
Schmitt-Grohe, Stephanie; Uribe, Martin

Working Paper

Price Level Determinacy and Monetary Policy under a
Balanced-Budget Requirement

Working Paper, No. 1998-33

Provided in Cooperation with:
Department of Economics, Rutgers University

Suggested Citation: Schmitt-Grohe, Stephanie; Uribe, Martin (1998) : Price Level Determinacy and
Monetary Policy under a Balanced-Budget Requirement, Working Paper, No. 1998-33, Rutgers
University, Department of Economics, New Brunswick, NJ

This Version is available at:
https://hdl.handle.net/10419/94261

Standard-Nutzungsbedingungen:

Die Dokumente auf EconStor dürfen zu eigenen wissenschaftlichen
Zwecken und zum Privatgebrauch gespeichert und kopiert werden.

Sie dürfen die Dokumente nicht für öffentliche oder kommerzielle
Zwecke vervielfältigen, öffentlich ausstellen, öffentlich zugänglich
machen, vertreiben oder anderweitig nutzen.

Sofern die Verfasser die Dokumente unter Open-Content-Lizenzen
(insbesondere CC-Lizenzen) zur Verfügung gestellt haben sollten,
gelten abweichend von diesen Nutzungsbedingungen die in der dort
genannten Lizenz gewährten Nutzungsrechte.

Terms of use:

Documents in EconStor may be saved and copied for your personal
and scholarly purposes.

You are not to copy documents for public or commercial purposes, to
exhibit the documents publicly, to make them publicly available on the
internet, or to distribute or otherwise use the documents in public.

If the documents have been made available under an Open Content
Licence (especially Creative Commons Licences), you may exercise
further usage rights as specified in the indicated licence.

https://www.econstor.eu/
https://www.zbw.eu/
http://www.zbw.eu/
https://hdl.handle.net/10419/94261
https://www.econstor.eu/
https://www.leibniz-gemeinschaft.de/


3ULFH /HYHO 'HWHUPLQDF\ DQG 0RQHWDU\ 3ROLF\

XQGHU D %DODQFHG�%XGJHW 5HTXLUHPHQW

6WHSKDQLH 6FKPLWW�*URKuH

5XWJHUV 8QLYHUVLW\

0DUWurQ 8ULEHe

8QLYHUVLW\ RI 3HQQV\OYDQLD

$EVWUDFW

7KLV SDSHU DQDO\]HV WKH LPSOLFDWLRQV RI D EDODQFHG�EXGJHW nVFDO SROLF\ UXOH IRU SULFH�OHYHO GHWHUPL�
QDWLRQ LQ D FDVK�LQ�DGYDQFH HFRQRP\ XQGHU WKUHH DOWHUQDWLYH PRQHWDU\ SROLF\ UHJLPHV� ,W VKRZV WKDW WKH
SULFH OHYHO LV LQGHWHUPLQDWH XQGHU D QRPLQDO LQWHUHVW UDWH SHJ DQG GHWHUPLQDWH XQGHU D PRQH\ JURZWK
UDWH SHJ� 8QGHU D IHHGEDFN UXOH WKDW VHWV WKH QRPLQDO LQWHUHVW UDWH DV D QRQ�QHJDWLYH DQG QRQ�GHFUHDVLQJ
IXQFWLRQ RI WKH LQoDWLRQ UDWH� WKH SULFH OHYHO LV LQGHWHUPLQDWH IRU ERWK ORZ DQG KLJK YDOXHV RI WKH LQoDWLRQ
HODVWLFLW\ RI WKH IHHGEDFN UXOH DQG GHWHUPLQDWH IRU LQWHUPHGLDWH YDOXHV� :H DOVR VWXG\ EDODQFHG�EXGJHW
UXOHV WKDW DOORZ IRU ERXQGHG VHFRQGDU\ VXUSOXVHV RU GHnFLWV� &RPSDULQJ RXU UHVXOWV WR WKRVH HPSKDVL]HG
LQ WKH nVFDO WKHRU\ RI WKH SULFH OHYHO� LW EHFRPHV FOHDU WKDW D NH\ FRQVLGHUDWLRQ IRU SULFH�OHYHO GHWHUPL�
QDWLRQ LV ZKHWKHU nVFDO SROLF\ LV VSHFLnHG DV DQ H[RJHQRXV VHTXHQFH RI SULPDU\ VXUSOXVHV�GHnFLWV RU�
DOWHUQDWLYHO\� DV DQ H[RJHQRXV VHTXHQFH RI VHFRQGDU\ VXUSOXVHV�GHnFLWV�

-(/ &ODVVLnFDWLRQ 1XPEHUV� (��� (��� (��

.H\ZRUGV� %DODQFHG�EXGJHW UXOHV� PRQHWDU\ SROLF\� nVFDO WKHRU\ RI WKH SULFH OHYHO

e&RUUHVSRQGLQJ DXWKRU� 0DUWurQ 8ULEH� 'HSDUWPHQW RI (FRQRPLFV� 8QLYHUVLW\ RI 3HQQV\OYDQLD� ���� /RFXVW :DON� 3KLODGHO�

SKLD� 3$ ������ 86$� 3KRQH� ��� ��� ����� )D[� ������������� (�PDLO XULEH#HFRQ�XSHQQ�HGX� :H ZRXOG OLNH WR WKDQN

.HQ�LFKL $NDR� 'DOH +HQGHUVRQ� (ULF /HHSHU� 0LNH :RRGIRUG� DQ DQRQ\PRXV UHIHUHH� DQG VHPLQDU SDUWLFLSDQWV DW WKH %RDUG RI

*RYHUQRUV� ,QGLDQD 8QLYHUVLW\� 0LFKLJDQ 6WDWH 8QLYHUVLW\� :KDUWRQ� WKH 8QLYHUVLW\ RI 0LQQHVRWD� WKH 1%(5
V ���� 6XPPHU

,QVWLWXWH� WKH FRQIHUHQFH RQ ?,QGHWHUPLQDF\ DQG 6XQVSRWV LQ 0DFURHFRQRPLFV� KHOG DW 1HZ <RUN 8QLYHUVLW\ LQ 1RYHPEHU �����

WKH ���� $($ PHHWLQJV� DQG WKH )HGHUDO 5HVHUYH %DQN RI &KLFDJR IRU FRPPHQWV�



� ,QWURGXFWLRQ

,Q WKH SDVW GHFDGH� WKH LGHD RI LPSRVLQJ nVFDO GLVFLSOLQH WKURXJK D EDODQFHG�EXGJHW UHTXLUHPHQW KDV JDLQHG

FRQVLGHUDEOH LPSRUWDQFH LQ WKH HFRQRPLF SROLF\ GHEDWH� 7KLV LV UHoHFWHG SHUKDSV PRVW FOHDUO\ LQ WKH SURSRVHG

EDODQFHG�EXGJHW DPHQGPHQW WKDW ZDV SDVVHG E\ WKH 8QLWHG 6WDWHV +RXVH RI 5HSUHVHQWDWLYHV RQ -DQXDU\ ���

����� <HW� OLWWOH OLJKW KDV EHHQ VKHG RQ WKH FRQVHTXHQFHV RI EDODQFHG�EXGJHW UXOHV IRU EXVLQHVV�F\FOH oXFWX�

DWLRQV EH\RQG WKH EDVLF .H\QHVLDQ LQVLJKW WKDW EDODQFHG�EXGJHW UXOHV DPSOLI\ EXVLQHVV F\FOHV E\ UHTXLULQJ

WD[ LQFUHDVHV DQG H[SHQGLWXUH FXWV GXULQJ UHFHVVLRQV DQG WKH UHYHUVH GXULQJ ERRPV� (YHQ OHVV WKHRUHWLFDO

ZRUN KDV EHHQ GHYRWHG WR XQGHUVWDQGLQJ WKH LPSOLFDWLRQV RI EDODQFHG�EXGJHW UXOHV IRU QRPLQDO VWDELOLW\� DQG

LQ SDUWLFXODU� WR XQGHUVWDQGLQJ WKH UHVWULFWLRQV WKDW VXFK D nVFDO SROLF\ UXOH PD\ LPSRVH RQ PRQHWDU\ SROLF\

LI QRPLQDO VWDELOLW\ LV WR EH SUHVHUYHG�

7KLV SDSHU LV SDUW RI D UHVHDUFK SURMHFW WKDW DLPV WR EULGJH WKLV JDS� ,Q 6FKPLWW�*URKuH DQG 8ULEH

������� ZH VKRZ LQ WKH FRQWH[W RI D UHDO HFRQRP\ WKDW D EDODQFHG�EXGJHW UXOH FDQ FUHDWH UHDO LQVWDELOLW\ E\

PDNLQJ H[SHFWDWLRQV RI IXWXUH LQFRPH WD[ LQFUHDVHV VHOI�IXOnOOLQJ� 7KLV NLQG RI LQVWDELOLW\ DULVHV IRU SODXVLEOH

SDUDPHWHU FRQnJXUDWLRQV DQG IRU LQFRPH WD[ VWUXFWXUHV VLPLODU WR WKRVH REVHUYHG LQ WKH 8QLWHG 6WDWHV DQG

RWKHU *� FRXQWULHV� 7KH SUHVHQW SDSHU HPEHGV D EDODQFHG�EXGJHW nVFDO SROLF\ UXOH LQWR D PRQHWDU\ HFRQRP\

DQG DQDO\]HV LWV LPSOLFDWLRQV IRU QRPLQDO VWDELOLW\� DQG LQ SDUWLFXODU� IRU WKH GHWHUPLQDF\ RI WKH SULFH OHYHO�

:H PRGHO D EDODQFHG�EXGJHW UHTXLUHPHQW DV D nVFDO SROLF\ WKDW VHWV DQ H[RJHQRXV SDWK IRU WKH VHFRQGDU\

VXUSOXV� GHnQHG DV WD[ UHYHQXHV QHW RI JRYHUQPHQW H[SHQGLWXUHV DQG LQWHUHVW SD\PHQWV RQ WKH RXWVWDQGLQJ

SXEOLF GHEW� :H FRPELQH WKH EDODQFHG�EXGJHW UHTXLUHPHQW ZLWK WKUHH VLPSOH PRQHWDU\ SROLF\ VSHFLnFDWLRQV�

D QRPLQDO LQWHUHVW UDWH SHJ� D PRQH\ JURZWK UDWH SHJ� DQG D IHHGEDFN UXOH ZKHUHE\ WKH QRPLQDO LQWHUHVW UDWH

LV VHW DV D QRQ�QHJDWLYH DQG QRQ�GHFUHDVLQJ IXQFWLRQ RI WKH LQoDWLRQ UDWH� :H FRQGXFW WKH DQDO\VLV ZLWKLQ

WKH FDVK�LQ�DGYDQFH PRGHO ZLWK FDVK DQG FUHGLW JRRGV GHYHORSHG E\ /XFDV DQG 6WRNH\ �������

:H nUVW IRFXV RQ D VSHFLnFDWLRQ RI WKH EDODQFHG�EXGJHW UXOH LQ ZKLFK HDFK SHULRG WKH VHFRQGDU\ VXUSOXV LV

UHTXLUHG WR EH ]HUR� WKDW LV� WKH SULPDU\ VXUSOXV �WKH GLmHUHQFH EHWZHHQ WD[HV DQG JRYHUQPHQW H[SHQGLWXUHV�

LV UHTXLUHG WR EH HTXDO WR LQWHUHVW SD\PHQWV RQ WKH RXWVWDQGLQJ SXEOLF GHEW� :H nQG WKDW XQGHU WKLV W\SH

RI EDODQFHG�EXGJHW UXOH� WKH SULFH OHYHO LV LQGHWHUPLQDWH ZKHQ WKH PRQHWDU\ DXWKRULW\ IROORZV DQ LQWHUHVW

UDWH SHJ DQG LV GHWHUPLQDWH ZKHQ WKH PRQHWDU\ DXWKRULW\ IROORZV D PRQH\ JURZWK UDWH SHJ� 7KHVH UHVXOWV

DUH QRW QHFHVVDU\ FRQVHTXHQFHV RI WKH PRQHWDU\ SROLF\ VSHFLnFDWLRQV DORQH� )RU H[DPSOH� $XHUQKHLPHU DQG

&RQWUHUDV ������� 6LPV ������� DQG :RRGIRUG ������� nQG WKDW LI WKH SULPDU\ VXUSOXV LV VHW H[RJHQRXVO\�

WKHQ DQ LQWHUHVW UDWH SHJ GHOLYHUV D XQLTXH SULFH OHYHO� 7KLV FRPSDULVRQ KLJKOLJKWV WKDW JLYHQ WKH PRQHWDU\

SROLF\ UHJLPH WKH DGRSWLRQ RI D EDODQFHG�EXGJHW UXOH PD\ KDYH LPSRUWDQW FRQVHTXHQFHV IRU QRPLQDO VWDELOLW\�

,I WKH EDODQFHG�EXGJHW UXOH LV FRPELQHG ZLWK WKH IHHGEDFN UXOH� WKH SULFH OHYHO LV GHWHUPLQDWH ZKHQ WKH

QRPLQDO LQWHUHVW UDWH LV PRGHUDWHO\ VHQVLWLYH WR WKH LQoDWLRQ UDWH� DQG LV LQGHWHUPLQDWH ZKHQ WKH QRPLQDO

LQWHUHVW UDWH LV HLWKHU YHU\ UHVSRQVLYH RU OLWWOH UHVSRQVLYH WR WKH LQoDWLRQ UDWH� $JDLQ� WKLV UHVXOW LV GULYHQ

E\ WKH EDODQFHG�EXGJHW UHTXLUHPHQW� )RU WKH VDPH PRQHWDU\ SROLF\ VSHFLnFDWLRQ ZH FRQVLGHU� /HHSHU ������

VKRZV WKDW ZKHQ WKH SULPDU\ VXUSOXV LV H[RJHQRXV_D nVFDO SROLF\ WR ZKLFK KH UHIHUV DV DFWLYH_WKH SULFH OHYHO

LV QRW LQGHWHUPLQDWH UHJDUGOHVV RI KRZ VHQVLWLYH WKH LQWHUHVW�UDWH IHHGEDFN UXOH LV ZLWK UHVSHFW WR LQoDWLRQ��

/HHSHU DOVR VKRZV WKDW LI WKH SULPDU\ VXUSOXV LV LQFUHDVLQJ LQ DQG VHQVLWLYH HQRXJK WR WKH VWRFN RI SXEOLF

GHEW_D nVFDO SROLF\ WR ZKLFK KH UHIHUV DV SDVVLYH_WKH SULFH OHYHO LV LQGHWHUPLQDWH IRU UHODWLYHO\ LQVHQVLWLYH

IHHGEDFN UXOHV DQG LV GHWHUPLQDWH RWKHUZLVH� /HHSHU
V SDVVLYH nVFDO SROLF\ LV VLPLODU WR RXU EDODQFHG�EXGJHW

UXOH EHFDXVH XQGHU ERWK SROLFLHV WD[HV DUH DQ LQFUHDVLQJ IXQFWLRQ RI WKH VWRFN RI SXEOLF GHEW� 7KH UHDVRQ ZK\

�/HHSHU VWXGLHV ORFDO HTXLOLEULD E\ FKDUDFWHUL]LQJ VROXWLRQV WR D OLQHDU DSSUR[LPDWLRQ RI WKH HTXLOLEULXP FRQGLWLRQV QHDU D
VWHDG\ VWDWH� %\ FRQWUDVW� ZH SHUIRUP D JOREDO DQDO\VLV FKDUDFWHUL]LQJ VROXWLRQV WR WKH H[DFW HTXLOLEULXP FRQGLWLRQV�

�



LQ RXU PRGHO� XQOLNH LQ /HHSHU
V� KLJKO\ VHQVLWLYH PRQHWDU\ IHHGEDFN UXOHV UHQGHU WKH HTXLOLEULXP SULFH OHYHO

LQGHWHUPLQDWH LV WKDW LQ RXU PRGHO WKH QRPLQDO LQWHUHVW UDWH DmHFWV WKH FRQVXPSWLRQ�OHLVXUH� RU FDVK�FUHGLW�

PDUJLQ� ,Q /HHSHU
V PRGHO WKLV HmHFW LV QRW SUHVHQW EHFDXVH LQ KLV HQGRZPHQW PRQH\�LQ�WKH�XWLOLW\�IXQFWLRQ

PRGHO ZLWK D VHSDUDEOH VLQJOH�SHULRG XWLOLW\ IXQFWLRQ� WKH PDUJLQDO XWLOLW\ RI FRQVXPSWLRQ LV LQGHSHQGHQW RI

WKH QRPLQDO LQWHUHVW UDWH LQ HTXLOLEULXP�

,Q SUDFWLFH� EDODQFHG�EXGJHW SURSRVDOV W\SLFDOO\ DOORZ WKH nVFDO DXWKRULW\ WR UXQ VHFRQGDU\ VXUSOXVHV� DV

LQ WKH SURSRVHG 8�6� EDODQFHG�EXGJHW DPHQGPHQW RI ����� RU ERXQGHG VHFRQGDU\ GHnFLWV� DV LQ WKH 0DDVWULFKW

FULWHULD IRU PHPEHUVKLS LQ WKH (XURSHDQ HFRQRPLF DQG PRQHWDU\ XQLRQ� 7KXV� RXU EHQFKPDUN GHnQLWLRQ RI

D EDODQFHG�EXGJHW UXOH� DOWKRXJK DQDO\WLFDOO\ FRQYHQLHQW� LV FOHDUO\ XQUHDOLVWLF VLQFH LW IRUFHV WKH JRYHUQPHQW

WR UXQ D ]HUR VHFRQGDU\ VXUSOXV RQ D SHULRG�E\�SHULRG EDVLV� +RZHYHU� LW WXUQV RXW WKDW RXU PDLQ UHVXOWV

DUH QRW GULYHQ E\ WKLV SDUWLFXODU VSHFLnFDWLRQ RI WKH EDODQFHG�EXGJHW UXOH� 6SHFLnFDOO\� ZH VKRZ WKDW LQ WKH

FDVH LQ ZKLFK nVFDO SROLF\ WDNHV WKH IRUP RI DQ H[RJHQRXV� QRQ�]HUR� ERXQGHG SDWK IRU HLWKHU UHDO RU QRPLQDO

VHFRQGDU\ VXUSOXVHV�GHnFLWV� WKH SULFH OHYHO UHPDLQV LQGHWHUPLQDWH XQGHU DQ LQWHUHVW UDWH SHJ� &RPELQLQJ WKLV

UHVXOW ZLWK WKDW HPSKDVL]HG E\ WKH nVFDO WKHRU\ RI WKH SULFH OHYHO_L�H�� WKDW DQ LQWHUHVW UDWH SHJ FRPELQHG

ZLWK DQ H[RJHQRXV SDWK IRU WKH SULPDU\ VXUSOXV�GHnFLW GHOLYHUV QRPLQDO GHWHUPLQDF\_LW EHFRPHV FOHDU

WKDW D NH\ FRQVLGHUDWLRQ IRU SULFH�OHYHO GHWHUPLQDWLRQ XQGHU DQ LQWHUHVW UDWH SHJ LV ZKHWKHU nVFDO SROLF\ LV

VSHFLnHG DV DQ H[RJHQRXV VHTXHQFH RI SULPDU\ VXUSOXVHV�GHnFLWV RU DOWHUQDWLYHO\ DV DQ H[RJHQRXV VHTXHQFH

RI VHFRQGDU\ VXUSOXVHV�GHnFLWV��

:H DOVR VWXG\ WKH LPSOLFDWLRQV RI D EDODQFHG�EXGJHW UHTXLUHPHQW IRU RSWLPDO PRQHWDU\ SROLF\� :H nQG

WKDW XQGHU D EDODQFHG�EXGJHW UHTXLUHPHQW WKDW HOLPLQDWHV EXGJHW VXUSOXVHV DV ZHOO DV GHnFLWV LQ FRPELQDWLRQ

ZLWK DQ\ RI WKH WKUHH PRQHWDU\ UHJLPHV GHVFULEHG DERYH� WKHUH H[LVWV QR UDWLRQDO H[SHFWDWLRQV HTXLOLEULXP

FRQVLVWHQW ZLWK WKH RSWLPXP TXDQWLW\ RI PRQH\ DGYRFDWHG E\ 0LOWRQ )ULHGPDQ_D PRQHWDU\ SROLF\ FRQVLVWHQW

ZLWK D ]HUR QRPLQDO LQWHUHVW UDWH� ,I WKH EDODQFHG�EXGJHW UHTXLUHPHQW DOORZV IRU SRVLWLYH VHFRQGDU\ VXUSOXVHV�

DQ HTXLOLEULXP FRQVLVWHQW ZLWK WKH RSWLPXP TXDQWLW\ RI PRQH\ PD\ RU PD\ QRW H[LVW GHSHQGLQJ RQ WKH VLJQ

RI FXPXODWLYH nVFDO VXUSOXVHV DV ZHOO DV RQ ZKHWKHU WKH nVFDO DXWKRULW\ VSHFLnHV DQ H[RJHQRXV SDWK IRU WKH

UHDO RU QRPLQDO VXUSOXV�

,Q WKH QH[W VHFWLRQ� ZH GHVFULEH WKH IRUPDO PRGHO DQG WKH nVFDO SROLF\ UHJLPH� ,Q VHFWLRQV �� �� DQG �� ZH

DQDO\]H WKH LPSOLFDWLRQV RI EDODQFHG�EXGJHW UXOHV IRU WKH GHWHUPLQDWLRQ RI WKH SULFH�OHYHO ZKHQ WKH PRQHWDU\

DXWKRULW\ IROORZV� UHVSHFWLYHO\� DQ LQWHUHVW UDWH SHJ� D PRQH\ JURZWK UDWH SHJ� DQG D IHHGEDFN UXOH OLQNLQJ

WKH QRPLQDO LQWHUHVW UDWH WR LQoDWLRQ� 6HFWLRQ � FRQFOXGHV�

� $ &DVK�LQ�$GYDQFH (FRQRP\

+RXVHKROGV

,Q WKLV VHFWLRQ� ZH SUHVHQW D PRGHO RI D FDVK�LQ�DGYDQFH HFRQRP\ LQ ZKLFK SXEOLF DQG SULYDWH FRQVXPSWLRQ DUH

FDVK JRRGV DQG OHLVXUH LV D FUHGLW JRRG�� 7KH HFRQRP\ LV DVVXPHG WR EH SRSXODWHG E\ DQ LQnQLWH QXPEHU RI

LGHQWLFDO KRXVHKROGV ZLWK ORJ�OLQHDU VLQJOH�SHULRG XWLOLW\ IXQFWLRQV GHnQHG RYHU FRQVXPSWLRQ� FW� DQG OHLVXUH�

�:RRGIRUG ������ GHnQHV 5LFDUGLDQ UHJLPHV DV RQHV LQ ZKLFK WKH SUHVHQW GLVFRXQWHG YDOXH RI RXWVWDQGLQJ JRYHUQPHQW GHEW
FRQYHUJHV WR ]HUR UHJDUGOHVV RI WKH SDWK RI RWKHU HQGRJHQRXV YDULDEOHV� DQG DUJXHV WKDW XQGHU VXFK UHJLPHV nVFDO YDULDEOHV IDLO
WR SOD\ DQ\ UROH IRU WKH GHWHUPLQDWLRQ RI WKH SULFH OHYHO� :H VKRZ EHORZ WKDW D EDODQFHG�EXGJHW UXOH LQ FRPELQDWLRQ ZLWK DQ
LQWHUHVW UDWH SHJ LV QRW 5LFDUGLDQ LQ WKH VHQVH RI :RRGIRUG�

�7KH SUHVHQWDWLRQ RI WKH PRGHO IROORZV :RRGIRUG �������

�



�b KW� ZKR VHHN WR PD[LPL]H WKHLU OLIHWLPH XWLOLW\

(�

�;

W �

nW>OQ�FW� � t OQ��b KW�@� t ! � ���

ZKHUH n � ��� �� GHQRWHV WKH VXEMHFWLYH GLVFRXQW IDFWRU DQG (W GHQRWHV WKH H[SHFWDWLRQ RSHUDWRU FRQGLWLRQDO

RQ LQIRUPDWLRQ DYDLODEOH LQ SHULRG W� (DFK SHULRG W w � LV GLYLGHG LQWR WZR QRQ�RYHUODSSLQJ PDUNHWV� ,Q WKH

nUVW PDUNHW KRXVHKROGV XVH WKHLU QRPLQDO ZHDOWK DW WKH EHJLQQLQJ RI WKH SHULRG� :W� WR SD\ OXPS�VXP WD[HV�

7W� WR DFTXLUH PRQH\� 0
F
W � DQG WR SXUFKDVH VWDWH�FRQWLQJHQW FODLPV� 'W��� ZKLFK FRVW (WUW��'W�� GROODUV

DQG SD\ 'W�� GROODUV LQ SHULRG W� � �L�H�� UW�� LV WKH SULFH RI D RQH�SHULRG FRQWLQJHQW FODLP GLYLGHG E\ WKH

SUREDELOLW\ RI RFFXUUHQFH RI WKDW VWDWH�� 7KH KRXVHKROG
V EXGJHW FRQVWUDLQW LQ WKH nUVW PDUNHW LV WKHQ JLYHQ

E\

:W w 7W �0F
W �(WIUW��'W��J ���D�

,Q WKH VHFRQG PDUNHW� JRRGV DQG ODERU VHUYLFHV DUH WUDGHG� 7KH KRXVHKROG SXUFKDVHV FRQVXPSWLRQ JRRGV DW D

SULFH RI 3W GROODUV SHU XQLW XVLQJ WKH PRQH\ EDODQFHV LW KHOG DW WKH EHJLQQLQJ RI WKH JRRGV PDUNHW� )XUWKHU�

WKH KRXVHKROG KDV DFFHVV WR D OLQHDU WHFKQRORJ\ WKDW HQDEOHV LW WR SURGXFH RQH XQLW RI WKH FRQVXPSWLRQ JRRG

SHU XQLW RI ODERU LQSXW� 7KH KRXVHKROG VHOOV WKHVH FRQVXPSWLRQ JRRGV DW D SULFH RI 3W GROODUV SHU XQLW DQG

VLQFH LW FDQQRW XVH VDOHV UHYHQXHV WR SXUFKDVH FRQVXPSWLRQ JRRGV LQ WKH FXUUHQW JRRGV PDUNHW LWV QRPLQDO

DVVHW KROGLQJV DW WKH EHJLQQLQJ RI SHULRG W� � DUH

:W��  'W�� �0F
W b 3WFW � 3WKW ���E�

3XUFKDVHV RI JRRGV DUH VXEMHFW WR D FDVK�LQ�DGYDQFH FRQVWUDLQW RI WKH IRUP

0F
W w 3WFW� ���F�

7KH KRXVHKROG FKRRVHV VHTXHQFHV IRU :W��� 'W��� 0
F
W � KW� DQG FW� JLYHQ :� ! �� VR DV WR PD[LPL]H ���

VXEMHFW WR FW� 0
F
W w �� � � KW � �� ���D�� ���E�� ���F� DQG WKH IROORZLQJ ERUURZLQJ FRQVWUDLQW WKDW SUHYHQWV LW

IURP HQJDJLQJ LQ 3RQ]L VFKHPHV

:W�� w bTb�W��

�;

M �

(W��ITW�M��3W�M b TW�M7W�MJ� ���G�

ZKHUH TW GHQRWHV WKH SULFH LQ SHULRG � RI RQH GROODU LQ SHULRG W LQ D SDUWLFXODU VWDWH RI WKH ZRUOG GLYLGHG E\

WKH SUREDELOLW\ RI RFFXUUHQFH RI WKDW VWDWH DQG LV GHnQHG DV

TW s U�U� c c c UW ZLWK T� s ��

7KH ERUURZLQJ OLPLW ���G� HQVXUHV WKDW LQ HYHU\ VWDWH RI WKH ZRUOG SULYDWH GHEW LV QRW JUHDWHU WKDQ WKH DPRXQW

DQ DJHQW ZRXOG EH DEOH WR UHSD\� ZKLFK LV HTXDO WR WKH SUHVHQW GLVFRXQWHG YDOXH RI WKH WLPH HQGRZPHQW QHW

RI WD[HV�

,W FDQ EH VKRZQ �:RRGIRUG� ������ WKDW WKH VHW RI VHTXHQFHV IFW� KW�0
F
W J VDWLVI\LQJ WKH EXGJHW FRQVWUDLQWV

���D�����G� DUH HTXLYDOHQW WR WKH VHW RI VHTXHQFHV IFW� KW�0
F
W J VDWLVI\LQJ WKH FDVK�LQ�DGYDQFH FRQVWUDLQW ���F�
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DQG WKH IROORZLQJ SUHVHQW�YDOXH EXGJHW FRQVWUDLQW�
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ZKLFK VWDWHV WKDW WKH KRXVHKROG
V LQLWLDO QRPLQDO ZHDOWK SOXV WKH SUHVHQW GLVFRXQWHG YDOXH RI LWV ODERU

HQGRZPHQW QHW RI WD[HV PXVW WR EH JUHDWHU WKDQ RU HTXDO WR WKH SUHVHQW GLVFRXQWHG YDOXH RI FRQVXPSWLRQ

H[SHQGLWXUHV SOXV WKH RSSRUWXQLW\ FRVW RI PRQH\ KROGLQJV LQ H[FHVV RI FRQVXPSWLRQ�

)URP WKH nUVW�RUGHU FRQGLWLRQV RI WKH KRXVHKROG
V RSWLPL]DWLRQ SUREOHP� FRQVXPSWLRQ DQG KRXUV PXVW

VDWLVI\

�

3WFW
UW��  n

�

3W��FW��
���

t

�b KW

 n(W

3W

3W��FW��
� ���

7KH nUVW HTXDWLRQ LV D VWDQGDUG SULFLQJ HTXDWLRQ IRU D RQH�VWHS�DKHDG FRQWLQJHQW FODLP DQG HTXDWHV WKH ORVV

LQ XWLOLW\ IURP EX\LQJ D FRQWLQJHQW FODLP LQ SHULRG W ZLWK WKH H[SHFWHG JDLQ LQ XWLOLW\ UHDOL]HG IURP FRQVXPLQJ

LWV SD\Rm LQ SHULRG W � �� 7KH VHFRQG HTXDWLRQ LV D ODERU VXSSO\ VFKHGXOH DQG VD\V WKDW WKH GLVXWLOLW\ RI

ZRUNLQJ DQ H[WUD KRXU LQ SHULRG W KDV WR HTXDO WKH XWLOLW\ GHULYHG IURP VSHQGLQJ WKH ZDJH RQ FRQVXPSWLRQ

JRRGV LQ SHULRG W � �� $ IXUWKHU UHTXLUHPHQW IRU RSWLPDOLW\ RI WKH KRXVHKROG
V FRQWLQJHQW SODQ LV WKDW WKH

SUHVHQW YDOXH EXGJHW FRQVWUDLQW ��� EH VDWLVnHG ZLWK HTXDOLW\�

7KH JRYHUQPHQW

:H DVVXPH WKDW WKH JRYHUQPHQW LVVXHV D ULVNOHVV RQH�SHULRG SXUH GLVFRXQW ERQG� WKDW LV� D ERQG WKDW SD\V

RQH GROODU LQ WKH IROORZLQJ SHULRG UHJDUGOHVV RI WKH VWDWH UHDOL]HG� 7KH JRYHUQPHQW
V SHULRG�E\�SHULRG EXGJHW

FRQVWUDLQW LV

0W �
%W��

5W

 %W �0Wb� � 3WJ b 7W� ���

ZKHUH 0W GHQRWHV WKH PRQH\ VXSSO\� %W ERQGV PDWXULQJ LQ SHULRG W� J FRQVWDQW UHDO JRYHUQPHQW SXUFKDVHV�

DQG 5W WKH JURVV QRPLQDO LQWHUHVW UDWH SDLG RQ WKH ULVNOHVV ERQG� ZKLFK PXVW VDWLVI\ WKH DUELWUDJH FRQGLWLRQ

5W  
�

(WUW��
� ���

7KH JRYHUQPHQW� OLNH KRXVHKROGV� LV VXEMHFW WR D FDVK�LQ�DGYDQFH FRQVWUDLQW RQ LWV SXUFKDVHV RI JRRGV

0J

W w 3WJ�

7KH FHQWUDO HOHPHQW WKDW GLVWLQJXLVKHV WKLV SDSHU IURP RWKHU VWXGLHV RI SULFH OHYHO GHWHUPLQDWLRQ LV WKH

VSHFLnFDWLRQ RI nVFDO SROLF\� :H DVVXPH WKDW WKH JRYHUQPHQW LV VXEMHFW WR D EDODQFHG�EXGJHW UHTXLUHPHQW
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ZKHUHE\ WKH SULPDU\ VXUSOXV PXVW EH HTXDO WR LQWHUHVW SD\PHQWV RQ WKH RXWVWDQGLQJ SXEOLF GHEW� WKDW LV�
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7KLV VSHFLnFDWLRQ RI WKH EDODQFHG�EXGJHW UXOH LPSOLHV WKDW VHLJQRUDJH LQFRPH FDQQRW EH XVHG WR nQDQFH

FXUUHQW VSHQGLQJ RU WR SD\ LQWHUHVW RQ WKH GHEW� &RPELQLQJ ��� DQG ��� \LHOGV
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ZKLFK VD\V WKDW HQG�RI�SHULRG WRWDO QRPLQDO JRYHUQPHQW OLDELOLWLHV DUH FRQVWDQW RYHU WLPH� WKDW LV� XQGHU

WKH EDODQFHG�EXGJHW UXOH� FKDQJHV LQ WKH VWRFN RI PRQH\ DUH LPSOHPHQWHG H[FOXVLYHO\ WKURXJK RSHQ PDUNHW

RSHUDWLRQV�

:H FRQVLGHU WKUHH DOWHUQDWLYH PRQHWDU\ SROLF\ UHJLPHV� �L� D SXUH LQWHUHVW UDWH SHJ� �LL� D PRQH\ JURZWK

UDWH SHJ� DQG �LLL� D IHHGEDFN UXOH ZKHUHE\ WKH QRPLQDO LQWHUHVW UDWH LV VHW DV DQ LQFUHDVLQJ IXQFWLRQ RI

WKH LQoDWLRQ UDWH� 8QGHU SROLF\ UHJLPHV �L� DQG �LLL�� WKH FHQWUDO EDQN VHWV WKH QRPLQDO LQWHUHVW UDWH E\

n[LQJ WKH SULFH RI WKH ULVNOHVV RQH�SHULRG QRPLQDO ERQG DQG VWDQGLQJ UHDG\ WR H[FKDQJH PRQH\ IRU ERQGV

LQ DQ\ TXDQWLWLHV GHPDQGHG� 7KLV PHDQV WKDW 0W DQG %W�� DUH HQGRJHQRXV� 8QGHU SROLF\ UHJLPH �LL�� WKH

JRYHUQPHQW VSHFLnHV D GHWHUPLQLVWLF SDWK IRU WKH PRQH\ VXSSO\� VR WKDW %W�� DQG 5W DUH HQGRJHQRXV�

(TXLOLEULXP

,Q HTXLOLEULXP� WKH SURGXFW DQG PRQH\ PDUNHWV FOHDU� WKDW LV�

KW  FW � J ����

DQG

0W  0F
W �0J

W  0F
W � 3WJ� ����

ZKHUH WKH ODVW HTXDOLW\ IROORZV IURP WKH DVVXPSWLRQ WKDW WKH JRYHUQPHQW
V FDVK�LQ�DGYDQFH FRQVWUDLQW LV

DOZD\V ELQGLQJ� %HFDXVH DOO DJHQWV DUH LGHQWLFDO DQG JRYHUQPHQW ERQGV DUH WKH RQO\ nQDQFLDO DVVHWV LQ

SRVLWLYH DJJUHJDWH QHW VXSSO\� LW PXVW EH WKH FDVH WKDW 'W��  %W�� DQG :�  0b� �%��

,Q HTXLOLEULXP� WKH QRPLQDO LQWHUHVW UDWH PXVW EH QRQ�QHJDWLYH� :KHQ WKH QRPLQDO LQWHUHVW UDWH LV SRVLWLYH

�5W ! ��� WKH KRXVHKROG
V FDVK�LQ�DGYDQFH FRQVWUDLQW KROGV ZLWK HTXDOLW\ �0
F
W  3WFW� DQG ZKHQ WKH QRPLQDO

LQWHUHVW UDWH LV ]HUR �5W  ��� FRQVXPSWLRQ LV HTXDO WR WKH VRFLDO RSWLPXP�

AF s DUJPD[
F

>OQ FW � t OQ��b FW b J�@�

7KHUHIRUH� LQ HTXLOLEULXP

FW  PLQ�AF�PW b J� ����

ZKHUH
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8VLQJ ���� DQG ���� DQG WKH GHnQLWLRQV
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RQH FDQ ZULWH WKH nUVW�RUGHU FRQGLWLRQV ��� DQG ��� DV�

*�PW� UW��  n*�PW���0W 0W�� ����

DQG

) �PW�  n(W >*�PW���0W 0W��@ � ����

7DNLQJ H[SHFWHG YDOXHV RI ERWK VLGHV RI ���� DQG VXEVWLWXWLQJ ��� DQG ���� LPSOLHV D GHPDQG IRU UHDO EDODQFHV

RI WKH IRUP

*�PW�

) �PW�
 5W� ����

7KH IXQFWLRQ *�c� ) �c� LV FRQWLQXRXV DW DOO P ! J� )RU P � AF � J� *�P� ) �P� LV JUHDWHU WKDQ RQH DQG

VWULFWO\ GHFUHDVLQJ LQ P� DQG DV P DSSURDFKHV J IURP DERYH� *�P� ) �P� EHFRPHV DUELWUDULO\ ODUJH� )RU

P w AF�J� *�P� ) �P� HTXDOV RQH� 7KXV� IRU DQ\ 5W ! �� WKHUH H[LVWV D XQLTXH J � PW � AF�J VDWLVI\LQJ �����

ZKLOH IRU 5W  �� DQ\ PW w AF� J VDWLVnHV ������

)URP ���� ZH FDQ H[SUHVV WKH SUHVHQW YDOXH GHoDWRU DV

TW  nW0� 0W

*�PW�

*�P��
� ����

6XEVWLWXWLQJ WKH PDUNHW FOHDULQJ FRQGLWLRQV ���� DQG ���� LQWR ���� ZKLFK LQ HTXLOLEULXP PXVW KROG ZLWK

HTXDOLW\� \LHOGV

0b� �%�  (�
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7KLV H[SUHVVLRQ VD\V WKDW LQ HTXLOLEULXP WRWDO QRPLQDO OLDELOLWLHV RI WKH JRYHUQPHQW DW WKH EHJLQQLQJ RI SHULRG

]HUR PXVW HTXDO WKH SUHVHQW GLVFRXQWHG YDOXH RI SULPDU\ VXUSOXVHV SOXV LQWHUHVW VDYLQJV IURP WKH LVVXDQFH RI

PRQH\� ,W LV HTXLYDOHQW WR ��� DQG WKH WUDQVYHUVDOLW\ FRQGLWLRQ

OLP
W��

(�TW���0W �%W���  ��

� 6XFK D OLTXLGLW\ SUHIHUHQFH UHODWLRQ DULVHV IRU PRUH JHQHUDO SUHIHUHQFHV WKDQ WKH ORJ�ORJ IRUP FRQVLGHUHG KHUH� 6SHFLnFDOO\�
LW REWDLQV IRU VLQJOH�SHULRG XWLOLW\ IXQFWLRQV RI WKH IRUP 8�F� �bK� WKDW VDWLVI\ WKH IROORZLQJ DVVXPSWLRQV� 8 LV VWULFWO\ FRQFDYH
DQG WZLFH FRQWLQXRXVO\ GLmHUHQWLDEOH� 8�� 8� ! �� F DQG �b K DUH QRUPDO JRRGV� OLPF�� 8��F� �b J b F� 8��F� �b J b F�  ��
DQG J � DUJPD[

F

8�F� � b J b F� � � b J� ,Q WKLV FDVH� ) �P� s P8��PLQ�AF�P b J�� � b J b PLQ�AF�P b J�� DQG *�P� s

P8��PLQ�AF�Pb J�� �b JbPLQ�AF�Pb J��� ,W FDQ DOVR EH VKRZQ WKDW WKH DVVXPSWLRQ WKDW JRYHUQPHQW SXUFKDVHV DUH FDVK JRRGV
LV QRW HVVHQWLDO LQ GHULYLQJ D PRQH\ GHPDQG UHODWLRQ RI WKLV IRUP�
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ZKLFK FDQ DOVR EH ZULWWHQ DV

OLP
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1RWH WKDW XQGHU WKH DVVXPHG EDODQFHG�EXGJHW UHTXLUHPHQW� WKH VXP RI WKH nUVW WZR WHUPV ZLWKLQ WKH VTXDUH

EUDFNHWV LV FRQVWDQW� 8VLQJ ��� DQG ���� WR HOLPLQDWH 0W�%W�� 5W DQG TW IURP WKLV WUDQVYHUVDOLW\ FRQGLWLRQ

\LHOGV

OLP
W��

(�n
W >*�PW�$b� 0W � ) �PW�b*�PW�@  � ����

ZKHUH $
b� s 0

b� � %� 5b� GHQRWHV WRWDO QRPLQDO JRYHUQPHQW OLDELOLWLHV DW WKH HQG RI SHULRG �� DQG LV

DVVXPHG WR EH SRVLWLYH�

$ UDWLRQDO H[SHFWDWLRQV PRQHWDU\ HTXLOLEULXP LV D VHW RI SURFHVVHV PW ! J� 0W ! �� DQG 5W w � VDWLVI\LQJ

����� ����� ����� DQG RQH DGGLWLRQDO HTXDWLRQ VSHFLI\LQJ WKH PRQHWDU\ SROLF\ UHJLPH� JLYHQ $b� ! �� *LYHQ D

UDWLRQDO H[SHFWDWLRQV PRQHWDU\ HTXLOLEULXP� RQH FDQ XQLTXHO\ GHWHUPLQH FW IURP ����� KW IURP ����� 3W IURP

����� UW�� IURP ����� TW IURP ����� %W�� 5W IURP ���� DQG 7W IURP ����
�

� (TXLOLEULXP XQGHU DQ ,QWHUHVW 5DWH 3HJ

7KH PRQHWDU\ SROLF\ UHJLPH FRQVLGHUHG LQ WKLV VHFWLRQ LV DQ LQWHUHVW UDWH SHJ RI WKH IRUP

5W  5�

ZKHUH 5 LV D FRQVWDQW VDWLVI\LQJ 5 w ��

&RQVLGHU nUVW WKH FDVH 5 ! �� 7R HVWDEOLVK WKH H[LVWHQFH RI D UDWLRQDO H[SHFWDWLRQV HTXLOLEULXP� UHFDOO

WKDW IRU DQ\ 5W ! �� WKHUH H[LVWV DQ XQLTXH PW VDWLVI\LQJ HTXDWLRQ ����� 7KXV LQ DQ\ UDWLRQDO H[SHFWDWLRQV

HTXLOLEULXP UHDO EDODQFHV DUH XQLTXH DQG FRQVWDQW� /HW P GHQRWH WKH YDOXH RI PW WKDW VROYHV ���� ZKHQ

5W  5� 8VH ���� DQG ���� WR UHSODFH (�>*�PW�$b� 0W@ E\ �n5�
bW*�P��$b� 0� LQ HTXDWLRQ ���� WR

REWDLQ

OLP
W��

5bW*�P�$
b� 0� � nW>) �P�b*�P�@  �� ����

7KLV HTXDWLRQ LV VDWLVnHG IRU DQ\0� ! �� 7KHUHIRUH� D UDWLRQDO H[SHFWDWLRQV HTXLOLEULXP H[LVWV� DQG QRPLQDO

EDODQFHV DUH LQGHWHUPLQDWH� 6LQFH UHDO EDODQFHV DUH XQLTXH� WKH LQGHWHUPLQDF\ RI QRPLQDO EDODQFHV LPSOLHV

WKDW WKH SULFH OHYHO� 3�  0� P� LV DOVR LQGHWHUPLQDWH�
� 7KH IDFW WKDW 5 ! � LPSOLHV WKDW J � P � AF � J

DQG WKDW WKH KRXVHKROG
V FDVK�LQ�DGYDQFH FRQVWUDLQW LV ELQGLQJ� 7KXV� FW  Pb J� )URP PDUNHW FOHDULQJ LQ

WKH SURGXFW PDUNHW� LW IROORZV WKDW KW  P� &RQVLGHU QRZ WKH HYROXWLRQ RI UHDO GHEW DQG UHDO WD[HV� 8VLQJ

WKH IDFWV WKDW UHDO EDODQFHV DUH FRQVWDQW� WKDW WRWDO QRPLQDO JRYHUQPHQW OLDELOLWLHV DUH FRQVWDQW� DQG WKDW

(��� 0W� LV HTXDO WR �n5�
bW 0�� WKH H[SHFWHG YDOXH RI UHDO JRYHUQPHQW GHEW RXWVWDQGLQJ LQ SHULRG W FDQ

�1RWH WKDW LQ RUGHU WR GHWHUPLQH 7� LW LV QHFHVVDU\ WR NQRZ WKH FRPSRVLWLRQ RI LQLWLDO JRYHUQPHQW OLDELOLWLHV� 0
b� DQG

%� 5b�� DV ZHOO DV 5b��
� &OHDUO\� WKLV UHVXOW DOVR REWDLQV IRU WKH PRUH JHQHUDO SUHIHUHQFH VSHFLnFDWLRQ GHVFULEHG LQ IRRWQRWH �� )XUWKHU� WKH DVVXPSWLRQ

WKDW JRYHUQPHQW SXUFKDVHV DUH VXEMHFW WR D FDVK�LQ�DGYDQFH FRQVWUDLQW GRHV QRW DmHFW WKLV UHVXOW LQ DQ\ LPSRUWDQW ZD\�
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EH H[SUHVVHG DV
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$FFRUGLQJ WR WKLV H[SUHVVLRQ� WKH H[SHFWHG VWRFN RI UHDO GHEW GHSHQGV RQ WKH LQLWLDO PRQH\ VXSSO\ 0� DQG LV

WKHUHIRUH QRW XQLTXH� 7KH H[SHFWHG ORQJ�UXQ OHYHO RI UHDO GHEW GHSHQGV RQ WKH OHYHO RI WKH QRPLQDO LQWHUHVW

UDWH� ,I WKH PRQHWDU\ DXWKRULW\ SHJV WKH QRPLQDO LQWHUHVW UDWH DW D OHYHO KLJKHU WKDQ WKH UHDO LQWHUHVW UDWH

�L�H�� 5 ! nb��� WKHQ WKH VWRFN RI UHDO GHEW LV H[SHFWHG WR FRQYHUJH WR bP� 7KDW LV� WKH JRYHUQPHQW LV

H[SHFWHG WR EHFRPH D QHW OHQGHU WR WKH SXEOLF� $OWHUQDWLYHO\� LI WKH PRQHWDU\ DXWKRULW\ SHJV WKH QRPLQDO

LQWHUHVW UDWH DW D YDOXH EHORZ WKH UHDO LQWHUHVW UDWH �L�H�� � � 5 � nb��� WKHQ WKH VWRFN RI UHDO GHEW LV H[SHFWHG

WR JURZ ZLWKRXW ERXQG�� 7KH UHDVRQ IRU WKLV H[SORVLYH EHKDYLRU LV WKDW ZKHQ WKH QRPLQDO LQWHUHVW UDWH LV

EHORZ WKH UHDO LQWHUHVW UDWH� ERWK SULFHV DQG QRPLQDO EDODQFHV DUH IDOOLQJ DQG WKHUHIRUH VHLJQRUDJH LQFRPH

LV QHJDWLYH� 7KHVH VHLJQRUDJH ORVVHV PXVW EH nQDQFHG ZLWK QHZ GHEW EHFDXVH� E\ WKH EDODQFHG�EXGJHW UXOH�

WKH JRYHUQPHQW LV RQO\ DOORZHG WR UDLVH WD[HV WR FRYHU JRYHUQPHQW VSHQGLQJ DQG LQWHUHVW RQ WKH RXWVWDQGLQJ

GHEW� 3ULYDWH DJHQWV DUH ZLOOLQJ WR KROG WKH HYHU LQFUHDVLQJ JRYHUQPHQW GHEW EHFDXVH WKH\ IDFH D SDWK RI UHDO

OXPS�VXP WD[HV ZKLFK LV DOVR H[SHFWHG WR LQFUHDVH RYHU WLPH �HTXDWLRQ �����

:H KDYH HVWDEOLVKHG WKH PDLQ UHVXOW RI WKLV VHFWLRQ� QDPHO\� WKDW LI WKH JRYHUQPHQW SHJV WKH QRPLQDO

LQWHUHVW UDWH DW D SRVLWLYH OHYHO �5 ! ��� D EDODQFHG�EXGJHW UXOH OHDGV WR SULFH OHYHO LQGHWHUPLQDF\� 7KH

LQWXLWLRQ IRU WKLV UHVXOW LV WKH IROORZLQJ� ,Q HTXLOLEULXP WKH SUHVHQW GLVFRXQWHG YDOXH RI QRPLQDO JRYHUQPHQW

OLDELOLWLHV QHW RI LQWHUHVW VDYLQJV IURP WKH LVVXDQFH RI PRQH\ PXVW FRQYHUJH WR ]HUR DV W DSSURDFKHV LQnQLW\�

8QGHU D EDODQFHG�EXGJHW UXOH� QRPLQDO JRYHUQPHQW OLDELOLWLHV DUH FRQVWDQW� WKXV WKHLU SUHVHQW GLVFRXQWHG

YDOXH DSSURDFKHV ]HUR IRU DQ\ SRVLWLYH QRPLQDO LQWHUHVW UDWH SDWK� ,Q DGGLWLRQ� LQWHUHVW VDYLQJV IURP WKH

LVVXDQFH RI PRQH\ DUH SURSRUWLRQDO WR QRPLQDO EDODQFHV� 6LQFH WKH QRPLQDO LQWHUHVW UDWH LV FRQVWDQW DQG

SRVLWLYH� UHDO EDODQFHV DUH FRQVWDQW� WKXV QRPLQDO EDODQFHV JURZ DW WKH UDWH RI LQoDWLRQ� %XW WKH LQoDWLRQ

UDWH LV OHVV WKDQ WKH QRPLQDO LQWHUHVW UDWH EHFDXVH WKH UHDO LQWHUHVW UDWH� JLYHQ E\ WKH VXEMHFWLYH GLVFRXQW

IDFWRU� LV SRVLWLYH� 7KHUHIRUH� UHJDUGOHVV RI WKHLU LQLWLDO OHYHO� QRPLQDO EDODQFHV FRQYHUJH WR ]HUR LQ SUHVHQW

GLVFRXQWHG YDOXH�

7KLV nQGLQJ UHFRYHUV WKH 6DUJHQW�:DOODFH ������ UHVXOW RI SULFH�OHYHO LQGHWHUPLQDF\ XQGHU DQ LQWHUHVW UDWH

SHJ� +RZHYHU� XQOLNH LQ 6DUJHQW DQG :DOODFH
V PRGHO� KHUH SULFH�OHYHO LQGHWHUPLQDF\ REWDLQV LQ DQ HFRQRP\

ZLWK D IXOO\�VSHFLnHG nVFDO UHJLPH� 2XU nQGLQJ FRQWUDVWV ZLWK WKH FHQWUDO UHVXOW RI WKH nVFDO WKHRU\ RI WKH

SULFH OHYHO WKDW LI WKH SROLF\ UHJLPH FRQVLVWV RI DQ LQWHUHVW UDWH SHJ DQG DQ H[RJHQRXV SDWK IRU WKH SULPDU\

VXUSOXV� WKH HTXLOLEULXP SULFH OHYHO LV GHWHUPLQDWH �$XHUQKHLPHU DQG &RQWUHUDV� ����� 6LPV� ����� :RRGIRUG�

������ 7R VHH WKDW WKH SULFH OHYHO LV XQLTXHO\ GHWHUPLQHG LI WKH SDWK IRU WKH SULPDU\ VXUSOXV LV H[RJHQRXV� XVH

HTXDWLRQV ��� DQG ���� DQG WKH IDFW WKDW IRU 5 ! � UHDO EDODQFHV DUH FRQVWDQW WR H[SUHVV WKH WUDQVYHUVDOLW\

FRQGLWLRQ ���� DV
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:KHQ WKH SURFHVV IRU WKH UHDO SULPDU\ VXUSOXV� 7W 3W b J� LV H[RJHQRXV� WKH DERYH H[SUHVVLRQ XQLTXHO\

GHWHUPLQHV 3�� SURYLGHG LWV ULJKW�KDQG VLGH H[LVWV DQG LV SRVLWLYH DQG nQLWH� 7KH SULFH OHYHO LV DOVR XQLTXHO\

�1RWH WKDW DOWKRXJK WKH H[SHFWHG VWRFN RI UHDO GHEW LV LQFUHDVLQJ RYHU WLPH� LWV SUHVHQW GLVFRXQWHG YDOXH� (�nW%W�� �53W��
FRQYHUJHV WR ]HUR�
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GHWHUPLQHG LQ WKH FDVH LQ ZKLFK WKH VHTXHQFH RI QRPLQDO SULPDU\ VXUSOXVHV� 7W b 3WJ� LV H[RJHQRXV DQG

GHWHUPLQLVWLF� 7R YHULI\ WKLV� UHZULWH WKH DERYH H[SUHVVLRQ DV
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7KLV H[SUHVVLRQ FDQ EH VROYHG IRU D XQLTXH SRVLWLYH 3� SURYLGHG WKDW 0b� �%� !
3
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0RUH UHFHQWO\� WKHUH KDV EHHQ DQ HmRUW WR FODVVLI\ SROLF\ UHJLPHV DFFRUGLQJ WR ZKHWKHU HTXLOLEULXP FRQ�

GLWLRQV LQYROYLQJ nVFDO YDULDEOHV DUH QHHGHG IRU SULFH�OHYHO GHWHUPLQDWLRQ� )RU H[DPSOH� %HQKDELE� 6FKPLWW�

*URKuH DQG 8ULEH �����D� UHIHU WR UHJLPHV LQ ZKLFK nVFDO SROLF\ IDLOV WR SOD\ D UROH IRU SULFH�OHYHO GHWHUPLQDWLRQ

DV 5LFDUGLDQ� 6SHFLnFDOO\� WKH\ GHnQH D 5LFDUGLDQ SROLF\ UHJLPH DV RQH LQ ZKLFK WKH SUHVHQW GLVFRXQWHG YDOXH

RI WRWDO HQG�RI�SHULRG JRYHUQPHQW OLDELOLWLHV FRQYHUJHV WR ]HUR UHJDUGOHVV RI WKH EHKDYLRU RI HQGRJHQRXV YDUL�

DEOHV� &OHDUO\� WKH SROLF\ UHJLPH FRQVLGHUHG LQ WKLV VHFWLRQ_D EDODQFHG�EXGJHW UXOH LQ FRPELQDWLRQ ZLWK DQ

LQWHUHVW UDWH SHJ_LV 5LFDUGLDQ LQ WKH VHQVH RI %HQKDELE� 6FKPLWW�*URKuH DQG 8ULEH VLQFH E\ WKH EDODQFHG�

EXGJHW UXOH WRWDO JRYHUQPHQW OLDELOLWLHV DUH FRQVWDQW DQG E\ WKH DVVXPHG PRQHWDU\ SROLF\ WKH QRPLQDO LQWHUHVW

UDWH LV VWULFWO\ SRVLWLYH��

:H QRZ H[WHQG WKH FODVV RI EDODQFHG�EXGJHW UXOHV E\ DOORZLQJ IRU QRQ�]HUR VHFRQGDU\ VXUSOXVHV� 7KLV W\SH

RI EXGJHW UXOHV LV FOHDUO\ PRUH UHDOLVWLF WKDQ RXU EDVHOLQH VSHFLnFDWLRQ RI D ]HUR SHULRG�E\�SHULRG VHFRQGDU\

VXUSOXV� )RU H[DPSOH� WKH SURSRVHG EDODQFHG�EXGJHW DPHQGPHQW WKDW ZDV SDVVHG LQ ���� E\ WKH 8�6� +RXVH

RI 5HSUHVHQWDWLYHV DOORZV IRU SRVLWLYH VHFRQGDU\ VXUSOXVHV� $QRWKHU H[DPSOH RI D EXGJHW UXOH RI WKLV W\SH LV

WKH �([FHVVLYH 'HnFLW 3URFHGXUH� RI WKH 0DDVWULFKW 7UHDW\ RQ (FRQRPLF DQG 0RQHWDU\ 8QLRQ ZKLFK UHTXLUHV

WKDW D FRXQWU\
V VHFRQGDU\ EXGJHW GHnFLW IRU HDFK nVFDO \HDU EH QR ODUJHU WKDQ � SHUFHQW RI LWV JURVV GRPHVWLF

SURGXFW�

)RU VLPSOLFLW\� ZH DVVXPH WKDW WKH WLPH SDWK RI HLWKHU WKH UHDO VHFRQGDU\ VXUSOXV� VW� RU WKH QRPLQDO

VHFRQGDU\ VXUSOXV� 6W� LV H[RJHQRXV DQG ERXQGHG� 8QGHU HLWKHU DVVXPSWLRQ� OXPS�VXP WD[HV DUH JLYHQ E\

7W  3W J � �5Wb� b ��
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&RPELQLQJ WKLV H[SUHVVLRQ ZLWK WKH JRYHUQPHQW
V VHTXHQWLDO EXGJHW FRQVWUDLQW ���� WKH HYROXWLRQ RI WRWDO

QRPLQDO JRYHUQPHQW OLDELOLWLHV� 0W �%W�� 5W� EHFRPHV
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�:RRGIRUG ������ S���� GHnQHV D 5LFDUGLDQ UHJLPH DV RQH LQ ZKLFK WKH H[RJHQRXV VHTXHQFHV DQG IHHGEDFN UXOHV WKDW VSHFLI\
WKH SROLF\ UHJLPH LPSO\ WKDW WKH SUHVHQW GLVFRXQWHG YDOXH RI RXWVWDQGLQJ QRPLQDO JRYHUQPHQW GHEW QHFHVVDULO\ FRQYHUJHV WR
]HUR UHJDUGOHVV RI WKH EHKDYLRU RI RWKHU HQGRJHQRXV YDULDEOHV DQG DUJXHV WKDW XQGHU VXFK UHJLPHV WKH SULFH OHYHO LV W\SLFDOO\
QRW XQLTXHO\ GHWHUPLQHG� $FFRUGLQJ WR :RRGIRUG
V GHnQLWLRQ� D EDODQFHG�EXGJHW UXOH RI WKH W\SH FRQVLGHUHG LQ WKLV VHFWLRQ LQ
FRPELQDWLRQ ZLWK DQ LQWHUHVW UDWH SHJ LV QRW 5LFDUGLDQ� 7R VHH WKLV� FRQVLGHU IRU VLPSOLFLW\ D SHUIHFW�IRUHVLJKW HFRQRP\ DQG QRWH
WKDW XQGHU D EDODQFHG�EXGJHW UXOH� WKH SUHVHQW GLVFRXQWHG YDOXH RI RXWVWDQGLQJ JRYHUQPHQW GHEW FDQ EH ZULWWHQ DV
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7KH ULJKW VLGH RI WKLV H[SUHVVLRQ GRHV QRW QHFHVVDULO\ FRQYHUJH WR ]HUR IRU DQ\ SDWK RI HQGRJHQRXV YDULDEOHV� )RU H[DPSOH�
FRQVLGHU DQ Rm�HTXLOLEULXP SDWK LQ ZKLFK 0W JURZV DW D UDWH HTXDO WR RU JUHDWHU WKDQ 5�

�



8VLQJ WKLV H[SUHVVLRQ WR HOLPLQDWH 0W �%W�� 5W LQ WKH WUDQVYHUVDOLW\ FRQGLWLRQ ���� \LHOGV
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ZKLFK WRJHWKHU ZLWK ���� UHSODFHV HTXLOLEULXP FRQGLWLRQ �����

:H FRQWLQXH WR DVVXPH WKDW WKH QRPLQDO LQWHUHVW UDWH LV SHJJHG DW D VWULFWO\ SRVLWLYH YDOXH 5 ! ��

$V VKRZQ HDUOLHU� LQ WKLV FDVH UHDO EDODQFHV DQG FRQVXPSWLRQ DUH XQLTXHO\ GHWHUPLQHG DQG FRQVWDQW� DQG

OLPW��(�TW>$b� b ��b TW�� TW�0W@  �� 7KXV ���� FROODSVHV WR
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W;
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$VVXPH nUVW WKDW WKH nVFDO DXWKRULW\ VHWV DQ H[RJHQRXV DQG GHWHUPLQLVWLF SDWK IRU WKH UHDO VHFRQGDU\

VXUSOXV WKDW LV ERXQGHG DERYH E\ V DQG EHORZ E\ V� 8VLQJ WKH IDFWV WKDW TW  nW0� 0W DQG (�0M 0W  

�n5�MbW WKH OHIW VLGH RI ���� FDQ EH ZULWWHQ DV
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VR WKDW WKH WUDQVYHUVDOLW\ FRQGLWLRQ ���� LV VDWLVnHG IRU DQ\ 0� ! �� *LYHQ D YDOXH IRU 0�� WKH SULFH OHYHO LV

JLYHQ E\ 0� P� 7KXV� DV LQ WKH FDVH LQ ZKLFK WKH EDODQFHG�EXGJHW UXOH UHTXLUHV WKH VHFRQGDU\ VXUSOXV WR

EH H[DFWO\ HTXDO WR ]HUR DW DOO GDWHV DQG DOO VWDWHV� D UDWLRQDO H[SHFWDWLRQV HTXLOLEULXP H[LVWV DQG WKH SULFH

OHYHO LV LQGHWHUPLQDWH�

$VVXPH QRZ WKDW WKH nVFDO DXWKRULW\ VHWV DQ H[RJHQRXV DQG GHWHUPLQLVWLF SDWK IRU WKH QRPLQDO VHFRQGDU\
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VXUSOXV WKDW LV ERXQGHG DERYH E\ 6 DQG EHORZ E\ 6� ,Q WKLV FDVH WKH OHIW VLGH RI ���� VDWLVnHV
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7KLV LPSOLHV WKDW WKH WUDQVYHUVDOLW\ FRQGLWLRQ ZLOO EH VDWLVnHG IRU DQ\ 0� ! � DQG KHQFH WKH LQLWLDO SULFH

OHYHO LV DJDLQ LQGHWHUPLQDWH�

:H KDYH GHPRQVWUDWHG WKDW LI WKH PRQHWDU\ DXWKRULW\ SHJV WKH QRPLQDO LQWHUHVW UDWH DW D VWULFWO\ SRVLWLYH

YDOXH� D EDODQFHG�EXGJHW UXOH LQGXFHV SULFH�OHYHO LQGHWHUPLQDF\ HYHQ LI LW DOORZV IRU ERXQGHG VHFRQGDU\

GHnFLWV RU VXUSOXVHV� &RPSDULQJ WKLV UHVXOW ZLWK WKRVH HPSKDVL]HG LQ WKH nVFDO WKHRU\ RI WKH SULFH OHYHO LW

EHFRPHV FOHDU WKDW D NH\ FRQVLGHUDWLRQ IRU SULFH�OHYHO GHWHUPLQDWLRQ LV ZKHWKHU WKH nVFDO SROLF\ LV GHVFULEHG DV

DQ H[RJHQRXV VHTXHQFH RI SULPDU\ GHnFLWV�VXUSOXVHV RU� DOWHUQDWLYHO\� DV DQ H[RJHQRXV VHTXHQFH RI VHFRQGDU\

GHnFLWV�VXUSOXVHV�

7KH RSWLPXP TXDQWLW\ RI PRQH\

&RQVLGHU QRZ D PRQHWDU\ SROLF\ ZKHUHE\ WKH QRPLQDO LQWHUHVW UDWH LV VHW DW ]HUR �5  ��� 7KLV SROLF\

FRUUHVSRQGV WR WKH RSWLPXP TXDQWLW\ RI PRQH\ DGYRFDWHG E\ 0LOWRQ )ULHGPDQ� $VVXPH nUVW WKDW WKH

JRYHUQPHQW IROORZV D SHULRG�E\�SHULRG VWDWH�E\�VWDWH EDODQFHG�EXGJHW UXOH DV GHVFULEHG E\ HTXDWLRQ ����

)URP ���� LW IROORZV WKDW ) �PW�  *�PW�� 7KXV ���� EHFRPHV OLPW��(�n
W*�PW�$b� 0W  �� ZKLFK XVLQJ

���� DQG ���� FDQ EH H[SUHVVHG DV OLPW��*�P��$b� 0�  �� 7KLV HTXDOLW\ LV D FRQWUDGLFWLRQ EHFDXVH DQ\

VROXWLRQ WR ���� VDWLVnHV P w AF � J� VR WKDW *�P�� ! �� &RQVHTXHQWO\� WKH RSWLPXP TXDQWLW\ RI PRQH\

FDQQRW EH EURXJKW DERXW XQGHU D EDODQFHG�EXGJHW UXOH�

7KH LQWXLWLRQ EHKLQG WKLV UHVXOW LV VLPSOH� ,Q HTXLOLEULXP� LQLWLDO JRYHUQPHQW OLDELOLWLHV PXVW EH HTXDO

WR WKH SUHVHQW GLVFRXQWHG YDOXH RI SULPDU\ VXUSOXVHV SOXV LQWHUHVW VDYLQJV IURP WKH LVVXDQFH RI PRQH\� %\

WKH EDODQFHG�EXGJHW UXOH� WKH SULPDU\ VXUSOXV PXVW HTXDO LQWHUHVW SD\PHQWV RQ WKH SXEOLF GHEW� 7KXV� LI

WKH QRPLQDO LQWHUHVW UDWH LV ]HUR� VR LV WKH SULPDU\ VXUSOXV� $ ]HUR QRPLQDO LQWHUHVW UDWH DOVR LPSOLHV WKDW

LQWHUHVW VDYLQJV IURP WKH LVVXDQFH RI PRQH\ DUH QLO� 7KHUHIRUH� ZKHQ WKH QRPLQDO LQWHUHVW UDWH LV ]HUR� WKH

SUHVHQW GLVFRXQWHG YDOXH RI JRYHUQPHQW UHYHQXHV YDQLVKHV� ZKLFK LV LQFRQVLVWHQW ZLWK D SRVLWLYH LQLWLDO OHYHO

RI JRYHUQPHQW OLDELOLWLHV�

7KLV QRQ�H[LVWHQFH UHVXOW LV IUDJLOH IRU DW OHDVW WZR UHDVRQV� )LUVW� LW IROORZV IURP RXU HDUOLHU DQDO\VLV

WKDW LI WKH QRPLQDO LQWHUHVW UDWH LV SRVLWLYH EXW DUELWUDULO\ FORVH WR ]HUR� D UDWLRQDO H[SHFWDWLRQV HTXLOLEULXP

H[LVWV DQG WKH DVVRFLDWHG UHDO DOORFDWLRQ LV DUELWUDULO\ FORVH WR WKH RQH DVVRFLDWHG ZLWK WKH RSWLPXP TXDQWLW\

RI PRQH\� 6HFRQG� DV ZH VKRZ QH[W� DQ HTXLOLEULXP FRQVLVWHQW ZLWK WKH RSWLPXP TXDQWLW\ RI PRQH\ PD\

H[LVW XQGHU D EDODQFHG�EXGJHW UXOH LI WKH SUHVHQW GLVFRXQWHG YDOXH RI VHFRQGDU\ VXUSOXVHV LV H[SHFWHG WR EH

��



SRVLWLYH�

&RQVLGHU WKH FDVH WKDW WKH JRYHUQPHQW VHWV DQ H[RJHQRXV DQG GHWHUPLQLVWLF SDWK IRU HLWKHU WKH QRPLQDO

RU WKH UHDO VHFRQGDU\ VXUSOXV� :KHQ 5  �� ���� VLPSOLnHV WR
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:H nUVW DQDO\]H WKH FDVH WKDW WKH UHDO VHFRQGDU\ VXUSOXV LV H[RJHQRXV DQG GHWHUPLQLVWLF� )URP ���� LW IROORZV

WKDW LQ DQ\ HTXLOLEULXP PW w AF � J� ZKLFK LPSOLHV WKDW *�PW�  PW AF DQG� E\ ����� WKDW TW  nW3� 3W� VR
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nMbWVM � ZKHUH WKH ODVW HTXDOLW\ IROORZV IURP WKH
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6XSSRVH IXUWKHU WKDW WKH OLPLW RQ WKH ULJKW KDQG VLGH RI WKLV HTXDWLRQ� WKH SUHVHQW GLVFRXQWHG YDOXH RI UHDO

VHFRQGDU\ VXUSOXVHV� H[LVWV� 6LQFH LQLWLDO QRPLQDO JRYHUQPHQW OLDELOLWLHV DUH DVVXPHG WR EH SRVLWLYH� D UDWLRQDO

H[SHFWDWLRQV HTXLOLEULXP H[LVWV DQG WKH SULFH OHYHO LV XQLTXH LI DQG RQO\ LI WKH SUHVHQW GLVFRXQWHG YDOXH RI

UHDO VHFRQGDU\ VXUSOXVHV LV SRVLWLYH DQG nQLWH�

)LQDOO\� DVVXPH WKDW WKH QRPLQDO VHFRQGDU\ VXUSOXV LV H[RJHQRXV DQG GHWHUPLQLVWLF� WKHQ ���� EHFRPHV
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7KLV HTXDWLRQ ZLOO LQ JHQHUDO QRW EH VDWLVnHG IRU DUELWUDU\ SDWKV RI WKH QRPLQDO VHFRQGDU\ VXUSOXV� 7KXV� LQ

JHQHUDO� D UDWLRQDO H[SHFWDWLRQV HTXLOLEULXP GRHV QRW H[LVW� ,Q WKH HYHQW WKDW WKH DERYH HTXDWLRQ LV VDWLVnHG�

D UDWLRQDO H[SHFWDWLRQV HTXLOLEULXP H[LVWV� EXW WKH HTXLOLEULXP SULFH OHYHO LV LQGHWHUPLQDWH�

� (TXLOLEULXP XQGHU D 0RQH\ *URZWK 5DWH 3HJ

8QGHU WKH PRQHWDU\ SROLF\ UHJLPH WR EH FRQVLGHUHG LQ WKLV VHFWLRQ� WKH JRYHUQPHQW SHJV WKH JURVV JURZWK

UDWH RI WKH PRQH\ VXSSO\ DW D FRQVWDQW OHYHO x ! �� 7KXV� 0W LV JLYHQ E\

0W  xW0�� ����

*LYHQ WKLV SROLF\ UXOH� HTXDWLRQ ���� UHGXFHV WR
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DQG WKH WUDQVYHUVDOLW\ FRQGLWLRQ ���� EHFRPHV
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$ UDWLRQDO H[SHFWDWLRQV PRQHWDU\ HTXLOLEULXP LV D SURFHVV PW ! J VDWLVI\LQJ ���� DQG ����� JLYHQ $b� ! �

DQG 0� ! ��

��



6WHDG\�VWDWH HTXLOLEULD

:H nUVW FKDUDFWHUL]H HTXLOLEULD LQ ZKLFK UHDO EDODQFHV DUH FRQVWDQW� &OHDUO\� D VWHDG\�VWDWH HTXLOLEULXP GRHV

QRW H[LVW LI x � n EHFDXVH LQ WKDW FDVH QR FRQVWDQW YDOXH RI UHDO EDODQFHV VDWLVnHV ����� ,Q SDUWLFXODU� WKLV

PHDQV WKDW WKH SROLF\PDNHU FDQQRW EULQJ DERXW WKH RSWLPDO DOORFDWLRQ� RU RSWLPXP TXDQWLW\ RI PRQH\�

E\ UHGXFLQJ WKH PRQH\ VXSSO\ DW WKH VXEMHFWLYH UDWH RI GLVFRXQW� 7KH LQWXLWLRQ IRU WKH LPSRVVLELOLW\ RI

LPSOHPHQWLQJ WKH )ULHGPDQ UXOH E\ SHJJLQJ WKH PRQH\ JURZWK UDWH LV HVVHQWLDOO\ WKH VDPH DV LQ WKH FDVH RI

DQ LQWHUHVW UDWH SHJ� 8QGHU D EDODQFHG�EXGJHW UXOH WRWDO QRPLQDO JRYHUQPHQW OLDELOLWLHV DUH FRQVWDQW RYHU

WLPH DQG EHFDXVH x  n� WKH QRPLQDO LQWHUHVW UDWH LV HTXDO WR ]HUR� 7KHUHIRUH� WRWDO QRPLQDO JRYHUQPHQW

OLDELOLWLHV GR QRW FRQYHUJH WR ]HUR LQ SUHVHQW GLVFRXQWHG YDOXH�

,W IROORZV WKDW DQ\ nVFDO UHJLPH WKDW PDNHV WRWDO JRYHUQPHQW OLDELOLWLHV YDQLVK DV\PSWRWLFDOO\ ZLOO DOORZ

IRU WKH H[LVWHQFH RI D VWHDG\�VWDWH HTXLOLEULXP FRQVLVWHQW ZLWK WKH )ULHGPDQ UXOH� $Q H[DPSOH RI VXFK D nVFDO

SROLF\ LV RQH LQ ZKLFK WKH JRYHUQPHQW NHHSV WKH VWRFN RI SXEOLF GHEW HTXDO WR ]HUR DW DOO WLPHV �:RRGIRUG�

������ ,Q WKLV FDVH� WRWDO JRYHUQPHQW OLDELOLWLHV DUH HTXDO WR WKH PRQH\ VXSSO\� ZKLFK� E\ WKH )ULHGPDQ UXOH�

VKULQNV DW WKH UDWH RI GLVFRXQW�� $QRWKHU H[DPSOH LV D nVFDO SROLF\ WKDW VSHFLnHV DQ H[RJHQRXV VHTXHQFH RI

QRPLQDO VHFRQGDU\ VXUSOXVHV ZKRVH VXP LV HTXDO WR WKH LQLWLDO VWRFN RI WRWDO QRPLQDO JRYHUQPHQW OLDELOLWLHV�

,Q ZKDW IROORZV� ZH DVVXPH WKDW WKH JURZWK UDWH RI WKH PRQH\ VXSSO\ H[FHHGV WKH GLVFRXQW IDFWRU �x ! n��

*LYHQ WKLV DVVXPSWLRQ� DQ\ FRQVWDQW YDOXH RIP VDWLVnHV ����� 7KXV� HVWDEOLVKLQJ WKH H[LVWHQFH DQG XQLTXHQHVV

RI D VWHDG\�VWDWH HTXLOLEULXP UHGXFHV WR VWXG\LQJ VROXWLRQV WR ���� LQ ZKLFK PW  Pe ! J IRU DOO W� WKDW LV�

VROXWLRQV WR

) �Pe�  
n

x
*�Pe�� ����

)RU P w AF � J� ) �P�  *�P�� WKXV WKH OHIW VLGH RI ���� LV JUHDWHU WKDQ WKH ULJKW VLGH �nJXUH ��� )RU

J � P � AF � J� *�P� LV PRQRWRQLFDOO\ GHFUHDVLQJ� DQG ) �P� LV PRQRWRQLFDOO\ LQFUHDVLQJ� )XUWKHU� DV P

DSSURDFKHV J IURP DERYH� *�P� FRQYHUJHV WR LQnQLW\ DQG ) �P� FRQYHUJHV WR tJ ��b J�� VR WKH ULJKW VLGH RI

���� EHFRPHV ODUJHU WKDQ LWV OHIW VLGH� 7KHUHIRUH� WKHUH H[LVWV D XQLTXH VROXWLRQ Pe WR ����� ZKLFK VDWLVnHV

J � Pe � AF � J� :H KDYH HVWDEOLVKHG WKDW LI x ! n� D VWHDG\�VWDWH HTXLOLEULXP H[LVWV DQG LV XQLTXH� 7KH

SULFH OHYHO LV XQLTXHO\ GHWHUPLQHG DV 3W  0W P
e� )URP ���� LW IROORZV WKDW WKH JURVV QRPLQDO LQWHUHVW UDWH�

5e� LV HTXDO WR x n� %HFDXVH UHDO EDODQFHV DUH FRQVWDQW� WKH UDWH RI LQoDWLRQ PXVW EH HTXDO WR WKH JURZWK

UDWH RI WKH PRQH\ VXSSO\� 8VLQJ WKH IDFW WKDW %W�� 5W �0W  $b�� WKH UHDO YDOXH RI SXEOLF GHEW FDQ EH

H[SUHVVHG DV

%W��

3W

 xbW5ePe$b� 0� b5ePe�

+HQFH� LI WKH UDWH RI JURZWK RI WKH PRQH\ VXSSO\ LV QHJDWLYH �x � ��� WKHQ WKH UHDO VWRFN RI GHEW DVVRFLDWHG

ZLWK WKH VWHDG\�VWDWH HTXLOLEULXP JURZV ZLWKRXW ERXQGV� ,I� RQ WKH RWKHU KDQG� WKH PRQH\ JURZWK UDWH LV

QRQ�QHJDWLYH �x w ��� WKHQ WKH ORQJ�UXQ UHDO VWRFN RI GHEW LV nQLWH� ,I WKH PRQH\ JURZWK UDWH LV VWULFWO\

SRVLWLYH� WKH UHDO YDOXH RI WKH SXEOLF GHEW FRQYHUJHV WR D QHJDWLYH YDOXH���

�&OHDUO\� WKH nVFDO SROLF\ DQDO\]HG E\ :RRGIRUG LV QRW D EDODQFHG�EXGJHW UXOH EHFDXVH VHFRQGDU\ GHnFLWV DUH nQDQFHG E\

VHLJQRUDJH LQFRPH�
�� ,W LV VWUDLJKWIRUZDUG WR VKRZ WKDW WKH UHVXOWV RI WKLV VXEVHFWLRQ DOVR KROG ZKHQ SUHIHUHQFHV DUH RI WKH PRUH JHQHUDO W\SH

GHVFULEHG LQ IRRWQRWH � RU ZKHQ JRYHUQPHQW SXUFKDVHV DUH QRW VXEMHFW WR D FDVK�LQ�DGYDQFH FRQVWUDLQW RU ERWK�

��



1RQ�VWHDG\�VWDWH HTXLOLEULD

:H PDNH WKH IROORZLQJ DVVXPSWLRQ UHJDUGLQJ SUHIHUHQFHV DQG WKH VL]H RI JRYHUQPHQW SXUFKDVHV
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7KLV DVVXPSWLRQ LV VDWLVnHG IRU DQ\ YDOXH RI x IRU ZKLFK SULYDWH FRQVXPSWLRQ H[FHHGV JRYHUQPHQW FRQVXPS�

WLRQ LQ WKH VWHDG\�VWDWH HTXLOLEULXP� ,Q nJXUH �� WKH OHIW VLGH RI �$�� LV JLYHQ E\ SRLQW D DQG WKH ULJKW VLGH

E\ SRLQW E� 7KH IROORZLQJ SURSRVLWLRQ VKRZV WKDW LI �$�� LV VDWLVnHG� WKHQ UHDO EDODQFHV KHOG E\ WKH SULYDWH

VHFWRU DUH nQLWH DQG ERXQGHG EHORZ E\ D VWULFWO\ SRVLWLYH YDOXH�

3URSRVLWLRQ ��� 6XSSRVH WKDW SUHIHUHQFHV VDWLVI\ �$�� DQG WKDW x ! n� 7KHQ WKHUH H[LVW ERXQGV P �

�J� AF� J� DQG P �� VXFK WKDW LQ DQ\ PRQHWDU\ HTXLOLEULXP P � PW � P� 7KXV� VHOI�IXOnOOLQJ LQoDWLRQV DV

ZHOO DV VHOI�IXOnOOLQJ GHoDWLRQV DUH LPSRVVLEOH�

3URRI� 7KH SURRI RI WKLV SURSRVLWLRQ� ZKLFK GUDZV KHDYLO\ RQ WKH SURRI RI SURSRVLWLRQV � DQG � LQ :RRGIRUG

������� LV SUHVHQWHG LQ WKH DSSHQGL[

3URSRVLWLRQ ��� HVWDEOLVKHV WKDW LQ DQ\ HTXLOLEULXP WKHUH DUH DW PRVW ERXQGHG oXFWXDWLRQV� 7KH H[LVWHQFH

RI DQ XSSHU ERXQG DQG KHQFH WKH LPSRVVLELOLW\ RI VHOI�IXOnOOLQJ GHoDWLRQV GHSHQGV FUXFLDOO\ RQ WKH DVVXPHG

EDODQFHG�EXGJHW UHTXLUHPHQW� )RU H[DPSOH� XQGHU D nVFDO SROLF\ LQ ZKLFK WKH VWRFN RI SXEOLF GHEW LV ]HUR

DW DOO WLPHV VSHFXODWLYH GHoDWLRQV DUH SRVVLEOH �:RRGIRUG� ������ 7KH LQWXLWLRQ IRU WKH LPSRVVLELOLW\ RI

VSHFXODWLYH GHoDWLRQV XQGHU D EDODQFHG�EXGJHW UXOH LV VLPSOH� ,Q D VSHFXODWLYH GHoDWLRQ SULFHV JURZ DW D

UDWH VPDOOHU WKDQ WKH UDWH RI PRQHWDU\ H[SDQVLRQ� 7KXV UHDO EDODQFHV EHFRPH DUELWUDULO\ ODUJH� H[FHHGLQJ

AF� J DIWHU D nQLWH QXPEHU RI SHULRGV� DW ZKLFK SRLQW WKH FDVK�LQ�DGYDQFH FRQVWUDLQW FHDVHV WR ELQG DQG WKH

QRPLQDO LQWHUHVW UDWH EHFRPHV ]HUR� ,Q DQ\ UDWLRQDO H[SHFWDWLRQV HTXLOLEULXP� WKH SUHVHQW GLVFRXQWHG YDOXH

RI WRWDO QRPLQDO JRYHUQPHQW OLDELOLWLHV QHW RI LQWHUHVW VDYLQJV IURP WKH LVVXDQFH RI PRQH\ KDV WR FRQYHUJH WR

]HUR� %XW DV GLVFXVVHG HDUOLHU� WKLV FDQ QHYHU EH WKH FDVH LI WKH QRPLQDO LQWHUHVW UDWH LV ]HUR EHFDXVH XQGHU D

EDODQFHG�EXGJHW UXOH WRWDO QRPLQDO JRYHUQPHQW OLDELOLWLHV DUH FRQVWDQW�

2Q WKH RWKHU KDQG� WKH EDODQFHG�EXGJHW UHTXLUHPHQW GRHV QRW UXOH RXW WKH H[LVWHQFH RI VSHFXODWLYH

LQoDWLRQV� 7KH EDODQFHG�EXGJHW UXOH HQVXUHV WKDW LQ DQ\ VSHFXODWLYH LQoDWLRQ WKH WUDQVYHUVDOLW\ FRQGLWLRQ

ZLOO QHFHVVDULO\ EH VDWLVnHG� WKDW LV� WKH SUHVHQW GLVFRXQWHG YDOXH RI WRWDO QRPLQDO JRYHUQPHQW OLDELOLWLHV QHW RI

LQWHUHVW VDYLQJV IURP WKH LVVXDQFH RI PRQH\ QHFHVVDULO\ FRQYHUJHV WR ]HUR� 7KH LQWXLWLRQ IRU WKLV LV DV IROORZV�

,Q D K\SHULQoDWLRQ UHDO EDODQFHV FRQYHUJH WR ]HUR DQG WKH QRPLQDO LQWHUHVW UDWH LQFUHDVHV RYHU WLPH� 6LQFH

XQGHU D EDODQFHG�EXGJHW UXOH WRWDO QRPLQDO JRYHUQPHQW OLDELOLWLHV DUH FRQVWDQW� WKH IDFW WKDW WKH QRPLQDO

LQWHUHVW UDWH LV SRVLWLYH HQVXUHV WKDW WKHLU SUHVHQW GLVFRXQWHG YDOXH FRQYHUJHV WR ]HUR� $W WKH VDPH WLPH� DV

UHDO EDODQFHV DUH VKULQNLQJ� LQWHUHVW VDYLQJV IURP WKH LVVXDQFH RI PRQH\ GLVDSSHDU LQ SUHVHQW�GLVFRXQWHG�YDOXH

WHUPV�

7KH H[LVWHQFH RI D ORZHU ERXQG RQ UHDO EDODQFHV LV JXDUDQWHHG LQGLYLGXDOO\ E\ ERWK WKH DVVXPSWLRQ WKDW

JRYHUQPHQW SXUFKDVHV DUH VXEMHFW WR D FDVK�LQ�DGYDQFH FRQVWUDLQW DQG WKH DVVXPHG ORJ�OLQHDU SUHIHUHQFH

VSHFLnFDWLRQ� 0RUH JHQHUDOO\� DQ\ SUHIHUHQFH VSHFLnFDWLRQ ZLWK D VLQJOH�SHULRG XWLOLW\ IXQFWLRQ RI WKH IRUP

8�F� �b K� VDWLVI\LQJ OLPF�� F 8��F� �b F� ! � UXOHV RXW VHOI�IXOnOOLQJ LQoDWLRQV LQ WKH DEVHQFH RI D FDVK�LQ�

DGYDQFH FRQVWUDLQW RQ JRYHUQPHQW SXUFKDVHV �VHH DOVR :RRGIRUG� ������

7R HVWDEOLVK WKH XQLTXHQHVV RI WKH UDWLRQDO H[SHFWDWLRQV HTXLOLEULXP� ZH PDNH WKH IROORZLQJ DVVXPSWLRQ�
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/LNH DVVXPSWLRQ �$��� DVVXPSWLRQ �$�� LV VDWLVnHG ZKHQHYHU SULYDWH FRQVXPSWLRQ H[FHHGV JRYHUQPHQW FRQ�

VXPSWLRQ LQ WKH VWHDG\�VWDWH HTXLOLEULXP� $VVXPSWLRQ �$�� LV VWURQJHU WKDQ DVVXPSWLRQ �$��� 7R VHH WKLV�

QRWH WKDW �$�� LV VDWLVnHG ZKHQHYHU J � n �xt�
�bn x � DQG WKDW � �� b n x� ! �� 7KH IROORZLQJ SURSRVLWLRQ

FRPSOHWHV WKH FKDUDFWHUL]DWLRQ RI HTXLOLEULXP XQGHU D PRQH\ JURZWK UDWH SHJ�

3URSRVLWLRQ ��� ,I x ! n DQG DVVXPSWLRQ �$�� LV VDWLVnHG� WKHQ WKH VWHDG\�VWDWH HTXLOLEULXP LV WKH XQLTXH

UDWLRQDO H[SHFWDWLRQV PRQHWDU\ HTXLOLEULXP� 7KXV� WKH HTXLOLEULXP SULFH OHYHO LV XQLTXH�

3URRI� 6HH WKH DSSHQGL[�

7KH PDLQ LPSOLFDWLRQ RI WKLV SURSRVLWLRQ LV WKDW XQGHU D EDODQFHG�EXGJHW UHTXLUHPHQW� WKH PRQHWDU\ DXWKRU�

LW\ FDQ FRQWURO WKH SULFH OHYHO E\ FRQWUROOLQJ WKH UDWH RI H[SDQVLRQ RI WKH PRQHWDU\ DJJUHJDWH� 7KLV UHVXOW

VWDQGV LQ VWDUN FRQWUDVW ZLWK WKH RQH REWDLQHG XQGHU DQ LQWHUHVW UDWH SHJ� ,Q WKDW FDVH� D EDODQFHG�EXGJHW

UXOH QHFHVVDULO\ UHQGHUV WKH SULFH OHYHO LQGHWHUPLQDWH�

� (TXLOLEULXP XQGHU DQ ,QWHUHVW 5DWH )HHGEDFN 5XOH

6LQFH 7D\ORU ������� D JURZLQJ HPSLULFDO OLWHUDWXUH KDV GRFXPHQWHG WKDW SRVWZDU 8�6� PRQHWDU\ SROLF\ FDQ

EH FKDUDFWHUL]HG DV IROORZLQJ DQ LQWHUHVW�UDWH IHHGEDFN UXOH ZKHUHE\ WKH QRPLQDO LQWHUHVW UDWH LV VHW DV DQ

LQFUHDVLQJ IXQFWLRQ RI LQoDWLRQ DQG RXWSXW��� 3DUWLFXODU DWWHQWLRQ KDV EHHQ SODFHG RQ WKH LPSOLFDWLRQV RI

WKH PDJQLWXGH RI WKH LQoDWLRQ HODVWLFLW\ RI VXFK D UXOH IRU PDFURHFRQRPLF VWDELOLW\� ,Q WKLV VHFWLRQ� ZH

FRQVLGHU WKH FRQVHTXHQFHV RI LQWHUHVW UDWH IHHGEDFN UXOHV IRU WKH GHWHUPLQDF\ RI HTXLOLEULXP LQ WKH SUHVHQFH

RI D EDODQFHG�EXGJHW UHTXLUHPHQW� 6SHFLnFDOO\� ZH DVVXPH WKDW WKH QRPLQDO LQWHUHVW UDWH LV VHW DFFRUGLQJ WKH

IROORZLQJ QRQ�OLQHDU UXOH

5W  PD[>�� 5� m�{W b n5�@ m�5 ! �� ����

ZKHUH {W s 3W 3Wb� GHQRWHV WKH JURVV UDWH RI LQoDWLRQ� 7KLV VSHFLnFDWLRQ RI PRQHWDU\ SROLF\ HQVXUHV WKH

QRQ�QHJDWLYLW\ RI WKH QRPLQDO LQWHUHVW UDWH IRU DOO SRVVLEOH SDWKV RI WKH LQoDWLRQ UDWH� :H ZLOO UHIHU WR

PRQHWDU\ SROLF\ DV DFWLYH LI LQ UHVSRQVH WR DQ LQFUHDVH LQ WKH LQoDWLRQ UDWH� WKH PRQHWDU\ DXWKRULW\ UDLVHV WKH

QRPLQDO LQWHUHVW UDWH E\ PRUH WKDQ RQH�IRU�RQH DQG DV SDVVLYH RWKHUZLVH� 2QH LPSOLFDWLRQ RI WKH ]HUR ERXQG

UHTXLUHPHQW RQ QRPLQDO LQWHUHVW UDWHV LV WKDW LI PRQHWDU\ SROLF\ LV JOREDOO\ FRQWLQXRXV DQG DFWLYH IRU VRPH

YDOXHV RI WKH LQoDWLRQ UDWH� WKHQ LW PXVW DOVR EH SDVVLYH IRU VRPH RWKHU YDOXHV� $V ZLOO EHFRPH FOHDU EHORZ�

WKLV SURSHUW\ RI WKH IHHGEDFN UXOH JLYHV ULVH WR PXOWLSOH VWHDG\�VWDWH UDWHV RI LQoDWLRQ DQG KDV LPSRUWDQW

FRQVHTXHQFHV IRU WKH JOREDO VWDELOLW\ RI HTXLOLEULXP�

8QGHU WKH PRQHWDU\ SROLF\ UHJLPH GHVFULEHG E\ ����� WKH VXSSO\ RI ERWK PRQH\ DQG ERQGV LV HQGRJHQRXV�

DV LV WKH FDVH XQGHU WKH SXUH LQWHUHVW UDWH SHJ GLVFXVVHG LQ VHFWLRQ �� 7KURXJKRXW WKLV VHFWLRQ� ZH UHVWULFW

WKH DQDO\VLV WR SHUIHFW�IRUHVLJKW HTXLOLEULD� 8VLQJ ���� WR UHSODFH 5W� WKH IHHGEDFN UXOH FDQ EH ZULWWHQ DV

*�PW�

) �PW�
 PD[

�
�� 5��b mn� � m

PWb�

PW

0W

0Wb�

w
� ����

8VLQJ ���� WR HOLPLQDWH 0W�� 0W \LHOGV

*�PW���

) �PW���
 PD[

�
�� 5��b mn� � mn

PW

PW��

*�PW���

) �PW�

w
W w � ����

��6HH IRU H[DPSOH� 2USKDQLGHV ������ DQG &ODULGD� *DOur� DQG *HUWOHU �������

��



DQG

*�P��

) �P��
 PD[

�
�� 5��b mn� � m

0�

P� 3b�

w
� ����

$ SHUIHFW�IRUHVLJKW HTXLOLEULXP FRQVLVWV RI D SDLU RI VHTXHQFHV IPW�0WJ VDWLVI\LQJ PW ! J� 0W ! �� �����

����� ����� DQG ����� JLYHQ $b� DQG 3b��

6WHDG\�VWDWH HTXLOLEULD

&RQVLGHU nUVW VWHDG\�VWDWH HTXLOLEULD� WKDW LV� SHUIHFW�IRUHVLJKW HTXLOLEULD LQ ZKLFK UHDO EDODQFHV DUH FRQVWDQW

IURP SHULRG � RQZDUG� ,Q VXFK DQ HTXLOLEULXP� UHDO EDODQFHV� Pe� PXVW VDWLVI\ Pe � AF � J� 7R VHH ZK\�

VXSSRVH WKDW Pe w AF � J� 7KLV LPSOLHV WKDW *�Pe�  ) �Pe� DQG� E\ ����� WKDW 0W  nW0�� 8VLQJ WKHVH

WZR UHODWLRQV� WKH OHIW VLGH RI ���� FDQ EH ZULWWHQ DV *�Pe�$b� 0� ! �� VR WKDW WKH WUDQVYHUVDOLW\ FRQGLWLRQ

LV YLRODWHG� )RU J � Pe � AF� J� *�Pe� ) �Pe� ! �� DQG KHQFH Pe PXVW VDWLVI\

*�Pe�

) �Pe�
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6XSSRVH WKDW mn � �� &OHDUO\� LI 5 � �� WKH DERYH HTXDWLRQ LV LQFRQVLVWHQW� DQG WKXV QR VWHDG\�VWDWH

HTXLOLEULXP H[LVWV� ,I 5 ! �� WKHQ Pe VROYHV

*�Pe�

) �Pe�
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$V GLVFXVVHG LQ VHFWLRQ �� WKLV HTXDWLRQ KDV D XQLTXH VROXWLRQ� (YDOXDWLQJ ���� DQG ���� DW PW  Pe \LHOGV

0W  �n5�W0� DQG 0�  5nPe3b� ! �� $V LV UHDGLO\ YHULnHG� WKLV VHTXHQFH RI QRPLQDO EDODQFHV DQG

PW  Pe IRU DOO W VDWLVI\ WKH WUDQVYHUVDOLW\ FRQGLWLRQ ����� 6LQFH ERWK QRPLQDO DQG UHDO EDODQFHV DUH XQLTXH�

VR LV WKH SULFH OHYHO� 3W  0W P
e� &RPSDULQJ HTXDWLRQV ���� DQG ����� LW IROORZV WKDW WKH QRPLQDO LQWHUHVW

UDWH LV HTXDO WR 5���

1RWH WKDW LQ WKH VWHDG\�VWDWH HTXLOLEULXP UHDO EDODQFHV DUH LQGHSHQGHQW RI m DQG LGHQWLFDO WR WKH OHYHO RI

UHDO EDODQFHV WKDW ZRXOG REWDLQ LI WKH QRPLQDO LQWHUHVW UDWH ZHUH SHJJHG DW 5� +RZHYHU� XQOLNH WKH LQWHUHVW

UDWH SHJ� WKH IHHGEDFN UXOH LQGXFHV D XQLTXH SULFH OHYHO� 7KLV NH\ GLmHUHQFH LV DFFRXQWHG IRU E\ WKH OLQN

EHWZHHQ WKH QRPLQDO LQWHUHVW UDWH DQG WKH FRQWHPSRUDQHRXV LQoDWLRQ UDWH LQWURGXFHG E\ WKH IHHGEDFN UXOH�

7R KLJKOLJKW WKH UROH RI D EDODQFHG�EXGJHW UXOH IRU SULFH OHYHO GHWHUPLQDWLRQ XQGHU DQ LQWHUHVW UDWH

IHHGEDFN UXOH� FRQVLGHU DQ DOWHUQDWLYH nVFDO SROLF\ ZKHUHE\ WKH JRYHUQPHQW VSHFLnHV DQ H[RJHQRXV SDWK IRU

WKH UHDO SULPDU\ VXUSOXV� ,Q WKLV FDVH� XQOLNH LQ WKH FDVH RI D EDODQFHG�EXGJHW UXOH� WKHUH H[LVWV QR VWHDG\�VWDWH

HTXLOLEULXP VDWLVI\LQJ J � Pe � AF�J� 7R VHH WKLV� QRWH WKDW HTXDWLRQV ���� DQG ���� LPSO\ WKDW 3�  n53b��

$W WKH VDPH WLPH� WKH WUDQVYHUVDOLW\ FRQGLWLRQ ���� LPSOLHV WKDW 3�  �0b� � %�� �
3
�
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��b5b��Pe@�� 7KHVH WZR H[SUHVVLRQV DUH LQFRQVLVWHQW EHFDXVH WKHLU ULJKW VLGHV DUH H[RJHQRXV DQG LQ JHQHUDO

GLmHUHQW IURP HDFK RWKHU���

��,I mn  �� WKHUH H[LVWV D FRQWLQXXP RI VWHDG\�VWDWH HTXLOLEULD� 6SHFLnFDOO\� DQ\ OHYHO RI UHDO EDODQFHV Pe � �J� AF� J� DQG D
VHTXHQFH RI QRPLQDO EDODQFHV 0W  �n*�Pe� ) �Pe��W0� ZLWK 0�  �*�Pe� ) �Pe��nPe3b� ! � FRQVWLWXWH D VWHDG\�VWDWH
HTXLOLEULXP�
��$QRWKHU GLmHUHQFH EHWZHHQ WKLV nVFDO UHJLPH DQG D EDODQFHG�EXGJHW UXOH LV WKDW XQGHU WKLV nVFDO UHJLPH D VWHDG\�VWDWH

HTXLOLEULXP LQ ZKLFK Pe w AF � J PD\ H[LVW� 6SHFLnFDOO\� WKLV LV WKH FDVH LI ZH LPSRVH WKH IROORZLQJ UHVWULFWLRQV RQ WKH
SDUDPHWHUV RI WKH PRGHO� �mn b ���5b �� w � DQG �� � �mn b ��5� m w �0b� �%�� �3b�
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1RQ�VWHDG\�VWDWH HTXLOLEULD

)RU WKH DQDO\VLV RI QRQ�VWHDG\�VWDWH HTXLOLEULD� ZH DVVXPH WKDW 5 ! � DQG mn � �� 7ZR HOHPHQWV RI WKH

PRGHO SOD\ D NH\ UROH IRU SULFH OHYHO GHWHUPLQDWLRQ LQ DGGLWLRQ WR WKH DVVXPHG nVFDO UHJLPH� WKH HODVWLFLW\

RI WKH IHHGEDFN UXOH ZLWK UHVSHFW WR LQoDWLRQ� mn� DQG WKH VWHDG\�VWDWH OHLVXUH�WR�FRQVXPSWLRQ UDWLR� ZKLFK�

E\ HTXDWLRQ ����� LV HTXDO WR t5� 2XU PDLQ nQGLQJ LV WKDW LI WKH OHLVXUH�WR�FRQVXPSWLRQ UDWLR LV JUHDWHU

WKDQ RQH_ZKLFK DV ZH ZLOO DUJXH EHORZ LV WKH FDVH RI JUHDWHVW HPSLULFDO UHOHYDQFH_WKHQ WKH HTXLOLEULXP

SULFH OHYHO DQG UHDO DOORFDWLRQ DUH LQGHWHUPLQDWH IRU ERWK UHODWLYHO\ ORZ DQG UHODWLYHO\ KLJK YDOXHV RI WKH

LQoDWLRQ HODVWLFLW\ RI WKH IHHGEDFN UXOH� 6SHFLnFDOO\� WKH HTXLOLEULXP LV LQGHWHUPLQDWH IRU mn � � DQG IRU

mn ! �t5 � �� �t5 b ��� )RU LQWHUPHGLDWH YDOXHV RI WKH LQoDWLRQ HODVWLFLW\ RI WKH IHHGEDFN UXOH� � � mn �

�t5 � �� �t5 b ��� WKH SHUIHFW�IRUHVLJKW HTXLOLEULXP LV XQLTXH� 7KH IROORZLQJ SURSRVLWLRQ IRUPDOL]HV WKLV

UHVXOW�

3URSRVLWLRQ ��� 6XSSRVH WKDW WKH VWHDG\�VWDWH OHLVXUH�WR�FRQVXPSWLRQ UDWLR� t5� LV JUHDWHU WKDQ RQH� ,I WKH

LQoDWLRQ HODVWLFLW\ RI WKH IHHGEDFN UXOH� mn� VDWLVnHV

� � mn � � RU mn !
t5� �

t5b �
�

WKHQ WKHUH H[LVWV D FRQWLQXXP RI SHUIHFW�IRUHVLJKW HTXLOLEULD LQ HDFK RI ZKLFK WKH VHTXHQFH RI UHDO EDODQFHV

LV GLmHUHQW� ,Q HDFK RI WKHVH HTXLOLEULD� WKH LQLWLDO SULFH OHYHO FDQ EH WDNHQ WR EH GLmHUHQW� ,Q DGGLWLRQ� LI

mn ! PD[>�� tb�� �t5��� �t5b ��@� WKHUH H[LVWV DQ LQnQLWH QXPEHU RI SHUIHFW�IRUHVLJKW HTXLOLEULD LQ ZKLFK

WKH UHDO DOORFDWLRQ LV HTXDO WR WKH RSWLPDO DOORFDWLRQ IRU DUELWUDULO\ PDQ\ SHULRGV�

2Q WKH RWKHU KDQG� LI

� � mn �
t5� �

t5b �
�

WKHQ WKH RQO\ SHUIHFW�IRUHVLJKW HTXLOLEULXP LV WKH VWHDG\�VWDWH HTXLOLEULXP� 7KXV� WKH HTXLOLEULXP SULFH OHYHO LV

XQLTXH�

3URRI� 6HH WKH DSSHQGL[�

7KUHH LPSOLFDWLRQV RI WKLV SURSRVLWLRQ DUH QRWHZRUWK\� )LUVW� XQOLNH WKH FDVH RI D SXUH LQWHUHVW UDWH SHJ� LI

XQGHU DQ LQWHUHVW UDWH IHHGEDFN UXOH WKH SULFH OHYHO LV LQGHWHUPLQDWH� VR LV WKH UHDO DOORFDWLRQ� 6HFRQG� LQ WKH

SUHVHQFH RI D EDODQFHG�EXGJHW UHTXLUHPHQW WKH PRQHWDU\ DXWKRULW\ FDQ FRQWURO WKH SULFH OHYHO ZLWKRXW GLUHFWO\

FRQWUROOLQJ D PRQHWDU\ DJJUHJDWH E\ IROORZLQJ DQ LQWHUHVW UDWH IHHGEDFN UXOH ZLWK DQ DSSURSULDWHO\ FKRVHQ

LQoDWLRQ HODVWLFLW\� 7KLUG� RXU UHVXOW GLmHUV IURP WKDW RI H[LVWLQJ VWXGLHV RQ SULFH�OHYHO GHWHUPLQDF\ XQGHU

LQWHUHVW UDWH IHHGEDFN UXOHV LQ WKDW LQGHWHUPLQDF\ DULVHV QRW RQO\ XQGHU SDVVLYH PRQHWDU\ SROLF\ �mn � �� EXW

DOVR XQGHU DFWLYH PRQHWDU\ SROLF\ �mn ! ��� )RU H[DPSOH� /HHSHU ������ nQGV WKDW XQGHU DFWLYH PRQHWDU\

SROLF\� LI DQ HTXLOLEULXP H[LVWV� WKH SULFH OHYHO LV XQLTXH�

,Q RUGHU WR XQGHUVWDQG WKH GLmHUHQFH EHWZHHQ RXU UHVXOW DQG /HHSHU
V� LW LV LPSRUWDQW WR WDNH LQWR DFFRXQW

WKH EHKDYLRU RI WKH UHDO LQWHUHVW UDWH LQ HDFK RI WKH WZR PRGHOV� /HHSHU VWXGLHV DQ HQGRZPHQW HFRQRP\ ZLWK

VHSDUDEOH SUHIHUHQFHV RYHU FRQVXPSWLRQ DQG UHDO EDODQFHV� ,Q VXFK D PRGHO� WKH HTXLOLEULXP UHDO LQWHUHVW

UDWH LV H[RJHQRXV� 7R VHH WKLV� QRWH WKDW WKH UHDO LQWHUHVW UDWH LV HTXDO WR WKH LQWHUWHPSRUDO PDUJLQDO UDWH RI

VXEVWLWXWLRQ� ZKLFK LQ HTXLOLEULXP GHSHQGV RQO\ RQ SUHVHQW DQG IXWXUH HQGRZPHQWV� 7KXV� JLYHQ D FRQVWDQW

HQGRZPHQW VWUHDP� WKH HTXLOLEULXP QRPLQDO LQWHUHVW UDWH PRYHV RQH�IRU�RQH ZLWK H[SHFWHG LQoDWLRQ� 6XSSRVH

QRZ WKDW WKH SXEOLF H[SHFWV DQ LQFUHDVH LQ QH[W SHULRG
V LQoDWLRQ� 7KHQ WKH FXUUHQW QRPLQDO LQWHUHVW UDWH

��



LQFUHDVHV E\ WKH VDPH DPRXQW� ,I WKH LQoDWLRQ HODVWLFLW\ RI WKH IHHGEDFN UXOH LV JUHDWHU WKDQ RQH� WKH FXUUHQW

UDWH RI LQoDWLRQ LQFUHDVHV E\ OHVV WKDQ WKH LQFUHDVH LQ WKH QRPLQDO LQWHUHVW UDWH DQG KHQFH E\ OHVV WKDQ QH[W

SHULRG
V H[SHFWHG LQoDWLRQ� $V D UHVXOW� DQ LQFUHDVH LQ WRGD\
V LQoDWLRQ LV DFFRPSDQLHG E\ DQ HYHQ KLJKHU

LQFUHDVH LQ H[SHFWHG IXWXUH LQoDWLRQ� 6XFK DQ H[SORVLYH SDWK LV LQFRQVLVWHQW ZLWK D VWDWLRQDU\ HTXLOLEULXP

DQG WKHUHIRUH H[SHFWDWLRQV�GULYHQ oXFWXDWLRQV DUH LPSRVVLEOH�

%\ FRQWUDVW� LQ RXU PRGHO WKH UHDO LQWHUHVW UDWH LV HQGRJHQRXV EHFDXVH WKH LQWHUWHPSRUDO PDUJLQDO UDWH RI

VXEVWLWXWLRQ LV D IXQFWLRQ RI FXUUHQW DQG IXWXUH FRQVXPSWLRQ� ZKLFK� EHLQJ FDVK JRRGV� GHSHQG RQ WKH QRPLQDO

LQWHUHVW UDWH� 7R VHH ZK\ H[SHFWDWLRQV RI KLJKHU IXWXUH UDWHV RI LQoDWLRQ FDQ EH VHOI�IXOnOOLQJ XQGHU DFWLYH

PRQHWDU\ SROLF\� VXSSRVH WKDW QH[W SHULRG
V LQoDWLRQ LV H[SHFWHG WR EH DERYH LWV VWHDG\�VWDWH OHYHO� %\ WKH

IHHGEDFN UXOH� WKLV SURGXFHV DQ LQFUHDVH LQ QH[W SHULRG
V QRPLQDO LQWHUHVW UDWH� ZKLFK LQ WXUQ GHSUHVVHV IXWXUH

FRQVXPSWLRQ� *LYHQ FXUUHQW FRQVXPSWLRQ� WKH GHFOLQH LQ IXWXUH FRQVXPSWLRQ LPSOLHV D ORZHU FXUUHQW UHDO

LQWHUHVW UDWH� )RU VRPH SDUDPHWHU FRQnJXUDWLRQV� WKH GHFOLQH LQ WKH UHDO LQWHUHVW UDWH RXWZHLJKV WKH LQFUHDVH

LQ H[SHFWHG LQoDWLRQ OHDGLQJ WR D GHFOLQH LQ WKLV SHULRG
V QRPLQDO LQWHUHVW UDWH� %\ WKH IHHGEDFN UXOH� WKH

GHFOLQH LQ WKH FXUUHQW QRPLQDO LQWHUHVW UDWH PXVW EH DVVRFLDWHG ZLWK ORZHU FXUUHQW LQoDWLRQ� ,I FXUUHQW

LQoDWLRQ GHFUHDVHV E\ PRUH WKDQ IXWXUH LQoDWLRQ LV H[SHFWHG WR LQFUHDVH� WKH UHVXOWLQJ SDWK FRQYHUJHV WR

WKH VWHDG\�VWDWH LQoDWLRQ UDWH_ LQ DQ RVFLOODWLQJ IDVKLRQ_DQG FDQ WKHUHIRUH EH VXSSRUWHG DV DQ HTXLOLEULXP

RXWFRPH�

,W LV FOHDU IURP WKLV H[SODQDWLRQ WKDW ZKDW LV QHFHVVDU\ IRU WKH FKDQJH LQ WKH QRPLQDO LQWHUHVW UDWH WR EH

GRPLQDWHG E\ PRYHPHQWV LQ WKH UHDO LQWHUHVW UDWH UDWKHU WKDQ LQ H[SHFWHG LQoDWLRQ LV D KLJK HODVWLFLW\ RI

FRQVXPSWLRQ ZLWK UHVSHFW WR WKH QRPLQDO LQWHUHVW UDWH� ,W FDQ EH VKRZQ WKDW WKH PDJQLWXGH RI WKLV HODVWLFLW\

RQO\ GHSHQGV RQ DQG LV LQFUHDVLQJ LQ WKH OHLVXUH�WR�FRQVXPSWLRQ UDWLR t5� 7KH IROORZLQJ SURSRVLWLRQ� WRJHWKHU

ZLWK SURSRVLWLRQ ���� VKRZV WKDW D OHLVXUH�WR�FRQVXPSWLRQ UDWLR JUHDWHU WKDQ RQH LV D QHFHVVDU\ FRQGLWLRQ IRU

LQGHWHUPLQDF\ WR DULVH XQGHU DFWLYH PRQHWDU\ SROLF\�

3URSRVLWLRQ ��� 6XSSRVH WKDW WKH VWHDG\�VWDWH OHLVXUH�WR�FRQVXPSWLRQ UDWLR� t5� LV OHVV WKDQ RQH� ,I WKH

LQoDWLRQ HODVWLFLW\ RI WKH LQWHUHVW UDWH IHHGEDFN UXOH� mn� VDWLVnHV

� � mn � ��

WKHQ WKHUH H[LVWV D FRQWLQXXP RI SHUIHFW�IRUHVLJKW HTXLOLEULD LQ HDFK RI ZKLFK WKH VHTXHQFH RI UHDO EDODQFHV LV

GLmHUHQW� ,Q HDFK RI WKHVH HTXLOLEULD WKH LQLWLDO SULFH OHYHO FDQ EH WDNHQ WR EH GLmHUHQW�

,I

mn ! ��

WKH RQO\ SHUIHFW�IRUHVLJKW HTXLOLEULXP LV WKH VWHDG\�VWDWH HTXLOLEULXP� 7KXV� WKH HTXLOLEULXP SULFH OHYHO LV

XQLTXH�

3URRI� 6HH WKH DSSHQGL[�

)LJXUH � VXPPDUL]HV WKH UHODWLRQ EHWZHHQ SULFH OHYHO GHWHUPLQDF\� WKH HODVWLFLW\ RI WKH LQWHUHVW UDWH

IHHGEDFN UXOH ZLWK UHVSHFW WR LQoDWLRQ� mn� DQG WKH VWHDG\�VWDWH OHLVXUH�WR�FRQVXPSWLRQ UDWLR� t5� 7KH FDVH

RI JUHDWHVW HPSLULFDO LQWHUHVW LV WKH RQH LQ ZKLFK WKH OHLVXUH�WR�FRQVXPSWLRQ UDWLR H[FHHGV RQH� ,Q WKH FRQWH[W

RI RXU PRGHO� WKH OHLVXUH�WR�FRQVXPSWLRQ UDWLR HTXDOV WKH UDWLR RI OHLVXUH WR ODERU GLYLGHG E\ WKH VKDUH RI

SULYDWH FRQVXPSWLRQ LQ *'3� ,Q WKH UHDO�EXVLQHVV�F\FOH OLWHUDWXUH� WKH YDOXH DVVLJQHG WR WKH OHLVXUH�WR�ODERU
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UDWLR UDQJHV IURP � DQG ���� 7KXV� DVVXPLQJ D UDWLR RI SULYDWH FRQVXPSWLRQ WR *'3 JUHDWHU WKDQ ��� LPSOLHV

D UDQJH IRU t5 EHWZHHQ � DQG �� &RQVHTXHQWO\� WKH LPSOLHG WKUHVKROG RI mn EH\RQG ZKLFK WKH HTXLOLEULXP

EHFRPHV LQGHWHUPLQDWH XQGHU DFWLYH PRQHWDU\ SROLF\� �t5 � �� �t5 b ��� OLHV EHWZHHQ ��� DQG �� $W WKH

VDPH WLPH� HPSLULFDO HVWLPDWHV RI WKH LQoDWLRQ HODVWLFLW\ RI WKH IHHGEDFN UXOH WDNH YDOXHV EHWZHHQ � DQG ����

:H LQWHUSUHW WKHVH EDFN�RI�WKH�HQYHORSH FDOFXODWLRQV DV VXJJHVWLQJ WKDW LQ WKH 8�6� HFRQRP\ WKH DGRSWLRQ RI

D EDODQFHG�EXGJHW UXOH� LI QRW DFFRPSDQLHG E\ D FKDQJH LQ WKH VWDQFH RI PRQHWDU\ SROLF\� PD\ OHDG WR WKH

ORVV RI WKH QRPLQDO DQFKRU�

+RZHYHU� WKLV FRQFOXVLRQ VKRXOG EH LQWHUSUHWHG ZLWK FDXWLRQ� ,Q WKH nUVW SODFH� HPSLULFDO HVWLPDWHV RI

LQWHUHVW UDWH IHHGEDFN UXOHV W\SLFDOO\ DOORZ IRU SDUWLDO DGMXVWPHQW� WKDW LV� WKH PRQHWDU\ DXWKRULW\ LV DVVXPHG

WR LPSOHPHQW LWV WDUJHW LQWHUHVW UDWH RQO\ VORZO\ RYHU WLPH� 7KLV LV LPSRUWDQW EHFDXVH LI ZH ZHUH WR DOORZ

IRU SDUWLDO DGMXVWPHQW LQ RXU PRGHO� WKH WKUHVKROG EH\RQG ZKLFK WKH HTXLOLEULXP LV LQGHWHUPLQDWH XQGHU

DFWLYH PRQHWDU\ SROLF\ ZRXOG FKDQJH� 6HFRQG� D JURZLQJ ERG\ RI HPSLULFDO ZRUN DUJXHV WKDW 8�6� PRQHWDU\

SROLF\ PD\ EH EHWWHU GHVFULEHG E\ D IRUZDUG�ORRNLQJ LQWHUHVW UDWH IHHGEDFN UXOH� WKDW LV� D UXOH LQ ZKLFK WKH

FXUUHQW QRPLQDO LQWHUHVW UDWH LV VHW DV D IXQFWLRQ RI H[SHFWHG IXWXUH LQoDWLRQ� 2QH FDQ VKRZ WKDW� LQ WKH

FRQWH[W RI RXU PRGHO HFRQRP\� D IRUZDUG�ORRNLQJ UXOH LPSOLHV WKDW WKH SULFH OHYHO LV LQGHWHUPLQDWH UHJDUGOHVV

RI WKH LQoDWLRQ HODVWLFLW\ RI WKH IHHGEDFN UXOH� +RZHYHU� WKH UHVRXUFH DOORFDWLRQ LV GHWHUPLQDWH XQGHU SDVVLYH

PRQHWDU\ SROLF\ DQG LQGHWHUPLQDWH XQGHU DFWLYH PRQHWDU\ SROLF\ SURYLGHG WKH OHLVXUH�WR�FRQVXPSWLRQ UDWLR

H[FHHGV RQH� ZKLFK LV� DV ZH DUJXH� WKH FDVH RI JUHDWHVW LQWHUHVW� ,QWHUHVWLQJO\� HPSLULFDO HVWLPDWHV RI IRUZDUG�

ORRNLQJ IHHGEDFN UXOHV VXJJHVW WKDW DW OHDVW VLQFH WKH HDUO\ ����V 8�6� PRQHWDU\ SROLF\ KDV EHHQ DFWLYH �H�J��

&ODULGD� *DOur� DQG *HUWOHU� ����� ����� DQG 2USKDQLGHV� ������ 7KXV� RXU PRGHO SUHGLFWV WKDW HYHQ XQGHU

D IRUZDUG�ORRNLQJ IHHGEDFN UXOH� WKH DGRSWLRQ RI D EDODQFH EXGJHW UHTXLUHPHQW� LI QRW DFFRPSDQLHG E\ D

FKDQJH LQ PRQHWDU\ SROLF\� FRXOG HQWDLO ERWK UHDO DQG QRPLQDO LQGHWHUPLQDF\���

%HIRUH FORVLQJ WKLV VHFWLRQ� ZH EULHo\ GLVFXVV KRZ WKH UHVXOWV FKDQJH XQGHU DOWHUQDWLYH nVFDO UHJLPHV� &RQ�

VLGHU nUVW D VSHFLnFDWLRQ RI WKH EDODQFHG�EXGJHW UHTXLUHPHQW WKDW DOORZV IRU ERXQGHG VHFRQGDU\ VXUSOXVHV���

,I WKH SROLF\ VWLSXODWHV DQ H[RJHQRXV SDWK IRU QRPLQDO VHFRQGDU\ VXUSOXVHV� LW FDQ EH VKRZQ WKDW WKH UHVXOWV

DUH XQFKDQJHG� +RZHYHU� LI WKH SROLF\ VWLSXODWHV DQ H[RJHQRXV SDWK IRU UHDO VHFRQGDU\ VXUSOXVHV WKDW DUH

VXpFLHQWO\ ODUJH LQ SUHVHQW GLVFRXQWHG YDOXH� WKHQ XQGHU DFWLYH PRQHWDU\ SROLF\ �mn ! �� WKH VWHDG\�VWDWH

HTXLOLEULXP LV QR ORQJHU XQLTXH� 6SHFLnFDOO\� LQ DGGLWLRQ WR WKH VWHDG\�VWDWH HTXLOLEULXP LQ ZKLFK WKH QRPLQDO

LQWHUHVW UDWH LV SRVLWLYH �5W  5 ! ��� WKHUH H[LVW DQ LQnQLWH QXPEHU RI VWHDG\�VWDWH HTXLOLEULD LQ ZKLFK WKH

QRPLQDO LQWHUHVW UDWH LV ]HUR �5W  ��� 7KH HTXLOLEULXP SULFH OHYHO LV LGHQWLFDO DFURVV DOO VWHDG\�VWDWH HTXL�

OLEULD LQ ZKLFK WKH QRPLQDO LQWHUHVW UDWH LV ]HUR� EXW GLmHUHQW IURP WKH RQH DVVRFLDWHG ZLWK WKH VWHDG\�VWDWH

HTXLOLEULXP LQ ZKLFK WKH QRPLQDO LQWHUHVW UDWH LV SRVLWLYH� $ PRUH FRPSOH[ SLFWXUH DULVHV ZKHQ RQH FRQVLGHUV

QRQ�VWHDG\�VWDWH HTXLOLEULD� ,W FDQ EH VKRZQ WKDW LI WKH nVFDO SROLF\ VSHFLnHV D QRQ�]HUR H[RJHQRXV SDWK

��%DVHG RQ WKH PLFURHFRQRPLF HYLGHQFH IURP WLPH DOORFDWLRQ VWXGLHV UHSRUWHG LQ *KH] DQG %HFNHU ������ DQG -XVWHU DQG
6WDmRUG ������� &RROH\ DQG 3UHVFRWW ������ DVVLJQ D YDOXH RI � WR WKH OHLVXUH�WR�ODERU UDWLR� .LQJ� 3ORVVHU� DQG 5HEHOR ������
DVVXPH D YDOXH RI �� ZKLFK LV EDVHG RQ WKH HPSLULFDO HYLGHQFH WKDW DERXW �� SHUFHQW RI WRWDO ZHHNO\ KRXUV DUH GHYRWHG WR PDUNHW
ZRUN�

��)RU H[DPSOH� 2USKDQLGHV ������ UHSRUWV YDOXHV IRU WKH VHQVLWLYLW\ RI WKH IHHGEDFN UXOH ZLWK UHVSHFW WR FXUUHQW LQoDWLRQ
EHWZHHQ �� DQG ��� LQ D VDPSOH RI 8�6� GDWD EHJLQQLQJ LQ ���� DQG HQGLQJ LQ ����� 5RWHPEHUJ DQG :RRGIRUG ������ HVWLPDWH
D WKUHH�YDULDEOH 9$5 XVLQJ TXDUWHUO\ 8�6� GDWD IURP ������ WR ������ DQG nQG WKDW WKH ORQJ�UXQ VHQVLWLYLW\ RI WKH QRPLQDO
LQWHUHVW UDWH ZLWK UHVSHFW WR WKH LQoDWLRQ UDWH LV �����
��,Q WKH FRQWH[W RI D VWLFN\�SULFH PRGHO� &ODULGD� *DOur� DQG *HUWOHU ������ REWDLQ WKH RSSRVLWH UHVXOW� QDPHO\� WKDW WKH UHVRXUFH

DOORFDWLRQ LV LQGHWHUPLQDWH XQGHU SDVVLYH IRUZDUG�ORRNLQJ IHHGEDFN UXOHV DQG GHWHUPLQDWH XQGHU DFWLYH RQHV� 7KH GLmHUHQFH LQ
UHVXOWV FDQ EH H[SODLQHG E\ WKH LPSOLFDWLRQ RI WKHLU DVVXPSWLRQ RI QRPLQDO ULJLGLWLHV IRU WKH LQWHUDFWLRQ EHWZHHQ RXWSXW DQG
LQoDWLRQ� 6SHFLnFDOO\� WKHLU PRGHO LQFOXGHV D IRUZDUG�ORRNLQJ 3KLOOLSV FXUYH OLQNLQJ FXUUHQW RXWSXW WR FXUUHQW DQG H[SHFWHG
IXWXUH LQoDWLRQ� %\ FRQWUDVW� RXU PRGHO LPSOLHV D IRUZDUG�ORRNLQJ 3KLOOLSV FXUYH OLQNLQJ FXUUHQW RXWSXW RQO\ WR H[SHFWHG IXWXUH
LQoDWLRQ� 6HH :RRGIRUG ������� %HUQDQNH DQG :RRGIRUG ������� DQG %HQKDELE� 6FKPLWW�*URKuH DQG 8ULEH �����D� IRU IXUWKHU
DQDO\VLV RI WKH GHWHUPLQDF\ RI HTXLOLEULXP XQGHU LQWHUHVW�UDWH IHHGEDFN UXOHV LQ PRGHOV ZLWK QRPLQDO ULJLGLWLHV�
��6HFRQGDU\ VXUSOXVHV DUH QRW UHVWULFWHG WR EH SRVLWLYH�
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IRU UHDO VHFRQGDU\ VXUSOXVHV� WKHQ XQGHU DFWLYH PRQHWDU\ SROLF\ WKH HTXLOLEULXP LV DOZD\V LQGHWHUPLQDWH�

,Q SDUWLFXODU� WKHUH H[LVW DQ LQnQLWH QXPEHU RI HTXLOLEULXP VHTXHQFHV RI QRPLQDO LQWHUHVW UDWHV RULJLQDWLQJ

DUELWUDULO\ FORVH WR WKH VWHDG\ VWDWH LQ ZKLFK WKH QRPLQDO LQWHUHVW UDWH LV SRVLWLYH WKDW FRQYHUJH HLWKHU WR WKDW

VWHDG\ VWDWH RU WR WKH VWHDG\ VWDWH LQ ZKLFK WKH QRPLQDO LQWHUHVW UDWH LV ]HUR� ,Q DGGLWLRQ� WKHUH PD\ DOVR H[LVW

HTXLOLEULD LQ ZKLFK WKH QRPLQDO LQWHUHVW UDWH oXFWXDWHV IRUHYHU DURXQG 5� &OHDUO\� WKH H[LVWHQFH RI HTXLOLEULD

LQ ZKLFK WKH LQWHUHVW UDWH FRQYHUJHV WR ]HUR KLQJHV FULWLFDOO\ RQ WKH DVVXPHG QRQ�OLQHDU IRUP RI WKH LQWHUHVW

UDWH IHHGEDFN UXOH� 8QGHU WKH DOWHUQDWLYH DVVXPSWLRQ WKDW WKH LQWHUHVW UDWH IHHGEDFN UXOH ���� WDNHV WKH IRUP

5W  5 � m�{W b n5�� HTXLOLEULD LQ ZKLFK WKH QRPLQDO LQWHUHVW UDWH FRQYHUJHV WR ]HUR DUH LPSRVVLEOH��� :H

FRQFOXGH WKDW� XQOLNH WKH FDVH LQ ZKLFK WKH nVFDO DXWKRULW\ VSHFLnHV D ]HUR VHFRQGDU\ VXUSOXV RU DQ H[RJHQRXV

SDWK IRU WKH QRPLQDO VHFRQGDU\ VXUSOXV� ZKHQ WKH nVFDO SROLF\ FRQVLVWV RI D QRQ�]HUR H[RJHQRXV VHTXHQFH

IRU WKH UHDO VHFRQGDU\ VXUSOXV� WKH SULFH OHYHO LV LQGHWHUPLQDWH UHJDUGOHVV RI WKH PDJQLWXGH RI WKH LQoDWLRQ

HODVWLFLW\ RI WKH IHHGEDFN UXOH�

)LQDOO\� FRQVLGHU D nVFDO UHJLPH LQ ZKLFK WKH SDWK RI WKH UHDO SULPDU\ VXUSOXV LV H[RJHQRXV� 7KH VHW

RI SHUIHFW�IRUHVLJKW HTXLOLEULD WKDW DULVHV LQ WKLV FDVH LV IXQGDPHQWDOO\ GLmHUHQW IURP WKDW REWDLQHG XQGHU

D EDODQFHG�EXGJHW UXOH� 2Q WKH RQH KDQG� LI PRQHWDU\ SROLF\ LV DFWLYH DQG LQ WKH LQWHUPHGLDWH UDQJH�

� � mn � �t5 � �� �t5 b ��� WKHQ DV VKRZQ DERYH XQGHU D EDODQFHG�EXGJHW UXOH WKH RQO\ SHUIHFW�IRUHVLJKW

HTXLOLEULXP LV WKH VWHDG\�VWDWH HTXLOLEULXP ZLWKPe � AF�J� D SRVLWLYH QRPLQDO LQWHUHVW UDWH� DQG D VXERSWLPDO

UHDO DOORFDWLRQ� %\ FRQWUDVW� XQGHU D nVFDO UHJLPH LQ ZKLFK UHDO SULPDU\ VXUSOXVHV DUH H[RJHQRXV� VXFK D

SHUIHFW�IRUHVLJKW HTXLOLEULXP GRHV QRW H[LVW� ,QVWHDG WKH VHW RI SHUIHFW�IRUHVLJKW HTXLOLEULD LQFOXGHV_EXW PD\

QRW EH OLPLWHG WR_HTXLOLEULD LQ ZKLFK PW w AF � J IRU DOO W� WKH QRPLQDO LQWHUHVW UDWH LV HTXDO WR ]HUR� DQG

WKH UHDO DOORFDWLRQ LV RSWLPDO� 2Q WKH RWKHU KDQG� LI PRQHWDU\ SROLF\ LV SDVVLYH� � � mn � �� WKHQ XQGHU D

EDODQFHG�EXGJHW UXOH WKH SHUIHFW�IRUHVLJKW HTXLOLEULXP LV LQGHWHUPLQDWH� ZKLOH XQGHU D nVFDO SROLF\ LQ ZKLFK

UHDO SULPDU\ VXUSOXVHV DUH H[RJHQRXV� LI DQ HTXLOLEULXP H[LVWV� LW LV XQLTXH���

� &RQFOXVLRQ

,Q WKLV SDSHU� ZH DUJXH WKDW DQ LPSRUWDQW EXW ODUJHO\ LJQRUHG DVSHFW RI EDODQFHG�EXGJHW nVFDO SROLF\ UXOHV

LV WKHLU LPSOLFDWLRQ IRU QRPLQDO VWDELOLW\� )RU H[DPSOH� ZH VKRZ FDVHV LQ ZKLFK JLYHQ WKH PRQHWDU\ SROLF\

UHJLPH WKH PHUH LPSOHPHQWDWLRQ RI D EDODQFHG�EXGJHW UXOH PD\ OHDG WR WKH ORVV RI WKH QRPLQDO DQFKRU�

2XU nQGLQJV FRPSOHPHQW RXU HDUOLHU ZRUN RQ WKH UHDO FRQVHTXHQFHV RI EDODQFHG�EXGJHW UXOHV� 6FKPLWW�*URKuH

DQG 8ULEH ������� ZKHUH ZH VKRZ WKDW LQ D VWDQGDUG QHRFODVVLFDO JURZWK PRGHO ZLWKRXW PRQH\ D EDODQFHG�

EXGJHW SROLF\ PD\ OHDG WR UHDO LQVWDELOLW\ E\ DOORZLQJ IRU HTXLOLEULD LQ ZKLFK H[SHFWDWLRQV RI IXWXUH LQFRPH

WD[ LQFUHDVHV FDQ EH VHOI�IXOnOOLQJ� 7KH VWXG\ RI WKH PDFURHFRQRPLF FRQVHTXHQFHV RI EDODQFHG�EXGJHW UXOHV

FRXOG EH H[WHQGHG LQ VHYHUDO GLUHFWLRQV� )LUVW� LW ZRXOG EH ZRUWK VWXG\LQJ KRZ WKH UHVXOWV RI WKLV SDSHU

DUH PRGLnHG LQ D PRGHO DXJPHQWHG ZLWK QRPLQDO IULFWLRQV VXFK DV VWLFN\ SULFHV� 6HFRQG� H[SDQGLQJ WKH VHW

RI PRQHWDU\ SROLFLHV PLJKW SURYLGH DGGLWLRQDO LQVLJKWV LQWR WKH UHVWULFWLRQV WKDW WKH SDUWLFXODU nVFDO SROLF\

VWXGLHG LQ WKLV SDSHU LPSRVHV RQ WKH FRQGXFW RI PRQHWDU\ SROLF\� 7KH IDPLO\ RI 7D\ORU UXOHV� WKDW LV� IHHGEDFN

UXOHV ZKHUHE\ WKH QRPLQDO LQWHUHVW UDWH GHSHQGV QRW RQO\ RQ FXUUHQW LQoDWLRQ EXW DOVR RQ WKH RXWSXW JDS�

DUH HVSHFLDOO\ LQWHUHVWLQJ IURP DQ HPSLULFDO SRLQW RI YLHZ�

��6LPLODU LPSOLFDWLRQV RI D ]HUR ORZHU ERXQG RQ QRPLQDO LQWHUHVW UDWHV IRU JOREDO VWDELOLW\ DSSO\ WR PRGHOV ZLWK QRPLQDO
ULJLGLWLHV �VHH %HQKDELE� 6FKPLWW�*URKuH DQG 8ULEH� ����E��
��,W LV SRVVLEOH WR VKRZ WKDW LQ WKLV FDVH D SHUIHFW�IRUHVLJKW HTXLOLEULXP DOZD\V H[LVWV SURYLGHG WKDW 5��b mn� ! ��
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6LQFH *�PW� w �� AF�PD[�PW bP� ��� LW IROORZV WKDW (�*�PW� w �� AF��x n�
WPD[>P� bP� �@� &RQVLGHU QRZ
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VR WKDW WKH WUDQVYHUVDOLW\ FRQGLWLRQ LV YLRODWHG LI P� ! P� 7KHUHIRUH� LQ DQ\ HTXLOLEULXP P� � P� 6LQFH D
WUDQVYHUVDOLW\ FRQGLWLRQ OLNH ���� PXVW KROG QRW RQO\ LQ SHULRG � EXW DOVR IRU DOO W ! �� LW IROORZV WKDW PW � P
IRU DOO W w �
7KH IROORZLQJ OHPPD HVWDEOLVKHV WKH XQLTXHQHVV RI WKH SHUIHFW�IRUHVLJKW HTXLOLEULXP DQG VHUYHV DV WKH

EDVLV IRU WKH SURRI RI SURSRVLWLRQ ����

/HPPD � ,I x ! n DQG DVVXPSWLRQ �$�� LV VDWLVnHG� WKHQ WKH VWHDG\�VWDWH HTXLOLEULXP LV WKH XQLTXH SHUIHFW�
IRUHVLJKW PRQHWDU\ HTXLOLEULXP�

3URRI� ,I �$�� KROGV� WKHQ P  AF � J� 6LQFH LQ DQ\ HTXLOLEULXP PW � P� ���� FDQ EH VROYHG IRU PW�� DV D
IXQFWLRQ RI PW WR JHW

PW��  
JPW

�� � o�PW b o
s I�PW�� ����

ZKHUH o s n �tx�� 6LQFH x ! n DQG PW LV ERXQGHG� WKH WUDQVYHUVDOLW\ FRQGLWLRQ ���� LV VDWLVnHG� 6LQFH
DVVXPSWLRQ �$�� LV VDWLVnHG ZKHQHYHU DVVXPSWLRQ �$�� KROGV� LW IROORZV WKDW D VWHDG\�VWDWH HTXLOLEULXP�PW  
Pe IRU DOO W� H[LVWV� LV XQLTXH� DQG VDWLVnHV J � Pe � AF�J� 6XSSRVH WKHUH H[LVWV D SHUIHFW�IRUHVLJKW HTXLOLEULXP
IPWJ ZLWK P� � Pe� /HW aPW  P�W� W w �� )URP ����� LW IROORZV WKDW aPW��  �J

� aPW� >���o��Jbo� aPW�o�@�
$VVXPSWLRQ �$�� DQG WKH IDFW WKDW P� � Pe LPSO\ WKDW I aPWJ LV D PRQRWRQLFDOO\ GHFUHDVLQJ VHTXHQFH� DQG
3URSRVLWLRQ ��� LPSOLHV WKDW LW PXVW EH ERXQGHG EHORZ E\ P� 7KHUHIRUH� WKH VHTXHQFH I aPWJ PXVW FRQYHUJH
WR VRPH aP � >P� Pe� VDWLVI\LQJ aP  �J� aP� >�� � o��J b o� aP� o�@� %XW WKH RQO\ QRQ�]HUR VROXWLRQ WR WKLV
HTXDWLRQ LV aP  �o � J� �� � o�  Pe� ZKLFK LV D FRQWUDGLFWLRQ� %\ D VLPLODU DUJXPHQW� RQH FDQ VKRZ WKDW
WKHUH H[LVWV QR SHUIHFW�IRUHVLJKW HTXLOLEULXP ZLWK P� ! Pe� +HQFH� WKH XQLTXH SHUIHFW�IRUHVLJKW HTXLOLEULXP
LV PW  Pe IRU DOO W

3URRI RI 3URSRVLWLRQ ���

6XSSRVH WKHUH H[LVWV D UDWLRQDO H[SHFWDWLRQV HTXLOLEULXP ZLWK P � PW � Pe IRU VRPH W� /HW P3
W�M s IM�PW��

ZKHUH I�c� LV GHnQHG E\ ����� ,W IROORZV WKDW WKHUH H[LVWV DQ HYHQ LQWHJHU - VXFK WKDW IRU DOO V � - b ��
P3

W�V � >P�P@ DQG P3
W�- � P� 1RWH WKDW P3

W�� ! Pe DQG WKDW 3 �PW�� w P3
W��� ! � EHFDXVH (W*�PW���  

*�P3
W��� DQG *�c� LV VWULFWO\ GHFUHDVLQJ RQ >P�P@� /HW qW�V s 3 �PW�V w P3

W�VMPW�Vb� � P3
W�Vb��� LI V LV RGG�

DQG OHW qW�V s 3 �PW�V � P3
W�VMPW�Vb� w P3

W�Vb��� LI V LV HYHQ� 7KH SUREDELOLWLHV qW�V DUH VWULFWO\ SRVLWLYH
IRU DOO V � - � 7R VHH WKLV� DVVXPH nUVW WKDW PW�Vb� � P3

W�Vb�� 7KHQ� VLQFH ) �P� LV VWULFWO\ LQFUHDVLQJ�
) �PW�Vb�� � ) �P3

W�Vb��� 8VLQJ ����� WKLV LPSOLHV WKDW (W�Vb�*�PW�V� � *�P3
W�V� DQG WKXV� VLQFH *�c� LV

VWULFWO\ GHFUHDVLQJ� qW�V ! �� 6LPLODUO\� LI PW�Vb� w P3
W�Vb�� WKHQ (W�Vb�*�PW�V� w *�P3

W�V� DQG KHQFH
qW�V ! �� 1H[W� QRWH WKDW

3 �PW�- � P� w 3 �PW�- � P3
W�-�

 qW�-3 �PW�-b� w P3
W�-b�� �

3 �PW�- � P3
W�- MPW�-b� � P3

W�-b��3 �PW�-b� � P3
W�-b��

w qW�-3 �PW�-b� w P3
W�-b��

w � � �
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qW�V3 �PW�� w P3
W���

! ��

%XW WKLV LV LPSRVVLEOH DFFRUGLQJ WR SURSRVLWLRQ ���� 6LPLODUO\� RQH FDQ VKRZ WKDW PW ! Pe OHDGV WR WKH
FRQWUDGLFWLRQ 3 �PW�- � P� ! � IRU VRPH - � +HQFH� LQ DQ\ UDWLRQDO H[SHFWDWLRQV HTXLOLEULXP PW  Pe DW
DOO WLPHV

��



3URRI RI SURSRVLWLRQV ��� DQG ���

8VLQJ WKH GHnQLWLRQV RI ) �c� DQG *�c� HTXDWLRQ ���� FDQ EH H[SUHVVHG DV

aPW��  

|
PD[ >D� E aPW� F� G aPW��@ LI � � t5��b mn� � �
PLQ >D� E aPW� F� G aPW��@ LI � � t5��b mn� ! �
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ZKHUH aPW s PLQ>PW� AF� J@ DQG

D  
��b mn��� � t5J�

� � t5��b mn�
�

E  
mn

� � t5��b mn�
�

F  
� � tJ

� � t5��b mn�
�

DQG

G  
bt � t5��b mn�

� � t5��b mn�
�

6XSSRVH � � mn � �� � t5� �t5�� 7KHQ E ! � DQG ���� WDNHV WKH IRUP

aPW��  PLQ >D� E aPW� F� G aPW��@ � ����

7KH XSSHU OHIW SDQHO RI nJXUH � VKRZV ZLWK VROLG OLQHV WKH IXQFWLRQV D�E aPW DQG aPW� ,W LQGLFDWHV ZLWK D EURNHQ
OLQH WKH YDOXH RI aPW�� WKDW VDWLVnHV ���� DV D IXQFWLRQ RIPW� 6LQFH IRU aP � AF�J� F�G aP ! aP DQG IRU aP  AF�J�
F � G aP  aP� aPW��  AF � J LV D VROXWLRQ WR ���� RQO\ LI D � E aPW w AF � J� 6XSSRVH P� � Pe DQG FRQVWUXFW
D VHTXHQFH IRU PW WKDW VDWLVnHV ����� $IWHU D nQLWH QXPEHU RI SHULRGV� D � E aPW � J� VR WKDW QR aPW�� ! J
VDWLVI\LQJ ���� H[LVWV� $OWHUQDWLYHO\� FRQVLGHU P� ! Pe DQG FRQVWUXFW D VHTXHQFH IRU PW WKDW VDWLVnHV �����
$IWHU D nQLWH QXPEHU RI SHULRGV W�� aPW  AF�J IRU DOO W ! W�� 6XFK D SDWK YLRODWHV WKH WUDQVYHUVDOLW\ FRQGLWLRQ
����� 7R VHH WKLV� QRWH WKDW IRU DQ\ W ! W�� ) �PW�  *�PW� DQG *�PW� 0W  nW

�
bW*�PW�� 0W� � VR WKDW

nW >*�PW�$b� 0W � ) �PW�b*�PW�@  nW
�

$
b�*�PW�� 0W� ! � IRU DQ\ W ! W�� 7KHUHIRUH� LI E ! �� WKH RQO\

SHUIHFW�IRUHVLJKW HTXLOLEULXP LV WKH VWHDG\�VWDWH HTXLOLEULXP�
6XSSRVH QRZ WKDW

� � t5

t5
� mn �

|
t5��
t5b� LI t5 ! �

� RWKHUZLVH
�

VR WKDW E � b�� 7KHQ ���� WDNHV WKH IRUP

aPW��  PD[ >D� E aPW� F� G aPW��@ � ����

7KH XSSHU ULJKW SDQHO RI nJXUH � LOOXVWUDWHV WKLV FDVH� 1RWH WKDW IRU aP � AF � J� F � G aP � aP DQG WKDW IRU
aP  AF�J� F�G aP  aP� VR WKDW aPW��  AF�J LV D VROXWLRQ WR ���� RQO\ LI D�E aPW � AF�J� ,Q DQ\ HTXLOLEULXP LW
PXVW EH WKH FDVH WKDW PW ! P s PD[>J� �AF�JbD� E@ EHFDXVH IRU PW � P� D�E aPW ! AF�J DQG WKXV QR aPW��

WKDW VDWLVnHV ���� H[LVWV� &RQVLGHUP� ! P GLmHUHQW IURP Pe� WKH FRUUHVSRQGLQJ VHTXHQFHV RI aPW FRQVWUXFWHG
IURP ���� PXVW FRQYHUJH WR AF�J� +RZHYHU� DV MXVW VKRZQ� VXFK D VHTXHQFH FDQQRW EH DQ HTXLOLEULXP EHFDXVH
LW YLRODWHV WKH WUDQVYHUVDOLW\ FRQGLWLRQ� ����� 7KHUHIRUH� LI E � b�� WKH RQO\ SHUIHFW�IRUHVLJKW HTXLOLEULXP LV
DJDLQ WKH VWHDG\�VWDWH HTXLOLEULXP�
,I mn ! �� � t5� �t5b �� ! �� WKHQ b� � E � � DQG � � t5��b mn� � �� 7KXV� ���� WDNHV WKH IRUP

aPW��  PD[ >F� G aPW��� D� E aPW@ � ����

7KLV FDVH LV VKRZQ LQ WKH ORZHU ULJKW SDQHO RI nJXUH �� &KRRVH P� � �P� AF � J�� ZKHUH P s PD[>J� �AF �
J b D� E@ � AF� J� DQG FRQVWUXFW D VHTXHQFH IRU PW IURP PW��  D � EPW� 6LQFH MEM � � WKH VR FRQVWUXFWHG
VHTXHQFH RI UHDO EDODQFHV FRQYHUJHV WR Pe� ,W LV VWUDLJKWIRUZDUG WR VKRZ WKDW WKLV VHTXHQFH VDWLVnHV �����
7KLV VHTXHQFH LV DOVR D VROXWLRQ WR ����� QRWH nUVW WKDW IRU DQ\ W� PW � AF � J� IXUWKHU� � ! E ! b� LPSOLHV

��



WKDW F� GP � P IRU P � AF� J� )URP ���� RQH FDQ nQG WKH OHYHO RI QRPLQDO EDODQFHV� 0�� DVVRFLDWHG ZLWK
D SDUWLFXODU FKRLFH RI P�� 6LQFH 5��b mn� � � ZKHQHYHU E � �� DQG *�P�� ) �P�� ! � IRU P� � �P� AF� J��
WKHUH H[LVWV D XQLTXH SRVLWLYH0� WKDW VDWLVnHV ���� DQG D XQLTXH 3� � >*�P�� ) �P��b5��bmn�@3b� m��
7KHUHIRUH� WKHUH H[LVWV D FRQWLQXXP RI SHUIHFW�IRUHVLJKW HTXLOLEULD LQGH[HG E\ P�� 6LQFH *�P�� ) �P� LV
PRQRWRQLFDOO\ GHFUHDVLQJ IRU P� � �J� AF� J�� LQ HDFK RI WKHVH WKH SULFH OHYHO FDQ EH WDNHQ WR EH GLmHUHQW� ,I
LQ DGGLWLRQ mn ! � � tb�� WKHQ IRU DQ\ P� ! P WKHUH H[LVW PXOWLSOH VROXWLRQV WR ����� WKDW LV� PW�� w AF� J
DV ZHOO DV PW��  D � E aPW � AF � J VDWLVI\ ����� &RQVLGHU WKH IROORZLQJ VHTXHQFH� PW w AF � J IRU W HYHQ
DQG PW  D � E aPWb� IRU W RGG� )RU WKLV VHTXHQFH WR EH DQ HTXLOLEULXP LW PXVW VDWLVI\ WKH WUDQVYHUVDOLW\
FRQGLWLRQ� 7R VHH WKDW LW GRHV� QRWH WKDW ���� DQG ���� LPSO\ WKDW 0W *�PW�  nW0� ) �P��g

Wb�
V �5V� $OVR�

QRWH WKDW ) �P�b*�P� LV ERXQGHG IRU P ! P� ,W IROORZV WKDW
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7KH ODVW HTXDOLW\ IROORZV IURP WKH IDFW WKDW IRU DQ\ W � W� VXFK WKDW PW� � AF � J� VR WKDW 5W� ! �� 7KLV
LPSOLHV WKDW � gWb�

V �5V LV GHFUHDVLQJ RYHU WLPH DQG FRQYHUJHV WR ]HUR� 7KHUHIRUH WKH WUDQVYHUVDOLW\ FRQGLWLRQ
LV VDWLVnHG� )LQDOO\� DV VKRZQ DERYH� WKH IDFW WKDW E � � HQVXUHV WKDW WKH QRPLQDO PRQH\ VXSSO\ DVVRFLDWHG
ZLWK DQ\ PW ! P LV SRVLWLYH�
,I � � mn � �� WKHQ � � E � � DQG � � t5��b mn� ! �� 7KXV� ���� WDNHV WKH IRUP

aPW��  PLQ>D� E aPW� F� G aPW��@�

)XUWKHU� IRU DQ\ P ! J� D� E aP � AF� J DQG F� G aP w AF� J� VR VHTXHQFHV RI UHDO EDODQFHV WKDW VDWLVI\ ����
DUH WKH VDPH DV WKRVH WKDW VDWLVI\

aPW��  D� E aPW� ����

7KH ORZHU OHIW SDQHO RI nJXUH � SORWV WKLV FDVH� (TXDWLRQ ���� LPSOLHV D VHTXHQFH IRU PW WKDW FRQYHUJHV
PRQRWRQLFDOO\ WR Pe JLYHQ DQ\ P� ! J� ,W LV VWUDLJKWIRUZDUG WR VKRZ WKDW DQ\ VXFK VHTXHQFH VDWLVnHV
WKH WUDQVYHUVDOLW\ FRQGLWLRQ� )URP ���� RQH FDQ nQG WKH OHYHO RI QRPLQDO EDODQFHV� 0�� DVVRFLDWHG ZLWK D
SDUWLFXODU FKRLFH RI P�� $ UHTXLUHPHQW RI HTXLOLEULXP LV WKDW 0� ! �� ,I 5��b mn� � �� 0� LV SRVLWLYH IRU
DQ\ P� ! J� ,I� RQ WKH RWKHU KDQG� 5��bmn� w �� WKH LQLWLDO PRQH\ VXSSO\� 0�� DVVRFLDWHG ZLWK D SDUWLFXODU

FKRLFH IRU P� LV SRVLWLYH RQO\ LI P� � P s ��Jt5��bmn�
��t5��bmn�

� �Pe� AF� J�� 1RWH WKDW IRU DQ\ P� � PLQ>P� AF� J@�

WKH LQLWLDO SULFH OHYHO 3� LV JLYHQ E\ >*�P�� ) �P��b5��bmn�@3b� m DQG WKDW *�P� ) �P� LV PRQRWRQLFDOO\
GHFUHDVLQJ LQ P� ZKLFK LPSOLHV WKDW WKH LQLWLDO SULFH OHYHO LV D PRQRWRQLFDOO\ GHFUHDVLQJ IXQFWLRQ RI P�� 6LQFH
PLQ>P� AF�J@ ! Pe ! J� WKHUH H[LVWV D FRQWLQXXP RI SHUIHFW�IRUHVLJKW HTXLOLEULD LQ HDFK RI ZKLFK WKH VHTXHQFH
RI UHDO EDODQFHV DQG SULFHV FDQ EH WDNHQ WR EH GLmHUHQW�
)LQDOO\� QRWH WKDW LI � � t5�� b mn�  �� WKHQ ���� EHFRPHV �  PD[>�� � t� aPW�� b �� � tJ�� �� �

Jt5� �t5�b ��� t5� �t5� aPW@� 7KH RQO\ VROXWLRQ WR WKLV H[SUHVVLRQ WKDW GRHV QRW YLRODWH WKH WUDQVYHUVDOLW\
FRQGLWLRQ LV PW  Pe IRU DOO W�
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5HIHUHQFHV

$XHUQKHLPHU� /� DQG %� &RQWUHUDV� ����� &RQWURO RI WKH LQWHUHVW UDWH ZLWK D JRYHUQPHQW EXGJHW FRQVWUDLQW�

GHWHUPLQDF\ RI WKH SULFH OHYHO DQG RWKHU UHVXOWV� XQSXEOLVKHG PDQXVFULSW� 7H[DV $	0 8QLYHUVLW\�

%HQKDELE� -�� 6� 6FKPLWW�*URKuH� DQG 0� 8ULEH� ����D� 0RQHWDU\ SROLF\ DQG PXOWLSOH HTXLOLEULD� XQSXEOLVKHG

PDQXVFULSW� 1HZ <RUN 8QLYHUVLW\�

%HQKDELE� -�� 6� 6FKPLWW�*URKuH� DQG 0� 8ULEH� ����E� 7KH SHULOV RI 7D\ORU UXOHV� XQSXEOLVKHG PDQXVFULSW�

1HZ <RUN 8QLYHUVLW\�

%HUQDQNH� %� DQG 0� :RRGIRUG� ����� ,QoDWLRQ IRUHFDVWV DQG PRQHWDU\ SROLF\� -RXUQDO RI 0RQH\� &UHGLW�

DQG %DQNLQJ ��� ��������

&ODULGD� 5�� -� *DOur� DQG 0� *HUWOHU� ����� 0RQHWDU\ SROLF\ UXOHV DQG PDFURHFRQRPLF VWDELOLW\� HYLGHQFH DQG

VRPH WKHRU\� XQSXEOLVKHG PDQXVFULSW� 1HZ <RUN 8QLYHUVLW\�

&ODULGD� 5�� -� *DOur� DQG 0� *HUWOHU� ����� 0RQHWDU\ SROLF\ UXOHV LQ SUDFWLFH� VRPH LQWHUQDWLRQDO HYLGHQFH�

(XURSHDQ (FRQRPLF 5HYLHZ ��� ����������

&RROH\� 7� )� DQG (� &� 3UHVFRWW� ����� (FRQRPLF JURZWK DQG EXVLQHVV F\FOHV� LQ� 7� )� &RROH\� HG�� )URQWLHUV

RI EXVLQHVV F\FOH UHVHDUFK� �3ULQFHWRQ 8QLYHUVLW\ 3UHVV� 3ULQFHWRQ� �����

*KH]� *� DQG *� 6� %HFNHU� ����� 7KH DOORFDWLRQ RI WLPH DQG JRRGV RYHU WKH OLIH F\FOH �1DWLRQDO %XUHDX RI

(FRQRPLF 5HVHDUFK� 1HZ <RUN��

-XVWHU� )� 7� DQG )� 3� 6WDmRUG� ����� 7KH DOORFDWLRQ RI WLPH� HPSLULFDO nQGLQJV� EHKDYLRU PRGHOV� DQG

SUREOHPV RI PHDVXUHPHQW� -RXUQDO RI (FRQRPLF /LWHUDWXUH ��� ��������

.LQJ� 5�*�� &� 3ORVVHU� DQG 6� 5HEHOR� ����� 3URGXFWLRQ� JURZWK DQG EXVLQHVV F\FOHV� ,� 7KH EDVLF QHRFODVVLFDO

PRGHO� -RXUQDO RI 0RQHWDU\ (FRQRPLFV ��� ��������

/HHSHU� (�� ����� (TXLOLEULD XQGHU CDFWLYH
 DQG CSDVVLYH
 PRQHWDU\ DQG nVFDO SROLFLHV� -RXUQDO RI 0RQHWDU\

(FRQRPLFV ��� ��������

/XFDV� 5� (�� -U� DQG 1� 6WRNH\� ����� 0RQH\ DQG LQWHUHVW LQ D FDVK�LQ�DGYDQFH HFRQRP\� (FRQRPHWULFD ���

��������

2USKDQLGHV� $�� ����� 0RQHWDU\ SROLF\ UXOHV EDVHV RQ UHDO�WLPH GDWD� )LQDQFH DQG (FRQRPLFV 'LVFXVVLRQ

6HULHV ��������� %RDUG RI *RYHUQRUV RI WKH )HGHUDO 5HVHUYH 6\VWHP� :DVKLQJWRQ '&�

5RWHPEHUJ� -� -� DQG 0� :RRGIRUG� ����� $Q RSWLPL]DWLRQ�EDVHG HFRQRPHWULF IUDPHZRUN IRU WKH HYDOXDWLRQ

RI PRQHWDU\ SROLF\� LQ� %� 6� %HUQDQNH DQG -� -� 5RWHPEHUJ� HGV�� 1%(5 0DFURHFRQRPLFV $QQXDO �����

�0,7 3UHVV� &DPEULGJH� ��������

6DUJHQW� 7� -� DQG 1� :DOODFH� ����� C5DWLRQDO
 H[SHFWDWLRQV� WKH RSWLPDO PRQHWDU\ LQVWUXPHQW� DQG WKH

RSWLPDO PRQH\ VXSSO\ UXOH� -RXUQDO RI 3ROLWLFDO (FRQRP\ ��� ��������

6FKPLWW�*URKuH� 6� DQG 0� 8ULEH� ����� %DODQFHG�EXGJHW UXOHV� GLVWRUWLRQDU\ WD[HV� DQG DJJUHJDWH LQVWDELOLW\�

-RXUQDO RI 3ROLWLFDO (FRQRP\ ���� ���������

6LPV� &�� ����� $ VLPSOH PRGHO IRU WKH VWXG\ RI WKH GHWHUPLQDWLRQ RI WKH SULFH OHYHO DQG WKH LQWHUDFWLRQ RI

PRQHWDU\ DQG nVFDO SROLF\� (FRQRPLF 7KHRU\ �� ��������

7D\ORU� -� %�� ����� 'LVFUHWLRQ YHUVXV SROLF\ UXOHV LQ SUDFWLFH� &DUQHJLH�5RFKHVWHU &RQIHUHQFH 6HULHV RQ 3XEOLF

3ROLF\ ��� ��������

:RRGIRUG� 0�� ����� 0RQHWDU\ SROLF\ DQG SULFH OHYHO GHWHUPLQDF\ LQ D FDVK�LQ�DGYDQFH HFRQRP\� (FRQRPLF
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