
Benhabib, Jess; Schmitt-Grohe, Stephanie; Uribe, Martin

Working Paper

The perils of Taylor Rules

Working Paper, No. 1998-31

Provided in Cooperation with:
Department of Economics, Rutgers University

Suggested Citation: Benhabib, Jess; Schmitt-Grohe, Stephanie; Uribe, Martin (1998) : The perils of
Taylor Rules, Working Paper, No. 1998-31, Rutgers University, Department of Economics, New
Brunswick, NJ

This Version is available at:
https://hdl.handle.net/10419/94267

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/10419/94267
https://www.econstor.eu/
https://www.leibniz-gemeinschaft.de/


7KH 3HULOV RI 7D\ORU 5XOHV

-HVV %HQKDELE

1HZ <RUN 8QLYHUVLW\

6WHSKDQLH 6FKPLWW�*URKuH

5XWJHUV 8QLYHUVLW\

0DUWurQ 8ULEHe

8QLYHUVLW\ RI 3HQQV\OYDQLD

)LUVW GUDIW� 6HSWHPEHU ��� ����
7KLV GUDIW� 1RYHPEHU �� ����

$EVWUDFW

6LQFH -RKQ 7D\ORU
V ������ VHPLQDO SDSHU� D ODUJH OLWHUDWXUH KDV DUJXHG
WKDW DFWLYH LQWHUHVW UDWH IHHGEDFN UXOHV� WKDW LV� UXOHV WKDW UHVSRQG WR LQ�
FUHDVHV LQ LQoDWLRQ ZLWK D PRUH WKDQ RQH�IRU�RQH LQFUHDVH LQ WKH QRPLQDO
LQWHUHVW UDWH� DUH VWDELOL]LQJ� ,Q WKLV SDSHU� ZH DUJXH WKDW RQFH WKH ]HUR
ERXQG RQ QRPLQDO LQWHUHVW UDWHV LV WDNHQ LQWR DFFRXQW� DFWLYH LQWHUHVW�UDWH
IHHGEDFN UXOHV FDQ HDVLO\ OHDG WR XQH[SHFWHG FRQVHTXHQFHV� 6SHFLnFDOO\�
LQ WKH FRQWH[W RI D VWLFN\�SULFH PRGHO� ZH VKRZ WKDW HYHQ LI WKH VWHDG\
VWDWH DW ZKLFK PRQHWDU\ SROLF\ LV DFWLYH LV ORFDOO\ WKH XQLTXH HTXLOLE�
ULXP� W\SLFDOO\ WKHUH H[LVWV DQ LQnQLWH QXPEHU RI HTXLOLEULXP WUDMHFWRULHV
RULJLQDWLQJ DUELWUDULO\ FORVH WR WKDW VWHDG\ VWDWH WKDW FRQYHUJH HLWKHU WR
DQRWKHU VWHDG\ VWDWH DW ZKLFK PRQHWDU\ SROLF\ LV SDVVLYH RU WR D VWDEOH
OLPLW F\FOH DURXQG WKH DFWLYH VWHDG\ VWDWH� :H FRQFOXGH WKDW WKH XVH RI
ORFDO WHFKQLTXHV IRU PRQHWDU\ SROLF\ HYDOXDWLRQ PLJKW OHDG WR VSXULRXV
SROLF\ UHFRPPHQGDWLRQV�

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

.H\ZRUGV� ,QWHUHVW UDWH IHHGEDFN UXOHV� ]HUR ERXQG RQ QRPLQDO UDWHV�
OLTXLGLW\ WUDSV� PXOWLSOH HTXLOLEULD�

e:H ZRXOG OLNH WR WKDQN &KXFN &DUOVWURP� *XLGR &R]]L� 7LP )XHUVW� DQG VHPLQDU SDU�

WLFLSDQWV DW &ROXPELD 8QLYHUVLW\� &RUQHOO 8QLYHUVLW\� DQG WKH ���� 0LGZHVWHUQ (FRQRPLF

$VVRFLDWLRQ 0HHWLQJ IRU FRPPHQWV� :H WKDQN WKH &�9� 6WDUU &HQWHU RI $SSOLHG (FRQRPLFV DW

1HZ <RUN 8QLYHUVLW\ IRU WHFKQLFDO DVVLVWDQFH�



� ,QWURGXFWLRQ

6LQFH -RKQ 7D\ORU
V ������ VHPLQDO SDSHU GHVFULELQJ )HGHUDO 5HVHUYH SROLF\�
WKHUH KDV EHHQ D UHVXUJHQFH RI LQWHUHVW LQ PRQHWDU\ SROLFLHV WKDW WDUJHW WKH
QRPLQDO UDWH� 0XFK RI WKH OLWHUDWXUH KDV H[SORUHG WKH HpFLHQF\ DQG G\QDPLF
HmHFWV RI VXFK SROLFLHV� ZLWK SDUWLFXODU DWWHQWLRQ WR WKHLU VWDELOL]DWLRQ SURSHUWLHV�
$ FHQWUDO SROLF\ UHFRPPHQGDWLRQ WKDW KDV HPHUJHG IURP WKLV ERG\ RI UHVHDUFK
LV WKDW ?DFWLYH PRQHWDU\ SROLF\�� WKDW LV� D SROLF\ WKDW VWURQJO\ UHVSRQGV WR
WKH UDWH RI LQoDWLRQ LQ VHWWLQJ WKH QRPLQDO LQWHUHVW UDWH� LV VWDELOL]LQJ�� ,Q DQ
HDUOLHU SDSHU �%HQKDELE� 6FKPLWW�*URKuH DQG 8ULEH� ����� ZH DUJXH WKDW VXFK
UHVXOW GHSHQGV YHU\ PXFK RQ WKH VSHFLnFDWLRQ RI WKH PRGHO� DQG WKDW LQGHHG
RIWHQ DFWLYH PRQHWDU\ IHHGEDFN SROLFLHV OHDG WR PXOWLSOH HTXLOLEULD XQGHU VWDQ�
GDUG VSHFLnFDWLRQV� DVVXPSWLRQV DQG FDOLEUDWLRQV� LQFOXGLQJ PRGHOV ZLWK VWLFN\
SULFHV� 7D\ORU UXOHV WKDW DOORZ IRU OHDGV RU ODJV� DQG 5LFDUGLDQ DQG QRQ�5LFDUGLDQ
PRQHWDU\�nVFDO UHJLPHV� ,Q WKLV SDSHU� ZH WDNH DQ HYHQ VWURQJHU SRVLWLRQ DQG
DUJXH WKDW DFWLYH PRQHWDU\ SROLF\ JHQHUDOO\ OHDGV WR LQGHWHUPLQDF\ DQG PXOWL�
SOH HTXLOLEULD� DQG WKDW SXUVXLQJ VXFK D SROLF\ FDQ HDVLO\ OHDG WR XQH[SHFWHG
FRQVHTXHQFHV HYHQ LQ WKH VLPSOHVW DQG PRVW LQQRFXRXV PRQHWDU\ PRGHOV� XVLQJ
WKH VLPSOHVW DQG PRVW VWDQGDUG DVVXPSWLRQV�
2XU PHWKRG RI DQDO\VLV GHSDUWV IURP WKH FRQYHQWLRQDO ORFDO DSSURDFK WR

VWXG\ PXOWLSOH HTXLOLEULD WKDW SURFHHGV E\ OLQHDUL]LQJ DURXQG D VWHDG\ VWDWH� 7KH
UHDVRQ IRU WKLV GHSDUWXUH VWHPV IURP WKH REVHUYDWLRQ WKDW WKH QRPLQDO UDWH PXVW
EH FRQVWUDLQHG WR EH QRQ�QHJDWLYH� VLQFH QHJDWLYH QRPLQDO UDWHV DUH LPSRVVLEOH�
,W LPPHGLDWHO\ IROORZV IURP WKLV REVHUYDWLRQ� DV ZH LOOXVWUDWH EHORZ� WKDW LI
WKHUH LV D VWHDG\ VWDWH ZLWK DQ DFWLYH PRQHWDU\ SROLF\� WKHUH PXVW QHFHVVDULO\
H[LVW DQRWKHU VWHDG\ VWDWH ZLWK D SDVVLYH SROLF\� $V D UHVXOW� ORFDO DQDO\VLV LV
LQDGHTXDWH EHFDXVH SDWKV RI WKH HFRQRP\ GLYHUJLQJ IURP RQH VWHDG\ VWDWH FDQ
FRQYHUJH WR WKH RWKHU VWHDG\ VWDWH RU WR DQRWKHU DWWUDFWLQJ VHW� WKXV TXDOLI\LQJ DV
HTXLOLEULXP WUDMHFWRULHV� :H VKRZ WKHVH UHVXOWV LQ WKH FRQWH[W RI D VWLFN\�SULFH
PRGHO ERWK WKHRUHWLFDOO\ DQG WKURXJK VLPXODWLRQV RI FDOLEUDWHG HFRQRPLHV�
7R LQWXLWLYHO\ LOOXVWUDWH WKH VRXUFH RI PXOWLSOLFLW\� FRQVLGHU WKH )LVKHU HTXD�

WLRQ

5�{�  U � {�

ZKHUH 5 �{� LV D VLPSOLnHG 7D\ORU UXOH WKDW VHWV WKH QRPLQDO UDWH� 5�{�� DV D QRQ�
GHFUHDVLQJ IXQFWLRQ RI LQoDWLRQ� U LV WKH GLVFRXQW UDWH� DQG { LV WKH LQoDWLRQ UDWH�
7KLV VWHDG\�VWDWH UHODWLRQ LV FRPPRQ WR D ZLGH UDQJH RI PRQHWDU\ PRGHOV ZLWK
UHSUHVHQWDWLYH DJHQWV DQG DQ LQnQLWH KRUL]RQ DQG KROGV LUUHVSHFWLYH RI ZKHWKHU
SULFHV DUH oH[LEOH RU VWLFN\ RU RI ZKHWKHU PRQH\ HQWHUV WKH PRGHO WKURXJK WKH
XWLOLW\ IXQFWLRQ� WKH SURGXFWLRQ IXQFWLRQ RU D FDVK�LQ�DGYDQFH FRQVWUDLQW� ,I
WKHUH H[LVWV D VWHDG\ VWDWH ZLWK DFWLYH PRQHWDU\ SROLF\� WKDW LV� D YDOXH RI {

�)RU SDSHUV DUULYLQJ DW WKLV FRQFOXVLRQ LQ WKH FRQWH[W RI QRQ�RSWLPL]LQJ PRGHOV� VHH /HYLQ�
:LHODQG� DQG :LOOLDPV ������ DQG 7D\ORU �����D� ����E�� IRU RSWLPL]LQJ PRGHOV ZLWK oH[LEOH
SULFHV� VHH /HHSHU ������� DQG IRU RSWLPL]LQJ PRGHOV ZLWK QRPLQDO IULFWLRQV VHH 5RWHPEHUJ DQG
:RRGIRUG ������ ������ &KULVWLDQR DQG *XVW ������� DQG &ODULGD� *DOur� DQG *HUWOHU �������
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)LJXUH �� 7D\ORU 5XOHV� ]HUR�ERXQG RQ QRPLQDO UDWHV� DQG PXOWLSOH VWHDG\ VWDWHV
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WKDW VROYHV WKH )LVKHU HTXDWLRQ DQG VDWLVnHV 5��{� ! �� WKHQ LI 5�{� w � DQG
FRQWLQXRXV� WKHUH PXVW H[LVW DQRWKHU VWHDG\ VWDWH ZLWK 5��{� � � �nJXUH ����

6LQFH WKH LQoDWLRQ UDWH { LV D MXPS YDULDEOH ZKRVH LQLWLDO YDOXH LV QRW H[RJH�
QRXVO\ JLYHQ� WKH H[LVWHQFH RI D VWHDG\ VWDWH ZLWK DFWLYH SROLFLHV LPPHGLDWHO\
HVWDEOLVKHV WKH SRVVLELOLW\ RI WKH H[LVWHQFH RI DW OHDVW WZR VWHDG\ VWDWH HTXLOLEULD�
&OHDUO\� WKH H[LVWHQFH RI PXOWLSOH VROXWLRQV WR WKH VWHDG\�VWDWH )LVKHU HTXDWLRQ
QHHG QRW LPSO\ WKH H[LVWHQFH RI PXOWLSOH VWHDG\�VWDWH HTXLOLEULD� IRU LQ JHQHUDO
WKH HTXLOLEULXP FRQGLWLRQV ZLOO LQYROYH RWKHU HTXDWLRQV� +RZHYHU� LQ WKLV SDSHU
ZH VKRZ� LQ WKH FRQWH[W RI D VWDQGDUG PRGHO ZLWK QRPLQDO ULJLGLWLHV� WKDW LQ
JHQHUDO WKH SUHVHQFH RI D VWHDG\ VWDWH HTXLOLEULXP DW ZKLFK PRQHWDU\ SROLF\ LV
DFWLYH JLYHV ULVH WR DW OHDVW RQH RWKHU VWHDG\�VWDWH HTXLOLEULXP DW ZKLFK PRQHWDU\
SROLF\ LV SDVVLYH�
%XW LW ZRXOG EH QDLYH WR FRQFOXGH WKDW DFWLYH LQWHUHVW�UDWH UXOHV DUH GHVWD�

ELOL]LQJ VROHO\ EHFDXVH WKH\ JLYH ULVH WR PXOWLSOH VWHDG\�VWDWH HTXLOLEULD� $IWHU
DOO� WKH REVHUYHG LQoDWLRQ G\QDPLFV GR QRW VHHP WR EH FRQVLVWHQW ZLWK DQ HFRQ�
RP\ LQ ZKLFK LQoDWLRQ FRQVWDQWO\ MXPSV IURP D OHYHO DW ZKLFK PRQHWDU\ SROLF\

�1RWH WKDW IRU WKH H[LVWHQFH RI WZR VROXWLRQV WR WKH VWHDG\�VWDWH )LVKHU HTXDWLRQ LW LV QRW
FUXFLDO WKDW WKH 7D\ORU UXOH EH FRQWLQXRXV� ,W LV VXpFLHQW WKDW WKH 7D\ORU UXOH LV QRQ�QHJDWLYH�
QRQ�GHFUHDVLQJ DQG WKDW RQH VROXWLRQ RFFXUV DW D YDOXH RI { IRU ZKLFK 5��{� ! �� 7KH ERWWRP
ULJKW SDQHO RI nJXUH � GLVSOD\V D FDVH LQ ZKLFK WKHUH LV D XQLTXH VROXWLRQ WR WKH )LVKHU HTXDWLRQ
HYHQ WKRXJK DW WKDW VROXWLRQ 5��{� ! �� 7KH DEVHQFH RI D VHFRQG VROXWLRQ UHVXOWV QRW EHFDXVH
WKH 7D\ORU UXOH LV GLVFRQWLQXRXV EXW EHFDXVH LW LV QRQ�PRQRWRQLF� :H ZLOO QRW H[SORUH WKH
PDFURHFRQRPLF FRQVHTXHQFHV RI 7D\ORU UXOHV RI WKLV W\SH EHFDXVH ZH EHOLHYH WKDW WKH\ DUH
LUUHOHYDQW IRU LW LV LPSODXVLEOH WKDW WKH FHQWUDO EDQN ZLOO LPSOHPHQW D GLVFUHWH LQFUHDVH LQ WKH
QRPLQDO LQWHUHVW UDWH LQ WKH FRQWH[W RI GHFOLQLQJ LQoDWLRQ�
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LV DFWLYH WR DQRWKHU DW ZKLFK PRQHWDU\ SROLF\ LV SDVVLYH� 7KH PDLQ UHVXOW RI
WKLV SDSHU LV WKDW DFWLYH 7D\ORU UXOHV DUH GHVWDELOL]LQJ EHFDXVH WKH PXOWLSOLFLW\
RI VWHDG\�HTXLOLEULD WKDW WKH\ LQGXFH RSHQV WKH GRRU WR D PXFK ODUJHU FODVV RI
HTXLOLEULD� 6SHFLnFDOO\� ZH VKRZ WKDW LQ JHQHUDO WKHUH H[LVWV DQ LQnQLWH QXPEHU
RI HTXLOLEULXP WUDMHFWRULHV RULJLQDWLQJ LQ WKH YLFLQLW\ RI WKH DFWLYH VWHDG\ VWDWH
WKDW FRQYHUJH HLWKHU WR WKH VWHDG\ VWDWH DW ZKLFK PRQHWDU\ SROLF\ LV SDVVLYH
�D VDGGOH FRQQHFWLRQ� RU WR D VWDEOH OLPLW F\FOH DURXQG WKH DFWLYH VWHDG\ VWDWH�
,QWHUHVWLQJO\� DORQJ ERWK WKH VDGGOH FRQQHFWLRQ DQG WKH OLPLW F\FOH� WKH LQoDWLRQ
UDWH oXFWXDWHV IRU ORQJ SHULRGV RI WLPH DURXQG WKH VWHDG\ VWDWH DW ZKLFK PRQH�
WDU\ SROLF\ LV DFWLYH� 7KXV� DQ HFRQRPHWULFLDQ XVLQJ GDWD JHQHUDWHG IURP VXFK
HTXLOLEULD WR HVWLPDWH WKH VORSH RI WKH 7D\ORU UXOH PD\ YHU\ ZHOO FRQFOXGH WKDW
PRQHWDU\ SROLF\ KDV DOZD\V EHHQ DFWLYH�
6LPXODWLRQV RI FDOLEUDWHG YHUVLRQV RI WKH PRGHO LQGLFDWH WKDW VDGGOH FRQQHF�

WLRQV IURP WKH DFWLYH VWHDG\ VWDWH WR WKH SDVVLYH VWHDG\ VWDWH H[LVW IRU HPSLULFDOO\
SODXVLEOH SDUDPHWHUL]DWLRQV DQG DUH LQGHHG WKH PRVW W\SLFDO SDWWHUQ DV WKH\ DUH
UREXVW WR ZLGH SDUDPHWHU SHUWXUEDWLRQV� 7KLV W\SH RI HTXLOLEULXP LV RI SDUWLFX�
ODU LQWHUHVW EHFDXVH LW VKHGV OLJKW RQ WKH SUHFLVH ZD\ LQ ZKLFK HFRQRPLHV PD\ IDOO
LQWR OLTXLGLW\ WUDSV� 7KH UHVXOWV VXJJHVW WKDW FHQWUDO EDQNV WKDW PDLQWDLQ DQ DF�
WLYH PRQHWDU\ SROLF\ VWDQFH QHDU D JLYHQ LQoDWLRQ WDUJHW DUH PRUH OLNHO\ WR OHDG
WKH HFRQRP\ LQWR D GHoDWLRQDU\ VSLUDO_OLNH WKH RQH FXUUHQWO\ REVHUYHG LQ -DSDQ
DQG� DV VRPH PD\ DUJXH� LQ WKH 8QLWHG 6WDWHV_WKDQ FHQWUDO EDQNV WKDW PDLQ�
WDLQ D JOREDOO\ SDVVLYH PRQHWDU\ VWDQFH VXFK DV DQ LQWHUHVW� RU H[FKDQJH�UDWH
SHJ�

� $ 6WLFN\�3ULFH 0RGHO

7KH HFRQRP\ LV DVVXPHG WR EH SRSXODWHG E\ D FRQWLQXXP RI KRXVHKROG^nUP
XQLWV LQGH[HG E\ M HDFK RI ZKLFK SURGXFHV D GLmHUHQWLDWHG JRRG < M � )LUPV KDYH
PDUNHW SRZHU DQG VHW SULFHV VR DV WR PD[LPL]H SURnWV� 7KH GHPDQG IDFHG E\
nUP M LV JLYHQ E\ < GG�3 M 3 �� ZKHUH < G GHQRWHV WKH OHYHO RI DJJUHJDWH GHPDQG�
3 M WKH SULFH nUP M FKDUJHV IRU WKH JRRG LW SURGXFHV� DQG 3 WKH DJJUHJDWH SULFH
OHYHO� 6XFK D GHPDQG IXQFWLRQ FDQ EH GHULYHG E\ DVVXPLQJ WKDW KRXVHKROGV
KDYH SUHIHUHQFHV RYHU D FRPSRVLWH JRRG WKDW LV SURGXFHG IURP GLmHUHQWLDWHG
LQWHUPHGLDWH JRRGV YLD D 'L[LW�6WLJOLW] SURGXFWLRQ IXQFWLRQ� 7KH IXQFWLRQ G�c�
LV DVVXPHG WR VDWLVI\ G���  � DQG G���� � b�� 7KH UHVWULFWLRQ LPSRVHG RQ G����
LV QHFHVVDU\ IRU WKH nUP
V SUREOHP WR EH ZHOO GHnQHG LQ D V\PPHWULF HTXLOLEULXP�
7KH SURGXFWLRQ RI JRRG M XVHV ODERU KM SURYLGHG E\ WKH KRXVHKROG M DV WKH RQO\
LQSXW�

< M  \�KM�

ZKHUH \�c� LV SRVLWLYH� VWULFWO\ LQFUHDVLQJ� VWULFWO\ FRQFDYH DQG VDWLVnHV WKH ,QDGD
FRQGLWLRQV�
:H LQWURGXFH QRPLQDO SULFH ULJLGLW\� IROORZLQJ 5RWHPEHUJ ������� E\ DV�

VXPLQJ WKDW KRXVHKROGV IDFH FRQYH[ FRVWV RI DGMXVWLQJ SULFHV� 6SHFLnFDOO\� WKH

�



KRXVHKROG
V OLIHWLPH XWLOLW\ IXQFWLRQ LV DVVXPHG WR EH RI WKH IRUP
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ZKHUH FM GHQRWHV FRQVXPSWLRQ RI WKH FRPSRVLWH JRRG E\ KRXVHKROG M� PM s

0M 3 GHQRWHV UHDO PRQH\ EDODQFHV KHOG E\ KRXVHKROG M� DQG 0 M GHQRWHV QRP�
LQDO PRQH\ EDODQFHV� 7KH XWLOLW\ IXQFWLRQ X�c� c� LV DVVXPHG WR EH VWULFWO\ LQ�
FUHDVLQJ DQG VWULFWO\ FRQFDYH� DQG VDWLVnHV XFF b XFPXF XP � � DQG XPP b

XFPXP XF � �� ZKLFK HQVXUHV WKDW ERWK UHDO EDODQFHV DQG FRQVXPSWLRQ DUH
QRUPDO JRRGV� 7KH IXQFWLRQ ]�c� PHDVXUHV WKH GLVXWLOLW\ RI ODERU DQG LV DVVXPHG
WR EH FRQYH[� 7KH SDUDPHWHU o PHDVXUHV WKH GHJUHH WR ZKLFK KRXVHKROG^nUP
XQLWV GLVOLNH WR GHYLDWH LQ WKHLU SULFH�VHWWLQJ EHKDYLRU IURP WKH FRQVWDQW UDWH RI
LQoDWLRQ {e ! bU�
7KH KRXVHKROG
V LQVWDQW EXGJHW FRQVWUDLQW DQG QR�3RQ]L�JDPH UHVWULFWLRQ DUH
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ZKHUH D GHQRWHV WKH UHDO YDOXH RI WKH KRXVHKROG
V nQDQFLDO DVVHWV ZKLFK FRQVLVW
RI PRQH\ KROGLQJV DQG JRYHUQPHQW ERQGV� 5 GHQRWHV WKH QRPLQDO LQWHUHVW UDWH�
{ WKH UDWH RI FKDQJH LQ WKH DJJUHJDWH SULFH OHYHO� DQG ~ GHQRWHV UHDO OXPS�VXP
WD[HV� ,Q DGGLWLRQ� nUPV DUH VXEMHFW WR WKH FRQVWUDLQW WKDW JLYHQ WKH SULFH WKH\
FKDUJH� WKHLU VDOHV DUH GHPDQG�GHWHUPLQHG
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7KH KRXVHKROG FKRRVHV VHTXHQFHV IRU FM � PM � 3 M w �� DQG DM VR DV WR PD[L�
PL]H ��� VXEMHFW WR ���^��� WDNLQJ DV JLYHQ DM���� 3 M���� DQG WKH WLPH SDWKV
RI ~ � 5� < G� DQG 3 � 7KH nUVW�RUGHU FRQGLWLRQV DVVRFLDWHG ZLWK WKH KRXVHKROG
V
RSWLPL]DWLRQ SUREOHP DUH
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ZKHUH {M s B3 M 3 M �

0RQHWDU\ DQG )LVFDO 3ROLF\

7KH PRQHWDU\ DXWKRULW\ LV DVVXPHG WR VHW WKH QRPLQDO LQWHUHVW UDWH DV DQ LQ�
FUHDVLQJ IXQFWLRQ RI WKH LQoDWLRQ UDWH� 6SHFLnFDOO\� LW FRQGXFWV RSHQ PDUNHW
RSHUDWLRQV VR DV WR HQVXUH WKDW

5  5�{� s 5eH
$

5e
�{b{e� ����

ZKHUH 5e� $� DQG {e DUH SRVLWLYH FRQVWDQWV�� 7KLV VSHFLnFDWLRQ RI WKH IHHG�
EDFN UXOH LPSOLHV WKDW WKH QRPLQDO LQWHUHVW UDWH LV VWULFWO\ SRVLWLYH DQG VWULFWO\
LQFUHDVLQJ LQ WKH LQoDWLRQ UDWH� :H ZLOO UHIHU WR PRQHWDU\ SROLF\ DV DFWLYH
�SDVVLYH� LI WKH PRQHWDU\ DXWKRULW\ UDLVHV WKH QRPLQDO LQWHUHVW UDWH E\ PRUH
�OHVV� WKDQ RQH�IRU�RQH LQ UHVSRQVH WR DQ LQFUHDVH LQ WKH LQoDWLRQ UDWH� WKDW LV�
LI 5��{� ! �����
7KH LQVWDQW EXGJHW FRQVWUDLQW RI WKH JRYHUQPHQW LV JLYHQ E\

BD  �5b {�Db5Pb ~� ����

ZKHUH D GHQRWHV WKH UHDO YDOXH RI DJJUHJDWH SHU FDSLWD JRYHUQPHQW OLDELOLWLHV�
ZKLFK FRQVLVW RI UHDO EDODQFHV DQG ERQGV� 7KH PRQHWDU\�nVFDO UHJLPH LV DVVXPHG
WR EH 5LFDUGLDQ LQ WKH VHQVH RI %HQKDELE� 6FKPLWW�*URKuH DQG 8ULEH ������� 7KDW
LV� WKH PRQHWDU\�nVFDO UHJLPH HQVXUHV WKDW WRWDO JRYHUQPHQW OLDELOLWLHV FRQYHUJH
WR ]HUR LQ SUHVHQW GLVFRXQWHG YDOXH IRU DOO �HTXLOLEULXP RU Rm�HTXLOLEULXP� SDWKV
RI WKH SULFH OHYHO RU RWKHU HQGRJHQRXV YDULDEOHV��
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(TXLOLEULXP

,Q D V\PPHWULF HTXLOLEULXP DOO KRXVHKROG^nUP XQLWV FKRRVH LGHQWLFDO VHTXHQFHV
IRU FRQVXPSWLRQ� DVVHW KROGLQJV� DQG SULFHV� 7KXV� ZH FDQ GURS WKH VXSHUVFULSW
M� ,Q DGGLWLRQ� WKH JRRGV PDUNHW PXVW FOHDU� WKDW LV�

F  \�K�� ����

�1RWH WKDW ZH DVVXPH WKDW WKH FRQVWDQW {e DSSHDULQJ LQ WKH LQWHUHVW UDWH IHHGEDFN UXOH LV
WKH VDPH FRQVWDQW WKDW SOD\V D UROH LQ WKH KRXVHKROG
V FRVW RI DGMXVWLQJ SULFHV� :H PDNH WKLV
DVVXPSWLRQ IRU DQDO\WLFDO FRQYHQLHQFH�

�$V GLVFXVVHG LQ %HQKDELE� 6FKPLWW�*URKuH DQG 8ULEH ������� DQ H[DPSOH RI D 5LFDUGLDQ
PRQHWDU\�nVFDO UHJLPH LV DQ LQWHUHVW�UDWH IHHGEDFN UXOH OLNH ���� LQ FRPELQDWLRQ ZLWK WKH nVFDO
UXOH ~ � 5P  mD� m ! �� ,Q WKH FDVH LQ ZKLFK m  5� WKLV nVFDO UXOH FRUUHVSRQGV WR D
EDODQFHG�EXGJHW UHTXLUHPHQW�
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&RPELQLQJ HTXDWLRQV ��� DQG ��� \LHOGV D OLTXLGLW\ SUHIHUHQFH IXQFWLRQ RI WKH
IRUP

P  P�F� 5�� ����

*LYHQ RXU PDLQWDLQHG DVVXPSWLRQ DERXW WKH QRUPDOLW\ RI FRQVXPSWLRQ DQG UHDO
EDODQFHV� WKH GHPDQG IRU PRQH\ LV LQFUHDVLQJ LQ FRQVXPSWLRQ DQG GHFUHDVLQJ LQ
WKH QRPLQDO LQWHUHVW UDWH� 8VLQJ ����� ����� DQG ���� WR HOLPLQDWH 5� F� DQG P

IURP ��� \LHOGV WKH IROORZLQJ H[SUHVVLRQ IRU K�

K  K�w� {�� ����

ZKHUH Kw � �� K{XFP � � LI XFP � �� DQG K{  � LI XFP  ��
�

/HW s s G���� � b� GHQRWH WKH HTXLOLEULXP SULFH HODVWLFLW\ RI WKH GHPDQG
IXQFWLRQ IDFHG E\ WKH LQGLYLGXDO nUP� 8VLQJ ���� ����� DQG ���� WR HOLPLQDWH x�
5� DQG K IURP HTXDWLRQV ��� DQG ��� \LHOGV
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$ SHUIHFW�IRUHVLJKW HTXLOLEULXP LV D SDLU RI VHTXHQFHV Iw� {J VDWLVI\LQJ ����
DQG ����� *LYHQ WKH HTXLOLEULXP VHTXHQFHV Iw� {J� WKH FRUUHVSRQGLQJ HTXLOLE�
ULXP VHTXHQFHV IK� F� 5�PJ DUH XQLTXHO\ GHWHUPLQHG E\ ����� ����� ����� DQG
����� UHVSHFWLYHO\� 7KH DVVXPHG 5LFDUGLDQ QDWXUH RI WKH PRQHWDU\�nVFDO UHJLPH
UHTXLUHV WKDW WKH nVFDO DXWKRULW\ VHWV WD[HV LQ VXFK D ZD\ WKDW� JLYHQ SDWKV IRU
5� {� DQG P DQG DQ LQLWLDO FRQGLWLRQ D���� WKH SDWK IRU D LPSOLHG E\ HTXDWLRQ
���� VDWLVnHV WKH WUDQVYHUVDOLW\ FRQGLWLRQ �����

� 6WHDG\�VWDWH HTXLOLEULD

$ VWHDG\�VWDWH HTXLOLEULXP LV GHnQHG DV D SDLU RI FRQVWDQW VHTXHQFHV Iw� {J
VDWLVI\LQJ HTXDWLRQV ���� DQG ����� WKDW LV�
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5HFDOOLQJ WKDW 5e  U � {e� LW LV FOHDU IURP ���� WKDW LQ JHQHUDO WKHUH H[LVW WZR
VWHDG\�VWDWH OHYHOV RI LQoDWLRQ� {e DQG x{� ZLWK x{ � �!�{e LI $ ! ����� ,I $  ��
WKHQ {e LV WKH XQLTXH VWHDG\�VWDWH OHYHO RI LQoDWLRQ� 1RWH WKDW LI $ ! �� WKHQ
PRQHWDU\ SROLF\ LV DFWLYH DW {e DQG SDVVLYH DW x{� &RQYHUVHO\� LI $ � �� PRQHWDU\
SROLF\ LV SDVVLYH DW {e DQG DFWLYH DW x{�

�7R VHH WKLV� QRWH WKDW Kw  >XPP b �XP XF�XFP@ >\��XFFXPP b X�FP�@� 7KH DVVXPHG
FRQFDYLW\ RI WKH LQVWDQW XWLOLW\ IXQFWLRQ DQG QRUPDOLW\ RI FRQVXPSWLRQ LPSO\� UHVSHFWLYHO\�
WKDW WKH GHQRPLQDWRU RI WKLV H[SUHVVLRQ LV SRVLWLYH DQG WKDW WKH QXPHUDWRU LV QHJDWLYH� $OVR�
K{  bKwXFPP55

��{�� ZKLFK LV RI WKH RSSRVLWH VLJQ RI XFP�
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7KH VWHDG\�VWDWH OHYHO RI w DVVRFLDWHG ZLWK {e� we� LV JLYHQ E\ WKH VROXWLRQ
WR
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%HFDXVH WKH ULJKW�KDQG VLGH RI WKLV H[SUHVVLRQ LV SRVLWLYH DQG GHFUHDVLQJ LQ w�
we H[LVWV DQG LV XQLTXH� 7KH VWHDG\�VWDWH YDOXH RI w DVVRFLDWHG ZLWK x{ LV WKH
VROXWLRQ WR
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,I $ � �� WKHQ {e
b x{ � � DQG KHQFH WKH ULJKW�KDQG VLGH RI WKLV H[SUHVVLRQ LV

GHFUHDVLQJ LQ w� 7KHUHIRUH� LI D VWHDG\�VWDWH YDOXH RI w H[LVWV� LW LV XQLTXH� 2Q
WKH RWKHU KDQG� LI $ ! �� WKHQ {e

b x{ ! � DQG WKH ULJKW�KDQG VLGH RI WKH DERYH
H[SUHVVLRQ PD\ QRW EH PRQRWRQH LQ w� 7KXV� PXOWLSOH VWHDG\�VWDWH YDOXHV RI w
PD\ H[LVW�

� /RFDO HTXLOLEULD

:H QRZ FRQVLGHU SHUIHFW�IRUHVLJKW HTXLOLEULD LQ ZKLFK w DQG { UHPDLQ ERXQGHG
LQ D VPDOO QHLJKERUKRRG DURXQG WKH VWHDG\ VWDWH �we� {e� DQG FRQYHUJH DV\PS�
WRWLFDOO\ WR LW�
/LQHDUL]LQJ HTXDWLRQV ���� DQG ���� DURXQG �we� {e�� ZH REWDLQ WKH V\VWHP�
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7KH VLJQ RI WKH FRHpFLHQW -�� GHSHQGV RQ WKH VLJQ RI K{� ZKLFK LQ WXUQ GH�
SHQGV RQ ZKHWKHU FRQVXPSWLRQ DQG UHDO EDODQFHV DUH (GJHZRUWK VXEVWLWXWHV RU
FRPSOHPHQWV� 6SHFLnFDOO\� -�� LV SRVLWLYH LI XFP w �� DQG PD\ EH QHJDWLYH LI
XFP � ���

�$Q DJJUHJDWH VXSSO\ VFKHGXOH OLNH WKH RQH JLYHQ E\ WKH VHFRQG URZ RI ���� DOVR DULVHV LQ WKH
FRQWH[W RI D VWDJJHUHG SULFH VHWWLQJ PRGHO ZLWK RSWLPL]LQJ nUPV OLNH <XQ
V ������ H[WHQVLRQ
RI &DOYR ������� ,Q &DOYR
V RULJLQDO PRGHO� nUPV FKDQJH SULFHV DFFRUGLQJ WR D UXOH RI WKXPE
WKDW UHVXOWV LQ DQ DJJUHJDWH VXSSO\ IXQFWLRQ LQ ZKLFK B{ LV RQO\ D IXQFWLRQ RI DJJUHJDWH GHPDQG
�-��  ���

�



,I PRQHWDU\ SROLF\ LV DFWLYH DW {e �$ ! ��� WKHQ WKH GHWHUPLQDQW RI - LV
SRVLWLYH� VR WKDW WKH UHDO SDUW RI WKH URRWV RI - KDYH WKH VDPH VLJQ� 6LQFH
ERWK w DQG { DUH MXPS YDULDEOHV� WKH HTXLOLEULXP LV ORFDOO\ GHWHUPLQDWH LI DQG
RQO\ LI WKH WUDFH RI - LV SRVLWLYH� ,W IROORZV WKDW LI XFP w �� WKH HTXLOLEULXP
LV ORFDOO\ GHWHUPLQDWH� ,I XFP � �� WKH HTXLOLEULXP PD\ EH ORFDOO\ GHWHUPLQDWH
RU LQGHWHUPLQDWH�� ,I PRQHWDU\ SROLF\ LV SDVVLYH DW {e� �$ � ��� WKHQ WKH
GHWHUPLQDQW RI - LV QHJDWLYH� VR WKDW WKH UHDO SDUW RI WKH URRWV RI - DUH RI
RSSRVLWH VLJQ� ,Q WKLV FDVH� WKH HTXLOLEULXP LV ORFDOO\ LQGHWHUPLQDWH�
2QH PD\ EH WHPSWHG WR FRQFOXGH IURP WKH DERYH DQDO\VLV WKDW LI XFP w ��

WKHUH LV QR LQGHWHUPLQDF\ SUREOHP XQGHU DFWLYH PRQHWDU\ SROLF\� 7KLV FRQFOX�
VLRQ LV LQFRUUHFW� KRZHYHU� EHFDXVH JOREDOO\ WKH SLFWXUH PD\ EH TXLWH GLmHUHQW�

� *OREDO HTXLOLEULD

,Q RUGHU WR FKDUDFWHUL]H JOREDO HTXLOLEULXP G\QDPLFV� LQ WKLV VHFWLRQ� ZH DVVXPH
SDUWLFXODU IXQFWLRQDO IRUPV IRU SUHIHUHQFHV DQG WHFKQRORJ\� :H DVVXPH WKDW WKH
LQVWDQW XWLOLW\ IXQFWLRQ GLVSOD\V FRQVWDQW UHODWLYH ULVN DYHUVLRQ LQ D FRPSRVLWH
JRRG� ZKLFK LQ WXUQ LV SURGXFHG ZLWK FRQVXPSWLRQ JRRGV DQG UHDO EDODQFHV YLD
D &(6 DJJUHJDWRU� )RUPDOO\�
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7KH UHVWULFWLRQV LPSRVHG RQ T DQG Z HQVXUH WKDW X�c� c� LV FRQFDYH� F DQG P DUH
QRUPDO JRRGV� DQG WKH LQWHUHVW HODVWLFLW\ RI PRQH\ GHPDQG LV VWULFWO\ QHJDWLYH��

7KH SURGXFWLRQ IXQFWLRQ WDNHV WKH IRUP

\�K�  Km� � � m � �

,Q WKH UHFHQW UHODWHG OLWHUDWXUH RQ GHWHUPLQDF\ RI HTXLOLEULXP XQGHU DOWHU�
QDWLYH VSHFLnFDWLRQV RI 7D\ORU UXOHV� LW LV W\SLFDOO\ DVVXPHG WKDW SUHIHUHQFHV DUH
VHSDUDEOH LQ FRQVXPSWLRQ DQG UHDO EDODQFHV �H�J�� :RRGIRUG� ����� %HUQDQNH
DQG :RRGIRUG� ����� &ODULGD� *DOur� DQG *HUWOHU� ������ :H WKHUHIRUH FKDUDF�
WHUL]H WKH HTXLOLEULXP XQGHU WKLV SUHIHUHQFH VSHFLnFDWLRQ nUVW� EHIRUH WXUQLQJ WR
WKH PRUH JHQHUDO FDVH�

��� 6HSDUDEOH SUHIHUHQFHV

7KH FDVH RI VHSDUDEOH SUHIHUHQFHV DULVHV ZKHQ WKH LQWUD� DQG LQWHUWHPSRUDO HODV�
WLFLWLHV RI VXEVWLWXWLRQ WDNH WKH VDPH YDOXH� WKDW LV� ZKHQ T  Z� ,Q WKLV FDVH

�%HQKDELE� 6FKPLWW�*URKuH DQG 8ULEH ������ VKRZ WKDW WKH HFRQRP\ ZLWK XFP � � LV VLPLODU
WR RQH ZLWKRXW PRQH\ LQ WKH XWLOLW\ IXQFWLRQ EXW PRQH\ HQWHULQJ WKH SURGXFWLRQ IXQFWLRQ�

�1RWH WKDW WKH VLJQ RI XFP HTXDOV WKH VLJQ RI Z b T�
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WKH HTXLOLEULXP FRQGLWLRQV ���� DQG ���� EHFRPH
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ZKHUH n s �� � Y� �m�Z b ��� � �� � s Z �Z b ��� DQG t s � �m�� b Z���
7KURXJKRXW WKLV VXEVHFWLRQ ZH DVVXPH WKDW

5e  U � {e�

7KLV H[SUHVVLRQ LPSOLHV WKDW {e VROYHV ���� ZKHQ Bw  �� (YDOXDWLQJ ���� DW
B{  � DQG {  {e� LW IROORZV WKDW we PXVW VDWLVI\
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(YDOXDWLQJ ���� DW {  x{ DQG VHWWLQJ B{  � \LHOGV WKH IROORZLQJ H[SUHVVLRQ
GHnQLQJ WKH VWHDG\�VWDWH YDOXH RI w� xw� DVVRFLDWHG ZLWK x{

U�x{ b {e�  0�xw� b xwn��

%HFDXVH x{ � {e IRU $ ! � DQG � w � IRU Z � �� LW IROORZV IURP WKLV H[SUHVVLRQ
WKDW LI $ ! � DQG Z � �� WKHQ xw H[LVWV DQG LV XQLTXH�� 7KXV� LQ WKLV VXEVHFWLRQ
ZH DVVXPH WKDW Z � �� WKDW LV� WKH LQWHUWHPSRUDO HODVWLFLW\ RI VXEVWLWXWLRQ GRHV
QRW H[FHHG XQLW\�
7KH PDLQ UHVXOW RI WKLV VXEVHFWLRQ LV WKDW LQ WKH HFRQRP\ GHVFULEHG DERYH

WKHUH H[LVWV DQ LQnQLWH QXPEHU RI HTXLOLEULXP WUDMHFWRULHV RULJLQDWLQJ DUELWUDULO\
FORVH WR WKH VWHDG\ VWDWH DW ZKLFK PRQHWDU\ SROLF\ LV DFWLYH WKDW FRQYHUJH HLWKHU
WR WKH VWHDG\ VWDWH DW ZKLFK PRQHWDU\ SROLF\ LV SDVVLYH RU WR D OLPLW F\FOH� ,Q
VHFWLRQ �� ZH VKRZHG WKDW LI RQH UHVWULFWV WKH DQDO\VLV WR HTXLOLEULD LQ ZKLFK {
DQG w UHPDLQ IRUHYHU ERXQGHG LQ DQ DUELWUDULO\ VPDOO QHLJKERUKRRG RI WKH DFWLYH
VWHDG\ VWDWH� WKHQ WKH XQLTXH SHUIHFW�IRUHVLJKW HTXLOLEULXP LV WKH VWHDG\ VWDWH
LWVHOI� 7KXV� WKH SLFWXUH WKDW DULVHV IURP D ORFDO DQDO\VLV PLJKW ZURQJO\ OHDG
RQH WR FRQFOXGH WKDW DFWLYH PRQHWDU\ SROLF\ LV VWDELOL]LQJ ZKHQ LQ IDFW LW LV QRW�
7KH IROORZLQJ SURSRVLWLRQ IRUPDOL]HV WKLV UHVXOW�

3URSRVLWLRQ � �*OREDO LQGHWHUPLQDF\ XQGHU DFWLYH PRQHWDU\ SROLF\
DQG VHSDUDEOH SUHIHUHQFHV� 6XSSRVH SUHIHUHQFHV DUH VHSDUDEOH LQ FRQVXPSWLRQ
DQG UHDO EDODQFHV �T  Z�� 7KHQ� IRU U DQG $b� SRVLWLYH DQG VXpFLHQWO\ VPDOO�
WKH HTXLOLEULXP H[KLELWV LQGHWHUPLQDF\ DV IROORZV� WUDMHFWRULHV RULJLQDWLQJ LQ WKH
QHLJKERUKRRG RI WKH VWHDG\ VWDWH �w� {�  �we� {e�� DW ZKLFK PRQHWDU\ SROLF\ LV
DFWLYH� FRQYHUJH HLWKHU WR WKH RWKHU VWHDG\ VWDWH� �xw� x{�� DW ZKLFK PRQHWDU\ SROLF\
LV SDVVLYH RU WR D OLPLW F\FOH DURXQG �we� {e�� ,Q WKH nUVW FDVH� WKHUH H[LVWV D
VDGGOH FRQQHFWLRQ DQG WKH GLPHQVLRQ RI LQGHWHUPLQDF\ LV RQH� ZKHUHDV LQ WKH
ODWWHU FDVH WKH GLPHQVLRQ RI LQGHWHUPLQDF\ LV WZR�

�,I Z  �� xw PD\ QRW H[LVW IRU DOO SDUDPHWHUL]DWLRQV RI WKH PRGHO� )RU U VXpFLHQWO\ FORVH
WR ]HUR RU $ VXpFLHQWO\ FORVH WR RQH �RU ERWK�� xw DOZD\V H[LVWV�

�



3URRI� 6HH WKH $SSHQGL[�

7KLV UHVXOW LV OLNHO\ WR DOVR DULVH LQ PRGHOV ZLWK DOWHUQDWLYH VSHFLnFDWLRQV
RI WKH VRXUFH RI QRPLQDO ULJLGLWLHV� )RU H[DPSOH� LQ D PRGHO ZLWK VWDJJHUHG
SULFH VHWWLQJ OLNH <XQ
V ������ H[WHQVLRQ RI &DOYR ������� WKH DJJUHJDWH VXSSO\
VFKHGXOH WDNHV D IRUP WKDW LV TXDOLWDWLYHO\ VLPLODU WR ����� 7KXV� ZH FRQMHFWXUH
WKDW WKH &DOYR�<XQ PRGHO H[KLELWV JOREDO LQGHWHUPLQDF\ RI WKH NLQG GHVFULEHG
LQ 3URSRVLWLRQ � DV ZHOO���

)LJXUH � LOOXVWUDWHV WKH H[LVWHQFH RI D VDGGOH FRQQHFWLRQ IURP WKH VWHDG\ VWDWH
DW ZKLFK PRQHWDU\ SROLF\ LV DFWLYH WR WKH VWHDG\ VWDWH DW ZKLFK PRQHWDU\ SROLF\
LV SDVVLYH� ,Q FRPSXWLQJ WKH HTXLOLEULXP G\QDPLFV RI { DQG w� WKH DVVXPHG WLPH
XQLW LV D TXDUWHU� 7KH SDUDPHWHUV 5e� {e� DQG U ZHUH VHW DW ������ ������� DQG
������� UHVSHFWLYHO\� 7KH SDUDPHWHU $ ZDV VHW DW ���� VR WKDW DW WKH DFWLYH VWHDG\
VWDWH WKH 7D\ORU UXOH KDV WKH VORSH VXJJHVWHG E\ 7D\ORU ������� 7KHVH SDUDPHWHU
YDOXHV LPSO\ WKDW DW WKH DFWLYH VWHDG\ VWDWH WKH QRPLQDO LQWHUHVW UDWH LV � SHUFHQW
SHU \HDU� ZKLFK HTXDOV WKH DYHUDJH WKUHH�PRQWKV 7UHDVXU\ %LOO UDWH LQ WKH SHULRG
�������������� WKH LQoDWLRQ UDWH LV ��� SHUFHQW SHU \HDU� ZKLFK LV FRQVLVWHQW WKH
DYHUDJH 86 LQoDWLRQ UDWH RYHU WKH SHULRG �����4�������4� DV PHDVXUHG E\ WKH
*'3 GHoDWRU� DQG WKH UHDO GLVFRXQW UDWH LV ��� SHUFHQW SHU \HDU� ,Q DGGLWLRQ� ZH
VHW Z  T  b� VR WKDW WKH LQVWDQW XWLOLW\ IXQFWLRQ LV VHSDUDEOH LQ FRQVXPSWLRQ
DQG UHDO EDODQFHV� DQG WKH LQWHUWHPSRUDO HODVWLFLW\ RI VXEVWLWXWLRQ HTXDOV ����
7KH SDUDPHWHU [ ZDV VHW DW D YDOXH FRQVLVWHQW ZLWK DQ DQQXDO FRQVXPSWLRQ
YHORFLW\ RI PRQH\ RI �� 7KH ODERU VKDUH� m� ZDV VHW DW ��� DQG WKH ODERU VXSSO\
HODVWLFLW\ DW �� 7KH YDOXH RI s ZDV FKRVHQ VR WKDW WKH LPSOLHG PDUNXS RI SULFHV
RYHU PDUJLQDO FRVW DW WKH DFWLYH VWHDG\ VWDWH LV � SHUFHQW� ZKLFK LV FRQVLVWHQW
ZLWK WKH HYLGHQFH SUHVHQWHG E\ %DVX DQG )HUQDOG ������� )LQDOO\� IROORZLQJ
6ERUGRQH ������� ZH VHW o� WKH SDUDPHWHU JRYHUQLQJ WKH GLVXWLOLW\ RI GHYLDWLQJ
IURP WKH LQoDWLRQ WDUJHW� DW b������ � s�� 7DEOH � VXPPDUL]HV WKH FDOLEUDWLRQ�
7KH LQoDWLRQ UDWH DW WKH SDVVLYH VWHDG\ VWDWH LV ��� SHUFHQW SHU \HDU� DQG WKH

7DEOH �� &DOLEUDWLRQ
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1RWHV� ��� 7KH WLPH XQLW LV RQH TXDUWHU� ��� [ ��b [�  �F P��bT 5e�

VHQVLWLYLW\ RI WKH 7D\ORU UXOH ZLWK UHVSHFW WR LQoDWLRQ LV ���� 7KH DFWLYH VWHDG\

��,Q &DOYR
V ������ RULJLQDO VWLFN\�SULFH PRGHO� WKH DJJUHJDWH VXSSO\ IXQFWLRQ WDNHV WKH IRUP
B{  I�w�� ,Q WKLV FDVH� WKH HTXLOLEULXP FRQGLWLRQV ��������� IRUP D FRQVHUYDWLYH +DPLOWRQLDQ
V\VWHP ZKRVH -DFRELDQ KDV D ]HUR WUDFH DQG D SRVLWLYH GHWHUPLQDQW XQGHU DFWLYH PRQHWDU\
SROLF\� 6XFK D V\VWHP JLYHV ULVH WR D FRQWLQXXP RI F\FOHV VXUURXQGLQJ WKH DFWLYH VWHDG\ VWDWH�
7KHVH F\FOHV DUH HQFORVHG E\ D KRPRFOLQLF RUELW IRUPHG E\ WKH FRQQHFWLRQ RI WKH VWDEOH DQG
XQVWDEOH PDQLIROGV RI WKH SDVVLYH VWHDG\ VWDWH� 7KH SHULRG RI WKH F\FOHV DSSURDFKHV LQnQLW\
DV WKH F\FOHV JHW FORVHU WR WKH KRPRFOLQLF RUELW�
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)LJXUH �� 6HSDUDEOH SUHIHUHQFHV� 6DGGOH FRQQHFWLRQ IURP WKH DFWLYH WR WKH SDV�
VLYH VWHDG\ VWDWH

1.205 1.21 1.215 1.22 1.225 1.23 1.235 1.24
−0.01

0

0.01
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0.03

0.04
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0.06

λ

π

active steady state: λ=1.22, π=0.042
passive steady state: λ=1.22, π=0.007

VWDWH LV D VRXUFH DQG WKH SDVVLYH VWHDG\ VWDWH LV D VDGGOH� 7KXV� WKH DFWLYH VWHDG\
VWDWH LV ORFDOO\ WKH XQLTXH UDWLRQDO H[SHFWDWLRQV HTXLOLEULXP ZKHUHDV DURXQG WKH
SDVVLYH VWHDG\ VWDWH WKH HTXLOLEULXP LV LQGHWHUPLQDWH� 7KH VROLG OLQH LQ nJXUH �
GLVSOD\V WKH VDGGOH SDWK FRQYHUJLQJ WR WKH SDVVLYH VWHDG\ VWDWH� 7KH GDVKHG OLQH
FRUUHVSRQGV WR WKH XQVWDEOH PDQLIROG GLYHUJLQJ IURP WKH SDVVLYH VWHDG\ VWDWH�
7KUHH IHDWXUHV RI nJXUH � DUH QRWHZRUWK\� )LUVW� WKH LQGHWHUPLQDF\ UHVXOW

HVWDEOLVKHG LQ 3URSRVLWLRQ � VHHPV WR KROG QRW RQO\ IRU SDLUV �U� $� FORVH WR
��� �� EXW DOVR IRU HPSLULFDOO\ UHOHYDQW YDOXHV� 6HFRQG� WKH VDGGOH FRQQHFWLRQ
LV QRW LQFRQVLVWHQW ZLWK WKH REVHUYDWLRQ WKDW WKH LQoDWLRQ UDWH oXFWXDWHV IRU
ORQJ SHULRGV RI WLPH LQ D UHJLRQ LQ ZKLFK PRQHWDU\ SROLF\ LV DFWLYH� DV KDV EHHQ
DUJXHG LV WKH FDVH RI WKH 8�6� HFRQRP\ VLQFH WKH 9RONHU HUD �VHH &ODULGD� HW
DO�� ����� DQG 5RWHPEHUJ DQG :RRGIRUG� ������ ,Q RXU FDOLEUDWHG HFRQRP\
PRQHWDU\ SROLF\ LV DFWLYH IRU DOO LQoDWLRQ UDWHV H[FHHGLQJ ��� SHUFHQW SHU \HDU�
7KLUG� RQH DUJXPHQW IRU UHVWULFWLQJ DWWHQWLRQ WR ORFDO G\QDPLFV LV WKDW REVHUYHG
LQoDWLRQ oXFWXDWLRQV DW EXVLQHVV�F\FOH IUHTXHQFLHV DUH UHODWLYHO\ VPDOO� 7KH
JOREDO G\QDPLFV LOOXVWUDWHG LQ nJXUH � VXJJHVW WKDW WKH VKRUW�WHUP oXFWXDWLRQV
LQ WKH LQoDWLRQ UDWH DORQJ WKH VDGGOH FRQQHFWLRQ DUH HPSLULFDOO\ SODXVLEOH� ZLWK
D PD[LPXP DQQXDO LQoDWLRQ UDWH RI ��� SHUFHQW DQG D PLQLPXP RI ��� SHUFHQW�
7KH G\QDPLFV DUH UREXVW WR ZLGH YDULDWLRQV LQ SDUDPHWHU YDOXHV� )LJXUH

� LOOXVWUDWHV WKDW WKH VDGGOH SDWK FRQQHFWLQJ WKH VWHDG\ VWDWH DW ZKLFK PRQH�
WDU\ SROLF\ LV DFWLYH ZLWK WKH VWHDG\ VWDWH DW ZKLFK SROLF\ LV SDVVLYH GRHV QRW
GLVDSSHDU LI� �D� $� WKH VORSH RI WKH 7D\ORU UXOH DW {  {e� LV LQFUHDVHG IURP
WKH EDVHOLQH YDOXH RI ��� WR D YDOXH RI �� ZKLFK� DV VRPH DXWKRUV PD\ DUJXH�
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)LJXUH �� 6HSDUDEOH SUHIHUHQFHV� 6HQVLWLYLW\ DQDO\VLV
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η/(1+η) =  1.2

��



UHoHFWV PRUH FORVHO\ WKH VWDQFH RI 8�6� PRQHWDU\ SROLF\ LQ WKH SRVW�9RONHU HUD
�VHH� DJDLQ� &ODULGD� HW DO�� ����� DQG 5RWHPEHUJ DQG :RRGIRUG� ������ �E� {e�
WKH LQoDWLRQ UDWH DVVRFLDWHG ZLWK WKH DFWLYH VWHDG\ VWDWH� LV VHW DW � SHUFHQW SHU
\HDU� 7KLV FDVH LOOXVWUDWHV WKDW WKH JOREDO LQGHWHUPLQDF\ UHVXOW GRHV QRW KLQJH
LQ DQ\ LPSRUWDQW ZD\ RQ WKH LQoDWLRQ UDWH EHLQJ KLJK DW WKH DFWLYH VWHDG\ VWDWH�
�1RWH WKDW WKH LQoDWLRQ UDWH DW WKH SDVVLYH VWHDG\ VWDWH LV QHJDWLYH��� �F� o� WKH
SDUDPHWHU JRYHUQLQJ WKH FRVW RI GHYLDWLQJ IURP WKH LQoDWLRQ WDUJHW� LV UHGXFHG
IURP LWV EDVHOLQH YDOXH RI ��� WR ��� $OWKRXJK QRW QRWLFHDEOH LQ WKH nJXUH� IRU
VXFK D ORZ YDOXH RI o� WKH HFRQRP\ FRQYHUJHV IURP WKH YLFLQLW\ RI WKH DFWLYH
VWHDG\ VWDWH WR WKH SDVVLYH VWHDG\ VWDWH DW D PXFK KLJKHU VSHHG WKDQ XQGHU WKH
EDVHOLQH FDOLEUDWLRQ� �G� WKH DQQXDO FRQVXPSWLRQ YHORFLW\ RI PRQH\ LV LQFUHDVHG
IURP � WR ��� 7KLV UHVXOW LV RI SDUWLFXODU LQWHUHVW LQ OLJKW RI WKH YLHZ WKDW DV D UH�
VXOW RI nQDQFLDO LQQRYDWLRQ DJHQWV DUH LQFUHDVLQJO\ DEOH WR SHUIRUP WUDQVDFWLRQV
ZLWKRXW PRQH\� �H� 7KH GLVFRXQW UDWH� U� WDNHV D YDOXH RI �� D YDOXH FRPPRQO\
XVHG LQ WKH UHDO�EXVLQHVV�F\FOH OLWHUDWXUH �3UHVFRWW� ������ DQG �I� D PDUNXS RI
SULFHV RYHU PDUJLQDO FRVW RI �� SHUFHQW LV DVVXPHG� 7KLV QXPEHU UHoHFWV WKH
XSSHU UDQJH RI DYDLODEOH HPSLULFDO HVWLPDWHV �%DVX DQG )HUQDOG� ������

��� 1RQ�VHSDUDEOH SUHIHUHQFHV

,Q WKLV VXEVHFWLRQ� ZH FRQVLGHU SUHIHUHQFH VSHFLnFDWLRQV IRU ZKLFK WKH LQWUD� DQG
LQWHUWHPSRUDO HODVWLFLWLHV RI VXEVWLWXWLRQ DUH GLmHUHQW IURP HDFK RWKHU �T� Z��
,Q WKLV FDVH� WKH HTXLOLEULXP FRQGLWLRQV ���� DQG ���� FDQ EH ZULWWHQ DV
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ZKHUH n DQG � DUH GHnQHG DV LQ WKH SUHYLRXV VXEVHFWLRQ DQG � s T �T b ���
z s �Zb T� >mT��bZ�@� �� DQG t s Z >mT��bZ�@� /HW we EH WKH VWHDG\�VWDWH
YDOXH RI w DVVRFLDWHG ZLWK {  {e� $  �� U  UF� DQG 5e  {e � UF �ZLWK UF WR
EH GHWHUPLQHG EHORZ�� 7KHQ� E\ HTXDWLRQ ���� we LV LPSOLFLWO\ GHnQHG E\
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7KH SDUDPHWHU UF LV GHnQHG DV WKH YDOXH RI U WKDW PDNHV WKH WUDFH RI WKH -DFRELDQ
RI WKH V\VWHP ��������� HTXDO WR ]HUR IRU $  �� 7KDW LV� UF LV LPSOLFLWO\ JLYHQ
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,QVSHFWLRQ RI ���� UHYHDOV WKDW WKH H[LVWHQFH RI D SRVLWLYH UF GHSHQGV RQ SD�
UDPHWHU YDOXHV� )RU H[DPSOH� RQH FDQ VKRZ WKDW D SRVLWLYH UF DOZD\V H[LVWV LI
T � ��� �� DQG T b Z� {e ! �� 7KURXJKRXW WKLV VXEVHFWLRQ� ZH DVVXPH WKDW 5e

LV n[HG DQG HTXDO WR UF � {e� :KHQ �U� $�  �UF� ��� WKH SRLQW �w� {�  �we� {e�
LV WKH XQLTXH VWHDG\ VWDWH RI WKH V\VWHP ���������� $W WKDW SRLQW� PRQHWDU\
SROLF\ LV QHLWKHU DFWLYH QRU SDVVLYH �5��{e�  ��� )RU SDUDPHWHU FRQnJXUDWLRQV
LQ ZKLFK �U� $� � �UF� ��� WKH HFRQRP\ GLVSOD\V LQ JHQHUDO HLWKHU QRQH RU WZR
VWHDG\�VWDWH YDOXHV RI {� :KHQ WZR VWHDG\�VWDWH YDOXHV RI { H[LVW� WKH ODUJHU RI
WKHP FRUUHVSRQGV WR DQ DFWLYH PRQHWDU\ SROLF\ VWDQFH DQG WKH VPDOOHU RQH WR
D SDVVLYH VWDQFH� ,Q DGGLWLRQ� HDFK VWHDG\�VWDWH YDOXH RI { LV DVVRFLDWHG ZLWK
RQH RU WZR VWHDG\�VWDWH YDOXHV RI w� 7KH IROORZLQJ OHPPD VKRZV WKDW XQGHU
WKH DVVXPSWLRQ WKDW WKH LQWHUWHPSRUDO HODVWLFLW\ RI VXEVWLWXWLRQ LV OHVV WKDQ RQH
�Z � ��� HDFK VWHDG\�VWDWH YDOXH RI { LV DVVRFLDWHG ZLWK D XQLTXH VWHDG\�VWDWH
YDOXH RI w� )RU WKLV UHDVRQ DQG EHFDXVH LW LV FOHDUO\ WKH FDVH RI JUHDWHVW HPSLULFDO
UHOHYDQFH� LQ ZKDW IROORZV ZH DVVXPH WKDW Z � �� 7KH OHPPD DOVR VKRZV WKDW
WKH VWHDG\ VWDWH DW ZKLFK PRQHWDU\ SROLF\ LV DFWLYH LV HLWKHU D VLQN RU D VRXUFH�
ZKLOH WKH VWHDG\ VWDWH DW ZKLFK PRQHWDU\ SROLF\ LV SDVVLYH LV DOZD\V D VDGGOH�

/HPPD � 6XSSRVH Z � �� 7KHQ� WKH VWHDG\ VWDWHV RI WKH V\VWHP ���� DQG ����
VDWLVI\� �L� IRU HDFK VWHDG\�VWDWH YDOXH RI { WKHUH H[LVWV D XQLTXH VWHDG\�VWDWH
YDOXH RI w� DQG �LL� WKH VWHDG\ VWDWH DW ZKLFK PRQHWDU\ SROLF\ LV DFWLYH LV HLWKHU
D VLQN RU D VRXUFH DQG WKH VWHDG\ VWDWH DW ZKLFK PRQHWDU\ SROLF\ LV SDVVLYH LV
DOZD\V D VDGGOH�

3URRI� 6HH WKH DSSHQGL[�

7KH QH[W SURSRVLWLRQ FRQWDLQV WKH PDLQ UHVXOW RI WKLV VXEVHFWLRQ� 1DPHO\�
WKDW LI WKH VWHDG\ VWDWH DW ZKLFK PRQHWDU\ SROLF\ LV DFWLYH LV ORFDOO\ WKH XQLTXH
HTXLOLEULXP �L�H�� WKH VWHDG\ VWDWH LV D VRXUFH�� WKHQ WKH HTXLOLEULXP LV JOREDOO\
LQGHWHUPLQDWH� 6SHFLnFDOO\� WKHUH H[LVW HTXLOLEULXP WUDMHFWRULHV RULJLQDWLQJ DUEL�
WUDULO\ FORVH WR WKH VWHDG\ VWDWH DW ZKLFK PRQHWDU\ SROLF\ LV DFWLYH WKDW FRQYHUJH
HLWKHU WR D OLPLW F\FOH RU WR WKH RWKHU VWHDG\ VWDWH� DW ZKLFK PRQHWDU\ SROLF\ LV
SDVVLYH�

3URSRVLWLRQ � �*OREDO LQGHWHUPLQDF\ XQGHU DFWLYH PRQHWDU\ SROLF\
DQG QRQ�VHSDUDEOH SUHIHUHQFHV� )RU SDUDPHWHU VSHFLnFDWLRQV �U� $� VXp�
FLHQWO\ FORVH WR �UF� ��� WKH HFRQRP\ ZLWK QRQ�VHSDUDEOH SUHIHUHQFHV H[KLELWV LQ�
GHWHUPLQDF\ DV IROORZV� 7KHUH DOZD\V H[LVW DQ LQnQLWH QXPEHU RI HTXLOLEULXP
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)LJXUH �� 1RQ�VHSDUDEOH SUHIHUHQFHV� Z ! T� 6DGGOH FRQQHFWLRQ IURP WKH DFWLYH
WR WKH SDVVLYH VWHDG\ VWDWH
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active steady state: λ=1.21, π=0.042
passive steady state: λ=1.21, π=0.007

WUDMHFWRULHV RULJLQDWLQJ DUELWUDULO\ FORVH WR WKH VWHDG\ VWDWH DW ZKLFK PRQHWDU\
SROLF\ LV DFWLYH WKDW FRQYHUJH HLWKHU WR� �L� WKDW VWHDG\ VWDWH� �LL� D OLPLW F\FOH�
RU �LLL� WKH RWKHU VWHDG\ VWDWH DW ZKLFK PRQHWDU\ SROLF\ LV SDVVLYH� ,Q FDVHV �L�
DQG �LL� WKH GLPHQVLRQ RI LQGHWHUPLQDF\ LV WZR� ZKHUHDV LQ FDVH �LLL� LW LV RQH�

3URRI� 6HH WKH DSSHQGL[�

7KH IROORZLQJ FRUROODU\ HVWDEOLVKHV SDUDPHWHU UHVWULFWLRQV XQGHU ZKLFK DW�
WUDFWLQJ OLPLW F\FOHV H[LVW DURXQG WKH VWHDG\ VWDWH DW ZKLFK PRQHWDU\ SROLF\ LV
DFWLYH�

&RUROODU\ � �3HULRGLF HTXLOLEULD� ,I b �b%
%���Y�m� � z � �� WKHQ WKHUH H[LVWV

D UHJLRQ LQ WKH QHLJKERUKRRG RI �U� $�  �UF� �� IRU ZKLFK WKH DFWLYH VWHDG\ VWDWH
LV D VRXUFH VXUURXQGHG E\ D VWDEOH OLPLW F\FOH� 2Q WKH RWKHU KDQG� LI z ! � RU
z � b �b%

%���Y�m� � WKHQ VWDEOH OLPLW F\FOHV GR QRW H[LVW�

3URRI� 6HH WKH DSSHQGL[�

,W LV LPSRUWDQW WR UHFDOO WKDW WKH HTXLOLEULXP UHPDLQV JOREDOO\ LQGHWHUPLQDWH
HYHQ LI OLPLW F\FOHV GR QRW H[LVW� 7KLV LV EHFDXVH LQ WKDW FDVH WKHUH DOZD\V H[LVWV
DQ HTXLOLEULXP WUDMHFWRU\ FRQQHFWLQJ WKH DFWLYH VWHDG\ VWDWH ZLWK WKH SDVVLYH
RQH� ,Q IDFW� DV VKRZQ LQ nJXUHV � DQG �� D VDGGOH FRQQHFWLRQ LV WKH W\SLFDO
SDWWHUQ WKDW DULVHV XQGHU SODXVLEOH SDUDPHWHUL]DWLRQV RI WKH PRGHO ZLWK QRQ�
VHSDUDEOH SUHIHUHQFHV� ,Q ERWK nJXUHV� WKH FDOLEUDWLRQ LV WKH VDPH DV WKH RQH
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)LJXUH �� 1RQ�VHSDUDEOH SUHIHUHQFHV� Z � T� 6DGGOH FRQQHFWLRQ IURP WKH DFWLYH
WR WKH SDVVLYH VWHDG\ VWDWH
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active steady state: λ=1.22, π=0.042
passive steady state: λ=1.22, π=0.007

XVHG LQ WKH HFRQRP\ ZLWK VHSDUDEOH SUHIHUHQFHV� VXPPDUL]HG LQ WDEOH �� H[�
FHSW� RI FRXUVH� WKDW QRZ WKH LQWUDWHPSRUDO HODVWLFLW\ RI VXEVWLWXWLRQ EHWZHHQ
FRQVXPSWLRQ DQG UHDO EDODQFHV� � �� b T�� LV DVVXPHG WR EH GLmHUHQW IURP WKH
LQWHUWHPSRUDO HODVWLFLW\ RI VXEVWLWXWLRQ� � ��bZ�� ,Q ERWK nJXUHV� WKH LQWHUWHP�
SRUDO HODVWLFLW\ RI VXEVWLWXWLRQ WDNHV LWV EDVHOLQH YDOXH RI ��� ,Q nJXUH �� T LV VHW DW
��� D YDOXH FRQVLVWHQW ZLWK DQ LQWHUHVW HODVWLFLW\ RI PRQH\ GHPDQG RI ���� ,Q WKLV
FDVH� Z ! T� ZKLFK LPSOLHV WKDW FRQVXPSWLRQ DQG UHDO EDODQFHV DUH (GJHZRUWK
FRPSOHPHQWV �8FP ! ����� ,Q nJXUH �� T LV VHW DW b������ ZKLFK FRUUHVSRQGV
WR D ORJ�ORJ LQWHUHVW HODVWLFLW\ RI PRQH\ GHPDQG RI � �� ,Q WKLV FDVH� Z � T�
VR FRQVXPSWLRQ DQG PRQH\ DUH (GJHZRUWK VXEVWLWXWHV �8FP � ��� 8QGHU ERWK
SDUDPHWHUL]DWLRQV� WKH DFWLYH VWHDG\ VWDWH LV ORFDOO\ WKH XQLTXH SHUIHFW�IRUHVLJKW
HTXLOLEULXP �L�H�� WKH DFWLYH VWHDG\ VWDWH LV D VRXUFH�� +RZHYHU� DV WKH nJXUHV
VXJJHVW� IURP D JOREDO SHUVSHFWLYH LW LV FOHDU WKDW DQ LQnQLWH QXPEHU RI WUDMHF�
WRULHV RULJLQDWLQJ DUELWUDULO\ FORVH WR WKH DFWLYH VWHDG\ VWDWH DQG RQ WKH VDGGOH
FRQQHFWLRQ FDQ EH VXSSRUWHG DV HTXLOLEULXP RXWFRPHV EHFDXVH WKH\ FRQYHUJH WR
WKH SDVVLYH VWHDG\ VWDWH�
7KH SDWWHUQ LOOXVWUDWHG LQ nJXUHV � DQG � LV XQFKDQJHG IRU YDOXHV RI T EHWZHHQ

����� DQG ��� WKH WZR YDOXHV DVVXPHG LQ WKH nJXUHV� $V T LV LQFUHDVHG DERYH �
����� WKH DFWLYH VWHDG\ VWDWH EHFRPHV D VLQN DQG WKXV WKH HTXLOLEULXP LV ORFDOO\
LQGHWHUPLQDWH� ,I Z ! T �8FP ! ��� WKH VLPXODWLRQ UHVXOWV DUH� DV LQ WKH FDVH

��:KHQ 8FP ! �� WKH HFRQRP\ LV HTXLYDOHQW WR D FDVK�LQ�DGYDQFH HFRQRP\ ZLWK FDVK DQG
FUHGLW JRRGV OLNH WKH RQH GHYHORSHG E\ /XFDV DQG 6WRNH\ �������
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RI VHSDUDEOH SUHIHUHQFHV� UREXVW WR ZLGH YDULDWLRQV LQ RWKHU SDUDPHWHU YDOXHV�
,Q SDUWLFXODU� D VDGGOH SDWK FRQQHFWLQJ WKH DFWLYH VWHDG\ VWDWH ZLWK WKH SDVVLYH
RQH FRQWLQXHV WR H[LVW IRU PRUH DJJUHVVLYH 7D\ORU UXOHV �$ w �� DQG ORZHU FRVWV
RI SULFH DGMXVWPHQW �IRU H[DPSOH� o  ���� ,Q WKH FDVH WKDW T ! Z �8FP � ���
SDUDPHWHU YDULDWLRQV PD\ RU PD\ QRW HOLPLQDWH WKH VDGGOH FRQQHFWLRQ� +RZHYHU�
ZKHQ WKH VDGGOH FRQQHFWLRQ GLVDSSHDUV� LW LV W\SLFDOO\ UHSODFHG E\ D VLWXDWLRQ LQ
ZKLFK WKH DFWLYH VWHDG\ VWDWH LV D VLQN� ZKLFK LV ORFDOO\ D PRUH VHYHUH FDVH RI
LQGHWHUPLQDF\�

� )LQDO 5HPDUNV

7KLV SDSHU VKRZV WKDW LQ D VWLFN\�SULFH PRGHO ZKHQ D JOREDO DQDO\VLV LV XQGHU�
WDNHQ� WKH H[LVWHQFH RI D VWHDG\ VWDWH ZLWK DFWLYH PRQHWDU\ SROLF\ JHQHULFDOO\
OHDGV WR JOREDO LQGHWHUPLQDF\� $OWKRXJK WKH SUHSRVLWLRQV DERYH DUH SURYHQ IRU
VSHFLnF IXQFWLRQDO IRUPV WR IDFLOLWDWH FKHFNLQJ IRU QRQ�GHJHQHUDFLHV� LW LV FOHDU
IURP WKH JHQHUDO VWUXFWXUH RI WKH HTXLOLEULXP FRQGLWLRQV WKDW JHQHULFDOO\ DOWHUQD�
WLYH VSHFLnFDWLRQV IRU VPRRWK SUHIHUHQFHV DQG WKH LQWHUHVW UDWH IHHGEDFN UXOH ZLOO
JLYH ULVH WR VLPLODU UHVXOWV� DV ORQJ DV WKH IHHGEDFN UXOH DVVXUHV WKH H[LVWHQFH RI D
VWHDG\ VWDWH ZLWK DQ DFWLYH PRQHWDU\ SROLF\� 7KH PDLQ UHVXOWV RI WKH SDSHU DOVR
REWDLQ LQ oH[LEOH�SULFH YHUVLRQV RI WKH PRGHO �6FKPLWW�*URKuH DQG 8ULEH� ������
,Q WKLV FDVH� HTXLOLEULXP G\QDPLFV DUH GHVFULEHG E\ D VFDODU V\VWHP ZKHUH DJDLQ
D FRQWLQXRXV IHHGEDFN UXOH JHQHUDWLQJ D VWHDG\ VWDWH ZLWK DFWLYH PRQHWDU\ SRO�
LF\ LPSOLHV WKH H[LVWHQFH RI D SDVVLYH VWHDG\ VWDWH� ZLWK DOO WKH LPSOLFDWLRQV IRU
JOREDO LQGHWHUPLQDF\� TXLWH LQGHSHQGHQWO\ RI WKH VWUXFWXUH RI SUHIHUHQFHV DQG
SURGXFWLRQ�
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$SSHQGL[

3URRI RI 3URSRVLWLRQ �

3UHOLPLQDULHV

7R SURYH 3URSRVLWLRQ � ZH DSSO\ WKH IROORZLQJ WKHRUHP GXH WR .RSHOO DQG
+RZDUG �������

7KHRUHP �.RSHOO DQG +RZDUG� ����� 7KHRUHP ����� /HW B;  )x�y�;�
EH D WZR�SDUDPHWHU IDPLO\ RI RUGLQDU\ GLmHUHQWLDO HTXDWLRQV RQ 5�� ) VPRRWK
LQ DOO RI LWV IRXU DUJXPHQWV� VXFK WKDW )x�y���  �� $OVR DVVXPH�

�� G)������ s $ KDV D GRXEOH ]HUR HLJHQYDOXH DQG D VLQJOH HLJHQYHFWRU H�

�� 7KH PDSSLQJ �x� y� � �GHW G)x�y���� WU G)x�y���� KDV D QRQ]HUR -DFRELDQ
DW �x� y�  ��� ���

�� /HW 4�;�;� EH WKH �d � YHFWRU FRQWDLQLQJ WKH WHUPV TXDGUDWLF LQ WKH [L
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DQG ���� FDQ EH H[SUHVVHG DV
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:H SURYH WKH SURSRVLWLRQ E\ VKRZLQJ WKDW IRU �U� �b$� VPDOO HQRXJK� WKH V\VWHP
RI GLmHUHQWLDO HTXDWLRQV ��������� VDWLVnHV WKH K\SRWKHVHV RI WKH .RSHOO�+RZDUG
7KHRUHP VWDWHG DERYH� /HW x s U� y s � b $� DQG ; s >V � \@� 7KHQ� WKH
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VLWLRQ IROORZV IURP WKH IDFWV WKDW WKH DFWLYH VWHDG\ VWDWH LV D VRXUFH� WKH SDVVLYH
VWHDG\ VWDWH LV D VDGGOH� DQG ERWK V DQG \ DUH MXPS YDULDEOHV�
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:H SURYH WKH SURSRVLWLRQ E\ DSSO\LQJ D WKHRUHP DQG D OHPPD IURP .X]QHWVRY
������ WKDW WRJHWKHU DOORZ XV WR WUDQVIRUP WKH V\VWHP RI HTXLOLEULXP FRQGLWLRQV
LQWR D VLPSOHU� WRSRORJLFDOO\ HTXLYDOHQW SODQDU V\VWHP RI GLmHUHQWLDO HTXDWLRQV
ZLWK NQRZQ ELIXUFDWLRQ GLDJUDP� 7HFKQLFDOO\� ZH VKRZ WKDW WKH V\VWHP ���������
H[KLELWV D %RJGDQRY�7DNHQV �GRXEOH�]HUR� ELIXUFDWLRQ DW �U� $�  �UF� ���
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:H nUVW VKRZ WKDW WKH V\VWHP ��������� RI HTXLOLEULXP FRQGLWLRQV RI WKH HFRQRP\
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F� ZKLFK LV LQ JHQHUDO GLmHUHQW IURP ]HUR� VR WKDW WKH PDS
LV UHJXODU DW �[� m�  ��� �� DQG FRQGLWLRQ %7�� LV VDWLVnHG� 7KH FODLP WKDW
WKH HTXLOLEULXP FRQGLWLRQV KDYH WKH QRUPDO IRUP UHSUHVHQWDWLRQ JLYHQ E\ ����
IROORZV IURP WKH WKHRUHP DQG WKH OHPPD VWDWHG DERYH� 3URSRVLWLRQ � WKHQ
IROORZV GLUHFWO\ IURP /HPPD � DQG WKH SURSHUWLHV RI WKH WKH ELIXUFDWLRQ GLDJUDP
RI ���� �VHH .X]QHWVRY� ����� VHFWLRQ ����� IRU WKH FDVH LQ ZKLFK WKH FRHpFLHQW
RQ s�s� LV b� DQG *XFNHQKHLPHU DQG +ROPHV� ����� VHFWLRQ ��� IRU WKH FDVH LQ
ZKLFK WKH FRHpFLHQW RQ s�s� LV ����
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7KH H[LVWHQFH RI VWDEOH OLPLW F\FOHV GHSHQGV RQ WKH VLJQ RI WKH FRHpFLHQW RI
s�s� LQ ����� ZKLFK LV HTXDO WR WKH VLJQ RI WKH SDUDPHWHU V GHnQHG LQ 7KHRUHP
��� RI .X]QHWVRY ������ VWDWHG DERYH� $V VKRZQ LQ .X]QHWVRY ������� LI V LV
QHJDWLYH WKHUH H[LVWV D UHJLRQ LQ WKH YLFLQLW\ RI �U�$�  �UF� �� IRU ZKLFK VWDEOH
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%DVX� 6XVDQWR� DQG -RKQ *� )HUQDOG ?5HWXUQV WR 6FDOH LQ 8�6� 3URGXFWLRQ�
(VWLPDWHV DQG ,PSOLFDWLRQV� -RXUQDO RI 3ROLWLFDO (FRQRP\ ��� ������� ����
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%HQKDELE� -�� 6FKPLWW�*URKuH� 6�� DQG 0� 8ULEH ?0RQHWDU\ 3ROLF\ DQG 0XOWLSOH
(TXLOLEULD�� &�9�6WDUU &HQWHU ZRUNLQJ SDSHU ������ �����

%HUQDQNH� %HQ DQG 0LFKDHO :RRGIRUG ?,QoDWLRQ )RUHFDVWV DQG 0RQHWDU\ 3RO�
LF\� -RXUQDO RI 0RQH\ &UHGLW DQG %DQNLQJ �� ������� ��������

&DOYR� *XLOOHUPR $� ?6WDJJHUHG 3ULFHV LQ D 8WLOLW\�0D[LPL]LQJ )UDPHZRUN�
-RXUQDO RI 0RQHWDU\ (FRQRPLFV �� ������� �������

&ODULGD� 5LFKDUG� -RUGL *DOur� DQG 0DUN *HUWOHU ?0RQHWDU\ 3ROLF\ 5XOHV DQG
0DFURHFRQRPLF 6WDELOLW\� (YLGHQFH DQG 6RPH 7KHRU\�� 0D\ ����� PLPHR�
1HZ <RUN 8QLYHUVLW\�

&KULVWLDQR� /DZUHQFH� DQG &KULVWRSKHU *XVW ?,QWHUHVW 5DWH 7DUJHWLQJ 5XOHV��
1RUWKZHVWHUQ 8QLYHUVLW\� PLPHR� 0DUFK �����

*XFNHQKHLPHU� -� DQG 3� +ROPHV� ������� 1RQOLQHDU 2VFLOODWLRQV� '\QDPLFDO

6\VWHPV� DQG %LIXUFDWLRQV RI 9HFWRU )LHOGV� 1HZ <RUN� 6SULQJHU�9HUODJ�
.RSHOO� 1� DQG /� 1� +RZDUG ?%LIXUFDWLRQV DQG 7UDMHFWRULHV -RLQLQJ &ULWLFDO
3RLQWV� $GYDQFHV LQ 0DWKHPDWLFV �� ������� ��������

.X]QHWVRY� <XUL $�� ������� (OHPHQWV RI $SSOLHG %LIXUFDWLRQ 7KHRU\� 1HZ <RUN�
6SULQJHU�9HUODJ�

/HHSHU� (ULF ?(TXLOLEULD XQGHU C$FWLYH
 DQG C3DVVLYH
 0RQHWDU\ DQG )LVFDO 3ROL�
FLHV� -RXUQDO RI 0RQHWDU\ (FRQRPLFV �� ������� ��������

/HYLQ� $�� 9� :LHODQG� DQG -� :LOOLDPV� ����� 5REXVWQHVV RI 6LPSOH 0RQHWDU\
3ROLF\ 5XOHV XQGHU 0RGHO 8QFHUWDLQW\� LQ� -� %� 7D\ORU� HG�� 0RQHWDU\ 3ROLF\
5XOHV� �7KH 8QLYHUVLW\ RI &KLFDJR 3UHVV� &KLFDJR� IRUWKFRPLQJ�

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

3UHVFRWW� (GZDUG &� ?7KHRU\ $KHDG RI %XVLQHVV &\FOH 0HDVXUHPHQW� )HGHUDO
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5RWHPEHUJ� -XOLR -� ?6WLFN\ 3ULFHV LQ WKH 8QLWHG 6WDWHV� -RXUQDO RI 3ROLWLFDO
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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�
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�7KH 8QLYHUVLW\ RI &KLFDJR 3UHVV� &KLFDJR� IRUWKFRPLQJ�

6ERUGRQH� $UJLD 0� ?3ULFHV DQG 8QLW /DERU &RVWV� $ 1HZ 7HVW RI 3ULFH 6WLFN�
LQHVV�� PLPHR� 5XWJHUV 8QLYHUVLW\� �����

6FKPLWW�*URKuH� 6WHSKDQLH DQG0DUWurQ 8ULEH ?3ULFH�/HYHO 'HWHUPLQDF\ DQG0RQ�
HWDU\ 3ROLF\ 8QGHU D %DODQFHG�%XGJHW 5HTXLUHPHQW�� -RXUQDO RI 0RQHWDU\
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7D\ORU� -RKQ %� ?'LVFUHWLRQ YHUVXV 5XOHV LQ 3UDFWLFH� &DUQHJLH�5RFKHVWHU 6HULHV
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7D\ORU� -RKQ %�� ����D� $ +LVWRULFDO $QDO\VLV RI 0RQHWDU\ 3ROLF\ 5XOHV� LQ� -�
%� 7D\ORU� HG�� 0RQHWDU\ 3ROLF\ 5XOHV� �7KH 8QLYHUVLW\ RI &KLFDJR 3UHVV�
&KLFDJR� IRUWKFRPLQJ�

7D\ORU� -RKQ %� ?7KH 5REXVWQHVV DQG (pFLHQF\ RI 0RQHWDU\ 3ROLF\ 5XOHV DV
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