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+RXVLQJ 0DUNHW '\QDPLFV�

2Q WKH &RQWULEXWLRQ RI ,QFRPH 6KRFNV

DQG &UHGLW &RQVWUDLQWVe

)UDQzFRLV 2UWDOR�0DJQuH\

/RQGRQ 6FKRRO RI (FRQRPLFV

6YHQ 5DG\]

8QLYHUVLW\ RI 0XQLFK

$SULO ����

$EVWUDFW

7KLV SDSHU SUHVHQWV D G\QDPLF WKHRU\ RI KRXVLQJ PDUNHW oXFWXDWLRQV� ,W
GHYHORSV D OLIH�F\FOH PRGHO ZKHUH KRXVHKROGV DUH KHWHURJHQHRXV ZLWK UHVSHFW WR
LQFRPH DQG SUHIHUHQFHV� DQG PRUWJDJH OHQGLQJ LV UHVWULFWHG E\ D GRZQ�SD\PHQW
UHTXLUHPHQW� 7KH PDUNHW LQWHUDFWLRQ RI \RXQJ FUHGLW�FRQVWUDLQHG KRXVHKROGV
ZLWK ROGHU RU ULFKHU XQFRQVWUDLQHG KRXVHKROGV JHQHUDWHV WKH IROORZLQJ UHVXOWV�
��� &XUUHQW LQFRPH RI \RXQJ FUHGLW�FRQVWUDLQHG KRXVHKROGV DmHFWV KRXVLQJ SULFHV
LQGHSHQGHQWO\ RI DJJUHJDWH LQFRPH� ��� +RXVLQJ SULFHV DQG WKH QXPEHU RI KRXVLQJ
WUDQVDFWLRQV DUH SRVLWLYHO\ FRUUHODWHG� ��� +RXVLQJ SULFHV RYHU�UHDFW WR LQFRPH
VKRFNV� ��� $ UHOD[DWLRQ RI WKH GRZQ�SD\PHQW FRQVWUDLQW WULJJHUV D ERRP�EXVW
F\FOH� 7KHVH UHVXOWV DUH FRQVLVWHQW ZLWK SDWWHUQV REVHUYHG LQ WKH 8�6� DQG WKH
8�.�

-(/ &ODVVLnFDWLRQV� (��� *��� *��� 5��

e(DUOLHU YHUVLRQV RI WKLV ZRUN ZHUH FLUFXODWHG DV GLVFXVVLRQ SDSHUV HQWLWOHG ?+RXVLQJ 0DUNHW )OXF�
WXDWLRQV LQ D /LIH�&\FOH (FRQRP\ ZLWK &UHGLW &RQVWUDLQWV�� 7KLV SDSHU DOVR VXSHUVHGHV RXU HDUOLHU
SDSHU ?:K\ $UH +RXVLQJ 3ULFHV 6R 9RODWLOH" ,QFRPH 6KRFNV LQ D 6WRFKDVWLF +HWHURJHQHRXV�$JHQWV
0RGHO� ZKLFK FRQWDLQHG VRPH RI WKH UHVXOWV IRU WKH 0DUNRYLDQ FDVH� :H WKDQN -HDQ�3DVFDO %HQDVV\�
-HmUH\ &DPSEHOO� 9�9� &KDUL� 0DUN *HUWOHU� &KDUOHV *RRGKDUW� -RKQ +HDWRQ� 1REX .L\RWDNL� (U]R
/XWWPHU� &KULV 0D\HU� 'DYLG 0LOHV� -RKQ 0RRUH� 9LFWRU 5LRV�5XOO� 3DXO 5RPHU� -DPHV 6KLOOLQJ� *DU\
6W\OHV� 7VXU 6RPHUYLOOH� 1DQF\ :DOODFH� ,QJULG :HUQHU DQG &KULVWLQH :KLWHKHDG IRU KHOSIXO GLVFXV�
VLRQV DQG VXJJHVWLRQV� :H DOVR EHQHnWHG IURP FRPPHQWV RI SDUWLFLSDQWV DW YDULRXV FRQIHUHQFHV DQG
VHPLQDUV� 7KH KRVSLWDOLW\ DQG VXSSRUW RI WKH IROORZLQJ LQVWLWXWLRQV DUH JUDWHIXOO\ DFNQRZOHGJHG� 6)%
��� DQG WKH 'HSDUWPHQW RI 6WDWLVWLFV DW WKH 8QLYHUVLW\ RI %RQQ� WKH &HQWHU IRU (FRQRPLF 6WXGLHV DW
WKH 8QLYHUVLW\ RI 0XQLFK� WKH )LQDQFLDO 0DUNHWV *URXS DW /6(� DQG WKH :KDUWRQ 6FKRRO�

\'HSDUWPHQW RI (FRQRPLFV� /RQGRQ 6FKRRO RI (FRQRPLFV� +RXJKWRQ 6WUHHW� /RQGRQ :&�$ �$(�
8�.�� HPDLO� RUWDORPD#OVH�DF�XN

]'HSDUWPHQW RI (FRQRPLFV� 8QLYHUVLW\ RI 0XQLFK� .DXOEDFKVWU� ��� '������ 0XQLFK� *HUPDQ\�
HPDLO� VYHQ�UDG\#OU]�XQL�PXHQFKHQ�GH



7ZR IHDWXUHV GLVWLQJXLVK UHVLGHQWLDO UHDO HVWDWH IURP nQDQFLDO DVVHWV� KRXVHKROGV
 FRQ�

VXPSWLRQ GHPDQG IRU D GZHOOLQJ DQG WKH LQGLYLVLELOLW\ RI SURSHUWLHV� %HFDXVH RI FUHGLW

PDUNHW LPSHUIHFWLRQV� WKH LQGLYLVLELOLW\ LPSOLHV WKDW WKH SXUFKDVH RI D KRPH UHTXLUHV

D VLJQLnFDQW DPRXQW RI OLTXLG ZHDOWK XS IURQW� )XUWKHUPRUH� WKH RQO\ KRPHRZQHUVKLS

RSWLRQ IRU KRXVHKROGV ZLWK OLPLWHG UHVRXUFHV LV WR EX\ D VWDUWHU KRPH DV D nUVW VWHS

RQ WKH SURSHUW\ ODGGHU� ,W LV RQO\ E\ FRQWLQXLQJ WR DFFXPXODWH ZHDOWK WKDW KRXVHKROGV

FDQ HYHQWXDOO\ WUDGH XS� 7KH SHUIRUPDQFH RI WKHLU KLJKO\ OHYHUDJHG LQYHVWPHQW LQ WKH

VWDUWHU KRPH LV NH\ WR WKHLU DELOLW\ WR DFFXPXODWH ZHDOWK DQG KHQFH DmHFWV WKH WLPLQJ

RI WKHLU PRYH XS WKH SURSHUW\ ODGGHU�

7KLV SDSHU EXLOGV XSRQ WKHVH IHDWXUHV RI KRXVLQJ FRQVXPSWLRQ WR DGGUHVV WZR IXQ�

GDPHQWDO LVVXHV FRQFHUQLQJ KRXVLQJ PDUNHW G\QDPLFV� WKH ODUJH SUHGLFWDEOH KRXVLQJ

SULFH VZLQJV DQG WKH FR�PRYHPHQW RI SULFHV DQG WUDQVDFWLRQV� 7KH YRODWLOLW\ RI KRXVLQJ

SULFHV LV D ZHOO NQRZQ DQG VWXGLHG SKHQRPHQRQ� QRW XQOLNH oXFWXDWLRQV LQ nQDQFLDO

DVVHW SULFHV�� +RZHYHU� ZKHUHDV WUDQVDFWLRQV WHQG WR ULVH LQ UHVSRQVH WR ERWK SRVLWLYH

DQG QHJDWLYH SULFH FKDQJHV RQ nQDQFLDO PDUNHWV� KRXVLQJ WUDQVDFWLRQV WHQG WR LQFUHDVH

GXULQJ ERRPV DQG GHFUHDVH LQ GRZQWXUQV��

7R DGGUHVV WKHVH LVVXHV� ZH LQYHVWLJDWH WKH WUDQVPLVVLRQ RI LQFRPH VKRFNV LQ D

VWRFKDVWLF OLIH�F\FOH PRGHO ZKHUH KHWHURJHQHRXV KRXVHKROGV IDFH D FUHGLW FRQVWUDLQW

LQ WKHLU DWWHPSW WR FOLPE WKH SURSHUW\ ODGGHU� 7KH nUVW FRQWULEXWLRQ RI WKH SDSHU LV

WR SRLQW RXW WKH FULWLFDO UROH RI WKH LQFRPH RI \RXQJ KRXVHKROGV WR KRXVLQJ PDUNHW

oXFWXDWLRQV� 6LQFH WKH LQFRPH RI \RXQJ KRXVHKROGV LV PRUH YRODWLOH WKDQ SHU FDSLWD

LQFRPH� WKH YDULDEOH W\SLFDOO\ XVHG LQ WKH HPSLULFDO KRXVLQJ OLWHUDWXUH� WKLV JRHV VRPH

ZD\ WRZDUGV H[SODLQLQJ ?H[FHVVLYH� SULFH YRODWLOLW\� 7KH VHFRQG FRQWULEXWLRQ RI WKH

SDSHU LV WKH FKDUDFWHUL]DWLRQ RI D PHFKDQLVP E\ ZKLFK FUHGLW FRQVWUDLQWV QRW RQO\ DP�

SOLI\ LQFRPH VKRFNV� EXW DOVR DmHFW WKH WLPLQJ RI KRXVHKROGV
 PRYHV LQ D ZD\ WKDW

H[SODLQV WKH FR�PRYHPHQW RI SULFHV DQG WUDQVDFWLRQV� 7KH UHVSRQVH RI KRXVLQJ SULFHV

WR LQFRPH VKRFNV LQ RXU PRGHO GHSHQGV RQ WKH GLVWULEXWLRQ RI GHEW ZLWKLQ WKH SRSX�

ODWLRQ LQ ZD\V ZKLFK HQDEOH XV WR UDWLRQDOL]H FLW\ OHYHO HYLGHQFH� 7KH ULFKQHVV RI RXU

OLIH�F\FOH IUDPHZRUN IXUWKHU HQDEOHV XV WR FRQIURQW WKH PRGHO
V SUHGLFWLRQV ZLWK GDWD

RQ WKH EHKDYLRU RI YDULRXV DJH JURXSV LQ UHVSRQVH WR ERWK LQFRPH VKRFNV DQG FUHGLW

PDUNHW OLEHUDOL]DWLRQ�

�6HH IRU H[DPSOH (QJOXQG DQG ,RDQQLGHV �������
�7KH FRUUHODWLRQ RI KRXVLQJ SULFHV DQG WUDQVDFWLRQV KDV ORQJ EHHQ NQRZQ WR PDUNHW SUDFWLWLRQHUV�

6WHLQ ������ UHSRUWV HYLGHQFH IRU WKH 8�6� 7KH VDPH UHJXODULW\ LV REVHUYHG LQ WKH 8�.� �2UWDOR�0DJQuH
DQG 5DG\ ������
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7KH NH\ WR RXU UHVXOWV OLHV LQ RXU PRGHOLQJ RI WKH KRXVLQJ PDUNHW LQWHUDFWLRQ RI

KRXVHKROGV ZLWK GLmHUHQW ZHDOWK OHYHOV� DV ZHOO DV GLmHUHQW SUHIHUHQFHV IRU YDULRXV

W\SHV RI DFFRPPRGDWLRQ� ,Q HTXLOLEULXP� KRXVLQJ SULFHV HQVXUH WKDW WKH QXPEHU RI

KRPHRZQHUV HTXDOV WKH QXPEHU RI KRPHV� *LYHQ HYHU\RQH
V SUHIHUHQFH IRU D GZHOOLQJ RI

WKHLU RZQ� RQO\ WKH SRRUHVW KRXVHKROGV GR QRW RZQ RQH� :LWK VWDUWHU KRPHV EHLQJ WKH

FKHDSHVW DYDLODEOH SURSHUWLHV� E\ GHnQLWLRQ� WKHLU SULFH PXVW EH KLJK HQRXJK WR NHHS

HQRXJK KRXVHKROGV RXW RI KRPHRZQHUVKLS VR DV WR JXDUDQWHH WKDW WRWDO GHPDQG IRU

RZQHU�RFFXSLHG GZHOOLQJV HTXDOV WRWDO VXSSO\� 7KH SULFH RI VWDUWHU KRPHV LV WKHUHIRUH

FORVHO\ OLQNHG WR WKH ZHDOWK RI WKH SRRUHVW SRWHQWLDO nUVW�WLPH EX\HUV� KHQFH WR WKH

LQFRPH RI \RXQJ KRXVHKROGV� :KHQ WKLV LQFRPH ULVHV� WKH SULFH RI VWDUWHU KRPHV PXVW

IROORZ VR DV WR PDLQWDLQ WKH XS IURQW FRVW RI D VWDUWHU KRPH XQDmRUGDEOH WR HQRXJK

SRWHQWLDO nUVW�WLPH EX\HUV�

$W WKH RWKHU HQG RI WKH ZHDOWK GLVWULEXWLRQ� ULFK KRXVHKROGV LQ WKH PRGHO FDQ DmRUG

WR FKRRVH WKHLU GZHOOLQJ DFURVV DOO DYDLODEOH W\SHV RQ WKH EDVLV RI UHODWLYH SUHIHUHQFHV

DQG UHODWLYH FRVWV RI RZQHUVKLS� 7KH UHODWLYH SULFH RI DQ\ WZR GZHOOLQJV PXVW UHoHFW

WKH UHODWLYH SUHIHUHQFHV RI WKH KRXVHKROGV ZKR DUH MXVW LQGLmHUHQW EHWZHHQ WKHP� JLYHQ

UHODWLYH FRVWV RI RZQHUVKLS� 7KLV DUELWUDJH DFURVV SURSHUW\ W\SHV LPSOLHV WKDW WKH SULFH

RI HYHU\ GZHOOLQJ FDQ EH EURNHQ GRZQ LQWR WZR FRPSRQHQWV� WKH SULFH RI D VWDUWHU KRPH�

DQG WKH PDUNHW YDOXH RI WKH XWLOLW\ SUHPLXP WKH VSHFLnF GZHOOLQJ SURYLGHV UHODWLYH WR D

VWDUWHU KRPH� $Q LPPHGLDWH FRUROODU\ LV WKDW oXFWXDWLRQV LQ WKH SULFH RI VWDUWHU KRPHV

DmHFW WKH SULFH RI DOO GZHOOLQJV� 7KLV LPSOLHV D GLUHFW UHODWLRQVKLS EHWZHHQ WKH LQFRPH RI

\RXQJ PDUJLQDO EX\HUV DQG WKH KRXVLQJ SULFH LQGH[� 7KLV UHODWLRQVKLS LV LQGHSHQGHQW RI

�DQG FRPSOHPHQWDU\ WR� WKH VWDQGDUG LQFRPH HmHFW ZKHUHE\ KRXVHKROGV ZKRVH LQFRPH

ULVHV VSHQG PRUH RQ HYHU\WKLQJ� KRXVLQJ LQFOXGHG�

$ WKLUG JURXS RI KRXVHKROGV LQ WKH PRGHO LV NH\ WR oXFWXDWLRQV LQ WKH QXPEHU RI

WUDQVDFWLRQV� WKH KRXVHKROGV ZKRVH nUVW SXUFKDVH ZDV FRQVWUDLQHG E\ ODFN RI OLTXLG

ZHDOWK DQG ZKR� WKHUHIRUH� RZQ D VWDUWHU KRPH� 7KH\ DUH HDJHU WR DFFXPXODWH ZHDOWK

LQ RUGHU WR PRYH LQWR D PRUH H[SHQVLYH SURSHUW\ DV VRRQ DV SRVVLEOH� 7KH WLPLQJ RI WKHLU

PRYH XS WKH SURSHUW\ ODGGHU GHSHQGV RQ WKH SDFH DW ZKLFK WKH\ FDQ DFFXPXODWH ZHDOWK�

:KHQ LQFRPHV ULVH� VR GR SURSHUW\ SULFHV� KRPHRZQHUV HQMR\ FDSLWDO JDLQV LQ DGGLWLRQ WR

KLJKHU HDUQLQJV� ,Q HTXLOLEULXP� WKLV IDVWHU DFFXPXODWLRQ RI ZHDOWK DOORZV FRQVWUDLQHG

RZQHUV WR SUHFLSLWDWH WKHLU PRYH XS WKH SURSHUW\ ODGGHU� 2Q WKH RWKHU KDQG� ZKHQ

HDUQLQJV GURS� VR GR KRXVLQJ SULFHV� +RPHRZQHUV VXmHU FDSLWDO ORVVHV ZKLFK FRQVWUDLQ

WKHP WR GHOD\ WKHLU PRYH XS WKH SURSHUW\ ODGGHU� 7KHVH HQGRJHQRXV oXFWXDWLRQV LQ

WKH WLPLQJ RI PRYHV XS WKH SURSHUW\ ODGGHU JHQHUDWH D SRVLWLYH FRUUHODWLRQ EHWZHHQ

KRXVLQJ WUDQVDFWLRQV DQG SULFHV�
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7KH IDFW WKDW VRPH KRXVHKROGV
 nUVW SXUFKDVH LV D FRQVWUDLQHG VWHS WRZDUG WKH

SXUFKDVH RI D PRUH H[SHQVLYH SURSHUW\ LPSOLHV WKDW SDVW KRXVLQJ SULFHV DQG LQFRPHV

DmHFW FXUUHQW KRXVLQJ GHPDQG LQ WKH PRGHO� )RU DOO FRKRUWV H[FHSW WKH YHU\ \RXQJHVW�

DFFXPXODWHG HDUQLQJV DUH ORZHU ZKHQ WKH HFRQRP\ LV JURZLQJ WRZDUG D KLJK LQFRPH

OHYHO WKDQ DIWHU VXFFHVVLYH SHULRGV RI WKH VDPH KLJK LQFRPH� +RZHYHU� WKH FDSLWDO JDLQV

UHDOL]HG E\ FXUUHQW RZQHUV GXULQJ D SHULRG RI JURZWK PRUH WKDQ FRPSHQVDWH IRU WKHLU

ORZHU DFFXPXODWHG HDUQLQJV� 7KH DJJUHJDWH GHPDQG IRU KRXVLQJ LV WKHUHIRUH KLJKHU

ZKHQ LQFRPH KDV UHFHQWO\ MXPSHG WR D KLJKHU OHYHO WKDQ DIWHU VXFFHVVLYH SHULRGV DW

WKDW VDPH KLJK OHYHO� $V D UHVXOW� WKH VDPH LV WUXH IRU KRXVLQJ SULFHV� &DSLWDO JDLQV E\

FXUUHQW RZQHUV WKXV DPSOLI\ WKH HmHFWV RI LQFRPH VKRFNV RQ KRXVLQJ SULFHV� JHQHUDWLQJ

SULFH RYHUVKRRWLQJ� 7KH V\PPHWULF UHDVRQLQJ DSSOLHV ZKHQ LQFRPH GHFUHDVHV� SULFHV

IDOO WR D ORZHU OHYHO WKDQ LI LQFRPH KDG EHHQ ORZ IRU WZR VXFFHVVLYH SHULRGV� $ GLUHFW

FRUROODU\ RI WKLV SULFH RYHUVKRRWLQJ UHVXOW LV WKDW D PHUH VORZGRZQ LQ LQFRPH JURZWK

PD\ OHDG WR D GRZQWXUQ RQ WKH KRXVLQJ PDUNHW��

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

RI /DPRQW DQG 6WHLQ ������� 7KH\ HVWLPDWH D KRXVLQJ SULFH UHJUHVVLRQ EDVHG RQ FLW\

OHYHO GDWD� 6LPXODWLQJ WKH HmHFW RI D SHUPDQHQW LQFRPH VKRFN� WKH\ REWDLQ D SULFH

UHVSRQVH ZKLFK ULVHV SURJUHVVLYHO\ EHIRUH GHFUHDVLQJ WR D QHZ VWHDG\ VWDWH OHYHO� ,Q

6HFWLRQ �� ZH REWDLQ WKH VDPH SDWWHUQ LQ WKH PRGHO� 2XU PRGHOLQJ IUDPHZRUN LV

DOVR DEOH WR DFFRXQW IRU WKH GUDPDWLF ERRP�EXVW HSLVRGHV ZKLFK VHHP WR IROORZ FUHGLW

PDUNHW OLEHUDOL]DWLRQV� 7KH RYHUODSSLQJ JHQHUDWLRQ VWUXFWXUH DOORZV XV WR UDWLRQDOL]H

WKH FRQFRPLWDQW FRKRUW VSHFLnF FKDQJHV LQ PRUWJDJH GHPDQG DQG RZQHU�RFFXSDQF\

UDWHV� ,Q SDUWLFXODU� WKH PRGHO VKHGV OLJKW RQ WKH FDXVHV RI WKH 8�.� KRXVLQJ ERRP�

EXVW F\FOH ZKLFK IROORZHG WKH FUHGLW PDUNHW OLEHUDOL]DWLRQ RI WKH HDUO\ (LJKWLHV�

7KH WUDGLWLRQDO DSSURDFK WR KRXVLQJ SULFHV WUHDWV GZHOOLQJV OLNH DQ\ RWKHU nQDQFLDO

DVVHW� $ GZHOOLQJ LV DVVXPHG WR SURYLGH XQLWV RI KRXVLQJ VHUYLFHV� 7KH RSWLPL]LQJ

EHKDYLRU RI D UHSUHVHQWDWLYH LQYHVWRU HQVXUHV WKDW WKH HTXLOLEULXP SULFH RI D XQLW RI

KRXVLQJ VHUYLFHV GHSHQGV VROHO\ RQ WKH XVHU FRVW RI FDSLWDO� UHQW� DQG VRPH IRUP RI VXS�

SO\ FRVW� DQG VR LV D IRUZDUG�ORRNLQJ SULFH�� 7KLV DSSURDFK KDV OHG HPSLULFDO UHVHDUFKHUV

WR HVWLPDWH KRXVLQJ SULFH HTXDWLRQV EDVHG RQ FRQVWUXFWLRQ FRVW� UHQW� SHUPDQHQW LQ�

FRPH �W\SLFDOO\ PHDVXUHG E\ SHU FDSLWD UHDO GLVSRVDEOH LQFRPH�� LQWHUHVW UDWHV� DQG

GHPRJUDSKLF YDULDEOHV�� 2YHUDOO� WKHVH VWXGLHV UHYHDO WKDW FXUUHQW SHU FDSLWD LQFRPH

�7KHVH SULFH G\QDPLFV DUH GULYHQ E\ FDSLWDO JDLQV� KHQFH GLmHUHQW IURP H[SHFWDWLRQV�GULYHQ RYHU�
VKRRWLQJ DV PRGHOHG E\ =HLUD �������

�(�J�� 3RWHUED ������ DQG :KHDWRQ �������
�(�J�� 'L3DVTXDOH DQG :KHDWRQ ������� 0XHOOEDXHU DQG 0XUSK\ ������� 0DOSH]]L �������

�



DQG GHPRJUDSKLF YDULDEOHV� LQ SDUWLFXODU WKH VL]H RI WKH \RXQJ FRKRUW� DUH NH\ GHWHU�

PLQDQWV RI VKRUW UXQ KRXVLQJ SULFH oXFWXDWLRQV� 7KH\ IDLO WR H[SODLQ WKH PDJQLWXGH

RI REVHUYHG ERRPV DQG EXVWV ZLWKRXW DVVXPLQJ VRPH GHSDUWXUH IURP UDWLRQDO H[SHFWD�

WLRQV� 6KRUW UXQ FKDQJHV LQ KRXVLQJ SULFHV DQG H[FHVV UHWXUQV DSSHDU WR EH SRVLWLYHO\

VHULDOO\ FRUUHODWHG� +RZHYHU� WKLV GRHV QRW PHDQ WKDW PRYLQJ KRXVHKROGV FRXOG UHDOL]H

H[FHVV UHWXUQV E\ GHOD\LQJ WKH WLPLQJ RI WKHLU PRYH�� 6LPLODU IHDWXUHV ZLOO HPHUJH LQ

RXU PRGHO� SUHGLFWDEOH SULFHV� EXW QR H[FHVV UHWXUQV WKDW FRXOG EH UHDOL]HG E\ PRYLQJ

KRXVHKROGV�

7KLV IDLOXUH WR DFFRXQW IRU WKH REVHUYHG SULFH YRODWLOLW\ KDV HQFRXUDJHG 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� 6PDOO oXFWXDWLRQV LQ GHPDQG RU VXSSO\ JHQHUDWH ODUJH oXFWXDWLRQV LQ

SULFHV WKURXJK WKHLU LPSDFW RQ WKH HTXLOLEULXP YDFDQF\ UDWH� 7KLV PRGHO RQO\ DGGUHVVHV

UHSHDW SXUFKDVHV�

&ORVHU WR WKH SUHVHQW SDSHU� 6WHLQ ������ GHYHORSV D PRGHO RI RZQHUV ZLWK VRPH

H[RJHQRXV LQLWLDO GLVWULEXWLRQ RI GZHOOLQJV DQG GHEW� 7KHVH RZQHUV HQMR\ PRYLQJ� EXW

DUH VXEMHFW WR D GRZQ�SD\PHQW UHTXLUHPHQW� ZKLFK LPSOLHV D ORFDOO\ XSZDUG VORSLQJ

GHPDQG IRU KRXVLQJ� 7KH UHVXOWLQJ SRVVLELOLW\ RI PXOWLSOH HTXLOLEULD LV NH\ WR 6WHLQ
V

H[SODQDWLRQ RI KRXVLQJ SULFH YRODWLOLW\� 7KH PDLQ GLmHUHQFH ZLWK WKH SUHVHQW SDSHU LV

WKDW 6WHLQ
V PRGHO LV VWDWLF DQG UHTXLUHV WKH SURSRUWLRQ RI KLJKO\ LQGHEWHG DJHQWV WR EH

YHU\ ODUJH LQ RUGHU WR JHQHUDWH PXOWLSOH HTXLOLEULD� ,Q FRQWUDVW� WKH RYHUVKRRWLQJ UHVXOW

ZH REWDLQ VWHPV IURP WKH DQDO\VLV RI WKH G\QDPLFV RI RXU PRGHO� DQG KROGV HYHQ IRU

VPDOO �DQG SODXVLEOH� SURSRUWLRQV RI FUHGLW�FRQVWUDLQHG DJHQWV LQ WKH SRSXODWLRQ� )XU�

WKHUPRUH� LQ RXU G\QDPLF PRGHO� ERWK WKH EHJLQQLQJ DQG HQG RI SHULRG GLVWULEXWLRQ RI

GHEW DQG GZHOOLQJV DUH HTXLOLEULXP GLVWULEXWLRQV� )LQDOO\� LQ FRQWUDVW WR ERWK :KHDWRQ

������ DQG 6WHLQ ������� RXU PRGHO FRQVLGHUV QRW RQO\ UHSHDW EX\HUV� EXW DOVR nUVW�WLPH

EX\HUV� 7KH\ SOD\ D FULWLFDO UROH LQ WKH G\QDPLFV RI WKH KRXVLQJ PDUNHW�

0LFURHFRQRPLF HYLGHQFH SURYLGHV VXSSRUW IRU WKH EXLOGLQJ EORFNV RI RXU PRGHO�

)LUVW� YDULRXV VWXGLHV RI KRXVHKROG OHYHO GDWD VWURQJO\ VXSSRUW WKH LGHD WKDW FUHGLW

FRQVWUDLQWV VLJQLnFDQWO\ UHVWULFW WKH KRXVLQJ FRQVXPSWLRQ RI D VL]DEOH SURSRUWLRQ RI

�7KLV SRLQW ZDV nUVW PDGH E\ &DVH DQG 6KLOOHU ������� &KR ������ SURYLGHV D XVHIXO VXUYH\ RI WKH
OLWHUDWXUH VLQFH�
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KRXVHKROGV�� /LQQHPDQ DQG :DFKWHU ������ nQG WKDW WKH GRZQ�SD\PHQW UHTXLUH�

PHQW LPSRVHG E\ PRUWJDJH OHQGHUV UHVWULFWV KRXVHKROGV
 DFFHVV WR FUHGLW PRUH WKDQ

WKH LQFRPH FRQVWUDLQW ZKLFK SUHFOXGHV PRQWKO\ SULQFLSDO� LQWHUHVW� SURSHUW\ WD[ DQG

PRUWJDJH LQVXUDQFH SD\PHQWV �NQRZQ DV 3,7,� DERYH D JLYHQ IUDFWLRQ RI LQFRPH� $F�

FXPXODWLQJ VXpFLHQW ZHDOWK WDNHV WLPH DQG HmRUW� IRU H[DPSOH� ORZHU FRQVXPSWLRQ RU

JUHDWHU VSRXVDO ODERU IRUFH SDUWLFLSDWLRQ� 7KH OLWHUDWXUH SUHVHQWV YDULRXV HVWLPDWHV RI

KRZ ORQJ LW WDNHV nUVW�WLPH EX\HUV WR DFFXPXODWH WKH ZHDOWK UHTXLUHG IRU WKHLU SXUFKDVH�

6XUYH\ GDWD FROOHFWHG E\ WKH &KLFDJR 7LWOH DQG 7UXVW &RPSDQ\ ��������� LPSOLHV DQ

DYHUDJH EHWZHHQ � DQG � \HDUV� ZLWK D ULVLQJ WUHQG RYHU WLPH� (QJHOKDUGW DQG 0D\HU

������ nQG DQ DYHUDJH RI ��� \HDUV IRU WKHLU VDPSOH� &DSOLQ HW DO� ������ SUHVHQW QX�

PHULFDO H[DPSOHV RI KRZ WLPH WR VDYH YDULHV ZLWK DQQXDO LQFRPH DQG IDFWRUV VXFK DV

HGXFDWLRQ GHEW� ,Q WKLV DFFXPXODWLRQ SKDVH� RQO\ D PLQRULW\ RI nUVW�WLPH EX\HUV UHFHLYH

VLJQLnFDQW KHOS IURP WKHLU IDPLO\� )RU H[DPSOH� (QJHOKDUGW ������ UHSRUWV WKDW RQO\

RQH�nIWK RI 8�6� nUVW�WLPH EX\HUV EHQHnW IURP VXFK KHOS�

6HFRQG� KRXVHKROG VXUYH\V LQGLFDWH WKDW RZQ VDYLQJV DQG KRXVLQJ HTXLW\ DUH E\ IDU

WKH WZR PDMRU VRXUFHV RI IXQGV IRU UHSHDW EX\HUV� )RU H[DPSOH� LQ WKH \HDUV �����

��� SURFHHGV IURP WKH VDOH RI D SUHYLRXV SURSHUW\ UHSUHVHQWHG EHWZHHQ ���� DQG ����

SHUFHQW RI UHSHDW EX\HUV
 GRZQ SD\PHQWV LQ PDMRU 8�6� PHWURSROLWDQ DUHDV �&KLFDJR

7LWOH DQG 7UXVW &RPSDQ\ ��������� 'XULQJ KRXVLQJ PDUNHW UHFHVVLRQV� ORZ HTXLW\ LQ

RQH
V KRPH VHHPV D VLJQLnFDQW KXUGOH WR PRYLQJ �*HQHVRYH DQG 0D\HU ������ 'XULQJ

KRXVLQJ PDUNHW ERRPV� SURFHHGV IURP WKH VDOH RI D SUHYLRXV SURSHUW\ W\SLFDOO\ PDNH XS

D ODUJH SURSRUWLRQ RI GRZQ SD\PHQWV� KHOSLQJ KRXVHKROGV PRYH XS WKH SURSHUW\ ODGGHU�

D IHDWXUH RXU PRGHO ZLOO UHSURGXFH LQ HTXLOLEULXP� )RU H[DPSOH� WKH ���� SHUFHQW nJXUH

DERYH ZDV UHDFKHG LQ WKH \HDU ����� IROORZLQJ WZR \HDUV RI VWURQJ SULFH JURZWK�

$ WKLUG PDMRU EXLOGLQJ EORFN RI RXU PRGHO LV WKH DVVXPSWLRQ WKDW DW OHDVW VRPH

KRXVHKROGV FOLPE D SURSHUW\ ODGGHU RYHU WKH FRXUVH RI WKHLU OLYHV� 7KH W\SLFDO OLIH�F\FOH

SDWWHUQ RI KRXVLQJ FRQVXPSWLRQ GRHV LQYROYH OXPS\ DGMXVWPHQWV DORQJ WKH SURSHUW\

ODGGHU ZLWK MXPSV WRZDUG ELJJHU GZHOOLQJV ZKHQ \RXQJ�� 8�6� &HQVXV GDWD VKRZV WKH

PHGLDQ SULFH RI nUVW�WLPH SXUFKDVHV DW DERXW �� SHUFHQW RI WKH PHGLDQ SULFH RI UHSHDW

SXUFKDVHV� )LUVW�WLPH EX\HUV WHQG WR EH LQ WKHLU HDUO\ WKLUWLHV� ZKHUHDV UHSHDW EX\HUV

DUH JHQHUDOO\ LQ WKHLU HDUO\ IRUWLHV� 6LPLODU HYLGHQFH LV DYDLODEOH LQ WKH 8�.� ZKHUH

nUVW�WLPH EX\HUV WHQG WR EH \RXQJHU� (YLGHQFH IURP KRXVLQJ VXUYH\V ERWK LQ WKH 8�6�

�(�J�� /LQQHPDQ DQG :DFKWHU ������� -RQHV ������� ,RDQQLGHV ������� =RUQ ������� 'XFD DQG
5RVHQWKDO ������� (QJHOKDUGW ������� +DXULQ� +HQGHUVKRWW DQG :DFKWHU ������ ������

�/XPS\ DGMXVWPHQWV FDQ EH H[SODLQHG E\ WUDQVDFWLRQ FRVWV WKDW KDYH WR EH SDLG ZKHQ D GZHOOLQJ
LV WUDGHG� FI� *URVVPDQ DQG /DURTXH �������

�



DQG WKH 8�.� GHPRQVWUDWHV WKDW VRPH KRXVHKROGV PRYH WR D PRUH H[SHQVLYH SURSHUW\

ZLWKLQ D IHZ \HDUV RI WKHLU nUVW SXUFKDVH�

)LQDOO\� WR JHQHUDWH WKH FR�PRYHPHQW RI WUDQVDFWLRQV DQG SULFHV� WKH PRGHO UHTXLUHV

WKDW WKH QXPEHU RI RZQHUV PRYLQJ XS WKH SURSHUW\ ODGGHU EH DOORZHG WR oXFWXDWH LQ

HTXLOLEULXP� 7KLV FDQ RQO\ KDSSHQ LI WKH QXPEHU RI KRPHRZQHUV ZKR UHPDLQ LQ DQ

H[SHQVLYH KRPH DOVR oXFWXDWHV� +HQFH� DQ HQGRJHQRXVO\ FKDQJLQJ QXPEHU RI WKHP

PXVW ZDQW WR PRYH GRZQ WKH SURSHUW\ ODGGHU� 7KHUH LV VRPH HYLGHQFH WKDW KRXVLQJ

FRQVXPSWLRQ GHFOLQHV ZLWK DJH IRU WKH HOGHUO\� EXW WKLV LV VWLOO D GHEDWHG LVVXH LQ WKH

OLWHUDWXUH�� 2XU UHVXOWV GR QRW SUHVXSSRVH WKDW HOGHUO\ KRXVHKROGV UHGXFH KRXVLQJ

FRQVXPSWLRQ� :KDW LV FULWLFDO LV WKDW HYHU\ SHULRG� VRPH KRXVHKROGV PRYH WR D KRPH

FKHDSHU WKDQ WKH RQH WKH\ VHOO� 7KLV LV VXSSRUWHG E\ VXUYH\ HYLGHQFH LQ ERWK WKH 8�6�

DQG WKH 8�.���

7KH UHVW RI WKH SDSHU LV RUJDQL]HG DV IROORZV� 6HFWLRQ � SUHVHQWV WKH VLPSOHVW YHUVLRQ

RI RXU PRGHO� 6HFWLRQ � SURYLGHV DQ DQDO\WLFDO FKDUDFWHUL]DWLRQ RI HTXLOLEULXP SULFHV DQG

WUDQVDFWLRQ YROXPH� 6HFWLRQ � H[DPLQHV WKH UHVSRQVH RI WKH PRGHO WR SHUPDQHQW LQFRPH

VKRFNV� WKLV FODULnHV WKH EDVLF PHFKDQLVP DW ZRUN LQ WKH PRGHO� 6HFWLRQ � JHQHUDOL]HV

WKH DQDO\VLV WR D 0DUNRY SURFHVV IRU LQFRPH� 6HFWLRQ � SUHVHQWV DQ H[WHQVLRQ RI WKH

VLPSOH PRGHO� 6HFWLRQ � GLVFXVVHV WKH HPSLULFDO LPSOLFDWLRQV RI WKH PRGHO� 6HFWLRQ �

FRQWDLQV FRQFOXGLQJ UHPDUNV� $OO WHFKQLFDO GHWDLOV DUH UHOHJDWHG WR DQ DSSHQGL[�

� 7KH 0RGHO

$ PRGHO LQ ZKLFK WKH DERYH LGHDV FDQ EH H[SORUHG PXVW EH ULFK HQRXJK WR FDSWXUH WKH

LQWHUDFWLRQ RQ WKH KRXVLQJ PDUNHW RI KRXVHKROGV HDJHU WR FOLPE WKH SURSHUW\ ODGGHU

EXW FUHGLW FRQVWUDLQHG� ZLWK ZHDOWKLHU KRXVHKROGV ZKR FKRRVH WKHLU KRPH DFFRUGLQJ WR

SUHIHUHQFHV DQG FRVWV� 7KH FRQFHSW RI D SURSHUW\ ODGGHU UHTXLUHV DW OHDVW WZR W\SHV RI

GZHOOLQJ� &OLPELQJ WKLV PLQLPDO SURSHUW\ ODGGHU UHTXLUHV DW OHDVW WKUHH SHULRGV� RQH

SHULRG WR EX\� RQH WR WUDGH XS� DQG RQH WR VHOO� )RU LQFRPH VKRFNV WR DmHFW WKH SDFH

DW ZKLFK VRPH DJHQWV FOLPE WKH SURSHUW\ ODGGHU� DJHQWV PXVW GLmHU LQ WHUPV RI WKHLU

ZHDOWK� $V WR WKRVH DJHQWV ZKR WUDGH ZLWKRXW UHVWULFWLRQV LPSRVHG E\ ZHDOWK� WKHUH DUH

�6HH 0HUULOO ������� 0DQNLZ DQG :HLO ������� 9HQWL DQG :LVH ������ ����� ������ 6KHLQHU DQG :HLO
������� *UHHQ DQG +HQGHUVKRWW ������� 0HJEROXJEH� 6D�$DGX DQG 6KLOOLQJ ������� -RQHV �������

��6HH 8�6� %XUHDX RI &HQVXV �YDULRXV \HDUV� DQG 8�.� 'HSDUWPHQW RI WKH (QYLURQPHQW� 7UDQVSRUW
DQG WKH 5HJLRQV ��������� ,Q WKH 8�.�� IRU H[DPSOH� RI WKH SHRSOH ZKR ERXJKW WKHLU SUHYLRXV KRXVH
LQ ���� RU ODWHU DQG PRYHG LQ �������� �� SHUFHQW PRYHG WR D FKHDSHU SURSHUW\� 7KLV SURSRUWLRQ LV
KLJKHU IRU SHRSOH DURXQG DJH �� ��� SHUFHQW�� DQG ORZHU IRU SHRSOH EHORZ DJH �� ��� SHUFHQW��
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PDQ\ RSWLRQV DYDLODEOH IRU WKHLU UHSUHVHQWDWLRQ� +HUH� ZH FKRRVH WR DGG DQ H[WUD SHULRG

RI OLIH� D SHULRG ZKHQ RQH
V ZHDOWK LV VXpFLHQWO\ KLJK VR WKDW FUHGLW FRQVWUDLQWV QR ORQJHU

ELQG� QR PDWWHU ZKDW W\SH RI SURSHUW\ LV FRQVLGHUHG� 2I FRXUVH� LI QRW DOO ZHDOWK\ DJHQWV

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

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

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

DQG WUDQVDFWLRQ YROXPH�

:H FRQVLGHU DQ HFRQRP\ ZLWK D QXPHUDLUH FRQVXPSWLRQ JRRG DQG WZR W\SHV RI

GZHOOLQJV� VWDUWHU KRPHV �?oDWV� KHUHDIWHU� DQG ODUJHU GZHOOLQJV �?KRXVHV� KHUHDIWHU��

(DFK GZHOOLQJ FDQ DFFRPPRGDWH RQO\ RQH DJHQW� ZKR PXVW EH DQ RZQHU�RFFXSLHU� 7KH

LQWURGXFWLRQ RI D UHQWDO PDUNHW GRHV QRW DmHFW WKH QDWXUH RI WKH UHVXOWV DQG ZLOO EH

GLVFXVVHG ODWHU� )ODWV DQG KRXVHV DUH DYDLODEOH LQ n[HG TXDQWLWLHV� 6) DQG 6+ � 7KH

DVVXPSWLRQ RI D SHUIHFWO\ LQHODVWLF VXSSO\ LV QRW FULWLFDO WR RXU UHVXOWV� WKH\ JR WKURXJK

DV ORQJ DV VXSSO\ LV QRW SHUIHFWO\ HODVWLF� ZKLFK ZLOO KROG JLYHQ DQ XSZDUG VORSLQJ

VXSSO\ RI ODQG� 2I FRXUVH� HYHU\WKLQJ HOVH HTXDO� WKH UHVSRQVH RI SULFHV WR VKRFNV ZRXOG

EH WKH VPDOOHU� WKH KLJKHU WKH SULFH HODVWLFLW\ RI VXSSO\�

$ KRXVHKROG ZKR ZLVKHV WR EX\ D oDW RU KRXVH DW SULFH TK �K � I)�+J� FDQ GR VR

RQO\ LI LWV ZHDOWK H[FHHGV D n[HG IUDFWLRQ o RI WKLV SULFH� )RU VLPSOLFLW\� ZH ZLOO UHIHU WR

WKH DPRXQW oTK DV WKH ?GRZQ SD\PHQW�� EXW LW FDQ EH WKRXJKW RI DV LQFOXGLQJ RWKHU

LWHPV VXFK DV PRYLQJ RU FORVLQJ FRVWV DV ZHOO��� 7KH QR�KRPHRZQHUVKLS RSWLRQ� K  ��

LV IUHH� T�  �� $JHQWV FDQ ERUURZ DQG VDYH DW WKH VDPH H[RJHQRXVO\ n[HG SRVLWLYH

LQWHUHVW UDWH U�

$JHQWV OLYH IRU IRXU SHULRGV� (DFK SHULRG� D PHDVXUH RQH LV ERUQ ZLWKRXW DQ\ DVVHWV�

:LWKLQ HDFK SHULRG� DJHQWV nUVW UHFHLYH WKHLU LQFRPH� VHFRQG� WKH\ WUDGH� DQG WKLUG�

WKH\ FRQVXPH WKH QXPHUDLUH JRRG� +RXVLQJ LV HQMR\HG LQ EHWZHHQ SHULRGV� 2YHU WKHLU

OLIHWLPH� DJHQWV WKXV KDYH WKUHH RSSRUWXQLWLHV WR PDNH D KRXVLQJ SXUFKDVH �DW DJHV ��

� DQG �� DQG WKUHH RSSRUWXQLWLHV WR GHULYH XWLOLW\ IURP KRXVLQJ �IURP DJH � WR �� IURP

DJH � WR �� DQG IURP DJH � WR ��� 7KLV PHDQV LQ SDUWLFXODU WKDW DJH � DJHQWV ZLOO VHOO

DQ\ SURSHUW\ WKH\ RZQ�

��,Q DFWXDO KRXVLQJ PDUNHWV� WKH DPRXQW RI OLTXLG DVVHWV QHHGHG DW WKH WLPH RI D SXUFKDVH GHSHQGV
RQ D KRXVHKROG
V FKRLFH IURP WKH PHQX RI PRUWJDJH FRQWUDFWV RQ RmHU� ,Q WKH 8�6�� IRU H[DPSOH�
KRXVHKROGV FDQ UHGXFH GRZQ SD\PHQWV WR � SHUFHQW LI WKH\ EX\ SULYDWH PRUWJDJH LQVXUDQFH� DQG �
SHUFHQW LI WKH\ REWDLQ D )HGHUDO +RXVLQJ $GPLQLVWUDWLRQ �)+$� ORDQ� ,Q HLWKHU FDVH� WKLV LQYROYHV
FRVWV LQ IRUP RI KLJKHU 3,7, SD\PHQWV EHFDXVH RI LQVXUDQFH SUHPLD RU KLJKHU LQWHUHVW UDWHV� ZKLFK LQ
WXUQ UHVWULFWV WKH PD[LPDO DYDLODEOH ORDQ VL]H� &DSOLQ HW DO� ������ S� ��� WKHUHIRUH FRQFOXGH WKDW ?LW
LV DOPRVW LPSRVVLEOH IRU D KRXVHKROG WR EX\ D KRPH ZLWKRXW DYDLODEOH OLTXLG DVVHWV RI DW OHDVW ��� RI
WKH KRPH
V YDOXH�� ,W LV WKLV HmHFWLYH GRZQ�SD\PHQW FRQVWUDLQW WKDW ZH ZLVK WR PRGHO KHUH�
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:LWKLQ HDFK FRKRUW� DJHQWV DUH GLVWULEXWHG XQLIRUPO\ RYHU WKH XQLW VTXDUH� (DFK

DJHQW LV LGHQWLnHG E\ WKH LQGLFHV �L�P� � >�� �@ d >�� �@ ZKLFK GHWHUPLQH KHU LQFRPH

VWUHDP DQG KRXVLQJ SUHIHUHQFHV� UHVSHFWLYHO\� 7KH LQFRPH UHFHLYHG DW WLPH W E\ DJHQWV RI

DJH M LV D UDQGRP YDULDEOH ZW�L� M� WKDW GHSHQGV FRQWLQXRXVO\ RQ WKH LQFRPH LQGH[ L� $W

DJH � DQG �� DJHQWV ZLWK D KLJKHU LQGH[ L KDYH D KLJKHU HQGRZPHQW� ZW�L�� M� � ZW�L�� M�

ZKHQHYHU L� � L� DQG M  �� �� )XUWKHU� WKH DFFXPXODWHG HDUQLQJV RI WKH DJH � DJHQWV

ZLWK LQGH[ L DUH DOZD\V JUHDWHU WKDQ WKH HDUQLQJV RI WKH DJH � DJHQWV ZLWK WKH VDPH LQGH[

L� ZW�L� ���ZWb��L� �����U� ! ZW�L� �� IRU DOO L� $JH � DJHQWV UHSUHVHQW KRXVHKROGV ZKRVH

KRXVLQJ FKRLFHV DUH QRW UHVWULFWHG E\ WKH GRZQ�SD\PHQW FRQVWUDLQW� 7KH\ DUH PRGHOHG

DV UHFHLYLQJ DQ HQGRZPHQW ZW�L� �� ODUJH HQRXJK WR UHQGHU ERWK KRXVLQJ DOWHUQDWLYHV

DmRUGDEOH IRU DOO L DQG DOO W� �7KLV ZLOO EH PDGH PRUH SUHFLVH ODWHU�� 'LmHUHQFHV LQ

KRXVLQJ FKRLFHV DW DJH � DULVH IURP WKH KHWHURJHQHLW\ RI SUHIHUHQFHV� $JH � LQFRPH LV

LUUHOHYDQW DV ORQJ DV LW LV QRQ�QHJDWLYH�

7KH SUHIHUHQFHV RI DJHQW �L�P� DUH GHVFULEHG E\ WKH XWLOLW\ IXQFWLRQ
3�

M � F�M� �
3�

M � 8�K�M�� P� M� ZKHUH F�M� LV WKH QRQ�QHJDWLYH DPRXQW RI WKH QXPHUDLUH JRRG FRQ�

VXPHG LQ WKH MWK SHULRG RI OLIH� DQG K�M� � I)�+� �J WKH W\SH RI KRXVLQJ KHOG DW WKH

HQG RI WKDW SHULRG� $OO DJHQWV VWURQJO\ SUHIHU RZQLQJ D KRXVH RU D oDW WR QRW RZQLQJ

D SURSHUW\� 8�K�P� M�� 8 ��� P� M� IRU K � I)�+J� P � >�� �@ DQG M  �� � � � � �� �3UH�

FLVH FRQGLWLRQV DV WR KRZ ODUJH WKHVH XWLOLW\ GLmHUHQFHV KDYH WR EH ZLOO EH JLYHQ ODWHU��

$JHQWV
 XWLOLW\ SUHPLD IRU D KRXVH RYHU D oDW DUH GHWHUPLQHG E\ D VWULFWO\ LQFUHDVLQJ

DQG FRQWLQXRXV IXQFWLRQ X � >�� �@� ,5 DV IROORZV� 'XULQJ WKH nUVW WZR SHULRGV RI OLIH�

DOO DJHQWV KDYH WKH VDPH SRVLWLYH XWLOLW\ SUHPLXP� 8�+�P� M�b8 �)�P� M�  X��
�
� ! �

IRU P � >�� �@ DQG M  �� �� $W DJH �� DJHQWV OHDUQ WKHLU LQGH[ P� 7KH XWLOLW\ SUHPLXP

RI DJHQWV ZLWK SUHIHUHQFH LQGH[ P LV 8 �+�P� ��b 8�)�P� ��  X�P�� 7KH FKDQJH LQ

XWLOLW\ SUHPLXP IURP WKH ?PHGLDQ� OHYHO X��
�
� WR X�P� ZKHQ DJHQWV UHDFK DJH � PHDQV

WKDW VRPH RI WKHP PD\ KDYH D SXUHO\ SUHIHUHQFH�GULYHQ UHDVRQ WR PRYH LQ WKHLU WKLUG

SHULRG RI OLIH� 7KH GLUHFWLRQ RI WKHVH PRYHV FDQ EH XS WKH SURSHUW\ ODGGHU DV ZHOO DV

GRZQ�

*LYHQ D SRVLWLYH LQWHUHVW UDWH U DQG VWRFKDVWLF SURFHVVHV RI HDUQLQJV IZW�L� M�J� oDW

SULFHV IT)W J DQG KRXVH SULFHV IT
+
W J� DJHQW �L�P� RI DJH D FRPLQJ LQWR SHULRG W ZLWK

VDYLQJV V�Db �� DQG D GZHOOLQJ K�Db �� VROYHV

PD[
IF�M��K�M��V�M�J�

M D

(

�

�

�
;

M D

F�M� �
�

;

M D

8�K�M�� P� M�

�

� ���

VXEMHFW WR WKH EXGJHW FRQVWUDLQW

F�M� � T
K�M�
W�MbD � V�M� � ZW�MbD�L� M� � T

K�Mb��
W�MbD � �� � U� V�M b ��� ���
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WKH FUHGLW FRQVWUDLQW��

V�M� w �o b �� T
K�M�
W�MbD� ���

DQG WKH QRQ�QHJDWLYLW\ FRQVWUDLQW

F�M� w � ���

DW DOO M  D� � � � � �� 7KH H[SHFWDWLRQ LQ ��� LV WDNHQ RYHU IXWXUH SURSHUW\ SULFHV DQG� DW

DJH � DQG �� RYHU WKH \HW XQNQRZQ SUHIHUHQFH LQGH[ P�

$V WKHUH LV QR WLPH WR HQMR\ D SURSHUW\ DFTXLUHG DW DJH � DQG QR XWLOLW\ WR EH GHULYHG

IURP D EHTXHVW� WKH VROXWLRQ WR ��� ZLOO DOZD\V KDYH K���  � DQG V���  �� *LYHQ WKDW

WKH LQWHUHVW UDWH LV SRVLWLYH� WKH VSHFLnFDWLRQ RI WKH XWLOLW\ IXQFWLRQ WRJHWKHU ZLWK WKH

QRQ�QHJDWLYLW\ FRQVWUDLQW ��� \LHOGV D VLPSOH FRQVXPSWLRQ SODQ IRU WKH QXPHUDLUH JRRG�

F���  F���  F���  �� WKDW LV� DOO VXFK FRQVXPSWLRQ LV SRVWSRQHG XQWLO WKH HQG RI OLIH�

:KLOH WKLV IHDWXUH 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� :H VKDOO GLVFXVV ODWHU KRZ LQWURGXFLQJ D

WUDGH�Rm EHWZHHQ LQVWDQWDQHRXV QXPHUDLUH DQG KRXVLQJ FRQVXPSWLRQ PLJKW DmHFW WKH

UHVSRQVH RI WKH PRGHO WR VKRFNV�

� (TXLOLEULXP 3ULFHV DQG 7UDQVDFWLRQ 9ROXPH

:H n[ D SRVLWLYH LQWHUHVW UDWH U DQG H[RJHQRXV ERXQGHG LQFRPH SURFHVVHV IZW�L� M�J�

*LYHQ DQ LQLWLDO GLVWULEXWLRQ RI GZHOOLQJV DQG ZHDOWK DFURVV DJHQWV� DQ HTXLOLEULXP LQ

WKLV HFRQRP\ FRQVLVWV RI VWRFKDVWLF SURFHVVHV RI SURSHUW\ SULFHV IT)W � T
+
W J DQG FRQVXPS�

WLRQ� VDYLQJV DQG KRXVLQJ GHFLVLRQV IFW�L�P� M�� VW�L�P� M�� KW�L�P� M�J IRU DOO DJHQWV VXFK

WKDW� DW WKRVH SULFHV� WKHVH DOORFDWLRQV VROYH HDFK DJHQW
V FRQVWUDLQHG XWLOLW\ PD[LPL]D�

WLRQ SUREOHP ���^���� DQG WKH oDW DQG KRXVH PDUNHWV FOHDU�

0DUNHW FOHDULQJ UHTXLUHV WKDW WKH PHDVXUH RI DJHQWV ZKR RZQ D oDW EH HTXDO WR WKH

VXSSO\ RI oDWV� DQG OLNHZLVH IRU KRXVHV� $V ZH PHQWLRQHG LQ WKH SUHYLRXV VHFWLRQ� LW LV

��:H IRUPXODWH WKLV FRQVWUDLQW LQ D ZD\ WKDW LV VWURQJHU WKDQ LQ UHDOLW\ DQG VWURQJHU WKDQ ZH QHHG
IRU RXU UHVXOWV� ,Q SDUWLFXODU� DV LW LV ZULWWHQ� FRQVWUDLQW ��� LPSOLHV WKDW EDQNV PDNH PDUJLQ FDOOV LI
WKH SULFH RI D SURSHUW\ GURSV� $ IRUPXODWLRQ FORVHU WR DFWXDO SUDFWLFHV ZRXOG UHTXLUH ��� WR KROG RQO\
ZKHQ D SURSHUW\ WUDQVDFWLRQ LV PDGH �K�M�� K�M b ��� RU ZKHQ WKH LQGLYLGXDO ZDQWV WR LQFUHDVH WKH
VL]H RI KHU ORDQ �V�M� � V�Mb�� DQG V�M� � ��� WKLV ZRXOG QRW LQYROYH PDUJLQ FDOOV� ,Q WKH HTXLOLEULXP
WKDW ZH ZLOO FRQVLGHU EHORZ� WKLV SRLQW ZLOO EH PRRW� VR ZH IRUPXODWH WKH FUHGLW FRQVWUDLQW LQ WKH
VLPSOHVW SRVVLEOH ZD\�

�



QHYHU RSWLPDO IRU DQ DJH � DJHQW WR RZQ D KRPH� ,Q RUGHU WR SUHFOXGH WKH XQLQWHUHVWLQJ

FDVH ZKHUH DOO RWKHU DJHQWV RZQ D SURSHUW\ LQ HTXLOLEULXP� ZH LPSRVH WKH UHVWULFWLRQ WKDW

6) � 6+ � �� )RU UHDVRQV WR EHFRPH REYLRXV EHORZ� ZH DOVR DVVXPH WKDW �
�
� 6+ � �

DQG 6) � 6+ ! �
�
�

:H ZLVK WR FRQVLGHU DQ HTXLOLEULXP ZKHUH DOO DJH � DJHQWV DUH ZHDOWK\ HQRXJK WR

EH DEOH WR DmRUG WKH GRZQ SD\PHQW RQ D KRXVH��� ,Q VXFK DQ HTXLOLEULXP� DOO DJHQWV

ZLOO LQGHHG RZQ D SURSHUW\ E\ WKH HQG RI WKHLU WKLUG SHULRG RI OLIH VLQFH WKH\ VWURQJO\

GLVOLNH WKH RSWLRQ RI QRW RZQLQJ D KRPH� $Q DJH � DJHQW ZLOO RZQ D KRXVH LI WKH XWLOLW\

SUHPLXP VKH GHULYHV IURP D KRXVH UHODWLYH WR D oDW H[FHHGV WKH H[SHFWHG XVHU FRVW

GLmHUHQFH EHWZHHQ KROGLQJ D KRXVH DQG KROGLQJ D oDW IURP WKH FXUUHQW SHULRG WR WKH

QH[W� 6LQFH WKH IXQFWLRQ X�P� GHVFULELQJ WKH GLVWULEXWLRQ RI XWLOLW\ SUHPLD LV VWULFWO\

LQFUHDVLQJ LQ P� WKH GLVWULEXWLRQ RI GZHOOLQJV DPRQJ DJH � KRXVHKROGV VSOLWV LQ WZR

VXEVHWV� DJHQWV ZLWK LQGH[ P FORVH WR � DUH LQ D oDW� WKRVH ZLWK KLJKHU P DUH LQ D

KRXVH��� 2QH JURXS RI DJHQWV LV DW WKH PDUJLQ EHWZHHQ WKH WZR VXEVHWV� QDPHO\ WKRVH

ZKRVH XWLOLW\ SUHPLXP MXVW HTXDOV WKH H[SHFWHG GLmHUHQFH LQ WKH FRVW RI KROGLQJ WKH

WZR W\SHV RI SURSHUWLHV� 7KLV HTXLOLEULXP FXWRm SRLQW DORQJ WKH SUHIHUHQFH GLPHQVLRQ�

GHQRWHG P+
W � LV GHnQHG E\ WKH HTXDWLRQ

X�P+
W �  

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� 6LQFH ZHDOWK LV LUUHOHYDQW WR WKH KRXVLQJ GHFLVLRQ DW DJH �� DOO DJHQWV ZLWK

WKH VDPH SUHIHUHQFH LQGH[ P ZLOO RZQ WKH VDPH GZHOOLQJ DW WKDW DJH�

1RWH WKDW JLYHQ D VXSSO\ RI KRXVHV 6+ ! �
�
� WKH HTXLOLEULXP LQGH[ P+

W FDQQRW

H[FHHG �
�
� )RU RWKHUZLVH QR DJH � RU � DJHQW ZRXOG ZDQW WR KROG D KRXVH HYHQ LI VKH

FRXOG DmRUG WKH GRZQ SD\PHQW� 7KLV LV EHFDXVH DOO DJH � RU � DJHQWV KDYH WKH VDPH

FXUUHQW XWLOLW\ SUHPLXP IRU D KRXVH DV WKH PHGLDQ �DORQJ WKH SUHIHUHQFH GLPHQVLRQ�

DJH � DJHQWV ^ LI WKH ODWWHU GLG QRW ZDQW D KRXVH� WKH IRUPHU ZRXOG QRW ZDQW RQH HLWKHU�

7KH DJJUHJDWH GHPDQG IRU KRXVHV ZRXOG WKHQ EH ORZHU WKDQ �
�
� ZKLFK ZRXOG FRQWUDGLFW

PDUNHW FOHDULQJ� 7KH HTXLOLEULXP GLVWULEXWLRQ RI GZHOOLQJV ZLWKLQ WKH DJH � FRKRUW ZLOO

WKHUHIRUH ORRN LQ JHQHUDO DV LQ )LJXUH � ZKHUH WKH LQGH[ L LQFUHDVHV IURP � WR � DV ZH

PRYH ULJKW� DQG WKH LQGH[ P� DV ZH PRYH XS�

��3UHFLVH FRQGLWLRQV WKDW HQVXUH DQ HTXLOLEULXP RI WKLV W\SH DUH VSHOOHG RXW LQ $SSHQGL[ $�
��:KHQ ZH WDON DERXW WKH GLVWULEXWLRQ RI GZHOOLQJV� ZH DOZD\V UHIHU WR WKH HQG�RI�SHULRG GLVWULEXWLRQ�

L�H�� WKH GLVWULEXWLRQ UHDFKHG DIWHU WUDGLQJ WDNHV SODFH�

��



$JH�
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�
P

�

�
�

P+
W

)

+

)LJXUH �� +RXVLQJ FKRLFH DW DJH �

$JH � DQG � DJHQWV KDYH WKH VDPH SUHIHUHQFHV DV WKH PHGLDQ DJH � DJHQWV� /LNH

WKHVH DJH � DJHQWV� WKH\ SUHIHU D KRXVH RYHU D oDW DW HTXLOLEULXP SULFHV� +HQFH� DQ\ DJH

� RU � DJHQW ULFK HQRXJK QRW WR IDFH D ELQGLQJ FUHGLW FRQVWUDLQW DOVR RZQV D KRXVH LQ

HTXLOLEULXP� 7KH SRRUHVW KRXVH RZQHUV LQ HDFK RI WKH DJH � DQG � FRKRUWV DUH WKHUHIRUH

WKRVH DJHQWV ZKR FDQ MXVW DmRUG WKH GRZQ SD\PHQW RQ WKH KRXVH� $Q\RQH ZLWK ORZHU

ZHDOWK ZKR FDQ DmRUG WKH GRZQ SD\PHQW RQ D oDW RZQV D oDW VLQFH DOO DJHQWV VWURQJO\

SUHIHU WKLV W\SH RI GZHOOLQJ WR QRW RZQLQJ D SURSHUW\ DW DOO� 7KH SRRUHVW oDW RZQHUV

DUH WKH DJHQWV ZKR FDQ MXVW DmRUG WKLV GRZQ SD\PHQW� 6R WKH RQO\ DJHQWV ZKR GR QRW

RZQ D KRPH DUH WKRVH ZKR FDQQRW DmRUG D GRZQ SD\PHQW RQ D oDW�

*LYHQ RXU DVVXPSWLRQ WKDW IRU HYHU\ KLVWRU\ RI LQFRPH VKRFNV HDFK DJH � DJHQW KDV

KLJKHU DFFXPXODWHG LQFRPH WKDQ WKH DJH � DJHQW ZLWK WKH VDPH LQGH[ L� WKH JURXS RI

DJHQWV ZKR GR QRW RZQ DQ\ SURSHUW\ LV ODUJHU DW DJH � WKDQ DW DJH �� 0RUHRYHU� VLQFH

E\ DVVXPSWLRQ WKH WRWDO VXSSO\ RI GZHOOLQJV LV VPDOOHU WKDQ WKH PHDVXUH RI DJH � WR

� DJHQWV� WKHUH ZLOO DOZD\V EH D SRVLWLYH PHDVXUH RI DJH � DJHQWV ZKR GR QRW RZQ D

GZHOOLQJ� 7KH PRQRWRQLFLW\ RI HDUQLQJV DW DJH � WKHQ LPSOLHV D PRQRWRQLF GLVWULEXWLRQ

RI GZHOOLQJV DW DJH �� WKH SRRUHVW DJHQWV RZQ QRWKLQJ� ULFKHU RQHV RZQ D oDW� DQG

WKH ULFKHVW PD\ RZQ D KRXVH� �7KDW WKHUH DUH KRPHRZQHUV DW DJH � IROORZV IURP WKH

DVVXPSWLRQ WKDW 6) � 6+ ! �
�
��

7KH GLVWULEXWLRQ RI GZHOOLQJV DW DJH � LV RI WKH VDPH IRUP DV ORQJ DV WKHUH LV QR

?OHDS�IURJJLQJ� ZKHUHE\ WKH ZHDOWK UDQNLQJ EHWZHHQ FHUWDLQ DJHQWV LV UHYHUVHG IURP

RQH SHULRG WR WKH QH[W� 6XFK D UHYHUVDO FRXOG RFFXU DIWHU ODUJH GURSV LQ LQFRPHV DQG

SULFHV� ,Q IDFW� VRPHRQH ZKR ERXJKW D oDW DW DJH � FRXOG VXmHU FDSLWDO ORVVHV VHYHUH

HQRXJK WR SUHYHQW KHU IURP WUDGLQJ XS WR D KRXVH� ZKLOH VRPHRQH ZKR ZDV QRW DEOH

WR EX\ DQ\WKLQJ DW DJH � FRXOG EHQHnW IURP ORZ SULFHV WR DFTXLUH D KRXVH ULJKW DZD\

DW DJH �� :H ZLOO UHVWULFW RXU DQDO\VLV WR VWRFKDVWLF LQFRPH SURFHVVHV ZLWKRXW VXFK

��



GUDPDWLF UHFHVVLRQV��� 7KHQ� WKH HTXLOLEULXP GLVWULEXWLRQ RI GZHOOLQJV ZLWKLQ WKH DJH

� DQG � FRKRUWV LV PRQRWRQLF� WKH ULFKHU DJHQWV EHLQJ LQ WKH PRUH H[SHQVLYH W\SH RI

GZHOOLQJ� 0RUHRYHU� WKH DJHQWV ZKR FDQ MXVW DmRUG D oDW UHVSHFWLYHO\ KRXVH DW DJH �

KDYH D ORZHU LQFRPH LQGH[ L WKDQ WKHLU FRXQWHUSDUWV DW DJH ��

)RU HDVH RI H[SRVLWLRQ� WKH LQFRPH KHWHURJHQHLW\ ZLOO EH DVVXPHG VXFK WKDW LQ HTXL�

OLEULXP QR DJH � DJHQW FDQ DmRUG D KRXVH ZKLOH DOO DJH � DJHQWV FDQ DmRUG DW OHDVW D

oDW��� 7KH LQFRPH LQGLFHV RI WKH SRRUHVW DJH � oDW RZQHUV DQG DJH � KRXVH RZQHUV DUH

GHQRWHG L)W ��� DQG L+W ���� UHVSHFWLYHO\� 7KLV \LHOGV WKH GLVWULEXWLRQ RI GZHOOLQJV ZLWKLQ

WKH DJH � DQG � FRKRUWV VKRZQ LQ )LJXUH ��

$JH�


 L

�
P

�

L)W ���

� )

�

L+W ���

) +

)LJXUH �� +RXVLQJ FKRLFHV DW DJHV � DQG �

+DYLQJ GHnQHG WKH FXWRm LQGLFHV WKDW FKDUDFWHUL]H WKH GLVWULEXWLRQ RI GZHOOLQJV

ZLWKLQ FRKRUWV� ZH FDQ QRZ VWDWH WKH PDUNHW FOHDULQJ FRQGLWLRQV IRU oDWV DQG KRXVHV�

�b L)W ��� � L+W ��� �P+
W  6) � ���

�b L+W ��� � �bP+
W  6+ � ���

&RPELQLQJ WKHVH WZR HTXDOLWLHV \LHOGV

L)W ���  �b 6+ b 6) � ���

7KH LQFRPH LQGH[ RI WKH PDUJLQDO oDW EX\HUV RI DJH � LV LQYDULDQW RYHU WLPH� 7KLV LV

GXH WR WKH VSHFLnF FRQnJXUDWLRQ ZH FRQVLGHU� LQ SDUWLFXODU WR WKH IDFW WKDW RQO\ DJH �

DJHQWV GR QRW RZQ D KRPH� 7KLV VLPSOLnFDWLRQ LV QRW FUXFLDO WR RXU UHVXOWV DQG ZLOO EH

UHOD[HG ODWHU�

$V 6+ � � DQG P+
W � �

�
IRU DOO W� HTXDWLRQ ��� LPSOLHV L+W ��� !

�
�
IRU DOO W� $QG JLYHQ

WKH DVVXPSWLRQ WKDW 6) � 6+ ! �
�
� HTXDWLRQ ��� LPSOLHV L)W ��� �

�
�
IRU DOO W� 6R WKH

��7KH UHDGHU PD\ ZDQW WR WKLQN RI LQFRPH SURFHVVHV WKDW oXFWXDWH ZLWKLQ D VXpFLHQWO\ VPDOO GLVWDQFH
IURP D VWHDG\ VWDWH� :KDW KDSSHQV LQ WKH PRGHO ZKHQ ODUJH �LQ WKH DERYH VHQVH� SULFH DQG LQFRPH
GURSV RFFXU ZLOO EH GLVFXVVHG ODWHU�

��7KLV LV DFKLHYHG E\ PDNLQJ LQFRPHV DW DJH � VXpFLHQWO\ ODUJH UHODWLYH WR LQFRPHV DW DJH � �SUHFLVH
FRQGLWLRQV DUH JLYHQ LQ $SSHQGL[ $�� :H ZLOO UHOD[ WKLV DVVXPSWLRQ LQ 6HFWLRQ ��

��



PDUJLQDO KRXVH EX\HUV DW DJH � DOZD\V HQWHU WKH SHULRG ZLWK D oDW� L�H�� L+W ��� ! L)Wb����

IRU DOO W� 7KLV IHDWXUH RI WKH GLVWULEXWLRQ RI GZHOOLQJV LPSOLHV WKDW YLD WKH GRZQ�SD\PHQW

FRQVWUDLQW� FDSLWDO JDLQV RQ oDWV KDYH D GLUHFW LPSDFW RQ WKH GHPDQG IRU KRXVHV�

7R VROYH IRU WKH HTXLOLEULXP SULFH RI oDWV� LW LV HQRXJK WR FKDUDFWHUL]H WKH LQFRPH

RI WKH DJH � PDUJLQDO oDW EX\HUV� %\ GHnQLWLRQ� WKHVH DUH WKH DJHQWV ZKR UHFHLYH DQ

HQGRZPHQW MXVW VXpFLHQW WR SD\ WKH GRZQ SD\PHQW RQ D oDW� L�H��

ZW�L
)
W ���� ��  oT)W � ���

6XEVWLWXWLQJ L)W ��� DV JLYHQ LQ ��� \LHOGV WKH HTXLOLEULXP SULFH RI oDWV�

T)W  
ZW��b 6) b 6+ � ��

o
� ����

6LQFH WKH LQFRPH LQGH[ RI WKH PDUJLQDO oDW EX\HUV RI DJH � LV LQYDULDQW RYHU WLPH� WKH

oDW SULFH PRYHV SURSRUWLRQDOO\ ZLWK WKH LQFRPH RI WKHVH PDUJLQDO DJHQWV�

7KH HTXLOLEULXP SULFH RI oDWV GHSHQGV RQ WKH FXUUHQW LQFRPH RI WKH PDUJLQDO FRQ�

VWUDLQHG DJH � DJHQWV� $V WKLV LQFRPH LV ERXQGHG� VR LV WKH SULFH RI oDWV� ,Q WKH VDPH

ZD\� WKH KRXVH SULFH PXVW EH ERXQGHG EHFDXVH LW FDQQRW H[FHHG � o WLPHV WKH ZHDOWK RI

WKH ULFKHVW DJHQW� 7KLV UXOHV RXW EXEEOHV� VR ZH FDQ VROYH WKH PDUJLQDO XQFRQVWUDLQHG

KRXVH EX\HUV
 LQGLmHUHQFH FRQGLWLRQ ��� IRUZDUG WR REWDLQ WKH KRXVH SULFH

T+W  T)W �(W

�

�
;

V �

�� � U�bVb� X�P+
W�V�

�

� ����

(TXDWLRQV ����^���� SURYLGH D VLPSOH LQWXLWLRQ IRU WKH IXQGDPHQWDO GHWHUPLQDQWV RI

KRXVLQJ SULFHV LQ WKH PRGHO� 7KH SULFH RI D KRXVH LV HTXDO WR WKH SULFH RI D oDW SOXV WKH

SUHVHQW GLVFRXQWHG YDOXH RI WKH VWUHDP RI H[WUD XWLOLW\ D KRXVH SURYLGHV RYHU DQG DERYH

WKH oDW��� 7KH UHOHYDQW XWLOLW\ SUHPLD DUH WKRVH RI WKH PDUJLQDO XQFRQVWUDLQHG RZQHUV�

,Q D VHQVH� WKHVH DJHQWV SURYLGH DUELWUDJH DFURVV SURSHUW\ W\SHV� 7KH\ HQVXUH WKDW WKH

UHODWLYH SULFH RI SURSHUWLHV UHoHFWV WKH GLmHUHQFH LQ VHUYLFHV WKH\ SURYLGH� %XW WKHVH

XQFRQVWUDLQHG DJHQWV GR QRW SURYLGH DUELWUDJH EHWZHHQ KRXVLQJ DQG VDYLQJV� 7KLV LV

EHFDXVH RI WKHLU FRQVXPSWLRQ GHPDQG IRU D KRPH� WKH WUDGH�Rm WKH\ FRQVLGHU LQ WKHLU

GHFLVLRQ�PDNLQJ SURFHVV LV QRW ZKHWKHU WR RZQ RU QRW� EXW ZKDW W\SH RI SURSHUW\ WR

RZQ DQG HQMR\�

7KLV VDPH FRQVXPSWLRQ GHPDQG GULYHV WKH ERWWRP HQG RI WKH PDUNHW� <RXQJ DJHQWV

DUH VR HDJHU WR DFTXLUH WKHLU RZQ GZHOOLQJ WKDW WKH\ SUHIHU RZQLQJ VRPHWKLQJ VPDOOHU

��7KLV UHDGLO\ JHQHUDOL]HV WR D SURSHUW\ ODGGHU ZLWK PRUH WKDQ WZR W\SHV RI KRXVLQJ� 7KH SULFH
RI DQ\ SURSHUW\ LV HTXDO WR WKH SULFH RI WKH FKHDSHVW KRPH SOXV WKH SUHVHQW GLVFRXQWHG YDOXH RI WKH
VWUHDP RI H[WUD XWLOLW\ WKH SURSHUW\ SURYLGHV RYHU DQG DERYH WKH FKHDSHVW KRPH�

��



WKDQ ZKDW WKH\ ZRXOG OLNH DW FXUUHQW SULFHV �D oDW LQVWHDG RI D KRXVH� UDWKHU WKDQ

RZQLQJ QRWKLQJ DW DOO� 7KH\ RZQ D KRPH DV VRRQ DV WKH\ FDQ DmRUG WR ^ KHQFH WKH

GLUHFW OLQN EHWZHHQ WKHLU FXUUHQW LQFRPH DQG WKH SULFH RI WKH SURSHUWLHV DW WKH ERWWRP

RI WKH KRXVLQJ ODGGHU�

7KH KRXVH SULFH HTXDWLRQ ���� KLJKOLJKWV KRZ KRXVH SULFHV DUH DmHFWHG E\ FXUUHQW

DQG H[SHFWHG IXWXUH VWDWHV RI WKH PDUNHW� +LGGHQ LQ WKLV IRUPXOD LV WKH IDFW WKDW KRXVH

SULFHV DUH DOVR EDFNZDUG�ORRNLQJ� WKH SUHIHUHQFH LQGH[ RI WKH PDUJLQDO XQFRQVWUDLQHG

KRXVH EX\HUV� P+
W � LV GHWHUPLQHG MRLQWO\ ZLWK WKH LQFRPH LQGH[ RI WKH PDUJLQDO FRQ�

VWUDLQHG KRXVH EX\HUV� L+W ���� 7KHVH DUH WKH DJHQWV ZKR FRPSHWH IRU KRXVHV RQ WKH

PDUNHW�

7KH YDOXH RI L+W ��� GHSHQGV RQ FXUUHQW DQG SDVW LQFRPHV DQG oDW SULFHV EHFDXVH

DFFXPXODWHG HDUQLQJV DQG FDSLWDO JDLQV RQ D oDW GHWHUPLQH WKH DELOLW\ RI DJH � DJHQWV

WR DmRUG WKH GRZQ SD\PHQW RQ D KRXVH� 7KH PDUJLQDO DJH � KRXVH EX\HUV DUH WKH

DJHQWV ZKRVH ZHDOWK LV MXVW HQRXJK WR FRYHU WKH GRZQ SD\PHQW RQ D KRXVH�

:W�L
+
W ����b �� � U� T)Wb� � T)W  oT+W � ����

ZKHUH :W�L� VWDQGV IRU WKH DFFXPXODWHG HDUQLQJV �EHIRUH DQ\ SURSHUW\ WUDQVDFWLRQV� RI

DJH � DJHQWV ZLWK LQFRPH LQGH[ L� L�H�� :W�L�  �� � U�ZWb��L� �� � ZW�L� ��� 2QH FDQ

VROYH IRU LW��� LQ ���� DQG P+
W LQ ��� E\ LQYHUWLQJ WKH IXQFWLRQV :W�L� DQG X�P� ZKLFK

DUH FRQWLQXRXV DQG VWULFWO\ LQFUHDVLQJ E\ DVVXPSWLRQ� 7KH PDUNHW FOHDULQJ FRQGLWLRQ

��� IRU KRXVHV WKHQ \LHOGV D VHFRQG�RUGHU GLmHUHQFH HTXDWLRQ IRU WKH KRXVH SULFH�

�b 6+  :b�
W

r

oT+W � �� � U� T)Wb� b T)W
s

� Xb�
rK

�� � U� T+W b (WT
+
W��

L

b
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�� � U� T)W b (WT
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W��
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7KLV HTXDWLRQ FDQ EH YLVXDOL]HG DV IROORZV� *LYHQ SUHYLRXV DQG FXUUHQW oDW SULFHV

T)Wb� DQG T)W DV ZHOO DV SULFH H[SHFWDWLRQV (WT
)
W�� DQG (WT

+
W��� WKH PD[LPDO SULFH DW ZKLFK

D oDW RZQHU RI DJH � DQG LQFRPH LQGH[ L FDQ DmRUG WR EX\ D KRXVH LV

4+��
W �L�  

:W�L�b �� � U� T)Wb� � T)W
o

� ����

7KLV LV DOVR WKH SULFH DW ZKLFK D PHDVXUH �b L RI DJH � DJHQWV GHPDQG D KRXVH� DV ORQJ

DV L ! L)Wb����� VR WKDW DOO WKHVH DJHQWV DUH LQGHHG oDW RZQHUV� 6LPLODUO\� WKH PD[LPDO

SULFH DW ZKLFK DQ DJH � DJHQW ZLWK SUHIHUHQFH LQGH[ P LV ZLOOLQJ WR EX\ D KRXVH LV

4+��
W �P�  T)W �

X�P� � (W>T+W�� b T)W��@

� � U
� ����

��



(TXLYDOHQWO\� 4+���P� LV WKH SULFH DW ZKLFK D PHDVXUH �bP RI DJH � DJHQWV GHPDQG D

KRXVH� ,Q HTXLOLEULXP� ZH PXVW KDYH 4+��
W �L�  4+��

W �P� DQG� IURP WKH PDUNHW FOHDULQJ

FRQGLWLRQ ���� L�P  �b6+ � 7KLV MRLQWO\ GHWHUPLQHV WKH FXUUHQW KRXVH SULFH T+W DQG

WKH FXWRm LQGLFHV L+W ��� DQG P+
W � *UDSKLFDOO\� WKH VROXWLRQ LV IRXQG E\ GUDZLQJ WKH

WZR LQYHUVH GHPDQG FXUYHV DV LQ )LJXUH � ZKHUH ZH PHDVXUH L IURP WKH OHIW DORQJ WKH

KRUL]RQWDO D[LV DQG P IURP WKH ULJKW� DQG ZKHUH WKH GLVWDQFH EHWZHHQ WKH WZR RULJLQV

LV � b 6+ � 7KH 4+�� FXUYH LV YDOLG IRU oDW RZQHUV RQO\� VR LW VWDUWV DW WKH LQFRPH

LQGH[ L)Wb����� ZKLFK ZH NQRZ WR EH VRPHZKHUH WR WKH OHIW RI L  �
�
� 7KLV JUDSKLF

UHSUHVHQWDWLRQ ZLOO EH XVHIXO ZKHQ ZH GLVFXVV HTXLOLEULXP SULFH UHVSRQVHV WR LQFRPH

VKRFNV� 1RWH LQ SDUWLFXODU WKDW WKH VORSHV RI WKHVH LQYHUVH GHPDQG FXUYHV DUH GLUHFWO\

SURSRUWLRQDO WR WKH JUDGLHQWV RI WKH ZHDOWK DQG SUHIHUHQFH GLVWULEXWLRQ� UHVSHFWLYHO\�

� �T+ T+

] 
�b 6+

2L 2P

�����������������
���������
���������
������
�������
�����
����
�����
����
�����
�����
�����
������
�����
�����
�����
����
����
�����
����
�����
����
����
����
����
����
����
����
����
���
����
����
����
���
����
���
����
���
����
����
���
����
���
����
���
����
���
����
���
���
����
���
���
����
���
����
���
���
����
���
����
���
���
����
���
����
���
����
����
����
���
����
����
����
����
����
����
�����
����
�����
����
�����
����
�����
������
�����
�����
�����
�����
���
���
���
���
���
���
���
��
���
���
���
���
���
���
���
���
���
��
���
���
��
���
���
��
���
���
��
���
���
���
��
���
���
��
���
�

4+��
W

���������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������

4+��
W

T+W

L+W ���

P+
W

��
��
�
��
��

��
��
��
�
��

�
��
��
�
��
�

��
�
��
��
�
�

��
��
��
�
��

�
��
�
��
��
�

�
��
��
��
�
�

��
��
�
��
��

��
��
��
�
��

�
��
��
�
��
�

���
�
��
��
�
�

��
��
��
�
��

�
��
�
��
��
�

�
��
��
��
�
�

��
��
�
��
��

��
��
��
��
�

�
��
��
�
��
�

��
�
��
��
��

��
��
��
�
��

�
��
�
��
��
�

��
�

P  �

��
��
�
��
��

��
��
��
�
��

�
��
��
�
��
�

��
�
��
��
�
�

��
��
��
�
��

�
��
�
��
��
�

�
��
��
��
�
�

��
��
�
��
��

��
��
��
�
��

�
��
��
�
��
�

���
�
��
��
�
�

��
��
��
�
��

�
��
�
��
��
�

�
��
��
��
�
�

��
��
�
��
��

��
��
��
��
�

�
��
��
�
��
�

��
�
��
��
��

��
��
��
�
��

�
��
�
��
��
�

��
�

P  �

�

��
��
�
��
��

��
��
��
�
��

�
��
��
�
��
�

��
�
��
��
�
�

��
��
��
�
��

�
��
�
��
��
�

�
��
��
��
�
�

��
��
�
��
��

��
��
��
�
��

�
��
��
�
��
�

���
�
��
��
�
�

��
��
��
�
��

�
��
�
��
��
�

�
��
��
��
�
�

��
��
�
��
��

��
��
��
��
�

�
��
��
�
��
�

��
�
��
��
��

��
��
��
�
��

�
��
�
��
��
�

��
�

L  �

�

��
��
�
��
��

��
��
��
�
��

�
��
��
�
��
�

��
�
��
��
�
�

��
��
��
�
��

�
��
�
��
��
�

�
��
��
��
�
�

��
��
�
��
��

��
��
��
�
��

�
��
��
�
��
�

���
�
��
��
�
�

��
��
��
�
��

�
��
�
��
��
�

�
��
��
��
�
�

��
��
�
��
��

��
��
��
��
�

�
��
��
�
��
�

��
�
��
��
��

��
��
��
�
��

�
��
�
��
��
�

��
�

L  �

�
��
�
��
�
��

��
��
�
��
�
�

�
��
�
��
��
�

�
��
��
�
��
�

��
�
��
��
��

��
�
��
��
�
��

�
��
��
�
��
�
�

�
��
��
�
��
��

��
��
�
��
��
�

��������������� ��������������� ��������������� ��������������� ��������������� ��������������� ������������ ������������ ������������ ������������ ������������ ������������ ������������ ������������ ������������ ������������ ������������ ������������ ������������

)LJXUH �� (TXLOLEULXP LQ WKH PDUNHW IRU KRXVHV

7KH QXPEHU RI WUDQVDFWLRQV LQ DQ\ JLYHQ SHULRG GHSHQGV RQ WKH FKDQJHV LQ WKH

GLVWULEXWLRQ RI GZHOOLQJV DQG VR RQ oXFWXDWLRQV RI WKH VDPH FXWRm LQGLFHV WKDW PDWWHU

IRU SULFHV� 5HIHUULQJ EDFN WR )LJXUHV � DQG �� WKH PHDVXUH RI DJH � DJHQWV ZKR EX\ D

oDW DW WLPH W LV �b L)W ���� ,Q WKH DJH � FRKRUW� LW LV L
)
Wb���� �DOO WKRVH DJHQWV ZKR FRXOG

QRW DmRUG D oDW RQH SHULRG HDUOLHU�� DQG LQ WKH DJH � FRKRUW� LW LV >�b L+Wb����@P
+
W �DOO

WKRVH DJHQWV ZKR OLYHG LQ D KRXVH DQG QRZ GHFLGH WR PRYH WR D oDW�� 6LQFH WKH LQGH[

��



L)W ��� LV FRQVWDQW LQ HTXLOLEULXP� WKH WRWDO QXPEHU RI WUDQVDFWLRQV RI oDWV VLPSOLnHV WR

Q)
W  �� >�b L+Wb����@P

+
W � ����

$ PHDVXUH �b L+W ��� RI DJHQWV EX\V D KRXVH DW DJH �� DQG D PHDVXUH L
+
Wb���� ��bP+

W �

GRHV VR DW DJH �� 7KH QXPEHU RI WUDQVDFWLRQV LQ WKH PDUNHW IRU KRXVHV LV WKHUHIRUH

Q+
W  �b L+W ��� � L+Wb���� ��bP+

W �� ����

7KURXJK LWV GHSHQGHQFH RQ ERWK WKH FXUUHQW DQG ODJJHG LQFRPH LQGH[ RI WKH PDUJLQDO

DJH � KRXVH EX\HUV� WKH QXPEHU RI WUDQVDFWLRQV GHSHQGV RQ WKH LQFRPH KLVWRU\ RI OHQJWK

WKUHH� FXUUHQW LQFRPH SOXV LWV nUVW WZR ODJV�

6LPSOH PDQLSXODWLRQV XVLQJ WKH PDUNHW FOHDULQJ FRQGLWLRQ IRU KRXVHV VKRZ WKDW WKH

WRWDO QXPEHU RI SURSHUW\ WUDQVDFWLRQV LV JLYHQ E\

QW  �bP+
Wb� � � �6

+ b � �P+
Wb��P

+
W � ����

�VHH $SSHQGL[ % IRU GHWDLOV��

:H DUH QRZ LQ D SRVLWLRQ WR VWXG\ LPSXOVH UHVSRQVHV WR XQDQWLFLSDWHG SHUPDPHQW

LQFRPH VKRFNV� ,Q D VHFRQG VWHS� ZH ZLOO FRQVLGHU UDWLRQDO H[SHFWDWLRQV HTXLOLEULD XQGHU

0DUNRYLDQ LQFRPH SURFHVVHV�

� 5HVSRQVH WR ,QFRPH 6KRFNV

&RQVLGHU WLPH�LQYDULDQW LQFRPHV Z�L� M� IRU L � >�� �@ DQG M  �� � � � � � OHDGLQJ WR D

VWHDG\ VWDWH HTXLOLEULXP DOORFDWLRQ RI GZHOOLQJV DV LQ )LJXUHV � DQG � ZLWK SULFHV T)

DQG T+ DQG FXWRm LQGLFHV L) ���� L+ ��� DQG P+ � $W WLPH W  V� LQFRPHV DUH KLW E\ DQ

XQDQWLFLSDWHG SHUPDQHQW VKRFN� $JHQWV GR QRW H[SHFW DQ\ IXUWKHU FKDQJHV LQ LQFRPHV

IURP WLPH V RQZDUG�

)RU VLPSOLFLW\ RI H[SRVLWLRQ� ZH IRFXV RQ SURSRUWLRQDO LQFRPH VKRFNV ZKHUH HDFK

DJHQW
V FXUUHQW LQFRPH LV LQFUHDVHG E\ WKH VDPH SURSRUWLRQ� 7KXV� IRU W w V LQFRPHV

DUH JLYHQ E\ Z�L� M�  ���}�Z�L� M� ZKHUH } ! � LV DVVXPHG VPDOO HQRXJK WR SUHVHUYH WKH

HTXLOLEULXP FRQnJXUDWLRQ GHSLFWHG LQ )LJXUHV � DQG �� 2XU UHVXOWV DUH HDVLO\ H[WHQGHG WR

PRUH JHQHUDO VKRFNV� 7KHVH JHQHUDOLVDWLRQV DQG DOO SURRIV DUH SUHVHQWHG LQ $SSHQGL[ &�

)URP WKH FKDUDFWHUL]DWLRQ RI WKH HTXLOLEULXP LQ WKH SUHYLRXV VHFWLRQ� ZH NQRZ WKDW

WKH SULFH RI oDWV DGMXVWV LPPHGLDWHO\ WR WKH QHZ VWHDG\ VWDWH OHYHO T)  �� � }�T) �

��



+RXVHKROGV IRUHVHH WKDW WKH SULFH RI KRXVHV ZLOO UHDFK LWV QHZ VWHDG\ VWDWH OHYHO T+ RQH

SHULRG ODWHU� DW WLPH W  V��� RQFH WKH DFFXPXODWHG HDUQLQJV RI WKH DJH � FRKRUW KDYH

UHDFKHG WKHLU QHZ VWHDG\ VWDWH OHYHO� 7KH QXPEHU RI WUDQVDFWLRQV WKHQ UHDFKHV LWV QHZ

VWHDG\ VWDWH OHYHO LQ WKH IROORZLQJ SHULRG� W  V� ��

3URSRVLWLRQ ��� �&RPSDULVRQ RI VWHDG\ VWDWHV� 7KH VWHDG\ VWDWH ZLWK KLJKHU LQ�

FRPHV LV FKDUDFWHUL]HG E\ KLJKHU SURSHUW\ SULFHV� D KLJKHU GLmHUHQFH EHWZHHQ WKH SULFH

RI KRXVHV DQG WKH SULFH D oDWV� D KLJKHU QXPEHU RI DJH � KRXVH EX\HUV� DQG D ORZHU

QXPEHU RI DJH � KRXVH EX\HUV�

7R VHH WKH LQWXLWLRQ IRU WKLV UHVXOW� FRQVLGHU WKH DJH � DJHQWV ZKR DUH MXVW DEOH

WR DFTXLUH D KRXVH LQ WKH LQLWLDO VWHDG\ VWDWH� L�H�� ZKRVH DELOLW\ WR SD\ IRU D KRXVH LV

SUHFLVHO\ HTXDO WR WKH LQLWLDO HTXLOLEULXP KRXVH SULFH� ,Q WKH QHZ VWHDG\ VWDWH� WKHVH

VDPH DJHQWV
 ZHDOWK �DQG KHQFH WKHLU ERUURZLQJ FDSDFLW\� LV D IUDFWLRQ } KLJKHU� 7KLV

PHDQV WKDW WKHLU DELOLW\ WR SD\ IRU D KRXVH LQFUHDVHV E\ } WLPHV WKH LQLWLDO KRXVH SULFH�

7KH KLJKHVW VWHDG\ VWDWH SULFH WKDW DQ DJH � DJHQW LV ZLOOLQJ WR SD\ IRU D KRXVH� RQ

WKH RWKHU KDQG� LQFUHDVHV E\ H[DFWO\ WKH SULFH GLmHUHQFH IRU oDWV� ZKLFK LV } WLPHV WKH

LQLWLDO SULFH RI oDWV� 6LQFH WKH LQLWLDO KRXVH SULFH H[FHHGV WKH LQLWLDO SULFH RI oDWV� WKH

ZHDOWK HmHFW RQ WKH DJH � FRKRUW LV FOHDUO\ VWURQJHU WKDQ WKH VXEVWLWXWLRQ HmHFW RQ WKH

DJH � FRKRUW� 7KLV PHDQV WKDW WKH KRXVH SULFH PXVW ULVH E\ PRUH �LQ DEVROXWH WHUPV�

WKDQ WKH oDW SULFH� LI LW URVH E\ OHVV� WKHUH ZRXOG EH H[FHVV GHPDQG IRU KRXVHV� ,Q

SDUWLFXODU� WKH GLmHUHQFH EHWZHHQ SULFHV RI WKH WZR W\SHV RI SURSHUW\ LV KLJKHU LQ WKH

QHZ VWHDG\ VWDWH� 1RZ� JLYHQ WKDW WKH KRXVH SULFH ULVHV E\ PRUH WKDQ WKH SULFH RI oDWV�

IHZHU DJH � DJHQWV GHFLGH WR RZQ D KRXVH� 6R PRUH KRXVHV DUH ERXJKW E\ DJH � DJHQWV�

:H QRZ WXUQ WR WKH WUDQVLWLRQ IURP WKH LQLWLDO WR WKH QHZ VWHDG\ VWDWH�

3URSRVLWLRQ ��� �2YHUVKRRWLQJ RI WKH KRXVH SULFH� 7KH KRXVH SULFH LQ WKH SH�

ULRG RI WKH VKRFN LV KLJKHU WKDQ LQ WKH LQLWLDO VWHDG\ VWDWH� 7KH KRXVH SULFH RYHUVKRRWV

LWV QHZ VWHDG\ VWDWH LI

Z�L+ ���� �� � T) � ����

L�H�� LI LQ WKH LQLWLDO VWHDG\ VWDWH WKH SULFH RI oDWV H[FHHGV WKH DJH � LQFRPH RI WKRVH

DJHQWV WKDW DUH WKH PDUJLQDO KRXVH EX\HUV DW DJH ��

7KH nUVW SDUW RI WKLV SURSRVLWLRQ LV HDV\ WR H[SODLQ� 1RWH nUVW WKDW WKH oDW RZQHUV

WKDW UHDFK DJH � DW WKH WLPH RI WKH VKRFN KDYH D GXDO DGYDQWDJH RYHU WKHLU FRXQWHUSDUWV

��



LQ WKH SUHYLRXV FRKRUW� WKH\ HDUQ KLJKHU LQFRPHV LQ WKH VHFRQG SHULRG RI WKHLU OLYHV

DQG WKH\ HQMR\ FDSLWDO JDLQV RQ WKHLU oDWV� 7KLV LPSOLHV D KLJKHU GHPDQG IRU KRXVHV

E\ DJH � DJHQWV DW WKH WLPH RI WKH VKRFN� 6HFRQG� WKH KLJKHU oDW SULFH DW WKH WLPH RI

WKH VKRFN DQG WKH H[SHFWDWLRQ RI D KLJKHU SULFH GLmHUHQWLDO EHWZHHQ KRXVHV DQG oDWV LQ

WKH IXWXUH LQFUHDVHV WKH GHPDQG IRU KRXVHV E\ DJH � DJHQWV� 6R WKH KRXVH SULFH PXVW

ULVH DW WKH WLPH RI WKH VKRFN�

$V WR WKH RYHUVKRRWLQJ UHVXOW� FRQGLWLRQ ���� LV QRW LQ WHUPV RI PRGHO SDUDPHWHUV

GLUHFWO\� EXW KDV WKH DGYDQWDJH RI UHOD\LQJ WKH ULJKW LQWXLWLRQ� 1RWH nUVW WKDW WKH

FKDQJH LQ WKH KRXVH SULFH IURP WLPH V WR V� � LV HQWLUHO\ GULYHQ E\ WKH ZHDOWK RI DJH

� DQG � DJHQWV� 7KLV LV EHFDXVH DJH � DJHQWV
 ZLOOLQJQHVV WR SD\ IRU D KRXVH �ZKLFK

GHSHQGV RQ WKH FXUUHQW oDW SULFH DQG H[SHFWDWLRQV DERXW IXWXUH SURSHUW\ SULFHV� LV WKH

VDPH LQ WKHVH WZR SHULRGV� 1RZ FRQVLGHU D oDW RZQHU ZLWK LQFRPH LQGH[ L � L+���

UHDFKLQJ DJH � LQ SHULRG V��� ,Q SHULRG V� VXFK DQ DJHQW HDUQHG Z�L� �� DQG ERXJKW D

oDW DW WKH SULFH T) � &RQWUDVW WKLV ZLWK DQ DJHQW ZKR KDV WKH VDPH LQFRPH LQGH[ EXW

ZDV ERUQ RQH SHULRG HDUOLHU� L�H�� UHDFKHV DJH � DOUHDG\ DW WLPH V� ,Q SHULRG Vb �� WKLV

DJHQW HDUQHG Z�L� �� � Z�L� �� DQG ERXJKW D oDW DW WKH SULFH T) � T) � 8QGHU FRQGLWLRQ

����� WKH HQGRZPHQW GLVDGYDQWDJH RI WKH DJHQW ERUQ RQH SHULRG HDUOLHU LV PRUH WKDQ

FRPSHQVDWHG E\ WKH SULFH DGYDQWDJH� VLQFH ERWK WKH LQFRPH DQG WKH SULFH RI oDWV ULVH

E\ WKH VDPH SURSRUWLRQ� DQG WKH LQFRPH LV VPDOOHU WKDQ WKH SULFH RI oDWV� WKH SULFH ULVHV

E\ PRUH WKDQ WKH LQFRPH LQ DEVROXWH WHUPV� *LYHQ WKDW WKH SULFH RI oDWV LV WKH VDPH

LQ SHULRGV V DQG V��� WKH DJHQW ERUQ HDUOLHU LV WKXV ULFKHU ZKHQ VKH UHDFKHV DJH �� $V

WKLV WUDQVODWHV LQWR D KLJKHU DELOLW\ WR SD\ IRU D KRXVH� WKH HTXLOLEULXP SULFH PXVW EH

KLJKHU DW WKH WLPH RI WKH VKRFN� T+V ! T+V��  T+ � 3XW PRUH VLPSO\� oDW RZQHUV WKDW

UHDFK DJH � DV WKH VKRFN RFFXUV HQMR\ FDSLWDO JDLQV� ZKLOH WKRVH RQH SHULRG ODWHU GR

QRW� 8QGHU FRQGLWLRQ ����� WKHVH FDSLWDO JDLQV RXWZHLJK WKH HQGRZPHQW GLVDGYDQWDJH�

KHQFH OHDG WR KLJKHU GHPDQG DQG D KLJKHU KRXVH SULFH�

&RQGLWLRQ ���� VWLSXODWHV WKDW WKRVH DJHQWV ZKR DUH MXVW DEOH WR DmRUG D KRXVH LQ

WKH VHFRQG SHULRG �WKH SRRUHVW FUHGLW�FRQVWUDLQHG UHSHDW EX\HUV� ZHUH QRW DEOH WR SD\

FDVK IRU WKH oDW WKDW WKH\ DFTXLUHG D SHULRG HDUOLHU� 7KLV LV KLJKO\ SODXVLEOH���

��(YHQ VR� LW LV LQVWUXFWLYH WR SURYLGH D VXpFLHQW FRQGLWLRQ IRU RYHUVKRRWLQJ WKDW LV IRUPXODWHG LQ
WHUPV RI WKH PRGHO SDUDPHWHUV� :H FDQ XVH WKH FKDUDFWHULVDWLRQ RI WKH oDW SULFH LQ HTXDWLRQ ���� WR
WUDQVODWH FRQGLWLRQ ���� LQWR WKH LQHTXDOLW\ Z�L+���� �� � Z��b6) b6+ � �� o� D VXpFLHQW FRQGLWLRQ
IRU ZKLFK LV Z��� �� � Z��b 6) b 6+ � �� o E\ WKH PRQRQWRQLFLW\ RI WKH DJH � LQFRPH SURnOH� 7KXV�
ZH ZLOO KDYH RYHUVKRRWLQJ LQ WKH KRXVH SULFH DV ORQJ DV WKH LQLWLDO DJH � LQFRPH SURnOH LV QRW WRR VWHHS�
L�H�� DV ORQJ DV WKH HDUQLQJV RI WKH ULFKHVW DJH � DJHQWV DUH QRW WRR GLmHUHQW IURP WKRVH RI WKH PDUJLQDO
oDW EX\HUV�

��



)LJXUH � VXPPDUL]HV WKH UHVXOWV ZH KDYH REWDLQHG VR IDU� ,W GHSLFWV WKH LQYHUVH

GHPDQG IXQFWLRQV IRU KRXVHV DW W  V b �� V DQG V � � DV GHnQHG LQ ���� DQG �����

$JH � KRXVHKROGV
 DELOLW\ WR SD\ IRU D KRXVH VKLIWV XSZDUG RQFH DW WKH WLPH RI WKH

� �T+ T+

] 
�b 6+
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)LJXUH �� 7UDQVLWLRQ IURP LQLWLDO WR QHZ VWHDG\ VWDWH

VKRFN DQG WKHQ VWD\V XQFKDQJHG� 8QGHU FRQGLWLRQ ����� DJH � KRXVHKROGV
 DELOLW\ WR

SD\ IRU D KRXVH ULVHV DW WKH WLPH RI WKH VKRFN DQG WKHQ IDOOV EDFN EHFDXVH RI WKH ODFN

RI IXUWKHU FDSLWDO JDLQV RQ oDWV� $V D FRQVHTXHQFH� WKH KRXVH SULFH RYHUVKRRWV LWV QHZ

VWHDG\ VWDWH� 7KDW DJH � KRXVHKROGV UHO\ SULPDULO\ RQ WKH FDSLWDO JDLQV RQ WKHLU oDW WR

SXUFKDVH D KRXVH LQ WKH SHULRG RI WKH VKRFN LV LQ DJUHHPHQW ZLWK WKH HPSLULFDO HYLGHQFH

PHQWLRQHG HDUOLHU� LQ D ERRP� WKH SURSRUWLRQ RI WKH GRZQ SD\PHQW FRPLQJ IURP WKH

VDOH RI WKH SUHYLRXV SURSHUW\ LV KLJKHU ZKHUHDV WKH SURSRUWLRQ FRPLQJ IURP RZQ VDYLQJV

LV ORZHU�

%\ KRZ PXFK WKH KRXVH SULFH PXVW ULVH WR FOHDU WKH KRXVH PDUNHW DIWHU WKH LQFRPH

VKRFN GHSHQGV RQ HDFK SRWHQWLDO KRXVH EX\HU
V UHODWLYH ZLOOLQJQHVV WR KROG D oDW LQVWHDG

RI D KRXVH� )RU WKH oDW RZQHUV DWWHPSWLQJ WR PRYH XS WKH SURSHUW\ ODGGHU� D ULVH LQ WKH

KRXVH SULFH PHDQV DQ LQFUHDVH LQ WKH UHTXLUHG GRZQ SD\PHQW� 7KH UHVXOWLQJ LQFUHDVH LQ

WKH QXPEHU RI oDW RZQHUV ZKR UHPDLQ FRQVWUDLQHG WR OLYH LQ D oDW GHSHQGV RQ WKH ZHDOWK

JUDGLHQW RI WKH FRQFHUQHG FRKRUWV� 2Q WKH RWKHU VLGH RI WKH KRXVH PDUNHW� SUHIHUHQFH

WUDGHUV PDNH WKHLU GHFLVLRQV SXUHO\ EDVHG RQ UHODWLYH XVHU FRVW DQG UHODWLYH XWLOLW\� )RU

D JLYHQ KRXVH SULFH ULVH� FHWHULV SDULEXV� WKH LQFUHDVH LQ WKH QXPEHU RI KRXVH RZQHUV ZKR

��



SUHIHU WR PRYH WR D oDW GHSHQGV RQ WKH SUHIHUHQFH JUDGLHQW ZLWKLQ WKH XQFRQVWUDLQHG

FRKRUWV� 7KH VWHHSHU WKH SUHIHUHQFH RU ZHDOWK JUDGLHQWV� WKH VPDOOHU LV WKH HmHFW WKDW

D JLYHQ SULFH ULVH KDV RQ WKH QXPEHU RI KRXVHKROGV GHPDQGLQJ D KRXVH� DQG WKH ODUJHU

LV WKHUHIRUH WKH LQFUHDVH LQ WKH KRXVH SULFH UHTXLUHG WR EDODQFH WKH PDUNHW� $V D GLUHFW

FRUROODU\ RI WKLV UHVXOW ZH QRWH WKDW WKH VWHHSHU WKH JUDGLHQWV� WKH PRUH YRODWLOH WKH

KRXVH SULFH ZLOO EH UHODWLYH WR WKH SULFH RI oDWV���

$V )LJXUH � PDNHV HYLGHQW� WKH KLJKHU DELOLW\ RI DJH � KRXVHKROGV WR SD\ IRU D KRXVH

DW WKH WLPH RI WKH VKRFN LPSOLHV DQ LQFUHDVH LQ WKH HTXLOLEULXP QXPEHU RI DJH � KRXVH

EX\HUV� 7KLV \LHOGV WKH IROORZLQJ UHVXOW�

3URSRVLWLRQ ��� �7UDQVDFWLRQV LQ WKH SHULRG RI WKH VKRFN� 8QGHU WKH RYHUVKRRW�

LQJ FRQGLWLRQ ����� WKH QXPEHU RI WUDQVDFWLRQV LQ WKH SHULRG RI WKH VKRFN LV KLJKHU WKDQ

LQ WKH LQLWLDO VWHDG\ VWDWH� 7KLV KLJKHU QXPEHU RI WUDQVDFWLRQV LV GXH WR DQ LQFUHDVH LQ

WKH QXPEHU RI UHSHDW SXUFKDVHV E\ EX\HUV RI DJH ��

,Q IDFW� WKHUH DUH WKUHH HmHFWV� 7KHUH LV DQ LQFUHDVH LQ WKH QXPEHU RI DJHQWV DFTXLULQJ

D KRXVH DW DJH �� DQ LQFUHDVH LQ WKH QXPEHU RI DJHQWV ZKR PRYH IURP D KRXVH WR D oDW

DW DJH �� DQG D GHFUHDVH LQ WKH QXPEHU RI DJHQWV ZKR PRYH IURP D oDW WR D KRXVH DW

DJH �� 7KH SURRI VKRZV WKDW WKH WKLUG HmHFW GRPLQDWHV WKH VHFRQG �VR WKHUH DUH IHZHU

UHSHDW SXUFKDVHV E\ DJH � KRXVHKROGV RYHUDOO�� DQG WKDW WKH nUVW HmHFW GRPLQDWHV WKH

FRPELQDWLRQ RI WKH RWKHU WZR� 1RWH WKDW WKH LQFUHDVH LQ WKH QXPEHU RI KRXVHV RZQHG

E\ WKH \RXQJ GRHV QRW PHDQ D RQH�IRU�RQH LQFUHDVH LQ WKH QXPEHU RI ROGHU KRXVHKROGV

WUDGLQJ GRZQ IURP D KRXVH WR D oDW� ,QVWHDG� WKH VKLIW LQ WKH GLVWULEXWLRQ RI KRXVHV

LQ IDYRU RI WKH \RXQJ LV SDUWLDOO\ DFFRPRGDWHG E\ WKRVH DJH � KRXVHKROGV ZKR ZHUH

SODQQLQJ WR PRYH WR D KRXVH IRU SUHIHUHQFH UHDVRQV EXW QRZ FKRRVH WR UHPDLQ LQ WKHLU

oDW EHFDXVH KRXVHV KDYH EHFRPH PRUH H[SHQVLYH�

5HWXUQLQJ WR )LJXUH � DQG RXU GLVFXVVLRQ RI ZHDOWK DQG SUHIHUHQFH JUDGLHQWV� LW

LV HDV\ WR VHH WKDW VWHHSHU JUDGLHQWV� ZKLOH LPSO\LQJ ODUJHU oXFWXDWLRQV RI WKH KRXVH

SULFH� PHDQ VPDOOHU oXFWXDWLRQV LQ WKH FXWRm LQGLFHV DW DJH � DQG �� DQG WKXV VPDOOHU

oXFWXDWLRQV LQ WKH QXPEHU RI WUDQVDFWLRQV�

3URSRVLWLRQV ��� DQG ��� LPPHGLDWHO\ OHDG WR D UHVXOW WKDW LV D FHQWUDO SUHGLFWLRQ RI

RXU PRGHO�
��7KHUH LV VRPH HPSLULFDO HYLGHQFH ERWK LQ WKH 8�6� DQG WKH 8�.� WKDW PRUH H[SHQVLYH SURSHUWLHV

H[SHULHQFH ODUJHU SULFH VZLQJV� IRU WKH 8�6�� VHH 3RWHUED ������ DQG 0D\HU ������� IRU WKH 8�.�� VHH
(DUOH\ ������� +RZHYHU� WKHVH SDSHUV DUH FRQFHUQHG ZLWK SDUWLFXODU SULFH VZLQJV LQ SDUWLFXODU PDUNHWV�
QRW ZLWK WKH HmHFW RI SXUH LQFRPH VKRFNV�

��



3URSRVLWLRQ ��� �&R�PRYHPHQW RI SULFHV DQG QXPEHU RI WUDQVDFWLRQV� 8QGHU

WKH RYHUVKRRWLQJ FRQGLWLRQ ����� SURSHUW\ SULFHV DQG WKH QXPEHU RI WUDQVDFWLRQV DOO ULVH

LQ WKH SHULRG RI WKH LQFRPH VKRFN�

,Q VXPPDU\� WKH UHVXOWV RI WKLV VHFWLRQ VKRZ KRZ DQ XQH[SHFWHG SHUPDQHQW LQFUHDVH

LQ LQFRPH FDXVHV SURSHUW\ SULFHV DQG WKH QXPEHU RI WUDQVDFWLRQV WR ULVH LQ UHVSRQVH�

3ULFHV RI VWDUWHU KRPHV ULVH EHFDXVH WKH LQFUHDVH LQ LQFRPH HQDEOHV \RXQJ �DQG WKXV

SRWHQWLDOO\ FUHGLW�FRQVWUDLQHG� KRXVHKROGV WR DmRUG KLJKHU GRZQ SD\PHQWV� 3ULFHV

RI KRPHV IXUWKHU XS WKH SURSHUW\ ODGGHU ULVH EHFDXVH WKH LQFRPH LQFUHDVH DQG WKH

FDSLWDO JDLQV RQ WKHLU FXUUHQW KRPH HQDEOH KRPHRZQHUV WR DmRUG ODUJHU GRZQ SD\PHQWV

WRZDUG WKH SXUFKDVH RI D PRUH GHVLUDEOH SURSHUW\� 7KLV LV DOVR WKH UHDVRQ IRU WKH

LQFUHDVH LQ WUDQVDFWLRQ YROXPH� EHQHnWLQJ IURP KLJKHU LQFRPHV DQG FDSLWDO JDLQV� \RXQJ

KRXVHKROGV PRYH XS WKH SURSHUW\ ODGGHU IDVWHU� WKHUHE\ JHQHUDWLQJ D KLJKHU WXUQRYHU�

7KH FDSLWDO JDLQV HmHFW LV VR VWURQJ WKDW LW PDNHV WKH SURSHUW\ SULFH LQGH[ RYHUVKRRW

LWV QHZ VWHDG\ VWDWH OHYHO� :LWK DQ XQH[SHFWHG SHUPDQHQW GHFUHDVH LQ LQFRPH� WKHVH

HmHFWV UHYHUVH GLUHFWLRQ� SURSHUW\ SULFHV XQGHUVKRRW DQG WKH YROXPH RI WUDQVDFWLRQ

GURSV DV IHZHU \RXQJ KRXVHKROGV WUDGH XS� (YHU\WKLQJ HOVH HTXDO� WKH PDJQLWXGH RI

WKHVH SULFH DQG YROXPH UHVSRQVHV GHSHQGV RQ WKH ZHDOWK DQG SUHIHUHQFH JUDGLHQWV� WKH

VWHHSHU WKHVH JUDGLHQWV� WKH ODUJHU ZLOO EH WKH oXFWXDWLRQV LQ WKH SULFH LQGH[ DQG WKH

VPDOOHU WKH oXFWXDWLRQV LQ WKH QXPEHU RI WUDQVDFWLRQV�

� $ 0DUNRY 0RGHO IRU ,QFRPHV

7KH SUHYLRXV VHFWLRQ HPSKDVL]HG WKH EDFNZDUG�ORRNLQJ IDFWRUV RI KRXVLQJ PDUNHW G\�

QDPLFV� ,QFRPH VKRFNV ZHUH FRPSOHWHO\ XQH[SHFWHG� :H WXUQ QRZ WR WKH DQDO\VLV RI

WKH G\QDPLFV RI WKH PRGHO DVVXPLQJ 0DUNRYLDQ SURFHVVHV IRU LQFRPH� 7KLV HQDEOHV XV

WR DGGUHVV WKH UROH RI �UDWLRQDO� H[SHFWDWLRQV DQG WR DQDO\VH WKH MRLQW oXFWXDWLRQV RI

SULFHV DQG WUDQVDFWLRQV LQ D ULFKHU VHWWLQJ� 6ROYLQJ IRU WKH G\QDPLFV RI WKH PRGHO LQ

WKLV VWRFKDVWLF HQYLURQPHQW DOVR HQDEOHV XV WR EHWWHU FRQIURQW WKH PRGHO ZLWK HPSLULFDO

HYLGHQFH LQ 6HFWLRQ ��

6XSSRVH WKDW LQFRPHV DUH GHWHUPLQHG E\ D VWDWLRQDU\ 0DUNRY SURFHVV ZLWK D nQLWH

VWDWH VSDFH 6  I�� �� �� � � � � M6MJ� )RU �� w � 6� WKH SUREDELOLW\ RI D WUDQVLWLRQ IURP � WR

w LV GHQRWHG E\ |�w� 7R DYRLG GHJHQHUDFLHV� ZH DVVXPH WKDW DOO WUDQVLWLRQ SUREDELOLWLHV

DUH VWULFWO\ SRVLWLYH� (DFK VWDWH � � 6 LV DVVRFLDWHG ZLWK �GHWHUPLQLVWLF� LQFRPH SURnOHV

IRU HDFK FRKRUW� Z��L� M� ! � LV WKH FXUUHQW LQFRPH LQ VWDWH � RI DOO DJHQWV ZKR KDYH

��



LQFRPH LQGH[ L DQG DUH RI DJH M� $V EHIRUH� WKLV LQFRPH LV FRQWLQXRXV DQG VWULFWO\

LQFUHDVLQJ LQ WKH LQGH[ L� $V ZH ZDQW WR IRFXV RQ LQFRPH SURFHVVHV WKDW DOZD\V VXEMHFW

WKH WZR \RXQJHVW FRKRUWV WR LQFRPH FKDQJHV LQ WKH VDPH GLUHFWLRQ� ZH DVVXPH WKDW WKH

VWDWHV DUH RUGHUHG LQ WKH IROORZLQJ ZD\� LI �� w � 6 DQG � � w� WKHQ Z��L� M� � Zw�L� M�

IRU DOO L DQG M  �� �� ,Q WKH IROORZLQJ� WKH UHVWULFWLRQ WR SURSRUWLRQDO LQFRPH VKRFNV

ZRXOG QRW VLPSOLI\ WKH H[SRVLWLRQ VLJQLnFDQWO\� VR ZH GURS LW DQG PHUHO\ DVVXPH WKDW

WKH LQFRPH GLmHUHQFH Zw�L� M� b Z��L� M� LV LQFUHDVLQJ LQ L IRU M  �� �� :H IXUWKHU

DVVXPH WKDW WKH LQFRPH SURFHVV LV DOZD\V FRPSDWLEOH ZLWK DQ HTXLOLEULXP DOORFDWLRQ RI

GZHOOLQJV DV LQ )LJXUHV � DQG �� 0RUH VSHFLnFDOO\� ZH WKLQN RI WKH LQFRPH SURFHVV DV

D VXpFLHQWO\ VPDOO SHUWXUEDWLRQ RI WLPH�LQYDULDQW LQFRPH SURnOHV IRU ZKLFK WKH VWHDG\

VWDWH HTXLOLEULXP LV DV LQ )LJXUHV � DQG ��

(TXDWLRQ ���� LPSOLHV D 0DUNRY FKDLQ ZLWK M6M SRVVLEOH YDOXHV T)� IRU WKH HTXLOLEULXP

SULFH RI oDWV� 7KHVH YDOXHV DUH VXFK WKDW T)� � T)w ZKHQHYHU � � w� %\ HTXDWLRQ �����

WKH HTXLOLEULXP KRXVH SULFH T+W GHSHQGV RQ WLPH W b � LQFRPH YDULDEOHV WKURXJK WKH

oDW SULFH T)Wb� DQG WKH DFFXPXODWHG HDUQLQJV SURnOH :W�L�  ��� U�ZWb��L� ���ZW�L� ���

7R GHVFULEH WKH HTXLOLEULXP KRXVH SULFH� WKHUHIRUH� ZH KDYH WR FRQVLGHU M6M� LQFRPH

KLVWRULHV RI OHQJWK WZR� GHQRWHG �w� ZKHUH � LV WKH SUHYLRXV LQFRPH VWDWH DQG w WKH

FXUUHQW RQH� $FFXPXODWHG HDUQLQJV SURnOHV DW DJH � DUH WKHQ GHnQHG LQ WKH REYLRXV

ZD\� :�w�L�  �� � U�Z��L� �� � Zw�L� ���

:H IRFXV RXU DWWHQWLRQ RQ VWRFKDVWLF HTXLOLEULD ZKHUH WKH KRXVH SULFH DQG WKH DOOR�

FDWLRQ RI SURSHUWLHV LQ DQ\ SHULRG GHSHQG RQO\ RQ WKH LQFRPH KLVWRU\ RI OHQJWK WZR���

%\ HTXDWLRQ ����� D FROOHFWLRQ RI M6M� KRXVH SULFHV T+�w �RQH IRU HDFK KLVWRU\ �w� LV SDUW

RI VXFK DQ HTXLOLEULXP LI DQG RQO\ LI

�b 6+  :b�
�w

r

oT+�w � �� � U� T)� b T)w
s

� Xb�

�

#

�

��� � U� T+�w b
;

x�6

|wxT
+
wx

�

�b

�

��� � U� T)w b
;

x�6

|wxT
)
x

�

�

�

$ ����

IRU DOO �� w � 6� )RU FRQWLQXRXVO\ GLmHUHQWLDEOH IXQFWLRQV :�w ��� w � 6� DQG X ZLWK

VWULFWO\ SRVLWLYH nUVW GHULYDWLYHV� WKH LPSOLFLW IXQFWLRQ WKHRUHP LPSOLHV WKDW WKHVH M6M�

HTXDWLRQV KDYH D XQLTXH VROXWLRQ LQ D QHLJKERUKRRG RI WKH ?XQSHUWXUEHG� VWHDG\ VWDWH�

��,Q RWKHU ZRUGV� ZH ZDQW WR VWXG\ D VWRFKDVWLF VWHDG\ VWDWH �LQYDULDQW HTXLOLEULXP� ZKHUH WKH VHW
RI SRVVLEOH SULFHV DQG DOORFDWLRQV LV WKH VDPH nQLWH �DQG PLQLPDO� VHW LQ HDFK SHULRG� 2I FRXUVH�
DQ LQLWLDO DOORFDWLRQ RXWVLGH WKLV VHW ZLOO LPSO\ HTXLOLEULXP SULFHV RXWVLGH WKLV VHW DW nUVW� %XW LQ D
UDWLRQDO H[SHFWDWLRQV HTXLOLEULXP� WKH VWRFKDVWLF VWHDG\ VWDWH ZLOO DFWXDOO\ EH UHDFKHG DIWHU nQLWHO\
PDQ\ SHULRGV�

��



%\ ��� DQG ����� WKH FXWRm LQGLFHV L+�w��� DQG P+
�w WKDW GHVFULEH WKH DOORFDWLRQ RI

KRXVHV DIWHU KLVWRU\ �w DUH WKHQ GHWHUPLQHG E\ WKH HTXDWLRQV

X�P+
�w�  

�

��� � U� T+�w b
;

x�6

|wxT
+
wx

�

�b

�

��� � U� T)w b
;

x�6

|wxT
)
x

�

� ����

DQG

:�w�L
+
�w����b �� � U� T)� � T)w  oT+�w� ����

)LQDOO\� WKH QXPEHU RI WUDQVDFWLRQV GHSHQGV RQ WKH LQFRPH KLVWRU\ RI OHQJWK WKUHH�

�wx� ZKHUH � GHQRWHV WKH LQFRPH VWDWH WZR SHULRGV DJR� w WKH LQFRPH VWDWH ODVW SHULRG�

DQG x WKH FXUUHQW VWDWH� %\ ����� WKH QXPEHU RI WUDQVDFWLRQV DIWHU KLVWRU\ �wx LV

Q�wx  �bP+
�w � ��6

+ b � �P+
�w�P

+
wx� ����

:H VWDUW WKH DQDO\VLV RI VWRFKDVWLF HTXLOLEULD ZLWK D UHVXOW WKDW H[WHQGV WKH RYHU�

VKRRWLQJ UHVXOW RI 3URSRVLWLRQ ���� 3URRIV RI DOO WKH UHVXOWV LQ WKLV VHFWLRQ FDQ EH IRXQG

LQ $SSHQGL[ '�

3URSRVLWLRQ ��� �&DSLWDO JDLQV YHUVXV HDUQLQJV� )RU � � w DQG DUELWUDU\ x� WKH

KRXVH SULFH DIWHU LQFRPH KLVWRU\ �x H[FHHGV WKDW DIWHU KLVWRU\ wx LI DQG RQO\ LI

Zw�L
+
wx���� ��b Z��L

+
wx���� �� � T)w b T)� � ����

,Q WKLV FDVH� WKH LQFRPH KLVWRU\ WKDW LPSOLHV WKH KLJKHU KRXVH SULFH DOVR LPSOLHV D KLJKHU

QXPEHU RI KRXVH EX\HUV RI DJH � DQG D ORZHU QXPEHU RI KRXVH RZQHUV RI DJH ��

,Q WKH VSHFLDO FDVH ZKHUH x  w� WKLV LV HVVHQWLDOO\ WKH VDPH ?RYHU�UHDFWLRQ� UHVXOW

DV 3URSRVLWLRQ ���� :LWK � � w� D WUDQVLWLRQ IURP �w WR ww PHDQV WKDW LQFRPHV nUVW

ULVH DQG WKHQ VWD\ WKH VDPH� ZKHUHDV WKH KRXVH SULFH ULVHV DQG WKHQ IDOOV EDFN WR D

ORZHU OHYHO���

��1RWH WKH VOLJKW GLmHUHQFH EHWZHHQ 3URSRVLWLRQ ���� ZKHUH ZH JDYH D VXpFLHQW FRQGLWLRQ� DQG
3URSRVLWLRQ ���� ZKHUH WKH VWDWHG FRQGLWLRQ LV QHFHVVDU\ DV ZHOO DV VXpFLHQW� 7KH FRXQWHUSDUW RI ����

LQ WKH LPSXOVH UHVSRQVH VHWWLQJ ZLWK D SURSRUWLRQDO VKRFN LV WKH LQHTXDOLW\ T) ! Z�L
+
���� ��� $V

L
+
��� � L+���� WKLV LV ZHDNHU WKDQ FRQGLWLRQ ����� EXW WKH ODWWHU KDV WKH DGYDQWDJH RI DOORZLQJ DQ

HDVLHU LQWHUSUHWDWLRQ ^ LQ IDFW� RQH WKDW LV HQWLUHO\ LQ WHUPV RI WKH LQLWLDO VWHDG\ VWDWH� 7KLV LV QRW
SRVVLEOH LQ WKH 0DUNRYLDQ VHWWLQJ ZKHUH ZH GR QRW KDYH DQ D SULRUL UDQNLQJ RI WKH DJH � FXWRm LQGLFHV
IRU DOO SRVVLEOH KLVWRULHV�

��



7KH LQWXLWLRQ IRU 3URSRVLWLRQ ��� LV WKH VDPH DV LQ WKH FDVH RI WKH LPSXOVH UHVSRQVH�

6LQFH WKH H[SHFWDWLRQV RI DJH � DJHQWV DUH WKH VDPH DIWHU ERWK KLVWRULHV XQGHU FRQVLGHU�

DWLRQ� FKDQJHV LQ WKH KRXVH SULFH DUH DJDLQ GULYHQ HQWLUHO\ E\ FKDQJHV LQ WKH ZHDOWK RI

WKH DJH � FRKRUW� 2Q WKH RQH KDQG� oDW RZQHUV UHDFKLQJ DJH � HQMR\ ODUJHU FDSLWDO JDLQV

�RU VXmHU VPDOOHU FDSLWDO ORVVHV� DIWHU KLVWRU\ �x WKDQ DIWHU KLVWRU\ wx� 2Q WKH RWKHU

KDQG� WKHLU DFFXPXODWHG HDUQLQJV DUH ORZHU DIWHU KLVWRU\ �x� 8QGHU FRQGLWLRQ ����� WKH

PRUH IDYRUDEOH HYROXWLRQ RI WKH SULFH RI oDWV RXWZHLJKV WKH HQGRZPHQW GLVDGYDQWDJH�

KHQFH OHDGV WR KLJKHU GHPDQG DQG D KLJKHU KRXVH SULFH�

&RQGLWLRQ ���� KROGV IRU DOO �� w � 6 LI LQFRPH FKDQJHV DUH VPDOO SURSRUWLRQDO

FKDQJHV WR DQ ?XQSHUWXUEHG� VWHDG\ VWDWH ZKHUH WKH PDUJLQDO KRXVH EX\HUV RI DJH

� FDQQRW SD\ FDVK IRU WKH oDW WKH\ SXUFKDVH DW DJH �� 0RUH JHQHUDOO\� WKH oDW SULFH

HTXDWLRQ ����� WKH LQHTXDOLWLHV L+wx��� � � DQG WKH PRQRWRQLFLW\ RI LQFRPH SURnOHV LPSO\

WKDW FRQGLWLRQ ���� KROGV IRU DOO �� w � 6 LI

MZ���� ��bZw��� ��M �
MZ���b 6) b 6+ � ��b Zw��b 6) b 6+ � ��M

o
����

IRU DOO � � 6� VR WKDW VWDWH WUDQVLWLRQV GR QRW VSUHDG RU FRPSUHVV DJH � LQFRPHV WRR

GUDVWLFDOO\�

7KH SUHYLRXV SURSRVLWLRQ FRPSDUHV KLVWRULHV HQGLQJ LQ WKH VDPH LQFRPH VWDWH� VR

WKDW H[SHFWDWLRQV DERXW WKH IXWXUH FDQ EH KHOG n[HG� 7KLV LV QR ORQJHU SRVVLEOH ZKHQ

ZH FRQVLGHU KLVWRULHV WKDW HQG LQ GLmHUHQW VWDWHV� EHFDXVH WKHQ H[SHFWDWLRQV PDWWHU IRU

WKH ZLOOLQJQHVV RI DJH � DJHQWV WR SD\ IRU D KRXVH� :LWK � � w DQG DUELWUDU\ x� IRU

LQVWDQFH� LW LV SRVVLEOH WKDW H[SHFWDWLRQV DERXW QH[W SHULRG
V GLmHUHQFH EHWZHHQ WKH

KRXVH DQG WKH oDW SULFH DUH VR PXFK PRUH SHVVLPLVWLF LQ VWDWH w WKDW WKH KRXVH SULFH

T+xw LV VPDOOHU WKDQ T+x�� GHVSLWH WKH XQDPELJXRVO\ KLJKHU ZHDOWK RI DJH � DJHQWV DIWHU

KLVWRU\ xw� 7ZR VRUWV RI FRQGLWLRQV HQVXUH WKDW WKH HmHFW RI H[SHFWDWLRQV RQ KRXVH

SULFHV LV GRPLQDWHG E\ WKH HmHFW RI ZHDOWK� 2QH DOWHUQDWLYH LV WR DVVXPH VXpFLHQW

SHUVLVWHQFH RI WKH 0DUNRY FKDLQ� WKDW LV� WR JHQHUDOL]H WKH UHVXOWV RI 6HFWLRQ � IRU

WUDQVLWLRQ PDWULFHV VXpFLHQWO\ FORVH WR WKH LGHQWLW\ PDWUL[� 6LQFH WKLV GRHV QRW DGG

PXFK WR WKH LQVLJKWV JDLQHG IURP WKH LPSXOVH UHVSRQVH FDVH� ZH ZLOO QRW SXUVXH WKLV

URXWH DQ\ IXUWKHU KHUH� ,QVWHDG� ZH WXUQ WR WKH VHFRQG DOWHUQDWLYH� ZKLFK FRQVLVWV LQ

VSHFLI\LQJ FRQGLWLRQV XQGHU ZKLFK WKH HmHFW RI H[SHFWDWLRQV RQ KRXVH SULFHV LV VPDOO

LUUHVSHFWLYH RI WKH WUDQVLWLRQ SUREDELOLWLHV�

��



3URSRVLWLRQ ��� �:HDOWK YHUVXV H[SHFWDWLRQV� )RU � � w DQG DUELWUDU\ x� WKH

KRXVH SULFH DIWHU LQFRPH KLVWRU\ xw H[FHHGV WKDW DIWHU KLVWRU\ x� LI

X��
�
�b X��b 6+ �

�� � U� U
� T)w b T)� � ����

DQG WKH QXPEHU RI KRXVH RZQHUV RI DJH � LV KLJKHU DIWHU KLVWRU\ xw LI

X��
�
�b X��b 6+ �

�� � U� U
�

Zw�
�
�
� ��b Z��

�
�
� �� � ��b o� >T)w b T)� @

o
� ����

&RQGLWLRQ ���� �UHVS� ����� DOVR HQVXUHV WKDW WKH KRXVH SULFH �UHVS� QXPEHU RI KRXVH

RZQHUV RI DJH �� LV KLJKHU DIWHU KLVWRU\ ww WKDQ DIWHU KLVWRU\ ���

7KH UROH RI FRQGLWLRQV ���� DQG ���� LV WR ERXQG WKH HmHFW RI H[SHFWDWLRQV RQ KRXVH

SULFHV� 5HFDOO WKDW E\ HTXDWLRQ ����� WKH SULFH RI D KRXVH HTXDOV WKH SULFH RI D oDW

SOXV WKH SUHVHQW GLVFRXQWHG YDOXH RI WKH VWUHDP RI H[WUD XWLOLW\ WKDW D KRXVH SURYLGHV

WR WKH PDUJLQDO XQFRQVWUDLQHG KRXVH RZQHUV� $V WKH SUHIHUHQFH LQGH[ RI WKH PDUJLQDO

KRXVH RZQHUV RI DJH � OLHV EHWZHHQ �b6+ DQG �
�
� WKH GLmHUHQFH EHWZHHQ WKH SULFH RI D

KRXVH DQG WKH SULFH RI D oDW LV DOZD\V ERXQGHG DERYH E\ X��
�
� U DQG ERXQGHG EHORZ E\

X��b6+ � U� ,I WKH GLmHUHQFH X��
�
�bX��b6+ � LV VPDOO� WKHQ VR LV WKH H[WHQW WR ZKLFK

H[SHFWDWLRQV DERXW IXWXUH SULFH GLmHUHQFHV EHWZHHQ KRXVHV DQG oDWV FDQ YDU\ ZLWK WKH

FXUUHQW LQFRPH VWDWH�

8QGHU FRQGLWLRQ ����� DJH � DJHQWV DUH ZLOOLQJ WR SD\ PRUH IRU D KRXVH LQ VWDWH w

WKDQ LQ VWDWH �� $W WKH VDPH WLPH� DJH � oDW RZQHUV DUH ZHDOWKLHU �KHQFH FDQ DmRUG WR

SD\ PRUH IRU D KRXVH� DIWHU KLVWRU\ xw WKDQ DIWHU KLVWRU\ x�� $V D FRQVHTXHQFH� WKH

KRXVH SULFH LV KLJKHU DIWHU KLVWRU\ xw�

&RQGLWLRQ ���� LV ZHDNHU WKDQ ����� ,W MXVW HQVXUHV WKDW LQ WKH FRPSDULVRQ RI KLVWRU\

x� ZLWK xw� DQ\ SRVVLEOH XSZDUG VKLIW LQ DJH � DJHQWV
 ZLOOLQJQHVV WR SD\ IRU KRXVHV LV

VPDOOHU WKDQ WKH XSZDUG VKLIW LQ DJH � DJHQWV
 DELOLW\ WR SD\ �WKLV DOORZV IRU WKH FDVH

ZKHUH DJH � DJHQWV
 ZLOOLQJQHVV WR SD\ LV DFWXDOO\ ORZHU LQ VWDWH w�� 6R PRUH DJHQWV RI

DJH � �DQG IHZHU DJHQWV RI DJH �� RZQ D KRXVH DIWHU KLVWRU\ xw�

)LQDOO\� LI ZH FRPSDUH KLVWRULHV �� DQG ww� WKH GLmHUHQFH LQ WKH ZHDOWK RI DJH �

DJHQWV LV HYHQ ODUJHU� ZKLOH QRWKLQJ FKDQJHV IRU DJH � DJHQWV� 6R WKH DUJXPHQWV RI WKH

SUHYLRXV WZR SDUDJUDSKV FDUU\ RYHU�

3URSRVLWLRQ ��� VKRZV WKDW XQGHU D YHU\ PLOG FRQGLWLRQ� FDSLWDO JDLQV RQ oDWV PDNH

WKH QXPEHU RI UHSHDW SXUFKDVHV E\ SRWHQWLDOO\ FUHGLW�FRQVWUDLQHG \RXQJ KRXVHKROGV

��



PRYH ZLWK WKH KRXVH SULFH LQ D WUDQVLWLRQ IURP KLVWRU\ �w WR ww� 3URSRVLWLRQ ��� VKRZV

WKDW ZLWK D VXpFLHQWO\ VPDOO H[SHFWDWLRQV HmHFW� WKH FXUUHQW ZHDOWK RI SRWHQWLDOO\

FUHGLW�FRQVWUDLQHG DJHQWV HQVXUHV WKDW LQ D FRPSDULVRQ RI KLVWRULHV x� DQG xw WKH

QXPEHUV RI UHSHDW SXUFKDVHV E\ \RXQJ KRXVHKROGV DUH UDQNHG WKH VDPH ZD\ DV KRXVH

SULFHV� ,Q FRQWUDVW WR WKH VLPSOHU H[HUFLVH RI WKH SUHYLRXV VHFWLRQ� LW LV QRW FOHDU ZKHWKHU

WKLV FRPSRQHQW RI WUDQVDFWLRQ YROXPH LV ODUJH HQRXJK WR LQGXFH D FR�PRYHPHQW RI WKH

KRXVH SULFH ZLWK WKH WRWDO QXPEHU RI WUDQVDFWLRQV� 7KH UHDVRQ LV WKDW WKLV QXPEHU DOVR

GHSHQGV RQ WKH LQFRPH VWDWH WZR SHULRGV DJR� 7R VWXG\ FKDQJHV LQ WUDQVDFWLRQ YROXPH�

RQH WKXV KDV WR FRQVLGHU LQFRPH KLVWRULHV RI OHQJWK IRXU� 7R JDLQ VRPH LQVLJKW LQWR WKLV

SUREOHP� ZH nUVW DQDO\]H LW LQ D PRGHO ZLWK WZR LQFRPH VWDWHV�

3URSRVLWLRQ ��� �&R�PRYHPHQW RI SULFHV DQG YROXPH� )RU WZR LQFRPH VWDWHV�

L�H�� 6  I�� �J� FRQGLWLRQV ���� DQG ���� LPSO\ KRXVH SULFHV T+�� ! T+�� ! T+�� ! T+�� DQG

DJH � SUHIHUHQFH FXWRmV P+
�� ! P+

�� ! P+
�� ! P+

��� *LYHQ VXFK DQ RUGHULQJ RI KRXVH

SULFHV DQG SUHIHUHQFH FXWRmV� WZHOYH RI WKH VL[WHHQ SRVVLEOH LQFRPH KLVWRULHV RI OHQJWK

IRXU LPSO\ D PRYHPHQW RI WKH SURSHUW\ SULFH LQGH[ DQG WKH QXPEHU RI WUDQVDFWLRQV LQ

WKH VDPH GLUHFWLRQ� 7ZR KLVWRULHV LPSO\ D FKDQJH LQ WKH QXPEHU RI WUDQVDFWLRQV ZLWKRXW

DQ\ FKDQJH LQ SULFHV� 7ZR KLVWRULHV DUH FRPSDWLEOH ERWK ZLWK D GURS DQG ZLWK D IDOO LQ

WKH QXPEHU RI WUDQVDFWLRQV�

3URSRVLWLRQ ��� VKRZV WKDW IRU VXpFLHQWO\ VWURQJ FDSLWDO JDLQV DQG ZHDOWK HmHFWV�

SURSHUW\ SULFHV DQG WKH QXPEHU RI WUDQVDFWLRQV DUH YHU\ OLNHO\ WR ULVH RU IDOO WRJHWKHU�

7KURXJK WKH GRZQ�SD\PHQW FRQVWUDLQW� FDSLWDO JDLQV DQG LQFUHDVHG HDUQLQJV VWURQJO\

UDLVH \RXQJ KRXVHKROGV
 DELOLW\ WR SD\ IRU D SURSHUW\ RI WKHLU RZQ� 7KLV GULYHV XS SURS�

HUW\ SULFHV DQG DW WKH VDPH WLPH DFFHOHUDWHV WKHVH KRXVHKROGV
 PRYHV XS WKH SURSHUW\

ODGGHU� $V WKLV JHQHUDWHV DGGLWLRQDO WUDQVDFWLRQV� SULFH DQG YROXPH WHQG WR PRYH WR�

JHWKHU� ([FHSWLRQV DULVH LQ WKRVH FDVHV ZKHUH WKH KLVWRU\ LPSOLHV D SDUWLFXODUO\ VWURQJ

RmVHWWLQJ HmHFW RQ WKH UHSHDW SXUFKDVHV E\ XQFRQVWUDLQHG KRXVHKROGV�

$ VLPLODU H[HUFLVH ZLWK WKUHH LQFRPH VWDWHV VKRZV WKDW �� RI WKH �� SRVVLEOH LQFRPH

KLVWRULHV RI OHQJWK IRXU LPSO\ D PRYHPHQW RI WKH SURSHUW\ SULFH LQGH[ DQG WKH QXP�

EHU RI WUDQVDFWLRQV LQ WKH VDPH GLUHFWLRQ� 1XPHULFDO VLPXODWLRQV FRQnUP WKH SRVLWLYH

FRUUHODWLRQ RI SULFHV DQG YROXPH IRU D KLJKHU QXPEHU RI VWDWHV�

,Q VXPPDU\� WKLV VHFWLRQ KDV VKRZQ WKDW RXU PDLQ UHVXOWV� SULFH RYHUVKRRWLQJ DQG

WKH FR�PRYHPHQW RI SULFHV ZLWK YROXPH� GR QRW MXVW KROG IRU LPSXOVH UHVSRQVHV� EXW

DOVR IRU UDWLRQDO H[SHFWDWLRQV HTXLOLEULD ZKHUH LQFRPHV DUH GULYHQ E\ D nQLWH 0DUNRY

��



FKDLQ ZLWK VXpFLHQW SHUVLVWHQFH RU VXpFLHQWO\ VPDOO H[SHFWDWLRQV HmHFWV� 2XU QH[W DLP

LV WR H[WHQG WKH PRGHO IXUWKHU VR WKDW LW FDQ FDSWXUH PRUH� DQG PRUH UHDOLVWLF� OLIH�F\FOH

SDWWHUQV� ,Q D VHFRQG VWHS� ZH ZLOO WKHQ FRQIURQW WKH SUHGLFWLRQV RI WKH H[WHQGHG PRGHO

ZLWK HPSLULFDO REVHUYDWLRQV�

� ([WHQGLQJ WKH 6LPSOH 0RGHO

3UHYLRXV VHFWLRQV KDYH IRFXVHG RQ WKH DQDO\VLV RI WKH VLPSOHVW SRVVLEOH IUDPHZRUN WKDW

HQDEOHG XV WR FKDUDFWHUL]H WKH WUDQVPLVVLRQ RI LQFRPH VKRFNV WR WKH KRXVLQJ PDUNHW DQG

WR UHSURGXFH WKH HmHFWV ZH PHQWLRQHG LQ WKH LQWURGXFWLRQ� )RU DQDO\WLFDO WUDFWDELOLW\

DQG HDVH RI H[SRVLWLRQ� ZH SUHVHQWHG D PRGHO ZKHUH KRXVHKROGV VSHQG DW PRVW WZR

SHULRGV DFFXPXODWLQJ WKH GRZQ SD\PHQW IRU D VWDUWHU KRPH� DUH DEOH WR PRYH XS WKH

SURSHUW\ ODGGHU DIWHU RQH RU WZR SHULRGV LQ D VWDUWHU KRPH� DQG WUDGH DW PRVW RQFH

PRUH ZLWKRXW EHLQJ VXEMHFW WR D FUHGLW FRQVWUDLQW�

7KH DLP RI WKH SUHVHQW VHFWLRQ LV WR FKHFN WKH UREXVWQHVV RI RXU UHVXOWV LQ D PRUH

UHDOLVWLF VHWWLQJ ZKHUH HDFK RI WKHVH WKUHH SKDVHV LQ D KRXVHKROG
V OLIH FRQVLVWV RI VHYHUDO

SHULRGV� ,Q VXFK DQ H[WHQGHG PRGHO� D SHULRG PD\ UHSUHVHQW WKH OHQJWK RI WLPH LW WDNHV

D KRXVHKROG WR nQG D SURSHUW\ WR LWV OLNLQJ DQG FRPSOHWH WKH WUDQVDFWLRQ� $ \HDU ZRXOG

VHHP D UHDVRQDEOH SHULRG OHQJWK LQ WKLV UHVSHFW�

$ PRUH UHDOLVWLF PRGHO RI KRXVHKROGV
 OLIH F\FOHV VKRXOG EH FRQVLVWHQW ZLWK WKH

IROORZLQJ REVHUYDWLRQV� )LUVW� DFFXPXODWLQJ D GRZQ SD\PHQW WDNHV WLPH� 6HFRQG� LW

W\SLFDOO\ WDNHV D IHZ \HDUV IRU RZQHUV RI VWDUWHU KRPHV WR DFFXPXODWH VXpFLHQW QHW

ZRUWK WR PRYH XS WKH SURSHUW\ ODGGHU� 7KLUG� PRVW KRXVHKROGV� DQG HVSHFLDOO\ PLGGOH�

DJHG DQG ROGHU RQHV� GR QRW IDFH D ELQGLQJ GRZQ�SD\PHQW FRQVWUDLQW�

7R DFFRXQW IRU WKHVH REVHUYDWLRQV� ZH LQFUHDVH WKH OHQJWK RI RXU DJHQWV
 OLYHV� :H

WKHQ ORRN IRU SDUDPHWHUV VXFK WKDW LW WDNHV PRUH WKDQ RQH SHULRG WR DFFXPXODWH D

VXpFLHQW GRZQ SD\PHQW WR SXUFKDVH D oDW� DQG WR SXUFKDVH D KRXVH RQFH RQH RZQV

D oDW� ,Q DGGLWLRQ� ZH PDNH VXUH WKDW IRU VHYHUDO SHULRGV WRZDUGV WKH HQG RI OLIH

KRXVHKROGV
 KRXVLQJ FRQVXPSWLRQ LV QRW UHVWULFWHG E\ ZHDOWK�

7KH PDLQ FRQVHTXHQFH RI WKHVH H[WHQVLRQV RI WKH VLPSOH IUDPHZRUN LV DQ LQFUHDVH LQ

WKH QXPEHU RI ODJV RI LQFRPH WKDW PDWWHU IRU oDW SULFHV DQG DQ LQFUHDVH LQ WKH QXPEHU

RI ODJV RI WKH oDW SULFH DQG LQFRPH WKDW PDWWHU IRU KRXVH SULFHV� )ODW SULFHV GHSHQG

RQ WKH LQFRPH KLVWRULHV RI WKH PDUJLQDO FUHGLW�FRQVWUDLQHG oDW EX\HUV� 6R WKH QXPEHU

��



RI LQFRPH ODJV UHOHYDQW WR WKH SULFH RI oDWV LV JLYHQ E\ WKH DJH RI WKH ROGHVW FUHGLW�

FRQVWUDLQHG oDW EX\HUV� )RU WKHLU EDFNZDUG�ORRNLQJ HOHPHQW� KRXVH SULFHV GHSHQG RQ

WKH LQFRPH KLVWRU\ RI WKH ROGHVW FUHGLW�FRQVWUDLQHG KRXVH EX\HUV DV ZHOO DV WKH oDW

SULFHV WKDW DOO FRQVWUDLQHG KRXVH EX\HUV SDLG DW WKH WLPH RI WKHLU SXUFKDVHV�

$ SRVVLEOH HTXLOLEULXP FRQnJXUDWLRQ RI VXFK DQ H[WHQGHG PRGHO LV GHSLFWHG LQ )LJXUH

�� ,Q WKH nUVW SHULRG RI OLIH� QR DJHQW FDQ DmRUG WR EX\ DQ\ SURSHUW\� 6RPH EX\ D

oDW DW DJH �� WKH RWKHUV FDQQRW DmRUG WKH GRZQ SD\PHQW XQWLO DJH �� 1R DJHQW FDQ

DmRUG D KRXVH XQWLO DJH �� %HWZHHQ DJH � DQG DJH �� DQ LQFUHDVLQJ QXPEHU RI DJHQWV

FDQ DmRUG WR PRYH LQWR D KRXVH� VRPH UHPDLQ FUHGLW�FRQVWUDLQHG DQG KHQFH LQ D oDW

XQWLO WKH\ UHDFK DJH � HYHQ WKRXJK WKH\ ZRXOG SUHIHU D KRXVH� )URP DJH � WR DJH

� � N ZLWK N ! �� WKH\ DOO KDYH HQRXJK ZHDOWK WR DmRUG ZKDW WKH\ SUHIHU��� ,Q WKLV

FRQnJXUDWLRQ� WKH WKUHH PRVW UHFHQW LQFRPH VKRFNV DmHFW WKH HTXLOLEULXP SULFH RI oDWV�

&UHGLW�FRQVWUDLQHG KRXVH EX\HUV DUH XS WR VL[ SHULRGV ROG� &RQVHTXHQWO\� WKH PRVW

UHFHQW VL[ LQFRPH VKRFNV DmHFW WKH GHPDQG IRU KRXVHV E\ FRQVWUDLQHG DJHQWV� 6LQFH

QR FRQVWUDLQHG KRXVH EX\HU ERXJKW D oDW PRUH WKDQ WKUHH SHULRGV EHIRUH WKHLU KRXVH

SXUFKDVH� QR HDUOLHU LQFRPH VKRFNV DmHFW WKH FXUUHQW KRXVH SULFH�

$JH�
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)LJXUH �� +RXVLQJ FKRLFHV LQ DQ H[WHQGHG PRGHO

0DWKHPDWLFDOO\� WKH GLmHUHQFH EHWZHHQ VXFK DQ H[WHQGHG PRGHO DQG WKH HDUOLHU

VLPSOHU RQH LV WKH JUHDWHU RUGHU RI WKH V\VWHP RI GLmHUHQFH HTXDWLRQV WKDW FKDUDFWHUL]HV

��,W LV XQGHUVWRRG KHUH WKDW DJHQWV KDYH OHDUQHG WKHLU SUHIHUHQFH LQGH[ P E\ WKH WLPH WKH\ UHDFK
DJH �� *LYHQ WKH TXDVLOLQHDU SUHIHUHQFH VWUXFWXUH� HDUO\ UHYHODWLRQ RI P GRHV QRW PDWWHU IRU KRXVLQJ
FKRLFHV� ,I WKLV LQGH[ ZHUH OHDUQHG ODWHU� ZH ZRXOG VHH SHULRGV ZKHUH DOO PHPEHUV RI D FRKRUW RZQ D
KRXVH� 7KLV ZRXOG QRW DOWHU WKH UHVXOWV HLWKHU�

��



KRXVLQJ SULFH G\QDPLFV� 7KLV PDNHV DQDO\]LQJ WKH LPSXOVH UHVSRQVH WR D SHUPDQHQW

LQFRPH VKRFN PRUH GLpFXOW� EXW E\ QR PHDQV LPSRVVLEOH ^ RQH FDQ VWLOO SURFHHG DORQJ

WKH OLQHV RI 6HFWLRQ �� :LWK 0DUNRYLDQ LQFRPH SURFHVVHV� RXU DELOLW\ WR GHULYH DQDO\WLFDO

UHVXOWV LV OLPLWHG E\ WKH PXFK ODUJHU VWDWH VSDFH UHTXLUHG JLYHQ WKDW ORQJHU LQFRPH

KLVWRULHV PDWWHU� 6WLOO� WKH SULFH RI DQ\ SURSHUW\ LV GHWHUPLQHG H[DFWO\ DV EHIRUH� LW LV

WKH SULFH RI D oDW SOXV WKH H[SHFWHG XWLOLW\ SUHPLXP WKH SURSHUW\ SURYLGHV RYHU DQG

DERYH WKH oDW IRU WKH PDUJLQDO XQFRQVWUDLQHG RZQHUV LQ DOO IXWXUH SHULRGV�

$V EHIRUH� WKH SULFH RI oDWV GHSHQGV RQO\ RQ WKH FXUUHQW ZHDOWK RI \RXQJ PDUJLQDO

nUVW�WLPH EX\HUV� 7KH RQO\ GLmHUHQFH KHUH LV WKDW WKLV ZHDOWK GHSHQGV QRW RQO\ RQ

FXUUHQW EXW DOVR RQ D IHZ ODJJHG LQFRPHV� +HQFH� LW WDNHV PRUH SHULRGV IRU LQFRPH

VKRFNV WR ZRUN WKHLU ZD\ WKURXJK WR oDW SULFHV� VR WKH UHVSRQVH WR D SHUPDQHQW VKRFN

LV PRUH SURJUHVVLYH WKDQ LQ WKH VLPSOH PRGHO� ,QFRPH VKRFNV VWLOO LQGXFH FDSLWDO JDLQV

IRU oDW RZQHUV DQG KHQFH DmHFW WKHLU DELOLW\ WR PRYH LQWR D KRXVH� $OWKRXJK WKH

UHVSRQVH RI WKH KRXVLQJ SULFH LQGH[ WR DQ XQH[SHFWHG RQH SHUFHQW SHUPDQHQW LQFRPH

VKRFN LV PRUH SURJUHVVLYH� WKH RYHUVKRRWLQJ UHPDLQV�

)LJXUH � GLVSOD\V WKH LPSXOVH UHVSRQVH WR DQ LQFRPH VKRFN IRU WZR SDUDPHWUL]DWLRQV

RI WKH PRGHO WKDW ERWK \LHOG WKH FRQnJXUDWLRQ RI )LJXUH ���� 7KH WZR SDQHOV VKRZ WKH

?WUDGH�Rm� H[SODLQHG LQ 6HFWLRQ � EHWZHHQ SULFH DQG WUDQVDFWLRQ oXFWXDWLRQV� :LWK D

oDWWHU SUHIHUHQFH JUDGLHQW� D JUHDWHU QXPEHU RI XQFRQVWUDLQHG KRXVH RZQHUV DUH ZLOOLQJ

WR GRZQVL]H IRU DQ\ JLYHQ ULVH LQ WKH UHODWLYH SULFH RI KRXVHV� $V D FRQVHTXHQFH� WKH

ULVH LQ WKH KRXVH SULFH QHFHVVDU\ WR FOHDU WKH PDUNHW LQ WKH ZDNH RI D SRVLWLYH LQFRPH

VKRFN LV VPDOOHU� ZKLOH WKH LQLWLDO ULVH LQ WKH QXPEHU RI WUDQVDFWLRQV LV ODUJHU�

'RHV WKH SRVLWLYH FRUUHODWLRQ EHWZHHQ KRXVLQJ SULFHV DQG WUDQVDFWLRQV UHPDLQ ZKHQ

ZH VXEMHFW WKLV PRGHO WR VWRFKDVWLF LQFRPHV" ,Q WKH SUHYLRXV VHFWLRQ� ZH VKRZHG WKDW

SULFHV DQG WUDQVDFWLRQV PRYH LQ WKH VDPH GLUHFWLRQ PRVW RI WKH WLPH ZKHQ ZH VXEMHFW

WKH VLPSOH PRGHO WR D WZR�VWDWH 0DUNRY SURFHVV IRU LQFRPH� +HUH� ZH VROYH WKH PRGHO

QXPHULFDOO\ IRU D WKUHH�VWDWH 0DUNRY SURFHVV� 5HODWLYH WR VWDWH �� ZH DVVXPH WKDW

LQFRPH LV RQH SHUFHQW ORZHU LQ VWDWH � DQG RQH SHUFHQW KLJKHU LQ VWDWH �� :H DVVXPH

WKDW WKH VWDWH UHPDLQV WKH VDPH ZLWK SUREDELOLW\ ��� DQG VZLWFKHV WR HLWKHU RI WKH RWKHU

VWDWHV ZLWK HTXDO SUREDELOLWLHV RI ���� 7KH WZR SDQHOV RI )LJXUH � GLVSOD\ LQFRPH� WKH

KRXVLQJ SULFH LQGH[ DQG WKH QXPEHU RI WUDQVDFWLRQV IRU WKH VDPH VDPSOH LQFRPH SDWK

DQG GLmHUHQW SUHIHUHQFH JUDGLHQWV� 7KH SRVLWLYH FRUUHODWLRQ EHWZHHQ LQFRPH� SULFH LQGH[

��7KH GHWDLOV RI WKH SDUDPHWUL]DWLRQ XVHG IRU WKH VLPXODWLRQ LQ )LJXUH � DV ZHOO DV WKH FRPSXWDWLRQ
FRGH ERWK IRU WKHVH DQG WKH IROORZLQJ VLPXODWLRQV DUH DYDLODEOH IURP WKH DXWKRUV XSRQ UHTXHVW� 7KH
FRPSXWDWLRQV UHO\ RQ D VWDQGDUG URXWLQH IRU V\VWHPV RI OLQHDU GLmHUHQFH HTXDWLRQV�

��



DQG WUDQVDFWLRQV LV REYLRXV� $JDLQ� WKH UHODWLYH YRODWLOLWLHV RI WKHVH YDULDEOHV GHSHQG

RQ WKH SUHIHUHQFH JUDGLHQWV�

7KH FRQVHQVXV DPRQJ KRXVLQJ HFRQRPLVW VHHPV WR EH WKDW $PHULFDQ KRXVHKROGV DUH

UHOXFWDQW WR UHGXFH WKHLU KRXVLQJ FRQVXPSWLRQ XQOHVV WKH\ DUH IRUFHG WR E\ nQDQFLDO�

KHDOWK RU RWKHU H[RJHQRXV FKDQJHV LQ FLUFXPVWDQFHV� 7KLV LQGLFDWHV WKDW RQO\ GUDPDWLF

UHODWLYH SULFH FKDQJHV FRXOG LQGXFH D VLJQLnFDQW QXPEHU RI XQFRQVWUDLQHG RZQHUV WR

GRZQVL]H� :LWKLQ RXU PRGHO� VXFK DQ HPSLULFDO IHDWXUH ZRXOG EH FDSWXUHG E\ D YHU\

VWHHS SUHIHUHQFH JUDGLHQW� ZKLFK ZRXOG VWUHQJWKHQ WKH GHJUHH RI SULFH RYHUVKRRWLQJ LQ

UHVSRQVH WR LQFRPH VKRFNV� :KLOH LW LV GLpFXOW WR OLQN WKH SUHIHUHQFH JUDGLHQW LQ RXU

PRGHO GLUHFWO\ WR DQ\ SDUWLFXODU SLHFH RI HPSLULFDO HYLGHQFH� RXU DQDO\WLFDO LQYHVWLJDWLRQ

DQG WKH DERYH VLPXODWLRQV LPSO\ D FURVV�VHFWLRQDO UHVWULFWLRQ WKDW LV WHVWDEOH���

7KH H[WHQVLRQ RI WKH PRGHO DOVR DOORZV XV WR FKHFN WKH UREXVWQHVV RI RXU UHVXOWV WR

FKDQJHV LQ WKH SURSRUWLRQ RI XQFRQVWUDLQHG KRPHRZQHUV� 7KLV LV SDUWLFXODUO\ LPSRUWDQW

VLQFH H[LVWLQJ PRGHOV ZKHUH FUHGLW FRQVWUDLQWV SOD\ D UROH LQ WKH WUDQVPLVVLRQ DQG

DPSOLnFDWLRQ RI VKRFNV RIWHQ UHTXLUH WKH SURSRUWLRQ RI FRQVWUDLQHG DJHQWV WR EH ODUJH

LQ RUGHU WR REWDLQ VLJQLnFDQW HmHFWV��� :LWKLQ RXU IUDPHZRUN� LQFUHDVLQJ WKH SURSRUWLRQ

RI SUHIHUHQFH WUDGHUV FDQ VLPSO\ EH DFKLHYHG E\ LQFUHDVLQJ WKH QXPEHU RI SHULRGV ZKHUH

KRXVHKROGV DUH XQFRQVWUDLQHG �L�H�� WKH SDUDPHWHU N LQ WKH FRQnJXUDWLRQ RI )LJXUH �����

'RLQJ WKLV KDV H[DFWO\ WKH VDPH HmHFWV DV ORZHULQJ WKH SUHIHUHQFH JUDGLHQW ZKLOH KROGLQJ

N n[HG� 7KLV LV EHFDXVH HLWKHU ZD\� WKHUH DUH PRUH XQFRQVWUDLQHG RZQHUV ZLWKLQ D JLYHQ

GLmHUHQFH LQ KRXVH XWLOLW\ SUHPLXP IURP HDFK RWKHU� 7KXV� RXU nQGLQJV GR QRW UHTXLUH

WKDW D ODUJH IUDFWLRQ RI KRXVHKROGV EH OLTXLGLW\ FRQVWUDLQHG� /RZHULQJ WKLV IUDFWLRQ

FKDQJHV WKH UHODWLYH PDJQLWXGH RI SULFH DQG YROXPH oXFWXDWLRQV� EXW GRHV QRW DmHFW

WKHLU FR�PRYHPHQW RU RYHUVKRRWLQJ�

,Q DOO� WKH DQDO\WLFDO UHVXOWV ZH REWDLQ ZLWK WKH VLPSOH PRGHO VXUYLYH H[WHQGLQJ WKH

PRGHO WR D PRUH SODXVLEOH FRQnJXUDWLRQ� 3RVVLEOH UHOD[DWLRQ RI DGGLWLRQDO PRGHOLQJ

DVVXPSWLRQV ZLOO EH GLVFXVVHG LQ RXU FRQFOXGLQJ UHPDUNV �6HFWLRQ ��� )LUVW� ZH ZLVK WR

FRQIURQW VRPH RI WKH LPSOLFDWLRQV RI RXU PRGHO ZLWK HPSLULFDO REVHUYDWLRQV�

��,W LV ZRUWK QRWLQJ KHUH WKDW WKH YRODWLOLW\ RI KRXVLQJ SULFHV UHODWLYH WR WKDW RI *'3 LV KLJKHU LQ WKH
8�.� WKDQ LQ WKH 8�6�� ZKLOH WKH RSSRVLWH UDQNLQJ LV REVHUYHG IRU WKH YRODWLOLW\ RI WUDQVDFWLRQV UHODWLYH
WR WKDW RI *'3�

��,Q WKH PXOWLSOH HTXLOLEULD H[DPSOH RI 6WHLQ ������� IRU LQVWDQFH� RQO\ � SHUFHQW RI KRXVHKROGV DUH
QHYHU OLTXLGLW\ FRQVWUDLQHG� LQ WKH VLPXODWLRQV RI .L\RWDNL DQG 0RRUH ������� WZR WKLUGV RI WKH DVVHW
LV KHOG E\ FUHGLW�FRQVWUDLQHG DJHQWV�

��0RUH SUHFLVHO\� ZH LQFUHDVH WKH QXPEHU RI SHULRGV DJHQWV OLYH DV XQFRQVWUDLQHG SUHIHUHQFH WUDGHUV
DQG DGG WKH DSSURSULDWH QXPEHU RI oDWV DQG KRXVHV VR DV WR NHHS WKH VWHDG\ VWDWH HTXLOLEULXP HVVHQ�
WLDOO\ XQFKDQJHG�

��



� (PSLULFDO ,PSOLFDWLRQV

2QH RI WKH PDLQ SUHGLFWLRQV RI RXU PRGHO� WKH FR�PRYHPHQW RI SULFHV DQG WUDQVDFWLRQ

YROXPH� LV FOHDUO\ FRQVLVWHQW ZLWK WKH HYLGHQFH UHSRUWHG IRU H[DPSOH E\ 6WHLQ �������

,Q WKH SUHVHQW VHFWLRQ� ZH ZDQW WR GLVFXVV RWKHU HPSLULFDO LPSOLFDWLRQV RI WKH PRGHO�

WKH UROH RI FXUUHQW LQFRPH RI SRWHQWLDO nUVW�WLPH EX\HUV� WKH RYHUVKRRWLQJ RI SULFHV� DQG

WKH HmHFWV RI nQDQFLDO OLEHUDOL]DWLRQ�

��� $JJUHJDWH 3ULFH )OXFWXDWLRQV

7KH PRGHO SUHGLFWV WKDW WKH LQFRPH RI \RXQJ KRXVHKROGV LV D NH\ GHWHUPLQDQW RI KRXVLQJ

SULFHV� :H GHULYHG DERYH WKDW WKH FUXFLDO LQFRPH oXFWXDWLRQV DUH WKRVH RI WKH SRRUHVW

nUVW�WLPH EX\HUV� ,Q WKH PRGHO� WKLV LV WKH LQFRPH RI D JLYHQ SHUFHQWLOH RI WKH \RXQJHVW

FRKRUW ZKHQ WKH FRKRUW LV UDQNHG DFFRUGLQJ WR KRXVHKROG ZHDOWK� $PRQJ DYDLODEOH

LQFRPH WLPH VHULHV� WKH PHGLDQ LQFRPH RI ����� \HDU ROG KRXVHKROGV VHHPV EHVW VXLWHG

WR SUR[\ IRU WKH LQFRPH RI WKHVH PDUJLQDO nUVW�WLPH EX\HUV�

7\SLFDOO\� SHU FDSLWD LQFRPH LV WKH YDULDEOH LQFRUSRUDWHG LQ KRXVLQJ SULFH UHJUHVVLRQV

WR DFFRXQW IRU WKH LQFRPH HODVWLFLW\ RI KRXVLQJ GHPDQG �H�J�� 3RWHUED ����� 0XHOOEDXHU

DQG 0XUSK\ ������ 7R JHW D VHQVH RI ZKHWKHU WKH LQFRPH RI \RXQJ KRXVHKROGV PDWWHUV

IRU KRXVLQJ SULFH oXFWXDWLRQV LQGHSHQGHQWO\ RI SHU FDSLWD LQFRPH� ZH JUDSK KRXVLQJ

SULFHV� SHU FDSLWD GLVSRVDEOH LQFRPH DQG WKH PHGLDQ LQFRPH RI ����� \HDU ROG KRXVH�

KROGV �)LJXUH ����� 7KH YRODWLOLW\ RI KRXVLQJ SULFHV DSSHDUV FORVHU WR WKDW RI WKH LQFRPH

RI \RXQJ KRXVHKROGV WKDQ WR WKH PXFK VPRRWKHU SHU FDSLWD LQFRPH VHULHV� 7KH WUHQG RI

KRXVLQJ SULFHV LV VRPHZKHUH LQ EHWZHHQ WKH WUHQGV RI WKH WZR LQFRPH VHULHV� $ VLPSOH

OLQHDU UHJUHVVLRQ RQ WKH ORJ�WUDQVIRUPHG YDULDEOHV� XVLQJ \HDUO\ GDWD IURP ���� WR �����

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

SULFH YDULDWLRQV� %RWK DUH KLJKO\ VLJQLnFDQW��� 7KLV HYLGHQFH LV FRQVLVWHQW ZLWK RXU

WKHRUHWLFDO UHVXOWV� ,W VXJJHVWV WKDW KRXVLQJ SULFHV HPERG\ WKH oXFWXDWLRQV LQ ERWK SHU

FDSLWD LQFRPH DQG LQFRPH RI WKH \RXQJ�

��'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�

��



��� 3ULFH 5HVSRQVH WR ,QFRPH 6KRFNV

,Q UHVSRQVH WR D VXUSULVH SHUPDQHQW LQFRPH VKRFN� WKH PRGHO SUHGLFWV DQ LQVWDQWDQHRXV

KRXVLQJ SULFH ULVH IROORZHG E\ D GURS WR D QHZ VWHDG\ VWDWH OHYHO� 7KLV RYHUVKRRWLQJ

SDWWHUQ UHPDLQV ZKHQ LQFRPHV DUH DVVXPHG WR IROORZ D 0DUNRY SURFHVV�

$V PHQWLRQHG LQ WKH LQWURGXFWLRQ� /DPRQW DQG 6WHLQ ������ XVH \HDUO\ FLW\ OHYHO GDWD

WR DQDO\]H WKH UHVSRQVH RI KRXVLQJ SULFHV WR LQFRPH VKRFNV� ,Q D nUVW VWHS� WKH\ HVWLPDWH

WKH PDLQ GHWHUPLQDQWV RI KRXVLQJ SULFH oXFWXDWLRQV WR EH WKH FRQWHPSRUDQHRXV FKDQJH

LQ FXUUHQW SHU FDSLWD LQFRPH� WKH RQH�SHULRG ODJJHG FKDQJH LQ KRXVLQJ SULFH DQG WKH

RQH�SHULRG ODJJHG SULFH LQFRPH UDWLR� %DVHG RQ WKHLU UHJUHVVLRQ� WKH\ VLPXODWH WKH

G\QDPLF UHVSRQVH RI KRXVLQJ SULFHV WR D RQH�SHUFHQW SHUPDQHQW LQFRPH VKRFN� 7KH\

nQG WKDW KRXVLQJ SULFHV ULVH SURJUHVVLYHO\ DERYH WKH QHZ VWHDG\ VWDWH RYHU D IHZ \HDUV

EHIRUH FRQYHUJLQJ WR LW PRQRWRQLFDOO\� $V H[SODLQHG LQ WKH SUHYLRXV VHFWLRQ DQG VKRZQ

LQ )LJXUH �� WKH PRGHO SURGXFHV D VLPLODU SDWWHUQ�

$ IXUWKHU nQGLQJ RI /DPRQW DQG 6WHLQ LV WKDW KRXVLQJ SULFHV UHDFW PRUH WR D SHUPD�

QHQW LQFRPH VKRFN LQ FLWLHV ZKHUH WKH SURSRUWLRQ RI KRXVHKROGV ZLWK D KLJK ORDQ�WR�YDOXH

UDWLR LV KLJK� ,Q WKHVH FLWLHV� D SHUPDQHQW LQFRPH VKRFN OHDGV WR D IDVWHU DQG ODUJHU

KRXVLQJ SULFH ULVH WKDQ LQ FLWLHV ZLWK IHZ KLJKO\ OHYHUDJHG KRXVHKROGV� 0RUHRYHU� IRO�

ORZLQJ WKH LQLWLDO ULVH� SULFHV FRQYHUJH WR WKHLU QHZ VWHDG\ VWDWH DW D IDVWHU UDWH�

7KH SURSRUWLRQ RI KRXVHKROGV ZLWK D KLJK ORDQ�WR�YDOXH UDWLR LV RI FRXUVH GHWHU�

PLQHG HQGRJHQRXVO\� ,Q WKH PRGHO� FKDQJHV LQ WKH GLVWULEXWLRQ RI GHEW DQG KRXVLQJ

DFURVV KRXVHKROGV FDQ EH REWDLQHG WKURXJK FKDQJHV LQ YDULRXV SDUDPHWHUV� &LWLHV ZLWK

D ORZ SURSRUWLRQ RI KLJKO\ LQGHEWHG KRXVHKROGV FDQ IRU H[DPSOH EH PRGHOHG DV FLWLHV

ZLWK D VPDOO SURSRUWLRQ RI \RXQJ KRXVHKROGV� 2QH ZD\ WR DGG ZHDOWK\ KRXVHKROGV LQ

RXU PRGHO LV WR H[WHQG WKH OHQJWK RI DJHQWV
 OLYHV DV H[SODLQHG LQ WKH SUHYLRXV VHFWLRQ�

$OWHUQDWLYHO\� RQH FDQ n[ WKH OHQJWK RI DJHQWV
 OLYHV EXW DGG D oRZ RI XQFRQVWUDLQHG

KRXVHKROGV WR WKH PRGHO HFRQRP\ LQ DQ\ JLYHQ SHULRG� ,Q HLWKHU FDVH� ZH KDYH WKH

LPSXOVH UHVSRQVH UHVXOW IURP WKH SUHYLRXV VHFWLRQ� WKH ORZHU WKH SURSRUWLRQ RI KRXVH�

KROGV ZLWK D KLJK ORDQ�WR�YDOXH UDWLR �L�H�� WKH JUHDWHU WKH SURSRUWLRQ RI XQFRQVWUDLQHG

KRPHRZQHUV�� WKH VPDOOHU WKH SULFH ULVH DQG WKH VORZHU WKH FRQYHUJHQFH WR WKH QHZ

VWHDG\ VWDWH���

��$OWHUQDWLYHO\� ZH FRXOG KDYH VLPXODWHG ORQJ WLPH VHULHV IRU LQFRPH DQG SULFHV ZLWK WKH VWRFKDVWLF
PRGHO RI WKH SUHYLRXV VHFWLRQ DQG WKHQ HVWLPDWHG WKH VDPH HTXDWLRQ DV /DPRQW DQG 6WHLQ RQ WKH
VLPXODWHG GDWD� 7KH VDPH UHVXOWV ZRXOG KDYH HPHUJHG�

��



,Q VXPPDU\� WKH SUHGLFWLRQV RI RXU PRGHO DUH FRQVLVWHQW ZLWK WKH HYLGHQFH UHSRUWHG

LQ /DPRQW DQG 6WHLQ� 7KLV LV WUXH QRW RQO\ ZLWK UHVSHFW WR WKH RYHUDOO UHVSRQVH RI SULFHV

WR LQFRPH EXW DOVR ZLWK UHVSHFW WR WKH HmHFW RI WKH KRXVHKROGV
 GHEW RQ WKH UHVSRQVH

RI KRXVLQJ SULFHV WR LQFRPH VKRFNV�

��� )LQDQFLDO /LEHUDOL]DWLRQ

6HYHUDO FRXQWULHV WKDW OLEHUDOL]HG PRUWJDJH PDUNHWV VXEVHTXHQWO\ H[SHULHQFHG D VWURQJ

ULVH LQ SURSHUW\ SULFHV IROORZHG E\ D GRZQWXUQ� 7KHUH LV DOVR HYLGHQFH RI D ULVH LQ

WKH QXPEHU RI WUDQVDFWLRQV GXULQJ WKH ERRP DQG D GURS GXULQJ WKH HQVXLQJ EXVW�

([DPLQLQJ WKH UHDFWLRQ RI RXU PRGHO WR DQ XQDQWLFLSDWHG SHUPDQHQW UHGXFWLRQ LQ WKH

GRZQ�SD\PHQW UHTXLUHPHQW� ZH nQG WKDW nQDQFLDO OLEHUDOL]DWLRQ SHU VH FRQWULEXWHV WR

VXFK ERRP�EXVW G\QDPLFV�

)LUVW� FRPSDUH WZR VWHDG\ VWDWHV ZLWK GLmHUHQW OHYHOV RI WKH nQDQFLDO FRQVWUDLQW�

,Q WKH VWHDG\ VWDWH ZLWK WKH ORZHU GRZQ�SD\PHQW UHTXLUHPHQW� WKH oDW SULFH PXVW EH

KLJKHU VR DV WR NHHS HQRXJK SRWHQWLDO nUVW�WLPH EX\HUV RXW RI WKH KRXVLQJ PDUNHW� $

KLJKHU oDW SULFH LQ WKH QHZ VWHDG\ VWDWH LPSOLHV DQ LQFUHDVHG ZLOOLQJQHVV RI XQFRQ�

VWUDLQHG KRXVHKROGV WR SD\ IRU D KRXVH� 2Q WKH RWKHU KDQG� oDW RZQHUV GR QRW QHHG

WR DFFXPXODWH DV PXFK GRZQ SD\PHQW WR SXUFKDVH D KRXVH DQG VR FDQ DFFHOHUDWH WKHLU

PRYH� 7KH FRVW RI KROGLQJ D oDW IRU RQH SHULRG LV KLJKHU EXW WKLV HmHFW LV VHFRQGDU\

WR WKH GLUHFW HmHFW RI WKH LQFUHDVH LQ WKH DOORZDEOH ORDQ�WR�YDOXH UDWLR RQ D oDW RZQHU
V

DELOLW\ WR SXUFKDVH D KRXVH� ,QFUHDVHG VWHDG\ VWDWH GHPDQG IRU KRXVHV IURP ERWK FRQ�

VWUDLQHG DQG XQFRQVWUDLQHG KRXVHKROGV UHVXOWV LQ D KLJKHU VWHDG\ VWDWH OHYHO IRU WKH

KRXVH SULFH� 7\SLFDOO\� WKH VWHDG\ VWDWH KRXVH SULFH DFWXDOO\ ULVHV E\ PRUH LQ DEVROXWH

WHUPV WKDQ WKH VWHDG\ VWDWH oDW SULFH� LPSO\LQJ WKDW PRUH \RXQJ FRQVWUDLQHG KRXVH�

KROGV HQG XS RZQLQJ D KRXVH� 1RWH WKDW WKLV UHDOORFDWLRQ RI SURSHUWLHV LPSURYHV ZHOIDUH

DV \RXQJ KRXVHKROGV GHULYH PRUH XWLOLW\ IURP KRXVHV WKDQ WKH PDUJLQDO XQFRQVWUDLQHG

KRXVH RZQHUV� 7KH IRUPDO DUJXPHQW XQGHUO\LQJ WKLV UHDVRQLQJ LV VLPLODU WR WKH SURRI

RI 3URSRVLWLRQ ��� DQG LV WKHUHIRUH RPLWWHG�

$V WR WKH WUDQVLWLRQ G\QDPLFV IROORZLQJ WKH FUHGLW PDUNHW VKRFN� WKH FDSLWDO JDLQV

HQMR\HG E\ \RXQJ oDW RZQHUV ERRVW WKHLU DELOLW\ WR SD\ IRU D KRXVH� $V D UHVXOW� WKH

KRXVH SULFH RYHUVKRRWV WKH QHZ VWHDG\ VWDWH MXVW DV LW GRHV LQ UHVSRQVH WR DQ LQFRPH

VKRFN� $JDLQ� ZH nQG D FR�PRYHPHQW RI SURSHUW\ SULFHV DQG WKH QXPEHU RI WUDQVDFWLRQV�

��



/LEHUDOL]DWLRQ SHU VH ZDV RIWHQ QRW WKH RQO\ IRUFH DW SOD\ EHKLQG UHFHQW ERRP�EXVW

HSLVRGHV WKDW IROORZHG D ORRVHQLQJ RI FUHGLW PDUNHW FRQVWUDLQWV LQ VHYHUDO FRXQWULHV� )RU

H[DPSOH� WKH OLEHUDOL]DWLRQ RI WKH 8�.� PRUWJDJH PDUNHW LQ WKH HDUO\ (LJKWLHV FRLQFLGHG

ZLWK WKH VWDUW RI D SHULRG RI VWURQJ GHPRJUDSKLF SUHVVXUH RQ WKH KRXVLQJ PDUNHW DQG

VWURQJ LQFRPH JURZWK��� ,QWHUHVWLQJO\� WKH EUHDGWK RI DYDLODEOH HYLGHQFH IRU WKH 8�.�

KDV HQDEOHG XV WR FRQIURQW D YDULHW\ RI SUHGLFWLRQV RI RXU PRGHOLQJ IUDPHZRUN ZLWK

WKH GDWD� ,Q 2UWDOR�0DJQuH DQG 5DG\ ������� ZH XVH D YHUVLRQ RI RXU PRGHO WKDW

LQFOXGHV D UHQWDO VHFWRU IRU oDWV WR VKRZ WKDW FKDQJHV LQ RZQHU�RFFXSDQF\ UDWHV RI \RXQJ

KRXVHKROGV RYHU WKH SHULRG IURP WKH PLG�����V WR WKH PLG�����V FDQ EH UDWLRQDOL]HG

DV D UHDFWLRQ WR WKH OLEHUDOL]DWLRQ RI WKH HDUO\ ����V� ,Q DJUHHPHQW ZLWK WKH GDWD� WKH

PRGHO SUHGLFWV WKDW WKH ODUJHVW JURZWK LQ PRUWJDJHV RFFXUV ZLWK WKH \RXQJHVW FRKRUWV�

:LWK UHJDUGV WR WUDQVDFWLRQ oXFWXDWLRQV� E\ GHVLJQ� WKH PRGHO IRFXVHV RQO\ RQ PRYHV

XS DQG GRZQ WKH SURSHUW\ ODGGHU� ,Q 2UWDOR�0DJQuH DQG 5DG\ ������� ZH DQDO\]H WKH

WUDQVDFWLRQ oXFWXDWLRQV RYHU WKH SDVW WKUHH GHFDGHV LQ WKH 8�.� &RPELQLQJ GDWD RQ

ZKHWKHU EX\HUV DUH nUVW�WLPH RU UHSHDW EX\HUV DQG VXUYH\ HYLGHQFH RQ PRYLQJ PRWLYD�

WLRQV� ZH nQG WKDW WUDQVDFWLRQV XS DQG GRZQ WKH SURSHUW\ ODGGHU DUH WKH PDLQ GULYHU

RI RYHUDOO WUDQVDFWLRQ oXFWXDWLRQV� 0RYHV GXH WR MRE UHORFDWLRQ DQG SHUVRQDO�IDPLO\

UHDVRQV oXFWXDWH RQO\ YHU\ OLWWOH ZLWK WKH HFRQRPLF F\FOH� 7KH nUVW PDLQ UHDVRQ IRU

WKH ERRP LQ WUDQVDFWLRQV LQ WKH (LJKWLHV �IURP � PLOOLRQ LQ ���� WR ��� PLOOLRQ LQ ����

IRU (QJODQG DQG :DOHV� DSSHDUV WR EH UHSHDW EX\HUV EULQJLQJ IRUZDUG WKHLU PRYHV XS

WKH SURSHUW\ ODGGHU� 7KH\ DUH DOVR LQ ODUJH SDUW UHVSRQVLEOH IRU WKH GURXJKW RI WUDQV�

DFWLRQV LQ WKH HDUO\ 1LQHWLHV �OHVV WKDQ � PLOOLRQ LQ ���� DQG ������ 7KH\ ZLWKGUHZ

IURP WKH PDUNHW ZKHQ WKH SULFHV FROODSVHG �PLQXV �� SHUFHQW EHWZHHQ ���� DQG ����

DIWHU �� SHUFHQW JURZWK RYHU WKH SUHYLRXV � \HDUV�� 7KH VHFRQG PDLQ GULYHU IRU WKH

ERRP LQ WUDQVDFWLRQV ZDV WKH WUDQVIHU RI SURSHUWLHV IURP WKH SULYDWH UHQWDO VHFWRU WR

WKH RZQHU�RFFXSLHG VHFWRU� DQRWKHU REVHUYDWLRQ LQ VXSSRUW RI WKH YHUVLRQ RI WKH PRGHO

WKDW ZH GHYHORSHG IRU WKLV DSSOLFDWLRQ�

2YHUDOO� WKH (LJKWLHV ZLWQHVVHG D RQH�Rm DGMXVWPHQW RI WKH 8�.� KRXVLQJ PDUNHW WR

JUHDWHU DYDLODELOLW\ RI FUHGLW� +RXVHKROGV ZHUH VXGGHQO\ JLYHQ JUHDWHU DFFHVV WR PRUW�

JDJHV� 7KLV SURPSWHG D PDMRU DGMXVWPHQW RI WKH GLVWULEXWLRQ RI GHEW DQG KRXVLQJ

DFURVV KRXVHKROGV� KHQFH D SHULRG RI H[FHSWLRQDOO\ PDQ\ WUDQVDFWLRQV� 2QFH WKH HFRQ�

RP\ KDG DGMXVWHG� WUDQVDFWLRQV GURSSHG EDFN WR OHYHOV FORVH WR WKHLU ORQJ WHUP WUHQG�

QRW WRR GLmHUHQW IURP SUH�OLEHUDOL]DWLRQ OHYHOV� 7KLV H[SODLQV D PDMRU SX]]OH IRU 8�.�

��0HHQ ������ SURYLGHV D GHWDLOHG DFFRXQW RI WKH OLEHUDOL]DWLRQ RI WKH 8�.� PRUWJDJH PDUNHW LQ WKH
(LJKWLHV�

��



PRUWJDJH OHQGHUV LQ UHFHQW \HDUV� ZK\� JLYHQ WKH VWUHQJWK RI WKH KRXVLQJ PDUNHW LQ

�������� WUDQVDFWLRQ OHYHOV KDYH UHPDLQHG DURXQG WKHLU SUH�(LJKWLHV OHYHOV�

,Q VXPPDU\� RXU PRGHOLQJ IUDPHZRUN KHOSV UHFRQFLOH DQG UDWLRQDOL]H SULFH� WUDQV�

DFWLRQV DQG FRKRUW EHKDYLRU RYHU WKH SDVW WKUHH GHFDGHV LQ WKH 8�.� 7KH HYLGHQFH

SURYLGHV VXSSRUW IRU D IRFXV RQ PRYHV XS DQG GRZQ WKH SURSHUW\ ODGGHU LQ RXU VHDUFK

IRU D EHWWHU XQGHUVWDQGLQJ RI RYHUDOO WUDQVDFWLRQ oXFWXDWLRQV�

� &RQFOXGLQJ 5HPDUNV

7KLV SDSHU SURYLGHV D nUVW VWHS WRZDUG D G\QDPLF WKHRU\ RI KRXVLQJ SULFHV DQG WUDQVDF�

WLRQV� :H GHYHORSHG D OLIH�F\FOH PRGHO ZKHUH KRXVHKROGV DUH KHWHURJHQHRXV ZLWK UHVSHFW

WR LQFRPH DQG SUHIHUHQFHV� DQG PRUWJDJH OHQGLQJ LV UHVWULFWHG E\ D GRZQ�SD\PHQW UH�

TXLUHPHQW� 7KH PDLQ nQGLQJV FRQFHUQ WKH FULWLFDO UROH RI \RXQJ KRXVHKROGV DQG D

FKDUDFWHUL]DWLRQ RI WKH WUDQVPLVVLRQ PHFKDQLVP E\ ZKLFK VKRFNV WUDQVODWH LQWR SULFH

DQG WUDQVDFWLRQ oXFWXDWLRQV�

([WHQGLQJ WKH PRGHO WR PRUH WKDQ WZR W\SHV RI SURSHUW\ FRPSOLFDWHV WKH DQDO\VLV

E\ LQWURGXFLQJ DGGLWLRQDO PDUJLQV� EXW GRHV QRW DOWHU RXU PDLQ UHVXOWV� 7KH IRFXV RQ

FRQnJXUDWLRQV DV LQ )LJXUHV �^� RU � DQG RQ VPDOO VKRFNV GRHV QRW UHVWULFW WKH YDOLGLW\ RI

RXU nQGLQJV HLWKHU� ,W MXVW HQVXUHV D VPDOO QXPEHU RI PDUJLQV WR EH WUDFNHG DQG VR KHOSV

XV GHULYH DQDO\WLFDO UHVXOWV� 7KH PRGHOLQJ IUDPHZRUN LV SHUIHFWO\ DEOH WR KDQGOH PRUH

FRPSOLFDWHG FRQnJXUDWLRQV DQG DUELWUDU\ LQFRPH VKRFNV� EXW WKLV DGGLWLRQDO JHQHUDOLW\

ZLOO WHQG WR SXVK RQH LQ WKH GLUHFWLRQ RI FRPSXWDWLRQDO SURFHGXUHV ZKHQ LQYHVWLJDWLQJ

PRGHO G\QDPLFV� )RU H[DPSOH� D ODUJH QHJDWLYH VKRFN PD\ IRUFH VRPH PHPEHUV RI

D FRKRUW WR GHOD\ WKHLU PRYH XS WKH SURSHUW\ ODGGHU WR VXFK DQ H[WHQW WKDW \RXQJHU

KRXVHKROGV FDQ ?RYHUWDNH� WKHP� KDYLQJ QRW VXmHUHG ODUJH FDSLWDO JDLQV� ,QWHUHVWLQJO\�

VXFK OHDS�IURJJLQJ DFWXDOO\ RFFXUUHG LQ WKH 6RXWK (DVW RI (QJODQG ZLWK WKH EXVW RI WKH

HDUO\ 1LQHWLHV �(DUOH\ ������

7KH LQWURGXFWLRQ RI D UHQWDO PDUNHW IRU oDWV FKDQJHV WKH UHVXOWV TXDQWLWDWLYHO\� EXW

QRW TXDOLWDWLYHO\� ,W GDPSHQV WKH UHVSRQVH RI SULFHV WR LQFRPH VKRFNV� 7KH H[WHQW

WR ZKLFK SULFHV UHVSRQG OHVV GHSHQGV RQ WKH HDVH ZLWK ZKLFK oDWV FDQ EH FRQYHUWHG

IURP RZQHU�RFFXSLHG WR UHQWHG DFFRPPRGDWLRQ� (DVLHU FRQYHUVLRQ PHDQV VPDOOHU SULFH

DQG ODUJHU YROXPH oXFWXDWLRQV� $W WKH H[WUHPH� LI UHQWHG GZHOOLQJV DUH DQ DOWRJHWKHU

GLmHUHQW FRPPRGLW\ WKDQ RZQHU�RFFXSLHG GZHOOLQJV� WKH UHVXOWV RI WKLV SDSHU DSSO\

ZLWKRXW FKDQJH� :KHQHYHU FRQYHUVLRQV DUH SRVVLEOH� WKH\ LQWURGXFH DQ LQGHSHQGHQW

��



VRXUFH RI WUDQVDFWLRQ oXFWXDWLRQV EHFDXVH LQFRPH VKRFNV �DQG HYHQ PRUH VR nQDQFLDO

OLEHUDOL]DWLRQ� EULQJ FKDQJHV LQ WKH HQGRJHQRXV RZQHU�RFFXSDQF\ UDWH� 7KLV VSHFLnF

H[WHQVLRQ RI RXU IUDPHZRUN LV SUHVHQWHG LQ 2UWDOR�0DJQuH DQG 5DG\ ������ ������

$ QRQ�OLQHDU UHSUHVHQWDWLRQ RI SUHIHUHQFHV ZRXOG HQDEOH XV WR FDSWXUH WKH oH[LELOLW\

KRXVHKROGV KDYH LQ DOORFDWLQJ WKHLU UHVRXUFHV DFURVV LQYHVWPHQW DQG FRQVXPSWLRQ RS�

SRUWXQLWLHV RYHU WLPH� 'urD]�*LPuHQH] DQG 3XFK ������ FRQnUP WKH LQWXLWLRQ WKDW IDFHG

ZLWK WKH SURVSHFW RI ULVLQJ SULFHV� SRWHQWLDO nUVW�WLPH EX\HUV KDYH VWURQJ LQFHQWLYHV

WR FXW GRZQ QRQ�KRXVLQJ FRQVXPSWLRQ LQ RUGHU WR JHW D IRRW RQ WKH SURSHUW\ ODGGHU

EHIRUH VWDUWHU KRPHV EHFRPH WRR H[SHQVLYH� :LWK QRQ�OLQHDU XWLOLW\� ZH PLJKW WKHUHIRUH

REWDLQ HYHQ VWURQJHU DPSOLnFDWLRQ RI LQFRPH VKRFNV DV SRWHQWLDO nUVW�WLPH EX\HUV VKLIW

UHVRXUFHV WRZDUG KRXVLQJ ZKHQ LQFRPH DQG SULFHV DUH ULVLQJ�

:KLOH WKH IRFXV RI WKLV SDSHU ZDV RQ LQFRPH VKRFNV� RXU PRGHO REYLRXVO\ OHQGV LWVHOI

WR WKH DQDO\VLV RI RWKHU UHOHYDQW VKRFNV� &KDQJHV LQ LQWHUHVW UDWHV� IRU H[DPSOH� KDYH

VLPLODU FRQVHTXHQFHV WR FKDQJHV LQ LQFRPH� $ GURS LQ LQWHUHVW UDWHV \LHOGV LQFUHDVHV

LQ KRXVLQJ SULFHV DQG WUDQVDFWLRQV� D ULVH LQ LQWHUHVW UDWHV KDV WKH RSSRVLWH HmHFWV�

'HFRXSOLQJ VDYLQJ DQG ERUURZLQJ UDWHV GRHV QRW DGG DQ\ IXUWKHU LQVLJKWV�

'HPRJUDSKLF FKDQJHV PDWWHU LQ WKH PRGHO WR WKH H[WHQW WKDW WKH\ DmHFW WKH PDUJLQV

WKDW DUH UHOHYDQW IRU WKH KRXVLQJ PDUNHW� +HQFH� SUHGLFWLQJ WKH HmHFW RI GHPRJUDSKLF

FKDQJHV UHTXLUHV XQGHUVWDQGLQJ WKHLU FRQVHTXHQFHV IRU WKH ZHDOWK GLVWULEXWLRQ ZLWKLQ

WKH \RXQJ FRKRUWV DQG WKH SUHIHUHQFH GLVWULEXWLRQ DFURVV ZHDOWKLHU KRXVHKROGV� )RU

H[DPSOH� LQFUHDVHG LPPLJUDWLRQ E\ SRRU KRXVHKROGV KDV RQO\ D OLPLWHG LPSDFW� :HDOWK\

QHZFRPHUV� RQ WKH RWKHU KDQG� FDQ JHQHUDWH VLJQLnFDQW SULFH VZLQJV� 7KH LPSDFW RI

LPPLJUDWLRQ IURP +RQJ .RQJ RQ WKH 9DQFRXYHU KRXVLQJ PDUNHW LV D FDVH LQ SRLQW KHUH

�%XODQ HW DO� ������

7KH PRGHO LV ULFK LQ HPSLULFDO SUHGLFWLRQV� 6RPH KDYH DOUHDG\ EHHQ DGGUHVVHG E\

WKH HPSLULFDO KRXVLQJ OLWHUDWXUH� 2WKHUV GHVHUYH IXUWKHU LQYHVWLJDWLRQ� ,Q WHUPV RI

LQGLYLGXDO KRXVHKROG EHKDYLRU� WKH NH\ TXHVWLRQ UDLVHG E\ RXU WKHRU\ LV WKH H[WHQW WR

ZKLFK FDSLWDO JDLQV �DQG RWKHU ZHDOWK VKRFNV� DmHFW WKH WLPLQJ RI UHSHDW EX\HUV
 PRYHV�

,Q WHUPV RI DJJUHJDWH PDUNHW EHKDYLRU� ZH SUHVHQWHG HYLGHQFH IURP ERWK WKH 8�6� DQG

WKH 8�.� KRXVLQJ PDUNHWV� 0XFK UHPDLQV WR EH OHDUQHG IURP YDULDWLRQV LQ LQVWLWXWLRQDO

VHWXSV DQG KRXVLQJ PDUNHW oXFWXDWLRQV DFURVV FRXQWULHV� UHJLRQV RU FLWLHV�

��



$SSHQGL[

$ 6XpFLHQW &RQGLWLRQV IRU WKH (TXLOLEULXP &RQ�

nJXUDWLRQ RI WKH 6LPSOH 0RGHO

0DLQWDLQLQJ WKH DVVXPSWLRQV RQ WKH VXSSO\ RI GZHOOLQJV DQG WKH SUHIHUHQFH VWUXFWXUH PDGH LQ 6HFWLRQV
� DQG �� ZH ZDQW WR VSHOO RXW FRQGLWLRQV WKDW HQVXUH D VWHDG\ VWDWH HTXLOLEULXP DOORFDWLRQ RI GZHOOLQJV
DV VKRZQ LQ )LJXUHV � DQG �� :H VXSSUHVV WLPH LQGLFHV ZKHQHYHU ZH GHDO ZLWK VWHDG\ VWDWH YDULDEOHV�
DQG ZULWH : �L�  �� � U�Z�L� �� �Z�L� ���

3URSRVLWLRQ $�� �8QLTXH VWHDG\ VWDWH HTXLOLEULXP� 6XSSRVH WKDW LQFRPH SURnOHV DUH FRQVWDQW

RYHU WLPH ZLWK
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7KHQ WKH PRGHO RI 6HFWLRQV � DQG � KDV D XQLTXH VWHDG\ VWDWH HTXLOLEULXP� DQG WKH DOORFDWLRQ RI

GZHOOLQJV LQ WKLV HTXLOLEULXP LV DV LQ )LJXUHV � DQG ��

3URRI� $V � � �b 6)b6+� � E\ DVVXPSWLRQ� ZH FDQ GHnQH T)  Z��b 6)b 6+� �� o� *LYHQ RXU
RWKHU DVVXPSWLRQ DERXW VXSSO\� �

�
� 6+ � �� FRQGLWLRQV �$��� DQG �$��� QRZ HQVXUH WKDW WKH V\VWHP

RI HTXDWLRQV

>: �L�b UT) @ o  T) � X�P� U� �$���

L�P  �b 6+ �$���

KDV D XQLTXH VROXWLRQ �L+����P+� � >�� �@ d >�� �@� DQG WKLV VROXWLRQ VDWLVnHV WKH LQHTXDOLWLHV �

�
�

L+��� � � DQG � � P+ � �

�
� 'HnQH T+  >: �L+���� b UT) @ o  T) � X�P+� U�

&RQVLGHU D WLPH�LQYDULDQW DOORFDWLRQ RI GZHOOLQJV DV LQ )LJXUHV � DQG � ZLWK L) ���  �b6+ b6)

DQG WKH DERYH LQGLFHV L+��� DQG P+ � %\ FRQVWUXFWLRQ� WKLV DOORFDWLRQ LV PDUNHW FOHDULQJ� ,W UHPDLQV
WR VKRZ IRU HDFK KRXVHKROG WKDW WKH DOORFDWHG FRQVXPSWLRQ SDWK LV IHDVLEOH DQG DFKLHYHV PD[LPDO
XWLOLW\ JLYHQ WKH LQFRPH VWUHDP DQG WKH DERYH SURSHUW\ SULFHV�

6WDUWLQJ ZLWK WKH DJH � FRKRUW� LW LV HDV\ WR VHH WKDW FRQGLWLRQ �$��� HQVXUHV WKDW DOO KRXVHKROGV RI
WKLV FRKRUW FDQ DmRUG WR RZQ D KRXVH� 7KXV LQFRPH LV LUUHOHYDQW WR WKHLU FKRLFHV� DQG DOO KRXVHKROGV
ZLWK SUHIHUHQFH LQGH[ P w P+ nQG LW RSWLPDO WR RZQ D KRXVH �VLQFH X�P� w U >T+ b T) @�� ZKLOH WKRVH
ZLWK P �P+ SUHIHU WR OLYH LQ D oDW �VLQFH X�P� � U >T+ b T) @��
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&RQGLWLRQ �$��� JXDUDQWHHV WKDW DOO KRXVHKROGV RI DJH � ZRXOG OLNH WR DFTXLUH D KRXVH UDWKHU WKDQ D
oDW DW WKH JLYHQ SULFHV� X� �

�
� w ���U�U>T+bT) @� L�H�� WKH H[WUD XWLOLW\ IURP RFFXS\LQJ D oDW RXWZHLJKV

WKH ORVV LQ WHUPLQDO FRQVXPSWLRQ WKDW DULVHV IURP WKH KLJKHU FRVW RI KROGLQJ D KRXVH IRU RQH SHULRG�
�7KH KRXVLQJ GHFLVLRQ DW DJH � GRHV QRW LQoXHQFH WKH GHFLVLRQ DW DJH �� VR WKH ODWWHU GRHV QRW HQWHU
WKH FDOFXODWLRQ KHUH�� &RQGLWLRQ �$��� HQVXUHV WKDW 8�)�P� ��b8���P� �� ! �� � U�UT) � VR DOO DJH �
KRXVHKROGV DUH EHWWHU Rm DFTXLULQJ D oDW DW WKH JLYHQ SULFH UDWKHU WKDQ SXUFKDVLQJ QR SURSHUW\ DW DOO�

%\ WKH FRQVWUXFWLRQ RI L+��� DQG WKH GHnQLWLRQ RI T+ � DOO KRXVHKROGV RI DJH � WKDW HQWHU WKH FXUUHQW
SHULRG ZLWK D oDW DQG KDYH LQFRPH LQGH[ L w L+��� FDQ DmRUG D KRXVH� $FTXLULQJ D KRXVH LV WKXV ERWK
IHDVLEOH DQG RSWLPDO IRU WKHVH KRXVHKROGV� +RXVHKROGV RI DJH � WKDW HQWHU WKH FXUUHQW SHULRG ZLWK D
oDW EXW KDYH LQFRPH LQGH[ L w L+��� FDQQRW DmRUG D KRXVH� 6WD\LQJ LQ D oDW LV WKH EHVW DYDLODEOH
RSWLRQ WR WKHP�

&RQGLWLRQ �$��� JXDUDQWHHV WKDW : ��� w oT) � VR HYHQ WKH SRRUHVW KRXVHKROGV RI DJH � FDQ DmRUG
D oDW� &RQGLWLRQ �$���� RQ WKH RWKHU KDQG� LPSOLHV : �L) ���� � oT+ � $FTXLULQJ D oDW LV WKHUHIRUH WKH
EHVW DYDLODEOH FKRLFH IRU DOO DJH � KRXVHKROGV WKDW ZHUH QRW DEOH WR EX\ D oDW LQ WKH SUHYLRXV SHULRG�
WKDW LV� WKRVH ZLWK LQFRPH LQGH[ L � L) ����

&RQGLWLRQ �$��� DOVR LPSOLHV WKDW Z��� �� � oT+ � VR QR KRXVHKROG FDQ DmRUG D KRXVH DW DJH ��
&RQGLWLRQ �$��� HQVXUHV WKDW DW WKH JLYHQ SULFHV� DOO KRXVHKROGV DUH EHWWHU Rm RZQLQJ D oDW IRU WZR
SHULRGV WKDQ RZQLQJ QR SURSHUW\ DW DJH � DQG D KRXVH DW DJH �� 7KDW LV� 8�)�P� �� b �� � U��UT) �
8�)�P� ��b �� � U�UT) H[FHHGV 8���P� �� �8�+�P� ��b �� � U�UT+ � 7KXV� DOO KRXVHKROGV WKDW FDQ
DmRUG D oDW DW DJH � ZLOO DFWXDOO\ nQG LW RSWLPDO WR DFTXLUH RQH�

7KLV FRPSOHWHV WKH SURRI WKDW DW WKH SULFHV T) DQG T+ � WKH DOORFDWLRQ RI GZHOOLQJV VROYHV HDFK
KRXVHKROG
V FRQVWUDLQHG RSWLPLVDWLRQ SUREOHP�

3URYLQJ XQLTXHQHVV RI WKH VWHDG\ VWDWH LV VWUDLJKWIRUZDUG� 7KH JLYHQ SUHIHUHQFHV� ZHDOWK GLVWUL�
EXWLRQ DQG VXSSO\ RI SURSHUWLHV nUVW LPSO\ WKDW WKH SULFH RI oDWV PXVW EH T)  Z��b 6)b 6+� �� o�
*LYHQ T) � WKHQ� WKH VWHDG\ VWDWH KRXVH SULFH LV XQLTXHO\ GHWHUPLQHG DV ZHOO�

&RQGLWLRQV �$���^�$��� VXJJHVW D VWUDLJKWIRUZDUG ZD\ WR nQG SDUDPHWHU FRPELQDWLRQV WKDW VXSSRUW
WKH VWHDG\ VWDWH FRQnJXUDWLRQ RI )LJXUHV � DQG �� )LUVW� n[ DQ\ DJH � LQFRPH SURnOH� 6HFRQG� FKRRVH
DQ DJH � LQFRPH SURnOH WKDW LV KLJK DQG VWHHS HQRXJK WR VDWLVI\ FRQGLWLRQV �$���^�$���� 7KLUG�
FKRRVH DQ DJH � LQFRPH SURnOH KLJK HQRXJK WR VDWLVI\ �$���� )RXUWK� FKRRVH D SURnOH RI DJH � XWLOLW\
SUHPLD X�P� ZKRVH OHYHO DQG VORSH DUH VXFK WKDW �$���^�$��� KROG� )LIWK� FKRRVH XWLOLW\ SUHPLD
8�)�P� ��b 8���P� �� DQG 8�)�P� �� b8���P� �� KLJK HQRXJK WR VDWLVI\ �$���^�$����

7KH H[LVWHQFH DQG XQLTXHQHVV RI VWRFKDVWLF VWHDG\ VWDWHV LQ D QHLJKERUKRRG RI D GHWHUPLQLVWLF RQH
IROORZV E\ WKH LPSOLFLW IXQFWLRQ WKHRUHP DV LQGLFDWHG LQ WKH PDLQ WH[W�

% 7RWDO 1XPEHU RI 7UDQVDFWLRQV

)URP HTXDWLRQV ���� DQG ����� WKH WRWDO QXPEHU RI WUDQVDFWLRQV DW WLPH W LV

QW  �b LW��� � >�b LWb����@P
+
W � LWb���� ��bP+

W �

 �b LW��� � LWb���� � >�b �LWb����@P
+
W �

7KH PDUNHW FOHDULQJ FRQGLWLRQ IRU KRXVHV� ���� LPSOLHV WKDW bLW���� LWb����  P+
W bP+

Wb� VR WKH WRWDO
QXPEHU RI WUDQVDFWLRQV FDQ EH ZULWWHQ DV

QW  �bP+
Wb� � �>�b L+Wb����@P

+
W �

6XEVWLWXWLQJ LWb����  �b 6+ bP+
Wb� IURP PDUNHW FOHDULQJ \LHOGV WKH H[SUHVVLRQ JLYHQ LQ 6HFWLRQ ��

��



& 5HVSRQVH WR ,QFRPH 6KRFNV

&�� 3URRIV

/HW L
)
���� L

+
��� DQG P+ GHQRWH WKH FXWRm LQGLFHV LQ WKH QHZ VWHDG\ VWDWH HTXLOLEULXP� DQG : �L�  

�� � U�Z�L� �� �Z�L� ���

3URRI RI 3URSRVLWLRQ ���� &RQVLGHU DJH � DJHQWV ZLWK ZHDOWK LQGH[ L+���� 6LQFH L+��� ! L) ����
WKHVH DJHQWV ZLOO EH oDW RZQHUV LQ ERWK WKH ROG DQG WKH QHZ VWHDG\ VWDWH� 7KH LQFUHDVH LQ WKHLU ZHDOWK
IURP RQH VWHDG\ VWDWH WR WKH RWKHU LV WKHUHIRUH: �L+����bUT)b>: �L+����bUT) @  }>: �L+����bUT) @�
ZKLFK WUDQVODWHV LQWR DQ LQFUHDVH LQ WKHLU DELOLW\ WR SD\ IRU D KRXVH E\ }>: �L+���� b UT) @ o  }T+ �
7KH KLJKHVW VWHDG\ VWDWH SULFH WKDW DQ DJH � DJHQW LV ZLOOLQJ WR SD\ IRU D KRXVH� RQ WKH RWKHU KDQG�
LQFUHDVHV E\ H[DFWO\ WKH SULFH GLmHUHQFH IRU oDWV� T) b T)  }T) ��� $V T+ ! T) � WKH ZHDOWK HmHFW RQ
WKH DJH � FRKRUW LV VWURQJHU WKDQ WKH VXEVWLWXWLRQ HmHFW RQ WKH DJH � FRKRUW� 7KLV PHDQV WKDW WKH QHZ
VWHDG\ VWDWH HTXLOLEULXP PXVW EH VXFK WKDW WKH KRXVH SULFH ULVHV E\ PRUH �LQ DEVROXWH WHUPV� WKDQ
WKH oDW SULFH� T+ b T+ ! T) b T) � RU HTXLYDOHQWO\� T+ b T) ! T+ b T) � *LYHQ WKDW WKH KRXVH SULFH
ULVHV E\ PRUH WKDQ WKH oDW SULFH� IHZHU DJH � DJHQWV EX\ D KRXVH� P+ ! P+ � 0DUNHW FOHDULQJ WKHQ

UHTXLUHV WKDW PRUH KRXVHV EH ERXJKW E\ DJH � DJHQWV� L
+
��� � L+����

3URRI RI 3URSRVLWLRQ ���� &RQVLGHU WKH LQYHUVH GHPDQG IXQFWLRQV ���� DQG ���� IRU W  V b

�� V� V��� )RU L ! L+���� 4+��
Vb��L�  >: �L�b UT) @ o DQG 4+��

V���L�  >: �L�b UT) @ o FRUUHVSRQG WR WKH

ROG DQG QHZ VWHDG\ VWDWH� UHVSHFWLYHO\� ZKLOH 4+��
V �L�  >�� � U�Z�L� �� �Z�L� �� b �� � U�T) � T) @ o

DW WKH WLPH RI WKH VKRFN� &OHDUO\� 4+��
V �L� ! 4+��

Vb��L� IRU DOO L ! L+���� ,Q WKH DJH � FRKRUW� ZH KDYH

4+��
Vb��P�  T) � >X�P� � T+ b T) @ �� � U� �FRUUHVSRQGLQJ WR WKH ROG VWHDG\ VWDWH� DQG 4+��

V �P�  

4+��
V���P�  T) � >X�P� � T+ b T) @ �� � U� �UHoHFWLQJ WKH QHZ VWHDG\ SULFH RI oDWV DQG WKH QHZ

H[SHFWDWLRQV DERXW WKH IXWXUH SULFH RI KRXVHV�� %\ 3URSRVLWLRQ ���� T+ b T) ! T+ b T) � ZKLFK LPSOLHV

LPPHGLDWHO\ WKDW 4+��
V �P� ! 4+��

Vb��P� IRU DOO P� 6R ERWK WKH 4
+�� FXUYH DQG WKH 4+�� FXUYH VKLIW

XSZDUG DW WKH WLPH RI WKH VKRFN� DQG WKH SULFH RI KRXVHV PXVW ULVH� T+V ! T+Vb�  T+ � 7KLV SURYHV WKH
nUVW SDUW RI WKH SURSRVLWLRQ�

1H[W� D VLPSOH FRPSXWDWLRQ VKRZV WKDW 4+��
V �L�b4+��

V���L�  } ���U�>T)bZ�L� ��@ o� ,I Z�L+���� �� �
T) � WKHUHIRUH� DOO DJH � DJHQWV ZLWK ZHDOWK LQGH[ EHWZHHQ L) ��� DQG L+��� KDYH D KLJKHU GHPDQG IRU
KRXVHV DW WLPH V WKDQ DW WLPH V� �� *LYHQ LGHQWLFDO GHPDQG IURP DJH � DJHQWV DW WLPHV V DQG V���
WKLV LPSOLHV WKDW T+V ! T+V��  T+ �

3URRI RI 3URSRVLWLRQ ���� :H NQRZ IURP WKH SUHYLRXV SURRI WKDW FRQGLWLRQ ���� LPSOLHV4+��
V �L� !

4+��
V���L� IRU DOO L EHWZHHQ L) ��� DQG L+���� KHQFH LQ SDUWLFXODU IRU L+V�����  L

+
���� *LYHQ LGHQWLFDO

GHPDQG IRU KRXVHV IURP DJH � DJHQWV LQ SHULRGV V DQG V��� WKHUHIRUH� PDUNHW FOHDULQJ UHTXLUHV WKDW

L+V ��� � L
+
���� ZKLFK LQ WXUQ LPSOLHV WKDW L+V ��� � L+��� RU� HTLYDOHQWO\� P+

V ! P+ �

$FFRUGLQJ WR HTXDWLRQ ����� WKH QXPEHU RI WUDQVDFWLRQV LQ SHULRG V HTXDOV QV  �bP+�� �6+ b
� �P+�P+

V � ZKLOH WKDW LQ WKH ROG VWHDG\ VWDWH LV Q  � b P+ � � �6+ b � �P+�P+ � $ VLPSOH
FDOFXODWLRQ VKRZV WKDW WKH LQHTXDOLW\ P+

V ! P+ LPSOLHV QV ! Q� 0RUH SUHFLVHO\� ZH KDYH WKUHH HmHFWV�
DQ LQFUHDVH LQ WKH QXPEHU RI DJHQWV DFTXLULQJ D KRXVH DW DJH � E\ L+��� b L+V ���  P+

V bP+� DQ
LQFUHDVH LQ WKH QXPEHU RI DJHQWV ZKR SXUFKDVH D oDW DW DJH � E\ >�b L+���@ �P+

V bP+�� DQG D FKDQJH
LQ WKH QXPEHU RI DJHQWV ZKR EX\ D KRXVH DW DJH � E\ bL+��� �P+

V bP+�� $V L+��� ! �

�
� WKH VHFRQG

DQG WKLUG HmHFW WRJHWKHU \LHOG D IDOO LQ WKH QXPEHU RI WUDQVDFWLRQV� WKDW LV� WKHUH DUH IHZHU UHSHDW
SXUFKDVHV E\ DJH � DJHQWV� 7KH GULYLQJ IRUFH EHKLQG WKH RYHUDOO FKDQJH LQ WKH QXPEHU RI WUDQVDFWLRQV
LV WKHUHIRUH WKH QXPEHU RI UHSHDW SXUFKDVHV E\ DJH � DJHQWV�

��$GDSWLQJ GHnQLWLRQ ���� WR WDNH DFFRXQW RI WKH IDFW WKDW ZH DUH VROYLQJ IRU VWHDG\ VWDWH SULFHV�
ZH VHH WKDW WKH VWHDG\ VWDWH LQYHUVH GHPDQG IXQFWLRQ DW DJH � LV 4+���P�  T) � X�P� U LQ WKH ROG

VWHDG\ VWDWH DQG 4
+��
�P�  T) � X�P� U LQ WKH QHZ RQH� 6R WKH GLmHUHQFH LV T) b T) �

��



&�� 1RQ�3URSRUWLRQDO ,QFRPH 6KRFNV

,Q FRQWUDVW WR 6HFWLRQ �� ZKHUH ZH UHVWULFWHG RXUVHOYHV WR SURSRUWLRQDO LQFRPH VKRFNV� ZH QRZ ZLVK
WR FRQVLGHU PRUH JHQHUDO VKRFNV� ,QVWHDG RI VXSSRVLQJ SURSRUWLRQDO VKRFNV� ZH PDNH WKH IROORZLQJ
DVVXPSWLRQV�

$VVXPSWLRQ &�� 7KH LQFRPH GLmHUHQFH DFURVV VWHDG\ VWDWHV� Z�L� M� b Z�L� M�� LV LQFUHDVLQJ LQ WKH

LQFRPH LQGH[ L DW DJHV M  �� ��

$VVXPSWLRQ &�� 0HGLDQ DJH � DQG � LQFRPH GLmHUHQFHV DFURVV VWHDG\ VWDWHV VDWLVI\
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7KXV� ULFKHU DJHQWV DUH DVVXPHG WR JDLQ DW OHDVW DV PXFK �LQ DEVROXWH WHUPV� IURP WKH LQFRPH VKRFN
DV SRRUHU DJHQWV� ,Q DGGLWLRQ� WKH PHGLDQ DJH � LQFRPH GLmHUHQFH DFURVV VWHDG\ VWDWHV LV DVVXPHG WR
EH DW OHDVW U ��bo� o WLPHV DV ODUJH DV WKH PHGLDQ DJH � LQFRPH GLmHUHQFH� 5HDOLVWLF SDUDPHWHU YDOXHV
ZLOO LPSO\ U �� b o� o � �� ,Q RWKHU ZRUGV� $VVXPSWLRQ &�� HmHFWLYHO\ PHDQV WKDW WKH VKRFN UDLVHV
PHGLDQ DJH � HDUQLQJV E\ DW OHDVW DV PXFK DV PHGLDQ DJH � HDUQLQJV� 7KHVH DUH YHU\ PLOG DVVXPSWLRQV�

3URSRVLWLRQ &�� �&RPSDULVRQ RI VWHDG\ VWDWHV� 8QGHU $VVXPSWLRQV &�� DQG &�� WKH VWHDG\

VWDWH ZLWK KLJKHU LQFRPHV LV FKDUDFWHUL]HG E\ KLJKHU SURSHUW\ SULFHV� D KLJKHU GLmHUHQFH EHWZHHQ WKH

SULFH RI KRXVHV DQG WKH SULFH D oDWV� D KLJKHU QXPEHU RI DJH � KRXVH EX\HUV� DQG D ORZHU QXPEHU RI

DJH � KRXVH EX\HUV�

3URRI RI 3URSRVLWLRQ &��� $V LQ WKH SURRI RI 3URSRVLWLRQ ��� LW VXpFHV WR VKRZ WKDW WKH ZHDOWK
HmHFW RQ WKH DJH � FRKRUW LV VWURQJHU WKDQ WKH VXEVWLWXWLRQ HmHFW RQ WKH DJH � FRKRUW� 0RUH SUHFLVHO\�
LW LV HQRXJK WR SURYH WKDW : �L+����b UT) b >:�L+���� b UT) @ H[FHHGV T) b T) �

$V L+��� w �

�
! L+���� $VVXPSWLRQV &�� DQG &�� LPSO\
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$ VLPSOH FDOFXODWLRQ QRZ OHDGV WR WKH GHVLUHG LQHTXDOLW\�

3URSRVLWLRQ &�� �2YHUVKRRWLQJ RI WKH KRXVH SULFH� 7KH KRXVH SULFH LQ WKH SHULRG RI WKH VKRFN

LV KLJKHU WKDQ LQ WKH ROG VWHDG\ VWDWH� 7KH KRXVH SULFH RYHUVKRRWV LWV QHZ VWHDG\ VWDWH LI DQG RQO\ LI

Z�L
+
���� ��bZ�L

+
���� �� � T) b T) � �&���

3URRI RI 3URSRVLWLRQ &��� $V LQ WKH SURRI RI 3URSRVLWLRQ ���� ZH FRQVLGHU WKH LQYHUVH GHPDQG
IXQFWLRQV ���� DQG ���� IRU W  Vb �� V� V��� %\ H[DFWO\ WKH VDPH DUJXPHQWV DV LQ WKDW HDUOLHU SURRI�

4+��
V �L� ! 4+��

Vb��L� IRU DOO L ! L+��� DQG 4+��
V �P� ! 4+��

Vb��P� IRU DOO P� 6R T
+
V ! T+Vb�  T+ �

��



1RZ WKHUH LV RYHUVKRRWLQJ LQ WKH KRXVH SULFH �T+V ! T+V��  T+� LI DQG RQO\ LI DW WKH QHZ VWHDG\

VWDWH FXWRm L
+
��� WKH 4+��

V FXUYH LV DERYH T+ DV VKRZQ LQ )LJXUH �� L�H�� LI DQG RQO\ LI

4+��
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:H FDQ XVH WKH FKDUDFWHUL]DWLRQ RI WKH oDW SULFH LQ HTXDWLRQ ���� WR WUDQVODWH FRQGLWLRQ ���� LQWR
WKH LQHTXDOLW\
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D VXpFLHQW FRQGLWLRQ IRU ZKLFK LV
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E\ WKH PRQRQWRQLFLW\ RI LQFRPH GLmHUHQFHV� 1RWH WKDW WKLV ZLOO DOZD\V KROG ZKHQ WKH LQFRPH VKRFN
UHVXOWV LQ D SDUDOOHO VKLIW RI DJH � HDUQLQJV� 7KXV� ZH ZLOO KDYH RYHUVKRRWLQJ LQ WKH KRXVH SULFH DV ORQJ
DV WKH VKRFN GRHV QRW VSUHDG DJH � LQFRPHV WRR GUDVWLFDOO\�

7KH IROORZLQJ UHVXOWV QRZ IROORZ H[DFWO\ DV LQ WKH FDVH RI D SURSRUWLRQDO VKRFN�

3URSRVLWLRQ &�� �7UDQVDFWLRQV LQ WKH SHULRG RI WKH VKRFN� 8QGHU WKH RYHUVKRRWLQJ FRQGLWLRQ

����� WKH QXPEHU RI WUDQVDFWLRQV LQ WKH SHULRG RI WKH VKRFN LV KLJKHU WKDQ LQ WKH ROG VWHDG\ VWDWH� 7KLV

KLJKHU QXPEHU RI WUDQVDFWLRQV LV GXH WR DQ LQFUHDVH LQ WKH QXPEHU RI UHSHDW SXUFKDVHV E\ EX\HUV RI

DJH ��

3URSRVLWLRQ &�� �&R�PRYHPHQW RI SULFHV DQG QXPEHU RI WUDQVDFWLRQV� 8QGHU WKH RYHUVKRRW�

LQJ FRQGLWLRQ ����� SURSHUW\ SULFHV DQG WKH QXPEHU RI WUDQVDFWLRQV DOO ULVH LQ WKH SHULRG RI WKH LQFRPH

VKRFN�

1RWH WKDW RYHUVKRRWLQJ RI WKH KRXVH SULFH LV VXpFLHQW� EXW QRW QHFHVVDU\ IRU WKLV UHVXOW� ,Q IDFW�
)LJXUH � VKRZV WKDW WKH LQHTXDOLW\ L+V ��� � L+��� ZLOO KROG DV ORQJ DV WKH 4+��

V FXUYH OLHV VXpFLHQWO\

IDU DERYH WKH 4+��
Vb�

FXUYH DW WKH ROG VWHDG\ VWDWH FXWRm LQGH[ L+���� ,W FDQ EH VKRZQ WKDW WKH SUHFLVH

FRQGLWLRQ LV 4+��
V �L+���� ! T+bU >T+bT+b�T) bT) �@� %\ FRQWUDVW� WKH RYHUVKRRWLQJ FRQGLWLRQ VWDWHV

WKDW 4+��
V �L

+
���� ! T+ � ZKLFK LV D VWULFWHU UHTXLUHPHQW DV L

+
��� � L+��� DQG T+ b T+ ! T) b T) �

:H DUJXHG DERYH WKDW WKH RYHUVKRRWLQJ FRQGLWLRQ LV YHU\ SODXVLEOH� 7KH FDVH IRU WKH FR�PRYHPHQW RI
SULFHV DQG YROXPH LV WKXV HYHQ VWURQJHU�

' $ 0DUNRY 0RGHO IRU ,QFRPHV� 3URRIV

3URRI RI 3URSRVLWLRQ ���� $ VWUDLJKWIRUZDUG DGDSWDWLRQ RI WKH SURRI RI 3URSRVLWLRQ &���

3URRI RI 3URSRVLWLRQ ���� 7KH GLmHUHQFH EHWZHHQ WKH SULFHV DJHQW �L�P� RI DJH � LV ZLOOLQJ WR
SD\ IRU D KRXVH DIWHU KLVWRULHV xw DQG x� LV
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7DEOH �� &R�PRYHPHQWV RI SULFHV DQG YROXPH LQ D WZR�VWDWH 0DUNRY PRGHO

8QGHU FRQGLWLRQ ����� DJH � DJHQWV DUH ZLOOLQJ WR SD\ PRUH IRU D KRXVH LQ VWDWH w WKDQ LQ VWDWH ��
&RQGLWLRQ ���� HQVXUHV WKDW LQ WKH FRPSDULVRQ RI KLVWRU\ x� ZLWK xw� DQ\ SRVVLEOH XSZDUG VKLIW LQ DJH
� DJHQWV
 ZLOOLQJQHVV WR SD\ IRU KRXVHV LV VPDOOHU WKDQ WKH XSZDUG VKLIW LQ DJH � DJHQWV
 DELOLW\ WR SD\�
7KH FODLPHG UHVXOWV QRZ IROORZ DV RXWOLQHG LQ WKH PDLQ WH[W�

3URRI RI 3URSRVLWLRQ ���� $V ZH VDZ HDUOLHU� FRQGLWLRQ ���� LPSOLHV RYHUUHDFWLRQ RI WKH KRXVH
SULFH �KHQFH T+�� ! T+�� DQG T

+
�� ! T+���� ZKLOH ���� LPSOLHV PRQRWRQLFLW\ RI WKH KRXVH SULFH LQ WKH FXUUHQW

LQFRPH VWDWH� LQ SDUWLFXODU LI WKH VWDWH ZDV WKH VDPH LQ WKH SUHYLRXV SHULRG �KHQFH T+�� ! T+���� :H
DOVR VDZ WKDW XQGHU WKHVH FRQGLWLRQV� WKH QXPEHU RI UHSHDW SXUFKDVHV E\ PHPEHUV RI WKH DJH � FRKRUW
LV UDQNHG WKH VDPH ZD\ DV WKH KRXVH SULFH DFURVV DOO SRVVLEOH LQFRPH KLVWRULHV RI OHQJWK WZR� 6LQFH D
KLJKHU QXPEHU RI KRXVH EX\HUV DW DJH � PHDQV D ORZHU QXPEHU RI KRXVH RZQHUV DW DJH �� L�H�� D KLJKHU
SUHIHUHQFH FXWRm DW DJH �� WKLV SUHIHUHQFH FXWRm LV DOVR UDQNHG WKH VDPH ZD\ DV WKH KRXVH SULFH�

5HJDUGLQJ WKH VLPXOWDQHRXV FKDQJHV LQ SULFHV DQG YROXPH DV WKH LQFRPH SURFHVV HYROYHV� 7DEOH �
OLVWV DOO VL[WHHQ KLVWRULHV RI OHQJWK IRXU DV ZHOO DV WKH VLJQ RI WKH FKDQJH LQ WKH oDW SULFH� KRXVH SULFH
DQG QXPEHU RI WUDQVDFWLRQV IURP WKH SUHYLRXV WR WKH FXUUHQW SHULRG� $ FRPSDULVRQ RI WKH VHFRQG DQG
WKLUG FROXPQV VKRZV LPPHGLDWHO\ WKDW WKH SURSHUW\ SULFH LQGH[ DOZD\V PRYHV LQ WKH VDPH GLUHFWLRQ
DV WKH SULFH RI KRXVHV� 7KH IRXUWK FROXPQ WKHQ VKRZV WKDW LQ WZHOYH RXW RI VL[WHHQ FDVHV� WKH SULFH RI
KRXVHV DQG WKH QXPEHU RI WUDQVDFWLRQV PRYH LQ WKH VDPH GLUHFWLRQ�

7KH HQWULHV LQ WKH IRXUWK FROXPQ DUH GHWHUPLQHG DFFRUGLQJ WR WKH HTXDWLRQ

QW b QWb�  P+
Wb� bP+

Wb� �� �6
+ b � �P+

Wb��P
+
W b � �6+ b � �P+

Wb��P
+
Wb�� �'���

ZKLFK LV D GLUHFW FRQVHTXHQFH RI ����� ,W LV VWUDLJKWIRUZDUG WR FRQnUP WKH VLJQV LQ 7DEOH � IRU WKH HLJKW
KLVWRULHV VWDUWLQJ ZLWK VWDWH �� WKH FDVHV VWDUWLQJ ZLWK VWDWH � DUH MXVW PLUURU LPDJHV RI WKHVH�

��



5HIHUHQFHV

%XODQ� /DDUQL� &KULVWRSKHU -� 0D\HU� DQG &� 7VXULHO 6RPHUYLOOH ������� ?6KRXOG ,
EXLOG RU VKRXOG , ZDLW QRZ� ,GLRV\QFUDWLF ULVN� UHDO RSWLRQV� DQG WKH WLPLQJ RI
QHZ LQYHVWPHQW�� PLPHR� *UDGXDWH 6FKRRO RI %XVLQHVV� &ROXPELD 8QLYHUVLW\�

&DSOLQ� $QGUHZ� 6HZLQ &KDQ� &KDUOHV )UHHPDQ� DQG -RVHSK 7UDF\ ������� +RXVLQJ
SDUWQHUVKLSV� $ QHZ DSSURDFK WR PDUNHWV DW D FURVVURDGV� &DPEULGJH� 0,7
3UHVV�

&DVH� .DUO (�� DQG 5REHUW -� 6KLOOHU ������� ?7KH HpFLHQF\ RI WKH PDUNHW IRU VLQJOH�
IDPLO\ KRPHV�� $PHULFDQ (FRQRPLF 5HYLHZ� ����������

&KLFDJR 7LWOH DQG 7UXVW &RPSDQ\ ���������� $QQXDO QDWLRQDO VXUYH\ RI UHFHQW KRPH
EX\HUV LQ PDMRU PHWURSROLWDQ DUHDV� &KLFDJR� &KLFDJR 7LWOH DQG 7UXVW�

&KR� 0DQ ������� ?+RXVH SULFH G\QDPLFV� D VXUYH\ RI WKHRUHWLFDO DQG HPSLULFDO LVVXHV��
-RXUQDO RI +RXVLQJ 5HVHDUFK� ���������

'urD]�*LPuHQH]� -DYLHU� DQG /XLV $� 3XFK �������?%RUURZLQJ FRQVWUDLQWV LQ HFRQRPLHV
ZLWK LQGLYLVLEOH KRXVHKROG FDSLWDO DQG EDQNLQJ� $Q DSSOLFDWLRQ WR WKH 6SDQLVK
KRXVLQJ PDUNHW ����������� ,QYHVWLJDFLRQHV (FRQRPLFDV� ������ �������

'L3DVTXDOH� 'HQLVH� DQG :LOOLDP &� :KHDWRQ ������� ?+RXVLQJ PDUNHW G\QDPLFV DQG
WKH IXWXUH RI KRXVLQJ SULFHV�� -RXUQDO RI 8UEDQ (FRQRPLFV� ��������

'XFD� -RKQ 9�� DQG 6WXDUW 6� 5RVHQWKDO ������� ?%RUURZLQJ FRQVWUDLQWV DQG DFFHVV WR
RZQHU�RFFXSLHG KRXVLQJ�� 5HJLRQDO 6FLHQFH DQG 8UEDQ (FRQRPLFV� ����������

(DUOH\� )LRQQXOD ������� ?/HDS�IURJJLQJ LQ WKH 8. KRXVLQJ PDUNHW�� +RXVLQJ )LQDQFH�
��������

(QJHOKDUGW� *DU\ 9� ������� ?&RQVXPSWLRQ� GRZQ SD\PHQWV� DQG OLTXLGLW\ FRQVWUDLQWV��
-RXUQDO RI 0RQH\� &UHGLW DQG %DQNLQJ� ����������

(QJHOKDUGW� *DU\ 9�� DQG &KULVWRSKHU -� 0D\HU ������� ?,QWHUJHQHUDWLRQDO WUDQVIHUV�
ERUURZLQJ FRQVWUDLQWV� DQG VDYLQJ EHKDYLRU� (YLGHQFH IURP WKH KRXVLQJ PDUNHW��
-RXUQDO RI 8UEDQ (FRQRPLFV� ����������

(QJOXQG� 3HWHU� DQG <DQQLV 0� ,RDQQLGHV ������� ?+RXVH SULFH G\QDPLFV� $Q LQWHUQD�
WLRQDO HPSLULFDO SHUVSHFWLYH�� -RXUQDO RI +RXVLQJ (FRQRPLFV� ����������

*HQHVRYH� 'DYLG� DQG &KULVWRSKHU -� 0D\HU ������� ?(TXLW\ DQG WLPH WR VDOH LQ WKH
UHDO HVWDWH PDUNHW�� $PHULFDQ (FRQRPLF 5HYLHZ� ����������

*UHHQ� 5LFKDUG� DQG 3DWULF +� +HQGHUVKRWW ������� ?$JH� KRXVLQJ GHPDQG� DQG UHDO
KRXVH SULFHV�� 5HJLRQDO 6FLHQFH DQG 8UEDQ (FRQRPLFV� ����������

*URVVPDQ� 6DQIRUG -�� DQG *X\ /DURTXH ������� ?$VVHW SULFLQJ DQG RSWLPDO SRUWIROLR
FKRLFH LQ WKH SUHVHQFH RI LOOLTXLG GXUDEOH FRQVXPSWLRQ JRRGV�� (FRQRPHWULFD�
���������

+DXULQ� 'RQDOG 5�� 3DWULF +� +HQGHUVKRWW� DQG 6XVDQ 0� :DFKWHU ������� ?:HDOWK
DFFXPXODWLRQ DQG KRXVLQJ FKRLFHV RI \RXQJ KRXVHKROGV� DQ H[SODQDWRU\ LQYHVWL�
JDWLRQ�� -RXUQDO RI +RXVLQJ 5HVHDUFK� �������

��



+DXULQ� 'RQDOG 5�� 3DWULF +� +HQGHUVKRWW� DQG 6XVDQ 0� :DFKWHU ������� ?%RUURZ�
LQJ FRQVWUDLQWV DQG WKH WHQXUH FKRLFH RI \RXQJ KRXVHKROGV�� -RXUQDO RI +RXVLQJ
5HVHDUFK� ���������

,RDQQLGHV� <DQQLV 0� ������� ?+RXVLQJ� RWKHU UHDO HVWDWH� DQG ZHDOWK SRUWIROLRV� $Q
HPSLULFDO LQYHVWLJDWLRQ EDVHG RQ WKH ���� 6XUYH\ RI &RQVXPHU )LQDQFHV�� 5H�
JLRQDO 6FLHQFH DQG 8UEDQ (FRQRPLFV� ����������

-RQHV� /DZUHQFH '� ������� ?&XUUHQW ZHDOWK DQG WHQXUH FKRLFH�� $5(8($ -RXUQDO�
���������

-RQHV� /DZUHQFH '� ������� ?7KH WHQXUH WUDQVLWLRQ GHFLVLRQ IRU HOGHUO\ KRPHRZQHUV��
-RXUQDO RI 8UEDQ (FRQRPLFV� ����������

.L\RWDNL� 1REXKLUR� DQG -RKQ 0RRUH ������� ?&UHGLW F\FOHV�� -RXUQDO RI 3ROLWLFDO
(FRQRP\� �����������

/DPRQW� 2ZHQ� DQG -HUHP\ &� 6WHLQ ������� ?/HYHUDJH DQG KRXVH�SULFH G\QDPLFV LQ
8�6� &LWLHV�� 5$1' -RXUQDO RI (FRQRPLFV� �����������

/LQQHPDQ� 3HWHU� DQG 6XVDQ0� :DFKWHU ������� ?7KH LPSDFWV RI ERUURZLQJ FRQVWUDLQWV
RQ KRPHRZQHUVKLS�� $5(8($ -RXUQDO� �����������

0DOSH]]L� 6WHSKHQ ������� ?$ VLPSOH HUURU FRUUHFWLRQ PRGHO RI KRXVH SULFHV�� -RXUQDO
RI +RXVLQJ (FRQRPLFV� ��������

0DQNLZ� 1� *UHJRU\� DQG 'DYLG 1� :HLO ������� ?7KH EDE\ ERRP� WKH EDE\ EXVW� DQG
WKH KRXVLQJ PDUNHW�� 5HJLRQDO 6FLHQFH DQG 8UEDQ (FRQRPLFV� ����������

0D\HU� &KULVWRSKHU -� ������� ?7D[HV� LQFRPH� GLVWULEXWLRQ� DQG WKH UHDO HVWDWH F\FOH�
:K\ DOO KRXVHV GR QRW DSSUHFLDWH DW WKH VDPH UDWH�� 1HZ (QJODQG (FRQRPLF
5HYLHZ� 0D\�-XQH LVVXH� SS� ������

0HHQ� *HRmUH\ 3� ������� ?7KH PHDVXUHPHQW RI UDWLRQLQJ DQG WKH WUHDWPHQW RI VWUXF�
WXUDO FKDQJH LQ WKH 8. PRUWJDJH PDUNHW�� -RXUQDO RI $SSOLHG (FRQRPHWULFV�
���������

0HJEROXJEH� ,VDDF )�� -DUMLVX 6D�$DGX� DQG -DPHV '� 6KLOOLQJ ������� ?2K� \HV� WKH
HOGHUO\ ZLOO UHGXFH KRXVLQJ HTXLW\ XQGHU WKH ULJKW FLUFXPVWDQFHV�� -RXUQDO RI
+RXVLQJ 5HVHDUFK� �������

0HUULOO� 6DOO\ ������� ?+RPH HTXLW\ DQG WKH HOGHUO\�� LQ 5HWLUHPHQW DQG HFRQRPLF
EHKDYLRU� +� $DURQ DQG *� %XUWOHVV �HGV��� :DVKLQJWRQ� '�&�� %URRNLQJV ,QVWL�
WXWLRQ�

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\ ZLWK FUHGLW FRQVWUDLQWV�� '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� ����������

2UWDOR�0DJQuH� )UDQzFRLV� DQG 6YHQ 5DG\ ������� ?+RXVLQJ WUDQVDFWLRQV LQ (QJODQG DQG
:DOHV� &XUUHQW WUHQG DQG IXWXUH SURVSHFWV�� +RXVLQJ )LQDQFH� ���������

��



3RWHUED� -DPHV 1� ������� ?+RXVH SULFH G\QDPLFV� 7KH UROH RI WD[ SROLF\ DQG GHPRJ�
UDSK\�� %URRNLQJV 3DSHUV RQ (FRQRPLF $FWLYLW\� ����������

6KHLQHU� /RXLVH� DQG 'DYLG :HLO ������� ?7KH KRXVLQJ ZHDOWK RI WKH DJHG�� 1%(5
:RUNLQJ 3DSHU 1R� :�����

6WHLQ� -HUHP\ &� ������� ?3ULFHV DQG WUDGLQJ YROXPH LQ WKH KRXVLQJ PDUNHW� $ PRGHO
ZLWK GRZQ�SD\PHQW HmHFWV�� 4XDUWHUO\ -RXUQDO RI (FRQRPLFV� ������������

8�.� 'HSDUWPHQW RI WKH (QYLURQPHQW� 7UDQVSRUW DQG WKH 5HJLRQV ��������� (QJOLVK
KRXVLQJ VXUYH\� /RQGRQ� 'HSDUWPHQW RI WKH (QYLURQPHQW� 7UDQVSRUW DQG WKH
5HJLRQV�

8�6� %XUHDX RI &HQVXV �YDULRXV \HDUV�� 6WDWLVWLFDO DEVWUDFW RI WKH 8QLWHG 6WDWHV� :DVK�
LQJWRQ� '&� %XUHDX RI &HQVXV�

9HQWL� 6WHYHQ� DQG 'DYLG :LVH ������� ?%XW WKH\ GR QRW ZDQW WR UHGXFH KRXVLQJ
HTXLW\�� LQ ,VVXHV LQ WKH (FRQRPLFV RI $JLQJ� '� :LVH �HG��� &KLFDJR� 8QLYHUVLW\
RI &KLFDJR 3UHVV�

9HQWL� 6WHYHQ� DQG 'DYLG :LVH ������� ?$JLQJ DQG WKH LQFRPH YDOXH RI KRXVLQJ ZHDOWK��
-RXUQDO RI 3XEOLF (FRQRPLFV� �����������

9HQWL� 6WHYHQ� DQG 'DYLG :LVH ������� ?$JLQJ DQG +RXVLQJ (TXLW\�� 1%(5 :RUNLQJ
3DSHU 1R� :�����

:KHDWRQ� :LOOLDP &� ������� ?9DFDQF\� VHDUFK� DQG SULFHV LQ D KRXVLQJ PDUNHW PDWFK�
LQJ PRGHO�� -RXUQDO RI 3ROLWLFDO (FRQRP\� �����������

:KHDWRQ� :LOOLDP &� ������� ?5HDO HVWDWH F\FOHV� 6RPH IXQGDPHQWDOV�� 5HDO (VWDWH
(FRQRPLFV� �����������

=HLUD� -RVHSK ������� ?,QIRUPDWLRQDO RYHUVKRRWLQJ� ERRPV� DQG FUDVKHV�� -RXUQDO RI
0RQHWDU\ (FRQRPLFV� ����������

=RUQ� 3HWHU 0� ������� ?0RELOLW\�WHQXUH GHFLVLRQV DQG nQDQFLDO FUHGLW� 'R PRUWJDJH
TXDOLnFDWLRQ UHTXLUHPHQWV FRQVWUDLQ KRPHRZQHUVKLS"�� $5(8($ -RXUQDO� �����
���

��



Figure 6a: Response to permanent income shock

(Benchmark preference gradient)
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Figure 6b: Response to permanent income shock

(Steeper preference gradient)
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Figure 7a: Markov income process

(Benchmark preference gradient)
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Figure 7b: Markov income process

(Steeper preference gradient)
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Figure 8: US income and housing prices

(Scale adjusted and log transformed)
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