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0LFURKDUGQHVV� YDULDWLRQV� LQ� JHUPDQLXP� FU\VWDOV� FDXVHG� E\� D�ZHDN� FRQVWDQW�PDJQHWLF
ILHOG� KDYH� EHHQ� VWXGLHG�� ,W� LV� IRXQG� WKDW� WKH�PDJQHWRPHFKDQLFDO� HIIHFW�� WKDW� LV� � UHODWLYH
FKDQJH�LQ�PLFURKDUGQHVV��EHFRPHV�UHOD[HG�LQ�WLPH��7KH�UHVXOWV�REWDLQHG�LQGLFDWH�WKDW�WKH
HIIHFW� SK\VLFDO� QDWXUH� LV� UHODWHG� WR� VSLQ�GHSHQGHQW� UHDFWLRQV� LQ� WKH� VXEV\VWHP� RI� SRLQW
GHIHFWV�
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$�XQLTXH�DELOLW\�RI�ZHDN�PDJQHWLF�ILHOGV
�%�����7��WR�DIIHFW�WKH�UHDO�VWUXFWXUH�RI�VRO�
LGV�DQG�WKH�SURFHVVHV�RFFXUULQJ�WKHUHLQ�ZDV
UHSRUWHG� UHSHDWHGO\� LQ� OLWHUDWXUH� >�Ü�@�� ,W
KDV� EHHQ� IRXQG� WKDW� ZHDN� PDJQHWLF� ILHOGV
DUH�FDSDEOH�RI�FKDQJLQJ�LUUHYHUVLEO\�WKH�LP�
SXULW\�GHIHFW�VWUXFWXUH�RI�$,,%9��&]±6L��DQG
$,,%9,� VHPLFRQGXFWRU� FU\VWDOV�� ,Q� SDUWLFX�
ODU�� VKRUW�GXUDWLRQ� PDJQHWLF� ILHOG� SXOVHV
KDYH�EHHQ�IRXQG�WR�LQLWLDWH�D�ORQJ�WHUP�ORZ�
WHPSHUDWXUH�GHFD\�RI�R[\JHQ�VROLG�VROXWLRQV
LQ� &]RFKUDOVNL�JURZQ� VLOLFRQ� FU\VWDOV
�&]±6L��� UHVXOWLQJ� LQ� D� GUDVWLF�PRGLILFDWLRQ
RI�WKH�ZKROH�FU\VWDO�PLFURVWUXFWXUH�>�@��7KH
SUREOHP� RI� WKH� ZHDN� PDJQHWLF� ILHOG� LQIOX�
HQFH� RQ� VROLGV� JDLQV� HYHU�JURZLQJ� LPSRU�
WDQFH�QRZDGD\V��VLQFH�WKDW�LQIOXHQFH�UHVXOWV
LQ�D�FRQVLGHUDEOH�FKDQJHV�QRW�RQO\�LQ�PLFUR�
VWUXFWXUH��EXW�DOVR�LQ�YDULRXV�VWUXFWXUH�VHQ�
VLWLYH� SURSHUWLHV� RI� VROLGV� >�@�� 2I� H[WUHPH
LPSRUWDQFH�LV�QRZ�WKH�SUREOHP�RI�WKH�LQIOX�
HQFH�RI�HOHFWURQ�VSLQV�ORFDOL]HG�DW�WKH�ODWWLFH
GHIHFWV� RQ� WKH� SODVWLF� DQG� RWKHU� SURSHUWLHV
RI� FU\VWDOV� >�@�� ,QWHQVHO\� GHYHORSHG� DUH� WKH
IXQGDPHQWDO�FRQFHSWV�RQ�FRQWURO�RI�WKH�HOH�
PHQWDU\�SK\VLFDO�DQG�FKHPLFDO�SURFHVVHV� LQ
VROLGV� E\� UHRULHQWDWLRQ� RI� SDUWLFOH� VSLQV� LQ
PDJQHWLF�ILHOG�

$OWKRXJK� YDULRXV� SURFHVVHV� RI� EUHDNDJH
DQG� IRUPDWLRQ� RI� QHZ� FKHPLFDO� ERQGV� GXU�
LQJ� SODVWLF� VWUDLQLQJ� RI� VROLG� ERGLHV� KDYH
EHHQ� NQRZQ� IRU� D� ORQJ� WLPH�� WKH� DELOLW\� RI
HOHFWURQ�VSLQV�ORFDOL]HG�DW�VWUXFWXUH�GHIHFWV
WR� LQIOXHQFH� WKH� PHFKDQLFDO� SURSHUWLHV� RI
FU\VWDOV� KDV� QRW� EHHQ� WDNHQ� LQWR� DFFRXQW
XQWLO� UHFHQWO\�� 7KLV� LV� FDXVHG� E\� WKH� IDFW
WKH�SURFHVVHV�LQ�WKH�GHIHFW�VSLQ�V\VWHP�KDYH
ORQJ�EHHQ�FRQVLGHUHG�D�SULRUL�DV�HTXLOLEULXP
RQHV� DQG�� WKHUHIRUH�� LW� KDV� EHHQ� EHOLHYHG
WKDW�WKH\�FRQWULEXWH�YHU\�OLWWOH�WR�SODVWLFLW\
DV� FRPSDUHG� WR� HODVWLF� DQG� HOHFWURVWDWLF� LQ�
WHUDFWLRQV� LQ� WKH� VWUXFWXUDO� GHIHFW� VXEV\V�
WHP�� 7KH� REWDLQHG� H[SHULPHQWDO� HYLGHQFHV
IRU� WKH� LQIOXHQFH� RI� VSLQ�GHSHQGHQW� SURF�
HVVHV� RQ� WKH� SODVWLF� VWUDLQLQJ� RI� LRQLF� DQG
FRYDOHQW� FU\VWDOV� LQ� PDJQHWLF� ILHOG� DV� ZHOO
DV�WKH�LQFUHDVLQJ�QXPEHU�RI�SXEOLFDWLRQV�RQ
WKH�VXEMHFW�LQ�WKH�ODVW�IHZ�\HDUV�KDYH�GHILQHG
WKH�DSSHDUDQFH�RI�D�QHZ�WUHQG�LQ�WKH�SODVWLFLW\
SK\VLFV�� QDPHO\�� RI� WKH� VSLQ�PLFURPHFKDQLFV�
DLPHG� DW� DFTXLULQJ� NQRZOHGJH� RQ�PLFURVFRSLF
VSLQ�GHSHQGHQW�SURFHVVHV��ZKLFK�DIIHFW�WKH�PH�
FKDQLFDO�SURSHUWLHV�RI�VROLGV�

,Q� RXU� SUHYLRXV� ZRUNV� >����@�� LW� ZDV
VKRZQ� WKDW� WKH� DFWLRQ� RI� D� ZHDN� FRQVWDQW
PDJQHWLF�ILHOG�RQ�VLOLFRQ�FU\VWDOV�UHVXOWV�LQ
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FRQVLGHUDEOH� FKDQJHV� LQ� PLFURKDUGQHVV� DQG
WKXV� VWLPXODWHV� WKH� RFFXUUHQFH� RI� WKH�PDJ�
QHWR�PHFKDQLFDO� HIIHFW� �00(�� LQ� WKH� FU\V�
WDOV�LQ�TXHVWLRQ�

7KH�DERYH�PHQWLRQHG� FLUFXPVWDQFHV�KDYH
GHILQHG� WKH� LQWHUHVW� LQ� WKH� HOXFLGDWLRQ� RI
WKH�DSSHDUDQFH�SRVVLELOLW\�RI�VSLQ�GHSHQGHQW
HIIHFWV� LQ� JHUPDQLXP� FU\VWDOV� UHVXOWLQJ
IURP� DFWLRQ� RI� D� ZHDN� PDJQHWLF� ILHOG�� ,W
VKRXOG� EH� QRWHG� WKDW� WR� GDWH�� WKHUH� DUH� QR
GDWD� RQ� VWXGLHV� RI�PDJQHWLF� ILHOG� LQIOXHQFH
RQ�WKH�VWUXFWXUDO�UHOD[DWLRQ�DQG�UHOD[DWLRQ�
LQGXFHG� SK\VLFDO� SURSHUWLHV� RI�*H� FU\VWDOV�
7KH�DLP�RI�WKLV�ZRUN�ZDV�WR�VWXG\�FKDQJHV
LQ� PLFURPHFKDQLFDO� SURSHUWLHV� RI� JHUPD�
QLXP� FU\VWDOV� XQGHU� DFWLRQ� RI� D� ZHDN� FRQ�
VWDQW� PDJQHWLF� ILHOG�� 7KH� PLFURKDUGQHVV
ZDV� XVHG� DV� DQ� LQGLFDWRU� RI� D� FKDQJH� LQ
PLFURPHFKDQLFDO�SURSHUWLHV��)RU�PLFURKDUG�
QHVV�PHDVXUHPHQWV��D�307���PLFURKDUGQHVV
PHWHU�ZDV�XVHG�ZLWK�DQ� LQGHQWHU� VKDSHG�DV
D�GLDPRQG�S\UDPLG�ZLWK� D� VTXDUH� EDVH� DQG
WKH�DSH[�DQJOH�EHWZHHQ�WKH�RSSRVLWH�VLGHV�RI
������ 7KH� LQGHQWHU� ORDG�3�ZDV� ��� WR� ��� J�
7R�HYDOXDWH�WKH�PLFURKDUGQHVV��WKH�GLDJRQDO
RI�DQ�LPSULQW�UHGXFHG�GXH�WR�HODVWLF�DIWHUHI�
IHFW� ZDV� PHDVXUHG� DIWHU� WKH� ORDG� UHPRYDO
IRU� D� VSHFLILF� LQGHQWDWLRQ� GXUDWLRQ� ���� V��
7R�UDLVH�WKH�DFFXUDF\�DQG�WKH�YDOLGLW\�RI�WKH
UHVXOWV� REWDLQHG�� DW� OHDVW� ���PLFURKDUGQHVV
LPSULQWV�ZHUH�PDGH�IRU�HDFK�LQGHQWDWLRQ�UH�
JLPH�RQ�WKH�JHUPDQLXP�FU\VWDO�VXUIDFH��DQG
WKH�PLFURKDUGQHVV�ZDV�FDOFXODWHG�XVLQJ� WKH
DYHUDJHG� GLDJRQDO� YDOXH�� )RU� WKH� 9LFNHUV
S\UDPLG��DV�LQ�RXU�FDVH���WKH�PLFURKDUGQHVV
ZDV� FDOFXODWHG� E\� WKH� IROORZLQJ� VWDQGDUG
IRUPXOD��

+� ����������3G� � ���

ZKHUH� 3�J�� LV� WKH� ORDG� RQ� WKH� LQGHQWHU�� G�
WKH�LPSULQW�GLDPHWHU��GLDJRQDO�����������WKH
QXPHULFDO� FRHIILFLHQW� GHSHQGHQW� RQ� WKH� LQ�
GHQWRU� JHRPHWU\� WKDW� FRQYHUWV� WKH� PLFUR�
KDUGQHVV� YDOXHV�+� IURP� J�PP�� WR� NJ�PP�
RU�*3D��7KH�UHODWLYH�H[SHULPHQWDO�HUURU�IRU
WKH� PLFURKDUGQHVV� PHDVXUHPHQWV� GLG� QRW
H[FHHG�����

7KH� LQLWLDO� *H� FU\VWDOV� ZLWK� WKH� ^���`
VXUIDFH� RULHQWDWLRQ� DV� ZHOO� DV� WKH� FU\VWDOV
WUHDWHG� E\� PDJQHWLF� ILHOG� ZHUH� H[DPLQHG�
7KH� *H� VDPSOHV� ZHUH� H[SRVHG� WR� D� FRQ�
VWDQW�PDJQHWLF� ILHOG�ZLWK� DQ� LQGXFWLRQ
RI� %� ������ 7� DW� 7� ����� .� IRU� ��� GD\V�
7KH�PLFURKDUGQHVV�RI�*H�VDPSOHV�VXEMHFWHG
WR� WKH� PDJQHWLF� WUHDWPHQW� ZDV� PHDVXUHG
DIWHU� WKH� VDPSOHV� ZHUH� UHPRYHG� RXW� RI� WKH
PDJQHWLF� ILHOG�� 7KHQ� WKH� REWDLQHG� PLFUR�

KDUGQHVV� YDOXHV� ZHUH� FRPSDUHG� ZLWK� WKH
UHIHUHQFH� RQHV� PHDVXUHG� RQ� WKH� LQLWLDO� *H
VDPSOHV�QRW�H[SRVHG�WR�PDJQHWLF�ILHOG��7KHQ
WKH� UHODWLYH� FKDQJH� LQ� PLFURKDUGQHVV� ZDV
FDOFXODWHG�� EHLQJ� FRQVLGHUHG� DV� D� FKDUDF�
WHULVWLF� RI� 00(�� 7KH� HUURU� LQ� WKH� 00(
YDOXH�PHDVXUHPHQWV�ZDV�DERXW�����

7KH� PLFURKDUGQHVV� FKDQJHV� UHYHDOHG� LQ
*H� FU\VWDOV� DIWHU� PDJQHWLF� ILHOG� WUHDWPHQW
LQGLFDWH� ZKDW� IROORZV�� )LUVW�� WKH� 00(�
ZKLFK� MXVW� DIWHU� WKH� PDJQHWLF� WUHDWPHQW
ZDV� RYHU� UHDFKHG� DERXW� ��� ��� UHOD[HV� LQ
WLPH�DQG�GLVDSSHDUV�LQ�DERXW����GD\V��)LJ�����
7KXV�� WKH�00(� LV� D� UHYHUVLEOH� HIIHFW�� 6HF�
RQG��RXU�VWXGLHV�KDYH�VKRZQ�WKDW�WKH�00(
LV� DOPRVW� LQGHSHQGHQW�RI� WKH� LQGHQWHU� ORDG�
$FFRUGLQJ� WR�PRGHUQ�PRGHO� FRQFHSWV��ZHDN
PDJQHWLF�ILHOGV��%�d���7��LQIOXHQFH�WKH�SURF�
HVVHV�RI�EUHDNDJH�DQG�IRUPDWLRQ�RI�FKHPLFDO
ERQGV� DQG� WKHVH� PDJQHWLF�ILHOG�LQGXFHG
SURFHVVHV� DUH� VSLQ�UHODWHG� RQHV� >�@�� 7KH
VSLQ�GHSHQGHQW� UHDFWLRQV� RFFXUULQJ� LQ�SRLQW
GHIHFW� FRPSOH[HV� JLYH� ULVH� WR� ORQJ�WHUP
VWUXFWXUDO� UHOD[DWLRQ�� ,Q� RXU� RSLQLRQ�� WKH
EDVLV� IRU� WKH� VWUXFWXUDO� UHOD[DWLRQ� LV� WKH
EUHDNDJH� SURFHVV� RI� FKHPLFDO� ERQGV� LQ� JHU�
PDQLXP�R[\JHQ�FRPSOH[HV�DQG�IRUPDWLRQ�RI
FKHPLFDO�ERQGV�EHWZHHQ�R[\JHQ�IRUPHG�GXH
WR�*H±2� FRPSOH[� GHFD\�� DQG� YDFDQFLHV� H[�
LVWLQJ� LQ�*H�FU\VWDOV��7KXV��WKH�*H±2�FRP�
SOH[HV�DUH�WUDQVIRUPHG�XQGHU�PDJQHWLF�ILHOG
WR�2±9�FRPSOH[HV��NQRZQ�DV�WKH�$�W\SH�GH�
IHFWV�� 'LVDSSHDUDQFH� RI� FRPSUHVVLRQ� ]RQHV
UHODWHG�WR�D�GHFUHDVH�LQ�WKH�FRQFHQWUDWLRQ�RI
IUHH� YDFDQFLHV� DQG� WR� WKHLU� WUDQVLWLRQ� LQWR
WKH�ERXQG�VWDWH��WKDW�LV��LQWR�WKH�2±9�SRLQW
GHIHFW�FRPSOH[HV��GHFUHDVHV�LQWHUQDO�PLFURV�
WUHVVHV� DQG�� WKHUHIRUH�� WKH� PLFURKDUGQHVV�
7KXV�� WKH� VWUXFWXUDO� HYROXWLRQ� VWLPXODWHG
E\� PDJQHWLF� ILHOG� FKDQJHV� PLFURKDUGQHVV

)LJ����� 5HOD[DWLRQ� RI� UHODWLYH� PLFURKDUGQHVV
LQ� *H� FU\VWDOV� VXEMHFWHG� WR� PDJQHWLF� WUHDW�
PHQW�� s��� PLFURKDUGHVV� RI� LQLWLDO� �FRQWURO�*H�VDPSOHV��+��WKDW�RI�WKRVH�WUHDWHG�LQ�PDJ�
QHWLF�ILHOG�
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DQG� JLYHV� ULVH� WR� WKH� 00(�� 7KH� PRGLILFD�
WLRQ�RI�GHIHFW�LPSXULW\�VXEV\VWHP�FDXVHG�E\
WKH�PDJQHWLF�ILHOG� LQ�*H�FU\VWDOV�DQG� ORQJ�
WHUP� VWUXFWXUDO� WUDQVIRUPDWLRQV� DUH� OLNHO\
WR� EH� PHWDVWDEOH� SURFHVVHV�� ZKLFK� UHOD[� LQ
WLPH�� DV� RXU� H[SHULPHQWDO� VWXGLHV� FDUULHG
RXW� LQ� WKLV�ZRUN� KDV� VKRZQ�� 7KH� ODWWHU� UH�
VXOWV� LQ� D� JUDGXDO� WHPSRUDO� UHOD[DWLRQ� RI
WKH�00(��7KH�DEVHQFH�RI�DQ\�00(�GHSHQG�
HQFH� RQ� WKH� LQGHQWHU� ORDG� DQG�� FRQVH�
TXHQWO\��RQ�WKH�LQGHQWDWLRQ�GHSWK��LV�DQ�LQ�
GLUHFW�HYLGHQFH�IRU�WKH�XQLIRUPLW\�RI�PLFUR�
KDUGQHVV� FKDQJHV� LQ� VXEVXUIDFH� OD\HUV� RI
WKH� PDWHULDO� GLIIHUHQW� LQ� WKH� RFFXUUHQFH
GHSWK�

7KLV� ZRUN� KDV� EHHQ� SHUIRUPHG� LQ� WKH
IUDPHZRUN�RI�D�MRLQW�SURMHFW�RI�IXQGDPHQWDO
VWXGLHV� RI� WKH�6WDWH�)RXQGDWLRQ� IRU�)XQGD�

PHQWDO�6WXGLHV� RI�8NUDLQH� DQG�%HODUXV�5H�
SXEOLF�)RXQGDWLRQ� IRU�)XQGDPHQWDO�6WXGLHV
�6))6�%5))6������� �3URMHFW
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