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&ODXGLR 5XJJLHUL

'HSDUWPHQW RI 1DYDO $UFKLWHFWXUH DQG 2FHDQ (QJLQHHULQJ� 8QLYHUVLW\ RI 6mR 3DXOR

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

5REHUW +� 'RGGV� -U�

'HSDUWPHQW RI &LYLO (QJLQHHULQJ� 8QLYHUVLW\ RI ,OOLQRLV DW 8UEDQD�&KDPSDLJQ

8UEDQD� ,/ ������ (�PDLO� U�GRGGV#XLXF�HGX� 86

$EVWUDFW ï7KLV VWXG\ GHVFULEHV D ��' FRPSXWDWLRQDO IUDPHZRUN WR PRGHO VWDEOH H[WHQVLRQ RI D PDFUR�

VFRSLF FUDFN XQGHU PRGH , FRQGLWLRQV LQ GXFWLOH PHWDOV� 7KH *XUVRQ�7YHUJDDUG GLODWDQW SODVWLFLW\ PRGHO

IRU YRLGHGPDWHULDOV GHVFULEHV WKH GHJUDGDWLRQ RI PDWHULDO VWUHVV FDSDFLW\� )L[HG�VL]H� FRPSXWDWLRQDO FHOO

HOHPHQWV GHILQHG RYHU D WKLQ OD\HU DW WKH FUDFN SODQH SURYLGH DQ H[SOLFLW OHQJWK VFDOH IRU WKH FRQWLQXXP

GDPDJH SURFHVV� 2XWVLGH RI WKLV OD\HU� WKH PDWHULDO UHPDLQV XQGDPDJHG E\ YRLG JURZWK� FRQVLVWHQW ZLWK

PHWDOOXUJLFDO REVHUYDWLRQV�$QHOHPHQWYDQLVKSURFHGXUH UHPRYHVKLJKO\YRLGHG FHOOV IURP IXUWKHU FRQVLG�

HUDWLRQ LQ WKH DQDO\VLV� WKHUHE\ FUHDWLQJ QHZ WUDFWLRQ�IUHH VXUIDFHV ZKLFK H[WHQG WKH PDFURVFRSLF FUDFN�

7KH NH\PLFUR�PHFKDQLFV SDUDPHWHUV DUH '� WKH WKLFNQHVV RI WKH FRPSXWDWLRQDO FHOO OD\HU� DQG I
�
� WKH LQL�

WLDO FHOO SRURVLW\� &DOLEUDWLRQ RI WKHVH SDUDPHWHUV SURFHHGV WKURXJK DQDO\VHV RI GXFWLOH WHDULQJ WR PDWFK

5�FXUYHV REWDLQHG IURP WHVWLQJ RI GHHS QRWFK� WKURXJK�FUDFN EHQG VSHFLPHQV� 7KH UHVXOWLQJ FRPSXWDWLRQ�

DO PRGHO� FRXSOHG ZLWK UHILQHG ��' PHVKHV� HQDEOHV WKH GHWDLOHG VWXG\ RI QRQ�XQLIRUP JURZWK DORQJ WKH

FUDFN IURQW DQGSUHGLFWLRQV RI VSHFLPHQ VL]H� JHRPHWU\DQG ORDGLQJPRGH HIIHFWV RQ WHDULQJ UHVLVWDQFH� KHUH

GHVFULEHG E\ -�oD FXUYHV� &RPSXWDWLRQDO DQG H[SHULPHQWDO VWXGLHV DUH GHVFULEHG IRU VKDOORZ DQG GHHS

QRWFK 6(�%� VSHFLPHQV KDYLQJ VLGH�JURRYHV DQG IRU D FRQYHQWLRQDO &�7� VSHFLPHQ ZLWKRXW VLGH�JURRYHV�

7KH FRPSXWDWLRQDO PRGHOV SURYH FDSDEOH RI SUHGLFWLQJ WKH PHDVXUHG 5�FXUYHV DQG SRVW�WHVW PHDVXUHG

FUDFN SURILOHV�

.H\ ZRUGV� GXFWLOH IUDFWXUH� FRPSXWDWLRQDO FHOOV� *XUVRQ PRGHO� ILQLWH HOHPHQWV� FRQVWUDLQW
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7KH VWDEOH WHDULQJ RI DPDFURVFRSLF FUDFN LQ GXFWLOHPDWHULDOV IRU VWUXFWXUDO DSSOLFDWLRQV� VXFK

DV VWHHO DOOR\V DQG DOXPLQXP� LV FRQYHQWLRQDOO\ FKDUDFWHUL]HG E\ FUDFN JURZWK UHVLVWDQFH

�-ïoD� FXUYHV XVLQJ WKH -�LQWHJUDO WR GHVFULEH WKH LQWHQVLW\ RI QHDU�WLS GHIRUPDWLRQ �VHH� H�J��

WKH UHYLHZ E\ +XWFKLQVRQ >�@�� 6LQFH DGGLWLRQDO ORDG�FDUU\LQJ FDSDFLW\ LQ VWUXFWXUDO FRPSR�

QHQWV LV JDLQHG LI VRPHDPRXQW RI VWDEOH FUDFN JURZWK LV DOORZHG� D ODUJHQXPEHU RI HQJLQHHULQJ

DSSOLFDWLRQV� SDUWLFXODUO\ SUHGLFWLRQV RI PHFKDQLFDO EHKDYLRU DQG GHIHFW DVVHVPHQWV RI LQ�VHU�

YLFH VWUXFWXUH� FXUUHQWO\ FHQWHUV RQPHWKRGRORJLHV EDVHG XSRQPHDVXUHG 5�FXUYHV� 6SHFLILFDO�
O\� ODUJH LQFUHDVHV RI - DERYH WKH RQVHW RI GXFWLOH FUDFN H[WHQVLRQ �-

,F
� DUH SRVVLEOH LQPDWHULDOV

ZLWKKLJK WHDULQJ UHVLVWDQFHZLWK FRQVLGHUDEOH SUDFWLFDO FRQVHTXHQFHV WRGHVLJQDQGVWUXFWXUDO

IODZ DQDO\VLV� 0RUHRYHU� GXFWLOH WHDULQJ RIWHQ SUHFHHGV FOHDYDJH IUDFWXUH LQ VWUXFWXUDO VWHHOV



RSHUDWLQJ LQ WKH GXFWLOH�WR�EULWWOH �'%7� UHJLRQ� VXFK VPDOO DPRXQWV RI VWDEOH FUDFN JURZWK DO�

WHU VLJQLILFDQWO\ WKH QHDU�WLS VWUHVV ILHOGV >���@ ZKLFK VWURQJO\ DIIHFW WKH SURSHQVLW\ WR WULJJHU

FOHDYDJH�

/DERUDWRU\ WHVWLQJ RI IUDFWXUH VSHFLPHQV WRPHDVXUH UHVLVWDQFH FXUYHV �-�oD� FRQVLVWHQWO\

UHYHDOV DPDUNHG HIIHFW RI DEVROXWH VSHFLPHQ VL]H� JHRPHWU\� UHODWLYH FUDFN VL]H �D�:� DQG ORDG�

LQJ PRGH �WHQVLRQ YV� EHQGLQJ� RQ 5�FXUYHV �VHH >�@ IRU UHSUHVHQWDWLYH H[SHULPHQWDO VWXGLHV��

)RU WKHVDPHPDWHULDO� GHHS�QRWFKEHQG�6(�%�� DQGFRPSDFW WHQVLRQ�&�7�� VSHFLPHQV\LHOG ORZ

5�FXUYHVZKLOH VKDOORZ�QRWFK 6(�%�V� VLQJOH�HGJH QRWFK WHQVLRQ� 6(�7�� DQGPLGGOH�FUDFN WHQ�

VLRQ�0�7�� VSHFLPHQV \LHOG ODUJHU WRXJKQHVV YDOXHV DW VLPLODU DPRXQWV RI FUDFN JURZWK� 7KHVH

HIIHFWV REVHUYHG LQ 5�FXUYHV DULVH IURP WKH VWURQJ LQWHUDFWLRQ EHWZHHQ PLFURVWUXFWXUDO IHD�

WXUHV RI WKHPDWHULDO ZKLFK JRYHUQ WKH DFWXDO VHSDUDWLRQ SURFHVV DQG WKH ORVV RI VWUHVV WULD[LDO�

LW\ LQ WKH FUDFN IURQW UHJLRQ GXH WR ODUJH�VFDOH \LHOGLQJ� &RQVHTXHQWO\� UHDOLVWLF PHWKRGRORJLHV

IRU IUDFWXUH DVVHVVPHQWV RI VWUXFWXUDO FRPSRQHQWVPXVW LQFOXGH DGYDQFHG SURFHGXUHV FDSDEOH

RI PRGHOLQJ GXFWLOH FUDFN H[WHQVLRQ�

7KLV VWXG\ H[WHQGV WKH FRPSXWDWLRQDO FHOO IUDPHZRUN� RULJLQDOO\ GHYHORSHG LQ D��'FRQWH[W

E\ ;LD DQG 6KLK �;	6� >�����@ LQWR D ��' VHWWLQJ FDSDEOH RI PRGHOLQJ PRGH , FUDFN H[WHQVLRQ�

$SSOLFDWLRQV RI WKLV ��' IUDPHZRUN UHDGLO\ LQFOXGH� IRU H[DPSOH� VXUIDFH EUHDNLQJ GHIHFWV DV

ZHOO DV FRQYHQWLRQDO� WKURXJK�WKLFNQHVV IUDFWXUH VSHFLPHQV �ZLWK DQG ZLWKRXW VLGH�JURRYHV��

,Q WKHFRPSXWDWLRQDO FHOOPRGHO� GXFWLOH FUDFNH[WHQVLRQRFFXUV WKURXJKYRLGJURZWKDQGFRDOHV�

FHQFH �E\ FHOO H[WLQFWLRQ� ZLWKLQ D WKLQ OD\HU RI PDWHULDO V\PPHWULFDOO\ ORFDWHG DERXW WKH FUDFN

SODQH� $Q HOHPHQW YDQLVK SURFHGXUH UHPRYHV KLJKO\ YRLGHG FHOOV IURP WKH DQDO\VLV WKHUHE\

FUHDWLQJ QHZ WUDFWLRQ�IUHH VXUIDFHV ZKLFK H[WHQG WKH PDFURVFRSLF FUDFN� 7KH FHOOV KDYH LQLWLDO

�VPHDUHG� YRLG YROXPH IUDFWLRQ GHQRWHG E\ I
�
� 7KH OD\HU WKLFNQHVV �'� LQWURGXFHV D VWURQJ

OHQJWK�VFDOH RYHU ZKLFK GDPDJH RFFXUV� HOVHZKHUH� WKH EDFNJURXQG PDWHULDO REH\V WKH IORZ

WKHRU\ RI SODVWLFLW\ ZLWKRXW GDPDJH E\ YRLG JURZWK� 7KH ��' IRUP RI WKH *XUVRQ�7YHUJDDUG

�*7� GLODWDQW SODVWLFLW\ WKHRU\ >���@ SURYLGHV D VXLWDEOH GHVFULSWLRQ RI YRLG JURZWK ZLWKLQ WKH

FHOOV�2XUH[SORUDWRU\��'VWXGLHVXVLQJ FRPSXWDWLRQDO FHOOV FOHDUO\GHPRQVWUDWH WKH FDSDELOLW\

WRSUHGLFW WKH VWURQJ FRQVWUDLQW HIIHFWV RQPHDVXUHG5�FXUYHVDQG VHYHUH WXQQHOLQJ LQQRQ�VLGH�

JURRYHG VSHFLPHQV�7KH UHVXOWLQJ FRPSXWDWLRQDO IUDPHZRUN� FRXSOHGZLWKUHILQHG��'PHVKHV�

HQDEOHV WKH GHWDLOHG VWXG\ RI QRQ�XQLIRUPJURZWK DORQJ WKH FUDFN IURQW DQGGHYHORSPHQW RI LP�

SURYHG PRGHOV WR DVVHVV IUDFWXUH EHKDYLRU LQ VWUXFWXUDO PDWHULDOV�
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'XFWLOH IUDFWXUH LQ PHWDOV LV D PXOWLVWHS PRGH RI PDWHULDO IDLOXUH LQFRUSRUDWLQJ WKH FRPELQD�

WLRQ RI YDULRXV DQG VLPXOWDQHRXV PHFKDQLVPV DW WKH PLFURVFDOH OHYHO �VHH� H�J�� WKH UHYLHZ RI

*DUULQVRQ DQG 0RRG\ >��@�� 6XFK PHFKDQLVPV DUH FRQYHQLHQWO\ GLYLGHG DV IROORZV� D� QXFOH�

DWLRQ RI PLFURYRLGV IURP IUDFWXUH RU VHSDUDWLRQ RI LQFOXVLRQV� E� VXEVHTXHQW JURZWK RI ZLGHO\

VHSDUDWHG DQG ODUJHUPLFURYRLGV� F� ORFDOL]DWLRQ RI SODVWLF IORZDQGG� ILQDO FRDOHVFHQFH RIPLFUR�

YRLGV� 8QOLNH FOHDYDJH IUDFWXUH� ZKLFK LV D PHFKDQLVP GULYHQ DOPRVW HQWLUHO\ E\ WKH ORFDO WHQ�

VLOH VWUHVVHV� LQFOXVLRQRI WKHPLFURUHJLPHRI GXFWLOH IUDFWXUH LQFUDFNJURZWKDQDO\VHV LV FHQWUDO

WR UHODWH WKH PDWHULDO WHDULQJ EHKDYLRU ZLWK D PDFURVFRSLF �HQJLQHHULQJ� IUDFWXUH SDUDPHWHU

LQ D FRQWLQXXP IUDPHZRUN� ([SHULPHQWDO REVHUYDWLRQV DQG FRPSXWDWLRQDO VWXGLHV VKRZ WKDW

WKH SODVWLF VWUDLQV IRU QXFOHDWLRQ DUH VPDOO WKHUHE\ FDXVLQJ RQO\ OLWWOH GDPDJH LQ WKH PDWHULDO

DKHDG RI WKH FUDFN WLS� 6XFK IHDWXUH HQDEOHV VLPSOLILFDWLRQ RI WKH IRXU�VWHS IDLOXUH SURFHVV GH�

VFULEHG DERYH E\ DVVXPLQJ WKH JURZWK RI PLFURYRLGV DV WKH FULWLFDO HYHQW FRQWUROLQJ GXFWLOH H[�

WHQVLRQ� )LJXUH ��D� SLFWXUHV WKH VFKHPDWLF SDWK RI D JURZLQJ FUDFN LQ D GXFWLOH PDWHULDO� 7KH

PDWHULDO OD\HU HQYHORSLQJ WKH JURZLQJ FUDFN� ZKLFK PXVW EH WKLFN HQRXJK WR LQFOXGH DW OHDVW

DYRLG RUPLFURFUDFNQXFOHL� LGHQWLILHV DSURFHVV ]RQH IRU WKHGXFWLOH IUDFWXUHZKLFK FRQYHQLHQWO\

JLYHV WKH QHFHVVDU\ OHQJWK GLPHQVLRQ IRU WKH PRGHO� 9RLG JURZWK DQG FRDOHVFHQFH LQ WKH OD\HU

ZLOO FDXVH WKH VXUIDFH WUDFWLRQV WKDW WKH SURFHVV ]RQH H[HUWV RQ LWV VXUURXQGLQJ GURS WR ]HUR

�WKLV LPSOLFLWO\ GHILQHV D WUDFWLRQ�VHSDUDWLRQ ODZ IRU WKH SURFHVV ]RQH OD\HU��

0RWLYDWHG E\ WKH DERYH REVHUYDWLRQV� ;	6 >�����@ SURSRVHG D PRGHO XVLQJ FRPSXWDWLRQDO

FHOOV WR LQFOXGHDUHDOLVWLF YRLGJURZWKPHFKDQLVP�DQGDPLFURVWUXFWXUDO OHQJWK�VFDOHSK\VLFDO�



O\ FRXSOHG WR WKH VL]H RI WKH IUDFWXUH SURFHVV ]RQH� 9RLG JURZWK UHPDLQV FRQILQHG WR D OD\HU RI
PDWHULDO V\PPHWULFDOO\ ORFDWHG DERXW WKH FUDFN SODQH� DV LOOXVWUDWHG LQ )LJ� ��E�� 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 FDYLW\ RI LQLWLDO YROXPH IUDFWLRQ I

�
�WKH LQLWLDO YRLG YROXPH GLYLGHG E\ FHOO YROXPH�� $V

D IXUWKHU VLPSOLILFDWLRQ� WKH YRLG QXFOHDWHV IURP DQ LQFOXVLRQ RI UHODWLYH VL]H I
�
LPPHGLDWHO\

XSRQ ORDGLQJ� 3URJUHVVLYH YRLG JURZWK DQG VXEVHTXHQWPDFURVFRSLFPDWHULDO VRIWHQLQJ LQ HDFK
FHOO DUH GHVFULEHG ZLWK WKH *XUVRQ�7YHUJDDUG �*7� FRQVWLWXWLYH PRGHO IRU GLODWDQW SODVWLFLW\
>���@ JLYHQ E\
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ZKHUH ¹HGHQRWHV WKH HIIHFWLYH0LVHV �PDFURVFRSLF� VWUHVV� ¹P LV WKHPHDQ �PDFURVFRSLF� VWUHVV�
¹ LV WKH FXUUHQW IORZ VWUHVV RI WKH FHOO PDWUL[ PDWHULDO DQG I GHILQHV WKH FXUUHQW YRLG IUDFWLRQ�
8QGHU PXOWLD[LDO VWUHVV VWDWHV� ¹H
 ��6

LM
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������ ZKHUH 6LM GHQRWHV WKH GHYLDWRULF FRPSR�

QHQWV RI &DXFK\ VWUHVV� )DFWRUV T
�
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DQG T

�
LQWURGXFHG E\ 7YHUJDDUG LPSURYH WKHPRGHO SUH�

GLFWLRQV IRU SHULRGLF DUUD\V RI F\OLQGULFDO DQG VSKHULFDO YRLGV� )ROORZLQJ 7YHUJDDUG ZH XVH
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$Q DGGLWLRQDO FRQWULEXWLRQ WR WKH YRLG JURZWK UDWH DULVHV IURP WKH QXFOHDWLRQ RI QHZ YRLGV
FDXVHG E\ ODUJH SODVWLF VWUDLQV DWPXFK VWURQJHU� VPDOOHU LQFOXVLRQV GLVSHUVHG LQWR WKHPDWUL[�
7KH YROXPH IUDFWLRQ RI YRLGV LQFUHDVHV RYHU DQ LQFUHPHQW RI ORDG GXH WR FRQWLQXHG JURZWK RI
H[LVWLQJ YRLGV DQG GXH WR WKH IRUPDWLRQ RI QHZ YRLGV FDXVHG E\ LQWHUIDFLDO GHFRKHVLRQ RI LQFOX�

VLRQV RU VHFRQG SKDVH SDUWLFOHV� 7KXV�
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ZKHUH ÓSGHQRWHV WKHPDWUL[ SODVWLF VWUDLQ DQG Ó
S LV WKH YROXPHWULF �PDFURVFRSLF� SODVWLF VWUDLQ�

+HUH� WKH QXFOHDWLRQ FRPSRQHQW IROORZV D QRUPDOO\ GLVWULEXWHG HYROXWLRQ PRGHO >��@ ZLWK SD�
UDPHWHU : GHILQHG E\ WKH PHDQ YDOXH� Ó

1
� WKH VWDQGDUG GHYLDWLRQ� V

1
DQG WKH YROXPH IUDFWLRQ

RI YRLG QXFOHDWLQJ SDUWLFOHV� I
1
�

7KH*7\LHOG IXQFWLRQ LQ (T� ��� GRHV QRWPRGHO UHDOLVWLFDOO\ WKH UDSLG ORVV RI VWUHVV FDSDFLW\
IRU ODUJHU YRLG IUDFWLRQV QHDULQJ FRDOHVFHQFH OHYHOV� QRU GRHV WKHPRGHO FUHDWH QHZ WUDFWLRQ IUHH

VXUIDFHV WR UHSUHVHQW SK\VLFDO FUDFN H[WHQVLRQ� ,Q WKH SUHVHQW ZRUN� WKH HYROXWLRQ RI VWUHVV
ZLWKLQ FHOOV IROORZV WKHRULJLQDO FRQVWLWXWLYHPRGHO RI*7 LQ(T� ��� XQWLO I
 I

(
�ZKHUH I

(
W\SLFDO�

O\ KDV D YDOXH RI������ 7KH ILQDO VWDJH RI YRLG OLQNXS ZLWK WKH PDFURVFRSLF FUDFN IURQW WKHQ
RFFXUV E\ UHGXFLQJ WKH UHPDLQLQJ VWUHVVHV WR ]HUR LQ D SUHVFULEHGPDQQHU� 7YHUJDDUG >�@ UHIHUV
WR WKLV SURFHVV DV WKH HOHPHQW H[WLQFWLRQ RU YDQLVK WHFKQLTXH�2XU FHOO H[WLQFWLRQSURFHVV LPSOH�
PHQWV D OLQHDU�WUDFWLRQ VHSDUDWLRQPRGHO �VHH DGGLWLRQDO GHWDLOV LQ 5XJJLHUL DQG 'RGGV �5	'�
>��@�� :KHQ I LQ WKH FHOO LQFLGHQW RQ WKH FXUUHQW FUDFN WLS UHDFKHV D FULWLFDO YDOXH� I

(
� WKH FRP�

SXWDWLRQDO SURFHGXUHV UHPRYH WKH FHOO WKHUHE\ DGYDQFLQJ WKH FUDFN WLS LQ GLVFUHWH LQFUHPHQWV
RI WKH FHOO VL]H�

)LJXUH ��F� VKRZV WKH W\SLFDO� SODQH VWUDLQ ILQLWH HOHPHQW UHSUHVHQWDWLRQ RI WKH FRPSXWD�
WLRQDO FHOOPRGHOZKHUH V\PPHWU\ DERXW WKH FUDFNSODQH UHTXLUHV HOHPHQWV RI VL]H '���0DWHUL�

DO RXWVLGH WKH FRPSXWDWLRQDO FHOOV� WKH ¶¶EDFNJURXQGµ PDWHULDO� IROORZV D FRQYHQWLRQDO -
�
IORZ

WKHRU\ RI SODVWLFLW\ DQG UHPDLQV XQGDPDJHG E\ YRLG JURZWK LQ WKH FHOOV� 0DWHULDO SURSHUWLHV
UHTXLUHG IRU WKLVPHWKRGRORJ\ LQFOXGH� IRU WKH EDFNJURXQGPDWHULDO <RXQJ·VPRGXOXV �(�� 3RLV�
VRQ·V UDWLR �´�� \LHOG VWUHVV �¹

�
� DQGKDUGHQLQJH[SRQHQW �Q� RU WKHDFWXDOPHDVXUHG VWUHVV�VWUDLQ

FXUYH� DQG IRU WKH FRPSXWDWLRQDO FHOOV� ' DQG I
�
�DQG RI PXFK OHVV VLJQLILFDQFH I

(
�� 7KH EDFN�

JURXQG PDWHULDO DQG WKH PDWUL[ PDWHULDO RI WKH FHOOV JHQHUDOO\ KDYH LGHQWLFDO IORZ SURSHUWLHV�
8VLQJ DQ H[SHULPHQWDO -�oD FXUYH REWDLQHG IURP D FRQYHQWLRQDO 6(�%� RU &�7� VSHFLPHQ� D VH�
ULHV RI ILQLWH HOHPHQW DQDO\VHV RI WKH VSHFLPHQ DUH FRQGXFWHG WR FDOLEUDWH YDOXHV IRU WKH FHOO SD�
UDPHWHUV' DQG I

�
ZKLFK EULQJ WKH SUHGLFWHG -�oD FXUYH LQWR DJUHHPHQWZLWK H[SHULPHQW� 7KH
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)LJXUH � 0RGHOLQJ RI GXFWLOH WHDULQJ XVLQJ FRPSXWDWLRQDO FHOOV�
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6\PPHWU\ 3ODQH

&72' DW LQLWLDWLRQ RI GXFWLOH WHDULQJ SURYLGHV D JRRG VWDUWLQJ YDOXH IRU '� ZLWK I
�
WKHQ YDULHG

WR REWDLQ DJUHHPHQWZLWK WKHH[SHULPHQW�$OWHUQDWLYHO\�PHWDOOXUJLFDO VXUYH\V RI LQFOXVLRQYRO�

XPH IUDFWLRQVDQGVL]HVPD\EHXVHGZLWK YDULRXVSDFNLQJ DUUDQJHPHQWV �H�J� QHDUHVWQHLJKERU

GLVWDQFH� WR HVWLPDWH ' DQG�RU I
�
� ([SHULHQFH ZLWK SODQH�VWUDLQ ILQLWH HOHPHQW DQDO\VHV RI

6(�%� DQG &�7� VSHFLPHQV WR HVWLPDWH ' DQG I
�
IRU FRPPRQ VWUXFWXUDO DQG SUHVVXUH YHVVHO

VWHHOV VXJJHVWV YDOXHV RI ������ ³P IRU'� ����������� IRU I
�
� ZLWK I

(
W\SLFDOO\ ���������� 2QFH

GHWHUPLQHG LQ WKLVPDQQHU XVLQJ D VSHFLILF H[SHULPHQWDO 5�FXUYH�' DQG I
�
EHFRPH ¶¶PDWHULDOµ

SDUDPHWHUV DQG UHPDLQ IL[HG LQ DQDO\VHV RI DOO RWKHU VSHFLPHQJHRPHWULHV IRU WKH VDPHPDWHUL�

DO�

7KH WKUHH�GLPHQVLRQDO FRPSXWDWLRQV IRU WKH FUDFN JURZWK DQDO\VHV UHSRUWHG KHUH DUH JHQ�

HUDWHG XVLQJ WKH UHVHDUFK FRGH :$53�' >��@� .H\ IHDWXUHV RI WKH FRGH HPSOR\HG LQ WKLV ZRUN

LQFOXGH� ��� WKH *7 DQG 0LVHV FRQVWLWXWLYH PRGHOV LPSOHPHQWHG LQ D ILQLWH�VWUDLQ VHWWLQJ� ���

FHOO H[WLQFWLRQ XVLQJ WKH WUDFWLRQ�VHSDUDWLRQPRGHO� ��� DXWRPDWLF ORDG VWHS VL]LQJ EDVHG RQ WKH

UDWH RI GDPDJH DFFXPXODWLRQ� DQG ��� HYDOXDWLRQ RI WKH -�LQWHJUDO XVLQJ D GRPDLQ LQWHJUDO SUR�

FHGXUH� :$53�' HPSOR\V D FRQWLQXRXVO\ XSGDWHG� /DJUDQJLDQ IRUPXODWLRQ QDWXUDOO\ VXLWHG

IRU VROLG HOHPHQWV KDYLQJ RQO\ WUDQVODWLRQDO GLVSODFHPHQWV DW WKH QRGHV� )RU WKHVH ODUJH� ��'

DQDO\VHV ZKLFK W\SLFDOO\ UHTXLUH ���� RU PRUH VROXWLRQV RI WKH OLQHDUL]HG HTXDWLRQV� DQ H[FHS�

WLRQDOO\ IDVW FRGH�VROYHU EHFRPHV FULWLFDO WR UHQGHU WKH DQDO\VHV FRPSXWDWLRQDOO\ IHDVLEOH�

:$53�'VROYHV WKH HTXDWLRQV DW HDFK LWHUDWLRQXVLQJ D OLQHDU SUH�FRQGLWLRQHG FRQMXJDWH JUDGL�

HQW �/3&*�PHWKRG LPSOHPHQWHGZLWKLQ DQ HOHPHQW�E\�HOHPHQW �(%(� VRIWZDUH DUFKLWHFWXUH�



7KLV DSSURDFK UHGXFHV PHPRU\ VL]HV DQG H[HFXWLRQ WLPHV VLJQLILFDQWO\ EHORZ WKRVH IRU VSDUVH

GLUHFW VROYHUV �QR DVVHPEO\ RI WKH V\VWHP VWLIIQHVV PDWUL[��

�� ������ ������� ������

���� ����� �	
��

��

)LQLWH HOHPHQW DQDO\VHV DUH GHVFULEHG IRU VKDOORZ QRWFK �D�:
����� DQG GHHS QRWFK

�D�:
���� �7�6(�%� VSHFLPHQVZLWK WKLFNQHVV�%� RI ����PP�+HUHD GHQRWHV WKH FUDFN OHQJWK

DQG: WKH VSHFLPHQZLGWK� -R\FHDQG/LQN >��@ SHUIRUPHGXQORDGLQJ FRPSOLDQFH WHVWV DW ���R&

RQ WKHVH VSHFLPHQV PDGH RI $670 $���% �7/ RULHQWDWLRQ� WR PHDVXUH WHDULQJ UHVLVWDQFH

FXUYHV LQ WHUPV RI-�oD� $IWHU IDWLJXHSUH�FUDFNLQJ� WKH VSHFLPHQVZHUH VLGH�JURRYHG WR DGHSWK

RI ���% RQ HDFK VLGH WR SURPRWH XQLIRUPGXFWLOH JURZWK RYHU WKH WKLFNQHVV� 7KH DQDO\VHV XWLOL]H

D SLHFHZLVH�OLQHDU DSSUR[LPDWLRQ IRU WKH PHDVXUHG WUXH VWUHVV�ORJDULWKPLF VWUDLQ FXUYH

FRQVWUXFWHG IURP WKH DYHUDJH RI WKUHH WHQVLOH WHVWV �VHH DGGLWLRQDO GHWDLOV LQ 5	' >��@�� 2WKHU

PHFKDQLFDO SURSHUWLHV QHHGHG IRU WKHDQDO\VHV LQFOXGH(
���*3DDQG ´
����7KHPDWUL[PD�

WHULDO RI WKH FRPSXWDWLRQDO FHOO HOHPHQWV DQG WKH YRLG�IUHH EDFNJURXQG PDWHULDO DUH DVVLJQHG

WKHVH SURSHUWLHV�

)LJXUH ��D� VKRZV WKH ILQLWH HOHPHQW PRGHO FRQVWUXFWHG IRU ��' DQDO\VHV RI WKH VSHFLPHQ

ZLWK D�:
���� 7KH VKDOORZ FUDFN PRGHO KDV VLPLODU IHDWXUHV� 6\PPHWU\ FRQGLWLRQV HQDEOH

DQDO\VHV XVLQJ RQH�TXDUWHU� ��' PRGHOV DQG RQH�KDOI� SODQH�VWUDLQ PRGHOV� 7KH ��' PRGHOV

KDYH DSSUR[LPDWHO\ ���� LVRSDUDPHWULF ��QRGH HOHPHQWV DUUDQJHG LQWR ��� YDULDEOH WKLFNQHVV

OD\HUV RYHU WKH KDOI�WKLFNQHVV �%���� DV LOOXVWUDWHG LQ )LJ� � �D�� 7KH ILUVW � OD\HUV OLH DORQJ WKH
FUDFN IURQW DQG WKH RXWHUPRVW � OD\HUV GHILQH WKH VLGH JURRYH UHJLRQ� HDFK OD\HU KDV WKH LGHQWL�

FDO ¶¶LQ�SODQHµ �;�<� PHVK UHILQHPHQW� :LWKLQ HDFK RI WKH � OD\HUV RYHU WKH FUDFN IURQW� WKH HOH�

PHQW PHVK FRQWDLQV D URZ RI �� FRPSXWDWLRQDO FHOOV DORQJ WKH UHPDLQLQJ OLJDPHQW �:�D� DU�

UDQJHG DV VKRZQ LQ )LJ� ��F�� $ VHULHV RI FDOLEUDWLRQ DQDO\VHV VXJJHVW DQ RSWLPDO FHOO VL]H RI

'
��� ³P� 7KH LQLWLDOO\ EOXQWHG FUDFN WLS DFFRPPRGDWHV WKH LQWHQVH SODVWLF GHIRUPDWLRQ DQG

LQLWLDWLRQRI VWDEOH FUDFNJURZWK LQ WKHHDUO\SDUW RI GXFWLOH WHDULQJ� 7KH VODE RI ��� ������ FRP�

SXWDWLRQDO FHOOV RYHU ZKLFK GDPDJH RFFXUV WRPRGHO FUDFN JURZWK H[WHQGV ���PPDKHDG RI WKH

LQLWLDO FUDFN IURQW�

$SSURSULDWH FRQVWUDLQWV DUH LPSRVHG RQ WKH V\PPHWU\ SODQHV IRU DOO FRQILJXUDWLRQV� 'LV�

SODFHPHQW FRQWUROOHG ORDGLQJ RI WKHPRGHOV DV LQGLFDWHG LQ)LJ� ��D� SHUPLWV FRQWLQXDWLRQ RI WKH

DQDO\VHV RQFH WKH ORDG GHFUHDVHV GXULQJ FUDFN JURZWK� )RU ERWK D�: UDWLRV� PXOWLSOH VHWV RI

QRGHV RQ<
�QHDU WKH WRS VXUIDFHPXVW KDYH LPSRVHGGLVSODFHPHQWV WR SUHYHQW ORFDOO\ VHYHUH�

HOHPHQW GLVWRUWLRQV� $ W\SLFDO VROXWLRQ WR DGYDQFH WKH FUDFN E\ �� FHOOV �oD
���'��
�PP�

RQ WKH FHQWHUSODQH �=
�� LQ WKH GHHS FUDFN VSHFLPHQ XVHV ��� ORDG LQFUHPHQWV DQG UHTXLUHV

� &38 KRXUV RQ D &5$< &��� VXSHUFRPSXWHU�

���� ���� �	
��

��

)LQLWH HOHPHQW DQDO\VHV LQ D IXOO ��' VHWWLQJ DUH FRQGXFWHG RQ D GHHS FUDFN �D�:
������

�7�&�7� VSHFLPHQ ZLWK WKLFNQHVV� %� RI ���� PP WKDW KDV QR VLGH JURRYHV� +HUH D GHQRWHV WKH

FUDFN OHQJWK DQG : WKH VSHFLPHQ ZLGWK� 3DQRQWLQ DQG 1LVKLRND >��@ SHUIRUPHG XQORDGLQJ

FRPSOLDQFH WHVWV DW URRP WHPSHUDWXUH RQ VSHFLPHQV PDGH RI $670 $��� WR PHDVXUH WHDULQJ

UHVLVWDQFH FXUYHV LQ WHUPV RI -�oD� 7KH H[SHULPHQWDO PDWUL[ LQFOXGHV VSHFLPHQV LQ ERWK 7�/

DQG /�7 RULHQWDWLRQV� 7KH DQDO\VHV XWLOL]H D SLHFHZLVH�OLQHDU DSSUR[LPDWLRQ IRU WKHPHDVXUHG

WUXH VWUHVV�ORJDULWKPLF VWUDLQ FXUYH FRQVWUXFWHG IURP WKH DYHUDJH RI WKUHH WHQVLOH WHVWV �VHH

DGGLWLRQDO GHWDLOV LQ 5	' >��@�� 2WKHU PHFKDQLFDO SURSHUWLHV QHHGHG IRU WKH DQDO\VHV LQFOXGH

(
��� *3D DQG ´
����

)LJXUH ��E� VKRZV WKH ILQLWH HOHPHQW PRGHO FRQVWUXFWHG IRU ��' DQDO\VHV RI WKH &�7� VSHFL�

PHQ� 7KH TXDUWHU�V\PPHWULF� ��' PRGHO KDV ���� LVRSDUDPHWULF ��QRGH HOHPHQWV DUUDQJHG



LQWR � YDULDEOH WKLFNQHVV OD\HUV GHILQHG RYHU WKH KDOI WKLFNQHVV ZLWK DSSURSULDWH FRQVWUDLQWV

LPSRVHGRQ WKH V\PPHWU\SODQH�7KLV UHILQHPHQW LQ WKH WKLFNQHVVGLUHFWLRQSURYHG VDWLVIDFWRU\

WR UHVROYH WKH WXQQHOHG FUDFN IURQW SURILOH� 'LVSODFHPHQW FRQWUROOHG ORDGLQJ DSSOLHG DW WKH SLQ

KROH LQGLFDWHG LQ )LJ� ��E� HQDEOHV FRQWLQXDWLRQ RI WKH DQDO\VHV RQFH WKH ORDG GHFUHDVHV GXULQJ

FUDFN JURZWK�:LWKLQ HDFK RI WKH � OD\HUV RYHU WKH FUDFN IURQW� WKH HOHPHQWPHVK FRQWDLQV D URZ

RI �� FRPSXWDWLRQDO FHOOV DORQJ WKH UHPDLQLQJ OLJDPHQW �:�D� DUUDQJHG DV VKRZQ LQ )LJ� ��E��

$ VHULHV RI FDOLEUDWLRQ DQDO\VHV VXJJHVW DQ RSWLPDO FHOO VL]H RI'
���³PIRU WKLVPDWHULDO� 7KH

LQLWLDOO\ EOXQWHG FUDFN WLS DFFRPPRGDWHV WKH LQWHQVH SODVWLF GHIRUPDWLRQ DQG LQLWLDWLRQ RI

VWDEOH FUDFN JURZWK LQ WKH HDUO\ SDUW RI GXFWLOH WHDULQJ� 7KH VODE RI ��� ������ FRPSXWDWLRQDO

FHOOV RYHU ZKLFK GDPDJH RFFXUV LV FDSDEOH RI DFFRPPRGDWLQJ�� PP RI JURZWK RQ WKH FHQWHU�

SODQH DKHDG RI WKH LQLWLDO FUDFN IURQW�
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)LJXUH � )LQLWH HOHPHQW PRGHOV HPSOR\HG LQ WKH DQDO\VHV�

�� �	����
�� ���	��� ��� 
��
������ ���� ��
��������

���� ���������� ���
��� �� ������


7KLV VHFWLRQ GHVFULEHV WKH UHVXOWV RI GHWDLOHG ��' DQDO\VHV WR SUHGLFW5�FXUYHV IRU WKH GHHS DQG

VKDOORZ QRWFK 6(�%� VSHFLPHQV WHVWHG E\ -R\FH DQG /LQN >��@� )LJXUH ��D� VKRZV WKH SUHGLFWHG

-�UHVLVWDQFH FXUYHV IRU WKH 6(�%� VSHFLPHQV FRPSXWHG XVLQJ I
�

������ '
��� ³P ZLWK WKH

DFFHOHUDWLRQSDUDPHWHUV DVVLJQHG WKH YDOXHV Ó
1

����� V

1

���� DQG I

1

���� �5	' >��@�� )RU

HDFK D�: UDWLR� WHVWV ZHUH SHUIRUPHG RQ WKUHH QRPLQDOO\ LGHQWLFDO VSHFLPHQV� WKH H[SHULPHQ�

WDO GDWD DUH LQGLFDWHG ZLWK V\PEROV� 7KH VROLG OLQH LQ WKH SORW UHSUHVHQWV D PHDQ UHVLVWDQFH



FXUYH REWDLQHG E\ D ZHLJKWHG DYHUDJH WDNHQ RYHU WKH KDOI�WKLFNQHVV� 7KH GDVKHG OLQH UHSUH�

VHQWV WKH FRPSXWHG UHVLVWDQFH FXUYH IRU FUDFN H[WHQVLRQ GHILQHG DW WKH FHQWHUSODQH �=
���

7KH FDOLEUDWLRQ SURFHVV WR VHW YDOXHV IRU WKHVH SDUDPHWHUV XVHG H[SHULPHQWDO UHVXOWV IRU

RQO\ WKH GHHS QRWFK5�FXUYH� 7KH SUHGLFWLRQ HIIRUW WKHQ IRFXVHG RQ WKH VKDOORZ QRWFK VSHFLPHQ�

7KH FHQWHUSODQH DQG DYHUDJH UHVLVWDQFH FXUYHV JHQHUDWHG LQ WKH ��' DQDO\VHV DJUHH TXLWH ZHOO

ZLWK WKH H[SHULPHQWDO5�FXUYHV IRU ���PP RI FUDFN H[WHQVLRQ� 7KH FHQWHUSODQH DQG WKLFNQHVV

DYHUDJH 5�FXUYHV EUDFNHW WKH WKUHH H[SHULPHQWDO GDWD VHWV IRU HDFK D�: UDWLR� 1RWH WKDW WKH

H[SHULPHQWDO FUDFN H[WHQVLRQV VKRZQ LQ WKLV ILJXUH GHULYH IURP WKH XQORDGLQJ FRPSOLDQFH HVWL�

PDWHV DQG WKXV UHSUHVHQW VRPH DYHUDJH FUDFN JURZWK RYHU WKH IURQW� $OVR UHFDOO WKDW WKH OD\HU

RI �� FRPSXWDWLRQDO FHOOV GHILQHG DKHDG RI HDFK SRLQW DORQJ WKH LQLWLDO FUDFN IURQW DOORZVPD[L�

PXP JURZWK RI ��� PP ����'���� +RZHYHU� DW FUDFN H[WHQVLRQV EH\RQG WKH�� PP UDQJH� LW

VHHPV UHDVRQDEOH WR H[SHFW VRPH LQIOXHQFH RQ WKH 5�FXUYH IURP WKH QRQ�YRLGHG� EDFNJURXQG

PDWHULDO DKHDG RI WKH ��� PP OLPLW DV WKH FUDFN IURQW DW WKH VLGH�JURRYH LQ WKH VKDOORZ QRWFK

VSHFLPHQV H[KDXVWV WKH �� FHOOV DW�� PP RI JURZWK RQ WKH FHQWHUSODQH� 'HWDLOHG VWXGLHV RI

WKH SRURVLW\ GLVWULEXWLRQ RQ WKH FUDFN SODQH VXJJHVW WKDW WKH GHFUHDVLQJ VORSHV REVHUYHG LQ 5�

FXUYHV IROORZ IURP WKH FRQWLQXDOO\ H[SDQGLQJ VL]H RI WKH SURFHVV ]RQH IRU YRLG JURZWK RQ WKH

FUDFN SODQH >��@� ,Q WKH DQDO\VHV� FHOOV DW LQFUHDVLQJO\ ODUJHU GLVWDQFHV IURP WKH FUDFN IURQW H[�

SHULHQFH YRLG JURZWK�&RQVHTXHQWO\� DV WKH FUDFN IURQW H[WHQGV WR WKHLU ORFDWLRQ� OLWWOH DGGLWLRQ�

DO GHIRUPDWLRQ LV UHTXLUHG WR DWWDLQ I
 I
(
�

���� ������
 �
�	���
 ��� ����� ����� ����
 ��! ��� ���� �	
��

��

3DQRQWLQ DQG 1LVKLRND >��@ SHUIRUPHG XQORDGLQJ FRPSOLDQFH WHVWV DW URRP WHPSHUDWXUH RQ

�7�&�7� VSHFLPHQV RI DQ $������ VWHHO� 7KH VSHFLPHQV KDYH D�:
��� EXW GR QRW KDYH VLGH�

JURRYHV� 7KH PHDVXUHG UHVLVWDQFH DQG ORDG�GLVSODFHPHQW FXUYHV IRU WHVWV SHUIRUPHG ZHUH RE�

WDLQHG XVLQJ WZR GLIIHUHQW RULHQWDWLRQV RI WKH FUDFN SODQH UHODWLYH WR WKH UROOLQJ GLUHFWLRQ RI WKH

VWHHO SODWH� ,Q WKH7/ RULHQWDWLRQ� WKH FUDFN JURZV LQ WKH UROOLQJ GLUHFWLRQ RI WKH SODWH� L�H�� FUDFN

JURZWK LV DOLJQHG ZLWK WKH HORQJDWHG JUDLQ VWUXFWXUH� ,Q WKH /7 RULHQWDWLRQ� FUDFN JURZWK RF�

FXUV WUDQVYHUVH WR WKH UROOLQJ GLUHFWLRQ� 7KH FRPSXWHG 5�FXUYHV XVLQJ WKH FHOO PRGHO RXWOLQHG

SUHYLRXO\ DJUHH ZHOO ZLWK H[SHULPHQWDO GDWD �VHH GHWDLV LQ 5	' >��@��

)LJXUH ��E� FRPSDUHV WKH PHDVXUHG FUDFN IURQW SURILOH IRU WKH /7 VSHFLPHQ ZLWK WKH IURQW

SURILOH SUHGLFWHG E\ WKH ��' DQDO\VLV� 7KH XQORDGLQJ FRPSOLDQFH WHVW ZDV LQWHUUXSWHG DW D - RI

��� N-�P�� WKH VSHFLPHQ ZDV IDWLJXH F\FOHG WR PDUN WKH HQG RI GXFWLOH WHDULQJ� DQG ILQDOO\

ORDGHG WR IUDFWXUH� 7KH SUHGLFWHG FUDFN IURQW LQGLFDWHG RQ WKH ILJXUH LV REWDLQHG E\ DGGLQJ WKH

PHDVXUHG IDWLJXH SUH�FUDFN WR WKH QXPHULFDO UHVXOWV DW HDFK SRLQW DORQJ WKH FUDFN IURQW �SUH�

GLFWHG JURZWK YDOXHV WDNHQ DW - RI ��� N-�P��� *HQHUDOO\ JRRG DJUHHPHQW H[LVWV EHWZHHQ WKH

FRPSXWHG DQG WKH PHDVXUHG FUDFN�IURQW VKDSH� WKH DQDO\VLV FDSWXUHV WKH IHDWXUHV RI WKH H[�

WHQGLQJ FUDFN IURQW� HVSHFLDOO\ LQ WKH PLG�WKLFNQHVV UHJLRQ� $W WKH TXDUWHU�WKLFNQHVV ORFDWLRQ�

WKH PHDVXUHG IURQW KDV OHVV JURZWK DQG OHVV FXUYDWXUH WKDQ WKH SUHGLFWHG FXUYH� SHUKDSV DQ

HIIHFW RI WKH FXUYHG IDWLJXH SUH�FUDFN�

�� 
��
�	���� �������

7KLV VWXG\GHVFULEHV D ��' FRPSXWDWLRQDO IUDPHZRUN WRPRGHO VWDEOH H[WHQVLRQRI DPDFURVFRS�

LF FUDFN XQGHU PRGH , FRQGLWLRQV LQ GXFWLOH PHWDOV� 0DWHULDO VHSDUDWLRQ RFFXUV WKURXJK D ORFDO

IUDFWXUHPHFKDQLVP EDVHG RQ WKH JURZWK DQG FRDOHVFHQFH RIPLFURYRLGV GLVSHUVHG LQ WKHPDWH�

ULDO� 7KH *XUVRQ�7YHUJDDUG GLODWDQW SODVWLFLW\ PRGHO IRU YRLGHG PDWHULDOV GHVFULEHV WKH

HYHQWXDO ORVV RI PDWHULDO VWUHVV FDSDFLW\ XQGHU VXVWDLQHG ORDGLQJ� )L[HG�VL]H FRPSXWDWLRQDO

FHOO HOHPHQWV GHILQHG RQD WKLQ OD\HU DGMDFHQW WR WKH FUDFN SODQHSURYLGH DQ H[SOLFLW OHQJWK VFDOH

IRU WKH FRQWLQXXP GDPDJH PRGHO� $Q HOHPHQW YDQLVK SURFHGXUH UHPRYHV KLJKO\ YRLGHG FHOOV

IURP IXUWKHU FRQVLGHUDWLRQ LQ WKH DQDO\VLV� WKHUHE\ FUHDWLQJ QHZ WUDFWLRQ�IUHH VXUIDFHV ZKLFK

H[WHQG WKHPDFURVFRSLF FUDFN� 7KH NH\PLFURPHFKDQLFV SDUDPHWHUV DUH'� WKH WKLFNQHVV RI WKH

FRPSXWDWLRQDO FHOO OD\HU� DQG I
�
� WKH LQLWLDO FHOO SRURVLW\� 7KHVH SDUDPHWHUV DUH FDOLEUDWHG
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)LJXUH� �D� 3UHGLFWHG5�FXUYH IRU WKH$��� VWHHO� �E� 3UHGLFWHG FUDFN IURQW IRU WKH$��� VWHHO�



WKURXJK DQDO\VHV RI GXFWLOH WHDULQJ WR PDWFK 5�FXUYHV REWDLQHG E\ WHVWLQJ VLPSOH WKURXJK�

FUDFNVSHFLPHQV�6XFKFDOLEUDWLRQVFKHPHSURYLGHV FRPSXWDWLRQDOSDUDPHWHUVZKLFKDUH ORRVH�

O\ FRXSOHG� DW EHVW� ZLWK PHWDOOXUJLFDO IHDWXUHV RI WKH PDWHULDO� 7KH UHVXOWLQJ FRPSXWDWLRQDO

IUDPHZRUN� FRXSOHG ZLWK UHILQHG ��' PHVKHV� HQDEOHV WKH GHWDLOHG VWXG\ RI QRQ�XQLIRUP

JURZWK DORQJ WKH FUDFN IURQW� LQFOXGLQJ WXQQHOLQJ DQG UHYHUVH WXQQHOLQJ� DQG SUHGLFWLRQV RI

VSHFLPHQVL]H� JHRPHWU\DQG ORDGLQJPRGHHIIHFWV RQ WHDULQJ UHVLVWDQFH� KHUHGHVFULEHGE\-�oD

FXUYHV�

2XU H[SORUDWRU\ ��' DQDO\VHV RI GHHS DQG VKDOORZ FUDFN 6(�%� VSHFLPHQV DQG RI D GHHS

FUDFN &�7� VSHFLPHQ GHPRQVWUDWH WKH FDSDELOLW\ WR SUHGLFW JHRPHWU\ HIIHFWV RQ 5�FXUYHV DQG

PHDVXUHG FUDFN IURQW SURILOHV� ,Q SDUWLFXODU� QXPHULFDO UHVXOWV IRU WKH SODQH�VLGHG &�7� VSHFL�

PHQSUHGLFW D WXQQHOHG FUDFN IURQW SURILOH LQ YHU\ JRRGDJUHHPHQWZLWK WKHSRVW�WHVW�PHDVXUHG

SURILOH� 2XU FRPSXWDWLRQV DOVR SUHGLFW UHPDUNDEO\ ZHOO WKH �VWURQJ� HIIHFWV RI FRQVWUDLQW RQ

PHDVXUHG 5�FXUYHV IRU WKH VLGH�JURRYHG 6(�%� VSHFLPHQV�

7KH FRPSXWDWLRQDO GHPDQGV IRU UHILQHG ��' DQDO\VHV RI GXFWLOH JURZWK UHPDLQ IRUPLGDEOH�

+RZHYHU� WKHQXPHULFDO SURFHGXUHV GHVFULEHGKHUH FRXSOHGZLWK WKHQHZHVW JHQHUDWLRQ RI8QL[

ZRUNVWDWLRQV DUH PDNLQJ IHDVLEOH WKHVH DQDO\VHV RQ D PRUH URXWLQH EDVLV� 2QJRLQJ ZRUN ZLWK

WKH ��' FRPSXWDWLRQDO FHOO IUDPHZRUN IRFXVHV RQPRGHOLQJ RI GXFWLOH WHDULQJ LQ VXUIDFH FUDFNV

LQ SLSHOLQHV�F\OLQGHUV WR UHVROYH 5�FXUYH WUDQVIHUDELOLW\ LVVXHV DQG RQ WKH HIIHFWV RI GXFWLOH

WHDULQJ DV WKH SUHFXUVRU WR FOHDYDJH IUDFWXUH LQ WKH GXFWLOH�WR�EULWWOH UHJLPH �VHH >12 7$*@ IRU

LQLWLDO VWXGLHV��

"����# 
�!


���

)XQGLQJ WR WKH ILUVW DXWKRU �&5� ZDV SURYLGHG E\ )XQGDomR GH $PSDUR j 3HVTXLVD GR (VWDGR

GH 6mR 3DXOR �)$3(63� XQGHU JUDQW ���������� 7KH ZRUN RI 5'ZDV VXSSRUWHG E\ JUDQWV IURP

WKH 8�6� 1XFOHDU 5HJXODWRU\ &RPPLVVLRQ� WKH 1DYDO 6XUIDFH :DUIDUH &HQWHU DQG WKH 1$6$�

$PHV 5HVHDUFK &HQWHU� $FFHVV WR &UD\ &��� FRPSXWHUV ZDV SURYLGHG E\ WKH 1DWLRQDO $HURG\�

QDPLF 6LPXODWRU IDFLOLW\ �1$6� DW 1$6$�$PHV DQG E\ D JUDQW RI +3& UHVRXUFHV IURP WKH'R'

+3&&HQWHUVDW WKH:DWHUZD\V([SHULPHQW6WDWLRQDQG WKH6WHQQLV6SDFH&HQWHU�7KHDXWKRUV

DFNQRZOHGJH WKH PDQ\ XVHIXO GLVFXVVLRQV DQG FRQWULEXWLRQV RI WKHLU FROOHDJXHV 3URI� &� )RQJ

6KLK �%URZQ 8QLYHUVLW\� DQG 3URIV� 5LFN /LQN DQG -LP -R\FH �8�6� 1DYDO $FDGHP\��

�
�
�
��
�

�� +XWFKLQVRQ� -�:�� ¶¶)XQGDPHQWDOV RI WKH 3KHQRPHQRORJLFDO 7KHRU\ RI 1RQOLQHDU )UDFWXUH0HFKDQLFV�·· -RXU�
QDO RI $SSOLHG 0HFKDQLFV� 9RO� ��� SS� ����ï����� �����

�� 9DULDV� $� *� DQG 6KLK� &� )�� ¶¶4XDVHï6WDWLF &UDFN $GYDQFH 8QGHU D 5DQJH RI &RQVWUDLQWV ï 6WHDG\ 6WDWH
)LHOGV %DVHG RQ D &KDUDFWHULVWLF /HQJWKµ� -RXUQDO RI WKH 0HFKDQLFV DQG 3K\VLVFV RI 6ROLGV� 9RO� ��� SS�
���ï���� �����

�� 'RGGV� 5� +�� 7DQJ� 0� DQG $QGHUVRQ� 7� /�� ¶¶(IIHFWV RI 3ULRU 7HDULQJ RQ &OHDYDJH )UDFWXUH 7RXJKQHVV LQ WKH
7UDQVLWLRQ 5HJLRQµ LQ &RQVWUDLQW (IIHFWV LQ )UDFWXUH� 7KHRU\ DQG $SSOLFDWLRQ� $670 673 ����� 0� .LUN DQG
$� %DNNHU� (GV�� $PHULFDQ 6RFLHW\ IRU 7HVWLQJ DQG 0DWHULDOV� 3KLODGHOSKLD� 3HQQV\OYDQLD� �����

�� &RQVWUDLQW (IIHFWV LQ )UDFWXUH� $670673 ����� +DFNHWW� HW DO� (GV�� $PHULFDQ 6RFLHW\ IRU 7HVWLQJ DQG0DWH�
ULDOV� 3KLODGHOSKLD� �����

�� ;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�
������� �����

��� *DUULVRQ�:�0� -U� DQG0RRG\� 1� 5�� ¶¶'XFWLOH )UDFWXUH�µ -RXUQDO RI WKH 3K\VLFV DQG &KHPLVWU\ RI 6ROLGV� 9RO�
��� SS� ���������� �����



��� 5XJJLHUL� &� DQG 'RGGV� 5� +�� ¶¶1XPHULFDO 0RGHOLQJ RI 'XFWLOH &UDFN *URZWK LQ ��' 8VLQJ &RPSXWDWLRQDO

&HOO (OHPHQWV�µ ,QWHUQDWLRQDO -RXUQDO RI )UDFWXUH� 9RO� ��� SS� ������ �����

��� &KX� &� &� DQG1HHGOHPDQ� $�� ¶¶9RLGV1XFOHDWLRQ(IIHFWV LQ %LD[LDOO\ 6WUHWFKHG 6KHHWV�µ-RXUQDO RI (QJLQHHU�
LQJ 0DWHULDOV DQG 7HFKQRORJ\� 9RO� ���� SS� �������� �����

��� .RSSHQKRHIHU� .�� *XOOHUXG� $�� 5XJJLHUL� &�� 'RGGV� 5� DQG +HDO\� %�� ¶¶:$53�'� '\QDPLF 1RQOLQHDU $QDO\�
VLV RI 6ROLGV 8VLQJ D 3UHFRQGLWLRQHG &RQMXJDWH *UDGLHQW 6RIWZDUH $UFKLWHFWXUHµ� 6WUXFWXUDO 5HVHDUFK 6HULHV
�656� ���� 8,/8�(1*��������� 8QLYHUVLW\ RI ,OOLQRLV DW 8UEDQD�&KDPSDLJQ� �����

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

��� -R\FH� -� $�� DQG /LQN� 5� (�� ¶¶(IIHFWV RI &RQVWUDLQW RQ8SSHU�6KHOI )UDFWXUH 7RXJKQHVV�µ)UDFWXUH0HFKDQLFV�
��WK 9ROXPH� $670 673 ����� 5HXWHU� :� *�� 8QGHUZRRG� -� +�� DQG 1HZPDQ� -� &� (GV�� $PHULFDQ 6RFLHW\
IRU 7HVWLQJ DQG 0DWHULDOV� 3KLODGHOSKLD� SS� �������� �����

��� 3DQRQWLQ� 7�/� DQG 1LVKLRND� 2�� SULYDWH FRPPXQLFDWLRQ�


