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$EVWUDFW

(QWUHSUHQHXUVKLS PD\ QRW EH JRRG IRU JURZWK� :H VWXG\ WKH UROH
RI HQWUHSUHQHXUVKLS LQ WKH FRQWH[W RI DQ HQGRJHQRXV JURZWK PRGHO�
7KH H[HUFLVH RI HQWUHSUHQHXUVKLS KDV WZR IHDWXUHV LQ RXU PRGHO� �L�
(QWUHSUHQHXUV GR QRW FDUU\ RXW UHVHDUFK� LQVWHDG� WKH\ VHOHFW SURMHFWV
IURP WKH UHVHDUFKHUV� DQG �LL� (QWUHSUHQHXUV
 DELOLW\ OHYHOV DUH KHW�
HURJHQRXV DQG PXWXDOO\ XQREVHUYDEOH� :H nQG WKDW DQ H[RJHQRXV ULVH
LQ WKH QXPEHU RI KLJK DELOLW\ HQWUHSUHQHXUV RU WKHLU DELOLW\ OHYHO PD\
OHDG WR D ORZHU HTXLOLEULXP JURZWK UDWH� 7KLV QHJDWLYH UHODWLRQVKLS LV
FDXVHG E\ WKH UHQW VHHNLQJ HOHPHQW LQ WKH H[HUFLVH RI HQWUHSUHQHXUVKLS�
7KXV RXU nQGLQJ FKDOOHQJHV WKH FRPPRQO\ KHOG EHOLHI WKDW LQQRYDWLYH
HQWUHSUHQHXUVKLS LV UHQW FUHDWLQJ�

� ,QWURGXFWLRQ�

2QH FULWLFLVP RI IRUPDO HFRQRPLF WKHRU\ LV LWV RPLVVLRQ RI WKH HQWUHSUHQHXU��
7KH JHQHULF nUP UHSUHVHQWHG LQ HFRQRPLF WKHRU\ PXVW FKRRVH DPRQJ DOWHU�
QDWLYH YDOXHV IRU D VPDOO QXPEHU RI UDWKHU ZHOO GHnQHG YDULDEOHV OLNH SULFH�
RXWSXW� DQG RFFDVLRQDOO\ D IHZ RWKHUV� ,PSOLFLWO\� WKH PDQDJHPHQW SHUIRUPV
D PDWKHPDWLFDO FDOFXODWLRQ ZKLFK \LHOGV RSWLPDO GHFLVLRQV� 7KH UROH RI WKH
HQWUHSUHQHXU LV UHSODFHG E\ D ZHOO GHnQHG PD[LPL]DWLRQ SUREOHP� VR WKHUH LV
QR URRP IRU HQWHUSULVH RU LQLWLDWLYH� +RZHYHU� LQ UHDOLW\ WKH UDQJH RI SRVVLEOH

e, ZRXOG OLNH WR WKDQN P\ VXSHUYLVRU -RKQ 4XDK IRU PDQ\ KHOSIXO FRPPHQWV DQG
VXJJHVWLRQV�

\8QLYHUVLW\ RI 2[IRUG� (�PDLO� EDRFKXQ�SHQJ#HFRQRPLFV�R[�DF�XN
�6HH� IRU H[DPSOH� 0DFKRYHF ������ DQG .LU]QHU ������ ������
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DFWLRQV RSHQ WR DQ HQWHUSULVLQJ LQGLYLGXDO DUH PXFK ZLGHU WKDQ IHZ YDULDEOHV
DOORZHG WKH LQ D VLPSOH PD[LPL]LQJ PRGHO�
2QH LPPHGLDWH LPSOLFDWLRQ RI WKLV DZDUHQHVV LV UHSUHVHQWHG LQ UHQW�VHHNLQJ

WKHRU\� )URP WKH SRLQW RI YLHZ RI VRFLDO HpFLHQF\� HFRQRPLF DFWLYLWLHV PD\
EH FODVVLnHG XQGHU WZR EURDG FDWHJRULHV� SURGXFWLYH DQG QRQ�SURGXFWLYH DF�
WLYLWLHV� 7\SLFDOO\� DFWLYLWLHV VXFK DV 5	'� ODERXU� DQG IDLU WUDGLQJ XQGHU
QRUPDO PDUNHW FRQGLWLRQV DUH XVXDOO\ FODVVLnHG DV SURGXFWLYH� ZKLOH WKHUH
DUH RWKHU DFWLYLWLHV ZKLFK DUH FODVVLnHG DV QRQ�SURGXFWLYH� VXFK DV nUPV ORE�
E\LQJ IRU SUHIHUHQWLDO WUHDWPHQW IURP WKH JRYHUQPHQW RU SURWHFWLRQ RI LWV
PRQRSRO\ VWDWXV� :KHQ DFWLYLWLHV EULQJ SURnW� SURnW VHHNLQJ LQGLYLGXDOV
FKRRVH WR HQJDJH LQ WKHP HYHQ ZKHQ WKH\ DUH VRFLDOO\ XQSURGXFWLYH� %DX�
PRO������ ����� FRPSDUHG WKH LPSDFW RI GLmHUHQW HFRQRPLF LQVWLWXWLRQV LQ
DQFLHQW 5RPH� 0HGLHYDO &KLQD DQG WKH 'DUN DQG KLJK 0LGGOH $JHV LQ (X�
URSH� +H FRQFOXGHV WKDW HQWUHSUHQHXULDO UHVRXUFHV� L�H�� LQGLYLGXDOV ZKR DUH
HQGRZHG ZLWK LQLWLDWLYH DQG FUHDWLYLW\� H[LVW LQ HYHU\ KLVWRULFDO SHULRG� EXW
HFRQRPLF LQVWLWXWLRQV SURYLGH WKHP ZLWK GLmHUHQW RSSRUWXQLWLHV� 7KHUHIRUH
WKH DOORFDWLRQ RI HQWUHSUHQHXUVKLS EHWZHHQ SURGXFWLYH DQG XQSURGXFWLYH DF�
WLYLWLHV FDQ KDYH D SURIRXQG HmHFW RQ WKH LQQRYDWLYHQHVV RI WKH HFRQRP\ DQG
WKH GHJUHH RI GLVVHPLQDWLRQ RI LWV WHFKQRORJLFDO GLVFRYHULHV� %DXPRO SRLQWV
RXW WKDW WKH QXPEHU RI ODZ\HUV DV D SURSRUWLRQ RI WRWDO SRSXODWLRQ LV PXFK
VPDOOHU LQ -DSDQ WKDQ LQ WKH 8�6�� ZKLOH WKH QXPEHU RI HQJLQHHUV LV PXFK
KLJKHU� 8VLQJ GDWD IURP �� FRXQWULHV� 0XUSK\� 6KOHLIHU DQG 9LVKQ\ ������
WHVWHG WKH %DXPRO
V K\SRWKHVLV� DQG IRXQG WKH UDWH RI HFRQRPLF JURZWK WR EH
SRVLWLYHO\ FRUUHODWHG ZLWK WKH QXPEHU RI HQJLQHHULQJ VWXGHQWV DQG QHJDWLYHO\
FRUUHODWHG ZLWK WKH QXPEHU RI ODZ VWXGHQWV�
,Q WKLV SDSHU ZH WDFNOH WKH IROORZLQJ TXHVWLRQV� :KDW LV WKH LPSOLFDWLRQ RI

LQWURGXFLQJ WKH UROH RI HQWUHSUHQHXUV LQ DQ 5	' EDVHG JURZWK PRGHO" 'RHV
DQ LQFUHDVH LQ WKH QXPEHU RI HQWUHSUHQHXUV DOZD\V LQFUHDVH WKH UDWH RI HFR�
QRPLF JURZWK" ,V HQWUHSUHQHXUVKLS LQ VHHPLQJO\ SURGXFWLYH DFWLYLWLHV DOZD\V
UHQW�FUHDWLQJ� RU DUH WKHUH FLUFXPVWDQFHV ZKHQ HYHQ VXFK HQWUHSUHQHXUVKLS
KDYH UHQW�VHHNLQJ HOHPHQWV LQ WKHP"
2XU nQGLQJV VKRZ WKDW HQWUHSUHQHXUVKLS LV QRW DOZD\V UHQW FUHDWLQJ� )RO�

ORZLQJ 5RPHU ������� ZH FRQVWUXFW D PRGHO ZKHUH HFRQRPLF JURZWK LV HQ�
GRJHQRXVO\ GULYHQ E\ WKH 5	' HmRUWV RI UHVHDUFKHUV� (DFK QHZ LQYHQWLRQ
KDV D FHUWDLQ SUREDELOLW\ RI VXFFHVV� (QWUHSUHQHXUV SXUFKDVH LQYHQWLRQV IURP
UHVHDUFKHUV DQG LPSOHPHQW WKHP IRU SURGXFWLRQ� 0RUH FUXFLDOO\� DJHQWV KDYH
GLmHUHQW HQGRZPHQWV RI HQWUHSUHQHXULDO DELOLWLHV� ZKLFK DUH RQO\ REVHUYDEOH
WR WKHPVHOYHV� :H VKRZ WKDW EHFDXVH KLJK�DELOLW\ HQWUHSUHQHXUV DUH DEOH
WR FRQFHDO WKHLU DELOLW\ OHYHO� WKHLU SDUWLFLSDWLRQ LQ WKH HQWUHSUHQHXULDO VHF�
WRU GULYH GRZQ WKH LQFRPH RI ORZ DELOLW\ HQWUHSUHQHXUV� DQG LQGLUHFWO\ UH�
GXFH WKH RYHUDOO LQFHQWLYH IRU 5	'� 7KXV HYHQ LQ WKH H[HUFLVH RI LQQRYDWLYH
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HQWUHSUHQHXUVKLS WKHUH LV DQ HOHPHQW RI UHQW�VHHNLQJ LQYROYHG� DQG KDYLQJ
D JUHDWHU QXPEHU RI KLJK�DELOLW\ HQWUHSUHQHXUV PD\ LQ IDFW VORZ GRZQ WKH
JURZWK UDWH�
7KH UHPDLQGHU RI WKH SDSHU SURFHHGV DV IROORZV� 6HFWLRQ � GLVFXVVHV WKH

FRQFHSW RI HQWUHSUHQHXUVKLS XVHG LQ RXU PRGHO� 6HFWLRQ � GHVFULEHV WKH EDVLF
VWUXFWXUH RI WKH HFRQRP\� 6HFWLRQ � GHULYHV WKH FRPSHWLWLYH HTXLOLEULXP RI WKH
HFRQRP\� 6HFWLRQ � VWXGLHV WKH HmHFW RI DQ H[RJHQRXV LQFUHDVH LQ WKH QXPEHU
RI KLJK DELOLW\ HQWUHSUHQHXUV RQ WKH JURZWK UDWH� 6HFWLRQ � FRQFOXGHV�

� 6FKXPSHWHULDQ DQG .QLJKWLDQ (QWUHSUHQHXU�

VKLS

,Q HQGRJHQRXV JURZWK WKHRULHV ZKHUH JURZWK LV GULYHQ E\ 5	'� HQWUHSUHQHXUV
DUH SUHVHQW� ,Q ZKDW VHQVH LV RXU QRWLRQ RI HQWUHSUHQHXUV GLmHUHQW IURP ZKDW
LV QRUPDOO\ GHnQHG LQ WKRVH PRGHOV" ,Q RXU PRGHO� HQWUHSUHQHXUVKLS KDV
WKUHH IHDWXUHV� )LUVWO\� HQWUHSUHQHXUV LQ RXU PRGHO DUH QRW LQYROYHG LQ 5	'�
EXW UDWKHU LQ LQYHQWLRQ HYDOXDWLRQ� VHOHFWLRQ DQG LPSOHPHQWDWLRQ� 6HFRQGO\�
DJHQWV KDYH GLmHUHQW OHYHOV RI HQGRZHG HQWUHSUHQHXULDO DELOLW\� DQG WKLUGO\�
DJHQWV
 OHYHO RI HQWUHSUHQHXULDO DELOLW\ DUH PXWXDOO\ XQREVHUYDEOH� ,Q WKLV
VHFWLRQ� ZH VKRZ IURP WKH ZULWLQJV RI VHYHUDO UHFHQW ZULWHUV VXSSRUW IRU WKH
nUVW IHDWXUH� ZH WKHQ VKRZ WKDW WKH VHFRQG DQG WKH WKLUG IHDWXUHV DUH LPSOLFLW
LQ WKH )UDQN .QLJKW
V FRQFHSW RI HQWUHSUHQHXUVKLS�

��� 5HVHDUFK YV� (QWUHSUHQHXUVKLS

7KH 6FKXPSHWHULDQ HQWUHSUHQHXU LQWURGXFHV QHZ SURFHVVHV RI SURGXFWLRQ�
7KH LQQRYDWRU�HQWUHSUHQHXU GLVWXUEV WKH RULJLQDO FLUFXODU oRZ RI SURGXFWLRQ
DQG RI WKH PDUNHW E\ FUHDWLQJ QHZ WHFKQRORJ\� 7KH WHPSRUDU\ WHFKQRORJLFDO
OHDGHUVKLS DOORZV WKH HQWUHSUHQHXU WR PDNH D SURnW� E\ FUHDWLQJ D JDS EHWZHHQ
WKH SULFH RI LQSXW DQG SULFH RI RXWSXW� (QGRJHQRXV JURZWK PRGHOV VXFK DV
5RPHU ������� $JKLRQ DQG +RZLWW ������ DQG *URVVPDQ DQG +HOSPDQ ������
HVVHQWLDOO\ DGRSWV WKLV GHnQLWLRQ� ,Q WKHLU PRGHOV� WKH HQWUHSUHQHXU LV WKH
UHVHDUFKHU� ZKR LQYHQWV QHZ LQWHUPHGLDWH SURGXFWV DQG LV UHZDUGHG ZLWK WKH
SURnW IURP SURGXFLQJ WKH QHZ SURGXFW� ,Q WKLV ZD\ WKH OHYHO RI WHFKQRORJ\
LQ WKH HFRQRP\ JURZV�
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:KLOH HFRQRPLF JURZWK LV LQGHHG FKDUDFWHUL]HG E\ LQQRYDWLYH EHKDYLRXU
DQG WHFKQRORJLFDO DGYDQFHPHQW� FDVXDO REVHUYDWLRQ VXJJHVWV WKDW QRW DOO HQ�
WUHSUHQHXUV ZKR SURnW IURP WKH LQQRYDWLRQV DUH WKH RULJLQDO LQYHQWRUV� 7R EH
LQYROYHG LQ LQYHQWLYH DFWLYLWLHV LV QRW LGHQWLFDO WR WKH H[HUFLVH RI HQWUHSUHQHXU�
VKLS� ,Q HPSKDVL]LQJ WKLV GLmHUHQFH� .LU]QHU ������ ZURWH� ?WKH IXQFWLRQ RI
WKH HQWUHSUHQHXU FRQVLVWV QRW RI VKLIWLQJ WKH FXUYHV RI FRVW RU RI UHYHQXHV
ZKLFK IDFH KLP� EXW RI QRWLFLQJ WKDW WKH\ KDYH LQ IDFW VKLIWHG�� 7KH SUR�
FHVV RI H[SORLWLQJ WKH FRPPHUFLDO EHQHnW RI D QHZ LQYHQWLRQ UHTXLUHV PRUH
WKDQ WHFKQLFDO FRPSHWHQFH� RWKHU DELOLWLHV VXFK DV WKH DELOLW\ WR UHFRJQL]H
WKH GHPDQG� WR PDUNHW D QHZ SURGXFW� WR RUJDQL]H SURGXFWLRQ DUH QR OHVV
LPSRUWDQW� $V 5RVHQEHUJ ������ REVHUYHV�

?WKH XOWLPDWH LPSDFW RI VRPH QHZ WHFKQRORJLFDO FDSDELOLW\ LV
QRW MXVW D PDWWHU RI WHFKQLFDO IHDVLELOLW\ RU LPSURYHG WHFKQLFDO
SHUIRUPDQFH� UDWKHU� LW LV D PDWWHU RI LGHQWLI\LQJ KXPDQ QHHGV LQ
ZD\V� RU LQ FRQWH[WV WKDW KDYH QRW \HW EHHQ DUWLFXODWHG� :KDW LV
FDOOHG IRU LV QRW MXVW HQJLQHHULQJ H[SHUWLVH RU KLJK�TXDOLW\ SURIHV�
VLRQDO DQDO\VLV� EXW LPDJLQDWLRQ� 6RQ\
V :DONPDQ LV DQ H[FHOOHQW
H[DPSOH� 7KH GHVLJQ RI LWV FRPSRQHQW SDUWV UHTXLUHG HQJLQHHULQJ
H[SHUWLVH� WR EH VXUH� %XW PRUH LPSUHVVLYH ZDV WKH LPDJLQDWLYH
OHDS WKDW LGHQWLnHG DQ LPSRUWDQW PDUNHW QLFKH�� �S� ��

7KH DELOLW\ WR UHFRJQL]H SRWHQWLDO GHPDQG� DQG WR PDWFK LW ZLWK DYDLODEOH
WHFKQRORJ\� LV QR OHVV LPSRUWDQW WKDQ PHUH WHFKQLFDO FRPSHWHQFH�
,Q UHDO OLIH LQYHQWRU�HQWUHSUHQHXUV FDQ RQO\ EH UHJDUGHG DV FRLQFLGHQFHV�

*HQHUDOO\� WKH UROH RI WKH LQYHQWRU DQG WKH HQWUHSUHQHXU DUH VHSDUDWH� 5H�
VHDUFKHUV SURGXFH QHZ LQYHQWLRQV� EXW QHZ LQYHQWLRQV E\ WKHPVHOYHV DUH QRW
VXpFLHQW WR JXDUDQWHH FRPPHUFLDO VXFFHVV� (QWUHSUHQHXUV VHOHFW QHZ LQYHQ�
WLRQV IRU LPSOHPHQWDWLRQ� DQG KLV VXFFHVV LQ GRLQJ VR LV D PHDVXUH RI KLV
HQWUHSUHQHXULDO DELOLW\� :KLOH WKH HQWUHSUHQHXU PD\ QRW SURGXFH DQ\ LQYHQ�
WLRQ� KLV ZRUN LV QHYHUWKHOHVV D SDUW RI WKH LQQRYDWLYH SURFHVV�

��� +HWHURJHQHLW\ DQG 0XWXDO 8QREVHUYDELOLW\

$FFRUGLQJ WR .QLJKW ������� SURnW LV WKH UHZDUG IRU EHDULQJ XQFHUWDLQW\� ?,W
LV WKLV WUXH XQFHUWDLQW\ ZKLFK JLYHV WKH FKDUDFWHULVWLF IRUP RI CHQWHUSULVH
 WR
HFRQRPLF RUJDQL]DWLRQ DV D ZKROH DQG DFFRXQWV IRU WKH SHFXOLDU LQFRPH RI
WKH HQWUHSUHQHXU���S������ 7KH SURnW ZRQ E\ DQ\ SDUWLFXODU HQWUHSUHQHXU
GHSHQGV RQ KLV RZQ DELOLW\ DQG JRRG OXFN DV ZHOO DV XSRQ WKH JHQHUDO OHYHO RI
LQLWLDWLYH DQG DELOLW\ RI WKH PDUNHW� 7KLV LV VRPHWLPHV XQGHUVWRRG WKDW SURnW
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LV D UHZDUG IRU ULVN�EHDULQJ� 6HYHUDO UHFHQW VWXGLHV VXFK DV .DQEXU ������ DQG
(YDQV DQG -RYDQRYLF ������ DGRSW WKLV YLHZ� .LKOVWURP DQG /DmRQW ������
WUHDWV WKH .QLJKWLDQ HQWUHSUHQHXU DV D ULVN EHDUHU� DQG FRQVWUXFWV D PRGHO
RI HQWUHSUHQHXUVKLS� ZKHUH DJHQWV FKRRVH EHWZHHQ VXSSO\LQJ ODERXU ZLWKRXW
ULVN� RU EHFRPH DQ HQWUHSUHQHXU DQG RSHUDWLQJ ULVN\ WHFKQRORJ\� ZKLFK LV
DFFHVVLEOH WR DOO DJHQWV�
+RZHYHU� WKH FRQFHSW RI XQFHUWDLQW\ LQ .QLJKW FDQ RIWHQ EH PLVXQGHU�

VWRRG� DV .LU]QHU SRLQWHG RXW�?7KH YHU\ HPSKDVLV RQ XQFHUWDLQW\ LQ WKH
.QLJKWLDQ V\VWHP KDV WHQGHG WR PDVN WKH IDFW WKDW ZKHQ DQ HQWUHSUHQHXU
GRHV HQWHU LQWR DQ DGPLWWHGO\ ULVN\ YHQWXUH KH GRHV VR EHFDXVH KH EHOLHYHV
WKDW� RQ EDODQFH� LW RmHUV DQ DWWUDFWLYH RSSRUWXQLW\�� $FFRUGLQJ WR .LU]QHU�
SURnW LQ WKH .QLJKWLDQ V\VWHP RI HQWUHSUHQHXUVKLS GRHV QRW FRPH IURP ULVN
EHDULQJ LWVHOI� EXW IURP WKH HQWUHSUHQHXU
V DOHUWQHVV WR WKH RSSRUWXQLW\ RI
PDNLQJ D SURnW� EHIRUH RWKHU DJHQWV�
/H5R\ DQG 6LQJHOO� -U� ������ SURSRVHV D GLmHUHQW ZD\ RI LQWHUSUHWLQJ

.QLJKW
V WKHRU\ RI HQWUHSUHQHXUVKLS� 7KH\ DUJXHG LQ .QLJKW
V WKHRU\ SURnW
LV WKH UHZDUG IRU EHDULQJ XQLQVXUDEOH KD]DUGV� 8QFHUWDLQW\ DULVHV EHFDXVH
RI WKH ODFN RI UHFRJQL]DELOLW\ RI D SHUVRQ
V HQWUHSUHQHXULDO DELOLW\� DV .QLJKW
ZURWH�?:H KDYH DVVXPHG���WKDW HDFK PDQ LQ VRFLHW\ NQRZV KLV RZQ SRZHUV DV
HQWUHSUHQHXU� EXW WKDW PHQ NQRZ QRWKLQJ DERXW HDFK RWKHU LQ WKLV FDSDFLW\�
7KH SUHVHQFH RI WUXH SURnW� WKHUHIRUH� GHSHQGV RQ WKH DEVHQFH RI WKH UHT�
XLVLWH RUJDQL]DWLRQ IRU FRPELQLQJ D VXpFLHQW QXPEHU RI LQVWDQFHV WR VHFXUH
FHUWDLQW\ WKURXJK FRQVROLGDWLRQ�� �.QLJKW DV TXRWHG LQ /H5R\ DQG 6LQJHOO�
-U�������� 7KH .QLJKWLDQ HQWUHSUHQHXU H[LVWV EHFDXVH WKHUH LV DQ DGYHUVH VH�
OHFWLRQ SUREOHP DERXW WKH TXDOLW\ RI WKH HQWUHSUHQHXUV� DQG WKH SRWHQWLDO
LQVXUDQFH PDUNHW IRU WKH RXWFRPH RI HQWUHSUHQHXUVKLS EUHDNV GRZQ� (Q�
WUHSUHQHXUVKLS LV QRW VXSSOLHG DV RWKHU IDFWRUV RI SURGXFWLRQ� IRU LW LV WKH
HQWUHSUHQHXUV KLPVHOI� DQG QRW DQ\RQH HOVH� WKDW EHDUV WKH CXOWLPDWH UHVSRQ�
VLELOLW\
�
)URP WKLV SHUVSHFWLYH� .LKOVWURP DQG /DmRQW
V PRGHO RI HQWUHSUHQHXUVKLS

GLmHUV IURP .QLJKWLDQ HQWUHSUHQHXUVKLS LQ DW OHDVW WZR UHVSHFWV� )LUVWO\� DV
WKH\ DFNQRZOHGJH� WKHLU PRGHO RQO\ UHSUHVHQW D VSHFLDO FDVH RI .QLJKW
V YLHZ
EHFDXVH WKH\ DVVXPH WKDW DOO LQGLYLGXDOV DUH HTXDO LQ WKHLU DELOLW\� ZKLOH
.QLJKW HPSKDVL]HV DELOLW\ GLmHUHQFHV LQ KLV GHnQLWLRQ RI WKH HQWUHSUHQHXU�
�S����� 6HFRQGO\� LQ WKHLU PRGHO� WKH H[WHQW RI ULVNV DUH FRPPRQO\ REVHUY�
DEOH DQG WKHUHIRUH LQVXUDEOH� ZKLOH WKH .QLJKWLDQ HQWUHSUHQHXUV EHDU XQLQ�
VXUDEOH ULVNV� $V /H5R\ DQG 6LQJHOO -U� VXJJHVWV� WKH .QLJKWLDQ WKHRU\ RI
HQWUHSUHQHXUVKLS LV RQO\ SRVVLEOH ZKHQ WKH WZR IHDWXUHV RI HQWUHSUHQHXULDO
DELOLW\� KHWHURJHQHLW\ DQG PXWXDO XQREVHUYDELOLW\� DUH SUHVHQW�
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� %DVLF 6WUXFWXUH RI WKH (FRQRP\

:H FRQVWUXFW D PRGHO EDVHG RQ D FRPELQDWLRQ RI WKH .QLJKWLDQ DQG WKH
6FKXPSHWHULDQ FRQFHSW RI HQWUHSUHQHXUVKLS� ,Q WKLV VHFWLRQ ZH GHVFULEH WKH
HQYLURQPHQW RI RXU PRGHO� 2XU PRGHO LV EDVHG RQ 5RPHU ������� VRPH RI
WKH EDVLF DVVXPSWLRQV RI RXU PRGHO DUH WKH VDPH DV LQ WKH 5RPHU
V PRGHO�

��� &RQVXPSWLRQ

&RQVLGHU DQ HFRQRP\ SRSXODWHG E\ 1 DJHQWV� ZKRVH DLP LV WR PD[LPL]H WKH
H[SHFWHG YDOXH RI D GLVFRXQWHG VXP RI VLQJOH SHULRG XWLOLWLHV� 7KH XWLOLW\
IXQFWLRQ RI D UHSUHVHQWDWLYH FRQVXPHU WDNHV WKH IROORZLQJ IXQFWLRQDO IRUP�
ZKHUH &W LV WKH FRQVXPSWLRQ DW WLPH W DQG LV WKH GLVFRXQW IDFWRU� LV D SRVLWLYH
FRQVWDQW� WKH HODVWLFLW\ RI VXEVWLWXWLRQ IRU WKLV XWLOLW\ IXQFWLRQ LV FRQVWDQW DW
� } �
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ZKHUH &W LV WKH FRQVXPSWLRQ DW WLPH W DQG | LV WKH GLVFRXQW IDFWRU� } LV
D SRVLWLYH FRQVWDQW� WKH HODVWLFLW\ RI VXEVWLWXWLRQ IRU WKLV XWLOLW\ IXQFWLRQ LV
FRQVWDQW DW � } �

��� 3URGXFWLRQ

7KH HFRQRP\ XVHV ODERXU DQG PDQ\ LQWHUPHGLDWH JRRGV WR SURGXFH D nQDO
JRRG� 7KH QXPEHU RI LQWHUPHGLDWH JRRGV LV XVXDOO\ LQWHUSUHWHG DV WKH OHYHO
RI VSHFLDOL]DWLRQ� DQG FDQ EH LQFUHDVHG WKURXJK UHVHDUFK DQG GHYHORSPHQW�
$JJUHJDWH RXWSXW DW WLPH W LV JLYHQ E\�

<W  /�bm
�W

= $W
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LWGL

ZKHUH /�W LV WKH DPRXQW RI ODERXU XVHG LQ WKH SURGXFWLRQ RI WKH nQDO JRRG
DW WLPH W� ;LWLV LQSXW RI WKH LQWHUPHGLDWH JRRG L� DQG $W WKH H[LVWLQJ DPRXQW
RI NQRZQ LQWHUPHGLDWH JRRGV� 8QOLNH 5RPHU
V PRGHO� ZH PDNH QR GLVWLQFWLRQ
EHWZHHQ ODERXU DQG KXPDQ FDSLWDO� 7KH VHFWRU SURGXFLQJ WKH nQDO SURGXFW

�



LV SHUIHFWO\ FRPSHWLWLYH� WKH SULFH IRU WKH LQWHUPHGLDWH JRRGV DQG WKH ZDJH
IRU ODERXU HTXDO WKHLU UHVSHFWLYH PDUJLQDO SURGXFWLYLW\� ,Q WKH PDUNHW IRU
LQWHUPHGLDWH SURGXFWV� D VXFFHVVIXO LQQRYDWLRQ JHQHUDWHV D SURnW VWUHDP IRU
DOO VXEVHTXHQW WLPH� SURnW� VHHNLQJ DJHQWV DUH DWWUDFWHG LQWR WKH LQQRYDWLRQ
VHFWRU� DQG LQ HTXLOLEULXP WKHUH ZLOO EH VXVWDLQHG HFRQRPLF JURZWK�
$V LQ 5RPHU
V PRGHO� LQWHUPHGLDWH JRRGV DUH SURGXFHG XVLQJ FDSLWDO

DORQH� &DSLWDO .W LV WKH PHDVXUH RI FXPXODWLYH IRUJRQH RXWSXW� $VVXP�
LQJ� DV ZH GR� WKDW WKHUH LV QR GHSUHFLDWLRQ� WKHQ .W HYROYHV DFFRUGLQJ WR WKH
UXOH�

B.W  <W b &W

,W WDNHV RQH XQLW RI IRUHJRQH FRQVXPSWLRQ WR FUHDWH RQH XQLW RI DQ\ W\SH
RI GXUDEOH� WKH PHDVXUH RI .W LV UHODWHG WR WKH GXUDEOH JRRG WKDW DUH DFWXDOO\
XVHG LQ SURGXFWLRQ E\ WKH UXOH�

.W  

= $W

�

;LWGL

:KHQ DOO nUPV SURGXFLQJ LQWHUPHGLDWH JRRGV DUH SURGXFLQJ WKH VDPH
DPRXQW RI RXWSXW ;� DQG WKH LQWHUHVW UDWH LV UW� WKHQ LQWHUPHGLDWH nUPV
 FRVW
LV UW;�

��� 2FFXSDWLRQ &KRLFHV

+HUH ZH LQWURGXFH WKH UROH RI WKH HQWUHSUHQHXUV� 7KHUH DUH WKUHH SRVVLEOH RF�
FXSDWLRQV LQ WKH HFRQRP\� ZRUNHUV� UHVHDUFKHUV DQG HQWUHSUHQHXUV� :RUNHUV
VXSSO\ WKHLU HQGRZHG XQLW RI ODERXU� DQG UHVHDUFKHUV SURGXFH QHZ LQYHQWLRQV
WR VHOO WKHP LQ WKH PDUNHW IRU LQYHQWLRQV� 1RW DOO QHZ LQYHQWLRQV FDQ EH
VXFFHVVIXOO\ LPSOHPHQWHG� HQWUHSUHQHXUV XVH WKHLU HQGRZHG HQWUHSUHQHXULDO
DELOLW\ WR VHOHFW IURP WKH LQYHQWLRQ PDUNHW DQG LPSOHPHQW WKHP� :H FDOO
WKLV WKH LQQRYDWLRQ SURFHVV� ,Q PDNLQJ WKHVH DVVXPSWLRQV ZH GLmHU IURP WKH
5RPHU PRGHO� :KLOH WKH ZRUNHUV DQG WKH LQYHQWRUV LQ RXU PRGHO FRUUHVSRQG
WR WKH ZRUNHUV DQG HQWUHSUHQHXUV LQ WKH 5RPHU PRGHO� RXU PRGHO VHSDUDWHV
WKH WDVNV RI LQYHQWLRQ DQG HQWUHSUHQHXULDO VHOHFWLRQ� 7KH RXWFRPH RI LP�
SOHPHQWLQJ HDFK QHZ LQYHQWLRQ LV XQFHUWDLQ� DQG WKH HQWUHSUHQHXU EHDUV WKH
XOWLPDWH UHVSRQVLELOLW\ IRU WKH LPSOHPHQWDWLRQ�
:H IXUWKHU DVVXPH� GXH WR OLPLWDWLRQ RI WLPH RU HQHUJ\� WKDW HDFK LQGL�

YLGXDO PD\ RQO\ HQWHU LQWR RQH RI WKHVH VHFWRUV� ,Q SDUWLFXODU� WR H[HUFLVH
HQWUHSUHQHXULDO DOHUWQHVV LV DV HQHUJ\ FRQVXPLQJ DV RWKHU RFFXSDWLRQV� $Q

�



DJHQW ZKR KDV FKRVHQ WR VXSSO\ ODERXU DV D ZRUNHU RU UHVHDUFKHU LV XQDEOH WR
H[HUFLVH KLV HQGRZHG HQWUHSUHQHXULDO DELOLW\� ,W IROORZV WKDW UHVHDUFKHUV KDYH
QR VSHFLDO LQIRUPDWLRQ DERXW WKH TXDOLW\ RI WKHLU RZQ LQYHQWLRQV� QRU LV LW
SRVVLEOH IRU WKHP WR LPSOHPHQW WKHLU RZQ LQYHQWLRQV�

��� 7KH ([HUFLVH RI (QWUHSUHQHXUVKLS

$Q HQWUHSUHQHXU VHOHFWV QHZ LQYHQWLRQV IURP WKH LQYHQWLRQ PDUNHW� SXUFKDVHV
WKH LQYHQWLRQ DQG LPSOHPHQWV WKHP IRU SURGXFWLRQ� 1RW DOO LQYHQWLRQV DUH
JRRG DQG RQO\ JRRG LQYHQWLRQV FDQ EH VXFFHVVIXOO\ LPSOHPHQWHG� 7KH DELO�
LW\ OHYHO RI DQ HQWUHSUHQHXU LV LQGLFDWHG E\ KLV DFFXUDF\ LQ LGHQWLI\LQJ JRRG
LQYHQWLRQV�
7KHUH DUH WZR W\SHV RI DJHQWV� W\SH � DQG W\SH �� ZKR DUH LGHQWLFDO WR

HDFK RWKHU LQ HYHU\ DVSHFW H[FHSW HQGRZHG OHYHO RI HQWUHSUHQHXULDO DELOLW\�
/HW 0 GHQRWH WKH WRWDO QXPEHU RI QHZ LQYHQWLRQV� RI ZKLFK RQO\ D VXEVHW
6� DUH JRRG� :H DVVXPH WKDW WKHUH DUH E�0 LQYHQWLRQV LQ 6�� 7\SH � DJHQWV
FKRRVH IURP D VXE�VHW 6�ZKLFK FRQWDLQV E�0 LQYHQWLRQV� DQG LJQRUH DOO RWKHU
LQYHQWLRQV� W\SH � IURP D VXEVHW 6�� ZKLFK FRQWDLQV E�0 LQYHQWLRQV� :H
DVVXPH�
��� � E� � E� � E� � �
��6� | 6� | 6�

7KH nUVW DVVXPSWLRQ VWDWHV ERWK W\SHV RI HQWUHSUHQHXUV FDQ PDNH PLV�
WDNHV LQ VHOHFWLQJ LQYHQWLRQV� DQG D W\SH � PDNHV PRUH PLVWDNHV WKDQ D
W\SH � HQWUHSUHQHXU� WKH VHFRQG DVVXPSWLRQ VWDWHV WKDW DOO LQYHQWLRQV FRQ�
VLGHUHG ZRUWKOHVV E\ HLWKHU W\SHV RI HQWUHSUHQHXUV DUH EDG LQYHQWLRQV� DQG
UXOHV RXW WKH FDVH WKDW D W\SH � HQWUHSUHQHXU PDNHV D PLVWDNH WKDW D W\SH �
HQWUHSUHQHXU ZRXOG QRW PDNH�

��� 7HFKQRORJLFDO ,PSURYHPHQW

/HW0W GHQRWH WKH QXPEHU RI QHZ LQYHQWLRQV SURGXFHG E\ UHVHDUFKHUV DW WLPH
W� WKH YDOXH RI 0W GHSHQGV SRVLWLYHO\ RQ WKH QXPEHU RI UHVHDUFKHUV� /�W � DQG
WKH VWDWH RI JHQHUDO NQRZOHGJH� $W � DV LQ WKH 5RPHU PRGHO�

0W  p/�W$W� p ! �

7KLV UHVHDUFK RXWSXW IXQFWLRQ LV ZLGHO\ XVHG LQ 5 	 ' EDVHG HQGRJHQRXV
JURZWK PRGHOV� p LV D FRQVWDQW� HDFK UHVHDUFKHU SURGXFH p$W RI LQYHQWLRQV� VR

�



UHVHDUFK SURGXFWLYLW\ ULVH ZLWK WKH OHYHO RI WHFKQRORJ\� 7RWDO QXPEHU RI LQ�
YHQWLRQV LV MXVW WKH VXP RI DOO LQYHQWLRQV SURGXFHG E\ UHVHDUFKHUV� ,Q 5RPHU
V
PRGHO� DOO LQYHQWLRQV FDQ EH LPSOHPHQWHG� KHUH ZH DVVXPH RQO\ VRPH LQYHQ�
WLRQV DUH JRRG� DQG RQO\ JRRG LQYHQWLRQV FDQ EH VXFFHVVIXOO\ LPSOHPHQWHG�
$OO HQWUHSUHQHXUV SXUFKDVH WKH ULJKW WR XVH WKH LQYHQWLRQV IURP UHVHDUFKHUV�

$V UHVHDUFKHUV DUH XQDEOH WR REVHUYH WKH DELOLW\ RI WKH HQWUHSUHQHXUV� WKH SULFH
IRU LQYHQWLRQV PXVW EH XQLIRUP ZLWKLQ HDFK WLPH SHULRG� /HW SW GHQRWH WKH
SULFH RI D LQYHQWLRQ DW WLPH W� gWWKH SURnW IURP D VXFFHVVIXO LQQRYDWLRQ� DQG
UW WKH PDUNHW UDWH RI LQWHUHVW� 7KHQ gW UW ZRXOG EH WKH SUHVHQW GLVFRXQWHG
YDOXH RI HDFK VXFFHVVIXOO\ LPSOHPHQWHG LQYHQWLRQ� /HW ELW GHQRWH WKH VXFFHVV
UDWH IRU W\SH L HQWUHSUHQHXUV� L  �� �� 7KHQ ELWgW UW b SW LV WKH H[SHFWHG
LQFRPH DQ HQWUHSUHQHXU HDUQV RQ HDFK LQYHQWLRQ SXUFKDVHG IURP LQYHQWLRQ
PDUNHW�
:H DVVXPH WKDW RQO\ LQYHQWLRQV ZKLFK KDYH EHHQ VXFFHVVIXOO\ LPSOH�

PHQWHG FRQWULEXWH WR WKH JURZWK RI WHFKQRORJ\� ,Q SDUWLFXODU� ZH DVVXPH
WKDW B$W s ,W� ZKHUH ,W LV WKH QXPEHU RI JRRG LQYHQWLRQV LPSOHPHQWHG� ,I
DOO JRRG LQYHQWLRQV DUH LPSOHPHQWHG� ZKLFK LV WKH FDVH LQ RXU VWHDG\ VWDWH
HTXLOLEULXP� WKH UDWH RI WHFKQRORJLFDO JURZWK DW WLPH W ZLOO WKHQ EH GHVFULEHG
E\ WKH HTXDWLRQ��

B$W

$W

 
E�0W

$W

 E�p/�W

,Q RUGHU WR REWDLQ VWDWLRQDU\ JURZWK HTXLOLEULXP LQ RXU PRGHO� ZH DVVXPH
WKH HQWUHSUHQHXU
V FDSDELOLW\ RI VHWWLQJ XS nUPV DOVR LQFUHDVHV OLQHDUO\ ZLWK
WKH DJJUHJDWH NQRZOHGJH $W� 0RUH VSHFLnFDOO\� DW W� HDFK HQWUHSUHQHXU LV
DEOH WR LPSOHPHQW $W QHZ LQYHQWLRQV� ,Q WKLV ZD\� DV ZH ZLOO VHH� WKH UDWLR RI
HQWUHSUHQHXUV WR UHVHDUFKHUV LQ HTXLOLEULXP LV FRQVWDQW�

�$OWHUQDWLYHO\� ZH FDQ DVVXPH WKH IUXLWIXOQHVV RI UHVHDUFK GHSHQG RQ WKH QXPEHU RI
LQYHQWLRQV WKDW LV LQ H[LVWHQFH� UDWKHU WKDQ WKH FXUUHQW OHYHO RI WHFKQRORJ\�

B0W  p/�W0W

,Q VWDWLRQDU\ HTXLOLEULXP� WKH OHYHO RI WHFKQRORJ\ $ ZLOO EH D FRQVWDQW PXOWLSOH RI WKH
QXPEHU RI LQYHQWLRQV� 0� $ WKHQ HYROYH DFFRUGLQJ WR�

B$

$
 E�

�
p/�

ZKLFK LV WKH UDWH RI JURZWK ZH XVHG LQ RXU PRGHO� PXOWLSOLHG E\ E�� 7KLV FKDQJH RI
VSHFLnFDWLRQ GR QRW FKDQJH RXU UHVXOW TXDOLWDWLYHO\�

�



��� ,QYHQWLRQ 0DUNHW (TXLOLEULXP

7KH HFRQRP\ KDV D SRSXODWLRQ 1 RI DJHQWV� He
�
RI WKHVH DJHQWV DUH HQGRZHG

ZLWK KLJK DELOLW\� LI WKH\ HQWHU WKH HQWUHSUHQHXULDO VHFWRU� WKH\ EHFRPH W\SH
� HQWUHSUHQHXUV� WKH UHVW RI WKH SRSXODWLRQ FDQ RQO\ EHFRPH W\SH � HQ�
WUHSUHQHXUV LI WKH\ FKRRVH WKH HQWUHSUHQHXULDO VHFWRU�
:H DVVXPH WKHUH LV IXOO HPSOR\PHQW LQ WKH HFRQRP\� WKLV PHDQV�

1  /�W � /�W � H�W � H�W

ZKHUH /�W DQG /�W DUH QXPEHUV RI ZRUNHU DQG UHVHDUFKHU DW W UHVSHFWLYHO\�
H�W DQG H�W DUH WKH QXPEHU HQWUHSUHQHXUV EHORQJLQJ WR WKH W\SHV � DQG ��
:H DVVXPH WKDW W\SH � HQWUHSUHQHXUV VHOHFW LQYHQWLRQV EHIRUH W\SH � HQ�

WUHSUHQHXUV�� :KHQ D W\SH � HQWUHSUHQHXU HQWHUV LQWR WKH LQYHQWLRQ PDUNHW�
WKH SURSRUWLRQ RI JRRG LQYHQWLRQV DPRQJ DOO LQYHQWLRQV LV E�� WKXV KLV SURED�
ELOLW\ RI VXFFHVV LV�

E�W s E�  
E�

Ee
�

7KH YDOXH RI E�W ULVHV DV Ee
�
EHFRPHV VPDOOHU� WKLV PHDQV WKH PRUH EDG

LQYHQWLRQV HQWUHSUHQHXUV DUH DEOH WR UHMHFW� WKH PRUH DFFXUDWH LV WKH WKHLU
VHOHFWLRQ DFFXUDF\�
:KHQ W\SH � HQWUHSUHQHXUV FRPH WR WKH LQYHQWLRQ PDUNHW� WKH SURSRUWLRQ

RI JRRG LQYHQWLRQV LQ WKH LQYHQWLRQ PDUNHW ZRXOG WKHQ EH ORZHU WKDQ E�� DQG
WKLV DmHFWV WKH VXFFHVV SUREDELOLW\ RI WKH W\SH � HQWUHSUHQHXUV� 'HnQLQJ %W s
0W $W� ZH FDQ FDOFXODWH WKH VXFFHVV SUREDELOLW\ RI WKH W\SH � HQWUHSUHQHXUV
DV�

E�W  
E�%W$W b E�WH�W$W

Ee
�
%W$W b H�W$W

 
E�%W b E�WH�W

Ee
�
%W b H�W

���

,Q WKH QXPHUDWRU RI WKH H[SUHVVLRQ LQ WKH PLGGOH� WKH WHUP E�%W$W UHS�
UHVHQWV WKH QXPEHU RI JRRG LQYHQWLRQV LQ DOO LQYHQWLRQV VXSSOLHG E\ WKH UH�
VHDUFKHUV� 2I WKH H�W$W LQYHQWLRQV ERXJKW E\ W\SH � HQWUHSUHQHXUV� D SUR�
SRUWLRQ E�W DUH JRRG LQYHQWLRQV� VR WKH QXPHUDWRU DV D ZKROH UHSUHVHQWV WKH

�7KLV DVVXPSWLRQ LQ IDFW PDNHV LW SRVVLEOH IRU UHVHDUFKHUV WR GLVWLQJXLVK W\SH � DQG � HQ�
WUHSUHQHXUV E\ REVHUYLQJ ZKHQ WKH\ FRPH WR WKH LQYHQWLRQ PDUNHW� WKHUHIRUH XQGHUPLQLQJ
WKH DVVXPSWLRQ RI VLQJOH LQYHQWLRQ SULFH� ZKLFK LV FUXFLDO WR RXU UHVXOW� ,Q $SSHQGL[ � ZH
SUHVHQW D FDVH ZKHUH UHVHDUFKHUV DUH QRW DEOH WR GLVWLQJXLVK WKH WZR W\SHV RI HQWUHSUHQHXUV�
ZKLOH KDYLQJ LGHQWLFDO DQDO\WLFDO UHVXOW DV WKH FDVH ZH SUHVHQW KHUH�

��



QXPEHU RI JRRG LQYHQWLRQV OHIW DIWHU W\SH � HQWUHSUHQHXUV KDG PDGH WKHLU
FKRLFH� ,Q WKH GHQRPLQDWRU� Ee

�
%W$W UHSUHVHQWV WKH QXPEHU RI LQYHQWLRQV RULJ�

LQDOO\ LQ WKH LQYHQWLRQ PDUNHW ZKLFK W\SH � DJHQWV GR QRW UHJDUG DV EHLQJ
ZRUWKOHVV� QRZ WKH H�W$W LQYHQWLRQV VHOHFWHG E\ W\SH � HQWUHSUHQHXUV DUH DOO
FRQWDLQHG LQ WKLV VHW� WKXV WKH GHQRPLQDWRU UHSUHVHQWV WKH QXPEHU RI LQYHQ�
WLRQV W\SH � HQWUHSUHQHXUV GR QRW UHJDUG ZRUWKOHVV� DIWHU W\SH � DJHQWV KDYH
DOUHDG\ PDGH WKHLU FKRLFHV� $V E�W LV JUHDWHU WKDQ E�� LW FDQ EH VKRZQ WKDW
WKH H[SUHVVLRQ IRU E�W LV OHVV E� E

e

�
� ZKLFK LV WKH VXFFHVV UDWH RI WKH W\SH � HQ�

WUHSUHQHXUV LI WKH\ ZHUH WR FKRRVH EHIRUH W\SH � HQWUHSUHQHXUV� 7KLV PHDQV
WKDW W\SH � HQWUHSUHQHXUV UHGXFH WKH VXFFHVV UDWH RI W\SH � HQWUHSUHQHXUV E\
FKRRVLQJ EHIRUH W\SH WKHP�
,Q WKH H[SUHVVLRQ DERYH� WKH VXFFHVV UDWH RI WKH W\SH � HQWUHSUHQHXUV

GHFUHDVHV ZLWK E�� 7KLV LV HDV\ WR XQGHUVWDQG� W\SH � HQWUHSUHQHXUV UHGXFH
WKH SURSRUWLRQ RI KLJK�TXDOLW\ LQYHQWLRQ IURP WKH VHW WKDW LV QRW UHJDUGHG DV
ZRUWKOHVV E\ W\SH � HQWUHSUHQHXUV� WKHUHIRUH� WKH KLJKHU WKHLU DELOLW\ LV� WKH
PRUH GLVWRUWLRQ WKH\ FDXVH IRU WKH W\SH � HQWUHSUHQHXUV� 2Q WKH RWKHU KDQG�
WKH VXFFHVV UDWH RI W\SH � HQWUHSUHQHXUV LQFUHDVHV ZLWK %W� WKH JUHDWHU LV WKH
WRWDO VXSSO\ RI LQYHQWLRQ� WKH OHVV GLVWRUWLRQ W\SH � HQWUHSUHQHXUV FDQ FDXVH�

��� (TXLOLEULXP 6XSSO\ RI ,QYHQWLRQV

+RZ PDQ\ LQYHQWLRQV DUH VXSSOLHG LQ HDFK SHULRG" 6XSSRVH WKHUH LV H[FHVV
VXSSO\ RI �GHPDQG IRU� LQYHQWLRQV� SULFH IRU LQYHQWLRQ IDOOV �ULVHV�� LQFRPH RI
UHVHDUFKHUV IDOOV �ULVHV� UHODWLYH WR RWKHU VHFWRUV� QRZ DV DJHQWV DUH IUHH WR
FKRRVH EHWZHHQ DOO WKUHH VHFWRUV� OHVV �PRUH� DJHQWV ZLOO FKRRVH WKH UHVHDUFK
VHFWRU� OHDGLQJ WR OHVV �JUHDWHU� VXSSO\ RI LQYHQWLRQV� WKHUHIRUH WKH PDUNHW IRU
LQYHQWLRQV PXVW FOHDU DV ORQJ DV DJHQWV DUH IUHH WR FKRRVH DQ\ VHFWRU RI WKH
HFRQRP\� 7KLV GRHV QRW PHDQ DOO LQYHQWLRQV DUH ERXJKW� VLQFH D SURSRUWLRQ
�b Ee

�
RI WKH WRWDO LQYHQWLRQV DUH UHJDUGHG DV ZRUWKOHVV E\ DOO HQWUHSUHQHXUV

DQG ZLOO QRW EH ERXJKW� 0DUNHW FOHDULQJ PHDQV DIWHU LQYHQWLRQ VHOHFWLRQ� DOO
HQWUHSUHQHXUV DUH DEOH WR nQG HQRXJK LQYHQWLRQV ZKLFK VDWLVI\ WKHLU UHTXLUH�
PHQW� DQG DOO LQYHQWLRQV WKDW DUH QRW ERXJKW DUH NQRZQ WR EH ZRUWKOHVV WR
HQWUHSUHQHXUV� VR WKHUH LV QR LQFHQWLYH IRU DQ\ UHVHDUFKHUV WR ORZHU WKH SULFH
LQ RUGHU WR VHOO WKH LQYHQWLRQV�
$V W\SH � HQWUHSUHQHXUV VHOHFW LQYHQWLRQV DIWHU W\SH � HQWUHSUHQHXUV�

ZKR RQO\ VHOHFW LQYHQWLRQV ZKLFK DUH QRW FRQVLGHUHG ZRUWKOHVV E\ W\SH �
HQWUHSUHQHXUV� WKH HTXLOLEULXP FRQGLWLRQ LQ WKH PDUNHW IRU LQYHQWLRQV FDQ EH
FKDUDFWHUL]HG E\�

Ee
�
%W$W b H�W$W  H�W$W

��



7KH OHIW KDQG VLGH UHSUHVHQW WKH QXPEHU RI LQYHQWLRQV OHIW LQ WKH PDU�
NHW ZKLFK W\SH � HQWUHSUHQHXUV GR QRW UHJDUG DV ZRUWKOHVV� DIWHU W\SH � HQ�
WUHSUHQHXUV KDYH VHOHFWHG WKHLU LQYHQWLRQV� LQ RWKHU ZRUGV� LW LV WKH HmHFWLYH
VXSSO\ RI LQYHQWLRQV WR W\SH � HQWUHSUHQHXUV� 7KH ULJKW KDQG VLGH UHSUHVHQWV
WRWDO QXPEHU RI LQYHQWLRQV W\SH � HQWUHSUHQHXUV DUH FDSDEOH RI KDQGOLQJ�
RU� GHPDQG IRU LQYHQWLRQV E\ W\SH � HQWUHSUHQHXUV� 5HDUUDQJLQJ WKH DERYH
H[SUHVVLRQ DQG VROYH IRU %W� ZH REWDLQ�

%W  
H�W � H�W

Ee
�

���

6XEVWLWXWLQJ ��� LQWR ���� W\SH � HQWUHSUHQHXUV
 SUREDELOLW\ RI VXFFHVV LV
QRZ�

E�W  
E�

Ee
�

|
�b H�W

H�W

t
Ee
�

Ee
�

b �
u}

���

%\ GHnQLWLRQ� Ee
�
LV JUHDWHU WKDQ Ee

�
� VR WKH WHUP LQ WKH URXQGHG EUDFNHWV

RQ WKH ULJKW KDQG VLGH LV SRVLWLYH� 7KLV LPSOLHV WKH WHUP LQ WKH EUDFHV LV
OHVV WKDQ RQH�� VR WKH YDOXH RI WKH H[SUHVVLRQ RQ WKH ULJKW KDQG VLGH LV OHVV
WKDQ E� E

e

�
� 1RZ E� E

e

�
LV WKH VXFFHVV UDWH RI W\SH � HQWUHSUHQHXUV LI QR W\SH

� HQWUHSUHQHXUV DUH SUHVHQW� WKXV WKH H[SUHVVLRQ VKRZV WKH SUHVHQFH RI W\SH
� HQWUHSUHQHXUV UHGXFHV WKH VXFFHVV UDWH RI W\SH � HQWUHSUHQHXUV� WKH GHJUHHV
RI ZKLFK LV GHSHQGHQW RQ H� H��
7KH YDOXH RI E�W LQFUHDVHV LQ H�W DQG Ee

�
� GHFUHDVHV LQ H�W DQG Ee

�
� 7KLV

PHDQV WKHUH LV FRPSOHPHQWDU\ HmHFW EHWZHHQ W\SH � HQWUHSUHQHXUV� WKH PRUH
RUGLQDU\ HQWUHSUHQHXUV WKHUH LV� DQG�RU WKH KLJKHU LV WKHLU DELOLW\� WKH OHVV LV
WKH PDJQLWXGH RI QHJDWLYH HmHFW IURP W\SH � HQWUHSUHQHXUV� 2Q WKH RWKHU
KDQG� WKH PRUH W\SH � HQWUHSUHQHXUV WKHUH LV� DQG�RU WKH KLJKHU LV WKHLU
DELOLW\� WKH PRUH QHJDWLYH HmHFW WKH\ KDYH RQ W\SH � HQWUHSUHQHXU
V VXFFHVV
UDWH� :H FDOO WKLV WKH FRPSHWLWLRQ HmHFW EHWZHHQ HQWUHSUHQHXUV RI GLmHUHQW
DELOLWLHV�

� 6WHDG\ 6WDWH (TXLOLEULXP

:H GHULYH WKH VWHDG\ VWDWH HTXLOLEULXP RI WKH HFRQRP\ LQ WKLV VHFWLRQ� :KHQ
WKH HFRQRP\ LV LQ VWHDG\ VWDWH HTXLOLEULXP� WKH QXPEHU RI DJHQWV LQ HDFK RI

�:H QHHG WKLV YDOXH WR EH SRVLWLYH DV ZHOO� VLQFH E�W LV WKH VXFFHVV UDWH RI W\SH �
HQWUHSUHQHXUV� ZKRVH LQFRPH PXVW EH SRVLWLYH� WKLV UHTXLUHV WKH YDOXH RI H�W WR EH QRW WRR
VPDOO UHODWLYH WR WKH YDOXH RI H�W� ,W WXUQV RXW WKDW SURYLGHG WKH PRGHO KDV D VROXWLRQ� WKLV
FRQGLWLRQ LV VDWLVnHG�

��



WKH VHFWRUV LV FRQVWDQW� 7KH OHYHO RI WHFKQRORJ\ JURZV DW D FRQVWDQW UDWH� DQG
DOO RWKHU VWRFN YDULDEOHV LQFOXGLQJ FRQVXPSWLRQ� VDYLQJ� RXWSXW DQG FDSLWDO
JURZV DW WKH VDPH UDWH DV WHFKQRORJ\� 7KH UDWH RI LQWHUHVW� LQYHQWLRQ SULFH DQG
WKH SUHVHQW GLVFRXQWHG YDOXH RI HDFK VXFFHVVIXO LQQRYDWLRQ DUH DOO FRQVWDQW�
,Q SULQFLSOH� DOO DJHQWV FDQ FKRRVH WR EHFRPH ZRUNHU� UHVHDUFKHU RU HQ�

WUHSUHQHXU� +RZHYHU� LQ WKLV SDSHU ZH IRFXV RQ WKH FDVH ZKHUH DOO W\SH �
DJHQWV EHFRPH HQWUHSUHQHXUV� ZKLOH W\SH � DJHQWV FKRRVH EHWZHHQ WKH WKUHH
VHFWRUV� ,Q SDUWLFXODU� ZH IRFXV RQ WKH FDVH ZKHUH WKH QXPEHU RI W\SH � HQ�
WUHSUHQHXUV LV SRVLWLYH� 7KLV LPSOLHV IRU D W\SH � DJHQW� SRWHQWLDO LQFRPHV RI
EHFRPLQJ DQ HQWUHSUHQHXU� RU UHVHDUFKHU RU nQDO VHFWRU ZRUNHU DUH WKH VDPH�
,QFRPH RI D W\SH � HQWUHSUHQHXU LV KLJKHU WKDQ WKDW RI D W\SH �� DV WKH\ DUH
PRUH DFFXUDWH LQ VHOHFWLQJ JRRG LQYHQWLRQV�
7KH VWHDG\ VWDWH HTXLOLEULXP LV GHULYHG E\ HTXDWLQJ WKH VXSSO\ DQG GH�

PDQG RI FDSLWDO LQ WKH HFRQRP\� :H nUVW GHULYH WKH FRQVXPSWLRQ EHKDYLRXU
RI WKH XWLOLW\ PD[LPL]LQJ LQGLYLGXDOV� VLQFH XQGHU VWHDG\ VWDWH HTXLOLEULXP
VDYLQJ JURZV DW WKH VDPH UDWH DV FRQVXPSWLRQ� WKLV FRQGLWLRQ FDQ EH LQWHU�
SUHWHG DV WKH UDWH RI FKDQJH IRU VDYLQJ� RU WKH VXSSO\ RI FDSLWDO� 2Q WKH
RWKHU KDQG� IRU W\SH � DJHQWV� LQFRPH LQ WKHVH VHFWRUV DUH DOO HTXDO� 7KLV
FRQGLWLRQ DOORZV XV WR GHULYH WKH HTXLOLEULXP QXPEHU RI DJHQWV LQ HDFK RI WKH
VHFWRUV� $JHQWV WDNH WKH UDWH RI LQWHUHVW DV JLYHQ� VR E\ YDU\LQJ WKH UDWH RI
LQWHUHVW DQG H[DPLQH LWV HmHFW RQ WKH VL]H RI WKH UHVHDUFK VHFWRU� DQG QRWLQJ
WKDW WKH GHPDQG IRU FDSLWDO LV GHWHUPLQHG E\ WKH VL]H RI WKH UHVHDUFK VHFWRU
ZKHQ WKH HFRQRP\ LV LQ VWHDG\ VWDWH� ZH DUH DEOH WR GHULYH WKH GHPDQG FXUYH
IRU FDSLWDO�
,Q WKH IROORZLQJ VHFWLRQ ZH GURS DOO WLPH VXEVFULSWV�

��� &RQVXPSWLRQ

$JHQWV DOORFDWH FRQVXPSWLRQ LQ HDFK SHULRG WR PD[LPL]H WRWDO XWLOLW\ LQ HTXD�
WLRQ ���� :KHQ WKHUH LV SHUIHFW FDSLWDO PDUNHW� DQG WKH FRQVXPHUV WDNH WKH
UDWH RI LQWHUHVW U DV JLYHQ� 8WLOLW\�PD[LPL]DWLRQ EHKDYLRXU RI WKH FRQVXPHUV
\LHOGV WKH IROORZLQJ FRQGLWLRQ��
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:KHQ WKH HFRQRP\ LV LQ VWHDG\ VWDWH HTXLOLEULXP� FRQVXPSWLRQ JURZV DW
WKH VDPH UDWH DV VDYLQJ� ,I ZH UHSODFH FRQVXPSWLRQ E\ VDYLQJ� WKH HTXDWLRQ
DERYH FDQ EH LQWHUSUHWHG DV WKH UDWH RI FKDQJH LQ VDYLQJ DV D IXQFWLRQ RI U�
UHSODFLQJ & E\ 6 LQ WKH HTXDWLRQ DERYH� ZH JHW�

�6HH� IRU H[DPSOH� $JKLRQ DQG +RZLWW ������� &KDSWHU ��

��
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7KLV IXQFWLRQ WKHQ FRXOG EH WKRXJKW RI DV D VXSSO\ IXQFWLRQ IRU FDSLWDO�

��� 3URGXFHUV RI WKH ,QWHUPHGLDWH *RRGV

:KHQ DQ LQYHQWLRQ KDV EHHQ VXFFHVVIXOO\ LPSOHPHQWHG� LQWHUPHGLDWH SURGXF�
HUV FKRRVH WKH DPRXQW RI RXWSXW WR PD[LPL]H SURnW� $V PDUNHWV UHODWHG WR
WKH nQDO SURGXFW DUH DOO FRPSHWLWLYH� WKH SULFH IRU WKH LQWHUPHGLDWH JRRGV
HTXDOV WR LWV PDUJLQDO SURGXFWLYLW\ LQ nQDO JRRG SURGXFWLRQ� 7KH FRVW RI
SURGXFWLRQ LV MXVW WKH DPRXQW SDLG DV LQWHUHVW WR FDSLWDO� :KHQ WKH HFRQRP\
LV LQ HTXLOLEULXP� DOO LQWHUPHGLDWH nUPV SURGXFH WKH VDPH DPRXQW RI RXWSXW�
ZKLFK ZH GHQRWH DV ;� XVLQJ ; DV WKH XQLW WR PHDVXUH WKH DPRXQW RI FDSLWDO
UHTXLUHG LQ WKH SURGXFWLRQ RI LQWHUPHGLDWH JRRGV� WKH FRVW IXQFWLRQ D LQWHU�
PHGLDWH nUP IDFHV LV U;� ,QWHUPHGLDWH JRRGV SURGXFHUV WKXV FKRRVH WKH OHYHO
RI RXWSXW ; WR VROYH WKH IROORZLQJ PD[LPL]DWLRQ SUREOHP�
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)URP WKH nUVW RUGHU FRQGLWLRQ� ZH nQG WKH RXWSXW WKDW PD[LPL]HV SURnW�
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6XEVWLWXWLQJ WKLV LQWR ���� D VXFFHVVIXO LPSOHPHQWDWLRQ RI LQYHQWLRQ \LHOGV
D SURnW VWUHDP RI�
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3URnW LQFUHDVH ZLWK WKH QXPEHU RI nQDO VHFWRU ZRUNHUV DQG GHFUHDVH ZLWK
WKH UDWH RI LQWHUHVW� 7KLV LV DV H[SHFWHG� JUHDWHU QXPEHU RI nQDO VHFWRU
ZRUNHUV LQFUHDVH WKH PDUJLQDO SURGXFWLYLW\ RI WKH LQWHUPHGLDWH JRRGV LQ WKH
nQDO VHFWRU� DQG LQFUHDVHV WKH UHYHQXH RI WKH LQWHUPHGLDWH nUP� ZKLOH KLJKHU
LQWHUHVW UDWH LQFUHDVHV WKH FRVW RI SURGXFWLRQ�

��



��� 0DUNHW (TXLOLEULXP

1RZ WKH DJHQWV FKRRVH IUHHO\ EHWZHHQ WKH WKUHH VHFWRUV� VR LQ HTXLOLEULXP WKH
LQFRPHV LQ DOO WKHVH VHFWRUV PXVW EH HTXDO WR HDFK DQRWKHU� /HW Z� EH WKH
ZDJH UDWH IRU WKH ZRUNHUV� WKH ZDJH UDWH LV WKH PDUJLQDO SURGXFWLYLW\ LQ WKH
nQDO VHFWRU� WDNLQJ WKH UDWH RI LQWHUHVW DV JLYHQ�
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RU� GHnQH WKH YDULDEOH Y� DV Z� GLYLGHG E\ WKH FXUUHQW OHYHO RI WHFKQRORJ\
$� DQG VXEVWLWXWH IRU WKH YDOXH RI ; LQ ���� ZH REWDLQ�
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:DJH UDWH LQ WKH nQDO VHFWRU ULVHV SURSRUWLRQDOO\ ZLWK WKH OHYHO RI WHFK�
QRORJ\� DQG GHFUHDVHV ZLWK WKH UDWH RI LQWHUHVW� +RZHYHU� LW LV QRW GLUHFWO\
DmHFWHG E\ WKH QXPEHU RI DJHQWV LQ HDFK VHFWRU�
$ UHVHDUFKHU SURGXFHV p$ LQYHQWLRQV� :KHQ ERWK W\SH RI HQWUHSUHQHXUV

DUH SUHVHQW� RQO\ D SURSRUWLRQ Ee
�
RI DOO LQYHQWLRQV ZLOO EH VROG�� DQG HDFK

LQYHQWLRQ WKDW LV VROG \LHOGV DQ LQFRPH RI S WR WKH UHVHDUFKHU� /HW Z� GHQRWH
WKH LQFRPH RI WKH UHVHDUFKHUV� Y� LV GHnQHG VLPLODUO\ DV Y��
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:KHQ DQ HQWUHSUHQHXU VXFFHVVIXOO\ LPSOHPHQWV DQ LQYHQWLRQ� WKHUH ZLOO
EH D FRQWLQXRXV VWUHDP RI SURnW � ZLWK D FRQVWDQW UDWH RI LQWHUHVW� WKLV LV
HYDOXDWHG E\ WKH VWRFN PDUNHW DW LWV SUHVHQW GLVFRXQWHG YDOXH g U� ,I WKH
LPSOHPHQWDWLRQ LV QRW VXFFHVVIXO� WKH HQWUHSUHQHXU ORVHV WKH SULFH SDLG IRU
WKH LQYHQWLRQ� ([SHFWHG LQFRPH RI HQWUHSUHQHXU W\SH L LV�
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�7KHUH DUH XQFHUWDLQWLHV DW WKH OHYHO RI HDFK LQGLYLGXDO LQYHQWLRQ� HDFK LQYHQWLRQ SUR�
GXFHG E\ UHVHDUFKHU PD\ EH VROG RU QRW VROG� VRPH LQYHQWLRQV ERXJKW E\ HQWUHSUHQHXUV
FDQ EH VXFFHVVIXOO\ LPSOHPHQWHG ZKLOH RWKHUV FDQ QRW� <HW RQ WKH DJJUHJDWH OHYHO� EH�
FDXVH RI WKH ODZ RI ODUJH QXPEHUV� WKH SURSRUWLRQ RI LQYHQWLRQV HDFK UHVHDUFKHU VHOOV DQG
WKH SURSRUWLRQ RI LQYHQWLRQV HDFK HQWUHSUHQHXU VXFFHVVIXOO\ LPSOHPHQWV FDQ EH WUHDWHG DV
GHWHUPLQLVWLF SURFHVVHV�
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6LQFH E� ! E�� LQFRPH RI WKH W\SH � HQWUHSUHQHXUV LV DOZD\V KLJKHU WKDQ
LQFRPH RI WKH W\SH � HQWUHSUHQHXUV� ,I ERWK W\SHV RI HQWUHSUHQHXUV FR�H[LVW�
DOO DJHQWV ZKR DUH HQGRZHG ZLWK KLJKHU HQWUHSUHQHXULDO DELOLW\ FKRRVHV WR
EHFRPH HQWUHSUHQHXUV� (TXLOLEULXP LQ WKLV HFRQRP\ LV FKDUDFWHUL]HG E\ WKH
FRQGLWLRQ WKDW ORZ DELOLW\ DJHQWV DUH LQGLmHUHQW EHWZHHQ DOO WKUHH VHFWRUV�
WKDW LV� Z�  Z�  Z��� (TXDWLQJ Z� ZLWK Z��� ZH REWDLQ WKH SULFH RI D
LQYHQWLRQ DV�
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7KH LQYHQWLRQ SULFH UHoHFWV WKH SDUW RI WKH LQFRPH JHQHUDWHG E\ D VXF�
FHVVIXO LQQRYDWLRQ WKDW LV DOORFDWHG WR WKH HQWUHSUHQHXU� LW LQFUHDVHV ZLWK WKH
VXFFHVV UDWH RI WKH HQWUHSUHQHXU� E�� DQG ZLWK WKH SUHVHQW GLVFRXQWHG YDOXH
RI WKH QHZ LQQRYDWLRQ� g U� 6XEVWLWXWLQJ WKLV H[SUHVVLRQ IRU S LQWR WKH H[�
SUHVVLRQ IRU Y� LQ ����� DV ZHOO DV WKH H[SUHVVLRQ IRU g LQ ���� ZH REWDLQ WKH
IROORZLQJ IRUP�
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$V WKH LQWHUPHGLDWH nUPV WDNH WKH PDUNHW UDWH RI LQWHUHVW DV JLYHQ� WKH\
UHJDUG - DV D FRQVWDQW�
:KHQ WKH HFRQRP\ LV LQ HTXLOLEULXP� EHFDXVH DJHQWV DUH LQGLmHUHQW EH�

WZHHQ UHVHDUFK DQG HQWUHSUHQHXULDO VHFWRUV� D ULVH LQ WKH VXFFHVV UDWH RI W\SH
� HQWUHSUHQHXUV PXVW EH IROORZHG E\ D ULVH LQ WKH LQFRPH RI WKH UHVHDUFKHUV�
$OVR� DV D ULVH LQ WKH SUHVHQW GLVFRXQWHG YDOXH RI QHZ LQQRYDWLRQV LQFUHDVHV
WKH UHVHDUFK LQFRPH� DQG E\ ��� WKH YDOXH RI /� LV SURSRUWLRQDO WR g U� Y�
LQFUHDVHV ZLWK /� LQ WKH H[SUHVVLRQ DERYH�
:H QRZ SURFHHG E\ ZULWLQJ Y� DV DQ H[SUHVVLRQ RI /�� 1RWLFH EHFDXVH RI

LQYHQWLRQ PDUNHW HTXLOLEULXP FRQGLWLRQ H� � H�  Ee
�
%� DQG WKDW %  p/��

WKH VL]H RI WKH LQQRYDWLRQ VHFWRU� WKDW LV� WKH WRWDO QXPEHU RI UHVHDUFKHUV
DQG HQWUHSUHQHXUV� LV IXOO\ FKDUDFWHUL]HG E\ /�� WKH QXPEHU RI UHVHDUFKHUV�
8QGHU IXOO HPSOR\PHQW FRQGLWLRQ� ZH PD\ H[SUHVV /�LQ WHUPV RI /� DV /�  
1 b �/� � H� � H��  1 b �� � pEe

�
�/�� ,Q WKH VDPH ZD\� WKH WHUP H� LQ WKH
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H[SUHVVLRQ IRU E� LQ ��� FDQ EH VXEVWLWXWHG ZLWK H�  Ee
�
/�b He

�
� ZH REWDLQ WKH

QHZ H[SUHVVLRQ RI Y� LQ WHUPV RI /� DV�
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7KH H[SUHVVLRQV LQVLGH WKH EUDFHV DQG WKH VTXDUH EUDFNHWV FRUUHVSRQG WR
WKH YDOXHV RI E� DQG /� UHVSHFWLYHO\� $V WKLV H[SUHVVLRQ UHODWHV WKH QXPEHU
RI UHVHDUFKHUV ZLWK WKH LQFRPH WKH\ ZRXOG UHFHLYH� LW FDQ EH XQGHUVWRRG DV
WKH GHPDQG FXUYH IRU UHVHDUFKHUV�
+RZ GRHV LQFRPH LQ WKH UHVHDUFK VHFWRU Y� YDU\ ZLWK WKH QXPEHU RI UH�

VHDUFKHUV" 7KH H[SUHVVLRQ DERYH VKRZV WZR HmHFWV RI RSSRVLQJ GLUHFWLRQV�
2Q RQH KDQG� JUHDWHU QXPEHU RI UHVHDUFKHUV UHGXFHV WKH GLVWRUWLRQ FUHDWHG
E\ W\SH � HQWUHSUHQHXUV� LQFUHDVHV WKH VXFFHVV UDWH RI W\SH � HQWUHSUHQHXUV�
FDXVH WKH YDOXH RI WKH H[SUHVVLRQ LQ WKH EUDFHV WR ULVH� RQ WKH RWKHU KDQG�
JUHDWHU QXPEHU RI UHVHDUFKHUV LQFUHDVHV WKH VL]H WKH LQQRYDWLRQ VHFWRU� WKXV
UHGXFLQJ WKH QXPEHU RI ZRUNHUV LQ WKH nQDO VHFWRU� DQG UHGXFHV WKH SUHVHQW
GLVFRXQWHG YDOXH RI LQQRYDWLRQV WKURXJK LWV HmHFW RQ /�� WKH YDOXH RI Y� WKHUH�
IRUH GHFUHDVHV� 7KLV HmHFW FDQ EH VHHQ WKURXJK WKH H[SUHVVLRQ LQ WKH VTXDUH
EUDFNHWV� 2YHUDOO� WKH YDOXH RI Y� DV D IXQFWLRQ RI /� KDV D EHOO MDU VKDSH� DV
)LJXUH �� 6KRZV�
7KH WZR FXUYHV LQ )LJXUH �� DUH WKH YDOXHV RI Y� DQG Y� LQ WHUPV RI /��

3URYLGHG FHUWDLQ UHJXODULW\ FRQGLWLRQ LV VDWLVnHG�� WKHUH ZRXOG W\SLFDOO\ EH
WZR SRLQWV RI LQWHUVHFWLRQV� UHSUHVHQWLQJ WZR SRWHQWLDO ODERXU PDUNHW HTXL�
OLEULXPV� 2QH RI WKHVH SRLQWV� /�

�
� LV LQ IDFW XQVWDEOH� 6XSSRVH WKHUH LV D

VPDOO LQFUHDVH RI /� DURXQG WKH YDOXH RI /
�

�
� LQFRPH RI WKH UHVHDUFK VHFWRU Y�

H[FHHGV Y�� PRUH DJHQWV FKRRVH WKH LQQRYDWLYH VHFWRU� WKLV SURFHVV FRQWLQXHV
XQWLO WKH HFRQRP\ UHDFKHV WKH SRLQW /��

�
� ,Q WKH IROORZLQJ DQDO\VLV ZH VKDOO

IRFXV RQ WKH VWDEOH HTXLOLEULXP /��
�
�

1RZ LQ GUDZLQJ Y� DQG Y� LQ WHUPV RI /�� ZH KDYH KHOG WKH UDWH RI LQ�
WHUHVW FRQVWDQW� +RZ GRHV WKH PDUNHW HTXLOLEULXP FKDQJH ZLWK WKH UDWH RI
LQWHUHVW" &RPSDUH WKH H[SUHVVLRQV IRU Y� DQG Y� LQ ���� ���� DQG ����� ERWK
DUH GHFUHDVLQJ LQ U� ZKLOH Y� KDV WKH H[WUD WHUP � U DQG LV PRUH LQWHUHVW VHQ�
VLWLYH WKDQ Y�� 7KH UHDVRQ WKDW ERWK Y� DQG Y� GHFUHDVHV ZLWK U FDQ EH VHHQ

�7KH UHJXODULW\ FRQGLWLRQ LV�
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:KHQ WKH FRQGLWLRQ LV KROG ZLWK HTXDOLW\� WKH WZR FXUYHV DUH WDQJHQWLDO DQG WKHUH LV
RQO\ RQH SRLQW RI LQWHUVHFWLRQ�
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v1

v2

L2

v1, v2

L2’ L2’’

)LJXUH �� 5HVHDUFK DQG )LQDO 6HFWRU ,QFRPH

IURP HTXDWLRQ ���� WKDW KLJKHU LQWHUHVW UDWH UHGXFHV DOO RXWSXW RI LQWHUPHGLDWH
SURGXFWV� 6LQFH ERWK WKH PDUJLQDO SURGXFWLYLW\ RI ODERXU DQG SURnW VWUHDP
RI WKH LQWHUPHGLDWH nUPV GHSHQG RQ ;� KLJKHU U UHGXFHV ERWK ZDJH UDWH IRU
ZRUNHUV DQG UHVHDUFKHUV� +RZHYHU� WKH YDOXH RI QHZ LQYHQWLRQV GHSHQG RQ
WKH SUHVHQW GLVFRXQWHG YDOXHV RI VXFFHVVIXO LQQRYDWLRQV� DQG LQWHUHVW UDWH QRW
RQO\ DmHFW WKH VL]H RI WKH SURnW VWUHDP� EXW DOVR KRZ IXWXUH YDOXHV RI SURnW
VWUHDP LV GLVFRXQWHG� ,W LV SUHFLVHO\ WKLV GLVFRXQWLQJ HmHFW WKDW EULQJV WKH
H[WUD � U WHUP WR Y�� DQG FDXVHV LW WR EH PRUH LQWHUHVW UDWH VHQVLWLYH WKDQ Y��
$Q LQFUHDVH LQ WKH UDWH RI LQWHUHVW UHGXFHV Y� WR D JUHDWHU H[WHQW WKDQ WR

Y�� 7KLV VLWXDWLRQ LV VKRZQ LQ )LJXUH ��
$V WKH UDWH RI LQWHUHVW LQFUHDVH� LQFRPH RI WKH nQDO VHFWRU ZRUNHUV VKLIW

GRZQ IURP Y� WR Y�
�
� ZKLOH LQFRPH RI WKH UHVHDUFK VHFWRU VKLIW IURP Y� WR Y�

�
�

$V WKH Y� FXUYHV VKLIW PRUH� WKH QXPEHU RI UHVHDUFKHUV GHFUHDVH� -RLQLQJ DOO
VXFK SRLQWV DOORZV XV WR REWDLQ D GRZQZDUG VORSLQJ FXUYH EHWZHHQ U DQG /��

��� 0DUNHW IRU &DSLWDO

:H VKDOO FRQnQH RXUVHOYHV WR WKH VWHDG\ VWDWH HTXLOLEULXP RI WKH HFRQRP\�
,Q WKH VWHDG\ VWDWH� WKH QXPEHUV RI DJHQWV LQ HDFK RI WKH VHFWRUV DUH FRQ�
VWDQW� VWRFN YDULDEOHV VXFK DV VDYLQJ� FRQVXPSWLRQ� RXWSXW DQG WKH OHYHO RI

��



L2

v1,v2

v1

v1’

v2

v2’

)LJXUH �� (mHFW RI D 5LVH LQ ,QWHUHVW 5DWH

WHFKQRORJ\ DOO JURZ DW WKH VDPH FRQVWDQW UDWH�
,Q WKH VWHDG\ VWDWH ZLWK JURZWK UDWH J� JURZWK UDWH RI RXWSXW LV WKH VDPH

DV JURZWK UDWH RI NQRZOHGJH OHYHO $� 1RZ WKH JURZWK UDWH RI $ FDQ EH
H[SUHVVHG DV E�p/�� ZKLFK LV WKH QXPEHU RI JRRG LQYHQWLRQV LPSOHPHQWHG LQ
HDFK SHULRG GLYLGHG E\ $� :H WKHUHIRUH KDYH WKH UHODWLRQVKLS J  E�p/�� $V
/� DQG U DUH QHJDWLYHO\ UHODWHG� J DQG U DUH DOVR QHJDWLYHO\ UHODWHG� ,Q WKH
VWHDG\ VWDWH HTXLOLEULXP WKH JURZWK UDWH RI WKH FDSLWDO VWRFN LV DOVR J� WKXV
WKHUH LV D QHJDWLYH UHODWLRQVKLS EHWZHHQ WKH UDWH RI FKDQJH LQ FDSLWDO VWRFN
DQG LQWHUHVW UDWH� ZH FDOO WKLV WKH GHPDQG FXUYH IRU FDSLWDO�
0RUH VSHFLnFDOO\� WKH IXQFWLRQDO IRUP RI WKLV GHPDQG FXUYH FDQ E\ RE�

WDLQHG E\ HTXDWLQJ Y� ZLWK Y�� H[SUHVV /� LQ WHUPV RI J� DQG UH�DUUDQJH LQWR
DQ H[SUHVVLRQ RI U LQ WHUPV RI J� ZH WKHQ REWDLQ�
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7KLV FXUYH KDV D EHOO MDU VKDSH� 7KH GHPDQG FXUYH IRU FDSLWDO LV MXVW WKH
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Demand for Capital

Supply of Capital

K/K

)LJXUH �� 6WHDG\ 6WDWH (TXLOLEULXP

GRZQZDUG VORSLQJ VHFWLRQ RI WKLV FXUYH� �VHH )LJXUH ����
2Q WKH VXSSO\ VLGH� XWLOLW\ PD[LPL]DWLRQ E\ WKH FRQVXPHU \LHOGV WKH HTXD�

WLRQ GHVFULELQJ VDYLQJ EHKDYLRXU LQ ���� ZKLFK ZH UH�DUUDQJH LQWR DQ H[SUHV�
VLRQ IRU U LQ WHUPV RI WKH VDYLQJ UDWH�

U  }
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7KLV LV XQGHUVWRRG WR EH WKH VXSSO\ FXUYH RI FDSLWDO� 5DWH RI LQWHUHVW LQ
DQ OLQHDU H[SUHVVLRQ RI WKH VDYLQJ UDWH� DQG WKH FXUYH FXWV U�D[LV DW |�
3XWWLQJ WKH GHPDQG DQG VXSSO\ FXUYHV RI FDSLWDO WRJHWKHU LQ )LJXUH �� WKH

LQWHUVHFWLRQ SRLQW RI WKH WZR FXUYHV LQGLFDWHV WKH UDWH RI LQWHUHVW WKDW FOHDUV
WKH FDSLWDO PDUNHW� DQG WKH JURZWK UDWH LQ WKH VWHDG\ VWDWH HTXLOLEULXP�

� &RPSDUDWLYH 6WDWLFV

,Q WKLV VHFWLRQ ZH H[DPLQH WKH HmHFW RI FHUWDLQ SDUDPHWHU FKDQJHV RQ WKH
VWHDG\ VWDWH HTXLOLEULXP� :H nUVW SHUIRUP WKH PRUH VWDQGDUG H[SHULPHQW

�7KH XSZDUG VORSLQJ VHFWLRQ RI WKH FXUYH FRUUHVSRQGV WR WKH XQVWDEOH ODERXU PDUNHW
HTXLOLEULXPV ZKLFK ZH KDYH UXOHG RXW�
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Demand for Capital

Supply of Capital

)LJXUH �� ([RJHQRXV ,QFUHDVH LQ }

E\ LQFUHDVLQJ } DQG |� WKHVH FKDQJHV KDYH WKH HmHFW RI UHGXFLQJ WKH VXSSO\
RI FDSLWDO DQG UHGXFLQJ HTXLOLEULXP JURZWK UDWH� :H WKHQ FKDQJH WKH WZR
SDUDPHWHUV IRU WKH QXPEHU DQG DELOLW\ OHYHO RI W\SH � HQWUHSUHQHXUV� He

�
DQG

Ee
�
� 7KHVH WZR SDUDPHWHUV DmHFW WKH DJJUHJDWH GHPDQG IRU FDSLWDO DQG RXU

DQDO\VLV \LHOGV WKH FRXQWHU�LQWXLWLYH UHVXOW WKDW D JUHDWHU QXPEHU RI W\SH �
HQWUHSUHQHXUV RU KLJKHU DELOLW\ OHYHO UHGXFHV HTXLOLEULXP JURZWK UDWH�

��� (mHFWV RI &KDQJLQJ } DQG |

7KH YDULDEOHV }DQG | RQO\ DmHFW WKH VXSSO\ VLGH� $Q H[RJHQRXV ULVH } LQ
LQFUHDVHV WKH PDUJLQDO XWLOLW\ RI FRQVXPSWLRQ� FDXVLQJ XWLOLW\ PD[LPL]LQJ
FRQVXPHUV WR DOORFDWH D ODUJHU SRUWLRQ RI LQFRPH WR FRQVXPSWLRQ� WKHUHIRUH
VDYLQJ GHFUHDVHV� ,Q WKH VDPH ZD\� D ULVH LQ | LQFUHDVHV WKH FRQVXPHU
V
SUHIHUHQFH IRU SUHVHQW FRQVXPSWLRQ RYHU IXWXUH FRQVXPSWLRQ� FDXVH VDYLQJ WR
IDOO� %RWK RI WKHVH FKDQJHV VKLIW WKH VXSSO\ FXUYH RI FDSLWDO WRZDUGV WKH OHIW�
WKH HFRQRP\ PRYHV WR D GLmHUHQW HTXLOLEULXP SRLQW� 7KHVH HmHFWV DUH VKRZQ
LQ )LJXUHV �� DQG �� ,Q ERWK FDVHV� QHZ HTXLOLEULXP JURZWK UDWH EHFRPHV
ORZHU ZKLOH WKH VWHDG\ VWDWH LQWHUHVW UDWH EHFRPHV KLJKHU�
,Q VWHDG\ VWDWH� JURZWK UDWH DQG WKH QXPEHU RI UHVHDUFKHUV DUH UHODWHG

WKURXJK WKH UHODWLRQVKLS J  E�p/�� DV WKH QHZ HTXLOLEULXP JURZWK LV ORZHU�
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Demand for Capital

Supply of Capital

)LJXUH �� ([RJHQRXV ,QFUHDVH LQ |

WKH QXPEHU RI UHVHDUFKHUV IDOOV� 1RZ LQYHQWLRQ PDUNHW FOHDULQJ LPSOLHV WKH
FRQGLWLRQ H� � H�  Ee

�
p/�� L�H�� WKH UDWLR RI HQWUHSUHQHXUV WR UHVHDUFKHUV LV D

FRQVWDQW pEe
�
� 7KXV� LQ UHVSRQVH WR WKH IDOO LQ UHVHDUFKHUV� WRWDO QXPEHU RI

HQWUHSUHQHXUV PXVW IDOO� $V ZH KDYH FRQnQHG RXUVHOYHV LQ WKH FDVH ZKHUH DOO
W\SH � DJHQWV EHFRPH HQWUHSUHQHXUV� DQG DV WKH QXPEHU RI W\SH � DJHQWV LV
n[HG LQ WKLV FDVH� WKH QXPEHU RI W\SH � HQWUHSUHQHXU IDOOV� 7KH LQQRYDWLRQ
VHFWRU� ZKLFK FRPSULVHV RI UHVHDUFKHUV DQG HQWUHSUHQHXUV� EHFRPHV VPDOOHU�
6LQFH WKHUH LV IXOO HPSOR\PHQW� PRUH DJHQWV EHFRPH nQDO VHFWRU ZRUNHUV�
&KDQJHV LQ WKH RXWSXW RI LQWHUPHGLDWH nUPV� WKH SURnW VWUHDP DQG WKH

SUHVHQW GLVFRXQWHG YDOXH RI HDFK LQYHQWLRQ DUH KRZHYHU DPELJXRXV� )URP
HTXDWLRQV ��� WR ���� WKH ULVH LQ U WHQG WR LQFUHDVH WKH FRVW RI SURGXFWLRQ
RI WKH LQWHUPHGLDWH SURGXFHU� OHDGLQJ WR D VPDOOHU RXWSXW DQG SURnW UDWH�
D KLJKHU U DOVR UHGXFHV WKH SUHVHQW GLVFRXQWHG YDOXH RI LQYHQWLRQ� 2Q WKH
RWKHU KDQG� LQ WKH QHZ HTXLOLEULXP WKH QXPEHU RI nQDO VHFWRU ZRUNHUV ULVHV�
ZKLFK LQFUHDVHV WKH GHPDQG IRU LQWHUPHGLDWH JRRGV� DQG WHQG WR LQFUHDVH
ERWK RXWSXW DQG SURnW UDWH�
3ULFH IRU LQYHQWLRQV IDOOV� 7R VHH WKLV SRLQW� QRWLFH WKDW DV U ULVHV� HTXDWLRQ

��� LPSOLHV Y� GHFUHDVHV� E\ WKH IUHH HQWU\ FRQGLWLRQ RI DOO VHFWRUV�Y� DOVR IDOO�
(TXDWLRQ ���� WKHQ VKRZV SULFH IRU LQYHQWLRQ PXVW IDOO LQ RUGHU IRU Y� WR IDOO�
7RWDO SURnW IURP HDFK VXFFHVVIXO LQQRYDWLRQ� L�H�� LWV SUHVHQW GLVFRXQWHG YDOXH

��



g U� LV DOORFDWHG EHWZHHQ WKH HQWUHSUHQHXU DQG UHVHDUFKHU� LQYHQWLRQ SULFH
HVVHQWLDOO\ LQGLFDWHV WKH VL]H RI UHVHDUFKHU
V SRUWLRQ� 1RZ WKH LQFUHDVH LQ WKH
UDWH RI LQWHUHVW H[HUWV D QHJDWLYH LPSDFW RQ g U� DQG LQ HTXLOLEULXP� WKLV
QHJDWLYH LPSDFW LV WUDQVODWHG LQWR D IDOO LQ WKH LQYHQWLRQ SULFH�
:H QRZ SUHVHQW WKH PDLQ UHVXOW RI WKH SDSHU� WKDW D ULVH LQ WKH QXPEHU RI

KLJK DELOLW\ DJHQWV RU WKHLU DELOLW\ OHYHO UHGXFHV WKH HTXLOLEULXP JURZWK UDWH�

��� ([RJHQRXV ,QFUHDVH LQ WKH QXPEHU RI +LJK $ELOLW\
$JHQWV

:KDW KDSSHQV LI WKHUH LV DQ H[RJHQRXV LQFUHDVH LQ WKH QXPEHU RI KLJK�DELOLW\
DJHQWV" 7KH UHVXOW LV VXUSULVLQJ� SURYLGHG ERWK W\SHV RI HQWUHSUHQHXUV DUH
VWLOO SUHVHQW LQ HTXLOLEULXP� DQ LQFUHDVH LQ WKH QXPEHU RI KLJK�DELOLW\ DJHQWV
LQ IDFW UHGXFHV WKH QXPEHU RI LQYHQWLRQV SURGXFHG� DQG UHGXFHV WKH UDWH RI
HFRQRPLF JURZWK�
:KHQ WKH YDOXH RI He

�
ULVHV� DFFRUGLQJ WR ���� VXFFHVV UDWH RI WKH W\SH �

HQWUHSUHQHXUV IDOOV� 7KLV OHDGV WKH Y� FXUYH LQ )LJXUH �� WR VKLIW GRZQ� ,Q
WKH PDUNHW IRU FDSLWDO� WKH YDOXH RI B. . EHFRPHV OHVV DW HYHU\ JLYHQ OHYHO RI
U� WKXV WKH GHPDQG FXUYH VKLIWV WRZDUGV WKH OHIW� 7KLV VLWXDWLRQ LV VKRZQ LQ
)LJXUH �� ,Q WKH QHZ VWHDG\ VWDWH HTXLOLEULXP� XQOLNH WKH WZR SUHYLRXV FDVHV�
UDWH RI LQWHUHVW EHFRPHV ORZHU� JURZWK UDWH DOVR EHFRPHV ORZHU�
7KH ORZHU JURZWK UDWH LPSOLHV IHZHU LQYHQWLRQV DUH SURGXFHG HDFK SHULRG�

DQG IHZHU DJHQWV FKRRVH WKH HQWUHSUHQHXULDO VHFWRU� 7KXV WKH H[RJHQRXV
LQFUHDVH LQ W\SH � HQWUHSUHQHXUV FURZGV RXW PRUH W\SH � HQWUHSUHQHXUV WKDQ
LW UHSODFHV� VR WKDW LQ WKH QHZ VWHDG\ VWDWH� WRWDO QXPEHU RI HQWUHSUHQHXUV
IDOOV� $V IHZHU DJHQWV FKRRVH WKH UHVHDUFK DQG HQWUHSUHQHXULDO VHFWRUV� WKH
QXPEHU RI DJHQWV LQYROYHG LQ LQQRYDWLYH DFWLYLW\ GURSV� LQVWHDG� PRUH DJHQWV
EHFRPH nQDO VHFWRU ZRUNHUV�
7KH GLmHUHQFH ZLWK WKH SUHYLRXV FDVHV RI H[RJHQRXV LQFUHDVH LQ } DQG

|� LV WKDW QRZ WKH UDWH RI LQWHUHVW LQ WKH QHZ HTXLOLEULXP IDOOV LQVWHDG RI
ULVHV� ,Q RWKHU ZRUGV� WKH XQLW FRVW RI SURGXFLQJ WKH LQWHUPHGLDWH JRRG
KDV IDOOHQ� $W WKH VDPH WLPH� WKH QXPEHU RI nQDO VHFWRU ZRUNHU KDV ULVHQ�
ZKLFK LQFUHDVHV WKH SURGXFWLYLW\ RI LQWHUPHGLDWH JRRGV LQ WKH nQDO VHFWRU�
DQG LQFUHDVHV WKH GHPDQG IRU LQWHUPHGLDWH JRRGV� $FFRUGLQJ WR ��� DQG ����
ERWK RI WKHVH HmHFWV VHUYH WR LQFUHDVH WKH RXWSXW DQG SURnW UDWH RI HDFK
LQWHUPHGLDWH SURGXFHU� 0RUHRYHU� WKH IDOO LQ U DOVR FKDQJHV WKH ZD\ IXWXUH
SURnW DUH GLVFRXQWHG� WKXV WKH SUHVHQW GLVFRXQWHG YDOXH RI HDFK VXFFHVVIXO
LQQRYDWLRQ ULVHV� WR D JUHDWHU H[WHQW WKDQ WKH ULVH LQ SURnW UDWH�
3ULFH IRU LQYHQWLRQV ULVHV� 7KLV LV EHFDXVH DV U IDOOV� HTXDWLRQ ��� LPSOLHV

Y� LQFUHDVHV� E\ WKH IUHH HQWU\ FRQGLWLRQ RI DOO VHFWRUV� Y� DOVR ULVH� (TXDWLRQ
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)LJXUH �� 5LVH LQ WKH 1XPEHU RI +LJK $ELOLW\ $JHQWV

���� WKHQ VKRZV SULFH IRU LQYHQWLRQ PXVW ULVH LQ RUGHU IRU Y� WR ULVH� 0RUH
KHXULVWLFDOO\� WKH IDOO LQ U LQFUHDVHV WKH WRWDO SURnW WR EH DOORFDWHG EHWZHHQ
WKH HQWUHSUHQHXU DQG UHVHDUFKHU IURP HDFK VXFFHVVIXO LQQRYDWLRQ� L�H�� g U�
LQYHQWLRQ SULFH ZKLFK FRUUHVSRQGV WR WKH VL]H RI UHVHDUFKHU
V SRUWLRQ ULVHV LQ
UHVSRQVH WR WKH LQFUHDVH LQ g U�

��� ([RJHQRXV ,QFUHDVH LQ ,QYHQWLRQ 6HOHFWLRQ $FFX�
UDF\ RI 7\SH � (QWUHSUHQHXUV

7KH HmHFW RI D IDOO LQ Ee
�
LV DOPRVW LGHQWLFDO WR WKH ULVH LQ He

�
� :KHQ Ee

�
IDOOV�

VXFFHVV UDWH RI WKH W\SH � HQWUHSUHQHXUV ULVH� IURP ��� ZH FDQ VHH WKH VXFFHVV
UDWH RI W\SH � HQWUHSUHQHXUV IDOOV� 7KLV OHDGV WKH Y� FXUYH LQ )LJXUH �� WR
VKLIW GRZQ� ,Q WKH PDUNHW IRU FDSLWDO� WKH YDOXH RI B. . EHFRPHV OHVV DW
HYHU\ JLYHQ OHYHO RI U� WKXV WKH GHPDQG FXUYH VKLIWV WRZDUGV WKH OHIW� )URP
WKLV SRLQW RQ WKH VLWXDWLRQ RI WKH QHZ VWHDG\ VWDWH HTXLOLEULXP LV TXDOLWD�
WLYHO\ LGHQWLFDO WR WKH FDVH RI H[RJHQRXV LQFUHDVH LQ He

�
� GHSLFWHG LQ )LJXUH ��

*URZWK UDWH EHFRPHV KLJKHU� WKH YDOXH RI U GURSV� 7KH VL]H RI WKH LQQRYDWLYH
VHFWRU EHFRPHV VPDOOHU ZKLOH WKH QXPEHU RI nQDO VHFWRU ZRUNHU LQFUHDVHV� ,Q�
WHUPHGLDWH nUP SURGXFHV PRUH� DQG WKH YDOXH RI HDFK VXFFHVVIXO LQQRYDWLRQ
ULVHV� 3ULFH IRU LQYHQWLRQ DOVR ULVHV�

��



��� 'LVFXVVLRQ

2XU DQDO\VLV RI WKH HmHFWV RI VXSSO\ DQG GHPDQG VLGH SDUDPHWHU FKDQJHV
VKRZ WKDW LQ ERWK FDVHV� WKH UDWH RI JURZWK IDOOV� +RZHYHU� WKH HmHFWV RQ WKH
LQYHQWLRQ PDUNHW DUH YHU\ GLmHUHQW� LQ RQH FDVH LQYHQWLRQ SULFH IDOOV ZKLOH LQ
WKH RWKHU FDVH LW ULVHV� :KDW DPRXQWV WR WKLV GLmHUHQFH"
7KH HmHFWV RI H[RJHQRXV LQFUHDVHV LQ } DQG | DUH TXLWH HDV\ WR XQGHU�

VWDQG� WKHVH SDUDPHWHUV DmHFW WKH FRQVXPSWLRQ VLGH� FDXVH WKH FRQVXPHUV WR
DWWDFK JUHDWHU SUHIHUHQFH WR SUHVHQW FRQVXPSWLRQ� VR WKDW U LQFUHDVHV DV WKH
FRQVXPHUV EHFRPH PRUH UHOXFWDQW WR VXSSO\ WR WKH FDSLWDO PDUNHW� 7KH ULVH
RI LQWHUHVW UDWH FDXVH WKH LQWHUPHGLDWH nUPV WR SURGXFH OHVV� DQG IXWXUH SURnW
VWUHDPV DUH DOVR YDOXHG OHVV DW SUHVHQW� 7KLV FDQ EH WKRXJKW RI DV D ORZHU
GHPDQG IRU WKH RXWSXW RI WKH LQQRYDWLRQ VHFWRUV DV D ZKROH� $V D UHVXOW� SULFH
IRU LQYHQWLRQV IDOOV� UHoHFWLQJ WKLV IDOO LQ GHPDQG� ,Q HTXLOLEULXP� OHVV DJHQWV
EHFRPH LQYROYHG LQ UHVHDUFK DQG HQWUHSUHQHXUVKLS� DQG WKH JURZWK UDWH IDOOV�
7KH FDVHV RI IDOO LQ Ee

�
DQG ULVH LQ He

�
DUH PRUH LQWHUHVWLQJ� ,Q WKHVH FDVHV

WKHUH LV D IDOO LQ LQWHUHVW UDWH� ZKLFK JLYHV LQWHUPHGLDWH nUPV LQFHQWLYHV WR
SURGXFH PRUH� DQG UDLVH ERWK WKH SURnW VWUHDP DQG WKH SUHVHQW GLVFRXQWHG
YDOXH RI HDFK VXFFHVVIXO LQQRYDWLRQ� ,Q WKH QHZ VWHDG\ VWDWH HTXLOLEULXP� SULFH
IRU LQYHQWLRQ DOVR ULVHV LQ UHVSRQVH WR WKH ULVH LQ WKH YDOXH RI LQQRYDWLRQ� ,W
VHHPV WKH H[RJHQRXV FKDQJH LQ SDUDPHWHUV KDV FUHDWHG JUHDWHU GHPDQG IRU
WKH ZRUN RI LQQRYDWLYH DFWLYLW\� \HW WKH VL]H RI LQQRYDWLYH VHFWRUV DQG WKH UDWH
RI JURZWK IDOO� 7KH UHDVRQ IRU WKLV FRXQWHU�LQWXLWLYH UHVXOW FDQ EH XQGHUVWRRG
E\ H[DPLQLQJ WKH H[SUHVVLRQV IRU E� DQG Y� LQ ��� DQG ����� :KHQ He

�
ULVHV

RU Ee
�
IDOOV� VXFFHVV UDWH RI W\SH � HQWUHSUHQHXUV IDOOV� WKHUHIRUH� DOWKRXJK

WKH YDOXH RI HDFK VXFFHVVIXO LQQRYDWLRQ ULVHV� WKH HmHFW RQ LQFRPH RI W\SH �
HQWUHSUHQHXUV LV RmVHW E\ WKH IDOO LQ E�� ,Q RWKHU ZRUGV� WKH YDOXH FUHDWHG E\
LQQRYDWLRQV DUH VKDUHG EHWZHHQ UHVHDUFKHUV DQG W\SH � DQG � HQWUHSUHQHXUV�
:KHQ He

�
ULVHV RU Ee

�
IDOOV� WKRXJK WKH YDOXH RI HDFK VXFFHVVIXO LQQRYDWLRQ

ULVHV� \HW WKH VKDUH ZKLFK JRHV WR WKH W\SH � HQWUHSUHQHXUV DOVR LQFUHDVH� VR
WKDW WKH RYHUDOO HmHFW LV ORZHU OHYHO RI UHVHDUFK DFWLYLW\ DQG ORZHU OHYHO RI
HQWUHSUHQHXULDO DFWLYLW\ E\ WKH W\SH � DJHQWV� 7KH ULVH LQ WKH QXPEHU RI W\SH
� DJHQWV RU LQ WKHLU DELOLW\ OHYHO DOORZV WKHP WR REWDLQ D ODUJHU SRUWLRQ RI
WKH SURnW PDGH IURP VXFFHVVIXO LQQRYDWLRQV� WKH IDOO LQ E� FDSWXUHV WKH UHQW
VHHNLQJ HOHPHQW LQ HQWUHSUHQHXUVKLS� ZKLFK OHDGV WR ORZHU HTXLOLEULXP JURZWK
UDWH LQ RXU PRGHO�

��



� &RQFOXVLRQ

7KLV SDSHU VWXGLHV WKH LPSOLFDWLRQ RI LQFRUSRUDWLQJ HQWUHSUHQHXUVKLS LQ DQ
HQGRJHQRXV JURZWK PRGHO� 7KHUH DUH WZR IHDWXUHV LQ .QLJKWLDQ WKHRU\ RI HQ�
WUHSUHQHXUVKLS� WKDW WKH DELOLW\ OHYHOV RI WKH HQWUHSUHQHXUV DUH KHWHURJHQRXV�
DQG WKDW WKH\ DUH PXWXDOO\ XQREVHUYDEOH� 7KHVH WZR FKDUDFWHULVWLFV OHDG WR
WKH EUHDN�GRZQ RI LQVXUDQFH� DQG WKH HQWUHSUHQHXUV PXVW EHDU XOWLPDWH UH�
VSRQVLELOLW\ LQ D ZRUOG RI XQFHUWDLQW\� :H FRQVWUXFWHG D PRGHO FRQWDLQLQJ
WKHVH WZR DVSHFW RI .QLJKWLDQ HQWUHSUHQHXUVKLS� ,Q RXU PRGHO� WKH H[HUFLVH
RI HQWUHSUHQHXUVKLS LV SDUW RI WKH LQQRYDWLRQ SURFHVV WKDW GULYHV HFRQRPLF
JURZWK� (QWUHSUHQHXUV VHOHFW LQYHQWLRQV SURGXFHG E\ UHVHDUFKHUV IRU LPSOH�
PHQWDWLRQ� DQG RQO\ VXFFHVVIXOO\ LPSOHPHQWHG LQYHQWLRQV UDLVH WKH OHYHO RI
WHFKQRORJ\� $V UHVHDUFKHUV DUH QRW DEOH WR GLVWLQJXLVK EHWZHHQ WKH KLJK DQG
ORZ DELOLW\ HQWUHSUHQHXUV� DOO LQYHQWLRQV DUH VROG DW WKH VDPH SULFH� %HFDXVH
RI WKLV� DQ H[RJHQRXV ULVH LQ WKH QXPEHU RI KLJK DELOLW\ HQWUHSUHQHXUV RU
WKHLU DELOLW\ OHYHO UHGXFHV WKH VXFFHVV UDWH RI ORZ DELOLW\ HQWUHSUHQHXUV� DQG
XQDPELJXRXVO\ OHDGV WR D ORZHU HTXLOLEULXP JURZWK UDWH�
2XU nQGLQJ FKDOOHQJHV WKH FRPPRQO\ KHOG EHOLHI WKDW LQQRYDWLYH HQWUHSUHQHXU�

VKLS LV DOZD\V UHQW FUHDWLQJ� (TXLOLEULXP JURZWK LQ RXU PRGHO LV QHJDWLYHO\ UH�
ODWHG WR WKH QXPEHU RI KLJK DELOLW\ HQWUHSUHQHXUV SUHFLVHO\ EHFDXVH KLJK DELO�
LW\ HQWUHSUHQHXUV GULYH GRZQ WKH VXFFHVV UDWH IRU ORZ DELOLW\ HQWUHSUHQHXUV�
7KXV ZH KDYH VKRZQ WKDW WKH SUHVHQFH RI D UHQW�VHHNLQJ HOHPHQW LQ LQQRYDWLYH
HQWUHSUHQHXUVKLS UHGXFHV HTXLOLEULXP JURZWK UDWH RI WKH HFRQRP\�
$UH WKHUH DQ\ FDYHDWV IRU WKLV QHJDWLYH UHODWLRQVKLS EHWZHHQ HQWUHSUHQHXU�

VKLS DQG JURZWK" /RRNLQJ PRUH FORVHO\� WKLV QHJDWLYH UHODWLRQVKLS DULVHV EH�
FDXVH RI WZR SDUWLFXODU IHDWXUHV LQ RXU PRGHO� )LUVWO\� XQOLNH 5RPHU
V PRGHO�
ZH KDYH DVVXPHG WKH UROHV RI HQWUHSUHQHXU DQG UHVHDUFKHU WR EH VHSDUDWH�
HQWUHSUHQHXUV DUH QRW GLUHFWO\ LQYROYHG LQ WKH LQYHQWLRQ SURFHVV� 6HFRQGO\�
ZH DVVXPHG DOO LQYHQWLRQV FRQVLGHUHG WR EH ZRUWKOHVV E\ HQWUHSUHQHXUV DUH
LQGHHG EDG LQYHQWLRQV� 7KH FRPELQHG HmHFW RI WKHVH WZR DVVXPSWLRQV HQ�
VXUHV WKDW DOO JRRG LQYHQWLRQV DUH ERXJKW E\ HQWUHSUHQHXUV DQG LPSOHPHQWHG
LQ HTXLOLEULXP� +DYLQJ PRUH KLJK DELOLW\ HQWUHSUHQHXUV GR QRW LQFUHDVH WKH
H[SHFWHG YDOXH RI HDFK LQYHQWLRQ� VR WKDW WKH JURZWK UDWH FDQ HVVHQWLDOO\ EH
WLHG GRZQ WR WKH QXPEHU RI UHVHDUFKHUV DORQH�
:KLOH WKHVH WZR DVVXPSWLRQV DUH QRW XQUHDVRQDEOH� LI WKH\ DUH UHOD[HG�

UHODWLRQVKLS EHWZHHQ HTXLOLEULXP JURZWK UDWH DQG HQWUHSUHQHXUVKLS ZRXOG
FHDVH WR EH XQDPELJXRXVO\ QHJDWLYH� )RU H[DPSOH� LI ZH UHOD[ WKH nUVW DV�
VXPSWLRQ DQG DVVXPH WKDW KLJK DELOLW\ HQWUHSUHQHXUV QRW RQO\ VHOHFW JRRG
LQYHQWLRQV PRUH DFFXUDWHO\� EXW DOVR PDNH EHWWHU XVH RI HDFK LQYHQWLRQ� �WKDW
LV� WKHUH DUH WZR VWDJHV LQ LQYHQWLRQ� UHVHDUFKHUV FRPSOHWH WKH nUVW� ZKLOH HQ�
WUHSUHQHXUV FRPSOHWH WKH VHFRQG VWDJH�� WKHQ KDYLQJ D JUHDWHU QXPEHU RI KLJK

��



DELOLW\ HQWUHSUHQHXUV ZRXOG UDLVH WKH H[SHFWHG YDOXH RI HDFK LQYHQWLRQ DQG
KDYH D SRVLWLYH LPSDFW RQ WKH UDWH RI WHFKQRORJLFDO JURZWK� 6LPLODUO\� LI ZH
UHOD[ WKH VHFRQG DVVXPSWLRQ DQG DVVXPH WKDW LW LV SRVVLEOH IRU HQWUHSUHQHXUV
WR PLVWDNH JRRG LQYHQWLRQ IRU ZRUWKOHVV RQHV� DQG KLJK DELOLW\ HQWUHSUHQHXUV
PDNH IHZHU RI WKHVH PLVWDNHV� WKHQ KDYLQJ PRUH KLJK DELOLW\ HQWUHSUHQHXUV
ZRXOG LQFUHDVH WKH XWLOL]DWLRQ UDWH RI JRRG LQYHQWLRQV� DQG KDYH D SRVLWLYH
HmHFW RQ JURZWK UDWH� +RZHYHU� HYHQ LQ WKHVH WZR FDVHV� KLJK DELOLW\ HQ�
WUHSUHQHXUV ZRXOG VWLOO KDYH D QHJDWLYH HmHFW RQ WKH VXFFHVV UDWH RI WKH ORZ
DELOLW\ HQWUHSUHQHXUV� DQG VLQFH IRU ORZ DELOLW\ DJHQWV LQFRPHV IURP UHVHDUFK
DQG HQWUHSUHQHXULDO VHFWRUV DUH WKH VDPH ZKHQ WKH HFRQRP\ LV LQ HTXLOLEULXP�
WKLV QHJDWLYH HmHFW LV DOVR SDVVHG GRZQ WR WKH UHVHDUFK VHFWRU� +HQFH WKHUH
ZRXOG VWLOO EH D QHJDWLYH HmHFW RQ WKH UDWH RI JURZWK�
7R VXP XS� WKH XQDPELJXRXVO\ QHJDWLYH UHODWLRQVKLS EHWZHHQ KLJK DELOLW\

HQWUHSUHQHXUV DQG HTXLOLEULXP JURZWK UDWH LV GXH WR FHUWDLQ VLPSOLI\LQJ DV�
VXPSWLRQV ZH PDGH IRU WKH SXUSRVH RI SUHVHQWDWLRQDO FODULW\� :H GR QRW LPSO\
WKDW HQWUHSUHQHXUVKLS DQG JURZWK DUH DOZD\V QHJDWLYHO\ UHODWHG� +RZHYHU�
ZKHQ WKH HOHPHQW RI HQWUHSUHQHXUVKLS LV LQFRUSRUDWHG LQWR DQ HQGRJHQRXV
JURZWK PRGHO� VXFK WKDW UHVHDUFK DQG HQWUHSUHQHXUVKLS DUH QRW LGHQWLFDO WR
HDFK RWKHU� WKH H[HUFLVH RI HQWUHSUHQHXUVKLS FDQ KDYH DQ QHJDWLYH LPSDFW RQ
WKH UDWH RI JURZWK� DQG WKLV QHJDWLYH LPSDFW LV D ORJLFDO FRQVHTXHQFH RI WKH
WZR IHDWXUHV HVVHQWLDO WR HQWUHSUHQHXUVKLS� DELOLW\ KHWHURJHQHLW\ DQG PXWXDO
XQREVHUYDELOLW\�

� $SSHQGL[� 7KH 6HTXHQFH RI ,QYHQWLRQ 6H�

OHFWLRQ

,Q RXU PRGHO� ZH DVVXPHG W\SH � HQWUHSUHQHXUV PDNH VHOHFWLRQ EHIRUH W\SH
� HQWUHSUHQHXUV� 7KLV LV LQFRQVLVWHQW ZLWK WKH DVVXPSWLRQ WKDW UHVHDUFKHUV
DUH XQDEOH WR GLVWLQJXLVK WKH WZR W\SHV RI HQWUHSUHQHXUV� +HUH ZH SUHVHQW D
VOLJKW PRGLnFDWLRQ WR WKH LQYHQWLRQ VHOHFWLRQ SURFHVV� VR WKDW WKH UHVHDUFKHUV
DUH QRW DEOH LGHQWLI\ W\SH � HQWUHSUHQHXUV E\ REVHUYLQJ ZKHQ WKH\ FRPH WR
WKH LQYHQWLRQ PDUNHW� $QDO\WLFDO UHVXOWV \LHOGHG LQ WKLV PRGLnFDWLRQ DUH
LGHQWLFDO ZLWK WKRVH LQ RXU PRGHO�
6XSSRVH WKHUH DUH H� DQG H� RI W\SH � DQG � HQWUHSUHQHXUV UHVSHFWLYHO\�

7\SH � HQWUHSUHQHXUV DUH GLYLGHG LQWR WZR VXE�JURXSV�oH� RI WKHP FKRRVH
EHIRUH WKH W\SH � HQWUHSUHQHXUV� ZKLOH WKH RWKHU �� b o�H� DIWHU� o LV D
QXPEHU EHWZHHQ � DQG � DQG LV QRW REVHUYDEOH WR WKH UHVHDUFKHUV�� (DFK

�$V LW WXUQV RXW� ZH FDQ HYHQ DVVXPH o LV WLPH GHSHQGHQW� VR WKDW DW WKH EHJLQQLQJ
RI HDFK W� WKH HFRQRP\ LV JLYHQ D oW EHWZHHQ ]HUR DQG RQH� DFFRUGLQJ WR ZKLFK W\SH �
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W\SH � HQWUHSUHQHXU LV DOORFDWHG WR RQH RI WKH VXE�JURXSV UDQGRPO\�
/HW E� GHQRWH WKH VXFFHVV UDWH RI W\SH � HQWUHSUHQHXUV� E�� DQG E�� GHQRWH

WKH VXFFHVV UDWH RI WKH WZR JURXS RI W\SH � HQWUHSUHQHXUV ZKR VHOHFW EHIRUH
DQG DIWHU W\SH � HQWUHSUHQHXUV� UHVSHFWLYHO\� %$W LV WKH WRWDO QXPEHU RI
LQYHQWLRQV RQ WKH PDUNHW� 7\SH � HQWUHSUHQHXUV ZKR FKRRVH nUVW DUH QRW
DmHFWHG E\ W\SH � HQWUHSUHQHXUV� WKXV WKH YDOXH RI E�� LV�
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Ee
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2Q WKH RWKHU KDQG� EHFDXVH WKH VHW 6� VWULFWO\ FRQWDLQV WKH VHW 6�� VXFFHVV
UDWH RI WKH W\SH � HQWUHSUHQHXUV LV QRW DmHFWHG E\ W\SH � HQWUHSUHQHXUV ZKR
FKRVH EHIRUH WKHP� WKHUHIRUH WKH YDOXH RI E� LV�

E�  
E�

Ee
�

)ROORZLQJ WKH UHDVRQLQJ LQ VHFWLRQ � RI WKH PRGHO� VXFFHVV UDWH RI WKH VHF�
RQG JURXS RI W\SH � HQWUHSUHQHXUV LV UHSUHVHQWHG E\ WKH IROORZLQJ H[SUHVVLRQ�

E��  
E�% b E��oH� b E�H�

Ee
�
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����

7KH QXPHUDWRU UHSUHVHQWV WKH QXPEHU RI JRRG LQYHQWLRQV OHIW� ZKLOH WKH
GHQRPLQDWRU UHSUHVHQWV WKH QXPEHU RI LQYHQWLRQV WKH VHFRQG JURXS RI W\SH �
HQWUHSUHQHXUV FKRRVH IURP�
1RZ ZH QHHG WR GHWHUPLQH WKH HTXLOLEULXP VXSSO\ RI LQYHQWLRQV� ,QYHQWLRQ

PDUNHW FOHDULQJ UHTXLUHV WKH WRWDO QXPEHU RI LQYHQWLRQV WKH VHFRQG JURXS RI
W\SH � HQWUHSUHQHXUV GHPDQGV WR EH HTXDO WR WKH LQYHQWLRQV UHPLQGLQJ LQ
PDUNHW WKDW DUH QRW FRQVLGHUHG WR EH ZRUWKOHVV E\ W\SH � HQWUHSUHQHXUV� WKDW
LV�

��b o� H�  Ee
�
% b oH� b H�

5H�DUUDQJH WKH DERYH H[SUHVVLRQ� ZH JHW�

%  
H� � H�

Ee
�

HQWUHSUHQHXUV DUH VHSDUDWHG LQWR WZR JURXSV� 2XU UHVXOW LV QRW DmHFWHG�

��



ZKLFK LV LGHQWLFDO WR ZKDW ZH REWDLQHG LQ WKH PRGHO� 6XEVWLWXWH WKLV
HTXLOLEULXP YDOXH RI % LQWR WKH H[SUHVVLRQ RI WKH YDOXH RI E�� LQ ����� ZH
REWDLQ�
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1RZ VLQFH W\SH � HQWUHSUHQHXUV DUH DOORFDWHG LQWR WKH WZR JURXSV UDQ�
GRPO\� WKH DJJUHJDWH UDWH RI VXFFHVV E� LV WKH DYHUDJH RI E�� DQG E��� ZHLJKWHG
E\ WKH UHODWLYH VL]H RI HDFK JURXS�

E�  oE�� � ��b o� E��

6XEVWLWXWH YDOXHV RI E�� DQG E�� LQWR WKH DERYH H[SUHVVLRQ� ZH REWDLQ WKH
DYHUDJH UDWH RI VXFFHVV IRU D W\SH � HQWUHSUHQHXU DW�
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WKLV H[SUHVVLRQ LV LGHQWLFDO WR ���� ZKLFK LV WKH VXFFHVV UDWH RI W\SH �
HQWUHSUHQHXUV ZKHQ WKH\ DOO FKRRVH DIWHU WKH W\SH � HQWUHSUHQHXUV� 7KXV�
LI ZH UHSODFH WKH VHWWLQJ IRU LQYHQWLRQ VHOHFWLRQ E\ ZKDW LV GHVFULEHG LQ WKLV
PRGHO� DOO WKH UHVXOWV RI WKH PRGHO ZLOO UHPDLQ XQFKDQJHG�
,Q PRGHOOLQJ WKH VHTXHQFH RI LQYHQWLRQ VHOHFWLRQ� LW VHHPV UHDOLVWLF WR GL�

YLGH WKH WZR W\SHV RI HQWUHSUHQHXUV LQWR PDQ\ VXE�JURXSV DQG OHW WKHP WDNH
WXUQV WR FKRRVH LQYHQWLRQV� +RZHYHU� H[SUHVVLRQV IRU WKH VXFFHVV UDWHV RI WKHVH
VXE�JURXSV W\SLFDOO\ VRRQ EHFRPHV WRR FRPSOLFDWHG WR WUDFH DQDO\WLFDOO\� ,Q
WKLV DSSHQGL[ ZH SUHVHQWHG WKH VLPSOHVW RI WKHVH FDVHV� ZKLFK \LHOGHG WKH
VRPHZKDW VXUSULVLQJ UHVXOW WKDW DOORZLQJ WKH WZR W\SHV RI DJHQWV WR PL[ WR D
FHUWDLQ GHJUHH GR QRW DmHFW WKH DYHUDJH VXFFHVV SUREDELOLW\ RI HDFK JURXS� :H
FRQMHFWXUH WKDW WKLV UHVXOW KROGV DV ORQJ DV VRPH RI WKH W\SH � HQWUHSUHQHXUV
DUH SODFHG DW WKH HQG RI WKH VHTXHQFH IRU LQYHQWLRQ VHOHFWLRQ�
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