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QHFHVVDU\� IRU� D� QXPEHU� RI� DSSOLFDWLRQV�� VXFK� DV� HYDOXDWLRQ� RI� WKH� HIIHFWV� RI� DHVWKHWLF
VXUJHU\� WR� WKH� IDFH� DQG� JURZWK� PHDVXUHPHQW�� 3RLQW� FRUUHVSRQGHQFH� PHWKRGV� DUH� DOVR
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SRLQW��)RU�H[DPSOH��D�SRLQW�LQ�D�IHDWXUHOHVV�UHJLRQ�RI�WKH�VXUIDFH�VKRXOG�PDWFK�ZHOO�WR�PDQ\
SRLQWV�LQ�D�ODUJH�UHJLRQ�RQ�WKH�RWKHU�VXUIDFH��,Q�WKLV�VLWXDWLRQ��LI�WKH�VXUIDFHV�DUH�UHJLVWHUHG�
WKH�PRVW� ³VHQVLEOH´� FRUUHVSRQGLQJ�SRLQW�ZRXOG�EH� WKH�QHDUHVW� SRLQW� LQ� WKLV� UHJLRQ� WR� WKH
SRLQW� EHLQJ�PDWFKHG��%HVW�PDWFK�PHWKRGV�� KRZHYHU��ZLOO� RIWHQ� FKRRVH� D� GLIIHUHQW� SRLQW�
ZKLFK� ZLOO� RIWHQ� EH� LQ� D� GLIIHUHQW� ORFDWLRQ� LQ� WKH� UHJLRQ�� 7KLV� KDV� WKH� HIIHFW� WKDW
QHLJKERXULQJ�SRLQWV�ZLOO�RIWHQ�QRW�KDYH�FORVH�FRUUHVSRQGLQJ�SRLQWV�

2WKHU� PHWKRGV� LQFOXGH� PDWFKLQJ� FUHVW� OLQHV�� GHILQHG� DV� OLQHV� RI� PD[LPXP� SULQFLSDO
FXUYDWXUH�>�@�DQG�VSLQ�LPDJHV�>�@��³6SLQ�LPDJHV´�DUH�REWDLQHG�E\�SURMHFWLQJ�WKH�LPDJH�RQWR
FRRUGLQDWH�V\VWHPV��ZKLFK�DUH�XQLTXH�IRU�HDFK�SRLQW�DQG�GHWHUPLQHG�E\�WKH�VXUIDFH�QRUPDO
DW� WKDW� SRLQW�� 6LQFH� HDFK� SRLQW� KDV� D� XQLTXH� VSLQ� LPDJH� DVVRFLDWHG�ZLWK� LW�� DQG�ZKLFK� LV
LQYDULDQW� WR� D� ULJLG� WUDQVIRUPDWLRQ� RI� WKH� REMHFW�� WKLV� WHFKQLTXH� GRHV� QRW� UHTXLUH� WKDW� WKH
LPDJHV�DUH� UHJLVWHUHG�EHIRUH�FRUUHVSRQGHQFHV�DUH� FDOFXODWHG��7KH�GUDZEDFN�ZLWK�ERWK�RI
WKHVH� PHWKRGV� LV� WKDW� WKH\� ZLOO� RQO\� ORFDWH� FRUUHVSRQGHQFHV� IRU� GLVWLQFWLYH� SRLQWV�
FRUUHVSRQGHQFHV�IRU�DOO�RWKHU�SRLQWV�KDYH�WR�EH�LQWHUSRODWHG�

,Q� WKLV� SDSHU�� ZH� GHVFULEH� D� VXUIDFH� FRUUHVSRQGHQFH� DOJRULWKP�� ZKLFK� XVHV� WKH� &60
�&RUUHVSRQGHQFHV� E\� 6HQVLWLYLW\� WR� 0RYHPHQW�� DOJRULWKP� DORQJ� ZLWK� D� VXUIDFH� PDWFK
IXQFWLRQ�� 7KLV� DOJRULWKP�ZDV� LQLWLDOO\� HPSOR\HG� ZLWKLQ� WKH� ,&3� �,WHUDWLYH� &ORVHVW� 3RLQW�
UHJLVWUDWLRQ� DOJRULWKP� >��@� DQG� VKRZQ� WR� JLYH� EHWWHU� UHVXOWV� WKDQ� RWKHU� FRUUHVSRQGHQFH
DOJRULWKPV� >��@�� ,W� KDV� WKH� DGYDQWDJHV� WKDW� WKHUH� LV� QR� VHJPHQWDWLRQ�� D� UHOLDELOLW\� RI� WKH
FRUUHVSRQGHQFH�LV�FDOFXODWHG��DQG�WKH�FRUUHVSRQGLQJ�SRLQWV�RI�SRLQWV�WKDW�DUH�FORVH��ZLOO�LQ
JHQHUDO��DOVR�EH�FORVH��7KH�SHUIRUPDQFH�RI�WKH�&60�DOJRULWKP�LV�HYDOXDWHG�ZLWK�UHVSHFW�WR
TXDQWLI\LQJ� WKH� FKDQJHV� WR� SDWLHQWV¶� IDFHV� DIWHU� FRUUHFWLYH� VXUJHU\� WR� WKH� PDQGLEOH� DQG
PD[LOOD��DQG�FRPSDUHG�ZLWK�WKH�SHUIRUPDQFH�RI�D�PHWKRG�WKDW�ORFDWHV�WKH�FORVHVW�SRLQW�RQ
WKH�VXUIDFH�WR�WKH�SRLQW�EHLQJ�PDWFKHG�

�����0DWFKLQJ�DQG�5HJLVWUDWLRQ
7KH�VXUIDFH�FRUUHVSRQGHQFH�DOJRULWKP�GHVFULEHG� LQ� WKLV�SDSHU� LV�PDGH�XS�RI� WZR�SDUWV�� D
PDWFK�IXQFWLRQ�IRU�FRPSDULQJ�SRLQWV�RQ�GLIIHUHQW�VXUIDFHV��DQG�WKH�&60��&RUUHVSRQGHQFHV
E\�6HQVLWLYLW\� WR�0RYHPHQW�� DOJRULWKP�ZKLFK� XVHV� WKH�PDWFK� YDOXHV� JLYHQ� E\� WKH�PDWFK
IXQFWLRQ� WR� FDOFXODWH� D� FRUUHVSRQGLQJ� SRLQW� DORQJ� ZLWK� D� PHDVXUH� RI� UHOLDELOLW\�� ,Q� WKH
IROORZLQJ��VXUIDFHV�$�DQG�%�DUH�DVVXPHG�WR�EH�WULDQJXODU�PHVKHV�DQG�QRGHV�RQ�VXUIDFH�$
ZLOO�EH�PDWFKHG�WR�QRGHV�RQ�VXUIDFH�%��1RWH�WKDW�WKH�QRGHV�RQ�VXUIDFH�$�FDQ�FRUUHVSRQG�WR
DQ\�SRLQW�RQ�VXUIDFH�%��DOWKRXJK�WKH\�DUH�RQO\�PDWFKHG�WR�QRGHV�RQ�VXUIDFH�%�

7KHUH�DUH�WKUHH�VWDJHV�WR�WKH�&60�DOJRULWKP�
��� 0DWFK�D�QRGH��WKH�PDWFKQRGH��RI�VXUIDFH�$�WR�DOO�WKH�QRGHV�ZLWKLQ�D�FHUWDLQ�UDGLXV�LQ

VXUIDFH�%���7KH�UDGLXV�GHILQHV�WKH�VHDUFK�UHJLRQ��
��� 0RYH�WKH�PDWFKQRGH�DURXQG�D�OLWWOH��DQG�IRU�HDFK�SRVLWLRQ�RI�WKH�PDWFKQRGH��FDOFXODWH

D�³WHQWDWLYH�FRUUHVSRQGLQJ�SRLQW´�RQ�VXUIDFH�%��7KLV�SURGXFHV�D�VFDWWHU�RI�FRUUHVSRQGLQJ
SRLQWV�WKDW�VKRXOG�EH�FOXVWHUHG�RQ�VXUIDFH�%��DQG�WKDW�PD\�EH�FOXVWHUHG�DORQJ�D�OLQH�RU
DURXQG�D�SRLQW��RU�ZLGHO\�VFDWWHUHG�RQ�WKH�VXUIDFH�

��� &DOFXODWH� D� FRUUHVSRQGLQJ� SRLQW� DQG� D� PHDVXUH� RI� UHOLDELOLW\� E\� DQDO\VLQJ� WKH
GLVWULEXWLRQ�RI�WKH� WHQWDWLYH�FRUUHVSRQGLQJ�SRLQWV�� ,I� WKH� WHQWDWLYH�FRUUHVSRQGLQJ�SRLQWV
DUH�VFDWWHUHG�DORQJ�D�OLQH��WKH�FRUUHVSRQGLQJ�SRLQW�LV�WKH�FORVHVW�SRLQW�RQ�WKH�OLQH�WR�WKH
PDWFKQRGH�� RWKHUZLVH� WKH� FHQWURLG� RI� WKH� VFDWWHU� RI� SRLQWV� LV� XVHG�� 7KH� UHOLDELOLW\� LV
GHULYHG�IURP�WKH�VXP�RI�VTXDUHG�GLVWDQFHV�RI�WKH�VHFRQG�SULQFLSDO�D[LV�IRU�WKH�VFDWWHU�RI
SRLQWV�






���� 7KH�0DWFK�)XQFWLRQ

7KH�PDWFK�IXQFWLRQ�IRU�PDWFKLQJ�D�QRGH�RQ�VXUIDFH�$�WR�D�QRGH�RQ�VXUIDFH�%�LV�EDVHG�RQ
WKUHH�TXDQWLWLHV��WKH�FXUYHGQHVV�>��@��VKDSH�>��@��DQG�³UHODWLYH�DQJOH´��7KH�FXUYHGQHVV�DQG
VKDSH� DUH� VWDQGDUG�PHDVXUHV� EDVHG� RQ� WKH� SULQFLSDO� FXUYDWXUHV�� WKH� UHODWLYH� DQJOH� LV� WKH
DQJOH�EHWZHHQ�WKH�QRUPDO�DQG�WKH�YHFWRU�IURP�WKH�PDLQ�D[LV�RI�V\PPHWU\�RI�WKH�REMHFW�WR
WKH�QRGH��7KLV�LV�D�QHZ�PHDVXUH�WKDW�LPSRVHV�D�³WH[WXUH´�RQ�WKH�VXUIDFH�QRUPDOV�DQG�WKXV
KHOSV�WR�ORFDOLVH�QRGHV�LQ�RWKHUZLVH�IHDWXUHOHVV�UHJLRQV��$W�ILUVW��WKH�VXUIDFH�QRUPDOV�ZHUH
FRPSDUHG�WR�WKRVH�RI�D�VSKHUH��EXW�DV�WKH�IDFH�UHVHPEOHV�D�VSKHUH�TXLWH�ZHOO��WKLV�SURYLGHV
OLWWOH� DGGLWLRQDO� LQIRUPDWLRQ� DERXW� WKH� VXUIDFH�� ,W� ZDV� IRXQG� WKDW� XVLQJ� D� F\OLQGHU� DV� D
WHPSODWH�ZRUNV�PXFK�EHWWHU��JLYLQJ�EHWWHU� ORFDOLVDWLRQ�WR�WKH�QRGHV��1RWH�WKDW� WKH�UHODWLYH
DQJOH�PHDVXUH��XQOLNH�VXUIDFH�QRUPDOV��LV�LQGHSHQGHQW�RI�WKH�SRVH�RI�WKH�REMHFW�

:H� GHILQH� D� VHSDUDWH� PHDVXUH� IRU� HDFK� RI� WKHVH� TXDQWLWLHV�� DQG� WKHQ� PXOWLSO\� WKHVH
PHDVXUHV�WRJHWKHU��(DFK�FRPSRQHQW�LV�PDWFKHG�XVLQJ�WKH�IROORZLQJ�IRUPXODH�
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XVHG�WR�VWRS�WKH�YDOXHV�EHLQJ�VZDPSHG�E\������ZKLFK�KDV�EHHQ�LQFOXGHG�WR�SUHYHQW�GLYLVLRQ
E\� ]HUR�� 1RWH� WKDW� DOWKRXJK� WKH� FXUYHGQHVV� YDULHV� ZLWK� VFDOH�� WKLV� PDWFK� IXQFWLRQ� LV
LQGHSHQGHQW�RI�VFDOH�
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� UHSUHVHQW� WKH� VKDSH� RI� WKH� SRLQWV� EHLQJ� PDWFKHG�� 7KH� YDOXH� ���

HIIHFWLYHO\�JLYHV�D�KDOI�ZLGWK�DW�KDOI�PD[LPXP�IRU�WKLV�JDXVVLDQ�DV�����
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�
�DQG� $

�
�DUH�WKH�UHODWLYH�DQJOHV�RI�WKH�SRLQWV�EHLQJ�PDWFKHG��7KLV�JDXVVLDQ�KDV�D

KDOI�ZLGWK�DW�KDOI�PD[LPXP�RI�SL�����ZKLFK�LV����GHJUHHV�

7KHVH�IRUPXODH�KDYH�EHHQ�GHVLJQHG��YLD�WKH�XVH�RI�JDXVVLDQ�IXQFWLRQV�IRU�WKH�ODWWHU�WZR
TXDQWLWLHV�� WR�JLYH�YDOXHV� LQ� WKH� UDQJH� >���@� WR� HQVXUH� WKDW� WKH\�KDYH� HTXDO�ZHLJKW� LQ� WKH
ILQDO�PDWFKYDOXH�JLYHQ�E\�� UFJP =

�������&DOFXODWLQJ�7HQWDWLYH�&RUUHVSRQGLQJ�3RLQWV

,I� WKH�PDWFKQRGH� IURP� VXUIDFH� $� LV� PDWFKHG� WR� DOO� WKH� QRGHV� ZLWKLQ� D� VHDUFK� UHJLRQ� LQ
VXUIDFH�%��D�PDWFKPDS� LV�REWDLQHG��$�³WHQWDWLYH�FRUUHVSRQGLQJ�SRLQW´� IRU� WKH�PDWFKQRGH
FDQ�EH�FDOFXODWHG�E\�VXPPLQJ�RYHU�WKH�PDWFKPDS��7KLV�LV�DFKLHYHG�E\�WKH�IRUPXOD�
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ZKHUH� P
L
� LV� WKH�PDWFK�YDOXH�IRU�SRLQW� L��E� LV�D�FRQVWDQW�� PHDQGLVW

L
� LV� WKH�PHDQ�GLVWDQFH

IURP�SRLQW�L�WR�DOO�WKH�QRGHV�FRQQHFWHG�WR�LW��DQG� Q
L
�LV�WKH�QXPEHU�RI�QRGHV�FRQQHFWHG�WR

SRLQW� L��7KH�VHFRQG�SDUW�RI� WKLV�IRUPXOD�LV� LQFOXGHG� WR�SUHYHQW�DUHDV�ZLWK�GHQVHO\�SDFNHG
QRGHV� KDYLQJ� PRUH� LQIOXHQFH� WKDQ� DUHDV� ZKHUH� WKH� QRGHV� DUH� OHVV� GHQVHO\� SDFNHG�� 7KH
FRQVWDQW�E�ZDV�VHW�HTXDO�WR�����IRU�WKLV�DSSOLFDWLRQ�

���� � �*HQHUDWLQJ� D�&RUUHVSRQGLQJ�3RLQW� DQG� D�0HDVXUH� RI
5HOLDELOLW\

7KH�IRUPXODH�JLYHQ�DERYH�HQDEOH�XV�WR�FDOFXODWH�D�VLQJOH�³WHQWDWLYH�FRUUHVSRQGLQJ�SRLQW´
IRU� HDFK�PDWFKQRGH� RQ� VXUIDFH�$�� ,I� ZH�PRYH� WKH�PDWFKQRGH� D� OLWWOH� DQG� VXP� RYHU� WKH
PDWFKPDS� ZLWK� WKH� PDWFKQRGH� LQ� WKLV� QHZ� SRVLWLRQ�� ZH� ZLOO� LQ� JHQHUDO�� JHW� D� GLIIHUHQW
WHQWDWLYH�FRUUHVSRQGLQJ�SRLQW��%\�UHSHDWLQJ� WKLV�SURFHGXUH� IRU� IL[HG�GLVSODFHPHQWV�RI� WKH
PDWFKQRGH��D�VFDWWHU�RI� WHQWDWLYH�FRUUHVSRQGLQJ�SRLQWV�ZLOO�EH�JHQHUDWHG��7KH�GLVWULEXWLRQ
RI� WKLV� VFDWWHU� RI� SRLQWV� LV� DQDO\VHG� WR� SURYLGH� D� FRUUHVSRQGLQJ� SRLQW� DQG� D� PHDVXUH� RI
UHOLDELOLW\�RI�WKH�FRUUHVSRQGHQFH�

7KLV� GLVWULEXWLRQ� RI� SRLQWV� LV� DQDO\VHG� E\� FDOFXODWLQJ� WKH� SULQFLSDO� D[HV� DQG
FRUUHVSRQGLQJ�HLJHQYDOXHV�RI�WKH�WHQWDWLYH�FRUUHVSRQGLQJ�SRLQWV��$V�ORQJ�DV�VXUIDFH�%�FDQ
EH� ORFDOO\� DSSUR[LPDWHG� E\� D� SODQH� �ZKLFK� FDQ� EH� DFKLHYHG� IRU� VPRRWK� VXUIDFHV� E\
LQFUHDVLQJ�WKH�VFDOH��RU�E\�GHFUHDVLQJ�WKH�SHUWXUEDWLRQ�GLVWDQFH�RI�WKH�PDWFKQRGH���WKH�WKLUG
HLJHQYDOXH�ZLOO� DSSUR[LPDWH� WKH� VXP�RI� VTXDUHG�GLVWDQFHV�RI� WKH� WHQWDWLYH� FRUUHVSRQGLQJ
SRLQWV� WR� WKH� VXUIDFH��7KH� ILUVW� SULQFLSDO� D[LV� SURYLGHV� D� OLQH� DORQJ�ZKLFK� WKH� SRLQWV� DUH
VFDWWHUHG�� DQG� WKH� VHFRQG� HLJHQYDOXH� SURYLGHV� D� PHDVXUH� RI� KRZ� FORVHO\� WKH� SRLQWV� DUH
VFDWWHUHG�DORQJ� WKLV� OLQH�� ,I� WKH� UDWLR�RI� WKH� VHFRQG�DQG� ILUVW� HLJHQYDOXHV� LV�JUHDWHU� WKDQ�D
WKUHVKROG� �FXUUHQWO\� VHW� DW������� WKH�FRUUHVSRQGLQJ�SRLQW� LV� VHW� WR� WKH� FORVHVW� SRLQW� RQ� WKH
OLQH� WR� WKH� PDWFKQRGH�� RWKHUZLVH� LW� LV� JLYHQ� E\� WKH� FHQWURLG� RI� WKH� VFDWWHU� RI� WHQWDWLYH
FRUUHVSRQGLQJ�SRLQWV�

7KH�PHDVXUH�RI�UHOLDELOLW\�RI�WKH�PDWFK�LV�EDVHG�RQ�WKH�VHFRQG�HLJHQYDOXH�VLQFH�WKLV� LV
ODUJH�ZKHQ� WKH�SRLQWV� DUH�ZLGHO\� VFDWWHUHG�RYHU� VXUIDFH�%� DQG� VPDOO� ERWK�ZKHQ� WKH\� DUH
VFDWWHUHG� DORQJ� D� OLQH� DQG� ZKHQ� WKH\� DUH� FOXVWHUHG� QHDU� D� SRLQW�� 7R� JLYH� WKH� UHOLDELOLW\
YDOXH��WKH�VHFRQG�HLJHQYDOXH�LV�FRQYHUWHG�WR�WKH�UDQJH�>���@�XVLQJ�WKH�IROORZLQJ�IRUPXOD�
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ZKHUH� G� LV� WKH� PD[LPXP� GLVSODFHPHQW� XQGHUJRQH� E\� WKH� PDWFKQRGH�� Y� LV� WKH� VHFRQG
HLJHQYDOXH��DQG�W�LV�WKH�QXPEHU�RI�WHQWDWLYH�FRUUHVSRQGLQJ�SRLQWV��)RU�WKLV�DSSOLFDWLRQ��WKH
GLVSODFHPHQW�G�ZDV�VHW�WR����PP�

�����([SHULPHQWV
$�&\EHUZDUH�ODVHU�VFDQQHU�����+5&��&\EHUZDUH�,QF��0RQWHUH\��&DOLIRUQLD��ZDV�XVHG�WR
VFDQ� WZR� SDWLHQWV� EHIRUH� DQG� DIWHU� VXUJHU\� WR� WKHLU� MDZV�� 7KH� PD[LOOD� RI� SDWLHQW� �� ZDV
PRYHG� ��� PP� IRUZDUGV� DQG� ���� PP� XSZDUGV�� DQG� WKH� PDQGLEOH� ZDV� PRYHG� �� PP
EDFNZDUGV��3DWLHQW���KDG�WKHLU�PDQGLEOH�PRYHG�EDFN�E\�����PP�DQG�WKHLU�PD[LOOD�PRYHG��
PP�IRUZDUGV�DQG�WLOWHG�VR�WKDW�WKH�DQWHULRU�DQG�SRVWHULRU�UHJLRQV�ZHUH�PRYHG�XSZDUGV�E\��
PP�DQG���PP�UHVSHFWLYHO\��6HYHUDO� VFDQV�RI�HDFK�SDWLHQW�ZHUH� WDNHQ�DW� HDFK� VHVVLRQ�� ,Q
DGGLWLRQ��LQ�RUGHU�WR�SURYLGH�GDWD�IRU�FKHFNLQJ�WKDW�ODUJH�GLIIHUHQFHV�DUH�QRW�IRXQG�ZKHQ�WKH






IDFH�KDV�QRW�EHHQ�VXUJLFDOO\�DOWHUHG�����YROXQWHHUV��ZKR�ZHUH�QRW�XQGHUJRLQJ�VXUJHU\��ZHUH
VFDQQHG�WZLFH�RQ�WKH�VDPH�GD\�

7KH�IDFH�ZDV�PDQXDOO\�VHJPHQWHG�IURP�HDFK�VFDQ��FRQYHUWHG�WR�D�WULDQJXODU�PHVK��DQG
GHFLPDWHG�VR�WKDW�WKH�QXPEHU�RI�QRGHV�ZDV�UHGXFHG�WR�����RI�WKH�RULJLQDO�QXPEHU��6FDQV
ZHUH�DXWRPDWLFDOO\�UHJLVWHUHG�XVLQJ�WKH�&60�FRUUHVSRQGHQFH�DOJRULWKP��FRPELQHG�ZLWK�WKH
,&3�ULJLG�UHJLVWUDWLRQ�DOJRULWKP�>��@��7KH�VFDQV�RI�WKH�YROXQWHHUV�ZHUH�UHJLVWHUHG�XVLQJ�WKH
ZKROH� IDFH��ZKHUHDV� WKH�SUH�� DQG�SRVW�RSHUDWLYH� VFDQV�ZHUH� UHJLVWHUHG� E\� UHJLVWHULQJ� WKH
IRUHKHDG�DQG�KDOI�RI�WKH�H\H�RUELWV�IURP�WKH�SRVW�RSHUDWLYH�VFDQ�WR�WKH�ZKROH�IDFH�IURP�WKH
SUH�RSHUDWLYH�VFDQ�

7ZR�PHWKRGV�ZHUH�XVHG� WR�FRPSDUH� WKH�GLIIHUHQFHV�EHWZHHQ�SDLUV� RI� VFDQV�� WKH�&60
FRUUHVSRQGHQFH�DOJRULWKP�GHVFULEHG�DERYH�DQG�WKH�FORVHVW�SRLQW�PHWKRG��7KH�FORVHVW�SRLQW
PHWKRG�VLPSO\�FDOFXODWHV�WKH�YHFWRU�IURP�D�PDWFKQRGH�RQ�VXUIDFH�$�WR�WKH�FORVHVW�SRLQW�RQ
VXUIDFH�%� WR� WKH�PDWFKQRGH��7KH�GLVSODFHPHQW� YHFWRUV� JHQHUDWHG�E\� WKHVH�PHWKRGV�ZHUH
ODEHOOHG�DFFRUGLQJ�WR�WKHLU�GLUHFWLRQ�FRPSDUHG�WR�WKH�QRUPDOV�RI�VXUIDFH�$�LQWR�LQZDUG�DQG
RXWZDUG� SRLQWLQJ� YHFWRUV�� 7KH� GLVSODFHPHQWV� ZHUH� GLVSOD\HG� RQ� VXUIDFH� $� XVLQJ� ZDUP
�\HOORZ�RUDQJH�UHG�� FRORXUV� IRU� RXWZDUG� GLVSODFHPHQWV� DQG� FROG� �JUHHQ�EOXH�SXUSOH�
FRORXUV�IRU�LQZDUG�GLVSODFHPHQWV��1RWH�WKDW�DOWKRXJK�WKHVH�PHWKRGV�SURGXFH�GLVSODFHPHQW
YHFWRUV��WKH\�GR�QRW�JLYH�DQ�LQGLFDWLRQ�RI�VRIW�WLVVXH�PRYHPHQWV�DV�D�UHVXOW�RI�VXUJHU\��EXW
LQVWHDG��TXDQWLI\�WKH�GLIIHUHQFHV�EHWZHHQ�WZR�VXUIDFHV�

7KUHH�VHWV�RI�H[SHULPHQWV�ZHUH�FDUULHG�RXW�
��� 7KH� VFDQV� RI� WKH� ��� YROXQWHHUV� ZHUH� HYDOXDWHG� XVLQJ� WKH� &60� DQG� FORVHVW� SRLQW

PHWKRGV�LQ�RUGHU�WR�FKHFN�WKDW� WKHVH�PHWKRGV�GR�QRW�JLYH�ODUJH�GLIIHUHQFHV�ZKHQ� WKH
IDFH�KDV�QRW�EHHQ�VXUJLFDOO\�DOWHUHG�

��� $�SUH�RSHUDWLYH� VFDQ� IURP� HDFK� SDWLHQW�ZDV�PDWFKHG� WR� D� SRVW�RSHUDWLYH� VFDQ� XVLQJ
ERWK�PHWKRGV��7KH�UHVXOWLQJ�GLVSODFHPHQW�YHFWRUV�ZHUH�FRPSDUHG�WR�WKH�NQRZQ�ERQH
GLVSODFHPHQWV�E\�UHFRUGLQJ�DQG�DYHUDJLQJ�WKH�DFWXDO�GLVSODFHPHQWV�IRU���SRLQWV�LQ�WKH
UHJLRQV�RI�HDFK�RI�WKH����SRLQWV�VKRZQ�LQ�ILJXUH���

��� ,Q� RUGHU� WR� HYDOXDWH� WKH� DFFXUDF\� RI� WKH� UHJLVWUDWLRQ� DQG� UHSURGXFLELOLW\� RI� WKH
FDOFXODWHG�GLVSODFHPHQWV�� IRXU� SRVW� RSHUDWLYH� VFDQV�RI� SDWLHQW� ��ZHUH� UHJLVWHUHG� WR� D
VLQJOH�SUH�RSHUDWLYH�VFDQ��DOVR�IURP�WKLV�SDWLHQW��'LVSODFHPHQW�YHFWRUV�ZHUH�FDOFXODWHG
IURP� WKH� SUH�RSHUDWLYH� WR� HDFK� SRVW�RSHUDWLYH� VFDQ� DQG� WKHQ� HDFK� RI� WKHVH� VHWV� RI
GLVSODFHPHQW�YHFWRUV�ZDV�FRPSDUHG�SDLUZLVH�ZLWK�WKH�RWKHUV�

)LJXUH����7KH����SRVLWLRQV�DW�ZKLFK�WKH
YHFWRU�GLVSODFHPHQWV�ZHUH�PHDVXUHG�

PHDQ VWG
&60 ���� ����
&ORVHVW�SRLQW ���� ����

7DEOH� ��� 7KH� PHDQ� DQG� VWDQGDUG
GHYLDWLRQ� �LQ� PP�� RI� WKH� GLIIHUHQFHV
EHWZHHQ� WKH� VXUIDFHV� IRU� WKH� VFDQV� RI
QRUPDO�IDFHV�
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)LJXUH����7KH�UHVXOWV�RI�UHJLVWHULQJ�WZR�VFDQV�RI�WKH�VDPH�SHUVRQ�WDNHQ�RQ�WKH�VDPH�GD\�

�������� �������
���������������������&60���������������������������������������������������������������&ORVHVW�3RLQW

)LJXUH����7KH�UHVXOWV�RI�XVLQJ�WKH�WZR�PHWKRGV�WR�FRPSDUH�WKH�SUH�DQG�SRVW�RSHUDWLYH�IDFLDO
VXUIDFHV�IRU�SDWLHQW���

�����5HVXOWV
7DEOH���VKRZV�WKDW�WKH�FORVHVW�SRLQW�PHWKRG�JLYHV�WKH�VPDOOHVW�VXUIDFH�GLVSODFHPHQW�YDOXHV�
7KHVH� YDOXHV� DUH� FRPSDUDEOH� WR� WKRVH� IRXQG� LQ� RWKHU�ZRUN� EDVHG� RQ� ODQGPDUNV� >�����@�
7KH�GLVSODFHPHQW�PDSV�IRU�RQH�RI�WKH�YROXQWHHUV�DUH�VKRZQ�LQ�ILJXUH����7KH�GLVWULEXWLRQ�RI
QRQ�]HUR� GLVSODFHPHQWV� VKRZV� WKDW� WKH� VFDQV� DUH� ZHOO� UHJLVWHUHG� DQG� WKDW� WKH� HUURUV� DUH
SUREDEO\�GXH�WR�PHDVXUHPHQW�HUURUV�E\�WKH�VFDQQLQJ�HTXLSPHQW�






���� ���

)LJXUH����7KH�UHVXOWV�RI�XVLQJ�WKH�WZR�PHWKRGV�WR�FRPSDUH�WKH�SUH�DQG�SRVW�RSHUDWLYH�IDFLDO
VXUIDFHV�IRU�SDWLHQW���

&60
3RVW�� 3RVW�� 3RVW�� 3RVW��

PHDQ VWG PHDQ VWG PHDQ VWG PHDQ VWG
3RVW�� ���� ���� ���� ���� ���� ���� ���� ����
3RVW�� ���� ���� ���� ���� ���� ����
3RVW�� ���� ���� ���� ����
3RVW�� ���� ����

&ORVHVW�GLVWDQFH
3RVW� ���� ����
3RVW� ���� ���� ���� ����
3RVW� ���� ���� ���� ���� ���� ����
3RVW� ���� ���� ���� ���� ���� ���� ���� ����

7DEOH����7KH�PHDQ� DQG� VWDQGDUG�GHYLDWLRQ� �LQ�PP�� IRU� WKH�GLVSODFHPHQWV�� FDOFXODWHG� IRU
IRXU�SRVW�RSHUDWLYH� LPDJHV� WKDW� KDG�EHHQ� UHJLVWHUHG� WR� D� VLQJOH�SUH�RSHUDWLYH� LPDJH��7KH
GLVSODFHPHQWV�ZHUH�FDOFXODWHG�XVLQJ�WKH�FORVHVW�SRLQW�PHWKRG�

)LJXUH���VKRZV�WKH�UHVXOWV�RI�XVLQJ�ERWK�PHWKRGV�WR�FRPSDUH�WKH�SUH��DQG�SRVW�RSHUDWLYH
VFDQV�RI�SDWLHQW����7KH�LPDJHV�LQ�ILJXUH���VKRZ�WKDW�WKH�WZR�VFDQV�DUH�ZHOO
UHJLVWHUHG� EHFDXVH� WKH� IRUHKHDGV� VKRZ� OLWWOH� GLVSODFHPHQW�� %RWK� PHWKRGV� VKRZ� WKDW� WKH
PDQGLEOH�ZDV�PRYHG�EDFN�E\�DERXW���PP��SRLQW�����ZKLFK�DJUHHV�FORVHO\�ZLWK� WKH�JLYHQ
ERQH�PRYHPHQW��%RWK�PHWKRGV� DOVR� VKRZ� WKDW� WKH�PD[LOOD�ZDV�PRYHG� IRUZDUGV�� EXW� WKH
VRIW� WLVVXH� GLVSODFHPHQWV� DUH� OHVV� WKDQ� WKH� JLYHQ� ERQH� GLVSODFHPHQW�� 7KH� &60� PHWKRG
JLYHV�JUHDWHU�GLVSODFHPHQW�LQ�WKH�FKHHN�UHJLRQV��VXJJHVWLQJ�WKDW�DOWKRXJK�WKH�WZR�VXUIDFHV
DUH�YHU\�FORVH�LQ�WKLV�UHJLRQ��WKHUH�KDV�EHHQ�VRPH�VKDSH�FKDQJH�

7KH� UHVXOWV� RI� SDWLHQW� �� DUH� VKRZQ� LQ� ILJXUH� ���%RWK�PHWKRGV� VKRZ� WKDW� WKH� FKLQ�ZDV
PRYHG�EDFN�� WKH�EULGJH�RI�WKH�QRVH�KDV�PRYHG�GRZQ�DQG� WKDW� WKH�PDQGLEOH�KDV�GURSSHG�
'HVSLWH� WKH� ODUJH� DQG� FRPSOLFDWHG� PRYHPHQW� RI� WKH� PD[LOOD�� WKH� FORVHVW� SRLQW� PHWKRG
VKRZV� OLWWOH� GLIIHUHQFH� EHWZHHQ� WKH� SUH�� DQG� SRVW�RSHUDWLYH� VFDQV� LQ� WKH� FKHHN� UHJLRQ�
DOWKRXJK�WKHUH�LV�VRPH��DV\PPHWULF��LQGLFDWLRQ�WKDW�WKH�DUHD�XQGHU�WKH�H\HV�KDV�PRYHG
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)LJXUH����7KH�UHVXOWV�RI�H[SHULPHQW���IRU�VFDQV�SRVW���DQG�SRVW����VHH�WDEOH�����7KH�WRS�URZ
VKRZV�WKH�UHVXOWV�RI�FDOFXODWLQJ�WKH�GLVSODFHPHQWV�EHWZHHQ�SRVW���DQG�SRVW����7KH�ERWWRP
URZ�VKRZV�WKH�UHVXOWV�RI�FRPSDULQJ�WKH�GLVSODFHPHQWV�FDOFXODWHG�IURP�WKH�SUH�RSHUDWLYH
LPDJH�WR�HDFK�SRVW�RSHUDWLYH�LPDJH�






GRZQ��ZKLOH�WKH�FKHHN�UHJLRQV�OHYHO�ZLWK�WKH�DODH�KDYH�PRYHG�RXW�E\�����PP��7KH�&60
PHWKRG�� LQ�FRQWUDVW��VKRZV�PDMRU�FKDQJHV�LQ�WKH�FKHHN�UHJLRQV��:KHQ� WKH�VXUIDFHV�RI� WKH
VFDQV� DUH� H[DPLQHG�� WKH� VKDSH� RI� WKH� FKHHNV� ORRNV� TXLWH� GLIIHUHQW�� 7KH\� VHHP� WR� KDYH
GURSSHG�DQG�WR�KDYH�PRYHG�IRUZDUGV�UHODWLYH�WR�WKH�QRVH��7KLV�PRYHPHQW�LV�VKRZQ�FOHDUO\
RQO\� E\� WKH�&60�PHWKRG��ZKLFK�ZKHQ� WKH� GLVSODFHPHQW� YHFWRUV� DUH� GLVSOD\HG�� VKRZV� D
VKDSH�FKDQJH�LQ�D�GRZQZDUGV�FLUFXODU�PRYHPHQW�

7DEOH��� VKRZV� WKH� UHVXOWV� RI� FRPSDULQJ�GLVSODFHPHQWV� EHWZHHQ� D� VLQJOH� SUH�RSHUDWLYH
VFDQ� DQG� IRXU� SRVW�RSHUDWLYH� VFDQV� WKDW� KDYH� EHHQ� UHJLVWHUHG� WR� WKLV� SUH�RSHUDWLYH� VFDQ�
)LJXUH���VKRZV�WKH�UHVXOWV�IRU�WKH�ZRUVW�SDLUZLVH�FRPSDULVRQV��7KH�WRS�URZ�RI�WKLV�ILJXUH�
ZKLFK�VKRZV�WKH�GLIIHUHQFHV�EHWZHHQ�WZR�SRVW�RSHUDWLYH�VFDQV��VKRZV�WKDW�WKH�UHJLVWUDWLRQ
LV�JRRG��EXW�WKDW�WKH�QRVH�DSSHDUV�WR�KDYH�VKLIWHG�LQ�WKH�RSSRVLWH�GLUHFWLRQ�WR�WKH�UHVW�RI�WKH
IDFH�

7KH�VHFRQG�URZ�RI�ILJXUH���VKRZV�WKH�GLIIHUHQFHV�LQ�WKH�GLVSODFHPHQW�YHFWRUV�FDOFXODWHG
EHWZHHQ� WKH�SUH�RSHUDWLYH� VFDQ� DQG� WZR�SRVW�RSHUDWLYH� VFDQV��6LQFH� WKHVH� LPDJHV� KDYH� D
PRWWOHG� DSSHDUDQFH� UDWKHU� WKDQ� D� V\VWHPDWLF� SDWWHUQ�� ZH� FRQFOXGH� WKDW� DQ\� UHJLVWUDWLRQ
HUURUV� DUH� QRW� DIIHFWLQJ� WKH� GLVSODFHPHQW� FDOFXODWLRQ�� DQG� WKDW� WKH� HUURUV�PXVW� EH� GXH� WR
QRLVH� LQ� WKH� LPDJHV��7KH�DUJXPHQW� IRU� WKLV� FRQFOXVLRQ� LV� IXUWKHU� VWUHQJWKHQHG�E\� WKH� IDFW
WKDW� WKH�GLIIHUHQFHV� LQ� WKH�GLVSODFHPHQW� YHFWRUV� DUH� UHGXFHG�ZKHQ� JDXVVLDQ� VPRRWKLQJ� LV
DSSOLHG�WR�WKH�WULDQJXODU�VXUIDFH�PHVKHV�EHIRUH�WKH�GLVSODFHPHQWV�DUH�FDOFXODWHG�

$OO� WKH�UHVXOWV�IRU�H[SHULPHQW���VKRZ�WKDW� WKH�&60�PHWKRG�JLYHV� ODUJHU�GLVFUHSDQFLHV
EHWZHHQ�WKH�GLVSODFHPHQW�YHFWRUV�WKDQ�WKH�FORVHVW�SRLQW�PHWKRG�

�����&RQFOXVLRQ
7KH� UHVXOWV� RI� WKH� DERYH� H[SHULPHQWV� VKRZ� WKDW� ERWK� WKH� &60� DQG� FORVHVW� SRLQW

DOJRULWKPV�DUH�XVHIXO�IRU�TXDQWLI\LQJ�WKH�GLIIHUHQFHV�EHWZHHQ�VXUIDFHV��EXW�WKDW�LGHDOO\��WKH
LQIRUPDWLRQ� IURP� HDFK� VKRXOG� EH� FRPELQHG�� 6LQFH� WKH� &60�PHWKRG�PHDVXUHV� GLVWDQFHV
EHWZHHQ�FRUUHVSRQGLQJ�SRLQWV��ZKHUH�D�FRUUHVSRQGLQJ�SRLQW�LV�D�SRLQW�RQ�WKH�VXUIDFH�ZLWK
VLPLODU�VKDSH��WKLV�PHWKRG�FDQ�JLYH�DQ�LQGLFDWLRQ�RI�VKDSH�FKDQJH��7KLV�LV�VHHQ�SDUWLFXODUO\
LQ� WKH� FKHHN� UHJLRQV� RI� SDWLHQW� ���+HUH�� WKH� FORVHVW� SRLQW�PHWKRG� VKRZV� OLWWOH� GLIIHUHQFH
EHWZHHQ�WKH�WZR�VXUIDFHV��EXW�WKH�&60�PHWKRG�JLYHV�ODUJH�GLVSODFHPHQWV��VXJJHVWLQJ�WKDW
WKH�VKDSH�RI�WKH�FKHHNV�KDV�FKDQJHG��7KLV�LV�FRUURERUDWHG�E\�D�YLVXDO�H[DPLQDWLRQ�RI� WKH
SUH��DQG�SRVW�RSHUDWLYH�VFDQV�

1RWH�WKDW��DOWKRXJK�WKH�&60�PHWKRG�SURYLGHV�D�ZHLJKW�IRU�HDFK�FRUUHVSRQGHQFH��WKHVH
ZHLJKWV�ZHUH�QRW�WDNHQ�LQWR�DFFRXQW�LQ�WKHVH�FDOFXODWLRQV��,I�WKHVH�ZHLJKWV�ZHUH�WR�EH�WDNHQ
LQWR� FRQVLGHUDWLRQ�� SUREDEO\� FRPELQHG� ZLWK� VRPH� NLQG� RI� VPRRWKLQJ�LQWHUSRODWLRQ
DOJRULWKP��LW�LV�OLNHO\�WKDW�HIIHFWV�GXH�WR�DUWHIDFWV�LQ�WKH�VFDQV�ZLOO�KDYH�OHVV�HIIHFW��DOORZLQJ
EHWWHU�UHVXOWV�WR�EH�DFKLHYHG�

$FNQRZOHGJHPHQWV
7KLV� UHVHDUFK�ZDV�SHUIRUPHG� LQ� WKH�%ULWH�(XUDP�SURMHFW�3,6$��15��%535�&7���������
3DUWQHUV� LQ� WKLV� SURMHFW� DUH�� 0DWHULDOLVH� 19�� %HOJLXP� �FRRUGLQDWRU��� 3KLOLSV� 0HGLFDO
6\VWHPV�1HGHUODQG�%9��(DV\9LVLRQ�0RGXOHV�±�$GYDQFHG�'HYHORSPHQW��WKH�1HWKHUODQGV�
'H3X\� ,QWHUQDWLRQDO� /WG�� 8QLWHG� .LQJGRP�� &HND� 19�� %HOJLXP�� .DWKROLHNH� 8QLYHUVLWHLW
/HXYHQ�� /DERUDWRU\� IRU� 0HGLFDO� ,PDJLQJ� 5HVHDUFK� DQG� 'LYLVLRQ� RI� %LRPHFKDQLFV� DQG
(QJLQHHULQJ�'HVLJQ��%HOJLXP��8QLYHUVLW\�RI�/HHGV��&HQWUH�RI�0HGLFDO�,PDJLQJ�5HVHDUFK�
8QLWHG�.LQJGRP��2%/��3DULV��)UDQFH�






7KH� &\EHUZDUH� VFDQQHU� LV� VXSSRUWHG� E\� WKH� :HOOFRPH� 7UXVW� ��������=����=��� DQG� ZH
WKDQN�*LOOLDQ�:DONHU�IRU�DFTXLULQJ�WKH�VFDQV�RI�YROXQWHHUV�ZLWK�IXQGLQJ�IURP�WKH�:HOOFRPH
7UXVW��96���/((�����&+�7*�-*��

5HIHUHQFHV
��� %UHWW�$��7D\ORU�&��$�IUDPHZRUN�IRU�DXWRPDWHG�ODQGPDUN�JHQHUDWLRQ�IRU�DXWRPDWHG��'

VWDWLVWLVFDO�PRGHO�FRQVWUXFWLRQ���,QIRUPDWLRQ�3URFHVVLQJ�LQ�0HGLFDO�,PDJLQJ��3URF���WK
,QW�&RQI��,30,
�����9LVHJUDG��+XQJDU\��-XQH�������������

��� 0F&DQFH� $0�� 0RVV� -3�� )ULJKW� :5�� -DPHV� '5�� /LQQH\� $'�� $� WKUHH� GLPHQVLRQDO
DQDO\VLV�RI�VRIW�DQG�KDUG�WLVVXH�FKDQJHV�IROORZLQJ�ELPD[LOODU\�RUWKRJQDWKLF�VXUJHU\�LQ
VNHOHWDO�,,,�SDWLHQWV���%ULWLVK�-RXUQDO�RI�2UDO�	�0D[LOORIDFLDO�6XUJHU\�����������������
���

��� 0F&DQFH�$0��0RVV�-3��:ULJKW�:5��/LQQH\�$'��-DPHV�'5��$�WKUHH�GLPHQVLRQDO�VRIW
WLVVXH�DQDO\VLV�RI����VNHOHWDO�FODVV�,,,�SDWLHQWV�IROORZLQJ�ELPD[LOODU\�VXUJHU\�� �%ULWLVK
-RXUQDO�RI�2UDO�	�0D[LOORIDFLDO�6XUJHU\��������������������

��� &RRPEHV�$0��0RVV�-3��/LQQH\�$'��5LFKDUGV�5��-DPHV�'5��$�PDWKHPDWLFDO�PHWKRG
IRU� WKH� FRPSDULVRQ� RI� WKUHH�GLPHQVLRQDO� FKDQJHV� LQ� WKH� IDFLDO� VXUIDFH�� � (XURSHDQ
-RXUQDO�2I�2UWKRGRQWLFV��������������������

��� )HOGPDU�� -�� DQG�$\DFKH��1�� �5LJLG��$IILQH� DQG�/RFDOO\�$IILQH�5HJLVWUDWLRQ� RI� )UHH�
)RUP�6XUIDFHV��6RSKLD�$QWLSROLV��,15,$�������������

��� 3LWR� 5�� $� 5HJLVWUDWLRQ� $LG�� � 3URFHHGLQJV� RI� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ� 5HFHQW
$GYDQFHV�LQ���'�'LJLWDO�,PDJLQJ�DQG�0RGHOLQJ�������������

��� :HLN� 6�� 5HJLVWUDWLRQ� RI� ��'� 3DUWLDO� 6XUIDFH� 0RGHOV� 8VLQJ� /XPLQDQFH� DQG� 'HSWK
,QIRUPDWLRQ�� � 3URFHHGLQJV� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ� 5HFHQW� $GYDQFHV� LQ� ��'
'LJLWDO�,PDJLQJ�DQG�0RGHOLQJ��������������

��� 6XEVRO� *�� 7KLULRQ� -�3�� $\DFKH� 1�� $� 6FKHPH� IRU� $XWRPDWLFDOO\� %XLOGLQJ� 7KUHH�
'LPHQVLRQDO� 0RUSKRPHWULF� $QDWRPLFDO� $WODVHV�� $SSOLFDWLRQ� WR� D� 6NXOO� $WODV�
0HGLFDO�,PDJH�$QDO\VLV������������������

��� -RKQVRQ� $(�� +HEHUW� 0�� 8VLQJ� 6SLQ� ,PDJHV� IRU� (IILFLHQW� 2EMHFW� 5HFRJQLWLRQ� LQ
&OXWWHUHG� �'� 6FHQHV�� � ,(((� 7UDQVDFWLRQV� 2Q� 3DWWHUQ� $QDO\VLV� $QG� 0DFKLQH
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