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�
,Q�WKLV�ZRUN��ZH�VWXGLHG�WKH�HIIHFW�RI�WKH�LQFLGHQW�DQJOH�RQ�WKH�HURVLRQ�RI�D�VRGD�OLPH�JODVV�E\�VDQG�

EODVWLQJ��:H�XVHG�D�VDQG�FRPLQJ�IURP�$OJHULDQ�6DKDUD��2XDUJOD��ZKLFK�LV�FKDUDFWHULVHG�E\�D�PRVWHO\�

URXQGHG�VKDSH��:H�YDULHG�WKH�LPSDFW�DQJOH�IURP�����XS��WR������:H�XVHG�D�VDQG�IOX[�YHORFLW\�RI����P�V�

DQG�VDQG�PDVVHV�YDU\LQJ�IURP����WR�����J��7KH�UHVXOWV�REWDLQHG�VKRZ�WKDW�WKH�PDVV�ORVV��WKH�URXJKQHVV�

DQG�WKH�HURVLRQ�UDWH�UHDFK�WKHLU�PD[LPXP�DW�QRUPDO�LQFLGHQFH��$IWHU�H[SRVXUH�WR�D�VDQG�PDVV�RI�����J�

DW�QRUPDO�LQFLGHQFH�� WKH�PHDQ�URXJKQHVV�5D�UHDFKHV�DERXW�������P�DQG�WKH�PDVV�ORVV�RI�WKH�JODVV�LV�

�����PJ��7KH�RSWLFDO� WUDQVPLVVLRQ� LV�DIIHFWHG�SURSRUWLRQDOO\� WR� WKH� VDQG�PDVV�XVHG�� ,W�GHFUDVHV� IURP�

������GRZQ� WR�����ZKHQ� WKH�PDVV� UHDFKHV�����J��7KH�JODVV� VXUIDFH�EHFRPHV� WRWDOO\�EOXUUHG��)URP�

PLFURVFRSLF�REVHUYDWLRQV��ZH�QRWLFHG�WKDW�WKH�HURVLRQ�PHFKDQLVP�LV�RIWHQ�RI�D�EULWWOH�NLQG�FKDUDFWHULVHG�

E\�WKH�IRUPDWLRQ�RI�UDGLDO�DQG�ODWHUDO�FUDFNV�WKDW�GHYHORS�LQWR�FKLSLQJV��:LWK�PDVVHV�H[FHHGLQJ�����J��

ZH� QRWLFH� WKDW� WKH� LQWHUDFWLRQ� EHWZHHQ� FUDFNV� RI� WKH� GDPDJHG� ]RQHV� EHFRPHV� IUHTXHQW�� :H� DOVR�

REVHUYHG�WKDW�IRU�ZHDN�DQJOHV����������WKH�HURVLRQ�PHFKDQLVP�FKDQJHV��,W�VHHPV�WKDW�WKH�PDVV�UHPRYDO�

RFFXUV�E\�D�SORXJKLQJ�DQG�FUXPEOLQJ�SURFHVV�UDWKHU�WKDQ�WKDW�E\�VFDOLQJ��

�
���,QWURGXFWLRQ�

6ROLG� SDUWLFOH� HURVLRQ� RI� JODVV� FDQ� EH� D� VHYHUH� OLIH� OLPLWLQJ� SDUWLFXODUO\� LQ� 6DKDULDQ�
UHJLRQV� ZKHUH� VDQGVWRUPV� RFFXU� LQ� FHUWDLQ� SHULRGV� RI� WKH� \HDU�� ,Q� UHFHQW� \HDUV��PXFK�
LQWHUHVW�KDV�EHHQ� VKRZQ� LQ� WKH�XVH�RI� FHUDPLFV� DV� HURVLRQ� UHVLVWDQW�PDWHULDOV� IRU�PDQ\�
DSSOLFDWLRQV��*��+��-LOEHUW�DQG�-��(��)LHOG��UHSRUWHG�WKDW� LQ�D�UHDO�VLWXDWLRQ��DQ�DLUFUDIW� LV�
PRVW�OLNHO\�WR�HQFRXQWHU�GXVW�DQG�VDQG�GXULQJ�WDNH�RII�DQG�ODQGLQJ��7KH�HURVLRQ�E\�VROLG�
SDUWLFOHV�DIIHFWV�RSWLFDO�WUDQVPLVVLRQ�DQG�VWUHQJWK�GHJUDGDWLRQ�RI�JODVV�IUHTXHQWO\�XVHG�IRU�
ZLQGRZV�FRYHULQJ�LQIUDUHG�V\VWHPV�LQ�IO\LQJ�DQG�LQ�WKH�DHURVSDFH�LQGXVWU\���

,Q�$OJHULDQ�6DKDUD�� WKH�YHKLFOHV�ZLQGVKLHOGV�GDPDJLQJ�E\� VDQGVWRUPV� LV� D� FRPPRQ�
SKHQRPHQRQ�WKDW�FDQ�FDXVH�VHULRXV�SUREOHPV��:KHQ�WKH�ZLQGVKLHOG�JODVV�LV�H[SRVHG�WR�
VDQG�SDUWLFOHV� IOX[�� WKH� VXUIDFH�EHFRPHV�EOXUUHG���7KH� WUDQVPLVVLRQ� ORVV� DQG� VWUD\� OLJKW�
FDXVHG� E\� WKLV� W\SH� RI� HURVLRQ� PDNHV� GLIILFXOW� WKH� GULYLQJ� SDUWLFXODU\� GXULQJ� VXQVHW��
VXQULVH�RU�ZKHQ�IDFLQJ�RWKHU�FDUV�GXULQJ�QLJKW��:LQGVKLHOGV�DUH�XVXDOO\�PDGH�RI�D�VRGD�
OLPH�JODVV�DQG�DUH�RULHQWHG�ZLWK�D�FHUWDLQ�DQJOH�ZKHQ�SODFHG�RQ�YHKLFOHV��7KH�RULHQWDWLRQ�
LV�YDULDEOH�DFFRUGLQJ� WR� WKH� W\SH�RI�YHKLFOH�� ,W� LV�ZHOO�NQRZQ� WKDW� WKH�HURVLRQ�RI�EULWWOH�
PDWHULDOV� LV�PD[LPDO� DW�QRUPDO� LQFLGHQFH�� ,Q�SUDFWLFH�� WKH� LQFOLQDLVRQ�RI� WKH�ZLQGVKLHOG�
JODVV� FDQ�EH�SRVLWLYH�QRW�RQO\� IRU� UHGXFLQJ�DLU� UHVLVWDQFH�EXW� DOVR� IRU� UHGXFLQJ� HURVLRQ�
GDPDJLQJ���

7KH�JODVV�HURVLRQ�PHFKDQLVP�RI�WKH�EULWWOH�NLQG�LV�FKDUDFWHUL]HG�E\�WKH�IRUPDWLRQ�RI�
ODWHUDO� FUDFNV� WKDW� GHYHORS� LQWR� FKLSSLQJV��+RZHYHU�� LW�ZDV� DOVR� VKRZQ� WKDW� HYHQ� JODVV�
WHQGV�WR�EH�HURGHG�E\�SODVWLF�GHIRUPDWLRQ�VLPLODUO\�WR�GXFWLOH�PDWHULDOV�ZKHQ�HURGHG�E\�
YHU\�ILQH�SDUWLFOHV�RU�DW�ORZ�YHORFLWLHV����

,Q�WKLV�ZRUN��ZH�VWXGLHG�WKH�HIIHFWV�RI�WKH�LQFLGHQW�DQJOHV�RQ�WKH�HURVLRQ�RI�D�VRGD�
OLPH�JODVV�E\�VDQG�EODVWLQJ�XVLQJ�YDULDEOH�HURGLQJ�PDVVHV�XS�WR�����JUDPV��

�



����([SHULPHQWDO�SURFHGXUH�

7KH�PDWHULDO�XVHG� LQ� WKLV� VWXG\� LV�DQ�RUGLQDU\� ODPLQDWHG�VRGD²OLPH�JODVV�ZKLFK�ZDV�
GHOLYHUHG�LQ�LWV�DV�UHFHLYHG�VWDWH�ZLWK�D���PP�WKLFNQHVV��,WV�PHDQ�FKHPLFDO�FRPSRVLWLRQ�
FRQWDLQV�HVVHQWLDOO\��������6L2���������&D2�DQG���������1D�2��7KH�<RXQJ·V�PRGXOXV��
WKH�3RLVVRQ·V�UDWLR��WKH�KDUGQHVV�DQG�WKH�IUDFWXUH�WRXJKQHVV�DUH�UHVSHFWLYHO\��������*3D��
������������*3D�DQG������03D¥P��

7KH�VDQG�FKRVHQ�IRU� WKLV� VWXG\�FRPHV� IURP�WKH�UHJLRQ�RI�2XDUJOD� LQ�6DKDULDQ�UHJLRQ�
VLWHG� DW� WKH� RULHQWDO� (UJ� LQ� $OJHULD�� ,W� ZDV� XVHG� LQ� LWV� DV� UHFHLYHG� VWDWH�� )LJXUH� ��
UHSUHVHQWV� D� VDQG� VDPSOH� VKRZLQJ� WKH� SDUWLFOHV� VKDSH� DQG� WKHLU� DYHUDJH� VL]H��:H� FDQ�
QRWLFH�WKDW�WKH�VDQG�LV�FRPSRVHG�IURP�GLIIHUHQWO\�VKDSHG�DQG�FRORUHG�SDUWLFOHV��6RPH�
RI� WKHVH� SDUWLFOHV� DUH� OLPSLG� DQG� WUDQVOXFHQW�� 7KH� JUDQXORPHWU\� GLVWULEXWLRQ� RI� WKH�
SDUWLFOHV� PDGH� IRU� D� VDQG� PDVV� RI� ���� JUDPV� LV� QRW� YHU\� GLVSHUVHG� �ILJXUH� ����:LWK�
VXFFHVVLYH�VLHYLQJ�SHULRGV�RI����PLQ��WKH�VDQG�GLVWULEXWLRQ�VKRZV�WKDW�PRVW�VL]HV�OD\�LQ�
WKH�LQWHUYDO������¸�������P��

�
)LJXUH����0LFURJUDSK�VKRZLQJ�WKH�PRUSKRORJ\�DQG�WKH�DVSHFW�RI�WKH�VDQG�XVHG�
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3DUWLFOH�VL]H���P�

)LJXUH����'LVWULEXWLRQ�RI�WKH�SDUWLFOHV�VL]H����LQ�PDVV��IRU�WKH�VDQG�XVHG�

:H�GHWHUPLQHG�WKH�VDQG�SDUWLFOHV�KDUGQHVV�XVLQJ�D�ORDG�RI�����1�DQG�D�GZHOO�WLPH�RI����
VHFRQGV�RQ�D�VDPSOH�RI����JUDLQV��7KH�REWDLQHG�KDUGQHVV�LV�+Y� ��������������*3D��:H�



DWWHPSWHG�WR�GHWHUPLQH�WKH�SDUWLFOHV�IUDFWXUH�WRXJKQHVV�ZLWK�D�ORDG�RI���1��EXW�EHFDXVH�
RI�WKH�LPSRVVLELOLW\�WR�PHDVXUH�GLUHFWO\�WKH�VDQG�<RXQJ·V�PRGXOXV��ZH�FRXOG�QRW�KDYH�DQ�
HVWLPDWLRQ� RI� WKH� IUDFWXUH� WRXJKQHVV� DFFRUGLQJ� WR� LQGHQWDWLRQ� PRGHOV�� 7KH� WHVW�
FRQGLWLRQV�DUH�DV�IROORZV��

7DEOH����3DUDPHWHUV�FRQVLGHUHG�LQ�WKH�WHVW�FRQGLWLRQV�

�)L[HG�SDUDPHWHUV� 9DULDEOH�SDUDPHWHUV�
'LVWDQFH�FRQYHUJHQW�VDPSOHV�����PP�
$LU�VSHHG�����P�V�
6DQG�PDVV�UDWH�����J�PLQ�

���(URGDQW�PDVV�������������������J���
���,PSDFW�DQJOH���������������������
�

�
����5HVXOWV�DQG�GLVFXVVLRQ�

)LJXUH���VKRZV�WKH�YDULDWLRQ�RI�WKH�PDVV�ORVV�YHUVXV�LPSDFW�DQJOHV��:H�FDQ�REVHUYH�
WKDW� WKH�PDVV� ORVV�EHFRPH�PD[LPDO�ZKHQ� WKH� LPSDFW�DQJOH� WHQGV� WR�����DQG�JUDGXDOO\�
LQFUHDVHV�ZLWK�WKH�HURGDQW�PDVV�XS�WR�����J��7KLV�VKRZV�WKDW�WKH�PDVV�ORVV�LV�GHSHQGLQJ�
RQ�WKH�LQFLGHQW�DQJOH�DQG�RQ�WKH�DPRXQW�RI�PDVV�SURMHFWHG��7KHVH�YDULDWLRQV�ZHUH�DOVR�
REVHUYHG�IURP�WKH�PHDVXUHPHQWV�RI�WKH�GDPDJHG�VXUIDFH�URXJKQHVV��

)RU�ORZHU�DQJOHV�OHVV�WKDQ������ZH�KDYH�D�QHDUO\�FRQVWDQW�YHU\�ZHDN�PDVV�ORVV��7KLV�ORVV�
LV�DOPRVW�QXOO�IRU�WKHVH�DQJOHV�ZKHQ�WKH�HURGLQJ�PDVV�LV�OHVV�WKDQ�����J��7KLV�SUREDEO\�
FRUUHVSRQGV� WR� DQ� LQFXEDWLRQ� SHULRGV� JHQHUDOO\� REVHUYHG� LQ� WKH� HURVLRQ� RI� EULWWOH�
PDWHULDOV��:H�KDYH�VHHQ� WKDW� WKH�HURVLRQ�PHFKDQLVP� LQ� WKLV� LQWHUYDO�RI� LQFLGHQW�DQJOHV�
����²������LV�FKDUDFWHULVHG�E\�D�SORXJKLQJ�DQG�FUXPEOLQJ�SURFHVV��

)RU� JUHDWHU� LQFLGHQW� DQJOHV� �!� ������ WKH�PDVV� ORVV� FOHDUO\� LQFUHDVHV� LQ� IXQFWLRQ� RI� WKH�
HURGLQJ�PDVVHV��7KH�LPSDFW�HQHUJ\�EHFRPHV�PRUH�LPSRUWDQW�DQG�WKH�REVHUYHG�HURVLRQ�
PHFKDQLVP�EHFRPHV�FOHDUO\�RI�WKH�EULWWOH�W\SH��7KH�PDVV�UHPRYDO�LV�PDGH�E\�VKLSSLQJV�
DIWHU� IRUPDWLRQ� DQG� GHYHORSPHQW� RI� ODWHUDO� FUDFNV�� :H� FDQ� VXSSRVH� WKDW� D� WUDQVLWLRQ�
IURP�RQH�PHFKDQLVP�WR�WKH�RWKHU�H[LVWV�IRU�VRPH�DQJOHV�EHWZHHQ����DQG������7KLV�FDQ�
EH�PDGH�LQ�HYLGHQFH�LI�ZH�FKRRVH�GLIIHUHQW�VPDOOHU�DQJOH�VWHSV�LQ�WKLV�LQWHUYDO���
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)LJXUH����7KH�PDVV�ORVV�YDULDWLRQ�LQ�IXQFWLRQ�RI�LPSDFW�DQJOH�

�



)LJXUH��� VKRZV� WKH�RSWLFDO� WUDQVPLVVLRQ�YDULDWLRQ� LQ� IXQFWLRQ�RI� WKH� LPSDFW� DQJOH��:H�
FDQ�DOVR�GLVWLQJXLVK�WZR�GLIIHUHQW�GRPDLQV���

�� IRU�DQJOHV�EHWZHHQ����DQG������WKH�RSWLFDO�WUDQVPLVVLRQ�YDULDWLRQ�VKRZV�D�ZHDN�
GHFUHDVH�DQG�D�VLPLODU�EHKDYLRXU�IRU�WKH�HURGLQJ�PDVVHV�XVHG��7KH�FXUYHV�VHHPV�
WR�HYROYH�SDUDOOHO\��

�� ,Q� WKH� VHFRQG� GRPDLQ� �!� ������ D� PRUH� LPSRUWDQW� RSWLFDO� WUDQVPLVVLRQ� ORVV� LV�
REVHUYHG�� 7KH� GHFUHDVH� LV� PRUH� VKDUS� IRU� KLJKHU� HURGDQW� PDVVHV�� $W� QRUPDO�
LQFLGHQW�DQJOH��WKH�WUDQVPLVVLRQ�ORVV�WHQGV�WRZDUG�WKH�VDPH�YDOXH��DERXW�������
ZKHQ� XVLQJ� HURGDQW� PDVVHV� KLJKHU� WKDQ� ��� JUDPV�� 7KH� WUDQVPLVVLRQ� YDULDWLRQ�
FXUYH�IRU����J�PDVV�ORVV�SUHVHQWV�D�VPRRWK�GHFUHDVH�IRU�DQJOHV�OHVV�WKDQ������7KH�
PLQLPDO�WUDQVPLVVLRQ�YDOXH�REVHUYHG�DW�QRUPDO�LQFLGHQFH�LV�DERXW������
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)LJXUH����9DULDWLRQ�RI�WKH�RSWLFDO�WUDQVPLVVLRQ�YHUVXV�WKH�LPSDFW�DQJOH�

�

7KH� KD]HQHVV� YDULDWLRQ� FDXVHG� E\� VDQG�EODVWLQJ� GDPDJH� LQ� IXQFWLRQ� RI� WKH� LPSDFW�
DQJOH� LV� VKRZQ� RQ� ILJXUH� �� IRU� WZR� GLIIHUHQW�PDVVHV� ����� DQG� ���� J��� 7KH� FXUYHV�
HYROYH�LQ�WKH�VDPH�ZD\�DQG�VKRZ�WKUHH�GRPDLQV��

�� D�ZHDN�YDULDWLRQ��§�����IRU�ORZHU�DQJOHV�WKDQ�����

�� D�VKDUS�LQFUHDVH��§������IRU�DQJOHV�EHWZHHQ����DQG�����

�� D�FRQVWDQW�PD[LPXP�OHYHO��§������IRU�DQJOHV�EHWZHHQ����DQG������
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)LJXUH����9DULDWLRQ�RI�WKH�KD]HQHVV�YHUVXV�WKH�LPSDFW�DQJOH�IRU�WZR�HURGHQW�PDVVHV�

�

����&RQFOXVLRQ�

:H�KDYH�VWXGLHG�WKH�HIIHFW�RI�WKH�LPSDFW�DQJOHV�RQ�WKH�HURVLRQ�RI�D�VRGD�OLPH�JODVV�E\�
VDQG�EODVWLQJ�XVLQJ� IRXU�HURGDQW�PDVVHV� �������������DQG�����J���:H�YDULHG� WKH� LPSDFW�
DQJOH�IURP�����XS��WR�����ZLWK�D�FRQVWDQW�VDQG�IOX[�YHORFLW\�RI����P�V��

7KH�UHVXOWV�VKRZ�WKDW�WKH�PDVV�ORVV�DQG�WKH�URXJKQHVV�UHDFK�WKHLU�PD[LPXP�YDOXHV�DW�DQ�
LPSDFW�DQJOH�RI�����DQG�IRU�����J�RI�HURGDQW�PDVV�ZKLFK�DUH�UHVSHFWLYHO\������PJ�DQG�
������P��7KH�PDVV� ORVV� UHPDLQV�QHDUO\� FRQVWDQW�EHWZHHQ����DQG�����DQG� LQFUHDVHV� IRU�
KLJKHU�DQJOHV��7KH�JODVV�PDVV�UHPRYDO� LV�YHU\� OLPLWHG�IRU� LPSDFW�DQJOHV� ORZHU�WKDQ������
)RU�KLJKHU�DQJOHV��WKH�PDVV�ORVV�LQFUHDVHV�VKDUSO\�DQG�UHDFK�D�PD[LPDO�YDOXH�DW�������

7KH� RSWLFDO� WUDQVPLVVLRQ� LV� DIIHFWHG� SURSRUWLRQDOO\� WR� WKH� VDQG�PDVV� XVHG�� ,W� GHFUDVHV�
IURP� ������ GRZQ� WR� ���� ZKHQ� WKH� PDVV� UHDFKHV� ���� J�� 7KH� JODVV� VXUIDFH� EHFRPHV�
WRWDOO\� EOXUUHG�� 0LFURVFRSLF� REVHUYDWLRQV� VKRZ� WKDW� WKH� HURVLRQ� PHFKDQLVP� FKDQJH�
EHWZHHQ� ��� DQG� ����� )RU� DQJOHV� ORZHU� WKDQ� ����� LW� LV� D� SORXJKLQJ� DQG� FUXPEOLQJ�
PHFKDQLVPV� ZKLFK� DUH� SUHSRQGHULQJ�� EXW� IRU� DQJOHV� KLJKHU� WKDQ� ����� LW� LV� D� VFDOLQJ�
PHFKDQLVP�ZKLFK�JRYHUQV�WKH�JODVV�HURVLRQ��:H�VXSSRVH�WKDW�EHWZHHQ����DQG������WKHUH�
LV�D�WUDQVLWRU\�PHFKDQLVP�LQFOXGLQJ�ERWK�SORXJKLQJ�DQG�VFDOLQJ�PHFKDQLVPV��

$FNQRZOHGJHPHQW�

7KH�DXWKRUV�WKDQN�'U��6��5RX[�IRU�XVHIXO�VXJJHVWLRQV�DQG�'��$EULRX�DQG�3��1DHO�IRU�
+D]HQHVV� PHDVXUHPHQWV�� �/DERUDWRLUH� 6XUIDFHV� HW� ,QWHUIDFHV�� &156� �� 6DLQW� *REDLQ�
5HFKHUFKH�²�$XEHUYLOOLHUV��3DULV���

�
��
*��+��-LOEHUW�DQG�-��(��)LHOG�LQ�6\QHUJLVWLF�HIIHFWV�RI�UDLQ�DQG�VDQG�HURVLRQ��:HDU��9RO������������

�����

��
&��%RXVEDD� HW� DO���(IIHFW� RI� DQQHDOLQJ� DQG� FKHPLFDO� VWUHQJWKHQLQJ� RQ� VRGD� OLPH� JODVV�
HURVLRQ�ZHDU�E\�VDQG�EODVWLQJ��6XEPLWWHG�LQ�-RXU��RI�WKH�(XURS��&HU��6RF��
��
,��0�� +XWFKLQJV��)ULFWLRQ� DQG� ZHDU� RI� HQJLQHHULQJ�PDWHULDOV��0HWDOOXUJ\� DQG�0DWHULDO�
6FLHQFHV�6HULHV���������
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