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5HFHLYHG�-XQH���������
$� FKDQJH� LQ� WKH� FU\VWDO� ODWWLFH� SDUDPHWHU� RI� Q� W\SH� VLOLFRQ� VLQJOH� FU\VWDO� JURZQ� E\

&]RFKUDOVNL� WHFKQLTXH� XQGHU� D�ZHDN� �%�a����� WR� ����7�� FRQVWDQW�PDJQHWLF� ILHOG� KDV� EHHQ
UHYHDOHG�� 7KH� HIIHFW� VKRZV� VRPH� VSHFLILF� FKDUDFWHULVWLFV�� )LUVW�� LW� KDV� D� WLPH�GHSHQGHQW�
WKDW� LV�� LW� GLVDSSHDUV� DIWHU� D� FHUWDLQ� UHOD[DWLRQ� WLPH�� SURYLGHG� WKDW� WKH� FU\VWDO� LV� QRW
VXEMHFWHG� WR� DQ\� VXEVHTXHQW� H[WHUQDO� LQIOXHQFHV�� 6HFRQG�� WKH� ODWWLFH� SDUDPHWHU� ZDV� RE�
VHUYHG� WR� EH� FKDQJHG� RQO\� DIWHU� LQIOXHQFH� RI� D� PDJQHWLF� ILHOG� H[FHHGLQJ� ���� P7�� $
SK\VLFDO�PRGHO�H[SODLQLQJ�WKH�HIIHFW�LV�SURSRVHG��7KH�PDJQHWLF�ILHOG�DFWLRQ�FRQVLVWV�PRVW
OLNHO\�LQ�WKH�WUDQVIRUPDWLRQ�RI�WKH�R[\JHQ�FRQWDLQLQJ�FOXVWHUV��LQLWLDO�RU�DSSHDULQJ�GXULQJ
WKH�JURZWK�� LQ�D�PHWDVWDEOH� VWDWH�ZKHUH� WKRVH�PD\�EH�GHFRPSRVHG� LQWR� WKHLU�FRPSRQHQWV
RU�VLPSOHU�GHIHFWV�GXH�WR�WKHUPDO�IOXFWXDWLRQV�
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���,QWURGXFWLRQ
7KH� JHQHUDO� SURSHUWLHV� RI� VHPLFRQGXFWRU

FU\VWDOV�EHLQJ�XVHG�LQ�VFLHQFH�DQG�HQJLQHHU�
LQJ� DUH� NQRZQ� WR� GHSHQG� RQ� WKHLU� GHIHFW
VWUXFWXUH� DQG� FKHPLFDO� SXULW\� ERWK� LQ� WKH
VXUIDFH�OD\HU�DQG�LQ�WKH�EXON�PDWHULDO��7KH
GHIHFW� IRUPDWLRQ� DQG� WKH� GHIHFW� VWUXFWXUH
HYROXWLRQ�UHVXOW�LQ�YDULDWLRQV�LQ�WKH�HOHFWUL�
FDO� DQG� RWKHU� VWUXFWXUH�VHQVLWLYH� SURSHUWLHV
RI� WKH� FU\VWDO�� 7KH� GHIHFW�LPSXULW\� VXEV\V�
WHP�� LQ� WXUQ�� PD\� XQGHUJR� VXEVWDQWLDO
WUDQVIRUPDWLRQV� GXH� WR� H[WHUQDO� IDFWRUV�
7KH�GHIHFW�VXEV\VWHP�FRQYHUVLRQ�LV�D�UDWKHU
FRPSOH[� SURFHVV� LQYROYLQJ� WKH�ZKROH� VHW� RI

LPSXULWLHV��WKH�FU\VWDO�GHIHFWV�DQG�LWV�WUHDW�
PHQW�SUHKLVWRU\�

5HFHQWO\�� QXPHURXV�ZRUNV� DUH� SXEOLVKHG
FRQFHUQLQJ� WKH�PDJQHWLF� ILHOG�HIIHFW�RQ�WKH
GHIHFW�LPSXULW\� VWUXFWXUH� LQ� QRQPDJQHWLF
PDWHULDOV� >�Ü��@�� ,W� LV� WR� QRWH�� KRZHYHU�
WKDW� LQ� VSLWH� RI� D� ODUJH� H[SHULPHQWDO� GDWD
VHW�� WKH� FRQFHSWV� SURSRVHG�� DQG� SRVVLEOH
SK\VLFDO�PRGHOV��WKH�PDJQHWLF�ILHOG��0)��HI�
IHFW�RQ�WKH�UHDO�VLQJOH�FU\VWDO�VWUXFWXUH�KDV
EHHQ� QRW� H[SODLQHG� SK\VLFDOO\� WR� GDWH� LQ� D
FRPSOHWH�DQG�XQDPELJXRXV�PDQQHU��7KDW�LV
ZK\�WKH�VWXGLHV�RI�QRYHO�UHJXODULWLHV�LQ�WKDW
LQIOXHQFH� ZLOO� PDNH� LW� SRVVLEOH� WR� GHYHORS
WKH�QRYHO�PHDQV�WR�FRQWURO�WKH�GHIHFW�HYROX�
WLRQV� LQ� UHDO� VLQJOH� FU\VWDOV� DV� ZHOO� DV� WR
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LPSURYH� WKH� WKHRUHWLFDO�PRGHO� RI� GHIHFW� LQ�
WHUDFWLRQ�LQ�D�FU\VWDO�

7KH�SRVVLELOLW\�RI�FRQVLGHUDEOH�FKDQJHV�LQ
PDFURVFDOH�FKDUDFWHULVWLFV�RI��QRQPDJQHWLF�
VROLGV��ERWK�SDUD��DQG�GLDPDJQHWV�KDYLQJ�QR
RUGHUHG�PDJQHWLF�VWUXFWXUH��LQ�ZHDN�0)V�LV
QRW� TXLWH� DSSDUHQW� DQG� LV� RIWHQ� GRXEWHG� LQ
VSLWH� RI� QXPHURXV� SXEOLFDWLRQV� GHVFULELQJ
YDULRXV� �PDJQHWLF�� HIIHFWV� LQ� VXFK� PDWHUL�
DOV�� 6R� WKH� ZHDN� 0)� HIIHFW� RQ� GLIIHUHQW
VWUXFWXUH�VHQVLWLYH� SURSHUWLHV� RI� GLHOHFWULF
FU\VWDOV� �PHFKDQLFDO�� HOHFWULFDO�� PDJQHWLF�
VXUIDFH� FKDUDFWHULVWLFV�� ZDV� IRXQG� LQ� YDUL�
RXV� VWXGLHV� >������������@�� ,Q� WKRVH� ZRUNV�
QXPHURXV� FRQFHSWV� DQG� PRGHOV� ZHUH� SUR�
SRVHG�IRU�WKH�ZHDN�0)�HIIHFW�RQ�WKH�GLHOHF�
WULF� FU\VWDO� FKDUDFWHULVWLF� FKDQJHV�� 1XPHU�
RXV� SXEOLFDWLRQV� DUH� DJUHHG� WKDW� WKH� HIIHFWV
PHQWLRQHG� DUH� EDVHG� RQ� WKH� FRQFHSW� RI� WKH
VSLQ�GHSHQGHQW� UHDFWLRQV� EHWZHHQ� WKH� FU\VWDO
GHIHFWV� WKDW� LV� H[SODLQHG� UDWKHU� ZHOO� ZLWKLQ
WKH�VSLQ�FKHPLVWU\�WKHRU\��VHH�UHYLHZ�>��@��

,W� EHFDPH�REYLRXV� LQ� ODVW� IHZ�\HDUV� WKDW
ZKHQ� FRQVLGHULQJ� VXFK� HIIHFWV� RI� ZHDN� H[�
WHUQDO� IDFWRUV� RQ� D� FU\VWDO�� WKH� HOHPHQWDU\
DWRPLF� LQWHUDFWLRQ� DFWV� EHWZHHQ� DOO� WKH� GH�
IHFW� W\SHV� DUH� WR� EH� FRQVLGHUHG� WDNLQJ� LQWR
DFFRXQW� WKH� FKDUJH� DQG� VSLQ� VWDWHV� WKHUHRI
WR�SURYLGH�D�PRUH�FOHDU�SDWWHUQ�RI�WKH�LQWHU�
QDO�HYROXWLRQ�

,Q� WKH� SUHYLRXV� ZRUNV� >�����@�� WKH� 0)
HIIHFW�RQ�PLFURPHFKDQLFDO�FKDUDFWHULVWLFV�RI
VLOLFRQ� FU\VWDOV� KDV� EHHQ� UHYHDOHG�� LQ� SDU�
WLFXODU�� WKH�PLFURKDUGQHVV� UHGXFWLRQ� E\� ��
WR� ��� �� DQG� WKH� FRUUHVSRQGLQJ� SODVWLFLW\
LQFUHDVH� ZDV� REVHUYHG�� 7KH� UHYHDOHG�PLFUR�
KDUGQHVV� UHGXFWLRQ� ZDV� UHIHUUHG� WR� DV� WKH
PDJQHWRPHFKDQLFDO� HIIHFW� �00(��� 7DNLQJ
WKH� DERYH� LQWR�DFFRXQW�� WKH�SXUSRVH�RI� WKLV
ZRUN� LV� WR� GHPRQVWUDWH� WKH� ZHDN� FRQVWDQW
0)� LQIOXHQFH� RQ� D� IXQGDPHQWDO� FU\VWDO
FKDUDFWHULVWLF�� QDPHO\�� WKH� FU\VWDO� ODWWLFH
SDUDPHWHU�� DQG� WR� UHYHDO� WKH� UHDVRQV� IRU
WKDW�LQIOXHQFH�DV�IDU�DV�LW�LV�SRVVLEOH�

���([SHULPHQWDO
7KH� SKRVSKRUXV� GRSHG�Q� W\SH� FRQGXFWLY�

LW\� VDPSOHV� RI� GLVORFDWLRQ�IUHH� 6L� VLQJOH
FU\VWDOV�JURZQ�E\�WKH�&]RFKUDOVNL�WHFKQLTXH
DQG� ������MULHQWHG�ZHUH�XVHG� LQ�RXU�H[SHUL�
PHQWV��7KH�SKRVSKRUXV� LPSXULW\�FRQFHQWUD�
WLRQ� ZDV� IRXQG� WR� EH� ���������FPÜ�� XVLQJ
WKH�IRXU�SUREH�PHWKRG��7KH�R[\JHQ�FRQWHQW
LQ�WKH�VLOLFRQ�FU\VWDOV�ZDV�PHDVXUHG�E\�85
VSHFWURVFRS\� DQG� DPRXQWHG� >2L@� ���������FPÜ�� LQ� DOO� WKH� VDPSOHV�� 7KH� UHF�
WDQJXODU����u���PP��VDPSOHV�ZHUH�PHFKDQL�
FDOO\�DQG�FKHPLFDOO\�SROLVKHG�DW�ERWK�VLGHV�
7KH� VDPSOHV� IURP�GLIIHUHQW�JURZWK�EDWFKHV

RU� IURP� GLIIHUHQW� SODWHV� RI� WKH� VDPH� EDWFK
ZHUH�XVHG�

7KH�UHODWLYH�FKDQJH�LQ�WKH�FU\VWDO�ODWWLFH
SDUDPHWHUV�PHDVXUHG�E\�WKUHH�FU\VWDO�;�UD\
GLIIUDFWRPHWU\��7;5'��DW�URRP�WHPSHUDWXUH
ZDV� WKH� PDLQ� REMHFW� WR� EH� VWXGLHG� LQ� WKLV
ZRUN�� 7KH� VXUURXQGLQJ� WHPSHUDWXUH� ZDV
PHDVXUHG�WR�ZLWKLQ�����&�

7KH� UHODWLYH� FU\VWDO� ODWWLFH� SDUDPHWHUV
ZHUH� GHWHUPLQHG� LQ� VLWX�� WKDW� LV�� LPPHGL�
DWHO\� GXULQJ� WKH� FU\VWDO� WUHDWPHQW� LQ�PDJ�
QHWLF� ILHOG�� WKH� FU\VWDOV�ZHUH� QRW� H[WUDFWHG
IURP� WKH� JRQLRPHWHU� GXULQJ� WKH� ZKROH� H[�
SHULPHQW� DIWHU� WKH� GLIIUDFWRPHWHU� ZDV� DG�
MXVWHG��7KLV�SURYLGHG�DQ�LPSURYHG�PHDVXUH�
PHQW� DFFXUDF\� DQG� D� UHGXFHG� LQIOXHQFHV� RI
RWKHU� XQGHVLUDEOH� IDFWRUV� RQ� WKH� VWXG\� RE�
MHFW�� 7KH� HUURU� RI� WKH� UHODWLYH� ODWWLFH� SD�
UDPHWHU� FKDQJH� ZDV� DERXW� ������Ü��� WKH
%UDJJ�DQJOH�IRU�������SODQHV�T%|������GHJ�

���5HVXOWV�DQG�GLVFXVVLRQ
7R� UHYHDO� WKH� SRVVLEOH� FDXVHV� RI� ZHDN

FRQVWDQW� PDJQHWLF� ILHOG� LQIOXHQFH� RQ� WKH
VLOLFRQ� FU\VWDO� ODWWLFH� SDUDPHWHU� FKDQJH�
VHYHUDO� VDPSOH� W\SHV� ZHUH� VWXGLHG� �Q�6L� 3
GRSHG� WR� ���� 2KP�FP� UHVLVWLYLW\�� G�  � ����
PP�� Q�6L� 3� GRSHG� WR� ����:�FP� UHVLVWLYLW\�
G� ������PP��Q�6L�3�GRSHG�WR���:�FP�UHVLV�
WLYLW\�� G�  � ���� PP�� G� EHLQJ� WKH� VDPSOH
WKLFNQHVV�� FRQWDLQLQJ� GLIIHUHQW� FRQFHQWUD�
WLRQ� RI� GRSDQWV� DQG� KDYLQJ� VLPLODU� LQLWLDO
SDUDPHWHUV�� VKDSH�� DQG� WUHDWPHQW� SUHKLV�
WRU\�� 7KH� NLQHWLF� GHSHQGHQFHV� 'D�W��D� ZHUH
VWXGLHG� LQ� H[SHULPHQW� XQGHU� GLIIHUHQW� 0)
LQGXFWLRQ� YDOXHV� DFWLQJ� XSRQ� WKH� VDPSOHV��
$OO� WKH� Q�W\SH� VDPSOHV� KDYH� VKRZQ� DQ� LQ�
FUHDVH� RI� WKH� ODWWLFH� SDUDPHWHU� �VHH� )LJ����
DV� D� UHVXOW� RI� WKH� 0)� DFWLRQ�� 7KH� WKHUPDO
H[SDQVLRQ� FRHIILFLHQW� RI� VLOLFRQ� VLQJOH� FU\V�
WDO� LV� NQRZQ� WR� EH� D� ��������Ü��.Ü��� 7KH
FRUUHFWLRQ� WR� WKH� UHODWLYH� ODWWLFH� SDUDPHWHU

)LJ����� 'HSHQGHQFH� RI� WKH� ODWWLFH� SDUDPHWHU
FKDQJH� 'D�D� RI� VLOLFRQ� VLQJOH� FU\VWDO� RQ� WKH
VDPSOH� H[SRVXUH� WLPH� LQ� 0)� �%�a�����7��
$UURZ�GRZQZDUG��WKH�0)�DFWLRQ�RQVHW��DUURZ
XSZDUG��WKH�0)�DFWLRQ�ILQLVK�
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FKDQJH� DVVRFLDWHG� ZLWK� WKH� SRVVLEOH� FKDQJH
RI�WKH�FU\VWDO�WHPSHUDWXUH�E\���GHJ�ZDV�GH�
WHUPLQHG�DV
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)LJ���� VKRZV� WKDW� WKH� ODWWLFH� SDUDPHWHU
FKDQJH� DWWDLQV� LWV� PD[LPXP� GXULQJ� �� RU
��GD\V�

,W�LV�WR�QRWH�WKDW�WKH�VDPSOH�UHPRYDO�RXW
RI� WKH�0)� UHVXOWV� LQ� WKH� HIIHFW� UHOD[DWLRQ�
7KH� 0)� HIIHFW� GURSV� VXEVWDQWLDOO\� WR� ]HUR
GXULQJ��� RU� ��GD\V��'XULQJ� WKH� VXEVHTXHQW
��� WR� ��� GD\V�� WKH� ODWWLFH� SDUDPHWHU� UH�
PDLQHG�XQFKDQJHG� DQG� FRUUHVSRQGHG� WR� WKH
GDWD�REWDLQHG�IRU�WKH�LQLWLDO�VDPSOHV�

7KHQ� WKH� ODWWLFH� SDUDPHWHU� FKDQJH� UHJX�
ODULWLHV� ZHUH� VWXGLHG� DW� D� FRQVWDQW� KROGLQJ
WLPH�RI�D�VDPSOH�LQ�WKH�0)�EXW�DW�GLIIHUHQW
PDJQHWLF� LQGXFWLRQ� YDOXHV�� 7KH� 0)� H[SR�
VXUH� WLPH� ZDV� �� GD\V� IRU� DOO� WKH� VDPSOHV�
7KHVH� H[SHULPHQWV� KDYH� GHPRQVWUDWHG� WKH
�WKUHVKROG�� FKDUDFWHU� RI� WKH� 0)� DFWLRQ�� ,W
LV� VHHQ� LQ� )LJ���� WKDW� WKH� 0)� LQGXFWLRQ
YDOXH� FDXVLQJ� QR� ODWWLFH� SDUDPHWHU� FKDQJH
HYHQ� DW� ORQJ� VDPSOH� H[SRVXUH� WLPH� LQ� WKH
0)� �XS� WR� ��� GD\V�� LV� DERXW� ���� P7�� 7R
H[SODLQ� WKDW� SKHQRPHQRQ�� WKH� DSSOLHG� 0)
FDQ� EH� VXSSRVHG� WR� UHVXOW� LQ� ZHDNHQHG� LQ�
WHUDWRPLF� ERQGV� DQG� DSSHDULQJ� GLIIXVH� LQ�
VWDELOLW\�LQ�WKH�FU\VWDO�DFFRUGLQJ�WR�WKH�VLQ�
JOHW�WULSOHW� VSLQ� FRQYHUVLRQ� >�������@�� 7KLV
FDXVHV�WKH�ZHDNHQLQJ�RI�DOO�WKH�6L±6L��2±2�
6L±2��HWF��ERQGV�LQ�WKH�FU\VWDO��'XH�WR�WKHU�
PDO�IOXFWXDWLRQV��WKH�JURZWK�LQGXFHG�GHIHFW
FRPSOH[HV� 6L±2�� 9±2�� RU� PRUH� FRPSOH[
RQHV�� DV� 6L[2\9]�� VWDUW� WR� GHFRPSRVH�$WRPLF�R[\JHQ�DQG�LQWHUVWLWLDO�VLOLFRQ�DWRPV
FDXVH� DQ� LQFUHDVHG� QRQHTXLOLEULXP� DWRPLF
FRQFHQWUDWLRQ�LQ�WKH�LQWHUVWLFHV��WKXV�UHVXOW�
LQJ� LQ� WKH� LPSXULW\� FRQFHQWUDWLRQ� JUDGLHQW
DQG��DV�D�FRQVHTXHQFH��LWV�GLIIXVLRQ�RYHU�WKH
FU\VWDO�� 6LQFH� WKH� GLVORFDWLRQ�IUHH� FU\VWDOV
ZHUH�XVHG��LW�LV�MXVW�WKH�FU\VWDO�VXUIDFH�WKDW
LV�WKH�PRVW�HIILFLHQW�GUDLQ�IRU�SRLQW�GHIHFWV�
%XW� HYHQ� WKH� SODWHV� VXEMHFWHG� WR� DOO� WKH
WHFKQRORJLFDO� SUHWUHDWPHQW� VWDJHV� DQG
FKHPLFDO�PHFKDQLFDO� SROLVKLQJ� FRQWDLQ� WKH
QHDU�VXUIDFH� PLFURFUDFNV� DQG� GLVORFDWLRQ
KDOI�ORRSV� >��@�� 7KDW� OD\HU� PD\� EH� DV� GHHS
DV���PP�LQ�RXU�FDVH��7KRVH�PLFURFUDFNV�FDQ
EH� VXSSRVHG� WR� IRUP� WKH�SRLQW�GHIHFW�GUDLQ
FKDQQHOV� RXW� RI� WKH� QHDU�VXUIDFH� OD\HUV� WR
WKH�VXUIDFH�

,W� LV� NQRZQ� WKDW� HDFK� LPSXULW\� DWRP
FDXVHV� ORFDO�VWUHVVHV�RI�RQH�VLJQ�RU�DQRWKHU
LQ�WKH�FU\VWDO�ODWWLFH��WKXV�FKDQJLQJ�WKH�ODW�
WLFH� SDUDPHWHU� LQ� D� FRUUHVSRQGLQJ� PDQQHU�
7KDW�GHSHQGHQFH�LV�GHVFULEHG�>��@�DV
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ZKHUH� E� LV� D� FRHIILFLHQW� WKDW� FKDUDFWHUL]HV
WKH�ODWWLFH�SDUDPHWHU�FKDQJH�GXH�WR�HQWHULQJ
VLQJOH�LPSXULW\�DWRP��IRU�LQWHUVWLWLDO�R[\JHQ�
E� ��������Ü���FP�� >��@��� '&�� WKH� LPSXULW\
FRQFHQWUDWLRQ�FKDQJH�SHU�XQLW�YROXPH�

7KXV��RQH�FDQ�VD\�WKDW�WKH�0)�IRUPV�DQ
LQFUHDVHG� FRQFHQWUDWLRQ� RI� LQWHUVWLWLDO� R[\�
JHQ� DWRPV� DQG� YDFDQFLHV�� $V� D� UHVXOW�� WKH
FRQFHQWUDWLRQ� RI� YDFDQFLHV� �DFWLQJ� DV� WKH
WUDSSLQJ� FHQWHUV� RI� SRLQW� GHIHFWV�� H[FHHGV
FRQVLGHUDEO\� WKH� HTXLOLEULXP� FRQFHQWUDWLRQ
IRU�WKH�VSHFLILHG�FRQGLWLRQV��1Y�!�1HT�6XSSRVLQJ� WKDW� WKH�YDFDQFLHV�PD\�DFW�DV
WKH� DGVRUELQJ� WUDSSLQJ� FHQWHUV� IRU� WKH
DWRPV�PRYLQJ�LQ�WKH�FU\VWDO�WRZDUGV�LWV�VXU�
IDFH�� WKH�SURFHVV� FDQ� EH�GHVFULEHG� LQ� WHUPV
RI�WKH�/DQJPXLU�DGVRUSWLRQ�NLQHWLFV��/HW�1YEH� WKH� QXPEHU� RI� DGVRUSWLRQ� FHQWHUV� SHU
XQLW� DUHD�� WKHQ� WKH� DWRP� WUDSSLQJ� UDWH� E\
WKH�YDFDQFLHV�FDQ�EH�GHVFULEHG�DV

w1
wW � �K����1Y���1����J���1�� ���

ZKHUH�1Y�LV�WKH�QXPEHU�RI�YDFDQFLHV��1��WKHQXPEHU�RI�LPSXULW\�DWRPV�FDXVLQJ�D�FKDQJH
LQ�WKH�ODWWLFH�SDUDPHWHU�DQG�WKH�FU\VWDO�PH�
FKDQLFDO� SURSHUWLHV��K�� WKH� UDWH� FRQVWDQW� RI
WKH� DWRP� WUDSSLQJ� E\� YDFDQFLHV�� J�� WKH� UH�
FRPELQDWLRQ� UDWH� FRQVWDQW�� :LWKLQ� D� WKLQ
VXEVXUIDFH� OD\HU�� WKH� YDFDQFLHV� DUH� LQ� G\�
QDPLFDO�HTXLOLEULXP��WKDW�LV��WKH�QXPEHU�RI
IRUPLQJ�YDFDQFLHV�LV�HTXDO�WR�WKDW�RI�GLVDS�
SHDULQJ� RQHV� GXH� WR� WUDSSLQJ� RI� DQ� DWRP�
1Y� �FRQVW�� 7KXV�� WKH� DWRPLF� LPSXULWLHVPD\�PLJUDWH�IURP�WKH�EXON�WRZDUGV�WKH�VXU�
IDFH�DFFRUGLQJ�WR�LQWHUVWLWLDO�PHFKDQLVP��2L�

)LJ�����'HSHQGHQFH�RI�WKH�UHODWLYH� ODWWLFH�SD�
UDPHWHU�FKDQJH�YDOXH�RI�D�VLOLFRQ�VLQJOH�FU\V�
WDO�RQ�WKH�0)�VWUHQJWK��7KH�PDUNV� OLPLW�WKH
YDOXH�UDQJH�REWDLQHG�IRU�GLIIHUHQW�VDPSOHV�LQ
LGHQWLFDO�FRQGLWLRQV�
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RU� WR�YDFDQF\�RQH� �9��&��3K��%���7KRVH� LP�
SXULWLHV�PD\�EH�WUDSSHG�E\�WKH�SRLQW�GHIHFW
DGVRUSWLRQ�FHQWHUV��YDFDQFLHV��

7KH�VROXWLRQ�RI�(T����DW�WKH�HQWU\�FRQGL�
WLRQV�1� ���DW�W� ���KDV�WKH�IRUP

1� � 1Y
����%��������H

�$W�� ����

ZKHUH�$� �K���J�DQG�%� �J�K��$W�J����K��$� �K
DQG�%��_��

:KHQ� EHLQJ� GHFRPSRVHG� LQWR� FRPSR�
QHQWV�� WKH�GHIHFW� FRPSOH[HV� FDXVH�D� FKDQJH
LQ�WKH�ODWWLFH�SDUDPHWHU��RQ�WKH�RWKHU�KDQG�
WKH�QXPEHU�RI�YDFDQFLHV��DFWLQJ�DV�WKH�SRLQW
DWRP� WUDSSLQJ� FHQWHUV�� LQFUHDVHV�� $V� D� UH�
VXOW�� WKH� HTXLOLEULXP�VWDWH� LV� HVWDEOLVKHG� LQ
WKH� VXEVXUIDFH� OD\HU� DW� D� FHUWDLQ� PRPHQW
ZKHQ� DOO� WKH� IUHH� YDFDQFLHV� GLIIXVHG� WR� WKH
FU\VWDO� VXUIDFH� KDYH� WUDSSHG� D� IUDFWLRQ� RI
LQWHUVWLWLDO� R[\JHQ� DQG� VLOLFRQ� DWRPV�� 2QH
FDQ� VD\� WKDW� WKH� GHHSHU� FU\VWDO� OD\HUV� EH�
FRPH��SXULILHG��

7DNLQJ�LQWR�DFFRXQW�WKH�VXSSRVLWLRQ�WKDW
WKH� FRQFHQWUDWLRQ� RI� LPSXULW\� DWRPV� LQIOX�
HQFHV� WKH� ODWWLFH� SDUDPHWHU� FKDQJH� DFFRUG�
LQJ�WR�(T������WKH�VDPSOH�H[SRVXUH�GXUDWLRQ
LQ� WKH� 0)� FDQ� EH� VXSSRVHG� WR� HIIHFW� LWV
ODWWLFH�SDUDPHWHU��7KHQ��WDNLQJ�LQWR�DFFRXQW
WKH�)LFN�IRUPXOD

;� ��CCCCC'���W ���
WKH� LPSXULW\�FRQFHQWUDWLRQ�FDQ�EH�VXSSRVHG
WR�YDU\�DORQJ�WKH�GHSWK�;� IURP�WKH�VDPSOH
VXUIDFH� IURP�WKH�YDOXHV�&�� �1��;�6� �ZKHUH1�� LV� WKH� LQLWLDO� QXPEHU� RI� WKH� LPSXULW\DWRPV�LQ�WKDW�OD\HU�SHU���FP��DUHD��GRZQ�WR
WKH�YDOXHV�

&� �1����1
; � 

 �&����
1Y

�����J�e�K����;��������H
�$W��|

|�&����
1Y

�CCCCC'���W ��������H
�$W��

�
�

���

7KH� H[SUHVVLRQ� WDNHV� VXFK� D� YDOXH� LI
J�K������� L�H��WKH�WUDSSLQJ�UDWH�RI�LQWHUVWL�
WLDO� DWRPV� H[FHHGV� FRQVLGHUDEO\� WKDW� RI� WKH
UHYHUVH� SURFHVV� LQ� WKH� LQLWLDO� VWDJH�� 7KHUH�
IRUH�� RQH� FDQ� ZULWH� IRU� WKH� UHODWLYH� ODWWLFH
SDUDPHWHU�FKDQJH�DV�D�IXQFWLRQ�LI�WKH�LPSX�
ULW\�FRQFHQWUDWLRQ�

'D
D � �E���

1Y
�CCCCC'���W ��������H

�$W�� ���

%DVLQJ� RQ� D� VHULHV� RI� H[SHULPHQWV� XVLQJ
WKH�OD\HU�E\�OD\HU�HWFKLQJ�DQG�GHWHUPLQDWLRQ
RI� WKH� GLIIXVLRQ� FRHIILFLHQW� DQG� WKH� PLFUR�
KDUGQHVV� YDULDWLRQV�� WKH� IROORZLQJ� YDOXHV� RI
SDUDPHWHUV� ZHUH� IRXQG�� ;� ��������Ü��FP�
'� �����Ü���FP��VHF�� 1Y� ����������FPÜ��
$� ���������Ü��VÜ��

,W� LV� VHHQ� IURP� )LJ���� WKDW� WKH� H[SHUL�
PHQWDO�SRLQWV�ILW�UDWKHU�ZHOO�WKH�WKHRUHWLFDO
FXUYH� GUDZQ� EDVLQJ� RQ� (T����� XVLQJ� WKH
PRGHO�FRQFHSWV�

7KXV�� WKH� R[\JHQ�FRQWDLQLQJ� GHIHFWV
�2&'�� DUH� GHFRPSRVHG� LQWR� D� VHW� RI� SRLQW
GHIHFWV� GXH� WR� WKH� 0)� DFWLRQ�� 7KH� ODWWLFH
SDUDPHWHU� LV� LQIOXHQFHG� PRVW� FRQVLGHUDEO\
E\�R[\JHQ�ZLWK�FRQFHQWUDWLRQV�DPRXQWLQJ�WR
�����FPÜ�� LQ� WKH� FU\VWDOV� XQGHU� VWXG\�� WKH
FRQFHQWUDWLRQ�RI�WKH�PDLQ�HOHFWULFDOO\�DFWLYH
LPSXULW\��SKRVSKRUXV��LV�DV�ORZ�DV������FPÜ��
7KH�2� LPSXULW\� DWRPV� RFFXS\� HLWKHU� LQWHU�
VWLWLDOV� RU� YDFDQF\�ERXQG� SRVLWLRQV�� 7KH
R[\JHQ� DWRPV� LQ� LQWHUVWLWLDO� SRVLWLRQV� DUH
NQRZQ� WR� VWUHWFK� WKH� VL O LFRQ� ODWWLFH
�E� ��������Ü���FP���

,W� LV�RI�LPSRUWDQFH�WKH�ODWWLFH�SDUDPHWHU
LQFUHDVH� XQGHU� WKH�0)� VKRZV� D� FRUUHODWLRQ
YLWK�WKH�UHGXFWLRQ�LQ�WKH�GHQVLW\�DQG�VL]H�RI
WKH�VXUIDFH�QDQRDJJUHJDWHV�RI�VLOLFRQ�VLQJOH
FU\VWDOV� �VHH� )LJ������ 7KH� LPDJHV� ZHUH� RE�
WDLQHG� XVLQJ� WKH� DWRPLF� IRUFH� PLFURVFRS\
�$)0���7KH�H[SRVXUH�LQ�ERWK�ZHDN�FRQVWDQW
0)� DQG� DOWHUQDWLQJ� 0)� UHVXOWV� LQ� VLPLODU
GHQVLW\� DQG� VL]H� UHGXFWLRQ� RI� WKRVH� VXUIDFH
QDQRDJJUHJDWHV�� 6LPLODU� WR� WKH� ODWWLFH� SD�
UDPHWHU�� WKH� VXUIDFH� WRSRORJ\� UHOD[HV� LQ
WLPH� WR� WKH� LQLWLDO� VDPSOH� FKDUDFWHULVWLFV�
WKH� QXPEHU� DQG� GHQVLW\� RI� QDQRDJJUHJDWHV
ULVHV� DJDLQ� DIWHU� D� FHUWDLQ� KROGLQJ� WLPH� RI
WKH�VDPSOHV�XQGHU�URRP�FRQGLWLRQV�

)LJ����� .LQHWLFV� RI� WKH� UHODWLYH� ODWWLFH� SD�
UDPHWHU�FKDQJH�YDOXH�RI�D�VLOLFRQ�VLQJOH�FU\V�
WDO� XQGHU� WKH� 0)� �%� ������ 7�� DFWLRQ�� 7KH
VROLG� OLQH� LV� WKH� WKHRUHWLFDO� FXUYH� FDOFXODWHG
XVLQJ�(T�����7KH�SRLQWV�DUH�WKH�H[SHULPHQWDO
YDOXHV�

9�$�0DNDUD��'�9�.DOLQLFKHQNR���(IIHFW�RI�D�ZHDN����

)XQFWLRQDO�PDWHULDOV������������� ��



2I� LQWHUHVW� LV� WKH� IDFW� WKDW� WKH� ODWWLFH
SDUDPHWHU� FKDQJH� XQGHU� 0)� ZDV� QRW� RE�
VHUYHG�LQ�WKH�FU\VWDOV�JURZQ�XVLQJ�WKH�]RQH
PHOWLQJ� �=0��� 7KLV� IDFW� FRQILUPV� WKDW� WKH
PDLQ� FRQWULEXWLRQ� WR� WKH� HIIHFW� LV� GXH� WR
R[\JHQ� LPSXULW\�� VLQFH� LQ� WKH� =0� FU\VWDOV
WKH� FRQFHQWUDWLRQ� RI� WKDW� LPSXULW\� LV� VHY�
HUDO� RUGHUV� ORZHU� WKDQ� LQ� WKRVH� JURZQ� E\
WKH�&]RFKUDOVNL�WHFKQLTXH��

���&RQFOXVLRQV
7KH�HIIHFW�RI�D�ZHDN�FRQVWDQW�0)�RQ�WKH

ODWWLFH�SDUDPHWHU�FKDQJH�RI�GLVORFDWLRQ�IUHH
VLOLFRQ� VLQJOH� FU\VWDOV� JURZQ� E\� WKH� &]R�
FKUDOVNL� WHFKQLTXH�KDV�EHHQ� UHYHDOHG� LQ� WKH
ZRUN�DV�ZHOO�DV�WKH�DEVHQFH�RI�WKDW�HIIHFW�LQ
=0�JURZQ�VLOLFRQ�VLQJOH� FU\VWDOV��7KLV� VXJ�
JHVWV� WKH� GHFLVLYH� SDUW� SOD\HG� LQ� WKH� HIIHFW
E\� WKH� R[\JHQ� LPSXULW\�� 7KH� ZHDN�0)� LQ�
IOXHQFH�RQ�WKH�ODWWLFH�SDUDPHWHU�FKDQJH�KDV
EHHQ�IRXQG�WR�EH�RI�WKUHVKROG�FKDUDFWHU��7KH
0)�HIIHFW�RQ�WKH�VLOLFRQ�FU\VWDOV�LV�VKRZQ�WR
EH� UHYHUVLEOH�� L�H�� WR� GLVDSSHDU� DIWHU� D� FHU�
WDLQ� WLPH�� SURYLGHG� WKH� VDPSOH� LV� QRW� VXE�
MHFWHG�WR�DQ\�RWKHU�H[WHUQDO�LQIOXHQFHV��7KH
SK\VLFDO� LQWHUSUHWDWLRQ�RI� WKH�0)� LQIOXHQFH
RQ� WKH� FKDQJHV� LQ� WKH� VLOLFRQ� FU\VWDO� VWUXF�
WXUH� SURSHUWLHV� PD\� EH� DVVRFLDWHG� ZLWK� WKH
FKHPLFDO�ERQG�ZHDNHQLQJ�LQ�WKH�FU\VWDO�DQG
WUDQVIRUPDWLRQ� RI� R[\JHQ�FRQWDLQLQJ� VWUXF�
WXUH� GHIHFWV� LQWR� D�PHWDVWDEOH� VWDWH� UHVXOW�
LQJ� LW� GHFRPSRVLWLRQ� WKHUHRI� LQWR� D� VHW� RI
SRLQW� GHIHFWV�� 7KH� FRQFHQWUDWLRQ� FKDQJH� RI
WKH� ODWWHU�� LQ� WXUQ�� FDXVHV� D� FKDQJH� RI� WKH
VLOLFRQ� ODWWLFH� SDUDPHWHU�� 7KH�0)� H[SRVXUH

FKDQJHV� DOVR� WKH� VLOLFRQ� FU\VWDO� VXUIDFH� WR�
SRORJ\� ZLWK� GHFRPSRVLWLRQ� RI� WKH� VXUIDFH
QDQRDJJUHJDWHV�� WKDW� LV� FRQIHUPHG� E\�$)0
LPDJHV�

5HIHUHQFHV
� ���<X�,�*RORYLQ��)L]��7YHUG��7HOD�����������������
� ���$�0�2UORY��$�$�6NYRUWVRY��/�,�*RQFKDU��)L]��7YHUG�

7HOD������������������
� ���$�$�6NYRUWVRY��/�,�*RQFKDU��$�0�2UORY��)L]��7YHUG�

7HOD������������������
� ���<X�$�2VLS\DQ�� 5�%�0RUJXQRY�� $�$�%DVNDNRY

HW�DO���3LV±PD�=K��(NVS��7HRU��)L]������������������
� ���5�%�0RUJXQRY��8VS��)L]��1DXN������������������
����$�0�2UORY��$�$�6NYRUWVRY��$�$�6RORY\RY��)L]�

7YHUG��7HOD�����������������
� ���$�$�6NYRUWVRY��$�0�2UORY��9�$�)URORY�HW�DO��

)L]��7YHUG��7HOD������������������
� ���9�$�0DNDUD��/�3�6WHEOHQNR��1�<D�*RULG±NR�HW�DO��

)L]��7YHUG��7HOD�����������������
� ���0�1�/HYLQ�� %�$�=RQ�� =K��(NVS��7HRU��)L]��� ����

������������
����<X�,�*RORYLQ��5�%�0RUJXQRY��$�%�7\XW\XQQLN

HW�DO���)L]��7YHUG��7HOD������������������
����<X�,�*RORYLQ��'�9�/RSDWLQ��5�.�1LNRODHY�HW�DO��

)L]��7YHUG��7HOD�����������������
����<D�%�=HOGRYLFK��$�/�%XFKDFKHQNR��(�/�)UDQNHYLFK�

8VS��)L]��1DXN����������������
����9�$�0DNDUD��1�1�1RYLNRY��*�1�1DGH]KGLQ�HW�DO��

6YHUNKWYHUG��0DWHU���1R��������������
����9�$�0DNDUD��/�3�6WHEOHQNR��1�<D�*RULG±NR�HW�DO��

8NU��)L]��=K������������������
����9�0�%DELFK�� 1�,�%OHWVNDQ�� (�)�9HQJHU�� 2[\JHQ

LQ� 6LOLFRQ� 6LQJOH� &U\VWDOV�� ,QWHUSUHVV� /7'��
.\LY�������>LQ�5XVVLDQ@�

)LJ�����$)0�LPDJHV�RI�WKH�VLOLFRQ�VLQJOH�FU\VWDO�VXUIDFH��D��SULRU�WR�WKH�0)�DFWLRQ��E��LPPHGLDWHO\
DIWHU�WKH�FRQVWDQW�0)�DFWLRQ��%� �����7��W� ����GD\V���F��DIWHU�WHUPLQDWLRQ�RI�WKH�0)�DFWLRQ�DQG�WKH
VDPSOH�KROGLQJ�LQ�DLU�IRU�W� ���GD\V�
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