
0HOWLQJ�EHKDYLRU�RI�UHF\FOHG�FXOOHW��HIIHFWV�RI�LPSXULW\�

GLVVROXWLRQ��SXOYHULVDWLRQ�DQG�VROXWLRQ�SUH�WUHDWPHQW�

$QQ�.DWULQ�*O�VLQJ��5HLQKDUG�&RQUDGW�

�

0RWLYDWLRQ�

7KH� UHXVH� RI� UHF\FOHG� FXOOHW� LQ� WKH� SURGXFWLRQ� RI� QHZ� JODVV� FRQWDLQHUV� OLHV� DERYH�
����� 7KH� FXOOHW� UDWLR� GHSHQGV� RQ� WKH� JODVV� FRORXU�� WKH� OHYHO� RI� LPSXULWLHV�� DQG� RQ�
DYDLODELOLW\��$V�D�VLGH�HIIHFW�RI�FXOOHW�ZDVWH�PDQDJHPHQW��WKH�RFFXUUHQFH�RI�PHWDOOLF�DQG�
FHUDPLF�LPSXULWLHV�FDQ�QRW�EH�DYRLGHG��4XDOLW\�FULWHULD�IRU�UHF\FOHG�FXOOHW�PXVW�FRPSULVH�
WKHVH� LPSXULWLHV�DV�SRWHQWLDO� VRXUFHV�RI�TXDOLW\�GHIHFWV� LQ� WKH�SURGXFW��7KH�SRWHQWLDO�RI�
FHUDPLFV� WR� JHQHUDWH� JODVV� GHIHFWV� FRQWULEXWHV� WR� D� ODUJH� H[WHQW� WR� HFRQRPLF� DQG�
WHFKQRORJLFDO� UHVWULFWLRQV� IRU� WKH� RYHUDOO� DPRXQW� RI� UHF\FOHG� FXOOHW�� 7KH� LPSXULWLHV� LQ�
UHF\FOHG� FXOOHW� DUH� GLVWLQJXLVKHG� E\� WKHLU� SRWHQWLDO� WR� LPSDLU� JODVV� TXDOLW\�� ,Q� UHF\FOLQJ�
FXOOHW�� HPSKDVLV�PXVW� EH� ODLG� RQ� VDIH� VHSDUDWLRQ� RI� WKH�PRVW� FULWLFDO� VSHFLHV�� � ,W� LV� WKH�
REMHFWLYH�RI�RXU�H[SHULPHQWDO�ZRUN�WR�JHQHUDWH�D�EDVLV�ZKLFK�DOORZV�WR�LGHQWLI\�WKH�PRVW�
FULWLFDO�(63�VSHFLHV��DQG�WR�DVVHV�WKHLU�HIIHFW�RQ�JODVV�TXDOLW\���

5HOHYDQFH�IRU�WKH�FRQWDLQHU�JODVV�LQGXVWU\�

,Q�RUGHU�WR�DVVXUH�D�IXUWKHU�LQFUHDVH�RI�WKH�FXOOHW�UDWLR��DQ�RSWLPLVDWLRQ�RI�WKH�FXOOHW�
TXDOLW\� LV� UHTXLUHG�� 3UHVHQWO\�� � D� FXOOHW� UDWLR� RI� ��� WR� ��� �� LV� UHDFKHG� GHSHQGLQJ� RQ�
SURGXFW�FRORXU�DQG�W\SH��7KH�EHQHILW�RI�FXOOHW�XVH�FRQVLVW�� ILUVWO\�� LQ�HQHUJ\�VDYLQJ�DQG��
VHFRQGO\�� LQ�D�UHGXFWLRQ�RI�&2��HPLVVLRQ��%H\RQG�WKLV�� WKH�XVH�RI�FXOOHW�DFFHOHUDWHV�WKH�
PHOWLQJ�SURFHVV�� WKHUHE\� LPSURYLQJ� WKH�HIILFLHQF\�RI�KHDW� H[SORLWDWLRQ��7DE���JLYHV� WKH�
UHODWLYH�DPRXQWV�RI�HQHUJ\�VDYLQJ�E\�FXOOHW�UHXVH��

7DE���(QHUJ\�VDYLQJ�E\�FXOOHW�UHXVH��SHU�ZW����RI�FXOOHW�SHU�W�RI�PROWHQ�JODVV����

FDOFXODWHG�YLD�WKHRUHWLFDO�KHDW�
GHPDQG�

2������

OLWHUDWXUH��PXOWLSOH�VRXUFHV� ����WR�������

LQGXVWULDO�H[SHULHQFH� �����WR�������

$V�WR�WKH�&2��HPLVVLRQ��7KH�RXWSXW�LV�UHGXFHG�LQ�GLUHFW�SURSRUWLRQ�WR�WKH�HQHUJ\�LQSXW�

�≈�����NJ�&2��SHU�N:K���DQG�EH\RQG�WKLV��WR�WKH�UHGXFWLRQ�RI�SULPDU\�UDZ�PDWHULDOV��≈�
����NJ�&2��SHU� W�RI�SULPDU\�EDWFK���$������LQFUHDVH�RI�WKH�FXOOHW�UDWLR��UHIHUUHG�WR�DQ�

DQQXDO�SURGXFWLRQ�RI�����0LR��W�FRQWDLQHU�JODVV��LV�HTXLYDOHQW�WR�DQ�HQHUJ\�VDYLQJ�RI����⋅�
����N:K��DQG�D�UHGXFWLRQ�RI�&2��HPLVVLRQ�E\����⋅�����W������IRVVLO�IXHO������EDWFK�JDVHV���

2EMHFWLYH�

7KH� LPSXULWLHV� LQ� UHF\FOHG�FXOOHW�DUH�GLVWLQJXLVKHG�E\� WKHLU�SRWHQWLDO� ULVN� WR� LPSDUH�
JODVV� TXDOLW\�� )RU� WKLV� SXUSRVH�� WKH� ORFDO� GLVVROXWLRQ� NLQHWLFV� RI� GLIIHUHQW� LPSXULWLHV� DUH�
GHWHUPLQHG�E\�KLJK�WHPSHUDWXUH�REVHUYDWLRQ�WHVWV��SXW�LQWR�UHODWLRQ�WR�WKHLU�SK\VLFDO�DQG�
FKHPLFDO� SURSHUWLHV�� DQG� HYDOXDWHG� IRU� WKH� LQGXVWULDO� UHOHYDQFH� ZLWK� UHVSHFW� WR� WKHLU�
UHVLGHQFH�WLPH�GLVWULEXWLRQ�RI�LQGLYLGXDO�WDQNV��7KLV�OHDGV�WR�WKH�IRUPXODWLRQ�RI�D�UDQNLQJ�
RI�GLIIHUHQW�FHUDPLF�LPSXULWLHV��ZLWK�UHVSHFW�WR�WKHLU�WLPH�GHPDQG�IRU�WRWDO�GLVVROXWLRQ���
DQG�LQ�WXUQ��WR�WKH�IRUPXODWLRQ�RI�DQ�DFFHSWDQFH�WKUHVKROG�IRU�WKHLU�VL]HV��7KH�EHKDYLRU�
RI�FHUDPLF�DQG�PHWDOOLF�LPSXULWLHV�LQ�FRQWDFW�ZLWK�IOLQW�JODVV�PHOWV�LV�H[DPLQHG�LQ�GHWDLO��
4XDQWLWDWLYH�GDWD�RQ�GLVVROXWLRQ�NLQHWLFV�DUH�PHDVXUHG�LQ�D�KLJK�WHPSHUDWXUH�IXUQDFH�E\�
LQ�VLWX� REVHUYDWLRQV�� YLGHR� UHFRUGLQJ� DQG� LPDJH� DQDO\VLV�� 6SHFLDO� HPSKDVLV� LV� ODLG� RQ�
HDUWKHQZDUH��VWRQHV��SRUFHODLQV��DOXPLQLXP��DV�ZHOO�DV�RQ�JODVV�FHUDPLFV���



([SHULPHQWDO�PHWKRGV�

9LGHR�UHFRUGLQJ�RI�WKH�GLVVROXWLRQ�EHKDYLRU�

7KH�GLVVROXWLRQ�RI�LQGLYLGXDO�SDUWLFOHV�LV�UHFRUGHG�E\�D�YLGHR�FDPHUD�DV�D�IXQFWLRQ�RI�
WLPH� DQG� WHPSHUDWXUH�� GHPRQVWUDWHG� LQ� ILJ�� ��� $ORQJ� ZLWK� WKH� ORFDO� NLQHWLFV� RI� WKH�
PDWHULDOV��DW�JLYHQ�GLDPHWHU�DQG�WHPSHUDWXUH���WKH�WLPH�GHPDQG�W�IRU�WRWDO�GLVVROXWLRQ�LV�
GHWHUPLQHG��WKH�VR�FDOOHG�OLIHWLPH��

�
)LJ���� 'HFUHDVH�RI�VL]H�RI�D�SRUFHODLQ�SDUWLFOH�DW���������WILJ������ ����������������K�

,QGXVWULDO�UHOHYDQFH�RI�WKHVH�UHVXOWV�LV�REWDLQHG�E\�GLVFXVVLQJ�WKH�OLIHWLPH�ZLWK�UHVSHFW�WR�
WKH�UHVLGHQFH�WLPH�RI�WKH�JODVV�PHOWV�LQ�LQGLYLGXDO�IXUQDFHV��,Q�GHWDLO��LPSXULWLHV�DUH�PL[HG�
LQWR�JURXQG�FXOOHW�DQG�FKDUJHG�RQ�WRS�RI�D�KRW�PHOW��RU�GURSSHG�DV� LQGLYLGXDO�SDUWLFOHV�
RQWR� WKH� PHOW�� 7KHQ� WKH� GLVVROXWLRQ� NLQHWLFV� LV� PRQLWRUHG�� 7KH� UHVXOWV� SUHVHQW� D�
TXDQWLWDWLYH� YLHZ� RI� ORFDO� NLQHWLFV�� 7KH� GHFUHDVH� RI� SDUWLFOH� VL]H� ZLWK� WLPH� DQG�
WHPSHUDWXUH� LV� H[DPLQHG��7KH�HYDOXDWLRQ� LV�SHUIRUPHG�E\� WKH�DLG�RI� DQ� LPDJH�DQDO\VHU��
7KH�FKDQJH�RI�VL]H�LV�SXW�LQWR�UHODWLRQ�WR�WKH�H[SRVXUH�WLPH��

5HVXOWV�

/RFDO�NLQHWLFV�

:H� GLVWLQJXLVK� EHWZHHQ� OLQHDU� DQG� GLIIXVLRQ� FRQWUROOHG� W\SHV� RI� NLQHWLFV�� DQG�
GLIIHUHQW� FRPELQDWLRQ� RI� ERWK� W\SHV�� :LWK� WKH� LGHQWLILFDWLRQ� RI� WKH� ORFDO� PHFKDQLVP��
NLQHWLF� SDUDPHWHUV� Y� DQG� '� GHQRWLQJ� DQ� HIIHFWLYH� GLVVROXWLRQ� YHORFLW\� DQG� GLIIXVLRQ�
FRHIILFLHQW�� UHVSHFWLYHO\�� DUH� GHWHUPLQHG� DV� H[SODLQHG� LQ� ����� 7KH� WLPH� ODZV� RI� GLIIHUHQW�
W\SHV�RI�GLVVROXWLRQ�NLQHWLFV�DUH�FRPSLOHG�LQ�WHUPV�RI��WKH�ORFDO�UHDFWLRQ�SURJUHVV�∆U�W��UR��
WKH�SDUWLFOH�OLIHWLPH�W��DQG�WKH�GLDPHWHU�G��DVVRFLDWHG�ZLWK�WKH�JLYHQ�OLIHWLPH��
7KH�GHFUHDVH�RI�WKH�VL]H�RI�LQGLYLGXDO�SDUWLFOHV��ZLWK�DSSUR[��UDGLDO�KDELWXpV��LV�UHFRUGHG�
DQG�HYDOXDWHG�E\�DQ�LPDJH�DQDO\VHU��$PRQJ�WKH�GLIIHUHQW�HYDOXDWLRQ�PRGHV��WKH�DQDO\VLV�
RI�WKH�DSSDUHQW�DUHD�$�W��RI�WKH�SDUWLFOH�VLOKRXHWWH�LV�WKH�PRVW�UHOLDEOH�ZD\��,Q�D�QH[W�VWHS��
WKH�GDWD�DUH�DQDO\VHG�ZLWK�UHVSHFW�WR�WKH�PRVW�SUREDEOH�W\SH�RI�GLVVROXWLRQ�NLQHWLFV��7KH�
NLQHWLF� SDUDPHWHUV� IRU� WKH� GLIIHUHQW� W\SHV� RI� GLVVROXWLRQ� NLQHWLFV� DUH� GHWHUPLQHG� E\�
PXOWLSOH� UHJUHVVLRQ� RI� ∆U�W��U�� YHUVXV� W� RU� YLFH� YHUVD�� 7KHQ� WKH� H[SHULPHQWDO� GDWD� DUH�
SORWWHG� YHUVXV� WKH� QRUPDOL]HG� WLPH� W�W� DQG� FRQWUDVWHG� WR� WKH� UHJUHVVLRQ� FXUYHV�� 7KLV�
UHVXOWV� LQ�KLJKO\�GLVFULPLQDWLYH�SORWV�ZKLFK� DOORZ� WR� VHOHFW� WKH� W\SH�RI� NLQHWLF� HTXDWLRQ�
UHSUHVHQWLQJ�EHVW�WKH�GDWD�VHW��)RU�H[DPSOH�LQ�GLDJUDP����W\SHV�$�DQG�%�FDQ�EH�H[FOXGHG�
ULJKW�DZD\��)LQDOO\��W\SH�'�LV�SUHIHUUHG�WR�W\SH�&�EHFDXVH�RI�LWV�EHWWHU�UHSUHVHQWDWLRQ�RI�
WKH�LQLWLDO�EHKDYLRU��

�

'LDJUDP���'HFUHDVH�RI�SDUWLFOH�VL]H�YHUVXV�

QRUPDOL]HG�WLPH�W�W�RI�D�SRUFHODLQ�FHUDPLFV�

DW�������&��

�
�



6R�� IRU� D� JLYHQ� OLIHWLPH� W�� WKH� FRUUHVSRQGLQJ� SDUWLFOH� VL]H� FDQ� EH� GHWHUPLQHG�� 7KLV� LV�
VKRZQ�LQ�GLDJUDP���IRU�D�SRUFHODLQ��7KH�DERYH�GDWD�DUH�WUDQVIRUPHG�LQWR�SORWV�RI�SDUWLFOH�
VL]H�YHUVXV�SDUWLFOH�OLIHWLPH�G��W��DW�������������&��

'LDJUDP���� 3DUWLFOH�OLIHWLPH�W�RI�D�SRUFHODLQ���

3RUFHODLQ� GLVVROYHV� LQFRQJUXHQWO\� E\� W\SH�'�� 7KH� GLVVROXWLRQ� RI� D� SRUFHODLQ� RI� ��PP�
GLDPHWHU� UHTXLUHV���K�DW�������&����� �K�DW�������&�DQG�����K�DW�������&��7KH�FULWLFDO�
SDUWLFOH�GLDPHWHU�ULVHV�ZLWK�WHPSHUDWXUH��7KH�PLFURVFRSLF� LQVSHFWLRQ�RI�UHVLGXDO�GHIHFWV�
UHYHDOV� LQ� GHWDLO� WKH� ORFDO� PHFKDQLVPV� �GLVVROXWLRQ�� SKDVH� WUDQVIRUPDWLRQ��
UHFU\VWDOOLVDWLRQ��JHQHUDWLQJ�WKH�NLQHWLF�ODZV�LV�VKRZQ�LQ�ILJ�����

�

� �

)LJ���� 0LFURVFRSLF�DQG�6(0�YLHZ�RI�WKH�GLVVROXWLRQ�RI�D�SRUFHODLQ�DIWHU�D�KLJK�WHPSHUDWXUH�

H[SRVXUH�DW�������&�

�
$URXQG�WKH�SRUFHODLQ�FRUH��D�GLIIXVLRQ�ERUGHU�LV�IRUPHG��7KH�XS�WDNH�RI�DONDOL�IURP�WKH�
PHOW�DQG�WKH�GLVVROXWLRQ�DQG�WUDQVIRUPDWLRQ�RI�DOXPR�VLOLFDWHV�GHWHUPLQH�WKH�FKDQJH�RI�
FRPSRVLWLRQ�LQ�WKLV�WUDQVLWLRQ�]RQH��7KH�YLGHR�PRQLWRULQJ�FRQILUPV�WKLV�REVHUYDWLRQ�E\�
VKRZLQJ�D�YLVFRXV�HQYHORSH�DURXQG�WKH�SDUWLFOH��7KH�LQIOXHQFH�RI�WKH�LQFUHDVHG�YLVFRVLW\�
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E\��WKH�LQFUHDVHG�DOXPLQD�FRQWHQW�LV�UHVSRQVLEOH�IRU�D�UHWDUGHG�PRYHPHQW�RI�EXEEOHV�DQG�
WKH�PHOW��
7KH�FRUH��WKH�ERXQGDU\�]RQH�DQG�WKH�VXUURXQGLQJ�JODVV�DUH�DQDO\VHG�E\�6(0�(';�DQG�
HYDOXDWHG�IRU�WKHLU�QRUPDWLYH�SKDVH�FRQWHQW�
��FRUH�� TXDUW]� JUDLQV� 6L2�� XQG� PXOOLWH� IHOW� $�6�� LQ� D� DOELWLF�� JODVV\� ERQGLQJ�

SKDVH��1$6���6L2���
��ERUGHU�� QHSKHOLQ��VLOLFD��1$6���6L2���ZLWK�WUDFHV�RI�&�$6���.$6���$�6��
��JODVV�� 6L2���1&�6���1$6���16���.$6���

7KH�QRUPDWLYH�SKDVH�FRQWHQW�GHVFULEHV�WKH�WKHUPRG\QDPLF�SRVLWLRQ�RI�D�PHOW��D�JODVV�RU�
D�FU\VWDO�LQ�UHODWLRQ�WR�WKH�HT��VWDWH�DW�URRP�WHPSHUDWXUH��
�

$OXPLQLXP�DV�PHWDOOLF�LPSXULW\�

$OXPLQLXP� ZDV� WHVWHG� E\� DSSO\LQJ� UROOHG� IRLOV� IURP� WKH� UHF\FOLQJ� DJJUHJDWHV� DQG�
PDVVLYH�FXELF�SDUWLFOHV��$URXQG�WKH�IRLOV��D�DOXPLQD��$O�2���GLIIXVLRQ�EDUULHU�LV�JHQHUDWHG��
JHQHUDWLQJ� D� 6L� SDUWLFOH� FRPSULVLQJ� DQ� LURQ� SHQHWUDWLRQ� SKDVH�� 6PDOO� IRLOV�� E\� FRQWUDVW��
GLVVROYH� FRPSOHWHO\�� 0DVVLYH� FXELF� SDUWLFOHV� GLVVROYH� XQGHU� KRPRJHQHRXV� 6L�EURZQ�
FRORXULQJ�RI�WKH�JODVV�ZLWK�D�UHVLGXDO�FROORLGDO�LURQ�FRQWDLQLQJ�SKDVH��ILJ������
�

� �
�

)LJ����� 'LVVROXWLRQ� RI� D� DOXPLQLXP� IRLO� LQWR� D� 6L� SDUWLFOH� ZLWK� DQ� LURQ� SHQHWUDWLRQ� SKDVH�

VXUURXQGHG� E\� D� DOXPLQD� R[LGH� EDUULHU� DQG� D� PDVVLYH� FXELF� SDUWLFOH� ZLWK� D�

KRPRJHQHRXV�FRORXULQJ�FRUG�

%HKDYLRU�RI�LPSXULWLHV�LQ�WKH�EDWFK�

7KH�EHKDYLRU�RI�LQGLYLGXDO�SDUWLFOHV�LQ�WKH�EDWFK�LV�H[DPLQHG��WRR��)RU�WKLV�SXUSRVH��
FRDUVH� FHUDPLF� SDUWLFOHV�ZLWK� DSSUR[�� VSKHULFDO� KDELWXV� ��� ²� ��PP�� DQG� QHHGOH�VKDSHG�
FHUDPLF�IUDJPHQWV����������PP��DUH�PL[HG� LQWR�EDWFK�VDPSOHV�DQG�FKDUJHG�RQ�WRS�RI�D�
FXOOHW�PHOW��7KH�DVSHFWV�RI�SDUWLFOH� VL]H�DQG�VKDSH�DUH�GLVFXVVHG� ODWHU�XQGHU� WKH�VHFWLRQ�
´JODVV�SRZGHU´��
�

+LJK�WHPSHUDWXUH�REVHUYDWLRQ�RI�EDWFK�PHOWLQJ�EHKDYLRU�

7KH� REVHUYDWLRQ� LV� GRQH� LQ� GLIIHUHQW� REVHUYDWLRQ� IXUQDFHV� IURP� DERYH� DV� ZHOO� DV�
WKURXJK�WKH�PHOW��&RDUVH�FHUDPLF�SDUWLFOHV�VHJUHJDWH��DOO�QHHGOH�IUDJPHQW�DUH�RULHQWDWHG�LQ�
WKH�VLQNLQJ�PHOW��5ROOHG�VKDSHG�$O�IRLOV�DGKHUH�WR�WKH�VXUIDFH�RI�WKH�PHOW��,PSXULWLHV�OLNH�
TXDUW]� VWRQHV� EHKDYH� OLNH� VDQG� JUDLQV� IRUPLQJ� DJJORPHUDWHV� DQG� EXEEOHV� LQ� WKH� EDWFK��
3RURXV� FHUDPLF� DUH� TXLFNO\� WUDQVIRUPHG� E\� GLVVROXWLRQ� RI� WKH� ERQGLQJ� SKDVH�� 7KH�
FRORUHG�JODVV� FHUDPLF�GLUHFWO\� VLQNV� LQWR� WKH�PHOW�DQG�GRHV�QRW�SDUWLFLSDWH� LQ� WKH�EDWFK�
UHDFWLRQV���



�

)LJ����5DWH�RI�EDWFK�PHOWLQJ�IRU�D�ZLWK�FHUDPLFV�GRWHG�PDVV�JODVV�DW�������&���

�YLHZ�WKURXJK�WKH�PHOW��RXWHU�ULJKW�LPDJH��

)LJ�� �� GHPRQVWUDWHV� D� YLHZ� IURP� WKH� WRS� DQG� WKURXJK� WKH�PHOW� GXULQJ� EDWFK�PHOWLQJ��
3ULPDU\� PHOW� IRUPDWLRQ� LV� DFFRPSDQLHG� E\� WUDQVSRUW�� GHJDVVLQJ�� DQG� ILOP� IRUPLQJ�
SKHQRPHQD��7KH�VHJPHQWV�LQ�ILJ����VKRZ�WKH�SKDVH�WUDQVIRUPDWLRQ�RI�D�SRURXV�FHUDPLF�
GXULQJ�EDWFK�PHOWLQJ��IRU�D�TXDUW]�VWRQH�DQG�WKH�UDZ�PDWHULDOV�GRORPLWH�DQG�QHSKHOLQ�LQ�
WKH�PHOW��

� � �

�

)LJ���� 7UDQVIRUPDWLRQ� GXULQJ� EDWFK� PHOWLQJ�� SRURXV� FHUDPLFV�� TXDUW]� VWRQH�� GRORPLWH� DQG�

QHSKHOLQ�

3UH�WUHDWPHQW�RI�FXOOHW�

7KH�SUH�WUHDWPHQW�RI�FXOOHW�LV�GLVFXVVHG�ZLWK�UHVSHFW�WR�WKH�XVH�RI�JODVV�SRZGHU�DQG�
WR�WKH�ZDVKLQJ�RI�FXOOHW�ZLWK�DONDOLQH�VROXWLRQV��7KHUHIRUH�FXOOHWV�ZHUH�FODVVLILHG�E\�VL]H�
WR�VKRZ�WKH�SRWHQWLDO�RI�WKH�ILQH�RU�FRDUVH�IUDFWLRQV�WR�JHQHUDWH�GHIHFWV��7KH�JUDLQ�VL]H�
GLVWULEXWLRQ�DQG�WKH�LPSXULW\�FRQWHQW��HVSHFLDOO\�WKH�PHWDOOLF�DQG�FHUDPLF�LPSXULWLHV��ZHUH�
GHWHUPLQHG�� :LWK� UHVSHFW� WR� WKH� PHOWLQJ� EHKDYLRU�� QH[W� WR� WKH� GHWHUPLQDWLRQ� RI� WKH�
GLVVROXWLRQ� NLQHWLFV� RI� WKH� FXOOHW� LPSXULWLHV�� � LQYHVWLJDWLRQV� RQ� SXOYHULVDWLRQ� �� DQG� SUH�
WUHDWPHQW�E\�DONDOLQH�VROXWLRQV���RI�FXOOHW�ZHUH�SHUIRUPHG��

*ODVV�SRZGHU�E\�FXOOHW�PLOOLQJ��

,Q�RUGHU�WR� LPSURYH�WKH�TXDOLW\�RI�UHF\FOHG�FXOOHWV��FXOOHWV�DUH�FODVVLILHG�E\�VL]H��%\�
WKLV� SURFHGXUH�� LPSXULWLHV� DUH� DFFXPXODWHG� LQ� WKH� ILQH� IUDFWLRQV�� ,W� LV� WKH� REMHFWLYH� WR�
GHPRQVWUDWH� WKH� JODVV� GHIHFW� SUREOHP� UHODWHG� WR� ILQH� IUDFWLRQV�� )RU� WKLV� SXUSRVH� WKH�
PHOWLQJ� EHKDYLRU� RI� SRZGHU� VDPSOHV� DV� EDWFK� FRPSRQHQW� LV� VWXGLHG� E\� KRW�VWDJH�
PLFURVFRS\��DQG�E\�PHOWLQJ�WHVWV�SHUIRUPHG�LQ�DQ�REVHUYDWLRQ�IXUQDFH��)LJ����VKRZV�DV�
FRQFOXVLRQ� RI� PHOWLQJ� FXOOHW� DQG� FHUDPLFV�� UHOLFWV� IRU� WKH� FRDUVH�� EXEEOHV� IRU� WKH� ILQH�
IUDFWLRQ�� 6XIILFLHQW� DQG� WRWDO� GLVVROXWLRQ� E\� LQFUHDVLQJ� WKH� WHPSHUDWXUH� LV� VKRZLQJ� WKH�
PHGLXP�IUDFWLRQ�IRU�WKH�IUDFWLRQ�RI�����������PP��7KH�HIIHFW�FDQ�HYHQ�EH�HQIRUFHG�E\�
SHOOHWL]LQJ��



�

)LJ����0HOWLQJ�EHKDYLRU�RI�GLIIHUHQW�IUDFWLRQV�RI�JODVV�SRZGHU�DQG�FHUDPLFV�DW������������&�

,W� LV� VKRZQ� WKDW� WKH� ILQH� FXOOHW� IUDFWLRQV� HQKDQFHV� WKH� ORFDO� WXUQRYHU� RI� WKH� EDWFK�
UHDFWLRQV� ZKLOH� FRDUVH� IUDFWLRQV� SURPRWH� FRQYHFWLYH� IORZ�� $GGLWLRQDO� VWXGLHV� ZHUH�
SHUIRUPHG�DW�DQ�LQGXVWULDO�VLWH���

7UDQVIRUPDWLRQ�RI�DOXPLQLXP�

7KH�EHKDYLRU�RI�PHWDOOLF�LPSXULWLHV�LQ�ZKLWH�JODVV�PHOWLQJ�WKURXJK�SUH�WUHDWPHQW�RI�
FXOOHWV� LQ�DONDOLQH�VROXWLRQ�ZDV�LQYHVWLJDWHG��7HFKQLFDO�HOLPLQDWLRQ�RI�LPSXULWLHV�WKURXJK�
WUHDWPHQW� ZLWK� DONDOLQH� VROXWLRQV� DSSOLHG� WR� QRQ�LURQ� PHWDOOLF� LPSXULWLHV�� FXOOHWV� DQG�
PL[WXUHV� RI� ERWK�� DV� ZHOO� DV� WKH� PHOWLQJ� EHKDYLRXU� RI� WKH� SUH�WUHDWHG� PL[WXUHV� ZDV�
LQYHVWLJDWHG��7KH�LGHD�RI�WUDQVIRUPDWLRQ�RI�DOXPLQLXP�LQWR�K\GUR[LGHV�RU�DOXPLQDWHV��LV�
UHDOLVHG�WKURXJK�WKH�XVH�RI�DONDOLQH�VROXWLRQV��6ROXWLRQV�ZHUH�DSSOLHG�DV�FRPPRQO\�XVHG�
LQ� WKH�ZDVKLQJ�SURFHVV�RI� UHWXUQDEOH�ERWWOHV��'LIIHUHQW�PHWKRGV�RI�SURFHVV� DSSOLFDWLRQ�
VKRZ� WKH� HIIHFW� RI� WLPH�� WHPSHUDWXUH� DQG� FRQFHQWUDWLRQ� RQ� WKH� WUDQVIRUPDWLRQ� RI�
LPSXULWLHV�LQWR�KDUPOHVV�FRPSRXQGV���

(YDOXDWLRQ�IRU�LQGXVWULDO�IXUQDFHV��

7KH�OLIHWLPH�W�LV�WKH�EDVLV�WR�GHWHUPLQH�WKH�DFFHSWDEOH�SDUWLFOH�VL]H�G��LQ�UHODWLRQ�WR�
WKH�UHVLGHQFH�WLPH�LQ�D�WDQN��7KH�PDWHULDOV�YDOXHV�DUH�WDNHQ�IURP�WHPSHUDWXUH�GHSHQGHQW�
OLQHV�DV�VKRZQ�LQ�GLDJUDP����)RU�WKH�XQUHDOLVWLF�FDVH�RI�D�SOXJ�IORZ�UHDFWRU�FKDUDFWHULVWLFV�
RI� WKH� WDQN�� WKH� FULWLFDO� GLDPHWHU� G�� FDQ� EH� WDNHQ� GLUHFWO\� IURP� WKH� OLIHWLPH� SORWV� H�J��
GLDJUDP� ��� 5HDO� IXUQDFHV�� KRZHYHU� VKRZ� D�PRUH� FRPSOLFDWHG�PDVV� IORZ� EHKDYLRU�� %\�
WUDFHU� H[SHULPHQWV�� E\� PRGHOOLQJ� �RU� ²� ZLWK� FHUWDLQ� OLPLWDWLRQV� �� E\� FRORU� FKDQJH�
FDPSDLJQV�� WKH� UHVLGHQFH� WLPH� VSHFWUD� IRU� WKH� WKURXJKSXW�RI�YROXPH�HOHPHQWV� WKURXJK�
WKH�EDVLQ�DUH�GHWHUPLQHG��%\�DQ�LQGLYLGXDO�VWXG\����WKH�IROORZLQJ�FKDUDFWHULVWLF�WLPHV�ZHUH�

GHWHUPLQHG�� τ���  � �� K� �ILUVW� GHWHFWLRQ� RI� WUDFHU��� τ���  � �� K� DQG� τ���  � ��� K�� 7KH� WLPH�
FRUUHVSRQGV�WR�FULWLFDO�SDUWLFOH�VL]HV�GFULW���7KH�KLJKHVW�VHFXULW\�OHYHO�LV�UHODWHG�WR�WKH�WLPH�

τ����$W�τ���� WKHUH� LV�QR� WUDFHU� UHVSRQVH��KHQFH� WKH�HQWLUH�YROXPH� LV� VWLOO� FRQWDLQHG� LQ� WKH�
IXUQDFH�� ZLWK� QR� GHIHFWV� EHLQJ� DEOH� WR� UHDFK� WKH� HQG� RI� WKH� IHHGHU�� $W� WLPH� τ����
FRUUHVSRQGLQJ� WR� ����� RI� WUDFHU� WKURXJKSXW�� ����� RI� SDUWLFOHV� ZLWK� VL]H� G��� DUH� VWLOO�
FRQWDLQHG�LQ�WKH�IXUQDFH��7KHVH�ZLOO�GLVVROYH�IRU�VXUH��%XW������RI�GHIHFWV�RI�WKH�VDLG�VL]H�
DUH�SXOOHG�WKURXJK�WKH�IXUQDFH�DQG�PD\�FDXVH�GHIHFWV�RI�VL]HV�UDQJLQJ�XS�WR�∆G� �G���G���
,Q� D� SURGXFWLRQ� VLWXDWLRQ�� D� FRPSURPLVH� KDV� WR� EH� PDGH�� )RU� H[DPSOH�� DW� τ��� ZLWK� D�
SDUWLFOH�VL]H�G� �����PP��QR�PRUH�WKHQ�����RI�WKH�RULJLQDO�DPRXQW�RI�FHUDPLF�LPSXULWLHV�
PD\�FDXVH�GHIHFWV��'LDJUDP���GHPRQVWUDWHV�WKH�GLVFXVVHG�PHWKRG��



�

'LDJUDP��� 7KH�OLIHWLPH�W�DQG�SDUWLFOH�VL]H�G���IRU�D�SRUFHODLQ�LQFOXGLQJ�WKH�UHVLGHQFH�WLPH�

τQQ�DQG�WKH�FULWLFDO�SDUWLFOH�VL]H�GFULW��

&RQFOXVLRQ�

7KH� GLVFXVVHG� SDSHU� WULHV� WR� FRPSUHKHQVLYHO\� WUHDW� WKH� SUREOHP� RI� LPSXULWLHV� LQ�
FXOOHWV�� 7KLV� LQFOXGHV� WKH� ORFDO� UHDFWLRQ� PHFKDQLVPV� �GLVVROXWLRQ� NLQHWLFV�� OLIH� WLPH��
UHFULVWDOOLVDWLRQ�� DV� ZHOO� DV� SDUWLFLSDWLRQ� LQ� WKH� JOREDO� PDVV� IORZ� LQ� WKH� IXUQDFH� �EDWFK�
UHDFWLRQV�� WXUQ�RYHU� WR� WKH�PHOW���7KH� UHVXOWV� DUH�SXW� LQWR� UHODWLRQ� WR� WKHLU�SK\VLFDO� DQG�
FKHPLFDO�SURSHUWLHV��DQG�HYDOXDWHG�IRU�LQGXVWULDO�UHOHYDQFH�ZLWK�UHVSHFW�WR�WKH�UHVLGHQFH�
WLPH� GLVWULEXWLRQ� RI� LQGLYLGXDO� WDQNV�� 7KLV� FDQ� EH� XVHG� WR� IRUPXODWH� DFFHSWDQFH�
WKUHVKROGV� IRU� SDUWLFOH� VL]HV� RI� FHUDPLF� DQG� PHWDOOLF� LPSXULWLHV�� %\� WKLV�� LQWHUHVWLQJ�
SUREOHPV� VROXWLRQV� DUH� JLYHQ� IRU� FRPELQDWLRQ� RI� SDUWLFOH� VL]HV�� WKH� ILQH� DQG� FRDUVH�
IUDFWLRQ�RU�WKH�SUH�WUHDWPHQW�E\�DONDOLQH�VROXWLRQV�WR�PLQLPL]H�WKH�JODVV�GHIHFWV�DFFRUGLQJ�
WR�WKH�FXOOHWV��$V�D�EHQHILW��JODVV�SURGXFHUV�DUH�SXW�LQWR�D�SRVLWLRQ�WR�H[HUW�TXDOLW\�FRQWURO��
DQG� QRW� WR� UHO\� RQ� GHWHFWLRQ� RI� JODVV� GHIHFWV� LQ� WKH� SURGXFW� DORQH�� $W� WKH� VDPH� WLPH��
FULWHULD�RI�DFFHSWDEOH�SDUWLFOH�VL]HV�DUH�JLYHQ�IRU�WKH�UHF\FOHUV��
�
�

�
�
�5HVHDUFK�SURMHFW�LQ�SUHSDUDWLRQ�RQ�UHXVH�RI�WKH�ILQH�UHVW�IUDFWLRQ��*+,�������
�
�*O�VLQJ��$��.���&RQUDGW��5���'LVVROXWLRQ�NLQHWLFV�RI�FHUDPLF�DQG�PHWDOOLF�LPSXULWLHV�RI�
FXOOHW��3URF��,QW��6\PS��5HF\FOLQJ�DQG�UHXVH�RI�JODVV�FXOOHW���'XQGHH�������
�
�*O�VLQJ��$��.���&RQUDGW��5���5DQNLQJ�RI�FHUDPLF�DQG�PHWDOOLF�LPSXULWLHV�LQ�UHF\FOHG�FXOOHW�
ZLWK�UHVSHFW�WR�WKHLU�LPSDFW�RQ�FRQWDLQHU�JODVV�TXDOLW\��3URF���WK�,QW��&RQI��$GYDQFHV�LQ�
IXVLRQ�DQG�SURFHVVLQJ�RI�JODVV��8OP�������

�
�5RXPHDV��9��3UR]HVVWHFKQLVFKH�%HZlOWLJXQJ�GHU�9HUXQUHLQLJXQJHQ�LP�$OWJODV�GXUFK�
)HLQYHUPDKOXQJ��'LSORPDUEHLW�5:7+�$DFKHQ�������

�
�'HKDXGW��0��3UR]HVVWHFKQLVFKH�%HZlOWLJXQJ�GHU�9HUXQUHLQLJXQJHQ�LP�$OWJODV�GXUFK�
/|VXQJVXPVDW]��'LSORPDUEHLW�5:7+�$DFKHQ������� �

�
�6FKLSSDQ��'��7UDFHUYHUVXFKH�GLVNUHWHU�9HUZHLO]HLWHQ�DQ�HLQHU�+RKOJODVZDQQH��
'LSORPDUEHLW�5:7+�$DFKHQ��0DL������
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