFK�ZKLFK�
XWLOL]HG�D�PRELOH�FDUW�ZLWK�D�WHWKHUHG�EDOORRQ��(VSOLQ��������,Q�KLV�DSSURDFK��WKH�VDPSOLQJ�OLQHV�ZHUH�
OLIWHG�WR�WKH�DSSURSULDWH�KHLJKW�ZLWK�WKH�EDOORRQ��ZKLOH�WKH�FDUW�ZDV�PRYHG�DORQJ�D�FURVVZLQG�SDWK�
GRZQZLQG�RI�WKH�EDVLQ�EHLQJ�VDPSOHG��*DV�VDPSOLQJ�ZDV�FRQGXFWHG�DW�UHJXODUO\�VSDFHG�LQWHUYDOV�
DORQJ�WKH�SDWK��ZLWK�RQH�KRUL]RQWDOO\�LQWHJUDWHG�VDPSOH�REWDLQHG�IRU�HDFK�VDPSOLQJ�KHLJKW��6DPSOLQJ�
KHLJKWV�DQG�WLPHV�ZHUH�JRYHUQHG�E\�ZLQG�GLUHFWLRQ�DQG�DWPRVSKHULF�VWDELOLW\��(VSOLQ�FDOOHG�KLV�
WHFKQLTXH�³ERXQGDU\�OD\HU�HPLVVLRQ�PRQLWRULQJ´�DQG�SUHVHQWHG�UHVXOWV�IRU�VHYHUDO�DHUDWHG�
VWDELOL]DWLRQ�EDVLQV�DQG�D�VSLOO�ODJRRQ�ORFDWHG�DW�NUDIW�PLOOV�LQ�%ULWLVK�&ROXPELD��(VSOLQ��������������

*LYHQ�(VSOLQ¶V�DSSDUHQW�VXFFHVV�ZLWK�KLV�WHFKQLTXH��DQG�FRQVLGHULQJ�WKH�H[SHFWHG�GLIILFXOWLHV�DQG�
ORJLVWLFDO�OLPLWDWLRQV�RI�DSSO\LQJ�RWKHU�DYDLODEOH�WHFKQLTXHV��1&$6,�GHFLGHG�WR�DGDSW�(VSOLQ¶V�
³ERXQGDU\�OD\HU�HPLVVLRQ�PRQLWRULQJ´�PHWKRGRORJ\�WR�GHWHUPLQH�HPLVVLRQV�IURP�WKH�YDULRXV�
FRPSRQHQWV�RI�NUDIW�PLOO�ZDVWHZDWHU�WUHDWPHQW�V\VWHPV��+RZHYHU��WKH�VFRSH�RI�WKH�1&$6,�
LQYHVWLJDWLRQV�LQFOXGHG�PHDVXUHPHQW�RI�LQGLYLGXDO�UHGXFHG�VXOIXU�FRPSRXQGV²K\GURJHQ�VXOILGH�
�+�6���PHWK\O�PHUFDSWDQ��00���GLPHWK\O�VXOILGH��'06��DQG�GLPHWK\O�GLVXOILGH��'0'6�²DQG�
PHWKDQH��&+����$OVR��H[WHQVLYH�OLTXLG�VDPSOLQJ�ZDV�FRQGXFWHG�LQ�FRQMXQFWLRQ�ZLWK�WKH�DLU�VDPSOLQJ�
IRU�WKH�SXUSRVHV�RI�LGHQWLI\LQJ�IDFWRUV�WKDW�PD\�LQIOXHQFH�HPLVVLRQ�UDWHV�DQG�IRU�XVH�LQ�GHYHORSLQJ�
HPSLULFDO�DQG�PHFKDQLVWLF�VLPXODWLRQ�PRGHOV�IRU�UHGXFHG�VXOIXU�FRPSRXQGV��

7KLV�WHFKQLFDO�EXOOHWLQ�GHVFULEHV�D�PXOWL�PLOO�VDPSOLQJ�HIIRUW�FRQGXFWHG�E\�1&$6,�WR�GHWHUPLQH�
HPLVVLRQ�UDWHV�RI�LQGLYLGXDO�UHGXFHG�VXOIXU�FRPSRXQGV�DQG�PHWKDQH��7R�WKH�H[WHQW�SRVVLEOH��IDFWRUV�
LQIOXHQFLQJ�WKH�HPLVVLRQ�UDWHV�KDYH�EHHQ�LGHQWLILHG�XVLQJ�WKH�GDWD�JDWKHUHG��$�FRPSDQLRQ�WHFKQLFDO�
EXOOHWLQ�FRQWDLQV�FRPSUHKHQVLYH�GRFXPHQWDWLRQ�RI�WKH�VDPSOLQJ�HTXLSPHQW��VDPSOLQJ�SURFHGXUHV��
TXDOLW\�DVVXUDQFH�FULWHULD�IRU�GDWD�DFFHSWDELOLW\��DQG�HPLVVLRQ�UDWH�FDOFXODWLRQ�PHWKRGRORJ\��&RPSOHWH�
GHWDLOV�IRU�WKH�LQGLYLGXDO�PLOO�VWXGLHV�DUH�DYDLODEOH�LQ�VHSDUDWH�PLOO�VSHFLILF�UHSRUWV��ZKLFK�FDQ�EH�
REWDLQHG�IURP�WKH�1&$6,�PHPEHUV�RQO\�ZHE�VLWH��

���� $GGLWLRQDO�)DFWRUV�&RQVLGHUHG�LQ�6DPSOLQJ�3URJUDP�'HVLJQ�

2QH�JRDO�RI�WKH�VDPSOLQJ�SURJUDP�XQGHUWDNHQ�E\�1&$6,�ZDV�WR�TXDQWLI\�WKH�HPLVVLRQ�UDWH�RI�UHGXFHG�
VXOIXU�FRPSRXQGV�DQG�PHWKDQH�IURP�WKH�YDULRXV�FRPSRQHQWV�RI�NUDIW�PLOO�ZDVWHZDWHU�WUHDWPHQW�
SODQWV��7KLV�JRDO�FRXOG�EH�DFFRPSOLVKHG�ZLWK�D�FRPELQDWLRQ�RI�DPELHQW�FRQFHQWUDWLRQ�DQG�
PHWHRURORJLFDO�PHDVXUHPHQWV�XVLQJ�(VSOLQ¶V�PHWKRGRORJ\��$QRWKHU�JRDO�ZDV�WR�FRQFXUUHQWO\�REWDLQ�
DGGLWLRQDO�ZDVWHZDWHU�GDWD�WKDW�PLJKW�KHOS�H[SODLQ�WKH�REVHUYHG�HPLVVLRQ�UDWHV�DQG�EH�XVHG�LQ�WKH�
GHYHORSPHQW�RI�VLPXODWLRQ�PRGHOV�IRU�HPLVVLRQ�SUHGLFWLRQV��

1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW
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1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW�

7KHUH�DUH�WZR�W\SHV�RI�PHFKDQLVPV�E\�ZKLFK�JDVHRXV�FRPSRXQGV�PD\�EH�UHOHDVHG�IURP�NUDIW�PLOO�
ZDVWHZDWHU�WUHDWPHQW�SODQWV��VXUIDFH�PDVV�WUDQVIHU�DQG�VHGLPHQW�UHOHDVHV�LQ�WKH�IRUP�RI�EXEEOHV�ULVLQJ�
WKURXJK�WKH�ZDWHU�FROXPQ��7KH�HPLVVLRQ�RI�YRODWLOH�RU�VHPL�YRODWLOH�FRPSRXQGV�IURP�H[SRVHG�ZDWHU�
ERGLHV�LQWR�WKH�DWPRVSKHUH�WKURXJK�VXUIDFH�PDVV�WUDQVIHU�FDQ�EH�UHSUHVHQWHG�E\�WKH�WZR�UHVLVWDQFH�
PRGHO�IRU�PDVV�WUDQVIHU��7UH\EDO��������,Q�WKLV�PRGHO��PDVV�WUDQVIHU�LV�UHSUHVHQWHG�E\�WKH�IROORZLQJ�
VHTXHQWLDO�SURFHVVHV��/LVV�DQG�6ODWHU��������

WUDQVIHU�IURP�WKH�OLTXLG�SKDVH�WR�WKH�LQWHUIDFH�VHSDUDWLQJ�WKH�OLTXLG�IURP�DLU�
WUDQVIHU�IURP�WKH�LQWHUIDFH�WR�WKH�DLU�

7KH�HPLVVLRQ�UDWH�RI�D�YRODWLOH�FRPSRXQG�WKURXJK�VXUIDFH�PDVV�WUDQVIHU�LV�H[SUHVVHG�LQ�WHUPV�RI�DQ�
RYHUDOO�PDVV�WUDQVIHU�FRHIILFLHQW�DV�IROORZV��

(� �./��$���&/���&*��� � � � � � � � ����������(TXDWLRQ���

ZKHUH�

(�  � (PLVVLRQ�UDWH��JP�VHF�
./�  � 2YHUDOO�PDVV�WUDQVIHU�FRHIILFLHQW��P�VHF�
$�  � $UHD�IRU�PDVV�WUDQVIHU��([SRVHG�VXUIDFH�DUHD���P�

&/�  � &RQFHQWUDWLRQ�RI�FRPSRXQG�LQ�OLTXLG��JP�P�

&*�  � &RQFHQWUDWLRQ�RI�FRPSRXQG�LQ�DLU��JP�P�

� � �&*�a���IRU�HQYLURQPHQWDO�YRODWLOL]DWLRQ�GXH�WR�FRQVWDQW�VXUIDFH�UHQHZDO�RI�DLU��

,Q�WKH�WZR�UHVLVWDQFH�PRGHO��WKH�RYHUDOO�PDVV�WUDQVIHU�FRHIILFLHQW�IRU�WKH�FRPSRXQG�LV�IXUWKHU�
H[SUHVVHG�DV�D�IXQFWLRQ�RI�WKH�LQGLYLGXDO�PDVV�WUDQVIHU�FRHIILFLHQWV�LQ�WKH�OLTXLG�DQG�JDV�SKDVHV��
(TXDWLRQ���EHORZ�UHSUHVHQWV�WKH�³RYHUDOO´�UHVLVWDQFH�IRU�PDVV�WUDQVIHU�RI�WKH�FRPSRXQG�DV�D�VXP�RI�
WKH�LQGLYLGXDO�UHVLVWDQFHV�LQ�WKH�OLTXLG�SKDVH����NO��DQG�JDV�SKDVH��57�+NJ���

��./� ����NO��������.HT�NJ�� � � � � � � ����������(TXDWLRQ����

ZKHUH�

NO�  � /LTXLG�SKDVH�PDVV�WUDQVIHU�FRHIILFLHQW��P�VHF�
NJ�  � *DV�SKDVH�PDVV�WUDQVIHU�FRHIILFLHQW��P�VHF�
.HT�  � 3DUWLWLRQ�&RHIILFLHQW�� �+�57��
+�  � +HQU\¶V�ODZ�FRQVWDQW��DWP�P��PRO�
5�  � 8QLYHUVDO�JDV�FRQVWDQW��DWP�P��PRO�� .�
7�  � 7HPSHUDWXUH��.�

7KH�LQGLYLGXDO�OLTXLG�DQG�JDV�SKDVH�PDVV�WUDQVIHU�FRHIILFLHQWV�IRU�WKH�FRPSRXQG��NO�DQG�NJ��GHSHQG�RQ�
V\VWHP�FKDUDFWHULVWLFV��VXFK�DV�EDVLQ�GLPHQVLRQV��DHUDWLRQ�DQG�WHPSHUDWXUH���DWPRVSKHULF�FRQGLWLRQV��
DQG�FRPSRXQG�SURSHUWLHV��

6XUIDFH�PDVV�WUDQVIHU�IURP�QRQ�DHUDWHG�V\VWHPV�OLNH�SULPDU\�VHWWOLQJ�SRQGV�DQG�SRVW�DHUDWLRQ�
VWDELOL]DWLRQ�SRQGV�RFFXUV�WKURXJK�YRODWLOL]DWLRQ��VXUIDFH�ZLQG�HIIHFWV���6XUIDFH�PDVV�WUDQVIHU�IURP�
DHUDWHG�V\VWHPV�OLNH�$6%V�RFFXUV�ERWK�WKURXJK�YRODWLOL]DWLRQ�DQG�VWULSSLQJ��DWWULEXWHG�WR�DHUDWLRQ���
7KH�JDV�SKDVH�DQG�OLTXLG�SKDVH�PDVV�WUDQVIHU�FRHIILFLHQWV�IRU�YRODWLOL]DWLRQ�DQG�VWULSSLQJ�DQG�+HQU\¶V�
ODZ�FRQVWDQW��DOO�RI�ZKLFK�LPSDFW�WKH�RYHUDOO�PDVV�WUDQVIHU�UDWH�./��GHSHQG�RQ�WKH�IROORZLQJ�
SDUDPHWHUV��
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*DV�SKDVH�DQG�OLTXLG�SKDVH�PDVV�WUDQVIHU�FRHIILFLHQWV�IRU�VWULSSLQJ�GHSHQG�RQ�DHUDWRU�
FKDUDFWHULVWLFV��LPSHOORU�GLDPHWHU��USP�HWF����SK\VLFDO�SURSHUWLHV�OLNH�WKH�GHQVLW\�DQG�YLVFRVLW\�
RI�DLU��DHUDWLRQ�+3��WKH�UDWH�DQG�HIIHFWLYHQHVV�RI�R[\JHQ�WUDQVIHU��DQG�WKH�GLIIXVLYLW\�RI�
R[\JHQ�LQ�ZDWHU��

*DV�SKDVH�DQG�OLTXLG�SKDVH�PDVV�WUDQVIHU�FRHIILFLHQWV�IURP�QRQ�DHUDWHG�V\VWHPV�GHSHQG�RQ�
WKH�YLVFRVLW\�RI�DLU��GHQVLW\�RI�DLU��ZLQG�YHORFLW\��FRPSRXQG�GLIIXVLYLW\�LQ�ZDWHU��DQG�V\VWHP�
GLPHQVLRQV��VSHFLILFDOO\��WKH�UDWLR�RI�IHWFK�WR�GHSWK��

7KH�+HQU\¶V�ODZ�FRQVWDQW��+���ZKLFK�UHSUHVHQWV�WKH�SDUWLWLRQLQJ�FRHIILFLHQW�IRU�WKH�FRPSRXQG�
EHWZHHQ�WKH�OLTXLG�DQG�JDV�SKDVHV�ZKHQ�SUHVHQW�DW�GLOXWH�FRQFHQWUDWLRQV��LV�UHODWHG�WR�OLTXLG�
WHPSHUDWXUH��

7KH�DUHD�RI�PDVV�WUDQVIHU�LQ�(TXDWLRQ���DERYH�LV�GHWHUPLQHG�GLUHFWO\�IURP�WKH�GLPHQVLRQV�RI�WKH�
WUHDWPHQW�SRQG�EDVLQ��$FFRUGLQJ�WR�(TXDWLRQ����DV�WKH�VXUIDFH�DUHD�DYDLODEOH�IRU�PDVV�WUDQVIHU�
LQFUHDVHV��WKH�HPLVVLRQ�UDWH�LV�H[SHFWHG�WR�LQFUHDVH�SURSRUWLRQDOO\��

)LQDOO\��DFFRUGLQJ�WR�(TXDWLRQ����WKH�HPLVVLRQ�UDWHV�RI�UHGXFHG�VXOIXU�FRPSRXQGV�ZRXOG�EH�D�IXQFWLRQ�
RI�WKH�FRQFHQWUDWLRQ�RI�HDFK�FRPSRXQG�LQ�WKH�OLTXLG�SKDVH��)RU�FRPSRXQGV�VXFK�DV�GLPHWK\O�VXOILGH�
DQG�GLPHWK\O�GLVXOILGH��ZKLFK�GR�QRW�GLVVRFLDWH�LQ�ZDWHU��&/�LV�GHWHUPLQHG�GLUHFWO\�WKURXJK�OLTXLG�
DQDO\VLV��+RZHYHU��K\GURJHQ�VXOILGH�DQG�PHWK\O�PHUFDSWDQ�GLVVRFLDWH�LQ�ZDWHU�DFFRUGLQJ�WR�WKH�
IROORZLQJ�HTXDWLRQV��

�(TXDWLRQ����

�(TXDWLRQ���

� � � �(TXDWLRQ����

6LQFH�WKH�YDOXHV�RI�HTXLOLEULXP�FRQVWDQWV�N���N���N��DV�IXQFWLRQ�RI�WHPSHUDWXUH�DUH�NQRZQ��NQRZLQJ�WKH�
WRWDO�VXOILGH��>+�6@���>+6

�@���>6 @��DQG�WRWDO�PHUFDSWDQ��>&+�6+@���>&+�6
�@��FRQFHQWUDWLRQV�DQG�WKH�

S+��RQH�FDQ�FDOFXODWH�WKH�YDOXHV�RI�XQGLVVRFLDWHG�+�6�DQG�PHWK\O�PHUFDSWDQ�LQ�(TXDWLRQ���WR�HVWLPDWH�
WKH�LPSDFW�RI�FRQFHQWUDWLRQ��S+�DQG�WHPSHUDWXUH�FKDQJHV�RQ�WKH�UDWHV�RI�HPLVVLRQ��,Q�JHQHUDO��
LQFUHDVLQJ�WKH�S+�ZRXOG�LQFUHDVH�GLVVRFLDWLRQ�DQG�GHFUHDVH�WKH�DYDLODELOLW\�RI�+�6�DQG�PHWK\O�
PHUFDSWDQ�IRU�YRODWLOL]DWLRQ�DQG�VWULSSLQJ��

,Q�DGGLWLRQ�WR�UHOHDVHV�DV�D�UHVXOW�RI�PDVV�WUDQVIHU�IURP�WKH�VXUIDFH��JDVHV�JHQHUDWHG�LQ�WKH�VHGLPHQW�DV�
D�UHVXOW�RI�DQDHURELF�DFWLYLW\�FDQ�DOVR�FRQWULEXWH�WR�+�6�HPLVVLRQV�IURP�ZDVWHZDWHU�WUHDWPHQW�V\VWHP�
FRPSRQHQWV��:DVWHZDWHUV�IURP�SXOS�DQG�SDSHU�PLOOV�FRQWDLQ�RUJDQLF�VHWWOHDEOH�VROLGV�ZKLFK�
DFFXPXODWH�DW�WKH�ERWWRPV�RI�WKH�EDVLQV�LQ�WKH�WUHDWPHQW�V\VWHP��'HSHQGLQJ�XSRQ�WKH�SUHYDLOLQJ�
FRQGLWLRQV��WKHUH�FDQ�EH�VLJQLILFDQW�DQDHURELF�DFWLYLW\�LQ�WKH�VHGLPHQW��UHVXOWLQJ�LQ�WKH�JHQHUDWLRQ�RI�
PHWKDQH�DQG�K\GURJHQ�VXOILGH��7KH�YROXPH�RI�WKH�JDVHV�JHQHUDWHG�LQ�SUH��DQG�SRVW�DHUDWLRQ�EDVLQV�LV�
ODUJH�HQRXJK�IRU�WKH�ULVLQJ�EXEEOHV�WR�EH�FOHDUO\�YLVLEOH��$V�GHVFULEHG�HDUOLHU��GXULQJ�WKLV�VWXG\��WKH�
UDWHV�RI�HPLVVLRQ�RI�PHWKDQH�IURP�YDULRXV�FRPSRQHQWV�RI�ZDVWHZDWHU�WUHDWPHQW�V\VWHPV�ZHUH�DOVR�
PHDVXUHG�DORQJ�ZLWK�WKH�UHGXFHG�VXOIXU�JDV�HPLVVLRQV��6HSDUDWH�1&$6,�VWXGLHV�DUH�EHLQJ�FDUULHG�RXW�
WR�EHWWHU�XQGHUVWDQG�WKH�JHQHUDWLRQ�RI�PHWKDQH�DQG�+�6�LQ�WKH�VHGLPHQW��7KHUHIRUH��OLTXLG�VDPSOHV�
ZHUH�FROOHFWHG�DW�VHYHUDO�ORFDWLRQV�ZLWKLQ�HDFK�FRPSRQHQW�RI�WKH�ZDVWHZDWHU�WUHDWPHQW�SODQWV��
$QDO\VHV�ZHUH�FRQGXFWHG�IRU�WRWDO�VXOILGH��PHWK\O�PHUFDSWDQ��GLPHWK\O�VXOILGH��GLPHWK\O�GLVXOILGH��
GLPHWK\O�WULVXOILGH��VXOIDWH�DQG�WKLRVXOIDWH��,Q�DGGLWLRQ��PHDVXUHPHQWV�ZHUH�PDGH�LQ�WKH�ZDWHU�FROXPQ�
IRU�VHYHUDO�SDUDPHWHUV��LQFOXGLQJ�WHPSHUDWXUH��S+��FRQGXFWLYLW\��GLVVROYHG�R[\JHQ��DQG��LQ�VRPH�
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FDVHV��R[LGDWLRQ�UHGXFWLRQ�SRWHQWLDO��253���,QIRUPDWLRQ�ZDV�JDWKHUHG�RQ�WKH�SK\VLFDO�GLPHQVLRQV�RI�
HDFK�FRPSRQHQW��DORQJ�ZLWK�OLTXLG�IORZ�UDWHV�DQG�DHUDWRU�SDUDPHWHUV�LQFOXGLQJ�ORFDWLRQ��PRWRU�
KRUVHSRZHU��DQG�R[\JHQ�WUDQVIHU�UDWHV��

���� 0(7+2'6�

7KH�VWXG\�KDG�WKUHH�PDMRU�FRPSRQHQWV�����HPLVVLRQ�VFUHHQLQJ�����OLTXLG�VDPSOLQJ��DQG����HPLVVLRQ�
PHDVXUHPHQW�DQG�TXDQWLWDWLRQ��7KHVH�FRPSRQHQWV�DUH�GLVFXVVHG�LQ�6HFWLRQV�����WKURXJK������

���� (PLVVLRQV�6FUHHQLQJ�7HVWV�

.UDIW�PLOO�ZDVWHZDWHU�WUHDWPHQW�SODQWV��::73V��FDQ�FRQVLVW�RI�PDQ\�FRPSRQHQWV��LQFOXGLQJ�
PXOWLSOH��VHTXHQWLDO�SRVW�DHUDWLRQ�UHWHQWLRQ�SRQGV��$W�WKH�RXWVHW�RI�WKLV�VWXG\��WKH�VLJQLILFDQFH�RI�
HPLVVLRQV�IURP�WKHVH�SRQGV�ZDV�QRW�NQRZQ���,I�WKH�HPLVVLRQV�IURP�WKHVH�SRQGV��RU�DQ\�RI�WKH�RWKHU�
::73�FRPSRQHQWV��ZHUH�YHU\�ORZ�RU�QRW�TXDQWLILDEOH�YLD�WKH�VSDWLDO�DPELHQW�DLU�VDPSOLQJ�WHFKQLTXH�
�1&$6,¶V�DGDSWDWLRQ�RI�(VSOLQ¶V�PHWKRGRORJ\���WKHQ�D�YHU\�FRQVLGHUDEOH�DPRXQW�RI�HIIRUW�ZRXOG�KDYH�
EHHQ�ZDVWHG�E\�WHVWLQJ�WKHVH�VRXUFHV��7R�DYRLG�WKLV�SRVVLELOLW\��D�VFUHHQLQJ�VWXG\�ZDV�FRQGXFWHG�DW�
VHYHUDO�RI�WKH�::73V�EHIRUH�WKH�VSDWLDO�DPELHQW�DLU�VDPSOLQJ�WHFKQLTXH�ZDV�XVHG�WR�TXDQWLI\�
HPLVVLRQV�LQ�FRQMXQFWLRQ�ZLWK�OLTXLG�VDPSOH�FROOHFWLRQ��,Q�DGGLWLRQ�WR�SURYLGLQJ�LQIRUPDWLRQ�DERXW�WKH�
VLJQLILFDQFH�RI�HPLVVLRQV�IURP�WKH�YDULRXV�::73�FRPSRQHQWV��WKH�VFUHHQLQJ�VWXG\�JHQHUDWHG�XVHIXO�
LQIRUPDWLRQ�IRU�SODQQLQJ�WKH�IXOO�VWXG\�DQG�GHWHUPLQDWLRQ�RI�HPLVVLRQV�UDWHV��VXFK�DV�DSSUR[LPDWH�
JURXQG�OHYHO�DPELHQW�DLU�FRQFHQWUDWLRQV��

'XULQJ�WKH�VFUHHQLQJ�WHVWV��PHDVXUHPHQWV�ZHUH�WDNHQ�ZLWK�D�-HURPH�+�6�DQDO\]HU��XSZLQG�DQG�
GRZQZLQG�RI�WKH�VRXUFH��7KH�ZLQG�GLUHFWLRQ�REVHUYHG�DW�DQ�RQ�VLWH�PHWHRURORJLFDO�VWDWLRQ�DQG�D�VLWH�
SODQ�ZHUH�XVHG�WR�VHOHFW�WKUHH�VDPSOH�FROOHFWLRQ�ORFDWLRQV�RQ�WKH�XSZLQG�DQG�GRZQZLQG�VLGHV�RI�WKH�
VRXUFH��)RU�ERWK�VLGHV��RQH�RI�WKH�VDPSOLQJ�ORFDWLRQV�ZDV�DW�WKH�SRLQW�ZKHUH�D�OLQH�UHSUHVHQWLQJ�WKH�
ZLQG�GLUHFWLRQ��DQG�SDVVLQJ�WKURXJK�WKH�JHRJUDSKLFDO�FHQWHU�RI�WKH�EDVLQ��LQWHUVHFWHG�WKH�HGJHV�RI�WKH�
EDVLQ��7KH�RWKHU�WZR�VDPSOLQJ�SRLQWV�ZHUH�DW�WKH�HGJH�RI�WKH�EDVLQ��DSSUR[LPDWHO\�KDOIZD\�EHWZHHQ�
WKH�OLQH�WKURXJK�WKH�FHQWHU�DQG�WKH�OLQHV�ZKLFK�UHSUHVHQW�WKH�ZLQG�GLUHFWLRQ�DQG�LQWHUVHFW�WKH�
FURVVZLQG�HGJHV�RI�WKH�EDVLQ��)LJXUH�����LV�DQ�H[DPSOH�RI�D�VLWH�SODQ�XVHG�IRU�HPLVVLRQV�VFUHHQLQJ�
VDPSOH�SRLQW�VHOHFWLRQ��$W�HDFK�VDPSOH�SRLQW��WKUHH�FRQVHFXWLYH�PHDVXUHPHQWV�ZHUH�PDGH�ZLWK�WKH�
+�6�DQDO\]HU��

7KH�-HURPH�+�6�DQDO\]HU�KDV�D�VHQVLWLYH�OLQHDU�UHVSRQVH�WR�+�6��ZLWK�D�GHWHFWLRQ�OLPLW�RI���SSEY��
+RZHYHU��LW�LV�QRW�VSHFLILF�WR�+�6��DQG�UHVSRQGV�WR�RWKHU�UHGXFHG�VXOIXU�FRPSRXQGV�WR�YDU\LQJ�
GHJUHHV��7KHUHIRUH��WR�REWDLQ�VSHFLDWHG�UHGXFHG�VXOIXU�FRPSRXQG�GDWD��DW�RQH�RU�PRUH�GRZQZLQG�
VDPSOLQJ�ORFDWLRQV��FDQLVWHU�VDPSOHV�ZHUH�FROOHFWHG�IRU�JDV�FKURPDWRJUDSK�SXOVHG�IODPH�SKRWRPHWULF�
GHWHFWRU��*&�3)3'��DQDO\VLV��ZKLFK�SURYLGHG�VSHFLDWHG�FRQFHQWUDWLRQ�PHDVXUHPHQWV�IRU�+�6��00��
'06�DQG�'0'6��

)ROORZLQJ�WKH�VFUHHQLQJ�VWXG\��IXOO�VFDOH�VRXUFH�HPLVVLRQ�PHDVXUHPHQW�WHVWV��ZLWK�WKH�DVVRFLDWHG�
OLTXLG�VDPSOLQJ�SURJUDPV��ZHUH�FDUULHG�RXW�DW�VHOHFWHG�VRXUFHV��
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� � )LJXUH������(PLVVLRQV�6FUHHQLQJ�3URFHGXUH�6DPSOH�3RLQW�6HOHFWLRQ�

���� /LTXLG�6DPSOLQJ�DQG�$QDO\VLV�

/LTXLG�VDPSOHV�ZHUH�FROOHFWHG�IRU�WKUHH�SXUSRVHV�����WR�GHYHORS�DQ�XQGHUVWDQGLQJ�RI�IDFWRUV�WKDW�DIIHFW�
HPLVVLRQV�RI�UHGXFHG�VXOIXU�FRPSRXQGV�IURP�::73V�����WR�UHODWH�OLTXLG�SKDVH�FRQFHQWUDWLRQV�WR�DLU�
FRQFHQWUDWLRQV�IRU�PDWHULDO�EDODQFH�SXUSRVHV��DQG����WR�REWDLQ�GDWD�IRU�WKH�GHYHORSPHQW�DQG�
FDOLEUDWLRQ�RI�HPLVVLRQV�PRGHOV��

������ 6DPSOH�&ROOHFWLRQ�6WUDWHJ\�DQG�0HWKRGV�

$W�HDFK�::73��WKHUH�ZHUH�WZR�JURXSV�RI�OLTXLG�VDPSOHV�FROOHFWHG�LQ�FRQMXQFWLRQ�ZLWK�DWPRVSKHULF�
HPLVVLRQV�WHVWLQJ��LQOHW�RXWOHW�DQG�VXUIDFH�OLTXLG��,QOHW�RXWOHW�VDPSOHV�ZHUH�FROOHFWHG�IRU�
FKDUDFWHUL]DWLRQ�RI�WKH�::73�DQG�PDWHULDO�EDODQFH�SXUSRVHV��6XUIDFH�OLTXLG�VDPSOHV�ZHUH�FROOHFWHG�
RQH�IRRW�EHORZ�WKH�VXUIDFH�LQ�EDVLQV��SRQGV�DQG�SULPDU\�FODULILHUV�IRU�VRXUFH�FKDUDFWHUL]DWLRQ�DQG�WR�
REWDLQ�GDWD�IRU�WKH�GHYHORSPHQW�DQG�FDOLEUDWLRQ�RI�HPLVVLRQ�PRGHOV��

,QOHW�RXWOHW�VDPSOHV�ZHUH�JHQHUDOO\�FROOHFWHG�WKUHH�WLPHV�D�GD\��PRUQLQJ��PLG�GD\��DQG�HYHQLQJ��RQ�
HDFK�GD\�EHIRUH�DQG�GXULQJ�HPLVVLRQV�WHVWLQJ�DW�HDFK�VRXUFH��7HPSHUDWXUH�DQG�S+�ZHUH�DOZD\V�
PHDVXUHG�LQ�FRQMXQFWLRQ�ZLWK�LQOHW�RXWOHW�OLTXLG�VDPSOH�FROOHFWLRQ��:KHQ�FRQGLWLRQV�SHUPLWWHG��
GLVVROYHG�R[\JHQ�DQG�FRQGXFWLYLW\�ZHUH�DOVR�PHDVXUHG�LQ�FRQMXQFWLRQ�ZLWK�LQOHW�RXWOHW�OLTXLG�VDPSOH�
FROOHFWLRQ��

6XUIDFH�OLTXLG�VDPSOHV�ZHUH�FROOHFWHG�IURP�HDFK�VRXUFH�RQFH�RQ�HDFK�GD\�GXULQJ�ZKLFK�HPLVVLRQV�
WHVWLQJ�ZDV�FRQGXFWHG�DW�WKDW�VRXUFH��6XUIDFH�OLTXLG�VDPSOHV�ZHUH�JHQHUDOO\�FROOHFWHG�IURP�IRXU�
ORFDWLRQV�LQ�EDVLQV�DQG�SRQGV��,Q�SULPDU\�FODULILHUV��VXUIDFH�OLTXLG�VDPSOHV�ZHUH�FROOHFWHG�DW�WKUHH�
ORFDWLRQV��RXWVLGH�RI�WKH�FHQWHUZHOO��LQVLGH�RI�WKH�ZHLU��DQG�PLGZD\�EHWZHHQ�WKRVH�ORFDWLRQV��)LJXUH�
����LV�D�JHQHULF�VFKHPDWLF�UHSUHVHQWDWLRQ�RI�D�SULPDU\�FODULILHU��ZKLFK�VKRZV�WKH�ORFDWLRQV�IRU�VXUIDFH�
OLTXLG�VDPSOLQJ��7HPSHUDWXUH��S+��GLVVROYHG�R[\JHQ�DQG�FRQGXFWLYLW\�ZHUH�DOZD\V�PHDVXUHG�LQ�
FRQMXQFWLRQ�ZLWK�VXUIDFH�OLTXLG�VDPSOH�FROOHFWLRQ��,Q�DGGLWLRQ��ZKHUH�LW�ZDV�SRVVLEOH�WR�GR�VR��WKRVH�
SK\VLFDO�FKHPLFDO�SDUDPHWHUV�ZHUH�PHDVXUHG�DW�WKUHH�GHSWKV�DW�WKH�ORFDWLRQV�ZKHUH�VXUIDFH�OLTXLG�
VDPSOHV�ZHUH�FROOHFWHG��7KH�WKUHH�PHDVXUHPHQW�GHSWKV�ZHUH�RQH�IRRW�DERYH�WKH�ERWWRP��RQH�IRRW�
EHORZ�WKH�ZDWHU�VXUIDFH��DQG�PLGZD\�EHWZHHQ�WKRVH�WZR�PHDVXUHPHQW�GHSWKV��
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)LJXUH�������6XUIDFH�/LTXLG�6DPSOLQJ�/RFDWLRQV�IRU�D�3ULPDU\�&ODULILHU�

/LTXLG�VDPSOLQJ�FRQVLVWHG�RI�FROOHFWLQJ�JUDE�VDPSOHV�LQ�ODEHOHG�]HUR�KHDGVSDFH�92$��YRODWLOH�
RUJDQLF�DQDO\VLV��YLDOV��SUHORDGHG�ZLWK�WKH�DSSURSULDWH�SUHVHUYDWLYH�IRU�WKH�WDUJHW�DQDO\WHV��6DPSOHV�
ZHUH�DQDO\]HG�IRU�WRWDO�VXOILGH��PHWK\O�PHUFDSWDQ��00���GLPHWK\O�VXOILGH��'06���GLPHWK\O�GLVXOILGH�
�'0'6���GLPHWK\O�WULVXOILGH��'076���VXOIDWH��WKLRVXOIDWH�DQG�WRWDO�RUJDQLF�FDUERQ��72&���,Q�DGGLWLRQ�
WR�WKH�JUDE�VDPSOHV�FROOHFWHG�IRU�ODERUDWRU\�DQDO\VLV��LQ�VLWX�GHWHUPLQDWLRQV�RI�GLVVROYHG�VXOILGH�LRQ�
FRQFHQWUDWLRQ�ZHUH�FRQGXFWHG�XVLQJ�VXOILGH�LRQ�GHWHFWRU�WXEHV��%HFDXVH�HDFK�FROOHFWLRQ�YLDO�ZDV�
SUHORDGHG�ZLWK�D�VSHFLILF�TXDQWLW\�RI�SUHVHUYDWLYH��D�GLSSHU�FRQVWUXFWHG�RI�LQHUW�PDWHULDO�ZDV�XVHG�WR�
GUDZ�WKH�OLTXLG�VDPSOH�IURP�EHQHDWK�WKH�OLTXLG�VXUIDFH��,Q�ORFDWLRQV�ZKHUH�WKH�GLSSHU�KDQGOH�OHQJWK�
ZDV�LQVXIILFLHQW�WR�UHDFK�EHORZ�WKH�ZDWHU�VXUIDFH�RU�VDPSOHV�ZHUH�GUDZQ�IURP�DXWRPDWLF�SHULVWDOWLF�
VDPSOHUV��D�EXFNHW�ZDV�XVHG�WR�FROOHFW�D�ODUJHU�YROXPH�IURP�ZKLFK�VDPSOH�YLDOV�FRXOG�EH�ILOOHG��$OO�
VDPSOH�YLDOV�ZHUH�ILOOHG�WR�WKH�WRS�ZLWKRXW�RYHUIORZLQJ��WKHQ�FDSSHG�DQG�LQYHUWHG�VHYHUDO�WLPHV�WR�
SURPRWH�PL[LQJ�RI�WKH�VDPSOH�DQG�SUHVHUYDWLYH�VROXWLRQ��&ROOHFWHG�VDPSOHV�ZHUH�WKHQ�FDUULHG�EDFN�WR�
WKH�ILHOG�WUDLOHU�ZKHUH�WKH�SUHVHUYHG�VDPSOH�S+�ZDV�FKHFNHG�DQG�DGMXVWHG�LI�QHFHVVDU\��&ROOHFWHG�
VDPSOHV�ZHUH�VWRUHG�LQ�FRROHUV�ZLWK�LFH�IRU�WUDQVSRUW�DQG�RU�VKLSPHQW�WR�WKH�ODERUDWRU\�IRU�DQDO\VLV��
)RU�TXDOLW\�DVVXUDQFH�SXUSRVHV��RQH�VHW�RI�ILHOG�GXSOLFDWHV�ZDV�FROOHFWHG�IRU�DSSUR[LPDWHO\�HYHU\����
VDPSOH�VHWV�ZLWK�DW�OHDVW�RQH�VHW�RI�ILHOG�GXSOLFDWHV�SHU�GD\��

������ 6DPSOH�$QDO\VLV�0HWKRGV

�������� 7RWDO�6XOILGH�

/LTXLG�VDPSOHV�IRU�WKH�DQDO\VLV�RI�WRWDO�VXOILGH�ZHUH�FROOHFWHG��SUHVHUYHG�DQG�VWRUHG�IRU�DQDO\VLV�
IROORZLQJ�WKH�SURFHGXUH�RXWOLQHG�LQ�1&$6,�0HWKRG�56&��������³5HGXFHG�6XOIXU�&RPSRXQGV�E\�
'LUHFW�,QMHFWLRQ�*&�3)3'´��1&$6,�����D���7KH�VDPSOH�FROOHFWLRQ�YLDOV�IRU�WRWDO�VXOILGH�DQDO\VLV�
ZHUH�SUHORDGHG�ZLWK�D�]LQF�DFHWDWH�1D2+�SUHVHUYDWLYH�VROXWLRQ��$OO�YLDOV�ZHUH�DPEHU�WR�PLQLPL]H�WKH�
SRWHQWLDO�IRU�SKRWRFKHPLFDO�R[LGDWLRQ��2QFH�FROOHFWHG��WKH�S+�RI�WKH�SUHVHUYHG�VDPSOH�ZDV�FKHFNHG��



�� 7HFKQLFDO�%XOOHWLQ�1R������

DQG�DGMXVWHG�LI�QHFHVVDU\��ZLWK�DGGLWLRQDO��1�1D2+�WR�DVVXUH�WKDW�WKH�ILQDO�S+�RI�WKH�SUHVHUYHG�
VDPSOH�ZDV�JUHDWHU�WKDQ�����

6DPSOHV�WR�EH�DQDO\]HG�IRU�WRWDO�VXOILGH�ZHUH�VKLSSHG�WR�1&$6,¶V�:HVW�&RDVW�5HJLRQDO�&HQWHU�
ODERUDWRU\�IRU�DQDO\VLV��3HU�PHWKRG�UHTXLUHPHQWV��VDPSOHV�ZHUH�DQDO\]HG�ZLWKLQ����GD\V�RI�VDPSOH�
FROOHFWLRQ��

)RU�DQDO\VLV��DQ�DOLTXRW�RI�WKH�SUHVHUYHG�VDPSOH�LV�DFLGLILHG�SULRU�WR�LQMHFWLRQ���1&$6,�0HWKRG�56&�
������PHDVXUHV�WKH�WRWDO�DPRXQW�RI�VXOILGH�LQ�D�VDPSOH�YRODWLOH�DW�S+�������,W�LV�EHOLHYHG�WKDW�WKLV�
LQFOXGHV�DOO�IUHHO\�GLVVROYHG�VXOILGH��SOXV�VXOILGH�ZHDNO\�DVVRFLDWHG�ZLWK�GLVVROYHG�RUJDQLF�PDWWHU�RU�
FHUWDLQ�WUDQVLWLRQ�PHWDOV��

�������� 6XOILGH�,RQ

*DVWHF�����VXOILGH�LRQ�GHWHFWRU�WXEHV�ZLWK�D�PHDVXULQJ�UDQJH�RI���WR�����SSP�ZHUH�XVHG�WR�SURYLGH�DQ�
LQ�VLWX�ILHOG�PHDVXUHPHQW�RI�GLVVROYHG�VXOILGH�LRQ�FRQFHQWUDWLRQ��7KH�PHDVXUHPHQW�LV�PDGH�E\�FXWWLQJ�
ERWK�HQGV�RI�D�IUHVK�GHWHFWRU�WXEH�DQG�SDUWLDOO\�LPPHUVLQJ�LW�LQ�D�IUHVKO\�GUDZQ�ZDVWHZDWHU�VDPSOH��$V�
WKH�ZDVWHZDWHU�LV�GUDZQ�LQWR�WKH�WXEH�E\�FDSLOODU\�IRUFHV��DQ�LQGLFDWRU�FRPSRXQG��OHDG�DFHWDWH��UHDFWV�
ZLWK�WKH�GLVVROYHG�VXOILGH�LRQV�DQG�FKDQJHV�LQ�FRORU�IURP�ZKLWH�WR�OLJKW�EURZQ��7KH�FRQFHQWUDWLRQ�
YDOXH�LV�UHDG�GLUHFWO\�IURP�WKH�VFDOH�RQ�WKH�GHWHFWRU�WXEH��

*DVWHF�����WXEHV�KDYH�D�ZRUNLQJ�S+�UDQJH�RI�����WR����DQG�D�ZRUNLQJ�WHPSHUDWXUH�UDQJH�RI���WR�
���&��8VH�RI�WKHVH�WXEHV�DERYH�WKH�PD[LPXP�UHFRPPHQGHG�WHPSHUDWXUH�LV�UHSRUWHG�E\�WKH�
PDQXIDFWXUHU�WR�UHVXOW�LQ�ORZHU�YDOXHV�DQG�IDOVH�QRQ�GHWHFWV��$Q�1&$6,�VWXG\�RI�VXOILGH�LRQ�GHWHFWRU�
WXEHV��1&$6,�����E���UHSRUWHG�D�KLJKHU�VHQVLWLYLW\�WR�S+�IRU�GHWHFWRU�WXEHV�EDVHG�RQ�WKH�UHDFWLRQ�RI�
OHDG�DFHWDWH�ZLWK�VXOILGH�LRQ�WR�IRUP�OHDG�VXOILGH��$GGLWLRQDOO\��D�QXPEHU�RI�FRH[LVWLQJ�VXEVWDQFHV�DUH�
NQRZQ�WR�LQWHUIHUH�ZLWK�WKH�PHDVXUHPHQW�RI�VXOILGH�ZLWK�GHWHFWRU�WXEHV��&DUERQDWH�DQG�FKORULGH�LRQ�
DUH�WZR�NQRZQ�LQWHUIHUHQFHV��5HIHU�WR�1&$6,�6SHFLDO�5HSRUW�1R���������1&$6,�����E��DQG�
PDQXIDFWXUHU¶V�LQVWUXFWLRQV�IRU�IXUWKHU�LQIRUPDWLRQ��

'LVVROYHG�VXOILGH�LRQ�FRQFHQWUDWLRQ�ZDV�PHDVXUHG�DW�WKH�VDPH�VDPSOLQJ�IUHTXHQF\�DV�OLTXLG�JUDE�
VDPSOH�FROOHFWLRQ��$�GXSOLFDWH�GHWHUPLQDWLRQ�ZDV�PDGH�IRU�HYHU\����VDPSOH�FROOHFWLRQV�ZLWK�DW�OHDVW�
RQH�GXSOLFDWH�GHWHUPLQDWLRQ�PDGH�SHU�GD\��

�������� 2UJDQLF�5HGXFHG�6XOIXU�&RPSRXQGV

/LTXLG�VDPSOHV�IRU�WKH�DQDO\VLV�RI�RUJDQLF�UHGXFHG�VXOIXU�FRPSRXQGV��56&��ZHUH�FROOHFWHG��
SUHVHUYHG��DQG�VWRUHG�IRU�DQDO\VLV�IROORZLQJ�WKH�SURFHGXUH�RXWOLQHG�LQ�1&$6,�0HWKRG�56&��������
³5HGXFHG�6XOIXU�&RPSRXQGV�E\�'LUHFW�,QMHFWLRQ�*&�3)3'´��1&$6,�����D���

7KH�VDPSOH�FROOHFWLRQ�YLDO�IRU�56&�DQDO\VLV�LV�SUHORDGHG�ZLWK�����PJ�����PJ�RI�DVFRUELF�DFLG��$OO�
YLDOV�ZHUH�DPEHU�WR�PLQLPL]H�WKH�SRWHQWLDO�IRU�SKRWRFKHPLFDO�R[LGDWLRQ��2QFH�FROOHFWHG��WKH�S+�RI�WKH�
SUHVHUYHG�VDPSOH�ZDV�FKHFNHG��DQG�DGMXVWHG�LI�QHFHVVDU\��ZLWK�����SKRVSKRULF�DFLG�VROXWLRQ�WR�HQVXUH�
WKDW�WKH�ILQDO�S+�RI�WKH�SUHVHUYHG�VDPSOH�LV�EHWZHHQ���DQG����

6DPSOHV�WR�EH�DQDO\]HG�IRU�RUJDQLF�UHGXFHG�VXOIXU�FRPSRXQGV��0H6+��'06��'0'6��DQG�'076��
ZHUH�VKLSSHG�WR�1&$6,¶V�:HVW�&RDVW�5HJLRQDO�&HQWHU�ODERUDWRU\�IRU�DQDO\VLV��3HU�PHWKRG�
UHTXLUHPHQWV��VDPSOHV�ZHUH�DQDO\]HG�ZLWKLQ����GD\V�RI�VDPSOH�FROOHFWLRQ��

�������� 6XOIDWH�DQG�7KLRVXOIDWH

6DPSOHV�WR�EH�DQDO\]HG�IRU�VXOIDWH�DQG�WKLRVXOIDWH�ZHUH�FROOHFWHG�LQ����P/�DPEHU�92$�YLDOV�
SUHORDGHG�ZLWK�����PJ�����PJ�RI�DVFRUELF�DFLG��7KH�S+�RI�WKH�SUHVHUYHG�VDPSOH�ZDV�FKHFNHG�DIWHU�
FROOHFWLRQ�DQG�DGMXVWHG��LI�QHFHVVDU\��ZLWK�����SKRVSKRULF�DFLG�VROXWLRQ�WR�HQVXUH�WKDW�WKH�ILQDO�S+�RI�
WKH�SUHVHUYHG�VDPSOH�ZDV�EHWZHHQ���DQG����

1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW
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1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW�

6DPSOHV�WR�EH�DQDO\]HG�IRU�VXOIDWH�DQG�WKLRVXOIDWH�ZHUH�UHWXUQHG�WR�1&$6,¶V�6RXWKHUQ�5HJLRQDO�
&HQWHU�ODERUDWRU\�IRU�DQDO\VLV��6DPSOHV�ZHUH�PDLQWDLQHG�DW�D�WHPSHUDWXUH�RI�DSSUR[LPDWHO\���&�XQWLO�
DQDO\VLV��$QDO\VLV�IRU�VXOIDWH�DQG�WKLRVXOIDWH�IROORZHG�WKH�LRQ�FKURPDWRJUDSKLF�PHWKRG��������
GHVFULEHG�LQ�6WDQGDUG�0HWKRGV�IRU�WKH�([DPLQDWLRQ�RI�:DWHU�DQG�:DVWHZDWHU����WK�HGLWLRQ��$3+$�
�������

�������� 7RWDO�2UJDQLF�&DUERQ

6DPSOHV�WR�EH�DQDO\]HG�IRU�WRWDO�RUJDQLF�FDUERQ��72&��ZHUH�FROOHFWHG�LQ����P/�DPEHU�92$�YLDOV��
9LDOV�ZHUH�ILOOHG�WR�WKH�WRS�ZLWKRXW�RYHUIORZLQJ��FDSSHG�DQG�WKHQ�FDUULHG�EDFN�WR�WKH�ILHOG�WUDLOHU��
6DPSOHV�QRW�UHTXLULQJ�ILOWUDWLRQ�ZHUH�DFLGLILHG�ZLWK�����SKRVSKRULF�DFLG�VROXWLRQ�WR�SUHVHUYH�WKH�
VDPSOH�DW�D�S+�OHVV�WKDQ����

6DPSOHV�WR�EH�DQDO\]HG�IRU�72&�ZHUH�VKLSSHG�RYHUQLJKW�WR�1&$6,¶V�:HVW�&RDVW�5HJLRQDO�&HQWHU�
ODERUDWRU\��$OO�VDPSOHV�ZHUH�WKHQ�IRUZDUGHG�WR�&+�0�+LOO�LQ�&RUYDOOLV��2UHJRQ�IRU�DQDO\VLV��
$QDO\VHV�ZHUH�FRQGXFWHG�RQ�DQ�2,�0RGHO�����7RWDO�2UJDQLF�&DUERQ�$QDO\]HU�XVLQJ�(3$�0HWKRG�
�������������,Q�WKLV�PHWKRG��VDPSOHV�DUH�VSDUJHG�XQGHU�VOLJKWO\�DFLGLF�FRQGLWLRQV�WR�UHPRYH�LQRUJDQLF�
FDUERQ�SULRU�WR�R[LGL]DWLRQ�ZLWK�SHUVXOIDWH�LQ�D�GLJHVWLRQ�YHVVHO�DW����R&��7KH�FDUERQ�GLR[LGH�IRUPHG�
LV�PHDVXUHG�XVLQJ�QRQ�GLVSHUVLYH�LQIUDUHG�VSHFWURVFRS\��,QRUJDQLF�RU�SXUJHDEOH�FDUERQ�LV�QRW�
PHDVXUHG��&RQFHQWUDWLRQV�IRU�HDFK�VDPSOH�DUH�GHWHUPLQHG�E\�FRPSDULQJ�WKH�PHDVXUHPHQW�ZLWK�D�
VWDQGDUG�FXUYH�SUHSDUHG�IURP�VROXWLRQV�RI�DQK\GURXV�SRWDVVLXP�ELSKWKDODWH��3HU�PHWKRG�
UHTXLUHPHQWV��VDPSOHV�ZHUH�DQDO\]HG�ZLWKLQ����GD\V�RI�FROOHFWLRQ�DQG�SUHVHUYDWLRQ�

�������� 3K\VLFDO�3DUDPHWHU�'DWD�&ROOHFWLRQ

:DVWHZDWHU�WHPSHUDWXUH�DQG�S+�ZHUH�PHDVXUHG�ZLWK�VWDQG�DORQH�WKHUPRFRXSOHV�DQG�S+�PHWHUV��RU�
ZLWK�D�SRUWDEOH�<6,�����036�0XOWL�3UREH�6\VWHP��$OO�GLVVROYHG�R[\JHQ�DQG�FRQGXFWLYLW\�
PHDVXUHPHQWV�ZHUH�PDGH�ZLWK�WKH�SRUWDEOH�<6,�����036�0XOWL�3UREH�6\VWHP��7KLV�ILHOG�LQVWUXPHQW�
LV�HTXLSSHG�ZLWK�D�S+�SUREH��FRPELQHG�WHPSHUDWXUH�FRQGXFWLYLW\�SUREH��DQG�GLVVROYHG�R[\JHQ�VHQVRU��
,Q�ORFDWLRQV�ZKHUH�WKH�SUREH�FDEOH�OHQJWK�ZDV�LQVXIILFLHQW�WR�UHDFK�EHORZ�WKH�ZDWHU�VXUIDFH��RU�ZKHQ�
WKH�ZDVWHZDWHU�ZDV�DFFHVVHG�WKURXJK�DQ�DXWRPDWLF�SHULVWDOWLF�VDPSOHU��D�EXFNHW�ZDV�XVHG�WR�FROOHFW�
VXIILFLHQW�VDPSOH�YROXPH�WR�LPPHUVH�WKH�SUREH��0HDVXUHPHQWV�DW�DOO�RWKHU�ORFDWLRQV�ZHUH�PDGH�
GLUHFWO\�LQ�WKH�SRQG�RU�EDVLQ�XQGHU�WHVW��

7KH�<6,�PXOWLSUREH�XVHG�LQ�OLTXLG�VDPSOLQJ�ZDV�PDLQWDLQHG�DQG�FDOLEUDWHG�GDLO\�ZKLOH�LQ�XVH��7KH�
SUREH�V\VWHP�ZDV�ULQVHG�ZLWK�IUHVK�ZDWHU�DIWHU�HDFK�XVH�DQG�NHSW�PRLVW�ZLWKRXW�EHLQJ�LPPHUVHG��7KH�
S+�VHQVRU�ZDV�UHPRYHG�IURP�WKH�SUREH�PRGXOH�DW�WKH�HQG�RI�VDPSOLQJ�HDFK�GD\�DQG�VWRUHG�RYHUQLJKW�
LQ�HOHFWURGH�VWRUDJH�VROXWLRQ��'XH�WR�WKH�SRWHQWLDO�IRU�IRXOLQJ�LQ�WKH�SUHVHQFH�RI�K\GURJHQ�VXOILGH��WKH�
UHVSRQVH�RI�WKH�GLVVROYHG�R[\JHQ�VHQVRU�ZDV�PRQLWRUHG�GXULQJ�HDFK�GDLO\�FDOLEUDWLRQ��DQG�WKH�
PHPEUDQH�DQG�VROXWLRQ�ZHUH�UHSODFHG�ZKHQ�D�VLJQLILFDQW�GHWHULRUDWLRQ�LQ�RXWSXW�FXUUHQW�ZDV�VHHQ��

���� 'HWHUPLQDWLRQ�RI�6RXUFH�(PLVVLRQ�5DWHV�

������ $LU�6DPSOLQJ�IRU�6RXUFH�&KDUDFWHUL]DWLRQ�

7KH�DSSURDFK�WDNHQ�LQ�WKLV�VWXG\�ZDV�WR�TXDQWLI\�DYHUDJH�HPLVVLRQ�UDWHV�RI�UHGXFHG�VXOIXU�FRPSRXQGV�
IURP�NUDIW�SXOS�PLOO�::73�FRPSRQHQWV�WKURXJK�PHDVXULQJ�ZLQG�YHORFLW\�DQG�FRQFHQWUDWLRQ�YDOXHV�
RYHU�WKH�DUHD�RI�WKH�GRZQZLQG�GLVSHUVLRQ�SOXPH��7R�WKLV�HQG��WKH�JHQHUDO�SURFHGXUH�IRU�VSDWLDO�
DPELHQW�DLU�VDPSOLQJ��RU�ERXQGDU\�OD\HU�HPLVVLRQ�PRQLWRULQJ��RXWOLQHG�E\�(VSOLQ��(VSOLQ�������������
ZDV�IROORZHG��



��� 7HFKQLFDO�%XOOHWLQ�1R������

7KLV�SURFHGXUH�IRU�VSDWLDO�DPELHQW�DLU�VDPSOLQJ�LV�D�YDULDWLRQ�RQ�WKH�WUDQVHFW�WHFKQLTXH��EXW�LQVWHDG�RI�
HPSOR\LQJ�D�SHUPDQHQW�RU�VHPL�SHUPDQHQW�DUUD\�RI�PDVWV�DQG�LQVWUXPHQWV�GRZQZLQG�RI�D�VRXUFH�WR�
PHDVXUH�YHORFLW\�DQG�FRQFHQWUDWLRQ�YDOXHV��D�PRELOH�FDUW�ZLWK�VDPSOH�OLQHV�VHW�DW�PXOWLSOH�HOHYDWLRQV�
LV�XVHG�WR�WUDYHUVH�WKH�GLVSHUVLRQ�SOXPH�DQG�FROOHFW�DQ�LQWHJUDWHG�VDPSOH��$V�VKRZQ�LQ�)LJXUH������D�
KHOLXP�ILOOHG�EDOORRQ��9DLVDOD�77%������ZKLFK�LV�DHURG\QDPLFDOO\�VKDSHG�WR�IO\�HVVHQWLDOO\�GLUHFWO\�
RYHU�WKH�FDUW��ZDV�XVHG�WR�UDLVH�WKH�VDPSOH�OLQHV�WR�WKH�GHVLUHG�HOHYDWLRQV���7KH�V\VWHP�ZDV�GHVLJQHG�WR�
EH�DEOH�WR�KRLVW�WKUHH�VDPSOH�OLQHV�ZLWK�WKH�KLJK�OLQH�XS�WR����PHWHUV��KRZHYHU��WKH�KLJKHVW�HOHYDWLRQ�
DW�ZKLFK�LW�ZDV�XVHG�ZDV����PHWHUV���$Q�DGYDQWDJH�RI�WKLV�PHWKRG�RYHU�WKH�³WUDGLWLRQDO´�WUDQVHFW�
WHFKQLTXH�LV�LWV�IOH[LELOLW\��ZKLFK�DOORZV�IRU�FRQWLQXDO�DGMXVWPHQW�ZLWK�FKDQJHV�LQ�ZLQG�GLUHFWLRQ��
VSHHG�DQG�DWPRVSKHULF�VWDELOLW\��

)LJXUH�������'RZQZLQG�$PELHQW�$LU�0RELOH�6DPSOLQJ�6\VWHP�

7KLV�VSDWLDO�DPELHQW�DLU�VDPSOLQJ�SURFHGXUH�DOORZV�IRU�WKH�GHWHUPLQDWLRQ�RI�KRUL]RQWDO�DQG�YHUWLFDO�
HPLVVLRQ�IOX[�SURILOHV��$V�VKRZQ�LQ�)LJXUH������WKH�VDPSOH�FDUW�LV�PRYHG�DORQJ�WKH�GRZQZLQG�VDPSOH�
SDWK�DQG�FROOHFWV�D�GRZQZLQG�FRPSRVLWH�FURVVZLQG�VDPSOH�DW�HDFK�RI�IRXU�HOHYDWLRQV��RQH�RI�ZKLFK�LV�
VHW�DW�HVVHQWLDOO\�JURXQG�OHYHO��7KH�VDPSOH�SDWK�ZDV�JHQHUDOO\�D�URDG�DURXQG�WKH�SHULPHWHU�RI�WKH�
EDVLQ��7KH�FURVVZLQG�HPLVVLRQ�IOX[�SURILOH�LV�LQWHJUDWHG�E\�SDUWLDOO\�ILOOLQJ�VDPSOH�FRQWDLQHUV�DW�
HTXDOO\�VSDFHG�VDPSOLQJ�ORFDWLRQV�DORQJ�WKH�GRZQZLQG�VDPSOH�SDWK��7KH�DPRXQW�RI�VDPSOH�FROOHFWHG�
DW�HDFK�ORFDWLRQ�LV�SURSRUWLRQDO�WR�WKH�VLQH�RI�WKH�DQJOH�EHWZHHQ�WKH�ZLQG�GLUHFWLRQ�DQG�WKH�VDPSOH�
SDWK�� ���)ORZ�FRQWUROOHUV�DUH�XVHG�WR�ILOO�WKH�FRQWDLQHUV�DW�D�FRQVWDQW�UDWH��VR�WKH�DPRXQW�RI�VDPSOH�
FROOHFWHG�DW�HDFK�ORFDWLRQ�LV�FRQWUROOHG�E\�WKH�DPRXQW�RI�WLPH�WKH�FRQWDLQHU�YDOYHV�DUH�RSHQHG�DW�HDFK�
ORFDWLRQ��,Q�WKH�ZRUN�UHSRUWHG�KHUHLQ��WKH�WRWDO�VDPSOH�FROOHFWLRQ�WLPH�ZDV�VHW�WR����PLQXWHV��:KHQ�
WKH�WLPH�UHTXLUHG�WR�PRYH�EHWZHHQ�WKH�VDPSOLQJ�VWDWLRQV�ZDV�LQFOXGHG��WKH�WRWDO�WLPH�HODSVHG�GXULQJ�
VDPSOH�FROOHFWLRQ�ZDV�JHQHUDOO\�LQ�WKH�UDQJH�RI����WR����PLQXWHV��*HQHUDOO\��DSSUR[LPDWHO\����

%DOORRQ

6DPSOLQJ�&DUW

6DPSOH�/LQHV

%DOORRQ

6DPSOLQJ�&DUW

6DPSOH�/LQHV 7HWKHU�/LQH

1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW
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1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW�

GRZQZLQG�VDPSOH�FROOHFWLRQ�ORFDWLRQV�ZHUH�XVHG��DQG�WKH�VDPSOH�FROOHFWLRQ�WLPHV�DW�HDFK�ORFDWLRQ�
ZRXOG�UDQJH�IURP�DSSUR[LPDWHO\���WR���PLQXWHV��GHSHQGLQJ�RQ�WKH�VLQH�RI�WKH�DQJOH�EHWZHHQ�WKH�ZLQG�
GLUHFWLRQ�DQG�VDPSOH�SDWK�IRU�HDFK�ORFDWLRQ��$Q�DGGLWLRQDO�VDPSOLQJ�V\VWHP�ZDV�ORFDWHG�XSZLQG�RI�
WKH�VRXUFH�XQGHU�WHVW�WR�FRUUHFW�WKH�GRZQZLQG�VDPSOH�FRQFHQWUDWLRQV�IRU�SRWHQWLDO�EDFNJURXQG�
FRQFHQWUDWLRQV��

)LJXUH������$PELHQW�$LU�6DPSOLQJ�6FKHPH�

'XULQJ�WKLV�VWXG\��XSZLQG�VDPSOHV�IURP�WKH�JURXQG�OHYHO�DQG�GRZQZLQG�VDPSOHV�IURP�YDULRXV�
HOHYDWLRQV�ZHUH�FROOHFWHG�LQ�HYDFXDWHG���/�FDQLVWHUV�IRU�VXEVHTXHQW�DQDO\VLV��)LJXUH�����LV�D�VFKHPDWLF�
UHSUHVHQWDWLRQ�RI�WKH�DPELHQW�DLU�VDPSOLQJ�V\VWHP��$�7HIORQ�KHDG�SXPS��.1)�1HXEHUJHU�GLDSKUDJP�
SXPS�0RGHO�1��.7'&����YROW�'&��FRQWLQXRXVO\�SXOOV�WKH�VDPSOH�WKURXJK�D�EODFN�UXEEHU�FRDWHG�
RQH�HLJKWK�LQFK�RXWVLGH�GLDPHWHU�7HIORQ�VDPSOH�OLQH��:KHQ�WKH�YDOYH�RQ�WKH�HYDFXDWHG�FDQLVWHU�LV�
RSHQ��D�SRUWLRQ�RI�WKH�JDV�H[LWLQJ�WKH�SXPS�LV�SXOOHG�WKURXJK�D�1DILRQ�GU\HU��3HUPD�3XUH�0'�6HULHV�
JDV�GU\HU�ZLWK�1DILRQ�SRO\PHU�PHPEUDQH��DQG�WKHQ�WKURXJK�D�PHFKDQLFDO�PDVV�IORZ�FRQWUROOHU�
�(QWHFK�&6������EHIRUH�HQWHULQJ�WKH�FDQLVWHU��7KH�DSSDUDWXV�IRU�FROOHFWLQJ�WKH�XSZLQG�RU�EDFNJURXQG�
VDPSOH�KDG�RQO\�RQH�VDPSOLQJ�V\VWHP��7KH�FDUW�XVHG�IRU�FROOHFWLQJ�WKH�GRZQZLQG�KRUL]RQWDOO\�
LQWHJUDWHG�VDPSOHV�DW�IRXU�HOHYDWLRQV�KDG�IRXU�VDPSOLQJ�V\VWHPV²RQH�IRU�HDFK�HOHYDWLRQ��)RU�ERWK�WKH�
XSZLQG�DQG�GRZQZLQG�VDPSOLQJ�V\VWHPV��DSSURSULDWHO\�VL]HG����YROW�OHDG�DFLG�EDWWHULHV�ZHUH�XVHG�WR�
SRZHU�WKH�SXPSV��

7R�FROOHFW�WKH�QHFHVVDU\�PHWHRURORJLFDO�GDWD��D�ILHOG�VWDWLRQ�ZDV�HUHFWHG�LQ�WKH�DUHD�RI�WKH�::73��
7KUHH�GLPHQVLRQDO�ZLQG�VSHHG�DQG�GLUHFWLRQ�ZHUH�PHDVXUHG�DW�KHLJKWV�RI����PHWHUV�DQG���PHWHUV�
DERYH�JURXQG�OHYHO�XVLQJ�VRQLF�DQHPRPHWHUV��%DURPHWULF�SUHVVXUH�DQG�WHPSHUDWXUH�ZHUH�DOVR�
PHDVXUHG��'DWD�IURP�WKH�DQHPRPHWHUV�ZHUH�FROOHFWHG�WKURXJKRXW�WKH�GXUDWLRQ�RI�WKH�WHVWV�DQG�VWRUHG�
IRU�ODWHU�UHWULHYDO�RQ�D�SRUWDEOH�FRPSXWHU��
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)LJXUH������$PELHQW�$LU�6DPSOLQJ�6\VWHP�

7R�H[WHQG�WKH�DQDO\WLFDO�SRUWLRQ�RI�WKH�PHWKRG�IRU�RII�VLWH�VSHFLDWHG�DQDO\VLV�RI�UHGXFHG�VXOIXU�
FRPSRXQGV��WKH�DPELHQW�DLU�VDPSOHV�ZHUH�FROOHFWHG�LQ�HYDFXDWHG�VL[�OLWHU�VWDLQOHVV�VWHHO�FDQLVWHUV�
�(QWHFK������������ZKLFK�ZHUH�FRDWHG�ZLWK�D�VSHFLDO�VXOIXU�LQHUW�FRDWLQJ��6LORQLWH����$OO�PHWDO�
FRPSRQHQWV�LQ�WKH�VDPSOLQJ�DQG�DQDO\WLFDO�V\VWHPV�WKDW�FDPH�LQ�FRQWDFW�ZLWK�WKH�VDPSOH�KDG�WKLV�
FRDWLQJ��$V�VKRZQ�LQ�)LJXUH������WKH�VDPSOH�ZDV�FRQGLWLRQHG�EHIRUH�FROOHFWLRQ�LQ�D�FDQLVWHU�E\�ILUVW�
SDVVLQJ�WKURXJK�D�1DILRQ�GU\HU��$GGLWLRQDOO\��LPPHGLDWHO\�IROORZLQJ�VDPSOH�FROOHFWLRQ��WKH�FDQLVWHU�
FRQWHQWV�ZHUH�GLOXWHG�ZLWK�QLWURJHQ��7KLV�LV�GRQH�E\�SUHVVXUL]LQJ�WKH�FDQLVWHU�ZLWK�QLWURJHQ�WR�DFKLHYH�
D�GLOXWLRQ�UDWLR�RI�DSSUR[LPDWHO\�������7KH�FDQLVWHU�VDPSOHV�ZHUH�VKLSSHG�YLD�RYHUQLJKW�FRXULHU�WR�WKH�
ODERUDWRU\�ZKHUH�WKH\�ZHUH�DQDO\]HG��

������ 'HWHUPLQDWLRQ�RI�$QDO\WH�&RQFHQWUDWLRQV�LQ�&DQLVWHUV

7KH�FDQLVWHU�VDPSOHV�ZHUH�DQDO\]HG�LQ�WKH�ODERUDWRU\�WR�GHWHUPLQH�WKH�FRQFHQWUDWLRQ�RI�UHGXFHG�VXOIXU�
JDVHV�DQG�PHWKDQH�IRU�FDOFXODWLRQ�RI�HPLVVLRQ�UDWHV��$�JDV�FKURPDWRJUDSK�LQLWLDOO\�HTXLSSHG�ZLWK�D�
IODPH�SKRWRPHWULF�GHWHFWRU�DQG�FU\RJHQLF�SUH�FRQFHQWUDWLRQ�ZDV�XVHG�WR�PHDVXUH�WKH�FRQFHQWUDWLRQ�RI�
UHGXFHG�VXOIXU�JDVHV�LQ�WKH�VDPSOH�FDQLVWHU��7KH�IODPH�SKRWRPHWULF�GHWHFWRU�ZDV�RQO\�XVHG�IRU�WKH�ILUVW�
VWXG\��ZKLFK�ZDV�FRQGXFWHG�DW�0LOO�$��)RU�WKH�UHPDLQGHU�RI�WKH�VWXGLHV��D�SXOVHG�IODPH�SKRWRPHWULF�
GHWHFWRU�ZDV�VXEVWLWXWHG�IRU�WKH�IODPH�SKRWRPHWULF�GHWHFWRU��7KH�JDV�FKURPDWRJUDSK�XVHG�IRU�PHWKDQH�
GHWHUPLQDWLRQ�ZDV�HTXLSSHG�ZLWK�D�IODPH�LRQL]DWLRQ�GHWHFWRU��
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1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW



7HFKQLFDO�%XOOHWLQ�1R������ ���

1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW�

7KHUH�ZHUH�VRPH�GLIIHUHQFHV�LQ�WKH�PDQQHU�LQ�ZKLFK�WKH�UHGXFHG�VXOIXU�FRPSRXQG�FRQFHQWUDWLRQV�
ZHUH�GHWHUPLQHG�RYHU�WKH�FRXUVH�RI�WKH�VWXG\��)RU�WKH�SXUSRVH�RI�GHVFULELQJ�WKH�DQDO\VLV�PHWKRGV�
XVHG�RYHU�WKH�FRXUVH�RI�WKH�VWXG\��WKH�VWXG\�FDQ�EH�VHSDUDWHG�LQWR�WKH�IROORZLQJ�FDWHJRULHV�����0LOO�$��
ZKLFK�ZDV�WHVWHG�RYHU�WKH�SHULRG�RI�-XQH�WKURXJK�2FWREHU����������WKH�3KDVH�,�VWXGLHV�DW�0LOOV�(��'�
DQG�%��ZKLFK�ZHUH�FDUULHG�RXW�GXULQJ�WKH�SHULRG�RI�$SULO�WKURXJK�$XJXVW�����������WKH�3KDVH�,,�
VWXGLHV�D�0LOOV�(�DQG�%��ZKLFK�ZHUH�FRQGXFWHG�GXULQJ�0DUFK�DQG�$SULO��������DQG����0LOO�)��ZKLFK�
ZDV�WHVWHG�GXULQJ�$SULO��������

'XULQJ�WKH�VWXGLHV�DW�0LOO�$�DQG�WKH�3KDVH�,�VWXGLHV��WKH�FDOLEUDWLRQ�FXUYHV�IRU�LQGLYLGXDO�UHGXFHG�
VXOIXU�FRPSRXQGV�ZHUH�LQLWLDOO\�SUHSDUHG�XVLQJ�DSSUR[LPDWHO\����GDWD�SRLQWV��)RU�PRVW�RI�WKH�
DQDO\VHV�DW�0LOO�$��DW�OHDVW�RQH�FKHFN�VWDQGDUG�ZDV�DQDO\]HG�IRU�HDFK����VDPSOH�DQDO\VHV��:LWK�WKH�
FRQGLWLRQV�XVHG�IRU�WKH�*&�)3'�DQDO\VHV��FRUUHFWLRQ�IRU�FKHFN�VWDQGDUG�UHFRYHU\�ZDV�QRW�FRQVLGHUHG�
QHFHVVDU\��'XULQJ�WKH�3KDVH�,�*&�3)3'�VDPSOH�DQDO\VHV��IROORZLQJ�LQLWLDO�FDOLEUDWLRQ��DW�OHDVW�WZR�
FKHFN�VWDQGDUG�VDPSOHV�ZHUH�DQDO\]HG�EHIRUH�DQG�DIWHU�HDFK�VHW�RI����VDPSOHV��7KH�UHVXOWLQJ�DYHUDJH�
UHFRYHU\�RI�WKH�FKHFN�VWDQGDUGV�ZDV�XVHG�WR�FRUUHFW�WKH�PHDVXUHG�DQDO\WH�FRQFHQWUDWLRQV��)RU�WKH�0LOO�
$�DQG�3KDVH�,�GDWD��QR�FRUUHFWLRQ�IDFWRU�ZDV�XVHG�WR�FRUUHFW�IRU�VDPSOH�ORVV�GXH�WR�GHOD\�LQ�VDPSOH�
DQDO\VLV��KRZHYHU��WKH�VDPSOHV�ZHUH�DQDO\]HG�ZLWKLQ�ILYH�GD\V�RI�FROOHFWLRQ��'XULQJ�WKH�3KDVH�,,�DQG�
0LOO�)�VWXGLHV��D�GLIIHUHQW�SURWRFRO�ZDV�IROORZHG��,QVWHDG�RI�XVLQJ�FKHFN�VWDQGDUGV��WKH�LQVWUXPHQW�
ZDV�FDOLEUDWHG�GDLO\�DQG�QR�FKHFN�VWDQGDUG�FRUUHFWLRQ�ZDV�QHHGHG���+RZHYHU��EDVHG�RQ�D�VHSDUDWH�
VWXG\�RI�VDPSOH�ORVV�GXULQJ�VWRUDJH�LQ�FDQLVWHUV��D�FRUUHFWLRQ�IDFWRU�IRU�VDPSOH�ORVV�GXULQJ�VWRUDJH��IRU�
SHULRGV�RI�XS�WR����GD\V��ZDV�DSSOLHG��7KH�GHWDLOV�RI�WKH�DQDO\WLFDO�HTXLSPHQW�DQG�SURFHGXUH�ZLOO�EH�
LQFOXGHG�LQ�D�VHSDUDWH�PHWKRGV�WHFKQLFDO�EXOOHWLQ��

���������'HWHFWLRQ�DQG�4XDQWLWDWLRQ�/LPLWV

6LQFH�WKH�VWXG\�ZDV�FDUULHG�RXW�RYHU�D�ORQJ�SHULRG�RI�WLPH��WKHUH�ZHUH�FKDQJHV�LQ�DQDO\WLFDO�PHWKRGV��
7KHVH�FKDQJHV�UHVXOWHG�LQ�GLIIHUHQW�GHWHFWLRQ�DQG�TXDQWLWDWLRQ�OLPLWV�GXULQJ�WKH�VWXG\�IRU�WKH�UHGXFHG�
VXOIXU�FRPSRXQGV��)RU�WKH�0LOO�$�DQG�3KDVH�,�VWXGLHV��VWDWLVWLFDOO\�GHULYHG�PHWKRG�GHWHFWLRQ�OLPLWV�
�0'/V��ZHUH�GHWHUPLQHG�DORQJ�ZLWK�SUDFWLFDO�TXDQWLWDWLRQ�OLPLWV��34/V���ZKLFK�ZHUH�GHILQHG�DV�
EHLQJ�HTXDO�WR����WLPHV�WKH�0'/V��&RQFHQWUDWLRQ�YDOXHV�EHWZHHQ�WKH�0'/�DQG�34/�ZHUH�XVHG�
VLPLODUO\�LQ�WKH�FDOFXODWLRQ�RI�HPLVVLRQ�UDWHV��KRZHYHU��WKRVH�YDOXHV�ZHUH�IODJJHG�LQ�WKH�LQGLYLGXDO�
PLOO�UHSRUWV��1&$6,�����D�L���)RU�WKH�3KDVH�,,�DQG�0LOO�)�VWXGLHV��PHWKRG�TXDQWLWDWLRQ�OLPLWV��04/V��
ZHUH�XVHG��7KH�04/�ZDV�GHILQHG�DV�EHLQJ�HTXDO�WR�WKH�YDOXH�RI�WKH�ORZHVW�FDOLEUDWLRQ�VWDQGDUG��
9DOXHV�DERYH�WKH�04/�ZHUH�KDQGOHG�LQ�WKH�VDPH�PDQQHU��

0LOO�$�4XDQWLWDWLRQ�/LPLWV�

7KH�PHWKRG�GHWHFWLRQ�DQG�SUDFWLFDO�TXDQWLWDWLRQ�OLPLWV�IRU�WKH�*&�)3'�DQDO\VLV�RI�WKH�UHGXFHG�VXOIXU�
FRPSRXQGV�LQ�DPELHQW�DLU�DUH�VKRZQ�LQ�7DEOH������0HWKRG�GHWHFWLRQ�OLPLWV�ZHUH�GHWHUPLQHG�
IROORZLQJ�UHYLVLRQ������RI�WKH�(3$�SURFHGXUH�IRU�WKH�GHWHUPLQDWLRQ�RI�WKH�PHWKRG�GHWHFWLRQ�OLPLW�����
&)5���������HGLWLRQ��3DUW������$SSHQGL[�%���%HFDXVH�WKH�FDQLVWHU�VDPSOHV�DUH�SUHVVXUL]HG�ZLWK�
QLWURJHQ�LQ�WKH�ILHOG�WR�HQKDQFH�VDPSOH�VWDELOLW\�SULRU�WR�DQDO\VLV��D�IDFWRU�RI������KDV�EHHQ�DSSOLHG�WR�
WKH�GHWHFWLRQ�OLPLW�RI�WKH�FDQLVWHU�DQDO\VLV��LQ�RUGHU�WR�SURYLGH�DQ�HVWLPDWH�RI�WKH�PHWKRG�GHWHFWLRQ�
OLPLW�IRU�HDFK�FRPSRXQG�LQ�DPELHQW�DLU��
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7DEOH�������'HWHFWLRQ�DQG�3UDFWLFDO�4XDQWLWDWLRQ�/LPLWV�
IRU�56&�&RQFHQWUDWLRQV�LQ�$PELHQW�$LU��0LOO�$�

� 0HWKRG� 3UDFWLFDO�
� 'HWHFWLRQ� 4XDQWLWDWLRQ�

&RPSRXQG� /LPLW���SSEY�� � /LPLW���SSEY��

+\GURJHQ�VXOILGH� ����� � �����
0HWK\O�PHUFDSWDQ� ������ � ������
'LPHWK\O�VXOILGH� ����� � ����
'LPHWK\O�GLVXOILGH� ����� � ����

3KDVH�,�0LOO�5HSRUWV�4XDQWLWDWLRQ�/LPLWV�

7KH�PHWKRG�GHWHFWLRQ�DQG�SUDFWLFDO�TXDQWLWDWLRQ�OLPLWV�IRU�WKH�*&�3)3'�DQDO\VLV�RI�WKH�UHGXFHG�
VXOIXU�FRPSRXQGV�LQ�DPELHQW�DLU�DUH�VKRZQ�LQ�7DEOH������0HWKRG�GHWHFWLRQ�OLPLWV�ZHUH�GHWHUPLQHG�
IROORZLQJ�UHYLVLRQ������RI�WKH�(3$�SURFHGXUH�IRU�WKH�GHWHUPLQDWLRQ�RI�WKH�PHWKRG�GHWHFWLRQ�OLPLW�����
&)5���������HGLWLRQ��3DUW������$SSHQGL[�%���%HFDXVH�WKH�FDQLVWHU�VDPSOHV�DUH�SUHVVXUL]HG�ZLWK�
QLWURJHQ�LQ�WKH�ILHOG�WR�HQKDQFH�VDPSOH�VWDELOLW\�SULRU�WR�DQDO\VLV��D�IDFWRU�RI������KDV�EHHQ�DSSOLHG�WR�
WKH�GHWHFWLRQ�OLPLW�RI�WKH�FDQLVWHU�DQDO\VLV��LQ�RUGHU�WR�SURYLGH�DQ�HVWLPDWH�RI�WKH�PHWKRG�GHWHFWLRQ�
OLPLW�IRU�HDFK�FRPSRXQG�LQ�DPELHQW�DLU��

7DEOH�������'HWHFWLRQ�DQG�3UDFWLFDO�4XDQWLWDWLRQ�/LPLWV�
IRU�56&�&RQFHQWUDWLRQV�LQ�$PELHQW�$LU��3KDVH�,�

� 0HWKRG� � 3UDFWLFDO�
� 'HWHFWLRQ� 4XDQWLWDWLRQ�

&RPSRXQG� /LPLW���SSEY�� � /LPLW���SSEY��

+\GURJHQ�VXOILGH� ���� � ���
0HWK\O�PHUFDSWDQ� ���� � ���
'LPHWK\O�VXOILGH� ���� � ���
'LPHWK\O�GLVXOILGH� ���� � ���

3KDVH�,,�0LOO�5HSRUWV�4XDQWLWDWLRQ�/LPLWV

7KH�DSSUR[LPDWH�PHWKRG�TXDQWLWDWLRQ�OLPLWV��04/V��IRU�WKH�*&�3)3'�FDQLVWHU�DQDO\VLV�DUH�FRQWDLQHG�
LQ�7DEOH������7KH�YDOXHV�VKRZQ�LQ�WKH�WDEOH�DUH�GHULYHG�E\�PXOWLSO\LQJ�WKH�ORZHVW�FDOLEUDWLRQ�SRLQW�
YDOXH�E\�WKH�GLOXWLRQ�UDWLR��7KH�H[DFW�04/V�ZLOO�YDU\�GHSHQGLQJ�RQ�WKH�VSHFLILF�FRQGLWLRQV�IRU�HDFK�
FDOLEUDWLRQ�FXUYH��7KH�FDQLVWHU�VDPSOHV�DUH�SUHVVXUL]HG�ZLWK�QLWURJHQ�LQ�WKH�ILHOG�WR�HQKDQFH�VDPSOH�
VWDELOLW\�SULRU�WR�DQDO\VLV�WR�\LHOG�D�GLOXWLRQ�UDWLR�RI�DSSUR[LPDWHO\�������

1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW
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1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW�

7DEOH�������$SSUR[LPDWH�4XDQWLWDWLRQ�/LPLWV�
IRU�56&�&RQFHQWUDWLRQV�LQ�$PELHQW�$LU��3KDVH�,,�

� � $SSUR[LPDWH�
� � 0HWKRG�4XDQWLWDWLRQ�
&RPSRXQG� � /LPLW���SSEY��

+\GURJHQ�VXOILGH� � ����
0HWK\O�PHUFDSWDQ� � ����
'LPHWK\O�VXOILGH� � ����
'LPHWK\O�GLVXOILGH� � ����

0LOO�)�4XDQWLWDWLRQ�/LPLWV

7KH�DSSUR[LPDWH�PHWKRG�TXDQWLWDWLRQ�OLPLWV��04/V��IRU�WKH�*&�3)3'�FDQLVWHU�DQDO\VLV�DUH�FRQWDLQHG�
LQ�7DEOH������7KH�YDOXHV�VKRZQ�LQ�WKH�WDEOH�DUH�GHULYHG�E\�PXOWLSO\LQJ�WKH�ORZHVW�FDOLEUDWLRQ�SRLQW�
YDOXH�E\�WKH�GLOXWLRQ�UDWLR��7KH�H[DFW�04/V�ZLOO�YDU\�GHSHQGLQJ�RQ�WKH�VSHFLILF�FRQGLWLRQV�IRU�HDFK�
FDOLEUDWLRQ�FXUYH��7KH�FDQLVWHU�VDPSOHV�DUH�SUHVVXUL]HG�ZLWK�QLWURJHQ�LQ�WKH�ILHOG�WR�HQKDQFH�VDPSOH�
VWDELOLW\�SULRU�WR�DQDO\VLV�WR�\LHOG�D�GLOXWLRQ�UDWLR�RI�DSSUR[LPDWHO\�RI�������

7DEOH�������$SSUR[LPDWH�4XDQWLWDWLRQ�/LPLWV�
IRU�56&�&RQFHQWUDWLRQV�LQ�$PELHQW�$LU��0LOO�)�

� � $SSUR[LPDWH�
� � 0HWKRG�4XDQWLWDWLRQ�
&RPSRXQG� � /LPLW���SSEY��

+\GURJHQ�VXOILGH� � ����
0HWK\O�PHUFDSWDQ� � �����
'LPHWK\O�VXOILGH� � �����
'LPHWK\O�GLVXOILGH� � �����

������ &DOFXODWLRQ�RI�(PLVVLRQ�5DWHV

(PLVVLRQ�UDWHV�ZHUH�GHWHUPLQHG�DFFRUGLQJ�WR�WKH�DSSURDFK�GHVFULEHG�E\�(VSOLQ���������&RQFHQWUDWLRQ�
DQG�ZLQG�GLUHFWLRQ�DQG�VSHHG�PHDVXUHPHQWV�DUH�XVHG�WR�HVWLPDWH�WKH�VSDWLDO�GLVWULEXWLRQ�RI�IOX[�RI�D�
JDV��H�J���+�6��SDVVLQJ�WKURXJK�DQ�LPDJLQDU\�YHUWLFDO�SODQH�GRZQZLQG�RI�DQ�DUHD�VRXUFH�VXFK�DV�D�
ZDVWHZDWHU�EDVLQ��%\�LQWHJUDWLQJ�RYHU�WKH�HQWLUH�DUHD�RI�WKH�YHUWLFDO�SODQH��WKH�WRWDO�DPRXQW�RI�WKH�
JDVHRXV�FRPSRXQG�SDVVLQJ�WKURXJK�WKH�SODQH�FDQ�EH�FRPSXWHG��7KLV�DPRXQW�LV�DVVXPHG�WR�EH�HTXDO�
WR�WKH�DPRXQW�RI�WKH�JDV�HPLWWHG�SHU�XQLW�WLPH�IURP�WKH�VXUIDFH�RI�WKH�EDVLQ��

7KH�KRUL]RQWDO�SDWK�DQG�KHLJKWV�IRU�WKH�FRQFHQWUDWLRQ�PHDVXUHPHQWV�PXVW�EH�VHOHFWHG�EHIRUH�HDFK�
VDPSOLQJ�UXQ�VR�WKDW�HVVHQWLDOO\�DOO�RI�WKH�JDVHRXV�UHOHDVHV�IURP�WKH�EDVLQ�VXUIDFH�ZLOO�SDVV�WKURXJK�
WKH�GRZQZLQG�SODQH�RI�VDPSOLQJ�ORFDWLRQV��'XH�WR�WKH�XQLTXH�FLUFXPVWDQFHV�VXUURXQGLQJ�HDFK�WHVW��LW�
ZDV�QRW�SRVVLEOH�WR�HVWDEOLVK�DQ�REMHFWLYH�VHW�RI�FULWHULD�IRU�DFFHSWDEOH�ODWHUDO�SOXPH�FRYHUDJH��
KRZHYHU��HDFK�WHVW�ZDV�HYDOXDWHG�IRU�WKH�UHDVRQDEOHQHVV�RI�WKH�SOXPH�FRYHUDJH�DQG�WKH�FDOFXODWHG�
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HPLVVLRQ�UDWH��7KH�GHWDLOV�VXUURXQGLQJ�HDFK�WHVW�FDQ�EH�IRXQG�LQ�WKH�LQGLYLGXDO�PLOO�WHVW�UHSRUWV�
�1&$6,�����D�L���*DXVVLDQ�GLVSHUVLRQ�RI�WKH�UHOHDVHG�JDVHV�LV�DVVXPHG��LPSO\LQJ�WKH�JDV�SOXPH�
H[SDQGV�YHUWLFDOO\�DQG�KRUL]RQWDOO\�GXH�WR�DWPRVSKHULF�WXUEXOHQFH�DV�LW�WUDYHOV�GRZQZLQG��7KH�
DPRXQW�RI�H[SDQVLRQ�GHSHQGV�RQ�WKH�GHJUHH�RI�WXUEXOHQFH��ZLWK�PRUH�WXUEXOHQW��XQVWDEOH��FRQGLWLRQV�
UHVXOWLQJ�LQ�JUHDWHU�H[SDQVLRQ��7KXV��WKH�KHLJKW�DQG�ZLGWK�RI�WKH�YHUWLFDO�SODQH�IRU�FRQFHQWUDWLRQ�
PHDVXUHPHQWV�ZLOO�LQFUHDVH�ZLWK�GRZQZLQG�GLVWDQFH�DQG�ZLWK�LQFUHDVLQJ�LQVWDELOLW\��

,Q�RUGHU�WR�SHUIRUP�WKH�IOX[�LQWHJUDWLRQ�FDOFXODWLRQ�RYHU�WKH�YHUWLFDO�SODQH��VHYHUDO�DVVXPSWLRQV�DUH�
PDGH��

�� :LQG�GLUHFWLRQ�LV�XQLIRUP�ZLWKLQ�WKH�SODQH��
�� :LQG�VSHHG�DW�D�JLYHQ�KHLJKW�LV�KRUL]RQWDOO\�XQLIRUP�DFURVV�WKH�SODQH��
�� 7KH�YHUWLFDO�SURILOH�RI�ZLQG�VSHHG�X�FDQ�EH�GHVFULEHG�E\�D�SRZHU�ODZ�IXQFWLRQ��X�]� XU�]�]U�

S��
ZKHUH�]�LV�KHLJKW�DERYH�JURXQG��]U�LV�WKH�KHLJKW�DERYH�JURXQG�RI�WKH�ZLQG�VSHHG�PHDVXUHPHQW�
XU��DQG�S�LV�D�VWDELOLW\�GHSHQGHQW�SDUDPHWHU��

�� 7KH�YHUWLFDO�SURILOH�RI�WKH�KRUL]RQWDOO\�DYHUDJHG�FRQFHQWUDWLRQ�F�]��LV�RI�WKH�IROORZLQJ�SRZHU�
ODZ�IRUP��F�]� &R���]�=E�

E��ZKHUH�]�LV�WKH�KHLJKW�DERYH�JURXQG��&R�LV�WKH�FRQFHQWUDWLRQ�DW�
] ���E�LV�DQ�HPSLULFDO�FRQVWDQW��DQG�=E�LV�WKH�ERXQGDU\�OD\HU�KHLJKW��L�H��F�=E� ���

�� (PLVVLRQ�UDWHV��ZLQGV��DQG�DWPRVSKHULF�VWDELOLW\�DUH�FRQVWDQW�RYHU�WKH�GXUDWLRQ�RI�D�VDPSOLQJ�
UXQ��

�������� (PLVVLRQ�5DWH�&DOFXODWLRQ�(TXDWLRQ

(PLVVLRQ�UDWHV�ZHUH�FDOFXODWHG�XVLQJ�WKH�IROORZLQJ�HTXDWLRQ��

G]
=

=E =
:8&(

E

E

S=

R �
���

�� � � � � � � ������������(TXDWLRQ����

ZKHUH�
(� �HPLVVLRQ�UDWH��J�V�
&R� �KRUL]RQWDOO\�DYHUDJHG�JURXQG�OHYHO��= ���FRPSRXQG�FRQFHQWUDWLRQ��J�P

�

:� �FURVVZLQG�OHQJWK�RI�WKH�VDPSOH�SDWK��P�
8��� �DYHUDJH�ZLQG�YHORFLW\�DW����PHWHUV��P�V�
=E� �SROOXWDQW�ERXQGDU\�OD\HU�KHLJKW��P�
S� �ZLQG�SURILOH�H[SRQHQW�ZKRVH�YDOXH�LV�D�IXQFWLRQ�RI�DWPRVSKHULF�WXUEXOHQFH�

� E� �FRQFHQWUDWLRQ�SURILOH�H[SRQHQW�

7R�FRPSXWH�(��YDOXHV�IRU�&R��S��=E��DQG�E�PXVW�ILUVW�EH�FDOFXODWHG��:�DQG�8���DUH�PHDVXUHG��7KHQ�WKH�
LQWHJUDO�ZDV�QXPHULFDOO\�HYDOXDWHG�XVLQJ�����PHWHU�LQFUHPHQWV�IRU�=��7KH�IROORZLQJ�VHFWLRQV�GHVFULEH�
WKH�SURFHGXUHV�XVHG�LQ�WKH�FDOFXODWLRQV��

�������� 'HWHUPLQDWLRQ�RI�$WPRVSKHULF�6WDELOLW\�&ODVV�DQG�=E

7KH�SROOXWDQW�ERXQGDU\�OD\HU�KHLJKW�=E�LV�D�IXQFWLRQ�RI�DWPRVSKHULF�VWDELOLW\�DQG�GRZQZLQG�GLVWDQFH�
IURP�WKH�HPLVVLRQ�VRXUFH��$WPRVSKHULF�VWDELOLW\�LV�W\SLFDOO\�FKDUDFWHUL]HG�LQ�WHUPV�RI�D�VWDELOLW\�FODVV��
ZKLFK�LV�HVWLPDWHG�IURP�PHWHRURORJLFDO�SDUDPHWHUV��7KHUH�DUH�VHYHUDO�GLIIHUHQW�DSSURDFKHV�IRU�
GHWHUPLQLQJ�WKH�VWDELOLW\�FODVV��

,Q�WKLV�VWXG\��DQ�HVWLPDWH�RI�WKH�VWDELOLW\�FODVV�ZDV�PDGH�SULRU�WR�HDFK�VDPSOLQJ�UXQ�IROORZLQJ�WKH�
DSSURDFK�RXWOLQHG�E\�7XUQHU��7XUQHU�������ZKLFK�DVVLJQV�D�3DVTXLOO�*LIIRUG�VWDELOLW\�FDWHJRU\��$��%��
&��'��(��RU�)��EDVHG�RQ�ZLQG�VSHHG�DW����PHWHUV��LQFRPLQJ�VRODU�UDGLDWLRQ��DQG�FORXG�FRYHU��7KH�
VWDQGDUG�GHYLDWLRQ�RI�WKH�*DXVVLDQ�FRQFHQWUDWLRQ�GLVWULEXWLRQ�LQ�WKH�YHUWLFDO�GLUHFWLRQ�� ]��ZDV�WKHQ�

1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW



7HFKQLFDO�%XOOHWLQ�1R������ ���

1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW�

FDOFXODWHG�ZLWK�D�IRUPXOD�� ]� �D[
G��ZKHUH�[�LV�WKH�GRZQZLQG�GLVWDQFH�IURP�WKH�XSZLQG�HGJH�RI�WKH�

EDVLQ�WR�EH�VDPSOHG�WR�WKH�VDPSOLQJ�SDWK�IRU�WKH�FDUW�DQG�EDOORRQ�DSSDUDWXV��DQG�D�DQG�G�DUH�VWDELOLW\�
GHSHQGHQW�SDUDPHWHUV��$V�UHFRPPHQGHG�E\�(VSOLQ���������=E�ZDV�DVVXPHG�WR�EH����� ]��7KLV�YDOXH�
RI�=E�ZDV�XVHG�WR�VHW�WKH�KHLJKWV�IRU�WKH�FRQFHQWUDWLRQ�PHDVXUHPHQWV��

$IWHU�WKH�VDPSOLQJ�UXQ��WZR�RWKHU�DSSURDFKHV�XVLQJ�ZLQG�GDWD�FROOHFWHG�GXULQJ�WKH�VDPSOLQJ�UXQ�ZHUH�
XVHG�WR�UHFDOFXODWH�WKH�VWDELOLW\�FODVV�� ]��DQG�=E��7KH�IOXFWXDWLRQV�LQ�WKH�KRUL]RQWDO�ZLQG�GLUHFWLRQ�
�D]LPXWK�DQJOH���YHUWLFDO�ZLQG�GLUHFWLRQ��HOHYDWLRQ�DQJOH���DQG�YHUWLFDO�YHORFLW\�PHDVXUHG�E\�WKH�VRQLF�
DQHPRPHWHU�DW�WKH����PHWHU�KHLJKW�ZHUH�XVHG�WR�FRPSXWH� $�� (��DQG� Z��UHVSHFWLYHO\��7KH�
UHODWLRQVKLS�EHWZHHQ�3DVTXLOO�*LIIRUG�VWDELOLW\�FODVV�DQG�WKH�VWDQGDUG�GHYLDWLRQ�RI�WKH�D]LPXWK�DQG�
HOHYDWLRQ�DQJOHV�RYHU�D����PLQXWH�DYHUDJLQJ�SHULRG�LV�VKRZQ�LQ�7DEOH������*LIIRUG�������.XQNHO�
�������:KHQ�WKH�VDPSOLQJ�SHULRG�ZDV�GLIIHUHQW�IURP����PLQXWHV��WKH� $�YDOXH�ZDV�DGMXVWHG�WR�D����
PLQXWH�PHDQ� $�YDOXH�ZLWK�WKH�IROORZLQJ�HTXDWLRQ��.XQNHO��������� $���� �� $�W�����W�

�����ZKHUH�W�LV�LQ�
PLQXWHV��$�PLQLPXP�RI�����YDOXHV�REWDLQHG�GXULQJ�WKH�DYHUDJLQJ�SHULRG�VKRXOG�EH�XVHG�IRU�
FDOFXODWLQJ�WKH�VWDQGDUG�GHYLDWLRQV��86(3$��������

7DEOH�������5HODWLRQVKLS�EHWZHHQ�3DVTXLOO�*LIIRUG��3�*��6WDELOLW\�&ODVV�
DQG�WKH�6WDQGDUG�'HYLDWLRQ�RI�WKH�$]LPXWK�DQG�(OHYDWLRQ�$QJOHV��
� $�DQG� (��RI�WKH�+RUL]RQWDO�DQG�9HUWLFDO�:LQG�&RPSRQHQWV�

6WDELOLW\�'HVFULSWLRQ� 3�*�6WDELOLW\�&ODVV� $��GHJ�� (��GHJ��

9HU\�XQVWDEOH� $� ��� ���
0RGHUDWHO\�XQVWDEOH� %� ��� ±�
6OLJKWO\�XQVWDEOH� &� ��� ±�
1HXWUDO� '� ��� ��±���
0RGHUDWHO\�VWDEOH� (� �� ±�
9HU\�VWDEOH� )� ���� ��

,Q�WKH�ILUVW�DSSURDFK��WKH�FRPSXWHG� $�YDOXHV�ZHUH�XVHG�WR�GHWHUPLQH�WKH�VWDELOLW\�FODVV�� ]�DQG�=E

ZHUH�WKHQ�GHWHUPLQHG�ZLWK�WKH�VDPH�UHODWLRQVKLSV�DV�EHIRUH��L�H�� ]� �D[
G�DQG�=E� ����� ]��

,Q�WKH�VHFRQG�DSSURDFK�� =�ZDV�GLUHFWO\�FDOFXODWHG�IURP�WKH�VWDQGDUG�GHYLDWLRQ�RI�WKH�YHUWLFDO�
FRPSRQHQW�RI�WKH�ZLQG�YHORFLW\�� Z��XVLQJ�,UZLQ¶V�PRGHO��,UZLQ��������7KLV�PRGHO�UHODWHV�WKH�WZR�
SDUDPHWHUV�WKURXJK�WKH�IROORZLQJ�HTXDWLRQ��

]� � Z�7�I]� � � � � � � � � �(TXDWLRQ����

ZKHUH�

Z� �VWDQGDUG�GHYLDWLRQ�RI�WKH�YHUWLFDO�FRPSRQHQW�RI�WKH�ZLQG�YHORFLW\��P�V�

7� �WUDYHO�WLPH��VHFRQGV�� �����
���

��

�� VP8

PHWHUV[

������
���

����
�

7
I ] IRU�XQVWDEOH�FRQGLWLRQV��DQG�
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7
��IRU�VWDEOH�FRQGLWLRQV��

,I�PHDVXUHPHQWV�RI� Z�DUH�QRW�DYDLODEOH��LW�FDQ�EH�DSSUR[LPDWHG�IURP� (�DQG� ���E\�XVLQJ�WKH�
IROORZLQJ�HTXDWLRQ��86(3$��������

��8(Z � � � � � � � � �(TXDWLRQ����

ZKHUH�

(��� �VWDQGDUG�GHYLDWLRQ�RI�WKH�HOHYDWLRQ�DQJOH��UDGLDQV�
���� �DYHUDJH����PHWHU�ZLQG�YHORFLW\��P�V�

$JDLQ��=E�ZDV�DVVXPHG�WR�EH����� ]��

1RUPDOO\�WKH�YDOXH�RI� ]�FDOFXODWHG�IURP� Z�ZDV�XVHG�WR�GHWHUPLQH�=E��+RZHYHU��WKLV�PHWKRG�FDQ�
\LHOG�XQUHDOLVWLFDOO\�ODUJH�YDOXHV�IRU� ]�ZKHQ�ZLQG�VSHHGV�DUH�ORZ��7KXV��LI� =�FDOFXODWHG�IURP� Z�ZDV�
DSSUR[LPDWHO\�WZR�RU�PRUH�WLPHV�WKH�YDOXH�RI� =�EDVHG�RQ� $��WKHQ�RWKHU�IDFWRUV�ZHUH�HYDOXDWHG�WR�
GHWHUPLQH�ZKLFK�YDOXH�RI� ]�VKRXOG�EH�XVHG�IRU�FDOFXODWLQJ�=E��)LUVW��WKH�PHWHRURORJLFDO�FRQGLWLRQV�
DQG�DVVRFLDWHG�DWPRVSKHULF�VWDELOLW\�ZHUH�H[DPLQHG�EHIRUH��GXULQJ��DQG�DIWHU�WKH�VDPSOLQJ�UXQ�WR�
GHWHUPLQH�LI�WKHUH�ZHUH�DQ\�WUHQGV��DQG�LI�VR��ZKHWKHU�WKH�WUHQG�LQ�YHUWLFDO�VWDELOLW\�ZDV�EHWWHU�
UHSUHVHQWHG�E\� ]�EDVHG�RQ�WKH� $�RU� Z�PHWKRG��6HFRQG��HPLVVLRQ�IOX[HV�ZHUH�FDOFXODWHG�XVLQJ�
YDOXHV�RI� ]�GHWHUPLQHG�IURP�ERWK�WKH� $�DQG� Z�PHWKRGV��DQG�WKH�UHVXOWLQJ�IOX[�SURILOHV�ZHUH�
H[DPLQHG�WR�GHWHUPLQH�ZKLFK�=E�YDOXH�DSSHDUHG�WR�JLYH�WKH�PRVW�UHDVRQDEOH�SURILOH��,I�WKH�WUHQGV�DQG�
IOX[�SURILOHV�ERWK�VXJJHVWHG� ]�FDOFXODWHG�IURP�WKH� $�PHWKRG�UHVXOWHG�LQ�WKH�EHVW�ILW�WR�WKH�
REVHUYDWLRQV��WKHQ�WKH� ]�YDOXH�EDVHG�RQ�WKH� $�PHWKRG�ZDV�XVHG�WR�FDOFXODWH�=E��2WKHUZLVH�� ]�DQG�=E

ZHUH�EDVHG�RQ�WKH� Z�PHWKRG��

�������� &DOFXODWLRQ�RI�WKH�:LQG�9HORFLW\�3URILOH�([SRQHQW��S�

7KH�YDOXH�RI�S�ZDV�FDOFXODWHG�IURP�WKH�VLWH�VSHFLILF�KRUL]RQWDO�ZLQG�YHORFLWLHV�PHDVXUHG�DW���PHWHUV�
DQG�DW����PHWHUV�XVLQJ�WKH�IROORZLQJ�HTXDWLRQ��

��OQ����OQ�

�OQ��OQ� ��� 88
S �� � � � � � � �(TXDWLRQ�����

2Q�UDUH�RFFDVLRQV��WKH�PHDQ�ZLQG�VSHHG�DW���PHWHUV�VOLJKWO\�H[FHHGHG�WKDW�DW����PHWHUV��,Q�WKDW�
FLUFXPVWDQFH��S�ZDV�VHW�WR�]HUR��:KHQ�ZLQG�VSHHG�YDOXHV�ZHUH�QRW�DYDLODEOH�IRU�ERWK�OHYHOV��D�GHIDXOW�
S�YDOXH��86(3$�������EDVHG�RQ�WKH�DWPRVSKHULF�VWDELOLW\�FODVV�ZDV�DVVLJQHG��7KH�VWDELOLW\�FODVV�ZDV�
GHWHUPLQHG�IURP� $��7KH�S�YDOXHV�DUH�VKRZQ�LQ�7DEOH������DQG�UHSUHVHQW�³UXUDO´�FRQGLWLRQV�ZLWK�D�
PRGHVW�VXUIDFH�URXJKQHVV��

1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW
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1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW�

7DEOH������:LQG�3URILOH�([SRQHQW�DV�D�)XQFWLRQ�RI�
$WPRVSKHULF�6WDELOLW\�&ODVV�IRU�5XUDO�6LWHV�

6WDELOLW\�&ODVV�
S�

$� �����
%� �����
&� �����
'� �����
(� �����
)� �����

�������� %DFNJURXQG�&RQFHQWUDWLRQ�&RUUHFWLRQ

1RUPDOO\��WKH�PHDVXUHG�EDFNJURXQG�56&�FRQFHQWUDWLRQV�ZHUH�VXEWUDFWHG�IURP�WKH�GRZQZLQG�VDPSOH�
FRQFHQWUDWLRQV�RQO\�LI�WKH\�ZHUH�FRQVLGHUHG�WR�UHSUHVHQW�UHODWLYHO\�WKUHH�GLPHQVLRQDOO\�KRPRJHQHRXV�
EDFNJURXQG�FRQFHQWUDWLRQV��,I�WKH�UHVXOWV�RI�VFUHHQLQJ�VWXGLHV�LQGLFDWHG�WKDW�D�WKUHH�GLPHQVLRQDOO\�
QRQ�KRPRJHQHRXV�EDFNJURXQG�FRQFHQWUDWLRQ�SURILOH�H[LVWHG�LQ�D�JLYHQ�VLWXDWLRQ��WKHQ�HPLVVLRQ�WHVWLQJ�
ZDV�RQO\�GRQH�LQ�WKDW�VLWXDWLRQ�LI�WKH�UHODWLYH�FRQFHQWUDWLRQ�OHYHOV��FRQVLGHULQJ�GLVSHUVLRQ�FRQGLWLRQV��
LQGLFDWHG�WKDW�LJQRULQJ�WKH�EDFNJURXQG�ZRXOG�QRW�VLJQLILFDQWO\�ELDV�WKH�FDOFXODWHG�HPLVVLRQ�IOX[HV��
:KHQ�D�FRUUHFWLRQ�IRU�XSZLQG�EDFNJURXQG�FRQFHQWUDWLRQ�ZDV�WR�EH�DSSOLHG�WR�WKH�GRZQZLQG�FDQLVWHU�
56&�FRQFHQWUDWLRQV��WKHQ�WKH�SUH�GLOXWLRQ�FRQFHQWUDWLRQ�RI�WKH�EDFNJURXQG�FDQLVWHU�ZDV�VXEWUDFWHG�
IURP�WKH�SUH�GLOXWLRQ�FRQFHQWUDWLRQV�LQ�WKH�FDQLVWHUV�FROOHFWHG�GRZQZLQG�IURP�WKH�VRXUFH�DW�PXOWLSOH�
HOHYDWLRQV��$IWHU�WKH�GRZQZLQG�VDPSOH�56&�FRQFHQWUDWLRQV�KDG�EHHQ�FRUUHFWHG�IRU�WKH�EDFNJURXQG�
FRQFHQWUDWLRQ��RU�WKH�GHFLVLRQ�ZDV�PDGH�QRW�WR�FRUUHFW�IRU�EDFNJURXQG�FRQFHQWUDWLRQ��WKH�UHVXOWLQJ�
FRQFHQWUDWLRQ�YDOXHV�ZHUH�FRQVLGHUHG�WKH�GRZQZLQG�DPELHQW�DLU�FRQFHQWUDWLRQV�GXH�WR�VRXUFH�
HPLVVLRQV��

)RU�PHWKDQH��DOO�GRZQZLQG�FRQFHQWUDWLRQV�ZHUH�FRUUHFWHG�IRU�EDFNJURXQG�FRQFHQWUDWLRQV�EHFDXVH�
EDFNJURXQG�PHWKDQH�FRQFHQWUDWLRQV�ZHUH�DOZD\V�D�VLJQLILFDQW�SRUWLRQ�RI�WKH�GRZQZLQG�
FRQFHQWUDWLRQV��%DFNJURXQG�PHWKDQH�FRQFHQWUDWLRQV��LQ�WKH�DEVHQFH�RI�DQ\�QHDUE\�XSZLQG�VRXUFHV��
ZHUH�DVVXPHG�WR�EH�VSDWLDOO\�XQLIRUP��'DWD�LQ�WKH�OLWHUDWXUH�LQGLFDWH�WKDW�WKLV�LV�D�UHDVRQDEOH�
DVVXPSWLRQ��$�VWXG\�RI�WKH�YHUWLFDO�GLVWULEXWLRQ�RI�DPELHQW�DLU�PHWKDQH�FRQFHQWUDWLRQV�LQ�WKH�ORZHU�
WURSRVSKHUH�VKRZHG�QR�VLJQLILFDQW�YDULDWLRQ��6XJDZDUD�HW�DO���������,QWHUIHUHQFH�IURP�QHDUE\�XSZLQG�
VRXUFHV�ZDV�QRW�H[SHFWHG�WR�EH�D�VLJQLILFDQW�SUREOHP�LQ�WKH�VWXG\�UHSRUWHG�KHUHLQ��EHFDXVH�PHWKDQH�
HPLVVLRQV�TXDQWLWDWLRQ�ZDV�RQO\�SHUIRUPHG�ZKHQ�WKH�VRXUFHV�FRXOG�EH�WHVWHG�ZLWKRXW�LQWHUIHUHQFH�
IURP�XSZLQG�DQWKURSRJHQLF�PHWKDQH�HPLVVLRQ�VRXUFHV��$GGLWLRQDOO\��JLYHQ�WKH�GLVWDQFH�RI�WKH�WHVWHG�
VRXUFHV�WR�QDWXUDO�PHWKDQH�HPLVVLRQV�IURP�XSZLQG�ZHWODQGV��DQG�WKH�PD[LPXP�HVWLPDWHG�HPLVVLRQV�
IURP�QDWXUDO�ZHWODQGV��(KKDOW�DQG�+HLGW�������:DOWHU��+HLPDQQ��DQG�0DWWKHZV��������PHWKDQH�
HPLVVLRQV�IURP�QDWXUDO�VRXUFHV�ZRXOG�QRW�EH�H[SHFWHG�WR�VLJQLILFDQWO\�DIIHFW�WKH�PHDVXUHG�GRZQZLQG�
PHWKDQH�YHUWLFDO�FRQFHQWUDWLRQ�SURILOHV��

�������� &DOFXODWLRQ�RI�&��DQG�E

7KH�EDOORRQ�VDPSOLQJ�V\VWHP�SURYLGHG�KRUL]RQWDOO\�DYHUDJHG�DPELHQW�FRQFHQWUDWLRQV�IRU�HDFK�RI�WKH�
IRXU�UHGXFHG�VXOIXU�FRPSRXQGV�DQG�PHWKDQH�DW�WKUHH�RU�IRXU�KHLJKWV���7KH�YHUWLFDO�FRQFHQWUDWLRQ�
GLVWULEXWLRQ�ZDV�DVVXPHG�WR�EH�RI�WKH�IRUP�
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,Q�RUGHU�WR�VROYH�IRU�E�DQG�&���WKH�QDWXUDO�ORJDULWKP�ZDV�WDNHQ�RI�ERWK�VLGHV�RI�WKH�HTXDWLRQ�WR�\LHOG�

E
R =

=
E&]& �OQOQ�@�OQ> � � � � � � �(TXDWLRQ�����

$V�WKLV�HTXDWLRQ�UHSUHVHQWV�D�VWUDLJKW�OLQH�LQ�ORJ�ORJ�VSDFH��OLQHDU�UHJUHVVLRQ�FDQ�EH�XVHG�WR�REWDLQ�
YDOXHV�IRU�WKH�VORSH�E�DQG�LQWHUFHSW�OQ�&���SURYLGHG�WKDW�YDOXHV�RI�&�DUH�DYDLODEOH�IRU�DW�OHDVW�WKUHH�
KHLJKWV��+RZHYHU��WKHUH�ZHUH�PDQ\�VDPSOLQJ�UXQV�ZKHUH�OHVV�WKDQ�WKUHH�FRQFHQWUDWLRQV�ZHUH�DERYH�
PHWKRG�GHWHFWLRQ�OLPLWV��HVSHFLDOO\�IRU�WKH�UHGXFHG�VXOIXU�FRPSRXQGV�DW�WKH�HOHYDWHG�VDPSOLQJ�
KHLJKWV��7KXV�SURFHGXUHV�KDG�WR�EH�GHYHORSHG�WR�KDQGOH�WKHVH�VLWXDWLRQV��DV�GHVFULEHG�LQ�WKH�IROORZLQJ�
VHFWLRQV��7KHVH�SURFHGXUHV�ZHUH�XVHG�WR�FDOFXODWH�FRPSRXQG�VSHFLILF�&��YDOXHV��FRPSRXQG�VSHFLILF�E�
YDOXHV�DQG�DYHUDJH�E�YDOXHV��2FFDVLRQDOO\�GHYLDWLRQV�IURP�WKHVH�SURFHGXUHV�ZHUH�QHFHVVDU\�WR�
DFFRPPRGDWH�GDWD�VHWV�ZLWK�XQXVXDO�FKDUDFWHULVWLFV��$Q\�VXFK�GHSDUWXUHV�KDYH�EHHQ�LGHQWLILHG�LQ�WKH�
LQGLYLGXDO�PLOO�UHSRUWV��1&$6,�����D�J���

,I�DOO�ILYH�FRPSRXQGV�ZHUH�UHOHDVHG�XQLIRUPO\�RYHU�WKH�VXUIDFH�RI�D�EDVLQ�DW�D�FRQVWDQW�UDWH��WKHQ�LQ�
WKHRU\��WKH�VORSH�RI�WKH�KRUL]RQWDOO\�DYHUDJHG�YHUWLFDO�FRQFHQWUDWLRQ�SURILOH��LQ�ORJ�ORJ�VSDFH��ZRXOG�
EH�WKH�VDPH�IRU�DOO�ILYH�FRPSRXQGV��+RZHYHU��LW�LV�OLNHO\�WKH�UHOHDVHV�RI�HDFK�FRPSRXQG�YDU\�
KRUL]RQWDOO\�RYHU�WKH�EDVLQ�VXUIDFH�DQG�YDU\�RYHU�WLPH��)XUWKHUPRUH��VORSHV�GHWHUPLQHG�IURP�ILHOG�
GDWD�IRU�LQGLYLGXDO�FRPSRXQGV�DUH�VXEMHFW�WR�FRQVLGHUDEOH�XQFHUWDLQWLHV�GXH�WR�PHDVXUHPHQW�
LQDFFXUDFLHV��QRQ�VWHDG\�VWDWH�PHWHRURORJLFDO�FRQGLWLRQV��QRQ�XQLIRUP�EDFNJURXQG�FRQFHQWUDWLRQV��
DQG�QRQ�*DXVVLDQ�FRQFHQWUDWLRQ�GLVWULEXWLRQV��7KXV��WKH�FDOFXODWHG�VORSHV�IRU�WKH�ILYH�GLIIHUHQW�
FRPSRXQGV�DUH�QRW�H[SHFWHG�WR�EH�LQ�DJUHHPHQW�ZLWK�HDFK�RWKHU��

%HFDXVH�RI�WKH�XQFHUWDLQWLHV�LQKHUHQW�LQ�WKH�LQGLYLGXDO�FRPSRXQG�FRQFHQWUDWLRQ�SURILOHV�REWDLQHG�
WKURXJK�OLQHDU�UHJUHVVLRQ��XVH�RI�WKH�DYHUDJH�RI�WKH�E�H[SRQHQWV�GHWHUPLQHG�IRU�HDFK�RI�WKH�ILYH�
FRPSRXQGV�ZDV�EHOLHYHG�WR�EH�WKH�PRVW�UHDVRQDEOH�DSSURDFK�IRU�FDOFXODWLQJ�HPLVVLRQV��ZLWK�VRPH�
UDUH�H[FHSWLRQV��,I�DQ\�FRPSRXQG�ODFNHG�VXIILFLHQW�FRQFHQWUDWLRQ�PHDVXUHPHQWV�WR�FDOFXODWH�D�E�
H[SRQHQW�IURP�GHWHFWDEOH�YDOXHV��LW�ZDV�QRW�LQFOXGHG�LQ�WKH�FDOFXODWLRQ�RI�WKH�DYHUDJH�E�YDOXH��

%HFDXVH�(VSOLQ¶V��������PHDVXUHPHQWV�ZHUH�OLPLWHG�WR�D�VLQJOH�SDUDPHWHU��756���RQO\�RQH�YHUWLFDO�
FRQFHQWUDWLRQ�SURILOH�FRXOG�EH�FRPSXWHG��$OVR��KH�DSSDUHQWO\�GLG�QRW�HQFRXQWHU�DQ\�756�
FRQFHQWUDWLRQV�EHORZ�KLV�PHWKRG�GHWHFWLRQ�OLPLWV��3URFHGXUHV�WR�KDQGOH�QRQ�GHWHFWV�DQG�FRPSXWH�
YHUWLFDO�SURILOHV�ZLWK�OHVV�WKDQ�WKUHH�GDWD�SRLQWV�ZHUH�WKHUHIRUH�XQQHFHVVDU\�LQ�KLV�VWXG\��

�������� &DOFXODWLRQ�RI�&RPSRXQG�6SHFLILF�E�DQG�&��IRU�56&�&RPSRXQGV

,I�PHDVXUHG�FRQFHQWUDWLRQV�RI�D�JLYHQ�FRPSRXQG�ZHUH�DERYH�WKH�TXDQWLWDWLRQ�OLPLW�DW�WKUHH�RU�IRXU�
HOHYDWLRQV��WKHQ�DOO�RI�WKH�FRQFHQWUDWLRQ�YDOXHV�DERYH�WKH�TXDQWLWDWLRQ�OLPLW�ZHUH�XVHG�IRU�OLQHDU�
UHJUHVVLRQ�WR�FDOFXODWH�WKH�FRPSRXQG�VSHFLILF�E�DQG�&��YDOXHV��

,I�PHDVXUHG�FRQFHQWUDWLRQV�RI�D�JLYHQ�FRPSRXQG�ZHUH�DERYH�WKH�TXDQWLWDWLRQ�OLPLW�DW�RQO\�WZR�
HOHYDWLRQV��WKHQ�WKH�WZR�TXDQWLILHG�YDOXHV�DQG�RQH�KDOI�RI�WKH�TXDQWLWDWLRQ�OLPLW�DW�WKH�QH[W�KLJKHVW�
HOHYDWLRQ�ZHUH�XVHG�WR�FDOFXODWH�FRPSRXQG�VSHFLILF�E�DQG�&��YDOXHV��,I�WKH�WZR�DERYH�TXDQWLWDWLRQ�
OLPLW�FRQFHQWUDWLRQV�ZHUH�WKH�JURXQG�OHYHO������PHWHUV��DQG�WKH�KLJK�OHYHO��WKHQ�WKH�TXDQWLWDWHG�JURXQG�
OHYHO������PHWHU��DQG�KLJK�OHYHO�FRQFHQWUDWLRQV�ZHUH�XVHG�LQ�FRQMXQFWLRQ�ZLWK�DQ�DVVXPHG�YDOXH�RI�
������SSEY�DW�����=E�WR�FDOFXODWH�FRPSRXQG�VSHFLILF�E�DQG�&��YDOXHV��

1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW
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1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW�

$VVLJQLQJ�D�������SSEY�YDOXH�DW�����RI�=E�ZDV�VRPHZKDW�DUELWUDU\��7KH�DVVXPHG�IRUP�RI�WKH�YHUWLFDO�
FRQFHQWUDWLRQ�SURILOH�LPSOLHV�&�=E�� ����+RZHYHU��WKH�E�H[SRQHQW�LV�FDOFXODWHG�E\�OLQHDU�UHJUHVVLRQ�
XVLQJ�WKH�ORJDULWKPLF�IRUP�RI�WKH�SURILOH�ZKHUH�WKH�WHUP�OQ���]�=E��EHFRPHV�LQILQLWHO\�ODUJH�DV�]�
DSSURDFKHV�=E��DV�VKRZQ�LQ�)LJXUH������7KURXJK�WULDO�DQG�HUURU��LW�ZDV�IRXQG�WKDW�XVLQJ�D�
FRQFHQWUDWLRQ�YDOXH�RI�������SSEY�DW�����=E�DSSHDUHG�WR�JLYH�UHDVRQDEOH�IOX[�SURILOHV�DQG�ILW�ZKDW�
ZDV�NQRZQ�DERXW�WKH�YHUWLFDO�FRQFHQWUDWLRQ�SURILOHV�IRU�WKH�DUHD�VRXUFHV�DQG�DWPRVSKHULF�VWDELOLW\�
FRQGLWLRQV�HQFRXQWHUHG�LQ�WKLV�VWXG\�LQ�DOPRVW�DOO�VLWXDWLRQV��1HYHUWKHOHVV��WKHUH�ZHUH�D�IHZ�VLWXDWLRQV�
ZKHUH�DOWHUQDWLYH�FDOFXODWLRQ�SURFHGXUHV�ZHUH�QHFHVVDU\��
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)LJXUH�������(IIHFW�RI�=�$SSURDFKLQJ�WKH�3ROOXWDQW�%RXQGDU\�/D\HU�+HLJKW��=E

:KHQ�RQO\�WKUHH�VDPSOLQJ�HOHYDWLRQV�ZHUH�XVHG��PDLQO\�DW�WKH�EHJLQQLQJ�RI�WKH�VWXG\���DQG�WKH�
KLJKHVW�HOHYDWLRQ�H[FHHGHG�=E��WKHQ�WKH�FRQFHQWUDWLRQV�DW�WKH�ORZHU�WZR�VDPSOLQJ�HOHYDWLRQV�ZHUH�
XVHG�LQ�FRQMXQFWLRQ�ZLWK�������SSEY�DW�����=E�IRU�FDOFXODWLRQ�RI�WKH�FRPSRXQG�VSHFLILF�E�DQG�&�

YDOXHV��

,Q�VLWXDWLRQV�ZKHUH�FRQFHQWUDWLRQV�IRU�RQH�FRPSRXQG�ZHUH�DERYH�WKH�TXDQWLWDWLRQ�OLPLW�RQO\�DW�WKH�
JURXQG�OHYHO��WKHQ�WKH�PHDVXUHG�����PHWHU�FRQFHQWUDWLRQ�ZDV�XVHG�DV�&���,I�GXSOLFDWH�FRQFHQWUDWLRQ�
YDOXHV�ZHUH�DYDLODEOH�IRU�WKH�����PHWHU�OHYHO�DQG�ERWK�RI�WKRVH�YDOXHV�ZHUH�DERYH�WKH�TXDQWLWDWLRQ�
OLPLW��WKHQ�WKH�DYHUDJH�RI�WKH�GXSOLFDWH�YDOXHV�ZHUH�XVHG�DV�&���+RZHYHU��LI�RQH�RI�WKRVH�GXSOLFDWH�
YDOXHV�ZDV�OHVV�WKDQ�RQH�KDOI�WKH�RWKHU��WKHQ�WKH�ORZHU�YDOXH�ZDV�QRW�XVHG��$OVR��LI�WKH�����PHWHU�OHYHO�
FRQFHQWUDWLRQ�ZDV�PHDVXUHG�LQ�GXSOLFDWH��EXW�RQO\�RQH�RI�WKH�WZR�YDOXHV�ZDV�DERYH�WKH�TXDQWLWDWLRQ�
OLPLW��WKHQ�RQO\�WKH�YDOXH�WKDW�ZDV�DERYH�WKH�TXDQWLWDWLRQ�OLPLW�ZDV�XVHG�DV�&���,Q�WKH�SUHFHGLQJ�FDVHV��
LW�ZDV�DVVXPHG�WKDW�WKH�ORZHU�GXSOLFDWH�YDOXHV�ZHUH�GXH�WR�WKH�GHYHORSPHQW�RI�DFWLYH�VLWHV�RQ�WKH�
LQWHULRU�FDQLVWHU�VXUIDFHV��&RPSRXQG�VSHFLILF�E�YDOXHV�ZHUH�QRW�FDOFXODWHG�ZKHQ�RQO\�WKH�����PHWHU�
FRQFHQWUDWLRQ�ZDV�DERYH�WKH�TXDQWLWDWLRQ�OLPLW�XQOHVV�YHUWLFDO�FRQFHQWUDWLRQ�SURILOHV�FRXOG�QRW�EH�
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FRPSXWHG�IRU�DQ\�RI�WKH�RWKHU�FRPSRXQGV��LQFOXGLQJ�PHWKDQH��,I�E�KDG�WR�EH�FDOFXODWHG�EHFDXVH�LW�ZDV�
QRW�DYDLODEOH�IURP�DQ\�RI�WKH�RWKHU�FRPSRXQGV��WKHQ�RQH�KDOI�RI�WKH�GHWHFWLRQ�OLPLW�DW�WKH�ORZ�OHYHO�
DQG�������SSEY�DW�����RI�=E�ZHUH�XVHG�WR�GHWHUPLQH�E�DQG�&R��

,I�FRQFHQWUDWLRQV�DW�DOO�HOHYDWLRQV�ZHUH�EHORZ�WKH�TXDQWLWDWLRQ�OLPLW��WKHQ�WKH�TXDQWLWDWLRQ�OLPLW�ZDV�
XVHG�DV�&���WKH�HPLVVLRQ�UDWH�ZDV�UHSRUWHG�DV�1'>[[[[@�DQG�D�FRPSRXQG�VSHFLILF�E�ZDV�QRW�
FDOFXODWHG��,I�PHDVXUHG�YHUWLFDO�FRQFHQWUDWLRQ�SURILOH�GDWD�ZHUH�QRW�DYDLODEOH�IRU�DQ\�RI�WKH�RWKHU�
FRPSRXQGV��LQFOXGLQJ�PHWKDQH��WKHQ�RQH�KDOI�RI�WKH�GHWHFWLRQ�OLPLW�DW�WKH�ORZ�OHYHO�DQG�������SSEY�DW�
����=E�ZHUH�XVHG�WR�FDOFXODWH�E��

,Q�DOO�FDVHV�ZKHUH�D�FRQFHQWUDWLRQ�YDOXH�RI�������SSEY�DW�����RI�=E�ZDV�XVHG�WR�HVWLPDWH�E�IRU�D�
UHGXFHG�VXOIXU�FRPSRXQG��WKH�UHVXOWLQJ�YHUWLFDO�FRQFHQWUDWLRQ�SURILOH�FXUYH�ILW�ZDV�YLVXDOO\�LQVSHFWHG��
,I�WKH�ILW�ZLWK�WKH�NQRZQ�FRQFHQWUDWLRQ�GDWD�ZDV�SRRU��WKHQ�WKH�YHUWLFDO�FRQFHQWUDWLRQ�SURILOH�ZDV�
UHILWWHG�XVLQJ�WKH�PHDVXUHG�JURXQG�OHYHO�FRQFHQWUDWLRQ�DQG�RQH�KDOI�RI�WKH�TXDQWLWDWLRQ�OLPLW�DW�WKH�
ORZ��PLG�DQG��LQ�VRPH�FDVHV��WKH�KLJK�VDPSOLQJ�HOHYDWLRQV�LQ�WKH�UHJUHVVLRQ�FDOFXODWLRQ�IRU�WKH�
GHWHUPLQDWLRQ�RI�WKH�E�DQG�&R�YDOXHV��

�������� &DOFXODWLRQ�RI�E�DQG�&��IRU�0HWKDQH

,I�WKH�EDFNJURXQG�FRUUHFWHG�FRQFHQWUDWLRQV�ZHUH�DERYH�]HUR�DW�WKUHH�RU�IRXU�OHYHOV��WKHQ�DOO�RI�WKH�
SRVLWLYH�YDOXHV�ZHUH�XVHG�IRU�OLQHDU�UHJUHVVLRQ�WR�FDOFXODWH�E�DQG�&��IRU�PHWKDQH��

,I�WKH�EDFNJURXQG�FRUUHFWHG�PHWKDQH�FRQFHQWUDWLRQV�ZHUH�DERYH�]HUR�DW�WZR�HOHYDWLRQV�DQG�WKH�
KLJKHVW�RI�WKRVH�WZR�HOHYDWLRQV�ZDV�OHVV�WKDQ�����RI�=E��WKHQ�DOO�RI�WKH�GHWHFW�YDOXHV�ZHUH�XVHG�LQ�
FRQMXQFWLRQ�ZLWK�������SSEY�DW�����=E�WR�FDOFXODWH�E�DQG�&���

:KHQHYHU�D�FRQFHQWUDWLRQ�YDOXH�RI�������SSEY�DW�����RI�=E�ZDV�XVHG�WR�HVWLPDWH�E�IRU�PHWKDQH��WKH�
UHVXOWLQJ�YHUWLFDO�FRQFHQWUDWLRQ�SURILOH�FXUYH�ILW�ZDV�YLVXDOO\�LQVSHFWHG��,I�WKH�ILW�ZLWK�WKH�NQRZQ�
FRQFHQWUDWLRQ�GDWD�ZDV�SRRU��WKHQ�D�YDOXH�IRU�E�ZDV�QRW�FDOFXODWHG�IRU�PHWKDQH��WKH�PHDVXUHG�JURXQG�
OHYHO�FRQFHQWUDWLRQ�ZDV�XVHG�DV�&R��DQG�WKH�DYHUDJH�E�YDOXH�IRU�WKH�UHGXFHG�VXOIXU�FRPSRXQGV�ZDV�
XVHG�WR�FDOFXODWH�WKH�PHWKDQH�HPLVVLRQ�UDWH��

,I�RQO\�WKH�JURXQG�OHYHO������PHWHU��EDFNJURXQG�FRUUHFWHG�FRQFHQWUDWLRQ�ZDV�SRVLWLYH��WKHQ�WKH�����
PHWHU�FRQFHQWUDWLRQ�ZDV�XVHG�DV�WKH�&��YDOXH��DQG�D�FRPSRXQG�VSHFLILF�E�YDOXH�ZDV�QRW�FDOFXODWHG��

,I�WKH�JURXQG�OHYHO������PHWHU��EDFNJURXQG�FRUUHFWHG�FRQFHQWUDWLRQ�ZDV�QHJDWLYH��QR�YDOXHV�IRU�
PHWKDQH�ZHUH�FDOFXODWHG�DQG�WKH�HPLVVLRQ�UDWH�ZDV�UHSRUW�DV�1$��QRW�DYDLODEOH���

�������� &DOFXODWLRQ�RI�$YHUDJH�E

,Q�WKH�DYHUDJH�E�FDOFXODWLRQ��DOO�RI�WKH�FRPSRXQGV�ZHUH�LQFOXGHG�IRU�ZKLFK�DERYH�TXDQWLWDWLRQ�OLPLW�
�RU�IRU�PHWKDQH��DERYH�]HUR��FRQFHQWUDWLRQV�ZHUH�PHDVXUHG�DW�D�PLQLPXP�RI�WZR�OHYHOV��

,I�QRQH�RI�WKH�FRPSRXQGV�ZHUH�GHWHFWHG�DW�WZR�RU�PRUH�OHYHOV��WKHQ�WKH�DYHUDJH�E�ZDV�FRPSXWHG�IURP�
WKH�FRPSRXQG�VSHFLILF�E�YDOXHV�IRU�WKRVH�FRPSRXQGV�GHWHFWHG�DW�JURXQG�OHYHO��&RPSRXQG�VSHFLILF�E�
YDOXHV�OHVV�WKDQ�RQH�ZHUH�QRW�XVHG�ZKHQ�FDOFXODWLQJ�WKH�DYHUDJH��

�������� 8VH�RI�$YHUDJH�E�YV��&RPSRXQG�6SHFLILF�E�LQ�WKH�(PLVVLRQ�5DWH�&DOFXODWLRQ

7KH�DYHUDJH�E�YDOXH�ZDV�XVHG�LQ�DOO�HPLVVLRQ�UDWH�FDOFXODWLRQV��XQOHVV�WKHUH�ZDV�HYLGHQFH�LQGLFDWLQJ�
VSHFLILF�VRXUFH�FKDUDFWHULVWLFV�DQG�PHWHRURORJLFDO�FRQGLWLRQV�UHVXOWHG�LQ�VLJQLILFDQWO\�GLIIHUHQW�
FRPSRXQG�VSHFLILF�YHUWLFDO�FRQFHQWUDWLRQ�SURILOHV��([DPSOHV�RI�WKLV�VLWXDWLRQ�DUH�WKH�GDWD�IURP�WHVW�
UXQ�QRV�����������������DQG����DW�WKH�0LOO�'�QR����$6%��'XULQJ�WKHVH�WHVW�UXQV��D�SRUWLRQ�RI�WKH�VDPSOH�
SDWK�SDVVHG�FORVH�WR�WKH�DUHD�ZKHUH�WKH�DFLGLF�PLOO�HIIOXHQW�ZDV�HQWHULQJ�WKH�EDVLQ��7KH�DFLGLF�DUHD�
QHDU�WKH�EDVLQ�LQOHW�ZDV�UHODWLYHO\�VPDOO��GXH�WR�WKH�EXIIHULQJ�HIIHFW�RI�DHURELF�ELRORJLFDO�DFWLYLW\�DV�

1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW



7HFKQLFDO�%XOOHWLQ�1R������ ���
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WKH�PLOO�HIIOXHQW�PRYHG�WKURXJK�WKH�EDVLQ��7KH�DFLGLF�FRQGLWLRQV�UHVXOWHG�LQ�D�UHODWLYHO\�KLJK�
K\GURJHQ�VXOILGH�HPLVVLRQ�UDWH�LQ�WKDW�DUHD��KRZHYHU��LW�KDG�OLWWOH�HIIHFW�RQ�WKH�HPLVVLRQ�UDWHV�RI�WKH�
RUJDQLF�UHGXFHG�VXOIXU�FRPSRXQGV�RU�PHWKDQH��7KHUHIRUH��LQ�WKLV�VLWXDWLRQ��WKH�XVH�RI�FRPSRXQG�
VSHFLILF�E�H[SRQHQWV�\LHOGHG�WKH�PRVW�DFFXUDWH�YHUWLFDO�FRQFHQWUDWLRQ�SURILOHV�DQG�HPLVVLRQ�UDWHV��

������ &DOFXODWLRQ�RI�$YHUDJH�6RXUFH�(PLVVLRQ�5DWHV

7R�FRPSXWH�WKH�HPLVVLRQ�UDWH�IRU�D�VRXUFH��UHVXOWV�IURP�PXOWLSOH�WHVW�UXQV�RQ�WKH�VRXUFH�ZHUH�
DYHUDJHG��7KH�IROORZLQJ�SURFHGXUH�ZDV�XVHG�IRU�DYHUDJLQJ�PXOWLSOH�WHVW�UXQ�UHVXOWV�LQ�WKLV�UHSRUW��
:KHQ�HPLVVLRQ�UDWHV�FRXOG�EH�FDOFXODWHG�IRU�DOO�WHVW�UXQV�RQ�D�JLYHQ�VRXUFH��WKHQ�WKH�DYHUDJH�HPLVVLRQ�
UDWH�ZDV�FDOFXODWHG�XVLQJ�DOO�WHVW�UXQV��,I�HPLVVLRQ�UDWHV�FRXOG�QRW�EH�FDOFXODWHG�IURP�DQ\�RI�WKH�WHVW�
UXQV�RQ�D�JLYHQ�VRXUFH��WKHQ�WKH�HPLVVLRQ�UDWH�ZDV�EDVHG�RQ�WKH�ORZHVW�FRQFHQWUDWLRQ�GHWHFWLRQ�OLPLWV�
IRU�WKDW�VRXUFH��,Q�PL[HG�GDWD�VHWV��L�H���ZLWK�VRPH�HPLVVLRQ�UDWHV�EDVHG�RQ�DERYH�WKH�GHWHFWLRQ�OLPLW�
GDWD�DQG�VRPH�RQ�EHORZ�GHWHFWLRQ�OLPLW�GDWD��RQH�KDOI�RI�WKH�GHWHFWLRQ�OLPLW�IRU�HDFK�WHVW�UXQ�ZLWK�DQ�
HPLVVLRQ�UDWH�EHORZ�WKH�GHWHFWLRQ�OLPLW�ZDV�DYHUDJHG�ZLWK�WKH�DERYH�GHWHFWLRQ�OLPLW�HPLVVLRQ�UDWH�
YDOXHV�WR�FDOFXODWH�WKH�DYHUDJH�VRXUFH�HPLVVLRQ�UDWH��

,Q�WKH�GHWDLOHG�LQGLYLGXDO�PLOO�WHVW�UHSRUWV��1&$6,�����D�L���HPLVVLRQ�UDWH�YDOXHV�EHORZ�WKH�GHWHFWLRQ�
OLPLW�ZHUH�VLPSO\�H[FOXGHG�IURP�WKH�FDOFXODWLRQ�RI�DYHUDJH�HPLVVLRQ�UDWHV��7KH�FDOFXODWLRQ�RI�DYHUDJH�
VRXUFH�HPLVVLRQ�UDWHV�ZDV�GRQH�GLIIHUHQWO\�LQ�WKH�LQGLYLGXDO�PLOO�UHSRUWV�EHFDXVH�WKRVH�UHSRUWV�ZHUH�
SUHSDUHG�HDUOLHU��DQG�IRU�GLIIHUHQW�SXUSRVHV��

���� �6285&(�'(6&5,37,21�$1'�5(68/76�2)�7(676�$7�0,//�$�

7KH�ZDVWHZDWHU�WUHDWPHQW�SODQW�FRPSRQHQWV�DW�0LOO�$�ZHUH�WHVWHG�GXULQJ�WKUHH�VHSDUDWH�WLPH�SHULRGV��
-XQH���±����������-XO\���±����������DQG�2FWREHU���±����������7KH�UHVXOWV�RI�WKLV�WHVWLQJ�DUH�GHWDLOHG�
LQ�WKH�0LOO�$�7HVW�5HSRUW��1&$6,�����D���'XULQJ�WKH�ILUVW�WHVW�SHULRG��HPLVVLRQV�PHDVXUHPHQW�WHVWLQJ�
ZDV�GRQH�DW�WKH�SULPDU\�FODULILHU�DQG�WKH�QR����$6%��'XULQJ�WKH�VHFRQG�WHVW�SHULRG��HPLVVLRQV�
PHDVXUHPHQW�WHVWLQJ�ZDV�FRQGXFWHG�DW�WKH�QR����$6%��'XULQJ�WKH�WKLUG�WHVW�SHULRG��HPLVVLRQV�
PHDVXUHPHQW�WHVWLQJ�ZDV�FRQGXFWHG�ZLWK�DVVRFLDWHG�LQOHW�RXWOHW�OLTXLG�VDPSOH�FROOHFWLRQ�DW�WKH�QR����
$6%��

���� :DVWHZDWHU�7UHDWPHQW�3ODQW�'HVFULSWLRQ��0LOO�$�

0LOO�$�SURGXFHV�DSSUR[LPDWHO\������WRQV�SHU�GD\�RI�EOHDFKHG�VRIWZRRG�NUDIW�SXOS�IRU�VSHFLDOW\�
DSSOLFDWLRQV��0LOO�$�GRHV�QRW�KDYH�D�VWHDP�VWULSSHU��VR�WKH�IRXO�FRQGHQVDWHV�DUH�KDUG�SLSHG�WR�
VHFRQGDU\�ZDVWHZDWHU�WUHDWPHQW��

$V�VKRZQ�LQ�)LJXUH������WKH�PDMRU�FRPSRQHQWV�RI�WKH�ZDVWHZDWHU�WUHDWPHQW�SODQW�DW�0LOO�$�DUH�WKH�
SULPDU\�FODULILHU��WKH�QR����$6%�DQG�WKH�QR����$6%��)LJXUH�����LV�D�IORZ�GLDJUDP�IRU�WKH�::73��
0RVW�RI�WKH�VHFRQGDU\�WUHDWPHQW�LV�DFFRPSOLVKHG�LQ�WKH�QR����$6%��DOWKRXJK�VLJQLILFDQW�DHUDWLRQ��
DERXW�RQH�KDOI�DV�PXFK�DV�LQ�WKH�QR����$6%��LV�DSSOLHG�LQ�WKH�QR����$6%��

7KH�SULPDU\�FODULILHU�LV�����PHWHUV�LQ�GLDPHWHU���0DWHULDO�VNLPPHG�RII�WKH�VXUIDFH�RI�WKH�SULPDU\�
FODULILHU�IORZV�LQWR�WKH�VNLPPLQJ�SRQG��ZKLFK�URXJKO\�IRUPV�WKH�VKDSH�RI�D�KRUVHVKRH�DURXQG�WKH�
SULPDU\�FODULILHU��7KH�VOXGJH�UHPRYHG�IURP�WKH�ERWWRP�RI�WKH�SULPDU\�FODULILHU�LV�SXPSHG�WR�WKH�
VOXGJH�SRQG��'UDLQDJH�IURP�ERWK�WKH�VNLPPLQJ�DQG�VOXGJH�SRQGV�IORZV�EDFN�WR�WKH�LQOHW�RI�WKH�
SULPDU\�FODULILHU��
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(IIOXHQW�IURP�WKH�SULPDU\�FODULILHU�IORZV�WR�WKH�PL[�ER[��ZKHUH�LW�MRLQV�ILUVW�ZLWK�WKH�DFLG�VHZHU�DQG�
WKHQ�WKH�KDUG�SLSHG�FRQGHQVDWHV��7KH�PL[HG�HIIOXHQW�IORZV�WR�WKH�QR����$6%�DW�D�UDWH�RI�
DSSUR[LPDWHO\����0*'��7KH�QR����$6%�KDV�DQ�DUHD�RI�DSSUR[LPDWHO\����DFUHV��LW�LV�FRQFUHWH�OLQHG��
KDV�D�ZDWHU�GHSWK�RI�DSSUR[LPDWHO\����IW��DQG�DOPRVW�QR�VHWWOHG�VOXGJH�DFFXPXODWLRQ��,W�KDV�������+3�
KLJK�VSHHG�VXUIDFH�DHUDWRUV��WKHUHIRUH��WKH�PD[LPXP�SRZHU�DYDLODEOH�IRU�DHUDWLRQ�LV������+3��
(IIOXHQW�IURP�WKH�QR����$6%�IORZV�WR�WKH�LQOHW�RI�WKH�����DFUH�QR����$6%��IURP�ZKLFK�WKH�ILQDO�
HIIOXHQW�LV�GLVFKDUJHG��

0LOO�DQG�::73�SURFHVV�RSHUDWLQJ�LQIRUPDWLRQ�IRU�WKH�WHVW�SHULRGV�LV�VXPPDUL]HG�LQ�7DEOH������

1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW
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1R����$6%�,QOHW� ��������������� ����� ����� ����� ����
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���� 6285&(�'(6&5,37,21�$1'�5(68/76�2)�7(676�$7�0,//�%�

7KH�ZDVWHZDWHU�WUHDWPHQW�SODQW�FRPSRQHQWV�DW�0LOO�%�ZHUH�WHVWHG�GXULQJ�WKUHH�VHSDUDWH�WLPH�SHULRGV��7KH�
ILUVW�WZR�WLPH�SHULRGV�ZHUH�FRQVLGHUHG�WKH�3KDVH�,�6WXG\��7KH�WKLUG�WLPH�SHULRG�ZDV�FRQVLGHUHG�WKH�3KDVH�
,,�6WXG\��,Q�WKLV�UHSRUW�WKH�UHVXOWV�RI�ERWK�WKH�3KDVH�,�DQG�3KDVH�,,�6WXGLHV�DUH�SUHVHQWHG��7KH�UHVXOWV�RI�WKH�
3KDVH�,�VWXG\�DUH�GHWDLOHG�LQ�RQH�WHVW�UHSRUW��1&$6,�����E���ZKHUHDV�WKH�UHVXOWV�RI�WKH�3KDVH�,,�6WXG\�DUH�
GHWDLOHG�LQ�DQRWKHU�WHVW�UHSRUW��1&$6,�����F���,Q�3KDVH�,�D�VFUHHQLQJ�VWXG\�ZDV�FRQGXFWHG�ZLWK�GDWD�
FROOHFWLRQ�RQ�$XJXVW������DQG�����������DQG�HPLVVLRQV�PHDVXUHPHQW�WHVWLQJ�ZLWK�WKH�DVVRFLDWHG�OLTXLG�
VDPSOH�FROOHFWLRQ�SURJUDP�ZDV�FRQGXFWHG�RQ�$XJXVW����������������,Q�3KDVH�,,��DGGLWLRQDO�HPLVVLRQV�
PHDVXUHPHQW�WHVWLQJ�ZLWK�WKH�DVVRFLDWHG�OLTXLG�VDPSOH�FROOHFWLRQ�SURJUDP�ZDV�FRQGXFWHG�RQ�$SULO����DQG�
����������

���� :DVWHZDWHU�7UHDWPHQW�3ODQW�'HVFULSWLRQ��0LOO�%

7KH�NUDIW�SXOS�PLOO�KDV�D�WRWDO�SXOS�SURGXFWLRQ�FDSDFLW\�RI�DSSUR[LPDWHO\���������WRQV�SHU�\HDU�RI�NUDIW�
SXOS��7KH�SDSHUERDUG�PLOO�KDV�WZR�SDSHU�PDFKLQHV�SURGXFLQJ�XQEOHDFKHG�NUDIW�SDSHU�DQG�OLJKWZHLJKW�
OLQHUERDUG���

7KH�ZDVWHZDWHU�WUHDWPHQW�SODQW�FRQVLVWV�RI�D�VHULHV�RI�HDUWKHQ�SRQGV�RU�EDVLQV��DQG�D�SULPDU\�FODULILHU��DV�
VKRZQ�LQ�)LJXUH������)LJXUH�����GLDJUDPV�WKH�IORZ�VHTXHQFH�DQG�DSSUR[LPDWH�IORZ�UDWHV�WKURXJK�WKH�
::73���,QOHW�RXWOHW�OLTXLG�VDPSOLQJ�ORFDWLRQV�DUH�LQGLFDWHG�RQ�)LJXUH������(IIOXHQW�IURP�WKH�SXOS�DQG�
SDSHU�PLOOV�DQG�D�PLQRU�VWUHDP�IURP�WKH�IO\�DVK�SRQG��ZLWK�D�FRPELQHG�DYHUDJH�IORZ�RI�DSSUR[LPDWHO\�
�����0*'��LV�URXWHG�WR�WKH�SULPDU\�FODULILHU��6OXGJH�IURP�WKH�SULPDU\�FODULILHU�LV�GHZDWHUHG�DQG�VHQW�WR�DQ�
RQ�VLWH�ODQGILOO��,Q�WKH�HYHQW�RI�DQ�XSVHW�LQ�WKH�PLOO��HIIOXHQW�FDQ�E\SDVV�WKH�SULPDU\�FODULILHU�DQG�EH�URXWHG�
WR�D������DFUH�VSLOO�SRQG��2YHUIORZ�IURP�WKH�ZRRG\DUG¶V�VWRUP�ZDWHU�SRQG�LV�DOVR�URXWHG�WR�WKH�VSLOO�SRQG��
)LJXUH�����LV�D�VFDOH�GUDZLQJ�RI�WKH�VSLOO�SRQG��RQ�ZKLFK�WKH�IRXU�VXUIDFH�OLTXLG�VDPSOLQJ�ORFDWLRQV�DUH�
PDUNHG��:DVWHZDWHU�WKDW�ZDV�GLYHUWHG�WR�WKH�VSLOO�SRQG�LV�SXPSHG�WR�WKH�SULPDU\�FODULILHU�DW�
DSSUR[LPDWHO\�����0*'�ZKHQ�RSHUDWLRQ�RI�WKH�PLOO�UHWXUQV�WR�QRUPDO��

(IIOXHQW�IURP�WKH�SULPDU\�FODULILHU�LV�URXWHG�WR�WKH�LQOHW�RI�WKH������DFUH�DHUDWHG�VWDELOL]DWLRQ�EDVLQ��$�
SRUWLRQ�RI�WKH�IRXO�FRQGHQVDWHV�LV�WUHDWHG�LQ�D�VPDOO�VWHDP�VWULSSHU�DQG�UHXVHG�LQ�WKH�PLOO��7KH�UHPDLQGHU�
RI�WKH�IRXO�FRQGHQVDWHV�LV�KDUG�SLSHG�WR�WKH�$6%��,QVWDOOHG�VXUIDFH�DHUDWLRQ�RQ�WKH�$6%�WRWDOV������
KRUVHSRZHU�DQG�LQVWDOOHG�VXE�VXUIDFH�DHUDWLRQ�WRWDOV�����KRUVHSRZHU��5HWHQWLRQ�WLPH�LQ�WKH�$6%�LV�
DSSUR[LPDWHO\�����GD\V��)LJXUH�����LV�D�VFDOH�GUDZLQJ�RI�WKH�$6%��RQ�ZKLFK�WKH�IRXU�VXUIDFH�OLTXLG�
VDPSOLQJ�ORFDWLRQV�DUH�PDUNHG��

(IIOXHQW�IURP�WKH�$6%�IORZV�WKURXJK�D�VSLOOZD\�LQWR�WKH������DFUH�QR����UHWHQWLRQ�SRQG��7KH�QR����
UHWHQWLRQ�SRQG�LV�D�VLQJOH�FHOO�SRQG��ZLWK�DQ�DSSUR[LPDWH�UHWHQWLRQ�WLPH�RI���GD\V��)LJXUH�����LV�D�VFDOH�
GUDZLQJ�RI�WKH�QR����UHWHQWLRQ�SRQG��RQ�ZKLFK�WKH�IRXU�VXUIDFH�OLTXLG�VDPSOLQJ�ORFDWLRQV�DUH�PDUNHG��
(IIOXHQW�IURP�WKH�QR����UHWHQWLRQ�SRQG�IORZV�WKURXJK�FXOYHUWV�LQ�DQ�HDUWKHQ�GLNH�LQWR�WKH�QRV����DQG���
UHWHQWLRQ�SRQGV��ZKLFK�DUH�GLYLGHG�E\�DQ�HDUWKHQ�GLNH��DQG�KDYH�D�FRPELQHG�DUHD�RI�����DFUHV��7KH�QRV����
DQG���UHWHQWLRQ�SRQGV�KDYH�DQ�DSSUR[LPDWH�UHWHQWLRQ�WLPH�RI����GD\V��(IIOXHQW�IURP�WKH�QR����UHWHQWLRQ�
SRQG�IORZV�WKURXJK�FXOYHUWV�LQ�DQ�HDUWKHQ�GLNH�LQWR�WKH������DFUH�QR����UHWHQWLRQ�SRQG��7KH�QR����UHWHQWLRQ�
SRQG�LV�D�VLQJOH�FHOO�SRQG��ZLWK�DQ�DSSUR[LPDWH�UHWHQWLRQ�WLPH�RI������GD\V��6HFRQGDU\�VOXGJH�ZKLFK�LV�
SHULRGLFDOO\�GUHGJHG�IURP�WKH�UHWHQWLRQ�SRQGV�LV�SODFHG�LQ�WKH������DFUH�VOXGJH�ODJRRQ��ZKLFK�LV�ORFDWHG�
LPPHGLDWHO\�VRXWK�RI�WKH�$6%��6XSHUQDWDQW�IURP�WKH�VOXGJH�ODJRRQ�LV�URXWHG�WR�WKH�$6%��6HFRQGDU\�
VOXGJH�KDG�QRW�EHHQ�GHSRVLWHG�LQ�WKH�VOXGJH�ODJRRQ�IRU�DW�OHDVW�WZR�\HDUV�EHIRUH�WKH�WHVWLQJ�UHSRUWHG�KHUHLQ�
ZDV�FRQGXFWHG��

6XPPDUL]HG�PLOO�DQG�::73�SURFHVV�RSHUDWLQJ�LQIRUPDWLRQ�LV�FRQWDLQHG�LQ�7DEOH������
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)LJXUH������6FDOH�'UDZLQJ�RI�WKH�6SLOO�3RQG�ZLWK�6XUIDFH�/LTXLG�6DPSOLQJ��
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1257+
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�1R���5HWHQWLRQ�
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� ����)7���
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1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW�

���� 6FUHHQLQJ�6WXG\�5HVXOWV��0LOO�%�

7KH�-HURPH�+�6�DQDO\]HU�DQG�FDQLVWHU�GRZQZLQG�VSHFLDWHG�VFUHHQLQJ�VWXG\�UHVXOWV�IRU�0LOO�%�DUH�
VXPPDUL]HG�LQ�7DEOHV�����DQG������7KH�LQLWLDO�VFUHHQLQJ�VWXG\�GDWD�ZHUH�FROOHFWHG�RQ�$XJXVW������������
$GGLWLRQDO�VFUHHQLQJ�VWXG\�GDWD�ZHUH�FROOHFWHG�IRU�QRV����DQG���UHWHQWLRQ�SRQGV�RQ�$XJXVW����������
GXULQJ�WKH�IXOO�HPLVVLRQV�PHDVXUHPHQW�VWXG\�ZLWK�FRQFXUUHQW�OLTXLG�VDPSOH�FROOHFWLRQ��7KHUHIRUH��RQO\�WKH�
GDWD�FROOHFWHG�GXULQJ�WKH�LQLWLDO�VFUHHQLQJ�VWXG\�ZHUH�DYDLODEOH�IRU�SODQQLQJ�WKH�IXOO�VWXG\��

7KH�UHVXOWV�RI�OLPLWHG�ZRUN�GXULQJ�WKH�LQLWLDO�VFUHHQLQJ�VWXG\�LQGLFDWHG�WKDW�WKH�$6%�DQG�WKH�VSLOO�SRQG�
ZHUH�FOHDUO\�VLJQLILFDQW�VRXUFHV�RI�UHGXFHG�VXOIXU�FRPSRXQG�HPLVVLRQV��ZKLFK�ZDV�DV�H[SHFWHG�EDVHG�RQ�
DQ�LQLWLDO�DQDO\VLV�RI�WKH�::73�FRQILJXUDWLRQ�DQG�RSHUDWLQJ�SUDFWLFHV��$GGLWLRQDOO\��EDVHG�RQ�H[SHULHQFH�
JDLQHG�DW�RWKHU�::73V��LW�ZDV�GHFLGHG�WR�DGG�WKH�SULPDU\�FODULILHU�WR�WKH�IXOO�VWXG\�SODQV�ZLWKRXW�DQ\�
VFUHHQLQJ�ZRUN��7KHUHIRUH��WKH�EXON�RI�WKH�LQLWLDO�VFUHHQLQJ�VWXG\�ZRUN�ZDV�IRFXVHG�RQ�GHWHUPLQLQJ�
ZKHWKHU�RU�QRW�WKH�IRXU�ODUJH�SRVW�DHUDWLRQ�UHWHQWLRQ�SRQGV�ZHUH�VLJQLILFDQW�VRXUFHV�RI�UHGXFHG�VXOIXU�
FRPSRXQG�HPLVVLRQV��

([DPLQDWLRQ�RI�WKH�LQLWLDO�VFUHHQLQJ�VWXG\�GDWD�FOHDUO\�LQGLFDWHG�WKDW�WKH�QRV�������DQG���UHWHQWLRQ�SRQGV�
ZHUH�QRW�VLJQLILFDQW�VRXUFHV�RI�UHGXFHG�VXOIXU�FRPSRXQG�HPLVVLRQV��+RZHYHU��WKH�GDWD�LQGLFDWHG�WKDW�WKH�
QR����UHWHQWLRQ�SRQG�PD\�KDYH�EHHQ�D�VLJQLILFDQW�VRXUFH�RI�+�6�HPLVVLRQV��VR�LW�ZDV�LQFOXGHG�LQ�WKH�IXOO�
HPLVVLRQV�PHDVXUHPHQW�DQG�OLTXLG�VDPSOH�FROOHFWLRQ�VWXG\��%HFDXVH�RI�VOXGJH�DFFXPXODWLRQ�LQ�WKH�QR����
VHWWOLQJ�SRQG��WKH�OLTXLG�OHYHO�KDG�WR�EH�UDLVHG�WR�DOORZ�WKH�XVH�RI�D�ERDW�IRU�OLTXLG�VDPSOH�FROOHFWLRQ��
7KHUHIRUH��WKH�OLTXLG�OHYHO�ZDV�UDLVHG�LQ�WKH�QR����UHWHQWLRQ�SRQG�GXULQJ�WKH�DSSUR[LPDWHO\����GD\�SHULRG�
EHWZHHQ�WKH�LQLWLDO�VFUHHQLQJ�VWXG\�DQG�WKH�VWDUW�RI�WKH�IXOO�HPLVVLRQV�PHDVXUHPHQW�DQG�OLTXLG�VDPSOH�
FROOHFWLRQ�VWXG\��$GGLWLRQDO�VFUHHQLQJ�VWXG\�ZRUN�GXULQJ�WKH�IXOO�HPLVVLRQV�PHDVXUHPHQW�VWXG\��DQG�WKH�
UHVXOWV�RI�WKH�IXOO�HPLVVLRQV�PHDVXUHPHQW�VWXG\�LQGLFDWHG�ORZHU�HPLVVLRQV�WKDQ�ZKDW�ZHUH�H[SHFWHG�EDVHG�
RQ�WKH�LQLWLDO�VFUHHQLQJ�VWXG\�UHVXOWV��,W�LV�QRW�NQRZQ�ZKHWKHU�RU�QRW�WKH�LQFUHDVH�LQ�WKH�OLTXLG�OHYHO�ZDV�
UHODWHG�WR�ORZHU�+�6�HPLVVLRQV�IURP�WKH�QR����UHWHQWLRQ�SRQG�WKDQ�ZKDW�ZHUH�H[SHFWHG�EDVHG�RQ�WKH�LQLWLDO�
VFUHHQLQJ�VWXG\�UHVXOWV��

7KH�FDQLVWHU�VFUHHQLQJ�VWXG\�UHVXOWV�LQGLFDWHG�WKDW�+�6�DFFRXQWHG�IRU�PRVW�RI�WKH�UHGXFHG�VXOIXU�
FRPSRXQG�HPLVVLRQV�IURP�WKH�VSLOO�SRQG��ZKHUHDV�WKH�RUJDQLF�UHGXFHG�VXOIXU�FRPSRXQGV�DFFRXQWHG�IRU�
PRVW�RI�WKH�HPLVVLRQV�IURP�WKH�$6%��
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1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW�

���� (PLVVLRQV�0HDVXUHPHQW�DQG�/LTXLG�6DPSOLQJ�5HVXOWV��0LOO�%�

$W�0LOO�%�HPLVVLRQV�WHVWLQJ�ZLWK�DVVRFLDWHG�OLTXLG�VDPSOLQJ�ZDV�FRQGXFWHG�DW�WKH�VSLOO�SRQG��SULPDU\�
FODULILHU��$6%�DQG�WKH�QR����UHWHQWLRQ�SRQG��7KH�HPLVVLRQ�UDWHV�GHWHUPLQHG�IURP�WKDW�WHVWLQJ�DUH�
VXPPDUL]HG�LQ�7DEOH������0HWHRURORJLFDO�DQG�56&�FRQFHQWUDWLRQ�GDWD�DVVRFLDWHG�ZLWK�WKH�HPLVVLRQV�WHVWV�
DUH�VXPPDUL]HG�LQ�7DEOH������

$V�VKRZQ�LQ�)LJXUH������OLTXLG�VDPSOLQJ�ZDV�FRQGXFWHG�DW�WKH�SULPDU\�FODULILHU�LQOHW��SULPDU\�FODULILHU�
RXWOHW��ZKLFK�ZDV�WKH�VDPH�DV�WKH�$6%�LQOHW���$6%�RXWOHW��ZKLFK�ZDV�WKH�VDPH�DV�QR����UHWHQWLRQ�SRQG�
LQOHW���DQG�QR����UHWHQWLRQ�SRQG�RXWOHW��&RQGHQVDWHV�EHLQJ�KDUG�SLSHG�WR�WKH�$6%�ZHUH�DOVR�VDPSOHG��7KH�
DYHUDJH�DQDO\VLV�UHVXOWV�IRU�WKH�OLTXLG�VDPSOHV�DUH�VXPPDUL]HG�LQ�7DEOH������6XUIDFH�OLTXLG�VDPSOHV��RQH�
IRRW�EHORZ�WKH�VXUIDFH��ZHUH�FROOHFWHG�IURP�WKH�VSLOO�SRQG��SULPDU\�FODULILHU��$6%�DQG�QR����UHWHQWLRQ�
SRQG��)LJXUH�����LV�D�JHQHULF�VFKHPDWLF�GLDJUDP�VKRZLQJ�WKH�WKUHH�VXUIDFH�OLTXLG�VDPSOLQJ�ORFDWLRQV�IRU�
WKH�SULPDU\�FODULILHU��7KH�VXUIDFH�OLTXLG�VDPSOLQJ�ORFDWLRQV�IRU�WKH�VSLOO�SRQG��$6%�DQG�QR����UHWHQWLRQ�
SRQG�DUH�VKRZQ�LQ�)LJXUHV�����WKURXJK������

7KH�DYHUDJH�SK\VLFDO�FKHPLFDO�SDUDPHWHU�GDWD�DVVRFLDWHG�ZLWK�OLTXLG�VDPSOH�FROOHFWLRQ�DUH�VXPPDUL]HG�LQ�
7DEOH������$W�WKH�SULPDU\�FODULILHU�DQG�$6%��SK\VLFDO�FKHPLFDO�SDUDPHWHU�GDWD�DVVRFLDWHG�ZLWK�VXUIDFH�
OLTXLG�VDPSOH�FROOHFWLRQ�ZHUH�REWDLQHG�DW�WZR�DGGLWLRQDO�GHSWKV��ZKLFK�ZHUH�RQH�IRRW�DERYH�WKH�ERWWRP�
DQG�PLGZD\�EHWZHHQ�WKH�VXUIDFH�DQG�ERWWRP��'XH�WR�WKH�VKDOORZ�QDWXUH�RI�WKH�QR����UHWHQWLRQ�SRQG��
SK\VLFDO�FKHPLFDO�SDUDPHWHU�GDWD�DVVRFLDWHG�ZLWK�OLTXLG�VDPSOH�FROOHFWLRQ�ZHUH�FROOHFWHG�DW�RQO\�RQH�
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DQG�����J�V�GXULQJ�WKH�$SULO������WHVWV��2UJDQLF�UHGXFHG�VXOIXU�FRPSRXQG�HPLVVLRQV�ZHUH�QRW�GHWHFWHG��
H[FHSW�IRU�D�VPDOO�DPRXQW�RI�PHWK\O�PHUFDSWDQ�������J�V��GXULQJ�WKH�VHFRQG�WHVW�SHULRG��7KH�VSLOO�SRQG�
+�6�HPLVVLRQV�IURP�WKH�VHFRQG�WHVW�SHULRG�ZHUH�RYHU�WZLFH�ZKDW�WKH\�ZHUH�GXULQJ�WKH�ILUVW�WHVW�SHULRG��
7KH�KLJKHU�HPLVVLRQV�IURP�WKH�VHFRQG�WHVW�SHULRG�PD\�EH�UHODWHG�WR�KLJKHU�KRUL]RQWDO�ZLQG�YHORFLWLHV��7KH�
DYHUDJH�ZLQG�YHORFLW\�DW�DQ�HOHYDWLRQ�RI����PHWHUV�ZDV�����P�V�IRU�WKH�ILUVW�WHVW�SHULRG�DQG�����P�V�IRU�WKH�
VHFRQG�WHVW�SHULRG��:LQG�YHORFLW\�LV�H[SHFWHG�WR�KDYH�D�VLJQLILFDQW�HIIHFW�RQ�HPLVVLRQV�IURP�TXLHVFHQW�
EDVLQV��86(3$��������7KH�DYHUDJH�OHYHO�RI�WRWDO�VXOILGH�LQ�WKH�SRQG�ZDV�DOVR�KLJKHU�GXULQJ�WKH�VHFRQG�
WHVWV�����PJ�/�YHUVXV����PJ�/���+RZHYHU��WKH�S+�GXULQJ�WKH�VHFRQG�WHVW�ZDV�����FRPSDUHG�WR�����GXULQJ�
WKH�ILUVW�WHVW�SHULRG��7KH�PHWKDQH�HPLVVLRQV�IURP�WKH�VSLOO�SRQG�DYHUDJHG�����J�V�IRU�WKH�ILUVW�WHVW�SHULRG��
DQG�����J�V�GXULQJ�WKH�VHFRQG�WHVW�SHULRG��7KHUH�DUH�WZR�NQRZQ�SRVVLEOH�UHDVRQV�IRU�WKH�UHGXFHG�PHWKDQH�
HPLVVLRQV�IURP�WKH�VSLOO�SRQG�GXULQJ�WKH�VHFRQG�WHVW�SHULRG�����DFFXPXODWHG�VOXGJH�QHDU�WKH�LQOHW�RXWOHW�
ZDV�GUHGJHG�IURP�WKH�VSLOO�SRQG�VKRUWO\�EHIRUH�WKH�VHFRQG�WHVW�SHULRG��DQG����WKH�OLTXLG�WHPSHUDWXUH�ZDV�
PXFK�ORZHU�GXULQJ�WKH�VHFRQG�WHVW�SHULRG���� &�YHUVXV��� &�GXULQJ�WKH�ILUVW�WHVW�SHULRG���

$W�WKH�SULPDU\�FODULILHU��HPLVVLRQV�RI�WKH�RUJDQLF�UHGXFHG�VXOIXU�FRPSRXQGV�ZHUH�QRW�GHWHFWHG��H[FHSW�IRU�
D�VPDOO�'06�HPLVVLRQ�UDWH�RI�������J�V�GXULQJ�WKH�ILUVW�WHVW�SHULRG��DQG�D�VPDOO�'0'6�HPLVVLRQ�UDWH�RI�
�������J�V�GXULQJ�WKH�VHFRQG�WHVW�SHULRG��7KH�DYHUDJH�+�6�HPLVVLRQ�UDWH�IRU�WKH�ILUVW�WHVW�SHULRG�ZDV�������
J�V��ZKHUHDV�LW�ZDV�������J�V�IRU�WKH�VHFRQG�WHVW�SHULRG��/LTXLG�WRWDO�VXOILGH�FRQFHQWUDWLRQ�ZDV�WKH�
SDUDPHWHU�WKDW�ZDV�PRVW�GLIIHUHQW�EHWZHHQ�WKH�WZR�WHVW�SHULRGV��DQG�PRVW�OLNHO\�WR�KDYH�EHHQ�UHODWHG�WR�WKH�
KLJKHU�+�6�HPLVVLRQV�GXULQJ�WKH�VHFRQG�WHVW�SHULRG��7KH�DYHUDJH�VXUIDFH�OLTXLG�WRWDO�VXOILGH�
FRQFHQWUDWLRQV�LQ�WKH�FODULILHU�ZHUH�����PJ�/�DQG�����PJ�/�IRU�WKH�ILUVW�DQG�VHFRQG�WHVW�SHULRGV��
UHVSHFWLYHO\���7KH�DYHUDJH�WRWDO�VXOILGH�FRQFHQWUDWLRQV�LQ�WKH�SULPDU\�FODULILHU�LQOHW�VDPSOHV������PJ�/�DQG�
����PJ�/�IRU�WKH�ILUVW�DQG�VHFRQG�WHVW�SHULRGV��UHVSHFWLYHO\��LQGLFDWH�WKDW�PRVW�RI�WKH�WRWDO�VXOILGH�LQ�WKH�
SULPDU\�FODULILHU�RULJLQDWHV�IURP�LQSXW�ZLWK�WKH�ZDVWHZDWHU�UDWKHU�WKDQ�LQ�FODULILHU�DQDHURELF�JHQHUDWLRQ��
7KH�S+�RI�WKH�HIIOXHQW�LQ�WKH�FODULILHU�ZDV�����GXULQJ�WKH�ILUVW�WHVW�DQG������GXULQJ�WKH�VHFRQG�WHVW��
0HWKDQH�HPLVVLRQV�ZHUH�VLPLODU�IRU�ERWK�WHVW�SHULRGV��ZLWK�DYHUDJH�HPLVVLRQ�UDWHV�RI������J�V�IRU�ERWK�WHVW�
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SHULRGV��,Q�7DEOH������WKH�PHWKDQH�HPLVVLRQV�IURP�WKH�SULPDU\�FODULILHU�DUH�WDEXODWHG�DORQJ�ZLWK�WKH�
PHDVXUHG�%2'�DQG�72&�UHPRYDOV�RU�JDLQV�DFURVV�WKH�FODULILHU��9DULDELOLW\�LQ�%2'�DQG�72&�UHPRYDO�RU�
JDLQV�PHDVXUHG�DFURVV�WKH�FODULILHU�PD\�EH�UHODWHG�WR�GLIIHUHQFHV�EHWZHHQ�WKH�WZR�PHWKRGV�LQ�WKH�ZD\�WKH�
VROLG�PDWHULDO��ZKLFK�LV�UHPRYHG�GXULQJ�FODULILFDWLRQ��LV�KDQGOHG�LQ�WKH�LQOHW�VDPSOHV��)RU�H[DPSOH��ILEHU��
ZKLFK�PD\�OHDG�WR�R[\JHQ�FRQVXPSWLRQ�GXULQJ�WKH���GD\�%2'�WHVW��ZRXOG�QRW�EH�LQFOXGHG�DV�SDUW�RI�WKH�
RUJDQLF�FDUERQ�FRQWDLQLQJ�PDWHULDO�LQ�WKH�72&�WHVW��

(PLVVLRQV�IURP�WKH�$6%�ZHUH�RQO\�PHDVXUHG�GXULQJ�WKH�ILUVW�WHVW�SHULRG��6LQFH�SURFHVV�FRQGHQVDWHV�
ZKLFK�DOVR�FRQWDLQ�VLJQLILFDQW�OHYHOV�RI�RUJDQLF�UHGXFHG�VXOIXU�FRPSRXQGV�ZHUH�EHLQJ�KDUG�SLSHG�GLUHFWO\�
WR�WKH�IURQW�RI�WKH�$6%��WKHUH�ZHUH�VLJQLILFDQW�HPLVVLRQV�RI�RUJDQLF�UHGXFHG�VXOIXU�FRPSRXQGV��7KH�
DYHUDJH�UDWHV�RI�HPLVVLRQV�RI�K\GURJHQ�VXOILGH��PHWK\O�PHUFDSWDQ��GLPHWK\O�VXOILGH�DQG�GLPHWK\O�
GLVXOILGH�ZHUH��������������DQG�����J�V��UHVSHFWLYHO\��7KH�SK\VLFDO�FKHPLFDO�SDUDPHWHU�GDWD�LQ�7DEOH�����
LQGLFDWH�WKDW�GLVVROYHG�R[\JHQ�ZDV�SUHVHQW�LQ�WKH�$6%��WKHUHIRUH��VLJQLILFDQW�DQDHURELF�DFWLYLW\�ZRXOG�QRW�
EH�H[SHFWHG��,W�ZDV�QRW�SRVVLEOH�WR�TXDQWLI\�WKH�PHWKDQH�HPLVVLRQV�IURP�WKH�$6%�EHFDXVH�RI�XSZLQG�
PHWKDQH�HPLVVLRQV�IURP�WKH�QR����UHWHQWLRQ�SRQG��

7DEOH�����VKRZV�WKH�UHVXOWV�RI�D�PDWHULDO�EDODQFH�FRQGXFWHG�DW�WKH�$6%�WR�FDOFXODWH�WKH�DSSDUHQW�
GHVWUXFWLRQ�RU�JHQHUDWLRQ�RI�WKH�UHGXFHG�VXOIXU�FRPSRXQGV�LQ�WKH�$6%��0RVW�RI�WKH�WRWDO�VXOILGH�DQG�
HVVHQWLDOO\�DOO�RI�WKH�RUJDQLF�UHGXFHG�VXOIXU�FRPSRXQGV�WKDW�HQWHUHG�WKH�$6%�ZLWK�WKH�OLTXLG�LQSXWV�
RULJLQDWHG�IURP�WKH�KDUG�SLSHG�FRQGHQVDWHV��7KH�UHVXOWV�RI�WKH�PDWHULDO�EDODQFH�LQGLFDWH�DQ�DSSDUHQW�
GHVWUXFWLRQ�RI�����RI�WKH�VXOILGH�HQWHULQJ�WKH�$6%�ZLWK�WKH�OLTXLG�LQSXWV��7KXV��RQO\����RI�WKH�WRWDO�
VXOILGH�HQWHULQJ�WKH�$6%�ZLWK�WKH�OLTXLG�LQSXWV�ZDV�HPLWWHG�WR�WKH�DWPRVSKHUH�DV�+�6��2QO\�����RI�WKH�
'06�HQWHULQJ�WKH�$6%�ZLWK�WKH�OLTXLG�LQSXWV�ZDV�DSSDUHQWO\�GHVWUR\HG��WKHUHIRUH��PRVW�������RI�WKH�
'06�ZDV�HPLWWHG�WR�WKH�DWPRVSKHUH��0RVW�RI�WKH�PHWK\O�PHUFDSWDQ�HQWHULQJ�WKH�$6%�������ZDV�
DSSDUHQWO\�GHVWUR\HG��+RZHYHU��WKH�PDWHULDO�EDODQFH�IRU�'0'6�LQGLFDWHV�JHQHUDWLRQ�WKDW�ZDV������RI�
WKH�DPRXQW�HQWHULQJ�WKH�$6%�ZLWK�WKH�OLTXLG�LQSXWV��7KLV�FDQ�EH�H[SODLQHG�E\�WKH�R[LGDWLRQ�RI�PHWK\O�
PHUFDSWDQ�WR�'0'6��ZKLFK�LV�RQH�RI�WKH�SULPDU\�R[LGDWLRQ�UHDFWLRQV�IRU�PHWK\O�PHUFDSWDQ��0RUULVRQ�
DQG�%R\G��������$OVR�LQFOXGHG�LQ�7DEOH�����LV�D�PDWHULDO�EDODQFH�IRU�WKH�VXP�RI�PHWK\O�PHUFDSWDQ�DQG�
'0'6�DV�VXOIXU��7KH�UHVXOWV�RI�WKLV�PDWHULDO�EDODQFH�LQGLFDWH�WKDW�����RI�WKH�VXP�RI�WKH�PHWK\O�
PHUFDSWDQ�DQG�'0'6��DV�VXOIXU��HQWHULQJ�WKH�$6%�ZDV�DSSDUHQWO\�GHVWUR\HG�LQ�WKH�$6%��

(PLVVLRQV�IURP�WKH�QR����UHWHQWLRQ�SRQG�ZHUH�RQO\�PHDVXUHG�GXULQJ�WKH�ILUVW�WHVW�SHULRG��1R�VLJQLILFDQW�
HPLVVLRQV�RI�WKH�RUJDQLF�UHGXFHG�VXOIXU�FRPSRXQGV�ZHUH�GHWHFWHG�DW�WKH�QR����UHWHQWLRQ�SRQG��7KH�DYHUDJH�
+�6�HPLVVLRQV�ZHUH������J�V��7KH�DYHUDJH�OLTXLG�WRWDO�VXOILGH�FRQFHQWUDWLRQV�ZHUH���� J�/�DW�WKH�LQOHW�����
J�/�LQ�WKH�SRQG��DQG���� J�/�DW�WKH�RXWOHW��7KHUHIRUH��WKH�LQGLFDWLRQV�DUH�WKDW�PRVW�RI�WKH�VXOILGH�LQ�SRQG��

ZKLFK�UHVXOWHG�LQ�WKH�+�6�HPLVVLRQV��ZDV�DQDHURELFDOO\�JHQHUDWHG��UDWKHU�WKDQ�HQWHULQJ�ZLWK�WKH�OLTXLG�
LQSXW���7KH�DYHUDJH�PHWKDQH�HPLVVLRQV�ZHUH�����J�V��,Q�7DEOH������WKH�PHWKDQH�HPLVVLRQV�IURP�WKH�QR����
UHWHQWLRQ�SRQG�DUH�WDEXODWHG�DORQJ�ZLWK�WKH�PHDVXUHG�72&�JDLQ�DFURVV�WKH�SRQG��7KH�LQFUHDVH�LQ�WKH�
DPRXQW�RI�72&�DV�WKH�ZDVWHZDWHU�IORZV�WKURXJK�WKH�SRQG�PD\�EH�GXH�WR����WKH�IRUPDWLRQ�RI�ZDWHU�VROXEOH�
FDUERQ�FRQWDLQLQJ�FRPSRXQGV�IURP�ELRORJLFDO�GHJUDGDWLRQ�RI�WKH�VHWWOHG�VHFRQGDU\�VOXGJH�DQG�RU����
IL[DWLRQ�RI�DWPRVSKHULF�FDUERQ�GLR[LGH�YLD�SKRWRV\QWKHWLF�RU�RWKHU�ELRORJLFDO�PHDQV�LQ�WKLV�ODUJH��VKDOORZ�
EDVLQ��
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/LTXLG�6DPSOH�&ROOHFWLRQ��0LOO�%�

� � 6SHFLILF� � �
� 'HSWK�� 7HPS��� &RQGXFWDQFH�� '2�� �

/RFDWLRQ� 'DWH� IW� &� P6�FP� PJ�O� S+�

6SLOO�3RQG� ����������� �� ����� 1$� 1$� ����
� ��������� �� ����� 1$� 1$� ����

3ULPDU\�&ODULILHU�,QOHW� ����������� �� ����� ����� ����� ����
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&RQGHQVDWH�+DUG�3LSH� ����������� 1$� ����� ����� ����� ����

$HUDWLRQ�3RQG� ��������� �� ����� ����� ����� ����
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2XWOHW�
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���� 6285&(�'(6&5,37,21�$1'�5(68/76�2)�7(676�$7�0,//�'�

7HVWV�ZHUH�FRQGXFWHG�DW�0LOO�'�GXULQJ�WZR�VHSDUDWH�WLPH�SHULRGV��7KH�UHVXOWV�REWDLQHG�IURP�WHVWLQJ�GXULQJ�
ERWK�RI�WKH�SHULRGV�DUH�GHWDLOHG�LQ�WKH�0LOO�'�7HVW�5HSRUW��1&$6,�����G���7KH�ILUVW�VWXG\�ZDV�RQO\�D�
VFUHHQLQJ�VWXG\�FRQGXFWHG�RQ�0DUFK��������������7KH�VHFRQG�VWXG\��FRQGXFWHG�RQ�0D\��������������
LQFOXGHG�HPLVVLRQV�PHDVXUHPHQW�WHVWLQJ�DQG�WKH�DVVRFLDWHG�OLTXLG�VDPSOLQJ��

���� :DVWHZDWHU�7UHDWPHQW�3ODQW�'HVFULSWLRQ��0LOO�'�

7KH�NUDIW�SXOS�PLOO�KDV�D�SURGXFWLRQ�FDSDFLW\�RI�DSSUR[LPDWHO\���������WRQV�SHU�\HDU�RI�EOHDFKHG�
VRIWZRRG�NUDIW�SXOS��7KLV�IDFLOLW\�KDV�D�VLQJOH�SXOSLQJ�OLQH�ZLWK�RQH�FRQWLQXRXV�GLJHVWHU��7KH�VLQJOH�
EOHDFK�SODQW�XVHV�2��GHOLJQLILFDWLRQ��$OO�SXOS�SURGXFHG�DW�WKLV�IDFLOLW\�LV�PDUNHW�SXOS�DQG�LV�SURFHVVHG�RQ�D�
VLQJOH�DLU�IORDW�GU\HU��7KLV�IDFLOLW\�XWLOL]HV�D�VWHDP�VWULSSHU�WR�FRPSO\�ZLWK�0$&7�,�UHTXLUHPHQWV��
&RQGHQVDWHV�DUH�QRW�KDUG�SLSHG�WR�WKH�$6%��

7KH�ZDVWHZDWHU�WUHDWPHQW�SODQW�DW�0LOO�'�LV�FRPSULVHG�RI�D�SULPDU\�FODULILHU�DQG�D�VHULHV�RI�HDUWKHQ�SRQGV��
DV�VKRZQ�LQ�)LJXUH������)LJXUH�����GLDJUDPV�WKH�IORZ�VHTXHQFH�DQG�DSSUR[LPDWH�IORZ�UDWHV�WKURXJK�WKH�
::73��7KH�DONDOLQH�PLOO�VHZHU�LV�URXWHG�WR�WKH�����IW��GLDPHWHU�SULPDU\�FODULILHU��(IIOXHQW�IURP�WKH�
SULPDU\�FODULILHU�HQWHUV�WKH�PL[�FKDQQHO�ZKHUH�LW�FRPELQHV�ZLWK�WKH�DFLG�VHZHU�DQG�WZR�PLQRU�VWUHDPV�
FRQVLVWLQJ�RI�WKH�ODQGILOO�OHDFKDWH�DQG�WKH�VROLGV�GHZDWHULQJ�IORZ�IURP�WKH�VFUHZ�SUHVV��$�3DUVKDOO�IOXPH�LV�
XVHG�WR�FRQWLQXRXVO\�PHDVXUH�IORZ�LQ�WKH�PL[�FKDQQHO��)RU�WKH�VDPSOLQJ�SHULRG��WKH�DONDOLQH�VHZHU�IORZ�
DYHUDJHG�����RI�WKH�PL[�FKDQQHO�IORZ��DQG�WKH�DFLG�VHZHU�IORZ�DYHUDJHG�����RI�WKH�PL[�FKDQQHO�IORZ��
7KH�PL[�FKDQQHO�IORZ��ZKLFK�LV�WKH�LQIOXHQW�WR�WKH�QR����$6%��ZDV�DSSUR[LPDWHO\����0*'��

7KH�QR����$6%�KDV�DQ�DUHD�RI������DFUHV�DQG�LV�FXUWDLQHG�LQWR�IRXU�FHOOV�LQ�VHULHV��,QVWDOOHG�VXUIDFH�
DHUDWLRQ�LQ�WKH�QR����$6%�WRWDOV������KRUVHSRZHU��'XULQJ�WKH�WHVW�SHULRG��DSSUR[LPDWHO\�����RI�WKH�
DHUDWRUV�ZHUH�RSHUDWHG�DW�SDUWLDO�ORDG�DV�SDUW�RI�DQ�HQHUJ\�VDYLQJ�PHDVXUH��2SHUDWLQJ�KRUVHSRZHU�LQ�WKH�
QR����$6%�DYHUDJHG�����KS�GXULQJ�WKH�WHVW�SHULRG��)LJXUH�����LV�D�VFDOH�GUDZLQJ�RI�WKH�QR����$6%��RQ�
ZKLFK�WKH�IRXU�VXUIDFH�OLTXLG�VDPSOLQJ�ORFDWLRQV�DUH�PDUNHG��

(IIOXHQW�IURP�WKH�QR����$6%�IORZV�RYHU�D�ZHLU�LQWR�WKH������DFUH�DHUDWLRQ�QR����$6%��7KH�QR����$6%�LV�
GLYLGHG�LQWR�WZR�VHULDO�]RQHV�E\�PHDQV�RI�DQ�HDUWKHQ�GLNH��,QVWDOOHG�VXUIDFH�DHUDWLRQ�RQ�WKH�QR����$6%�
WRWDOV�����KRUVHSRZHU��'XULQJ�WKH�WHVW�SHULRG��DQ�DYHUDJH�����KS�ZDV�XVHG��

$W�WKH�EHJLQQLQJ�RI�WKH�VHFRQG�]RQH�LQ�WKH�QR����$6%��DSSUR[LPDWHO\���0*'�RI�ZDVWHZDWHU�LV�
UHFLUFXODWHG�EDFN�WR�WKH�QR����$6%��7KXV��WKH�WRWDO�ZDVWHZDWHU�IORZ�WKURXJK�WKH�QR����$6%�LV�
DSSUR[LPDWHO\����0*'��7KH�UHFLUFXODWHG�IORZ�HQWHUV�WKH�QR����$6%�LQ�WKH�VDPH�JHQHUDO�YLFLQLW\�DV�WKH�
LQIOXHQW���

:DVWHZDWHU�H[LWV�WKH�QR����$6%�RYHU�D�ZHLU�DQG�HQWHUV�WKH������DFUH�UHWHQWLRQ�SRQG�DW�D�IORZ�UDWH�RI�
DSSUR[LPDWHO\����0*'��7KH�UHWHQWLRQ�SRQG�LV�GLYLGHG�LQWR�IRXU�]RQHV�E\�WZR�HDUWKHQ�GLNHV��)ORZ�LV�
SDUDOOHO�LQ�WKH�ILUVW�WZR�]RQHV�DQG�VHULDO�LQ�WKH�ODVW�WZR�]RQHV��'XULQJ�WLPHV�RI�KLJK�ZDWHU��WKH�VHFRQG�GLNH�
LV�VKRUW�FLUFXLWHG��(IIOXHQW�IURP�WKH�UHWHQWLRQ�SRQG�HQWHUV�WKH�HIIOXHQW�FDQDO�EHIRUH�ILQDO�GLVFKDUJH�WR�WKH�
ULYHU��7KH�GLVFKDUJH�FDQDO�KDV����KRUVHSRZHU�RI�VXUIDFH�DHUDWLRQ�DQG�D�VLGH�VWUHDP�R[\JHQDWLRQ�V\VWHP��

6XPPDUL]HG�PLOO�DQG�::73�SURFHVV�RSHUDWLQJ�LQIRUPDWLRQ�LV�FRQWDLQHG�LQ�7DEOH������
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 ��6DPSOH�/RFDWLRQ

)LJXUH�������6XUIDFH�/LTXLG�6DPSOLQJ�/RFDWLRQV�IRU�WKH�1R����$6%�DW�0LOO�'�
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7DEOH������6XPPDU\�3URFHVV�2SHUDWLQJ�,QIRUPDWLRQ��0LOO�'�

� 3XOS� $ONDOLQH� $FLG� &RPELQHG� � � � � �
� 3URGXFWLRQ� 6HZHU� 6HZHU� 6HZHU� 1R����$6%�,QIOXHQW� � 1R����$6%�(IIOXHQW�
� 5DWH��� )ORZ�� )ORZ�� )ORZ�� %2'�� 766�� � %2'�� 766��
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���������� ����� ����� ���� ����� 1$� 1$� � 1$� 1$�

1$� �1RW�$YDLODEOH� � � �
)URP�WKH���GD\�%2'�WHVW� � � �

���� 6FUHHQLQJ�6WXG\�5HVXOWV��0LOO�'�

7KH�-HURPH�+�6�DQDO\]HU�VFUHHQLQJ�VWXG\�UHVXOWV�IRU�0LOO�'�DUH�VXPPDUL]HG�LQ�7DEOH������7KHVH�UHVXOWV�
LQGLFDWH�WKDW�WKH�VLJQLILFDQW�VRXUFHV�RI�UHGXFHG�VXOIXU�FRPSRXQG�HPLVVLRQV�DUH�WKH�SULPDU\�FODULILHU�DQG�
QR����$6%��7KH�QR����$6%�DQG�WKH�SRVW�DHUDWLRQ�UHWHQWLRQ�SRQG�ZHUH�QRW�VLJQLILFDQW�HPLWWHUV�RI�UHGXFHG�
VXOIXU�FRPSRXQGV��1R�FDQLVWHU�VDPSOLQJ�ZDV�FDUULHG�RXW�GXULQJ�WKH�VFUHHQLQJ�VWXG\��
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1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW�

���� (PLVVLRQV�0HDVXUHPHQW�DQG�/LTXLG�6DPSOLQJ�5HVXOWV��0LOO�'�

$W�0LOO�'��HPLVVLRQ�WHVWLQJ�ZLWK�DVVRFLDWHG�OLTXLG�VDPSOLQJ�ZDV�FRQGXFWHG�DW�WKH�SULPDU\�FODULILHU��QR����
$6%�DQG�WKH�DFLG�VHZHU�YHQW��7KH�HPLVVLRQ�UDWHV�GHWHUPLQHG�IURP�WKDW�WHVWLQJ�DUH�VXPPDUL]HG�LQ�7DEOH�
�����0HWHRURORJLFDO�DQG�56&�FRQFHQWUDWLRQ�GDWD�DVVRFLDWHG�ZLWK�WKH�HPLVVLRQV�WHVWV�DUH�VXPPDUL]HG�LQ�
7DEOH������

$V�VKRZQ�RQ�)LJXUH������OLTXLG�VDPSOLQJ�ZDV�FRQGXFWHG�DW�WKH�SULPDU\�FODULILHU�LQOHW�DQG�RXWOHW��DFLG�
VHZHU��DQG�WKH�QR����$6%�LQOHW�DQG�RXWOHW��6XUIDFH�OLTXLG�VDPSOHV��RQH�IRRW�EHORZ�WKH�VXUIDFH��ZHUH�
FROOHFWHG�IURP�WKH�SULPDU\�FODULILHU�DQG�WKH�QR����$6%��)LJXUH�����LV�D�VFKHPDWLF�GLDJUDP�VKRZLQJ�WKH�
WKUHH�VXUIDFH�OLTXLG�VDPSOLQJ�ORFDWLRQV�IRU�SULPDU\�FODULILHUV��7KH�VXUIDFH�OLTXLG�VDPSOLQJ�ORFDWLRQV�IRU�
WKH�QR����$6%�DUH�VKRZQ�LQ�)LJXUH������7KH�UHVXOWV�RI�OLTXLG�VDPSOH�DQDO\VHV�DUH�VXPPDUL]HG�LQ�7DEOH�
�����7KH�YDOXHV�LQ�7DEOH�����UHSUHVHQW�WKH�DYHUDJH�YDOXHV�RI�PXOWLSOH�VDPSOHV��

7KH�YDOXHV�RI�WKH�DYHUDJH�SK\VLFDO�FKHPLFDO�SDUDPHWHU�GDWD�DVVRFLDWHG�ZLWK�OLTXLG�VDPSOH�FROOHFWLRQ�DUH�
VXPPDUL]HG�LQ�7DEOH������$W�WKH�SULPDU\�FODULILHU�DQG�WKH�QR����$6%��SK\VLFDO�FKHPLFDO�SDUDPHWHU�GDWD�
DVVRFLDWHG�ZLWK�VXUIDFH�OLTXLG�VDPSOH�FROOHFWLRQ�ZHUH�REWDLQHG�DW�WZR�DGGLWLRQDO�GHSWKV��ZKLFK�ZHUH�RQH�
IRRW�DERYH�WKH�ERWWRP�DQG�PLGZD\�EHWZHHQ�WKH�VXUIDFH�DQG�ERWWRP��

)RU�WKH�ILYH�WHVW�UXQV�RQ�WKH�SULPDU\�FODULILHU��K\GURJHQ�VXOILGH��PHWK\O�PHUFDSWDQ��GLPHWK\O�VXOILGH��DQG�
GLPHWK\O�GLVXOILGH�HPLVVLRQV�DYHUDJHG�������������������DQG�����J�V��UHVSHFWLYHO\��$OO�IRXU�RI�WKHVH�
FRPSRXQGV�ZHUH�DOVR�GHWHFWHG�DW�VLJQLILFDQW�OHYHOV�LQ�DOO�RI�WKH�OLTXLG�VDPSOHV�DVVRFLDWHG�ZLWK�WKH�SULPDU\�
FODULILHU��GHVSLWH�WKH�IDFW�WKDW�0LOO�'�XWLOL]HV�D�FRQGHQVDWH�VWHDP�VWULSSHU��0HWKDQH�HPLVVLRQV�IURP�WKH�
FODULILHU�DYHUDJHG�����J�V��,Q�7DEOH������WKH�PHWKDQH�HPLVVLRQV�IURP�WKH�SULPDU\�FODULILHU�DUH�WDEXODWHG�
DORQJ�ZLWK�WKH�PHDVXUHG�72&�UHPRYDO�DFURVV�WKH�FODULILHU��

)RU�WKH����WHVW�UXQV�RQ�WKH�QR����$6%��K\GURJHQ�VXOILGH��PHWK\O�PHUFDSWDQ��GLPHWK\O�VXOILGH��DQG�
GLPHWK\O�GLVXOILGH�HPLVVLRQV�DYHUDJHG���������������DQG�����J�V��UHVSHFWLYHO\��0HWKDQH�HPLVVLRQV�DYHUDJHG�
����J�V��7KH�VDPSOH�SDWK�XVHG�IRU�WHVW�UXQ�QRV����WKURXJK���LQFOXGHG�HPLVVLRQV�IURP�WKH�SULPDU\�FODULILHU��
WKHUHIRUH��WKH�DYHUDJH�PHDVXUHG�SULPDU\�FODULILHU�HPLVVLRQV�ZHUH�VXEWUDFWHG�IURP�WKH�PHDVXUHG�WRWDO�
HPLVVLRQV�WR�FDOFXODWH�WKH�QR����$6%�HPLVVLRQV�IRU�WKRVH�UXQV��7KLV�DSSURDFK�LV�UHDVRQDEOH�VLQFH�WKH�
SULPDU\�FODULILHU�HPLVVLRQV�DUH�UHODWLYHO\�VPDOO�LQ�FRPSDULVRQ�WR�WKH�QR����$6%�HPLVVLRQV��

,Q�7DEOH������WKH�OLTXLG�PDWHULDO�EDODQFHV�IRU�WKH�UHGXFHG�VXOIXU�FRPSRXQGV�LQ�WKH�QR����$6%�DUH�
FRPSDUHG�WR�WKH�PHDVXUHG�HPLVVLRQV�RI�WKRVH�FRPSRXQGV��7KLV�FRPSDULVRQ�VKRZV�WKDW�PRVW�RI�WKH�
UHGXFHG�VXOIXU�FRPSRXQG�DLU�HPLVVLRQV�IURP�WKH�QR����$6%�ZHUH�QRW�DFFRXQWHG�IRU�LQ�WKH�OLTXLG�PDWHULDO�
EDODQFH��ZKLFK�LV�VLPSO\�WKH�56&�PDVV�LQSXW�DVVRFLDWHG�ZLWK�WKH�LQIOXHQW�PLQXV�WKH�56&�PDVV�RXWSXW�
DVVRFLDWHG�ZLWK�WKH�HIIOXHQW��7KHUHIRUH��WKLV�LQGLFDWHV�WKDW�DOO�IRXU�RI�WKH�UHGXFHG�VXOIXU�FRPSRXQGV�ZHUH�
EHLQJ�DQDHURELFDOO\�JHQHUDWHG�LQ�WKH�QR����$6%��,QVSHFWLRQ�RI�WKH�OLTXLG�VDPSOH�GDWD�LQ�7DEOHV�����DQG�����
VXSSRUWV�WKH�K\SRWKHVLV�RI�DQDHURELF�56&�JHQHUDWLRQ�LQ�WKH�QR����$6%��7KH�FRQFHQWUDWLRQ�GDWD�LQ�7DEOH�
����VKRZV�UHODWLYHO\�VWHDG\�56&�FRQFHQWUDWLRQV�IURP�]RQH���WKURXJK�WKH�QR����$6%�RXWOHW��7KLV�LV�LQ�
FRQWUDVW�WR�WKH�RWKHU�$6%V�LQ�WKLV�VWXG\�ZKHUH�56&�FRPSRXQG�GHVWUXFWLRQ��UDWKHU�WKDQ�JHQHUDWLRQ��ZDV�
LQGLFDWHG�IURP�WKH�PDWHULDO�EDODQFHV��DQG�LQ�ZKLFK�WKH�OLTXLG�56&�FRQFHQWUDWLRQV�GLPLQLVKHG�UDSLGO\�LQ�
WKH�$6%V�WR�WKH�SRLQW�WKDW�WKH\�ZHUH�JHQHUDOO\�QRQ�GHWHFW�DW�WKH�RXWOHW��$OVR��WKH�GLVVROYHG�R[\JHQ�GDWD�LQ�
7DEOH�����LQGLFDWHV�YHU\�ORZ�OHYHOV�DW�DOO�WKUHH�GHSWKV�LQ�DOO�IRXU�]RQHV��2WKHU�VWXGLHV�KDYH�VKRZQ�WKDW�DOO�
IRXU�RI�WKH�UHGXFHG�VXOIXU�FRPSRXQGV��K\GURJHQ�VXOILGH��PHWK\O�PHUFDSWDQ��GLPHWK\O�VXOILGH�DQG�
GLPHWK\O�GLVXOILGH��FDQ�EH�JHQHUDWHG�LQ�VHWWOHG�DQDHURELF�VOXGJH�VRLO�OD\HUV��'HYDL�DQG�'H/DXQH�������
+LJJLQV�HW�DO���������

7KH�PHWKDQH�HPLVVLRQV�IURP�WKH�$6%�DUH�WDEXODWHG�DORQJ�ZLWK�WKH�%2'�DQG�72&�UHPRYDO�UDWHV�LQ�7DEOH�
�����
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7HFKQLFDO�%XOOHWLQ�1R����� ��

1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW



��� 7HFKQLFDO�%XOOHWLQ�1R������

1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW�

7DEOH�������$YHUDJH�3K\VLFDO�&KHPLFDO�3DUDPHWHU�0HDVXUHPHQW�'DWD�$VVRFLDWHG�ZLWK�
/LTXLG�6DPSOH�&ROOHFWLRQ��0LOO�'�

� � 6SHFLILF� � �
� 'HSWK�� 7HPS��� &RQGXFWDQFH�� '2�� �

/RFDWLRQ� IW� &� P6�FP� PJ�/� S+�

3ULPDU\�&ODULILHU�,QOHW� �� ����� ����� ����� ����

3ULPDU\�&ODULILHU� �� ����� ����� ����� ����
� �� ����� ����� ����� ����
� ��� ����� ����� ����� ����

3ULPDU\�&ODULILHU�2XWOHW� �� ����� ����� ����� ����

$FLG�6HZHU� �� ����� ����� ����� ����

1R����$6%�,QOHW� �� ����� ����� ����� ����

1R����$6%��=RQH��� �� ����� ����� ����� ����
� ������ ����� ����� ����� ����
� �������� ����� ����� ����� ����

1R����$6%��=RQH��� �� ����� ����� ����� ����
� ������ ����� ����� ����� ����
� �������� ����� ����� ����� ����

1R����$6%��=RQH��� �� ����� ����� ����� ����
� ������ ����� ����� ����� ����
� �������� ����� ����� ����� ����

1R����$6%��=RQH��� �� ����� ����� ����� ����
� ������ ����� ����� ����� ����
� �������� ����� ����� ����� ����

1R����$6%�2XWOHW� �� ����� ����� ����� ����

$YHUDJH�RI�7KUHH�6XUIDFH�/LTXLG�6DPSOLQJ�/RFDWLRQV�
1$� �1RW�$YDLODEOH�
1'>[[[@� �QRQ�GHWHFW�ZLWK�[[[�HTXDO�WR�RQH�KDOI�RI�WKH�ORZHVW�FDOLEUDWLRQ�OLPLW�
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1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW�

7DEOH������0HWKDQH�(PLVVLRQV�DQG�WKH�72&�/LTXLG�0DWHULDO�%DODQFH�IRU�WKH�3ULPDU\�&ODULILHU��
DW�0LOO�'�

� � � � 0HWKDQH�
� ,QOHW�� 2XWOHW�� 5HPRYDO�� (PLVVLRQV��

'DWH� J�&�V� J�&�V� J�&�V� J�V�

���������� ������ ����� ����� ������

7DEOH�������$SSDUHQW�*HQHUDWLRQ�RI�56&�&RPSRXQGV�LQ�WKH�0LOO�'�1R����$6%�

� � � $SSDUHQW�
� � � � � $SSDUHQW� *HQHUDWLRQ�
� � � /LTXLG� $LU� *HQHUDWLRQ� 5DWH�DV���
� ,QIOXHQW�� (IIOXHQW�� %DODQFH�� (PLVVLRQV�� 5DWH� RI�,QSXW��

&RPSRXQG� J�V� J�V� J�V� J�V� J�V� ��

+�6� ����� ����� ����� ����� ����� ����

'06� ����� ����� ����� ����� ����� ����

00� ����� ����� ����� ����� ����� ����

'0'6� ����� ����� ����� ����� ����� ���

00���'0'6��DV�6�� ����� ����� ����� ����� ����� ����

WRWDO�VXOILGH�DV�VXOIXU�

7DEOH�������$6%�%2'�DQG�72&�/LTXLG�0DWHULDO�%DODQFH�DQG�0HWKDQH�(PLVVLRQV��0LOO�'�

� /LTXLG� � 0HWKDQH�
3DUDPHWHU� %DODQFH� 8QLWV� (PLVVLRQV��J�V�

72&� ����� J�&�V� �����

%2'� ������ J�V� �����

,QOHW�RXWOHW�GXULQJ�WKH�SHULRG�RI�HPLVVLRQV�WHVWLQJ��
)URP�WKH���GD\�%2'�WHVW��
,QOHW�RXWOHW�IRU�WKH����GD\�SHULRG�SULRU�WR�HPLVVLRQV�WHVWLQJ�
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1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW�

7DEOH���������)ORZ�DQG�&RQFHQWUDWLRQ�6XPPDU\�IRU�WKH�$FLG�6HZHU�9HQW��0LOO�'�

5XQ� 7HPS��� 0RLVWXUH�� )ORZ�� )ORZ�� 9HQW�&RQFHQWUDWLRQ��SSEY�
1R�� )� �� $&)0� '6&)0� +�6� 00� '06� '0'6�

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

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

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

���� 6285&(�'(6&5,37,21�$1'�5(68/76�2)�7(676�$7�0,//�(�

7HVWLQJ�ZDV�FRQGXFWHG�DW�WKH�0LOO�(�ZDVWHZDWHU�WUHDWPHQW�SODQW�GXULQJ�IRXU�VHSDUDWH�WLPH�SHULRGV��7KH�
ILUVW�WZR�SHULRGV�ZHUH�FRQVLGHUHG�WKH�3KDVH�,�6WXG\��7KH�WKLUG�SHULRG�ZDV�FRQVLGHUHG�WKH�3KDVH�,,�6WXG\��
DQG�WKH�IRXUWK�SHULRG�ZDV�FRQVLGHUHG�WKH�3KDVH�,,,�6WXG\��,Q�WKLV�UHSRUW��WKH�UHVXOWV�RI�WKH�3KDVH�,��,,��DQG�
,,,�6WXGLHV�DUH�SUHVHQWHG��7KH�UHVXOWV�RI�WKH�3KDVH�,�VWXG\�DUH�GHWDLOHG�LQ�RQH�WHVW�UHSRUW��1&$6,�����H���
ZKHUHDV�WKH�UHVXOWV�RI�WKH�3KDVH�,,�6WXG\�DUH�GHWDLOHG�LQ�DQRWKHU�WHVW�UHSRUW��1&$6,�����I���'HWDLOV�RI�WKH�
3KDVH�,,,�VWXG\�QRW�GLVFXVVHG�LQ�WKLV�VHFWLRQ�DUH�FRQWDLQHG�LQ�WKH�3KDVH�,,,�6WXG\�WHVW�UHSRUW��1&$6,�
����J���,Q�3KDVH�,��D�VFUHHQLQJ�VWXG\�ZDV�FRQGXFWHG�ZLWK�GDWD�FROOHFWLRQ�RQ�0DUFK���DQG�����������DQG�
HPLVVLRQV�PHDVXUHPHQW�WHVWLQJ�ZLWK�WKH�DVVRFLDWHG�OLTXLG�VDPSOH�FROOHFWLRQ�SURJUDP�ZDV�FRQGXFWHG�RQ�
$SULO����������������,Q�3KDVHV�,,�DQG�,,,��DGGLWLRQDO�HPLVVLRQV�PHDVXUHPHQW�WHVWLQJ�ZLWK�WKH�DVVRFLDWHG�
OLTXLG�VDPSOH�FROOHFWLRQ�SURJUDP�ZHUH�FRQGXFWHG�RQ�)HEUXDU\����±�0DUFK����������DQG�-XQH��������������
UHVSHFWLYHO\��

���� :DVWHZDWHU�7UHDWPHQW�3ODQW�'HVFULSWLRQ��0LOO�(�

7KH�NUDIW�SXOS�PLOO�DW�0LOO�(�KDV�D�WRWDO�SHUPLWWHG��XQEOHDFKHG�SXOS�SURGXFWLRQ�FDSDFLW\�RI�DSSUR[LPDWHO\�
��������RYHQ�GU\�WRQV�SHU�\HDU��RI�ZKLFK�DSSUR[LPDWHO\�����LV�VRIWZRRG�DQG�����LV�KDUGZRRG��
%OHDFKHG�SXOS�\LHOGV�IURP�XQEOHDFKHG�SURGXFWLRQ�UDQJH�EHWZHHQ����DQG������7KHUH�DUH�WZR�SXOSLQJ�
OLQHV�ZLWK�WZR�FRQWLQXRXV�GLJHVWHUV��7KH�EOHDFK�SODQWV�DVVRFLDWHG�ZLWK�WKH�WZR�SXOSLQJ�OLQHV�ERWK�XVH�2�

GHOLJQLILFDWLRQ��

$�UHF\FOHG�ILEHU�IDFLOLW\�ZDV�RSHUDWHG�DW�0LOO�(�XQWLO�)HEUXDU\�����������,W�ZDV�RSHUDWLQJ�GXULQJ�WKH�
VFUHHQLQJ�VWXG\�DQG�ILUVW�WHVW�SHULRG��0DUFK�DQG�$SULO��������EXW�QRW�GXULQJ�WKH�VHFRQG�DQG�WKLUG�WHVW�
SHULRGV��7KH�UHF\FOHG�ILEHU�IDFLOLW\�SURGXFHG�DSSUR[LPDWHO\������WRQV�SHU�GD\�RI�SXOS�IURP�ROG�
FRUUXJDWHG�FRQWDLQHUV��2&&���2QH�SDSHU�PDFKLQH�ZDV�DOVR�VKXW�GRZQ�ZKHQ�WKH�UHF\FOHG�ILEHU�IDFLOLW\�
FHDVHG�RSHUDWLRQV��7KHVH�FKDQJHV�UHVXOWHG�LQ�OHVV�SULPDU\�VOXGJH�JHQHUDWLRQ��VR�WKH�SULPDU\�VOXGJH�
GHZDWHULQJ�SODQW�RSHUDWLRQ�ZDV�UHGXFHG�IURP�FRQWLQXRXV�WR�RQO\�WKH�PRUQLQJ�DQG�HYHQLQJ�VKLIWV�����
KU�GD\��RQ�0RQGD\�WKURXJK�)ULGD\��

7KH�SDSHU�PLOO�DW�0LOO�(�FXUUHQWO\�SURGXFHV�DSSUR[LPDWHO\���������DLU�GULHG�WRQV�SHU�\HDU�RI�EOHDFKHG�
SDSHU��DQG�DSSUR[LPDWHO\���������DLU�GULHG�PHWULF�WRQV�SHU�\HDU�RI�IOXII�SXOS��7ZR�RI�WKUHH�RSHUDWLQJ�
SDSHU�PDFKLQHV�DW�WKLV�IDFLOLW\�SURGXFH�XQFRDWHG�IUHH�VKHHW��ILQH�SDSHU���DQG�RQH�PDFKLQH�SURGXFHV�IOXII�
SXOS��

7KH�ZDVWHZDWHU�WUHDWPHQW�SODQW�DW�0LOO�(�LV�FRPSULVHG�RI�D�VHULHV�RI�HDUWKHQ�SRQGV�DQG�EDVLQV��DV�VKRZQ�
LQ�)LJXUH������)LJXUH�����VFKHPDWLFDOO\�GLDJUDPV�WKH�IORZ�VHTXHQFH�WKURXJK�WKH�::73�GXULQJ�WKH�3KDVH�,�
DQG�,,�SHULRGV��)LJXUH�����VKRZV�WKH�IORZ�VHTXHQFH�IRU�WKH�3KDVH�,,,�WHVW�SHULRG��,QOHW�RXWOHW�OLTXLG�
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1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW�

VDPSOLQJ�ORFDWLRQV�DUH�DOVR�VKRZQ�RQ�)LJXUHV�����DQG������3ULPDU\�WUHDWPHQW�LV�HIIHFWHG�WKURXJK�WKH�
URXWLQJ�RI�ZDVWHZDWHU�WKURXJK�WZR�VHUSHQWLQH�VHWWOLQJ�SRQGV��7KH�QR����VHWWOLQJ�SRQG�KDV�D�VXUIDFH�DUHD�RI�
�����DFUHV��DQG�WKH�QR����VHWWOLQJ�SRQG�KDV�D�VXUIDFH�DUHD�RI������DFUHV��$V�VKRZQ�LQ�)LJXUH������GXULQJ�WKH�
3KDVH�,�DQG�,,�WHVW�SHULRGV�HIIOXHQW�IURP�WKH�EOHDFK�SODQWV��SRZHU�DQG�UHFRYHU\��DQG�SDSHUPDNLQJ�DUHDV�
IORZHG�WR�WKH�LQOHW�RI�WKH�QR����VHWWOLQJ�SRQG�DW�D�UDWH�RI�DSSUR[LPDWHO\����0*'�GXULQJ�3KDVH�,�DQG����
0*'�GXULQJ�WKH�3KDVH�,,��$V�VKRZQ�LQ�)LJXUH������GXULQJ�WKH�3KDVH�,,,�WHVW�SHULRG��HIIOXHQW�IURP�WKH�
EOHDFK�SODQWV��SRZHU�DQG�UHFRYHU\��DQG�SDSHUPDNLQJ�DUHDV�E\SDVVHG�WKH�QR����VHWWOLQJ�SRQG�DQG�IORZHG�WR�
WKH�LQOHW�RI�WKH�QR����VHWWOLQJ�SRQG�DW�D�IORZ�UDWH�RI�DSSUR[LPDWHO\����0*'��$GGLWLRQDOO\��D�PLQRU�VWUHDP�
RI�ZDVWHZDWHU�IURP�VHFRQGDU\�VOXGJH�GHZDWHULQJ�DQG�OHDFKDWH�IURP�WKH�ODQGILOOHG�VHFRQGDU\�VOXGJH�HQWHUV�
QHDU�WKH�HQG�RI�WKH�QR����VHWWOLQJ�SRQG�DW�D�IORZ�UDWH�RI�OHVV�WKDQ���0*'��$V�VKRZQ�LQ�)LJXUHV�����DQG������
GXULQJ�WKH�3KDVH�,�WHVW�SHULRG�FRPELQHG�HIIOXHQW�IURP�SULPDU\�VOXGJH�GHZDWHULQJ�DQG�WKH�2&&�ILEHU�
UHF\FOLQJ�IDFLOLW\�IORZHG�WR�WKH�LQOHW�RI�WKH�QR����VHWWOLQJ�SRQG�DW�DQ�HVWLPDWHG�UDWH�RI�OHVV�WKDQ���0*'��
%HWZHHQ�WKH�3KDVH�,�DQG�,,�WHVW�SHULRGV��WKH�2&&�UHF\FOLQJ�IDFLOLW\�ZDV�VKXW�GRZQ��WKHUHIRUH��GXULQJ�WKH�
3KDVH�,,�DQG�,,,�WHVW�SHULRGV�WKLV�PLQRU�VWUHDP�IORZLQJ�WR�WKH�LQOHW�RI�WKH�QR����VHWWOLQJ�SRQG�RQO\�
FRQWDLQHG�HIIOXHQW�IURP�SULPDU\�VOXGJH�GHZDWHULQJ��(IIOXHQW�IURP�WKH�ILEHUOLQHV��ZLWK�D�IORZ�UDWH�RI�
DSSUR[LPDWHO\���0*'��HQWHUHG�WKH�QR����VHWWOLQJ�SRQG�DW�D�SRLQW�DSSUR[LPDWHO\�KDOIZD\�WKURXJK�WKH�
SRQG��

7KH�HIIOXHQW�IURP�WKH�QRV����DQG�RU���VHWWOLQJ�SRQGV�LV�FRPELQHG�DQG�IORZV�WR�WKH�$6%�YLD�DQ�RSHQ�FDQDO�
ZKLFK�FRQWDLQV�D�3DUVKDOO�IOXPH��$W�WKH�HQG�RI�WKH�RSHQ�FDQDO�LV�WKH�QR����OLIW�VWDWLRQ�IURP�ZKLFK�WKH�
ZDVWHZDWHU�LV�SXPSHG�LQWR�WKH�$6%��)LJXUH�����VKRZV�WKH�ORFDWLRQ�RI�WKH�IOXPH�DUHD�ZLWKLQ�WKH�::73��
$V�VKRZQ�LQ�)LJXUHV�����DQG������IORZ��ZKLFK�DYHUDJHG�DSSUR[LPDWHO\����0*'�GXULQJ�WKH�3KDVH�,�WHVW�
SHULRG��DQG����0*'�GXULQJ�WKH�3KDVH�,,�DQG�,,�WHVWV�SHULRGV��ZDV�SXPSHG�WR�WKH�DSSUR[LPDWHO\����DFUH�
DHUDWLRQ�EDVLQ��ZKLFK�LV�FXUWDLQHG�LQWR�WKUHH�FHOOV�LQ�VHULHV��'XULQJ�WKH�3KDVH�,�DQG�,,�WHVW�SHULRGV��VXUIDFH�
DHUDWLRQ�WRWDOHG������KRUVHSRZHU�ZLWK�����+3�LQ�]RQH���������+3�LQ�]RQH����DQG������+3�LQ�]RQH����
'XULQJ�WKH�3KDVH�,,,�WHVW�SHULRG��VXUIDFH�DHUDWLRQ�WRWDOHG������KRUVHSRZHU�ZLWK�WKH�����+3�LQ�]RQH��������
+3�LQ�]RQH����DQG�����+3�LQ�]RQH����

:DVWHZDWHU�IORZV�IURP�WKH�$6%�WR�WKH����DFUH�QR����UHWHQWLRQ�SRQG��DQG�WKHQ�WKURXJK�WKH�VHUSHQWLQH�����
DFUH�QR����UHWHQWLRQ�SRQG��)ROORZLQJ�WKH�QR����UHWHQWLRQ�SRQG��WKH�ZDVWHZDWHU�IORZV�WKURXJK�D�SROLVKLQJ�
FDQDO�ZLWK�DGGLWLRQDO�LQVWDOOHG�DHUDWLRQ�EHIRUH�LW�LV�GLVFKDUJHG�WR�WKH�ULYHU��

6XPPDUL]HG�PLOO�DQG�::73�SURFHVV�RSHUDWLQJ�LQIRUPDWLRQ�LV�FRQWDLQHG�LQ�7DEOH������)LJXUH�����VKRZV�
WKH�IORZ�FRQILJXUDWLRQ�DQG�WKH�LQ�EDVLQ�OLTXLG�VDPSOLQJ�ORFDWLRQV�IRU�WKH�QR����VHWWOLQJ�SRQG�GXULQJ�WKH�
3KDVH�,�DQG�,,�WHVW�SHULRGV��)LJXUHV�����DQG�����VKRZ�WKH�IORZ�FRQILJXUDWLRQV�DQG�LQ�EDVLQ�OLTXLG�VDPSOLQJ�
ORFDWLRQV�XVHG�GXULQJ�WKH�3KDVH�,�DQG�,,�WHVW�SHULRGV�IRU�WKH�QR����VHWWOLQJ�SRQG�DQG�$6%��UHVSHFWLYHO\��
)LJXUHV�����DQG�����DUH�VLPLODU�UHSUHVHQWDWLRQV�IRU�WKH�3KDVH�,,,�WHVW�SHULRG��$V�VKRZQ�LQ�)LJXUH������
GXULQJ�WKH�3KDVH�,,,�WHVW�SHULRG��ODUJH�SRUWLRQV�RI�WKH�QR����VHWWOLQJ�SRQG�ZHUH�FRYHUHG�E\�D�KDUG��GU\�OD\HU�
RI�ILEURXV�PDWHULDO�ZKLFK�RULJLQDWHG�IURP�WKH�ILEHUOLQH�VHZHU��
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��� 7HFKQLFDO�%XOOHWLQ�1R������

1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW�

���� (PLVVLRQV�0HDVXUHPHQW�DQG�/LTXLG�6DPSOLQJ�5HVXOWV��0LOO�(�

)ROORZLQJ�WKH�VFUHHQLQJ�VWXG\�DW�0LOO�(��DLU�HPLVVLRQV�WHVWLQJ�DQG�DVVRFLDWHG�OLTXLG�VDPSOLQJ�ZHUH�
FRQGXFWHG�LQ�WKUHH�SKDVHV�DW�WKH�QR����DQG�QR����VHWWOLQJ�SRQGV��WKH�$6%��DQG�WKH�IOXPH�DQG�FDQDO�DUHD�
EHWZHHQ�WKH�VHWWOLQJ�SRQGV�DQG�$6%��

)RU�WKH�3KDVH�,,,�VWXG\��ZKLFK�ZDV�FRQGXFWHG�RQ�-XQH����DQG����RI�������-HURPH�DQDO\]HU�JURXQG�
OHYHO�+�6�FRQFHQWUDWLRQ�PHDVXUHPHQWV�ZHUH�PDGH�ZLWK�WKH�LQWHQWLRQ�RI�XVLQJ�WKDW�GDWD�WR�HVWLPDWH�
HPLVVLRQ�UDWHV��7KH�LQIRUPDWLRQ�UHTXLUHG�WR�FDOFXODWH�D�VRXUFH�HPLVVLRQ�UDWH�IURP�WKH�VSDWLDO�DPELHQW�
DLU�VDPSOLQJ�WHFKQLTXH�XVHG�LQ�WKLV�VWXG\�LQFOXGHV�PHWHRURORJLFDO�GDWD��JHRJUDSKLFDO�GDWD��
KRUL]RQWDOO\�LQWHJUDWHG�JURXQG�OHYHO�FRQFHQWUDWLRQV�DQG�KRUL]RQWDOO\�LQWHJUDWHG�YHUWLFDO�FRQFHQWUDWLRQ�
SURILOH�GDWD��7KH�PHWHRURORJLFDO�GDWD�DQG�JHRJUDSKLFDO�GDWD�ZHUH�REWDLQHG�IURP�D�SRUWDEOH�
PHWHRURORJLFDO�VWDWLRQ�DQG�D�VLWH�SODQ�LQ�D�IDVKLRQ�VLPLODU�WR�ZKDW�ZDV�XVHG�IRU�DOO�RI�WKH�RWKHU�
HPLVVLRQ�UDWH�FDOFXODWLRQV�LQ�WKLV�VWXG\��7KH�IROORZLQJ�GLVFXVVLRQ�GHVFULEHV�WKH�PDQQHU�E\�ZKLFK�
HVWLPDWHV�ZHUH�REWDLQHG�IRU�WKH�KRUL]RQWDO�DQG�YHUWLFDO�FRQFHQWUDWLRQ�SURILOHV�VR�WKDW�HPLVVLRQ�UDWHV�
FRXOG�EH�FDOFXODWHG�IRU�WKH�3KDVH�,,,�VWXG\��

$OWKRXJK�WKH�-HURPH�DQDO\]HU�GLG�QRW�GLUHFWO\�SURYLGH�KRUL]RQWDOO\�LQWHJUDWHG�JURXQG�OHYHO�+�6�
FRQFHQWUDWLRQ�GDWD��LW�GLG�SURYLGH�HQRXJK�LQIRUPDWLRQ�WR�PDNH�UHDVRQDEOH�HVWLPDWHV��$V�GLVFXVVHG�LQ�
6HFWLRQ����WKH�-HURPH�DQDO\]HU�KDV�EHHQ�VKRZQ�WR�\LHOG�DFFXUDWH��OLQHDU�UHVSRQVHV�WR�+�6�FKDOOHQJH�
JDVHV�DW�WKH�FRQFHQWUDWLRQ�OHYHOV�IRXQG�GRZQZLQG�RI�NUDIW�PLOO�::73V��1&$6,�IRUWKFRPLQJ���,I�
RWKHU�UHGXFHG�VXOIXU�FRPSRXQGV�DUH�SUHVHQW�LQ�WKH�DPELHQW�DLU��WKHLU�SUHVHQFH�ZLOO�UHVXOW�LQ�D�SRVLWLYH�
ELDV�RI�WKH�-HURPH�DQDO\]HU�PHDVXUHPHQW��+RZHYHU��H[WHQVLYH�VSDWLDO�DPELHQW�DLU�DQG�OLTXLG�WHVWLQJ�
IRU�UHGXFHG�VXOIXU�FRPSRXQG�FRQFHQWUDWLRQV�LQGLFDWHG�WKDW�+�6�ZDV�WKH�RQO\�UHGXFHG�VXOIXU�
FRPSRXQG�IRXQG�FRQVLVWHQWO\�LQ�WKH�YLFLQLW\�RI�WKLV�::73��$GGLWLRQDOO\��-HURPH�DQDO\]HU�
PHDVXUHPHQWV�FRQFXUUHQW�ZLWK�FROOHFWLRQ�RI�FDQLVWHU�VDPSOHV�IRU�JDV�FKURPDWRJUDSKLF�DQDO\VLV�DW�WKLV�
::73�LQ�������1&$6,�IRUWKFRPLQJ��VKRZHG�YHU\�JRRG�FRPSDULVRQ�EHWZHHQ�WKH�PHWKRGV�IRU�
VDPSOHV�FROOHFWHG�GRZQZLQG�IURP�DOO�WKUHH�EDVLQV��QRV����DQG���VHWWOLQJ�SRQGV��DQG�$6%���

7KH�DYHUDJH�-HURPH�UHVSRQVHV�IURP�WKH�GRZQZLQG�VDPSOLQJ�ORFDWLRQV�ZHUH�XVHG�WR�HVWLPDWH�WKH�
KRUL]RQWDOO\�LQWHJUDWHG�JURXQG�OHYHO�GRZQZLQG�FRQFHQWUDWLRQ��7R�JHQHUDWH�JURXQG�OHYHO�FURVVZLQG�
SDWK�DYHUDJHG�GRZQZLQG�+�6�FRQFHQWUDWLRQV�IRU�XVH�DV�&R�YDOXHV�LQ�WKH�HPLVVLRQ�UDWH�FDOFXODWLRQ�
HTXDWLRQ��WKH�PHDVXUHG�FRQFHQWUDWLRQV�ZHUH�DGMXVWHG�LQ�WKH�DYHUDJH�FDOFXODWLRQ�SURSRUWLRQDO�WR�WKHLU�
VSDFLQJ�DFURVV�WKH�FURVVZLQG�VDPSOH�SDWK��:���7KLV�\LHOGV�DYHUDJH�YDOXHV�VLPLODU�WR�ZKDW�ZRXOG�KDYH�
EHHQ�REWDLQHG�IURP�JURXQG�OHYHO�LQWHJUDWHG�FDQLVWHU�VDPSOLQJ��7KHVH�³SVHXGR�LQWHJUDWHG´�GRZQZLQG�
JURXQG�OHYHO�FRQFHQWUDWLRQV�DUH�VKRZQ�LQ�7DEOH������

7KH�RWKHU�UHTXLUHPHQW�IRU�WKH�HPLVVLRQ�UDWH�FDOFXODWLRQ�LV�WKH�YHUWLFDO�FRQFHQWUDWLRQ�GLVWULEXWLRQ��
9HUWLFDO�FRQFHQWUDWLRQ�SURILOHV�GHYHORSHG�IURP�SUHYLRXV�WHVWLQJ�GXULQJ�WKLV�VWXG\�ZHUH�H[DPLQHG��7KH�
H[SRQHQW�E��ZKLFK�JRYHUQV�WKH�FRQFHQWUDWLRQ�SURILOH��H[KLELWHG�D�YHU\�ZLGH�UDQJH��9DOXHV�ZHUH�
HVSHFLDOO\�YDULDEOH�IRU�XQVWDEOH�FRQGLWLRQV��3DVTXLOO�*LOIRUG�FDWHJRULHV�$�DQG�%���,I�RQO\�E�YDOXHV�
GHULYHG�IRU�3�*�FDWHJRULHV�&��'��DQG�(�ZHUH�FRQVLGHUHG��WKH�UDQJH�ZDV�PXFK�QDUURZHU��)RU�VWDELOLW\�
FODVVHV�&��'��DQG�(��WKHUH�ZHUH����WHVW�UXQV��IRU����GLIIHUHQW�VRXUFHV�DW�ILYH�::73V��)RU�WKHVH����
UXQV��WKH�E�H[SRQHQW�DYHUDJHG�����ZLWK�D�VWDQGDUG�GHYLDWLRQ�RI������7KHUHIRUH��D�GHFLVLRQ�ZDV�PDGH�WR�
XVH�D�E�H[SRQHQW�RI�����LQ�HPLVVLRQ�UDWH�FDOFXODWLRQV�IRU�WKH�&�WKURXJK�(�VWDELOLW\�FODVVHV��(PLVVLRQ�
UDWHV�ZHUH�DOVR�FDOFXODWHG�ZLWK�E�H[SRQHQWV�SOXV�DQG�PLQXV�RQH�VWDQGDUG�GHYLDWLRQ������DQG������DV�DQ�
LQGLFDWLRQ�RI�WKH�XQFHUWDLQW\�LQ�WKHVH�HPLVVLRQ�HVWLPDWHV��7KH�EDU�FKDUW��)LJXUH������VKRZV�WKH�
HVWLPDWHG�HPLVVLRQ�UDWHV��IRU�HDFK�WHVW�UXQ�DW�WKH�WKUHH�VRXUFHV��IRU�WKH�WKUHH�GLIIHUHQW�E�YDOXHV��7KH�
FRPSXWHG�HPLVVLRQ�UDWHV�DUH�SURYLGHG�LQ�7DEOH������

7KH�HPLVVLRQ�UDWHV�GHWHUPLQHG�IURP�DOO�WKUHH�SKDVHV�DUH�VXPPDUL]HG�LQ�7DEOH������0HWHRURORJLFDO�DQG�
56&�FRQFHQWUDWLRQ�GDWD�DVVRFLDWHG�ZLWK�WKH�HPLVVLRQV�WHVWV�DUH�VXPPDUL]HG�LQ�7DEOH������
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7KH�OLTXLG�VDPSOH�FROOHFWLRQ�ORFDWLRQV�DW�0LOO�(�DUH�VKRZQ�LQ�)LJXUH������6DPSOHV�ZHUH�FROOHFWHG�DW�
WKH�LQOHW�DQG�RXWOHW�RI�WKH�QR����VHWWOLQJ�SRQG��7KH�QR����VHWWOLQJ�SRQG�KDG�WZR�LQOHW�VWUHDPV�DQG�RQH�
RXWOHW�VWUHDP��7KH�WZR�LQOHW�VWUHDPV�LQFOXGHG����D�VWUHDP��ZLWK�GLIIHULQJ�FRPSRVLWLRQ�IRU�HDFK�WHVW�
SHULRG��ZKLFK�HQWHUHG�DW�WKH�EHJLQQLQJ�RI�WKH�SRQG��DQG����HIIOXHQW�IURP�WKH�ILEHU�OLQH�VHZHU��ZKLFK�
HQWHUHG�DSSUR[LPDWHO\�PLGZD\�WKURXJK�WKH�SRQG��6DPSOHV�ZHUH�FROOHFWHG�DW�DOO�RI�WKH�VHWWOLQJ�SRQG�
LQOHW�RXWOHW�ORFDWLRQV��$W�WKH�$6%��VDPSOHV�ZHUH�FROOHFWHG�DW�ERWK�WKH�LQOHW�DQG�RXWOHW��6XUIDFH�OLTXLG�
VDPSOHV��RQH�IRRW�EHORZ�WKH�VXUIDFH��ZHUH�FROOHFWHG�IURP�IRXU�ORFDWLRQV�LQ�HDFK�RI�WKH�WKUHH�EDVLQV��DV�
VKRZQ�LQ�)LJXUHV�����WKURXJK������7KH�UHVXOWV�RI�DQDO\VLV�RI�WKHVH�VDPSOHV�DUH�LQ�7DEOHV�����WKURXJK�
������7KHVH�UHVXOWV�DUH�DYHUDJH�YDOXHV�IRU�PXOWLSOH�VDPSOHV��

7KH�DYHUDJH�YDOXHV�RI�WKH�SK\VLFDO�FKHPLFDO�SDUDPHWHU�GDWD�JDWKHUHG�IRU�WKH�OLTXLG�VDPSOHV�FROOHFWHG�
GXULQJ�WKH�VWXG\�DUH�VXPPDUL]HG�LQ�7DEOHV������WKURXJK������IRU�WKH�QR����VHWWOLQJ�SRQG��QR����VHWWOLQJ�
SRQG�DQG�WKH�$6%��3K\VLFDO�FKHPLFDO�SDUDPHWHU�GDWD�DVVRFLDWHG�ZLWK�OLTXLG�VDPSOH�FROOHFWLRQ�ZHUH�
REWDLQHG�DW�RQH�RU�WZR�DGGLWLRQDO�GHSWKV��GHSHQGLQJ�RQ�WKH�GHSWK�RI�WKH�SRQG�DW�WKH�VDPSOLQJ�ORFDWLRQ��
7KH�ORZHVW�GHSWK�ZDV�DOZD\V�RQH�IRRW�DERYH�WKH�ERWWRP��DQG��LI�DQ�LQWHUPHGLDWH�GHSWK�ZDV�XVHG��WKHQ�
LW�ZDV�DOZD\V�PLGZD\�EHWZHHQ�WKH�VXUIDFH�DQG�WKH�ERWWRP��

(PLVVLRQ�WHVWLQJ�ZDV�FRQGXFWHG�DW�WKH�QR����VHWWOLQJ�SRQG��ZKLOH�LW�ZDV�RQ�OLQH�ZLWK�WKH�PDLQ�PLOO�
VHZHU�IORZLQJ�WKURXJK�LW��RQ�WKUHH�VHSDUDWH�GD\V��$SULO�����������$SULO����������DQG�0DUFK�����������
([FHSW�IRU�UXQ�QR����FRQGXFWHG�RQ�$SULO�����������WKH�HPLVVLRQV�RI�DOO�RI�WKH�RUJDQLF�UHGXFHG�VXOIXU�
FRPSRXQGV�ZHUH�QRQ�GHWHFW��,Q�UXQ�QR�����DQ�HPLVVLRQ�UDWH�RI�����J�V�ZDV�FDOFXODWHG�IRU�'0'6��
2YHUDOO��IRU�DOO���UXQV��WKH�DYHUDJH�PHWKDQH�HPLVVLRQV�ZHUH����J�V��LQGLFDWLQJ�VLJQLILFDQW�DQDHURELF�
ELRORJLFDO�DFWLYLW\��)RU�UXQ�QRV����DQG���FRQGXFWHG�RQ�$SULO�����������WKH�DYHUDJH�+�6�HPLVVLRQV�ZHUH�
����J�V��)RU�UXQ�QRV�������DQG���FRQGXFWHG�RQ�$SULO�����������WKH�DYHUDJH�+�6�HPLVVLRQV�ZHUH������
J�V��)RU�UXQ�QRV�������DQG���FRQGXFWHG�RQ�0DUFK����������WKH�DYHUDJH�+�6�HPLVVLRQ�UDWH�ZDV�����J�V��

3DUDPHWHUV�LQIOXHQFLQJ�+�6�HPLVVLRQ�UDWHV�LQFOXGH�KRUL]RQWDO�ZLQG�YHORFLW\��VXUIDFH�OLTXLG�VXOILGH�
FRQFHQWUDWLRQ��S+��DQG�WKH�+HQU\¶V�/DZ�FRQVWDQW�DW�WKH�SUHYDLOLQJ�FRQGLWLRQV��7KH�DYHUDJH�ZLQG�
YHORFLWLHV�PHDVXUHG�DW����PHWHUV�HOHYDWLRQ�RQ�$SULO�����������$SULO����������DQG�0DUFK���������ZHUH�
����P�V������P�V�DQG�����P�V��UHVSHFWLYHO\��/LTXLG�WR�JDV�SKDVH�PDVV�WUDQVIHU�FRQVLGHUDWLRQV�VXJJHVW�
HPLVVLRQV�RI�+�6�IURP�ODUJH��VKDOORZ�TXLHVFHQW�EDVLQV�ZRXOG�LQFUHDVH�ZLWK�ZLQG�YHORFLW\��86(3$�
�������$FFRUGLQJ�WR�6SULQJHU��HPLVVLRQ�UDWHV�EHJLQ�WR�VWHHSO\�LQFUHDVH�RQFH�ZLQG�VSHHGV�H[FHHG������
P�V�DW�D����P�KHLJKW��%DVHG�RQ�ZLQG�YHORFLW\�DORQH��KLJKHU�HPLVVLRQV�ZRXOG�KDYH�EHHQ�H[SHFWHG�RQ�
$SULO����������WKDQ�RQ�$SULO�����������KRZHYHU��RQ��������$SULO����������WKH�LQ�EDVLQ�OLTXLG�WRWDO�
VXOILGH�FRQFHQWUDWLRQ�ZDV�ORZHU��DQG�WKH�DYHUDJH�LQ�EDVLQ�S+�ZDV�KLJKHU��7RJHWKHU��WKHVH�WZR�
SDUDPHWHUV�ZRXOG�FDXVH�ORZHU�DTXHRXV�IUHH�+�6�FRQFHQWUDWLRQV��LPSO\LQJ�ORZHU�+�6�HPLVVLRQV�WR�WKH�
DWPRVSKHUH��2Q�$SULO�����������WKH�DYHUDJH�LQ�EDVLQ�WRWDO�VXOILGH�FRQFHQWUDWLRQ�DQG�S+�YDOXHV�ZHUH�
����PJ�/�DQG�������UHVSHFWLYHO\��ZKHUHDV�RQ���������WKH\�ZHUH�����PJ�/�DQG�������UHVSHFWLYHO\��7KH�
FRQFHQWUDWLRQ�GLIIHUHQFH��DV�PHDVXUHG�E\�WKH�VXOILGH�LRQ�GHWHFWRU�WXEHV��ZDV�HYHQ�JUHDWHU�ZLWK�DYHUDJH�
FRQFHQWUDWLRQV�RI�����PJ�/�DQG�����PJ�/�RQ�$SULO����������DQG����������UHVSHFWLYHO\��

+�6�LV�D�ZHDN�DFLG�WKDW�GLVVRFLDWHV�LQ�ZDWHU�DFFRUGLQJ�WR�WKH�IROORZLQJ�IRUPXOD��5\GKROP��������

S.D ��� S.D ���� �
�+ 6 + +6 + 6 � � � � �������(TXDWLRQ�����
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7KH�WRWDO�VXOILGH�PHDVXUHPHQW��DV�GLVFXVVHG�LQ�6HFWLRQ����LV�EHOLHYHG�WR�PHDVXUH�DOO�IUHHO\�GLVVROYHG�
VXOILGH��+6����SOXV�VXOILGH�WKDW�LV�ZHDNO\�DVVRFLDWHG�ZLWK�GLVVROYHG�RUJDQLF�PDWWHU�RU�FHUWDLQ�WUDQVLWLRQ�
PHWDOV��7KHUHIRUH��WKH�LQ�EDVLQ�S+�PXVW�EH�FRQVLGHUHG�WR�HVWLPDWH�WKH�FRQFHQWUDWLRQ�RI�XQGLVVRFLDWHG�
+�6�LQ�WKH�ZDVWHZDWHU��7KH�DFLG�GLVVRFLDWLRQ�FRQVWDQWV�VKRZQ�DERYH�DUH�IRU�+�6�LQ�SXUH�ZDWHU��.UDIW�
SXOS�DQG�SDSHU�PLOO�ZDVWHZDWHU�LV�D�YHU\�FRPSOH[�DTXHRXV�VROXWLRQ�RI�LQRUJDQLF�DQG�RUJDQLF�
FRPSRXQGV��WKXV��WKH�GLVVRFLDWLRQ�FRQVWDQWV�VKRZQ�DERYH�PD\�QRW�SURYLGH�D�PHDQV�RI�DFFXUDWHO\�
HVWLPDWLQJ�OLTXLG�SKDVH�XQGLVVRFLDWHG�+�6�FRQFHQWUDWLRQV�IURP�WKH�WRWDO�VXOILGH�PHDVXUHPHQWV��
+RZHYHU��LW�LV�XVHIXO�LQWHUSUHWLQJ�WUHQGV�LQ�PHDVXUHG�GDWD��L�H���LQFUHDVLQJ�WKH�S+�ZLOO�GHFUHDVH�WKH�
UDWLR�RI�+�6�WR�³WRWDO�VXOILGH�´�7KXV��HYHQ�WKRXJK�WKH�ZLQG�YHORFLW\�ZDV�KLJKHU�RQ�$SULO����������WKDQ�
RQ�$SULO�����������WKH�FRPELQDWLRQ�RI�ORZHU�LQ�EDVLQ�WRWDO�VXOILGH�FRQFHQWUDWLRQ�DQG�KLJKHU�S+�FRXOG�
H[SODLQ�WKH�ORZHU�HPLVVLRQ�UDWH�RQ�$SULO�����������

7KH�KLJKHVW�HPLVVLRQV�IURP�WKH�QR����VHWWOLQJ�SRQG��ZKLOH�LW�ZDV�RQ�OLQH�ZLWK�WKH�PDLQ�PLOO�VHZHU�
IORZLQJ�WKURXJK�LW��ZHUH�REVHUYHG�RQ�0DUFK����������LQ�FRQMXQFWLRQ�ZLWK�WKH�KLJKHVW�ZLQG�YHORFLW\�
DQG�KLJKHVW�LQ�EDVLQ�OLTXLG�SKDVH�VXOILGH�FRQFHQWUDWLRQV��7KH�DYHUDJH�WRWDO�LQ�EDVLQ�VXOILGH�
FRQFHQWUDWLRQ�ZDV����PJ�/��DQG�WKH�DYHUDJH�FRQFHQWUDWLRQ�PHDVXUHG�E\�WKH�VXOILGH�LRQ�GHWHFWRU�WXEHV�
ZDV����PJ�/��'XH�WR�SUREOHPV�LQ�WKH�FDXVWLFL]LQJ�DUHD��WKH�DYHUDJH�LQ�EDVLQ�S+�ZDV�PXFK�KLJKHU�RQ�
0DUFK���������ZLWK�D�YDOXH�RI�������+RZHYHU��WKH�KLJK�ZLQG�YHORFLW\�FRPELQHG�ZLWK�WKH�KLJK�LQ�
EDVLQ�DYHUDJH�WRWDO�VXOILGH�FRQFHQWUDWLRQ�DSSDUHQWO\�FRXQWHUDFWHG�WKH�HIIHFW�RI�WKH�KLJKHU�S+���

2Q�-XQH�����������+�6�HPLVVLRQV�IURP�WKH�QR����VHWWOLQJ�SRQG�ZHUH�HVWLPDWHG�DV�GHVFULEHG�DW�WKH�
EHJLQQLQJ�RI�WKLV�VHFWLRQ��$W�WKDW�WLPH��WKH�QR����VHWWOLQJ�SRQG�KDG�EHHQ�RII�OLQH�ZLWKRXW�DQ\�IORZ�
WKURXJK�LW�IRU�DOPRVW�ILYH�PRQWKV��7KH�+�6�HPLVVLRQV�ZHUH�HVWLPDWHG�WR�EH�����J�V��6LQFH�WKHUH�ZDV�QR�
LQSXW�RI�VXOIXU�WR�WKH�SRQG��WKH�HPLVVLRQV�PXVW�KDYH�UHVXOWHG�IURP�DQDHURELF�UHGXFWLRQ�RI�VXOIDWH�
DQG�RU�HOHPHQWDO�VXOIXU�DVVRFLDWHG�ZLWK�WKH�ZDWHU�DQG�RU�VOXGJH��2[LGL]HG�VXOIXU�PD\�KDYH�VWLOO�EHHQ�
SUHVHQW�LQ�WKH�SRQG�DW�WKH�WLPH�RI�VDPSOLQJ�EHFDXVH�WKH�VWDJQDQW�SRQG�ZRXOG�KDYH�EHHQ�PXFK�FRROHU�
LQ�WKH�ZLQWHU�DQG�VSULQJ�PRQWKV��VR�WKHUH�PD\�QRW�KDYH�EHHQ�PXFK�DQDHURELF�DFWLYLW\�XQWLO�LW�JRW�
ZDUPHU�ZLWK�WKH�DSSURDFK�RI�VXPPHUWLPH���$GGLWLRQDOO\��ZLWK�QR�IORZ�WKURXJK�WKH�SRQG��WKH�RQO\�
VLJQLILFDQW�PHFKDQLVP�IRU�VXOIXU�UHPRYDO�LV�+�6�HPLVVLRQV�WR�WKH�DWPRVSKHUH��WKHUHIRUH��LW�PD\�WDNH�D�
UHODWLYHO\�ORQJ�SHULRG�RI�WLPH�IRU�DOO�RI�WKH�VXOIXU�VWRUHG�LQ�WKH�SRQG�WR�EH�UHPRYHG��

$W�WKH�QR����VHWWOLQJ�SRQG��HPLVVLRQV�PHDVXUHPHQWV�ZHUH�PDGH�RQ�$SULO�����������$SULO�����������
0DUFK����������DQG�0DUFK���������ZLWK�WKH�SRQG�LQ�WKH�RII�OLQH�FRQILJXUDWLRQ��L�H���ZLWK�WKH�PDLQ�PLOO�
VHZHU�IORZLQJ�WKURXJK�WKH�QR����VHWWOLQJ�SRQG��)RU�WKH�HLJKW�HPLVVLRQV�WHVW�UXQV�DW�WKH�QR����VHWWOLQJ�
SRQG�FDUULHG�RXW�RQ�$SULO�����������$SULO�����������0DUFK����������DQG�0DUFK����������H[FHSW�IRU�D�
'06�HPLVVLRQ�UDWH�RI�����J�V�PHDVXUHG�GXULQJ�UXQ�QR�����DOO�RI�WKH�RUJDQLF�UHGXFHG�VXOIXU�FRPSRXQG�
UHVXOWV�ZHUH�QRQ�GHWHFW��)RU�WKH�ILYH�HPLVVLRQV�PHDVXUHPHQWV�RQ�$SULO����������DQG�$SULO�����������
WKHUH�ZDV�QR�REYLRXV�WUHQG�LQ�WKH�+�6�HPLVVLRQV�PHDVXUHPHQWV��DQG�WKHUH�ZHUH�QR�VLJQLILFDQW�
PHWHRURORJLFDO��LQ�EDVLQ�FKHPLFDO�RU�SURFHVV�GLIIHUHQFHV�EHWZHHQ�WKHVH�GD\V�WKDW�ZRXOG�KDYH�EHHQ�
H[SHFWHG�WR�UHVXOW�LQ�LGHQWLILDEO\�GLIIHUHQW�+�6�HPLVVLRQV��7KH�DYHUDJH�+�6�HPLVVLRQV�IRU�WKRVH�WZR�
GD\V�LQ�$SULO������ZHUH�����J�V��)RU�WKH�RQH�WHVW�UXQ�FRQGXFWHG�RQ�0DUFK����������WKH�+�6�HPLVVLRQ�
UDWH�ZDV������J�V��ZKHUHDV�IRU�WKH�WZR�WHVW�UXQV�FRQGXFWHG�RQ�0DUFK����������WKH�+�6�HPLVVLRQ�UDWHV�
ZHUH������J�V�DQG������J�V��7KH�KLJKHU�+�6�HPLVVLRQ�UDWH�RQ�0DUFK���������ZDV�PRVW�OLNHO\�GXH�WR�WKH�
KLJKHU�ZLQG�YHORFLW\�ZKLFK�ZDV�����P�V�YHUVXV�DQ�DYHUDJH�RI�����P�V�RQ�0DUFK����������

2YHUDOO��WKH�QR����VHWWOLQJ�SRQG�DYHUDJH�+�6�HPLVVLRQ�UDWH�PHDVXUHG�LQ�0DUFK������������J�V��ZDV�
PXFK�OHVV�WKDQ�WKH�DYHUDJH�+�6�HPLVVLRQ�UDWH�PHDVXUHG�LQ�$SULO�����������J�V���$V�SUHYLRXVO\�
GLVFXVVHG�LQ�WKLV�VHFWLRQ��ZLQG�YHORFLW\�LV�WKH�SULPDU\�IDFWRU�PRVW�OLNHO\�WR�KDYH�EHHQ�UHODWHG�WR�WKLV�
GLIIHUHQFH�LQ�HPLVVLRQ�UDWHV��7KH�DYHUDJH�ZLQG�YHORFLW\�ZDV�����P�V�IRU�WKH�$SULO������WHVW�SHULRG�
YHUVXV�����P�V�IRU�WKH�0DUFK������WHVW�SHULRG��
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'XULQJ�WKH�3KDVH�,,,�VWXG\�RQ�-XQH����DQG�����������+�6�HPLVVLRQV�IURP�WKH�QR����VHWWOLQJ�SRQG�ZHUH�
HVWLPDWHG�DV�GHVFULEHG�DW�WKH�EHJLQQLQJ�RI�WKLV�VHFWLRQ��'XULQJ�WKH�3KDVH�,,,�VWXG\�SHULRG��WKH�QR����
VHWWOLQJ�SRQG�ZDV�LQ�WKH�RQ�OLQH�FRQILJXUDWLRQ��L�H���WKH�PDLQ�PLOO�VHZHU�ZDV�IORZLQJ�WR�WKH�QR����
VHWWOLQJ�SRQG�LQOHW��DORQJ�ZLWK�WKH�HIIOXHQW�IURP�SULPDU\�VOXGJH�GHZDWHULQJ��7KH�DYHUDJH�+�6�
HPLVVLRQ�UDWH�GHWHUPLQHG�IRU�WKLV�WZR�GD\�SHULRG�ZDV�����J�V��

7KH�DQDHURELF�VXOILGH�JHQHUDWLRQ�UDWHV�IRU�WKH�QRV����DQG���VHWWOLQJ�SRQGV�GXULQJ�DOO�WKUHH�WHVW�SKDVHV�
DUH�FDOFXODWHG�LQ�7DEOH�������'XULQJ�3KDVH�,�DQG�,,�ZLWK�WKH�QR����VHWWOLQJ�SRQG�LQ�WKH�RQ�OLQH�
FRQILJXUDWLRQ�DQG�WKH�QR����VHWWOLQJ�SRQG�LQ�WKH�RII�OLQH�FRQILJXUDWLRQ��WKH�VXOILGH�JHQHUDWLRQ�UDWHV�IRU�
WKH�QR����VHWWOLQJ�SRQG�ZHUH�UHODWLYHO\�VLPLODU��ZLWK�YDOXHV�RI�����J�V�DQG�����J�V��)RU�WKH�QR����VHWWOLQJ�
SRQG��WKH�VXOILGH�JHQHUDWLRQ�UDWH�ZDV�DSSDUHQWO\�PXFK�KLJKHU�GXULQJ�3KDVH�,,�WKDQ�GXULQJ�3KDVH�,��
ZLWK�YDOXHV�RI������J�V�DQG�����J�V��UHVSHFWLYHO\��,QVSHFWLRQ�RI�WKH�DYHUDJH�SK\VLFDO�FKHPLFDO�
SDUDPHWHU�GDWD�DVVRFLDWHG�ZLWK�VXUIDFH�OLTXLG�VDPSOLQJ�LQ�7DEOH������LQGLFDWHV�WKDW�LQ�EDVLQ�S+�PLJKW�
EH�DVVRFLDWHG�ZLWK�WKH�KLJKHU�VXOILGH�JHQHUDWLRQ�UDWH�GXULQJ�3KDVH�,,��VLQFH�LW�ZDV������GXULQJ�3KDVH�,,�
YHUVXV�����GXULQJ�3KDVH�,��+RZHYHU��WKH�GHWDLOHG�S+�DQG�OLTXLG�VXOILGH�FRQFHQWUDWLRQ�GDWD�VXPPDUL]HG�
LQ�7DEOH������LQGLFDWH�WKDW�WKH�JHQHUDWLRQ�UDWH�ZDV�DOUHDG\�KLJK��EHIRUH�WKH�S+�EHJDQ�WR�LQFUHDVH�LQ�WKH�
EDVLQ��)URP�0DUFK���������WR�0DUFK����������WKH�S+�DQG�VXOILGH�FRQFHQWUDWLRQ�RI�WKH�LQIOXHQW�WR�WKH�
QR����VHWWOLQJ�SRQG�LQFUHDVHG�DQG�WKHQ�VWD\HG�IDLUO\�VWHDG\�WKURXJK���������$W�PLG�GD\�RQ�0DUFK����
������WKH�LQOHW�DQG�RXWOHW�S+�YDOXHV�ZHUH�����DQG������UHVSHFWLYHO\��DQG�WKH�VXOILGH�LRQ�GHWHFWRU�WXEHV�
LQGLFDWHG�WKDW�WKH�VXOILGH�FRQFHQWUDWLRQ�LQ�WKH�EDVLQ�ZDV�LQFUHDVLQJ�IURP�QRQ�GHWHFW�����PJ�/��DW�WKH�
LQOHW�WR����PJ�6�/�DW�WKH�RXWOHW��ZKLFK�FRUUHVSRQGV�WR�D�VXOILGH�JHQHUDWLRQ�UDWH�RI������J�V��ZLWKRXW�WKH�
LQFOXVLRQ�RI�WKH�DGGLWLRQDO�VXOILGH�JHQHUDWLRQ�EHLQJ�HPLWWHG�DV�+�6��7KHUHIRUH��VLQFH�S+�GRHV�QRW�
VHHP�WR�EH�UHVSRQVLEOH�IRU�WKH�DSSDUHQW�LQFUHDVH�LQ�VXOILGH�JHQHUDWLRQ�EHWZHHQ�3KDVH�,�DQG�3KDVH�,,��
RWKHU�WKH�SRWHQWLDO�FDXVHV�ZHUH�LQYHVWLJDWHG��,QVSHFWLRQ�RI�WKH�SURFHVV�RSHUDWLRQ�UHFRUGV�LQGLFDWHG�WKDW�
DGGLWLRQDO�VOXGJH�ZKLFK�DFFXPXODWHG�LQ�WKH�QR����VHWWOLQJ�SRQG�EHWZHHQ�3KDVH�,�DQG�3KDVH�,,�ZDV�WKH�
PRVW�OLNHO\�IDFWRU�WR�KDYH�EHHQ�UHVSRQVLEOH�IRU�LQFUHDVHG�VXOILGH�JHQHUDWLRQ��7KH�QR����VHWWOLQJ�SRQG�
KDG�EHHQ�GUHGJHG�DSSUR[LPDWHO\�IRXU�PRQWKV�EHIRUH�3KDVH�,�LQ�$SULO�������WKHUHIRUH��E\�3KDVH�,,�LQ�
0DUFK�������LW�KDG�EHHQ�DSSUR[LPDWHO\����PRQWKV�VLQFH�LW�KDG�EHHQ�GUHGJHG��7KH�QR����VHWWOLQJ�SRQG�
KDG�EHHQ�FRQWLQXRXVO\�GUHGJHG�RYHU�WKH�VDPH����PRQWK�SHULRG��

'XULQJ�3KDVH�,,,�LQ�-XQH�������WKH�QR����VHWWOLQJ�SRQG�ZDV�LQ�WKH�RQ�OLQH�FRQILJXUDWLRQ��L�H���WKH�PDLQ�
PLOO�VHZHU�ZDV�IORZLQJ�GLUHFWO\�WR�WKH�QR����VHWWOLQJ�SRQG�LQOHW��DORQJ�ZLWK�WKH�HIIOXHQW�IURP�SULPDU\�
VOXGJH�GHZDWHULQJ��7KH�QR����VHWWOLQJ�SRQG�ZDV�RII�OLQH�ZLWK�QR�IORZ�WKURXJK�LW���,Q�WKLV�FRQILJXUDWLRQ��
WKH�+�6�JHQHUDWLRQ�UDWH�LQ�WKH�QR����VHWWOLQJ�SRQG�ZDV������J�6�V���7KLV�LV�DSSUR[LPDWHO\���WR����WLPHV�
KLJKHU�WKDQ�LW�ZDV�ZLWK�WKH�::73�LQ�WKH�SUHYLRXV�FRQILJXUDWLRQ��3RVVLEOH�H[SODQDWLRQV�IRU�WKLV�
LQFUHDVH�LQFOXGH����WKH�KLJKHU�%2'�DQG�WRWDO�VXOIXU�ORDG�DVVRFLDWHG�ZLWK�WKH�PDLQ�PLOO�VHZHU�IORZ��
DQG����WKH�KLJKHU�WHPSHUDWXUH�LQ�WKH�SRQG�ZKLFK�ZDV�DVVRFLDWHG�ZLWK�D��VHDVRQDO�YDULDWLRQ��E��WKH�
PDLQ�PLOO�VHZHU�IORZ��DQG�F��WKH�GULHG��ILEURXV�FRYHULQJ�RYHU�PXFK�RI�WKH�SRQG��)RU�WKH�QR����VHWWOLQJ�
SRQG��WKH�+�6�JHQHUDWLRQ�UDWH�ZDV�����J�6�V��,Q�WKLV�FDVH��WKH�JHQHUDWLRQ�UDWH�ZDV�WKH�VDPH�DV�WKH�
HPLVVLRQ�UDWH��VLQFH�WKHUH�ZDV�QR�OLTXLG�IORZ�WKURXJK�WKH�SRQG��7KHUHIRUH��WKH�VLJQLILFDQFH�RI�WKLV�
HPLVVLRQ�JHQHUDWLRQ�UDWH�KDV�DOUHDG\�EHHQ�DGGUHVVHG�LQ�WKH�GLVFXVVLRQ�UHODWLYH�WR�HPLVVLRQ�UDWH�
PHDVXUHPHQW��

$V�VKRZQ�LQ�7DEOH������PHWKDQH�HPLVVLRQV�IURP�WKH�QR����VHWWOLQJ�SRQG�DYHUDJHG����J�V�GXULQJ�WKH�
$SULO������WHVW�SHULRG�EXW�GURSSHG�WR���J�V�GXULQJ�WKH�0DUFK������WHVWV��6LQFH�\HW�WR�EH�SXEOLVKHG�
1&$6,�VWXGLHV�KDYH�VKRZQ�WKDW�VHWWOHG�VOXGJH�LV�WKH�SULPDU\�VRXUFH�RI�PHWKDQH�HPLVVLRQV�IURP�
VHWWOLQJ�EDVLQV�DW�SXOS�DQG�SDSHU�PLOOV��DQG�PHWKDQH�KDV�H[WUHPHO\�ORZ�VROXELOLW\�LQ�ZDWHU�DQG�WKXV�
PHWKDQH�HPLVVLRQV�IURP�WKH�EDVLQ�ZRXOG�GLUHFWO\�EH�DIIHFWHG�E\�WKH�PHWKDQH�JHQHUDWLRQ�UDWH�DQG�QRW�
E\�JDV�OLTXLG�PDVV�WUDQVIHU�SKHQRPHQRQ��WKH�VWXG\�UHVXOWV�VXJJHVWV�WKDW�WKHUH�ZDV�VLJQLILFDQWO\�OHVV�
DQDHURELF�DFWLYLW\�LQ�WKH�QR����VHWWOLQJ�SRQG�GXULQJ�WKH�0DUFK������VDPSOLQJ�SHULRG��7KLV�LV�
FRQVLVWHQW�ZLWK�WKH�HDUOLHU�REVHUYDWLRQ�WKDW�WKH�QR����VHWWOLQJ�SRQG�ZDV�EHLQJ�FRQWLQXRXVO\�GUHGJHG�
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EHWZHHQ�$SULO������DQG�0DUFK������DQG�ZRXOG�KDYH�KDG�JUHDWO\�UHGXFHG�OHYHOV�RI�VOXGJH�DW�WKH�WLPH�
RI�0DUFK������WHVWLQJ��

,Q�7DEOH������WKH�PHWKDQH�HPLVVLRQV�IURP�WKH�QR����DQG�QR����VHWWOLQJ�SRQGV�DUH�WDEXODWHG�DORQJ�ZLWK�
WKH�PHDVXUHG�72&�JDLQV�DFURVV�WKH�SRQGV��7KH�LQFUHDVH�LQ�WKH�DPRXQWV�RI�72&�DV�WKH�ZDVWHZDWHU�
IORZV�WKURXJK�WKH�SRQGV�PD\�EH�GXH�WR����IRUPDWLRQ�RI�ZDWHU�VROXEOH�FDUERQ�FRQWDLQLQJ�FRPSRXQGV�
IURP�ELRORJLFDO�GHJUDGDWLRQ�RI�WKH�VHWWOHG�SULPDU\�VOXGJH��DQG�RU����IL[DWLRQ�RI�DWPRVSKHULF�FDUERQ�
GLR[LGH�YLD�SKRWRV\QWKHWLF�RU�RWKHU�ELRORJLFDO�PHDQV�LQ�WKHVH�ODUJH��VKDOORZ�EDVLQV��

7KH�$6%�ZDV�WHVWHG�GXULQJ�DOO�WKUHH�SKDVHV��$SULO����DQG�����������0DUFK����������DQG�-XQH�����
������7KH�$6%�LV�FXUWDLQHG�LQWR�WKUHH�]RQHV��7KH�UHVXOWV�RI�WKH�VFUHHQLQJ�VWXG\�KDG�LQGLFDWHG�WKDW�WKH�
+�6�HPLVVLRQV�IURP�WKH�$6%�ZRXOG�EH�ORZ�±�SRVVLEO\�WRR�ORZ�WR�TXDQWLI\�±�DQG�WKDW�PRVW�RI�WKH�
VPDOO�DPRXQW�RI�HPLVVLRQV�RULJLQDWHG�IURP�]RQH����'XH�WR�WKH�PHFKDQLFV�RI�WKH�WHVW�PHWKRG��WHVWLQJ�
MXVW�WKH�DUHD�ZKHUH�PRVW�RI�WKH�HPLVVLRQV�ZHUH�H[SHFWHG�WR�RFFXU�FRXOG�DOORZ�HPLVVLRQV�TXDQWLWDWLRQ��
HYHQ�LI�WKH�HPLVVLRQV�IURP�WKH�IXOO�$6%�ZHUH�WRR�ORZ�WR�TXDQWLI\��7KHUHIRUH��WKH�SODQ�IRU�WKH�ILUVW�WHVW�
SHULRG�LQFOXGHG�WKUHH�WHVWV�RQ�WKH�IXOO�$6%�DQG�WKUHH�WHVWV�RQ�]RQH����7KH�UHVXOWV�IURP�WKH�3KDVH�,�
VWXG\�FRQILUPHG�WKDW�WKH�$6%�+�6�HPLVVLRQV�ZHUH�ORZ��KRZHYHU��WKH\�ZHUH�TXDQWLILDEOH��VR�RQO\�WKH�
IXOO�$6%�ZDV�WHVWHG�GXULQJ�WKH�3KDVH�,,�DQG�,,,�6WXGLHV��

'XULQJ�WKH�3KDVH�,�6WXG\��DOO�WKUHH�RI�WKH�IXOO�$6%�WHVW�UXQV�DQG�WKH�ILUVW�WHVW�UXQ�RQ�]RQH���ZHUH�
FRQGXFWHG�RQ�$SULO�����������2Q�WKDW�GD\��WKH�DYHUDJH�+�6�HPLVVLRQV�IURP�WKH�IXOO�$6%�ZHUH������
J�V��ZKHUHDV�WKH�HPLVVLRQV�IURP�]RQH���ZHUH������J�V�IRU�WKH�RQH�UXQ��VXJJHVWLQJ�PRVW�RI�WKH�
HPLVVLRQV�ZHUH�IURP�]RQH����:LQG�YHORFLW\�LV�QRW�H[SHFWHG�WR�KDYH�D�ODUJH�HIIHFW�RQ�HPLVVLRQV�IURP�
UHODWLYHO\�ZHOO�PL[HG�EDVLQV�VXFK�DV�$6%V�ZLWK�VXUIDFH�DHUDWRUV��WKHUHIRUH��RQO\�OLTXLG�FKHPLFDO�DQG�
SK\VLFDO�SDUDPHWHUV�VKRXOG�LQIOXHQFH�HPLVVLRQ�UDWHV��)RU�WKH�WZR�UXQV�FRQGXFWHG�DW�]RQH���RQ�$SULO�
����������WKH�HPLVVLRQV�ZHUH�OHVV�������J�V�DQG�1'���KRZHYHU��EHWZHHQ�WKH�WZR�GD\V�WKH�LQ�EDVLQ�
WRWDO�VXOILGH�FRQFHQWUDWLRQ�KDG�GURSSHG�IURP����� J�6�/�WR�QRQ�GHWHFW�DW�OHVV�WKDQ���� J�6�/��ZLWK�WKH�
VDPH�LQ�EDVLQ�S+��7KHUHIRUH��WKH�ORZHU�PHDVXUHG�HPLVVLRQV�IURP�]RQH���RQ���������DUH�FRQVLVWHQW�
ZLWK�WKH�UHGXFWLRQ�LQ�VXOILGH�FRQFHQWUDWLRQ��

7KH�DYHUDJH�+�6�HPLVVLRQV�IURP�WKH�IXOO�$6%�GXULQJ�WKH�3KDVH�,,�6WXG\�ZHUH�KLJKHU�WKDQ�IURP�WKH�
3KDVH�,�6WXG\��7KH�DYHUDJH�HPLVVLRQV�IURP�3KDVH�,�ZHUH������J�V�YHUVXV������J�V�IRU�WKH�3KDVH�,,��
KRZHYHU��DYHUDJH�LQ�EDVLQ�VXOILGH�FRQFHQWUDWLRQ�ZDV�DOVR�PXFK�KLJKHU�GXULQJ�3KDVH�,,������ J�6�/�
YHUVXV���� J�6�/�IRU�3KDVH�,��7KH�DYHUDJH�LQ�EDVLQ�S+��#���IRRW�GHSWK��ZDV�KLJKHU�GXULQJ�3KDVH�,,�
�S+� ������WKDQ�GXULQJ�3KDVH�,��S+� �������DOWKRXJK��DV�GLVFXVVHG�HDUOLHU�LQ�WKLV�VHFWLRQ��KRZ�PXFK�
WKLV�ZLOO�WHQG�WR�GHFUHDVH�WKH�DTXHRXV�+�6�FRQFHQWUDWLRQ�LQ�WKLV�FKHPLFDOO\�FRPSOH[�ZDVWHZDWHU�LV�QRW�
NQRZQ��$OVR��WKH�LQOHW�WRWDO�VXOILGH�FRQFHQWUDWLRQ�ZDV�PXFK�JUHDWHU�GXULQJ�3KDVH�,,�����PJ�/�YHUVXV���
PJ�/�IRU�WKH�ILUVW�SHULRG���ZKLFK�PD\�KDYH�FRQWULEXWHG�WR�HPLVVLRQV�DW�WKH�IURQW�RI�]RQH����EHIRUH�WKH�
HIIOXHQW�UHDFKHG�WKH�ILUVW�VXUIDFH�OLTXLG�VDPSOLQJ�ORFDWLRQ��)RU�3KDVH�,,,�6WXG\��WKH�DYHUDJH�LQ�EDVLQ�
WRWDO�VXOILGH�FRQFHQWUDWLRQ�DQG�S+�YDOXHV�ZHUH�VLPLODU�WR�WKH�3KDVH�,�6WXG\��KRZHYHU��WKH�HPLVVLRQV�
ZHUH�HVWLPDWHG�WR�EH�VLJQLILFDQWO\�KLJKHU����������J�V�YHUVXV������J�V���2QH�SRVVLEOH�H[SODQDWLRQ�IRU�
WKLV�LV�LQFUHDVHG�+�6�YRODWLOL]DWLRQ�GXH�WR�KLJKHU�DYHUDJH�LQ�EDVLQ�WHPSHUDWXUH��ZKLFK�ZDV�
DSSUR[LPDWHO\��� &�KLJKHU�GXULQJ�WKH�WKLUG�WHVW�SHULRG��7KH�KLJKHU�WHPSHUDWXUH�ZDV�GXH�WR�VHDVRQDO�
YDULDWLRQ�DQG�WKH�::73�FRQILJXUDWLRQ�GXULQJ�WKH�3KDVH�,,,��ZKLFK�KDG�DOO�RI�WKH�PLOO�HIIOXHQW�IORZLQJ�
WKURXJK�WKH�QR����VHWWOLQJ�SRQG��7KLV�FRQILJXUDWLRQ�GRHV�QRW�DOORZ�DV�PXFK�FRROLQJ�DV�ZKHQ�WKH�
HIIOXHQW�IORZ�LV�VSOLW�EHWZHHQ�WKH�WZR�VHWWOLQJ�SRQGV��



7HFKQLFDO�%XOOHWLQ�1R������ ���

1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW�

7DEOH������FRQWDLQV�WKH�UHVXOWV�RI�D�PDWHULDO�EDODQFH�ZKLFK�VKRZV�WKDW�WKH�DSSDUHQW�GHVWUXFWLRQ�RI�
OLTXLG�WRWDO�VXOILGH�ZDV�������GXULQJ�3KDVH�,��DQG�ZDV�HYHQ�KLJKHU�DW�������GXULQJ�3KDVH�,,�HYHQ�
WKRXJK�WKH�LQOHW�WRWDO�VXOILGH�FRQFHQWUDWLRQ�ZDV�RYHU�DQ�RUGHU�RI�PDJQLWXGH�KLJKHU�WKDQ�GXULQJ�3KDVH�
,��7KH�KLJKHU�DSSDUHQW�GHVWUXFWLRQ�RI�VXOILGH�GXULQJ�3KDVH�,,�PD\�KDYH�EHHQ�UHODWHG�WR�WKH�KLJKHU�LQOHW�
S+��ZKLFK�ZDV������GXULQJ�3KDVH�,,��DQG�����GXULQJ�3KDVH�,��'XULQJ�WKH�3KDVH�,,,�6WXG\��WKH�
FDOFXODWHG�DSSDUHQW�GHVWUXFWLRQ�RI�WRWDO�VXOILGH�LQ�WKH�LQOHW�VWUHDP�ZDV�VOLJKWO\�ORZHU�DW��������

$V�VKRZQ�LQ�7DEOH������QR�RUJDQLF�UHGXFHG�VXOIXU�FRPSRXQGV�ZHUH�IRXQG�WR�EH�SUHVHQW�LQ�WKH�$6%�
HPLVVLRQV��7KLV�LV�FRQVLVWHQW�ZLWK�WKH�REVHUYDWLRQ�WKDW�VLJQLILFDQW�TXDQWLWLHV�RI�WKH�RUJDQLF�UHGXFHG�
VXOIXU�FRPSRXQGV�ZHUH�QRW�IRXQG�LQ�DQ\�RI�WKH�OLTXLG�VDPSOHV�FROOHFWHG�GXULQJ�WKHVH�VWXGLHV��

7KH�HPLVVLRQV�RI�PHWKDQH�IURP�WKH�$6%�UDQJHG�IURP�����WR������J�V��7KH�DYHUDJH�PHWKDQH�HPLVVLRQ�
UDWH�ZDV�����J�V��,Q�7DEOH������WKH�%2'�DQG�72&�UHPRYDO�DFURVV�WKH�$6%�DUH�WDEXODWHG�DORQJ�ZLWK�
WKH�PHWKDQH�HPLVVLRQV��

'XULQJ�WKH�3KDVH�,,,�VWXG\��HPLVVLRQ�UDWH�HVWLPDWHV�IRU�WKH�IOXPH�DUHD�ZHUH�PDGH�XVLQJ�D�SURFHGXUH�
VLPLODU�WR�ZKDW�ZDV�XVHG�WR�HVWLPDWH�HPLVVLRQ�UDWHV�IURP�WKH�VHWWOLQJ�SRQGV�DQG�$6%��H[FHSW�
GRZQZLQG�DPELHQW�DLU�+�6�FRQFHQWUDWLRQV�GDWD�ZHUH�REWDLQHG�IURP�DQ�RSHQ�SDWK�WXQDEOH�GLRGH�ODVHU�
�23�7'/��DV�VKRZQ�LQ�)LJXUH�������LQVWHDG�IURP�D�-HURPH�+�6�DQDO\]HU��$GGLWLRQDOO\��WKH�DYHUDJH�
23�7'/�EHDP�KHLJKW�ZDV�DSSUR[LPDWHO\�RQH�PHWHU�DERYH�JURXQG�OHYHO��ZKHUHDV�WKH�-HURPH�DQDO\]HU�
PHDVXUHPHQWV�ZHUH�WDNHQ�DW�D�KHLJKW�RI���FP�DERYH�WKH�JURXQG��7KHUHIRUH��JURXQG�OHYHO�
FRQFHQWUDWLRQV�ZHUH�FDOFXODWHG�IURP�WKH�23�7'/�PHDVXUHPHQWV�XVLQJ�WKH�UHODWLRQVKLS�EHWZHHQ�
HOHYDWLRQ�DQG�FRQFHQWUDWLRQ�IRU�DUHD�HPLVVLRQ�VRXUFHV�DGDSWHG�E\�(VSOLQ��(VSOLQ��������������IURP�
ZRUN�GRQH�E\�+RUVW�DQG�6OLQQ��+RUVW�DQG�6OLQQ�������RQ�VSUD\HG�ILHOG�SHVWLFLGH�HPLVVLRQV��7KH�
HTXDWLRQV�IRU�WKLV�UHODWLRQVKLS�DUH�GLVFXVVHG�LQ�6HFWLRQ���������RI�WKLV�UHSRUW��7DEOH������VKRZV�WKH�
LQSXW�GDWD�XVHG�WR�HVWLPDWH�IOXPH�HPLVVLRQ�UDWHV�RQ�-XQH����������DQG�-XQH�����������7KH�UHSRUWHG�
SDWK�LQWHJUDWHG�+�6�FRQFHQWUDWLRQV�IURP�WKH�23�7'/�&�]� ���P��ZHUH�����DQG�����SSPY��RQ�WKH�WZR�
GD\V��UHVSHFWLYHO\��7KH�PD[LPXP�SOXPH�KHLJKW��=E��DW�WKH�VDPSOLQJ�SDWK�ZDV�HVWLPDWHG�WR�EH�LQ�WKH�
UDQJH�RI�����WR�����PHWHUV��$V�IRU�WKH�VHWWOLQJ�SRQGV�DQG�$6%��WKH�YHUWLFDO�FRQFHQWUDWLRQ�SURILOH�
H[SRQHQW��E��ZDV�HVWLPDWHG�DW�����SOXV�RU�PLQXV�RQH�VWDQGDUG�GHYLDWLRQ�RI������$V�SUHYLRXVO\�
GLVFXVVHG�LQ�WKLV�VHFWLRQ������ZDV�WKH�DYHUDJH�YDOXH�RI�WKH�E�H[SRQHQW�IRU�YHUWLFDO�SURILOH�
FRQFHQWUDWLRQ�GDWD�PHDVXUHG�GXULQJ�UHODWLYHO\�VWDEOH�3�*�DWPRVSKHULF�VWDELOLW\�FODVVHV��&��'�DQG�(���
7KH�FRQFHQWUDWLRQ�PHDVXUHPHQWV�IRU�WKH�IOXPH�ZHUH�PDGH�ZLWK�&�DWPRVSKHULF�VWDELOLW\�RQ�-XQH�����
�����DQG�%�DWPRVSKHULF�VWDELOLW\�RQ�-XQH�����������(YHQ�WKRXJK�WKH�%�VWDELOLW\�FODVV�ZDV�QRW�
LQFOXGHG�LQ�WKH�GHYHORSPHQW�RI�WKH�����DYHUDJH�E�H[SRQHQW�YDOXH��LQ�WKH�DEVHQFH�RI�DQ\�EHWWHU�
HVWLPDWH��LW�VWLOO�VHHPHG�UHDVRQDEOH�WR�XVH�LW�IRU�WKH�IROORZLQJ�UHDVRQ��,Q�WKH�FDVH�RI�WKH�IOXPH�
PHDVXUHPHQW��WKH�IHWFK�LV�VR�VKRUW��RQO\�VHYHUDO�PHWHUV��WKDW�YHUWLFDO�DWPRVSKHULF�GLVSHUVLRQ�ZLOO�QRW�
KDYH�PXFK�RI�DQ�HIIHFW�RQ�WKH�VKDSH�RI�WKH�YHUWLFDO�FRQFHQWUDWLRQ�SURILOH��7KH�����YDOXH�IRU�WKH�
YHUWLFDO�FRQFHQWUDWLRQ�SURILOH�H[SRQHQW��E��LV�VLPSO\�XVHG�WR�JHQHUDWH�D�UHDVRQDEOH�HVWLPDWH�RI�WKH�
YHUWLFDO�FRQFHQWUDWLRQ�SURILOH�VKDSH��(PLVVLRQ�UDWHV�ZHUH�FDOFXODWHG�IRU�WZR�YDOXHV�RI�=E������DQG�����
P���DQG�WKUHH�YDOXHV�RI�E�����������DQG�������(PLVVLRQV�IURP�WKH�$6%��ZKLFK�ZDV�XSZLQG�RI�IOXPH��
ZRXOG�EH�H[SHFWHG�WR�DGG�D�SRVLWLYH�ELDV�WR�WKH�+�6�FRQFHQWUDWLRQ�PHDVXUHG�GRZQZLQG�RI�WKH�IOXPH��
KRZHYHU��WKH�DPELHQW�DLU�+�6�FRQFHQWUDWLRQV�PHDVXUHG�GRZQZLQG�RI�WKH�$6%�ZHUH�RQO\�D�VPDOO�
IUDFWLRQ�RI�FRQFHQWUDWLRQV�PHDVXUHG�GRZQZLQG�RI�WKH�IOXPH��7KHUHIRUH��WKH�XSZLQG�$6%�GLG�QRW�
VLJQLILFDQWO\�ELDV�WKH�WHVWV�FRQGXFWHG�DW�WKH�IOXPH��

�7KLV�LQVWUXPHQW�ZDV�RSHUDWHG�E\�(3$�DQG�LWV�FRQWUDFWRU��FRQFHQWUDWLRQV�FLWHG�LQ�WKLV�UHSRUW�ZHUH�SURYLGHG�E\�
(3$��86(3$�������
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HPLVVLRQV�IURP�WKH�FDQDO�DQG�3DUVKDOO�IOXPH�EHWZHHQ�WKH�FRPELQHG�VHWWOLQJ�SRQG�H[LW�DQG�WKH�$6%�
ZDV�FRQVLGHUDEOH��IURP�����WR�����J�V��UHIOHFWLQJ�D�JRRG�GHDO�RI�XQFHUWDLQW\�LQ�WKH�HVWLPDWLQJ�
SURFHGXUHV��(PLVVLRQ�WHVWLQJ�LQ�WKH�IOXPH�DQG�FDQDO�DUHD�ZDV�QRW�FRQGXFWHG�GXULQJ�WKH�3KDVH�,�DQG�
3KDVH�,,�VWXGLHV�EHFDXVH�PHDVXUHPHQWV�PDGH�GXULQJ�WKH�VFUHHQLQJ�VWXG\�LQGLFDWHG�WKDW�WKH�FDQDO�DQG�
IOXPH�DUHD�ZDV�QRW�D�VLJQLILFDQW�VRXUFH�RI�HPLVVLRQV��$GGLWLRQDOO\��GXULQJ�WKH�VFUHHQLQJ�VWXG\�DQG�WKH�
3KDVH�,�DQG�,,�VWXGLHV��WKH�VWDJLQJ�DUHD�IRU�DOO�RI�WKH�::73�PHDVXUHPHQW�ZRUN�ZDV�VHW�XS�
LPPHGLDWHO\�DGMDFHQW�WR�WKH�IOXPH��7KURXJKRXW�WKRVH�VWXGLHV��HYLGHQFH�IURP�PHDVXUHPHQWV�ZLWK�WKH�
-HURPH�DQDO\]HU��SHUVRQDO�+�6�H[SRVXUH�PRQLWRUV��DQG�KXPDQ�ROIDFWRU\�RGRU�GHWHFWLRQ�LQGLFDWHG�WKDW�
+�6�HPLVVLRQV�ZHUH�QRW�VLJQLILFDQW��+RZHYHU��ZKHQ�VWDII�DUULYHG�RQ�VLWH�IRU�WKH�3KDVH�,,,�6WXG\��LW�
ZDV�LPPHGLDWHO\�REYLRXV��IURP�WKH�-HURPH�DQDO\]HU��SHUVRQDO�+�6�H[SRVXUH�PRQLWRUV��DQG�KXPDQ�
ROIDFWRU\�RGRU�GHWHFWLRQ��WKDW�WKH�IOXPH�FRQGLWLRQV�KDG�FKDQJHG�DQG�WKDW�LW�ZRXOG�QRW�KDYH�EHHQ�
SRVVLEOH�WR�XVH�WKDW�ORFDWLRQ�DV�D�VWDJLQJ�DUHD��7KH�PRVW�SUREDEOH�H[SODQDWLRQ�IRU�WKH�GUDPDWLFDOO\�
LQFUHDVHG�+�6�HPLVVLRQV�GXULQJ�WKH�WKLUG�WHVW�SHULRG�LV�WKH�FRPELQDWLRQ�RI�UHODWLYHO\�KLJK�OLTXLG�WRWDO�
VXOILGH�FRQFHQWUDWLRQ��LQ�FRQMXQFWLRQ�ZLWK�QHDU�QHXWUDO�S+�DQG�UHODWLYHO\�KLJK�OLTXLG�WHPSHUDWXUH��$V�
SUHYLRXVO\�GLVFXVVHG��WKH�UHODWLYHO\�KLJK�OLTXLG�WRWDO�VXOILGH�FRQFHQWUDWLRQ�DQG�WHPSHUDWXUH�ZHUH�
DSSDUHQWO\�GXH�WR�VHDVRQDO�YDULDWLRQ��DQG�WKH�FKDQJH�LQ�::73�FRQILJXUDWLRQ��ZKLFK�SXW�DOO�RI�WKH�
PLOO�HIIOXHQW�IORZ�WKURXJK�WKH�QR����VHWWOLQJ�SRQG��$GGLWLRQDOO\��WKH�ODUJH�DUHDV�RI�GULHG�ILEURXV�
FRYHULQJ�RYHU�PXFK�RI�WKH�VXUIDFH�RI�WKH�QR����VHWWOLQJ�SRQG�SUREDEO\�H[DFHUEDWHG�WKH�FRQGLWLRQ��
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1R����63�,QOHW� ������������ �� ����� 1$� 1$� ���� 1$�
�)LEHUOLQH�� ���������� �� ����� 1$� 1$� ���� 1$�

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

1R����63�� ������������ �� ����� ����� ����� ���� 1$�
�LQ�EDVLQ�� � ����� ����� ����� ����� ���� 1$�

� � �� ����� ����� ����� ���� 1$�
� ���������� �� ����� ����� ����� ���� 1$�
� � ����� ����� ����� ����� ���� 1$�
� � ����� ����� ����� ����� ���� 1$�
� �������� �� ����� ����� ����� ���� ���
� � �� ����� ����� ����� ���� ����
� � �� ����� ����� ����� ���� ����

1R����63� ������������ �� ����� 1$� 1$� ���� 1$�
2XWOHW� ���������� �� ����� 1$� 1$� ���� 1$�

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

�$YHUDJH�RI�)RXU�6XUIDFH�/LTXLG�6DPSOLQJ�/RFDWLRQV� � � � �
�7KH�QR����63�LQOHW�LQFOXGHG�WKH�HIIOXHQW�IURP�SULPDU\�VOXGJH�GHZDWHULQJ�DQG�WKH�2&&�3ODQW�6HZHU�GXULQJ�WKH�
�����������6DPSOLQJ�3HULRG���'XULQJ�WKH����������VDPSOLQJ�SHULRG�WKH�QR����63�LQOHW�RQO\�LQFOXGHG�WKH�HIIOXHQW�
IURP�SULPDU\�VOXGJH�GHZDWHULQJ���)RU�WKH������������VDPSOLQJ�SHULRG��WKH�QR����VHWWOLQJ�SRQG�LQOHW�LQFOXGHG�WKH�
HIIOXHQW�IURP�SULPDU\�VOXGJH�GHZDWHULQJ�DQG�WKH�PDLQ�PLOO�VHZHU��ZKLFK�LQFOXGHV�WKH�HIIOXHQW�IURP�UHFRYHU\��
EOHDFKLQJ�DQG�SDSHUPDNLQJ����
1$� �1RW�$YDLODEOH� � � � � � � �
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1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW�

7DEOH��������$YHUDJH�3K\VLFDO�&KHPLFDO�3DUDPHWHU�0HDVXUHPHQW�'DWD�$VVRFLDWHG�ZLWK�
/LTXLG�6DPSOH�&ROOHFWLRQ�DW�WKH�$6%��0LOO�(�

� � 6SHFLILF� � � �
� 'HSWK�� 7HPS��� &RQGXFWDQFH�� '2�� � �

/RFDWLRQ� 'DWH� IW� &� P6�FP� PJ�/� S+� 253�

$6%�,QOHW� ������������ �� ����� 1$� 1$� ���� 1$�
� ���������� �� ����� 1$� 1$� ���� 1$�
� ����������� �� ����� ����� ����� ���� �����

)XOO�$6%�� ��������� �� ����� ����� ����� ���� 1$�
�LQ�EDVLQ�� � ����� ����� ����� ����� ���� 1$�

� � ������ ����� ����� ����� ���� 1$�
� ��������� �� ����� ����� ����� ���� 1$�
� � ����� ����� ����� ����� ���� 1$�
� � ������ ����� ����� ����� ���� 1$�
� ���������� �� ����� ����� ����� ���� 1$�
� � ����� ����� ����� ����� ���� 1$�
� � ������ ����� ����� ����� ���� 1$�
� �������� �� ����� ����� ����� ���� ���
� � ���� ����� ����� ����� ���� ��
� � ����� ����� ����� ����� ���� ��

$6%�� ��������� �� ����� ����� ����� ���� 1$�
�=RQH����LQ�EDVLQ�� � ����� ����� ����� ����� ���� 1$�

� � ������ ����� ����� ����� ���� 1$�
� ��������� �� ����� ����� ����� ���� 1$�
� � ����� ����� ����� ����� ���� 1$�
� � ������ ����� ����� ����� ���� 1$�

$6%�2XWOHW� ������������ �� ����� 1$� 1$� ���� 1$�
� ���������� �� ����� 1$� 1$� ���� 1$�

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

�$YHUDJH�RI�)RXU�6XUIDFH�/LTXLG�6DPSOLQJ�/RFDWLRQV� � � � �
1$� �1RW�$YDLODEOH� � � � � � � �
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1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW�

7DEOH��������6XOILGH�0DWHULDO�%DODQFH�IRU�WKH�6HWWOLQJ�3RQGV�DW�0LOO�(�

� � /LTXLG� /LTXLG� � *HQHUDWLRQ�
� 7HVW� ,QIOXHQW�� (IIOXHQW�� (PLVVLRQV�� 5DWH��

6RXUFH� 'DWHV� J�6�V� J�6�V� J�6�V� J�6�V�

6HWWOLQJ�3RQG�1R���� ����������� ���� ���� ���� ����

6HWWOLQJ�3RQG�1R���� ��������� ����� ����� ���� �����

6HWWOLQJ�3RQG�1R���� ����������� ���� ���� ���� ����

6HWWOLQJ�3RQG�1R���� ����������� ���� ���� ���� ����

6HWWOLQJ�3RQG�1R���� ��������� ���� ���� ���� ����

6HWWOLQJ�3RQG�1R���� ����������� ���� ����� ���� �����

7DEOH��������1R����6HWWOLQJ�3RQG�,QOHW�2XWOHW�S+�9DOXHV�DQG�6XOILGH�&RQFHQWUDWLRQV�

� � � ����������������,QOHW� � 2XWOHW�
� � � � 6XOILGH�,RQ� � � 6XOILGH� �
� � � � 'HWHFWRU� 7RWDO� � ,RQ� 7RWDO�
� � ,QOHW� 2XWOHW� 7XEH� 6XOILGH� � 'HWHFWRU� 6XOILGH�

'DWH�� 7LPH� S+� S+� PJ�/� PJ�/� � 7XEH� PJ�/�
� � � � � � � PJ�/� �

��������� ������ ���� ���� 1'>�@� � � � �
��������� ������ ���� � 1'>�@� � � ��� �
��������� ����� ����� � ��� ��� � � �
��������� ������ ����� ���� ��� ��� � � ���
��������� ������ ����� � ��� ��� � ��� �
��������� ����� ����� � ��� ��� � � �
��������� ������ ����� ����� ��� ��� � � ���
��������� ������ ����� � ��� ��� � !���� �

1'>[@�LQGLFDWHV�WKDW�WKH�DQDO\WH�ZDV�QRW�GHWHFWHG�DW�D�GHWHFWLRQ�OLPLW�HTXDO�WR�[��
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1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW�

7DEOH��������0HWKDQH�(PLVVLRQV�DQG�WKH�72&�/LTXLG�0DWHULDO�%DODQFHV�IRU�WKH��
6HWWOLQJ�3RQGV�DW�0LOO�(�

� 72&� 0HWKDQH�
� ,QOHW�� 2XWOHW�� *DLQ�� (PLVVLRQV�

6RXUFH� 'DWH� J�&�V� J�&�V� J�&�V� J�V�

1R����6HWWOLQJ�3RQG� ����������� ������ ������ ����� �����

1R����6HWWOLQJ�3RQG� ����������� ����� ����� ����� ����

7DEOH��������$SSDUHQW�'HVWUXFWLRQ�RI�6XOILGH�LQ�WKH�0LOO�(�$6%�

� � � $LU� $SSDUHQW�
� ,QIOXHQW�� (IIOXHQW�� (PLVVLRQV�� 'HVWUXFWLRQ��

'DWH� J�V� J�V� J�V� ��

���������� ����� ����� ����� �����

��������� ������ ����� ����� �����

���������� ������ ����� ����� �����

WRWDO�VXOILGH�DV�+�6�

7DEOH��������$6%�%2'�DQG�72&�5HPRYDOV�DQG�0HWKDQH�(PLVVLRQV��0LOO�(�

� 7HVW� /LTXLG� � 0HWKDQH�
3DUDPHWHU� 3HULRG� %DODQFH� 8QLWV� (PLVVLRQV��J�V�

%2'� �� ���� J�V� �����
%2'� �� ���� J�V� �����

72&� �� ���� J�&�V� �����

,QOHW�±�RXWOHW�IRU�WKH����GD\�SHULRG�SULRU�WR�HPLVVLRQV�WHVWLQJ�
)URP�WKH���'D\�%2'�WHVW�
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1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW�

7DEOH��������,QSXW�'DWD�IRU�&DOFXODWLRQ�RI�(VWLPDWH�)OXPH�$UHD�(PLVVLRQ�5DWHV�

� 5XQ� 7LPH� &�=��� =�� =E�� � :�� 8���� �
'DWH� 1R�� 3HULRG� SSPY� P� P� E� P� P�V� S�

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

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

5RDG

23�7'/�

����
P�

��P�

0LUURU�

1R�����
6HWWOLQJ�3RQG�

:LQG�$6%

1R����/LIW��
6WDWLRQ�

)OXPH�

[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[�
[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[�

)LJXUH��������6FKHPDWLF�5HSUHVHQWDWLRQ�RI�)OXPH�$UHD�7HVW�
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1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW�

7DEOH��������(VWLPDWHG�)OXPH�$UHD�+�6�(PLVVLRQ�5DWHV�

� 5XQ� +�6�(PLVVLRQV��J�V�
'DWH� 1R�� =E��P� E� ����� E� ����� E� �����

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

� $YHUDJH� � ����� ����� �����

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

� $YHUDJH� � ����� ����� �����

� 2YHUDOO�$YHUDJH� � ����� ����� �����

���� 6285&(�'(6&5,37,21�$1'�5(68/76�2)�7(676�$7�0,//�)�

(PLVVLRQV�WHVWLQJ�DQG�DVVRFLDWHG�OLTXLG�VDPSOLQJ�ZDV�FDUULHG�RXW�DW�0LOO�)�GXULQJ�$SULO��������������
'XULQJ�WKLV�VWXG\��HPLVVLRQV�IURP�WKH�SULPDU\�FODULILHU��VHYHUDO�YHQWV�RQ�WKH�HIIOXHQW�WUDQVSRUW�V\VWHP��
DQG�WKH�DFWLYDWHG�VOXGJH�WUHDWPHQW�EDVLQ�ZHUH�WHVWHG��7KLV�VHFWLRQ�GHVFULEHV�WKH�VRXUFHV�WHVWHG�DQG�WKH�
UHVXOWV�RI�WKHVH�WHVWV��

���� :DVWHZDWHU�7UHDWPHQW�3ODQW�'HVFULSWLRQ��0LOO�)�

0LOO�)�SURGXFHV�DSSUR[LPDWHO\���������WRQV�SHU�\HDU�RI�XQFRDWHG�NUDIW�EOHDFKHG�SDSHU�RQ�WKUHH�
PDFKLQHV��DQG�DSSUR[LPDWHO\���������WRQV�SHU�\HDU�RI�EOHDFKHG�NUDIW�SDSHUERDUG�RQ�RQH�PDFKLQH��
7KH�SXOS��ZKLFK�LV�SURGXFHG�RQ�VLWH��LV�DSSUR[LPDWHO\�����KDUGZRRG�DQG�����VRIWZRRG��

)LJXUH�����LV�D�VLPSOLILHG�VFKHPDWLF�UHSUHVHQWDWLRQ�RI�WKH�LQ�PLOO�VHZHU�V\VWHP��7KH�HPLVVLRQV�IURP�
WZR�RI�WKH�PDQKROH�YHQWV���(�DQG��$��ZHUH�WHVWHG��7KH�FRQGHQVDWH�VWULSSHU�IHHG�WDQN�RYHUIORZV�WR�WKH�
VHZHU�XSVWUHDP�RI�WKH��(�PDQKROH��DQG�H[FHVV�IRXO�FRQGHQVDWH�LV�GLVFKDUJHG�WR�WKH�VHZHU�DW�WKH��$�
PDQKROH��7KH�FRPELQHG�PLOO�DONDOLQH�VHZHU�IORZV�WR�WKH�ZDVWHZDWHU�WUHDWPHQW�SODQW��ZKHUH�WKH�
DGMDFHQW�WRZQ¶V�PXQLFLSDO�VHZHU�MRLQV�WKH�DONDOLQH�PLOO�VHZHU�DW�WKH�ORZ�OLIW�VWDWLRQ��7KH�PLOO¶V�DFLG�
VHZHU�PL[HV�ZLWK�WKH�FRPELQHG�PXQLFLSDO�DQG�PLOO�DONDOLQH�VHZHU�DW�WKH�SULPDU\�FODULILHU�RXWOHW��
)LJXUH�����LV�D�VFKHPDWLF�UHSUHVHQWDWLRQ�RI�WKH�ZDVWHZDWHU�WUHDWPHQW�SODQW��DQG�)LJXUH�����LV�DQ�DHULDO�
SKRWRJUDSK�RI�WKH�PLOO�DQG�ZDVWHZDWHU�WUHDWPHQW�SODQW���,QOHW�RXWOHW�OLTXLG�VDPSOLQJ�ORFDWLRQV�DUH�
LQGLFDWHG�RQ�)LJXUH������

0LOO�)�XVHV�DQ�DFWLYDWHG�VOXGJH�ZDVWHZDWHU�WUHDWPHQW�V\VWHP��:DVWH�VHFRQGDU\�VOXGJH�LV�SXPSHG�WR�
WKH�FODULILHU�LQIOXHQW�IORZ�VSOLWWLQJ�VWDWLRQ���7KHUH�DUH�WKUHH�SULPDU\�FODULILHUV��QRV��������DQG�����7KH�
QR����SULPDU\�FODULILHU�LV�JHQHUDOO\�QRW�XVHG�DQG�NHSW�LQ�UHVHUYH�DV�D�VSLOO�EDVLQ��KRZHYHU��GXULQJ�WKH�
SHULRG�RI�HPLVVLRQV�WHVWLQJ��WKH�QR����SULPDU\�FODULILHU�ZDV�VKXW�GRZQ�IRU�PDLQWHQDQFH��VR�WKH�QR����
SULPDU\�FODULILHU�ZDV�LQ�VHUYLFH��7KH�QRV����DQG���SULPDU\�FODULILHUV�DUH�LGHQWLFDO��ZLWK�GLDPHWHUV�RI�
����IW��7KH�QR����SULPDU\�FODULILHU�LV�����IW�LQ�GLDPHWHU��
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1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW�

5HF\FOHG�VHFRQGDU\�VOXGJH��DPPRQLXP�K\GUR[LGH�DQG�SKRVSKRULF�DFLG�DUH�PL[HG�ZLWK�WKH�FRPELQHG�
HIIOXHQW�IURP�WKH�SULPDU\�FODULILHUV�EHIRUH�WKH�SULPDU\�HIIOXHQW�HQWHUV�VHFRQGDU\�WUHDWPHQW�LQ�WKH�
DFWLYDWHG�VOXGJH�WUHDWPHQW�UHDFWRUV��$67V���1RUPDOO\��WKH�PL[LQJ�RI�WKH�PLOO�DFLG�VHZHU�ZLWK�WKH�
DONDOLQH�SULPDU\�FODULILHU�HIIOXHQW�SURYLGHV�VXIILFLHQW�QHXWUDOL]DWLRQ��+RZHYHU��LI�DGGLWLRQDO�S+�FRQWURO�
LV�QHFHVVDU\��WKHQ�VXOIXULF�DFLG�PD\�EH�DGGHG�WR�WKH�SULPDU\�HIIOXHQW��&DUERQ�GLR[LGH�PD\�EH�DGGHG�WR�
WKH�SULPDU\�LQIOXHQW�IRU�S+�FRQWURO��LI�QHFHVVDU\��7KH�UHFWDQJXODU�DHUDWLRQ�EDVLQ��ZLWK�GLPHQVLRQV�RI�
����IW�E\�����IW��LV�GLYLGHG�LQWR�IRXU�FHOOV��)LJXUH�����LV�D�GUDZLQJ�RI�WKH�DHUDWLRQ�EDVLQ�RQ�ZKLFK�WKH�
WKUHH�VXUIDFH�OLTXLG�VDPSOLQJ�ORFDWLRQV�DUH�LQGLFDWHG��7KH�WZR�QRUWKHUQ�FHOOV�HDFK�KDYH�VL[�VXUIDFH�
DHUDWRUV�DQG�DOZD\V�IXQFWLRQ�DV�DFWLYDWHG�VOXGJH�WUHDWPHQW�UHDFWRUV��7KH�WZR�VRXWKHUQ�FHOOV�HDFK�KDYH�
IRXU�VXUIDFH�DHUDWRUV�DQG�FDQ�IXQFWLRQ�DV�DFWLYDWHG�VOXGJH�WUHDWPHQW�UHDFWRUV��RU�DHURELF�GLJHVWHUV�IRU�
ZDVWH�VOXGJH��7KH�DHUDWRUV�FDQ�EH�UXQ�DW�WZR�SRZHU�OHYHOV������KS�RU����KS��,Q�WKH�FHOOV�XVHG�DV�
DFWLYDWHG�VOXGJH�WUHDWPHQW�UHDFWRUV��WKH�DHUDWRUV�ZHUH�DOO�UXQQLQJ�DW�WKH�����KS�OHYHO�GXULQJ�WKH�
HPLVVLRQV�WHVWLQJ�SHULRG��7ZR�SHUFHQW�RI�WKH�PL[HG�OLTXRU�OHDYLQJ�WKH�DFWLYDWHG�VOXGJH�WUHDWPHQW�
UHDFWRUV�LV�ZDVWHG�DQG�DHURELFDOO\�GLJHVWHG�IRU�VHYHUDO�GD\V�EHIRUH�LW�LV�UHWXUQHG�WR�WKH�LQOHW�RI�WKH�
SULPDU\�FODULILHUV��ZKHUH�WKH�ZDVWHG�VHFRQGDU\�VOXGJH�VHWWOHV�RXW�ZLWK�WKH�SULPDU\�VOXGJH���'XULQJ�WKH�
SHULRG�RI�HPLVVLRQV�WHVWLQJ��WKH�VRXWKHDVW�FHOO�ZDV�IXQFWLRQLQJ�DV�DQ�DFWLYDWHG�VOXGJH�WUHDWPHQW�UHDFWRU�
DQG�WKH�VRXWKZHVW�FHOO�ZDV�IXQFWLRQLQJ�DV�D�ZDVWH�VOXGJH�DHURELF�GLJHVWHU��$OO�RI�WKH�FHOOV�XVHG�DV�
DFWLYDWHG�VOXGJH�WUHDWPHQW�UHDFWRUV�RSHUDWH�LQ�SDUDOOHO��

7KHUH�DUH�WKUHH�VHFRQGDU\�FODULILHUV��KRZHYHU��PRVW�RI�WKH�WLPH��DV�ZDV�WKH�FDVH�GXULQJ�WKH�HPLVVLRQV�
WHVW�SHULRG��RQO\�WZR�RI�WKHP�DUH�XVHG���7KH�WZR�QRUPDOO\�XVHG�VHFRQGDU\�FODULILHUV��QRV����DQG����
KDYH�GLDPHWHUV�RI�����IW���7KH�LQWHUPLWWHQWO\�XVHG�QR����VHFRQGDU\�FODULILHU�KDV�D�����IW��2[\JHQ�LV�
DGGHG�WR�WKH�VHFRQGDU\�FODULILHU�HIIOXHQW�EHIRUH�LW�LV�GLVFKDUJHG�WR�WKH�ULYHU��

6XPPDUL]HG�PLOO�DQG�::73�SURFHVV�RSHUDWLQJ�LQIRUPDWLRQ�LV�FRQWDLQHG�LQ�7DEOH������
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3ULPDU\�$ONDOLQH�
3XOS�0LOO�DQG�
5HFRYHU\�6HZHU� �

$GGLWLRQDO�$ONDOLQH�
3XOS�0LOO�DQG�
5HFRYHU\�6HZHU�

,QSXWV�

�&

�(�

�'�

�%

�$

/HJHQG�

���������������� �0DQKROH�
[[�

([FHVV�)RXO�&RQGHQVDWH

3DSHU�0DFKLQHV�DQG�0LVF��3XOS�
0LOO��&DXVWLFL]LQJ�DQG�
5HFRYHU\�6HZHU�,QSXWV�

&DXVWLFL]LQJ�$UHD�6HZHU�

6WULSSHU�)HHG�
7DQN�2YHUIORZ�

)LJXUH�������6LPSOLILHG�,Q�0LOO�6HZHU�6\VWHP�6FKHPDWLF�'LDJUDP�

::73
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7DEOH������6XPPDU\�RI�'DLO\�$YHUDJH�3URFHVV�2SHUDWLQJ�3DUDPHWHU�,QIRUPDWLRQ��
0LOO�)�

3URFHVV�3DUDPHWHU� �������� ��������

+DUGZRRG�3XOS�3URG���$'73'� ���� ����
6RIWZRRG�3XOS�3URG���$'73'� ���� ����
&RQGHQVDWH�WR��$�6HZHU��JSP� ����� ������
0XQLFLSDO�6HZHU�)ORZ��JSP� ���� ��
)ORZ�WR�1R����3ULPDU\�&ODULILHU��
0*'�

����� ��

$FLG�6HZHU�)ORZ��0*'� FD������ ��
$FLG�6HZHU�S+� ���� ��
6HFRQGDU\�(IIOXHQW�)ORZ��JSP� ����� ��
0/66��PJ�/� ����� ��
6OXGJH�:DVWHG��OE�GD\� ������� ��
6OXGJH�5HF\FOHG��OE�GD\� ���������� ��
3ULPDU\�,QIOXHQW�%2'��OE�GD\� ������� ��
3ULPDU\�(IIOXHQW�%2'��OE�GD\� ������� ��
6HFRQGDU\�(IIOXHQW�%2'��OE�GD\� ���� ��
6HFRQGDU\�(IIOXHQW�'2��PJ�/� ���� ��

7KH�FRQGHQVDWH�IORZ�WR�WKH��$�6HZHU�ZDV�KLJKO\�YDULDEOH���7KH�VWDQGDUG�GHYLDWLRQV�IRU�ERWK�GD\V�
ZHUH�DSSUR[LPDWHO\�WZLFH�WKH�DYHUDJH�YDOXH���
)URP�WKH���'D\�%2'�WHVW��

���� (PLVVLRQV�0HDVXUHPHQW�DQG�/LTXLG�6DPSOLQJ�5HVXOWV��0LOO�)�

$W�0LOO�)�HPLVVLRQV�WHVWLQJ�DQG�WKH�DVVRFLDWHG�OLTXLG�VDPSOLQJ�ZDV�FRQGXFWHG�DW�WKH�QR����SULPDU\�
FODULILHU�DQG�WKH�DFWLYDWHG�VOXGJH�WUHDWPHQW�UHDFWRU�RQ���������DQG�WKH��$�DQG��(�VHZHU�PDQKROH�
YHQWV�RQ����������7KH�GHWDLOHG�UHVXOWV�RI�WKLV�WHVWLQJ�DUH�DYDLODEOH�LQ�WKH�0LOO�)�WHVW�UHSRUW��1&$6,�
����K���$W�HDFK�VRXUFH��WKUHH�VHTXHQWLDO�HPLVVLRQV�WHVWV�ZHUH�FRQGXFWHG��7KH�HPLVVLRQ�UDWHV�
GHWHUPLQHG�IURP�WKRVH�WHVWV�DUH�VXPPDUL]HG�LQ�7DEOH������0HWHRURORJLFDO�DQG�56&�FRQFHQWUDWLRQ�GDWD�
DVVRFLDWHG�ZLWK�WKRVH�WHVWV�DUH�VXPPDUL]HG�LQ�7DEOH������

$V�VKRZQ�LQ�)LJXUH������SURFHVV�XQLW�LQOHW�RXWOHW�OLTXLG�VDPSOLQJ�ZDV�FRQGXFWHG�DW�WKH�LQOHW�DQG�RXWOHW�
RI�WKH�QR����SULPDU\�FODULILHU��LQOHW�WR�WKH�DFWLYDWHG�VOXGJH�WUHDWPHQW�5HDFWRU��ZKLFK�ZDV�WKH�VDPH�
VDPSOLQJ�ORFDWLRQ�DV�WKH�QR����SULPDU\�FODULILHU�RXWOHW��DQG�RXWOHW�IURP�WKH�QR����VHFRQGDU\�FODULILHU��
6XUIDFH�OLTXLG�VDPSOHV��RQH�IRRW�EHORZ�WKH�VXUIDFH��ZHUH�FROOHFWHG�IURP�WKH�QR����SULPDU\�FODULILHU�
DQG�WKH�DFWLYDWHG�VOXGJH�WUHDWPHQW�UHDFWRU��$67���)LJXUH�����LV�D�VFKHPDWLF�GLDJUDP�VKRZLQJ�WKH�WKUHH�
VXUIDFH�OLTXLG�VDPSOLQJ�ORFDWLRQV�IRU�SULPDU\�FODULILHUV��)RU�WKH�QR����SULPDU\�FODULILHU��
SK\VLFDO�FKHPLFDO�SDUDPHWHU�GDWD�DVVRFLDWHG�ZLWK�OLTXLG�VDPSOH�FROOHFWLRQ�ZHUH�FROOHFWHG�DW�WZR�
DGGLWLRQDO�GHSWKV��ZKLFK�ZHUH�RQH�IRRW�DERYH�WKH�ERWWRP�DQG�PLGZD\�EHWZHHQ�WKH�VXUIDFH�DQG�
ERWWRP��7KH�WKUHH�VXUIDFH�OLTXLG�VDPSOLQJ�ORFDWLRQV�IRU�WKH�$67�DUH�VKRZQ�LQ�)LJXUH������7KH�UHVXOWV�
RI�WKH�OLTXLG�VDPSOH�DQDO\VLV�DUH�VXPPDUL]HG�LQ�7DEOH�����DQG�WKH�DYHUDJH�YDOXHV�RI�WKH�SK\VLFDO��
FKHPLFDO�SDUDPHWHU�GDWD�FROOHFWHG�GXULQJ�WKLV�VDPSOLQJ�DUH�VXPPDUL]HG�LQ�7DEOH������

$V�VKRZQ�LQ�7DEOH������IRU�WKH�QR����SULPDU\�FODULILHU��WKH�K\GURJHQ�VXOILGH�HPLVVLRQV�RYHU�WKUHH�UXQV�
UDQJHG�IURP������J�V�WR������J�V�ZLWK�DQ�DYHUDJH�HPLVVLRQ�UDWH�RI������J�V��0HWK\O�PHUFDSWDQ�
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HPLVVLRQV�DYHUDJHG�������J�V�DQG�UDQJHG�IURP�������J�V�WR�������J�V��'LPHWK\O�VXOILGH�HPLVVLRQV�
DYHUDJHG������J�V�DQG�UDQJHG�IURP�������J�V�WR������J�V��'LPHWK\O�GLVXOILGH�HPLVVLRQV�DYHUDJHG�
�������J�V�DQG�UDQJHG�IURP��������J�V�WR��������J�V��7KH�GDWD�VKRZ�WKDW�WKH�+�6�HPLVVLRQ�UDWH�
LQFUHDVHG�IURP������WR������J�V�EHWZHHQ�UXQ�QRV����DQG����DQG�WKHQ�LQFUHDVHG�DJDLQ�EHWZHHQ�UXQ�QRV����
DQG���WR������J�V��ZKLOH�WKH�HPLVVLRQV�RI�WKH�WKUHH�RUJDQLF�UHGXFHG�VXOIXU�FRPSRXQGV�VWD\HG�
HVVHQWLDOO\�FRQVWDQW�RYHU�WKH�WKUHH�UXQ�SHULRG��7DEOH�����VKRZV�WKDW�WKH�WRWDO�VXOILGH�FRQFHQWUDWLRQ�DW�
WKH�FODULILHU�RXWOHW�LQFUHDVHG�GXULQJ�WKH�SHULRG�RI�HPLVVLRQV�WHVWLQJ��ZKLOH�WKH�FRQFHQWUDWLRQV�RI�WKH�
RUJDQLF�UHGXFHG�VXOIXU�FRPSRXQGV�UHPDLQHG�UHODWLYHO\�FRQVLVWHQW��7KH�LQFUHDVH�LQ�WKH�SULPDU\�
FODULILHU�OLTXLG�WRWDO�VXOILGH�FRQFHQWUDWLRQ�ZDV�FRQVLVWHQW�ZLWK�WKH�LQFUHDVH�LQ�+�6�HPLVVLRQV�RYHU�WKH�
WHVW�SHULRG��7KH�PHWKDQH�HPLVVLRQV�IURP�WKH�SULPDU\�FODULILHU�UDQJHG�IURP������WR������J�V�ZLWK�DQ�
DYHUDJH�UDWH�RI������J�V�IRU�WKH�WKUHH�UXQV��,Q�7DEOH������WKH�PHWKDQH�HPLVVLRQV�IURP�WKH�SULPDU\�
FODULILHU�DUH�WDEXODWHG�DORQJ�ZLWK�WKH�PHDVXUHG�%2'�DQG�72&�UHPRYDOV�DFURVV�WKH�FODULILHU��

)RU�WKH�DFWLYDWHG�VOXGJH�WUHDWPHQW�UHDFWRU��DV�VKRZQ�LQ�7DEOH������WKH�DYHUDJH�K\GURJHQ�VXOILGH�
HPLVVLRQV�IRU�WKUHH�UXQV�ZDV�������J�V�DQG�UDQJHG�IURP�������J�V�WR�������J�V��7KH�PHWK\O�PHUFDSWDQ�
HPLVVLRQV�DYHUDJHG��������J�V�DQG�UDQJHG�IURP��������J�V�WR�������J�V���7KH�GLPHWK\O�VXOILGH�
HPLVVLRQV�DYHUDJHG������J�V�UDQJHG�IURP������J�V�WR������J�V��7KH�GLPHWK\O�GLVXOILGH�HPLVVLRQV�
DYHUDJHG��������J�V�RYHU�WKUHH�UXQV��UDQJLQJ�IURP��������J�V�WR��������J�V��,Q�7DEOH������WKH�OLTXLG�
PDWHULDO�EDODQFHV�IRU�WKH�IRXU�UHGXFHG�VXOIXU�FRPSRXQGV�LQ�WKH�DFWLYDWHG�VOXGJH�WUHDWPHQW�UHDFWRU�DUH�
FRPSDUHG�WR�WKH�PHDVXUHG�HPLVVLRQV�RI�WKRVH�IRXU�FRPSRXQGV��7KLV�FRPSDULVRQ�VKRZV�WKDW�PRVW�RI�
WKH�UHGXFHG�VXOIXU�FRPSRXQG�ORVV�DFURVV�WKH�DFWLYDWHG�VOXGJH�WUHDWPHQW�UHDFWRU�ZDV�QRW�DFFRXQWHG�IRU�
LQ�WKH�PHDVXUHG�DLU�HPLVVLRQV��7KLV�LQGLFDWHV�WKDW�DOO�IRXU�RI�WKH�UHGXFHG�VXOIXU�FRPSRXQGV�ZHUH�
ODUJHO\�GHVWUR\HG�LQ�WKH�DFWLYDWHG�VOXGJH�WUHDWPHQW�UHDFWRU��%DVHG�RQ�WKH�UHVXOWV�IURP�WKH�$6%V�LQ�WKLV�
VWXG\��HIILFLHQW�GHVWUXFWLRQ�RI�WRWDO�VXOILGH�ZDV�H[SHFWHG�LQ�WKH�DFWLYDWHG�VOXGJH�WUHDWPHQW�UHDFWRU��
+RZHYHU��WKH�UHODWLYHO\�HIILFLHQW�GHVWUXFWLRQ�RI�WKH�RUJDQLF�UHGXFHG�VXOIXU�FRPSRXQGV��HVSHFLDOO\�
'06�DQG�'0'6��LQ�WKH�DFWLYDWHG�VOXGJH�WUHDWPHQW�UHDFWRU�LV�LQ�FRQWUDVW�WR�WKH�$6%V��IURP�ZKLFK�
PRVW�WKHVH�FRPSRXQGV�ZHUH�HPLWWHG��UDWKHU�WKDQ�GHVWUR\HG��$GVRUSWLRQ�RQWR�WKH�KLJK�FRQFHQWUDWLRQ�RI�
VXVSHQGHG�VROLGV�IROORZHG�E\�R[LGDWLRQ�LV�FHUWDLQO\�D�SODXVLEOH�PHFKDQLVP�IRU�GHVWUXFWLRQ�RI�WKH�
RUJDQLF�UHGXFHG�VXOIXU�FRPSRXQGV�LQ�WKH�DFWLYDWHG�VOXGJH�WUHDWPHQW�UHDFWRU��5HFHQW�UHVHDUFK��/LQ�DQG�
&KRX��������ZKLFK�VKRZV�WKDW�YRODWLOH��K\GURSKRELF�FRPSRXQGV�WHQG�WR�SDUWLWLRQ�WR�WKH�VXVSHQGHG�
VROLGV�LQ�DFWLYDWHG�VOXGJH�V\VWHPV��VXSSRUWV�WKLV�K\SRWKHVLV��

'XULQJ�WKH�WHVWV��WKH�PHWKDQH�HPLVVLRQV�IURP�WKH�DFWLYDWHG�VOXGJH�WUHDWPHQW�UHDFWRU�IRU�WKH�WKUHH�UXQV�
UDQJHG�IURP�����WR������J�V�ZLWK�DQ�DYHUDJH�YDOXH�RI������J�V��)RU�WKH�$67��WKH�PHWKDQH�HPLVVLRQV�
DQG�WKH�OLTXLG�PDWHULDO�EDODQFHV�IRU�%2'�DQG�72&�DUH�VXPPDUL]HG�LQ�7DEOH������7KH�%2'�UHPRYDO�
DFURVV�WKH�$67�ZDV�����J�V��DQG�WKH�PHWKDQH�HPLVVLRQV�ZHUH������J�V��

7KH�IORZ�DQG�FRQFHQWUDWLRQ�GDWD�IRU�WKH��$�DQG��(�VHZHU�PDQKROH�YHQWV�DUH�VXPPDUL]HG�LQ�7DEOH������
'XH�WR�UHODWLYHO\�ORZ�JDVHRXV�IORZ�UDWHV�DQG�FRQFHQWUDWLRQV�DW�WKH��$�VHZHU�PDQKROH�YHQW��WKH�
HPLVVLRQV�RI�+�6��00��'06�DQG�'0'6�ZHUH�GHWHUPLQHG�WR�EH�YHU\�ORZ��ZLWK�DYHUDJH�HPLVVLRQ�
UDWHV�RI��������������������������DQG��������J�V��UHVSHFWLYHO\��7KH�JDV�IORZ�UDWHV�DQG�FRQFHQWUDWLRQV�
RI�WKH�UHGXFHG�VXOIXU�JDVHV�LQ�WKH��(�VHZHU�PDQKROH�YHQW�JDVHV�ZHUH�KLJKHU��ZLWK�DYHUDJH�+�6��00��
'06�DQG�'0'6�HPLVVLRQ�UDWHV�RI������������������DQG������J�V��UHVSHFWLYHO\��,QVSHFWLRQ�RI�WKH�OLTXLG�
VDPSOH�UHGXFHG�VXOIXU�FRPSRXQG�FRQFHQWUDWLRQV�LQ�7DEOH�����VKRZV�WKDW�WKH�OLTXLG�SKDVH�
FRQFHQWUDWLRQV�ZHUH�KLJKHU�DW�WKH��$�PDQKROH�WKDQ�DW�WKH��(�PDQKROH��ZKLFK�LV�RSSRVLWH�RI�WKH�WUHQG�
VHHQ�IRU�WKH�HPLVVLRQV��7KH��(�PDQKROH�LV�YHQWHG�YLD�DQ�LQGXFHG�GUDIW�IDQ��ZKLFK�FDQ�YHQW�JDV�IURP�D�
ODUJH�DUHD�RI�WKH�LQ�PLOO�VHZHU�V\VWHP��LQFOXGLQJ�DUHDV�GRZQVWUHDP�IURP�WKH��$�PDQKROH��7KH��$�
PDQKROH�LV�VLPSO\�RSHQ�WR�WKH�DWPRVSKHUH�DQG�YHQWHG�RQO\�E\�QDWXUDO�FRQYHFWLRQ��7KH�UHVXOWV�IURP�
WHVWLQJ�WKHVH�PDQKROH�YHQWV�LQGLFDWH�WKDW�FDXWLRQ�VKRXOG�EH�XVHG�LI�DQ\�DWWHPSW�LV�PDGH�WR�HVWLPDWH�
VHZHU�YHQW�HPLVVLRQV�IURP�OLTXLG�SKDVH�GDWD��
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7DEOH�������$YHUDJH�3K\VLFDO�&KHPLFDO�3DUDPHWHU�0HDVXUHPHQW�'DWD�$VVRFLDWHG�
ZLWK�/LTXLG�6DPSOH�&ROOHFWLRQ��0LOO�)�

� � 6SHFLILF� � �
� 'HSWK�� 7HPS��� &RQGXFWDQFH�� '2�� �
� )W�� &� P6�FP� PJ�/� S+�

3ULPDU\�,QIOXHQW� �� ����� ������ ����� ���
1R����3ULPDU\�&ODULILHU� �� ����� ������ ����� ����
1R����3ULPDU\�&ODULILHU� ������� ����� ������ ����� ����
1R����3ULPDU\�&ODULILHU� ��������� ����� ������ ����� ����
3&�2XWOHW���$67�,QOHW� �� ����� ������ ����� ����
$67�%DVLQ� �� ����� ������ ����� ����
1R����6HF��&ODULILHU�2XWOHW� �� ����� ������ ����� ����
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7DEOH�������0HWKDQH�(PLVVLRQV�DQG�WKH�%2'�DQG�72&�/LTXLG�0DWHULDO�
%DODQFHV�IRU�WKH�3ULPDU\�&ODULILHU�DW�0LOO�)�

� � � � � 0HWKDQH�
� � ,QOHW�� 2XWOHW�� 5HPRYDO�� (PLVVLRQV��

'DWH� 3DUDPHWHU� J�V� J�V� J�V� J�V�

���������� %2'� ������ ������ ������ �����

���������� 72&� ������ ������ ����� �����

7DEOH�������$SSDUHQW�'HVWUXFWLRQ�RI�56&�&RPSRXQGV�LQ�WKH�$FWLYDWHG��
6OXGJH�7UHDWPHQW�5HDFWRU�

� � � � $SSDUHQW�
� � � � $PRXQW�RI�
� � � � &RPSRXQG�
� ,QOHW�� 2XWOHW�� (PLVVLRQV� 'HVWUR\HG�

&RPSRXQG� J�V� J�V� J�V� ��

+�6� ������ ����� ������ �����
00� ����� ����� ������ �����
'06� ����� ����� ������ �����
'0'6� ����� ����� ������ �����

1'>[[�[[@� �1RW�GHWHFWHG��ZLWK�[[�[[�HTXDO�WR�RQH�KDOI�RI�WKH�PHWKRG�TXDQWLWDWLRQ�OLPLW��
WRWDO�VXOILGH�DV�+�6�

7DEOH�������$FWLYDWHG�6OXGJH�7UHDWPHQW�5HDFWRU�%2'�DQG�72&�/LTXLG�0DWHULDO�%DODQFH
DQG�0HWKDQH�(PLVVLRQV��0LOO�)�

� /LTXLG� � 0HWKDQH�
3DUDPHWHU� %DODQFH� 8QLWV� (PLVVLRQV��J�V�

72&� ���� J�&�V� �����

%2'� ���� J�V� �����

,QOHW�±�2XWOHW� � � �
)URP�WKH���'D\�%2'�WHVW��
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7DEOH��������)ORZ�DQG�&RQFHQWUDWLRQ�6XPPDU\�IRU�WKH��$�DQG��(�0DQKROH�9HQWV�

� 5XQ� 7HPS��� 0RLVWXUH�� )ORZ� )ORZ� � 9HQW�&RQFHQWUDWLRQ��SSEY�
6RXUFH� 1R�� )� �� $&)0� '6&)0� � +�6� 00� '06� '0'6�

�$� �� ����� ���� ����� ����� � ����� ���� ����� ����
� �� ����� ���� ����� ����� � ����� ���� ���� ����
� �� ����� ���� ����� ����� � ����� ���� ����� ����

� $YJ�� ����� ���� ����� ����� � ����� ���� ����� ����

�(� �� ������ ���� ����� ����� � ������ ������ ������ �������
� �� ������ ���� ����� ����� � ������ ������ ������ �������
� �� ������ ���� ����� ����� � ������ ������ ������ ������

� $YJ�� ������ ���� ����� ����� � ������ ������ ������ �������

���� 6285&(�'(6&5,37,21�$1'�5(68/76�2)�7(676�$7�0,//�7�

$Q�LQWHQVLYH�VFUHHQLQJ�VWXG\�ZDV�FRQGXFWHG�DW�0LOO�7�'HFHPEHU������������$OWKRXJK�HPLVVLRQV�
PHDVXUHPHQW�WHVWLQJ�DQG�DVVRFLDWHG�OLTXLG�VDPSOLQJ�ZDV�QRW�FRQGXFWHG�DW�0LOO�7�LQ�WKH�VDPH�PDQQHU�
DV�DW�WKH�RWKHU�PLOOV�LQ�WKLV�VWXG\��WKH�H[WHQVLYH�GDWD�FROOHFWHG�GXULQJ�WKH�VFUHHQLQJ�VWXG\�PDGH�LW�
SRVVLEOH�WR�GHYHORS�DQ�XQGHUVWDQGLQJ�RI�WKH�HPLVVLRQV�IURP�WKH�::73��HVWLPDWH�WKH�PDJQLWXGH�RI�
WKRVH�HPLVVLRQV��DQG�UHODWH�WKH�YDULDWLRQV�LQ�WKH�HPLVVLRQV�WR�YDULDWLRQV�LQ�SURFHVV�RSHUDWLRQ��7KLV�
VHFWLRQ�GHVFULEHV�WKH�VRXUFH��WKH�WHVWV�FDUULHG�RXW��DQG�WKH�UHVXOWV�RI�WKH�VWXG\��

���� :DVWHZDWHU�7UHDWPHQW�3ODQW�'HVFULSWLRQ��0LOO�7�

0LOO�7�SURGXFHV�DSSUR[LPDWHO\���������WRQV�SHU�\HDU�RI�EOHDFKHG�NUDIW�SDSHUERDUG�IURP�SXOS�
SURGXFHG�HQWLUHO\�RQ�VLWH��)LJXUHV�����DQG�����DUH�D�VFKHPDWLF�UHSUHVHQWDWLRQ�DQG�D�VFDOH�GUDZLQJ�RI�
WKH�0LOO�7�::73��UHVSHFWLYHO\��7KH�PLOO�DONDOLQH�VHZHU��ZLWK�DQ�DYHUDJH�IORZ�UDWH�RI�DSSUR[LPDWHO\�
�����0*'��IORZV�WKURXJK�D�����IW��GLDPHWHU�SULPDU\�FODULILHU��ZLWK�DQ�DSSUR[LPDWH�YROXPH�RI�����
PLOOLRQ�JDOORQV��7KH�UHWHQWLRQ�WLPH�LQ�WKH�SULPDU\�FODULILHU�LV�DSSUR[LPDWHO\���WR���KRXUV��$W�WKH�WLPH�
RI�WKH�VFUHHQLQJ�VWXG\��WKH�SULPDU\�FODULILHU�ZHLU�ZDV�FRPSOHWHO\�VXEPHUJHG�DQG�QRW�YLVLEOH��7KH�PLOO�
DFLG�VHZHU�PL[HV�ZLWK�WKH�SULPDU\�FODULILHU�HIIOXHQW��7KH�FRPELQHG�PLOO�VHZHU��ZLWK�DQ�DYHUDJH�IORZ�
UDWH�RI�DSSUR[LPDWHO\����0*'��WKHQ�IORZV�WR�WKH�����DFUH�HTXDOL]DWLRQ�EDVLQ��ZKHUH�PXFK�RI�WKH�
UHPDLQGHU�RI�WKH�VXVSHQGHG�VROLGV�IURP�WKH�PLOO�DONDOLQH�VHZHU�VHWWOHV�RXW�RI�WKH�HIIOXHQW��,Q�DGGLWLRQ��
ZKHQ�LQWHUPLWWHQW�SUREOHPV�RFFXU�ZLWK�WKH�SULPDU\�VOXGJH�SUHVV��WKH�SULPDU\�VOXGJH�UHFRYHUHG�IURP�
WKH�SULPDU\�FODULILHU�LV�VHQW�GLUHFWO\�WR�WKH�HTXDOL]DWLRQ�EDVLQ��$W�WKH�WLPH�RI�WKH�VFUHHQLQJ�VWXG\��
VROLGV�DFFXPXODWLRQ�ZDV�YHU\�YLVLEOH�LQ�WKH�HTXDOL]DWLRQ�EDVLQ��DQG�YLJRURXV�EXEEOLQJ�LQGLFDWHG�WKDW�
VLJQLILFDQW�DQDHURELF�DFWLYLW\�ZDV�RFFXUULQJ��2FFDVLRQDOO\��WKH�HTXDOL]DWLRQ�EDVLQ�LV�GUHGJHG��DQG�WKH�
GUHGJHG�VOXGJH�LV�SODFHG�LQ�WKH����DFUH�VOXGJH�SRQG��$W�WKH�WLPH�RI�WKH�VFUHHQLQJ�VWXG\��WKH�VOXGJH�
SRQG�ZDV�HVVHQWLDOO\�GU\��)URP�WKH�HTXDOL]DWLRQ�EDVLQ��WKH�HIIOXHQW�IORZV�WKURXJK�WKH�QR����$6%�FDQDO�
WR�WKH����DFUH�QR����$6%��ZKLFK�KDV�DQ�HVWLPDWHG�UHWHQWLRQ�WLPH�RI�DSSUR[LPDWHO\�����GD\V�DQG������
+3�RI�VXUIDFH�DHUDWLRQ��)LJXUH�����LV�D�VFDOH�GUDZLQJ�RI�WKH�QR����$6%��DQG�)LJXUH�����LV�D�VFDOH�
GUDZLQJ�RI�WKH�QR����$6%�&DQDO��$OWKRXJK�WKHUH�DUH�IRXU�RSHQLQJV�IURP�WKH�QR����$6%�&DQDO�LQWR�WKH�
QR����$6%��PRVW�RI�WKH�ZDVWHZDWHU�HQWHUV�WKH�QR����$6%�WKURXJK�WKH�QRUWKHUQPRVW�RSHQLQJ��
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)URP�WKH�QR����$6%��WKH�HIIOXHQW�IORZV�WR�WKH����DFUH�QR����$6%��ZKLFK�KDV�DQ�HVWLPDWHG�UHWHQWLRQ�
WLPH�RI�DSSUR[LPDWHO\�����GD\V�DQG������+3�RI�VXUIDFH�DHUDWLRQ��+DUG�SLSHG�FRQGHQVDWHV��ZLWK�D�IORZ�
UDWH�RI�DSSUR[LPDWHO\���0*'�DUH�LQWURGXFHG�WR�WKH�QR����$6%�DW�PXOWLSOH�ORFDWLRQV�QHDU�WKH�LQOHW�WR�
WKH�QR����$6%��7KH�QRUPDO�%2'�ORDG�WR�WKH�::73��LQFOXGLQJ�WKH�KDUG�SLSHG�FRQGHQVDWHV��LV�LQ�WKH�
UDQJH�RI��������WR���������SRXQGV�SHU�GD\��

(IIOXHQW�IURP�WKH�QR����$6%�LV�WUDQVSRUWHG�YLD�D�ORQJ�FDQDO�WR�WKH�����DFUH�QR����$6%��ZKLFK�KDV�DQ�
HVWLPDWHG�UHWHQWLRQ�WLPH�RI�DSSUR[LPDWHO\�����GD\V�DQG������+3�RI�VXUIDFH�DHUDWLRQ��7KH�HIIOXHQW�
IURP�WKH�QR����$6%�IORZV�GLUHFWO\�LQWR�D�VHULHV�RI�WZR�UHWHQWLRQ�SRQGV��QRV����DQG�����7KHVH�WZR�
UHWHQWLRQ�SRQGV�KDYH�DUHDV�RI�DSSUR[LPDWHO\����DQG�����DFUHV��UHVSHFWLYHO\��DQG�D�FRPELQHG�UHWHQWLRQ�
WLPH�RI���GD\V��
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5HWHQWLRQ�
���3RQG
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5HWHQWLRQ�
���3RQG

1R����
�$6%�

1R����
�$6%�

1R����
�$6%�

6OXGJH�
�3RQG

3ULPDU\
&ODULILHU

2XWIDOO

(TXDOL]DWLRQ
����%DVLQ

� ��� �����)7

(IIOXHQW�)ORZ

0HWHRURORJLFDO�6WDWLRQ

R

R

RRRR

+DUG�SLSHG�)RXO�&RQGHQVDWHV

)LJXUH�������6FDOH�'UDZLQJ�RI�WKH�0LOO�7�::73�

1R����
$6%

WR�1R����$6%

���)URP
(TXDOL]DWLRQ
���%DVLQ

� ����)7

(IIOXHQW�)ORZ

)LJXUH�������6FDOH�'UDZLQJ�RI�WKH�0LOO�7�1R����$6%�
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1R����
$6%

���)URP
(TXDOL]DWLRQ
���%DVLQ

1R����
�$6%
&DQDO

� ����)7

)LJXUH�������6FDOH�'UDZLQJ�RI�WKH�0LOO�7�1R����$6%�&DQDO�

���� 6FUHHQLQJ�6WXG\�5HVXOWV��0LOO�7�

7KH�-HURPH�+�6�DQDO\]HU�VFUHHQLQJ�VWXG\�UHVXOWV�VXPPDUL]HG�LQ�7DEOH�����LQGLFDWH�WKDW�WKH�QRV����DQG���
$6%V�DQG�WKH�HTXDOL]DWLRQ�EDVLQ�ZHUH�VLJQLILFDQW�VRXUFHV�RI�56&�HPLVVLRQV��7KH�UHVXOWV�LQGLFDWH�WKDW�WKH�
SULPDU\�FODULILHU�DQG�QR����UHWHQWLRQ�SRQG�DOVR�KDG�56&�HPLVVLRQV��EXW�WKH�GRZQZLQG�FRQFHQWUDWLRQV�ZHUH�
ORZHU�WKDQ�IRU�WKH�IRUPHU�WKUHH�VRXUFHV��7KH�QR����$6%��QR����UHWHQWLRQ�SRQG�DQG�VOXGJH�SRQG�GLG�QRW�
KDYH�VLJQLILFDQW�56&�HPLVVLRQV��

&DQLVWHU�VDPSOHV�ZHUH�FROOHFWHG�GRZQZLQG�RI�WKH�QRV����DQG���$6%V�DQG�WKH�HTXDOL]DWLRQ�EDVLQ�IRU�
VSHFLDWHG�56&�DQDO\VLV��7KH�UHVXOWV�IURP�WKH�DQDO\VLV�RI�WKRVH�FDQLVWHU�VDPSOHV�DUH�VXPPDUL]HG�LQ�7DEOH�
�����$W�WKH�HTXDOL]DWLRQ�EDVLQ�DQG�WKH�QR����$6%��WKH�RUJDQLF�UHGXFHG�VXOIXU�FRPSRXQGV�DUH�SUHVHQW��EXW�
WKH�PDMRULW\�RI�WKH�56&�HPLVVLRQV�ZHUH�K\GURJHQ�VXOILGH��+RZHYHU��DW�WKH�QR����$6%�WKH�RUJDQLF�UHGXFHG�
VXOIXU�FRPSRXQGV�FRPSULVHG�PRVW�RI�WKH�56&�HPLVVLRQV��7KHVH�UHVXOWV�DUH�FRQVLVWHQW�ZLWK�::73�
RSHUDWLRQ��ZKLFK�LQFOXGHG�VLJQLILFDQW�DQDHURELF�DFWLYLW\�LQ�WKH�HTXDOL]DWLRQ�EDVLQ��MXVW�XSVWUHDP�RI�WKH�QR��
��$6%��DQG�WKH�LQWURGXFWLRQ�RI�KDUG�SLSHG�FRQGHQVDWHV�IURP�WKH�NUDIW�SXOSLQJ�SURFHVV�WR�WKH�QR����$6%��
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���� 5HVXOWV�RI�(PLVVLRQ�5DWH�(VWLPDWLRQV�DQG�'LVFXVVLRQ��0LOO�7�

(PLVVLRQV�UDWH�PHDVXUHPHQWV�XVLQJ�WKH�VSDWLDO�DPELHQW�DLU�VDPSOLQJ�WHFKQLTXH�ZHUH�QRW�FRQGXFWHG�DW�0LOO�
7��KRZHYHU��WKH�H[WHQVLYH�DPRXQW�RI�VFUHHQLQJ�VWXG\�GDWD�FROOHFWHG�FRPELQHG�ZLWK�WKH�H[SHULHQFH�DQG�
HPLVVLRQV�UDWH�GDWD�FROOHFWHG�DW�RWKHU�PLOOV�DOORZHG�WKH�GHYHORSPHQW�RI�D�SURFHGXUH�E\�ZKLFK�HPLVVLRQ�
UDWHV�IRU�VHYHUDO�0LOO�7�::73�VRXUFHV�FRXOG�EH�HVWLPDWHG��7KH�VRXUFHV�RI�PRVW�LQWHUHVW�IRU�HPLVVLRQ�UDWH�
HVWLPDWLRQ�ZHUH�WKH�HTXDOL]DWLRQ�EDVLQ��QR����$6%�DQG�QR����UHWHQWLRQ�SRQG��7KH�QR����$6%�ZDV�RI�
LQWHUHVW�EHFDXVH�WKH�JURXQG�OHYHO�FRQFHQWUDWLRQ�GDWD�LQGLFDWHG�PXFK�KLJKHU�HPLVVLRQV�WKDQ�ZHUH�REVHUYHG�
DW�DQ\�RI�WKH�RWKHU�$6%V�WHVWHG�LQ�WKLV�VWXG\��7KH�QR����UHWHQWLRQ�SRQG�ZDV�DOVR�RI�VSHFLDO�LQWHUHVW�EHFDXVH�
WKH�JURXQG�OHYHO�FRQFHQWUDWLRQ�GDWD�LQGLFDWHG�WKDW�WKLV�VRXUFH�PD\�KDYH�VLJQLILFDQW�HPLVVLRQV��ZKHUHDV�
HVVHQWLDOO\�DOO�RI�WKH�RWKHU�GDWD�JHQHUDWHG�LQ�WKLV�VWXG\�IRU�SRVW�DHUDWLRQ�UHWHQWLRQ�SRQGV�LQGLFDWHG�
LQVLJQLILFDQW�HPLVVLRQV��

7KH�LQIRUPDWLRQ�UHTXLUHG�WR�FDOFXODWH�D�VRXUFH�HPLVVLRQ�UDWH�IURP�WKH�VSDWLDO�DPELHQW�DLU�VDPSOLQJ�
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QRW�DYDLODEOH��$Q�HVWLPDWLRQ�SURFHGXUH�XVHG�IRU�WKH�YHUWLFDO�FRQFHQWUDWLRQ�SURILOH�XQGHU�UHODWLYHO\�VWDEOH�
DWPRVSKHULF�FRQGLWLRQV��&�WKURXJK�(�3�*�DWPRVSKHULF�VWDELOLW\�FODVVHV��LV�GHVFULEHG�LQ�6HFWLRQ������$W�
0LOO�7�HPLVVLRQV�ZHUH�RQO\�HVWLPDWHG�IURP�PHDVXUHPHQWV�PDGH�ZLWKLQ�WKLV�VWDELOLW\�FODVV�UDQJH�VR�WKDW�
WKH�VDPH�YHUWLFDO�FRQFHQWUDWLRQ�SURILOH�HVWLPDWLRQ�FRXOG�EH�DSSOLHG��7KH�IROORZLQJ�GLVFXVVLRQ�GHVFULEHV�
KRZ�WKH�RWKHU�PLVVLQJ�FRPSRQHQW��KRUL]RQWDOO\�LQWHJUDWHG�JURXQG�OHYHO�FRQFHQWUDWLRQ��ZDV�HVWLPDWHG��
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UXQV��DV�GHWDLOHG�LQ�WKH�PLOO�VSHFLILF�UHSRUW��1&$6,�����L���)RU�HVWLPDWLQJ�SXUSRVHV��WKH�DYHUDJH�-HURPH�
UHVSRQVHV�IRU�WKRVH�WKUHH�ORFDWLRQV��ZKLFK�DUH�VKRZQ�LQ�7DEOH������ZHUH�XVHG�DV�DQ�HVWLPDWH�RI�WKH�
KRUL]RQWDOO\�LQWHJUDWHG�JURXQG�OHYHO�GRZQZLQG�FRQFHQWUDWLRQ��7KH�-HURPH�DQDO\]HU�GRHV�QRW�\LHOG�
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7R�REWDLQ�WKHVH�HVWLPDWHV��IRU�HDFK�RI�WKH����VDPSOHV��WKH�FDQLVWHU�DQDO\VLV�FRQFHQWUDWLRQV�ZHUH�PXOWLSOLHG�
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WR�FDOFXODWH�HVWLPDWHG�DYHUDJH�GRZQZLQG�FRQFHQWUDWLRQV�IRU�HDFK�FRPSRXQG��7KH�HPLVVLRQV�ZHUH�DOVR�
HVWLPDWHG�IRU�WKH�QR����UHWHQWLRQ�SRQG��'HILQLWLYH�FDQLVWHU�GDWD�ZHUH�QRW�DYDLODEOH�IRU�WKH�QR����UHWHQWLRQ�
SRQG��WKHUHIRUH��VLQFH�DOO�RI�WKH�UHGXFHG�VXOIXU�FRPSRXQG�HPLVVLRQV�IURP�WKLV�SRQG�ZRXOG�EH�H[SHFWHG�WR�
EH�GXH�WR�DQDHURELF�JHQHUDWLRQ�������RI�WKH�-HURPH�DQDO\]HU�UHVSRQVH�ZDV�DWWULEXWHG�WR�+�6��7KH�
HPLVVLRQV�IURP�WKH�QR����$6%�DQG�WKH�QR����UHWHQWLRQ�SRQG�ZHUH�LQVLJQLILFDQW��7KHUHIRUH��WKH�ZDVWHZDWHU�
PXVW�KDYH�JRQH�DQR[LF�DJDLQ�DW�VRPH�SRLQW�LQ�WKH�QR����UHWHQWLRQ�SRQG�WR�JHQHUDWH�VXOILGH�ZKLFK�ZDV�WKHQ�
HPLWWHG�DV�+�6��

)LJXUH�����VKRZV�WKH�HVWLPDWHG�+�6�HPLVVLRQ�UDWHV�IRU�-HURPH�VFUHHQLQJ�VWXG\�UXQ�QRV��������DQG���DW�WKH�
QR����$6%��$OVR�LQFOXGHG�RQ�)LJXUH�����DUH�WKH�HVWLPDWHG�+�6�HPLVVLRQ�UDWHV�IRU�UXQ�QRV����DQG���DW�WKH�
QR����UHWHQWLRQ�SRQG��DQG�UXQ�QR����RQ�WKH�HTXDOL]DWLRQ�EDVLQ��(PLVVLRQ�UDWHV�ZHUH�QRW�HVWLPDWHG�IRU�WKH�
RWKHU�WHVW�UXQV�IRU�RQH�RU�PRUH�RI�WKH�IROORZLQJ�UHDVRQV�����XQVWDEOH�DWPRVSKHULF�FRQGLWLRQV��3�*�6WDELOLW\�
&ODVVHV�$�DQG�%������LQVXIILFLHQW�KRUL]RQWDO�JURXQG�OHYHO�FKDUDFWHUL]DWLRQ�RI�WKH�GRZQZLQG�SOXPH��DQG�RU�
���LQWHUIHUHQFH�IURP�XSZLQG�HPLVVLRQ�VRXUFHV��7KH�HUURU�EDUV�LQGLFDWH�WKH�UDQJH�RI�WKH�HVWLPDWHG�HPLVVLRQ�
UDWHV�DVVRFLDWHG�ZLWK�RQH�VWDQGDUG�GHYLDWLRQ�RI�WKH�YHUWLFDO�FRQFHQWUDWLRQ�SURILOH�H[SRQHQW��E���7KH�
QXPHULFDO�YDOXHV�RI�WKH�GDWD�VKRZQ�LQ�)LJXUH�����DUH�VXPPDUL]HG�LQ�7DEOH������7KH�UHVXOWV�IRU�WKH�QR����
UHWHQWLRQ�SRQG�LQGLFDWHG�WKDW�WKH�+�6�HPLVVLRQV�ZHUH�LQ�WKH�UDQJH�RI�DERXW���WR�����JUDPV�SHU�VHFRQG��
6LQFH�WKHUH�ZHUH�YLUWXDOO\�QR�+�6�HPLVVLRQV�IURP�WKH�QR����$6%�DQG�WKH�QR����UHWHQWLRQ�SRQG��ZKLFK�ZHUH�
WKH�WZR�VRXUFHV�LPPHGLDWHO\�XSVWUHDP�IURP�WKH�QR����UHWHQWLRQ�SRQG��WKH�PRVW�SODXVLEOH�VRXUFH�RI�WKH�+�6�
HPLVVLRQV�IURP�WKH�QR����UHWHQWLRQ�SRQG�ZDV�WKH�GHYHORSPHQW�RI�DQDHURELF�FRQGLWLRQV�LQ�WKH�SRQG��ZKLFK�
OHG�WR�JHQHUDWLRQ�RI�VXOILGH�DQG�+�6�HPLVVLRQV��7KH�UHVXOWV�IRU�WKH�HTXDOL]DWLRQ�EDVLQ�LQGLFDWHG�WKDW�WKH�
HPLVVLRQV�ZHUH�LQ�WKH�UDQJH�RI�����J�V�WR�����J�V��7KH�UHVXOWV�IRU�WKH�QR����$6%�LQGLFDWH�WKDW�WKH�HPLVVLRQV�
IRU�UXQV�QRV��������DQG���ZHUH�LQ�WKH�UDQJH�RI�DERXW�������DQG�����JUDPV�SHU�VHFRQG��UHVSHFWLYHO\��(DFK�RI�
WKHVH�WHVW�UXQV�RQ�WKH�QR����$6%�ZHUH�FRQGXFWHG�RQ�GLIIHUHQW�GD\V��VR�WKH�::73�RSHUDWLQJ�SDUDPHWHUV�
IRU�HDFK�GD\�ZHUH�LQYHVWLJDWHG�IRU�GLIIHUHQFHV�WKDW�PD\�KDYH�EHHQ�UHVSRQVLEOH�IRU�WKLV�ZLGH�YDULDWLRQ�LQ�
+�6�HPLVVLRQ�UDWH��

$W�WKH�QR����$6%��UXQ�QRV��������DQG���ZHUH�FRQGXFWHG�RQ�'HFHPEHU�������DQG����UHVSHFWLYHO\��,Q�)LJXUH�
�����WKH�GDLO\�WRWDO�RUJDQLF�FDUERQ��72&��ORDGLQJ�DQG�S+�DUH�SORWWHG�IRU�WKH�QR����$6%�IRU�WKH�SHULRG�RI�
'HFHPEHU�������7KH�S+�YDOXH�LV�D�GDLO\�FRPSRVLWH�FROOHFWHG�DW�WKH�$6%�LQOHW��7KH�SORWV�VKRZ�WKDW�WKH�
72&�ORDGLQJ�LQFUHDVHG�JUHDWO\�RQ�'HFHPEHU����IURP�PLGQLJKW�'HFHPEHU���WR�PLGQLJKW�'HFHPEHU�����
7KLV�VSLNH�LQ�72&�ORDGLQJ�ZDV�HQRXJK�WR�WHPSRUDULO\�RYHUORDG�WKH�QR����$6%���7KH�72&�ORDGLQJ�
GHFUHDVHG�RQ�'HFHPEHU�������DQG���WR�WKH�SRLQW�WKDW�RQ�'HFHPEHU���LW�ZDV�EDFN�WR�OHYHO�LW�ZDV�EHIRUH�WKH�
VSLNH�RFFXUUHG��7KH�QR����$6%�S+�ZDV�DOVR�TXLWH�YDULDEOH�GXULQJ�WKLV�SHULRG��2Q�'HFHPEHU���DQG����WKH�
S+�ZDV�FORVH�WR�����EXW�RQ�'HFHPEHU���LW�GURSSHG�WR�DERXW�S+����2Q�'HFHPEHU����WKH�S+�URVH�WR�DERXW����
DQG�WKHQ�RQ�'HFHPEHU���LW�ZDV�EDFN�XS�WR�DERXW�S+�����

7KH�YDULDEOH�72&�ORDGLQJ�DQG�S+�DSSHDU�WR�EH�UHODWHG�WR�WKH�YDULDEOH�+�6�HPLVVLRQ�UDWHV�REVHUYHG�DW�WKH�
QR����$6%�RQ�'HFHPEHU�������DQG����:LWK�WKH�72&�LQIOXHQW�VSLNH�MXVW�EHJLQQLQJ�RQ�'HFHPEHU����DQG�WKH�
KLJK�S+�LQ�WKH�EDVLQ��ORZ�WR�PRGHUDWH�+�6�HPLVVLRQV�ZHUH�REVHUYHG��2Q�'HFHPEHU����QHDU�WKH�SHDN�RI�WKH�
72&�VSLNH�ZLWK�ORZ�LQIOXHQW�S+��DOWKRXJK�LW�ZDV�QRW�SRVVLEOH�WR�TXDQWLWDWLYHO\�HVWLPDWH�WKH�+�6�HPLVVLRQ�
UDWH��VFUHHQLQJ�GDWD�LQGLFDWHG�WKDW�LW�ZDV�YHU\�KLJK��2Q�'HFHPEHU����ZLWK�WKH�EDVLQ�LQIOXHQW�MXVW�VWDUWLQJ�WR�
FRPH�RII�RI�WKH�72&�VSLNH�DQG�ORZ�S+��KLJK�+�6�HPLVVLRQV�ZHUH�REVHUYHG��2Q�'HFHPEHU����ZLWK�WKH�
72&�ORDGLQJ�EDFN�WR�D�QRUPDO�OHYHO�DQG�KLJK�S+��ORZ�+�6�HPLVVLRQV�ZHUH�REVHUYHG��
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1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW



���� 7HFKQLFDO�%XOOHWLQ�1R������

1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW�

7DEOH�������(VWLPDWHG�$YHUDJH�&RPSRXQG�6SHFLILF�&RQFHQWUDWLRQV�IRU�WKH�-HURPH�
$QDO\]HU�6FUHHQLQJ�6WXG\�7HVWV��0LOO�7�

� � $YHUDJH� � � � �
� � 'RZQZLQG� � � � �
� � -HURPH� � � � �
� � &RQF��� (VWLPDWHG�$YHUDJH�'RZQZLQG�&RQF���SSEY�

6RXUFH� 5XQ�1R�� SSEY� +�6� 00� '06� '0'6�

1R����$6%� �� ���� ���� �� �� ��
� �� 1$� 1$� 1$� 1$� 1$�
� �� ���� ���� ��� �� ��
� �� ����� ����� ��� ��� ��
� �� ���� ���� ��� ��� ��
� �� ��� ��� �� �� ��

(TXDOL]DWLRQ� �� ���� ���� �� �� ��
%DVLQ� �� ���� ���� �� �� ��
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7DEOH�������(VWLPDWHG�+�6�(PLVVLRQ�5DWHV��0LOO�7�

� � � +�6�(PLVVLRQ�5DWH��J�V�
� � � 0LQLPXP� $YHUDJH� 0D[LPXP�

6RXUFH� 5XQ�1R�� � �E� ������ �E� ������ �E� ������

1R����$6%� �� � ����� ����� �����
� �� � ����� ����� ������
� �� � ����� ����� �����

1R����5HWHQWLRQ�3RQG� �� � ����� ����� �����
� �� � ����� ����� �����

(TXDOL]DWLRQ�%DVLQ� �� � ����� ����� �����

�5XQ��� �5XQ��� �5XQ��� �5XQ����5XQ��� �5XQ���

1R����$6%� 1R����5HWHQWLRQ�
3RQG�

(TXDOL]DWLRQ�%DVLQ�

)LJXUH�������(VWLPDWHG�+�6�(PLVVLRQ�5DWHV��0LOO�7�
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7HFKQLFDO�%XOOHWLQ�1R������ ����

1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW�

���� 6800$5<�2)�5(68/76�%<�81,7�23(5$7,21�

7KH�ZDVWHZDWHU�WUHDWPHQW�V\VWHPV�DW�NUDIW�SXOS�PLOOV�FRQVLVW�RI�D�VHULHV�RI�XQLW�RSHUDWLRQV�LQFOXGLQJ�
VHWWOLQJ�EDVLQV��SULPDU\�FODULILHUV��DHUDWHG�EDVLQV��DQG�SRVW�DHUDWLRQ�TXLHVFHQW�SRQGV��6RPH�PLOOV�DOVR�XVH�
HPHUJHQF\�SRQGV�WR�VWRUH�VWURQJ�ZDVWH�WR�SUHYHQW�SHDN�ORDGV�WR�WKH�WUHDWPHQW�EDVLQ��'XULQJ�WKLV�VWXG\��
YDULRXV�FRPSRQHQWV�RI�ZDVWHZDWHU�WUHDWPHQW�DQG�WUDQVSRUW�V\VWHPV�DW�VL[�GLIIHUHQW�NUDIW�PLOOV�ZHUH�WHVWHG�
IRU�WKHLU�UHGXFHG�VXOIXU�DQG�PHWKDQH�HPLVVLRQV��,Q�DGGLWLRQ�WR�WKH�DLU�HPLVVLRQ�WHVWLQJ��H[WHQVLYH�HIIOXHQW�
VDPSOLQJ�DQG�DQDO\VLV�ZHUH�FDUULHG�RXW��7KLV�VHFWLRQ�VXPPDUL]HV�WKH�UHVXOWV�RI�DOO�WKHVH�VWXGLHV�DQG�
GLVFXVVHV�WKHLU�ILQGLQJV��

���� 3UH�$HUDWLRQ�%DVLQ�(PLVVLRQV�

������ 3UH�$HUDWLRQ�%DVLQ�5HGXFHG�6XOIXU�&RPSRXQG�(PLVVLRQV

'XULQJ�WKLV�VWXG\�WHVWV�ZHUH�SHUIRUPHG�DW�IRXU�SUH�DHUDWLRQ�EDVLQV�LQFOXGLQJ�WZR�SULPDU\�VHWWOLQJ�SRQGV��D�
VWURQJ�ZDVWH�VSLOO�SRQG��DQG�D�SRVW�SULPDU\�FODULILHU�VHWWOLQJ�HTXDOL]DWLRQ�EDVLQ��7KH�UHGXFHG�VXOIXU�
FRPSRXQG�HPLVVLRQ�UDWHV�IRU�WKH�IRXU�SUH�DHUDWLRQ�EDVLQV�DUH�VXPPDUL]HG�LQ�7DEOH������7KH�SURFHVV�DQG�
PHWHRURORJLFDO�GDWD�FROOHFWHG�GXULQJ�WKHVH�VWXGLHV�DUH�VXPPDUL]HG�LQ�7DEOH������

$V�GHVFULEHG�HDUOLHU��DW�0LOO�%��WKH�SULPDU\�FODULILHU�LQIOXHQW��ZLWK�D�IORZ�UDWH�RI�DSSUR[LPDWHO\����0*'��
LV�GLYHUWHG�WR�WKH�VSLOO�SRQG�ZKHQHYHU�WKH�ZDVWHZDWHU�FRQGXFWLYLW\�H[FHHGV�D�VHW�WKUHVKROG��:KHQ�WKH�PLOO�
RSHUDWLRQ�UHWXUQV�WR�QRUPDO��WKH�VSLOO�SRQG�FRQWHQWV�DUH�SXPSHG�EDFN�WR�LQOHW�RI�WKH�SULPDU\�FODULILHU�DW�D�
IORZ�UDWH�RI�DSSUR[LPDWHO\���0*'��:DVWHZDWHU�IORZV�LQWR�DQG�RXW�RI�WKH�VSLOO�SRQG�DW�DSSUR[LPDWHO\�WKH�
VDPH�ORFDWLRQ��7HVWV�ZHUH�FRQGXFWHG�DW�WKH�VSLOO�SRQG�GXULQJ�WZR�SHULRGV��7KH�DYHUDJH�+�6�HPLVVLRQV�
IURP�WKH�VSLOO�SRQG�ZHUH�����J�V�DQG�����J�V�IURP�WKH�ILUVW�DQG�VHFRQG�WHVW�SHULRGV��UHVSHFWLYHO\��ZLWK�DQ�
DYHUDJH�ZLQG�VSHHG�DW����PHWHUV�HOHYDWLRQ�RI�����P�V�IRU�WKH�ILUVW�WHVW�SHULRG�DQG�����P�V�IRU�WKH�VHFRQG��
+LJKHU�ZLQG�VSHHGV�ZRXOG�EH�H[SHFWHG�WR�UHVXOW�LQ�KLJKHU�HPLVVLRQV��86(3$��������%HFDXVH�RI�WKH�ZD\�
WKH�VSLOO�SRQG�LV�XVHG��LW�LV�QRW�SRVVLEOH�WR�GHWHUPLQH�KRZ�PXFK�RI�WKH�+�6�HPLVVLRQV�ZHUH�GXH�WR�OLTXLG�
VXOILGH�LQSXW�ZLWK�WKH�ZDVWHZDWHU�YHUVXV�DQDHURELF�JHQHUDWLRQ��7KH�GDWD�LQ�7DEOH�����DOVR�VKRZ�WKDW��
H[FHSW�IRU�PHWK\O�PHUFDSWDQ�ZKLFK�KDG�DQ�HPLVVLRQ�UDWH�RI�������J�V�GXULQJ�WKH�VHFRQG�WHVW�SHULRG��DOO�RI�
WKH�RUJDQLF�UHGXFHG�VXOIXU�FRPSRXQG�HPLVVLRQ�UDWHV�ZHUH�QRQ�GHWHFW��,W�VKRXOG�EH�QRWHG�WKDW�WKH�GHWHFWLRQ�
OLPLWV�IRU�PHWK\O�PHUFDSWDQ�LQ�WKH������WHVWV�ZHUH�KLJKHU�WKDQ�WKH�OHYHOV�DW�ZKLFK�LW�ZDV�GHWHFWHG�LQ�WKH�
�����VWXG\��7KXV��PHWK\O�PHUFDSWDQ�FRXOG�KDYH�EHHQ�SUHVHQW�LQ�WKH������WHVWV�DW�OHYHOV�PHDVXUHG�LQ�WKH�
�����WHVWV��

7KH�WZR�SULPDU\�VHWWOLQJ�SRQGV�WHVWHG�GXULQJ�WKH�VWXG\�DUH�ORFDWHG�DW�0LOO�(�ZKHUH�WKH\�DUH�XVHG�LQ�OLHX�RI�
D�SULPDU\�FODULILHU���'XULQJ�WKH�ILUVW�WZR�WHVW�SHULRGV��WKH�QR����VHWWOLQJ�SRQG�KDQGOHG�WKH�PDLQ�PLOO�VHZHU�
IURP�SRZHU�DQG�UHFRYHU\��SDSHUPDNLQJ�DQG�WKH�EOHDFK�SODQWV��ZKHUHDV�WKH�QR����VHWWOLQJ�SRQG�KDQGOHG�WKH�
ILEHUOLQH�VHZHU�DQG�WKH�HIIOXHQW�IURP�SULPDU\�VOXGJH�GHZDWHULQJ��$GGLWLRQDOO\��GXULQJ�WKH�ILUVW�WHVW�SHULRG��
WKH�QR����VHWWOLQJ�SRQG�DOVR�KDQGOHG�WKH�HIIOXHQW�IURP�DQ�2&&�UHF\FOLQJ�IDFLOLW\��ZKLFK�ZDV�VKXW�GRZQ�
SULRU�WR�WKH�VHFRQG�WHVW�SHULRG��'XULQJ�WKH�WKLUG�WHVW�SHULRG��DOO�RI�WKH�PLOO�HIIOXHQW�ZDV�IORZLQJ�WKURXJK�
WKH�QR����VHWWOLQJ�SRQG��DQG�WKH�QR����VHWWOLQJ�SRQG�KDG�EHHQ�VWDJQDQW�IRU�VHYHUDO�PRQWKV��)RU�WKH�QR����
VHWWOLQJ�SRQG��ZLWK�QRQ�VWDJQDQW�FRQGLWLRQV�WKH�DYHUDJH�+�6�HPLVVLRQ�UDWHV�IRU�WKH�ILUVW�DQG�VHFRQG�WHVW�
SHULRGV�ZHUH�����DQG�����J�V��UHVSHFWLYHO\��)RU�WKH�QR����VHWWOLQJ�SRQG��WKH�DYHUDJH�+�6�HPLVVLRQ�UDWHV�IRU�
WKH�ILUVW��VHFRQG��DQG�WKLUG�WHVW�SHULRGV�ZHUH�����������DQG�����J�V��UHVSHFWLYHO\��$W�ERWK�VHWWOLQJ�SRQGV��WKH�
KLJKHU�HPLVVLRQV�RFFXUUHG�ZLWK�KLJKHU�ZLQG�YHORFLWLHV��

$V�WKH�ZDVWHZDWHU�IORZHG�WKURXJK�WKHVH�SRQGV�RQ�LWV�ZD\�WR�VHFRQGDU\�WUHDWPHQW��WKHUH�ZDV�VLJQLILFDQW�
VXOILGH�JHQHUDWLRQ�DV�D�UHVXOW�RI�DQDHURELF�DFWLYLW\��)RU�WKH�QR����VHWWOLQJ�SRQG��VXOILGH�JHQHUDWLRQ�UDWHV�RI�
��J�V�����J�V��DQG���J�V�ZHUH�FDOFXODWHG�IRU�WKH�ILUVW��VHFRQG��DQG�WKLUG�WHVW�SHULRGV��UHVSHFWLYHO\��$OWKRXJK�
WKH�UHDVRQ�IRU�WKH�KLJKHU�VXOILGH�JHQHUDWLRQ�UDWH�GXULQJ�WKH�VHFRQG�WHVW�SHULRG�DUH�XQFOHDU��WZR�GLIIHUHQFHV�
EHWZHHQ�WKH�WHVW�SHULRGV�WKDW�PD\�KDYH�EHHQ�UHODWHG�WR�GLIIHULQJ�VXOILGH�JHQHUDWLRQ�UDWHV�ZHUH����VOXGJH�
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DFFXPXODWLRQ�WKDW�RFFXUUHG�EHWZHHQ�WKH�ILUVW�DQG�VHFRQG�WHVW�SHULRGV��DQG����WKH�KLJKHU�LQ�EDVLQ�S+�GXULQJ�
WKH�VHFRQG�WHVW�SHULRG��7KH�ODFN�RI�D�VWUDLJKWIRUZDUG�H[SODQDWLRQ�IRU�WKLV�VLWXDWLRQ�LV�XQGHUVWDQGDEOH�LQ�
OLJKW�RI�WKH�FRPSOH[LW\�NQRZQ�WR�H[LVW�DURXQG�WKH�FKHPLFDO�DQG�ELRORJLFDO�DVVLVWHG�WUDQVIRUPDWLRQV�RI�
VXOILGH��H�J���&KHQ�DQG�0RUULV�������.RQWURQDURX�DQG�+RIIPDQ�������0DGLJDQ��0DUWLQNR��DQG�3DUNHU�
������%XLVPDQ�HW�DO��������1LHOVHQ��9ROOHUWVHQ��DQG�+YLWYHG�-DFREVHQ��������7KH�KLJK�LQ�EDVLQ�VXOIXU�
FRQFHQWUDWLRQV�DQG�DSSDUHQWO\�KLJK�VXOILGH�JHQHUDWLRQ�UDWH�GXULQJ�WKH�VHFRQG�WHVW�SHULRG�LPSO\�WKDW�WKH�
HPLVVLRQ�UDWH�FRXOG�KDYH�EHHQ�PXFK�KLJKHU�LI�WKH�S+�KDG�EHHQ�DW�D�PRUH�QRUPDO�OHYHO��DSSUR[LPDWHO\�
QHXWUDO���'XULQJ�WKH�WKLUG�WHVW�SHULRG�LQ�-XQH�������WKHUH�KDG�EHHQ�QR�LQSXW�RI�VXOIXU�WR�WKH�QR����VHWWOLQJ�
SRQG�IRU�DOPRVW�ILYH�PRQWKV��WKHUHIRUH��WKH�LQ�EDVLQ�VXOILGH�JHQHUDWLRQ�PXVW�KDYH�UHVXOWHG�IURP�DQDHURELF�
UHGXFWLRQ�RI�VXOIDWH�DQG�RU�HOHPHQWDO�VXOIXU�DVVRFLDWHG�ZLWK�WKH�ZDWHU�DQG�RU�VOXGJH�VWRUHG�LQ�WKH�SRQG��
2[LGL]HG�VXOIXU�PD\�KDYH�VWLOO�EHHQ�SUHVHQW�LQ�WKH�SRQG�DW�WKH�WLPH�RI�VDPSOLQJ�EHFDXVH�WKH�ORZHU�
WHPSHUDWXUH�RI�WKH�VWDJQDQW�SRQG�LQ�WKH�SUHFHHGLQJ�ZLQWHU�DQG�VSULQJ�PRQWKV��ZRXOG�KDYH�LQKLELWHG�
DQDHURELF�DFWLYLW\��

)RU�WKH�QR����VHWWOLQJ�SRQG��WKH�REVHUYHG�VXOILGH�JHQHUDWLRQ�UDWHV�DUH�HDVLHU�WR�H[SODLQ��$W�WKH�QR����VHWWOLQJ�
SRQG��VLPLODU�VXOILGH�JHQHUDWLRQ�UDWHV�RI�����J�V�DQG�����J�V�ZHUH�FDOFXODWHG�IRU�WKH�ILUVW�DQG�VHFRQG�WHVW�
SHULRGV��ZLWK�VLPLODU�LQ�EDVLQ�WHPSHUDWXUHV���� &��LQ�WKH�QR����VHWWOLQJ�SRQG��DQG�PDLQ�PLOO�VHZHU�IORZLQJ�
WKURXJK�WKH�QR����VHWWOLQJ�SRQG��+RZHYHU��GXULQJ�WKH�WKLUG�WHVW�SHULRG��ZLWK�WKH�PDLQ�PLOO�VHZHU�IORZLQJ�
WKURXJK�WKH�QR����VHWWOLQJ�SRQG��WKH�VXOILGH�JHQHUDWLRQ�UDWH�ZDV����J�V���7KH�LQFUHDVH�LQ�VXOILGH�JHQHUDWLRQ�
ZDV�OLNHO\�GXH�WR�WKH�LQFUHDVH�LQ�LQ�EDVLQ�WHPSHUDWXUH�WR��� &�DQG�WKH�%2'�LQSXW�DVVRFLDWHG�ZLWK�WKH�
PDLQ�PLOO�VHZHU�IORZ��7KH�SDUWLDO�FRYHULQJ�RI�GULHG�ILEURXV�PDWHULDO�ZRXOG�KDYH�DOVR�FRQWULEXWHG�WR�KLJKHU�
LQ�EDVLQ�WHPSHUDWXUH��

$W�0LOO�7��WKH�SRVW�SULPDU\�FODULILHU�HTXDOL]DWLRQ�EDVLQ��IURP�DQ�HVWLPDWLRQ�EDVHG�RQ�WKH�VFUHHQLQJ�VWXG\�
UHVXOWV��KDG�DQ�+�6�HPLVVLRQ�UDWH�RI������J�V��$OWKRXJK�QR�PHWKDQH�PHDVXUHPHQWV�ZHUH�PDGH�IRU�WKLV�
EDVLQ��LW�KDG�YHU\�YLJRURXV�EXEEOLQJ��LPSO\LQJ�VLJQLILFDQW�DQDHURELF�DFWLYLW\��7KH�UHODWLYHO\�ORZ�+�6�
HPLVVLRQV�IURP�WKLV�EDVLQ�DUH�PRVW�OLNHO\�UHODWHG�LWV�PRGHVW�VXUIDFH�DUHD�RI�����DFUHV��7KH�HVWLPDWHG�
RUJDQLF�UHGXFHG�VXOIXU�FRPSRXQG�HPLVVLRQV�IURP�WKLV�EDVLQ�ZHUH�������J�V��������J�V��DQG�������J�V�IRU�
PHWK\O�PHUFDSWDQ��GLPHWK\O�VXOILGH�DQG�GLPHWK\O�GLVXOILGH��UHVSHFWLYHO\��

$V�GLVFXVVHG�DERYH��DW�WKH�WKUHH�EDVLQV�ZKHUH�WKH�+�6�HPLVVLRQV�ZHUH�PHDVXUHG�GXULQJ�PXOWLSOH�WHVW�
SHULRGV��VSLOO�SRQG�DQG�QRV����DQG���VHWWOLQJ�SRQGV���WKHUH�ZHUH�ODUJH�GLIIHUHQFHV�EHWZHHQ�WKH�HPLVVLRQ�
UDWHV�PHDVXUHG�DW�GLIIHUHQW�WLPHV��([DPLQDWLRQ�RI�WKH�SURFHVV�RSHUDWLQJ�GDWD��OLTXLG�VDPSOLQJ�GDWD��DQG�
PHWHRURORJLFDO�GDWD�LQGLFDWHG�WKDW�WKH�IDFWRU�PRVW�OLNHO\�WR�EH�UHODWHG�WR�WKH�GLIIHULQJ�HPLVVLRQ�UDWHV�ZDV�
KRUL]RQWDO�ZLQG�YHORFLW\��0RGHOV�GHYHORSHG�E\�(3$�VXJJHVW�WKDW�OLTXLG�SKDVH�PDVV�WUDQVIHU�UDWHV�IRU�
YRODWLOH�RUJDQLFV�IURP�ODUJH��VKDOORZ�TXLHVFHQW�EDVLQV�DUH�H[SHFWHG�WR�LQFUHDVH�H[SRQHQWLDOO\�ZLWK�ZLQG�
YHORFLW\�DV�WKH�ZLQG�YHORFLW\�LQFUHDVHV�DERYH������P�V��86(3$��������$GGLWLRQDOO\��+�6�HPLVVLRQV�IURP�
TXLHVFHQW�EDVLQV�DUH�H[SHFWHG�WR�EH�GLUHFWO\�SURSRUWLRQDO�WR�VXUIDFH�DUHD��$OWKRXJK�QRUPDOL]DWLRQ�IRU�
VXUIDFH�DUHD�ZLOO�QRW�DLG�LQ�XQGHUVWDQGLQJ�GLIIHUHQFHV�LQ�PHDVXUHG�HPLVVLRQ�UDWHV�IRU�WKH�VDPH�EDVLQ��LW�
IDFLOLWDWHV�FRPSDULVRQ�RI�HPLVVLRQ�UDWHV�IRU�GLIIHUHQW�EDVLQV��7KH�HPLVVLRQ�UDWHV�ZHUH�QRUPDOL]HG�WR�D�SHU�
DFUH�EDVLV�DQG�D�ZLQG�YHORFLW\�RI�OHVV�WKDQ������PHWHUV�SHU�VHFRQG��ZLWK�WKH�UHVXOWV�WDEXODWHG�LQ�7DEOH�����
DQG�VKRZQ�JUDSKLFDOO\�LQ�)LJXUH������,Q�)LJXUH������WKH�HPLVVLRQ�UDWHV�DUH�VKDGHG�GLIIHUHQWO\�IRU�
HVVHQWLDOO\�VWDJQDQW�EDVLQV�YHUVXV�WKRVH�ZLWK�VLJQLILFDQW�HIIOXHQW�IORZ��

)LJXUH�����VKRZV�WKH�ZLQG�YHORFLW\�DGMXVWPHQW�EURXJKW�WKH�DYHUDJH�+�6�HPLVVLRQV�IRU�PXOWLSOH�WHVW�
SHULRGV�PXFK�FORVHU�WR�WKH�VDPH�OHYHO�ZKHQ�WKH�EDVLQV�ZHUH�WHVWHG�ZLWK�VLPLODU�IORZ�FRQGLWLRQV��L�H���
VWDJQDQW�RU�IORZ�WKURXJK��1RUPDOL]DWLRQ�IRU�VXUIDFH�DUHD�DQG�ZLQG�YHORFLW\�EURXJKW�WKH�HPLVVLRQV�IURP�
DOO�RI�WKH�WHVWV�DW�EDVLQV�ZLWK�IORZ�WKURXJK�FRQGLWLRQV�LQWR�D�VLPLODU�UDQJH�RI������WR������JUDP�SHU�VHFRQG�
SHU�DFUH��ZKHUHDV�WKH�QRUPDOL]DWLRQ�EURXJKW�HPLVVLRQV�IURP�DOO�RI�WKH�WHVWV�DW�EDVLQV�ZLWK�VWDJQDQW�
FRQGLWLRQV�LQWR�D�QDUURZ�UDQJH�RI������WR������JUDP�SHU�VHFRQG�SHU�DFUH��7KH�KLJKHU�+�6�HPLVVLRQV�IURP�
EDVLQV�LQ�HVVHQWLDOO\�VWDJQDQW�FRQGLWLRQV�PD\�EH�ODUJHO\�H[SODLQHG�E\�WKH�IDFW�WKDW�WKH�RQO\�UHPRYDO�
PHFKDQLVP�IRU�WKH�VXOILGH�JHQHUDWHG�YLD�DQDHURELF�ELRORJLFDO�DFWLYLW\�LQ�WKH�VWDJQDQW�SRQGV�LV�
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YRODWLOL]DWLRQ�WR�WKH�DWPRVSKHUH�DV�+�6��7KLV�LV�LQ�FRQWUDVW�WR�WKH�SRQGV�ZLWK�VLJQLILFDQW�IORZ��ZKHUH�LQ�
EDVLQ�JHQHUDWHG�VXOILGH�OHDYHV�WKH�EDVLQ�ZLWK�WKH�H[LW�VWUHDP��DV�ZHOO�DV�WKURXJK�YRODWLOL]DWLRQ�WR�WKH�
DWPRVSKHUH��

5HJDUGLQJ�WKH�QR����VHWWOLQJ�EDVLQ�LQ�WKH�IORZ�WKURXJK�FRQILJXUDWLRQ��LW�LV�LQWHUHVWLQJ�WR�QRWH�WKDW�S+�
DSSDUHQWO\�GLG�QRW�LQIOXHQFH�WKH�+�6�HPLVVLRQV�WR�WKH�H[WHQW�H[SHFWHG�EDVHG�RQ�WKH�+�6�GLVVRFLDWLRQ�
HTXLOLEULXP�LQ�ZDWHU��%DVHG�RQ�WKDW�HTXLOLEULXP��WKH�FRQFHQWUDWLRQ�RI�XQGLVVRFLDWHG�+�6�ZRXOG�KDYH�EHHQ�
DERXW����WLPHV�KLJKHU�LQ�WKH�EDVLQ�GXULQJ�WHVW���WKDQ�GXULQJ�WHVW����KRZHYHU��WKH�HPLVVLRQV�DIWHU�
QRUPDOL]DWLRQ�IRU�ZLQG�YHORFLW\�ZHUH�DERXW�WKH�VDPH�IRU�ERWK�WHVWV��

$W�DOO�RI�WKH�PLOOV�LQ�WKLV�VWXG\��NUDIW�SURFHVV�IRXO�FRQGHQVDWH�KDQGOLQJ�SUDFWLFHV�OLPLWHG�WKH�DPRXQW�RI�
RUJDQLF�UHGXFHG�VXOIXU�FRPSRXQGV��256&V��DVVRFLDWHG�ZLWK�LQIOXHQW�WR�WKH�SUH�DHUDWLRQ�EDVLQV��ZKLFK�
UHVXOWHG�LQ�YHU\�ORZ�WR�QRQ�GHWHFW�HPLVVLRQV�RI�WKRVH�FRPSRXQGV�IURP�WKH�SUH�DHUDWLRQ�EDVLQV��

������ 3UH�$HUDWLRQ�%DVLQ�0HWKDQH�(PLVVLRQV�

7KH�UHVXOWV�RI�PHWKDQH�HPLVVLRQ�WHVWV�DW�WKH�0LOO�%�VSLOO�SRQG�DQG�WKH�WZR�VHWWOLQJ�EDVLQV�DW�0LOO�(�DUH�
VXPPDUL]HG�LQ�7DEOH������7KHVH�UHVXOWV�VKRZ�WKDW�DW�0LOO�%��WKH�PHWKDQH�HPLVVLRQ�UDWHV�IURP�WKH�VSLOO�
SRQG�ZHUH�����J�V�DQG�����J�V�IRU�WKH�ILUVW�DQG�VHFRQG�WHVW�SHULRGV��UHVSHFWLYHO\��VXJJHVWLQJ�ORZHU�
DQDHURELF�DFWLYLW\�GXULQJ�WKH�VHFRQG�WHVW�SHULRG��6KRUWO\�EHIRUH�WKH�VHFRQG�WHVW�SHULRG��VOXGJH�
DFFXPXODWLRQ�QHDU�WKH�LQOHW�RXWOHW�DUHD�KDG�EHHQ�GUHGJHG��ZKLFK�FRXOG�DOVR�KDYH�UHVXOWHG�LQ�OHVV�DQDHURELF�
DFWLYLW\�DQG�ORZHU�PHWKDQH�HPLVVLRQV��$OVR��DV�VKRZQ�LQ�7DEOH������WKH�OLTXLG�WHPSHUDWXUH�ZDV��� &�
FROGHU�GXULQJ�WKH�VHFRQG�WHVW�SHULRG��ZKLFK�FRXOG�KDYH�FRQWULEXWHG�WR�ORZHU�PHWKDQH�JHQHUDWLRQ��

7KH�GDWD�IRU�0LOO�(�LQ�7DEOH�����VKRZ�WKDW�WKHUH�ZDV�VLJQLILFDQW�PHWKDQH�JHQHUDWLRQ�LQ�WKH�WZR�VHWWOLQJ�
SRQGV�GXULQJ�WKH�ILUVW�DQG�VHFRQG�WHVW�SHULRGV��ZLWK�HPLVVLRQ�UDWHV��UDQJLQJ�IURP���J�V�WR����J�V���0HWKDQH�
HPLVVLRQV�ZHUH�QRW�PHDVXUHG�GXULQJ�WKH�WKLUG�WHVW�SHULRG��

,Q�7DEOH������WKH�72&�FRQWHQWV�RI�WKH�LQIOXHQW�DQG�RXWIORZ�IURP�WKH�QR����DQG�QR����VHWWOLQJ�SRQGV�DUH�
SUHVHQWHG�DORQJ�ZLWK�WKH�PHDVXUHG�72&�JDLQV�DFURVV�WKRVH�SRQGV��7KH�LQFUHDVH�LQ�WKH�DPRXQWV�RI�72&�DV�
WKH�ZDVWHZDWHU�IORZV�WKURXJK�WKH�SRQGV�PD\�EH�GXH�WR����WKH�IRUPDWLRQ�RI�ZDWHU�VROXEOH�FDUERQ�
FRQWDLQLQJ�FRPSRXQGV�IURP�ELRORJLFDO�GHJUDGDWLRQ�RI�WKH�VHWWOHG�SULPDU\�VOXGJH��DQG�RU����IL[DWLRQ�RI�
DWPRVSKHULF�FDUERQ�GLR[LGH�YLD�SKRWRV\QWKHWLF�RU�RWKHU�ELRORJLFDO�PHDQV�LQ�WKHVH�ODUJH��VKDOORZ�EDVLQV��
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� � 7HVW� (PLVVLRQV��J�V�
0LOO� 6RXUFH� 3HULRG� +�6� 00� '06� '0'6�
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7� (TXDOL]DWLRQ�%DVLQ� �� ���(���� ���(���� ���(���� ���(����

(PLVVLRQ�UDWHV�IRU�WKHVH�WHVW�SHULRGV�ZHUH�HVWLPDWHG�IURP�JURXQG�OHYHO�FRQFHQWUDWLRQ�GDWD�DQG�FRQFXUUHQW�VLWH�
VSHFLILF�PHWHRURORJLFDO�GDWD��
1'>[[[[@� �WKH�HVWLPDWHG�PD[LPXP�HPLVVLRQ�UDWH�FDOFXODWHG�IURP�QRQ�GHWHFW�DPELHQW�DLU�FRQFHQWUDWLRQ�GDWD�XVLQJ�
WKH�SURFHGXUHV�RXWOLQHG�LQ�6HFWLRQ��������
1$� �1RW�$YDLODEOH��
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UDWHV�UDQJHG�IURP�����J�V�WR�DSSUR[LPDWHO\���J�V��7KH�GHVWUXFWLRQ�DQG�RU�JHQHUDWLRQ�UDWHV�IRU�WKH�UHGXFHG�
VXOIXU�FRPSRXQGV�LQ�WKH�DHUDWHG�EDVLQV�WHVWHG�LQ�WKLV�VWXG\�DUH�VXPPDUL]HG�LQ�7DEOH�������$W�WKUHH�RI�WKH�
IRXU�$6%V��IRU�ZKLFK�VLPXOWDQHRXV�DLU�HPLVVLRQ�DQG�OLTXLG�FRQFHQWUDWLRQ�GDWD�ZHUH�DYDLODEOH��0LOOV�$��%��
DQG�(���RYHU�����RI�WKH�WRWDO�VXOILGH�HQWHULQJ�WKH�$6%�ZLWK�WKH�ZDVWHZDWHU�ZDV�DSSDUHQWO\�GHVWUR\HG�YLD�
ELRORJLFDO�DQG�RU�FKHPLFDO�R[LGDWLRQ��UDWKHU�WKDQ�HPLWWHG�WR�WKH�DWPRVSKHUH��7KH�IDWH�RI�WKH�PDMRULW\�RI�
WKH�VXOILGH�HQWHULQJ�WKRVH�$6%V�ZLWK�WKH�ZDVWHZDWHU�ZDV�DSSDUHQWO\�LQ�EDVLQ�FKHPLFDO�DQG�RU�ELRORJLFDOO\�
DVVLVWHG�R[LGDWLRQ�WR�VXOIDWH��HOHPHQWDO�VXOIXU��RU�LQWHUPHGLDWH�VXOIXU�VSHFLHV��$OWKRXJK�WKHUH�LV�QRW�PXFK�
LQIRUPDWLRQ�DYDLODEOH�VSHFLILFDOO\�IRU�NUDIW�SXOS�DQG�SDSHU�PLOO�ZDVWHZDWHUV��WKHUH�DUH�QXPHURXV�OLWHUDWXUH�
UHIHUHQFHV�VXSSRUWLQJ�WKH�R[LGDWLRQ�RI�VXOILGH�LQ�RWKHU�DTXHRXV�PDWULFHV��H�J���.RQWURQDURX�DQG�+RIIPDQ�
������0DGLJDQ��0DUWLQNR��DQG�3DUNHU�������%XLVPDQ�HW�DO��������1LHOVHQ��9ROOHUWVHQ��DQG�+YLWYHG�
-DFREVHQ��������,Q�JHQHUDO��ELRORJLFDO�R[LGDWLRQ�LV�WKRXJKW�WR�EH�PRUH�UDSLG�WKDQ�FKHPLFDO�R[LGDWLRQ��
KRZHYHU��PHWDOV�DQG�RUJDQLF�FRPSRXQGV�SUHVHQW�LQ�NUDIW�SXOS�DQG�SDSHU�PLOO�ZDVWHZDWHUV�KDYH�EHHQ�
VKRZQ�WR�FDWDO\]H�FKHPLFDO�R[LGDWLRQ��.RQWURQDURX�DQG�+RIIPDQ��������&KHQ�DQG�0RUULV��������

7KH�GDWD�JDWKHUHG�LQ�WKLV�VWXG\�VKRZ�+�6�HPLVVLRQV�IURP�DHUDWHG�VWDELOL]DWLRQ�EDVLQV�DUH�UHODWHG�WR�VXOILGH�
ORDGLQJ��LQ�EDVLQ�S+�DQG�GLVVROYHG�R[\JHQ��7KH�GDWD�IURP�WKH�0LOO�(�$6%�LQGLFDWH�WKDW�PDLQWDLQLQJ�
VXIILFLHQWO\�KLJK�LQ�EDVLQ�GLVVROYHG�R[\JHQ�OHYHOV�UHVXOWHG�LQ�HIILFLHQW�VXOILGH�UHPRYDO��E\�PHDQV�RWKHU�
WKDQ�HPLVVLRQV�WR�WKH�DWPRVSKHUH��HYHQ�ZKHQ�WKH�VXOILGH�ORDGLQJ�LQFUHDVHG����IROG��

$W�0LOO�'��WKH�+�6�HPLVVLRQV�RI�����J�V�ZHUH�DSSUR[LPDWHO\�WZR�WLPHV�JUHDWHU�WKDQ�ZKDW�ZRXOG�EH�
H[SHFWHG�EDVHG�RQ�WKH�OLTXLG�PDWHULDO�EDODQFH��VKRZLQJ�D�VPDOO�DPRXQW�RI�+�6�JHQHUDWLRQ�LQ�WKH�$6%��
7KH�$6%�ZDV�RSHUDWHG�ZLWK�MXVW�HQRXJK�DHUDWLRQ�WR�HIIHFW�DGHTXDWH�%2'�UHPRYDO��7KH�GDWD�IURP�WKH�QR��
��$6%�DW�0LOO�'�LQGLFDWH�WKDW�RSHUDWLRQ�ZLWK�PLQLPDO�DHUDWLRQ��'2�OHYHOV�RI�����RU�OHVV�WKURXJKRXW�WKH�
$6%��UHVXOWHG�LQ�+�6�HPLVVLRQV�WKDW�ZHUH�KLJKHU�WKDQ�WKH�VXOILGH�LQSXW��$SSDUHQWO\��LQ�VRPH�DUHDV�ZLWKLQ�
WKH�EDVLQ��VXOILGH�ZDV�EHLQJ�DQDHURELFDOO\�JHQHUDWHG�DQG�UHOHDVHG�WR�WKH�DWPRVSKHUH�DV�+�6�IDVWHU�WKDQ�LW�
ZDV�EHLQJ�R[LGL]HG�LQ�WKH�ZDWHU�FROXPQ��$W�WKH�0LOO�'�$6%��WKH�LQ�EDVLQ�S+�OHYHOV�ZHUH�DOVR�VOLJKWO\�
DFLGLF��ZKLFK�ZRXOG�KDYH�IDFLOLWDWHG�WKH�UHOHDVH�RI�VXOILGH�DV�+�6�IURP�WKH�ZDWHU�VXUIDFH��



���� 7HFKQLFDO�%XOOHWLQ�1R������
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$W�0LOO�7��WKH�QR����$6%�+�6�HPLVVLRQV�LQFUHDVHG�IURP�DERXW�����J�V�WR�DERXW���J�V�DQG�WKHQ�ZHQW�EDFN�
GRZQ�WR�DERXW�����J�V�RYHU�D�IRXU�GD\�SHULRG�DSSDUHQWO\�EHFDXVH�RI�RSHUDWLRQDO�YDULDELOLW\�LQ�WKH�PLOO�
ZKLFK�UHVXOWHG�LQ�D�VSLNH�LQ�WKH�&2'�ORDGLQJ�VLPXOWDQHRXV�ZLWK�D�VWHHS�GLS�LQ�WKH�S+���&RQWLQXRXV�KLJK�
VXOILGH�LQSXW�LV�H[SHFWHG��QR�VXOILGH�PHDVXUHPHQWV�ZHUH�WDNHQ��DW�WKLV�$6%�EHFDXVH�RI�DQ�XSVWUHDP�����
DFUH�SRQG�ZLWK�YLJRURXV�DQDHURELF�DFWLYLW\��7KHUHIRUH��WKH�LQGLFDWLRQV�DUH�WKDW�WKH�VSLNH�LQ�&2'�ORDGLQJ�
FDXVHG�WKH�LQ�EDVLQ�GLVVROYHG�R[\JHQ�OHYHOV�WR�GURS��ZKLFK�DOORZHG�D�ODUJH�SRUWLRQ�RI�WKH�VXOILGH�LQSXW�WR�
EH�UHOHDVHG�DV�+�6��UDWKHU�WKDQ�EH�GHVWUR\HG�YLD�R[LGDWLRQ��DQG�WKH�VWHHS�GURS�LQ�S+�H[DFHUEDWHG�WKH�
SUREOHP��$GGLWLRQDOO\��WKH�GURS�LQ�GLVVROYHG�R[\JHQ�OHYHOV�FRXOG�KDYH�UHVXOWHG�LQ�VRPH�DQDHURELF�
JHQHUDWLRQ�RI�VXOILGH�LQ�WKH�$6%��

7KXV��WKH�FRQFOXVLRQV�GUDZQ�IURP�WKLV�VWXG\�UHODWLYH�WR�IDFWRUV�WKDW�DIIHFW�+�6�HPLVVLRQV�IURP�$6%V�DUH�
DV�IROORZV��0LQLPDO�DHUDWLRQ�LQ�$6%V�PD\�UHVXOW�LQ�UHODWLYHO\�KLJK�+�6�HPLVVLRQV��HVSHFLDOO\�ZLWK�KLJK�
VXOILGH�LQSXW��DQG�ORZHU�LQ�EDVLQ�S+�OHYHOV�ZLOO�H[DFHUEDWH�WKH�SUREOHP��+RZHYHU��ZLWK�QHXWUDO�RU�KLJKHU�
S+�DQG�DGHTXDWH�DHUDWLRQ��UHODWLYHO\�ORZ�+�6�HPLVVLRQV�FDQ�EH�H[SHFWHG�IURP�$6%V��UHJDUGOHVV�RI�WKH�
VXOILGH�LQSXW��/RZ�LQ�EDVLQ�S+�OHYHOV�PD\�UHVXOW�LQ�KLJK�HPLVVLRQV�ZLWK�KLJK�VXOILGH�LQSXW��HYHQ�ZLWK�
DGHTXDWH�DHUDWLRQ��DOWKRXJK�WKLV�VLWXDWLRQ�ZDV�QRW�HQFRXQWHUHG�GXULQJ�WKLV�VWXG\��

7KH�HPLVVLRQV�RI�RUJDQLF�UHGXFHG�VXOIXU�FRPSRXQGV��PHWK\O�PHUFDSWDQ��GLPHWK\O�VXOILGH��DQG�GLPHWK\O�
GLVXOILGH��IURP�DHUDWHG�VWDELOL]DWLRQ�EDVLQV�ZHUH�SULPDULO\�UHODWHG�WR�FRQGHQVDWH�KDQGOLQJ�SUDFWLFHV��DQG�
VHFRQGDULO\�UHODWHG�WR�$6%�RSHUDWLRQ��$V�VKRZQ�LQ�7DEOHV�����DQG�������DW�0LOO�$��ZKHUH�DOO�RI�WKH�IRXO�
FRQGHQVDWHV�DUH�KDUG�SLSHG�WR�WKH�$6%��WKH�OLTXLG�LQSXW�DQG�HPLVVLRQV�RI�WKH�256&V�ZHUH�ERWK�UHODWLYHO\�
KLJK��$W�0LOO�%��ZKHUH�RQO\�D�SRUWLRQ�RI�WKH�IRXO�FRQGHQVDWHV�DUH�KDUG�SLSHG�WR�WKH�$6%�DQG�WKH�
UHPDLQGHU�DUH�VWHDP�VWULSSHG��WKH�LQSXW�DQG�HPLVVLRQV�RI�WKH�256&V�ZHUH�ORZHU�WKDQ�DW�0LOO�$��KRZHYHU��
WKH�IDWH�RI�WKH�256&V�HQWHULQJ�WKHVH�ZHOO�DHUDWHG�$6%V�ZDV�VLPLODU�DW�ERWK�PLOOV��7KH�PDWHULDO�EDODQFH�
GDWD�LQGLFDWH�WKDW�PRVW�RI�WKH�'06�HQWHULQJ�WKH�EDVLQV�ZLWK�WKH�ZDVWHZDWHU�ZDV�VWULSSHG�IURP�WKH�OLTXLG�
DQG�UHOHDVHG�WR�WKH�DWPRVSKHUH��7KH�GDWD�IURP�0LOO�'�LQGLFDWH�DQRWKHU�UHODWLYHO\�PLQRU�SRWHQWLDO�VRXUFH�RI�
256&V�IURP�PLQLPDOO\�DHUDWHG�$6%V��$W�WKLV�$6%��WKH�HPLVVLRQV�RI�DOO�WKUHH�256&V��DOWKRXJK�UHODWLYHO\�
VPDOO��ZHUH�VWLOO�KLJKHU�WKDQ�ZKDW�FRXOG�EH�H[SODLQHG�IURP�WKH�OLTXLG�PDWHULDO�EDODQFH��$GGLWLRQDOO\��WKH�
LQ�EDVLQ�OLTXLG�FRQFHQWUDWLRQ�GDWD�LQGLFDWHG�JHQHUDWLRQ�RI�PLQRU�DPRXQWV�RI�256&V��2WKHU�VWXGLHV�KDYH�
VKRZQ�WKDW�DOO�WKUHH�RI�WKH�RUJDQLF�UHGXFHG�VXOIXU�FRPSRXQGV��PHWK\O�PHUFDSWDQ��GLPHWK\O�VXOILGH��DQG�
GLPHWK\O�GLVXOILGH��FDQ�EH�JHQHUDWHG�LQ�VHWWOHG�DQDHURELF�VOXGJH�VRLO�OD\HUV��'HYDL�DQG�'H/DXQH�������
+LJJLQV�HW�DO��������

7KH�VLWXDWLRQ�LV�PRUH�FRPSOLFDWHG�IRU�PHWK\O�PHUFDSWDQ�DQG�GLPHWK\O�GLVXOILGH��0HWK\O�PHUFDSWDQ�LV�
HDVLO\�R[LGL]HG�WR�GLPHWK\O�GLVXOILGH��/LTXLG�PDWHULDO�EDODQFH�GDWD�LQ�FRQMXQFWLRQ�ZLWK�HPLVVLRQV�GDWD�
LQGLFDWHG�WKDW�D�VLJQLILFDQW�IUDFWLRQ�RI�WKH�PHWK\O�PHUFDSWDQ�HQWHULQJ�WKH�$6%V�ZLWK�WKH�LQIOXHQW�ZDV�
GHVWUR\HG��DQG�WKDW�D�VLJQLILFDQW�DPRXQW�RI�GLPHWK\O�GLVXOILGH�ZDV�JHQHUDWHG��7KLV�LV�FRQVLVWHQW�ZLWK�
OLTXLG�SKDVH�R[LGDWLRQ�RI�PHWK\O�PHUFDSWDQ�WR�GLPHWK\O�GLVXOILGH��:KHQ�WKH�FRPELQHG�HPLVVLRQV�RI�
PHWK\O�PHUFDSWDQ�DQG�GLPHWK\O�GLVXOILGH�DV�VXOIXU�ZHUH�FRPSDUHG�WR�WKH�FRPELQHG�OLTXLG�PDWHULDO�
EDODQFH�GDWD�IRU�WKH�WZR�FRPSRXQGV�DV�VXOIXU��LW�ZDV�IRXQG�WKDW�PRVW�RI�WKH�PHWK\O�PHUFDSWDQ�ZDV�
R[LGL]HG�WR�GLPHWK\O�GLVXOILGH�LQ�WKH�OLTXLG�SKDVH��DQG�PRVW�RI�UHPDLQLQJ�PHWK\O�PHUFDSWDQ�DORQJ�ZLWK�
PRVW�RI�WKH�LQSXWWHG�DQG�JHQHUDWHG�GLPHWK\O�GLVXOILGH�ZDV�VWULSSHG�WR�WKH�DWPRVSKHUH��

)RU�WKH�RQH�DFWLYDWHG�VOXGJH�WUHDWPHQW�UHDFWRU�WHVWHG�LQ�WKLV�VWXG\��WKH�VLWXDWLRQ�UHODWLYH�WR�+�6�GHVWUXFWLRQ�
ZDV�VLPLODU�WR�WKH�ZHOO�DHUDWHG�$6%V��KRZHYHU��LQ�FRQWUDVW�WR�WKH�$6%V��LW�DOVR�DFFRPSOLVKHG�UHODWLYHO\�
HIILFLHQW�GHVWUXFWLRQ�RI�WKH�256&V��7KLV�PD\�EH�GXH�WR�WKH�YHU\�KLJK�VXVSHQGHG�VROLGV�FRQFHQWUDWLRQ��WR�
ZKLFK�WKH�256&�FRPSRXQGV�PD\�KDYH�EHHQ�DGVRUEHG�DQG�VXEVHTXHQWO\�ELRORJLFDOO\�GHJUDGHG��

������ $HUDWHG�%DVLQ�0HWKDQH�(PLVVLRQV�

7DEOH������VKRZV�WKH�UHVXOWV�RI�&+��HPLVVLRQ�PHDVXUHPHQWV�DORQJ�ZLWK�72&�DQG�%2'�UHGXFWLRQ�GDWD�IRU�
WKUHH�DHUDWHG�VWDELOL]DWLRQ�EDVLQV�DQG�RQH�DFWLYDWHG�VOXGJH�WUHDWPHQW�EDVLQ��7KH�UHVXOWV�VKRZ�WKDW�PHWKDQH�
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HPLVVLRQV�IURP�WKH�$6%V�UDQJHG�IURP�����WR�����J�V��7KH�PHWKDQH�HPLVVLRQ�UDWH�IURP�WKH�DFWLYDWHG�VOXGJH�
WUHDWPHQW�EDVLQ�ZDV�����J�V��

,Q�7DEOH�������72&�UHGXFWLRQ�DFURVV�WKH�EDVLQV�ZDV�FDOFXODWHG�IURP�OLTXLG�LQOHW�DQG�RXWOHW�VDPSOHV�
FROOHFWHG�GXULQJ�WKH�HPLVVLRQV�WHVWLQJ�SHULRG��%2'�UHGXFWLRQ�IRU�WKH�$6%V�ZDV�FDOFXODWHG�IURP�WKH�
DYHUDJH�RI�WKH����GD\�SHULRG�SULRU�WR�HPLVVLRQV�WHVWLQJ�EHFDXVH�PHWKDQH�HPLVVLRQV�DUH�H[SHFWHG�WR�
RULJLQDWH�IURP�WKH�VHWWOHG�VOXGJH�OD\HU��$W�WKH�$67��%2'�UHGXFWLRQ�ZDV�FDOFXODWHG�IRU�WKH�SHULRG�RI�
HPLVVLRQV�WHVWLQJ�VLQFH�$67V�GR�QRW�KDYH�D�VHWWOHG�VOXGJH�OD\HU��7KH�GDWD�VKRZ�72&�UHGXFWLRQ�UDQJLQJ�
IURP����WR�����J�&�V�DQG�%2'�UHGXFWLRQV�UDQJLQJ�IURP�����WR�����J�V���
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7HFKQLFDO�%XOOHWLQ�1R������ ����

1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW�

7DEOH��������$SSDUHQW�'HVWUXFWLRQ�DQG��*HQHUDWLRQ��RI�56&V�LQ�$6%V�DQG�$67V�

� � � 7RWDO� �
� 7\SH�RI� � 6XOILGH� �
� 6HFRQGDU\� 7HVW� ,QSXW�� 'HVWUXFWLRQ�RU��*HQHUDWLRQ�����

0LOO� 7UHDWPHQW� 3HULRG� J�V� +�6� '06� 00� '0'6� 00���'0'6��DV�6��

$� $6%� �� ���� ��� ��� ��� ����� ���

%� $6%� �� ���� ��� ��� ��� ������ ���

'� $6%� �� ����� ������ ������ ������ ����� ������

(� $6%� �� ���� ����� 1$� 1$� 1$� 1$�
� � �� ����� ����� 1$� 1$� 1$� 1$�
� � �� ����� ����� 1$� 1$� 1$� 1$�

)� $67� �� ����� ��� ��� ��� ��� ���

�'HVWUXFWLRQ�DQG��*HQHUDWLRQ��JLYHQ�DV�WKH�SHUFHQWDJH�RI�WKH�OLTXLG�LQSXW���
1$� �1RW�$YDLODEOH� � � � � � � �

7DEOH��������0HWKDQH�(PLVVLRQV�DQG�72&�DQG�%2'�5HPRYDOV�IURP�$HUDWHG�%DVLQV�

� 7\SH�RI� 0HWKDQH� 72&� %2'�
� 6HFRQGDU\� (PLVVLRQV�� 5HGXFWLRQ�� 5HGXFWLRQ��

0LOO� 7UHDWPHQW� J�V� J�&�V� J�V�

$� $6%� ���� 1$� ����

'� $6%� ���� ��� ����

(� $6%� ���� ���� ����

)� $67� ���� ���� ����
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���� 3RVW�$HUDWLRQ�%DVLQ�(PLVVLRQV�

������ 3RVW�$HUDWLRQ�%DVLQ�5HGXFHG�6XOIXU�&RPSRXQG�(PLVVLRQ

7KH�UHVXOWV�IURP�WKH�UHGXFHG�VXOIXU�FRPSRXQG�HPLVVLRQV�WHVWLQJ�RI�SRVW�DHUDWLRQ�EDVLQV�DW�IRXU�PLOOV�DUH�
VXPPDUL]HG�LQ�7DEOH�������7ZR�RI�WKHVH�ZHUH�DHUDWHG�EDVLQV�WKDW�IROORZHG�RQH�RU�PRUH�DHUDWHG�EDVLQV��
6FUHHQLQJ�VWXGLHV�ZHUH�FRQGXFWHG�DW�DOO�HOHYHQ�EDVLQV��7KH�VFUHHQLQJ�VWXG\�UHVXOWV�LQGLFDWHG�WKDW�WKH�
UHGXFHG�VXOIXU�FRPSRXQG�HPLVVLRQV�ZHUH�PLQLPDO�DW�DOO�EXW�WZR�RI�WKRVH�EDVLQV��7KH�VSHFLILF�VLWXDWLRQV�
UHODWLYH�WR�WKRVH�WZR�EDVLQV�DUH�GLVFXVVHG�EHORZ��

7KH�VFUHHQLQJ�VWXG\�UHVXOWV�IURP�0LOO�%�LQGLFDWHG�VLJQLILFDQW�HPLVVLRQV�IURP�WKH�QR����UHWHQWLRQ�SRQG��
ZKLFK�LPPHGLDWHO\�IROORZV�WKH�$6%��'XULQJ�WKH�VFUHHQLQJ�VWXG\��DFFXPXODWHG�VOXGJH�ZDV�YLVLEOH�
WKURXJKRXW�PRVW�RI�WKH����DFUH�SRQG��%HFDXVH�RI�WKH�KLJK�OHYHO�RI�VOXGJH�DFFXPXODWLRQ�LQ�WKH�QR����
UHWHQWLRQ�SRQG��WKH�OLTXLG�OHYHO�KDG�WR�EH�UDLVHG�WR�DOORZ�WKH�XVH�RI�D�ERDW�IRU�OLTXLG�VDPSOH�FROOHFWLRQ��
7KHUHIRUH��WKH�OLTXLG�OHYHO�ZDV�UDLVHG�GXULQJ�WKH�DSSUR[LPDWHO\����GD\�SHULRG�EHWZHHQ�WKH�LQLWLDO�
VFUHHQLQJ�VWXG\�DQG�WKH�VWDUW�RI�WKH�IXOO�HPLVVLRQV�PHDVXUHPHQW�DQG�OLTXLG�VDPSOH�FROOHFWLRQ�VWXG\��
$GGLWLRQDO�VFUHHQLQJ�VWXG\�ZRUN�GXULQJ�WKH�IXOO�HPLVVLRQV�PHDVXUHPHQW�VWXG\��DQG�WKH�UHVXOWV�RI�WKH�IXOO�
HPLVVLRQV�PHDVXUHPHQW�VWXG\��LQGLFDWHG�ORZHU�+�6�HPLVVLRQV�������J�V��WKDQ�ZKDW�ZHUH�H[SHFWHG�EDVHG�
RQ�WKH�LQLWLDO�VFUHHQLQJ�VWXG\�UHVXOWV��7KH�LQFUHDVH�LQ�WKH�OLTXLG�OHYHO�PD\�KDYH�UHVXOWHG�LQ�ORZHU�WKDQ�
H[SHFWHG�+�6�HPLVVLRQV��EXW�RWKHU�IDFWRUV�FDQQRW�EH�UXOHG�RXW��

$W�0LOO�7��WKH�VFUHHQLQJ�VWXG\�UHVXOWV�LQGLFDWHG�VLJQLILFDQW�HPLVVLRQV�IURP�WKH�QR����UHWHQWLRQ�SRQG��$Q�
+�6�HPLVVLRQ�UDWH�RI�����J�V�ZDV�HVWLPDWHG�IURP�WKH�JURXQG�OHYHO�FRQFHQWUDWLRQV��DV�GHVFULEHG�LQ�6HFWLRQ�
�����$W�0LOO�7�WKHUH�DUH�WKUHH�DHUDWHG�EDVLQV�LQ�VHULHV��ZKLFK�DUH�IROORZHG�E\�WZR�UHWHQWLRQ�SRQGV�LQ�VHULHV��
7KHUH�ZHUH�VLJQLILFDQW�+�6�HPLVVLRQV�IURP�WKH�QR����$6%��7KH�QR����$6%�DOVR�KDG�VLJQLILFDQW�+�6�
HPLVVLRQV�GXH�WR�WKH�SUHVHQFH�RI�NUDIW�SURFHVV�FRQGHQVDWHV�ZKLFK�ZHUH�KDUG�SLSHG�GLUHFWO\�WR�WKH�QR����
$6%��7KH�HPLVVLRQV�IURP�WKH�QR����$6%�DQG�WKH�QR����UHWHQWLRQ�SRQG�ZHUH�LQVLJQLILFDQW��7KHUHIRUH��WKH�
ZDVWHZDWHU�PXVW�KDYH�JRQH�DQR[LF�DJDLQ�DW�VRPH�SRLQW�LQ�WKH�QR����UHWHQWLRQ�SRQG�WR�JHQHUDWH�VXOILGH�
ZKLFK�ZDV�WKHQ�HPLWWHG�DV�+�6��

$W�DOO����SRVW�DHUDWLRQ�EDVLQV��WKH�HPLVVLRQV�RI�WKH�RUJDQLF�UHGXFHG�VXOIXU�FRPSRXQGV�ZHUH�HLWKHU�QRQ�
GHWHFW�RU�QRW�VLJQLILFDQW��

������ 3RVW�$HUDWLRQ�%DVLQ�0HWKDQH�(PLVVLRQV�

0HWKDQH�HPLVVLRQV�ZHUH�RQO\�PHDVXUHG�DW�WKH�0LOO�%�QR����UHWHQWLRQ�SRQG��7KH�UHVXOWV�RI�WKH�PHWKDQH�
HPLVVLRQ�WHVWV�DV�ZHOO�DV�EDVLQ�LQOHW�DQG�RXWOHW�72&�GDWD�DUH�VXPPDUL]HG�LQ�7DEOH�������7KH�GDWD�VKRZ�
WKDW�WKHUH�ZDV�DQ�LQFUHDVH�LQ�72&�DFURVV�WKH�SRQG��7KLV�LQFUHDVH�PD\�EH�GXH�WR����WKH�IRUPDWLRQ�RI�ZDWHU�
VROXEOH�FDUERQ�FRQWDLQLQJ�FRPSRXQGV�IURP�ELRORJLFDO�GHJUDGDWLRQ�RI�WKH�VHWWOHG�VHFRQGDU\�VOXGJH��DQG�RU�
���IL[DWLRQ�RI�DWPRVSKHULF�FDUERQ�GLR[LGH�YLD�SKRWRV\QWKHWLF�RU�RWKHU�ELRORJLFDO�PHDQV�LQ�WKLV�ODUJH��
VKDOORZ�EDVLQ��
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1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW



���� 7HFKQLFDO�%XOOHWLQ�1R������

1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW�

7DEOH��������0HWKDQH�(PLVVLRQV�DQG�/LTXLG�72&�'DWD�IRU�0LOO�%�1R����5HWHQWLRQ�3RQG

� � � � 0HWKDQH�
� 72&��J�&�V� (PLVVLRQV��

6RXUFH� ,QOHW� 2XWOHW� *DLQ� J�V�

1R����5HW��3RQG� ����� ����� ���� ����

���� (PLVVLRQV�IURP�0LVFHOODQHRXV�6HZHU�DQG�(IIOXHQW�7UDQVSRUW�6RXUFHV�

'XULQJ�WKH�FRXUVH�RI�WKLV�VWXG\��VHYHUDO�PLVFHOODQHRXV�VHZHU�DQG�HIIOXHQW�WUDQVSRUW�VRXUFHV�ZHUH�WHVWHG��
7KH�UHGXFHG�VXOIXU�FRPSRXQG�HPLVVLRQV�IURP�WKRVH�VRXUFHV�DUH�VXPPDUL]HG�LQ�7DEOH�������$W�0LOO�)��WZR�
VHZHU�PDQKROH�YHQWV���(�DQG��$��ZHUH�WHVWHG��7KH��(�PDQKROH�YHQW��ZKLFK�LV�ORFDWHG�LQ�WKH�PLOO�DQG�
YHQWV�WKH�KHDGVSDFH�IURP�PXFK�RI�WKH�LQ�PLOO�VHZHU�V\VWHP�YLD�VXFWLRQ�IURP�DQ�LQGXFHG�GUDIW�IDQ��KDG�
UHODWLYHO\�KLJK�UHGXFHG�VXOIXU�FRPSRXQG�HPLVVLRQV��7KH��$�PDQKROH�LV�SDVVLYHO\�YHQWHG�DQG�ORFDWHG�DW�
WKH�SRLQW�ZKHUH�WKH�DONDOLQH�VHZHU�OHDYHV�WKH�PLOO�WR�EH�WUDQVSRUWHG�YLD�SLSHOLQH�WR�WKH�::73��5HODWLYHO\�
ORZ�HPLVVLRQV�RI�UHGXFHG�VXOIXU�FRPSRXQGV�ZHUH�REVHUYHG�KHUH�HYHQ�WKRXJK�FRQFHQWUDWLRQV�RI�UHGXFHG�
VXOIXU�FRPSRXQGV�ZHUH�PXFK�KLJKHU�LQ�WKH�OLTXLG�IORZLQJ�WKURXJK�WKH��$�PDQKROH�WKDQ�WKURXJK�WKH��(�
PDQKROH��7KH�UHODWLYHO\�KLJK�HPLVVLRQV�IURP�WKH��(�PDQKROH�ZHUH�WKXV�DSSDUHQWO\�GXH�WR�WKH�LQGXFHG�
GUDIW�IDQ�YHQWLQJ�RI�ODUJH�VHFWLRQV�RI�WKH�LQ�PLOO�VHZHU�V\VWHP��

$W�0LOO�'��WKH�DFLG�VHZHU�YHQW�LV�ORFDWHG�DERYH�WKH�DUHD�ZKHUH�WKH�DFLG�VHZHU�WUDQVLWLRQV�IURP�D�FORVHG�
SLSH�OHDYLQJ�WKH�PLOO�WR�DQ�RSHQ�GLWFK�HQWHULQJ�WKH�::73��7KLV�YHQW�KDG�ORZ�HPLVVLRQV�RI�UHGXFHG�VXOIXU�
FRPSRXQGV��VLPLODU�WR�WKH�SDVVLYH��$�PDQKROH�YHQW�DW�0LOO�)��

$W�0LOO�(��DQ�RSHQ�FKDQQHO�FRQWDLQLQJ�D�3DUVKDOO�IOXPH�WUDQVSRUWV�WKH�HIIOXHQW�IURP�WKH�SULPDU\�VHWWOLQJ�
SRQGV�WR�WKH�$6%��'XULQJ�3KDVH�,�DQG�,,��VFUHHQLQJ�VWXGLHV�VKRZHG�WKDW�UHGXFHG�VXOIXU�FRPSRXQG�
FRQFHQWUDWLRQV�QHDU�WKH�FDQDO�DQG�IOXPH�DUHD�ZHUH�PLQLPDO��+RZHYHU��GXULQJ�WKH�3KDVH�,,,�WHVW�SHULRG��WKH�
+�6�HPLVVLRQ�UDWH�ZDV�HVWLPDWHG�DW�����J�V�EDVHG�RQ�JURXQG�OHYHO�+�6�FRQFHQWUDWLRQV�DQG�PHWHRURORJLFDO�
GDWD��&KDQJHV�LQ�::73�RSHUDWLRQ�ZKLFK�UHVXOWHG�LQ�KLJKHU�OLTXLG�WRWDO�VXOILGH�FRQFHQWUDWLRQ�DQG�KLJKHU�
WHPSHUDWXUHV�LQ�WKH�HIIOXHQW�GXULQJ�3KDVH�,,,�FRXOG�H[SODLQ�WKH�FKDQJH�IURP�LQVLJQLILFDQW�+�6�HPLVVLRQV�
GXULQJ�3KDVH�,�DQG�,,��

7KH�WHVW�GDWD�JDWKHUHG�LQ�WKLV�VWXG\�VKRZHG�PLVFHOODQHRXV�VHZHU�DQG�HIIOXHQW�WUDQVSRUW�VRXUFHV�DW�NUDIW�
PLOOV�FDQ�VRPHWLPHV�HPLW�QRQ�WULYLDO�DPRXQWV�RI�UHGXFHG�VXOIXU�FRPSRXQGV��,Q�SDUWLFXODU��LQ�PLOO�IDQ�
DVVLVWHG�VHZHU�YHQWV��DQG�DUHDV�RI�WXUEXOHQFH�LQ�RSHQ�VHZHUV��VXFK�DV�WKRVH�FDXVHG�E\�D�3DUVKDOO�IOXPH��
ZHUH�IRXQG�WR�EH�VLJQLILFDQW�VRXUFHV���



7HFKQLFDO�%XOOHWLQ�1R������ ����

1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW�

7DEOH��������(PLVVLRQV�IURP�0LVFHOODQHRXV�6HZHU�DQG�(IIOXHQW�7UDQVSRUW�6RXUFHV�

� � � (PLVVLRQV��J�V�
0LOO� 6RXUFH� � +�6� 00� '06� '0'6�

)� �(�0DQKROH�9HQW� � ���(���� ���(���� ���(���� ���(����

)� �$�0DQKROH�9HQW� � ���(���� ���(���� ���(���� ���(����

'� $FLG�6HZHU�9HQW�� � ���(���� ���(���� ���(���� ���(����

(� 3DUVKDOO�)OXPH�DQG� 3KDVH�,� � 16� 16� 16� 16�
� 2SHQ�&KDQQHO� 3KDVH�,,� � 16� 16� 16� 16�
� � 3KDVH�,,,� � ���(���� 16� 16� 16�

16� �QRW�VLJQLILFDQW�

����� 6800$5<�2)�5(68/76�%<�&203281'�7<3(�

:KHQ�LQLWLDOO\�FRQFHLYHG��WKLV�LQYHVWLJDWLRQ�RI�ZDVWHZDWHU�WUHDWPHQW�SODQW�HPLVVLRQV�ZDV�IRFXVHG�RQ�WKH�
UHGXFHG�VXOIXU�FRPSRXQGV���K\GURJHQ�VXOILGH��PHWK\O�PHUFDSWDQ��GLPHWK\O�VXOILGH��DQG�GLPHWK\O�GLVXOILGH�
±�EHFDXVH�RI�WKHLU�FRPPXQLW\�RGRU�LPSDFWV��0HWKDQH�ZDV�ODWHU�DGGHG�GXH�WR�WKH�QHHG�WR�EHWWHU�XQGHUVWDQG�
LWV�VLJQLILFDQFH�DV�D�JUHHQKRXVH�JDV�DVVRFLDWHG�ZLWK�WKH�FDUERQ�IRRWSULQW�RI�WKH�SXOS�DQG�SDSHU�LQGXVWU\��
7KH�RYHUDOO�REMHFWLYHV�RI�WKH�LQYHVWLJDWLRQ�ZHUH�WR�GHWHUPLQH�HPLVVLRQ�UDWHV�RI�WKHVH�FRPSRXQGV�IURP�
DFWXDO�ZDVWHZDWHU�WUHDWPHQW�SODQWV�DQG�WR�LGHQWLI\�WKH�NH\�IDFWRUV�DIIHFWLQJ�WKH�HPLVVLRQ�UDWHV��7R�PHHW�WKH�
REMHFWLYHV��H[WHQVLYH�ILHOG�PHDVXUHPHQWV�ZHUH�PDGH�DW�VL[�NUDIW�PLOO�ZDVWHZDWHU�WUHDWPHQW�SODQWV�ZLWK�
YDU\LQJ�FRQILJXUDWLRQV���

,Q�6HFWLRQ����VWXG\�UHVXOWV�ZHUH�VXPPDUL]HG�DFFRUGLQJ�WR�WKH�W\SH�RI�XQLW�SURFHVV��,Q�WKLV�VHFWLRQ��WKH�
RYHUDOO�UHVXOWV�DUH�GLVFXVVHG�E\�FRPSRXQG��

����� +\GURJHQ�6XOILGH�

)RU�WKH�PLOOV�ZLWK�ZHOO�DHUDWHG�VHFRQGDU\�WUHDWPHQW��WKH�PDMRU�VRXUFHV�RI�K\GURJHQ�VXOILGH�HPLVVLRQV�
ZHUH�JHQHUDOO\�SUH�DHUDWLRQ�DQR[LF�EDVLQV�VXFK�DV�SULPDU\�VOXGJH�VHWWOLQJ�SRQGV�DQG�VSLOO�SRQGV��
+\GURJHQ�VXOILGH�PD\�HQWHU�WKHVH�EDVLQV�ZLWK�WKH�ZDVWHZDWHU�DQG�RU�EH�DQDHURELFDOO\�JHQHUDWHG�LQ�WKHP��
7KH�IUDFWLRQ�RI�WKH�K\GURJHQ�VXOILGH�HPLWWHG�IURP�WKRVH�EDVLQV�WR�WKH�DWPRVSKHUH�YHUVXV�WKH�DPRXQW�
WUDQVIHUUHG�ZLWK�WKH�OLTXLG�HIIOXHQW�WR�WKH�QH[W�WUHDWPHQW�XQLW�GHSHQGV�RQ�PHWHRURORJLFDO�FRQGLWLRQV�
�SULPDULO\�ZLQG�VSHHG��DQG�LQ�EDVLQ�OLTXLG�FRQGLWLRQV�VXFK�DV�S+�DQG�WHPSHUDWXUH��+\GURJHQ�VXOILGH�
HPLVVLRQV�LQFUHDVH�ZLWK�ZLQG�VSHHG�DQG�OLTXLG�WHPSHUDWXUH��DQG�GHFUHDVH�ZLWK�LQFUHDVLQJ�S+��

$OWKRXJK�SULPDU\�FODULILHUV�DUH�SUH�DHUDWLRQ�DQR[LF�EDVLQV��PDVV�HPLVVLRQV�RI�K\GURJHQ�VXOILGH�ZHUH�
VPDOO�E\�FRPSDULVRQ�WR�VHWWOLQJ�DQG�VSLOO�SRQGV�GXH�WR�VPDOOHU�VXUIDFH�DUHDV��+RZHYHU��UHODWLYHO\�KLJK�
K\GURJHQ�VXOILGH�FRQFHQWUDWLRQV�ZHUH�VRPHWLPHV�REVHUYHG�LQ�WKH�DPELHQW�DLU�LPPHGLDWHO\�GRZQZLQG�
IURP�SULPDU\�FODULILHUV��0DWHULDO�EDODQFH�FDOFXODWLRQV�LQGLFDWHG�DSSUR[LPDWHO\�����RI�WKH�WRWDO�VXOILGH�
HQWHULQJ�WKH�SULPDU\�FODULILHUV�ZLWK�WKH�ZDVWHZDWHU�ZDV�UHPRYHG��SUHVXPDEO\�ZLWK�WKH�VHWWOHG�SULPDU\�
VOXGJH��



���� 7HFKQLFDO�%XOOHWLQ�1R������

1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW�

)RU�ZHOO�DHUDWHG�VWDELOL]DWLRQ�EDVLQV�DQG�WKH�DFWLYDWHG�VOXGJH�WUHDWPHQW�UHDFWRU��K\GURJHQ�VXOILGH�
HPLVVLRQV�ZHUH�ORZ��DQG�����WR�������RI�WKH�VXOILGH�HQWHULQJ�WKH�EDVLQV�ZLWK�WKH�ZDVWHZDWHU�ZDV�
GHVWUR\HG��SUHVXPDEO\�YLD�ELRORJLFDO�DQG�RU�FKHPLFDO�R[LGDWLRQ��+RZHYHU��ZKHUH�DHUDWLRQ�ZDV�PDUJLQDO�
RU�ORZ�UHODWLYH�WR�WKH�%2'�ORDGLQJ��VLJQLILFDQW�K\GURJHQ�VXOILGH�HPLVVLRQV�RFFXUUHG�GXH�WR�VXOILGH�
HQWHULQJ�WKH�EDVLQ�ZLWK�WKH�ZDVWHZDWHU�DQG�RU�LQ�EDVLQ�DQDHURELFDOO\�JHQHUDWHG�VXOILGH��

+\GURJHQ� VXOILGH� HPLVVLRQV�ZHUH�JHQHUDOO\�QRW� VLJQLILFDQW� IURP�SRVW�DHUDWLRQ� UHWHQWLRQ�SRQGV�SUREDEO\�
RZLQJ�WR�D�ODFN�RI�RUJDQLF�VXEVWUDWH�VXIILFLHQW�WR�VXSSRUW�UREXVW�DQDHURELF�DFWLYLW\��

7KH�IHZ�PHDVXUHPHQWV�PDGH�RQ�PLVFHOODQHRXV�VHZHU�YHQWV�DQG�HIIOXHQW�WUDQVSRUW�FKDQQHOV�VKRZHG�VRPH�
RI�WKHVH�VRXUFHV�KDYH�QRQ�QHJOLJLEOH�+�6�UHOHDVHV��5HOHDVHV�GHSHQGHG�RQ�DLU�IORZV�DQG�HIIOXHQW�SK\VLFDO�
DQG�FKHPLFDO�FKDUDFWHULVWLFV���

����� 2UJDQLF�5HGXFHG�6XOIXU�&RPSRXQGV�

(PLVVLRQV�RI�PHWK\O�PHUFDSWDQ��GLPHWK\O�VXOILGH�DQG�GLPHWK\O�GLVXOILGH�ZHUH�ODUJHO\�D�IXQFWLRQ�RI�
FRQGHQVDWH�FROOHFWLRQ�DQG�VWULSSLQJ�SUDFWLFHV�DQG�W\SH�RI�VHFRQGDU\�WUHDWPHQW��+DUG�SLSLQJ�RI�
FRQGHQVDWHV�WR�DHUDWHG�VWDELOL]DWLRQ�EDVLQV�UHVXOWHG�LQ�VLJQLILFDQW�RUJDQLF�UHGXFHG�VXOIXU�FRPSRXQG�
HPLVVLRQV��0RVW�RI�WKH�GLPHWK\O�VXOILGH������WR������KDUG�SLSHG�WR�WKRVH�DHUDWHG�VWDELOL]DWLRQ�EDVLQV�ZDV�
VWULSSHG�DQG�HPLWWHG�WR�WKH�DWPRVSKHUH��

:LWK�UHVSHFW�WR�PHWK\O�PHUFDSWDQ��LW�FDQ�EH�UHDGLO\�R[LGL]HG�WR�GLPHWK\O�GLVXOILGH��0DWHULDO�EDODQFH�
FDOFXODWLRQV�VXJJHVW�WKLV�RFFXUUHG�LQ�WKH�DHUDWHG�VWDELOL]DWLRQ�EDVLQV��6L[W\�WR�����RI�WKH�PHWK\O�
PHUFDSWDQ�HQWHULQJ�WKHVH�DHUDWHG�VWDELOL]DWLRQ�EDVLQV�ZDV�GHVWUR\HG��ZKLOH�WKH�DPRXQW�RI�GLPHWK\O�
GLVXOILGH�LQFUHDVHG�E\�����WR������UHODWLYH�WR�WKH�OLTXLG�LQSXW�RI�GLPHWK\O�GLVXOILGH��:KHQ�PHWK\O�
PHUFDSWDQ�DQG�GLPHWK\O�GLVXOILGH�ZHUH�FRQVLGHUHG�WRJHWKHU��DV�VXOIXU���PDWHULDO�EDODQFH�FDOFXODWLRQV�
VKRZHG�WKDW�����WR�����RI�WKH�WRWDO�ZDV�UHOHDVHG�WR�WKH�DWPRVSKHUH��PRVWO\�DV�GLPHWK\O�GLVXOILGH��7KH�
UHPDLQLQJ�����WR�����RI�WKH�VXP�ZDV�DSSDUHQWO\�GHVWUR\HG�LQ�WKH�$6%V��

7KH�RQH�DFWLYDWHG�VOXGJH�WUHDWPHQW�UHDFWRU�WHVWHG�LQ�WKLV�VWXG\�GLG�QRW�KDYH�FRQGHQVDWHV�KDUG�SLSHG�WR�LW��
EXW�WKH�LQIOXHQW�FRQWDLQHG�D�IDLU�DPRXQW�RI�RUJDQLF�UHGXFHG�VXOIXU�FRPSRXQGV��6LPLODU�WR�WKH�DHUDWHG�
VWDELOL]DWLRQ�EDVLQV��PDWHULDO�EDODQFH�FDOFXODWLRQV�LQGLFDWHG�WKH�DFWLYDWHG�VOXGJH�WUHDWPHQW�UHDFWRU�
HIILFLHQWO\�GHVWUR\HG�WKH�VXOILGH�HQWHULQJ�ZLWK�WKH�ZDVWHZDWHU��,Q�FRQWUDVW�WR�WKH�DHUDWHG�VWDELOL]DWLRQ�
EDVLQV��WKH�UHDFWRU�SURYLGHG�UHODWLYHO\�HIILFLHQW�GHVWUXFWLRQ�RI�RUJDQLF�UHGXFHG�VXOIXU�FRPSRXQGV��ZLWK�
����GHVWUXFWLRQ�RI�GLPHWK\O�VXOILGH������GHVWUXFWLRQ�RI�PHWK\O�PHUFDSWDQ��DQG�����GHVWUXFWLRQ�RI�
GLPHWK\O�GLVXOILGH��

)RU�WKH�WZR�DHUDWHG�VWDELOL]DWLRQ�EDVLQV�WHVWHG�LQ�WKLV�VWXG\�ZKLFK�GLG�QRW�KDYH�KDUG�SLSHG�FRQGHQVDWHV��
WKH�ZHOO�DHUDWHG�RQH�KDG�LQVLJQLILFDQW�WR�QRQ�GHWHFW�RUJDQLF�UHGXFHG�VXOIXU�FRPSRXQG�HPLVVLRQV��ZKHUHDV�
WKH�PLQLPDOO\�DHUDWHG�RQH�KDG�UHODWLYHO\�ORZ��EXW�GHWHFWDEOH�RUJDQLF�UHGXFHG�VXOIXU�FRPSRXQG�HPLVVLRQV��
$W�WKH�PLQLPDOO\�DHUDWHG�VWDELOL]DWLRQ�EDVLQ��WKH�PDWHULDO�EDODQFH�DQG�LQ�EDVLQ�OLTXLG�VDPSOH�GDWD�
LQGLFDWHG�JHQHUDWLRQ�RI�VPDOO�DPRXQWV�RI�WKHVH�FRPSRXQGV�ZKLFK�ZHUH�����WR������RI�WKH�VPDOO�DPRXQW�
HQWHULQJ�WKH�EDVLQ�ZLWK�WKH�ZDVWHZDWHU��+RZHYHU��WKH�HPLVVLRQ�UDWHV�RI�WKHVH�FRPSRXQGV�ZHUH�LQ�WKH�
UDQJH�RI�����J�V�WR�����J�V��DQG�IURP�D�SUDFWLFDO�VWDQGSRLQW�WKLV�SKHQRPHQRQ�LV�RI�PDUJLQDO�VLJQLILFDQFH��

3ULPDU\�FODULILHUV��SUH�DHUDWLRQ�EDVLQV��SRVW�DHUDWLRQ�EDVLQV��DQG�VHZHU�YHQWV�ZLWKRXW�IDQV�ZHUH�QRW�
VLJQLILFDQW�VRXUFHV�RI�RUJDQLF�UHGXFHG�VXOIXU�HPLVVLRQV��7KH�VLQJOH�VHZHU�YHQW�ZLWK�D�IDQ�GLG�KDYH�
FRQVLGHUDEOH�RUJDQLF�UHGXFHG�VXOIXU�FRPSRXQG�HPLVVLRQV��
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����� 0HWKDQH�

0HWKDQH�HPLVVLRQV�IURP�WKH�::73�FRPSRQHQWV�WHVWHG�LQ�WKLV�VWXG\�YDULHG�ZLGHO\��$W�WKH�XQ�DHUDWHG�
EDVLQV��ZKLFK�LQFOXGHG�SUH�DHUDWLRQ�SULPDU\�VHWWOLQJ�EDVLQV��SULPDU\�FODULILHUV��D�VWURQJ�ZDVWH�VSLOO�SRQG��
DQG�D�SRVW�DHUDWLRQ�UHWHQWLRQ�SRQG��PHWKDQH�HPLVVLRQ�UDWHV�UDQJHG�IURP������WR����J�V��7KH�WZR�SUH�
DHUDWLRQ�VHWWOLQJ�EDVLQV�KDG�WKH�KLJKHVW�PHWKDQH�HPLVVLRQ�UDWHV��ZKLFK�YDULHG�IURP���WR����J�V��$W�WKH�
VWURQJ�ZDVWH�VSLOO�SRQG��PHWKDQH�HPLVVLRQV�UDQJHG�IURP�����WR���J�V��0HWKDQH�HPLVVLRQV�IURP�WKH�SRVW�
DHUDWLRQ�UHWHQWLRQ�SRQG�ZHUH���J�V��$W�WKH�SULPDU\�FODULILHUV��PHWKDQH�HPLVVLRQ�UDWHV�UDQJHG�IURP������WR�
����J�V��)RU�WKH�DHUDWHG�VWDELOL]DWLRQ�EDVLQV��DYHUDJH�PHWKDQH�HPLVVLRQ�UDWHV�UDQJHG�IURP�����WR�����J�V��
ZKHUHDV�WKH�RQH�DFWLYDWHG�VOXGJH�WUHDWPHQW�UHDFWRU�WHVWHG�LQ�WKLV�VWXG\�KDG�D�ORZHU�PHWKDQH�HPLVVLRQ�UDWH�
RI�����J�V��

����� 5(&200(1'$7,216�)25�)8785(�:25.�

7KH�UHFRPPHQGDWLRQV�IRU�IXWXUH�ZRUN�UHODWLYH�WR�UHGXFHG�VXOIXU�FRPSRXQG�DQG�PHWKDQH�HPLVVLRQV�IURP�
NUDIW�PLOO�ZDVWHZDWHU�WUHDWPHQW�SODQWV�ILW�LQWR�IRXU�FDWHJRULHV�����LPSURYHPHQW�RI�UHGXFHG�VXOIXU�
FRPSRXQG�PHDVXUHPHQW�PHWKRGV�����GHYHORSPHQW�RI�HPLVVLRQ�IDFWRUV�����HYDOXDWLRQ�RI�HPLVVLRQ�
UHGXFWLRQ�VWUDWHJLHV��DQG����GHYHORSPHQW�RI�SUHGLFWLYH�PRGHOV�IRU�HPLVVLRQ�UDWH�HVWLPDWLRQ��

7KH�WZR�PDMRU�DUHDV�RI�SRWHQWLDO�IXWXUH�ZRUN�UHODWLYH�WR�UHGXFHG�VXOIXU�FRPSRXQG�PHDVXUHPHQW�PHWKRGV�
DUH�PHWKRGV�IRU�PHDVXUHPHQW�RI�³IUHH´�VXOILGH�LQ�NUDIW�PLOO�ZDVWHZDWHU��DQG�PHWKRGV�IRU�PHDVXUHPHQW�RI�
UHGXFHG�VXOIXU�FRPSRXQGV�LQ�DPELHQW�DLU��,Q�WKLV�VWXG\��WKH�PHWKRG�XVHG�IRU�GHWHUPLQLQJ�³WRWDO´�VXOILGH�LQ�
ZDVWHZDWHU��1&$6,�0HWKRG�56&��������PHDVXUHV�WKH�WRWDO�DPRXQW�RI�VXOILGH�LQ�D�VDPSOH�YRODWLOH�DW�S+�
�����,W�LV�EHOLHYHG�WKDW�WKLV�LQFOXGHV�DOO�IUHHO\�GLVVROYHG�VXOILGH��SOXV�VXOILGH�ZHDNO\�DVVRFLDWHG�ZLWK�
GLVVROYHG�RUJDQLF�PDWWHU�RU�FHUWDLQ�WUDQVLWLRQ�PHWDOV��ZKLFK�PD\�QRW�EH�³IUHH´�IRU�SRWHQWLDO�UHOHDVH�DV�+�6��
0HDVXUHPHQW�RI�WKH�³IUHH´�IUDFWLRQ�RI�WKH�³WRWDO´�VXOILGH�KDV�SURYHG�WR�EH�D�WKRUQ\�LVVXH��\HW�LW�LV�DQ�
LPSRUWDQW�GLVWLQFWLRQ�WKDW�VWLOO�QHHGV�WR�EH�UHVROYHG�IRU�GHYHORSPHQW�RI�PRGHOV�WR�SUHGLFW�+�6�HPLVVLRQV�
IURP�ZDVWHZDWHU�FRQFHQWUDWLRQ�YDOXHV��7KH�PHWKRG�XVHG�LQ�WKLV�VWXG\�IRU�GHWHUPLQDWLRQ�RI�VSHFLDWHG�
UHGXFHG�VXOIXU�FRPSRXQG�FRQFHQWUDWLRQV�LQ�DPELHQW�DLU�VWDUWHG�ZLWK�FDQLVWHU�VDPSOH�FROOHFWLRQ��ZKLFK�ZDV�
IROORZHG�E\�FU\RJHQLF�SUH�FRQFHQWUDWLRQ�RI�WKH�FDQLVWHU�FRQWHQWV�DQG�*&�3)3'�DQDO\VLV��7KLV�XOWLPDWHO\�
SURYHG�WR�EH�DQ�HIIHFWLYH�PHWKRG��KRZHYHU��LW�ZDV�DOVR�YHU\�ODERULRXV��H[DFWLQJ�DQG�WLPH�FRQVXPLQJ��/HVV�
ODERU�LQWHQVLYH�PHWKRGV�DUH�QHHGHG�IRU�ERWK�LQYHVWLJDWLYH�DQG�FRQWLQXRXV�PRQLWRULQJ�SXUSRVHV��7KHVH�
PHWKRGV�PXVW�EH�SURYHQ�WR�\LHOG�DFFXUDWH��SUHFLVH�YDOXHV�DW�ORZ�SSEY�OHYHOV��6HYHUDO�HDVLHU��VLPSOHU�
PHWKRGRORJLHV�DOUHDG\�H[LVW�IRU�+�6�DQG�756��KRZHYHU��HVSHFLDOO\�IRU�+�6�GHWHUPLQDWLRQ�LQ�WKH�YLFLQLW\�
RI�NUDIW�PLOOV��WKH�DFFXUDF\��SUHFLVLRQ��DQG�RYHUDOO�UHOLDELOLW\�RI�WKHVH�PHWKRGV�KDYH�QRW��LQ�JHQHUDO��EHHQ�
DGHTXDWHO\�GHPRQVWUDWHG��)RU�GHWHUPLQDWLRQ�RI�RUJDQLF�UHGXFHG�VXOIXU�FRPSRXQG�FRQFHQWUDWLRQV�LQ�
DPELHQW�DLU��DW�SUHVHQW�WKH�RQO\�DYDLODEOH�PHWKRG�LV�JDV�FKURPDWRJUDSKLF�DQDO\VLV��

'XULQJ�WKH�FRXUVH�RI�WKLV�VWXG\��PXOWLSOH�SUH�DHUDWLRQ�EDVLQV��SULPDU\�FODULILHUV�DQG�DHUDWHG�VWDELOL]DWLRQ�
EDVLQV�ZHUH�WHVWHG��KRZHYHU��IXOO�VHWV�RI�HPLVVLRQ�UDWH�YDOXHV�ZHUH�RQO\�GHYHORSHG�IRU�RQH�DFWLYDWHG�
VOXGJH�WUHDWPHQW�UHDFWRU�DQG�RQH�SRVW�DHUDWLRQ�EDVLQ��5HODWLYHO\�ORZ�UHGXFHG�VXOIXU�FRPSRXQG�DQG�
PHWKDQH�HPLVVLRQV�ZHUH�IRXQG�DW�WKH�DFWLYDWHG�VOXGJH�WUHDWPHQW�UHDFWRU��7KH�ORZ�UHGXFHG�VXOIXU�
FRPSRXQG�HPLVVLRQV�ZHUH�DSSDUHQWO\�ODUJHO\�GXH�WR�UHODWLYHO\�HIILFLHQW�ELRORJLFDO�R[LGDWLRQ������WR�
�����RI�WKRVH�FRPSRXQGV�ZKLFK�HQWHUHG�WKH�EDVLQ�ZLWK�WKH�LQIOXHQW��2WKHU�DFWLYDWHG�VOXGJH�WUHDWPHQW�
UHDFWRUV�VKRXOG�EH�WHVWHG�WR�GHWHUPLQH�ZKHWKHU�RU�QRW�WKHVH�UHVXOWV�DUH�W\SLFDO��2I�WKH�HOHYHQ�SRVW�DHUDWLRQ�
UHWHQWLRQ�SRQGV�IRU�ZKLFK�VFUHHQLQJ�UHVXOWV�ZHUH�DYDLODEOH�IURP�WKLV�VWXG\��RQO\�RQH�ZDV�WHVWHG�IRU�
PHWKDQH�HPLVVLRQV��7KH�PHWKDQH�HPLVVLRQV�IURP�WKLV�UHWHQWLRQ�SRQG�ZHUH�VLJQLILFDQW�UHODWLYH�WR�WKH�RWKHU�
VRXUFHV�LQ�WKLV�VWXG\��WKHUHIRUH��PHWKDQH�HPLVVLRQV�VKRXOG�EH�WHVWHG�IURP�DGGLWLRQDO�SRVW�DHUDWLRQ�SRQGV�
WR�GHYHORS�EHWWHU�HPLVVLRQ�IDFWRUV��)URP�WKH�VFUHHQLQJ�VWXG\�UHVXOWV��WKH�SRVW�DHUDWLRQ�EDVLQ�HPLVVLRQV�RI�
RUJDQLF�UHGXFHG�VXOIXU�FRPSRXQG�HPLVVLRQV�ZHUH�LQVLJQLILFDQW��KRZHYHU��DW�WZR�EDVLQV�DSSDUHQWO\�
VLJQLILFDQW�OHYHOV�RI�+�6�HPLVVLRQV�ZHUH�PHDVXUHG��7KH�+�6�HPLVVLRQ�UDWHV��RQ�D�SHU�DFUH�EDVLV�IRU�WKHVH�
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WZR�EDVLQV�ZHUH�PXFK�OHVV�WKDQ�SUH�DHUDWLRQ�EDVLQV�DQG�SULPDU\�FODULILHUV��7KHUHIRUH��DGGLWLRQDO�+�6�
HPLVVLRQ�PHDVXUHPHQWV�PD\�QRW�EH�QHHGHG�IRU�SRVW�DHUDWLRQ�EDVLQV��KRZHYHU��GHYHORSPHQW�RI�DQ�
XQGHUVWDQGLQJ�RI�WKH�IDFWRUV�WKDW�FRXOG�UHVXOW�LQ�HOHYDWHG�+�6�HPLVVLRQV�IURP�SRVW�DHUDWLRQ�EDVLQV�PD\�EH�
QHHGHG��

6WUDWHJLHV�IRU�PLQLPL]LQJ�+�6�HPLVVLRQV�IURP�SUH�DHUDWLRQ�EDVLQV��SULPDU\�FODULILHUV�DQG�DHUDWHG�
VWDELOL]DWLRQ�EDVLQV�DUH�QHHGHG��7KH�PRVW�SURPLVLQJ�WHFKQLTXH�IRU�SUH�DHUDWLRQ�EDVLQV�DQG�SULPDU\�
FODULILHUV�LV�R[\JHQ�DGGLWLRQ�WR�LQIOXHQWV��$�FR�EHQHILW�RI�WKLV�VWUDWHJ\�PD\�EH�UHGXFHG�PHWKDQH�HPLVVLRQV�
GXH�WR�DYRLGDQFH�RI�DQR[LF�FRQGLWLRQV��ZKLFK�PD\�UHGXFH�DQDHURELF�ELRORJLFDO�DFWLYLW\��&XUUHQWO\��WKHUH�LV�
YHU\�OLWWOH�LQIRUPDWLRQ�DYDLODEOH�DERXW�WKH�DSSOLFDWLRQ�DQG�RSWLPL]DWLRQ�RI�WKLV�WHFKQLTXH��WKHUHIRUH��D�
SURMHFW�DLPHG�DW�WHVWLQJ��HYDOXDWLQJ��DQG�RSWLPL]LQJ�R[\JHQ�DGGLWLRQ�WR�LQIOXHQWV�FRXOG�KHOS�DGGUHVV�WKLV�
LQIRUPDWLRQ�QHHG��,Q�DHUDWHG�VWDELOL]DWLRQ�EDVLQV��R[\JHQ�LV�DOUHDG\�EHLQJ�WUDQVIHUUHG�WR�WKH�ZDVWHZDWHU�DW�
KLJK�UDWHV��KRZHYHU��FXUUHQW�RSHUDWLQJ�SUDFWLFHV�DUH�DLPHG�DW�PHHWLQJ�WKH�UHTXLUHG�%2'�UHPRYDO��7KH�GDWD�
IURP�WKLV�VWXG\�LQGLFDWH�RSWLPL]DWLRQ�RI�$6%�RSHUDWLRQ�WR�PHHW�UHTXLUHG�%2'�UHPRYDO�ZLWK�PLQLPDO�
HQHUJ\�LQSXW�PD\�QRW�EH�FRPSDWLEOH�ZLWK�PLQLPL]LQJ�+�6�HPLVVLRQV��7KHUHIRUH��DGGLWLRQDO�ZRUN�QHHGV�WR�
EH�GRQH�WR�GHWHUPLQH�WKH�PRVW�HIILFLHQW�PHDQV�IRU�RSHUDWLQJ�$6%V�WR�DFFRPSOLVK�UHTXLUHG�%2'�UHPRYDO��
ZKLOH�PDLQWDLQLQJ�PLQLPDO�+�6�HPLVVLRQV��

)LQDOO\��WKH�GDWD�IURP�WKLV�VWXG\�DQG�UHODWHG�LQYHVWLJDWLRQV�VKRXOG�EH�XVHG�WR�GHYHORS�PHFKDQLVWLF�DQG�RU�
VHPL�HPSLULFDO�PRGHOV�IRU�HVWLPDWLRQ�RI�HPLVVLRQV�IURP�OLTXLG�VDPSOH�DQDO\VHV��::73�FRQILJXUDWLRQ�
DQG�RSHUDWLQJ�GDWD��DQG�PHWHRURORJLFDO�GDWD��'XH�WR�WKH�H[SHQVH�DQG�GLIILFXOW\�LQYROYHG��URXWLQH�
GHWHUPLQDWLRQ�RI�HPLVVLRQ�UDWHV�YLD�VSDWLDO�DPELHQW�DLU�WHVWLQJ�LV�QRW�SUDFWLFDO���

5()(5(1&(6�

$PHULFDQ�3XEOLF�+HDOWK�$VVRFLDWLRQ��$3+$���������6WDQGDUG�0HWKRGV�IRU�WKH�([DPLQDWLRQ�RI�:DWHU�DQG�
:DVWHZDWHU����WK�HG��:DVKLQJWRQ��'�&���$PHULFDQ�3XEOLF�+HDOWK�$VVRFLDWLRQ���

%XLVPDQ��&���-HVSHHUW��3���-DQVVHQ��$���DQG�/HWWLQJD��*��������.LQHWLFV�RI�FKHPLFDO�DQG�ELRORJLFDO�
VXOSKLGH�R[LGDWLRQ�LQ�DTXHRXV�VROXWLRQV��:DWHU�5HVHDUFK����������������

&KHQ��.�<��DQG�0RUULV��-�&��������2[LGDWLRQ�RI�VXOILGH�E\�2���&DWDO\VLV�DQG�LQKLELWLRQ��-RXUQDO�RI�WKH�
6DQLWDU\�(QJLQHHULQJ�'LYLVLRQ����������������

'HYDL�,��DQG�'H/DXQH��5�'��������)RUPDWLRQ�RI�YRODWLOH�VXOIXU�FRPSRXQGV�LQ�VDOW�PDUVK�VHGLPHQW�DV�
LQIOXHQFHG�E\�VRLO�UHGR[�FRQGLWLRQ��2UJDQLF�*HRFKHPLVWU\����������������

(KKDOW��'�+��DQG�+HLGW��/�(��������9HUWLFDO�SURILOHV�RI�&+��LQ�WKH�WURSRVSKHUH�DQG�VWUDWRVSKHUH��-RXUQDO�
RI�*HRSK\VLFDO�5HVHDUFK�������������������

(VSOLQ��*�-��������%RXQGDU\�OD\HU�HPLVVLRQ�PRQLWRULQJ��-RXUQDO�RI�$LU�3ROOXWLRQ�&RQWURO�$VVRFLDWLRQ
������������������

²²²��������7RWDO�UHGXFHG�VXOIXU��756��HPLVVLRQV�IURP�HIIOXHQW�ODJRRQV��3XOS�DQG�3DSHU�&DQDGD
�����������������

*LIIRUG��)�$��������7XUEXOHQW�GLIIXVLRQ�W\SLQJ�VFKHPHV��$�UHYLHZ��1XFOHDU�6DIHW\��������������

+LJJLQV��0�-���<DURV]��'�3���&KHQ��<�&���0XUWK\��6�1���0DVV��1�$���DQG�&RRQH\��-�5��������0HFKDQLVPV�
RI�YRODWLOH�VXOIXU�FRPSRXQG�DQG�RGRU�SURGXFWLRQ�LQ�GLJHVWHG�ELRVROLGV��3UHVHQWHG�DW������5HVLGXDOV�
DQG�%LRVROLGV�FRQIHUHQFH��%DOWLPRUH��0'��

+RUVW��7�:��DQG�6OLQQ��:�*�1��������(VWLPDWHV�IRU�SROOXWLRQ�SURILOHV�DERYH�ILQLWH�DUHD�VRXUFHV��
$WPRVSKHULF�(QYLURQPHQW������������������
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,UZLQ��-�6��������(VWLPDWLQJ�SOXPH�GLVSHUVLRQ�±�$�FRPSDULVRQ�RI�VHYHUDO�VLJPD�VFKHPHV��-RXUQDO�RI�
$SSOLHG�0HWHRURORJ\��������������

.RWURQDURX��$��DQG�+RIIPDQQ��0�5��������&DWDO\WLF�DXWR[LGDWLRQ�RI�K\GURJHQ�VXOILGH�LQ�ZDVWHZDWHU��
(QYLURQPHQWDO�6FLHQFH�	�7HFKQRORJ\������������������

.XQNHO��%�$��������'HYHORSPHQW�RI�DQ�DWPRVSKHULF�GLIIXVLRQ�PRGHO�IRU�WR[LF�FKHPLFDO�UHOHDVHV��17,6��
$'�$���������$LU�)RUFH�*HRSK\VLFV�/DERUDWRU\��+DQVFRP�$)%��

/LGH��'�5��������+DQGERRN�RI�FKHPLVWU\�DQG�SK\VLFV����WK�HG��%RFD�5DWRQ��)/��&5&�3UHVV��

/LQ��-�+��DQG�&KRX��0�6��������3DUWLWLRQ�RI�YRODWLOH�RUJDQLF�FRPSRXQGV�LQ�DFWLYDWHG�VOXGJH�DQG�
ZDVWHZDWHU��-RXUQDO�RI�WKH�$LU�DQG�:DVWH�0DQDJHPHQW�$VVRFLDWLRQ���������������

/LVV��3��6��DQG�6ODWHU��3��*��������)OX[�RI�JDVHV�DFURVV�WKH�DLU�VHD�LQWHUIDFH��1DWXUH���������������

0DGLJDQ��0�7���0DUWLQNR��-�0��DQG�3DUNHU��-��������%URFN�ELRORJ\�RI�PLFURRUJDQLVPV���WK�HG��6DGGOH�
5LYHU��1-��3UHQWLFH�+DOO��

0RUULVRQ��5�+��DQG�%R\G��5�1��������2UJDQLF�FKHPLVWU\���UG�HG��S��������%RVWRQ��0$��$OO\Q�DQG�%DFRQ��
,QF���

1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW��,QF���1&$6,�������D��0HWKRGV�PDQXDO�±�5HGXFHG�
VXOIXU�FRPSRXQGV�E\�GLUHFW�LQMHFWLRQ�*&�3)3'��5HVHDUFK�7ULDQJOH�3DUN��1&��1DWLRQDO�&RXQFLO�IRU�
$LU�DQG�6WUHDP�,PSURYHPHQW��,QF���

²²²������E��(YDOXDWLRQ�RI�VXOILGH�LRQ�GHWHFWRU�WXEHV�IRU�GHWHUPLQLQJ�VXOILGH�FRQFHQWUDWLRQV�LQ�SXOS�
DQG�SDSHU�PLOO�ZDVWHZDWHUV��6SHFLDO�5HSRUW�1R���������5HVHDUFK�7ULDQJOH�3DUN��1&��1DWLRQDO�
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²²²������K��(PLVVLRQV�RI�UHGXFHG�VXOIXU�FRPSRXQGV�DQG�PHWKDQH�IURP�WKH�PLOO�)�ZDVWHZDWHU�
WUHDWPHQW�SODQW��)LQDO�'UDIW��KWWS���ZZZ�QFDVL�RUJ�VXSSRUW�GRZQORDGV�'HWDLO�DVS["LG ��

²²²������L��6FUHHQLQJ�6WXG\�RI�5HGXFHG�6XOIXU�&RPSRXQG�(PLVVLRQV�IURP�WKH�:DVWHZDWHU�7UHDWPHQW�
3ODQW�DW�0LOO�7��)LQDO�'UDIW��KWWS���ZZZ�QFDVL�RUJ�VXSSRUW�GRZQORDGV�'HWDLO�DVS["LG ��
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5HVHDUFK�/HWWHUV�������������������
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5REHUW�-��&UDZIRUG�

1&$6,�6RXWKHUQ�5HJLRQDO�&HQWHU�
*DLQHVYLOOH��)ORULGD�



$FNQRZOHGJPHQWV�

7KH�DXWKRUV�ZRXOG�OLNH�WR�DFNQRZOHGJH�WKH�RWKHU�1&$6,�HPSOR\HHV�ZKR�FRQWULEXWHG�WR�WKLV�HIIRUW��DQG�ZLWKRXW�
ZKRVH�KHOS�WKLV�UHVHDUFK�ZRXOG�QRW�KDYH�EHHQ�SRVVLEOH��$W�WKH�1&$6,�6RXWKHUQ�5HJLRQDO�&HQWHU��WKRVH�
HPSOR\HHV�LQFOXGH�$QQ�&UDSR��'HUHN�6DLQ��-HII�'UHVH��/HH�&DUOVRQ��%LOO�5LFH��%HQ�)DLU��5DXOLH�5DXOHUVRQ��
*DQND�6ODYRYD��7UDF\�6WXEEV��9LFNLH�7DWXP��9LSLQ�9DUPD��.DUHQ�0HQW]�DQG�6XVDQ�.LUNODQG��$W�WKH�1&$6,�
:HVW�&RDVW�5HJLRQDO�&HQWHU��WKRVH�HPSOR\HHV�LQFOXGH�'LDQD�&RRN�DQG�'HDQ�+R\��

)RU�PRUH�LQIRUPDWLRQ�DERXW�WKLV�UHVHDUFK��FRQWDFW��

5REHUW�-��&UDZIRUG�
1&$6,�6RXWKHUQ�5HJLRQDO�&HQWHU�
����6:����WK��7HUUDFH�
1HZEHUU\��)/��������
����������������H[W������
UFUDZIRUG#QFDVL�RUJ�

-RKQ�3LQNHUWRQ��3K�'��
9LFH�3UHVLGHQW��$LU�4XDOLW\�
1&$6,�
3�2��%R[�������
5HVHDUFK�7ULDQJOH�3DUN��1&�������������
����������������
MSLQNHUWRQ#QFDVL�RUJ�

)RU�LQIRUPDWLRQ�DERXW�1&$6,�SXEOLFDWLRQV��FRQWDFW��

3XEOLFDWLRQV�&RRUGLQDWRU�
1&$6,�
3�2��%R[�������
5HVHDUFK�7ULDQJOH�3DUN��1&�������������
���������������

1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW��,QF���1&$6,�����������6SDWLDO�DPELHQW�DLU�VDPSOLQJ�DQG�DQDO\VLV�
PHWKRGV�IRU�TXDQWLI\LQJ�UHGXFHG�VXOIXU�FRPSRXQG�DQG�PHWKDQH�HPLVVLRQV�IURP�NUDIW�PLOO�ZDVWHZDWHU�WUHDWPHQW�
SODQWV���7HFKQLFDO�%XOOHWLQ�1R��������5HVHDUFK�7ULDQJOH�3DUN��1�&���1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�
,PSURYHPHQW��,QF��

�������E\�WKH�1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW��,QF��
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'HWHUPLQLQJ�UHGXFHG�VXOIXU�FRPSRXQG��56&��HPLVVLRQV�IURP�NUDIW�PLOO�ZDVWHZDWHU�WUHDWPHQW�SODQWV�
�::73V��UHSUHVHQWV�D�VLJQLILFDQW�FKDOOHQJH��%HFDXVH�UHGXFHG�VXOIXU�FRPSRXQGV�FDQ�EH�ERWK�IRUPHG�
DQG�GHVWUR\HG�LQ�WKH�ZDVWHZDWHU��LW�LV�QRW�SRVVLEOH�WR�HVWLPDWH�HPLVVLRQV�IURP�OLTXLG�PDWHULDO�EDODQFH�
FDOFXODWLRQV��HVSHFLDOO\�IRU�K\GURJHQ�VXOILGH��+�6���7KHUHIRUH��TXDQWLI\LQJ�HPLVVLRQV�IURP�WKH�YDULRXV�
FRPSRQHQWV�RI�D�ZDVWHZDWHU�WUHDWPHQW�SODQW�UHTXLUHV�GLUHFW�PHDVXUHPHQW�RI�WKH�HPLVVLRQV�IOX[��

7KH�PRVW�FRPPRQ�DSSURDFK�WR�TXDQWLI\�HPLVVLRQV�IURP�KHWHURJHQHRXV�JURXQG�OHYHO�DUHD�HPLVVLRQ�VRXUFHV��
VXFK�DV�DHUDWLRQ�EDVLQV��LQYROYHV�XVH�RI�D�VSDWLDO�DPELHQW�DLU�VDPSOLQJ�PHWKRG�NQRZQ�DV�WKH�WUDQVHFW�
WHFKQLTXH��,Q�W\SLFDO�DSSOLFDWLRQV�RI�WKH�WUDQVHFW�WHFKQLTXH��DQ�DUUD\�RI�PDVWV�RU�WRZHUV�LV�FRQVWUXFWHG�LQ�DQ�
DUHD�H[SHFWHG�WR�EH�GRZQZLQG�RI�WKH�HPLVVLRQV�VRXUFH��7KH�PDVWV�RU�WRZHUV�DUH�XVHG�WR�IDFLOLWDWH�VDPSOLQJ�RI�
DPELHQW�FRQFHQWUDWLRQV�DW�PXOWLSOH�KRUL]RQWDO�DQG�YHUWLFDO�ORFDWLRQV��7KH�FRQFHQWUDWLRQ�GDWD�DUH�WKHQ�XVHG�
LQ�FRQMXQFWLRQ�ZLWK�JHRJUDSKLFDO�LQIRUPDWLRQ�DQG�PHWHRURORJLFDO�GDWD�WR�GHWHUPLQH�HPLVVLRQV�IOX[��8VLQJ�
PDVWV�RU�WRZHUV�LV�QRW�D�YLDEOH�RSWLRQ�IRU�NUDIW�PLOO�::73�SODQWV��JLYHQ�WKH\�KDYH�VHYHUDO�FRPSRQHQWV�VXFK�
DV�FODULILHUV��DHUDWHG�EDVLQV��DQG�VHWWOLQJ�EDVLQV��VRPH�RI�ZKLFK�PD\�KDYH�ODUJH�VXUIDFH�DUHDV��7KXV��1&$6,�
RSWHG�WR�XVH�D�YDULDWLRQ�RI�WKH�WUDQVHFW�WHFKQLTXH�GHVFULEHG�E\�(VSOLQ�LQ�KLV�VWXG\�RI�WRWDO�UHGXFHG�
VXOIXU�HPLVVLRQV�IURP�ZDVWHZDWHU�RSHUDWLRQV�DW�WKUHH�%ULWLVK�&ROXPELD�NUDIW�PLOOV��(VSOLQ¶V�DSSURDFK�
XVHG�D�KHOLXP�ILOOHG�EDOORRQ�WHWKHUHG�WR�PRELOH�FDUW�WR�KRLVW�VDPSOLQJ�OLQHV�WR�PXOWLSOH�HOHYDWLRQV�
GRZQZLQG�RI�WKH�VRXUFHV�EHLQJ�WHVWHG��+LV�WHFKQLTXH�SURYLGHG�D�UHODWLYHO\�VLPSOH�DQG�YHUVDWLOH�
PHWKRG�IRU�GHWHUPLQLQJ�HPLVVLRQV�IOX[�LQ�WKH�FRPSOH[�VLWXDWLRQV�HQFRXQWHUHG�DW�NUDIW�PLOO�::73V��

0HDVXUHPHQW�RI�56&�FRQFHQWUDWLRQV�LQ�DPELHQW�DLU�LV�FRPSOLFDWHG�E\�WKHLU�H[WUHPH�UHDFWLYLW\��HVSHFLDOO\�
IRU�+�6��7KH�UHODWLYHO\�VPDOO�56&�HPLVVLRQV�IURP�PDQ\�FRPSRQHQWV�RI�NUDIW�PLOO�::73V�UHVXOW�LQ�TXLWH�
ORZ�DPELHQW�GRZQZLQG�FRQFHQWUDWLRQV��QHFHVVLWDWLQJ�XVH�RI�PHWKRGV�ZLWK�GHWHFWLRQ�OLPLWV�LQ�WKH�UDQJH�RI�
��WR���SSEY��1&$6,�SHUIRUPHG�H[WHQVLYH�PHWKRG�GHYHORSPHQW�DQG�HYDOXDWLRQ�ZRUN�WR�PHHW�WKLV�QHHG��

7KH�RXWFRPH�ZDV�D�FDQLVWHU�VDPSOLQJ�PHWKRG�ZLWK�VXEVHTXHQW�RII�VLWH�DQDO\VLV�YLD�FU\RJHQLF�SUH�
FRQFHQWUDWLRQ�IROORZHG�E\�JDV�FKURPDWRJUDSKLF�DQDO\VLV�ZLWK�SXOVHG�IODPH�SKRWRPHWULF�GHWHFWLRQ��
$OWKRXJK�FRPSOLFDWHG��WKH�PHWKRG�ZLOO�SURGXFH�UHOLDEOH�UHVXOWV�ZKHQ�FDUHIXOO\�FRQGXFWHG�E\�DQ�
H[SHULHQFHG�DQDO\VW��7KLV�PHWKRG�ZDV�VXFFHVVIXOO\�XVHG�LQ�WKH�1&$6,�VWXG\�RI�56&�HPLVVLRQV�IURP�
NUDIW�PLOO�::73V��DV�UHSRUWHG�LQ�1&$6,�7HFKQLFDO�%XOOHWLQ�1R�������+RZHYHU��VLPSOHU�PHWKRGV��
DUH�GHVLUDEOH�DQG�DUH�FXUUHQWO\�EHLQJ�LQYHVWLJDWHG��

7KLV�WHFKQLFDO�EXOOHWLQ�SURYLGHV�GHWDLOHG�GHVFULSWLRQV�RI�WKH�VSDWLDO�DPELHQW�DLU�VDPSOLQJ�WHFKQLTXH��
HPLVVLRQ�UDWH�FDOFXODWLRQ�SURFHGXUHV��DQG�WKH�ODERUDWRU\�DQDO\VLV�PHWKRGV��,W�DOVR�SURYLGHV�DQ�
H[WHQVLYH�HYDOXDWLRQ�RI�WKH�DFFXUDF\�DQG�SUHFLVLRQ�RI�WKRVH�PHWKRGV�XVLQJ�GDWD�REWDLQHG�RYHU�WKH�
FRXUVH�RI�WKH�1&$6,�VWXG\�VXPPDUL]HG�LQ�1&$6,�7HFKQLFDO�%XOOHWLQ�1R�������

5RQDOG�$��<HVNH�

1RYHPEHU������
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/D�TXDQWLILFDWLRQ�GHV�pPLVVLRQV�GH�FRPSRVpV�GH�VRXIUH�UpGXLW��&65��SURYHQDQW�GHV�V\VWqPHV�GH�
WUDLWHPHQW�GHV�HIIOXHQWV��67(��UHSUpVHQWH�XQ�GpIL�LPSRUWDQW���3XLVTXH�OHV�FRPSRVpV�GH�VRXIUH�UpGXLW�
SHXYHQW�rWUH�IRUPpV�HW�GpWUXLWV�GDQV�OHV�HDX[�XVpHV��LO�Q¶HVW�SDV�SRVVLEOH�G¶HQ�HVWLPHU�OHV�pPLVVLRQV�j�
O¶DLGH�GH�FDOFXOV�GH�ELODQ�PDVVLTXH�VXU�OHV�HIIOXHQWV��SOXV�SDUWLFXOLqUHPHQW�HQ�FH�TXL�FRQFHUQH�OH�
VXOIXUH�G¶K\GURJqQH��+�6����$LQVL��OD�TXDQWLILFDWLRQ�GHV�pPLVVLRQV�GHV�GLIIpUHQWHV�VHFWLRQV�G¶XQ�
V\VWqPH�GH�WUDLWHPHQW�GHV�HIIOXHQWV�QpFHVVLWH�GHV�PHVXUHV�GLUHFWHV�GX�IOX[�GHV�pPLVVLRQV��

/¶DSSURFKH�GH�PHVXUH�OD�SOXV�FRPPXQH�SRXU�OD�TXDQWLILFDWLRQ�GH�VRXUFHV�G¶pPLVVLRQV�KpWpURJqQHV�DX�
QLYHDX�GX�VRO�FRPPH�OHV�pWDQJV�DpUpV��UHTXLHUW�O¶XWLOLVDWLRQ�G¶XQH�PpWKRGH�G¶pFKDQWLOORQQDJH�VSDWLDO�
G¶DLU�DPELDQW�FRQQXH�VRXV�O¶DSSHOODWLRQ���WHFKQLTXH�GHV�WUDQVHFWV���3RXU�OHV�DSSOLFDWLRQV�W\SLTXHV�GH��
OD�WHFKQLTXH�GHV�WUDQVHFWV��XQH�PDWULFH�GH�PkWV�RX�GH�WRXUV�HVW�LQVWDOOpH�j�XQ�HQGURLW�VLWXp�HQ�DYDO�GHV�
YHQWV�GRPLQDQWV�SDU�UDSSRUW�j�OD�VRXUFH�G¶pPLVVLRQV���/HV�PkWV�RX�OHV�WRXUV�VRQW�XWLOLVpV�DILQ�GH�IDFLOLWHU�
O¶pFKDQWLOORQQDJH�GHV�FRQFHQWUDWLRQV�DPELDQWHV�HQ�SOXVLHXUV�SRLQWV�VXU�GHV�D[HV�YHUWLFDX[�HW�KRUL]RQWDX[���
/HV�GRQQpHV�GH�FRQFHQWUDWLRQV�VRQW�HQVXLWH�XWLOLVpHV�HQ�FRQMRQFWLRQ�DYHF�GHV�LQIRUPDWLRQV�JpRJUDSKLTXHV�
HW�GHV�GRQQpHV�PpWpRURORJLTXHV�SRXU�GpWHUPLQHU�OHV�IOX[�G¶pPLVVLRQV���/¶XWLOLVDWLRQ�GH�PkWV�RX�GH�
WRXUV�Q¶HVW�SDV�XQH�RSWLRQ�HQYLVDJHDEOH�SRXU�OHV�67(�GHV�IDEULTXHV�GH�SkWH�NUDIW�FDU�FHX[�FL�VRQW�
FRPSRVpV�GH�SOXVLHXUV�XQLWpV�WHOOHV�TXH�GHV�FODULILFDWHXUV��pWDQJV�DpUpV�HW�EDVVLQV�GH�VpGLPHQWDWLRQ�
GRQW�FHUWDLQV�VH�FDUDFWpULVHQW�SDU�GHV�VXUIDFHV�FRQVLGpUDEOHV���$LQVL��1&$6,�D�FKRLVL�G¶XWLOLVHU�XQH�
YDULDQWH�GH�OD�WHFKQLTXH�GHV�WUDQVHFWV�GpFULWH�SDU�(VSOLQ�GDQV�VRQ�pWXGH�GHV�pPLVVLRQV�GH�VRXIUHV�
UpGXLWV�WRWDX[�SURYHQDQW�GH�V\VWqPHV�GH�WUDLWHPHQW�GHV�HIIOXHQWV�GH�WURLV�IDEULTXHV�GH�SkWH�NUDIW�
VLWXpHV�HQ�&RORPELH�%ULWDQQLTXH���/¶DSSURFKH�G¶(VSOLQ�FRQVLVWDLW�j�XWLOLVHU�XQ�EDOORQ�JRQIOp�j�
O¶KpOLXP�DWWDFKp�j�XQ�FKDULRW�PRELOH�SRXU�OHYHU�GHV�WXEHV�G¶pFKDQWLOORQQDJH�j�GHV�pOpYDWLRQV�GLYHUVHV�
GDQV�OH�VHQV�GX�YHQW�SDU�UDSSRUW�j�OD�VRXUFH�pFKDQWLOORQQpH���/D�WHFKQLTXH�G¶(VSOLQ�SURFXUDLW�XQH�
PpWKRGH�UHODWLYHPHQW�VLPSOH�HW�YHUVDWLOH�SRXU�GpWHUPLQHU�OH�IOX[�G¶pPLVVLRQV�SRXU�OHV�VLWXDWLRQV�
FRPSOH[HV�FRPPH�FHOOHV�UHQFRQWUpHV�DX[�67(�GH�IDEULTXHV�GH�SkWH�NUDIW���

/HV�PHVXUHV�GH�FRQFHQWUDWLRQV�GH�&65�GDQV�O¶DLU�DPELDQW�VRQW�FRPSOLTXpHV�SDU�OHXU�UpDFWLYLWp�
H[WUrPH��HQ�SDUWLFXOLHU�SRXU�OH�+�6���/HV�pPLVVLRQV�UHODWLYHPHQW�IDLEOHV�GH�&65�SURYHQDQW�GH�
SOXVLHXUV�FRPSRVDQWHV�GH�67(�GH�IDEULTXHV�GH�SkWH�NUDIW�UpVXOWHQW�HQ�GHV�FRQFHQWUDWLRQV�HQ�DYDO��
WUqV�EDVVHV��FH�TXL�UHTXLHUW�GHV�PpWKRGHV�D\DQW�GHV�OLPLWHV�GH�GpWHFWLRQ�GH�O¶RUGUH�GH���j���SSEY���
1&$6,�D�HIIHFWXp�XQ�WUDYDLO�H[KDXVWLI�GH�GpYHORSSHPHQW�HW�G¶pYDOXDWLRQ�GH�PpWKRGHV�DILQ�GH�
UpSRQGUH�j�FH�EHVRLQ��

/HV�UpVXOWDWV�GH�FHWWH�pWXGH�GpPRQWUHQW�TX¶LO�HVW�QpFHVVDLUH�G¶XWLOLVHU�XQH�PpWKRGH�G¶pFKDQWLOORQQDJH�
FRPSUHQDQW�XQH�ERQERQQH��FDQLVWHU��VXLYLH�G¶XQH�DQDO\VH�HQ�ODERUDWRLUH�LPSOLTXDQW�XQH�SUp�
FRQFHQWUDWLRQ�FU\RJpQLTXH�FRPSOpWpH�SDU�XQH�DQDO\VH�SDU�FKURPDWRJUDSKLH�HQ�SKDVH�JD]HXVH�DYHF�
GpWHFWLRQ�SKRWRPpWULTXH�j�IODPPH�SXOVpH���4XRLTX¶HOOH�VRLW�FRPSOLTXpH��FHWWH�PpWKRGH�SURFXUH�GHV�
UpVXOWDWV�ILDEOHV�ORUVTX¶HOOH�HVW�VRLJQHXVHPHQW�H[pFXWpH�SDU�GX�SHUVRQQHO�H[SpULPHQWp���1&$6,�D�
XWLOLVp�FHWWH�PpWKRGH�DYHF�VXFFqV�GDQV�OH�FDGUH�GH�VRQ�pWXGH�GH�GpWHUPLQDWLRQ�GHV�pPLVVLRQV�GH��
&65�GH�67(�GH�IDEULTXHV�GH�SkWH�NUDIW��YRLU�j�FHW�HIIHW�OH�EXOOHWLQ�WHFKQLTXH�QR�����GH�1&$6,����
&HSHQGDQW��GHV�PpWKRGHV�SOXV�VLPSOHV�VRQW�SUpIpUDEOHV�HW�VRQW�SUpVHQWHPHQW�HQ�FRXUV�G¶pWXGH��
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&H�EXOOHWLQ�WHFKQLTXH�SUpVHQWH�GHV�GHVFULSWLRQV�GpWDLOOpHV�GH�OD�WHFKQLTXH�VSDWLDOH�G¶pFKDQWLOORQQDJH�
G¶DLU�DPELDQW��GHV�SURFpGXUHV�GH�FDOFXOV�GH�WDX[�G¶pPLVVLRQV�HW�GHV�PpWKRGHV�G¶DQDO\VHV�HQ�ODERUDWRLUH���
,O�SUpVHQWH�HQ�RXWUH�XQH�pYDOXDWLRQ�H[KDXVWLYH�GH�O¶H[DFWLWXGH�HW�GH�OD�SUpFLVLRQ�GH�FHV�PpWKRGHV�HQ�
XWLOLVDQW�OHV�GRQQpHV�REWHQXHV�ORUV�G¶XQH�pWXGH�GH�1&$6,�UpVXPpH�GDQV�OH�EXOOHWLQ�WHFKQLTXH�QR�����
GH�1&$6,��

5RQDOG�$��<HVNH�

1RYHPEUH������
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63$7,$/�$0%,(17�$,5�6$03/,1*�$1'�$1$/<6,6�0(7+2'6�)25�
48$17,)<,1*�5('8&('�68/)85�&203281'�$1'�0(7+$1(�(0,66,216�

)520�.5$)7�0,//�:$67(:$7(5�75($70(17�3/$176�

7(&+1,&$/�%8//(7,1�12������
129(0%(5������

$%675$&7�

6DPSOLQJ�DQG�DQDO\WLFDO�PHWKRGV�WR�PHDVXUH�DPELHQW�DLU�FRQFHQWUDWLRQV�RI�K\GURJHQ�VXOILGH���
PHWK\O�PHUFDSWDQ��GLPHWK\O�VXOILGH��DQG�GLPHWK\O�GLVXOILGH�LQ�WKH�YLFLQLW\�RI�NUDIW�PLOO�ZDVWHZDWHU�
WUHDWPHQW�SODQWV�ZHUH�GHYHORSHG�DQG�HYDOXDWHG��6DWLVIDFWRU\�UHVXOWV�ZHUH�REWDLQHG�E\�GUDZLQJ�
DPELHQW�DLU�WKURXJK�D�SHUPHDWLRQ�GU\HU�LQWR�D�VWDLQOHVV�VWHHO�FDQLVWHU�ZLWK�LQHUW�LQWHUQDO�FRDWLQJ��
DQG�WKHQ�SUHVVXUL]LQJ�WKH�FDQLVWHU�ZLWK�QLWURJHQ��$QDO\VLV�RI�WKH�FDQLVWHUV�IRU�WKH�UHGXFHG�VXOIXU�
FRPSRXQGV�LQYROYHG�FU\RJHQLF�SUH�FRQFHQWUDWLRQ�RI�WKH�VDPSOH�JDV�IROORZHG�E\�JDV�FKURPDWRJUDSK\�
ZLWK�D�SXOVHG�IODPH�SKRWRPHWULF�GHWHFWRU��'HWHFWLRQ�OLPLWV�IRU�WKLV�PHWKRGRORJ\�ZHUH�RQ�WKH�RUGHU��
RI���WR���SSEY�IRU�WKH�IRXU�FRPSRXQGV��7R�GHWHUPLQH�UHGXFHG�VXOIXU�FRPSRXQG�HPLVVLRQ�UDWHV�IURP�
WKH�GLIIHUHQW�FRPSRQHQWV�RI�ZDVWHZDWHU�WUHDWPHQW�V\VWHPV��D�VSDWLDO�DPELHQW�DLU�VDPSOLQJ�WHFKQLTXH�
GHYHORSHG�E\�(VSOLQ�ZDV�HPSOR\HG��7KLV�WHFKQLTXH�UHTXLUHG�KRUL]RQWDOO\�LQWHJUDWHG�DPELHQW�
FRQFHQWUDWLRQ�PHDVXUHPHQWV�DW�WKUHH�WR�IRXU�HOHYDWLRQV�GRZQZLQG�RI�WKH�DUHD�VRXUFH�DQG�RQ�VLWH�
PHWHRURORJLFDO�GDWD��%\�DVVXPLQJ�*DXVVLDQ�SOXPH�GLVSHUVLRQ�DQG�D�SRZHU�ODZ�YHUWLFDO�FRQFHQWUDWLRQ�
SURILOH��HPLVVLRQ�UDWHV�ZHUH�FDOFXODWHG�IURP�WKHVH�GDWD��$OWKRXJK�LW�ZDV�QRW�SRVVLEOH�WR�VSHFLILFDOO\�
GHWHUPLQH�WKH�RYHUDOO�XQFHUWDLQW\�LQ�WKH�FDOFXODWHG�HPLVVLRQ�UDWHV��WKH�DYHUDJH�SHUFHQW�UHODWLYH�
VWDQGDUG�GHYLDWLRQ�IRU�HPLVVLRQ�UDWHV�GHWHUPLQHG�IURP�UXQV�RQ�WKH�VDPH�VRXUFH�PDGH�RQ�WKH�VDPH��
GD\�UDQJHG�IURP����WR����SHUFHQW��

.(<:25'6�

DPELHQW�DLU��DQDO\VLV��GLPHWK\O�GLVXOILGH��GLPHWK\O�VXOILGH��HPLVVLRQV��K\GURJHQ�VXOILGH��NUDIW�SXOS�
PLOO��PHWKDQH��PHWK\O�PHUFDSWDQ��UHGXFHG�VXOIXU�FRPSRXQGV��VDPSOLQJ��ZDVWHZDWHU�WUHDWPHQW�SODQW�

5(/$7('�1&$6,�38%/,&$7,216�

7HFKQLFDO�%XOOHWLQ�1R�������6HSWHPEHU��������(PLVVLRQV�RI�UHGXFHG�VXOIXU�FRPSRXQGV�DQG�PHWKDQH�
IURP�NUDIW�PLOO�ZDVWHZDWHU�WUHDWPHQW�SODQWV�





1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW�

0e7+2'(6�'¶$1$/<6(�(7�'¶e&+$17,//211$*(�63$7,$/�'¶$,5�
$0%,$17�3285�/$�48$17,),&$7,21�'(6�e0,66,216�'(�&20326e6�'(�
628)5(�5e'8,7�(7�'(�0e7+$1(�'(6�6<67Ê0(6�'(�75$,7(0(17�'(6�

())/8(176�'(�)$%5,48(6�.5$)7�

%8//(7,1�7(&+1,48(�12�����
129(0%5(������

5e680e�

1&$6,�D�GpYHORSSp�HW�pYDOXp�GHV�PpWKRGHV�G¶pFKDQWLOORQQDJH�HW�G¶DQDO\VH�SHUPHWWDQW�GH�PHVXUHU��
OHV�FRQFHQWUDWLRQV�GDQV�O¶DLU�DPELDQW�GH�VXOIXUH�G¶K\GURJqQH��PpWK\OPHUFDSWDQ��VXOIXUH�GH�GLPpWK\OH�
HW�GLVXOIXUH�GH�GLPpWK\OH�DX[�HQYLURQV�GH�V\VWqPHV�GH�WUDLWHPHQW�GHV�HIIOXHQWV�GH�IDEULTXHV�GH�SkWH�
NUDIW��

'HV�UpVXOWDWV�DFFHSWDEOHV�RQW�pWp�REWHQXV�ORUVTXH�OHV�pFKDQWLOORQV�G¶DLU�DPELDQW��SUpDODEOHPHQW�VpFKpV�
VXU�XQ�WXEH�GH�SHUPpDWLRQ��RQW�pWp�SUpOHYpV�GDQV�XQH�ERQERQQH��FDQLVWHU��HQ�DFLHU�LQR[\GDEOH�GRQW�OHV�
SDURLV�pWDLHQW�FRXYHUWHV�G¶XQ�HQGXLW�LQHUWH���/D�ERQERQQH�D�HQVXLWH�pWp�SUHVVXULVpH�j�O¶D]RWH��/¶DQDO\VH�
GHV�ERQERQQHV�SRXU�OHV�FRPSRVpV�GH�VRXIUHV�UpGXLWV�UHTXLHUW�XQH�SUp�FRQFHQWUDWLRQ�FU\RJpQLTXH�
VXLYLH�G¶XQH�DQDO\VH�SDU�FKURPDWRJUDSKLH�HQ�SKDVH�JD]HXVH�DYHF�GpWHFWLRQ�SKRWRPpWULTXH�j�IODPPH�
SXOVpH���/HV�OLPLWHV�GH�GpWHFWLRQ�GH�FHWWH�PpWKRGRORJLH�VRQW�GH�O¶RUGUH�GH���j���SSEY�SRXU�OHV�TXDWUH�
FRPSRVpV���1&$6,�D�XWLOLVp�XQH�WHFKQLTXH�G¶pFKDQWLOORQQDJH�VSDWLDO�GH�O¶DLU�DPELDQW��GpYHORSSpH�SDU�
(VSOLQ��SRXU�GpWHUPLQHU�OHV�WDX[�G¶pPLVVLRQ�GH�FRPSRVpV�GH�VRXIUH�UpGXLW�SURYHQDQW�GHV�GLIIpUHQWHV�
FRPSRVDQWHV�GHV�V\VWqPHV�GH�WUDLWHPHQW�GHV�HIIOXHQWV���&HWWH�WHFKQLTXH�QpFHVVLWH�GHV�PHVXUHV�GH�
FRQFHQWUDWLRQV�GDQV�O¶DLU�DPELDQW��LQWpJUpHV�j�O¶KRUL]RQWDOH��j�WURLV�RX�TXDWUH�pOpYDWLRQV�HQ�DYDO�GH�OD�
VRXUFH�GLIIXVH�DLQVL�TXH�GHV�GRQQpHV�PpWpRURORJLTXHV�VXU�OH�VLWH���/HV�DXWHXUV�RQW�FDOFXOp�OHV�WDX[�
G¶pPLVVLRQ�HQ�DSSOLTXDQW�XQH�GLVSHUVLRQ�GHV�pPLVVLRQV�VHORQ�XQ�PRGqOH�*DXVVLHQ�HW�XQ�SURILO�YHUWLFDO�
GH�FRQFHQWUDWLRQV�VHORQ�OD�ORL�GH�SXLVVDQFH���0DOJUp�TX¶LO�Q¶DLW�SDV�pWp�SRVVLEOH�GH�GpWHUPLQHU�
VSpFLILTXHPHQW�O¶LQFHUWLWXGH�JOREDOH�GHV�WDX[�G¶pPLVVLRQV�FDOFXOpV��OH�SRXUFHQWDJH�PR\HQ�GH�O¶pFDUW�
W\SH�UHODWLI�GHV�WDX[�G¶pPLVVLRQV�GpWHUPLQpV�j�SDUWLU�G¶HVVDLV�HIIHFWXpV�VXU�XQH�PrPH�VRXUFH�GXUDQW�OD�
PrPH�MRXUQpH�YDULDLW�HQWUH����HW����SRXUFHQW��

0276�&/e6�

DLU�DPELDQW��DQDO\VH��FRPSRVpV�GH�VRXIUH�UpGXLW��GLVXOIXUH�GH�GLPpWK\OH��pFKDQWLOORQQDJH��pPLVVLRQV��
IDEULTXH�NUDIW��IDEULTXH�GH�SkWH�NUDIW��PpWKDQH��PpWK\OPHUFDSWDQ��VXOIXUH�GH�GLPpWK\OH��VXOIXUH�
G¶K\GURJqQH��V\VWqPH�GH�WUDLWHPHQW�GHV�HIIOXHQWV�

$875(6�38%/,&$7,216�'(�1&$6,�'$16�&(�'20$,1(�

%XOOHWLQ�WHFKQLTXH�QR������VHSWHPEUH��������(PLVVLRQV�RI�UHGXFHG�VXOIXU�FRPSRXQGV�DQG�PHWKDQH�
IURP�NUDIW�PLOO�ZDVWHZDWHU�WUHDWPHQW�SODQWV��
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&217(176�
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� ���� 0DWHULDOV�DQG�0HWKRGV������������������������������������������������������������������������������������������������������ ���
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� ���� 2YHUDOO�0HWKRG�3UHFLVLRQ ������������������������������������������������������������������������������������������������� ���

���� 6800$5<�$1'�&21&/86,216 ����������������������������������������������������������������������������������������� ���

���� 5()(5(1&(6 ��������������������������������������������������������������������������������������������������������������������������� ���

$33(1',&(6�

� $� ([DPSOH�$LU�(PLVVLRQ�&DOFXODWLRQ���������������������������������������������������������������������������������� $��





1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW�

7$%/(6�

7DEOH����� $FFXUDF\��5HVROXWLRQ�DQG�7KUHVKROG�IRU�6WXG\�0HWHRURORJLFDO�,QVWUXPHQWV �������������� ��

7DEOH����� .H\�WR�3DVTXLOO�6WDELOLW\�&DWHJRULHV��7XUQHU������ ����������������������������������������������������� ��

7DEOH����� (TXDWLRQV�IRU�&DOFXODWLQJ�3DVTXLOO�*LIIRUG�9HUWLFDO�'LVSHUVLRQ�3DUDPHWHU���
]� �D�[
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7DEOH����� 5HODWLRQVKLS�%HWZHHQ�3DVTXLOO�*LIIRUG��3�*��6WDELOLW\�&ODVV�DQG�WKH�6WDQGDUG��
'HYLDWLRQ�RI�WKH�$]LPXWK�DQG�(OHYDWLRQ�$QJOHV�� D�DQG� (��RI�WKH�+RUL]RQWDO�DQG�
9HUWLFDO�:LQG�&RPSRQHQWV ���������������������������������������������������������������������������������������� ���
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63$7,$/�$0%,(17�$,5�6$03/,1*�$1'�$1$/<6,6�0(7+2'6�)25�
48$17,)<,1*�5('8&('�68/)85�&203281'�$1'�0(7+$1(�(0,66,216�

)520�.5$)7�0,//�:$67(:$7(5�75($70(17�3/$176�

���� ,1752'8&7,21�

%HWZHHQ������DQG�������1&$6,�FDUULHG�RXW�D�VWXG\�RI�UHGXFHG�VXOIXU�FRPSRXQG��56&��DQG�PHWKDQH�
HPLVVLRQV�IURP�NUDIW�SXOS�DQG�SDSHU�PLOO�ZDVWHZDWHU�WUHDWPHQW�SODQWV��7KH�VWXG\�HQFRPSDVVHG�
PHDVXUHPHQW�RI�DPELHQW�FRQFHQWUDWLRQV�RI�WKHVH�FRPSRXQGV�DW�QXPHURXV�JURXQG�OHYHO�DQG�HOHYDWHG�
GRZQZLQG�ORFDWLRQV��FROOHFWLRQ�RI�PHWHRURORJLFDO�GDWD��DQG�FDOFXODWLRQ�RI�HPLVVLRQ�UDWHV�XVLQJ�WKHVH�
GDWD��,Q�DGGLWLRQ��H[WHQVLYH�OLTXLG�VDPSOLQJ�DQG�DQDO\VHV�ZHUH�FRQGXFWHG�WR�DLG�LQ�WKH�LQWHUSUHWDWLRQ�
RI�WKH�FRPSXWHG�HPLVVLRQ�UDWHV��1&$6,�7HFKQLFDO�%XOOHWLQ�1R�������(PLVVLRQV�RI�5HGXFHG�6XOIXU�
&RPSRXQGV�DQG�0HWKDQH�IURP�.UDIW�0LOO�:DVWHZDWHU�7UHDWPHQW�3ODQWV��VXPPDUL]HV�WKH�VWXG\�UHVXOWV�
ZLWK�RQO\�EULHI�GHVFULSWLRQV�RI�WKH�YDULRXV�PHDVXUHPHQW�PHWKRGV��VDPSOLQJ�SURWRFROV��DQG�FDOFXODWLRQ�
SURFHGXUHV��

7KH�SXUSRVH�RI�WKLV�UHSRUW�LV�WR�SURYLGH�PRUH�GHWDLOHG�GRFXPHQWDWLRQ�RI�WKH�PHWKRGV��SURWRFROV��DQG�
SURFHGXUHV�HPSOR\HG�LQ�WKH�LQYHVWLJDWLRQ��7KLV�UHSRUW�DOVR�LQFOXGHV�TXDOLW\�DVVXUDQFH�LQIRUPDWLRQ�DQG�
DQ�DVVHVVPHQW�RI�XQFHUWDLQWLHV��

���� 63$7,$/�$0%,(17�$,5�6$03/,1*�0(7+2'��

(VSOLQ��������������GHYHORSHG�DQG�XVHG�D�VSDWLDO�DPELHQW�DLU�VDPSOLQJ�PHWKRG��ZKLFK�KH�FDOOHG�
³%RXQGDU\�/D\HU�(PLVVLRQ�0RQLWRULQJ�´�WR�PHDVXUH�WRWDO�UHGXFHG�VXOIXU�FRPSRXQG��756��HPLVVLRQV�
IOX[�IURP�WKUHH�::73�EDVLQV�DW�NUDIW�PLOOV�LQ�%ULWLVK�&ROXPELD��+H�GLG�WKLV�E\�PHDVXULQJ�ZLQG�
YHORFLWLHV�DQG�FRQFHQWUDWLRQ�YDOXHV�RYHU�WKH�DUHD�RI�WKH�GRZQZLQG�GLVSHUVLRQ�SOXPH��7KLV�PHWKRG�
LQYROYHG����FURVVZLQG�LQWHJUDWHG�GRZQZLQG�VDPSOLQJ�DW�PXOWLSOH�HOHYDWLRQV�XVLQJ�D�PRELOH�FDUW�DQG�
KHOLXP�ILOOHG�EDOORRQ�WR�KRLVW�VDPSOH�OLQHV�WR�PXOWLSOH�HOHYDWLRQV�����VDPSOH�FRQGLWLRQLQJ�ZLWK�D�
SHUPHDWLRQ�GU\HU�����FROOHFWLRQ�RI�VDPSOHV�LQ�7HGODU�EDJV��DQG����RQ�VLWH�DQDO\VLV�IRU�WRWDO�UHGXFHG�
VXOIXU��756���)RU�WKH�SXUSRVHV�RI�WKH�1&$6,�VWXG\��(VSOLQ¶V�PHWKRG�ZDV�PRGLILHG�WR�DOORZ�RII�VLWH�
VSHFLDWHG�DQDO\VLV�RI�UHGXFHG�VXOIXU�FRPSRXQG�DQG�PHWKDQH�HPLVVLRQV��7KH�IRXU�UHGXFHG�VXOIXU�
FRPSRXQGV�TXDQWLILHG�LQ�WKLV�VWXG\�ZHUH�K\GURJHQ�VXOILGH��+�6���PHWK\O�PHUFDSWDQ��0H6+�RU�00���
GLPHWK\O�VXOILGH��'06��DQG�GLPHWK\O�GLVXOILGH��'0'6��

7KH�SURFHGXUH�IRU�VSDWLDO�DPELHQW�DLU�VDPSOLQJ�XVHG�LQ�WKH�1&$6,�VWXG\�ZDV�D�YDULDWLRQ�RI�WKH�
WUDQVHFW�WHFKQLTXH��EXW�LQVWHDG�RI�HPSOR\LQJ�D�SHUPDQHQW�RU�VHPL�SHUPDQHQW�DUUD\�RI�PDVWV�
GRZQZLQG�RI�D�VRXUFH�WR�FROOHFW�VDPSOHV�DW�PXOWLSOH�YHUWLFDO�DQG�KRUL]RQWDO�ORFDWLRQV��D�PRELOH�FDUW�
ZLWK�VDPSOH�OLQHV�VHW�DW�PXOWLSOH�HOHYDWLRQV�ZDV�XVHG�WR�WUDYHUVH�WKH�GLVSHUVLRQ�SOXPH�DQG�FROOHFW�
LQWHJUDWHG�VDPSOHV��7KXV��KRUL]RQWDOO\�LQWHJUDWHG�VDPSOHV�ZHUH�FROOHFWHG�DW�PXOWLSOH�HOHYDWLRQV��ZKLFK�
DOORZHG�GHWHUPLQDWLRQ�RI�WKH�HPLVVLRQV�IOX[��$V�VKRZQ�LQ�)LJXUH������D�7HWKHUVRQGH�KHOLXP�ILOOHG�
EDOORRQ��9DLVDOD�77%������ZKLFK�ZDV�WHWKHUHG�WR�WKH�VDPSOH�FDUW��ZDV�XVHG�WR�UDLVH�WKH�VDPSOH�OLQHV�
WR�WKH�GHVLUHG�HOHYDWLRQV��7KLV�EDOORRQ�ZDV����IHHW�ORQJ�E\�����IHHW�LQ�GLDPHWHU�DQG�ZDV�
DHURG\QDPLFDOO\�VKDSHG�WR�IO\�HVVHQWLDOO\�GLUHFWO\�RYHU�WKH�FDUW��



�� 7HFKQLFDO�%XOOHWLQ�1R������
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%DOORRQ

6DPSOLQJ�&DUW

6DPSOH�/LQHV 5RSH

 6DPSOLQJ� /RFDWLRQV

)LJXUH��������'RZQZLQG�$PELHQW�$LU�0RELOH�6DPSOLQJ�6\VWHP�

7KH�DSSOLFDWLRQ�RI�(VSOLQ¶V�VSDWLDO�DPELHQW�DLU�VDPSOLQJ�WHFKQLTXH�WR�WKLV�VWXG\�LQYROYHG�PRYLQJ�WKH�
VDPSOH�FDUW�DORQJ�WKH�GRZQZLQG�VDPSOH�SDWK�DQG�FROOHFWLQJ�GRZQZLQG�FRPSRVLWH�FURVVZLQG�VDPSOHV�
DW�HDFK�RI�IRXU�HOHYDWLRQV�DV�LOOXVWUDWHG�LQ�)LJXUH�������7KH�VDPSOH�SDWK�ZDV�JHQHUDOO\�D�URDG�DURXQG�
WKH�SHULPHWHU�RI�WKH�EDVLQ���7KH�FURVVZLQG�HPLVVLRQ�IOX[�SURILOH�ZDV�LQWHJUDWHG�E\�SDUWLDOO\�ILOOLQJ�
FDQLVWHUV�DW�HTXDOO\�VSDFHG�VDPSOLQJ�ORFDWLRQV�DORQJ�WKH�GRZQZLQG�VDPSOH�SDWK���)ORZ�FRQWUROOHUV�
ZHUH�XVHG�WR�ILOO�WKH�FDQLVWHUV�DW�D�FRQVWDQW�UDWH��VR�WKH�DPRXQW�RI�VDPSOH�FROOHFWHG�DW�HDFK�ORFDWLRQ�
ZDV�FRQWUROOHG�E\�WKH�DPRXQW�RI�WLPH�WKH�FDQLVWHU�YDOYHV�ZHUH�RSHQHG�DW�HDFK�ORFDWLRQ���7KH�VDPSOLQJ�
WLPH�DW�HDFK�ORFDWLRQ�ZDV�SURSRUWLRQDO�WR�WKH�VLQH�RI�WKH�DQJOH�� ��EHWZHHQ�WKH�ZLQG�GLUHFWLRQ�DQG�WKH�
VDPSOH�SDWK���7KH�WRWDO�VDPSOH�FROOHFWLRQ�WLPH�ZDV�VHW�WR����PLQXWHV���:KHQ�WKH�WLPH�UHTXLUHG�WR�
PRYH�EHWZHHQ�WKH�VDPSOLQJ�VWDWLRQV�ZDV�LQFOXGHG��WKH�WRWDO�WLPH�HODSVHG�GXULQJ�VDPSOH�FROOHFWLRQ�
ZDV�W\SLFDOO\�LQ�WKH�UDQJH�RI����WR����PLQXWHV���*HQHUDOO\��DSSUR[LPDWHO\����GRZQZLQG�VDPSOH�
FROOHFWLRQ�ORFDWLRQV�ZHUH�XVHG��DQG�WKH�VDPSOH�FROOHFWLRQ�WLPHV�DW�HDFK�ORFDWLRQ�UDQJHG�IURP�
DSSUR[LPDWHO\���WR���PLQXWHV��GHSHQGLQJ�RQ�WKH�VLQH�RI�WKH�DQJOH�� ��EHWZHHQ�WKH�ZLQG�GLUHFWLRQ�DQG�
VDPSOH�SDWK�DW�HDFK�ORFDWLRQ����
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)LJXUH�������$PELHQW�$LU�6DPSOLQJ�6FKHPH�

���� 6DPSOLQJ�6\VWHP�

)LJXUH�����LV�D�VFKHPDWLF�UHSUHVHQWDWLRQ�RI�RQH�RI�WKH�DPELHQW�DLU�VDPSOLQJ�V\VWHPV�XVHG�RQ�WKH�
PRELOH�FDUW��(DFK�VDPSOLQJ�V\VWHP�FRQVLVWHG�RI�D�FOHDQ��HYDFXDWHG�VL[�OLWHU�FDQLVWHU��(QWHFK����
��������D�PDVV�IORZ�FRQWUROOHU��(QWHFK�&6�������D�VDPSOH�SXPS��.1)�1HXEHUJHU�GLDSKUDJP�SXPS�
0RGHO�1��.7'&����YROW�'&���D�SHUPDWLRQ�GU\HU��3HUPD�3XUH�0'�6HULHV�JDV�GU\HU�ZLWK�1DILRQ�
SRO\PHU�PHPEUDQH���DQG�D�EODFN�UXEEHU�FRDWHG����´�RXWHU�GLDPHWHU�7HIORQ�VDPSOH�OLQH��7KH�7HIORQ�
KHDG�SXPS�FRQWLQXRXVO\�SXOOHG�WKH�VDPSOH�WKURXJK�WKH�VDPSOH�OLQH��:KHQ�WKH�YDOYH�RQ�WKH�HYDFXDWHG�
FDQLVWHU�ZDV�RSHQ��D�SRUWLRQ�RI�WKH�JDV�H[LWLQJ�WKH�SXPS�ZDV�SXOOHG�WKURXJK�D�SHUPHDWLRQ�GU\HU�DQG�
WKHQ�WKURXJK�D�IORZ�FRQWUROOHU�EHIRUH�HQWHULQJ�WKH�FDQLVWHU��7KH�FDUW�XVHG�IRU�FROOHFWLQJ�WKH�GRZQZLQG�
KRUL]RQWDOO\�LQWHJUDWHG�VDPSOHV�DW�IRXU�HOHYDWLRQV�KDV�IRXU�VDPSOLQJ�V\VWHPV�±�RQH�IRU�HDFK�HOHYDWLRQ��
�,Q�DGGLWLRQ��WKH�JURXQG�OHYHO�VDPSOLQJ�V\VWHP�ZDV�FRQILJXUHG�WR�SURYLGH�WKH�FDSDELOLW\�RI�DFTXLULQJ�D�
ILHOG�GXSOLFDWH�VDPSOH��7KH�ORZHVW�HOHYDWLRQ�ZDV�HVVHQWLDOO\�JURXQG�OHYHO��DQG�WKH�KLJKHVW�HOHYDWLRQ�
XVHG�LQ�WKLV�VWXG\�ZDV����PHWHUV��DOWKRXJK�WKH�V\VWHP�ZDV�GHVLJQHG�IRU�VDPSOLQJ�XS�WR����PHWHUV��7KH�
DSSDUDWXV�IRU�FROOHFWLQJ�WKH�XSZLQG�RU�EDFNJURXQG�VDPSOH�FRQWDLQHG�RQO\�RQH�VDPSOLQJ�V\VWHP�ZKLFK�
ZDV�VLPLODU�WR�WKH�GRZQZLQG�V\VWHPV��H[FHSW�WKDW�LW�GLG�QRW�XVH�D�VDPSOH�SXPS��7KH�VDPSOH�SXPSV�
ZHUH�UHTXLUHG�IRU�WKH�GRZQZLQG�VDPSOLQJ�V\VWHPV�WR�FRQWLQXRXVO\�VZHHS�WKH�ORQJ�VDPSOH�OLQHV�ZLWK�
UHODWLYHO\�KLJK�IORZV�RI�DPELHQW�DLU��7KH�XSZLQG�V\VWHP¶V�VDPSOH�OLQH�ZDV�RQO\�D�IHZ�IHHW�ORQJ�
ZKHUHDV�HYHQ�WKH�JURXQG�OHYHO�VDPSOLQJ�OLQH�RQ�WKH�GRZQZLQG�V\VWHP�ZDV����IHHW�ORQJ��7KH�JURXQG�
OHYHO�VDPSOH�OLQH�ZDV�WKDW�ORQJ�EHFDXVH�LQ�VRPH�VLWXDWLRQV�LW�ZDV�DWWDFKHG�WR�WKH�EDOORRQ�WHWKHU�OLQH�WR�
KRLVW�LW�WR�WKH�WRS�RI�HOHYDWHG�VRXUFHV��VXFK�DV�SULPDU\�FODULILHUV��ZKLFK�ZHUH�QRW�DW�WKH�JURXQG�OHYHO��
)RU�ERWK�WKH�XSZLQG�DQG�GRZQZLQG�VDPSOLQJ�V\VWHPV��DSSURSULDWHO\�VL]HG����YROW�OHDG�DFLG�EDWWHULHV�
ZHUH�XVHG�WR�SRZHU�WKH�SXPSV��
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1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW�

)LJXUH�������$PELHQW�$LU�6DPSOLQJ�6\VWHP�

7R�DYRLG�GHJUDGDWLRQ�RI�WKH�UHGXFHG�VXOIXU�FRPSRXQGV��WKH�VWDLQOHVV�VWHHO�FDQLVWHUV�ZHUH�FRDWHG�ZLWK�
D�VSHFLDO�VXOIXU�LQHUW�FRDWLQJ��6LORQLWH����$OO�PHWDO�FRPSRQHQWV�LQ�WKH�VDPSOLQJ�DQG�DQDO\WLFDO�
V\VWHPV�WKDW�FDPH�LQ�FRQWDFW�ZLWK�WKH�VDPSOH�KDG�WR�KDYH�WKLV�FRDWLQJ��$V�VKRZQ�LQ�)LJXUH������WKH�
VDPSOH�KDG�WR�EH�FRQGLWLRQHG�EHIRUH�FROOHFWLRQ�LQ�WKH�FDQLVWHU�E\�ILUVW�SDVVLQJ�LW�WKURXJK�D�SHUPHDWLRQ�
GU\HU��$GGLWLRQDOO\��LPPHGLDWHO\�IROORZLQJ�VDPSOH�FROOHFWLRQ�WKH�FDQLVWHU�FRQWHQWV�KDG�WR�EH�GLOXWHG�
ZLWK�QLWURJHQ��7KLV�ZDV�GRQH�E\�SUHVVXUL]LQJ�WKH�FDQLVWHU�ZLWK�QLWURJHQ�WR�DFKLHYH�D�GLOXWLRQ�UDWLR�RI�
DSSUR[LPDWHO\�������7KH�FDQLVWHU�VDPSOHV�ZHUH�VKLSSHG�YLD�RYHUQLJKW�FRXULHU�WR�WKH�ODERUDWRU\�ZKHUH�
WKH\�ZHUH�DQDO\]HG�YLD�JDV�FKURPDWRJUDSK\�ZLWK�SXOVHG�IODPH�SKRWRPHWULF�GHWHFWLRQ�DQG�FU\RJHQLF�
SUH�FRQFHQWUDWLRQ��:LWK�YHU\�FDUHIXO�DQDO\VLV�DQG�DWWHQWLRQ�WR�GHWDLO��WKLV�PHWKRG�\LHOGHG�DFFXUDWH�DQG�
SUHFLVH�UHVXOWV��ZLWK�DPELHQW�DLU�GHWHFWLRQ�OLPLWV�LQ�WKH�UDQJH�RI�����SDUWV�SHU�ELOOLRQ��SSE��IRU�
K\GURJHQ�VXOILGH��GLPHWK\O�GLVXOILGH��PHWK\O�PHUFDSWDQ�DQG�GLPHWK\O�VXOILGH��0HWKDQH�ZDV�
GHWHUPLQHG�YLD�JDV�FKURPDWRJUDSK\�ZLWK�IODPH�LRQL]DWLRQ�GHWHFWLRQ��6LQFH�VLJQLILFDQW�EDFNJURXQG�
DPELHQW�DLU�PHWKDQH�FRQFHQWUDWLRQV�ZHUH�DOZD\V�SUHVHQW��KDYLQJ�D�ORZ�GHWHFWLRQ�OLPLW�IRU�PHWKDQH�
ZDV�QRW�QHFHVVDU\��+RZHYHU��JRRG�DQDO\WLFDO�SUHFLVLRQ�ZDV�UHTXLUHG�WR�DFFXUDWHO\�GHWHUPLQH�WKH�RIWHQ�
UHODWLYHO\�VPDOO�GLIIHUHQFHV�EHWZHHQ�WKH�XSZLQG�DQG�GRZQZLQG�FRQFHQWUDWLRQV��

9HQW�
3XPS�

$PELHQW�$LU�
IURP�

*URXQG�/HYHO�RU
(OHYDWHG�6DPSOH

3XPS�

'ULULWH� $PELHQW�

)ORZ�
&RQWUROOHU�

���P/�PLQ�

��/�
&DQLVWHU�

����

3HUPHDWLRQ�
'U\HU�

9HQW�
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�[�
�[�
�[�

�0DVV�)ORZ
&RQWUROOHU

���P/�PLQ�

��/�
&DQLVWHU�

2QO\�IRU�
*URXQG�/HYHO�

6\VWHP�
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1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW�

���� 0HWHRURORJLFDO�'DWD�

7KH�PHWHRURORJLFDO�SDUDPHWHUV�ZHUH�ZLQG�VSHHG��ZLQG�GLUHFWLRQ��WHPSHUDWXUH��DQG�EDURPHWULF�
SUHVVXUH��7ZR�5�0��<RXQJ�PRGHO������9�VRQLF�DQHPRPHWHUV�ZHUH�VLWHG�DW����PHWHUV�DQG���PHWHUV�
DERYH�JURXQG�OHYHO�LQ�WKH�YLFLQLW\�RI�WKH�::73��'DWD�IURP�WKH�WZR�VRQLF�DQHPRPHWHUV�ZHUH�
FROOHFWHG�RQ�D�ILHOG�SRUWDEOH�FRPSXWHU�WR�SURYLGH�WKH�PHWHRURORJLFDO�UHFRUG�IRU�WKH�VDPSOH�WHVW�UXQV��

$OO�WHVWLQJ�ZDV�FRQGXFWHG�GXULQJ�GD\OLJKW�KRXUV�ZKHQ�XQVWDEOH�DWPRVSKHULF�FRQGLWLRQV�WHQG�WR�
SUHYDLO��$WPRVSKHULF�PL[LQJ�GXULQJ�PRGHUDWHO\�XQVWDEOH�DWPRVSKHULF�FRQGLWLRQV�LV�VXIILFLHQW�WR�
RXWZHLJK�ORFDO�WHUUDLQ�HIIHFWV��,UZLQ��������7KXV��(3$�0HWHRURORJLFDO�0RQLWRULQJ�*XLGDQFH�IRU�
5HJXODWRU\�0RGHOLQJ�$SSOLFDWLRQV��86(3$�������VLWLQJ�FULWHULD�IRU�ZLQG�VSHHG�DQG�ZLQG�GLUHFWLRQ�LQ�
VLPSOH�WHUUDLQ�ZHUH�IROORZHG��'HYLDWLRQV�IURP�WKH�FULWHULD�ZHUH�GRFXPHQWHG�LQ�WKH�VRQLF�DQHPRPHWHU�
ORJERRN�IRU�HDFK�VLWH�ZKHUH�VLWH�OLPLWDWLRQV�GLG�QRW�SHUPLW�WKH�IXOO�FULWHULD�WR�EH�DWWDLQHG��6SHFLILFDOO\��
PHWHRURORJLFDO�LQVWUXPHQWV�ZHUH�WR�EH�VLWHG�DW����PHWHUV�DERYH�JURXQG�OHYHO�LQ�OHYHO�RSHQ�WHUUDLQ��DQG�
DW�D�GLVWDQFH�IURP�DQ\�REVWUXFWLRQV�RI�DW�OHDVW����WLPHV�WKH�KHLJKW�RI�VDLG�REVWUXFWLRQ��ZKHQHYHU�
SRVVLEOH��6LWLQJ�DQ�DGGLWLRQDO�DQHPRPHWHU�DW�D�KHLJKW�RI���PHWHUV�DERYH�JURXQG�OHYHO�SHUPLWWHG�D�
UHSUHVHQWDWLRQ�RI�WKH�YHUWLFDO�SURILOH�RI�KRUL]RQWDO�ZLQG�VSHHG�WR�EH�REWDLQHG��

$PELHQW�WHPSHUDWXUH�ZDV�PHDVXUHG�DW���PHWHUV�DERYH�JURXQG�OHYHO�ZLWK�D�VKLHOGHG�WKHUPRFRXSOH�LQ�
DFFRUGDQFH�ZLWK�:RUOG�0HWHRURORJLFDO�2UJDQL]DWLRQ��:02��VWDQGDUGV��86(3$��������%DURPHWULF�
SUHVVXUH�ZDV�PHDVXUHG�RQFH�SHU�WHVW�UXQ�ZLWK�D�GLJLWDO�PDQRPHWHU��

7KH�PHWHRURORJLFDO�GDWD�ZHUH�UHFRUGHG�DV�ILYH�VHFRQG�DYHUDJHV��7KLV�UDWH�ZDV�VHOHFWHG�VR�WKDW�D�
PLQLPXP�RI�����HYHQO\�VSDFHG�GDWD�YDOXHV�ZHUH�REWDLQHG�RYHU�D�VDPSOH�UXQ��7KH�HVWLPDWH�RI�WKH�
VWDQGDUG�GHYLDWLRQ�WKXV�GHULYHG�ZDV�H[SHFWHG�WR�EH�ZLWKLQ�������RI�WKH�WUXH�YDOXH��+RIIQDJOH�HW�DO��
�������

$FFXUDF\��UHVROXWLRQ��DQG�WKUHVKROG�YDOXHV�IRU�WKH�VWXG\�LQVWUXPHQWV�DUH�VKRZQ�LQ�7DEOH������
$VVXUDQFH�RI�SDUDPHWHU�DFFXUDF\�ZDV�GHWHUPLQHG�WKURXJK�SHULRGLF�FDOLEUDWLRQ�DQG�V\VWHP�DXGLWV�RI�
WKH�PHWHRURORJLFDO�HTXLSPHQW��

7DEOH����� $FFXUDF\��5HVROXWLRQ�DQG�7KUHVKROG�IRU�6WXG\�0HWHRURORJLFDO�,QVWUXPHQWV�

,QVWUXPHQW�
0HWHRURORJLFDO�
3DUDPHWHU�

$FFXUDF\�
0HDVXUHPHQW�
5HVROXWLRQ�

7KUHVKROG�

:LQG�6SHHG� �������P�V� ��������P�V� �����P�V�
6RQLF�
$QHPRPHWHU�

:LQG�'LUHFWLRQ� ���R���������������������� ������R�� 1$�

6KLHOGHG�
7KHUPRFRXSOH�

$PELHQW�
7HPSHUDWXUH�

���R)�� ������R)�� 1$�

'LJLWDO�
0DQRPHWHU�

%DURPHWULF�
3UHVVXUH�

��������)6�
�)6� ������PP�+J��

�������PP�+J� 1$�
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1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW�

&DOLEUDWLRQ�RI�PHWHRURORJLFDO�HTXLSPHQW�E\�WKH�PDQXIDFWXUHU�ZDV�FRPSOHWHG�SULRU�WR�XVH��$XGLWV�
ZHUH�SHUIRUPHG�SULRU�WR�ILHOG�GHSOR\PHQW�RI�WKH�HTXLSPHQW��DQG�RQO\�XQLWV�WKDW�SDVVHG�WKH�DXGLWV�ZHUH�
LQVWDOOHG��$Q\�³IDLO´�XQLWV�ZHUH�UHWXUQHG�WR�WKH�PDQXIDFWXUHU�IRU�UHFDOLEUDWLRQ��$XGLWV�ZHUH�SHUIRUPHG�
E\�FRPSDULQJ�WKH�RXWSXW�IURP�WZR�VRQLF�DQHPRPHWHUV�ZKHQ�WKH\�ZHUH�SODFHG�DGMDFHQW�WR�HDFK�RWKHU�
RQ�D�OLQH�SHUSHQGLFXODU�WR�WKH�ZLQG�GLUHFWLRQ��

���� )LHOG�6DPSOLQJ�3URFHGXUHV�

3ULRU�WR�DQ\�VDPSOH�FROOHFWLRQ��WKH�SHULPHWHU�RI�WKH�DUHD�VRXUFH�WR�EH�WHVWHG�ZDV�PHDVXUHG��DQG�
HTXLGLVWDQW�VDPSOLQJ�ORFDWLRQV�ZHUH�IODJJHG�DQG�XQLTXHO\�LGHQWLILHG��RQ�ERWK�D�VFDOH�VLWH�PDS�DQG�
DURXQG�WKH�VRXUFH�SHULPHWHU��)RU�DFFHVVLELOLW\��WKH�VDPSOH�SDWK�W\SLFDOO\�IROORZHG�WKH�VRXUFH�VHUYLFH�
URDG��6SDFLQJ�EHWZHHQ�VDPSOLQJ�SRLQWV�ZDV�GHWHUPLQHG�VXFK�WKDW�W\SLFDOO\����WR����VDPSOLQJ�SRLQWV�
ZHUH�XVHG�IRU�DQ\�JLYHQ�ZLQG�GLUHFWLRQ��7KH�PLQLPXP�QXPEHU�RI�VDPSOLQJ�SRLQWV�ZDV�ILYH��

$�VXEMHFWLYH�HYDOXDWLRQ�RI�WKH�DQHPRPHWHU�ZLQG�GLUHFWLRQ�DQG�ZLQG�VSHHG�UHFRUG�ZDV�PDGH�SULRU�WR�
LQLWLDWLQJ�VDPSOH�FROOHFWLRQ��:KHQ�LW�DSSHDUHG�WKDW�VWHDG\�VWDWH�FRQGLWLRQV�ZRXOG�FRQWLQXH�IRU�WKH�QH[W�
KRXU��WKH�VDPSOH�SDWK�DQG�VDPSOLQJ�ORFDWLRQV�ZHUH�GHWHUPLQHG�DQG�WKH�VDPSOLQJ�WLPHV�DQG�VDPSOH�
OLQH�KHLJKWV�ZHUH�FDOFXODWHG��

%DVHG�RQ�WKH�VWDEOH�DYHUDJH�ZLQG�GLUHFWLRQ��WKH�GRZQZLQG�GLVWDQFH�WR�WKH�VDPSOH�SDWK�IURP�WKH�
OHDGLQJ�HGJH�RI�WKH�DUHD�VRXUFH�ZDV�FDOFXODWHG�DQG�WKH�DSSUR[LPDWH�VWDELOLW\�FODVV�ZDV�HVWLPDWHG�
EDVHG�RQ�7XUQHU¶V�.H\�WR�3DVTXLOO�*LIIRUG��3�*��6WDELOLW\�&DWHJRULHV��7XUQHU��������VKRZQ�LQ�7DEOH�
�����ZKLFK�UHODWHV�3�*�VWDELOLW\�FODVV�WR�VXUIDFH�ZLQG�VSHHG�DQG�LQFRPLQJ�VRODU�UDGLDWLRQ��,Q�7DEOH������
QLJKW�UHIHUV�WR�WKH�SHULRG�IURP�RQH�KRXU�EHIRUH�VXQVHW�WR�RQH�KRXU�DIWHU�VXQULVH��6DPSOLQJ�ZDV�RQO\�
FRQGXFWHG�GXULQJ�GD\OLJKW�KRXUV��$FFRUGLQJ�WR�7XUQHU¶V�.H\��WKH�QHXWUDO�FODVV�'�VKRXOG�EH�DVVXPHG�
IRU�RYHUFDVW�FRQGLWLRQV�GXULQJ�GD\�RU�QLJKW��UHJDUGOHVV�RI�ZLQG�VSHHG��³6WURQJ´�LQFRPLQJ�VRODU�
UDGLDWLRQ�FRUUHVSRQGV�WR�D�VRODU�DOWLWXGH�JUHDWHU�WKDQ����GHJUHHV�ZLWK�FOHDU�VNLHV��³6OLJKW´�LQFRPLQJ�
VRODU�UDGLDWLRQ�FRUUHVSRQGV�WR�D�VRODU�DOWLWXGH�IURP�����WR�����ZLWK�FOHDU�VNLHV��&ORXGLQHVV�ZLOO�
GHFUHDVH�LQFRPLQJ�VRODU�UDGLDWLRQ�DQG�VKRXOG�EH�FRQVLGHUHG�DORQJ�ZLWK�VRODU�DOWLWXGH�LQ�GHWHUPLQLQJ�
VRODU�UDGLDWLRQ��,QFRPLQJ�UDGLDWLRQ�WKDW�ZRXOG�EH�VWURQJ�ZLWK�FOHDU�VNLHV�FDQ�EH�H[SHFWHG�WR�EH�
UHGXFHG�WR�PRGHUDWH�ZLWK�EURNHQ������WR�����FORXG�FRYHU��PLGGOH�FORXGV��DQG�WR�VOLJKW�ZLWK�EURNHQ�
ORZ�FORXGV��%HIRUH�OHDYLQJ�WR�WHVW�D�IDFLOLW\��WKH�VRODU�DOWLWXGH�DQJOHV�IRU�WKH�WHVW�GDWHV�ZHUH�SULQWHG�
IURP�WKH�³6XQ�RU�0RRQ�$OWLWXGH�$]LPXWK�7DEOH�IRU�2QH�'D\�´�ZKLFK�LV�SXEOLVKHG�E\�WKH�8�6��1DYDO�
2EVHUYDWRU\��$VWURQRPLFDO�$SSOLFDWLRQ�'HSDUWPHQW��KWWS���DD�XVQR�QDY\�PLO�GDWD�GRFV�$OW$]�SKS��

7DEOH�������.H\�WR�3DVTXLOO�6WDELOLW\�&DWHJRULHV��7XUQHU�������
6XUIDFH� � � � � � �

:LQG�6SHHG� 'D\� � 1LJKW�
�#���P�� ,QFRPLQJ�6RODU�5DGLDWLRQ� � 7KLQO\�2YHUFDVW
�P�V�� 6WURQJ� 0RGHUDWH� 6OLJKW� � RU�!����/RZ�&ORXG� �����&ORXG�

��� $� $�±�%� %� � ��� ���
��±��� $�±�%� %� &� � (� )�
��±��� %� %�±�&� '� � '� (�
��±��� &� &�±�'� '� � '� '�
!�� &� '� '� � '� '�
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:LWK�WKHVH�WZR�SDUDPHWHUV��GRZQZLQG�GLVWDQFH�DQG�3�*�VWDELOLW\�FODVV���WKH�SOXPH�YHUWLFDO�GLVSHUVLRQ�
FRHIILFLHQW�� ]�PD\�EH�HVWLPDWHG�IURP�WKH�3DVTXLOO�*LIIRUG�FXUYHV��7XUQHU��������,Q�WKLV�VWXG\�� ]�ZDV�
FDOFXODWHG�IURP�WKH�HTXDWLRQV��ZKLFK�FRUUHVSRQG�WR�WKH�3DVTXLOO�*LIIRUG�FXUYHV��VKRZQ�LQ�7DEOH������
%DVHG�RQ�D�*DXVVLDQ�GLVWULEXWLRQ��WKH�PD[LPXP�SOXPH�YHUWLFDO�GLVSHUVLRQ�KHLJKW�DV�LW�FURVVHG�WKH�
VDPSOH�SDWK��=E��ZDV�WKHQ�HVWLPDWHG�DV������ ]��6DPSOH�OLQH�KHLJKWV�ZHUH�FDOFXODWHG�DQG�DGMXVWHG�WR�
���=E��DFWXDOO\�����PHWHUV��DQG�WKUHH�KLJKHU�HOHYDWLRQV�ZLWKLQ�=E����

6DPSOLQJ�WLPHV�DW�HDFK�ORFDWLRQ�ZHUH�FDOFXODWHG�WR�EH�SURSRUWLRQDO�WR�WKH�VLQH�RI�WKH�DQJOH�� ��
EHWZHHQ�WKH�ZLQG�GLUHFWLRQ�DQG�WKH�VDPSOH�SDWK��7DEOH�����FRQWDLQV�VLQ� �YDOXHV�IRU����LQFUHPHQWV�RI�
�IURP�� �WR��� ��,I�WKH�VDPSOH�SDWK�ZDV�VWUDLJKW��WKHQ�DOO�VDPSOLQJ�SRLQWV�ZRXOG�KDYH�KDG�HTXDO�
VDPSOLQJ�WLPHV��,I�WKH�VDPSOH�SDWK�ZDV�FXUYHG�RU�DQJXODU��WKHQ�WKH�VDPSOLQJ�WLPHV�ZRXOG�KDYH�YDULHG�
EHWZHHQ�VDPSOLQJ�SRLQWV��7KH�WRWDO�VDPSOH�FROOHFWLRQ�WLPH��ZLWK�D�IORZ�UDWH�WR�HDFK�FDQLVWHU�RI����
P/�PLQ��ZDV����PLQXWHV��,QFOXGLQJ�WKH�WLPH�UHTXLUHG�WR�PRYH�WKH�VDPSOLQJ�FDUW�EHWZHHQ�VDPSOLQJ�
ORFDWLRQV��WKLV�UHVXOWHG�LQ�D�WRWDO�VDPSOH�FROOHFWLRQ�SHULRG�RI�DSSUR[LPDWHO\����WR����PLQXWHV��7KH�
PLQLPXP�VDPSOH�WLPH�ZDV����PLQXWHV�DQG�WKH�PLQLPXP�VDPSOH�YROXPH�ZDV���OLWHUV��7KH�FDQLVWHU�
VDPSOH�IORZ�FRQWUROOHU�IORZ�UDWHV�ZHUH�FKHFNHG�DQG�VHW�EHIRUH�DQG�DIWHU�HDFK�VDPSOLQJ�WULS��

7DEOH�������(TXDWLRQV�IRU�&DOFXODWLQJ�3DVTXLOO�*LIIRUG�9HUWLFDO�
'LVSHUVLRQ�3DUDPHWHU�� =� �D�[

E�ZKHUH�[�LV�LQ�NP�
6WDELOLW\� 'LVWDQFH��NP�� $� E� =�DW�8SSHU�%RXQGDU\�

$� !����� � � � � �����
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&� DOO�[� � � ������� �������� �

'� !��� � � ������� �������� �
� ��� �� ��� ������� �������� ������
� �� �� ��� ������� �������� ������
� �� �� �� ������� �������� �����
� ���� �� �� ������� �������� �����
� ����� � � ������� �������� �����

�&RQWLQXHG�RQ�QH[W�SDJH�
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7DEOH������&RQWLQXHG�

6WDELOLW\� 'LVWDQFH��NP�� $� E� =�DW�8SSHU�%RXQGDU\�
(� !��� � � ������� �������� �
� ��� �� ��� ������� �������� ������
� ��� �� ��� ������� �������� ������
� �� �� ��� ������� �������� �����
� �� �� �� ������� �������� �����
� �� �� �� ������� �������� �����
� ���� �� �� ������� �������� �����
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7DEOH���� �YV��6LQ�
� 6LQ�
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%HIRUH�WKH�VWDUW�RI�HDFK�UXQ��WKH�LQLWLDO�SUHVVXUH�RI�HDFK�FDQLVWHU�ZDV�FKHFNHG�DQG�UHFRUGHG��7KH�LQLWLDO�
FDQLVWHU�SUHVVXUH�KDG�WR�EH�OHVV�WKDQ�RQH�LQFK�+J��(DFK�VDPSOLQJ�V\VWHP�ZDV�WKHQ�OHDN�FKHFNHG�
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1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW�

WKURXJK�WKH�IORZ�FRQWUROOHU�DQG�FDQLVWHU��(DFK�FDQLVWHU�ZDV�DVVLJQHG�D�XQLTXH�VDPSOH�,'�ZKLFK�
LGHQWLILHG�WKH�PLOO��WKH�VRXUFH��WKH�UXQ�QXPEHU��WKH�VDPSOLQJ�OLQH�OHYHO��JURXQG��ORZ��PLG��RU�KLJK���
DQG�WKH�FDQLVWHU�UXQ�W\SH��QRUPDO��GXSOLFDWH��VSLNH��RU�ILHOG�EODQN���7KLV�FRGH�ZDV�UHFRUGHG�RQ�WKH�
FDQLVWHU�DQG�RQ�WKH�ILHOG�GDWD�VKHHW��$GGLWLRQDOO\��DPELHQW�DLU�ZDV�SXOOHG�WKURXJK�WKH�VDPSOLQJ�
V\VWHPV�IRU�DW�OHDVW�ILYH�PLQXWHV�DW�D�PLQLPXP�IORZ�UDWH�RI�����P/�PLQ�EHIRUH�VWDUWLQJ�WKH�WHVW�UXQ��
)LJXUH�����LOOXVWUDWHV�WKH�VDPSOH�FRGH�VFKHPH�IRU�WKH�FDQLVWHU�FRQWDLQHG�DPELHQW�DLU�VDPSOHV��

$LU�6DPSOHV 'B3&B�B/B1

5XQ�7\SH

6RXUFH�&RGH 5XQ�1R� /HYHO

6RXUFH�&RGHV /HYHO 7\SH
3&� 3ULPDU\�&ODULILHU %� %DFNJURXQG�/HYHO 1� 1RUPDO
$3� $�3RQG *� *URXQG�/HYHO '� 'XSOLFDWH�6SLNH
;;� &RPELQHG�::73 /� /RZ�(OHYDWLRQ %� %ODQN

0� 0LGGOH�(OHYDWLRQ
+� +LJK�(OHYDWLRQ

0LOO�&RGH

)LJXUH�������6DPSOH�&RGH�6FKHPH�IRU�&DQLVWHU�&RQWDLQHG�$PELHQW�$LU�6DPSOHV��

2QFH�LQLWLDO�GDWD�ZHUH�UHFRUGHG��OHDN�FKHFNV�ZHUH�SHUIRUPHG��WKH�VDPSOH�OLQHV�ZHUH�SXUJHG��DWWDFKHG�
WR�WKH�EDOORRQ�WHWKHU�OLQH�DQG�UDLVHG�WR�WKHLU�UHVSHFWLYH�KHLJKWV��VDPSOLQJ�ZDV�EHJXQ��7KH�FDQLVWHU�
YDOYHV�ZHUH�RSHQHG�IRU�WKH�SUHVFULEHG�VDPSOLQJ�WLPH��DQG�FDQLVWHU�SUHVVXUH�DQG�FULWLFDO�RULILFH�IORZ�
ZHUH�UHFRUGHG�RQ�WKH�ILHOG�GDWD�VKHHW��$W�WKH�HQG�RI�WKH�SUHVFULEHG�VDPSOLQJ�WLPH��WKH�YDOYHV�ZHUH�
FORVHG�DQG�WKH�ILHOG�FDUW�ZDV�PRYHG�WR�WKH�QH[W�VDPSOLQJ�VWDWLRQ�DORQJ�WKH�VDPSOH�SDWK��ZKHUH�WKH�
YDOYHV�ZHUH�UHRSHQHG�IRU�D�SUHVFULEHG�VDPSOLQJ�WLPH��DQG�FDQLVWHU�SUHVVXUH�DQG�FULWLFDO�RULILFH�IORZ�
ZHUH�UHFRUGHG��7KLV�SURFHVV�ZDV�UHSHDWHG�XQWLO�VDPSOLQJ�KDG�EHHQ�FRPSOHWHG�DW�DOO�RI�WKH�VWDWLRQV�
DORQJ�WKH�VSHFLILHG�VDPSOH�SDWK��

:KHQ�WKH�VDPSOLQJ�ZDV�FRPSOHWHG��WKH�FDQLVWHU�YDOYHV�ZHUH�FORVHG�DQG�WKH�FDQLVWHUV�ZHUH�UHPRYHG�
IURP�WKH�FDUW��)LQDO�SUHVVXUHV�ZHUH�FKHFNHG�DQG�UHFRUGHG��7R�HQKDQFH�VDPSOH�VWRUDJH�VWDELOLW\��WKH�
FDQLVWHUV�ZHUH�SUHVVXUL]HG�ZLWK�QLWURJHQ�JDV�WR�\LHOG�D�FDQLVWHU�GLOXWLRQ�IDFWRU�RI�DSSUR[LPDWHO\�������
H�J���LI�WKH�SRVW�VDPSOH�SUHVVXUH�ZDV����LQ��+J��WKHQ�WKH�FDQLVWHU�ZRXOG�KDYH�EHHQ�SUHVVXUL]HG�ZLWK�
QLWURJHQ�WR�D�ILQDO�SUHVVXUH�RI������LQ��+J��7KH�DPELHQW�DLU�VDPSOHV�ZHUH�WKHQ�VKLSSHG�YLD�RYHUQLJKW�
FRXULHU�WR�WKH�1&$6,�6RXWKHUQ�5HJLRQDO�&HQWHU�ODERUDWRU\�ZKHUH�WKH\�ZHUH�DQDO\]HG�YLD�WKH�PHWKRG�
GHVFULEHG�LQ�6HFWLRQ������

7KH�XSZLQG�VDPSOLQJ�V\VWHP�FRQVLVWHG�RI�D�VLQJOH�FDQLVWHU��D�IORZ�FRQWUROOHU��DQG�D�SHUPHDWLRQ�GU\HU�
ZLWK�LWV�DVVRFLDWHG�V\VWHP�WR�VXSSO\�GU\�DLU�WR�WKH�GU\HU��7KLV�SRUWDEOH�V\VWHP�ZDV�SODFHG�DW�D�SRLQW�
XSZLQG�RI��DQG�DGMDFHQW�WR��WKH�DUHD�VRXUFH�XQGHU�WHVW��2QH�JURXQG�OHYHO�VDPSOH�ZDV�FROOHFWHG�IRU�



��� 7HFKQLFDO�%XOOHWLQ�1R������

1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW�

HDFK�UXQ���7KH�VDPSOLQJ�IORZ�UDWH�IRU�WKH�XSZLQG�V\VWHP�ZDV�VHW�WR����P/�PLQ��$�VFKHPDWLF�
UHSUHVHQWDWLRQ�RI�WKLV�HTXLSPHQW�LV�VKRZQ�LQ�)LJXUH������

)LJXUH�������3QHXPDWLF�'LDJUDP�IRU�WKH�8SZLQG�6DPSOLQJ�6\VWHP�

%HIRUH�WKH�VWDUW�RI�HDFK�UXQ��WKH�LQLWLDO�SUHVVXUH�RI�WKH�FDQLVWHU�ZDV�FKHFNHG�DQG�UHFRUGHG��7KH�
VDPSOLQJ�V\VWHP�ZDV�WKHQ�OHDN�FKHFNHG�WKURXJK�WKH�IORZ�FRQWUROOHU�DQG�FDQLVWHU��7KH�FDQLVWHU�ZDV�
DVVLJQHG�D�XQLTXH�VDPSOH�,'�ZKLFK�LGHQWLILHG�WKH�PLOO��WKH�VRXUFH��WKH�UXQ�QXPEHU��WKH�VDPSOLQJ�OHYHO�
�EDFNJURXQG���DQG�WKH�FDQLVWHU�UXQ�W\SH��QRUPDO���7KLV�FRGH�ZDV�UHFRUGHG�RQ�WKH�FDQLVWHU�DQG�RQ�WKH�
ILHOG�GDWD�VKHHW��

$W�WKH�HQG�RI�WKH�VDPSOLQJ�UXQ��WKH�FDQLVWHU�YDOYH�ZDV�FORVHG��WKH�ILQDO�SUHVVXUH�ZDV�FKHFNHG�DQG�
UHFRUGHG��DQG�WKH�FDQLVWHU�ZDV�SUHVVXUL]HG�ZLWK�QLWURJHQ�JDV�WR�\LHOG�D�FDQLVWHU�GLOXWLRQ�IDFWRU�RI�
DSSUR[LPDWHO\�������7KH�DPELHQW�DLU�VDPSOHV�ZHUH�VKLSSHG�YLD�RYHUQLJKW�FRXULHU�WR�WKH�1&$6,�
6RXWKHUQ�5HJLRQDO�&HQWHU�ODERUDWRU\�ZKHUH�WKH\�ZHUH�DQDO\]HG�YLD�WKH�PHWKRG�GHVFULEHG�LQ�6HFWLRQ�
���

$LU�'U\HU

$PELHQW�$LU�,Q

5RWDPHWHUV

6DPSOH�

7HIORQ�

&ULWLFDO�

&RQGLWLRQHG�6DPSOH�WR�

9DFXXP�3XPS

9DFXXP�*DXJH

$LU�'U\HU

$PELHQW�$LU�,Q

5RWDPHWHUV

6DPSOH�,QOHW

3HUPHDWLRQ�'U\HU

7HIORQ�9DOYH

&ULWLFDO�2ULILFH

&RQGLWLRQHG�6DPSOH�WR�&DQLVWHU

9DFXXP�3XPS

9DFXXP�*DXJH
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1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW�

$V�D�JHQHUDO�JXLGHOLQH�IRU�ZLQG�VWDELOLW\��WKH�DYHUDJH�ZLQG�GLUHFWLRQ�IRU�WKH�VHFRQG�KDOI�RI�WKH�WHVW�UXQ�
VKRXOG�KDYH�EHHQ�ZLWKLQ������RI�WKH�DYHUDJH�ZLQG�GLUHFWLRQ�IRU�WKH�ILUVW�KDOI�RI�WKH�WHVW�UXQ��$QG�WKH�
DYHUDJH�ZLQG�VSHHG�IRU�WKH�VHFRQG�KDOI�RI�WKH�WHVW�UXQ�VKRXOG�KDYH�EHHQ�ZLWKLQ������RI�WKH�ZLQG�
VSHHG�IRU�WKH�ILUVW�KDOI�RI�WKH�WHVW�UXQ���

���� &DOFXODWLRQ�RI�(PLVVLRQ�5DWHV�

(PLVVLRQ�UDWHV�ZHUH�GHWHUPLQHG�DFFRUGLQJ�WR�WKH�DSSURDFK�GHVFULEHG�E\�(VSOLQ���������&RQFHQWUDWLRQ�
DQG�ZLQG�GLUHFWLRQ�DQG�VSHHG�PHDVXUHPHQWV�DUH�XVHG�WR�HVWLPDWH�WKH�VSDWLDO�GLVWULEXWLRQ�RI�IOX[�RI�D�
JDV��H�J���+�6��SDVVLQJ�WKURXJK�DQ�LPDJLQDU\�YHUWLFDO�SODQH�GRZQZLQG�RI�DQ�DUHD�VRXUFH�VXFK�DV�D�
ZDVWHZDWHU�EDVLQ��%\�LQWHJUDWLQJ�RYHU�WKH�HQWLUH�DUHD�RI�WKH�YHUWLFDO�SODQH��WKH�WRWDO�DPRXQW�RI�WKH�
JDVHRXV�FRPSRXQG�SDVVLQJ�WKURXJK�WKH�SODQH�FDQ�EH�FRPSXWHG��7KLV�DPRXQW�LV�DVVXPHG�WR�EH�HTXDO�
WR�WKH�DPRXQW�RI�WKH�JDV�HPLWWHG�SHU�XQLW�WLPH�IURP�WKH�VXUIDFHRI�WKH�EDVLQ��

7KH�KRUL]RQWDO�SDWK�DQG�KHLJKWV�IRU�WKH�FRQFHQWUDWLRQ�PHDVXUHPHQWV�PXVW�EH�VHOHFWHG�EHIRUH�HDFK�
VDPSOLQJ�UXQ�VR�WKDW�HVVHQWLDOO\�DOO�RI�WKH�JDVHRXV�UHOHDVHV�IURP�WKH�EDVLQ�VXUIDFH�ZLOO�SDVV�WKURXJK�
WKH�GRZQZLQG�SODQH�RI�VDPSOLQJ�ORFDWLRQV��'XH�WR�WKH�XQLTXH�FLUFXPVWDQFHV�VXUURXQGLQJ�HDFK�WHVW��LW�
ZDV�QRW�SRVVLEOH�WR�HVWDEOLVK�DQ�REMHFWLYH�VHW�RI�FULWHULD�IRU�DFFHSWDEOH�ODWHUDO�SOXPH�FRYHUDJH��
KRZHYHU��HDFK�WHVW�ZDV�HYDOXDWHG�IRU�WKH�UHDVRQDEOHQHVV�RI�WKH�SOXPH�FRYHUDJH�DQG�WKH�FDOFXODWHG�
HPLVVLRQ�UDWH��7KH�GHWDLOV�VXUURXQGLQJ�HDFK�WHVW�FDQ�EH�IRXQG�LQ�WKH�LQGLYLGXDO�PLOO�WHVW�UHSRUWV�
�1&$6,�����D�L���*DXVVLDQ�GLVSHUVLRQ�RI�WKH�UHOHDVHG�JDVHV�LV�DVVXPHG��LPSO\LQJ�WKH�JDV�SOXPH�
H[SDQGV�YHUWLFDOO\�DQG�KRUL]RQWDOO\�GXH�WR�DWPRVSKHULF�WXUEXOHQFH�DV�LW�WUDYHOV�GRZQZLQG��7KH�
DPRXQW�RI�H[SDQVLRQ�GHSHQGV�RQ�WKH�GHJUHH�RI�WXUEXOHQFH��ZLWK�PRUH�WXUEXOHQW��XQVWDEOH��FRQGLWLRQV�
UHVXOWLQJ�LQ�JUHDWHU�H[SDQVLRQ��7KXV��WKH�KHLJKW�DQG�ZLGWK�RI�WKH�YHUWLFDO�SODQH�IRU�FRQFHQWUDWLRQ�
PHDVXUHPHQWV�ZLOO�LQFUHDVH�ZLWK�GRZQZLQG�GLVWDQFH�DQG�ZLWK�LQFUHDVLQJ�LQVWDELOLW\��

,Q�RUGHU�WR�SHUIRUP�WKH�IOX[�LQWHJUDWLRQ�FDOFXODWLRQ�RYHU�WKH�YHUWLFDO�SODQH��VHYHUDO�DVVXPSWLRQV�DUH�
PDGH��

�� :LQG�GLUHFWLRQ�LV�XQLIRUP�ZLWKLQ�WKH�SODQH��
�� :LQG�VSHHG�DW�D�JLYHQ�KHLJKW�LV�KRUL]RQWDOO\�XQLIRUP�DFURVV�WKH�SODQH��
�� 7KH�YHUWLFDO�SURILOH�RI�ZLQG�VSHHG�X�FDQ�EH�GHVFULEHG�E\�D�SRZHU�ODZ�IXQFWLRQ��X�]� XU�]�]U�

S��
ZKHUH�]�LV�KHLJKW�DERYH�JURXQG��]U�LV�WKH�KHLJKW�DERYH�JURXQG�RI�WKH�ZLQG�VSHHG�PHDVXUHPHQW�
XU��DQG�S�LV�D�VWDELOLW\�GHSHQGHQW�SDUDPHWHU��

�� 7KH�YHUWLFDO�SURILOH�RI�WKH�KRUL]RQWDOO\�DYHUDJHG�FRQFHQWUDWLRQ�F�]��LV�RI�WKH�IROORZLQJ�SRZHU�
ODZ�IRUP��F�]� &R���]�=E�

E��ZKHUH�]�LV�WKH�KHLJKW�DERYH�JURXQG��&R�LV�WKH�FRQFHQWUDWLRQ�DW�
] ���E�LV�DQ�HPSLULFDO�FRQVWDQW��DQG�=E�LV�WKH�ERXQGDU\�OD\HU�KHLJKW��L�H���F�=E� ���

�� (PLVVLRQ�UDWHV��ZLQGV��DQG�DWPRVSKHULF�VWDELOLW\�DUH�FRQVWDQW�RYHU�WKH�GXUDWLRQ�RI�D�VDPSOLQJ�
UXQ��

������ (PLVVLRQ�5DWH�&DOFXODWLRQ�(TXDWLRQ

(PLVVLRQ�UDWHV�ZHUH�FDOFXODWHG�XVLQJ�WKH�IROORZLQJ�HTXDWLRQ��

G]
=

=E =
:8&(

E

E

S=

R �
���

��

ZKHUH�
(� �HPLVVLRQ�UDWH��J�V�
&R� �KRUL]RQWDOO\�DYHUDJHG�JURXQG�OHYHO��= ���FRPSRXQG�FRQFHQWUDWLRQ��J�P

�

:� �FURVVZLQG�OHQJWK�RI�WKH�VDPSOH�SDWK��P�
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8��� �DYHUDJH�ZLQG�YHORFLW\�DW����PHWHUV��P�V�
=E� �SROOXWDQW�ERXQGDU\�OD\HU�KHLJKW��P�
S� �ZLQG�SURILOH�H[SRQHQW�ZKRVH�YDOXH�LV�D�IXQFWLRQ�RI�DWPRVSKHULF�WXUEXOHQFH�

� E� �FRQFHQWUDWLRQ�SURILOH�H[SRQHQW�

7R�FRPSXWH�(��YDOXHV�IRU�&R��S��=E��DQG�E�PXVW�ILUVW�EH�FDOFXODWHG��:�DQG�8���DUH�PHDVXUHG��7KHQ�WKH�
LQWHJUDO�ZDV�QXPHULFDOO\�HYDOXDWHG�XVLQJ�����PHWHU�LQFUHPHQWV�IRU�=��7KH�IROORZLQJ�VHFWLRQV�GHVFULEH�
WKH�SURFHGXUHV�XVHG�LQ�WKH�FDOFXODWLRQV��

������ 'HWHUPLQDWLRQ�RI�$WPRVSKHULF�6WDELOLW\�&ODVV�DQG�=E

7KH�SROOXWDQW�ERXQGDU\�OD\HU�KHLJKW�=E�LV�D�IXQFWLRQ�RI�DWPRVSKHULF�VWDELOLW\�DQG�GRZQZLQG�GLVWDQFH�
IURP�WKH�HPLVVLRQ�VRXUFH��$WPRVSKHULF�VWDELOLW\�LV�W\SLFDOO\�FKDUDFWHUL]HG�LQ�WHUPV�RI�D�VWDELOLW\�FODVV��
ZKLFK�LV�HVWLPDWHG�IURP�PHWHRURORJLFDO�SDUDPHWHUV��7KHUH�DUH�VHYHUDO�GLIIHUHQW�DSSURDFKHV�IRU�
GHWHUPLQLQJ�WKH�VWDELOLW\�FODVV��

,Q�WKLV�VWXG\��DQ�HVWLPDWH�RI�WKH�VWDELOLW\�FODVV�ZDV�PDGH�SULRU�WR�HDFK�VDPSOLQJ�UXQ�IROORZLQJ�WKH�
DSSURDFK�RXWOLQHG�E\�7XUQHU��7XUQHU�������ZKLFK�DVVLJQV�D�3DVTXLOO�*LIIRUG�VWDELOLW\�FDWHJRU\��$��%��
&��'��(��RU�)��EDVHG�RQ�ZLQG�VSHHG�DW����PHWHUV��LQFRPLQJ�VRODU�UDGLDWLRQ��DQG�FORXG�FRYHU��� ]��WKH�
VWDQGDUG�GHYLDWLRQ�RI�WKH�*DXVVLDQ�FRQFHQWUDWLRQ�GLVWULEXWLRQ�LQ�WKH�YHUWLFDO�GLUHFWLRQ��ZDV�WKHQ�
FDOFXODWHG�ZLWK�D�IRUPXOD�� ]� �D[

G��ZKHUH�[�LV�WKH�GRZQZLQG�GLVWDQFH�IURP�WKH�XSZLQG�HGJH�RI�WKH�
EDVLQ�WR�EH�VDPSOHG�WR�WKH�VDPSOLQJ�SDWK�IRU�WKH�FDUW�DQG�EDOORRQ�DSSDUDWXV��DQG�D�DQG�G�DUH�VWDELOLW\�
GHSHQGHQW�SDUDPHWHUV��$V�UHFRPPHQGHG�E\�(VSOLQ���������=E�ZDV�DVVXPHG�WR�EH����� ]��7KLV�YDOXH�
RI�=E�ZDV�XVHG�WR�VHW�WKH�KHLJKWV�IRU�WKH�FRQFHQWUDWLRQ�PHDVXUHPHQWV��

$IWHU�WKH�VDPSOLQJ�UXQ��WZR�RWKHU�DSSURDFKHV�XVLQJ�ZLQG�GDWD�FROOHFWHG�GXULQJ�WKH�VDPSOLQJ�UXQ�ZHUH�
XVHG�WR�UHFDOFXODWH�WKH�VWDELOLW\�FODVV�� ]��DQG�=E��7KH�IOXFWXDWLRQV�LQ�WKH�KRUL]RQWDO�ZLQG�GLUHFWLRQ�
�D]LPXWK�DQJOH���YHUWLFDO�ZLQG�GLUHFWLRQ��HOHYDWLRQ�DQJOH���DQG�YHUWLFDO�YHORFLW\�PHDVXUHG�E\�WKH�VRQLF�
DQHPRPHWHU�DW�WKH����PHWHU�KHLJKW�ZHUH�XVHG�WR�FRPSXWH� $�� (��DQG� Z��UHVSHFWLYHO\��7KH�
UHODWLRQVKLS�EHWZHHQ�3DVTXLOO�*LIIRUG�VWDELOLW\�FODVV�DQG�WKH�VWDQGDUG�GHYLDWLRQ�RI�WKH�D]LPXWK�DQG�
HOHYDWLRQ�DQJOHV�RYHU�D����PLQXWH�DYHUDJLQJ�SHULRG�LV�VKRZQ�LQ�7DEOH������*LIIRUG�������.XQNHO�
�������:KHQ�WKH�VDPSOLQJ�SHULRG�ZDV�GLIIHUHQW�IURP����PLQXWHV��WKH� $�YDOXH�ZDV�DGMXVWHG�WR�D����
PLQXWH�PHDQ� $�YDOXH�ZLWK�WKH�IROORZLQJ�HTXDWLRQ��.XQNHO��������� $���� �� $�W�����W�

�����ZKHUH�W�LV�LQ�
PLQXWHV��$�PLQLPXP�RI�����YDOXHV�REWDLQHG�GXULQJ�WKH�DYHUDJLQJ�SHULRG�VKRXOG�EH�XVHG�IRU�
FDOFXODWLQJ�WKH�VWDQGDUG�GHYLDWLRQV��86(3$��������

7DEOH�������5HODWLRQVKLS�%HWZHHQ�3DVTXLOO�*LIIRUG��3�*��6WDELOLW\�&ODVV�
DQG�WKH�6WDQGDUG�'HYLDWLRQ�RI�WKH�$]LPXWK�DQG�(OHYDWLRQ�$QJOHV�
� $�DQG� (��RI�WKH�+RUL]RQWDO�DQG�9HUWLFDO�:LQG�&RPSRQHQWV�

6WDELOLW\�'HVFULSWLRQ� 3�*�6WDELOLW\�&ODVV� $��GHJ�� (��GHJ��

9HU\�XQVWDEOH� $� ��� ���
0RGHUDWHO\�XQVWDEOH� %� ��� ±�
6OLJKWO\�XQVWDEOH� &� ��� ±�
1HXWUDO� '� ��� ��±���
0RGHUDWHO\�VWDEOH� (� �� ±�
9HU\�VWDEOH� )� ���� ��
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1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW�

,Q�WKH�ILUVW�DSSURDFK��WKH�FRPSXWHG� $�YDOXHV�ZHUH�XVHG�WR�GHWHUPLQH�WKH�VWDELOLW\�FODVV�� ]�DQG�=E

ZHUH�WKHQ�GHWHUPLQHG�ZLWK�WKH�VDPH�UHODWLRQVKLSV�DV�EHIRUH��L�H�� ]� �D[
G�DQG�=E� ����� ]��

,Q�WKH�VHFRQG�DSSURDFK�� =�ZDV�GLUHFWO\�FDOFXODWHG�IURP�WKH�VWDQGDUG�GHYLDWLRQ�RI�WKH�YHUWLFDO�
FRPSRQHQW�RI�WKH�ZLQG�YHORFLW\�� Z��XVLQJ�,UZLQ¶V�PRGHO��,UZLQ��������7KLV�PRGHO�UHODWHV�WKH�WZR�
SDUDPHWHUV�WKURXJK�WKH�IROORZLQJ�HTXDWLRQ��

]� � Z�7�I]

ZKHUH�
Z� �VWDQGDUG�GHYLDWLRQ�RI�WKH�YHUWLFDO�FRPSRQHQW�RI�WKH�ZLQG�YHORFLW\��P�V�

7� �WUDYHO�WLPH��VHFRQGV�� �����
���

��

�� VP8

PHWHUV[

������
���

����
�

7
I ] IRU�XQVWDEOH�FRQGLWLRQV��DQG�

������������

�

7
��IRU�VWDEOH�FRQGLWLRQV��

,I�PHDVXUHPHQWV�RI� Z�DUH�QRW�DYDLODEOH��LW�FDQ�EH�DSSUR[LPDWHG�IURP� (�DQG� ���E\�XVLQJ�WKH�
IROORZLQJ�HTXDWLRQ��86(3$��������

��8(Z

ZKHUH�
(��� �VWDQGDUG�GHYLDWLRQ�RI�WKH�HOHYDWLRQ�DQJOH��UDGLDQV�
���� �DYHUDJH����PHWHU�ZLQG�YHORFLW\��P�V�

$JDLQ��=E�ZDV�DVVXPHG�WR�EH����� ]��

1RUPDOO\�WKH�YDOXH�RI� ]�FDOFXODWHG�IURP� Z�ZDV�XVHG�WR�GHWHUPLQH�=E��+RZHYHU��WKLV�PHWKRG�FDQ�
\LHOG�XQUHDOLVWLFDOO\�ODUJH�YDOXHV�IRU� ]�ZKHQ�ZLQG�VSHHGV�DUH�ORZ��7KXV��LI� =�FDOFXODWHG�IURP� Z�ZDV�
DSSUR[LPDWHO\�WZR�RU�PRUH�WLPHV�WKH�YDOXH�RI� =�EDVHG�RQ� $��WKHQ�RWKHU�IDFWRUV�ZHUH�HYDOXDWHG�WR�
GHWHUPLQH�ZKLFK�YDOXH�RI� ]�VKRXOG�EH�XVHG�IRU�FDOFXODWLQJ�=E��)LUVW��WKH�PHWHRURORJLFDO�FRQGLWLRQV�
DQG�DVVRFLDWHG�DWPRVSKHULF�VWDELOLW\�ZHUH�H[DPLQHG�EHIRUH��GXULQJ��DQG�DIWHU�WKH�VDPSOLQJ�UXQ�WR�
GHWHUPLQH�LI�WKHUH�ZHUH�DQ\�WUHQGV��DQG�LI�VR��ZKHWKHU�WKH�WUHQG�LQ�YHUWLFDO�VWDELOLW\�ZDV�EHWWHU�
UHSUHVHQWHG�E\� ]�EDVHG�RQ�WKH� $�RU� Z�PHWKRG��6HFRQG��HPLVVLRQ�IOX[HV�ZHUH�FDOFXODWHG�XVLQJ�
YDOXHV�RI� ]�GHWHUPLQHG�IURP�ERWK�WKH� $�DQG� Z�PHWKRGV��DQG�WKH�UHVXOWLQJ�IOX[�SURILOHV�ZHUH�
H[DPLQHG�WR�GHWHUPLQH�ZKLFK�=E�YDOXH�DSSHDUHG�WR�JLYH�WKH�PRVW�UHDVRQDEOH�SURILOH��,I�WKH�WUHQGV�DQG�
IOX[�SURILOHV�ERWK�VXJJHVWHG� ]�FDOFXODWHG�IURP�WKH� $�PHWKRG�UHVXOWHG�LQ�WKH�EHVW�ILW�WR�WKH�
REVHUYDWLRQV��WKHQ�WKH� ]�YDOXH�EDVHG�RQ�WKH� $�PHWKRG�ZDV�XVHG�WR�FDOFXODWH�=E��2WKHUZLVH�� ]�DQG�=E

ZHUH�EDVHG�RQ�WKH� Z�PHWKRG��

������ &DOFXODWLRQ�RI�WKH�:LQG�9HORFLW\�3URILOH�([SRQHQW��S�

7KH�YDOXH�RI�S�ZDV�FDOFXODWHG�IURP�WKH�VLWH�VSHFLILF�KRUL]RQWDO�ZLQG�YHORFLWLHV�PHDVXUHG�DW���PHWHUV�
DQG�DW����PHWHUV�XVLQJ�WKH�IROORZLQJ�HTXDWLRQ��
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��OQ����OQ�

�OQ��OQ� ��� 88
S

2Q�UDUH�RFFDVLRQV��WKH�PHDQ�ZLQG�VSHHG�DW���PHWHUV�VOLJKWO\�H[FHHGHG�WKDW�DW����PHWHUV��,Q�WKDW�
FLUFXPVWDQFH��S�ZDV�VHW�WR�]HUR��:KHQ�ZLQG�VSHHG�YDOXHV�ZHUH�QRW�DYDLODEOH�IRU�ERWK�OHYHOV��D�GHIDXOW�
S�YDOXH��86(3$�������EDVHG�RQ�WKH�DWPRVSKHULF�VWDELOLW\�FODVV�ZDV�DVVLJQHG��7KH�VWDELOLW\�FODVV�ZDV�
GHWHUPLQHG�IURP� $��7KH�S�YDOXHV�DUH�VKRZQ�LQ�7DEOH������DQG�UHSUHVHQW�³UXUDO´�FRQGLWLRQV�ZLWK�D�
PRGHVW�VXUIDFH�URXJKQHVV��

7DEOH������:LQG�3URILOH�([SRQHQW�DV�D�)XQFWLRQ�RI�
$WPRVSKHULF�6WDELOLW\�&ODVV�IRU�5XUDO�6LWHV�

6WDELOLW\�&ODVV�
S�

$� �����
%� �����
&� �����
'� �����
(� �����
)� �����

������ %DFNJURXQG�&RQFHQWUDWLRQ�&RUUHFWLRQ

1RUPDOO\��WKH�PHDVXUHG�EDFNJURXQG�56&�FRQFHQWUDWLRQV�ZHUH�VXEWUDFWHG�IURP�WKH�GRZQZLQG�VDPSOH�
FRQFHQWUDWLRQV�RQO\�LI�WKH\�ZHUH�FRQVLGHUHG�WR�UHSUHVHQW�UHODWLYHO\�WKUHH�GLPHQVLRQDOO\�KRPRJHQHRXV�
EDFNJURXQG�FRQFHQWUDWLRQV��,I�WKH�UHVXOWV�RI�VFUHHQLQJ�VWXGLHV�LQGLFDWHG�WKDW�D�WKUHH�GLPHQVLRQDOO\�
QRQ�KRPRJHQHRXV�EDFNJURXQG�FRQFHQWUDWLRQ�SURILOH�H[LVWHG�LQ�D�JLYHQ�VLWXDWLRQ��WKHQ�HPLVVLRQ�WHVWLQJ�
ZDV�RQO\�GRQH�LQ�WKDW�VLWXDWLRQ�LI�WKH�UHODWLYH�FRQFHQWUDWLRQ�OHYHOV��FRQVLGHULQJ�GLVSHUVLRQ�FRQGLWLRQV��
LQGLFDWHG�WKDW�LJQRULQJ�WKH�EDFNJURXQG�ZRXOG�QRW�VLJQLILFDQWO\�ELDV�WKH�FDOFXODWHG�HPLVVLRQ�IOX[HV��
:KHQ�D�FRUUHFWLRQ�IRU�XSZLQG�EDFNJURXQG�FRQFHQWUDWLRQ�ZDV�WR�EH�DSSOLHG�WR�WKH�GRZQZLQG�FDQLVWHU�
56&�FRQFHQWUDWLRQV��WKHQ�WKH�SUH�GLOXWLRQ�FRQFHQWUDWLRQ�RI�WKH�EDFNJURXQG�FDQLVWHU�ZDV�VXEWUDFWHG�
IURP�WKH�SUH�GLOXWLRQ�FRQFHQWUDWLRQV�LQ�WKH�FDQLVWHUV�FROOHFWHG�GRZQZLQG�IURP�WKH�VRXUFH�DW�PXOWLSOH�
HOHYDWLRQV��$IWHU�WKH�GRZQZLQG�VDPSOH�56&�FRQFHQWUDWLRQV�KDG�EHHQ�FRUUHFWHG�IRU�WKH�EDFNJURXQG�
FRQFHQWUDWLRQ��RU�WKH�GHFLVLRQ�ZDV�PDGH�QRW�WR�FRUUHFW�IRU�EDFNJURXQG�FRQFHQWUDWLRQ��WKH�UHVXOWLQJ�
FRQFHQWUDWLRQ�YDOXHV�ZHUH�FRQVLGHUHG�WKH�GRZQZLQG�DPELHQW�DLU�FRQFHQWUDWLRQV�GXH�WR�VRXUFH�
HPLVVLRQV��

)RU�PHWKDQH��DOO�GRZQZLQG�FRQFHQWUDWLRQV�ZHUH�FRUUHFWHG�IRU�EDFNJURXQG�FRQFHQWUDWLRQV�EHFDXVH�
EDFNJURXQG�PHWKDQH�FRQFHQWUDWLRQV�ZHUH�DOZD\V�D�VLJQLILFDQW�SRUWLRQ�RI�WKH�GRZQZLQG�
FRQFHQWUDWLRQV��%DFNJURXQG�PHWKDQH�FRQFHQWUDWLRQV��LQ�WKH�DEVHQFH�RI�DQ\�QHDUE\�XSZLQG�VRXUFHV��
ZHUH�DVVXPHG�WR�EH�VSDWLDOO\�XQLIRUP��'DWD�LQ�WKH�OLWHUDWXUH�LQGLFDWH�WKDW�WKLV�LV�D�UHDVRQDEOH�
DVVXPSWLRQ��$�VWXG\�RI�WKH�YHUWLFDO�GLVWULEXWLRQ�RI�DPELHQW�DLU�PHWKDQH�FRQFHQWUDWLRQV�LQ�WKH�ORZHU�
WURSRVSKHUH�VKRZHG�QR�VLJQLILFDQW�YDULDWLRQ��6XJDZDUD�HW�DO���������,QWHUIHUHQFH�IURP�QHDUE\�XSZLQG�
VRXUFHV�ZDV�QRW�H[SHFWHG�WR�EH�D�VLJQLILFDQW�SUREOHP�LQ�WKH�VWXG\�UHSRUWHG�KHUHLQ��EHFDXVH�PHWKDQH�
HPLVVLRQV�TXDQWLWDWLRQ�ZDV�RQO\�SHUIRUPHG�ZKHQ�WKH�VRXUFHV�FRXOG�EH�WHVWHG�ZLWKRXW�LQWHUIHUHQFH�
IURP�XSZLQG�DQWKURSRJHQLF�PHWKDQH�HPLVVLRQ�VRXUFHV��$GGLWLRQDOO\��JLYHQ�WKH�GLVWDQFH�RI�WKH�WHVWHG�
VRXUFHV�WR�QDWXUDO�PHWKDQH�HPLVVLRQV�IURP�XSZLQG�ZHWODQGV��DQG�WKH�PD[LPXP�HVWLPDWHG�HPLVVLRQV�
IURP�QDWXUDO�ZHWODQGV��(KKDOW�DQG�+HLGW�������:DOWHU��+HLPDQQ��DQG�0DWWKHZV��������PHWKDQH�
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HPLVVLRQV�IURP�QDWXUDO�VRXUFHV�ZRXOG�QRW�EH�H[SHFWHG�WR�VLJQLILFDQWO\�DIIHFW�WKH�PHDVXUHG�GRZQZLQG�
PHWKDQH�YHUWLFDO�FRQFHQWUDWLRQ�SURILOHV��

������ &DOFXODWLRQ�RI�&��DQG�E

7KH�EDOORRQ�VDPSOLQJ�V\VWHP�SURYLGHG�KRUL]RQWDOO\�DYHUDJHG�DPELHQW�FRQFHQWUDWLRQV�IRU�HDFK�RI�WKH�
IRXU�UHGXFHG�VXOIXU�FRPSRXQGV�DQG�PHWKDQH�DW�WKUHH�RU�IRXU�KHLJKWV��7KH�YHUWLFDO�FRQFHQWUDWLRQ�
GLVWULEXWLRQ�ZDV�DVVXPHG�WR�EH�RI�WKH�IRUP�

E

E
R =

=
&]& ���

,Q�RUGHU�WR�VROYH�IRU�E�DQG�&���WKH�QDWXUDO�ORJDULWKP�ZDV�WDNHQ�RI�ERWK�VLGHV�RI�WKH�HTXDWLRQ�WR�\LHOG�

E
R =

=
E&]& �OQOQ�@�OQ>

$V�WKLV�HTXDWLRQ�UHSUHVHQWV�D�VWUDLJKW�OLQH�LQ�ORJ�ORJ�VSDFH��OLQHDU�UHJUHVVLRQ�FDQ�EH�XVHG�WR�REWDLQ�
YDOXHV�IRU�WKH�VORSH�E�DQG�LQWHUFHSW�OQ�&���SURYLGHG�WKDW�YDOXHV�RI�&�DUH�DYDLODEOH�IRU�DW�OHDVW�WKUHH�
KHLJKWV��+RZHYHU��WKHUH�ZHUH�PDQ\�VDPSOLQJ�UXQV�ZKHUH�OHVV�WKDQ�WKUHH�FRQFHQWUDWLRQV�ZHUH�DERYH�
PHWKRG�GHWHFWLRQ�OLPLWV��HVSHFLDOO\�IRU�WKH�UHGXFHG�VXOIXU�FRPSRXQGV�DW�WKH�HOHYDWHG�VDPSOLQJ�
KHLJKWV��7KXV�SURFHGXUHV�KDG�WR�EH�GHYHORSHG�WR�KDQGOH�WKHVH�VLWXDWLRQV��DV�GHVFULEHG�LQ�WKH�IROORZLQJ�
VHFWLRQV��7KHVH�SURFHGXUHV�ZHUH�XVHG�WR�FDOFXODWH�FRPSRXQG�VSHFLILF�&��YDOXHV��FRPSRXQG�VSHFLILF�E�
YDOXHV�DQG�DYHUDJH�E�YDOXHV��2FFDVLRQDOO\�GHYLDWLRQV�IURP�WKHVH�SURFHGXUHV�ZHUH�QHFHVVDU\�WR�
DFFRPPRGDWH�GDWD�VHWV�ZLWK�XQXVXDO�FKDUDFWHULVWLFV��$Q\�VXFK�GHSDUWXUHV�KDYH�EHHQ�LGHQWLILHG�LQ�WKH�
LQGLYLGXDO�PLOO�UHSRUWV��1&$6,�����D�J���

,I�DOO�ILYH�FRPSRXQGV�ZHUH�UHOHDVHG�XQLIRUPO\�RYHU�WKH�VXUIDFH�RI�D�EDVLQ�DW�D�FRQVWDQW�UDWH��WKHQ�LQ�
WKHRU\�WKH�VORSH�RI�WKH�KRUL]RQWDOO\�DYHUDJHG�YHUWLFDO�FRQFHQWUDWLRQ�SURILOH��LQ�ORJ�ORJ�VSDFH��ZRXOG�
EH�WKH�VDPH�IRU�DOO�ILYH�FRPSRXQGV��+RZHYHU��LW�LV�OLNHO\�WKH�UHOHDVHV�RI�HDFK�FRPSRXQG�YDU\�
KRUL]RQWDOO\�RYHU�WKH�EDVLQ�VXUIDFH�DQG�YDU\�RYHU�WLPH��)XUWKHUPRUH��VORSHV�GHWHUPLQHG�IURP�ILHOG�
GDWD�IRU�LQGLYLGXDO�FRPSRXQGV�DUH�VXEMHFW�WR�FRQVLGHUDEOH�XQFHUWDLQWLHV�GXH�WR�PHDVXUHPHQW�
LQDFFXUDFLHV��QRQ�VWHDG\�VWDWH�PHWHRURORJLFDO�FRQGLWLRQV��QRQ�XQLIRUP�EDFNJURXQG�FRQFHQWUDWLRQV��
DQG�QRQ�*DXVVLDQ�FRQFHQWUDWLRQ�GLVWULEXWLRQV��7KXV��WKH�FDOFXODWHG�VORSHV�IRU�WKH�ILYH�GLIIHUHQW�
FRPSRXQGV�DUH�QRW�H[SHFWHG�WR�EH�LQ�DJUHHPHQW�ZLWK�HDFK�RWKHU��

%HFDXVH�RI�WKH�XQFHUWDLQWLHV�LQKHUHQW�LQ�WKH�LQGLYLGXDO�FRPSRXQG�FRQFHQWUDWLRQ�SURILOHV�REWDLQHG�
WKURXJK�OLQHDU�UHJUHVVLRQ��XVH�RI�WKH�DYHUDJH�RI�WKH�E�H[SRQHQWV�GHWHUPLQHG�IRU�HDFK�RI�WKH�ILYH�
FRPSRXQGV�ZDV�EHOLHYHG�WR�EH�WKH�PRVW�UHDVRQDEOH�DSSURDFK�IRU�FDOFXODWLQJ�HPLVVLRQV��ZLWK�VRPH�
UDUH�H[FHSWLRQV��,I�DQ\�FRPSRXQG�ODFNHG�VXIILFLHQW�FRQFHQWUDWLRQ�PHDVXUHPHQWV�WR�FDOFXODWH�D�E�
H[SRQHQW�IURP�GHWHFWDEOH�YDOXHV��LW�ZDV�QRW�LQFOXGHG�LQ�WKH�FDOFXODWLRQ�RI�WKH�DYHUDJH�E�YDOXH��

%HFDXVH�(VSOLQ¶V��������PHDVXUHPHQWV�ZHUH�OLPLWHG�WR�D�VLQJOH�SDUDPHWHU��756���RQO\�RQH�YHUWLFDO�
FRQFHQWUDWLRQ�SURILOH�FRXOG�EH�FRPSXWHG��$OVR��KH�DSSDUHQWO\�GLG�QRW�HQFRXQWHU�DQ\�756�
FRQFHQWUDWLRQV�EHORZ�KLV�PHWKRG�GHWHFWLRQ�OLPLWV��3URFHGXUHV�WR�KDQGOH�QRQ�GHWHFWV�DQG�FRPSXWH�
YHUWLFDO�SURILOHV�ZLWK�OHVV�WKDQ�WKUHH�GDWD�SRLQWV�ZHUH�WKHUHIRUH�XQQHFHVVDU\�LQ�KLV�VWXG\��
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������ &DOFXODWLRQ�RI�&RPSRXQG�6SHFLILF�E�DQG�&��IRU�56&�&RPSRXQGV

,I�PHDVXUHG�FRQFHQWUDWLRQV�RI�D�JLYHQ�FRPSRXQG�ZHUH�DERYH�WKH�TXDQWLWDWLRQ�OLPLW�DW�WKUHH�RU�IRXU�
HOHYDWLRQV��WKHQ�DOO�RI�WKH�FRQFHQWUDWLRQ�YDOXHV�DERYH�WKH�TXDQWLWDWLRQ�OLPLW�ZHUH�XVHG�IRU�OLQHDU�
UHJUHVVLRQ�WR�FDOFXODWH�WKH�FRPSRXQG�VSHFLILF�E�DQG�&��YDOXHV��

,I�PHDVXUHG�FRQFHQWUDWLRQV�RI�D�JLYHQ�FRPSRXQG�ZHUH�DERYH�WKH�TXDQWLWDWLRQ�OLPLW�DW�RQO\�WZR�
HOHYDWLRQV��WKHQ�WKH�WZR�TXDQWLILHG�YDOXHV�DQG�RQH�KDOI�RI�WKH�TXDQWLWDWLRQ�OLPLW�DW�WKH�QH[W�KLJKHVW�
HOHYDWLRQ�ZHUH�XVHG�WR�FDOFXODWH�FRPSRXQG�VSHFLILF�E�DQG�&��YDOXHV��,I�WKH�WZR�DERYH�TXDQWLWDWLRQ�
OLPLW�FRQFHQWUDWLRQV�ZHUH�WKH�JURXQG�OHYHO������PHWHUV��DQG�WKH�KLJK�OHYHO��WKHQ�WKH�TXDQWLWDWHG�JURXQG�
OHYHO������PHWHU��DQG�KLJK�OHYHO�FRQFHQWUDWLRQV�ZHUH�XVHG�LQ�FRQMXQFWLRQ�ZLWK�DQ�DVVXPHG�YDOXH�RI�
������SSEY�DW�����=E�WR�FDOFXODWH�FRPSRXQG�VSHFLILF�E�DQG�&��YDOXHV��

$VVLJQLQJ�D�������SSEY�YDOXH�DW�����RI�=E�ZDV�VRPHZKDW�DUELWUDU\��7KH�DVVXPHG�IRUP�RI�WKH�YHUWLFDO�
FRQFHQWUDWLRQ�SURILOH�LPSOLHV�&�=E�� ����+RZHYHU��WKH�E�H[SRQHQW�LV�FDOFXODWHG�E\�OLQHDU�UHJUHVVLRQ�
XVLQJ�WKH�ORJDULWKPLF�IRUP�RI�WKH�SURILOH�ZKHUH�WKH�WHUP�OQ���]�=E��EHFRPHV�LQILQLWHO\�ODUJH�DV�]�
DSSURDFKHV�=E��DV�VKRZQ�LQ�)LJXUH������7KURXJK�WULDO�DQG�HUURU��LW�ZDV�IRXQG�WKDW�XVLQJ�D�
FRQFHQWUDWLRQ�YDOXH�RI�������SSEY�DW�����=E�DSSHDUHG�WR�JLYH�UHDVRQDEOH�IOX[�SURILOHV�DQG�ILW�ZKDW�
ZDV�NQRZQ�DERXW�WKH�YHUWLFDO�FRQFHQWUDWLRQ�SURILOHV�IRU�WKH�DUHD�VRXUFHV�DQG�DWPRVSKHULF�VWDELOLW\�
FRQGLWLRQV�HQFRXQWHUHG�LQ�WKLV�VWXG\�LQ�DOPRVW�DOO�VLWXDWLRQV��1HYHUWKHOHVV��WKHUH�ZHUH�D�IHZ�VLWXDWLRQV�
ZKHUH�DOWHUQDWLYH�FDOFXODWLRQ�SURFHGXUHV�ZHUH�QHFHVVDU\��
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)LJXUH�������(IIHFW�RI�=�$SSURDFKLQJ�WKH�3ROOXWDQW�%RXQGDU\�/D\HU�+HLJKW��=E�
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:KHQ�RQO\�WKUHH�VDPSOLQJ�HOHYDWLRQV�ZHUH�XVHG��PDLQO\�DW�WKH�EHJLQQLQJ�RI�WKH�VWXG\���DQG�WKH�
KLJKHVW�HOHYDWLRQ�H[FHHGHG�=E��WKHQ�WKH�FRQFHQWUDWLRQV�DW�WKH�ORZHU�WZR�VDPSOLQJ�HOHYDWLRQV�ZHUH�
XVHG�LQ�FRQMXQFWLRQ�ZLWK�������SSEY�DW�����=E�IRU�FDOFXODWLRQ�RI�WKH�FRPSRXQG�VSHFLILF�E�DQG�&�

YDOXHV��

,Q�VLWXDWLRQV�ZKHUH�FRQFHQWUDWLRQV�IRU�RQH�FRPSRXQG�ZHUH�DERYH�WKH�TXDQWLWDWLRQ�OLPLW�RQO\�DW�WKH�
JURXQG�OHYHO��WKHQ�WKH�PHDVXUHG�����PHWHU�FRQFHQWUDWLRQ�ZDV�XVHG�DV�&���,I�GXSOLFDWH�FRQFHQWUDWLRQ�
YDOXHV�ZHUH�DYDLODEOH�IRU�WKH�����PHWHU�OHYHO�DQG�ERWK�RI�WKRVH�YDOXHV�ZHUH�DERYH�WKH�TXDQWLWDWLRQ�
OLPLW��WKHQ�WKH�DYHUDJH�RI�WKH�GXSOLFDWH�YDOXHV�ZHUH�XVHG�DV�&���+RZHYHU��LI�RQH�RI�WKRVH�GXSOLFDWH�
YDOXHV�ZDV�OHVV�WKDQ�RQH�KDOI�WKH�RWKHU��WKHQ�WKH�ORZHU�YDOXH�ZDV�QRW�XVHG��$OVR��LI�WKH�����PHWHU�OHYHO�
FRQFHQWUDWLRQ�ZDV�PHDVXUHG�LQ�GXSOLFDWH��EXW�RQO\�RQH�RI�WKH�WZR�YDOXHV�ZDV�DERYH�WKH�TXDQWLWDWLRQ�
OLPLW��WKHQ�RQO\�WKH�YDOXH�WKDW�ZDV�DERYH�WKH�TXDQWLWDWLRQ�OLPLW�ZDV�XVHG�DV�&���,Q�WKH�SUHFHGLQJ�FDVHV��
LW�ZDV�DVVXPHG�WKDW�WKH�ORZHU�GXSOLFDWH�YDOXHV�ZHUH�GXH�WR�WKH�GHYHORSPHQW�RI�DFWLYH�VLWHV�RQ�WKH�
LQWHULRU�FDQLVWHU�VXUIDFHV��&RPSRXQG�VSHFLILF�E�YDOXHV�ZHUH�QRW�FDOFXODWHG�ZKHQ�RQO\�WKH�����PHWHU�
FRQFHQWUDWLRQ�ZDV�DERYH�WKH�TXDQWLWDWLRQ�OLPLW�XQOHVV�YHUWLFDO�FRQFHQWUDWLRQ�SURILOHV�FRXOG�QRW�EH�
FRPSXWHG�IRU�DQ\�RI�WKH�RWKHU�FRPSRXQGV��LQFOXGLQJ�PHWKDQH��,I�E�KDG�WR�EH�FDOFXODWHG�EHFDXVH�LW�ZDV�
QRW�DYDLODEOH�IURP�DQ\�RI�WKH�RWKHU�FRPSRXQGV��WKHQ�RQH�KDOI�RI�WKH�GHWHFWLRQ�OLPLW�DW�WKH�ORZ�OHYHO�
DQG�������SSEY�DW�����RI�=E�ZHUH�XVHG�WR�GHWHUPLQH�E�DQG�&R��

,I�FRQFHQWUDWLRQV�DW�DOO�HOHYDWLRQV�ZHUH�EHORZ�WKH�TXDQWLWDWLRQ�OLPLW��WKHQ�WKH�TXDQWLWDWLRQ�OLPLW�ZDV�
XVHG�DV�&���WKH�HPLVVLRQ�UDWH�ZDV�UHSRUWHG�DV�1'>[[[[@�DQG�D�FRPSRXQG�VSHFLILF�E�ZDV�QRW�
FDOFXODWHG��,I�PHDVXUHG�YHUWLFDO�FRQFHQWUDWLRQ�SURILOH�GDWD�ZHUH�QRW�DYDLODEOH�IRU�DQ\�RI�WKH�RWKHU�
FRPSRXQGV��LQFOXGLQJ�PHWKDQH��WKHQ�RQH�KDOI�RI�WKH�GHWHFWLRQ�OLPLW�DW�WKH�ORZ�OHYHO�DQG�������SSEY�DW�
����=E�ZHUH�XVHG�WR�FDOFXODWH�E��

,Q�DOO�FDVHV�ZKHUH�D�FRQFHQWUDWLRQ�YDOXH�RI�������SSEY�DW�����RI�=E�ZDV�XVHG�WR�HVWLPDWH�E�IRU�D�
UHGXFHG�VXOIXU�FRPSRXQG��WKH�UHVXOWLQJ�YHUWLFDO�FRQFHQWUDWLRQ�SURILOH�FXUYH�ILW�ZDV�YLVXDOO\�LQVSHFWHG��
,I�WKH�ILW�ZLWK�WKH�NQRZQ�FRQFHQWUDWLRQ�GDWD�ZDV�SRRU��WKHQ�WKH�YHUWLFDO�FRQFHQWUDWLRQ�SURILOH�ZDV�
UHILWWHG�XVLQJ�WKH�PHDVXUHG�JURXQG�OHYHO�FRQFHQWUDWLRQ�DQG�RQH�KDOI�RI�WKH�TXDQWLWDWLRQ�OLPLW�DW�WKH�
ORZ��PLG�DQG��LQ�VRPH�FDVHV��WKH�KLJK�VDPSOLQJ�HOHYDWLRQV�LQ�WKH�UHJUHVVLRQ�FDOFXODWLRQ�IRU�WKH�
GHWHUPLQDWLRQ�RI�WKH�E�DQG�&R�YDOXHV��

������ &DOFXODWLRQ�RI�E�DQG�&��IRU�0HWKDQH

,I�WKH�EDFNJURXQG�FRUUHFWHG�FRQFHQWUDWLRQV�ZHUH�DERYH�]HUR�DW�WKUHH�RU�IRXU�OHYHOV��WKHQ�DOO�RI�WKH�
SRVLWLYH�YDOXHV�ZHUH�XVHG�IRU�OLQHDU�UHJUHVVLRQ�WR�FDOFXODWH�E�DQG�&��IRU�PHWKDQH��

,I�WKH�EDFNJURXQG�FRUUHFWHG�PHWKDQH�FRQFHQWUDWLRQV�ZHUH�DERYH�]HUR�DW�WZR�HOHYDWLRQV�DQG�WKH�
KLJKHVW�RI�WKRVH�WZR�HOHYDWLRQV�ZDV�OHVV�WKDQ�����RI�=E��WKHQ�DOO�RI�WKH�GHWHFW�YDOXHV�ZHUH�XVHG�LQ�
FRQMXQFWLRQ�ZLWK�������SSEY�DW�����=E�WR�FDOFXODWH�E�DQG�&���

:KHQHYHU�D�FRQFHQWUDWLRQ�YDOXH�RI�������SSEY�DW�����RI�=E�ZDV�XVHG�WR�HVWLPDWH�E�IRU�PHWKDQH��WKH�
UHVXOWLQJ�YHUWLFDO�FRQFHQWUDWLRQ�SURILOH�FXUYH�ILW�ZDV�YLVXDOO\�LQVSHFWHG��,I�WKH�ILW�ZLWK�WKH�NQRZQ�
FRQFHQWUDWLRQ�GDWD�ZDV�SRRU��WKHQ�D�YDOXH�IRU�E�ZDV�QRW�FDOFXODWHG�IRU�PHWKDQH��WKH�PHDVXUHG�JURXQG�
OHYHO�FRQFHQWUDWLRQ�ZDV�XVHG�DV�&R��DQG�WKH�DYHUDJH�E�YDOXH�IRU�WKH�UHGXFHG�VXOIXU�FRPSRXQGV�ZDV�
XVHG�WR�FDOFXODWH�WKH�PHWKDQH�HPLVVLRQ�UDWH��

,I�RQO\�WKH�JURXQG�OHYHO������PHWHU��EDFNJURXQG�FRUUHFWHG�FRQFHQWUDWLRQ�ZDV�SRVLWLYH��WKHQ�WKH�����
PHWHU�FRQFHQWUDWLRQ�ZDV�XVHG�DV�WKH�&��YDOXH��DQG�D�FRPSRXQG�VSHFLILF�E�YDOXH�ZDV�QRW�FDOFXODWHG��

,I�WKH�JURXQG�OHYHO������PHWHU��EDFNJURXQG�FRUUHFWHG�FRQFHQWUDWLRQ�ZDV�QHJDWLYH��QR�YDOXHV�IRU�
PHWKDQH�ZHUH�FDOFXODWHG�DQG�WKH�HPLVVLRQ�UDWH�ZDV�UHSRUW�DV�1$��QRW�DYDLODEOH���
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������ &DOFXODWLRQ�RI�$YHUDJH�E

,Q�WKH�DYHUDJH�E�FDOFXODWLRQ��DOO�RI�WKH�FRPSRXQGV�ZHUH�LQFOXGHG�IRU�ZKLFK�DERYH�TXDQWLWDWLRQ�OLPLW�
�RU�IRU�PHWKDQH��DERYH�]HUR��FRQFHQWUDWLRQV�ZHUH�PHDVXUHG�DW�D�PLQLPXP�RI�WZR�OHYHOV��

,I�QRQH�RI�WKH�FRPSRXQGV�ZHUH�GHWHFWHG�DW�WZR�RU�PRUH�OHYHOV��WKHQ�WKH�DYHUDJH�E�ZDV�FRPSXWHG�IURP�
WKH�FRPSRXQG�VSHFLILF�E�YDOXHV�IRU�WKRVH�FRPSRXQGV�GHWHFWHG�DW�JURXQG�OHYHO��&RPSRXQG�VSHFLILF�E�
YDOXHV�OHVV�WKDQ�RQH�ZHUH�QRW�XVHG�ZKHQ�FDOFXODWLQJ�WKH�DYHUDJH��

������ 8VH�RI�$YHUDJH�E�YV��&RPSRXQG�6SHFLILF�E�LQ�WKH�(PLVVLRQ�5DWH�&DOFXODWLRQ

7KH�DYHUDJH�E�YDOXH�ZDV�XVHG�LQ�DOO�HPLVVLRQ�UDWH�FDOFXODWLRQV��XQOHVV�WKHUH�ZDV�HYLGHQFH�LQGLFDWLQJ�
VSHFLILF�VRXUFH�FKDUDFWHULVWLFV�DQG�PHWHRURORJLFDO�FRQGLWLRQV�UHVXOWHG�LQ�VLJQLILFDQWO\�GLIIHUHQW�
FRPSRXQG�VSHFLILF�YHUWLFDO�FRQFHQWUDWLRQ�SURILOHV��([DPSOHV�RI�WKLV�VLWXDWLRQ�DUH�WKH�GDWD�IURP�WHVW�
UXQ�QRV�����������������DQG����DW�WKH�0LOO�'�QR����$6%��'XULQJ�WKHVH�WHVW�UXQV��D�SRUWLRQ�RI�WKH�VDPSOH�
SDWK�SDVVHG�FORVH�WR�WKH�DUHD�ZKHUH�WKH�DFLGLF�PLOO�HIIOXHQW�ZDV�HQWHULQJ�WKH�EDVLQ��7KH�DFLGLF�DUHD�
QHDU�WKH�EDVLQ�LQOHW�ZDV�UHODWLYHO\�VPDOO��GXH�WR�WKH�EXIIHULQJ�HIIHFW�RI�DHURELF�ELRORJLFDO�DFWLYLW\�DV�
WKH�PLOO�HIIOXHQW�PRYHG�WKURXJK�WKH�EDVLQ��7KH�DFLGLF�FRQGLWLRQV�UHVXOWHG�LQ�D�UHODWLYHO\�KLJK�
K\GURJHQ�VXOILGH�HPLVVLRQ�UDWH�LQ�WKDW�DUHD��KRZHYHU��LW�KDG�OLWWOH�HIIHFW�RQ�WKH�HPLVVLRQ�UDWHV�RI�WKH�
RUJDQLF�UHGXFHG�VXOIXU�FRPSRXQGV�RU�PHWKDQH��7KHUHIRUH��LQ�WKLV�VLWXDWLRQ��WKH�XVH�RI�FRPSRXQG�
VSHFLILF�E�H[SRQHQWV�\LHOGHG�WKH�PRVW�DFFXUDWH�YHUWLFDO�FRQFHQWUDWLRQ�SURILOHV�DQG�HPLVVLRQ�UDWHV��

���� 2YHUDOO�4XDOLW\�$VVXUDQFH�3URFHGXUHV�IRU�&RQFHQWUDWLRQ�0HDVXUHPHQWV�

7KH�RYHUDOO�TXDOLW\�DVVXUDQFH�SURJUDP�IRU�WKH�DPELHQW�FRQFHQWUDWLRQ�PHDVXUHPHQWV�LQFOXGHG�ILHOG�
GXSOLFDWHV��WUDLQ�VSLNHV��DQG�WUDLQ�EODQNV��

*HQHUDOO\��D�JURXQG�OHYHO�ILHOG�GXSOLFDWH�FDQLVWHU�ZDV�FROOHFWHG�IRU�HDFK�WHVW�UXQ��'XSOLFDWH�VDPSOHV�
ZHUH�FROOHFWHG�E\�VLPXOWDQHRXVO\�ILOOLQJ�WZR�FDQLVWHUV�DW�WKH�JURXQG�OHYHO�HOHYDWLRQ��

7UDLQ�VSLNH�WHVWV�ZHUH�SHUIRUPHG�EHIRUH�HDFK�ILHOG�VDPSOLQJ�WULS��DQG�WUDLQ�EODQN�WHVWV�ZHUH�SHUIRUPHG�
EHIRUH�DQG�DIWHU�HDFK�VDPSOLQJ�WULS��7UDLQ�VSLNH�WHVWV�ZHUH�SHUIRUPHG�E\�G\QDPLFDOO\�GLOXWLQJ�D�
F\OLQGHU�JDV�RI�+�6�LQ�QLWURJHQ�WR�D�FRQFHQWUDWLRQ�RI�DSSUR[LPDWHO\����SSEY��7KH�WHVW�JDV�ZDV�
VDPSOHG�WKURXJK�WKH�KLJK�VDPSOLQJ�V\VWHP��ZKLFK�KDG�WKH�ORQJHVW�VDPSOH�OLQH��$�-HURPH�+�6�
DQDO\]HU�ZDV�XVHG�WR�WHVW�WKH�FRQFHQWUDWLRQ�RI�+�6�H[LWLQJ�WKH�7HIORQ�OLQH��ZKLFK�GXULQJ�DPELHQW�DLU�
VDPSOLQJ�ZRXOG�KDYH�EHHQ�FRQQHFWHG�WR�WKH�FDQLVWHU�IORZ�FRQWUROOHU��7KH�DYHUDJH�PHDVXUHG�
FRQFHQWUDWLRQ�IURP�WKUHH�UHDGLQJV�ZDV�UHTXLUHG�WR�EH�ZLWKLQ������RI�WKH�H[SHFWHG�FRQFHQWUDWLRQ��

7UDLQ�EODQN�WHVWV�ZHUH�SHUIRUPHG�E\�VDPSOLQJ�]HUR�DLU�WKURXJK�WKH�KLJK�VDPSOLQJ�V\VWHP��$�-HURPH�
+�6�DQDO\]HU��ZKLFK�KDG�EHHQ�]HURHG�RQ�]HUR�DLU��ZDV�XVHG�WR�WHVW�WKH�FRQFHQWUDWLRQ�RI�+�6�H[LWLQJ�WKH�
7HIORQ�OLQH��ZKLFK�GXULQJ�DPELHQW�DLU�VDPSOLQJ�ZRXOG�EH�FRQQHFWHG�WR�WKH�FDQLVWHU�IORZ�FRQWUROOHU��
)RU�DQ�DFFHSWDEOH�EODQN�WHVW��WKH�DYHUDJH�PHDVXUHG�+�6�FRQFHQWUDWLRQ�OHYHO�IURP�WKUHH�UHDGLQJV�ZDV�
UHTXLUHG�WR�EH�OHVV�WKDQ���SSEY��

���� $�*&�3)3'�0(7+2'�)25�'(7(&7,21�2)�+<'52*(1�68/),'(��0(7+</�
0(5&$37$1��',0(7+</�68/),'(��$1'�',0(7+</�',68/),'(�$7�33%�
/(9(/6�,1�$0%,(17�$,5�

���� ,QWURGXFWLRQ�

7KLV�WHVW�PHWKRG�ZDV�GHYHORSHG�WR�PHDVXUH�ORZ�SDUWV�SHU�ELOOLRQ��SSE��WR�ORZ�SDUWV�SHU�PLOOLRQ��SSP��
OHYHOV�RI�WKH�UHGXFHG�VXOIXU�JDVHV�K\GURJHQ�VXOILGH��PHWK\O�PHUFDSWDQ��GLPHWK\O�VXOILGH��DQG�GLPHWK\O�
GLVXOILGH�WKDW�PD\�EH�SUHVHQW�LQ�DPELHQW�DLU�DURXQG�SXOS�DQG�SDSHU�PLOOV�DQG�ZDVWHZDWHU�WUHDWPHQW�
IDFLOLWLHV��/RZ�OHYHOV�RI�WKHVH�UHGXFHG�VXOIXU�JDVHV�DUH�GLIILFXOW�WR�DFFXUDWHO\�TXDQWLI\�LQ�DPELHQW�DLU�
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GXH�WR�WKHLU�KLJK�UHDFWLYLW\��6DPSOH�ORVVHV�RFFXU�GXH�WR�DGVRUSWLRQ�WR�WKH�VXUIDFHV�RI�PDWHULDOV�XVHG�
IRU�VDPSOH�FROOHFWLRQ�DQG�DQDO\VHV��DV�ZHOO�DV�UHDFWLRQV�ZLWK�ZDWHU�DQG�RWKHU�VXEVWDQFHV�SUHVHQW�LQ�
VDPSOHV�RI�DPELHQW�DLU��

$PELHQW�DLU�VDPSOHV�ZHUH�FDSWXUHG�LQ�HYDFXDWHG�FDQLVWHUV��FRQFHQWUDWHG�XVLQJ�D�FROG�WUDS�SURFHGXUH��
DQG�DQDO\]HG�XVLQJ�JDV�FKURPDWRJUDSK\��*&��DQG�SXOVHG�IODPH�SKRWRPHWULF�GHWHFWLRQ��3)3'���
6DPSOH�ORVVHV�ZHUH�PLQLPL]HG�ERWK�E\�WKH�XVH�RI����D�SHUPHDWLRQ�GU\HU�GXULQJ�VDPSOH�FROOHFWLRQ�WR�
PLQLPL]H�PRLVWXUH�OHYHOV�LQ�WKH�VDPSOH�JDV�����D�SRVW�FROOHFWLRQ�GLOXWLRQ�ZLWK�QLWURJHQ��DQG����
LQVXULQJ�WKDW�DOO�RI�WKH�VDPSOLQJ�DQG�DQDO\WLFDO�HTXLSPHQW��H�J���FDQLVWHUV��YDOYHV��WXELQJ��ILWWLQJV��LQ�
FRQWDFW�ZLWK�WKH�VDPSOH�KDG�EHHQ�OLQHG�ZLWK�6LORQLWH���VXOIXU�LQHUW��FRDWLQJ��7KH�LPSRUWDQFH�RI�XVLQJ�
6LORQLWH��FRDWHG�HTXLSPHQW�FDQQRW�EH�RYHUHPSKDVL]HG��DV�SUHOLPLQDU\�WHVWLQJ�ZLWK�VLPLODU�SURGXFWV�
\LHOGHG�XQDFFHSWDEOH�VDPSOH�ORVV��DQG�WKH�SUHVHQFH�RI�HYHQ�D�VLQJOH�XQFRDWHG�PHWDO�ILWWLQJ�FRXOG�
UHVXOW�LQ�VLJQLILFDQW�VDPSOH�ORVV��6LPLODUO\��FROOHFWLQJ�VDPSOHV�ZLWKRXW�WKH�XVH�RI�WKH�SHUPHDWLRQ�GU\HU�
DQG�SRVW�FROOHFWLRQ�GLOXWLRQ�ZLWK�QLWURJHQ�UHVXOWHG�LQ�XQDFFHSWDEOH�OHYHOV�RI�VDPSOH�ORVV�SULRU�WR�
DQDO\VLV��

���� $SSOLFDELOLW\�

7KLV�PHWKRG�ZDV�GHYHORSHG�WR�EH�DSSOLFDEOH�WR�WKH�GHWHUPLQDWLRQ�RI�ORZ�OHYHOV�RI�UHGXFHG�VXOIXU�
JDVHV�LQ�DPELHQW�DLU��7KH�PHWKRG�DV�ZULWWHQ�KDV�EHHQ�RSWLPL]HG�IRU�IRXU�FRPPRQ�UHGXFHG�VXOIXU�JDVHV�
�K\GURJHQ�VXOILGH��PHWK\O�PHUFDSWDQ��GLPHWK\O�VXOILGH��DQG�GLPHWK\O�GLVXOILGH���

���� 0DWHULDOV�DQG�0HWKRGV�

������ 6LORQLWH��&RDWLQJ

$Q\�VDPSOLQJ�RU�DQDO\WLFDO�HTXLSPHQW�WKDW�ZRXOG�FRQWDFW�WKH�VDPSOH�JDV�ZDV�FRYHUHG�ZLWK�DQ�LQHUW�
FRDWLQJ�LQ�RUGHU�WR�SUHYHQW�QHJDWLYHO\�ELDVHG�UHVXOWV��,Q�SUHOLPLQDU\�WHVWLQJ��WKH�SHUIRUPDQFH�RI�
6LORQLWH��FRDWHG�HTXLSPHQW��PDQXIDFWXUHG�E\�(QWHFK�,QVWUXPHQWV��,QF���6LPL�9DOOH\��&$��SURYLGHG�
DQ�DFFHSWDEO\�LQHUW�VXUIDFH��7KHUHIRUH��DOO�FDQLVWHUV��YDOYHV��WXELQJ��ILWWLQJV��LQMHFWLRQ�SRUW�OLQHUV��DQG�
RWKHU�LWHPV�XVHG�LQ�WKH�DSSOLFDWLRQ�RI�WKLV�PHWKRG�ZHUH�SXUFKDVHG�IURP�WKH�6LORQLWH��SURGXFW�OLQH�RU�
VHQW�WR�(QWHFK�,QVWUXPHQWV��,QF��IRU�FXVWRP�FRDWLQJ�ZLWK�6LORQLWH���

������ 0DWHULDOV

�������� ��/�YDFXXP�FDQLVWHU�DQG�LQOHW�IORZ�FRQWUROOHU��7KLV�PHWKRG�ZDV�GHYHORSHG�XVLQJ�D���
/�6LORQLWH��YDFXXP�FDQLVWHU�DQG�&6�����IORZ�FRQWUROOHU�PDQXIDFWXUHG�E\�(QWHFK�
,QVWUXPHQWV��,QF��

�������� &DQLVWHU�DXWRVDPSOHU��7KLV�PHWKRG�ZDV�GHYHORSHG�XVLQJ�DQ�(QWHFK�,QVWUXPHQWV��,QF��
����&$$�&DQLVWHU�$XWRVDPSOHU��

�������� 6DPSOH�SUHFRQFHQWUDWRU��7KLV�PHWKRG�ZDV�GHYHORSHG�XVLQJ�D�0RGHO�����$�
3UHFRQFHQWUDWRU��(QWHFK�,QVWUXPHQWV��,QF����

�������� *DV�FKURPDWRJUDSK�HTXLSSHG�ZLWK�D�SXOVHG�IODPH�SKRWRPHWULF�GHWHFWRU��3)3'���7KLV�
PHWKRG�ZDV�GHYHORSHG�XVLQJ�D�+HZOHWW�3DFNDUG������JDV�FKURPDWRJUDSK��*&��
HTXLSSHG�ZLWK�DQ�2,�$QDO\WLFDO�3)3'��$Q\�PHWDO�FRPSRQHQWV�RI�WKH�*&�WKDW�ZRXOG�
FRPH�LQWR�FRQWDFW�ZLWK�WKH�VDPSOH�JDV�ZHUH�6LORQLWH��FRDWHG��

�������� /LTXLG�QLWURJHQ�IRU�XVH�LQ�SUHFRQFHQWUDWRU�FROG�WUDS�F\FOH�DQG�VXE�DPELHQW�*&�RYHQ��
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�������� 1LWURJHQ�JDV�IRU�XVH�LQ�WKH�SUHFRQFHQWUDWRU�LQ�WKH�ODE�DQG�IRU�SUHVVXUL]LQJ�VDPSOH�
FDQLVWHUV�IROORZLQJ�VDPSOH�FROOHFWLRQ�LQ�WKH�ILHOG��

�������� +HOLXP�IRU�XVH�LQ�WKH�*&�DV�D�FDUULHU�JDV��

�������� &\OLQGHU�JDV�FRQWDLQLQJ�DSSUR[LPDWHO\�����SSPY�+�6�LQ�QLWURJHQ�IRU�FDQLVWHU�VSLNLQJ��

�������� 3HUPHDWLRQ�WXEH�FDOLEUDWLRQ�V\VWHP��

������ 6DPSOH�&ROOHFWLRQ

7KH�VDPSOH�FROOHFWLRQ�V\VWHP�LV�VKRZQ�LQ�)LJXUH������$PELHQW�DLU�ZDV�GUDZQ�LQWR�D�VL[�OLWHU�
6LORQLWH��FRDWHG��HYDFXDWHG�FDQLVWHU��(QWHFK�,QVWUXPHQWV��,QF���DW�D�IORZ�UDWH�RI����WR����P/�PLQ�IRU�
���PLQXWHV��7KH�IORZ�UDWH�ZDV�FRQWUROOHG�XVLQJ�D�&6�����PDVV�IORZ�FRQWUROOHU��(QWHFK�,QVWUXPHQWV��
,QF����3ULRU�WR�HQWHULQJ�WKH�FDQLVWHU��DLU�ZDV�GUDZQ�WKURXJK�D�SHUPHDWLRQ�GU\HU�IRU�PRLVWXUH�UHPRYDO��
&RXQWHUFXUUHQW�GU\�DLU�IRU�RSHUDWLRQ�RI�WKH�SHUPHDWLRQ�GU\HU�ZDV�JHQHUDWHG�E\�SDVVLQJ�DPELHQW�DLU�
WKURXJK�D�'ULULWH�FROXPQ�DW�D�IORZ�UDWH�RI�����P/�PLQ��$IWHU�VDPSOHV�ZHUH�FROOHFWHG��WKH�FDQLVWHUV�
ZHUH�SUHVVXUL]HG�ZLWK�QLWURJHQ�WR�\LHOG�D�FDQLVWHU�GLOXWLRQ�IDFWRU�RI������DQG�ILQDO�FDQLVWHU�SUHVVXUH�
ZDV�FKHFNHG�DQG�UHFRUGHG��&DQLVWHUV�ZHUH�PDLQWDLQHG�DW�DPELHQW�WHPSHUDWXUHV��

)LJXUH�������$PELHQW�$LU�56&�6DPSOLQJ�6\VWHP�

9HQW
$PELHQW�$LU�6DPSOH

3XPS

'ULULWH $PELHQW�$LU

)ORZ
&RQWUROOHU

���P/�PLQ

��/
&DQLVWHU

����/�PLQ

3HUPHDWLRQ
'U\HU

9HQW
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)ORZ
&RQWUROOHU

���P/�PLQ

��/
&DQLVWHU

9HQW
$PELHQW�$LU�6DPSOH

3XPS

'ULULWH $PELHQW�$LU

)ORZ
&RQWUROOHU

���P/�PLQ

��/
&DQLVWHU

)ORZ
&RQWUROOHU

���P/�PLQ

��/
&DQLVWHU

����/�PLQ

3HUPHDWLRQ
'U\HU

9HQW
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������ 6DPSOH�$QDO\VLV

�������� $XWRVDPSOHU ��)RU�DQDO\VLV��FDQLVWHUV�ZHUH�FRQQHFWHG�WR�DQ�(QWHFK�,QVWUXPHQWV��,QF��
DXWRVDPSOHU��7KH�DXWRVDPSOHU�YDOYHV�DQG�WUDQVIHU�OLQHV�ZHUH�PDLQWDLQHG�DW�D�WHPSHUDWXUH�RI����&��

�������� 3UHFRQFHQWUDWRU���6DPSOH�JDVHV�ZHUH�FRQFHQWUDWHG�SULRU�WR�DQDO\VLV�E\�WKH�SURFHVV�RI�FROG�
WUDS�GHK\GUDWLRQ�XVLQJ�D�0RGHO�����$�3UHFRQFHQWUDWRU��(QWHFK�,QVWUXPHQWV��,QF����3UHFRQFHQWUDWRU�
RSHUDWLQJ�SDUDPHWHUV�DUH�VKRZQ�LQ�7DEOH������)RU�HDFK�DQDO\VLV��VDPSOH�JDV�ZDV�GUDZQ�IURP�WKH�
FDQLVWHU�WKURXJK�WKH�SUHFRQFHQWUDWRU�DW�D�IORZ�UDWH�RI�����P/�PLQ��7KH�YROXPH�RI�VDPSOH�XVHG�ZDV�
YDULHG�EHWZHHQ����DQG������P/�DV�DSSURSULDWH�IRU�UHGXFHG�VXOIXU�JDV�OHYHOV�LQ�WKH�VDPSOH�JDV��
0RGXOH���RI�WKH�SUHFRQFHQWUDWRU�ZDV�RSHUDWHG�ZLWK�DQ�HPSW\�WUDS�DW�D�WHPSHUDWXUH�RI� ���&��0RGXOH�
��RI�WKH�SUHFRQFHQWUDWRU�ZDV�RSHUDWHG�ZLWK�D�7HQD[�WUDS�DW�D�WHPSHUDWXUH�RI� ���&��$IWHU�WKH�VDPSOH�
SDVVHG�WKURXJK�WKH�SUHFRQFHQWUDWRU��WKH�OLQHV�ZHUH�VZHSW�IRU����VHFRQGV�ZLWK�QLWURJHQ�DW�D�IORZ�UDWH�
RI����P/�PLQ��:KHQ�WKH�*&�ZDV�UHDG\��WKH�SUHFRQFHQWUDWRU�FRROHG�WKH�FU\R�IRFXVLQJ�WUDS�WR����� &��
WKHQ�PRGXOH���ZDV�KHDWHG�WR���� &�DQG�WKH�VDPSOH�ZDV�GHVRUEHG�IRU�WZR�PLQXWHV�IURP�WKH�7HQD[�
WUDS�RQ�WR�WKH�FU\R�IRFXVLQJ�WUDS��7KHQ�WKH�VDPSOH�ZDV�LPPHGLDWHO\�GHVRUEHG�IRU�WZR�PLQXWHV�IURP�
WKH�FU\R�IRFXVLQJ�WUDS�RQWR�WKH�*&�FROXPQ��DQG�WKH�VDPSOH�DQDO\VLV�ZDV�VWDUWHG��

7DEOH�������3UHFRQFHQWUDWRU�2SHUDWLQJ�&RQGLWLRQV�IRU�&DQLVWHU�6DPSOH�$QDO\VLV�

&U\RJHQLF�3UHFRQFHQWUDWRU�

6DPSOH�9ROXPH�IRU�&DOLEUDWLRQ�� �����P/�
0RGXOH���%ODQN�7UDS�7HPSHUDWXUH�� ���R&�
0RGXOH���'HVRUE�7HPSHUDWXUH�� ��R&�
0RGXOH���7HQD[�7UDS�7HPSHUDWXUH�� ���R&�
0RGXOH���'HVRUE�7HPSHUDWXUH�� ���R&�
0RGXOH���&U\RIRFXV�7HPSHUDWXUH�� ���� &�
0RGXOH���'HVRUE�7HPSHUDWXUH�� ��� &�
7UDQVIHU�/LQH�7HPSHUDWXUH�� ���R&�
3UHFRQFHQWUDWRU�9DOYH�7HPSHUDWXUH�� ���R&�
$XWRVDPSOHU�7UDQVIHU�OLQH�7HPSHUDWXUH�� ��R&�
$XWRVDPSOHU�9DOYH�7HPSHUDWXUH�� ��R&�

�������� &KURPDWRJUDSK\���$�+HZOHWW�3DFNDUG������JDV�FKURPDWRJUDSK��*&��HTXLSSHG�ZLWK�D�SXOVHG�
IODPH�SKRWRPHWULF�GHWHFWRU��3)3'��ZDV�XVHG�IRU�FRPSRXQG�VHSDUDWLRQ��LGHQWLILFDWLRQ��DQG�
TXDQWLILFDWLRQ��*DV�FKURPDWRJUDSK�LQVWUXPHQW�FRQWURO�SDUDPHWHU�VHWWLQJV�DUH�VKRZQ�LQ�7DEOH������
&RPSRXQG�VHSDUDWLRQV�ZHUH�DFKLHYHG�RQ�D�5HVWHN�57;���FROXPQ��5HVWHN��,QF���6WDWH�&ROOHJH��3$��
WKDW�ZDV����P�ORQJ�DQG�KDG�D������PP�LQWHULRU�GLDPHWHU�DQG�D�ILOP�WKLFNQHVV�RI����P��2YHQ�
WHPSHUDWXUH�ZDV�SURJUDPPHG�DV�IROORZV������&�IRU���PLQXWHV��UDPSHG�DW����&�PLQXWH�WR����&��KHOG�
IRU���PLQXWHV��WKHQ�UDPSHG�DW��� &�PLQXWH�WR�D�ILQDO�WHPSHUDWXUH�RI���� &�DQG�KHOG�IRU���PLQXWHV��
WKHQ�UDPSHG�DW��� &�PLQXWH�WR�D�ILQDO�WHPSHUDWXUH�RI���� &�DQG�KHOG�IRU���PLQXWHV��7KH�FDUULHU�JDV�
ZDV�KHOLXP�ZLWK�D�FROXPQ�IORZ�UDWH�RI���P/�PLQ��)LJXUH�����LV�DQ�H[DPSOH�FKURPDWRJUDP�IURP�
DQDO\VLV�RI�D�JURXQG�OHYHO�DPELHQW�DLU�VDPSOH�FROOHFWHG�GRZQZLQG�RI�WKH�DHUDWHG�VWDELOL]DWLRQ�EDVLQ�
�$6%��DW�D�NUDIW�PLOO�ZDVWHZDWHU�WUHDWPHQW�SODQW��::73���7DEOH�����OLVWV�WKH�FRPSRXQG�LGHQWLILFDWLRQ�
IRU�HDFK�RI�WKH�SHDNV��
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7DEOH�������*&�2SHUDWLQJ�&RQGLWLRQV�IRU�&DQLVWHU�6DPSOH�$QDO\VLV�

7DEOH�������&RPSRXQG�,GHQWLILFDWLRQ�IRU�)LJXUH�����

5HWHQWLRQ�7LPH� &RPSRXQG�,GHQWLILFDWLRQ�

����� +�6��K\GURJHQ�VXOILGH��
����� &26��FDUERQ\O�VXOILGH��
����� 62���VXOIXU�GLR[LGH��
����� 0H6+��PHWK\O�PHUFDSWDQ��
������ '06��GLPHWK\O�VXOILGH��
������ &6���FDUERQ�GLVXOILGH��
������ '0'6��GLPHWK\O�GLVXOILGH��
������ '076��GLPHWK\O�WULVXOILGH��

+HZOHWW�3DFNDUG������*DV�&KURPDWRJUDSK�

,QMHFWLRQ�� 6SOLW�������
,QMHFWRU�7HPSHUDWXUH�� ��� &�
,QMHFWLRQ�/LQHU�6L]H�� ��PP�LG��QR�SDFNLQJ��
&DUULHU�*DV�� +HOLXP�
&DUULHU�*DV�)ORZ�5DWH�� FRQVWDQW�SUHVVXUH�PRGH�WR�JLYH���P/�PLQ�DW�

URRP�WHPSHUDWXUH��RU�XVH�FRQVWDQW�IORZ�PRGH�DW�
��P/�PLQ��

&ROXPQ�� 57;���������P�[������PP�LG�[���PLFURQ�IXVHG�
VLOLFD�FDSLOODU\�FROXPQ��

&U\RJHQLFV�� 2Q�
7HPSHUDWXUH�3URJUDP� &��
����������,QLWLDO�� ��� &�IRU���PLQ�
����������5DPS���� �� &�PLQ�WR��� &�IRU���PLQXWHV�
����������5DPS���� �� &�PLQ�WR���� &�IRU���PLQXWHV�
����������5DPS���� �� &�PLQ�WR���� �IRU���PLQXWHV��
5HWHQWLRQ�7LPH�2UGHU�� +\GURJHQ�6XOILGH��0HWK\O�0HUFDSWDQ��'LPHWK\O�

6XOILGH��DQG�'LPHWK\O�'LVXOILGH�
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)LJXUH�������([DPSOH�&KURPDWRJUDP�IURP�$QDO\VLV�RI�D�*URXQG�/HYHO�$PELHQW�$LU�
������������������������������6DPSOH�&ROOHFWHG�'RZQZLQG�RI�WKH�$6%�DW�D�.UDIW�0LOO�::73�
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�������� 'HWHFWLRQ�DQG�4XDQWLWDWLRQ�±�&RPSRXQG�GHWHFWLRQ�ZDV�DFFRPSOLVKHG�ZLWK�D�SXOVHG�IODPH�
SKRWRPHWULF�GHWHFWRU��3)3'��PDQXIDFWXUHG�E\�2,�$QDO\WLFDO��0RGHO��������7KH�GHWHFWRU�RSHUDWLQJ�
SDUDPHWHUV�DUH�OLVWHG�LQ�7DEOH������

7DEOH�������3)3'�2SHUDWLQJ�&RQGLWLRQV�IRU�&DQLVWHU�6DPSOH�$QDO\VLV�

�������� 6WDQGDUG�&XUYH���6WDQGDUG�FXUYHV�EDVHG�RQ�ILYH�SRLQWV�ZHUH�SUHSDUHG�IRU�K\GURJHQ�VXOILGH��
PHWK\O�PHUFDSWDQ��GLPHWK\O�VXOILGH��DQG�GLPHWK\O�GLVXOILGH��6WDQGDUG�JDVHV�IURP�SHUPHDWLRQ�WXEHV��
ZHUH�GLOXWHG�WR�GHVLUHG�FRQFHQWUDWLRQV�ZLWK�QLWURJHQ��)RU�HDFK�FRPSRXQG��D�VWDQGDUG�FXUYH�ZDV�
SUHSDUHG��7DEOH�����VKRZV�WKH�FRQFHQWUDWLRQ�UDQJHV�RI�WKH�H[DPSOH�FDOLEUDWLRQ�FXUYHV�VKRZQ�LQ�
)LJXUHV�����WKURXJK�����IRU�K\GURJHQ�VXOILGH��PHWK\O�PHUFDSWDQ��GLPHWK\O�VXOILGH�DQG�GLPHWK\O�
GLVXOILGH��UHVSHFWLYHO\��7DEOH�����VKRZV�WKH�DEVROXWH�SHUFHQW�HUURU��$3(��IRU�HDFK�FDOLEUDWLRQ�SRLQW��
DQG�WKH�PHDQ�DEVROXWH�SHUFHQW�HUURU��0$3(��IRU�HDFK�FRPSRXQG��7DEOH�����VKRZV�WKH�GDLO\�UHFRYHU\�
UHVXOWV�IRU�WKUHH�PLG�OHYHO�FKHFN�VWDQGDUGV�WKDW�ZHUH�UXQ�HDFK�RI�WKH�IRXU�GD\V�IROORZLQJ�WKH�
FDOLEUDWLRQ�FXUYH�SUHSDUDWLRQ��

7DEOH�������&RQFHQWUDWLRQ�5DQJHV�IRU�,QLWLDO�3)3'�&DOLEUDWLRQ�&XUYHV�
�DQDO\VLV�VDPSOH�VL]H� ������P/��

� &RQFHQWUDWLRQ�5DQJH��SSEY�
&RPSRXQG� /RZ� +LJK�

+�6� ���� �����
0H6+� ���� �����
'06� ���� �����
'0'6� ���� ����

3XOVHG���)ODPH�3KRWRPHWULF�'HWHFWRU�

'HWHFWRU�7HPSHUDWXUH�� ��� &�
+��)ORZ�5DWH�� DSSUR[�����P/�PLQ�
$LU�)ORZ�5DWH�� DSSUR[�����P/�PLQ�
0DNHXS�*DV�� 1RQH�
2SWLFDO�)LOWHU�� %OXH������QP��
,JQLWRU�)UHTXHQF\�� ����+HUW]�
*DWH�7LPH�� �����PVHF�
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7DEOH�������&DOLEUDWLRQ�&XUYH�4XDOLW\����������

� � +�6� � 0H6+� � '06� � '0'6�
&DOLEUDWLRQ� � 6&�� $3(�� � 6&�� $3(�� � 6&�� $3(�� � 6&�� $3(��
3RLQW�1R�� � 3SEY� �� � SSEY� �� � SSEY� �� � SSEY� ��

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

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

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

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

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

0$3(���� � � ���� � � ���� � � ���� � � ����

6&� �VWDQGDUG�FRQFHQWUDWLRQ��SSEY�
$3(� �DEVROXWH�SHUFHQW�HUURU����
0$3(� �PHDQ�DEVROXWH�SHUFHQW�HUURU��SSEY��

7DEOH�������'DLO\�&KHFN�6WDQGDUG�5HFRYHULHV�������������

� � &KHFN� � � � � �
� � 6WDQGDUG� � &KHFN�6WDQGDUG�5HFRYHU\����
&RPSRXQG� � &RQF���SSEY� � 'D\��� 'D\��� 'D\��� 'D\���

+�6� � ���� � ������ ������ ������ ������
� � ���� � ������ ������ ����� ������
� � ���� � ����� ������ ����� ������

0H6+� � ���� � ������ ������ ������ ������
� � ���� � ����� ������ ����� ������
� � ���� � ����� ������ ����� �����

'06� � ���� � ������ ������ ������ ������
� � ���� � ����� ������ ����� �����
� � ���� � ����� ������ ����� �����

'0'6� � ���� � ������ ������ ������ ������
� � ���� � ������ ������ ����� ������
� � ���� � ������ ������ ����� ������
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������ 0LQLPXP�4XDQWLWDWLRQ�/HYHO�04/

)RU�WKLV�PHWKRG��UHVXOWV�OHVV�WKDQ�WKH�ORZHVW�FDOLEUDWLRQ�VWDQGDUG�PLQLPXP�TXDQWLWDWLRQ�OHYHO�ZHUH�
UHSRUWHG�DV�OHVV�WKDQ�WKH�04/���

������ 6DPSOH�6WRUDJH�7LPH�&RUUHFWLRQ�)DFWRUV

'XH�WR�WKH�H[WUHPHO\�UHDFWLYH�QDWXUH�RI�WKH�UHGXFHG�VXOIXU�FRPSRXQGV��DQG�GHVSLWH�DOO�RI�WKH�
SUHFDXWLRQV�WDNHQ��VRPH�DQDO\WH�GHJUDGDWLRQ�LQ�WKH�FDQLVWHUV�ZDV�XQDYRLGDEOH��7KHUHIRUH��DV�GLVFXVVHG�
LQ�6HFWLRQ������FRUUHFWLRQ�IDFWRUV�ZHUH�GHYHORSHG�WR�FRUUHFW�IRU�K\GURJHQ�VXOILGH��PHWK\O�PHUFDSWDQ�
DQG�GLPHWK\O�VXOILGH�GHJUDGDWLRQ�RYHU�WLPH��&RUUHFWLRQ�IDFWRUV�ZHUH�QRW�QHHGHG�IRU�GLPHWK\O�
GLVXOILGH��6WDUWLQJ�DW�WZR�GD\V�DIWHU�VDPSOH�FROOHFWLRQ��WKH�DQDO\WLFDO�UHVXOWV�ZHUH�PXOWLSOLHG�E\�WKH�
FRUUHFWLRQ�IDFWRUV�VKRZQ�LQ�7DEOH������6DPSOHV�ZHUH�QRW�WR�EH�VWRUHG�ORQJHU�WKDQ����GD\V��

7DEOH�������+�6��00�DQG�'06�&RUUHFWLRQ�)DFWRUV�IRU�6WRUDJH�7LPH�

'D\V�6LQFH� � �
6DPSOH� &RUUHFWLRQ�)DFWRU�

&ROOHFWLRQ� +�6� 00� '06�

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

���� &DQLVWHU�$QDO\VLV�4XDOLW\�$VVXUDQFH�&KHFN�3URFHGXUHV�

7KH�LPSOHPHQWDWLRQ�RI�D�VWULQJHQW�TXDOLW\�FRQWURO�SURJUDP�DOORZHG�IRU�RSWLPXP�LQVWUXPHQW�
SHUIRUPDQFH�DQG�DQDO\WLFDO�SUHFLVLRQ�LQ�VDPSOH�DQDO\VLV��,PSHUDWLYH�WR�WKH�TXDOLW\�FRQWURO�RI�WKH�
DQDO\WLFDO�SURJUDP�ZDV�WKH�YHULILFDWLRQ�RI�RSWLPXP�LQVWUXPHQW�SHUIRUPDQFH��$OVR�YLWDO�WR�WKLV�DVSHFW�
RI�WKH�VWXG\�ZDV�WKH�DQDO\VLV�RI�4$�4&�VDPSOHV�VXFK�DV�UHSOLFDWH�VDPSOH�DQDO\VLV��

������ *HQHUDO�$SSURDFK

7KH�JHQHUDO�DSSURDFK�IRU�TXDOLW\�DVVXUDQFH�ZDV�WR�XVH�WKH�FDOLEUDWLRQ�DQG�FHUWLILFDWLRQ�SURFHGXUHV�
RXWOLQHG�LQ�86(3$�&RPSHQGLXP�0HWKRG�72���$��86(3$��������
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������ &ODULILFDWLRQ�DQG�&XVWRPL]DWLRQ�RI�0HWKRG�72���$�3URFHGXUHV

�������� 5RXWLQH��'DLO\��&DOLEUDWLRQ

)RU�QRQ�OLQHDU�*&�GHWHFWRU�UHVSRQVHV��0HWKRG�72���$�VSHFLILHV�DQ�LQLWLDO�ILYH�SRLQW�FDOLEUDWLRQ�DQG�
GDLO\�WKUHH�SRLQW�FDOLEUDWLRQ�FKHFNV��IROORZHG�E\�D�ILYH�SRLQW�UHFDOLEUDWLRQ��LI�QHFHVVDU\���

72���$�GRHV�QRW�GHVFULEH�D�SURFHGXUH�IRU�DVVHVVLQJ�WKH�TXDOLW\�RI�WKH�FDOLEUDWLRQ�FXUYH�ILW�IRU�
GHWHFWRUV�ZLWK�QRQ�OLQHDU�UHVSRQVHV��&RQVHTXHQWO\��WKH�TXDOLW\�RI�WKH�FDOLEUDWLRQ�FXUYH�ILW�ZDV�
HYDOXDWHG�E\�FDOFXODWLQJ�WKH�PHDQ�DEVROXWH�SHUFHQW�HUURU��0$3(��RI�WKH�FDOLEUDWLRQ�SRLQWV�DFFRUGLQJ�
WR�WKH�IROORZLQJ�HTXDWLRQ����

ZKHUH��
0$3(�LV�WKH�PHDQ�DEVROXWH�SHUFHQW�HUURU�
&FDO�LV�WKH�FRQFHQWUDWLRQ�RQ�WKH�FDOLEUDWLRQ�VWDQGDUG�
&�LV�WKH�FRQFHQWUDWLRQ�PHDVXUHG�IRU�WKH�FDOLEUDWLRQ�OHYHO�
Q�LV�WKH�QXPEHU�RI�FDOLEUDWLRQ�OHYHOV�

7KH�XVH�RI�0$3(�IRU�FDOLEUDWLRQ�FXUYH�TXDOLW\�DVVHVVPHQW�LV�GHVFULEHG�LQ�1&$6,�0HWKRG�56&�
�������5HGXFHG�6XOIXU�&RPSRXQGV�E\�'LUHFW�,QMHFWLRQ�*&�3)3'��1&$6,��������7KH�IROORZLQJ�
FULWHULD�ZHUH�XVHG�WR�GHWHUPLQH�WKH�DFFHSWDELOLW\�RI�D�FDOLEUDWLRQ�FXUYH��)RU�D�FDOLEUDWLRQ�FXUYH�WR�EH�
YDOLG��LW�PXVW�KDYH�EHHQ�EDVHG�RQ�QR�OHVV�WKDQ�ILYH�GDWD�SRLQWV�DQG�WKH�0$3(�PXVW�KDYH�EHHQ�OHVV�
WKDQ�RU�HTXDO�WR������

)RU�GDLO\�FDOLEUDWLRQ�FKHFNV��WKUHH�FDOLEUDWLRQ�VWDQGDUGV�DW�ORZ��PHGLXP��DQG�KLJK�FRQFHQWUDWLRQV�
ZHUH�DQDO\]HG�DQG��EDVHG�RQ�WKH�LQVWUXPHQW�UHVSRQVHV��0$3(�ZDV�FDOFXODWHG��,I�WKH�����0$3(�
UHTXLUHPHQW�ZDV�QRW�PHW��WKH�LQVWUXPHQW�ZDV�UHFDOLEUDWHG�ZLWK�D�PLQLPXP�RI�ILYH�SRLQWV�WR�DFKLHYH�D�
0$3(�RI�OHVV�WKDQ�RU�HTXDO�WR������

�������� &DQLVWHU�&HUWLILFDWLRQ

7KH�FDQLVWHUV�ZHUH�FHUWLILHG�LQLWLDOO\�DQG�UHFHUWLILHG�DIWHU�HDFK�ILHOG�XVH��)RU�WKH�LQLWLDO�FHUWLILFDWLRQ��
FOHDQHG��HYDFXDWHG�FDQLVWHUV�ZHUH�VSLNHG�IURP�D�F\OLQGHU�FRQWDLQLQJ�DSSUR[LPDWHO\�����SSEY�+�6�LQ�
QLWURJHQ��7KH�DPRXQW�RI�VSLNH�JDV�ZDV�DGMXVWHG�VR�WKDW�WKH�ILQDO�+�6�FDQLVWHU�FRQFHQWUDWLRQV�ZRXOG�EH�
DSSUR[LPDWHO\����SSEY�DIWHU�FRPSOHWLRQ�RI�WKH�DPELHQW�DLU�VDPSOLQJ�DQG�SRVW�VDPSOLQJ�
SUHVVXUL]DWLRQ��7KH�FDQLVWHUV�ZHUH�WKHQ�FRQQHFWHG�WR�WKH�GRZQZLQG�VDPSOLQJ�V\VWHP�IRU�FROOHFWLRQ�RI�
RXWGRRU�DPELHQW�DLU�DW�WKH�QRUPDO�VDPSOLQJ�FRQGLWLRQV��ZKLFK�LQFOXGHG�D�VDPSOLQJ�IORZ�UDWH�RI����P/�
SHU�PLQXWH�DQG�D�VDPSOH�FROOHFWLRQ�WLPH�RI����PLQXWHV��)ROORZLQJ�VDPSOH�FROOHFWLRQ��WKH�FDQLVWHUV�
ZHUH�SUHVVXUL]HG�ZLWK�QLWURJHQ��DV�ZDV�QRUPDOO\�GRQH�GXULQJ�VDPSOH�FROOHFWLRQ��XVLQJ�D�GLOXWLRQ�
IDFWRU�RI�������7KH�FDQLVWHUV�ZHUH�DQDO\]HG�ZLWK�D�-HURPH�+�6�DQDO\]HU�DIWHU����KRXUV��7KH�FDQLVWHU�
+�6�FRQFHQWUDWLRQ�KDG�WR�EH�ZLWKLQ������RI�WKH�FDOFXODWHG�WKHRUHWLFDO�FRQFHQWUDWLRQ��,I�WKH�FDQLVWHU�
IDLOHG�LQLWLDO�FHUWLILFDWLRQ��LW�ZDV�WDNHQ�RXW�RI�VHUYLFH�XQWLO�WKH�LQLWLDO�FHUWLILFDWLRQ�UHTXLUHPHQW�FRXOG�EH�
PHW��

)RU�UHFHUWLILFDWLRQ�RI�FDQLVWHUV�DIWHU�XVH�LQ�WKH�ILHOG��HDFK�FDQLVWHU�ZDV�VSLNHG��LI�QHFHVVDU\��ZLWK�JDV�
IURP�D�F\OLQGHU�FRQWDLQLQJ�DSSUR[LPDWHO\�����SSEY�+�6�LQ�QLWURJHQ�WR�\LHOG�DQ�H[SHFWHG�-HURPH�+�6�

���FDO

FDO

& &

&
0$3(

Q



��� 7HFKQLFDO�%XOOHWLQ�1R������

1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW�

DQDO\]HU�UHVSRQVH�RI�DSSUR[LPDWHO\����SSEY�DIWHU�SUHVVXUL]DWLRQ�WR�������SVLJ��7KH�FDQLVWHU�ZDV�
DQDO\]HG�ZLWK�D�-HURPH�+�6�DQDO\]HU�DIWHU�SUHVVXUL]DWLRQ�DQG�WKHQ�DJDLQ�RQH�GD\�ODWHU��7KH�VHFRQG�
FRQFHQWUDWLRQ�UHDGLQJ�KDG�WR�EH�ZLWKLQ�����RI�WKH�ILUVW�YDOXH��,I�WKH�VHFRQG�UHDGLQJ�PHW�WKH�����
FULWHULRQ��WKH�FDQLVWHU�ZDV�FOHDQHG�DFFRUGLQJ�WR�WKH�FDQLVWHU�FOHDQLQJ�SURWRFRO�DQG�WKHQ�FRQVLGHUHG�
UHDG\�IRU�UHXVH��,I�WKH�FKDQJH�LQ�WKH�PHDVXUHG�FDQLVWHU�FRQFHQWUDWLRQ�H[FHHGHG������WKH�FDQLVWHU�ZDV�
WDNHQ�RXW�RI�VHUYLFH��7KH�RXW�RI�VHUYLFH�FDQLVWHU�ZRXOG�WKHQ�KDYH�WR�XQGHUJR�WKH�LQLWLDO�FHUWLILFDWLRQ�
WHVWV�GHVFULEHG�DERYH�SULRU�WR�IXUWKHU�XVH��

������ &DQLVWHU�&OHDQLQJ�3URFHGXUHV

&DQLVWHUV�ZHUH�FOHDQHG�E\�FRPSOHWLQJ����KHDWHG�HYDFXDWLRQ�SUHVVXUL]DWLRQ�F\FOHV��'XULQJ�HDFK����
PLQXWH�F\FOH��WKH�FDQLVWHUV�ZHUH�HYDFXDWHG�WR�OHVV�WKDQ�����PLOOLWRUU��DQG�WKHQ�SUHVVXUL]HG�WR�EHWZHHQ�
���DQG����SVLJ��,Q�WKH�ILQDO�F\FOH��WKH�FDQLVWHUV�ZHUH�HYDFXDWHG�WR������PLOOLWRUU�DQG�VHDOHG�LQ�WKH�
HYDFXDWHG�VWDWH�XQWLO�WKH\�ZHUH�XVHG�IRU�VDPSOLQJ��

���� $1$/<7,&$/�0(7+2'�'(9(/230(17�$1'�(9$/8$7,21�

'XULQJ�WKH�DQDO\WLFDO�PHWKRG�GHYHORSPHQW�DQG�HYDOXDWLRQ�ZRUN��DQG�GXULQJ�::73�HPLVVLRQV�WHVWLQJ�
FDUULHG�RXW�LQ������WKURXJK�������VRPH�YDULDWLRQV�ZHUH�XVHG�LQ�WKH�DQDO\WLFDO�PHWKRG�DV�LW�LV�UHSRUWHG�
LQ�6HFWLRQ���LQ�LWV�ILQDO�IRUP��7KRVH�YDULDWLRQV�LQFOXGHG�PLQRU�FKDQJHV�LQ�WKH�RSHUDWLRQ�RI�WKH�
FU\RJHQLF�SUH�FRQFHQWUDWLRQ�V\VWHP��FKDQJHV�LQ�FDOLEUDWLRQ�SURFHGXUHV��WKH�XVH�RI�D�VDPSOH�VSOLW�DW�WKH�
LQMHFWLRQ�SRUW��WKH�XVH�RI�DQ�)3'�GHWHFWRU�LQ�SODFH�RI�WKH�3)3'�GHWHFWRU��WKH�LPSOHPHQWDWLRQ�RI�D�
FDQLVWHU�FHUWLILFDWLRQ�SURJUDP��FKDQJHV�LQ�DFFHSWDEOH�VDPSOH�VWRUDJH�WLPHV��WKH�XVH�RI�FRUUHFWLRQ�
IDFWRUV�UHODWLYH�WR�VDPSOH�VWRUDJH�WLPH��DQG�WKH�XVH�RI�FRUUHFWLRQ�IDFWRUV�EDVHG�RQ�DQDO\WLFDO�UHFRYHU\��
,Q�HDFK�RI�WKH�LQGLYLGXDO�PLOO�WHVW�UHSRUWV��1&$6,�����D�J���WKH�DQDO\WLFDO�PHWKRG�LV�LQFOXGHG�DV�LW�
ZDV�XVHG�IRU�DQDO\VLV�RI�WKDW�VDPSOH�VHW��

*DV�FKURPDWRJUDSKLF�DQDO\VLV�ZLWK�IODPH�SKRWRPHWULF�GHWHFWLRQ�LV�WKH�PRVW�FRPPRQO\�XVHG�WHFKQLTXH�
IRU�GHWHUPLQDWLRQ�RI�YRODWLOH�UHGXFHG�VXOIXU�FRPSRXQGV�LQ�GLIIHUHQW�PDWULFHV��:DUGHQFNL��������7KH�
1&$6,�VWXG\�GHVFULEHG�KHUHLQ�ZDV�EHJXQ�XVLQJ�JDV�FKURPRWDJUDSK\�ZLWK�IODPH�SKRWRPHWULF�
GHWHFWLRQ��+RZHYHU��DV�WKH�VWXG\�SURJUHVVHG�LW�EHFDPH�DSSDUHQW�WKDW�D�PRUH�VHQVLWLYH�GHWHFWRU�ZRXOG�
EH�KHOSIXO�IRU�ORZ�OHYHO�TXDQWLWDWLRQ��)RU�WKLV�SXUSRVH��WKH�SXOVHG�IODPH�SKRWRPHWULF�GHWHFWRU��3)3'��
ZDV�FKRVHQ�EDVHG�RQ�LWV�VHQVLWLYLW\��VHOHFWLYLW\�DQG�VXLWDELOLW\�IRU�LQWHUIDFLQJ�ZLWK�WKH�UHVW�RI�WKH�
DQDO\WLFDO�V\VWHP��7KH�3)3'�LV�RQH�RI�WKH�PRVW�VHQVLWLYH�DQG�VHOHFWLYH�WRROV�WR�GHWHFW�VXOIXU�
FRQWDLQLQJ�FRPSRXQGV��H�J���&KHVNLV��$WDU��DQG�$PLUDY�������0DF7DJJDUW�HW�DO��������

0XOWLSOH�VWXGLHV�KDYH�UHSRUWHG�VXFFHVV�XVLQJ�FU\RJHQLF�SUH�FRQFHQWUDWLRQ�V\VWHPV�IRU�ORZ�
FRQFHQWUDWLRQ�DQDO\VLV�RI�UHGXFHG�VXOIXU�FRPSRXQGV�LQ�DLU��H�J���:LQHJDU�������&DWDODQ�������
,QRPDWD�HW��DO��������:DUGHQFNL��������$GGLWLRQDOO\��D�WKUHH�VWDJH�(QWHFK�FU\RJHQLF�SUHFRQFHQWUDWLRQ�
V\VWHP��ZKLFK�ZDV�VLPLODU�WR�WKH�RQH�XVHG�LQ�WKLV�VWXG\��ZDV�UHSRUWHG�WR�KDYH�EHHQ�XVHG�VXFFHVVIXOO\�
IRU�DQDO\VLV�RI�SSWY�DQG�SSEY�OHYHOV�RI�PHWK\O�PHUFDSWDQ��GLPHWK\O�VXOILGH�DQG�GLPHWK\O�GLVXOILGH�LQ�
KXPDQ�H[KDOHG�EUHDWK��2FKLDL�HW�DO���������7KLV�V\VWHP�DOVR�KDV�WKH�DGYDQWDJH�WKDW�LW�FDQ�EH�
LQWHUIDFHG�ZLWK�D�FDQLVWHU�DXWRVDPSOHU��

���� (YDOXDWLRQ�RI�WKH�$PELHQW�$LU�6DPSOLQJ�6\VWHP�

7KH�UHTXLUHPHQWV�IRU�WKH�DPELHQW�DLU�VDPSOLQJ�V\VWHP�XVHG�LQ�WKLV�VWXG\�LQFOXGHG�DFFXUDWH��SUHFLVH�
UHVXOWV�WR�ORZ�SSEY�OHYHOV��RII�VLWH�DQDO\VLV��XS�WR����GD\V�RI�VDPSOH�VWRUDJH�VWDELOLW\��DQG�HDVH�RI�XVH�
LQ�WKH�ILHOG�VLQFH�VHYHUDO�VDPSOLQJ�V\VWHPV�ZRXOG�KDYH�WR�EH�RSHUDWHG�FRQFXUUHQWO\�WR�DOORZ�WKH�
GHWHUPLQDWLRQ�RI�HPLVVLRQV�IOX[�YLD�VSDWLDO�DPELHQW�DLU�VDPSOLQJ��7R�PHHW�WKHVH�UHTXLUHPHQWV��WKH�
VDPSOLQJ�V\VWHP�VKRZQ�LQ�)LJXUH�����ZDV�GHYHORSHG��7KLV�VDPSOLQJ�V\VWHP�XVHV�D�7HIORQ�GLDSKUDJP�
SXPS�WR�FRQWLQXRXVO\�SXOO�DPELHQW�DLU�DW�UHODWLYHO\�KLJK�UDWHV�WKURXJK�7HIORQ�VDPSOH�OLQHV�XS�WR����
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1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW�

PHWHUV�ORQJ��$Q�HYDFXDWHG�VL[�OLWHU�VWDLQOHVV�VWHHO�FDQLVWHU�LV�XVHG�WR�GUDZ�D�SRUWLRQ�RI�WKH�DPELHQW�DLU�
H[LWLQJ�WKH�SXPS�WKURXJK�D�SHUPHDWLRQ�GU\HU��D�PHFKDQLFDO�FRQVWDQW�IORZ�FRQWUROOHU�DQG�WKHQ�LQWR�WKH�
FDQLVWHU��$OO�RI�WKH�FRQQHFWLQJ�OLQHV�DUH�FRQVWUXFWHG�RI�7HIORQ��

5HGXFHG�VXOIXU�JDVHV��DQG�HVSHFLDOO\�K\GURJHQ�VXOILGH��DUH�YHU\�UHDFWLYH��WKHUHIRUH��WKH�LQLWLDO�PHWKRG�
GHYHORSPHQW�ZRUN�IRU�WKLV�VWXG\�LQFOXGHG�DQ�LQYHVWLJDWLRQ�RI�YDULRXV�W\SHV�RI�VWDLQOHVV�VWHHO�FDQLVWHU�
LQWHULRU�FRDWLQJV�WR�GHWHUPLQH�LI�WKHUH�ZDV�RQH�WKDW�ZRXOG�DOORZ�VXIILFLHQW�VWRUDJH�VWDELOLW\���6LQFH�WKH�
VDPSOHV�ZRXOG�EH�VKLSSHG�IURP�WKH�ILHOG�WR�WKH�ODERUDWRU\�IRU�DQDO\VLV��D�PLQLPXP�RI�VHYHUDO�GD\V�RI�
VWRUDJH�VWDELOLW\�ZDV�UHTXLUHG��7HGODU�EDJV�DQG�VWDLQOHVV�VWHHO�FDQLVWHUV�ZHUH�ERWK�FRQVLGHUHG�IRU�XVH�
DV�WKH�VDPSOH�FRQWDLQHUV��7KH�DGYDQWDJHV�RI�7HGODU�EDJV�DUH�WKDW�WKH\�DUH�LQH[SHQVLYH�DQG�SURYLGH�
JRRG�VKRUW�WHUP�UHFRYHU\�RI�UHGXFHG�VXOIXU�FRPSRXQGV��%RQWHPSR�DQG�.DR�������/DX�������4XDQJ�
DQG�7DQJ�������:DUGHQFNL��������7KH�GLVDGYDQWDJHV�RI�7HGODU�EDJV�DUH����WKH�UHFRYHU\�RI�ORZ�SSEY�
OHYHOV�RI�+�6�GURS�RII�VLJQLILFDQWO\�DIWHU�VHYHUDO�GD\V�����WKH�VDPSOLQJ�V\VWHPV�QHFHVVDULO\�WHQG�WR�EH�
PRUH�FRPSOLFDWHG�WKDQ�IRU�FDQLVWHUV��DQG����WKH\�DUH�QRW�UXJJHG�FRQWDLQHUV�IRU�WKH�VDPSOLQJ��
VKLSPHQW��VWRUDJH�DQG�DQDO\VLV�SURFHVV��7KH�GLVDGYDQWDJHV�RI�VWDLQOHVV�VWHHO�FDQLVWHUV�LQYROYH�
SRWHQWLDO�SUREOHPV�ZLWK�UHGXFHG�VXOIXU�FRPSRXQG�UHFRYHU\�DQG�WKHLU�UHODWLYHO\�KLJK�H[SHQVH��
+RZHYHU��VWDLQOHVV�VWHHO�FDQLVWHUV�RIIHU�WKH�DGYDQWDJHV�RI�UXJJHGQHVV�DQG�UHODWLYHO\�VLPSOH�VDPSOLQJ�
V\VWHPV��

6HYHUDO�VWXGLHV�KDYH�VKRZQ�WKDW�DQ\�XQFRDWHG�VWDLQOHVV�VWHHO�LQ�WKH�VDPSOLQJ�RU�DQDO\WLFDO�V\VWHP��
LQFOXGLQJ�6800$�SROLVKHG�FDQLVWHUV��FDQ�UHVXOW�LQ�SRRU�UHFRYHU\�DQG�SRRU�VWRUDJH�VWDELOLW\�IRU�
K\GURJHQ�VXOILGH��3DUPHU�������7DOEHUW�HW��DO��������.L�+\XQ�HW��DO��������4XDQJ�DQG�7DQJ��������
2WKHU�VWXGLHV�RI�WKH�QHZHU�³JODVV�OLQHG´�W\SH�RI�VWDLQOHVV�VWHHO�FDQLVWHU�LQGLFDWHG�WKDW�WKDW�W\SH�RI�
LQWHULRU�FRDWLQJ�KDG�SURPLVH�IRU�XVH�ZLWK�DPELHQW�DLU�VDPSOHV�FRQWDLQLQJ�K\GURJHQ�VXOILGH��6KHORZ�
DQG�6WLGVHQ�������6XO\RN�HW��DO���������6WXGLHV�UHSRUWHG�LQ�WKH�OLWHUDWXUH��%RQWHPSR�DQG�.DR�������
2FKLDL�HW��DO��������DQG�LQWHUQDO�LQYHVWLJDWLRQV�LQGLFDWHG�WKDW�WKH�6LORQLWH�FRDWHG�FDQLVWHUV�VROG�E\�
(QWHFK�&RUSRUDWLRQ�ZHUH�WKH�RQO\�RQHV�OLNHO\�WR�PHHW�WKH�VWRUDJH�VWDELOLW\�UHTXLUHPHQWV�RI�WKLV�VWXG\��

$�UHSRUW�LQ�WKH�OLWHUDWXUH�LQGLFDWHG�WKDW�UHPRYDO�RI�PRLVWXUH�IURP�DPELHQW�DLU�VDPSOHV�FRXOG�
VLJQLILFDQWO\�LPSURYH�VDPSOH�VWRUDJH�VWDELOLW\��'HYDL�DQG�'H/DXQH��������,QLWLDO�WHVWV�DW�1&$6,�DOVR�
LQGLFDWHG�WKDW�WKH�VWRUDJH�VWDELOLW\�UHTXLUHPHQWV�FRXOG�RQO\�EH�PHW�LI�PRVW�RI�WKH�PRLVWXUH�SUHVHQW�LQ�
DPELHQW�DLU�VDPSOHV�ZDV�UHPRYHG�SULRU�WR�FROOHFWLRQ�LQ�WKH�FDQLVWHUV��6HYHUDO�LQYHVWLJDWLRQV�UHSRUWHG�
LQ�WKH�OLWHUDWXUH�KDG�VXJJHVWHG�WKDW�DPELHQW�DLU�FRXOG�EH�SDVVHG�WKURXJK�D�SHUPHDWLRQ�GU\HU�WR�UHPRYH�
PRVW�RI�WKH�PRLVWXUH�ZLWKRXW�DIIHFWLQJ�WKH�UHGXFHG�VXOIXU�FRPSRXQG�FRQFHQWUDWLRQV��:DUGHQFNL�������
+DEHUKDHXU�7UR\HU��5RVHQEHUJ��DQG�*UDVVHUEDXHU��������

$�QXPEHU�RI�VWXGLHV�UHSRUWHG��+DEHUKDHXU�7UR\HU��5RVHQEHUJ��DQG�*UDVVHUEDXHU�������,QRPDWD�HW��DO��
������5RGULJXHV��3LWRPER��DQG�&DUGRVR�������+HOPLJ�������RQ�WKH�XVH�RI�VFUXEEHUV�IRU�UHPRYDO�RI�
R[LGDQWV�VXFK�DV�VXOIXU�GLR[LGH��R]RQH�DQG�QLWURJHQ�GLR[LGH�WR�HQKDQFH�WKH�VWRUDJH�VWDELOLW\�DQG�
DQDO\WLFDO�UHFRYHU\�RI�DWPRVSKHULF�WUDFH�OHYHOV�RI�UHGXFHG�VXOIXU�VSHFLHV��+RZHYHU��WKH�FRQFHQWUDWLRQV�
RI�LQWHUHVW�UHODWLYH�WR�GHWHUPLQLQJ�HPLVVLRQV�IURP�NUDIW�PLOO�::73V�DUH�LQ�WKH�SSEY�UDQJH�YHUVXV�WKH�
SSWY�UDQJHV�RI�LQWHUHVW�WR�WKRVH�ZKR�DUH�VWXG\LQJ�DWPRVSKHULF�WUDFH�OHYHOV��7KHUHIRUH��IRU�WKH�
UHODWLYHO\�KLJK�FRQFHQWUDWLRQV�HQFRXQWHUHG�LQ�WKLV�VWXG\��R[LGDQW�VFUXEELQJ�ZDV�MXGJHG�WR�EH�
XQQHFHVVDU\���

7KH�OLWHUDWXUH�LQGLFDWHG�WKDW�37)(�7HIORQ�FRXOG�EH�XVHG�WR�WUDQVIHU�DPELHQW�DLU�VDPSOHV�ZLWK�PLQLPDO�
ORVV�RI�WKH�UHGXFHG�VXOIXU�FRPSRXQGV��.XVWHU�DQG�*ROGDQ�������6XO\RN��+DEHUKDXHU�7UR\HU��DQG�
5RVHQEHUJ�������.L�+\XQ�HW��DO��������:LQHJDU��������$GGLWLRQDOO\��LW�KDG�EHHQ�GHPRQVWUDWHG�LQ�D�
VWXG\�RI�UHJXODWRUV��IRU�FRPSUHVVHG�JDV�F\OLQGHUV�FRQWDLQLQJ�ORZ�FRQFHQWUDWLRQV�RI�K\GURJHQ�VXOILGH��
WKDW�PDLQWDLQLQJ�D�UHODWLYHO\�KLJK�IORZ�UDWH�WKURXJK�WKH�VDPSOH�OLQH�ZRXOG�WHQG�WR�PLWLJDWH�DQ\�
SRWHQWLDO�IRU�ORVV�GXH�WR�VRUSWLRQ�RU�UHDFWLYLW\��7DOEHUW�HW�DO���������
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7R�WHVW�IRU�SRWHQWLDO�ELDV�LQWURGXFHG�E\�WKH�SHUPHDWLRQ�GU\HU��D�WHVW�JDV�JHQHUDWLRQ�V\VWHP�ZDV�
FRQVWUXFWHG�DV�VKRZQ�LQ�)LJXUH������$SSUR[LPDWHO\���SSPY�UHGXFHG�VXOIXU�FRPSRXQG�F\OLQGHU�JDVHV�
ZHUH�GLOXWHG�ZLWK�KXPLGLILHG�DLU�WR�JHQHUDWH�D�WHVW�JDV�VWUHDP�FRQWDLQLQJ�K\GURJHQ�VXOILGH��PHWK\O�
PHUFDSWDQ��GLPHWK\O�VXOILGH�DQG�GLPHWK\O�GLVXOILGH��7KH�DELOLW\�RI�WKH�V\VWHP�VKRZQ�LQ�)LJXUH�����WR�
JHQHUDWH�D�PRLVW�JDV�VWUHDP�DQG�WKH�DELOLW\�RI�WKH�SHUPHDWLRQ�GU\HU�WR�UHPRYH�WKDW�PRLVWXUH�ZHUH�
WHVWHG��$�VLQJOH�PLGJHW�LPSLQJHU�ZDV�XVHG��$W�D�EDURPHWULF�SUHVVXUH�RI�����PP�+J�DQG�WHPSHUDWXUH�
RI��� &��WKH�FKDOOHQJH�JDV�VWUHDP�FRQWDLQHG�����UHODWLYH�KXPLGLW\��7KH�SHUPHDWLRQ�GU\HU�UHGXFHG�WKH�
UHODWLYH�KXPLGLW\�WR������

$�-HURPH������;70+�6�DQDO\]HU��$UL]RQD�,QVWUXPHQW�//&��ZDV�XVHG�WR�WHVW�WKH�JDV�FRPLQJ�IURP�WKH�
WHVW�JDV�JHQHUDWLRQ�V\VWHP��ZLWK�DQG�ZLWKRXW�WKH�ZDWHU�FRQWDLQLQJ�LPSLQJHU�LQOLQH��DQG�ZLWK�DQG�
ZLWKRXW�WKH�SHUPHDWLRQ�GU\HU�LQOLQH��7KH�-HURPH�DQDO\]HU�LV�LQWHQGHG�IRU�+�6�DQDO\VLV��EXW�LW�DOVR�
UHVSRQGV�WR�0H6+��'06�DQG�'0'6�WR�YDU\LQJ�GHJUHHV��VR�LWV�UHVSRQVH�WR�HDFK�RI�WKH�WKUHH�JDVHV�
ZDV�WHVWHG�XQGHU�WKH�IRXU�VHWV�RI�FRQGLWLRQV��7KH�UHVXOWV�RI�WKRVH�WHVWV�DUH�VKRZQ�LQ�7DEOH������'XULQJ�
WKHVH�WHVWV��WKH�DPELHQW�DLU�WHPSHUDWXUH�ZDV��� &��7KHVH�UHVXOWV�GHPRQVWUDWH�TXDQWLWDWLYH�SDVVDJH�RI�
WKH�DQDO\WHV�WKURXJK�WKH�SHUPHDWLRQ�GU\HU��

)LJXUH�������6\VWHP�IRU�(YDOXDWLRQ�RI�WKH�$PELHQW�$LU�6DPSOLQJ�DQG�$QDO\VLV�0HWKRG�
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7DEOH�������(IIHFW�RI�3HUPHDWLRQ�'U\HU�RQ�7HVW�*DV�5HGXFHG�6XOIXU��
&RPSRXQG�&RQFHQWUDWLRQV�

� � ,QVWUXPHQW�5HVSRQVH�
� &DOFXODWHG� :�2�:DWHU�� :�2�:DWHU�� :LWK�:DWHU�� :LWK�:DWHU��
� &RQF��� :�2�'U\HU�� :LWK�'U\HU�� :�2�'U\HU�� :LWK�'U\HU��

&RPSRXQG� SSEY� SSEY� SSEY� SSEY� SSEY�

+�6� ��� ��� ��� ��� ���
0H6+� ��� ��� ��� ��� ���
'06� ���� ��� ��� ��� ���
'0'6� ��� ��� ��� ��� ���

���� &DQLVWHU�6DPSOH�6WRUDJH�6WDELOLW\�

3UHOLPLQDU\�WHVWV�LQGLFDWHG�UHGXFHG�VXOIXU�FRPSRXQG�VWRUDJH�VWDELOLW\�ZDV�QRW�DGHTXDWH�LQ�XQGLOXWHG�
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1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW



��� 7HFKQLFDO�%XOOHWLQ�1R������

1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW�

���� $QDO\WLFDO�3UHFLVLRQ�

7DEOH�����VXPPDUL]HV�WKH�UHVXOWV�IURP�ILYH�UHSOLFDWH�DQDO\VHV�RI�DQ�DPELHQW�DLU�VDPSOH�FROOHFWHG�
GRZQZLQG�RI�WKH�SULPDU\�FODULILHU�DW�D�NUDIW�PLOO�::73��DQG����UHSOLFDWH�DQDO\VHV�RI�D�FDQLVWHU�
FRQWDLQLQJ�DSSUR[LPDWHO\����SSEY�RI�+�6�LQ�QLWURJHQ��7KH�DYHUDJH�FRQFHQWUDWLRQV�RI�K\GURJHQ�
VXOILGH��PHWK\O�PHUFDSWDQ��GLPHWK\O�VXOILGH�DQG�GLPHWK\O�GLVXOILGH�LQ�WKH�DPELHQW�DLU�VDPSOH�ZHUH�
������������������DQG������SSEY��UHVSHFWLYHO\��7KH�UHODWLYH�VWDQGDUG�GHYLDWLRQV�IURP�WKH�ILYH�DQDO\VHV�
IRU�WKRVH�FRPSRXQGV�ZHUH�����������������DQG��������UHVSHFWLYHO\��)RU�WKH�DSSUR[LPDWHO\����SSEY�
FDQLVWHU�FRQWDLQLQJ�K\GURJHQ�VXOILGH�LQ�QLWURJHQ��WKH�DYHUDJH�PHDVXUHG�FRQFHQWUDWLRQ�ZDV������SSEY��
DQG�WKH�UHODWLYH�VWDQGDUG�GHYLDWLRQ�RI�WKH�WHQ�DQDO\VHV�ZDV��������

7DEOH�������$QDO\WLFDO�3UHFLVLRQ�'DWD�IRU�$QDO\VLV�RI�WKH�56&�*DV�$QDO\VLV�0HWKRG�:LWK�WKH�3)3'��
�$QDO\VLV�FRQGLWLRQV������P/�$QDO\WLFDO�9ROXPH��

� � &RQFHQWUDWLRQ��SSEY�
$QDO\VLV� � ::73�$PELHQW�$LU� � 'LOXWHG�&\OLQGHU�*DV�
1R�� � +�6� 0H6+� '06� '0'6� � +�6�

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

$YHUDJH� � ������ ������ ������ ������ � ������
6WG��'HY�� � ����� ����� ����� ����� � �����

5HO��6WG��'HY����� � ����� ����� ����� ����� � �����

���� $QDO\WLFDO�$FFXUDF\�

7DEOH�����VXPPDUL]HV�WKH�UHVXOWV�IURP�WKH�DQDO\VHV�RI�K\GURJHQ�VXOILGH�FKHFN�VWDQGDUGV�ZLWK�NQRZQ�
FRQFHQWUDWLRQV�RI�DSSUR[LPDWHO\����SSEY�DQG����SSEY��)RU�WKH�DSSUR[LPDWHO\����SSEY�FKHFN�
VWDQGDUGV��ILYH�UHSOLFDWH�FDQLVWHUV�ZHUH�DQDO\]HG�ZLWK�D�FRQFHQWUDWLRQ�YROXPH�RI�����P/�DQG�ILYH�
UHSOLFDWH�FDQLVWHUV�ZHUH�DQDO\]HG�ZLWK�D�FRQFHQWUDWLRQ�YROXPH�RI������P/��)RU�WKH�DSSUR[LPDWHO\����
SSEY�FKHFN�VWDQGDUGV��ILYH�UHSOLFDWH�FDQLVWHUV�ZHUH�DQDO\]HG�ZLWK�D�FRQFHQWUDWLRQ�YROXPH�RI�����P/��



7HFKQLFDO�%XOOHWLQ�1R������ ���

1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW�

7DEOH�������+�6�&KHFN�6WDQGDUG�5HVXOWV�IRU�(YDOXDWLRQ�RI�WKH�*DV�$QDO\VLV�0HWKRG�
8VLQJ�WKH�3)3'�

$SSUR[LPDWH� $QDO\WLFDO� � $FWXDO� 0HDVXUHG� �
&RQFHQWUDWLRQ�� 9ROXPH�� � &RQFHQWUDWLRQ�� &RQFHQWUDWLRQ�� 5HFRYHU\��

SSEY� P/� &DQLVWHU� SSEY� SSEY� ��

��� ���� D� ����� ����� ������
��� ���� E� ����� ����� �����
��� ���� F� ����� ���� �����
��� ���� G� ����� ����� �����
��� ���� H� ����� ����� �����

��� ���� DYHUDJH� � � �����
��� ���� VWG�GHY� � � ����

��� ����� D� ����� ����� �����
��� ����� E� ����� ����� �����
��� ����� F� ����� ����� �����
��� ����� G� ����� ����� �����
��� ����� H� ����� ����� �����

��� ����� DYHUDJH� � � �����
��� ����� VWG�GHY� � � ����

��� ���� D� ����� ����� �����
��� ���� E� ����� ����� ������
��� ���� F� ����� ����� ������
��� ���� G� ����� ����� ������
��� ���� H� ����� ����� ������

��� ���� DYHUDJH� � � ������
��� ���� VWG�GHY� � � �����

7DEOH�����VXPPDUL]HV�WKH�SHUFHQWDJH�UHFRYHULHV�PHDVXUHG�IRU�FKHFN�VWDQGDUGV�FRQWDLQLQJ�+�6��PHWK\O�
PHUFDSWDQ��DQG�GLPHWK\O�GLVXOILGH�DW�DSSUR[LPDWHO\�WKH����SSEY�OHYHO��)LYH�FDQLVWHUV��D�WKURXJK�H��
FRQWDLQLQJ�WKH�WKUHH�FRPSRXQGV�DW�WKH�OHYHOV�VKRZQ�DERYH�ZHUH�HDFK�DQDO\]HG�LQ�WULSOLFDWH�GXULQJ�WKLV�
VWXG\��7KH�DYHUDJH�SHUFHQWDJH�UHFRYHULHV�IRU�K\GURJHQ�VXOILGH��PHWK\O�PHUFDSWDQ��DQG�GLPHWK\O�
GLVXOILGH�ZHUH�����������DQG������UHVSHFWLYHO\��
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1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW�

7DEOH�������&KHFN�6WDQGDUG�5HVXOWV�IRU�+\GURJHQ�6XOILGH��0HWK\O�0HUFDSWDQ���
DQG�'LPHWK\O�6XOILGH�

&DQLVWHU� $QDO� +\GURJHQ�6XOILGH��SSEY� 0HWK\O�0HUFDSWDQ��SSEY� 'LPHWK\O�6XOILGH��SSEY�
� 1R�� $FWXDO� 0HDVXUHG� ��5HF� $FWXDO� 0HDVXUHG� ��5HF� $FWXDO� 0HDVXUHG� ��5HF�

D �� � ����� � � ����� � � ����� �
�� � ����� � � ����� � � ����� �

� �� � ����� � � ����� � � ����� �

� $YH�� ����� ����� ������ ����� ����� ������ ����� ����� �����

E� �� � ����� � � ����� � � ����� �
�� � ����� � � ����� � � ����� �
�� � ����� � � ����� � � ����� �

$YH�� ����� ����� ������ ����� ����� ������ ����� ����� �����

F� �� � ����� � � ����� � � ����� �
�� � ����� � � ����� � � ����� �
�� � ����� � � ����� � � ����� �

$YH�� ����� ����� ������ ����� ����� ������ ����� ����� ������

G� �� � ����� � � ����� � � ����� �
�� � ����� � � ����� � � ����� �
�� � ����� � � ����� � � ����� �

$YH�� ����� ����� ������ ����� ����� ������ ����� ����� ������

H� �� � ����� � � ����� � � ����� �
�� � ����� � � ����� � � ����� �
�� � ����� � � ����� � � ����� �

$YH�� ����� ����� ������ ����� ����� ������ ����� ����� �����

$YHUDJH���5HF�� � � ������ � � ������ � � �����
6WG��'HY� � � ���� � � ���� � � ����
56'� � � ���� � � ���� � � ����

7DEOH�����VXPPDUL]HV�WKH�UHVXOWV�RI�K\GURJHQ�VXOILGH�PDWUL[�VSLNHV�IRU�ILYH�VDPSOHV�FROOHFWHG�DW�WZR�
NUDIW�PLOO�::73V��7KH�FDQLVWHUV�ZHUH�DQDO\]HG�WR�GHWHUPLQH�WKH�QDWLYH�FRQFHQWUDWLRQV��DQG�WKHQ�WKH\�
ZHUH�ILUVW�VSLNHG�WR�DGG�DSSUR[LPDWHO\����SSEY�WR�WKH�QDWLYH�FRQFHQWUDWLRQ�DQG�DQDO\]HG�WR�GHWHUPLQH�
VSLNH�UHFRYHU\��)ROORZLQJ�WKH�DQDO\VHV�WR�GHWHUPLQH�WKH�UHFRYHU\�RI�WKH�DSSUR[LPDWHO\����SSEY�+�6�
VSLNHV��WKH�FDQLVWHUV�ZHUH�VSLNHG�DJDLQ�WR�\LHOG�DSSUR[LPDWH�ILQDO�VSLNH�FRQFHQWUDWLRQV�RI����SSEY�DQG�
DQDO\]HG�DJDLQ�WR�GHWHUPLQH�WKH�UHFRYHU\�RI�WKH����SSEY�VSLNHV��)RU�WKH����SSEY�VSLNHV��WKH�FDQLVWHUV�
ZHUH�DQDO\]HG�ZLWK�FRQFHQWUDWLRQ�YROXPHV�RI�����P/�DQG������P/��)RU�WKH����SSEY�VSLNHV��WKH�
FDQLVWHUV�ZHUH�RQO\�DQDO\]HG�ZLWK�D�����P/�FRQFHQWUDWLRQ�YROXPH��)RU�WKH����SSEY�VSLNH�VDPSOHV�
DQDO\]HG�ZLWK�D�����P/�FRQFHQWUDWLRQ�YROXPH��WKH�DYHUDJH�UHFRYHU\�ZDV�������ZLWK�D�VWDQGDUG�
GHYLDWLRQ�RI��������)RU�WKH����SSEY�VSLNH�VDPSOHV�DQDO\]HG�ZLWK�D������P/�FRQFHQWUDWLRQ�YROXPH��



7HFKQLFDO�%XOOHWLQ�1R������ ���

1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW�

WKH�DYHUDJH�UHFRYHU\�ZDV�������ZLWK�D�VWDQGDUG�GHYLDWLRQ�RI��������)RU�WKH����SSEY�VSLNH�VDPSOHV��
WKH�DYHUDJH�UHFRYHU\�ZDV�������ZLWK�D�VWDQGDUG�GHYLDWLRQ�RI��������

7DEOH�������+�6�0DWUL[�6SLNH�5HVXOWV�IRU�(YDOXDWLRQ�RI�WKH�*DV�$QDO\VLV�0HWKRG�8VLQJ�WKH�3)3'�

$SSUR[LPDWH� � � $FWXDO� 0HDVXUHG� �
6SLNH� $QDO\WLFDO� � 6SLNH� 6SLNH� �

&RQFHQWUDWLRQ�� 9ROXPH�� &DQLVWHU� &RQFHQWUDWLRQ�� &RQFHQWUDWLRQ�� 5HFRYHU\��
3SEY� P/� 6DPSOH� SSEY� SSEY� ��

��� ���� ���D� ������ ������ ������
��� ���� ��E� ������ ����� ������
��� ���� ��E� ������ ����� ������
��� ���� ��E� ������ ����� ������
��� ���� �D� ������ ����� ������

��� ���� DYHUDJH� � � �����
��� ���� VWG�GHY� � � �����

��� ����� ���D� ������ ����� ������
��� ����� ��E� ������ ����� ������
��� ����� ��E� ������ ����� ������
��� ����� ��E� ������ ������ ������
��� ����� �D� ������ ������ ������

��� ����� DYHUDJH� � � �����
��� ����� VWG�GHY� � � �����

��� ���� ���D� ������ ������ ������
��� ���� ��E� ������ ������ �������
��� ���� ��E� ������ ������ �������
��� ���� ��E� ������ ������ ������
��� ���� �D� ������ ������ �������

��� ���� DYHUDJH� � � �����
��� ���� VWG�GHY� � � �����

���� (9$/8$7,21�2)�7+(�29(5$//�$&&85$&<�$1'�35(&,6,21�2)�7+(�
(0,66,216�0($685(0(17�0(7+2'�

,Q�WKLV�QHFHVVDULO\�FRPSOH[�PHWKRG�IRU�PHDVXULQJ�VPDOO�HPLVVLRQV�RI�H[WUHPHO\�UHDFWLYH�FRPSRXQGV�
IURP�ODUJH��DTXHRXV��KHWHURJHQHRXV�HPLVVLRQV�VRXUFHV�ZLWK�FRPSOH[�JHRPHWU\�DQG�WRSRJUDSK\��WKHUH�
DUH�PDQ\�SRWHQWLDO�FRQWULEXWRUV�WR�ELDV�DQG�YDULDELOLW\��5HODWLYH�WR�ELDV��WKHUH�DUH�WZR�PDMRU�TXHVWLRQV�
WKDW�PXVW�EH�FRQVLGHUHG�����DUH�WKH�PHDVXUHG�DQDO\WH�FRQFHQWUDWLRQV�UHSUHVHQWDWLYH�RI�WKH�DFWXDO�
DPELHQW�DLU�FRQFHQWUDWLRQV�DW�WKH�WLPH�RI�VDPSOLQJ��DQG����GRHV�WKH�VSDWLDO�DPELHQW�DLU�VDPSOLQJ�DQG�
HPLVVLRQV�FDOFXODWLRQ�WHFKQLTXH�DFFXUDWHO\�FDOFXODWH�WKH�WRWDO�HPLVVLRQV�IOX[�IURP�WKH�VRXUFH"�7R�
DQVZHU�WKH�ILUVW�TXHVWLRQ��VDPSOLQJ�V\VWHP�+�6�WUDLQ�VSLNH�DQG�UHFRYHU\�WHVWV�ZHUH�URXWLQHO\�
SHUIRUPHG��DQG�WKH�+�6�FRQFHQWUDWLRQV�PHDVXUHG�LQ�FDQLVWHU�FRQWDLQHG�DPELHQW�DLU�VDPSOHV�ZHUH�
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1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW�

FRPSDUHG�WR�FRQFHQWUDWLRQV�PHDVXUHG�RQ�VLWH��DW�WKH�WLPH�RI�VDPSOH�FROOHFWLRQ�ZLWK�DQRWKHU�
PHDVXUHPHQW�WHFKQLTXH��7KH�UHVXOWV�RI�WKHVH�WHVWV�DUH�VXPPDUL]HG�LQ�6HFWLRQ������,GHDOO\��WR�DQVZHU�
WKH�VHFRQG�TXHVWLRQ��D�WUDFHU�JDV�ZRXOG�EH�XVHG��KRZHYHU��IRU�VLWXDWLRQV�W\SLFDOO\�HQFRXQWHUHG�DW�NUDIW�
PLOO�::73V��LW�LV�YHU\�GLIILFXOW�WR�DSSURSULDWHO\�UHOHDVH�D�WUDFHU�JDV�RYHU�WKH�VXUIDFH�DUHD�RI�WKH�
VRXUFHV��7KHUHIRUH��IRU�WKLV�PHWKRG�DQ�DOWHUQDWH�WHFKQLTXH�ZDV�XVHG�IRU�DVVHVVLQJ�WKH�DFFXUDF\�RI�WKH�
HPLVVLRQV�IOX[�GHWHUPLQDWLRQ��7KLV�WHFKQLTXH�ZDV�D�TXDQWLWDWLYH�PHDVXUH�RI�KRZ�ZHOO�WKH�YHUWLFDO�
FRQFHQWUDWLRQ�SURILOH�FDOFXODWLRQ�SURFHGXUH�ILW�WKH�PHDVXUHG�YHUWLFDO�FRQFHQWUDWLRQ�GDWD��7KH�UHVXOWV�RI�
WKLV�FRPSDULVRQ�DUH�FRQWDLQHG�LQ�6HFWLRQ������

7KH�SUHFLVLRQ�RI�WKH�DPELHQW�DLU�VDPSOLQJ�DQG�DQDO\VLV�PHWKRG�ZDV�DVVHVVHG�YLD�WKH�FROOHFWLRQ�DQG�
DQDO\VLV�RI�GXSOLFDWH�JURXQG�OHYHO�FDQLVWHU�VDPSOHV�IRU�DOPRVW�HYHU\�VDPSOLQJ�UXQ�FRQGXFWHG�RYHU�WKH�
FRXUVH�RI�WKH�VWXG\���7KH�SUHFLVLRQ�RI�WKH�RYHUDOO�PHWKRG��LQFOXGLQJ�VDPSOLQJ��DQDO\VLV�DQG�WKH�VSDWLDO�
DPELHQW�DLU�VDPSOLQJ�DQG�FDOFXODWLRQ�SURFHGXUH��ZDV�HYDOXDWHG�E\�FDOFXODWLQJ�WKH�SHUFHQW�UHODWLYH�
VWDQGDUG�GHYLDWLRQ�IRU�HYHU\�VLWXDWLRQ�LQ�ZKLFK�WKUHH�RU�PRUH�WHVW�UXQV�ZHUH�FRQGXFWHG�RQ�WKH�VDPH�
VRXUFH�GXULQJ�WKH�VDPH�GD\���7KLV�DSSURDFK�JLYHV�D�ZRUVW�FDVH�DQDO\VLV�RI�RYHUDOO�PHWKRG�YDULDELOLW\�
EHFDXVH�LW�LQFOXGHV�DQ\�YDULDWLRQV�LQ�WKH�VRXUFH�HPLVVLRQV�WKDW�PD\�KDYH�RFFXUUHG�GXULQJ�HDFK�VLQJOH�
GD\�WHVW�SHULRG��DV�ZHOO�DV�WKH�YDULDELOLW\�RI�WKH�PHDVXUHPHQW�PHWKRG���7KH�UHVXOWV�UHODWLYH�WR�PHWKRG�
SUHFLVLRQ�DUH�VXPPDUL]HG�LQ�6HFWLRQ������

���� (YDOXDWLRQ�RI�+�6�&RQFHQWUDWLRQ�0HDVXUHPHQW�$FFXUDF\�

$�-HURPH������;70�KDQGKHOG��SRUWDEOH�+�6�DQDO\]HU��$UL]RQD�,QVWUXPHQW�//&���DV�VKRZQ�LQ�)LJXUH�
�����ZDV�XVHG�WR�KHOS�DVVHVV�YDULRXV�DVSHFWV�RI�WKH�RYHUDOO�PHWKRG�DFFXUDF\��7KHUHIRUH��LQLWLDOO\��WKH�
DFFXUDF\�RI�WKH�-HURPH�DQDO\]HU�LWVHOI�KDG�WR�EH�DVVHVVHG��7KH�-HURPH�DQDO\]HU�XVHV�WKH�UHVLVWDQFH�
DFURVV�D�WKLQ�JROG�ILOP�VHQVRU�WR�PHDVXUH�WKH�DPRXQW�RI�K\GURJHQ�VXOILGH�LQ�D�VSHFLILF�YROXPH�RI�DLU�
SDVVHG�RYHU�WKH�VHQVRU��7KH�HOHFWULFDO�UHVLVWDQFH�DFURVV�WKH�VHQVRU�LQFUHDVHV�ZLWK�H[SRVXUH�WR�+�6��7KH�
LQVWUXPHQW�DXWRPDWLFDOO\�UH�]HURV�EHIRUH�HDFK�QHZ�VDPSOH�LV�WDNHQ��

)RU�HYDOXDWLRQ�RI�WKH�-HURPH�+�6�DQDO\]HU��D�V\VWHP�VLPLODU�WR�WKH�RQH�VKRZQ�LQ�)LJXUH������ZDV�XVHG�
WR�JHQHUDWH�GU\�DQG�KXPLGLILHG�WHVW�JDV�VWUHDPV��7KLV�V\VWHP�ZDV�XVHG�WR�WHVW�WKH�UHVSRQVH�RI�WKH�
LQVWUXPHQW�WR�YDULRXV�OHYHOV�RI�K\GURJHQ�VXOILGH��PHWK\O�PHUFDSWDQ��GLPHWK\O�VXOILGH�DQG�GLPHWK\O�
GLVXOILGH��7KH�UHVXOWV�IURP�WKHVH�WHVWV�DUH�VXPPDUL]HG�LQ�7DEOH������)RU�+�6��WKH�WHVW�JDV�
FRQFHQWUDWLRQV�UDQJHG�IURP����SSEY�WR���SSPY��ZKHUHDV�IRU�WKH�RUJDQLF�UHGXFHG�VXOIXU�FRPSRXQGV��
WKH�WHVW�JDV�FRQFHQWUDWLRQV�UDQJHG�IURP�DSSUR[LPDWHO\����SSEY�WR�����SSEY��)RU�WKH�UHODWLYHO\�KLJK�
FRQFHQWUDWLRQV�RI�+�6��WKH�HQWLUH�WHVW�JDV�VWUHDP�ZDV�EXEEOHG�WKURXJK�DQ�DFLGLILHG�LPSLQJHU��UDWKHU�
WKDQ�MXVW�EXEEOLQJ�WKH�GLOXWLRQ�DLU�WKURXJK�D�ZDWHU�FRQWDLQLQJ�LPSLQJHU�DV�VKRZQ�LQ�)LJXUH������

7KH�UHVXOWV�RI�WKH�-HURPH�DQDO\]HU�HYDOXDWLRQ�VKRZ�WKDW�WKH�LQVWUXPHQW�KDG�RYHUDOO�JRRG��OLQHDU�
UHVSRQVH�FKDUDFWHULVWLFV�IRU�+�6�LQ�ERWK�GU\�DQG�KXPLGLILHG�DLU��ZLWK�D�UHVSRQVH�IDFWRU�RI�
DSSUR[LPDWHO\�RQH��KRZHYHU��WKH�LQVWUXPHQW�DOVR�UHVSRQGV�WR�WKH�RUJDQLF�UHGXFHG�VXOIXU�FRPSRXQGV�
WR�YDU\LQJ�GHJUHHV��7KH�UHVSRQVH�IDFWRUV�IRU�WKH�RUJDQLF�UHGXFHG�VXOIXU�FRPSRXQGV�UDQJHG�IURP���WR�
�����GHSHQGLQJ�RQ�FRPSRXQG��FRQFHQWUDWLRQ��DQG�KXPLGLW\��+XPLGLW\�KDG�PRUH�HIIHFW�RQ�WKH�
UHVSRQVH�IDFWRUV�IRU�WKH�RUJDQLF�UHGXFHG�VXOIXU�FRPSRXQGV�WKDQ�IRU�+�6��$GGLWLRQDOO\��LW�ZDV�QRWLFHG�
LQ�WKHVH�WHVWV�WKDW�H[SRVXUH�RI�WKH�LQVWUXPHQW�WR�'0'6�FDQ�FRQWDPLQDWH�LW�VXFK�WKDW�LQWHUPLWWHQW��
VSXULRXV�DQG�KLJK�ELDVHG�UHDGLQJV�FDQ�RFFXU�GXULQJ�VXEVHTXHQW�PHDVXUHPHQWV��7R�FOHDU�WKH�
LQVWUXPHQW��UHSHDWHG�VDPSOLQJ�RI�FOHDQ�DLU�LV�UHTXLUHG�XQWLO�LW�FRQVLVWHQWO\�UHDGV�]HUR��
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)LJXUH�������-HURPH������;70�+�6�$QDO\]HU�
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7DEOH�������-HURPH�$QDO\]HU�5HVSRQVH�WR�,QGLYLGXDO�5HGXFHG�6XOIXU�*DVHV�

� � -HURPH� -HURPH� � 5HVSRQVH�
� 7HVW�*DV� 5HVSRQVH� 5HVSRQVH�WR� 5HVSRQVH� )DFWRU�IRU�
� &RQF��� WR�'U\�*DV�� +XPLGLILHG�� )DFWRU�IRU� +XPLGLILHG�

&RPSRXQG� SSEY� SSEY� *DV��SSEY� 'U\�*DV� *DV�

+�6� ��� ��� �� ����� �����
� ��� ��� ��� ����� �����
� ���� ���� ���� ����� �����
� ���� ���� ���� ����� �����
� ����� ����� ����� ����� �����
� ����� ����� ����� ����� �����

0H6+� ��� �� �� ����� �����
� ��� ��� ��� ����� �����
� ���� ��� ��� ����� �����
� ���� ��� ��� ����� �����

'06� ��� �� �� ����� �����
� ��� �� �� ����� �����
� ���� ��� �� ����� �����
� ���� ��� ��� ����� �����

'0'6� ��� �� �� ����� �����
� ��� ��� ��� ����� �����
� ���� ��� ��� ����� �����
� ���� ��� ��� ����� �����

7KH�-HURPH�+�6�DQDO\]HU�ZDV�DOVR�XVHG�WR�DVVHVV�WKH�DFFXUDF\�RI�WKH�RYHUDOO�FDQLVWHU�VDPSOLQJ�DQG�
*&�3)3'�DQDO\VLV�PHWKRGV�DW�IRXU�::73�VRXUFHV��ZKLFK�KDG�VLJQLILFDQW�+�6�HPLVVLRQV�DQG�
HVVHQWLDOO\�QR�RUJDQLF�UHGXFHG�VXOIXU�FRPSRXQG�HPLVVLRQV��7KLV�ZDV�DFFRPSOLVKHG�E\�PDNLQJ�
PXOWLSOH��FROORFDWHG��GRZQZLQG�DPELHQW�DLU�PHDVXUHPHQWV�ZLWK�WKH�-HURPH�DQDO\]HU��ZKLOH�WKH�
FDQLVWHU�VDPSOHV�ZHUH�EHLQJ�FROOHFWHG��DQG�FRPSDULQJ�WKH�DYHUDJH�RI�WKH�-HURPH�DQDO\]HU�
PHDVXUHPHQWV�WR�WKH�DQDO\VLV�YDOXHV�REWDLQHG�IURP�WKH�LQWHJUDWHG�FDQLVWHU�VDPSOHV��$W�HDFK�
GRZQZLQG�VDPSOLQJ�ORFDWLRQ��JHQHUDOO\�WKUHH�-HURPH�DQDO\]HU�UHDGLQJV�ZHUH�REWDLQHG�FRQFXUUHQW�
ZLWK�WKH�FDQLVWHU�VDPSOLQJ��ZKLFK�ODVWHG�IURP�RQH�WR�VHYHQ�PLQXWHV�DW�HDFK�VDPSOLQJ�ORFDWLRQ��ZLWK�D�
WRWDO�VDPSOH�FROOHFWLRQ�WLPH�IRU�HDFK�UXQ�RI����PLQXWHV��7KH�DYHUDJH�-HURPH�UHDGLQJ�DW�HDFK�VDPSOLQJ�
ORFDWLRQ�ZDV�DGMXVWHG�UHODWLYH�WR�WKH�DPRXQW�RI�FDQLVWHU�VDPSOLQJ�WLPH�DW�HDFK�ORFDWLRQ��7KHQ��WKH�
VDPSOH�WLPH�DGMXVWHG�UHDGLQJV�IRU�HDFK�ORFDWLRQ�ZHUH�VXPPHG�WR�\LHOG�DQ�DSSUR[LPDWHO\�LQWHJUDWHG�
FRQFHQWUDWLRQ�WKDW�FRXOG�EH�FRPSDUHG�WR�WKH�DYHUDJH�RI�WKH�PHDVXUHG�LQWHJUDWHG�FDQLVWHU�+�6�
FRQFHQWUDWLRQ��7KH�UHVXOWV�RI�WKDW�FRPSDULVRQ�DUH�VXPPDUL]HG�LQ�7DEOH������7KH�FDQLVWHU�PHWKRG�
FRQFHQWUDWLRQV�DUH�DFWXDOO\�WKH�DYHUDJH�IURP�WKH�GXSOLFDWH�JURXQG�OHYHO�FDQLVWHUV�WKDW�DUH�URXWLQHO\�
FROOHFWHG�IRU�HDFK�WHVW�UXQ��)RU�WKH����WHVW�UXQV��WKH�DYHUDJH�FDQLVWHU�PHWKRG�ELDV��DV�UHIHUHQFHG�WR�WKH�
SVHXGR�LQWHJUDWHG�-HURPH�UHDGLQJV��ZDV��������7KH�VWDQGDUG�GHYLDWLRQ�DVVRFLDWHG�ZLWK�WKDW�YDOXH�ZDV�
�������7KH�YDULDELOLW\�DVVRFLDWHG�ZLWK�FDOFXODWLQJ�DSSUR[LPDWHO\�LQWHJUDWHG�-HURPH�UHDGLQJV��DV�ZHOO�
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DV�WKH�YDULDELOLWLHV�DVVRFLDWHG�ZLWK�ERWK�RI�WKH�PHWKRGV��ZHUH�OLNHO\�DOO�VLJQLILFDQW�FRQWULEXWRUV�WR�WKH�
VWDQGDUG�GHYLDWLRQ�DVVRFLDWHG�ZLWK�FDOFXODWLQJ�WKH�DYHUDJH�ELDV��

$�WHVW�JDV�JHQHUDWLRQ�V\VWHP�VLPLODU�WR�WKH�RQH�VKRZQ�LQ�)LJXUH�����ZDV�XVHG�SHULRGLFDOO\�WR�SHUIRUP�
+�6�WUDLQ�VSLNH�DQG�EODQN�WHVWV�RQ�WKUHH�DPELHQW�DLU�VDPSOLQJ�V\VWHPV�VLPLODU�WR�WKH�RQH�VKRZQ�LQ�
)LJXUH������7KH�-HURPH�+�6�DQDO\]HU�ZDV�XVHG�WR�PHDVXUH�+�6�FRQFHQWUDWLRQ�DW�WKH�IORZ�FRQWUROOHU�
RXWOHW��7KH�UHVXOWV�RI�WKH�WUDLQ�VSLNH�WHVWV�DUH�VKRZQ�LQ�7DEOH������)RU�D�WRWDO�RI����WHVWV�ZLWK�+�6�
FRQFHQWUDWLRQV�UDQJLQJ�IURP����WR����SSEY��WKH�VDPSOLQJ�V\VWHP�ELDV�UDQJHG�IURP�������WR��������
DQG�DYHUDJHG��������7KH�WUDLQ�EODQN�WHVWV�DVVRFLDWHG�ZLWK�WKH�WUDLQ�VSLNH�WHVWV�\LHOGHG�-HURPH�+�6�
DQDO\]HU�EODQN�YDOXHV�RI���WR���SSEY��

7DEOH�������&RPSDULVRQ�RI�2Q�6LWH�3VHXGR�,QWHJUDWHG�-HURPH�$QDO\]HU�
0HDVXUHPHQWV�WR�&DQLVWHU�0HWKRG�5HVXOWV�

� � � � � � %LDV�
� � � 7RWDO�1R�� � � �-HURPH�
� � � RI�-HURPH� ��+�6�&RQF���SSEY� 5HODWLYH�WR�

0LOO� 6RXUFH� 5XQ�1R�� 0HDV�� -HURPH� &DQLVWHU� &DQLVWHU�����

(-� 63�� �� ��� ���� ���� ����
� � �� ��� ��� ���� ����
� � �� ��� ���� ���� ����
(-� 63�� �� ��� ���� ���� ���
� � �� ��� ��� ��� ���
� � �� ��� ��� ��� ���
(-� $6%� �� ��� ��� ��� ���
� � �� ��� ��� ��� ���
� � �� ��� ��� ��� ���

%+� (3� �� ��� ���� ���� ����
� � �� ��� ���� ���� ����

� � � � � $YHUDJH ���
� � 6WG��'HY� ���
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���� (YDOXDWLRQ�RI�WKH�9HUWLFDO�&RQFHQWUDWLRQ�3URILOH�&XUYH�)LWWLQJ�3URFHGXUH�

$V�GHVFULEHG�LQ�6HFWLRQ��������WKH�KRUL]RQWDOO\�LQWHJUDWHG�FRQFHQWUDWLRQ�YDOXHV�REWDLQHG�IURP�IRXU�YHUWLFDO�
HOHYDWLRQV�ZHUH�XVHG�WR�FDOFXODWH�WKH�KRUL]RQWDOO\�LQWHJUDWHG�VKDSH�RI�WKH�YHUWLFDO�FRQFHQWUDWLRQ�SURILOH�RI�
WKH�HPLVVLRQ�SOXPH�DW�WKH�VDPSOH�SDWK��7R�GR�WKLV��WKH�FRQFHQWUDWLRQ�GDWD�ZHUH�ILW�WR�WKH�IROORZLQJ�
HTXDWLRQ��

E

E
R =

=
&]& ���

ZKHUH��

&�]�� �FRQFHQWUDWLRQ�DW�HOHYDWLRQ�]��J�P�

&R� �FRQFHQWUDWLRQ�DW�JURXQG�OHYHO��HOHYDWLRQ������J�P
�

=E� �KHLJKW�RI�WKH�HPLVVLRQ�SOXPH�DW�WKH�VDPSOH�SDWK��P�
E� �YHUWLFDO�FRQFHQWUDWLRQ�SURILOH�H[SRQHQW�

,Q�RUGHU�WR�VROYH�IRU�E�DQG�&R��WKH�QDWXUDO�ORJDULWKP�ZDV�WDNHQ�RI�ERWK�VLGHV�RI�WKH�HTXDWLRQ�WR�\LHOG�

E
R =

=
E&]& �OQOQ�@�OQ>

/LQHDU�UHJUHVVLRQ�ZDV�WKHQ�XVHG�WR�VROYH�IRU�E�DQG�&R��7KH�FRUUHODWLRQ�FRHIILFLHQW��5�VTXDUHG��GHWHUPLQHG�
IURP�WKLV�OLQHDU�UHJUHVVLRQ�FDQ�EH�XVHG�WR�TXDQWLWDWLYHO\�GHWHUPLQH�KRZ�ZHOO�WKH�YHUWLFDO�FRQFHQWUDWLRQ�
SURILOH�FXUYH�JHQHUDWHG�IURP�WKLV�SURFHGXUH�ILWV�WKH�PHDVXUHG�GDWD��7KH�'0'6�GDWD�IURP�UXQ�QR�����RQ�
WKH�1R����$6%�DW�0LOO�$�ZDV�XVHG�IRU�WKH�IROORZLQJ�H[DPSOH��7DEOH�����VKRZV�WKH�VDPSOLQJ�KHLJKW�DQG�
FRQFHQWUDWLRQ�GDWD��)LJXUH�����VKRZV�WKH�OLQHDU�SORW�RI�WKH�ORJDULWKPLF�UHODWLRQVKLS��7KXV��WKH�YHUWLFDO�
FRQFHQWUDWLRQ�SURILOH�H[SRQHQW��E��LV�HTXDO�WR�WKH�VORSH��ZKLFK�LV��������DQG�WKH�QDWXUDO�ORJDULWKP�RI�WKH�
JURXQG�OHYHO�'0'6�FRQFHQWUDWLRQ�LV�HTXDO�WR�WKH�\�LQWHUFHSW��ZKLFK�LV���������6LQFH�WKHVH�YDOXHV�DUH�QRZ�
NQRZQ��WKH�YHUWLFDO�FRQFHQWUDWLRQ�SURILOH�FXUYH�FDQ�EH�FDOFXODWHG�DV�VKRZQ�RQ�)LJXUH������$OVR�VKRZQ�RQ�
)LJXUH�����DUH�WKH�PHDVXUHG�FRQFHQWUDWLRQV�ZKLFK�WUDFN�FORVHO\�ZLWK�WKH�FXUYH�DQG�VKRZ�D�YHU\�JRRG�ILW�
EHWZHHQ�WKH�VKDSH�RI�WKH�YHUWLFDO�FRQFHQWUDWLRQ�SURILOH�FXUYH�DQG�WKH�PHDVXUHG�FRQFHQWUDWLRQV��7KH�
FRUUHODWLRQ�FRHIILFLHQW���������FDOFXODWHG�RQ�)LJXUH�����LV�D�TXDQWLWDWLYH�PHDVXUH�RI�WKH�FXUYH�ILW��

,Q�7DEOHV�����WKURXJK������WKH�FRUUHODWLRQ�FRHIILFLHQWV�DUH�VXPPDUL]HG�IRU�SULPDU\�FODULILHUV��DHUDWHG�
EDVLQV�DQG�XQ�DHUDWHG�EDVLQV��&RUUHODWLRQ�FRHIILFLHQWV�ZHUH�LQFOXGHG�IURP�DOO�RI�WKH�WHVW�UXQV�ZKLFK�KDG�
GHWHFWDEOH�FRQFHQWUDWLRQV�PHDVXUHG�DW�WKUHH�RU�IRXU�OHYHOV��RU�ZKLFK�KDG�GHWHFWDEOH�FRQFHQWUDWLRQV�
PHDVXUHG�DW�WZR�OHYHOV�XVHG�LQ�FRQMXQFWLRQ�ZLWK�RQH�KDOI�WKH�QRQ�GHWHFW�FRQFHQWUDWLRQ�DW�WKH�QH[W�KLJKHVW�
OHYHO��)RU�HDFK�VRXUFH�W\SH��WKH�FRUUHODWLRQ�FRHIILFLHQWV�DUH�DYHUDJHG�IRU�HDFK�DQDO\WH��:LWK�WKH�H[FHSWLRQ�
RI�'0'6�DQG�PHWKDQH�DW�WKH�SULPDU\�FODULILHUV��DOO�RI�WKH�DYHUDJH�FRUUHODWLRQ�FRHIILFLHQWV�ZHUH�LQ�WKH�
UDQJH�RI�����WR������ZKLFK�LQGLFDWHV�DQ�RYHUDOO�JRRG�ILW�RI�WKH�PHDVXUHG�FRQFHQWUDWLRQ�GDWD�ZLWK�WKH�
YHUWLFDO�FRQFHQWUDWLRQ�SURILOH�FXUYH�ILWWLQJ�SURFHGXUH���
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&RQFHQWUDWLRQ�'DWD�
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3URFHGXUH�IRU�3ULPDU\�&ODULILHUV�

� � � � +LJK�
� � � =E�8VHG 6DPSOH�
� � 3�*� IRU� /LQH�
� 5XQ� 6WDE�� &DOF��� +HLJKW�� 564�

0LOO� 1R�� &ODVV� P� ��RI�=E� +�6� 00� '06� '0'6 &+�
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7HFKQLFDO�%XOOHWLQ�1R������ ���

1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW�

���� 2YHUDOO�0HWKRG�3UHFLVLRQ�

7KH�RYHUDOO�PHWKRG�SUHFLVLRQ�ZDV�DVVHVVHG�LQ�WZR�ZD\V��,Q�6HFWLRQ�������WKH�SUHFLVLRQ�RI�WKH�DPELHQW�DLU�
VDPSOLQJ�DQG�DQDO\VLV�PHWKRG�ZDV�HYDOXDWHG�IURP�WKH�FRQFHQWUDWLRQV�PHDVXUHG�LQ�GXSOLFDWH�FDQLVWHUV�
FROOHFWHG�DW�WKH�JURXQG�OHYHO�IRU�PRVW�RI�WKH�ILHOG�WHVW�UXQV�FRQGXFWHG�LQ�WKLV�VWXG\��,Q�6HFWLRQ�������WKH�
SUHFLVLRQ�RI�WKH�RYHUDOO�HPLVVLRQV�PHDVXUHPHQW�PHWKRG�ZDV�HYDOXDWHG�E\�FRPSDULQJ�WKH�UHVXOWV�REWDLQHG�
IURP�PXOWLSOH�WHVW�UXQV�FRQGXFWHG�RQ�WKH�VDPH�VRXUFH�RQ�WKH�VDPH�GD\��

������ 3UHFLVLRQ�RI�WKH�$PELHQW�$LU�6DPSOLQJ�DQG�$QDO\VLV�0HWKRG

7KH�SUHFLVLRQ�RI�WKH�DPELHQW�DLU�VDPSOLQJ�DQG�DQDO\VLV�PHWKRG�ZDV�DVVHVVHG�E\�FDOFXODWLQJ�WKH�SHUFHQW�
GLIIHUHQFH�LQ�PHDVXUHG�FRQFHQWUDWLRQV�EHWZHHQ�ILHOG�JURXQG�OHYHO�GXSOLFDWH�VDPSOHV�FROOHFWHG�WKURXJKRXW�
WKH�VWXG\��7KH�SHUFHQW�GLIIHUHQFH�EHWZHHQ�GXSOLFDWHV�LV�FDOFXODWHG�E\�GLYLGLQJ�WKH�DEVROXWH�YDOXH�RI�WKH�
GLIIHUHQFH�EHWZHHQ�WKH�GXSOLFDWH�FRQFHQWUDWLRQV�E\�WKH�DYHUDJH�RI�WKH�WZR�FRQFHQWUDWLRQV��DQG�WKHQ�
PXOWLSO\LQJ�WKH�UHVXOW�E\������7KH�UHVXOWV�RI�WKRVH�FDOFXODWLRQV�DUH�VXPPDUL]HG�IRU�WKH�UHGXFHG�VXOIXU�
FRPSRXQGV�LQ�7DEOH������)RU�DOO�RI�WKH�WHVW�UXQV��WKH�RYHUDOO�SHUFHQW�GLIIHUHQFH�EHWZHHQ�GXSOLFDWHV�IRU�
+�6��00��'06��DQG�'0'6�ZHUH����������������DQG�����UHVSHFWLYHO\��)RU�WKH�UHGXFHG�VXOIXU�
FRPSRXQGV��+�6�ZDV�IROORZHG�E\�PHWK\O�PHUFDSWDQ�ZLWK�WKH�KLJKHVW�YDULDELOLWLHV��ZKLFK�DUH�EHOLHYHG�WR�
EH�GXH�WR�WKHLU�KLJKO\�UHDFWLYH�QDWXUH��

)RU�PHWKDQH��WKH�VLWXDWLRQ�LV�GLIIHUHQW�WKDQ�IRU�WKH�UHGXFHG�VXOIXU�FRPSRXQGV��$V�VKRZQ�LQ�7DEOH������
WKHUH�ZDV�DOZD\V�D�KLJK�EDFNJURXQG�DPELHQW�DLU�FRQFHQWUDWLRQ�RI�PHWKDQH��ZKLFK�ZDV�JHQHUDOO\�LQ�WKH�
UDQJH�RI������SSEY�WR������SSEY��7KH�DYHUDJH�EDFNJURXQG�FRQFHQWUDWLRQ�IRU�DOO�RI�WKH�WHVW�UXQV�ZDV������
SSEY��ZKHUHDV�WKH�DYHUDJH�FRQFHQWUDWLRQ�GRZQZLQG�ZDV������SSEY��7KHUHIRUH��WR�FDOFXODWH�WKH�VRXUFH�
HPLVVLRQV�RI�PHWKDQH��WKH�EDFNJURXQG�FRQFHQWUDWLRQ�ZDV�DOZD\V�VXEWUDFWHG�IURP�WKH�FRQFHQWUDWLRQ�
GRZQZLQG�RI�WKH�HPLVVLRQ�VRXUFH�WR�DUULYH�DW�WKH�FRQFHQWUDWLRQ�YDOXH�WR�XVH�LQ�WKH�HPLVVLRQ�UDWH�
FDOFXODWLRQV��7KXV��WKH�VRXUFH�FRQWULEXWLRQ�WR�WKH�GRZQZLQG�FRQFHQWUDWLRQ�ZDV�D�UHODWLYHO\�VPDOO�
GLIIHUHQFH�EHWZHHQ�WZR�ODUJH�QXPEHUV��7KLV�FDOFXODWLRQ�FDQ�LQWURGXFH�DGGLWLRQDO�YDULDELOLW\��EH\RQG�WKH�
DQDO\WLFDO�YDULDELOLW\��LQWR�WKH�EDFNJURXQG�FRUUHFWHG�FRQFHQWUDWLRQV��7KHUHIRUH��IRU�WKH�FDOFXODWLRQ�RI�WKH�
SHUFHQW�GLIIHUHQFH�EHWZHHQ�GXSOLFDWH�YDOXHV�LQ�7DEOH������WKH�EDFNJURXQG�FRUUHFWHG�GRZQZLQG�
FRQFHQWUDWLRQV�ZHUH�XVHG�VR�WKDW�WKH�YDULDELOLW\�GXH�WR�VXEWUDFWLQJ�WKH�KLJK�EDFNJURXQG�FRUUHFWLRQ�LV�
LQFOXGHG�LQ�WKH�SHUFHQW�GLIIHUHQFH�YDOXHV��)RU�DOO�RI�WKH�WHVW�UXQV��WKH�RYHUDOO�SHUFHQW�GLIIHUHQFH�EHWZHHQ�
WKH�EDFNJURXQG�FRUUHFWHG�GXSOLFDWHV�IRU�PHWKDQH�ZDV������

������ 3UHFLVLRQ�RI�WKH�2YHUDOO�(PLVVLRQV�0HDVXUHPHQW�0HWKRG

7KH�RYHUDOO�SUHFLVLRQ�RI�WKH�HPLVVLRQV�PHDVXUHPHQW�PHWKRG�ZDV�DVVHVVHG�E\�FDOFXODWLQJ�WKH�SHUFHQW�
UHODWLYH�VWDQGDUG�GHYLDWLRQ�RI�WKH�HPLVVLRQ�UDWHV�IRU�HDFK�FRPSRXQG�ZKHQHYHU�WKHUH�ZHUH�WKUHH�RU�PRUH�
WHVW�UXQV�FRQGXFWHG�DW�WKH�VDPH�VRXUFH�RQ�WKH�VDPH�GD\��7KHUHIRUH��WKH�SHUFHQW�UHODWLYH�VWDQGDUG�GHYLDWLRQ�
YDOXHV�LQFOXGH�DQ\�YDULDELOLW\�LQ�WKH�VRXUFH�HPLVVLRQV��DV�ZHOO�DV�DOO�RI�WKH�YDULDELOLW\�DVVRFLDWHG�ZLWK�WKH�
WHVW�PHWKRG��6HYHUDO�IDFWRUV�WKDW�HLWKHU�ZHUH�NQRZQ��RU�KDG�WKH�SRWHQWLDO��WR�DIIHFW�WKH�VRXUFH�HPLVVLRQ�
UDWHV�RI�WKH�UHGXFHG�VXOIXU�FRPSRXQGV�GXULQJ�WKH�WHVW�SHULRGV�ZHUH�YDULDELOLW\�LQ�WKH�VRXUFH�ORDGLQJ�UDWH�
DVVRFLDWHG�ZLWK�WKH�OLTXLG�LQSXW��YDULDELOLW\�LQ�WKH�LQOHW�S+��DQG�YDULDWLRQV�LQ�KRUL]RQWDO�ZLQG�YHORFLW\�
�HVSHFLDOO\�IRU�WKH�ODUJH��TXLHVFHQW�EDVLQV����)RU�H[DPSOH��WKH�WRWDO�VXOILGH�LQSXW�ZLWK�WKH�OLTXLG�LQIOXHQW�WR�
WKH�SULPDU\�FODULILHU�DW�0LOO�)�LQFUHDVHG�IURP����WR����PJ�/�GXULQJ�WKH�WHVW�SHULRG����

,Q�7DEOHV������WKURXJK�������WKH�SHUFHQW�UHODWLYH�VWDQGDUG�GHYLDWLRQV�DUH�VXPPDUL]HG�IRU�SULPDU\�
FODULILHUV��DHUDWHG�EDVLQV�DQG�XQ�DHUDWHG�EDVLQV��UHVSHFWLYHO\��7KH�SHUFHQW�UHODWLYH�VWDQGDUG�GHYLDWLRQV�IRU�
+�6�HPLVVLRQV�IURP�XQ�DHUDWHG�EDVLQV�ZHUH�FDOFXODWHG�IURP�WKH�PHDVXUHG�HPLVVLRQ�UDWHV��DQG�DIWHU�WKH\�
KDG�EHHQ�QRUPDOL]HG�WR�D�KRUL]RQWDO�ZLQG�YHORFLW\�RI� ������P�V��7KH�QRUPDOL]DWLRQ�SURFHGXUH�LV�
GLVFXVVHG�LQ�7HFKQLFDO�%XOOHWLQ�1R������1&$6,�����M���
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1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW�

7KH�DYHUDJH�SHUFHQW�UHODWLYH�VWDQGDUG�GHYLDWLRQV��RI�WKH�FRPELQHG�VSDWLDO�DPELHQW�DLU�VDPSOLQJ�WHFKQLTXH��
VDPSOH�DQDO\VHV�DQG�HPLVVLRQV�FDOFXODWLRQ�SURFHGXUHV��UDQJHG�IURP�����IRU�+�6�HPLVVLRQV�IURP�XQ�
DHUDWHG�EDVLQV�WR�����IRU�PHWKDQH�HPLVVLRQV�IURP�SULPDU\�FODULILHUV��7KLV�GLIIHUHQFH�LV�ODUJHO\�D�UHVXOW�RI�
UHODWLYHO\�KLJK�DPELHQW�DLU�+�6�FRQFHQWUDWLRQV�GRZQZLQG�RI�WKH�XQ�DHUDWHG�EDVLQV��DQG�UHODWLYHO\�VPDOO�
GLIIHUHQFHV�EHWZHHQ�WKH�XSZLQG�DQG�GRZQZLQG�PHWKDQH�FRQFHQWUDWLRQV�DW�WKH�SULPDU\�FODULILHUV��,Q�
JHQHUDO��UHODWLYHO\�KLJK�HPLVVLRQV�DQG�DPELHQW�DLU�FRQFHQWUDWLRQV�FRUUHVSRQGHG�WR�ORZ�UHODWLYH�VWDQGDUG�
GHYLDWLRQV��FRQYHUVHO\��UHODWLYHO\�ORZ�HPLVVLRQV�DQG�DPELHQW�DLU�FRQFHQWUDWLRQV�FRUUHVSRQGHG�WR�KLJK�
UHODWLYH�VWDQGDUG�GHYLDWLRQV��0HWKDQH�HPLVVLRQV�ZHUH�QRW�H[SHFWHG�WR�YDU\�VLJQLILFDQWO\�ZLWKLQ�WKH�VLQJOH�
GD\�WHVW�SHULRGV��RU�WR�KDYH�EHHQ�VLJQLILFDQWO\�DIIHFWHG�E\�KRUL]RQWDO�ZLQG�YHORFLW\��7KH�RYHUDOO�DYHUDJH�
SHUFHQW�UHODWLYH�VWDQGDUG�GHYLDWLRQV�IRU�PHWKDQH�ZHUH���������DQG�����IRU�SULPDU\�FODULILHUV��DHUDWHG�
EDVLQV�DQG�XQ�DHUDWHG�EDVLQV��UHVSHFWLYHO\��:KHQ�HYDOXDWLQJ�KRZ�WKHVH�SUHFLVLRQ�YDOXHV�IRU�WKH�RYHUDOO�
PHWKRG�UHODWH�VSHFLILFDOO\�WR�WKH�VSDWLDO�DPELHQW�DLU�VDPSOLQJ�WHFKQLTXH�DQG�FDOFXODWLRQ�SURFHGXUHV��LW�LV�
LPSRUWDQW�WR�WDNH�WKH�DQDO\WLFDO�YDULDELOLW\�LQWR�FRQVLGHUDWLRQ��7KH�DQDO\WLFDO�SUHFLVLRQ��DV�UHSUHVHQWHG�E\�
WKH�DYHUDJH�SHUFHQW�GLIIHUHQFH�EHWZHHQ�GXSOLFDWH�GRZQZLQG�EDFNJURXQG�FRUUHFWHG�PHWKDQH�FRQFHQWUDWLRQ�
YDOXHV��ZDV�������6LQFH�WKH�KLJKHVW�GRZQZLQG�FRQFHQWUDWLRQV�DUH�IRXQG�DW�WKH�JURXQG�OHYHO��WKH�DYHUDJH�
DQDO\WLFDO�SUHFLVLRQ�ZRXOG�EH�HYHQ�OHVV�DW�WKH�KLJKHU�VDPSOLQJ�HOHYDWLRQV��7KHUHIRUH��ZKHQ�WKH�DQDO\WLFDO�
SUHFLVLRQ�LV�WDNHQ�LQWR�DFFRXQW��WKH�UHVXOWV�LQGLFDWH�UHPDUNDEO\�SUHFLVH�UHVXOWV�IRU�WKH�VSDWLDO�DPELHQW�DLU�
VDPSOLQJ�WHFKQLTXH�DQG�FDOFXODWLRQ�SURFHGXUHV�XVHG�LQ�WKH�1&$6,�VWXG\��
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6SDWLDO�DPELHQW�DLU�VDPSOLQJ��PHWHRURORJLFDO�GDWD�FROOHFWLRQ�DQG�VDPSOH�DQDO\VLV�PHWKRGV�ZHUH�
GHYHORSHG�DORQJ�ZLWK�FDOFXODWLRQ�SURFHGXUHV�WR�TXDQWLI\�HPLVVLRQV�RI�56&V�DQG�PHWKDQH�IURP�WKH�
YDULRXV�FRPSRQHQWV�RI�NUDIW�PLOO�::73V��7KHVH�PHWKRGV�ZHUH�XVHG�LQ�DQ�H[WHQVLYH�VWXG\�DLPHG�DW�
TXDQWLI\LQJ�DQG�XQGHUVWDQGLQJ�56&�DQG�PHWKDQH�HPLVVLRQV�IURP�NUDIW�PLOO�::73V��7KH�UHVXOWV�RI�
WKDW�VWXG\�DUH�SXEOLVKHG�LQ�1&$6,�7HFKQLFDO�%XOOHWLQ�1R�������1&$6,�����M���

7KH�VSDWLDO�DPELHQW�DLU�VDPSOLQJ�DQG�FDOFXODWLRQ�SURFHGXUHV�ZHUH�EDVHG�RQ�WKRVH�XVHG�LQ�D�VWXG\�RI�
756�HPLVVLRQV�IURP�WKUHH�NUDIW�PLOO�::73�EDVLQV�LQ�&DQDGD��(VSOLQ��������������7KLV�WHFKQLTXH�
XVHG�D�KHOLXP�ILOOHG�EDOORRQ�WHWKHUHG�WR�PRELOH�FDUW�WR�KRLVW�VDPSOLQJ�OLQHV�WR�PXOWLSOH�HOHYDWLRQV�
ZLWKLQ�WKH�GRZQZLQG�GLVSHUVLRQ�SOXPH��$PELHQW�DLU�VDPSOHV�ZHUH�FROOHFWHG�DW�PXOWLSOH�KRUL]RQWDO�
DQG�YHUWLFDO�ORFDWLRQV�E\�PRYLQJ�WKH�FDUW�FURVVZLQG�WKURXJK�WKH�SOXPH��7KH�FRQFHQWUDWLRQV�
GHWHUPLQHG�IURP�WKH�DPELHQW�DLU�VDPSOHV�ZHUH�XVHG�LQ�FRQMXQFWLRQ�ZLWK�PHWHRURORJLFDO�DQG�
JHRJUDSKLFDO�GDWD�WR�FDOFXODWH�WKH�HPLVVLRQ�IOX[��6RPH�PRGLILFDWLRQV�RI�(VSOLQ
V�WHFKQLTXHV�ZHUH�
PDGH�LQ�WKLV�VWXG\��

7R�PHDVXUH�56&�FRQFHQWUDWLRQV�LQ�DPELHQW�DLU�GRZQZLQG�RI�NUDIW�PLOO�::73�FRPSRQHQWV��DQ�
DQDO\WLFDO�PHWKRG�KDG�WR�EH�GHYHORSHG�WKDW�ZRXOG�SURYLGH�TXDQWLWDWLRQ�GRZQ�WR�YHU\�ORZ�OHYHOV�LQ�WKH�
UDQJH�RI���WR���SSEY��7R�PHHW�WKH�UHVRXUFH�DYDLODELOLW\�DQG�ORJLVWLFDO�QHHGV�RI�WKLV�VWXG\��WKH�DPELHQW�
DLU�VDPSOHV�KDG�WR�EH�VKLSSHG�RII�VLWH�IRU�DQDO\VLV��DQG�EH�FRPSDWLEOH�ZLWK�DQ�DXWRPDWHG�DQDO\WLFDO�
V\VWHP��7KH�PHWKRG�VHOHFWHG�WR�PHHW�WKH�QHHGV�RI�WKLV�VWXG\�LQYROYHG�DPELHQW�DLU�VDPSOH�FROOHFWLRQ�LQ�
VSHFLDOO\�FRDWHG�VL[�OLWHU�VWDLQOHVV�VWHHO�FDQLVWHUV�IROORZHG�E\�FRQQHFWLRQ�RI�WKH�FDQLVWHUV�WR�D�
FRPPHUFLDOO\�DYDLODEOH�DXWRVDPSOHU�DQG�FU\RJHQLF�SUH�FRQFHQWUDWLRQ�V\VWHP��7KLV�V\VWHP�GHOLYHUHG�
FRQFHQWUDWHG�DPELHQW�DLU�VDPSOHV�WR�D�JDV�FKURPDWRJUDSK�HTXLSSHG�ZLWK�D�SXOVHG�IODPH�SKRWRPHWULF�
GHWHFWRU��([WHQVLYH�PHWKRG�GHYHORSPHQW�ZRUN�ZDV�UHTXLUHG�WR�GHYHORS�WKH�WHFKQLTXHV�UHTXLUHG�IRU�
REWDLQLQJ�GHSHQGDEOH�DQDO\WLFDO�UHVXOWV�IURP�WKLV�V\VWHP��

0HWKRG�GHYHORSPHQW��HYDOXDWLRQ�DQG�SHUIRUPDQFH�GDWD�FRQWDLQHG�LQ�WKLV�WHFKQLFDO�EXOOHWLQ�GRFXPHQW�
WKH�DELOLW\�RI�WKH�DQDO\WLFDO�PHWKRG�WR�SURGXFH�UHDVRQDEO\�DFFXUDWH�UHVXOWV�IRU�56&�FRQFHQWUDWLRQV�LQ�
DPELHQW�DLU��,QLWLDO�WHVWV�LQGLFDWHG�WKDW�WKH�6LORQLWH70�FRDWHG�FDQLVWHUV�VROG�E\�(QWHFK�&RUS��KDG�WKH�
EHVW�VWRUDJH�VWDELOLW\��KRZHYHU��HYHQ�LQ�WKHVH�FDQLVWHUV�WKH�VWDELOLW\�RI�WKH�56&�FRPSRXQGV��HVSHFLDOO\�
+�6��ZDV�VWLOO�QRW�DGHTXDWH�LQ�XQFRQGLWLRQHG�DPELHQW�DLU�VDPSOHV��7R�DFKLHYH�DGHTXDWH�VWRUDJH�
VWDELOLW\��WKH�XVH�RI�D�SHUPHDWLRQ�GU\HU�WR�UHPRYH�PRLVWXUH�EHIRUH�WKH�VDPSOH�HQWHUHG�WKH�FDQLVWHU�ZDV�
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VWXGLHV�ZLWK�ILHOG�FROOHFWHG�VDPSOHV�LQGLFDWHG�DGHTXDWH�VWRUDJH�VWDELOLW\�XS�WR����GD\V��5HJXODU�
VDPSOLQJ�WUDLQ�VSLNHV�FDUULHG�RXW�WKURXJKRXW�WKH�FRXUVH�RI�WKH�VWXG\�LQGLFDWHG�DQ�RYHUDOO�DYHUDJH�
VDPSOLQJ�WUDLQ�ELDV�RI�����IRU�+�6��0XOWLSOH�DQDO\VHV�DQG�PDWUL[�VSLNHV�RI�ILHOG�FROOHFWHG�VDPSOHV�
LQGLFDWHG�DFFHSWDEOH�DQDO\WLFDO�SUHFLVLRQ�DQG�DFFXUDF\��

7KH�RYHUDOO�DQDO\WLFDO�PHWKRG�SUHFLVLRQ�IRU�WKH�NUDIW�PLOO�::73�VWXG\�ZDV�DVVHVVHG�YLD�WKH�DQDO\VLV�
RI�ILHOG�GXSOLFDWHV��)RU�PRVW�RI�WKH�WHVW�UXQV�FRQGXFWHG�LQ�WKLV�VWXG\��JURXQG�OHYHO�ILHOG�GXSOLFDWHV�
ZHUH�FROOHFWHG�DQG�DQDO\]HG��)RU�+�6��00��'06��DQG�'0'6��WKLV�\LHOGHG�������������DQG����VHWV�RI�
GXSOLFDWH�VDPSOHV�IRU�ZKLFK�GLIIHUHQFHV�FRXOG�EH�FDOFXODWHG��UHVSHFWLYHO\���)RU�WKHVH�FRPSRXQGV��WKH�
DYHUDJH�SHUFHQW�GLIIHUHQFHV�EHWZHHQ�GXSOLFDWHV�ZHUH���������������DQG�����UHVSHFWLYHO\��)RU�
PHWKDQH��WKH�DYHUDJH�SHUFHQW�GLIIHUHQW�EHWZHHQ�WKH�EDFNJURXQG�FRUUHFWHG�GXSOLFDWH�JURXQG�OHYHO�
VDPSOHV�ZDV������
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7KH�RYHUDOO�DQDO\WLFDO�PHWKRG�DFFXUDF\�IRU�WKH�NUDIW�PLOO�::73�VWXG\�ZDV�DVVHVVHG�YLD�FRPSDULVRQ�
WR�DQRWKHU�PHWKRG�DW�IRXU�VRXUFHV�ZKLFK��RI�WKH�UHGXFHG�VXOIXU�FRPSRXQGV��KDG�HVVHQWLDOO\�RQO\�+�6�
HPLVVLRQV��7KH�DEVHQFH�RI�WKH�RUJDQLF�UHGXFHG�VXOIXU�FRPSRXQGV�IURP�WKHVH�VRXUFHV�ZDV�FRQILUPHG�
YLD�*&�DQDO\VLV�RI�OLTXLG�DQG�DPELHQW�DLU�VDPSOHV��7KH�UHVXOWV�IURP�WKH�FDQLVWHU�FU\RJHQLF�SUH�
FRQFHQWUDWLRQ�*&�3)3'�PHWKRG�ZHUH�FRPSDUHG�WR�RQ�VLWH�PHDVXUHPHQWV�PDGH�ZLWK�D�-HURPH������
;70�+�6�$QDO\]HU��7KLV�ZDV�DFFRPSOLVKHG�E\�PDNLQJ�PXOWLSOH��FROORFDWHG��GRZQZLQG�DPELHQW�DLU�
PHDVXUHPHQWV�ZLWK�WKH�-HURPH�DQDO\]HU��ZKLOH�WKH�FDQLVWHU�VDPSOHV�ZHUH�EHLQJ�FROOHFWHG��DQG�
FRPSDULQJ�WKH�DYHUDJH�RI�WKH�-HURPH�DQDO\]HU�PHDVXUHPHQWV�WR�WKH�DQDO\VLV�YDOXHV�REWDLQHG�IURP�WKH�
LQWHJUDWHG�FDQLVWHU�VDPSOHV��&RPSDULVRQ�RI�WKH�UHVXOWV�IURP�WKH�WZR�PHWKRGV�LQGLFDWHG�WKDW�WKH�UHVXOWV�
ZHUH�VLPLODU��ZLWK�WKH�UHVXOWV�IURP�WKH�FDQLVWHU�PHWKRG�DQ�DYHUDJH�RI�����ORZHU�WKDQ�WKRVH�REWDLQHG�
IURP�WKH�-HURPH������;70�+�6�$QDO\]HU��

7ZR�DSSURDFKHV�ZHUH�XVHG�WR�FDOFXODWH�WKH�RYHUDOO�SHUIRUPDQFH�RI�WKH�HPLVVLRQV�PHDVXUHPHQW�
PHWKRG��ZKLFK�LQFOXGHV�WKH�VSDWLDO�DPELHQW�DLU�VDPSOLQJ�WHFKQLTXH�DQG�FDOFXODWLRQ�SURFHGXUHV��DV�
ZHOO�DV�WKH�DPELHQW�DLU�VDPSOH�DQDO\VHV��7KRVH�WZR�DSSURDFKHV�ZHUH����DQ�HYDOXDWLRQ�RI�PHWKRG�
DFFXUDF\�YLD�GHWHUPLQDWLRQ�RI�KRZ�ZHOO�WKH�YHUWLFDO�FRQFHQWUDWLRQ�SURILOH�FXUYH�ILWWLQJ�SURFHGXUH�ILW�
WKH�PHDVXUHG�PXOWL�OHYHO�FRQFHQWUDWLRQ�GDWD��DQG����DQ�HYDOXDWLRQ�RI�WKH�RYHUDOO�PHWKRG�SUHFLVLRQ�IRU�
PXOWLSOH�WHVW�UXQV�FRQGXFWHG�RQ�WKH�VDPH�GD\��7KH�1&$6,�::73�HPLVVLRQV�VWXG\�SURGXFHG�D�ODUJH�
ERG\�RI�GDWD�ZKLFK�FRXOG�EH�XVHG�IRU�WKHVH�SXUSRVHV��7KH�ILW�RI�WKH�YHUWLFDO�FRQFHQWUDWLRQ�SURILOH�
FRQFHQWUDWLRQ�FXUYH�ILWWLQJ�SURFHGXUH�ZDV�HYDOXDWHG�IRU�+�6��00��'06��'0'6�DQG�PHWKDQH��7KH�ILW�
TXDOLW\�ZDV�HYDOXDWHG�E\�FDOFXODWLQJ�WKH�FRUUHODWLRQ�FRHIILFLHQW��564��RI�WKH�OLQHDU�ORJDULWKPLF�SORWV�
RI�HOHYDWLRQ�YHUVXV�FRQFHQWUDWLRQ��7KH�DYHUDJH�FRUUHODWLRQ�FRHIILFLHQWV�IRU�WKH�ILYH�FRPSRXQGV�DUH�
VXPPDUL]HG�LQ�7DEOH�����IRU�WKUHH�VRXUFH�FDWHJRULHV���SULPDU\�FODULILHUV��DHUDWHG�EDVLQV�DQG�XQ�DHUDWHG�
EDVLQV��7KH�RYHUDOO�PHWKRG�SUHFLVLRQ�IRU�WKH�ILYH�FRPSRXQGV�DQG�WKUHH�VRXUFH�FDWHJRULHV��DV�HYDOXDWHG�
IURP�VHWV�RI�PXOWLSOH�WHVW�UXQV�FRQGXFWHG�RQ�WKH�VDPH�GD\��DUH�VXPPDUL]HG�LQ�7DEOH������,Q�JHQHUDO��
DQDO\WLFDO�YDULDELOLW\�DW�ORZ�FRQFHQWUDWLRQV�ZDV�D�PDMRU�FRQWULEXWRU�WR�WKH�RYHUDOO�PHWKRG�YDULDELOLW\���
HODWLYHO\�KLJK�DPELHQW�DLU�FRQFHQWUDWLRQV�FRUUHVSRQGHG�WR�ORZ�RYHUDOO�PHWKRG�UHODWLYH�VWDQGDUG�
GHYLDWLRQV��FRQYHUVHO\��UHODWLYHO\�ORZ�DPELHQW�DLU�FRQFHQWUDWLRQV�FRUUHVSRQGHG�WR�KLJK�RYHUDOO�PHWKRG�
UHODWLYH�VWDQGDUG�GHYLDWLRQV��

7DEOH�������4XDOLW\�RI�WKH�9HUWLFDO�&RQFHQWUDWLRQ�3URILOH�&XUYH�)LWWLQJ�3URFHGXUH�

6RXUFH� � $YHUDJH�564�9DOXH�
7\SH� � +�6� 00� '06� '0'6� &+�

3ULPDU\�&ODULILHUV� � ����� ����� ����� ����� �����

$HUDWHG�%DVLQV� � ����� ����� ����� ����� �����

8Q�$HUDWHG�%DVLQV� � ����� ����� 1$� 1$� �����

VTXDUH�RI�WKH�3HDUVRQ�SURGXFW�PRPHQW�FRUUHODWLRQ�FRHIILFLHQW��
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7DEOH�������2YHUDOO�(PLVVLRQV�0HDVXUHPHQW�0HWKRG�3UHFLVLRQ�

6RXUFH� � $YHUDJH�3HUFHQW�5HODWLYH�6WDQGDUG�'HYLDWLRQ�
7\SH� � +�6� 00� '06� '0'6� &+�

3ULPDU\�&ODULILHUV� � ��� ��� ��� ��� ���

$HUDWHG�%DVLQV� � ��� ��� ��� ��� ���

8Q�$HUDWHG�%DVLQV� � ��� ��� 1$� 1$� ���

8Q�$HUDWHG�%DVLQV� � ��� 1$� 1$� 1$� 1$�

1RUPDOL]HG�WR�D�KRUL]RQWDO�ZLQG�YHORFLW\��DW����PHWHUV�HOHYDWLRQ��RI� ������P�V�
1$� �QRW�DSSOLFDEOH��

���� 5()(5(1&(6�

%RQWHPSR��:��DQG�.DR��6��������3HUIRUPDQFH�RI�DJHG�YHUVXV�QHZ�JODVV�OLQHG�FDQLVWHUV�DQG�WHGODU�
EDJV�LQ�WKH�DQDO\VLV�RI�UHGXFHG�VXOIXU�VSHFLHV��,Q�3URFHHGLQJV�RI�WKH�6\PSRVLXP�RQ�$LU�4XDOLW\�
0HDVXUHPHQW�0HWKRGV�DQG�7HFKQRORJ\���6HVVLRQ�����3UHVHQWDWLRQ�1R�������1RYHPEHU���������
6DQ�)UDQFLVFR��&$��3LWWVEXUJK��3$��$LU�	�:DVWH�0DQDJHPHQW�$VVRFLDWLRQ��

&DWDODQ��/�-�-��������2SWLPL]DWLRQ�DQG�FDOLEUDWLRQ�RI�D�*&�3)3'�FU\RJHQLF�WUDSSLQJ�V\VWHP�IRU�WKH�
DQDO\VLV�RI�YRODWLOH�VXOIXU�FRPSRXQGV�DW�WUDFH�OHYHOV�LQ�JDVHV���,Q�3URFHHGLQJV�RI�6\PSRVLXP�RQ�
$LU�4XDOLW\�0HDVXUHPHQW�0HWKRGV�DQG�7HFKQRORJ\���0D\��������'XUKDP��1&���3LWWVEXUJK��3$��
$LU�	�:DVWH�0DQDJHPHQW�$VVRFLDWLRQ��

&KHVNLV��$���$WDU��(���DQG�$PLUDY��$��������3XOVHG�IODPH�SKRWRPHWHU���D�QRYHO�JDV�FKURPDWRJUDSK\�
GHWHFWRU���$QDO\WLFDO�&KHPLVWU\������������

'HYDL��,��DQG�'H/DXQH��5�'��������&KDQJHV�LQ�UHGXFHG�JDVHRXV�VXOIXU�FRPSRXQGV�FROOHFWHG�LQ�JODVV�
JDV�VDPSOLQJ�EXOEV��$QDO\WLFDO�/HWWHUV�������������������

(KKDOW��'�+��DQG�+HLGW��/�(��������9HUWLFDO�SURILOHV�RI�&+��LQ�WKH�WURSRVSKHUH�DQG�VWUDWRVSKHUH��
-RXUQDO�RI�*HRSK\VLFDO�5HVHDUFK�������������������

(VSOLQ��*�-��������%RXQGDU\�OD\HU�HPLVVLRQ�PRQLWRULQJ��-RXUQDO�RI�$LU�3ROOXWLRQ�&RQWURO�$VVRFLDWLRQ
������

²²²��������7RWDO�UHGXFHG�VXOSKXU��756��HPLVVLRQV�IURP�HIIOXHQW�ODJRRQV��3XOS�DQG�3DSHU�&DQDGD
�������

*LIIRUG��)�$��������7XUEXOHQW�GLIIXVLRQ�W\SLQJ�VFKHPHV��$�UHYLHZ��1XFOHDU�6DIHW\��������������

+DEHUKDXHU�7UR\HU��&���5RVHQEHUJ��(���DQG�*UDVVHUEDXHU��0��������,QYHVWLJDWLRQ�RI�PHPEUDQH�GU\HUV�
DQG�HYDOXDWLRQ�RI�D�QHZ�R]RQH�VFUXEELQJ�PDWHULDO�IRU�WKH�VDPSOLQJ�RI�RUJDQRVXOSKXU�FRPSRXQGV�
LQ�DLU��-RXUQDO�RI�&KURPDWRJUDSK\�$ ����������������
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+HOPLJ��'��������2]RQH�UHPRYDO�WHFKQLTXHV�LQ�WKH�VDPSOLQJ�RI�DWPRVSKHULF�YRODWLOH�RUJDQLF�WUDFH�
JDVHV��$WPRVSKHULF�(QYLURQPHQW�������������������

+RIIQDJOH��*�)���6PLWK��0�(���&UDZIRUG��7�9���DQG�/RFNKDUW��7�-��������2Q�VLWH�PHWHRURORJLFDO�
LQVWUXPHQWDWLRQ�UHTXLUHPHQWV�WR�FKDUDFWHUL]H�GLIIXVLRQ�IURP�SRLQW�VRXUFHV�±�$�ZRUNVKRS��-DQXDU\�
�������������5DOHLJK��1&��%XOOHWLQ�RI�WKH�$PHULFDQ�0HWHRURORJLFDO�6RFLHW\�������������

,QRPDWD��<���0DWVXQDJD��.���0XUDL��<���2VDGD��.��DQG�,ZDVDND��<��������6LPXOWDQHRXV�PHDVXUHPHQW�
RI�YRODWLOH�VXOIXU�FRPSRXQGV�XVLQJ�DVFRUELF�DFLG�IRU�R[LGDQW�UHPRYDO�DQG�JDV�FKURPDWRJUDSK\±
IODPH�SKRWRPHWULF�GHWHFWLRQ��-RXUQDO�RI�&KURPDWRJUDSK\�$��������������

,UZLQ��-�6��������(VWLPDWLQJ�SOXPH�GLVSHUVLRQ�±�$�FRPSDULVRQ�RI�VHYHUDO�VLJPD�VFKHPHV��-RXUQDO�RI�
&OLPDWH�DQG�$SSOLHG�0HWHRURORJ\�������������

.L�+\XQ��.���*\RR�+RRQ��&���<H�-LQ��&���+HH�1DP��6���<DQJ��+��6��DQG�2K��-��0��������7KH�HIIHFWV�
RI�VDPSOLQJ�PDWHULDOV�VHOHFWLRQ�LQ�WKH�FROOHFWLRQ�RI�UHGXFHG�VXOIXU�FRPSRXQGV�LQ�DLU��
7DODQWD��������������������

.XQNHO��%�$��������'HYHORSPHQW�RI�DQ�DWPRVSKHULF�GLIIXVLRQ�PRGHO�IRU�WR[LF�FKHPLFDO�UHOHDVHV��
17,6��$'�$���������$LU�)RUFH�*HRSK\VLFV�/DERUDWRU\��+DQVFRP�$)%��

.XVWHU��:��DQG�*ROGDQ��&���3�'��������4XDQWLWDWLRQ�RI�WKH�ORVVHV�RI�JDVHRXV�VXOIXU�FRPSRXQGV�WR�
HQFORVXUH�ZDOOV��(QYLURQPHQWDO�6FLHQFH�DQG�7HFKQRORJ\�������������

/DX��<�.��������0HDVXUHPHQW�RI�VXOSKXU�JDVHV�LQ�DPELHQW�DLU��(QYLURQPHQWDO�0RQLWRULQJ�DQG�
$VVHVVPHQW�����������

0DF7DJJDUW��(�/���)DUZHOO��6�2���%XUGJH��-�5���&DL��=��7���+DDNHQVRQ��7�-���DQG�%DPHVEHUJHU��:�/��
������$�FRQWLQXRXV�PRQLWRU�VXOIXU�FKHPLOXPLQHVFHQFH�GHWHFWRU��&0�6&'��V\VWHP�IRU�WKH�
PHDVXUHPHQW�RI�WRWDO�JDVHRXV�VXOIXU�VSHFLHV�LQ�DLU��$WPRVSKHULF�(QYLURQPHQW�������������

1&$6,��������0HWKRGV�0DQXDO�±�5HGXFHG�VXOIXU�FRPSRXQGV�E\�GLUHFW�LQMHFWLRQ�*&�3)3'�
ZZZ�QFDVL�RUJ�

²²²������D��(PLVVLRQV�RI�5HGXFHG�6XOIXU�&RPSRXQGV�IURP�WKH�0LOO�$�:DVWHZDWHU�7UHDWPHQW�
3ODQW��)LQDO�'UDIW��ZZZ�QFDVL�RUJ��

²²²������E��(PLVVLRQV�RI�5HGXFHG�6XOIXU�&RPSRXQGV�DQG�0HWKDQH�IURP�WKH�0LOO�%�:DVWHZDWHU�
7UHDWPHQW�3ODQW�3KDVH�,�7HVWLQJ��)LQDO�'UDIW��ZZZ�QFDVL�RUJ��

²²²������F��(PLVVLRQV�RI�5HGXFHG�6XOIXU�&RPSRXQGV�DQG�0HWKDQH�IURP�WKH�0LOO�%�:DVWHZDWHU�
7UHDWPHQW�3ODQW�3KDVH�,,�7HVWLQJ��)LQDO�'UDIW��ZZZ�QFDVL�RUJ��

²²²�����G��(PLVVLRQV�RI�5HGXFHG�6XOIXU�&RPSRXQGV�DQG�0HWKDQH�IURP�WKH�0LOO�'�:DVWHZDWHU�
7UHDWPHQW�3ODQW��)LQDO�'UDIW��ZZZ�QFDVL�RUJ��

²²²������H��(PLVVLRQV�RI�5HGXFHG�6XOIXU�&RPSRXQGV�DQG�0HWKDQH�IURP�WKH�0LOO�(�:DVWHZDWHU�
7UHDWPHQW�3ODQW�3KDVH�,�7HVWLQJ��)LQDO�'UDIW��ZZZ�QFDVL�RUJ��

²²²������I��(PLVVLRQV�RI�5HGXFHG�6XOIXU�&RPSRXQGV�DQG�0HWKDQH�IURP�WKH�0LOO�(�:DVWHZDWHU�
7UHDWPHQW�3ODQW�3KDVH�,,�7HVWLQJ��)LQDO�'UDIW��ZZZ�QFDVL�RUJ��

²²²������J��(PLVVLRQV�RI�5HGXFHG�6XOIXU�&RPSRXQGV�IURP�:DVWHZDWHU�7UHDWPHQW�3ODQW�DW�0LOO�
(��3KDVH�,,,�7HVWLQJ��)LQDO�'UDIW��ZZZ�QFDVL�RUJ��

²²²������K��(PLVVLRQV�RI�UHGXFHG�VXOIXU�FRPSRXQGV�DQG�PHWKDQH�IURP�WKH�PLOO�)�ZDVWHZDWHU�
WUHDWPHQW�SODQW��)LQDO�'UDIW��ZZZ�QFDVL�RUJ��
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²²²������L��6FUHHQLQJ�6WXG\�RI�5HGXFHG�6XOIXU�&RPSRXQG�(PLVVLRQV�IURP�WKH�:DVWHZDWHU�
7UHDWPHQW�3ODQW�DW�0LOO�7��)LQDO�'UDIW��ZZZ�QFDVL�RUJ��

1&$6,������M��(PLVVLRQV�RI�UHGXFHG�VXOIXU�FRPSRXQGV�DQG�PHWKDQH�IURP�NUDIW�PLOO�ZDVWHZDWHU�
WUHDWPHQW�SODQWV��7HFKQLFDO�%XOOHWLQ�1R�������5HVHDUFK�7ULDQJOH�3DUN��1&���1DWLRQDO�&RXQFLO�IRU�
$LU�DQG�6WUHDP�,PSURYHPHQW��,QF��

2FKLDL��1���7DNLQR��0���'DLVKLPD��DQG�&DUGLQ��'�%��������$QDO\VLV�RI�YRODWLOH�VXOSKXU�FRPSRXQGV�LQ�
EUHDWK�E\�JDV�FKURPDWRJUDSK\±PDVV�VSHFWURPHWU\�XVLQJ�D�WKUHH�VWDJH�FU\RJHQLF�WUDSSLQJ�
SUHFRQFHQWUDWLRQ�V\VWHP��-RXUQDO�RI�&KURPDWRJUDSK\�%����������������

3DUPHU��6��������$�VWXG\�RI�³KROGLQJ�WLPHV´�IRU�+�6��&26�DQG�&+�6+�VDPSOHV��JDV�SKDVH��LQ�
GLIIHUHQW�FRQWDLQHUV��,Q�3URFHHGLQJV�RI�WKH������8�6��(3$�$	:0$�LQWHUQDWLRQDO�V\PSRVLXP�RQ�
WKH�PHDVXUHPHQW�RI�WR[LF�DQG�UHODWHG�DLU�SROOXWDQWV�����������3LWWVEXUJK��3$��$LU�	�:DVWH�
0DQDJHPHQW�$VVRFLDWLRQ��

4XDQJ��7��DQG�7DQJ��<��=��������6WDELOLW\�RI�UHGXFHG�VXOSKXU�FRPSRXQGV�LQ�ZKROH�DLU�VDPSOHUV��,Q�
3URFHHGLQJV�RI�WKH������8�6��(3$�$	:0$�LQWHUQDWLRQDO�V\PSRVLXP�RQ�WKH�PHDVXUHPHQW�RI�
WR[LF�DQG�UHODWHG�DLU�SROOXWDQWV�������������3LWWVEXUJK��3$��$LU�	�:DVWH�0DQDJHPHQW�
$VVRFLDWLRQ��

5RGULJXHV��%�$���3LWRPER��/�5�0���&DUGRVR��$�$��������6WXG\�RQ�WKH�XVH�RI�R[LGDQW�VFUXEEHUV�IRU�
HOLPLQDWLRQ�RI�LQWHUIHUHQFHV�GXH�WR�QLWURJHQ�GLR[LGH�LQ�DQDO\VLV�RI�DWPRVSKHULF�GLPHWK\O�VXOILGH��
-RXUQDO�RI�WKH�%UD]LOLDQ�&KHPLFDO�6RFLHW\��������������

6KHORZ��'��DQG�6WLGVHQ��*��������$QDO\VLV�RI�ORZ�OHYHO���SSE�WR����SSE�UHDFWLYH�VXOIXUV�LQ�DLU�
VDPSOHV��6OLGH�SUHVHQWDWLRQ��3LWWVEXUJK�&RQIHUHQFH��ZZZ�UHVWHNFRUS�FRP��

6XJDZDUD��6���1DND]DZD��7���6KLUDNDZD��<���.DZDPXUD��.���$RNL��6���0DFKLGD��7���DQG�+RQGD��+��
������9HUWLFDO�SURILOH�RI�WKH�FDUERQ�LVRWRSLF�UDWLR�RI�VWUDWRVSKHULF�PHWKDQH�RYHU�-DSDQ��
*HRSK\VLFDO�5HVHDUFK�/HWWHUV�������������������

6XO\RN��0���+DEHUKDXHU�7UR\HU��&���5RVHQEHUJ��(���*UDVVHUEDXHU��0��������,QYHVWLJDWLRQ�RI�WKH�
VWRUDJH�VWDELOLW\�RI�VHOHFWHG�YRODWLOH�VXOIXU�FRPSRXQGV�LQ�GLIIHUHQW�VDPSOLQJ�FRQWDLQHUV���-RXUQDO�
RI�&KURPDWRJUDSK\�$��������������

6XO\RN��0���+DEHUKDXHU�7UR\HU��&���DQG�5RVHQEHUJ��(����������2EVHUYDWLRQ�RI�VRUSWLYH�ORVVHV�RI�
YRODWLOH�VXOIXU�FRPSRXQGV�GXULQJ�QDWXUDO�JDV�VDPSOLQJ���-RXUQDO�RI�&KURPDWRJUDSK\�$���������
�����

7DOEHUW��%���%HQHVFK��5���+DRXFKLQH��0���DQG�-DFNVLHU��7��������$�VWXG\�RI�UHJXODWRUV�IRU�GHOLYHULQJ�
JDVHV�FRQWDLQLQJ�ORZ�FRQFHQWUDWLRQV�RI�K\GURJHQ�VXOILGH��/&�*&�1RUWK�$PHULFD�������

7XUQHU��'�%��������:RUNERRN�RI�DWPRVSKHULF�GLVSHUVLRQ�HVWLPDWHV��$Q�LQWURGXFWLRQ�WR�GLVSHUVLRQ�
PRGHOLQJ���QG�HG��%RFD�5DWRQ��)/��&5&�3UHVV��

8QLWHG�6WDWHV�(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��86(3$���������&RPSHQGLXP�RI�PHWKRGV�IRU�WKH�
GHWHUPLQDWLRQ�RI�WR[LF�RUJDQLF�FRPSRXQGV�LQ�DPELHQW�DLU��(3$�����5����������&LQFLQQDWL��2+��
8QLWHG�6WDWHV�(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��

²²²��������0HWHRURORJLFDO�PRQLWRULQJ�JXLGDQFH�IRU�UHJXODWRU\�PRGHOLQJ�DSSOLFDWLRQV��(3$�
����5���������5HVHDUFK�7ULDQJOH�3DUN��1&��8QLWHG�6WDWHV�(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\�
2IILFH�RI�$LU�4XDOLW\�3ODQQLQJ�DQG�6WDQGDUGV��



7HFKQLFDO�%XOOHWLQ�1R������ ���

1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW�

:DOWHU��%�3���+HLPDQQ��0���DQG�0DWWKHZV��(��������0RGHOLQJ�PRGHUQ�PHWKDQH�HPLVVLRQV�IURP�
QDWXUDO�ZHWODQGV������0RGHO�GHVFULSWLRQ�DQG�UHVXOWV��-RXUQDO�RI�*HRSK\VLFDO�5HVHDUFK
����'�������������������

:DUGHQFNL��:��������3UREOHPV�ZLWK�WKH�GHWHUPLQDWLRQ�RI�HQYLURQPHQWDO�VXOIXU�FRPSRXQGV�E\�JDV�
FKURPDWRJUDSK\��-RXUQDO�RI�&KURPDWRJUDSK\�$�����������

:LQHJDU��(��'��������$Q�LQWHJUDWHG�DQDO\WLFDO�V\VWHP�IRU�WKH�ORZ�OHYHO�GHWHUPLQDWLRQ�RI�K\GURJHQ�
VXOILGH�LQ�WKH�ILHOG��,Q�3URFHHGLQJV�RI�WKH�V\PSRVLXP�RQ�DLU�TXDOLW\�PHDVXUHPHQW�PHWKRGV�DQG�
WHFKQRORJ\��6HVVLRQ�1R������3UHVHQWDWLRQ�1R�����1RYHPEHU���������6DQ�)UDQFLVFR��&$��
3LWWVEXUJK��3$��$LU�	�:DVWH�0DQDJHPHQW�$VVRFLDWLRQ��





$��

$33(1',;�$�

(;$03/(�$,5�(0,66,21�&$/&8/$7,21�

4XDQWLWDWLRQ�RI�UHGXFHG�VXOIXU�FRPSRXQG�HPLVVLRQV�IURP�ZDVWHZDWHU�WUHDWPHQW�SODQWV�LV�
DFFRPSOLVKHG�WKURXJK�WKH�XVH�RI�WKH�VSDWLDO�DPELHQW�DLU�VDPSOLQJ�WHFKQLTXH�GHVFULEHG�LQ�6HFWLRQ������
7KLV�DSSHQGL[�SURYLGHV�DQ�H[DPSOH�VHW�RI�FDOFXODWLRQV�WR�GHPRQVWUDWH�KRZ�HDFK�HTXDWLRQ�LV�DSSOLHG�
DQG�KRZ�WKH�VSUHDGVKHHW�WRROV�DUH�XVHG��7KH�H[DPSOH�SUREOHP�LV�LOOXVWUDWHG�LQ�)LJXUH�$����
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$QJOH�%HWZHHQ�:LQG
DQG�6DPSOH�3DWK

�:LQG�
#����

)HWFK

)LJXUH�$�����([DPSOH�3UREOHP�IRU�$UHD�6RXUFH�(PLVVLRQ�4XDQWLWDWLRQ�8VLQJ�WKH�
6SDWLDO�$PELHQW�$LU�6DPSOLQJ�7HFKQLTXH�

,QSXW�SDUDPHWHUV�DUH�REWDLQHG�IURP�REVHUYDWLRQV�RI�ZLQG�VSHHG��ZLQG�GLUHFWLRQ��DQG�LQFRPLQJ�VRODU�
UDGLDWLRQ��ZKLFK�ZHUH�XVHG�WR�HVWLPDWH�DWPRVSKHULF�VWDELOLW\�FODVV��7KLV�SURMHFW�XWLOL]HG�WZR�VRQLF�
DQHPRPHWHUV��RQH�DW����PHWHU�KHLJKW�DQG�RQH�DW���PHWHU�KHLJKW��DORQJ�ZLWK�DQ�DPELHQW�WHPSHUDWXUH�
SUREH�WR�JHQHUDWH�VLWH�VSHFLILF�PHWHRURORJLFDO�GDWD����

$��� &DOFXODWLRQ�RI�6DPSOLQJ�6WDWLRQ�/RFDWLRQV��6DPSOH�/LQH�+HLJKWV��DQG�6DPSOLQJ�7LPHV�

%DVLQ�3HULPHWHU�� �������IW����PHDVXUHG��

'LVWDQFH�%HWZHHQ�6DPSOLQJ�6WDWLRQV�  ����������  ������IW�

'DWH��7LPH��/DWLWXGH�DQG�/RQJLWXGH�  �����������������'67���1�����¶�:�����¶�

6RODU�$OWLWXGH�$QJOH������ ���������������IURP�8�6��1DYDO�2EVHUYDWRU\�$OWLWXGH�DQG�$]LPXWK�7DEOHV�
DYDLODEOH���RQOLQH�#��
KWWS���DD�XVQR�QDY\�PLO�GDWD�GRFV�$OW$]�KWPO��



$��

$YHUDJH�:LQG�6SHHG�� ������P�V�

$]LPXWK�� ������
`� 6LWH�VSHFLILF�GDWD�FROOHFWHG�IURP�

DQHPRPHWHU�DW����PHWHU�KHLJKW�

$YHUDJH�ZLQG�VSHHG�DQG�D]LPXWK�DUH�SUHGLFWHG�IRU�WKH�WHVW�UXQ�VHW�XS�DQG�VDPSOLQJ�SHULRG��RQH�WR�RQH�
DQG�D�KDOI�KRXUV��EDVHG�RQ�WKH�SUHFHGLQJ����RU�PRUH�PLQXWHV��

3�*�6WDELOLW\�&ODVV� �'� � �������IURP�7XUQHU¶V�.H\�WR�3DVTXLOO�6WDELOLW\�&DWHJRULHV��7DEOH���������

)HWFK��[� ������IW� ������NP� � � � �������VFDOHG�IURP�PDS�

]�� ������PHWHUV� � � � � ���IURP�3DVTXLOO�*LIIRUG�FXUYH��7DEOH���������

=E�� ������� ]�� ��������PHWHUV�� �������IW�

6DPSOH�OLQH�KHLJKWV�� �����=E�� ������������� ��������IW���
� � � �����=E�� ������������� ��������IW���
� � � �����=E�� ������������� ��������IW���

5RXQG�VDPSOH�OLQH�KHLJKWV�XS�WR�PXOWLSOHV�RI������
ORZ��  �����IW�

� � � � � PLG��  �����IW�
� � � � � KLJK��  �����IW�

6DPSOLQJ�6WDWLRQ�,'V�IRU�6DPSOH�5XQ�ZLWK������ZLQG�����WKURXJK����

&DOFXODWLRQ�RI�6DPSOLQJ�7LPHV�DW�(DFK�6WDWLRQ��

$QJOHV�EHWZHHQ�WKH�ZLQG�GLUHFWLRQ�DQG�VDPSOH�SDWK�DW�HDFK�VDPSOLQJ�VWDWLRQ�DUH�PHDVXUHG�IURP�D�
VFDOH�GUDZLQJ�RI�WKH�VRXUFH���6HH�)LJXUH�$���IRU�GHILQLWLRQ�RI�WKH�DQJOH���)RUW\�ILYH�PLQXWHV�RI�
VDPSOH�FROOHFWLRQ�UHVXOWV�LQ�VDPSOH�UXQV�RI�DSSUR[LPDWHO\����PLQXWHV�RQFH�WLPH�UHTXLUHG�WR�PRYH�
EHWZHHQ�VDPSOH�FROOHFWLRQ�SRLQWV�LV�DGGHG���$�FDOFXODWLRQ�VXPPDU\�LV�SURYLGHG�LQ�7DEOH�$����

7DEOH�$�����&DOFXODWLRQ�RI�6DPSOLQJ�7LPHV�DW�(DFK�6DPSOLQJ�6WDWLRQ�

$QJOH�%HWZHHQ�:LQG�
DQG�6DPSOH�3DWK� � 6DPSOLQJ�7LPH�(DFK�6WDWLRQ

� 6WDWLRQ� � ����6LQ
$]LPXWK� �,'� GHJ�� �����VLQ VLQ

[
�WRWDO��
VDPSOLQJ�WLPH��

����� �� ��� ������ ��������������������[������ ���������PLQ�VHF��

� �� ��� ������ ��������������������[������ ��������

� �� ��� ������ ��������������������[������ ��������

� �� ��� ������ ��������������������[������ ��������

� �� ��� ������ ��������������������[������ ��������

� �� ��� ������ ��������������������[������ ��������

� �� ��� ������ ��������������������[������ ���������

� ��� ��� ������ ��������������������[������ ��������

� ��� ��� ������ ��������������������[������ ��������

� ��� ��� ������ ��������������������[������ ���������

VLQ  �������� �



$��

$��� &DOFXODWLRQ�RI�9HUWLFDO�'LVSHUVLRQ��3DWK�:LGWK�DQG�:LQG�3URILOH�([SRQHQW�

'LVSHUVLRQ�SDUDPHWHUV�DUH�FDOFXODWHG�IRU�WKH�VDPSOH�UXQ�EDVHG�RQ�DFWXDO�PHWHRURORJLFDO�FRQGLWLRQV�
GXULQJ�WKH�VDPSOH�UXQ��6XPPDU\�GDWD�IRU�WKH����PHWHU�DQG���PHWHU�DQHPRPHWHUV�DUH�VKRZQ�LQ�7DEOHV�
$�����DQG�$������UHVSHFWLYHO\��IRU�WKH�H[DPSOH�VDPSOH�UXQ��3�*�VWDELOLW\�FODVV�LV�ILUVW�HVWLPDWHG�IURP�
WKH�VWDQGDUG�GHYLDWLRQ�RI�WKH�D]LPXWK�DQJOH�DQG�VWDQGDUG�GHYLDWLRQ�RI�WKH�HOHYDWLRQ�DQJOH�GXULQJ�WKH�
WHVW�UXQ��*LIIRUG�������.XQNHO��������7KH�YHUWLFDO�GLVSHUVLRQ�FRHIILFLHQW�� =��LV�WKHQ�FDOFXODWHG�IURP�
WKH�VWDQGDUG�GHYLDWLRQ�RI�WKH�YHUWLFDO�FRPSRQHQW�RI�WKH�ZLQG�YHORFLW\�XVLQJ�,UZLQ¶V�PRGHO��,UZLQ�
�������7KH�SROOXWDQW�ERXQGDU\�OD\HU�KHLJKW��=E��FDQ�WKHQ�EH�GHWHUPLQHG��7KH�ZLQG�SURILOH�H[SRQHQW��S��
LV�FDOFXODWHG�XVLQJ�VLWH�VSHFLILF�ZLQG�YHORFLW\�GDWD�DW����DQG���PHWHUV��,Q�OLHX�RI�WKH�VLWH�VSHFLILF�GDWD��
WKH�YDOXHV�JLYHQ�LQ�7DEOH�������PD\�EH�XVHG��

7DEOH�$�������6XPPDU\�'DWD�IRU�WKH����PHWHU�6RQLF�$QHPRPHWHU�

� � :,1'�63(('� � �
63(('�
2)� 621,&� �

'$7(� 7,0(� X� 9� Z� ��'� $=,087+� (/(9�� 6281'� 7(03� �
� � �P�V�� �P�V�� �P�V�� �P�V�� �GHJ��� �GHJ��� �P�V�� ��&�� �
6WDUW� ����� � � � � � � � � �
6WRS� ����� � � � � � � � � �

$YJ� � ������ ������ ����� ����� ������� ����� ������� ������ �
6WG�'HY� � ����� ����� ����� ����� ������ ����� ����� ����� �
0LQ� � ������ ������ ������ ����� ������� ������� ������� ����� �
0D[� � ������ ������ ����� ����� ������� ������ ������� ������ �

1R��RI��GDWD�SRLQWV� ���� � � � � � � � �

� � $YJ��:LQG��VW�KDOI�RI�UXQ� ����� ������� $YJ��$]LPXWK��VW�KDOI�RI�UXQ� �
� � $YJ��:LQG��QG�KDOI�RI�UXQ� ����� ������� $YJ��$]LPXWK��QG�KDOI�RI�UXQ� �

� 'LIIHUHQFH�EHWZHHQ��VW�KDOI�DQG��QG�KDOI� ������ ������� GHJUHHV� � � �

7DEOH�$�������6XPPDU\�'DWD�IRU�WKH���PHWHU�6RQLF�$QHPRPHWHU�ZLWK�$PELHQW�7HPSHUDWXUH�3UREH�

� � :,1'�63(('� � �
63(('�
2)� 621,&� $0%,(17�

'$7(� 7,0(� X� 9� Z� ��'� $=,087+� (/(9�� 6281'� 7(03� 7(03�
� � �P�V�� �P�V�� �P�V�� �P�V�� �GHJ��� �GHJ��� �P�V�� ��&�� ��)��
6WDUW� ����� � � � � � � � � �
6WRS� ����� � � � � � � � � �

$YJ� � ������ ������ ������ ����� ������� ������ ������� ������ ������
6WG�'HY� � ����� ����� ����� ����� ������ ����� ����� ����� �����
0LQ� � ������ ������ ������ ����� ������� ������� ������� ����� ������
0D[� � ������ ������ ����� ����� ������� ������ ������� ������ ������

1R��RI��GDWD�SRLQWV� ���� � � � � � � � �

� � $YJ��:LQG��VW�KDOI�RI�UXQ� ����� ������� $YJ��$]LPXWK��VW�KDOI�RI�UXQ� �
� � $YJ��:LQG��QG�KDOI�RI�UXQ� ����� ������� $YJ��$]LPXWK��QG�KDOI�RI�UXQ� �

� 'LIIHUHQFH�EHWZHHQ��VW�KDOI�DQG��QG�KDOI� ������ ������� GHJUHHV� � � �



$��

'HWHUPLQDWLRQ�RI�3�*�6WDELOLW\�&ODVV�8VLQJ� $

$�� ��VWDQGDUG�GHYLDWLRQ�RI����P�D]LPXWK�DQJOH� ��������������IURP�VLWH�VSHFLILF�GDWD��7DEOH�$������

5XQ�7LPH� �������±������ �������

$����� ����� $�W��������W�
���  ����������������������� ��������

(�� ��VWDQGDUG�GHYLDWLRQ�RI����P�HOHYDWLRQ�DQJOH�� �������������IURP�VLWH�VSHFLILF�GDWD��7DEOH�$�����

3�*�6WDELOLW\�&ODVV�� ��'����QHXWUDO� � � ���IURP�7DEOH�������

&DOFXODWLRQ�RI�9HUWLFDO�'LVSHUVLRQ�&RHIILFLHQW�DQG�3ROOXWDQW�%RXQGDU\�/D\HU�+HLJKW

:�� ��VWDQGDUG�GHYLDWLRQ�RI����P�YHUWLFDO�ZLQG��� ��������������IURP�VLWH�VSHFLILF�GDWD��7DEOH�$�����

8��� ��������P�V� � � � � � ���IURP�VLWH�VSHFLILF�GDWD��7DEOH�$�����

)HWFK��[�� ������PHWHUV� ���������VFDOHG�IURP�PDS�XVLQJ�DFWXDO�ZLQG�GLUHFWLRQ�GXULQJ�VDPSOLQJ�UXQ�

7�� ��WUDYHO�WLPH�� ��IHWFK���8���� �������������� ��������VHFRQGV�

=�� �� :�7�I]���� ������������������������ �������PHWHUV�

=E�� ������� =��� ��������������� ���������PHWHUV�

&DOFXODWLRQ�RI�6DPSOH�3DWK�:LGWK

:�� �������IW�� ������PHWHUV� � � �����������VFDOHG�IURP�PDS�DV�VKRZQ�LQ�)LJXUH�$�
���
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3DWK:LGWK�:

)LJXUH�$�����,OOXVWUDWLRQ�RI�3DWK�:LGWK�'HILQHG�%\�:LQG�'LUHFWLRQ�
&DOFXODWLRQ�RI�:LQG�3URILOH�([SRQHQW

�����
�����������

�

�������

�
��

������7
VWDEOHI=
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S���� ���� ����
������

����OQ����OQ

�OQ��OQ

OQOQ ��� 88

$��� &DOFXODWLRQ�RI�&RQFHQWUDWLRQ�3URILOH�

7KH�HPLVVLRQ�FDOFXODWLRQ�ZRUNERRN�LV�XVHG�WR�FDOFXODWH�FRQFHQWUDWLRQ�SURILOHV�DQG�HPLVVLRQ�UDWHV�RQFH�
WKH�FDQLVWHU�VDPSOHV�KDYH�EHHQ�DQDO\]HG�DQG�FRPSRXQG�FRQFHQWUDWLRQ�GDWD�LV�DYDLODEOH��$Q�H[DPSOH�
RI�RQH�ZRUNVKHHW�LV�VKRZQ�LQ�)LJXUH�$����,WHPV�WR�EH�LQSXW�DUH�PDUNHG�ZLWK�ER[HV��

$W�WKH�WRS�RI�HDFK�ZRUNVKHHW��WKH�IROORZLQJ�VDPSOH�UXQ�GDWD�LV�LQSXW��0LOO�FRGH��VRXUFH��UXQ�QXPEHU��
GDWH��VWDUW�WLPH��VWRS�WLPH��SROOXWDQW�ERXQGDU\�OD\HU�KHLJKW��=E���ORZ��PLG��DQG�KLJK��VDPSOH�OLQH�
KHLJKWV��FURVVZLQG�VDPSOH�SDWK�ZLGWK��ZLQG�SURILOH�H[SRQHQW��S������PHWHU�KRUL]RQWDO�ZLQG�YHORFLW\�
�8�����DPELHQW�WHPSHUDWXUH���&���DQG�DWPRVSKHULF�SUHVVXUH��DWP���,Q�WKH�PLG�VHFWLRQ�RI�WKH�ZRUNVKHHW��
VDPSOH�,'�FRGHV�DQG�SRVW�UXQ��LQLWLDO��FDQLVWHU�SUHVVXUHV�DQG�SRVW�SUHVVXUL]DWLRQ��ILQDO��FDQLVWHU�
SUHVVXUHV�DUH�LQSXW�IRU�HDFK�FDQLVWHU��7KH�FDQLVWHU�GLOXWLRQ�IDFWRU�LV�FDOFXODWHG�DV�WKH�UDWLR�RI�ILQDO�WR�
LQLWLDO�SUHVVXUHV��H�J���IRU�VDPSOH�-$%�*'�VKRZQ�LQ�)LJXUH�$����WKH�GLOXWLRQ�IDFWRU�GXH�WR�
SUHVVXUL]LQJ�WKH�VDPSOHV�ZLWK�QLWURJHQ�LV��������������� �������

7KH�DQDO\VLV�FRQFHQWUDWLRQ�IDFWRU�LV�FDOFXODWHG�DV�WKH�UDWLR�RI�DQDO\VLV�YROXPH�WR�FDOLEUDWLRQ�FXUYH�
YROXPH��,Q�WKH�H[DPSOH�VKRZQ�LQ�)LJXUH�$����WKH�DQDO\WLF�FRQFHQWUDWLRQV�LQSXW�LQWR�WKH�ZRUNVKHHW�
ZHUH�SUHYLRXVO\�FRUUHFWHG�IRU�DQDO\VLV�YROXPH�DQG�KROG�WLPH��VR�WKH�DQDO\VLV�FRQFHQWUDWLRQ�IDFWRU�LV����

)RU�HDFK�LQSXW�DQDO\WLF�FRQFHQWUDWLRQ��

$PELHQW�� � $QDO\WLF� � &DQLVWHU� � $QDO\VLV�

��� &RQF�� �  � &RQF�� � [� 'LOXWLRQ� �� &RQFHQWUDWLRQ�

��� �SSEY�� � � �SSEY�� � � )DFWRU� � � )DFWRU�

,I�EDFNJURXQG�FRUUHFWLRQV�DUH�DSSOLHG���

� %DFNJURXQG�&RUUHFWHG� � � $PELHQW� � %DFNJURXQG�

� $PELHQW�&RQFHQWUDWLRQ� �  � &RQFHQWUDWLRQ� ±� &RQFHQWUDWLRQ�

��� �SSEY�� � � � � �SSEY�� � � �SSEY��

,Q�WKH�H[DPSOH�VKRZQ�LQ�)LJXUH�$����EDFNJURXQG�UHGXFHG�VXOIXU�FRPSRXQG�FRQFHQWUDWLRQV�ZHUH�
EHORZ�WKH�TXDQWLWDWLRQ�OLPLW��DQG�EDFNJURXQG�FRUUHFWLRQV�ZHUH�QRW�DSSOLHG�WR�UHGXFHG�VXOIXU�
FRPSRXQG�FRQFHQWUDWLRQV��%DFNJURXQG�FRUUHFWLRQ�ZDV�DSSOLHG�WR�PHWKDQH�FRQFHQWUDWLRQV��

9DOXHV�VKRZQ�LQ�EUDFNHWV�LQ�)LJXUH�$���DUH�QRQ�GHWHFW�DQG�UHSUHVHQW�WKH�PHWKRG�TXDQWLWDWLRQ�OLPLW�
�04/��IRU�HDFK�FRPSRXQG�LQ�WKH�WKUHH�JURXQG�OHYHO�FDQLVWHUV��EDFNJURXQG�%��JURXQG�QRUPDO�*1��
DQG�JURXQG�GXSOLFDWH�*'���9DOXHV�VKRZQ�LQ�EUDFNHWV�IRU�WKH�XSSHU�OHYHO�FDQLVWHUV��ORZ�/��PLG�0��DQG�
KLJK�+��DUH�QRQ�GHWHFW�DQG�UHSUHVHQW�RQH�KDOI�04/���



$��

5XQ� 6WDUW� 6WRS� =E� 6$03/,1*�+(,*+7��P�� 3DWK� 8��� 7� 3�
0LOO� 6RXUFH� 1R�� 'DWH� 7LPH� 7LPH� �P�� /� 0� +� :LGWK�

�P��
S� �P�V�� �R&�� �DWP��

-� $6%� �� ������� ����� ����� ����� ���� ���� ����� ���� ����� �����
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UHTXLUHG�IRU�FDOFXODWLRQ�LV�UHDG�IURP�VSHFLILF�FHOOV�RQ�WKH�DFWLYH�ZRUNVKHHW��7KH�UHVXOW�RI�WKH�
FDOFXODWLRQ��DORQJ�ZLWK�NH\�LQSXW�GDWD�XVHG�LQ�WKH�FDOFXODWLRQ��LV�RXWSXW�WR�WKH�ZRUNVKHHW��$Q�H[DPSOH�
RI�WKH�FRGH�XVHG�IRU�FDOFXODWLRQ�DQG�VXPPDWLRQ�RI�WKH�LQWHJUDO�LV�VKRZQ�EHORZ��

����)RU�-� ���7R�Q(OHP�
��������UVF+�6$UU�]�� ���]�������A�S����������]���=E���A�E����G]�
��������6XP,QWHJUDOUVF+�6� �6XP,QWHJUDOUVF+�6���UVF+�6$UU�]��
��������]� �]���G]�
����1H[W�

7KH�DUUD\��LQ�WKLV�H[DPSOH�³UVF+�6$UU�]�´��LV�D�G\QDPLF�DUUD\�ZKRVH�GLPHQVLRQV��QXPEHU�RI�
HOHPHQWV��DUH�GHSHQGHQW�RQ�WKH�KHLJKW�=E��7KH�QXPEHU�RI�HOHPHQWV�LQ�WKH�DUUD\�LV�JLYHQ�E\�WKH�
IROORZLQJ�HTXDWLRQ��

Q(OHP� �)L[�=E����������

&RGHG�FDOFXODWLRQ�ORRSV��VXFK�DV�WKH�RQH�DERYH�IRU�K\GURJHQ�VXOILGH�ZLWK�D�FRPELQHG�HPLVVLRQ�
SURILOH�H[SRQHQW��DUH�FUHDWHG�IRU�HDFK�FRPSRXQG��9DOXHV�RI�S��=E��DQG�E�DUH�UHDG�LQWR�WKH�PDFUR�IURP�
WKH�FHOOV�RQ�WKH�ZRUNVKHHW��$OO�RWKHU�YDULDEOHV�DQG�FRXQWHUV�LQ�WKH�FDOFXODWLRQ�ORRS�DUH�LQLWLDOO\�VHW�WR�
]HUR�EHIRUH�FDOFXODWLRQ�EHJLQV��7KH�LQFUHPHQW�IRU�QXPHULF�LQWHJUDWLRQ��G]��HTXDOV�������7KH�ORRS�ZLOO�
EH�H[HFXWHG�µQ(OHP¶�WLPHV��$Q�DEEUHYLDWHG�VDPSOH�RI�FRGH�ORRS�H[HFXWLRQ�LV�VKRZQ�EHORZ�IRU�WKLV�
RQH�FDVH���&RQWHQW�RI�WKH�³UVF+�6$UU�]�´�DUUD\�LV�SORWWHG�LQ�)LJXUH�$����

� Q(OHP� �)L[���������������� ����[�������� �����
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)LJXUH�$����3ROOXWDQW� )OX[�3URILOH�3ORW�IRU�WKH�
([DPSOH�3UREOHP�

2QFH�QXPHULF�LQWHJUDWLRQ�LV�FRPSOHWH��WKH�HPLVVLRQ�UDWH�LV�FDOFXODWHG�E\�PXOWLSO\LQJ�WKH�UHVXOW�E\�WKH�
JURXQG�OHYHO�FRQFHQWUDWLRQ��FR���WKH�FURVVZLQG�SDWK�ZLGWK��:���DQG�WKH����P�KRUL]RQWDO�YHORFLW\�
�8�����

UVF+�6HPLVVLRQ� �&�+�6��:��8����6XP,QWHJUDOUVF+�6�
UVF+�6HPLVVLRQ� �������[�������[�������[��������[��������������� �������J�V�

5()(5(1&(6�

*LIIRUG��)�$��������7XUEXOHQW�GLIIXVLRQ�W\SLQJ�VFKHPHV��$�UHYLHZ��1XFOHDU�6DIHW\��������������

.XQNHO��%�$��������'HYHORSPHQW�RI�DQ�DWPRVSKHULF�GLIIXVLRQ�PRGHO�IRU�WR[LF�FKHPLFDO�UHOHDVHV��
17,6��$'�$���������$LU�)RUFH�*HRSK\VLFV�/DERUDWRU\��+DQVFRP�$)%��
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-DPHV�3DOXPER�

1&$6,�1RUWKHUQ�5HJLRQDO�&HQWHU�
.DODPD]RR��0LFKLJDQ�

=DFKHU\�(PHUVRQ�
1&$6,�6RXWKHUQ�5HJLRQDO�&HQWHU�

1HZEHUU\��)ORULGD�



$FNQRZOHGJPHQWV�

7KLV�EXOOHWLQ�ZDV�SUHSDUHG�E\�-DPHV�3DOXPER��6HQLRU�5HVHDUFK�(QJLQHHU�DW�WKH�1&$6,�1RUWKHUQ�5HJLRQDO�&HQWHU�
DQG�=DFK�(PHUVRQ��6HQLRU�5HVHDUFK�(QJLQHHU�DW�WKH�1&$6,�6RXWKHUQ�5HJLRQDO�&HQWHU��5RE�&UDZIRUG��$QQ�&UDSR��
(G�+RSZRRG��%LOO�5LFH��'HUHN�6DLQ��DQG�-LP�6WDLQILHOG�RI�WKH�1&$6,�6RXWKHUQ�5HJLRQDO�&HQWHU�FROOHFWHG�WKH�
HPLVVLRQV�GDWD�IRU�PRGHO�WHVWLQJ��%UDG�8SWRQ�DQG�'LDQD�&RRN�RI�WKH�1&$6,�:HVW�&RDVW�5HJLRQDO�&HQWHU�
VXSHUYLVHG�WKH�ODERUDWRU\�H[SHULPHQWV�ZKLFK�FKDUDFWHUL]HG�VXOILGH�JHQHUDWLRQ�DQG�R[LGDWLRQ�SURFHVVHV�LQ�SXOS�DQG�
SDSHU�ZDVWHZDWHUV��9DQ�0DOWE\�DQG�/DXUHO�(SSVWHLQ�RI�WKH�1&$6,�1RUWKHUQ�5HJLRQDO�&HQWHU�FROOHFWHG�WKH�GDWD�
FKDUDFWHUL]LQJ�WKH�JDV�HPLVVLRQV�IURP�DFFXPXODWHG�VOXGJH�LQ�ZDVWHZDWHU�WUHDWPHQW�EDVLQV���

)RU�PRUH�LQIRUPDWLRQ�DERXW�WKLV�UHVHDUFK��FRQWDFW��

-DPHV�3DOXPER�
6HQLRU�5HVHDUFK�(QJLQHHU�
1&$6,�1RUWKHUQ�5HJLRQDO�&HQWHU�
���5LYHU�6W��6XLWH�����
%RVWRQ��0$��������
���������������
MSDOXPER#QFDVL�RUJ

=DFKHU\�(PHUVRQ�
6HQLRU�5HVHDUFK�(QJLQHHU�
1&$6,�6RXWKHUQ�5HJLRQDO�&HQWHU�
����6:����WK�7HUUDFH�
1HZEHUU\��)/��������
���������������
]HPHUVRQ#QFDVL�RUJ

3DXO�:LHJDQG�
9LFH�3UHVLGHQW��:DWHU�4XDOLW\�
1&$6,�
3�2��%R[�������
5HVHDUFK�7ULDQJOH�3DUN��1&�������������
���������������
SZLHJDQG#QFDVL�RUJ

)RU�LQIRUPDWLRQ�DERXW�1&$6,�SXEOLFDWLRQV��FRQWDFW��

3XEOLFDWLRQV�&RRUGLQDWRU�
1&$6,�
3�2��%R[�������
5HVHDUFK�7ULDQJOH�3DUN��1&�������������
���������������
SXEOLFDWLRQV#QFDVL�RUJ

&LWH�WKLV�UHSRUW�DV��

1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW��,QF���1&$6,���������0HFKDQLVWLF�DSSURDFK�IRU�HVWLPDWLQJ�
K\GURJHQ�VXOILGH�HPLVVLRQV�IURP�ZDVWHZDWHU�WUHDWPHQW�SODQWV��7HFKQLFDO�%XOOHWLQ�1R��������5HVHDUFK�7ULDQJOH�3DUN��
1�&���1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW��,QF��

�������E\�WKH�1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW��,QF��
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1&$6,�KDV�PDLQWDLQHG�D�ORQJ�VWDQGLQJ�UHVHDUFK�IRFXV�RQ�WKH�RULJLQ�DQG�XOWLPDWH�IDWH�RI�UHGXFHG�
VXOIXU�FRPSRXQGV�LQ�IRUHVW�SURGXFW�LQGXVWU\�ZDVWHZDWHUV��7KLV�UHVHDUFK�KDV�LQFOXGHG�WKH�GHYHORSPHQW�
RI�DTXHRXV�PHDVXUHPHQW�PHWKRGV��RGRU�LQYHVWLJDWLRQ�SURFHGXUHV��DQG�ODUJH�VFDOH�HPLVVLRQV�VWXGLHV��
$Q�H[WHQVLRQ�WR�WKLV�ZRUN�LV�WKH�GHYHORSPHQW�RI�D�PRGHO�WR�HVWLPDWH�K\GURJHQ�VXOILGH�HPLVVLRQV��
IURP�ZDVWHZDWHU�WUHDWPHQW�EDVLQV��7KLV�7HFKQLFDO�%XOOHWLQ�GHVFULEHV�VXFK�D�PRGHO�FRPSRVHG�RI�
YDULRXV�REVHUYHG�UHODWLRQVKLSV�GHYHORSHG�E\�1&$6,�VWDII�DQG�VHOHFWHG�IURP�WKH�SXEOLVKHG�OLWHUDWXUH�
GHVFULELQJ�WKH�IDWH��WUDQVSRUW��DQG�DWPRVSKHULF�HPLVVLRQV�RI�K\GURJHQ�VXOILGH�DW�ZDVWHZDWHU�WUHDWPHQW�
EDVLQV��7KLV�EXOOHWLQ�VHUYHV�SULPDULO\�DV�D�XVHU�PDQXDO��SURYLGLQJ�VWHS�E\�VWHS�LQVWUXFWLRQ�IRU�WKH��
ILUVW�WLPH�XVHU��+RZHYHU��LW�DOVR�LQFOXGHV�VXEVWDQWLYH�GRFXPHQWDWLRQ�UHJDUGLQJ�PRGHO�DOJRULWKPV��
H[SHULHQFH�ZLWK�PRGHO�SHUIRUPDQFH��VHQVLWLYLW\�RI�PRGHO�SUHGLFWLRQV�WR�LQSXW�YDULDEOHV��DQG�XVH�RI��
WKH�PRGHO�IRU�PDNLQJ�SUHGLFWLRQV�RI�VXOILGH�HPLVVLRQ�UDWH�FKDQJHV�WKDW�PD\�RFFXU�GXH�WR�DOWHUDWLRQV��
LQ�ZDVWHZDWHU�FRPSRVLWLRQ�RU�ZDVWHZDWHU�WUHDWPHQW�SODQW�FRQILJXUDWLRQ��

7KH�PRGHO�SUHVHQWHG�LV�LQWHQGHG�IRU�XVH�DV�D�PHWKRG�IRU�HVWLPDWLQJ�WKH�HPLVVLRQ�UDWH�RI�K\GURJHQ�
VXOILGH�IURP�ZDVWHZDWHU�WUHDWPHQW�EDVLQV�DQG�KDV�EHHQ�GHVLJQHG�DQG�WHVWHG�RQ�DHUDWHG�VWDELOL]DWLRQ�
EDVLQV�DQG�SULPDU\�VHWWOLQJ�EDVLQV��6L[�SURFHVVHV�DUH�LQFOXGHG�LQ�WKH�PRGHO��ZDVWHZDWHU�WUDQVSRUW��
VXOILGH�GLVVRFLDWLRQ��JHQHUDWLRQ��R[LGDWLRQ��YRODWLOL]DWLRQ��DQG�EHQWKLF�JDV�UHOHDVH��7KH�K\GURJHQ�
VXOILGH�HPLVVLRQV�UDWH�LV�HVWLPDWHG�EDVHG�XSRQ�YDULRXV�EDVLQ�FKHPLFDO�DQG�SK\VLFDO�SURSHUWLHV�VXFK��
DV�S+��GLVVROYHG�R[\JHQ�FRQFHQWUDWLRQ��DQG�DHUDWRU�FRQILJXUDWLRQ��$�ILHOG�WHVWLQJ�SURJUDP�LQGLFDWHG�
WKDW�WKH�PRGHO�FDQ�PDNH�UHDVRQDEOH�SUHGLFWLRQV�RI�WKH�DYHUDJH�GDLO\�K\GURJHQ�VXOILGH�HPLVVLRQ�UDWH��
DW�LQGXVWU\�DHUDWHG�VWDELOL]DWLRQ�EDVLQV�DQG�QRQ�DHUDWHG�SULPDU\�VHWWOLQJ�EDVLQV��

7KH�PRGHO�KDV�EHHQ�GHYHORSHG�WR�UXQ�RQ�FRPSXWHUV�ZLWK�0LFURVRIW�([FHO�DQG�LV�DYDLODEOH�WR�PHPEHUV�
RQ�1&$6,¶V�ZHEVLWH��7KLV�VRIWZDUH�LV�GHVLJQHG�IRU�XVH�E\�LQGXVWU\�SHUVRQQHO�IDPLOLDU�ZLWK�ZDVWHZDWHU�
WUHDWPHQW�SURFHVVHV�EXW�QRW�QHFHVVDULO\�ZLWK�FRPSXWHU�PRGHOLQJ�RU�K\GURJHQ�VXOILGH�FKHPLVWU\���
7KLV�PRGHO�PD\�EH�XVHIXO�WR�WKRVH�ZLVKLQJ�WR�PDNH�HVWLPDWHV�RI�K\GURJHQ�VXOILGH�HPLVVLRQV�IURP�
ZDVWHZDWHU�WUHDWPHQW�EDVLQV�IRU�YDULRXV�UHJXODWRU\�SXUSRVHV��VXFK�DV�WKH�7R[LFV�5HOHDVH�,QYHQWRU\�
�75,��3URJUDP�RU�WKH�1DWLRQDO�3ROOXWDQW�5HOHDVH�,QYHQWRU\��135,��UHSRUWLQJ��RU�DV�SDUW�RI�DQ�RGRU�
PDQDJHPHQW�VWXG\���

7HFKQLFDO�%XOOHWLQ�1R���������$V�1&$6,�DSSURDFKHV�LWV���WK�DQQLYHUVDU\��LQ��������WKH�SXEOLFDWLRQ�
RI�7HFKQLFDO�%XOOHWLQ�1R�������UHSUHVHQWV�D�VLJQLILFDQW�PLOHVWRQH�LQ�WKH�RUJDQL]DWLRQ¶V�KLVWRU\����
7KLV�UHSRUW�VHUYHV�DV�D�ERRNHQG�ZLWK�1&$6,¶V�ILUVW�7HFKQLFDO�%XOOHWLQ��WLWOHG�6DPSOLQJ�DQG�$QDO\VLV�
RI�$LU�%RUQH�*DVHRXV�(IIOXHQWV�5HVXOWLQJ�IURP�6XOIDWH�3XOSLQJ��SUHSDUHG�XQGHU�WKH�GLUHFWLRQ�RI��
'U��(��5��+HQGULFNVRQ�DQG�UHOHDVHG�LQ�������ZKLFK�FRQVLVWHG�RI�D�UHYLHZ�RI�WKH�OLWHUDWXUH�RQ�WKH�
DQDO\VLV�RI�JDVHRXV�VXOIXU�FRPSRXQGV���7KH�SXEOLFDWLRQ�RI�1&$6,�7HFKQLFDO�%XOOHWLQ�1R����OHG�WR�
VXEVHTXHQW�GHYHORSPHQW�RI�ILHOG�VDPSOLQJ�PHWKRGV�DQG�ILHOG�WHVWLQJ�DW�D�NUDIW�PLOO�LQ�WKH�VRXWKHUQ�8�6��



'XULQJ�WKH�KDOI�FHQWXU\�EHWZHHQ�WKHVH�WZR�UHSRUWV��WKH�LQGXVWU\�KDV�DFKLHYHG�D�GUDPDWLF�UHGXFWLRQ�RI�
LWV�HQYLURQPHQWDO�IRRWSULQW��DQG�1&$6,�KDV�SOD\HG�D�NH\�UROH�LQ�SURYLGLQJ�VXSSRUW�WR�LWV�PHPEHU�
FRPSDQLHV�DORQJ�WKH�ZD\���2ULJLQDOO\�FRQFHLYHG�DV�DQ�RUJDQL]DWLRQ�IRFXVHG�H[FOXVLYHO\�RQ�SXOS�PLOO�
HIIOXHQWV��WKH�1DWLRQDO�&RXQFLO�KDV�VLQFH�H[SDQGHG�LWV�WHFKQLFDO�FDSDELOLWLHV�WR�SURYLGH�H[SHUWLVH�LQ�
LVVXHV�DVVRFLDWHG�ZLWK�RWKHU�PHGLD��WRJHWKHU�ZLWK�FDSDELOLWLHV�LQ�ZRRG�SURGXFWV�LVVXHV��PDWWHUV�UHODWHG�
WR�SURGXFW�VWHZDUGVKLS��DQG�HQYLURQPHQWDO�DVSHFWV�UHODWHG�WR�IRUHVW�PDQDJHPHQW��3XEOLVKLQJ������
FRPSUHKHQVLYH�UHSRUWV�LV�D�VLJQLILFDQW�PLOHVWRQH�IRU�DQ\�RUJDQL]DWLRQ��EXW�1&$6,¶V�DFFRPSOLVKPHQW�
LV�HYHQ�PRUH�VLJQLILFDQW��JLYHQ�WKH�LPSRUWDQW�UROH�WKDW�WKHVH�SXEOLFDWLRQV�KDYH�SOD\HG�LQ�UHVKDSLQJ�WKH�
HQYLURQPHQWDO�SUDFWLFHV�RI�DQ�HQWLUH�LQGXVWU\�RYHU�D�SHULRG�RI�QHDUO\�VHYHQ�GHFDGHV���7KH�ORQJ�OLVW�RI�
1&$6,�7HFKQLFDO�%XOOHWLQV�UHIOHFWV�WKH�JURZWK�RI�VRFLHWDO�H[SHFWDWLRQV�LQ�UHJDUG�WR�HQYLURQPHQWDO�
DQG�VXVWDLQDELOLW\�LVVXHV��DV�ZHOO�DV�WKH�H[WUDRUGLQDU\�SURJUHVV�WKDW�WKH�IRUHVW�SURGXFWV�LQGXVWU\�KDV�
PDGH�LQ�UHVSRQGLQJ�WR�WKRVH�H[SHFWDWLRQV��

5RQDOG�$��<HVNH�

'HFHPEHU������

1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW



1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW�

QFDVL
VH U Y L QJ � W KH � HQY L U RQPHQ WD O � U H VHD U FK � QHHGV � R I � W KH � I R U HV W � S U RGXF W V � L QGXV W U \ � V L Q FH � ���� �

127(�'8�35e6,'(17�

'HSXLV�SOXVLHXUV�DQQpHV��1&$6,�D�SODFp�XQH�SULRULWp�LPSRUWDQWH�VXU�OHV�WUDYDX[�GH�UHFKHUFKHV�OLpV�j�OD�
FRPSUpKHQVLRQ�GH�O¶RULJLQH�HW�GX�GHYHQLU�XOWLPH�GHV�FRPSRVpV�GH�VRXIUH�UpGXLW�GDQV�OHV�HIIOXHQWV�GH�
O¶LQGXVWULH�GHV�SURGXLWV�IRUHVWLHUV��&HV�UHFKHUFKHV�FRPSUHQDLHQW�HQWUH�DXWUH�OH�GpYHORSSHPHQW�GH�
PpWKRGHV�GH�PHVXUH�HQ�PLOLHX[�DTXHX[��GH�SURFpGXUHV�G¶LQYHVWLJDWLRQ�GHV�RGHXUV�DLQVL�TXH�G¶pWXGHV�j�
JUDQGH�pFKHOOH�GHV�pPLVVLRQV�j�O¶DWPRVSKqUH��3DU�H[WHQVLRQ��FH�WUDYDLO�D�DLQVL�PHQp�DX�GpYHORSSHPHQW�
G¶XQ�PRGqOH�SHUPHWWDQW�G¶HVWLPHU�OHV�pPLVVLRQV�GH�VXOIXUH�G¶K\GURJqQH�GHV�EDVVLQV�GH�WUDLWHPHQW�GHV�
HIIOXHQWV��&H�EXOOHWLQ�WHFKQLTXH�GpFULW�FH�PRGqOH�TXL�FRPSUHQG�GLYHUVHV�FRUUpODWLRQV�REVHUYpHV�HW�
GpYHORSSpHV�SDU�OH�SHUVRQQHO�GH�1&$6,�DLQVL�TXH�G¶DXWUHV�FRUUpODWLRQV�WLUpHV�GH�OLWWpUDWXUH�SHUWLQHQWH�
HW�GpFULYDQW�OHV�pPLVVLRQV�GH�VXOIXUH�G
K\GURJqQH�GHV�EDVVLQV�GH�WUDLWHPHQW�GHV�HIIOXHQWV�DLQVL�TXH�OHXU�
GHYHQLU�GDQV�O
HQYLURQQHPHQW��&H�EXOOHWLQ�HVW�HQ�IDLW�XQ�PDQXHO�G¶XWLOLVDWLRQ�GX�PRGqOH��RIIUDQW�GHV�
LQVWUXFWLRQV�pWDSH�SDU�pWDSH�SRXU�OHV�XWLOLVDWHXUV�GpEXWDQWV��3DU�DLOOHXUV��FH�EXOOHWLQ�LQFOXW�DXVVL�GHV�
LQIRUPDWLRQV�GpWDLOOpHV�j�SURSRV�GHV�DOJRULWKPHV�XWLOLVpV�GDQV�OH�PRGqOH��GHV�HVVDLV�UpDOLVpV�SRXU�
pYDOXHU�OD�SHUIRUPDQFH�GX�PRGqOH��OD�VHQVLELOLWp�GHV�SUpGLFWLRQV�GX�PRGqOH�HQ�IRQFWLRQ�GHV�YDULDEOHV�
GH�PRGpOLVDWLRQ�HW�ILQDOHPHQW��OD�SRVVLELOLWp�G¶XWLOLVHU�OH�PRGqOH�SRXU�SUpGLUH�OD�YDULDWLRQ�SUREDEOH�GHV�
WDX[�G¶pPLVVLRQV�GH�VXOIXUH�G¶K\GURJqQH�GXH�j�GHV�FKDQJHPHQWV�GH�FRPSRVLWLRQ�GH�O¶HIIOXHQW�RX�j�GHV�
PRGLILFDWLRQV�GH�FRQILJXUDWLRQ�GX�V\VWqPH�GH�WUDLWHPHQW�GHV�HIIOXHQWV��

&H�PRGqOH�FRQVWLWXH�XQ�RXWLO�G¶HVWLPDWLRQ�GHV�WDX[�G¶pPLVVLRQ�GH�VXOIXUH�G¶K\GURJqQH�SURYHQDQW��
GH�EDVVLQV�GH�WUDLWHPHQW�GHV�HIIOXHQWV��LO�D�pWp�FRQoX�HW�WHVWp�SRXU�GHV�EDVVLQV�GH�VWDELOLVDWLRQ�DpUpV�HW�
GHV�EDVVLQV�GH�GpFDQWDWLRQ�SULPDLUH��6L[�SURFpGpV�VRQW�FRPSULV�GDQV�OH�PRGqOH��PRXYHPHQWV�GHV�
HIIOXHQWV��GLVVRFLDWLRQ�GX�VXOIXUH��JpQpUDWLRQ��R[\GDWLRQ��YRODWLOLVDWLRQ�HW�OLEpUDWLRQ�GH�JD]�EHQWKLTXH��
/H�WDX[�G¶pPLVVLRQ�GX�VXOIXUH�G¶K\GURJqQH�HVW�HVWLPp�j�SDUWLU�GH�GLYHUVHV�SURSULpWpV�FKLPLTXHV�HW�
SK\VLTXHV�GHV�EDVVLQV�WHOOHV�TXH���S+��FRQFHQWUDWLRQ�G¶R[\JqQH�GLVVRXW�HW�FRQILJXUDWLRQ�GHV�DpUDWHXUV��
8Q�SURJUDPPH�GH�PHVXUHV�VXU�OH�WHUUDLQ�D�SHUPLV�GH�FRQILUPHU�TXH�OH�PRGqOH�SURFXUDLW�GHV�
HVWLPDWLRQV�UpDOLVWHV�GHV�WDX[�G¶pPLVVLRQV�MRXUQDOLHUV�PR\HQV�GH�VXOIXUH�G¶K\GURJqQH�SURYHQDQW�GHV�
EDVVLQV�DpUpV�GH�VWDELOLVDWLRQ�HW�GH�EDVVLQV�QRQ�DpUpV�GH�GpFDQWDWLRQ�SULPDLUH�SUpVHQWV�GDQV�O¶LQGXVWULH��

/H�PRGqOH�D�pWp�FRQoX�GH�IDoRQ�j�rWUH�XWLOLVp�VXU�GHV�RUGLQDWHXUV�pTXLSpV�GH�0LFURVRIW�([FHO�HW�HVW�
GLVSRQLEOH�DX[�PHPEUHV�VXU�OH�VLWH�ZHE�GH�1&$6,��&H�ORJLFLHO�HVW�FRQoX�SRXU�OH�SHUVRQQHO�GH�
O¶LQGXVWULH�D\DQW�XQH�FRQQDLVVDQFH�GHV�SURFpGpV�GH�WUDLWHPHQW�GHV�HIIOXHQWV�VDQV�SRXU�DXWDQW�rWUH�
IDPLOLHU�DYHF�OHV�DOJRULWKPHV�GH�PRGpOLVDWLRQ�ORJLFLHOOH��QL�DYHF�OD�FKLPLH�GX�VXOIXUH�G¶K\GURJqQH���
&H�PRGqOH�VHUD�XWLOH�DX[�SHUVRQQHV�GpVLUDQW�HIIHFWXHU�XQH�HVWLPDWLRQ�GHV�pPLVVLRQV�GH�VXOIXUH�
G¶K\GURJqQH�GHV�EDVVLQV�GH�WUDLWHPHQW�GHV�HIIOXHQWV�j�GHV�ILQV�GH�GpFODUDWLRQV�UpJOHPHQWDLUHV�GHV�
UHMHWV�GH�SROOXDQWV�WHO�TXH�OH�7R[LFV�5HOHDVH�,QYHQWRU\��75,��GHV�eWDWV�8QLV�RX�O¶,QYHQWDLUH�QDWLRQDO�
GHV�UHMHWV�GH�SROOXDQWV��,153��GX�&DQDGD�RX�HQFRUH�SRXU�GHV�pWXGHV�GH�JHVWLRQ�GHV�RGHXUV���

%XOOHWLQ�WHFKQLTXH�QR��������¬�O¶DSSURFKH�GX�VRL[DQWH�GL[LqPH�DQQLYHUVDLUH�GH�IRQGDWLRQ�GX��
1&$6,��HQ��������OD�SXEOLFDWLRQ�GX�EXOOHWLQ�WHFKQLTXH�QR������UHSUpVHQWH�XQ�MDORQ�LPSRUWDQW��
GDQV�O¶KLVWRLUH�GH�O¶RUJDQLVDWLRQ��&H�UDSSRUW�SHXW�rWUH�YX�FRPPH�XQH�SURJUHVVLRQ�GDQV�XQH�ORQJXH��
OLJQpH�GH�GRFXPHQWV�SURGXLWV�SDU�1&$6,�HW�GpEXWDQW�SDU�OH�WRXW�SUHPLHU�EXOOHWLQ�WHFKQLTXH�LQWLWXOp�
eFKDQWLOORQQDJH�HW�DQDO\VH�GHV�HIIOXHQWV�DWPRVSKpULTXHV�JD]HX[�JpQpUpV�SDU�OH�SURFpGp�GH�SkWH�NUDIW�



SUpSDUp�VRXV�OD�GLUHFWLRQ�GX�'U��(��5��+HQGULFNVRQ�HW�SXEOLp�HQ��������&H�SUHPLHU�EXOOHWLQ�WHFKQLTXH�
SUpVHQWDLW�XQH�UHYXH�GH�OLWWpUDWXUH�VXU�O¶DQDO\VH�GHV�FRPSRVpV�GH�VRXIUH�j�O¶pWDW�JD]HX[��/D�SXEOLFDWLRQ�
GX�EXOOHWLQ�WHFKQLTXH�QR���GH�1&$6,�D�PHQp�DX�GpYHORSSHPHQW�XOWpULHXU�GH�PpWKRGHV�G¶pFKDQWLOORQQDJH�
HW�HQVXLWH�VXLYL�GH�SURJUDPPHV�G¶pFKDQWLOORQQDJH�GDQV�GHV�IDEULTXHV�GH�SkWHV�NUDIW�GX�VXG�HVW�GHV�
eWDWV�8QLV��

'XUDQW�OHV�FLQT�GpFHQQLHV�TXL�VpSDUHQW�FHV�GHX[�UDSSRUWV��O¶LQGXVWULH�D�UpDOLVp�XQH�UpGXFWLRQ�GUDPDWLTXH�
GH�VRQ�HPSUHLQWH�HQYLURQQHPHQWDOH�HW�1&$6,�D�MRXp�XQ�U{OH�FOp�GDQV�OH�VRXWLHQ�j�VHV�HQWUHSULVHV�
PHPEUHV�HQ�FRXUV�GH�URXWH���&RQoXH�j�O
RULJLQH�FRPPH�XQH�RUJDQLVDWLRQ�IRFDOLVpH�H[FOXVLYHPHQW�VXU�
OHV�HIIOXHQWV�GHV�IDEULTXHV�GH�SkWHV�HW�SDSLHUV��1&$6,�D�GHSXLV�pODUJL�VHV�FDSDFLWpV�WHFKQLTXHV�DILQ�
G¶DSSRUWHU�XQH�H[SHUWLVH�SRXU�OHV�TXHVWLRQV�OLpHV�j�G
DXWUHV�PpGLDV�HQYLURQQHPHQWDX[��DLQVL�TXH�GHV�
FDSDFLWpV�SRXU�VRXWHQLU�O¶LQGXVWULH�GHV�SURGXLWV�GX�ERLV��DX[�TXHVWLRQV�OLpHV�j�OD�JHVWLRQ�GHV�SURGXLWV�HW�
DX[�DVSHFWV�HQYLURQQHPHQWDX[�GH�OD�JHVWLRQ�GHV�IRUrWV��/D�SXEOLFDWLRQ�GH������UDSSRUWV�H[KDXVWLIV�HVW�
XQH�pWDSH�LPSRUWDQWH�SRXU�WRXWH�RUJDQLVDWLRQ��PDLV�O
DFFRPSOLVVHPHQW�GH�1&$6,�HVW�HQFRUH�SOXV�
VLJQLILFDWLI��FRPSWH�WHQX�GX�U{OH�LPSRUWDQW�TXH�FHV�SXEOLFDWLRQV�RQW�MRXp�GDQV�OD�UHIRQWH�GHV�SUDWLTXHV�
HQYLURQQHPHQWDOHV�G
XQH�LQGXVWULH�WRXW�HQWLqUH�VXU�XQH�SpULRGH�GH�SUqV�GH�VHSW�GpFHQQLHV��/D�ORQJXH�
OLVWH�GH�EXOOHWLQV�WHFKQLTXHV�GH�1&$6,�UHIOqWH�OD�FURLVVDQFH�GHV�DWWHQWHV�GH�OD�VRFLpWp�HQ�FH�TXL�
FRQFHUQH�OHV�TXHVWLRQV�HQYLURQQHPHQWDOHV�HW�OH�GpYHORSSHPHQW�GXUDEOH��DLQVL�TXH�OHV�SURJUqV�
H[WUDRUGLQDLUHV�TXH�O
LQGXVWULH�GHV�SURGXLWV�IRUHVWLHUV�D�IDLW�SRXU�UpSRQGUH�j�FHV�DWWHQWHV��

5RQDOG�$��<HVNH�

'pFHPEUH������
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7KH�1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW��1&$6,��KDV�GHYHORSHG�D�PRGHO��+�66,0��
RI�VXOILGH�IDWH�DQG�WUDQVSRUW�LQ�ZDVWHZDWHU�WUHDWPHQW�EDVLQV��+�66,0�SURYLGHV�K\GURJHQ�VXOILGH�
HPLVVLRQV�HVWLPDWHV�IURP�ZDVWHZDWHU�WUHDWPHQW�EDVLQV�XVHG�E\�WKH�IRUHVW�SURGXFWV�LQGXVWU\��7KLV�
EXOOHWLQ�VHUYHV�DV�WKH�XVHU�PDQXDO�DQG�GRFXPHQWDWLRQ�IRU�+�66,0�DQG�SURYLGHV�VWHS�E\�VWHS�
LQVWUXFWLRQV�IRU�WKH�XVHU�LQWHUHVWHG�LQ�HVWLPDWLQJ�+�6 HPLVVLRQV�IURP�DQ�LQGXVWU\�ZDVWHZDWHU�WUHDWPHQW�
EDVLQ��7KH�GRFXPHQWDWLRQ�VHFWLRQ�GHVFULEHV�WKH�XQGHUO\LQJ�PRGHO�HTXDWLRQV��SDUDPHWHUV��DQG�LQSXWV��
,QFOXGHG�LQ�WKH�GRFXPHQWDWLRQ�VHFWLRQ�DUH�WKH�UHVXOWV�RI�D�PRGHO�WHVWLQJ�SURJUDP�FRPSDULQJ�+�6�
HPLVVLRQV�HVWLPDWHV�IURP�+�66,0�WR�WKRVH�PHDVXUHG�LQ�WKH�ILHOG�DW�VHYHUDO�LQGXVWU\�ZDVWHZDWHU�
WUHDWPHQW�EDVLQV��7KH�WHVWLQJ�LQGLFDWHV�WKDW�+�66,0�HVWLPDWHG�WKH�GDLO\�DYHUDJH�+�6�HPLVVLRQ�UDWH�DW�
IRXU�LQGXVWU\�$6%V�ZLWK�DQ�HVWLPDWHG�DYHUDJH�UHODWLYH�HUURU�RI����������/LPLWHG�WHVWLQJ�DW�WZR�
SULPDU\�VHWWOLQJ�EDVLQV�DQG�RQH�SULPDU\�FODULILHU�LQGLFDWHG�D�VLPLODU�HUURU�UDQJH�DW�WKHVH�EDVLQV��$�
VHQVLWLYLW\�DQDO\VLV�SHUIRUPHG�RQ�WKH�PRGHO�LQSXWV�LQGLFDWHG�WKDW�ZDVWHZDWHU�S+�DQG�R[LGDWLRQ�
UHGXFWLRQ�SRWHQWLDO�DUH�FULWLFDO�WR�PRGHO�SHUIRUPDQFH�DQG�WKXV�VKRXOG�EH�FKDUDFWHUL]HG�DV�DFFXUDWHO\�
DV�SRVVLEOH��,QIRUPDWLRQ�GHVFULELQJ�WKH�VXOILGH�ORDG��GLVVROYHG�R[\JHQ�FRQFHQWUDWLRQ��WHPSHUDWXUH��
JHRPHWU\��DQG�DHUDWLRQ�FKDUDFWHULVWLFV�RI�WKH�EDVLQ�LV�DOVR�QHFHVVDU\�WR�UXQ�WKH�PRGHO���

.(<:25'6�

HPLVVLRQV��K\GURJHQ�VXOILGH��PRGHO��ZDVWHZDWHU��ZDVWHZDWHU�WUHDWPHQW�EDVLQV�

5(/$7('�1&$6,�38%/,&$7,216�

7HFKQLFDO�%XOOHWLQ�1R�������6HSWHPEHU���������(PLVVLRQV�RI�5HGXFHG�6XOIXU�&RPSRXQGV�DQG�
0HWKDQH�IURP�.UDIW�0LOO�:DVWHZDWHU�7UHDWPHQW�3ODQWV��

7HFKQLFDO�%XOOHWLQ�1R�������0D\���������6XPPDU\�RI�,QGXVWU\�([SHULHQFH�ZLWK�2GRU�0HDVXUHPHQWV�
DW�:DVWHZDWHU�7UHDWPHQW�3ODQWV��

7HFKQLFDO�%XOOHWLQ�1R�������-XQH���������'HYHORSPHQW�DQG�$SSOLFDWLRQ�RI�D�0HWKRG�IRU�0HDVXULQJ�
5HGXFHG�6XOIXU�&RPSRXQGV�LQ�3XOS�DQG�3DSHU�:DVWHZDWHUV�

7HFKQLFDO�%XOOHWLQ�1R�������$XJXVW���������&RPSLODWLRQ�RI�6SHFLDWHG�5HGXFHG�6XOIXU�&RPSRXQGV�
DQG�7RWDO�5HGXFHG�6XOIXU�(PLVVLRQ�'DWD�IRU�.UDIW�0LOO�6RXUFHV��

7HFKQLFDO�%XOOHWLQ�1R�������-DQXDU\���������6LPXODWLRQ�RI�2UJDQLF�&RPSRXQG�5HPRYDO�LQ�%LRORJLFDO�
:DVWHZDWHU�7UHDWPHQW�3URFHVVHV��

7HFKQLFDO�%XOOHWLQ�1R�������-DQXDU\���������8VHU�0DQXDO�IRU�1&$6,�$HUDWHG�6WDELOL]DWLRQ�%DVLQ�
0RGHO�DQG�*XLGDQFH�IRU�LWV�8VH��
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5e680e�

/H�&RQVHLO�QDWLRQDO�SRXU�O¶DPpOLRUDWLRQ�GH�O¶DLU�HW�GHV�FRXUV�G¶HDX��1&$6,��D�GpYHORSSp�XQ�PRGqOH�
�+�66,0��SHUPHWWDQW�G¶HVWLPHU�OH�GHYHQLU�GDQV�O
HQYLURQQHPHQW�GX�VXOIXUH�pPLV�GHV�EDVVLQV�GH�
WUDLWHPHQW�GHV�HIIOXHQWV���+�66,0�IRXUQLW�GHV�HVWLPDWLRQV�GHV�pPLVVLRQV�GH�VXOIXUH�G¶K\GURJqQH�
SURYHQDQW�GHV�EDVVLQV�GH�WUDLWHPHQW�GHV�HIIOXHQWV�XWLOLVpV�GDQV�O¶LQGXVWULH�GHV�SURGXLWV�IRUHVWLHUV��&H�
EXOOHWLQ�VHUW�GH�PDQXHO�G¶XWLOLVDWLRQ�HW�GH�GRFXPHQW�GH�UpIpUHQFH�SRXU�OH�PRGqOH�+�66,0�HW�RIIUH�GHV�
LQVWUXFWLRQV�pWDSH�SDU�pWDSH�SRXU�OHV�XWLOLVDWHXUV�GpVLUDQW�HVWLPHU�OHV�pPLVVLRQV�GH�+�6 GH�EDVVLQV�GH�
WUDLWHPHQW�GHV�HIIOXHQWV�GDQV�O¶LQGXVWULH�GHV�SkWHV�HW�SDSLHUV��/D�VHFWLRQ�GH�OD�GRFXPHQWDWLRQ�GpFULW�OHV�
pTXDWLRQV�VRXV�MDFHQWHV�GX�PRGqOH�HW�OHV�SDUDPqWUHV�HW�GRQQpHV�j�HQWUHU�GDQV�FHOXL�FL��/HV�UpVXOWDWV�
G
XQ�SURJUDPPH�G
HVVDLV�FRPSDUDQW�OHV�pPLVVLRQV�GH�+�6�HVWLPpHV�SDU�OH�PRGqOH�+�66,0�j�FHOOHV�
PHVXUpHV�VXU�OH�WHUUDLQ�j�SOXVLHXUV�EDVVLQV�GH�WUDLWHPHQW�GHV�HIIOXHQWV�VRQW�LQFOXV�GDQV�OD�VHFWLRQ�
GRFXPHQWDWLRQ��/HV�WHVWV�RQW�GpPRQWUp�TXH�OH�PRGqOH�+�66,0�HVWLPDLW�GHV�WDX[�TXRWLGLHQV�PR\HQV�
G
pPLVVLRQ�GH�+�6�GH�TXDWUH�%6$�DYHF�XQH�HUUHXU�UHODWLYH�PR\HQQH�GH������������'HV�WHVWV�OLPLWpV�
UpDOLVpV�j�GHX[�EDVVLQV�GH�GpFDQWDWLRQ�SULPDLUHV�HW�j�XQ�FODULILFDWHXU�SULPDLUH�LQGLTXDLHQW�XQH�HUUHXU�
UHODWLYH�VHPEODEOH�SRXU�FHV�EDVVLQV��8QH�DQDO\VH�GH�VHQVLELOLWp�HIIHFWXpH�VXU�OHV�GRQQpHV�G
HQWUpH�GX�
PRGqOH�D�LQGLTXp�TXH�OH�S+�GHV�HIIOXHQWV�HW�OH�SRWHQWLHO�G
R[\GRUpGXFWLRQ�VRQW��GHV�SDUDPqWUHV�
FULWLTXHV�j�OD�SHUIRUPDQFH�DGpTXDWH�GX�PRGqOH�HW�GHYUDLHQW�GRQF�rWUH�FDUDFWpULVpHV�DXVVL�SUpFLVpPHQW�
TXH�SRVVLEOH��'HV�GRQQpHV�GpFULYDQW�OD�FKDUJH�GH�VXOIXUH��OD�FRQFHQWUDWLRQ�HQ�R[\JqQH�GLVVRXV��OD�
WHPSpUDWXUH��OD�JpRPpWULH�HW�OHV�FDUDFWpULVWLTXHV�GX�EDVVLQ�VRQW�pJDOHPHQW�QpFHVVDLUHV�SRXU�IDLUH�
IRQFWLRQQHU�OH�PRGqOH��

0276�&/e6�

pPLVVLRQV��VXOIXUH�G¶K\GURJqQH��PRGqOH��HIIOXHQWV��EDVVLQV�GH�WUDLWHPHQW�GHV�HIIOXHQWV�

$875(6�38%/,&$7,216�'(�1&$6,�

%XOOHWLQ�WHFKQLTXH�QR������VHSWHPEUH���������(PLVVLRQV�RI�5HGXFHG�6XOIXU�&RPSRXQGV�DQG�0HWKDQH�
IURP�.UDIW�0LOO�:DVWHZDWHU�7UHDWPHQW�3ODQWV��

%XOOHWLQ�WHFKQLTXH�QR������PDL���������6XPPDU\�RI�,QGXVWU\�([SHULHQFH�ZLWK�2GRU�0HDVXUHPHQWV�DW�
:DVWHZDWHU�7UHDWPHQW�3ODQWV��

%XOOHWLQ�WHFKQLTXH�QR������MXLQ���������'HYHORSPHQW�DQG�$SSOLFDWLRQ�RI�D�0HWKRG�IRU�0HDVXULQJ�
5HGXFHG�6XOIXU�&RPSRXQGV�LQ�3XOS�DQG�3DSHU�:DVWHZDWHUV�

%XOOHWLQ�WHFKQLTXH�QR������DR�W���������&RPSLODWLRQ�RI�6SHFLDWHG�5HGXFHG�6XOIXU�&RPSRXQGV�DQG�
7RWDO�5HGXFHG�6XOIXU�(PLVVLRQ�'DWD�IRU�.UDIW�0LOO�6RXUFHV��

%XOOHWLQ�WHFKQLTXH�QR������MDQYLHU���������6LPXODWLRQ�RI�2UJDQLF�&RPSRXQG�5HPRYDO�LQ�%LRORJLFDO�
:DVWHZDWHU�7UHDWPHQW�3URFHVVHV��

%XOOHWLQ�WHFKQLTXH�QR������MDQYLHU���������8VHU�0DQXDO�IRU�1&$6,�$HUDWHG�6WDELOL]DWLRQ�%DVLQ�0RGHO�
DQG�*XLGDQFH�IRU�LWV�8VH��
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7DEOH����� 6LWH�6SHFLILF�'DWD�5HTXLUHPHQWV�IRU�6XOILGH�)DWH�0RGHO������������������������������������������������������

7DEOH����� 6XJJHVWHG�0L[LQJ�6HWWLQJV�%DVHG�XSRQ�=RQH�,QWHUIDFH�&RQGLWLRQV��������������������������������������

7DEOH����� ([DPSOH�0RGHO�5HVXOWV�RYHU�D�5DQJH�RI�3UHWUHDWPHQW�(IILFLHQFLHV�������������������������������������

7DEOH����� 6XPPDU\�RI�1&$6,�+�6�0HDVXUHPHQWV�DQG�0RGHO�(VWLPDWHV�DW�$6%V������������������������������

7DEOH����� 6XPPDU\�RI�1&$6,�0HDVXUHPHQWV�DQG�0RGHO�(VWLPDWHV�DW�3ULPDU\�6HWWOLQJ�%DVLQV���������

7DEOH����� 6HQVLWLYLW\�$QDO\VLV�RI�+�66,0�%DVLQ�&KDUDFWHUL]DWLRQ�,QSXWV�������������������������������������������

),*85(6�

)LJXUH����� *HQHUDOL]HG�6XOILGH�0DVV�%DODQFH�DURXQG�D�&RQWURO�9ROXPH�����������������������������������������������

)LJXUH����� )UDFWLRQ�RI�6XOILGH�6SHFLHV�DV�D�)XQFWLRQ�RI�:DVWHZDWHU�S+�������������������������������������������������
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)LJXUH����� 6XJJHVWHG�0RGHO�=RQH�3ODFHPHQW�:KHQ�)ORZ�&XUWDLQ�DQG�S+�*UDGLHQWV�
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)LJXUH����� 6XJJHVWHG�0RGHO�=RQH�3ODFHPHQW�:KHQ�)ORZ�&XUWDLQ��S+�*UDGLHQWV��DQG�
$HUDWLRQ�'HQVLW\�*UDGLHQWV�$UH�3UHVHQW��������������������������������������������������������������������������������

)LJXUH����� ([DPSOH�RI�5HVLGHQFH�7LPH�&XUYHV�IRU�9DULRXV�1XPEHUV�RI�0RGHO�=RQHV������������������������

)LJXUH����� 0HDVXUHG�+�6�(PLVVLRQ�5DWHV�&RPSDUHG�WR�0RGHO�3UHGLFWHG�5DWHV�IRU�3KDVH�,�0RGHO�
7HVWLQJ�DW�$6%V���������������������������������������������������������������������������������������������������������������������
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���� ,1752'8&7,21�

7KH�1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW��1&$6,��KDV�GHYHORSHG�D�PRGHO�RI�VXOILGH�
�+�6��+6

���6����IDWH�DQG�WUDQVSRUW�LQ�ZDVWHZDWHU�WUHDWPHQW�EDVLQV�XVHG�E\�WKH�SXOS�DQG�SDSHU�LQGXVWU\��
7KH�SULPDU\�REMHFWLYH�IRU�WKLV�PRGHO�LV�WR�SURYLGH�WKH�LQGXVWU\�D�WRRO�ZKLFK�DOORZV�IRU�WKH�DFFXUDWH�
HVWLPDWLRQ�RI�K\GURJHQ�VXOILGH�HPLVVLRQV�WR�WKH�DWPRVSKHUH�IURP�ZDVWHZDWHU�WUHDWPHQW�EDVLQV��7KH�
PRGHO�LV�DOVR�GHVLJQHG�IRU�SUHGLFWLQJ�IXWXUH�K\GURJHQ�VXOILGH�HPLVVLRQV�XQGHU�PRGLILHG�ZDVWHZDWHU�
EDVLQ�RSHUDWLQJ�FRQGLWLRQV��2SHUDWLQJ�LQ�WKLV�SUHGLFWLYH�PRGH��WKH�PRGHO�SURYLGHV�WKH�XVHU�WKH�DELOLW\�
WR�VWXG\�WKH�HIIHFW�RI�DOWHUQDWLYH�VWUDWHJLHV�IRU�PDQDJLQJ�K\GURJHQ�VXOILGH�HPLVVLRQV�IURP�ZDVWHZDWHU�
WUHDWPHQW�V\VWHPV��

7KH�VXOILGH�PRGHO�GLVFXVVHG�LQ�WKLV�EXOOHWLQ�LV�D�FRPSXWHU�SURJUDP�GHVLJQHG�WR�VROYH�GLIIHUHQWLDO�
HTXDWLRQV�GHVFULELQJ�WKH�VXOILGH�IDWH�DQG�WUDQVSRUW�SURFHVVHV�LQ�ZDVWHZDWHU�WUHDWPHQW�EDVLQV�DW�D�
VWHDG\�VWDWH�FRQGLWLRQ��7KH�PRGHO�HTXDWLRQV�UHSUHVHQW�D�V\QWKHVLV�RI�WKH�UHVHDUFK�FRQGXFWHG�E\�
1&$6,�DQG�RWKHUV�DV�UHSRUWHG�LQ�WKH�VFLHQWLILF�OLWHUDWXUH��7KH�PRGHO�VWUXFWXUH�LV�EDVHG�XSRQ�1&$6,¶V�
%2'�DQG�766�UHPRYDO�PRGHO��6$6%9���1&$6,�����D���ZKLFK�KDV�EHHQ�WKRURXJKO\�GRFXPHQWHG�
DQG�WHVWHG��7KH�VXOILGH�PRGHO�VLPXODWHV�VXOILGH�ORDGLQJ�DQG�WUDQVSRUW�LQ�D�PDQQHU�VLPLODU�WR�WKH�ZD\�
6$6%9��VLPXODWHV�%2'�ORDGLQJ�DQG�WUDQVSRUW�ZKLOH�LQFRUSRUDWLQJ�WKH�IDWH�SURFHVVHV�WKDW�DUH�VSHFLILF�
WR�VXOILGH��7KHVH�SURFHVVHV�LQFOXGH�VXOILGH�JHQHUDWLRQ��GLVVRFLDWLRQ��R[LGDWLRQ��YRODWLOL]DWLRQ��DQG�
EHQWKLF�JDV�UHOHDVH��

7KLV�EXOOHWLQ�VHUYHV�WZR�SULPDU\�SXUSRVHV��7KH�ILUVW�LV�DV�D�XVHU�PDQXDO�SURYLGLQJ�DQ�RYHUYLHZ�DQG�
JXLGDQFH�IRU�XVHUV�LQWHUHVWHG�LQ�VHWWLQJ�XS�DQG�UXQQLQJ�WKH�PRGHO�IRU�D�VSHFLILF�ZDVWHZDWHU�EDVLQ��7KH�
VHFRQG�SXUSRVH�LV�WR�GRFXPHQW�WKH�PRGHO�DV�ZHOO�DV�GHVFULEH�LWV�WHVWLQJ�DW�VHYHUDO�SXOS�DQG�SDSHU�
ZDVWHZDWHU�WUHDWPHQW�EDVLQV�ZKHUH�PHDVXUHG�K\GURJHQ�VXOILGH�HPLVVLRQ�UDWHV�DUH�DYDLODEOH��

���� 02'(/�$33/,&$%,/,7<�

���� $SSOLFDEOH�:DVWHZDWHU�7UHDWPHQW�%DVLQV�

7KH�PRGHO�LV�DSSOLFDEOH�WR�PRVW�IORZ�WKURXJK�ZDVWHZDWHU�WUHDWPHQW�EDVLQV�DQG�KDV�EHHQ�GHVLJQHG�WR�
RIIHU�IOH[LELOLW\�WRZDUGV�WKH�DGDSWDWLRQ�RI�WKH�PRGHO�WR�WKH�ZLGH�UDQJH�RI�GHVLJQ�DQG�RSHUDWLRQDO�
FRQILJXUDWLRQV�RI�ZDVWHZDWHU�WUHDWPHQW�EDVLQV�HQFRXQWHUHG�LQ�WKH�SXOS�DQG�SDSHU�LQGXVWU\��+RZHYHU��
PRVW�GHYHORSPHQW�ZRUN�DQG�WHVWLQJ�WR�WKLV�SRLQW�KDV�IRFXVHG�RQ�DHUDWHG�VWDELOL]DWLRQ�EDVLQV��$6%V���
7KHVH�$6%V�KDYH�WKH�IROORZLQJ�FKDUDFWHULVWLFV��

�� 7KH�K\GUDXOLF�UHVLGHQFH�WLPH�UDQJHV�IURP�����WR�����GD\V��

�� 7KH\�FRQWDLQ�PHFKDQLFDO�VXUIDFH�DHUDWLRQ�HTXLSPHQW��

�� 7KH�WRWDO�VXOILGH�FRQFHQWUDWLRQ�RI�WKH�LQOHW�UDQJHV�IURP�����WR����PJ�/��

�� :DVWHZDWHU�WHPSHUDWXUHV�UDQJH�IURP������WR����&��

�� :DVWHZDWHU�S+�UDQJHV�IURP�����WR������

�� )URQW�]RQH�ZDVWHZDWHU�GLVVROYHG�R[\JHQ�FRQFHQWUDWLRQ�UDQJHV�IURP�����WR�����PJ�/��

(PLVVLRQ�SUHGLFWLRQV�DUH�OLNHO\�PRVW�UHOLDEOH�IRU�$6%V�ZLWK�FRQGLWLRQV�VLPLODU�WR�WKRVH�REVHUYHG�DW�
WKH�$6%V�ZKLFK�ZHUH�XVHG�WR�WHVW�WKH�PRGHO��$GGLWLRQDO�FDXWLRQ�VKRXOG�EH�XVHG�ZKHQ�DSSO\LQJ�WKH�
PRGHO�WR�$6%V�ZKLFK�H[KLELW�FRQGLWLRQV�RXWVLGH�WKH�DERYH�UDQJHV��



�� 7HFKQLFDO�%XOOHWLQ�1R�������
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+�66,0�KDV�XQGHUJRQH�OLPLWHG�WHVWLQJ�DW�LQGXVWU\�SULPDU\�VHWWOLQJ�EDVLQV�EXW�QRW�DW�SULPDU\�
FODULILHUV��:KLOH�WKH�PRGHO�LV�GHVLJQHG�WR�VLPXODWH�HPLVVLRQV�IURP�WKHVH�EDVLQ�W\SHV��WKH�XVHU�LV�
DGYLVHG�WR�DSSO\�DSSURSULDWH�FDXWLRQ�ZLWK�WKH�UHVXOWV�XQWLO�WKH�PRGHO�FDQ�EH�PRUH�WKRURXJKO\�
HYDOXDWHG��+�66,0�KDV�QRW�EHHQ�WHVWHG�IRU�DFWLYDWHG�VOXGJH�EDVLQV��+RZHYHU��HPLVVLRQV�
PHDVXUHPHQWV�E\�1&$6,������E��KDYH�LQGLFDWHG�WKDW�WKHVH�EDVLQV�HPLW�UHODWLYHO\�VPDOO�DPRXQWV�RI�
+�6��$GGLWLRQDO�LQIRUPDWLRQ�UHJDUGLQJ�PRGHO�WHVWLQJ�LV�FRQWDLQHG�LQ�6HFWLRQ���RI�WKLV�EXOOHWLQ��

���� $SSOLFDEOH�7\SHV�RI�0RGHO�$QDO\VHV��

7KHUH�DUH�WZR�JHQHUDO�W\SHV�RI�DQDO\VHV�DSSOLFDEOH�ZLWK�+�66,0��7KH�ILUVW�LV�WKH�HVWLPDWLRQ�RI�+�6�
HPLVVLRQV�DW�FXUUHQW�RSHUDWLQJ�FRQGLWLRQV��,Q�WKLV�W\SH�RI�DQDO\VLV��WKH�XVHU�HQWHUV�LQIRUPDWLRQ�LQWR�WKH�
PRGHO�WKDW�UHIOHFWV�WKH�FXUUHQW�VWDWH�RI�WKH�EDVLQ�DQG�WKH�PRGHO�SURYLGHV�DQ�HVWLPDWH�RI�K\GURJHQ�
VXOILGH�HPLVVLRQV�DW�WKHVH�FRQGLWLRQV��3RVVLEOH�DSSOLFDWLRQV�XQGHU�WKLV�W\SH�RI�DQDO\VLV�LQFOXGH�

�� VFUHHQLQJ�RI�VHYHUDO�EDVLQV�WR�LGHQWLI\�SULPDU\�VRXUFHV�RI�K\GURJHQ�VXOILGH�HPLVVLRQV��

�� GRFXPHQWDWLRQ�RI�K\GURJHQ�VXOILGH�HPLVVLRQV��DQG�

�� XQGHUVWDQGLQJ�WKH�URRW�FDXVHV�RI�K\GURJHQ�VXOILGH�HPLVVLRQV�LQ�D�EDVLQ��

7KH�VHFRQG�W\SH�RI�DQDO\VLV�LV�WKH�SUHGLFWLRQ�RI�K\GURJHQ�VXOILGH�HPLVVLRQV�XQGHU�D�FKDQJH�WR�WKH�
H[LVWLQJ�V\VWHP��([DPSOHV�RI�V\VWHP�FKDQJHV�WKDW�FRXOG�EH�HYDOXDWHG�E\�WKH�PRGHO�LQFOXGH�

�� SUHWUHDWPHQW�RI�LQIOXHQW�WR�UHGXFH�WKH�VXOILGH�ORDG��

�� DGGLWLRQ�RI�DHUDWLRQ�HTXLSPHQW��DQG�

�� DGMXVWPHQW�RI�EDVLQ�S+�RU�WHPSHUDWXUH��

7KLV�W\SH�RI�DQDO\VLV�RIIHUV�WKH�PRGHO�XVHU�D�PHDQV�RI�HYDOXDWLQJ�WKH�HIIHFWLYHQHVV�RI�YDULRXV�
K\GURJHQ�VXOILGH�FRQWURO�RSWLRQV�SULRU�WR�WKH�H[SHQGLWXUH�RI�FDSLWDO�RU�RSHUDWLQJ�UHVRXUFHV��

���� 02'(/�29(59,(:�

+�66,0�LV�D�FRPSXWHU�SURJUDP�ZKLFK�QXPHULFDOO\�VROYHV�GLIIHUHQWLDO�HTXDWLRQV�GHVFULELQJ�VXOILGH�
DQG�VXOIDWH�WUDQVSRUW�WKURXJK�D�SXOS�DQG�SDSHU�ZDVWHZDWHU�WUHDWPHQW�EDVLQ�DW�VWHDG\�VWDWH�FRQGLWLRQV��
7KH�VWDWH�YDULDEOHV�PRGHOHG�DUH�IORZ��VXOILGH��DQG�VXOIDWH��6XOILGH�LQ�WKLV�FRQWH[W�LV�GHILQHG�DV�WRWDO�
VXOILGH��1&$6,��������KRZHYHU��WKH�GLVVRFLDWHG�IRUPV�RI�VXOILGH��+�6��+6

���6����DUH�FRQVLGHUHG�LQ�WKH�
PRGHO�SURFHVVHV��7KH�PRGHO�DSSUR[LPDWHV�QRQ�LGHDO�IORZ�SDWWHUQV�E\�XWLOL]LQJ�D�VHJPHQWHG�
IUDPHZRUN��L�H���FRQWLQXRXVO\�VWLUUHG�WDQN�UHDFWRUV�LQ�VHULHV��ZLWK�DGYHFWLYH�IORZ�DQG�PL[LQJ�EHWZHHQ�
VHJPHQWV��,Q�DGGLWLRQ�WR�OLTXLG�WUDQVSRUW��WKH�PRGHO�FRQVLGHUV�H[WHUQDO�VXOILGH�ORDGV��OLTXLG�WR�DLU�PDVV�
WUDQVIHU��DQG�FKHPLFDO�DQG�ELRFKHPLFDO�UHDFWLRQV�WKDW�JHQHUDWH�DQG�UHPRYH�VXOILGH��$�JHQHUDOL]HG�
PRGHO�FRQWURO�YROXPH�GHSLFWHG�RQ�D�VXOILGH�PDVV�EDODQFH�EDVLV�LV�VKRZQ�LQ�)LJXUH������
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)LJXUH������*HQHUDOL]HG�6XOILGH�0DVV�%DODQFH�DURXQG�D�&RQWURO�9ROXPH�

7KH�PRGHO�HVWLPDWHV�K\GURJHQ�VXOILGH�HPLVVLRQ�UDWHV�E\�XWLOL]LQJ�D�PDVV�EDODQFH�DSSURDFK�WR�VROYH�
IRU�WKH�OLTXLG�WRWDO�VXOILGH�DQG�VXOIDWH�FRQFHQWUDWLRQV��7KH�PRGHO�LQSXWV�ZKLFK�GHVFULEH�WKH�PDVV�
WUDQVIHU�UHDFWLRQ�UDWHV�DUH�LPSRUWHG�E\�WKH�XVHU�WR�UHIOHFW�VLWH�VSHFLILF�FRQGLWLRQV��7KH�HTXDWLRQV�DUH�
WKHQ�VROYHG�QXPHULFDOO\�IRU�WKH�VWHDG\�VWDWH�FRQGLWLRQ�SURYLGLQJ�HVWLPDWHV�RI�ZDWHU�FROXPQ�VXOILGH�
FRQFHQWUDWLRQV�DQG�WUDQVSRUW�DQG�UHDFWLRQ�UDWHV��7KH�JHQHUDO�PDVV�EDODQFH�HTXDWLRQ�IRU�D�VLQJOH�PRGHO�
YROXPH�LV�VKRZQ�LQ�(TXDWLRQ������

������������(TXDWLRQ�����

� :KHUH��9� �9ROXPH��/��� � � � � � � �
� � F� �&RQFHQWUDWLRQ��0�/��� � � � � � �
� � W� �7LPH��7�� � � � � � � � �
� � :� �/RDG��0�7�� � � � � � � �
� � 4� �$GYHFWLYH�)ORZ��/��7��
� � (� �)ORZ�GXH�WR�PL[LQJ��/��7�� � �
� � 5������ �5HDFWLRQV��JHQHUDWLRQ��R[LGDWLRQ��VWULSSLQJ���0�7��
� � Q� �0RGHO�VHJPHQW�QXPEHU�
� � L� �)ORZ�QXPEHU�

� ����$QG��/� �OHQJWK�
� � 0� �PDVV�
� � 7� �WLPH�

(TXDWLRQ�����VWDWHV�WKDW�WKH�FRQWURO�YROXPH�PDVV�UDWH�RI�FKDQJH�LV�HTXDO�WR�WKH�VXP�RI�VHYHUDO�
LQGLYLGXDO�UDWHV�WKDW�DGG�RU�UHPRYH�PDVV�IURP�WKH�YROXPH��7KHVH�UDWHV�LQFOXGH�LQIOXHQW�ORDGLQJ��
DGYHFWLYH�WUDQVSRUW��DQG�PL[LQJ�IURP�DGMDFHQW�PRGHO�VHJPHQWV�DQG�UHDFWLRQV��$W�VWHDG\�VWDWH��WKH�
FRQWURO�YROXPH¶V�PDVV�UDWH�RI�FKDQJH�LV�HTXDO�WR�]HUR�DQG�WKH�VWHDG\�VWDWH�OLTXLG�FRQFHQWUDWLRQ�LV�
FRPSXWHG��8VLQJ�WKH�FRPSXWHG�VXOILGH�FRQFHQWUDWLRQ�DQG�RWKHU�VLWH�VSHFLILF�LQIRUPDWLRQ��WKH�+�6�
HPLVVLRQ�UDWH�IURP�YRODWLOL]DWLRQ�LV�FDOFXODWHG���7KH�HPLVVLRQV�FRQWULEXWLRQ�IURP�EHQWKLF�JDV�EXEEOHV�
LV�FDOFXODWHG�VHSDUDWHO\�IURP�(TXDWLRQ�����DQG�VXPPHG�ZLWK�WKH�HPLVVLRQ�UDWH�IURP�YRODWLOL]DWLRQ�WR�
SURGXFH�WKH�WRWDO�EDVLQ�HPLVVLRQ�HVWLPDWH��

6XOIDWH�LV�LQFOXGHG�DV�D�VWDWH�YDULDEOH�LQ�WKH�PRGHO�EHFDXVH�WKH�VXOILGH�JHQHUDWLRQ�UDWH�FDQ�EH�OLPLWHG�
E\�YHU\�ORZ�VXOIDWH�FRQFHQWUDWLRQV��7KH�PRGHO�GHVFULEHV�VXOIDWH�DV�EHLQJ�WUDQVIRUPHG�WR�VXOILGH�
WKURXJK�WKH�JHQHUDWLRQ�UHDFWLRQ�DQG�VXOILGH�EHLQJ�WUDQVIRUPHG�WR�VXOIDWH�E\�R[LGDWLRQ��7KLV�LQWHUDFWLRQ�

dƌĂŶƐƉŽƌƚ /Ŷ dƌĂŶƐƉŽƌƚKƵƚ

ZĞĂĐƚŝŽŶŽƵƚ

ZĞĂĐƚŝŽŶ ŝŶ
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�� 7HFKQLFDO�%XOOHWLQ�1R�������

1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW�

EHWZHHQ�VWDWH�YDULDEOHV�LV�VLPXODWHG�E\�WKH�FRXSOHG�QDWXUH�RI�WKH�GLIIHUHQWLDO�HTXDWLRQV�GHVFULELQJ�WKH�
VXOILGH�DQG�VXOIDWH�DFFXPXODWLRQ�UDWH���

7KH�PDWKHPDWLFDO�IRUPV�RI�WKH�VXOILGH�DQG�VXOIDWH�HTXDWLRQV�H[FOXGLQJ�WKH�WUDQVSRUW�DQG�WHPSHUDWXUH�
FRUUHFWLRQ�WHUPV�DQG�DVVXPLQJ�DHURELF�FRQGLWLRQV�DUH�SUHVHQWHG�LQ�(TXDWLRQV�����DQG������

���(TXDWLRQ�����

�� � ������������(TXDWLRQ�����

:KHUH��6��,,�� �7RWDO�VXOILGH��0�/���
� � 62�� �6XOIDWH��0�/���
� � '2� �'LVVROYHG�R[\JHQ��0�/���
� � NJHQ� �6XOILGH�JHQHUDWLRQ�UDWH��0�/�7��
� � .62�� �6XOIDWH�KDOI�VDWXUDWLRQ�FRHIILFLHQW��0�/���
� � .'2� �'LVVROYHG�R[\JHQ�KDOI�VDWXUDWLRQ�FRHIILFLHQW��0�/���
� � NR[� �$HURELF�VXOILGH�R[LGDWLRQ�UDWH��7

����
� � P� �2UGHU�RI�UHDFWLRQ�ZLWK�UHVSHFW�WR�WRWDO�VXOILGH�����
� � Q� �2UGHU�RI�UHDFWLRQ�ZLWK�UHVSHFW�WR�GLVVROYHG�R[\JHQ�����
� � ./� �/LTXLG�DLU�PDVV�WUDQVIHU�FRHIILFLHQW��/�7��
� � $� �6XUIDFH�DUHD��/���
� � )+�6� �)UDFWLRQ�RI�WRWDO�VXOILGH�DV�+�6�����

7KH�LQGLYLGXDO�WHUPV�LQ�(TXDWLRQV�����DQG������DORQJ�ZLWK�WKH�EHQWKLF�JDV�JHQHUDWLRQ�UDWH��DUH�IXUWKHU�
GHVFULEHG�LQ�WKH�IROORZLQJ�VHFWLRQ��

���� 6XOILGH�7UDQVSRUW�ZLWKLQ�WKH�:DVWHZDWHU�7UHDWPHQW�%DVLQ��

:DVWHZDWHU�WUHDWPHQW�EDVLQ�K\GUDXOLFV�GLIIHU�JUHDWO\�DFURVV�WKH�SXOS�DQG�SDSHU�LQGXVWU\��$�EDVLQ�
UDUHO\�H[KLELWV�LGHDO�SOXJ�IORZ�RU�D�FRPSOHWHO\�PL[HG�K\GUDXOLF�UHJLPH��,Q�DGGLWLRQ��PDQ\�WUHDWPHQW�
V\VWHPV�KDYH�DGGLWLRQDO�FRPSOH[LWLHV�VXFK�IORZ�EDIIOHV��PXOWLSOH�LQIOXHQW�SRLQWV�WR�D�VLQJOH�EDVLQ��
SDUDOOHO�EDVLQV�RU�EDVLQV�LQ�VHULHV��DQG�TXLHVFHQW�]RQHV��0RGHO�K\GUDXOLFV�PXVW�EH�IOH[LEOH�HQRXJK�WR�
DFFRPPRGDWH�WKH�YDULHW\�RI�EDVLQV�HQFRXQWHUHG�LQ�WKH�LQGXVWU\��

$Q�DSSURDFK�WR�PRGHO�K\GUDXOLFV�WKDW�KDV�EHHQ�IRXQG�XVHIXO�IRU�VLPXODWLQJ�ZDVWHZDWHU�EDVLQV�LV�WKH�
WDQNV�LQ�VHULHV�DSSURDFK��7KH�WDQNV�LQ�VHULHV�DSSURDFK�PRGHOV�WKH�V\VWHP�DV�D�QXPEHU�RI�FRPSOHWHO\�
VWLUUHG�WDQN�UHDFWRUV��&675V��DUUDQJHG�LQ�VHULHV�ZKHUH�WKH�VXP�RI�YROXPHV�IURP�WKH�&675V�LV�HTXDO�
WR�WKH�YROXPH�RI�WKH�ZDVWHZDWHU�WUHDWPHQW�EDVLQ�RI�LQWHUHVW��7KH�6$6%9�PRGHO�IRU�$6%V��1&$6,�
����D��LV�D�WDQN�LQ�VHULHV�PRGHO�ZKLFK�DOVR�LQFOXGHV�WKH�DELOLW\�WR�VLPXODWH�PL[LQJ��L�H���EDFNPL[LQJ���
7KH�WDQN�LQ�VHULHV�ZLWK�EDFNPL[�DSSURDFK�ZDV�VHOHFWHG�DV�WKH�K\GUDXOLF�EDVLV�IRU�WKH�+�66,0�
EHFDXVH�LW�KDV�SURYHQ�WR�EH�IOH[LEOH�DQG�HIIHFWLYH�LQ�VLPXODWLQJ�LQGXVWU\�ZDVWHZDWHU�WUHDWPHQW�EDVLQ�
K\GUDXOLFV��$�VLQJOH�WDQN�PRGHO�ZLOO�SURYLGH�FRPSOHWHO\�PL[HG�K\GUDXOLFV��ZKLOH�LQFUHDVLQJ�WKH�
QXPEHU�RI�WDQNV�DOORZV�WR�XVHU�WR�VLPXODWH�LQFRPSOHWHO\�PL[HG�WR�DSSUR[LPDWH�SOXJ�W\SH�UHJLPHV��

$GGLWLRQDO�FDSDELOLWLHV�ZHUH�DGGHG�IRU�+�66,0�EHFDXVH�WKH�6$6%9�K\GUDXOLFV�SURYHG�OLPLWLQJ�IRU�
FHUWDLQ�LQGXVWU\�EDVLQV��7KHVH�FDVHV�RIWHQ�LQYROYHG�PXOWLSOH�LQIOXHQW�ORDGV�VXFK�DV�FRQGHQVDWH�KDUG�
SLSLQJ��7R�SURYLGH�WKH�XVHU�ZLWK�WRROV�WR�DGGUHVV�WKLV�FRPSOH[LW\��+�66,0�LQFOXGHV�WKH�FDSDELOLW\�WR�
VLPXODWH�PXOWLSOH�LQIOXHQW�ORDGV�WR�D�VLQJOH�ZDVWHZDWHU�EDVLQ��



7HFKQLFDO�%XOOHWLQ�1R������� ��

1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW�

���� 6XOILGH�'LVVRFLDWLRQ�

,QRUJDQLF��IUHH�VXOILGH�FDQ�H[LVW�LQ�WKUHH�IRUPV��WKH�FRQFHQWUDWLRQV�RI�ZKLFK�GHSHQG�XSRQ�WKH�
ZDVWHZDWHU�S+��+�66,0�FDOFXODWHV�WKH�HIIHFW�RI�S+�RQ�WKH�SUHGRPLQDQW�VXOILGH�IRUP�SUHVHQW�LQ�WKH�
ZDVWHZDWHU��7KLV�FDOFXODWLRQ�LV�VLJQLILFDQW�EHFDXVH�RQO\�+�6�LV�D�YRODWLOH�IRUP�RI�VXOILGH�

$W�WKH�QHDU�QHXWUDO�S+�FRQGLWLRQV�HQFRXQWHUHG�LQ�PRVW�ZDVWHZDWHUV�XQGHUJRLQJ�ELRORJLFDO�WUHDWPHQW��
K\GURJHQ�VXOILGH�GLVVRFLDWHV�WR�\LHOG�D�K\GURJHQ�LRQ�DQG�K\GURJHQ�VXOILGH�LRQ��(TXDWLRQ�������

� � � � � � � (TXDWLRQ�����

$W�YHU\�KLJK�S+�OHYHOV��WKH�K\GURJHQ�VXOILGH�LRQ�FDQ�GLVVRFLDWH�DJDLQ�WR�D�K\GURJHQ�LRQ�DQG�VXOIXU�LRQ�
�(TXDWLRQ�������

� � � � � � � (TXDWLRQ�����

:KHQ�WKH�UHDFWLRQ�LV�FRQVLGHUHG�WR�EH�DW�HTXLOLEULXP��WKH�UHDFWLRQ�DQG�FRQFHQWUDWLRQ�SURGXFWV�FDQ�EH�
GHILQHG�E\�(TXDWLRQV�����DQG������

� � � � � � � � (TXDWLRQ�����

���������� � � � � � � (TXDWLRQ�����

,I�WKH�UHDFWLRQV�UHSUHVHQWHG�LQ�(TXDWLRQV�����DQG�����DUH�FRQVLGHUHG�WR�RFFXU�PXFK�IDVWHU�WKDQ�WKH�
RWKHU�SURFHVVHV�LQ�WKH�RYHUDOO�PDVV�EDODQFH�HTXDWLRQ��D�ORFDO�HTXLOLEULXP�KROGV��&KDSUD�������DQG�WKH�
VXOILGH�GLVVRFLDWLRQ�UHDFWLRQ�FDQ�EH�VROYHG�RXWVLGH�RI�WKH�VXOILGH�PDVV�EDODQFH�HTXDWLRQ��

,I�D�ORFDO�HTXLOLEULXP�H[LVWV�IRU�VXOILGH�GLVVRFLDWLRQ��WKH�IUDFWLRQ�RI�WRWDO�VXOILGH�WKDW�H[LVWV�DV�HDFK�
VSHFLHV�DW�WKH�VSHFLILHG�S+�FDQ�EH�FDOFXODWHG��(TXDWLRQV�����WKURXJK��������

��� � � � � � (TXDWLRQ�����

� � � � � � (TXDWLRQ�����

� � � � � � (TXDWLRQ������

:KHUH��)+6� �)UDFWLRQ�RI�WRWDO�VXOILGH�DV�+6
�

� )+�6� �)UDFWLRQ�RI�WRWDO�VXOILGH�DV�+�6�

� )6� �)UDFWLRQ�RI�WRWDO�VXOILGH�DV�6
��

7KH�IUDFWLRQ�RI�HDFK�VXOILGH�VSHFLHV�FDOFXODWHG�E\�WKHVH�HTXDWLRQV�ZLWK�S.D�� ������DQG�S.D� �������
LV�VKRZQ�LQ�)LJXUH������



�� 7HFKQLFDO�%XOOHWLQ�1R�������

1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW�

)LJXUH������)UDFWLRQ�RI�6XOILGH�6SHFLHV�DV�D�)XQFWLRQ�RI�:DVWHZDWHU�S+�

7KH�IUDFWLRQV�RI�HDFK�VXOILGH�VSHFLHV�DUH�FDOFXODWHG�LQWHUQDOO\�E\�+�66,0�DQG�XVHG�WR�GHILQH�WKH�
FRQFHQWUDWLRQ�RI�HDFK�GLVVRFLDWHG�IRUP�DV�D�IXQFWLRQ�RI�S+�DQG�WRWDO�VXOILGH�FRQFHQWUDWLRQ��$�FULWLFDO�
XVH�RI�WKHVH�IUDFWLRQV�LV�FDOFXODWLQJ�WKH�DPRXQW�RI�VXOILGH�DYDLODEOH�WR�YRODWLOL]H�WR�WKH�DWPRVSKHUH�DV�
+�6��L�H���WKH�YRODWLOL]DWLRQ�WHUP�LQ�(TXDWLRQ�������

���� *HQHUDWLRQ�RI�6XOILGH�LQ�:DVWHZDWHU�

6XOILGH�FDQ�EH�JHQHUDWHG�LQ�ZDVWHZDWHU�ZKHQ�FRQGLWLRQV�DUH�IDYRUDEOH��7KHVH�FRQGLWLRQV�LQFOXGH�
VXIILFLHQW�FRQFHQWUDWLRQ�RI�WKH�UHDFWDQWV�DQG�DQ�DQR[LF��L�H���GLVVROYHG�R[\JHQ�LV�QHDU�]HUR��
HQYLURQPHQW��$�TXDQWLWDWLYH�H[SUHVVLRQ�UHODWLQJ�WKH�VXOILGH�JHQHUDWLRQ�UDWH�WR�WHPSHUDWXUH��VXOIDWH�
FRQFHQWUDWLRQ��DQG�R[\JHQ�FRQFHQWUDWLRQ�LQ�SXOS�DQG�SDSHU�ZDVWHZDWHUV�KDV�EHHQ�GHYHORSHG�EDVHG�RQ�
ODERUDWRU\�EDWFK�UHDFWRU�H[SHULPHQWV��7KH�WHFKQLFDO�GHWDLOV�RI�WKDW�VWXG\�DQG�VXEVHTXHQW�HTXDWLRQ�
GHYHORSPHQW�DUH�UHSRUWHG�LQ�$SSHQGL[�$��

7KH�H[SUHVVLRQ�IRU�VXOILGH�JHQHUDWLRQ�LQ�SXOS�DQG�SDSHU�ZDVWHZDWHUV�LV�SUHVHQWHG�LQ�(TXDWLRQ�������

'2.

.

62.

62
N5

'2

'2

62
JHQ

�

�
�

�

� � � � (TXDWLRQ������

� � :KHUH��5�� �6XOILGH�JHQHUDWLRQ�UDWH��0�/�7�� � � � �
� � � 62�� �6XOIDWH�FRQFHQWUDWLRQ��0�/��� � � � �
� � � '2� �'LVVROYHG�R[\JHQ�FRQFHQWUDWLRQ��0�/��� � � �
� � � NJHQ� �*HQHUDWLRQ�UDWH�FRHIILFLHQW�DW�����&��0�/�7�� � �
� � � .62�� �6XOIDWH�KDOI�VDWXUDWLRQ�FRHIILFLHQW��0�/��� � � �
� � � .'2� �2[\JHQ�KDOI�VDWXUDWLRQ�FRHIILFLHQW��0�/���� � �

(TXDWLRQ������VWDWHV�WKDW�WKH�UDWH�RI�VXOILGH�JHQHUDWLRQ�LV�SURSRUWLRQDO�WR�DQ�HPSLULFDO�UDWH�FRHIILFLHQW�
DQG�PD\�EH�OLPLWHG�E\�ORZ�VXOIDWH�FRQFHQWUDWLRQV�RU�WKH�SUHVHQFH�RI�R[\JHQ�� �
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1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW�

7KH�UDWH�RI�VXOILGH�JHQHUDWLRQ�LV�DOVR�DIIHFWHG�E\�WHPSHUDWXUH��7KH�RSWLPDO�WHPSHUDWXUH�IRU�VXOIDWH�
UHGXFLQJ�EDFWHULD�KDV�EHHQ�UHSRUWHG�DV����WR����&��7KH�WHPSHUDWXUH�FRUUHFWLRQ�VKRXOG�DFFRXQW�IRU�
EDFWHULDO�LQKLELWLRQ�DW�WHPSHUDWXUHV�JUHDWHU�WKDQ����&�DV�LQ�(TXDWLRQV������DQG�������

:KHQ�WKH�ZDVWHZDWHU�WHPSHUDWXUH�LV����&�RU�OHVV��WKH�PRGHO�XVHV�

��� � � � � (TXDWLRQ�����

� :KHUH� � �7HPSHUDWXUH�FRHIILFLHQW�
� � N7HPS� �5DWH�FRHIILFLHQW�DW�DFWXDO�WHPSHUDWXUH�
� � N��� �UDWH�FRHIILFLHQW�DW�����
� � 7HPS� �7HPSHUDWXUH��&�

:KHQ�WKH�ZDVWHZDWHU�WHPSHUDWXUH�LV�JUHDWHU�WKDQ����&��WKH�PRGHO�XVHV�

� � � � � (TXDWLRQ������

� :KHUH�� �� �6HFRQG�WHPSHUDWXUH�FRHIILFLHQW�

7KH�RYHUDOO�HIIHFW�RI�(TXDWLRQV������DQG������LV�DQ�LQFUHDVLQJ�UDWH�FRHIILFLHQW�XS�WR�����&��$V�
WHPSHUDWXUHV�LQFUHDVH�IXUWKHU��WKH�UDWH�FRHIILFLHQW�GHFUHDVHV��'HWDLOV�FRQFHUQLQJ�(TXDWLRQ������FDQ�EH�
IRXQG�LQ�1&$6,������E���

���� 6XOILGH�2[LGDWLRQ��

6XOILGH�LV�R[LGL]HG�UDSLGO\�WR�VXOIDWH�DQG�VHYHUDO�LQWHUPHGLDWH�VXOIXU�VSHFLHV�ZKHQ�H[SRVHG�WR�DHURELF�
FRQGLWLRQV��$�FRPPRQO\�XVHG�VXOILGH�R[LGDWLRQ�UDWH�HTXDWLRQ�ZDV�IRXQG�WR�DGHTXDWHO\�GHVFULEH�
VXOILGH�R[LGDWLRQ�GDWD�IURP�SXOS�DQG�SDSHU�PLOO�ZDVWHZDWHUV��3DOXPER��%URZQ��DQG�6WUDWWRQ��������
7KLV�HTXDWLRQ�LV�SUHVHQWHG�KHUH�DV�(TXDWLRQ�������

QP
,,R[ '26N5� � � � � � � (TXDWLRQ������

� :KHUH��5�� �5DWH�RI�VXOILGH�R[LGDWLRQ��0�/�7��
� � NR[� �$HURELF�VXOILGH�R[LGDWLRQ�FRHIILFLHQW��7

����
� � 6�,,� �6XOILGH�FRQFHQWUDWLRQ��0�/��
� � '2� �'LVVROYHG�R[\JHQ�FRQFHQWUDWLRQ��0�/��
� � P� �RUGHU�RI�UHDFWLRQ�ZLWK�UHVSHFW�WR�VXOILGH�����
� � Q� �RUGHU�RI�UHDFWLRQ�ZLWK�UHVSHFW�WR�R[\JHQ�����

7KH�VXOILGH�R[LGDWLRQ�UDWH�FKDQJHV�DV�D�IXQFWLRQ�RI�S+���7KLV�FKDQJH�LV�UHSUHVHQWHG�LQ�WKH�PRGHO�
WKURXJK�D�YDU\LQJ�R[LGDWLRQ�UDWH�FRHIILFLHQW��7KH�UHODWLRQVKLS�EHWZHHQ�WKH�UDWH�FRHIILFLHQW�DQG�S+�LV�
VKRZQ�LQ�(TXDWLRQ�������7KH�GHULYDWLRQ�RI�(TXDWLRQ������LV�GHVFULEHG�LQ�$SSHQGL[�%��

�� � � � (TXDWLRQ������

,Q�(TXDWLRQ�������LW�LV�DVVXPHG�WKDW�WKH�R[LGDWLRQ�UDWH�FRHIILFLHQW�LV�]HUR�EHORZ�D�S+�YDOXH�RI�������

:KHQ�R[\JHQ�LV�DEVHQW��VXOILGH�LV�PRUH�VORZO\�R[LGL]HG�LQ�ZDVWHZDWHUV��7KH�UDWH�RI�VXOILGH�R[LGDWLRQ�
XQGHU�DQR[LF�FRQGLWLRQV�FDQ�EH�PRGHOHG�XVLQJ�D�PRGLILFDWLRQ�RI�(TXDWLRQ�������7KH�GHYHORSPHQW�RI�
WKLV�HTXDWLRQ�LV�SUHVHQWHG�LQ�$SSHQGL[�%��

�� � � � � (TXDWLRQ������

� :KHUH�NDQR[� �$QR[LF�VXOILGH�R[LGDWLRQ�UDWH�FRHIILFLHQW��7
���� �
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1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW�

+�66,0�VHOHFWV�ZKLFK�R[LGDWLRQ�HTXDWLRQ�WR�XVH�EDVHG�XSRQ�WKH�UHGR[�FRQGLWLRQ��³DHURELF´�RU�
³DQR[LF´��LQSXW�E\�WKH�XVHU��,Q�PRVW�EDVLQV�WKDW�FRQWDLQ�DHUDWLRQ�HTXLSPHQW��WKH�UHGR[�FRQGLWLRQ�LV�
DHURELF�DQG�(TXDWLRQ������LV�XVHG�WR�VSHFLI\�WKH�R[LGDWLRQ�UDWH��,Q�PDQ\�SULPDU\�VHWWOLQJ�SRQGV�DQG�
SULPDU\�FODULILHUV�ZKLFK�DUH�QRW�DHUDWHG��WKH�UHGR[�FRQGLWLRQ�LV�DQR[LF��,Q�WKHVH�EDVLQV��(TXDWLRQ������
LV�XVHG�WR�VSHFLI\�WKH�R[LGDWLRQ�UDWH��

$HURELF�DQG�DQR[LF�R[LGDWLRQ�UDWHV�DUH�DIIHFWHG�E\�WHPSHUDWXUH��(TXDWLRQ������LV�XVHG�WR�DGMXVW�ERWK�
WKH�DQR[LF�DQG�DHURELF�UDWH�FRHIILFLHQWV�WR�DFFRXQW�IRU�WHPSHUDWXUH�HIIHFWV���

���� 6XOILGH�9RODWLOL]DWLRQ�

+�6�LV�YRODWLOH�LQ�DTXHRXV�V\VWHPV�DQG�FDQ�EH�HPLWWHG�IURP�WKH�VXUIDFH�RI�ZDVWHZDWHU�WUHDWPHQW�
EDVLQV��7KH�UDWH�RI�VXOILGH��DV�+�6��YRODWLOL]DWLRQ�LV�PDWKHPDWLFDOO\�UHSUHVHQWHG�E\�(TXDWLRQ�������,Q�
(TXDWLRQ�������)+�6�PRGLILHV�WKH�WRWDO�VXOILGH�FRQFHQWUDWLRQ��6�,,��VR�WKDW�RQO\�VXOILGH�ZKLFK�H[LVWV�DV�
+�6�LV�YRODWLOL]HG��

� � � � � � (TXDWLRQ������

� � :KHUH��5�� �5DWH�RI�VXOILGH�YRODWLOL]DWLRQ��0�/�7�� �
� � � 6�,,� �7RWDO�VXOILGH�FRQFHQWUDWLRQ��0�/����
� � � )+�6� �)UDFWLRQ�RI�WRWDO�VXOILGH�WKDW�LV�+�6������
� � � ./� �2YHUDOO�PDVV�WUDQVIHU�FRHIILFLHQW��/�7���

$� �6XUIDFH�DUHD��/����

7KH�PDVV�WUDQVIHU�FRHIILFLHQW�LV�HVWLPDWHG�XVLQJ�VHPL�HPSLULFDO�PHWKRGV�GHYHORSHG�E\�7KLERGHDX[�
������7KLERGHDX[�DQG�3DUNHU�������DQG�7KLERGHDX[��3DUNHU��DQG�+HFN�������,Q�DQ�LQGXVWULDO�
ZDVWHZDWHU�WUHDWPHQW�EDVLQ��WKH�PDVV�WUDQVIHU�FRHIILFLHQW�LV�GHSHQGHQW�XSRQ�EDVLQ�GLPHQVLRQV��
DHUDWLRQ�FKDUDFWHULVWLFV��PHWHRURORJLFDO�FRQGLWLRQV�DQG�WKH�SK\VLFDO�DQG�FKHPLFDO�FKDUDFWHULVWLFV�RI�
WKH�DLU�ZDWHU�VXOILGH�V\VWHP��$�VXPPDU\�RI�WKH�PDVV�WUDQVIHU�HVWLPDWLRQ�PHWKRGV�LV�SUHVHQWHG�LQ�
$SSHQGL[�&��

���� +�6�5HOHDVH�IURP�$FFXPXODWHG�6OXGJH�

7KH�VOXGJH�ZKLFK�RIWHQ�DFFXPXODWHV�DW�WKH�ERWWRP�RI�ZDVWHZDWHU�WUHDWPHQW�XQLWV�VXFK�DV�$6%V�DQG�
SULPDU\�VHWWOLQJ�EDVLQV�LV�GHYRLG�RI�R[\JHQ��%HFDXVH�DQ�DEXQGDQFH�RI�VXOIDWH�DQG�RUJDQLF�PDWWHU�LV�
W\SLFDOO\�DYDLODEOH�LQ�SXOS�DQG�SDSHU�ZDVWHZDWHUV��WKH�DFFXPXODWHG�VOXGJH�SRVVHVVHV�FRQGLWLRQV�
VXLWDEOH�IRU�VXOILGH�JHQHUDWLRQ�LQ�WKH�SRUHZDWHU��$�VLJQLILFDQW�WUDQVSRUW�SDWKZD\�IURP�WKH�VOXGJH�
SRUHZDWHU�WR�WKH�DWPRVSKHUH�LV�YLD�JDV�EXEEOHV�ZKLFK�HVFDSH�WKH�VOXGJH�EHG�DQG�ULVH�WR�WKH�VXUIDFH�RI�
WKH�ZDWHU�FROXPQ��7KHVH�JDV�EXEEOHV�DUH�FRPSRVHG�SULPDULO\�RI�PHWKDQH��FDUERQ�GLR[LGH��DQG�
QLWURJHQ��KRZHYHU��LQ�PDQ\�FDVHV�WKH\�DOVR�FRQWDLQ�D�VPDOO�SHUFHQWDJH�RI�K\GURJHQ�VXOILGH��$Q�
1&$6,�VWXG\��2ZHQV�������GHWHUPLQHG�DQ�DYHUDJH�EHQWKLF�JDV�+�6 IOX[�UDWH�DV��������JP�P

���GD\��

DW����&�LQ�DQ�$6%��,Q�D�SULPDU\�VHWWOLQJ�EDVLQ�VWXG\�D�EHQWKLF�JDV�+�6 IOX[�UDWH�ZDV�HVWLPDWHG�DW�
������JP�P���GD\���DW����&��7KHVH�IOX[�UDWHV�DUH�LQFRUSRUDWHG�LQWR�WKH�+�66,0�PRGHO��

+�66,0�HVWLPDWHV�WKH�EHQWKLF�JDV�+�6�HPLVVLRQ�UDWH�E\�WKH�HVWLPDWHG�IOX[�UDWH�DV�D�IXQFWLRQ�RI�EDVLQ�
DUHD��(TXDWLRQ��������

� � � � � � � � (TXDWLRQ������

� :KHUH��(%� �%HQWKLF�+�6�(PLVVLRQV��JP�V��

� �%HQWKLF�+�6�)OX[�5DWH��JPV�P
��V��

� � $� �$UHD��P��� �
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7KH�IOX[�UDWH�LV�DGMXVWHG�IRU�WHPSHUDWXUH�XVLQJ�(TXDWLRQ������DQG�D�WHPSHUDWXUH�FRUUHFWLRQ�FRHIILFLHQW�
RI�������7KLV�FRHIILFLHQW�LV�FRPSDUDEOH�WR�WKRVH�XVHG�IRU�WHPSHUDWXUH�FRUUHFWLRQ�RI�RWKHU�EHQWKLF�
SURFHVVHV��&KDSUD��������

���� 1XPHULFDO�,QWHJUDWLRQ�

$IWHU�WKH�YDULDEOHV�LQ�(TXDWLRQV�����DQG�����DUH�GHILQHG�E\�WKH�XVHU��WKH�SURJUDP�VROYHV�WKHVH�
HTXDWLRQV�IRU�WKH�VWHDG\�VWDWH�FRQGLWLRQ�LQ�HDFK�]RQH��7KHVH�GLIIHUHQWLDO�HTXDWLRQV�FDQ�EH�JHQHUDOO\�
GHVFULEHG�E\�(TXDWLRQ�������

� � � � � � � (TXDWLRQ������

� :KHUH�� � �1HW�IOX[�RI�F�LQWR�VHJPHQW��0�7��

� � 5� �5HDFWLRQ�RFFXUULQJ�LQ�VHJPHQW��0�7��

,Q�JHQHUDO��5�LV�D�IXQFWLRQ�RI�F�DV�ZHOO�DV�WKH�RWKHU�PRGHO�FRQVWLWXHQWV��$W�VWHDG\�VWDWH� LV�]HUR�DQG�

WKH�FRPSXWHU�SURJUDP�ILQGV�D�YDOXH�RI�F�DW�ZKLFK�WKH�FKDQJH�UDWH�RI�F�GXH�WR�WKH�UHDFWLRQ�WHUP�LV�HTXDO�
WR�WKH�QHW�LQIOX[�RI�F�GXH�WR�WKH�WUDQVSRUW�LQ�DQG�RXW�RI�WKH�VHJPHQW��

,I�WKH�ORDGLQJV�ZHUH�WLPH�YDULDEOH��WKH�YDOXH�RI�� �ZRXOG�QRW�EH�]HUR�DQG�WKH�YDOXH�RI�F�ZRXOG�EH�RI�

LQWHUHVW�DW�DOO�WLPHV��,Q�WKLV�FDVH�F�FDQ�EH�FDOFXODWHG�DV�D�IXQFWLRQ�RI�WLPH�E\�LQWHJUDWLRQ�DV�LQ�(TXDWLRQ�
������

� � � � � � � (TXDWLRQ������

,Q�+�66,0��(TXDWLRQ������LV�XVHG�WR�ILQG�D�VWHDG\�VWDWH�VROXWLRQ�WR�WKH�GLIIHUHQWLDO�HTXDWLRQV��$W�
FRQVWDQW�ORDGV�DQG�DSSURSULDWH�YDOXHV�RI�WRWDO�VLPXODWLRQ�WLPH�DQG�FDOFXODWLRQ�VWHS��GW���FW���ZLOO�
HYHQWXDOO\�HTXDO�FW�IRU�DOO�VHJPHQWV��UHVXOWLQJ�LQ�D�VWHDG\�VWDWH�VROXWLRQ��7KH�GLVFUHWH�IRUP�RI�(TXDWLRQ�
�����LV�VKRZQ�LQ�(TXDWLRQ�������

� � � � � � (TXDWLRQ������

� :KHUH��Q� �QXPEHU�RI�LQWHJUDWLRQ�VWHSV�

7KH�PRGHO�XVHV�D�QXPHULFDO�LQWHJUDWLRQ�SURFHGXUH�EDVHG�RQ�(XOHU¶V�0HWKRG��&KDSUD�������WR�VROYH�
(TXDWLRQ�������7KH�RUGHU�RI�WKH�VROXWLRQ�LV�IURP�WKH�XSVWUHDP�VHJPHQW�WR�WKH�GRZQVWUHDP�VHJPHQW��
%HFDXVH�WKH�GHULYDWLYH�RI�D�VHJPHQW�FRQVWLWXHQW�LV�D�IXQFWLRQ�RI�WKH�XSVWUHDP�VHJPHQW�FRQFHQWUDWLRQ��
WKH�FRQFHQWUDWLRQV�FDOFXODWHG�DW�WLPH�W�DUH�VDYHG�LQ�D�WHPSRUDU\�DUUD\�XQWLO�DOO�WKH�VHJPHQW�
FRQFHQWUDWLRQV�KDYH�EHHQ�FDOFXODWHG�IRU�WKDW�WLPH�VWHS��DIWHU�ZKLFK�WLPH�WKH�VHJPHQW�FRQFHQWUDWLRQV�
DUH�XSGDWHG�WR�WKH�WHPSRUDU\�DUUD\�YDOXHV��7KLV�LV�GRQH�WR�HQVXUH�PDVV�EDODQFHV�RQ�WKH�PRGHO�
FRQVWLWXHQWV��

���� 02'(/�,1387�$1'�287387�'(6&5,37,216�

7KHUH�DUH�PXOWLSOH�XVHU�LQSXWV�WR�WKH�PRGHO�ZKLFK�DUH�XVHG�WR�GHVFULEH�WKH�ZDVWHZDWHU�WUHDWPHQW�
EDVLQ¶V�VLWH�VSHFLILF�FKDUDFWHULVWLFV��,Q�+�66,0��WKHVH�LQSXWV�FDQ�EH�GLYLGHG�LQWR�WKUHH�JHQHUDO�
FDWHJRULHV��

%DVLQ�FKDUDFWHUL]DWLRQ�LQSXWV�DUH�GHYHORSHG�E\�WKH�XVHU�DQG�GHVFULEH�WKH�SK\VLFDO�DQG�
FKHPLFDO�VWDWH�RI�WKH�EDVLQ��
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3DUDPHWHUV�GHVFULEH�WKH�SURFHVVHV�RFFXUULQJ�LQ�WKH�EDVLQ�DQG�PD\�YDU\�GHSHQGLQJ�XSRQ�WKH�
QDWXUH��L�H���PXQLFLSDO�YV��LQGXVWULDO��RI�WKH�V\VWHP��+RZHYHU��+�66,0�KDV�EHHQ�GHYHORSHG�
DQG�WHVWHG�IRU�WKH�SXOS�DQG�SDSHU�LQGXVWU\�DQG�LW�LV�EHOLHYHG�WKDW�WKH�SDUDPHWHUV�GR�QRW�QHHG�WR�
EH�DGMXVWHG�IURP�WKHLU�GHIDXOW�YDOXHV�ZKHQ�DSSOLHG�WR�WKRVH�V\VWHPV��
&RQVWDQWV�DUH�YDOXHV�ZKLFK�DOVR�GHVFULEH�WKH�PRGHOHG�V\VWHP�EXW�DUH�FRQVLGHUHG�WR�EH�
XQLYHUVDO��

���� %DVLQ�&KDUDFWHUL]DWLRQ�,QSXWV��

%DVLQ�FKDUDFWHUL]DWLRQ�LQSXWV�DUH�GHYHORSHG�E\�WKH�XVHU�IURP�VLWH�VSHFLILF�LQIRUPDWLRQ��7KH\�DUH�
HQWHUHG�LQWR�+�66,0�YLD�WKH�+�66,0�WDE��7KH�EDVLQ�FKDUDFWHUL]DWLRQ�LQSXWV�DUH�GLVWULEXWHG�RYHU�ILYH�
QXPEHUHG�³'DWD�7\SHV´�ZKLFK�FRQWDLQ�UHODWHG�LQIRUPDWLRQ���

������ 'DWD�7\SH�����6LWH�,GHQWLILFDWLRQ�,QSXWV

&RPSDQ\�1DPH��)DFLOLW\�1DPH��%DVLQ�1DPH�� 7KHVH�LQSXWV�LGHQWLI\�WKH�VSHFLILF�ZDVWHZDWHU�WUHDWPHQW�
EDVLQ�ZKLFK�LV�EHLQJ�PRGHOHG��7KHVH�LQSXWV�DUH�XVHG�IRU�LGHQWLILFDWLRQ�SXUSRVHV�DQG�DUH�QRW�UHTXLUHG�
WR�UXQ�WKH�PRGHO�

������ 'DWD�7\SH�����0RGHO�=RQH�,QIRUPDWLRQ

1XPEHU�RI�=RQHV��7KLV�LQSXW�GHILQHV�WKH�QXPEHU�RI�PRGHO�]RQHV�������WKDW�DUH�XVHG�WR�FKDUDFWHUL]H�
WKH�EDVLQ��*XLGDQFH�IRU�VHWWLQJ�WKH�QXPEHU�RI�PRGHOHG�]RQHV�LV�SURYLGHG�LQ�6HFWLRQ���RI�WKLV�EXOOHWLQ��
7KH�QXPEHU�RI�]RQHV�GHIDXOWV�WR�RQH�LI�WKH�XVHU�VHOHFWV�3&��SULPDU\�FODULILHU��LQ�WKH�W\SH�RI�EDVLQ�
TXHU\�

=RQH�/RFDWLRQ�RI�+DUGSLSH��7KLV�LQSXW�ORFDWHV�WKH�SRVLWLRQ�RI�D�KDUG�SLSHG�FRQGHQVDWH�VWUHDP��,I�QR�
KDUGSLSH�H[LVWV�WKH�XVHU�VKRXOG�VHOHFW�³QRQH�´�

7\SH�RI�%DVLQ���7KLV�LQSXW�TXHULHV�WKH�XVHU UHJDUGLQJ�WKH�W\SH�RI�V\VWHP�WR�EH�PRGHOHG��,I�WKH�V\VWHP�
LV�D�SULPDU\�FODULILHU��WKH�PRGHO�GHIDXOWV�WR�D�VLQJOH�]RQH�DQG�UHTXLUHV�WKH�XVHU�WR�HQWHU�D�ZHLU�KHLJKW��

������ 'DWD�7\SH�����/RDG�&KDUDFWHULVWLFV

)ORZ��6XOILGH��6XOIDWH�� 7KH�ORDG�FKDUDFWHULVWLF�LQSXWV�VHW�WKH�VWHDG\�VWDWH�IORZ�UDWH�DV�ZHOO�DV�WKH�
VXOILGH�DQG�VXOIDWH�LQIOXHQW�FRQFHQWUDWLRQV�IRU�WKH�PDLQ�LQIOXHQW�DQG�DQ\�FRQGHQVDWH�VWUHDP��,I�QR�
KDUGSLSH�FRQGHQVDWH�LQSXW�VWUHDP�H[LVWV��L�H���³QRQH´�LV�VHOHFWHG�IRU�WKH�]RQH�ORFDWLRQ�RI�KDUGSLSH���WKH�
KDUGSLSH�ORDG�LQIRUPDWLRQ�LV�QRW�UHDG�E\�WKH�PRGHO��)ORZ�FDQ�EH�HQWHUHG�LQ�XQLWV�RI�0*'��0/'��FIV��
RU�FPV��6XOILGH�DQG�VXOIDWH�FRQFHQWUDWLRQV�FDQ�EH�HQWHUHG�LQ�XQLWV�RI�PJ�/�RU�SSE��$�GLVFXVVLRQ�
UHJDUGLQJ�GHYHORSPHQW�RI�ORDG�FKDUDFWHULVWLFV�DQG�WKH�VLPXODWLRQ�SHULRG�RI�LQWHUHVW�LV�SUHVHQWHG�LQ�
6HFWLRQ���RI�WKLV�EXOOHWLQ��

������ 'DWD�7\SH�����$WPRVSKHULF�&RQGLWLRQV

:LQG�VSHHG��$PELHQW�7HPSHUDWXUH�� 7KH�DWPRVSKHULF�FRQGLWLRQV�XVHG�E\�WKH�PRGHO�DUH�ZLQG�VSHHG�
DQG�DPELHQW�DLU�WHPSHUDWXUH��7KHVH�YDOXHV�DUH�UHTXLUHG�DQG�VKRXOG�UHSUHVHQW�DQ�DYHUDJH�RI�WKH�WLPH�
SHULRG�ZKLFK�LV�EHLQJ�VLPXODWHG��:LQG�VSHHG�FDQ�EH�HQWHUHG�DV�PSK�RU�P�V��7HPSHUDWXUH�FDQ�EH�
HQWHUHG�DV�GHJUHHV�)DKUHQKHLW�RU�&HOVLXV��

������ 'DWD�7\SH���±�=RQH�3K\VLFDO�DQG�:DWHU�&ROXPQ�&KHPLFDO�&RQGLWLRQV

'LVVROYHG�2[\JHQ��7HPSHUDWXUH��S+��:DWHU�FROXPQ�FRQGLWLRQV�FKDUDFWHUL]LQJ�GLVVROYHG�R[\JHQ�
FRQFHQWUDWLRQ��WHPSHUDWXUH��DQG�S+�PXVW�EH�HQWHUHG�IRU�HDFK�]RQH��7KHVH�YDOXHV�DUH�UHTXLUHG�DQG�
VKRXOG�UHSUHVHQW�DQ�DYHUDJH�RI�WKH�WLPH�SHULRG�ZKLFK�LV�EHLQJ�VLPXODWHG��$�GLVFXVVLRQ�UHJDUGLQJ�
GHYHORSPHQW�RI�ZDWHU�FKHPLVWU\�FRQGLWLRQV�DQG�WKH�VLPXODWLRQ�SHULRG�RI�LQWHUHVW�LV�SUHVHQWHG�LQ�



7HFKQLFDO�%XOOHWLQ�1R������� ���

1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW�

6HFWLRQ���RI�WKLV�EXOOHWLQ���'LVVROYHG�R[\JHQ�LV�HQWHUHG�DV�PJ�/�DQG�S+�LV�HQWHUHG�DV�VWDQGDUG�S+�
XQLWV��7HPSHUDWXUH�PD\�EH�HQWHUHG�DV�GHJUHHV�)DKUHQKHLW�RU�&HOVLXV���

5HGR[�6WDWXV�±�7KH�ZDWHU�FROXPQ�UHGR[�VWDWXV�RI�HDFK�]RQH�LV�VSHFLILHG�E\�WKH�XVHU�DV�³DHURELF´�RU�
³DQR[LF�´�7\SLFDOO\��PHFKDQLFDOO\�DHUDWHG�ZDVWHZDWHUV�VXFK�DV�$6%V�DUH�FRQVLGHUHG�DHURELF�DQG�QRQ�
DHUDWHG�EDVLQV�VXFK�DV�SULPDU\�FODULILHUV�DQG�VHWWOLQJ�EDVLQV�DUH�FRQVLGHUHG�DQR[LF��$GGLWLRQDO�
JXLGDQFH�UHJDUGLQJ�WKH�DVVLJQPHQW�RI�UHGR[�VWDWXV�WR�]RQHV�LV�SUHVHQWHG�LQ�6HFWLRQ���RI�WKLV�EXOOHWLQ��

/HQJWK��:LGWK��'HSWK �±�7KH�XVHU�PXVW�VSHFLI\�WKH�SK\VLFDO�GLPHQVLRQV�RI�WKH�]RQH�LQ�XQLWV�RI�PHWHUV��
IHHW��RU�\DUGV��7KHVH�GLPHQVLRQV�FKDUDFWHUL]H�WKH�YROXPH�RI�WKH�EDVLQ�WDNHQ�XS�E\�ZDVWHZDWHU�DQG�GR�
QRW�LQFOXGH�DQ\�DFFXPXODWHG�VOXGJH�LQ�WKH�EDVLQ��

0L[LQJ�±�7KH�XVHU�FKDUDFWHUL]HV�WKH�PL[LQJ�EHWZHHQ�]RQHV�E\�VSHFLI\LQJ�HLWKHU�³QRQH�´�³ORZ�´�
³PRGHUDWH�´�RU�³KLJK´�PL[LQJ��*XLGDQFH�RQ�WKH�VHOHFWLRQ�RI�D�PL[LQJ�YDOXH�LV�SURYLGHG�LQ�6HFWLRQ�
�������

1XPEHU�RI�$HUDWRUV��7RWDO�+RUVHSRZHU��,PSHOORU�6L]H��,PSHOORU�530��'LIIXVHG�$LU�)ORZ��,I�WKH�
DHUDWLRQ�HTXLSPHQW�LV�VXUIDFH�PHFKDQLFDO��WKHQ�WKH�QXPEHU�RI�DHUDWRUV��WRWDO�KRUVHSRZHU��LPSHOORU�
VL]H��DQG�LPSHOORU�530V�PXVW�EH�VSHFLILHG��,I�WKH�DHUDWLRQ�HTXLSPHQW�LV�GLIIXVHG�DLU�RQO\��WRWDO�
KRUVHSRZHU�DQG�GLIIXVHG�DLU�IORZ�LV�QHHGHG��,I�ERWK�W\SHV�RI�DHUDWLRQ�HTXLSPHQW�DUH�SUHVHQW��DOO�HQWULHV�
PXVW�EH�XVHG��,QIRUPDWLRQ�UHJDUGLQJ�DHUDWRU�LPSHOORU�GHVLJQ�LV�OLNHO\�DYDLODEOH�IURP�WKH�PDQXIDFWXUHU��

:HLU�+HLJKW�±�,I�WKH�PRGHO�LV�VLPXODWLQJ�HPLVVLRQV�IURP�D�SULPDU\�FODULILHU��WKH�XVHU�PXVW�VXSSO\�WKH�
KHLJKW�RI�WKH�ZHLU�LQ�PHWHUV��\DUGV�RU�IHHW���7KLV�OHQJWK�LV�WKH�PHDVXUHPHQW�RI�WKH�ZDWHU�IUHHIDOO�IURP�
WKH�WRS�RI�WKH�ZHLU�WR�WKH�ZDWHU�VXUIDFH��

���� 0RGHO�3DUDPHWHUV�

0RGHO�SDUDPHWHUV�FDQ�EH�YLHZHG�DQG�DGMXVWHG�E\�FOLFNLQJ�WKH�9LHZ�3DUDPHWHUV�EXWWRQ�RQ�WKH�
+�66,0�WDE��7KH�UHFRPPHQGHG�GHIDXOW�SDUDPHWHUV�KDYH�EHHQ�GHYHORSHG�DQG�WHVWHG�E\�1&$6,�
WKURXJK�YDULRXV�UHVHDUFK�SURJUDPV��WKXV��XQGHU�PRVW�FLUFXPVWDQFHV��FKDQJHV�WR�WKHVH�YDOXHV�DUH�QRW�
DGYLVHG���

������ 6XOILGH�*HQHUDWLRQ�3DUDPHWHUV

NJHQ�±�6XOILGH�*HQHUDWLRQ�5DWH�&RHIILFLHQW�DW�����&���XQLWV� �PJ�/�KU
������7KLV�LQSXW�SDUDPHWHU�

FKDUDFWHUL]HV�WKH�PD[LPXP�JHQHUDWLRQ�UDWH�RI�VXOILGH�LQ�WKH�ZDWHU�FROXPQ��1&$6,�VWXGLHV�GHVFULEHG�
LQ�$SSHQGL[�$�KDYH�HVWLPDWHG�WKH�YDOXH�RI�WKLV�SDUDPHWHU�DV������PJ�/��KU����

.62��±�6XOIDWH�+DOI�6DWXUDWLRQ�&RHIILFLHQW���XQLWV� �PJ�/����7KLV�SDUDPHWHU�LGHQWLILHV�WKH�
FRQFHQWUDWLRQ�RI�VXOIDWH�DW�ZKLFK�WKH�VXOILGH�JHQHUDWLRQ�UDWH�LV�KDOYHG�GXH�WR�OLPLWHG�TXDQWLWLHV�RI�
VXOIDWH��7KH�YDOXH�IRU�WKLV�SDUDPHWHU�LV�HVWLPDWHG�DV����PJ�/�62���7KH�EDVLV�IRU�WKLV�YDOXH�LV�
SUHVHQWHG�LQ�$SSHQGL[�$��

.'2�±�2[\JHQ�+DOI�6DWXUDWLRQ�&RHIILFLHQW���XQLWV� �PJ�/��±�7KH�VXJJHVWHG�YDOXH�IRU�WKLV�SDUDPHWHU�
LV������PJ�/�2���7KH�EDVLV�IRU�WKLV�YDOXH�LV�SUHVHQWHG�LQ�$SSHQGL[�$��

7KHWD*HQ��±�6XOILGH�*HQHUDWLRQ�7HPSHUDWXUH�&RUUHFWLRQ�)DFWRU���XQLWV� �XQLWOHVV����7KLV�FRUUHFWLRQ�
IDFWRU�LV�XVHG�WR�VFDOH�WKH�VXOILGH�JHQHUDWLRQ�UDWH�FRHIILFLHQW�WR�WKH�ZDWHU�WHPSHUDWXUH�RI�WKH�
ZDVWHZDWHU�EDVLQ��7KH�YDOXH�RI�WKLV�SDUDPHWHU�KDV�EHHQ�UHSRUWHG�DW������DV�QRWHG�LQ�$SSHQGL[�$��

7KHWD*HQ��±�6HFRQG�6XOILGH�*HQHUDWLRQ�7HPSHUDWXUH�&RUUHFWLRQ�)DFWRU���XQLWV� �XQLWOHVV����7KH�
FRUUHFWLRQ�IDFWRU�LV�XVHG�WR�VFDOH�WKH�VXOILGH�JHQHUDWLRQ�UDWH�FRHIILFLHQW�ZKHQ�ZDWHU�WHPSHUDWXUHV�DUH�
JUHDWHU�WKDQ����&��7KH�YDOXH�RI�WKLV�SDUDPHWHU�KDV�EHHQ�UHSRUWHG�DW�������DV�QRWHG�LQ�1&$6,������D���
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������ 6XOILGH�2[LGDWLRQ�3DUDPHWHUV

NR[�±�$HURELF�6XOILGH�2[LGDWLRQ�5DWH�&RHIILFLHQW���XQLWV� �PLQ
����±�7KLV�SDUDPHWHU�FKDUDFWHUL]HV�WKH�

UDWH�RI�VXOILGH�R[LGDWLRQ�DW����&�LQ�DHURELF�ZDVWHZDWHU��7KH�DYHUDJH�YDOXH�RI�WKH�DHURELF�VXOILGH�
R[LGDWLRQ�UDWH�FRHIILFLHQW�DW�QHXWUDO�S+�DV�HVWLPDWHG�LQ�SXOS�DQG�SDSHU�ZDVWHZDWHUV�LV��������3DOXPER��
%URZQ��DQG�6WUDWWRQ��������%HFDXVH�+�66,0�LQWHUQDOO\�FDOFXODWHV�WKH�SDUDPHWHU�DV�D�IXQFWLRQ�RI�S+��
LW�LV�QRW�DYDLODEOH�IRU�DGMXVWPHQW�E\�WKH�XVHU��

NDQR[�±$QR[LF�6XOILGH�2[LGDWLRQ�5DWH�&RHIILFLHQW���XQLWV� �PLQ
����±�7KLV�SDUDPHWHU�FKDUDFWHUL]HV�WKH�

UDWH�RI�VXOILGH�R[LGDWLRQ�DW����&�LQ�DQR[LF�ZDVWHZDWHU��7KH�HVWLPDWHG�YDOXH�RI�WKH�DQR[LF�VXOILGH�
R[LGDWLRQ�UDWH�FRHIILFLHQW�LV�������DV�GHVFULEHG�LQ�$SSHQGL[�%��

�P ±�5HDFWLRQ�RUGHU�RI�+6��DQG�+�6�ZLWK�UHVSHFW�WR�VXOILGH���XQLWV� �XQLWOHVV����7KH�UHDFWLRQ�RUGHU�ZLWK�
UHVSHFW�WR�VXOILGH�KDV�EHHQ�HVWLPDWHG�DV�����IRU�SUHYLRXV�VXOILGH�R[LGDWLRQ�UHVHDUFK��6WXGLHV�RI�SXOS�
DQG�SDSHU�ZDVWHZDWHU�R[LGDWLRQ��3DOXPER��%URZQ��DQG�6WUDWWRQ�������$SSHQGL[�%��IRXQG�WKDW�D�YDOXH�
RI�����IRU�WKLV�SDUDPHWHU�ZDV�VDWLVIDFWRU\�IRU�WKHVH�ZDVWHZDWHUV�

Q���5HDFWLRQ�RUGHU�RI�+6��DQG�+�6�ZLWK�UHVSHFW�WR�R[\JHQ���XQLWV� �XQLWOHVV��±�3UHYLRXV�VWXGLHV�KDYH�
UHSRUWHG�D�UDQJH�RI�����±������:LOPRW�HW�DO��������1LHOVHQ��9ROOHUWVHQ��DQG�+YLWYHG�-DFREVHQ�������
������IRU�WKLV�SDUDPHWHU��6WXGLHV�IRFXVLQJ�RQ�SXOS�DQG�SDSHU�ZDVWHZDWHUV��3DOXPER��%URZQ��DQG�
6WUDWWRQ�������GLG�QRW�HVWLPDWH�WKLV�SDUDPHWHU�ZLWK�VWDWLVWLFDO�VLJQLILFDQFH�EXW�GLG�LQGLFDWH�WKDW�WKH�
YDOXH�RI�WKLV�SDUDPHWHU�ZDV�OLNHO\�LQ�WKH�UDQJH�LQGLFDWHG�E\�WKH�DERYH�QRWHG�OLWHUDWXUH��7KH�VXJJHVWHG�
YDOXH�RI�WKLV�SDUDPHWHU�LV�������

7KHWD2[����2[LGDWLRQ�7HPSHUDWXUH�&RUUHFWLRQ�)DFWRU���XQLWV� �XQLWOHVV����7KH�FRUUHFWLRQ�IDFWRU�LV�XVHG�
WR�VFDOH�WKH�VXOILGH�R[LGDWLRQ�UDWH�FRHIILFLHQWV�WR�WKH�ZDWHU�WHPSHUDWXUH�RI�WKH�ZDVWHZDWHU�EDVLQ��7KH�
YDOXH�RI�WKLV�SDUDPHWHU�KDV�EHHQ�UHSRUWHG�DW������DV�QRWHG�LQ�$SSHQGL[�%�

������ $HUDWLRQ�3DUDPHWHUV

2[\JHQ�7UDQVIHU�&RHIILFLHQW�±�6WDQGDUG�2[\JHQ�7UDQVIHU�5DWH���XQLWV� �OEV�2��+3�KRXU����7KLV�LV�WKH�
FOHDQ�ZDWHU�R[\JHQ�WUDQVIHU�UDWH�RI�WKH�DHUDWLRQ�HTXLSPHQW�WHVWHG�DW�VWDQGDUG�FRQGLWLRQV��7KH�W\SLFDO�
YDOXH�IRU�VXUIDFH�DHUDWRUV�LV�����

$OSKD��±�:DVWHZDWHU�2[\JHQ�7UDQVIHU�5DWLR���XQLWV� �QRQH����7KLV�LV�WKH�UHODWLYH�UDWH�RI�R[\JHQ�
WUDQVIHU�RI�ZDVWHZDWHU�FRPSDUHG�WR�FOHDQ�ZDWHU��7KH�GHIDXOW�YDOXH�IRU�WKLV�SDUDPHWHU�LV������

$OSKD�����:DVWHZDWHU�6XOILGH�7UDQVIHU�5DWLR��XQLWV� �QRQH����7KLV�LV�WKH�UHODWLYH�UDWH�RI�K\GURJHQ�
VXOILGH�WUDQVIHU�RI�ZDVWHZDWHU�FRPSDUHG�WR�FOHDQ�ZDWHU��7KH�VXJJHVWHG�YDOXH�IRU�WKLV�SDUDPHWHU�LV�
�������

���� 0RGHO�&RQVWDQWV�

0RGHO�FRQVWDQWV�DUH�GHILQHG�LQWHUQDOO\�DQG�DUH�QRW�DGMXVWDEOH�E\�WKH�XVHU��

S.D��±�'LVVRFLDWLRQ�&RQVWDQW�IRU�+6��DQG�+�6���XQLWV� �XQLWOHVV��±�7KH�GLVVRFLDWLRQ�FRQVWDQW�IRU�+6
�

DQG�+�6�DW�����&�LV�������(EELQJ��������

S.D��±�'LVVRFLDWLRQ�&RQVWDQW�IRU�+6��DQG�6����XQLWV� �XQLWOHVV��±�7KH�GLVVRFLDWLRQ�FRQVWDQW�IRU�+6�

DQG�6���DW�����&�LV��������(EELQJ��������

+&3���+HQU\¶V�/DZ�&RQVWDQW�IRU�+�6�LQ�:DWHU���XQLWV� �/�DWP�PRO��±�7KLV�FRQVWDQW�UHSUHVHQWV�WKH�
YRODWLOLW\�RI�+�6�LQ�ZDWHU�LQ�D�GLOXWH�V\VWHP��7KH�+HQU\¶V�ODZ�FRQVWDQW�IRU�+�6�LQ�ZDWHU�LV����������/�
DWP�PRO�DW�����&��6WDXGLQJHU�DQG�5REHUWV��������
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'+�6�:DWHU�±�'LIIXVLYLW\�RI�+�6�LQ�:DWHU���XQLWV� �FP��V��±�7KH�OLTXLG�SKDVH�GLIIXVLYLW\�RI�+�6�LQ�ZDWHU�
DW�����&�LV������(���FP��V��86(3$��������

'2��:DWHU�±�'LIIXVLYLW\�RI�2[\JHQ�LQ�:DWHU���XQLWV� �FP��V��±�7KH�OLTXLG�SKDVH�GLIIXVLYLW\�RI�R[\JHQ�LQ�
ZDWHU�DW�����&�LV������(���FP��V��5HLG�DQG�6KHUZRRG��������

'+�6�$LU ±�'LIIXVLYLW\�RI�+�6�LQ�$LU���XQLWV� �FP
��V��±�7KH�JDV�SKDVH�GLIIXVLYLW\�RI�+�6�LQ�DLU�DW�����&�

LV�������FP��V��86(3$��������

'(WKHU�:DWHU�±�'LIIXVLYLW\�RI�(WKHU�LQ�:DWHU���XQLWV� �FP��V��±�7KH�OLTXLG�SKDVH�GLIIXVLYLW\�RI�HWKHU�LQ�
ZDWHU�DW�����&�LV������(���FP��V��86(3$��������

:DWHU�±�'HQVLW\�RI�:DWHU���XQLWV� �J�P/��±�7KH�GHQVLW\�RI�ZDWHU�LV��������J�P/�DW�����&��*HDQNRSOLV�
�������

$LU�±�'HQVLW\�RI�$LU���XQLWV� �J�P
���±�7KH�GHQVLW\�RI�DLU�LV�������J�P��DW�����&��*HDQNRSOLV��������

:DWHU�±�9LVFRVLW\�RI�:DWHU���XQLWV� �NJ�P�V��±�7KH�YLVFRVLW\�RI�ZDWHU�LV������(���NJ�P�V�DW�����&�
�*HDQNRSOLV��������

$LU�±�9LVFRVLW\�RI�$LU���XQLWV� �NJ�P�V��±�7KH�YLVFRVLW\�RI�DLU�LV������(���NJ�P�V�DW�����&��*HDQNRSOLV�
�������

���� 0RGHO�2XWSXW�

0RGHO�RXWSXW�LV�GLVSOD\HG�RQ�WKH�2XWSXW�WDE��(VWLPDWHV�RI�+�6�HPLVVLRQV�DUH�SUHVHQWHG�LQ�VHYHUDO�
GLIIHUHQW�IRUPDWV�LQ�WZR�WDEOHV��7KH�%DVLQ�(PLVVLRQV�WDEOH�GLVSOD\V�WKH�HPLVVLRQ�HVWLPDWHV�IURP�WKH�
HQWLUH�ZDVWHZDWHU�WUHDWPHQW�EDVLQ��L�H���WKH�VXP�RI�DOO�]RQHV���7KH�HPLVVLRQV�UDWH�LV�SUHVHQWHG�LQ�XQLWV�
RI�JP�V��OEV�\U��86�WRQV�\U��PHWULF�WRQQHV�\U��DQG�JP�P���\U��ZKLFK�LV�WKH�HPLVVLRQV�UDWH�QRUPDOL]HG�WR�
WKH�WRWDO�EDVLQ�DUHD��7KH�=RQH�(PLVVLRQV�WDEOH�SUHVHQWV�HPLVVLRQV�IRU�HDFK�LQGLYLGXDO�]RQH�LQ�XQLWV�RI�
JP�V��OEV�\U��DQG�JP�P��\U��7KLV�WDEOH�DOVR�LQFOXGHV�OLTXLG�WRWDO�VXOILGH�FRQFHQWUDWLRQ�HVWLPDWHV�IRU�
HDFK�]RQH��7KH�PRGHO�SDUDPHWHUV�WKDW�ZHUH�XVHG�WR�JHQHUDWH�WKH�RXWSXW�LQ�WKH�UHVXOWV�WDEOHV�DUH�
SUHVHQWHG�LQ�WKH�WDEOH�WR�WKH�ULJKW�RI�WKH�HPLVVLRQV�RXWSXW��

���� 35(3$5$7,21�$1'�(;(&87,21�2)�+�66,0�

7KLV�VHFWLRQ�SURYLGHV�LQVWUXFWLRQ�IRU�XVHUV�ZKR�ZLVK�WR�VHW�XS�DQG�SURSHUO\�H[HFXWH�+�66,0�WR�
HVWLPDWH�K\GURJHQ�VXOILGH�HPLVVLRQV�IRU�ZDVWHZDWHU�WUHDWPHQW�EDVLQV��9DULRXV�H[DPSOH�VFHQDULRV�DUH�
SURYLGHG�WR�KHOS�XVHUV�DGDSW�VSHFLILF�VFHQDULRV�WR�WKH�PRGHO��

7KHUH�DUH�HLJKW�JHQHUDO�VWHSV�IURP�WKH�LQLWLDWLRQ�RI�D�VXOILGH�HPLVVLRQV�HVWLPDWLRQ�SURMHFW�WR�REWDLQLQJ�
ILQDO�UHVXOWV��

�� 2SHQLQJ�DQG�LQLWLDOL]LQJ�VRIWZDUH�
�� 6HOHFWLRQ�RI�WKH�GHVLUHG�VLPXODWLRQ�SHULRG�
�� 'DWD�FROOHFWLRQ�DQG�GDWD�VHW�DVVHPEO\�
�� 0RGHO�]RQH�VSHFLILFDWLRQ�
�� ,QSXW�LQIOXHQW�ORDGV�DQG�DWPRVSKHULF�FRQGLWLRQV�
�� ,QSXW�EDVLQ�SK\VLFDO�DQG�FKHPLFDO�LQIRUPDWLRQ�
�� 0RGHO�H[HFXWLRQ�
�� 5HYLHZ�RXWSXW�

7R�DVVLVW�ZLWK�LQSXW�GHYHORSPHQW��LW�LV�VXJJHVWHG�WKDW�WKH�XVHU�FUHDWH�D�VNHWFK�LQ�SODQ�YLHZ�DW�DQ�
DSSUR[LPDWH�VFDOH�DQG�ORFDWH�SK\VLFDO�IHDWXUHV��VXFK�DV�LQIOXHQW�DQG�HIIOXHQW�ORFDWLRQV��DHUDWRU�
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SRVLWLRQV��IORZ�GLYHUVLRQ�FXUWDLQV��DQG�ZDVWHZDWHU�VDPSOH�ORFDWLRQV�DQG�UHVXOWV��6XFK�D�VNHWFK�FDQ�EH�
XVHIXO�ZKHQ�VHWWLQJ�PRGHO�]RQH�ORFDWLRQV�DQG�FKDUDFWHULVWLFV�DV�GHVFULEHG�ODWHU���

���� 2SHQLQJ�DQG�,QLWLDOL]LQJ�6RIWZDUH�

+�66,0�LV�FRQWDLQHG�LQ�WKH�0LFURVRIW�([FHO�VSUHDGVKHHW�HQYLURQPHQW�DQG�WKH�XVHU�PXVW�KDYH�D�YDOLG�
FRS\�RI�WKLV�SURJUDP�LQVWDOOHG�RQ�WKHLU�FRPSXWHU�LQ�RUGHU�WR�UXQ�+�66,0��7KH�+�66,0�ILOH�FDQ�EH�
GRZQORDGHG�LQWR�D�:LQGRZV�ILOH�IROGHU�IURP�WKH�1&$6,�ZHEVLWH��ZZZ�QFDVL�RUJ���7KH�XVHU�PD\�
FUHDWH�D�GLVWLQFW�+�66,0�IROGHU�LQ�ZKLFK�PXOWLSOH�PRGHO�UXQV�DQG�VXSSRUWLQJ�GDWD�DUH�FRQWDLQHG��
2QFH�+�66,0�LV�GRZQORDGHG��LW�LV�DGYLVDEOH�WR�FRS\�DQG�UHQDPH�ILOHV��H�J���+�66,0B%DVLQ���WKDW�
KDYH�EHHQ�PRGLILHG�E\�WKH�XVHU�WR�DOORZ�IRU�HDV\�LGHQWLILFDWLRQ��

7R�RSHQ�WKH�PRGHO��GRXEOH�FOLFN�WKH�+�66,0�LFRQ�LQ�WKH�SUHYLRXVO\�FUHDWHG�IROGHU��:KHQ�WKH�ILOH�LV�
RSHQHG�LQ�([FHO��LW�ZLOO�EH�VFDQQHG�IRU�YLUXVHV�DQG�WKH�PRGHO�FRGH�ZLOO�EH�UHFRJQL]HG�DV�D�
VXSSOHPHQWDU\�PDFUR��,I�WKH�V\VWHP¶V�VHFXULW\�OHYHO�LV�VHW�WR�KLJK��WKH�+�66,0�FRGH�ZLOO�EH�GLVDEOHG��
)RU�WKH�PRGHO�WR�UXQ��WKH�PDFUR�VHFXULW\�OHYHO�VKRXOG�EH�VHW�WR�DOORZ�PDFURV��'HSHQGLQJ�XSRQ�WKH�
XVHU¶V�YHUVLRQ�RI�([FHO��WKH�VHFXULW\�OHYHO�FDQ�EH�FKDQJHG�YLD�GLIIHUHQW�PHQX�RSWLRQV�DQG�WKH�XVHU�LV�
DGYLVHG�WR�FRQVXOW�WKH�+HOS�VHFWLRQ�SURYLGHG�LQ�WKHLU�YHUVLRQ�RI�([FHO���

$OO�RWKHU�VSUHDGVKHHW�IXQFWLRQV�LQFOXGLQJ�VDYLQJ�DUH�SHUIRUPHG�DV�ZLWK�D�W\SLFDO�([FHO�VSUHDGVKHHW��
7KH�XVHU�KDV�WKH�RSWLRQ�WR�PRGLI\�WKH�+�66,0�VSUHDGVKHHW�WR�VDYH�PXOWLSOH�PRGHO�UXQV�RU�WKH�ILHOG�
GDWD�XVHG�WR�GHYHORS�PRGHO�LQSXWV��+RZHYHU��FHUWDLQ�FHOOV�ZKLFK�FRQWDLQ�LPSRUWDQW�LQIRUPDWLRQ�IRU�
WKH�XVHU�DUH�ZULWH�SURWHFWHG�DQG�FDQQRW�EH�PRGLILHG��7KH�+�66,0�VRXUFH�FRGH�FDQ�EH�YLHZHG�E\�
SUHVVLQJ�$/7�)���ZKLOH�LQ�WKH�([FHO�HQYLURQPHQW��

���� 6HOHFWLRQ�RI�D�6LPXODWLRQ�3HULRG�

7KH�VHOHFWLRQ�RI�WKH�VLPXODWLRQ�SHULRG�LV�LPSRUWDQW�EHFDXVH�WKH�SHULRG�RI�LQWHUHVW�GHILQHV�WKH�VFRSH�RI�
WKH�GDWD�FROOHFWLRQ�DQG�WKH�DSSOLFDELOLW\�RI�WKH�UHVXOWV��6RPH�H[DPSOHV�RI�VLPXODWLRQ�SHULRGV�WKDW�PD\�
EH�RI�LQWHUHVW�WR�D�XVHU�DUH�

DQQXDO�DYHUDJH�K\GURJHQ�VXOILGH�HPLVVLRQV��

HPLVVLRQV�GXULQJ�ORZ�EDVLQ�GLVVROYHG�R[\JHQ�FRQFHQWUDWLRQV�RFFXUULQJ�GXULQJ�WKH�VXPPHU��
DQG�

HPLVVLRQV�GXULQJ�SHDN�%2'�ORDGLQJ�SHULRGV��

,Q�HDFK�RI�WKH�DERYH�FDVHV��WKH�PRGHO�LQSXWV�PXVW�UHIOHFW�WKH�VLPXODWLRQ�SHULRG�RI�LQWHUHVW��)RU�
H[DPSOH��WKH�DQQXDO�DYHUDJH�FRQGLWLRQV�VKRXOG�EH�FDOFXODWHG�IURP�GDWD�FROOHFWHG�DW�D�IUHTXHQF\�VR�
WKDW�WKH�GDWD�VHW�WUXO\�UHSUHVHQWV�DQ�DQQXDO�DYHUDJH�DQG�LV�QRW�ELDVHG�E\�D�PDMRULW\�RI�GDWD�SRLQWV�
FROOHFWHG�GXULQJ�D�EULHI�WLPHIUDPH��$QRWKHU�H[DPSOH�RI�PDWFKLQJ�WKH�VLPXODWLRQ�SHULRG�RI�LQWHUHVW�WR�
DSSURSULDWH�PRGHO�LQSXWV�LV�ZKHQ�HVWLPDWLQJ�+�6�HPLVVLRQV�GXULQJ�SHDN�%2'�ORDGLQJ�FRQGLWLRQV��
'XULQJ�SHDN�%2'�ORDGV��LW�LV�OLNHO\�WKDW�QRW�RQO\�ZLOO�%2'�ORDGV�LQFUHDVH�EXW�ZDVWHZDWHU�R[\JHQ�
FRQFHQWUDWLRQV�ZLOO�GHFUHDVH��,W�LV�DOVR�SRVVLEOH�WKDW�ZDVWHZDWHU�S+�DQG�LQIOXHQW�VXOILGH�ORDGV�PD\�
FKDQJH�UHODWLYH�WR�DYHUDJH�FRQGLWLRQV��7KXV��DQQXDO�DYHUDJH�S+�DQG�VXOILGH�ORDGLQJ�YDOXHV�ZRXOG�QRW�
EH�DSSURSULDWH�LQSXWV�IRU�WKH�SHDN�%2'�ORDGLQJ�VFHQDULR��,W�LV�LPSRUWDQW�WKDW�D�XVHU�LGHQWLI\�WKHLU�
VLPXODWLRQ�SHULRG�RI�LQWHUHVW�DQG�GHILQH�LQSXWV�WKDW�DUH�VSHFLILF�IRU�WKDW�SHULRG��

���� 'DWD�&ROOHFWLRQ�DQG�'DWDEDVH�$VVHPEO\�

7DEOH�����OLVWV�WKH�VLWH�VSHFLILF�GDWD�QHHGV�IRU�WKH�VXFFHVVIXO�HVWLPDWLRQ�RI�K\GURJHQ�VXOILGH�HPLVVLRQV�
IURP�D�ZDVWHZDWHU�WUHDWPHQW�EDVLQ��$V�GLVFXVVHG�DERYH�WKHVH�GDWD�VKRXOG�EH�FROOHFWHG�WR�DFFXUDWHO\�
UHIOHFW�WKH�VLPXODWLRQ�SHULRG�RI�LQWHUHVW��
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7DEOH������6LWH�6SHFLILF�'DWD�5HTXLUHPHQWV�IRU�6XOILGH�)DWH�0RGHO�

&DWHJRU\� 6SHFLILF�0HDVXUHPHQW�

3K\VLFDO�&KDUDFWHULVWLFV� /HQJWK��ZLGWK��DYHUDJH�GHSWK��K\GUDXOLF�WUDFHU�
VWXG\D

&KHPLFDO�&KDUDFWHULVWLFV� %DVLQ�ORQJLWXGLQDO�SURILOHV�RI�WHPSHUDWXUH��S+��
253��DQG�GLVVROYHG�R[\JHQ��

$HUDWLRQ�&KDUDFWHULVWLFV� 1XPEHU�RI�DFWLYH�DHUDWRUV��QDPHSODWH�
KRUVHSRZHU��LPSHOORU�VL]H��LPSHOORU�530V��
GLIIXVHG�DLU�IORZ�

0HWHRURORJLFDO�&RQGLWLRQV� :LQG�VSHHG��DPELHQW�DLU�WHPSHUDWXUH�

/RDGLQJ�&RQGLWLRQV� ,QIOXHQW�IORZ�UDWH��VXOILGH�DQG�VXOIDWH�
FRQFHQWUDWLRQV�

D�+\GUDXOLF�WUDFHU�VWXGLHV�DUH�QRW�QHFHVVDU\�LI�RWKHU�UHOLDEOH�HVWLPDWHV�RI�EDVLQ�YROXPH�DUH�DYDLODEOH��

���� 'HILQLQJ�0RGHO�=RQHV��

+�66,0�SDUWLWLRQV�KHWHURJHQHRXV�ZDVWHZDWHU�WUHDWPHQW�EDVLQV�LQWR�D�VHULHV�RI�WKUHH�GLPHQVLRQDO�
]RQHV�ZKLFK�KDYH�KRPRJHQRXV�FKDUDFWHULVWLFV��'HILQLQJ�WKH�QXPEHU��VL]H��DQG�PL[LQJ�FKDUDFWHULVWLFV�
RI�WKHVH�]RQHV�LV�FULWLFDO�IRU�SURSHUO\�VLPXODWLQJ�+�6�HPLVVLRQV��7KHUH�DUH�WKUHH�PDLQ�VWHSV�ZKHQ�
VHWWLQJ�XS�PRGHO�]RQHV�IRU�+�66,0��

VHOHFWLQJ�WKH�QXPEHU�RI�]RQHV���
VSHFLI\LQJ�WKH�SK\VLFDO�GLPHQVLRQV�RI�PRGHO�VHJPHQWV��DQG�
VHWWLQJ�K\GUDXOLF�PL[LQJ�SDUDPHWHUV�EHWZHHQ�VHJPHQWV��

$�JXLGDQFH�GRFXPHQW�SXEOLVKHG�E\�(3$�SURYLGHV�DGGLWLRQDO�LQIRUPDWLRQ�UHJDUGLQJ�EDVLQ�PL[LQJ�
]RQHV�IRU�WKH�UHDGHU�LQWHUHVWHG�LQ�D�WKRURXJK�GLVFXVVLRQ�RI�WKLV�WRSLF��86(3$��������

������ 6HOHFWLQJ�WKH�3URSHU�1XPEHU�RI�=RQHV

,Q�FDVHV�ZKHUH�WKH�XVHU�LV�QRW�VLPXODWLQJ�D�SULPDU\�FODULILHU��WKH�QXPEHU�RI�]RQHV�PXVW�EH�VHOHFWHG�LQ�
'DWD�7\SH���RQ�WKH�,QSXWV�WDE��:KHQ�GHFLGLQJ�XSRQ�WKH�DSSURSULDWH�QXPEHU�RI�PRGHO�]RQHV��WKH�XVHU�
PXVW�EDODQFH�PXOWLSOH�IDFWRUV��,Q�JHQHUDO��WKH�XVHU�VKRXOG�VHHN�WKH�PLQLPXP�QXPEHU�RI�]RQHV�WKDW�
DFFRXQWV�IRU�SK\VLFDO�FKDUDFWHULVWLFV�DQG�FKHPLFDO�JUDGLHQWV�ZKLOH�PDLQWDLQLQJ�DQ�DFFXUDWH�K\GUDXOLF�
UHJLPH��7KH�IROORZLQJ�OLVW��LQ�RUGHU�RI�SULRULW\��LGHQWLILHV�WKH�IDFWRUV�WKDW�WKH�XVHU�VKRXOG�FRQVLGHU�
ZKHQ�VHWWLQJ�PRGHO�]RQHV��

3K\VLFDO�ERXQGDULHV�
'LVVROYHG�R[\JHQ�DQG�S+�JUDGLHQWV�
0HFKDQLFDO�DHUDWLRQ�GHQVLW\�
7HPSHUDWXUH�JUDGLHQWV�
+\GUDXOLF�UHJLPH�FRQVLGHUDWLRQV�

3K\VLFDO�ERXQGDULHV�DUH�PDQ�PDGH�LPSHGLPHQWV�WR�ZDWHU�WUDQVSRUW��([DPSOHV�LQFOXGH�ZHLUV�DQG�SLSHV�
EHWZHHQ�EDVLQV�DQG�DOVR�LQ�EDVLQ�FXUWDLQV��7KH�SUHVHQFH�RI�D�SK\VLFDO�ERXQGDU\�LV�LQ�PRVW�FDVHV�DQ�
DSSURSULDWH�ORFDWLRQ�IRU�WKH�HQG�RI�D�PRGHO�]RQH�EHFDXVH�WKH�HIIHFW�RI�WKH�SK\VLFDO�ERXQGDU\�LV�WR�
FUHDWH�WZR�GLVWLQFW�YROXPHV��)LJXUHV�����DQG�����LOOXVWUDWH�WKH�SURSHU�SODFHPHQW�RI�PRGHO�]RQHV�ZLWK�
WKH�SUHVHQFH�RI�D�SLSH�DQG�FXUWDLQ��UHVSHFWLYHO\��
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)LJXUH������6XJJHVWHG�0RGHO�=RQH�3ODFHPHQW�ZLWK�3LSH�:HLU�3UHVHQW�
>7KH�DUURZV�GHSLFW�WKH�IORZ�GLUHFWLRQ�@�

)LJXUH������6XJJHVWHG�0RGHO�=RQH�3ODFHPHQW�ZLWK�)ORZ�&XUWDLQ�3UHVHQW�

,Q�ERWK�RI�WKH�DERYH�H[DPSOHV��PRGHO�]RQHV�DUH�SODFHG�VR�WKDW�D�SK\VLFDO�ERXQGDU\�LQ�WKH�EDVLQ�LV�
SURSHUO\�UHSUHVHQWHG�DQG�WZR�VHSDUDWH�DQG�GLVWLQFW�]RQHV�DUH�VLPXODWHG��

$IWHU�SK\VLFDO�ERXQGDULHV�DUH�DFFRXQWHG�IRU��WKH�EDVLQ�FDQ�EH�IXUWKHU�]RQHG�EDVHG�RQ�FKHPLFDO�
JUDGLHQWV�DQG�PHFKDQLFDO�DHUDWLRQ�GHQVLW\��'LVVROYHG�R[\JHQ�DQG�S+�JUDGLHQWV�VKRXOG�EH�DFFRXQWHG�
IRU�ILUVW��IROORZHG�E\�DHUDWLRQ�GHQVLW\��)LJXUH�����FRQWLQXHV�WKH�H[DPSOH�LQ�)LJXUH�����E\�SODFLQJ�
PRGHO�]RQHV�DURXQG�PHDVXUHG�S+�JUDGLHQWV��

)LJXUH������6XJJHVWHG�0RGHO�=RQH�3ODFHPHQW�:KHQ�)ORZ�&XUWDLQ�DQG�S+�*UDGLHQWV�$UH�3UHVHQW



7HFKQLFDO�%XOOHWLQ�1R������� ���

1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW�

0HFKDQLFDO�DHUDWLRQ�GHQVLW\�VKRXOG�EH�DFFRXQWHG�IRU�LI�WKHUH�LV�D�ODUJH�TXLHVFHQW�DUHD��L�H���ODFN�RI�
PHFKDQLFDO�WXUEXOHQFH��LQ�DQ�DHUDWHG�EDVLQ��&RQWLQXLQJ�WKH�H[DPSOH�IURP�)LJXUH������WKH�TXLHVFHQW�
DUHD�FDQ�EH�VLPXODWHG�E\�VSOLWWLQJ�=RQH���LQWR�WZR�]RQHV�EDVHG�XSRQ�DHUDWRU�GHQVLW\�DV�VKRZQ�LQ�
)LJXUH������,Q�WKLV�ILJXUH��VXUIDFH�DHUDWRUV�DUH�UHSUHVHQWHG�E\�D�VWDU��

)LJXUH������6XJJHVWHG�0RGHO�=RQH�3ODFHPHQW�:KHQ�)ORZ�&XUWDLQ��S+�*UDGLHQWV��
DQG�$HUDWLRQ�'HQVLW\�*UDGLHQWV�$UH�3UHVHQW�

'HFLGLQJ�XSRQ�WKH�QXPEHU�DQG�ORFDWLRQ�RI�]RQHV�LV�DQ�H[HUFLVH�LQ�SURIHVVLRQDO�MXGJPHQW�LQIRUPHG�E\�
WKH�DYDLODEOH�GDWD��,W�LV�LQ�PDNLQJ�WKHVH�W\SHV�RI�GHFLVLRQV�WKDW�D�VNHWFK�RI�WKH�EDVLQ�ZLWK�VDPSOH�
ORFDWLRQV��YDOXHV��DQG�DHUDWRU�ORFDWLRQV�FDQ�EH�XVHIXO��

������ (IIHFW�RI�0RGHO�6HJPHQWDWLRQ�RQ�6LPXODWHG�+\GUDXOLFV

7KH�QXPEHU�RI�PRGHO�VHJPHQWV�VHOHFWHG�ZLOO�DIIHFW�WKH�W\SH�RI�IORZ�WKDW�WKH�PRGHO�VLPXODWHV��)RU�D�
GHWDLOHG�GLVFXVVLRQ�RI�PRGHOLQJ�EDVLQ�K\GUDXOLFV��VHH�1&$6,�7HFKQLFDO�%XOOHWLQ������1&$6,�����D���
,Q�JHQHUDO��WKH�PRGHOHG�K\GUDXOLF�UHJLPH�PRYHV�IURP�D�FRPSOHWH�PL[�WR�SOXJ�IORZ�DV�PRUH�VHJPHQWV�
DUH�DGGHG�WR�WKH�PRGHO��DV�VKRZQ�LQ�)LJXUH������7KLV�ILJXUH�VKRZV�WUDFHU�FXUYHV�JHQHUDWHG�XQGHU�
LGHQWLFDO�ORDG�DQG�EDVLQ�FRQGLWLRQV�IRU�WKUHH�GLIIHUHQW�]RQH�DUUDQJHPHQWV��

)LJXUH������([DPSOH�RI�5HVLGHQFH�7LPH�&XUYHV�IRU�9DULRXV�1XPEHUV�RI�0RGHO�=RQHV�

=RQH�� =RQH��=RQH�� =RQH��
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$V�VHHQ�LQ�)LJXUH������WKH�QXPEHU�RI�]RQHV�LQ�WKH�PRGHO�FDQ�KDYH�VRPH�HIIHFW�XSRQ�WKH�FRQFHQWUDWLRQ�
DQG�WLPLQJ�RI�ORDG�DW�WKH�HIIOXHQW�ORFDWLRQ��,Q�SUDFWLFH��LW�VKRXOG�EH�WKH�JRDO�RI�WKH�XVHU�WR�DFKLHYH�D�
UHDVRQDEOH�FKDUDFWHUL]DWLRQ�RI�WKH�EDVLQ¶V�K\GUDXOLFV��$V�GLVFXVVHG�LQ�6HFWLRQ��������WKH�XVHU�VKRXOG�
VHW�WKH�QXPEHU�RI�PRGHO�VHJPHQWV�EDVHG�ILUVW�RQ�DQ\�SK\VLFDO�ERXQGDULHV��WKHQ�RQ�FKHPLFDO�DQG�
DHUDWLRQ�FRQVLGHUDWLRQV��

������ 6SHFLILFDWLRQ�RI�0RGHO�6HJPHQW�'LPHQVLRQV

2QFH�WKH�XVHU�KDV�GHWHUPLQHG�WKH�QXPEHU�RI�]RQHV�WR�EH�XVHG��WKRVH�]RQHV�PXVW�EH�DSSURSULDWHO\�
VL]HG��=RQH�GLPHQVLRQV��OHQJWK��ZLGWK��DQG�GHSWK��DUH�FULWLFDO�LQ�GHILQLQJ�ERWK�WKH�UHVLGHQFH�WLPH�RI�
WKH�V\VWHP�DQG�WKH�DUHD�RI�WKH�DLU�ZDWHU�LQWHUIDFH��=RQH�GLPHQVLRQV�DUH�LQSXW�E\�WKH�XVHU�LQ�'DWD�7\SH�
��RI�WKH�,QSXWV�WDE��

7R�GHILQH�WKH�OHQJWK�DQG�ZLGWK��WKH�XVHU�PD\�FRQVXOW�D�VFDOH�GUDZLQJ�RI�WKH�V\VWHP��7KH�JHRPHWU\�RI�
WKH�PRGHO�VHJPHQW�LV�UHFWDQJXODU�E\�GHIDXOW��VR�IRU�V\VWHPV�WKDW�DUH�WUDSH]RLGDO�RU�FLUFXODU��DQ�
DSSUR[LPDWLRQ�PXVW�EH�PDGH��$Q�DYHUDJH�ZDWHU�FROXPQ�GHSWK��H[FOXGLQJ�DQ\�DFFXPXODWHG�VOXGJH��
PXVW�DOVR�EH�HQWHUHG�IRU�HDFK�VHJPHQW��$V�GHSWKV�DFURVV�EDVLQV�RIWHQ�YDU\��LW�LV�VXJJHVWHG�WKDW�WKH�
QXPEHU�DQG�ORFDWLRQ�RI�WKH�PRGHO�VHJPHQWV�DUH�FRQVLGHUHG�VR�WKDW�HDFK�VHJPHQW�LV�UHSUHVHQWDWLYH�RI�
DQ�DYHUDJH�ZDWHU�GHSWK��

������ 6HOHFWLRQ�RI�0L[LQJ

0L[LQJ��³KLJK�´�³PRGHUDWH�´�³ORZ�´�³QRQH´��PXVW�EH�VSHFLILHG�EHWZHHQ�HDFK�DGMDFHQW�PRGHO�]RQH�LQ�
'DWD�7\SH����0L[LQJ�LV�LQWHUQDOO\�VHW�WR�³QRQH´�IRU�ERXQGDULHV�ZLWK�WKH�LQIOXHQW�DQG�HIIOXHQW��WKXV��WKH�
PL[LQJ�IRU�=RQH���FKDUDFWHUL]HV�WKH�LQWHUIDFH�EHWZHHQ�=RQHV���DQG���DQG�WKH�PL[LQJ�IRU�=RQH���
FKDUDFWHUL]HV�WKH�LQWHUIDFH�EHWZHHQ�=RQHV���DQG����7KLV�SDWWHUQ�UHSHDWV�XQWLO�WKH�ILQDO�]RQH��ZKLFK�
LQWHUIDFHV�ZLWK�WKH�HIIOXHQW�DQG�WKHUHIRUH�LV�LQWHUQDOO\�VHW�WR�³QRQH�´�

$�FRQVHUYDWLYH�WUDFHU�VWXG\�FDQ�DVVLVW�WKH�XVHU�LQ�VSHFLI\LQJ�WKH�DPRXQW�RI�PL[LQJ��,I�D�WUDFHU�VWXG\�LV�
QRW�DYDLODEOH��WKH�SK\VLFDO�FKDUDFWHULVWLFV�RI�WKH�ERXQGDU\�EHWZHHQ�WKH�PRGHO�VHJPHQWV�FDQ�EH�XVHG�DV�
D�JHQHUDO�JXLGH��7KLV�JXLGDQFH�LV�VXPPDUL]HG�LQ�7DEOH������

7DEOH������6XJJHVWHG�0L[LQJ�6HWWLQJV�%DVHG�XSRQ�=RQH�,QWHUIDFH�&RQGLWLRQV��

&RQGLWLRQV�DW�,QWHUIDFH�%HWZHHQ�=RQHV� 6XJJHVWHG�0L[LQJ�6HWWLQJ�

3K\VLFDO�VHSDUDWLRQ�RI�DGMDFHQW�EDVLQV�VXFK�DV�E\�
ZHLU��SLSH��RU�FXUWDLQ��

1RQH�

0RGHUDWH�VHSDUDWLRQ�RI�DGMDFHQW�EDVLQV�RU�
DGMDFHQW�EDVLQV�DUH�TXLHVFHQW��

/RZ�

$GMDFHQW�EDVLQV�DUH�QRW�SK\VLFDOO\�VHSDUDWHG��
EDVLQV�DUH�OLJKWO\�WR�PRGHUDWHO\�DJLWDWHG�������
+3�0*��D

0RGHUDWH

$GMDFHQW�EDVLQV�DUH�QRW�VHSDUDWHG��EDVLQV�DUH�
PRGHUDWHO\�WR�KHDYLO\�DJLWDWHG��!����+3�0*���

+LJK�

D�%DVHG�XSRQ�1&$6,�H[SHULHQFH�XVLQJ�FRQYHQWLRQDO�ZDVWHZDWHU�WUHDWPHQW�PRGHOV��

���� ,QSXWWLQJ�,QIOXHQW�/RDGV�DQG�$WPRVSKHULF�&RQGLWLRQV�

7KH�IORZ�RI�ZDVWHZDWHU�LQWR�WKH�EDVLQ�DQG�WKH�FRQFHQWUDWLRQ�RI�VXOILGH�DQG�VXOIDWH�LQ�WKH�ZDVWHZDWHU�
DUH�VSHFLILHG�LQ�'DWD�7\SH���RQ�WKH�+�66,0�WDE��7KH�YDOXHV�HQWHUHG�LQ�WKLV�VHFWLRQ�VKRXOG�EH�
FKDUDFWHULVWLF�RI�WKH�ZDVWHZDWHU�MXVW�SULRU�WR�HQWHULQJ�=RQH���� �
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$V�QRWHG�HDUOLHU��WKH�IORZV�DQG�FRQFHQWUDWLRQV�HQWHUHG�VKRXOG�EH�UHSUHVHQWDWLYH�RI�WKH�VLPXODWLRQ�
SHULRG�RI�LQWHUHVW��)RU�GHWHUPLQLQJ�WKH�VXOILGH�FRQFHQWUDWLRQ�GXULQJ�WKDW�SHULRG��PXOWLSOH�VDPSOHV�
VKRXOG�EH�WDNHQ�WR�DFFRXQW�IRU�YDULDELOLW\��6HYHUDO�PHWKRGV�IRU�TXDQWLI\LQJ�WRWDO�VXOILGH�DUH�DYDLODEOH�
LQFOXGLQJ�WKRVH�ZKLFK�PD\�EH�SHUIRUPHG�RQ�VLWH��1&$6,��������������$�KLJKO\�DFFXUDWH�HVWLPDWH�RI�
WKH�VXOIDWH�FRQFHQWUDWLRQ�LV�QRW�QHFHVVDU\�LI�LW�LV�EHOLHYHG�WKDW�WKH�FRQFHQWUDWLRQ�LV�DERYH�����PJ�/��

$WPRVSKHULF�FRQGLWLRQV�DUH�HQWHUHG�LQ�'DWD�7\SH����7KHVH�FRQGLWLRQV�VKRXOG�UHSUHVHQW�DYHUDJH�ZLQG�
VSHHG�DQG�WHPSHUDWXUH�IURP�WKH�VLPXODWLRQ�WLPH�SHULRG�RI�LQWHUHVW��7KH�GDWD�IRU�WKH�DWPRVSKHULF�
FRQGLWLRQV�FDQ�EH�DFTXLUHG�IURP�D�ORFDO�PHWHRURORJLFDO�VWDWLRQ�DQG�GR�QRW�QHHG�WR�EH�UHFRUGHG�RQ�VLWH�
LQ�PRVW�FDVHV��

������ 'HILQLQJ�WKH�/RFDWLRQ�RI�D�&RQGHQVDWH�+DUGSLSH�,QIOXHQW

7KH�ORFDWLRQ�RI�D�FRQGHQVDWH�KDUGSLSH�LV�VSHFLILHG�LQ�'DWD�7\SH����,I�D�KDUGSLSH�LV�SUHVHQW��LW�FDQ�EH�
ORFDWHG�LQ�DQ\�RI�WKH�PRGHO�]RQHV��7KH�GHFLVLRQ�DV�WR�ZKHUH�WKH�KDUGSLSH�LV�ORFDWHG�FDQ�EH�DVVLVWHG�E\�
VXSHULPSRVLQJ�WKH�DSSUR[LPDWH�KDUGSLSH�ORFDWLRQ�RQ�WKH�EDVLQ�VNHWFK�ZLWK�WKH�PRGHO�]RQHV�RYHUODLG��
,Q�FDVHV�ZKHUH�WKH�KDUGSLSH�HQWHUV�QHDU�WKH�ERXQGDU\�EHWZHHQ�WZR�]RQHV��LW�PD\�EH�PRUH�DFFXUDWH�WR�
SODFH�WKH�KDUGSLSH�LQ�WKH�GRZQVWUHDP�]RQH��DV�WKDW�LV�ZKHUH�WKH�KDUGSLSH�ZLOO�OLNHO\�KDYH�WKH�ODUJHVW�
LPSDFW��

���� ,QSXWWLQJ�%DVLQ�3K\VLFDO�DQG�&KHPLFDO�,QIRUPDWLRQ�

7KH�SK\VLFDO�DQG�FKHPLFDO�FRQGLWLRQV�RI�WKH�ZDVWHZDWHU�EDVLQ�DUH�LQSXW�LQ�'DWD�7\SH����7KHVH�YDOXHV�
DUH�HQWHUHG�E\�]RQH��7KH�PRGHO�ZLOO�RQO\�UHDG�WKH�YDOXHV�LQ�WKH�QXPEHU�RI�]RQHV�VSHFLILHG�LQ�'DWD�
7\SH����L�H���LI�WKUHH�]RQHV�DUH�VSHFLILHG��WKH�PRGHO�ZLOO�GLVUHJDUG�DQ\�LQSXW�XQGHU�=RQH�����

���� 5XQQLQJ�WKH�0RGHO�DQG�5HYLHZLQJ�2XWSXW�

$IWHU�DOO�PRGHO�LQSXWV�KDYH�EHHQ�HQWHUHG��WKH�XVHU�PD\�UXQ�WKH�PRGHO�E\�FOLFNLQJ�WKH�5XQ�LFRQ�ORFDWHG�
LQ�WKH�PRGHO�FRQWUROV�VHFWLRQ���7KH�XVHU�PD\�WKHQ�UHYLHZ�WKH�RXWSXW�RQ�WKH�2XWSXW�WDE��8QXVXDO�RXWSXW�
YDOXHV�VXFK�DV�QHJDWLYH�RU�YHU\�KLJK�HPLVVLRQ�UDWHV�FDQ�XVXDOO\�EH�WUDFHG�WR�HUURUV�PDGH�LQ�WKH�LQSXW�
VHFWLRQ��7KH�XVHU�VKRXOG�DOZD\V�GRXEOH�FKHFN�ERWK�WKH�YDOXH�DQG�XQLWV�RI�DOO�HQWHUHG�LQSXWV�DQG�YHULI\�
WKDW�WKH�FRUUHFW�PRGHO�SDUDPHWHUV�ZHUH�XVHG�SULRU�WR�DFFHSWLQJ�WKH�UHVXOWV�RI�WKH�VLPXODWLRQ��

���� 35(',&7,1*�)8785(�(0,66,216�86,1*�+�66,0�

7KLV�VHFWLRQ�LV�LQWHQGHG�WR�SURYLGH�WKH�XVHU�ZLWK�H[DPSOHV�RI�SUHGLFWLQJ�IXWXUH�+�6�HPLVVLRQV�DV�D�
IXQFWLRQ�RI�D�SODQQHG�FKDQJH�WR�WKH�WUHDWPHQW�EDVLQ�RU�LWV�RSHUDWLRQ��([DPSOHV�RI�SRVVLEOH�FKDQJHV�WR�
WKH�WUHDWPHQW�V\VWHP�LQFOXGH�SUHWUHDWPHQW�RI�LQIOXHQW�VXOILGH�ORDGV��FKDQJHV�WR�H[LVWLQJ�DHUDWLRQ��DQG�
DGMXVWPHQW�RI�EDVLQ�S+��

7KH�ILUVW�VWHS�WR�SUHSDULQJ�WKH�PRGHO�WR�SUHGLFW�IXWXUH�HPLVVLRQV�LV�WR�JR�WKURXJK�WKH�SURFHVV�RI�VHWWLQJ�
WKH�PRGHO�XS�IRU�H[LVWLQJ�FRQGLWLRQV�DV�GHVFULEHG�LQ�6HFWLRQ���LQ�WKLV�EXOOHWLQ���7KLV�UXQ�RI�WKH�PRGHO�
LV�UHIHUUHG�WR�DV�WKH�EDVH�FDVH�PRGHO��2QFH�WKH�EDVH�FDVH�PRGHO�LV�GHHPHG�WR�EH�VDWLVIDFWRULO\�
HVWLPDWLQJ�H[LVWLQJ�HPLVVLRQV��PRGHO�LQSXWV�FDQ�EH�V\VWHPDWLFDOO\�FKDQJHG�LQ�RUGHU�WR�VLPXODWH�WKH�
HIIHFW�RI�DQWLFLSDWHG�PRGLILFDWLRQV�WR�WKH�WUHDWPHQW�V\VWHP��7KH�UHVW�RI�WKLV�VHFWLRQ�GHVFULEHV�KRZ�
PRGHO�LQSXWV�FDQ�EH�FKDQJHG�WR�VLPXODWH�VRPH�FRPPRQ�WUHDWPHQW�V\VWHP�FKDQJHV��

���� 6LPXODWLRQ�RI�,QIOXHQW�6XOILGH�/RDG�3UHWUHDWPHQW�

,Q�PDQ\�ZDVWHZDWHU�WUHDWPHQW�EDVLQV��WKH�SULPDU\�VRXUFH�RI�VXOILGH�WR�DQ�DHUDWHG�EDVLQ�LV�DQR[LF�
XSVWUHDP�SURFHVVHV�VXFK�DV�SULPDU\�FODULILHUV�DQG�VHWWOLQJ�SRQGV��$�PLOO�PD\�FRQVLGHU�SUHWUHDWPHQW�
WKURXJK�WKH�DGGLWLRQ�RI�VRPH�R[LGL]LQJ�DJHQW��H�J���SHUR[LGH��R[\JHQ��WR�WKH�DQDHURELF�ZDVWH�VWUHDP��
7KH�1&$6,�VXOILGH�PRGHO�GRHV�QRW�HVWLPDWH�WKH�HIIHFW�RI�SUHWUHDWPHQW�WR�WKHVH�ZDVWH�VWUHDPV��EXW�LI�



��� 7HFKQLFDO�%XOOHWLQ�1R�������

1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW�

WKH�HIIHFW�LV�NQRZQ�RU�JHQHUDOO\�NQRZQ��WKH�VXOILGH�PRGHO�FDQ�HVWLPDWH�WKH�UHGXFWLRQ�LQ�+�6�HPLVVLRQV�
WKDW�ZRXOG�EH�UHDOL]HG�E\�SUHWUHDWPHQW���

7KH�XVHU�FDQ�VLPXODWH�SUHWUHDWPHQW�LQ�WKH�PRGHO�E\�UHGXFLQJ�WKH�FRQFHQWUDWLRQ�RI�VXOILGH�LQ�'DWD�
7\SH����%HFDXVH�LQ�PDQ\�FDVHV�WKH�H[DFW�HIIHFW�RI�SUHWUHDWPHQW�RQ�LQIOXHQW�VXOILGH�FRQFHQWUDWLRQ�PD\�
QRW�EH�NQRZQ��D�UDQJH�RI�UHPRYDOV�PD\�EH�LQSXW�WR�WKH�VXOILGH�PRGHO�WR�UHIOHFW�WKLV�XQFHUWDLQW\��7DEOH�
����SUHVHQWV�WKH�UHVXOWV�RI�VHYHUDO�PRGHO�UXQV�PDGH�DW�YDU\LQJ�LQIOXHQW�VXOILGH�FRQFHQWUDWLRQV�ZKLFK�
UHIOHFW�D�UDQJH�RI�SUHWUHDWPHQW�HIIHFWLYHQHVV��

7DEOH������([DPSOH�0RGHO�5HVXOWV�RYHU�D�5DQJH�RI�3UHWUHDWPHQW�(IILFLHQFLHV�

3HUFHQWDJH�RI�([LVWLQJ�6XOILGH�/RDG�
5HPRYHG�E\�3UHWUHDWPHQW�

3UHGLFWHG�$6%�(PLVVLRQV�
�JPV�V��

��� �����

���� �����

���� �����

���� �����

����� �����

7KH�UHVXOWV�RI�WKH�PRGHOLQJ�\LHOG�VHYHUDO�XVHIXO�SLHFHV�RI�LQIRUPDWLRQ��(VWLPDWHG�HPLVVLRQ�UDWHV�DV�D�
UHVXOW�RI�SUHWUHDWPHQW�FDQ�EH�XVHG�WR�GHWHUPLQH�LI�SUHWUHDWPHQW�LV�D�IHDVLEOH�RSWLRQ�IRU�DWWDLQLQJ�D�
SDUWLFXODU�WDUJHW�HPLVVLRQ�UDWH��)RU�H[DPSOH�LI�LW�LV�NQRZQ�WKDW�SUHWUHDWPHQW�ZLOO�UHGXFH�WKH�LQIOXHQW�
VXOILGH�ORDG�E\�DV�PXFK�DV�����DQG�WKDW�WKH�WDUJHW�HPLVVLRQ�UDWH�LV�����JPV�VHF��LW�FDQ�EH�DVVXPHG�WKDW�
SUHWUHDWPHQW�DORQH�ZLOO�QRW�DWWDLQ�WDUJHW�HPLVVLRQ�UDWHV��$QRWKHU�XVHIXO�SLHFH�RI�LQIRUPDWLRQ�LV�WKH�
HVWLPDWH�RI�HPLVVLRQV�DW������VXOILGH�UHPRYDO�E\�SUHWUHDWPHQW��7KLV�UHVXOW�LQGLFDWHV�WKDW�ZKLOH�WKH�
PDMRU�VRXUFH�RI�HPLWWHG�VXOILGH�LV�WKH�LQIOXHQW�ORDG��VRPH�VXOILGH�LV�OLNHO\�EHLQJ�IRUPHG�LQ�WKH�$6%�
LWVHOI�DQG�WKLV�SRUWLRQ�RI�VXOILGH�LV�UHVSRQVLEOH�IRU�WKH�HPLVVLRQV�ZKHQ�LQIOXHQW�VXOILGH�ORDGV�DUH�
HOLPLQDWHG��

$Q�LPSRUWDQW�DVSHFW�RI�SHUIRUPLQJ�SUHGLFWLYH�PRGHOLQJ�LV�XQGHUVWDQGLQJ�WKH�HIIHFW�RI�WUHDWPHQW�EDVLQ�
FKDQJHV�DQG�UHIOHFWLQJ�WKRVH�FKDQJHV�LQ�WKH�PRGHO�LQSXWV��)RU�H[DPSOH��LQ�WKH�SUHWUHDWPHQW�VFHQDULR�
GHVFULEHG�DERYH��LW�ZRXOG�EH�SUXGHQW�WR�GHWHUPLQH�LI�WKH�SUHWUHDWPHQW�SURFHVV�ZRXOG�VLJQLILFDQWO\�
FKDQJH�DQ\�RWKHU�EDVLQ�FKDUDFWHULVWLFV��VXFK�DV�EDVLQ�S+�RU�GLVVROYHG�R[\JHQ��,I�VXFK�FKDQJHV�DUH�
GHHPHG�OLNHO\��SURSHU�DGMXVWPHQWV�WR�WKHVH�DGGLWLRQDO�PRGHO�LQSXWV�ZRXOG�QHHG�WR�EH�PDGH��

���� 6LPXODWLRQ�RI�S+�$GMXVWPHQW�

/RZ�EDVLQ�S+�YDOXHV�FDQ�OHDG�WR�KLJKHU�HPLVVLRQV�RI�+�6��7KLV�RFFXUV�SULPDULO\�EHFDXVH�+�6�
SUHGRPLQDWHV�DW�ORZHU�S+�YDOXHV��VHH�)LJXUH������DQG�LV�PRUH�YRODWLOH�WKDQ�+6���:KLOH�S+�FRQWURO�LQ�
ODUJH�WUHDWPHQW�EDVLQV�LV�FKDOOHQJLQJ��LW�FDQ�EH�DQ�HIIHFWLYH�PHDQV�RI�UHGXFLQJ�+�6�HPLVVLRQV��7R�
VLPXODWH�S+�DGMXVWPHQW��WKH�XVHU�ZRXOG�FKDQJH�WKH�H[LVWLQJ�]RQH�S+�YDOXHV��'DWD�7\SH����WR�WKH�
YDOXHV�ZKLFK�DUH�DQWLFLSDWHG�DIWHU�WKH�UHOHYDQW�PRGLILFDWLRQV�DUH�PDGH���

���� 6LPXODWLRQ�RI�$GGLWLRQDO�$HUDWLRQ�

7UHDWPHQW�EDVLQV�ZLWK�ORZ�R[\JHQ�FRQFHQWUDWLRQV�W\SLFDOO\�KDYH�KLJKHU�VXOILGH�FRQFHQWUDWLRQV��7KLV�
RFFXUV�EHFDXVH�UHGXFLQJ�HQYLURQPHQWV�FDQ�H[LVW�ZKHQ�R[\JHQ�OHYHOV�DUH�ORZ�DQG�WKHVH�HQYLURQPHQWV�
DUH�FRQGXFLYH�WR�VXOILGH�JHQHUDWLRQ�DQG�FDQ�VORZ�VXOILGH�R[LGDWLRQ��2QH�RSHUDWLRQDO�VWUDWHJ\�WR�
LQFUHDVH�WKH�GLVVROYHG�R[\JHQ�LQ�D�EDVLQ�LV�WR�LQVWDOO�DGGLWLRQDO�DHUDWLRQ�HTXLSPHQW��,Q�WKLV�FDVH��
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+�66,0�FDQ�EH�XVHG�WR�HVWLPDWH�+�6�HPLVVLRQV�DV�D�IXQFWLRQ�RI�WKH�EDVLQ¶V�DQWLFLSDWHG�GLVVROYHG�
R[\JHQ�FRQFHQWUDWLRQ��

,Q�RUGHU�WR�VLPXODWH�D�VFHQDULR�RI�DGGLWLRQDO�DHUDWLRQ��WKH�XVHU�ZRXOG�JR�WR�'DWD�7\SH���DQG�PRGLI\�
WKUHH�LQSXWV�IRU�HDFK�PRGHO�VHJPHQW�WKDW�ZDV�LPSDFWHG��WKH�QXPEHU�RI�DHUDWRUV��KRUVHSRZHU��DQG�
GLVVROYHG�R[\JHQ��,W�VKRXOG�EH�QRWHG�WKDW�WKH�VXOILGH�PRGHO�GRHV�QRW�SUHGLFW�GLVVROYHG�R[\JHQ�
FRQFHQWUDWLRQV�DV�D�IXQFWLRQ�RI�DGGLWLRQDO�DHUDWLRQ��7KH�XVHU�PXVW�HVWLPDWH�UHVXOWLQJ�GLVVROYHG�R[\JHQ�
HLWKHU�WKURXJK�R[\JHQ�WUDQVIHU�FDOFXODWLRQV�RU�WKH�XVH�RI�D�ZDVWHZDWHU�WUHDWPHQW�PRGHO�VXFK�DV�
6$6%9���1&$6,�����D���

���� 02'(/�3(5)250$1&(�7(67,1*�$1'�6(16,7,9,7<�$1$/<6,6�

7KH�DELOLW\�RI�D�PRGHO�WR�SUHGLFW�DQ�DFFXUDWH�UHVSRQVH�LV�GLUHFWO\�UHODWHG�WR�WKH�DELOLW\�RI�WKH�PRGHO�
DOJRULWKP�WR�DFFXUDWHO\�GHVFULEH�WKH�PHFKDQLVPV�DIIHFWLQJ�WKH�IRUP�DQG�IDWH�RI�WKH�PRGHOHG�
SDUDPHWHU��7KH�PRGHO�DOJRULWKP�FDQ�EH�WHVWHG�LQGLUHFWO\�E\�DSSO\LQJ�WKH�PRGHO�WR�PXOWLSOH�V\VWHPV�
ZKHUH�WKH�UHVSRQVH�RI�LQWHUHVW�KDV�EHHQ�PHDVXUHG��,I�WKH�PRGHO�VXFFHVVIXOO\�SUHGLFWV�WKH�PHDVXUHG�
UHVSRQVH��LW�LV�VDLG�WR�EH�³FRQILUPHG´�IRU�WKH�UDQJH�RI�V\VWHP�LQSXWV�XVHG�LQ�WHVWLQJ��:KLOH�WKLV�WHVWLQJ�
GRHV�QRW�SRVLWLYHO\�GHWHUPLQH�WKDW�WKH�PRGHO�DOJRULWKP�LV�FRUUHFW��LW�GRHV�SURYLGH�LQFUHDVHG�
FRQILGHQFH�LQ�LWV�UHOLDELOLW\��,Q�6HFWLRQV�����DQG������+�66,0�HPLVVLRQV�SUHGLFWLRQV�IRU�IRXU�GLIIHUHQW�
$6%V�DQG�WKUHH�SULPDU\�ZDVWHZDWHU�WUHDWPHQW�XQLWV�DUH�FRPSDUHG�WR�PHDVXUHG��+�6�HPLVVLRQ�UDWHV��
7KH�UHVXOWV�RI�WKHVH�FRPSDULVRQV�KHOS�WR�LQIRUP�WKH�XVHU�UHJDUGLQJ�WKH�DPRXQW�RI�HUURU�H[SHFWHG�ZKHQ�
XVLQJ�+�66,0���

0RGHO�DFFXUDF\�LV�DOVR�UHODWHG�WR�LQSXW�GDWD�TXDOLW\��:KLOH�LW�LV�DOZD\V�GHVLUDEOH�WR�FROOHFW�WKH�EHVW�
GDWD�SRVVLEOH��WLPH�DQG�UHVRXUFHV�FDQ�RIWHQ�OLPLW�GDWD�FROOHFWLRQ�DFWLYLWLHV��6HQVLWLYLW\�DQDO\VLV�LV�D�
XVHIXO�PHDQV�RI�LGHQWLI\LQJ�WKH�LQSXWV�WKDW�FDQ�PRVW�VLJQLILFDQWO\�LPSDFW�PRGHO�DFFXUDF\��$YDLODEOH�
WLPH�DQG�UHVRXUFHV�FDQ�WKHQ�EH�RSWLPL]HG�E\�WDUJHWLQJ�WKH�GDWD�FROOHFWLRQ�WRZDUGV�WKH�PRVW�VHQVLWLYH�
LQSXWV��$�VHQVLWLYLW\�DQDO\VLV�RI�+�66,0¶V�XVHU�LQSXWV�LV�SUHVHQWHG�LQ�6HFWLRQ�����

���� 3HUIRUPDQFH�7HVWLQJ��$HUDWHG�6WDELOL]DWLRQ�%DVLQV�

+�66,0�WHVWLQJ�IRU�$6%V�LV�SUHVHQWHG�LQ�WZR�SKDVHV��7KH�ILUVW�VXPPDUL]HV�FRPSDULVRQV�RI�+�6�
PRGHO�SUHGLFWLRQV�WR�HPLVVLRQ�UDWHV�PHDVXUHG�E\�1&$6,�GXULQJ�D�����±�����ZDVWHZDWHU�HPLVVLRQV�
VXUYH\��1&$6,�����D������E���'XULQJ�WKLV�VXUYH\��+�6�HPLVVLRQV�ZHUH�PHDVXUHG�VHYHUDO�WLPHV�SHU�
GD\�IRU�RQH�WR�WZR�GD\V��:DVWHZDWHU�FRQGLWLRQV��L�H���S+��WHPSHUDWXUH��'2��ZHUH�PHDVXUHG�DW�D�VLQJOH�
WLPH�WR�FKDUDFWHUL]H�DYHUDJH�FRQGLWLRQV��7KH�VHFRQG�SKDVH�RI�PHDVXUHPHQWV�IRFXVHG�RQ�D�VLQJOH�$6%�
ZLWK�WZR�WR�WKUHH�HPLVVLRQ�PHDVXUHPHQWV�SHU�GD\�RYHU�WKUHH�GD\V��'XULQJ�WKLV�SKDVH��DQ�DWWHPSW�ZDV�
PDGH�WR�UHFRUG�PXOWLSOH�ZDVWHZDWHU�FRQGLWLRQV�DQG�PDNH�HPLVVLRQ�PHDVXUHPHQWV�DW�VLPLODU�SRLQWV�LQ�
WLPH��

2YHU�ERWK�SKDVHV�RI�WHVWLQJ��VHYHQ�FRPSDULVRQV�RI�WKH�PHDVXUHG�GDLO\�DYHUDJH�+�6�HPLVVLRQV�UDWH�WR�
WKH�+�66,0�HVWLPDWH�FDQ�EH�PDGH�DW�IRXU�GLIIHUHQW�$6%�V\VWHPV��)RU�HDFK�FRPSDULVRQ��PRGHO�LQSXWV�
ZHUH�GHYHORSHG�WR�FKDUDFWHUL]H�WKH�VXOILGH�ORDGLQJ�UDWH��EDVLQ�SK\VLFDO�GLPHQVLRQV��DHUDWLRQ��DQG�
FKHPLFDO�FRQGLWLRQV�IRU�WKH�VXUYH\HG�$6%�EDVHG�RQ�LQIRUPDWLRQ�FROOHFWHG�DW�WKH�QHDUHVW�SRLQW�LQ�WLPH�
WR�WKH�+�6�HPLVVLRQV�PHDVXUHPHQW��0RGHO�SDUDPHWHUV�ZHUH�KHOG�FRQVWDQW�WR�WKH�YDOXHV�UHFRPPHQGHG�
LQ�6HFWLRQ����7DEOH�����VXPPDUL]HV�WKH�PHDVXUHG�HPLVVLRQ�UDWHV�DQG�PRGHO�SUHGLFWLRQV�IRU�ERWK�
SKDVHV�RI�WKH�WHVWLQJ��

��7KURXJKRXW�WKLV�GRFXPHQW�WKH�WHUP�³PHDVXUHG´�LV�XVHG�WR�GHVFULEH�WKH�ILHOG�GHULYHG�+�6�HPLVVLRQ�UDWHV��
1&$6,������D������E��GLVFXVVHV�WKH�GHYHORSPHQW�DQG�LPSOHPHQWDWLRQ�RI�WKH�ILHOG�PHWKRG���
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7DEOH������6XPPDU\�RI�1&$6,�+�6�(PLVVLRQV�0HDVXUHPHQWV�DQG�0RGHO�(VWLPDWHV�DW�$6%V��

0LOO�,'�
0RGHO�
7HVWLQJ�
3KDVH�

'DLO\�
$YHUDJH�
0HDVXUHG�

+�6�
(PLVVLRQV�
5DWH��J�V��

6WDQGDUG�
'HYLDWLRQ�RI�
0HDVXUHG�
(PLVVLRQV�
5DWH��J�V��

1XPEHU�RI�
(PLVVLRQ�

0HDVXUHPHQWV�

0RGHO�
3UHGLFWHG�
'DLO\�

$YHUDJH�
(PLVVLRQV�
5DWH��J�V�

3HUFHQW�
0RGHO�
(UURU�
IURP�

$YHUDJH�

0LOO�(������ �� ����� ����� �� ����D� ����
0LOO�(������ �� ����� ����� �� ����D� �����
0LOO�%� �� ����� ����� �� ����D� �����
0LOO�'� �� ����� ����� ��� ����D� ����

0LOO�+�'D\��� �� ����� ����� �� ����E �����
0LOO�+�'D\��� �� ����� ����� �� ����E ���
0LOO�+�'D\��� �� ����� ����� �� ����E ����

D�7KLV�HVWLPDWHG�HPLVVLRQ�UDWH�LV�EDVHG�XSRQ�D�VLQJOH�FKDUDFWHUL]DWLRQ�RI�$6%�FRQGLWLRQV��
E�7KLV�HVWLPDWHG�HPLVVLRQ�UDWH�LV�WKH�DYHUDJH�RI�PXOWLSOH�PRGHO�HVWLPDWHV�EDVHG�XSRQ�PXOWLSOH�FKDUDFWHUL]DWLRQV�
RI�$6%�FRQGLWLRQV��

7KH�FRPSDULVRQ�EHWZHHQ�PRGHOHG�DQG�PHDVXUHG�HPLVVLRQ�UDWHV�LV�SUHVHQWHG�IRU�3KDVH�,�WHVWLQJ�LQ�
)LJXUH�����DQG�IRU�3KDVH�,,�WHVWLQJ�LQ�)LJXUH������,Q�WKHVH�ILJXUHV��WKH�PHDVXUHG�DYHUDJH�GDLO\�HPLVVLRQ�
UDWH�DQG�VWDQGDUG�GHYLDWLRQ�LV�GHSLFWHG�E\�D�SRLQW�DQG�HUURU�EDUV�UHVSHFWLYHO\��0RGHO�HVWLPDWHV�DUH�
UHSUHVHQWHG�E\�SRLQWV��0XOWLSOH�SRLQWV�DSSHDU�LQ�)LJXUH�����EHFDXVH�LQ�3KDVH�,,��$6%�FRQGLWLRQ�GDWD�
ZHUH�FROOHFWHG�VHYHUDO�WLPHV�SHU�GD\�DQG�WKHVH�SRLQWV�UHSUHVHQW�WKH�PRGHO�SUHGLFWLRQV�EDVHG�RQ�WKDW�
GDWD��

)LJXUH������0HDVXUHG�+�6�(PLVVLRQ�5DWHV�&RPSDUHG�WR�0RGHO�3UHGLFWHG�5DWHV�
IRU�3KDVH�,�0RGHO�7HVWLQJ�DW�$6%V�

>(UURU�EDUV�GHSLFW�WKH�VWDQGDUG�GHYLDWLRQ�IURP�WKH�PHDQ�RI�WKH�HPLVVLRQV�PHDVXUHPHQWV�@
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)LJXUH�����LQGLFDWHV�WKDW�WKH�PRGHO�LV�DEOH�WR�HVWLPDWH�WKH�PDJQLWXGH�RI�WKH�PHDVXUHG�DYHUDJH�GDLO\�
HPLVVLRQ�UDWHV�WR�ZLWKLQ�RQH�VWDQGDUG�GHYLDWLRQ�RI�WKH�PHDVXUHG�UDWH��%DVHG�XSRQ�YLVXDO�LQVSHFWLRQ��
WKH�PRGHO�GRHV�QRW�DSSHDU�WR�V\VWHPDWLFDOO\�XQGHU��RU�RYHU�SUHGLFW�WKH�DYHUDJH�HPLVVLRQ�UDWHV��7KH�
HVWLPDWHG�UHODWLYH�PRGHO�HUURU�DV�D�SHUFHQWDJH�RI�WKH�DYHUDJH�PHDVXUHG�GDLO\�HPLVVLRQ�UDWH�UDQJHV�
IURP�����WR������

)LJXUH������0HDVXUHG�+�6�(PLVVLRQ�5DWHV�&RPSDUHG�WR�0RGHO�3UHGLFWHG�5DWHV�IRU�3KDVH�,,�0RGHO�
7HVWLQJ�DW�$6%V�>(UURU�EDUV�GHSLFW�WKH�VWDQGDUG�GHYLDWLRQ�IURP�WKH�PHDQ�RI�WKH�HPLVVLRQV�

PHDVXUHPHQWV���0RGHOHG�DQG�PHDVXUHG�SRLQWV�DUH�VOLJKWO\�RIIVHW�IRU�YLVXDOL]DWLRQ�SXUSRVHV��@�

)LJXUH�����VKRZV�WKDW�WKH�PRGHO�LV�DEOH�WR�VLPXODWH�WKH�JHQHUDO�PDJQLWXGH�RI�WKH�HPLVVLRQV�
PHDVXUHPHQWV��,W�DOVR�DSSHDUV�WKDW�WKH�GD\�WR�GD\�WUHQG�RI�WKH�PHDVXUHPHQWV�LV�FDSWXUHG�E\�WKH�
PRGHO��7KH�HVWLPDWHG�UHODWLYH�PRGHO�HUURU�DV�D�SHUFHQWDJH�RI�WKH�DYHUDJH�PHDVXUHG�GDLO\�HPLVVLRQ�
UDWH�UDQJHV�IURP�����WR������

���� 3HUIRUPDQFH�7HVWLQJ��3ULPDU\�6HWWOLQJ�%DVLQV�

7KH�PRGHO�ZDV�WHVWHG�RQ�WZR�SULPDU\�VHWWOLQJ�EDVLQV�XVLQJ�GDWD�FROOHFWHG�IURP�SXOS�DQG�SDSHU�
LQGXVWU\�ZDVWHZDWHU�WUHDWPHQW�SODQWV��1&$6,�����D���7KHVH�W\SHV�RI�EDVLQV�DUH�PRGHOHG�LQ�PXFK�WKH�
VDPH�ZD\�DV�$6%V��+RZHYHU�D�NH\�GLIIHUHQFH�LV�WKH�UHGR[�FRQGLWLRQ�RI�WKH�ZDVWHZDWHU��%HFDXVH�
SULPDU\�ZDVWHZDWHU�KDV�D�KLJK�RUJDQLF�FRQWHQW�DQG�WKH�EDVLQV�W\SLFDOO\�FRQWDLQ�QR�DHUDWLRQ�
HTXLSPHQW��WKHVH�ZDVWHZDWHUV�DUH�PRVW�OLNHO\�DQR[LF��7R�DFFRXQW�IRU�VORZHU�R[LGDWLRQ�XQGHU�DQR[LF�
FRQGLWLRQV��WKH�PRGHO�XVHV�D�GLIIHUHQW�R[LGDWLRQ�UDWH�HTXDWLRQ�IRU�DQR[LF�ZDVWHZDWHUV��7R�DFFRXQW�IRU�
WKH�PRUH�IDYRUDEOH�VXOILGH�JHQHUDWLRQ�FRQGLWLRQV��WKH�R[\JHQ�FRQFHQWUDWLRQ�LV�DVVXPHG�WR�EH�]HUR��
FDXVLQJ�WKH�VXOILGH�JHQHUDWLRQ�UDWH�WR�DSSURDFK�LWV�PD[LPXP��
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7DEOH������6XPPDU\�RI�1&$6,�+�6�(PLVVLRQV�0HDVXUHPHQWV�DQG�0RGHO�(VWLPDWHV�
DW�3ULPDU\�6HWWOLQJ�%DVLQV�

0LOO�,'�

'DLO\�$YHUDJH�
0HDVXUHG�+�6�
(PLVVLRQV�
5DWH��J�V��

6WDQGDUG�
'HYLDWLRQ�RI�
0HDVXUHG�
(PLVVLRQV�
5DWH��J�V��

1XPEHU�RI�
0HDVXUHPHQWV��

0RGHO�
3UHGLFWHG�

'DLO\�$YHUDJH�
(PLVVLRQV�5DWH�

�J�V�

3HUFHQW�
0RGHO�

(UURU�IURP�
$YHUDJH�

0LOO�(�3RQG��� ����� ����� �� ����� ���
0LOO�(�3RQG��� ����� ����� �� ����� ����

7KH�UHVXOWV�RI�WKH�PRGHO�WHVWLQJ�RQ�WKH�SULPDU\�WUHDWPHQW�XQLWV�DUH�VKRZQ�LQ�)LJXUH������

)LJXUH������0HDVXUHG�+�6�(PLVVLRQ�5DWHV�&RPSDUHG�WR�0RGHO�3UHGLFWHG�5DWHV�IRU�3ULPDU\�6HWWOLQJ�
%DVLQ�0RGHO�7HVWLQJ�>(UURU�EDUV�GHSLFW�WKH�VWDQGDUG�GHYLDWLRQ�IURP�WKH�PHDQ�RI�WKH�HPLVVLRQV�

PHDVXUHPHQWV�@�

)LJXUH�����LQGLFDWHV�WKDW�WKH�PRGHOHG�UDWH�LV�KLJKHU�WKDQ�WKH�VWDQGDUG�GHYLDWLRQ�RI�WKH�PHDVXUHG�GDLO\�
HPLVVLRQ�UDWH�IRU�3RQG����'XULQJ�WKH�HPLVVLRQV�UDWH�VDPSOH�HYHQW��1&$6,�����D���WKLV�SRQG�ZDV�
SDUWLDOO\�FRYHUHG�ZLWK�IORDWLQJ�ILEHU�ZKLFK�IRUPHG�D�PDW��7KLV�PDW�PD\�KDYH�LPSHGHG�YRODWLOL]DWLRQ�
RI�+�6�DQG�FDXVHG�WKH�PRGHO�WR�RYHU�SUHGLFW�HPLVVLRQV��

���� 3HUIRUPDQFH�7HVWLQJ��6HQVLWLYLW\�$QDO\VLV�

6HQVLWLYLW\�DQDO\VLV�FDQ�EH�XVHG�WR�LGHQWLI\�PRGHO�LQSXWV�ZKLFK�KDYH�WKH�JUHDWHVW�HIIHFW�RQ�PRGHO�
RXWSXW��$�PRUH�GHWDLOHG�GHVFULSWLRQ�RI�KRZ�VHQVLWLYLW\�DQDO\VLV�LV�SHUIRUPHG�LV�DYDLODEOH�LQ�1&$6,�
��������,Q�JHQHUDO��D�EDVH�FDVH�LV�GHYHORSHG�ZKLFK�FKDUDFWHUL]HV�WKH�RULJLQDO�VWDWH�RI�WKH�PRGHO��7R�
DVVHVV�WKH�VHQVLWLYLW\�RI�DQ�LQSXW��WKDW�LQSXW�LV�DGMXVWHG�E\�D�FHUWDLQ�SHUFHQWDJH��7KH�RXWSXW�RI�WKH�
PRGHO�XVLQJ�WKH�DGMXVWHG�LQSXW�LV�WKHQ�FRPSDUHG�UHODWLYH�WR�WKH�RXWSXW�RI�WKH�EDVH�FDVH�PRGHO��,QSXWV�
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ZKLFK�VLJQLILFDQWO\�FKDQJH�WKH�PRGHO�RXWSXW�DUH�FRQVLGHUHG�WR�EH�VHQVLWLYH�DQG�ZRUWK\�RI�LQFUHDVHG�
DWWHQWLRQ��

$�VHQVLWLYLW\�DQDO\VLV�RI�WKH�+�66,0�EDVLQ�FKDUDFWHUL]DWLRQ�LQSXWV�ZDV�SHUIRUPHG�XVLQJ�D�GDWD�VHW�
IURP�WKH�3KDVH�,,�WHVWLQJ��7KH�UHVXOWV�DUH�SUHVHQWHG�LQ�7DEOH������,W�LV�LPSRUWDQW�WR�QRWH�WKDW�LQSXW�
SDUDPHWHU�VHQVLWLYLWLHV�PD\�FKDQJH�UHODWLYH�WR�WKH�YDOXH�RI�RWKHU�LQSXWV�DQG�DOVR�WR�LWV�RZQ�YDOXH��
:KLOH�WKH�VHQVLWLYLWLHV�SUHVHQWHG�LQ�7DEOH�����DUH�OLNHO\�UHSUHVHQWDWLYH�RI�PRVW�LQSXW�GDWD�VHWV��LW�LV�
DGYLVHG�WKDW�XVHUV�SHUIRUP�VHQVLWLYLW\�DQDO\VHV�XVLQJ�WKHLU�RZQ�XQLTXH�LQSXW�GDWD�VHWV�WR�EHVW�LGHQWLI\�
WKH�PRVW�VHQVLWLYH�LQSXWV��

7DEOH������6HQVLWLYLW\�$QDO\VLV�RI�+�66,0�%DVLQ�&KDUDFWHUL]DWLRQ�,QSXWV�

0RGHO�,QSXW�1DPH�
0RGHO�,QSXW�%DVH�&DVH�

9DOXH�

3HUFHQW�&KDQJH�
LQ�(PLVVLRQV�
IURP�����
'HFUHDVH�LQ�
,QSXW�9DOXH�

3HUFHQW�&KDQJH�
LQ�(PLVVLRQV�
IURP�����

,QFUHDVH�LQ�,QSXW�
9DOXH�

)ORZ��0*'�� ��� ����� ������

6XOILGH�/RDG��OEV�GD\�� ���� ������ ������

6XOIDWH�&RQFHQWUDWLRQ��PJ�/�� ���� ������ �����

:LQGVSHHG��PSK�� ����� ����� �����

$PELHQW�7HPSHUDWXUH��&��� ����� ����� ������

'LVVROYHG�2[\JHQ�LQ�=RQH����
=RQH����=RQH����PJ�/��

���������������� ������ �������

7HPSHUDWXUH��&��� ��������������� ����� �������

S+D� ������������ ������� �������

5HGR[�&RQGLWLRQE $HURELF� �������� 1�$�

/HQJWK��P�� �������������� ����� ������

:LGWK��P�� �������������� ����� ������

'HSWK��P�� �������������� ������ ������

0L[LQJF� +LJK��1RQH��/RZ� ���� ����

1XPEHU�RI�$HUDWRUV� ���������� ����� ������

7RWDO�+RUVHSRZHU� ��������������� ������� ������

,PSHOORU�6L]H��P�� �������������� ����� ������

,PSHOORU�530V� ��������������� ����� ������

%HQWKLF�)OX[�5DWH��JP�P��V�� ������� ������ �����
D�7KH�EDVLQ�S+�ZDV�FKDQJHG�E\��������LQ�RUGHU�WR�NHHS�WKH�YDOXHV�ZLWKLQ�D�W\SLFDO�ZDVWHZDWHU�UDQJH��
��7KH�UHGR[�FRQGLWLRQ�XVHG�IRU�WKH�EDVH�FDVH�LV�³DHURELF´�DFURVV�WKH�EDVLQ��7KH�FRQGLWLRQ�XVHG�IRU�WKH�����
GHFUHDVH�LV�³DQR[LF´�DFURVV�WKH�EDVLQ��
F�7KH�PL[LQJ�FRQGLWLRQ�XVHG�IRU�WKH�����GHFUHDVH�LV�³QRQH´�DFURVV�WKH�EDVLQ��7KH�FRQGLWLRQ�XVHG�IRU�WKH�����
LQFUHDVH�LV�³KLJK´�DFURVV�WKH�EDVLQ�� �



��� 7HFKQLFDO�%XOOHWLQ�1R�������

1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW�

7KH�UHVXOWV�RI�WKH�LQSXW�VHQVLWLYLW\�DQDO\VLV�LQGLFDWH�WKDW�WKH�PRVW�LPSRUWDQW�LQSXWV�WR�WKH�VXOILGH�
HPLVVLRQV�PRGHO�DUH�]RQH�S+�DQG�UHGR[�FRQGLWLRQ��%DVHG�RQ�WKHLU�REVHUYHG�VHQVLWLYLWLHV��LW�LV�FULWLFDO�
WKDW�WKHVH�LQSXWV�DUH�PHDVXUHG�DFFXUDWHO\�DQG�DUH�UHSUHVHQWDWLYH�RI�WKH�FRQGLWLRQV�LQ�WKH�EDVLQ��

,QOHW�VXOILGH�ORDG��EDVLQ�GLVVROYHG�R[\JHQ�FRQFHQWUDWLRQ��WHPSHUDWXUH��EDVLQ�JHRPHWU\��DQG�DHUDWLRQ�
DUH�PRGHUDWHO\�VHQVLWLYH�LQSXWV�LQGLFDWLQJ�WKDW�UHVRXUFHV�ZRXOG�EH�ZHOO�VSHQW�FROOHFWLQJ�GDWD�WR�
DFFXUDWHO\�FKDUDFWHUL]H�WKHVH�LQSXWV��6XOIDWH�FRQFHQWUDWLRQ��ZLQG�VSHHG��DPELHQW�WHPSHUDWXUH��PL[LQJ��
LPSHOORU�VL]H��DQG�530V�DUH�QRW�VHQVLWLYH�LQSXWV��$V�VXFK��LW�LV�OLNHO\�WKDW�LQ�PRVW�FDVHV��WKHVH�LQSXWV�
FDQ�EH�GHYHORSHG�XVLQJ�LQGLUHFW�VRXUFHV�RI�LQIRUPDWLRQ��OLWHUDWXUH�YDOXHV��ORFDO�PHWHRURORJLFDO�
VWDWLRQV��SURIHVVLRQDO�MXGJPHQW���

5()(5(1&(6�

&KDSUD��6�&��������6XUIDFH�ZDWHU�TXDOLW\�PRGHOLQJ��1HZ�<RUN��0F*UDZ�+LOO��

(EELQJ��'�'��������*HQHUDO�FKHPLVWU\���WK�HG��%RVWRQ��+RXJKWRQ�0LIIOLQ�&RPSDQ\���

*HDQNRSOLV��&�-��������7UDQVSRUW�SURFHVVHV�DQG�XQLW�RSHUDWLRQV��(QJOHZRRG�&OLIIV��1-��375�3UHQWLFH�
+DOO��

1DWLRQDO�&RXQFLO�>RI�WKH�3DSHU�,QGXVWU\@�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW��,QF���1&$6,�������D��
8VHU�PDQXDO�IRU�1&$6,�DHUDWHG�VWDELOL]DWLRQ�EDVLQ�PRGHO�DQG�JXLGDQFH�IRU�LWV�XVH��7HFKQLFDO�
%XOOHWLQ�1R��������1HZ�<RUN��1DWLRQDO�&RXQFLO�RI�WKH�3DSHU�,QGXVWU\�IRU�$LU�DQG�6WUHDP�
,PSURYHPHQW��,QF��

²²²������E��0RGLILFDWLRQ�RI�WKH�1&$6,�$6%�WUHDWPHQW�SODQW�PRGHO�IRU�VLPXODWLQJ�FRQGLWLRQV�
ZKHQ�EDVLQ�WHPSHUDWXUHV�H[FHHG����)��7HFKQLFDO�%XOOHWLQ�1R��������1HZ�<RUN��1DWLRQDO�&RXQFLO�
RI�WKH�3DSHU�,QGXVWU\�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW��,QF��

²²²��������6HQVLWLYLW\�DQDO\VLV�IRU�ZDWHU�TXDOLW\�PRGHO�GHYHORSPHQW�DQG�DSSOLFDWLRQ��7HFKQLFDO�
%XOOHWLQ�1R��������5HVHDUFK�7ULDQJOH�3DUN��1&��1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�
,PSURYHPHQW��,QF��

²²²��������(YDOXDWLRQ�RI�VXOILGH�LRQ�GHWHFWRU�WXEHV�IRU�GHWHUPLQLQJ�VXOILGH�FRQFHQWUDWLRQV�LQ�SXOS�
DQG�SDSHU�PLOO�ZDVWHZDWHUV��6SHFLDO�5HSRUW�1R���������5HVHDUFK�7ULDQJOH�3DUN��1&��1DWLRQDO�
&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW��,QF��

²²²��������$Q�HYDOXDWLRQ�RI�D�FRORULPHWULF�PHWKRG�IRU�WKH�GHWHUPLQDWLRQ�RI�WRWDO�VXOILGH�LQ�SXOS�
DQG�SDSHU�PLOO�ZDVWHZDWHUV��6SHFLDO�5HSRUW�1R���������5HVHDUFK�7ULDQJOH�3DUN��1&��1DWLRQDO�
&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW��,QF��

²²²��������'HYHORSPHQW�DQG�DSSOLFDWLRQ�RI�D�PHWKRG�IRU�PHDVXULQJ�UHGXFHG�VXOIXU�FRPSRXQGV�LQ�
SXOS�DQG�SDSHU�PLOO�ZDVWHZDWHUV��7HFKQLFDO�%XOOHWLQ�1R��������5HVHDUFK�7ULDQJOH�3DUN��1&��
1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW��,QF��

²²²������D��(PLVVLRQV�RI�UHGXFHG�VXOIXU�FRPSRXQGV�DQG�PHWKDQH�IURP�NUDIW�PLOO�ZDVWHZDWHU�
WUHDWPHQW�SODQWV��7HFKQLFDO�%XOOHWLQ�1R�������5HVHDUFK�7ULDQJOH�3DUN��1�&���1DWLRQDO�&RXQFLO�IRU�
$LU�DQG�6WUHDP�,PSURYHPHQW��,QF�

²²²������E��6SDWLDO�DPELHQW�DLU�VDPSOLQJ�DQG�DQDO\VLV�PHWKRGV�IRU�TXDQWLI\LQJ�UHGXFHG�VXOIXU�
FRPSRXQG�DQG�PHWKDQH�HPLVVLRQV�IURP�NUDIW�PLOO�ZDVWHZDWHU�WUHDWPHQW�SODQWV��7HFKQLFDO�
%XOOHWLQ�1R��������5HVHDUFK�7ULDQJOH�3DUN��1&��1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�
,PSURYHPHQW��,QF��



7HFKQLFDO�%XOOHWLQ�1R������� ���

1DWLRQDO�&RXQFLO�IRU�$LU�DQG�6WUHDP�,PSURYHPHQW�

1LHOVHQ��$�+���9ROOHUWVHQ��-���+YLWYHG�-DFREVHQ��7��������'HWHUPLQDWLRQ�RI�NLQHWLFV�DQG�VWRLFKLRPHWU\�
RI�FKHPLFDO�VXOILGH�R[LGDWLRQ�LQ�ZDVWHZDWHU�RI�VHZHU�QHWZRUNV��(QYLURQPHQWDO�6FLHQFH�DQG�
7HFKQRORJ\����������������KWWS���G[�GRL�RUJ���������HV������O

²²²��������.LQHWLFV�DQG�VWRLFKLRPHWU\�RI�DHURELF�VXOILGH�R[LGDWLRQ�LQ�ZDVWHZDWHU�IURP�VHZHUV²
(IIHFWV�RI�S+�DQG�WHPSHUDWXUH��:DWHU�(QYLURQPHQW�5HVHDUFK�������������
KWWS���G[�GRL�RUJ������������������;�����

2ZHQV��0��������$�6WXG\�RI�JDV�HPLVVLRQV�DQG�SRUHZDWHU�IURP�D�SXOS�PLOO�ZDVWH�WUHDWPHQW�V\VWHP�
3UHSDUHG�IRU�1&$6,�E\�&KHVDSHDNH�%LRJHRFKHPLFDO�$VVRFLDWHV��

3DOXPER��-�(���%URZQ��/�&���DQG�6WUDWWRQ��6�&��������0RGHOLQJ�WKH�R[LGDWLRQ�RI�VXOILGH�LQ�SXOS�DQG�
SDSHU�ZDVWHZDWHUV��-RXUQDO�RI�(QYLURQPHQWDO�(QJLQHHULQJ�����������������
KWWS���G[�GRL�RUJ����������$6&(�((������������������

5HLG��5�&��DQG�6KHUZRRG��7�.���������3URSHUWLHV�RI�JDVHV�DQG�OLTXLGV��1HZ�<RUN��0F*UDZ�+LOO�
%RRN�&RPSDQ\��,QF��

6WDXGLQJHU��-��DQG�5REHUWV��3�9��������$�FULWLFDO�UHYLHZ�RI�+HQU\¶V�ODZ�FRQVWDQWV�IRU�HQYLURQPHQWDO�
DSSOLFDWLRQV��&ULWLFDO�5HYLHZV�LQ�(QYLURQPHQWDO�6FLHQFH�DQG�7HFKQRORJ\��������������
KWWS���G[�GRL�RUJ��������������������������

7KLERGHDX[��/�-��������(QYLURQPHQWDO�FKHPRG\QDPLFV��0RYHPHQW�RI�FKHPLFDOV�LQ�DLU��ZDWHU��DQG�
VRLO���QG�HG��1HZ�<RUN��:LOH\�,QWHUVFLHQFH��

7KLERGHDX[��/�-��DQG�3DUNHU��'�*��������'HVRUSWLRQ�OLPLWV�RI�VHOHFWHG�LQGXVWULDO�JDVHV�DQG�OLTXLGV�
IURP�DHUDWHG�EDVLQV��3DSHU���G��SUHVHQWHG�DW���WK�$,&K(�1DWLRQDO�0HHWLQJ��7XOVD��2.��

7KLERGHDX[��/�-���3DUNHU��'�*���DQG�+HFN��+�+��������0HDVXUHPHQW�RI�YRODWLOH�FKHPLFDO�HPLVVLRQV�
IURP�ZDVWHZDWHU�EDVLQV��(3$���������������&LQFLQQDWL��2+��8QLWHG�6WDWHV�(QYLURQPHQWDO�
3URWHFWLRQ�$JHQF\��,QGXVWULDO�(QYLURQPHQWDO�5HVHDUFK�/DERUDWRU\��

8QLWHG�6WDWHV�(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��86(3$���������$LU�HPLVVLRQV�PRGHOV�IRU�ZDVWH�DQG�
ZDVWHZDWHU��(3$�����5�������$��5HVHDUFK�7ULDQJOH�3DUN��1&��8QLWHG�6WDWHV�(QYLURQPHQWDO�
3URWHFWLRQ�$JHQF\��2IILFH�RI�$LU�4XDOLW\�3ODQQLQJ�DQG�6WDQGDUGV���

²²²��������7HFKQLFDO�VXSSRUW�GRFXPHQW�IRU�WKH�HYDOXDWLRQ�RI�DHURELF�ELRORJLFDO�WUHDWPHQW�XQLWV�
ZLWK�PXOWLSOH�PL[LQJ�]RQHV��ZZZ�HSD�JRY�WWQ�DWZ�SXOS�PXOPL[��SGI

:LOPRW��3�'��&DGOHH��.���.DWLQLF��-�-���DQG�.DYDQDJK��%�9���������.LQHWLFV�RI�VXOILGH�R[LGDWLRQ�E\�
GLVVROYHG�R[\JHQ��-RXUQDO�RI�WKH�:DWHU�3ROOXWLRQ�&RQWURO�)HGHUDWLRQ����������������
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'(9(/230(17�2)�7+(�68/),'(�*(1(5$7,21�5$7(�(48$7,21�

1&$6,�KDV�XQGHUWDNHQ�UHVHDUFK�WR�XQGHUVWDQG�VXOILGH�JHQHUDWLRQ�LQ�SXOS�DQG�SDSHU�PLOO�ZDVWHZDWHUV��
7KH�HPSKDVLV�RI�WKLV�UHVHDUFK�LV�RQ�GHYHORSLQJ�D�TXDQWLWDWLYH�H[SUHVVLRQ�WR�SUHGLFW�WKH�UDWH�RI�VXOILGH�
JHQHUDWLRQ�LQ�ZDVWHZDWHU�WUHDWPHQW�EDVLQV��7R�DVVLVW�LQ�WKLV�GHYHORSPHQW��DQ�H[SHULPHQWDO�SURJUDP�
ZDV�LQLWLDWHG��7KH�IRFXV�RI�WKLV�SURJUDP�ZDV�GRFXPHQWLQJ�VXOILGH�JHQHUDWLRQ�LQ�EHQFK�VFDOH�UHDFWRUV�
KHOG�DW�DQR[LF�FRQGLWLRQV�RYHU�D�SHULRG�RI����±����GD\V��7KH�VSHFLILF�UHVHDUFK�REMHFWLYHV�DUH�DV�
IROORZV��

2EVHUYH�DQG�GRFXPHQW�WKH�JHQHUDWLRQ�RI�VXOILGH�LQ�SXOS�DQG�SDSHU�ZDVWHZDWHUV�XQGHU�DQR[LF�
FRQGLWLRQV��
%DVHG�RQ�REVHUYDWLRQV�RI�VXOILGH�JHQHUDWLRQ��LGHQWLI\�DSSOLFDEOH�JHQHUDWLRQ�UDWH�HTXDWLRQ�
IRUPV�IRU�XVH�LQ�ZDVWHZDWHU�WUHDWPHQW�EDVLQV��
3URSRVH�DQ�HTXDWLRQ�IRU�HVWLPDWLQJ�WKH�VXOILGH�JHQHUDWLRQ�UDWH��
(VWLPDWH�UDWH�HTXDWLRQ�SDUDPHWHUV�IURP�EDWFK�UHDFWRU�GDWD��

/LWHUDWXUH�5HYLHZ�

6XOILGH�FDQ�EH�SURGXFHG�E\�VHYHUDO�UHDFWLRQV��KRZHYHU��WKH�PRVW�VLJQLILFDQW�LQ�QDWXUH�LV�GLVVLPLODWRU\�
VXOIDWH�UHGXFWLRQ��7KLV�UHDFWLRQ�RFFXUV�RQO\�XQGHU�DQR[LF�FRQGLWLRQV�LQGLFDWHG�E\�WKH�ODFN�RI�R[\JHQ��
,Q�WKLV�ELRORJLFDOO\�PHGLDWHG�UHDFWLRQ��VXOIDWH�UHGXFLQJ�EDFWHULD��65%��WUDQVIHU�HOHFWURQV�IURP�DQ�
HOHFWURQ�GRQRU�WR�DQ�HOHFWURQ�DFFHSWRU��JHQHUDWLQJ�HQHUJ\�IRU�PHWDEROLVP�DORQJ�ZLWK�WKH�UHGXFHG�
VXOILGH��65%�FDQ�XVH�ERWK�RUJDQLF�DQG�LQRUJDQLF�FRPSRXQGV�DV�DQ�HOHFWURQ�GRQRU��,I�K\GURJHQ�LV�WKH�
HOHFWURQ�GRQRU��FDUERQ�PRQR[LGH�RU�FDUERQ�GLR[LGH�LV�XVHG�DV�D�FDUERQ�VRXUFH��7KH�PRVW�FRPPRQ�
RUJDQLF�HOHFWURQ�GRQRUV�DUH�VLPSOH�IHUPHQWDWLRQ�SURGXFWV�VXFK�DV�DOFRKROV�DQG�VKRUW�FKDLQ�YRODWLOH�
IDWW\�DFLGV��EXW�65%�KDYH�EHHQ�REVHUYHG�WR�XWLOL]H�D�ZLGH�YDULHW\�RI�RUJDQLF�VXEVWUDWHV�IRU�VXOIDWH�
UHGXFWLRQ��+DQVHQ��������1LWURJHQ�DQG�WUDFH�PHWDOV�DUH�DOVR�QHHGHG�IRU�65%�PHWDEROLVP��3RVWJDWH�
�������6RPH�LQYHVWLJDWLRQV�KDYH�QRWHG�D�VWURQJ�UHODWLRQVKLS�EHWZHHQ�IHUPHQWDWLYH�EDFWHULD�DQG�65%�
LQ�DFWLYDWHG�VOXGJH��,QJYRUVHQ�DQG�1LHOVHQ��������,W�LV�OLNHO\�WKDW�IHUPHQWDWLYH�EDFWHULD�SURYLGH�VLPSOH�
VXEVWUDWHV�WR�65%�LQ�WKHVH�V\VWHPV�E\�EUHDNLQJ�GRZQ�WKH�PRUH�FRPSOH[�RUJDQLF�PROHFXOHV��6XOIDWH�LV�
WKH�W\SLFDO�FRPSRXQG�XVHG�DV�DQ�HOHFWURQ�DFFHSWRU�GXULQJ�WKH�UHGXFWLRQ��EXW�VRPH�65%�FDQ�DOVR�
XWLOL]H�VXOILWH��WKLRVXOIDWH��DQG�HOHPHQWDO�VXOIXU��&ROOHUDQ��)LQQHJDQ��DQG�/HQV��������,Q�JHQHUDO��65%�
KDYH�EHHQ�REVHUYHG�WR�IXQFWLRQ�ZHOO�EHWZHHQ����DQG����&��6XOIDWH�UHGXFWLRQ�KDV�EHHQ�REVHUYHG�LQ�
ZHWODQG�VRLOV�DFURVV�D�ZLGH�UDQJH�RI�S+�YDOXHV��)HQJ�DQG�+VLHK��������

,Q�WKH�W\SLFDO�UHDFWLRQ��VXOIDWH�LV�UHGXFHG�WR�VXOILGH�WKURXJK�WKH�WUDQVIHU�RI�HOHFWURQV��7KH�IROORZLQJ�
UHDFWLRQ�HTXDWLRQ�GHPRQVWUDWHV�VXOIDWH�UHGXFWLRQ�ZLWK�DFHWDWH�DV�WKH�HOHFWURQ�GRQRU��

��� �+&2+662&22&+ �� � � � (TXDWLRQ�$��

$�FRPPRQ�PRGHOLQJ�DSSURDFK�IRU�ELRORJLFDOO\�PHGLDWHG�UHDFWLRQV�LV�WKH�XVH�RI�0RQRG�NLQHWLFV��,Q�
WKLV�DSSURDFK��WKH�JURZWK�UDWH�RI�ELRPDVV�LV�FRQVLGHUHG�WR�EH�DW�D�PD[LPXP�ZKHQ�DOO�UHDFWDQWV�DUH�LQ�
H[FHVV�DERYH�D�FHUWDLQ�VDWXUDWHG�FRQFHQWUDWLRQ��%LRPDVV�JURZWK�LQFUHDVLQJO\�VORZV�DV�FRQFHQWUDWLRQV�
GHFUHDVH�EHORZ�WKLV�VDWXUDWLRQ�YDOXH��7KH�KDOI�VDWXUDWLRQ�FRQVWDQW�LV�WKH�FRQFHQWUDWLRQ�RI�D�SDUWLFXODU�
UHDFWDQW�DW�ZKLFK�WKH�UHDFWLRQ�LV�VORZHG�E\�����RI�LWV�PD[LPXP�UDWH��7KLV�W\SH�RI�PRGHO�DGDSWHG�WR�
65%V�LQFOXGLQJ�WHUPV�IRU�WKH�HOHFWURQ�DFFHSWRU�DQG�GRQRU�LV�SUHVHQWHG�LQ�(TXDWLRQ�$���
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� :KHUH�� PD[� �0D[LPXP�VSHFLILF�JURZWK�UDWH��WLPH����
� � ;� �65%�ELRPDVV��PJ�/��
� � 6� �6XEVWUDWH�FRQFHQWUDWLRQ��PJ�/��
� � .6� �6XEVWUDWH�KDOI�VDWXUDWLRQ�FRQVWDQW��PJ�/��
� � 62�� �6XOIDWH�FRQFHQWUDWLRQ��PJ�/��
� � .62�� �6XOIDWH�KDOI�VDWXUDWLRQ�FRQVWDQW��PJ�/��
� � W� �WLPH�

(TXDWLRQ�$��LPSOLHV�WKDW�WKH�JURZWK�UDWH�RI�65%�ELRPDVV��DQG�E\�LQIHUHQFH��WKH�VXOILGH�JHQHUDWLRQ�
UDWH��LV�D�IXQFWLRQ�RI�VXEVWUDWH�DQG�VXOIDWH�EHORZ�FHUWDLQ�³VDWXUDWLRQ´�FRQFHQWUDWLRQV��%RRQ��������KDV�
UHSRUWHG�D�UDQJH�LQ�WKH�VFLHQWLILF�OLWHUDWXUH�IRU�WKH�VXOIDWH�KDOI�VDWXUDWLRQ�FRQVWDQW�DV�EHWZHHQ������DQG�
����PJ�6�/��$�IHZ�VRXUFHV�RI�NLQHWLF�LQIRUPDWLRQ�RQ�IUHVKZDWHU�VXOIDWH�UHGXFHUV�DUH�DYDLODEOH�IRU�
VXEVWUDWH�OLPLWDWLRQ��,Q�RQH��2XGH�(OIHULQN�HW�DO���������UHSRUWHG�D�KDOI�VDWXUDWLRQ�YDOXH�IRU�DFHWDWH�
GHJUDGLQJ�65%�LQ�ELRUHDFWRUV�RI������PJ�/��9LVVHU��������GHWHUPLQHG�D�KDOI�VDWXUDWLRQ�YDOXH�RI����
PJ�/�IRU�PL[HG�FXOWXUH�V\VWHP�IHG�ZLWK�DFHWDWH��0RRVD��1HPDWL��DQG�+DUULVRQ��������UHSRUWHG�WKDW�
WKH�VXEVWUDWH�KDOI�VDWXUDWLRQ�YDOXH�IRU�D�FRQWLQXRXV�UHDFWRU�IHG�ZLWK�DFHWDWH�YDULHG�OLQHDUO\�ZLWK�LQLWLDO�
VXOIDWH�FRQFHQWUDWLRQ��7KH\�HVWLPDWHG�D�KDOI�VDWXUDWLRQ�YDOXH�RI����PJ�/�DW�DQ�LQLWLDO�VXOIDWH�
FRQFHQWUDWLRQ�RI������PJ�/��7KLV�YDOXH�URVH�WR�����PJ�/�DW�DQ�LQLWLDO�VXOIDWH�FRQFHQWUDWLRQ�RI��������
PJ�/��8VLQJ�WKH�GDWD�IURP�0RRVD�HW�DO��DQG�DVVXPLQJ�WKH�UHODWLRQVKLS�KROGV�DW�ORZHU�VXOIDWH�
FRQFHQWUDWLRQV��D�KDOI�VDWXUDWLRQ�YDOXH�FDQ�EH�H[WUDSRODWHG�WR�W\SLFDO�NUDIW�SXOS�DQG�SDSHU�PLOO�
ZDVWHZDWHU�VXOIDWH�FRQFHQWUDWLRQV��8VLQJ�D�W\SLFDO�LQLWLDO�VXOIDWH�FRQFHQWUDWLRQ�IRU�WKLV�VWXG\�RI�����
PJ�/��D�VXEVWUDWH�KDOI�VDWXUDWLRQ�YDOXH�RI�����PJ�/�LV�FDOFXODWHG�ZLWK�WKLV�UHODWLRQVKLS��

6RPH�LQYHVWLJDWRUV�KDYH�PRGLILHG�WKH�DSSURDFK�RI�(TXDWLRQ�$��DQG�LQFOXGHG�D�WKUHVKROG�
FRQFHQWUDWLRQ�IRU�WKH�UHDFWDQWV��,QVWHDG�RI�D�VORZLQJ�GHFOLQH�LQ�UDWH�DV�UHDFWDQW�FRQFHQWUDWLRQV�
GHFUHDVH��WKLV�DSSURDFK�DVVXPHV�WKDW�WKH�UDWH�VORZV�ZLWK�GHFUHDVLQJ�FRQFHQWUDWLRQ�EXW�DW�VRPH�WLPH��
UHDFKHV�D�VXEVWUDWH�RU�VXOIDWH�FRQFHQWUDWLRQ�ZKHUH�WKH�UHDFWLRQ�FHDVHV�FRPSOHWHO\��7KLV�FRQFHQWUDWLRQ�
LV�UHIHUUHG�WR�WKH�WKUHVKROG�FRQFHQWUDWLRQ�DQG�LV�VKRZQ�LQ�(TXDWLRQ�$���
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� :KHUH��6W� �6XEVWUDWH�WKUHVKROG�FRQFHQWUDWLRQ��0�/���
� � 62�W� �6XOIDWH�WKUHVKROG�FRQFHQWUDWLRQ��0�/���

,QYHVWLJDWLRQV�E\�2XGH�(OIHULQN�HW�DO���������VXJJHVW�WKDW�WKH�DFHWDWH�WKUHVKROG�YDOXH�IRU�WZR�W\SHV�RI�
65%�LV�OHVV�WKDQ������PJ�/��,QJYRUVHQ��=HKQGHU��DQG�-RUJHQVHQ��������UHSRUWHG�GDWD�WKDW�VXJJHVWHG�D�
WKUHVKROG�YDOXH�IRU�VXOIDWH�DV�OHVV�WKDQ���PJ�/��,W�LV�VSHFXODWHG�WKDW�WKHVH�ORZ�KDOI�VDWXUDWLRQ�DQG�
WKUHVKROG�YDOXHV�IRU�DFHWDWH�DQG�VXOIDWH�DOORZ�65%�WR�RXW�FRPSHWH�PHWKDQH�SURGXFLQJ�EDFWHULD�LQ�
PRVW�HQYLURQPHQWV�

7KH�DERYH�NLQHWLF�H[SUHVVLRQV�DUH�DSSOLFDEOH�WR�HQYLURQPHQWV�WKDW�DUH�HQWLUHO\�DQR[LF��:RUNLQJ�ZLWK�
VHZHU�ZDWHUV�WKDW�PD\�DOWHUQDWH�EHWZHHQ�DHURELF�DQG�DQDHURELF�FRQGLWLRQV��<RQJVLUL�HW�DO���������
LQFOXGHG�DQ�LQYHUVH�0RQRG�NLQHWLFV�VDWXUDWLRQ�WHUP�LQ�WKHLU�PRGHO�WR�DGMXVW�IRU�WKH�SRWHQWLDO�SUHVHQFH�
RI�R[\JHQ��7KH�YDOXH�RI�WKH�LQYHUVH�0RQRG�WHUP�IRU�R[\JHQ�LV�DW�D�PD[LPXP�ZKHQ�R[\JHQ�
FRQFHQWUDWLRQ�LV�]HUR��LV�KDOI�RI�LWV�YDOXH�DW�DQ�R[\JHQ�FRQFHQWUDWLRQ�HTXDO�WR�WKH�KDOI�VDWXUDWLRQ�
FRHIILFLHQW��DQG�DSSURDFKHV�]HUR�DV�R[\JHQ�FRQFHQWUDWLRQ�LQFUHDVHV�EH\RQG�WKH�KDOI�VDWXUDWLRQ�
FRHIILFLHQW��<RQJVLUL�HW�DO���������VXJJHVW�D�GLVVROYHG�R[\JHQ�KDOI�VDWXUDWLRQ�FRHIILFLHQW�RI������PJ�/��
7KH�EHKDYLRU�RI�WKH�LQYHUVH�0RQRG�WHUP�IRU�R[\JHQ�LV�GHSLFWHG�LQ�)LJXUH�$��ZLWK�WKH�VXJJHVWHG�KDOI�
VDWXUDWLRQ�FRHIILFLHQW�YDOXH�
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)LJXUH�$���9DOXH�RI�,QYHUVH�0RQRG�)XQFWLRQ�IRU�'LVVROYHG�2[\JHQ�&RQFHQWUDWLRQ�

:KHQ�WKH�LQYHUVH�0RQRG�WHUP�LV�DGGHG�WR�DQ�HTXDWLRQ�VLPXODWLQJ�VXOIDWH�UHGXFWLRQ��LW�KDV�WKH�HIIHFW�RI�
DOORZLQJ�XQOLPLWHG�65%�JURZWK��DVVXPLQJ�QR�RWKHU�OLPLWLQJ�IDFWRUV��ZKHQ�]HUR�R[\JHQ�LV�SUHVHQW��$V�
WKH�R[\JHQ�FRQFHQWUDWLRQ�LQFUHDVHV��WKH�DPRXQW�RI�VXOIDWH�UHGXFWLRQ�LV�OLPLWHG�XQWLO�LW�DSSURDFKHV�]HUR��
(TXDWLRQ�$��SUHVHQWV�(TXDWLRQ�$��ZLWK�WKH�LQYHUVH�0RQRG�R[\JHQ�WHUP�DGGHG��
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:KHUH��2�� �2[\JHQ�FRQFHQWUDWLRQ��0�/���
� � � .62�� �2[\JHQ�KDOI�VDWXUDWLRQ�FRHIILFLHQW��0�/���

7KH�NH\�LQIRUPDWLRQ�IURP�WKH�VXOILGH�JHQHUDWLRQ�OLWHUDWXUH�UHYLHZ�LV�DV�IROORZV��

6XOILGH�LV�SUHGRPLQDWHO\�IRUPHG�E\�VXOIDWH�UHGXFLQJ�EDFWHULD��65%��LQ�DQR[LF�HQYLURQPHQWV��
65%�FDQ�XVH�YDULRXV�VXOIXU�FRPSRXQGV�DV�HOHFWURQ�DFFHSWRUV�DQG�ODUJH�YDULHW\�RI�FRPSRXQGV�
DV�HOHFWURQ�GRQRUV��
7KH�UHSRUWHG�YDOXH�RI�WKH�VXOIDWH�KDOI�VDWXUDWLRQ�FRHIILFLHQW�YDULHV�EHWZHHQ������DQG�����
PJ6�/���
7KH�UHSRUWHG�YDOXH�RI�WKH�VXEVWUDWH�KDOI�VDWXUDWLRQ�FRHIILFLHQW�YDULHV�EHWZHHQ�����DQG����PJ�/�
IRU�DFHWDWH�XQGHU�YDULRXV�H[SHULPHQWDO�FRQGLWLRQV��
65%�JURZWK�LQ�HQYLURQPHQWV�WKDW�PD\�DOWHUQDWH�EHWZHHQ�DHURELF�DQG�DQDHURELF�KDV�EHHQ�
PRGHOHG�LQ�VHZHUV�XVLQJ�DQ�LQYHUVH�0RQRG�NLQHWLF�IXQFWLRQ��
65%�IXQFWLRQ�RSWLPDOO\�DW�WHPSHUDWXUHV�EHWZHHQ����DQG�����&�DQG�D�ZLGH�UDQJH�RI�S+�
YDOXHV��
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/DE�3URFHGXUHV�

([SHULPHQWV�WR�FKDUDFWHUL]H�VXOILGH�JHQHUDWLRQ�LQ�SXOS�DQG�SDSHU�ZDVWHZDWHUV�IURP�WKUHH�PLOOV�ZHUH�
FRQGXFWHG�DW�WKH�1&$6,�:HVW�&RDVW�5HJLRQDO�&HQWHU�ODERUDWRU\��7KH�VSHFLILF�ODE�SURFHGXUHV�DUH�
LQFOXGHG�DW�WKH�HQG�RI�WKLV�UHSRUW��,Q�JHQHUDO��WKH�H[SHULPHQWV�ZHUH�FRQGXFWHG�E\�ILOOLQJ�D����/�UHDFWRU�
ZLWK�ZDVWHZDWHU�REWDLQHG�IURP�WKH�IURQW�HQG�RI�DQ�DHUDWHG�VWDELOL]DWLRQ�EDVLQ�WUHDWLQJ�SXOS�DQG�SDSHU�
PLOO�HIIOXHQW��7KH�UHDFWRUV�ZHUH�NHSW�DQR[LF�DQG�KHOG�DW�D�FRQVWDQW�WHPSHUDWXUH�RI�DERXW�����&��7KH�
UHDFWRUV�ZHUH�VDPSOHG�RYHU�D�SHULRG�RI�VHYHUDO�ZHHNV�IRU�VXOILGH��VXOIDWH��DQG�YDULRXV�RWKHU�SRWHQWLDO�
VXEVWUDWHV��L�H���%2'���0H2+���$�SUREH�LQ�WKH�UHDFWRU�PHDVXUHG�GLVVROYHG�R[\JHQ��253��DQG�S+��

([SHULPHQWDO�5HVXOWV�DQG�*HQHUDWLRQ�0RGHO�'HYHORSPHQW�

3ORWWHG�UHVXOWV�RI�PHDVXUHG�VXOILGH�DQG�VXOIDWH�DUH�VKRZQ�LQ�)LJXUHV�$��WKURXJK�$���7KHVH�SORWV�
LOOXVWUDWH�WKH�JHQHUDO�WUHQGV�EHWZHHQ�VXOIDWH�DQG�VXOILGH�XQGHU�DQR[LF�FRQGLWLRQV��

)LJXUH�$���0LOO�$��6XOILGH�DQG�6XOIDWH�&RQFHQWUDWLRQV��PJ�/��
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)LJXUH�$���0LOO�%��6XOILGH�DQG�6XOIDWH�&RQFHQWUDWLRQV��PJ�/��

)LJXUH�$���0LOO�&�5HDFWRU����6XOILGH�DQG�6XOIDWH�&RQFHQWUDWLRQV��PJ�/��
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)LJXUH�$���0LOO�&�5HDFWRU����6XOILGH�DQG�6XOIDWH�&RQFHQWUDWLRQV��PJ�/��

7KH�ILJXUHV�VKRZ�WKDW�WKH�VXOILGH�JHQHUDWLRQ�UDWH�LV�QRW�FRQVLVWHQWO\�OLQHDU��,Q�WKUHH�RI�WKH�IRXU�
UHDFWRUV��D�QRWLFHDEOH�LQFUHDVH�LQ�UHDFWLRQ�UDWH�LV�REVHUYHG�DV�WKH�UHDFWLRQ�SURFHHGV��7KLV�UDWH�UHDFKHV�D�
PD[LPXP�DQG�WKHQ�VORZV�DJDLQ��7KLV�LV�HVSHFLDOO\�QRWLFHDEOH�LQ�)LJXUHV�$��DQG�$���7KLV�³6´�VKDSH�WR�
WKH�VXOILGH�WLPH�VHULHV�LV�FKDUDFWHULVWLF�RI�PLFURELRORJLFDO�SURFHVVHV�ZKHUH�WKH�LQLWLDO�VORZ�UDWH�RU�ODJ�
LV�FDXVHG�E\�ELRPDVV�DFFOLPDWLRQ��2WKHU�SRVVLEOH�UHDVRQV�IRU�WKH�ODJ�DUH�WKH�SUHVHQFH�RI�PRUH�
IDYRUDEOH�HOHFWURQ�DFFHSWRUV�VXFK�DV�QLWUDWH�RU�D�VSHFLILF�FRPSRXQG�ZKLFK�QHHGV�WR�EH�IRUPHG�E\�
IHUPHQWDWLYH�UHDFWLRQV�SULRU�WR�WKH�65%�EHFRPLQJ�IXOO\�DFWLYH��$IWHU�WKH�ODJ�SKDVH��WKH�UHDFWLRQ�
SURFHHGV�DW�LWV�PD[LPXP�UDWH�DQG�WKHQ�VORZV�DV�VRPH�UHDJHQW�EHFRPHV�VFDUFH�DQG�OLPLWV�WKH�UHDFWLRQ��
,I�WKH�WKHRU\�DVVRFLDWHG�ZLWK�(TXDWLRQ�$��LV�FRUUHFW��WKLV�REVHUYDWLRQ�ZRXOG�VXJJHVW�WKDW�RYHU�D�ORQJ�
WHUP�DQR[LF�LQFXEDWLRQ��VXOIDWH�PD\�EH�GHSOHWHG�PRUH�TXLFNO\�WKDQ�VXEVWUDWH��7R�FRQILUP�WKLV�
SRVVLELOLW\��VXEVWUDWH�FRQFHQWUDWLRQV�PXVW�DOVR�EH�PRQLWRUHG��7KH�QH[W�VHFWLRQ�GLVFXVVHV�PHDVXUHPHQW�
RI�YDULRXV�VXEVWUDWHV�LQ�WKH�UHDFWRUV��

2EVHUYDWLRQV�RQ�6XEVWUDWH�/LPLWDWLRQ�

([SHULPHQWV�ZHUH�FRQGXFWHG�WR�GHWHUPLQH�WKH�OLNHOLKRRG�RI�VXEVWUDWH�OLPLWLQJ�65%�DFWLYLW\�LQ�SXOS�
DQG�SDSHU�ZDVWHZDWHUV��$�VXOILGH�UHDFWRU�ZDV�VDPSOHG�IRU�VHYHUDO�PHDVXUHV�RI�VXEVWUDWH�LQFOXGLQJ�
%2'���PHWKDQRO��HWKDQRO��DQG�YRODWLOH�IDWW\�DFLGV��DFHWLF��SURSLRQLF��EXW\ULF��YDOHULF��LVREXW\ULF��DQG�
LVRYDOHULF���7KH�UHVXOWV�IRU�WKHVH�UHDFWRUV�DUH�VKRZQ�LQ�)LJXUHV�$��WR�$���
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)LJXUH�$���2EVHUYHG�%2'��&RQFHQWUDWLRQV�IURP�$QR[LF�%DWFK�5HDFWRU�

)LJXUH�$���2EVHUYHG�0HWKDQRO�DQG�(WKDQRO�&RQFHQWUDWLRQV�IURP�$QR[LF�%DWFK�5HDFWRU�
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)LJXUH�$���2EVHUYHG�$FHWLF�DQG�3URSLRQLF�$FLG�&RQFHQWUDWLRQV�IURP�$QR[LF�%DWFK�5HDFWRU�

)LJXUH�$��VKRZV�%2'��FRQFHQWUDWLRQ�RYHU�WKH�FRXUVH�RI�WKH�H[SHULPHQW��7KHVH�GDWD�LQGLFDWH�WKDW�
%2'��GHFUHDVHG�VORZO\�RYHU�WKH�FRXUVH�RI�WKH�H[SHULPHQW�DQG�UHDFKHG�D�FRQFHQWUDWLRQ�RI�DERXW�����
PJ�/�DW�WKH�FRQFOXVLRQ��,W�GRHV�QRW�DSSHDU�OLNHO\�WKDW�%2'��HYHU�UHDFKHG�D�FRQFHQWUDWLRQ�LQ�WKLV�
H[SHULPHQW�WKDW�FRXOG�EH�FRQVLGHUHG�WR�OLPLW�VXOILGH�JHQHUDWLRQ�FRQVLGHULQJ�WKH�SXEOLVKHG�KDOI�
VDWXUDWLRQ�FRHIILFLHQWV�IRU�DFHWDWH�ZKLFK�DUH�OHVV�WKDQ����PJ�/��6LPLODU�REVHUYDWLRQV�DUH�DSSDUHQW�IRU�
PHWKDQRO��HWKDQRO��DQG�WKH�9)$V��&RQVLGHULQJ�WKH�ZLGH�YDULHW\�RI�VXEVWUDWHV�WKDW�65%V�DUH�UHSRUWHG�
WR�FRQVXPH�DQG�WKH�KLJK�FRQFHQWUDWLRQ�RI�RUJDQLF�PDWHULDOV�LQ�XQWUHDWHG�ZDVWHZDWHU��LW�LV�XQOLNHO\�WKDW�
VXEVWUDWH�ZLOO�OLPLW�VXOILGH�JHQHUDWLRQ�LQ�PRVW�FLUFXPVWDQFHV��,W�LV�PRUH�OLNHO\�WKDW�VXOIDWH�ZLOO�EH�
FRPSOHWHO\�FRQVXPHG�SULRU�WR�GHSOHWLRQ�RI�VXEVWUDWH��

7KHVH�REVHUYDWLRQV�DERXW�VXEVWUDWH�LQ�WKH�UHDFWRUV�VXJJHVW�WKDW�LW�PD\�QRW�EH�QHFHVVDU\�WR�LQFOXGH�
VXEVWUDWH�OLPLWDWLRQ�DV�SDUW�RI�D�VXOILGH�JHQHUDWLRQ�UDWH�HTXDWLRQ��7KLV�LV�OLNHO\�WUXH�IRU�VHFWLRQV�RI�D�
ZDVWHZDWHU�WUHDWPHQW�EDVLQ�WKDW�UHFHLYH�XQWUHDWHG�RU�OLJKWO\�WUHDWHG�ZDVWHZDWHU�VXFK�DV�VHWWOLQJ�SRQGV�
DQG�WKH�IURQW�HQGV�RI�$6%V��+RZHYHU��WKHVH�H[SHULPHQWV�GR�QRW�DGGUHVV�FRQGLWLRQV�OLNHO\�WR�RFFXU�DW�
WKH�EDFN�HQG�RI�DHURELF�WUHDWPHQW�EDVLQV��QDPHO\��DGHTXDWH�VXOIDWH�FRQFHQWUDWLRQV�DQG�ORZ�VXEVWUDWH�
FRQFHQWUDWLRQV�GXH�WR�UDSLG�DHURELF�WUHDWPHQW��7KLV�VFHQDULR��FRPELQHG�ZLWK�WKH�DQDHURELF�FRQGLWLRQV�
QHFHVVDU\�IRU�65%�DFWLYLW\��LV�QRW�OLNHO\�WR�RFFXU�LQ�WUHDWPHQW�SRQGV�WR�DQ\�JUHDW�H[WHQW��EXW�DW�WKLV�
SRLQW�LQ�WLPH��WKHUH�LV�OLWWOH�XQGHUVWDQGLQJ�DV�WR�VXOILGH�JHQHUDWLRQ�XQGHU�WKHVH�FRQGLWLRQV��

0RGHO�'HYHORSPHQW�

$�WKHRUHWLFDO�NLQHWLF�PRGHO�IRU�VXOIDWH�UHGXFWLRQ�FDQ�EH�GHYHORSHG�EDVHG�RQ�JHQHUDO�SULQFLSOHV�RI�
EDFWHULDO�JURZWK�DQG�VXOIDWH�UHGXFWLRQ��7KH�UDWH�RI�VXOILGH�SURGXFWLRQ�LV�UHODWHG�WR�WKH�UDWH�RI�VXOIDWH�
UHGXFWLRQ��
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7KH�UDWH�RI�VXOIDWH�UHGXFWLRQ�LV�UHODWHG�WR�WKH�UDWH�RI�ELRPDVV�IRUPDWLRQ��
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7KH�UDWH�RI�ELRPDVV�IRUPDWLRQ�FDQ�EH�H[SUHVVHG�E\�
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��

�
PD[ 

62.

62

6.

6

626

� � � � � (TXDWLRQ�$��

� :KHUH�� PD[� �PD[LPXP�VSHFLILF�JURZWK�UDWH��WLPH
����

� � .6� �6XEVWUDWH�KDOI�VDWXUDWLRQ�FRQVWDQW��PJ�/��
� � .62�� �6XOIDWH�KDOI�VDWXUDWLRQ�FRQVWDQW��PJ�/��

7KH�DERYH�HTXDWLRQV�FDQ�EH�LQWHUSUHWHG�DV�IROORZV��%LRPDVV��DV�65%��JURZV�DW�D�PD[LPXP�UDWH�ZKHQ�
VXEVWUDWH�DQG�VXOIDWH�DUH�LQ�H[FHVV��6XOIDWH�LV�UHPRYHG�DQG�VXOILGH�LV�SURGXFHG�SURSRUWLRQDOO\�WR�WKH�
JURZWK�RI�WKH�ELRPDVV��%LRPDVV�JURZWK�VORZV�DV�HLWKHU�VXOIDWH�RU�VXEVWUDWH�EHFRPHV�OLPLWLQJ��6XOIDWH�
UHGXFWLRQ�DQG�VXOILGH�JHQHUDWLRQ�UDWHV�DUH�UHGXFHG�LQ�SURSRUWLRQ�WR�WKLV�VORZHG�JURZWK��

7KH�W\SH�RI�PRGHO�GHVFULEHG�DERYH�LV�W\SLFDOO\�DSSOLHG�WR�ODERUDWRU\�UHVXOWV��ZKHUH�FRQGLWLRQV�DUH�
FRQWUROOHG��7KH�VXEVWUDWH�LV�RIWHQ�RQO\�D�VLQJOH�VXEVWUDWH�VXFK�DV�DFHWDWH��DQG�WKH�ELRPDVV�PD\�EH�
FXOWXUHG�WR�UHVXOW�LQ�D�VLQJOH�VSHFLHV��$V�VXFK��PDQ\�RI�WKH�SDUDPHWHUV�WKDW�DUH�HVWLPDWHG�DUH�RQO\�
DSSOLFDEOH�WR�D�VSHFLILF�VHW�RI�FRQGLWLRQV�WKDW�PD\�EH�GLIIHUHQW�IURP�WKRVH�LQ�DQ�DFWXDO�WUHDWPHQW�EDVLQ�
ZKHUH�65%�FXOWXUHV�DQG�DYDLODEOH�VXEVWUDWHV�DUH�PL[HG��

7KH�FRPSOH[LWLHV�DVVRFLDWHG�ZLWK�D�FRPSOHWH�PRGHO�RI�VXOILGH�JHQHUDWLRQ�PD\�EH�DYRLGHG�E\�PDNLQJ�
DVVXPSWLRQV�DERXW�WKH�XQLIRUPLW\�RI�WKH�FRQGLWLRQV�LQ�SXOS�DQG�SDSHU�ZDVWHZDWHU�WUHDWPHQW�EDVLQV��
7KHVH�DVVXPSWLRQV��OLVWHG�EHORZ���LI�YDOLG��ZRXOG�DOORZ�WKH�PRGHO�WR�EH�VLPSOLILHG�WR�D�XVHIXO�
SUHGLFWRU�RI�VXOILGH�JHQHUDWLRQ�LQ�EDVLQV��

7KH�UDWLR�RI�VXOILGH�SURGXFHG�WR�VXOIDWH�UHPRYHG�LV�FRQVWDQW�DQG�DW�LWV�WKHRUHWLFDO�YDOXH�RI���
PRO�RI�VXOILGH�SURGXFHG�SHU���PRO�RI�VXOIDWH�UHGXFHG��

7KH�HIIHFW�RI�ELRPDVV�FRQFHQWUDWLRQ�RQ�VXOILGH�JHQHUDWLRQ�UDWH�LV�FRQVWDQW�DQG�WKHUHIRUH�
LPSOLFLWO\�LQFRUSRUDWHG�LQWR�WKH�UDWH�FRHIILFLHQW��

6XEVWUDWH�LV�QRW�OLPLWLQJ�VXOILGH�JHQHUDWLRQ��



$���

,I�WKHVH�DVVXPSWLRQV�KROG��(TXDWLRQV�$��WR�$��VLPSOLI\�WR�WKH�H[SUHVVLRQ�LQ�(TXDWLRQ�$���
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(TXDWLRQ�$��

:KHUH�N� �=HUR�RUGHU�UDWH�FRHIILFLHQW��PJ�6�/�WLPH��

7R�DFFRXQW�IRU�WKH�HIIHFW�RI�YDU\LQJ�R[\JHQ�FRQFHQWUDWLRQV��WKH�LQYHUVH�0RQRG�R[\JHQ�WHUP�FDQ�EH�
DGGHG�WR�GHYHORS�WKH�ILQDO�PRGHO��
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.

62.

62
N

GW

G6

'2

'2

62 �
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� � � � (TXDWLRQ�$���

(VWLPDWLRQ�RI�6XOILGH�*HQHUDWLRQ�5DWH�&RHIILFLHQW�

,I�WKH�DERYH�DVVXPSWLRQV�DUH�YDOLG��VXOIDWH�LV�LQ�H[FHVV�DQG�R[\JHQ�FRQFHQWUDWLRQ�LV�]HUR��D�NLQHWLF�UDWH�
HTXDWLRQ�HPHUJHV�LQ�ZKLFK�WKH�FRQGLWLRQV�DUH�VXFK�WKDW�WKH�UDWH�RI�UHDFWLRQ�LV�LQGHSHQGHQW�RI�WKH�
FRQFHQWUDWLRQ�RI�UHDFWDQWV� %HFDXVH�LW�LV�H[SHFWHG�WKDW�(TXDWLRQ�$���ZLOO�EH�DSSOLHG�PRVWO\�XQGHU�
FRQGLWLRQV�RI�ORZ�R[\JHQ�DQG�KLJK�VXOIDWH�FRQFHQWUDWLRQV��WKH�PRVW�LPSRUWDQW�SDUDPHWHU�WR�HVWLPDWH�LV�
WKH�UDWH�FRHIILFLHQW�N�

,Q�WKH�UHDFWRU�H[SHULPHQWV��WKH�WLPHIUDPH�RI�LQWHUHVW�LV�DIWHU�WKH�ODJ�SHULRG�DQG�EHIRUH�VXOIDWH�
OLPLWDWLRQ��L�H���WKH�PLGGOH�OHJ�RI�WKH�³6´���7KLV�WLPHIUDPH�FRUUHVSRQGV�WR�WKH�PD[LPXP�REVHUYHG�
VXOILGH�JHQHUDWLRQ�UDWH��%HFDXVH�WKH�ODJ�SHULRG�LV�QRW�H[SHFWHG�LQ�ZDVWHZDWHU�WUHDWPHQW�V\VWHPV�DQG�
(TXDWLRQ�$���DFFRXQWV�IRU�VXOIDWH�OLPLWDWLRQ��WKH�JHQHUDWLRQ�UDWH�GXULQJ�WKLV�WLPHIUDPH�LV�D�JRRG�
HVWLPDWH�RI�N�

7R�SUHFLVHO\�GHWHUPLQH�N�LQ�WKH�UHDFWRU�H[SHULPHQWV��D�VHJPHQWHG�UHJUHVVLRQ�SURFHGXUH�ZDV�DSSOLHG�WR�
WKH�UHDFWRU�VXOILGH�GDWD��7KLV�SURFHGXUH�HVWLPDWHV�WKUHH�GLVFUHWH�UDWHV�DQG�WZR�EUHDNSRLQWV�LQ�WKH�GDWD�
WKDW�VHSDUDWH�WKH�WKUHH�UDWHV��7KH�LQLWLDO�UDWH�LV�DVVXPHG�WR�EH�WKH�DFFOLPDWLRQ�RU�ODJ�SKDVH��7KH�PLGGOH�
UDWH�EHWZHHQ�WKH�EUHDNSRLQWV�LV�WKH�PD[LPXP�UDWH��N���DQG�WKH�ILQDO�UDWH�LV�DVVXPHG�WR�EH�VXOIDWH�
OLPLWDWLRQ��7KH�SXUSRVH�RI�WKH�SURFHGXUH�LV�WR�V\VWHPDWLFDOO\�LGHQWLI\�WKH�SDUW�RI�WKH�VXOILGH�JHQHUDWLRQ�
FXUYH�WKDW�UHSUHVHQWV�WKH�PD[LPXP�JHQHUDWLRQ�UDWH��7KH�SURFHGXUH�ZDV�FDUULHG�XVLQJ�WKH�QRQ�OLQHDU�
UHJUHVVLRQ�FDSDELOLWLHV�RI�WKH�5�VRIWZDUH��5�'HYHORSPHQW�&RUH�7HDP��������5HVXOWV�RI�WKH�UHJUHVVLRQ�
DUH�SUHVHQWHG�LQ�7DEOH�$���7KH�UHVXOWV�RI�WKH�SURFHGXUH�DUH�SUHVHQWHG�JUDSKLFDOO\�LQ�)LJXUHV�$��
WKURXJK�$����
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7DEOH�$���5HVXOWV�RI�6HJPHQWHG�5HJUHVVLRQ�RI�6XOILGH�*HQHUDWLRQ�5HDFWRUV�
�����FRQILGHQFH�LQWHUYDO�LQ�SDUHQWKHVHV��
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D�7KH�ODJ�UDWH�IRU�WKHVH�GDWD�ZDV�ILWWHG�ZLWK�D�OLQHDU�PRGHO�RI�WKH�IRUP�\� �NW��
E�$�VLJQLILFDQW�ILW�ZDV�QRW�IRXQG�IRU�D�WKUHH�VHJPHQW�PRGHO��WKXV��D�WZR�VHJPHQW�PRGHO�ZDV�DSSOLHG�DQG�QR�ODJ�
SKDVH�ZDV�GHWHUPLQHG��
F�7KH�ODJ�UDWH�IRU�WKHVH�GDWD�ZDV�ILWWHG�ZLWK�D�SRO\QRPLDO�PRGHO�RI�WKH�IRUP�\� �NW���
G�7KH�PD[LPXP�UDWH�DQG�OLPLW�UDWH�ZHUH�ILWWHG�ZLWK�D�OLQHDU�PRGHO�RI�WKH�IRUP�\� �NW��
H�$�VLJQLILFDQW�ILW�ZDV�QRW�IRXQG�IRU�D�WKUHH�VHJPHQW�PRGHO��WKXV��D�WZR�VHJPHQW�PRGHO�ZDV�DSSOLHG�DQG�QR�OLPLW�
SKDVH�ZDV�GHWHUPLQHG��
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)LJXUH�$����)LW�RI�6HJPHQWHG�0RGHO�WR�0LOO�&�5HSOLFDWH�'DWD�

7KH�UHVXOWV�SUHVHQWHG�LQ�7DEOH�$��LQGLFDWH�WKDW�WKH�UDWH�RI�VXOILGH�JHQHUDWLRQ�XQGHU�RSWLPDO�FRQGLWLRQV�
YDULHG�EHWZHHQ������DQG������PJ�/�GD\��7KLV�UHVXOW�VXJJHVWV�VRPH�YDULDELOLW\�LQ�PD[LPXP�VXOILGH�
JHQHUDWLRQ�UDWHV�WKDW�PD\�EH�GXH�WR�VRPH�XQNQRZQ�HIIHFW�WKDW�SURPRWHV�VXOILGH�JHQHUDWLRQ�LQ�0LOO�&�
RU�DFWV�DV�DQ�LQKLELWRU�LQ�0LOOV�$�DQG�%���

(IIHFW�RI�7HPSHUDWXUH�

7KH�HIIHFW�RI�WHPSHUDWXUH�RQ�ELRFKHPLFDO�UHDFWLRQV�LV�RIWHQ�PRGHOHG�XVLQJ�WKH�$UUKHQLXV�HTXDWLRQ��

�� � � � � � � (TXDWLRQ�$��

� :KHUH� � �7HPSHUDWXUH�FRHIILFLHQW�
� � N7� �5DWH�FRHIILFLHQW�DW�DFWXDO�WHPSHUDWXUH�
� � N��� �UDWH�FRHIILFLHQW�DW������

7KH�H[SHULPHQWV�GHVFULEHG�KHUH�GLG�QRW�LQYHVWLJDWH�WKH�YDOXH�RI�WKH�WHPSHUDWXUH�FRHIILFLHQW��EXW�
WHPSHUDWXUH�HIIHFWV�ZHUH�REVHUYHG�TXDOLWDWLYHO\�LQ�UHDFWRUV�UXQ�DW�GLIIHUHQW�WHPSHUDWXUHV��0RRVD��
1HPDWL��DQG�+DUULVRQ��������UHSRUWHG�RQ�WKH�HIIHFW�RI�WHPSHUDWXUH�EHWZHHQ����DQG�����&�RQ�VXOIDWH�
UHGXFWLRQ�LQ�FRQWLQXRXV�UHDFWRUV�IHG�ZLWK�DFHWDWH��)URP�WKLV�ZRUN��D�WHPSHUDWXUH�FRUUHFWLRQ�FRHIILFLHQW�
RI������FDQ�EH�HVWLPDWHG��8VLQJ�(TXDWLRQ�$���ZLWK�D�WHPSHUDWXUH�FRHIILFLHQW�RI������DQG�VXEVWLWXWLQJ�
WKH�DYHUDJH�PHDVXUHG�JHQHUDWLRQ�UDWH�IURP�WKH�H[SHULPHQWV��DQ�DYHUDJH�VXOILGH�JHQHUDWLRQ�UDWH�IRU�WKH�
WKUHH�PLOO�ZDVWHZDWHUV�RI������KU���FDQ�EH�FDOFXODWHG�IRU����&���

6XPPDU\�

7KH�UHVXOWV�RI�WKH�ODE�ZRUN�WR�FKDUDFWHUL]H�VXOILGH�JHQHUDWLRQ�DUH�DV�IROORZV��

6XOILGH�JHQHUDWLRQ�ZDV�OLNHO\�OLPLWHG�E\�VXOIDWH�DIWHU���WR����GD\V�RI�LQFXEDWLRQ�XQGHU�DQR[LF�
FRQGLWLRQV��0HDVXUHPHQW�RI�DYDLODEOH�VXEVWUDWHV�LQGLFDWHV�WKDW�OLNHO\�VXEVWUDWHV��%2'���9)$V��
UHPDLQHG�DW�VLJQLILFDQW�FRQFHQWUDWLRQV�DIWHU�VXOIDWH�KDG�EHHQ�GHSOHWHG��
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7KH�DERYH�REVHUYDWLRQ�VXJJHVWV�WKDW�XQGHU�WKH�YDVW�PDMRULW\�RI�FRQGLWLRQV�HQFRXQWHUHG�LQ�
SXOS�DQG�SDSHU�ZDVWHZDWHUV��LW�LV�XQOLNHO\�WKDW�VXEVWUDWH�ZRXOG�OLPLW�VXOILGH�JHQHUDWLRQ��
$�PRGHO�ZDV�GHYHORSHG�WKDW�UHODWHV�WKH�VXOILGH�JHQHUDWLRQ�UDWH�WR�D�PD[LPXP�JHQHUDWLRQ�UDWH��
VXOIDWH�FRQFHQWUDWLRQ��R[\JHQ�FRQFHQWUDWLRQ��DQG�WHPSHUDWXUH��
5HVXOWV�IURP�EDWFK�UHDFWRU�H[SHULPHQWV�ZHUH�XVHG�WR�HVWLPDWH�WKH�YDOXH�RI�WKH�PD[LPXP�
JHQHUDWLRQ�UDWH�FRHIILFLHQW�IRU�WKUHH�PLOOV�DV�EHWZHHQ������DQG������PJ�/�GD\����8VLQJ�WKH�
DYHUDJH�RI�WKH�WKUHH�PLOOV�DQG�D�WHPSHUDWXUH�FRHIILFLHQW�RI�������DQ�DYHUDJH�JHQHUDWLRQ�
FRHIILFLHQW�RI������PJ�/�KU���FDQ�EH�FDOFXODWHG�IRU����&��
%DVHG�XSRQ�D�OLWHUDWXUH�UHYLHZ��D�UHDVRQDEOH�HVWLPDWH�RI�WKH�VXOIDWH�KDOI�VDWXUDWLRQ�FRHIILFLHQW�
LV����PJ�/��

5()(5(1&(6�)25�$33(1',;�$�

%RRQ��$�*��������6HSWLFLW\�LQ�VHZHUV��&DXVHV��FRQVHTXHQFHV�DQG�FRQWDLQPHQW��:DWHU�6FLHQFH�DQG�
7HFKQRORJ\�������������KWWS���G[�GRL�RUJ����������������������������-

&ROOHUDQ��(���)LQQHJDQ��6���DQG�/HQV��3��������$QDHURELF�WUHDWPHQW�RI�VXOSKDWH�FRQWDLQLQJ�ZDVWH�
VWUHDPV��$QWRQLH�YDQ�/HHXZHQKRHN������������KWWS���G[�GRL�RUJ���������%)��������

)HQJ��-��DQG�+VLHK��<�3��������6XOIDWH�UHGXFWLRQ�LQ�IUHVKZDWHU�ZHWODQG�VRLOV�DQG�WKH�HIIHFWV�RI�VXOIDWH�
DQG�VXEVWUDWH�ORDGLQJ��-RXUQDO�RI�(QYLURQPHQWDO�4XDOLW\�������������

+DQVHQ��7�$��������3K\VLRORJ\�RI�VXOSKDWH�UHGXFLQJ�EDFWHULD��0LFURELRORJLFDO�6FLHQFHV�������������

,QJYRUVHQ��.��DQG�1LHOVHQ��0�<��������.LQHWLFV�RI�EDFWHULDO�VXOIDWH�UHGXFWLRQ�LQ�DQ�DFWLYDWHG�VOXGJH�
SODQW��)(06�0LFURELRORJ\�(FRORJ\�������������KWWS���G[�GRL�RUJ���������6�����
���������������

,QJYRUVHQ��.���=HKQGHU��$�-�%���DQG�-RUJHQVHQ��%�%��������.LQHWLFV�RI�VXOIDWH�DQG�DFHWDWH�XSWDNH�E\�
'HVXOIREDFWHU�SRVWJDWHL��$SSOLHG�DQG�(QYLURQPHQWDO�0LFURELRORJ\��������������

0RRVD��6���1HPDWL��0���DQG�+DUULVRQ��6�7�/��������$�NLQHWLF�VWXG\�RQ�DQDHURELF�UHGXFWLRQ�RI�
VXOSKDWH��3DUW�,��(IIHFW�RI�VXOSKDWH�FRQFHQWUDWLRQ��&KHPLFDO�(QJLQHHULQJ�6FLHQFH���������������

²²²��������$�NLQHWLF�VWXG\�RQ�DQDHURELF�UHGXFWLRQ�RI�VXOSKDWH��3DUW�,,��,QFRUSRUDWLRQ�RI�
7HPSHUDWXUH�(IIHFWV�LQ�WKH�.LQHWLF�0RGHO��&KHPLFDO�(QJLQHHULQJ�6FLHQFH���������������

2XGH�(OIHULQN��6�-�:�+���/XSSHQV��6�%�,���0DUFHOLV��&�/�0���DQG�6WDPV��$�-�0��������.LQHWLFV�RI�
DFHWDWH�R[LGDWLRQ�E\�WZR�VXOIDWH�UHGXFHUV�LVRODWHG�IURP�DQDHURELF�JUDQXODU�VOXGJH��$SSOLHG�DQG�
(QYLURQPHQWDO�0LFURELRORJ\���������������

3RVWJDWH��-�5��������7KH�VXOIDWH�UHGXFLQJ�EDFWHULD���QG�HG��/RQGRQ��&DPEULGJH�8QLYHUVLW\�3UHVV��

5�'HYHORSPHQW�&RUH�7HDP�������5��$�ODQJXDJH�DQG�HQYLURQPHQW�IRU�VWDWLVWLFDO�FRPSXWLQJ��5�
)RXQGDWLRQ�IRU�6WDWLVWLFDO�&RPSXWLQJ��9LHQQD��$XVWULD��,6%1����������������KWWS���ZZZ�5�
SURMHFW�RUJ�

9LVVHU��$��������7KH�DQDHURELF�WUHDWPHQW�RI�VXOIDWH�FRQWDLQLQJ�ZDVWHZDWHU��3K'�GLVV��:DJHQLQJHQ�
$JULFXOWXUDO�8QLYHUVLW\��

<RQJVLUL��&���+YLWYHG�-DFREVHQ��7���9ROOHUWVHQ��-���DQG�7DQDND��1��������,QWURGXFLQJ�WKH�HPLVVLRQ�
SURFHVV�RI�K\GURJHQ�VXOILGH�WR�D�VHZHU�SURFHVV�PRGHO��:$76���:DWHU�6FLHQFH�DQG�7HFKQRORJ\�
������������
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$33(1',;�%�

'(9(/230(17�2)�7+(�68/),'(�2;,'$7,21�5$7(�(48$7,216�

([SHULPHQWV�GHVLJQHG�WR�GHWHUPLQH�DQ�DSSURSULDWH�UDWH�HTXDWLRQ�DQG�SDUDPHWHUV�IRU�VXOILGH�R[LGDWLRQ�
LQ�DHURELF�SXOS�DQG�SDSHU�PLOOV�ZHUH�SHUIRUPHG�DW�WKH�1&$6,�:HVW�&RDVW�&HQWHU�/DERUDWRU\��7KH�
PHWKRGV�DQG�UHVXOWV�RI�WKHVH�H[SHULPHQWV�DUH�UHSRUWHG�LQ�3DOXPER��%URZQ��DQG�6WUDWWRQ���������7KH�
H[SHULPHQWV�GHWHUPLQHG�WKDW�D�FRPPRQO\�XVHG�UDWH�HTXDWLRQ�IRU�VXOILGH�R[LGDWLRQ�ZDV�DSSOLFDEOH�WR�
SXOS�DQG�SDSHU�ZDVWHZDWHUV��7KLV�UDWH�H[SUHVVLRQ�LV�SUHVHQWHG�LQ�(TXDWLRQ�%���

��� � � � � � (TXDWLRQ�%��

� :KHUH��6� �7RWDO�VXOILGH��PJ�/��
� � 2� �2[\JHQ�FRQFHQWUDWLRQ��PJ�/�� � �

NR[� �5DWH�FRHIILFLHQW�
P� �2UGHU�RI�UHDFWLRQ�ZLWK�UHVSHFW�WR�WRWDO�VXOILGH�
Q� �2UGHU�RI�UHDFWLRQ�ZLWK�UHVSHFW�WR�R[\JHQ�

3DUDPHWHUV�IRU�WKH�UDWH�H[SUHVVLRQ�ZHUH�HVWLPDWHG�EDVHG�RQ�WKH�UHVXOWV�RI�WKH�ODE�H[SHULPHQWV��7KHVH�
SDUDPHWHUV�DUH�SUHVHQWHG�LQ�7DEOH�%���

7DEOH�%���6XPPDU\�RI�(VWLPDWHG�6XOILGH�2[LGDWLRQ�5DWH�3DUDPHWHUV��
�3DOXPER��%URZQ��DQG�6WUDWWRQ�������

6WXG\�6LWH� NR[��PLQ
���#���&�� PD QE

0LOO�$� ������ �� ��

0LOO�%� ������ �� ��

0LOO�&� ������ �� ��
D�7KH�RUGHU�RI�WKH�UHDFWLRQ�ZLWK�UHVSHFW�WR�VXOILGH�ZDV�DVVXPHG�WR�EH���IRU�WKLV�VWXG\�EDVHG�RQ�WKH�ILQGLQJV�LQ�WKH�UHSRUWHG�
OLWHUDWXUH��
E�7KH�RUGHU�RI�WKH�UHDFWLRQ�ZLWK�UHVSHFW�WR�R[\JHQ�FRXOG�QRW�EH�HVWLPDWHG�ZLWK�VWDWLVWLFDO�FRQILGHQFH�LQ�WKHVH�H[SHULPHQWV��
7KH�YDOXH�LV�OLNHO\�OHVV�WKDQ������ZKLFK�LV�FRQVLVWHQW�ZLWK�SUHYLRXV�UHSRUWV��

(IIHFW�RI�7HPSHUDWXUH�

9DULRXV�VWXGLHV�LQ�ZDVWHZDWHUV��:LOPRW�HW�DO��������1LHOVHQ��9ROOHUWVHQ��DQG�+YLWYHG�-DFREVHQ�������
KDYH�IRXQG�WKDW�WKH�HIIHFW�RI�WHPSHUDWXUH�RQ�WKH�VXOILGH�R[LGDWLRQ�UDWH�FDQ�EH�GHVFULEHG�E\�(TXDWLRQ�
%���

� N� �N��
7���� � � � � � � � (TXDWLRQ�%��

� :KHUH��N��� �R[LGDWLRQ�UDWH�FRHIILFLHQW�DW����&��KU
�����

� �7HPSHUDWXUH�FRHIILFLHQW�
� 7� �7HPSHUDWXUH���&��

7KH�WHPSHUDWXUH�FRHIILFLHQW�KDV�EHHQ�UHSRUWHG�DV�������:LOPRW�HW�DO��������DQG�������1LHOVHQ��
9ROOHUWVHQ��DQG�+YLWYHG�-DFREVHQ�������LQ�ZDVWHZDWHUV��$�YDOXH�RI������LV�VHOHFWHG�IRU�WKH�1&$6,�
PRGHO�EDVHG�RQ�DQ�DYHUDJH�RI�WKHVH�WZR�UHSRUWV��



%��

(IIHFW�RI�S+

7KH�R[LGDWLRQ�RI�VXOILGH�RFFXUV�PRUH�UDSLGO\�DW�KLJKHU�S+�YDOHV��7KLV�LV�OLNHO\�GXH�WR�WKH�UHODWLYH�HDVH�
ZLWK�ZKLFK�+6�LV�R[LGL]HG�FRPSDUHG�WR�+�6��6HYHUDO�DGGLWLRQDO�UHDFWRU�H[SHULPHQWV�ZHUH�SHUIRUPHG�
WR�HVWLPDWH�WKH�HIIHFW�RI�S+�FKDQJHV�RQ�WKH�R[LGDWLRQ�UDWH�LQ�SXOS�DQG�SDSHU�ZDVWHZDWHU��6LPLODU�WR�
OLWHUDWXUH�UHSRUWV��WKHVH�H[SHULPHQWV�IRXQG�WKDW�VXOILGH�R[LGDWLRQ�RFFXUUHG�PXFK�PRUH�UDSLGO\�DW�KLJK�
S+�YDOXHV��7KHVH�REVHUYHG�YDOXHV��KU���#����&��DUH�SORWWHG�DJDLQVW�S+�LQ�)LJXUH�%���

%DVHG�RQ�WKH�VKDSH�RI�WKH�GDWD��DQ�H[SRQHQWLDO�PRGHO�ZDV�FKRVHQ�WR�HVWLPDWH�WKH�R[LGDWLRQ�UDWH�
FRHIILFLHQW�DV�D�IXQFWLRQ�RI�D�S+�UDQJH��7KH�H[SRQHQWLDO�PRGHO�ZDV�ILWWHG�WR�WKH�UHDFWRU�GDWD�WR�
HVWLPDWH�SDUDPHWHU�YDOXHV��7KLV�ILWWHG�PRGHO�LV�VKRZQ�LQ�)LJXUH�%��DV�³SUHGLFWHG�´�

)LJXUH�%���6XOILGH�5DWH�&RHIILFLHQW�LQ�6XOILGH�0RGHO�DV�D�)XQFWLRQ�RI�S+��7 ���&��

7KH�H[SRQHQWLDO�PRGHO�KDV�WKH�JHQHUDO�IRUP�RI�(TXDWLRQ�%���

�� � � � � (TXDWLRQ�%��

7KH�YDOXHV�RI�WKH�SDUDPHWHUV�ILWWHG�WR�WKH�REVHUYHG�GDWD�DUH�\�� �������\�� ��������DQG�\�� �������,Q�WKH�
VXOILGH�HPLVVLRQV�PRGHO��(TXDWLRQ�%��GHIDXOWV�WR�]HUR�DW�S+�YDOXHV�OHVV�WKDQ�������

2[LGDWLRQ�5DWH�XQGHU�$QR[LF�&RQGLWLRQV�

,Q�ODERUDWRU\�H[SHULPHQWV�SHUIRUPHG�LQ�D�VLPLODU�PDQQHU�WR�WKRVH�UHSRUWHG�LQ�3DOXPER��%URZQ��DQG�
6WUDWWRQ���������VXOILGH�KDV�EHHQ�VKRZQ�WR�R[LGL]H�PRUH�VORZO\�XQGHU�DQR[LF�FRQGLWLRQV��7KH�UDWH�RI�
VXOILGH�R[LGDWLRQ�XQGHU�DQR[LF�FRQGLWLRQV�FDQ�EH�PRGHOHG�XVLQJ�D�PRGLILFDWLRQ�RI�(TXDWLRQ�%���

� � � � � � (TXDWLRQ�%��

7KLV�HTXDWLRQ�FDQ�EH�ILW�WR�VXOILGH�GHSOHWLRQ�GDWD�XQGHU�DQR[LF�FRQGLWLRQV�WR�HVWLPDWH�WKH�FRHIILFLHQWV��
7KLV�ILW�RI�(TXDWLRQ�%��WR�GDWD�LV�VKRZQ�LQ�)LJXUH�%���
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)LJXUH�%���(TXDWLRQ�%��)LW�WR�6XOILGH�'HSOHWLRQ�'DWD�&ROOHFWHG�8QGHU�$QR[LF�:DVWHZDWHU�
&RQGLWLRQV��S+� ������7HPSHUDWXUH� �����&��

7KH�UHVXOWLQJ�FRHIILFLHQWV�DUH�NDQR[� �������PLQ
���DQG�P� ����$GGLWLRQDO�H[SHULPHQWV�DUH�SODQQHG�WR�

FRQILUP�WKH�UHVXOWV�RI�WKLV�H[SHULPHQW�DQG�DOVR�FKDUDFWHUL]H�WKH�DQR[LF�UDWH�FRHIILFLHQW�DW�YDULRXV�S+�
YDOXHV��

5()(5(1&(6�)25�$33(1',;�%�

1LHOVHQ��$�+���9ROOHUWVHQ��-���DQG�+YLWYHG�-DFREVHQ��7��������.LQHWLFV�DQG�VWRLFKLRPHWU\�RI�DHURELF�
VXOILGH�R[LGDWLRQ�LQ�ZDVWHZDWHU�IURP�VHZHUV²(IIHFWV�RI�S+�DQG�WHPSHUDWXUH��:DWHU�(QYLURQPHQW�
5HVHDUFK�������������KWWS���G[�GRL�RUJ������������������;�����

3DOXPER��-�(���%URZQ��/�&���DQG�6WUDWWRQ��6�&��������0RGHOLQJ�WKH�R[LGDWLRQ�RI�VXOILGH�LQ�SXOS�DQG�
SDSHU�ZDVWHZDWHUV��-RXUQDO�RI�(QYLURQPHQWDO�(QJLQHHULQJ�����������������
KWWS���G[�GRL�RUJ����������$6&(�((������������������

:LOPRW��3�'��&DGOHH��.���.DWLQLF��-�-���DQG�.DYDQDJK��%�9���������.LQHWLFV�RI�VXOILGH�R[LGDWLRQ�E\�
GLVVROYHG�R[\JHQ��-RXUQDO�RI�WKH�:DWHU�3ROOXWLRQ�&RQWURO�)HGHUDWLRQ����������������
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$33(1',;�&�

'(9(/230(17�2)�7+(�68/),'(�675,33,1*�5$7(�(48$7,21�

0RGHOLQJ�RI�6XOILGH�6WULSSLQJ�

7KH�PDVV�WUDQVIHU�RI�VXOILGH�IURP�D�WUHDWPHQW�EDVLQ�LV�PRGHOHG�E\�XVLQJ�SURFHGXUHV�VLPLODU�WR�WKRVH�
RXWOLQHG�LQ�(3$¶V�EDFNJURXQG�GRFXPHQW�$LU�(PLVVLRQV�0RGHOV�IRU�:DVWH�DQG�:DVWHZDWHU
�86(3$�������7KH�HVWLPDWLRQ�PHWKRGV�GHVFULEHG�LQ�WKLV�GRFXPHQW�IRUP�WKH�EDFNERQH�RI�WKH�PDVV�
WUDQVIHU�FRPSRQHQWV�RI�(3$¶V�:DWHU��VRIWZDUH�DQG����&)5�$SSHQGL[�&�WR�3DUW����FDOFXODWLRQ�
SURFHGXUHV��0DVV�WUDQVIHU�PRGHOLQJ�RI�WKHVH�V\VWHPV�IROORZV�D�VHPL�HPSLULFDO�DSSURDFK�EDVHG�XSRQ�
WKH�WZR�UHVLVWDQFH�PRGHO�RI�PXOWLSKDVH�LQWHUIDFLDO�WUDQVSRUW��7KLV�VHFWLRQ�ZLOO�RXWOLQH�WKH�FDOFXODWLRQ�
SURFHGXUHV�SHUIRUPHG�E\�WKH�VXOILGH�PRGHO�VRIWZDUH�WR�HVWLPDWH�PDVV�WUDQVIHU�FRHIILFLHQWV�IRU�WKH�
V\VWHP�

7KH�7ZR�5HVLVWDQFH�0RGHO�

7KH�WZR�UHVLVWDQFH�PRGHO�KDV�EHHQ�UHFRJQL]HG�DV�WKH�PRVW�DSSURSULDWH�PHWKRG�WR�UHSUHVHQW�DQG�
TXDQWLI\�WKH�YRODWLOL]DWLRQ�RI�RUJDQLF�FRPSRQHQWV�IURP�ZDWHU�ERGLHV�WR�WKH�DWPRVSKHUH��:KLWPDQ�
������7UH\EDO��������7KLV�PRGHO�LV�DOVR�WKH�EDVLV�IRU�WKH�DHUDWHG�V\VWHP�PRGHO�XVHG�LQ�(3$�
:$7(5��DQG�$SSHQGL[�&�HPLVVLRQV�HVWLPDWLRQ�SURFHGXUHV�RXWOLQHG�LQ�3DUW�����8VLQJ�WKLV�PRGHO��
HQYLURQPHQWDO�YRODWLOL]DWLRQ�FDQ�EH�UHSUHVHQWHG�DV�D�VHTXHQFH�RI�WKH�IROORZLQJ�WZR�SURFHVVHV��/LVV�
DQG�6ODWHU�������*HDQNRSOLV�������7KLERGHDX[��������

7UDQVIHU�RI�WKH�FRPSRXQG�IURP�WKH�OLTXLG�SKDVH�WR�WKH�LQWHUIDFH�VHSDUDWLQJ�WKH�OLTXLG�IURP�
DLU�
7UDQVIHU�RI�WKH�FRPSRXQG�IURP�WKH�LQWHUIDFH�WR�WKH�DLU�

,Q�WKLV�V\VWHP��WKH�FRQFHQWUDWLRQ�LQ�WKH�DLU�SKDVH�FDQ�EH�DVVXPHG�WR�EH�]HUR�GXH�WR�FRQVWDQW�VXUIDFH�
UHQHZDO��VR�WKHUH�LV�QR�PDVV�WUDQVIHU�EDUULHU�GXH�WR�D�FRQFHQWUDWLRQ�JUDGLHQW��7KH�UHPRYDO�UDWH�FDQ�EH�
WKHUHIRUH�EH�H[SUHVVHG�LQ�WHUPV�RI�DQ�RYHUDOO�PDVV�WUDQVIHU�FRHIILFLHQW��

/6+/ &$.( �� (TXDWLRQ�&�

ZKHUH��

(�  � (PLVVLRQ�UDWH�IURP�WKH�DUHD�RI�LQWHUHVW��J�V��
./�  � 2YHUDOO�PDVV�WUDQVIHU�FRHIILFLHQW��P�V��
$�  � $UHD�DVVRFLDWHG�ZLWK�PDVV�WUDQVIHU��P���
&+�6��/�  � &RQFHQWUDWLRQ�RI�VXOILGH�LQ�WKH�OLTXLG�SKDVH���J�P���

7KH�RYHUDOO�PDVV�WUDQVIHU�FRHIILFLHQW�LV�IXUWKHU�H[SUHVVHG�DV�WKH�VXP�RI�WKH�LQGLYLGXDO�PDVV�WUDQVIHU�
FRHIILFLHQWV�LQ�WKH�OLTXLG�DQG�JDV�SKDVHV��

JHTO/ N.N.

���
� � � � � � (TXDWLRQ�&��

ZKHUH��

NO�  � /LTXLG�SKDVH�PDVV�WUDQVIHU�FRHIILFLHQW��P�V��
NJ�  � *DV�SKDVH�PDVV�WUDQVIHU�FRHIILFLHQW��P�V��
.HT�  � 3DUWLWLRQ�&RHIILFLHQW��H[SUHVVHG�DV�� .HT  �+&3�57� �



&��

+&3�  � +HQU\¶V�ODZ�FRQVWDQW��UHSUHVHQWV�WKH�YDSRU�OLTXLG�HTXLOLEULXP�RI�VXOILGH�LQ�WKH�GLOXWH�
FRQFHQWUDWLRQ�UDQJH��LQ�DWP�P��PRO��

5�  � 8QLYHUVDO�JDV�FRQVWDQW��DWP�P��PRO�.��
7�  � 7HPSHUDWXUH��.��

7KLV�H[SUHVVLRQ�UHSUHVHQWV�WKH�WZR�UHVLVWDQFHV�WR�PDVV�WUDQVIHU��L�H���WKH�OLTXLG�SKDVH�UHVLVWDQFH����NO��
DQG�WKH�JDV�SKDVH�UHVLVWDQFH��57�+NJ���7KH�VXP�RI�WKH�WZR�LQGLYLGXDO�UHVLVWDQFHV�JLYHV�WKH�RYHUDOO�
UHVLVWDQFH�WR�PDVV�WUDQVIHU����./���7KH�LQGLYLGXDO�PDVV�WUDQVIHU�FRHIILFLHQWV�NO�DQG�NJ�DUH�HVWLPDWHG�
XVLQJ�HPSLULFDO�FRUUHODWLRQV�WKDW�UHODWH�WKHVH�SDUDPHWHUV�WR�V\VWHP�FRQGLWLRQV�DQG�IOXLG�RUJDQLF�
FRPSRXQG�SURSHUWLHV��.QRZLQJ�WKH�+HQU\¶V�ODZ�FRQVWDQW�+��WKH�RYHUDOO�PDVV�WUDQVIHU�FRHIILFLHQW�DQG�
WKH�UHVXOWLQJ�PDVV�WUDQVIHU�UDWH�FDQ�EH�FDOFXODWHG��

9RODWLOL]DWLRQ�IURP�$HUDWHG�6WDELOL]DWLRQ�%DVLQV��$6%V��

$HUDWHG�VWDELOL]DWLRQ�EDVLQV��$6%V��DUH�XVHG�LQ�WKH�SXOS�DQG�SDSHU�LQGXVWU\�WR�ELRORJLFDOO\�WUHDW�WKH�
RUJDQLF�FRPSRXQGV�LQ�SURFHVV�HIIOXHQWV��0HFKDQLFDO�VXUIDFH�DHUDWRUV�DUH�FRPPRQO\�XVHG�WR�LPSURYH�
WKH�R[\JHQ�WUDQVIHU�LQWR�WKH�$6%��WKHUHE\�HQKDQFLQJ�WKH�ELRORJLFDO�WUHDWPHQW�LQ�WKH�V\VWHP�DQG�
UHGXFLQJ�WKH�RUJDQLF�FRPSRXQG�FRQFHQWUDWLRQV�LQ�WUHDWHG�HIIOXHQWV��

7KH�WZR�UHVLVWDQFH�PRGHO�GHVFULEHG�DERYH�FDQ�EH�XVHG�WR�UHSUHVHQW�WKH�PDVV�WUDQVIHU�RFFXUULQJ�IURP�
WKH�VXUIDFH�RI�DHUDWHG�WUHDWPHQW�V\VWHPV��,Q�WKH�FDVH�RI�DHUDWHG�V\VWHPV��PDVV�WUDQVIHU�RFFXUV�WKURXJK�
WZR�SDUDOOHO�PHFKDQLVPV��GHVRUSWLRQ�IURP�³IRUFHG�FRQYHFWLRQ´��WXUEXOHQW�UHJLRQ��DQG�GHVRUSWLRQ�IURP�
³QDWXUDO�FRQYHFWLRQ´��QRQ�WXUEXOHQW�UHJLRQ���7KH�]RQHV�RI�IRUFHG�FRQYHFWLRQ�DQG�QDWXUDO�FRQYHFWLRQ�
LQ�WKHVH�DHUDWHG�V\VWHPV��DV�GHILQHG�GXULQJ�WKLV�VWXG\��DUH�UHSURGXFHG�LQ�)LJXUH�&���7KLERGHDX[�
�������7KH�WXUEXOHQW�DUHD�LV�GHILQHG�DV�WKH�LPSLQJHPHQW�DUHD�RI�WKH�DHUDWRU�VSUD\��

)LJXUH�&���)RUFHG�&RQYHFWLRQ�DQG�1DWXUDO�&RQYHFWLRQ�=RQHV�DV�,OOXVWUDWHG�E\�7KLERGHDX[�
>)LJXUH�UHSURGXFHG�IURP�7KLERGHDX[�������S�����@�



&��

7KH�RYHUDOO�PDVV�WUDQVIHU�FRHIILFLHQW�./�IRU�WKH�WZR�UHJLRQV�FDQ�EH�H[SUHVVHG�DV�D�IXQFWLRQ�RI�WKH�
LQGLYLGXDO�OLTXLG�DQG�JDV�SKDVH�PDVV�WUDQVIHU�FRHIILFLHQWV��

)RUFHG�FRQYHFWLRQ��WXUEXOHQW�UHJLRQ��

7XUEJHT7XUEO7XUE/ N.N. ���

���
� � � � � � (TXDWLRQ�&��

1DWXUDO�FRQYHFWLRQ��GHILQHG�DV�WKH�TXLHVFHQW�UHJLRQ�LQ�86(3$������DQG�$SSHQGL[�&�WR�3DUW�����

4XLHVFHQWJHT4XLHVFHQWO4XLHVFHQW/ N.N. ���

���
� � � � (TXDWLRQ�&��

7KH�RYHUDOO�PDVV�WUDQVIHU�FRHIILFLHQW��./�2YHUDOO��IRU�WKH�HQWLUH�]RQH�LV�VXEVHTXHQWO\�FDOFXODWHG�DV�D�
ZHLJKWHG�DYHUDJH�RI�WKH�LQGLYLGXDO�PDVV�WUDQVIHU�FRHIILFLHQWV�IRU�WKH�IRUFHG�FRQYHFWLRQ�DQG�QDWXUDO�
FRQYHFWLRQ�]RQHV��7KLV�TXDQWLW\�LV�FRUUHFWHG�IRU�DQ�HIIOXHQW�V\VWHP�E\�PXOWLSO\LQJ�E\� ��WKH�VXOILGH�
PDVV�WUDQVIHU�FRUUHFWLRQ�IDFWRU��)RU�K\GURJHQ�VXOILGH��H[SHULPHQWDO�VWXGLHV�LQ�VHZDJH�WUDQVSRUW�
V\VWHPV�DQG�PXQLFLSDO�ZDVWHZDWHU�WUHDWPHQW�LQGLFDWH�WKLV�YDOXH�LV�DSSUR[LPDWHO\������<RQJVLUL��
9ROOHUWVRQ��DQG�+YLWYHG�-DFREVHQ��������1&$6,�H[SHULPHQWV�YHULI\�WKLV�UHVXOW�IRU�NUDIW�PLOO�
HIIOXHQWV��

4XLHVFHQW7XUE

4XLHVFHQW4XLHVFHQW/7XUE7XUE/
2YHUDOO/ $$

$.$.
. ��

� � � � (TXDWLRQ�&��

ZKHUH��

$7XUE�  � 7XUEXOHQW�DUHD�
$4XLHVFHQW� � 4XLHVFHQW�DUHD�

6HYHUDO�SUHYLRXV�VWXGLHV�KDYH�DWWHPSWHG�WR�FRUUHODWH�WKHVH�LQGLYLGXDO�PDVV�WUDQVIHU�FRHIILFLHQWV�WR�
V\VWHP�SURSHUWLHV��DHUDWLRQ�FRQGLWLRQV��DQG�RUJDQLF�FRPSRXQG�SURSHUWLHV��&DOFXODWLRQV�GHULYLQJ�IURP�
WKHVH�VWXGLHV�DUH�VXPPDUL]HG�LQ�WKH������(3$�EDFNJURXQG�GRFXPHQW��7KH�HTXDWLRQV�GHYHORSHG�
GXULQJ�WKHVH�VWXGLHV�DUH�XVHG�LQ�WKH�:$7(5��PRGHO�DQG�DOVR�LQ�WKH�$SSHQGL[�&�)RUPV��WR�HVWLPDWH�
WKH�LQGLYLGXDO�PDVV�WUDQVIHU�FRHIILFLHQWV��

7KH�LPSRUWDQW�PDVV�WUDQVIHU�PHFKDQLVPV�GLIIHU�IRU�WKH�WXUEXOHQW�DQG�WKH�TXLHVFHQW�UHJLRQV��0DVV�
WUDQVSRUW�LQ�WKH�WXUEXOHQW�UHJLRQ�LV�GULYHQ�E\�FRQVWDQW�UHJHQHUDWLRQ�RI�WKH�VXOILGH�DW�WKH�OLTXLG�VXUIDFH�
�WKURXJK�VXUIDFH�UHQHZDO���WUDQVIHU�LQ�WKHVH�UHJLRQV�LV�WKXV�SURSRUWLRQDO�WR�WKH�GLIIXVLYLW\�RI�VXOILGH�
UDLVHG�WR�WKH�RQH�KDOI�SRZHU��+VLHK��5R��DQG�6WHQVWURP�������:KLWH�������7KLERGHDX[��������
7UDQVIHU�LQ�TXLHVFHQW�UHJLRQV�LV�GULYHQ�E\�GLIIXVLRQ�WKURXJK�WKH�ERXQGDU\�OD\HU�DW�WKH�DLU�ZDWHU�
LQWHUIDFH�DQG�LV�SURSRUWLRQDO�WR�WKH�VXOILGH�GLIIXVLYLW\�UDLVHG�WR�WKH�WZR�WKLUGV�SRZHU��7UH\EDO�������
:KLWH�������*HDQNRSOLV��������

0DVV�7UDQVIHU�LQ�WKH�7XUEXOHQW�5HJLRQ�

0DVV�WUDQVIHU�LQ�WKH�WXUEXOHQW�UHJLRQ�LV�GULYHQ�E\�D�FRPSOH[�FRPELQDWLRQ�RI�WKH�VSUD\LQJ�DFWLRQ�RI�WKH�
DHUDWRUV��PHFKDQLFDOO\�JHQHUDWHG�ZDYHV��DQG�VXUIDFH�UHQHZDO�RI�WKH�DLU�ZDWHU�LQWHUIDFH��:KLOH�WKH�
WXUEXOHQW�DUHD�FDQ�PDNH�XS�OHVV�WKDQ����RI�WKH�VXUIDFH�DUHD�RI�D�W\SLFDO�$6%��WKH�PDVV�WUDQVIHU�LQ�WKH�
WXUEXOHQW�UHJLRQ�RIWHQ�UHSUHVHQWV�WKH�YDVW�PDMRULW\�RI�YRODWLOL]DWLRQ�RI�D�FRPSRXQG�LQ�WKH�EDVLQ���



&��

/LTXLG�3KDVH�0DVV�7UDQVIHU�&RHIILFLHQW�IRU�WKH�7XUEXOHQW�5HJLRQ��NO��WXUE��

%RWK�(3$�:$7(5��DQG�$SSHQGL[�&�)RUPV�XWLOL]H�D�VHPL�HPSLULFDO�UHODWLRQVKLS��GHYHORSHG�E\�
7KLERGHDX[�HW�DO���WR�HVWLPDWH�WKH�OLTXLG�SKDVH�PDVV�WUDQVIHU�FRHIILFLHQW�IRU�WKH�WXUEXOHQW�UHJLRQ��NO��
7XUE���7KLERGHDX[�DQG�3DUNHU�������7KLERGHDX[�HW�DO���������7KH�WXUEXOHQW�OLTXLG�SKDVH�PDVV�WUDQVIHU�
FRHIILFLHQW�LV�WKH�PRVW�KLJKO\�V\VWHP�VSHFLILF�RI�WKH�IRXU�UHOHYDQW�FRHIILFLHQWV��7KH�FRHIILFLHQW�LV�
H[SUHVVHG�DV�

�
�

�

��

�

�
���

�

����
�������������

:DWHU2[\JHQ

:DWHU6+

:DWHU7XUE6
7

7
7XUE/ '

'

$
23-N (TXDWLRQ�&��

ZKHUH���

-�  �� 2[\JHQ�WUDQVIHU�UDWLQJ�RI�WKH�DHUDWRUV��OE�2����+3�KRXU��
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7KH�HVWLPDWHG�PDVV�WUDQVIHU�LQ�WKH�WXUEXOHQW�DUHD�LV�WKXV�YHU\�VHQVLWLYH�WR�WKH�DPRXQW�RI�DSSOLHG�
KRUVHSRZHU�LQ�WKH�EDVLQ��

*DV�3KDVH�0DVV�7UDQVIHU�&RHIILFLHQW�IRU�WKH�7XUEXOHQW�5HJLRQ�

7KH�JDV�SKDVH�PDVV�WUDQVIHU�FRHIILFLHQW�IRU�WKH�WXUEXOHQW�UHJLRQ�LV�FDOFXODWHG�EDVHG�XSRQ�WKH�ZRUN�RI�
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,Q�WKHVH�H[SUHVVLRQV�� �LV�WKH�URWDWLRQDO�VSHHG��LQ�UDGLDQV�V��� $LU�LV�WKH�NLQHPDWLF�YLVFRVLW\�RI�DLU�� $LU

LV�WKH�DLU�GHQVLW\��+3�LV�WKH�QDPHSODWH�KRUVHSRZHU�RI�WKH�DHUDWRU�� �LV�WKH�PHFKDQLFDO�HIILFLHQF\�RI�WKH�
DHUDWRU��DQG�J�LV�WKH�JUDYLWDWLRQDO�DFFHOHUDWLRQ������P�V����

0DVV�7UDQVIHU�LQ�WKH�4XLHVFHQW�5HJLRQ�

9RODWLOL]DWLRQ�RI�D�FRPSRXQG�IURP�WKH�TXLHVFHQW�UHJLRQ�RI�DQ�$6%�LV�SULPDULO\�GULYHQ�E\�WUDQVSRUW�
WKURXJK�WKH�ERXQGDU\�OD\HU�DW�WKH�VXUIDFH�RI�WKH�DLU�OLTXLG�LQWHUIDFH��7KH�SULPDU\�PHFKDQLVP�LV�
WKRXJKW�WR�EH�QDWXUDO�FRQYHFWLRQ�DW�WKH�OLTXLG�VXUIDFH�JHQHUDWHG�E\�DLU�IORZ��

/LTXLG�3KDVH�0DVV�7UDQVIHU�&RHIILFLHQW�IRU�WKH�4XLHVFHQW�5HJLRQ�

7KH�IHWFK�WR�GHSWK��)�'��UDWLR�SOD\V�DQ�LPSRUWDQW�UROH�LQ�WKH�OLTXLG�VLGH�RI�PDVV�WUDQVIHU�LQ�WKH�
TXLHVFHQW�UHJLRQ��7KH�)�'�YDOXH�LV�D�PHDVXUH�RI�WKH�OHQJWK�RI�WKH�EDVLQ�LQ�WKH�ZLQGZDUG�GLUHFWLRQ�
GLYLGHG�E\�WKH�GHSWK�RI�WKH�EDVLQ��7KLV�YDOXH�LQGLFDWHV�WKH�GHJUHH�WR�ZKLFK�ZLQG�JHQHUDWHG�PLFUR��DQG�
PDFUR�VL]HG�ZDYHV�ZLOO�PLJUDWH�DFURVV�WKH�EDVLQ��LQFUHDVLQJ�PDVV�WUDQVIHU��)RU�DOO�RI�WKH�FDVHV�RI�
LQWHUHVW��WKH�OLTXLG�SKDVH�PDVV�WUDQVIHU�FRHIILFLHQW�RI�VXOILGH�LQ�WKH�TXLHVFHQW�UHJLRQ�LV�GULYHQ�E\�
ERXQGDU\�OD\HU�SKHQRPHQD��:KLWH��������7KH�UHVLVWDQFH�WR�PDVV�WUDQVIHU�RQ�WKH�OLTXLG�VLGH�LV�WKH�
DELOLW\�RI�VXOILGH�WR�UHDFK�WKH�VXUIDFH�RI�WKH�OLTXLG�DLU�LQWHUIDFH�WKURXJK�WKH�ERXQGDU\�OD\HU��QRW�WKH�
DELOLW\�RI�VXOILGH�WR�OHDYH�WKH�VXUIDFH��

$W�ORZ�ZLQG�VSHHGV���������P�V���WKH�OLTXLG�SKDVH�PDVV�WUDQVIHU�FRHIILFLHQW�LV�LQGHSHQGHQW�RI�ZLQG�
VSHHG�DQG�)�'��7KH�FRHIILFLHQW�LV�FRUUHODWHG�E\�DSSOLFDWLRQ�RI�WKH�OLTXLG�SKDVH�GLIIXVLYLW\�RI�VXOILGH��
'+�6��:DWHU��LQ�P
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*DV�3KDVH�0DVV�7UDQVIHU�&RHIILFLHQW�IRU�WKH�4XLHVFHQW�5HJLRQ�

(VWLPDWHV�RI�WKH�JDV�SKDVH�PDVV�WUDQVIHU�FRHIILFLHQW�LQ�WKH�TXLHVFHQW�UHJLRQ�DUH�EDVHG�XSRQ�WKH�ZRUN�
RI�0DF.D\�DQG�0DWVXJX���������7KHVH�DXWKRUV�GHYHORSHG�DQ�HPSLULFDO�UHODWLRQVKLS�IRU�WKH�
FRHIILFLHQW�E\�VWXG\LQJ�WKH�HYDSRUDWLRQ�RI�EHQ]HQH��JDVROLQH��DQG�ZDWHU�IURP�VWLOO�SRROV�LQWR�DLU��
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,Q�WKLV�H[SUHVVLRQ��WKH�PDVV�WUDQVIHU�FRHIILFLHQW�LV�HVWLPDWHG�IURP�WKH�ZLQG�VSHHG��LQ�P�V���WKH�
HIIHFWLYH�GLDPHWHU�RI�WKH�EDVLQ��GHIHFWLYH��LQ�P���DQG�WKH�6FKPLGW�QXPEHU�RI�WKH�JDV�SKDVH��

7HPSHUDWXUH�&RUUHFWLRQ�RI�3K\VLFDO�3DUDPHWHUV�

(DFK�RI�WKH�FRUUHODWLRQV�LV�EDVHG�XSRQ�SK\VLFDO�SDUDPHWHUV�RI�RQH�RU�PRUH�FRPSRXQGV��,Q�RUGHU�WR�
PDNH�WKH�PRGHO�PRUH�VLWH�VSHFLILF�DQG�FRQGLWLRQ�VSHFLILF��WKHVH�SK\VLFDO�TXDQWLWLHV�DUH�FRUUHFWHG�WR�
VLPXODWH�WKHLU�GHSHQGHQFH�XSRQ�WHPSHUDWXUH��:KLOH�WKH�LQGLYLGXDO�LPSDFW�RI�WKH�WHPSHUDWXUH�
GHSHQGHQFH�XSRQ�D�SDUDPHWHU�PD\�EH�ORZ��WKH�FRPELQHG�LPSDFW�FDQ�EH�ODUJH��

7KH�WHPSHUDWXUH�FRUUHFWLRQ�RI�WKH�GHQVLW\�RI�DLU��LQ�J�P���LV�OLQHDUO\�GHSHQGHQW�XSRQ�WKH�DPELHQW�DLU�
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7KH�OLTXLG�SKDVH�GLIIXVLYLWLHV�RI�HWKHU��R[\JHQ��DQG�VXOILGH�DUH�FDOFXODWHG�IURP�OLWHUDWXUH�YDOXHV�DW�D�
VHW�WHPSHUDWXUH��LQ�WKLV�FDVH����&��XVLQJ�WKH�VHPL�HPSLULFDO�SURFHGXUHV�RXWOLQHG�LQ�%LUG��6WHZDUW��DQG�
/LJKWIRRW��������S��������7KLV�UHODWLRQ�LV�DSSOLFDEOH�IRU�GLIIXVLRQ�RI�D�YHU\�GLOXWH�VSHFLHV�LQ�D�OLTXLG�
DQG�LV�D�IXQFWLRQ�RI�WKH�OLTXLG�YLVFRVLW\�DW�WKH�DSSURSULDWH�WHPSHUDWXUH���
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7KH�WHPSHUDWXUH�GHSHQGHQFH�RI�WKH�JDV�SKDVH�GLIIXVLYLW\�RI�VXOILGH�LV�GHULYHG�IURP�PROHFXODU�WKHRU\�
DQG�YDULHV�ZLWK�WHPSHUDWXUH�UDLVHG�WR�WKH�����SRZHU��7KLV�UHODWLRQVKLS�LV�RQO\�DSSOLFDEOH�DW�ORZ�
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$JLWDWHG�$UHD�'XH�WR�6XUIDFH�$HUDWLRQ�

7KLERGHDX[�HW�DO���������H[DPLQHG�WKH�WUDQVIHU�UDWHV�RI�YRODWLOH�RUJDQLFV�LQ�ZDVWHZDWHU�WUHDWPHQW�
EDVLQV��7KH�REMHFWLYH�RI�WKLV�ZRUN�ZDV�WR�GHWHUPLQH�WKH�IOX[�UDWH�RI�RUJDQLF�FRPSRXQGV�HPLWWHG�LQWR�
WKH�DLU�IURP�ZDVWHZDWHU�WUHDWPHQW�SODQWV�LQ�WKH�SXOS�DQG�SDSHU�LQGXVWU\��7KH�FRQFHQWUDWLRQ�SURILOH�
�&3��WHFKQLTXH�ZDV�XVHG�WR�PHDVXUH�WKH�RUJDQLF�FRPSRXQG�FRQFHQWUDWLRQV�LQ�WKH�ERXQGDU\�OD\HU��
0DVV�WUDQVIHU�PRGHOV�EDVHG�RQ�WKH�WZR�UHVLVWDQFH�WKHRU\�ZHUH�XVHG�WR�JHQHUDWH�SUHGLFWHG�PHWKDQRO�
HPLVVLRQ�UDWHV��7KLV�VWXG\�ZDV�DOVR�XVHG�WR�GHWHUPLQH�WKH�DSSURSULDWH�WXUEXOHQW�DUHDV�IRU�XVH�ZLWK�WKH�
WZR�]RQH�DSSURDFK�RXWOLQHG�DERYH���

7KH�OLTXLG�SKDVH�PDVV�WUDQVIHU�FRHIILFLHQW�IRU�WKH�WXUEXOHQW�UHJLRQ��NO��WXUE��ZDV�HVWLPDWHG�XVLQJ�DQ�
H[SUHVVLRQ�VLPLODU�WR�(TXDWLRQ�&���7KH�UHVXOWV�RI�D�PRUH�HODERUDWH�VWXG\�RQ�WKH�LQWHUIDFLDO�VXUIDFH�
DUHD��DY��JHQHUDWHG�E\�KLJK�VSHHG�������USP��DHUDWRUV�KDG�EHHQ�SXEOLVKHG�LQ�OLWHUDWXUH��)UHHPDQ�
������7KH�LQWHUIDFLDO�DUHDV�JHQHUDWHG�GXH�WR�VXUIDFH�DHUDWLRQ�ZHUH�IRXQG�WR�EH�GHSHQGHQW�RQ�WKH�
DHUDWRU�KRUVHSRZHU��$FFRUGLQJ�WR�WKLV�VWXG\��D����+3�KLJK�VSHHG�DHUDWRU�ZLWK�D����FP�LPSHOORU�ZRXOG�
JHQHUDWH�����P��RI�DJLWDWHG�DUHD��7KHVH�GDWD�ZHUH�FRQVLGHUHG�DSSURSULDWH�IRU�WKH�KLJK�VSHHG�DHUDWRUV�
W\SLFDOO\�XVHG�LQ�ZDVWHZDWHU�WUHDWPHQW�V\VWHPV�LQ�WKH�SXOS�DQG�SDSHU�LQGXVWU\��7KHVH�GDWD�KDYH�EHHQ�
XVHG�LQ�WKH�86(3$�EDFNJURXQG�GRFXPHQW�RQ�DLU�HPLVVLRQ�PRGHOV�WR�FDOFXODWH�³WXUEXOHQW�DUHDV´�IRU�
VDPSOH�$6%V��86(3$�������SS��������DQG�DOVR�SURYLGHG�LQ�WKH�$SSHQGL[�&�)RUPV��DV�D�PHDQV�WR�
FDOFXODWH�WKH�WXUEXOHQW�DUHD�DSSOLFDEOH�WR�WKH�WXUEXOHQW�OLTXLG�SKDVH�PDVV�WUDQVIHU�FRHIILFLHQW��6HOHFWHG�
WXUEXOHQW�DUHDV�DUH�SUHVHQWHG�LQ�7DEOH�&����
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9RODWLOL]DWLRQ�IURP�3ULPDU\�&ODULILHUV�

6XOILGH�LV�YRODWLOL]HG�IURP�WKH�VXUIDFH�RI�LQGXVWULDO�FODULILHUV�DORQJ�WZR�SDWKZD\V��IURP�WKH�VXUIDFH�RI�
WKH�FODULILHU�DQG�IURP�WULFNOLQJ�ZDWHU�DW�WKH�ZHLU��7KH�RYHUDOO�PDVV�WUDQVIHU�FRHIILFLHQW�IURP�D�SULPDU\�
FODULILHU�LV�H[SUHVVHG�DV�WKH�VXP�RI�WKH�WUDQVIHU�DORQJ�WKHVH�WZR�SDWKZD\V��
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,Q�WKLV�H[SUHVVLRQ��./�6XUIDFH DQG�$6XUIDFH�DUH�WKH�PDVV�WUDQVIHU�FRHIILFLHQW�DQG�LQWHUIDFLDO�DUHD�RI�WKH�
OLTXLG�DLU�LQWHUIDFH�IRU�WKH�VXUIDFH�RI�WKH�FODULILHU��./�:HLU DQG�$:HLU UHSUHVHQW�WKH�PDVV�WUDQVIHU�
FRHIILFLHQW�DW�WKH�ZHLU�DQG�WKH�VXUIDFH�DUHD�RI�WKH�ZHLU�ZDWHUIDOO��

7KH�PDVV�WUDQVIHU�IURP�WKH�VXUIDFH�OLTXLG�RI�WKH�FODULILHU�LV�GULYHQ�E\�DLU�IORZ��7KH�PDVV�WUDQVIHU�
FRHIILFLHQW�LV�FDOFXODWHG�LQ�WKH�VDPH�PDQQHU�DV�IRU�DHUDWHG�EDVLQV��GHVFULEHG�DERYH���

/LNH�WKH�SRQG�FRHIILFLHQWV��WKH�PDVV�WUDQVIHU�FRHIILFLHQW�DW�WKH�ZHLU�LV�HVWLPDWHG�XVLQJ�WZR�ILOP�WKHRU\�
DV�GHVFULEHG�LQ�(TXDWLRQ�&����

:HLUJHT:HLUO:HLU/ N.N. ���

���
� � � � � (TXDWLRQ�&���

ZKHUH�NO�:HLU DQG�NJ�:HLU�DUH�WKH�OLTXLG�VLGH�DQG�JDV�VLGH�PDVV�WUDQVIHU�FRHIILFLHQWV�DQG�.HT�LV�WKH�
GLPHQVLRQOHVV�+HQU\¶V�FRQVWDQW��,Q�WKLV�VRIWZDUH�WRRO��WKH�WUDQVIHU�FRHIILFLHQWV�IRU�D�ZHLU�DUH�
FDOFXODWHG�LQ�WKH�PDQQHU�GHVFULEHG�E\�3LQFLQFH���������7KH�OLTXLG�VLGH�WUDQVIHU�LV�FDOFXODWHG�IURP�WKH�
IROORZLQJ�HPSLULFDO�H[SUHVVLRQV��
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,Q�WKHVH�H[SUHVVLRQV��K:HLU�DQG�&:HLU�DUH�WKH�KHLJKW�DQG�FLUFXPIHUHQFH�RI�WKH�FODULILHU�ZHLU�LQ�PHWHUV��9
LV�WKH�IORZ�UDWH�RYHU�WKH�ZHLU�LQ�P��SHU�KRXU��

7KH�JDV�VLGH�PDVV�WUDQVIHU�FRHIILFLHQW�LV�FRUUHODWHG�IURP�H[SHULPHQWDO�UHVXOWV�IRU�EHQ]HQH�VWULSSLQJ�
XVLQJ�WKH�GLIIXVLYLW\�RI�VXOILGH�LQ�DLU��DV�VKRZQ�LQ�(TXDWLRQ�&����
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9RODWLOL]DWLRQ�'XH�WR�'LIIXVHG�$HUDWLRQ��

6XOILGH�FDQ�DOVR�EH�YRODWLOL]HG�GXH�WR�WUDQVIHU�IURP�WKH�OLTXLG�SKDVH�WR�EXEEOHV�WKDW�GHULYH�IURP�WKH�
RSHUDWLRQ�RI�VXEVXUIDFH�DHUDWLRQ�HTXLSPHQW��*HQHUDOO\��WKH�GHSWK�DW�ZKLFK�WKHVH�EXEEOHV�DUH�FUHDWHG�LV�
PXFK�JUHDWHU�WKDQ�WKHLU�VL]H��WKH�EXEEOH�OLTXLG�V\VWHP�FDQ�WKHUHIRUH�EH�DVVXPHG�WR�EH�DW�HTXLOLEULXP�
ZLWK�UHVSHFW�WR�GLVVROYHG�+�6��)RU�GLOXWH�V\VWHPV��WKH�VWULSSLQJ�UDWH�GXH�WR�EXEEOH�DFWLRQ�LV�WKHQ�
UHODWHG�WR�WKH�OLTXLG�FRQFHQWUDWLRQ�DQG�JDV�IORZ�UDWH�WKURXJK�WKH�V\VWHP��DV�VKRZQ�LQ�(TXDWLRQ�&���
�VLPLODU�SURFHGXUHV�DUH�GHVFULEHG�LQ�*HDQNRSOLV��������
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,Q�WKLV�H[SUHVVLRQ��WKH�HPLVVLRQ�UDWH�RI�VXOILGH��LQ�J�V��LV�D�IXQFWLRQ�RI�WKH�YROXPH�UDWH�RI�JDV�WKURXJK�
WKH�V\VWHP��9*DV��LQ�P

��V���WKH�GLPHQVLRQOHVV�+HQU\¶V�FRQVWDQW�DQG�WKH�FRQFHQWUDWLRQ�RI�IUHH�VXOILGH��LQ�
J�P���LQ�WKH�OLTXLG�SKDVH��

:KHQ�HVWLPDWLQJ�WKH�YRODWLOL]DWLRQ�UDWH�GXH�WR�VXEVXUIDFH�DHUDWLRQ��D�FRQVHUYDWLYH�DVVXPSWLRQ�LV�WR�XVH�
WKH�YROXPH�RI�LQMHFWHG�DLU�IRU�9*DV��L�H���DVVXPH�QR�LQMHFWHG�YROXPH�ORVV�GXH�WR�R[\JHQ�WDNH�XS�RU�
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