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7KH� LQIOXHQFH� RI� 7O�� LRQ� LVRYDOHQW� LPSXULW\� RQ� JURZWK� NLQHWLFV� RI� SULVP� ^���`� DQG

S\UDPLG�^���`�VLGHV�RI�$'3��1+�+�32���FU\VWDOV�LV�LQYHVWLJDWHG�DV�ZHOO�DV�WKH�LQIOXHQFH�RIJURZWK�FRQGLWLRQV�RQ�IRUPDWLRQ�RI�WKH�PDFURVWHSV�RQ�JURZLQJ�IDFHV�DQG�VWUXFWXUDO�SHUIHF�
WLRQ� RI� FU\VWDOV�� 7KH� SUHVHQFH� RI� WKDOOLXP� LPSXULW\� LQ� WKH� VROXWLRQ� UHVXOWV� LQ� WKH� �GHDG
]RQH��HQODUJHG�WRZDUGV�WKH�DUHD�RI�LQFUHDVHG�RYHUFRROLQJ��VXSHUVDWXUDWLRQ���7KH�YDOXHV�RI
IDFH�JURZWK�UDWHV�ERWK�IRU�WKH�SULVP�DQG�WKH�S\UDPLG�GR�QRW�FKDQJH�HVVHQWLDOO\��8VLQJ
WKUHH�FU\VWDO�;�UD\�GLIIUDFWRPHWU\��GLIIUDFWLRQ�UHIOHFWLRQ�FXUYHV��'5&��IURP�WKH� ^���`
DQG�^���`�JURZWK�SODQHV�KDYH�EHHQ�REWDLQHG��7KH�'5&�IUDJPHQWDWLRQ�LV�UHYHDOHG�FDXVHG
E\�IRUPDWLRQ�RI�JURZWK�PDFURVWHSV�GXULQJ�EORFNLQJ�RI�HOHPHQWDU\�VWHS�SURJUHVVLRQ�E\�WKH
LPSXULW\� RFFXUUHQFH�� 7KH� JURZWK� RQ� WKH� ^���`� SODQH� LV� UHDOL]HG� E\� IRUPDWLRQ� RI� ODUJHU
JURZWK� PDFURVWHSV� WKDQ� RQ� WKH� ^���`� RQH�� 7KH� QRUPDO� JURZWK� UDWH� RI� WKH� ^���`� SODQH
H[FHHGV�DOPRVW�WZLFH�WKDW�IRU�^���`�RQH��7KH�7O��LPSXULW\�LV�PDLQO\�DGVRUEHG�DW�WKH�^���`
FU\VWDO� IDFH�� 7KH� GLVWULEXWLRQ� FRHIILFLHQW� RI� 7O�� LPSXULW\� IRU� ^���`� DQG� ^���`� SODQHV� LV
VKRZQ� WR� GLIIHU� WZLFH� EHLQJ� ���� DQG� ����� UHVSHFWLYHO\�� 7KDOOLXP� LPSXULW\� ZLWKLQ� WKH
FRQFHQWUDWLRQ�UDQJH�&7O�d���ZW����GRHV�QRW�DIIHFW�HVVHQWLDOO\�WKH�VWUXFWXUDO�SHUIHFWLRQ�RI
GRSHG�$'3�FU\VWDOV�
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���,QWURGXFWLRQ
7KH� JURZWK� DQG� SURSHUWLHV� RI� ZDWHU�VRO�

XEOH�.'3�DQG�$'3�FU\VWDOV��SRWDVVLXP�DQG
DPPRQLXP�GLK\GURSKRVSKDWHV��DOOR\HG�ZLWK
YDULRXV� LQRUJDQLF� DQG� RUJDQLF� LPSXULWLHV
>�Ü�@�DUH�XQGHU� DFWLYH� LQYHVWLJDWLRQ�GXULQJ
ODVW� IHZ� \HDUV�� 6R�� IRU� H[DPSOH�� QRQOLQHDU�
RSWLFDO�$'3�FU\VWDOV�DOOR\HG�ZLWK�O�DUJLQLQH
K\GURFKORULGH� DQG� O�DODQLQH� � LPSURYH� WKH
FU\VWDO� SHUIHFWLRQ� >�@�� SRWDVVLXP� FKORULGH
DQG� R[DOLF� DFLG� HQKDQFH� WKH� �QG� KDUPRQLFV
JHQHUDWLRQ�>�@��FREDOW�DQG�'/�PDOLF�DFLG�LP�
SURYH� WKH�FU\VWDO�GLHOHFWULF� SURSHUHWLHV� �WKH
G��� YDOXH� LV� WZLFH� KLJKHU� IRU� FREDOW�GRSHGFU\VWDOV�DQG�IRXU�WLPHV�KLJKHU�IRU�WKH�DFLG�
GRSHG� RQHV� WKDW� IRU� SXUH� FU\VWDOV� >�@��� WKH
FR�GRSLQJ� ZLWK� QLNFHO� DQG� PDJQHVLXP� LRQV
LQFUHDVHV�WKH�WUDQVPLVVLRQ�FRHIILFLHQW�LQ�YLV�
LEOH� VSHFWUDO� DUHD� >��� �@�� QRQOLQHDU�RSWLFDO
$'3�FU\VWDOV�DOOR\HG�ZLWK�WKDOOLXP�LRQV�JHW
OXPLQHVFHQW�DQG�VFLQWLOODWLRQ�SURSHUWLHV�>�@�

1XPHURXV� UHVHDUFKHV� RI� DQ� LPSXULW\� LQ�
IOXHQFH� RQ� .'3� DQG� $'3� FU\VWDOV� JURZWK
DUH� NQRZQ�� ,W� KDV� EHHQ� IRXQG� WKDW� WKH
JURZWK� RI� SULVP� ������ IDFHV� DQG� S\UDPLG
������RQHV�GLIIHUV�HVVHQWLDOO\�>�@���7KH�GHDG
]RQH�� DUHD� �WKH� VROXWLRQ� RYHUVDWXUDWLRQ
UDQJH� ZKHUH� WKH� JURZWK� LV� DEVHQW�� LV� UH�
YHDOHG�IRU�WKH�SULVP�������VLGHV�DW�ORZ�VROX�
WLRQ� VXSHUVDWXUDWLRQ��7KH�KLJKHU� LV� WKH� LP�
SXULW\�FRQFHQWUDWLRQ��WKH�ODUJHU�LV�WKH��GHDG
]RQH�� >��� �@��'XULQJ� LQFUHDVH� RI� VXSHUVDWX�
UDWLRQ�DQG�WKH�EHJLQQLQJ�RI�JURZWK��D�WUHQG
WR� IRUPDWLRQ� RI� PDFURVWHSV� >���� ��@� DQG
FDSWXUH�RI�LQFOXVLRQV�IURP�WKH�VROXWLRQ�>��@
LV� VKRZQ�� ,Q� .'3�� WKH� KHWHURYDOHQW� PHWDO
LPSXULWLHV� �)H���� &U���� $O���� DUH� FDSWXUHG
DFWLYHO\� DW� WKH� SULVP� IDFH�� WKH� GLVWULEXWLRQ
IDFWRUV� UHDFKLQJ� YDOXHV� RI� WKH� RUGHU� RI� ��

>��@��7KH�LQIOXHQFH�RI�LPSXULWLHV�RQ�JURZWK
RI�S\UDPLG�IDFHV�^���`�LV�PXFK�ZHDNHU��DQG
WKH� GLVWULEXWLRQ� IDFWRUV� DPRXQW� DERXW� ���
>��@�� ,Q�$'3�� WKH� VHJUHJDWLRQ�RI� FKURPLXP
LPSXULW\�EHWZHHQ�WKH�SULVPDWLF�DQG�S\UDPL�
GDO�JURZWK�VHJPHQWV�LV�REVHUYHG��WKH�GLVWUL�
EXWLRQ� FRHIILFLHQWV� UHDFK� D� YDOXH� FORVH� WR
LQXW\�>��@��,Q�>��@��WKH�JURZWK�NLQHWLFV�YLR�
ODWLRQ�GXH�WR�WKH�GLVORFDWLRQ�VRXUFH�DFWLYLW\
ZDV�VWXGLHG�� ,Q� WKLV�FDVH�� VWURQJ�YDULDWLRQV
LQ� GLIIHUHQW� W\SHV� RI� WKH� JURZWK� UDWH� GH�
SHQGHQFH� RQ� RYHUVDWXUDWLRQ� ZDV� REVHUYHG�
7KH� HIIHFW� RI� FKURPLXP� LPSXULW\� RQ� WKH
VRXUFH� DFWLYLW\� LV� DVFULEHG� WR� WKH� IUHH� HQ�
HUJ\�FKDQJH�RI�WKH�VWHS�EXWW�

7KXV��WKHUH�LV�VRPH�LQIRUPDWLRQ�RQ�LQIOX�
HQFH� RI� KHWHURYDOHQW� LPSXULWLHV� RQ� JURZWK
RI� WKH� SULVP� DQG� S\UDPLG� IDFHV� RI� $'3
FU\VWDOV�� +RZHYHU�� WKDW� LQIRUPDWLRQ� LV� LQ�
VXIILFLHQW�� ,Q� WKLV� ZRUN�� SUHVHQWHG� DUH� WKH
VWXG\� UHVXOWV� RI� WKH� JURZWK� NLQHWLFV� DQG
VWUXFWXUH� SHUIHFWLRQ� RI�$'3� FU\VWDOV� GRSHG
ZLWK�LVRYDOHQW�7O��LPSXULW\�

���([SHULPHQWDO�PHWKRGV
7KH� NLQHWLFV� RI� DQ� $'3� FU\VWDO� JURZWK

ZDV� LQYHVWLJDWHG� XVLQJ� DQ� LQWHUIHUHQFH�SR�
ODUL]DWLRQ�VHWXS��>��@�RQ�IURP�DTXHRXV�VROX�
WLRQV� XQGHU� VWLUULQJ�� 7KH� QRUPDO� JURZWK
VSHHG� RI� D� VHHG� VKDSHG� DV� D� SODWH� [u\u]� 
�u�u���PP�� VL]H�ZDV�FDOFXODWHG�SURFHHGLQJ
IURP�WKH�WLPH��GHSHQGHQW�JURZQ�OD\HU�WKLFN�
QHVV� PHDVXUHG� LQ� VLWX�� 7KH� SUHSDUDWLRQ
VFKHPH� IRU� WKH� ������ DQG� ������ RULHQWHG
VHHGV� LV� VKRZQ� LQ� )LJ�� ��� 7KH� VHHG� ZDV
SODFHG� LQ� D� WHPSHUDWXUH�FRQWUROOHG� RSWLFDO
FHOO��7KH�VROXWLRQ� LQ�WKH�FHOO�ZDV�VWLUUHG�E\
D�PDJQHWLF�PL[HU��7KH�VROXWLRQ�WHPSHUDWXUH
ZDV�FKDQJHG�DW�D�UDWH�����Å&�PLQ�DQG�PHDV�

)LJ����6FKHPH�RI�WKH�VHHG�SUHSDUDWLRQ��D���9DULDWLRQ�RI�WKH�SDVVHG�EHDP�LQWHQVLW\�ZLWK�WKH�FU\VWDO
WKLFNQHVV��E��
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XUHG� ZLWK� D� '6��%��� GLJLWDO� WKHUPRPHWHU�
$� EHDP� RI� D� VHPLFRQGXFWRU� ODVHU� ZLWK
O� �����PP� ZDV� SDVVHG� WKURXJK� WKH� JURZ�
LQJ� FU\VWDO� SHUSHQGLFXODUO\� WR� WKH� FU\VWDO
RSWLFDO� D[LV�� 3RODUL]DWLRQ� RI� WKH� ODVHU� OLJKW
PDGH�DQ�DQJOH�RI���Å�ZLWK� WKH�FU\VWDO�RSWL�
FDO� D[LV�� 7KH� SDVVHG� ODVHU� EHDP� LQWHQVLW\
YDU\LQJ�GXH�WR� LQWHUIHUHQFH�RI�WKH�RUGLQDU\
DQG�XQXVXDO� EHDPV�DFFRUGLQJ� WR� D� VLQH� ODZ
LV� FRQQHFWHG� ZLWK� NQRZQ� UDWLR� ZLWK� WKLFN�
QHVV� RI� WKH� FU\VWDO� >��@��$� W\SLFDO� WLPH�GH�
SHQGHQFH�RI� WKH� WUDQVPLWWHG�EHDP� LQWHQVLW\
,� LV� VKRZQ� LQ�)LJ�����7KH� OLQHDU� VHFWLRQ�RQ
WKH� VLQXVRLG� FRUUHVSRQGV� WR� WLPH� GXULQJ
ZKLFK�QR�JURZWK�RU�GLVVROXWLRQ�RI�D�FU\VWDO
LV� IL[HG�� WKH� VROXWLRQ� WHPSHUDWXUH� EHLQJ
FKDQJLQJ�� 7KH� YDOXHV� RI� LQWHQVLW\� ,� DQG
WHPSHUDWXUH� ZHUH� UHFRUGHG� HYHU\� VHFRQG�
7DNLQJ�LQWR�DFFRXQW�WKDW�WKH�FU\VWDO�GLVVROX�
WLRQ�VSHHG�H[FHHGV�E\�����WLPHV�WKH�JURZWK
UDWH� >��@�� WKH�WHPSHUDWXUH�RI�VROXWLRQ�VDWX�
UDWLRQ� ZLOO� FRUUHVSRQG� WR� WHPSHUDWXUH� GLV�
WDQW� ���� PLQ� IURP� WKH� WHUPLQDWLRQ� RU� WKH
RQVHW� RI� FKDQJH� LQ� WKH� SDVVHG� EHDP� LQWHQ�
VLW\� IURP� WKH� VLGH� RI� WKH� VLQXVRLG� VHFWLRQ
VKRZLQJ�WKH�FU\VWDO�GLVVROXWLRQ�

7KH� QRUPDO� JURZWK� VSHHG� IRU� RQH� KDOI�
F\FOH�RI�LQWHQVLW\�FKDQJH�LV�H[SUHVVHG�DV�

5� � 'G�'W� �
O
�'Q���

�
'W
ª«¬
PP
PLQ

º»¼
���

ZKHUH�'G�Û�LV�WKH�FU\VWDO�WKLFNQHVV�FKDQJH
�LQFUHDVH��� 'Q� �QR�Ü�QH� ���������� IRU� O� 
�����PP�� Q��� QH� EHLQJ� WKH� EDVLF� UHIUDFWLYH
LQGLFHV�RI�$'3�FU\VWDO�>��@��'W��WKH�VLQXVRLG
FKDQJH� WLPH� LQWHQVLW\� IRU� RQH� KDOI�F\FOH
�KDOYHG�� VLQFH� WZR� SODQHV� RI� WKH� JURZLQJ

VHHG�DUH�WUDQVPLWWHG�E\�WKH�ODVHU���7KH�YDO�
XHV�RI�JURZWK�UDWH�5�FDOFXODWHG�DFFRUGLQJ�WR
���� IRU� HDFK� KDOI�F\FOH� RI� H[SHULPHQWDO� GH�
SHQGHQFH�RI�WKH�SDVVHG�ODVHU�EHDP�LQWHQVLW\
FKDQJH�� )LJ�� ��� DQG� V\QFKURQL]HG� ZLWK
FKDQJH�RI�WKH�VROXWLRQ�WHPSHUDWXUHV�PDGH�LW
SRVVLEOH� WR� FRQVWUXFW� WKH� GHSHQGHQFHV� RI
JURZWK� UDWH� RI� SULVP� ������ DQG� S\UDPLG
������IDFHV�RQ�WKH�VROXWLRQ�RYHUFRROLQJ�'7� 
7VDW�Ü�7VRO� IRU�QRPLQDOO\�SXUH�$'3�FU\VWDOVDQG� IRU� WKRVH� DOOR\HG� ZLWK� WKDOOLXP�� 7KH
LPSXULW\� ZDV� LQWURGXFHG� LQWR� WKH� VROXWLRQ
DV�7O12�� VDOW�DW� WKH�UDWH�RI���ZW����RI�7O�
LRQV�� 7KH� FU\VWDOV� ZHUH� JURZQ� ERWK� DW� GH�
FUHDVH� LQ� WHPSHUDWXUH� IURP� WKH� VROXWLRQ
VDWXUDWLRQ�SRLQW�DQG�DW�WKH�VROXWLRQ�KHDWLQJ
IURP� RYHUFRROHG� VWDWH� XS� WR� WKH� VDWXUDWLRQ
SRLQW�� 7KH� VWUXFWXUDO� SHUIHFWLRQ� RI� VDPSOHV
ZDV� VWXGLHG� XVLQJ� WKH� WKUHH�FU\VWDO� ;�UD\
GLIIUDFWRPHWU\� ��;'�� >��@��7KH�FU\VWDO�VXU�
IDFH� H[� VLWX� ZDV� REVHUYHG� XVLQJ� DQ� �$[�
LRVNRS�����PLFURVFRSH��=HLVV��

���'LVFXVVLRQ�RI�UHVXOWV
7KH� REWDLQHG� YDOXHV� RI� 5�'7�� IRUP

FXUYHV�ZKHUH� VHFWLRQV� DUH�SRVVLEOH� WR� VHOHFW
ZLWK� PRQRWRQRXV� 5�'7�� GHSHQGHQFH� DQG
VKDUS� VSDVPRGLF� FKDQJH� RI� JURZWK� UDWHV
ZKHQ� SDVVLQJ� IURP� RQH� VHFWLRQ� WR� DQRWKHU�
,W� LV� SRVVLEOH� WR� H[SODLQ� VXFK� VSDVPRGLF
FKDQJHV�RI�JURZWK�UDWH�DVVXPLQJ�WKH�IRUPD�
WLRQ� RI� JURZWK� PDFURVWHSV� DW� WKH� JURZLQJ
VXUIDFH� >��@�� 5HDOO\�� LI� WR� H[DPLQH� H[� VLWX
WKH� FU\VWDO� VXUIDFH� PRUSKRORJ\�� WKH� GLVWUL�
EXWLRQ� RI� PDFURVWHSV� IURP� D� GLVORFDWLRQ
VRXUFH�RU�DQ�HGJH�EHWZHHQ�WKH�SULVP�DQG�WKH

)LJ�����0RGHO� RI� WKH�PDFURVWHS�PRWLRQ� DW� WKH� FU\VWDO� LQFUHDVH�� ������ WKH�PDFURVWHS� HQG� IDFHV����
WHUUDFH�EHWZHHQ�WKH�PDFURVWHSV�PRYLQJ�VHTXHQWLDOO\�
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S\UDPLG�IDFHV� LV� VHHQ� HYHQ�DW� VPDOO�PDJQL�
ILFDWLRQ�LQ�DQ�RSWLFDO�PLFURVFRSH��7KH�SURE�
DEOH�PRGHO� RI� REVHUYDEOH� JURZWK� UDWH� VSDV�
PRGLF�FKDQJHV�LV�VKRZQ�LQ�)LJ�����WKH�ODVHU
EHDP�SDVVLQJ�WKURXJK�WKH�JURZLQJ�FU\VWDO�LV
OLPLWHG� WR� WKH� GLDSKUDJP�ZLWK� DQ� DSHUWXUH
RI���PP�LQ�GLDPHWHU��WKHUHIRUH��WKH�H[WHQG�
LQJ� PDFURVWHSV� FURVV� WKH� H[SRVHG� DUHD� DO�
UHDG\� KDYLQJ� D� FHUWDLQ� WKLFNQHVV� WKDW� ZH
REVHUYH�DV�D�MXPS�RI�JURZWK�UDWH�

7KHQ�WKH�FU\VWDO�WKLFNQHVV�RQ�WKH�SODWHDX
EHWZHHQ� FRQVHTXHQWO\� PRYLQJ� PDFURVWHSV
LQFUHDVHV� PRQRWRQRXVO\�� REYLRXVO\� GXH� WR
PRYHPHQWV� RI� HOHPHQWDU\� JURZWK� VWHSV� RU
VPDOOHU� PDFURVWHSV� XQUHVROYDEOH� LQ� RXU
PHWKRG� RI� PHDVXUHPHQW� RI� WKH� FU\VWDO
WKLFNQHVV��d����mP���7KHVH�JURZWK�UDWH�YDO�
XHV� DUH� VHHQ� DV� WKH� PRQRWRQRXV� 5�'7�� GH�
SHQGHQFH� LQVLGH� WKH� VHFWLRQ�� 7KHVH� GHSHQG�
HQFHV� VKRZ� WKH� IRUP� 5aE�'7��� WKDW� LV�� WKH
JURZWK�UDWH�GHSHQGV�OLQHDUO\�RQ�WKH�VROXWLRQ
RYHUFRROLQJ�7KH�VORSH�RI�5�'7�� LQ�HDFK�VHF�
WLRQ� � LQFUHDVHV�ZLWK� LQFUHDVLQJ�RYHUFRROLQJ�
L�H��ZLWK�WKH�LQFUHDVH�RI�'7�WKH�NLQHWLF�IDF�
WRU� RI� PDFURVWHSV� DQG� WKH� JURZWK� UDWH� 5
LQFUHDVH�IURP�RQH�VHFWLRQ�WR�DQRWKHU��

)URP� WKH� SORWV� RI� 5�'7�� GHSHQGHQFHV
VLPLODU� WR� WKRVH� VKRZQ� LQ� )LJ�� ��� DYHUDJHG
GHSHQGHQFHV� 5PD[�'7�� DUH� FRQVWUXFWHG�
ZKHUH�5PD[�LV�WKH�PD[LPXP�JURZWK�UDWH�LQHDFK� VHFWLRQ� FRUUHVSRQGLQJ� WR� WKH� PRPHQW
RI� FURVVLQJ� RI� WKH� ODVHU� EHDP� ZLWK� DQ� HQG
IDFH�RI� WKH�PDFURVWHS� �WKH�PRPHQW�RI�FU\V�
WDO� WKLFNQHVV� MXPS��� 7KH� GHSHQGHQFHV� RI
PD[LPXP� JURZWK� UDWHV�5PD[� � RQ� WKH� VROX�WLRQ�RYHUFRROLQJ� IRU� IDFHV�RI� WKH�SULVP�DQG
S\UDPLG� IRU� $'3� FU\VWDOV�� ERWK� SXUH� DQG
DOOR\HG�ZLWK�WKDOOLXP�DUH�SUHVHQWHG�LQ�)LJ����

7KHVH� YDOXHV� DUH� VHHQ� WR� EH� RQ� D� VWUDLJKW
OLQH� EHJLQQLQJ� LPPHGLDWHO\� IURP� WKH� �GHDG
]RQH���WKXV�SRLQWLQJ�WR�WKH�GLVSODFHPHQW�RI
PDFURVWHSV�>�@��7KH�WKDOOLXP�LPSXULW\�SUHV�
HQFH�LQ�WKH�VROXWLRQ�GLVSODFHV��GHDG�]RQH��WR
WKH� DUHD� RI� LQFUHDVLQJ� RYHUFRROLQJ�� )RU� WKH
������ IDFH�� �WKH� GHDG� ]RQH�� LV� GLVSODFHG� LQ
LQWHUYDO�'70� �����o�����Å&��DQG�IRU������
RQH�� WKH� GLVSODFHPHQW�'70� � ����o����� Å&�7KDW�LV��WKH�SULVP�IDFH�LV�PRUH�VHQVLWLYH�WR
SUHVHQFH� RI� WKDOOLXP� LPSXULW\� LQ� WKH� VROX�
WLRQ� WKDQ� WKDW� RI� WKH� S\UDPLG�� WKXV�� D
KLJKHU�RYHUFRROLQJ�LV�UHTXLUHG�IRU�WKH�SULVP
IDFH�JURZWK��

&RPSDULVRQ�RI�JURZWK�UDWHV�RI�WKH�SULVP
DQG�S\UDPLG�IDFHV�KDV�VKRZQ�WKDW�WKH������
IDFH�JURZV�DSSUR[LPDWHO\�WZLFH�VR�IDVW�WKDQ
WKH�������RQH��WKH�VXSHUVDWXUDWLRQ�EHLQJ�WKH
VDPH��$W� WKH� VDPH� WLPH�� WKDOOLXP� LPSXULW\
GRHV�QRW�FKDQJH�HVVHQWLDOO\�WKH�JURZWK�UDWH
YDOXHV� DV� VXFK� �WKH� GLIIHUHQFH� GRHV� QRW� H[�
FHHG� ���RU�����ZLWKLQ� WKH� VWXGLHG� FRQFHQ�
WUDWLRQ� OLPLWV�� &7O� d� �� ZW������ L�H�� JURZWK
UDWH� RI� WKH� SULVP� DQG� WKH� S\UDPLG� IDFHV

)LJ�����$YHUDJHG�GHSHQGHQFHV�RI�WKH�JURZWK�UDWH�5PD[�RQ�WKH�VROXWLRQ�RYHUFRROLQJ�'7�IRU��SXUH����DQG�7O�GRSHG�����$'3�FU\VWDOV���D��IRU�SULVP�IDFHV���E��IRU�S\UDPLG�IDFHV�

)LJ����� 'LIIUDFWLRQ� UHIOHFWLRQ� FXUYHV� REWDLQHG
XVLQJ� 7;'� LQ�&X.D�� HPLVVLRQ�� �D�� ������ IDFH�UHIOHFWLRQ���������E��������IDFH��UHIOHFWLRQ�������
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GRHV�QRW�GHSHQG�RQ�WKH�SUHVHQFH�RI�WKDOOLXP
LPSXULW\� LQ� WKH� VROXWLRQ�� 6XFK� IHDWXUH� FDQ
EH�H[SODLQHG�E\�D�VKDUS�FKDQJH�LQ�WKH�GLVOR�
FDWLRQ�VRXUFH�DFWLYLW\�DW�WKH� ������ IDFH�GXH
WR� IRUPDWLRQ� RI� PDFURVWHSV�� 6LQFH� WKH� VWHS
GHQVLW\� DQG� WKXV� WKH� JURZWK� UDWH� RQ� WKH
GLVORFDWLRQ� KLNNRFN� LV� LQ� SURSRUWLRQ� WR� WKH
WRWDO�%XUJHUV�YHFWRU��WKH�LQFUHDVLQJ�DFWLYLW\
RI�WKH�GLVORFDWLRQ�VRXUFH�VKRXOG�EH�DFFRPSD�
QLHG� E\� WKH� DSSHDUDQFH� RI� IDVW�JURZLQJ
JURZWK�KLOORFNV�>��@�

'XULQJ� WKH� FU\VWDO� JURZWK�� IRUPDWLRQ
DQG�PRYHPHQW�RI�PDFURVWHSV�LV�UHIOHFWHG�LQ
GLVWULEXWLRQ�RI�LPSXULWLHV�DQG�LQWHUQDO�SUHV�
VXUHV� LQ� WKH� FU\VWDO� >��@�� 7KH� LQIOXHQFH� RI
WKDOOLXP� LPSXULW\� RQ� VWUXFWXUDO� SHUIHFWLRQ
RI� $'3� FU\VWDOV� ZDV� HVWLPDWHG� XVLQJ� D
WKUHH�FU\VWDO�;�UD\�GLIIUDFWRPHWHU�XVLQJ�WKH
GLIIUDFWLRQ� UHIOHFWLRQ� FXUYHV� �'5&��� 7KH
'5&� IURP� JURZWK� SODQHV� ������ DQG� �����
IRU�SXUH�DQG�DOOR\HG�$'3�FU\VWDOV�ZHUH�RE�
WDLQHG�� 7KH� GLIIUDFWLRQ� UHIOHFWLRQ� FXUYHV� LQ
&X�.D��UDGLDWLRQ�DUH�SUHVHQWHG�LQ�)LJ�����D�IDFH��������UHIOH[��������E��IDFH��������UHIOH[
������� 7KH� FXUYHV� VKRZ� IUDJPHQWDWLRQ� RI
GLIIUDFWLRQ�SHDN�� ODUJHU�QXPEHU�RI�SHDNV� LV
REVHUYHG� IRU� ������ IDFHV�� 7KH� UHDVRQ� IRU
'5&� IUDJPHQWDWLRQ� DUH� VPDOO�DQJOH� URWD�
WLRQV� RI� YLFLQDO� UHIOHFWLRQ� SODQHV� FDXVHG� E\

IRUPDWLRQ� RI� JURZWK� PDFURVWHSV� �SDFNDJHV
RI� JURZWK� OD\HUV�� DW� EORFNLQJ� SURPRWLRQ� RI
HOHPHQWDU\� VWHSV� E\� WKH� LPSXULW\� LQWURGXF�
WLRQ��,Q�PLFURSKRWRV�H[�VLWX��)LJ�����GLVWLQF�
WLRQ� LQ� DUUDQJHPHQW� RI� ������ DQG� �����
JURZWK�VWHSV�DW� LGHQWLFDO�JURZWK�FRQGLWLRQV
DUH� VHHQ�� $W� WKH� ������ IDFH�� WKH� WUHQG� WR
JURXSLQJ�DQG�IRUPDWLRQ�RI�PDFURVWHSV�LV�RE�
VHUYHG�� ZKHUH� WKH� KHLJKW� LQFUHDVHV� DQG� LQ�
WHUVWHS� GLVWDQFH� GHFUHDVHV� ZLWK� LQFUHDVLQJ
RYHUFRROLQJ��$V�WR�WKH�������IDFH��KRPRJHQL�
]DWLRQ�RI� VWHSV� LV�REVHUYHG� WR� D�JUHDWHU�H[�
WHQW�� WKH� PDFURVWHSV� DSSHDU� RQO\� DW� RYHU�
FRROLQJ� H[FHHGLQJ����Åv��7KXV�� SODQHV� �����
WHQG�WR�IRUP�ODUJHU�JURZWK�PDFURVWHSV�WKDQ
������ RQHV�� $V� WR� WKLFNQHVV� RI� D� JURZLQJ
SODWH�� WKH� JURZWK� PDFURVWHSV� KDYH� UHJXODU
GLVWULEXWLRQ� DW� VLQJOH�VHFWRU� JURZLQJ� ZLWK
SODQH� ������� 7KH� DYHUDJH� VL]H� RI� JURZWK
OD\HU�SDFNDJHV��PDFURVWHSV��PDNHV����WR���
PP�� 7KH� H[� VLWX� PLFURSKRWRV� RI� ������ DQG
������ JURZWK� VXUIDFHV� RI� WKDOOLXP�DOOR\HG
$'3�FU\VWDOV�DUH�SUHVHQWHG�LQ�)LJ����

$FFRUGLQJ� WR� >��@�� WKH� LPSXULW\� DGVRUS�
WLRQ� RQ� WKH� ������ S\UDPLG� IDFH� LV� KLQGHUHG
E\� WKH� FKDUJH� VWDWH� RI� WKH� JURZWK� VXUIDFH�
7KH�SULVP�SODQH�������GXULQJ�WKH�JURZWK�LV
IRUPHG� E\� SKRVSKDWH�DPPRWLXP� SDFNDJHV

)LJ�����([�VLWX� LPDJH�RI�WKH�JURZWK�PDFURVWHSV�DUUDQJHPHQW�RQ�������DQG�������IDFHV�RI�7O�GRSHG
$'3� FU\VWDOV� GHSHQGLQJ� RQ� WKH� VROXWLRQ� RYHUFRROLQJ�� ��� ��� ��� GHVLJQDWLRQ� RI� PDFURVWHSV� PRYLQJ
VHTXHQWLDOO\�IURP�WKH�GLVORFDWLRQ�VRXUFH�
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DQG� KDV� QR� HOHFWULF� FKDUJH�ZKLOH�1+��� � LRQV
IRUP� WKH� ������ SODQH� WKDW� LV� FKDUJHG� SRVL�
WLYHO\�� 7KH� QHXWUDO� ������ SODQH� LV� DOZD\V
RSHQ�WR�WKHZ�LQWHUDFWLRQ�ZLWK�FDWLRQLF�LPSX�
ULW\��LQ�FRQWUDVW�� WKH�SRVLWLYH�FKDUJH�RI�WKH
������ RQH� KLQGHU� WKH� DGVRUSWLRQ� DQG� LQWUR�
GXFWLRQ� RI� SRVLWLYH� LRQV�� ,W� LV� IRXQG� WKDW
7O�LPSXULW\�LV�DGVRUEHG�RQ�WKH�������FU\VWDO
IDFH� WR� D� JUHDWHU� H[WHQW�� WKDW� LV� FRQILUPHG
E\�KLJKHU�GLVWULEXWLRQ�IDFWRU�RI�7O�LPSXULW\
IRU� SODQHV� ������ DV� FRPSDUHG� WR� WKHY� �����
RQH������DQG������UHVSHFWLYHO\��DV�ZHOO�DV�E\
PRUH� HVVHQWLDO� FKDQJH� RI� WKH� FU\VWDO� ODWWLFH
SDUDPHWHUV�� 7O�LRQV� DUH� LVRYDOHQW� WR� DPPR�
QLXP�1+���RQHV�DQG�WKHLU�LRQLF�UDGLL�DUH�FORVH
WRJHWKHU� �U7O�� ������c�� U1+��� �����c� >��@��
WKH� LRQLF� UDGLXV�PLVPDWFK� LV� OHVV� WKDQ����
VR� WKDOOLXP� VXEVWLWXWHV� HDVLO\� WKH� DPPR�
QLXP�JURXS��7KH� GLIIHUHQFH� LQ� WKDOOLXP� LQ�
WURGXFWLRQ�IDFWRUV� LQWR�WKH�SULVP�DQG�S\UD�
PLG� JURZWK� VHJPHQWV� LV� H[SODLQHG� E\� WKH
FKDUJH� VWDWH� RI� WKH� JURZWK� VXUIDFH�� 7KH
KLJK�SUHFLVLRQ� PHDVXUHPHQWV� RI� WKH� FU\VWDO
ODWWLFH� SDUDPHWHUV� D� DQG� F� LQ� FU\VWDOV� ZLWK
WKDOOLXP�FRQFHQWUDWLRQ�RI���ZW���VKRZ� WKDW
WKH�SDUDPHWHU�D�LV�LQFUHDVHG�E\�'È� �����Ü��c
ZKLOH� F� LV� GHFUHDVHG� E\� '°�  �������Ü�� c�
7KH� VWUXFWXUH� SHUIHFWLRQ� RI� DOOR\HG� $'3
FU\VWDOV� ZDV� HVWLPDWHG� EDVLQJ� RQ� WKH� URFN�
LQJ� FXUYH� KDOI�ZLGWK� E�� 7KH� E� YDOXHV� DUH
ZLWKLQ������DUFVHF�UDQJH�IRU�DOO�LQYHVWLJDWHG
YDOXHV� RI� WKDOOLXP� FRQFHQWUDWLRQ�� WKXV� HYL�
GHQFLQJ� D� KLJK� VWUXFWXUH� SHUIHFWLRQ� RI� WKH
FU\VWDOV��1R�HVVHQWLDO�FKDQJHV�RI�LQWHJUDWHG
;�UD\� UHIOHFWLRQ� FDSDFLW\�� ,FDS5 �� ZDV� IRXQG�
WKDW�ILUVW�RI�DOO�VKRZ�D�ORZ�GHQVLW\�RI�ELGL�
PHQVLRQDO� GHIHFWV� RI� FU\VWDO� ODWWLFH�� 6FDQ�
QLQJ� RI� D� VDPSOH� ZLWK� ;�UD\� EHDP� KDV
VKRZQ� XQLIRUPLW\� RI� VWUXFWXUH� SHUIHFWLRQ
RYHU�WKH�VHFWLRQ�RI�WKH�JURZQ�FU\VWDOV�

���&RQFOXVLRQV
7KH�SUHVHQFH�RI�LVRYDOHQW�7O��LPSXULW\�LQ

WKH� VROXWLRQ� �&7O�d� �� ZW�� ��� HQODUJHV� WKH
�GHDG� ]RQH��� $W� WKH� VDPH� WLPH�� WKDOOLXP
LPSXULW\� GRHV� QRW� FKDQJH� HVVHQWLDOO\� �WR
ZLWKLQ���������WKH�JURZWK�UDWHV�DV�VXFK�RI
WKH� DOOR\HG� FU\VWDOV� DV� FRPSDUHG� WR� WKH
�SXUH�� RQHV�� ,Q� WKH� SUHVHQFH� RI� WKDOOLXP�
WKH�JURZWK�JDWH�FKDQJH�LV�PRUH�DSSUHFLDEOH
IRU�WKH�������SODQH�DV�FRPSDUHG�WR�WKH������
RQH�WKDW�FDQ�EH�H[SODLQHG�E\�D�VKDUS�FKDQJH
RI� WKH� GLFORFDWLRQ� VRXUFH� DFWLYLW\� DW� WKH
������ SODQH� GXH� WR� PDFURVWHS� IRUPDWLRQ�
7KH� SUHVHQFH� RI� PDFURVWHSV� LV� FRQILUPHG
ERWK� E\� WKUHH�FU\VWDO� ;�UD\� GLIIUDFWRPHWU\
DQG� E\� GLUHFW� REVHUYDWLRQ� RI� WKH� VXUIDFH

PRUSKRORJ\� LQ� RSWLFDO� PLFURVFRSH�� ,Q� WKH
GLIIUDFWLRQ�UHIOHFWLRQ�FXUYHV��WKH�GLIIUDFWLRQ
SHDN� IUDJPHQWDWLRQ� LV� UHYHDOHG� GXH� WR� IRU�
PDWLRQ� RI� WKH� JURZWK� PDFURVWHSV� �WKH
JURZWK� OD\HU� SDFNDJHV�� XQGHU� EORFNLQJ� WKH
HOHPHQWDU\�VWHSV�GXH�WR�WKH�LPSXULW\�HQWHU�
LQJ�� 'XULQJ� WKH� FU\VWDO� JURZWK�� ODUJHU
JURZWK�PDFURVWHSV� DUH� IRUPHG� DW� WKH� �����
SODQH�WKDQ�DW�WKH�������RQH��7O��LPSXULW\�LV
DGVRUEHG�RQ� WKH� IDFH� ^���`� WR�D�JUHDWHU� H[�
WHQW�� WKDOOLXP�VXEVWLWXWHV�DPPRQLXP�JURXS
XQGHU� DFFRXQW� IRU� WKH� FKDUJH� VWDWH� RI� WKH
JURZWK� SODQHV�� 7KLV� UHVXOWV� LQ� D� GLIIHUHQFH
LQ� WKH� WKDOOLXP� HQWHULQJ� FRHIILFLHQW� LQ� WKH
SULVP� DQG� S\UDPLG� JURZWK� VHJPHQWV� ����
DQG������UHVSHFWLYHO\���:LWKLQ�WKH� OLPLWV�RI
WKH� VWXGLHG� FRQFHQWUDWLRQ�� QR� HVVHQWLDO� LQ�
IOXHQFH� RI� WKDOOLXP� LPSXULW\� RQ� VWUXFWXUDO
SHUIHFWLRQ�RI�DOOR\HG�$'3�FU\VWDOV�LV�GHWHU�
PLQHG�
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