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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 ï 7KLV SDSHU SUHVHQWV D VXPPDU\ RI WKH GHVFULSWLYH �FRQWLQXXP� DQG SUHGLFWLYH �PLFURPH�

FKDQLFV LQFRUSRUDWLQJ VWDWLVWLFV� DSSURDFKHV WR FKDUDFWHUL]H FRQVWUDLQW HIIHFWV RQ FOHDYDJH IUDFWXUH

WRXJKQHVV� 'LVFXVVLRQV HPSKDVL]H IHDWXUHV RI WKH -�4 DSSURDFK WR H[WHQG GHVFULSWLYH IUDFWXUH PHFKDQ�

LFV XVLQJ -�4 WUDMHFWRULHV� 7KH SDSHU WKHQ DGGUHVVHV D ORFDO �PLFURPHFKDQLFV� DSSURDFK IRU FOHDYDJH

IUDFWXUH EDVHG RQ D SUREDELOLVWLF IUDFWXUH SDUDPHWHU ï WKH :HLEXOO VWUHVV �¹
Z
�� 7KH SUHVHQWDWLRQ H[SORUHV

GHYHORSPHQW RI D WRXJKQHVV VFDOLQJ PHWKRGRORJ\ EDVHG XSRQ :HLEXOO VWUHVV WUDMHFWRULHV IRU GLIIHUHQW

FUDFN FRQILJXUDWLRQV ZKLFK HQDEOHV DVVHVVPHQW RI FRQVWUDLQW ORVV LQ FRQYHQWLRQDO IUDFWXUH VSHFLPHQV

DQG ��' FUDFNHG VROLGV�

.H\ ZRUGV� FOHDYDJH IUDFWXUH� FRQVWUDLQW� VWDWLVWLFDO HIIHFWV� ORFDO DSSURDFK� :HLEXOO VWUHVV
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&RQYHQWLRQDO IUDFWXUH PHFKDQLFV PHWKRGRORJLHV WR DVVHVV XQVWDEOH FUDFNLQJ EHKDYLRU �FOHDY�
DJH IUDFWXUH� RIGLIIHUHQW FUDFNHGERGLHV �L�H�� ODERUDWRU\VSHFLPHQVDQGHQJLQHHULQJVWUXFWXUHV�
UHO\RQWKHVLPLODULW\RI WKHLUUHVSHFWLYH FUDFNWLSVWUHVVDQGGHIRUPDWLRQ ILHOGV�8QGHUZHOO�FRQ�
WDLQHG QHDU�WLS SODVWLFLW\� D VLQJOH SDUDPHWHU� VXFK DV WKH OLQHDU HODVWLF VWUHVV LQWHQVLW\ IDFWRU�
.� DQG WKH -�LQWHJUDO �RU� HTXLYDOHQWO\� WKH FUDFN WLS RSHQLQJ GLVSODFHPHQW� &72' RU ª��
XQLTXHO\ VFDOHV WKH HODVWLF�SODVWLF QHDU�WLS ILHOGV� 7R WKH H[WHQW WKDW VXFK RQH�SDUDPHWHU VLQJX�
ODU ILHOGV GRPLQDWH RYHUPLFURVWUXFWXUDO\ VLJQLILFDQW VL]H VFDOHV �L�H�� WKH IUDFWXUH SURFHVV ]RQH
RI D IHZ &72'V DKHDG RI D PDFURVFRSLF FUDFN�� WKH SDUDPHWHUV . DQG - �ª� IXOO\ GHVFULEH WKH
ORFDO FRQGLWLRQV OHDGLQJ WR XQVWDEOH �FOHDYDJH� IDLOXUH� +RZHYHU� IUDFWXUH WHVWLQJ RI IHUULWLF
VWUXFWXUDO VWHHOV LQ WKH GXFWLOH�WR�EULWWOH �'%7� WUDQVLWLRQ UHJLRQ FRQVLVWHQWO\ UHYHDOV D VLJQLIL�
FDQW HIIHFW RI VSHFLPHQ JHRPHWU\ DQG ORDGLQJPRGH �EHQGLQJ YV� WHQVLRQ� LQPHDVXUHG FOHDYDJH
WRXJKQHVV YDOXHV �L�H�� WKH FULWLFDO SDUDPHWHUV .

,F
� -F� ªF��0RUHRYHU�ZHOOZLWKLQ WKH WUDQVLWLRQ

UHJLRQ� VWURQJ VWDWLVWLFDO HIIHFWV RQ IUDFWXUH WRXJKQHVV DULVH GXH WR YDULDELOLW\ RI FOHDYDJH UH�
VLVWDQFH DW PLFURVWUXFWXUDO OHYHO� VXFK VWDWLVWLFDO HIIHFWV FDXVH ODUJH VFDWWHU RQ PHDVXUHG
WRXJKQHVV YDOXHV� )LJXUH � SURYLGHV LOOXVWUDWLYH GDWD IRU W\SLFDO VWUXFWXUDO VWHHOV WHVWHG LQ WKH
'%7 WUDQVLWLRQ UHJLRQ �7R\RGD HW DO�� ����� :LHVQHU HW DO�� ������ ZKLFK GLVSOD\ ODUJH DPRXQW
RI VFDWWHU LQ -F�YDOXHV� ,Q SDUWLFXODU� )LJ� ��D� FOHDUO\ VKRZV VLJQLILFDQW HOHYDWLRQV LQ WKHPHD�
VXUHG YDOXHV RI FOHDYDJH IUDFWXUH WRXJKQHVV IRU VKDOORZ FUDFN 6(�%� VSHFLPHQV� 7KLV DSSDUHQW



LQFUHDVHG WRXJKQHVV RI VWUXFWXUDO VWHHOV LQ VHUYLFH FRQGLWLRQV KDV HQRUPRXV SUDFWLFDO LPSOLFD�
WLRQV LQ GHIHFW DVVHVVPHQW SURFHGXUHV� SDUWLFXODUO\ UHSDLU GHFLVLRQV DQG OLIH H[WHQVLRQ SUR�
JUDPV RI LQ�VHUYLFH VWUXFWXUHV� 0RUHRYHU� WKH ODUJH DPRXQW RI VFDWWHU� FRXSOHG ZLWK VSHFLPHQ
JHRPHWU\ HIIHFWV� JUHDWO\ FRPSOLFDWHV WKH LQWHUSUHWDWLRQ RI WRXJKQHVV GDWD WR GHILQH PHDQLQJ�
IXO YDOXHV IRU DSSOLFDWLRQV LQ IUDFWXUH DVVHVVPHQWV RI VWUXFWXUHV�
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)LJXUH � �D� ([SHULPHQWDO FOHDYDJH IUDFWXUH WRXJKQHVV GDWD �6(�%� WHVW UHVXOWV� IRU D
TXHQFKHG DQG WHPSHUHG �47� VWHHO DW ï���R& �7R\RGD HW DO�� ������ �E�0HDVXUHG
WRXJKQHVV GDWD IRU D VWUXFWXUDO %6 ���� VWHHO �:LHVQHU HW DO�� ����� �GHHS QRWFK
6(�%� VSHFLPHQV ZLWK YDU\LQJ WKLFNQHVV DQG D�:
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7KHPDUNHG GLIIHUHQFHV RI -F�YDOXHV IRU VKDOORZ FUDFNDQG GHHS FUDFN VSHFLPHQJHRPHWULHV
H[KLELWHG E\ WKH SORWV VKRZQ LQ)LJ� ��D� XQGHUO\ WKH ORVV RI RQH�WR�RQH FRUUHVSRQGHQFH EHWZHHQ
- DQG WKH HODVWLF�SODVWLF FUDFN�WLS ILHOGV� 7KLV ORVV RI XQLTXHQHVV� PRVW RIWHQ WHUPHG DV ORVV RI
FRQVWUDLQW� SURGXFHV WKH LQFUHDVH RI WRXJKQHVVYDOXHV LQ VKDOORZFUDFNEHQGVSHFLPHQVDQGWHQ�
VLRQ ORDGHG JHRPHWULHV� 7KH LVVXH RI FRQVWUDLQW ORVV IRU D ILQLWH FUDFNHG ERG\ LV FRQYHQLHQWO\
DGGUHVVHG E\ FRQVLGHULQJ D UHIHUHQFH FRQVWUDLQW OHYHO DVVRFLDWHG ZLWK D UHIHUHQFH FUDFN�WLS
ILHOG� 'LIIHUHQFHV LQ OHYHOV RI VWUHVV WULD[LDOLW\ DKHDG RI WKH FUDFN IURQW XQGHU LQFUHDVHG UHPRWH
ORDGLQJ �DV PHDVXUHG E\ -� IRU D UHIHUHQFH ILHOG DQG IRU WKH QHDU�WLS ILHOGV RI WKH ILQLWH FUDFNHG
ERG\ TXDQWLILHV WKH ¶¶UHODWLYH·· FRQVWUDLQW IRU WKH ILQLWH ERG\�:KLOH WKHUH LV QR XQLTXH FKRLFH IRU
WKH UHIHUHQFH ILHOG� LW SURYHV FRQYHQLHQW WR DGRSW WKH KLJK WULD[LDOLW\ VPDOO VFDOH \LHOGLQJ �66<�
ILHOGV DV WKH UHIHUHQFH VROXWLRQ� 7KH66< ILHOGV DUH HDVLO\ FRQVWUXFWHG IURP WKHPRGLILHG ERXQG�
DU\ OD\HU �0%/� IRUPXODWLRQ �/DUVVRQDQG&DUOVVRQ� ����� WR DVLQJOH�HQGHG FUDFN LQDQ LQILQLWH
ERG\� &RPSXWDWLRQDO SURFHGXUHV WR REWDLQ WKH QHFHVVDU\ ILHOGV JHQHUDOO\ HPSOR\ ILQLWH HOHPHQW
DQDO\VHV LQFRUSRUDWLQJ JHQHUDO PDWHULDO UHVSRQVH XQGHU VPDOO JHRPHWU\ FKDQJHV �6*&� RU
ODUJH JHRPHWU\ FKDQJHV �/&*� ï VHH GHWDLOV RI WKH QXPHULFDO LPSOHPHQWDWLRQ LQ 7URYDWR DQG
5XJJLHUL ������� :LWKLQ WKLV IUDPHZRUN� WKH GLIIHUHQFHV LQ WKH DFWXDO ILQLWH�ERG\ ILHOG DQG WKH
UHIHUHQFH 66< ILHOG TXDQWLI\ WKH H[WHQW RI ODUJH VFDOH \LHOGLQJ �/6<� WKDW GHYHORSV DV GHIRUPD�
WLRQ SURJUHVVHV� $W LQFUHDVLQJ ORDGV LQ WKH ILQLWH ERG\� WKH LQLWLDOO\ VWURQJ 66< ILHOGV JUDGXDOO\
GLPLQLVKDV FUDFN�WLSSODVWLF ]RQHV LQFUHDVLQJO\PHUJHZLWK WKHJOREDO EHQGLQJSODVWLFLW\ RQ WKH
QHDUE\ WUDFWLRQ IUHH ERXQGDULHV� 7KH SKHQRPHQRQ RI FRQVWUDLQW ORVV UHTXLUHV ODUJHU -�YDOXHV
LQ WKH ILQLWH ERG\ WR JHQHUDWH D KLJKO\ VWUHVVHG UHJLRQ DKHDG RI FUDFN WLS VXIILFLHQW WR WULJJHU
FOHDYDJH� &RQVHTXHQWO\� RQFH 66< FRQGLWLRQV QR ORQJHU DSSO\� WKH QHDU�WLS VWUHVVHV �DQG



VWUDLQV� WKDW GHYHORS DKHDG RI DPDFURVFRSLF FUDFN FDQQRW EH GHVFULEHG XQLTXHO\ E\- �RU� HTXLY�

DOHQWO\� E\ . RU &72'��

7KH DERYH DUJXPHQWV WKDW D VLQJOH SDUDPHWHUPLJKW QRW VXIILFH WR FKDUDFWHUL]H WKHQHDU�WLS

EHKDYLRU RI FUDFNHG JHRPHWULHV XQGHU /6< FRQGLWLRQV PRWLYDWHG WKH GHYHORSPHQW RI WZR�SD�

UDPHWHU IUDFWXUH WKHRULHV� 8QGHU IL[HG ORDGLQJ� VXFK PHWKRGRORJLHV DVVXPH D VHSDUDEOH IRUP

IRU WKH DFWXDO FUDFNHG�ERG\ ILHOGV LQ D KLJK WULD[LDOLW\ ILHOGV �VXFK DV WKH 66< ILHOG� DQG D

FRQVWDQW ILHOG ZKLFK TXDQWLILHV WKH OHYHO RI FUDFN WLS VWUHVV WULD[LDOLW\� 7KHVH UHVHDUFK HIIRUWV

SURFHHG DORQJ HVVHQWLDOO\ WZR OLQHV� ��� WKH -�7PHWKRGRORJ\ EXLOGLQJ XSRQ WKH HODVWLF 7�VWUHVV

�VHH UHYLHZ E\ 3DUNV �������� DQG ��� WKH -�4 PHWKRGRORJ\ GHYHORSHG E\ 2·'RZG DQG 6KLK

������ ����� EXLOGLQJ XSRQ WKH K\GURVWDWLF SDUDPHWHU4� %RWK IUDPHZRUNV FKDUDFWHUL]H IDPL�

OLHV RI VHOI�VLPLODU ILHOGV ZKLFK GHVFULEH FUDFN WLS IUDFWXUH VWDWHV LQ WKH IXOO UDQJH RI KLJK DQG

ORZ WULD[LDOLW\� LQ HDFK RQH� - VHWV WKH VL]H VFDOH RYHU ZKLFK ODUJH VWUHVVHV DQG VWUDLQ GHYHORS

ZKLOH WKH VHFRQG SDUDPHWHU �7 RU 4� VFDOHV WKH QHDU�WLS GLVWULEXWLRQ UHODWLYH WR WKH UHIHUHQFH

VWUHVV VWDWH�

:KLOH WKH-�7 DQG-�4 DSSURDFKHV DUH HTXLYDOHQW XQGHUZHOO�FRQWDLQHG QHDU�WLS SODVWLF GH�

IRUPDWLRQ� WKH HODVWLF 7�VWUHVV EHFRPH XQGHILQHG XQGHU IXOO\�\LHOGHG FRQGLWLRQV DV WKH HODVWLF

QHDU�WLS ILHOGV XSRQZKLFK7 LV GHULYHG QR ORQJHU DSSO\� ,Q FRQWUDVW� WKH4�SDUDPHWHU FRQWLQXHV

WR FKDUDFWHUL]H WKH HYROXWLRQ RI QHDU�WLS VWUHVV WULD[LDOLW\ RYHU D ZLGHU UDQJH RI FUDFN�WLS SODV�

WLFLW\ DVVRFLDWHG ZLWK D ZLGH YDULHW\ RI FUDFN FRQILJXUDWLRQV XQGHU JHQHUDO ORDGLQJ FRQGLWLRQV�

$ FRQFHSW RI WRXJKQHVV ORFXV IRU D VSHFLILF PDWHULDO DQG WHPSHUDWXUH WKHQ HPHUJHV LQ FRQQHF�

WLRQ ZLWK D -�4 GULYLQJ IRUFH WUDMHFWRU\ IRU HDFK FUDFN JHRPHWU\� WKH WRXJKQHVV ORFXV IRU WKH

PDWHULDO LV FRQVWUXFWHG XSRQ GHWHUPLQLQJ WKH 4�YDOXH DW IUDFWXUH ZKLFK FRUUHVSRQGV WR HDFK

PHDVXUHG -F�YDOXH �2·'RZG DQG 6KLK� ����� 'RGGV HW DO�� ������ +RZHYHU� WKH ODUJH QXPEHU

RI IUDFWXUH VSHFLPHQV DQG WHPSHUDWXUHV QHHGHG WR FRQVWUXFW WKH -�4 WRXJKQHVV ORFXV JUHDWO\

FRPSOLFDWHV WKH GLUHFW LPSOHPHQWDWLRQ RI WKLV DSSURDFK WR IUDFWXUH DVVHVVPHQWV DV GRHV WKH DS�

SOLFDWLRQ RI WKH PHWKRG �ZKLFK GHULYHV IURP D ��' IUDPHZRUN� WR IXOO\ ��' FUDFN JHRPHWULHV�

0RUHRYHU� VXFK PRGHOV GR QRW DGGUHVV WKH VWURQJ VWDWLVWLFDO HIIHFWV RQ FOHDYDJH IUDFWXUH LQ WKH

'%7UHJLRQQHLWKHUGR WKH\SURYLGHDPHDQV WR SUHGLFW WKH HIIHFWV RI FRQVWUDLQW DQGSULRUGXFWLOH

WHDULQJ RQ WRXJKQHVV�

7KH DERYH OLPLWDWLRQV RI FRQWLQXXP �GHVFULSWLYH� IUDFWXUHPHFKDQLFV DSSURDFKHV WR FKDUDF�

WHUL]H WKH IUDFWXUH EHKDYLRU RI IXOO\ \LHOGHG FUDFN JHRPHWULHVPRWLYDWHG WKH GHYHORSPHQW RIPL�

FURPHFKDQLFV PRGHOV EDVHG XSRQ D SUREDELOLVWLF LQWHUSUHWDWLRQ RI WKH IUDFWXUH SURFHVV �PRVW

RIWHQ UHIHUUHG WR DV ORFDO DSSURDFKHV�� $WWHQWLRQ KDV EHHQ SULPDULO\ IRFXVHG RQ SUREDELOLVWLF

PRGHOV LQFRUSRUDWLQJ ZHDNHVW OLQN VWDWLVWLFV WR GHVFULEHPDWHULDO IDLOXUH FDXVHG E\ VWUHVV�FRQ�

WUROOHG WUDQVJUDQXODU FOHDYDJH� %\ FRXSOLQJ PDFURVFRSLF PHDVXUHV RI IUDFWXUH WRXJKQHVV �-�

&72'� ZLWK PLFURPHFKDQLFV PRGHOV IRU PDWHULDO IDLOXUH DKHDG RI WKH FUDFN WLS� UHVHDUFKHUV

HQGHDYRXU WRSUHGLFW� UDWKHU WKDQ FRUUHODWH� FRQVWUDLQW HIIHFWV RQ IUDFWXUH WRXJKQHVV� 7KH VHPL�

QDO ZRUN RI %HUHPLQ ������ SURYLGHV WKH EDVLV IRU HVWDEOLVKLQJ D UHODWLRQVKLS EHWZHHQ WKH PL�

FURUHJLPH RI IUDFWXUH DQGPDFURVFRSLF FUDFNGULYLQJ IRUFHV �VXFKDV WKH -�LQWHJUDO� E\ LQWURGXF�

LQJ WKH :HLEXOO VWUHVV �¹Z� DV D SUREDELOLVWLF IUDFWXUH SDUDPHWHU� 5HWDLQLQJ FRQWDFW ZLWK

FRQYHQWLRQDO DSSURDFKHV� WKLV IUDFWXUH SDUDPHWHU FRQYHQLHQWO\ FKDUDFWHUL]HV PDFURVFRSLF

IUDFWXUHEHKDYLRU IRU DZLGH UDQJHRI ORDGLQJ FRQGLWLRQV DQGFUDFN FRQILJXUDWLRQV�$NH\ IHDWXUH

RI WKH %HUHPLQ DSSURDFK LV WKDW ¹Z IROORZV D WZR�SDUDPHWHU:HLEXOO GLVWULEXWLRQ �0DQQ HW DO��

����� LQ WHUPV RI WKH :HLEXOO PRGXOXV� P� DQG WKH VFDOH SDUDPHWHU� ¹X� )XUWKHU LGHDOL]DWLRQ

SRVWXODWHV WKDW SDUDPHWHUP UHSUHVHQWV DPDWHULDO SURSHUW\ LQ WKLVPRGHO �0XGU\� �����ZKLFK

SURYLGHV DPHDQV WR FRUUHODWH IUDFWXUH WRXJKQHVV IRU YDU\LQJ FUDFN FRQILJXUDWLRQV XQGHU GLIIHU�

HQW ORDGLQJ�WHPSHUDWXUH FRQGLWLRQV�:KHQ LPSOHPHQWHG LQ D ILQLWH HOHPHQW FRGH� WKH %HUHPLQ

PRGHO SUHGLFWV WKH HYROXWLRQRI WKH:HLEXOO VWUHVVZLWK DSSOLHG ORDG WRGHILQH FRQGLWLRQV OHDGLQJ

WR �ORFDO�PDWHULDO IDLOXUH�0RUH UHFHQW HIIRUWV LQ WKLV DUHD KDYH IRFXVHG RQ GHYHORSLQJ WUDQVIHU�

DELOLW\PRGHOV IRU FOHDYDJH IUDFWXUH WRXJKQHVV EDVHG XSRQ WKH%HUHPLQ·V:HLEXOO VWUHVV�0LQD�

PL HW DO� ������� 5XJJLHUL HW DO� ������� DVVHVV HIIHFWV RI VSHFLPHQ WKLFNQHVV DQG FUDFN OHQJWK

RQ HODVWLF�SODVWLF IUDFWXUH WRXJKQHVV �-F� ªF�� )XUWKHU VWXGLHV E\ 5XJJLHUL DQG 'RGGV �5	'�

������ ����� ����� JHQHUDOL]H WKH :HLEXOO VWUHVV IRU VWDWLRQDU\ DQG JURZLQJ FUDFNV WR LQFOXGH

WKH HIIHFWV RI ORVV RI FRQVWUDLQW DQG GXFWLOH WHDULQJ RQ PDFURVFRSLF IUDFWXUH WRXJKQHVV�



7KH REMHFWLYHV RI WKLV SDSHU IRFXV RQ D VXPPDU\ RI WKH GHVFULSWLYH �FRQWLQXXP� DQG SUHGLF�
WLYH �PLFURPHFKDQLFV LQFRUSRUDWLQJ VWDWLVWLFV� DSSURDFKHV WR FKDUDFWHUL]H FRQVWUDLQW HIIHFWV RQ
FOHDYDJH IUDFWXUH WRXJKQHVV� 'LVFXVVLRQV HPSKDVL]H IHDWXUHV RI WKH -�4 DSSURDFK WR H[WHQG
GHVFULSWLYH IUDFWXUHPHFKDQLFV XVLQJ-�4 WUDMHFWRULHV�7KHSDSHU WKHQDGGUHVVHVD ORFDO �PLFUR�
PHFKDQLFV� DSSURDFK IRU FOHDYDJH IUDFWXUH EDVHG RQ WKH :HLEXOO VWUHVV� 7KH SUHVHQWDWLRQ H[�
SORUHV GHYHORSPHQW RI D WRXJKQHVV VFDOLQJPHWKRGRORJ\ EDVHGXSRQ WKH:HLEXOO VWUHVV WUDMHFWR�
ULHV IRU GLIIHUHQW FUDFN FRQILJXUDWLRQV ZKLFK HQDEOHV DVVHVVPHQW RI FRQVWUDLQW ORVV LQ
FRQYHQWLRQDO IUDFWXUH VSHFLPHQV�
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7KH FKDUDFWHULVWLF IHDWXUH HPHUJLQJ IURP D PXOWL�SDUDPHWHU GHVFULSWLRQ RI WKH �VWDWLRQDU\�
HODVWLF�SODVWLF FUDFN WLS ILHOGV LQ KRPRJHQHRXV PDWHULDOV LV WKH XVH RI D VFDODU SDUDPHWHU WR
TXDQWLI\ WKHPDJQLWXGH RI WKHVH ILHOGV� +HUH� WKH -�LQWHJUDO VHWV WKH VL]H VFDOH RYHU ZKLFK KLJK
VWUHVVHV GHYHORSZKLOH WKH VHFRQG SDUDPHWHU �WKH HODVWLF7�VWUHVV RU WKH K\GURVWDWLF4�SDUDPH�
WHU� TXDQWLILHV WKH OHYHO RI VWUHVV WULD[LDOLW\ DW GLVWDQFHV RI D IHZ&72'6DKHDG RI WKH FUDFN WLS�
,Q SDUWLFXODU� WKH -�4 GHVFULSWLRQ RIPRGH ,� SODQH VWUDLQ FUDFN WLS ILHOGV GHULYHV IURP FRQVLGHU�
DWLRQ RI D PRGLILHG ERXQGDU\ OD\HU �0%/� IRUPXODWLRQ >�@ LQ ZKLFK WKH UHPRWH WUDFWLRQV DUH
JLYHQ E\ WKH ILUVW WZR�WHUPV RI :LOOLDPV· OLQHDU HODVWLF VROXWLRQ �:LOOLDPV� �����

¹LM

.

,

�¶U¯
ILM�»��7ª�Lª�M � ���

+HUH U DQG » DUH SRODU FRRUGLQDWHV FHQWHUHG DW WKH FUDFN WLS ZLWK »
� FRUUHVSRQGLQJ WR D OLQH
DKHDG RI WKH FUDFN DQG .,
 (-���� ´

��� �( LV <RXQJ·V PRGXOXV� ´ LV 3RLVVRQ·V UDWLR DQG ILMDUH
GLPHQVLRQOHVV IXQFWLRQV RI »� &UDFN WLS ILHOGV GLIIHULQJ LQ VWUHVV WULD[LDOLW\ DUH JHQHUDWHG E\ YD�
U\LQJ WKH QRQ�VLQJXODU VWUHVV� 7� SDUDOOHO WR WKH FUDFN SODQH �ZKLFK GRHV QRW DIIHFW WKH YDOXH RI
-�� )URPGLPHQVLRQDO FRQVLGHUDWLRQV� WKHVH ILHOGV FDQEH UHSUHVHQWHG E\ D IDPLO\ RI VHOI�VLPLODU
ILHOGVSDUDPHWHUL]HGE\ WKH ORDGSDUDPHWHU 7�¹�ZKLFKSURYLGHVD FRQYHQLHQWPHDVXUH RIQHDU�
WLS VWUHVV WULD[LDOLW\ VXFK DV� IRU H[DPSOH� ZKHQ DVVHVVLQJ HIIHFWV RI VSHFLPHQ JHRPHWU\ RQ
FUDFN WLS FRQVWUDLQW� +RZHYHU� WKH JHQHUDO DSSOLFDELOLW\ RI 7 XQGHU IXOO\ \LHOGHG FRQGLWLRQV EH�
FRPH HOXVLYH VLQFH WKH HODVWLF VROXWLRQ JLYHQ E\ ���� XSRQ ZKLFK WKH 7�VWUHVV LV GHILQHG� LV DQ
DV\PSWRWLF VROXWLRQ ZKLFK LV LQFUHDVLQJO\ YLRODWHG DV SODVWLF IORZ SURJUHVVHV EH\RQG ZHOO�FRQ�
WDLQHG QHDU�WLS \LHOGLQJ�

7KHDERYH OLPLWDWLRQVPRWLYDWHG2·'RZGDQG6KLK �26� ������ ����� WR SURSRVH DQ DSSUR[L�
PDWH WZR�SDUDPHWHU GHVFULSWLRQ IRU WKH HODVWLF�SODVWLF FUDFN WLS ILHOGV EDVHG XSRQ D WULD[LDOLW\
SDUDPHWHU PRUH DSSOLFDEOH XQGHU /6< FRQGLWLRQV IRU PDWHULDOV ZLWK HODVWLF�SODVWLF UHVSRQVH
GHVFULEHGE\DSRZHUKDUGHQLQJ ODZJLYHQE\ Ó�Ó�� �¹�¹��

Q�+HUH�QGHQRWHV WKH VWUDLQKDUGHQ�
LQJ H[SRQHQW� ¹� DQG Ó� DUH WKH UHIHUHQFH �\LHOG� VWUHVV DQG VWUDLQ� UHVSHFWLYHO\� *XLGHG E\ GH�
WDLOHG QXPHULFDO DQDO\VHV HPSOR\LQJ WKH 0%/ PRGHO 26 LGHQWLILHG D IDPLO\ RI VHOI�VLPLODU
ILHOGV LQ WKH IRUP

¹LM
 ¹�I
A

LM� U
-�¹�

� » � 4�¹�� � ���

ZKHUH WKHGLPHQVLRQOHVV VHFRQGSDUDPHWHU4GHILQHV WKHDPRXQWE\ZKLFK ¹LM LQ IUDFWXUH VSHFL�
PHQV GLIIHU IURP WKH UHIHUHQFH 66< VROXWLRQ ZLWK 7
��

/LPLWLQJ DWWHQWLRQ WR WKH IRUZDUG VHFWRU DKHDG RI WKH FUDFN WLS EHWZHHQ WKH 66<7
� DQG
WKH IUDFWXUH VSHFLPHQ ILHOGV�26VKRZHG WKDW 4¹� FRUUHVSRQGVHIIHFWLYHO\ WRD VSDWLDOO\XQLIRUP
K\GURVWDWLF VWUHVV� L�H�� WKH GLIIHUHQFH ILHOG UHODWLYH WR D KLJK WULD[LDOLW\ UHIHUHQFH VWUHVV VWDWH

¹LM
 �¹LM�66<�7
��4¹�ª�Lª�M � _»_ ¶

�
� -�¹� U �-�¹� � ���

2SHUDWLRQDOO\� 4 LV GHILQHG E\
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ZKHUH ILQLWH HOHPHQW DQDO\VHV FRQWDLQLQJ VXIILFLHQW PHVK UHILQHPHQW WR UHVROYH WKH ILHOGV DW

WKLV OHQJWK VFDOH SURYLGH WKH ILQLWH ERG\ VWUHVVHV�+HUH�ZH QRWH WKDW4 LV HYDOXDWHG DW U  �-�¹�
IRU GHILQLWHQHVV� KRZHYHU� 26 DOVR VKRZHG WKDW 4 LV YLUWXDOO\ LQGHSHQGHQW RI GLVWDQFH LQ WKH

UDQJH -�¹� U �-�¹��

&RQVWUXFWLRQ RI D -�4 WUDMHFWRU\ IROORZV E\ WKH HYDOXDWLRQ RI (T� ��� DW HDFK VWDJH LQ ORDGLQJ
RI WKH ILQLWH ERG\�$JDLQ� WKLV SURFHGXUH LPSRVHV QR UHVWULFWLRQV RQPRGHOV WR GHVFULEHPDWHULDO
IORZ SURSHUWLHV RU LQFUHPHQWDO YV� GHIRUPDWLRQ SODVWLFLW\� /DUJH JHRPHWU\ FKDQJHV �/*&�PD\
EH LQFOXGHG DOWKRXJK YDOXHV RI 4 GHULYHG IURP VPDOO JHRPHWU\ FKDQJH �6*&� DQDO\VHV SURYH
VDWLVIDFWRU\ LQ DSSOLFDWLRQV ZKLFK PDNH XVH RI VWUHVVHV VXIILFLHQWO\ RXWVLGH WKH QHDU WLS EOXQW�
LQJ UHJLRQ� 7R LQFRUSRUDWH ORDGLQJ UDWH �L�H�� VWUDLQ UDWH� HIIHFWV RQ PDWHULDO UHVSRQVH LQ WKH
ERXQGDU\ OD\HUPRGHO� WKH ., �7
�� GLVSODFHPHQW ILHOG LV LPSRVHG RYHU SUHVFULEHG WLPH LQFUH�
PHQWV�

)LJXUHV ��D� DQG ��E� VKRZ WKH -�4 WUDMHFWRULHV JHQHUDWHG XQGHU LQFUHDVHG ORDGLQJ DW ORFD�
WLRQV RYHU WKH FUDFN IURQW IRU SODQH�VLGHG� GHHS DQG VKDOORZ QRWFK 6(�%� VSHFLPHQV KDYLQJ
:�%
� DQG Q
�� �1HYDODLQHQ DQG 'RGGV� ������ +HUH� : GHQRWHV WKH VSHFLPHQ ZLGWK DQG
% LV WKH VSHFLPHQ WKLFNQHVV� 4 LV GHILQHG E\ (T� ��� DW WKH QRUPDOL]HG GLVWDQFH DKHDG RI WKH
FUDFN IURQW JLYHQ E\ U��-�¹��
 �� )RU WKH GHHS QRWFK LQ )LJ� � �D�� 4�YDOXHV DUH SRVLWLYH DW ORZ
ORDGV �FRUUHVSRQGLQJ WR WKH SRVLWLYH HODVWLF 7�VWUHVV IRU WKLV JHRPHWU\� H[FHSW QHDU WKH RXWVLGH
VXUIDFH �]��%��������� 2YHU WKH FHQWHU SRUWLRQ RI WKH VSHFLPHQ WKLFNQHVV� 66< FRQGLWLRQV
�4��� H[LVW VWULFWO\ IRU GHIRUPDWLRQ OHYHOV E����-DYJ�¹��ZKHUH E GHQRWHV WKH UHPDLQLQJ OLJD�
PHQW OHQJWK DQG -DYJ LV WKH DYHUDJH -�YDOXH RYHU WKH FUDFN IURQW� DW ODUJHU GHIRUPDWLRQV 4
WDNHV RQQHJDWLYH YDOXHV� 7KHSODQH�VWUDLQ UHVXOW IRU WKLV FRQILJXUDWLRQ VKRZQ LQ)LJ� � �D� LQGL�
FDWHV FRQVWUDLQW ORVV DW ORZHU�OHYHOV RI GHIRUPDWLRQ� E����-DYJ�¹�� 7KH GLIIHUHQFH EHWZHHQ
SODQH�VWUDLQ DQG ��' �FHQWHUSODQH� WUDMHFWRULHV LQFUHDVHV ZLWK FRQWLQXHG ORDGLQJ� ,Q FRQWUDVW�
4�YDOXHV IRU WKH D�:
��� FRQILJXUDWLRQ UHYHDO DQ LPPHGLDWH ORVV RI FRQVWUDLQW XSRQ ORDGLQJ
Q )LJ� � �E�� 7KH SODQH�VWUDLQ UHVXOW DJUHHV UHDVRQDEO\ ZHOO ZLWK WKH ��' DQDO\VLV RYHU WKLV SRU�
WLRQ RI WKH FUDFN IURQW� 7KH JOREDO EHQGLQJ ILHOG LPSLQJHV OHVV VWURQJO\ RQ WKH FUDFN�WLS ILHOGV
LQ WKH VKDOORZQRWFK JHRPHWU\�+RZHYHU� QR SUDFWLFDO VL]H�GHIRUPDWLRQ OLPLW H[LVWV WRPDLQWDLQ
66<FRQGLWLRQV LQ WKLV VSHFLPHQ� FRQVWUDLQW ORVV RFFXUVXSRQ LQLWLDO ORDGLQJ �WKH7�VWUHVV LVQHJ�
DWLYH IRU WKLV D�: UDWLR��

��� ���� !�� ��!"�#�$$ ���!$ 	$%#" �� ���&�� ��%�$

7HVWLQJ RI IUDFWXUH VSHFLPHQV HQDEOHV FRQVWUXFWLRQ RI -�4 WRXJKQHVV ORFL WR FKDUDFWHUL]H FOHDY�
DJH IUDFWXUH WRXJKQHVV RYHU D UDQJH RI FUDFN WLS VWUHVV WULD[LDOLW\ DW D IL[HG WHPSHUDWXUH LQ WKH
'%7 UDQJH �'RGGV HW DO�� ������ ([SHULPHQWDOO\ PHDVXUHG -�YDOXHV DW FOHDYDJH IUDFWXUH DUH
SORWWHG RQWKH WUDMHFWRULHV FRPSXWHGE\ ILQLWH HOHPHQWDQDO\VHV IRU WKH VSHFLPHQV� VXFKDV WKRVH
VKRZQ LQ )LJ� ��D�� 7KH 4�YDOXH DW IUDFWXUH LV WKXV QRW PHDVXUHG� UDWKHU LW LV LQIHUUHG E\ WKH
- FRQWUROOHG ORFDWLRQ RQ WKH DSSURSULDWH -�4 WUDMHFWRU\� 7KH XVXDO VFDWWHU LQ UHVXOWV REVHUYHG
IRU PXOWLSOH WHVWV RI WKH VDPH VSHFLPHQ FRQILJXUDWLRQ GHILQHV SRLQWV WKDW OLH DORQJ WKH ORDGLQJ
WUDMHFWRU\ IRU WKDW VSHFLPHQ� %\ FRQQHFWLQJ� VHSDUDWHO\� WKH XSSHU�PRVW IUDFWXUH YDOXH RQ DOO
ORDGLQJ WUDMHFWRULHV WHVWHG DQG WKHQ WKH ORZHU�PRVW IUDFWXUH YDOXHV� PHDVXUHG HQYHORSHV RI
WRXJKQHVV PD\ EH FRQVWUXFWHG� 8WLOL]DWLRQ RI WKH WRXJKQHVV ORFXV LQ IUDFWXUH DVVHVVPHQWV LV
LOOXVWUDWHG LQ )LJ� ��E�� 7KH GULYLQJ IRUFH FXUYH IRU D KLJKO\ FRQVWUDLQHG JHRPHWU\ �VWUXFWXUH
$� ULVHV UDSLGO\ LQ WKH -�4 VSDFH� &RQVHTXHQWO\� FOHDYDJH IUDFWXUH RFFXUVZKHQ LW LQWHUVHFWV WKH
IDLOXUH ORFXV IRU FOHDYDJH� ,Q FRQWUDVW� D ORZ FRQVWUDLQW JHRPHWU\ �VWUXFWXUH%� LQGXFHV D JUDGX�
DOO\ ULVLQJ GULYLQJ IRUFH VR WKDW GXFWLOH WHDULQJ LV WKH OLNHO\ HYHQW DW RYHUORDG�

7KH VXFFHVV LQ FRUUHODWLQJ IUDFWXUH FRQGLWLRQV DFURVV GLIIHUHQW FUDFN JHRPHWULHV�ORDGLQJ
PRGHV RI WKH VDPHPDWHULDO GHSHQGV RQ KRZZHOO WKH H[SHULPHQWDO WRXJKQHVV ORFXV UHSUHVHQWV
WKH DFWXDO IUDFWXUH SURFHVV LQ -�4 VSDFH �VHH )LJ� ��� 7KH H[SHULPHQWDO GHWHUPLQDWLRQ RI D
WRXJKQHVV ORFXVFDQEHFRPHYHU\FRVWO\� UHTXLULQJ FRQVLGHUDEOHPDWHULDO DQGWHVWLQJ WLPH� HVSH�
FLDOO\ LI WRXJKQHVV GDWD DUH QHHGHG IRU YDU\LQJ WHVW WHPSHUDWXUHV� $GGLWLRQDO FRPSOLFDWLRQV UH�
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)LJXUH � -�4 WUDMHFWRULHV IRU SODQH�VLGHG� 6(�%� VSHFLPHQV ZLWK :e%
� DW GLIIHUHQW

FUDFN IURQW ORFDWLRQV� ]e�%e�� �] LV WKH WKLFNQHVV FRRUGLQDWH�� 7KH VWUDLQ KDUGHQ�

LQJ H[SRQHQW LQ DOO DQDO\VHV LV Q
�� �1HYDODLQHQ DQG 'RGGV� ������

���

���

ODWHG WR WKH LQKHUHQW VFDWWHU RI PHDVXUHG YDOXHV RI IUDFWXUH WRXJKQHVV DOVR LQWURGXFH GLIILFXO�
WLHV LQ WKH FRUUHODWLYHPHWKRGRORJ\�)XUWKHUPRUH� H[WHQVLRQRI WKLV FRUUHODWLYH DSSURDFKZLWKLQ
D ��' IUDPHZRUN VWLOO UHPDLQV D RSHQ LVVXH� HDFK RI WKHVH FKDUDFWHUL]LQJ SDUDPHWHUV GHULYH
IURPD WZR�GLPHQVLRQDO YLHZSRLQW� L�H��-�4�YDU\SRLQWZLVHDORQJD FUDFN IURQW�([WHQVLRQVDQG
DSSOLFDWLRQVZLWKLQ D IXOO\ ��' IUDPHZRUN WR WUHDW WKHVH FUDFN IURQW YDULDWLRQV UHPDLQ HOXVLYH�
DV GRHV WKHLU LQWHJUDWLRQ LQWR D V\VWHPDWLF WUHDWPHQW RI VWURQJ VWDWLVWLFDO HIIHFWV RQ FOHDYDJH
WRXJKQHVV LQ WKH '%7 UHJLRQ�

'� ���(�(���)��
 �������� �� 
���*��� ���
�	��

'�� ���+�+%,%$ %� ���� !�� ����-� ��� ��� ��%+!,, ) ��$$

7KHUH KDV UHFHQWO\ EHHQ D VXUJH RI LQWHUHVW LQ DQDO\]LQJ DQG SUHGLFWLQJPDWHULDO IDLOXUH FDXVHG
E\ WUDQVJUDQXODU FOHDYDJH EDVHG XSRQ D SUREDELOLVWLF LQWHUSUHWDWLRQ RI WKH IUDFWXUH SURFHVV� $
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'XFWLOH

/RZHUï%RXQG

&OHDYDJH

8SSHUï%RXQG ��

'XFWLOH

&OHDYDJH

6WUXFWXUH $

6WUXFWXUH %
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)LJXUH � $SSOLFDWLRQ RI WKH -�4PHWKRGRORJ\ LQ IUDFWXUH DVVHVVPHQWV �'RGGV HW DO�� ������

SULPDU\ LPSHWXV IRU EULQJLQJ SUREDELOLVWLF IUDFWXUH PHFKDQLFV FRQFHSWV LQWR SOD\ LV WKH LQ�

KHUHQW UDQGRPQDWXUH RI IUDFWXUH GXH WR LQKRPRJHQHLW\ LQ WKH ORFDO FKDUDFWHULVWLFV RI WKHPDWH�

ULDO� 7KH UDQGRP FKDUDFWHU RI IUDFWXUH GULYHV WKH GHYHORSPHQW RI SUREDELOLVWLF PRGHOV HPSOR\�

LQJ ZHDNHVW OLQN DUJXPHQWV WR GHVFULEH WKH IDLOXUH HYHQW� 6XFK PHWKRGRORJLHV DUH FROOHFWLYHO\

WHUPHG ORFDO DSSURDFKHV DQG FRXSOH WKHPLFURPHFKDQLFDO IHDWXUHV RI WKH IUDFWXUH SURFHVVZLWK

WKH LQKRPRJHQHRXV GLVWULEXWLRQ RI WKH QHDU�WLS VWUHVV ILHOGV IRU PXOWLD[LDOO\ VWUHVVHG� ��'

FUDFNHG ERGLHV�

/LPLWLQJ DWWHQWLRQ WR WKH VSHFLILF PLFURPHFKDQLVP RI WUDQVJUDQXODU FOHDYDJH� %HUHPLQ

������ KDV SURYLGHG WKH EDVLV IRU HVWDEOLVKLQJ D UHODWLRQVKLS EHWZHHQ WKH PLFURUHJLPH RI IUDF�

WXUH DQG PDFURVFRSLF FUDFN GULYLQJ IRUFHV �VXFK DV WKH -�LQWHJUDO� E\ LQWURGXFLQJ WKH :HLEXOO

VWUHVV �¹Z� DV D SUREDELOLVWLF IUDFWXUH SDUDPHWHU� ,Q %HUHPLQ·VPRGHO� WKH SUREDELOLW\ GLVWULEX�

WLRQ IRU WKH IUDFWXUH VWUHVV RI D FUDFNHG VROLG LV D PRQRWRQLFDOO\ LQFUHDVLQJ IXQFWLRQ RI ORDGLQJ

�UHSUHVHQWHG E\ WKH-�LQWHJUDO� JLYHQ E\ WKH WZR�SDUDPHWHU:HLEXOO GLVWULEXWLRQ �5XJJLHUL DQG

'RGGV� �����

)�¹Z�
 �� H[S�� �

9
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�
�
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�P� � ���

ZKHUH � GHQRWHV WKH YROXPH RI WKH �QHDU�WLS� IUDFWXUH SURFHVV ]RQH �)3=�� 9
�
LV D UHIHUHQFH YRO�

XPHDQG ¹
�
LV WKHPD[LPXPSULQFLSDO VWUHVV DFWLQJ RQPDWHULDO SRLQWV LQVLGH WKH)3=DGGLWLRQ�

DO GHWDLOV DUH IRXQG LQ UHODWHG ZRUN E\ 5XJJLHUL HW DO� ������ ����� ����D� ����E� ����F�� 5XJ�

JLHUL DQG 'RGGV ������ GHILQH WKH )3= DV WKH ORFL ¹
�
� ²¹

�
� ZLWK ²��� $OWHUQDWLYH GHILQLWLRQV

IRU WKH )3= LQFOXGH WKH SODVWLF UHJLRQ DKHDG RI WKH PDFURVFRSLF FUDFN �%HUHPLQ� ����� 0XGU\�

������ ¹H�¹
�
ZKHUH ¹H GHQRWHV WKH HTXLYDOHQW 0LVHV VWUHVV� 3DUDPHWHUV P DQG ¹X DSSHDULQJ

LQ (T� ��� GHQRWH WKH:HLEXOOPRGXOXV DQG WKH VFDOH SDUDPHWHU RI WKH:HLEXOO GLVWULEXWLRQ� )RO�

ORZLQJ %HUHPLQ ������� WKH :HLEXOO VWUHVV LV GHILQHG DV WKH VWUHVV LQWHJUDO

¹Z
 � �9
�

�
�

¹
�

PG����P � ���

,Q WKHFRQWH[WRISUREDELOLVWLF IUDFWXUHPHFKDQLFV� WKH:HLEXOO VWUHVV� ¹Z� HPHUJHVDVDQHDU�

WLS IUDFWXUH SDUDPHWHU WR GHVFULEH WKH FRXSOLQJ RI UHPRWH ORDGLQJ �DVPHDVXUHG E\ - RU� HTXLYD�
OHQWO\� . DQG &72'� ZLWK D PLFURPHFKDQLFV PRGHO ZKLFK LQFRUSRUDWHV WKH VWDWLVWLFV RI PLFUR�

FUDFNV �ZHDNHVW OLQN SKLORVRSK\�� $ NH\ IHDWXUH RI WKLV PHWKRGRORJ\ LV WKDW ¹Z LQFRUSRUDWHV



ERWK WKH HIIHFWV RI VWUHVVHG YROXPH �WKH IUDFWXUH SURFHVV ]RQH� DQG WKH SRWHQWLDOO\ VWURQJ

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

'�� ��!"�#�$$ )��,%#" �� ��.�,�"� 	$%#" ��%+!,, ) ��$$ ���&�� ��%�$

5XJJLHUL DQG 'RGGV ������ SURSRVHG D WRXJKQHVV VFDOLQJ PRGHO WR DVVHVV WKH FRPELQHG HIIHFWV

RI FRQVWUDLQW YDULDWLRQV RQ FOHDYDJH IUDFWXUH WRXJKQHVV GDWD� $ FHQWUDO IHDWXUH RI WKLVPHWKRG�

RORJ\ OLHV RQ WKH LQWHUSUHWDWLRQ RI ¹Z DV WKH FUDFN WLS GULYLQJ IRUFH FRXSOHG ZLWK WKH VLPSOH D[�

LRP WKDW FOHDYDJH IUDFWXUH RFFXUV ZKHQ WKH :HLEXOO VWUHVV UHDFKHV D FULWLFDO YDOXH� ¹
Z�F

� )RU

WKH VDPHPDWHULDO DW D IL[HG WHPSHUDWXUH� WKH VFDOLQJPRGHO UHTXLUHV WKH DWWDLQPHQW RI D VSHFL�

ILHG YDOXH IRU WKH:HLEXOO VWUHVV WR WULJJHU FOHDYDJH IUDFWXUH LQ GLIIHUHQW VSHFLPHQV HYHQ WKRXJK

-�YDOXHVPD\ GLIIHU ZLGHO\� ,Q WKH SUREDELOLVWLF FRQWH[W DGRSWHG KHUH� DWWDLQPHQW RI HTXLYDOHQW

YDOXHV RI :HLEXOO VWUHVV LQ GLIIHUHQW FUDFNHG FRQILJXUDWLRQV LPSOLHV WKH VDPH SUREDELOLW\ IRU
WULJJHULQJ FOHDYDJH IUDFWXUH�

)LJXUH ��D� LOOXVWUDWHV WKH SURFHGXUH WR DVVHVV WKH HIIHFWV RI FRQVWUDLQW ORVV RQ WRXJKQHVV

YDOXHV IRU GLIIHUHQW FUDFNHG FRQILJXUDWLRQV� 7KH SURFHGXUH HPSOR\V - DV WKHPHDVXUH RIPDFUR�

VFRSLF ORDGLQJ� EXW UHPDLQV YDOLG IRU RWKHU PHDVXUHV RI UHPRWH ORDGLQJ� VXFK DV .
-
RU &72'�

9HU\ GHWDLOHG� QRQOLQHDU ��' ILQLWH HOHPHQW DQDO\VHV SURYLGH WKH IXQFWLRQDO UHODWLRQVKLS EH�

WZHHQ WKH :HLEXOO VWUHVV �¹Z� DQG DSSOLHG ORDGLQJ �-� IRU D VSHFLILHG YDOXH RI WKH :HLEXOO

PRGXOXV� P� 7KH SURFHGXUH LOOXVWUDWHG LQ )LJ� � DLPV WR SUHGLFW WKH �GLVWULEXWLRQ RI� IUDFWXUH

WRXJKQHVV YDOXHV IRU FRQILJXUDWLRQV H[KLELWLQJ ORZ OHYHOV RI FUDFN�WLS VWUHVV WULD[LDOLW\� VXFK DV

VKDOORZ QRWFK 6(�%� VSHFLPHQV �FRQILJXUDWLRQ %�� IURP WKH PHDVXUHG WRXJKQHVV YDOXHV RE�

WDLQHG XVLQJ KLJK FRQVWUDLQW� GHHS QRWFK VSHFLPHQV� 6(�%� RU &�7� VSHFLPHQV �FRQILJXUDWLRQ

$�� *LYHQ WKH -
$
�YDOXH IRU WKH KLJK FRQVWUDLQW IUDFWXUH VSHFLPHQ� WKH OLQHV VKRZQ RQ )LJ� ��D�

UHDGLO\ LOOXVWUDWH WKH WHFKQLTXH XVHG WR GHWHUPLQH WKH FRUUHVSRQGLQJ -
%
�YDOXH� 7RXJKQHVV YDO�

XHV DUH RIWHQ QRUPDOL]HG E\ E¹
�

WR SURYLGH D VHW RI FXUYHV DSSOLFDEOH IRU JHRPHWULFDOO\ VFDOHG

VSHFLPHQV� L�H�� DOO 6(�%�V ZLWK D�:
���� :
%� 6
�:�

'�' �)� � ))� 
�#$ ��%# 
����� %�#$ /�� ) �#.��. )�0(1 )2��%-�#$

7R LOOXVWUDWH DQ DSSOLFDWLRQ RI WKH :HLEXOO VWUHVV EDVHG VFDOLQJ PRGHO� )LJ� ��E� SURYLGHV WKH

FRQVWUDLQW FRUUHFWLRQV �/6<@ 66<� IRU D ��7� 6(�%� VSHFLPHQZLWK WKHPDWHULDO·V HODVWLF�SODV�

WLF UHVSRQVH GHVFULEHG E\ D SRZHU KDUGHQLQJ ODZ JLYHQ E\ Ó�Ó
�

� �¹�¹
�

�Q >VHH 5XJJLHUL HW DO�

�����D� ����E� ����F�@ IRU DGGLWLRQDO GHWDLOV� DQG IRU YDU\LQJ :HLEXOO PRGXOL� P� +HUH� WKH

VWUDLQKDUGHQLQJ H[SRQHQW LVQ
�� DQG (�¹
�


���ZKHUH( LV<RXQJ·VPRGXOXV DQG ¹
�

GHQRWHV

D UHIHUHQFH �\LHOG� VWUHVV� WKHVH YDOXHV UHSUHVHQW W\SLFDO PDWHULDO UHVSRQVH IRU SUHVVXUH YHVVHO

VWHHOV� 7KH/6<@ 66< FRQVWUDLQW FRUUHFWLRQV VKRZQ LQ WKH SORWV XWLOL]H WKH VDPHPHWKRGRORJ\

RXWOLQHG LQ )LJ� ��D�� EXWZLWK FXUYHV RI ¹Z YV� - IRU WKH IUDFWXUH VSHFLPHQ �FRQILJXUDWLRQ%� DQG

IRU D SODQH�VWUDLQ� 66< UHIHUHQFH VROXWLRQ �7�¹
�


�� �FRQILJXUDWLRQ $� ZLWK WKH VDPH WKLFNQHVV
RI WKH IUDFWXUH VSHFLPHQ� 6XFK FXUYHV DUH FRQVWUXFWHG IRU D IL[HG� UHSUHVHQWDWLYH YDOXH RI WKH

:HLEXOO PRGXOXV�P� IRU WKH SUHVFULEHG VHW RI PHFKDQLFDO IORZ SURSHUWLHV �WKH QRUPDOL]LQJ YRO�

XPH IRU WKH:HLEXOO VWUHVV� 9
�

� LV FRQYHQLHQWO\ DVVLJQHG WKH YDOXH RI � PP��� 7KH SUHVHQW FRP�

SXWDWLRQV FRQVLGHU YDOXHV RI P
��� ��� ��� �� DQG �� WR DVVHVV WKH VHQVLWLYLW\ RI FRQVWUDLQW

FRUUHFWLRQV RQ WKH VSHFLILHG :HLEXOO PRGXOXV� 7KHVH P�YDOXHV DUH FRQVLVWHQW ZLWK SUHYLRXVO\

UHSRUWHG YDOXHV IRU VWUXFWXUDO VWHHOV�

(DFK FXUYH GLVSOD\HG RQ )LJ� ��E� SURYLGHV SDLUV RI -�YDOXHV� -
/6<

LQ WKH 6(�%� VSHFLPHQ

DQG -
66<

LQ 66<� WKDW SURGXFH WKH VDPH ¹Z� 5HIHUHQFH OLQHV DUH VKRZQZKLFK GHILQH D FRQVWDQW

UDWLR RI ¶¶FRQVWUDLQW ORVVµ� H�J�� -DYJ
����-
�

ZKLFK LPSOLHV WKDW WKH 6(�%� DYHUDJH -PXVW EH

��� ODUJHU WKDQ WKH 66< YDOXH WR JHQHUDWH WKH VDPH:HLEXOO VWUHVV� )RU HDFK YDOXH RI WKH:HL�

EXOO PRGXOXV� WKH 6(�%� DQG 66< FXUYHV DJUHH YHU\ ZHOO HDUO\ LQ WKH ORDGLQJ KLVWRU\ ZKLOH WKH

6(�%� VSHFLPHQPDLQWDLQV QHDU66< FRQGLWLRQV DFURVV WKH FUDFN IURQW �UHFDOO WKDW FRPSXWDWLRQ

RI ¹Z LQ WKH6(�%� VSHFLPHQV FRQVLGHUV WKH HQWLUH FUDFN IURQW��2QFHQHDU�IURQW VWUHVVHV GHYLDWH

IURP WKH �SODQH�VWUDLQ� 66< OHYHOV� WKH ¹Z FXUYHV IRU WKH 6(�%� VSHFLPHQV IDLO WR LQFUHDVH DW WKH

VDPH UDWH ZLWK IXUWKHU ORDGLQJ� 7KHVH UHVXOWV LOOXVWUDWH FOHDUO\ WKH JUDGXDO QDWXUH RI

FRQVWUDLQW ORVV LQ WKH GHHS�QRWFK 6(�%� VSHFLPHQV� HVSHFLDOO\ IRU PRGHUDWH WR ORZ KDUGHQLQJ
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)LJXUH � �D� 7RXJKQHVV VFDOLQJ PRGHO XVHG WR FRQVWUDLQW FRUUHFW WRXJKQHVV YDO�
XHV IRU GLIIHUHQW FUDFN FRQILJXUDWLRQV� �E�-/6< o -66< FRUUHFWLRQ IRU
SODQH�VLGHG ��7� 6(�%� VSHFLPHQV ZLWK Q
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-/6<  -66<

-/6<  ��� -66<
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PDWHULDOV� 7KH :HLEXOO PRGXOXV GRHV KDYH DQ DSSUHFLDEOH HIIHFW RQ SUHGLFWLRQV RI FRQVWUDLQW

ORVV� LQFUHDVLQJ P YDOXHV LQGLFDWH D KLJKHU ORDG OHYHO DW WKH RQVHW RI FRQVWUDLQW ORVV DQG D UH�

GXFHG UDWH RI FRQVWUDLQW ORVV XQGHU IXUWKHU ORDGLQJ� 7KH ODUJHU P YDOXHV� LQ HIIHFW� DVVLJQ D

JUHDWHUZHLJKW IDFWRU WR VWUHVVHVDW ORFDWLRQVYHU\QHDU WKH FUDFN IURQW� 7KHEHQGLQJ ILHOG�ZKLFK

LPSLQJHV RQ WKH FUDFN IURQW� DIIHFWV WKH VPDOOHU P FXUYHV PRUH UHDGLO\�

4� 
��
�	���� �����5)

7KH DUJXPHQWV SUHVHQWHG LQ WKLV EULHI SDSHU� GHULYHG E\ H[WHQVLYH H[SHULPHQWDO REVHUYDWLRQV�

WKDW FRQYHQWLRQDO IUDFWXUHPHFKDQLFV DSSURDFKHV GRQRW VXIILFH WR FKDUDFWHUL]H WKH IUDFWXUH EH�

KDYLRURI IXOO\\LHOGHGFUDFNHGVROLGVSURYLGHFRPSHOOLQJVXSSRUW WRGHYHORSPRUHUHDOLVWLFPHWK�

RGRORJLHV IRU IUDFWXUH DVVHVVPHQWV� 2XU SUHVHQWDWLRQ H[SORUHG WKH GHYHORSPHQW RI WZR UHFHQW

RI VXFK PHWKRGRORJLHV� 7KH GHVFULSWLYH DSSURDFK HPSOR\LQJ PXOWLSDUDPHWHU FKDUDFWHUL]DWLRQ

RI FUDFN�WLS ILHOGV UHOLHV RQ WKH -�4 WKHRU\� 7KHPLFURPHFKDQLFV DSSURDFK EXLOGV XSRQ D SURED�

ELOLVWLF LQWHUSUHWDWLRQ RI WKH IUDFWXUH SURFHVV WR \LHOGDSUREDELOLVWLF IUDFWXUH SDUDPHWHU WHUPHG



:HLEXOO VWUHVV �¹Z��8QOLNH SDUDPHWHUVGHULYHG IURPDGHVFULSWLYHPHWKRGRORJ\� VXFKDV WKHK\�
GURVWDWLF 4 SDUDPHWHU� WKH :HLEXOO VWUHVV SURYLGHV D VWURQJ OLQN EHWZHHQ WKH PLFURUHJLPH RI
IUDFWXUH �E\ FRXSOLQJ D ORFDO IDLOXUH FULWHULRQZLWK WKH VWUHVVHV WKDW GHYHORS DKHDG RI WKHPDFUR�
VFRSLF FUDFN�DQGPDFURVFRSLF �UHPRWH� ORDGLQJ �-��5HFHQWRQ�JRLQJZRUNKDVGHPRQVWUDWHGWKH
SRWHQWLDO FDSDELOLW\ RI WKH:HLEXOO VWUHVV DSSURDFK RYHU WKH -�4PHWKRGRORJ\ WR HIIHFWLYHO\ SUH�
GLFW FRQVWUDLQW DQG GXFWLOH WHDULQJ HIIHFWV LQ IUDFWXUH VSHFLPHQV� 5HVHDUFK HIIRUWV DUH LQ SURJ�
UHVV WR UHILQH WKHPRGHO DQG WR HVWDEOLVK D UHDOLVWLF� UREXVW ORFDO DSSURDFK IRU FOHDYDJH IUDFWXUH�

$FNQRZOHGJHPHQWV

7KLV LQYHVWLJDWLRQ ZDV VXSSRUWHG E\ JUDQWV SULQFLSDOO\ IURP WKH 6FLHQWLILF )RXQGDWLRQ RI WKH 6WDWH RI

6mR 3DXOR �)$3(63� XQGHU *UDQW ����������� &RPSXWDWLRQDO VXSSRUW SURYLGHG E\ WKH +LJK 3HUIRU�

PDQFH &RPSXWLQJ &HQWHU �/&&$� RI WKH 8QLYHUVLW\ RI 6mR 3DXOR LV DOVR DNQRZOHGJHG�

��/���#��$

�� 7R\RGD�0�� 0LQDPL� )�� 0DWVXR� 7�� +DJLZDUD� < DQG ,QRXH� 7�� ¶¶(IIHFW RI:RUN +DUGHQLQJ 3URSHUWLHV RI +LJK
6WUHQJWK6WHHOV RQ&OHDYDJH�'XFWLOH)UDFWXUH5HVLVWDQFHµ�3UHS�1DWLRQDO0HHWLQJRI WKH-DSDQ:HOGLQJ6RFL�
HW\� 9RO� ��� SS� ���ï���� ���� �LQ -DSDQHVH��

�� :LHVQHU� &� 6� DQG*ROGWKRUSH�0� 5�� ¶¶7KH (IIHFW RI 7HPSHUDWXUH DQG 6SHFLPHQ*HRPHWU\ RQ WKH3DUDPHWHUV
RI WKH /RFDO $SSURDFK WR &OHDYDJH )UDFWXUHµ LQ ,QWHUQDWLRQDO &RQIHUHQFH RQ /RFDO $SSURDFK WR )UDFWXUH �0(�
&$0$7 ���� )RQWDLQHEOHDX� )UDQFH� ����� SS� &�����ï����

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

�� 2·'RZG� 1�3�� DQG 6KLK� &�)�� ¶¶)DPLO\ RI &UDFNï7LS )LHOGV &KDUDFWHUL]HG E\ D 7ULD[LDOLW\ 3DUDPHWHU� 3DUW ,
ï 6WUXFWXUH RI )LHOGV�·· -RXUQDO RI WKH 0HFKDQLFV DQG 3K\VLFV RI 6ROLGV� 9RO� ���� 1R� �� SS� ���ï����� �����

�� 2·'RZG� 1�3�� DQG 6KLK� &�)�� ¶¶)DPLO\ RI &UDFNï7LS )LHOGV &KDUDFWHUL]HG E\ D 7ULD[LDOLW\ 3DUDPHWHU� 3DUW ,,
ï )UDFWXUH $SSOLFDWLRQV�·· -RXUQDO RI WKH 0HFKDQLFV DQG 3K\VLFV RI 6ROLGV� 9RO� ��� SS� ���ï���� �����

�� 'RGGV� 5� +�� 6KLK� &� )�� DQG $QGHUVRQ� 7� /� ¶¶&RQWLQXXP DQG0LFURï0HFKDQLFV 7UHDWPHQW RI &RQVWUDLQW LQ
)UDFWXUH�µ ,QWHUQDWLRQDO -RXUQDO RI )UDFWXUH� 9RO� ��� SS� ���ï���� �����

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

��� 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���� �����

��� 5XJJLHUL�&��0LQDPL�)� DQG7R\RGD�0�� ¶¶$6WDWLVWLFDO$SSURDFK IRU)UDFWXUH RI%ULWWOH0DWHULDOV%DVHG RQ WKH
&KDLQïRIï%XQGOHV0RGHOµ� -RXUQDO RI $SSOLHG 0HFKDQLFV� 9RO� ��� 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�+�� ¶¶: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� ������ �����

��� 1HYDODLQHQ� 0� DQG 'RGGV� 5� +�� ¶¶1XPHULFDO ,QYHVWLJDWLRQ RI ��' &RQVWUDLQW (IIHFWV RQ %ULWWOH )UDFWXUH LQ
6(�%� DQG &�7� 6SHFLPHQV�µ ,QWHUQDWLRQDO -RXUQDO RI )UDFWXUH� 9RO� ��� SS� ���ï���� �����

��� :LOOLDPV�0�/�� ¶¶2Q WKH 6WUHVV'LVWULEXWLRQ DW WKH%DVH RI D 6WDWLRQDU\&UDFNµ�-RXUQDO RI $SSOLHG0HFKDQLFV�
9RO� ��� SS� ���ï���� �����

��� 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 �������

��� 5XJJLHUL� &� DQG 7URYDWR� (�� ¶¶$ )UDPHZRUN WR &RUUHODWH (IIHFWV RI &RQVWUDLQW /RVV DQG 'XFWLOH 7HDULQJ RQ
)UDFWXUH7RXJKQHVVï3DUW ,,�)UDFWXUH8QGHU6PDOO6FDOH<LHOGLQJ&RQGLWLRQV�µ��WK%UD]LOLDQ&RQJUHVVRI0H�
FKDQLFDO (QJLQHHULQJ �&REHP ���� ÉJXDV GH /LQGyLD� %UD]LO �������

��� 5XJJLHUL�&�� ¶¶$)UDPHZRUNWR&RUUHODWH(IIHFWVRI&RQVWUDLQW/RVVDQG'XFWLOH7HDULQJRQ)UDFWXUH7RXJKQHVV
ï3DUW ,,,� 3DUDPHWHU &DOLEUDWLRQ DQG )UDFWXUH 7HVWLQJ�µ ��WK%UD]LOLDQ &RQJUHVV RI 0HFKDQLFDO (QJLQHHULQJ
�&REHP ���� ÉJXDV GH /LQGyLD� %UD]LO �������


