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5HFHLYHG�2FWREHU���������
7KH� WLPH� GHSHQGHQFHV� RI� WKH� HYDSRUDWLRQ� DQG� VSXWWHULQJ� UDWH� RI� PDJQHVLXP� XQGHU

LUUDGLDWLRQ�E\����NH9�DUJRQ�LRQV�KDYH�EHHQ�GHWHUPLQHG�DW�WKH�WHPSHUDWXUHV�VXIILFLHQW�IRU
FRQVLGHUDEOH�VXEOLPDWLRQ�RI�WKH�PDWHULDO�IURP�WKH�WDUJHW�VXUIDFH�� ,W�KDV�EHHQ�VKRZQ�WKDW
LRQ�EHDP�DFWLRQ�FDQ�DFWLYDWH�WKH�HYDSRUDWLRQ�SURFHVV�FRQWLQXLQJ�HYHQ�DIWHU�WKH�LUUDGLDWLRQ
LV�RYHU��'XULQJ�FRQWLQXRXV�LRQ�ERPEDUGPHQW�DIWHU�WKH�DFWLYDWLRQ��WKH�OLQHDU�LQFUHDVH�RI�WKH
VSXWWHULQJ� UDWH� LV� REVHUYHG�� SHUKDSV� FRQQHFWHG� ZLWK� WKH� IRUPDWLRQ� RI� DQ� LUUDGLDWLRQ
WHPSHUDWXUH�GHSHQGHQW�UHOLHI�RQ�WKH�WDUJHW�VXUIDFH��
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���,QWURGXFWLRQ��������
7KH�PLFURUHOLHI�IRUPDWLRQ�RQ�WKH�VXUIDFH

XVLQJ� LRQ� LUUDGLDWLRQ� LV� D� SHUVSHFWLYH� DUHD
LQ� WKH� LQYHVWLJDWLRQ� RI� LRQ�VXUIDFH� LQWHUDF�
WLRQV�� 3RVVLEOH� PHFKDQLVPV� RI� WKH� VXUIDFH
UHOLHI� KDYH� EHHQ� FRQVLGHUHG� >�Ü�@�� EXW� LQ
PRVW� ZRUNV�� WKH� PDWHULDO� VSXWWHULQJ� LV� DV�
VXPHG�WR�RFFXU�DFFRUGLQJ�WR�FDVFDGH�PHFKD�
QLVP��7KH�GHYHORSPHQW�RI�QDQRWHFKQRORJLHV�
FDOOV�LQWHUHVW�WR�QHZ�NLQGV�RI�VXUIDFH�VWUXF�
WXUHV�� WKXV� VWLPXODWLQJ� WKH� VHDUFK� IRU� DQG
VWXG\LQJ� RI� QHZ� PHFKDQLVPV� UHVXOWLQJ� LQ
IRUPDWLRQ� WKHUHRI�� )RU� H[DPSOH�� ZH� RE�
VHUYHG� D� KLJK� UDWH� DQG� HIILFLHQF\� RI� UHOLHI
IRUPDWLRQ� GXULQJ� LUUDGLDWLRQ� RI� PDWHULDOV
ZLWK� ORZ� VXEOLPDWLRQ� HQHUJ\� DW� HOHYDWHG
WHPSHUDWXUHV� >�@�� WKDW� LV�� DW� GRPLQDWLQJ
QRQ�FDVFDGH� VSXWWHULQJ� PHFKDQLVPV�� 7KH

DLP� RI� WKH� SUHVHQW� ZRUN� LV� WR� LQYHVWLJDWH
WKH� VSXWWHULQJ� IHDWXUHV� RI� 0J� H[SRVHG� WR
LRQ� LUUDGLDWLRQ� DW� HOHYDWHG� WHPSHUDWXUH�
ZKLFK�� LQ� VLPLODULW\� WR� >�@�� PD\� UHVXOW� LQ
WKHUPDO� VSXWWHULQJ� GRPLQDWLRQ�� DV� ZHOO� DV
WKH� PDLQ� IHDWXUHV� RI� WKH� UHOLHI� IRUPHG� RQ
LWV�VXUIDFH�XQGHU�VXFK�FRQGLWLRQV�

���([SHULPHQWDO��������
7KH� VDPSOHV� RI� SRO\FU\VWDOOLQH� PDJQH�

VLXP�ZHUH�XVHG�GXULQJ�WKH�H[SHULPHQWV�GXH
WR� LWV� ORZ� VXEOLPDWLRQ� HQHUJ\� WKDW�� LQ� RXU
RSLQLRQ��SURYLGHV�DSSURSULDWH�FRQGLWLRQV�IRU
WKHUPDO� VSXWWHULQJ� WR� EULQJ� D� FRQVLGHUDEOH
FRQWULEXWLRQ� LQWR� WKH� RYHUDOO� VSXWWHULQJ
UDWH�� 7KH� PHFKDQLFDOO\� SROLVKHG� DQG� ILQ�
LVKHG� VDPSOHV� ZHUH� SODFHG� LQWR� YDFXXP
FKDPEHU� ZLWK� UHVLGXDO� SUHVVXUH� DERXW
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����Ü�� 7RUU�� 7KH� VXUIDFH� ZDV� LUUDGLDWHG� E\
��� NH9� $U�� LRQV�� WKH� FXUUHQW� GHQVLW\� ZDV
��Ü����P�FP��� 7KH� TXDUW]� UHVRQDWRU
PHWKRG�ZDV�XVHG�WR�PHDVXUH�WKH�VSXWWHULQJ
\LHOG�DQG� WKH�HYDSRUDWLRQ�UDWH��7KH�$7�FXW
TXDUW]� SODWHV� ZLWK� ����Ü����� N+]� UHVR�
QDQFH�IUHTXHQFLHV�ZHUH�XVHG�DV�VHQVRUV��7KH
IUHTXHQF\�VKLIW�ZDV�UHFRUGHG�XVLQJ�DQ�HOHF�
WURQLF� IUHTXHQF\� FRXQWHU� FRQQHFWHG� WR� WKH
FRPSXWHU��SURYLGLQJ�WKH�UHJLVWUDWLRQ�UDWH�RI
DERXW� ��� PHDVXUHPHQWV� SHU� PLQXWH�� 8VLQJ
WKH�QXPHULF�GLIIHUHQWLDWLRQ�RI�WKH�PHDVXUHG
GHSHQGHQFHV��WKH�WLPH�GHSHQGHQFHV�RI�'I�'W
YDOXH� ZHUH� IRXQG�� WKDW� YDOXH� EHLQJ� LQ� SUR�
SRUWLRQ� WR� WKH� PDWHULDO� GHSRVLWLRQ� UDWH� RQ
WKH�FU\VWDO�VHQVRU�ZKLFK�LV��LQ�WXUQ��SURSRU�
WLRQDO� WR� WKH� HMHFWLRQ� UDWH� 9� RI� WKH� DWRPV
OHDYLQJ� WKH� WDUJHW� VXUIDFH�� SURYLGLQJ� WKDW
WKH� UHODWLYH� RULHQWDWLRQ� RI� WKH� VHQVRU� DQG
PDWHULDO� HMHFWLRQ� VRXUFH� UHPDLQV� FRQVWDQW
>�@�� DW� ORZ� WHPSHUDWXUHV�� ZKHQ� PDWHULDO� LV
HMHFWHG� RQO\� E\� VSXWWHULQJ�� WKLV� YDOXH� LV� LQ
SURSRUWLRQ� WR� WKH� VSXWWHULQJ� \LHOG� <�� 7KH
WHPSHUDWXUH� ZDV� FRQWUROOHG� E\� FRSSHU�FRQ�
VWDQWDQ� WKHUPRFRXSOH�DQG�ZDV�VWDELOL]HG�E\
WKH� UHJXODWLRQ� SURJUDP� UHDOL]LQJ� WKH� 3,'
UHJXODWLRQ�ODZ�

���5HVXOWV�DQG�GLVFXVVLRQ
7R� GHWHUPLQH� WKH� WHPSHUDWXUH� DW� ZKLFK

WKHUPDO�VSXWWHULQJ�ZRXOG�FRQWULEXWH�FRQVLG�
HUDEO\�WR�VXUIDFH�UHOLHI�IRUPDWLRQ��WKH�WHP�
SHUDWXUH� GHSHQGHQFHV� RI� WKH� HMHFWLRQ� DQG
VSXWWHULQJ�UDWHV�ZHUH�PHDVXUHG��

7KH� QRUPDOL]HG� GHSHQGHQFHV� 9�7�� DQG
<�7��DUH�VKRZQ�LQ�)LJ�����1HDU�WKH�WHPSHUD�
WXUHV� RI� DERXW� ���Ü����&�� D� FRQVLGHUDEO\
LQFUHDVHG� DPRXQW� RI� PDWHULDO� OHDYLQJ� VXU�
IDFH�LV�REVHUYHG��7KLV�LV�WUXH�ERWK�IRU�VSXW�
WHULQJ�DV�ZHOO�DV�IRU�WKH�WRWDO�HMHFWLRQ�UDWH�
,W� LV� WR� QRWH� WKDW� WKH� PHDVXUHPHQW� SURFH�
GXUH� RI� WKH�<�7�� GHSHQGHQFH� LQFOXGHG� SHUL�

RGLFDO�VZLWFKLQJ�RQ�RII�WKH�IOX[�RI� LQFLGHQW
LRQV� DQG� WKH� VSXWWHULQJ� UDWHV� ZHUH� GHWHU�
PLQHG� ZLWK� VXEWUDFWLRQ� RI� WKH� HYDSRUDWHG
SDUWLFOH� IOX[HV�� 7KH� DPRXQW� RI� WKH� HYDSR�
UDWHG�PDWHULDO�DW�VSHFLILHG�WHPSHUDWXUH�ZDV
GHWHUPLQHG� IURP� WKH� WLPH� GHSHQGHQFHV� RI
WKH� IUHTXHQF\� I�W�� UHFRUGHG� SULRU� WR� DQG
DIWHU� LUUDGLDWLRQ�� 6R� DV� LW� UHVXOWV� IURP
)LJ�� ��� QRW� RQO\� HYDSRUDWLRQ� UDWH�� EXW� DOVR
WKH� VSXWWHULQJ� \LHOG� LQFUHDVHV� DW� WKH� WHP�
SHUDWXUHV� DERXW� ����&�� WKXV� LQGLFDWLQJ� D
VXIILFLHQW� FRQWULEXWLRQ� IURP� WKH� WKHUPDO
VSXWWHULQJ�PHFKDQLVP�

7KH� WLPH� GHSHQGHQFHV� RI� WKH� VSXWWHULQJ
UDWH� DW� WHPSHUDWXUHV� DERYH� ����&� GLIIHU
FRQVLGHUDEO\� IURP� WKRVH� PHDVXUHG� DW� URRP
WHPSHUDWXUHV�� EXW� GHSHQGHQFHV� PHDVXUHG
EHORZ�����&�DUH�TXDOLWDWLYHO\�VLPLODU�WR�WKH
PHQWLRQHG�RQHV��,Q�)LJ�����WKH�WLPH�GHSHQG�
HQFHV� DUH� VKRZQ� UHFRUGHG� DW� ����&� �D�� DQG
����&�� $W� ORZ� WHPSHUDWXUHV�� D� WKH� VHQVRU

)LJ�����7HPSHUDWXUH�GHSHQGHQFHV�RI�WKH�PDWH�
ULDO�HMHFWLRQ�UDWH�IURP�WKH�PDJQHVLXP�VXUIDFH
GXULQJ� LRQ� LUUDGLDWLRQ�� ��� WRWDO� HYDSRUDWLRQ
DQG� VSXWWHULQJ� UDWH�� ��� WKH� VSXWWHULQJ� UDWH
RQO\��7N� ����&�

)LJ�����7LPH�GHSHQGHQFHV�RI�WKH�FU\VWDO�VHQVRU�IUHTXHQF\�VKLIW�����DQG�LWV�WLPH�GHULYDWLYH�����GXULQJ
LRQ�LUUDGLDWLRQ�RI�PDJQHVLXP�DW�����&��D��DQG�����&��E���6ROLG�YHUWLFDO�OLQHV�VKRZ�WKH�WLPH�PRPHQWV
RI�WKH�LRQ�EHDP�RSHQLQJ��GRWWHG�RQHV��WKRVH�RI�WKH�VKXWWLQJ�

,�1�6WDUVKLQRY��,�$�0HOQLFKXN���,QIOXHQFH�RI�WKH����

)XQFWLRQDO�PDWHULDOV������������� ���



IUHTXHQF\� FRQVLGHUDEOH� VKLIW� DSSHDUV� RQO\
GXULQJ�WKH�LUUDGLDWLRQ��ZKHQ�WKH�PDWHULDO�LV
VSXWWHUHG� ZLWK� WKH� LRQ� EHDP�� ,W� LV� WR� QRWH
WKDW� GXULQJ� WKH� VDPSOH� KHDWLQJ� LQ� DEVHQFH
RI� LUUDGLDWLRQ�� WKHUH� LV� QR� LQFUHDVH� LQ� WKH
HMHFWLRQ� UDWH� EHIRUH� LW�ZDV� H[SRVHG� WR� LUUD�
GLDWLRQ��7KH� LQFUHDVH� LQ�HMHFWLRQ�UDWH� LV�RE�
VHUYHG� VRPH� ODWHU� DIWHU� WKH� LUUDGLDWLRQ
RQVHW�� DV� LW� LV� VKRZQ� LQ� )LJ���E�� 7KDW� LQ�
FUHDVH�GRHV�QRW�VWRS�HYHQ�DIWHU�WKH�LRQ�EHDP
LV�VZLWFKHG�RII��7KH�HYDSRUDWLRQ�UDWH�LQ�WKLV
FDVH� NHHSV� JURZLQJ� IRU� VRPH� WLPH�� DWWDLQV
VDWXUDWLRQ�� DQG� NHHSV� FRQVWDQW� IRU� D� ORQJ
WLPH�XQGHU�DEVHQFH�RI�DQ\�H[FLWDWLRQV�

8QGHU� UHSHDWHG� LUUDGLDWLRQ�� WKH� VSXWWHU�
LQJ�UDWH�LQFUHDVHV�DGGLWLRQDOO\�DQG�GRHV�QRW
UHWXUQ� WR� WKH� SULRU� YDOXH� �)LJ������ 8QGHU
FRQWLQXRXV� LUUDGLDWLRQ�� WKH� VSXWWHULQJ� UDWH
LQFUHDVHV� PRQRWRQRXVO\� DOPRVW� OLQHDUO\
�)LJ�� ����7KXV��ZH� FDQ� VD\� WKDW� DW� HOHYDWHG
WHPSHUDWXUHV�� LRQ� LUUDGLDWLRQ� DFWLYDWHV� WKH
SURFHVV�RI�HYDSRUDWLRQ�IURP�WDUJHW�VXUIDFH�
7KH� HYDSRUDWLRQ� LQ� WKLV� FDVH� RFFXUV� RQO\
IURP� WKH� SUH�LUUDGLDWHG� UHJLRQ�� 7KH� UHFHVV
IRUPHG� GXH� WR� ERPEDUGPHQW� KDV� VKDUS
HGJHV�PDWFKLQJ�WKH�EHDP�SURILOH�

7KH� PHFKDQLVP� RI� WKH� REVHUYHG� DFWLYD�
WLRQ�LV�QRW�FOHDU��$EVHQFH�RI�WKH�HYDSRUDWLRQ
DW� HOHYDWHG� WHPSHUDWXUHV� EHIRUH� LUUDGLDWLRQ
LV� QHLWKHU� WKH� UHVXOW� RI�PHFKDQLFDO� KDUGHQ�

)LJ����� 7LPH� GHSHQGHQFH� RI� WKH� VHQVRU� IUH�
TXHQF\�VKLIW�GHULYDWLYH�GXULQJ�UHSHWLWLYH� LRQ
ERPEDUGPHQW� DIWHU� DFWLYDWLRQ� RI� WKH� LQWHQ�
VLYH�HYDSRUDWLRQ��6ROLG�YHUWLFDO�OLQHV�VKRZ�WKH
WLPH�PRPHQWV� RI� WKH� LRQ�EHDP�RSHQLQJ��GRW�
WHG�RQHV��WKRVH�RI�WKH�VKXWWLQJ��

)LJ����� 7LPH� GHSHQGHQFH� RI� WKH� VHQVRU� IUH�
TXHQF\�VKLIW�GHULYDWLYH�GXULQJ�FRQWLQXRXV�LU�
UDGLDWLRQ�DIWHU�DFWLYDWLRQ��6ROLG�YHUWLFDO�OLQHV
VKRZ�WKH�WLPH�PRPHQWV�RI�WKH�LRQ�EHDP�RSHQ�
LQJ��GRWWHG�RQHV��WKRVH�RI�WKH�VKXWWLQJ��

)LJ�����5HOLHI�IRUPHG�RQ�WKH�VDPSOH�VXUIDFH�DW�DERXW�����&��D��DQG�DW�����&��E���
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LQJ�ZKLFK�PLJKW�RFFXU�GXULQJ�WKH�SROLVKLQJ�
QRU�WKH�UHVXOW�RI�R[LGH�ILOP�SUHVHQFH�FRYHU�
LQJ� WKH� PDWHULDO� VXUIDFH�� 7R� FRQILUP� WKDW
IDFWV�� WKH� VDPSOH� FRROHG� WR� URRP� WHPSHUD�
WXUH�DIWHU�PHDVXULQJ�WKH�WLPH�GHSHQGHQFH�DW
����&� ZDV� H[SRVHG� WR� UHSHDWHG� KHDWLQJ�
WKHUH� ZDV� QR� HYDSRUDWLRQ� SULRU� WR� LUUDGLD�
WLRQ�� DQG� WKHUHDIWHU�� WKH� DERYH�GHVFULEHG
HMHFWLRQ� DFWLYDWLRQ� RFFXUUHG�� 3HUKDSV� WKH
R[LGH� ILOP�ZDV�SDUWO\� UHVWRUHG�GXULQJ�FRRO�
LQJ� LQ� WKH� UHVLGXDO�JDV�DWPRVSKHUH��$OVR� LW
KDG� EHHQ� FODULILHG� WKDW� WKLV� DFWLYDWLRQ� ZDV
QRW� FDXVHG� E\� WKH� PDFURVFRSLF� RYHUKHDWLQJ
E\�WKH�LRQ�EHDP��7R�WKDW�HQG��ZH�YDULHG�WKH
LRQ�EHDP�FXUUHQW�NHHSLQJ�WKH�FRQVWDQW�EHDP
SRZHU�GHQVLW\��E\�FKDQJLQJ�LWV�LQFLGHQFH�HQ�
HUJ\��� 7KH� DYHUDJH� TXDQWLW\� RI� VSXWWHUHG
PDWHULDO� KDG� QRW� YLUWXDOO\� VKRZQ� DQ\� GH�
SHQGHQFH� RQ� WKH� LRQ� EHDP� FXUUHQW� GHQVLW\
ZKLOH�FKDQJLQJ�LW�E\�D�IDFWRU�RI�WHQ�

3HUKDSV� WKH� LQFUHDVH� LQ� WKH� HYDSRUDWLRQ
UDWH� GXULQJ� FRQWLQXRXV� LUUDGLDWLRQ� UHVXOWV
IURP� WKH� DFWLYDWHG� DUHD� LQFUHDVH� FDXVHG� E\
UHOLHI� IRUPDWLRQ� RQ� WKH� VDPSOH� VXUIDFH�� ,Q
WKH� UHJLRQ� RI� EHDP� LPSDFW�� D� UHFHVV� LV
IRUPHG� ILOOHG� ZLWK� EDUQDFOHV� RI� PHWDOOLF
PDJQHVLXP��7KH�EDUQDFOH�VL]H�DQG�PRUSKRO�
RJ\�GLIIHU�GHSHQGLQJ�RQ�WKH�LUUDGLDWLRQ�WHP�
SHUDWXUH��)LJ�����

���&RQFOXVLRQV
7KXV�� WKH� DFWLYDWLRQ� RI� WKH� PDWHULDO

HYDSRUDWLRQ� IURP� WKH� WDUJHW� VXUIDFH� LV� SRV�
VLEOH� GXULQJ� WKH� LRQ� LUUDGLDWLRQ� RI� PDJQH�
VLXP�DW�HOHYDWHG�WHPSHUDWXUHV��7KH�VSXWWHU�
LQJ� SURFHVV� DIWHU� WKDW� DFWLYDWLRQ� VKRZV� D
QXPEHU� RI� FKDUDFWHULVWLF� IHDWXUHV�� WKH
DPRXQW� RI� HMHFWHG�PDWHULDO� LQ� VXFK� UHJLPH
LV� PXFK� ODUJHU� WKDQ� GXULQJ� WKH� XVXDO� FDV�
FDGH� VSXWWHULQJ�� WKH� VXIILFLHQW� DPRXQW� RI
PDWHULDO�OHDYHV�WKH�VXUIDFH�LQ�WKH�DEVHQFH�RI
LUUDGLDWLRQ�� DQG� GXULQJ� FRQWLQXRXV� LUUDGLD�
WLRQ�� WKH� HMHFWLRQ� UDWH� LQFUHDVHV� OLQHDUO\
ZLWK�WLPH��

5HIHUHQFHV
� ���5�0�%UDGOH\�� -�0�(�+DUSHU�� -��9DF��6FL��7HFK�

QRO�$�����������������
� ���9�,�(PHO\DQRY��,]Y��5$1��6HU��)L]������������������
� ���$�$�*XEDUHY��,]Y��5$1��6HU��)L]������������������
� ���,�$�0HOQLFKXN��$�$�%RJXQHWV��,�1�6WDUVKLQRY�

,]Y��5$1��6HU��)L]������������������
� ���,�$�0HOQLFKXN��$�$�%RJXQHWV��,�1�6WDUVKLQRY�

,6$� ������$EVWU��RI� ;9,,� $OO�8QLRQ� &RQI��
0RVFRZ���������Y����S������

� ���9�9�0LORY�� 3LH]RUHVRQDQFH� 6HQVRUV�� 0RVFRZ
6WDWH�8QLYHUVLW\��0RVFRZ��������>LQ�5XVVLDQ@�
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