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&ODXGLR 5XJJLHUL
(XFO\GHV 7URYDWR 1HWR
'HSDUWPHQW RI 1DYDO $UFKLWHFWXUH DQG 2FHDQ (QJLQHHULQJ� 8QLYHUVLW\ RI 6mR 3DXOR

6mR 3DXOR� 63 �����ï���� (�PDLO� FUXJJL#XVS�EU� %UD]LO

$EVWUDFW ï 7KH FKDUDFWHUL]DWLRQ RI IUDFWXUH UHVLVWDQFH XVLQJ VPDOO VFDOH \LHOGLQJ �66<� VROXWLRQV

FRXSOHG ZLWK D PLFURPHFKDQLFV PRGHO IRU FOHDYDJH IUDFWXUH EDVHG XSRQ WKH :HLEXOO VWUHVV LV WKH IRFXV

RI WKLV SDSHU� $ FRPSXWDWLRQDO PRGHO HPSOR\LQJ D PRGLILHG ERXQGDU\ OD\HU �0%/� IRUPXODWLRQ LV

HPSOR\HG WR JHQHUDWH QXPHULFDO VROXWLRQV IRU WKH FUDFN�WLS VWUHVV ILHOGV RI FUDFNHG ERG\ ZLWK ZHOO�FRQ�

WDLQHG SODVWLFLW\ QHDU WKH FUDFN WLS� 2QH NH\ IHDWXUH RI RXU LQYHVWLJDWLRQ LV WKH JHQHUDWLRQ RI FUDFN�WLS

ILHOGV GLIIHULQJ LQ VWUHVV WULD[LDOLW\ E\ YDU\LQJ WKH QRQ�VLQJXODU VWUHVV� 7� SDUDOOHO WR WKH FUDFN SODQH�

7KLV LQWURGXFHV WKH QRWLRQ RI UHIHUHQFH ILHOGV WR SURYLGH D PHDVXUH RI FRQVWUDLQW ORVV ZKHQ ODUJH VFDOH

\LHOGLQJ �/6<� HIIHFWV DULVH LQ ILQLWH ERGLHV� $QRWKHU IHDWXUH RI WKH SUHVHQW LQYHVWLJDWLRQ LV WKH UHDOLVWLF

PRGHOLQJ RI GXFWLOH WHDULQJ DQG LWV LPSOLFDWLRQV RQ WKH �PDFURVFRSLF� IUDFWXUH UHVLVWDQFH EHKDYLRU� 7KH

:HLEXOO VWUHVV WUDMHFWRULHV XQGHU VPDOO VFDOH \LHOGLQJ DQDO\VHV ZLWK YDU\LQJ OHYHOV RI 7�VWUHVV SURYLGH

YDOXDEOH LQVLJKW DERXW WKH HIIHFWV RI FUDFN�WLS FRQVWUDLQW DQG GXFWLOH WHDULQJ RQ IUDFWXUH UHVLVWDQFH�

.H\ ZRUGV� FOHDYDJH IUDFWXUH� VWDWLVWLFDO HIIHFWV� ZHDNHVW OLQN� ORFDO DSSURDFK� :HLEXOO VWUHVV
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,Q3DUW , RI WKLV DUWLFOH >�@� DPLFURPHFKDQLFV �SUREDELOLVWLF�PHWKRGRORJ\ SURYLGHV WKH EDVLV IRU

HVWDEOLVKLQJ D UHODWLRQVKLS EHWZHHQ WKHPLFURUHJLPH RI IUDFWXUH DQGPDFURVFRSLF FUDFNGULYLQJ

IRUFHV �VXFK DV WKH -�LQWHJUDO� E\ LQWURGXFLQJ WKH:HLEXOO VWUHVV �¹Z� >�@ DV D SUREDELOLVWLF IUDF�

WXUH SDUDPHWHU� $ NH\ IHDWXUH LQ WKLV SUHGLFWLYH IUDPHZRUN LV WKDW WKH:HLEXOO VWUHVV LQFRUSR�

UDWHV ERWK WKH HIIHFWV RI VWUHVVHG YROXPH DKHDG RI D PDFURVFRSLF FUDFN DQG WKH SRWHQWLDOO\

VWURQJ FKDQJHV LQ WKH FKDUDFWHU RI WKH QHDU�WLS VWUHVV ILHOGV GXH WR FRQVWUDLQW ORVV DQG GXFWLOH

FUDFN H[WHQVLRQ� 8QVWDEOH FUDFN SURSDJDWLRQ RFFXUV DW D FULWLFDO YDOXH RI ¹Z ZKLFK PD\ EH DW�

WDLQHG SULRU WR RU IROORZLQJ VRPH DPRXQW RI VWDEOH� GXFWLOH FUDFN H[WHQVLRQ� WKH RXWFRPH EHLQJ

GHWHUPLQHG E\ WKH VSHFLPHQ JHRPHWU\� ORDGLQJPRGH �WHQVLRQ YV� EHQGLQJ��PDWHULDO IORZSURS�

HUWLHV DQGPLFUR�VFDOH WHDULQJ UHVLVWDQFH�+HUH� WKH FULWLFDO:HLEXOO VWUHVV UHSUHVHQWV DSURSHU�

W\ RI WKHPDWHULDO� SRVVLEO\ GHSHQGHQW RQ WHPSHUDWXUH� EXW LQYDULDQW RI ORDGLQJ KLVWRU\� 8QGHU

LQFUHDVHG UHPRWH ORDGLQJ �DV PHDVXUHG E\ -�� GLIIHUHQFHV LQ HYROXWLRQ RI WKH:HLEXOO VWUHVV UH�

IOHFWV WKH VWUHVV KLVWRU\ DWPDWHULDO SRLQWV DKHDG RI WKH FUDFN WLS�:KHQ LPSOHPHQWHG LQ D ILQLWH

HOHPHQW FRGH� WKH FRPSXWDWLRQDOPRGHO SUHGLFWV WKH HYROXWLRQ RI WKH:HLEXOO VWUHVVZLWK FUDFN�

WLS VWUHVV WULD[LDOLW\ DQG GXFWLOH WHDULQJ�



7KH FKDUDFWHUL]DWLRQ RI IUDFWXUH UHVLVWDQFH XVLQJ VPDOO VFDOH \LHOGLQJ �66<� VROXWLRQV

FRXSOHG ZLWK D PLFURPHFKDQLFV PRGHO IRU FOHDYDJH IUDFWXUH EDVHG XSRQ WKH :HLEXOO VWUHVV LV

WKH IRFXV RI WKLV SDSHU� $ FRPSXWDWLRQDO PRGHO HPSOR\LQJ D PRGLILHG ERXQGDU\ OD\HU �0%/�

IRUPXODWLRQ >��@ LV HPSOR\HG WR JHQHUDWH QXPHULFDO VROXWLRQV IRU WKH FUDFN�WLS VWUHVV ILHOGV RI

FUDFNHGERG\ZLWKZHOO�FRQWDLQHGSODVWLFLW\QHDU WKH FUDFN WLS�2QHNH\ IHDWXUHRI RXU LQYHVWLJD�

WLRQ LV WKH JHQHUDWLRQ RI FUDFN�WLS ILHOGV GLIIHULQJ LQ VWUHVV WULD[LDOLW\ E\ YDU\LQJ WKH QRQ�VLQJX�

ODU VWUHVV�7� SDUDOOHO WR WKH FUDFN SODQH >�@� 7KLV LQWURGXFHV WKH QRWLRQ RI UHIHUHQFH ILHOGV WR SUR�

YLGH D PHDVXUH RI FRQVWUDLQW ORVV ZKHQ ODUJH VFDOH \LHOGLQJ �/6<� HIIHFWV DULVH LQ ILQLWH ERGLHV

>��@� $QRWKHU FHQWUDO IHDWXUH RI WKH SUHVHQW LQYHVWLJDWLRQ LV WKH UHDOLVWLF PRGHOLQJ RI GXFWLOH

WHDULQJ DQG LWV LPSOLFDWLRQV RQ WKH �PDFURVFRSLF� IUDFWXUH UHVLVWDQFH EHKDYLRU�+HUH� D UHDOLVWLF

PRGHOLQJ RI GXFWLOH FUDFN JURZWK XVLQJ WKH FRPSXWDWLRQDO FHOO PHWKRGRORJ\ >��������@ GHILQHV

WKH HYROXWLRQ RI QHDU�WLS VWUHVV ILHOGV GXULQJ FUDFN H[WHQVLRQ� $ VLPSOLILHG IRUP RI WKH *XUVRQ�

7YHUJDDUG �*7� >��� ��@ FRQVWLWXWLYHPRGHO IRU GLODWDQW SODVWLFLW\ VHUYHV WR SUHGLFWPLFURVFRSLF

YRLG JURZWKZLWKLQ D OD\HU RI FHOOV GHILQHG RYHU WKH FUDFN SODQH� 7KH:HLEXOO VWUHVV WUDMHFWRULHV

XQGHU VPDOO VFDOH \LHOGLQJ DQDO\VHV ZLWK YDU\LQJ OHYHOV RI 7�VWUHVV SURYLGH YDOXDEOH LQVLJKW

DERXW WKH HIIHFWV RI FUDFN�WLS FRQVWUDLQW DQG GXFWLOH WHDULQJ RQ IUDFWXUH UHVLVWDQFH�
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)ROORZLQJ WKHGHYHORSPHQW RI D ORFDO DSSURDFK �PLFURPHFKDQLFVPRGHO HPSOR\LQJZHDNHVW OLQN

SKLORVRSK\ DQG VWDWLVWLFV RI PLFURFUDFNV� DSSOLFDEOH IRU FOHDYDJH IUDFWXUH GHVFULEHG LQ 3DUW ,

>�@� WKH:HLEXOO VWUHVV �¹Z� >�@ HPHUJHV DV D SUREDELOLVWLF IUDFWXUH SDUDPHWHU JLYHQ E\ LQWHJUD�

WLRQ RI WKH �ORFDO� SULQFLSDO VWUHVV RYHU WKH IUDFWXUH SURFHVV ]RQH LQ WKH IRUP >���@
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ZKHUH ¹
�
LV WKHPD[LPXPSULQFLSDO VWUHVV� � GHQRWHV WKH YROXPH RI WKH �QHDU�WLS� IUDFWXUH SUR�

FHVV ]RQH GHILQHG E\ WKH ORFL ¹
�
� ²¹

�
ZLWK ²� �� DQG SDUDPHWHU P �WKH :HLEXOO PRGXOX6�

GHILQH WKH PLFURFUDFN GLVWULEXWLRQ�

:KHQ VPDOO DPRXQWV RI GXFWLOH FUDFN JURZWK SUHFHGH XQVWDEOH FUDFN SURSDJDWLRQ E\ D

FOHDYDJHPHFKDQLVP� WKH VWUHVV KLVWRU\ RIPDWHULDO SRLQWV ZLWKLQ WKH SURFHVV ]RQH IRU FOHDYDJH

IUDFWXUH LV DOWHUHG WKHUHE\ DIIHFWLQJ GLUHFWO\ WKH HYROXWLRQ RI WKH:HLEXOO VWUHVV� &UDFN JURZWK

HOHYDWHV WKH QHDU�WLS VWUHVV WULD[LDOLW\� SDUWLFXODUO\ IRU ORZ FRQVWUDLQW FRQILJXUDWLRQV� DQG HQ�

ODUJHV WKH IUDFWXUH SURFHVV ]RQH >�����@� 7KXV� D FRQYHQLHQW IRUP RI WKH :HLEXOO VWUHVV IRU DQ

H[WHQGLQJ FUDFN LV REWDLQHG E\ LQWHJUDWLQJ WKH SULQFLSDO VWUHVVHV RYHU WKH DFWLYH YROXPH RI WKH

IUDFWXUH SURFHVV ]RQH ZKLFK PRYHV IRUZDUG ZLWK WKH DGYDQFLQJ WLS >���@ DV
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ZKHUH �
 GHQRWHV WKH YROXPH RI WKH DFWLYH IUDFWXUH SURFHVV ]RQH� ¹
�
� ²¹

�
� ZKLFK PRYHV IRU�

ZDUGZLWK WKHDGYDQFLQJ WLS�7KHSURSRVHGJHQHUDOL]DWLRQRI ¹Z WR LQFOXGHGXFWLOH WHDULQJPDLQ�

WDLQV WKH UHODWLYH VLPSOLFLW\ RI FRPSXWDWLRQV ZKLOH� DW WKH VDPH WLPH� IXOO\ LQFRUSRUDWLQJ WKH

HIIHFWV RI DOWHUDWLRQV LQ WKH VWUHVV ILHOG DKHDG RI WKH FUDFN WLS�
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$ FHQWUDO IHDWXUH RI WKH SUHVHQWZRUN LV WKH UHDOLVWLFPRGHOLQJ RI GXFWLOH WHDULQJ E\ YRLG JURZWK

XVLQJ WKH FRPSXWDWLRQDO FHOO PHWKRGRORJ\ >��������@ LOOXVWUDWHG LQ )LJ� ��D�� 9RLG JURZWK UH�



PDLQV FRQILQHG WR D OD\HU RI PDWHULDO V\PPHWULFDOO\ ORFDWHG DERXW WKH FUDFN SODQH DQG KDYLQJ

WKLFNQHVV '� ZKHUH ' LV DVVRFLDWHG ZLWK WKH PHDQ VSDFLQJ RI WKH ODUJHU� YRLG LQLWLDWLQJ LQFOX�

VLRQV� 7KLV OD\HU FRQVLVWV RI FXELFDO FHOO HOHPHQWV ZLWK GLPHQVLRQ' RQ HDFK VLGH� HDFK FHOO FRQ�

WDLQV D FHQWHUHG VSKHULFDO FDYLW\ RI LQLWLDO YROXPH IUDFWLRQ I
�
�WKH LQLWLDO YRLG YROXPH GLYLGHG

E\ FHOO YROXPH�� 3URJUHVVLYH YRLG JURZWK DQG VXEVHTXHQW PDFURVFRSLF PDWHULDO VRIWHQLQJ LQ

HDFK FHOO DUH GHVFULEHGZLWK WKH*XUVRQ�7YHUJDDUG �*7� FRQVWLWXWLYHPRGHO IRU GLODWDQWSODVWLF�

LW\ >�����@� :KHQ I LQ WKH FHOO LQFLGHQW RQ WKH FXUUHQW FUDFN WLS UHDFKHV D FULWLFDO YDOXH� IH� WKH

FRPSXWDWLRQDO SURFHGXUHV UHPRYH WKH FHOO WKHUHE\ DGYDQFLQJ WKH FUDFN WLS LQ GLVFUHWH LQFUH�

PHQWV RI WKH FHOO VL]H� )LJXUH ��E� VKRZV WKH W\SLFDO� SODQH VWUDLQ ILQLWH HOHPHQW UHSUHVHQWDWLRQ

RI WKH FRPSXWDWLRQDO FHOO PRGHO ZKHUH V\PPHWU\ DERXW WKH FUDFN SODQH UHTXLUHV HOHPHQWV RI

VL]H '���0DWHULDO RXWVLGH WKH FRPSXWDWLRQDO FHOOV IROORZVD FRQYHQWLRQDO -
�
IORZWKHRU\ RISODV�

WLFLW\ DQG UHPDLQV XQGDPDJHG E\ YRLG JURZWK LQ WKH FHOOV �VHH >�����@ IRU DGGWLRQDO GHWDLOV��
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)LJ� �� 0RGHOLQJ RI GXFWLOH WHDULQJ XVLQJ FRPSXWDWLRQDO FHOOV�
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7KH PRGLILHG ERXQGDU\ OD\HU PRGHO >��@ VLPSOLILHV WKH JHQHUDWLRQ RI QXPHULFDO VROXWLRQV IRU

VWDWLRQDU\ FUDFNV XQGHU ZHOO�GHILQHG 66< FRQGLWLRQV ZLWK YDU\LQJ OHYHOV RI FRQVWUDLQW� )LJXUH

� VKRZV WKH SODQH�VWUDLQ ILQLWH HOHPHQWPRGHO IRU DQ LQILQLWH GRPDLQ� VLQJOH�HQGHG FUDFN SURE�

OHPZLWKD LQLWLDOO\ EOXQWHGQRWFK �ILQLWH URRW UDGLXV� Õ
 ���³P��0RGH , ORDGLQJ RI WKH IDU ILHOG

SHUPLWV DQDO\VLV XVLQJ RQH�KDOI RI WKH GRPDLQ DV VKRZQ� :LWK WKH SODVWLF UHJLRQ OLPLWHG WR D

VPDOO IUDFWLRQ RI WKH GRPDLQ UDGLXV� 5S�5���� WKH JHQHUDO IRUP RI WKH DV\PSWRWLF FUDFN�WLS

VWUHVV ILHOGV ZHOO RXWVLGH WKH SODVWLF UHJLRQ LV JLYHQ E\ >��@
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ZKHUH . LV WKH VWUHVV LQWHQVLW\ IDFWRU� I
LM
�»� GHILQH WKH DQJXODU YDULDWLRQV RI LQ�SODQH VWUHVV FRP�

SRQHQWV� DQG WKH QRQ�VLQJXODU WHUP 7 UHSUHVHQWV D WHQVLRQ �RU FRPSUHVVLRQ� VWUHVV SDUDOOHO WR

WKH FUDFN� 1XPHULFDO VROXWLRQV IRU GLIIHUHQW OHYHOV RI 7�¹�
DUH JHQHUDWHG E\ LPSRVLQJ GLVSODFH�

PHQWV RI WKH HODVWLF�0RGH , VLQJXODU ILHOG RQ WKHRXWHU FLUFXODUERXQGDU\ �U
 5�ZKLFKHQFORVHV

WKH FUDFN
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)LJ� �� 66<PRGHO ZLWK �.� 7� ILHOGV LPSRVHG RQ ERXQGDU\�
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7KHXQLD[LDO WUXH VWUHVV �¹��ORJDULWKPLF VWUDLQ �Ó� UHVSRQVH IRU WKH ERWK WKH EDFNJURXQGDQG

FHOO PDWUL[ PDWHULDOV IROORZV D VLPSOH SRZHU�KDUGHQLQJ PRGHO�
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ZKHUH ¹�
DQG Ó� DUH WKH UHIHUHQFH �\LHOG� VWUHVV DQG VWUDLQ� DQG Q LV WKH VWUDLQ KDUGHQLQJ H[SR�

QHQW� 1XPHULFDO VROXWLRQV IRU WKH 66< ERXQGDU\�OD\HUPRGHOZLWK QRQ�]HUR7�VWUHVV DUH JHQHU�

DWHG IRU PDWHULDO IORZ SURSHUWLHV FRYHULQJ PRVW VWUXFWXUDO DQG SUHVVXUH YHVVHO VWHHOV� Q
�

�(�¹
�

����� �� �(�¹

�

���� DQG �� �(�¹

�

���� ZLWK (
��� *3D DQG ´
���� WKHVH UDQJHV

RI SURSHUWLHV DOVR UHIOHFW WKHXSZDUG WUHQG LQ \LHOG VWUHVVZLWK WKH GHFUHDVH LQ VWUDLQKDUGHQLQJ

H[SRQHQW FKDUDFWHULVWLF RI IHUULWLF VWHHOV�

)LQLWH HOHPHQW VROXWLRQV DUH JHQHUDWHG XVLQJ WKH:$53�' FRGH >��@ZKLFK� ��� LPSOHPHQWV

D0LVHV FRQVWLWXWLYH PRGHOV LQ D ILQLWH�VWUDLQ IUDPHZRUN� ��� VROYHV WKH HTXLOLEULXP HTXDWLRQV

DW HDFK LWHUDWLRQXVLQJD OLQHDUSUH�FRQGLWLRQHGFRQMXJDWH JUDGLHQW �/3&*�PHWKRG LPSOHPHQW�

HGZLWKLQ DQ HOHPHQW�E\�HOHPHQW �(%(� VRIWZDUH DUFKLWHFWXUH� ��� HYDOXDWHV WKH -�LQWHJUDO XV�

LQJ D FRQYHQLHQW GRPDLQ LQWHJUDO SURFHGXUH DQG ��� DQDO\]HV IUDFWXUHPRGHOV FRQVWUXFWHGZLWK

WKUHH�GLPHQVLRQDO� ��QRGH WUL�OLQHDU KH[DKHGUDO HOHPHQWV�

)�� ��!����  � 
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&RQVWUDLQW PRVW JHQHUDOO\ UHIHUV WR WKH HYROYLQJ OHYHO RI VWUHVV WULD[LDOLW\ DKHDG RI WKH FUDFN

IURQWXQGHU LQFUHDVHG UHPRWH ORDGLQJ�$ FRQYHQLHQWDSSURDFK WRTXDQWLI\ WKH OHYHO RI FRQVWUDLQW

LQ D ILQLWH FUDFNHG ERG\ XWLOL]HV D IXOO ¶¶UHIHUHQFHµ ILHOGV FRQVWUXFWHG IRU VPDOO�VFDOH \LHOGLQJ

�66<� FRQGLWLRQV XVLQJ ODUJH JHRPHWU\ FKDQJHV �/&*� DQDO\VLV� ILHOGV FRPSXWHG IRU WKH ILQLWH

ERG\ DUH FRPSDUHG WR 66< ILHOGV WR GHILQH UHODWLYH FRQVWUDLQW GLIIHUHQFHV� 6XFK DQDO\VHV HQDEOH

FRQVWUXFWLRQ RI 66< ILHOGV IRU JHQHUDOPDWHULDO UHVSRQVH DQG DGPLW WKH RSWLRQ WR LQFOXGH ILQLWH�

VWUDLQ �EOXQWLQJ� HIIHFWV DW WKH FUDFN WLS� )LJXUHV ��D�G� SURYLGH NH\ UHVXOWV WR YHULI\ WKH H[LV�

WHQFH RI VXFK ILHOGV XQGHU ZHOO�FRQWDLQHG� OLPLWHG VFDOH SODVWLFLW\ IRU YDU\LQJ OHYHOV RI DSSOLHG

7�VWUHVV� ,Q WKH SORWV� GLVWDQFHV DOO VFDOH ZLWK �.
,
�¹

�
�� ZKHUHDV WKH RSHQLQJ VWUHVVHV DUH

QRUPDOL]HG E\ ¹
�
�



$W YHU\ ORZ UHPRWH ORDGLQJ IRU DOO OHYHOV RI DSSOLHG 7�VWUHVV �.
,

 ��� ��03D P¯ �� WKH QHDU�

WLS VWUHVVHV LQFUHDVHDV WKHSURFHVV RI FUDFN�WLSEOXQWLQJ WDNHVSODFH�$IWHU WKHQRWFK URRW UDGLXV

LQFUHDVHV WR VHYHUDO WLPHV WKH LQLWLDO UDGLXV Õ� D VWHDG\ VWDWH VROXWLRQ GHYHORSV VR WKDW WKH QHDU�

WLS ILHOGV XQGHU 66< FRQGLWLRQV DUH VLPSO\ D FRQWLQXRXV VHULHV RI VHOI�VLPLODU VWDWHV�$GGLWLRQDO

DQDO\VHV ZHUH DOVR FRQGXFWHG IRU PDWHULDOV ZLWK Q
� DQG Q
��� WKH FUDFN�WLS ILHOGV IRU WKHVH

PDWHULDOV GLVSOD\ HVVHQWLDOO\ VLPLODU WUHQGV �WR VDYH VSDFH� WKH\ DUHQRW SUHVHQWHGKHUH�� 7KHVH

SODQH�VWUDLQ ILHOGV WKXV GHILQH D IDPLO\ RI UHIHUHQFH ILHOGV IRU VWDWLRQDU\ FUDFNVZKHUH VSHFLILHG

YDOXHV IRU .,
DQG7 XQLTXHO\ GHILQH WKH HODVWLF�SODVWLF ILHOGV DORQJ WKH FUDFN WLSZKHQ D YDQLVK�

LQJO\ VPDOO SODVWLF ]RQH HQFORVHV WKH WLS� &RQVHTXHQWO\� WKH GLIIHUHQFHV EHWZHHQ WKH DFWXDO IL�

QLWH�ERG\ ILHOG DQG WKRVH RI WKH FRPSDULVRQ 66< ILHOG �KDYLQJ WKH DSSOLFDEOH HODVWLF 7�VWUHVV��

TXDQWLI\ WKH H[WHQW RI ODUJH�VFDOH \LHOGLQJ �/6<� HIIHFWV RU ORVV RI FRQVWUDLQW HIIHFWV�
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)LJXUHV��DïG�SURYLGHNH\UHVXOWV WRDVVHVVHIIHFWV RI FRQVWUDLQWYDULDWLRQVRQPDFURVFRSLF IUDF�

WXUH WRXJKQHVV XVLQJ WKH:HLEXOO VWUHVV DV D IUDFWXUH SDUDPHWHU GHVFULELQJ ORFDO FRQGLWLRQV IRU

PDWHULDO IDLOXUH� ,Q HYDOXDWLQJ WKH:HLEXOO VWUHVV� (T� ���� XQGHU LQFUHDVLQJ .,
OHYHOV� WKUHH YDO�

XHV RI WKH VKDSH SDUDPHWHU DUH FRQVLGHUHG�P
��� �� DQG ��� ,Q SDUWLFXODU�P��� FKDUDFWHU�

L]HV WKH GLVWULEXWLRQ RI :HLEXOO VWUHVV DW FOHDYDJH IUDFWXUH IRU D QXFOHDU SUHVVXUH YHVVHO VWHHO

�$670$���� >�@� 7KHVH YDOXHV RIP UHIOHFW GLIIHUHQWPLFURFUDFN GHQVLWLHV DQG WKHUHE\ SURYLGH

IXUWKHU LQVLJKW LQWR WKH IUDFWXUH EHKDYLRU IRU WKHVH PDWHULDOV�

)LJXUHV ��DïF� VKRZ WKH YDULDWLRQ RI :HLEXOO VWUHVV XQGHU LQFUHDVLQJ GHIRUPDWLRQ IRU WKH

WKUHH OHYHOV RI KDUGHQLQJ Q
�� ��� �� HDFKZLWKP
��� DQG IRU YDOXHV RI7�VWUHVV UDQJLQJ IURP

ï����$ 7�¹
�
$ ����� )RU 7�¹

�

� DQG IL[HG VWUDLQ KDUGHQLQJ �Q
���� )LJXUH ��G� VKRZV WKH

YDULDWLRQ RI :HLEXOO VWUHVV ZLWK LQFUHDVLQJ GHIRUPDWLRQ IRU P
��� �� DQG ��� ,Q WKHVH SORWV�

. �

,
��¹�

�
5� GHVFULEHV WKH IDU�ILHOG ORDGLQJZLWK WKH:HLEXOO VWUHVV QRUPDOL]HG E\ WKH \LHOG VWUHVV�

¹�
� 7KH HYROXWLRQ RI ¹Z DV GHIRUPDWLRQ SURJUHVVHV GHSHQGV PDUNHGO\ RQ WKH GHJUHH RI VWUDLQ

KDUGHQLQJ DQG 7�¹
�
� 3RVLWLYH YDOXHV RI 7�¹

�
KDYH D VPDOO HIIHFW DW DOO KDUGHQLQJ OHYHOV� )RU

DOO 7�¹
�
OHYHOV� WKH :HLEXOO VWUHVV IRU Q
� LQFUHDVHV VWHDGLO\ ZLWK GHIRUPDWLRQ DQG UHPDLQV

ZHOO DERYH WKH YDOXHV IRU Q
�� DQG ���

7KHPRVW VWULNLQJ IHDWXUH RI WKHVH UHVXOWV� KRZHYHU� LV WKH GHYHORSPHQW RI ¹ZZLWK LQFUHDV�

LQJ GHIRUPDWLRQ IRU QHJDWLYH YDOXHV RI 7 LQ WKH PDWHULDOV ZLWK Q
�� DQG �� �VHH )LJV� ��E�F���

7KH:HLEXOO VWUHVV LQ WKHVHPDWHULDOV LQFUHDVHV DW DPXFK ORZHU UDWHZLWK LQFUHDVLQJ GHIRUPD�

WLRQ� HVSHFLDOO\ IRU WKH ORZ KDUGHQLQJPDWHULDO LQ WKH UDQJH ï����$ 7�¹
�
$ ï���� 8QGHU WKHVH

FRQGLWLRQV RI VHYHUH FRQVWUDLQW ORVV� WKHUH GHYHORSV HDUO\ LQ WKH ORDGLQJ D PD[LPXP YDOXH RI

¹Z LQGLFDWHG E\ D PDUNHU ��� RQ WKHVH FXUYHV� $W KLJKHU UHPRWH ORDGLQJ EXW ZLWK FRQWLQXLQJ

FRQVWUDLQW ORVV� WKH:HLEXOO VWUHVVGHFUHDVHVGXH WR WKH ORZHUQHDU�WLS VWUHVVHV� ,Q WKHSRVW�SHDN

UHJLPH� ¹Z DV GHILQHG KHUH FDQQRW GHVFULEH D UHDOLVWLF IDLOXUH SUREDELOLW\ IRU WKH FUDFNHG ERG\�

ZKLFK PXVW FRQWLQXH WR LQFUHDVH SRVVLEO\ E\ WKH LQWHUYHQWLRQ RI GXFWLOH WHDULQJ DV GHPRQ�

VWUDWHG LQ >�@� ,Q FRQWUDVW� ¹Z IRU Q
� LQFUHDVHV PRQRWRQLFDOO\ RYHU WKH IXOO UDQJH RI GHIRUPD�

WLRQ DQDO\]HG IRU DOO YDOXHV RI 7�¹
�
� L�H�� WKH LQFUHDVHG VWUHVVHV SURYLGHG E\ KDUGHQLQJ PRUH

WKDQ RIIVHW WKH ORVV LQ VWUHVV WULD[LDOLW\� 7KHVH UHVXOWV GHPRQVWUDWH FOHDUO\ WKH VWURQJ HIIHFW RI

FRQVWUDLQW ORVV �7�¹
�
� �� RQ WKH OHYHOV RI ¹Z IRU PRGHUDWH�WR�ORZ KDUGHQLQJ PDWHULDOV� 7KHVH

WUHQGV UHPDLQ UHODWLYHO\ LQGHSHQGHQW RI WKHP�YDOXH DGRSWHG� DV FDQ EH VHHQ LQ)LJ� ��G��+HUH�

P VLPSO\ VFDOHV WKHPDJQLWXGH RI:HLEXOO VWUHVV DIWHU WKH HDUO\ VWDJHV RI ORDGLQJ LQ DFFRUGDQFH

ZLWK ¹Z
 ¨P.
��P
,

>�@� ZKHUH WKH SURSRUWLRQDOLW\ FRQVWDQW� ¨P� GHSHQGV RQ P�

,Q VXPPDU\� WKHPLFURPHFKDQLFV DSSURDFKDGRSWHG DGPLWV WKH VLPSOH D[LRP WKDW FOHDYDJH

IUDFWXUH RFFXUVZKHQ WKH:HLEXOO VWUHVV UHDFKHVD FULWLFDO YDOXH� ¹ZF�ZKLFK LV DPDWHULDO GHSHQ�



GHQW SURSHUW\� 7KH DQDO\VLV UHVXOWV VKRZQ LQ )LJ� � GHPRQVWUDWH WKDW DWWDLQPHQW RI ¹ZF IRU ORZ

FRQVWUDLQW FUDFN FRQILJXUDWLRQV RFFXUV� LI DW DOO� RQO\ DW PXFK JUHDWHU GHIRUPDWLRQ OHYHOV �.
,
�

UHODWLYH WR KLJK FRQVWUDLQW FRQILJXUDWLRQV�0RUHRYHU� WKH FRPELQDWLRQ RI D ORZ VWUDLQKDUGHQLQJ

PDWHULDO DQG D ORZ FRQVWUDLQW FUDFN FRQILJXUDWLRQ PD\ QHYHU JHQHUDWH ¹Z ¹ZF� LQ ZKLFK FDVH

FOHDYDJH IUDFWXUH FDQQRW RFFXUXQOHVV VRPHRWKHU HYHQW �H�J�� GXFWLOH WHDULQJ� HOHYDWHV WKHQHDU�

WLS VWUHVVHV�

/�� �� %�"& 
�!'(�

7KH SUHYLRXV UHVXOWV GHPRQVWUDWH D VLJQLILFDQW UHGXFWLRQ RI WKH :HLEXOO VWUHVV XQGHU ORZ

FRQVWUDLQW FRQGLWLRQV �QHJDWLYH7�VWUHVV� IRU ORZDQGPRGHUDWHO\KDUGHQLQJPDWHULDOV�7KLVVHF�

WLRQ H[DPLQHV WKH SRWHQWLDO IRU GXFWLOH WHDULQJ WR FRXQWHUDFW WKH HIIHFWV RI FRQVWUDLQW ORVV DQG

WKXV UHVWRUH WKH :HLEXOO VWUHVV WR KLJK FRQVWUDLQW OHYHOV ³ VXFK DQ RXWFRPH ZRXOG DLG LQ H[�

SODLQLQJ WKH WUDQVLWLRQ IURP D VWDEOH GXFWLOH WHDULQJ PRGH WR D FOHDYDJH PRGH RI IUDFWXUH� 7R

FRQVHUYH VSDFH� ZH GHVFULEH RQO\ NH\ UHVXOWV FRPSXWHG IRU P
�� �VKDSH SDUDPHWHU� DQG

I
�

����� �LQLWLDO YRLG IUDFWLRQ IRU WKHPDWHULDO�� 6LPLODU WUHQGV DQG FRQFOXVLRQV DUH GUDZQ IRU

RWKHUP DQG I
�
YDOXHV� )RU WKH VWURQJO\ QHJDWLYH7�VWUHVV OHYHOV� WKHVH DQDO\VHV W\SLI\ FOHDYDJH

IUDFWXUH DFFRPSDQLHG E\ VPDOO DPRXQWV RI VWDEOH FUDFN JURZWK VWUXFWXUDO VWHHOV LQ ORZ�

FRQVWUDLQW FRQILJXUDWLRQV� ,Q WKH FRQWH[W RI RXU FRPSXWDWLRQDO FHOO PRGHO� YDOXHV RI I
�

������ï������ DQG FHOO VL]HV RI '����³P FKDUDFWHUL]H PDWHULDOV ZLWK PRGHUDWH FUDFN JURZWK

UHVLVWDQFH >�����@�

)LJXUHV ��D�F� VKRZ WKH FRPSXWHG FUDFN JURZWK UHVLVWDQFH FXUYHV IRU PDWHULDOV KDYLQJ

Q
��� �� DQG I
�

������ - LV QRUPDOL]HG E\ WKH FHOO VL]H DQG IORZ VWUHVV �'¹

�
� ZKLOH oD LV

QRUPDOL]HG E\ '� 7KH FHOO ZLWK FXUUHQW SRURVLW\ I
��� GHILQHV WKH FXUUHQW FUDFN WLS ORFDWLRQ�

DQG WKXV oD >�����@� 7KLV ¶¶RSHUDWLRQDOµ GHILQLWLRQ ORFDWHV WKH FUDFN WLS LQ WKH UHJLRQ EHKLQG WKH

SHDN VWUHVV ZKHUH VWUHVVHV GHFUHDVH UDSLGO\� EXW DKHDG RI WKH YHU\ KLJKO\ GDPDJHG UHJLRQ�

ZKHUH WKH *7PRGHO GRHV QRW DFFXUDWHO\ SUHGLFW PDWHULDO UHVSRQVH� )LJXUHV ��E�G� SUHVHQW WKH

GHSHQGHQF\ RI ¹Z � (T� ���� RQ FUDFN JURZWK� )RU DOO OHYHOV RI FUDFN�WLS FRQVWUDLQW UHSUHVHQWHG

E\ 7�¹
�
� WKH :HLEXOO VWUHVV LQFUHDVHV PRQRWRQLFDOO\ ZLWK GXFWLOH H[WHQVLRQ �FRPSDUH )LJV� �

�E�G� ZLWK WKH QR�JURZWK UHVXOWV LQ )LJV� � �E�F��� 7KH OHYHOV RI ¹Z IRU WKH PDWHULDO ZLWK Q
��

UHPDLQ FRQVLVWHQWO\ ORZHU WKDQ WKH OHYHOV IRU WKHPDWHULDOZLWK Q
�� DW WKH VDPHYDOXH RI 7�¹
�

DQG FUDFN H[WHQVLRQ� 7KHVH UHVXOWV FOHDUO\ UHIOHFW WKH OHVV VHYHUH QHDU�WLS VWUHVVHV WKDW GHYHORS

IRU WKH Q
�� PDWHULDO DQG IRU ORZ�FRQVWUDLQW FRQGLWLRQV� 7KH FRPSXWHG 5�FXUYHV DW ODUJH

JURZWK UHYHDO D GLIIHUHQW WUHQG RI ORZHU WRXJKQHVV ZLWK KLJKHU VWUDLQ KDUGHQLQJ IRU DOO

FRQVWUDLQW OHYHOV�

,Q VXPPDU\� WKHVH UHSUHVHQWDWLYH DQDO\VHV GHPRQVWUDWH LPSRUWDQW IHDWXUHV DVVRFLDWHG

ZLWK WKH HYROXWLRQ RI :HLEXOO VWUHVV IRU D JURZLQJ FUDFN� 7KH SK\VLFDO VLJQLILFDQFH LV WKLV� GXF�

WLOH WHDULQJ LQFUHDVHV WKH FUDFN�WLS GULYLQJ IRUFH �¹Z� DV GHIRUPDWLRQ SURJUHVVHV SDUWLFXODUO\ VR

IRU ORZ�FRQVWUDLQW FRQILJXUDWLRQV�ZKLFK LQFUHDVHV WKH OLNHOLKRRGRIXQVWDEOH FUDFNSURSDJDWLRQ

E\ FOHDYDJH� 7KH WUHQGV VKRZQ KHUH DUH FRQVLVWHQW ZLWK WKRVH REWDLQHG LQ SUHYLRXV QXPHULFDO

DQDO\VHV >��� ��@ LQ WKDW VWDEOH FUDFN JURZWK HOHYDWHV WKH QHDU�WLS VWUHVVHV DQG LQFUHDVHV WKH

YROXPH RI WKH FOHDYDJH IUDFWXUH SURFHVV ]RQH� 6LQFH ¹Z H[SOLFLWO\ LQFRUSRUDWHV WKH FUDFN�WLS

VWUHVV ILHOG DQG WKH YROXPH RI WKH QHDU�WLS VWUHVVHG PDWHULDO� LW IXOO\ FDSWXUHV WKH JRYHUQLQJ

IHDWXUHV IRU FOHDYDJH IUDFWXUH LQ JURZLQJ FUDFNV�
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$FNQRZOHGJHPHQWV

7KLV LQYHVWLJDWLRQ ZDV VXSSRUWHG E\ JUDQWV SULQFLSDOO\ IURP WKH 6FLHQWLILF )RXQGDWLRQ RI WKH 6WDWH RI
6mR 3DXOR �)$3(63� XQGHU *UDQW ����������� $FFHVV WR WKH &UD\ -��� DQG WKH 6*,�2ULJLQ ��� DW WKH

+LJK 3HUIRUPDQFH &RPSXWLQJ &HQWHU �/&&$� RI WKH 8QLYHUVLW\ RI 6mR 3DXOR LV DOVR DFNQRZOHGJHG�

������"'��

�� 5XJJLHUL�&�� ¶¶$)UDPHZRUNWR&RUUHODWH(IIHFWVRI&RQVWUDLQW/RVVDQG'XFWLOH7HDULQJRQ)UDFWXUH7RXJKQHVV
ï 3DUW ,� 3UREDELOLVWLF $SSURDFK�µ ��WK%UD]LOLDQ &RQJUHVV RI 0HFKDQLFDO (QJLQHHULQJ �&REHP ���� ÉJXDV GH
/LQGyLD� %UD]LO �������

�� %HUHPLQ� )�0� ¶¶$ /RFDO &ULWHULRQ IRU &OHDYDJH )UDFWXUH RI D 1XFOHDU 3UHVVXUH 9HVVHO 6WHHO�µ0HWDOOXUJLFDO
7UDQVDFWLRQV� 9RO� ��$� SS� ����ï����� �����

�� 3DUNV�'�0�� ¶¶$GYDQFHV LQ&KDUDFWHUL]DWLRQRI(ODVWLFï3ODVWLF&UDFNï7LS)LHOGV�µ LQ7RSLFV LQ)UDFWXUHDQG)D�
WLJXH� $� 6� $UJRQ� (G�� 6SULQJHU 9HUODJ� SS� ��ï��� �����

�� 5XJJLHUL� &� DQG'RGGV� 5�+�� ¶¶$ 7UDQVIHUDELOLW\0RGHO IRU %ULWWOH )UDFWXUH ,QFOXGLQJ&RQVWUDLQW DQG'XFWLOH
7HDULQJ (IIHFWV� $ 3UREDELOLVWLF $SSURDFK�µ ,QWHUQDWLRQDO -RXUQDO RI )UDFWXUH� 9RO� ��� SS� �������� �����

�� 5XJJLHUL� &� DQG'RGGV� 5�+�� ¶¶3UREDELOLVWLF0RGHOLQJ RI %ULWWOH )UDFWXUH ,QFOXGLQJ ��'(IIHFWV RQ&RQVWUDLQW
/RVV DQG 'XFWLOH 7HDULQJ�µ -RXUQDO GH 3K\VLTXH� 9RO� �����

�� 5XJJLHUL� &� DQG'RGGV� 5�+�� ¶¶:675(665HOHDVH ���� 1XPHULFDO &RPSXWDWLRQ RI 3UREDELOLVWLF )UDFWXUH 3D�
UDPHWHUV IRU ��' &UDFNHG 6ROLGV�µ %7ï319ï���7HFKQLFDO 5HSRUW�� (3863� 8QLYHUVLW\ RI 6mR 3DXOR� �����

�� 5XJJLHUL�&��'RGGV�5�+�DQG:DOOLQ�.�� ¶¶&RQVWUDLQWV(IIHFWVRQ5HIHUHQFH7HPSHUDWXUH�7�� IRU)HUULWLF6WHHOV
LQ WKH 7UDQVLWLRQ 5HJLRQ�µ (QJLQHHULQJ )UDFWXUH 0HFKDQLFV� 9RO� ��� SS� ������ �����

�� :DOOLQ� .� ¶¶7KH 6FDWWHU LQ .,F 5HVXOWV�µ (QJLQHHULQJ )UDFWXUH 0HFKDQLFV� 9RO� ��� SS� ����ï����� �����

�� 0XGU\� )�� ����� ¶¶$ /RFDO $SSURDFK WR &OHDYDJH )UDFWXUHµ� 1XFOHDU (QJLQHHULQJ DQG 'HVLJQ� 9RO� ���� SS�
��ï���

��� 0LQDPL� )�� %U�FNQHUï)RLW� $�� 0XQ]� '�DQG 7UROOGHQLHU� %�� ¶¶(VWLPDWLRQ 3URFHGXUH IRU WKH :HLEXOO
3DUDPHWHUV 8VHG LQ WKH /RFDO $SSURDFK�µ ,QWHUQDWLRQDO -RXUQDO RI )UDFWXUH� 9RO� ��� SS� ���ï���� �����

��� *DR�;�� 5XJJLHUL� &� DQG 'RGGV� 5� +�� ¶¶&DOLEUDWLRQ RI :HLEXOO 6WUHVV 3DUDPHWHUV 8VLQJ )UDFWXUH 7RXJKQHVV
'DWD··� �6XEPPLWWHG IRU 3XEOLFDWLRQ��

��� 5XJJLHUL� &�� *DR� ;� DQG'RGGV� 5� +�� ¶¶7UDQVIHUDELOLW\ RI (ODVWLF�3ODVWLF )UDFWXUH 7RXJKQHVV 8VLQJ WKH:HL�
EXOO 6WUHVV $SSURDFK� 6LJQLILFDQFH RI 3DUDPHWHU &DOLEUDWLRQ··� �6XEPPLWWHG IRU 3XEOLFDWLRQ��

��� .RSSHQKRHIHU�.��*XOOHUXG�$��5XJJLHUL�&��'RGGV�5�DQG+HDO\�%�� ¶¶:$53�'�'\QDPLF1RQOLQHDU$QDO\VLV
RI6ROLGV8VLQJD3UHFRQGLWLRQHG&RQMXJDWH*UDGLHQW6RIWZDUH$UFKLWHFWXUHµ�6WUXFWXUDO5HVHDUFK6HULHV�656�
���� 8,/8ï(1*ï��ï�����8QLYHUVLW\ RI ,OOLQRLV DW 8UEDQDï&KDPSDLJQ� �����

��� 0RUDQ� %�� DQG 6KLK� &�)�� ¶¶$ *HQHUDO 7UHDWPHQW RI &UDFN 7LS &RQWRXU ,QWHJUDOVµ� ,QWHUQDWLRQDO -RXUQDO RI
)UDFWXUH� 9RO� ��� SS� ���ï���� �����

��� /DUVVRQ� 6�*� DQG&DUOVVRQ�$�-�� ¶¶,QIOXHQFHRI1RQï6LQJXODU6WUHVV7HUPVDQG6SHFLPHQ*HRPHWU\ RQ6PDOO
6FDOH<LHOGLQJDW&UDFNï7LSVLQ(ODVWLFï3ODVWLF0DWHULDOVµ�-RXUQDORI WKH0HFKDQLFVDQG3K\VLFVRI6ROLGV�9RO�
��� SS� ���ï���� �����

��� 0DQQ� 1� 5�� 6FKDIHU� 5� (� DQG 6LQJSXUZDOOD� 1� '��0HWKRGV IRU 6WDWLVWLFDO $QDO\VLV RI 5HOLDELOLW\ DQG /LIH
'DWD� -RQK :LOH\ 	 6RQV� 1HZ <RUN� �����

��� 5XJJLHUL� &� DQG'RGGV� 5� +�� ¶¶0LFURPHFKDQLFV DQG &RQWLQXXP0RGHOLQJ RI ��' &RQVWUDLQW (IIHFWV IRU )UDF�
WXUH $VVHVVPHQWV RI 6WUXFWXUHV�µ ��WK %UD]LOLDQ &RQJUHVV RI 0HFKDQLFDO (QJLQHHULQJ �&REHP ���� ÉJXDV GH
/LQGyLD� %UD]LO �������

��� 5XJJLHUL� &� DQG'RGGV� 5�+�� ¶¶��'0RGHOLQJ RI0RGH ,&UDFN*URZWK LQ 6WUXFWXUDO0DWHULDOV�µ��WK%UD]LOLDQ
&RQJUHVV RI 0HFKDQLFDO (QJLQHHULQJ �&REHP ���� ÉJXDV GH /LQGyLD� %UD]LO �������

��� ;LD� /� DQG 6KLK� &� )�� ¶¶'XFWLOH &UDFN *URZWK � ,� $1XPHULFDO 6WXG\8VLQJ &RPSXWDWLRQDO &HOOV ZLWK0LFUR�
VWUXFWXUDOO\�%DVHG/HQJWK6FDOHV�µ -RXUQDO RI WKH0HFKDQLFV DQG3K\VLFV RI6ROLGV�9RO� ��� SS� �������� �����

��� ;LD� /� DQG6KLK�&�)�� ¶¶'XFWLOH&UDFN*URZWK � ,,�9RLG1XFOHDWLRQDQG*HRPHWU\(IIHFWV RQ0DFURVFRSLF)UDF�
WXUH %HKDYLRU�µ -RXUQDO RI WKH 0HFKDQLFV DQG 3K\VLFV RI 6ROLGV� 9RO� ��� SS� ����ï����� �����

��� ;LD� /� DQG 6KLK� &� )�� ¶¶'XFWLOH &UDFN *URZWK � ,,,� 6WDWLVWLFDO $VSHFWV RI &OHDYDJH )UDFWXUH $IWHU 7HDULQJ�µ
-RXUQDO RI WKH 0HFKDQLFV DQG 3K\VLFV RI 6ROLGV� 9RO� ��� SS� ���ï���� �����

��� *XUVRQ� $� /�� ¶¶&RQWLQXXP 7KHRU\ RI 'XFWLOH 5XSWXUH E\ 9RLG 1XFOHDWLRQ DQG *URZWK� 3DUW , � <LHOG &ULWHULD
DQG)ORZ5XOHV IRU3RURXV'XFWLOH0HGLD�µ-RXUQDO RI (QJLQHHULQJ0DWHULDOV DQG7HFKQRORJ\� 9RO� ��� SS� �����

��� 7YHUJDDUG� 9�� ¶¶0DWHULDO )DLOXUH E\9RLG*URZWK WR &RDOHVFHQFH�µ$GYDQFHV LQ $SSOLHG0HFKDQLFV� 9RO� ��� SS�
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