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7KLV SDSHU LQYHVWLJDWHV WKH WUDQVPLVVLRQ RI LQFRPH VKRFNV WR KRXVLQJ SULFHV LQ D

ZRUOG ZKHUH KHWHURJHQHRXV KRXVHKROGV IDFH FUHGLW FRQVWUDLQWV LQ WKHLU DWWHPSW WR FOLPE

WKH SURSHUW\ ODGGHU� 7KH nUVW FRQWULEXWLRQ RI WKH SDSHU LV WR SRLQW RXW WKH GHWHUPLQDQW

UROH RI WKH LQFRPH RI \RXQJ KRXVHKROGV LQ VKRUW UXQ KRXVLQJ SULFH oXFWXDWLRQV� 7KH

VHFRQG FRQWULEXWLRQ LV D FKDUDFWHUL]DWLRQ RI KRZ WKH FUHGLW PDUNHW DPSOLnHV LQFRPH

VKRFNV LQ D VWRFKDVWLF G\QDPLF IUDPHZRUN�

*LYHQ WKDW DOO KRXVHKROGV KDYH D VWURQJ SUHIHUHQFH IRU OLYLQJ LQ D GZHOOLQJ RI WKHLU

RZQ� WKH SRRUHVW KRXVHKROGV KDYH D VWURQJ GHPDQG IRU WKH FKHDSHVW W\SH RI GZHOOLQJV�

VWDUWHU KRPHV� 7KURXJK WKH GRZQ�SD\PHQW FRQVWUDLQW� WKLV FRQVXPSWLRQ GHPDQG \LHOGV

D GLUHFW UHODWLRQVKLS EHWZHHQ WKH LQFRPH RI SRRU KRXVHKROGV DQG WKH SULFH RI VWDUWHU

KRPHV� :HDOWKLHU KRXVHKROGV� RQ WKH RWKHU KDQG� RSWLPL]H RYHU W\SHV RI GZHOOLQJV RQ

WKH EDVLV RI XWLOLW\ DQG XVHU FRVW FRPSDULVRQV� 7KH UHVXOWLQJ DUELWUDJH LPSOLHV WKDW WKH

SULFH RI HYHU\ GZHOOLQJ FDQ EH GHFRPSRVHG LQWR WZR FRPSRQHQWV� WKH SULFH RI VWDUWHU

KRPHV SOXV WKH PDUNHW YDOXH RI WKH XWLOLW\ SUHPLXP WKH GZHOOLQJ SURYLGHV UHODWLYH WR

VWDUWHU KRPHV� $V D FRQVHTXHQFH� oXFWXDWLRQV LQ WKH SULFH RI VWDUWHU KRPHV DmHFW WKH

SULFH RI DOO GZHOOLQJV� 6LQFH WKH SULFH RI VWDUWHU KRPHV GHSHQGV RQ WKH LQFRPH RI SRRU

FUHGLW FRQVWUDLQHG KRXVHKROGV� ZKLFK DUH SULPDULO\ WKH \RXQJHU RQHV LQ RXU OLIH�F\FOH

HFRQRP\� WKH KRXVLQJ SULFH LQGH[ oXFWXDWHV ZLWK WKH LQFRPH RI \RXQJ KRXVHKROGV�

7KH GRZQ�SD\PHQW UHTXLUHPHQW� FRPELQHG ZLWK WKH KHWHURJHQHLW\ RI GZHOOLQJV�

LPSOLHV WKDW SDVW KRXVLQJ SULFHV DQG KRXVHKROG HDUQLQJV DmHFW FXUUHQW SULFHV� )RU

KRXVHKROGV FOLPELQJ WKH SURSHUW\ ODGGHU� FDSLWDO JDLQV RQ WKHLU FXUUHQW GZHOOLQJ VSHHG

XS WKH DFFXPXODWLRQ RI QHW ZRUWK WRZDUG WKH GRZQ�SD\PHQW RQ D PRUH H[SHQVLYH

GZHOOLQJ� :H KLJKOLJKW WKH VWUHQJWK RI WKH FDSLWDO JDLQV HmHFW ZLWK D WZR�VWDWH 0DUNRY

SURFHVV IRU KRXVHKROGV
 HDUQLQJV� $V WKH SULFHV DQG HDUQLQJV RI WKH SDVW SHULRG DmHFW

WKH FXUUHQW PDUNHW� WKLV WZR�VWDWH LQFRPH SURFHVV LPSOLHV D IRXU�VWDWH 0DUNRY FKDLQ IRU

SULFHV� $OWKRXJK KRXVHKROGV
 DFFXPXODWHG HDUQLQJV DUH KLJKHU DIWHU VXFFHVVLYH SHULRGV

RI KLJK HDUQLQJV� WKH FDSLWDO JDLQV UHDOL]HG ZKHQ WKH HFRQRP\ PRYHV IURP WKH ORZ WR

WKH KLJK HDUQLQJV VWDWH PRUH WKDQ FRPSHQVDWH IRU WKH ORZHU DFFXPXODWHG HDUQLQJV� $V

D UHVXOW� GHPDQG DQG SULFHV DUH KLJKHU IROORZLQJ D VKLIW IURP ORZ WR KLJK HDUQLQJV WKDQ

DIWHU VXFFHVVLYH SHULRGV RI KLJK HDUQLQJV� ,Q WKH VDPH ZD\� ZKHQ LQFRPH VKLIWV IURP

KLJK WR ORZ� SULFHV IDOO WR D ORZHU OHYHO WKDQ LI LQFRPH KDG EHHQ ORZ IRU WZR VXFFHV�

VLYH SHULRGV� 7KXV� HQGRJHQRXV FDSLWDO JDLQ oXFWXDWLRQV DPSOLI\ HDUQLQJV VKRFNV WR

JHQHUDWH SULFH RYHUVKRRWLQJ�

7R DQDO\]H WKH KRXVLQJ SULFH EHKDYLRU LQ D JURZLQJ HQYLURQPHQW� ZH FRQVLGHU DQ

HDUQLQJV SURFHVV WKDW LQFUHDVHV IRU D UDQGRP QXPEHU RI SHULRGV� L�H�� D ERRP RI XQFHU�

WDLQ OHQJWK� ,QFUHDVLQJ HDUQLQJV� FRPELQHG ZLWK WKH H[SHFWDWLRQ RI IXUWKHU LQFUHDVHV�
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LPSO\ D FRQWLQXLQJ ULVH LQ KRXVLQJ SULFHV� 7KH KRXVLQJ ERRP LV DPSOLnHG E\ WKH FRQ�

WLQXLQJ FDSLWDO JDLQV� VR PXFK VR WKDW KRXVLQJ SULFHV GURS ZKHQ HDUQLQJV VWRS JURZLQJ�

7KH GURS LV ODUJHU WKDQ WKH RQH GXH WR WKH RYHUVKRRWLQJ XQGHU WKH 0DUNRY SURFHVV� WKH

UHDOL]DWLRQ WKDW WKH HFRQRP\ KDV VWRSSHG JURZLQJ DGGV WR WKH LPSDFW RI FDSLWDO JDLQV

GU\LQJ XS��

7KH WUDGLWLRQDO DSSURDFK WR KRXVLQJ SULFHV YLHZV GZHOOLQJV DV D VXP RI XQLWV RI

KRXVLQJ VHUYLFHV� 7KH RSWLPL]LQJ EHKDYLRXU RI D UHSUHVHQWDWLYH LQYHVWRU HQVXUHV WKDW

WKH HTXLOLEULXP SULFH RI D XQLW RI KRXVLQJ VHUYLFHV LV IRUZDUG ORRNLQJ DQG GHSHQGV VROHO\

RQ WKH XVHU FRVW RI FDSLWDO� UHQW� DQG VRPH IRUP RI VXSSO\ FRVW� DV IRU DQ\ RWKHU DVVHW�

7KH IDLOLQJV RI WKLV DSSURDFK WR DFFRXQW IRU REVHUYHG YRODWLOLW\ ZLWKRXW VRPH GHSDUWXUH

IURP UDWLRQDO H[SHFWDWLRQV KDV VSXUUHG WKH VHDUFK IRU DOWHUQDWLYH WKHRUHWLFDO DSSURDFKHV�

)RFXVLQJ RQ WKH VHDUFK DQG PDWFKLQJ IHDWXUH RI WKH KRXVLQJ PDUNHW� :KHDWRQ ������

SUHVHQWV D PRGHO ZKHUH KRXVLQJ SULFHV DUH GHWHUPLQHG E\ WKH H[SHFWHG WLPH LW WDNHV

D GLVVDWLVnHG RZQHU WR nQG D VXLWDEOH SURSHUW\ WR PRYH LQWR� ,Q VXFK D ZRUOG� VPDOO

oXFWXDWLRQV LQ GHPDQG RU VXSSO\ JHQHUDWH ODUJH oXFWXDWLRQV LQ SULFH WKURXJK WKHLU

LPSDFW RQ WKH HTXLOLEULXP YDFDQF\ UDWH� &ORVHU WR WKLV SDSHU� 6WHLQ ������ GHYHORSV

D PRGHO RI UHSHDW EX\HUV ZKHUH D GRZQ�SD\PHQW UHTXLUHPHQW DPSOLnHV WKH HmHFW RI D

VKLIW LQ GHPDQG RQ SULFH� 7KH SRVVLELOLW\ RI PXOWLSOH HTXLOLEULD LV NH\ WR WKH YRODWLOLW\ RI

SULFHV LQ WKLV PRGHO� 7KH PDLQ GLmHUHQFH ZLWK WKH SUHVHQW SDSHU LV WKDW 6WHLQ
V PRGHO

LV VWDWLF� 7KH RYHUVKRRWLQJ UHVXOW ZH REWDLQ FRPHV IURP WKH DQDO\VLV RI WKH G\QDPLFV

RI RXU PRGHO LQ D VWRFKDVWLF HQYLURQPHQW�

$V SRLQWHG RXW LQ WKLV ODVW SDSHU� WKHUH LV DPSOH HYLGHQFH WKDW GRZQ�SD\PHQW

FRQVWUDLQWV DmHFW KRXVHKROG SXUFKDVLQJ GHFLVLRQV�� 6XUYH\ HYLGHQFH DOVR LQGLFDWHV WKDW

KRXVLQJ HTXLW\ LV RQH RI WKH WZR PDMRU VRXUFHV RI IXQGV IRU UHSHDW EX\HUV� WKH RWKHU

EHLQJ RZQ VDYLQJV� ,Q WKH \HDUV �������� SURFHHGV IURP WKH VDOH RI WKH SUHYLRXV SURSHUW\

UHSUHVHQWHG EHWZHHQ ���� DQG ���� SHUFHQW RI UHSHDW EX\HUV
 GRZQ�SD\PHQWV LQ PDMRU

86 PHWURSROLWDQ DUHDV� WKH ODUJHU IUDFWLRQ ZDV REVHUYHG GXULQJ PDUNHW ERRPV��

*UDSKLQJ ERWK KRXVLQJ SULFHV DQG DJJUHJDWH LQFRPH VKRZV WKDW KRXVLQJ SULFHV DUH

PXFK PRUH YRODWLOH �)LJXUH ���� )XUWKHUPRUH� WKH WZR VHULHV GLVSOD\ GLmHUHQW WUHQGV�

�,Q WKH FRQWH[W RI WKH VWRFN PDUNHW� =HLUD ������ REWDLQV ERRP�EXVW G\QDPLFV VLPLODU WR RXUV ZKHQ
PDUNHW IXQGDPHQWDOV FKDQJH IDYRUDEO\ IRU DQ XQNQRZQ SHULRG RI WLPH� 7KH PHFKDQLVP DW SOD\ LQ KLV
PRGHO UHOLHV RQ DJHQW
V OHDUQLQJ DERXW WKH XQGHUO\LQJ FKDQJHV DV WKH ERRP JRHV RQ�

�6HH IRU H[DPSOH /LQQHPDQ DQG :DFKWHU ������� (QJHOKDUGW ������ ������ +DXULQ� +HQGHUVKRWW
DQG :DFKWHU ������� (QJHOKDUGW DQG 0D\HU ������ DQG WKH UHIHUHQFHV LQ 2UWDOR�0DJQuH DQG 5DG\
������ �

�6RXUFH� $QQXDO 1DWLRQDO 6XUYH\ RI 5HFHQW +RPH %X\HUV LQ 0DMRU 0HWURSROLWDQ $UHDV� 7KH
*XDUDQWRU� &KLFDJR 7LWOH DQG 7UXVW &RPSDQ\� ��������

�7KH DJJUHJDWH LQFRPH YDULDEOH KHUH LV SHU FDSLWD LQFRPH� DV LV FRPPRQ LQ WKH OLWHUDWXUH� H�J�
0XHOOEDXHU DQG 0XUSK\ ������� 3RWHUED ������� /DPRQW DQG 6WHLQ �������
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2XU PRGHO VKRZV� KRZHYHU� WKDW DJJUHJDWH LQFRPH LV QRW WKH RQO\ UHOHYDQW LQFRPH VHULHV�

,W VXJJHVWV WKDW WKH LQFRPH RI \RXQJ KRXVHKROGV� ZKR DUH SRWHQWLDO nUVW�WLPH EX\HUV�

SOD\V D FULWLFDO UROH LQ KRXVLQJ SULFH oXFWXDWLRQV� WKURXJK D FKDQQHO GLmHUHQW IURP

WKH W\SLFDO LQFRPH HODVWLFLW\ RI KRXVLQJ GHPDQG� :H ZLOO SUHVHQW HPSLULFDO HYLGHQFH

LQ VXSSRUW RI WKLV SUHGLFWLRQ LQ 6HFWLRQ � EHORZ� :H ZLOO VHH WKHUH WKDW WKH LQFRPH

RI \RXQJ KRXVHKROGV GLVSOD\V JUHDWHU YRODWLOLW\ WKDQ DJJUHJDWH LQFRPH� 0RUHRYHU� LWV

WUHQG KHOSV UHFRQFLOH WKH GLmHUHQFH LQ WUHQGV EHWZHHQ KRXVLQJ SULFHV DQG DJJUHJDWH

LQFRPH�

7KH RYHUVKRRWLQJ SUHGLFWLRQ RI RXU PRGHO LV LQ DJUHHPHQW ZLWK WKH HPSLULFDO nQGLQJV

RI /DPRQW DQG 6WHLQ ������� 7KH\ UHSRUW D VLPLODU RYHUVKRRWLQJ SDWWHUQ RI KRXVLQJ

SULFHV LQ UHVSRQVH WR D SHUPDQHQW LQFRPH VKRFN IRU FLWLHV ZKHUH D VLJQLnFDQW IUDFWLRQ

RI KRPHRZQHUV KDYH KLJK ORDQ�WR�YDOXH UDWLRV�

7KH SDSHU LV RUJDQL]HG DV IROORZV� 6HFWLRQ � LQWURGXFHV WKH PRGHO� 6HFWLRQ � VROYHV

IRU HTXLOLEULXP� SURYLGLQJ DQDO\WLFDO H[SUHVVLRQV WKDW FKDUDFWHUL]H WKH UROH RI WKH LQFRPH

RI \RXQJ KRXVHKROGV LQ WKH IRUPDWLRQ RI KRXVLQJ SULFHV� 6HFWLRQ � VWXGLHV D WZR�VWDWH

0DUNRY PRGHO IRU KRXVHKROG LQFRPHV� 6HFWLRQ � DQDO\VHV LQFRPH ERRPV RI XQFHUWDLQ

OHQJWK� 6HFWLRQ � SUHVHQWV VRPH HPSLULFDO HYLGHQFH LQ LQ VXSSRUW RI RXU nQGLQJV DQG

RmHUV VRPH FRQFOXGLQJ UHPDUNV� $Q DSSHQGL[ FRQWDLQV DOO SURRIV�

� 7KH 0RGHO

7KH PRGHO PXVW FDSWXUH WKH LQWHUDFWLRQ RQ WKH KRXVLQJ PDUNHW RI \RXQJ KRXVHKROGV

HDJHU WR FOLPE WKH SURSHUW\ ODGGHU DQG ZHDOWKLHU RQHV ZKR WUDGH SURSHUWLHV DFFRUGLQJ

WR SUHIHUHQFHV DQG FRPSDULVRQV RI XVHU FRVWV� )RU SHRSOH WR FOLPE WKH SURSHUW\ ODGGHU�

WKH\ PXVW OLYH DW OHDVW WKUHH SHULRGV DQG EH DEOH WR FKRRVH DPRQJ DW OHDVW WZR W\SHV

RI GZHOOLQJV� 0DQ\ RSWLRQV DUH DYDLODEOH IRU WKH PDWKHPDWLFDO UHSUHVHQWDWLRQ RI DJHQWV

WUDGLQJ ZLWKRXW UHVWULFWLRQV LPSRVHG E\ WKHLU ZHDOWK� +HUH� ZH DGG D IRXUWK SHULRG WR

WKH OLIH RI DOO KRXVHKROGV� D SHULRG ZKHUH WKHLU ZHDOWK LV VXpFLHQW WR DmRUG ZKDW WKH\

SUHIHU� JLYHQ PDUNHW SULFHV� )RU LQFRPH VKRFNV WR DmHFW WKH SDFH DW ZKLFK VRPH DJHQWV

FOLPE WKH SURSHUW\ ODGGHU� DJHQWV PXVW GLmHU LQ WHUPV RI ZHDOWK� 6LPLODUO\� LI QRW DOO ULFK

DJHQWV DUH WR KROG WKH VDPH GZHOOLQJ� WKH\ PXVW KDYH KHWHURJHQHRXV SUHIHUHQFHV� 7KH

FKDOOHQJH LV WR GHVLJQ D VWRFKDVWLF PRGHO WKDW LQFRUSRUDWHV WKLV GRXEOH KHWHURJHQHLW\ RI

ZHDOWK DQG SUHIHUHQFHV DQG VWLOO DOORZV D WUDFWDEOH GHWHUPLQDWLRQ RI HTXLOLEULXP SULFHV

IURP WKH GLVWULEXWLRQ RI GZHOOLQJV DQG GHEW�

:H FRQVLGHU D OLIH�F\FOH HFRQRP\ ZLWK D QXPHUDLUH FRQVXPSWLRQ JRRG DQG WZR W\SHV

�



Figure 1: US income and housing prices
(scale adjusted and log transformed)
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RI GZHOOLQJV� VWDUWHU KRPHV �?oDWV� KHUHDIWHU� DQG ODUJHU GZHOOLQJV �?KRXVHV� KHUHDIWHU��

%RWK W\SHV RI GZHOOLQJ DUH DYDLODEOH LQ n[HG TXDQWLWLHV� 6) DQG 6+ � UHVSHFWLYHO\�� ,Q

DGGLWLRQ WR OLYLQJ LQ D oDW RU KRXVH� DJHQWV PD\ UHPDLQ ZLWK D SDUHQW DW QR FRVW

WR WKH SDUHQW� 7KLV LV ZKHUH DOO DJHQWV DUH ERUQ DQG VSHQG WKH nUVW SHULRG RI WKHLU

OLIH� 7UDQVDFWLRQV WDNH SODFH DW WKH HQG RI HDFK SHULRG EXW EHIRUH FRQVXPSWLRQ RI WKH

QXPHUDLUH JRRG� +RXVLQJ LV FRQVXPHG DW WKH EHJLQQLQJ RI WKH SHULRG�

/HQGHUV GR QRW DOORZ DJHQWV WR KROG D GHEW KLJKHU WKDQ D n[HG SURSRUWLRQ� o� RI

WKH YDOXH RI WKH GZHOOLQJ SXUFKDVHG� WKH RQO\ FROODWHUDOL]DEOH DVVHW� 6R DQ DJHQW
V QHW

VDYLQJV VW DUH UHTXLUHG WR VDWLVI\ VW w boTKW � ZKHUH TKW GHQRWHV WKH WLPH W SULFH RI D

GZHOOLQJ RI W\SH K � I)�+J� 7KXV� WKH PLQLPDO UHTXLUHG GRZQ�SD\PHQW DW WKH WLPH

RI WKH SXUFKDVH LV ��b o� TKW �

$JHQWV OLYH IRU IRXU SHULRGV� ,Q HDFK SHULRG� D FRQWLQXXP RI PHDVXUH RQH LV ERUQ ZLWK

QR DVVHWV� (DFK DJHQW LV LGHQWLnHG E\ DQ LQGH[ L � >�� �@ GHWHUPLQLQJ KHU HQGRZPHQW

VWUHDP RI WKH QXPHUDLUH JRRG DW DJHV � WR �� 7KH HQGRZPHQW DW GDWH W IRU FRQVWUDLQHG

DJHQW L RI DJH M  �� �� � LV RI WKH IRUP �� � mM L�ZW�M� ! � ZLWK D UDQGRP YDULDEOH

ZW�M� DQG D FRQVWDQW mM ! � WKDW SURYLGHV D PHDVXUH RI LQFRPH GLVSHUVLRQ� WKH ULFKHVW

DJHQW RI DJH M KDV � � mM WLPHV WKH LQFRPH RI WKH SRRUHVW DJHQW LQ WKLV FRKRUW� $W DJH

� DQG DJH �� LQGLYLGXDO ZHDOWK ZLOO DmHFW LQYHVWPHQW� $W DJH �� ZH ZDQW SUHIHUHQFHV

DQG XVHU FRVWV WR GHWHUPLQH WKH FKRLFH RI GZHOOLQJ� 7KLV LV DFKLHYHG E\ SURYLGLQJ HYHU\

DJH � DJHQW ZLWK D ODUJH HQGRZPHQW� L�H�� E\ VSHFLI\LQJ D VXpFLHQWO\ ODUJH ZW���� 7KH

ZHDOWK ZLWK ZKLFK DJH � DJHQWV FRPH LQWR WKH SHULRG LV WKHQ LUUHOHYDQW IRU WKHLU KRXVLQJ

PDUNHW EHKDYLRXU� 'LmHUHQFHV LQ KRXVLQJ SXUFKDVHV DW DJH � ZLOO LQVWHDG DULVH IURP WKH

KHWHURJHQHLW\ RI SUHIHUHQFHV�

7KHVH SUHIHUHQFHV DUH GHVFULEHG E\ D WLPH�VHSDUDEOH XWLOLW\ IXQFWLRQ RYHU EXQGOHV

RI WKH QXPHUDLUH JRRG DQG WKH W\SH RI KRXVLQJ� K � I3� )�+J� ZKHUH 3 � ) � DQG +

VWDQG IRU SDUHQWV� oDW DQG KRXVH� UHVSHFWLYHO\� 7KH LQVWDQWDQHRXV XWLOLW\ LV DVVXPHG

DGGLWLYHO\ VHSDUDEOH LQ WKH QXPHUDLUH DQG KRXVLQJ� DQG OLQHDU LQ WKH QXPHUDLUH� $OO

DJHQWV VWULFWO\ SUHIHU D KRXVH WR D oDW WR OLYLQJ ZLWK D SDUHQW� :H DVVXPH WKDW DQ

DJHQW
V XWLOLW\ SUHPLD IRU D KRXVH RYHU D oDW� DQG IRU D oDW RYHU VWD\LQJ ZLWK D SDUHQW�

LQFUHDVH LQ L��

�7KLV DVVXPSWLRQ ZLOO QRW EH FULWLFDO WR RXU UHVXOW� 2I FRXUVH� WKH PRUH UHVSRQVLYH WKH VXSSO\ WR
SULFH FKDQJHV� WKH VPDOOHU WKH UHVSRQVH RI SULFHV� +RZHYHU� WKH HmHFW ZH DUH DQDO\]LQJ ZLOO ZRUN DV
ORQJ DV VXSSO\ LV QRW SHUIHFWO\ HODVWLF� ZKLFK ZLOO KROG JLYHQ DQ XSZDUG VORSLQJ VXSSO\ FXUYH IRU ODQG�

�7KLV DVVXPSWLRQ ZLOO HQDEOH XV ODWHU WR GLVFXVV KRZ WKH SUHGLFWLRQV RI RXU PRGHO ZRXOG GLmHU LI
WKHUH ZHUH QR FUHGLW FRQVWUDLQW� ,W LV QRW UHTXLUHG IRU RXU DQDO\VLV RI WKH PRGHO ZLWK FUHGLW FRQVWUDLQW�
:KDW ZH QHHG WKHUH LV WKDW DJHQWV
 SXUFKDVHV DW DJH � DQG � DUH UHVWULFWHG E\ WKHLU ZHDOWK� VR WKDW
QR DJHQW FRQVXPHV OHVV KRXVLQJ WKDQ VKH FDQ DmRUG� :H REWDLQ WKLV E\ PDNLQJ KRXVHV VXpFLHQWO\

�



7KH KHWHURJHQHLW\ RI SUHIHUHQFHV DFURVV DJHQWV LV PRVW UHOHYDQW IRU WKH DJH � SXU�

FKDVH� ZKLFK LV HQMR\HG DW DJH �� :H DVVXPH WKDW DW DJH �� DJHQWV GUDZ D QHZ QDPH�

P � >�� �@� ZKLFK GHWHUPLQHV KRZ VWURQJO\ WKH\ SUHIHU D KRXVH WR D oDW RQH SHULRG

ODWHU� �$ oDW LV VWLOO VWURQJO\ SUHIHUUHG WR WKH RSWLRQ RI QRW RFFXS\LQJ D GZHOOLQJ RI

RQH
V RZQ�� :H PRGHO WKH KHWHURJHQHLW\ RI SUHIHUHQFHV E\ VSHFLI\LQJ DJHQW P
V XWLOLW\

SUHPLXP IRU D KRXVH RYHU D oDW LQ WKH VLPSOH IRUP X+�s P ZLWK s ! �� 7KH SDUDPHWHU

s WKXV PHDVXUHV WKH GLVSHUVLRQ RI DJHQWV
 KRXVLQJ SUHIHUHQFHV� *LYHQ WKDW DOO DJHQWV

KDYH VXpFLHQW ZHDOWK WR DmRUG WKH GZHOOLQJ RI WKHLU FKRLFH DW DJH �� WKH\ DOO LQYHVW LQ

HLWKHU D oDW RU D KRXVH�

7KLV FRQVWUXFWLRQ PHDQV WKDW DQ DJHQW HQGV XS ZLWK WZR QDPHV� L DQG P� RQH

GHVFULELQJ WKH LQFRPH VWUHDP VKH ZLOO UHFHLYH� WKH RWKHU KHU WDVWHV DW DJH �� :H ZLOO

QRW QHHG WR NQRZ SUHFLVHO\ KRZ WKHVH WZR GLPHQVLRQV RI KHWHURJHQHLW\ DUH UHODWHG

EHFDXVH RQO\ RQH GLPHQVLRQ ZLOO PDWWHU DW DQ\ JLYHQ WLPH LQ WKH OLIH RI WKH LQGLYLGXDO�

,QGLYLGXDOV GLVFRXQW XWLOLW\ IURP IXWXUH FRQVXPSWLRQ E\ D IDFWRU n H[FHHGLQJ � ���

U� ZKHUH U LV WKH H[RJHQRXVO\ JLYHQ LQWHUHVW UDWH� 7KLV DVVXPSWLRQ� FRPELQHG ZLWK

OLQHDU XWLOLW\ DQG D QRQ�QHJDWLYLW\ FRQVWUDLQW� \LHOGV D FRQYHQLHQW RSWLPDO SODQ IRU

FRQVXPSWLRQ RI WKH QXPHUDLUH JRRG� DJHQWV SRVWSRQH DOO VXFK FRQVXPSWLRQ XQWLO WKH

HQG RI WKHLU OLYHV�

*LYHQ DQ LQLWLDO GLVWULEXWLRQ RI GZHOOLQJV DQG QHW VDYLQJV DFURVV DJHQWV� DQ HTXLOLE�

ULXP LQ WKLV HFRQRP\ LV IXOO\ GHWHUPLQHG E\ VWRFKDVWLF SURFHVVHV RI oDW SULFHV T)W � KRXVH

SULFHV T+W � DQG SURFHVVHV RI GZHOOLQJV KW�c� M� �M  �� �� �� IRU DOO DJHQWV
� VXFK WKDW DW DOO

W� WKHVH DOORFDWLRQV VROYH HDFK DJHQW
V FRQVWUDLQHG XWLOLW\ PD[LPL]DWLRQ SUREOHP� DQG

WKH oDW DQG KRXVH PDUNHWV FOHDU�

)RU WUDFWDELOLW\� ZH DVVXPH SUHIHUHQFH SDUDPHWHUV DQG LQFRPH SURnOHV VXFK WKDW� LQ

HTXLOLEULXP� DOO DJHQWV PRYH RXW RI WKHLU SDUHQWV
 KRPH DV VRRQ DV WKH\ FDQ DmRUG WR

GR VR� 0RUHRYHU� WKH \RXQJ DJHQWV
 XWLOLW\ SUHPLXP IRU D KRXVH LV VXFK WKDW WKH\ EX\

D KRXVH DV VRRQ DV WKH\ FDQ DmRUG WKH UHTXLUHG GRZQ�SD\PHQW� :LWK VXFK SDUDPHWHUV�

WKH UHODWLRQVKLS EHWZHHQ DQ DJHQW
V QDPH L DQG WKH W\SH RI GZHOOLQJ SXUFKDVHG LV

PRQRWRQLF ZLWKLQ HDFK FRKRUW� $V WR SXUFKDVHV DW DJH �� WKH KLJK LQFRPHV UHFHLYHG LQ

WKLV SHULRG DQG RXU VSHFLnFDWLRQ RI SUHIHUHQFHV \LHOG D PRQRWRQLF UHODWLRQVKLS EHWZHHQ

DQ DJHQW
V QDPH P DQG WKH W\SH SI GZHOOLQJ�

DWWUDFWLYH UHODWLYH WR oDWV� DQG oDWV VXpFLHQWO\ DWWUDFWLYH UHODWLYH WR WKH RSWLRQ RI QRW RZQLQJ RQH
V
DFFRPPRGDWLRQ�

�7KH GRW LQ KW�c� M� VWDQGV IRU WKH LQGLYLGXDO
V FKDUDFWHULVWLFV� :H ZLOO XVH HLWKHU L RU P� ZKLFKHYHU
LV UHOHYDQW�
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)LJXUH �� (QG RI SHULRG KRXVLQJ FKRLFHV E\ DJHQW DJH DQG QDPH

1RWH WKDW RXU DVVXPSWLRQV HOLPLQDWH DQ\ WUDGH�Rm EHWZHHQ WKH QXPHUDLUH DQG KRXV�

LQJ FRQVXPSWLRQ IRU \RXQJ DJHQWV� :KLOH WKLV IHDWXUH RI RXU PRGHO LV QRW DWWUDFWLYH

LQ LWVHOI� ZH DFFHSW LW DV D QHFHVVDU\ HYLO WR NHHS WKH PRGHO DQDO\WLFDOO\ WUDFWDEOH� LQ

SDUWLFXODU ZLWK UHVSHFW WR WKH HTXLOLEULXP ODZ RI PRWLRQ RI WKH GLVWULEXWLRQ RI GZHOOLQJV

DQG VDYLQJV� ,Q IDFW� RXU DVVXPSWLRQV LPSO\ WKDW WKH UHOHYDQW VWDWLVWLFV RI WKLV GLVWUL�

EXWLRQ RI DJHQWV DUH IHZ DQG VLPSOH WR FKDUDFWHUL]H� RQO\ WKH QDPHV RI WKH DJHQWV DW

WKH PDUJLQV EHWZHHQ WKH GLmHUHQW KRXVLQJ RSWLRQ DUH UHOHYDQW� 7KLV RYHUFRPHV RQH RI

WKH PDLQ GLpFXOWLHV LQ PRGHOLQJ G\QDPLF HFRQRPLHV ZLWK KHWHUHRJHQHRXV DJHQWV�

0RUH VSHFLnFDOO\� WKH UHPDLQGHU RI WKH SDSHU IRFXVHV RQ D FRQnJXUDWLRQ RI RXU PRGHO

VXFK WKDW WKH SDWWHUQ RI KRXVLQJ FKRLFHV LQ HTXLOLEULXP LV DV LQ )LJXUH �� 2XU UHVXOWV DUH

UREXVW WR D ZLGHU FODVV RI FRQnJXUDWLRQV DV ORQJ DV WKH PDUJLQDO \RXQJ KRXVH EX\HU�

LW���� LV D oDW RZQHU� 7KLV LV QHFHVVDU\ LI FDSLWDO JDLQV RQ oDWV DUH WR LQoXHQFH WKH

GHPDQG IRU KRXVHV��

)LJXUH � VKRZV WKH UHVXOWV RI WKH HQG�RI�SHULRG WUDGH LQ GZHOOLQJV IRU HDFK JURXS RI

DJHQWV� RUGHUHG E\ DJH� L�H�� WKH GLVWULEXWLRQ RI DJHQWV DFURVV GZHOOLQJV DW WKH HQG RI

WKH SHULRG� (DFK YHUWLFDO OLQH UHSUHVHQWV D FRKRUW ZLWK WKH DJHQWV RUGHUHG E\ QDPH�

,Q VWHDG\ VWDWH� WKH VDPH nJXUH GHSLFWV WKH VHTXHQFH RI LQYHVWPHQWV HDFK DJHQW PDNHV

RYHU KHU OLIHWLPH� )RU H[DPSOH� )LJXUH � VKRZV WKDW DJHQW L  � FDQQRW DmRUG D oDW

DIWHU RQH SHULRG RI OLIH� EXW PRYHV LQWR RQH DIWHU WZR SHULRGV� $JHQW L  � FDQ DmRUG D

oDW DIWHU RQH SHULRG DQG D KRXVH DIWHU WZR SHULRGV� )RU ROG DJHQWV� WKH GHFLGLQJ IDFWRU

LV WKH FRPSDULVRQ EHWZHHQ WKH XWLOLW\ SUHPLXP DQG WKH XVHU FRVW SUHPLXP RI D KRXVH

�2QFH WKH HTXLOLEULXP SULFHV IRU WKLV FRQnJXUDWLRQ DUH GHULYHG� LW LV VWUDLJKWIRUZDUG WR VWDWH H[SOLF�
LWO\ ZKDW FRQGLWLRQV WKH SULPLWLYHV RI WKH PRGHO PXVW VDWLVI\ LQ RUGHU WR SURGXFH WKLV FRQnJXUDWLRQ�

�



UHODWLYH WR D oDW� ,Q )LJXUH �� DJHQW P  � SUHIHUV D oDW DW WKH HTXLOLEULXP SULFHV�

ZKHUHDV DJHQW P  � SUHIHUV D KRXVH� $W WKH HQG RI WKHLU OLYHV �DJH ��� DOO DJHQWV VHOO

WKHLU GZHOOLQJV DQG FRQVXPH WKHLU ZHDOWK�

)RU RXU DQDO\VLV� ZH DUH LQWHUHVWHG LQ FKDUDFWHUL]LQJ WKH G\QDPLF SURFHVV WKDW GH�

WHUPLQHV KRZ PDQ\ DJHQWV DUH LQ KRXVHV DQG KRZ PDQ\ DUH LQ oDWV� 7R WKLV HQG� ZH

PXVW LGHQWLI\ WKH DJHQWV DW WKH PDUJLQ EHWZHHQ SDUHQWV DQG oDWV� DQG EHWZHHQ oDWV

DQG KRXVHV� 7KH QDPH RI WKH SRRUHVW DJH � DJHQW ZKR EX\V D oDW DW WKH HQG RI WKH

FXUUHQW SHULRG DQG PRYHV LQWR LW DW WKH EHJLQQLQJ RI WKH QH[W� LV LW���� 6LPLODUO\� LW��� LV

WKH QDPH RI WKH SRRUHVW DJH � DJHQW ZKR EX\V D KRXVH DW WKH HQG RI WKH FXUUHQW SHULRG�

)LQDOO\� PW LV WKH QDPH RI WKH DJH � DJHQW ZKR LV MXVW LQGLmHUHQW EHWZHHQ DFTXLULQJ D

oDW DQG DFTXLULQJ D KRXVH� JLYHQ WKH FXUUHQW SULFHV RI GZHOOLQJV� WKH H[SHFWHG SULFHV

QH[W SHULRG DQG KHU XWLOLW\ SUHPLXP IRU KRXVHV QH[W SHULRG�

� 3ULFH )XQGDPHQWDOV

6ROYLQJ IRU HTXLOLEULXP SULFHV nUVW UHTXLUHV FKDUDFWHULVLQJ WKH UHOHYDQW FXWRm LQGLFHV� %\

GHnQLWLRQ� DJHQW LW��� KDV DQ HQGRZPHQW DW DJH � MXVW VXpFLHQW WR SD\ WKH GRZQSD\PHQW

RQ D oDW� L�H��

�� � m� LW����ZW���  ��b o�T)W � ���

,Q RWKHU ZRUGV� WKH HTXLOLEULXP SULFH RI oDWV LV D PXOWLSOH RI WKH FXUUHQW LQFRPH HDUQHG

E\ WKH PDUJLQDO FRQVWUDLQHG DJHQW RI DJH ��

+DYLQJ ERXJKW D oDW DW W b � DQG HDUQHG LQFRPH IRU WZR SHULRGV� DJHQW LW��� KDV

MXVW HQRXJK QHW ZRUWK DW WLPH W WR DmRUG WKH GRZQSD\PHQW RQ D KRXVH DIWHU VHOOLQJ KHU

oDW�

�� � U�
K
�� � m� LW����ZWb����b T)Wb�

L
� �� � m� LW����ZW��� � T)W  ��b o�T+W � ���

:ULWLQJ :W���  ��� U�ZWb���� �ZW��� IRU WKH ZHDOWK �JURVV RI DQ\ SURSHUW\ WUDQVDF�

WLRQV� RI DJHQW L  �� LQ WKH DJH � FRKRUW� DQG *W���  �� � U�m�ZWb���� � m�ZW��� IRU

WKH FRUUHVSRQGLQJ ZHDOWK JUDGLHQW� ZH REWDLQ D PRUH FRQYHQLHQW HTXDWLRQ IRU LW����

:W��� � LW���*W���b �� � U� T)Wb� � T)W  ��b o�T+W � ���

:KLOH WKH FXWRm LQGLFHV LW��� DQG LW��� IRU \RXQJ FRQVWUDLQHG DJHQWV DUH EDFNZDUG

ORRNLQJ� L�H�� GHSHQG RQ SUHYLRXV DQG FXUUHQW LQFRPHV DQG SULFHV� WKH FXWRm LQGH[ PW

IRU ROG XQFRQVWUDLQHG DJHQWV LV IRUZDUG ORRNLQJ� 7KLV LQGH[ GHSHQGV RQ SUHIHUHQFHV

�



DQG DQWLFLSDWHG XVHU FRVWV� ,W LV WKH QDPH RI WKH DJH � LQGLYLGXDO DW WLPH W IRU ZKRP

WKH XWLOLW\ SUHPLXP RI OLYLQJ LQ D KRXVH DW WLPH W�� LV HTXDO WR WKH GLmHUHQFH EHWZHHQ

WKH KRXVH DQG oDW XVHU FRVWV� H[SUHVVHG LQ WLPH W� � WHUPV� 6R WKH HTXDWLRQ IRU PW LV

X+ � s PW  
K
�� � U� T+W b (WT

+
W��

L
b
K
�� � U� T)W b (WT

)
W��

L
���

ZLWK (W GHQRWLQJ WKH FRQGLWLRQDO H[SHFWDWLRQ RSHUDWRU JLYHQ WKH LQIRUPDWLRQ DYDLODEOH

DW WLPH W�

6ROYLQJ IRU LW��� DQG PW DQG LQVHUWLQJ WKHP LQ WKH PDUNHW FOHDULQJ FRQGLWLRQ IRU

KRXVHV� ��b LW���� � ��bPW�  6+ � ZH REWDLQ WKH IROORZLQJ HTXDWLRQ IRU WKH HYROXWLRQ

RI WKH KRXVH SULFH LQ HTXLOLEULXP��
�b o

*W���
�
� � U

s

�
T+W b

�

s
(WT

+
W��

 . �
:W���

*W���
�

T)W b �� � U�T)Wb�
*W���

b
(WT

)
W�� b �� � U�T)W

s
���

ZLWK .  �b 6+ � X+ s�

0DUNHW FOHDULQJ IRU ERWK KRXVHV DQG oDWV UHTXLUHV WKDW WKH QXPEHU RI DJHQWV OLYLQJ

ZLWK D SDUHQW� � � LW���� EH HTXDO WR WKH WRWDO QXPEHU RI DJHQWV PLQXV WKH QXPEHU RI

GZHOOLQJV� �b 6) b 6+ � VR WKH PDUJLQDO FRQVWUDLQHG DJHQW RI DJH � LV

LW���  �b 6) b 6+ � ���

,QVHUWLQJ WKLV LQWR HTXDWLRQ ���� ZH nQG WKH HTXLOLEULXP SULFH RI oDWV�

T)W  
�� m� ��b 6) b 6+�

�b o
ZW���� ���

(TXDWLRQV ��� DQG ��� SURYLGH D VLPSOH LQWXLWLRQ IRU WKH IXQGDPHQWDO GHWHUPLQDQWV

RI KRXVLQJ SULFHV LQ WKLV IUDPHZRUN� 7KH nUVW VWDWHV WKDW WKH HTXLOLEULXP SULFH RI oDWV

GHSHQGV RQ ERWK WKH DYHUDJH LQFRPH RI DJH RQH DJHQWV� DV ZHOO DV WKH GLVWULEXWLRQ RI

LQFRPH ZLWKLQ WKLV FRKRUW� DV UHSUHVHQWHG E\ ZW��� DQG m�� UHVSHFWLYHO\� 6LQFH WKH

HQGRZPHQW RI nUVW�WLPH EX\HUV LV LQGHSHQGHQW RI KRXVLQJ SULFH FKDQJHV� WKHUH FDQQRW

EH DQ\ EXEEOH KHUH� +HQFH� OLPV�����U�bV(WT
K
W�V  � IRU K  )�+ DQG DOO W� (TXDWLRQ

��� WKHQ \LHOGV WKH IROORZLQJ H[SUHVVLRQ IRU WKH SULFH RI KRXVHV�

T+W  T)W �
�;
V �

�� � U�bVb�(W>X
+ � s PW�V���@� ���

7KH SULFH RI KRXVHV LV WKH SULFH RI oDWV SOXV WKH SUHVHQW GLVFRXQWHG YDOXH RI WKH PDUJLQDO

XQFRQVWUDLQHG DJHQWV
 IXWXUH XWLOLW\ SUHPLD�

�



)RU FRQVWDQW HQGRZPHQW SDUDPHWHUV ZW�M�  Z�M� �M  �� �� ��� HTXDWLRQV ��� DQG

��� LPSO\ XQLTXH VWHDG\ VWDWH oDW DQG KRXVH SULFHV� *LYHQ WKHVH SULFHV DQG HTXDWLRQV

���^���� LW LV VWUDLJKWIRUZDUG WR IRUPXODWH FRQGLWLRQV RQ WKH PRGHO SDUDPHWHUV WKDW

JXDUDQWHH D VWHDG\ VWDWH FRQnJXUDWLRQ DV LQ )LJXUH ��

� $ 0DUNRY 0RGHO IRU ,QFRPHV

6XSSRVH WKDW IRU M  �� �� WKH LQFRPH YDULDEOH ZW�M� IRU FRQVWUDLQHG DJHQWV RI DJH

M IROORZV D 0DUNRY FKDLQ ZLWK WZR VWDWHV� ODEHOOHG � DQG b� DVVRFLDWHG LQFRPH OHYHOV

Z��M� ! Zb�M� ! �� DQG QRQGHJHQHUDWH FRQWLQXDWLRQ SUREDELOLWLHV |� DQG |b� (TXDWLRQ

��� LPSOLHV D WZR�VWDWH 0DUNRY FKDLQ IRU WKH HTXLOLEULXP oDW SULFH� ZLWK OHYHOV T)� ! T)
b
�

%\ HTXDWLRQ ���� WKH KRXVH SULFH T+W GHSHQGV RQ WLPH Wb� LQFRPH YDULDEOHV WKURXJK

WKH oDW SULFH T)Wb�� WKH EDVLF ZHDOWK OHYHO :W��� DQG WKH ZHDOWK JUDGLHQW *W���� 7R

PDNH WKH KRXVH SULFH SURFHVV 0DUNRYLDQ� WKHUHIRUH� ZH H[WHQG WKH VWDWH VSDFH WR IRXU

VWDWHV� �� �WZR KLJK LQFRPHV LQ D URZ�� �b �KLJK LQFRPH IROORZHG E\ ORZ LQFRPH��

b� �ORZ LQFRPH IROORZHG E\ KLJK LQFRPH�� DQG bb �WZR ORZ LQFRPHV LQ D URZ�� :H

GHnQH DJH � ZHDOWK OHYHOV DQG JUDGLHQWV IRU HDFK VWDWH LQ WKH REYLRXV ZD\� IRU H[DPSOH�

:�����  ���U�Z�����Z���� DQG *�����  ���U�m�Z�����m�Z����� :H FDQ QRZ

VROYH IRU WKH XQLTXH VWRFKDVWLF HTXLOLEULXP LQ ZKLFK WKH KRXVH SULFH SURFHVV DVVXPHV

RQO\ IRXU GLmHUHQW YDOXHV� RQH IRU HDFK VWDWH�� 7KH YHFWRU RI HTXLOLEULXP KRXVH SULFHV

�T+��� T
+
�b� T

+
b�� T

+
bb
� LV WKH XQLTXH VROXWLRQ RI WKH IROORZLQJ OLQHDU �d� V\VWHP� REWDLQHG

IURP HTXDWLRQ �����
�b o
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�,Q RWKHU ZRUGV� LI WZR FRQVHFXWLYH KRXVH SULFHV DUH LQ WKLV VHW RI IRXU YDOXHV� WKHQ WKH KRXVH SULFH
ZLOO DOZD\V VWD\ WKHUH� 2I FRXUVH� RWKHU LQLWLDO FRQGLWLRQV LPSO\ HTXLOLEULXP SDWKV RXWVLGH WKLV VHW�
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3UHYLRXV LQFRPHV DQG UHDOLVHG FDSLWDO JDLQV RQ oDWV DUH FUXFLDO ZKHQ ZH FRPSDUH

T+�� ZLWK T+
b�� DQG T+

bb
ZLWK T+�b� ,QFRPH H[SHFWDWLRQV GR QRW SOD\ DQ\ UROH IRU WKLV

FRPSDULVRQ VLQFH WKH\ DUH LGHQWLFDO LQ VWDWHV �� DQGb�� DQG LQ VWDWHVbb DQG �b� 7R

JDLQ VRPH TXDOLWDWLYH LQVLJKW LQWR WKLV DVSHFW RI WKH HTXLOLEULXP� ZH VWDUW IURP D VWHDG\

VWDWH DV LQ )LJXUH � ZLWK HQGRZPHQW SDUDPHWHUV Z�M� �M  �� �� ��� DQG SDUDPHWHULVH

WKH VWRFKDVWLF LQFRPH SURFHVV E\ VHWWLQJ Zh�M�  ��h }�Z�M� ZLWK } ! �� 7KDW LV� }

PHDVXUHV WKH SHUFHQWDJH LQFRPH GHYLDWLRQ IURP WKH EHQFKPDUN VWHDG\ VWDWH OHYHO� /HW

T) GHQRWH WKH EHQFKPDUN oDW SULFH� DQG L��� WKH VWHDG\ VWDWH LQGH[ RI WKH PDUJLQDO

FRQVWUDLQHG DJHQW ZKR PRYHV IURP D oDW LQWR D KRXVH DW WKH HQG RI WKH VHFRQG SHULRG

RI OLIH�

3URSRVLWLRQ ��� ,I

T) ! �� � m� L����Z���� ����

WKHQ WKH HTXLOLEULXP KRXVH SULFH SURFHVV VDWLVnHV

T+�b � T+
bb

DQG T+�� � T+
b� ����

IRU VXpFLHQWO\ VPDOO }�

&RQGLWLRQ ���� LV QRW LQ WHUPV RI PRGHO SDUDPHWHUV GLUHFWO\� EXW KDV WKH DGYDQWDJH

RI UHOD\LQJ WKH ULJKW LQWXLWLRQ� ,W VWDWHV WKDW WKH PDUJLQDO FRQVWUDLQHG KRXVH EX\HU �LQ

WKH EHQFKPDUN VWHDG\ VWDWH� DQG KHQFH DOVR IRU VPDOO }� ERUURZHG ZKHQ EX\LQJ D oDW

DW WKH HQG RI WKH SUHYLRXV SHULRG� 7KH NH\ GHWHUPLQDQW RI ZKHWKHU FDSLWDO JDLQV LPSO\

RYHUVKRRWLQJ LV ZKHWKHU DQ LQFUHDVH LQ oDW SULFH DQG LQFRPH E\ WKH VDPH SURSRUWLRQ

\LHOGV D oDW SULFH LQFUHDVH JUHDWHU WKDQ WKDW RI LQFRPH LQ OHYHOV� ,Q VWDWH b�� IRU

H[DPSOH� oDW RZQHUV HQMR\ FDSLWDO JDLQV DV WKH LQFRPH OHYHO ULVHV� 2Q WKH RWKHU KDQG�

WKH FDSLWDOL]HG YDOXH RI DJH � DJHQWV
 HDUQLQJV LV ORZHU LQ VWDWH b� WKDQ LQ VWDWH ��� LQ

WKH IRUPHU WKH\ KDYH KDG RQH SHULRG RI ORZ HDUQLQJV DQG RQH SHULRG RI KLJK HDUQLQJV�

LQ WKH ODWWHU WZR SHULRGV RI KLJK HDUQLQJV� ,I WKH SULFH RI oDWV LV ODUJHU WKDQ WKH nUVW

SHULRG HDUQLQJV� WKHQ WKH FDSLWDO JDLQV RQ WKH oDW LQ VWDWH b� PRUH WKDQ FRPSHQVDWH

IRU WKH HQGRZPHQW GLVDGYDQWDJH� 7KHUHIRUH� WKH WRWDO ZHDOWK RI DJH � DJHQWV DQG KHQFH

WKHLU GHPDQG IRU KRXVHV LV JUHDWHU LQ VWDWH b�� LPSO\LQJ D KLJKHU SULFH LQ HTXLOLEULXP�

��



7KH SURRI RI WKH SURSRVLWLRQ VKRZV WKDW FRQGLWLRQ ���� LV WLJKW LQ WKH VHQVH WKDW

WKH FRQYHUVH LQHTXDOLW\ T) � �� � m� L����Z��� LPSOLHV T+�b ! T+
bb

DQG T+�� ! T+
b�

IRU VPDOO }� $ YLRODWLRQ RI FRQGLWLRQ ���� PHDQV WKDW WKH HTXLOLEULXP SULFH RI oDWV LV

H[WUHPHO\ VPDOO UHODWLYH WR WKH SULFH RI KRXVHV� WKH VDPH DJHQW ZKR FDQ MXVW DmRUG

WKH GRZQ�SD\PHQW RQ D KRXVH ZDV DEOH WR SD\ FDVK IRU D oDW LQ WKH SUHYLRXV SHULRG�

+HQFH� WKH FDVH ZKHUH ���� GRHV QRW KROG LV RI QR LQWHUHVW�

7KH FRQGLWLRQ WKDW } EH VXpFLHQWO\ VPDOO LV LPSRVHG IRU WZR UHDVRQV� RQH VXE�

VWDQWLDO� WKH RWKHU WHFKQLFDO� )LUVW� } PXVW EH VPDOO HQRXJK VR WKDW WKH HTXLOLEULXP

FRQnJXUDWLRQ UHPDLQV WKDW RI )LJXUH �� 6HFRQG� WKH SURRI XVHV WKH OLQHDULVDWLRQ RI

WKH V\VWHP ���^���� ZLWK UHVSHFW WR }� VR } PXVW EH VPDOO HQRXJK WKDW WKH OLQHDU DS�

SUR[LPDWLRQ JLYHV WKH FRUUHFW UDQNLQJ RI SULFHV� 1XPHULFDO VLPXODWLRQV VXJJHVW WKDW

WKH VHFRQG UHVWULFWLRQ RQ } LV QRW ELQGLQJ� 3URSRVLWLRQ ��� DSSHDUV WR KROG IRU DOO }

WKDW DUH FRPSDWLEOH ZLWK WKH FRQnJXUDWLRQ RI )LJXUH �� 0RUHRYHU� GHYLDWLRQV IURP WKH

FRQnJXUDWLRQ LQ )LJXUH � ZLOO QRW FKDQJH WKH QDWXUH RI WKLV UHVXOW DV ORQJ DV WKH DJH �

PDUJLQDO KRXVH EX\HU UHPDLQV DQ LQGHEWHG oDW RZQHU�

7KH HmHFW RI FDSLWDO JDLQV LV LOOXVWUDWHG LQ 7DEOH � DQG )LJXUH �� ZKHUH ZH UHSRUW

HTXLOLEULXP KRXVH SULFHV IRU D SDUDPHWHU FRQVWHOODWLRQ WKDW FRQIRUPV WR )LJXUH � DQG

VDWLVnHV FRQGLWLRQ �����

7DEOH �� (TXLOLEULXP KRXVH SULFHV LQ WKH WZR�VWDWH 0DUNRY PRGHO

6WDWH +RXVH SULFH
b� �������
�� �������
bb �������
�b �������

7KH XQGHUO\LQJ PRGHO SDUDPHWHUV DUH U  ����� o  ���� Z����  Z����  ����� Zb���  Zb���  

����� m�  m�  �� 6
)  ���� 6+  ����0  �� s  ��� X+  b�� |�  ���� |b  ����

,Q DQ DWWHPSW WR FDSWXUH WKH HPSLULFDO REVHUYDWLRQ WKDW SKDVHV RI LQFRPH JURZWK

WHQG WR EH ORQJHU WKDQ UHFHVVLRQV� ZH KDYH FKRVHQ WKH FRQWLQXDWLRQ SUREDELOLWLHV VXFK

WKDW WKH KLJK LQFRPH VWDWH LV PRUH SHUVLVWHQW WKDQ WKH ORZ LQFRPH VWDWH �|�  ���

DQG |b  ����� $ WUDQVLWLRQ IURP VWDWH �� WR VWDWH �b LV WKHUHIRUH TXLWH OLNHO\ WR EH

IROORZHG E\ D WUDQVLWLRQ WR b� DQG EDFN WR ��� ,Q WKLV HYHQW� WKH KRXVH SULFH nUVW

IDOOV E\ ���� SHUFHQW ZKLOH WKH LQFRPH RI WKH \RXQJHVW FRQVWUDLQHG DJHQWV GURSV E\ ����

SHUFHQW� 7KHQ� DV WKLV LQFRPH UHWXUQV WR LWV RULJLQDO OHYHO� WKH KRXVH SULFH ULVHV E\ ����

SHUFHQW EHIRUH IDOOLQJ EDFN E\ ���� SHUFHQW WR VWDWH ���

��



Figure 3: Two State Income Process

-1.5%

-1.0%

-0.5%

0.0%

0.5%

1.0%

1.5%

0 1 2 3 4 5 6 7 8

Time

D
ev

ia
tio

n 
fr

om
 B

en
ch

m
ar

k

Flat price House price



,W LV LQVWUXFWLYH WR FRPSDUH WKLV HTXLOLEULXP WR WKDW RI WKH VDPH PRGHO ZLWKRXW WKH

GRZQ�SD\PHQW UHTXLUHPHQW� 7KH HTXLOLEULXP DOORFDWLRQ RI SURSHUWLHV LQ WKLV XQFRQ�

VWUDLQHG ZRUOG LV HQWLUHO\ GHWHUPLQHG E\ WKH UHODWLYH SUHIHUHQFHV WKH DJHQWV KDYH IRU

RQH W\SH RI DFFRPPRGDWLRQ UHODWLYH WR DQRWKHU� :LWKLQ HDFK FRKRUW� WKH DJHQWV ZLWK

ORZ XWLOLW\ IRU D GZHOOLQJ RI WKHLU RZQ ZRXOG VWD\ ZLWK SDUHQWV� 7KRVH ZLWK KLJK XWLOLW\

IRU KRXVHV ZRXOG EH ZLOOLQJ WR SD\ WKH SULFH WR RFFXS\ RQH� DQG WKH UHPDLQLQJ DJHQWV

ZRXOG EH LQ oDWV� $W SUHVHQW� FKDQJHV LQ LQFRPH GR QRW DmHFW WKH GHPDQG RI XQFRQ�

VWUDLQHG DJHQWV� 7KLV LV EHFDXVH ZH KDYH DEVWUDFWHG IURP WKH XVXDO LQFRPH HODVWLFLW\ RI

GHPDQG HmHFW� $ SRVLWLYH HODVWLFLW\ FDQ EH LQWURGXFHG ZLWKRXW JLYLQJ XS WKH PRGHO
V

WUDFWDELOLW\ E\ PDNLQJ WKH DJHQWV
 LQVWDQWDQHRXV XWLOLW\ IURP KRXVLQJ FRQVXPSWLRQ GH�

SHQG RQ WKHLU FXUUHQW LQFRPH� ZLWK DQ LQFUHDVH LQ FXUUHQW LQFRPH LPSO\LQJ D KLJKHU

XWLOLW\ SUHPLXP IRU D KRXVH RYHU D oDW DQG IRU D oDW RYHU WKH RSWLRQ RI QR GZHOOLQJ�

6WLOO� IRU UHDVRQDEOH LQFRPH HODVWLFLW\ SDUDPHWHUV� LQFRPH VKRFNV ZRXOG RQO\ KDYH UHO�

DWLYHO\ VPDOO HmHFWV RQ SULFHV� :LWK WUDQVLWLRQ SUREDELOLWLHV DV LQ WKH H[DPSOH DERYH

�|�  � b |b�� SULFHV ZRXOG DFWXDOO\ EH FRPSOHWHO\ LQVHQVLWLYH WR LQFRPH VKRFNV LQ

WKH XQFRQVWUDLQHG PRGHO� SULFHV ZRXOG EHFRPH VRPHZKDW VHQVLWLYH WR FXUUHQW LQFRPHV

IRU WUDQVLWLRQ SUREDELOLWLHV |� � �b |b� EHFDXVH QRZ GLmHUHQW FXUUHQW LQFRPHV ZRXOG

LPSO\ GLmHUHQW H[SHFWDWLRQV DERXW IXWXUH LQFRPHV DQG SULFHV�

� $Q ,QFRPH *URZWK 3DWK RI 8QFHUWDLQ /HQJWK

7KH DQDO\VLV RI WKH G\QDPLF UHVSRQVH RI RXU PRGHO WR VKRFNV LQ JURZWK UDWHV LV FRP�

SOLFDWHG E\ WKH IDFW WKDW WKH PRGHO GRHV QRW DGPLW D EDODQFHG JURZWK SDWK� $V WKH

HFRQRP\ JURZV� WKH GLVWULEXWLRQ RI DJHQWV DFURVV GZHOOLQJV VKLIWV SURJUHVVLYHO\� 7KLV

VKLIW LV NH\ WR WKH PRGHO
V UHVSRQVH WR VKRFNV� 7KH DOWHUQDWLYH ZH FDQ VWXG\ LV DQ

LQFRPH SURFHVV WKDW JURZV GHWHUPLQLVWLFDOO\ XS WR VRPH UDQGRP WLPH ~ ! � DQG VWD\V

FRQVWDQW WKHUHDIWHU� 7KLV H[SHULPHQW FRPELQHV WKH nQGLQJV RI WKH SUHYLRXV VHFWLRQ

ZLWK D PRUH W\SLFDO H[SHFWDWLRQ HmHFW�

*LYHQ D SRVLWLYH JURZWK UDWH }� ZH VHW

ZW�M�  �� � }�ZWb��M� IRU DOO W � ~ DQG M  �� �� ��

ZW�M�  ZW�M� IRU DOO W w ~ DQG M  �� �� ��

7KXV� ~  PLQIW ! � � ZW�M�  ZWb��M� IRU DOO MJ� WKH nUVW WLPH WKDW LQFRPH LV VHHQ

WR VWDJQDWH VLQFH WKH SUHYLRXV SHULRG� 1RWH WKDW KRXVHKROGV OHDUQ DERXW WKH HQG RI

JURZWK RQO\ DIWHU WKH IDFW� LI LQFRPH JURZV IRU WKH ODVW WLPH EHWZHHQ GDWHV Wb � DQG

W� WKHQ DJHQWV ZLOO UHDOL]H WKLV DW WLPH ~  W � ��

��



/HW |  3URE �~ ! W � �M~ ! W� EH WKH SUREDELOLW\ WKDW JURZWK ZLOO FRQWLQXH IRU

DQRWKHU SHULRG� 7KDW LV� FRQGLWLRQDO RQ ZW�M� ! ZWb��M�� ZH ZLOO KDYH ZW���M�  

�� � }W�ZWb��M� ZLWK SUREDELOLW\ |� DQG ZW���M�  ZW�M� ZLWK SUREDELOLW\ �b |�

7KH SULFH RI oDWV LV GLUHFWO\ WLHG WR FXUUHQW HQGRZPHQWV ZW���� VR VWD\V FRQVWDQW

IURP WLPH ~ b � RQ� 7KH WLPH W KRXVH SULFH GHSHQGV RQ WLPH Wb � LQFRPHV WKURXJK WKH

ZHDOWK OHYHO :W��� DQG ZHDOWK JUDGLHQW *W���� 7KHVH ZHDOWK SDUDPHWHUV LQFUHDVH IURP

SHULRG ~ b � WR ~ � DQG DUH FRQVWDQW IRU W w ~ � 8QGHU D QR�EXEEOHV FRQGLWLRQ� WKH WLPH

~ KRXVH SULFH LQ DQ\ UDWLRQDO H[SHFWDWLRQV HTXLOLEULXP HTXDOV WKH VWHDG\ VWDWH SULFH

FRUUHVSRQGLQJ WR WKH LQFRPH OHYHOV DW ZKLFK WKH JURZWK SDWK VWRSSHG� %\ HTXDWLRQ

���� WKLV SULFH� ZKLFK ZH GHQRWH E\ xT+~ � VROYHV�
�b o
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s

�
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,Q SHULRGV W � ~ � WKHUH LV VWLOO WKH SRVVLELOLW\ RI IXUWKHU JURZWK� :LWK SUREDELOLW\ |�

LQFRPH ZLOO LQFUHDVH� WKH SULFH RI oDWV ZLOO ULVH WR �� � }� T)W � DQG WKH KRXVH SULFH ZLOO

DWWDLQ VRPH OHYHO T+W���
�� :LWK WKH FRPSOHPHQWDU\ SUREDELOLW\� LQFRPH DQG WKH SULFH RI

oDWV ZLOO VWDJQDWH� DQG WKH KRXVH SULFH ZLOO EH DW WKH QHZ VWHDG\ VWDWH OHYHO xT+W��� 6R

HTXDWLRQ ��� EHFRPHV�
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*W���
�
� � U

s

�
T+W b

|

s
T+W�� b

�b |

s
xT+W��

 . �
:W���

*W���
�

} b U

*W���
T)Wb� b

|} b U

s
T)W � ����

,I WKH OHQJWK RI WKH JURZWK SDWK FDQ H[FHHG HYHU\ nQLWH ERXQG ZLWK SRVLWLYH SURE�

DELOLW\� KRXVHKROGV PD\ EHFRPH ULFK HQRXJK VR WKDW WKH FRQnJXUDWLRQ RI )LJXUH �

HYHQWXDOO\ EUHDNV GRZQ� 7R SUHVHUYH WUDFWDELOLW\ RI WKH PRGHO� WKHUHIRUH� ZH LPSRVH D

nQLWH� GHWHUPLQLVWLF WLPH KRUL]RQ RQ WKH JURZWK SDWK� ~ � 7 � �� :H DVVXPH WKDW WKH

HQGRZPHQWV DIWHU WKH ORQJHVW SRVVLEOH JURZWK SDWK DUH VXFK WKDW WKH FRUUHVSRQGLQJ

VWHDG\ VWDWH SULFHV JLYH ULVH WR WKH FRQnJXUDWLRQ RI )LJXUH �� )RU VPDOO JURZWK UDWHV�

WKLV ZLOO WKHQ DOVR EH WKH FRQnJXUDWLRQ RYHU VRPH UDQJH RI HDUOLHU WLPHV� 6R ZH FDQ

VROYH IRU HTXLOLEULXP E\ nUVW HYDOXDWLQJ HTXDWLRQ ���� IRU ~  7 �� DQG WKHQ LWHUDWLQJ

HTXDWLRQ ���� EDFN LQ WLPH�

/HW Z�M� �M  �� �� �� GHQRWH WKH WLPH 7 LQFRPH SDUDPHWHUV DIWHU WKH ORQJHVW SRVVLEOH

JURZWK SDWK� DQG T) DQG T+ WKH FRUUHVSRQGLQJ VWHDG\ VWDWH SULFHV RI oDWV DQG KRXVHV�

UHVSHFWLYHO\� 'HnQH

x: ���  �� � U�Z��� � Z���� ����

��$V D FRQYHQWLRQ� ZH ZLOO ZULWH T+W IRU WKH KRXVH SULFH ZKHQ W � ~ � DQG xT+~ ZKHQ W w ~ �
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7KHQ WKH DJH � ZHDOWK SDUDPHWHUV LQ HTXDWLRQ ���� DUH
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$V H[SHFWHG� WKH WHUPLQDO KRXVH SULFH LQFUHDVHV ZLWK WKH OHQJWK RI WKH JURZWK SDWK�

,Q IDFW� WKH FRHpFLHQW RI xT+~ LQ ���� LV GHFUHDVLQJ LQ ~ � ZKLOH WKH ULJKW�KDQG VLGH LV

LQFUHDVLQJ� 6R xT+~ LQFUHDVHV ZLWK ~ � WKH PD[LPXP VWHDG\ VWDWH SULFH EHLQJ xT7��  T+ �

7XUQLQJ WR GDWHV ZKHUH JURZWK KDV QRW VWRSSHG \HW� ZH VHH WKDW WKH DJH � ZHDOWK

SDUDPHWHUV LQ HTXDWLRQ ���� DUH
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$V LQ 6HFWLRQ �� ZH ZDQW WR FKDUDFWHULVH WKH HTXLOLEULXP TXDOLWDWLYHO\� $JDLQ� WKH

KRXVH SULFH SURFHVV GHSHQGV FUXFLDOO\ RQ ZKHWKHU PDUJLQDO FRQVWUDLQHG KRXVH EX\HUV

PXVW ERUURZ ZKHQ EX\LQJ D oDW RQH SHULRG HDUOLHU� /HW L��� EH WKH VWHDG\ VWDWH LQGH[

RI WKH PDUJLQDO FRQVWUDLQHG DJHQW ZKR PRYHV IURP D oDW LQWR D KRXVH DW WKH HQG RI WKH

VHFRQG SHULRG RI OLIH� JLYHQ WKDW WKH SULFHV RI oDWV DQG KRXVHV DUH DW WKH VWHDG\ VWDWH

OHYHOV T) DQG T+ � 7KXV� L��� LV WKH PDUJLQDO KRXVH EX\HU DIWHU WKH ORQJHVW SRVVLEOH

JURZWK SDWK�
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3URSRVLWLRQ ��� ,I

T) ! �� � m� L����Z���� ����

WKHQ WKH HTXLOLEULXP KRXVH SULFH SURFHVV VDWLVnHV

T+~b� ! xT+~ ����

IRU } VXpFLHQWO\ VPDOO DQG ~ VXpFLHQWO\ FORVH WR 7 � ��

7KH FRQGLWLRQ WKDW } EH VXpFLHQWO\ VPDOO LV LPSRVHG IRU H[DFWO\ WKH VDPH UHDVRQV

DV LQ 3URSRVLWLRQ ���� 7KH GLmHUHQFH 7 ��b ~ LV RQO\ UHTXLUHG WR EH VPDOO HQRXJK WKDW

WKH HTXLOLEULXP FRQnJXUDWLRQ DW WLPH ~ UHPDLQV WKDW RI )LJXUH ��

&RQGLWLRQ ���� LV RI FRXUVH MXVW D UHVWDWHPHQW RI ����� DQG SOD\V WKH VDPH UROH�

JXDUDQWHHLQJ WKDW WKH PDUJLQDO FRQVWUDLQHG KRXVH EX\HU ZDV D ERUURZHU DW WKH WLPH

KH SXUFKDVHG D oDW� )RU ~  7 � �� WKH DERYH UHVXOW KDV H[DFWO\ WKH VDPH H[SODQDWLRQ

DV 3URSRVLWLRQ ���� FDSLWDO JDLQV RQ oDWV DUH VXpFLHQWO\ DPSOLnHG E\ OHYHUDJH WR SXVK

WKH KRXVH SULFH T+7 DERYH WKH nQDO VWHDG\ VWDWH OHYHO xT
+
7��� )RU ~ � 7 ��� WKLV OHYHUDJH

HmHFW LV UHLQIRUFHG E\ DQ H[SHFWDWLRQV HmHFW� WKH UHDOL]DWLRQ WKDW LQFRPH KDV VWRSSHG

JURZLQJ PHDQV D IXUWKHU GRZQZDUG DGMXVWPHQW LQ KRXVH SULFHV�

$V DQ LOOXVWUDWLRQ� 7DEOH � VKRZV HTXLOLEULXP KRXVH SULFHV IRU DQ LQFRPH SURFHVV

WKDW FDQ JURZ IRU DQRWKHU WHQ SHULRGV DW PRVW �7  ������ )LJXUH � YLVXDOL]HV DQ

H[DPSOH ZKHUH LQFRPH JURZV IRU IRXU SHULRGV H[DFWO\� VR WKDW ~  �� )URP LWV EDVH

OHYHO T+�  �������� WKH KRXVH SULFH ULVHV E\ ���� SHUFHQW WR T+�  ������� EHIRUH

GURSSLQJ E\ ���� SHUFHQW WR WKH VWHDG\ VWDWH xT+�  �������� ZKLFK LV ���� SHUFHQW

KLJKHU WKDQ T+� � 7KXV� ZKHQ JURZWK VWRSV� DOPRVW KDOI WKH SUHFHHGLQJ LQFUHDVH LQ WKH

KRXVH SULFH LV ZLSHG RXW�

,QWXLWLRQ VXJJHVWV WKDW WKH H[SHFWDWLRQV HmHFW GLVFXVVHG DERYH VKRXOG EH LQFUHDV�

LQJ ZLWK WKH SHUVLVWHQFH RI JURZWK DV PHDVXUHG E\ |� 7KLV LV IRUPDOLVHG LQ WKH QH[W

SURSRVLWLRQ�

3URSRVLWLRQ ��� 8QGHU WKH FRQGLWLRQV RI 3URSRVLWLRQ ���� WKH VL]H RI WKH GRZQZDUG

MXPS T+~b� b xT
+
~ IRU ~ � 7 � � LQFUHDVHV VWULFWO\ LQ |�

)LQDOO\� 7DEOH � VKRZV WKDW IRU VXpFLHQWO\ SHUVLVWHQW JURZWK� WKH KRXVH SULFH FDQ

RYHUVKRRW LWV WHUPLQDO VWHDG\ VWDWH PRUH WKDQ RQH SHULRG DKHDG� ,Q IDFW� ZH KDYH

T+~b� ! xT+~ IRU DOO VWRSSLQJ WLPHV ~ H[FHSW WKRVH YHU\ FORVH WR WKH XSSHU ERXQG 7 � ��

��7KH SDUDPHWHU FRQVWHOODWLRQ XVHG WR FDOFXODWH WKLV WDEOH DJDLQ FRQIRUPV WR )LJXUH � DQG VDWLVnHV
FRQGLWLRQ �����

��



Figure 4: Growth Path 
(T=10, tau=5)
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7DEOH �� (TXLOLEULXP KRXVH SULFHV IRU D JURZWK SDWK RI XQFHUWDLQ OHQJWK

W T+W xT+W
� �������
� ������� �������
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7KH XQGHUO\LQJ PRGHO SDUDPHWHUV DUH U  ����� o  ���� Z���  Z���  �� m�  m�  �� 6)  

���� 6+  ����0  �� s  ��� X+  b�� }  ����� |  ����

� &RQFOXGLQJ 5HPDUNV

,Q DQ HQYLURQPHQW ZKHUH FXUUHQW QHW ZRUWK DmHFWV WKH GLVFUHWH KRXVLQJ FKRLFHV RI

KHWHURJHQHRXV DJHQWV� ZH VKRZ WKDW WKH SULFLQJ RI GZHOOLQJV LV VXEMHFW WR DUELWUDJH

DFURVV W\SHV RI GZHOOLQJ EXW QRW ZLWK QRQ�UHVLGHQWLDO LQYHVWPHQWV� )RUZDUG�ORRNLQJ

LQYHVWRUV HQVXUH WKDW WKH UHODWLYH SULFH RI DOO GZHOOLQJV UHoHFWV WKH GLmHUHQW XWLOLWLHV DQG

UHWXUQV WKDW HDFK SURYLGHV� +RZHYHU� WKH FRQVXPSWLRQ GHPDQG IRU KRXVLQJ VHUYLFHV E\

FUHGLW FRQVWUDLQHG KRXVHKROGV OLQNV WKH SULFH RI WKH FKHDSHVW W\SH RI GZHOOLQJ WR WKHLU

HDUQLQJV� +HQFH� WKH SULFH RI DOO GZHOOLQJV GHSHQGV RQ WKH FXUUHQW LQFRPH RI \RXQJ

nUVW�WLPH EX\HUV� D SUHGLFWLRQ ZKLFK VHHPV LQ DJUHHPHQW ZLWK WKH HPSLULFDO HYLGHQFH�

DV ZH VKDOO DUJXH EHORZ� :LWK VWRFKDVWLF HDUQLQJV� WKH PRGHO \LHOGV SULFH RYHUVKRRWLQJ

LQ UHVSRQVH WR LQFRPH VKRFNV� DQG D SULFH IDOO LQ UHVSRQVH WR D VORZGRZQ LQ LQFRPH

JURZWK�

2XU PRGHO VXJJHVWV WKDW WKH LQFRPH RI \RXQJ KRXVHKROGV� ZKR DUH SRWHQWLDO nUVW�

WLPH EX\HUV� SOD\V D FULWLFDO UROH LQ KRXVLQJ SULFH oXFWXDWLRQV� :H nUVW ZDQW WR SRLQW

RXW WKDW WKH LQFRPH RI \RXQJ KRXVHKROGV LV PRUH YRODWLOH WKDQ SHU FDSLWD *'3 LQ

ERWK WKH 86 DQG WKH 8.� ,Q WKH 8.� WKH nUVW�WLPH EX\HUV DUH WKH �� WR �� \HDU ROG�

7KHLU DYHUDJH LQFRPH GHFUHDVHG E\ ���� SHUFHQW GXULQJ WKH ������� EXVW ZKHQ KRXVLQJ

SULFHV IHOO E\ �� SHUFHQW DQG *'3 QHYHU PRUH WKDQ ��� SHUFHQW� 'XULQJ WKH SUHFHGLQJ

ERRP� ZKHQ KRXVLQJ SULFHV LQFUHDVHG E\ �� SHUFHQW LQ � \HDUV� WKH LQFRPH RI WKH \RXQJ

��



DOVR oXFWXDWHG PRUH WKDQ *'3� LW JUHZ E\ ���� SHUFHQW� ZKHUHDV *'3 JUHZ E\ ����

SHUFHQW������ 7KH VDPH KROGV WUXH LQ WKH 86� DV )LJXUH � EHORZ VKRZV�

6HFRQG� WKH NH\ TXHVWLRQ UDLVHG E\ WKH WKHRUHWLFDO ZRUN LQ WKLV SDSHU LV ZKHWKHU

WKH LQFRPH RI \RXQJ KRXVHKROGV DmHFWV KRXVLQJ SULFH oXFWXDWLRQV LQGHSHQGHQWO\ RI

WKH SHU FDSLWD LQFRPH YDULDEOH XVXDOO\ LQFRUSRUDWHG LQ KRXVLQJ SULFH UHJUHVVLRQV �H�J��

0XHOOEDXHU DQG 0XUSK\ ����� 3RWHUED ����� /DPRQW DQG 6WHLQ ������ +HUH� ZH DUJXH

WKDW EH\RQG WKH HmHFW RI SHU FDSLWD LQFRPH WKURXJK WKH LQFRPH HODVWLFLW\ RI KRXVLQJ

GHPDQG� FKDQJHV LQ WKH LQFRPH RI \RXQJ KRXVHKROGV DmHFW WKHLU DELOLW\ WR SD\ IRU D

GRZQ SD\PHQW RQ D VWDUWHU KRPH� 7KH UHVXOWLQJ FKDQJHV LQ WKH SULFH RI VWDUWHU KRPHV

\LHOG FDSLWDO JDLQV IRU WKHLU RZQHUV� 7KLV FDSLWDO JDLQ HmHFW ULSSOHV WKURXJK WKH PDUNHW�

DmHFWLQJ WKH GHPDQG DQG KHQFH WKH SULFH RI RWKHU SURSHUWLHV KLJKHU XS WKH ODGGHU�

7R JHW D VHQVH RI ZKHWKHU LQFRPH RI \RXQJ KRXVHKROGV PDWWHUV LQGHSHQGHQWO\ RI

SHU FDSLWD LQFRPH� ZH nUVW JUDSK KRXVLQJ SULFHV� SHU FDSLWD GLVSRVDEOH LQFRPH DQG

WKH PHGLDQ LQFRPH RI ����� \HDU ROG KRXVHKROGV �)LJXUH ����� )URP WKH PRGHO� ZH

GHULYH WKDW WKH UHOHYDQW \RXQJ LQFRPH YDULDEOH LV WKH LQFRPH RI KRXVHKROGV ZKR DUH

SRWHQWLDO nUVW�WLPH EX\HUV� ,Q WKH PRGHO� WKLV LV WKH LQFRPH RI D n[HG SHUFHQWLOH RI WKH

\RXQJHVW FRKRUW� 7KH PHGLDQ LQFRPH RI ����� \HDU LV WKH RQO\ DYDLODEOH SHUFHQWLOH RI

WKH LQFRPH GLVWULEXWLRQ DPRQJ SRWHQWLDO nUVW�WLPH EX\HUV� 7KH JUDSK VXJJHVWV WKDW

KRXVLQJ SULFHV HPERG\ WKH oXFWXDWLRQV LQ ERWK SHU FDSLWD LQFRPH DQG LQFRPH RI WKH

\RXQJ� ,Q SDUWLFXODU� WKH YRODWLOLW\ RI KRXVLQJ SULFHV LV FORVHU WR WKDW RI WKH LQFRPH

RI \RXQJ KRXVHKROGV� 7KH WUHQG RI KRXVLQJ SULFHV LV VRPHZKHUH LQ EHWZHHQ WKH WUHQGV

RI WKH WZR LQFRPH VHULHV� $ VLPSOH OLQHDU UHJUHVVLRQ XVLQJ \HDUO\ GDWD IURP ���� WR

���� FRQnUPV WKH YLVXDO LPSUHVVLRQ� 7RJHWKHU� WKH YDULDEOHV H[SODLQ �� SHUFHQW RI

KRXVLQJ SULFH YDULDWLRQ� %RWK DUH KLJKO\ VLJQLnFDQW� 7KLV HYLGHQFH LV FRQVLVWHQW ZLWK

RXU WKHRUHWLFDO nQGLQJV���

7R EH FRQVLVWHQW ZLWK RXU WKHRUHWLFDO DSSURDFK� ZH VKRXOG FRPSDUH WKH FRQWULEX�

WLRQ RI \RXQJ KRXVHKROGV
 LQFRPH WR KRXVLQJ SULFH oXFWXDWLRQV QRW ZLWK WKDW RI SHU

FDSLWD LQFRPH� EXW ZLWK WKDW RI DYHUDJH KRXVHKROG LQFRPH� 7KLV LV VKRZQ LQ )LJXUH

���� 7KH PDLQ LPSUHVVLRQ UHPDLQV� ERWK WKH LQFRPH RI WKH \RXQJ DQG WKH LQFRPH RI

��6RXUFH� )DPLO\ ([SHQGLWXUH 6XUYH\ DQG 8. (FRQRPLF $FFRXQWV� DV FRPSLOHG E\ 6LPRQV �������
��2UWDOR�0DJQuH DQG 5DG\ ������ DUJXH WKDW WKH OLEHUDOLVDWLRQ RI WKH 8. PRUWJDJH PDUNHW LQ WKH

HDUO\ (LJKWLHV DOVR FRQWULEXWHG VLJQLnFDQWO\ WR WKH PDJQLWXGH RI WKLV KRXVLQJ ERRP�
��'DWD VRXUFHV� )UHGGLH 0DF QDWLRQDO KRXVLQJ SULFH LQGH[ ����������� H[WUDSRODWHG WR ���� XVLQJ

WKH &HQVXV %XUHDX PHGLDQ SULFH RI H[LVWLQJ KRPH LQGH[� UHDO DYHUDJH GLVSRVDEOH LQFRPH IURP WKH
(FRQRPLF 5HSRUW RI WKH 3UHVLGHQW� DQG PHGLDQ ����� \HDU�ROG KRXVHKROG LQFRPH IURP WKH &HQVXV
%XUHDX�

��7KH HVWLPDWHG FRHpFLHQWV IRU LQFRPH SHU FDSLWD DQG WKH PHGLDQ LQFRPH RI ����� \HDU ROG KRXVH�
KROGV DUH ���� ������DQG ���� ������� UHVSHFWLYHO\� VWDQGDUG HUURUV DUH LQ SDUHQWKHVHV�

��'DWD VRXUFH IRU DYHUDJH LQFRPH RI DOO KRXVHKROGV� &HQVXV %XUHDX�

��



Figure 5: US income and housing prices
(scale adjusted and log transformed)
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DOO KRXVHKROGV FRQWULEXWH LQGHSHQGHQWO\ WR KRXVLQJ SULFH oXFWXDWLRQV� $JDLQ� WKLV LV

FRQnUPHG E\ D VLPSOH UHJUHVVLRQ RI ORJ KRXVLQJ SULFHV RQ ERWK ORJ LQFRPH YDULDEOHV���

7KHVH nQGLQJV DUH UREXVW WR WKH LQWURGXFWLRQ RI D UHQWDO PDUNHW IRU nUVW�WLPH EX\HU

W\SH SURSHUWLHV DV LQ 2UWDOR�0DJQuH DQG 5DG\ ������ ������ $OORZLQJ KRXVHKROGV WR

UHQW oDWV KDV D TXDQWLWDWLYH HmHFW ZKRVH VWUHQJWK GHSHQGV RQ WKH HDVH ZLWK ZKLFK oDWV

FDQ EH FRQYHUWHG IURP UHQWDO WR RZQHU RFFXSDQF\ DQG EDFN� 7KH PRUH ULJLGLWLHV WKHUH

DUH LQ WKLV FRQYHUVLRQ� WKH FORVHU ZH DSSURDFK WKH UHVXOWV SUHVHQWHG KHUH�

7KH PRGHO SUHVHQWHG KHUH KLJKOLJKWV KRZ GHPRJUDSKLFV PD\ DmHFW KRXVLQJ SULFHV�

%RWK WKH VL]H RI HDFK FRKRUW DQG WKH GLVWULEXWLRQ RI ZHDOWK ZLWKLQ HDFK FRKRUW PDWWHU�

,Q RXU IUDPHZRUN� DQ\ FKDQJH LQ WKH ZHDOWK RI WKH PDUJLQDO EX\HUV FDXVHG E\ FKDQJHV

LQ WKH FRPSRVLWLRQ RU WKH VL]H RI WKH \RXQJ FRKRUWV FRXOG KDYH D GUDPDWLF HmHFW RQ

KRXVLQJ SULFHV� $Q LQFUHDVH LQ WKH nUVW�WLPH EX\HU SRSXODWLRQ ZRXOG QRW RQO\ UDLVH

WKH SULFH RI VWDUWHU KRPHV EXW DOVR WKH SULFH RI ODUJHU SURSHUWLHV GXH WR WKH FRQVHTXHQW

FDSLWDO JDLQV� :H LQWHQG WR H[SORUH WKLV IXUWKHU LQ IXWXUH ZRUN�

��8VLQJ \HDUO\ GDWD IURP ���������� ZH HVWLPDWH FRHpFLHQWV RI ���� ������ DQG ���� ������ IRU PHDQ
KRXVHKROG LQFRPH DQG PHGLDQ LQFRPH RI ����� \HDU ROG KRXVHKROGV� UHVSHFWLYHO\� ZLWK WKH VWDQGDUG
HUURU LQ SDUHQWKHVHV� 7KH WZR LQFRPH VHULHV DFFRXQW DJDLQ IRU �� SHUFHQW RI KRXVLQJ SULFH YDULDELOLW\�

��



Figure 6: US income and housing prices
(scale adjusted and log transformed)
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PHQWV�� -RXUQDO RI 8UEDQ (FRQRPLFV� ����������

(QJHOKDUGW� *DU\ 9� ������� ?&RQVXPSWLRQ� GRZQ SD\PHQWV� DQG OLTXLGLW\ FRQVWUDLQWV��

-RXUQDO RI 0RQH\� &UHGLW DQG %DQNLQJ� ����������
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%RUURZLQJ &RQVWUDLQWV� DQG 6DYLQJ %HKDYLRU� (YLGHQFH IURP WKH +RXVLQJ 0DU�
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+DXULQ� 'RQDOG 5�� 3DWULF +� +HQGHUVKRWW� DQG 6XVDQ 0� :DFKWHU ������� ? %RUURZ�

LQJ FRQVWUDLQWV DQG WKH WHQXUH FKRLFH RI \RXQJ KRXVHKROGV�� -RXUQDO RI +RXVLQJ
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/DPRQW� 2ZHQ� DQG -HUHP\ &� 6WHLQ ������� C/HYHUDJH DQG +RXVH�3ULFH '\QDPLFV LQ

8�6� &LWLHV�� 5$1' -RXUQDO RI (FRQRPLFV� �����������

/LQQHPDQ� 3HWHU� DQG 6XVDQ :DFKWHU ������� ?7KH LPSDFWV RI ERUURZLQJ FRQVWUDLQWV

RQ KRPHRZQHUVKLS�� $5(8($ -RXUQDO� �����������

0XHOOEDXHU� -RKQ� DQG $QWKRQ\ 0XUSK\ ������� ?%RRPV DQG EXVWV LQ WKH 8. KRXVLQJ

PDUNHW�� (FRQRPLF -RXUQDO� ������������

2UWDOR�0DJQuH� )UDQzFRLV� DQG 6YHQ 5DG\ ������� ?+RXVLQJ PDUNHW oXFWXDWLRQV LQ D

OLIH�F\FOH HFRQRP\�� 'LVFXVVLRQ 3DSHU 1R� ���� )LQDQFLDO 0DUNHWV *URXS� /RQGRQ

6FKRRO RI (FRQRPLFV� DQG 5HVHDUFK 3DSHU 1R� ����� *UDGXDWH 6FKRRO RI %XVLQHVV�

6WDQIRUG 8QLYHUVLW\�

2UWDOR�0DJQuH� )UDQzFRLV� DQG 6YHQ 5DG\ ������� ?%RRP LQ� EXVW RXW� <RXQJ KRXVHKROGV

DQG WKH KRXVLQJ SULFH F\FOH�� (XURSHDQ (FRQRPLF 5HYLHZ� ����������

3RWHUED� -DPHV 1� ������� ?+RXVH SULFH G\QDPLFV� 7KH UROH RI WD[ SROLF\ DQG GHPRJ�

UDSK\�� %URRNLQJV 3DSHUV RQ (FRQRPLF $FWLYLW\� ����������

6LPRQV� -RDQQD ������� ?7KH GLVDSSHDUDQFH RI WKH nUVW�WLPH EX\HU� $Q HPSLULFDO

H[DPLQDWLRQ RI WKH UROH RI WKH ����� \HDU ROGV LQ WKH KRXVLQJ PDUNHW ERRP DQG

EXVW�� 06F (FRQRPLFV 'LVVHUWDWLRQ� 8QLYHUVLW\ &ROOHJH /RQGRQ�

6WHLQ� -HUHP\ &� ������� ?3ULFHV DQG WUDGLQJ YROXPH LQ WKH KRXVLQJ PDUNHW� $ PRGHO

ZLWK GRZQ�SD\PHQW HmHFWV�� 4XDUWHUO\ -RXUQDO RI (FRQRPLFV� ������������
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:KHDWRQ� :LOOLDP &� ������� ?9DFDQF\� VHDUFK� DQG SULFHV LQ D KRXVLQJ PDUNHW PDWFK�

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

=HLUD� -RVHSK ������� ?,QIRUPDWLRQDO 2YHUVKRRWLQJ� %RRPV� DQG &UDVKHV�� -RXUQDO RI

0RQHWDU\ (FRQRPLFV� ����������
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