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$EVWUDFW� 5HFHQW UHVHDUFK RQ WKH EHKDYLRU RI FRPPRGLW\ SULFHV GHPRQ�
VWUDWHV WKDW VWRUDJH DORQH LV LQVXpFLHQW WR LQGXFH SULFH DXWRFRUUHODWLRQV RI
WKH PDJQLWXGH REVHUYHG LQ HPSLULFDO GDWD� 5HVHDUFKHUV KDYH SRVLWHG D KLJK
DXWRFRUUHODWLRQ LQ FRPPRGLW\ GHPDQG WR UHPHG\ WKLV GHnFLHQF\� +RZHYHU� D
WUDGLWLRQDO VWRUDJH PRGHO ZLWK D KLJK GHPDQG DXWRFRUUHODWLRQ FDQQRW H[SODLQ
VDOLHQW IHDWXUHV RI FRPPRGLW\ IXWXUHV SULFHV IRU VHDVRQDOO\ SURGXFHG JRRGV�
VSHFLnFDOO\ WKH KLJK FRUUHODWLRQ EHWZHHQ ROG FURS DQG QHZ FURS IXWXUHV SULFHV
DQG WKH UHVSRQVLYHQHVV RI ROG FURS SULFHV WR QHZV DERXW WKH H[SHFWHG KDUYHVW�
,QFRUSRUDWLQJ LQWHUWHPSRUDO VXEVWLWXWLRQ LQ FRQVXPSWLRQ FDQ H[SODLQ WKHVH
IHDWXUHV RI FRPPRGLW\ IXWXUHV SULFHV� ,QWHUWHPSRUDO VXEVWLWXWLRQ SURYLGHV DQ
DGGLWLRQDO OLQNDJH EHWZHHQ ROG FURS DQG QHZ FURS SULFHV WKDW RYHUFRPHV WKH
GHnFLHQFLHV LQ WKH VWDQGDUG VWRUDJH PRGHO ZKLFK DVVXPHV QR VXFK VXEVWLWX�
WLRQ HmHFW�

-(/ &ODVVLnFDWLRQ� *��� '��� 4��
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� ,QWURGXFWLRQ

:KDW OLQNV FRPPRGLW\ SULFHV RYHU WLPH" 7KH RSWLPDO VWRUDJH RI FRPPRGL�
WLHV DQG WKH FRQVHTXHQW EHKDYLRU RI FRPPRGLW\ SULFHV UHSUHVHQWV RQH RI WKH
PRVW EDVLF SUREOHPV LQ WKH HFRQRPLFV RI LQWHUWHPSRUDO UHVRXUFH DOORFDWLRQ�
8QIRUWXQDWHO\� WKLV ?8U SUREOHP� RI nQDQFH LV DV \HW XQUHVROYHG� &RPPRGLW\
SULFHV DUH KLJKO\ DXWRFRUUHODWHG� EXW QR RQH KDV EHHQ DEOH WR H[SODLQ ZK\�
5HFHQW FRQWULEXWLRQV WR WKH WKHRU\ RI FRPPRGLW\ SULFH EHKDYLRU H[DPLQH

WKH VRXUFHV RI WKH KLJK DXWRFRUUHODWLRQ LQ FRPPRGLW\ SULFHV XVLQJ QRQ�OLQHDU
UDWLRQDO H[SHFWDWLRQV PRGHOV�� (DUO\ PRGHOV SRVLW L�L�G� QHW GHPDQG VKRFNV�
7KHVH PRGHOV LPSO\ WKDW VWRUDJH LQGXFHV VRPH DXWRFRUUHODWLRQ LQ WKH GDWD�
EXW OHVV WKDQ REVHUYHG LQ DFWXDO SULFHV�� /DWHU PRGHOV DWWHPSW WR DGGUHVV WKH
IDLOXUH RI PRGHOV ZLWK L�L�G� GHPDQG VKRFNV WR nW WKH GDWD E\ DVVXPLQJ DX�
WRFRUUHODWHG QHW GHPDQG GLVWXUEDQFHV� +LJK DXWRFRUUHODWLRQV LQ QHW GHPDQG
DUH UHTXLUHG WR H[SODLQ WKH KLJK DXWRFRUUHODWLRQV LQ SULFHV�� 6LQFH WKHUH LV
OLWWOH HYLGHQFH RI DXWRFRUUHODWLRQ LQ RXWSXW IRU DJULFXOWXUDO FRPPRGLWLHV� RQH
LPSOLFDWLRQ RI WKHVH UHVXOWV LV WKDW KLJK DXWRFRUUHODWLRQ LQ GHPDQG VKRFNV LV
UHTXLUHG WR H[SODLQ KLJK DXWRFRUUHODWLRQ LQ SULFHV�
7KLV DUWLFOH H[DPLQHV ZKHWKHU GHPDQG DXWRFRUUHODWLRQ LV LQGHHG WKH FUX�

FLDO LQWHUWHPSRUDO OLQN EHWZHHQ FRPPRGLW\ SULFHV� 7R GR VR� , GHSDUW IURP
WKH UHFHLYHG DSSURDFK WKDW ��� JHQHUDOO\ H[DPLQHV SULFH EHKDYLRU DW ORZ IUH�
TXHQFLHV �H�J�� DQQXDOO\� DQG ��� GRHV QRW �ZLWK D IHZ H[FHSWLRQV� GLVWLQ�
JXLVK EHWZHHQ FRPPRGLWLHV WKDW DUH SURGXFHG FRQWLQXRXVO\ �H�J�� FRSSHU�
IURP WKRVH WKDW DUH SURGXFHG SHULRGLFDOO\ �H�J�� FRUQ��� ,Q FRQWUDVW� , DQD�
O\]H WKH G\QDPLFV RI VHDVRQDOO\ SURGXFHG FRPPRGLWLHV DW D KLJKHU IUHTXHQF\�
7KLV DSSURDFK H[SORLWV QHZ VRXUFHV RI LQIRUPDWLRQ DQG SURYLGHV QHZ LQVLJKWV
RQ WKH IRUFHV OLQNLQJ SULFHV RYHU WLPH�
6SHFLnFDOO\� WKH IRFXV RQ VHDVRQDOO\ SURGXFHG FRPPRGLWLHV SHUPLWV WKH

XQWDQJOLQJ RI WKH HmHFWV RI VXSSO\ VKRFNV DQG GHPDQG VKRFNV RQ SULFH PRYH�
PHQWV� 0RUHRYHU� PRGHOLQJ SULFH G\QDPLFV DW D IUHTXHQF\ WKDW H[FHHGV WKH
IUHTXHQF\ RI SURGXFWLRQ JHQHUDWHV LPSOLFDWLRQV DERXW KRZ VSRW DQG IXWXUHV

�'HDWRQ DQG /DURTXH ������ ����� ������ :LOOLDPV DQG :ULJKW ������� &KDPEHUV DQG
%DLOH\ �������

�'HDWRQ DQG /DURTXH ������� :LOOLDPV DQG :ULJKW �������
�'HDWRQ DQG /DURTXH ������ ������ &KDPEHUV DQG %DLOH\ �������
�&KDPEHUV DQG %DLOH\ ������ GHPRQVWUDWH WKH LPSRUWDQFH RI H[SOLFLW PRGHOLQJ RI SH�

ULRGLFLW\ LQ QHW GHPDQG VKRFNV� 5RXWOHGJH� 6HSSL DQG 6SDWW ������ PRGHO IRUZDUG FXUYHV
IRU VHDVRQDO FRPPRGLWLHV XVLQJ D G\QDPLF SURJUDPPLQJ PRGHO�
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SULFHV UHVSRQG WR VXSSO\ DQG GHPDQG VKRFNV DW GLmHUHQW WLPHV RI WKH \HDU�
7KHVH LQFOXGH LPSOLFDWLRQV UHJDUGLQJ WKH FRUUHODWLRQ EHWZHHQ IXWXUHV SULFHV
ZLWK GLmHUHQW H[SLUDWLRQ GDWHV� DQG WKH UHVSRQVHV RI IXWXUHV SULFHV ZLWK GLI�
IHUHQW H[SLUDWLRQ GDWHV WR VXSSO\ VKRFNV� 7KHVH LPSOLFDWLRQV FDQ EH WHVWHG
XVLQJ IXWXUHV SULFH GDWD WKDW DUH DYDLODEOH DW KLJK �H�J�� GDLO\� IUHTXHQFLHV�
)RU H[DPSOH� WKH GDLO\ FRUUHODWLRQ �GXULQJ WKH PRQWKV RI 0DUFK DQG $SULO�
EHWZHHQ WKH SULFH RI FRUQ IRU GHOLYHU\ LQ 0D\ �SULRU WR WKH KDUYHVW� DQG WKH
SULFH IRU GHOLYHU\ LQ WKH IROORZLQJ 'HFHPEHU �DIWHU WKH KDUYHVW� SURYLGHV LQ�
IRUPDWLRQ RQ WKH FRUUHODWLRQV RI SULFHV DFURVV FURS \HDUV� 7KH 0D\ IXWXUH LV
UHIHUUHG WR DV DQ ?ROG FURS� FRQWUDFW EHFDXVH LW PDWXUHV SULRU WR WKH QHZ KDU�
YHVW� ZKHUHDV WKH 'HFHPEHU IXWXUH LV FDOOHG D ?QHZ FURS� FRQWUDFW EHFDXVH
LW H[SLUHV VRRQ DIWHU WKH KDUYHVW LV FRPSOHWHG�
7R DFKLHYH WKHVH UHVXOWV� WKLV DUWLFOH DQDO\]HV DQ LQnQLWH KRUL]RQ PRGHO LQ

ZKLFK SURGXFWLRQ RFFXUV GXULQJ D VLQJOH SHULRG GXULQJ WKH \HDU �WKH ?)DOO��
DQG FRQVXPSWLRQ RFFXUV LQ DOO IRXU SHULRGV �?:LQWHU�� ?6SULQJ�� DQG ?6XP�
PHU� DV ZHOO DV ?)DOO��� $JHQWV GHFLGH KRZ PXFK WR FRQVXPH DIWHU WKH KDUYHVW
DQG LQ HDFK VXEVHTXHQW SHULRG E\ VROYLQJ D VWRFKDVWLF G\QDPLF SURJUDP�� 8Q�
OLNH UHFHLYHG PRGHOV LQ WKH VWRUDJH�SULFH G\QDPLFV OLWHUDWXUH� WKH VSHFLnFDWLRQ
KHUHLQ SRVLWV WZR GLVWLQFW VKRFNV� D GHPDQG VKRFN DQG D VXSSO\ VKRFN� 'H�
PDQG VKRFNV RFFXU HDFK SHULRG�VHDVRQ DQG PD\ EH DXWRFRUUHODWHG� $JHQWV
UHFHLYH LQIRUPDWLRQ DERXW WKH GLVWULEXWLRQ RI RXWSXW DW WKH QH[W KDUYHVW LQ
HDFK SHULRG� DOO XQFHUWDLQW\ DERXW WKLV \HDU
V RXWSXW LV UHVROYHG LQ WKH ?)DOO�
ZKHQ WKH KDUYHVW RFFXUV� 7KLV VHSDUDWLRQ RI VXSSO\ DQG GHPDQG VKRFNV
SHUPLWV D PRUH SUHFLVH GHWHUPLQDWLRQ RI WKH VRXUFH RI LQWHUWHPSRUDO SULFH
OLQNDJHV IRU VWRUDEOH� VHDVRQDOO\ SURGXFHG FRPPRGLWLHV� 0RUHRYHU� XQOLNH UH�
FHLYHG PRGHOV LQ WKH OLWHUDWXUH� WKH WKHRU\ SHUPLWV LQWHUWHPSRUDO VXEVWLWXWLRQ
LQ FRQVXPSWLRQ RI WKH VHDVRQDOO\ SURGXFHG JRRG�
7KH PRGHO LV VROYHG QXPHULFDOO\ IRU D ZLGH YDULHW\ RI SDUDPHWHU YDOXHV�

7KHVH VROXWLRQV JHQHUDWH VHYHUDO WHVWDEOH K\SRWKHVHV UHJDUGLQJ WKH EHKDYLRU
RI FRPPRGLW\ SULFHV�

q ,I WKHUH LV QR LQWHUWHPSRUDO VXEVWLWXWLRQ� WKH FRUUHODWLRQ EHWZHHQ ROG
FURS DQG QHZ FURS IXWXUHV SULFHV SULRU WR WKH KDUYHVW DUH ORZ LI VXSSO\
VKRFNV DUH LPSRUWDQW�

q ,I WKHUH LV QR LQWHUWHPSRUDO VXEVWLWXWLRQ� ROG FURS IXWXUHV SULFHV W\S�
�$ FRQVXPSWLRQ GHFLVLRQ LPSOLHV D VWRUDJH GHFLVLRQ VLQFH FDUU\�LQ LV JLYHQ DW HDFK SRLQW

LQ WLPH�
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LFDOO\ GR QRW UHVSRQG DSSUHFLDEO\ WR VKRFNV WR WKH H[SHFWHG KDYHVW�
7KDW LV� ROG FURS IXWXUHV SULFHV ZLOO FKDQJH IDU OHVV LQ UHVSRQVH WR WKH
DUULYDO RI QHZ LQIRUPDWLRQ DERXW WKH QH[W KDUYHVW WKDQ ZLOO QHZ FURS
IXWXUHV SULFHV�

q ,I WKHUH LV VLJQLnFDQW LQWHUWHPSRUDO VXEVWLWXWLRQ LQ FRQVXPSWLRQ WKHQ
ROG FURS�QHZ FURS IXWXUHV SULFH FRUUHODWLRQV ZLOO EH KLJK� DQG WKH DUULYDO
RI LQIRUPDWLRQ DERXW WKH VL]H RI WKH LPSHQGLQJ KDUYHVW ZLOO FDXVH ROG
FURS DQG QHZ FURS IXWXUHV SULFHV WR PRYH LQ WKH VDPH GLUHFWLRQ E\
VLPLODU DPRXQWV�

7KHVH K\SRWKHVHV DUH WHVWHG XVLQJ GDWD RQ IXWXUHV SULFHV IRU VHDVRQDO FRP�
PRGLWLHV� 7KH EHKDYLRU RI WKHVH SULFHV LV LQFRQVLVWHQW ZLWK WKH LPSOLFDWLRQV
RI WKH KLJK GHPDQG DXWRFRUUHODWLRQ�QR VXEVWLWXWLRQ PRGHO� 2OG FURS�QHZ
FURS IXWXUHV FRUUHODWLRQV DUH KLJK� ROG FURS DQG QHZ FURS IXWXUHV SULFHV H[�
KLELW DSSUR[LPDWHO\ HTXDO VHQVLWLYLW\ WR QHZV DERXW WKH VL]H RI WKH LPSHQGLQJ
KDUYHVW� DQG ROG FURS SULFHV DUH PRUH YDULDEOH RQ GD\V ZKHQ WKH PRVW UHOL�
DEOH IRUHFDVWV UHJDUGLQJ FURS VL]H DUH UHOHDVHG� 3XW GLmHUHQWO\� LI WKHUH LV QR
LQWHUWHPSRUDO VXEVWLWXWLRQ� HYHQ KLJKO\ DXWRFRUUHODWHG GHPDQG DQG VXSSO\
GLVWXUEDQFHV H[SODLQ QHLWKHU WKH KLJK FRUUHODWLRQ EHWZHHQ ROG FURS DQG QHZ
FURS IXWXUHV SULFHV REVHUYHG SULRU WR WKH KDUYHVW� QRU WKH VHQVLWLYLW\ RI ROG
FURS IXWXUHV SULFHV WR LQIRUPDWLRQ DERXW IXWXUH KDUYHVWV� +RZHYHU� H[WHQVLYH
LQWHUWHPSRUDO VXEVWLWXWLELOLW\ FDQ JHQHUDWH ROG FURS�QHZ FURS IXWXUHV SULFH
FRUUHODWLRQV DQG ROG FURS SULFH VHQVLWLYLW\ WR H[SHFWHG VXSSO\ VKRFNV WKDW DUH
IDU FORVHU LQ PDJQLWXGH WR WKRVH REVHUYHG HPSLULFDOO\ IRU PDMRU FRPPRGLWLHV�
7KXV� GHPDQG FRQVLGHUDWLRQV PD\ EH LPSRUWDQW LQ H[SODLQLQJ KLJK IUHTXHQF\
SULFH FRUUHODWLRQV� EXW WKH SHUVLVWHQFH RI GHPDQG VKRFNV FDQQRW EH WKH FUX�
FLDO IHDWXUH RI GHPDQG WKDW LQoXHQFHV FRPPRGLW\ SULFH G\QDPLFV� ,QVWHDG�
LQWHUWHPSRUDO VXEVWLWXWDELOLW\ LV D SODXVLEOH FDQGLGDWH IRU WKH ?PLVVLQJ OLQN�
EHWZHHQ FRPPRGLW\ SULFHV RYHU WLPH� ,Q DQ\ HYHQW� WKH UHVXOWV VKRZ WKDW
VRPH LQWHUWHPSRUDO OLQNDJH RWKHU WKDQ VWRUDJH DQG DXWRFRUUHODWHG GHPDQG
LV UHTXLUHG WR H[SODLQ WKH KLJK IUHTXHQF\ G\QDPLFV RI VHDVRQDOO\ SURGXFHG
FRPPRGLW\ SULFHV�
([SOLFLW FRQVLGHUDWLRQ RI WKH LPSOLFDWLRQV RI WKH VHDVRQDOLW\ RI SURGXFWLRQ

H[SODLQV WKHVH nQGLQJV� 6ROXWLRQ RI WKH G\QDPLF SURJUDP GHVFULELQJ WKH
VWRUDJH�FRQVXPSWLRQ GHFLVLRQ TXLWH VHQVLEO\ LPSOLHV WKDW LW LV VHOGRP RSWLPDO
WR FDUU\ LQYHQWRU\ IURP WKH SHULRG LPPHGLDWHO\ SUHFHGLQJ WKH KDUYHVW WR WKH
KDUYHVW SHULRG� $V D UHVXOW� VWRUDJH DQG DUELWUDJH GR QRW OLQN ROG FURS DQG
QHZ FURS SULFHV� 6KRFNV WR WKH H[SHFWHG KDUYHVW WKHUHIRUH KDYH OLWWOH LPSDFW
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RQ ROG FURS SULFHV� ,I VKRFNV WR WKH KDUYHVW DUH ODUJH LQ PDJQLWXGH� WKLV
ODFN RI FRQQHFWLRQ RI SULFHV YLD VWRUDJH LPSOLHV WKDW QHZ FURS DQG ROG FURS
SULFHV ZLOO H[KLELW OLWWOH FRUUHODWLRQ HYHQ LI GHPDQG LV KLJKO\ DXWRFRUUHODWHG�
,Q FRQWUDVW� LQWHUWHPSRUDO VXEVWLWXWLRQ SURYLGHV DQ DOWHUQDWLYH FKDQQHO E\
ZKLFK VKRFNV WR WKH DQWLFLSDWHG KDUYHVW LQoXHQFH SULFHV SULRU WR WKH KDUYHVW�
7KXV� DQWLFLSDWLRQ GXULQJ WKH VSULQJ RI D ODUJH KDUYHVW LQ WKH IDOO FDXVHV ERWK
VSRW SULFHV DQG QHZ FURS IXWXUHV SULFHV WR IDOO LQ WKH VSULQJ� 7KLV FDQ FUHDWH
FRUUHODWLRQV RI WKH PDJQLWXGH REVHUYHG LQ WKH GDWD�
7KH UHPDLQGHU RI WKLV SDSHU LV RUJDQL]HG DV IROORZV� 6HFWLRQ � SUHVHQWV

D VWRFKDVWLF G\QDPLF SURJUDPPLQJ PRGHO GHVFULELQJ RSWLPDO VWRUDJH RI D
VHDVRQDOO\ SURGXFHG FRPPRGLW\ LQ D FRPSHWLWLYH PDUNHW ZLWK PXOWLSOH GH�
FLVLRQ SHULRGV SHU \HDU DQG GHVFULEHV WKH QXPHULFDO PHWKRGV XVHG WR VROYH
WKLV PRGHO� 6HFWLRQ � DQDO\]HV WKH PRGHO DQG JHQHUDWHV WHVWDEOH LPSOLFDWLRQV
UHJDUGLQJ WKH FRUUHODWLRQ EHWZHHQ QHZ FURS DQG ROG FURS IXWXUHV SULFHV DQG
WKH UHVSRQVLYHQHVV RI ROG FURS SULFHV WR QHZV DERXW WKH VL]H RI WKH FRPLQJ
KDUYHVW� 6HFWLRQ � SUHVHQWV HYHQWV SHUWDLQLQJ WR WKHVH SUHGLFWLRQV� 7KLV HYL�
GHQFH VKRZV WKDW WKHUH LV D UHODWLYHO\ KLJK GHJUHH RI FRUUHODWLRQ EHWZHHQ WKHVH
SULFHV DQG WKDW KDUYHVW�UHODWHG QHZV LPSDFWV ROG FURS SULFHV� 7KHVH LPSOLFD�
WLRQV DUH LQFRQVLVWHQW ZLWK WKH EDVLF VWRUDJH PRGHO EXW FDQ EH H[SODLQHG E\
D VWRUDJH PRGHO ZLWK LQWHUWHPSRUDO VXEVWLWXWLRQ� 6HFWLRQ � VXPPDUL]HV WKH
ZRUN�

� 2SWLPDO &RPSHWLWLYH 6WRUDJH IRU D 6HDVRQ�

DOO\ 3URGXFHG &RPPRGLW\

��� ,QWURGXFWLRQ

7KH OLWHUDWXUH RQ FRPPRGLW\ SULFH G\QDPLFV KDV UHOLHG XSRQ D VWDQGDUG
VWRUDJH PRGHO WKDW DVVXPHV WKDW FRQVXPSWLRQ DQG SURGXFWLRQ RFFXU HYHU\
SHULRG� 0RUHRYHU� WKH HPSLULFDO WHVWV RI WKLV VWRUDJH PRGHO W\SLFDOO\ HPSOR\
VSRW SULFH GDWD RQO\�
7KLV UHFHLYHG DSSURDFK KDV VHYHUDO OLPLWDWLRQV� )LUVW� WKH H[LVWLQJ DS�

SURDFK SRVLWV QHW GHPDQG VKRFNV WKDW FRQVLVW RI D GHPDQG VKRFN PLQXV D
VXSSO\ VKRFN DQG FDQQRW GLVHQWDQJOH WKH HmHFWV RI VXSSO\ VKRFNV IURP WKRVH
RI GHPDQG GLVWXUEDQFHV� 7KHVH PRGHOV FDQ GHVFULEH WKH EHKDYLRU RI SULFHV
RQO\ DW UHODWLYHO\ ORZ IUHTXHQF\ FRUUHVSRQGLQJ WR WKH IUHTXHQF\ RI SURGXFWLRQ�
6HFRQG� E\ XWLOL]LQJ RQO\ VSRW SULFH GDWD� WKH UHFHLYHG HPSLULFDO HmRUWV KDYH
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LJQRUHG D SRWHQWLDOO\ YDOXDEOH VRXUFH RI LQIRUPDWLRQ^IXWXUHV SULFHV� 7KLUG�
WHVWLQJ RI WKH PRGHO LV H[WUHPHO\ GLpFXOW XQOHVV RQH DVVXPHV D YHU\ VLPSOH
VWUXFWXUH IRU QHW GLVWXUEDQFHV� :LWK L�L�G� QHW VKRFNV WKH EDVLF VWRUDJH PRGHO
LPSOLHV WKDW SULFHV IROORZ D SDUWLFXODU DXWRUHJUHVVLRQ WKDW FDQ VHUYH DV WKH
EDVLV IRU HPSLULFDO WHVWLQJ� 6XFK D VWUDLJKWIRUZDUG LPSOLFDWLRQ GRHV QRW KROG
ZLWK DQ\ WLPH GHSHQGHQFH LQ WKH GLVWXUEDQFHV� (VWLPDWLQJ D PRGHO ZLWK
WLPH GHSHQGHQW GLVWXUEDQFHV HQWDLOV DFXWH HFRQRPHWULF GLpFXOWLHV�
,Q WKLV VHFWLRQ , DQDO\]H D PRGHO WKDW DGGUHVVHV WKHVH GLpFXOWLHV� 7KLV

H[SDQGHG PRGHO H[SOLFLWO\ LQFRUSRUDWHV VHDVRQDOLW\ LQ SURGXFWLRQ� 'XH WR
VHDVRQDOLW\� SURGXFWLRQ GRHV QRW RFFXU HYHU\ SHULRG� HYHQ WKRXJK WKH FRP�
PRGLW\ LV FRQVXPHG HYHU\ SHULRG� 7KLV VHDVRQDO VWUXFWXUH JHQHUDWHV QHZ
LPSOLFDWLRQV DERXW WKH UHODWLRQ EHWZHHQ SULFHV� VXSSO\ VKRFNV DQG GHPDQG
VKRFNV� ,Q SDUWLFXODU� LW SHUPLWV PH WR GLVHQWDQJOH WKH HmHFWV RI VXSSO\ DQG
GHPDQG VKRFNV� 7KLV IDFLOLWDWHV D WHVW RI WKH PRGHO� 0RUHRYHU� , GHULYH
WHVWDEOH LPSOLFDWLRQV UHJDUGLQJ WKH EHKDYLRU RI IXWXUHV SULFHV� 7KLV SHUPLWV
WKH XVH RI D QHZ VRXUFH RI LQIRUPDWLRQ WR WHVW WKH LPSOLFDWLRQV RI VWRUDJH
PRGHOV� 7KHVH LPSOLFDWLRQV FDQ EH WHVWHG XVLQJ VLPSOH VWDWLVWLFDO WHFKQLTXHV�
7KH REMHFWLYH RI WKLV DQDO\VLV LV WR GHYHORS D IUDPHZRUN WKDW JHQHUDWHV

SUHGLFWLRQV UHJDUGLQJ WKH FRUUHODWLRQV EHWZHHQ ROG�FURS DQG QHZ�FURS IXWXUHV
SULFHV� DQG WKH UHVSRQVLYHQHVV RI ROG�FURS SULFHV WR LQIRUPDWLRQ DERXW WKH
VL]H RI WKH LPSHQGLQJ KDUYHVW� 7KH PHWKRGRORJ\ LV LQ VRPH UHVSHFWV VLPLODU
WR WKDW RI 'HDWRQ�/DURTXH ����� DQG ������ :LOOLDPV�:ULJKW ������� DQG
0LUDQGD�5XL ������� DOO RI ZKRP XVH VLPXODWLRQV WR HYDOXDWH WKH DELOLW\ RI
D QXPHULFDO VROXWLRQ RI WKH PRGHO WR JHQHUDWH WLPH VHULHV G\QDPLFV WKDW
PLPLF WKH EHKDYLRU H[KLELWHG E\ DFWXDO FRPPRGLW\ SULFHV�� , DOVR HYDOXDWH
WKH DELOLW\ RI D QXPHULFDOO\ VROYHG VWRUDJH PRGHO WR PLPLF VDOLHQW IHDWXUHV RI
VSRW DQG IXWXUHV SULFHV XQGHU DVVXPHG SDUDPHWHU YDOXHV� EXW LQVWHDG RI XVLQJ
VLPXODWLRQ� , DSSUR[LPDWH WKH FRUUHODWLRQV DQG SULFH VHQVLWLYLWLHV RI LQWHUHVW
QXPHULFDOO\� 7KLV VHFWLRQ VKRZV WKDW WKHVH DSSUR[LPDWLRQV FDQ EH GHULYHG
XVLQJ HVWLPDWHV RI WKH SDUWLDO GHULYDWLYHV RI WKH SULFLQJ IXQFWLRQV� 7KHVH
DSSUR[LPDWLRQV JHQHUDWH LPSOLFDWLRQV �GHULYHG LQ VHFWLRQ �� WKDW DUH WHVWHG
LQ VHFWLRQ ��

�1XPHURXV SDSHUV LQ WKH HFRQRPLF JURZWK DQG HTXLW\ SUHPLXP SX]]OH OLWHUDWXUHV DOVR
XVH QXPHULFDO VLPXODWLRQV XQGHU DVVXPHG SDUDPHWHU YDOXHV WR GHWHUPLQH WKH DELOLW\ RI WKH
PRGHOV WR H[SODLQ VW\OL]HG IDFWV DERXW HFRQRPLF G\QDPLFV�
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��� $ )UDPHZRUN IRU 'HWHUPLQLQJ 6SRW�)RUZDUG &RU�
UHODWLRQV DQG 6HQVLWLYLWLHV WR +DUYHVW 6KRFNV

&RQVLGHU DQ LQnQLWH KRUL]RQ VWRUDJH PRGHO� &RQVXPSWLRQ RFFXUV HYHU\ SH�
ULRG� W� W�cW� W��cW� � � � �� $ FRPPRGLW\ LV SURGXFHG DW WLPHV ~� �~� �~� � � � �
ZKHUH ~ w �cW� 7KH IDFW WKDW SURGXFWLRQ GRHV QRW RFFXU HYHU\ SHULRG IRU�
PDOL]HV WKH VHDVRQDOLW\ LQ WKH HFRQRP\� 7KH FRPPRGLW\ LV VWRUDEOH� 6LQFH
WKH FRPPRGLW\ LV SURGXFHG RQO\ SHULRGLFDOO\� WR FRQVXPH DW DQ\ W � >M~ �
cW� �M���~bcW@ DJHQWV PXVW KDYH VWRUHG SRVLWLYH DPRXQWV RI WKH FRPPRGLW\
DW DOO GDWHV W� � >M~� W b cW@� &DOO [W WKH DPRXQW RI LQYHQWRU\ FDUULHG�LQ WR
WLPH W� $W W� DJHQWV GHFLGH KRZ PXFK RI WKLV FRPPRGLW\ WR FRQVXPH DQG KRZ
PXFK WR VWRUH IRU IXWXUH FRQVXPSWLRQ�
2XWSXW LV UDQGRP� )RU HDFK W � >M~ � cW� �M � ��~ b cW@� FRPSHWLWLYH�

ULVN QHXWUDO DJHQWV KDYH LQIRUPDWLRQ DERXW WKH QH[W KDUYHVW� $W VXFK W� WKH
H[SHFWHG YDOXH RI WKH QH[W KDUYHVW LV x+ � }]=W ZKHUH x+ LV WKH XQFRQGL�
WLRQDO H[SHFWDWLRQ RI WKH KDUYHVW� }] LV D SDUDPHWHU WKDW GHVFULEHV WKH UDWH
RI LQIRUPDWLRQ oRZ UHJDUGLQJ WKH VL]H RI WKH LQFRPLQJ KDUYHVW� DQG =W LV D
VWDQGDUGL]HG VKRFN WR WKH H[SHFWHG KDUYHVW�
7KH G\QDPLFV RI WKH VWDQGDUGL]HG VKRFN WR WKH H[SHFWHG KDUYHVW DW �M���~

IRU W � >M~ �cW� �M � ��~ @ DUH�

c=W  m�[W� =W� sW�cW � ]W

ZKHUH ]W LV D ERXQGHG L�L�G� YDULDWH ZLWK YDULDQFH cW� )RU W � �M � ��~ WKH
H[SHFWDWLRQ RI WKH WKH KDUYHVW DW �M � ��~ LV WKH XQFRQGLWLRQDO H[SHFWDWLRQ
x+� 7KH m��� IXQFWLRQ GHVFULEHV WKH GULIW RI WKH VWDQGDUGL]HG KDUYHVW IRUHFDVW
VKRFN� 7KLV JHQHUDOL]HG IRUP LQFOXGHV VWDQGDUG SURFHVVHV �H�J�� UDQGRP ZDON�
$5�� DV VSHFLDO FDVHV�
'HPDQG LV DOVR UDQGRP� sW GHQRWHV D VWDQGDUGL]HG GHPDQG VKRFN DW W�

,QYHUVH GHPDQG DW DQ\ WLPH W LV JLYHQ E\ '�TW� sW� x3W�cW�� ZKHUH x3W�cW LV WKH
WLPH W H[SHFWDWLRQ RI WKH SULFH DW W �cW� 7KH LQFOXVLRQ RI QH[W SHULRG
V H[�
SHFWHG SULFH PHDQV WKDW FXUUHQW DQG IXWXUH FRQVXPSWLRQ PD\ EH VXEVWLWXWHV�
7KH G\QDPLFV RI WKH VWDQGDUGL]HG GHPDQG VKRFN s DUH�

csW  x�[W� =W� sW�cW� HW

ZKHUH HW LV DQRWKHU ERXQGHG L�L�G� YDULDWH ZLWK YDULDQFH cW WKDW LV XQFRUUH�
ODWHG ZLWK ]W� 7KH x��� IXQFWLRQ JLYHV WKH GULIW RI GHPDQG VKRFN SURFHVVHV�
'HWHUPLQDWLRQ RI D FRPSHWLWLYH HTXLOLEULXP UHTXLUHV VROXWLRQ RI D VWRFKDV�

WLF G\QDPLF SURJUDPPLQJ SUREOHP� &RQVLGHU WKH VROXWLRQ RI WKH RSWLPDO

�



VWRUDJH SUREOHP IRU WKLV FRPPRGLW\� &DOO 3 �[W� =W� sW� W� WKH WLPH W VSRW SULFH
DV D IXQFWLRQ RI WKH VWDWH YDULDEOHV �FDUU\�LQ� H[SHFWHG KDUYHVW� DQG GHPDQG�
LPSOLHG E\ WKH VROXWLRQ WR WKLV SURJUDP� WKLV SULFH IXQFWLRQ GHSHQGV RQ WKH
WLPH LQGH[ EHFDXVH RI WKH VHDVRQDOLW\ LQ WKH SUREOHP� 'XH WR VHDVRQDOLW\�
NQRZOHGJH RI WKH VWDWH YDULDEOHV DORQH LV LQVXpFLHQW WR GHWHUPLQH SULFH� WKH
SULFH IXQFWLRQ VKRXOG FKDQJH DV WLPH SDVVHV DQG WKH KDUYHVW QHDUV� 6LPLODUO\�
FDOO ) �[� =� s� W� 7 � WKH IRUZDUG SULFH IRU WKH FRPPRGLW\ GHOLYHUHG DW 7 ! W DV
RI W� %HFDXVH DJHQWV DUH ULVN QHXWUDO� WKLV IRUZDUG SULFH HTXDOV WKH H[SHFWHG
VSRW SULFH DW 7 FRQGLWLRQDO RQ WLPH W LQIRUPDWLRQ�
$ nUVW�RUGHU 7D\ORU
V H[SDQVLRQ RI WKH VSRW DQG IRUZDUG SULFLQJ IXQFWLRQV

LPSOLHV��

c3W  t3 �[W� =W� sW� W�cW� 3=]W � 3sHW ���

DQG
c)W  t) �[W� =W� sW� W� 7 �cW� )=]W � )sHW ���

ZKHUH VXEVFULSWV LQGLFDWH SDUWLDO GHULYDWLYHV ZLWK UHVSHFW WR WKH VXEVFULSWHG
YDULDEOH�� 7KHVH LPSO\ WKDW WKH YDULDQFH RI WKH VSRW SULFH LV�

}�3 �[W� =W� sW� W� s (�c3 �W � cW  3 �= � 3 �s ���

DQG WKH YDULDQFH RI WKH IRUZDUG SULFH LV�

}�) �[W� =W� sW� W� s (�c) �W � cW  ) �= � ) �s ���

0RUHRYHU� WKH FRUUHODWLRQ EHWZHHQ c3W DQG c)W LV�
�

FRUU�c3W�c)W�  
)=3= � )s3sT

�3 �= � 3 �s ��)
�
= � ) �s �

���

,W LV DOVR SRVVLEOH WR HVWLPDWH WKH VORSH FRHpFLHQW RI D UHJUHVVLRQ RI WKH
VSRW SULFH DJDLQVW WKH IRUZDUG SULFH� 7KLV FRHpFLHQW LV�

FRY�c3W�c)W�

YDU�c)W�
 

)=3= � )s3s

) �= � ) �s

�$ nUVW�RUGHU H[SDQVLRQ LV VXpFLHQW EHFDXVH WKLV VWXG\ IRFXVHV RQ YDULDQFHV DQG FRU�
UHODWLRQV� VHFRQG RUGHU WHUPV DUH R�cW� LQ WKH YDULDQFH DQG FRUUHODWLRQ H[SUHVVLRQV�

�t3 DQG t) DUH GULIW IXQFWLRQV� 7KH\ DUH LUUHOHYDQW WR WKH GHWHUPLQDWLRQ RI FRUUHODWLRQV
DQG DUH WKHUHIRUH LJQRUHG KHUHDIWHU�

�1RWH WKDW PXOWLSOH VKRFNV DUH UHTXLUHG LQ RUGHU WR REWDLQ FRUUHODWLRQV RWKHU WKDQ ���
�� RU ���

�



7KH IRUHJRLQJ LPSOLHV WKDW WKH VSRW DQG IRUZDUG FRUUHODWLRQV DQG VSRW�
IRUZDUG UHJUHVVLRQ FRHpFLHQWV GHSHQG RQ WKH VHQVLWLYLW\ RI SULFHV WR WKH UDQ�
GRP YDULDEOHV =W DQG sW� 'HWHUPLQDWLRQ RI WKH UHOHYDQW SDUWLDO GHULYDWLYHV
WKDW PHDVXUH WKHVH VHQVLWLYLWLHV UHTXLUHV D VROXWLRQ RI WKH SULFLQJ IXQFWLRQV IRU
HDFK SHULRG� 7KH G\QDPLF SURJUDPPLQJ SUREOHP WKDW JHQHUDWHV WKH SULFLQJ
IXQFWLRQV FDQQRW EH VROYHG LQ FORVHG IRUP� VR WKH 3 ��� DQG ) ��� IXQFWLRQV FDQ�
QRW EH GHWHUPLQHG DQDO\WLFDOO\� ,QVWHDG� LW LV QHFHVVDU\ WR VROYH WKH SUREOHP
QXPHULFDOO\ DQG DSSUR[LPDWH WKH SULFH IXQFWLRQV� 7KH QH[W VHFWLRQ GHVFULEHV
WKH PHWKRG IRU VROYLQJ WKLV VHDVRQDO VWRUDJH SUREOHP QXPHULFDOO\�

��� 1XPHULFDO ,PSOHPHQWDWLRQ

,Q WKHRU\� WKHUH LV D VHSDUDWH SULFH IXQFWLRQ IRU HDFK WLPH SHULRG EHWZHHQ
KDUYHVWV� &RPSXWDWLRQDO FRQVLGHUDWLRQV OLPLW WKH QXPEHU RI GLVFUHWH SHULRGV
EHWZHHQ KDUYHVWV WKDW FDQ EH DQDO\]HG� +HUHLQ , DVVXPH WKDW WKHUH LV D
KDUYHVW SHULRG IROORZHG E\ WKUHH QRQ�KDUYHVW SHULRGV� HDFK ZLWK LWV RZQ SULFH
IXQFWLRQ� PDNLQJ D WRWDO RI IRXU SULFH IXQFWLRQV� ,W LV LQWXLWLYH DQG FRQYHQLHQW
UHIHU WR D VHW RI IRXU SHULRGV LQFOXGLQJ RQH KDUYHVW SHULRG DV D \HDU� DQG WR
UHIHU WR WKH SHULRGV DV ?VHDVRQV���� $ \HDU LV QRUPDOL]HG WR EH RI OHQJWK �� 7KH
VHDVRQV DUH QXPEHUHG RQH WKURXJK IRXU� 7KHUHIRUH� HDFK VHDVRQ LV RI OHQJWK
cW  � �� 3URGXFWLRQ RFFXUV LQ WKH IRXUWK VHDVRQ RI HDFK \HDU� &RQVXPSWLRQ
RFFXUV LQ HDFK VHDVRQ RI HDFK \HDU� $W VHDVRQ L LQ \HDU W� L  �� � � � � �� LQYHUVH
GHPDQG IRU WKH FRPPRGLW\ LV�

S��Wb���L  'L�T��Wb���L� xS��Wb���L��� s��Wb���L� ���

,Q ���� T��Wb���L LV WKH DPRXQW FRQVXPHG LQ VHDVRQ L LQ \HDU W 'L��� LV WKH
GHPDQG IXQFWLRQ IRU VHDVRQ L� S��Wb���L LV WKH VSRW SULFH RI WKH FRPPRGLW\ LQ
\HDU W DQG VHDVRQ L� xS��Wb���L�� LV QH[W SHULRG
V H[SHFWHG VSRW SULFH �ZKHUH
WKH H[SHFWDWLRQ LV FRQGLWLRQDO RQ LQIRUPDWLRQ DYDLODEOH LQ VHDVRQ L RI \HDU
W�� DQG s��Wb���L LV D GHPDQG VKRFN� 7KLV VSHFLnFDWLRQ SHUPLWV LQWHUWHPSRUDO
VXEVWLWXWLELOLW\ LQ FRQVXPSWLRQ LI #'L #xS��Wb���L�� � ��
,W LV DVVXPHG WKDW WKH GHPDQG VKRFN IROORZV DQ $5� SURFHVV�

s��Wb���L  |s��Wb���Lb� � H��Wb���L ���

��7KLV IUDPHZRUN LV VLPLODU WR WKDW RI &KDPEHUV�%DLOH\ ������ DQG 5RXWOHGJH� 6HSSL�
DQG 6SDWW ������� :LOOLDPV DQG :ULJKW ������ LPSOHPHQW D VLPLODU PHWKRGRORJ\ IRU D
FRPPRGLW\ ZLWK VHDVRQDO GHPDQG EXW QR VHDVRQDOLW\ LQ VXSSO\� 1RQH RI WKHVH PRGHOV
FRQVLGHUV VHSDUDWH VXSSO\ DQG GHPDQG VKRFNV�

��



ZKHUH H��Wb���L LV D ERXQGHG L�L�G� GLVWXUEDQFH ZLWK YDULDQFH cW�
,Q HDFK VHDVRQ M � � DJHQWV UHFHLYH D VLJQDO DERXW WKH RXWSXW H[SHFWHG LQ

WKH QH[W KDUYHVW SHULRG �L�H�� WKH QH[W VHDVRQ ��� $V EHIRUH� WKH XQFRQGLWLRQDO
H[SHFWDWLRQ RI WKH KDUYHVW LV x+� ,Q SHULRG �� WKH H[SHFWHG KDUYHVW LV (�+  
x+ � }]]�� ZKHUH ]� LV WKH VLJQDO REVHUYHG LQ SHULRG �� ,Q SHULRG � WKH
H[SHFWHG KDUYHVW LV (�+  x+�}]�]�� ]��� ,Q SHULRG � WKH H[SHFWHG KDUYHVW
LV (�+  x+ � }]�]� � ]� � ]��� 7KH DFWXDO KDUYHVW WKDW RFFXUV LQ SHULRG �
LV +  x+ � }]�]� � ]� � ]� � ]��� 7KH ]
V DUH ERXQGHG L�L�G� YDULDWHV ZLWK
YDULDQFH cW�
,Q WKLV IUDPHZRUN� WKH KDUYHVW IRUHFDVW IROORZV D UDQGRP ZDON� 7KLV

VHW�XS IRUPDOL]HV WKH QRWLRQ WKDW DJHQWV UHFHLYH LQIRUPDWLRQ DERXW WKH KDU�
YHVW WKURXJKRXW WKH FURS \HDU� $V DQ H[DPSOH� ZLQWHU SUHFLSLWDWLRQ� VSULQJ
SODQWLQJ FRQGLWLRQV� VXPPHU ZHDWKHU GXULQJ SODQW SROOLQDWLRQ� DQG IDOO nHOG
FRQGLWLRQV DOO LQoXHQFH WKH VL]H RI WKH KDUYHVW� 0RUHRYHU� WKH SUHFLVLRQ RI
DJHQWV
 H[SHFWDWLRQV LQFUHDVHV DV WKH FURS \HDU SURFHHGV� DJHQWV KDYH EHWWHU
LQIRUPDWLRQ DERXW WKH QH[W KDUYHVW RI FRUQ LQ WKH VXPPHU WKDQ LQ WKH ZLQWHU�
)LQDOO\� IRUHFDVWV DUH XQELDVHG���

,PPHGLDWHO\ DIWHU WKH KDUYHVW� WKH H[SHFWHG KDUYHVW LQ WKH IROORZLQJ \HDU
LV WKH XQFRQGLWLRQDO H[SHFWDWLRQ x+� 7KDW LV� VXFFHVVLYH KDUYHVWV DUH XQFRU�
UHODWHG� 0RUHRYHU� WKH s DQG WKH ] DUH XQFRUUHODWHG�
,Q SHULRG �� FRPSHWLWLYH ULVN QHXWUDO DJHQWV PXVW GHFLGH KRZ WR DOORFDWH

WKH DYDLODEOH KDUYHVW EHWZHHQ FXUUHQW FRQVXPSWLRQ DQG VWRUDJH� 6LQFH WKHUH
LV QR SURGXFWLRQ LQ WKH QH[W WKUHH VXFFHHGLQJ VHDVRQV� DOO FRQVXPSWLRQ SULRU
WR WKH QH[W KDUYHVW PXVW EH VXSSOLHG IURP VWRFNV KHOG IURP WKLV KDUYHVW�
,Q SHULRG � RI \HDU W� ZKHQ WKH GHPDQG VKRFN LV s� DJHQWV HQGRZHG ZLWK D
KDUYHVW + DQG FDUU\�LQ IURP SUHYLRXV KDUYHVWV RI [ FKRRVH FDUU\�RXW V� w �
VR WKDW

3��+�[� s�  PD[>n(3��]�� V�� s��� '�+ � [�(3��]�� �� s��� s��@� ���

,Q WKLV H[SUHVVLRQ� 3���� LV WKH HTXLOLEULXP SULFH LQ SHULRG � DV D IXQFWLRQ RI
WKH KDUYHVW� FDUU\�LQ DQG WKH GHPDQG VKRFN� DQG 3���� LV WKH HTXLOLEULXP SULFH
LQ SHULRG � DV D IXQFWLRQ RI WKH KDUYHVW VLJQDO UHFHLYHG LQ SHULRG �� WKH GHPDQG
VKRFN LQ SHULRG �� DQG FDUU\�LQ DYDLODEOH LQ SHULRG �� n � � LV D GLVFRXQW
IDFWRU� 7KLV H[SUHVVLRQ VWDWHV WKDW DJHQWV FKRRVH VWRUDJH LQ SHULRG � VR WKDW

��7KH VSHFLnFDWLRQ RI WKH HYROXWLRQ RI WKH H[SHFWHG KDUYHVW DVVXPHV WKDW WKH oRZ RI
LQIRUPDWLRQ LV FRQVWDQW LQ HDFK SHULRG� $ PRUH JHQHUDO VHW�XS ZRXOG DOORZ IRU YDULDWLRQV LQ
WKH oRZ RI LQIRUPDWLRQ WKURXJKRXW WKH \HDU� H�J�� +  x+ �}]�]��}]�]��}]�]��}]�]��

��



WKH VSRW SULFH LQ SHULRG � HTXDOV WKH GLVFRXQWHG H[SHFWHG IXWXUH SULFH LQ
SHULRG � LI VWRUDJH LV SRVLWLYH� DQG HTXDOV WKH PDUJLQDO YDOXH RI FRQVXPSWLRQ
PHDVXUHG DW + � [ LI QRWKLQJ LV FDUULHG RYHU� ,I WKLV H[SUHVVLRQ GLG QRW
KROG� DQ DUELWUDJH RSSRUWXQLW\ ZRXOG H[LVW� )RU H[DPSOH� LI 3� � n(3��
ULVN QHXWUDO DJHQWV FRXOG EX\ WKH VSRW FRPPRGLW\ LQ SHULRG �� VWRUH LW XQWLO
SHULRG �� DQG H[SHFW WR VHOO LW DW D KLJKHU SULFH QH[W SHULRG���

6LPLODUO\� LQ SHULRG � RI \HDU W� JLYHQ D VWDQGDUGL]HG H[SHFWHG KDUYHVW
VKRFN =�� LQLWLDO FDUU\�LQ [ DQG GHPDQG VKRFN s�� FDUU\�RXW V� w � LV GHWHU�
PLQHG E\�

3��=�� [� s��  PD[>n(3��=�� V�� s���'�[�(3��=�� �� s��� s��@� ���

ZKHUH =�  =��]� DQG H[SHFWDWLRQV DUH RYHU ]� DQG s�� ,Q WKLV H[SUHVVLRQ� WKH
SULFH IXQFWLRQ 3���� JLYHV WKH SHULRG � SULFH DV D IXQFWLRQ RI WKH VWDQGDUGL]HG
VKRFN WR WKH H[SHFWHG KDUYHVW =�� FDUU\�LQ [� DQG GHPDQG VKRFN s�� *LYHQ
KDUYHVW VKRFN =�� FDUU\�LQ [ DQG GHPDQG VKRFN s�� FDUU\�RXW LQ SHULRG � RI
\HDU W� V� w �� VROYHV�

3��=�� [� s��  PD[>n(3��=�� V�� s��� '��[�(3��=�� �� s��� s��@ ����

ZKHUH =�  =� � ]� DQG H[SHFWDWLRQV DUH RYHU ]� DQG s�� )LQDOO\� JLYHQ
KDUYHVW VKRFN =�� FDUU\�LQ [ DQG GHPDQG VKRFN s�� FDUU\�RXW LQ SHULRG � RI
\HDU W� V� w �� VROYHV�

3��=�� V�� s��  PD[>n(3��=�� V�� s��� '��[�(3��=�� �� s��� s��@ ����

ZKHUH =�  =� � ]�� DQG H[SHFWDWLRQV DUH RYHU ]� DQG s�� $JDLQ� WKHVH
H[SUHVVLRQV PHDQ WKDW FRPSHWLWLYH VWRUHUV FKRRVH FDUU\�RXW WR HTXDWH WKH
FXUUHQW VSRW SULFH DQG QH[W SHULRG
V H[SHFWHG SULFH�
7KH EDVLF FRQWRXUV RI WKH QXPHULFDO VROXWLRQ RI D UHFXUVLYH G\QDPLF HFR�

QRPLF PRGHO RI WKLV VRUW DUH IDLUO\ ZHOO XQGHUVWRRG� VR RQO\ D EULHI GHVFULSWLRQ
RI WKH PHWKRGRORJ\ LV UHTXLUHG� 7KHUH DUH WKUHH VWDWH YDULDEOHV� WKH VWDQ�
GDUGL]HG VKRFN WR WKH H[SHFWHG KDUYHVW =� WKH GHPDQG VKRFN s� DQG LQLWLDO

��'HDWRQ�/DURTXH ������ ����� DQG &KDPEHUV�%DLOH\ ������ VKRZ WKDW LI QHW GHPDQG
VKRFNV DUH XQFRUUHODWHG� VWRUDJH LV ]HUR LI WKH VSRW SULFH H[FHHGV VRPH FRQVWDQW ?FXWRm
SULFH� HTXDO WR WKH XQFRQGLWLRQDO H[SHFWDWLRQ RI WKH IROORZLQJ SHULRG
V SULFH DVVXPLQJ ]HUR
VWRUDJH� 7KLV FXWRm SULFH IHDWXUH LPSOLHV WKDW SULFHV IROORZ DQ DXWRUHJUHVVLRQ WKDW FDQ EH
HVWLPDWHG� 7KLV LPSOLFDWLRQ GRHV QRW IROORZ LI HLWKHU KDUYHVW VKRFNV RU GHPDQG VKRFNV DUH
DXWRFRUUHODWHG�

��



LQYHQWRU\ [� 7KH nUVW VWHS LV WR GLVFUHWL]H WKH VWDWH YDULDEOHV WR FUHDWH D JULG
LQ =� s� DQG [ IRU HDFK RI WKH IRXU VHDVRQV�
7KH YDOXHV RI WKH JULG LQ WKH VWDQGDUGL]HG KDUYHVW VKRFN = DUH ERXQGHG

E\ ���� DQG ���� DQG DUH HTXDOO\ VSDFHG ZLWK LQFUHPHQWV c=� 7KHUH DUH 1=

SRLQWV DORQJ WKH JULG�

=  Ib����b��� � c=�b��� � �c=� � � � � ���bc=� ���J�
'HnQH =M  b��� � �M b ��c=� ,Q SHULRG M WKH H[SHFWHG VL]H RI WKH QH[W
KDUYHVW LV x+ � }]=M�
7KH WUDQVLWLRQ SUREDELOLW\ PDWUL[ IRU = GXULQJ VHDVRQV �� �� DQG � LV

FRQVWUXFWHG DV IROORZV�

{L�=M� =N� s 3U>=��Wb���L��  =NM=��Wb���L  =M@  1�q��b1�q�� ����

IRU L  �� �� �� DQG ZKHUH

q�  ��>=N�� � =N@b =M

q�  ��>=N � =Nb�@b =M

DQG 1��� GHQRWHV WKH VWDQGDUG QRUPDO GLVWULEXWLRQ IXQFWLRQ� 7KDW LV� LI
=  =M� �L�H�� WKH LQLWLDO YDOXH RI = LV DW WKH M
WK SRLQW RQ WKH = JULG� WKH
SUREDELOLW\ WKDW WKH YDOXH RI = LQ WKH QH[W SHULRG LV =  =N �L�H�� LV DW WKH
N
WK SRLQW RQ WKH JULG� HTXDOV WKH SUREDELOLW\ WKDW D VWDQGDUG QRUPDO YDULDWH
IDOOV LQ DQ LQWHUYDO RI OHQJWK c= FHQWHUHG RQ =N b =M�

��

,Q VHDVRQ �� = LV DQ L�L�G� YDULDWH �EHFDXVH VXFFHVVLYH KDUYHVWV DUH QRW
FRUUHODWHG�� 7KHUHIRUH� WKH SUREDELOLW\ RI WUDQVLWLQJ IURP =  =M LQ VHDVRQ �
WR =  =N LQ VHDVRQ � LV

{��=M� =N�  1 >���=N � =N���@b1 >���=N � =Nb��@�

7KH YDOXHV RI s DUH DOVR ERXQGHG E\ ���� DQG ���� DQG DUH HTXDOO\ VSDFHG
ZLWK LQFUHPHQWV cs� 7KHUH DUH 1s SRLQWV LQ WKH s GLPHQVLRQ RI WKH JULG�
&DOO sM  b��� � �M b ��cs� ,Q WKH GLVFUHWL]DWLRQ�

S�sM� sN�  3U>s��Wb���L��  sNMs��Wb���L  sM@  1�H��b1�H�� ����

ZKHUH
H�  ���sN�� � sN�b |sM

��6HH 'HDWRQ DQG /DURTXH ������ ����� IRU D VLPLODU GLVFUHWL]DWLRQ RI DQ $5� SURFHVV�

��



DQG
H�  ���sN � sNb��b |sM

7KDW LV� WKH SUREDELOLW\ WKDW WKH GHPDQG VKRFN ZLOO HTXDO sN JLYHQ WKDW LWV
SUHYLRXV YDOXH ZDV sM LV HTXDO WR WKH SUREDELOLW\ WKDW DQ L�L�G� VWDQGDUG QRUPDO
YDULDWH ZLOO IDOO LQ DQ LQWHUYDO RI OHQJWK cs FHQWHUHG RQ sN b |sM�
)RU HDFK YDOXH RI = DQG s LQ HDFK RI WKH IRXU JULGV� YDOXHV RI FDUU\�LQ

[ DUH VSUHDG HTXDOO\ DORQJ DQ LQWHUYDO >�� [LPD[@� 7KHUH LV D GLmHUHQW YDOXH
RI [LPD[ IRU HDFK VHDVRQ L WR UHoHFW WKH IDFW WKDW FDUU\�LQ VKRXOG EH ODUJHU LQ
HDUO\ VHDVRQV �H�J�� VHDVRQ �� WKDQ ODWHU VHDVRQV �H�J�� VHDVRQ ��� 7KH [LPD[ DUH
GHWHUPLQHG LQ D WULDO DQG HUURU SURFHVV WKDW HQVXUHV WKDW HTXLOLEULXP VWRUDJH
LQ VHDVRQ L QHYHU H[FHHGV [LPD[ LQ ORQJ VLPXODWLRQ UXQV�
,Q WKH QXPHULFDO DQDO\VLV� GHPDQG IXQFWLRQV DUH OLQHDU LQ FRQVXPSWLRQ�

GHPDQG VKRFN� DQG H[SHFWHG IXWXUH SULFH� )RU L  �� �� ��

'L�[b V� =� s�  DL b EL�[b V� � }ss � FL x3L�� ����

ZKHUH V LV WKH DPRXQW VWRUHG� [ LV FDUU\�LQ� x3L�� LV QH[W SHULRG
V H[SHFWHG
SULFH� DQG DL ! �� EL ! �� FL DQG }s ! � DUH SDUDPHWHUV� FL ! � LQGLFDWHV WKDW
FXUUHQW DQG IXWXUH FRQVXPSWLRQ DUH VXEVWLWXWHV� 1RWH WKDW x3L�� LV D IXQFWLRQ
RI V DQG WKH VWDWH YDULDEOHV = DQG s�

x3L��  
1];

N �

1s;
M �

{L�=�=N�S�s� sM�3L���V� =N� sM��

)RU L  ��

'��[b V� =� s�  D� b E�> x+ � }]= � [b V@ � }ss � F� x3� ����

DQG

x3�  
1];

N �

1s;
M �

{��=�=N�S�s� sM�3��V� =N� sM��

*LYHQ WKH JULGV DQG GHPDQG IXQFWLRQV� DQ LQLWLDO JXHVV IRU WKH IXQFWLRQV
3L� L  �� � � � � � LV IRUPHG LQ WKUHH VWHSV� �7KHUH LV RQH VXFK IXQFWLRQ IRU HDFK
SDLU I=� sJ RQ HDFK VHDVRQ
V JULG�� )LUVW� IRU HDFK YDOXH RI [ LW LV DVVXPHG
WKDW V��[� =� s�  �[ �� WKDW V��[� =� s�  ��[� WKDW V��[�=� s�  [� DQG
V��[�=� s�  ���>[ � x+ � }]=@� 7KDW LV� LW LV LQLWLDOO\ DVVXPHG WKDW DJHQWV
FRQVXPH RQH�WKLUG RI WKHLU FDUU\�LQ LQ VHDVRQ �� KDOI WKHLU FDUU\�LQ LQ VHDVRQ
�� DOO WKHLU FDUU\�LQ LQ VHDVRQ �� DQG RQH�TXDUWHU RI FDUU\�LQ SOXV SURGXFWLRQ

��



LQ VHDVRQ �� 6HFRQG� JLYHQ WKLV JXHVV� WKH UHOHYDQW HTXDWLRQ IURP ��������� LV
VROYHG IRU VL� 7KLV GHWHUPLQHV SULFH IRU HDFK RI WKH SRLQWV DORQJ WKH [L D[LV
RI WKH JULG� $ IRXUWK RUGHU SRO\QRPLDO LQ [L LV nW WR WKHVH SULFHV XVLQJ 2/6�
DQG WKH UHVXOWLQJ SRO\QRPLDO IXQFWLRQ 3L�[� =� s� LV XVHG DV WKH LQLWLDO JXHVV
IRU WKH SULFLQJ IXQFWLRQ IRU WKLV I=� sJ SDLU�
*LYHQ LQLWLDO JXHVVHV IRU WKH SULFH IXQFWLRQV� IRU HDFK =� s� DQG [ LQ HDFK

JULG� LQ VHDVRQ L  �� �� � WKH IROORZLQJ HTXDWLRQ LV VROYHG �XVLQJ 1HZWRQ�
5DSKVRQ� IRU V�

'L�[b V� =� s�  n
1];

N �

1s;
M �

{L�=�=N�S�s� sM�3L���V� =N� sM�  n x3L��� ����

)RU L  �

'��[b V� =� s�  n
1];

N �

1s;
M �

{��=�=N�S�s� sM�3��V� =N� sM�  n x3�� ����

7KHVH HTXDWLRQV HTXDWH WKH VSRW SULFH WR WKH GLVFRXQWHG H[SHFWHG IXWXUH SULFH�
,I WKH V WKDW VROYHV WKH UHOHYDQW HTXDWLRQ LV SRVLWLYH� WKH VSRW SULFH DW WKLV JULG
SRLQW LV VHW HTXDO WR 'L�[b V� =� s�� ,I WKH V WKDW VROYHV WKH UHOHYDQW HTXDWLRQ
LV QHJDWLYH� WKHQ SULFH DW WKLV JULG SRLQW LV VHW HTXDO WR 'L�[� =� s� EHFDXVH
VWRUDJH PXVW EH QRQ�QHJDWLYH DQG WKXV FRQVXPSWLRQ HTXDOV FDUU\�LQ LQ WKLV
FDVH� $IWHU GHWHUPLQLQJ SULFHV RQ HDFK QRGH RI WKH JULG� IRU HDFK I=� sJ
IRU HDFK VHDVRQ D IRXUWK RUGHU SRO\QRPLDO LQ [ LV nW WR WKHVH SULFHV XVLQJ
2/6� 7KHVH QHZ SRO\QRPLDOV DUH XVHG DV WKH 3L�[� =� s� LQ WKH QH[W LWHUDWLRQ
DQG WKH SURFHVV LV UHSHDWHG� 7KH SURFHVV VWRSV ZKHQ WKH DYHUDJH DEVROXWH
SHUFHQWDJH SULFH FKDQJH EHWZHHQ LWHUDWLRQV LV VPDOO �H�J�� ���� SHUFHQW��
8SRQ FRQYHUJHQFH WR D n[HG SRLQW� WKLV SURFHVV GHnQHV IRXU VSRW SULFH

IXQFWLRQV 3 e

L �[� =� s�� 8VLQJ WKHVH IXQFWLRQV LW LV SRVVLEOH WR VWXG\ FRPPRGLW\
SULFH G\QDPLFV DQG FRUUHODWLRQV EHWZHHQ VSRW DQG IRUZDUG SULFHV E\ XVLQJ
WKHP WR DSSUR[LPDWH WKH SDUWLDO GHULYDWLYHV WKDW GHWHUPLQH WKH FRUUHODWLRQ
LQ ���� )RU H[DPSOH� LQ VHDVRQ �� #3 e

�  #= LV XVHG WR HVWLPDWH 3= GXULQJ WKH
nUVW VHDVRQ� 6LPLODUO\� LQ VHDVRQ � RQH FDQ XVH�

)���  
1];

N �

1s;
M �

{��=�=N�S�s� sM�3��V� =N� sM� ����

WR DSSUR[LPDWH WKH IRUZDUG SULFH IRU GHOLYHU\ LQ VHDVRQ � DV RI VHDVRQ ��
$JDLQ� #)��� #= FDQ EH XVHG DV WKH HVWLPDWH RI )= LQ ��� RU ����

��



&RQVLVWHQW ZLWK WKH GLVFUHWL]DWLRQ� , XVH nQLWH GLmHUHQFH DSSUR[LPDWLRQV
WR FDOFXODWH WKH QHFHVVDU\ SDUWLDO GHULYDWLYHV� )RU 1= ! M ! ��

#3 e

L �[� =M� sN�

#=
{ 3= { 3 e

L �[�=M��� sN�b 3 e

L �[� =Mb�� sN�

�c=

)RU M  ��

#3 e

L �[� =M� sN�

#=
{ 3= { 3 e

L �[� =�� sN�b 3 e

L �[� =�� sN�

c=

DQG IRU M  1=

#3 e

L �[� =M� sN�

#=
{ 3= { 3 e

L �[� =1]
� sN�b 3 e

L �[� =1]b�� sN�

c=

7KH SDUWLDO GHULYDWLYHV ZLWK UHVSHFW WR s DQG IRU WKH )= DQG )s DUH VLPLODUO\
FDOFXODWHG�

� 5HVXOWV DQG 7HVWDEOH ,PSOLFDWLRQV

7KH IRUHJRLQJ PRGHO LV VROYHG IRU D YDULHW\ RI GLmHUHQW SDUDPHWHUV� 7KH
VROXWLRQV WHOO D FRQVLVWHQW VWRU\ UHJDUGOHVV RI WKH SDUDPHWHUV� VR KHUHDIWHU
, SUHVHQW UHVXOWV IRU VRPH UHSUHVHQWDWLYH FDVHV� ,Q WKH nUVW FDVH� DL  ���
EL  ��� IRU L  �� � � � � �� }]  ��� }s  ����� DQG |  ��� 7KH KLJK YDOXH
RI | LQGLFDWHV WKDW GHPDQG LV KLJKO\ DXWRFRUUHODWHG� 'HDWRQ DQG /DURTXH
������ UHTXLUH YDOXHV RI QHW GHPDQG DXWRFRUUHODWLRQ RI DSSUR[LPDWHO\ WKLV
PDJQLWXGH WR nW WKH REVHUYHG DXWRFRUUHODWLRQV LQ DQQXDO FRPPRGLW\ SULFHV�
,Q WKH nUVW FDVH� FL  �� 7KDW LV� WKHUH LV QR LQWHUWHPSRUDO VXEVWLWXWLRQ�
)RU WKLV FDVH� RQO\ VWRUDJH DQG GHPDQG DXWRFRUUHODWLRQ FDQ LQGXFH UHODWLRQV
EHWZHHQ ROG FURS DQG QHZ FURS SULFHV� ,Q WKH VHFRQG FDVH� FL  �� DQG |  ��
DOO RWKHU SDUDPHWHUV DUH LGHQWLFDO WR WKRVH XVHG LQ WKH nUVW FDVH� 7KXV� LQ WKH
VHFRQG FDVH GHPDQG DXWRFRUUHODWLRQ FDQQRW H[SODLQ DQ\ FRUUHODWLRQ EHWZHHQ
QHZ FURS DQG ROG FURS SULFHV� RQO\ VWRUDJH DQG LQWHUWHPSRUDO VXEVWLWXWLRQ
FDQ FRQQHFW WKHVH SULFHV�
)RU FL  �� FRUUHODWLRQ EHWZHHQ WKH VSRW SULFH LQ VHDVRQ WKUHH DQG WKH

IRUZDUG SULFH IRU GHOLYHU\ LQ VHDVRQ IRXU �WKH KDUYHVW SHULRG� LPSOLHG E\ WKH
VROXWLRQ WR WKH SURJUDPPLQJ SUREOHP DQG ��� UDQJHV IURP EHWZHHQ �� DQG ��
IRU YDOXHV RI FDUU\�LQ REVHUYHG ZLWK VRPH IUHTXHQF\ LQ ORQJ VLPXODWLRQV� WKH
FRUUHODWLRQ GHSHQGV RQ s DQG =� ZLWK WKH KLJKHVW FRUUHODWLRQ REVHUYHG ZKHQ
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WKHVH VKRFNV DUH ERWK HTXDO WR WKHLU XQFRQGLWLRQDO H[SHFWHG YDOXHV RI ]HUR�
&RUUHODWLRQV DUH QHDU � ZKHQ WKH DPRXQW FDUULHG LQWR VHDVRQ � LV LPPHQVH�
6LPXODWLRQ UXQV RI ���� SHULRGV LQGLFDWH WKDW WKH FDUU\�LQ UHTXLUHG WR JHQHU�
DWH WKHVH ODUJH FRUUHODWLRQV RFFXU OHVV WKDQ �� SHUFHQW RI WKH WLPH� 7KHUHIRUH�
WKH FDUU\�LQ UHTXLUHG WR JHQHUDWH VSRW�IRUZDUG FRUUHODWLRQV WKDW H[FHHG ��
E\ D VL]DEOH PDUJLQ LV VR ODUJH WKDW LW ZRXOG DOPRVW QHYHU EH REVHUYHG LQ
SUDFWLFH LQ WKLV PRGHO HFRQRP\� 7KLV LPSOLHV WKDW DOWKRXJK KLJK SRVLWLYH
FRUUHODWLRQV DUH SRVVLEOH LQ D PRGHO ZLWK KLJK GHPDQG DXWRFRUUHODWLRQ EXW
QR LQWHUWHPSRUDO VXEVWLWXWLRQ� WKH\ DUH H[WUHPHO\ UDUH�
7KLV UHVXOW LV UHDGLO\ H[SODLQHG� ,W LV DOPRVW DOZD\V XQHFRQRPLF WR FDUU\

LQYHQWRU\ IURP VHDVRQ �� WKH VXPPHU� WR VHDVRQ �� WKH KDUYHVW SHULRG� RQO\
ZKHQ SHULRG � FDUU\�LQ LV KXJH �ZKLFK RFFXUV RQO\ LI WKH SUHYLRXV KDUYHVW ZDV
KXJH�� WKH QHZ KDUYHVW LV H[SHFWHG WR EH YHU\ VPDOO� DQG GHPDQG LV ORZ ZLOO
LW SURYH RSWLPDO WR FDUU\ LQYHQWRU\ LQWR WKH KDUYHVW SHULRG� ,Q VLPXODWLRQV�
LQYHQWRU\ LV FDUULHG IURP VHDVRQ � WR VHDVRQ � RQO\ DERXW �� SHUFHQW RI WKH
WLPH� 6LQFH LQYHQWRU\ LV QRW W\SLFDOO\ FDUULHG DFURVV FURS \HDUV� DUELWUDJH DQG
VWRUDJH GR QRW OLQN ROG FURS DQG QHZ FURS SULFHV� 7KDW LV� 3� ! n(3� DOPRVW
DOZD\V� 7KLV LPSOLHV WKDW ROG FURS SULFHV VKRXOG EH OLWWOH DmHFWHG E\ QHZV
DERXW WKH KDUYHVW� L�H�� = VKRFNV� EXW WKDW QHZ FURS SULFHV ZLOO UHVSRQG WR
WKHVH VKRFNV� 7KLV WHQGV WR UHGXFH WKH FRUUHODWLRQ EHWZHHQ ROG FURS DQG QHZ
FURS SULFHV� ,QGHHG� DQ LQFUHDVH LQ }] LQFUHDVHV WKH VHQVLWLYLW\ RI QHZ FURS
SULFHV WR KDUYHVW VKRFNV� 7KXV� LI VKRFNV WR RXWSXW DUH DQ LPSRUWDQW VRXUFH
RI XQFHUWDLQW\ LQ WKH PDUNHW �DV LV SODXVLEOH IRU DJULFXOWXUDO FRPPRGLWLHV�
FRUUHODWLRQV EHWZHHQ QHZ FURS DQG ROG FURS SULFHV ZLOO EH ORZ� 2QO\ LI GHPDQG
VKRFNV SUHGRPLQDWH DQG VXSSO\ VKRFNV DUH XQLPSRUWDQW GRHV KLJK GHPDQG
DXWRFRUUHODWLRQ VXpFH WR FUHDWH KLJK FRUUHODWLRQV EHWZHHQ ROG FURS DQG QHZ
FURS SULFHV� 7KLV LV LPSODXVLEOH IRU DJULFXOWXUDO FRPPRGLWLHV DQG LQFRQVLVWHQW
ZLWK WKH IDFW WKDW DQQRXQFHPHQWV DERXW WKH H[SHFWHG IXWXUH KDUYHVW KDYH
VLJQLnFDQW HmHFWV RQ ERWK QHZ FURS DQG ROG FURS SULFHV� DV ZLOO EH GRFXPHQWHG
LQ VHFWLRQ ��
,Q WHUPV RI H[SUHVVLRQ ���� 3= { � LPSOLHV�

FRUU�c3W�c)W� { )sT
�) �= � ) �s �

����

ZKHUH 3 LV DQ ROG FURS IXWXUHV SULFH DQG ) LV D QHZ FURS IXWXUHV SULFH��� ,I

��+HUHDIWHU� 3 ZLOO UHIHU H[FOXVLYHO\ WR DQ ROG FURS VSRW SULFH DQG ) ZLOO UHIHU WR D QHZ
FURS IXWXUHV SULFH�
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VXSSO\ VKRFNV KDYH ODUJHU HmHFWV RQ VHDVRQ � SULFHV WKDQ GHPDQG VKRFNV WKHQ
)= ! )s� LPSO\LQJ WKDW WKLV FRUUHODWLRQ LV OHVV WKDQ ���
,W LV SRVVLEOH WR JHQHUDWH FRUUHODWLRQV DERYH �� E\ LQFUHDVLQJ WKH LPSRU�

WDQFH RI GHPDQG VKRFNV UHODWLYH WR WKH LPSRUWDQFH RI VXSSO\ VKRFNV� L�H�� E\
LQFUHDVLQJ }s DQG GHFUHDVLQJ }= �

�� (YHQ WKRXJK WKLV DGMXVWPHQW GRHV DmHFW
FRUUHODWLRQV� LW GRHV QRW FKDQJH D FUXFLDO LPSOLFDWLRQ RI WKH PRGHO� 6SHFLI�
LFDOO\� ZLWKRXW LQWHUHPSRUDO VXEVWLWXWLRQ� ROG FURS IXWXUHV SULFHV GR QRW UH�
VSRQG DSSUHFLDEO\ WR FKDQJHV LQ WKH VL]H RI WKH H[SHFWHG KDUYHVW UHJDUGOHVV
RI WKH UHODWLYH YDOXHV RI }] DQG }s� 7KDW LV� 3= � WKH SDUWLDO GHULYDWLYH RI WKH
ROG FURS VSRW SULFH ZLWK UHVSHFW WR D VKRFN WR H[SHFWHG KDUYHVW� LV QHDUO\
]HUR XQOHVV FDUU\�LQ LV IDU DERYH LWV QRUPDO REVHUYHG UDQJH UHJDUGOHVV RI WKH
UHODWLYH PDJQLWXGHV RI }= DQG }s�

�� 7KLV LV WUXH EHFDXVH WKH DEVHQFH RI VWRU�
DJH RYHU WKH KDUYHVW LPSOLHV WKDW VWRUDJH FDQQRW WUDQVPLW RXWSXW VKRFNV WR
ROG FURS SULFHV� 7KXV� WKH VWRUDJH PRGHO ZLWK DXWRFRUUHODWHG GHPDQG EXW
QR LQWHUWHPSRUDO VXEVWLWXWLRQ LPSOLHV WKDW ROG FURS IXWXUHV SULFHV ZLOO QRW
UHVSRQG WR VKRFNV WR WKH VL]H RI WKH H[SHFWHG KDUYHVW�
7KH YDOXHV RI WKH VORSH FRHpFLHQW LQ D UHJUHVVLRQ RI WKH VSRW SULFH FKDQJH

DJDLQVW WKH IXWXUHV SULFH FKDQJH JHQHUDWHG E\ WKLV PRGHO OLH LQ WKH �� WR ��
UDQJH IRU WKLV YHUVLRQ RI WKH PRGHO� 7KH FRHpFLHQWV IRU YDOXHV RI FDUU\�LQ
REVHUYHG ZLWK VRPH IUHTXHQF\ LQ ORQJ VLPXODWLRQV DUH FORVHU WR WKH ORZHU HQG
RI WKLV UDQJH�
$OORZLQJ IRU LQWHUWHPSRUDO VXEVWLWXWLRQ OHDGV WR VXEVWDQWLDOO\ GLmHUHQW

SULFH EHKDYLRU� ,Q WKLV FDVH� FRUUHODWLRQV EHWZHHQ VSRW DQG IRUZDUG SULFHV
DUH IDU DERYH ]HUR HYHQ IRU VPDOO YDOXHV RI FDUU\�LQ� *LYHQ WKH DVVXPHG
SDUDPHWHUV� WKH REVHUYHG FRUUHODWLRQ EHWZHHQ WKH VSRW SULFH DQG QHZ FURS
IXWXUHV SULFH GXULQJ VHDVRQ � UDQJHV EHWZHHQ ��� WR ��� IRU D UDQJH RI YDOXHV
RI FDUU\�LQ ZLWKLQ � VWDQGDUG GHYLDWLRQV RI PHDQ FDUU\�LQ FDOFXODWHG IURP D
VLPXODWLRQ RI WKH EHKDYLRU RI WKLV HFRQRP\ RYHU ���� SHULRGV� $V ZLOO EH
VHHQ LQ VHFWLRQ �� WKHVH FRUUHODWLRQV DUH RI WKH PDJQLWXGH W\SLFDOO\ REVHUYHG
LQ WKH GDWD�
7KH LQWHUWHPSRUDO VXEVWLWXWLRQ PRGHO DOVR LPSOLHV WKDW VSRW SULFHV UH�

��7KH DSSHQGL[ VKRZV WKDW D ODUJH YDULDQFH RI WKH GHPDQG VKRFN UHODWLYH WR WKH YDULDQFH
RI WKH VXSSO\ VKRFN LV DOVR UHTXLUHG WR UDWLRQDOL]H WKH nQGLQJV RI 'HDWRQ DQG /DURTXH� 7KLV
ODUJH UDWLR LV LPSODXVLEOH IRU VHDVRQDOO\ SURGXFHG DJULFXOWXUDO FRPPRGLWLHV�

��:KHQ FL  � HVWLPDWHG SDUWLDO GHULYDWLYHV 3= IRU GLmHUHQW YDOXHV RI FDUU\�LQ� =�
DQG s YDU\ WLJKWO\ DURXQG ]HUR UHJDUGOHVV RI WKH YDOXHV IRU }] DQG }s� ,W LV OLNHO\ WKDW
DQ\ GHYLDWLRQ IURP ]HUR LV GXH WR WKH IDFW WKDW SULFH VXUIDFHV DQG SDUWLDO GHULYDWLYHV DUH
DSSUR[LPDWHG QXPHULFDOO\�

��



VSRQG WR VKRFNV WR H[SHFWHG KDUYHVW �L�H�� = VKRFNV�� DOWKRXJK WKH PDJQLWXGH
LPSOLHG E\ WKH PRGHO ZLWK FL  �� LV VRPHZKDW VPDOOHU WKDQ WKDW IRXQG LQ
HPSLULFDO GDWD UHSRUWHG LQ VHFWLRQ �� 7KH YDOXHV RI 3= )= UDQJH EHWZHHQ ���
DQG ���� $W FDUU\�LQ HTXDO WR LWV PHGLDQ YDOXH LQ ORQJ VLPXODWLRQV� D KDUYHVW
VKRFN WKDW FDXVHV D RQH XQLW FKDQJH LQ WKH IRUZDUG SULFH OHDGV WR D FKDQJH
RI DERXW �� XQLWV �LQ WKH VDPH GLUHFWLRQ� LQ WKH VSRW SULFH�
7KHVH YDOXHV IRU 3= )= IDU ODUJHU WKDQ WKRVH LPSOLHG E\ WKH PRGHO ZLWK�

RXW LQWHUWHPSRUDO VXEVWLWXWLRQ� EXW DUH VWLOO OHVV WKDQ ����� ,W LV SRVVLEOH WR
JHQHUDWH 3= )=  � RQO\ LI FL  �� WKDW LV� LI WKLV TXDUWHU
V FRQVXPSWLRQ DQG
QH[W TXDUWHU
V FRQVXPSWLRQ DUH SHUIHFW VXEVWLWXWHV� ,Q WKLV FDVH� FRQVXPSWLRQ
LQ DQ\ TXDUWHU GRHV QRW FKDQJH ZKHQ H[SHFWHG IXWXUHV SULFHV FKDQJH�
7KH YDOXHV RI WKH VORSH FRHpFLHQW LQ D UHJUHVVLRQ RI WKH VSRW SULFH FKDQJH

DJDLQVW WKH IXWXUHV SULFH FKDQJH JHQHUDWHG E\ WKLV PRGHO OLH LQ WKH ��� WR ���
UDQJH IRU WKH PRGHO ZLWK LQWHUWHPSRUDO VXEVWLWXWLRQ� 7KH FRHpFLHQW DW WKH
PHGLDQ FDUU\�LQ LV ����
7KH YDOXHV IRU FRUUHODWLRQV DQG VORSH FRHpFLHQWV IRU WKH LQWHUWHPSRUDO

VXEVWLWXWLRQ PRGHO DUH VLPLODU WR WKRVH IRXQG LQ HPSLULFDO GDWD WKDW ZLOO EH
H[DPLQHG LQ VHFWLRQ �� 7KLV LV LQ FRQWUDVW WR WKH FRUUHODWLRQ DQG 3= )= YDOXHV
JHQHUDWHG E\ WKH KLJK GHPDQG DXWRFRUUHODWLRQ�QR LQWHUWHPSRUDO VXEVWLWXWLRQ
PRGHO�
5HSHDWHG H[SHULPHQWDWLRQ LQGLFDWHV WKDW WKUHH FRQGLWLRQV DUH UHTXLUHG WR

SURGXFH ��� FRUUHODWLRQV LQ WKH ����� UDQJH� ��� ODUJH UHODWLYH SULFH VHQVLWLYLWLHV
WR KDUYHVW VKRFNV DQG ��� VORSH FRHpFLHQWV WKDW DUH FORVH WR ����� )LUVW� FL
PXVW EH FORVH ����� 6HFRQG� | PXVW EH UHODWLYHO\ VPDOO EXW SRVLWLYH� 7KLUG�
WKH YDULDELOLW\ RI GHPDQG VKRFNV PXVW EH VXpFLHQWO\ KLJK� $V DQ H[DPSOH�
FL  ��� |  ��� }s  � DQG }]  �� JHQHUDWH VSRW�IXWXUHV SULFH UHODWLRQV
WKDW DUH VLPLODU WR WKRVH GRFXPHQWHG LQ VHFWLRQ � EHORZ� :LWK WKHVH SDUDP�
HWHU YDOXHV� WKH VSRW SULFH�QHZ FURS IXWXUHV SULFH FRUUHODWLRQ GXULQJ VHDVRQ
� UDQJHV EHWZHHQ ��� DQG ��� IRU YDOXHV RI FDUU\�LQ REVHUYHG ZLWK VRPH IUH�
TXHQF\ LQ ORQJ VLPXODWLRQV� 7KH 3= )= UDWLR LV DSSUR[LPDWHO\ ���� DQG WKH
VORSH FRHpFLHQW UDQJHV EHWZHHQ ��� DQG �����
7KH UHDVRQV WKHVH FRQGLWLRQV PXVW KROG DUH VWUDLJKWIRUZDUG� /DUJH YDOXHV

RI FL DUH UHTXLUHG WR JHQHUDWH YDOXHV RI 3= )= RI WKH PDJQLWXGH LPSOLHG
E\ UHJUHVVLRQV RI ROG FURS SULFH FKDQJHV RQ QHZ FURS SULFH FKDQJHV ZKHQ
LQIRUPDWLRQ DERXW WKH KDUYHVW LV UHOHDVHG�
,I WKH FL DUH FORVH WR ���� DQG GHPDQG DXWRFRUUHODWLRQ | LV DOVR ODUJH�

KRZHYHU� QHZ FURS DQG ROG FURS IXWXUHV SULFHV DUH DOPRVW SHUIHFWO\ FRUUHODWHG�
,Q WKLV FDVH� VLQFH D GHPDQG VKRFN WKDW RFFXUV LQ SHULRG � LV H[SHFWHG WR

��



SHUVLVW WR SHULRG �� WKH PDJQLWXGH RI WKH UHVSRQVH RI ERWK ROG FURS DQG QHZ
FURS SULFHV WR WKLV GHPDQG VKRFN LV VLPLODU� 7KH KLJK GHJUHH RI LQWHUWHPSRUDO
VXEVWLWXWLRQ FDXVHV ERWK QHZ FURS DQG ROG FURS SULFHV WR UHVSRQG VLPLODUO\
WR VXSSO\ VKRFNV� ,Q WHUPV RI H[SUHVVLRQ ���� )s { 3s ZKHQ | LV FORVH WR �����
6LQFH )= { 3= ZKHQ WKHUH LV D KLJK GHJUHH RI LQWHUWHPSRUDO VXEVWLWXWLRQ�

FRUU�c3W�c)W� {
3 �= � 3 �sT
�3 �= � 3 �s �

�
 �

7KLV LPSOLHV WKDW WR SURGXFH FRUUHODWLRQV FOXVWHULQJ IDOOLQJ LQ WKH UDQJH
����� WKHUH PXVW H[LVW VRPH VKRFN WKDW LQoXHQFHV ROG FURS SULFHV EXW QRW
QHZ FURS SULFHV� $ UHODWLYHO\ WUDQVLHQW GHPDQG GLVWXUEDQFH FDQ KDYH WKLV
HmHFW� VLQFH WKHUH LV W\SLFDOO\ QR FDUU\RYHU DFURVV FURS \HDUV� D GHPDQG VKRFN
WKDW H[KLELWV UHODWLYHO\ OLWWOH SHUVLVWHQFH ZKLFK RFFXUV LQ WKH ROG FURS \HDU
KDV D VPDOOHU HmHFW RQ WKH IXWXUHV SULFH WKDQ WKH VSRW SULFH� :LWK VXFK D
GHPDQG VKRFN� )s � 3s� ZKLFK E\ ��� DOORZV D FRUUHODWLRQ OHVV WKDQ ����
ZKHQ )= { 3= �
0RUHRYHU� WKLV GHPDQG VKRFN PXVW KDYH D YDULDQFH WKDW LV VXpFLHQWO\

KLJK WR FDXVH GLYHUJHQFHV EHWZHHQ PRYHPHQWV LQ QHZ FURS SULFHV DQG ROG
FURS SULFHV WKDW DUH ODUJH HQRXJK DQG IUHTXHQW HQRXJK WR RYHUFRPH WKH IDFW
WKDW KDUYHVW VKRFNV FDXVH QHZ FURS DQG ROG SULFHV WR FRYDU\ FORVHO\ ZKHQ
FXUUHQW DQG IXWXUH FRQVXPSWLRQ DUH DOPRVW SHUIHFW VXEVWLWXWHV� )RU D JLYHQ
YDOXH RI }= � LI }s LV WRR VPDOO� 3s DQG )s DUH YHU\ VPDOO UHODWLYH WR 3= DQG )= �
$JDLQ� E\ ��� WKLV LPSOLHV WKDW WKH VSRW�IXWXUHV FRUUHODWLRQ LV FORVH WR ���� LQ
WKLV FDVH� 7KH YDULDQFH RI WKH GHPDQG VKRFN DOVR DmHFWV WKH VORSH FRHpFLHQW�
*LYHQ D VSRW�IRUZDUG FRUUHODWLRQ RI DURXQG ��� WR JHQHUDWH D VORSH FRHpFLHQW
RI DSSUR[LPDWHO\ ���� WKH YDULDQFH RI WKH VSRW SULFH PXVW H[FHHG WKH YDULDQFH
RI WKH QHZ FURS IXWXUHV SULFH GXULQJ VHDVRQ �� $ KLJK YDULDQFH GHPDQG VKRFN
WKDW H[KLELWV OLWWOH SHUVLVWHQFH FDQ LQGXFH WKLV GLVSDULW\ LQ YDULDQFHV�
,Q EULHI� H[DPLQDWLRQ RI DQ DXJPHQWHG VWRUDJH PRGHO WKDW DOORZV IRU VHD�

VRQDOLW\ LQ SURGXFWLRQ DQG LQWHUWHPSRUDO VXEVWLWXWLRQ JHQHUDWHV WHVWDEOH LP�
SOLFDWLRQV DERXW FR�PRYHPHQWV LQ ROG FURS DQG QHZ FURS IXWXUHV SULFHV IRU
VHDVRQDOO\ SURGXFHG FRPPRGLWLHV VXFK DV JUDLQV� 6SHFLnFDOO\� LQ WKH DEVHQFH
RI LQWHUWHPSRUDO VXEVWLWXWLRQ� ��� WKH FRUUHODWLRQ EHWZHHQ ROG FURS DQG QHZ
FURS IXWXUHV SULFHV VKRXOG EH ORZ ��� RU ORZHU� LI VXSSO\ VKRFNV DUH DQ LP�
SRUWDQW VRXUFH RI XQFHUWDLQW\� DQG ��� ROG FURS IXWXUHV SULFHV VKRXOG H[KLELW
YLUWXDOO\ QR UHDFWLRQ WR FKDQJHV LQ WKH VL]H RI WKH H[SHFWHG KDUYHVW UHJDUGOHVV
RI WKH UHODWLYH LPSRUWDQFH RI VXSSO\ DQG GHPDQG VKRFNV� 7KDW LV� QHZ FURS

��



IXWXUHV SULFHV VKRXOG UHVSRQG IDU PRUH WR VKRFNV WR WKH VL]H RI WKH H[SHFWHG
KDUYHVW WKDQ ROG FURS SULFHV� ,Q FRQWUDVW� ZLWK VWURQJ LQWHUWHPSRUDO VXEVWL�
WXWLRQ WKH PRGHO SUHGLFWV KLJK FRUUHODWLRQV EHWZHHQ ROG FURS DQG QHZ FURS
IXWXUHV SULFHV DQG QHDUO\ HTXDO UHVSRQVHV RI ROG FURS DQG QHZ FURS IXWXUHV
SULFHV WR VXSSO\ VKRFNV� 0RUHRYHU� LW LV SRVVLEOH WR nQG SDUDPHWHU YDOXHV
VXFK WKDW RQ DYHUDJH QHZ FURS DQG ROG FURS IXWXUHV SULFHV FKDQJH E\ WKH
VDPH DPRXQW�
7KH IROORZLQJ VHFWLRQ H[DPLQHV IXWXUHV SULFH GDWD IRU VHDVRQDOO\ SURGXFHG

FRPPRGLWLHV WR WHVW WKHVH SUHGLFWLRQV�

� 7HVWV RI WKH 6WRUDJH 0RGHO 8VLQJ 2OG &URS

DQG 1HZ &URS )XWXUHV 3ULFHV

7KH IRUHJRLQJ WKHRUHWLFDO DQDO\VLV GHPRQVWUDWHV WKDW H[SOLFLW DQDO\VLV RI WKH
LPSOLFDWLRQV RI VHDVRQDOLW\ RQ WKH FR�PRYHPHQWV RI QHZ FURS DQG ROG FURS
IXWXUHV SULFHV JHQHUDWHV QHZ LQVLJKWV DQG HPSLULFDO LPSOLFDWLRQV IURP WKH
VWDQGDUG VWRUDJH PRGHO� 0RUHRYHU� WKLV DSSURDFK PDNHV LW SRVVLEOH WR GUDZ
XSRQ D QHZ VRXUFH RI GDWD^IXWXUHV SULFHV^WR WHVW VWRUDJH PRGHOV� 7KLV VHFWLRQ
H[SORLWV WKLV QHZ GDWD WR WHVW WKH LPSOLFDWLRQV RI VWRUDJH WKHRU\�
$ IHZ ZRUGV DERXW WKLV GDWD DUH LQ RUGHU� $W DQ\ JLYHQ WLPH RI \HDU�

IXWXUHV FRQWUDFWV IRU PXOWLSOH GHOLYHU\ GDWHV DUH WUDGHG RQ D ZLGH YDULHW\
RI VHDVRQDOO\ SURGXFHG FRPPRGLWLHV� 7KHVH LQFOXGH ZKHDW �&%27� 0*(�
.&%27�� FRUQ �&%27�� RDWV �&%27�� VR\EHDQV �&%27�� FDQROD �:&(��
DQG FRWWRQ �1<&(���� 2I SDUWLFXODU LPSRUWDQFH LV WKH IDFW WKDW WKHUH LV
VLPXOWDQHRXV WUDGLQJ RI IXWXUHV FRQWUDFWV WKDW H[SLUH SULRU WR DQG DIWHU WKH
KDUYHVW RI HDFK FRPPRGLW\� )RU H[DPSOH� GXULQJ $SULO RI HDFK \HDU WKH &%27
WUDGHV FRUQ IXWXUHV FRQWUDFWV IRU ERWK 0D\ GHOLYHU\ DQG 'HFHPEHU GHOLYHU\�
9LHZLQJ IXWXUHV SULFHV DV H[SHFWHG VSRW SULFHV� WKH QHZ FURS IXWXUHV SULFHV

UHSUHVHQW WKH PDUNHW
V H[SHFWDWLRQ RI ZKDW WKH VSRW SULFH IRU WKH FRPPRGLW\
ZLOO EH DW KDUYHVW WLPH��� 7KHUHIRUH� FRUUHODWLRQV EHWZHHQ ROG FURS IXWXUHV

��&%27 LV WKH &KLFDJR %RDUG RI 7UDGH� .&%27 LV WKH .DQVDV &LW\ %RDUG RI 7UDGH�
0*( LV WKH 0LQQHDSROLV *UDLQ ([FKDQJH� 1<&( LV WKH 1HZ <RUN &RWWRQ ([FKDQJH� :&(
LV WKH :LQQLSHJ &RPPRGLW\ ([FKDQJH�

��)XWXUHV SULFHV PD\ HPEHG D ULVN SUHPLXP LQ DGGLWLRQ WR DQ H[SHFWHG VSRW SULFH�
+HUHWRIRUH� PXFK HmRUW KDV EHHQ H[SHQGHG WR LGHQWLI\ ULVN SUHPLD LQ FRPPRGLW\ IXWXUHV
SULFHV ZLWK OLWWOH VXFFHVV� , ZLOO WKHUHIRUH WUHDW IXWXUHV SULFHV DV H[SHFWHG VSRW SULFHV� (YHQ
LI IXWXUHV SULFHV GR HPEHG D ULVN SUHPLXP� DV ORQJ DV WKLV ULVN SUHPLXP LV UHODWLYHO\ VWDEOH
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SULFHV DQG QHZ FURS IXWXUHV SULFHV PHDVXUH WKH LQWHUWHPSRUDO OLQNDJH EHWZHHQ
SULFHV DFURVV FURS \HDUV� )RU H[DPSOH� WKH FRUUHODWLRQ PHDVXUHG GXULQJ $SULO
EHWZHHQ WKH GDLO\ FKDQJH LQ WKH 0D\ FRUQ IXWXUHV SULFH DQG WKH 'HFHPEHU
FRUQ IXWXUHV SULFH VKRXOG EH KLJK �ORZ� ZKHQ SULFHV DUH KLJKO\ �QRW KLJKO\�
FRUUHODWHG DFURVV FURS \HDUV�
7DEOH � SUHVHQWV FRUUHODWLRQV EHWZHHQ ROG FURS DQG QHZ FURS IXWXUHV SULFH

FKDQJHV IURP WKH ��������� SHULRG IRU HLJKW VHDVRQDOO\ SURGXFHG FRPPRGL�
WLHV� FDQROD� FRUQ� FRWWRQ� RDWV� VR\EHDQV� KDUG UHG ZLQWHU �+5:� ZKHDW�
KDUG VSULQJ �+6� ZKHDW� DQG VRIW UHG ZLQWHU �65:� ZKHDW� 7KH FRUUHODWLRQV
DUH FDOFXODWHG DV IROORZV� )RU HDFK FRPPRGLW\� D WZR�PRQWK SHULRG HQGLQJ
DSSUR[LPDWHO\ � PRQWKV SULRU WR WKH KDUYHVW LV VHOHFWHG� $V DQ H[DPSOH� WKH
SHULRG IRU FRUQ LV $SULO DQG 0D\� )RU HDFK GD\ W LQ WKH VDPSOH SHULRG� WKH
GDLO\ �PDUNHW FORVH�WR�PDUNHW FORVH� FKDQJH LQ WKH ROG FURS �0D\� IXWXUHV
SULFH LV FDOFXODWHG� 7KLV LV c)R�W  )R�W b )R�Wb�� 7KH GDLO\ FKDQJH LQ WKH
QHZ FURS �'HFHPEHU� IXWXUHV SULFH� c)Q�W  )Q�W b )Q�Wb� LV VLPLODUO\ FDOFX�
ODWHG� 7KH FRUUHODWLRQ EHWZHHQ WKHVH SULFH FKDQJHV LV WKHQ HVWLPDWHG� )RU
HDFK FRPPRGLW\� D FRUUHODWLRQ LV HVWLPDWHG IURP D VDPSOH WKDW SRROV GDLO\
SULFH FKDQJHV IURP WKH WZR PRQWK SHULRG ZLWKLQ WKDW VLQJOH \HDU���

)RU HDFK FRPPRGLW\� SDQHO � RI WKH WDEOH UHSRUWV WKH SRUWLRQ IURP HDFK
\HDU LQ ZKLFK WKH FRUUHODWLRQ LV PHDVXUHG� WKH ROG FURS H[SLUDWLRQ PRQWK XVHG�
DQG WKH QHZ FURS H[SLUDWLRQ PRQWK XVHG� 3DQHO � UHSRUWV WKH FRUUHODWLRQV E\
FRPPRGLW\ DQG E\ \HDU�
7KH FRUUHODWLRQV IRU LQGLYLGXDO \HDUV UHSRUWHG LQ 7DEOH � DUH JHQHUDOO\

DURXQG �� RU ��� DQG IRU HYHU\ FRPPRGLW\ VWXGLHG WKHUH LV D \HDU LQ ZKLFK WKH
FRUUHODWLRQ H[FHHGV ��� &RUUHODWLRQV DOPRVW DOZD\V H[FHHG ��� 2QO\ IRU FRWWRQ
GRHV RQH REVHUYH D FRUUHODWLRQ EHORZ ��� �LQ D VLQJOH \HDU���� 6LPLODU UHVXOWV
REWDLQ IRU GLmHUHQW FKRLFHV RI WKH ROG FURS FRQWUDFW PRQWK DQG WKH WLPH SHULRG
LQ ZKLFK WKH FRUUHODWLRQ LV HVWLPDWHG� )RU H[DPSOH� VLPLODU FRUUHODWLRQV DUH
REWDLQHG ZKHQ XVLQJ WKH FKDQJHV LQ WKH 6HSWHPEHU IXWXUHV SULFH GXULQJ -XQH

WKH SULFH FKDQJHV XVHG WR FDOFXODWH FRUUHODWLRQV EHORZ ZLOO SULPDULO\ GHSHQG RQ FKDQJHV LQ
H[SHFWHG VSRW SULFHV� ,Q WKLV FDVH DOO LPSOLFDWLRQV RI WKH DQDO\VLV LQ WKH WH[W IROORZ�

��7KHVH UHVXOWV DUH QRW VHQVLWLYH WR WKH FKRLFH RI SHULRG LQ ZKLFK WKH FRUUHODWLRQ LV
HVWLPDWHG RU WKH ROG FURS FRQWUDFW PRQWK� )RU H[DPSOH� WKH FRUUHODWLRQ EHWZHHQ WKH
6HSWHPEHU DQG 'HFHPEHU FRUQ IXWXUHV FRQWUDFWV GXULQJ -XO\�$XJXVW LV VLPLODU WR WKH
0D\�'HFHPEHU FRUUHODWLRQ UHSRUWHG LQ 7DEOH ��

��7KH ORZ FRUUHODWLRQ IRU FDQROD LQ ���� LV OLNHO\ GXH WR D VTXHH]H RI WKH -XQH FRQWUDFW�
$ VTXHH]H UHGXFHV WKH FRUUHODWLRQ EHWZHHQ QHDUE\ DQG GHIHUUHG IXWXUHV SULFHV� ,Q HVVHQFH�
D VTXHH]H LV DQ H[WUHPH� KLJKO\ WUDQVLHQW� GHPDQG VKRFN�

��



WKURXJK $XJXVW DV WKH ROG FURS FRQWUDFW IRU FRUQ RU VR\EHDQV�
7KH QHZ FURS�ROG FURS IXWXUHV FRUUHODWLRQ UHVXOWV SDUDOOHO WKRVH UHSRUWHG

IRU DQQXDO GDWD LQ 'HDWRQ DQG /DURTXH ������ ����� ������ 7KH\ nQG ZKDW
WKH\ FRQVLGHU WR EH KLJK SULFH DXWRFRUUHODWLRQV LQ DQQXDO GDWD� WKH PDJQLWXGH
RI WKHLU FRUUHODWLRQ HVWLPDWHV DUH VLPLODU WR WKH PDJQLWXGH RI WKH FRUUHODWLRQV
UHSRUWHG KHUH IRU GDLO\ IXWXUHV SULFHV� 'HDWRQ DQG /DURTXH VXJJHVW WKDW VXFK
KLJK FRUUHODWLRQV FDQ EH H[SODLQHG RQO\ LI WKHUH LV FRQVLGHUDEOH DXWRFRUUHODWLRQ
LQ WKH XQGHUO\LQJ GHPDQG DQG VXSSO\ SURFHVVHV� 6LQFH WKH SDVW KDUYHVW LV
n[HG LQ WKH IXWXUHV GDWD� KRZHYHU� DXWRFRUUHODWLRQV LQ RXWSXW FDQQRW H[SODLQ
KLJK FRUUHODWLRQV EHWZHHQ QHZ FURS DQG ROG FURS IXWXUHV SULFHV�
7KHVH IXWXUHV SULFH FRUUHODWLRQV DUH LQFRQVLVWHQW ZLWK WKH LPSOLFDWLRQV RI

WKH VWRUDJH PRGHO ZLWKRXW LQWHUWHPSRUDO VXEVWLWXWLRQ DQDO\]HG HDUOLHU� 7KDW
PRGHO LPSOLHV ORZ FRUUHODWLRQV IRU VHDVRQDOO\ SURGXFHG JRRGV LI VXSSO\ VKRFNV
DUH LPSRUWDQW VRXUFHV RI XQFHUWDLQW\� DV WKH\ FOHDUO\ DUH IRU WKH FRPPRGLWLHV
VWXGLHG� 7KHVH UHVXOWV LPSO\ WKDW KLJK DXWRFRUUHODWLRQ LQ GHPDQG LV QRW
VXpFLHQW WR H[SODLQ KLJK ROG FURS�QHZ FURS IXWXUHV SULFH FRUUHODWLRQV HYHQ
LQ WKH SUHVHQFH RI VWRUDJH� ,QVWHDG� VRPH RWKHU LQWHUWHPSRUDO OLQNDJH^VXFK
DV LQWHUWHPSRUDO VXEVWLWXWLRQ^LV UHTXLUHG WR H[SODLQ WKH SHUVLVWHQFH LQ SULFH
VKRFNV IRU VHDVRQDOO\ SURGXFHG FRPPRGLWLHV�
(YLGHQFH RQ WKH UHODWLYH UHVSRQVHV RI ROG FURS DQG QHZ FURS IXWXUHV SULFHV

WR VKRFNV WR WKH H[SHFWHG KDUYHVW SURYLGHV HYHQ VWURQJHU HYLGHQFH WKDW LV LQ�
FRQVLVWHQW ZLWK WKH EDVLF VWRUDJH PRGHO ZLWK DXWRFRUUHODWHG GHPDQG� 7R
TXDQWLI\ WKLV UHODWLRQ� , H[DPLQH IXWXUHV SULFH PRYHPHQWV RQ GD\V ZKHQ WKH
JRYHUQPHQW GLVFORVHV H[SHFWHG DQG DFWXDO DFUHDJH SODQWHG IRU HDFK FURS RU
LVVXHV &URS 3URGXFWLRQ 5HSRUWV WKDW IRUHFDVW H[SHFWHG KDUYHVWV IRU FRUQ�
VR\EHDQV� DQG VSULQJ ZKHDW� 7KH DFUHDJH DQG SURGXFWLRQ UHSRUWV IRU WKHVH
FURSV DUH UHOHDVHG LQ -XQH� -XO\� $XJXVW� DQG 6HSWHPEHU� 86'$ IRUHFDVWV
DUH ZLGHO\ FRQVLGHUHG WR EH WKH PRVW UHOLDEOH DYDLODEOH SUHGLFWRUV RI WKH FRP�
LQJ KDUYHVW� ([DPLQLQJ QHZ FURS�ROG FURS SULFH UHODWLRQV IRU WKHVH GD\V LV
LQWHQGHG WR LVRODWH WKH HmHFW RI VXSSO\ LQIRUPDWLRQ IURP WKH HmHFW RI GHPDQG
LQIRUPDWLRQ� ,I VXSSO\ LQIRUPDWLRQ LQoXHQFHV ROG FURS SULFHV� RQH ZRXOG H[�
SHFW D SRVLWLYH� VLJQLnFDQW UHODWLRQ EHWZHHQ QHZ FURS DQG ROG FURS SULFH
FKDQJHV RQ WKHVH GDWHV� 0RUHRYHU� RQH ZRXOG H[SHFW WKDW ROG FURS IXWXUHV
SULFHV DUH PRUH YRODWLOH RQ FURS DQQRXQFHPHQW GD\V WKDQ RQ GD\V ODFNLQJ DQ\
UHOHDVH LI FURS UHSRUW LQIRUPDWLRQ DmHFWV ROG FURS IXWXUHV SULFHV� +RZHYHU�
LI LQIRUPDWLRQ UHODWHG WR KDUYHVW VL]H GRHV QRW DmHFW ROG FURS SULFHV �DV WKH
QR�VXEVWLWXWLRQ PRGHO LPSOLHV�� WKH ROG FURS IXWXUV SULFHV VKRXOG EH QR PRUH
YRODWLOH RQ WKHVH GD\V WKDQ RWKHU GD\V�

��



7DEOH � SUHVHQWV VORSH FRHpFLHQWV IURP UHJUHVVLRQV RI WKH FKDQJH LQ ROG
FURS IXWXUHV SULFHV RQ WKH FKDQJH LQ WKH QHZ FURS SULFH IRU FRUQ� VR\EHDQV�
DQG KDUG VSULQJ ZKHDW IRU GD\V RQ ZKLFK WKH 8QLWHG 6WDWHV 'HSDUWPHQW RI
$JULFXOWXUH UHOHDVHV UHSRUWV WKDW GLVFORVH WKH IRUHFDVWV IRU WKH QH[W KDUYHVW�
)RU HDFK FRPPRGLW\� WKH 6HSWHPEHU SULFH LV XVHG DV WKH ROG FURS SULFH� FKRLFH
RI WKH 6HSWHPEHU FRQWUDFW DOORZV XVH RI DQQRXQFHPHQWV IURP DOO IRXU UHSRUW�
LQJ PRQWKV� )RU FRUQ DQG VSULQJ ZKHDW� WKH 'HFHPEHU SULFH LV WKH QHZ FURS
SULFH� )RU VR\EHDQV� WKH 1RYHPEHU SULFH LV WKH QHZ FURS SULFH� )RU SXUSRVHV
RI FRPSDULVRQ� WKH WDEOH DOVR UHSRUWV VORSH FRHpFLHQWV IURP UHJUHVVLRQV HV�
WLPDWHG IURP VDPSOHV LQFOXGLQJ DOO GD\V LQ -XQH�6HSWHPEHU WKDW WKH 86'$
LVVXHG QHLWKHU DQ DFUHDJH QRU D FURS SURGXFWLRQ UHSRUW���

6LQFH SULRU WR ���� WKH 86'$ UHOHDVHG UHSRUWV LPPHGLDWHO\ IROORZLQJ
WKH FORVH RI IXWXUHV WUDGLQJ RQ WKH UHOHDVH GDWH� IRU ��������� WKH GLmHUHQFH
EHWZHHQ WKH IXWXUHV SULFH DW WKH RSHQLQJ RI WUDGLQJ RQ WKH GD\ IROORZLQJ
WKH UHOHDVH GDWH DQG WKH IXWXUHV SULFH DW WKH FORVH RI WUDGLQJ RQ WKH UHOHDVH
GDWH PHDVXUHV WKH SRVW�UHSRUW SULFH FKDQJH� ,Q ����� WKH 86'$ EHJDQ WR
UHOHDVH UHSRUWV SULRU WR WKH RSHQLQJ RI WUDGLQJ� $V D FRQVHTXHQFH , XVH WKH
FORVH�WR�FORVH SULFH FKDQJH WR PHDVXUH WKH SRVW�UHOHDVH SULFH UHVSRQVHV IRU
WKLV \HDU�
1RWH WKDW WKH FRHpFLHQWV LQ DOO UHJUHVVLRQV DUH SRVLWLYH DQG VLJQLnFDQW�

ZLWK S�YDOXHV YHU\ FORVH WR �� ,QGHHG� IRU DOO WKUHH FRPPRGLWLHV� WKHVH FRHI�
nFLHQWV DUH DOPRVW H[DFWO\ RQH� LQGLFDWLQJ WKDW ROG FURS SULFHV DQG QHZ FURS
SULFHV UHVSRQG DOPRVW LGHQWLFDOO\ WR QHZV DERXW WKH KDUYHVW FRQWDLQHG LQ WKH
86'$ UHSRUWV� 2QH FDQQRW UHMHFW WKH K\SRWKHVLV WKDW WKH VORSH FRHpFLHQWV
IRU WKH DQQRXQFHPHQW DQG QRQ�DQQRXQFHPHQW GD\V DUH WKH VDPH DW WKH RQH�
SHUFHQW FRQnGHQFH OHYHO� 0RUHRYHU� WKH 5�
V LPSO\ QHZ FURS DQG ROG FURS
SULFHV IRU FRUQ DQG VR\EHDQV DUH YHU\ KLJKO\ FRUUHODWHG RQ WKHVH GD\V� ,W
LV LQWHUHVWLQJ WR QRWH WKDW IRU DOO WKUHH FRPPRGLWLHV� ROG FURS DQG QHZ FURS
SULFHV DUH PRUH KLJKO\ FRUUHODWHG RQ 86'$ DQQRXQFHPHQW GD\V WKDQ RQ RWKHU
GD\V� DV LQGLFDWHG E\ WKH KLJKHU 5�
V RQ DQQRXQFHPHQW GD\V�
,I RQH LQWHUSUHWV WKH VORSH FRHpFLHQW LQ WKH DQQRXQFHPHQW GD\ UHJUHVVLRQ

DV D PHDVXUH RI 3= )= � WKHVH UHODWLYH SULFH UHVSRQVHV DUH DFWXDOO\ VRPHZKDW
ODUJHU WKDQ WKRVH VLPXODWHG LQ VHFWLRQ � HYHQ ZLWK D YHU\ KLJK FRHpFLHQW
RI LQWHUWHPSRUDO VXEVWLWXWLRQ �L�H�� D KLJK FL�� 7KXV� DOWKRXJK WKH VWRUDJH

��6LQFH LQIRUPDWLRQ UHODWLQJ WR H[SHFWHG KDUYHVW LV UHYHDOHG RQ WKHVH RWKHU GD\V GXU�
LQJ WKH JURZLQJ SHULRG �WKURXJK ZHDWKHU UHSRUWV� IRU LQVWDQFH� WKH UHJUHVVLRQ XVLQJ WKH
QR�DQQRXQFHPHQW VDPSOH VKRXOG DOVR UHYHDO VRPH LQIRUPDWLRQ DERXW WKH UHODWLYH UHVSRQ�
VLYHQHVV RI ROG DQG QHZ FURS SULFHV WR RXWSXW�UHODWHG VKRFNV�

��



PRGHO ZLWK LQWHUWHPSRUDO VXEVWLWXWLRQ FRPHV IDU FORVHU WR PLPLFNLQJ WKH
EHKDYLRU RI DFWXDO ROG FURS DQG QHZ FURS IXWXUHV SULFHV WKDQ WKH PRGHO
ZLWKRXW VXEVWLWXWLRQ� RQH FRXOG LQWHUSUHW WKH UHVXOWV LQ 7DEOH � WR PHDQ WKDW
DFWXDO ROG FURS SULFHV UHVSRQG PRUH WR VKRFNV DERXW WKH VL]H RI WKH H[SHFWHG
KDUYHVW WKDQ WKH PRGHO SULFHV���

7KH VL]H RI WKH VORSH FRHpFLHQWV RQ WKH QRQ�DQQRXQFHPHQW GD\V LQ 7D�
EOH � DUH WZR�WR�WKUHH WLPHV ODUJHU WKDQ WKH VORSH FRHpFLHQWV JHQHUDWHG E\
WKH QR�LQWHUWHPSRUDO VXEVWLWXWLRQ PRGHO ZLWK ODUJH GHPDQG DXWRFRUUHODWLRQ�
7KH VORSH FRHpFLHQWV LQ WKH UHJUHVVLRQV DUH DSSUR[LPDWHO\ HTXDO WR WKRVH SUH�
VHQWHG LQ VHFWLRQ � ZKHQ FL  ��� |  ��� }s  � DQG }=  �� ZHUH DVVXPHG�
7KXV� WKH LQWHUWHPSRUDO VXEVWLWXWLRQ PRGHO FDQ PLPLF WKH UHDO GDWD IRU WKHVH
WKUHH FRPPRGLWLHV ZKHUHDV , KDYH EHHQ XQDEOH WR nQG SDUDPHWHUV VXFK WKDW
QR�VXEVWLWXWLRQ PRGHO GRHV VR�
7KH YDULDQFHV RI ROG FURS DQG QHZ FURS SULFH FKDQJHV RQ 86'$ UHSRUW

UHOHDVH GDWHV DOVR LQGLFDWH WKDW LQIRUPDWLRQ DERXW WKH VL]H RI WKH KDUYHVW KDV
D VLJQLnFDQW HmHFW RQ ROG FURS SULFHV� 7DEOH � UHSRUWV WKH YDULDQFHV RI FRUQ�
VR\EHDQ� DQG VSULQJ ZKHDW IXWXUHV SULFH FKDQJHV IRU ERWK ROG FURS DQG QHZ
FURS IXWXUHV IRU GD\V RQ ZKLFK WKH 86'$ DQQRXQFHV DFUHDJH RU FURS IRUHFDVWV
DQG RQ DOO RWKHU GD\V LQ -XQH WKURXJK 6HSWHPEHU LQ WKH ��������� SHULRG�
1RWH WKDW WKH YDULDQFHV DUH XQLIRUPO\ KLJKHU RQ FURS IRUHFDVW UHOHDVH GDWHV�
) �WHVWV LQGLFDWH WKDW WKH YDULDQFHV DUH GLmHUHQW DW WKH ���� FRQnGHQFH OHYHO�
7KLV LPSOLHV WKDW WKH oRZ RI LQIRUPDWLRQ UHOHYDQW WR SULFH GHWHUPLQDWLRQ
LV KLJKHU RQ WKHVH GDWHV WKDQ RQ RWKHU GDWHV IRU ERWK QHZ FURS DQG ROG
FURS SULFHV� ,QGHHG� WKH YDULDQFH UDWLRV DUH YHU\ VLPLODU IRU QHZ FURS DQG
ROG FURS IXWXUHV SULFHV� 7KLV VXJJHVWV WKDW KDUYHVW�UHODWHG LQIRUPDWLRQ LV RI
VLPLODU LPSRUWDQFH LQ GHWHUPLQLQJ ERWK ROG FURS DQG QHZ FURS SULFHV� 7KLV
SURYLGHV IXUWKHU HYLGHQFH WKDW LQIRUPDWLRQ DERXW WKH VL]H RI WKH QHZ FURS
LV DQ LPSRUWDQW GHWHUPLQDQW RI ROG FURS IXWXUHV SULFHV� 7KLV LV LQFRQVLVWHQW
ZLWK WKH LPSOLFDWLRQV RI WKH KLJK GHPDQG DXWRFRUUHODWLRQ�QR LQWHUWHPSRUDO
VXEVWLWXWLRQ YHUVLRQ RI WKH VWRUDJH PRGHO�
7KH IRUHJRLQJ HYLGHQFH GHPRQVWUDWHV FOHDUO\ WKDW ��� LQIRUPDWLRQ DERXW

WKH KDUYHVW WHQGV WR FDXVH ROG FURS DQG QHZ FURS SULFHV WR PRYH LQ WKH VDPH

��7KLV nQGLQJ FRXOG UHVXOW IURP WKH IDFW WKDW GHPDQG VKRFNV DOVR RFFXU RQ KDUYHVW
DQQRXQFHPHQW GD\V� 7KH VORSH FRHpFLHQW LQ WKH DQQRXQFHPHQW GD\ UHJUHVVLRQ SURYLGHV
DQ XQFRQWDPLQDWHG PHDVXUH RI 3= )= RQO\ LI WKHUH LV QR GHPDQG UHODWHG LQIRUPDWLRQ
UHOHDVHG RQ WKH DQQRXQFHPHQW GD\� 7KHUHIRUH� WKH QHDU XQLW\ RI WKH VORSH FRHpFLHQW LV QRW
QHFHVVDULO\ LQFRQVLVWHQW ZLWK WKH nQGLQJ RI VHFWLRQ � WKDW 3= )= � � LQ WKH QXPHULFDOO\
VROYHG VWRUDJH PRGHO�
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GLUHFWLRQ DQG E\ DERXW WKH VDPH DPRXQW� DQG ��� LQIRUPDWLRQ DERXW WKH
FRPLQJ KDUYHVW LQoXHQFHV ROG FURS IXWXUHV SULFHV� 7KHVH UHVXOWV DUH LQFRQ�
VLVWHQW ZLWK WKH LPSOLFDWLRQV RI WKH EDVLF VWRUDJH PRGHO HYHQ ZKHQ WKHUH LV
VXEVWDQWLDO GHPDQG DXWRFRUUHODWLRQ� ,Q FRQWUDVW� WKH\ DUH FRQVLVWHQW ZLWK WKH
SDWWHUQV VLPXODWHG LQ WKH PRGHO ZLWK LQWHUWHPSRUDO VXEVWLWXWLRQ� 7KXV� WKHVH
nQGLQJV VWURQJO\ UHMHFW WKH K\SRWKHVLV WKDW DXWRFRUUHODWHG GHPDQG H[SODLQV
WKH FORVH FR�PRYHPHQWV LQ FRPPRGLW\ VSRW SULFHV DQG ROG FURS DQG QHZ FURS
IXWXUHV SULFHV� 7KH\ WKHUHIRUH LPSO\ WKDW VRPH RWKHU OLQNDJH EHWZHHQ SULFHV
DPRQJ VHDVRQV LV UHTXLUHG WR JHQHUDWH WKH REVHUYHG SULFH EHKDYLRU� 7KHVH
SUHOLPLQDU\ UHVXOWV VXJJHVW WKDW LQWHUWHPSRUDO VXEVWLWXWLRQ LV D SODXVLEOH FDQ�
GLGDWH IRU WKLV OLQNDJH�

� 6XPPDU\ DQG &RQFOXVLRQV

7KH KLJK GHJUHH RI DXWRFRUUHODWLRQ LQ FRPPRGLW\ SULFH WLPH VHULHV KDV GHnHG
H[SODQDWLRQ E\ WKH VWDQGDUG VWRUDJH PRGHO� 6WRUDJH DORQH LQGXFHV VRPH
DXWRFRUUHODWLRQ LQWR FRPPRGLW\ SULFHV� EXW QRW QHDUO\ DV PXFK DV REVHUYHG LQ
DFWXDO GDWD� 2QH SURSRVHG VROXWLRQ WR WKLV SUREOHP KDV EHHQ WR SRVLW KLJKO\
DXWRFRUUHODWHG GHPDQG VKRFNV� ([LVWLQJ HPSLULFDO HYLGHQFH �'HDWRQ DQG
/DURTXH� ����� ����� ����� VKRZV WKDW D YHU\ KLJK GHPDQG DXWRFRUUHODWLRQ
LV UHTXLUHG WR JHQHUDWH WKH DXWRFRUUHODWLRQV REVHUYHG LQ DFWXDO FRPPRGLW\
SULFHV�
$OWKRXJK KLJK GHPDQG DXWRFRUUHODWLRQ FDQ UHFRQFLOH WKH VWDQGDUG PRGHO
V

SUHGLFWLRQV ZLWK WKH EHKDYLRU RI ORZ IUHTXHQF\ �H�J�� DQQXDO� FRPPRGLW\ SULFH
GDWD� WKLV DUWLFOH GHPRQVWUDWHV WKDW KLJK GHPDQG DXWRFRUUHODWLRQ FDQQRW DG�
GUHVV WKH IXQGDPHQWDO IDLOLQJV RI WKH VWDQGDUG VWRUDJH PRGHO LQ KLJK IUH�
TXHQF\ IXWXUHV SULFH GDWD� 6SHFLnFDOO\� KLJK GHPDQG DXWRFRUUHODWLRQ LQ WKH
VWDQGDUG PRGHO H[SODLQV QHLWKHU WKH KLJK FRUUHODWLRQV EHWZHHQ ROG FURS DQG
QHZ FURS IXWXUHV SULFHV IRU VHDVRQDOO\ SURGXFHG FRPPRGLWLHV QRU WKH UHVSRQ�
VLYHQHVV RI ROG FURS IXWXUHV SULFHV WR LQIRUPDWLRQ DERXW WKH H[SHFWHG VL]H RI
WKH KDUYHVW�
,Q FRQWUDVW� D PRGLnHG VWRUDJH PRGHO FDQ H[SODLQ WKHVH VDOLHQW IHDWXUHV

RI IXWXUHV SULFHV� 6SHFLnFDOO\� LQWURGXFLQJ LQWHUWHPSRUDO VXEVWLWXWLRQ LQ FRQ�
VXPSWLRQ WR WKH VWDQGDUG PRGHO UHFWLnHV LWV IDLOXUH WR H[SODLQ WKH EHKDYLRU
RI IXWXUHV SULFHV DW GDLO\ IUHTXHQFLHV� $ VWRUDJH PRGHO ZLWK LQWHUWHPSRUDO
VXEVWLWXWLRQ FDQ SURGXFH ROG FURS�QHZ FURS FRUUHODWLRQV DQG ROG FURS SULFH
UHVSRQVHV WR KDUYHVW VKRFNV RI WKH PDJQLWXGH REVHUYHG LQ DFWXDO GDWD IRU D
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YDULHW\ RI VHDVRQDOO\ SURGXFHG FRPPRGLWLHV� 7KXV� LQWHUWHPSRUDO VXEVWLWX�
WLRQ� UDWKHU WKDQ GHPDQG DXWRFRUUHODWLRQ� PD\ EH WKH PLVVLQJ OLQN EHWZHHQ
FRPPRGLW\ SULFHV RYHU WLPH�
7KH LQWXLWLRQ EHKLQG WKHVH YDULRXV UHVXOWV LV VWUDLJKWIRUZDUG� ,W LV W\SL�

FDOO\ LQHpFLHQW WR FDUU\ LQYHQWRULHV RI D VHDVRQDOO\ SURGXFHG FRPPRGLW\ IURP
EHIRUH WKH KDUYHVW WR WKH KDUYHVW SHULRG� 7KXV� LQ QRUPDO FLUFXPVWDQFHV VWRU�
DJH FDQQRW OLQN ROG FURS DQG QHZ FURS IXWXUHV SULFHV� 7KLV LPSOLHV WKDW QHZV
DERXW WKH H[SHFWHG KDUYHVW VKRXOG KDYH OLWWOH HmHFW RQ ROG FURS IXWXUHV SULFHV
LQ WKH DEVHQFH RI LQWHUWHPSRUDO VXEVWLWXWLRQ� ,QWHUWHPSRUDO VXEVWLWXWLRQ SUR�
YLGHV D FKDQQHO E\ ZKLFK VKRFNV WR WKH H[SHFWHG KDUYHVW LQoXHQFH ROG FURS
SULFHV� ,QWHUWHPSRUDO VXEVWLWXWLRQ WKHUHIRUH LQGXFHV DGGLWLRQDO FRUUHODWLRQ
EHWZHHQ ROG FURS DQG QHZ FURS SULFHV� ,W DOVR FDXVHV QHZV DERXW WKH H[�
SHFWHG KDUYHVW WR LQoXHQFH ROG FURS SULFHV� 7KXV� VWRUDJH SOXV LQWHUWHPSRUDO
VXEVWLWXWLRQ FDQ H[SODLQ VDOLHQW IHDWXUHV RI FRPPRGLW\ SULFHV DW ERWK KLJK
DQG ORZ IUHTXHQFLHV� 6WRUDJH OLNHO\ SOD\V D VHFRQGDU\ UROH LQ OLQNLQJ QHZ FURS
DQG ROG FURS IXWXUHV SULFHV DQG OLQNLQJ SULFHV RYHU WLPH� 7KLV DUWLFOH VXJJHVWV
WKDW LQWHUWHPSRUDO VXEVWLWXWLRQ SOD\V WKH SULPDU\ UROH LQ IRUJLQJ WKHVH OLQNV�
7KH DSSURDFK WDNHQ LQ WKLV SDSHU WR UHVROYH WKH HPSLULFDO GHnFLHQFLHV RI

FRPPRGLW\ VWRUDJH PRGHOV RI SULFH G\QDPLFV GLmHUV IURP WKH HmRUWV RI 0L�
UDQGD DQG 5XL ������ WR DFKLHYH WKH VDPH REMHFWLYH� 0LUDQGD�5XL UHO\ RQ WKH
FRQFHSW RI WKH FRQYHQLHQFH \LHOG LQ WKHLU DWWHPSW WR UHFRQFLOH WKH SUHGLFWLRQV
RI WKH VWRUDJH PRGHO ZLWK WKH GDWD� $OWKRXJK WKH\ nQG WKDW WKH FRQYHQLHQFH
\LHOG PRGHO FDQ JHQHUDWH SULFH DXWRFRUUHODWLRQV VLPLODU WR WKRVH IRXQG LQ
SUDFWLFH IRU D ZLGH YDULHW\ RI FRPPRGLWLHV� WKHLU ZRUN H[DPLQHV SULFHV DW ORZ
�DQQXDO� IUHTXHQFLHV� 0RUHRYHU� WKH\ GR QRW H[DPLQH WKH LPSOLFDWLRQV RI WKH
FRQYHQLHQFH \LHOG IRU WKH EHKDYLRU RI IXWXUHV SULFHV IRU VHDVRQDO FRPPRGLWLHV�
,QGHHG� JLYHQ WKH QDWXUH RI FRQYHQLHQFH \LHOG K\SRWKHVLV LW LV GLpFXOW WR VHH
KRZ LW FDQ JHQHUDWH VXFK LPSOLFDWLRQV� 7KDW K\SRWKHVLV ODFNV DQ\ ULJRURXV
PLFURIRXQGDWLRQV� ,Q FRQWUDVW� WKH H[SODQDWLRQ DGYDQFHG KHUHLQ DGYDQFHV
D FUHGLEOH PLFURHFRQRPLFV�EDVHG H[SODQDWLRQ RI WKH EHKDYLRU RI FRPPRGLW\
VSRW DQG IXWXUHV SULFHV�
)XWXUH UHVHDUFK VKRXOG FRQFHQWUDWH RQ HVWLPDWLQJ HFRQRPHWULF PRGHOV RI

FRPPRGLW\ SULFHV WKDW LQFRUSRUDWH LQWHUWHPSRUDO VXEVWLWXWLRQ DV ZHOO DV VWRU�
DJH� DOWKRXJK LW PXVW EH UHFRJQL]HG WKDW VXFK DQ HQGHDYRU IDFHV D YDULHW\ RI
VHULRXV FKDOOHQJHV� )LUVW� WKH LPSOLFDWLRQ IURP WKH VLPSOH VWRUDJH PRGHO WKDW
WKHUH LV VRPH ?FXWRm� SULFH DERYH ZKLFK VWRUDJH LV ]HUR DQG EHORZ ZKLFK VWRU�
DJH LV SRVLWLYH GRHV QRW KROG LQ WKLV VHDVRQDO PRGHO ZLWK DXWRFRUUHODWHG GH�
PDQG DQG VXSSO\ VKRFNV� 7KXV� OLPLWHG LQIRUPDWLRQ PHWKRGV VXFK DV *00
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�DORQJ WKH OLQHV RI &KDPEHUV�%DLOH\ ������ DQG 'HDWRQ�/DURTXH ������� FDQ�
QRW EH XVHG WR WHVW WKH LPSOLFDWLRQV RI WKH VHDVRQDO PRGHO ZLWK VXSSO\ VKRFNV�
6HFRQG� ZKHUHDV WKH VLPSOH VWRUDJH PRGHO ZLWK DXWRFRUUHODWHG QHW GHPDQG
VKRFNV UHTXLUHV HVWLPDWLRQ RI D PRGHO WKDW LQYROYHV RQO\ D VLQJOH SULFLQJ IXQF�
WLRQDO DQG WZR ODWHQW VWDWH YDULDEOHV� WKH VHDVRQDO PRGHO UHTXLUHV HVWLPDWLRQ
RI VHYHUDO SULFLQJ IXQFWLRQDOV ZLWK WKUHH ODWHQW VWDWH YDULDEOHV� 7KH WHFKQLFDO
GLpFXOWLHV LQYROYHG ZLWK WKH VLPSOHU PRGHO DUH WU\LQJ HQRXJK �VHH 'HDWRQ�
/DURTXH� ������ WKRVH FRQIURQWLQJ WKH HVWLPDWLRQ RI WKH VWUXFWXUDO SDUDPHWHUV
LQ WKH VHDVRQDO PRGHO DUH VXEVWDQWLDOO\ JUHDWHU�
1RQHWKHOHVV� WKH HYLGHQFH SUHVHQWHG LQ WKLV DUWLFOH GRHV VXpFH WR VKRZ

WKDW ��� WKH EDVLF VWRUDJH PRGHO DXJPHQWHG ZLWK DXWRFRUUHODWHG GHPDQG
VKRFNV FDQQRW H[SODLQ NH\ IHDWXUHV RI WKH EHKDYLRU RI ROG FURS DQG QHZ FURS
IXWXUHV SULFHV� DQG ��� LQWHUWHPSRUDO VXEVWLWXWLRQ FDQ H[SODLQ WKHVH VDPH
IHDWXUHV� 7KXV� WKH WKHRU\ DQG HYLGHQFH SUHVHQWHG KHUHLQ DGYDQFH RXU XQ�
GHUVWDQGLQJ RI WKH IRUFHV GULYLQJ FRPPRGLW\ SULFHV DQG SURYLGH D IRXQGDWLRQ
IRU IXUWKHU UHVHDUFK RQ WKLV VXEMHFW� ,Q SDUWLFXODU� WKH WKHRU\ DQG HYLGHQFH
GHPRQVWUDWH WKDW UHVHDUFKHUV FDQ XVH KLJK IUHTXHQF\ IXWXUHV SULFH GDWD WR
IRUPXODWH DQG WHVW VKDUSHU K\SRWKHVHV WKDW FDQ GLVFULPLQDWH EHWZHHQ PRGHOV
LQ ZD\V WKDW DUH LPSRVVLEOH ZKHQ UHO\LQJ RQ ORZ IUHTXHQF\ VSRW SULFH GDWD
DORQH�
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7DEOH �
3DQHO �

1HZ &URS�2OG &URS )XWXUHV &RQWUDFW ,QIRUPDWLRQ
&2002',7< 6<0%2/ 2/' &523 0217+ 1(: &523 0217+ 3(5,2'
&$12/$ &$ -81( 129(0%(5 0$<�-81(
&251 &1 0$< '(&(0%(5 $35,/�0$<
&27721 &7 0$< 2&72%(5 $35,/�0$<
2$76 2$ 0$< '(&(0%(5 $35,/�0$<
62<%($16 6< 0$< 129(0%(5 $35,/�0$<
+5: :+($7 +5:: 0$5&+ -8/< )(%58$5<�0$5&+
65: :+($7 65:: 0$5&+ -8/< )(%58$5<�0$5&+
+6 :+($7 +6: 0$< '(&(0%(5 $35,/�0$<

7DEOH �
3DQHO �

1HZ &URS�2OG &URS &RUUHODWLRQV
<($5 &$ &1 &7 2$ 6< 65:: +5:: +6:
���� ����� ����� ����� ����� ����� ����� ����� �����
���� ����� ����� ����� ����� ����� ����� ����� �����
���� ����� ����� ����� ����� ����� ����� ����� �����
���� ����� ����� ����� ����� ����� ����� ����� �����
���� ����� ����� ����� ����� ����� ����� ����� �����
���� ����� ����� ����� ����� ����� ����� ����� �����
���� ����� ����� ����� ����� ����� ����� ����� �����
���� ����� ����� ����� ����� ����� ����� ����� �����
���� ����� ����� ����� ����� ����� ����� ����� �����
���� ����� ����� ����� ����� ����� ����� ����� �����
���� ����� ����� ����� ����� ����� ����� ����� �����
���� ����� ����� ����� ����� ����� ����� ����� �����
���� ����� ����� ����� ����� ����� ����� ����� �����
���� ����� ����� ����� ����� ����� ����� ����� �����
���� ����� ����� ����� ����� ����� ����� ����� �����
���� ����� ����� ����� ����� ����� ����� ����� �����
���� ����� ����� ����� ����� ����� ����� ����� �����
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7DEOH �
6ORSH &RHpFLHQWV LQ 5HJUHVVLRQ RI

2OG &URS )XWXUHV 3ULFH &KDQJH RQ 1HZ &URS )XWXUHV 3ULFH &KDQJH
&RPPRGLW\ $QQRXQFHPHQW 'D\ 6ORSH &RHpFLHQW 5�

&RUQ <HV ���� ����
&RUQ 1R ���� ����
6R\EHDQV <HV ���� ����
6R\EHDQV 1R ����� ����
:KHDW <HV ���� ����
:KHDW 1R ���� ����

7DEOH �
2OG &URS DQG 1HZ &URS )XWXUHV 3ULFH &KDQJH 9DULDQFHV

2Q 86'$ $QQRXQFHPHQW 'D\V DQG $OO 2WKHU 'D\V
LQ -XQH�6HSWHPEHU

&RPPRGLW\ $QQRXQFHPHQW 'D\ 2WKHU 'D\ )bVWDWLVWLF
9DULDQFH 9DULDQFH

2OG &URS &1 ����� ���� ����
1HZ &URS &1 ����� ���� ����
2OG &URS 6< ������ ����� ����
1HZ &URS 6< ������ ����� ����
2OG &URS +6: ���� ���� ����
1HZ &URS +6: ����� ���� ����

1RWH� 9DULDQFHV LQ FHQWV VTXDUHG� $OO )bVWDWLVWLFV VLJQLnFDQW DW WKH ���� OHYHO IRU �� DQG
���� GHJUHHV RI IUHHGRP�
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$ 6XSSO\ DQG 'HPDQG 9DULDQFHV LQ WKH 1HW

'HPDQG 6HWXS

'HDWRQ DQG /DURTXH LQYRNH D KLJK QHW GHPDQG DXWRFRUUHODWLRQ WR H[SODLQ
WKH KLJK DXWRFRUUHODWLRQ LQ FRPPRGLW\ SULFHV� 7KLV DSSHQGL[ GHPRQVWUDWHV
WKDW WKLV H[SODQDWLRQ UHTXLUHV GHPDQG VKRFN YDULDQFHV WR EH IDU ODUJHU WKDQ
VXSSO\ VKRFN YDULDQFHV� 7KLV LV QRW SODXVLEOH IRU WKH FRPPRGLWLHV , VWXG\�
9LUWXDOO\ DOO DUWLFOHV LQ WKH VWRUDJH OLWHUDWXUH VSHFLI\ D ?QHW GHPDQG VKRFN�

WKDW LV WKH GLmHUHQFH EHWZHHQ D GHPDQG VKRFN DQG D VXSSO\ VKRFN� &RQVLGHU
WKH QHW GHPDQG ;W  sWb=W ZKHUH sW LV GHPDQG DW W DQG =W LV SURGXFWLRQ DW
W� 6FDOH WKH YDULDEOHV VXFK WKDW (�sW�  � DQG (�=W�  �� )RU QRQ�WUHH FURSV
�H�J�� VR\EHDQV RU FRUQ� LW LV SODXVLEOH WKDW =W H[KLELWV ORZ VHULDO FRUUHODWLRQ�
)RU SXUSRVHV RI H[SRVLWLRQ� DVVXPH WKDW KDUYHVW DXWRFRUUHODWLRQ LV ]HUR� WKDW
LV (�=W=Wb��  �� ,W LV DOVR SODXVLEOH WKDW (�=Wb�sW� { �� 8QGHU WKHVH
DVVXPSWLRQV� WKH DXWRFRUUHODWLRQ RI ;W LV�

|;  
(�sWsWb��

(�s�W � � (�=�W �

,I WKH DXWRFRUUHODWLRQ LQ WKH GHPDQG VKRFN LV |s� WKLV LPSOLHV�

|;  
|s(�s

�
W �

(�s�W � � (�=�W �

(YHQ LI WKH GHPDQG VKRFN IROORZV D UDQGRP ZDON �L�H�� |s  ��� WKLV
LPSOLHV WKDW WKH YDULDQFH RI WKH GHPDQG VKRFN^(�s�W �^PXVW EH � WLPHV DV
ODUJH DV WKH YDULDQFH RI WKH VXSSO\ VKRFN�(�=�W �^WR JHQHUDWH D |;  �� �WKH
PDJQLWXGH UHTXLUHG WR H[SODLQ SULFH DXWRFRUUHODWLRQV LQ WKH 'HDWRQ�/DURTXH
������ ����� IUDPHZRUN�� 7KXV� LI VXSSO\ VKRFNV DUH VHULDOO\ XQFRUUHODWHG
�RU RQO\ ZHDNO\ VHULDOO\ FRUUHODWHG�� WKH 'HDWRQ�/DURTXH H[SODQDWLRQ RI KLJK
SULFH DXWRFRUUHODWLRQV UHTXLUHV VXSSO\ VKRFNV WR EH XQLPSRUWDQW� 7KLV LV
LPSODXVLEOH IRU WKH nHOG FURSV VWXGLHG KHUH� WKH DWWHQWLRQ RI WUDGHUV WR ZHDWKHU
LQIRUPDWLRQ DQG VXSSO\ IRUHFDVWV FOHDUO\ LQGLFDWH WKDW VXSSO\ VKRFNV DUH RI
FUXFLDO LPSRUWDQFH LQ GHWHUPLQLQJ FURS IXWXUHV SULFHV� 7KLV IXUWKHU KLJKOLJKWV
WKH QHFHVVLW\ RI LGHQWLI\LQJ VRPH RWKHU VRXUFH RI LQWHUWHPSRUDO OLQNDJH�
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5HIHUHQFHV

>�@ &KDPEHUV� 0DUFXV� DQG 5R\ %DLOH\� ����� ?$ 7KHRU\ RI &RPPRGLW\
3ULFH )OXFWXDWLRQV�� ��� -RXUQDO RI 3ROLWLFDO (FRQRP\� ��������
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