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5HFHLYHG�6HSWHPEHU��������
(IIHFWV� RI� WKH� VXEVWUDWH� WHPSHUDWXUH��6� ���Ü����&�� DQG� WKH� R[\JHQ� SUHVVXUH� LQ� WKHHYDSRUDWLRQ� FKDPEHU� 3�2��� ���Ü�Ü��Ü�� 7RUU�� RQ� WKH� VWUXFWXUH� DQG� SKDVH� FRPSRVLWLRQ� RIILOPV� REWDLQHG� E\� SXOVH� ODVHU� VSXWWHULQJ� RI� D� FKURPLXP� WDUJHW� KDYH� EHHQ� VWXGLHG� E\

HOHFWURQ�PLFURVFRS\��XVLQJ�WKH�H[WLQFWLRQ�EHQGLQJ�FRQWRXU�WHFKQLTXH�WR�DQDO\]H�WKH�FU\VWDO
ODWWLFH� EHQGLQJ��� $W� D� IL[HG� �6�� WKH� R[\JHQ� FRQWHQW� LQ� DPRUSKRXV� ILOPV� LQFUHDVHV� ZLWKLQFUHDVLQJ�3�2����ZKLOH�DW�D�IL[HG�3�2���� LW�GHFUHDVHV�ZLWK�HOHYDWLQJ��6��7KH�LQIOXHQFH�RIDPRUSKRXV�PDWUL[�FRPSRVLWLRQ�DQG�WKLFNQHVV� W�RQ�WKH�VWUXFWXUH�DQG�PRUSKRORJ\�RI�FU\V�
WDOV� JURZLQJ� XQGHU� DQQHDOLQJ� RI� WKH� ILOPV� E\� DQ� HOHFWURQ� EHDP� KDV� EHHQ� VWXGLHG�� 7KH
EHQGLQJ� RI� VSKHUXOLWH� FU\VWDO� ODWWLFH� KDV� EHHQ� IRXQG� WR� GHFUHDVH� ZLWK� LQFUHDVLQJ� RYHU�
VWRLFKLRPHWULF�&U� FRQFHQWUDWLRQ� LQ� DPRUSKRXV�PDWUL[� DQG�ZLWK� LQFUHDVLQJ�GLVWDQFH�XS� WR
WKH�FHQWHU�RI�DQ�]RQH�D[LDO�SDWWHUQ�RI�WKH�VSKHUXOLWH��$W�VPDOO�ILOP�WKLFNQHVV� WdW|����WR
�� QP�� WKH� FU\VWDOOL]DWLRQ� LV� KLQGHUHG� GXH� WR� GLPHQVLRQDO� DQG� LPSXULW\� HIIHFW� RI� WKH
DPRUSKRXV�VWDWH�VWDELOL]DWLRQ�
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7KH� SDUDPHWHUV� GHILQLQJ� WKH� VWUXFWXUDO
DQG�SKDVH�VWDWH�RI�D�WKLQ�ILOP�FRQGHQVDWH�DW
ODVHU� VSXWWHULQJ� RI� PHWDO� WDUJHWV�� LQFOXGH
WKH� GHQVLW\� RI� YDSRU�SODVPD� IORZ� RI� VSXW�
WHUHG�PHWDO�DQG�WKH�SUHVHQFH�RI�KLJK�HQHUJ\
PLFURSDUWLFOHV� WKHUHLQ�� WKH� IORZ� GHQVLW\� RI
UHVLGXDO� JDV� SDUWLFOHV� LQ� WKH� HYDSRUDWLRQ

FKDPEHU�� WKH�DELOLW\�RI�PHWDO�WR�DGVRUE�JDV
LPSXULWLHV�DQG�WR�IRUP�FKHPLFDO�FRPSRXQGV
WKHUHZLWK�� WKH� VXEVWUDWH� W\SH�� RULHQWDWLRQ�
DQG�WHPSHUDWXUH��)RU�WKH�FDVH�RI�PHWDO�FRQ�
GHQVDWLRQ� RQ� D� VXEVWUDWH� DW� URRP� WHPSHUD�
WXUH�� D� GLDJUDP� KDV� EHHQ� FRQVWUXFWHG� UH�
IOHFWLQJ� WKH� ILOP� VWUXFWXUDO� FRQGLWLRQ� GH�
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SHQGLQJ� RQ� WKH� UDWLRQ� RI� JDV� �R[\JHQ�� DQG
PHWDO�DWRPLF�IORZV�KLWWLQJ�WKH�VXUIDFH�RI�D
JURZLQJ� ILOP� DV� ZHOO� DV� RQ� WKH� PHWDO� DG�
VRUSWLRQ� DQG� FKHPLFDO� DFWLYLW\� >�@�� ,W� LV
VKRZQ� WKDW� DV� WKH� UHODWLYH� IUDFWLRQ� RI� WKH
PHWDO� FRPSRQHQW� LQ� WKH� IORZ� LV� GHFUHDVHG�
WKH� IROORZLQJ� VWUXFWXUHV� DUH� FRQVHFXWLYHO\
UHDOL]HG� LQ� ODVHU� FRQGHQVDWHV� RI�&U�� FU\VWDO
PHWDO�� ILOPV�ZLWK� DPRUSKRXV� FRPSRQHQW� DW
PHWDO� JUDLQ� ERXQGDULHV�� DPRUSKRXV� FRQ�
JORPHUDWH� VWUXFWXUHV�� DQG� R[\JHQDWHG
SKDVHV� ZLWK� D� FRPSRVLWLRQ� FORVH� WR� WKH
VWRLFKLRPHWULF�R[LGH�

7KH� VWUXFWXUDO� DQG� PRUSKRORJLFDO� FU\V�
WDOOL]DWLRQ�IHDWXUHV�RI�DPRUSKRXV�ILOPV�SUH�
SDUHG�E\� ODVHU� VSXWWHULQJ� RI� FKURPLXP� IRO�
ORZHG� E\� FRQGHQVDWLRQ� RI� WKH� HURVLRQ� SURG�
XFWV� RQ� VXEVWUDWHV� DW� URRP� WHPSHUDWXUH
KDYH� EHHQ� LQYHVWLJDWHG� LQ� >����@�� ,W�ZDV� HV�
WDEOLVKHG�WKDW�DQQHDOLQJ�RI�DPRUSKRXV�R[\�
JHQ�FRQWDLQLQJ� FKURPLXP� ODVHU� FRQGHQVDWHV
RI�D�FRPSRVLWLRQ�FORVH�WR�WKH�VWRLFKLRPHWULF
RQH� FRPSRVLWLRQ� �&U�2��� FDXVHV� D� SRO\PRU�SKLF� FU\VWDOOL]DWLRQ� �ZLWKRXW� FKDQJLQJ� RI
WKH�FKHPLFDO�FRPSRVLWLRQ���7KH�UHODWLYH�GHQ�
VLW\�DYHUDJH�LQFUHDVLQJ�DW�FU\VWDOOL]DWLRQ�RI
DPRUSKRXV� &U�2�� ILOPV� LV� DERXW� ���� ��
'XULQJ� WKH�&U�2�� FU\VWDO� QXFOHXV� JURZWK�D� FRPSOH[� WUDQV�URWDWLRQDO� GLVWRUWLRQ� RI
WKH� FU\VWDO� ODWWLFH� WDNHV� SODFH�� ZKLFK� LV
LQKHUHQW� LQ�WKH�VSKHUXOLWH�IRUPDWLRQ�SURF�
HVV� DW� DQ� DPRUSKRXV� ILOP� FU\VWDOOL]DWLRQ
>����@�� $W� WKH� WUDQV�URWDWLRQDO� GLVWRUWLRQ�
WKH� FU\VWDO� ODWWLFH� LV� IRUPHG� ZLWK� D� FRQ�
WLQXRXV� PRQRWRQRXV� EHQGLQJ� �XS� WR� ���
GHJUHH� SHU� PLFURPHWHU�� DERXW� DQ� D[LV
O\LQJ� LQ� WKH� ILOP�SODQH��7KH� FU\VWDO� LWVHOI
UHPDLQV� IODW� >�@�� 7KH� LQWHJUDWHG� DQG� ORFDO
EHQGV� RI� FU\VWDO� ODWWLFHV� IRU� &U�2�VSKHUXOLWHV� RI� YDULRXV� FRQILJXUDWLRQV� KDYH
EHHQ�GHWHUPLQHG�LQ�>����@�

7KH� DLP�RI� WKLV�ZRUN� LV� �L�� WR� VWXG\� WKH
LQIOXHQFH� RI� WKH� VXEVWUDWH� WHPSHUDWXUH� �6DQG�WKH�R[\JHQ�SUHVVXUH�3�2���LQ�WKH�HYDSR�UDWLRQ� FKDPEHU� RQ� WKH� VWUXFWXUH� DQG� SKDVH
FRPSRVLWLRQ� RI� FKURPLXP� ODVHU� FRQGHQVDWHV
E\�HOHFWURQ�PLFURVFRS\���LL��WR�VWXG\�WKH�LQ�
IOXHQFH� RI� WKH� ILOP� WKLFNQHVV� W� DQG� WKH
DPRUSKRXV�PDWUL[�FRPSRVLWLRQ�RQ�WKH�VWUXF�
WXUH� DQG� PRUSKRORJ\� RI� FU\VWDOV� JURZLQJ
GXULQJ� DQQHDOLQJ� RI� DPRUSKRXV� ILOPV� ZLWK
HOHFWURQ�EHDP�

7KH� WDUJHWV� RI� KLJK� SXULW\� FKURPLXP
ZKHUH� VSXWWHUHG� XVLQJ� WKH� HPLVVLRQ� SXOVHV
RI� DQ�$,*�1G��� ODVHU� ������PP�ZDYHOHQJWK�
RSHUDWLQJ� LQ� WKH�4�VZLWFK�PRGH�� 7KH� SXOVH
UHSHWLWLRQ� IUHTXHQF\� Q� ���� +]�� 7KH� SURG�
XFWV� RI� ODVHU� HURVLRQ� ZKHUH� FRQGHQVHG� RQ
RULHQWLQJ�VXEVWUDWHV�FOHDYHG�RXW�RI�.&O�VLQ�

JOH�FU\VWDOV�DORQJ�WKH�FOHDYDJH�SODQHV������
DQG� RQ� QHXWUDO� VXEVWUDWHV� RI� .&O� VLQJOH
FU\VWDOV� FRYHUHG� ZLWK� WKLQ� FDUERQ� ILOP
�WUDQVSDUHQW� IRU�DQ�HOHFWURQ�EHDP���7KH�VXE�
VWUDWH�WHPSHUDWXUH��6�ZDV�YDULHG�IURP����WR����&��7KH�HYDSRUDWLRQ�FKDPEHU�ZDV�LQLWLDOO\
HYDFXDWHG� GRZQ� WR� D� SUHVVXUH� 3|��Ü��7RUU�
7KHQ� R[\JHQ� ZDV� LQWURGXFHG� XS� WR� UHTXLUHG
SUHVVXUH�XVLQJ�D�61$���EOHHGLQJ�V\VWHP��7KH
&U�WDUJHW�ZDV�VSXWWHUHG�LQ�R[\JHQ�DWPRVSKHUH
DW� D�SUHVVXUH�3�2���a���Ü�� WR���Ü��7RUU� LQ� DIORZ�WKURXJK� PRGH�� 7KH� ILOPV� ZHUH� VHSD�
UDWHG�IURP�WKH�VXEVWUDWHV�LQ�GLVWLOOHG�ZDWHU
DQG� WKHQ� WUDQVIHUUHG� RQWR� REMHFW� JULGV� IRU
HOHFWURQ�PLFURVFRS\��7KH�SKDVH�WUDQVIRUPD�
WLRQ� IURP� DPRUSKRXV� WR� D� FU\VWDOOLQH� VWDWH
ZDV� LQLWLDWHG�XVLQJ� ORFDO�KHDWLQJ�ZLWK� HOHF�
WURQ� EHDP� LQ� WKH� PLFURVFRSH� FROXPQ� �WKH
�LQ� VLWX�� WHFKQLTXH��� 7KH� VWUXFWXUHV� ZHUH
DQDO\]HG� E\� HOHFWURQ� GLIIUDFWLRQ� DQG� WUDQV�
PLVVLRQ� HOHFWURQ� PLFURVFRS\� �(0����/�
7(0����z��XVLQJ�WKH�EHQW�H[WLQFWLRQ�FRQWRXU
WHFKQLTXH� >�Ü�@�� 8VLQJ� WKH� HOHFWURQ�PLFUR�
VFRSLF� LPDJHV�� WKH� VSHFLILF� ORFDO� URWDWLRQ
DQJOH� RI� WKH� FU\VWDO� ODWWLFH� TORF� �GHVFULELQJURWDWLRQ� RI� FU\VWDO� SODQHV� SHU�XQLW� OHQJWK� RI
WKH�FU\VWDO�LQ���PP��DFFRUGLQJ�WR�WKH�UHODWLRQ�
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ZKHUH�:� LV� WKH� GLVWDQFH� EHWZHHQ� D� SDLU� RI
EHQW� H[WLQFWLRQ� FRQWRXUV� FRUUHVSRQGLQJ� WR
GLIIUDFWLRQ�YHFWRUV�JKNO�DQG�JKNOBBB��GKNO��LQWHU�
SODQH�VSDFLQJ��O��WKH�HOHFWURQ�ZDYHOHQJWK�

7KH� ILOP� WKLFNQHVV� W� ZDV� GHWHUPLQHG
XVLQJ�D�WHFKQLTXH�>�@�IURP�WKH�UHODWLRQ
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ZKHUH�H�LV�WKH�GLVWDQFH�EHWZHHQ�LQWHUIHUHQFH
LPDJHV�RI�D�EHQW�H[WLQFWLRQ�FRQWRXU�LQ�GDUN
ILHOG� �)LJ������ )RU� D� FDVH� JLYHQ� LQ� )LJ���
�G���� �������c��O� �������c� DQG�:�H� �������
LW�IROORZV�IURP�����WKDW�W�|�����c�

7KH� WKLFNQHVV� W� LQIOXHQFH� RQ� WKH� ILOP
FU\VWDOOL]DWLRQ�FKDUDFWHU�ZDV�VWXGLHG�RQ�ILOPV
RI� YDULDEOH� WKLFNQHVV� GHSRVLWHG� XVLQJ� WKH
�ZHGJH�� WHFKQLTXH�� $� WKLQ�PHWDO� SODWH� ZLWK
VPRRWK� SHDNHG� HGJH� PDVNHG� WKH� VXEVWUDWH
VXUIDFH��WKXV�DOORZLQJ�WR�REWDLQ�D�VLJQLILFDQW
ILOP�WKLFNQHVV�JUDGLHQW��JUDG�W�a���Ü��c�PP��
,Q� WKLV� FDVH�� WKH� ILOP�WKLFNQHVV�ZDV�FKDQJHG
PRQRWRQRXVO\� IURP� ]HUR� XS� WR� WKH� PD[LPDO
YDOXH� WPD[|���QP�ZLWKLQ��� RU��� FHOOV�RI� WKHHOHFWURQ�PLFURVFRSH�REMHFW�JULG�

$�*�%DJPXW�HW�DO����3KDVH�IRUPDWLRQ�DQG����
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,QIOXHQFH� RI� JDV� HQYLURQPHQW� DQG� FRQ�
GHQVDWLRQ� WHPSHUDWXUH� RQ� VWUXFWXUH� DQG
SKDVH� FRPSRVLWLRQ� RI� FKURPLXP� ODVHU� FRQ�
GHQVDWHV�� 7KH� VXEVWUDWH� WHPSHUDWXUH��6� HI�IHFW� RQ� WKH� ILOP� VWUXFWXUH� IRUPDWLRQ� ZDV
VWXGLHG� DW� D� IL[HG� R[\JHQ� SUHVVXUH�3�2��� ��Ü�� 7RUU� DW� WHPSHUDWXUH��6� YDU\LQJ� IURP���WR�����v��7KH�UHVXOWV�REWDLQHG�DUH�LOOXV�
WUDWHG�E\�WKH�GDWD�RI�7DEOH����,Q�D�WHPSHUD�
WXUH� LQWHUYDO� �6� ���Ü����&�� VLQJOH�SKDVHDPRUSKRXV� ILOPV� ZLWK� VWUXFWXUH� FORVH� WR
&U�2�� R[LGH� DUH� IRUPHG�� $W� �6� ����Ü����&�� WZR�SKDVH� FRQGHQVDWHV� DUH� IRUPHG
FRPSULVLQJ� ILQHO\� GLVSHUVHG�&U� FU\VWDOV� DQG
DPRUSKRXV� &U�2�� �)LJ���D��� $Q� HQODUJHG

GDUN�ILHOG� LPDJH� RI� &U� SUHFLSLWDWH� LV� SUH�
VHQWHG� LQ� WKH� OHIW� WRS� FRUQHU� RI� WKH�PLFUR�
SKRWRJUDSK�LQ�)LJ���E��7KH�HIIHFW�RI�HSLWD[\
RI� FKURPLXP� PLFURSDUWLFOHV� RQ� .&O� LV
FOHDUO\�VHHQ�LQ�RULHQWDWLRQ�UHODWLRQ�

���������!&U__���������!.&O�� ���
7KH� HSLWD[\� HIIHFW� LV� LQWHQVLILHG� DV� 76LQFUHDVHV��7KH�FRQWHQW�RI�FKURPLXP�FU\VWDOV

LQ� D� ILOP� LQFUHDVHV�� WRR�� $W� �6� ����Ü����&�� WZR�SKDVH� FU\VWDOOLQH� FRQGHQVDWHV
DUH� IRUPHG� FRQWDLQLQJ� ILQHO\� GLVSHUVHG� &U
DQG� &U�2�� FU\VWDOV� �)LJV���F� DQG� �G��� 7KHRULHQWDWLRQ�UHODWLRQ�RI�&U�2��DQG�&U�ODWWLFHVWDNHV�SODFH�

����BB!&U�2�__����!&U����� ���
ZKHUH�WKH�������&U�2��SODQHV�DUH�SUDFWLFDOO\SDUDOOHO�WR�������&U�RQHV�

,W� LV� QDWXUDO� WKDW� RQ� WKH� KHDWHG�XS� .&O
VXEVWUDWHV�WKH�HIIHFW�LV�UHYHDOHG�DW�WKH�VDPH
UHODWLRQ� ���� DW� FKURPLXP� ODVHU� HYDSRUDWLRQ
LQ�YDFXXP� �3� ���Ü��7RUU��� ,Q�WKH�SUHVHQFH
RI� DPRUSKRXV� FDUERQ� WKLQ�ILOP� XQGHUOD\HU�
QR�HSLWD[\�HIIHFW� LV�REVHUYHG��7KH�FRPSDUL�
VRQ� RI� GDWD� SUHVHQWHG� LQ� 7DEOH��� LQGLFDWHV
WKDW�DW�IL[HG�3�2����WKH�R[\JHQ�FDSWXUH�HIIL�FLHQF\� E\� WKH� JURZLQJ� ILOP� GHFUHDVHV� ZLWK
WKH�LQFUHDVLQJ�VXEVWUDWH�WHPSHUDWXUH��6�&U\VWDOOL]DWLRQ� RI� ILOPV� ZLWK� DPRUSKRXV
FRPSRQHQW�� LQWHUQDO� EHQGLQJ� RI� WKH
VSKHUXOLWH�FU\VWDO�ODWWLFH��7KH�FU\VWDOOL]DWLRQ
PRUSKRORJLFDO� IHDWXUHV� RI� ILOPV� LQFOXGLQJ
DPRUSKRXV� &U�2�� FRPSRQHQW� ZDV� LQYHVWL�JDWHG� E\� �LQ� VLWX�� HOHFWURQ�PLFURVFRS\�� 7R
HYDOXDWH� TXDQWLWDWLYHO\� WKH� LQWHUQDO� GLVWRU�

)LJ�����$�VFKHPH�LOOXVWUDWLQJ�WKH�GHWHUPLQDWLRQ�RI�WKH�ILOP�WKLFNQHVV�W�DQG�WKH�ORFDO�URWDWLRQ�DQJOH
RI� FU\VWDO� ODWWLFH� SODQHV� TORF�� �D�� OLJKW� ILHOG� HOHFWURQ�PLFURVFRSLF� LPDJH� RI� D�&U�2�� VSKHUXOLWH� �WKH]RQH�D[LV�RULHQWHG�DORQJ�>���@����E��WKH�VDPH�DUHD�LQ�WKH�UHIOHFWLRQ�OLJKW�RI�����&U�2��

7DEOH���� 6WUXFWXUH� DQG� SKDVH� FRPSRVLWLRQ
RI�&U�ODVHU�FRQGHQVDWHV

76���& 3�2����7RUU &RQGHQVDWH�VWUXFWXUH�DQG
SKDVH�FRPSRVLWLRQ

�� ��Ü� $PRUSKRXV�&U�DQG�&U±2
��Ü� $PRUSKRXV�&U�2�
��Ü� $PRUSKRXV�&U�2�

��� ��Ü� $PRUSKRXV�&U�2�
��� ��Ü� $PRUSKRXV�&U�2�
��� ��Ü� $PRUSKRXV�&U�2��DQG�&UFU\VWDOV
��� ��Ü� &U�FU\VWDOV

��Ü� $PRUSKRXV�&U�2��DQG�&UFU\VWDOV
��� ��Ü� &U�2��DQG�&U�FU\VWDOV
��� ��Ü� &U�2��DQG�&U�FU\VWDOV
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WLRQ�RI�&U�2��VSKHUXOLWH�FU\VWDO� ODWWLFH��PL�FURSKRWRJUDSKV� RI� FU\VWDOV� ZLWK� GLVWLQFW
>���@�]RQH�D[LDO�SDWWHUQV�RI�EHQW�H[WLQFWLRQ
FRQWRXUV� �DV� LQ� )LJ���È�� KDYH� EHHQ� XVHG�
2QO\�WKH�SDLUV�RI�EHQG�FRQWRXUV�FRUUHVSRQG�
LQJ�WR�GLIIUDFWLRQ�YHFWRUV�JKNO�DQG�JKNOBBB�ZHUH
WDNHQ�LQWR�DFFRXQW�IRU�ZKLFK�WULSOHWV�RI�KNO
LQGLFHV�ZHUH�����������DQG��

BB
���

$W�IL[HG�SUHVVXUH�3�2��� ���Ü��7RUU��WKHDPRUSKRXV� FRPSRQHQW� ZDV� SUHVHQW� LQ� WKH
ILOPV� DW� FRQGHQVDWLRQ� WHPSHUDWXUHV��6� ��������� ����� ����� DQG� ����&� �7DEOH����� 7KH
VDPSOH�VL]H�IRU�HDFK��6�FRUUHVSRQGHG�WR���Ü����SDLUV�RI�EHQW�H[WLQFWLRQ�FRQWRXUV��6LQFH
LQ� ���� WKH� GLVWDQFH�:� EHWZHHQ� SDLU� RI� EHQW
H[WLQFWLRQ� FRQWRXUV� FRUUHVSRQGLQJ� WR� GLI�
IUDFWLRQ� YHFWRUV� JKNO� DQG� JKNOBBB� GHSHQGV� RQ
WKH�GLVWDQFH�\�XS� WR� WKH�]RQH�D[LDO�SDWWHUQ
FHQWHU�� DOO� PHDVXUHPHQWV� ZHUH� FDUULHG� RXW
DW� WKH� IL[HG� \� YDOXHV� RI� ������� ������
�������������DQG�������PP���

7KH� VWDWLVWLFDO� HYDOXDWLRQ� UHVXOWV� RI
PHDVXUHPHQWV�SHUIRUPHG�XVLQJ�WKH�UHODWLRQ

���� DUH� SUHVHQWHG� LQ� )LJ����� 7KHUH� DUH� WKH
IROORZLQJ�UHJXODULWLHV���L���$V�WKH�FRQGHQVD�
WLRQ� WHPSHUDWXUH��6� LQFUHDVHV�� WKH� VSHFLILFORFDO�FU\VWDO�ODWWLFH�URWDWLRQ�DQJOH�TORF�WHQGVWR� LQFUHDVH� �)LJ���È��� 7KH� DPRUSKRXV� ORZ�
WHPSHUDWXUH� ODVHU� FRQGHQVDWHV� DUH� HQULFKHG
LQ�&U�DQG�GR�QRW�FRUUHVSRQG�WR�VWRLFKLRPHW�
ULF� FRPSRVLWLRQ� RI� &U�2��� $V� WKH� 76� LQ�FUHDVHV��FKURPLXP�SUHFLSLWDWHV�DV�D�VHSDUDWH
FU\VWDO�SKDVH��DQG�WKH�FRPSRVLWLRQ�RI�DPRU�
SKRXV� ILOP� FRPSRQHQW� DSSURDFKHV� WKH
VWRLFKLRPHWULF�FRPSRVLWLRQ�&U�2���+HQFH�� LWLV�WR�FRQFOXGH�WKDW�DV�WKH�H[FHVV�FRQFHQWUD�
WLRQ� RI� RYHU�VWRLFKLRPHWULF� FKURPLXP� LQ
DPRUSKRXV�ILOP�LQFUHDVHV��WKH�TORF�YDOXH�GH�FUHDVHV�� �LL��� 7KH� TORF� GHFUHDVHV� DOVR� ZLWKLQFUHDVLQJ�GLVWDQFH�\�WR�WKH�]RQH�D[LDO�SDW�
WHUQ�FHQWHU��)LJ���E��

+HWHURJHQHRXV� QXFOHDWLRQ� DQG� FRQMXQF�
WLRQ� RI�&U�2�� FU\VWDOV� GLIIHULQJ� LQ� RULHQWD�WLRQ�DQG�PRUSKRORJ\��,W�KDV�EHHQ�HVWDEOLVKHG
EHIRUH� >�@� WKDW� WKH� FU\VWDOV� RI� WKUHH� PDLQ
PRUSKRORJLFDO� W\SHV� DUH� IRUPHG� DW� WKH� LQ�

)LJ����� 6WUXFWXUH� RI� &U� FRQGHQVDWHV� ODVHU�VSXWWHUHG� LQ� R[\JHQ� DW� 3�2��� ���Ü�� 7RUU�� �D�� HOHFWURQGLIIUDFWLRQ�SDWWHUQ�RI�D�ILOP�FRQWDLQLQJ�RULHQWHG�FU\VWDOOLQH�&U� LQFOXVLRQV�LQ�DQ�DPRUSKRXV�PDWUL[
�LQLWLDO�VWDWH��76� �����&����E��WKH�VDPH�ILOP�DIWHU�D�SDUWLDO�FU\VWDOOL]DWLRQ�XQGHU�HOHFWURQ�EHDP��LQWKH�XSSHU�WRS�FRUQHU�� WKH�HQODUJHG�GDUN�ILHOG� LPDJH�RI�WKH�ILOP�LQ�WKH�OLJKW�RI�&U���
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�F��HOHFWURQ�GLIIUDFWLRQ�SDWWHUQ�RI�D�FU\VWDOOLQH�ILOP��76� �����&����G��PLFURSKRWRJUDSK�RI�WKH�VDPHILOP��LQ�WKH�XSSHU�WRS�FRUQHU��WKH�PLFURGLIIUDFWLRQ�SDWWHUQ��
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LWLDO� WUDQVIRUPDWLRQ� VWDJH�� 7KH� URXQGHG
VKDSH� FU\VWDOV� DUH� RULHQWHG� ZLWK� WKH� EDVLF
SODQH�������SDUDOOHO�WR�WKH�ILOP�VXUIDFH��7KH
VWULS�OLNH� FU\VWDOV� DQG� FUHVFHQW�VKDSHG� RQHV
PD\�EH�RULHQWHG�ZLWK�YDULRXV�SODQHV�SDUDOOHO
WR�WKH�ILOP�VXUIDFH�

,Q�WKLV�ZRUN��LW�KDV�EHHQ�IRXQG�WKDW�DV�D
UXOH�� WKH� KRPRJHQHRXV� QXFOHDWLRQ� RI� VWULS�
OLNH� FU\VWDOV� WDNHV� SODFH� LQ� DPRUSKRXV�PD�
WUL[� �WKH� WHUPLQRORJ\� XVHG� LQ� >�@� LV� NHSW��
7KH� FUHVFHQW�VKDSHG� FU\VWDOV� DUH� IRUPHG
GXULQJ�WKH�WUDQV�URWDWLRQDO�GLVWRUWLRQ�RI�WKH
VWULS�OLNH� RQHV�� 7KH� URXQGHG� VKDSH� FU\VWDOV
FDQ� QXFOHDWH� LQ� WKH� IUHH� VWDWH� �)LJ���D��� DV
ZHOO�DV�LQ�D�ERXQG�VWDWH��KHWHURJHQHRXVO\�DW
WKH� ODWHUDO� VXUIDFH� RI� VWULS�OLNH� FU\VWDOV�

)LJ���E� LOOXVWUDWHG� WKH� ODWWHU� FDVH�� 8QGHU
KHDWLQJ� RI� WKH� ILOP� ZLWK� HOHFWURQLF� EHDP�
WKH� VWULS�OLNH� FU\VWDO� �� KRPRJHQHRXVO\� QX�
FOHDWHV�DQG�JURZV�LQ�DPRUSKRXV�PDWUL[��$Q
LQWHUSUHWDWLRQ� RI� D� VHOHFWHG� GLIIUDFWLRQ� SDW�
WHUQ� �]RQH� D[LV� LV� >���@�� KDV� VKRZQ� WKDW� WKH
������&U�2��SODQHV�DUH�RULHQWHG�SDUDOOHO�WR�WKHILOP� VXUIDFH� DQG� WKH� VWULS�OLNH� FU\VWDO� ORQJ
D[LV� LV� GLUHFWHG� DORQJ� >���@� �7DEOH���� OLQH� ���
7KH� QXFOHDWLRQ� DQG� JURZWK� RI� D� URXQGHG
VKDSH�FU\VWDO���RFFXUV�KHWHURJHQHRXVO\�DW�WKH
ODWHUDO�VXUIDFH�RI�WKH�FU\VWDO���SHUSHQGLFXODU
WR� WKH� ILOP� VXUIDFHV� DQG� SDUDOOHO� WR� ����
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&U�2���7KH�UHODWLRQ�������>����@�����������>�����@�LV�FDUULHG�RXW��7KH�ODWWLFHV�RI�FU\VWDOV���DQG��
DUH�URWDWHG�ZLWK�UHVSHFW�WR�RQH�DQRWKHU�DW�WKH
DQJOH�E� ������� DERXW� WKH� FRPPRQ� D[LV� >���@

)LJ������D��7ZR�PDLQ�PRUSKRORJLHV�RI�FU\VWDOV
JURZLQJ� DW� FU\VWDOOL]DWLRQ� RI� DPRUSKRXV
&U�2�� ILOPV�� VWULS�OLNH� ���� DQG� URXQGHG� �����E�� RULHQWHG� JURZWK� RI� D� URXQGHG� FU\VWDO� ���
DW�WKH�ODWHUDO�VXUIDFH�RI�WKH�VWULS�OLNH�RQH�����

)LJ����� &U\VWDO� ODWWLFH� GLVWRUWLRQ� RI� &U�2�VSKHUXOLWHV�JURZLQJ�LQ�WKH�DPRUSKRXV�FRPSR�
QHQW�RI� ODVHU�VSXWWHUHG�&U� FRQGHQVDWHV�XQGHU
WKH�ILOP�KHDWLQJ�E\�DQ�HOHFWURQ�EHDP���D��TORF
GHSHQGHQFH�RQ�76�� �E��TORF�GHSHQGHQFH�RQ�WKH
GLVWDQFH�\�WR�WKH�]RQH�D[LDO�SDWWHUQ�FHQWHU�

7DEOH����0DLQ�FRQMXJDWLRQ�W\SHV�RI�WZR�&U�2��FU\VWDOV�KDYLQJ�WZR�PDLQ�PRUSKRORJLHV
1R� &U\VWDO�PRUSKRORJ\ 2ULHQWDWLRQ�UHODWLRQ 5RWDWLRQ

D[LV
5RWDWLRQ
DQJOH
E�

GHJUHH

&RQMXJDWHG
SODQHV

�SHUSHQGLFXODU�
WR�WKH�ILOP

SODQH�

6WULS�OLNH 5RXQGHG
>XYZ@n �KNO�__ >XYZ@l >XYZ@n �KNO�__

� >���@ ����� >���@ >���@ ����� �����,�>���@,�__��������>���@� >���@��� ���� ����BB��_������
� >�BB��@ ��BB��� >���@ >���@ ����� ��BB�����>���@��__��������>���@� >���@��� �� ������_���BB����
� >�BB��@ ��BB��� >���BB���@ >���@ ����� ��BB�����>���BB���@��__��������>�BB��@� >���BB���@� ���� ������_�������
� >���@ ����� >���@ >���@ ����� �������>���@��__��������>���@� >���@��� ����� ��BB����_���BB����
5HPDUN��>XYZ@n�WKH�]RQH�D[LV�LQGLFHV���KNO�__��LQGLFHV�RI�WKH�FU\VWDO�SODQH�SDUDOOHO�WR�WKH�ILOP�VXUIDFH�>XYZ@l��LQGLFHV�RI�GLUHFWLRQ�SDUDOOHO�WR�WKH�ORQJ�D[LV�RI�WKH�QHHGOH�OLNH�FU\VWDO�
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�E� LV� WKH� DQJOH� EHWZHHQ�D[HV� RI� >���@� DQG� >���@
]RQHV��

7KH� VWXG\� UHVXOWV� IRU� WKH� PRVW� FKDUDF�
WHULVWLF� FRQMXQFWLRQ� W\SHV� RI�&U�2�� FU\VWDOVRI�YDULRXV�PRUSKRORJLHV�DUH�VKRZQ�LQ�7DEOH���
'DWD� RI� WKDW� 7DEOH� DV� ZHOO� DV� WKH� GLUHFW
HOHFWURQ�PLFURVFRSLF� REVHUYDWLRQV� HYLGHQFH
WKDW� DW� ILQDO� VWDJHV�� WKH� FU\VWDO� SKDVH� LV
IRUPHG� PDLQO\� E\� URXQGHG� VKDSH� FU\VWDOV�
,Q� WKLV� FDVH�� WKH� FU\VWDO�YDFXXP� LQWHUIDFH
KDV� WKH� PLQLPDO� HQHUJ\�� VLQFH� LW� LV� SUH�
VHQWHG� ZLWK� ��� �� ���&U�2�� SODQHV� ZLWK� WKHOHDVW�0LOOHU�LQGLFHV�

&U\VWDOOL]DWLRQ� DW� YDULDEOH� DPRUSKRXV
OD\HU�WKLFNQHVV��)LJ����SUHVHQWV�DQ�DUHD�RI�D
ILOP�ZLWK� YDULDEOH� WKLFNQHVV� W� GHSRVLWHG� E\
ODVHU�VSXWWHULQJ�RI�FKURPLXP�LQ�R[\JHQ�DW�
PRVSKHUH� �3�2��� ���±�� 7RUU�� L 6� ����&�� LQFRQGLWLRQV� RI� SDUWLDO� VXEVWUDWH� VXUIDFH
VFUHHQLQJ�DJDLQVW�WKH�YDSRU�SODVPD�IORZ��$W
WKH� ILOP�KHDWLQJ� E\� DQ� HOHFWURQ� EHDP� �DW� D
IL[HG� EHDP� FXUUHQW� GHQVLW\�� PRYLQJ� LQ� WKH
GLUHFWLRQ� RI� WKH� ILOP� WKLFNQHVV� UHGXFWLRQ�
WKH� FU\VWDOOL]DWLRQ� IURQW� ZDV� PRYHG� LQ� WKH

VDPH�GLUHFWLRQ�DW�D�FRQVWDQW�VSHHG�9�a���PP�V�
7KH�IROORZLQJ�HIIHFWV�ZHUH�REVHUYHG�

�L��7KH�ILOP�FU\VWDOOL]DWLRQ�VWRSV�ZKHQ�LWV
WKLFNQHVV� EHFRPHV� OHVV� WKDQ� FULWLFDO� YDOXH
W|���Ü��QP��,Q�)LJ�����WKH�OLQH�*�Ü*��FRU�UHVSRQGLQJ� WR� WKH� ILUVW� VWRS� RI� WKH� ILOP
FU\VWDOOL]DWLRQ�IURQW�LV�FOHDUO\�YLVLEOH��,W�GL�
YLGHV� WKH� FU\VWDOOLQH� �&5��� DQG� DPRUSKRXV�$0��ILOP�DUHDV��7KH�DUHD�&5��LV�ILOOHG�ZLWKD� FU\VWDOOLQH�&U�2�� SKDVH�ZKLFK� LV�RULHQWHGVR� WKDW� ]RQH� D[LV� >�BB��@� LV� SHUSHQGLFXODU� WR
WKH�ILOP�SODQH��7KXV��WKH�SODQH���BB����&U�2�LV� RULHQWHG� LQ� SDUDOOHO� WR� WKH� ILOP� SODQH��$
VLPLODU� HIIHFW� LV�REVHUYHG�DOVR�DW�RWKHU�RUL�
HQWDWLRQV�RI�&U�2��FU\VWDOV�LQ�WKH�&5��DUHD�LQ�SDUWLFXODU��ZKHQ�WKH�������&U�2��SODQH�LVSDUDOOHO�WR�WKH�ILOP�SODQH�

�LL�� 7KH� LQFUHDVLQJ� KHDWLQJ� LQWHQVLW\� LQ�
LWLDWHV� DQ� LQVLJQLILFDQW� PRYHPHQW� RI� WKH
FU\VWDOOL]DWLRQ� IURQW� LQ� WKH� GLUHFWLRQ� RI� W
UHGXFWLRQ�XS� WR� WKH�*�Ü*�� OLQH�FRUUHVSRQG�LQJ�WR�WKH�VHFRQG�VWRS�RI�WKH�FU\VWDOOL]DWLRQ
IURQW� �)LJ���E��� 7KH� DUHD� &5�� EHWZHHQ*�Ü*�� DQG� *�Ü*�� OLQHV� LV� ILOOHG� ZLWK� WKH

)LJ�����&RQVHFXWLYH�FU\VWDOOL]DWLRQ�VWHSV�RI�D�YDULDEOH�WKLFNQHVV�DPRUSKRXV�OD\HU��7KH�FU\VWDOOL]DWLRQ
IURQW� �&)�� PRYHPHQW� GLUHFWLRQ� �WRZDUGV� WKH� UHGXFLQJ� WKLFNQHVV�� LV� VKRZQ� E\� DQ� DUURZ�� �D�� OLQH
*�Ü*��FRUUHVSRQGLQJ�WR�WKH�&)�VWRS�DW�W���W������WR���QP����E��WKH�IXUWKHU�&)�PRYLQJ��WR�WKH�*�Ü*�SRVLWLRQ��DW�D�VLJQLILFDQWO\�LQFUHDVHG�KHDWLQJ�LQWHQVLW\��
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FU\VWDOOLQH�&U�2��SKDVH�KDYLQJ�WKH�VDPH�RUL�HQWDWLRQ� DV� WKH�&5��� ,W� LV� IROORZHG� E\� DUHD&5�� HQULFKHG� LQ� FKURPLXP�DQG� UHSUHVHQWHGE\� ILQHO\� GLVSHUVHG� FU\VWDOOLQH� SKDVHV� RI
&U�2�� DQG�&U��7KH� IXUWKHU� ILOP�KHDWLQJ� LQ�LWLDWHV�WKH�VLQWHULQJ�RI�FKURPLXP�PLFURFU\V�
WDOV� DQG� IRUPDWLRQ� RI� DJJORPHUDWHV� �$*��
ZKHUH� WKH� VL]HV� RI� &U� FU\VWDOV� LQ� WKH� ILOP
SODQH� PD\� UHDFK� a� ���� PP� �)LJ���E��� )RU
FODULQHVV� VDNH�� LQ� WKH� VHOHFWHG� DUHD� RI� GLI�
IUDFWLRQ� SDWWHUQ� IURP� WKH�$*� DUHD�� WKH� UH�
IOHFWLRQV�IURP�SODQHV�EHORQJLQJ�WR�WKH�>���@
&U�]RQH�DUH�MRLQHG�E\�D�QHWZRUN�RI�OLQHV�

,W� KDV� EHHQ� QRWHG� >�@� WKDW� WKH� H[LVWHQFH
DUHDV� RI� DPRUSKRXV� SKDVHV� DUH� OLPLWHG� LQ
WKH� ILOP� WKLFNQHVV� W� DQG� LQ� WHPSHUDWXUH� �
DQG�EHFRPH�H[WHQGHG�QRWLFHDEO\�LQ�WKHVH�SD�
UDPHWHUV�DW� LQWURGXFWLRQ�RI� LPSXULWLHV��7KH
GLPHQVLRQDO� HIIHFW� LV� PDQLIHVWHG� LWVHOI� DV
WKH� DPRUSKRXV� SKDVH� VWDELOL]DWLRQ� ZLWK� UH�
GXFWLRQ�RI�WKH�ILOP�WKLFNQHVV��%HIRUH��LW�ZDV
HVWDEOLVKHG� >�@� WDNLQJ� DPRUSKRXV� 6E� ILOPV
DV�DQ�H[DPSOH�WKDW�DV�WKH�WKLFNQHVV�UHGXFHV�
WKH� FKDUDFWHULVWLF� NLQHWLF� WLPH� RI� FU\VWDO�
OL]DWLRQ�LQFUHDVHV��$W�D�IL[HG�HQYLURQPHQWDO
WHPSHUDWXUH�� WKH� DPRUSKRXV� VWDWH� FDQ� EH
NHSW� LQILQLWHO\�� LI� WKH�ILOP�WKLFNQHVV� LV� OHVV
WKDQ� FULWLFDO� YDOXH� W� �LQ� WKH� FDVH� RI�6E� DW
URRP�WHPSHUDWXUH�� W|���QP���$FFRUGLQJ�WR
>�@��D�SUREDEOH�UHDVRQ�IRU�WKH�LQFUHDVH�RI�WKH
DPRUSKRXV�WR�FU\VWDO�WUDQVLWLRQ�WHPSHUDWXUH
ZLWK� UHGXFWLRQ� RI� W� �DW� SRVLWLYH� WUDQVLWLRQ
KHDW��PD\� FRQVLVW� LQ� LQFUHDVLQJ� VXUIDFH� HQ�
HUJ\� DW� ILOP� FU\VWDOOL]DWLRQ�� %HVLGHV�� WKH
FU\VWDOOL]DWLRQ� LV� FRQQHFWHG� ZLWK� WKH� RYHU�
FRPLQJ� RI� DQ� DFWLYDWLRQ� EDUULHU� VHSDUDWLQJ
WKH�DPRUSKRXV�DQG�FU\VWDO�VWDWHV��LWV�KHLJKW
UDLVLQJ�DV�W�UHGXFHV�

7KH�SUHVHQFH�RI�LPSXULW\�LQ�WKH�ILOP�VWD�
ELOL]HV� DOVR� WKH� DPRUSKRXV� VWDWH�� :LGH�
VSUHDG� LV� WKH� RSLQLRQ� WKDW� WKH� LPSXULW\
DWRPV�LQGXFH�IRUPDWLRQ�RI�YDULRXV�W\SHV�LQ�
WHUDWRPLF� ERQGV�� WKDW� UHVXOWV� LQ� GLVUXSWLRQ
RI�FRRUGLQDWLRQ� LGHQWLFDO�YHU�WKH�ZKROH�YRO�
XPH� >�@�� 7KH� RFFXUUHQFH� RI� D� GLVRUGHUHG
VWUXFWXUH� ZLWK� PL[HG� ERQGV� DSSHDUV� WR� EH
PRUH�IDYRUDEOH�WKHUPRG\QDPLFDOO\�WKDQ�WKH
IRUPDWLRQ� RI� FORVH� SDFNLQJ� ZLWK� HTXDO� DQG
LGHQWLFDO�ERQGV�

7KH� H[SHULPHQWDO� GDWD� IURP� WKLV� ZRUN�
ZKHUH� WKH� ILOP� VWUXFWXUH� FKDQJHV� ZLWK
FKDQJLQJ� WKLFNQHVV�� FDQ� EH� FRQVLGHUHG� DV� D
PDQLIHVWDWLRQ� RI� GLPHQVLRQDO�LPSXULW\� HI�
IHFW�RI�DPRUSKRXV�VWDWH�VWDELOL]DWLRQ��,I�WKH
ILOP� WKLFNQHVV� JUDGLHQW� ZDV� FUHDWHG� LQWHQ�
WLRQDOO\�� WKH�HQULFKPHQW�RI�D�WKLQ�OD\HU�DG�
MDFHQW�WR�VXEVWUDWH�LQ�FKURPLXP�ZDV�VSRQWD�
QHRXV��7KH�ODWWHU�PD\�EH�GXH�WR�WKH�IROORZ�
LQJ� IDFWRUV�� �D�� YDULDWLRQ� RI� R[\JHQ

DGVRUSWLRQ�DELOLW\�RI�WKH�VXUIDFH�GXULQJ�WKH
VXEVWUDWH� ILOOLQJ� E\� SURGXFWV� RI� WKH� WDUJHW
ODVHU� VSXWWHULQJ�� �E�� GLVSODFHPHQW� RI� LPSX�
ULW\� FKURPLXP� DWRPV� DW� WKH� FU\VWDOOL]DWLRQ
IURQW� IURP� WKH� FU\VWDO� PDWUL[� LQWR� DPRU�
SKRXV� RQH�� �F�� GHYLDWLRQ� RI� WKH� R[\JHQ� DQG
FKURPLXP�DWRPLF�IORZ�UDWLR�WRZDUGV�WKH�LQ�
FUHDVLQJ� DW� WKH� IORZ� VFDWWHULQJ� DW� WKH� HGJH
RI� WKH� PHWDO� SODWH� VFUHHQLQJ� WKH� YDSRU�
SODVPD�IORZ��7R�GHWHUPLQH�WKH�LQIOXHQFH�H[�
WHQW�RI�HDFK�RI�WKH�OLVWHG�IDFWRUV�UHTXLUHV�D
IXUWKHU�H[SHULPHQWDO�UHVHDUFK�

7R� FRQFOXGH�� DPRUSKRXV� ILOPV� HQULFKHG
LQ�FKURPLXP�DUH�FU\VWDOOL]HG�XQGHU�KHDWLQJ
ZLWK� UHOHDVH� RI� &U� DQG� &U�2�� FU\VWDOV�$PRUSKRXV�ILOPV�RI�WKH�VWRLFKLRPHWULF�FRP�
SRVLWLRQ� DUH� FU\VWDOOL]HG� IRUPLQJ� &U�2�FU\VWDOV�RQO\��$W�D�IL[HG�R[\JHQ�SUHVVXUH�LQ
WKH� HYDSRUDWLRQ� FKDPEHU�� WKH� R[\JHQ� FDS�
WXUH�HIILFLHQF\�RI�D�ILOP�JURZLQJ�IURP�ODVHU
HURVLRQ� SODVPD� RI� FKURPLXP� GHFUHDVHV� DV
WKH�VXEVWUDWH�WHPSHUDWXUH�ULVHV��,Q�WKH�VXE�
VWUDWH� WHPSHUDWXUH� UDQJH� IURP� ���� XS� WR
����&�� WZR�SKDVH� FU\VWDOOLQH�FRQGHQVDWHV�RI
&U� DQG�&U�2�� DUH� IRUPHG�ZLWK� WKH� RULHQWD�WLRQDO�FRQQHFWLRQ�RI�FU\VWDO�ODWWLFHV�PHHWLQJ
WKH�UHODWLRQ�����
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!�&U�2��__�����!�&U��$W�WKHFU\VWDOOL]DWLRQ� RI� WKH� DPRUSKRXV� ILOP� FRP�

SRQHQW� LQGXFHG� E\� DQ� HOHFWURQ� EHDP� KHDW�
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