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FDXVHG�E\�LPSHUIHFWLRQ�RI�PHWKRGV�RI�LWV�GHWHUPLQDWLRQ��7KH�GLIIHUHQWLDO�HTXDWLRQV�RI�PRWLRQ�RI�$SRSKLV��SOD Q�
HWV��WKH�0RRQ�DQG�WKH�6XQ�DUH�LQWHJUDWHG�E\�QHZ�QXPHULFDO�PHWKRG�DQG�WKH�HYROXWLRQ�RI�WKH�DVWHURLG�RUELW�LV�
LQYHVWLJDWHG��7KH� $SRSKLV�ZLOO�SDVV�E\�WKH�(DUWK�DW�D�GLVWDQFH�RI�����LWV�UDGLL�RQ�$SULO���WK��������,W�ZLOO�EH�LWV�
FORVHVW�DSSURDFK�ZLWK�WKH�(DUWK�GXULQJ�QH[W������\HDUV��$�SRVVLELOLW\�RI�WUDQVIRUPDWLRQ�RI�$SRSKLV�RUELW�WR�DQ�
RUELW�RI�WKH�(DUWK·V�VDWHOOLWH��ZKLFK�FDQ�EH�XV HG�IRU�YDULRXV�WDVNV��LV�FRQVLGHUHG�

�� ,QWURGXFWLRQ
7KH�EDFNJURXQG�EHKLQG� WKH�SUREOHP�ZH� WUHDW� LQ�WKH�SUHVHQW�

VWXG\�ZDV�UHFHQWO\�RXWOLQHG�LQ�>�@��2Q�-XQH����² ����������DVWHURLG�
$SRSKLV�ZDV�GLVFRYHUHG�E\�DVWURQRPHUV�DW�WKH�.LWW�3HDN�2EVHU�
YDWRU\�>�@��DQG�RQ 'HFHPEHU����������WKLV�DVWHURLG�ZDV�REVHUYHG�
IRU� WKH�VHFRQG�WLPH�E\�DVWURQRPHUV�IURP�WKH�6LGLQJ�6SULQJ�6XU�
YH\�2EVHUYDWRU\�>�@��6LQFH�WKHQ��WKH�QHZ�DVWHURLG�KDV�FRPPDQG�
LQWHUQDWLRQDO� DWWHQWLRQ�� )LUVW� JDLQHG� GDWD� RQ� LGHQWLILFDWLRQ� RI�
$SRSKLV·�RUELWDO�HOHPHQWV�ZHUH�HPSOR\HG�WR�SUHGLFW�WKH�$SRSKLV�
SDWK��)ROORZLQJ�WKH�ILUVW�HVWLPDWHV��LW�ZDV�UHSRUWHG�LQ�>�@�WKDW�RQ�
$SULO����������$SRSKLV�ZLOO�DSSURDFK�WKH�(DUWK�FHQWHU�WR�D�PLQL�
PXP�GLVWDQFH�RI�������NP��$V�D�UHVXOW�RI�WKH�(DUWK�JUDYLW\��WKH�
$SRSKLV� RUELW� ZLOO� DOWHU� DSSUHFLDEO\�� 8QIRUWXQDWHO\�� SUHVHQWO\�
DYDLODEOH�PHWKRGV� IRU� SUHGLFWLQJ� WKH� WUDYHO� SDWK� RI� H[WUDWHUUHV�
WULDO� REMHFWV� ODFN� VXIILFLHQW� DFFXUDF\�� DQG� VRPH� DXWKRUV� KDYH�
WKHUHIRUH� GHOLYHUHG� DQ� RSLQLRQ� WKDW� WKH�$SRSKLV� WUDMHFWRU\�ZLOO�
IRU�ORQJ�UHPDLQ�XQNQRZQ��LQGHWHUPLQLVWLF��DQG�HYHQ�FKDRWLF��VHH�
>�������@���'LIIHUHQW�VWDWLVWLFDO�SUHGLFWLRQV�SRLQWV�WR�VRPH�SUREDELO�
LW\� RI� $SRSKLV·� FROOLVLRQ�ZLWK� WKH� (DUWK� RQ�$SULO� ���� ������ ,W� LV�
WKLV� DVSHFW�� WKH� LPSDFW� ULVN��ZKLFK� KDV� DWWUDFWHG� SULPDU\� DWWHQ�
WLRQ�RI�ZRUNHUV�GHDOLQJ�ZLWK�WKH�SUREOHP�

/�9��5\NKORYD�HW�DO��>�@�KDYH�DWWHPSWHG�DQ�LQYHVWLJDWLRQ�LQWR�
WKH�SRVVLELOLW\�RI�DQ�HYHQW�WKDW�WKH�$SRSKLV�ZLOO�FORVHO\�DSSURDFK�
WKH�(DUWK��7KH\�DOVR�WULHG�WR�HYDOXDWH�SRVVLEOH� WKUHDWV�VWHPPLQJ�
IURP� WKLV� HYHQW��9DULRXV�PHDQV� WR� UHVLVW� WKH� IDOO� RI� WKH� DVWHURLG�
RQWR� (DUWK�ZHUH� SXW� IRUZDUG�� DQG� SURSRVDOV� IRU� WUDFNLQJ�$SR�
SKLV�PLVVLRQV��PDGH��)LQDOO\�� WKH�QHHG�IRU�SURJQRVWLFDWLRQ�VWXG�
LHV�RI�WKH�$SRSKLV�SDWK�DFFXUDWH�WR�D�RQH�NLORPHWHU�GLVWDQFH�IRU�D�
SHULRG�WLOO������ZDV�SRLQWHG�RXW�

0DQ\�SRLQWV�FRQFHUQLQJ� WKH�SURVSHFWV� IRU� WUDFNLQJ� WKH�$SR�
SKLV� PRWLRQ� ZLWK� JURXQG� DQG� VSDFH�EDVHG� REVHUYLQJ� PHDQV�
ZHUH�GLVFXVVHG� LQ� >��� �� � �@�� 6LQFH� WKH�RUELWV�RI� WKH�DVWHURLG�DQG�
(DUWK�SDVV�FORVH� WR�HDFK�RWKHU�� WKHQ�RYHU�D�FRQVLGHUDEOH�SRUWLRQ�
RI� WKH� $SRSKLV� RUELW� WKH� DVWHURLG� GLVF� ZLOO� RQO\� EH� SDUWLDOO\�
VKLQHG� RU� HYHQ�KLGGHQ� IURP�YLHZ��7KDW� LV�ZK\� LW� VHHPV�KLJKO\�
GHVLUDEOH�WR�LGHQWLI\�WKRVH�SHULRGV�GXULQJ�ZKLFK�WKH�DVWHURLG�ZLOO�
DSSHDU�DFFHVVLEOH�IRU�REVHUYDWLRQV�ZLWK�JURXQG�PHDQV�� ,Q�XVLQJ�
VSDFH�EDVHG�REVHUYDWLRQ�PHDQV��D�PRVW�HIILFLHQW�RUELWDO�DOORFDWLRQ�
RI�VXFK�PHDQV�QHHGV�WR�EH�LGHQWLILHG�

3UHGLFWLRQ�RI�DQ�DVWHURLG�PRWLRQ�SUHVHQWV�D�PRVW�FKDOOHQJLQJ�
SUREOHP�LQ�DVWURSK\VLFV��,Q�>�@��WKH�GLIIHUHQWLDO�HTXDWLRQV�IRU�WKH�
SHUWXUEHG�PRWLRQ�RI�WKH�DVWHURLG�ZHUH�LQWHJUDWHG�E\�WKH�(YHUKDUW�
PHWKRG�>�@�� LQ�WKRVH�FDOFXODWLRQV��IRU�WKH�FRRUGLQDWHV�RI�SHUWXUE�
LQJ� ERGLHV� ZHUH� XVHG� WKH� -3/� SODQHWDU\� HSKHPHULV� '(���� DQG�
'(���� LVVXHG�E\� WKH� -HW�3URSXOVLRQ�/DERUDWRU\��86$��6XIILFLHQW�
DWWHQWLRQ�ZDV�SDLG�WR�UHVRQDQFH�SKHQRPHQD�WKDW�PLJKW�FDXVH�WKH�
K\SRWKHWLFDO������(DUWK�LPSDFW�

/�(�� %\NRYD� HW� DO�� >��� ��@� XVHG� ���� REVHUYDWLRQV� WR� LPSURYH�
WKH�LGHQWLILFDWLRQ�DFFXUDF\�IRU�LQLWLDO�$SRSKLV�RUELWDO�SDUDPHWHUV��
<HW��WKH�URXWLQH�DQDO\VLV�KDV�VKRZHG�WKDW��DV�D�UHVXOW�RI�WKH�SDVV�
RI�WKH�DVWHURLG�WKURXJK�VHYHUDO�UHVRQDQFHV�ZLWK�(DUWK�DQG�0DUV��
WKH� PRWLRQ� RI� WKH� DVWHURLG� ZLOO� SUREDEO\� EHFRPH� FKDRWLF��:LWK�
WKH�DLP�WR�HYDOXDWH�WKH�SUREDELOLW\�RI�DQ�HYHQW�WKDW�$SRSKLV�ZLOO�
LPSDFW�WKH�(DUWK�LQ�������WKH�DXWKRUV�RI�>��@�KDYH�PDGH�DERXW����
WKRXVDQG�YDULDWLRQV�RI� LQLWLDO� FRQGLWLRQV�����RI�ZKLFK�SURYHG� WR�
LQIOLFW�D�IDOO�RI�$SRSKLV�RQWR�(DUWK�

(�$��6PLUQRY�>��@�KDV�DWWHPSWHG�D�WHVW�RI�YDULRXV�LQWHJUDWLRQ�
PHWKRGV�IRU�HYDOXDWLQJ�WKHLU�FDSDELOLWLHV�LQ�SUHGLFWLQJ�WKH�PRWLRQ�
RI�DQ�DVWHURLG�WKDW�PLJKW�LPSDFW�WKH�(DUWK��7KH�(YHUKDUW�PHWKRG��
WKH�5XQJH�.XWWD�PHWKRG�RI�IRXUWK�RUGHU��WKH�<RVKLGD�PHWKRGV�RI�
VL[WK�DQG�HLJKWK�RUGHUV�� WKH�+HUPLW�PHWKRG�RI� IRXUWK�DQG�VL[WK�
RUGHUV�� WKH� 0XOWLVWHS� 3UHGLFWRU�&RUUHFWRU� �06�3&�� PHWKRG� RI�
VL[WK� DQG� HLJKWK� RUGHUV�� DQG� WKH� 3DUNHU�6RFKDFNL�PHWKRG�ZHUH�
DQDO\]HG�� 7KH� (YHUKDUW� DQG�06�3&�PHWKRGV� SURYHG� WR� EH� OHVV�
DSSURSULDWH�WKDQ�WKH�RWKHU�PHWKRGV��(�$��6PLUQRY�SRLQWHG�WR�WKH�
IDFW� WKDW�� LQ� WKH� SUREOHPV�ZLWK� VLQJXODU� SRLQWV�� ILQLWH�GLIIHUHQFH�
PHWKRGV� QRUPDOO\� IDLO� WR� DFFXUDWHO\� DSSUR[LPDWH� KLJKHU�RUGHU�
GHULYDWLYHV�� 7KLV� FRQFOXVLRQ� LV� TXLWH� VLJQLILFDQW� VLQFH� EHORZ�ZH�
ZLOO�UHSRUW�RQ�DQ�LQWHJUDWLRQ�PHWKRG�IRU�PRWLRQ�HTXDWLRQV�IUHH�RI�
VXFK�GHILFLHQFLHV�

,W� VKRXOG�EH�HPSKDVL]HG� WKDW��DW�FORVH�$SRSKLV�WR�(DUWK�GLV�
WDQFHV� (�$�� 6PLUQRY� XVHG�� LQVWHDG� RI� WKH� (YHUKDUW�PHWKRG�� WKH�
5XQJH�.XWWD�PHWKRG�>��@��6LQFH�WKH�(YHUKDUW�PHWKRG�ZDV�ZLGHO\�
XVHG�LQ�LQWHJUDWLQJ�GLIIHUHQWLDO�PRWLRQ�HTXDWLRQV�IRU�VRODU�V\VWHP�
ERGLHV��LW�LV�WKLV�PHWKRG�ZKRVH�LQDFFXUDFLHV�LQ�WUHDWLQJ�HQFRXQWHU�
SUREOHPV�PXVW�EH�DQDO\]HG�ILUVW�RI�DOO�

,Q� >��@�� PDWKHPDWLFDO� SUREOHPV� RQ� DVWHURLG� RUELW� SUHGLFWLRQ�
DQG� PRGLILFDWLRQ� ZHUH� FRQVLGHUHG�� 3RVVLELOLWLHV� RIIHUHG� E\� WKH�
LPSDFW�NLQHWLF� DQG� WKHUPRQXFOHDU� PHWKRGV� LQ� FRUUHFWLQJ� WKH�
$SRSKLV�WUDMHFWRU\�ZHUH�HYDOXDWHG�
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6PXOVN\��2UELW�(YROXWLRQ�RI�$SRSKLV�DQG�LWV�7UDQVIRUPDWLRQ�LQWR�WKH�(DUWK·V�6DWHOOLWH 9RO�����1R������
$Q� LQ�GHSWK� VWXG\� RI� WKH� DVWHURLG� ZDV� UHSRUWHG� LQ� >�@�� $�

FKURQRORJLFDOO\� DUUDQJHG� RXWOLQH� RI� REVHUYDWLRQDO� KLVWRU\� ZDV�
JLYHQ�� DQG� WKH� WUHQG� ZLWK� SURJUHVVLYHO\� UHGXFHG� XQFHUWDLQW\�
UHJLRQ� IRU� $SRSKLV·� RUELW�HOHPHQW� YDOXHV� ZDV� WUDFHG��0XFK� DW�
WHQWLRQ�ZDV�SDLG�WR�GLVFXVVLQJ�WKH�RUELW�SUHGLFWLRQ�DFFXUDF\�DQG�
WKH�ELDV�RI�YDULRXV� IDFWRUV�DIIHFWLQJ� WKLV�DFFXUDF\��7KH� LQIOXHQFH�
RI�XQFHUWDLQW\� LQ�SODQHW� FRRUGLQDWHV� DQG� LQ� WKH�SK\VLFDO� FKDUDF�
WHULVWLFV� RI� WKH� DVWHURLG�� DQG� DOVR� WKH�SHUWXUELQJ� DFWLRQ� RI� RWKHU�
DVWHURLGV��ZHUH�DQDO\]HG��7KH�HIIHFWV�RQ� LQWHJUDWLRQ�DFFXUDF\�RI�
GLJLWDO� OHQJWK�� QRQ�VSKHULFDO� VKDSH� RI� (DUWK� DQG� 0RRQ�� VRODU�
UDGLDWLRQ�LQGXFHG� SHUWXUEDWLRQV�� QRQ�XQLIRUP� WKHUPDO� KHDWLQJ��
DQG�RWKHU�IDFWRUV��ZHUH�H[DPLQHG�

7KH�HTXDWLRQV�RI�SHUWXUEHG�PRWLRQ�RI�WKH�DVWHURLG�ZHUH�LQWH�
JUDWHG� ZLWK� WKH� KHOS� RI� WKH� 6WDQGDUG� '\QDPLF� 0RGHO� �6'0���
ZLWK� WKH� FRRUGLQDWHV� RI� RWKHU� ERGLHV� WDNHQ� IURP� WKH� -3/�SODQH�
WDU\� HSKHPHULV� '(����� ,W� LV� D� ZHOO�NQRZQ� IDFW� WKDW� WKH� '(����
HSKHPHULG�ZDV�FRPSLOHG�DV�DQ�DSSUR[LPDWLRQ�WR�VRPH�KXQGUHG�
WKRXVDQG� REVHUYDWLRQV� WKDW� ZHUH�PDGH� WLOO� ������ )ROORZLQJ� WKH�
SDVVDJH� WR� WKH� HSKHPHULV� '(����� WKDW� DSSUR[LPDWHV� REVHUYD�
WLRQDO� GDWD� WLOO� ������ WKH� HUURU� LQ� SUHGLFWLQJ� WKH�$SRSKLV� WUDMHF�
WRU\�RQ������KDV�GHFUHDVHG�E\���� ����NP��$FFRUGLQJ�WR�>�@��WKLV�
HUURU�SURYHG� WR�EH�VHYHUDO� WHQV� WLPHV JUHDWHU� WKDQ�WKH�HUURUV� LQ�
GXFHG�E\�DOO�PLQRU�SHUWXUEDWLRQV��1RWH�WKDW�WKLV�UHVXOW�SRLQWV�WR�
WKH�QHFHVVLW\�RI�HPSOR\LQJ�D�PRUH�DFFXUDWH�PHWKRG� IRU�SUHGLFW�
LQJ�WKH�DVWHURLG�SDWK�

,Q�>�@��SURVSHFWV�IRU�IXUWKHU�UHILQHPHQW�RI�$SRSKLV·�WUDMHFWRU\�
ZHUH� GLVFXVVHG�DW� OHQJWK�� 7LPH�SHULRGV� VXLWDEOH� IRU� RSWLFDO� DQG�
UDGDU�PHDVXUHPHQWV��DQG�DOVR�REVHUYDWLRQDO�SURJUDPV�IRU�RSSR�
VLWLRQV�ZLWK�(DUWK� LQ������DQG������DQG�VSDFHFUDIW�PLVVLRQV� IRU�
�����DQG������ZHUH�VFKHGXOHG��)XWXUH�DGYDQFHV�LQ�HUURU�PLQLPL�
]DWLRQ� IRU� DVWHURLG� WUDMHFWRU\� GXH� WR� WKH� DERYH� DFWLYLWLHV� ZHUH�
HYDOXDWHG�

,W�VKRXOG�EH�QRWHG�WKDW�WKH�HSKHPHULGHV�JHQHUDWHG�DV�DQ�DS�
SUR[LPDWLRQ� WR� REVHUYDWLRQDO� GDWD� HQDEOH� UDWKHU� DFFXUDWH�GHWHU�
PLQDWLRQ�RI�D�ERG\·V�FRRUGLQDWHV�LQ�VSDFH�ZLWKLQ�WKH�DSSUR[LPD�
WLRQ�WLPH�LQWHUYDO��7KH�SUHGLFWLRQ�DFFXUDF\�IRU�WKH�FRRUGLQDWHV�RQ�
D�PRPHQW�UHPRWH�IURP�WKLV�LQWHUYDO�ZRUVHQV��WKH�ZRUVHQLQJ�EH�
LQJ� WKH� JUHDWHU� WKH� PRUH� WKH� PRPHQW� LV� GLVWDQW� IURP� WKH� DS�
SUR[LPDWLRQ� LQWHUYDO�� 7KHUHIRUH�� WKH� REVHUYDWLRQV� DQG� WKH� PLV�
VLRQV� VFKHGXOHG� LQ� >�@� ZLOO� EH� XVHG� LQ� UHILQLQJ� IXWXUH�
HSKHPHULGHV�

,Q� YLHZ� RI� WKH� DIRUH�VDLG�� LQ� FDOFXODWLQJ� WKH�$SRSKLV� WUDMHF�
WRU\�WKH�HTXDWLRQV�RI�SHUWXUEHG�PRWLRQ�ZHUH�LQWHJUDWHG�>��������@��
ZKLOH� WKH� FRRUGLQDWHV� RI� RWKHU� ERGLHV�ZHUH� ERUURZHG� IURP� WKH�
HSKHPHULG�� 'LIIHUHQFH� LQWHJUDWLRQ� PHWKRGV� ZHUH� HPSOR\HG��
ZKLFK� IRU� FORVHO\� VSDFHG�ERGLHV� \LHOG� FRQVLGHUDEOH� LQDFFXUDFLHV�
LQ�FDOFXODWLQJ�KLJKHU�RUGHU�GHULYDWLYHV��$GGLWLRQ�RI�PLQRU�LQWHU�
DFWLRQV� WR� WKH� EDVLF�1HZWRQLDQ� JUDYLWDWLRQDO� DFWLRQ� FRPSOLFDWHV�
WKH� SUREOHP� DQG� HQODUJHV� WKH� XQFHUWDLQW\� UHJLRQ� LQ� SUHGLFWLQJ�
WKH�DVWHURLG�WUDMHFWRU\��0DQ\�RI�WKH�ZHDN�LQWHUDFWLRQV�ODFN�VXIIL�
FLHQW�TXDQWLWDWLYH�VXEVWDQWLDWLRQ��0RUHRYHU�� WKH�SK\VLFDO�FKDUDF�
WHULVWLFV�RI� WKH�DVWHURLG�DQG� WKH� LQWHUDFWLRQ�FRQVWDQWV�DUH�NQRZQ�
WR� VRPH� DFFXUDF\�� 7KDW� LV�ZK\� LQ�PDNLQJ� DOORZDQFH� IRU�PLQRU�
LQWHUDFWLRQV� H[SHUW� MXGJPHQWV� ZHUH� XVHG�� $QG�� ZKLFK� LV� PRVW�
VLJQLILFDQW�� WKH� HUURU� LQ� VROYLQJ� WKH�SUREOHP�RQ�DVWHURLG�PRWLRQ�
ZLWK� 1HZWRQLDQ� LQWHUDFWLRQ� LV� VHYHUDO� RUGHUV� JUHDWHU� WKDQ� WKH�
FRUUHFWLRQV�GXH�WR�ZHDN�DGGLWLRQDO�LQWHUDFWLRQV�

$V� LW� ZDV� VKRZQ� LQ� >�@�� VRPH� DGGLWLRQDO� DFWLYLWLHV� DUH� UH�
TXLUHG�� DLPHG� DW� IXUWKHU� UHILQHPHQW� RI� $SRSKLV·� WUDMHFWRU\�� ,Q�
WKLV�FRQQHFWLRQ��PRUH�DFFXUDWH�GHWHUPLQDWLRQ�RI�$SRSKLV·�WUDMHF�
WRU\�LV�RI�REYLRXV�LQWHUHVW�VLQFH��IROORZLQJ�VXFK�D�GHWHUPLQDWLRQ��
WKH UDQJH�RI�SRVVLEOH�DOWHUQDWLYHV�ZRXOG�GLPLQLVK�

)RU� LQWHJUDWLRQ� RI� GLIIHUHQWLDO� PRWLRQ� HTXDWLRQV� RI� VRODU�
V\VWHP� ERGLHV� RYHU� DQ� H[WHQGHG� WLPH� LQWHUYDO� >��@�� D� SURJUDP�
´*DODFWLFDµ�ZDV�GHYHORSHG��,Q�WKLV�SURJUDP��RQO\�WKH�1HZWRQLDQ�
JUDYLW\�IRUFH�ZDV�WDNHQ�LQWR�DFFRXQW��DQG�QR�GLIIHUHQFHV�IRU�FDO�
FXODWLQJ�GHULYDWLYHV�ZHUH�XVHG��,Q�WKH�SUREOHPV�IRU�WKH�FRPSRV�
LWH� PRGHO� RI� (DUWK� URWDWLRQ� >��@� DQG� IRU� WKH� JUDYLW\� PDQHXYHU�
QHDU�9HQXV�>��@��PRWLRQ�HTXDWLRQV�ZLWK�VPDOO�ERG\�WR�ERG\�GLV�
WDQFHV��WKH�RUGHU�RI�SODQHW�UDGLXV��ZHUH�LQWHJUDWHG��)ROORZLQJ�WKH�
VROXWLRQ�RI� WKRVH�SUREOHPV�DQG�VXEVHTXHQW�QXPHURXV�FKHFNV�RI�
QXPHULFDO�GDWD��ZH�KDYH�HVWDEOLVKHG�WKDW��ZLWK�WKH�SURJUDP�´*D�
ODFWLFDµ��ZH�ZHUH� DEOH� WR� UDWKHU� DFFXUDWHO\� SUHGLFW� WKH�$SRSKLV�
PRWLRQ�RYHU�LWV�WUDYHO�SDWK�SULRU�WR�DQG�DIWHU�WKH�DSSURDFK�WR�WKH�
(DUWK��,Q�YLHZ�RI�WKLV��LQ�WKH�SUHVHQW�VWXG\�ZH�KDYH�DWWHPSWHG�DQ�
LQYHVWLJDWLRQ� LQWR� $SRSKLV·� RUELW� HYROXWLRQ�� DV� D� UHVXOW� RI� WKLV�
LQYHVWLJDWLRQ�� VRPH� IUHVK� SURVSHFWV� WRZDUG� SRVVLEOH� XVH� RI� WKLV�
DVWHURLG�KDYH�RSHQHG�
�� 3UREOHP 6WDWHPHQW

)RU�WKH�DVWHURLG��WKH�6XQ��WKH�SODQHWV��DQG�WKH�0RRQ��DOO�LQWHU�
DFWLQJ�ZLWK�RQH�DQRWKHU�E\�WKH�1HZWRQ�ODZ�RI�JUDYLW\��WKH�GLIIHU�
HQWLDO�PRWLRQ�HTXDWLRQV�KDYH�WKH�IRUP�>��@�
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ZKHUH� LU LV�UDGLXV�YHFWRU�RI�D�ERG\�ZLWK�PDVV� LP UHODWLYHO\�6R�
ODU� 6\VWHP� EDU\FHQWHU��* LV� JUDYLWDWLRQDO� FRQVWDQW�� LNU LV� YHFWRU�

NL UU � DQG�ULN LV�LWV�PRGXOH��Q  ����
$V� D� UHVXOW� RI� QXPHULFDO� H[SHULPHQWV� DQG� WKHLU� DQDO\VLV�ZH�

FDPH� WR� D� FRQFOXVLRQ�� WKDW� ILQLWH�GLIIHUHQFH�PHWKRGV� RI� LQWHJUD�
WLRQ� GR� QRW� SURYLGH� QHFHVVDU\� DFFXUDF\�� )RU� WKH� LQWHJUDWLRQ� RI�
HTXDWLRQV�����ZH�KDYH�GHYHORSHG�DOJRULWKP�DQG�SURJUDP��*DODF�
WLFD���7KH�PHDQLQJ�RI� IXQFWLRQ�DW� WKH� IROORZLQJ�PRPHQW�RI� WLPH�
W W� ��'W LV�GHWHUPLQHG�ZLWK�WKH�KHOS�RI�7DLORU�VHULHV��ZKLFK��IRU�
H[DPSOH��IRU�FRRUGLQDWH�[ ORRNV�OLNH�
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ZKHUH�[��N� LV�GHULYDWLYH�RI�N RUGHU�DW�WKH�LQLWLDO�PRPHQW�W��
7KH�PHDQLQJ�RI�YHORFLW\�[· LV�GHILQHG�E\�WKH�VLPLODU�IRUPXOD��

DQG� DFFHOHUDWLRQ�[�·· E\� WKH� IRUPXOD� �����+LJKHU�GHULYDWLYHV�[��N�
DUH� GHWHUPLQHG� DQDO\WLFDOO\� DV� D� UHVXOW� RI� GLIIHUHQWLDWLRQ� RI� WKH�
HTXDWLRQV������7KH�FDOFXODWLRQ�DOJRULWKP�RI�WKH�VL[WK�RUGHU�LV�QRZ�
XVHG��L�H��ZLWK�. ���
�� 3UHSDUDWLRQ�RI�,QLWLDO�'DWD

:H�FRQVLGHU� WKH�SUREOHP�RI� LQWHUHVW� LQ� WKH�EDU\FHQWULF�FRRU�
GLQDWH� V\VWHP�RQ�HSRFK� -�������� -XOLDQ�GD\�-'V  ����������$SR�
SKLV·�RUELWDO�HOHPHQWV�� VXFK�DV� WKH�HFFHQWULFLW\�H�� WKH�VHPL�PDMRU�
D[LV�D�� WKH�HFOLSWLF�REOLTXLW\�LH�� WKH�DVFHQGLQJ�QRGH�DQJOH�:� WKH�
DVFHQGLQJ�QRGH�SHULKHOLRQ�DQJOH�ÚH��HWF���DQG�$SRSKLV·�SRVLWLRQ�
HOHPHQWV��VXFK�DV�WKH�PHDQ�DQRPDO\�0��ZHUH�ERUURZHG�IURP�WKH�
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-3/� 6PDOO�%RG\� 'DWDEDVH >��@� DV� VSHFLILHG� RQ� 1RYHPEHU� ������
������ 7KH� GDWD�� UHSUHVHQWHG� WR� ��� GHFLPDO� GLJLWV�� DUH� JLYHQ� LQ�
7DEOH����,Q�>��@��WKH�XQFHUWDLQW\�UHJLRQV�IRU�WKRVH�GDWD�ZHUH�DOVR�
JLYHQ�� 7KH� UHODWLYH� XQFHUWDLQW\� YDOXH� G LV� LQ� WKH� UDQJH� IURP�
���Ã���� WR��Ã������7KH�VDPH�GDWD�DUH�FLWHG�LQ�WKH�DVWHURLG�GDWDEDVH�
E\� (GZDUG� %RZHOO� >��@�� DOWKRXJK� LQ� >��@� WKHVH� GDWD� DUH� UHSUH�
VHQWHG�RQO\�WR���GHFLPDO�GLJLWV��DQG�WKH\�GLIIHU�IURP�WKH�IRUPHU�
GDWD�LQ�WKH���WK�GLJLW��L�H���ZLWKLQ�G��,Q�>�@��WKH�RUELWDO�HOHPHQWV�RI�
$SRSKLV� RQ� HSRFK -'  � ���������� �6HSWHPEHU� ������ ������ZHUH�
XVHG��ZKLFK��H[FHSW�IRU�0��GLIIHU�IURP�WKH�HOHPHQW�YDOXHV�LQ�7D�
EOH���LQ�WKH��WK�RU��WK�GLJLW��7KH�ODWWHU�GLIIHUHQFH�LV�WKUHH�RU�IRXU�
RUGHUV�JUHDWHU�WKDQ�WKH�XQFHUWDLQW\�G�

(OHPHQW 9DOXH 8QLWV
H �����������������
D ����������������� $8
T ����������������� $8
LH ����������������� GHJ
: ����������������� GHJ
&H ����������������� GHJ
0 ����������������� GHJ
WS ��������������������

������0DU�������������
-'
G

3 �����������������
����

G
\U

Q ����������������� GHJ�G
4 ����������������� $8

7DEOH� �� 2UELWDO� HOHPHQWV� RI� DVWHURLG� $SRSKLV� >��@� RQ� HSRFK -'�  �
���������� �1RYHPEHU� ������ ������ LQ� WKH� KHOL RFHQWULF� HFOLSWLF� FRR UGLQDWH�
V\VWHP�RI��������ZLWK�-'6  ���������

7KH�HOHPHQW�YDOXHV�LQ�7DEOH���ZHUH�XVHG�WR�FDOFXODWH�WKH�&DU�
WHVLDQ� FRRUGLQDWHV� RI� $SRSKLV� DQG� WKH� $SRSKLV� YHORFLW\� LQ� WKH�
EDU\FHQWULF�HTXDWRULDO�V\VWHP�E\�WKH�IROORZLQJ�DOJRULWKP�>������@�

)URP�WKH�.HSOHU�HTXDWLRQ
(�� HÃVLQ�(� �0 ���

ZH�FDOFXODWH�WKH�HFFHQWULF�DQRPDO\�( DQG��WKHQ��IURP�(��WKH�WUXH�
DQRPDO\�M��

�@����WJ�������DUFWJ>�� (HH ����� M ���
,Q�VXEVHTXHQW�FDOFXODWLRQV��ZH�XVHG�UHVXOWV�IRU�WKH�WZR�ERG\�

LQWHUDFWLRQ��WKH�6XQ�DQG�WKH�DVWHURLG��>������@��7KH�WUDMHFWRU\�HTX�
DWLRQ�RI�WKH�ERG\�LQ�D�SRODU�FRRUGLQDWH�V\VWHP�ZLWK�RULJLQ�DW�WKH�
6XQ�KDV�WKH�IRUP�

� � �� FRV� DMD �� S5U ���

ZKHUH�WKH�SRODU�DQJOH�× ��RU�� LQ�DVWURQRP\��WKH�WUXH�DQRPDO\��LV�
UHFNRQHG� IURP� WKH�SHULKHOLRQ�SRVLWLRQ� U  �5S�� � �H�� ����D LV�
WKH�WUDMHFWRU\�SDUDPHWHU��DQG�5S  �DÃ��D�����D� LV�WKH�SHULKHOLRQ�
UDGLXV��7KH�H[SUHVVLRQV� IRU� WKH� UDGLDO� U# DQG� WUDQVYHUVDO� W# YH�
ORFLWLHV�DUH

�
�

�
� ������� U## SU ��� DD ����

IRU� SM ! ��U# ������ U## SW � ���

ZKHUH� U  � U�5S LV� WKH�GLPHQVLRQOHVV� UDGLXV��DQG� WKH�YHORFLW\�DW�
SHULKHOLRQ�LV

������ � S$V6S 5PP*# D�� ���
ZKHUH�P6  P�� LV�WKH�6XQ�PDVV��WKH�YDOXH�RI�P�� LV�JLYHQ�LQ�7DEOH�
����DQG�P$V P�� LV�WKH�$SRSKLV�PDVV�

7KH�WLPH�GXULQJ�ZKLFK�WKH�ERG\�PRYHV�DORQJ�DQ�HOOLSWLF�RUELW�
IURP�WKH�SRLQW�RI�SHULKHOLRQ�WR�DQ�RUELWDO�SRVLWLRQ�ZLWK�UDGLXV� U
LV�JLYHQ�E\

� �� �
� � »»¼
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ZKHUH� SUU ### � LV�WKH�GLPHQVLRQOHVV�UDGLDO�YHORFLW\�
$W�WKH�LQLWLDO�WLPH�W�  ����ZKLFK�FRUUHVSRQGV�WR�HSRFK�-'� �VHH�

7DEOH����� WKH�SRODU�UDGLXV�RI� WKH�DVWHURLG�U� DV�GHSHQGHQW�RQ�WKH�
LQLWLDO�SRODU� DQJOH�� RU� WKH� WUXH�DQRPDO\�M��� FDQ�EH�FDOFXODWHG�E\�
IRUPXOD������7KH�LQLWLDO�UDGLDO�DQG�LQLWLDO�WUDQVYHUVDO�YHORFLWLHV�DV�
IXQFWLRQV�RI�U� FDQ�EH�IRXQG�XVLQJ�IRUPXODV�����

7KH�&DUWHVLDQ�FRRUGLQDWHV�DQG�YHORFLWLHV�LQ�WKH�RUELW�SODQH�RI�
WKH�DVWHURLG��WKH�D[LV�[R JRHV�WKURXJK�WKH�SHULKHOLRQ��FDQ�EH�FDO�
FXODWHG�E\�WKH�IRUPXODV

[R U�Ã �FRVM �����������������\R U�Ã �VLQM ���

�� VLQFRV MM ��� WU[R ### ���� �� FRVVLQ MM ��� WU\R ### ����
7KH�FRRUGLQDWHV�RI�WKH�DVWHURLG�LQ�WKH�KHOLRFHQWULF�HFOLSWLF�FR�

RUGLQDWH�V\VWHP�FDQ�EH�FDOFXODWHG�DV
[H  �[R��FRV�ÚHÃFRV�: � VLQ�ÚHÃVLQ�:�FRV LH�
� \R��VLQ ÚHÃFRV�: ��FRV�ÚHÃVLQ�:�FRV LH� ����

\H  �[R��FRV�ÚHÃVLQ�: � VLQ�ÚHÃFRV�:�FRV LH�
� \R��VLQ ÚHÃVLQ�: � FRV�ÚHÃFRV�:�FRV LH� ����

]H  �[R VLQ�ÚHÃVLQ LH ��\R� FRV�ÚHÃVLQ LH ����
7KH� YHORFLW\� FRPSRQHQWV� RI� WKH� DVWHURLG� \H[H ## � DQG� ]H# LQ�

WKLV�FRRUGLQDWH�V\VWHP�FDQ�EH�FDOFXODWHG�E\�IRUPXODV�DQDORJRXV�
WR������² �����

6LQFH�HTXDWLRQV�����DUH�FRQVLGHUHG�LQ�D�PRWLRQOHVV�HTXDWRULDO�
FRRUGLQDWH� V\VWHP�� WKHQ� HOOLSWLF� FRRUGLQDWHV� ����� ² ����� FDQ� EH�
WUDQVIRUPHG�LQWR�HTXDWRULDO�RQHV�E\�WKH�IRUPXODV

[� �[H������\� �\HÜFRV�H�Â � ]HÜVLQ�H��������]� �\HÜVLQ�H� ��]HÜVLQ�H� ����
ZKHUH�H�ÃLV�WKH�DQJOH�EHWZHHQ�WKH�HFOLSWLF�DQG�WKH�HTXDWRU�LQ�HS�
RFK�-'6�

7KH�YHORFLW\�FRPSRQHQWV� \H[H ## � DQG� ]H# FDQ�EH�WUDQVIRUPHG�
LQWR� WKH�HTXDWRULDO�RQHV� \[ ## � DQG� ]# E\�IRUPXODV�DQDORJRXV�WR�
�����

,Q�WKH�FDOFXODWLRQV��VL[�RUELWDO�HOHPHQWV�IURP�7DEOH����QDPHO\��
H��D�LH��:��ÚH��DQG�0��ZHUH�XVHG��2WKHU�RUELWDO�HOHPHQWV�ZHUH�XVHG�
IRU� WHVWLQJ�WKH�FDOFXODWHG�GDWD��7KH�SHULKHOLRQ�UDGLXV�5S DQG�WKH�
DSKHOLRQ�UDGLXV�5D  ��5S���D�����ZHUH�FRPSDUHG�WR�T DQG�4��UH�
VSHFWLYHO\�� 7KH� RUELWDO� SHULRG�ZDV� FDOFXODWHG� E\� IRUPXOD� ���� DV�
WZLFH�WKH�WLPH�RI�PRWLRQ�IURP�SHULKHOLRQ�WR�DSKHOLRQ��U� �5D���7KH�
VDPH� IRUPXOD� ZDV� XVHG� WR� FDOFXODWH� WKH� PRPHQW� DW� ZKLFK� WKH�
DVWHURLG� SDVVHV� WKH� SHULKHOLRQ� �U�  � U���� 7KH� FDOFXODWHG� YDOXHV� RI�



6PXOVN\��2UELW�(YROXWLRQ�RI�$SRSKLV�DQG�LWV�7UDQVIRUPDWLRQ�LQWR�WKH�(DUWK·V�6DWHOOLWH 9RO�����1R������
WKRVH�TXDQWLWLHV�ZHUH�FRPSDUHG�WR�WKH�YDOXHV�RI�3 DQG�WS JLYHQ�LQ�
7DEOH� ���7KH� ODUJHVW� UHODWLYH�GLIIHUHQFH� LQ� WHUPV�RI�T DQG�4 ZDV�
ZLWKLQ����Ã�������DQG�LQ�WHUPV�RI��3 DQG�WS��ZLWKLQ��Ã�����

7KH� FRRUGLQDWHV� DQG� YHORFLWLHV� RI� WKH�SODQHWV� DQG� WKH�0RRQ�
RQ� HSRFK� -'� ZHUH� FDOFXODWHG� E\� WKH� '(����/(���� -3/�WKHRU\�
>���� ��@��7KH�PDVVHV�RI� WKRVH�ERGLHV�ZHUH�PRGLILHG� LQ� >��@��DQG�
WKH�$SRSKLV�PDVV�ZDV�FDOFXODWHG�DVVXPLQJ� WKH�DVWHURLG� WR�EH�D

EDOO� RI� GLDPHWHU� G  � ���� P� DQG� GHQVLW\� U  � ����� NJ�P��� 7KH�
PDVVHV�RI�DOO�ERGLHV�DQG�WKH�LQLWLDO�FRQGLWLRQV�DUH�JLYHQ�LQ�7DEOH�
��

7KH�VWDUWLQJ�GDWD�SUHSDUDWLRQ�DQG�WHVWLQJ�DOJRULWKP������ �����
ZDV� HPERGLHG� DV� D� 0DWK&DG� ZRUNVKHHW� �SURJUDP� $VW�
&RRU��PFG��

%RGLHV�PDVVHV�LQ�NJ��WKHLU�FRRUGLQDWHV�LQ�P DQG�YHORFLWLHV�LQ�P�V%RGLHV�
M PEM [M� Y[M� \M��Y\M ]M��Y]M

����������������� ����������������� ������������������ ����������������(��� ���������������� ����������������� �����������������
���������������� ���������������� ������������������ ����������������(��� ���������������� ���������������� ����������������
�������������� ���������������� ����������������� ����������������(��� ����������������� ���������������� ����������������

����������������� ����������������� ������������������ ���������������(��� ���������������� ����������������� �����������������
���������������� ����������������� ������������������ ����������������(��� ���������������� ��������������� ����������������
����������������� ���������������� ����������������� ����������������(��� ����������������� ����������������� �����������������
���������������� ����������������� ������������������ ����������������(��� ���������������� ���������������� ����������������
���������������� ����������������� ������������������ ����������������(��� ���������������� ���������������� ����������������
���������������� ����������������� ������������������ ����������������(��� ���������������� ����������������� �����������������
���������������� ���������������� ������������������ ����������������(��� ����������������� ���������������� ����������������

� � ��� ����������������(��� � � �
����������������� ����������������� ����������������� ���������������� ���������������� ����������������� �����������������

7DEOH��� 7KH�PDVVHV�PEM RI�WKH�SODQHWV�IURP�0HUFXU\�WR�3OXWR��WKH�0RRQ��WKH�6XQ��DQG�$SRSKLV��DQG�WKH�LQLWLDO�
FRQGLWLRQ�RQ�HSRFK� -'�  ������������1RYHPEHU�������������LQ�WKH�KHOLRFHQWULF�HTXDWRULDO�FRRU GLQDWH�V\VWHP�RQ�
HSRFK���������-'6  ����������*  ��������(����P���V�ÃNJ��

�� $SRSKLV·�(QFRXQWHU�ZLWK�WKH�3ODQHWV�DQG�WKH�
0RRQ
,Q� WKH� SURJUDP� ´*DODFWLFDµ�� D� SRVVLELOLW\� WR� GHWHUPLQH� WKH�

PLQLPXP�GLVWDQFH�5PLQ WR�ZKLFK�WKH�DVWHURLG�DSSURDFKHV�D�FHOHV�
WLDO�ERG\�RYHU�D�JLYHQ�LQWHUYDO�'7 ZDV�SURYLGHG��+HUH��ZH�LQWH�
JUDWHG�HTXDWLRQV�����ZLWK�WKH�LQLWLDO�FRQGLWLRQV�LQGLFDWHG�LQ�7DEOH�
��� 7KH� LQWHJUDWLRQ� ZDV� SHUIRUPHG� RQ� WKH� 1.6����� VXSHUFRP�
SXWHU�DW�WKH�&RPSXWLQJ�&HQWHU�6%�5$6��1RYRVLELUVN��,Q�WKH�SUR�
JUDP� ©*DODFWLFDª�� DQ H[WHQGHG� GLJLW� OHQJWK� ���� GHFLPDO� GLJLWV��
ZDV� XVHG�� DQG� IRU� WKH� WLPH� VWHS� D� YDOXH� G7�  � ���� \HDU� ZDV�
DGRSWHG��7KH� FRPSXWDWLRQV�ZHUH�SHUIRUPHG�RYHU� WKUHH� WLPH� LQ�
WHUYDOV����¸�����\HDUV��)LJ�����D�����¸������\HDUV��)LJ�����E���DQG���¸�
�����\HDUV��)LJ�����F��

,Q� WKH� JUDSKV� RI� )LJ�� �� WKH�SRLQWV� FRQQHFWHG�ZLWK� WKH�KHDY\�
OLQH� VKRZ� WKH�PLQLPDO� GLVWDQFHV�5PLQ WR�ZKLFK� WKH� DVWHURLG� DS�
SURDFKHV� WKH� ERGLHV� LQGLFDWHG� E\� SRLQWV� HPEUDFHG� E\� WKH� KRUL�
]RQWDO�OLQH��,Q�RWKHU�ZRUGV��D�SRLQW�LQ�WKH�OLQH�GHQRWHV�D�PLQLPDO�
GLVWDQFH� WR�ZKLFK�� RYHU� WKH� WLPH�'7  � �� \HDU�� WKH� DVWHURLG�ZLOO�
DSSURDFK� D� ERG\�GHQRWHG�E\� WKH�SRLQW� LQ� WKH� KRUL]RQWDO� OLQH�DW�
WKH�VDPH�PRPHQW��,W�LV�VHHQ�IURP�)LJ�����D WKDW��VWDUWLQJ�IURP�1R�
YHPEHU�������������RYHU�WKH�SHULRG�RI�����\HDUV�WKHUH�ZLOO�EH�RQO\�
RQH�$SRSKLV·�DSSURDFK�WR�WKH�(DUWK��SRLQW $��DW�WKH�PRPHQW�7$

 � ������������������ FHQWXU\� WR� D� PLQLPXP� GLVWDQFH� 5PLQ$  �
�������� NP�� $� QH[W� DSSURDFK� �SRLQW� %�� ZLOO� EH� WR� WKH� (DUWK� DV�
ZHOO�� EXW� DW� WKH� PRPHQW� 7%  � ������������������ FHQWXU\� WR� D�
PLQLPXP�GLVWDQFH�5PLQ%  ��������NP��ZKLFK�LV����WLPHV�JUHDWHU�
WKDQ�WKH�PLQLPXP�GLVWDQFH�DW�WKH�ILUVW�DSSURDFK��$PRQJ�DOO�WKH�
RWKHU� ERGLHV�� D� FORVHVW� DSSURDFK�ZLWK�EH� WR� WKH�0RRQ� �SRLQW�'��
�VHH�)LJ�����E��DW�7'  ��������������������FHQWXU\�WR�D�PLQLPXP�
GLVWDQFH�5PLQ' ��������NP�

,Q�WKH�JUDSKV�RI�)LJV�����D DQG�E FRQVLGHUHG�DERYH��WKH�FORVHVW�
DSSURDFKHV�RI�WKH�DVWHURLG�WR�WKH�ERGLHV�RYHU�WLPH�LQWHUYDOV�'7  �
��\HDU�DUH�VKRZQ��,Q�LQWHJUDWLQJ�HTXDWLRQV�����RYHU�WKH������\HDU�
LQWHUYDO� �VHH� )LJ�� ��� F���ZH� FRQVLGHUHG� WKH� FORVHVW� DSSURDFKHV� RI�
WKH�DVWHURLG�WR�WKH�ERGLHV�RYHU�WLPH�LQWHUYDOV�'7  ����\HDUV��2YHU�
WKRVH� WLPH� LQWHUYDOV�� QR� DSSURDFKHV� WR�0HUFXU\�DQG�0DUV�ZHUH�
LGHQWLILHG��LQ�RWKHU�ZRUGV��RYHU�WKH����\HDU�LQWHUYDOV�WKH�DVWHURLG�
FORVHV�ZLWK�RWKHU�ERGLHV��/LNH�LQ�)LJ�����D��WKHUH�LV�DQ�DSSURDFK�WR�
WKH�(DUWK�DW�WKH�PRPHQW�7$��$�VHFRQG�FORVHVW�DSSURDFK�LV�DOVR�DQ�
DSSURDFK�WR�WKH�(DUWK�DW�WKH�SRLQW�ó DW�7(  ����������FHQWXU\�WR�D�
PLQLPXP� GLVWDQFH� 5PLQ(  � �������� NP�� 'XULQJ� WKH� ODWWHU� DS�
SURDFK�� WKH� DVWHURLG�ZLOO� SDVV� WKH�(DUWK�DW� D�PLQLPXP�GLVWDQFH�
DOPRVW�WZLFH�WKDW�DW�WKH�PRPHQW�7$�

:LWK� WKH� DLP� WR� FKHFN� WKH� UHVXOWV�� HTXDWLRQV� ���� ZHUH� LQWH�
JUDWHG� RYHU� D� SHULRG� RI� ���� \HDUV�ZLWK� GRXEOH� GLJLW� OHQJWK� ����
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GHFLPDO�GLJLWV��DQG� WKH�VDPH� WLPH�VWHS��DQG�DOVR�ZLWK�H[WHQGHG�
GLJLW�OHQJWK�DQG�D�WLPH�VWHS�G7� ����� \HDU��7KH�LQWHJUDWLRQ�DFFX�
UDF\� �VHH�7DEOH���� LV�GHILQHG� �VHH� >��@��E\� WKH� UHODWLYH�FKDQJH�RI�
G0]�� WKH ]�SURMHFWLRQ� RI� WKH� DQJXODU� PRPHQWXP� RI� WKH� ZKROH�
VRODU� V\VWHP�IRU� WKH�����\HDU�SHULRG��$V� LW� LV�VHHQ�IURP�7DEOH����
WKH�TXDQWLW\�G0] YDULHV�IURP����������� WR�������������L�H���E\����RU�
GHUV�RI�PDJQLWXGH��,Q�WKH�ODVW�WZR�FROXPQV�RI�7DEOH����WKH�GLIIHU�
HQFH� EHWZHHQ� WKH� PRPHQWV� DW� ZKLFK� WKH� DVWHURLG� PRVW� FORVHO\�
DSSURDFKHV�WKH�(DUWK�DW�SRLQW�$��VHH�)LJ�����D��DQG�WKH�GLIIHUHQFH�
EHWZHHQ� WKH� DSSURDFK� GLVWDQFHV� UHODWLYH� WR� VROXWLRQ� �� DUH� LQGL�
FDWHG��,Q�VROXWLRQ����REWDLQHG�ZLWK�WKH�VKRUW�GLJLW�OHQJWK��WKH�DS�
SURDFK PRPHQW�KDV�QRW�FKDQJHG��ZKHUHDV�WKH�PLQLPXP�GLVWDQFH�
KDV�UHGXFHG�E\�����P��,Q�VROXWLRQ����REWDLQHG�ZLWK�WHQ�WLPHV�UH�
GXFHG� LQWHJUDWLRQ� VWHS�� WKH�DSSURDFK�PRPHQW�KDV�FKDQJHG�E\� �
������ \HDU��RU�E\�������
��7KLV�FKDQJH�EHLQJ�VPDOOHU�WKDQ�WKH�VWHS�
G7  ������ IRU�VROXWLRQ���DQG�EHLQJ�HTXDO�WZLFH�WKH�VWHS�IRU�VROX�
WLRQ����WKH�YDOXH�RI�WKLV�FKDQJH�SURYLGHV�D�UHILQHPHQW�IRU�WKH�DS�
SURDFK� PRPHQW�� +HUH�� WKH� UHILQHPHQW� IRU� WKH� FORVHVW� DSSURDFK�
GLVWDQFH�E\��������NP�LV�DOVR�REWDLQHG�

� VROX�
WLRQ

/QE G7��\U G0] 7$L�7$��
\U
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� �� ������ ���������� � �
� �� ������ ���������� � ���������
� �� ������ ���������� ������� ������

7DEOH��� &RPSDULVRQ�EHWZHHQ�WKH�GDWD�RQ�$SRSKLV·�HQFRXQWHU�ZLWK�WKH�
(DUWK�REWDLQHG�ZLWK�GLIIHUHQW�LQWHJUDWLRQ�DFFXUDFLHV�� /QE LV�WKH�GLJLW�QXP�
EHU�LQ�GHFLPDO�GLJLWV�

6LQFH�DOO�WHVW�FDOFXODWLRQV�ZHUH�SHUIRUPHG�FRQVLGHULQJ�WKH�SD�
UDPHWHUV�RI�VROXWLRQ����LW�IROORZV�IURP�KHUH�WKDW�WKH�GDWD�WKDW�ZLOO�
EH�SUHVHQWHG�EHORZ�DUH�DFFXUDWH�LQ�WHUPV�RI�WLPH�ZLWKLQ��
��DQG�LQ�
WHUPV� RI� GLVWDQFH�� ZLWKLQ� ���� NP�� :H� HPSKDVL]H� KHUH� WKDW� WKH�
JUDSKLFDO�GDWD�RI�)LJ�����D IRU�VROXWLRQV���DQG���DUH�SHUIHFWO\�FRLQ�
FLGHQW��7KH�VOLJKW�GLIIHUHQFHV�RI�VROXWLRQ���IURP�VROXWLRQV���DQG���
DUH�REVHUYHG�IRU�� !������FHQWXU\�

6R��GXULQJ� WKH�IRUWKFRPLQJ�RQH�KXQGUHG�\HDU�SHULRG�WKH�DV�
WHURLG�$SRSKLV�ZLOO�PRVW� FORVHO\� DSSURDFK� WKH�(DUWK�RQO\��7KLV�
HYHQW�ZLOO�RFFXU�DW�WKH�WLPH�7$ FRXQWHG�IURP�HSRFK�-'���7KH�DS�
SURDFK�UHIHUV� WR� WKH�-XOLDQ�GD\�-'$  ����������������DQG�FDOHQ�
GDU� GDWH�$SULO� ���� ������ ��� KRXU� ��
��

 *07��7KH� DVWHURLG�ZLOO
SDVV�DW�D�PLQLPXP�GLVWDQFH�RI�������NP�IURP�WKH�(DUWK�FHQWHU��
L�H���DW�D�GLVWDQFH�RI�����RI�(DUWK�UDGLL��$�QH[W�DSSURDFK�RI�$SR�
SKLV� WR� WKH� (DUWK�ZLOO� EH� RQ� WKH� ����WK� \HDU� IURP� HSRFK� -'��� DW�
WKDW� WLPH�� WKH� DVWHURLG� ZLOO� SDVV� WKH� (DUWK� DW� DQ� DOPRVW� WZLFH�
JUHDWHU�GLVWDQFH�

7KH� FDOFXODWHG� WLPH� DW� ZKLFK� $SRSKLV� ZLOO� FORVH� ZLWK� WKH�
(DUWK�� $SULO� ���� ������ FRLQFLGHV� ZLWK� WKH� DSSURDFK� WLPHV� WKDW�
ZHUH�REWDLQHG� LQ�RWKHU� UHSRUWHG�VWXGLHV��)RU� LQVWDQFH�� LQ�WKH�UH�
FHQW�SXEOLFDWLRQ�>�@�WKLV�PRPHQW�LV�JLYHQ�DFFXUDWH�WR�RQH�PLQXWH��
���KRXU���
 87&��DQG�WKH�JHRFHQWULF�GLVWDQFH�ZDV�UHSRUWHG�WR�EH�
LQ�WKH�UDQJH�IURP������WR�����(DUWK�UDGLL��WKH�GLVWDQFH�RI�����(DUWK�
UDGLL� IDOOLQJ� LQWR� WKH� ODWWHU� UDQJH��7KH�JRRG�DJUHHPHQW�EHWZHHQ�
WKH�GDWD�REWDLQHG�E\�GLIIHUHQW�PHWKRGV�SURYHV�WKH REWDLQHG�GDWD�
WR�EH�TXLWH�UHOLDEOH��2Q�WKH�RWKHU�KDQG��WKH�FDOFXODWLRQV�ZHUH�SHU�
IRUPHG� DVVXPLQJ� VOLJKWO\� GLIIHUHQW� YDOXHV� RI� $SRSKLV·� LQLWLDO�
RUELWDO�HOHPHQWV��WKH�GLIIHUHQFH�EHLQJ�LQ�WKH�IRXUWK�ILIWK�GLJLW��:H�
WKHUHIRUH� EHOLHYH� WKDW� VXEVHTXHQW� UHILQHPHQWV� RI� RUELW�HOHPHQW�

YDOXHV�ZLOO�\LHOG�QR�VXEVWDQWLDO�FRUUHFWLRQV�IRU�WKH������DSSURDFK�
GDWD�

)LJ���� $SRSKLV·�HQFRXQWHUV�ZLWK�FHOHVWLDO�ERGLHV�GXULQJ�WKH�WLPH�
'7 WR�D�PLQLPXP�GLVWDQFH�5PLQ��NP��0DUV��0D���(DUWK��(D���0RRQ�
�0R���9HQXV��9H��DQG�0HUFXU\��0H ���D��E ² '7  ���\HDU��F ² '7  ����
\HDUV��7��F\U� LV� WKH� WLPH� LQ� -XOLDQ�FHQWXULHV� IURP�HSRFK� -'� �1R�
YHPEHU�������������
$V�IRU�WKH�SRVVLEOH�DSSURDFK�RI�$SRSKLV�WR�WKH�(DUWK�LQ�������

WKHUH�ZLOO�EH�QR�VXFK�DQ�DSSURDFK� �VHH�)LJ���������$� WLPH�FORVHVW�
$SRSKLV·�DSSURDFK�DW�WKH�SRLQW�) WR�D�PLQLPXP�GLVWDQFH�RI������
PLOOLRQ�NP�ZLOO�EH�WR�WKH�0RRQ��6HSWHPEHU���������
�� $SRSKLV�2UELW�(YROXWLRQ

,Q� LQWHJUDWLQJ�PRWLRQ�HTXDWLRQV� ����RYHU� WKH� LQWHUYDO�²��FHQ�
WXU\���7 ����FHQWXU\�WKH�FRRUGLQDWHV�DQG�YHORFLWLHV�RI�WKH�ERGLHV�
DIWHU� D� ODSVH� RI� HDFK�RQH�\HDU�ZHUH� UHFRUGHG� LQ�D� ILOH�� VR� WKDW� D�
WRWDO�RI�����ILOHV�IRU�D�RQH�\HDU�WLPH�LQWHUYDO�ZHUH�REWDLQHG��7KHQ��
WKH�GDWD�FRQWDLQHG� LQ�HDFK� ILOH�ZHUH�XVHG�WR� LQWHJUDWH�HTXDWLRQV�
����DJDLQ�RYHU�D�WLPH�LQWHUYDO�HTXDO�WR�WKH�RUELWDO�SHULRG�RI�$SR�
SKLV� DQG�� IROORZLQJ� WKLV�� WKH� FRRUGLQDWHV� DQG� YHORFLWLHV� RI� WKH�
DVWHURLG��DQG�WKRVH�RI�6XQ��ZHUH�DOVR�VDYHG�LQ�D�QHZ�ILOH��7KHVH�
GDWD�ZHUH�XVHG�LQ�WKH�SURJUDP�'HI7UD�WR�GHWHUPLQH�WKH�SDUDPH�
WHUV�RI�$SRSKLV·�RUELW�UHODWLYH�WR�WKH�6XQ�LQ�WKH�HTXDWRULDO�FRRUGL�
QDWH� V\VWHP�� 6XFK� FDOFXODWLRQV� ZHUH� SHUIRUPHG� KDQGV� RII� IRU�
HDFK� RI� WKH� ���� ILOHV� XQGHU� WKH� FRQWURO� RI� WKH� SURJUDP� 3D2UE��
$IWHUZDUGV�� WKH�DQJXODU�RUELW�SDUDPHWHUV�ZHUH�UHFDOFXODWHG�LQWR�
WKH�HFOLSWLF�FRRUGLQDWH�V\VWHP��VHH�)LJ�����

$V�LW�LV�VHHQ�IURP�)LJ�����WKH�HFFHQWULFLW\�� RI�WKH�$SRSKLV�RU�
ELW�YDULHV�QRQ�XQLIRUPO\��,W�VKRZV�MXPSV�RU�EUHDNV��$�PRVW�SUR�
QRXQFHG�EUHDN�LV�REVHUYHG�DW�WKH�PRPHQW�7$��DW�ZKLFK�$SRSKLV�
PRVW� FORVHO\� DSSURDFKHV� WKH� (DUWK��$� VHFRQG�PRVW� SURQRXQFHG�
EUHDN� LV� REVHUYHG� ZKHQ� $SRSKLV� DSSURDFKHV� WKH� (DUWK� DW WKH�
PRPHQW�7%�



6PXOVN\��2UELW�(YROXWLRQ�RI�$SRSKLV�DQG�LWV�7UDQVIRUPDWLRQ�LQWR�WKH�(DUWK·V�6DWHOOLWH 9RO�����1R������
7KH�ORQJLWXGH�RI�DVFHQGLQJ�QRGH�: VKRZV�OHVV�EUHDNV��H[KLE�

LWLQJ� LQVWHDG�UDWKHU�PRQRWRQLF�D�GHFUHDVH� �VHH�)LJ������2WKHU�RU�
ELWDO�HOHPHQWV��QDPHO\��LH��ÚH� D��DQG 3��H[KLELW�SURQRXQFHG�EUHDNV�
DW� WKH� PRPHQW� RI� $SRSKLV· FORVHVW� SDVV� QHDU� WKH� (DUWK� �DW� WKH�
PRPHQW�7$��

)LJ���� (YROXWLRQ�RI�$SRSKLV·�RUELWDO�SDUDPHWHUV�XQGHU�WKH�D FWLRQ�
RI�WKH�SODQHWV��WKH�0RRQ�DQG�WKH�6XQ�RYHU�WKH�WLPH�LQWHUYDO� �����
\HDUV� ¸� ����� \HDUV� IURP� HSRFK�1RYHPEHU� ������ ������ � ² DV� UH�
YHDOHG�WKURXJK�LQWHJUDWLRQ�RI�PRWLRQ� HTXDWLRQV ������ ² LQLWLDO�YDO�
XHV�DFFRUGLQJ�WR�7DEOH����7KH�DQJXODU�TXDQWLWLHV�� :��LH��DQG�ÚH DUH�
JLYHQ�LQ�GHJUHHV��WKH�PDMRU�VHPL �D[LV�D LQ�$8��DQG�WKH�RUELWDO�S H�
ULRG�3 LQ�GD\V�
7KH�GDVKHG�OLQH�LQ�)LJ����LQGLFDWHV�WKH�RUELW�HOHPHQW�YDOXHV�DW�

WKH� LQLWLDO� WLPH�� DOVR� LQGLFDWHG� LQ�7DEOH����$V� LW� LV� VHHQ� IURP�WKH�
JUDSKV�� WKRVH� YDOXHV� FRLQFLGH�ZLWK� WKH� YDOXHV�REWDLQHG�E\� LQWH�
JUDWLRQ� RI� HTXDWLRQV� ����� WKH� UHODWLYH� GLIIHUHQFH� RI� H��:�� LH��ÚH� D��
DQG 3 IURP� WKH� LQLWLDO� YDOXHV� DW� WKH�PRPHQW�7 � �VHH� 7DEOH� ���
EHLQJ�UHVSHFWLYHO\�����������������������������������������������������DQG�
����������7KLV�FRLQFLGHQFH�WHVWLILHV�WKH�UHOLDELOLW\�RI�FRPSXWHG�GDWD
DW� DOO� FDOFXODWLRQ� VWDJHV�� LQFOXGLQJ� WKH� GHWHUPLQDWLRQ� RI� LQLWLDO�
FRQGLWLRQV�� LQWHJUDWLRQ� RI� HTXDWLRQV�� GHWHUPLQDWLRQ� RI� RUELWDO�
SDUDPHWHUV�� DQG� WUDQVIRUPDWLRQV� EHWZHHQ� WKH� GLIIHUHQW� FRRUGL�
QDWH�V\VWHPV�

$V� LW� ZDV� PHQWLRQHG� LQ� ,QWURGXFWLRQ�� DSDUW� IURP� QRQ�
VLPSOLILHG� GLIIHUHQWLDO� HTXDWLRQV� ���� IRU� WKH� PRWLRQ� RI� FHOHVWLDO�
ERGLHV�� RWKHU� HTXDWLRQV�ZHUH� DOVR� XVHG�� ,W� LV� D�ZHOO�NQRZQ� IDFW�
WKDW� LQ� SHUWXUEHG�PRWLRQ� HTXDWLRQV� RUELW�HOHPHQW� YDOXHV� DUH�
XVHG�� )RU� WKLV� UHDVRQ�� VXFK� HTXDWLRQV�ZLOO� \LHOG� DSSUHFLDEOH� HU�
URUV�LQ�GHWHUPLQDWLRQ�RI�RUELWDO�SDUDPHWHU�EUHDNV�VLPLODU�WR�WKRVH�
VKRZQ� LQ� )LJ�� ��� $OVR�� RWKHU� VROXWLRQ� PHWKRGV� IRU� GLIIHUHQWLDO�
HTXDWLRQV� H[LVW�� LQFOXGLQJ� WKRVH� LQ� ZKLFK� H[SDQVLRQV� ZLWK� UH�
VSHFW� WR� RUELWDO� HOHPHQWV� RU�GLIIHUHQFH� TXRWLHQWV� DUH�XVHG��$V� LW�
ZDV�DOUHDG\�PHQWLRQHG�LQ�,QWURGXFWLRQ��WKHVH�PHWKRGV�SURYHG�WR�
EH� VHQVLWLYH� WR� YDULRXV� UHVRQDQFH�SKHQRPHQD� DQG� VXGGHQ�RUELW�

FKDQJHV�REVHUYHG�RQ�WKH�DSSURDFKHV�EHWZHHQ�ERGLHV��(TXDWLRQV�
���� DQG� PHWKRG� ���� XVHG� LQ� WKH� SUHVHQW� VWXG\� DUH� IUHH� RI� VXFK�
VKRUWFRPLQJV��7KLV�VXJJHVWV�WKDW�WKH�UHVXOWV�UHSRUWHG�LQ�WKH�SUH�
VHQW�SDSHU�ZLOO�UHFHLYH�QR�QRWDEOH�FRUUHFWLRQV�LQ�WKH�IXWXUH�
�� ([DPLQDWLRQ�RI�$SRSKLV·�7UDMHFWRU\�LQ�WKH�

9LFLQLW\�RI�(DUWK
,Q�RUGHU� WR�H[DPLQH�WKH�$SRSKLV� WUDMHFWRU\� LQ�WKH�YLFLQLW\�RI�

(DUWK��ZH� LQWHJUDWHG�HTXDWLRQV� ����RYHU�D� WZR�\HDU�SHULRG�VWDUW�
LQJ� IURP�7�  ������FHQWXU\��)ROORZLQJ�HDFK���� LQWHJUDWLRQ�VWHSV��
WKH� FRRUGLQDWH� DQG� YHORFLW\� YDOXHV� RI� $SRSKLV� DQG� (DUWK�ZHUH�
UHFRUGHG� LQ� D� ILOH�� 7KH�PRPHQW�7$ DW�ZKLFK�$SRSKLV�ZLOO�PRVW�
FORVHO\� DSSURDFK� WKH� (DUWK� IDOOV� LQWR� WKLV� WZR�\HDU� SHULRG�� 7KH�
HOOLSVH�(�(� LQ�)LJ����VKRZV�WKH�SURMHFWLRQ�RI�WKH�WZR�\HDU�(DUWK·V�
WUDMHFWRU\� RQWR� WKH� HTXDWRULDO� SODQH� [2\�� $ORQJ� WKLV� WUDMHFWRU\��
VWDUWLQJ� IURP� WKH� SRLQW�(�� WKH� (DUWK�ZLOO�PDNH� WZR� WXUQV�� 7KH�
WZR�\HDU�$SRSKLV�WUDMHFWRU\�LQ�WKH�VDPH�FRRUGLQDWHV�LV�LQGLFDWHG�
E\� SRLQWV� GHQRWHG� ZLWK� WKH� OHWWHUV�$S�� 6WDUWLQJ� IURP� WKH� SRLQW�
$S��� $SRSKLV� ZLOO� WUDYHO� WKH� ZD\�$S�$S�$SH$S�$S�$S� WR�PRVW�
FORVHO\�DSSURDFK�WKH�(DUWK�DW� WKH�SRLQW�$SH DW� WKH�WLPH�7$��$IWHU�
WKDW�� WKH� DVWHURLG� ZLOO� IROORZ� DQRWKHU� SDWK�� QDPHO\�� WKH� SDWK�
$SH$S�$SI�

)LJ���� 7KH�WUDMHFWRULHV�RI�$SRSKLV��$S��DQG�(DUWK��(��LQ�WKH�EDU\�
FHQWULF�HTXDWRULDO�FRRUGLQDWH�V\VWHP� [2\ RYHU�D�WZR�\HDU�SHULRG��
$S� DQG�(� DUH� WKH� LQLWLDO� SRVLWLRQ�RI�$SRSKLV� DQG�(DUWK�� $SI LV�
WKH�HQG�SRLQW�RI�WKH�$SRSKLV�WUDMHFWRU\� $SH LV�WKH�SRLQW�DW�ZKLFK�
$SRSKLV� PRVW� FORVHO\� DSSURDFKHV� WKH� (DUWK�� WKH� FRRUGLQDWHV� [
DQG�\ DUH�JLYHQ�LQ�$8�
)LJXUH� ��� D VKRZV� WKH� WUDMHFWRU\� RI� $SRSKLV� UHODWLYH� WR� WKH�

(DUWK��+HUH�� WKH� UHODWLYH� FRRUGLQDWHV� DUH� GHWHUPLQHG� DV� WKH�GLI�
IHUHQFH�EHWZHHQ�WKH�$SRSKLV��$S��DQG�(DUWK��(��FRRUGLQDWHV�

\U  �\$S ± \(�������������[U  �[$S ± [(� ����
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)LJ���� $SRSKLV·�WUDMHFWRU\�����LQ�WKH�JHRFHQWULF�HTXDWRULDO�FRRUG L�
QDWH�V\VWHP�[U2\U��D ² RQ�WKH�QRUPDO�VFDOH�� E ² RQ�PDJQLILHG�VFDOH�
RQ�WKH�PRPHQW�RI�$SRSKLV·�FORVHVW�DSSURDFKHV�WR�WKH�(DUWK������ �
² $SRSKLV·�SRVLWLRQ�DW�WKH�PRPHQW�RI�LWV�FORVHVW�DSSURDFK�WR�WKH�
(DUWK� IROORZLQJ� WKH� FRUUHFWLRQ� RI� LWV� WUDMHFWRU\� ZLWK� IDFWRU N  �
�������DW�WKH�SRLQW�$S���WKH�FRRUGLQDWHV�[U DQG�\U DUH�JLYHQ�LQ�$8�
$ORQJ�WUDMHFWRU\����VWDUWLQJ�IURP�WKH�SRLQW�$S���$SRSKLV�ZLOO�

WUDYHO� WR� WKH�(DUWK�FORVHVW�SRLQW�$SH�� WKH�WUDMHFWRU\�HQGLQJ�DW� WKH�
SRLQW�$SI��7KH�ORRSV�LQ�WKH�$SRSKLV�WUDMHFWRU\�UHSUHVHQW�D�UHYHUVH�
PRWLRQ�RI�$SRSKLV�ZLWK�UHVSHFW�WR�(DUWK��6XFK�ORRSV�DUH�PDGH�E\�
DOO�SODQHWV�ZKHQ�REVHUYHG�IURP�WKH�(DUWK�>��@�

$W�WKH�(DUWK�FORVHVW�SRLQW�$SH WKH�$SRSKLV�WUDMHFWRU\�VKRZV�D�
EUHDN��,Q�)LJ�����E WKLV�EUHDN�LV�VKRZQ�RQ�D�ODUJHU�VFDOH��+HUH��WKH�
(DUWK� LV� ORFDWHG�DW� WKH�RULJLQ��SRLQW����7KH�6XQ��VHH�)LJ����� LV� OR�
FDWHG� LQ� WKH�YLFLQLW\�RI� WKH�EDU\FHQWHU�2�� L�H��� LQ� WKH�XSSHU� ULJKW�
TXDGUDQW�RI� WKH�(DUWK�FORVHVW�SRLQW�$SH��+HQFH��WKH�(DUWK�FORVHVW�
SRLQW�ZLOO� EH� SDVVHG� E\�$SRSKLV� DV� WKH� ODWWHU�ZLOO�PRYH LQ� EH�
WZHHQ� WKH�(DUWK�DQG� WKH�6XQ� �VHH�)LJ�����E���$V� LW�ZLOO�EH�VKRZQ�
EHORZ��WKLV�FLUFXPVWDQFH�ZLOO�SUHVHQW�FHUWDLQ�GLIILFXOWLHV�IRU�SRV�
VLEOH�XVH�RI�WKH�DVWHURLG�
�� 7KH�7UDQVIRUPDWLRQ�RI�$VWHURLG�$SRSKLV�

LQWR�WKH�(DUWK·V�6DWHOOLWH
6R��RQ�$SULO�����������ZH�ZLOO�EHFRPH�ZLWQHVVHV�RI�D�XQLTXH�

SKHQRPHQRQ��WKH�SDVV�RI�D�ERG\����PLOOLRQ�WRQV�LQ�PDVV�QHDU�WKH�
(DUWK�DW�D�PLQLPXP�GLVWDQFH�RI�����(DUWK�UDGLL�IURP�WKH�FHQWHU�RI�
(DUWK��2YHU�VXEVHTXHQW������\HDUV��$SRSKLV�ZLOO�QHYHU�DSSURDFK�
RXU�SODQHW�FORVHU�

0DQ\� VSDFH�WUDYHO� VFLHQWLVWV�� IRU� LQVWDQFH�� .�(�� 7VLRONRYVN\�
DQG�<X�$��.RQGUDW\XN��EHOLHYHG�WKDW�WKH�QHDU�(DUWK�VSDFH�ZLOO�EH�
H[SORUHG� XVLQJ� ODUJH� PDQQHG� RUELWDO� VWDWLRQV�� <HW�� GHOLYHULQJ�
KHDY\�PDVVHV�IURP�(DUWK�LQWR�RUELW�SUHVHQWV�D�GLIILFXOW�HQJLQHHU�
LQJ�DQG�HFRORJLFDO�SUREOHP��)RU�WKLV�UHDVRQ��WKH�OXFN\�FKDQFH�WR�

WXUQ�WKH�DVWHURLG�$SRSKLV�LQWR�DQ�(DUWK�ERXQG�VDWHOOLWH�DQG��WKHQ��
LQWR�D�KDELWHG�VWDWLRQ�SUHVHQWV�REYLRXV�LQWHUHVW�

$PRQJ� WKH�SRVVLEOH�DSSOLFDWLRQV�RI�D� VDWHOOLWH�� WKH� IROORZLQJ�
WZR�ZLOO�EH�GLVFXVVHG�KHUH��)LUVW��D�VDWHOOLWH�FDQ�EH�XVHG�WR�FUHDWH�
D� VSDFH� OLIW�� ,W� LV� NQRZQ� WKDW� D� VSDFH� OLIW� FRQVLVWV�RI� D� FDEOH� WLHG�
ZLWK�RQH�RI�LWV�HQGV�WR�D�SRLQW�DW�WKH�(DUWK�HTXDWRU�DQG��ZLWK�WKH�
RWKHU� HQG�� WR� D� PDVVLYH� ERG\� WXUQLQJ� URXQG� WKH� (DUWK� LQ� WKH�
HTXDWRULDO�SODQH�LQ�D����KRXU�SHULRG��3G  ���Ã�����VHF��7KH�UDGLXV�
RI�WKH�VDWHOOLWH�JHRVWDWLRQDU\�RUELW�LV

� �� ���� S($GJV PP*35 �  �������NP� ������5(H ����
,Q�RUGHU�WR�SURYLGH�IRU�D�VXIILFLHQW�FDEOH�WHQVLRQ��WKH�PDVVLYH�

ERG\�QHHGV�WR�EH�VSDFHG�IURP�WKH�(DUWK�FHQWHU�D�GLVWDQFH�JUHDWHU�
WKDQ�5JV��7KH�FDEOH��RU�VHYHUDO�VXFK�FDEOHV��FDQ�EH�XVHG�WR�FRQYH\�
YDULRXV� JRRGV� LQWR� VSDFH�ZKLOH� RWKHU� JRRGV� FDQ� EH� WUDQVSRUWHG�
EDFN�WR�WKH�(DUWK�RXW�RI�VSDFH�

,I� WKH�PDQNLQG�ZLOO� EHFRPH�DEOH� WR�PDNH�$SRSKLV� DQ�(DUWK�
ERXQG�VDWHOOLWH�DQG��WKHQ��GHIOHFW�WKH�$SRSKLV�RUELW�LQWR�WKH�HTXD�
WRULDO�SODQH��WKHQ�WKH�QHZ�VDWHOOLWH�ZRXOG�VXLW�WKH�SXUSRVH�RI�FUH�
DWLQJ�D�VSDFH�OLIW�

$�VHFRQG�DSSOLFDWLRQ�RI�DQ�DVWHURLG�LPSOLHV�LWV�XVH�DV�D�´VKXW�
WOHµ�IRU� WUDQVSRUWLQJ�JRRGV�WR�WKH�0RRQ��+HUH��WKH�DVWHURLG�LV�WR
KDYH�DQ�HORQJDWHG�RUELW�ZLWK�D�SHULKHOLRQ�UDGLXV�FORVH�WR�WKDW�RI�D�
JHRVWDWLRQDU\�RUELW� DQG�DQ�DSRJHH�UDGLXV�DSSURDFKLQJ� WKH�SHUL�
JHH�UDGLXV�RI�WKH�OXQDU�RUELW��,Q�WKH�ODWWHU�FDVH��DW�WKH�JHRVWDWLRQ�
DU\�RUELW� SHULJHH� JRRGV�ZRXOG� EH� WUDQVIHUUHG� RQWR� WKH� VDWHOOLWH�
$SRSKLV�DQG�WKHQ��DW�WKH�DSRJHH��WKRVH�JRRGV�ZRXOG�DUULYH�DW�WKH�
0RRQ�

7KH�WZR�DSSOLFDWLRQV�ZLOO�HQWDLO�WKH�QHFHVVLW\�RI�VROYLQJ�PDQ\�
GLIILFXOW� SUREOHPV�ZKLFK�PD\� ILQDOO\� SURYH� XQVROYDEOH�� 2Q� WKH�
RWKHU�KDQG��QRQH�RI�WKRVH�SUREOHPV�ZLOO�EH�VROYHG�DW�DOO�ZLWKRXW�
PDNLQJ�$SRSKLV� DQ� (DUWK� VDWHOOLWH��&RQVLGHU� QRZ� WKH�SRVVLELOL�
WLHV�DYDLODEOH�KHUH�

7KH�YHORFLW\�RI�WKH�DVWHURLG�UHODWLYH�WR�WKH�(DUWK�DW�WKH�(DUWK�
FORVHVW� SRLQW� $SH LV� $(Y  ����� NP�V�� 7KH� YHORFLW\� RI� DQ� (DUWK�
ERXQG� VDWHOOLWH� RUELWLQJ� DW� D� IL[HG�GLVWDQFH�5PLQ$ IURP� WKH�(DUWK�
�FLUFXODU�RUELW��LV

������ PLQ  � $($&( 5PP*Y NP�V ����
)RU� WKH�DVWHURLG� WR�EH�PDGH�DQ�(DUWK�ERXQG� VDWHOOLWH�� LWV�YH�

ORFLW\� $(Y VKRXOG�EH�EURXJKW� FORVH� WR� &(Y ��:H�SHUIRUPHG� LQWH�
JUDWLRQ� RI� HTXDWLRQV� ���� DVVXPLQJ� WKH� $SRSKLV� YHORFLW\� DW� WKH�
PRPHQW� 7$ WR� EH� UHGXFHG� E\� D� IDFWRU� RI� ����� L�H��� WKH� YHORFLW\�
$(Y  �����NP�V�DW� WKH�PRPHQW�7$ ZDV�GHFUHDVHG� WR������NP�V��

,Q�WKH�ODWHU�FDVH��$SRSKLV�EHFRPHV�DQ�(DUWK�ERXQG�VDWHOOLWH�ZLWK�
WKH� IROORZLQJ�RUELW� FKDUDFWHULVWLFV�� HFFHQWULFLW\�HV�  �������� HTXD�
WRU�SODQH�LQFOLQDWLRQ�DQJOH�LV�  ��������PDMRU�VHPL�D[LV�DV�  �������
NP��DQG�VLGHUHDO�RUELWDO�SHULRG�3V�  �������GD\V�

:H�H[DPLQHG� WKH�SDWK�HYROXWLRQ�RI� WKH�VDWHOOLWH� IRU�D�SHULRG�
RI�����\HDUV�� ,Q�VSLWH�RI�PRUH�SURQRXQFHG�RVFLOODWLRQV�RI� WKH�RU�
ELWDO�HOHPHQWV�RI�WKH�VDWHOOLWH�LQ�FRPSDULVRQ�ZLWK�WKRVH�RI�SODQH�
WDU\� RUELW� HOHPHQWV�� WKH� VDWHOOLWH·V� PDMRU� VHPL�D[LV� DQG� RUELWDO�
SHULRG�SURYHG� WR� IDOO� FORVH� WR� WKH� LQGLFDWHG�YDOXHV��)RU� WKH� UHOD�
WLYH�YDULDWLRQV�RI�WKH�WZR�TXDQWLWLHV��WKH�IROORZLQJ�HVWLPDWHV�ZHUH�
REWDLQHG��_GD_ �������Ã���� DQG�_G3_ �������Ã������<HW��WKH�VDWHO�
OLWH�RUELWV�LQ�D�GLUHFWLRQ�RSSRVLWH�ERWK�WR�WKH�(DUWK�URWDWLRQ�GLUHF�



6PXOVN\��2UELW�(YROXWLRQ�RI�$SRSKLV�DQG�LWV�7UDQVIRUPDWLRQ�LQWR�WKH�(DUWK·V�6DWHOOLWH 9RO�����1R������
WLRQ�DQG�WKH�GLUHFWLRQ�RI�0RRQ·V�RUELWDO�PRWLRQ��7KDW�LV�ZK\�WKH�
WZR�GLVFXVVHG�DSSOLFDWLRQV�RI�VXFK�D�VDWHOOLWH�WXUQ�WR�EH�LPSRVVL�
EOH�

7KXV��WKH�VDWHOOLWH�KDV�WR�RUELW�LQ�WKH�VDPH�GLUHFWLRQ�LQ�ZKLFK�
WKH�(DUWK�URWDWHV��3URYLGHG�WKDW�$SRSKLV��VHH�)LJ�����E��ZLOO�URXQG�
WKH�(DUWK�IURP�WKH�QLJKW�VLGH��VHH�SRLQW����DQG�QRW�IURP�WKH�GD\�
VLGH� �VHH� OLQH� ���� WKHQ�� RQ� D� GHFUHDVH� RI� LWV� YHORFLW\� WKH� VDWHOOLWH�
ZLOO�EH�PDGH�D�VDWHOOLWH�RUELWLQJ�LQ�WKH�UHTXLUHG�GLUHFWLRQ�

)RU� WKLV�PDWWHU� WR�EH�FODULILHG��ZH�KDYH� LQWHJUDWHG�HTXDWLRQV�
����DVVXPLQJ�GLIIHUHQW�YDOXHV RI�WKH�DVWHURLG�YHORFLW\�DW�WKH�SRLQW�
îS� �VHH� )LJ�� ���� 7KLV� SRLQW�� ORFDWHG� DW� KDOI� WKH� WXUQ� IURP� WKH�
(DUWK�FORVHVW� SRLQW�$SH�� ZLOO� EH� SDVVHG� E\� $SRSKLV� DW� WKH� WLPH�
7$S� ������������������FHQWXU\��$W�WKH�SRLQW�îS� WKH�SURMHFWLRQV�
RI� WKH�$SRSKLV�YHORFLW\� LQ� WKH�EDU\FHQWULF�HTXDWRULDO� FRRUGLQDWH
V\VWHP�DUH� [$SY �  �������������NP�V�� \$SY �  �������������NP�V��
DQG� ]$SY �  ������������NP�V�� ,Q� WKH�QXPHULFDO�H[SHULPHQWV�� WKH�
FRPSRQHQW�YDOXHV�RI�WKH�VDWHOOLWH�YHORFLW\�ZHUH�YDULHG�WR�RQH�DQG�
WKH�VDPH�SURSRUWLRQ�E\�PXOWLSO\LQJ�DOO�WKHP�E\�D�VLQJOH�IDFWRU�N��
DQG� WKHQ� HTXDWLRQV� ����ZHUH� LQWHJUDWHG� WR�GHWHUPLQH� WKH� WUDMHF�
WRU\� RI� WKH� DVWHURLG�� )LJXUH� �� VKRZV� WKH� PLQLPXP� GLVWDQFH� WR�
ZKLFK�$SRSKLV�ZLOO�DSSURDFK�WKH�(DUWK�YHUVXV�WKH�YDOXH�RI�N E\�
ZKLFK�WKH�VDWHOOLWH�YHORFLW\�DW�WKH�SRLQW�îS� ZDV�UHGXFHG�

)LJ�� �� 7KH�PLQLPXP� GLVWDQFH� 5PLQ WR� ZKLFK� $SRSKLV� ZLOO�
DSSURDFK�WKH�(DUWK�FHQWHU�YHUVXV�WKH�YDOXH�RI� N �N LV�WKH�YH�
ORFLW\�UHGXFWLRQ�IDFWRU�DW�WKH�SRLQW� $S� �VHH�)LJ�������7KH�SRV L�
WLYH�YDOXHV�RI�5PLQ UHIHU�WR�WKH�GD\�VLGH��WKH�YDOXHV�RI�5PLQ DUH�
JLYHQ� LQ� NP�� � ² WKH�PLQLPXP�GLVWDQFH� WR�ZKLFK�$SRSKLV�
ZLOO�DSSURDFK�WKH�(DUWK�FHQWHU�RQ�$SULO�����������GD\ �VLGH����
² WKH�PLQLPXP�GLVWDQFH�WR�ZKLFK�$SRSKLV�ZLOO�DSSURDFK�WKH�
(DUWK�FHQWHU�DIWHU�WKH�RUELW�FRUUHFWLRQ��QL JKW�VLGH���� ² JHRVWD�
WLRQDU\�RUELW�UDGLXV�5JV�

:H� IRXQG� WKDW��RQ�GHFUHDVLQJ� WKH�YDOXH�RI�N �VHH�)LJ������ WKH�
DVWHURLG� ZLOO� PRUH� FORVHO\� DSSURDFK� WKH� (DUWK�� DQG� DW� N  �
���������� $SRSKLV� ZLOO� FROOLGH� ZLWK� WKH� (DUWK�� 2Q� IXUWKHU� GH�
FUHDVH�RI�DVWHURLG�YHORFLW\� WKH�DVWHURLG�ZLOO� FORVH�ZLWK�WKH�(DUWK�
RQ�WKH�6XQ�RSSRVLWH�VLGH��DQG�DW�N  ��������WKH�DVWHURLG�ZLOO�DS�
SURDFK� WKH�(DUWK�FHQWHU� �SRLQW��� LQ�)LJ�����E�� WR�D�PLQLPXP�GLV�
WDQFH�5PLQ�  � ������ NP�DW� WKH� WLPH�7�  ����������� FHQWXU\��7KLV�

GLVWDQFH�5PLQ� URXJKO\�HTXDOV�WKH�GLVWDQFH�5PLQ$ WR�ZKLFK�WKH�DV�
WHURLG�ZDV� IRXQG� WR�DSSURDFK�WKH�(DUWK�FHQWHU�ZKLOH�PRYLQJ�LQ�
EHWZHHQ�WKH�(DUWK�DQG�WKH�6XQ�

,Q�WKLV�FDVH�� WKH�DVWHURLG�YHORFLW\�UHODWLYH�WR�WKH�(DUWK�LV�DOVR�
$(Y  �����NP�V��2Q�IXUWKHU�GHFUHDVH�RI�WKLV�YHORFLW\�E\�D�IDFWRU�

RI� ����� L�H��� GRZQ� WR� ����� NP�V� $SRSKLV� ZLOO� EHFRPH� DQ� (DUWK�
ERXQG� VDWHOOLWH�ZLWK� WKH� IROORZLQJ�RUELW�SDUDPHWHUV��HFFHQWULFLW\�
HV�  ��������HTXDWRU�SODQH�LQFOLQDWLRQ�DQJOH�LV�  ������PDMRU�VHPL�
D[LV�DV�  �������NP��DQG�VLGHUHDO�SHULRG�3V�  �������GD\��,Q�DGGL�
WLRQ��ZH�LQYHVWLJDWHG�LQWR�WKH�SDWK�HYROXWLRQ�RI�WKH�(DUWK�ERXQG�
VDWHOOLWH�RYHU�D�����\HDU�SHULRG��7KH�RUELW�RI� WKH�VDWHOOLWH�SURYHG�
WR� EH� VWDEOH�� WKH� VDWHOOLWH� RUELWLQJ� LQ� WKH� VDPH� GLUHFWLRQ� DV� WKH�
0RRQ�GRHV�

7KXV�� IRU�$SRSKLV� WR�EH�PDGH�D�QHDU�(DUWK�VDWHOOLWH�RUELWLQJ�
LQ�WKH�UHTXLUHG�GLUHFWLRQ��WZR�GHFHOHUDWLRQV�RI�LWV�YHORFLW\�QHHG�WR�
EH� LPSOHPHQWHG��7KH� ILUVW�GHFHOHUDWLRQ� LV� WR�EH� HIIHFWHG�SULRU� WR�
WKH�$SRSKLV�DSSURDFK�WR�WKH�(DUWK��IRU�LQVWDQFH��DW�WKH�SRLQW�$S�
�VHH�)LJ����� ������\HDU�EHIRUH�WKH�$SRSKLV�DSSURDFK�WR�WKH�(DUWK��
+HUH��WKH�$SRSKLV�YHORFLW\�QHHGV�WR�EH�GHFUHDVHG�E\������P�V��$�
VHFRQG�GHFHOHUDWLRQ� LV� WR�EH�HIIHFWHG�DW� WKH�PRPHQW�WKH�DVWHURLG�
FORVHV�ZLWK� WKH�(DUWK�� ,Q�WKH�FDVH�XQGHU�FRQVLGHUDWLRQ�� LQ�ZKLFK�
WKH�DVWHURLG�PRYHV�LQ�DQ�HOOLSWLF�RUELW��WKH�DVWHURLG�YHORFLW\�QHHGV�
WR�EH�GHFUHDVHG�E\�����NP�V�

6ORZLQJ�GRZQ�D�ERG\�ZHLJKLQJ����PLOOLRQ�WRQV�E\�����NP�V�
LV� SUHVHQWO\� D� GLIILFXOW� VFLHQWLILF� DQG� HQJLQHHULQJ� SUREOHP�� )RU�
LQVWDQFH�� LQ� >�@� LPSDUWLQJ� $SRSKLV� ZLWK� D� YHORFLW\� RI� ���� P�V�
ZDV� EHOLHYHG� WR� EH� D� SUREOHP� VROYDEOH�ZLWK�SUHVHQWO\� DYDLODEOH�
HQJLQHHULQJ�PHDQV�� 2Q� WKH� RWKHU� KDQG�� WKH� DXWKRUV� RI� >�@� FRQ�
VLGHU�LQFUHDVLQJ�WKH�YHORFLW\�RI�VXFK�D�ERG\�E\�DERXW�����FP�V�D�
GLIILFXOW� SUREOHP�� <HW�� ZLWK� $SRSKLV� EHLQJ� RQ� LWV ZD\� WR� WKH�
(DUWK��ZH�VWLOO�KDYH�D� WZHQW\�\HDU� OHHZD\��$IWHU� WKH�:RUOG�:DU�
,,�� HYHQ� PRUH� GLIILFXOW� D� SUREOHP�� WKDW� RQ� LQMHFWLRQ� RI� WKH� ILUVW�
DUWLILFLDO� VDWHOOLWH� LQ� QHDU�(DUWK� RUELW� DQG�� ODWHU�� WKH� ODXQFK� RI�
PDQQHG� VSDFH� YHKLFOHV�� ZDV� VXFFHVVIXOO\� VROYHG� LQ� D� SHULRG� RI�
WHQ�\HDUV��7KDW�LV�ZK\�ZH�EHOLHYH�WKDW��ZLWK�FRQVROLGDWHG�HIIRUWV�
RI� PDQNLQG�� WKH� REMHFWLYH� XQGHU� GLVFXVVLRQ� ZLOO� GHILQLWHO\� EH�
DFKLHYHG�

,W� VKRXOG� EH� HPSKDVL]HG� WKDW� WKH� DXWKRUV� RI� >�@� FRQVLGHUHG�
WKH�SRVVLELOLW\�RI�PRGLI\LQJ�WKH�$SRSKLV�RUELW�IRU�RUJDQL]LQJ�LWV�
LPSDFW� RQWR� DVWHURLG� ��������� ����� 9'���� 7KHUH� H[LVWV� D� VPDOO�
SUREDELOLW\� RI� WKH� DVWHURLG·V� LPSDFW� RQWR� WKH�(DUWK� LQ�������<HW��
WKH� SUREOHP� RQ� UHDFKLQJ� D� UHTXLUHG� GHJUHH� RI� FRRUGLQDWLRQ� EH�
WZHHQ� WKH� PRWLRQV� RI� WKH� WZR� VDWHOOLWHV� SUHVHQWO\� VHHPV� WR� EH�
KDUGO\�VROYDEOH��7KLV�DQG�VRPH�RWKHU�H[DPSOHV�VKRZ�WKDW�PDQ\�
ZRUNHUV�VKDUH�DQ�RSLQLRQ�WKDW�VXEVWDQWLDO�DFWLRQV�RQ�WKH�DVWHURLG�
DUH�QHFHVVDU\�IRU�PDNLQJ�WKH�VROXWLRQ�RI�WKH�YDULRXV�VSDFH�WDVNV�D�
UHDOLVWLF�SURJUDP�
&RQFOXVLRQV

��� 7KURXJK� DQ� DQDO\VLV� RI� OLWHUDWXUH� VRXUFHV�� GHILFLHQFLHV� RI�
WKH� SUHYLRXV� FDOFXODWLRQ� PHWKRGV� IRU� DVWHURLG� PRWLRQ� ZHUH� UH�
YHDOHG�� LQFOXGLQJ�� �L�� LQDFFXUDFLHV� LQ� FDOFXODWLQJ�GLIIHUHQFH� TXR�
WLHQWV�� �LL�� WKH� XVH� RI� HSKHPHULGHV� RXWVLGH� WKHLU� DSSUR[LPDWLRQ�
LQWHUYDO���LL��HIIHFWV�LQGXFHG�E\�UHVRQDQFHV�LQ�VLPSOLILHG�GLIIHUHQ�
WLDO�PRWLRQ�HTXDWLRQV�� �LY��VHQVLWLYLW\�RI�SHUWXUEHG�PRWLRQ�HTXD�
WLRQV�WR�RUELW�HOHPHQW�EUHDNV�



/RQJ�%HDFK����� 352&((',1*6�RI�WKH�13$ ���
���$�PHWKRG�IUHH�RI�VXFK�GHILFLHQFLHV�ZDV�XVHG�WR�QXPHULFDOO\�

LQWHJUDWH�QRQ�VLPSOLILHG�PRWLRQ�HTXDWLRQV�RI�$SRSKLV� WKH�SODQ�
HWV��WKH�0RRQ��DQG�WKH�6XQ�RYHU�D������\HDU�SHULRG�

��� ,Q� WKH� FRXUVH�RI� WHVW� FRPSXWDWLRQV�� WKURXJK�D� FRPSDULVRQ�
ZLWK� UHVXOWV� REWDLQHG� E\� RWKHU� DXWKRUV�� UHOLDELOLW\� RI� REWDLQHG�
GDWD�ZDV�FRQILUPHG�

��� 2Q� ��� KRXU� ��
 *07�� $SULO� ���� ����� $SRSKLV� ZLOO� SDVV�
FORVH�WR�WKH�(DUWK��DW�D�PLQLPXP�GLVWDQFH�RI�����(DUWK�UDGLL�IURP�
(DUWK·V�FHQWHU��7KLV�ZLOO�EH� WKH�FORVHVW�SDVV�RI�$SRSKLV�QHDU�WKH�
(DUWK�LQ�WKH�IRUWKFRPLQJ�RQH�WKRXVDQG�\HDUV�

���&DOFXODWLRQV�RQ�PDNLQJ�$SRSKLV� DQ�(DUWK�ERXQG�VDWHOOLWH�
DSSURSULDWH� IRU VROYLQJ� YDULRXV� VSDFH� H[SORUDWLRQ� WDVNV� ZHUH�
SHUIRUPHG�
$FNQRZOHGJHPHQWV

7KH� DXWKRUV� H[SUHVV� WKHLU� JUDWLWXGH� WR� 7�<X�� *DOXVKLQD� DQG�
9�*�� 3RO�� ZKR� SURYLGHG� WKHP�ZLWK� QHFHVVDU\� GDWD� RQ� DVWHURLG�
$SRSKLV��7KH\�DUH�DOVR�JUDWHIXO�WR�WKH�VWDII�RI�WKH�-HW�3URSXOVLRQ�
/DERUDWRU\��86$��ZKRVH� VLWHV�ZHUH�XVHG� DV� D�GDWD� VRXUFH� IURP�
ZKLFK� LQLWLDO�GDWD�IRU� LQWHJUDWLRQ�RI�PRWLRQ�HTXDWLRQV�ZHUH�ERU�
URZHG�� 7KH� VLWH� E\� (GZDUG� %RZHOO� �IWS���IWS�ORZHOO�HGX��
SXE�HOJE���ZDV� KHOSIXO� LQ� JUDVSLQJ� WKH� VSHFLILF� IHDWXUHV� RI� DV�
WHURLG� GDWD� UHSUHVHQWDWLRQ� DQG� LQ� DYRLGLQJ� SRVVLEOH� HUURUV� LQ�
WKHLU�XVH�
5HIHUHQFHV
>���@ *LRUJLQL� -�'��� %HQQHU�/�$�0���2VWUR�6�,���1RODQ�+�&���%XVFK�0�:��

3UHGLFWLQJ� WKH� (DUWK� HQFRXQWHUV� RI� �������� $SRSKLV� ��� ,FDUXV��
������9RO�������SS�������

>���@ 7XFNHU�5���7KROHQ�'���%HUQDUGL�)�����036��������������
>���@ *DUUDGG�*�-�����03(�&LUF���������<���
>���@ 5\NKORYD� /�9��� 6KXVWRY� %�0��� 3RO� 9�*��� 6XNKDQRY� .�*�� 8UJHQW�

SUREOHPV� LQ�SURWHFWLQJ� WKH�(DUWK�DJDLQVW� DVWHURLGV����1HDU �(DUWK�
$VWURQRP\� ����� ��� ,QWHUQ�� &RQI�� 3URFHHGLQJV�� 6HSWHPEHU� � ����
������ 7HUVNRO�� ,QWHUQDWLRQDO� &HQWHU� IRU� $VWURQRPLF� DQG�0HGLFDO �
(FRORJLFDO� 5HVHDUFK� RI� WKH� 8NUDLQLDQ� 1DWLRQDO� $FDGHP\� RI� 6F L�
HQFHV�DQG�,QVWLWXWH�RI�$VWURQRP\��5$6��1DO·FKLN��������SS���� ����

>���@ (PHO·\DQRY� 9�$��� 0HUNXVKHY� <X�.��� %DUDEDQRY� 6�,�� &\FOLFLW\� RI�
$SRSKLV� REVHUYDWLRQ� VHVVLRQV�ZLWK� VSDFH� DQG� JURXQG �EDVHG� WHOH�
VFRSHV����LELG���SS����� ����

>���@ (PHO·\DQRY�9�$���/XN·\DVKFKHQNR�9�,���0HUNXVKHY�<X�.���8VSH Q�
VNLL� *�5�� 'HWHUPLQDWLRQ� DFFXUDF\� RI� DVWHURLG� $SRSKLV·� RUELW� S D�
UDPHWHUV�HQVXUHG�E\�VSDFH�WHOHVFRSHV����LELG���SS���� ����

>���@ 6RNRORY�/�/���%DVKDNRY�$�$���3LW·HY�1�3��2Q�SRVVLEOH�HQFRXQWHUV�RI�
DVWHURLG�������$SRSKLV�ZLWK�WKH�(DUWK����LELG���SS����� ² ���

>���@ (YHUKDUW�(��,PSOLFLW�VLQJOH �VHTXHQFH�PHWKRGV�IRU�LQWHJUDWLQJ�RUELWV�
���&HOHVW��0HFK���������9RO������SS���� ����

>���@ %\NRYD�/�(���*DOXVKLQD�7�<X��(YROXWLRQ�RI�WKH�SUREDEOH�WUDYHO�SDWK�
RI�DVWHURLG�������$SRSKLV���6HH�UHI�����L ELG���SS�����² ���

>����@ %\NRYD�/�(��� %DWXULQ�$�3���*DOXVKLQD 7�<X��7UDMHFWRULHV� LQ� WKH� U H�
JLRQ� RI� SRVVLEOH� WUDYHO� SDWKV� RI� DVWHURLG� ������$SRSKLV� ��� )X Q�
GDPHQWDO� DQG�$SSOLHG� 3UREOHPV� LQ�0RGHUQ�0HFKDQLFV�� 3URFHH G�
LQJV�RI�WKH�9,�$OO �5XVVLD�6FLHQWLILF�&RQIHUHQFH�'HYRWHG�WR�WKH���� �

\HDU�$QQLYHUVDU\�RI�WKH�7RPVN�6WDWH�8QLY HUVLW\�DQG����\HDU�$QQL�
YHUVDU\�RI�WKH�5HVHDUFK�,QVWLWXWH�RI�$SSOLHG�0DWKHPDWLFV�DQG�0 H�
FKDQLFV� DW� 768��7RPVN��6HSWHPEHU���� ² 2FWREHU���� ������SS�� ����
����

>����@ 6PLUQRY�(�$��$GYDQFHG�QXPHULFDO�PHWKRGV�IRU�LQWHJUDWLQJ�P RWLRQ�
HTXDWLRQV�RI�DVWHURLGV�DSSURDFKL QJ�WKH�(DUWK����,QWHUQ��&RQI��3U R�
FHHGLQJV�� 6HSWHPEHU� � ���� ������ 7HUVNRO�� ,QWHUQDWLRQDO� &HQWHU� IRU�
$VWURQRPLF�DQG�0HGLFDO �(FRORJLFDO�5HVHDUFK�RI�WKH�8NUDLQLDQ�1 D�
WLRQDO� $FDGHP\� RI� 6FLHQFHV� DQG� ,QVWLWXWH� RI� $VWURQRP\�� 5$6��
1DO·FKLN��������SS���� ����

>����@ ,YDVKNLQ�9�9���6WLNKQR�.�$���$Q�DQDO\VLV�RI�WKH�SUREOHP�RQ�FRUUHF W�
LQJ�DVWHURLG�$SRSKLV·�RUELW����LELG���SS����� ² ���

>����@ *UHEHQLNRY�(�$���6PXOVN\�-�-���1XPHULFDO�LQYHVW LJDWLRQ�RI�WKH�0DUV�
RUELW� HYROXWLRQ� LQ� WKH� WLPH� LQWHUYDO�RI�KXQGUHG�PLOOLRQ���5HSRUWV�
RQ� $SSOLHG� 0HFKDQLFV�� 5XVVLDQ� $FDGHP\� RI� 6FLHQFHV�� $�$��
'RURGQLWV\Q� &RPSXWLQJ� &HQWHU�� 0RVFRZ�� $�$�� 'RURGQLWV\Q�
&RPSXWLQJ� &HQWHU�� ² ������ ��S�� �,Q� 5XVVLDQ��
KWWS���ZZZ�LN]�UX�aVPXOVNL��3DSHUV�(Y0 D���P�W��SGI��
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