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$ 0RGHO RI &UHGLW 5LVN� 2SWLPDO 3ROLFLHV�

DQG $VVHW 3ULFHV

$EVWUDFW

7KLV SDSHU VWXGLHV WKH RSWLPDO SROLFLHV RI ERUURZHUV �nUPV RU LQGLYLGXDOV� ZKR PD\ GHIDXOW

VXEMHFW WR GHIDXOW FRVWV� DQG DQDO\]HV WKH DVVHW SULFLQJ LPSOLFDWLRQV� %RUURZHUV GHIDXOWLQJ XQGHU

DGYHUVH HFRQRPLF FRQGLWLRQV PD\� GHVSLWH LQFXUULQJ GHIDXOW FRVWV� HPHUJH DV ZHDOWKLHU WKDQ QRQ�

ERUURZHUV RU WKRVH ZKR FDQ GHIDXOW FRVWOHVVO\� ,Q PDQ\ VFHQDULRV� ERUURZHUV WDNH RQ OHVV ULVN

H[SRVXUH WKDQ QRQ�ERUURZHUV� +RZHYHU� D ODUJHU ULVN H[SRVXUH E\ ERUURZHUV PD\ RFFXU DV ZHOO�

GHSHQGLQJ RQ WKH VWUXFWXUH RI GHIDXOW FRVWV DQG RQ KRZ GHEW PDWXULW\ UHODWHV WR WKH SODQQLQJ

KRUL]RQ� ,Q WKH ODWWHU FDVH� ERUURZHUV
 GHIDXOW SROLFLHV UHQGHU ELQDU\ RSWLRQV XVHIXO LQVWUXPHQWV

IRU OHQGHUV LQ KHGJLQJ WKH FUHGLW�ULVN FRPSRQHQW RI WKHLU DVVHWV� ,Q HTXLOLEULXP� D ORZHU �KLJKHU�

ULVN H[SRVXUH E\ ERUURZHUV PDQLIHVWV LWVHOI LQ DQ DWWHQXDWHG �DPSOLnHG� PDUNHW YRODWLOLW\ DQG ULVN

SUHPLXP� EXW WKH PDUNHW YDOXH LV DOZD\V KLJKHU LQ HFRQRPLF GRZQWXUQV� DQG ORZHU LQ XSWXUQV�

FRPSDUHG WR DQ HFRQRP\ ZLWKRXW WKH SUHVHQFH RI FUHGLW ULVN�

-(/ &ODVVLnFDWLRQV� *��� *��� *��� &��� '���

.H\ZRUGV� &UHGLW 5LVN� 'HIDXOWDEOH 'HEW� ,QYHVWPHQWV� $VVHW 3ULFLQJ� 9RODWLOLW\�



�� ,QWURGXFWLRQ

&RUSRUDWH DQG KRXVHKROG ERUURZLQJ KDV UHDFKHG UHFRUG SURSRUWLRQV DQG SDFH LQ UHFHQW \HDUV� WR

PRUH WKDQ WULSOH WKH VL]H RI WKH 8�6� JRYHUQPHQW GHEW� 7KLV GRPLQDQFH RI FUHGLW�ULVN\ GHEW ^

RQ ZKLFK WKH ERUURZHU KDV WKH RSWLRQ WR GHIDXOW ^ LV OLNHO\ WR SUHYDLO LQWR WKH IXWXUH� JLYHQ WKH

8�6� 7UHDVXU\ SROLF\ RI FXWWLQJ RQ LWV GHEW ORDG�� )URP D nQDQFLDO HFRQRPLFV SHUVSHFWLYH� WKHVH

KLVWRULF WUHQGV UDLVH WKH QHHG IRU FRQFHSWXDO IUDPHZRUNV DEOH WR OLQN WKH FUHGLW TXDOLW\ RI ERUURZHUV

WR XQGHUO\LQJ HFRQRPLF SULPLWLYHV� DV ZHOO DV DEOH WR DGYDQFH RXU XQGHUVWDQGLQJ RI WKH DVVRFLDWHG

RSWLPDO SROLFLHV DQG DVVHW SULFHV� 0RUHRYHU� WKH FKDOOHQJH WR EHWWHU XQGHUVWDQG ERUURZHUV
 GHFLVLRQV

WR GHIDXOW KDV EHHQ UHFHQWO\ LQYLJRUDWHG E\ UHJXODWRUV
 TXHVW WR IRUPDOO\ HPEHG PRGHOV RI FUHGLW�ULVN

LQWR EDQN�FDSLWDO UHTXLUHPHQWV �%DVOH &RPPLWWHH RQ %DQNLQJ 6XSHUYLVLRQ ��������

,Q WKLV SDSHU� ZH LQYHVWLJDWH WKH RSWLPDO EHKDYLRU RI D ERUURZHU ZKR LV DOORZHG WR GHIDXOW� DQG

VWXG\ WKH HQVXLQJ G\QDPLF HTXLOLEULXP LQ WKH SUHVHQFH RI WKLV FUHGLW ULVN� :H PRGHO D ERUURZHU

�D OHYHUHG nUP RU KRXVHKROG� ZLWKLQ D VWDQGDUG FRPSOHWH�PDUNHWV FRQWLQXRXV�WLPH HFRQRP\� 7R

PDLQWDLQ DV VLPSOH D VHWWLQJ DV SRVVLEOH� ZH WDNH DV JLYHQ D ]HUR�FRXSRQ GHEW FRQWUDFW LQ SODFH�

DVVHUWLQJ WKDW XSRQ LWV PDWXULW\ GHIDXOW PD\ RFFXU� 0RWLYDWHG E\ REVHUYHG YLRODWLRQV RI WKH VWULFW

SULRULW\ UXOH� GHIDXOW RFFXUV ZKHQHYHU WKH IUDFWLRQ RI WKH �OHYHUHG� DVVHWV WKDW FDQ EH VHL]HG E\ WKH

OHQGHU FDQQRW UHSD\ WKH IDFH YDOXH RI WKH GHEW�� 7KH G\QDPLFV RI WKH DVVHWV DUH RSWLPDOO\ FRQWUROOHG

E\ WKH ERUURZHU� &UHGLW ULVN WKHQ PHDQV WKDW LQ VRPH VWDWHV RI WKH ZRUOG WKH ERUURZHU RSWLPDOO\

FKRRVHV WR UHSD\ OHVV WKDQ WKH IDFH YDOXH� DQG WKH GHEW LV WKXV HTXLYDOHQW WR D ULVNOHVV FRQWUDFW SOXV

D FUHGLW�ULVN FRPSRQHQW� VSHFLI\LQJ LQ ZKLFK VWDWHV� DQG WR ZKDW H[WHQW� WKH UHSD\PHQW GHYLDWHV

IURP WKH IDFH YDOXH�

:H FKRRVH SHUKDSV WKH PRVW QDWXUDO LPSHUIHFWLRQ IRU GHIDXOW WR PDWWHU HFRQRPLFDOO\� GHIDXOW LV

FRVWO\�� 8SRQ GHIDXOW� WKH ERUURZHU LQ RXU PRGHO LQFXUV D n[HG FRVW DV ZHOO DV D FRVW SURSRUWLRQDO

WR WKH DPRXQW RI GHIDXOW� 2XU VHWWLQJ LV DPHQDEOH WR DQDO\]LQJ PDQ\ TXDQWLWLHV RI LQWHUHVW� DQG

WKLV LV IDFLOLWDWHG E\ WUHDWLQJ FRVWV LQ D UHGXFHG IRUP� ZKLOH DEVWUDFWLQJ IURP PHFKDQLVPV WKDW JLYH

ULVH WR VXFK FRVWV� 2XU IRUPXODWLRQ FRQVLGHUV D ERUURZHU ZLWK DQ LQFUHDVLQJ DQG FRQFDYH REMHFWLYH

IXQFWLRQ �UHSUHVHQWLQJ ULVN DYHUVH SUHIHUHQFHV DV D VSHFLDO FDVH�� DQG KDV WKH FRQYHQLHQW SURSHUW\ RI

QHVWLQJ WKH EHQFKPDUN FDVH RI QR GHEW RU QR GHIDXOW FRVWV �0HUWRQ ������� &R[ DQG +XDQJ ��������

:H nUVW FRQVLGHU D ERUURZHU ZKRVH SODQQLQJ KRUL]RQ FRLQFLGHV ZLWK WKH PDWXULW\ RI WKH GHEW�

�$W WKH RXWVHW RI WKH PLOOHQQLXP� RXW RI WKH ����� WULOOLRQ LQ GRPHVWLF GHEW �QRW LQFOXGLQJ WKH ���� WULOOLRQ nQDQFLDO
VHFWRU� RQO\ ���� WULOOLRQ ZDV IHGHUDO GHEW �VHH WKH �������� )HGHUDO 5HVHUYH
V UHOHDVH =�� DW ZZZ�IHGHUDOUHVHUYH�JRY��
DQG WKH 7UHDVXU\ 'HSDUWPHQW UHVROYHG WR IXUWKHU UHGXFH WKLV GHEW �ZZZ�XVWUHDV�JRY�SUHVV�UHOHDVHV�SV����KWP�� )RU
D FRQFXUUHQW GLVFXVVLRQ RI WKH GDWD� VHH WKH :DOO 6WUHHW -RXUQDO DUWLFOH ?'HEWRU 1DWLRQ� RQ ��������� S� &��

�)RU PRUH RQ GHSDUWXUHV IURP WKH VWULFW SULRULW\ UXOH �VWDWLQJ WKDW GHEWKROGHUV
 FODLPV PXVW EH IXOO\ VDWLVnHG SULRU
WR GLVWULEXWLQJ DQ\ YDOXH WR HTXLW\KROGHUV�� VHH� H�J�� :DUQHU ������� )UDQNV DQG 7RURXV ������� DQG (UDVODQ �������

�&RVWV RI nQDQFLDO GLVWUHVV KDYH EHHQ ZLGHO\ GRFXPHQWHG� VHH WKH UHIHUHQFHV LQ IRRWQRWH �� DQG DOVR� H�J�� $OWPDQ
������ DQG $QGUDGH DQG .DSODQ �������
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8QGHU JHQHUDO LQYHVWPHQW RSSRUWXQLWLHV� WKH ERUURZHU
V RSWLPDO WHUPLQDO QHW ZRUWK IDOOV LQWR WKUHH

UHJLRQV� LQ ZKLFK LW H[KLELWV GLVWLQFW HFRQRPLF EHKDYLRU� QR�GHIDXOW� GHIDXOW� DQG LQ EHWZHHQ� DQ

H[WHQGHG UHJLRQ RI GHIDXOW�UHVLVWDQFH� ,Q JRRG VWDWHV� WKH ERUURZHU GRHV QRW GHIDXOW DQG WKH QHW

ZRUWK UHVHPEOHV WKH EHQFKPDUN SROLF\� ,Q XQIDYRUDEOH� LQWHUPHGLDWH VWDWHV� WKH ERUURZHU VWULYHV

WR QRW GHIDXOW� WR DYRLG GHIDXOW FRVWV� DQG WKH QHW ZRUWK LV PDLQWDLQHG DW D GHIDXOW�UHVLVWDQFH OHYHO

GHWHUPLQHG E\ WKH �FRQVWDQW� GHIDXOW ERXQGDU\� +RZHYHU� LQ WKH ZRUVW VWDWHV RI WKH ZRUOG� UHVLVWLQJ

GHIDXOW EHFRPHV WRR FRVWO\� DQG WKH ERUURZHU FKRRVHV WR GHIDXOW� )L[HG GHIDXOW FRVWV H[WHQG WKH

UHVLVWDQFH UHJLRQ� DQG LQWURGXFH D ZHGJH EHWZHHQ WKH GHIDXOW�ERXQGDU\ DQG WKH RSWLPDO ZHDOWK

XSRQ GHIDXOW� 2QFH n[HG FRVWV DUH LQFXUUHG� WKH ERUURZHU
V EHKDYLRU DFURVV VWDWHV UHYHUWV WR D

EHQFKPDUN�W\SH SROLF\� UHJDUGOHVV RI WKH DPRXQW RI GHIDXOW� 2Q WKH RWKHU KDQG� IDFLQJ SURSRUWLRQDO

FRVWV ?EXPSV XS� WKH RSWLPDO ZHDOWK DFURVV WKH GHIDXOW UHJLRQ� ,QWHUHVWLQJO\� XSRQ GHIDXOW WKH

ERUURZHU
V QHW ZRUWK PD\ LQGHHG EH KLJKHU WKDQ WKDW RI D QRQ�ERUURZHU� RU RI D ERUURZHU WKDW GRHV

QRW LQFXU GHIDXOW FRVWV�

8QGHU DQ LVRHODVWLF REMHFWLYH IXQFWLRQ DQG ORJQRUPDO VWDWH SULFHV� WKH G\QDPLF LQYHVWPHQWV RI

D ERUURZHU UHYHDO WKH RSWLPDO ULVN H[SRVXUH WR EH ORZHU WKDQ LQ WKH EHQFKPDUN� LQ PDQ\ VFHQDULRV

RI LQWHUHVW� 7KLV LV GXH WR WKH ERUURZHU
V RYHUDOO UHOLDQFH RQ ULVNOHVV LQYHVWPHQWV WR nQDQFH WKH

GHIDXOW�UHVLVWDQFH OHYHO� DV ZHOO DV WR nQDQFH WKH FRVWV LPPLQHQW XSRQ GHIDXOW� +RZHYHU� ZLWK

n[HG FRVWV SUHVHQW� ZKHQ WKH SUREDELOLW\ RI GHIDXOW LV KLJK �EXW QRW KLJK HQRXJK WR FDWHJRULFDOO\

HOLPLQDWH VROYHQF\�� WKH ERUURZHU PD\ WDNH RQ D ODUJHU ULVN H[SRVXUH �DQG PRUH VR RQ DSSURDFKLQJ

WKH KRUL]RQ� WKDQ LQ WKH EHQFKPDUN� 7KLV ODUJH ULVN H[SRVXUH� GULYHQ E\ WKH n[HG�FRVWV ZHGJH�

LQWHQGV WR nQDQFH WKH UHODWLYHO\ KLJK OHYHO RI ZHDOWK DW WKH GHIDXOW ERXQGDU\� VKRXOG HFRQRPLF

FRQGLWLRQV WXUQ IDYRUDEOH� 7KH ODWWHU EHKDYLRU� YLHZHG DFURVV WKH VWDWH VSDFH� WUDQVODWHV LQWR WKH

FUHGLW�ULVN FRPSRQHQW RI WKH GHEW FRQWUDFW EHLQJ D SRUWIROLR RI D SXW RSWLRQ SOXV D ELQDU\ RSWLRQ�

7KHUHIRUH� EDUULQJ RXU DEVWUDFWLRQ IURP LVVXHV RI LQFRPSOHWHQHVV DQG WUDGLQJ FRVWV� RXU DQDO\VLV

VXJJHVWV WKDW� EH\RQG WKH JHQHULF XVHIXOQHVV RI ELQDU\ LQVWUXPHQWV �,QJHUVROO �������� ELQDU\ RSWLRQV

WULJJHUHG E\ GHIDXOW HYHQWV �RU E\ LQGLFDWLYH HFRQRPLF IXQGDPHQWDOV� PD\ KDYH DQ HFRQRPLF UROH

LQ IDFLOLWDWLQJ HmHFWLYH KHGJLQJ RI SRUWIROLRV H[SRVHG WR FUHGLW�ULVN�

:KHQ WKH GHEW PDWXUHV SULRU WR WKH SODQQLQJ KRUL]RQ� WKH ERUURZHU
V RSWLPDO ZHDOWK XSRQ GHEW�

PDWXULW\ LQKHULWV WKH PDLQ IHDWXUHV RI WKH FDVH ZKHUH GHIDXOW FRLQFLGHV ZLWK WKH SODQQLQJ KRUL]RQ�

:H REWDLQ DGGLWLRQDO LPSOLFDWLRQV DULVLQJ IURP WKH SDWK�GHSHQGHQW QDWXUH RI WKH RSWLPDO SROLF\ DW

WKH SODQQLQJ KRUL]RQ� )RU H[DPSOH� WKH ERUURZHU
V SODQQLQJ�KRUL]RQ ZHDOWK LV VKRZQ WR EH KLJKHU

LI GHIDXOW KDG RFFXUHG FRPSDUHG WR QR GHIDXOW� LQ WKH SUHVHQFH RI SURSRUWLRQDO GHIDXOW FRVWV� DOO

HOVH EHLQJ HTXDO� 7KLV LV EHFDXVH RI WKH XSZDUG�VKLIWLQJ HmHFW WKDW SURSRUWLRQDO FRVWV KDYH RQ WKH

ERUURZHU
V ZHDOWK XSRQ GHIDXOW� +RZHYHU� SULRU WR GHEW�PDWXULW\� WKH ULVN H[SRVXUH RI D ERUURZHU

LV DOZD\V ORZHU WKDQ LQ WKH EHQFKPDUN� 7KLV KROGV UHJDUGOHVV RI n[HG FRVWV� EHFDXVH ZKHQ WKH GHEW

PDWXUHV SULRU WR WKH SODQQLQJ KRUL]RQ� WKHUH LV QR LQFHQWLYH WR PDNH ODUJH ULVN\ EHWV WR DYRLG WKH
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FKDUJH RI n[HG FRVWV� DV WKHVH FRVWV KDYH QR LPPHGLDWH LPSDFW RQ WKH SODQQLQJ�KRUL]RQ ZHDOWK�

)LQDOO\� WR LQYHVWLJDWH WKH LPSDFW RQ WKH HFRQRP\ RI WKH SUHYDOHQFH RI FUHGLW ULVN� ZH SHUIRUP

D JHQHUDO�HTXLOLEULXP DQDO\VLV� :H H[DPLQH WKH HTXLOLEULXP PDUNHW DQG LWV G\QDPLFV LQ D &R[�

,QJHUVROO� DQG 5RVV �������W\SH SURGXFWLRQ HFRQRP\ �ZLWK D ULVNOHVV WHFKQRORJ\�� SRSXODWHG E\ D

UHSUHVHQWDWLYH ERUURZHU DQG D UHSUHVHQWDWLYH OHQGHU� ERXQG E\ WKH ]HUR�FRXSRQ GHEW FRQWUDFW� 7KH

OHQGHU IDFHV QR IULFWLRQV� DQG KHQFH EHKDYHV DV LQ WKH EHQFKPDUN FDVH� :H nQG WKDW SULRU WR GHEW

PDWXULW\� LQ EDG VWDWHV WKH HTXLOLEULXP PDUNHW SULFH LV LQFUHDVHG LQ WKH SUHVHQFH RI FUHGLW ULVN�

ZKLOH LQ JRRG VWDWHV WKH PDUNHW SULFH LV GHFUHDVHG� 7KLV LV EHFDXVH WKH ERUURZHU VKLIWV ZHDOWK IURP

JRRG WR EDG VWDWHV LQ VWULYLQJ WR PHHW GHEW REOLJDWLRQV DQG UHGXFH GHIDXOW FRVWV� 6LQFH WKH SUHVHQFH

RI GHIDXOW FRVWV LQGXFHV WKH ERUURZHU WR UHGXFH ULVN H[SRVXUH LQ PDQ\ VFHQDULRV� LQ WKH H[DPLQHG

HFRQRP\ WKH DJJUHJDWH LQYHVWPHQW LQ ULVN\ WHFKQRORJLHV LV UHGXFHG DV ZHOO� ZKLOH WKH LQYHVWPHQW

LQ WKH ULVNOHVV WHFKQRORJ\ LV LQFUHDVHG� 7KH PDUNHW WKHQ EHFRPHV OHVV ULVN\� UHVXOWLQJ LQ ORZHU

PDUNHW YRODWLOLW\ DQG ULVN SUHPLXP� 7KLV LV FRQVLVWHQW ZLWK D UHODWHG DUJXPHQW LQ WKH OLWHUDWXUH

DVVHUWLQJ WKDW nUPV ZLOO KHGJH FDVK oRZV LQ WKH SUHVHQFH RI n[HG GHIDXOW FRVWV �VHH� H�J�� 6PLWK

DQG 6WXO] ������ DQG $OOHQ DQG 6DQWRPHUR �������� :H FRPSOHPHQW WKLV DUJXPHQW E\ D IRUPDO

HTXLOLEULXP DQDO\VLV� DQG PRUHRYHU� HVWDEOLVK WKDW WKH YRODWLOLW\ LV DOZD\V UHGXFHG ZKHQ GHIDXOW

FRVWV DUH SURSRUWLRQDO WR WKH DPRXQW RI GHIDXOW� 6RPHZKDW VXUSULVLQJO\� ZH GHPRQVWUDWH WKDW LQ

WKH SUHVHQFH RI n[HG FRVWV� DQG PDWXULW\ FRLQFLGLQJ ZLWK WKH SODQQLQJ KRUL]RQ� WKH RSSRVLWH PD\

DOVR RFFXU� KLJK�ULVN LQYHVWPHQWV E\ ERUURZHUV� DQG KHQFH LQFUHDVHG PDUNHW YRODWLOLW\ FRPSDUHG WR

DQ HFRQRP\ ZLWK QR OHYHUDJH RU QR GHIDXOW FRVWV�

2XU PRGHOLQJ DSSURDFK UHOLHV RQ DQ HQGRJHQRXVO\ GHWHUPLQHG DVVHW�YDOXH G\QDPLFV� DQG WKXV

GLmHUV FRQVLGHUDEO\ IURP WKH WZR PDMRU DSSURDFKHV LQ WKH DVVHW�SULFLQJ OLWHUDWXUH WKDW GHDO ZLWK

FUHGLW ULVN� WKH ?VWUXFWXUDO� RSWLRQ�EDVHG DSSURDFK� ZLWK H[RJHQRXV DVVHW�YDOXH G\QDPLFV� VWHP�

PLQJ IURP 0HUWRQ ������ >DQG KDYLQJ QXPHURXV H[WHQVLRQ LQFRUSRUDWLQJ UHDOLVWLF IHDWXUHV VXFK

DV GHYLDWLRQV IURP WKH VWULFW SULRULW\ UXOH� WD[HV� RU VWUDWHJLF FRQVLGHUDWLRQV �H�J�� /HODQG �������

/RQJVWDm DQG 6FKZDUW] ������� $QGHUVRQ DQG 6XQGDUHVDQ �������@� DQG WKH PRUH UHFHQW ?UHGXFHG

IRUP� DSSURDFK� ZKHUH GHIDXOW HYHQWV DUH VSHFLnHG E\ DQ H[RJHQRXV SURFHVV �VHH� H�J�� -DUURZ DQG

7XUQEXOO ������� 'XpH DQG 6LQJOHWRQ �������� 2XU IUDPHZRUN QRW RQO\ DOORZV XV WR DQDO\]H RS�

WLPDO SROLFLHV DQG DVVHW SULFHV� EXW DOVR RmHUV DQRWKHU SRWHQWLDOO\ WUDFWDEOH DOWHUQDWLYH WR SULFLQJ

YDULRXV GHIDXOWDEOH LQVWUXPHQWV�

$ UHODWHG OLQH RI ZRUN H[DPLQHV KRZ HTXLOLEULXP LV DmHFWHG ZKHQ ERUURZHUV RU OHQGHUV� ZLWK

FRQFDYH RSWLPL]DWLRQ� IDFH PLVVLQJ PDUNHWV RU FRQVWUDLQWV� :LWK GLmHUHQW IRFXV� WKLV ZRUN HP�

SKDVL]HV LPSHUIHFWLRQV DQG HPSOR\V HFRQRPLF VHWWLQJV GLmHUHQW IURP RXUV� =DPH ������ DQG

'XEH\� *HDQDNRSORV� DQG 6KXELN ������ VWXG\ VWDWLF HTXLOLEULXP PRGHOV ZLWK XWLOLW\�SHQDOL]LQJ

GHIDXOW FRVWV� DQG GHPRQVWUDWH WKDW PDUNHW LQFRPSOHWHQHVV SURYLGHV D UROH IRU GHIDXOW LQ SUR�
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PRWLQJ HpFLHQF\� =KDQJ ������ DQG $OYDUH] DQG -HUPDQQ ������ DQDO\]H G\QDPLF PRGHOV ZLWK

VWRFKDVWLF LQFRPH DQG VROYHQF\ FRQVWUDLQWV� LQ ZKLFK WKH SRVVLELOLW\ WR UHYHUW WR DXWDUN\ XSRQ

GHIDXOW DmHFWV WKH HFRQRP\� EXW WKHUH LV QR GHIDXOW LQ HTXLOLEULXP� $OOHQ DQG *DOH ������ DQG

&KDQJ DQG 6XQGDUHVDQ ������ �&6� FRQVLGHU PRGHOV ZKHUH OHQGHUV DUH UHVWULFWHG IURP DQ\ LQYHVW�

PHQW DFWLYLW\� H[FHSW IRU LQLWLDO �ZHOIDUH�LPSURYLQJ� OHQGLQJ� DQG GHIDXOW RFFXUV LQ HTXLOLEULXP� &6
V

DQDO\VLV DQG RXUV DUH FRPSOHPHQWDU\ LQ WKDW 6& DOVR FRQVLGHU D FRQWLQXRXV�WLPH VHWWLQJ� EXW ZRUN�

LQJ ZLWKLQ DQ LQnQLWH�KRUL]RQ HQYLURQPHQW WKH\ IRFXV RQ D SHUSHWXDO GHEW FRQWUDFW� XSRQ ZKLFK

WKH ERUURZHU PD\ GHIDXOW DQG UHYHUW WR DXWDUN\� 7KHVH PRGHOV RmHU PDQ\ LPSRUWDQW LQVLJKWV� EXW

DUH OLPLWHG WR TXDOLWDWLYH JXLGDQFH RU PXVW UHVRUW WR QXPHULFDO VROXWLRQV LI GHIDXOW LQGHHG RFFXUV LQ

HTXLOLEULXP�

,Q RUGHU WR IRFXV RQ WKH XELTXLWRXV LPSHUIHFWLRQ RI FRVWV EHLQJ DVVRFLDWHG ZLWK GHIDXOW� RXU

PRGHOLQJ DSSURDFK GLmHUV IURP WKH DIRUHPHQWLRQHG HTXLOLEULXP PRGHOV LQ WKDW ZH OHW ERWK ERUURZHUV

DQG OHQGHUV RSHUDWH ZLWKLQ FRPSOHWH PDUNHWV� ZLWKRXW FRQVWUDLQWV RQ LQYHVWPHQWV� 'HVSLWH WKH

IXQGDPHQWDO VWUXFWXUH RI RXU VHWWLQJ DQG WKH HYLGHQW UHDOLVP RI WKH H[DPLQHG LPSHUIHFWLRQ� VXFK

DQ DQDO\VLV� WR RXU NQRZOHGJH� KDV QRW EHHQ SHUIRUPHG LQ WKH OLWHUDWXUH� &RQVHTXHQWO\� XQOLNH WKH

UHODWHG HTXLOLEULXP ZRUN� ZH FKRRVH WR EXLOG RXU JHQHUDO HTXLOLEULXP DQDO\VLV XSRQ RXU FORVHG�IRUP

SDUWLDO�HTXLOLEULXP UHVXOWV� :H WKXV LOOXVWUDWH KRZ� ZLWK ERUURZHUV DORQH DmHFWHG E\ WKH FRVWV RI

GHIDXOW� WKH LQVLJKWV JDLQHG LQ SDUWLDO HTXLOLEULXP VXUYLYH LQ DQ DJJUHJDWH VHWWLQJ� 0RUHRYHU� E\

HPSOR\LQJ VWDWH SULFHV GHnQHG E\ WKH JLYHQ LQYHVWPHQW RSSRUWXQLWLHV WKURXJKRXW RXU DQDO\VLV� ZH

JDLQ QRW RQO\ DQDO\WLFDO WUDFWDELOLW\ EXW DOVR SUDFWLFDO LPSOHPHQWDELOLW\� DOORZLQJ IRU D YDULHW\ RI

H[WHQVLRQV� DV ZH LOOXVWUDWH� 2XU DSSURDFK FDQ EH WKHUHIRUH YLHZHG DV nOOLQJ D JDS EHWZHHQ WKH ODUJH

SDUWLDO�HTXLOLEULXP�YDOXDWLRQ OLWHUDWXUH DQDO\]LQJ VWUXFWXUDO DQG UHGXFHG�IRUP PRGHOV RI FUHGLW ULVN�

DQG WKH JURZLQJ OLWHUDWXUH VWXG\LQJ KRZ WKH SUHVHQFH RI ERUURZLQJ DmHFWV JHQHUDO HTXLOLEULXP�

7KH SDSHU LV RUJDQL]HG DV IROORZV� 6HFWLRQ � GHVFULEHV WKH HFRQRPLF VHWWLQJ� 6HFWLRQ � VROYHV

WKH RSWLPL]DWLRQ SUREOHP RI D ERUURZHU ZLWK GHEW PDWXULQJ DW WKH SODQQLQJ KRUL]RQ� DQG 6HFWLRQ �

DQDO\]HV WKH FDVH RI GHEW PDWXULQJ SULRU WR WKH SODQQLQJ KRUL]RQ� 6HFWLRQ � SURYLGHV WKH HTXLOLEULXP

DQDO\VLV� 6HFWLRQ � H[WHQGV WKH VHWWLQJ WR UHSHDWHG ERUURZLQJ� DQG DOVR VKRZV KRZ RXU PRGHO PD\

EH DSSOLHG WR FUHGLW�ULVN PDQDJHPHQW� 6HFWLRQ � FRQFOXGHV WKH SDSHU� 3URRIV DUH LQ WKH DSSHQGL[�

�� 7KH (FRQRPLF 6HWWLQJ

��� 7KH (FRQRP\

:H FRQVLGHU D nQLWH�KRUL]RQ� >�� 7 �@� HFRQRP\ ZLWK D VLQJOH FRQVXPSWLRQ JRRG �WKH QXPHUDLUH��

8QFHUWDLQW\ LV UHSUHVHQWHG E\ D nOWHUHG SUREDELOLW\ VSDFH �l�) � I)WJ� 3 �� RQ ZKLFK LV GHnQHG DQ

�



1 �GLPHQVLRQDO %URZQLDQ PRWLRQ Z�W�  �Z��W�� � � � � Z1 �W��
!� W � >�� 7 �@� $OO VWRFKDVWLF SURFHVVHV

DUH DVVXPHG DGDSWHG WR I)W� W � >�� 7 �@J� WKH DXJPHQWHG nOWUDWLRQ JHQHUDWHG E\ Z� $OO VWDWHG

�LQ�HTXDOLWLHV LQYROYLQJ UDQGRP YDULDEOHV DUH XQGHUVWRRG WR KROG 3 �DOPRVW VXUHO\� ,Q ZKDW IROORZV�

JLYHQ RXU IRFXV LV RQ FKDUDFWHUL]DWLRQ� ZH DVVXPH DOO VWDWHG SURFHVVHV WR EH ZHOO�GHnQHG� ZLWKRXW

H[SOLFLWO\ OLVWLQJ WKH UHJXODULW\ FRQGLWLRQV HQVXULQJ WKLV��

:H DVVXPH WKHUH DUH 1 � � LQYHVWPHQW RSSRUWXQLWLHV� RQH LQVWDQWDQHRXVO\ ULVNOHVV DQG WKH

UHPDLQGHU ULVN\� 7KH YHFWRU RI LQVWDQWDQHRXV QHW UHWXUQV RQ WKH LQYHVWPHQW RSSRUWXQLWLHV IROORZV

WKH G\QDPLFV �
# U�W�GW

x�W�GW� }�W�GZ�W�

�
$ � ���

ZKHUH WKH LQWHUHVW UDWH U� WKH GULIW FRHpFLHQWV x s �x�� � � � � x1 �
!� DQG WKH YRODWLOLW\ PDWUL[ } s

I}LM � L  �� � � � � 1 � M  �� � � � � 1J DUH SRVVLEO\ SDWK�GHSHQGHQW�
'\QDPLF PDUNHW FRPSOHWHQHVV �XQGHU QR�DUELWUDJH� LPSOLHV WKH H[LVWHQFH RI D XQLTXH VWDWH SULFH

GHQVLW\ SURFHVV� z� JLYHQ E\

Gz�W�  bz�W�>U�W�GW� ��W�!GZ�W�@ � ���

ZKHUH ��W� s }�W�b��x�W� b U�W�x�� LV WKH PDUNHW SULFH RI ULVN SURFHVV� DQG x� s ��� � � � � ��!� 7KH

TXDQWLW\ z�7 �� �� LV LQWHUSUHWHG DV WKH $UURZ�'HEUHX SULFH SHU XQLW SUREDELOLW\ 3 RI RQH XQLW RI

FRQVXPSWLRQ JRRG LQ VWDWH � � l DW WLPH 7 �� :LWKRXW ORVV RI JHQHUDOLW\� ZH VHW z���  ��
7KH HFRQRP\ LV SRSXODWHG E\ D ERUURZHU� E� DQG D OHQGHU� C� �ERXQG E\ D ]HUR�FRXSRQ n[HG�

PDWXULW\ GHEW FRQWUDFW GHVFULEHG EHORZ LQ 6HFWLRQ ����� HDFK HQGRZHG ZLWK DQ LQLWLDO ZHDOWK

RI :Q���� Q  E� C� �6LQFH RXU IRFXV XQWLO 6HFWLRQ � LV RQ WKH RSWLPDO EHKDYLRU RI D VLQJOH

ERUURZHU� ZH GURS� IRU QRZ� WKH VXEVFULSW Q�� 7KH ERUURZHU �OHQGHU� FKRRVHV D QRQQHJDWLYH�

SODQQLQJ�KRUL]RQ ZHDOWK� : �7 ��� UHSUHVHQWLQJ WHUPLQDO QHW ZRUWK� DQG DQ LQYHVWPHQW SROLF\� t�

ZKHUH t�W� s �t��W�� � � � � t1 �W��! GHQRWHV WKH YHFWRU RI IUDFWLRQV RI ZHDOWK LQYHVWHG LQ HDFK ULVN\ LQ�
YHVWPHQW RSSRUWXQLW\�� 7KH ZHDOWK SURFHVV : EHIRUH �DQG� ZKHQ UHOHYDQW� DIWHU� WKH GHEW�PDWXULW\

GDWH WKHQ IROORZV

G: �W�  : �W�
K
U�W� � t�W�!�x�W�b U�W�x��

L
GW�: �W�t�W�!}�W�GZ�W� � ���

3ULRU WR GHEW PDWXULW\� WKH WRWDO YDOXH RI WKH DVVHWV� PDQDJHG E\ WKH ERUURZHU� 9 � LV HQGRJHQRXVO\

GHWHUPLQHG� DQG LV JLYHQ E\ 9 �W� s: �W� �'�W�� ZKHUH ' LV WKH YDOXH RI WKH GHEW�
�6HH� IRU H[DPSOH� .DUDW]DV DQG 6KUHYH ������ IRU WKH UHTXLUHG LQWHJUDELOLW\ FRQGLWLRQV RQ WKH TXDQWLWLHV WR EH

LQWURGXFHG LQ WKLV VHFWLRQ� DV ZHOO DV WKH DVVRFLDWHG 1RYLNRY
V FRQGLWLRQ� ,Q WKH HTXLOLEULXP FRQVWUXFWHG LQ 6HFWLRQ ��
WKHVH FRQGLWLRQV FDQ EH VKRZQ WR EH VDWLVnHG�

�:H GR QRW LPSRVH FRQVWUDLQWV� VXFK DV VKRUW VHOOLQJ� RQ t� EHFDXVH IRU VLPSOLFLW\� ZH �LPSOLFLWO\� DVVXPH WKH DYDLO�
DELOLW\ RI nQDQFLDO LQVWUXPHQWV WR LPSOHPHQW LQYHVWPHQW SROLFLHV DQG� LI QHFHVVDU\� WR FLUFXPYHQW SK\VLFDO FRQVWUDLQWV
RQ LQYHVWPHQWV� &OHDUO\� WKH SDUDPHWHUV LQ ��� FDQ EH UHVWULFWHG VR WKDW SDUWLFXODU FRQVWUDLQWV DUH QHYHU ELQGLQJ�
DQG WKH VROXWLRQ LV XQDmHFWHG� :H DOVR DEVWUDFW DZD\ IURP FRQVLGHUDWLRQV RI GHIDXOWDELOLW\ DVVRFLDWHG ZLWK WKH JLYHQ
LQYHVWPHQW RSSRUWXQLWLHV LQ RUGHU WR IRFXV RQ GHIDXOW LQ WKH FRQWH[W RI D SDUWLFXODU FRQWUDFW �6HFWLRQ �����

�



7KH ERUURZHU �OHQGHU� PD[LPL]HV WKH H[SHFWHG YDOXH RI Y�: �7 ���� 7KH IXQFWLRQ Y�c� LV DV�
VXPHG WZLFH FRQWLQXRXVO\ GLmHUHQWLDEOH� VWULFWO\ LQFUHDVLQJ� VWULFWO\ FRQFDYH� DQG WR VDWLVI\ WKH

,QDGD FRQGLWLRQV� OLP[�� Y
��[�  � DQG OLP[�� Y��[�  �� $ FRQFDYH REMHFWLYH IXQFWLRQ UHQGHUV

RXU DQDO\VLV ZLGHO\ DSSOLFDEOH DV LW DOORZV XV� WR UHSUHVHQW WKH REMHFWLYH IXQFWLRQ RI DQ\ XWLOLW\�

PD[LPL]LQJ DJHQW �DV LQ� H�J�� =DPH ������� $OYDUH] DQG -HUPDQQ ������� &KDQJ DQG 6XQGDUHVDQ

�������� WR LQFRUSRUDWH� LQ D UHGXFHG IRUP� WKH SUHVHQFH RI PDQDJHULDO VHOI�LQWHUHVW �DV DUJXHG�

H�J�� E\ 6WXO] ������� $OOHQ DQG 6DQWRPHUR ������� DQG�RU FRQFDYLnHG FRPSHQVDWLRQ VWUXFWXUHV �DV

DGYRFDWHG� H�J�� E\ -RKQ DQG -RKQ ������� -RKQ� 6DXQGHUV� DQG 6HQEHW �������� RU WR FDSWXUH D

FRQFDYH QRQ�VWRFKDVWLF LQYHVWPHQW RSSRUWXQLW\ IDFHG E\ DQ H[SHFWHG�VKDUHKROGHUV
�YDOXH PD[LPL]�

LQJ nUP EH\RQG WKH PRGHOHG KRUL]RQ �VLPLODUO\ WR� H�J�� )URRW� 6FKDUIVWHLQ� DQG 6WHLQ ������� )URRW

DQG 6WHLQ �������� ,Q WKH VHTXHO� IRU H[SRVLWLRQDO FRQYHQLHQFH� ZH VRPHWLPHV HPSKDVL]H UHVXOWV E\

DGRSWLQJ IRU WKH ERUURZHU WKH LQWHUSUHWDWLRQ RI D OHYHUHG nUP� EXW RXU UHVXOWV DUH HTXDOO\ YDOLG IRU

DQ LQGLYLGXDO ERUURZHU�KRXVHKROG��

��� 0RGHOLQJ WKH 'HEW &RQWUDFW DQG WKH &RVWV RI 'HIDXOW

2XU REMHFWLYH LV WR H[DPLQH� LQ DV VLPSOH D VHWWLQJ DV SRVVLEOH� KRZ WKH SRVVLELOLW\ RI FRVWO\ GHIDXOW

DmHFWV RSWLPDO SROLFLHV RI WKH ERUURZHU �ZKR FRQWUROV WKH G\QDPLFV RI WKH DVVHWV 9 �� DQG WR VWXG\

WKH LPSOLFDWLRQ RI WKLV RSWLPDO EHKDYLRU IRU DJJUHJDWH TXDQWLWLHV LQ WKH HFRQRP\ RI 6HFWLRQ ���� :H

ZRXOG OLNH WR FDSWXUH WZR REVHUYHG SKHQRPHQD DVVRFLDWHG ZLWK GHIDXOWDEOH GHEW FRQWUDFWV� )LUVW�

XSRQ GHIDXOW� WKH OHQGHU LV RQO\ DEOH WR VHL]H D IUDFWLRQ RI WKH ERUURZHU
V DVVHWV� ZKLFK LV UHoHFWHG LQ

YLRODWLRQV RI WKH VWULFW SULRULW\ UXOH� 6HFRQG� D ERUURZHU PD\ GHIDXOW GHVSLWH KDYLQJ VXpFLHQW IXQGV

WR VHUYLFH WKH GHEW� 7R WKLV HQG� ZH DVVXPH D JLYHQ GHEW FRQWUDFW LQ SODFH EHWZHHQ WKH ERUURZHU

DQG WKH OHQGHU� ZKHUH WKH FRQWUDFW VWUXFWXUH LV VSHFLnHG DV IROORZV�

$VVXPSWLRQ �� �'HEW &RQWUDFW� 7KH SD\Rm RI D ]HUR�FRXSRQ GHEW FRQWUDFW ZLWK IDFH YDOXH )

DQG PDWXULW\ GDWH 7 � 7 � LV '�7 �  PLQI��b n�9 �7 �� )J� ZKHUH � � n � ��

7KH FRQWUDFW DVVHUWV WKDW GHIDXOW RFFXUV DW WKH GHEW�PDWXULW\ GDWH 7 � 7 � ZKHQHYHU WKH IDFH

YDOXH LV QRW UHSDLG LQ IXOO� '�7 �  �� b n�9 �7 � � ) � LPSO\LQJ VROYHQF\ IRU : �7 � w n)
�bn � DQG

ZH UHIHU WR n)
�bn DV WKH GHIDXOW ERXQGDU\� 7KH UHFRYHU\ UDWH n FDSWXUHV LQ UHGXFHG IRUP WKH WZR

DIRUHPHQWLRQHG REVHUYHG SKHQRPHQD �VHH DOVR 5HPDUN ��LLL��� 2QH QDWXUDO ZD\ WR LQWHUSUHW RXU

GHEW�FRQWUDFW IRUPXODWLRQ LV WR QRWH WKDW DQ\ ERUURZHU
V DVVHWV DUH PDGH XS RI WDQJLEOH DQG LQ�

WDQJLEOH FRPSRQHQWV� 7KH IUDFWLRQ RI DVVHWV VHL]DEOH E\ WKH OHQGHU� �� b n�9 � UHSUHVHQWV WKHQ WKH
�:H DVVXPH WKH REMHFWLYH IXQFWLRQ Y�c� WR VDWLVI\ WKH ,QDGD FRQGLWLRQV� ZKLFK DUH VWDQGDUG IRU DQ LQGLYLGXDO ERU�

URZHU� WR PDLQWDLQ FRPSDWDELOLW\ ZLWK WKH EHQFKPDUN LQYHVWPHQW�FKRLFH PRGHO ZLWK QR GHEW� ,QDGD FRQGLWLRQV DUH
DOVR VWDQGDUG IRU QHR�FODVVLFDO SURGXFWLRQ IXQFWLRQV� +RZHYHU� QRQH RI RXU TXDOLWDWLYH UHVXOWV UHO\ RQ WKLV DVVXPS�
WLRQ� ,QFUHDVHG FRQFDYLW\ RI Y�c� PD\ EH PDSSHG WR KLJKHU ULVN DYHUVLRQ� PRUH VHOI�LQWHUHVWHG PDQDJHPHQW� RU PRUH
SURQRXQFHG IHDWXUHV RI WKH SRVW�KRUL]RQ LQYHVWPHQW RSSRUWXQLW\�

�



WDQJLEOH� FROODWHUDOL]DEOH SDUW� ZKLFK LV WKH OLTXLGDWLRQ YDOXH RI WKH DVVHWV �IRU DQ\ YDOXH RI 9 ��

7KH LQWDQJLEOH� QRQFROODWHUDOL]DEOH SDUW� n9 � UHSUHVHQWV ERUURZHU�VSHFLnF LQWDQJLEOH DVVHWV VXFK

DV KXPDQ FDSLWDO DQG RUJDQL]DWLRQDO NQRZOHGJH EDVH� 3ULRU WR GHEW PDWXULW\� WKH LQWDQJLEOH DV�

VHWV� n9 �W�� DUH DQ LQWHJUDO SDUW RI WRWDO DVVHWV� DQG DUH IXOO\ FDSLWDOL]HG LQ RXU FRPSOHWH PDUNHWV

VHWWLQJ�� %XW DFFRUGLQJ WR WKLV LQWHUSUHWDWLRQ� RQFH �� b n�9 �7 � LV VHL]HG� WKH LQWDQJLEOH SDUW FDQ

QR ORQJHU EH FDSLWDOL]HG �\HW LW LV YDOXDEOH WR WKH ERUURZHU� L�H�� FDQ EH XVHG E\ WKH ERUURZHU WR

JHQHUDWH IXWXUH FDVK oRZV�� 1RWH WKDW RXU IRUPXODWLRQ FRQIRUPV WR WKH WUDGLWLRQDO DSSURDFK �DV LQ

0HUWRQ ������� WR PRGHO GHIDXOWDEOH �GLVFRXQW� GHEW� ,Q SDUWLFXODU� GHIDXOW PD\ RFFXU RQO\ DW D

GHWHUPLQLVWLF GDWH� 7 � ZKHQ WKH GHEW PDWXUHV� ZKHUH WKLV GDWH LV n[HG WR SUHFHGH� RU FRLQFLGH ZLWK�

WKH SODQQLQJ KRUL]RQ� 7 �� 6HFWLRQ � H[DPLQHV WKH FDVH RI 7  7 �� DQG 6HFWLRQ � WKH FDVH RI 7 � 7 ��

,W LV XQGLVSXWHG WKDW� LQ JHQHUDO� FRUSRUDWH RU SHUVRQDO GHIDXOW LV FRVWO\ �GXH WR LPSDLUHG EXVLQHVV

UHSXWDWLRQ DQG VWLJPDWL]DWLRQ� XQIDYRUDEOH DVVHW�OLTXLGDWLRQ WHUPV� RU RWKHU GLUHFW H[SHQVHV�� :H

IRFXV RQ WKH IROORZLQJ VWUXFWXUH RI WKH FRVWV DVVRFLDWHG ZLWK GHIDXOW�

$VVXPSWLRQ �� �'HIDXOW &RVWV� 8SRQ GHIDXOW �'�7 � � ) �� WKH ERUURZHU LQFXUV WKH FRVWV

&�7 �  �� w�) b'�7 ��� ZKHUH � w �� w w �� 2WKHUZLVH �'�7 �  ) �� &�7 �  ��

7R FDSWXUH HVVHQWLDO FRPSRQHQWV RI GHIDXOW FRVWV� RXU FRVW VWUXFWXUH FRPELQHV WKH WZR SULPDU\

W\SHV RI FRVWV WKDW KDYH EHHQ GLVFXVVHG LQ WKH OLWHUDWXUH� ZH DOORZ IRU D n[HG�FRVWV FRPSRQHQW �

�VLPLODUO\ WR &KDQJ DQG 6XQGDUHVDQ �������� DQG IRU D FRPSRQHQW SURSRUWLRQDO WR WKH DPRXQW

RI GHIDXOW �) b '�7 ��� ZKHUH w LV WKH SURSRUWLRQDO FRVW SHU XQLW RI GHIDXOW�� 7KHVH FRVWV PD\

PRUH JHQHUDOO\ EH LQWHUSUHWHG DV nQDQFLDO GLVWUHVV FRVWV �WKDW LQFOXGH� H�J�� ORVW EXVLQHVV DQG ZDVWHG

PDQDJHULDO UHVRXUFHV� LQFXUUHG ZKHQ WKH ERUURZHU LV LQ GDQJHU RI GHIDXOWLQJ �%RGLH DQG 0HUWRQ

������ SS� ���������� 7KH nQDQFLDO�GLVWUHVV UHJLRQ �DV D IXQFWLRQ RI 9 � FDQ EH GHnQHG H[SOLFLWO\

E\ nQDQFLDO UDWLRV ZLWKLQ GHEW FRYHQDQWV �LQ RXU VHWWLQJ 9 �7 �
)

� �
�bn �� RU LPSOLFLWO\ E\ PDUNHW
V

SHUFHSWLRQ RI GLVWUHVVHG nQDQFLDO UDWLRV� )URP $VVXPSWLRQV � DQG � LW LV FOHDU WKDW WKH ERUURZHU

PD\ GHIDXOW DQG LQFXU FRVWV ZKLOH KDYLQJ 9 �7 � ! ) � 7KLV LV FRQVLVWHQW� IRU H[DPSOH� ZLWK RXU

WDQJLEOHV�SOXV�LQWDQJLEOHV LQWHUSUHWDWLRQ RI WRWDO DVVHWV� ZKHUH WKH ERUURZHU FDQQRW OLTXLGDWH WKH

LQWDQJLEOHV DQG KHQFH FRVWV FDQQRW EH DYRLGHG� 0RUH JHQHUDOO\� ZKHQ FRVWV DUH LQWHUSUHWHG DV FRVWV

�0F*UDWWDQ DQG 3UHVFRWW ������ HVWLPDWH WKDW SURGXFWLYH LQWDQJLEOH DVVHWV LQ WKH 8�6� DUH YDOXHG DW URXJKO\ ��� RI
JURVV QDWLRQDO SURGXFW� ZKLFK LV WUDQVODWHG LQWR DERXW ��� RI FDSLWDOL]HG DJJUHJDWH FRUSRUDWH HTXLW\� DQG FRQFHLYDEO\
LQWR D ODUJHU IUDFWLRQ RI PDUNHW YDOXH ZLWKLQ VRPH LQGXVWULHV�

�=DPH ������ DQG 'XEH\� *HDQDNRSORV� DQG 6KXELN ������ LQFRUSRUDWH SURSRUWLRQDO FRVWV LQ XQLWV RI XWLOLW\�
ZKHUHDV ZH PRGHO FRVWV LQ XQLWV RI WKH QXPHUDLUH� $QWLFLSDWLQJ IXWXUH UHVXOWV� HDFK RI WKH WZR W\SHV RI FRVWV WKDW
ZH HPSOR\ LQGHHG DmHFWV WKH RSWLPDO EHKDYLRU LQ D GLmHUHQW PDQQHU� ,W FDQ EH VKRZQ WKDW $VVXPSWLRQV � DQG � DUH
HTXLYDOHQW WR WKH FRVW IXQFWLRQ� &�c�� EHLQJ &�: �7 ��  > n���w) �

n�w��bn�
b w��bn�

n�w��bn�
: �7 �@�

I:�7 ��
n)
�bn

b�J
� ZKHUH IRU � ! ��

: �7 � QHYHU WDNHV YDOXHV LQ WKH > n)
�bn

b �� n)

�bn
� LQWHUYDO� �)RU ��� n� ) � ! �� WKLV VWUXFWXUH LPSRVHV WKH UHVWULFWLRQ

WKDW � � n)

�bn
�� &OHDUO\� IRU � ! �� WKH FRVW IXQFWLRQ LV GLVFRQWLQXRXV LQ : �7 � DQG LV QRW FRQYH[ RQ 5� DQG KHQFH

LW LV QRW DPHQDEOH WR D VWUDLJKWIRUZDUG WUHDWPHQW E\ H[LVWLQJ WHFKQLTXHV �VXFK DV LQ /LX �������� (YHQ IRU �  ��
QRQFRQYH[LW\ RI &�c� FDQ DULVH XQGHU DOWHUQDWLYH VSHFLnFDWLRQV RI FRVWV� IRU H[DPSOH� DV LQ 5HPDUN ��LL��

�



RI nQDQFLDO GLVWUHVV� WKHVH DUH LQFXUUHG UHJDUGOHVV RI GHEW VHUYLFH �HYHQ LI IDFH YDOXH LV UHSDLG�� DQG

RXU GHEW�FRQWUDFW IRUPXODWLRQ WKHQ FDSWXUHV� LQ UHGXFHG IRUP� VFHQDULRV ZKHUH OHQGHUV DUH RQO\ DEOH

WR VHL]H DVVHWV YDOXHG OHVV WKDQ ) �SHUKDSV GXH WR LQWDQJLELOLW\� EXW SRVVLEO\ GXH WR RWKHU UHDVRQV

VXFK DV EDUJDLQLQJ EHWZHHQ GLmHUHQW VWDNHKROGHUV���

2XU IRUPXODWLRQ QHVWV WKH EHQFKPDUN LQYHVWPHQW PRGHO �KHQFHIRUWK %� ZLWK QR GHEW �0HUWRQ

������� &R[ DQG +XDQJ �������� 6SHFLnFDOO\� ZKHQ )  �� WKHUH LV QR GHEW �9 s : � DQG WKH

RSWLPDO VROXWLRQ LV WKH %�PRGHO ZHDOWK� :%�7 ��� 0RUHRYHU� ZKHQ n  �� WR VDWLVI\ WKH ,QDGD

FRQGLWLRQV� WKH ERUURZHU QHYHU GHIDXOWV �9 �7 � ! ) JXDUDQWHHLQJ : �7 �� ! �� DQG DJDLQ :%�7 ��

LV RSWLPDO� ,Q D WKLUG H[WUHPH� �  w  �� GHIDXOW LV FRVWOHVV� DQG DOWKRXJK LW PD\ RFFXU LW GRHV

QRW LPSDFW WKH ERUURZHU� ZKR FDQ WKXV VWLOO nQDQFH WKH RSWLPDO SROLF\ :%�7 ��� 7KHUHIRUH� LQ WKH

ODWWHU FDVH� WKH IDFH YDOXH ) � DQG WKH UHFRYHU\ UDWH n DmHFW RQO\ WKH YDOXH RI WKH GHEW� DQG KHQFH 9

EXW QRW : � DQG OHYHUDJH �: 9 � KDV QR LPSDFW RQ KRZ WKH ERUURZHU
V QHW ZRUWK LV LQYHVWHG� *LYHQ

RXU LQWHUHVW WR IRFXV RQ ERUURZHUV
 ZHDOWK� ZH FROOHFWLYHO\ UHIHU WR WKH DERYH WKUHH FDVHV �DOWKRXJK

GLmHULQJ LQ 9 � DV WKH EHQFKPDUN�

5HPDUN �� �$OWHUQDWLYH 0RGHOLQJ RI 'HEW DQG�RU &RVWV�� &RQVLGHU �L� 'HEW SD\Rm

JLYHQ E\ '�7 �  PLQI�� b n��9 �7 � b &�7 ��� )J� �LL� /DUJHU GHIDXOW FRVWV IRU ODUJHU DVVHW EDVH�
&�7 �  w9 �7 �� ZKHQ '�7 � � ) � �LLL� %RUURZHU
V UHFRYHU\ UDWH LV JLYHQ E\ n�� ZKLOH WKH GHIDXOW

UHJLRQ LV SDUDPHWHUL]HG E\ n�� � � n� � n� � �� '�7 �  ��b n��9 �7 � LI 9 �7 � �
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� RWKHUZLVH

'�7 �  ) � :H DGRSW WKH IRUPXODWLRQ LQ $VVXPSWLRQ �� LQVWHDG RI �L�� WR FODULI\ DW WKH RXWVHW WKDW

WKH ERUURZHU DORQH EHDUV DOO FRVWV� DQG WKDW WKHVH FRVWV GR QRW QHFHVVDULO\ UHSUHVHQW LPPHGLDWH

H[SHQVHV� GHIDXOW DmHFWV IXWXUH EXVLQHVV DQG nQDQFLQJ RSSRUWXQLWLHV� VR WKDW DOWKRXJK n9 �7 � LV

UHWDLQHG XSRQ GHIDXOW� LW FDQQRW EH ?FRQVXPHG� HQWLUHO\� 0RUHRYHU� RXU IRUPXODWLRQ OHQGV LWVHOI WR

PRUH FRQYHQLHQW FRPSDULVRQV ZLWK WKH EHQFKPDUN� :H ZLOO GHPRQVWUDWH �VHH 5HPDUN �� WKDW VSHF�

LI\LQJ WKH GHEW DV LQ �L�� HPSOR\LQJ DOWHUQDWLYH FRVW VWUXFWXUHV DV� H�J�� LQ �LL�� DV ZHOO DV FDSWXULQJ

E\ WZR VHSDUDWH SDUDPHWHUV WKH WZR DIRUHPHQWLRQHG GHIDXOW�UHODWHG REVHUYHG SKHQRPHQD GRHV QRW

TXDOLWDWLYHO\ FKDQJH WKH LQVLJKWV JDLQHG IURP RXU VHWWLQJ�

�� 2SWLPL]DWLRQ ZKHQ 3ODQQLQJ�+RUL]RQ 'HIDXOW LV $OORZHG

,Q WKLV VHFWLRQ� ZH VROYH WKH RSWLPL]DWLRQ SUREOHP RI D ERUURZHU ERXQG E\ D GHEW FRQWUDFW PDWXULQJ

DW WKH SODQQLQJ KRUL]RQ �7  7 ��� ZKHUH WKH ERUURZHU PD\ FKRRVH WR GHIDXOW DW 7 � VXEMHFW WR GHIDXOW

FRVWV� :H WKHQ DQDO\]H WKH SURSHUWLHV RI WKH VROXWLRQ�

�<HW DQRWKHU DOWHUQDWLYH LQWHUSUHWDWLRQ RI WKH ERUURZHU
V GHIDXOWLQJ GHVSLWH KDYLQJ 9 �7 � ! ) � LV WKDW WKH ERUURZHU
IDFHV YDULRXV LPSHUIHFWLRQV DQG FRVWV �VXFK DV FRVWV RI LPPHGLDF\�� DQG KHQFH FKRRVHV WR GHIDXOW� DQG LQFXU GHIDXOW
FRVWV WKDW DUH VWLOO ORZHU WKDQ VRPH RWKHU �QRW PRGHOHG KHUH� FRVWV WKDW ZRXOG KDYH EHHQ LQFXUUHG KDG WKH ERUURZHU
DWWHPSWHG WR IXOO\ UHSD\ ) �

�



��� %RUURZHU
V 2SWLPL]DWLRQ

:H VROYH WKH G\QDPLF RSWLPL]DWLRQ SUREOHP RI WKH ERUURZHU XVLQJ WKH PDUWLQJDOH UHSUHVHQWDWLRQ DS�

SURDFK �&R[ DQG +XDQJ ������� .DUDW]DV� /HKRF]N\� DQG 6KUHYH �������� ZKLFK DOORZV WKH SUREOHP

WR EH UHVWDWHG DV WKH IROORZLQJ VWDWLF YDULDWLRQDO SUREOHP�

PD[
: �7 �

(>Y�: �7 ��@

VXEMHFW WR (>z�7 ��: �7 � � &�7 ��@ �: ��� � ���

ZKHUH WKH FRVWV RI GHIDXOW &�7 �� WKH WHUPLQDO QHW ZRUWK : �7 �� DQG WKH DVVRFLDWHG WRWDO�DVVHWV

YDOXH 9 �7 � VDWLVI\ $VVXPSWLRQV � DQG �� 7KH EXGJHW FRQVWUDLQW VWDWHV WKDW LQLWLDO ZHDOWK PXVW EH

VXpFLHQW WR FRYHU WKH YDOXH RI WHUPLQDO ZHDOWK SOXV SRWHQWLDO FRVWV��� :H QRWH WKDW WKH RSWLPL]DWLRQ

SUREOHP LQ ��� LV QRQVWDQGDUG� DV LW LV FRPSOLFDWHG E\ WKH QRQOLQHDULW\ DQG GLVFRQWLQXLW\ LQ WKH

FRVW VWUXFWXUH� LQWURGXFLQJ QRW RQO\ QRQFRQFDYLW\ LQWR WKH REMHFWLYH� EXW DOVR QRQFRQYH[LW\ LQWR WKH

EXGJHW FRQVWUDLQW� 3URSRVLWLRQ � FKDUDFWHUL]HV WKH RSWLPDO VROXWLRQ� DVVXPLQJ LW H[LVWV���

3URSRVLWLRQ �� :KHQ GHEW PDWXULW\ FRLQFLGHV ZLWK WKH ERUURZHU
V SODQQLQJ KRUL]RQ �7  7 ��� WKH

ERUURZHU
V RSWLPDO WHUPLQDO QHW ZRUWK LV

: e�7 �  
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ZKHUH ,�c� LV WKH LQYHUVH IXQFWLRQ RI Y��c�� ze s Y�� n)�bn � \� DQG ze w ze� \ w � VROYH WKH IRO�

ORZLQJ V\VWHP� Y�,�[ze�� b Y�,�\ze��  [ze�,�[ze� b ,�\ze� � �� ZLWK [ s n\ �n � w�� b n���
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&RQVHTXHQWO\�

�L� ,I : ���  :%���� WKHQ \ w \%�

�LL� : e�7 � �:%�7 � XQGHU QR�GHIDXOW� DQG IRU w  � XQGHU GHIDXOW�

+RZHYHU� XQGHU GHIDXOW IRU w ! �� ZH PD\ KDYH : e�7 � ! :%�7 ��

�LLL� )RU �  �� ze  ze�n � w��b n�� n�

��,Q IDFW� LW IROORZV WKDW IRU W � 7 � : �W�  �
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9 �W� s: �W��'�W�� DQG 9 �7 � s: �7b��'�7 �  : �7 ��&�7 ��'�7 �� 1RWH WKDW VLQFH WKH GHEW FRQWUDFW LQWURGXFHV
QRQFRQFDYLW\ LQWR WKH REMHFWLYH� RXU SUREOHP DSSHDUV UHODWHG WR WKH FDVH ZKHUH QRQFRQFDYLW\ LV LQWURGXFHG LQWR D
IXQG PDQDJHU
V REMHFWLYH YLD D FDOO�RSWLRQ W\SH FRPSHQVDWLRQ �VHH� H�J�� &DUSHQWHU �������� +RZHYHU� EHFDXVH LQ RXU
IRUPXODWLRQ WKH GHEW FRQWUDFW LV DFFRXQWHG IRU LQ WKH EXGJHW FRQVWUDLQW� LQ WKH DEVHQFH RI GHIDXOW FRVWV WKH EHQFKPDUN
VROXWLRQ LV REWDLQHG� ZKHUHDV WKH IXQG�PDQDJHU
V SUREOHP OHDGV WR DQ DOO�RU�QRWKLQJ WZR�UHJLRQ VROXWLRQ�

��:H SURYH WKDW LI D WHUPLQDO ZHDOWK VDWLVnHV ��� WKHQ LW LV WKH RSWLPDO SROLF\ IRU WKH ERUURZHU� :H ZLOO SURYLGH
H[SOLFLW QXPHULFDO VROXWLRQV IRU D YDULHW\ RI SDUDPHWHU YDOXHV�
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)LJXUH � GHSLFWV WKH RSWLPDO WHUPLQDO QHW ZRUWK RI WKH ERUURZHU DQG LOOXVWUDWHV KRZ LW PD\

UHODWH WR WKH %�SROLF\�

: e�7 �
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ze ze z�7 �

)LJXUH �� 7KH ERUURZHU
V WLPH�7 RSWLPDO ZHDOWK� : e�7 � �VROLG SORW�� DQG WKH WLPH�7

%�SROLF\� :%�7 �  ,�\%z�7 �� �GRWWHG SORW�� ZKHQ GHEW PDWXULW\ FRLQFLGHV ZLWK WKH ERU�

URZHU
V SODQQLQJ KRUL]RQ �7  7 ���

)LJXUH � UHYHDOV WKH ERUURZHU WR H[KLELW WKUHH GLVWLQFW SDWWHUQV RI HFRQRPLF EHKDYLRU� PDSSHG LQWR

WKUHH UHJLRQV RI WKH VWDWH VSDFH� QR�GHIDXOW� GHIDXOW� DQG LQ EHWZHHQ DQ H[WHQGHG UHJLRQ RI GHIDXOW�

UHVLVWDQFH �RU ?UHVLVWDQFH� IRU EUHYLW\�� ,Q WKH ODWWHU� WKH ERUURZHU UHVLVWV GHIDXOW DQG WKH WDUJHW

ZHDOWK GRHV QRW FKDQJH XSRQ PDWXULW\ LQ UHVSRQVH WR GHWHULRUDWLQJ HFRQRPLF FRQGLWLRQV �UHSUHVHQWHG

E\ LQFUHDVLQJ z�7 ��� ,Q WKH QR�GHIDXOW ?JRRG� VWDWHV �ORZ z�7 ��� WKH ERUURZHU EHKDYHV OLNH LQ WKH

%�FDVH� ZKLOH QRW GHIDXOWLQJ RQ WKH GHEW REOLJDWLRQ� +RZHYHU� XQIDYRUDEOH VWDWHV �z�7 � DERYH ze� DUH

HQGRJHQRXVO\ FODVVLnHG LQWR WZR VXEVHWV� WKH GHIDXOW ?EDG� VWDWHV �z�7 � w ze�� LQ ZKLFK WKH ERUURZHU

GHIDXOWV� DQG WKH GHIDXOW�UHVLVWDQFH ?LQWHUPHGLDWH� VWDWHV �ze � z�7 � � ze�� LQ ZKLFK WKH ZHDOWK OHYHO

LV PDLQWDLQHG DW WKH GHIDXOW ERXQGDU\��� +HQFH WKH SUREDELOLW\ RI GHIDXOW LV HQGRJHQRXVO\ VHW E\

WKH FKRLFH RI ze WR HTXDO WKH SUREDELOLW\ PDVV RI WKH VWDWHV ZKHUH z�7 � w ze�

7KH RSWLPDO EHKDYLRU LV GULYHQ E\ WKH XQGHVLUDELOLW\ RI FRVWO\ GHIDXOW� 7KH GHIDXOW�UHVLVWDQFH

UHJLRQ WKHQ DULVHV GXH WR WKH DV\PPHWU\ RI WKH FRVW VWUXFWXUH DFURVV WKH VWDWH VSDFH��� 6SHFLnFDOO\�

��,Q WKH HTXLOLEULXP DQDO\]HG LQ 6HFWLRQ �� ZH ZLOO VKRZ WKDW WKH QR�GHIDXOW ?JRRG� VWDWHV� ORZ SULFH RI FRQVXPSWLRQ
JRRG z�7 �� DUH DVVRFLDWHG ZLWK D KLJKHU PDUNHW YDOXH WKDQ LQ WKH GHIDXOW ?EDG� VWDWHV� KLJK z�7 �� :H UHVHUYH WKH
ODEHO ?QR�GHIDXOW� IRU WKH UHJLRQ WR WKH OHIW RI ze� ZKHUH :

e�7 � LV VWULFWO\ DERYH WKH GHIDXOW�ERXQGDU\ YDOXH� DOWKRXJK
WKH ERUURZHU GRHV QRW GHIDXOW LQ WKH LQWHUPHGLDWH UHJLRQ DV ZHOO�

��7KH VHSDUDWLRQ RI WKH VWDWH VSDFH LQWR WKUHH UHJLRQV� ZLWK D GLVFRQWLQXLW\ RI WKH RSWLPDO SROLF\ DFURVV VWDWHV� LV
DOVR REWDLQHG E\ %DVDN DQG 6KDSLUR ������ LQ D GLmHUHQW FRQWH[W ^ D ULVN PDQDJHPHQW DQDO\VLV� +RZHYHU� WKH RSWLPDO
SROLF\ LQ ��� LV GLVWLQFWO\ GLmHUHQW IURP WKHLUV� DQG XQOHVV DGGLWLRQDO SDUDPHWULF UHVWULFWLRQV DUH LPSRVHG �H�J�� DV LQ
6HFWLRQ ����� WKH SROLF\ LQ JHQHUDO ZLOO QRW FRPSO\ ZLWK D SDUWLFXODU ULVN PDQDJHPHQW UHTXLUHPHQW� 'HIDXOW�UHVLVWDQFH
RYHU DQ H[WHQGHG UHJLRQ� LQ ZKLFK D ERUURZHU QHLWKHU GHIDXOWV QRU LQFUHDVHV WKH QHW ZRUWK� LV DQDORJRXV WR WKH EHKDYLRU
RI DJHQWV IDFLQJ RWKHU W\SHV RI QRQOLQHDULW\ LQ WKHLU FRVW�SULFH VWUXFWXUH� ([DPSOHV LQFOXGH� DQ DJHQW IDFLQJ D VHFXULWLHV

��



VWULYLQJ WR QRW GHIDXOW LQ VWDWHV ZKHUH ZLWKRXW GHIDXOW FRVWV LW ZRXOG KDYH EHHQ RSWLPDO WR GHIDXOW�

WKH ERUURZHU DWWHPSWV WR PDLQWDLQ RYHU VRPH RI WKHVH VWDWHV WKH PLQLPXP ZHDOWK OHYHO WKDW DYRLGV

WULJJHULQJ GHIDXOW FRVWV� 7KLV OHYHO PXVW WKHQ FRUUHVSRQG WR WKH YDOXH RI WKH GHIDXOW ERXQGDU\�

DQG WKH oDW� FRQVWDQW�ZHDOWK VKDSH DULVHV EHFDXVH LQ RXU VHWWLQJ WKH GHIDXOW ERXQGDU\ LV VWDWH�

LQGHSHQGHQW� +RZHYHU� ZKHQ WKH GHIDXOW�UHVLVWDQFH YDOXH LV WRR FRVWO\ WR PDLQWDLQ� UHFRJQL]LQJ

WKDW GHIDXOW LV DOORZHG� WKH ERUURZHU FKRRVHV WR GHIDXOW� 'HIDXOW LV FKRVHQ LQ WKH ZRUVW VWDWHV� DV

LQ WKHVH VWDWHV LW LV PRVW H[SHQVLYH WR nQDQFH WKH VWDWH�LQGHSHQGHQW GHIDXOW�ERXQGDU\ ZHDOWK� 7R

FRPSHQVDWH IRU WKH ZHDOWK OHYHO LQ WKH GHIDXOW�UHVLVWDQFH VWDWHV DQG IRU WKH FRVWV LQFXUUHG XSRQ

GHIDXOW� WKH ZHDOWK DFURVV WKH QR�GHIDXOW UHJLRQ PXVW EH GHFUHDVHG �SURSHUW\ �LL� LQ 3URSRVLWLRQ ���

DOWKRXJK LW PDLQWDLQV WKH %�OLNH VWUXFWXUH�

)L[HG FRVWV� �� FRQWULEXWH WR WKH ERUURZHU
V LQFHQWLYHV WR H[WHQG WKH UHVLVWDQFH UHJLRQ� DQG DUH

WKH VROH FDXVH IRU WKH GLVFRQWLQXLW\ RI WKH QHW ZRUWK: e�7 � LQ WKH WUDQVLWLRQ LQWR WKH GHIDXOW UHJLRQ�

+RZHYHU� RQFH GHIDXOW RFFXUV� n[HG FRVWV DUH LQFXUUHG UHJDUGOHVV RI WKH DPRXQW RI GHIDXOW� DQG LW

LV RSWLPDO WR UHYHUW WR WKH %�OLNH SROLF\� &RQVHTXHQWO\� RQO\ WKH SURSRUWLRQDO FRVWV SDUDPHWHU� w�

DmHFWV WKH VKDSH RI : e�7 � LQ WKH GHIDXOW UHJLRQ� 7KH ORZHU LV : e�7 � �DQG KHQFH 9 e�7 �� LQ WKH

GHIDXOW UHJLRQ� WKH ORZHU LV WKH GHEW SD\PHQW� OHDGLQJ WR ODUJHU SURSRUWLRQDO FRVWV��� 7R FRXQWHUDFW

WKLV� WKH ERUURZHU DLPV DW D KLJKHU ZHDOWK XSRQ GHIDXOW� 7KHUHIRUH� WKH RSWLPDO SROLF\ GLmHUV IURP

WKH %�SROLF\ E\ EHLQJ SRVLWLYHO\ UHODWHG WR WKH SURSRUWLRQDO�FRVWV SDUDPHWHU w� 7KLV H[SODLQV WKH

VRPHZKDW XQH[SHFWHG IHDWXUH RI WKH RSWLPDO SROLF\ VWDWHG LQ SURSHUW\ �LL� DQG GHSLFWHG LQ )LJXUH ��

ZKHUH w ! � LV VXFK WKDW D OHYHUHG nUP GHIDXOWLQJ DW D WLPH RI HFRQRPLF GRZQWXUQ� GHVSLWH LWV

VXmHULQJ GHIDXOW FRVWV� IDLUV EHWWHU WKDQ DQ RWKHUZLVH HTXDO XQOHYHUHG nUP RU D nUP IDFLQJ FRVWOHVV

GHIDXOW� $ GLVWLQFW IHDWXUH RI WKH VROXWLRQ LV WKDW WKH GLVFRQWLQXLW\ LQ )LJXUH � LV ODUJHU WKDQ WKH

n[HG FRVWV� �� 7KLV LV GXH WR WKHUH EHLQJ WZR HmHFWV RI n[HG FRVWV ZKHQ WKH GHEW PDWXULW\ FRLQFLGHV

ZLWK WKH SODQQLQJ KRUL]RQ� 7KH nUVW LV WKH GLUHFW HmHFW RI n[HG FRVWV RQ ZHDOWK� 7KH VHFRQG LV

WKH LQGLUHFW HmHFW DULVLQJ GXH WR WKH FRQFDYH REMHFWLYH RYHU ZHDOWK DW GHEW PDWXULW\� 7KLV ODWWHU

HmHFW RYHUH[WHQGV WKH UHVLVWDQFH UHJLRQ LQWURGXFLQJ XSRQ GHIDXOW DQ DGGLWLRQDO GLVFRQWLQXLW\ RYHU

DQG DERYH ��

,QVSHFWLRQ RI )LJXUH � DOORZV XV WR VXPPDUL]H WKH GHSHQGHQFH RI WKH VROXWLRQ RQ WKH SDUDPH�

WHUV ) � n� w� DQG �� $V WKH IDFH YDOXH� ) � RU WKH UHFRYHU\ UDWH� n� LQFUHDVH� VR GRHV WKH GHIDXOW

ERXQGDU\� 7KHQ UHJLRQ ERXQGDULHV� ze DQG ze� GHFUHDVH� EXW VR WKDW WKH UHVLVWDQFH UHJLRQ VKULQNV�

�,QGHHG� LQ WKH OLPLW RI n  �� WKH GHIDXOW UHJLRQ H[WHQGV RYHU DOO VWDWHV� DQG PD[LPDO FRVWV DUH

PDUNHW ZLWK SURSRUWLRQDO WUDQVDFWLRQ FRVWV ZKR H[KLELWV DQ H[WHQGHG UHJLRQ ZKHUH KH GRHV QRW UHEDODQFH KLV SRUWIROLR
�'DYLV DQG 1RUPDQ �������� DQ DJHQW IDFLQJ D GLmHUHQW LQWHUHVW UDWH IRU ERUURZLQJ YHUVXV OHQGLQJ ZKR H[KLELWV DQ
H[WHQGHG UHJLRQ RYHU ZKLFK KH QHLWKHU ERUURZV QRU OHQGV �&YLWDQLuF DQG .DUDW]DV �������� DQ DJHQW IDFLQJ DQ LPSRUW
TXRWD RYHU D SHULRG RI WLPH ZKR H[KLELWV DQ H[WHQGHG UHJLRQ RI QR WUDGH �%DVDN DQG 3DYORYD ��������

��/LQNLQJ 9 �7 � WR WKH XQGHUO\LQJ SULPLWLYHV� LW LV HDV\ WR YHULI\ �VHH SURRI RI 3URSRVLWLRQ �� DQG &RUROODU\ � QH[W�

WKDW LQ WKH GHIDXOW UHJLRQ 9 �7 � LV SRVLWLYHO\ UHODWHG WR : e�7 �� 9 e�7 �  
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LQFXUUHG HYHQ WKRXJK '���  ��� 7KLV� DORQJ ZLWK GHFUHDVLQJ : e�7 � LQ WKH GHIDXOW DQG QR�GHIDXOW

UHJLRQV� DOORZV WKH ERUURZHU WR PHHW WKH KLJKHU GHIDXOW�UHVLVWDQFH OHYHO� )RU KLJK HQRXJK ) RU n

WKH ZHDOWK LQ WKH GHIDXOW UHJLRQ IDOOV EHORZ WKH EHQFKPDUN :%�7 �� $V WKH SURSRUWLRQDO FRVWV SDUD�

PHWHU� w� LQFUHDVHV� WKH ERUURZHU DFWV WR GHFUHDVH WKH SUREDELOLW\ RI GHIDXOW� DQG DW WKH VDPH WLPH

WR UDLVH WKH ZHDOWK LQ WKH GHIDXOW UHJLRQ WR PLQLPL]H WKH EXUGHQ RI SURSRUWLRQDO FRVWV� $FFRUGLQJO\�

WKH UHVLVWDQFH UHJLRQ H[SDQGV LQ ERWK GLUHFWLRQV� DQG WKH ZHDOWK LQ WKH VKULQNLQJ QR�GHIDXOW UHJLRQ

LV GHFUHDVHG� WKHUHE\ nQDQFLQJ WKH LQFUHDVHG OHYHO DW WKH EDG VWDWHV� $ KLJKHU w DOVR LQFUHDVHV WKH

FXUYDWXUH RI WKH SROLF\ XSRQ GHIDXOW� UHQGHULQJ LW PRUH YDULDEOH DFURVV VWDWHV� $Q LQFUHDVH LQ n[HG

FRVWV� �� VLPLODUO\ H[WHQGV WKH UHVLVWDQFH UHJLRQ� DFKLHYLQJ WKH JRDO RI ORZHULQJ WKH GHIDXOW SURED�

ELOLW\ DQG KHQFH GHFUHDVLQJ WKH GHDGZHLJKW RI n[HG GHIDXOW FRVWV� +RZHYHU� EHLQJ LQVHQVLWLYH WR WKH

PDJQLWXGH RI GHIDXOW� LQFUHDVHG � LQGXFHV D GHFUHDVHG OHYHO RI ZHDOWK LQ WKH VKULQNLQJ QR�GHIDXOW

DQG GHIDXOW UHJLRQV� :KHQ � LQFUHDVHV KLJK HQRXJK UHODWLYH WR w� WKH ZHDOWK LQ WKH GHIDXOW UHJLRQ

IDOOV EHORZ WKH EHQFKPDUN YDOXH� $W WKH RWKHU H[WUHPH� ZKHQ � YDQLVKHV� VR GRHV WKH GLVFRQWLQXLW\

LQ : e�7 ��

GHQVLW\

: e�ze� : e�ze� : �7 �

)LJXUH �� 7KH SUREDELOLW\ GHQVLW\ IXQFWLRQ RI WKH ERUURZHU
V WLPH�7 RSWLPDO ZHDOWK �VROLG

SORW�� DQG WKH %�SROLF\ �GDVKHG SORW�� ZKHQ GHEW PDWXULW\ FRLQFLGHV ZLWK WKH ERUURZHU
V

SODQQLQJ KRUL]RQ �7  7 ���

)LJXUH � GHSLFWV WKH VKDSH RI WKH SUREDELOLW\ GHQVLW\ IXQFWLRQ FRUUHVSRQGLQJ WR WKH WHUPLQDO

ZHDOWK SROLFLHV LQ )LJXUH �� 7KHUH LV D SUREDELOLW\ PDVV EXLOG XS LQ WKH ERUURZHU
V WHUPLQDO ZHDOWK�

DW WKH GHIDXOW ERXQGDU\ : e�ze�  n)
�bn � 7KH ERUURZHU WKHQ KDV D GLVFRQWLQXLW\� ZLWK QR VWDWHV

KDYLQJ ZHDOWK EHWZHHQ : e�ze� DQG : e�ze�  ,
r

n\ze

n�w��bn�
s
� 1RWH WKDW UHODWLYH WR WKH EHQFKPDUN�

WKH GHSLFWHG GLVWULEXWLRQ LQ WKH GHIDXOW UHJLRQ LV VKLIWHG WR WKH ULJKW� PHDQLQJ PRUH ZHDOWK ZLWK

KLJKHU SUREDELOLW\� DV LQ )LJXUH �� 2Q WKH RWKHU KDQG� ZKHQ n[HG FRVWV GRPLQDWH� WKH GHIDXOW�

UHJLRQ WDLO VKULQNV� ZKLOH VKLIWLQJ WR WKH OHIW UHODWLYH WR WKH EHQFKPDUN� VLPLODUO\ WR WKH OHIW�VKLIWHG

QR�GHIDXOW�UHJLRQ WDLO� ZKHUHDV WKH SUREDELOLW\ PDVV EXLOG XS DW WKH GHIDXOW ERXQGDU\ LQFUHDVHV�
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&RUROODU\ � HODERUDWHV XSRQ WKH ERUURZHU
V RSWLPDO FDSLWDO VWUXFWXUH� ZKHQ GHEW PDWXULW\ FR�

LQFLGHV ZLWK WKH SODQQLQJ KRUL]RQ� GHVFULELQJ WKH HTXLW\ FRPSRQHQW �FXP GHIDXOW FRVWV�� DQG WKH

GHEW OLDELOLW\�

&RUROODU\ �� :KHQ GHEW PDWXULW\ FRLQFLGHV ZLWK WKH ERUURZHU
V SODQQLQJ KRUL]RQ �7  7 ���

�L� WKH ERUURZHU
V RSWLPDO WHUPLQDO ZHDOWK FXP FRVWV LV JLYHQ E\
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,Q &RUROODU\ ��L�� WKH HTXLW\ FRPSRQHQW� FXP FRVWV� WDNHV WKH IRUP RI WKH %�ZHDOWK SOXV D SXW

RSWLRQ WKHUHRQ� SOXV D VKRUW SRVLWLRQ LQ D SDFNDJH WKDW LQFOXGHV D SXW DQG D ?ELQDU\� RSWLRQ� 7KH

ORQJ SXW SRVLWLRQ JXDUDQWHHV WKH GHIDXOW�ERXQGDU\ YDOXH LQ WKH UHVLVWDQFH UHJLRQ� ZKLOH WKH VKRUW

SDFNDJH LV VWUXFWXUHG WR JXDUDQWHH WKH IXQGV QHFHVVDU\ WR FRYHU WKH GHIDXOW FRVWV� 7KH ELQDU\�

RSWLRQ FRPSRQHQW DULVHV EHFDXVH RI WKH DIRUHPHQWLRQHG DGGLWLRQDO GLVFRQWLQXLW\ LQ WKH ZHDOWK XSRQ

WUDQVLWLRQ LQWR WKH GHIDXOW UHJLRQ� DULVLQJ GXH WR WKH LQGLUHFW HmHFW RI n[HG FRVW�
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,Q WKH SUHVHQFH RI n[HG GHIDXOW FRVWV LQFXUUHG DW WKH SODQQLQJ KRUL]RQ� &RUROODU\ ��LL� LOOXVWUDWHV

WKDW WKH GHEW FUHGLW�ULVN FRPSRQHQW� DOWKRXJK EHLQJ D SXW RSWLRQ ZKHQ H[SUHVVHG LQ WHUPV RI 9 �7 ��

PD[I) b �� b n�9 �7 �� �J� LV LQ IDFW D SRUWIROLR RI RSWLRQV ZKHQ DQDO\]HG DFURVV WKH VWDWH VSDFH�
WKH FUHGLW�ULVN FRPSRQHQW FRPELQHV D SXW RSWLRQ DQG D ELQDU\ RSWLRQ �WKH ODWWHU DFFRXQWLQJ IRU

WKH GLVFRQWLQXLW\ DW ze LQ )LJXUH ��� 7KLV SRUWIROLR RI RSWLRQV HQWHUV LQWR WKH GHEW FRQWUDFW GXH WR

WKH GHEW
V VWUXFWXUDO GHSHQGHQFH RQ WKH DVVHWV YDOXH� 9 �7 �� DQG KHQFH RQ WKH WHUPLQDO QHW ZRUWK�

1RWH WKDW VLQFH 9 �7 � PXVW LQFOXGH IXQGV WR FRYHU GHIDXOW FRVWV �XQOLNH LQ WKH %�FDVH�� 'e�7 � ZLOO

EH KLJKHU WKDQ WKH %�YDOXH IRU z�7 � ODUJH HQRXJK� HYHQ WKRXJK WKH GHIDXOW�UHJLRQ ERXQGDU\ LQ WKH

FRVWOHVV�GHIDXOW EHQFKPDUN� z%� PD\ EH KLJKHU WKDQ ze IRU VRPH SDUDPHWHU YDOXHV� 7KHUHIRUH� DW WKH

PRVW DGYHUVH VWDWHV� OHQGHUV UHFRYHU LQ RXU VHWWLQJ D ODUJHU IUDFWLRQ RI WKH IDFH YDOXH IURP ERUURZHUV

WKDW LQFXU GHIDXOW FRVWV� WKDQ IURP ERUURZHUV WKDW GHIDXOW FRVWOHVVO\�

5HPDUN �� �7KH 6ROXWLRQ ZLWK $OWHUQDWLYH 0RGHOLQJ RI 'HEW DQG�RU &RVWV�� 7KH
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LQ �L� LV FRVW�GHSHQGHQW� WKH ZHDOWK LQ �LL� DOZD\V IDOOV EHORZ WKH %�ZHDOWK XSRQ GHIDXOW �DV WKH

ORZHU LV WKH QHW ZRUWK� WKH ORZHU DUH WKH FRVWV�� DQG WKH GHIDXOW ERXQGDU\ LQ �LLL� GRHV QRW GHSHQG

RQ WKH UHFRYHU\ UDWH n�� $OVR QRWH WKDW WKH GHEW SD\Rm LQ �L� ZLOO YDQLVK DW WKH PRVW DGYHUVH VWDWHV�
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��� )XUWKHU 3URSHUWLHV RI WKH %RUURZHU
V 2SWLPDO 3ROLF\

7R SHUIRUP D GHWDLOHG DQDO\VLV RI WKH RSWLPDO EHKDYLRU RI D ERUURZHU� ZH VSHFLDOL]H WKH VHWWLQJ WR

DQ LVRHODVWLF REMHFWLYH IXQFWLRQ� Y�: �  :�bo
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7KH RSWLRQ�EDVHG LQWHUSUHWDWLRQ LQ &RUROODU\ ��L� FODULnHV WKH H[SUHVVLRQ RI WKH WLPH�W RSWLPDO

ZHDOWK LQ ���� 7KH nUVW WHUP WDNHV WKH IRUP RI WKH RSWLPDO %�ZHDOWK� WKH VHFRQG DQG WKLUG WHUPV

UHSUHVHQW WKH FRVW RI D %ODFN DQG 6FKROHV �������W\SH SXW RSWLRQ RQ WKH %�ZHDOWK ZLWK VWULNH

SULFH n)
�bn � WKH IRXUWK DQG nIWK WHUPV DUH WKH SURFHHGV IURP VKRUWLQJ D SRUWIROLR RI D SXW SOXV D

ELQDU\ RSWLRQ� &RQVHTXHQWO\� ZKHQ WKH IUDFWLRQ LQYHVWHG LQ WKH ULVN\ LQYHVWPHQWV LV H[SUHVVHG DV

D PXOWLSOH RI WKH %�SROLF\� WKH WKUHH VTXDUH�EUDFNHWHG WHUPV LQ ��� FRUUHVSRQG� UHVSHFWLYHO\� WR WKH

SRVLWLRQV LQ WKH ORQJ SXW DQG WKH VKRUW RSWLRQV SRUWIROLR�

)LJXUH � SORWV WKH ERUURZHU
V RSWLPDO WLPH�W ZHDOWK DQG ULVN H[SRVXUH� DQG FRPSDUHV WKHVH

ZLWK WKH %�FDVH� )LJXUH ��D� UHYHDOV WKDW WKH SUH�KRUL]RQ ERUURZHU
V ZHDOWK EHKDYHV VLPLODUO\

WR WKH EHQFKPDUN LQ DOO VWDWHV� ZKLOH EHLQJ ORZHU LQ WKH JRRG VWDWHV DQG KLJKHU LQ WKH EDG� ,Q

WKH LQWHUPHGLDWH UHJLRQ� ERUURZHU
V ZHDOWK H[KLELWV FRQFDYLW\ LQ z�W� DQG LW LV HDV\ WR YLVXDOL]H

KRZ WKLV FRQFDYLW\ ZLOO LQFUHDVH DV WLPH DSSURDFKHV WKH KRUL]RQ� DQG WHQG WR WKH GLVFRQWLQXRXV

VKDSH LQ )LJXUH �� ,Q WKHVH LQWHUPHGLDWH VWDWHV WKH ERUURZHU EHJLQV WR DFFXPXODWH ZHDOWK WR

JXDUDQWHH WKH UHVLVWDQFH OHYHO� ZKHUHDV LQ WKH EDG VWDWHV WKH ERUURZHU VWDUWV WR DOORFDWH IXQGV WR

FRYHU WKH DOPRVW LPPLQHQW GHIDXOW FRVWV� UHQGHULQJ : e�W� ERXQGHG DZD\ IURP ]HUR� 7KH VKLIW RI

ZHDOWK LQWR WKH LQWHUPHGLDWH DQG EDG VWDWHV LV IHDVLEOH GXH WKH GHFUHDVHG ZHDOWK LQ WKH JRRG VWDWHV�
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)LJXUH �� 7KH �D� WLPH�W ZHDOWK DQG �E� WLPH�W ULVN H[SRVXUH UHODWLYH WR WKH EHQFKPDUN �GRWWHG

SORW�� ZKHQ GHEW PDWXULW\ FRLQFLGHV ZLWK WKH ERUURZHU
V SODQQLQJ KRUL]RQ �7  7 ��� 7KH SDUDPHWHUV
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)LJXUH ��E� LOOXVWUDWHV WKH W\SLFDO VKDSH RI WKH ERUURZHU
V RSWLPDO LQYHVWPHQW SROLF\� FKDUDF�

WHUL]HG E\ IRXU VHJPHQWV LQ WKH z�W� VSDFH� )LUVW� LQ WKH JRRG VWDWHV� ZLWK GHIDXOW EHLQJ XQOLNHO\�
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WKH EHQFKPDUN EHKDYLRU SUHYDLOV� 6HFRQG� LQ WKH UHODWLYHO\ FKHDS XQIDYRUDEOH VWDWHV� WKH ERUURZHU

LQFUHDVHV WKH IUDFWLRQ RI ZHDOWK LQ WKH ULVNOHVV LQYHVWPHQW DLPLQJ WR VHFXUH WKH GHIDXOW�UHVLVWDQFH

OHYHO� 7KLUG� DV z�W� ULVHV IXUWKHU� WKH ERUURZHU
V ULVN H[SRVXUH EHJLQV WR ULVH DV ZHOO� WHQGLQJ EDFN

WRZDUGV WKH %�SROLF\� EXW LQ WKH FDVH RI )LJXUH ��E� QRW VXUSDVVLQJ LW� 7KH IRXUWK VHJPHQW RFFXUV

ZKHQ z�W� LV KLJK HQRXJK WR GHWHU WKH ERUURZHU IURP IXUWKHU ULVN WDNLQJ� DQG WKH RSWLPDO SROLF\

JUDGXDOO\ VKLIWV WRZDUGV D WRWDOO\ ULVNOHVV SRVLWLRQ� ,W LV VWUDLJKWIRUZDUG WR YHULI\� XVLQJ �������� WKDW

WKH KXPSHG VKDSH LQ )LJXUH ��E� VXUYLYHV IRU DOO SDUDPHWHU YDOXHV� )RUPDOO\� WKLV QRQPRQRWRQLF

EHKDYLRU DFURVV WKH VWDWH�VSDFH LV OLQNHG WR WKH UHSOLFDWLRQ RI WKH RSWLRQV GHVFULEHG LQ &RUROODU\ ��L��

,QWXLWLYHO\� WKH LQYHVWPHQW SROLF\ LV GULYHQ E\ WKH FRPELQHG QHHG WR nQDQFH WKH GHIDXOW�UHVLVWDQFH

UHJLRQ DV ZHOO DV WKH IXQGV UHTXLUHG WR FRYHU GHIDXOW�FRVWV LQ WKH GHIDXOW UHJLRQ� 7KH KXPS LQ

)LJXUH ��E� WKHQ DULVHV ZKHQ z�W� LV LQ WKH SUR[LPLW\ RI ze� EHFDXVH LW LV RQO\ D ULVN\ SRVLWLRQ�

VHQVLWLYH WR HFRQRPLF oXFWXDWLRQV� WKDW FDQ IDFLOLWDWH WKH nQDQFLQJ RI WKH WZR GLVWLQFW ZHDOWK OHYHOV

RYHU QHDU�E\ VWDWHV� &OHDUO\� ZKHQ z�W� LV DOUHDG\ YHU\ KLJK� WKHQ GHIDXOW LV YHU\ OLNHO\� LW LV WRR

FRVWO\ WR EHW RQ D IDYRUDEOH UHDOL]DWLRQ RI D ODUJH ULVN\ LQYHVWPHQW� DQG D ERUURZHU IDYRUV ULVNOHVV

LQYHVWPHQWV WKDW� DOWKRXJK DUH XQOLNHO\ WR OHDG WR VROYHQF\� ZRXOG QHYHUWKHOHVV FRYHU WKH FRVWV RI

GHIDXOW�

)LJXUH � GLVSOD\V D VHQVLWLYLW\ DQDO\VLV RI Pe�W� WR ) � n� �� w� DQG WLPH� ,QFUHDVLQJ ) RU n UDLVHV

WKH GHIDXOW ERXQGDU\� DQG KDV WKH TXDOLWDWLYHO\ VLPLODU HmHFW RI LQFUHDVLQJ WKH OLNHOLKRRG RI GHIDXOW

DQG VKULQNLQJ WKH UHVLVWDQFH UHJLRQ� DQG WKHUHIRUH LQ )LJXUHV ��D� DQG �E� WKH KXPSHG GHYLDWLRQ

IURP WKH EHQFKPDUN LV UHGXFHG WR D VPDOOHU UHJLRQ RI VWDWHV� :KHQ GHIDXOW FRVWV �� RU w� LQFUHDVH�

WKH WKUHDW RI FRVWO\ GHIDXOW H[HUWV PRUH LQoXHQFH� H[WHQGLQJ WKH UHVLVWDQFH UHJLRQ� DQG KHQFH LQ

)LJXUHV ��F� DQG �G� WKH KXPSHG GHYLDWLRQ IURP WKH EHQFKPDUN VSUHDGV WR D ODUJHU UHJLRQ RI VWDWHV�

)LJXUHV ��G� DQG ��H� LOOXVWUDWH WKH VRPHZKDW VXUSULVLQJ UHVXOW� VWDWHG LQ 3URSRVLWLRQ ��LLL��

WKDW LQGHHG IRU VRPH SDUDPHWHU YDOXHV� DQG LQ SDUWLFXODU DV WKH WLPH�WR�KRUL]RQ GHFUHDVHV� WKH

H[SRVXUH RI D ERUURZHU WR ULVN\ LQYHVWPHQWV LQFUHDVHV LQ VRPH VWDWHV� FRPSDUHG WR WKH EHQFKPDUN�

7KH LQFUHDVH RFFXUV DFURVV WKH UHJLRQ RI VWDWHV WKDW VWUDGGOHV ze� 7KHQ� FRQGLWLRQV DUH VXFK� WKDW LQ

WKHVH VWDWHV ODUJH LQYHVWPHQW LQ ULVN\ SURMHFWV LV WKH RQO\ VWUDWHJ\ DOORZLQJ WR DYRLG WKH SHQDOWLHV RI

GHIDXOW E\ UHDFKLQJ WKH UHVLVWDQFH OHYHO� VKRXOG HFRQRPLF FRQGLWLRQV WXUQ IDYRUDEOH� DOWKRXJK OHDGLQJ

WR GHIDXOW LI WKH VWDWH RI WKH HFRQRP\ VOLJKWO\ GHWHULRUDWHV� ,QWHUHVWLQJO\� WKHUH LV MXVWLnFDWLRQ IRU

VXFK DQ DJJUHVVLYH EHKDYLRU RQO\ ZKHQ WKH SUHVHQFH RI WKH n[HG�FRVWV ZHGJH LV FRXSOHG ZLWK WKH

GHEW PDWXULQJ DW WKH SODQQLQJ KRUL]RQ� 2WKHUZLVH� �  � HOLPLQDWHV WKH VKDUS GLVSDULW\ RI ZHDOWK

DURXQG ze� DQG 7 � 7 �� ZKLFK ZH VWXG\ QH[W� UHPRYHV WKH XUJHQF\ RI WKH KLJKO\ OHYHUHG EHWV� HYHQ

LI � ! �� 7KH DQDO\VLV WKHUHIRUH LOOXVWUDWHV� WKDW RYHUDOO� LQ PDQ\ VFHQDULRV RI LQWHUHVW �DQG XQGHU

PRVW RI WKH H[DPLQHG SDUDPHWHU VSDFH�� WKH RSWLPDO SROLF\ RI D OHYHUHG nUP LV LQ IDFW WKH RQH RI D

SHUHQQLDO ORZHU ULVN H[SRVXUH UHODWLYH WR WKH EHQFKPDUN�
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DQG WKH HmHFW RI WLPH �W�� RQ WKH ERUURZHU
V ULVN H[SRVXUH UHODWLYH WR WKH %�FDVH� ZKHQ GHEW

PDWXULW\ FRLQFLGHV ZLWK WKH ERUURZHU
V SODQQLQJ KRUL]RQ �7  7 ��� 7KH VROLG OLQH LQ DOO FKDUWV

UHSUHVHQWV WKH IROORZLQJ FDVH� o  �� )  �� n  ���� �  ���� w  ���� : ���  �� U  �����

MM�MM  ���� 7  �� W  ���� 7KHQ� ze  ����� ze  ����� z%  �� �D� 7KH GDVKHG SORW LV IRU )  ��
WKH GRW�GDVKHG IRU )  ���� �E� 7KH GDVKHG SORW LV IRU n  ���� WKH GRW�GDVKHG IRU n  ���� �F�

7KH GDVKHG SORW LV IRU �  ���� WKH GRW�GDVKHG IRU �  ������ �G� 7KH GDVKHG SORW LV IRU w  ����

WKH GRW�GDVKHG IRU w  ����� �H� 7KH GDVKHG SORW LV IRU W  ���� WKH GRW�GDVKHG IRU W  ����

��



�� 2SWLPL]DWLRQ ZKHQ 3UH�+RUL]RQ 'HIDXOW LV $OORZHG

,Q WKLV VHFWLRQ� ZH VWXG\ WKH RSWLPL]DWLRQ SUREOHP RI D ERUURZHU ZLWK D GHEW FRQWUDFW PDWXULQJ

SULRU WR WKH SODQQLQJ KRUL]RQ� 7 � 7 �� 7KLV VHWWLQJ LV RI REYLRXV JHQHUDO LQWHUHVW� EXW LW LV DOVR

SDUWLFXODUO\ UHOHYDQW IRU WKRVH nUPV DQG LQGLYLGXDO ERUURZHUV WKDW ERUURZ PRUH KHDYLO\ LQ WKH HDUO\

VWDJHV RI WKHLU OLIH F\FOH� GHFUHDVLQJ DQG HOLPLQDWLQJ GHEW DV WKH\ PDWXUH� $OWKRXJK VLPSOLI\LQJ WKH

OLIH F\FOH WR D GLFKRWRP\ RI ?ZLWK� DQG ?ZLWKRXW� GHEW� WKH VHWWLQJ LQ WKLV VHFWLRQ ZLOO SURYLGH XV

ZLWK DGGLWLRQDO QHZ LQVLJKWV UHJDUGLQJ WKH HFRQRPLF IRUFHV LQWHUDFWLQJ DW WKH WLPH RI GHIDXOW�

��� %RUURZHU
V 2SWLPL]DWLRQ

8VLQJ WKH PDUWLQJDOH UHSUHVHQWDWLRQ DSSURDFK� WKH G\QDPLF RSWLPL]DWLRQ SUREOHP RI WKH ERUURZHU

LV UHVWDWHG DV WKH IROORZLQJ VWDWLF YDULDWLRQDO SUREOHP�

PD[
: �7 ��: �7 ��

(>Y�: �7 ���@

VXEMHFW WR (>z�7 ��: �7 � � &�7 ��@ �: ����

(>z�7 ��: �7 ��M)7 @ � z�7 �: �7 ��

ZKHUH GHIDXOW FRVWV� &�7 �� DQG QHW ZRUWK XSRQ GHEW PDWXULW\� : �7 �� VDWLVI\ $VVXPSWLRQV � DQG ��

7KH EXGJHW FRQVWUDLQW LV EURNHQ LQWR WZR FRPSRQHQWV WR FODULI\ WKH LPSDFW RI SRVVLEOH GHIDXOW� WKH

nUVW FRPSRQHQW VWDWHV WKDW LQLWLDO ZHDOWK PXVW EH VXpFLHQW WR FRYHU SRWHQWLDO GHIDXOW FRVWV XSRQ

PDWXULW\� DQG WKH VHFRQG FRPSRQHQW LV DV LQ WKH %�FDVH�

:KLOH ZH UHWDLQ DOO WKH PDLQ IHDWXUHV RI GHIDXOW FRLQFLGLQJ ZLWK WKH SODQQLQJ KRUL]RQ� LQ RUGHU

WR KLJKOLJKW WKH LPSOLFDWLRQV XQLTXH WR WKH PRGHO ZLWK SUH�KRUL]RQ GHIDXOW� ZH KHQFHIRUWK DVVXPH

LVRHODVWLF REMHFWLYH DQG ORJ�QRUPDO VWDWH SULFHV�

3URSRVLWLRQ �� :KHQ GHEW PDWXULW\ LV SULRU WR WKH ERUURZHU
V SODQQLQJ KRUL]RQ �7 � 7 ��� DVVXPH

Y�: �  :�bo

�bo � o ! �� DQG U DQG � DUH FRQVWDQW� 7KHQ� WKH ERUURZHU
V RSWLPDO SODQQLQJ�KRUL]RQ

ZHDOWK LV
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7KH ERUURZHU
V RSWLPDO ZHDOWK XSRQ GHEW PDWXULW\ DQG WKH /DJUDQJH PXOWLSOLHU ]�7 � DUH
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VROYHV WKH EXGJHW FRQVWUDLQW (>z�7 ��: "�7 � \� � &�: "�7 � \���@  : ����

&RQVHTXHQWO\�

�L� ,I : ���  :%���� WKHQ \ w \%�

�LL� : "�7 � �:%�7 �  ;�7 �b7 �
�\%z�7 ��

�
o
� XQGHU QR�GHIDXOW� DQG IRU w  � XQGHU GHIDXOW�

+RZHYHU� XQGHU GHIDXOW IRU w ! �� ZH PD\ KDYH : "�7 � ! :%�7 ��

�LLL� 7KH RSWLPDO SODQQLQJ�KRUL]RQ SROLFLHV�

: "�7 �� SRVW�QR�GHIDXOW� : "�7 �� SRVW�GHIDXOW�UHVLVWDQFH� DQG : "�7 �� SRVW�GHIDXOW

^ DIWHU WKH UHDOL]DWLRQ RI HLWKHU z�7 � � z"� z" � z�7 � � z"� RU z" � z�7 �� UHVSHFWLYHO\ ^ VDWLVI\�

�D� : "�7 �� z" � z�7 �� ! : "�7 �� z�7 � � z"� IRU w ! �� KROGLQJ ZLWK HTXDOLW\ IRU w  ��

�E� : "�7 �� z" � z�7 � � z"� ! : "�7 �� z�7 � � z"� IRU � ! � RU w ! ��

�F� : "�7 �� z" � z�7 � � z"� ! : "�7 �� z" � z�7 �� IRU � ! � DQG w  ��

ZLWK WKH LQHTXDOLW\ UHYHUVHG IRU �  � DQG w ! ��

:KHQ � ! � DQG w ! �� : "�7 �� z" � z�7 � � z"� z�7 �� z"� ! : "�7 �� z" � z�7 ���

ZLWK WKH LQHTXDOLW\ UHYHUVHG IRU z�7 �� z"�

3URSRVLWLRQ � �DQG SURSHUWLHV �L���LL�� UHYHDOV WKDW XSRQ PDWXULW\ WKH WKUHH�UHJLRQ VWUXFWXUH�

DQG WKH HPHUJLQJ EHKDYLRU ZLWKLQ HDFK UHJLRQ UHVHPEOH WKRVH LQ 3URSRVLWLRQV � DQG )LJXUH �� ZLWK

WKH ZHDOWK XSRQ PDWXULW\ QRZ EHLQJ WKH SUHVHQW YDOXH RI WKH SODQQLQJ�KRUL]RQ ZHDOWK LQ WKH QR�

GHIDXOW DQG GHIDXOW UHJLRQV� +RZHYHU� ZH QRZ FOHDUO\ VHH KRZ WKH WKUHH UHJLRQV DUH IRUPHG� 7KH

QR�GHIDXOW UHJLRQ LV VHW E\ WKH FKRLFH RI z"� DQG WKHQ WR VHW WKH RWKHU WZR UHJLRQV� WKH SURSRUWLRQDO

FRVWV SDUDPHWHU� w� DQG WKH n[HG FRVWV� �� HQWHU VHSDUDWHO\ LQWR WZR PXOWLSOLFDWLYH WHUPV WKDW

GHWHUPLQH z" LQ UHODWLRQ WR z"� 6R WKH VWUXFWXUH RI WKH GHIDXOW FRVWV H[SOLFLWO\ GHWHUPLQHV KRZ

DJJUHVVLYH WKH ERUURZHU LV LQ DYRLGLQJ GHIDXOW E\ H[WHQGLQJ WKH GHIDXOW�UHVLVWDQFH UHJLRQ� 7KH

ODUJHU LV w� RU �� WKH ODUJHU LV WKH GHIDXOW�UHVLVWDQFH UHJLRQ UHODWLYH WR WKH QR�GHIDXOW DQG GHIDXOW

��



UHJLRQV� 0RUHRYHU� GXH WR WKH DGYHUVH LPSDFW RI n[HG�FRVWV� KLWWLQJ WKH ERUURZHU IRU WKH VOLJKWHVW

DPRXQW RI GHIDXOW� z" z" LQFUHDVHV WKH PRUH FRQFDYH LV WKH ERUURZHU
V REMHFWLYH IXQFWLRQ�

)RFXVLQJ RQ WKH RSWLPDO EHKDYLRU LQ WKH QR�GHIDXOW UHJLRQ YV� WKH GHIDXOW UHJLRQ� SURSHUW\ �LLL��D�

VWDWHV WKDW GHVSLWH SD\LQJ SURSRUWLRQDO GHIDXOW FRVWV� WKH SODQQLQJ�KRUL]RQ ZHDOWK�: "�7 ��� LV KLJKHU

SRVW�GHIDXOW FRPSDUHG WR SRVW�QR�GHIDXOW��� 7KLV LV WUXH UHJDUGOHVV RI ZKHWKHU XQGHU GHIDXOW WKH

GHoDWHG ZHDOWK� z�7 �: "�7 �� LV DERYH RU EHORZ WKH GHoDWHG ZHDOWK XQGHU QR�GHIDXOW� 7KH ZHDOWK

XSRQ GHEW�PDWXULW\� : "�7 �� GHYLDWHV IURP WKH %�VWUXFWXUH LQ WKH GHIDXOW UHJLRQ RQO\ ZKHQ w ! ��

DQG� DV ZLWK 7  7 �� LV EXPSHG XS WR UHGXFH WKH SURSRUWLRQDO GHIDXOW FRVWV� +HQFH WKH SDWK�

LQGHSHQGHQFH RI WKH %�VROXWLRQ QR ORQJHU KROGV� DQG IRU D JLYHQ z�7 �� WKH SRVW�GHIDXOW ZHDOWK

H[FHHGV WKH SRVW�QR�GHIDXOW ZHDOWK� : "�7 �� SRVW�GHIDXOW LV WKH VDPH DV SRVW�QR�GHIDXOW LQ WKH FDVH

RI n[HG FRVWV RQO\ �� ! �� w  �� EHFDXVH WKHUH DUH QR SURSRUWLRQDO FRVWV WR PRGLI\ WKH %�OLNH

VWUXFWXUH RI WKH RSWLPDO SROLF\ XSRQ PDWXULW\� 7KHUHIRUH� WKH UHVXOWLQJ : "�7 �� LQKHULWV WKH %�OLNH

SDWK LQGHSHQGHQFH LQ ERWK WKH QR�GHIDXOW DQG GHIDXOW UHJLRQV�

([DPLQLQJ WKH RSWLPDO SODQQLQJ�KRUL]RQ ZHDOWK SRVW�GHIDXOW�UHVLVWDQFH� SURSHUW\ �LLL��E� VKRZV

LW WR EH KLJKHU WKDQ WKH SRVW�QR�GHIDXOW ZHDOWK DQG� LQ WKH FDVH RI n[HG�FRVWV RQO\ �� ! �� w  ���

SURSHUW\ �LLL��F� VKRZV LW WR EH KLJKHU WKDQ WKH SRVW�GHIDXOW ZHDOWK� 7KLV LV EHFDXVH WKH H[WUD

IXQGV DOORFDWHG WR UHDFK WKH GHIDXOW ERXQGDU\ DW PDWXULW\ DUH VXEVHTXHQWO\ XVHG WR nQDQFH WKH

SRVW�GHIDXOW�UHVLVWDQFH ZHDOWK� +RZHYHU� : "�7 �� SRVW�GHIDXOW�UHVLVWDQFH GRHV QRW H[FHHG WKH SRVW�

GHIDXOW ZHDOWK LQ WKH FDVH RI SURSRUWLRQDO FRVWV RQO\ ��  �� w ! �� EHFDXVH RI WKH EXPSHG

XS : "�7 � DFURVV WKH GHIDXOW UHJLRQ� :KHQ � ! � DQG w ! �� WKH GHIDXOW�UHVLVWDQFH UHJLRQ LV IXUWKHU

VWUHWFKHG WR WKH ULJKW �YLD LQFUHDVHG z"�� 7KHQ� WKHUH DUH UHVLVWDQFH VWDWHV ZLWK z�7 � FORVH HQRXJK

WR z" LQ ZKLFK WKH GHoDWHG ZHDOWK DW 7 LV H[FHSWLRQDOO\ KLJK� UHVXOWLQJ LQ D : "�7 �� KLJKHU WKDQ WKH

YDOXH DFKLHYHG SRVW�GHIDXOW� IRU D JLYHQ z�7 ���

&RUROODU\ � SUHVHQWV WKH ERUURZHU
V RSWLPDO FDSLWDO VWUXFWXUH XSRQ GHEW�PDWXULW\�

&RUROODU\ �� :KHQ GHEW PDWXULW\ LV SULRU WR WKH ERUURZHU
V SODQQLQJ KRUL]RQ �7 � 7 ��� DVVXPH

Y�: �  :�bo

�bo � o ! �� DQG U DQG � DUH FRQVWDQW� 7KHQ�

�L� WKH ERUURZHU
V RSWLPDO ZHDOWK FXP FRVWV XSRQ GHEW�PDWXULW\ LV JLYHQ E\
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JLYHQ z�7 �� YLD WKUHH DOWHUQDWLYH UHJLRQV LQ WKH z�7 � VSDFH� 7KHVH DUH QRW ZHOIDUH FRPSDULVRQV� EXW UDWKHU D GHVFULSWLRQ
RI WKH RSWLPDO�SROLF\
V SDWK GHSHQGHQFH� KLJKOLJKWLQJ WKH GLmHUHQW LPSDFW RI n[HG DQG SURSRUWLRQDO GHIDXOW FRVWV�
7KH UHVXOWV SURYLGH VKDUS LPSOLFDWLRQV IRU D nUP
V VL]H EDVHG RQ LWV FUHGLW KLVWRU\� DQG WKHVH LPSOLFDWLRQV DUH WHVWDEOH
IRU DQ DSSURSULDWHO\ FRQVWUXFWHG VDPSOH RI nUPV�
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ZKHUH :%�7 � V�  ;�7 � b 7 �,�Vz�7 ��� ,�V�  V
b �
o � ;�V� LV DV LQ ���� DQG z"� z

"� \ DUH DV LQ

3URSRVLWLRQ �� [ DV LQ 3URSRVLWLRQ ��

7KH H[SUHVVLRQV LQ &RUROODU\ ��L���LL� DUH VLPLODU WR WKRVH LQ &RUROODU\ �� DQG DULVH GXH WR WKH

VDPH DUJXPHQWV DV LQ 6HFWLRQ �� 7KH PDMRU GLmHUHQFH KHUH LV WKDW SXW RSWLRQV DUH WKH RQO\ LQVWUX�

PHQWV HPEHGGHG ZLWKLQ WKH RSWLPDO SROLFLHV� 7KH UHDVRQ EHLQJ WKDW ZKHQ GHEW PDWXULW\ SUHFHGHV

WKH SODQQLQJ KRUL]RQ �7 � 7 ��� WKH n[HG GHIDXOW FRVWV XSRQ GHEW PDWXULW\ GR QRW LPPHGLDWHO\ DmHFW

WKH FRQFDYH REMHFWLYH RYHU WKH SODQQLQJ�KRUL]RQ ZHDOWK� 7KH DELOLW\ WR VSUHDG WKH LPSDFW RI n[HG

FRVWV RYHU WKH SODQQLQJ�KRUL]RQ VWDWHV UHPRYHV WKH XUJHQF\ WR DYRLG n[HG FRVWV XSRQ PDWXULW\� DQG

KHQFH XQGHUPLQHV WKH UDWLRQDOH IRU RYHU�H[WHQGLQJ WKH GHIDXOW�UHVLVWDQFH UHJLRQ� 6R� ZKHQ 7 � 7 ��

WKH n[HG FRVWV RQO\ KDYH D GLUHFW HmHFW RQ ZHDOWK� UHGXFLQJ LW E\ �� 7KHUHIRUH� XQOLNH LQ WKH FDVH

RI 7  7 �� WKHUH LV QR QHHG IRU LQYHVWPHQW VWUDWHJLHV �LPSOHPHQWHG E\ ELQDU\ RSWLRQV� GHVLJQHG WR

nQDQFH XSRQ PDWXULW\ D ODUJHU WKDQ � QHW�ZRUWK GLVFRQWLQXLW\� $V D UHVXOW� ZKHQ 7 � 7 �� WKH GHEW

FUHGLW�ULVN FRPSRQHQW� DQDO\]HG DFURVV WKH WLPH�7 VWDWH VSDFH� LV HQWLUHO\ FDSWXUHG E\ D SXW RSWLRQ�

ZKLFK LV LQ�WKH�PRQH\ ZKHQ z" � z�7 ��

��� )XUWKHU 3URSHUWLHV RI WKH %RUURZHU
V 2SWLPDO 3ROLF\

3URSRVLWLRQ � SUHVHQWV H[SOLFLW H[SUHVVLRQV IRU WKH ERUURZHU
V RSWLPDO ZHDOWK DQG LQYHVWPHQW SROLF\

EHIRUH WKH GHEW�PDWXULW\ GDWH�

3URSRVLWLRQ �� :KHQ GHEW PDWXULW\ LV SULRU WR WKH ERUURZHU
V SODQQLQJ KRUL]RQ �7 � 7 ��� DVVXPH

Y�: �  :�bo

�bo � o ! �� DQG U DQG � DUH FRQVWDQW� )RU W � 7 �

�L� 7KH ERUURZHU
V RSWLPDO ZHDOWK EHIRUH WKH GHEW�PDWXULW\ GDWH LV JLYHQ E\
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6LQFH &RUROODU\ � LOOXVWUDWHG WKDW WKH VHSDUDWLRQ RI WKH PDWXULW\ DQG SODQQLQJ�KRUL]RQ GDWHV

HOLPLQDWHG WKH QHHG IRU DJJUHVVLYH ULVN\ EHWWLQJ SULRU WR 7 � : "�W� LQ ���� DOWKRXJK VLPLODU WR ����

GRHV QRW LQFOXGH D ELQDU\ FRPSRQHQW� ,Q ���� z" DQG z" DUH VHW VR WKDW : " LV FRPSRVHG IURP

D nUVW WHUP LQ WKH IRUP RI WKH %�ZHDOWK� SOXV D SXW RSWLRQ WKHUHRQ ZLWK VWULNH ;�7 �b7 �
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7KLV SRUWIROLR RI RSWLRQV JXDUDQWHHV WKH GHIDXOW�UHVLVWDQFH ZHDOWK DV ZHOO DV WKH IXQGV QHHGHG WR

FRYHU GHIDXOW FRVWV� DQG KHQFH LQFUHDVHV WKH IUDFWLRQ RI ZHDOWK LQYHVWHG LQ WKH ULVNOHVV LQYHVWPHQW�

7KLV UHVXOWV LQ D W\SLFDO VKDSH IRU P" DV LQ )LJXUH ��E�� IRU DOO W � 7 DQG DOO SDUDPHWHU YDOXHV�

PHDQLQJ WKDW OHYHUHG nUPV� IDFLQJ SUH�KRUL]RQ FRVWO\ GHIDXOW� XQDPELJXRXVO\ UHGXFH WKHLU ULVN

H[SRVXUH UHODWLYH WR XQOHYHUHG nUPV RU nUPV IDFLQJ QR GHIDXOW FRVWV�

�� (TXLOLEULXP LQ WKH 3UHVHQFH RI &UHGLW 5LVN

*LYHQ WKH SUHYDOHQFH RI GHIDXOWDEOH GHEW LQ WKH HFRQRP\� LW LV RI LQWHUHVW WR HYDOXDWH LWV LPSDFW

RQ DVVHW SULFHV DW DQ DJJUHJDWH OHYHO� ,Q WKLV VHFWLRQ� ZH SURYLGH D VLPSOH JHQHUDO�HTXLOLEULXP

SURGXFWLRQ PRGHO LQ ZKLFK WKH SDUWLDO HTXLOLEULXP EHKDYLRU RI WKH ERUURZHU SHUVLVWV� DQG DmHFWV

DJJUHJDWH TXDQWLWLHV LQFOXGLQJ PDUNHW YDOXH DQG G\QDPLFV� ,W LV QRW RXU LQWHQWLRQ WR SURYLGH WKH

PRVW JHQHUDO VHWWLQJ ZKHUH PRVW SHUWLQHQW TXDQWLWLHV DUH HQGRJHQRXVO\ GHWHUPLQHG�

��� 7KH (TXLOLEULXP 6HWWLQJ

8QGHU FRVWO\ GHIDXOW� ZH KDYH LOOXVWUDWHG WKDW LQ PDQ\ VFHQDULRV RI LQWHUHVW D OHYHUHG nUP LQYHVWV

D KLJKHU IUDFWLRQ RI LWV QHW ZRUWK LQ ULVNOHVV LQYHVWPHQWV WKDQ GRHV DQ XQOHYHUHG nUP� 0RUHRYHU�

LQ VWULYLQJ WR PHHW LWV GHEW REOLJDWLRQV� WKH OHYHUHG nUP RSWLPDOO\ ?VKLIWV� ZHDOWK IURP WKH JRRG

WR EDG VWDWHV RI WKH ZRUOG� 7KLV PRWLYDWHV XV WR FRQVLGHU D SURGXFWLRQ HFRQRP\ LQ ZKLFK ERWK

WKH VXSSO\ RI ULVNOHVV LQYHVWPHQWV DQG WKH DJJUHJDWH FRQVXPSWLRQ�ZHDOWK DUH HQGRJHQRXV� +HQFH�

XQOLNH LQ D SXUH�H[FKDQJH HQYLURQPHQW� DJJUHJDWH FRQVXPSWLRQ�ZHDOWK PD\ DFWXDOO\ EH SRVWSRQHG

RU VKLIWHG DQG� XQOLNH WKH FDVH RI D n[HG �]HUR� VXSSO\ ERQG� DJJUHJDWH QRQ]HUR KROGLQJV LQ D ULVNOHVV

LQYHVWPHQW DUH DOORZHG�

$FFRUGLQJO\� ZLWKLQ WKH IUDPHZRUN RI 6HFWLRQ �� ZH DGRSW D YDULDWLRQ RQ WKH &R[� ,QJHUVROO� DQG

5RVV ������ FRQWLQXRXV�WLPH SURGXFWLRQ HFRQRP\� ,Q WKLV HFRQRP\� WKH LQYHVWPHQW RSSRUWXQLWLHV

DYDLODEOH WR ERWK D UHSUHVHQWDWLYH ERUURZHU� E� DQG D UHSUHVHQWDWLYH OHQGHU� C� DUH FRQVWDQW�UHWXUQV�

WR�VFDOH SURGXFWLRQ WHFKQRORJLHV� XVLQJ WKH VLQJOH FRQVXPSWLRQ JRRG DV WKHLU RQO\ LQSXW DQG SURGXF�

LQJ WKH FRQVXPSWLRQ JRRG DV RXWSXW� 7KH SURGXFWLRQ WHFKQRORJLHV KDYH SHUIHFWO\ HODVWLF VXSSOLHV�

DQG QHW UHWXUQV JLYHQ E\ ���� ZKHUH WKH �H[RJHQRXVO\ VSHFLnHG� SDUDPHWHUV U� x� DQG } DUH DVVXPHG
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FRQVWDQW���

7KH LQLWLDO QHW ZRUWK RI WKH UHSUHVHQWDWLYH ERUURZHU� :E���� DQG WKH UHSUHVHQWDWLYH OHQGHU�
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:H QRWH WKDW WKH OHQGHU
V RSWLPL]DWLRQ SUREOHP DQG LWV VROXWLRQ DUH LGHQWLFDO WR WKRVH RI D EHQFKPDUN

LQYHVWRU LQ DQ HFRQRP\ ZLWK QR GHEW RU QR GHIDXOW FRVWV� 7KLV LV EHFDXVH LQ RXU FRPSOHWH�PDUNHWV

HQYLURQPHQW� WKH OHQGHU LV FDSDEOH RI ?XQGRLQJ� WKH HmHFWV RI WKH GHEW FRQWUDFW� SHUIHFWO\ KHGJLQJ

LWV FUHGLW ULVN FRPSRQHQW�

(TXLOLEULXP LQ RXU SURGXFWLRQ HFRQRP\ UHTXLUHV WKH ERUURZHU DQG WKH OHQGHU WR EH DFWLQJ

RSWLPDOO\� DQG IRU DOO ZHDOWK WR EH LQYHVWHG LQ WKH SURGXFWLRQ WHFKQRORJLHV� 2XU JRDO LV WR FRPSDUH

HTXLOLEULXP LQ WKH SUHVHQFH RI FUHGLW ULVN ZLWK HTXLOLEULXP LQ WKH EHQFKPDUN HFRQRP\ ZLWK QR GHEW

RU GHIDXOW FRVWV� ,Q SDUWLFXODU� ZH IRFXV RQ SHUWLQHQW TXDQWLWLHV EHIRUH WKH GHEW�PDWXULW\ GDWH� 7 �

VLQFH DV ZH KDYH LOOXVWUDWHG LQ 6HFWLRQ �� WKH ERUURZHU UHYHUWV EDFN WR D EHQFKPDUN SROLF\ DIWHU

GHEW PDWXULW\� DQG KHQFH WKH HQVXLQJ HTXLOLEULXP UHVHPEOHV WKDW LQ WKH EHQFKPDUN HFRQRP\�

��� (TXLOLEULXP 0DUNHW 3ULFH� 9RODWLOLW\� DQG 5LVN 3UHPLXP

7KH SULFH RI WKH PDUNHW SRUWIROLR�:0 � LV GHnQHG DV WKH DJJUHJDWH ZHDOWK LQYHVWHG LQ WKH SURGXFWLRQ

WHFKQRORJLHV� ZKLFK HTXDOV WKH VXP RI WKH ERUURZHU
V DQG OHQGHU
V QHW ZRUWK�
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��)RU VRPH UHFHQW DSSOLFDWLRQV XVLQJ WKLV W\SH RI D SURGXFWLRQ PRGHO� ZLWK RQH WHFKQRORJ\ EHLQJ ULVNOHVV� VHH� IRU
H[DPSOH� 2EVWIHOG ������� %DVDN ������� 'XPDV DQG 8SSDO ������� ,Q FRQWUDVW� WKH &R[� ,QJHUVROO� DQG 5RVV ������
PRGHO KDV RQH ULVNOHVV ERQG LQ ]HUR QHW VXSSO\ DQG QR ULVNOHVV SURGXFWLRQ WHFKQRORJ\�
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3URSRVLWLRQ � VKRZV WKH PDUNHW SULFH LQ WKH SUHVHQFH RI FRVWO\ GHIDXOW WR HTXDO WKDW LQ WKH %�FDVH

ZLWK D UHGXFHG �E\ =���� LQLWLDO OHYHO� SOXV D SRVLWLYH VWRFKDVWLF WHUP� =�W�� UHoHFWLQJ WKH RSWLRQ

SDFNDJH UHSOLFDWHG E\ WKH ERUURZHU� ,Q WKH EDG VWDWHV RI WKH ZRUOG �KLJK z�W��� WKH PDUNHW SULFH

LV LQFUHDVHG E\ WKH SUHVHQFH RI FUHGLW ULVN� ZKLOH LQ WKH JRRG VWDWHV WKH PDUNHW SULFH LV GHFUHDVHG�

7KLV LV EHFDXVH LQ WKH EDG VWDWHV� WKH ERUURZHU LV LQYHVWLQJ PRVWO\ LQ WKH ULVNOHVV WHFKQRORJ\� VR

WKDW WR LQVXUH WKH GHIDXOW�UHVLVWDQFH ZHDOWK� DV ZHOO DV WKH IXQGV QHHGHG WR FRYHU GHIDXOW FRVWV� 7KH

ERUURZHU
V GHVLUH� EHIRUH PDWXULW\� IRU PRUH ZHDOWK LQ WKH EDG VWDWHV LV WKXV SXVKLQJ XS WKH PDUNHW

OHYHO UHODWLYH WR WKH EHQFKPDUN� 6LQFH DW WKH RXWVHW WKH ERUURZHU KDV HmHFWLYHO\ XVHG XS VRPH

IXQGV WR SD\ IRU WKH ?LQVXUDQFH SROLF\� SURYLGLQJ WKH ZHDOWK DW WKH EDG VWDWHV� WKH ERUURZHU WKHQ

DFFXPXODWHV OHVV ZHDOWK LQ WKH JRRG VWDWHV� DQG KHQFH WKH PDUNHW SULFH OHYHO LV GHFUHDVHG� 7KDW LV�

WKH ERUURZHU VKLIWV ZHDOWK IURP JRRG VWDWHV ZKHUH LW ZRXOG ZHOO�H[FHHG LWV GHEW REOLJDWLRQV� WR EDG

VWDWHV ZKHUH LWV ZHDOWK XSRQ GHEW PDWXULW\ LV H[SHFWHG WR IDOO FORVHU WR WKH GHIDXOW ERXQGDU\� DQG

VR WKH PDUNHW LV KLJKHU WKDQ LQ WKH %�FDVH DW HFRQRPLF GRZQWXUQV DQG ORZHU DW XSWXUQV�
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3URSRVLWLRQ � SUHVHQWV WKH PDUNHW�UHWXUQ G\QDPLFV DQG FRQWUDVWV LW ZLWK WKH EHQFKPDUN HFRQ�

RP\ ZLWK QR OHYHUDJH RU GHIDXOW FRVWV�

3URSRVLWLRQ �� 7KH HTXLOLEULXP PDUNHW YRODWLOLW\ DQG ULVN SUHPLXP LQ D EHQFKPDUN HFRQRP\ DUH
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7 � I7� 7 �J�
&RQVHTXHQWO\� LQ WKH HFRQRP\ ZKHUH GHEW PDWXULW\ FRLQFLGHV ZLWK WKH ERUURZHU
V SODQQLQJ KRUL]RQ

EXW WKHUH DUH QR n[HG GHIDXOW FRVWV �7  7 �� �  ��� RU LQ WKH HFRQRP\ ZKHUH GHEW PDWXULW\ LV SULRU

WR WKH ERUURZHU
V SODQQLQJ KRUL]RQ �7 � 7 ��� ZH KDYH < �W� � ��� �� VR WKDW

�L� MM}0 �W�MM � MM}%0 �W�MM� �LL� x0 �W�b U � x%0 �W�b U�

+RZHYHU� ZKHQ GHEW PDWXULW\ FRLQFLGHV ZLWK WKH ERUURZHU
V SODQQLQJ KRUL]RQ DQG WKHUH DUH n[HG

GHIDXOW FRVWV �7  7 �� � ! ��� ZH PD\ KDYH MM}0 �W�MM ! MM}%0 �W�MM� x0 �W�b U ! x%0 �W�b U�

3URSRVLWLRQ � VWDWHV WKDW WKH HTXLOLEULXP PDUNHW YRODWLOLW\ DQG ULVN SUHPLXP DUH UHGXFHG LQ

PDQ\ VFHQDULRV E\ WKH SUHVHQFH RI FUHGLW ULVN� 7KLV LV EHFDXVH� DV VHHQ LQ 3URSRVLWLRQV � DQG �� D ERU�

URZHU LQ WKHVH VFHQDULRV KDV D ORZHU GHPDQG IRU ULVN\ LQYHVWPHQW RSSRUWXQLWLHV WKDQ LQ WKH %�FDVH�

+HQFH� ZLWKLQ WKLV SURGXFWLRQ HFRQRP\� WKH DJJUHJDWH LQYHVWPHQW LQ WKH ULVN\ SURGXFWLRQ WHFKQROR�

JLHV LV UHGXFHG FRPSDUHG ZLWK WKH LQYHVWPHQW LQ WKH ULVNOHVV WHFKQRORJ\� DQG VR WKH PDUNHW EHFRPHV

OHVV ULVN\� DV UHoHFWHG E\ WKH ORZHU PDUNHW YRODWLOLW\ DQG ULVN SUHPLXP� 7KLV YRODWLOLW\ UHVXOW LV

FRQVLVWHQW ZLWK D UHODWHG DUJXPHQW UHJDUGLQJ WKH UROH RI n[HG GHIDXOW FRVWV LQ LQGXFLQJ nUPV WR HQ�

JDJH LQ FDVK�oRZ KHGJLQJ SUDFWLFHV �H�J�� 6PLWK DQG 6WXO] ������ DQG $OOHQ DQG 6DQWRPHUR ��������

+RZHYHU� DV GHPRQVWUDWHG DIWHU 3URSRVLWLRQ � LQ 6HFWLRQ ���� LQ WKH SUHVHQFH RI n[HG GHIDXOW FRVWV�

ZKHQ SODQQLQJ�KRUL]RQ GHIDXOW LV DOORZHG� D OHYHUHG nUP PD\ LQGHHG GHPDQG PRUH LQ WKH ULVN\ WHFK�

QRORJLHV WKDQ LW GRHV LQ WKH %�FDVH �H�J�� ZKHQ DSSURDFKLQJ WKH GHEW�PDWXULW\ GDWH�� 7KHUHIRUH� LQ

��



WKLV FDVH WKH ?FDVK�oRZ KHGJLQJ� DUJXPHQW FDQ QR ORQJHU EH VWUDLJKWIRUZDUGO\ H[WUDSRODWHG� DQG

VXFK D FDVH LQ IDFW OHDGV WR DQ LQFUHDVH LQ PDUNHW YRODWLOLW\ �DQG ULVN SUHPLXP� FRPSDUHG WR DQ

HFRQRP\ ZLWKRXW OHYHUDJH RU GHIDXOW FRVWV�

�� ([WHQVLRQV DQG $SSOLFDWLRQV

��� ([WHQVLRQ WR 5HSHDWHG %RUURZLQJ

2XU DQDO\VLV VR IDU IRFXVHG� IRU FODULW\� RQ D VLQJOH GHEW FRQWUDFW� +RZHYHU� RXU VHWWLQJ UHDGLO\ OHQGV

LWVHOI WR GHDOLQJ ZLWK PXOWLSOH GHEW FRQWUDFWV� FURVV�VHFWLRQDOO\ RU LQWHUWHPSRUDOO\� 7R KLJKOLJKW WKH

LQWHUWHPSRUDO GLPHQVLRQ� FRQVLGHU IRU H[DPSOH WKH FDVH RI UHSHDWHG ERUURZLQJ� ZKHUH DV D GHEW

FRQWUDFW PDWXUHV DW WLPH 7 � WKH ERUURZHU HQWHUV LQWR D QHZ FRQWUDFW ZLWK IDFH YDOXH ) �� PDWXULW\ 7 ��

DQG UHFRYHU\ UDWH n�� 'HIDXOW LQ WKLV VHWWLQJ LV DOORZHG ERWK SUH� DQG DW WKH SODQQLQJ KRUL]RQ���

7KH SD\Rm DQG WKH DVVRFLDWHG GHIDXOW FRVWV RI WKH VHFRQG GHEW FRQWUDFW DUH �IROORZLQJ WKH VWUXFWXUH

LQ 6HFWLRQ ����� '�7 ��  PLQI�� b n��9 �7 ��� ) �J� &�7 ��  I�� � w��) � b '�7 ���J�I'�7 ���) �J�

UHVSHFWLYHO\� ZKHUH � � n � � �� �� w �� w� w �� 7KH ERUURZHU
V RSWLPL]DWLRQ SUREOHP LV UHGXFHG

WKHQ WR VROYLQJ WKH IROORZLQJ SUREOHP�

PD[
: �7 ��: �7 ��

(>Y�: �7 ���@

VXEMHFW WR (>z�7 ��: �7 � � &�7 ��@ �: ����

(>z�7 ���: �7 �� � &�7 ���M)7 @ � z�7 �: �7 ��

3URSRVLWLRQ � FKDUDFWHUL]HV WKH RSWLPDO VROXWLRQ �ZKHUH ZH XVH WKH KDW VXSHUVFULSW� A� WR GLVWLQJXLVK

WKH HQGRJHQRXV TXDQWLWLHV KHUH IURP WKRVH LQ WKH SUHYLRXV VHFWLRQV��

3URSRVLWLRQ �� :KHQ WKH nUVW GHEW FRQWUDFW PDWXUHV DW WLPH 7 � DQG WKH VHFRQG GHEW FRQWUDFW

PDWXUHV DW WKH SODQQLQJ KRUL]RQ 7 �� DVVXPH Y�: �  : �bo

�bo � o ! �� DQG U DQG � DUH FRQVWDQW� 7KHQ�

��:H UHIHU WR WKLV VHWWLQJ DV ?UHSHDWHG ERUURZLQJ� IRU H[SRVLWLRQDO SXUSRVHV� EXW ZLWKLQ RXU SDUDGLJPV WKH LGHQWLI\�
LQJ IHDWXUH RI D FRQWUDFW LV LWV PDWXULW\� ,Q GHULYLQJ WKH RSWLPDO SROLFLHV RI LQWHUHVW� WKLV VHWWLQJ LV WKHQ REVHUYDWLRQDOO\
HTXLYDOHQW WR HQWHULQJ LQWR WKH nUVW FRQWUDFW DW DQ\ WLPH SULRU WR 7 � DQG LQWR WKH VHFRQG FRQWUDFW DW DQ\ WLPH SULRU
WR 7 � �RQO\ 9 LV DmHFWHG E\ KRZ ZH DFFRXQW IRU WKH ?WLPLQJ� RI ERUURZLQJ�� 2XU PRGHO WKHUHIRUH DOORZV WR VWXG\
RSWLPDO SROLFLHV LQ FRQMXQFWLRQ ZLWK WKH IRUPDWLRQ RI WHUP VWUXFWXUHV RI GHIDXOWDEOH ERQGV� RU HTXLYDOHQWO\ LQ FRQ�
MXQFWLRQ ZLWK WKH SULFLQJ RI FRXSRQ ERQGV �ZKHUH WKH ERUURZHU PD\ GHIDXOW RQ HDFK FRXSRQ SD\PHQW�� :H OHDYH
WKHVH LVVXHV IRU IXWXUH H[SORUDWLRQV�
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LI Az" � z�7 � � GHIDXOW�

ZKHUH WKH FRQVWDQWV re� re� Az"� Az"� DQG WKH IXQFWLRQV *�c� ! �� +�c� ! � DUH JLYHQ LQ WKH DSSHQGL[�

\ w � VROYHV WKH EXGJHW FRQVWUDLQW (>z�7 �� A: �7 � \� � &� A: �7 � \���@  : ����

&RQVHTXHQWO\�

�L� ,I : ���  :%���� WKHQ \ w \%�

�LL� A: �7 ��  : e�7 �� IRU HLWKHU )  �� n  �� RU �  w  ��

ZKHUH : e�7 �� LV DV LQ 3URSRVLWLRQ � �ZLWK 7 � UHSODFLQJ 7 ��

�LLL� A: �7 �  : "�7 � IRU HLWKHU ) �  �� n �  �� RU ��  w�  ��

ZKHUH : "�7 � LV DV LQ 3URSRVLWLRQ ��

3URSRVLWLRQ � �SURSHUWLHV �LL���LLL�� DVVHUWV WKDW WKH RSWLPDO SODQQLQJ�KRUL]RQ ZHDOWK� A: �7 ���

FRLQFLGHV ZLWK WKH RSWLPDO SROLF\ RI 3URSRVLWLRQ �� RU WKDW WKH WLPH�7 ZHDOWK� A: �7 �� FRLQFLGHV

ZLWK WKH RSWLPDO SROLF\ RI 3URSRVLWLRQ �� ZKHQ VRPH SDUDPHWHU YDOXHV YDQLVK VR WKDW RQO\ RQH RI

WKH FRQWUDFWV LPSDFWV WKH ERUURZHU� +RZHYHU� IRU JHQHUDO SDUDPHWHU YDOXHV� DOWKRXJK ERWK A: �7 �

DQG A: �7 �� DUH VWUXFWXUHG VLPLODUO\ WR WKHLU FRXQWHUSDUWV LQ WKH VLQJOH�FRQWUDFW FDVHV� HDFK IHDWXUHV

D QRWDEOH GLmHUHQFH�

7KH RSWLPDO SROLF\ XSRQ PDWXULW\ RI WKH nUVW GHEW FRQWUDFW� A: �7 �� LV PRGLnHG WR DFFRXQW IRU

WKH GHIDXOW FRVWV WKDW PD\ EH LQFXUUHG DW WLPH 7 �� RQ WRS RI WKRVH DV RI WLPH 7 FRQVLGHUHG LQ

��



3URSRVLWLRQ �� 7KH UHDVRQ EHLQJ WKDW IURP WLPH � WKH ERUURZHU LV FRQVFLRXV RI IXWXUH ERUURZLQJ�

7KHUHIRUH� WKH FKRLFH RI UHJLRQ ERXQGDULHV LQ WKH z�7 � VSDFH� DQG RI WKH ZHDOWK ZLWKLQ HDFK UHJLRQ�

LV DmHFWHG QRW RQO\ E\ WKH GHVLUH IRU D EDODQFH EHWZHHQ WKH FRVWV RI UHVLVWLQJ GHIDXOW DQG WKH FRVWV

LQFXUUHG XSRQ GHIDXOW DW WLPH 7 � EXW DOVR E\ WKH GHVLUH IRU D VLPLODU EDODQFH ZLWK UHVSHFW WR WLPH 7 ��

&RQVHTXHQWO\� HYHQ DW WKH PRVW DGYHUVH VWDWHV DW WLPH 7 �z�7 � � ��� A: �7 � LV PDLQWDLQHG DERYH
D oRRU �+ ! ��� WKHUHE\ HQDEOLQJ WKH ERUURZHU WR nQDQFH WKH GHIDXOW�UHVLVWDQFH UHJLRQ DQG WKH

FRVWV RI GHIDXOW DW WKH SODQQLQJ KRUL]RQ 7 �� LUUHVSHFWLYH RI WKH PDJQLWXGH RI GHIDXOW DW WLPH 7 � 7KH

ERUURZHU
V ZHDOWK DW WKH PRVW DGYHUVH VWDWHV DW WLPH 7 LV WKXV DOZD\V KLJKHU WKDQ LQ WKH FDVHV RI

QR ERUURZLQJ RU RI FRVWOHVV�SODQQLQJ�KRUL]RQ GHIDXOW�

([DPLQLQJ WKH SODQQLQJ�KRUL]RQ RSWLPDO SROLF\� A: �7 ��� UHYHDOV WKDW ZKLOH UHWDLQLQJ WKH WKUHH�

UHJLRQ VWUXFWXUH RI 3URSRVLWLRQ �� WKH ERXQGDULHV RI WKH UHJLRQV LQ WKH z�7 �� VSDFH� Aze�7 � DQG
Aze�7 �� DUH QRZ SDWK�GHSHQGHQW� DQG DUH EHLQJ LGHQWLnHG E\ ZKHWKHU WKH RXWFRPH DW WLPH 7 LV

QR�GHIDXOW� GHIDXOW�UHVLVWDQFH� RU GHIDXOW� 7KH EHKDYLRU DIWHU 7 LV GULYHQ E\ VLPLODU DUJXPHQWV

WR WKRVH RXWOLQHG LQ WKH FRQWH[W RI 3URSRVLWLRQ �� ,Q SDUWLFXODU� WKH RSWLPDO SROLF\ SRVW GHIDXOW

RU SRVW QR�GHIDXOW LV QRW VHQVLWLYH WR WKH SDUWLFXODU UHDOL]DWLRQ RI z�7 �� 0RUHRYHU� WKH IDFW WKDW

FRQGLWLRQDO RQ z�7 �� WKH ERUURZHU LV QHYHU ZRUVH Rm SRVW GHIDXOW� FRPSDUHG WR SRVW QR�GHIDXOW� LV

WUDQVODWHG ZLWK UHSHDWHG ERUURZLQJ QRW RQO\ WR WKH WLPH�7 � ZHDOWK OHYHO� EXW DOVR WR WKH WLPH�7 �

UHJLRQ ERXQGDULHV ^ DV� IRU H[DPSOH� LV LOOXVWUDWHG E\ WKH ODUJHU QR�GHIDXOW UHJLRQ SRVW WLPH�7

GHIDXOW� Aze�7 �  n�w��bn�
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��� 0DQDJLQJ &UHGLW 5LVN

7KH FUHGLW ULVN DVVRFLDWHG ZLWK D GHEW LVVXH� FDQ EH PDQDJHG E\ WKH DSSURSULDWH FKRLFH RI WKH

GHEW�FRQWUDFW SDUDPHWHUV� 6SHFLnFDOO\� IRFXVLQJ IRU LOOXVWUDWLRQ RQ D SDUDPHWHU HDVLO\ DGMXVWDEOH

LQ SUDFWLFH� D nUP� RU LWV FUHGLWRUV� FDQ FKRRVH WKH IDFH YDOXH RI WKH GHEW� ) � DOO HOVH EHLQJ HTXDO�

VR WKDW WR n[ D SUHVSHFLnHG SUREDELOLW\ RI GHIDXOW m� ZKLFK PD\ EH QHFHVVDU\� H�J�� WR PDLQWDLQ D

GHVLUDEOH FUHGLW UDWLQJ� 0RUHRYHU� IURP D UDWLQJ DJHQF\
V SHUVSHFWLYH� RXU PRGHO KHOSV WR LGHQWLI\

WKRVH OHYHUHG nUPV �DV FKDUDFWHUL]HG E\ ) � n� �� w� WKDW FDQ PHHW D JLYHQ GHIDXOW SUREDELOLW\

UHTXLUHG IRU D WDUJHW UDWLQJ���

:H QRZ UHWXUQ WR WKH IUDPHZRUN RI 6HFWLRQ �� ZKHUH D VLQJOH GHEW FRQWUDFW PDWXUHV SULRU WR WKH

SODQQLQJ KRUL]RQ� 3URSRVLWLRQ � FKDUDFWHUL]HV WKH GHEW IDFH YDOXH UHTXLUHG WR PDLQWDLQ D GHVLUHG

SUREDELOLW\ RI GHIDXOW XQGHU WKH RSWLPDO SROLF\ �DVVXPLQJ LW H[LVWV��

��7KH UDWLRQDOH IRU FUHGLW UDWLQJV DQG WKHLU SUHFLVH PHDQLQJ DQG GHWHUPLQDQWV DUH EH\RQG WKH VFRSH RI RXU GLVFXVVLRQ�
)RU PRUH RQ WKH UDWLQJ SURFHVV DQG WKH UHODWLRQ EHWZHHQ UDWLQJV DQG GHIDXOW UDWHV VHH� H�J�� &DRXHWWH� $OWPDQ� DQG
1DUD\DQDQ ������ &KDSWHU ���

��
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'"�7 � LV DV LQ &RUROODU\ �� 1b��c� LV WKH LQYHUVH RI WKH VWDQGDUG QRUPDO FXPXODWLYH GLVWULEXWLRQ
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)LJXUH ��D� VXPPDUL]HV WKH FRPSDUDWLYH�VWDWLFV DQDO\VLV RI WKH SUREDELOLW\ RI GHIDXOW ZLWK UH�

VSHFW WR WKH IDFH YDOXH� %\ GHSLFWLQJ WKH FRUUHVSRQGHQFH EHWZHHQ WKH IDFH YDOXH DQG WKH SUREDELOLW\

RI GHIDXOW� ZH FDQ FOHDUO\ VHH ZKLFK GHEW FRQWUDFW ZLOO FRPSO\ ZLWK D UHTXLUHG UDQJH RI GHIDXOW SURE�

DELOLWLHV� ,W LV LQWHUHVWLQJ WR QRWH WKDW DW WKH UHODWLYHO\ ORZ OHYHOV RI OHYHUDJH� DVVRFLDWHG ZLWK WKH

ORZHU HQG RI GHIDXOW SUREDELOLWLHV� D nUP IDFLQJ GHIDXOW FRVWV LV OHVV OLNHO\ WR GHIDXOW RQ D JLYHQ

GHEW FRQWUDFW WKDQ D nUP IDFLQJ FRVWOHVV GHIDXOW� $QG YLFH YHUVD DW WKH KLJKHU OHYHOV RI OHYHUDJH�

&OHDUO\� EHDULQJ WKH FRVWV RI GHIDXOW GLVFLSOLQHV WKH OHYHUHG nUP WR EHWWHU VHUYLFH LWV GHEW� VWULYLQJ

WR DYRLG FRVWO\ GHIDXOW� DQG WKHQ z" ! z%� 7KLV EHKDYLRU LV LOOXVWUDWHG E\ )LJXUH ��E� �DV ZHOO DV

E\ )LJXUH ����� +RZHYHU� DV VKRZQ LQ )LJXUH ��F�� ZLWK D KLJKHU GHEW IDFH YDOXH� UHVLVWLQJ GHIDXOW

EHFRPHV PXFK PRUH FRVWO\� 7KLV H[WHQGV WKH GHIDXOW UHJLRQ� ZKLFK LQ WXUQ DFWV WR LQFUHDVH WKH EXU�

GHQ RI GHIDXOW FRVWV� IXUWKHU ZHDNHQLQJ WKH nUP
V DELOLW\ WR VXSSRUW WKH GHIDXOW�UHVLVWDQFH ZHDOWK�

2YHUDOO� IRU D JLYHQ GHEW FRQWUDFW DVVRFLDWHG ZLWK WKH KLJKHU HQG RI GHIDXOW SUREDELOLWLHV� D OHYHUHG

nUP IDFLQJ GHIDXOW FRVWV LV PRUH OLNHO\ WR GHIDXOW ^ GHVSLWH WKH GLVFLSOLQDU\ LPSDFW RI GHIDXOW FRVWV

^ WKDQ D nUP IDFLQJ QR GHIDXOW FRVWV� DQG WKHQ z" � z%�

3URSRVLWLRQ � PD\ EH DOVR XVHIXO WR ERUURZHUV LQ WKH FRQWH[W RI PRUH IRUPDO ULVN�PDQDJHPHQW

SUDFWLFHV� ,Q SDUWLFXODU� LW LV HYLGHQW IURP 3URSRVLWLRQ �� DQG )LJXUH �� WKDW D ERUURZHU
V WLPH�7

YDOXH�DW�ULVN �9D5� DW WKH m d ���� VLJQLnFDQFH OHYHO� 9 D5�m�� LV JLYHQ E\ : ��� b n) �m�
�bn �VHH�

H�J�� -RULRQ ������ IRU PRUH RQ 9D5�� 7KHUHIRUH� WKRVH ZKR WUDFN WKHLU 9D5� IRU H[DPSOH DW WKH

m  ���� OHYHO �SRVVLEO\ GXH WR UHJXODWRU\ UHTXLUHPHQWV�� FDQ HQWHU LQWR D GHEW FRQWUDFW ZLWK D IDFH

YDOXH ) ������� XVLQJ ����� WKHUHE\ JXDUDQWHHLQJ WR ORVH RYHU >�� 7 @ QRW PRUH WKDQ : ���b n) ������
�bn �

ZLWK SUREDELOLW\ �����

��$V GLVFXVVHG LQ 6HFWLRQ ���� WKH GLVFRQWLQXLW\ LQ )LJXUHV ��E���F� DW z" LV DWWHQXDWHG UHODWLYH WR )LJXUH �� EHFDXVH
ZKHQ 7 � 7 �� WKH GLVFRQWLQXLW\ DULVHV VROHO\ GXH WR WKH DFWXDO FKDUJH RI n[HG FRVWV �ZLWK QR RYHU�H[WHQVLRQ RI WKH
UHVLVWDQFH UHJLRQ WR DYRLG WKLV FKDUJH� DV LV WKH FDVH ZKHQ 7  7 ��� +HQFH WKH JDS LV H[DFWO\ HTXDO WR ��

��
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)LJXUH �� :KHQ GHEW PDWXULW\ LV SULRU WR WKH ERUURZHU
V SODQQLQJ KRUL]RQ �7 � 7 ��� LQ �D�� IRU D

JLYHQ SUREDELOLW\ RI GHIDXOW m � >�� ��� WKH DVVRFLDWHG IDFH YDOXH RI WKH GHEW FRQWUDFW LV SORWWHG ZKHQ
GHIDXOW LV FRVWO\ �VROLG SORW� DQG ZKHQ GHIDXOW LV FRVWOHVV �GRWWHG SORW�� ,Q �E� DQG �F�� WKH WLPH�7

ZHDOWK ZKHQ GHIDXOW LV FRVWO\ �VROLG SORW� DQG ZKHQ GHIDXOW LV FRVWOHVV �GRWWHG SORW� DUH SORWWHG IRU D

JLYHQ YDOXH RI z�7 �� 7KH SDUDPHWHUV XVHG DUH� o  �� n  ���� �  ���� w  ���� : ���  �� U  �����
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�� &RQFOXVLRQ

:H VWXG\ WKH RSWLPDO GHFLVLRQ RI ERUURZHUV �nUPV RU KRXVHKROGV� WR GHIDXOW RQ WKHLU GHEW LQ

WKH SUHVHQFH RI GHIDXOW FRVWV� DQG DQDO\]H WKH DVVRFLDWHG LQYHVWPHQW SROLFLHV DQG LPSOLFDWLRQV IRU

PDUNHW G\QDPLFV� :H DGRSW D FRPSOHWH�PDUNHWV VHWWLQJ ZLWK D JHQHUDO VWUXFWXUH RI XQFHUWDLQW\�

ZKHUH GHIDXOW PDWWHUV HFRQRPLFDOO\ EHFDXVH RI WKH FRVWV LQoLFWHG XSRQ D GHIDXOWLQJ ERUURZHU� DQG

nQG WKH ERUURZHU
V RSWLPDO SROLFLHV WR EH GLVWLQFWO\ GLmHUHQW IURP WKRVH RI D QRQ�ERUURZHU RU WKRVH

ZKR FDQ GHIDXOW FRVWOHVVO\� ,Q GRLQJ VR� ZH KLJKOLJKW WKH GLmHUHQW LPSDFW RI YDULRXV W\SHV RI FRVWV�

DQG GHPRQVWUDWH DQDO\WLFDOO\ KRZ� GHSHQGLQJ RQ WKH W\SH RI FRVWV� D ERUURZHU
V QHW ZRUWK DQG ULVN

H[SRVXUH PD\ EH KLJKHU RU ORZHU WKDQ WKH EHQFKPDUN OHYHOV� :H DOVR LQYHVWLJDWH KRZ WKHVH UHVXOWV

WUDQVODWH LQWR PDUNHW SULFH� YRODWLOLW\� DQG ULVN SUHPLXP HmHFWV LQ D SURGXFWLRQ HFRQRP\�

%RUURZHUV� LQ RXU VHWWLQJ� FRQWURO WKH G\QDPLFV RI WKHLU DVVHWV YDOXH� DQG WKH FUHGLW�ULVN FRP�

SRQHQW RI WKHLU GHEW GHSHQGV RQ WKH ERUURZHUV
 FKDUDFWHULVWLFV� DV ZHOO DV RQ WKH UHDOL]DWLRQ RI WKHLU

LQYHVWPHQWV� )RFXVLQJ RQ ERUURZHUV ZKR KDYH WKH RSWLRQ WR GHIDXOW LV D nUVW DQG QHFHVVDU\ VWHS WR

XQGHUVWDQG PDUNHWV LQ WKH SUHVHQFH RI FUHGLW ULVN� 7R PDLQWDLQ WKH IRFXV RQ WKH DVSHFWV RI RSWLPDO

GHIDXOW� ZH PRGHO WKH OHQGHUV DV IDFLQJ QR IULFWLRQV� /HQGHUV FDQ LPSOHPHQW WKHLU RSWLPDO EHQFK�

PDUN SROLFLHV E\ SHUIHFWO\ KHGJLQJ WKHLU FUHGLW�ULVN H[SRVXUH� ,Q IXWXUH ZRUN� ZH LQWHQG WR H[SORUH

VHWWLQJV ZKHUH WKH SUHVHQFH RI FUHGLW ULVN DOVR DmHFWV WKH RSWLPDO LQYHVWPHQW SROLFLHV RI OHQGHUV�

)XUWKHUPRUH� ZH PDLQWDLQ WKH IRFXV RQ ERUURZHUV
 RSWLPDO SROLFLHV DW WKH FRVW RI RQO\ EULHo\

WRXFKLQJ XSRQ WKH YDULRXV DVSHFWV UHODWHG WR WKH ULVN\ GHEW LWVHOI� +RZHYHU� ZH GR LOOXVWUDWH WKH

DSSOLFDELOLW\ RI RXU VHWWLQJ WR VWXG\LQJ GHEW LQ D TXLWH JHQHUDO VWRFKDVWLF HQYLURQPHQW� DQG D QDWXUDO

GLUHFWLRQ IRU IXWXUH UHVHDUFK LV WR DGRSW DQ HQYLURQPHQW ZLWK DQ HPSLULFDOO\ VXSSRUWHG G\QDPLFV RI

WKH ULVNOHVV VKRUW UDWH DQG�RU WKH PDUNHW SULFH RI ULVN� 2QH FDQ WKHQ H[DPLQH WKH LPSOLFDWLRQV RI

RXU PRGHO IRU GHIDXOW SUREDELOLWLHV� GHIDXOW SUHPLD� H[SHFWHG UHFRYHU\ UDWLRV� DQG IRU WKH LQWHUDFWLRQ

EHWZHHQ KHGJLQJ DJDLQVW GHIDXOW DQG KHGJLQJ DJDLQVW VKLIWV LQ LQYHVWPHQW RSSRUWXQLWLHV� 7KHVH PD\

EH SHUIRUPHG LQ WKH FRQWH[W RI D VLQJOH SXUH�GLVFRXQW GHEW FRQWUDFW� RU LQ WKH SUHVHQFH RI PXOWLSOH

FRQWUDFWV� WKHUHE\ LQWURGXFLQJ WHUP�VWUXFWXUH LVVXHV LQWR WKH DQDO\VLV� $GGLWLRQDO IHDWXUHV VXFK DV

FRXSRQV� FDOODELOLW\� SURWHFWLYH FRYHQDQWV� DQG WD[HV FDQ EH LQFRUSRUDWHG DV ZHOO� $OWKRXJK QRW D

WULYLDO WDVN� H[SORULQJ WKHVH GLUHFWLRQV LQ RXU VHWWLQJ PD\ EH UHZDUGLQJ LQ RmHULQJ QHZ JXLGDQFH IRU

LQYHVWPHQW SROLFLHV DQG IRU SULFLQJ� DV ZHOO DV LQ SURYLGLQJ QHZ H[SODQDWLRQV IRU REVHUYHG HPSLULFDO

UHJXODULWLHV LQ WKH n[HG LQFRPH DQG HTXLW\ PDUNHWV�
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3URRI RI 3URSRVLWLRQ �� :KHQ HLWKHU )  �� n  �� RU �  w  �� WKHQ E\ WKHLU GHnQLWLRQ�
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#�[z� � � LI� DQG RQO\ LI� z ! ze�n�w��bn�� n� +HQFH� WKHUH H[LVWV

D XQLTXH ze VXFK WKDW J�[ze�  � DQG ze w ze�n�w��bn�� n w ze� ZKHUH WKH nUVW LQHTXDOLW\ KROGV

ZLWK HTXDOLW\ IRU �  �� \LHOGLQJ SURSHUW\ �LLL�� 7KH UHPDLQGHU RI WKH SURRI LV IRU WKH FDVH RI ze ! ze�

6LQFH $VVXPSWLRQ � LV IRUPXODWHG LQ WHUPV RI 9 �7 �� DQG VLQFH WKH PDSSLQJ EHWZHHQ 9 �7 � DQG: �7 �
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5HIHUHQFHV

$OOHQ� )�� DQG '� *DOH ������� ?%XEEOHV DQG &ULVHV�� (FRQRPLF -RXUQDO� ���� ���^����

$OOHQ� )�� DQG $� 0� 6DQWRPHUR ������� ?7KH 7KHRU\ RI )LQDQFLDO ,QWHUPHGLDWLRQ�� -RXUQDO RI %DQNLQJ
	 )LQDQFH� ��� ����^�����

$OWPDQ� (� ������� ?$ )XUWKHU ,QYHVWLJDWLRQ RI WKH %DQNUXSWF\ &RVW 4XHVWLRQ�� -RXUQDO RI )LQDQFH� ���
����^�����

$OYDUH]� )�� DQG 8� -� -HUPDQQ ������� ?(pFLHQF\� (TXLOLEULXP� DQG $VVHW 3ULFLQJ ZLWK 5LVN RI 'HIDXOW��
(FRQRPHWULFD� IRUWKFRPLQJ�

$QGHUVRQ� 5� :�� DQG 6� 6XQGDUHVDQ ������� ?'HVLJQ DQG 9DOXDWLRQ RI 'HEW &RQWUDFWV�� 5HYLHZ RI
)LQDQFLDO 6WXGLHV� ����� ��^���

$QGUDGH� *�� DQG 6� .DSODQ ������� ?+RZ &RVWO\ LV )LQDQFLDO �1RW (FRQRPLF� 'LVWUHVV" (YLGHQFH IURP
+LJKO\ /HYHUDJHG 7UDQVDFWLRQV WKDW %HFDPH 'LVWUHVVHG�� -RXUQDO RI )LQDQFH� ������ ����^�����

%DVDN� 6� ������� ?$ &RPSDUDWLYH 6WXG\ RI 3RUWIROLR ,QVXUDQFH�� ZRUNLQJ SDSHU� :KDUWRQ 6FKRRO� 8QLYHU�
VLW\ RI 3HQQV\OYDQLD�

%DVDN� 6�� DQG $� 3DYORYD ������� ?$ '\QDPLF 0RGHO ZLWK ,PSRUW 4XRWD &RQVWUDLQWV�� ZRUNLQJ SDSHU�
0,7�

%DVDN� 6�� DQG $� 6KDSLUR ������� ?9DOXH�DW�5LVN %DVHG 5LVN 0DQDJHPHQW� 2SWLPDO 3ROLFLHV DQG $VVHW
3ULFHV�� 5HYLHZ RI )LQDQFLDO 6WXGLHV� IRUWKFRPLQJ�

%DVOH &RPPLWWHH RQ %DQNLQJ 6XSHUYLVLRQ ������� ?&UHGLW 5LVN 0RGHOOLQJ� &XUUHQW 3UDFWLFHV DQG
$SSOLFDWLRQV�� %DQN IRU LQWHUQDWLRQDO VHWWOHPHQWV� %DVOH�

%ODFN� )�� DQG 0� 6FKROHV ������� ?7KH 3ULFLQJ RI 2SWLRQV DQG &RUSRUDWH /LDELOLWLHV�� -RXUQDO RI
3ROLWLFDO (FRQRP\� ������ ���^����

%RGLH� =�� DQG 5� &� 0HUWRQ ������� )LQDQFH� 3UHQWLFH�+DOO� 1HZ -HUVH\�

&DRXHWWH� -� %�� (� ,� $OWPDQ� DQG 3� 1DUD\DQDQ ������� 0DQDJLQJ &UHGLW 5LVN� 7KH 1H[W *UHDW
)LQDQFLDO &KDOOHQJH� -RKQ :LOH\ 	 6RQV�

&DUSHQWHU� -� 1� ������� ?'RHV 2SWLRQ &RPSHQVDWLRQ ,QFUHDVH 0DQDJHULDO 5LVN $SSHWLWH"�� -RXUQDO RI
)LQDQFH� ������ ����^�����

&KDQJ� *�� DQG 6� 0� 6XQGDUHVDQ ������� ?$VVHW 3ULFHV DQG 'HIDXOW�)UHH 7HUP 6WUXFWXUH LQ DQ (TXL�
OLEULXP 0RGHO RI 'HIDXOW�� ZRUNLQJ SDSHU� &ROXPELD 8QLYHUVLW\�

&R[� -� &�� DQG &� +XDQJ ������� ?2SWLPDO &RQVXPSWLRQ DQG 3RUWIROLR 3ROLFLHV ZKHQ $VVHW 3ULFHV )ROORZ
D 'LmXVLRQ 3URFHVV�� -RXUQDO RI (FRQRPLF 7KHRU\� ��� ��^���

&R[� -� &�� -� (� ,QJHUVROO� DQG 6� $� 5RVV ������� ?$Q ,QWHUWHPSRUDO *HQHUDO (TXLOLEULXP 0RGHO RI
$VVHW 3ULFLQJ�� (FRQRPHWULFD� ��� ���^����

&YLWDQLuF� -�� DQG ,� .DUDW]DV ������� ?&RQYH[ 'XDOLW\ LQ &RQVWUDLQHG 3RUWIROLR 2SWLPL]DWLRQ�� $QQDOV
RI $SSOLHG 3UREDELOLW\� ����� ���^����

'DYLV� 0� +� $�� DQG $� 1RUPDQ ������� ?3RUWIROLR 6HOHFWLRQ ZLWK 7UDQVDFWLRQ &RVWV�� 0DWKHPDWLFV RI
2SHUDWLRQV 5HVHDUFK� ��� ���^����

'XEH\� 3�� -� *HDQDNRSORV� DQG 0� 6KXELN ������� ?'HIDXOW DQG (pFLHQF\ LQ D *HQHUDO (TXLOLEULXP
0RGHO ZLWK ,QFRPSOHWH 0DUNHWV�� ZRUNLQJ SDSHU� <DOH 8QLYHUVLW\�

'XIILH� '�� DQG .� -� 6LQJOHWRQ ������� ?0RGHOLQJ 7HUP 6WUXFWXUHV RI 'HIDXOWDEOH %RQGV�� 5HYLHZ RI
)LQDQFLDO 6WXGLHV� ������ ���^����

'XPDV� %�� DQG 5� 8SSDO ������� ?*OREDO 'LYHUVLnFDWLRQ� *URZWK� DQG :HOIDUH ZLWK ,PSHUIHFWO\ ,QWH�
JUDWHG 0DUNHWV IRU *RRGV�� 5HYLHZ RI )LQDQFLDO 6WXGLHV� IRUWKFRPLQJ�
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(UDVODQ� +� .� .� ������� ?$ %DUJDLQLQJ 0RGHO RI &RUSRUDWH %DQNUXSWF\ 5HRUJDQL]DWLRQ�� ZRUNLQJ
SDSHU� 8QLYHUVLW\ RI 0LQQHVRWD�

)UDQNV� -� 5�� DQG :� 1� 7RURXV ������� ?$Q (PSLULFDO ,QYHVWLJDWLRQ RI 8�6� )LUPV LQ 5HRUJDQL]DWLRQ��
-RXUQDO RI )LQDQFH� ������ ���^����

)URRW� .� $�� '� 6� 6FKDUIVWHLQ� DQG -� &� 6WHLQ ������� ?5LVN 0DQDJHPHQW� &RRUGLQDWLQJ &RUSRUDWH
,QYHVWPHQW DQG )LQDQFLQJ 3ROLFLHV�� -RXUQDO RI )LQDQFH� ������ ����^�����

)URRW� .� $�� DQG -� &� 6WHLQ ������� ?5LVN 0DQDJHPHQW� &DSLWDO %XGJHWLQJ� DQG &DSLWDO 6WUXFWXUH
3ROLF\ IRU )LQDQFLDO ,QVWLWXWLRQV�� -RXUQDO RI )LQDQFLDO (FRQRPLFV� ��� ��^���

,QJHUVROO� -� (� ������� ?'LJLWDO &RQWUDFWV� 6LPSOH 7RROV IRU 3ULFLQJ &RPSOH[ 'HULYDWLYHV�� -RXUQDO RI
%XVLQHVV� ������ ��^���

-DUURZ� 5� $�� DQG 6� 0� 7XUQEXOO ������� ?3ULFLQJ 'HULYDWLYHV RQ )LQDQFLDO 6HFXULWLHV 6XEMHFW WR
&UHGLW 5LVN�� -RXUQDO RI )LQDQFH� ������ ��^���

-RKQ� .�� $� 6DXQGHUV� DQG /� :� 6HQEHW ������� ?$ 7KHRU\ RI %DQN 5HJXODWLRQ DQG 0DQDJHPHQW
&RPSHQVDWLRQ�� 5HYLHZ RI )LQDQFLDO 6WXGLHV� ������ ��^����

-RKQ� 7� $�� DQG .� -RKQ ������� ?7RS�0DQDJHPHQW &RPSHQVDWLRQ DQG &DSLWDO 6WUXFWXUH�� -RXUQDO RI
)LQDQFH� ������ ���^����

-RULRQ� 3� ������� 9DOXH DW 5LVN� 7KH 1HZ %HQFKPDUN IRU &RQWUROOLQJ 0DUNHW 5LVN� ,UZLQ� &KLFDJR�

.DUDW]DV� ,�� -� 3� /HKRF]N\� DQG 6� (� 6KUHYH ������� ?2SWLPDO 3RUWIROLR DQG &RQVXPSWLRQ 'HFLVLRQV
IRU D ?6PDOO ,QYHVWRU� RQ D )LQLWH +RUL]RQ�� 6,$0 -RXUQDO RI &RQWURO DQG 2SWLPL]DWLRQ� ������ ����^�����

.DUDW]DV� ,�� DQG 6� (� 6KUHYH ������� 0HWKRGV RI 0DWKHPDWLFDO )LQDQFH� 6SULQJHU�9HUODJ� 1HZ <RUN�

/HODQG� +� (� ������� ?&RUSRUDWH 'HEW 9DOXH� %RQG &RYHQDQWV� DQG 2SWLPDO &DSLWDO 6WUXFWXUH�� -RXUQDO
RI )LQDQFH� ������ ����^�����

/LX� +� ������� ?2SWLPDO &RQVXPSWLRQ DQG ,QYHVWPHQW 3ROLFLHV ZLWK 
6RIW
 3RUWIROLR &RQVWUDLQWV�� ZRUNLQJ
SDSHU� :DVKLQJWRQ 8QLYHUVLW\�

/RQJVWDII� )�� DQG (� 6FKZDUW] ������� ?$ 6LPSOH $SSURDFK WR 9DOXLQJ 5LVN\ )L[HG DQG )ORDWLQJ 5DWH
'HEW�� -RXUQDO RI )LQDQFH� ��� ���^����

0F*UDWWDQ� (� 5�� DQG (� &� 3UHVFRWW ������� ?,V WKH 6WRFN 0DUNHW 2YHUYDOXHG"�� ZRUNLQJ SDSHU�
8QLYHUVLW\ RI 0LQQHVRWD�

0HUWRQ� 5� &� ������� ?2SWLPXP &RQVXPSWLRQ DQG 3RUWIROLR 5XOHV LQ D &RQWLQXRXV�7LPH 0RGHO�� -RXUQDO
RI (FRQRPLF 7KHRU\� �� ���^����

������� ?2Q WKH 3ULFLQJ RI &RUSRUDWH 'HEW� 7KH 5LVN 6WUXFWXUH RI ,QWHUHVW 5DWHV�� -RXUQDO RI
)LQDQFH� ��� ���^����
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