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6LQJOH� FU\VWDOV� RI�*D[,Q�±[6E� VROLG� VROX�WLRQV�FDQ�EH�XVHG�WR�GHYHORS�ODVHUV�DQG�SKR�
WRGHWHFWRUV�LQ�WKH�LQIUDUHG�UHJLRQ�IURP���WR
�� PP� >�@�� 7KH� VWUXFWXUDO� SHUIHFWLRQ� RI
*D[,Q�±[6E�VROLG�VROXWLRQV�VLQJOH�FU\VWDOV�LQ�IOXHQFHV�RQ� WKHLU�HOHFWURQLF�DQG�RSWLF�SURS�
HUWLHV��,W�LV�NQRZQ�WKDW�ZLWK�WKH�LQFUHDVH�RI
JDOOLXP� FRQWHQW� LQ� *D[,Q�±[6E� VLQJOH� FU\V�WDOV� WKH� ODWWLFH� SDUDPHWUHV� HVVHQWLDOO\
FKDQJH� >�@�� 7KLV�� LQ� LWV� WXUQ�� OHDGV� WR� WKH
LQWHUQDO�VWUHVV�LQFUHDVH�LQ�WKHP��ZKLFK�SUR�
PRWHV� WKH� LQFUHDVH� RI� GLVORFDWLRQV� GHQVLW\�
%HVLGHV�� WKH� IRUPDWLRQ� RI� GLVORFDWLRQV� DQG
FUDFNV� LQ� VROLG� VROXWLRQ� FU\VWDOV� UHVXOWV
IURP� WKH� VWUHVVHV� DSSHDULQJ� LQ� WKH� SURFHVV
RI�JURZWK�GXH�WR�KLJK�WHPSHUDWXUH�JUDGLHQWV
LQ�WKH�VROLG�SKDVH�>�@��7KH�DLP�RI�RXU�SDSHU�LV
VWXG\�WKH�WHPSHUDWXUH�JUDGLHQWV�LQIOXHQFH�LQ
WKH�VROLG�SKDVH�RQ�WKH�FUDFNV�IRUPDWLRQ�LQ�WKH
SXOOHG� �*D����,Q����6E� VROLG� VROXWLRQV� VLQJOHFU\VWDOV�

*D����,Q����6E� VROLG� VROXWLRQV�� XS� WR
��PP�LQ�GLDPHWHU�ZHUH�JURZQ�E\�&]RFUDOVNL
PHWKRG� WR� WKH� ,Q6E� VHHG� FU\VWDO� LQ� ����!
GLUHFWLRQ� DW� WKH� SXOOLQJ� UDWH� �����PP�PLQ
DQG�URWDWLRQ�UDWH�XS�WR����USP��7KH�FU\VWDO

ZDV� GURZQ� IURP� WKH� PHOW� PDVV� ���� J� LQ
ZHLJKW� LQ�TXDUW]�FUXFLEOH����PP�LQ�GLDPH�
WHU� DQG� ���PP� LQ� KHLJKW��7KH� FUXFLEOH�QRW
URWDWHG�� ,QGLXP�� JDOOLXP� DQG� DQWLPRQ\� RI
KLJK�SXULW\�����������ZHUH�XVHG�DV�VRXUFH
PDWHULDO�� 7KH� FU\VWDOV� ZHUH� SXOOHG� LQ� KLJK
SXULW\�$U� DWPRVSKHUH�DW����� DWP��RYHUSUHV�
VXUH��7KH�JURZWK�SODQW��GHVLJQHG�DFFRUGLQJ
WR�&]RFKUDOVNL�SXOOHG�DSSDUDWXV��DOORZHG�WKH
UHJXODWLRQ� RI� D[LDO� DQG� UDGLDO� WHPSHUDWXUH
JUDGLHQW� LQ� WKH� JURZQ� FU\VWDO� E\� FKDQJLQJ
WKH� WHPSHUDWXUH� RI� ZDWHU�FRROHG� URG� DQG
DGGLQJ�PRUH�KHDW�VKLHOGV�DURXQG�WKH�KHDWHU
DQG� SXOOHG� FU\VWDO�� *URZQ� VLQJOH� FU\VWDOV
ZHUH� FXW� SDUDOOHO� WR� WKH� JURZWK� D[LV� DQG
������ SODQH� LQ� DQ� HOHFWURVSDUN� ODWKHU� IRU
VWXG\�RI�WKH�VWUXFWXUDO�SHUIHFWLRQ�>���@��7KH
FXW�VXUIDFHV�ZHUH�HWFKHG�ZLWK�D�VROXWLRQ�RI
+12��+)�&+�&22+�+�2� ���������� IRU� ��Ü���VHFRQGV�DW�URRP�WHPSHUDWXUH�

:H� KDYH� GHWHUPLQHG� WKH� RSWLPDO� D[LDO
DQG� UDGLDO� WHPSHUDWXUH�JUDGLHQWV� IRU�JURZ�
LQJ�RI�*D����,Q����6E�VLQJOH�FU\VWDOV�ZLWKRXWDQ\�FUDFNV��7KHQ�WKHVH�RSWLPDO�WHPSHUDWXUH
JUDGLHQWV� ZHUH� PHDVXUHG� H[SHULPHQWDOO\�
7KH� D[LDO� DQG� UDGLDO� WHPSHUDWXUH�JUDGLHQWV

)XQFWLRQDO�0DWHULDOV�����1R��������� �������Û�,QVWLWXWH�IRU�6LQJOH�&U\VWDOV
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ZHUH� PHDVXUHG� LQ� WKH� FRQGLWLRQV� QHDU� WR
WKRVH� RI� FU\VWDO� JURZWK�� DFFRUGLQJ� WR� WKH
VFKHPH� LQ� )LJ����� ,Q�*D����,Q����6E� RI� VROLGVROXWLRQ� VLQJOH� FU\VWDO� ��� PP� ORQJ� DQG
��PP� LQ� GLDPHWHU�� WKUHH� KROHV� �����PP� LQ
GLDPHWHU�� ZHUH� PDGH� LQ� DQ� � HOHFWURVSDUN
ODWKHU�� 7ZR� KROHV� ZLWK� �� PP� GHHS� ZHUH
VLWXDWHG�DORQJ�WKH�FU\VWDO�D[LV�ZLWK����PP
GLVWDQFH� EHWZHHQ� WKHP�� 7KH� WKLUG� KROH�ZDV
���� PP� GHHS� DQG� VLWXDWHG� LQ� WKH� VDPH
FURVV�VHFWLRQ�ZLWK� WKH� ORZHU�KROH��&KURPHO�
DOXPHO� WKHUPRFRXSOHV� ZHUH� IL[HG� LQ� WKHVH
WKUHH�KROHV�IRU�WKH�PHDVXUH�RI�WKH�D[LDO�DQG
UDGLDO� WHPSHUDWXUH� JUDGLHQW� LQ� WKH� FU\VWDO�
7KH� VLQJOH� FU\VWDO� FRQWDFWHG� ZLWK� WKH�PHOW
DQG� QRW� URWDWHG�� 7KH� WHPSHUDWXUH� JUDGLHQW
ZHUH� PHDVXUHG� DIWHU� HVWDEOLVKLQJ� WKH� WKHU�
PDO�HTXLOLEULXP��

2Q� WKH� FXW� VXUIDFH� RI� FU\VWDO� VDPSOHV�
JURZQ�DW����.�FP�D[LDO�WHPSHUDWXUH�JUDGL�
HQW�DQG�WKH�UDGLDO�RQH�PRUH�WKDQ�����.�FP�
ZHUH� IRXQG� �� FUDFNV� �� PP� LQ� OHQJWK�� GL�
UHFWHG� LQWR� WKH� VDPSOH�� 7KH� VXUIDFH� RI
*D����,Q����6E� VROLG� VROXWLRQ� VLQJOH� FU\VWDOVDPSOH� ZLWK� ILYH� FUDFNV� VKRZQ� LQ� )LJ����
7KHVH�FUDFNV�KDG�D�VKDSH�RI� OLQHV�DQG�ZHUH
RULHQWHG� ZLWK� DQJOHV� IURP� �� WR� ��Å� WR� WKH
VROLG�OLTXLG� LQWHUIDFH�� ,Q�)LJ�� �� VKRZQ� WKDW
WKH� GHFUHDVH� RI� D[LDO� WHPSHUDWXUH� JUDGLHQW
WHPSHUDWXUH� WR� ���.�FP� FDXVHG� WKH� UHGXFH
RI� WKH� FUDFNV� OHQJWK� WR� ��PP�� 7KH� FKDQJH
RI�UDGLDO�WHPSHUDWXUH�JUDGLHQW�WR���.�Fä�DW
WKH� D[LDO� WHPSHUDWXUH�JUDGLHQW�RI����.�FP
OHW� XV� WKH� FUDFNV� OHQJWK� WR� GHFUHDVH� WR� �
PP�� 7KH� VLQJOH� FU\VWDOV� ZLWKRXW� FUDFNV
ZHUH� SXOOHG� DW� D[LDO� WHPSHUDWXUH� JUDGLHQW
RI����.�FP�DQG�UDGLDO�JUDGLHQW�WHPSHUDWXUH
RI���.�FP�

7KH�WHPSHUDWXUH�ILHOGV�LQ�JURZQ�FU\VWDOV
ZHUH�FDOFXODWHG�DFFRUGLQJ�WR�WKH�NQRZQ�PRG�

HOV� ZKLFK� WDNH� LQWR� DFFRXQW� WKH� FRQGLWLRQV
IRU� KHDW� H[FKDQJH� EHWZHHQ� WKH� JURZLQJ� VLQ�
JOH� FU\VWDO� DQG� WKH� HQYLURQPHQW� >�Ü�@�� 7KH
JLYHQ�PRGHOV�ZHUH� XVHG� IRU� WKH� FDOFXODWLRQ
RI� WKH� WKHUPDO� ILHOGV� LQ� WKH� LQJRWV� RI� WKH
PDWHULDOV� ZLWK� WKH� PHOWLQJ� WHPSHUDWXUH
PRUH� WKDQ� ����� .�� 7KH� D[LDO� DQG� UDGLDO
JUDGLHQW� RI� WHPSHUDWXUH� LQ� WKH� VROLG� SKDVH
ZHUH� FDOFXODWHG� DFFRUGLQJ� WR� WKH� HTXDWLRQ
>�@�
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ZKHUH�U�DQG�]�DUH�WKH�UDGLDO�DQG�D[LDO�FRRU�
GLQDWHV��K� �D�O� LV� WKH�UHODWLRQ�RI�WKH�FU\V�
WDO�VXUIDFH�KHDW�WUDQVIHU�IDFWRU�WR�WKH�FU\V�
WDO�WKHUPDO�FRQGXFWLYLW\��7&�LV�WKH�WHPSHUD�WXUH� RQ� WKH� FU\VWDOOL]DWLRQ� IURQW�� D� LV� WKH
UDGLXV�RI�WKH�FU\VWDO�

)LJ�����7KH� VFKHPH�RI� WHPSHUDWXUH�JUDGLHQWV
PHDVXUHPHQW�LQ�WKH�FU\VWDO�

)LJ����� 7KH� JUDSK� RI� FUDFNV� OHQJWK� GHSHQG�
HQFH�RQ�D[LDO� WHPSHUDWXUH�JUDGLHQW�G7�G]� LQ
WKH�FU\VWDOV����Û�UDGLDO�WHPSHUDWXUH�JUDGLHQW
G7�G[�OHVV�WKDQ���.�FP����Û�UDGLDO�WHPSHUD�
WXUH�JUDGLHQW�G7�G[�PRUH�WKDQ�����.�FP�

)LJ�����7KH� VDPSOH� RI�*D����,Q����6E� VROLG� VR�OXWLRQ�VLQJOH�FU\VWDO�ZLWK�WKH�PRVW�FUDFNV�

1HZV�RI�7HFKQRORJ\

��� )XQFWLRQDO�PDWHULDOV�������������



)XUWKHUPRUH�� WKH� YDOXHV� RI� WHPSHUDWXUH
JUDGLHQW� FDOFXODWHG� E\� HTXDWLRQ� ����� GLGQ�W
FRUUHVSRQG�WR�WKH�PHDVXUHG�JUDGLHQW�YDOXHV�
)XUWKHUPRUH�� WDNLQJ� LQWR� DFFRXQW� WKH� H[�
SHULPHQWDO� GDWD�� ZH� REWDLQHG� WKH� HPSLULF
H[SUHVVLRQ�RQ�LWV�EDVH�WR�UHIOHFW�WKH�WHPSHUD�
WXUH� GLVWULEXWLRQ� LQ� WKH� JURZQ� *D[,Q�±[6EVLQJOH�FU\VWDOV�
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ZKHUH� 7�� LV� WKH� DPELHQW� WHPSHUDWXUH� QHDUWKH�FU\VWDO��E�LV�WKH�HPSLULF�IDFWRU��
7KLV� GHSHQGHQFH� WDNHV� LQWR� DFFRXQW� WKH

DPELHQW� WHPSHUDWXUH� QHDU� WKH� FU\VWDO� DQG
DOORZV�RQH�WR�FDOFXODWH�D[LDO�DQG�UDGLDO�WHP�
SHUDWXUH� JUDGLHQWV� LQ� SXOOHG� *D[,Q�±[6EVROLG� VROXWLRQV� VLQJOH�FU\VWDOV��7KH� LQFUHDVH
RI� $U� JDV� WKH� WHPSHUDWXUH� QHDU� WKH� FU\VWDO
OHDGV� WR� WKH�GHFUHDVH�RI� WHPSHUDWXUH�JUDGL�
HQWV� LQ� D[LDO� DQG� UDGLDO� GLUHFWLRQV�� 7KH
WKHUPDO� ILHOG� LQ� JURZQ�*D����,Q����6E� VROLGVROXWLRQV� VLQJOH� FU\VWDOV� ZDV� FDOFXODWHG� DF�
FRUGLQJ� WR� WKH� JLYHQ� H[SUHVVLRQ� �)LJ�� ���
7KH� 7DEOH� VKRZQ� WKH� YDOXHV� ZKLFK� ZHUH
XVHG�IRU�WKH�FDOFXODWLRQ�RI�WKH�WKHUPDO�ILHOG
LQ�*D����,Q����6E�FU\VWDOV��)LJ����VKRZV�WKDWLQ�WKH�LQJRW�RI�*D[,Q�±[6E�VLQJOH�FU\VWDO�WKHD[LDO� WHPSHUDWXUH� JUDGLHQW� GHFUHDVHV� ZLWK

PRYLQJ�DZD\�IURP�WKH�FU\VWDOOL]DWLRQ�IURQW�
$W� WKH� VDPH� WLPH�� WKH� LQIOXHQFH� RI� WKH� UD�
GLDO�WHPSHUDWXUH�JUDGLHQW�LQFUHDVHV�DQG�WKLV
OHDGV�WR�FKDQJH�RI�WKH�WKHUPDO�ILHOG�

7KXV� LQ� WKLV� SDSHU� ZH� KDYH� VWXGLHG� WKH
LQIOXHQFH� RI� D[LDO� DQG� UDGLDO� WHPSHUDWXUH
JUDGLHQWV� RQ� WKH� VWUXFWXUH� SHUIHFWLRQ� IRU
*D����,Q����6E�VROLG�VROXWLRQ�VLQJOH�FU\VWDOV�JURZQ� E\� &]RFKUDOVNL�PHWKRG�� 7KH� RSWLPDO
WKHUPDO� JURZWK� FRQGLWLRQV� DUH� GHILQHG� IRU
WKH�JURZWK�RI�*D����,Q����6E�VROLG�VROXWLRQVVLQJOH� FU\VWDOV� ZLWKRXW� FUDFNV�� 6XFK� FRQGL�
WLRQV� DUH� WKH� GHFUHDVH� RI� WKH� D[LDO� DQG� UD�
GLDO�WHPSHUDWXUH�JUDGLHQWV�LQ�WKH�FU\VWDO�WR
���.�FP�DQG���.�FP��UHVSHFWLYHO\��

7KH�H[SUHVVLRQ�IRU�WKH�FDOFXODWLRQ�RI�WKH
WKHUPDO�ILHOG�LQ�WKH�JURZQ��*D[,Q�±[6E�VROLGVROXWLRQV�VLQJOH�FU\VWDOV�LV�REWDLQHG�
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� ���<X�0�6KDVKNRY�� 7KH�0HWDOOXUJ\� RI� 6HPLFRQ�
GXFWRUV��0HWWDOOXUJLD��0RVFRZ��������>LQ�5XV�
VLDQ@�

7DEOH��&DOFXODWLRQ�SDUDPHWHUV

&U\VWDO�UDGLXV�D��PP �
7KH�KHDW�WUDQVIHU�IDFWRU�IRU�FU\VWDO
VXUIDFH�DOSKDr��k WD ��:W��FP��.�

�����

&U\VWDO�WKHUPDO�FRQGXFWLYLW\�O�
:W��FP�.�

�����

7HPSHUDWXUH�LQ�WKH�FU\VWDOOL]DWLRQ
IURQW�IRU�*D����,Q����6E�7&��.

���

$PELHQW�WHPSHUDWXUH�QHDU�
WKH�FU\VWDO�7���.

���

7KH�HPSLULF�IDFWRU�E ���

)LJ����� 7KHUPDO� ILHOG� LQVLGH� WKH� JURZLQJ
*D����,Q����6E�VLQJOH�FU\VWDO�
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