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7KH� SUHYLRXV� VWXG\� VKRZHG� WKDW� RNUD� IUXLW� H[WUDFW� LPSURYHG� LQVXOLQ� VHQVLWLYLW\�� ,QVXOLQ� UHVLVWDQFH� SOD\HG� DQ�
LPSRUWDQW�UROH�LQ�WKH�SDWKRSK\VLRORJ\�RI�W\SH���GLDEHWHV��$W�WKH�PROHFXODU�OHYHO��LPSDLUHG�LQVXOLQ�VHQVLWLYLW\�FRXOG�
EH� FDXVHG� E\� VHYHUDO� IDFWRUV�� PRVWO\� WKH� RFFXUUHQFH� RI� D� PXWDWLRQ� RU� SRVWWUDQODWLRQ� PRGLILFDWLRQ� DW� WKH� LQVXOLQ�
UHFHSWRU�RU�LWV�GRZQVWUHDP�HIIHFWRU�PROHFXOH��7KLV�VWXG\�DLPHG�WR�HYDOXDWH�WKH�HIIHFW�RI�RNUD�IUXLW�H[WUDFW�RQ�JOXFRVH�
UHJXODWLQJ�JHQH�H[SUHVVLRQV��VXFK�DV�33$5�Ȗ��DGLSRQHFWLRQ��UHVLVWLQ��*/87����DQG�*/3���JHQH��(YDOXDWLRQ�RI�WKLV�
JHQH�H[SUHVVLRQ�ZDV�SHUIRUPHG�XVLQJ�WKH�3&5�*HO�%DVH�PHWKRG�ZLWK�WKH�ȕ�DFWLQ�JHQH�DV�DQ�LQWHUQDO�FRQWURO�JHQH��
7KH�DUHD�XQGHU�WKH�FXUYH��$8&��IURP�WKH�LPDJH�ZDV�GHWHUPLQHG�E\�XVLQJ�,PDJH-�VRIWZDUH��7KH�UHVXOWV�VKRZHG�WKDW�
WKH� DGPLQLVWUDWLRQ� RI�PHWIRUPLQ� RU� RNUD� IUXLW� H[WUDFWV� DIIHFWHG� WKH�$8&� YDOXH� FRPSDUHG� WR� WKH� SRVLWLYH� FRQWURO��
ZKLFK� PHDQW� WKDW� WKH� H[SUHVVLRQ� RI� HDFK� JHQH� FKDQJHG�� ,QFUHDVHG� H[SUHVVLRQ� RFFXUUHG� LQ� 33$5*�� DGLSRQHFWLQ��
*/87����DQG�*/3���JHQHV��ZKLOH�UHVLVWLQ�JHQH�H[SUHVVLRQ�GHFUHDVHG��,W�ZDV�FRQFOXGHG�WKDW�RNUD�IUXLW�H[WUDFW�FRXOG�
LPSURYH� LQVXOLQ� VHQVLWLYLW\� E\�PRGLI\LQJ� WKH� H[SUHVVLRQ� RI� 33$5�Ȗ�� DGLSRQHFWLRQ�� UHVLVWLQ��*/87���� DQG�*/3���
JHQH��
.H\ZRUGV��'LDEHWHV�0HOOLWXV��$EHOPRVFKXV�HVFXOHQWXV�/���2NUD�)UXLW��,QVXOLQ�5HVLVWDQFH��33$5��Ȗ�

��5$6Ɩ<$1��$OO�ULJKWV�UHVHUYHG�
�

,1752'8&7,21�
'LDEHWHV� PHOOLWXV� �'0�� LV� D� JURXS� RI� PHWDEROLF� GLVRUGHUV� FKDUDFWHUL]HG� E\� K\SHUJO\FHPLD� DQG�
DEQRUPDOLW\� RI� FDUERK\GUDWH�� IDW� DQG� SURWHLQ� PHWDEROLVP�� FDXVHG� E\� WKH� LQDELOLW\� RI� WKH� SDQFUHDV� WR�
SURGXFH�LQVXOLQ�RU�WKH�ERG\
V�LQDELOLW\�WR�XVH�LQVXOLQ�RSWLPDOO\������
2NUD��$EHOPRVFKXV�HVFXOHQWXV��/���0RHQFK��LV�EHORQJHG�WR�PDOYDFHDH�IDPLO\��7KH�DFWLYLW\�RI�RNUD�IUXLW�
LQFOXGLQJ�DQWLR[LGDQW� ����� OLSLG� LQKLELWRU��� DQWLGLDEHWLF������� DQG�JOXFRVH� DEVRUSWLRQ� LQKLELWRU�� DV�ZHOO� DV� D�
QDWXUDO�DEVRUEHQW�WHFKQRORJ\�LQ�ZDWHU�WUHDWPHQW�����
$V� DQ� DQWLGLDEHWLF�� RNUD� IUXLW� H[WUDFW� KDG� D� PHFKDQLVP� RI� DFWLRQ� LQ� LQFUHDVLQJ� LQVXOLQ� VHFUHWLRQ� DQG�
VHQVLWLYLW\� DV� ZHOO� DV� LQKLELW� JOXFRVH� DEVRUSWLRQ� LQ� WKH� JDVWURLQWHVWLQDO� WUDFW��� 7KH� RNUD� IUXLW� H[WUDFW�
FRQWDLQHG� VWHURLGV�WULWHUSHQRLGV� DQG� IODYRQRLGV��� $QRWKHU� VWXG\� VKRZHG� WKDW� WKH� RNUD� IUXLW� ULFK� LQ� Į�
FHOOXORVH�DQG�KHPLFHOOXORVH��ERWK�EHORQJHG�WR�WKH�ILEHU�JURXS��$QG�LW�ZDV�NQRZQ�WKDW�ILEHU�FRXOG�EH�VR�
KHOSIXO�WR�VWDELOL]H�EORRG�VXJDU�OHYHO�E\�VXSSUHVVLQJ�VXJDU�DEVRUSWLRQ�LQ�WKH�LQWHVWLQDO�WUDFW���3RO\SKHQROV�
FRPSRXQGV�FRXOG�PRGXODWH�FDUERK\GUDWH�DQG�OLSLG�PHWDEROLVP��UHGXFH�K\SHUJO\FHPLD��LPSURYH�DGLSRVH�
WLVVXH� PHWDEROLVP�� G\VOLSLGHPLD� DQG� LQVXOLQ� UHVLVWDQFH�� DQG� VWUHVV�VHQVLWLYH� VLJQDOLQJ� SDWKZD\V� DQG�
DOOHYLDWH�R[LGDWLYH�VWUHVV�DQG�LQIODPPDWRU\�SURFHVVHV����:KLOH�WULWHUSHQRLGV�KDG�LQKLELWHG�WKH�IRUPDWLRQ�RI�
DGYDQFHG� JO\FDWLRQ� HQG� SURGXFWV� DQG� VWURQJ� DQWLR[LGDQW� DFWLYLW\���� � $QWLR[LGDQW� DFWLYLW\� RI� WKHVH�
FRPSRXQGV�LV�DOVR�DEOH�WR�SUHYHQW�WKH�RFFXUUHQFH�RI�PHWDEROLF�V\QGURPH�����
'HFUHDVHG�LQVXOLQ�VHQVLWLYLW\��DOVR�NQRZQ�DV�LQVXOLQ�UHVLVWDQFH�V\QGURPH��SOD\V�DQ�LPSRUWDQW�UROH�LQ�W\SH���
GLDEHWHV�SDWKRSK\VLRORJ\��LQFOXGLQJ�LWV�UHODWLRQVKLS�ZLWK�RWKHU�V\PSWRPV�RI�PHWDEROLF�V\QGURPH��,QVXOLQ�
UHVLVWDQFH� LV� XVXDOO\� DVVRFLDWHG�ZLWK� WKH� LQDELOLW\� RI� LQVXOLQ� WR� SHUIRUP� LWV� IXQFWLRQ� LQ� JOXFRVH� XSWDNH��
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PHWDEROLVP��DQG�VWRUDJH����$W� WKH�PROHFXODU�OHYHO�� LPSDLUHG�LQVXOLQ�VHQVLWLYLW\�FDQ�EH�FDXVHG�E\�VHYHUDO�
IDFWRUV��VXFK�DV�WKH�RFFXUUHQFH�RI�D�PXWDWLRQ�RU�SRVWWUDQODWLRQ�PRGLILFDWLRQ�DW�WKH�LQVXOLQ�UHFHSWRU�RU�LWV�
GRZQVWUHDP�HIIHFWRU�PROHFXOH����6RPH�RI�WKH�JOXFRVH�UHJXODWLQJ�JHQHV�LQFOXGH�JDPPD�DFWLYDWHG�DFWLYDWRU�
UHFHSWRU� SHUR[LVRPH� �33$5�Ȗ��� UHVLVWLQ�� */3���� */87���� DQG� DGLSRQHFWLQ�� 3HUR[LVRPH� 3UROLIHUDWRU�
$FWLYDWHG�5HFHSWRU�JDPPD��33$5�Ȗ��� DGLSRQHFWLQ��DQG� UHVLVWLQ�DUH�NQRZQ� WR�SOD\�DQ� LPSRUWDQW� UROH� LQ�
JOXFRVH� WUDQVSRUW����*/3��� LQ� VWLPXODWLQJ� WKH�KRUPRQH� LQVXOLQ� LQ� WKH�SDQFUHDV��ZKHUHDV�*/87���DIIHFW�
JOXFDJRQ�LQ�UHJXODWLQJ�EORRG�VXJDU�OHYHOV�������
2QH� RI� WKH� LQVXOLQ� UHFHSWRUV� WKDW� VWDUWHG� WR� EHFRPH� WKH� IRFXV� LQ� WKH� WUHDWPHQW� RI� GLDEHWHV�ZDV� 33$5�
Ȗ����������33$5�Ȗ��EHORQJHG�WR�WKH�33$5V��LV�D�QXFOHDU�KRUPRQH�UHFHSWRU�WKDW�DFWHG�DV�D�VHFRQG�PHVVHQJHU�
LQ� UHJXODWLQJ� JOXFRVH� XSWDNH� DQG� XWLOL]DWLRQ�� 33$5V� FRQVLVW� RI� 33$5�Į�� 33$5�į�� DQG� 33$5�Ȗ�� 7KH�
SULPDU\� HIIHFW� RI�33$5�Į� LV� WR� LPSURYH� SODVPD� OLSLG��33$5�į� UHVSRQVLEOH� IRU� IDWW\� DFLG�R[LGDWLRQ� DQG�
LPPXQRPRGXODWRU��ZKLOH�WKH�33$5�Ȗ�LPSURYHV�LQVXOLQ�VHQVLWLYLW\�������33$5�Ȗ�LV�KLJKO\�H[SUHVVHG�LQ�IDW�
WLVVXH�FRPSDUHG�WR�PXVFOH�DQG�OLYHU��+RZHYHU��33$5�Ȗ�DFWLYDWLRQ�ZLOO�LQFUHDVH�LQVXOLQ�VHQVLWLYLW\�LQ�WKH�
PXVFOH� DQG� OLYHU� E\� LQFUHDVLQJ� DGLSRQHFWLQ� DQG� GHFUHDVLQJ� UHVLVWLQ�� OHSWLQ�� LQWHUOHXNLQ� DQG�71)�Į�� DQG�
PRGLI\LQJ� IDWW\� DFLG� XSWDNH� DQG� OLSRO\VLV�� LQFUHDVLQJ� JOXFRVH� XSWDNH� LQ� VNHOHWDO� PXVFOH� DQG� UHGXFLQJ�
KHSDWLF�JOXFRVH�SURGXFWLRQ�DQG�DFFXPXODWLRQ�RI�OLYHU�IDW���������
$GLSRQHFWLQ�LV�D�SHSWLGH�KRUPRQH��PDLQO\�SURGXFHG�E\�DGLSRF\WHV��SOD\V�D�UROH�LQ�JOXFRVH�UHJXODWLRQ�DQG�
FDWDEROLVP�RI�IDWW\�DFLG��$GLSRQHFWLQ�OHYHOV�ZLOO�LQFUHDVH�ZKHQ�WKH�ERG\
V�IDW�GHFUHDVH��$GLSRQHFWLQ�OHYHO�
HOHYDWLRQ�LPSURYHV�LQVXOLQ�VHQVLWLYLW\�EHFDXVH�WKH�VHUXP�DGLSRQHFWLQ�OHYHO�KDV�D�SRVLWLYH�FRUUHODWLRQ�ZLWK�
LQVXOLQ�VHQVLWLYLW\����5HVLVWLQ��UHVLVWDQW�WR�LQVXOLQ��LV�LGHQWLILHG�DV�KDYLQJ�DQ�DVVRFLDWLRQ�ZLWK�REHVLW\�DQG�
LQVXOLQ�UHVLVWDQFH����,QFUHDVHG�H[SUHVVLRQ�RI�UHVLVWLQ�LQ�DEGRPLQDO�IDW�LQFUHDVHV�WKH�ULVN�RI�7\SH���GLDEHWHV�
DVVRFLDWHG�ZLWK�FHQWUDO�REHVLW\����7KH�PHFKDQLVP�RI�UHVLVWLQ�LQ�FDXVLQJ�LQVXOLQ�UHVLVWDQFH�LV�E\�LQKLELWLQJ�
WKH�LQVXOLQ�VWLPXODWHG�JOXFRVH�XSWDNH�DQG�LQKLELWLQJ�WKH�GLIIHUHQWLDWLRQ�RI�DGLSRVH�FHOOV����*OXFRVH�XSWDNH�
LQ� PXVFOHV� DQG� DGLSRVH� FHOOV� DUH� GHWHUPLQHG� E\� */87��� H[SUHVVLRQ�� */87��� LV� RQH� RI� WKH� JOXFRVH�
WUDQVSRUWHU� SUHVHQW� LQ�PXVFOH� DQG� DGLSRVH� WLVVXH� DQG� SOD\V� D� UROH� LQ� LQVXOLQ�PHGLDWHG� JOXFRVH� XSWDNH����
*/87���GLIIXVHV�JOXFRVH�LQWR�PXVFOH�DQG�IDW�FHOOV��*/87���H[SUHVVLRQ�LQ�VNHOHWDO�PXVFOH��KHDUW��DQG�IDW�
FHOOV� KDV� GHFUHDVHG� LQ� SDWLHQWV� ZLWK� LQVXOLQ� UHVLVWDQFH���� $QRWKHU� JHQH� WKDW� SOD\V� D� UROH� LQ� JOXFRVH�
UHJXODWLRQ�LV�*/3����*/3���LV�D�SRO\SHSWLGH�ZLWK�D�OHQJWK�RI����DPLQR�DFLGV�SURGXFHG�LQ�WKH�HQGRFULQH�
SDUW� RI� LQWHVWLQDO� HSLWKHOLDO� /� FHOOV� DV� D� SURGXFW� RI� JOXFDJRQ� JHQH� H[SUHVVLRQ�� */3��� LV� D� SRZHUIXO�
VWLPXODQW� IRU� LQVXOLQ� DQG� JOXFDJRQ� LQKLELWRUV� EXW� LV� TXLFNO\� FRQYHUWHG� LQWR� LQDFWLYH�PHWDEROLWHV� E\� WKH�
'33���HQ]\PH���
7KH�SUHYLRXV�VWXG\�HYDOXDWHG� WKH�RNUD�IUXLW� H[WUDFW� LQ�LPSURYLQJ� WKH�LQVXOLQ�VHQVLWLYLW\���7KH�VWXG\�ZDV�
FRQGXFWHG�E\�DGPLQLVWUDWLQJ�RNUD� IUXLW� H[WUDFW�DW�YDULRXV�GRVHV� ��������������DQG�����PJ�NJ�EZ�� WR� IDW�
HPXOVLRQ� LQGXFHG�PLFH� IRU����GD\V��7KH�SDUDPHWHU�ZDV� WKH�YDOXH�RI� WKH� LQVXOLQ� WROHUDQFH� WHVW� FRQVWDQW�
�&,77���7KH�UHVXOW�VKRZHG�D�VLJQLILFDQW�LQVXOLQ�VHQVLWLYLW\�LPSURYHPHQW�LQ�WKH�JURXS�WUHDWHG�ZLWK�RNUD�IUXLW�
H[WUDFW�DW�D�GRVH�RI����DQG�����PJ�NJ�EZ��FRPSDUDEOH�WR�PHWIRUPLQ�DV�D�VWDQGDUG�GUXJ��7KLV�FXUUHQW�VWXG\�
DLPHG�WR�HYDOXDWH�WKH�PHFKDQLVP�RI�DFWLRQ�RI�WKH�RNUD�IUXLW�H[WUDFW�RQ�JOXFRVH�UHJXODWLQJ�JHQHV�H[SUHVVLRQ�
UHVSRQVLEOH�LQ�LQFUHDVLQJ�LQVXOLQ�VHQVLWLYLW\���

(;3(5,0(17$/�
,GHQWLILFDWLRQ�DQG�$XWKHQWLFDWLRQ�RI�3ODQW�0DWHULDO�
2NUD��$EHOPRVFKXV�HVFXOHQWXV�/���IUXLW�ZDV�SXUFKDVHG�IURP�5HVHDUFK�6WDWLRQ�IRU�6SLFHV�DQG�0HGLFLQDO�
3ODQWV��%RJRU��:HVW� -DYD�� ,QGRQHVLD� DQG� IRU� LWV� LGHQWLILFDWLRQ� DQG�DXWKHQWLFDWLRQ�ZDV�SHUIRUPHG�E\� WKH�
&HQWHU�IRU�3ODQW�&RQVHUYDWLRQ�%RWDQLF�*DUGHQV��%RJRU��:HVW�-DYD��,QGRQHVLD��
�
3UHSDUDWLRQ�RI�$EHOPRVFKXV�HVFXOHQWXV�/��([WUDFW�
$IWHU�FOHDQHG�DQG�FXW� LQWR�SLHFHV��RNUD�IUXLW�ZDV�PDVKHG�XVLQJ�D�EOHQGHU�DQG�WKH�PL[WXUH�ZDV�VHSDUDWHG�
XVLQJ�D�ILOWHU�SDSHU�DQG�WKH�ILOWUDWH�ZDV�FROOHFWHG�DQG�FRQFHQWUDWHG�XVLQJ�D�IUHH]H�GULHU���
�
$QLPDOV�
0DOH� 6ZLVV±:HEVWHU� PLFH� ���� PRQWKV� ROG� DQG� ZHLJKLQJ� ������ J� ZHUH� NHSW� DW� VWDQGDUG� ODERUDWRU\�
FRQGLWLRQV�DW�KXPLGLW\���������������&��DQG����KRXUV�OLJKW�GDUN�F\FOH��$QLPDOV�ZHUH�IHG�ZLWK�ZDWHU�DG�
OLELWXP�DQG�VWDQGDUG�FKRZ� ��7KH�PHWKRGV�LQ� WKLV�VWXG\�ZHUH�FDUULHG�RXW�E\�HWKLFV�DQG�JXLGH�IRU�DQLPDO�
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FDUH� DQG� XVHG�� (WKLFDO� DSSURYDO� ZDV� SXEOLVKHG� E\� WKH� (WKLFV� &RPPLWWHH� 3DGMDMDUDQ� 8QLYHUVLW\�
�5HJLVWUDWLRQ�QXPEHU���������������
�
*HQHUDO�3URFHGXUH�
7UHDWPHQW�RI�,QVXOLQ�5HVLVWDQFH�$QLPDO�0RGHO�
7KHUH�ZHUH� WZR� VWDJHV� LQ� DQWLGLDEHWLF� WHVWLQJ� LQ� YLYR�� ,Q� WKH� ILUVW� VWDJH��PLFH�ZHUH� LQGXFHG� XVLQJ� OLSLG�
HPXOVLRQ�� DW� D�GRVH�RI������PO����J� EZ� IRU���ZHHNV�� ,Q� WKH� VHFRQG� VWDJH��PLFH�ZLWK� LQVXOLQ� UHVLVWDQFH�
�IURP�ILUVW�VWDJH��ZHUH�UDQGRPO\�JURXSHG�LQWR���JURXSV��VWDQGDUG�GUXJ�JURXS��PHWIRUPLQ�DW�GRVH�RI�����
PJ� �� NJ� EZ��� SRVLWLYH� FRQWURO� JURXS�� DQG� H[WUDFW� JURXSV� DW� GRVH� RI� ���PJ�NJ� EZ�� ���PJ�NJ� EZ�� ����
PJ�NJ��DQG�����PJ�NJ�EZ��$GPLQLVWUDWLRQ�RI�PHWIRUPLQ�DQG�H[WUDFWV�ZDV�SHUIRUPHG�IRU����GD\V��$W�WKH�
HQG� RI� WKH� VWXG\�� PLFH� ZHUH� VDFULILFHG� DQG� WKH� DGLSRVH� WLVVXH� DQG� SHULUHQDO� IDW� ZHUH� FROOHFWHG� WR� EH�
HYDOXDWHG� WKH� H[SUHVVLRQ� RI� WKH� 33$5�Ȗ� �SHULUHQDO� IDW��� DGLSRQHFWLQ� �DGLSRVH� WLVVXH��� UHVLVWLQ� �SHULUHQDO�
IDW���*/87����DGLSRVH�WLVVXH���DQG�*/3��JHQH��DGLSRVH�WLVVXH���
�
6HPL�4XDQWLWDWLYH�*HQH�([SUHVVLRQ�(YDOXDWLRQ�
3ULPHUV�ZHUH�GHULYHG�IURP�WKH�UHVLVWLQ��*/87����33$5*��DGLSRQHFWLQ��DQG�*/3��JHQHV��7DEOH������
�

7DEOH����3ULPHUV�IRU�WKH�*HQHV�
*HQH�1DPH� *HQH�&RGH� 3ULPHU� 6L]H��ES��

$GLSRQHFWLQ��� $GLSRT� $GLSRT�)����¶�$*&&7�**$*$�$*&&*�&77$7��¶� ����

$GLSRT�5����µ�77*&$�*7�$*$�$&77*�&&$*7�*&��¶�
*/3��5��� JOS�U�� *OS��U�)����¶��7&$*$*$&**7*&$*$$$7*���¶� ����

*OS��U�5����¶��&$*&7*$&$77&$&*$$**$��¶�

*/87����� VOF�D��� VOF�D��)����¶�&7*7*&&$7&77*$7*$&&*7*��¶� ����

VOF�D��5����¶�*77**$*$$$&&$*&*$&$*&��¶�

33$5�Ȗ���� SSDUJ�� 3SDUJ�)����¶�&&$&&$$&77&**$$7&$*&7��¶� ����

3SDUJ�5����¶��777*7**$7&&**&$*77$$*$��¶�

5HVLVWLQ��� UHWQ� UHWQ�)����¶�7&$$&�7&&&7�*777&�&$$$7�*&��¶� ����

UHWQ�5����¶�7&77&�$&*$$�7*7&&�&$&*$��¶�

�
3ULPHU�TXDOLW\�ZDV�HYDOXDWHG�XVLQJ�WKH�%/$67�VRIWZDUH��%DVLF�/RFDO�$OLJQPHQW�6HDUFK�7RRO�� WKURXJK�
KWWS���EODVW�QFEL�QOP�QLK�JRY�%ODVW�FJL�� 7KH� DOLJQPHQW� VWHS� ZDV� SHUIRUPHG� E\� XVLQJ� VRIWZDUH�
�KWWS���QFEL�QOP�QLK�JRY�WRROV�SULPHU�EODVW��� E\� HQWHULQJ� WKH� QXFOHRWLGH� VHTXHQFHV�� 7KH� QH[W� VWHS� ZDV�
FDOFXODWLQJ�WKH�SURGXFW�OHQJWK�EDVHG�RQ�WKH�IRUZDUG�DQG�UHYHUVH�SULPHU�XVHG���
7KH�H[SUHVVLRQ�RI�WKH�JHQHV�DW�WKH�P51$�OHYHO�ZDV�FDUULHG�RXW�XVLQJ�WKH�3&5�JHO�EDVH�PHWKRG�ZLWK�EDQG�
WKLFNQHVV� DQG� DUHD� XQGHU� WKH� FXUYH� RQ� WKH� HOHFWURSKHURJUDP� DV� WKH� SDUDPHWHUV�� 7RWDO�51$� IURP� HDFK�
RUJDQ�ZDV�LVRODWHG�XVLQJ�69�7RWDO�51$�,VRODWLRQ�6\VWHP�NLW��&HOO�EUHDNGRZQ�ZDV�FDUULHG�RXW�E\�JULQGLQJ�
HDFK� RUJDQ� VDPSOH� XVLQJ�PRUWDU� SHVWOH� DQG� OLTXLG� QLWURJHQ�� WKHQ� DGGLQJ� ���ȝO� RI� 51$�/\VLV� VROXWLRQ�
�SDUWLFXODUO\�IRU�OLYHU�XVHG�����ȝO�VROXWLRQ�������ȝO�51$�'LOXWLRQ�%XIIHU��7KH�PL[WXUH�ZDV�LQFXEDWHG�DW�
���&�IRU���PLQXWHV��WKHQ�FHQWULIXJHG�IRU����PLQXWHV�DW�D�VSHHG�RI�������USP��$Q�����HWKDQRO�ZDV�DGGHG�
WR� WKH� VXSHUQDWDQW� LQ� WKH� VSLQ� FROXPQ�DV� D� SUHFLSLWDWLRQ� SURFHVV��7RWDO�51$�ZDV�ZDVKHG� XVLQJ� ����ȝO�
51$� ZDVK� VROXWLRQ� DQG� FHQWULIXJHG� IRU� �� PLQXWH� DW� ������ USP�� 7KH� QH[W� VWHS� ZDV� WKH� UHPRYDO� RI�
*HQRPLF�'1$�E\�DGGLQJ����ȝO�<HOORZ�FRUH�EXIIHU��0Q&O�����ȝO�DQG���ȝO�'1$VH�,�HQ]\PH�DQG�LQFXEDWHG�
DW� D� WHPSHUDWXUH�RI� ������&� IRU� ���PLQXWHV��7KH� UHDFWLRQ�ZDV� VWRSSHG� E\� DGGLQJ� ����ȝO�'1$VH�6WRS�
6ROXWLRQ� WR� WKH�PL[WXUH�� 7RWDO� 51$�ZDV� UH�ZDVKHG� XVLQJ� ���� ȝO� DQG� ���� ȝO�51$�ZDVK� VROXWLRQ� DQG�
FHQWULIXJHG� IRU� ��PLQXWHV� DW� D� VSHHG� RI� ������ USP� DW� HDFK� VWHS�� 7RWDO�51$�ZDV� HOXWHG� XVLQJ� ���� ȝO�
1XFOHDVH�)UHH�:DWHU�DQG�FHQWULIXJHG�IRU���PLQXWH�DW�������USP��7KH�LVRODWHG�WRWDO�51$�FRXOG�EH�VWRUHG�
LQ�WKH�HOXWLRQ�WXEHV�DW�D�WHPSHUDWXUH�RI�����&��DV�DQ�DOWHUQDWLYH�FRXOG�EH�VWRUHG�DW�WHPSHUDWXUHV�RI�����WR��
���&����
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7KH�SURFHGXUH�RI�WKH�57�3&5�PHWKRG�IURP�LVRODWHG�51$�ZDV�SHUIRUPHG�DV�VWDWHG�LQ�WKH�$FFHVV4XLFN���
57�3&5� 6\VWHP� �3URPHJD�� NLW� SURWRFRO�� 7KH� LQFXEDWLRQ� WHPSHUDWXUH� RI� 51$� ZKHQ� WUDQVFULSWHG� LQWR�
F'1$� ZDV� ���&� IRU� ��� PLQXWHV�� 7KH� F'1$� ZDV� WKHQ� DPSOLILHG� E\� ��� F\FOHV�� LQFOXGLQJ� WKH� LQLWLDO�
GHQDWXUDWLRQ� VWDJH� DW� ���&� IRU� ��PLQXWHV� WKHQ� FRQWLQXHG�ZLWK� DQQHDOLQJ� VWDJH� DW� ���&� IRU� ��� VHFRQGV��
([WHQWLRQ� VWDJH� DW� ���&� IRU� ��� VHFRQGV�� DQG� ILQDO� H[WHQVLRQ� DW� ���&� IRU� ��PLQXWHV�� 7KH� DPSOLILFDWLRQ�
SURGXFW�ZDV�VWRUHG�DW���&��
7KH� DPSOLILFDWLRQ� �DPSOLFRQ�� SURGXFW� ZDV� WKHQ� GHWHFWHG� XVLQJ� DJDURVH� JHO� HOHFWURSKRUHVLV�� 7KH�
HOHFWURSKRUHVLV�SURFHVV�ZDV�UXQ�DW�����YROWV�IRU����PLQXWHV��(OHFWURSKRUHJUDP�ZDV�WKHQ�YLVXDOL]HG�XQGHU�
SODQDU�89�DQG�SKRWRJUDSKHG�XVLQJ�D�FDPHUD�ZLWK�DQ�,62�YDOXH�������(�ଵ

଺
���PDJQLILFDWLRQ�������PP��DQG�

)� ௙
ହǤ଺
� XVLQJ� GLJL&DP� VRIWZDUH��7KH� DUHD� XQGHU� WKH� FXUYH� �$8&�� IURP� WKH� LPDJH�ZDV� GHWHUPLQHG� XVLQJ�

,PDJH-�VRIWZDUH����7KLV�YDOXH�LQWHUSUHWHG�WKH�WRWDO�JHQH�H[SUHVVLRQ�DQG�'1$�LQ�LQWDFW�FRQGLWLRQV�EHFDXVH�
LW�ZDV�GLUHFWO\�SURSRUWLRQDO�WR�WKH�EDQG¶V�WKLFNQHVV��
�

5(68/76�$1'�',6&866,21�
7KH�3&5�WHFKQLTXH�FDQ�JHQHUDOO\�EH�XVHG�ZLWK�FHUWDLQ�PRGLILFDWLRQV�IRU�JHQH�DQDO\VLV�DQG�WKH�UHVXOWV�FDQ�
EH�GLUHFWO\�DSSOLHG��7KH�VXFFHVV�RI�D�3&5�SURFHVV�GHSHQGV�RQ�WKH�SULPHU��7KH�SULPHUV�LQ�WKH�3&5�SURFHVV�
VHUYH�DV�D�EDUULHU�WR�WKH�WDUJHW�'1$�IUDJPHQW�WR�EH�DPSOLILHG��IRUZDUG�SULPHU��DQG�SURYLGH�D�K\GUR[\���
2+�� JURXS� DW� WKH� �� 
HQG� WKDW� LV� UHTXLUHG� IRU�'1$� H[WHQVLRQ� �UHYHUVH� SULPHU��� 7KH� SULPHU� GHVLJQ�ZDV�
FDUULHG�RXW�EDVHG�RQ�NQRZQ�'1$�VHTXHQFHV�WKHQ�HYDOXDWHG�WKH�VXLWDELOLW\�RI�WKH�QLWURJHQ�EDVH�VHTXHQFH�
XVLQJ�WKH�*HQ%DQN�GDWDEDVH�V\VWHP�RQ�WKH�1&%,�ZHEVLWH��7KH�SULPHU�REWDLQHG�IURP�WKH�OLWHUDWXUH�ZHUH�
WKHQ� HYDOXDWHG� WR� VHH� WKH� SULPDU\� TXDOLW\� XVLQJ� WKH� %/$67� VRIWZDUH� WKURXJK�
KWWS���QFEL�QOP�QLK�JRY�WRROV�SULPHU�EODVW��� %/$67� LV� D� IHDWXUH� LQ� 1&%,� ZKLFK� IXQFWLRQV� WR� DQDO\]H�
ZKHWKHU�WKHUH�DUH�SULPDU\�VLPLODULWLHV�EHWZHHQ�WKH�SULPHU�XVHG�ZLWK�JHQHV�LQ�PXVFXOXV�RQ�*HQ%DQN�'1$�
DQG�ILQG�RXW�RWKHU�QXFOHRWLGH�VHTXHQFHV�WKDW�DUH�VLPLODU�WR�WKHLU�SULPDU\�VHTXHQFH��7KH�UHVXOW�VKRZHG�WKDW�
WKH�SULPHU�VHTXHQFH�XVHG�VSHFLILFDOO\�LQ�WKH�PXV�PXVFXOXV�ZDV�E\�WKH�JHQHV�WR�EH�HYDOXDWHG��
7KH�$8&�IURP�WKH�HOHFWURSKHURJUDP�ZDV�VKRZQ�LQ�)LJ�����7KH�UHVXOWV�RI�WKH�SUHYLRXV�H[SHULPHQW�VKRZHG�
WKDW� WKH� DGPLQLVWUDWLRQ� RI�PHWIRUPLQ� RU� RNUD� IUXLW� H[WUDFW� LQFUHDVHG� LQVXOLQ� VHQVLWLYLW\��� ,Q� WKLV� FXUUHQW�
H[SHULPHQW�� ZH�ZLOO� HYDOXDWH� WKH� HIIHFW� RI� RNUD� IUXLW� H[WUDFW� LQ� LQIOXHQFLQJ� WKH� H[SUHVVLRQ� RI� 33$5*��
DGLSRQHFWLQ��UHVLVWLQ��*/87����DQG�*/3��JHQHV��7KHVH�JHQHV�SOD\�DQ�LPSRUWDQW�UROH�LQ�JOXFRVH�UHJXODWLRQ�
DQG�GHWHUPLQH�WKH�OHYHO�RI�LQVXOLQ�VHQVLWLYLW\��
)URP� )LJ����� WKH� SRVLWLYH� FRQWURO� JURXS� VKRZHG� UHGXFHG� 33$5*� JHQH� H[SUHVVLRQ� FRPSDUHG� WR� WKH�
QHJDWLYH�FRQWURO�JURXS��7KLV�PHDQV� WKDW� IDW�HPXOVLRQ�DGPLQLVWUDWLRQ�FRXOG�UHGXFH� LQVXOLQ�VHQVLWLYLW\�E\�
LQKLELWLQJ� 33$5*� JHQH� H[SUHVVLRQ�� 0HDQZKLOH�� WKH� JURXS� JLYHQ� PHWIRUPLQ� VKRZHG� DQ� LQFUHDVH� LQ�
33$5*�JHQH�H[SUHVVLRQ��7KH�VDPH�UHVXOWV�ZHUH�DOVR�VKRZQ�LQ�WKH�JURXS�JLYHQ�RNUD�IUXLW�H[WUDFW��33$5�Ȗ�
LV� IRXQG� LQ� KLJK� DPRXQWV� LQ� IDW� FHOOV� DQG� D� VPDOO� SRUWLRQ� LQ�PXVFOH� FHOOV� VXFK� DV� DGLSRVH� WLVVXH�� 7KH�
DFWLYDWLRQ� RI� 33$5�Ȗ� ZLOO� VWLPXODWH� WKH� SURFHVV� RI� DGLSRJHQHVLV�� GLIIHUHQWLDWLRQ� DQG� GLVWULEXWLRQ� RI�
DGLSRF\WHV� VR� WKDW� LW� VWLPXODWHV� WKH� HIILFLHQF\� RI� HQHUJ\� VWRUDJH� DQG�PHGLDWHV� WKH�PHWDEROLF� HIIHFWV� RI�
LQVXOLQ�DQG�XUJHV�DQWL�LQIODPPDWRU\�DFWLRQ��33$5*�DFWLYDWLRQ�FDQ�DOVR�LQFUHDVH�DGLSRQHFWLQ�DQG�GHFUHDVH�
UHVLVWLQ��2WKHUZLVH��LQ�WKH�FRQGLWLRQ�RI�REHVLW\�RU�LQVXOLQ�UHVLVWDQFH��UHGXFWLRQ�LQ�33$5*�H[SUHVVLRQ�ZLOO�
GHFUHDVH� DGLSRQHFWLQ� H[SUHVVLRQ� DQG� DQ� LQFUHDVH� LQ� UHVLVWLQ�� 7KLV� LV� FRQVLVWHQW� ZLWK� WKH� UHVXOWV� RI�
H[SHULPHQWV� WKDW� VKRZHG� D� GHFUHDVH� LQ� DGLSRQHFWLQ� JHQH� H[SUHVVLRQ� DQG� DQ� LQFUHDVH� LQ� UHVLVWLQ� JHQH�
H[SUHVVLRQ���
7KH�DGLSRT�JHQH� WKDW�HQFRGHV� DGLSRQHFWLQ� LV�DQ�DGLSRNLQ�JURXS� WKDW� LV� XVXDOO\� H[SUHVVHG�XQGHU� FHUWDLQ�
FRQGLWLRQV��&RQGLWLRQV� WKDW�DIIHFW� WKH�OHYHO�RI�DGLSRT�JHQH�H[SUHVVLRQV�VXFK�DV� W\SH���GLDEHWHV�PHOOLWXV�
DFFRPSDQLHG�E\�LQVXOLQ�UHVLVWDQFH�DQG�REHVLW\��$GLSRQHFWLQ�LV�SUHVHQW�LQ�DGLSRVH�DQG�SODVPD�WLVVXH��EXW�LQ�
FRQGLWLRQV�RI�REHVLW\��DGLSRQHFWLQ�FDQ�DOVR�EH�GHWHFWHG�LQ�WKH�OLYHU��SDQFUHDV�DQG�RWKHU�IDWW\�WLVVXHV�VXFK�
DV� SHULUHQDO� WLVVXH������� $GLSRQHFWLQ� H[SUHVVLRQ� KDV� WKH� RSSRVLWH� HIIHFW� ZLWK� RWKHU� DGLSRNLQHV� VXFK� DV�
UHVLVWLQ� DQG� OHSWLQ��$GLSRQHFWLQ� LQ� D� SHUVRQ�ZLWK�'0� W\SH� �� DQG� REHVH� FRQGLWLRQV��ZLOO� EH� ORZHU� WKDQ�
QRUPDO�FRQGLWLRQV��QRQ�REHVH��RU�'0�W\SH����7KLV�JHQH�KDV�D� UROH� WR�SUHYHQW�WKH�RFFXUUHQFH�RI� LQVXOLQ�
UHVLVWDQFH��HVSHFLDOO\�LQ�W\SH���'0�E\�SURYLGLQJ�WKH�HIIHFW�RI�LQFUHDVLQJ�LQVXOLQ�VHQVLWLYLW\��$GLSRQHFWLQ�
LQIOXHQFHV�WKH�SURFHVV�RI�JOXFRQHRJHQHVLQ�LQ�WKH�OLYHU��XUJLQJ�WKH�HIIHFW�RI�LQVXOLQ�VHQVLWLYLW\�RQ�VNHOHWDO�
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PXVFOHV�DQG�WKH�OLYHU�WKHUHE\�LQFUHDVLQJ�WUDQVSRUW�DQG�EXUQLQJ�RI�IDWW\�DFLGV��,QFUHDVHG�EXUQLQJ�RI�WKHVH�
IDWW\�DFLGV�ZLOO�DOVR�LQFUHDVH�HQHUJ\�LQ�VNHOHWDO�PXVFOHV�DQG�FDXVH�D�GHFUHDVH�LQ�WULJO\FHULGHV�LQ�VNHOHWDO�
PXVFOH�DQG�LQFUHDVH�LQVXOLQ�WUDQVGXFWLRQ����
�

�
)LJ�����$8&�IURP�(OHFWURSKRUHJUDP�

�
)LJXUH���VKRZHG�WKH�$GLSRT�JHQH�LQ�WKH�SRVLWLYH�FRQWURO�JURXS�KDG�ORZHU�$8&�FRPSDUHG�WR�WKH�QHJDWLYH�
FRQWURO�JURXS�DQG�FRPSDUHG�WR�WKH�PHWIRUPLQ�DQG�H[WUDFW�JURXS��7KLV�PHDQV�WKDW�WKH�DGPLQLVWUDWLRQ�RI�IDW�
HPXOVLRQ� FDXVHG� D� GHFUHDVH� LQ� WKH� H[SUHVVLRQ� RI� DGLSRQHFWLQ�� ZKLFK� LQ� WXUQ� FDXVHG� LQVXOLQ� UHVLVWDQFH��
7UHDWPHQW�ZLWK�PHWIRUPLQ�RU�RNUD�IUXLW�H[WUDFWV�ZRXOG�LQFUHDVH�WKH�H[SUHVVLRQ�RI�WKH�DGLSRQHFWLQ�JHQH�VR�
WKDW�LW�FRXOG�LPSURYH�LQVXOLQ�VHQVLWLYLW\��
5HVLVWLQ�H[SUHVVLRQ�LV�DIIHFWHG�E\�33$5*�DFWLYDWLRQ��5HVLVWLQ�DQG�RWKHU�DGLSRNLQHV��VXFK�DV� OHSWLQ�DQG�
71)�Į��ZLOO�JHQHUDOO\�LQFUHDVH�LQ�FRQGLWLRQV�RI�LQVXOLQ�UHVLVWDQFH�DQG�REHVLW\����7KLV�HOHYDWLRQ�LQ�UHVLVWLQ�
H[SUHVVLRQ� ZLOO� EH� DVVRFLDWHG� ZLWK� W\SH� �� '0�� 7KH� UHVXOW� VKRZHG� WKDW� WKH� SRVLWLYH� FRQWURO� JURXS�
H[SHULHQFHG� W\SH� �� '0� FKDUDFWHUL]HG� E\� LQFUHDVHG� 5(71� JHQH� H[SUHVVLRQ�� 7KH� GLIIHUHQFH� LQ� UHVLVWLQ�
H[SUHVVLRQ�FRXOG�EH� VHHQ� LQ� WKH� WUHDWHG�JURXSV�� ,Q� WKH�PHWIRUPLQ�DQG�RNUD� IUXLW� H[WUDFW�JURXSV�� UHVLVWLQ�
H[SUHVVLRQ� GHFUHDVHG�� 7KLV� LQGLFDWHG� WKDW� WKHUH� ZDV� DQ� LPSURYHPHQW� LQ� LQVXOLQ� VHQVLWLYLW\� LQ� DQLPDO�
PRGHOV��7KH�UHVXOWV�VKRZHG�WKDW�WKHUH�ZDV�D�OLQN�EHWZHHQ�33$5*�JHQH�DFWLYDWLRQ�LQ�LWV�UROH�LQ�LQFUHDVLQJ�
DGLSRT�JHQH�H[SUHVVLRQ�DQG�GHFUHDVLQJ�WKH�H[SUHVVLRQ�RI�UHVLVWLQ�JHQHV��
*/87��� LV� DQ� LQVXOLQ� UHFHSWRU� ORFDWHG� RQ� WKH� VXUIDFH� RI� FHOO� PHPEUDQHV�� SUHFLVHO\� LQ� PXVFOH� DQG� IDW�
WLVVXH��:KHQ�LQVXOLQ�UHVLVWDQFH�RFFXUV��*/87���ORVHV�LWV�VWLPXODWLRQ�WR�GLIIXVH�JOXFRVH�LQWR�PXVFOH�FHOOV��
VR�LQ�WKLV�FRQGLWLRQ��'0�VXIIHUHUV�IHHO�ZHDN�EHFDXVH�WKHUH�LV�QR�HQHUJ\�LQWDNH�LQWR�WKH�PXVFOHV��7KLV� LV�
DOVR� LQIOXHQFHG�E\�GHFUHDVHG�H[SUHVVLRQ�RI� WKH� DGLSRQHFWLQ� JHQH��33$5�Ȗ�H[SUHVVLRQ� FDQ�VWLPXODWH� WKH�
H[SUHVVLRQ�RI�*/87������7KH�UHVXOWV�VKRZHG�WKDW�WKH�LQGXFWLRQ�RI�KLJK�IDW�HPXOVLRQ�ZDV�YHU\�LQIOXHQWLDO�
RQ�*/87���JHQH�H[SUHVVLRQ��DV�ZHOO�DV�WUHDWPHQW�ZLWK�PHWIRUPLQ�RU�H[WUDFW��7KH�SRVLWLYH�FRQWURO�JURXS�
VKRZHG� ORZHU�*/87���JHQH�H[SUHVVLRQ�ZKHQ�FRPSDUHG� WR�WKH�QHJDWLYH�FRQWURO�JURXS��7KLV�PHDQV� WKDW�
*/87�� JHQH� H[SUHVVLRQ� UHGXFWLRQ� KDG� D� GHFUHDVHG� HIIHFW� RQ� LQVXOLQ� VHQVLWLYLW\��:KHUHDV� LQ� WKH� JURXS�

Ϭ

ϱϬϬϬ

ϭϬϬϬϬ

ϭϱϬϬϬ

ϮϬϬϬϬ

ϮϱϬϬϬ

ϯϬϬϬϬ

WW�Z' �ĚŝƉŽƋ Z�dE ^�>Ϯ�ϰ '>WϭZ

EĞŐĂƚŝǀĞ�ĐŽŶƚƌŽů WŽƐŝƚŝǀĞ�ĐŽŶƚƌŽů DĞƚĨŽƌŵŝŶ�ϭϯϱ�ŵŐͬŬŐ�ďǁ

K&��Ϯϱ�ŵŐͬŬŐ�ďǁ K&��ϱϬ�ŵŐͬŬŐ�ďǁ K&��ϭϬϬ�ŵŐͬŬŐ�ďǁ

K&��ϮϬϬ�ŵŐͬŬŐ�ďǁ
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JLYHQ� WUHDWPHQW��ERWK�ZLWK�PHWIRUPLQ�RU�RNUD�IUXLW�H[WUDFW�� LW� FRXOG�EH�VHHQ� WKDW� DQ� LQFUHDVH� LQ�*/87��
JHQH�H[SUHVVLRQ�DOVR�DIIHFWHG�WKH�LPSURYHPHQW�RI�LQVXOLQ�VHQVLWLYLW\��
*/3���LV�SDUW�RI�WKH�KRUPRQH�LQFUHWLQ�ZKLFK�KDV�D�FRQWULEXWLRQ�WR�LQVXOLQ�UHOHDVH��(QGRFULQH�/�FHOOV�RI�WKH�
LQWHVWLQDO� HSLWKHOLXP� SURGXFH� */3��� DV� D� SURGXFW� RI� JOXFDJRQ� JHQH� H[SUHVVLRQ� DQG� DUH� VWRUHG� LQ� WKH�
SDQFUHDV�DQG�SUHVHQW�LQ�SODVPD��7KH�H[SUHVVLRQ�RI�WKLV�JHQH�ZLOO�LQGLUHFWO\�LQGLFDWH�WKH�FRQGLWLRQ�RI�WKH�
SDQFUHDV�� $� KHDOWK\� SDQFUHDV� ZLOO� SURGXFH� HQRXJK� */3��� JHQH� H[SUHVVLRQ� WR� VWLPXODWH� LQVXOLQ��
&RQYHUVHO\��*/3���JHQH�H[SUHVVLRQ�ZLOO�GHFUHDVH�XQGHU�'0�FRQGLWLRQV��7KLV�LV�UHODWHG�WR�WKH�SUHVHQFH�RI�
WKH�'33���HQ]\PH�ZKRVH�WDVN�LV�WR�FRQYHUW�*/3���LQWR�LQDFWLYH�PHWDEROLWHV��ZKLFK�FDXVHV�D�GHFUHDVH�LQ�
LQVXOLQ� UHOHDVH� DQG� LQFUHDVHG� UHOHDVH� RI� JOXFDJRQ� VR� WKDW� JOXFRVH� LQ� WKH� EORRG� LV� QRW� WUDQVSRUWHG� LQWR�
FHOOV����7KH�WHVW�UHVXOWV�VKRZHG�*/3�5�JHQH�H[SUHVVLRQ�RQ�SRVLWLYH�FRQWURO�ZDV�ORZHU�WKDQ�WKH�QHJDWLYH�
FRQWURO��DQG�WKH�DGPLQLVWUDWLRQ�RI�PHWIRUPLQ�RU�RNUD�IUXLW�H[WUDFWV�FRXOG�LQFUHDVH�WKH�H[SUHVVLRQ�RI�WKHVH�
JHQHV��7KLV�VKRZHG�WKDW�*/3��JHQH�H[SUHVVLRQ�UHGXFWLRQ�FRQWULEXWHG�WR�LQVXOLQ�UHVLVWDQFH��DQG�WUHDWPHQW�
XVLQJ�PHWIRUPLQ� RU� RNUD� IUXLW� H[WUDFWV� ZRXOG� LQFUHDVH� */3�� JHQH� H[SUHVVLRQ� DQG� LQ� WKH� HQG� LPSURYH�
LQVXOLQ�VHQVLWLYLW\��
%DVHG� RQ� H[SHULPHQWDO� UHVXOWV�� LW� ZDV� NQRZQ� WKDW� LQVXOLQ� UHVLVWDQFH� ZDV� ODUJHO\� GHWHUPLQHG� E\� WKH�
H[SUHVVLRQ�RI�JOXFRVH�UHJXODWLQJ�JHQHV��$GPLQLVWUDWLRQ�RI�IDW�HPXOVLRQ�DV�DQ�LQGXFWLRQ�FDXVHG�D�GHFUHDVH�
LQ� LQVXOLQ� VHQVLWLYLW\� FKDUDFWHUL]HG� E\� D� GHFUHDVH� LQ� WKH� LQVXOLQ� WROHUDQFH� WHVW� FRQVWDQW� �&,77���� $W� WKH�
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