
,QYHVWLJDWLRQ�RI�VFLQWLOODWLRQ�FKDUDFWHULVWLFVIRU�&V,�7O DQG�1D,�7O FU\VWDOV�XQGHU�GLIIHUHQWVXUIDFH�WUHDWPHQW�FRQGLWLRQV
/�$�$QGU\XVKFKHQNR��$�<X�%R\DULQWVHY��%�9�*ULQ\RY�,�9�.LOLPFKXN��$�0�.XGLQ��9�$�7DUDVRY��<X�7�9\GD\

67&��,QVWLWXWH�IRU�6LQJOH�&U\VWDOV���,QVWLWXWH�IRU�6FLQWLOODWLRQ�0DWHULDOV�
1DWLRQDO�$FDGHP\�RI�6FLHQFHV�RI�8NUDLQH��
���/HQLQ�$YH����������.KDUNLY��8NUDLQH

7KH�LQIOXHQFH�RI�PHFKDQLFDO�DQG�FKHPLFDO�PHWKRGV�RI�&V,�7O�DQG�1D,�7O�FU\VWDOV�VXUIDFH
WUHDWPHQW� RQ� WKHLU� VFLQWLOODWLRQ� FKDUDFWHULVWLFV� DW� UHJLVWUDWLRQ� RI� VKRUW�UDQJH� LRQL]LQJ
UDGLDWLRQ� KDV� EHHQ� LQYHVWLJDWHG�� ,W� LV� VKRZQ� WKDW� DSSOLFDWLRQ� RI� XOWUDWKLQ� VLOLFRQ�GLR[LGH
SRZGHU� REWDLQHG� E\� VRO�JHO� PHWKRG� DQG� RUJDQRVLOLFRQ� OLTXLGV� DW� WKH� SROLVKLQJ� VWDJH� SUR�
YLGHV�WKH�QHDU�VXUIDFH�OD\HU�RI�&V,�7O�DQG�1D,�7O�FU\VWDOV�ZLWK�PLQLPXP�OLJKW�\LHOG�QRQXQL�
IRUPLW\��$IWHU�JULQGLQJ�RI�WKH�FU\VWDO�VXUIDFH��WKH�VWDELOLW\�RI�VFLQWLOODWLRQ�FKDUDFWHULVWLFV
FDQ� EH� DFKLHYHG� E\� WKH� VXUIDFH� WUHDWPHQW� ZLWK� WHWUDHWKR[\� VLODQH� DQG� ROLJR��VLOR[DQH
K\GULGH��OLTXLG��$SSOLFDWLRQ�RI�WKLQ�ILOP�RUJDQRVLOLFRQ�FRDWLQJ�RQ�WKH�&V,�7O�FU\VWDO�VXUIDFH
WXUQHG�WR�WKH�UDGLDWLRQ�VRXUFH�KDV�LPSURYHG�WKH�SXOVH�KHLJKW�UHVROXWLRQ�E\��Ü����LQ�WKH
DEVROXWH�YDOXH�DW�UHJLVWUDWLRQ�RI�;�UD\�UDGLDWLRQ�ZLWK�p� �����NH9�
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7KH� VFLQWLOODWLRQ� FU\VWDOV� EHLQJ� XVHG� LQ
SURGXFWLRQ� RI� UDGLDWLRQ� GHWHFWRUV� DUH� VXE�
MHFWHG� WR� PHFKDQLFDO� DQG� FKHPLFDO� VXUIDFH
WUHDWPHQW��$�GHIHFWLYH�QHDU�VXUIDFH�OD\HU�DS�
SHDUV� GXULQJ� PHFKDQLFDO� WUHDWPHQW� RI� WKH
FU\VWDOV�� 7KLV� OD\HU� LV� FKDUDFWHUL]HG� E\� D
GHQVH�QHWZRUN�RI�PLFUR�FUDFNV��7KH�WKLFNQHVV
RI�WKH�VXUIDFH�OD\HU�HQULFKHG�LQ�GHIHFWV�LV���
WR� ��� PP��$Q� LQFUHDVHG� FRQWHQW� RI� LPSXULW\
LRQV�LV�DOVR�REVHUYHG�LQ�WKH�QHDU�VXUIDFH�OD\HU
RI�WHQV�DQG�HYHQ�KXQGUHGV�PLFURPHWHUV�WKLFN�
QHVV�>�@��7KH�SHQHWUDWLRQ�RI�LPSXULWLHV�LQ�VXU�
IDFH� OD\HU� RI�&V,� FU\VWDO� LV� H[SODLQHG� E\� LQ�
FUHDVHG� FRQFHQWUDWLRQ� RI� YDFDQFLHV� LQ� WKLV

OD\HU� DQG� LWV� GLIIXVLRQ� WRZDUGV� WKH� VXUIDFH
>�@��$W� UHOD[DWLRQ�SURFHVVHV� RFFXUULQJ� LQ� WKH
VXUIDFH� OD\HU�� WKH� SK\VLFRFKHPLFDO� VXUIDFH
VWDWH� RI� WUHDWHG� VLQJOH� FU\VWDO� FKDQJHV� LQ
WLPH�>����@�FDXVLQJ�LQVWDELOLW\�RI�VRPH�VFLQWLO�
ODWLRQ� SDUDPHWHUV�� 7KH� VSHFWURPHWULF� FKDUDF�
WHULVWLFV�RI�GHWHFWRUV�DUH�GHILQHG�E\�WKH�VFLQWLO�
ODWRU� LQGLYLGXDO� SURSHUWLHV� �VWUXFWXUH�� DFWLYD�
WRU� FRQWHQW�� K\JURVFRSLFLW\�� LPSXULWLHV�� HWF��
>��� �@�� 7KHUHIRUH�� WKH� FU\VWDO� VXUIDFHV� VKRXOG
EH�WUHDWHG�WDNLQJ�LQWR�DFFRXQW�WKHLU�SHFXOLDUL�
WLHV��6R��&V,�7O�DQG�1D,�7O�FU\VWDOV�GLIIHU�VXE�
VWDQWLDOO\� LQ� WKH� VWUXFWXUDO� FKDUDFWHULVWLFV
DQG� K\JURVFRSLFLW\�� WKXV� GHILQLQJ� GLVWLQFW

)XQFWLRQDO�0DWHULDOV�����1R��������� �������Û�,QVWLWXWH�IRU�6LQJOH�&U\VWDOV

��� )XQFWLRQDO�PDWHULDOV�������������



DSSURDFKHV� WR� WUHDWPHQW� WKHUHRI�� 7KH� VWDWH
RI� WKH� UDGLDWLRQ� HQWUDQFH� VXUIDFH� RI� WKHVH
VFLQWLOODWRUV� LQIOXHQFHV� KHDYLO\� WKH� UDGLROX�
PLQHVFHQFH� DW� UHJLVWUDWLRQ� RI� WKH� VKRUW�
UDQJH� UDGLDWLRQV� �DOSKD�� ;�UD\� DQG� VRIW
JDPPD��>����@��7KH�PDLQ�JRDO�LV�WKLV�ZRUN�LV
WR� LQYHVWLJDWH� WKH� HIIHFW� RI� YDULRXV� VXUIDFH
WUHDWPHQW� PHWKRGV� RI� &V,�7O�DQG�1D,�7O�FU\V�
WDOV� RQ� WKHLU� VSHFWURPHWULF� FKDUDFWHULVWLFV� DW
UHJLVWUDWLRQ�RI�VKRUW�UDQJH�UDGLDWLRQ�

7KH� ILUVW� LQYHVWLJDWLRQV� ZHUH� GRQH
XVLQJ� &V,�7O� FU\VWDO� VDPSOHV� RI
���u����PP� VL]H� �1RV�� ��� ���ZLWK�7O� FRQ�
FHQWUDWLRQ�&7O� �����Ü��PRO�����7KH�VDPSOHV
1RV����DQG���ZHUH�H[DPLQHG�DW�WZR�HQHUJLHV
RI� DOSKD�SDUWLFOHV� IURP� ���3X� LVRWRSH�
p�� ���0H9�DQG�p�� ���0H9��7KH�LQGLFDWHGHQHUJ\� YDOXHV� ZHUH� SURYLGHG� E\� VSHFLDO
FROOLPDWRUV��7KH�OLJKW�\LHOG��/��DQG�HQHUJ\
UHVROXWLRQ� �5�� � ZHUH� PHDVXUHG� IRU� WZR
VKDSLQJ� WLPHV� RQ� WKH� � DQDO\]HU�� W�� ���PVDQG� W�� ���PV�� $� +DPDPDWVX� 5����
SKRWRPXOWLSOLHU� �307�� ZDV� XVHG� DV� SKR�
WRUHFHLYHU�� $OO� VDPSOHV� ZHUH� SODFHG� RQ
307�ZLWKRXW�RSWLFDO�FRQWDFW�

7KH�VXUIDFHV�RI�&V,�7O�FU\VWDOV��1RV�������
WXUQHG� WR� WKH� UDGLRDFWLYH� VRXUFH� ZHUH� DW
ILUVW�JURXQG�XVLQJ�D�FRPSRVLWLRQ�FRQWDLQLQJ
HWK\OHQH� JO\FRO� DQG� HOHFWULF� FRUXQGXP�ZLWK
WKH�DEUDVLYH�JUDLQ�VL]H����PP��DQG�WKHQ�SRO�
LVKHG� ZLWK� HWK\OHQH� JO\FRO� DQG� DOXPLQXP
R[LGH� ZLWK� WKH� DEUDVLYH� JUDLQ� VL]H� ���� PP�
$IWHU� WKH� PHDVXUHPHQWV� ZHUH� PDGH�� WKHVH
VXUIDFHV� ZHUH� VXEMHFWHG� WR� WKH� VDPH� JULQG�
LQJ�� EXW� ZLWKRXW� WKH� IXUWKHU� SROLVKLQJ�
7KHQ� WKH� VLPLODU� PHDVXUHPHQWV� ZHUH� GRQH
DJDLQ��%HVLGHV�RI�WKH�OLJKW�\LHOG�DQG�HQHUJ\
UHVROXWLRQ�� GHWHUPLQHG� ZHUH� WKH� VSHFLILF
OLJKW� \LHOG� /�(� DQG� QRQSURSRUWLRQDOLW\� RI
UHVSRQVH� '� DV� '� ��/��(��Ü�/��(����/�(�DY�KHUH� �/�(�DY� LV� WKH� DYHUDJH� YDOXH� RI� WKHVSHFLILF�OLJKW�\LHOG��

7KH� FRQVLGHUDWLRQ� RI� PHDVXUHPHQW� DQG
FDOFXODWLRQ� UHVXOWV� GHPRQVWUDWHV� WKDW� WKH
GHHS� JULQGLQJ� UHVXOWV� LQ� LQFUHDVLQJ�/�(� E\
�����DW�UHJLVWUDWLRQ�RI�DOSKD�SDUWLFOHV�ZLWK
HQHUJ\�p�� DQG�E\������DW�p�� DV� FRPSDUHGWR� /�(� IRU� WKH� SROLVKHG� VXUIDFH�� 7KH� GLV�
UXSWHG� OD\HU� IRUPDWLRQ� GXH� WR� VXFK� WUHDW�
PHQW�UHVXOWV�LQ�LQFUHDVLQJ�RI�WKH�'�E\������
$W�WKH�VDPH�WLPH��WKH�HQHUJ\�UHVROXWLRQ�DEVR�
OXWH� YDOXH� LV� ZRUVHQHG� E\� �� WR� ����� $W� LQ�
FUHDVLQJ�VKDSLQJ�WLPH��WKH�'�DEVROXWH�YDOXH
LV�REVHUYHG�WR�LQFUHDVH�E\���WR�����IRU�WKH
JURXQG� VXUIDFH� RI� &V,�7O� FU\VWDOV�� 6R� LW� LV
HYLGHQFHG� WKDW� WKH� OLJKW�\LHOG� DW� DOSKD�SDU�
WLFOH�HQHUJ\�p��LV�LQFUHDVHG�GXH�WR�WKH�VORZGHFD\� FRPSRQHQWV�� ,W� LV� ZHOO� NQRZQ� WKDW

VORZ�FRPSRQHQW�>�@�LQ�&V,�LV�FRQQHFWHG�ZLWK
LQFUHDVHG� FRQFHQWUDWLRQ� RI� YDFDQF\� >�@� LQ
VXUIDFH�OD\HU�

7KH� LQIOXHQFH� RI� WUHDWPHQW�PHWKRGV� XVLQJ
WKLQ�ILOP� RUJDQRVLOLFRQ� FRDWLQJV� RI� ��r��PP
WKLFNQHVV� RQ� WKH� VFLQWLOODWLQJ� FKDUDFWHULVWLFV
ZDV� VWXGLHG� RQ� WZR� &V,�7O� VDPSOHV� RI
���u���PP� VL]H��7KH�7O� FRQFHQWUDWLRQ� LQ� WKH
ILUVW� VDPSOH� ZDV� &7O� �����Ü�� PRO���� LQ� WKHVHFRQG��&7O� �����Ü��PRO����7KH�EXWW�VXUIDFHVRI�WKH�FU\VWDOV�ZHUH�JURXQG�DQG�SROLVKHG�XVLQJ
WKH� PHWKRG� VSHFLILHG� IRU� WKH� &V,�7O� FU\VWDOV
�1RV�� ��� ���� DQG� WKHQ� WKLQ� SROLVKLQJ�ZDV� FDU�
ULHG� RXW� XVLQJ� HWK\O� DOFRKRO� XOWUDILQH� VLOLFRQ
GLR[LGH�SRZGHUV�ZLWK�JUDLQ�VL]H�QR�PRUH�WKDQ
�����PP�REWDLQHG�E\�VRO�JHO�PHWKRG��7KLQ�ILOP
RUJDQRVLOLFRQ� FRDWLQJV� ZHUH� DSSOLHG� RQ� WKH
RQH� RI� WKH� FU\VWDO� EXWWV�� 'XULQJ� WKH� OLJKW
\LHOG� PHDVXUHPHQWV�� WKLV� EXWW� ZDV� RULHQWHG
HLWKHU� WRZDUG� WKH� VRXUFH�� RU� WRZDUG� 307�
7KH�OLJKW�\LHOG�ZDV�GHWHUPLQHG�XQGHU� LUUD�
GLDWLRQ� ZLWK� ;�UD\� DQG� VRIW� JDPPD�UD�
GLDWLRQ� V R X U F H V � ��)H � �(� ����� NH9��
���$P� �(�� ���� NH9��(�� ������ NH9��� DQG���&G� �(� ������ NH9��� 7KH� QRUPDOL]HG� VSH�
FLILF� OLJKW�\LHOG�DV�D�IXQFWLRQ�RI�SKRWRQ�HQ�
HUJ\� IRU� WKH� VDPSOH� ZLWK� 7O� FRQFHQWUDWLRQ
&7O� �����Ü��PRO���DW�YDULRXV�DUUDQJHPHQWV
RI� WKH� VXUIDFH� ZLWK� DSSOLHG� WKLQ�ILOP� RU�
JDQRVLOLFRQ� FRDWLQJ� UHODWLYH� WR� D� VRXUFH� LV
GHPRQVWUDWHG�LQ�)LJ����

7KH�LQIOXHQFH�RI�WKH�WKLQ�ILOP�RUJDQRVLOL�
FRQ�FRDWLQJ�RQ�/�(�LV�PDQLIHVWHG�LWVHOI�PRVW
LQ� WKH� ORZ� HQHUJ\� UDQJH� DQG� LQ� FDVH� RI� WKH
WUHDWHG� VXUIDFH� RULHQWHG� WRZDUGV� 307�
:KHQ� WKLV� VXUIDFH� LV� RULHQWHG� WRZDUGV� WKH

)LJ����� 'HSHQGHQFHV� RI� WKH� QRUPDOL]HG� VSH�
FLILF�OLJKW�\LHOG�RQ�TXDQWXP�HQHUJ\�IRU�&V,�7O
FU\VWDOV����Û�ZLWKRXW�FRDWLQJ����Û�WKLQ�ILOP
RUJDQRVLOLFRQ� FRDWLQJ� DW� WKH� 307� VLGH����Û
WKLQ�ILOP�FRDWLQJ�DW�WKH�VRXUFH�VLGH�

/�$�$QGU\XVKFKHQNR�HW�DO����,QYHVWLJDWLRQ�RI����
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UDGLDWLRQ�VRXUFH��WKH� OLJKW�\LHOG�QRQSURSRU�
WLRQDOLW\� GHFUHDVHV� VXEVWDQWLDOO\� WKDW� LV� DV�
VRFLDWHG� ZLWK� WKH� VSHFLILF� OLJKW� \LHOG� GH�
FUHDVH� IRU� ���� NH9� UDGLDWLRQ��7KH�/�(� YDO�
XHV� IRU� WZR� DERYH�PHQWLRQHG� VDPSOHV� DW
YDULRXV� RULHQWDWLRQV� RI� WUHDWHG� VXUIDFH� DUH
SUHVHQWHG� LQ�7DEOH�� 7KH� VSHFLILF� OLJKW� \LHOG
QRQSURSRUWLRQDOLW\� IRU� WKH� ���� NH9� DQG
����� NH9� HQHUJLHV� LV� PRUH� SURQRXQFHG� IRU
WKH�VDPSOH�ZLWK�KLJKHU�DFWLYDWRU�FRQFHQWUD�
WLRQ� �VHH� 7DEOH��� ,W� LV� VKRZQ�� WKDW� DSSOLFD�
WLRQ�RI�D�WKLQ�ILOP�RUJDQRVLOLFRQ�FRDWLQJ�RQ
WKH� VFLQWLOODWRU� HQWUDQFH� ZLQGRZ� GHFUHDVHV
WKH� QRQ�SURSRUWLRQDOLW\� E\� �� WLPHV� DQG� LP�
SURYHV� WKH� SXOVH�KHLJKW� UHVROXWLRQ� DEVROXWH
YDOXH� E\� �Ü�� �� DW� UHJLVWUDWLRQ� RI� ;�UD\
UDGLDWLRQ�ZLWK�p� �����NH9�

7KH�LQIOXHQFH�RI�1D,�7O�VXUIDFH�WUHDWPHQW
PHWKRG� ZDV� VWXGLHG� XVLQJ� WKH� VFLQWLOODWRU
VDPSOHV� RI� ���u��� PP� VL]H�� 7KH� VXUIDFH
RULHQWHG�WRZDUGV�WKH�UDGLDWLRQ�ZDV�VWXGLHG�
7KH� VFLQWLOODWRUV� ZHUH� SODFHG� LQ� FRQWDLQHUV
DV�VWDQGDUG�;�UD\�GHWHFWRUV��7KH�OLJKW�\LHOG
ZDV� GHWHUPLQHG� XQGHU� LUUDGLDWLRQ� ZLWK� WKH
VDPH� ;�UD\� DQG� VRIW� JDPPD�UDGLDWLRQ
VRXUFHV�XVHG�LQ�WKH�DERYH�PHQWLRQHG�H[SHUL�
PHQW�� %HIRUH� PHDVXUHPHQWV�� VRPH� VDPSOHV
ZHUH�SROLVKHG�E\�VWDQGDUG�WHFKQLTXH�XVLQJ�D
PL[WXUH�RI�HWK\O�DQG� LVREXW\O�DOFRKROV��$Q�
RWKHU� WUHDWPHQW� PHWKRG� FRQVLVWLQJ� LQ� GHHS
JULQGLQJ�DQG�SROLVKLQJ�XVLQJ�XOWUDILQH�SRZ�
GHUV� DQG� RUJDQRVLOLFRQ� OLTXLGV� ZDV� DSSOLHG
WR� WKH� RWKHU� JURXS� RI� VDPSOHV�� 7KH� QHZ
PHWKRG� SURYLGHV� D� KLJK� WUDQVSDUHQF\� RI
1D,�7O�VLQJOH�FU\VWDO�LQ�WKH�VFLQWLOODWRU�HPLV�
VLRQ� UDQJH��:HOO� NQRZQ� WKDW� FOHDYHG� FU\V�
WDOV� DUH� SUHIHUUHG� IRU� DSSOLFDWLRQV� LQ� WKH
;�UD\� UHJLRQ� EHORZ���� NH9� >�@�� 6R�� VHYHUDO
GHWHFWRUV� ZHUH�PDGH� RQ� WKH� EDVLV� RI�1D,�7O
VLQJOH�FU\VWDO�ZLWK�FOHDYHG�SODQHV�DV�DQ�HQ�
WUDQFH�VXUIDFH�IRU�UDGLDWLRQ��

7KH� HQHUJ\� GHSHQGHQFHV� RI� WKH� VSHFLILF
OLJKW�\LHOG�IRU�WKH�DERYH�GHWHFWRUV�DUH�VKRZQ

LQ� )LJ����� $V� LW� LV� VHHQ� LQ� WKH� )LJXUH�� WKH
FKDUDFWHU� RI� WKLV� GHSHQGHQFH� IRU�1D,�7O�FU\V�
WDOV�LQ�WKH�ORZ�UDGLDWLRQ�HQHUJ\�UHJLRQ�GLIIHUV
VXEVWDQWLDOO\� IURP� WKH� GHSHQGHQFH� IRU�&V,�7O
FU\VWDOV��7KH�VSHFLILF�OLJKW�\LHOG�DW�ORZ�HQHU�
JLHV� LV� ORZHU� WKDQ� DW� KDUGHU� UDGLDWLRQ�� ,W� LV
WUXH�IRU�DOO�XVHG�PHWKRGV�RI�HQWUDQFH�VXUIDFH
WUHDWPHQW�� ,Q� RWKHU� ZRUGV�� WKH� QRQSURSRU�
WLRQDOLW\� RI� UHVSRQVH�KDV� RSSRVHG�VLJQ� >�@� LQ
ORZ�HQHUJ\�UHJLRQ�IRU�1D,�7O�FU\VWDOV��7KH�QHZ
WUHDWPHQW�PHWKRG�XVLQJ�RUJDQRVLOLFRQ�OLTXLGV
DQG�XOWUDILQH�SRZGHUV�DOORZV�WR�LQFUHDVH�/�(
IRU�����NH9�;�UD\V�DV�FRPSDUHG�WR�WKH�VWDQG�
DUG� SROLVKLQJ� WHFKQLTXH�� 7KLV� IDFW� HYLGHQFHV
WKDW� WKLV� WUHDWPHQW� PHWKRG� UHVXOWV� LQ� D� GH�
FUHDVHG� WKLFNQHVV�RI� OD\HU�ZLWK� ORZ�VFLQWLOOD�
WLRQ� HIILFLHQF\� >��@�� 1RWH� WKDW� QHYHUWKHOHVV
WKH� VXUIDFH� TXDOLW\� DWWDLQDEOH� IRU� FOHDYDJH
LV�QRW�REWDLQHG�

7KXV�� WKH� UDGLDWLRQ� HQWUDQFH� VXUIDFHV� RI
WKH� 1D,�7O� FU\VWDOV� REWDLQHG� E\� FOHDYDJH

7DEOH���� ,QIOXHQFH� RI� WKLQ�ILOP� RUJDQRVLOLFRQ� FRDWLQJ� RQ� WKH� VSHFLILF� OLJKW� \LHOG�/�(� DQG� OLJKW
\LHOG�QRQSURSRUWLRQDOLW\�'�RI�UHVSRQVH�IRU�&V,�7O�FU\VWDOV

3KRWRQ
HQHUJ\�
NH9

/�(�ZLWKRXW�
FRDWLQJ��D�X�

/�(�ZLWK�FRDWLQJ�
DW�307�VLGH��D�X�

/�(�ZLWK�FRDWLQJ�
DW�VRXUFH�VLGH��D�X�
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