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5HFHLYHG�-XQH���������
7KH� H[SHULPHQWDO� PDJQHWLF� WUHDWPHQW� FRQGLWLRQV� RI� VLOLFRQ� FU\VWDOV� LQ� D� ZHDN� �%� 

����� 7��PDJQHWLF� ILHOG� ZKLFK� SURYLGH� D� ORQJ�WHUP� VWDELOLW\� RI�PDJQHWRPHFKDQLFDO� HIIHFW
�00(�� KDYH� EHHQ� LQYHVWLJDWHG�� ,W� LV� HVWDEOLVKHG� WKDW� DW� ORQJ�WHUP� DQG� F\FOLF� PDJQHWLF
SURFHVVLQJ�� WKH� 00(� UHOD[DWLRQ� LV� VORZHG� GRZQ�� 7KH� FRUUHODWLRQ� FKDUDFWHU� EHWZHHQ� WKH
PDJQHWLF�SURFHVVLQJ�GXUDWLRQ�RI� LQYHVWLJDWHG�VDPSOHV�DQG�00(�UHOD[DWLRQ� WLPH� LV�HVWDE�
OLVKHG� WR� EH� OLQHDU�� $� SRVVLEOH� UHDVRQ� RI� 00(� SURORQJDWLRQ� DW� ORQJ�WHUP� DQG� F\FOLF
PDJQHWLF� SURFHVVLQJ� LV� DEVRUSWLRQ� SURFHVVHV� DQG� LQWHUGHIHFW� UHDFWLRQV� RQ� WKH� PDJQHWLF�
ILHOG�DFWLYDWHG�VLOLFRQ�VXUIDFH�
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5HFHQW� VWXGLHV� KDYH� UHYHDOHG� FKDQJHV� LQ
WKH� VWUXFWXUH� DQG� WKH� VWUXFWXUH�GHSHQGHQW
�PLFURPHFKDQLFDO� DQG� HOHFWURSK\VLFDO�� SURS�
HUWLHV� RI� ZHDN�PDJQHWLF� VLOLFRQ� FU\VWDOV
DIWHU�WKH�WUHDWPHQW�LQ�D�ZHDN�PDJQHWLF�ILHOG
�0)�� >�Ü�@�� &KDQJHV� LQ� 6L� FU\VWDO� PLFUR�
KDUGQHVV�LQ�FRQVWDQW�PDJQHWLF�ILHOG�ZLWK�LQ�
GXFWLRQ� %� ������ 7� ZHUH� GHILQHG� DV� WKH
PDJQHWRPHFKDQLFDO�HIIHFW��00(��>�Ü�@��7KH
00(� REVHUYHG� LQ�6L� FU\VWDOV� GXULQJ� VKRUW�
WLPH� ��� GD\V�� PDJQHWLF� WUHDWPHQW� �07�� LQ
FRQVWDQW�PDJQHWLF�ILHOG�ZDV�IRXQG�WR�EH�XQ�
VWDEOH� DQG� UHOD[HG� TXLFNO\� �GXULQJ� D� IHZ
GD\V��� 7KH� PDJQHWLF�ILHOG�LQGXFHG� FKDQJHV
LQ�VWUXFWXUH�GHSHQGHQW�SURSHUWLHV�RI�6L�FU\V�
WDOV� DUH� EDVHG� RQ� VHYHUDO� SURFHVVHV� >�Ü�@�
)LUVW�� LW� LV�D� VSLQ�GHSHQGHQW�EUHDNDJH�SURF�
HVV� RI� FKHPLFDO� ERQGV� LQ� SRLQW� GHIHFW� FRP�
SOH[HV� �3'&��� SDUWLFXODUO\�� LQ� 6L±2� FRP�
SOH[HV�� 6HFRQG�� LW� LV� WKH� SURFHVV� RI� �QHZ�

3'&� IRUPDWLRQ� FRQVLVWLQJ� RI� R[\JHQ� UH�
OHDVHG� GXH� WR� GHFD\� RI�6L±2� FRPSOH[HV� DQG
YDFDQFLHV� SUHVHQW� LQ� 6L� FU\VWDOV�� 7KH� PHQ�
WLRQHG� SURFHVVHV� WUDQVIRUP� 6L±2� FRPSOH[HV
LQWR� R[\JHQ�YDFDQF\� �2±9�� RQHV� ZKLFK� DUH
UHIHUUHG�WR�DV�$�W\SH�GHIHFWV�>�@��'LVDSSHDU�
DQFH� RI� FRPSUHVVLRQ� ]RQHV� DVVRFLDWHG� ZLWK
GHFUHDVH�LQ�WKH�FRQFHQWUDWLRQ�RI�IUHH�YDFDQ�
FLHV� DQG� WKHLU� WUDQVLWLRQ� WR� ERXQG� VWDWH� UH�
VXOWV�LQ�D�GHFUHDVH�RI�LQWHUQDO�PLFURVWUHVVHV
DQG� WKHUHE\� RI� PLFURKDUGQHVV� DQG� WKXV� LQ
WKH�00(�DSSHDUDQFH�

,W� VKRXOG� EH� QRWHG� WKDW� WKH� QDWXUH� RI
PDJQHWRVHQVLWLYH�FHQWHUV��0&��LQ�ZHDN�PDJ�
QHWLF� PDWHULDOV�� LQ� SDUWLFXODU� LQ� VLOLFRQ�� LV
QRW� HOXFLGDWHG� FRPSOHWHO\� WR� GDWH�� 7KH� H[�
SHULPHQWDO� GDWD� REWDLQHG� LQ� >�Ü�@� DOORZ� XV
WR�VXSSRVH�WKDW�0&�DUH�QRQ�HTXLOLEULXP�PH�
WDVWDEOH� FRPSOH[HV�ZLWK� WKHUPRG\QDPLF�SR�
WHQWLDO� WKDW� FDQ�EH� ORZHUHG�XQGHU�PDJQHWLF
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ILHOG� DFWLRQ�� 7KH� 00(� UHOD[DWLRQ� LV� OLNHO\
WR�EH�GXH�WR�WKH�IRUPDWLRQ�RI�$�OLNH�GHIHFWV
GXH� WR� WKH� 0)� DFWLRQ� WKDW� DUH� PHWDVWDEOH�
$V� D� UHVXOW�� WKH� LQLWLDO� VWUXFWXUH� LQ� WKH
QHDU�VXUIDFH�OD\HUV�RI�6L�FU\VWDOV�LV�UHVWRUHG
DQG� WKH� PLFURKDUGQHVV� FRPHV� EDFN� WR� WKH
LQLWLDO�YDOXH��,Q�RXU�RSLQLRQ��RI�FHUWDLQ�VFL�
HQWLILF� LQWHUHVW� LV� WKH� TXHVWLRQ� KRZ� WKH
FKDQJHV� LQ� VWUXFWXUH�GHSHQGHQW� SURSHUWLHV
REVHUYHG� LQ� 6L� FU\VWDOV� DV� D� UHVXOW� RI�PDJ�
QHWLF� WUHDWPHQW� FDQ� EH� PDGH� LUUHYHUVLEOH�
7KLV�TXHVWLRQ�UHTXLUHV�D�VSHFDO�H[SHULPHQWDO
YHULILFDWLRQ�� :H� VXSSRVH� WKDW� WKH� PDLQ
SRLQW� RI� WKLV� YHULILFDWLRQ� LV� WR� FKDQJH� WKH
H[SHULPHQWDO� FRQGLWLRQV� XQGHU� ZKLFK� WKH
00(�ZDV� REVHUYHG� EHIRUH� >�Ü�@��$� FRQVLG�
HUDEOH�SURORQJDWLRQ�RI�07�DV�ZHOO�DV�WKH�XVH
RI� F\FOLF�� WKDW� LV�� D� UHSHDWHG� �PXOWLSOH��07
ZRXOG� DOORZ� WR� FRQWURO� H[SHULPHQWDOO\� WKH
LUUHYHUVLELOLW\� RI� FKDQJHV� LQ� WKH� VWUXFWXUDO
GHIHFW� VXEV\VWHP� DQG� WKXV� WKH� SRLQW� DERXW
LUUHYHUVLEOH�FKDQJHV�LQ�PLFURKDUGQHVV�XQGHU
0)� DFWLRQ�� ,Q� WKLV� FRQQHFWLRQ�� WKH� DLP� RI
WKLV�ZRUN�ZDV�WR�UHYHDO�WKH�SHFXOLDULWLHV� LQ
WKH�00(� EHKDYLRXU� DW� SURORQJDWLRQ� RI�07
DQG�DW�WKH�XVH�RI�D�F\FOLF�07�

&]RFKUDOVNL�JURZQ�Q±6L�������VLQJOH�FU\V�
WDOV�ZHUH�VWXGLHG��7KH�VDPSOHV�ZHUH�GLYLGHG
LQWR� WKUHH� JURXSV�� 'XUDWLRQ� RI� PDJQHWLF
WUHDWPHQW�� WKDW� LV�� H[SRVXUH� GXUDWLRQ� RI�6L
VDPSOHV� WR� D� ZHDN� �%� ������ 7�� FRQVWDQW
PDJQHWLF� ILHOG� ZDV� W07� ��� GD\V� �IRU� WKHILUVW� JURXS� RI� VDPSOHV��� ���� GD\V� �VHFRQG
JURXS���DQG�����GD\V��WKLUG�JURXS���7KH�H[�
SHULPHQWDO� SURFHGXUH� IRU� LQYHVWLJDWLRQ� RI
UHOD[DWLRQ� SURFHVVHV�ZDV� DV� IROORZV��7KH�6L
VDPSOHV�ZHUH�VXEMHFWHG�WR�WKH�ILUVW�F\FOH�RI
07� DQG� MXVW� DIWHU� ZLWKGUDZDO� RI� WKH� VDP�
SOHV� IURP� WKH� PDJQHWLF� ILHOG� WKHLU� PLFUR�
KDUGQHVV�ZDV�PHDVXUHG� XVLQJ� D� 307���PL�
FURKDUGQHVV� PHWHU�� )XUWKHU� PHDVXUHPHQWV

RI�PLFURKDUGQHVV�+�ZHUH�FDUULHG�RXW�DV�WKH
GHOD\� EHWZHHQ� WKH� 07� DQG� WKH� PRPHQW� RI
PLFURKDUGQHVV� PHDVXUHPHQW� LQFUHDVHG�� 7KH
SHULRG� RI� WLPH� ZKHQ� WKH� PLFURKDUGQHVV
FKDQJHG� GXH� WR� 07� ZDV� UHVWRUHG� WR� WKH
YDOXH�FORVH�WR�WKH�UHIHUHQFH�RQH�ZDV�FRQVLG�
HUHG� WR� EH� WKH� PDJQHWLF� UHOD[DWLRQ� WLPH
W05��7KH�UHIHUHQFH�PLFURKDUGQHVV�YDOXH�ZDVDVVXPHG� WR� EH� WKH� YDOXH� IRU� WKH� LQLWLDO� 6L
VDPSOHV�ZKLFK�ZHUH�QRW�H[SRVHG�WR�0)��$V
WKH� PLFURKDUGQHVV� UHOD[DWLRQ� SURFHVV� ZDV
RYHU�� WKH� VHFRQG�07�F\FOH�ZDV�FDUULHG�RXW�
,Q�WKH�VHFRQG�F\FOH��WKH�6L�VDPSOH�ZDV�DJDLQ
H[SRVHG�WR�PDJQHWLF�ILHOG�IRU���GD\V��$IWHU
UHSHDWHG� 07�� WKH� PLFURKDUGQHVV� PHDVXUH�
PHQWV�ZHUH�FDUULHG�RXW�DJDLQ�GXULQJ�D�SUR�
ORQJHG� WLPH� �DERXW� ��� GD\V��� 7KH� UHODWLYH
H[SHULPHQWDO�HUURU�IRU�PLFURKDUGQHVV�PHDV�
XUHPHQWV�GLG�QRW�H[FHHG�����

,W�KDV�EHHQ�IRXQG�WKDW�ZKHQ�WKH�07�GX�
UDWLRQ� LV� UDLVHG� IURP� �� GD\V� WR� ���� DQG
HYHQ�����GD\V� �VRPH����PRQWKV��� WKH�00(
UHOD[DWLRQ� WLPH� ULVHV� �)LJ������ ,W� LV� WR� QRWH
WKDW� DQ� LQFUHDVH� LQ� WKH�PDJQHWLF� WUHDWPHQW
GXUDWLRQ�IURP���WR�����GD\V�SUDFWLFDOO\�GLG
QRW�DIIHFW�WKH�00(�PDJQLWXGH�EHLQJ�PHDV�
XUHG� MXVW� DIWHU�07�WHUPLQDWLRQ��ZKHUHDV� LW
FKDQJHG� WKH�00(�UHOD[DWLRQ� WLPH�DIWHU� UH�
PRYDO� RI� WKH� 6L� VDPSOHV� IURP� PDJQHWLF
ILHOG�� 7KH� GHSHQGHQFH� RI� WKH� 00(� UHOD[D�
WLRQ� WLPH� RQ� WKH� 07� GXUDWLRQ� KDV� WXUQHG
RXW� WR� EH� OLQHDU� �)LJ������:H� VXSSRVH� WKDW
WKH� 00(� SURORQJDWLRQ� PHFKDQLVP� DW� ORQJ
PDJQHWLF�WUHDWPHQW�GXUDWLRQV�PD\�EH�GXH�WR
WZR� SURFHVVHV�� �L�� WKH� LPSXULW\� DGVRUSWLRQ
DQG� JHQHUDWLRQ� RFFXUULQJ� DW� WKH� PDJQHWLF�
ILHOG�DFWLYDWHG�6L� VXUIDFH�� DQG� �LL�� E\�PDJ�
QHWLF�WUHDWPHQW�DFWLYDWHG� LQWHUGHIHFW� UHDF�
WLRQV�

([SHULPHQWDO�UHVXOWV�UHODWHG�WR�WKH�F\FOLF
PRGH�RI�PDJQHWLF�WUHDWPHQW�KDYH�EHHQ�DOVR

)LJ�� ��� 5HODWLYH� PLFURKDUGQHVV� UHOD[DWLRQ
DIWHU�WHUPLQDWLRQ�RI�WKH�DFWLRQ�RI�PDJQHWLF�ILHOG�
GXUDWLRQ�RI�PDJQHWLF�WUHDWPHQW�W07� ���GD\V�����W07� �����GD\V�����DQG�W07� �����GD\V������

)LJ�� ��� 7KH� 00(� UHOD[DWLRQ� WLPH� W05� WKHGXUDWLRQ�RI� H[SRVLWLRQ�RI�6L� VDPSOHV�WR�PDJ�
QHWLF�ILHOG�W07�
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REWDLQHG�� $V� LV� VHHQ� IURP� )LJ�����ZKLFK� LO�
OXVWUDWHV� WKH� DERYH�PHQWLRQHG� UHVXOWV� DIWHU
WKH� ILUVW� 07� F\FOH�� WKH� 00(� ZDV� UHOD[HG
TXLWH� TXLFNO\� �WKH� UHOD[DWLRQ� WLPH� W05� ��GD\V���$IWHU�WKH�ILUVW�07�F\FOH��WKH�00(
PDJQLWXGH�GURSSHG�IURP������WR������DQG
WKH�00(�UHOD[DWLRQ�EHKDYLRU�FKDQJHG��WKDW
LV�� WKH� 00(� UHPDLQHG� FRQVWDQW� IRU� D� ORQJ
WLPH��DERXW����GD\V���7KH�XVH�RI�F\FOLF�PDJ�
QHWLF� WUHDWPHQW�PRGH��WKDW� LV��FDUU\LQJ�RXW
WKH�VHFRQG�07�F\FOH�DIWHU�WKH�00(�UHOD[D�
WLRQ��PDGH� LW�SRVVLEOH� WR� FOHDU�XS� WKH�TXHV�
WLRQ� DERXW� ERWK� SUHVHUYDWLRQ� RI� 0&� DIWHU
WKH� ILUVW� 07� F\FOH� DQG� WKH� SRVVLELOLW\� WR
HIIHFW� WKH� 0&� VWDWH� LQ� WKH� FDVH� RI� WKHLU
VXUYLYDO�� 2XU� H[SHULPHQWDO� UHVXOWV� KDYH
VKRZQ� WKDW� DIWHU� WKH� ILUVW� 07� F\FOH�� WKH
SRLQW�GHIHFWV�VWLOO�UHPDLQHG�VHQVLWLYH�WR�0)�
EHFDXVH� WKH�00(� WRRN� SODFH� DIWHU� WKH� VHF�
RQG� 07� F\FOH�� 7KH� 00(� DIWHU� WKH� VHFRQG
F\FOH��XQOLNH�WKH�ILUVW�F\FOH��ZDV�PRUH�VWDEOH
DQG� QRW� UHOD[LQJ� IRU� D� ORQJ� WLPH� �DERXW
���GD\V���7KH�IDVW�00(�UHOD[DWLRQ�DIWHU�WKH
ILUVW�07�F\FOH��GHSHQGHQFH���LQ�)LJ�����LQGL�

FDWHV�WKDW�D�VKRUW�WHUP�DFWLRQ�RI�D�ZHDN�0)
SURGXFHV�UHYHUVLEOH�FKDQJHV�LQ�WKH�SRLQW�GH�
IHFW� VXEV\VWHP��$IWHU� WKH� VHFRQG�07�F\FOH�
WKH�3'&�VWDELOLW\�ULVHV�

,W�LV�QRW�LPSUREDEOH�WKDW�FHUWDLQ�LQWHUDF�
WLRQV� RFFXU� EHWZHHQ� QRQ�HTXLOLEULXP� VWUXF�
WXUDO� GHIHFWV� EHLQJ� H[LVWHG� LQ� 6L� FU\VWDOV
SULRU� WR� WKH� VHFRQG� F\FOH� DQG� WKH� GHIHFWV
WKDW�ZHUH�IRUPHG�DV�D�UHVXOW�RI�VSLQ�GHSHQG�
HQW�UHDFWLRQV�GXULQJ�WKH�VHFRQG�07�F\FOH��,W
LV� WKHVH� LQWHUDFWLRQV� WKDW� UHVXOWHG� LQ� LUUH�
YHUVLEOH� VWUXFWXUDO� FKDQJHV� DQG� WR� WKH� IDFW
WKDW� DIWHU� WKH� VHFRQG� F\FOH� WKH� 00(� EH�
FRPHV�LUUHYHUVLEOH��7KXV��WKH�PLFURPHFKDQL�
FDO� SURSHUWLHV� RI� VLOLFRQ�� LQ� SDUWLFXODU�� LWV
PLFURKDUGQHVV�� FKDQJHV� LQ� GLIIHUHQW� PDQ�
QHUV� ERWK� DW� GLIIHUHQW� 07� GXUDWLRQV� DQG
DIWHU�GLIIHUHQW�07�F\FOHV��,Q�RXU�RSLQLRQ��LQ
ERWK�FDVHV�Û�XQGHU�ERWK� ORQJ�WHUP�DQG�F\�
FOLF�07�Û�WKH�PRVW�SUREDEOH�PHFKDQLVP�RI
WKH�00(�H[LVWHQFH�SURORQJDWLRQ�DQG�LWV�VWD�
ELOL]DWLRQ� LV� WKH� RFFXUUHQFH� RI� LQWHUGHIHFW
VROLG�VWDWH� UHDFWLRQV� DW� WKH� PDJQHWLF�ILHOG�
DFWLYDWHG�VLOLFRQ�VXUIDFH�

5HIHUHQFHV
� ���9�1�%X]\NLQ�� 2�,�'DFNR�� 6�1�3RVWQLNRY�� LQ�

(OHFWURQLF�7UHDWPHQW� RI�0DWHULDOV�� LVVXHG� E\
$FDGHP\�RI�6FLHQFHV�RI�0ROGRYD�5HS���1R���
����������

� ���$�/�'DQLO\XN�� $�,�1DUH\NR�� 3RYHUNKQRVW�� ��
����������

� ���%�$�=RQ��=K��(NVS��7HRU��)L]��������������������
� ���0�1�/HYLQ�� $�9�7DWDULQFHY�� 2�$�.RVWVRY�

$�0�.RVWVRY��=K��7HNKQ��)L]�����������������
� ���9�$�0DNDUD�� /�3�6WHEOHQNR�� <X�/�.ROFKHQNR

HW� DO��� 6ROLG� 6WDWH� 3KHQRP��� ���Ü����� ���
�������

� ���9�$�0DNDUD�� 0�$�9DVLOHY�� /�3�6WHEOHQNR� HW
DO���)L]��7HFKQ��3ROXSURY�������������������

� ���9�$�0DNDUD�� 0�$�9DVLOHY�� /�3�6WHEOHQNR� HW
DO���)L]��.KLP��7YHUG��7LOD�������������������

� ���$�/�%XFKDFKHQNR��=K��(NVS��7HRU��)L]�������� ���
�������

� ���$�/�%XFKDFKHQNR��=K��(NVS��7HRU��)L]�������� ���
�������

)LJ�� ��� 'HSHQGHQFH� RI� WKH� 00(� PDJQLWXGH
IRU�6L�VDPSOHV�RQ�WLPH�WKDW�SDVVHG�DIWHU�WHU�
PLQDWLRQ� RI� PDJQHWLF� WUHDWPHQW�� �� Ü� ILUVW
F\FOH� RI�PDJQHWLF� WUHDWPHQW���� Ü� VHFRQG� F\FOH
RI�PDJQHWLF�WUHDWPHQW��3DUDPHWHUV�RI�PDJQHWLF
WUHDWPHQW��%� ������7��W07� ���GD\V�
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