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&6,6 'LVFXVVLRQ 3DSHU 1R���

5HJXODWLRQ RI 4XDOLW\ IRU 3XEOLF 8WLOLWLHV

XQGHU $V\PPHWULF ,QIRUPDWLRQ

<XNLKLUR .LGRNRUR＊

&HQWHU IRU 6SDWLDO ,QIRUPDWLRQ 6FLHQFH� 8QLYHUVLW\ RI 7RN\R

)DFXOW\ RI (FRQRPLFV� 8QLYHUVLW\ RI 7RN\R� ������ +RQJR� %XQN\R� 7RN\R� ��������� -DSDQ

NLGRNRUR#FVLV�X�WRN\R�DF�MS

$EVWUDFW� 7KLV SDSHU LV FRQFHUQHG ZLWK WKH HIIHFWV RI XQYHULILDELOLW\ RI TXDOLW\ RQ

UHJXODWRU\ FRQWUDFWV XQGHU DV\PPHWULF LQIRUPDWLRQ UHJDUGLQJ D PRQRSRO\©V FRVWV� :H

VKRZ WKDW XQYHULILDELOLW\ RI TXDOLW\ UHVXOWV LQ D KLJKHU OHYHO RI TXDOLW\� ORZHU RXWSXW� KLJKHU

SULFH� DQG ORZHU QHW FRQVXPHU VXUSOXV� ,I WKH SULFH HODVWLFLW\ RI GHPDQG LV QR ODUJHU WKDQ

�� XQYHULILDEOH TXDOLW\ LQFUHDVHV WKH OHYHO RI D PRQRSRO\©V SURILWV� ,Q WKLV FDVH� WKH

UHJXODWRU DQG WKH PRQRSRO\ KDYH RSSRVLQJ SUHIHUHQFHV IRU YHULILDELOLW\ RI TXDOLW\� ZKLFK

PDNHV WKH UHJXODWLRQ EDVHG RQ WKH OHYHO RI TXDOLW\ KDUG WR LPSOHPHQW�

.H\ZRUGV� DV\PPHWULF LQIRUPDWLRQ� UHJXODWLRQ� PRQRSRO\� SXEOLF XWLOLWLHV� TXDOLW\�

FRQJHVWLRQ�

-(/ FODVVLILFDWLRQ QXPEHU� /��� '��� /��� /��

＊ , ZRXOG OLNH WR WKDQN <RVKLWVXJX .DQHPRWR� +DMLPH 0L\D]DNL DQG 0DNRWR 2NDPXUD IRU KHOSIXO VXJJHVWLRQV DQG

GLVFXVVLRQV� 2I FRXUVH� , DP VROHO\ UHVSRQVLEOH IRU DQ\ UHPDLQLQJ HUURUV DQG RPLVVLRQV�
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� ,QWURGXFWLRQ

7R FRQVLGHU UHJXODWRU\ SROLFLHV IRU SXEOLF XWLOLWLHV� WKH UHJXODWRU KDV WR SD\ DWWHQWLRQ

QRW RQO\ WR WKH OHYHOV RI RXWSXW DQG SULFH EXW DOVR WR WKH OHYHO RI TXDOLW\� ,Q UHDOLW\� LW LV

IDU PRUH GLIILFXOW WR UHJXODWH SXEOLF XWLOLWLHV EDVHG RQ WKH OHYHO RI TXDOLW\ WKDQ WR UHJXODWH

WKHP EDVHG RQ WKH OHYHOV RI RXWSXW DQG SULFH� 2QH UHDVRQ IRU WKLV LV WKDW TXDOLW\ LV KLJKO\

PXOWLGLPHQVLRQDO DQG WR HYDOXDWH DOO WKH DVSHFWV RI TXDOLW\ ZRXOG LQYROYH IRUPLGDEOH FRVWV�

7KLV GLIILFXOW\� KRZHYHU� FRXOG EH DYRLGHG� DW OHDVW WR VRPH H[WHQW� E\ IRUPXODWLQJ DQ

LQGH[ RI TXDOLW\� DV QRWHG E\ /\QFK HW DO� ������� ,I ZH XVH WKLV W\SH RI TXDOLW\ LQGH[�

ZLOO LW EH SRVVLEOH WR LPSOHPHQW UHJXODWLRQ EDVHG RQ WKH OHYHO RI TXDOLW\"

7KH SXUSRVH RI WKLV SDSHU LV WR H[DPLQH WKH LPSOHPHQWDELOLW\ RI UHJXODWLRQV EDVHG

RQ WKH OHYHO RI TXDOLW\� IRFXVLQJ RQ XQYHULILDELOLW\ RI TXDOLW\ XQGHU DV\PPHWULF LQIRUPDWLRQ

UHJDUGLQJ D PRQRSRO\©V FRVWV� :H GHULYH WKH HIIHFWV RI XQYHULILDELOLW\ RI TXDOLW\ RQ

UHJXODWRU\ FRQWUDFWV DQG VKRZ WKDW UHJXODWLRQV EDVHG RQ WKH OHYHO RI TXDOLW\ DUH

LQWULQVLFDOO\ GLIILFXOW WR LPSOHPHQW EHFDXVH D PRQRSRO\ EHQHILWV IURP XQYHULILDELOLW\ RI

TXDOLW\� 7R VHW XS D PRGHO DV VLPSO\ DV SRVVLEOH� WKLV SDSHU IRFXVHV RQ VHUYLFH

FRQJHVWLRQ DV D UHSUHVHQWDWLYH DVSHFW RI VHUYLFH TXDOLW\� $OWKRXJK TXDOLW\ LV HVVHQWLDOO\

PXOWLGLPHQVLRQDO� FRQJHVWLRQ�W\SH TXDOLW\ UHSUHVHQWV DQ LPSRUWDQW DVSHFW RI WKH VHUYLFHV

VXSSOLHG E\ SXEOLF XWLOLWLHV� )RU H[DPSOH� LPSRUWDQW TXDOLW\ PHDVXUHV LQ WKH VXSSO\ RI

HOHFWULFLW\ DUH WKH IUHTXHQF\ DQG WKH OHQJWK RI EUHDNGRZQV� ZKLFK PRVWO\ UHVXOW IURP

FRQJHVWLRQ� ,Q WHOHFRPPXQLFDWLRQV� HDVH RI FRQQHFWLRQ WR OLQHV DQG WKH WUDQVIHU VSHHG RI

GDWD DUH LPSRUWDQW TXDOLW\ PHDVXUHV WKDW DUH DOVR FORVHO\ UHODWHG WR QHWZRUN FRQJHVWLRQ�

7KH IXQGDPHQWDO UHODWLRQVKLS ZH REWDLQ LQ WKLV SDSHU LV WKDW XQYHULILDELOLW\ RI TXDOLW\

UDLVHV WKH OHYHO RI TXDOLW\ EXW ORZHUV WKH OHYHO RI RXWSXW� DQG FRQVHTXHQWO\� UDLVHV WKH OHYHO

RI SULFH� ,I TXDOLW\ LV YHULILDEOH� WKH UHJXODWRU FDQ UHGXFH WKH LQIRUPDWLRQDO UHQWV D
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PRQRSRO\ HQMR\V E\ ORZHULQJ ERWK WKH OHYHOV RI ERWK RXWSXW DQG TXDOLW\� ,I TXDOLW\ LV

XQYHULILDEOH� KRZHYHU� WKH UHJXODWRU©V FRQWURO YDULDEOH LV UHVWULFWHG WR RXWSXW RQO\� ,Q

WKLV FDVH� WKH UHJXODWRU FDQQRW UHGXFH D PRQRSRO\©V LQIRUPDWLRQDO UHQWV E\ ORZHULQJ WKH

OHYHO RI TXDOLW\� 7KXV� WKH UHJXODWRU KDV WR PDNH WKH OHYHO RI RXWSXW HYHQ ORZHU ZKHQ

TXDOLW\ LV XQYHULILDEOH WKDQ ZKHQ YHULILDEOH WR FXW GRZQ WKH PRQRSRO\©V UHQWV� $V D

UHVXOW� XQYHULILDEOH TXDOLW\ UHVXOWV LQ D KLJKHU OHYHO RI TXDOLW\ DQG D ORZHU OHYHO RI RXWSXW�

7KLV PHDQV WKDW WKH SULFH OHYHO LV KLJKHU ZKHQ TXDOLW\ LV XQYHULILDEOH WKDQ ZKHQ YHULILDEOH�

6LQFH WKH UHJXODWRU FDQ QRW H[WUDFW D PRQRSRO\©V LQIRUPDWLRQDO UHQWV E\ FRQWUROOLQJ

WKH OHYHO RI TXDOLW\ ZKHQ TXDOLW\ LV XQYHULILDEOH� XQYHULILDEOH TXDOLW\ SUHVHQWV PRUH

GLVWRUWLRQV WR QHW FRQVXPHU VXUSOXV WKDQ YHULILDEOH TXDOLW\� 7KH OHYHO RI QHW FRQVXPHU

VXUSOXV LV WKXV KLJKHU ZKHQ TXDOLW\ LV YHULILDEOH WKDQ ZKHQ XQYHULILDEOH� 7KH OHYHO RI WKH

PRQRSRO\©V SURILWV� KRZHYHU� PD\ EH KLJKHU RU ORZHU XQGHU YHULILDEOH TXDOLW\ GHSHQGLQJ

RQ WKH SULFH DQG WKH TXDOLW\ HODVWLFLWLHV RI GHPDQG� (VSHFLDOO\ LI WKH SULFH HODVWLFLW\ RI

GHPDQG LV QR ODUJHU WKDQ �� ZKLFK ZRXOG EH WKH FDVH IRU PRVW SXEOLF XWLOLWLHV� WKH OHYHO RI

WKH SURILWV LV ORZHU ZKHQ TXDOLW\ LV YHULILDEOH WKDQ ZKHQ XQYHULILDEOH� 8QYHULILDELOLW\ RI

TXDOLW\ WKHUHIRUH UDLVHV WKH OHYHO RI WKH PRQRSRO\©V SURILWV� 7KDW LV� LI ZH FRQVLGHU WKH

UHJXODWLRQ IRU FRPPRQ SXEOLF XWLOLWLHV� XQYHULILDELOLW\ RI TXDOLW\ ORZHUV WKH OHYHO RI QHW

FRQVXPHU VXUSOXV EXW UDLVHV WKH OHYHO RI WKH PRQRSRO\©V SURILWV� 7KLV PHDQV WKDW WKH

PRQRSRO\ KDV QR LQFHQWLYHV WR UHYHDO WKH WUXH OHYHO RI TXDOLW\ DQG WKXV PDNH TXDOLW\

YHULILDEOH� 7KLV ZRXOG EH WKH IXQGDPHQWDO UHDVRQ ZK\ UHJXODWLRQ EDVHG RQ WKH OHYHO RI

TXDOLW\ LV KDUG WR LPSOHPHQW�

2XU DQDO\VLV LV DQ DSSOLFDWLRQ RI RSWLPDO UHJXODWLRQ OLWHUDWXUH IRU D PRQRSRO\ ZKRVH

FRVWV DUH XQNQRZQ WR WKH UHJXODWRU� LQ ZKLFK WKH OHYHO RI TXDOLW\ LV WDNHQ LQWR DFFRXQW�

7KH PRVW UHODWHG VWXGLHV DUH %HLWLD ������� /DIIRQW DQG 7LUROH ������� DQG /HZLV DQG
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6DSSLQJWRQ ������� %HLWLD ������ IRFXVHV RQ WKH FDVH RI YHULILDEOH TXDOLW\ RQO\� ZKLOH

/DIIRQW DQG 7LUROH ������ IRFXVHV RQ WKH FDVH RI XQYHULILDEOH TXDOLW\ RQO\� 7KHUHIRUH�

ERWK VWXGLHV GR QRW H[WUDFW WKH HIIHFWV RI XQYHULILDELOLW\ RI TXDOLW\ RQ UHJXODWRU\ FRQWUDFWV�

,Q WKDW ZH H[SOLFLWO\ FRPSDUH XQYHULILDEOH TXDOLW\ ZLWK YHULILDEOH TXDOLW\� RXU DSSURDFK LV

FORVH WR /HZLV DQG 6DSSLQJWRQ ������� 7KHLU DQDO\VLV� KRZHYHU� IRFXVHV RQ WKH

GHULYDWLRQ RI D PRGHO LQ ZKLFK ERWK WKH UHJXODWRU DQG D PRQRSRO\ EHQHILW IURP

YHULILDELOLW\ RI TXDOLW\� 8VLQJ D PRGHO WKDW LV EHWWHU ILW IRU DQ DQDO\VLV RI DFWXDO SXEOLF

XWLOLWLHV� ZH REWDLQ UHVXOWV GLIIHUHQW IURP WKHLUV� WKH OHYHO RI TXDOLW\ D PRQRSRO\ VHOHFWV LV

KLJKHU ZKHQ TXDOLW\ LV XQYHULILDEOH WKDQ ZKHQ YHULILDEOH� DQG XQYHULILDELOLW\ RI TXDOLW\

PDNHV WKH OHYHO RI LWV SURILWV KLJKHU� L�H�� D PRQRSRO\ EHQHILWV IURP XQYHULILDELOLW\ DQG

FRQVHTXHQWO\ KDV QR LQFHQWLYHV WR UHYHDO WKH OHYHO RI TXDOLW\ WUXWKIXOO\� LI WKH SULFH

HODVWLFLW\ RI GHPDQG LV QR ODUJHU WKDQ ��

7KH VWUXFWXUH RI WKLV FKDSWHU LV DV IROORZV� 7KH HOHPHQWV RI RXU PRGHO DUH

GHVFULEHG LQ VHFWLRQ �� ,Q VHFWLRQ �� ZH DQDO\]H RSWLPDO UHJXODWLRQ XQGHU V\PPHWULF

LQIRUPDWLRQ DV D EHQFKPDUN� ,Q VHFWLRQ �� ZH GHULYH RSWLPDO UHJXODWLRQ XQGHU

DV\PPHWULF LQIRUPDWLRQ DERXW D PRQRSRO\©V FRVW� ZLWK ERWK WKH FDVHV RI YHULILDEOH DQG

XQYHULILDEOH TXDOLW\� ,Q VHFWLRQ �� ZH REWDLQ RXU PDLQ UHVXOWV E\ FRPSDULQJ WKH FDVH RI

XQYHULILDEOH TXDOLW\ ZLWK WKH FDVH RI YHULILDEOH TXDOLW\� ,Q VHFWLRQ �� RXU PRGHO LV

H[WHQGHG E\ QXPHULFDO VLPXODWLRQ� ,Q VHFWLRQ �� ZH FORVHO\ FRQWUDVW RXU UHVXOWV ZLWK WKH

UHVXOWV RI %HLWLD ������� /DIIRQW DQG 7LUROH ������� DQG /HZLV DQG 6DSSLQJWRQ �������

6HFWLRQ � FRQFOXGHV RXU DQDO\VLV�

� (OHPHQWV RI WKH PRGHO

$ PRQRSRO\ VXSSOLHV D VHUYLFH� 7KH PRQRSRO\©V FRVWV WR SURYLGH WKH VHUYLFH� & �
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FRQVLVW RI XQLW SURGXFWLRQ FRVW WLPHV RXWSXW DQG FDSDFLW\ FRVWV� :H DVVXPH WKDW XQLW

SURGXFWLRQ FRVW LV IL[HG ZLWK D EXW FDSDFLW\ FRVWV GHSHQG RQ β β β∈> � @ �� )RU WKH VDNH

RI DQDO\WLFDO VLPSOLFLW\� WKH FRVW IXQFWLRQ LV DVVXPHG WR EH & D[ 4= + β � ZKHUH [ LV

VHUYLFH RXWSXW DQG 4 LV SURGXFWLRQ FDSDFLW\� 7KURXJKRXW RXU DQDO\VLV� VHUYLFH RXWSXW�

[ � LV DVVXPHG WR EH YHULILDEOH� :H DVVXPH DZD\ WKH VKXWGRZQ RI D PRQRSRO\� L�H�� HYHQ

WKH PRQRSRO\ ZLWK WKH KLJKHVW FDSDFLW\ FRVW SDUDPHWHU VXSSOLHV WKH VHUYLFH�

7KH OHYHO RI FRQJHVWLRQ LV PHDVXUHG E\ VHUYLFH RXWSXW SHU FDSDFLW\�
[

4
� )RU

DQDO\WLFDO VLPSOLFLW\� ZH XVH WKH LQYHUVH RI WKH FRQJHVWLRQ PHDVXUH DV D PHDVXUH RI TXDOLW\�

T � L�H�� T
4

[
≡ � &HWHULV SDULEXV� HQKDQFHG FDSDFLW\ OHDGV WR LPSURYHG TXDOLW\� ,Q RXU

DQDO\VLV� ZH UHJDUG 4 DV QRPLQDO LQ WKH VHQVH WKDW LW LV SRVVLEOH WKDW WKH TXDQWLW\

SURGXFHG H[FHHGV SURGXFWLRQ FDSDFLW\� L�H�� [ 4> � LQ ZKLFK FDVH WKH VHUYLFH VXSSO\

FRQWLQXHV EXW TXDOLW\ GHWHULRUDWHV�

$JDLQ IRU DQDO\WLFDO VLPSOLFLW\� ZH IRFXV RQ WKH FDVH ZKHUH DQ LQFUHDVH LQ TXDOLW\

�L�H�� D GHFUHDVH LQ FRQJHVWLRQ� LV D SHUIHFW VXEVWLWXWH RI D GHFUHDVH LQ SULFH DQG WKH

GHPDQG IXQFWLRQ LV [ [ S Y T= −� � �� � ZKHUH S UHSUHVHQWV SULFH�� 7KLV GHPDQG IXQFWLRQ

� ,W LV SRVVLEOH WKDW FDSDFLW\ FRVWV DUH IL[HG EXW XQLW SURGXFWLRQ FRVW YDULHV� ,Q WKLV FDVH� KRZHYHU� RXU DQDO\VLV

EHFRPHV XQLQWHUHVWLQJ EHFDXVH DV\PPHWULF LQIRUPDWLRQ DERXW XQLW SURGXFWLRQ FRVW OHDYHV WKH OHYHO RI TXDOLW\

XQFKDQJHG�

� )RU LQVWDQFH� D GHFUHDVH LQ FRQJHVWLRQ VSHHGV XS GDWD WUDQVIHU LQ WHOHFRPPXQLFDWLRQV� 7KH DFFHOHUDWHG GDWD

WUDQVIHU OHVVHQV WKH WLPH QHHGHG WR VHQG GDWD� DQG FRQVHTXHQWO\� KDV WKH VDPH HIIHFW DV D GHFUHDVH LQ SULFH� ,Q

HOHFWULFLW\ VXSSO\� GHFUHDVHG FRQJHVWLRQ LPSOLHV UHGXFHG SRVVLELOLWLHV RI EODFNRXWV� ,Q WKLV FDVH� HOHFWULFLW\ XVHUV FDQ

FXW GRZQ WKH FRVWV IRU EDFN�XS V\VWHPV VXFK DV EDFN�XS JHQHUDWRUV� 7KXV� D GHFUHDVH LQ ULVN RI EODFNRXWV KDV

YLUWXDOO\ WKH VDPH HIIHFW DV D GHFUHDVH LQ SULFH�
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\LHOGV WKH LQYHUVH GHPDQG IXQFWLRQ WKDW LV VHSDUDEOH LQ [ DQG T � S [ T X [ Y T� � � � � � �= + �

:H ZLOO FRQVLGHU WKH FDVH ZKHUH WKH LQYHUVH GHPDQG IXQFWLRQ LV QRW VHSDUDEOH LQ VHFWLRQ ��

7KH LQYHUVH PDUNHW GHPDQG IXQFWLRQ VDWLVILHV S
S [ T
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� � � � +HUHDIWHU� VXEVFULSWV GHQRWH SDUWLDO GHULYDWLYHV� *URVV
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� ZKLFK LV DVVXPHG WR EH VWULFWO\

FRQFDYH� 7KXV� ′′ <Y T� � � � 1HW FRQVXPHU VXUSOXV� 6 Q � LV GHILQHG DV

6 [ T 6 [ T S [ T [Q J� � � � � � � � �≡ − �

$ PRQRSRO\©V SURILWV� π � FDQ EH ZULWWHQ DV

π β β� � � � � � � � � � � �[ T 7 S [ T [ & [ T[ 7= − − ���

ZKHUH 7 LV D OXPS�VXP WD[ �RU D OXPS�VXP VXEVLG\ LI 7 < � � RQ WKH PRQRSRO\� 7KH

UHJXODWRU©V REMHFWLYH LV WR PD[LPL]H WKH ZHLJKWHG VXP RI WKH PRQRSRO\©V SURILWV DQG WRWDO

QHW FRQVXPHU VXUSOXV� 6 [ T 7Q� � �+ � 7KH ZHLJKW SODFHG RQ WKH WRWDO QHW FRQVXPHU

VXUSOXV LV α DQG WKDW RQ SURILWV LV �− α � ZKHUH
�

�
�< ≤α �

� 6\PPHWULF ,QIRUPDWLRQ

$V D EHQFKPDUN� ZH FRQVLGHU WKH FDVH ZKHUH DOO LQIRUPDWLRQ EHWZHHQ WKH UHJXODWRU

DQG WKH PRQRSRO\ LV V\PPHWULF� ,Q WKLV FDVH� WKH UHJXODWRU ILUVW IL[HV RXWSXW� [ � TXDOLW\�

T � DQG D OXPS�VXP WD[� 7 � WR PD[LPL]H VRFLDO ZHOIDUH VXEMHFW WR QRQ�QHJDWLYH SURILWV

�WKH LQGLYLGXDO UDWLRQDOLW\ FRQVWUDLQW�� 6HFRQG� WKH PRQRSRO\ LPSOHPHQWV WKHP� 6RFLDO

ZHOIDUH� : � FDQ EH ZULWWHQ DV
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: 6 [ T 7 [ T 7
Q= + + −α α π β� � � � � � � � � �< A � � ���

0D[LPL]DWLRQ RI VRFLDO ZHOIDUH� : � VXEMHFW WR π β� � � � �[ T 7 ≥ � � ZLWK UHVSHFW WR [ � T �

DQG 7 \LHOGV /HPPD �� +HUHDIWHU� ZH ZLOO VRPHWLPHV ZULWH S [ T� � �� � ��β β �

π β β β β� � �� � �� � �� �[ T 7 � DQG T [� � � �β β DV S� �β � π β� � � DQG 4� �β � UHVSHFWLYHO\�

ZKHUH WKHUH LV QR SRVVLELOLW\ RI FRQIXVLRQ�

/HPPD �

2SWLPDO UHJXODWLRQ XQGHU V\PPHWULF LQIRUPDWLRQ� ZKLFK LV GHQRWHG E\ D VXSHUVFULSW�

∗ � VDWLVILHV

L� S D T∗ ∗= +� � � �β β β � ���

LL� ′ =∗Y T� � ��β β � ���

LLL� π β∗ =� � � � ���

7KH SURRI LV VWDWHG LQ WKH $SSHQGL[� ��� VKRZV WKDW VHUYLFH SULFH HTXDOV LWV

PDUJLQDO VHUYLFH FRVW� &
[
�＝D T+ β �� ��� VKRZV WKDW FRQVXPHUV© PDUJLQDO ZLOOLQJQHVV

WR SD\ IRU TXDOLW\ SHU VHUYLFH� ′Y T� � � HTXDOV WKH PDUJLQDO FRVW RI TXDOLW\ SHU VHUYLFH�

&

[

T
�＝ β �� ��� GHPRQVWUDWHV WKDW WKH PRQRSRO\©V SURILWV DUH ]HUR XQGHU RSWLPDO

UHJXODWLRQ� 7KHVH UHVXOWV DUH D QDWXUDO H[WHQVLRQ RI WKH VWDQGDUG WZR�SDUW WDULII WKHRU\

UHJDUGLQJ SULFH DQG TXDQWLW\��

� 6HH� IRU H[DPSOH� :LOVRQ �������
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� $V\PPHWULF ,QIRUPDWLRQ

/HW XV LQWURGXFH DV\PPHWULF LQIRUPDWLRQ UHJDUGLQJ D PRQRSRO\©V FRVW SDUDPHWHUV�

7KH UHJXODWRU FDQQRW REVHUYH LWV FRVW SDUDPHWHU� β � EXW LW NQRZV WKH SUREDELOLW\

GLVWULEXWLRQ RI WKH FRVW SDUDPHWHU� 7KH GHQVLW\ IXQFWLRQ RI β LV I � �β DQG LWV

GLVWULEXWLRQ IXQFWLRQ LV )� �β � :H DVVXPH WKDW WKH PRQRWRQH�KD]DUG�UDWH SURSHUW\

KROGV� L�H��

G
)

I

G

� �

� �

β
β

β

�
��

�
��

> � �

��� 9HULILDEOH 4XDOLW\

)LUVW� ZH FRQVLGHU WKH FDVH ZKHUH SURGXFWLRQ FDSDFLW\� 4 � LV YHULILDEOH DQG

FRQVHTXHQWO\ TXDOLW\� T � LV YHULILDEOH� ,Q WKLV FDVH� WKH UHJXODWRU GHVLJQV D UHJXODWRU\

FRQWUDFW EDVHG RQ RXWSXW� [ � TXDOLW\� T � DQG D OXPS�VXP WD[� 7 �

7KH WLPLQJ RI WKH UHJXODWLRQ LV DV IROORZV� )LUVW� WKH UHJXODWRU DQG WKH PRQRSRO\

VKDUH FRPPRQ NQRZOHGJH DERXW WKH SUREDELOLW\ GLVWULEXWLRQ RI β � 6HFRQG� QDWXUH

GHWHUPLQHV WKH PRQRSRO\©V WUXH β � NQRZQ RQO\ WR WKH PRQRSRO\� 7KLUG� WKH UHJXODWRU

GHVLJQV D PHQX RI UHJXODWRU\ FRQWUDFWV� � � �� � �� � ��[ T 7β β β � EDVHG RQ β β β∈> � @�

)RXUWK� WKH PRQRSRO\ UHSRUWV WKDW LWV FRVW SDUDPHWHU LV ′β DQG FKRRVHV WKH FRQWUDFW

GHVLJQHG IRU ′β � � � �� � �� � ��[ T 7′ ′ ′β β β � )URP WKH 5HYHODWLRQ 3ULQFLSOH� ZH FDQ IRFXV

RQ WKH WUXWK�WHOOLQJ FDVH� L�H�� WKH PRQRSRO\ ZKRVH WUXH FRVW SDUDPHWHU LV β DQQRXQFHV

WKDW LWV FRVW SDUDPHWHU LV β DQG FKRRVHV � � �� � �� � ��[ T 7β β β � )LIWK� WKH UHJXODWRU

LPSOHPHQWV WKH UHJXODWRU\ FRQWUDFW VHOHFWHG E\ WKH PRQRSRO\� :H DVVXPH WKDW ERWK WKH

UHJXODWRU DQG WKH PRQRSRO\ DUH IXOO\ FRPPLWWHG WR WKH UHJXODWLRQ RQFH WKH\ KDYH VLJQHG�
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)ROORZLQJ WKH XVXDO SURFHGXUH LQ WKH RSWLPDO UHJXODWLRQ OLWHUDWXUH �H�J�� %HVDQNR

DQG 6DSSLQJWRQ �������� ZH IRUPXODWH WKH PD[LPL]DWLRQ SUREOHP �3�� DV IROORZV�
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6ROYLQJ WKH PD[LPL]DWLRQ SUREOHP �3�� \LHOGV WKH IROORZLQJ SURSRVLWLRQ�

3URSRVLWLRQ �

2SWLPDO UHJXODWLRQ XQGHU DV\PPHWULF LQIRUPDWLRQ DQG YHULILDEOH TXDOLW\� ZKLFK LV

GHQRWHG E\ D VXSHUVFULSW� �� VDWLVILHV
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7KH SURRI LV VWDWHG LQ WKH $SSHQGL[� 8QOHVV D PRQRSRO\ LV WKH PRVW HIILFLHQW� L�H��
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β β= � D PRQRSRO\©V SULFH DQG FRQVXPHUV© PDUJLQDO ZLOOLQJQHVV WR SD\ IRU TXDOLW\ �SHU

VHUYLFH�� UHVSHFWLYHO\� ZLOO H[FHHG LWV PDUJLQDO VHUYLFH FRVW DQG WKH PDUJLQDO FRVW RI

TXDOLW\ �SHU VHUYLFH�� 7KHVH UHVXOWV VWHP IURP WKH IDFW WKDW WKH UHJXODWRU WULHV WR H[WUDFW

LQIRUPDWLRQDO UHQWV WKH PRQRSRO\ JDLQV IURP DV\PPHWULF LQIRUPDWLRQ DERXW LWV FRVW

SDUDPHWHUV�

7KH PRQRSRO\©V SURILWV DUH SRVLWLYH� H[FHSW LQ WKH PRVW LQHIILFLHQW FDVH� L�H�� β β= �

7KH VL]H RI LWV SURILWV GHSHQGV RQ SURGXFWLRQ FDSDFLW\ IRU WKH IROORZLQJ UHDVRQ�

6XSSRVH WKDW D PRQRSRO\ ZKRVH FRVW SDUDPHWHU LV β ς− �ς > � � FODLPV LWV FRVW

SDUDPHWHU WR EH β � ,Q WKLV FDVH� WKH PRQRSRO\©V DSSUR[LPDWH JDLQ IURP H[DJJHUDWLQJ

LWV FRVWV LV�

β β β ς β ς β4 4 4� � � � � � � �− − = �

7R LQGXFH WUXWKIXO FRVW UHSRUWLQJ� WKH UHJXODWRU PXVW JLYH WKH PRQRSRO\ WKH UHQWV E\

ς β4� � DQG FRPSHQVDWH WKH PRQRSRO\ IRU ORVVHV IURP WUXWK�WHOOLQJ� 7KHUHIRUH� WKH

PRQRSRO\©V SURILWV DUH GHWHUPLQHG E\ WKH VFDOH RI SURGXFWLRQ FDSDFLW\�

��� 8QYHULILDEOH 4XDOLW\

:H SURFHHG WR WKH FDVH ZKHUH SURGXFWLRQ FDSDFLW\� 4 � LV XQYHULILDEOH IRU D FHUWDLQ

UHDVRQ �H�J�� KLJK FRVWV� DQG FRQVHTXHQWO\� TXDOLW\� T � LV XQYHULILDEOH� ,Q WKLV FDVH� WKH

UHJXODWRU FDQQRW LPSOHPHQW D UHJXODWRU\ FRQWUDFW EDVHG RQ TXDOLW\�� 7KH UHJXODWRU

� 6XSSRVH WKDW WKH UHJXODWRU RIIHUV D UHJXODWRU\ FRQWUDFW EDVHG RQ TXDOLW\ DQG WKDW D PRQRSRO\ GRHV QRW DFKLHYH WKH

OHYHO RI TXDOLW\ WKH UHJXODWRU GHVLJQDWHV� ,I TXDOLW\ LV XQYHULILDEOH� WKH FRXUW FDQQRW MXGJH ZKHWKHU RU QRW WKH

PRQRSRO\ KDV EUHDFKHG WKH FRQWUDFW� 7KH UHJXODWRU LV WKHUHIRUH XQDEOH WR SXQLVK WKH PRQRSRO\ RQ WKH EDVLV WKDW WKH

PRQRSRO\ GRHV QRW DWWDLQ WKH OHYHO RI TXDOLW\ VSHFLILHG LQ WKH FRQWUDFW� 7KH PRQRSRO\ FDQ WKHUHIRUH IUHHO\ FKRRVH
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WKHUHIRUH RIIHUV D UHJXODWRU\ FRQWUDFW EDVHG RQ RXWSXW� [ � DQG D OXPS�VXP WD[� 7 �

7KH PRQRSRO\ FKRRVHV TXDOLW\� T � VR DV WR PD[LPL]H LWV SURILWV� JLYHQ WKH UHJXODWRU\

FRQWUDFW LW KDV VHOHFWHG� 7KH PD[LPL]LQJ SUREOHP LQ WKLV FDVH� �3��� LV DV IROORZV�
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:H REWDLQ WKH IROORZLQJ SURSRVLWLRQ E\ VROYLQJ WKH PD[LPL]DWLRQ SUREOHP� �3���

3URSRVLWLRQ �

2SWLPDO UHJXODWLRQ XQGHU DV\PPHWULF LQIRUPDWLRQ DQG XQYHULILDEOH TXDOLW\� ZKLFK LV

GHQRWHG E\ D VXSHUVFULSW� � � VDWLVILHV
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WKH OHYHO RI TXDOLW\� 7KXV� XQYHULILDELOLW\ RI TXDOLW\ PDNHV D UHJXODWRU\ FRQWUDFW EDVHG RQ TXDOLW\ XQLPSOHPHQWDEOH�
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ZKHUH T T [� � �� � � � �� �β β β≡ DQG N LV DV GHILQHG LQ 3URSRVLWLRQ ��

7KH SURRI LV VWDWHG LQ WKH $SSHQGL[� ���� DV ZHOO DV ���� VWDWHV WKDW SULFH LV KLJKHU

WKDQ WKH PDUJLQDO VHUYLFH FRVW� 7KLV GLVWRUWLRQ DULVHV EHFDXVH RI WKH UHQW H[WUDFWLRQ E\

WKH UHJXODWRU� ���� GHPRQVWUDWHV WKDW FRQVXPHUV© PDUJLQDO ZLOOLQJQHVV WR SD\ IRU TXDOLW\

�SHU VHUYLFH�� ′Y T� � � HTXDOV WKH PDUJLQDO FRVW RI TXDOLW\ �SHU VHUYLFH�� 7KDW LV� UHJDUGLQJ

TXDOLW\� QR GLVWRUWLRQ H[LVWV� 7KLV UHVXOW VWHPV IURP WKH IDFW WKDW WKH UHJXODWRU FDQQRW

H[WUDFW LQIRUPDWLRQDO UHQWV E\ FRQWUROOLQJ WKH OHYHO RI TXDOLW\� GXH WR WKH XQYHULILDELOLW\ RI

TXDOLW\� ���� VKRZV WKH VDPH UHVXOW DV ���� WKDW LV� WKH PRQRSRO\©V SURILWV DUH SRVLWLYH�

H[FHSW IRU WKH PRVW LQHIILFLHQW FDVH� L�H�� β β= �

� $ &RPSDULVRQ

6LQFH ZH KDYH FKDUDFWHUL]HG WKH VROXWLRQV XQGHU V\PPHWULF LQIRUPDWLRQ�

DV\PPHWULF LQIRUPDWLRQ DQG YHULILDEOH TXDOLW\� DQG DV\PPHWULF LQIRUPDWLRQ DQG

XQYHULILDEOH TXDOLW\� ZH QRZ FRPSDUH WKHVH VROXWLRQV ZLWK RQH DQRWKHU� 8VLQJ /HPPD ��

3URSRVLWLRQ �� DQG 3URSRVLWLRQ �� ZH REWDLQ WKH IROORZLQJ 3URSRVLWLRQ ��

3URSRVLWLRQ �

*LYHQ β β β∈� � � �
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7KH SURRI LV VWDWHG LQ WKH $SSHQGL[� )LUVW� ZH IRFXV RQ WKH HIIHFWV RI DV\PPHWULF

LQIRUPDWLRQ RQ UHJXODWRU\ FRQWUDFWV E\ FRPSDULQJ WKH FDVH RI V\PPHWULF LQIRUPDWLRQ ZLWK

WKDW RI DV\PPHWULF LQIRUPDWLRQ DQG YHULILDEOH TXDOLW\� 7KH UHVXOW ZH KDYH REWDLQHG LV D

QDWXUDO H[WHQVLRQ RI %DURQ DQG 0\HUVRQ ������� 7KH UHJXODWRU ORZHUV WKH OHYHOV RI ERWK

RXWSXW DQG TXDOLW\ WR UHGXFH D PRQRSRO\©V LQIRUPDWLRQDO UHQWV XQGHU DV\PPHWULF

LQIRUPDWLRQ� 7KLV OHDGV WR ORZHU OHYHOV RI SURGXFWLRQ FDSDFLW\ DQG QHW FRQVXPHU VXUSOXV

XQGHU DV\PPHWULF LQIRUPDWLRQ� 7KH PRQRSRO\ JDLQV SRVLWLYH SURILWV XQGHU DV\PPHWULF

LQIRUPDWLRQ� ZKLOH JDLQLQJ ]HUR SURILWV XQGHU V\PPHWULF LQIRUPDWLRQ�

7KH GLIIHUHQW UHVXOW IURP %DURQ DQG 0\HUVRQ ������ LV WKH HIIHFW RI DV\PPHWULF

LQIRUPDWLRQ RQ SULFH� ,Q WKHLU VWXG\� WKH SULFH OHYHO LV KLJKHU XQGHU DV\PPHWULF

LQIRUPDWLRQ� EHFDXVH D GHFUHDVH LQ RXWSXW FDXVHG E\ DV\PPHWULF LQIRUPDWLRQ UDLVHV WKH

SULFH� ,Q RXU PRGHO� KRZHYHU� DQRWKHU HIIHFW H[LVWV� D GHFUHDVH LQ TXDOLW\ ORZHUV SULFH�

,I WKLV HIIHFW LV ODUJH� LW LV SUREDEOH WKDW WKH SULFH OHYHO LV ORZHU XQGHU DV\PPHWULF
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LQIRUPDWLRQ� 7KH QHW HIIHFW RQ SULFH GHSHQGV RQ WKH HODVWLFLW\ RI FRQVXPHUV© PDUJLQDO

ZLOOLQJQHVV WR SD\ IRU TXDOLW\� ε � 6XSSRVH WKDW ε >� � ,Q WKLV FDVH� FRQVXPHUV©

PDUJLQDO ZLOOLQJQHVV WR SD\ IRU TXDOLW\ LQFUHDVHV VXEVWDQWLDOO\ LI TXDOLW\ GHFUHDVHV� 7KLV

PHDQV WKDW WKH GHWHULRUDWLRQ RI TXDOLW\ ORZHUV SULFH RQO\ D OLWWOH� $V D UHVXOW� WKH LQFUHDVH

LQ SULFH WKDW UHVXOWV IURP D GHFUHDVH LQ RXWSXW SUHYDLOV DJDLQVW WKH GHFUHDVH LQ SULFH FDXVHG

E\ WKH FKDQJH LQ TXDOLW\� 7KXV� %DURQ DQG 0\HUVRQV© UHVXOW KROGV� WKH SULFH OHYHO LV

KLJKHU XQGHU DV\PPHWULF LQIRUPDWLRQ� 2Q WKH FRQWUDU\� LI ε <� � FRQVXPHUV© PDUJLQDO

ZLOOLQJQHVV WR SD\ IRU TXDOLW\ LQFUHDVHV RQO\ VOLJKWO\ JLYHQ WKH ORZHU OHYHO RI TXDOLW\�

7KLV LPSOLHV WKDW WKH PRQRSRO\ PXVW ORZHU SULFH VXEVWDQWLDOO\ LI LW UHGXFHV TXDOLW\� $V D

UHVXOW� WKH GHFUHDVH LQ TXDOLW\ PDNHV WKH SULFH ORZ HQRXJK WR RXWZHLJK WKH LQFUHDVH LQ

SULFH FDXVHG E\ D GHFUHDVH LQ RXWSXW� DQG FRQVHTXHQWO\ WKH SULFH OHYHO LV ORZHU XQGHU

DV\PPHWULF LQIRUPDWLRQ WKDQ XQGHU V\PPHWULF LQIRUPDWLRQ�

6HFRQG� ZH GHULYH WKH HIIHFWV RI XQYHULILDELOLW\ RI TXDOLW\ RQ UHJXODWRU\ FRQWUDFWV E\

FRPSDULQJ WKH DV\PPHWULF�YHULILDEOH FDVH ZLWK WKH DV\PPHWULF�XQYHULILDEOH FDVH� ,Q WKH

FDVH RI DV\PPHWULF LQIRUPDWLRQ DQG YHULILDEOH TXDOLW\� WKH UHJXODWRU ORZHUV WKH OHYHOV RI

ERWK RXWSXW DQG TXDOLW\ WR UHGXFH D PRQRSRO\©V LQIRUPDWLRQDO UHQWV� :KHQ TXDOLW\ LV

XQYHULILDEOH� KRZHYHU� WKH UHJXODWRU FDQQRW GHFUHDVH WKH OHYHO RI TXDOLW\ WR UHGXFH

PRQRSRO\ UHQWV� 7KXV� WKH OHYHO RI TXDOLW\ LV KLJKHU LQ WKH DV\PPHWULF�XQYHULILDEOH FDVH

WKDQ LQ WKH DV\PPHWULF�YHULILDEOH FDVH� ,Q RXU PRGHO ZKHUH WKH LQYHUVH GHPDQG IXQFWLRQ

LV VHSDUDEOH LQ RXWSXW� [ � DQG TXDOLW\� T � WKH GHOLYHUHG OHYHO RI TXDOLW\ XQGHU DV\PPHWULF

LQIRUPDWLRQ DQG XQYHULILDEOH TXDOLW\ LV WKH VDPH DV XQGHU V\PPHWULF LQIRUPDWLRQ� *LYHQ

WKDW WKH PRQRSRO\ ZLOO VHOHFW D KLJKHU OHYHO RI TXDOLW\ XQGHU XQYHULILDEOH TXDOLW\� WKH

UHJXODWRU KDV WR PDNH WKH OHYHO RI RXWSXW PXFK ORZHU ZKHQ TXDOLW\ LV XQYHULILDEOH WKDQ

ZKHQ YHULILDEOH WR UHGXFH WKH PRQRSRO\ UHQWV� 6LQFH XQYHULILDEOH TXDOLW\ UDLVHV WKH
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TXDOLW\ OHYHO DQG ORZHUV WKH RXWSXW OHYHO� WKH SULFH OHYHO EHFRPHV KLJKHU XQGHU

XQYHULILDEOH TXDOLW\� 7KH SULFH OHYHO LQ WKH DV\PPHWULF�XQYHULILDEOH FDVH LV DOVR KLJKHU

WKDQ LQ WKH V\PPHWULF FDVH� EHFDXVH WKH TXDOLW\ OHYHO LQ WKH WZR FDVHV LV WKH VDPH EXW WKH

RXWSXW OHYHO LV ORZHU LQ WKH IRUPHU�

:KHWKHU RU QRW WKH OHYHO RI SURGXFWLRQ FDSDFLW\ LV KLJKHU LQ WKH DV\PPHWULF�

XQYHULILDEOH FDVH WKDQ LQ WKH DV\PPHWULF�YHULILDEOH FDVH GHSHQGV RQ ERWK WKH SULFH DQG WKH

TXDOLW\ HODVWLFLWLHV RI GHPDQG� ,I WKH SULFH HODVWLFLW\ RI GHPDQG LV VPDOO HQRXJK WR VDWLVI\

η
η

S

T
S

S D
<

+
−

� ��
� WKH OHYHO RI SURGXFWLRQ FDSDFLW\ LV KLJKHU ZKHQ TXDOLW\ LV XQYHULILDEOH

WKDQ ZKHQ YHULILDEOH� $V VWDWHG DERYH� WKH SULFH OHYHO LV KLJKHU XQGHU XQYHULILDEOH TXDOLW\�

:KHQ WKH SULFH HODVWLFLW\ RI GHPDQG LV VPDOO� WKH UHJXODWRU FDQQRW UHGXFH RXWSXW E\ WRR

PXFK� HYHQ LI SULFH LQFUHDVHV� 7KDW LV� [� LV QRW PXFK VPDOOHU WKDQ [� � 7KXV� WKH

HIIHFW RI T T� �> H[FHHGV WKDW RI [ [� �> � DQG FRQVHTXHQWO\ WKH OHYHO RI SURGXFWLRQ

FDSDFLW\ LV KLJKHU ZKHQ TXDOLW\ LV XQYHULILDEOH� 2Q WKH FRQWUDU\� VXSSRVH WKDW WKH
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XQYHULILDEOH TXDOLW\� WKH UHJXODWRU KDV WR UHGXFH WKH OHYHO RI D PRQRSRO\©V RXWSXW

VXEVWDQWLDOO\ ZKHQ TXDOLW\ LV XQYHULILDEOH� L�H�� [� LV PXFK VPDOOHU WKDQ [� � ,Q WKLV FDVH�

WKH HIIHFW RI [ [� �> RXWZHLJKV WKDW RI T T� �> � DQG DV D UHVXOW� WKH OHYHO RI SURGXFWLRQ

FDSDFLW\ LV ORZHU ZKHQ TXDOLW\ LV XQYHULILDEOH WKDQ ZKHQ YHULILDEOH�
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OHYHO RI SURGXFWLRQ FDSDFLW\ LV DOZD\V KLJKHU ZKHQ TXDOLW\ LV XQYHULILDEOH WKDQ ZKHQ

YHULILDEOH� 7KH SULFH HODVWLFLW\ RI WKH VHUYLFHV VXSSOLHG E\ SXEOLF XWLOLWLHV ZRXOG XVXDOO\

EH QR ODUJHU WKDQ ��� 7KXV� XQYHULILDELOLW\ RI TXDOLW\ ZRXOG PDNH WKH OHYHO RI SURGXFWLRQ

FDSDFLW\ KLJKHU�

)LQDOO\� ZH IRFXV RQ FRQVXPHU VXUSOXV DQG PRQRSRO\ SURILWV� 7KH OHYHO RI QHW

FRQVXPHU VXUSOXV� 6 Q � LV DOZD\V KLJKHU ZKHQ TXDOLW\ LV YHULILDEOH WKDQ ZKHQ XQYHULILDEOH�

8QYHULILDELOLW\ RI TXDOLW\ OHDYHV WKH UHJXODWRU XQDEOH WR LPSOHPHQW UHJXODWLRQ EDVHG RQ

TXDOLW\� DQG DV D UHVXOW� WKH UHJXODWRU KDV WR ORZHU D PRQRSRO\©V LQIRUPDWLRQDO UHQWV E\

XVLQJ RXWSXW RQO\� 7KLV OLPLWHG DELOLW\ RQ WKH SDUW RI WKH UHJXODWRU PDJQLILHV GLVWRUWLRQV

ZKLFK UHVXOW LQ D ORZHU OHYHO RI QHW FRQVXPHU VXUSOXV ZKHQ TXDOLW\ LV XQYHULILDEOH�

5HFDOO WKDW WKH OHYHO RI SURGXFWLRQ FDSDFLW\ GHWHUPLQHV D PRQRSRO\©V SURILWV�

6XSSRVH FRPPRQ SXEOLF XWLOLWLHV SURYLGH VHUYLFHV ZKRVH SULFH HODVWLFLW\ LV QR ODUJHU WKDQ

�� ,Q WKLV FDVH� WKH OHYHO RI SURGXFWLRQ FDSDFLW\ LV KLJKHU LQ WKH DV\PPHWULF�XQYHULILDEOH

FDVH WKDQ LQ WKH DV\PPHWULF�YHULILDEOH FDVH� 7KLV PHDQV WKDW XQYHULILDELOLW\ RI TXDOLW\

PDNHV WKH OHYHO RI WKH PRQRSRO\©V SURILWV KLJKHU�

,I WKH UHJXODWRU SODFHV D KLJK YDOXH RQ QHW FRQVXPHU VXUSOXV� 6 Q � WKH UHJXODWRU ZLOO

ZDQW TXDOLW\ WR EH YHULILDEOH EHFDXVH WKH OHYHO RI QHW FRQVXPHU VXUSOXV LV KLJKHU LQ WKH

DV\PPHWULF�YHULILDEOH FDVH WKDQ LQ WKH DV\PPHWULF�XQYHULILDEOH FDVH� 7KXV� WKH UHJXODWRU

KDV DQ LQFHQWLYH WR PDNH TXDOLW\ YHULILDEOH� 2Q WKH FRQWUDU\� IRU VWDQGDUG SXEOLF XWLOLWLHV

ZLWK WKH SULFH HODVWLFLW\ RI WKHLU VHUYLFHV QR ODUJHU WKDQ �� WKH OHYHOV RI SURILWV DUH KLJKHU

� )RU LQVWDQFH� LQ WHOHFRPPXQLFDWLRQV� 7D\ORU©V ������ VXUYH\ VXJJHVWV WKDW WKH SULFH HODVWLFLW\ IRU VKRUW�KDXO WROO

FDOOV RI �� WR �� PLOHV LV LQ WKH UDQJH RI ��������� ,Q HOHFWULFLW\ VXSSO\� WKH UHFHQW VXUYH\ E\ :DYHUPDQ ������ WHOOV

XV WKDW WKH VKRUW�UXQ SULFH HODVWLFLW\ IRU UHVLGHQWLDO HOHFWULFLW\ GHPDQG UDQJHV IURP ���� WR �����



��

ZKHQ TXDOLW\ LV XQYHULILDEOH� 7KDW LV� YHULILDEOH TXDOLW\ ORZHUV WKH SURILW OHYHO� ,W

WKHUHIRUH IROORZV WKDW VWDQGDUG SXEOLF XWLOLWLHV� XQOLNH WKH UHJXODWRU� KDYH QR LQFHQWLYHV WR

UHYHDO TXDOLW\ OHYHOV� 7KLV UHVXOW VXJJHVWV WKDW UHJXODWLRQ EDVHG RQ WKH OHYHO RI TXDOLW\ LV

LQWULQVLFDOO\ KDUG WR LPSOHPHQW EHFDXVH WKH UHJXODWRU DQG WKH SXEOLF XWLOLWLHV KDYH

RSSRVLQJ SUHIHUHQFHV IRU YHULILDELOLW\ RI TXDOLW\�

� $Q ([WHQVLRQ E\ D 6LPXODWLRQ

:H KDYH VR IDU DQDO\]HG WKH FDVH ZKHUH WKH LQYHUVH GHPDQG IXQFWLRQ LV VHSDUDEOH LQ

[ DQG T � ,Q WKLV FDVH� DV ILUVW VKRZQ E\ 6SHQFH ������� WKH OHYHO RI TXDOLW\ XQGHU SURILW

PD[LPL]DWLRQ RI D PRQRSRO\ \LHOGV WKH VDPH OHYHO RI TXDOLW\ XQGHU VRFLDO ZHOIDUH

PD[LPL]DWLRQ� 5HFDOO WKDW WKH PRQRSRO\ FKRRVHV WKH OHYHO RI TXDOLW\ WR PD[LPL]H LWV

SURILWV LI TXDOLW\ LV XQYHULILDEOH� 7KXV� WKH OHYHO RI TXDOLW\ LQ WKH DV\PPHWULF�XQYHULILDEOH

FDVH LV WKH VDPH DV WKH OHYHO LQ WKH V\PPHWULF FDVH� 7KDW LV� WKH UHVXOW RI T T∗ = � VWHPV

IURP RXU VHSDUDEOH LQYHUVH GHPDQG IXQFWLRQ� :H QRZ FRQVLGHU WKH FDVH ZKHUH [ DQG

T DUH LQVHSDUDEOH LQ WKH LQYHUVH GHPDQG IXQFWLRQ�

,Q WKH FDVH RI DQ LQVHSDUDEOH LQYHUVH GHPDQG IXQFWLRQ� ZH FDQQRW GHULYH

VWUDLJKWIRUZDUG UHVXOWV E\ XVLQJ D WKHRUHWLFDO PRGHO� WKXV� ZH XVH D QXPHULFDO VLPXODWLRQ

PHWKRG� )RU WKH VDNH RI DQDO\WLFDO VLPSOLFLW\� ZH DVVXPH WKDW β LV β ZLWK D SUREDELOLW\

RI ��� DQG β ZLWK D SUREDELOLW\ RI ����� 7KH IROORZLQJ VLPSOH IXQFWLRQV DQG SDUDPHWHUV

DUH XVHG LQ RXU VLPXODWLRQ�

�&DVH �� S [ T [T= − + + +� � �� γ � & [T= β � β = ��� � β = ���

� ,I ZH DVVXPH VXFK D SUREDELOLW\ GLVWULEXWLRQ� �� ¤ �� RI 3URSRVLWLRQ � KROGV IRU β DQG �� KROGV IRU β �
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�&DVH �� S [ T [T= − − + +−� � �� γ �& [T= β � β = ��� � β = ���

&DVH � LV WKH FDVH ZKHUH ε <� � ZKLOH &DVH � LV WKH FDVH ZKHUH ε >� � ,Q WKH HQVXLQJ

VLPXODWLRQ� WKH SULFH HODVWLFLW\ RI GHPDQG� η S � ZLOO EH DOZD\V QR ODUJHU WKDQ �� DQG

FRQVHTXHQWO\� η
η

S

T
S

S D
<

+
−

� ��
ZLOO DOZD\V KROG� :H WU\ WKUHH GLIIHUHQW YDOXHV IRU γ ���

����� DQG ������ DQG WZR GLIIHUHQW YDOXHV IRU α ����� DQG ���

6SHQFH ������ SRLQWV RXW WKDW JLYHQ [ � D PRQRSRO\ RYHUVXSSOLHV TXDOLW\ FRPSDUHG

WR VRFLDO ZHOIDUH PD[LPL]DWLRQ ZKHQ S[T > � �L�H�� γ > � LQ RXU VHWWLQJ� DQG

XQGHUVXSSOLHV LW ZKHQ S[T < � �L�H�� γ < � LQ RXU VHWWLQJ�� 7KH UHVXOWV RI RXU

VLPXODWLRQ� ZKLFK LV SUHVHQWHG LQ 7DEOH �� VKRZV WKDW ZKHQ S[T ≠ � � WKLV RYHUVXSSO\ RU

XQGHUVXSSO\ RI TXDOLW\ PRGLILHV RXU UHVXOWV GHULYHG LQ 3URSRVLWLRQ ��

)LUVW� LQ WKH FDVH RI S[T = � � WKH UHVXOWV DUH WKH VDPH DV LQ 3URSRVLWLRQ �� IRU DQ\

YDOXH RI α � 7KLV LV EHFDXVH WKHUH H[LVWV QR RYHUVXSSO\ RU XQGHUVXSSO\ RI TXDOLW\ ZKHQ

S[T = � �

6HFRQG� ZH FRQVLGHU WKH FDVH RI S[T > � � ZKHUH WKH PRQRSRO\ RYHUVXSSOLHV TXDOLW\�

7KH HIIHFW RI DQ RYHUVXSSO\ RI TXDOLW\ FDXVHV T T� > ∗ � ZKLFK UHVXOWV LQ 4 4� > ∗ IRU

α = ���� LQ &DVHV ��� DQG ���� :KHQ α = �� KRZHYHU� WKLV UHVXOW LV QRW UREXVW� ,Q

&DVH ���� 4 4∗ > � KROGV IRU α = �� ZKLFK LV WKH VDPH UHVXOWV DV LQ 3URSRVLWLRQ �� :H

FDQ LQWHUSUHW WKHVH UHVXOWV DV IROORZV� 7KH UHVXOWV ZH VKRZ LQ 3URSRVLWLRQ � VWHP IURP

WKH UHQW H[WUDFWLRQ E\ WKH UHJXODWRU� :KHQ α = ���� � WKH UHJXODWRU GRHV QRW QHHG WR

UHGXFH D PRQRSRO\©V SURILWV VR KDUVKO\� EHFDXVH FRQVXPHU VXUSOXV DQG SURILWV DUH DOPRVW

HTXDOO\ LPSRUWDQW IRU WKH UHJXODWRU� 7KXV� WKH HIIHFWV IURP WKH UHQW H[WUDFWLRQ LQ
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3URSRVLWLRQ � DUH VR VPDOO DV WR EH FRXQWHUDFWHG E\ WKH HIIHFW RI DQ RYHUVXSSO\ RI TXDOLW\

SRLQWHG RXW E\ 6SHQFH ������� L�H�� WKH HIIHFW RI T T� > ∗
H[FHHGV WKDW RI [ [

∗ > � DQG

FRQVHTXHQWO\ 4 4� > ∗ � 2Q WKH FRQWUDU\� ZKHQ α = �� WKH SURILWV RI WKH PRQRSRO\ DUH

WRWDOO\ PHDQLQJOHVV WR WKH UHJXODWRU� 7KHUHIRUH� WKH UHJXODWRU KDV WR VLJQLILFDQWO\ ORZHU

WKH UHQWV WKDW WKH PRQRSRO\ JDLQV� ,Q WKLV FDVH� WKH HIIHFWV IURP WKH UHQW H[WUDFWLRQ LQ

3URSRVLWLRQ � DUH VR VWURQJ WKDW WKH\ SRVVLEO\ RXWZHLJK WKH RYHUSURYLVLRQ RI TXDOLW\� L�H��

WKH HIIHFW RI [ [
∗ > � LV SRVVLEO\ ODUJHU WKDQ WKDW RI T T� > ∗ DQG DV D UHVXOW� 4 4∗ > � �

7KLV VLPXODWLRQ UHVXOW VXJJHVWV WKDW WKH UHVXOWV LQ 3URSRVLWLRQ �� H[FOXVLYH RI T T∗ = � �

SRVVLEO\ KROG HYHQ LQ WKH FDVH RI S[T > � LI α LV VXIILFLHQWO\ FORVH WR ��

7KLUG� ZH FRQVLGHU WKH FDVH RI S[T < � � ,Q WKLV FDVH� WKH VDPH H[SODQDWLRQ DV WKH

FDVH RI S[T > � KROGV� :KHQ α = ���� � WKH XQGHUSURYLVLRQ RI TXDOLW\ DV D UHVXOW RI

PRQRSRO\ SURILW PD[LPL]DWLRQ LQ WKH FDVH RI XQYHULILDEOH TXDOLW\ LV VLJQLILFDQW� ZKLOH LWV

XQGHUSURYLVLRQ GXH WR WKH UHQW H[WUDFWLRQ LQ WKH FDVH RI YHULILDEOH TXDOLW\ LV PLQRU� 7KXV�

T T T
∗ > >� � KROGV� 7KLV XQGHUVXSSO\ RI WKH XQYHULILDEOH TXDOLW\ FDXVHV S S S

∗ > >� � LQ

&DVH ���� S S S� �> >∗ LQ &DVH ���� DQG 4 4 4∗ > >� � DQG π π π� �> > ∗ LQ ERWK FDVHV�

:KHQ α = �� KRZHYHU� WKH UHJXODWRU ZDQWV WR UHGXFH D PRQRSRO\©V SURILWV GUDVWLFDOO\�

7KXV� WKH UHJXODWRU KDV WR ORZHU WKH OHYHO RI TXDOLW\ XQGHU YHULILDEOH TXDOLW\ ZKHQ α = �

FRPSDUHG WR ZKHQ α = ���� � 7KLV FDXVHV T T T∗ > >� � � ZKLFK \LHOGV WKH VDPH UHVXOWV

DV LQ 3URSRVLWLRQ � H[FOXVLYH RI T T∗ = � �

7KH DERYH VLPXODWLRQ VKRZV WKDW WKH HIIHFW RI RYHUVXSSO\ RU XQGHUVXSSO\ RI TXDOLW\

LV DGGHG WR WKH UHVXOWV LQ 3URSRVLWLRQ � ZKHQ S[T ≠ � � $V WKH UHJXODWRU JLYHV JUHDWHU

ZHLJKW WR WRWDO QHW FRQVXPHU VXUSOXV� L�H�� DV α LV FORVHU WR �� KRZHYHU� WKH HIIHFWV LQ
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3URSRVLWLRQ � EHFRPH VWURQJHU� EHFDXVH WKH UHJXODWRU UHGXFHV WKH PRQRSRO\©V SURILWV�

7KXV� ZKHQ α LV VXIILFLHQWO\ FORVH WR �� WKH HIIHFWV LQ 3URSRVLWLRQ � SRVVLEO\ SUHYDLOV RYHU

WKH HIIHFW RI DQ RYHUVXSSO\ RU XQGHUVXSSO\ RI TXDOLW\� HYHQ LI S[T ≠ � �

� 5HODWLRQ EHWZHHQ 2XU 5HVXOWV DQG 2WKHUV LQ WKH /LWHUDWXUH

,Q WKLV VHFWLRQ� ZH FRPSDUH RXU UHVXOWV ZLWK RWKHUV LQ WKH OLWHUDWXUH� )LUVW� %HLWLD

������ H[WHQGV WKH PRGHO RI %DURQ DQG 0\HUVRQ ������� WDNLQJ LQWR DFFRXQW SURGXFW

TXDOLW\� ZKLFK LV DVVXPHG WR EH YHULILDEOH� 7KH UHVXOW KH REWDLQV LV WKDW WKH OHYHOV RI

RXWSXW DQG TXDOLW\ DUH ORZHU XQGHU DV\PPHWULF LQIRUPDWLRQ DQG YHULILDEOH TXDOLW\ WKDQ

XQGHU V\PPHWULF LQIRUPDWLRQ LI TXDQWLW\ DQG TXDOLW\ DUH QHW FRPSOHPHQWV �
∂ −

∂
>� �S &

T

[ �

LQ KLV GHILQLWLRQ�� ,Q RXU DQDO\VLV� XQGHU DV\PPHWULF LQIRUPDWLRQ DQG YHULILDEOH TXDOLW\�

TXDQWLW\ DQG TXDOLW\ DUH DOVR QHW FRPSOHPHQWV EHFDXVH RI
∂ −

∂
= ′ − = >� �

� �
S &

T
Y T N[ β �

IRU β β β∈� � @� 7KXV� RXU UHVXOWV� ZKLFK VWDWH WKDW WKH OHYHOV RI RXWSXW DQG TXDOLW\ DUH

ORZHU XQGHU DV\PPHWULF LQIRUPDWLRQ DQG YHULILDEOH TXDOLW\ WKDQ XQGHU V\PPHWULF

LQIRUPDWLRQ� DUH FRQVLVWHQW ZLWK KLV UHVXOW� ,Q KLV DQDO\VLV� KRZHYHU� WKH SULFH OHYHO LV QRW

FRQVLGHUHG� 2XU DQDO\VLV RI WKH FDVH RI DV\PPHWULF LQIRUPDWLRQ DQG YHULILDEOH TXDOLW\

GLIIHUV IURP KLV LQ WKDW ZH GHULYH WKH HIIHFW RI DV\PPHWULF LQIRUPDWLRQ RQ WKH SULFH OHYHO

IRFXVLQJ RQ WKH IDFW WKDW D GHFUHDVH LQ RXWSXW UDLVHV SULFHV EXW D GHFUHDVH LQ TXDOLW\ ORZHUV

SULFHV�

6HFRQG� /DIIRQW DQG 7LUROH ������ DQDO\]H WKH UHJXODWLRQ RI TXDOLW\� DVVXPLQJ WKDW

TXDOLW\ LV XQYHULILDEOH DQG WKDW WKH LQYHUVH GHPDQG IXQFWLRQ LV OLQHDU LQ RXWSXW DQG TXDOLW\�
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,Q WKHLU VWXG\� LI TXDQWLW\ DQG TXDOLW\ DUH QHW FRPSOHPHQWV �
∂ −

∂
>� �S &

T

[ � LQ WKHLU

GHILQLWLRQ�� WKH OHYHO RI TXDOLW\ LV ORZHU XQGHU DV\PPHWULF LQIRUPDWLRQ DQG XQYHULILDEOH

TXDOLW\ WKDQ XQGHU V\PPHWULF LQIRUPDWLRQ� 2Q WKH FRQWUDU\� LI WKH\ DUH QHW VXEVWLWXWHV

�
∂ −

∂
<� �S &

T

[ ��� WKH UHVXOWV DUH UHYHUVHG� ,Q RXU DQDO\VLV XQGHU DV\PPHWULF LQIRUPDWLRQ

DQG XQYHULILDEOH TXDOLW\� TXDOLW\ LV ¦LQGHSHQGHQW§ RI TXDQWLW\� L�H�� LV QRW D QHW FRPSOHPHQW

RU D QHW VXEVWLWXWH RI TXDQWLW\� EHFDXVH
∂ −

∂
= ′ − =� �

� �
S &

T
Y T[ β � � $SSO\LQJ WKH UHVXOWV

RI /DIIRQW DQG 7LUROH ������ WR RXU PRGHO� ZH NQRZ WKDW WKH OHYHO RI TXDOLW\ XQGHU

DV\PPHWULF LQIRUPDWLRQ DQG XQYHULILDEOH TXDOLW\ LV WKH VDPH DV XQGHU V\PPHWULF

LQIRUPDWLRQ� 2XU UHVXOWV GHULYHG LQ 3URSRVLWLRQ � LQGHHG LQGLFDWH T T� = ∗ � ZKLFK LV

FRQVLVWHQW ZLWK WKHLU UHVXOWV� 7KH PDLQ IRFXV RI WKHLU DQDO\VLV� KRZHYHU� LV RQ WKH

GLIIHUHQFH EHWZHHQ ZKHWKHU FRQVXPHUV NQRZ WKH OHYHO RI TXDOLW\ EHIRUH RU DIWHU

SXUFKDVLQJ WKH SURGXFW� 7KXV� WKH\ GR QRW GHULYH WKH HIIHFWV RI WKH XQYHULILDELOLW\ RI

TXDOLW\ LWVHOI� LQ WKLV SDSHU� WKHVH HIIHFWV DUH GHULYHG E\ FRPSDULQJ WKH FDVH RI XQYHULILDEOH

TXDOLW\ ZLWK WKDW RI YHULILDEOH TXDOLW\�

7KLUG� /HZLV DQG 6DSSLQJWRQ ������ FRQVLGHU ERWK WKH FDVHV RI YHULILDEOH DQG

XQYHULILDEOH TXDOLW\ DQG FRPSDUH WKHP ZLWK HDFK RWKHU� $V WKH\ WKHPVHOYHV QRWH�

KRZHYHU� WKHLU IRFXV LV WR GHULYH D VLPSOH PRGHO LQ ZKLFK WKH UHJXODWRU DQG D PRQRSRO\

ERWK SUHIHU YHULILDEOH TXDOLW\ WR XQYHULILDEOH TXDOLW\� $ IHDWXUH RI WKHLU PRGHO LV WKDW WKH

PRQRSRO\©V HIIRUWV LPSURYH WKH OHYHO RI TXDOLW\� ,Q VR GRLQJ� WKH\ DVVXPH WKDW WKH

PDUJLQDO SURGXFWLRQ FRVWV� H[FOXVLYH RI GLVXWLOLWLHV RI WKH HIIRUWV� GR QRW YDU\ ZLWK WKH

OHYHO RI TXDOLW\� DQG WKDW WKH UHJXODWRU DQG WKH PRQRSRO\ VKDUH WKH VDPH SHUIHFW

NQRZOHGJH RI SURGXFWLRQ FRVWV H[FOXVLYH RI GLVXWLOLWLHV RI WKH HIIRUWV� 7KH\ VWDWH WKDW LI
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RQH RI WKHVH DVVXPSWLRQV LV UHOD[HG� WKHLU PDLQ UHVXOW� L�H�� WKDW ERWK WKH UHJXODWRU DQG WKH

PRQRSRO\ ZDQW TXDOLW\ WR EH YHULILDEOH� PD\ QRW KROG� 2XU DQDO\VLV GHDOV ZLWK WKH FDVH

ZKHUH WKHLU DVVXPSWLRQV DUH QRW VDWLVILHG� ,Q RXU DQDO\VLV� WKH PDUJLQDO VHUYLFH FRVWV�

& D T
[

= + β � GHSHQG RQ WKH OHYHO RI TXDOLW\ DQG WKH FRVW SDUDPHWHU RI SURGXFWLRQ FDSDFLW\

WKDW LV NQRZQ RQO\ E\ WKH PRQRSRO\� %\ UHOD[LQJ WKH DVVXPSWLRQV LQ /HZLV DQG

6DSSLQJWRQ ������ WR FRQVWUXFW D PRGHO EHWWHU VXLWHG WR SXEOLF XWLOLWLHV� ZH REWDLQ WKH

IROORZLQJ UHVXOWV GLIIHUHQW IURP WKHLUV� �� WKH OHYHO RI TXDOLW\ LV KLJKHU ZKHQ TXDOLW\ LV

XQYHULILDEOH WKDQ ZKHQ YHULILDEOH� DQG �� LI WKH SULFH HODVWLFLW\ RI GHPDQG LV VPDOO� WKH OHYHO

RI WKH SURILWV RI D PRQRSRO\ LV KLJKHU ZKHQ TXDOLW\ LV XQYHULILDEOH WKDQ ZKHQ YHULILDEOH

DQG FRQVHTXHQWO\ WKH PRQRSRO\ SUHIHUV TXDOLW\ WR EH XQYHULILDEOH�

� &RQFOXGLQJ 5HPDUNV

,Q WKLV SDSHU� ZH VKRZ WKDW XQYHULILDELOLW\ RI TXDOLW\ UDLVHV WKH OHYHO RI TXDOLW\�

ORZHUV RXWSXW� DQG FRQVHTXHQWO\ UDLVHV SULFH� ,Q WKH FDVH RI FRPPRQ SXEOLF XWLOLWLHV

ZLWK WKH SULFH HODVWLFLW\ QR ODUJHU WKDQ �� XQYHULILDEOH TXDOLW\ LQFUHDVHV WKH OHYHO RI

SURGXFWLRQ FDSDFLW\� DQG DV D UHVXOW� LQFUHDVHV WKH OHYHO RI D PRQRSRO\©V SURILWV�

8QYHULILDEOH TXDOLW\� KRZHYHU� DOZD\V ORZHUV WKH OHYHO RI QHW FRQVXPHU VXUSOXV� 7KXV�

WKH UHJXODWRU ZDQWV TXDOLW\ WR EH YHULILDEOH� EXW WKH PRQRSRO\ ZDQWV TXDOLW\ WR EH

XQYHULILDEOH� 7KHVH RSSRVLQJ SUHIHUHQFHV IRU YHULILDELOLW\ RI TXDOLW\ ZRXOG PDNH WKH

UHJXODWLRQ EDVHG RQ WKH OHYHO RI TXDOLW\ GLIILFXOW WR LPSOHPHQW�

)LQDOO\� ZH FRPPHQW RQ WZR LVVXHV�

)LUVW� LQ RXU SDSHU� DV\PPHWULF LQIRUPDWLRQ VWHPV IURP WKH FRVW SDUDPHWHUV RI

SURGXFWLRQ FDSDFLW\� $V DQDO\]HG LQ /HZLV DQG 6DSSLQJWRQ �����D�� �����E�� DQG
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������� KRZHYHU� WKHUH H[LVW FDVHV LQ ZKLFK D PRQRSRO\ KDV VXSHULRU LQIRUPDWLRQ DERXW

WKH GHPDQG IXQFWLRQ� $QDO\VHV LQFOXGLQJ GHPDQG XQNQRZQ WR WKH UHJXODWRU GHVHUYH

IXWXUH UHVHDUFK�

6HFRQG� RXU DQDO\VLV XVHV D VWDWLF PRGHO� ,I ZH VHW XS D G\QDPLF PRGHO� KRZHYHU�

ZH ZRXOG KDYH WR FRQVLGHU WKH UHJXODWRU©V FRPPLWPHQW SRZHU� ZKLFK LV SRLQWHG RXW E\

'DJ ������� +LV DQDO\VLV VKRZV WKDW WKH XQYHULILDELOLW\ RI TXDOLW\ GRHV QRW KXUW WKH

UHJXODWRU LI WKH UHJXODWRU©V FRPPLWPHQW SRZHU LV OLPLWHG� ,Q D G\QDPLF IUDPHZRUN� WKH

UHSXWDWLRQ HIIHFW RI TXDOLW\� ZKLFK LV DQDO\]HG E\ /DIIRQW DQG 7LUROH ������� LV DOVR

LPSRUWDQW� ,W LV GHOHJDWHG WR IXWXUH UHVHDUFK WR VKRZ KRZ WKHVH HIIHFWV DOWHU RXU UHVXOWV

XVLQJ D G\QDPLF IUDPHZRUN�
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$SSHQGL[� 3URRIV RI /HPPDV DQG 3URSRVLWLRQV

3URRI RI /HPPD �

6LQFH
�

�
�< ≤α � WKH UHJXODWRU SXWV PRUH ZHLJKW RQ FRQVXPHU VXUSOXV� 7KHUHIRUH� WKH

UHJXODWRU VHWV D PRQRSRO\©V SURILWV DW ]HUR� 7KDW LV� ZH REWDLQ ����

π β∗ =� � � � �$��

6XEVWLWXWLQJ �$�� LQWR ��� \LHOGV

7 S [ T [ & [ T[= −� � � � � � �β � �$��

6XEVWLWXWLQJ �$�� DQG �$�� LQWR ��� JLYHV XV
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0D[LPL]LQJ �$�� ZLWK UHVSHFW WR [ DQG T � ZH REWDLQ WKH IROORZLQJ ILUVW RUGHU FRQGLWLRQV�
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5HZULWLQJ �$�� DQG �$�� \LHOGV ��� DQG ����

4�(�'�

3URRI RI 3URSRVLWLRQ �

:H VROYH WKH PD[LPL]DWLRQ SUREOHP �3��� IROORZLQJ WKH VWDQGDUG SURFHGXUH LQ WKH RSWLPDO

UHJXODWLRQ OLWHUDWXUH�

)LUVW� ZH WDFNOH WKH LQFHQWLYH FRPSDWLELOLW\ FRQVWUDLQW� π β β� � �′ GHQRWHV WKH SURILWV WKDW D

PRQRSRO\ ZLWK FRVW SDUDPHWHU β JDLQV ZKHQ LW UHSRUWV WR WKH UHJXODWRU WKDW LWV FRVW SDUDPHWHU LV ′β �
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)RU WUXWK�WHOOLQJ� WKH ILUVW RUGHU FRQGLWLRQ LV

π β ββ β β′ ′=
′ =� � � � � �$��

DQG WKH VHFRQG RUGHU FRQGLWLRQ LV

π β ββ β β β′ ′ ′=
′ ≤� � � � � �$��

)URP �$��� ZH REWDLQ

π β β
•

= − <� � � �4 � � �$��

ZKHUH • GHQRWHV D SDUWLDO GHULYDWLYH ZLWK UHVSHFW WRβ � )URP �$��� ZH KDYH

4
•

≤� �β � � �$��

)RU WKH PRPHQW� ZH QHJOHFW �$���

1H[W� ZH WUDQVIRUP WKH LQGLYLGXDO UDWLRQDOLW\ FRQVWUDLQW� )URP �$��� ZH FDQ UHSODFH WKH

LQGLYLGXDO UDWLRQDOLW\ FRQVWUDLQW E\

π β� � = � � �$���

:H VHW XS D +DPLOWRQLDQ DV IROORZV�

+ 6 [ T & [ [ T I [ TJ= − + − −α β β β β β β α π β β µ β β β� � �� � �� � � �� � � � �� � � � � � � � � � � � � �< A � � �$���

ZKHUH π β� � LV WKH VWDWH YDULDEOH� µ β� � LV WKH FRVWDWH YDULDEOH DVVRFLDWHG ZLWK π β� � � DQG [� �β DQG

T� �β DUH WKH FRQWURO YDULDEOHV� %\ WKH PD[LPXP SULQFLSOH�
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5HIHUHQFHV

%DURQ� '� DQG 5� 0\HUVRQ� ������� ¦5HJXODWLQJ D 0RQRSROLVW ZLWK 8QNQRZQ &RVWV�§ (FRQRPHWULFD

��� ��������

%HLWLD� $�� ������� ¦4XDOLW\ 5HJXODWLRQ LQ WKH 0RQRSRO\ &DVH� 7KH ,PSDFW RI ,QIRUPDWLRQ�§ 5HYLVWD

(VSDQROD GH (FRQRPLD� ¦5HJXODWLRQ§� ��� ���

%HVDQNR� '� DQG '� 6DSSLQJWRQ� ������� ¦'HVLJQLQJ 5HJXODWRU\ 3ROLF\ ZLWK /LPLWHG ,QIRUPDWLRQ�§

+DUZRRG $FDGHPLF 3XEOLVKHUV�

'DJ� 0� '�� ������� ¦5HJXODWLRQ RI 4XDOLW\ DQG WKH 5DWFKHW (IIHFW� 'RHV 8QYHULILDELOLW\ +XUW WKH

5HJXODWRU"�§ -RXUQDO RI 5HJXODWRU\ (FRQRPLFV ��� �������

*XHVQHULH� 5� DQG -��-� /DIIRQW ������� ¦$ &RPSOHWH 6ROXWLRQ WR D &ODVV RI 3ULQFLSDO�$JHQW 3UREOHPV

ZLWK DQ $SSOLFDWLRQ WR WKH &RQWURO RI D 6HOI�0DQDJHG )LUP�§ -RXUQDO RI 3XEOLF (FRQRPLFV ���

��������

/DIIRQW� -��-� DQG -� 7LUROH� ������� ¦3URYLVLRQ RI 4XDOLW\ DQG 3RZHU RI ,QFHQWLYH 6FKHPHV LQ

5HJXODWHG ,QGXVWULHV§ ,Q (TXLOLEULXP 7KHRU\ DQG $SSOLFDWLRQV� 3URFHHGLQJV RI WKH 6L[WK

,QWHUQDWLRQDO 6\PSRVLXP� HGLWHG E\ -� *DEV]HZLF] DQG $� 0DV�&ROHOO� &DPEULGJH 8QLYHUVLW\

3UHVV�

/HZLV� 7� 5� DQG '� (� 0� 6DSSLQJWRQ� �����D�� ¦5HJXODWLQJ D 0RQRSROLVW ZLWK 8QNQRZQ 'HPDQG

DQG &RVW )XQFWLRQV�§ 5DQG -RXUQDO RI (FRQRPLFV ��� ��������

/HZLV� 7� 5� DQG '� (� 0� 6DSSLQJWRQ� �����E�� ¦5HJXODWLQJ D 0RQRSROLVW ZLWK 8QNQRZQ 'HPDQG�§

$PHULFDQ (FRQRPLF 5HYLHZ ��� ��������

/HZLV� 7� 5� DQG '� (� 0� 6DSSLQJWRQ� ������� ¦,QFHQWLYHV IRU PRQLWRULQJ TXDOLW\�§ 5DQG -RXUQDO RI

(FRQRPLFV ��� ��������

/HZLV� 7� 5� DQG '� (� 0� 6DSSLQJWRQ� ������� ¦,QFHQWLYHV IRU &RQVHUYDWLRQ DQG 4XDOLW\�

,PSURYHPHQW E\ 3XEOLF 8WLOLWLHV�§ $PHULFDQ (FRQRPLF 5HYLHZ ��� ����������



��

/\QFK -� *� -U�� 7� (� %X]DV� DQG 6� 9� %HUJ� ������� ¦5HJXODWRU\ 0HDVXUHPHQW DQG (YDOXDWLRQ RI

7HOHSKRQH 6HUYLFH 4XDOLW\�§ 0DQDJHPHQW 6FLHQFH ������ ��������

6SHQFH� $� 0� ������� �0RQRSRO\� 4XDOLW\� DQG 5HJXODWLRQ�� %HOO -RXUQDO RI (FRQRPLFV �� ��������

7D\ORU� /� '� ������� ¦7HOHFRPPXQLFDWLRQV 'HPDQG LQ 7KHRU\ DQG 3UDFWLFH�§ .OXZHU $FDGHPLF

3XEOLVKHUV�

:DYHUPDQ� /�� ������� ¦(FRQRPHWULF 0RGHOOLQJ RI (QHUJ\ 'HPDQG� :KHQ $UH 6XEVWLWXWHV *RRG

6XEVWLWXWHV"§ ,Q (QHUJ\ 'HPDQG� (YLGHQFH DQG ([SHFWDWLRQV� HGLWHG E\ '� +DZGRQ� 6XUUH\

8QLYHUVLW\ 3UHVV�

:LOVRQ� 5�� ������� ¦1RQOLQHDU 3ULFLQJ�§ 2[IRUG 8QLYHUVLW\ 3UHVV�


