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WUDQVIHU� IURP� WKH� FU\VWDO� WR� WKH� IXUQDFH�ZDOOV� DQG� LQ� WKH� &0,� LPPHUVLRQ� GHSWK�� ,Q� WKH
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7KH�JDV�PHGLXP�FRPSRVLWLRQ�LV�DQ�LPSRU�
WDQW� IDFWRU� LQ�KHDW� WUDQVIHU�SURFHVV�DW� FRQ�
WLQXRXV� JURZWK� RI� ODUJH� DONDOL� KDOLGH� FU\V�
WDOV�>�Ü�@��$ONDOL�KDOLGH�FU\VWDOV�DUH�XVHG�LQ
VFLQWLOODWLRQ� �&V,�� &V,�1D��� &V,�7O�� DQG
1D,�7O���DQG�RSWLFDO�GHYLFHV��.&O���1RZDGD\V�
VFLQWLOODWLRQ�HOHPHQWV�IRU�KLJK�HQHUJ\�SK\V�
LFV�KDYH�GLPHQVLRQV�XS�WR�����PP��,5�RSWL�
FDO� ZLQGRZV� DWWDLQ� WKH� GLDPHWHU� ���� PP
DQG� PRUH� >�Ü�@�� 7KLV� UHTXLUHV� JURZWK� RI

ODUJH�FU\VWDOV��7KH�SURFHVV�RI�JURZWK� WDNHV
VHYHUDO� GD\V�� 7KH� JURZWK� IURP� PHOW� LV� DF�
FRPSDQLHG� E\� LQWHQVH� HYDSRUDWLRQ� RI� PHOW
FRPSRQHQWV� DQG� GHSRVLWLRQ� WKHUHRI� RQ� WKH
FU\VWDO� DQG� LQQHU� SDUWV� RI� JURZWK� IXUQDFH�
7KH� HYDSRUDWLRQ� LQWHQVLW\� GHSHQGV� RQ� WKH
JURZWK� DWPRVSKHUH� FRPSRVLWLRQ�� 7KH� GH�
SRVLW�OD\HU�WKLFNQHVV�GXULQJ�WKH�JURZWK�FDQ
UHDFK� VHYHUDO� PLOOLPHWUHV�� 7KH� PHOW� HYDSR�
UDWLRQ�LPSHGHV�YLVXDO�FRQWURO�RI�WKH�FU\VWDO�
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OL]DWLRQ�� PRUHRYHU�� WKH� GHSRVLW� DIIHFWV
VWURQJO\�WKH�KHDW�WUDQVIHU�FRQGLWLRQV�
7KH� PHOW� HYDSRUDWLRQ� FDQ� EH� VXSSUHVVHG

XVLQJ� DQ� H[FHVV� SUHVVXUH�� 6XFK� FRQGLWLRQV
SURYLGH� D� GHFUHDVHG� PHOW� HYDSRUDWLRQ� DQG
SUHYHQW�DWPRVSKHUH�DLU�LQIORZ��+RZHYHU��DO�
NDOL� KDOLGH� FU\VWDOV� FDQ� EH� JURZQ� RQO\� LQ
LQHUW� JDV� DWPRVSKHUH� �$U��+H��1�� LQ� D� IRUH�
YDFXXP�� ,QFUHDVH� RI� JDV� SUHVVXUH� DERYH
��� 7RUU� UHVXOWV� LQ� D�PRUH� LQWHQVH� HYDSRUD�
WLRQ� �1D,�7O����RU� LQ�VWURQJ�FRQYHFWLRQ�IORZV
LQ� WKH�PHOW� �&V,��PDNLQJ� VWDEOH�JURZWK� LP�
SRVVLEOH��7KXV��JURZWK�DW�H[FHVV�SUHVVXUH�LV
LPSRVVLEOH� IRU� DONDOL� KDOLGHV�� YHUVXV� PDQ\
RWKHU�W\SHV�RI�FU\VWDOV��
$W�SUHVHQW��&V,�1D��FU\VWDOV�DUH�JURZQ�LQ

5267�W\SH�XQLWV� LQ�DWPRVSKHUHV�RI�SXUH�$U
RU�+H� DW����7RUU�SUHVVXUH��7KH�DLP�RI�WKLV
ZRUN�LV�WR�VWXG\�WKH�JURZWK�DWPRVSKHUH�LQ�
IOXHQFH�RQ�GHSRVLW�IRUPDWLRQ��KHDW�DQG�PDVV
WUDQVIHU� FRQGLWLRQV� LQ� WKH� IXUQDFH�� DV� ZHOO
DV� HTXLOLEULXP� FU\VWDO�PHOW� LQWHUIDFH� �&0,�
VKDSHV� DW� JURZWK� LQ� GLIIHUHQW� DWPRVSKHUHV�
FRQYHQWLRQDOO\�XVHG�RI�DUJRQ�KHOLXP�PL[�DW
D� UDWLR� RI� ������ �DUJRQ� SDUWLDO� SUHVVXUH
�33$U�|���7RUU��33+H|���7RUU���DUJRQ��33$U� ���7RUU���KHOLXP��33$U� ����7RUU���1LWURJHQLQIOXHQFH�ZDV� QRW� VWXGLHG� LQ� WKLV�ZRUN�GXH
WR� WKH� JDV� LQVXIILFLHQW� SXULW\� DQG� LWV� VSH�
FLILF�LQWHUDFWLRQ�ZLWK�WKH�PHOW�
7ZR� VHULHV� RI� FU\VWDOV� RI� ���� PP� GLD�

DQG����PP�OHQJWK�ZHUH�JURZQ�LQ�WKH�DERYH�
PHQWLRQHG�DWPRVSKHUHV�DW�JURZWK�VSHHGV�RI
��DQG���PP�K��7KH�JURZQ�LQJRWV�ZHUH�WRUQ
RII�IURP�WKH�PHOW�WR�VDYH�WKH�FXUUHQW�HTXL�
OLEULXP� VKDSHV� RI� FU\VWDO�PHOW� LQWHUIDFH�
7KH� SODWHV� RI� ��� PP� WKLFNQHVV� ZHUH� FXW
IURP�WKH�FU\VWDOV�WR�HYDOXDWH�WKH�&0,�VKDSH
DQG� WKH� XQGHUPHOW� FU\VWDO� YROXPH�� 7KH� GH�
SRVLWHG� FRQGHQVDWH� OD\HU� ZDV� KDUYHVWHG
VHSDUDWHO\� IURP� FU\VWDO� DQG� GLIIHUHQW� SDUWV
RI�IXUQDFH�LQQHU�VXUIDFH��DQG�ZHLJKWHG��7KH
FU\VWDO� VXUIDFH� WHPSHUDWXUH� ZDV� PHDVXUHG
XVLQJ� D� WKHUPRFRXSOH� DQG� D� S\URPHWHU� >�@�
7HPSHUDWXUHV�RI�ERWWRP��WERW��DQG�VLGH��WVLGH�KHDWHUV�ZHUH�UHJLVWHUHG�VLPXOWDQHRXVO\��7KH
WERW�SDUDPHWHU�LV�YDULHG�E\�FRQWURO�V\VWHP�WRPDLQWDLQ� WKH� FRQVWDQW� FU\VWDO� GLDPHWHU�� ,W
GHFUHDVHV�E\���Ü���&�DW�WKH�VWDUW�RI�FU\VWDO
JURZWK�� DQG� WKHQ� LQFUHDVHV� E\� DERXW� WKH
VDPH� YDOXH� GXULQJ� WKH� JURZWK� WLOO� ����PP
FU\VWDO� OHQJWK�� 7KH� FU\VWDOV� ZHUH� WRUQ� RII
IURP� WKH� PHOW� DW�+F\O�  ����PP�� L�H��� MXVWDIWHU�WERW�PLQLPXP�>�@��7KH�HTXLOLEULXP�&0,VKDSHV� ZHUH� UHJLVWHUHG�� 7KH� FRQVWDQW� SUHV�
VXUH� LQ� WKH� IXUQDFH� ZDV� FRQWUROOHG� E\� YDF�
XXP�JDXJH�
7KH�WERW�G\QDPLFV�LQ�WLPH��W��UHIOHFWV�WKHKHDW�WUDQVIHU�LQWHQVLW\�EHWZHHQ�WKH�JURZLQJ

FU\VWDO� DQG� IXUQDFH� ZDOOV�� 7KH� WERW�W�� GH�SHQGHQFHV� IRU� FU\VWDOV� JURZQ� LQ� GLIIHUHQW
JDVHRXV� DWPRVSKHUH� FRPSRVLWLRQV� DUH� SUH�
VHQWHG� LQ� )LJ����� 7KH� WERW� YDOXHV� DQG� WKHLUG\QDPLFV�ZHUH�IRXQG�WR�EH�VXEVWDQWLDOO\�GLI�
IHUHQW�� 7KHVH� GLIIHUHQFHV� ZHUH� DWWULEXWHG
EHIRUH�WR�WKH�GHSRVLW�DPRXQW�RQ�WKH�FU\VWDO
XSSHU� EXWW� >����@�� WKH�PRUH� WKH� FRQGHQVDWH
DPRXQW��WKH�PRUH�LQWHQVH�LV�WKH�KHDW�WUDQV�
IHU��DQG�WKH�PRUH�KHDW�VKRXOG�EH�VXSSOLHG�WR
SURYLGH�VWDELOLW\�RI�WKH�&0,�
,W�LV�VHHQ�WKDW�WERW�DW�WKH�JURZWK�FRPSOH�WLRQ�LQ�$U�DWPRVSKHUH�H[FHHGV�E\�|���&�WKDW

LQ� +H� DWPRVSKHUH�� &RUUHVSRQGLQJO\�� WKH
VPDOOHVW� GHSRVLW� DPRXQW� LV� REVHUYHG� LQ� $U
�VHH�)LJ������7KH�UHVXOWV�REWDLQHG�IRU�PL[HG
DWPRVSKHUH� ZHUH� IRXQG� WR� EH� LQWHUPHGLDWH
DV�FRPSDUHG�WR�WKH�SXUH�JDVHV��7KH�REVHUYHG
WUHQG�RI� WKH� FXUYHV� LV� DQ� H[SHULPHQWDO� HYL�
GHQFH�RI�WKH�GHSRVLW�LQIOXHQFH�RQ�KHDW�WUDQV�
IHU�LQ�WKH�IXUQDFH�DW�UDGLDO�JURZWK��+HUHLQ�
WKH� WERW�W�� WUHQG� EHFRPHV� LGHQWLFDO� DW� F\OLQ�GHU� JURZWK�� EHFDXVH� WKH�GHSRVLW� DPRXQW� RQ
VLGH� VXUIDFH� LV� WKH� VDPH� LQ� DOO� WKH� DWPRV�
SKHUHV�� DQG� KHDW� WUDQVIHU� WKHUHWKURXJK� LQ�
FUHDVHV� LGHQWLFDOO\�� 7KXV�� WKH� DWPRVSKHUH
FRPSRVLWLRQ� LQIOXHQFHV� WKH� KHDW� WUDQVIHU
IURP� WKH� FU\VWDO�� DQG� WERW�W�� FXUYH� WUHQG�7KH� FRQGHQVDWH� DPRXQW� RQ� GLIIHUHQW� VXU�
IDFHV� XQGHU� GLIIHUHQW� DWPRVSKHUHV� FDQ� EH
HYDOXDWHG�E\� WKH�FROOHFWHG�GHSRVLW�PDVV�SHU
XQLW�DUHD��7DEOH����
7KH�ODUJHVW�XQLW�DUHD�PDVV�RI�WKH�GHSRVLW

LV� REVHUYHG� LQ� +H� RQ� WKH� �KRW�� VXUIDFHV
�FU\VWDO� XSSHU� EXWW� DQG� FU\VWDO� KROGHU��� LQ
FRQWUDVW� WR� WKH� �FROG�� IXUQDFH� ZDOOV�� 7KH
OLPLWHG� DUHD� RI� WKH� FU\VWDO� VLGH� VXUIDFH
PDGH� LW� LPSRVVLEOH� WR� REVHUYH� D� VWULFW� GH�

)LJ����� 7HPSHUDWXUH� YV�� JURZWK� WLPH� DQG
FU\VWDO�VL]H��XSSHU�VFDOH��DW�&V,�1D��JURZWK�RI
����PP�GLD��DW�YDULRXV�DWPRVSKHUH�FRPSRVL�
WLRQV��3XOOLQJ�UDWH���PP�K��
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SHQGHQFH� RI� WKH� GHSRVLW� DPRXQW� RQ� WKH
JURZWK� UDWH�� 7KH� GHSRVLW� DPRXQW� FDQ� EH
VXSSRVHG�WR�GHFUHDVH�DV�WKH�JURZWK�UDWH�LQ�
FUHDVHV��7KLV�LV�FRQILUPHG� LQGLUHFWO\�E\�WKH
REVHUYHG� IDFW� RI� WKH� WRWDO� GHSRVLW� ZHLJKW
GHFUHDVH�E\������7KH�GHSRVLW�PDVV�GLVWULEX�
WLRQ�LQVLGH�WKH�IXUQDFH�LV�VKRZQ�LQ�7DEOH���
7KH�IUDFWLRQ�RI�GHSRVLW�RQ�WKH��KRW��FU\VWDO
VXUIDFH� DQG� FU\VWDO� KROGHU� VXEVWDQWLDOO\� LQ�
FUHDVHV� ZKHQ� SDVVLQJ� IURP� $U� WR�+H� �IURP
��� WR� ������� DQG� SURSRUWLRQDOO\� GHFUHDVHV
RQ��FROG��IXUQDFH�ZDOOV��IURP����WR�������
7KXV��WKH�KHDW�WUDQVIHU�LQ�WKH�IXUQDFH�LV

PRUH� LQWHQVH�LQ�$U�DWPRVSKHUH�DW�OHVVHU�GH�
SRVLW� GHQVLW\� RQ� WKH� FU\VWDO� VXUIDFH�� 7KLV

UHVXOW�DOVR�WHVWLILHV�WKDW�WKH�GHSRVLW�GHQVLW\
RQ� WKH� IXUQDFH� ZDOOV� LV� WRR� VPDOO� WR� LQIOX�
HQFH� KHDW� WUDQVIHU� WKHUHWR�� 0RUHRYHU�� ZH
FDQ� FRQFOXGH� WKDW� WKH� KHDW� FRQGXFWLYLW\� RI
WKH�JDVHV� LV�QRW�RI�D�JUHDW� LPSRUWDQFH�KHUH
�KHDW� FRQGXFWLYLW\� RI�+H� LV� �� WLPHV� KLJKHU
WKDQ� LQ� $U�� O+H� �������:��P�.��� O$U� 
�������:��P�.���� 7HPSHUDWXUH� PHDVXUH�
PHQWV� RI� IXUQDFH� LQQHU� ZDOOV� FRQILUP� WKLV
FRQFOXVLRQ��7KH�H[SHULPHQW�ZDV�FDUULHG�RXW

)LJ����� 5HODWLYH� WHPSHUDWXUHV� RI� WKH� IXUQDFH
ZDOO� DW� +F\O� ���� PP� DW�&V,�1D�� JURZWK� LQYDULRXV�DWPRVSKHUHV��JURZWK�UDWH�Ü���PP�K�

7DEOH���� 'HSRVLW� ZHLJKW� IUDFWLRQV� RQ� YDUL�
RXV� VXUIDFHV� DW�&V,�1D�� JURZWK� LQ� YDULRXV
DWPRVSKHUHV

$WPRVSKHUH &U\VWDO
XSSHU�EXWW

���
&U\VWDO

KROGHU����
)XUQDFH
ZDOOV����

$U ��� ��� ����
$U���+H ���� ��� ����

+H ����� ����� ����

7DEOH����'HSRVLW�PDVV�GLVWULEXWLRQ�LQ�WKH�IXUQDFH�DW�&V,�1D��JURZWK�LQ�YDULRXV�DWPRVSKHUHV

$WPRVSKHUH 8QLW�DUHD�ZHLJKW�RI
GHSRVLW�RQ�WKH

FU\VWDO�XSSHU�EXWW�
J�FP�

8QLW�DUHD�ZHLJKW�RI
GHSRVLW�RQ�WKH

IXUQDFH�ZDOOV��J�FP�
8QLW�DUHD�ZHLJKW�RI
GHSRVLW�RQ�WKH

FU\VWDO�KROGHU��J�FP�
$YHULJH�XQLW�DUHD
ZHLJKW�RI�WKH

FRQGHQVDWH��J�FP��

$U ����� ����� ����� �����
$U���+H ����� ����� ����� ������

+H ����� ������ ����� �����

)LJ�����3KRWRV�RI�WKH�FU\VWDO�XSSHU�EXWW�DQG�&0,�HTXLOLEULXP�VKDSHV�LQ�GLIIHUHQW�DWPRVSKHUHV��7KH
FRUUHVSRQGLQJ�YDOXHV�RI�WKH�GHSRVLW�XQLW�DUHD�ZHLJKW�DQG�&0,�GHSWKV�DUH�DOVR�SUHVHQWHG�
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DW�+F\O� ����PP��WKH�]HUR�SRLQW�FRUUHVSRQGVWR� WKH� KHLJKW� ��� PP� DERYH� WKH� PHOW� VXU�
IDFH�� ,W� LV� VHHQ� WKDW� WKH� KLJKHVW� WHPSHUD�
WXUHV� DUH� REVHUYHG� LQ�$U�� ZKLOH� WKH� ORZHVW�
LQ� +H�� 7KH� GLIIHUHQFH� UHDFKHV� ��Ü���� GH�
JUHHV�� 6R�� WKH� KHDW� IOX[� IURP� WKH� PHOW� WR
FU\VWDO� LV� WKH� ODUJHVW� LQ� $U�� LQ� FRQWUDVW� WR
+H��7KH�WUHQG�RI�WKH�WHPSHUDWXUH�YV��KHLJKW
FXUYHV� LV� VLPLODU� LQ� DOO� WKH� DWPRVSKHUHV�Û
WKH�ORZHU�SDUW�RI�WKH�IXUQDFH�ZDOO�LV�FROGHU�
EHFDXVH� LW� LV� QRW� LUUDGLDWHG� GLUHFWO\� E\� KRW
PHOW�DQG�FU\VWDO�XSSHU�VXUIDFH�
,W� LV�FOHDUO\�VHHQ�WKDW�WKH�&0,�FRQYH[LW\

LV� LQYHUVHO\� SURSRUWLRQDO� WR� WKH� GHSRVLW
DPRXQW� RQ� WKH� FU\VWDO� �SKRWRV� LQ� )LJ�����
7KH�DWPRVSKHUH�FRPSRVLWLRQ�LQIOXHQFHV�VXE�
VWDQWLDOO\�WKH�GHSRVLW�WKLFNQHVV�RQ�WKH�FU\V�
WDO� XSSHU� EXWW� DQG� KHDW� WUDQVIHU� LQWHQVLW\
IURP�WKH�FU\VWDO�DQG�WR�WKH�FU\VWDO��VHH�WKH
WERW�W�� SDUDPHWHU� WUHQG� LQ� )LJ������ &RQVH�TXHQWO\�� WKH� FU\VWDOOL]DWLRQ� LVRWKHUP� VKDSH
FDQ�EH�FRQWUROOHG�E\�WKH�JURZWK�DWPRVSKHUH
FRPSRVLWLRQ�
7KXV�� WKH� KHDW� WUDQVIHU� LQWHQVLW\� IURP

WKH� &0,� GHSHQGV� PDLQO\� RQ� WKH� GHSRVLW
WKLFNQHVV� RQ� WKH� FU\VWDO� VXUIDFH�� DQG� GRHV
QRW�GHSHQG�VXEVWDQWLDOO\�RQ�WKDW�DW�WKH�IXU�
QDFH� ZDOOV�� 7KH� UHFLSURFDO� GHSHQGHQFH� RI
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