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VL]H�&V,�1D�� VLQJOH� FU\VWDO� JURZLQJ� IURP� FRQVWDQW� PHOW� YROXPH� RQ� D� VHHG�� � ,W� KDV� EHHQ
HVWDEOLVKHG� WKDW� GXULQJ� UDGLDO� JURZWK� WKH� WHPSHUDWXUH� VWDELOL]DWLRQ� WLPH� DW� WKH� ERWWRP
KHDWHU�SRZHU�YDULDWLRQ� LV�����WLPHV�VKRUWHU�WKDQ�WKDW�DW�WKH�VLGH�KHDWHU�SRZHU�YDULDWLRQ�
'XULQJ� D[LDO� JURZWK�� WKH� WLPH� GLIIHUHQFH� GHFUHDVHV�� GURSV� WR� �� DW� F\OLQGHU� KHLJKW� DERXW
���PP��DQG��WKHQ��UHYHUVHV�LWV�VLJQ�
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$XWRPDWHG� FRQWLQXRXV� PHWKRG� RI� DONDOL
KDOLGH� FU\VWDOV� �$+&�� JURZLQJ� UHDOL]HG� LQ
WKH�LQGXVWULDO��5267��W\SH�HTXLSPHQW�>�Ü�@
LV�EHLQJ�DSSOLHG�IRU�VHYHUDO�ODVW�GHFDGHV�IRU
QHHGV� RI� PRGHUQ� PDWHULDOV� VFLHQFH� >����@�
7KH� FUXFLEOH� DQG� FU\VWDO� URWDWLRQ� SURYLGHV
WKHUPDO� ILHOG� V\PPHWU\� ZLWKLQ� WKH� FU\VWDO
DQG�WKH�PHOW�DQG�SURPRWHV�WKH�QDWXUDO�FRQ�
YHFWLRQ� RI� WKH� PHOW� DQG� WKH� GRSDQW�� 7KH
FRQVWDQW�PHOW� OHYHO� LQ�WKH�FUXFLEOH�SURYLGHG
E\� WKH� UDZ� PDWHULDO� IHHGLQJ� VXVWDLQV� WKH
VWDELOLW\�RI�WKHUPDO�FRQGLWLRQV�DW�WKH�SKDVH
ERXQGDULHV��7KH�PHWKRG�SURYLGHV�VWDWLRQDU\
FRQGLWLRQV� QHDU� WKH� FU\VWDOOL]DWLRQ� IURQW� LQ
RUGHU� WR� REWDLQ� LQJRWV� ZLWK� KLJK� VWUXFWXUH
SHUIHFWLRQ� DQG� KRPRJHQHRXV� DFWLYDWRU� GLV�
WULEXWLRQ� WKURXJKRXW� WKH� YROXPH�� $XWR�
PDWHG� FRQWURO� V\VWHP� HQVXUHV� JURZLQJ� RI
ODUJH� FU\VWDOV�ZLWK� UHSURGXFLEOH�GLPHQVLRQV

DQG� GLDPHWHU� PDLQWHQDQFH� SUHFLVLRQ� ZLWKLQ
DW�OHDVW�������
7KH� JURZWK� IXUQDFH� LQ� D� �5267�� W\SH

DSSDUDWXV� �)LJ����� FRPSULVHV� WKH� WZR� EDVLF
ZDWHU� FRROHG� SDUWV�� 7KH� WKHUPDO� FDPHUD
ZLWK� FUXFLEOH� ����� SHULSKHU\� FLUFXODU� YHVVHO
�3&9�� ����� VLGH� KHDWHU� ����� DQG� ERWWRP� RQH
����� PHOW� ���� DQG� KHDWHU� WKHUPDO� LQVXODWLRQ
����DUH�VLWXDWHG�LQ�WKH�ORZHU�SDUW��7KH�ODUJH
VL]H�FU\VWDO�����LV�VLWXDWHG�LQ�WKH�XSSHU�SDUW�
7KXV�� WKH� IXUQDFH� FRQVWUXFWLRQ� SUHGHILQHV
WKH� WKHUPDO� IOX[� GLUHFWLRQ� IURP� KHDWHUV
WKURXJK� WKH� FUXFLEOH�� PHOW�� DQG� FU\VWDO� WR
WKH�XSSHU�FDVH�
7KH� FU\VWDO� GLDPHWHU� DXWRPDWHG� FRQWURO

DW�GLVFUHWH�SXOOLQJ�RI�WKH�FU\VWDO�DQG�GLVFUHWH
PHOW� IHHGLQJ� LV� PDLQWDLQHG� LQGLUHFWO\� Û� E\
ERWWRP� KHDWHU� �WERW�� WHPSHUDWXUH� FRUUHFWLRQEDVHG�RQ� FRPSDULVRQ�RI�PHOW� OHYHO� ORZHULQJ
YDOXH� ZLWK� D� SUHGHWHUPLQHG� RQH� LQ� HYHU\
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F\FOH� >�@�� 7KH� EDVLF� WDVN�RI� WKH� VLGH�KHDWHU
�WVLGH��LV�ORFDO�KHDWLQJ�RI�3&9�ERWWRP��)LJ����SRV�����DQG�UDZ�PDWHULDO�PHOWLQJ�WR�FRPSHQ�
VDWH� WKH� PHOW� OHYHO� ORZHULQJ� DIWHU� FU\VWDO
GLVFUHWH� SXOOLQJ� DQG�� WKXV�� WR�PDLQWDLQ� WKH
FRQVWDQW�PHOW�OHYHO�GXULQJ�WKH�ZKROH�JURZWK
SURFHVV�
$W�VXFK�FRQVWUXFWLRQ��WKH� WERW�DXWRPDWHGFRUUHFWLRQ� FXUYH� DW� ODUJH� FU\VWDO� JURZWK

>��@� HYLGHQFHV� VXEVWDQWLDO� FKDQJHV� RI� KHDW
UHPRYDO�LQWHQVLW\�IURP�WKH�LQJRW�DW�WKH�F\O�
LQGHU�JURZWK��7KDW�LV�ZK\�LW�LV�QHFHVVDU\�WR
REWDLQ� LQIRUPDWLRQ� RQ� WKHUPDO� ODJ� RI� ERWK
KHDWHUV� LQ� GHSHQGHQFH� RQ� FU\VWDO� GLPHQ�
VLRQV��7KDW�LQIRUPDWLRQ�PDNHV�LW�SRVVLEOH�WR
VWXG\� WKH� KHDW� WUDQVIHU� G\QDPLFV� DQG� WR
RSWLPL]H�WKH�DOJRULWKP�RI�WKH�DXWRPDWHG�GLDPH�
WHU�FRQWURO�V\VWHP��$&6���7KHVH�VWXGLHV�EHFDPH
SRVVLEOH� GXH� WR� DGDSWDWLRQ� RI� ,5� S\URPHWU\� WR
WKH�FRQGLWLRQV�RI�$+&�JURZLQJ�>�Ü�@�
7KH� H[SHULPHQWV� RQ� IRUFHG� FKDQJH� RI

KHDWHU�WHPSHUDWXUHV�E\���&�DQG�UHJLVWUDWLRQ
RI�UHVSRQVH�LQ�GLIIHUHQW�SDUWV�RI�WKH�FU\VWDO
DQG�FUXFLEOH��)LJ�����ZHUH�FDUULHG�RXW�XVLQJ
D� 5D\WHN� 0DUDWKRQ� 0$�6&� S\URPHWHU� RXW
GXULQJ�WKH�FU\VWDO�JURZLQJ�SURFHVV��7KH�H[�
SHULPHQWDO�GDWD�EHLQJ�WUDQVIHUUHG�WR�3&�DQG
SURFHVVHG�XVLQJ�D��5D\WHN�0XOWLGURS��VRIW�
ZDUH��7KH�WHPSHUDWXUH�EHIRUH�WKH�FRUUHFWLRQ
ZDV�WDNHQ�DV�]HUR�
,W� LV� NQRZQ� IURP� WKH� SULRU� H[SHULPHQWV

>�@� WKDW� ,5� S\URPHWU\� RI� XSSHU� DQG� VLGH
FU\VWDO� VXUIDFHV� LV� SRVVLEOH� RQO\� LI� WKH�FRQ�
GHQVDWH� WKLFNQHVV� LV� DW� OHDVW� ���� PP�� 7KH
YLVLEOH� ERXQGDU\� RI� WKH� FU\VWDO� VXUIDFH� UH�
JLRQ� VDWLVI\LQJ� WKLV� FRQGLWLRQ� LV� VKRZQ� E\
WKH� DUURZV� �)LJ������ 7KH� FU\VWDO� VXUIDFH� LV
VHPLWUDQVSDUHQW� EHWZHHQ� WKH� ERXQGDU\� DQG
FU\VWDO� HGJH�� DQG�PHDVXUHPHQWV� LQ� WKLV� UH�
JLRQ� FRQWDLQV� D� ODUJH� H[SHULPHQWDO� HUURU�
7KH� EDVLF� PHDVXUHPHQWV� DW� WKH� FU\VWDO� GL�

)LJ�����6FKHPH�RI�D�5267�W\SH�DSSDUDWXV�DQG
PHDVXUHPHQW� SRLQWV� DW� JURZLQJ� FU\VWDO� �k�
k��DQG�k���DQG�FUXFLEOH�HOHPHQWV��%��&��'����Ü�vUXFLEOH�����Ü�3&9����Ü�VLGH�KHDWHU����Ü�ERWWRP
KHDWHU�� �� Ü� PHOW�� �� Ü� WKHUPDO� LQVXODWLRQ� RI
KHDWHUV����Ü�FU\VWDO���

)LJ�����7KHUPDO� ODJ�DQG� WHPSHUDWXUH�FKDQJH�YDOXH� LQ� WKH�SRLQW�$�DW�GLIIHUHQW�JURZWK�VWDJHV� �FU\VWDO
GLDPHWHU� ������ ���� PP��+F\O� ����� ���� DQG� ���� PP�� DW� WHPSHUDWXUH� FKDQJH� RI� ERWWRP� DQG� VLGHKHDWHUV�E\���&��3KRWR��JURZLQJ�FU\VWDO�YLHZ�DW�GLIIHUHQW�JURZWK�VWDJHV��7KH�UHVXOWV�RI�PHDVXUHPHQWV�DUH
VKRZQ�LQ�WKH�7DEOH�
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DPHWHU� RI� ���� DQG� ���� PP� DQG� F\OLQGHU
KHLJKW� �+F\O�� ���� ���� DQG� ���� PP� �)LJ����SRLQW� $�� ZHUH� FRQGXFWHG� DW� XSSHU� FU\VWDO
VXUIDFH�DW�WKH�GLVWDQFH���Ü���PP�IURP�WKH
FU\VWDO�HGJH�DW�GLIIHUHQW�JURZWK�VWDJHV��7KH
VLGH� FU\VWDO� VXUIDFH� DW�sF\O� �����PP�ZDVVWXGLHG� DOVR� LQ� WKH�SRLQWV�k�� DQG�k�� DW���DQG� ���� PP� GLVWDQFHV� IURP� WKH� PHOW� VXU�
IDFH�� UHVSHFWLYHO\��0RUHRYHU��PHDVXUHPHQWV
ZHUH� FDUULHG� RXW� LQ� SRLQWV� DW� FUXFLEOH� ERW�
WRP��3&9�ERWWRP��3&9�ZDOO� �)LJ����� SRLQWV
%��&��DQG�'��UHVSHFWLYHO\���5HVXOWV�RI�WKHVH
PHDVXUHPHQWV�ZLOO�EH�SUHVHQWHG�EHORZ�
/HW� XV� VXEGLYLGH� WKH� REWDLQHG� GDWD� FRQ�

FHUQLQJ� WKHUPDO� ODJ� WLPH� DQG� WHPSHUDWXUH
GLIIHUHQFH�YDOXH�LQWR�VHYHUDO�SDUWV�
7KH� ILUVW� RQH� LV� SUHVHQWHG� LQ� )LJ���� IRU

PHDVXUHPHQWV� LQ� SRLQW� $� �DW� FU\VWDO� XSSHU
VXUIDFH�� DW� FU\VWDO� GLDPHWHU� ����� ���� PP
DQG�+F\O� ����� ��� DQG� ���� PP�� ,W� FDQ� EHVHHQ� WKDW� WKHUPDO� ODJ� RI� ERWK� KHDWHUV� �W�
LQFUHDVHV� SURSRUWLRQDOO\� WR� FU\VWDO� GLPHQ�
VLRQV�� LQ� FRQWUDVW� WR� WHPSHUDWXUH� FKDQJH
YDOXH� �'WS\U�� PHDVXUHG� E\� S\URPHWHU�� ,WVKRXOG� EH� QRWHG� WKDW� VKRUWHU� W� YDOXHV� DUH
REWDLQHG�IRU�WKH�EDVLF��ERWWRP��KHDWHU�DW�DOO
WKH� VWDJHV� H[FHSW� IRU� WKH� ODVW� RQH� �+F\O� ����PP��ZKHUH� WKH� VLGH�KHDWHU�DFWV� IDVWHU�
$OVR�� W�'WS\U�� FXUYHV� IRU� WKH� ERWWRP� KHDWHUDW�+F\O� ����DQG����PP�GLIIHU�LQ�FKDUDFWHU

IURP� WKRVH� IRU� FU\VWDO� GLDPHWHU� ���� DQG
���� PP� DQG� +F\O� ����� PP� IRU� WKH� VLGHKHDWHU��7KLV�HYLGHQFHV�KHDW�WUDQVIHU�LQWHQVL�
ILFDWLRQ�LQ�WKH�IXUQDFH�DW�DSSHDUDQFH�RI�WKH
VLGH� FU\VWDO� VXUIDFH� QRW� FRYHUHG� ZLWK� FRQ�
GHQVDWH�DERYH�WKH�PHOW�
&RQVLGHULQJ�WKH�WUHQG�RI�W�'WS\U��FXUYHV�IRUERWWRP�DQG�VLGH�KHDWHUV�LQ�WKH�QH[W�JURXS�RI

GDWD� �)LJ����� LQ� WKH� SRLQWV� k�� k�� DQG�k�� DWYDULRXV� FU\VWDO� VXUIDFHV� �DW�+F\O� �����PP��ZH� FDQ� PDNH� WKH� FRQFOXVLRQ� WKDW� WKH� KHDW
WUDQVIHU� PHFKDQLVP� IURP� GLIIHUHQW� KHDWHUV
WR�WKHVH�SRLQWV�LV�GLIIHUHQW��+HUHLQ��WKH�ERW�
WRP� KHDWHU� KHDWV� PDLQO\� WKH� PHOW�� WKHUHE\
FRPSHQVDWLQJ� WKH� KHDW� UHPRYDO� IURP� WKH
FU\VWDO�� 7KH� PHOW� �� FU\VWDO� SKDVH� LQWHUIDFH
LV� WUDQVSDUHQW� IRU� UDGLDQW� KHDW� IOX[� DQG
'WS\U� YDOXH� LV� ����&�� KRZHYHU�� W� YDOXH� LQ�

)LJ�����7HPSHUDWXUH�VWDELOL]DWLRQ�WLPH�DQG�WHP�
SHUDWXUH� FKDQJH� YDOXHV� LQ� WKH� SRLQWV� � k�� k�DQG�k�� DW�+F\O� �����PP�DW� ERWWRP� DQG� VLGHKHDWHU�WHPSHUDWXUH�YDULDWLRQ�E\���&��7KH�PHDV�
XUHPHQW�GDWD�DUH�SUHVHQWHG�LQ�WKH�7DEOH�

)LJ����� 6WDELOL]DWLRQ� WLPH� DQG� WHPSHUDWXUH
FKDQJH�YDOXHV�PHDVXUHG�LQ�SRLQWV�&��%��DQG�'
DW�FUXFLEOH�VXUIDFH�DW�YDULDWLRQ�RI�KHDWHU�WHP�
SHUDWXUHV�E\���v��7KH�PHDVXUHG�GDWD�DUH�SUH�
VHQWHG�LQ�WKH�7DEOH�
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FUHDVHV� DV� FRPSDUHG� WR� WKH� SULRU� VWDJHV� RI
FU\VWDO�JURZLQJ��VHH�)LJ�����
7KH� VLGH�KHDWHU�� EHVLGHV� RI� UDZ�PDWHULDO

PHOWLQJ� LQ� 3&9�� KHDWV� WKH� IXUQDFH� DWPRV�
SKHUH�DQG�JURZLQJ�FU\VWDO��,Q�WKLV�FDVH��WKH
VKRUWHU� W� DQG� ODUJHU� 'WS\U� YDOXHV� DUH� RE�VHUYHG� DW� 3&9� ZDOO� DW� KHDW� WUDQVIHU� WR
FORVHU� SRLQWV�� 3HUKDSV� WKLV� LV� WKH� FDXVH� RI
VKRUWHU�W�LQ�DOO�WKH�SRLQWV��k��k��DQG�k���DWVLGH�KHDWHU�WHPSHUDWXUH�YDULDWLRQV�
7KH� UHVXOWV� RI� W� DQG�'WS\U�PHDVXUHPHQWVDW� FUXFLEOH� DUH� VKRZQ� LQ�)LJ�����7KRVH� FRQ�

ILUP� WKDW� DW� VKRUW� GLVWDQFH� EHWZHHQ� WKH
PHDVXUHPHQW�SRLQW�DQG�KHDWHU��L�H���EHWZHHQ
WKH� ERWWRP� KHDWHU� DQG� FUXFLEOH� ERWWRP
�SRLQW�%���DV�ZHOO�DV�EHWZHHQ�WKH�VLGH�KHDWHU
DQG� 3&9� ERWWRP� �SRLQW� &��� WHPSHUDWXUH
FKDQJHV� RFFXU� DIWHU� �� DQG�����PLQ�� UHVSHF�
WLYHO\��DW�PD[LPDO�'WS\U�YDOXHV�� ,I�WKH�WHP�SHUDWXUH� FKDQJH� LV� UHFRUGHG� LQ� WKH� SRLQW�%
IURP� VLGH� KHDWHU� DQG� LQ� SRLQW� &� IURP� ERW�
WRP� KHDWHU�� W� LQ� WKLV� FDVH� LV� WZR� WLPHV
ODUJHU��ZKLOH�DW�WKH�VDPH�WLPH��'WS\U�YDOXHVSURSRUWLRQDOO\� GHFUHDVH�� 7KH� ODUJHVW� WHP�
SHUDWXUH�FKDQJH�DSSHDUHG�WR�EH�IRU�SRLQW�'
DW� ERWWRP� KHDWHU� WHPSHUDWXUH� YDULDWLRQ
�W� ���� PLQ��� 7KLV� UHVXOW� LV� REYLRXV�� VLQFH
WKH� ODUJHU� LV� WKH� GLVWDQFH� EHWZHHQ� SRLQWV�
WKH� ORQJHU� W� DQG� VPDOOHU� 'WS\U� DUH�� EXW� LWFRQILUPV� WKH�FRUUHFWQHVV�DQG�JRRG�VHQVLWLY�
LW\� RI� RXU�PHDVXUHPHQWV� DW� VPDOO� WHPSHUD�
WXUH�YDULDWLRQV�
7KXV��DV�WKH�FU\VWDO�GLPHQVLRQV�LQFUHDVH�

WKHUPDO�ODJ�WLPHV�WERW�DQG�WVLGH�LQ�WKH�SRLQW$�LQFUHDVH�ZLWK�FU\VWDO�KHLJKW�DFFRUGLQJ�WR
GLIIHUHQW� ODZV� DQG� W�sF\O�� FXUYHV� DUH
FURVVHG� DW� WKH� LQJRW� KHLJKW� DERXW� ��� PP
�)LJ������ 7KLV� UHVXOW� FDQ� EH� DVFULEHG� WR
FKDQJLQJ� VSDWLDO� DUUDQJHPHQW� RI� WKH�PHDV�

XUHPHQW� SRLQW� ZLWK� UHVSHFW� WR� WKH� KHDWHUV
�VHH�VFKHPHV�LQ�)LJ�����
$W� LQLWLDO� JURZWK� VWDJHV�� WKH� FU\VWDO

XSSHU� EXWW� LV� VLWXDWHG� DW� WKH� VDPH� KHLJKW
ZLWK�WKH�VLGH�KHDWHU��DQG�PDMRU�SDUW�RI�KHDW
IOX[� WKHUHIURP� LV� UHIOHFWHG� DQG� VFDWWHUHG� WR
VXUURXQGLQJ�VSDFH�RI�WKH�JURZWK�IXUQDFH��7KHQ
WKH� FU\VWDO�GLPHQVLRQV� LQFUHDVH��DQG� LWV�XSSHU
SDUW�PRYHV�DSDUW�IURP�WKH�ERWWRP�KHDWHU��SUR�
PRWLQJ�WKH�SURSRUWLRQDO�WVLGH�GHFUHDVH�DQG�WERWLQFUHDVH�� +HUHLQ�� DW� LQLWLDO� VWDJHV�� WKH� GLIIHU�
HQFH� EHWZHHQ� WERW� DQG� WVLGH� LV� ������ WKHQ� LWGHFUHDVHV��FKDQJHV�LWV�VLJQ�DW�sF\O|���PP�DQGUHDFKHV�Ü�����DW�sF\O� �����PP�7KXV�� WERW� LQFUHDVH� ZLWK� sF\O� HYLGHQFHVZRUVHQLQJ� RI� UHVSRQVH� UDWH� RI� WKH� DXWR�
PDWHG�FU\VWDO�GLDPHWHU�FRQWURO�V\VWHP��7KH
GHOD\� RI� WKHUPDO� FRUUHFWLRQ� SXOVH� PD\� EH
WKH� FDXVH� RI� YROXPH� GHIHFWV� LQ� FU\VWDO� ODW�
WLFH� VRPHWLPHV� DSSHDULQJ� LQ� JURZLQJ� FU\V�
WDOV� >��@��2QH� RI� SRVVLEOH�ZD\V� WR� LPSURYH�
PHQW�RI�WKH�GLDPHWHU�FRQWURO�V\VWHP�LV�XWLOL�
]DWLRQ�RI�VKRUW�WHUP�WVLGH�FRUUHFWLRQ�VWDUWLQJIURP�sF\O|���PP�� 7KLV� EHFRPHV� LPSRUWDQWZKHQ� WKH� FU\VWDO� JHWV� RXW� WKH� FUXFLEOH� DQG
KHDW�UHPRYDO�IURP�WKH�FU\VWDO�LQFUHDVHV�
7KXV��WKHUPDO�ODJ�WLPHV�RI�JURZLQJ�FU\V�

WDO� DQG� WKH� KHDW� DVVHPEO\� HOHPHQWV� LQ� GH�
SHQGHQFH�RQ�FU\VWDO�GLPHQVLRQV�KDV�EHHQ�GH�
WHUPLQHG� H[SHULPHQWDOO\� IRU� WKH� ILUVW� WLPH
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