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5HFHLYHG�6HSWHPEHU������
6L&�ILOPV�KDYH�EHHQ�REWDLQHG�E\�GLUHFW�GHSRVLWLRQ�IURP�D�&�DQG�6L�LRQV�IORZ�DW�HQHUJ\

YDOXHV� LQ� WKH� ��� WR� ������ H9� UDQJH�� 7KH� ILOPV� GHSRVLWHG� DW� WKH� VXEVWUDWH� WHPSHUDWXUH
����&�ZHUH�FKHPLFDOO\�DQG�VWUXFWXUDOO\�GLVRUGHUHG��7KH�GHSRVLWLRQ�HQHUJ\�LQFUHDVH�UHVXOWHG
LQ�D� UHGXFHG�RSWLFDO� VORW�RI� WKH� ILOP�DQG� LQFUHDVHG�8UEDFK�SDUDPHWHU��7KH�GHSHQGHQFH� LV
QRQ�PRQRWRQRXV� LQ�WKH�HQHUJ\�UDQJH���Ü����H9��7KH�PD[LPXP�YDOXH�RI�WKH�ILOP�RSWLFDO
JDS������H9��LV�FORVH�WR�WKH�EDQG�JDS�IRU�FXELF�6L&������H9���7KH�QRQ�PRQRWRQLF�GHSHQGHQFH
RI�WKH�ILOP�RSWLFDO�SURSHUWLHV�DQG�VWUXFWXUH�SDUDPHWHUV�RQ�WKH�LRQ�GHSRVLWLRQ�HQHUJ\�LQ�WKH
��Ü����H9�UDQJH�FDQ�EH�FRQQHFWHG�ZLWK�GLIIHUHQFH� LQ�EHKDYLRU�RI�&�DQG�6L� VXEODWWLFHV� LQ
6L&�XQGHU�ORZ�HQHUJ\�LRQ�ERPEDUGPHQW�
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5HFHQW� \HDUV� DUH� FKDUDFWHUL]HG� E\� GUD�
PDWLF�ULVH�RI�SXEOLF�LQWHUHVW�LQ�ORZ�WHPSHUD�
WXUH� PHWKRGV� RI� REWDLQLQJ� VLOLFRQ� FDUELGH
ILOPV��RZLQJ�WR�RXWVWDQGLQJ�SRWHQWLDO�DSSOL�
FDELOLW\� RI� VDLG� PDWHULDO� >�@�� 6\QWKHVLV� RI
VLOLFRQ� FDUELGH� ILOPV� XQGHU� VXEVWDQWLDOO\
QRQHTXLOLEULXP� FRQGLWLRQV�� VSHFLILHG� E\� GH�
FUHDVH�RI�WKH�SURFHVV�WHPSHUDWXUH��PDNHV�LW
SRVVLEOH�WR�SURYLGH�WKH�6L&�OD\HUV�RI�GLIIHU�
HQW� FU\VWDOOLQH� VWDWHV�� VLQFH� DPRUSKRXV� WLOO
FU\VWDOOLQH��$FFRUGLQJ� WR� WKH�DYDLODEOH�SXE�
OLFDWLRQV�� LQ� WKH� FRXUVH� RI� VLOLFRQ� FDUELGH
V\QWKHVLV�DW�QHDU�URRP�WHPSHUDWXUHV��DPRU�
SKRXV�6L&� OD\HUV� DUH� IRUPHG��ZLWK� QR� UHOH�
YDQFH�WR�PHWKRGV�RI�WUDQVSRUWLQJ�WKH�FDUERQ
DQG�VLOLFRQ�DWRPV�WR�WKH�VXEVWUDWH�>�Ü�@��$W

WKH�VDPH�WLPH��WKH�VXEVWUDWH�WHPSHUDWXUH�DW
ZKLFK� WKH� FU\VWDOOLQH� SKDVH� LV� IRUPHG
ZLWKLQ�6L&�ILOPV��GHSHQGV�WR�VRPH�H[WHQW�RQ
WKH�ILOP�GHSRVLWLRQ�PHWKRGV��6R��LQ�FRQYHQ�
WLRQDO�PHWKRGV�RI�FDUERQ�DQG�VLOLFRQ�GHSRVL�
WLRQ�IURP�YDSRU�RU�JDVHRXV�SKDVHV��WKH�VXE�
VWUDWH�WHPSHUDWXUH�H[FHHGLQJ������v�LV�QHF�
HVVDU\� IRU� WKH� VLOLFRQ� FU\VWDOOLQH� SKDVH
IRUPDWLRQ� >�@�� :KHQ� WKH� PDJQHWURQ�� LRQ
EHDP�DQG�RWKHU�VSXWWHULQJ�PHWKRGV�DUH�XVHG
WR�GHSRVLW�6L&�ILOPV��IRUPDWLRQ�RI�WKH�FU\V�
WDOOLQH�6L&�SKDVH�KDV�EHHQ�LGHQWLILHG�LQ����
WR� ����&� VXEVWUDWH� WHPSHUDWXUH� UDQJH� >��
�@��:KLOH� REWDLQLQJ� WKH�6L&� ILOPV� E\� ODVHU
DEODWLRQ��DV� LV�VKRZQ�LQ� >�@�� WKH�RFFXUUHQFH
RI�6L&� FU\VWDOOLQH� SKDVH� LV� RQO\� SRVVLEOH� LQ
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WKH� VXEVWUDWH� WHPSHUDWXUH� UDQJH� RI� ���� WR
����&�� ,Q� >�����@�� LW� LV� UHSRUWHG�WKDW�WR�GH�
FUHDVH� WKH� VXEVWUDWH� WHPSHUDWXUH� QHFHVVDU\
IRU�6L&� ILOP� IRUPDWLRQ� E\� FKHPLFDO� GHSRVL�
WLRQ� IURP� YDSRU�� WKH� SODVPD� DFWLYDWLRQ� RI
WKH� SURFHVV� ZLWK� QHJDWLYH� ELDV� RQ� WKH� VXE�
VWUDWH� KDV� EHHQ� XVHG�� ,W� ZDV� VKRZQ� WKDW
FU\VWDOOLQH�SKDVH�LQ�WKH�ILOPV�FDQ�EH�LGHQWL�
ILHG�DW�WKH�VXEVWUDWH�WHPSHUDWXUH�RI�����WR
����v�

4XDOLWDWLYH�DQDO\VLV�RI�WKH�6L&�IRUPDWLRQ
FRQGLWLRQV� LQ� WKH� DERYH�PHQWLRQHG� SDSHUV
HQDEOHV�XV�WR�DUJXH�WKDW�

Û�ILUVW�RI�DOO��WKH�DYHUDJH�NLQHWLF�HQHUJ\
RI� WKH� SDUWLFOHV� EHLQJ� GHSRVLWHG� �LQ� DERYH�
VDLG� FDVHV�� LQFUHDVHV� FRQVHFXWLYHO\� IURP� LWV
WKHUPDO� H[WUHPHV� �VXFK� DV� DW� JDV� SKDVH� RU
YDSRU� GHSRVLWLRQ� SURFHVVHV�� WR� YDOXHV� EHLQJ
VHW� IRUWK� E\� WKH� HOHFWULF� ILHOG� �VXFK� DV� DW
GHSRVLWLRQ�RI�LRQL]HG�SDUWLFOHV��

Û� VHFRQG�� D� WUHQG� LV� REYLRXV� KHUH� WKDW
IRUPDWLRQ� WHPSHUDWXUH� RI� VLOLFRQ� FDUELGH
FU\VWDO� SKDVH� GHFUHDVHV� ZLWK� HQHUJ\� HOHYD�
WLRQ�RI�WKH�SDUWLFOHV�EHLQJ�GHSRVLWHG�

7KHUHIRUH��ZH�PD\�DVVXPH�WKDW�RQH�FUX�
FLDO�IDFWRU�LQ�WKH�SURFHVV�RI�6L&�ILOP�V\QWKH�
VLV� RQ� VXEVWUDWHV�� DW� GHSRVLWLRQ� RI� FDUERQ
DQG� VLOLFRQ� SDUWLFOHV� XQGHU� HOHYDWHG� HQHUJ\
UDWH�� LV� D� FRQWULEXWLRQ� RI� WKH� SDUWLFOH� NL�
QHWLF� HQHUJ\� WR�HQHUJ\�EDODQFH�RI� WKH�SURF�
HVV� RI� 6L&� ILOPV� IRUPDWLRQ� DQG� FU\VWDO�
OL]DWLRQ�RQ�WKH�VXEVWUDWH��$V�LW�IROORZV�IURP
WKH�DERYH�GDWD��WKLV�LV�WKH�YHU\�FRQWULEXWLRQ

WKDW� FDQ� EH� HPSOR\HG� WR� UHGXFH� WKH� VXE�
VWUDWH�WHPSHUDWXUH�DW�ZKLFK�WKH�6L&�FU\VWDO
SKDVH� LV�IRUPHG��,Q�IDFW�� LQ�PRVW�RI�SDSHUV
GHGLFDWHG� WR� ORZ�WHPSHUDWXUH� PHWKRGV� RI
WKH� 6L&� ILOP� SUHSDUDWLRQ�� WKH� FRPSDUDWLYH
DQDO\VLV�RI�WKH�SDUWLFOH�HQHUJ\�LQIOXHQFH�RQ
WKH�6L&�ILOPV�VWUXFWXUDO�IRUPDWLRQ�SURFHVVHV
LV� UHVWULFWHG� GUDPDWLFDOO\� E\� VRPH� WHFKQR�
ORJLFDO� IHDWXUHV�� 7KHVH� DUH�� �D�� GLIIHUHQW
FRQFHQWUDWLRQV� RI� LRQL]HG� SDUWLFOHV�� RU� �E�
WURXEOHV� LQ� GHWHUPLQDWLRQ� RI� PHDQ� HQHUJ\
YDOXH� RI�SDUWLFOHV� WKDW� UHDFK� WKH� VXEVWUDWH�
HWF��)RU�WKLV�UHDVRQ��WKLV�SDSHU�LOOXVWUDWHV�DQ
HQGHDYRU� RI� DXWKRUV� WR� VWXG\� WKH� HIIHFW� RI
FRQGHQVDEOH�SDUWLFOH�HQHUJ\�RQ�VWUXFWXUH�DQG
RSWLFDO� SURSHUWLHV� RI� 6L&� ILOPV� REWDLQHG� E\
GLUHFW� GHSRVLWLRQ� RI� VLOLFRQ� DQG� FDUERQ� LRQLF
IORZ��ZLWKLQ����WR������H9�HQHUJ\�UDQJH�

7KH� 6L&� ILOPV� ZHUH� GHSRVLWHG� IURP� WKH
IORZ�RI�FDUERQ�DQG�VLOLFRQ�LRQV�JHQHUDWHG�E\
D�SODVPD�EDVHG�LRQ�VRXUFH�FRQWDLQLQJ�D�FDWK�
RGH� RI� SRO\FU\VWDOOLQH� VLOLFRQ� FDUELGH� �WKLV
SURGXFW� KDV� EHHQ� V\QWKHVL]HG� E\� WKH� ,QVWL�
WXWH� IRU� 0DWHULDOV� 6FLHQFH� 3UREOHPV�� 1D�
WLRQDO� $FDGHP\� RI� 6FLHQFHV� RI� 8NUDLQH�
�7DEOH��� 7KH� GHSRVLWLRQ� SURFHVV� SDWWHUQ� KDV
EHHQ�SUHVHQWHG�EHIRUH�LQ�>��@��,Q�WKH�FRXUVH
RI� GHSRVLWLRQ� SURFHVV� DW� WKLV� H[SHULPHQW�
YDFXXP� OHYHO� ZDV� OHVV� WKDQ� ����Ü��3D��7KH
LRQ� HQHUJ\�ZDV� VHW� E\� WKH� SRWHQWLDO� GLIIHU�
HQFH� EHWZHHQ� WKH� VXEVWUDWH� DQG� WKH� SODVPD
VRXUFH� FDWKRGH�� ZLWKLQ� ��� WR� ����� H9� HQ�
HUJ\� UDQJH�� 7KH� DYHUDJH� ILOP� GHSRVLWLRQ

7DEOH��3UHSDUDWLRQ�FRQGLWLRQV�DQG�FDOFXODWHG�HOHFWURQ�VWUXFWXUH�SDUDPHWHUV�RI�6L&�ILOPV
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UDWH� ZDV� ��� QP�V�� $V� VXEVWUDWHV�� SROLVKHG
SODWHV� RI� TXDUW]�� OHXFRVDSSKLUH�� HWF�� ZHUH
XVHG��7KH�VXEVWUDWH�WHPSHUDWXUH�ZDV�YDULHG
IURP� ��� WR� ����v� E\� D� UHVLVWLYH� VXEVWUDWH
KROGHU�KHDWHU��7KH�RSWLFDO�WUDQVPLVVLRQ�DQG
UHIOHFWLRQ� VSHFWUD� RI� H[SHULPHQWDO� ILOPV
ZHUH� PHDVXUHG� E\� DQ� 6)� ��� W\SH� VSHFWUR�
SKRWRPHWHU�� 7KH� VWUXFWXUDO� FKDUDFWHULVWLFV
RI� H[SHULPHQWDO� ILOPV� ZHUH� GHWHUPLQHG
XVLQJ�D�-(2/����&[� W\SH� WUDQVPLVVLRQ�PL�
FURVFRSH�� 7KH� IROORZLQJ� WHFKQLTXHV� ZHUH
XVHG� IRU� LGHQWLILFDWLRQ� �� FKDUDFWHULVWLF� ORVV
RI� HOHFWURQ� HQHUJ\� �&/((��� VFDWWHUHG� HOHF�
WURQ� GLIIUDFWLRQ� HIIHFW� DQG� SORWWLQJ� WKH
IXQFWLRQ� RI� DWRPLF� UDGLDO� GLVWULEXWLRQ�
0RUHRYHU��WKH�6L&�ILOP�FRPSRVLWLRQ�ZDV�GH�
WHUPLQHG� XVLQJ� WKH� SKRWRHOHFWURQ� VSHFWURV�
FRS\� WHFKQLTXHV� E\� DLG� RI� VWDQGDUG� VHW� RI
FDOLEUDWLRQ�VWDQGDUGV�

$�VHULHV�RI�6L&� ILOPV�RQ�TXDUW]�DQG� OHX�
FRVDSSKLUH� VXEVWUDWHV� ZHUH� REWDLQHG� IURP
FDUERQ� DQG� VLOLFRQ� LRQV� IORZ� ZLWK� HQHUJLHV
ZLWKLQ���� WR������H9�UDQJH��7KH�GXUDWLRQV
DQG�FRQGLWLRQV�RI�WKH�ILOP�GHSRVLWLRQ�DV�ZHOO
DV�WKH�ILOP�WKLFNQHVV�YDOXHV�DUH�UHSUHVHQWHG
LQ� WKH� 7DEOH�� 7KH� SKRWRHOHFWURQ� VSHFWURV�
FRS\�GDWD�HYLGHQFH�WKDW� LQ�WKH�6L&�ILOPV�VR
REWDLQHG�KRPRJHQHRXVO\�ERXQG�&±&�DQG�6L±
6L�DWRPV�DUH�SUHVHQW�DORQJVLGH�ZLWK�KHWHUR�
JHQHRXVO\�ERXQG�&±6L�DWRPV��2[\JHQ�LV�DOVR
SUHVHQW� R[\JHQ� EHLQJ� JHQHUDOO\� ERXQG�ZLWK
VLOLFRQ��ZKLFK�LQ�RXU�RSLQLRQ��SHQHWUDWHV�WKH
MXVW�GHSRVLWHG� ILOP�DW� LWV� ILUVW�FRQWDFW�ZLWK
DWPRVSKHUH�� 7KLV� DVVXPSWLRQ� FRPHV� RXW
IURP� WKH� IDFW� WKDW� GXULQJ� WKH� GHSRVLWLRQ
SURFHVV� WKH� UDWH� RI� UHVLGXDO� R[\JHQ� DWRP

IORZ� DQG� FDUERQ���VLOLFRQ� LRQV� IORZ� GLG
QHYHU�H[FHHG�����OHYHO��)HDWXUHV�RI�KRPRJH�
QHRXVO\�ERXQG�FDUERQ�DQG�VLOLFRQ�DWRPV�DUH
D� VXEMHFW� WR� IXUWKHU� GLVFXVVLRQ�� )LJ���� UHS�
UHVHQWV� DGVRUSWLRQ� VSHFWUD� D� RI� WKH� 6L&
ILOPV� GHSRVLWHG� DW� WKH� VXEVWUDWH� WHPSHUD�
WXUH� ����v��ZLWK� LRQ� HQHUJLHV�ZLWKLQ� ��� WR
����� H9� UDQJH�� 1RWH� WKDW� VDLG� VSHFWUD� DUH
UHSUHVHQWHG� ZLWK� UHVSHFW� WR� UHIOHFWLRQ� IDF�
WRU�� ,W� LV� REYLRXV� IURP� WKH� UHOHYDQW� GLD�
JUDPV� WKDW� DGVRUSWLRQ� VSHFWUD� RI� ILOPV� GH�
SRVLWHG�DW�GLIIHUHQW�LRQ�HQHUJLHV�DUH�FKDUDF�
WHUL]HG�E\�WKHLU� LQGLYLGXDO�VSHFLILF�IHDWXUHV
DFURVV� WKH� ZKROH� UDQJH� RI� RSWLFDO� DGVRUS�
WLRQ�� ,Q�SDUWLFXODU�� WKH� ORQJ�ZDYH�VSHFWUXP
]RQH� ����� H9�� LV� IHDWXUHG� E\� WKH� IDFW� WKDW
DGVRUSWLRQ� FXUYHV� WHQG� WR� FRQYHUJH�� WKXV
GHPRQVWUDWLQJ� D� VXIILFLHQWO\� DFWLYH� DGVRUS�
WLRQ�RI�6L&� ILOPV�ZLWKLQ� ,5�DUHD� ORFDWHG�DW
����°P����$W� WKLV� WLPH�� WKH� YLVLEOH� VSHFWUDO
EDQG� LV� IHDWXUHG� E\� GLIIHUHQFHV� LQ� DGVRUS�
WLRQ�UDWHV��ZKLFK�GLIIHUHQFHV�DUH�WULSOLFDWHG
LQ�89�]RQH��WKXV�JDLQLQJ��!���H9��OHYHO��7R
IDFLOLWDWH� WKH� DQDO\VLV� SURFHGXUHV�� ZH� ZLOO
FRQGLWLRQDOO\� VSOLW� WKH� DGVRUSWLRQ� VSHFWUXP
LQWR� WZR� DUHDV�� 2QH� RI� WKRVH� LV� WKH� VKRUW�
ZDYH�EHQG��ZKHUHE\�WKH�DGVRUSWLRQ�HIIHFW�LV
VSHFLILHG�E\� LQWHUEDQG� WUDQVLWLRQV��7KLV� DG�
VRUSWLRQ�EDQG�FDQ�EH�GHVFULEHG�E\�>��@�

D�KQ�� �%�KQ���(J�P���
ZKHUH�P� �����DQG�P� ���FRUUHVSRQG�WR�GL�
UHFW� DQG� LQGLUHFW� DOORZHG� HOHFWURQ� WUDQVL�
WLRQV�� UHVSHFWLYHO\�� %� LV� GHILQHG� E\� FRP�
ELQHG� GHQVLW\� RI� VWDWHV� DVVRFLDWHG� WRJHWKHU

)LJ����� $SSUR[LPDWLRQ� RI� DGVRUSWLRQ� VSHFWUD
RI�6L&�ILOPV�GHSRVLWHG�DW�GLIIHUHQW�HQHUJLHV�RI
LRQV�� E\� DLG� RI� 7DXW]� SRZHU� IXQFWLRQ� D� 
%�KQ�(J����&XUYHV�DUH�QXPEHUHG�DV�LQ�)LJ����

)LJ�����$GVRUSWLRQ�VSHFWUD�RI�6L&�ILOPV�GHSRV�
LWHG� DW� GLIIHUHQW� HQHUJLHV� RI� LRQV� �H9��� ���
��������� ��������� ��������� �������� �������� ����
�����������������
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E\� GLUHFW� DQG� LQGLUHFW� WUDQVLWLRQV� WKURXJK
RSWLFDO�VORW�(J�7KH�RWKHU� VSHFWUDO�DUHD� LV� WKH� ORQJ�ZDYH
RQH�� ZKLFK� FDQ� E\� DSSUR[LPDWHG� E\� DLG� RI
8UEDFK�H[SRQHQW�>��@�DV�

D� �D�H[S�KQ�e�(X��
ZKHUH� (X� DQG� D�� DUH� SDUDPHWHUV� GHILQHG� E\FRQFHQWUDWLRQ� RI� ORFDOL]HG� VWDWHV� �/6�� DQG� GH�
JUHH�RI�RYHUODSSLQJ�KHUHRI�ZLWKLQ�WKH�EDQG�JDS�

7KXV�� GLIIHUHQFHV� LQ� DGVRUSWLRQ� FRHIIL�
FLHQWV� ZLWKLQ� WKH� VKRUW�ZDYH� VSHFWUDO� DUHD
�L�H��� LQWHUEDQG� WUDQVLWLRQV�� FDQ� EH� FDXVHG
E\� SKDVH� RU� VWUXFWXUH� GLIIHUHQFHV� ZLWKLQ
ILOPV�� 'LIIHUHQFHV� LQ� H[SRQHQWLDO� VSHFWUDO
DUHD�� KRZHYHU�� FDQ� EH� H[SODLQHG� E\� GLIIHU�
HQFHV� RI� GHIHFWLYH� VWDWHV� ZLWKLQ� WKH� ILOPV�
)LJ���� UHSUHVHQWV� DSSUR[LPDWHG� YDOXHV� RI
DGVRUSWLRQ�VSHFWUD�WKURXJK�GHJUHH�IXQFWLRQV
ZLWK�FRHIILFLHQW�P� ����VHOHFWHG�IRU�LWV�RSWL�
PDO�LQFOLQDWLRQ�WRZDUGV�OLQHDU�H[WUDSRODWLRQ
RI� FKDUDFWHULVWLF� FXUYHV�� %HLQJ� FDOFXODWHG
XVLQJ� WKH�DERYH�IRUPXODH��YDOXHV�RI�RSWLFDO
VORWV�(J� ZLWKLQ� ILOPV� FKDQJH� GHSHQGLQJ� RQWKH� LRQ� GHSRVLWLRQ� HQHUJ\��ZKLFK� LV� DQ� HYL�
GHQFH� IRU� GLIIHUHQFHV� ZLWKLQ� VWUXFWXUDO
VWDWHV�DW�WKH�OHYHO�RI�PHGLXP�DQG�SUR[LPDWH
RUGHU� RI� DWRPLF�GLVSRVLWLRQ��7KHVH�GDWD� DUH
GLVFORVHG�LQ�WKH�UHOHYDQW�7DEOH��)LJ����UHSUH�
VHQWV�WKH�FDOFXODWHG�YDOXHV�RI�6L&�ILOP�RSWL�
FDO� VORW� DV� D� IXQFWLRQ� RI� WKH� LRQ�GHSRVLWLRQ
HQHUJ\�� ,W� LV�REYLRXV� IURP�WKH�GDWD�RI�)LJ�
�� DQG� WKH� 7DEOH� WKDW� DV� WKH� LRQ� GHSRVLWLRQ
HQHUJ\� LQFUHDVHV� ZLWKLQ� ��� WR� ����� H9� HQ�
HUJ\�UDQJH�� WKH�RSWLFDO� VORW� VL]H� �FDOFXODWHG
XVLQJ� 7DXF]�V� IRUPXOD�� WHQGV� JHQHUDOO\� WR
UHGXFH��$W�WKH�VDPH�WLPH��WKH�YHU\�FRPSOH[
QDWXUH� RI�(J� GHSHQGHQFH� RQ� WKH� LRQ� HQHUJ\ZLWKLQ� ��� WR� ���� H9� HQHUJ\� UDQJH� HQDEOHV
XV� WR� LGHQWLI\� WKUHH� IROORZLQJ� H[WUHPHV�� �L�
D� PLQLPXP� VL]H� RI� RSWLFDO� VORW� �a������ H9�
QHDU�����H9�GHSRVLWLRQ�HQHUJ\�� �LL�� D�PD[L�
PXP� VL]H� RI� RSWLFDO� VORW� �a����� H9�� DURXQG
��� H9� GHSRVLWLRQ� HQHUJ\� DQG� �LLL�� D� PD[L�
PXP�VL]H�RI�RSWLFDO�VORW��a�����H9��LQ�����WR

���� H9� GHSRVLWLRQ� HQHUJ\� UDQJH�� ,W� VKRXOG
EH�PHQWLRQHG�WKDW�PD[LPXP�YDOXHV�RI�RSWL�
FDO� VORW� DSSURDFK� WKH� EDQG� JDS� YDOXH
����� H9�� LQ� FXELF� VLOLFRQ� FDUELGH� >��@�� 6LOL�
FRQ�FDUELGH�LV�NQRZQ�WR�SRVVHVV�WKUHH�VWUXF�
WXUDO� PRGLILFDWLRQV�� FXELF�� KH[DJRQDO�� DQG
UKRPERKHGUDO�� ZKLFK�� GHVSLWH� WKH� LGHQWLFDO
ERQGV� EHWZHHQ� FDUERQ� DQG� VLOLFRQ� DWRPV�
GLIIHU� IURP�HDFK�RWKHU� LQ� ODWWLFH�W\SH��DQG�
FRUUHVSRQGLQJO\��SRVLWLRQ�RI�HOHFWURQ�HQHUJ\
OHYHOV�DQG�WKH�EDQG�JDS�ZLGWK�pJ��7KXV��IRUH[DPSOH��WKH�pJ�YDOXH�LV�������H9�LQ��v�6L&FXELF� FU\VWDOV� >��@�� ������ H9� LQ� KH[DJRQDO
�s� 6L&� >��@� DQG� ����� H9� LQ� UKRPERKHGUDO
��5�6L&�>��@�

7KHUHIRUH�� FRQVLGHUDEOH� FKDQJHV� RI� RSWL�
FDO�VORW�VL]HV�IURP������WR�����H9��DV�LV�VHHQ
LQ�)LJ�����FDQQRW�EH�H[SODLQHG�E\�SKDVH�GLI�
IHUHQFHV� ZLWKLQ� 6L&�� :H� KDYH� SUHVXPHG
WKDW�D�FHWUDLQ�HIIHFW�RQ�WKH�ILOP�DGVRUSWLRQ
DQG�� KHQFH�� DQ� HUURU� LQ� WKH� RSWLFDO� VORW
YDOXH� FDOFXODWLRQ� �E\�PHWKRG� RI� SHU� GHJUHH
DSSUR[LPDWLRQ�RI�DGVRUSWLRQ�VSHFWUD��LV�FRQ�
WULEXWHG� E\� VLOLFRQ�IUHH� FDUERQ� LQ� YDULRXV
VWUXFWXUDO� VWDWHV�� ,Q� RXU� RSLQLRQ�� DSSUR[L�
PDWLRQ� RI� WKH� VSHFWUD� IRU� PRVW� RI� VDPSOHV
UHSUHVHQWHG�LQ�)LJ����GHPRQVWUDWHV�WKDW�WKLV
HIIHFW� RFFXUV� GXH� WR� D� NQHH� LQ� WKH� OLQHDU
DUHD�DW�DERXW���H9�VSHFWUDO�]RQH��6DLG�NQHH
LV� LQGLFDWHG� LQ� WKH� ERWWRP� FXUYH� E\� DX[LO�
LDU\�VWUDLJKW�OLQHV��7KH�DGVRUSWLRQ�FXUYHV�RI
6L&� DQG� RI� XQRUGHUHG� FDUERQ� DUHDV� IRUPHG
E\� KRPRJHQHRXVO\� ERXQG� FDUERQ� DWRPV� FDQ
EH�VXSSRVHG�WR�LQWHUFURVV�LQ�WKDW�SRLQW��7KH
7DEOH� DOVR� UHSUHVHQWV� FDOFXODWHG� YDOXHV� RI
RSWLFDO� VORW� �SUHVXPDEO\�� IRU� XQRUGHUHG

)LJ�����$SSUR[LPDWLRQ�RI�DGVRUSWLRQ�VSHFWUD�RI
6L&�ILOPV�GHSRVLWHG�DW�GLIIHUHQW�HQHUJLHV�RI�LRQV�
E\� DLG� RI� 8UEDFK� IRUPXOD� D� �D�H[S�KQ(X��&XUYHV�DUH�QXPEHUHG�DV�LQ�)LJ����

)LJ����� 'HSHQGHQFH� RI� FDOFXODWHG� 6L&� ILOPV
RSWLFDO� VORW� ZLGWK� (J� RQ� WKH� LRQ� GHSRVLWLRQHQHUJ\�
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FDUERQ��IRU��QG�OLQHDU�DUHD�RI�WKH�VSHFWUXP�
7KH� VR� REWDLQHG� (J°� YDOXHV� DUH� W\SLFDO� RINQRZQ�YDOXHV� IRU�EDQG�JDS� LQ�GLDPRQG�OLNH
FDUERQ� ILOPV� EHLQJ� GHSRVLWHG� IURP�KLJK�HQ�
HUJ\�FDUERQ�SDUWLFOHV��'HSHQGLQJ�RQ�WKH�GLD�
PRQG�OLNH�ILOP�SUHSDUDWLRQ�PHWKRG��WKH�(J°YDOXHV�RI�DUH�GHWHUPLQHG�WR�EH�ZLWKLQ�����WR
����H9�HQHUJ\�UDQJH�>��@��

)LJ���� UHSUHVHQWV� WKH� ILOP� DGVRUSWLRQ
VSHFWUD� LQ� ORJDULWKPLF� VFDOH� IRU� FRQVLGHUD�
WLRQ�RI�WKH�8UEDFK��WDLO���(OHFWURQLF�PLFURV�
FRS\� LQYHVWLJDWLRQV� KDYH� VKRZQ� WKDW� WKH
ILOP� VWUXFWXUH� LV� VLJQLILFDQWO\� XQRUGHUHG�
DQG� LQ� DGVRUSWLRQ� VSHFWUD� WKLV� IDFW� LV� IHD�
WXUHG� DV� DQ� H[SRQHQWLDO� �DGVRUSWLRQ� WDLO�
ZLWKLQ� WKH� ORQJ�ZDYHOHQJWK� DUHD��7KH� SUHV�
HQFH� RI� '�KQ�� W\SH� HQHUJ\� LQWHUYDOV� �ZKHUH
OQD�a�KQ� LV�DQ�LQGLFDWLRQ�WKDW�8UEDFK�V�UXOH
LV�YDOLG��HYLGHQFHV�WKH�H[SRQHQWLDO�FKDUDFWHU
RI� HQHUJ\� GLVWULEXWLRQ� RI� WKH� GHQVLW\� RI
VWDWHV� ORFDOL]HG� LQ� WKH� EDQG� JDS� >��@�� ,W� LV
REYLRXV� IURP� WKH� 7DEOH� WKDW�(X� SDUDPHWHU�GHILQHG� E\� /6� FRQFHQWUDWLRQ� IRU� ILOPV� GH�
SRVLWHG� DW� GLIIHUHQW� HQHUJLHV�� YDULHV�� WKXV
HYLGHQFLQJ� GLIIHUHQW� GHJUHHV� RI� GLVRUGHULQJ
LQ�FU\VWDO�ODWWLFHV�RI�WKHVH�PDWHULDOV��)LJ���
SUHVHQWV� GHSHQGHQFH� RI� 8UEDFK� SDUDPHWHU
RQ�WKH�LRQ�GHSRVLWLRQ�HQHUJ\��$V� LV�REYLRXV
IURP� )LJ����� WKH� GHSHQGHQFH� RI� pX� RQ� WKHLRQ� HQHUJ\� LV� QRQ�PRQRWRQRXV� DQG� H[KLELWV
D� EURDG� PLQLPXP� DW� DERXW� ��� WR� ���� H9
HQHUJ\� UDQJH�� :KLOH� ZLWKLQ� KLJKHU� HQHUJ\
�!����� H9�� DUHD� WKLV� LQFUHDVLQJ� GLVRUGHULQJ
FDQ�EH�H[SODLQHG�E\�LQWHQVLILFDWLRQ�RI�GHIHFW
IRUPDWLRQ� �RZLQJ� WR� UDGLDWLRQ� IDLOXUHV� E\
LRQV�LQ�WKH�FRXUVH�RI�GHSRVLWLRQ���WKH�QDWXUH
RI�pX� LQFUHDVH�ZLWKLQ� ORZ�HQHUJ\� ������H9�DUHD� LV� VWLOO� LQFRPSUHKHQVLEOH��3HUKDSV� WKLV
SKHQRPHQRQ� LV� UHODWHG� WR� H[LW� RI� WKH� LRQ
FRQGHQVDWLRQ�IURQW�RXW�RI�VXEVXUIDFH�OD\HUV
XS�WR�RSHQ�VXUIDFH��ZKHUH�GHIHFW�IRUPDWLRQ
HQHUJ\� LV� ORZHU� EHFDXVH� WKH� VXUIDFH� DWRPV
SRVVHVV�LQFRPSOHWH�ERQGV�

)LJ���� UHSUHVHQWV� UDGLDO� GLVWULEXWLRQ
IXQFWLRQ� FDOFXODWHG� IRU�6L&� ILOPV� GHSRVLWHG
DW� ���� H9� LRQ� HQHUJ\�� ZKLFK� GHPRQVWUDWHV
DYDLODELOLW\�RI�KRPRJHQHRXVO\�ERXQG�FDUERQ

DWRPV��7KH� ILOP�REWDLQHG� DW� URRP�WHPSHUD�
WXUH�ZDV�WKHQ�DQQHDOHG�DW�����&��$V�LV�VHHQ
LQ�)LJ�����WKH�DWRPLF�GLVWULEXWLRQ�PD[LPD�LQ
WKH� DQQHDOHG� ILOP� DUH� QDUURZHG�� WKXV� HYL�
GHQFLQJ� WKH� DWRPLF� RUGHULQJ� DW� WKH� VKRUW�
UDQJH�OHYHO��$W�FHUWDLQ�FRQFHQWUDWLRQV�RI�KR�
PRJHQHRXVO\�ERXQG�FDUERQ�DQG�VLOLFRQ��FOXV�
WHUV�PD\�DULVH�� L�H�FDUERQ�DQG�VLOLFRQ�EDVHG
VWUXFWXUDO� FRPSRQHQWV� WKDW� PD\� FRQWULEXWH
WR�WKH�HOHFWURQ�SURSHUWLHV�RI�ILOPV��6XFK�WKH
FRPSRQHQWV� LQFOXGH� VS���� VS��ERXQG� FDUERQ
SKDVHV�DQG�VLOLFRQ��pV�|���H9���ZKLFK�FDQ�EHIRUPHG� IURP�IUHH�DWRPV�RI� FDUERQ�DQG�VLOL�
FRQ�� ,W� VKRXOG� EH� QRWHG� WKDW� WKH� IRUPDWLRQ
SUREOHP� RI� KRPRJHQHRXVO\� ERXQG� FDUERQ
DQG�VLOLFRQ�DWRPV�DW�ORZ�WHPSHUDWXUH�VLOLFRQ
V\QWKHVLV� LV� NQRZQ� IRU� \HDUV��+RPRQXFOHDU
�&±&�� DQG� �6L±6L�ERQGV� FDQ� EH� IRXQG� LQ
DPRUSKRXV� VLOLFRQ� FDUELGH� ILOPV� REWDLQHG
HLWKHU� DW� ORZ� WHPSHUDWXUHV� >��@�� RU� E\� YLU�
WXH� RI� FU\VWDOOLQH� PDWHULDO� DPRUSKL]DWLRQ
HIIHFW� >��@�� ,Q� WKLV� ZRUN�� 6L&� ILOPV� KDYH
EHHQ�REWDLQHG�E\�GLUHFW�GHSRVLWLRQ�RI�FDUERQ
DQG�VLOLFRQ�LRQV�IORZV�DW�SUH�VSHFLILHG�HQHU�
JLHV� RI� ��� WR� ����� H9��:LWKLQ� WKLV� UDQJH�
IRUPDWLRQ�RI�VWUXFWXUH�RFFXUV�LQ�WKH�VXEVXU�
IDFH� ILOP� OD\HU�� LWV� WKLFNQHVV� EHLQJ� GH�
SHQGHG� RQ� WKH� LRQ� HQHUJ\�� $V� LV� VKRZQ� LQ
>��@��WKH�EHKDYLRU�RI�&�DQG�6L�VXEODWWLFHV�LQ
VLOLFRQ� FDUELGH� XQGHU� UDGLDWLRQ�VWLPXODWHG
SURFHVVHV� GLIIHUV� IURP� RQH� DQRWKHU�� 7KH
VDPH� SDSHU� VWDWHV� WKDW� WKHVH� GLIIHUHQFHV
KDYH�EHHQ�VSHFLILHG�E\�YDULRXV�WKUHVKROG�HQ�
HUJLHV� RI� GHIHFW� IRUPDWLRQ� LQ� FDUERQ� DQG
VLOLFRQ� VXEODWWLFHV�� 7KH� DYHUDJHG� YDOXH� RI
PLQLPXP�GHIHFW�IRUPDWLRQ�WKUHVKROG�HQHUJ\
LQ���&��FXELF�DQG�KH[DJRQDO���+��6L&�VWUXF�

)LJ����� &DOFXODWHG� IXQFWLRQ� RI� DWRPLF� UDGLDO
GLVWULEXWLRQ� LQ�6L&� ILOP�GHSRVLWHG� DW� ���� H9
LRQ�HQHUJ\�

)LJ�����'HSHQGHQFH�RI�FDOFXODWHG�RI�8UEDFK�V�SD�
UDPHWHU�pX�YDOXH�RQ�WKH�LRQ�GHSRVLWLRQ�HQHUJ\�
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WXUHV� LV� ��� H9� IRU� FDUERQ� VXEODWWLFH� DQG
���H9�IRU�VLOLFRQ�RQH�>��@�

7KLV�PHDQV�WKDW�LI�6L&�LV�ERPEDUGHG�ZLWK
LRQV� RI� DQ� HQHUJ\� H[FHHGLQJ� WKH� WKUHVKROG
GHIHFW� IRUPDWLRQ� HQHUJ\�� WKHUH� ZLOO� DSSHDU
QXPHURXV�FDUERQ�DWRPV�NQRFNHG�RI�WKH� ODW�
WLFH� VLWHV�� 7KXV� OLEHUDWHG� FDUERQ� DWRPV�
RZLQJ� WR� WKHLU� LQFUHDVHG�PRELOLW\�� DUH� DEOH
WR� IRUP� WKH� KRPRJHQHRXV� ERQGV� DQG� WR
XQLWH�WRJHWKHU� LQWR�FOXVWHUV��1RZ��QRQ�FRQ�
VLGHULQJ� WKH� VWDJH� RI� 6L&� SKDVH� IRUPDWLRQ
�XQGHU�GHSRVLWLRQ�DQG�LRQ�ERPEDUGPHQW�FRQ�
GLWLRQV��� OHW� XV� FRQVLGHU� WKH� SRVVLEOH� VWUXF�
WXUH� RI� FDUERQ� FOXVWHUV�� 6DLG� FDUERQ� FOXV�
WHUV��LQ�RXU�FDVH��DUH�IRUPHG�XQGHU�LRQ�ERP�
EDUGPHQW� FRQGLWLRQV� DQG�� WKHUHIRUH�� ZKHQ
FRQVLGHULQJ�WKH�SURFHVV��WKH�NQRZQ�GHSHQG�
HQFHV� RI� FDUERQ� ILOP� SKDVH� FRPSRVLWLRQ� RQ
WKH� GHSRVLWLRQ� HQHUJ\� FDQ� EH� XVHG�� 6R�� DF�
FRUGLQJ�WR�QXPHURXV�H[SHULPHQWDO�GDWD�FRO�
OHFWHG��WKH�IRUPDWLRQ�RI�SUHGRPLQDQWO\�VS��
FRRUGLQDWHG� FDUERQ� �GLDPRQG�OLNH�� ILOPV� RF�
FXUV�ZLWKLQ����WR�����H9�GHSRVLWLRQ�HQHUJ\
UDQJH� >��@�� 7KH� VS�� SKDVH� IRUPDWLRQ� GH�
SHQGV�VWURQJO\�RQ�WKH�VXEVWUDWH�WHPSHUDWXUH
ZKLFK�VKRXOG�QRW�H[FHHG�����v��%H\RQG�WKH
UDQJH�RI�WKH�GHSRVLWLRQ�FRQGLWLRQV��WKH�VS��
FRRUGLQDWHG� FDUERQ� ILOPV� DUH� W\SLFDOO\

IRUPHG��7KXV��XQGHU�FRQGLWLRQV�RI�6L&�ILOPV
GHSRVLWLRQ� IURP� LRQ� IORZ� �UHDOL]HG� LQ� WKLV
ZRUN���ZH�PD\�H[SHFW�DQ�RFFXUUHQFH�RI�VS��
RU�VS��ERXQG�FDUERQ�FRPSRQHQWV��GHSHQGLQJ
RQ�LRQ�HQHUJ\�DQG�FRQGHQVDWH�WHPSHUDWXUH�

)LJ���� UHSUHVHQWV� &/((� VSHFWUD� LQ� DUHDV
RI� �V� HOHFWURQ� LQ� FDUERQ� �a����� H9�� DQG� �S
HOHFWURQ� LQ� VLOLFRQ� �a����� H9�� ELQGLQJ� HQ�
HUJ\��7KH�&/((�VSHFWUD�KDYH�EHHQ�PHDVXUHG
IRU�6L&�ILOPV�GHSRVLWHG�DW�LRQ�HQHUJ\�YDOXHV
���H9�DQG������H9��)RU�FRPSDULVRQ��LQ�)LJ�
�� DUH� VKRZQ� WKH� &/((� VSHFWUD� IRU� VDPSOHV
RI� DPRUSKRXV� DQG� FU\VWDOOLQH� VLOLFRQ� FDU�
ELGH�� JUDSKLWH�� GLDPRQG�� VLOLFRQ�� DQG
TXDUW]�

7KH� FRPSDUDWLYH� FRQVLGHUDWLRQ� RI� VKDSHV
DQG� SRVLWLRQV� RI� PD[LPXP� ORVVHV� LQ� DERYH
PHQWLRQHG�VSHFWUD�PDNHV�LW�SRVVLEOH�WR�VWDWH
D� VLPLODULW\� EHWZHHQ�&/((� VSHFWUD�RI� ILOPV
DQG� WKRVH� RI� DPRUSKRXV� VLOLFRQ� FDUELGH��$W
WKH� VDPH� WLPH�� WKH� &/((� VSHFWUD� RI� ILOPV
REWDLQHG� DW� YDULRXV� HQHUJLHV� DUH� FKDUDF�
WHUL]HG� E\� VLJQLILFDQW� GLIIHUHQFHV�� 6R�� WKH
ILOP�REWDLQHG�DW������H9�LRQ�HQHUJ\�KDV�LWV
PD[LPXP� HQHUJ\� ORVV� QHDU� �� H9�� ZKLFK� LV
GXH� WR� DGVRUSWLRQ� RI�S� HOHFWURQV�SUHVHQW� LQ
WKH� VS��ERXQG� FDUERQ� �VHH� VSHFWUXP� RI
JUDSKLWH� &/((��� 4XLWH� LQ� FRQWUDVW�� WKH

)LJ�����6SHFWUD�RI�&/((�LQ�ELQGLQJ�HQHUJ\�UDQJHV��V�HOHFWURQ�LQ�FDUERQ��a�����H9��DQG��S�HOHFWURQ
LQ�VLOLFRQ��a�����H9��LQ�ILOPV�GHSRVLWHG�DW����H9������������DQG������H9���������LRQ�HQHUJLHV��)RU
FRPSDULVRQ�VDNH��SUHVHQWHG�DUH�&/((�VSHFWUD�IRU�DPRUSKRXV�DQG�FU\VWDOOLQH�VLOLFRQ�FDUELGH��JUDSK�
LWH��GLDPRQG��VLOLFRQ�DQG�TXDUW]��7KH�&/((�VSHFWUD�DUH�PHDVXUHG�LQ�ILOPV�GHSRVLWHG�DW����H9�DQG
�����H9�LRQ�HQHUJ\��
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&/((�VSHFWUXP�RI�D�ILOP�GHSRVLWHG�DW����H9
GRHV� QRW� H[KLELW� WKLV� PD[LPXP�� WKXV� HYL�
GHQFLQJ� WKH� SUHGRPLQDQW� IRUPDWLRQ� RI� VS��
ERXQG� FDUERQ� FOXVWHUV� >��@�� $OWKRXJK� WKH
DERYH�PHQWLRQHG� YDOXHV� RI� LRQ� HQHUJ\� FRLQ�
FLGH� ZLWK� WKH� GHWHUPLQHG� YDOXHV� DW� IRUPD�
WLRQ�RI� VS��� DQG� VS��SKDVHV� RI�SXUH� FDUERQ�
LW�VKRXOG�EH�PHQWLRQHG�WKDW�DW�VLPXOWDQHRXV
GHSRVLWLRQ� RI� FDUERQ� DQG� VLOLFRQ� LRQV�� RSWL�
PXP� FRQGLWLRQV� �VXFK� DV� HQHUJ\� DQG� WHP�
SHUDWXUH�� RI� VS��FRRUGLQDWHG� FDUERQ� SKDVH
FDQ� GLIIHU� IURP� WKRVH� VSHFLILHG� IRU� IRUPD�
WLRQ� RI� SXUH� FDUERQ�� EHFDXVH� RI� VLPXOWDQH�
RXV� LQYROYHPHQW� RI� FDUERQ� DQG� VLOLFRQ� LRQV
LQ�UDGLDWLRQ�VWLPXODWHG�SURFHVVHV�RI�WKH�ILOP
IRUPDWLRQ��,Q�RXU�RSLQLRQ��VLOLFRQ�DWRPV�GXH
WR� ODUJHU� VL]H�� DQG� KHQFH� ORZHU� PRELOLW\
�FRPSDUHG� WR� FDUERQ� DWRPV��� ZKLFK� DUH
NQRFNHG� RXW� RI� WKHLU� ODWWLFHV� LQ� WKH� FRXUVH
RI�LRQLF�ERPEDUGPHQW��ZRXOG�WHQG�UDWKHU�WR
IRUP�GHIHFWV� �OLNH�GDQGOLQJ�ERQGV��WKDQ�EH�
FRPH�XQLWHG�LQ�FOXVWHUV��7KLV�DVVXPSWLRQ�LV
VXSSRUWHG� E\� WKH� SUHVHQFH� RI� D� VLJQLILFDQW
QXPEHU� RI� Ü6L±2Ü� KHWHURJHQHRXV� ERQGV� LQ
DPRUSKRXV�6L&� ILOPV��:H� EHOLHYH� WKDW� VDLG
KHWHURJHQHRXV�ERQGV� DUH� IRUPHG�GXH� WR� WKH
FRQWDFW� RI� WKXV� JURZQ� ILOPV� ZLWK� DWPRV�
SKHULF�R[\JHQ�

5HYLHZLQJ� WKXV� REWDLQHG� UHVXOWV�� ZH
FRPH� WR� WKH� FRQFOXVLRQ� WKDW� WKH�NLQHWLF� HQ�
HUJ\� RI� SDUWLFOHV� GHSRVLWHG� GXULQJ� SUHSDUD�
WLRQ� RI� WKH�6L&� ILOPV� �DV�ZHOO� DV� DQ\� RWKHU
PXOWLFRPSRQHQW� V\VWHPV�� VKRXOG� EH� RSWL�
PL]HG��2Q�WKH�RQH�KDQG��WKH�DPRXQW�RI�HQ�
HUJ\� EHLQJ� WUDQVIHUUHG� WR� DWRPV� VKRXOG� EH
VXIILFLHQW�HQRXJK�WR�HQVXUH�WKH�DWRPLF�PR�
ELOLW\� UHTXLUHG� WR� IRUP� FKHPLFDOO\� RUGHUHG
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