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7KLV SDSHU H[DPLQHV WKH HmHFWV RI RXWOLHUV RQ WKH $5����*$5&+����� SURFHVV
ZLWK UHJDUG WR� �L� WKH HVWLPDWHG SDUDPHWHUV� �LL� WKH VHFRQG DQG IRXUWK PRPHQW
FRQGLWLRQV� DQG �LLL� WKH DVVRFLDWHG IRUHFDVW HUURUV� ,W LV IRXQG WKDW RXWOLHUV� �L�
WHQG WR GRPLQDWH WKH �TXDVL� PD[LPXP OLNHOLKRRG HVWLPDWHV� UHVXOWLQJ LQ ODUJHU
$5&+ DQG VPDOOHU *$5&+ HVWLPDWHV� �LL� PD\ JLYH ULVH WR VSXULRXV $5��� DQG
$5&+ HmHFWV ZKHQ WKH RXWOLHUV DUH H[WUHPH� �LLL� VLJQLnFDQWO\ LQFUHDVH WKH IUH�
TXHQF\ RI YLRODWLRQ RI WKH IRXUWK PRPHQW FRQGLWLRQ� �LY� VLJQLnFDQWO\ GHFUHDVH WKH
W�UDWLRV RI WKH *$5&+ HVWLPDWHV� �Y� OHDG WR VLJQLnFDQWO\ KLJKHU DQG PRUH YDUL�
DEOH YRODWLOLW\ IRUHFDVWV� DQG �YL� GHFUHDVH WKH SHUVLVWHQFH PHDVXUHV RI WKH YRODWLOLW\
SURFHVV� 0RUHRYHU� WKH HmHFWV RI RXWOLHUV RQ WKH SDUDPHWHU HVWLPDWHV DUH ODUJHO\
LQGHSHQGHQW RI WKHLU ORFDWLRQ LQ WKH HVWLPDWLRQ SHULRG� )RU DOO WKH WLPH VHULHV LQ�
YHVWLJDWHG� ZH nQG WKDW WKH L�L�G� DVVXPSWLRQ RI WKH VWDQGDUGLVHG UHVLGXDOV LV QRW
UHMHFWHG DW WKH �� VLJQLnFDQFH OHYHO� $GMXVWLQJ RXWOLHUV PDNHV WKH GLVWULEXWLRQ RI
WKH VWDQGDUGLVHG UHVLGXDOV PRUH QRUPDO� UHGXFLQJ QHJDWLYH VNHZQHVV DQG H[FHVV
NXUWRVLV� WKHUHE\ LPSO\LQJ JUHDWHU HpFLHQF\ RI WKH 40/(� :H DOVR nQG WKDW WKH
PD[LPXP H[FHVV NXUWRVLV WKDW FDQ EH FDSWXUHG E\ *$5&+����� XQGHU WKH DV�
VXPSWLRQ RI FRQGLWLRQDO QRUPDOLW\ LQFUHDVHV ZLWK WKH VWDQGDUG GHYLDWLRQ �ZKLFK
LV DSSUR[LPDWHO\ ���� $GMXVWLQJ RXWO\LQJ REVHUYDWLRQV UHVXOWV LQ LPSURYHG PHDQ
IRUHFDVW DFFXUDF\ IRU SHULRGV RI ORZ YRODWLOLW\ DQG SRRUHU PHDQ IRUHFDVW DFFXUDF\
IRU SHULRGV RI KLJK YRODWLOLW\� 7KHVH nQGLQJV DUH PLVVHG E\ H[DPLQLQJ RQO\ WKH
PHDQ IRUHFDVW HUURU PHDVXUHV IRU WKH ZKROH VDPSOH� 2YHUDOO� WKH &KHQ DQG /LX
PHWKRG IRU GHWHFWLQJ DQG DGMXVWLQJ RXWO\LQJ REVHUYDWLRQV HQDEOHG DQ LPSURYHG
HVWLPDWLRQ RI $5����*$5&+����� SURFHVVHV� ZLWK OHVV ELDVHG DQG PRUH HpFLHQW
SDUDPHWHU HVWLPDWHV� JUHDWHU IUHTXHQF\ RI YDOLGDWLRQ RI WKH UHJXODULW\ FRQGLWLRQV�
DQG UHGXFHG IRUHFDVW HUURUV IRU SHULRGV RI ORZ YRODWLOLW\�

e7KH DXWKRUV DUH PRVW JUDWHIXO WR 6KLTLQJ /LQJ IRU PDQ\ KHOSIXO GLVFXVVLRQV� WR 'LFN YDQ 'LMN IRU
PDNLQJ DYDLODEOH KLV *$866 SURJUDP� DQG WKH $XVWUDOLDQ 5HVHDUFK &RXQFLO IRU nQDQFLDO VXSSRUW� 7KLV
SDSHU ZDV UHYLVHG ZKLOH WKH VHFRQG DXWKRU ZDV D 9LVLWLQJ 6FKRODU IURP $EURDG DW WKH ,QVWLWXWH IRU
0RQHWDU\ DQG (FRQRPLF 6WXGLHV� %DQN RI -DSDQ�
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� ,QWURGXFWLRQ

,Q nQDQFH DQG nQDQFLDO HFRQRPLFV� YRODWLOLW\ LV D IXQGDPHQWDO PHDVXUH RI ULVN�

QDPHO\ WKH UHODWLYH PRYHPHQWV LQ WKH SULFH RI D VHFXULW\� VXFK DV D VWRFN LQGH[�

H[FKDQJH UDWH� FRPPRGLW\ SULFH RU IXWXUHV SULFH� RYHU WLPH� 7KH JUHDWHU LV WKH

YDULDWLRQ LQ SULFH� WKH JUHDWHU LV WKH YRODWLOLW\� DV WKH WUXH XQGHUO\LQJ YRODWLOLW\ RI

D VHFXULW\ LV XQREVHUYDEOH� LW PXVW EH HVWLPDWHG� :KLOH YRODWLOLW\ FDQ EH H[SUHVVHG

LQ GLmHUHQW ZD\V� WKH W\SLFDO GHnQLWLRQ XVHG LQ nQDQFH LV JLYHQ E\ WKH VWDQGDUG

GHYLDWLRQ RI WKH UHWXUQV RI D VHFXULW\ RYHU D JLYHQ SHULRG� 9RODWLOLW\ LV DQ HVVHQWLDO

LQSXW WR WKH RSWLPLVDWLRQ RI nQDQFLDO PRGHOV GHVFULELQJ WKH H[SHFWHG ULVN�UHWXUQ

WUDGH�Rm� )RU H[DPSOH� LW LV D FUXFLDO LQSXW WR PHDQ�YDULDQFH SRUWIROLR RSWLPLVDWLRQ

PRGHOV DQG IRU WKH SULFLQJ RI ERWK SULPDU\ DQG VHFRQGDU\ GHULYDWLYH VHFXULWLHV�

,PSURYHG FRQGLWLRQDO YRODWLOLW\ HVWLPDWHV DQG IRUHFDVWV VKRXOG� WKHUHIRUH� UHVXOW

LQ PRUH DFFXUDWH DVVHW SULFHV� ,W IROORZV WKDW LW LV RI SDUDPRXQW LPSRUWDQFH WR

SUDFWLWLRQHUV WR XVH DQ DGHTXDWH HPSLULFDO PRGHO WR PHDVXUH WKH G\QDPLFV RI

YRODWLOLW\ LQ nQDQFLDO VHFXULWLHV�

)LQDQFLDO HTXLW\ UHWXUQV JHQHUDOO\ GR QRW PDWFK WKH IDPLOLDU EHOO�VKDSHG QRU�

PDO GLVWULEXWLRQ� ,QVWHDG� ORQJ SHULRGV RI UHODWLYHO\ RUGLQDU\ SULFH PRYHPHQWV

DUH IUHTXHQWO\ LQWHUUXSWHG E\ VKRUW SHULRGV RI UHODWLYHO\ ODUJH DQG VXGGHQ SULFH

PRYHPHQWV�� SUHGRPLQDQWO\ FRQVLVWLQJ RI PDUNHW FUDVKHV UDWKHU WKDQ UDOOLHV� �VHH

)ULHGPDQ DQG /DLEVRQ >����@�� $ UHFHQW H[DPSOH RI H[WUHPH SULFH PRYHPHQWV LV

�7VD\ >����@ VKRZV WKDW ODUJH SULFH PRYHPHQWV DUH W\SLFDOO\ UHODWHG WR EXVLQHVV DQG HFRQRPLF QHZV
WKDW RFFXU LQIUHTXHQWO\ DQG LUUHJXODUO\� VXFK DV LQWHUHVW UDWH FKDQJHV�

�,Q DQDO\VLQJ WKH RFFXUUHQFH RI H[WUHPH YDOXHV LQ WKH GDLO\ UHWXUQV RI WKH 6	3 ��� LQGH[ IURP � -XO\
���� WR �� 'HFHPEHU ����� 7VD\ >����@ REVHUYHG WKDW WKH GDLO\ UHWXUQV RI WKH 6	3 ��� LQGH[ KDG EHHQ
PRYLQJ DZD\ IURP ORJ�QRUPDOLW\ WRZDUGV IDW�WDLOHG GLVWULEXWLRQV� HVSHFLDOO\ IRU QHJDWLYH UHWXUQV�
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WKH 2FWREHU ���� VWRFN PDUNHW FUDVK RULJLQDWLQJ LQ $VLD� 2Q �� 2FWREHU ����� WKH

+DQJ 6HQJ 6WRFN ,QGH[ �+6,� GURSSHG E\ ������ ERWK WKH 'RZ -RQHV ,QGXVWULDO

$YHUDJH �'-,$� DQG *HUPDQ 6WRFN ,QGH[ �'$;� E\ ����� WKH 6WDQGDUG 	 3RRU
V

��� &RPSRVLWH ,QGH[ �6	3 ���� E\ ����� DQG WKH -DSDQHVH 6WRFN ,QGH[ �1LNNHL

���� E\ ������ $ FRQVHTXHQFH RI WKHVH RXWO\LQJ DQG H[WUHPH REVHUYDWLRQV LV WKH

IDW�WDLOHG� GLVWULEXWLRQ RI UHWXUQV�

6HYHUDO PRGHOV KDYH EHHQ GHYHORSHG WR DFFRPPRGDWH WKH ODUJH QXPEHUV RI

RXWOLHUV� )LUVW� WKH GLVWULEXWLRQ JHQHUDWLQJ WKH UHWXUQV LV VWDEOH EXW IDW�WDLOHG �IRU

H[DPSOH� WKH 6WDEOH 3DUHWLDQ GLVWULEXWLRQ �0DQGHOEURW >����@�� WKH 6WXGHQW�W GLV�

WULEXWLRQ �3UDHW] >����@� %ODWWEHUJ DQG *RQHGHV >����@�� RU WKH JHQHUDOLVHG HUURU

GLVWULEXWLRQ �*('� �%DLOOLH DQG 0F0DKRQ >����@�� 6HFRQG� WKH UHWXUQV DUH JHQHU�

DWHG E\ D PL[WXUH RI QRUPDO GLVWULEXWLRQV �&ODUN >����@� .RQ >����@� +DUULV >����@��

7KLUG� WKH UHWXUQV IROORZ D PL[HG GLmXVLRQ MXPS SURFHVV �3UHVV >����@�� )LQDOO\�

WKH G\QDPLFV LQ WKH YDULDQFH RI UHWXUQV FDXVHV WKH IDW WDLOV �RU KHWHURVNHGDVWLF�

LW\��(QJOH >����@��

7KHUH LV DOVR RYHUZKHOPLQJ HYLGHQFH WKDW WKH WDLO EHKDYLRXU RI HTXLW\ UHWXUQV

HYROYHV RYHU WLPH�� ,Q SDUWLFXODU� DEVROXWH UHWXUQV �ZKLFK DUH D PHDVXUH RI YRODWLO�

LW\� KDYH VLJQLnFDQW SRVLWLYH VHULDO FRUUHODWLRQ RYHU ORQJ ODJV� LPSO\LQJ WKDW WKH\

KDYH ORQJ WHUP PHPRU\ �'LQJ HW DO� >����@�� 7KLV LV NQRZQ DV YRODWLOLW\ FOXVWHULQJ�

�7KH IDFW WKDW WKH GURS LQ SULFHV RQ �� 2FWREHU ���� ZDV RQO\ DERXW RQH�WKLUG DV ODUJH DV WKDW RI
�� 2FWREHU ���� PD\ EH DWWULEXWHG WR UXOHV DQG UHJXODWLRQV ZKLFK ZHUH LQWURGXFHG DIWHU WKH ���� FUDVK
IRU WKH '-,$� )RU H[DPSOH� FLUFXLW EUHDNHUV� FROODUV DQG VLGHFDUV ZHUH WULJJHUHG IRU WKH nUVW WLPH RQ ��
2FWREHU ����� SUHYHQWLQJ WKH UHFXUUHQFH RI WKH H[WUHPH ���� RXWOLHU�

�7KH GLVWULEXWLRQ LV VDLG WR EH IDW�WDLOHG ZKHQ WKH WDLOV RI WKH GLVWULEXWLRQ GHFOLQH E\ D SRZHU QRW
H[SRQHQWLDOO\� VR WKDW QRW DOO PRPHQWV DUH ERXQGHG� RWKHUZLVH� WKH GLVWULEXWLRQ LV WKLQ�WDLOHG�

�9RODWLOLW\ LQ HTXLW\ ��� UHWXUQV KDV QRW LQFUHDVHG VLJQLnFDQWO\ RYHU WKH ODVW WKLUW\ \HDUV�
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LQ ZKLFK ODUJH �VPDOO� UHWXUQV DUH PRUH OLNHO\ WR EH IROORZHG E\ ODUJH �VPDOO� UH�

WXUQV WKDQ E\ VPDOO �ODUJH� UHWXUQV� EXW RI XQSUHGLFWDEOH VLJQ �0DQGHOEURW >����@��

+HQFH� WKH UHWXUQV DUH QRW LQGHSHQGHQWO\ DQG LGHQWLFDOO\ GLVWULEXWHG �L�L�G�� RYHU

WLPH� 7KH LPSRUWDQW LPSOLFDWLRQ LV WKDW nQDQFLDO PDUNHW YRODWLOLW\ LV KLJKO\ SUH�

GLFWDEOH�

(QJOH >����@ GHYHORSHG WKH DXWRUHJUHVVLYH FRQGLWLRQDO KHWHURVNHGDVWLFLW\ �$5&+�S��

PRGHO� ZKLFK ZDV VXEVHTXHQWO\ JHQHUDOLVHG E\ %ROOHUVOHY >����@ �*$5&+�S�T��� DV

WKH XVXDO $50$ PRGHOV ZLWK FRQVWDQW YDULDQFH DQG *DXVVLDQ WDLOV DUH LQDGHTXDWH

IRU PRVW nQDQFLDO WLPH VHULHV� ,Q WKH PDMRULW\ RI HPSLULFDO H[DPSOHV� *$5&+�����

KDV EHHQ VKRZQ WR UHSUHVHQW DGHTXDWHO\ WKH REVHUYHG LQWHUWHPSRUDO GHSHQGHQFLHV

LQ GDLO\ UHWXUQV RI PRVW nQDQFLDO WLPH VHULHV� DQG LV FXUUHQWO\ WKH PRVW SRSXODU

YRODWLOLW\ IRUHFDVWLQJ PRGHO�� 7KH *$5&+ PRGHO KDV EHHQ DSSOLHG H[WHQVLYHO\ WR

QXPHURXV nQDQFLDO WLPH VHULHV �VHH %ROOHUVOHY HW DO� >����@ DQG %HUD DQG +LJJLQV

>����@ IRU GHWDLOHG UHYLHZV RI *$5&+ DSSOLFDWLRQV�� DQG LWV SRSXODULW\ LV GXH WR

WKH IDFW WKDW LW� �L� FDSWXUHV WKH SHUVLVWHQFH RI YRODWLOLW\� �LL� FDQ DFFRXQW SDUWO\ IRU

WKH IDW�WDLOV RI WKH UHWXUQV GLVWULEXWLRQ� DQG �LLL� LV VLPSOH� DQG DOVR PDWKHPDWLFDOO\

DQG FRPSXWDWLRQDOO\ VWUDLJKWIRUZDUG��

,Q UHFHQW \HDUV� WKH LQFUHDVHG DFWLYLW\ LQ WKH GHULYDWLYHV PDUNHWV DQG WKH QHHG WR

SULFH RSWLRQV DFFXUDWHO\ KDV OHG WR JUHDWHU DWWHQWLRQ EHLQJ SDLG WR PRGHOOLQJ YRODWLO�

LW\� 6LQFH nQDQFLDO GDWD FRQWDLQ PDQ\ RXWO\LQJ REVHUYDWLRQV� WKHLU DQDO\VLV LQ WLPH

�2QH IUHTXHQWO\ YRLFHG FULWLFLVP RI *$5&+�W\SH PRGHOV LV WKDW WKH\ DUH W\SLFDOO\ QRW EDVHG RQ
WKHRU\� 7KXV� DOWKRXJK WKH\ DUH VXFFHVVIXO HPSLULFDOO\� WKH\ DUH VWDWLVWLFDO UDWKHU WKDQ HFRQRPLF PRGHOV
�1HOVRQ DQG )RVWHU >����@��

�1HOVRQ >����@ VXJJHVWV DQRWKHU UHDVRQ IRU WKH VXFFHVV RI *$5&+������ LI WKH SURFHVV JHQHUDWLQJ
SULFHV LV DSSUR[LPDWHO\ D GLmXVLRQ� WKHQ WKHUH LV VR PXFK LQIRUPDWLRQ DERXW VHFRQG PRPHQWV DW KLJK
IUHTXHQFLHV WKDW HYHQ D PLVVSHFLnHG *$5&+ PRGHO FDQ SURGXFH JRRG HVWLPDWHV RI YRODWLOLW\�
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VHULHV PRGHOOLQJ DQG IRUHFDVWLQJ KDV EHFRPH LQFUHDVLQJO\ LPSRUWDQW� 2XWOLHU DQDO�

\VLV LQ WLPH VHULHV LV FRQFHUQHG ZLWK WKH GHWHFWLRQ DQG DFFRPPRGDWLRQ RI DEQRUPDO

DQG H[WUHPH REVHUYDWLRQV LQ WKH GDWD� DQG DQDO\VLQJ WKHLU LQoXHQFH RQ WKH PHDQ

DQG YDULDQFH RI nQDQFLDO WLPH VHULHV �IRU DQ LQYDOXDEOH UHYLHZ RI RXWOLHUV� VHH %HFN�

PDQ DQG &RRN >����@�� )RU H[DPSOH� RXWOLHUV FDQ KDYH GRPLQDWLQJ DQG GHOHWHULRXV

HmHFWV RQ WKH �TXDVL�� PD[LPXP OLNHOLKRRG HVWLPDWHV ��4�0/(� RI WKH $50$ DQG

*$5&+ SDUDPHWHUV�� VLQFH WKHVH PRGHOV W\SLFDOO\ DVVXPH WKDW WKH REVHUYDWLRQV

DUH QRUPDOO\ GLVWULEXWHG�� 0RUHRYHU� RXWOLHUV PD\ OHDG WR PRGHO PLVVSHFLnFDWLRQ�

SRRU IRUHFDVWV DQG LQYDOLG LQIHUHQFHV��� 'HVSLWH WKH YROXPLQRXV UHVHDUFK RQ HVWL�

PDWLQJ YRODWLOLW\ XVLQJ *$5&+�W\SH PRGHOV� YHU\ OLWWOH DWWHQWLRQ KDV EHHQ SDLG

WR WKH HmHFWV RI RXWO\LQJ REVHUYDWLRQV LQ WKH GDWD� $OWKRXJK *$5&+�W\SH PRGHOV

ZLWK QRUPDO �RU IDW�WDLOHG� LQQRYDWLRQV VHHP WR SHUIRUP DGHTXDWHO\ LQ IRUHFDVWLQJ

VWDQGDUG YRODWLOLW\� WKH\ SHUIRUP SRRUO\ LQ SUHGLFWLQJ RXWO\LQJ REVHUYDWLRQV�

7KUHH SDSHUV WKDW VSHFLnFDOO\ H[DPLQH RXWOLHUV IRU WKH *$5&+����� SURFHVV

DUH +RWWD DQG 7VD\ >����@� )UDQVHV DQG *KLMVHOV >����@ DQG )UDQVHV DQG YDQ 'LMN

>����@� +RWWD DQG 7VD\ >����@ GHYHORSHG DQ RXWOLHU DGMXVWPHQW PHWKRG IRU DGGL�

WLYH DQG LQQRYDWLRQDO RXWOLHUV� ZKLOH )UDQVHV DQG *KLMVHOV >����@ DQG )UDQVHV DQG

YDQ 'LMN >����@ DSSOLHG WKH RXWOLHU PHWKRG IRU DGGLWLYH RXWOLHUV� DV GHYHORSHG E\

&KHQ DQG /LX >����D@ IRU $5,0$�W\SH PRGHOV� WR WKH *$5&+����� PRGHO� 8VLQJ

ZHHNO\ UHWXUQV RI VHYHUDO VWRFN LQGLFHV IURP ���� WR ���� ������������ DQG D PRY�

�7KHVH RXWOLHUV DUH DOVR FDOOHG LQoXHQWLDO REVHUYDWLRQV�
�,Q VRPH FLUFXPVWDQFHV� D IDW�WDLOHG GLVWULEXWLRQ �H�J� D VWXGHQW W GLVWULEXWLRQ ZLWK � GHJUHHV RI

IUHHGRP� PD\ EH PRUH UHVLVWDQW WR RXWOLHUV WKDQ D QRUPDO GLVWULEXWLRQ �6DNDWD DQG :KLWH >����@��
��7KHUH LV DOVR LQFUHDVHG LQWHUHVW LQ HVWLPDWLQJ WKH SDUDPHWHUV RI WKH RXWOLHUV WKHPVHOYHV �H[WUHPH

YDOXH DQDO\VLV��
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LQJ ZLQGRZ RI IRXU �WHQ� \HDUV� )UDQVHV DQG *KLMVHOV >����@ DQG )UDQVHV DQG YDQ

'LMN >����@ IRXQG WKDW RXWOLHUV VLJQLnFDQWO\ LQFUHDVH WKH FRQVWDQW DQG $5&+ HVWL�

PDWHV� DQG GHFUHDVHG WKH *$5&+ HVWLPDWHV� 0RUHRYHU� UHPRYDO RI RXWOLHUV \LHOGHG

VLJQLnFDQWO\ ORZHU �XS WR ���� IRUHFDVW HUURUV� ZKHQ PHDVXUHG DV PHDQ �PHGLXP�

IRUHFDVW HUURU �0�HG�6(�� PHDQ �PHGLXP� DEVROXWH HUURU �0�HG�$(� DQG PHGLXP

VTXDUHG SHUFHQWDJH HUURU �0HG63(�� RYHU *$5&+����� PRGHOV ZLWK QRUPDO RU W�

GLVWULEXWHG LQQRYDWLRQV IRU WKH RULJLQDO UHWXUQV� 8VLQJ ���PLQXWH 0DUN�86' VSRW

H[FKDQJH UDWHV IURP � -XQH ���� WR �� -XQH ����� +RWWD DQG 7VD\ >����@ DOVR

IRXQG WKDW RXWOLHUV VLJQLnFDQWO\ LQFUHDVHG WKH LQWHUFHSW DQG $5&+ HVWLPDWHV� DQG

GHFUHDVHG WKH *$5&+ HVWLPDWHV�

7KLV SDSHU H[DPLQHV WKH HmHFWV RI RXWOLHUV DQG H[WUHPH REVHUYDWLRQV RQ WKH

SURSHUWLHV RI WKH $5����*$5&+����� PRGHO E\ PRGHOOLQJ RXWOLHUV DQG H[WUHPH

REVHUYDWLRQV XVLQJ WKH &KHQ DQG /LX >����D@ SURFHGXUH� 7KH DQDO\VLV GLmHUV IURP

SUHYLRXV VWXGLHV LQ WKH IROORZLQJ ZD\V� �L� ZH DOVR H[DPLQH WKH HmHFWV RI H[WUHPH

REVHUYDWLRQV� �LL� LQ DGGLWLRQ WR RXWOLHUV� ZH LQYHVWLJDWH WKH HmHFWV RI H[WUHPH RE�

VHUYDWLRQV RQ WKH UHJXODULW\ FRQGLWLRQV� ZKLFK KDYH SUHYLRXVO\ QRW EHHQ H[DPLQHG�

�LLL� RXU GDWD VHWV FRQWDLQ GDLO\ UHWXUQV ZKLFK KDYH FRQVLGHUDEO\ PRUH RXWOLHUV

DQG H[WUHPH REVHUYDWLRQV WKDQ LQ SUHYLRXV GDWDVHWV� DQG �LY� ZH XVH WKUHH W\SHV

RI nQDQFLDO VHULHV� QDPHO\ VWRFN LQGLFHV� IRUHLJQ H[FKDQJH UDWHV DQG FRPPRGLWLHV�

ZKLFK PD\ H[KLELW GLmHUHQW FRQGLWLRQDO YRODWLOLW\ EHKDYLRXU�

7KH SDSHU LV RUJDQLVHG DV IROORZV� 6HFWLRQ � SUHVHQWV WKH $5����*$5&+�����

PRGHO� 6HFWLRQ � GHVFULEHV RXWOLHUV� DQG PHWKRGV IRU DFFRPPRGDWLQJ WKHP� 6HF�

WLRQ � GHVFULEHV WKH GDWD� HYDOXDWLRQ RI IRUHFDVWLQJ DELOLW\� DQG WKH LPSDFW RI
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RXWOLHUV RQ HVWLPDWLRQ� IRUHFDVWLQJ DQG UHJXODULW\ FRQGLWLRQV� 6RPH FRQFOXGLQJ

FRPPHQWV DUH JLYHQ LQ 6HFWLRQ ��

� 7KH $5����*$5&+����� PRGHO

&RQVLGHU WKH $5����*$5&+����� PRGHO� ZKHUH WKH FRQGLWLRQDO PHDQ �RU ORJ�

UHWXUQ� LV JLYHQ E\

\W  x� 
\Wb� � �W ���

ZKHUH

�W  sW
S
KW ���

�W z 1��� KW�

sW z L�L�G�1��� ��

DQG WKH FRQGLWLRQDO YDULDQFH RI �W LV JLYHQ E\

KW  � � m��Wb� � nKWb�� ���

6XpFLHQW FRQGLWLRQV�� IRU SRVLWLYLW\ RI WKH FRQGLWLRQDO YDULDQFH DQG WKH *$5&+�����

��7KHVH FRQGLWLRQV ZHUH LPSRVHG E\ RXU HVWLPDWLRQ FRGH�
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SURFHVV WR H[LVW DUH WKDW � ! �� m w � DQG n w ����

,Q WKH *$5&+����� PRGHO� YRODWLOLW\ LV JLYHQ DV D OLQHDU FRPELQDWLRQ RI WKH

ODJJHG XQFRQGLWLRQDO DQG FRQGLWLRQDO YDULDQFHV� 7KH m �RU $5&+� SDUDPHWHU

PHDVXUHV WKH LPSDFW RI WKH LQQRYDWLRQ LQ WKH UHWXUQ LQ WKH SUHYLRXV SHULRG� JLYLQJ

ULVH WR WKH PRUH DEUXSW FKDQJHV LQ YRODWLOLW\� DQG WKH n �RU *$5&+� SDUDPHWHU

PHDVXUHV WKH LPSDFW RI WKH SUHYLRXV FRQGLWLRQDO YDULDQFH RQ LWV FXUUHQW YDOXH�

JLYLQJ ULVH WR WKH PRUH PRGHUDWH FKDQJHV LQ YRODWLOLW\� 7KH ZHLJKW RQ WKH ODJJHG

XQFRQGLWLRQDO YDULDQFH GHFD\V H[SRQHQWLDOO\� WKDW LV� WKH ZHLJKW DWWDFKHG WR RE�

VHUYDWLRQ W�L�� LV D n[HG SURSRUWLRQ RI WKH ZHLJKW �n� DWWDFKHG WR REVHUYDWLRQ W�L �

+HQFH� ERWK m DQG n SURGXFH WKH FOXVWHULQJ SKHQRPHQRQ� DV FDQ HDVLO\ EH VHHQ LQ

DQ DOWHUQDWLYH H[SUHVVLRQ RI *$5&+������

KW  
�

�b n
� m

�;
L �

nLb���WbL� ���

$OWHUQDWLYHO\� *$5&+����� FDQ EH H[SUHVVHG DV DQ $50$����� SURFHVV IRU WKH

XQFRQGLWLRQDO YDULDQFH E\ VXEVWLWXWLQJ WKH GLmHUHQFH EHWZHHQ WKH XQFRQGLWLRQDO

DQG FRQGLWLRQDO YDULDQFHV RI WKH YRODWLOLW\ SURFHVV� yW  ��W b KW� LQ HTXDWLRQ ���

DQG UHDUUDQJLQJ� WR \LHOG

��W  � � �m� n���Wb� � yW b nyWb�� ���

6HYHUDO VWDWLVWLFDO SURSHUWLHV KDYH EHHQ HVWDEOLVKHG IRU WKH *$5&+����� SURFHVV

LQ RUGHU WR GHnQH WKH XQFRQGLWLRQDO PRPHQWV RI I�WJ �VHH %ROOHUVOHY >����@�� ,Q
��1HOVRQ DQG &DR >����@ KDYH GHULYHG VRPH ZHDNHU LQHTXDOLW\ FRQVWUDLQWV IRU KLJKHU RUGHU

*$5&+�S�T� PRGHOV�

�



JHQHUDO� WKH KLJKHU LV WKH PRPHQW FRQVLGHUHG� WKH VWURQJHU LV WKH FRQGLWLRQ DQG

WKH OHVV OLNHO\ LV LW WR EH VDWLVnHG HPSLULFDOO\� )URP ���� LW LV FOHDU WKDW D VXpFLHQW

FRQGLWLRQ IRU WKH VHFRQG PRPHQW RI I�WJ WR H[LVW LV WKDW �m � n� � �� ,I WKLV

FRQGLWLRQ LV PHW� I�W� KWJ LV VWULFWO\ VWDWLRQDU\ DQG HUJRGLF� ZLWK

(��W�  � ���

(���W �  
�

��b mb n�
���

DQG

FRY��W� �V�  � ���

IRU W � V�

'LHEROG >����@ VKRZHG WKDW VWDWLRQDU\ PRGHOV FRQYHUJH WR QRUPDOLW\� ZKLOH

QRQ�VWDWLRQDU\ PRGHOV GR QRW FRQYHUJH WR QRUPDOLW\� 9LRODWLRQ RI WKH VHFRQG�RUGHU

VWDWLRQDULW\ FRQGLWLRQ GRHV QRW QHFHVVDULO\ LPSO\ QRQ�VWDWLRQDULW\ RI WKH SURFHVV�

,I VRPH ZHDNHU UHTXLUHPHQWV �VXFK DV WKH ORJ PRPHQW FRQGLWLRQ� DUH PHW� I�W� KWJ

PD\ VWLOO EH VWDWLRQDU\ HYHQ WKRXJK �m�n� PLJKW EH HTXDO WR RU JUHDWHU WKDQ XQLW\�

LQ ZKLFK FDVH (���W �  � �VHH 1HOVRQ >����E@� /HH DQG +DQVHQ >����@� /XPVGDLQH

>����@�� )RU H[DPSOH� 1HOVRQ >����E@ VKRZV WKDW ZKHQ � ! � DQG KW � �� I�W� KWJ

LV VWULFWO\ VWDWLRQDU\ DQG HUJRGLF LI DQG RQO\ LI (>OQ�n � ms�W �@ � �� $ SUDFWLFDO

SUREOHP ZLWK WKLV FRQGLWLRQ LV WKDW LW LV GLpFXOW WR DSSO\ LQ SUDFWLFH EHFDXVH

LW LV WKH PHDQ YDOXH RI D GLVWULEXWLRQ RI D UDQGRP YDULDEOH� $ ODUJH QXPEHU RI

�



VLPXODWLRQV LV W\SLFDOO\ UHTXLUHG WR REWDLQ VWDWLVWLFDOO\ VLJQLnFDQW YDOXHV IRU sW
���

7KH WHUP �m � n� PHDVXUHV WKH SHUVLVWHQFH RI WKH FRQGLWLRQDO YDULDQFH� ,W

PHDVXUHV WKH VSHHG DW ZKLFK IXWXUH YRODWLOLW\ FRQYHUJHV WR WKH ORQJ�UXQ OHYHO� WKDW

LV� WRZDUGV WKH XQFRQGLWLRQDO YDULDQFH� 7KH FORVHU LV WKH VXP WR XQLW\� WKH VORZHU LV

WKH LQQRYDWLRQ WR UHWXUQV WR GLH RXW DQG UHPDLQ LPSRUWDQW IRU IXWXUH IRUHFDVWV� ,I

WKH VXP HTXDOV XQLW\� WKH YRODWLOLW\ SURFHVV LV D XQLW URRW SURFHVV DQG EHKDYHV OLNH

D UDQGRP ZDON� +RZHYHU� LI WKH SHUVLVWHQFH H[FHHGV XQLW\� WKH YRODWLOLW\ SURFHVV LV

H[SORVLYH LQ WKDW (���W �  �� 7KH VHFRQG PRPHQW FRQGLWLRQ DOVR LPSOLHV WKDW IRU

FRYDULDQFH VWDWLRQDULW\� WKHUH LV D WUDGH�Rm EHWZHHQ WKH m DQG n FRHpFLHQWV�

$ VXpFLHQW FRQGLWLRQ IRU WKH H[LVWHQFH RI WKH IRXUWK PRPHQW RI I�WJ LV �Nm��

�mn � n�� � � �%ROOHUVOHY >����@� ��� ZKHUH N LV WKH FRQGLWLRQDO IRXUWK PRPHQW RI

sW� 8QGHU WKH DVVXPSWLRQ RI FRQGLWLRQDO QRUPDOLW\� N s (�s�W �  �� VR WKDW WKH

UHJXODULW\ FRQGLWLRQ EHFRPHV ��m� � �mn � n�� � �� ,I WKH IRXUWK PRPHQW H[LVWV�

WKHQ

(���W �  
�m��� � m� n�

��b mb n���b n� b �mn b �m�� ���

VR WKDW WKH H[FHVV NXUWRVLV EHFRPHV

NH  �(��
�
W �b �(�������(���W �b�  

�m�

��b n� b �mn b �m�� ����

ZKLFK LV JUHDWHU WKDQ ]HUR� E\ DVVXPSWLRQ� WKHUHE\ \LHOGLQJ IDW�WDLOV� 7KH DVVXPS�

��7KLV KROGV EHFDXVH sW LV WKH WUXH HUURU UDWKHU WKDQ WKH HVWLPDWHG HUURU IRU D JLYHQ VDPSOH�
��+H DQG 7HUDVYLUWD >����@ SURYLGH D PRUH GHWDLOHG FKDUDFWHUL]DWLRQ RI WKH IRXUWK PRPHQW VWUXFWXUH

RI WKH *$5&+�S�T� SURFHVV� /LQJ DQG 0F$OHHU >����E@ FODULI\ WKH QHFHVVLW\ DQG VXpFLHQF\ RI +H
DQG 7HUDVYLUWD
V IRXUWK PRPHQW FRQGLWLRQ� DQG SURYLGH WKH QHFHVVDU\ DQG VXpFLHQW FRQGLWLRQV IRU DOO
PRPHQWV RI WKH JHQHUDO *$5&+ SURFHVV� DV ZHOO DV WKRVH RI 'LQJ HW DO��V >����@ DV\PPHWULF SRZHU
*$5&+ SURFHVV�

��



WLRQ RI QRUPDOLW\ LV XVHG WR GHnQH WKH OLNHOLKRRG IXQFWLRQ� EXW LV QRW QHFHVVDU\ IRU

WKH DV\PSWRWLF UHVXOWV���

)RU HVWLPDWLRQ SXUSRVHV� LI QRUPDOLW\ LV DVVXPHG ZKHQ WKH WUXH FRQGLWLRQDO

GHQVLW\ LV QRW QRUPDO� WKH UHVXOWLQJ PD[LPXP OLNHOLKRRG HVWLPDWHV �0/(� VKRXOG

EH LQWHUSUHWHG DV TXDVL�PD[LPXP OLNHOLKRRG HVWLPDWHV �40/(�� :HLVV >����@ DQG

%ROOHUVOHY DQG:RROGULGJH ������ VKRZ WKDW� HYHQ LQ WKH SUHVHQFH RI QRQ�QRUPDOLW\�

WKH UHVXOWLQJ 40/( DUH DV\PSWRWLFDOO\ QRUPDOO\ GLVWULEXWHG DQG FRQVLVWHQW LI WKH

VHFRQG DQG IRXUWK PRPHQW FRQGLWLRQV DUH VDWLVnHG� )RU V\PPHWULF GHSDUWXUHV

IURP FRQGLWLRQDO QRUPDOLW\� WKH 40/( DUH JHQHUDOO\ FORVH WR WKH 0/(� +RZHYHU�

IRU QRQ�V\PPHWULF GLVWULEXWLRQV� ERWK WKH nQLWH DQG DV\PSWRWLF ORVV RI HpFLHQF\

RI XVLQJ DQ LQFRUUHFW FRQGLWLRQDO GLVWULEXWLRQ PD\ EH YHU\ ODUJH �XS WR ���� �VHH

DOVR (QJOH DQG *RQ]DOH]�5LYHUD >����@ DQG *RQ]DOH]�5LYHUD DQG 'URVW >����@��

7KLV PHDQV WKDW WKH SUHFLVLRQ RI WKH SDUDPHWHU HVWLPDWHV PD\ EH YHU\ ORZ� $O�

WKRXJK ZH PD\ VWLOO EH DEOH WR GUDZ YDOLG LQIHUHQFHV� WKH SRZHU RI WKH K\SRWKHVLV

WHVW ZLOO EH PDUNHGO\ UHGXFHG� )XUWKHUPRUH� WKH SUHFLVLRQ RI WKH IRUHFDVW ZLOO EH

UHGXFHG� UHVXOWLQJ LQ ZLGHU IRUHFDVW LQWHUYDOV� /LQJ DQG 0F$OHHU >����F@ VKRZ WKDW

HpFLHQW HVWLPDWHV IRU QRQ�VWDWLRQDU\ $50$ PRGHOV ZLWK *$5&+ HUURUV FDQ EH

FRQVWUXFWHG LQ WKH DEVHQFH RI NQRZOHGJH RI WKH FRQGLWLRQDO GLVWULEXWLRQ WKURXJK

DGDSWLYH HVWLPDWLRQ�

9DOLGDWLRQ RI WKH UHJXODULW\ FRQGLWLRQV RI *$5&+����� LV RI LQWHUHVW WR IRUH�

FDVWLQJ IRU VHYHUDO UHDVRQV� )LUVW� RQO\ ZKHQ WKH UHJXODULW\ FRQGLWLRQV DUH VDWLVnHG

��7HUDVYLUWD >����@ GHULYHG WKH XQFRQGLWLRQDO IRXUWK PRPHQW RI *$5&+����� ZLWKRXW WKH QRUPDOLW\
DVVXPSWLRQ�

��



LV LW SRVVLEOH WR SURYLGH IRUHFDVWV ZLWK DSSURSULDWH VWDQGDUG HUURUV� 6HFRQG� LW

PDNHV LW SRVVLEOH WR H[DPLQH KRZ ZHOO DQ HVWLPDWHG *$5&+����� PRGHO UHSUR�

GXFHV WKH FKDUDFWHULVWLFV LQ WKH GDWD� )RU H[DPSOH� LI ERWK WKH VHFRQG DQG IRXUWK

PRPHQW FRQGLWLRQV DUH VDWLVnHG� YDOLG LQIHUHQFHV DUH SRVVLEOH XVLQJ WKH W�UDWLRV

DV WR WKH VLJQLnFDQFH RI WKH SDUDPHWHU HVWLPDWHV� 0RUHRYHU� WKHVH HVWLPDWHV FDQ

EH XVHG WR FRPSXWH WKH YDOXHV IRU WKH NXUWRVLV DQG VHULDO FRUUHODWLRQ RI WKH XQ�

FRQGLWLRQDO GLVWULEXWLRQ RI I�WJ �%ROOHUVOHY >����@�� 7KHVH FRPSXWHG YDOXHV FDQ

WKHQ EH FRPSDUHG ZLWK WKH PHDVXUHV FDOFXODWHG GLUHFWO\ IURP WKH GDWD WR FKHFN

LI *$5&+����� UHSURGXFHV WKH KLJK NXUWRVLV DQG SHUVLVWHQW VHULDO FRUUHODWLRQ LQ

WKH VTXDUHG RU DEVROXWH YDOXHV RI I�WJ� 0RUHRYHU� YDOLGDWLRQ RI WKH IRXUWK PRPHQW

FRQGLWLRQ SHUPLWV YDOLG LQIHUHQFHV XVLQJ WKH DV\PSWRWLF QRUPDO GLVWULEXWLRQ�

8QIRUWXQDWHO\� WKH VWDWLVWLFDO YDOLGLW\ RI *$5&+����� LV JHQHUDOO\ QRW FKHFNHG�

GHVSLWH WKH IDFW WKDW WKH UHJXODULW\ FRQGLWLRQV DUH VWUDLJKWIRUZDUG� ,Q SUDFWLFH�

WKH W�UDWLR DV XVXDOO\ LQWHUSUHWHG DV LI WKH UHJXODULW\ FRQGLWLRQV DUH VDWLVnHG� 7KLV

VKRXOG EH RI JUHDW FRQFHUQ VLQFH� LQ PDQ\ HPSLULFDO DSSOLFDWLRQV� WKH SDUDPHWHU

HVWLPDWHV RI WKH *$5&+����� SURFHVV LPSO\ D YLRODWLRQ RI WKH VHFRQG DQG�RU IRXUWK

PRPHQW FRQGLWLRQV �VHH (QJOH DQG %ROOHUVOHY >����@� (QJOH DQG *RQ]DOH]�5LYHUD

>����@� %HUD DQG +LJJLQV >����@� *XLOODXPH HW DO� >����@� DQG /XPVGDLQH >����@��

� 2XWOLHUV

$VVXPLQJ WKDW WKH WLPH VHULHV IROORZV D SDUWLFXODU SURFHVV� LW LV DUJXHG WKDW UH�

WXUQV FRQVLVW RI WKUHH W\SHV RI REVHUYDWLRQV� �L� RUGLQDU\ REVHUYDWLRQV� �LL� H[WUHPH

REVHUYDWLRQV� DQG �LLL� RXWO\LQJ �H[WUDRUGLQDU\� REVHUYDWLRQV� 7KH nUVW WZR W\SHV

��



RI REVHUYDWLRQV DUH DVVXPHG WR DULVH IURP D FRQGLWLRQDO QRUPDO �RU KHDY\�WDLOHG�

GLVWULEXWLRQ� 2UGLQDU\ REVHUYDWLRQV DUH UHDOLVHG WKH PRVW IUHTXHQWO\� ([WUHPH RE�

VHUYDWLRQV DULVH IURP WKH WDLOV RI WKH GLVWULEXWLRQ� RFFXU UHODWLYHO\ IUHTXHQWO\� DQG

DUH XVXDOO\ FOXVWHUHG��� )RU H[DPSOH� LQ DQDO\VLQJ WKH RFFXUUHQFH RI H[WUHPH YDOXHV

LQ WKH GDLO\ UHWXUQV RI WKH 6	3 ��� LQGH[ IURP � -XO\ ���� WR �� 'HFHPEHU ����

�ZLWK D WRWDO RI ���� REVHUYDWLRQV� IRU SRVLWLYH �QHJDWLYH� UHWXUQV� 7VD\ >����@

LGHQWLnHG ��� ����� FOXVWHUV H[FHHGLQJ ����� ��� ����� FOXVWHUV H[FHHGLQJ �����

DQG �� ���� FOXVWHUV H[FHHGLQJ ����� 7KH FRQFHSW RI RXWOLHUV LV JHQHUDOO\ UDWKHU

YDJXH� DQG PRVW DQDO\VHV RI RXWOLHUV XVXDOO\ ODFN HYHQ DQ LQIRUPDO GHnQLWLRQ� )RU

WKH SXUSRVH RI WKLV VWXG\� RXWOLHUV DUH REVHUYDWLRQV WKDW DUH IDU UHPRYHG �! �}�

IURP WKH PHDQ RI WKH FRQGLWLRQDO QRUPDO �RU KHDY\�WDLOHG� GLVWULEXWLRQ JHQHUDWLQJ

WKH EXON RI WKH GDWD� $OWKRXJK RXWO\LQJ REVHUYDWLRQV FRXOG FRPH IURP D QRUPDO

�RU KHDY\�WDLOHG� GLVWULEXWLRQ� WKH\ VKRXOG RFFXU RQO\ UDUHO\� )RU H[DPSOH� WKH

QRUPDO GLVWULEXWLRQ SUHGLFWV WKDW� RQ DYHUDJH� REVHUYDWLRQV ZLOO IDOO RXWVLGH WKH

UDQJH h�} OHVV WKDQ ������ RI WKH WLPH� ZKHUH } GHQRWHV WKH VWDQGDUG GHYLDWLRQ�

+RZHYHU� LQ UHDOLW\� VXFK RXWO\LQJ REVHUYDWLRQV DUH REVHUYHG IDU WRR IUHTXHQWO\ WR

EH FRQVLVWHQW ZLWK QRUPDOLW\ LQ WKH GDWD� )RU H[DPSOH� IRU WKH PRQWKO\ 6	3 ���

LQGH[ IURP ���� WR ���� �JLYLQJ ��� REVHUYDWLRQV�� +RWWD DQG 7VD\ >����@ nQG

WKUHH RXWOLHUV ������ LQ 0D\ ����� 1RYHPEHU ���� DQG 2FWREHU �����

,Q DXWRUHJUHVVLYH �LQWHJUDWHG� PRYLQJ PHDQ $5�,�0$ PRGHOV �&KDQJ DQG 7LDR

>����@� %XUQ DQG 2UG >����@� +LOOPHU >����@� &KDQJ HW DO� >����@� &KXDQJ DQG

��$ FOXVWHU LV GHnQHG DV DW OHDVW WZR FRQVHFXWLYH WUDGLQJ GD\V ZLWK �DEVROXWH� UHWXUQV DERYH WKH
WKUHVKROG OHYHO�

��



$EUDKDP >����@� /HGROWHU >����@� 'HXWVFK HW DO� >����@� %DONH >����@� +RWWD >����@�

%DONH DQG )RPE\ >���������@� &KHQ DQG /LX >����E@� 7ULYH] >����@� DQG 7KXU\ DQG

:XJHU >����@�� LW KDV EHHQ IRXQG WKDW RXWOLHUV FDQ UHVXOW LQ VLJQLnFDQWO\ QHJDWLYHO\

ELDVHG HVWLPDWHV RI WKH $5��� FRHpFLHQW DQG SRVLWLYHO\ ELDVHG HVWLPDWHV RI WKH

0$��� FRHpFLHQW��� DQG PD\ DOVR UHVXOW LQ PRGHO PLVVSHFLnFDWLRQ� 6LPLODUO\� IRU

WKH *$5&+ PRGHO� WKH SUHVHQFH RI RXWOLHUV PD\ OHDG WR SUREOHPV LQ HVWLPDWLRQ�

VSHFLnFDWLRQ� IRUHFDVWLQJ DQG LQWHUSUHWDWLRQ� )RU H[DPSOH� LQ WKH SUHVHQFH RI RXW�

OLHUV� WKH HVWLPDWH RI WKH m �RU $5&+� HmHFW LQ WKH *$5&+����� PRGHO FDQ EH

VHYHUHO\ ELDVHG XSZDUGV� DQG WKH HVWLPDWH RI WKH n �RU *$5&+� HmHFW VHYHUHO\ EL�

DVHG GRZQZDUGV �)ULHGPDQ DQG /DLEVRQ >����@� /DPRXUHX[ DQG /DVWUDSHV >����@�

%ODLU HW DO� >����@� +RWWD DQG 7VD\ >����@� 6DNDWD DQG :KLWH >����@� (QJOH DQG /HH

>����@� )UDQVHV DQG *KLMVHOV >����@� DQG )UDQVHV DQG YDQ 'LMN >����@�� 2XWOLHUV DOVR

DGYHUVHO\ DmHFW ERWK WKH VL]H DQG SRZHU RI WKH VWDQGDUG /DJUDQJH 0XOWLSOLHU �/0�

WHVW XVHG WR GHWHFW $5&+ HmHFWV� OHDGLQJ WR PRGHO PLVVSHFLnFDWLRQ �)UDQVHV HW

DO� >����@� DQG YDQ 'LMN HW DO� >����@�� ,Q SDUWLFXODU� D IHZ RXWOLHUV� HLWKHU LVRODWHG

RU LQ SDWFKHV� PD\ UHVXOW LQ VSXULRXV $5&+ HmHFWV� ZKHQ QRQH� LQ IDFW� LV SUHVHQW

�%DONH DQG )RPE\ >����@� DQG $JJDUZDO HW DO� >����@��

2XWOLHUV PD\ DmHFW IRUHFDVWV WHPSRUDULO\ WKURXJK WKH FDUU\�RYHU HmHFW RQ WKH

$5&+ DQG *$5&+ WHUPV� DQG PD\ KDYH D SHUPDQHQW HmHFW RQ IRUHFDVWV WKURXJK

PRGHO PLVVSHFLnFDWLRQ DQG ELDVHG SDUDPHWHU HVWLPDWHV� ,Q $5,0$ PRGHOV� WKH

DFFXUDF\ RI WKH SRLQW IRUHFDVWV LPPHGLDWHO\ IROORZLQJ DQ RXWOLHU KDV EHHQ VKRZQ WR

��$ �} RXWOLHU LQ ��� REVHUYDWLRQV LQ DQ $5��� SURFHVV ZLWK D FRHpFLHQW RI ��� OHG WR D QHJDWLYH ELDV
RI ������ )RU D �} RXWOLHU� WKH ELDV ZDV ������� ,Q DQ $5,0$������� SURFHVV ZLWK DQ 0$��� FRHpFLHQW
RI ���� D �} RXWOLHU OHG WR D SRVLWLYH ELDV RI ������ ZKLOH D �} RXWOLHU OHG WR D SRVLWLYH ELDV RI ������

��



EH VHYHUHO\ LPSDLUHG� +RZHYHU� SRLQW IRUHFDVWV DUH VLJQLnFDQWO\ OHVV DmHFWHG E\ DQ

RXWOLHU ZKHQ VXFK REVHUYDWLRQV DUH PRUH WKDQ WZR SHULRGV DZD\ IURP WKH IRUHFDVW

RULJLQ �+LOOPHU >����@� 7VD\ >����@� /HGROWHU >����@� DQG &KHQ DQG /LX >����E@��

7KLV UHVXOW DULVHV EHFDXVH WKH HmHFWV RI SDVW REVHUYDWLRQV RQ VXEVHTXHQW IRUHFDVWV

GLPLQLVK H[SRQHQWLDOO\ ZLWK WKH GLVWDQFH IURP WKH IRUHFDVW RULJLQ��� 0RUHRYHU� WKH

LPSDFWV RI RXWOLHUV RQ WKH SDUDPHWHU HVWLPDWHV DmHFWV WKH IRUHFDVWV VXEVWDQWLDOO\

OHVV� 2XWOLHUV KDYH DOVR EHHQ IRXQG WR LQFUHDVH WKH HVWLPDWHG YDULDQFH RI WKH

REVHUYDWLRQV DQG� FRQVHTXHQWO\� WKH ZLGWK RI WKH IRUHFDVW LQWHUYDOV �+LOOPHU >����@�

&KDQJ HW DO� >����@� /HGROWHU >����@� DQG 7ULYH] >����@�� 7KHUH LV DOVR HYLGHQFH WKDW

*$5&+����� RYHUSUHGLFWV WKH SHUVLVWHQFH RI PRGHUDWH WR KLJK REVHUYDWLRQV� DQG

WKDW WKLV HmHFW LV FRQVLGHUDEO\ H[DFHUEDWHG ZKHQ RXWOLHUV DUH SUHVHQW �/DPRXUHX[

DQG /DVWUDSHV >����@� (QJOH DQG 0XVWDID >����@� +DPLOWRQ DQG 6XVPHO >����@�

6HQWDQD >����@� DQG *UD\ >����@�� )RU H[DPSOH� ZKHQ WKH ���� VWRFN PDUNHW

FUDVK LV UHWDLQHG LQ WKH HVWLPDWLRQ SHULRG� WKH *$5&+����� YRODWLOLW\ IRUHFDVWV DUH

RYHUVWDWHG LQGHnQLWHO\ LQWR WKH IXWXUH� )DLOLQJ WR DFFRXQW IRU WKH VKRUW�OLYHG HmHFWV

RI RXWOLHUV VKRXOG� WKHUHIRUH� UHVXOW LQ RYHUHVWLPDWLRQ RI VXEVHTXHQW YRODWLOLW\�

,W LV DUJXHG LQ WKLV SDSHU WKDW RXWO\LQJ REVHUYDWLRQV DUH QRW JHQHUDWHG E\

DQ $5����*$5&+����� SURFHVV� ZKLFK H[SODLQV WKH PDMRULW\ RI REVHUYDWLRQV LQ

WKH GDWD VHW� DQG VKRXOG EH WUHDWHG DV FRQWDPLQDWLRQ� 6XFK FRQWDPLQDWLRQ LV

GHPRQVWUDWHG E\ GH +DDQ HW DO� >����@ DQG 'DQLHOVVRQ DQG GH 9ULHV >����@� ZKR

nQG WKDW YRODWLOLW\ FOXVWHULQJ YDQLVKHV IRU RXWO\LQJ REVHUYDWLRQV� WKDW WKH *$5&+

��,Q DQ $5,0$������� SURFHVV� ZKHQ WKH RXWOLHU �RI VL]H �}� LV SRVLWLRQHG DW WKH IRUHFDVW RULJLQ� LW
FDXVHV D ���� LQFUHDVH LQ WKH PHDQ VTXDUH HUURU �06(�� FRPSDUHG ZLWK D ��� LQFUHDVH LQ WKH 06(
ZKHQ WKH RXWOLHU LV RQH VWHS SULRU WR WKH IRUHFDVW RULJLQ� DQG D ���� LQFUHDVH LQ WKH 06( ZKHQ WKH
RXWOLHU LV SRVLWLRQHG WZR VWHSV SULRU WR WKH IRUHFDVW RULJLQ�

��



HmHFW LV QRW SDUWLFXODUO\ LPSRUWDQW� DQG WKDW LW VXpFHV HPSLULFDOO\ WR DVVXPH WKDW

WKH RXWO\LQJ REVHUYDWLRQV DUH L�L�G�� &RQVHTXHQWO\� WKHVH RXWO\LQJ REVHUYDWLRQV

VKRXOG QRW EH XVHG LQ HVWLPDWLQJ WKH $5����*$5&+����� SDUDPHWHUV� DV WKLV

OHDGV WR ELDVHG HVWLPDWHV� PRGHO PLVVSHFLnFDWLRQ DQG LQDFFXUDWH IRUHFDVWV� ,W LV

RXU LQWHQWLRQ WR nW WKH $5����*$5&+����� PRGHO WR WKH RUGLQDU\ DQG H[WUHPH

REVHUYDWLRQV EXW QRW WR WKH RXWO\LQJ HYHQWV� 7KH SULQFLSDO LGHD EHKLQG RXWOLHU

DGMXVWPHQWV LV WR DSSO\ WKH QRQ�UREXVW PD[LPXP OLNHOLKRRG SURFHGXUH �0/(���

WR WKH �FOHDQVHG� UHWXUQV I\eW J� UDWKHU WKDQ WR WKH RULJLQDO UHWXUQV I\WJ� ZKHUH

FOHDQVLQJ UHIHUV WR DQ RXWOLHU GHWHFWLRQ DQG GRZQ�ZHLJKWLQJ SURFHGXUH �.OHLQHU HW

DO� >����@����

$V WKH ORFDWLRQ RI RXWOLHUV LV FRPPRQO\ MXGJHG WR EH REYLRXV� WKH SUDFWLFH RI

YLVXDO LQVSHFWLRQ RI WKH GDWD� DQG GHOHWLRQ RU DGMXVWPHQW RI WKRVH REVHUYDWLRQV

WKDW DUH DUELWUDULO\ MXGJHG WR EH RXWO\LQJ� KDV EHHQ FRPPRQO\ XVHG IRU RYHU ���

\HDUV �%HUQRXOOL� ������ +RZHYHU� WKH PRVW REYLRXV RXWOLHUV GR QRW QHFHVVDULO\

KDYH WKH ODUJHVW LPSDFW RQ WKH SDUDPHWHU HVWLPDWHV �6DNDWD DQG :KLWH >����@��

0RUHRYHU� WKH JUHDWHU LV WKH FRPSOH[LW\ RI WKH SURFHVV �VXFK DV PXOWLYDULDWH�� WKH

PRUH GLpFXOW LW LV WR LGHQWLI\ RXWOLHUV YLVXDOO\ �7KXU\ DQG :XJHU >����@�� &RQVH�

��7KH 0/( SURFHGXUH XQGHU WKH DVVXPSWLRQ RI QRUPDOO\ GLVWULEXWHG HUURUV LV KLJKO\ VHQVLWLYH WR
GHSDUWXUHV IURP QRUPDOLW\� VXFK DV RXWOLHUV DQG H[WUHPH REVHUYDWLRQV �6DNDWD DQG :KLWH >����@��

��2WKHUV KDYH SURSRVHG UREXVW PHWKRGV WR HVWLPDWH WKH SDUDPHWHUV� ZKLFK DYRLGV WKH SUREOHP RI
LGHQWLI\LQJ RXWOLHUV� )RU H[DPSOH� 6FKZHUW >����D@ DQG 7D\ORU >����@ VXJJHVW D *$5&+ PRGHO WKDW XVHV
WKH ODJJHG DEVROXWH UHVLGXDOV LQVWHDG RI WKH VTXDUHG UHVLGXDOV� DV WKLV PD\ EH PRUH UREXVW WR RXWOLHUV�
)ULHGPDQ DQG /DLEVRQ >����@ VXJJHVW WUXQFDWLQJ WKH HmHFW RI ODUJH REVHUYDWLRQV E\ XVLQJ WKH VLQH RI
WKH VFDOHG VTXDUHG UHVLGXDOV DQG VPRRWK SDVWLQJ LW WR WKH FRQVWDQW � DW {

�
� 6DNDWD DQG :KLWH >����@

VXJJHVW D QHZ FODVV RI HVWLPDWRUV WKDW DUH UREXVW WR RXWOLHUV� $OWKRXJK WKHVH PHWKRGV DUH UHODWLYHO\
VWUDLJKWIRUZDUG� WKHUH DUH VHYHUDO GLVDGYDQWDJHV� �L� &KXDQJ DQG $EUDKDP >����@ GHPRQVWUDWH WKDW
UREXVW PHWKRGV SHUIRUP ZHOO LQ VRPH FDVHV� EXW SRRUO\ LQ RWKHUV� �LL� VLQFH WKH RXWO\LQJ REVHUYDWLRQV DUH
QRW DGMXVWHG� WKH LPSDFW RI RXWOLHUV RQ WKH IRUHFDVWV UHPDLQV� �LLL� LQ PRVW FDVHV� RQO\ OLPLWHG LQIRUPDWLRQ
RQ WKH RXWOLHU PD\ EH REWDLQHG �H�J� IURP WKH ZHLJKWV DSSOLHG WR WKH UHVLGXDOV��

��



TXHQWO\� PRUH REMHFWLYH DQG VRSKLVWLFDWHG RXWOLHU GHWHFWLRQ SURFHGXUHV DUH UHTXLUHG

WR DQDO\VH WKRVH RXWOLHUV WKDW FDQQRW EH HDVLO\ GHWHUPLQHG E\ YLVXDO LQVSHFWLRQ�

7KH HVWLPDWHG UHVLGXDOV RI D YRODWLOLW\ PRGHO XVXDOO\ SURYLGH VRPH LQIRUPDWLRQ

IRU GHWHFWLQJ RXWOLHUV� 8VLQJ WKLV DSSURDFK� RXWOLHUV DUH GHnQHG ZLWK UHVSHFW WR DQ

DVVXPHG HFRQRPHWULF PRGHO� $ FRPPRQ DQG VLPSOH DSSURDFK IRU LGHQWLI\LQJ D VLQ�

JOH RXWOLHU LQ D OLQHDU UHJUHVVLRQ PRGHO LV VHOHFWLQJ WKH REVHUYDWLRQ ZLWK WKH ODUJHVW

DEVROXWH VWXGHQWLVHG UHVLGXDO� RU WKH REVHUYDWLRQ ZLWK WKH ODUJHVW LPSDFW RQ WKH

UHVLGXDO VXP RI VTXDUHV XSRQ GHOHWLRQ �%HFNPDQ DQG &RRN >����@�� 7KHVH PHWKRGV

DUH QRW DSSURSULDWH IRU GHWHFWLQJ RXWOLHUV LQ WLPH VHULHV� VLQFH WKH REVHUYDWLRQV DUH

XVXDOO\ QHLWKHU QRUPDOO\ QRU LQGHSHQGHQWO\ GLVWULEXWHG�

2XWOLHU DQDO\VLV LQ WLPH VHULHV LV XQGHUWDNHQ E\ VSHFLI\LQJ SDUWLFXODU RXWOLHU

PRGHOV� )R[ >����@ LV WKH nUVW WR KDYH SURSRVHG PRGHOV IRU DGGLWLYH RXWOLHUV �$2�

DQG LQQRYDWLRQ RXWOLHUV �,2�� WKH WZR PRVW LPSRUWDQW DQG IUHTXHQWO\ HQFRXQWHUHG

RXWOLHUV LQ WLPH VHULHV��� $Q $2 DW WLPH W DmHFWV RQO\ D VLQJOH REVHUYDWLRQ� LV QRW

SHUVLVWHQW� DQG KDV QR LPSDFW RQ YRODWLOLW\� ,W FDQ DULVH EHFDXVH RI D UHFRUGLQJ RU

PHDVXUHPHQW HUURU� RU DV D UHVXOW RI DQ XQXVXDO HYHQW WKDW GRHV QRW FDUU\ RYHU WR

VXEVHTXHQW REVHUYDWLRQV� $Q ,2 DW WLPH W KDV DQ HmHFW RQ VHYHUDO REVHUYDWLRQV

DQG DOVR RQ WKH YRODWLOLW\ RI WKH REVHUYHG GDWD� )RU H[DPSOH� FKDQJHV LQ GDLO\ 8�6�

LQWHUHVW UDWHV KDYH D SURIRXQG ORQJ�WHUP HmHFW RQ WKH WDLO EHKDYLRXU RI WKH GDLO\

VWRFN UHWXUQV �7VD\ >����@�� 7KH ���� VWRFN PDUNHW FUDVK VKRZV XS LQ WKH 6	3

��� VWRFN UHWXUQ LQGH[ DV WZR RXWOLHUV��� DQ H[WUHPH QHJDWLYH RXWOLHU ������� RQ

��+RWWD DQG 7VD\ >����@ UHIHU WR $2 DQG ,2 DV OHYHO RXWOLHUV �/2� DQG YRODWLOLW\ RXWOLHUV �92��
UHVSHFWLYHO\�

��6LPLODUO\� WKH ���� VWRFN PDUNHW FUDVK VKRZV XS LQ WKH 6	3 ��� UHWXUQ DV WZR RXWOLHUV� QDPHO\ D
QHJDWLYH UHWXUQV RXWOLHU RI ���� RQ �� 2FWREHU ����� IROORZHG E\ D SRVLWLYH UHWXUQV RXWOLHU RI ���� RQ

��



�� 2FWREHU ����� IROORZHG E\ DQ H[WUHPH SRVLWLYH RXWOLHU ������ RQ �� 2FWREHU

������� DQG WKHVH KDYH DOVR EHHQ FODVVLnHG DV ,2 �+RWWD DQG 7VD\ >����@� ��� ,Q D

VWDWLRQDU\ $50$ SURFHVV� $2 KDYH D GHFD\LQJ HmHFW RQ WKH VXEVHTXHQW UHVLGXDOV

DQG RQ WKH HVWLPDWHG XQGHUO\LQJ YRODWLOLW\ SURFHVV �VHH HTXDWLRQ ����� ,2 DmHFW

RQO\ WKH OHYHO RI WKH VWDQGDUGLVHG UHVLGXDO JLYHQ LQ HTXDWLRQ ��� DQG KDYH QR HmHFW

RQ WKH HVWLPDWHG XQGHUO\LQJ YRODWLOLW\ SURFHVV LQ HTXDWLRQ ��� EHFDXVH WKH RXWOLHU LV

SDUW RI WKH LQQRYDWLRQ� ZLWK WKH LPSDFW FDUU\LQJ RYHU WR VXEVHTXHQW REVHUYDWLRQV

�&KDQJ HW DO� >����@� 7VD\ >����@� &KHQ DQG /LX >����D@� DQG +RWWD DQG 7VD\

>����@��

%DVHG RQ WKHVH RXWOLHU W\SHV� )R[ >����@ SURSRVHG D OLNHOLKRRG UDWLR WHVW IRU

WKHLU GHWHFWLRQ LQ DXWRUHJUHVVLYH PRGHOV DW DQ XQNQRZQ SRLQW LQ WLPH� $EUDKDP

DQG %R[ >����@ SURSRVHG VRPH VLPSOH EXW UHDOLVWLF G\QDPLF LQWHUYHQWLRQ PRGHOV�

VXFK DV WKDW RI %R[ DQG 7LDR >����@� WR DFFRPPRGDWH RXWOLHUV ZLWKLQ WKH PRGHO

DV LQWHUYHQWLRQV LQ WKH GHWHUPLQLVWLF SDUW RI WKH SURFHVV� ,Q WKLV ZD\� LW LV SRVVLEOH

WR VHSDUDWH WKH RXWOLHU HmHFWV IURP WKH VWRFKDVWLF FRPSRQHQW WR EH H[SODLQHG�

ZLWKRXW KDYLQJ WR PRGHO WKH VWRFKDVWLF EHKDYLRXU RI WKH RXWOLHUV� %DVHG RQ WKHVH

LGHDV� SURFHGXUHV KDYH EHHQ GHYHORSHG ZKLFK� �L� HVWLPDWH DQ $50$ PRGHO� �LL�

LWHUDWH VHTXHQWLDOO\ DPRQJ RXWOLHU GHWHFWLRQ� DGMXVWPHQW RI WKH UHVLGXDO VHULHV�

DQG UH�HVWLPDWLRQ RI WKH YDULDQFH RI WKH UHVLGXDOV� DQG �LLL� HVWLPDWH D G\QDPLF

LQWHUYHQWLRQ PRGHO ZKLFK LQFOXGHV LQWHUYHQWLRQ YDULDEOHV WR UHPRYH WKH HmHFWV RI

�� 2FWREHU �����
��7KH VHFRQG RXWOLHU LQ WKH UHWXUQV LV D GLUHFW UHVXOW RI WKH H[WUHPH QHJDWLYH VLQJOH RXWOLHU WKDW

RFFXUUHG RQ �� 2FWREHU �����
��+RWWD DQG 7VD\ >����@ DOVR IRXQG WKDW WKH ���� KDG D ODUJHU LPSDFW RQ QHJDWLYH UHWXUQV WKDQ RQ

SRVLWLYH UHWXUQV� 7KH DQQXDO DYHUDJH VL]H RI QHJDWLYH UHWXUQV RYHU ���� UHPDLQHG KLJK DIWHU WKH ����
FUDVK� EXW KDG OLWWOH HmHFW RQ SRVLWLYH UHWXUQV�

��



WKH GHWHFWHG RXWOLHUV �.OHLQHU HW DO� >����@� &KDQJ >����@� &KDQJ DQG 7LDR >����@�

+LOOPHU HW DO� >����@� 7VD\ >����� ����@� &KDQJ HW DO� >����@� &KHQ DQG 7LDR

>����@� %DONH >����@� DQG -XVWHO HW DO� >����@� 7KLV DSSURDFK KDV VHYHUDO GUDZEDFNV�

RQH RI ZKLFK LV WKDW WKH SUHVHQFH RI RXWOLHUV PD\ OHDG WR LQFRUUHFWO\ LGHQWLnHG

DQG LQHpFLHQWO\ HVWLPDWHG $50$ SDUDPHWHUV� PDNLQJ WKLV SURFHVV YXOQHUDEOH WR

VZDPSLQJ�� DQG PDVNLQJ HmHFWV�� GXULQJ RXWOLHU GHWHFWLRQ�

&KHQ DQG /LX >����D@ GHYHORSHG D SURFHGXUH ZKLFK \LHOGV WKH MRLQW� UDWKHU

WKDQ VHTXHQWLDO� GHWHFWLRQ RI PXOWLSOH RXWOLHUV DQG HVWLPDWLRQ RI WKH SDUDPHWHUV�

DQG DSSHDUV PRUH UREXVW DJDLQVW VSXULRXV RXWOLHUV DQG PDVNLQJ HmHFWV� 7KLV LV

DQ LWHUDWLYH PHWKRG� ZKLFK FRQVLVWV RI VSHFLnFDWLRQ�HVWLPDWLRQ�GHWHFWLRQ�UHPRYDO

F\FOHV WR DFFRPPRGDWH LQGLYLGXDOO\ WKH PRVW VLJQLnFDQW RXWOLHUV� DV IROORZV� �L�

DQ $50$ PRGHO LV VSHFLnHG DQG HVWLPDWHG� �LL� WKH LPSDFW RI WKH RXWOLHUV RQ

WKH UHVLGXDOV RI WKH PRGHO LV LQYHVWLJDWHG� �LLL� WKH REVHUYHG VHULHV DUH DGMXVWHG

DFFRUGLQJ WR WKH LPSDFW RI WKH ODUJHVW RXWOLHU� DQG WKH PRGHO LV UH�HVWLPDWHG� 7KH

SURFHVV LV UHSHDWHG XQWLO QR PRUH RXWOLHUV DUH GHWHFWHG���

7KH JHQHUDO PRGHO IRU DQ REVHUYHG WLPH VHULHV I\WJ ZKLFK LV FRQWDPLQDWHG ZLWK

RXWOLHUV FDQ EH H[SUHVVHG DV IROORZV�

\W  \eW � I�W� ����

ZKHUH I\eW J LV WKH XQREVHUYHG XQFRQWDPLQDWHG VHULHV� ZKLFK LV DVVXPHG WR IROORZ
��6ZDPSLQJ HmHFWV RFFXU LI RUGLQDU\ REVHUYDWLRQV DUH GHFODUHG DV RXWOLHUV�
��0DVNLQJ HmHFWV RFFXU LI DUELWUDU\ ODUJH REVHUYDWLRQV DUH QRW GHWHFWHG DV RXWOLHUV ZKHQ RQH RXWOLHU

REVFXUHV WKH SUHVHQFH RI DQRWKHU�
��6LQFH WKH YDULDQFH RI WKH UHVLGXDOV LWVHOI LV DmHFWHG E\ RXWOLHUV� PRYLQJ EHWZHHQ LWHUDWLRQV RI DGMXVWLQJ

RQO\ WKH ODUJHVW RXWOLHU DQG UH�HVWLPDWLQJ WKH PRGHO� DQG KHQFH WKH YDULDQFH RI WKH UHVLGXDOV� UHGXFHV
WKH PDVNLQJ HmHFW�

��



DQ $50$ SURFHVV� QDPHO\

\eW  
t�/�

��/�
�eW ����

t�/�  �bt�/b��btO/
O LV WKH PRYLQJ PHDQ RSHUDWRU� ��/�  �b��/b��b�N/

N LV

WKH DXWRUHJUHVVLYH RSHUDWRU� / LV WKH ODJ RSHUDWRU� /N\W  \WbN� DQG �eW z 1��� KW��

,Q HTXDWLRQ ����� I�W� LV D SDUDPHWULF RXWOLHU PRGHO� LQ WKH FODVV RI LQWHUYHQWLRQ

PRGHOV RI %R[ DQG 7LDR >����@� UHSUHVHQWLQJ WKH H[RJHQRXV GLVWXUEDQFHV RI \eW

ZKLFK PD\ DmHFW ERWK WKH PRGHO SDUDPHWHUV DQG WKH YDULDQFH RI �eW � KW� 7KH

JHQHUDO IRUP RI WKH RXWOLHU PRGHO LV

I�W�  z�
z�/�

p�/�
,WG ����

ZKHUH z� LV WKH LQLWLDO LPSDFW RI WKH RXWOLHU �LQWHUYHQWLRQ SDUDPHWHU�� QDPHO\

(�\W�  (�\eW ��z��
z�/�
p�/� LV WKH G\QDPLF SDWWHUQ RI WKH RXWOLHU� z�/�  �bz�/b ��b

zO/
O� p�/�  �b p�/b ��b pN/

N� DQG ,WG LV DQ LQGLFDWRU IXQFWLRQ �WKDW LV� ,WG  � LI

W  G DQG ,WG  � LI W � G� VLJQLI\LQJ WKH RFFXUUHQFH RI DQ RXWOLHU DW WLPH G� 7KH

VSHFLnF RXWOLHU PRGHOV DUH DV IROORZV�

�L� IRU $2� z�/�
p�/�  � DQG

I�W�  z�,WG ����

ZKLOH �LL� IRU ,2� z�/�
p�/�  

��/�
t�/�  {�/� DQG

I�W�  {�/�z�,WG� ����

7KH HVWLPDWHG FRQWDPLQDWHG UHVLGXDOV FDQ WKHQ EH H[SUHVVHG DV�

A�W  �eW � z�[W ����

��



ZKHUH

[W  � IRU W � G

[W  � IRU W  G

[W�N  {N IRU $2 �RU � IRU ,2� IRU W ! G DQG N  �� �� ���

,W LV HDV\ WR VHH WKDW� DOWKRXJK WKH $2 KDYH DQ LPPHGLDWH HmHFW RQ WKH REVHUYHG

VHULHV� WKH\ KDYH D G\QDPLF HmHFW RQ �W IRU HYHU\ W ! G� GHSHQGLQJ RQ WKH FRUUHOD�

WLRQ VWUXFWXUH� {�/�� RI WKH PRGHO� DQG FRQVHTXHQWO\ RQ WKH XQGHUO\LQJ YRODWLOLW\

SURFHVV �HTXDWLRQ ����� ,Q DQ $50$ PRGHO� WKH ,2 DmHFW DOO REVHUYDWLRQV� EXW

DmHFW RQO\ RQH UHVLGXDO DW W  G�

6LQFH WKH *$5&+����� PRGHO FDQ DOVR EH H[SUHVVHG DV DQ $50$����� SURFHVV�

WKH &KHQ DQG /LX >����D@ SURFHGXUH FDQ EH DSSOLHG WR I��W J� ZKHUH IyWJ LV WKH

UHVLGXDO VHULHV LQ

�e�W  � � �m� n��e�Wb� � yeW b nyeWb�� ����

7KHUHIRUH�

yeW  ��/��e�W b �

��b n/�
����

ZKHUH

��/�  
�b �m� n�/

��b n/�
� ����

)RU $2� LW IROORZV WKDW

��



�e�W  ��W b z�,WG ����

LQ ZKLFK FDVH

yeW  ��/����W b z�,WG�b �

��b n/�
 yW b ��/�z�,WG  yW b z�[W� ����

(TXDWLRQ ���� FDQ EH LQWHUSUHWHG DV D UHJUHVVLRQ PRGHO IRU yeW �

,Q SUDFWLFH� z�� ,WG� DQG WKH W\SH RI RXWOLHU DUH XQNQRZQ� DQG KHQFH PXVW EH

HVWLPDWHG� ,I WKH SDUDPHWHUV RI WKH $50$�*$5&+ PRGHO DUH NQRZQ� WKH OHDVW

VTXDUHV HVWLPDWH IRU WKH LQLWLDO LPSDFW� Az�� RI D VLQJOH RXWOLHU RQ WKH HVWLPDWHG

UHVLGXDOV� AyW� DW W  G� PD\ EH H[SUHVVHG DV�

Az�  

31
W G AyW[W31
W G [

�
W

����

DQG

YDU�Az��  
AKW31
W G [

�
W

����

ZKHUH 1 LV WKH QXPEHU RI REVHUYDWLRQV� )RU HDFK LWHUDWLRQ� WKH PD[LPXP VWDQGDUG�

LVHG WHVW VWDWLVWLF IRU Az�W� IRU DOO REVHUYDWLRQV A~�W LV HVWLPDWHG WR GHWHFW HPSLULFDOO\

WKH RXWOLHUV ZLWK WKH ODUJHVW LQLWLDO LPSDFW �&KDQJ HW DO� >����@��

A~�  
Az�
AKW

YXXW 1;
W G

[�W ����

ZKHUH AKW� WKH HVWLPDWHG VWDQGDUG GHYLDWLRQ RI WKH UHVLGXDOV� LV UREXVW WR RXWOLHUV
���

��6LQFH WKH VWDQGDUG GHYLDWLRQ LWVHOI LV DmHFWHG E\ RXWOLHUV� WKLV LV KRZ RXWOLHUV FDQ EH PDVNHG�

��



)XUWKHUPRUH� DOO VWDQGDUGLVHG WHVW VWDWLVWLFV DUH DVVXPHG WR EH DSSUR[LPDWHO\ QRU�

PDOO\ GLVWULEXWHG ZLWK PHDQ ]HUR DQG XQLW YDULDQFH� 7KH PD[LPXP DFURVV DOO

W\SHV RI RXWOLHUV LV H[DPLQHG DQG FRPSDUHG ZLWK D SUH�VSHFLnHG FULWLFDO YDOXH�

7KH SURFHGXUH LV JLYHQ DV IROORZV� �L� HVWLPDWH WKH $50$ PRGHO IRU I\WJ WR

REWDLQ IA�WJ� �LL� HVWLPDWH WKH *$5&+����� PRGHO IRU IA�WJ WR REWDLQ IAKWJ DQG

IAyWJ  IA��W b AKWJ� �LLL� REWDLQ WKH OHDVW VTXDUHV HVWLPDWHV Az�W IRU DOO REVHUYDWLRQV

DQG FRPSXWH WKH VWDQGDUGLVHG WHVW VWDWLVWLF� 7KH REVHUYDWLRQV ZLWK WKH PD[LPXP

WHVW VWDWLVWLF H[FHHGLQJ WKH FULWLFDO YDOXH DUH WKHQ DGMXVWHG� JLYLQJ WKH HVWLPDWHG

XQFRQWDPLQDWHG UHVLGXDOV�

A�eW s VLJQ�A�W�
T
A��W b Az�� ����

7KH $5����*$5&+����� PRGHO LV WKHQ UH�HVWLPDWHG XVLQJ WKH DGMXVWHG RE�

VHUYHG UHWXUQV DQG WKH SURFHGXUH DERYH LV UHSHDWHG� 7KLV F\FOH LV FRQWLQXHG XQWLO

WKH WHVW VWDWLVWLFV IRU DOO REVHUYDWLRQV OLH EHORZ WKH FULWLFDO YDOXH ���

&KHQ DQG /LX >����D�E@ REVHUYH WKDW WKH HVWLPDWHG SDUDPHWHUV FDQ DOVR EH

DmHFWHG E\ WKH FKRLFH RI WKH FULWLFDO YDOXH� :KHQ WKH FULWLFDO YDOXH LV WRR ODUJH�

WKH PHWKRG PD\ QRW LGHQWLI\ DQ\ RXWOLHUV� $OWKRXJK ORZHU FULWLFDO YDOXHV UHVXOW LQ

DQ LQFUHDVHG SRZHU RI RXWOLHU GHWHFWLRQ� WKH FKDQFHV RI GHWHFWLQJ VSXULRXV RXWOLHUV

DUH DOVR LQFUHDVHG� ZKLFK PD\ UHVXOW LQ RYHUDGMXVWPHQW RI VSXULRXV RXWOLHUV DQG

ELDVHG SDUDPHWHU HVWLPDWHV� )XUWKHUPRUH� $2 DUH WKH HDVLHVW WR GHWHFW� ZKLOH

RXWOLHUV WKDW KDYH WKH VDPH VKDSH DV WKH EDVLF GDWD VHW� VXFK DV OHYHO VKLIWV��� DUH

��7KH GLVWLQFWLRQ EHWZHHQ RXWOLHUV DQG H[WUHPH REVHUYDWLRQV GHSHQGV RQ WKLV FULWLFDO YDOXH�
��:LWK OHYHO VKLIWV� WKH GDWD DUH GUDZQ IURP WKH VDPH QRUPDO GLVWULEXWLRQ EXW ZLWK D PHDQ VKLIW�

��



WKH KDUGHVW WR GHWHFW� 0RUHRYHU� WKH FORVHU LV WKH GLVWDQFH RI RXWOLHUV IURP WKH

EDVLF GDWD� WKH KDUGHU WKH\ DUH WR GHWHFW�

� (PSLULFDO 5HVXOWV

��� 'DWD

,Q WKLV VHFWLRQ ZH XVH WKH $5����*$5&+����� PRGHO WR DQDO\VH XQDGMXVWHG UHWXUQV

I\WJ DQG RXWOLHU�DGMXVWHG UHWXUQV I\eW J� DV WKLV LV WKH PRVW FRPPRQO\ XVHG SDUD�

PHWULF PRGHO IRU H[DPLQLQJ WLPH�YDU\LQJ YRODWLOLW\��� 7KH LQFOXVLRQ RI WKH $5���

WHUP LV EDVHG RQ WKH REVHUYHG �ZHDN� SRVLWLYH nUVW�RUGHU VHULDO FRUUHODWLRQ�� LQ

VWRFN LQGH[ UHWXUQV ZKLFK LV DWWULEXWHG� LQ SDUW� WR QRQ�V\QFKURQRXV WUDGLQJ DQG

ELG�DVN VSUHDGV �6DIYHQEODG >����@��

7KH HmHFWV RI RXWOLHUV RQ WKH $5����*$5&+����� PRGHO DUH HYDOXDWHG XV�

LQJ ���� WUDGLQJ GD\V RI nYH nQDQFLDO WLPH VHULHV� FRPSULVLQJ VWRFN� FXUUHQF\

DQG FRPPRGLW\ GDWD� QDPHO\ WKH GDLO\ FORVH�WR�FORVH ORJDULWKPLF LQGH[ UHWXUQV RI

6	3 ���� 1LNNHL ��� DQG +6,� WKH QRRQ �3DFLnF WLPH� %ULWLVK 3RXQG�8�6� 'RO�

ODU �*%3�86'� VSRW H[FKDQJH UDWH� DQG WKH FORVLQJ �/RQGRQ� *ROG %XOOLRQ �*%�

VSRW UDWH� 'DWDVWUHDP SURYLGHG WKH FORVH�WR�FORVH LQGH[ UHWXUQV DQG WKH QRRQ *%

VSRW UDWH� ZKLOH WKH *%3�86' VSRW H[FKDQJH UDWH ZDV REWDLQHG IURP WKH 3DFLnF

([FKDQJH 5DWH 6HUYLFH� )RU HDFK VHULHV� KLJKO\ YRODWLOH WLPH SHULRGV FRQWDLQLQJ D

ODUJH QXPEHU RI RXWOLHUV DQG H[WUHPH REVHUYDWLRQV ZHUH VHOHFWHG� QDPHO\ �� 0DUFK

���� WR � -XQH ���� IRU 6	3 ���� �� -XO\ ���� WR �� MXO\ ���� IRU +6,� � $XJXVW

��0LVVSHFLnFDWLRQ RI WKH FRQGLWLRQDO PHDQ HTXDWLRQ DSSHDUV WR KDYH YHU\ OLWWOH LQoXHQFH RQ WKH HV�
WLPDWHG FRQGLWLRQDO YDULDQFH LQ FRQWLQXRXV �1HOVRQ >����D�E@� *DQQRQ >����@ DV ZHOO DV GLVFUHWH WLPH
�0F.HQ]LH >����@��

��.RXWPRV >����@ nQGV WKDW VWRFN UHWXUQV DUH DV\PPHWULFDOO\ UHODWHG WR SDVW UHWXUQV DQG WKDW WKH
SRVLWLYH nUVW�RUGHU VHULDO FRUUHODWLRQ LV PRVWO\ GXH WR WKH SHUVLVWHQFH RI SRVLWLYH UHWXUQV�

��



���� WR �� -XQH ���� IRU 1LNNHL ���� � -XQH ���� WR �� 0D\ ���� IRU *%3�86'�

DQG � $SULO ���� WR � -XQH ���� IRU *% �VHH )LJXUHV �����

0HDQ YDOXHV RI WKH SDUDPHWHU HVWLPDWHV� PRPHQW FRQGLWLRQV DQG IRUHFDVW HUURUV

ZHUH FDOFXODWHG XVLQJ ��� RQH�GD\ DKHDG YRODWLOLW\ IRUHFDVWV� 7KH nUVW ��� WUDGLQJ

GD\V ZHUH XVHG WR HVWLPDWH WKH PRGHO� ZKLFK \LHOGHG WKH RQH�GD\ DKHDG IRUHFDVWV

IRU KW� 7KHQ WKH HVWLPDWLRQ WLPH LQWHUYDO ZDV PRYHG RQH�GD\ DKHDG LQWR WKH IXWXUH

E\ GHOHWLQJ WKH nUVW WUDGLQJ GD\ DQG DGGLQJ DQ H[WUD GD\ DW WKH HQG RI WKH VDPSOH

SHULRG� 7KH SDUDPHWHUV RI WKH PRGHO ZHUH UH�HVWLPDWHG DQG WKH RQH�GD\ DKHDG

IRUHFDVWV UH�JHQHUDWHG� 7KLV SURFHGXUH ZDV UHSHDWHG ��� WLPHV� )RU WKH RXWOLHU

WHVW VWDWLVWLF� ZH XVHG FULWLFDO YDOXHV RI ��� �� � DQG ��

��� (YDOXDWLRQ RI IRUHFDVWLQJ DELOLW\

7HVWV DV WR WKH SUHGLFWLYH FRQWHQW RI YRODWLOLW\ PRGHOV DUH EDVHG RQ H[DPLQLQJ

WKH GLmHUHQFHV EHWZHHQ WKH RXW�RI�VDPSOH YRODWLOLW\ IRUHFDVWV DQG WKH VXEVHTXHQWO\

UHDOLVHG YRODWLOLW\� 8QIRUWXQDWHO\� YRODWLOLW\ FDQQRW EH REVHUYHG GLUHFWO\� VR WKHUH LV

WKH DGGHG FRPSOH[LW\ RI nQGLQJ DQ DSSURSULDWH GHnQLWLRQ RI FRQGLWLRQDO YRODWLOLW\

DJDLQVW ZKLFK WKH *$5&+����� IRUHFDVWV FDQ EH FRPSDUHG� ,Q WKLV SDSHU� WKH

IROORZLQJ GHnQLWLRQ IRU UHDOLVHG YRODWLOLW\ LV XVHG�

}W  M \W b x\ M ����

ZKHUH WKH GDLO\ ORJDULWKPLF UHWXUQV DUH GHnQHG DV \W  OQ� 3W
3Wb�

�� x\ LV WKH FRQGL�

WLRQDO VDPSOH PHDQ�� RI \W JLYHQ WKH SUHYLRXV YDOXHV \WbN� N w �� DQG 3W GHQRWHV

��1R VLJQLnFDQW GLmHUHQFHV LQ WKH YRODWLOLW\ YDOXHV DUH REVHUYHG LI WKH FRQGLWLRQDO VDPSOH PHGLDQ LV
XVHG� RU LI WKH PHDQ LV WDNHQ WR EH ]HUR�

��



SULFH LQ SHULRG W���

7KH IROORZLQJ GHVFULSWLYH VWDWLVWLFV DUH XVHG WR TXDQWLI\ WKH PHDQ RI WKH RXW�

RI�VDPSOH IRUHFDVW HUURUV� PHDQ HUURU �0(�� PHDQ VTXDUHG HUURU �06(�� URRW

PHDQ VTXDUHG HUURU �506(�� PHDQ DEVROXWH HUURU �0$(�� DQG VPRRWKHG PHDQ

DEVROXWH SHUFHQWDJH HUURU �60$3(�� $ ZHLJKWHG YHUVLRQ RI WKH 60$3( PHDVXUH

�60:$3(� WKDW ZHLJKWV ODUJHU YDOXHV RI YRODWLOLW\ PRUH KHDYLO\ WKDQ VPDOOHU YDO�

XHV LV DOVR FDOFXODWHG� DV DUH WKH PHGLDQ YHUVLRQV RI WKH GHVFULSWLYH VWDWLVWLFV� 7KHVH

IRUHFDVW VWDWLVWLFV DUH D VLPSOH PHWKRG IRU FRPSDULQJ WKH LQoXHQFH RI RXWOLHUV RQ

*$5&+����� YRODWLOLW\ IRUHFDVWV�

��� 7KH HmHFWV RI RXWOLHUV RQ WKH XQFRQGLWLRQDO UHWXUQV
GLVWULEXWLRQV

7DEOH � UHSRUWV WKH GHVFULSWLYH VWDWLVWLFV IRU HDFK RI WKH XQFRQGLWLRQDO GLVWULEXWLRQV

RI WKH nYH WLPH VHULHV IRU D WRWDO RI ���� REVHUYDWLRQV� 7KH /DJUDQJH PXOWLSOLHU

VWDWLVWLFV IRU QRUPDOLW\ �/0�1�� LQGLFDWH WKDW QRQH RI WKH XQDGMXVWHG WLPH VHULHV

LV QRUPDOO\ GLVWULEXWHG� :KLOH WKH VNHZQHVV RI DOO WKH UHWXUQV GLVWULEXWLRQV LV

UHODWLYHO\ VPDOO DQG QHJDWLYH �H[FHSW IRU +6,�� WKH NXUWRVLV LV ODUJH� LPSO\LQJ WKDW

PXFK RI WKH GHSDUWXUH IURP QRUPDOLW\ LV GXH WR OHSWRNXUWRVLV� *% VSRW UDWHV DUH

WKH PRVW YRODWLOH VHULHV� KDYLQJ WKH ODUJHVW VWDQGDUG GHYLDWLRQ� IROORZHG E\ +6,�

1LNNHL ���� 6	3 ��� DQG *%3�86'�

7DEOH � VXPPDULVHV WKH VWDWLVWLFV IRU WKH GHWHFWHG RXWOLHUV DQG H[WUHPH RE�

VHUYDWLRQV� &RQVLVWHQW ZLWK WKH HYLGHQFH RI OHSWRNXUWRVLV� RXWOLHUV DQG H[WUHPH

��$QGHUVHQ DQG %ROOHUVOHY >����@ DFNQRZOHGJH WKDW� ZKLOH DEVROXWH �RU VTXDUHG� GDLO\ UHWXUQV SURYLGH
XQELDVHG HVWLPDWHV RI WKH XQGHUO\LQJ XQREVHUYDEOH YRODWLOLW\� WKH\ DUH YHU\ QRLV\ HVWLPDWRUV RI GDLO\
PRYHPHQWV LQ YRODWLOLW\ GXH WR WKH ODUJH LGLRV\QFUDWLF HUURU WHUP�

��



REVHUYDWLRQV DSSHDU LQ DOO nYH WLPH VHULHV� 2XWOLHUV �! �}� DFFRXQW IRU EHWZHHQ

���� � ���� RI WKH REVHUYDWLRQV� ZKLOH H[WUHPH REVHUYDWLRQV �RI EHWZHHQ �} DQG

�}� DFFRXQW IRU WZLFH WKH QXPEHU RI RXWOLHUV REVHUYHG� 7KH ODUJHVW QXPEHUV RI

RXWOLHUV DUH REVHUYHG IRU WKH 1LNNHL ��� VHULHV� ZLWK � REVHUYDWLRQV ODUJHU WKDQ �}�

� REVHUYDWLRQ ODUJHU WKDQ �}� �� REVHUYDWLRQV ODUJHU WKDQ �}� �� REVHUYDWLRQV ODUJHU

WKDQ �}� DQG ��� REVHUYDWLRQV ODUJHU WKDQ �}� IROORZHG E\ +6, ��� �� ��� �� DQG

���� UHVSHFWLYHO\�� 6	3 ��� ��� �� ��� �� DQG ���� UHVSHFWLYHO\�� *% ��� �� ��� ��

DQG ���� UHVSHFWLYHO\�� DQG *%3�86' ��� �� ��� �� DQG ���� UHVSHFWLYHO\�� (DFK

RI WKHVH QXPEHUV LV VLJQLnFDQWO\ JUHDWHU WKDQ H[SHFWHG IURP D QRUPDO GLVWULEXWLRQ�

7KH 1LNNHL ��� VHULHV DOVR KDV WKH KLJKHVW NXUWRVLV PHDVXUH �������� DQG WKH ODUJHVW

�UHODWLYH� SRVLWLYH �����}� DQG QHJDWLYH �b�����}� RXWOLHUV� ZKLFK FRUUHVSRQG WR

WKH �� 2FWREHU ���� VWRFN PDUNHW FUDVK� $OWKRXJK D VLQJOH QHJDWLYH RXWOLHU PD\

UHVXOW LQ D VLJQLnFDQW ORVV LQ UHWXUQV� D VHTXHQFH RI VPDOOHU RXWOLHUV DQG�RU H[WUHPH

REVHUYDWLRQV RIWHQ OHDGV WR DQ HYHQ JUHDWHU ORVV� )RU H[DPSOH� DOWKRXJK WKH ODUJHVW

QHJDWLYH RXWOLHU IRU +6, RU *% LV EHWZHHQ ������� LQ HDFK RI WKHVH VHULHV WKHUH DUH

DW OHDVW WZR FOXVWHUV ZKHUH WKH WRWDO GHFUHDVH LQ UHWXUQV RYHU D WKUHH�GD\ SHULRG LV

EHWZHHQ �������

1HJDWLYH REVHUYDWLRQV �! �}� RFFXU XS WR ��� PRUH IUHTXHQWO\ WKDQ SRVLWLYH

REVHUYDWLRQV� JLYLQJ ULVH WR WKH REVHUYHG QHJDWLYH VNHZQHVV LQ WKH UHWXUQV GLVWULEX�

WLRQ� $OWKRXJK ERWK SRVLWLYH DQG QHJDWLYH RXWOLHUV DUH REVHUYHG� QHJDWLYH RXWOLHUV

DOVR RFFXU PRUH IUHTXHQWO\� ZKLFK LV FRQVLVWHQW ZLWK SUHYLRXV nQGLQJV �VHH� IRU H[�

DPSOH� -DQVHQ DQG GH 9ULHV >����@�� 0RUHRYHU� LQ DEVROXWH YDOXH� WKH ODUJHVW RXWOLHU

LV XVXDOO\ QHJDWLYH� ZKLFK LV RIWHQ VXEVHTXHQWO\ IROORZHG E\ D ODUJH �EXW VPDOOHU

��



DEVROXWH� SRVLWLYH RXWOLHU��� 6LPLODU nQGLQJV KDYH EHHQ UHSRUWHG E\ RWKHUV �VHH�

IRU H[DPSOH� /RQJLQ >����@�� 2I WKH �� RXWOLHUV GHWHFWHG DFURVV WKH nYH VHULHV ZLWK

FULWLFDO YDOXH ��� �� ����� DUH QHJDWLYH� 2I WKHVH� nYH ����� DUH IROORZHG WKH QH[W

GD\ E\ D SRVLWLYH RXWOLHU DQG RQO\ WZR QHJDWLYH RXWOLHUV ���� RFFXU FRQVHFXWLYHO\�

2I WKH �� SRVLWLYH RXWOLHUV� RQO\ RQH ���� LV VXEVHTXHQWO\ IROORZHG E\ D QHJDWLYH

RXWOLHU DQG QR SRVLWLYH RXWOLHUV RFFXU FRQVHFXWLYHO\� 7KH SUREDELOLW\ RI D QHJDWLYH

RXWOLHU EHLQJ IROORZHG E\ DQRWKHU QHJDWLYH RXWOLHU LV DOVR JUHDWHU WKDQ IRU D SRVLWLYH

RXWOLHU WR EH IROORZHG E\ DQRWKHU SRVLWLYH RXWOLHU� )RU H[DPSOH� IRU D FULWLFDO YDOXH

RI �� RI WKH �� QHJDWLYH RXWOLHUV GHWHFWHG� � ����� RFFXU FRQVHFXWLYHO\� FRPSDUHG

ZLWK RQO\ WZR ���� RI WKH �� SRVLWLYH RXWOLHUV� ,Q WRWDO� �� QHJDWLYH RXWOLHUV DUH

IROORZHG E\ DQRWKHU RXWOLHU RI HLWKHU VLJQ� FRPSDUHG ZLWK RQO\ WKUHH IRU SRVLWLYH

RXWOLHUV� 7KLV LV LQ DJUHHPHQW ZLWK WKH ZHOO�GRFXPHQWHG DV\PPHWULF VLJQ HmHFW LQ

nQDQFLDO GDWD� ZKHUH ODUJH QHJDWLYH VKRFNV OHDG WR JUHDWHU YRODWLOLW\ WKDQ SRVLWLYH

VKRFNV RI HTXLYDOHQW PDJQLWXGH�

2XWO\LQJ REVHUYDWLRQV DUH IUHTXHQWO\ FOXVWHUHG DQG GR QRW DSSHDU WR EH L�L�G��

)RU H[DPSOH� RI WKH �� RXWOLHUV GHWHFWHG IRU D FULWLFDO YDOXH RI �� WKHUH DUH HLJKW

FOXVWHUV RI WZR RU PRUH FRQWDLQLQJ �� ����� REVHUYDWLRQV� ZKLOH �� ����� RI WKH RE�

VHUYDWLRQV RFFXU ZLWKLQ WZR GD\V RI HDFK RWKHU� 2I WKH UHPDLQLQJ RXWOLHUV� WKHUH DUH

XVXDOO\ VHYHUDO ZHHNV EHWZHHQ VXEVHTXHQW REVHUYDWLRQV� 7KH FOXVWHULQJ LQFUHDVHV

IRU H[WUHPH REVHUYDWLRQV� 2I WKH ��� RXWOLHUV DQG H[WUHPH REVHUYDWLRQV GHWHFWHG

IRU D FULWLFDO YDOXH RI �� WKHUH DUH �� FOXVWHUV RI WZR RU PRUH FRQWDLQLQJ D WRWDO RI

��2Q �� 2FWREHU ����� �� 2FWREHU ����� DQG �� 2FWREHU ����� WKH VKDUS IDOO LQ UHWXUQV RI ERWK 6	3
��� DQG '-,$ UHERXQGHG RQ WKH IROORZLQJ GD\�

��



��� ����� REVHUYDWLRQV� $V LQ WKH nQGLQJV RI %ODQFKDUG DQG :DWVRQ >����@� %DONH

DQG )RPE\ >����@� 'DQLHOVVRQ DQG GH 9ULHV >����@ DQG 7VD\ >����@�� DPRQJ RWKHUV�

RXWOLHUV DQG H[WUHPH REVHUYDWLRQV DUH RIWHQ IRXQG WR RFFXU WRJHWKHU� LPSO\LQJ D

SHULRG RI LQFUHDVHG YRODWLOLW\� )RU H[DPSOH� IRU D FULWLFDO YDOXH RI �� PRUH WKDQ

�� ����� RI WKH RXWOLHUV GHWHFWHG DUH FOXVWHUHG ZLWK H[WUHPH REVHUYDWLRQV� ZKLFK

LPSOLHV WKDW RXWOLHUV DQG H[WUHPH REVHUYDWLRQV DUH QRW LQGHSHQGHQWO\ GLVWULEXWHG�

2XWOLHUV DOVR FRLQFLGH ZLWK WKH WXUQLQJ SRLQWV RI WKH EXVLQHVV F\FOH IRU +6, DQG

*%� EXW QRW IRU WKH RWKHU WKUHH VHULHV� 6FKZHUW >����E@ DOVR nQGV WKDW WKHUH LV

D QHJDWLYH FRUUHODWLRQ EHWZHHQ FRQGLWLRQDO YRODWLOLW\ RI WKH QRPLQDO DVVHW UHWXUQV

DQG WKH EXVLQHVV F\FOH�

7KH &KHQ DQG /LX >����D@ PHWKRG RI GHWHFWLQJ WKH PRVW VLJQLnFDQW LQGLYLGXDO

RXWOLHUV VHHPV WR ZRUN ZHOO ZLWK nQDQFLDO GDWD� )RU D FULWLFDO YDOXH RI ��� RXW�

O\LQJ REVHUYDWLRQV JUHDWHU WKDQ �} DUH DFFRPPRGDWHG� $OWKRXJK WKH GLVWLQFWLRQ

EHWZHHQ RXWOLHUV DQG H[WUHPH REVHUYDWLRQV PD\ EH DUELWUDU\� WKH &KHQ DQG /LX

>����D@ PHWKRG EHJLQV WR DFFRPPRGDWH H[WUHPH REVHUYDWLRQV �RI EHWZHHQ �} DQG

�}� VRPHZKHUH EHWZHHQ D FULWLFDO YDOXH RI � DQG �� 7KH PHDQ QXPEHU RI REVHUYD�

WLRQV ZKLFK DUH WUDQVIRUPHG �RU GRZQ�ZHLJKWHG� HDFK HVWLPDWLRQ LV DSSUR[LPDWHO\

GRXEOHG ZLWK HDFK WZR�VWHS GHFUHDVH LQ WKH FULWLFDO YDOXH� $V LQ WKH nQGLQJV RI

RWKHUV� VXFK DV &KHQ DQG /LX >����D@ DQG 7KXU\ DQG :XJHU >����@� LW LV IRXQG

WKDW DQ LQFUHDVHG QXPEHU RI VSXULRXV H[WUHPH REVHUYDWLRQV LV GHWHFWHG ZKLOH DF�

WXDO H[WUHPH REVHUYDWLRQV DUH PLVVHG IRU D FULWLFDO YDOXH RI �� 7KLV UHVXOW PD\

EH GXH WR WKH KLJK FRUUHODWLRQ EHWZHHQ QHLJERXULQJ WHVW VWDWLVWLFV� DV ZHOO DV DQ

LQFUHDVHG ULVN RI W\SH , HUURU� 0RUHRYHU� WKH ODUJHU LV WKH RXWOLHU� WKH JUHDWHU LV

��



WKH HVWLPDWHG LPSDFW SDUDPHWHU� Az�� DQG WKXV WKH JUHDWHU LV WKH DGMXVWPHQW WR WKH

REVHUYDWLRQ� )RU H[DPSOH� ODUJH RXWOLHUV DUH GRZQ�ZHLJKWHG� RQ DYHUDJH� E\ ����

FRPSDUHG ZLWK ��� IRU H[WUHPH REVHUYDWLRQV�

)RU DOO VHULHV� UHPRYLQJ RXWO\LQJ REVHUYDWLRQV UHGXFHV WKH VWDQGDUG GHYLDWLRQ

RI WKH XQFRQGLWLRQDO GLVWULEXWLRQ RI WKH UHWXUQV E\ XS WR ���� DQG DOVR UHGXFHV

WKH NXUWRVLV PHDVXUH� EXW WKH GLVWULEXWLRQ UHPDLQV QRQ�QRUPDO� 6LPLODUO\� 6	3

���� 1LNNHL ���� +6, DQG *% VSRW UDWHV DOO EHFRPH PRUH V\PPHWULF� VXJJHVWLQJ

WKDW WKH RXWOLHUV DUH SULPDULO\ UHVSRQVLEOH IRU WKH DV\PPHWULHV LQ WKHVH VHULHV� ,Q

FRQWUDVW� WKH QHJDWLYH VNHZQHVV REVHUYHG IRU WKH *%3�86' VSRW H[FKDQJH UDWH

GRHV QRW DSSURDFK ]HUR� LPSO\LQJ WKDW WKH VNHZQHVV LQ WKLV VHULHV LV FDXVHG E\

RUGLQDU\ UHWXUQV� :KHQ DOO RI WKH RXWOLHUV DQG PRVW RI WKH H[WUHPH REVHUYDWLRQV

DUH GRZQ�ZHLJKWHG� DQG DOO UHWXUQ REVHUYDWLRQV DUH EHORZ �} b ���}� WKH UHWXUQV

GLVWULEXWLRQ EHFRPHV SODW\NXUWLF�

��� 7KH HmHFWV RI RXWOLHUV RQ WKH SDUDPHWHU HVWLPDWHV

)RU WKH nYH WLPH VHULHV� WDEOH � UHSRUWV WKH PHDQ YDOXHV RI WKH SDUDPHWHU HVWL�

PDWHV RI WKH $5����*$5&+����� PRGHO� WKHLU VWDQGDUG GHYLDWLRQV DQG WKHLU PHDQ

W�UDWLRV �XVLQJ WKH VWDQGDUG HUURUV RI %ROOHUVOHY DQG :RROGULGJH >����@� ZKLFK DUH

GHVLJQHG WR EH UREXVW WR QRQ�QRUPDOLW\� HVSHFLDOO\ WKH SUHVHQFH RI RXWOLHUV�� 'LDJ�

QRVWLF FKHFNV IRU WKH QRUPDOLW\ DQG L�L�G� DVVXPSWLRQV DUH DOVR UHSRUWHG�

%HIRUH H[DPLQLQJ WKH SDUDPHWHU HVWLPDWHV RI WKH $5����*$5&+����� PRGHO� LW

LV QHFHVVDU\ WR FKHFN ZKHWKHU WKH PRGHO LV DQ DGHTXDWH GHVFULSWLRQ RI WKH GDWD� $

PLQLPXP UHTXLUHPHQW WKDW WKH HPSLULFDO PRGHO LV VDWLVIDFWRU\ LV WKDW WKH HVWLPDWHG

��



sW DUH L�L�G�� 7KH /MXQJ�%R[ VWDWLVWLFV GR QRW LQGLFDWH DQ\ YLRODWLRQV RI WKH L�L�G�

DVVXPSWLRQ IRU sW� )RU ERWK WKH DGMXVWHG DQG XQDGMXVWHG VHULHV� QRQH RI WKH

/MXQJ %R[ VWDWLVWLFV IRU VHULDO FRUUHODWLRQ XS WR ODJ �� LV VLJQLnFDQW DW WKH ��

OHYHO� ZKLFK LQGLFDWHV WKDW WKHUH LV QR UHPDLQLQJ VHULDO FRUUHODWLRQV LQ WKH nUVW

DQG VHFRQG PRPHQWV RI sW� *HQHUDOO\� ZKHQ RXWOLHUV DUH UHPRYHG� WKH /MXQJ�%R[

WHVW VWDWLVWLFV EHFRPH OHVV VLJQLnFDQW� LPSO\LQJ WKDW D IHZ HTXL�GLVWDQW RXWOLHUV

PD\ OHDG WR VSXULRXV DXWRFRUUHODWLRQ� 6HFRQG� DV LQGLFDWHG E\ WKH -DUTXH�%HUD

/0�1� VWDWLVWLFV� WKH DVVXPSWLRQ RI FRQGLWLRQDO QRUPDOLW\ RI sW ZLWK PHDQ ]HUR

DQG XQLW YDULDQFH LV QRW UHMHFWHG IRU WKH XQDGMXVWHG VHULHV� ZKHUHDV FRQGLWLRQDO

QRUPDOLW\ LV UHMHFWHG IRU WKH XQDGMXVWHG VHULHV� 7KH QRQ�QRUPDOLW\ LV GXH WR ERWK

H[FHVV NXUWRVLV DQG QHJDWLYH VNHZQHVV� 0RUHRYHU� DOWKRXJK WKH VWDQGDUG GHYLDWLRQ

LV FORVH WR XQLW\� WKH PHDQ LV DOZD\V QHJDWLYH� ([DPLQDWLRQ RI WKH VWDQGDUGLVHG

UHVLGXDOV UHYHDOV WKDW WKH ODUJH �QHJDWLYH� RXWOLHUV UHPDLQ�

7KH HPSLULFDO nQGLQJ WKDW *$5&+����� ZLWK QRUPDOLVHG UHVLGXDOV UHGXFHV WKH

OHSWRNXUWRVLV EXW GRHV QRW DFFRPPRGDWH DOO WKH RXWO\LQJ RU H[WUHPH REVHUYDWLRQV LV

YHU\ FRPPRQ �VHH� IRU H[DPSOH� (QJOH DQG *RQ]DOH]�5LYHUD >����@ DQG 7HUDVYLUWD

>����@�� $V WKH WUXH FRQGLWLRQDO GLVWULEXWLRQ PD\ QRW EH QRUPDO� %ROOHUVOHY DQG

:RROGULGJH
V >����@ UREXVW W�VWDWLVWLFV FDQ EH XVHG� SURYLGHG WKDW WKH IRXUWK PR�

PHQW FRQGLWLRQ LV VDWLVnHG �VR WKDW WKH 40/( ZLOO EH DV\PSWRWLFDOO\ QRUPDOO\

GLVWULEXWHG�� 7KH GUDZEDFN LV D ORVV RI HpFLHQF\ LQ SDUDPHWHU HVWLPDWLRQ DQG LQ

SRLQW IRUHFDVWLQJ� $GMXVWLQJ RXWOLHUV UHVXOWV LQ D EHWWHU DSSUR[LPDWLRQ WR QRUPDOLW\

RI WKH VWDQGDUGLVHG UHVLGXDOV� WKHUHE\ UHGXFLQJ WKH H[FHVV NXUWRVLV DQG VNHZQHVV RI

IsWJ� DQG \LHOGLQJ D JUHDWHU HpFLHQF\ IRU WKH 40/(� 0RUHRYHU� ZKHQ WKH UDWLR RI

��



H[FHVV NXUWRVLV WR WKH VWDQGDUG GHYLDWLRQ RI WKH XQFRQGLWLRQDO UHWXUQV GLVWULEXWLRQ

UHDFKHV ��� WKH DVVXPSWLRQ RI QRUPDOLW\ RI sW LV HVVHQWLDOO\ VDWLVnHG� 7KLV UHVXOW

LPSOLHV WKDW WKH DPRXQW RI H[FHVV NXUWRVLV LQGXFHG E\ *$5&+����� XQGHU WKH QRU�

PDOLW\ DVVXPSWLRQ LQFUHDVHV ZLWK WKH VWDQGDUG GHYLDWLRQ RI WKH VHULHV� DQG XVXDOO\

RFFXUV ZKHQ WKH FULWLFDO YDOXH LV OHVV WKDQ ���� $OWKRXJK DOWHUQDWLYH V\PPHWULF

GLVWULEXWLRQV IRU sW PD\ LQGXFH JUHDWHU H[FHVV NXUWRVLV �VXFK DV WKH W�GLVWULEXWLRQ

�%ROOHUVOHY >�����@ DQG *(' �+VLHK >����@� 1HOVRQ >����@� .RXWPRV >����@�� WKHVH

GLVWULEXWLRQV FDQQRW DFFRPPRGDWH WKH QHJDWLYH VNHZQHVV� 6XFK QHJDWLYH VNHZQHVV

LQ WKH UHWXUQV GLVWULEXWLRQ LV SDUWO\ DFFRPPRGDWHG E\ DV\PPHWULF *$5&+ PRG�

HOV �)UDQVHV DQG YDQ 'LMN >����@� VXFK DV (*$5&+ �1HOVRQ >����@�� *-5�*$5&+

�*ORVWHQ HW DO� >����@�� RU 4*$5&+ �6HQWDQD >����@��

)RU +6,� 1LNNHL ��� DQG *%3�86'� WKH GDLO\ UHWXUQV DUH SRVLWLYHO\ FRUUHODWHG�

ZKLOH WKH GDLO\ UHWXUQV DUH QHJDWLYHO\ FRUUHODWHG IRU *%��� 2XWOLHUV JHQHUDOO\ \LHOG

ODUJHU PHDQ UHWXUQV� x� ODUJHU PHDQ YRODWLOLW\� �� DQG ODUJHU DQG PRUH VLJQLnFDQW

nUVW�RUGHU VHULDO FRUUHODWLRQ LQ WKH UHWXUQV� 
� )RU H[DPSOH� ZKHQ RXWOLHUV DUH

GRZQ�ZHLJKWHG� WKH PHDQ 
 HVWLPDWH IRU +6, DQG 1LNNHL ��� IDOO E\ XS WR ���

DQG EHFRPH LQVLJQLnFDQW� ([WUHPHO\ ODUJH �SRVLWLYH RU QHJDWLYH� RXWOLHUV UHVXOW

LQ VXEVWDQWLDOO\ QHJDWLYHO\ ELDVHG 
 HVWLPDWHV� OHDGLQJ WR VSXULRXV $5��� HmHFWV�

7KHVH nQGLQJV DUH FRQVLVWHQW ZLWK WKRVH RI /HGROWHU >����@�

)RU ERWK WKH DGMXVWHG DQG XQDGMXVWHG GDWD� WKH $5&+ DQG *$5&+ HVWLPDWHV

��7KH H[FHVV NXUWRVLV FDOFXODWHG XVLQJ WKH m DQG n HVWLPDWHV LV KLJKO\ VHQVLWLYH WR WKH SUHVHQFH
RI RXWOLHUV� EXW DSSURDFKHV WKH NXUWRVLV PHDVXUH FDOFXODWHG GLUHFWO\ IURP WKH GDWD ZKHQ RXWOLHUV DUH
UHPRYHG�

��6HQWDQD DQG :DGKZDQL >����@ GHPRQVWUDWH WKDW ZKHQ YRODWLOLW\ LV KLJK �ORZ�� VWRFN UHWXUQV DW VKRUW
KRUL]RQV H[KLELW QHJDWLYH �SRVLWLYH� VHULDO FRUUHODWLRQ�

��



DUH VLJQLnFDQWO\ GLmHUHQW IURP ]HUR� ZLWK WKH n HVWLPDWHV KDYLQJ D VXEVWDQWLDOO\

KLJKHU VWDWLVWLFDO VLJQLnFDQFH� 7KH PHDQ m HVWLPDWHV DUH DOVR PXFK VPDOOHU WKDQ

WKH PHDQ n HVWLPDWHV� LQGLFDWLQJ WKDW� RQ DYHUDJH� WKHUH LV D UHODWLYHO\ ZHDN UHDF�

WLRQ RI FRQGLWLRQDO YRODWLOLW\ WR LQQRYDWLRQV �$5&+ HmHFWV�� EXW ZLWK D ORQJ�WHUP

PHPRU\ �*$5&+ HmHFWV��

7KH UHVXOWV VKRZ WKDW WKH 
 DQG m HVWLPDWHV� LQ SDUWLFXODU� DQG WR D OHVVHU

H[WHQW� WKH n HVWLPDWHV� YDU\ FRQVLGHUDEO\ RYHU WLPH� ,QWHUHVWLQJO\� WKH m HVWL�

PDWHV DUH VXEVWDQWLDOO\ ODUJHU �VPDOOHU� ZKHQ YRODWLOLW\ LV KLJK �ORZ�� ZKLOH WKH

n HVWLPDWHV DUH VXEVWDQWLDOO\ VPDOOHU �ODUJHU�� LPSO\LQJ WKDW ODUJHU LQQRYDWLRQV

KDYH ODUJHU $5&+ �VKRUW�UXQ� HmHFWV EXW VPDOOHU *$5&+ �ORQJ�UXQ� HmHFWV� )RU

H[DPSOH� ZKHQ RXWOLHUV DUH GRZQ�ZHLJKWHG IRU +6,� WKH PHDQ � �
�bn � DQG PHGLDQ

� ORJ�ORJn � ODJV RI WKH *$5&+ SURFHVV PRUH WKDQ GRXEOH IURP ��� WR ���� GD\V DQG

IURP ��� WR ��� GD\V� UHVSHFWLYHO\� 6XFK HYLGHQFH WKDW ODUJH VKRFNV KDYH RQO\ VKRUW�

OLYHG HmHFWV DQG DUH FRQVLGHUDEO\ OHVV SHUVLVWHQW WKDQ VPDOO VKRFNV KDV DOVR EHHQ

UHSRUWHG E\ 3RWHUED DQG 6XPPHUV >����@� )ULHGPDQ DQG /DLEVRQ >����@� 6WHLQ�

>����@� 6FKZHUW >����@� (QJOH DQG 0XVWDID >����@� +DPLOWRQ DQG 6XVPHO >����@�

*UD\ >����@� .ODDVVHQ >����@� 6DNDWD DQG :KLWH >����@� 6XVPHO >����@� (QJOH DQG

/HH >����@� )UDQVHV DQG *KLMVHOV >����@� DQG 6FKZHUW >����@� 7KLV UHVXOW LPSOLHV

WKDW ODUJH VKRFNV KDYH RQO\ D WHPSRUDU\ HmHFW� VR WKDW nQDQFLDO WLPH VHULHV DUH

UDWKHU UREXVW WR RXWOLHUV DQG UHYHUW WR WKHLU ORQJ�WHUP WUHQGV UHODWLYHO\ TXLFNO\�

$V D UHVXOW RI WKH VHFRQG PRPHQW FRQGLWLRQ IRU FRYDULDQFH VWDWLRQDULW\ DQG WKH

UHVXOWLQJ WUDGH�Rm EHWZHHQ WKH m DQG n FRHpFLHQWV� WKH VWDQGDUG *$5&+�����

PRGHO LV XQDEOH WR FDSWXUH ERWK RXWO\LQJ �H[WUHPH� REVHUYDWLRQV DQG ORZ YRODWLOLW\

��



SHUVLVWHQFH �+DPLOWRQ DQG 6XVPHO >����@� .LP DQG .LP >����@� 0DQGHOEURW HW DO�

>����@� 6XVPHO >����@�� &RQVHTXHQWO\� ZKHQ WKH VDPH VSHFLnFDWLRQV DUH XVHG� WKH

LQWHUSUHWLRQ RI WKH SHUVLVWHQFH PHDVXUH RI WKH *$5&+����� PRGHO LV XQOLNHO\ WR EH

YDOLG� )DLOLQJ WR DFFRPPRGDWH IRU WKH VKRUW�OLYHG HmHFWV RI RXWO\LQJ DQG H[WUHPH

REVHUYDWLRQV VKRXOG OHDG WR DQ RYHUHVWLPDWLRQ RI VXEVHTXHQW YRODWLOLW\�

7R WKH H[WHQW WKDW ERWK RXWO\LQJ DQG ORZ YRODWLOLW\ LQQRYDWLRQV KDYH GLmHU�

HQW PHPRU\ HmHFWV DQG FDQQRW EH PRGHOOHG XVLQJ WKH VWDQGDUG OLQHDU *$5&+

VSHFLnFDWLRQ� QRQ�OLQHDU *$5&+ PRGHOV KDYH EHHQ GHYHORSHG� )RU H[DPSOH� &DL

>����@� +DPLOWRQ DQG 6XVPHO >����@� *UD\ >����@� .LP DQG .LP >����@� 6XVPHO

>����@� DQG %ROOHQ HW DO� >����@� XVLQJ YDULDWLRQV RI WKH VWDQGDUG 0DUNRY�6ZLWFKLQJ

�06� PRGHO� LQ ZKLFK WKH YRODWLOLW\ SURFHVV VZLWFKHV IURP RQH �*�$5&+ SURFHVV

WR DQRWKHU� GHSHQGLQJ RQ WKH SUREDELOLW\ RI EHLQJ LQ D SDUWLFXODU UHJLPH �RU VWDWH

RI WKH VWRFN PDUNHW�� QDPHO\ D ORZ�YRODWLOLW\� PRGHUDWH�YRODWLOLW\� RU D KLJK� �RU

XQXVXDO� YRODWLOLW\ UHJLPH� VKRZ WKDW VXFK PRGHOV SURYLGH PXFK EHWWHU IRUHFDVWV

WKDQ D *$5&+����� PRGHO� 6XFK LPSURYHPHQW LV GXH PDLQO\ WR LWV DELOLW\ WR

PRGHO WKH GLmHUHQW GHJUHHV RI SHUVLVWHQFH RI ORZ�� PRGHUDWH� DQG KLJK�YRODWLOLW\

UHJLPHV� DQG GRHV QRW DWWULEXWH D ODUJH GHJUHH RI SHUVLVWHQFH WR WKH HmHFWV RI H[�

WUHPH DQG RXWO\LQJ REVHUYDWLRQV� ,Q SDUWLFXODU� WKH RXWO\LQJ REVHUYDWLRQV WHQG WR

EH FROOHFWHG LQ WKH XQXVXDO YRODWLOLW\ VWDWH� ZKLFK SOD\V WKH UROH RI DQ LQWHUYHQWLRQ

GXPP\� )ULHGPDQ DQG /DLEVRQ >����@ DQG 7HUDVYLUWD DQG $QGHUVRQ >����@ VKRZ

WKDW D WKUHVKROG $5&+ PRGHO PD\ EH PRUH DSSURSULDWH LQ PRGHOOLQJ WKH VXEGXHG

YRODWLOLW\ DV D UHVXOW RI RXWO\LQJ REVHUYDWLRQV� ZKHUH WKH SURFHVV LV JRYHUQHG E\ D

VHULHV RI GLVWLQFW $5&+ SURFHVVHV DQG WKH $5&+ SURFHVV JHQHUDWLQJ WKH YRODWLO�

��



LW\ GHSHQGV XSRQ WKH YDOXH WDNHQ E\ D 
WKUHVKROG
� 2WKHUV KDYH LQWURGXFHG MXPS

SURFHVVHV RU RWKHU LQGHSHQGHQW UDQGRP VKRFNV GLUHFWO\ WR WKH YDULDQFH� ZKLFK DO�

ORZV WKH PRGHOOLQJ RI VKDUS LQFUHDVHV LQ YRODWLOLW\� ZLWKRXW IXUWKHU UHVWLFWLQJ WKH

DOORZDEOH UDQJH RI n �0DQGHOEURW HW DO� >����@��

7KH 0/( LV GRPLQDWHG E\ RXWO\LQJ REVHUYDWLRQV� ZLWK WKH VKRUW�WHUP PHPRU\

RI WKH RXWO\LQJ REVHUYDWLRQV RYHUZKHOPLQJ WKH ORQJ�WHUP PHPRU\ RI WKH VPDOOHU

REVHUYDWLRQV� )RU H[DPSOH� UHPRYLQJ WKH VHYHQ ODUJHVW RXWOLHUV LQ WKH VHFRQG OHDVW

YRODWLOH VHULHV� 6	3 ���� ZKLFK UHVXOWV LQ D GHFUHDVH LQ WKH VL]H RI WKH PD[LPXP

DEVROXWH RXWOLHU IURP ����} WR ����}� FDXVHV WKH PHDQ m HVWLPDWH WR GHFUHDVH

E\ ����� �IURP ����� WR ������� ZKLOH WKH PHDQ n HVWLPDWH LQFUHDVHV E\ �����

�IURP ����� WR ������� 7KH PRVW VLJQLnFDQW FKDQJHV LQ WKH SDUDPHWHU HVWLPDWHV

DUH REVHUYHG IRU 1LNNHL ���� ZKLFK KDV WKH ODUJHVW RXWOLHUV� )RU WKLV VHULHV� ZKHQ

WKH ODUJHVW HLJKW RXWOLHUV DUH GRZQ�ZHLJKWHG DQG WKH PD[LPXP DEVROXWH RXWOLHU

GHFUHDVHV IURP �����} WR ����}� WKH PHDQ m HVWLPDWH GHFUHDVHV E\ ����� �IURP

����� WR ������ ZKLOH WKH PHDQ n HVWLPDWH LQFUHDVHV E\ ����� �IURP ����� WR �������

6HWWLQJ WKH FULWLFDO YDOXH WRR ORZ KDV DGYHUVH HmHFWV RQ WKH SDUDPHWHU HVWLPDWHV

LQ WKDW WKH m HVWLPDWHV FRQYHUJH WR ]HUR� ZKLOH n HVWLPDWHV FRQYHUJH WR XQLW\� ZLWK

WKH YRODWLOLW\ SURFHVV UHVHPEOLQJ D UDQGRP ZDON� 7KH UHDVRQ IRU WKLV RXWFRPH LV

WKDW WKH YRODWLOLW\ FOXVWHULQJ LV UHPRYHG� ZLWK WKH GDWD PRUH FORVHO\ UHVHPEOLQJ D

ZKLWH QRLVH SURFHVV�

)RU WKH LQGLYLGXDO WLPH VHULHV� RXWOLHUV FDXVH OHYHO VKLIWV LQ WKH SDUDPHWHU HVWL�

PDWHV� )RU H[DPSOH� D VKDUS LQFUHDVH LQ WKH m HVWLPDWH DQG D VLPXOWDQHRXV DQG

DOPRVW HTXLYDOHQW VKDUS GHFUHDVH LQ WKH n HVWLPDWH IROORZV ZKHQ DQ RXWOLHU HQ�

��



WHUV WKH HVWLPDWLRQ SHULRG� 7KLV HmHFW LV VXVWDLQHG ZKLOH WKH RXWOLHU UHPDLQV LQ

WKH HVWLPDWLRQ SHULRG� DQG LWV ORFDWLRQ LQ WKH HVWLPDWLRQ SHULRG DSSHDUV WR KDYH

OLWWOH HmHFW RQ LWV PDJQLWXGH��� :KHQ WKH RXWOLHU LV HYHQWXDOO\ RPLWWHG IURP WKH

HVWLPDWLRQ SHULRG� WKH HmHFW RQ WKH SDUDPHWHU HVWLPDWHV LV UHYHUVHG� 7KH ODUJHU

LV WKH VL]H RI WKH RXWOLHU �PHDVXUHG LQ }�� WKH ODUJHU LV LWV HmHFW RQ WKH SDUDP�

HWHU HVWLPDWHV� ZKLFK LV SDUWLFXODUO\ HYLGHQW IRU 1LNNHL ���� ZKLFK LQFOXGHV WKH

���� VWRFN PDUNHW FUDVK� :KHQ WKH H[WUHPHO\ ODUJH QHJDWLYH RXWOLHU �! ��}� RI

�� 2FWREHU ���� HQWHUV WKH HVWLPDWLRQ SHULRG� WKLV FDXVHV D VKDUS DQG GUDPDWLF

LQFUHDVH ������� LQ WKH m HVWLPDWH DQG DQ DOPRVW HTXLYDOHQW VKDUS GHFUHDVH �������

LQ WKH n HVWLPDWH� 0RUHRYHU� ZKHQ WKH H[WUHPHO\ ODUJH SRVLWLYH RXWOLHU �! �}� RI

�� 2FWREHU ���� HQWHUV WKH HVWLPDWLRQ SHULRG� QR VLJQLnFDQW DGGLWLRQDO HmHFW RQ

WKH SDUDPHWHU HVWLPDWHV LV REVHUYHG� 7KLV LOOXVWUDWHV WKH IDFW WKDW WKH RFFXUUHQFH

RI D VLQJOH H[WUHPH RXWOLHU FDQ \LHOG VSXULRXV $5&+ HmHFWV� ZKLFK LV VLPLODU WR

WKH nQGLQJV RI� IRU H[DPSOH� /DVWUDSHV >����@� /DPRXUHX[ DQG /DVWUDSHV >����@�

%DONH DQG )RPE\ >����@� YDQ 'LMN HW DO� >����@� DQG $JJDUZDO HW DO� >����@��

5HPRYLQJ RXWOLHUV UHVXOWV LQ D VLJQLnFDQW LQFUHDVHG VWDELOLW\ RI WKH n HVWLPDWHV

RYHU WLPH� EXW D GHFUHDVHG VWDELOLW\ RI WKH 
 DQG m HVWLPDWHV� ,Q DGGLWLRQ WR WKHLU

GUDPDWLF QHJDWLYH HmHFW RQ WKH n HVWLPDWHV� RXWOLHUV KDYH D VLPLODU HmHFW RQ WKHLU

W�UDWLRV� ,QWHUHVWLQJO\� DOWKRXJK RXWOLHUV XVXDOO\ KDYH D GUDPDWLF SRVLWLYH HmHFW RQ

WKH m HVWLPDWHV� QR VXFK HmHFW LV REVHUYHG RQ WKHLU W�UDWLRV� )RU H[DPSOH� ZKHQ

WKH ODUJHVW RXWOLHU ����}� RI WKH 6	3 ��� VHULHV HQWHUV WKH HVWLPDWLRQ SHULRG� WKLV

��7KLV PXVW QRW EH FRQIXVHG ZLWK WKH ORFDWLRQ RI WKH RXWOLHU UHODWLYH WR WKH REVHUYDWLRQV LQ LWV LP�
PHGLDWH VXUURXQGLQJV ZKLFK DSSHDUV WR EH D VLJQLnFDQW GHWHUPLQDQW RI WKH HmHFW RI WKH GLUHFWLRQ DQG
PDJQLWXGH RI WKH RXWOLHU RQ WKH SDUDPHWHU HVWLPDWHV�

��



FDXVHV D VKDUS DQG GUDPDWLF GHFUHDVH �IURP ����� WR ����� LQ WKH W�UDWLR RI WKH n

HVWLPDWH ZKLOH WKH W�UDWLR RI WKH m HVWLPDWH GHFUHDVHV RQO\ VOLJKWO\ �IURP ���� WR

������ 7KH HmHFWV RQ WKH W�UDWLRV RI WKH n HVWLPDWHV DUH VXVWDLQHG ZKLOH WKH RXWOLHU

UHPDLQV LQ WKH HVWLPDWLRQ VDPSOH�

��� 7KH HmHFWV RI RXWOLHUV RQ WKH PRPHQW FRQGLWLRQV

7DEOH � UHSRUWV WKH HVWLPDWHG YDOXHV RI �m � n� DQG ��m� � �mn � n��� WKHLU

VWDQGDUG GHYLDWLRQV LQ SDUHQWKHVHV� DQG WKH IUHTXHQF\ RI YLRODWLRQ RI WKH VHFRQG�

DQG IRXUWK�RUGHU PRPHQW FRQGLWLRQV�

7KH PHDQ HVWLPDWHG YDOXH RI �m � n� LV XVXDOO\ YHU\ FORVH WR� EXW OHVV WKDQ�

XQLW\� LPSO\LQJ WKDW WKH YRODWLOLW\ SURFHVV LV KLJKO\ SHUVLVWHQW DQG FORVH WR D XQLW

URRW� 2Q DYHUDJH� RXWOLHUV FDXVH D GHFUHDVH LQ WKH SHUVLVWHQFH PHDVXUH� �m � n��

RI WKH YRODWLOLW\ SURFHVV� ZKLFK LV VLPLODU WR WKH UHVXOWV RI )ULHGPDQ DQG /DLEVRQ

>����@� %ODLU HW DO� >����@� 6DNDWD DQG:KLWH >����@� DQG (QJOH DQG /HH >����@� 1RWH

WKDW �m�n� LV QRW YHU\ VHQVLWLYH WR RXWOLHUV EHFDXVH WKHVH REVHUYDWLRQV XVXDOO\ KDYH

RSSRVLWH EXW HTXLYDOHQW HmHFWV RQ WKH HVWLPDWHV RI WKH *$5&+����� SDUDPHWHUV�

2QO\ IRU WKH WZR VHULHV ZLWK WKH ODUJHVW RXWOLHUV� QDPHO\ 1LNNHL ��� DQG +6,�

LV WKH VHFRQG PRPHQW FRQGLWLRQ YLRODWHG� DOWKRXJK WKH ODUJHVW HVWLPDWHG YDOXH LV

RQO\ ����� :KHQ H[WUHPH RXWOLHUV DUH GRZQ�ZHLJKWHG� WKH VHFRQG PRPHQW FRQGL�

WLRQ LV VDWLVnHG� +RZHYHU� IRU +6,� DGMXVWLQJ WRR PDQ\ RI WKH RXWOLHUV DQG H[WUHPH

REVHUYDWLRQV HYHQWXDOO\ FDXVHV DQ LQFUHDVH LQ WKH VHFRQG PRPHQW FRQGLWLRQ� 9LR�

ODWLRQ RI WKH VHFRQG PRPHQW FRQGLWLRQ PLJKW DSSHDU WR VXJJHVW QRQ�VWDWLRQDULW\

LQ WKH *$5&+����� SURFHVV� +RZHYHU� LI VRPH ZHDNHU UHTXLUHPHQWV �VXFK DV WKH

��



ORJ�PRPHQW FRQGLWLRQ� DUH PHW� WKH YRODWLOLW\ SURFHVV FDQ VWLOO EH VWDWLRQDU\� HYHQ

WKRXJK �m�n� PLJKW H[FHHG XQLW\ �1HOVRQ >����E@� /HH DQG +DQVHQ >����@� /XPV�

GDLQH >����@��

7KH PHDQ ��m���mn�n�� HVWLPDWHV RI WKH IRXUWK PRPHQW FRQGLWLRQ DUH DOVR

FORVH WR XQLW\� EXW DUH XVXDOO\ VOLJKWO\ VPDOOHU WKDQ WKH PHDQ �m � n� HVWLPDWHV�

2XWOLHUV KDYH D GUDPDWLF HmHFW RQ WKH ��m� � �mn � n�� HVWLPDWHV� )RU H[DPSOH�

ZKHQ WKH H[WUHPH RXWOLHU RI �� 2FWREHU ���� HQWHUV WKH HVWLPDWLRQ SHULRG IRU

1LNNHL ���� WKLV FDXVHV D GRXEOLQJ LQ LWV YDOXH �IURP ����� WR ������ ,W LV FOHDU WKDW

WKH IRXUWK PRPHQW UHJXODULW\ FRQGLWLRQ LV PRUH VWULQJHQW WKDQ WKH VHFRQG PRPHQW

FRQGLWLRQ ZKHQ RXWOLHUV DUH SUHVHQW� )RU H[DPSOH� IRU 1LNNHL ��� DQG +6,� WKH

IRXUWK PRPHQW FRQGLWLRQ LV YLRODWHG PRUH WKDQ KDOI WKH WLPH� 5HPRYLQJ RXWOLHUV

XVXDOO\ UHVXOWV LQ DQ LQFUHDVHG VWDELOLW\ RI WKH ��m� � �mn � n�� HVWLPDWHV RYHU

WLPH� DQG D ORZHU IUHTXHQF\ RI YLRODWLRQ RI WKH IRXUWK PRPHQW FRQGLWLRQ�

9LRODWLRQ RI WKH IRXUWK PRPHQW UHJXODULW\ FRQGLWLRQ PHDQV WKDW WKH DVVXPSWLRQ

RI DV\PSWRWLF QRUPDOLW\ PD\ QRW KROG� VR WKDW LQIHUHQFHV EDVHG RQ QRUPDOLW\ PD\

QRW EH YDOLG� )RU H[DPSOH� WKH XQFRQGLWLRQDO NXUWRVLV PHDVXUH IRU WKH UHWXUQ VHULHV

PD\ EH PHDQLQJOHVV� ,Q DGGLWLRQ� WKH FRQnGHQFH LQWHUYDOV IRU IRUHFDVWV PD\ QRW

EH PHDQLQJIXO�

��� 7KH HmHFWV RI RXWOLHUV RQ WKH YRODWLOLW\ IRUHFDVWV

7DEOH � UHSRUWV WKH IRUHFDVW HUURUV RI WKH $5����*$5&+����� PRGHO IRU WKH nYH

WLPH VHULHV FDOFXODWHG IRU WKH HQWLUH VDPSOH� ZKLOH 7DEOH � UHSRUWV WKH IRUHFDVW

HUURUV FDOFXODWHG VHSDUDWHO\ IRU ORZ �� �}� DQG KLJK �w �}� YRODWLOLWLHV�

��



,Q DFFRUGDQFH ZLWK WKH SUHYLRXV nQGLQJV� EDVHG RQ 0$(� 506( RU 50HG6(

PHDVXUHV FDOFXODWHG RYHU WKH HQWLUH VDPSOH� WKHUH LV D VXEVWDQWLDO UHGXFWLRQ LQ WKH

PHDQ IRUHFDVW HUURUV �RI XS WR ���� ZKHQ RXWOLHUV �ODUJHU WKDQ h�}� DUH GRZQ�

ZHLJKWHG� :KHQ WKH VDPSOH LV VSOLW LQWR ORZ DQG KLJK YRODWLOLW\ SHULRGV� UHGXFHG

PHDQ IRUHFDVW HUURUV DUH REVHUYHG RQO\ IRU ORZ YRODWLOLW\� ZKHUHDV WKH PHDQ IRUHFDVW

HUURUV DUH VXEVWDQWLDOO\ ODUJHU IRU KLJK YRODWLOLW\� )RU H[DPSOH� UHPRYLQJ WKH �

ODUJHVW RXWOLHUV IURP +6, UHGXFHV 506( IRU ORZ YRODWLOLW\ E\ ���� EXW LQFUHDVHV

506( IRU KLJK YRODWLOLW\ E\ ���� %DVHG RQ D UHODWLYH HUURU PHDVXUH VXFK DV

60$3(� WKH PHDQ IRUHFDVW HUURU LV UHGXFHG E\ DERXW �� IRU ORZ YRODWLOLW\ SHULRGV

EXW LQFUHDVHG E\ DERXW ��� IRU KLJK YRODWLOLW\ SHULRGV� 7KH GHWHULRUDWLRQ LQ WKH

IRUHFDVW DFFXUDF\ IRU KLJK YRODWLOLW\ SHULRGV FDQ EH H[SODLQHG E\ WKH IDFW WKDW

RXWO\LQJ REVHUYDWLRQV DUH IUHTXHQWO\ FOXVWHUHG ZLWK RWKHU ODUJH REVHUYDWLRQV� VR

WKDW UHPRYLQJ DQ RXWOLHU ZLOO UHGXFH WKH IRUHFDVW DFFXUDF\ RI WKH VXEVHTXHQW ODUJH

REVHUYDWLRQV�

:KHQ WKH 506( PHDVXUH LV FDOFXODWHG VHSDUDWHO\ IRU SRVLWLYH DQG QHJDWLYH

IRUHFDVW HUURUV� UHPRYLQJ RXWOLHUV UHGXFHV 506( IRU SRVLWLYH IRUHFDVW HUURUV EXW

LQFUHDVHV LW IRU QHJDWLYH IRUHFDVW HUURUV� 7KLV LV REVHUYHG IRU ERWK ORZ DQG KLJK

YRODWLOLW\ SHULRGV�

)RU WKH ZKROH VDPSOH� WKH HPSLULFDO UHVXOWV DOVR VKRZ WKDW WKH *$5&+�����

IRUHFDVWV DUH VWURQJO\ SRVLWLYHO\ ELDVHG DQG� RQ DYHUDJH� RYHUSUHGLFW YRODWLOLW\ ���

RI WKH WLPH� 0RUHRYHU� WKH IRUHFDVW HUURUV DUH KLJKO\ QHJDWLYHO\ VNHZHG DQG OHS�

WRNXUWLF� :KHQ WKH VDPSOH LV VSOLW LQWR ORZ DQG KLJK YRODWLOLW\ SHULRGV� LW LV HYLGHQW

WKDW *$5&+����� PDUNHGO\ RYHUSUHGLFWV ORZ YRODWLOLW\ SHULRGV ���� RI WKH WLPH�

��



EXW XQGHUSUHGLFWV KLJK YRODWLOLW\ SHULRGV ���� RI WKH WLPH��� +HQFH� FRQVLVWHQW

ZLWK WKH UHVXOWV LQ VHFWLRQ ���� WKH $5����*$5&+����� SURFHVV LV XQDEOH WR PRGHO

H[WUHPH WDLO EHKDYLRXU�

:KHQ RXWOLHUV DUH GRZQ�ZHLJKWHG� IRU ORZ YRODWLOLW\ SHULRGV WKLV UHVXOWV LQ D GUD�

PDWLF GHFUHDVH LQ WKH UDWH RI RYHUSUHGLFWLRQ� QHJDWLYH VNHZQHVV� DQG H[FHVV NXUWRVLV

RI WKH GLVWULEXWLRQ RI WKH IRUHFDVW HUURUV� )RU SHULRGV RI KLJK YRODWLOLW\ FOXVWHULQJ�

WKLV UHVXOWV LQ D GUDPDWLF LQFUHDVH LQ WKH UDWH RI XQGHUSUHGLFWLRQ� QHJDWLYH VNHZ�

QHVV� DQG H[FHVV NXUWRVLV RI WKH GLVWULEXWLRQ RI WKH IRUHFDVW HUURUV� 7KH KLJKHU UDWH

RI RYHUSUHGLFWLRQ ZKHQ RXWOLHUV DUH SUHVHQW� IRU ORZ YRODWLOLW\ SHULRGV� DULVHV SDUWO\

WKURXJK WKH KLJKHU m HVWLPDWHV� $ ODUJHU SURSRUWLRQ RI WKH LQQRYDWLRQV LV DOORZHG

WR KDYH DQ LPSDFW RQ WKH YRODWLOLW\ SURFHVV� WKHUHE\ PDNLQJ WKH VXEVHTXHQW IRUH�

FDVWV IRU ORZ YRODWLOLW\ SHULRGV LQDSSURSULDWHO\ KLJK� 7KLV LV FRQVLVWHQW ZLWK WKH

HYLGHQFH WKDW *$5&+����� RYHUIRUHFDVWV WKH SHUVLVWHQFH RI KLJK YRODWLOLW\ �VHH� IRU

H[DPSOH� (QJOH DQG 0XVWDID >����@� /DPRXUHX[ DQG /DVWUDSHV >����@� +DPLOWRQ

DQG 6XVPHO >����@� 6HQWDQD >����@� *UD\ >����@�� (QJOH DQG 0XVWDID >����@ DQG

6DNDWD DQG :KLWH >����@ VKRZ WKDW ZKHQ WKH ���� VWRFN PDUNHW FUDVK LV LQFOXGHG

LQ WKH HVWLPDWLRQ SHULRG� WKH *$5&+����� IRUHFDVWV DUH VXEVWDQWLDOO\ ODUJHU LQ LWV

OHYHO DQG PRUH YDULDEOH�

7KH 3HVDUDQ DQG 7LPPHUPDQQ WHVW VWDWLVWLF �377(67�� ZKLFK FRPSXWHV D

QRQ�SDUDPHWULF DVVRFLDWLRQ EHWZHHQ WKH IRUHFDVWHG DQG UHDOLVHG YRODWLOLW\� LPSOLHV

WKDW WKHUH LV D VWURQJ DVVRFLDWLRQ EHWZHHQ WKH *$5&+����� IRUHFDVWHG YRODWLO�

��7KH *$5&+����� YRODWLOLW\ IRUHFDVW nWV UHPDUNDEO\ ZHOO WKH DFWXDO YRODWLOLW\ ZKHQ WKLV LV EDVHG RQ
WKH ORJDULWKP RI WKH GD\V KLJK WR WKH GD\V ORZ SULFH� 7KLV ORJDULWKPLF UDQJH PHDVXUH LV PXFK KLJKHU
DQG OHVV QRLV\ WKDQ WKH YRODWLOLW\ PHDVXUH EDVHG RQ UHWXUQV�

��



LW\ DQG WKH UHDOLVHG YRODWLOLW\� +RZHYHU� WKLV LV RQO\ REVHUYHG IRU SHULRGV RI ORZ

YRODWLOLW\�

$ VLPSOH JDXJH RI WKH SUHGLFWLYH SRZHU RI *$5&+����� LV WKH 5� YDOXH ZKLFK

LV REWDLQHG E\ UHJUHVVLQJ WKH H[�SRVW YRODWLOLW\ RQ WKH IRUHFDVW YRODWLOLW\� 7KH HP�

SLULFDO UHVXOWV VKRZ WKDW WKH DGMXVWHG 5� YDOXHV DUH UHODWLYHO\ ORZ �QHYHU H[FHHGLQJ

���� IRU DOO nYH VHULHV��� 7KHVH UHJUHVVLRQV DUH EDVHG RQ WKH REVHUYHG DEVROXWH

UHWXUQV DV D PHDVXUH RI WKH UHDOLVHG YRODWLOLW\� $QGHUVRQ DQG %ROOHUVOHY >����@ DW�

WULEXWH WKH SRRU nW WR WKH LQKHUHQW QRLVH LQ UHDOLVHG YRODWLOLW\��� :KHQ RXWOLHUV DUH

GRZQ�ZHLJKWHG� WKH RXW�RI�VDPSOH H[SODQDWRU\ SRZHU RI *$5&+����� GHFUHDVHV

VXEVWDQWLDOO\ IRU DOO VHULHV�

2YHUDOO� WKH UHVXOWV VXJJHVW WKDW ZKHQ RXWOLHUV DUH GRZQ ZHLJKWHG� WKH $5����

*$5&+����� YRODWLOLW\ IRUHFDVWV DUH LPSURYHG VXEVWDQWLDOO\ IRU SHULRGV RI ORZ

YRODWLOLW\ FOXVWHULQJ� EXW QRW IRU SHULRGV RI KLJK YRODWLOLW\ FOXVWHULQJ�

� &RQFOXVLRQ

8VLQJ VHYHUDO nQDQFLDO WLPH VHULHV� ZH KDYH VKRZQ WKDW RXWOLHUV DQG H[WUHPH RE�

VHUYDWLRQV VLJQLnFDQWO\ DmHFW WKH SDUDPHWHU HVWLPDWHV RI WKH $5����*$5&+�����

PRGHO� 2XWOLHUV GRPLQDWH WKH PD[LPXP OLNHOLKRRG HVWLPDWHV� FDXVLQJ D VLJQLnFDQW

LQFUHDVH LQ WKH $5��� DQG $5&+ SDUDPHWHU HVWLPDWHV DQG D VLJQLnFDQW GHFUHDVH LQ

WKH *$5&+ SDUDPHWHU HVWLPDWHV� )XUWKHUPRUH� WKH SUHVHQFH RI H[WUHPH RXWOLHUV

��&DUH PXVW EH WDNHQ ZLWK XVLQJ 5� DV D PHDVXUH RI WKH JRRGQHVV RI nW DV WKH YRODWLOLW\ VHULHV XVXDOO\
GLVSOD\ VWURQJ WUHQGV�

��$QGHUVRQ DQG %ROOHUVOHY >����@ VKRZ WKDW ZKHQ WKH YRODWLOLW\ PHDVXUH LV EDVHG RQ KLJK�IUHTXHQF\
LQWUD�GD\ ���PLQXWH� UHWXUQV UDWKHU WKDQ RQ GDLO\ UHWXUQV� WKHUH LV D VLJQLnFDQW UHGXFWLRQ LQ WKH QRLVH
FRPSRQHQW� 7KLV OHDGV WR D VXEVWDQWLDO LPSURYHPHQW LQ WKH LQWHUWHPSRUDO VWDELOLW\ RI YRODWLOLW\ DQG D
PDUNHG LQFUHDVH LQ WKH SUHGLFWLYH SRZHU RI *$5&+�

��



PD\ JLYH ULVH WR VSXULRXV $5��� DQG $5&+ HmHFWV ZKHQ� LQ IDFW� QRQH LV SUHVHQW�

)RU DOO WKH GDWD VHWV H[DPLQHG� WKH LQGHSHQGHQW DQG LGHQWLFDOO\ GLVWULEXWHG

DVVXPSWLRQ RI WKH VWDQGDUGLVHG UHVLGXDOV FDQQRW EH UHMHFWHG DW WKH �� VLJQLnFDQFH

OHYHO� ,Q FRQWUDVW� WKH DVVXPSWLRQ RI QRUPDOLW\ RI WKH VWDQGDUGLVHG UHVLGXDOV ZDV

UHMHFWHG IRU DOO WKH WLPH VHULHV� 7KH PD[LPXP H[FHVV NXUWRVLV WKDW LV FDSWXUHG

E\ *$5&+����� XQGHU WKH DVVXPSWLRQ RI FRQGLWLRQDO QRUPDOLW\ LQFUHDVHV ZLWK

WKH VWDQGDUG GHYLDWLRQ �ZKLFK LV DSSUR[LPDWHO\ ���� $GMXVWLQJ RXWOLHUV PDNHV WKH

GLVWULEXWLRQ RI WKH VWDQGDUGLVHG UHVLGXDOV PRUH QRUPDO� WKHUHE\ LPSO\LQJ JUHDWHU

HpFLHQF\ RI WKH 40/( RI WKH SDUDPHWHUV�

,W LV DOVR IRXQG WKDW WKH UHJXODULW\ FRQGLWLRQV� LQ SDUWLFXODU WKH IRXUWK PRPHQW

FRQGLWLRQ� DUH KDUGHU WR VDWLVI\ ZKHQ RXWOLHUV RU H[WUHPH REVHUYDWLRQV DUH SUHVHQW�

5HMHFWLRQ RI WKH IRXUWK PRPHQW FRQGLWLRQ PHDQV WKDW WKH FRQGLWLRQDO LQQRYDWLRQV

PD\ QRW EH DV\PSWRWLFDOO\ QRUPDOO\ GLVWULEXWHG� DQG WKDW WKH W�UDWLRV RI WKH SD�

UDPHWHU HVWLPDWHV PD\ QRW EH DV\PSWRWLFDOO\ QRUPDO� 7KXV� LW PD\ QRW EH SRVVLEOH

WR FRQVWUXFW PHDQLQJIXO FRQnGHQFH LQWHUYDOV IRU WKH IRUHFDVWV�

5HPRYLQJ RXWO\LQJ DQG H[WUHPH REVHUYDWLRQV VLJQLnFDQWO\ UHGXFHV WKH VL]H DQG

YDULDWLRQ LQ WKH *$5&+����� IRUHFDVWV� UHVXOWLQJ LQ VLJQLnFDQWO\ ORZHU RXW�RI�

VDPSOH SUHGLFWLYH SRZHU DV PHDVXUHG E\ 5�� 6XFK UHPRYDO UHVXOWV LQ VLJQLnFDQWO\

LPSURYHG IRUHFDVWV IRU SHULRGV RI ORZ YRODWLOLW\ DQG SRRUHU IRUHFDVWV IRU SHULRGV RI

KLJK YRODWLOLW\� 7KHVH REVHUYDWLRQV ZRXOG EH PLVVHG E\ H[DPLQLQJ RQO\ WKH PHDQ

IRUHFDVW HUURU PHDVXUHV IRU WKH HQWLUH VDPSOH�

2YHUDOO� WKH &KHQ DQG /LX >����D@ PHWKRG IRU GHWHFWLQJ DQG UHPRYLQJ RXWO\LQJ

DQG H[WUHPH REVHUYDWLRQV HQDEOHG DQ LPSURYHG HVWLPDWLRQ RI $5����*$5&+�����

��



SURFHVVHV� ZLWK D JUHDWHU IUHTXHQF\ RI YDOLGDWLRQ RI WKH UHJXODULW\ FRQGLWLRQV� OHVV

ELDVHG HVWLPDWHV� DQG UHGXFHG IRUHFDVW HUURUV IRU SHULRGV RI ORZ YRODWLOLW\� $Q

DGGHG DGYDQWDJH RI WKLV PHWKRG� DV FRPSDUHG ZLWK UREXVW HVWLPDWLRQ PHWKRGV� LV

WKDW YDOXDEOH LQIRUPDWLRQ FDQ EH REWDLQHG UHJDUGLQJ WKH FKDUDFWHULVWLFV RI RXWOLHUV�

VXFK DV WKHLU VL]H� W\SH DQG SRVLWLRQ�

��



� 5HIHUHQFHV

$EUDKDP� %�� DQG *�(�3� %R[� %D\HVLDQ DQDO\VLV RI VRPH RXWOLHU SUREOHPV LQ WLPH

VHULHV DQDO\VLV� %LRPHWULND� ��� �������� �����

$JJDUZDO� 5�� &� ,QFODQ� DQG 5� /HDO� 9RODWLOLW\ LQ HPHUJLQJ VWRFN PDUNHWV�

:RUNLQJ 3DSHU� *HRUJHWRZQ 8QLYHUVLW\� :DVKLQJWRQ� �����

$QGHUVHQ� 7�*�� DQG 7� %ROOHUVOHY� $QVZHULQJ WKH VNHSWLFV� \HV� VWDQGDUG

YRODWLOLW\ PRGHOV GR SURYLGH DFFXUDWH IRUHFDVWV� ,QWHUQDWLRQDO (FRQRPLF 5HYLHZ�

��� �������� �����

%DLOOLH� 5�7�� DQG 3�&� 0F0DKRQ� 7KH IRUHLJQ H[FKDQJH PDUNHW� &DPEULGJH

8QLYHUVLW\ 3UHVV� &DPEULGJH� �����

%DONH� 1�6�� 'HWHFWLQJ OHYHO VKLIWV LQ WLPH VHULHV� -RXUQDO RI %XVLQHVV 	 (FR�

QRPLF 6WDWLVWLFV� �� ������ �����

%DONH� 1�6�� DQG 7� )RPE\� 6KLIWLQJ WUHQGV� VHJHPHQWHG WUHQGV� DQG LQIUHTXHQW

SHUPDQHQW VKRFNV� -RXUQDO RI 0RQHWDU\ (FRQRPLFV� ��� ������ �����

%DONH� 1�6�� DQG 7� )RPE\� /DUJH LQQRYDWLRQV� VPDOO LQQRYDWLRQV� DQG HFRQRPLF

oXFWXDWLRQV� RXWOLHUV LQ PDFURHFRQRPLF WLPH VHULHV� -RXUQDO RI $SSOLHG (FRQRPHW�

ULFV� �� �������� �����

%HFNPDQ� 5�-�� DQG 5�'� &RRN� 2XWOLHU���V� 7HFKQRPHWULFV� ��� �������� �����

%HUD� $�.�� DQG 0�/� +LJJLQV� $5&+ PRGHOV� SURSHUWLHV� HVWLPDWLRQ DQG WHVW�

LQJ� -RXUQDO RI (FRQRPLF 6XUYH\V� �� �������� �����

%HUQRXOOL� '�� 7KH PRVW SUREDEOH FKRLFH EHWZHHQ VHYHUDO GLVFUHSDQW REVHUYD�

WLRQV DQG WKH IRUPDWLRQ WKHUHIURP RI WKH PRVW OLNHO\ LQGXFWLRQ� LQ &� *� $OOHQ�

��



%LRPHWULND� ��� ����� �����

%ODLU� %�� 6�+ 3RRQ� DQG 6�-� 7D\ORU� $V\PPHWULF DQG FUDVK HmHFWV LQ VWRFN

YRODWLOLW\ IRU WKH 6	3 ��� LQGH[ DQG LWV FRQVWLWXHQWV� :RUNLQJ 3DSHU 1R� �������

'HSDUWPHQW RI $FFRXQWLQJ 	 )LQDQFH� /DQFDVWHU 8QLYHUVLW\� �����

%ODQFKDUG� 2�-�� DQG 0�:� :DWVRQ� $UH EXVLQHVV F\FOHV DOLNH"� LQ 7KH $PHU�

LFDQ %XVLQHVV &\FOH� &RQWLQXLW\ DQG &KDQJH� 5�-� *RUGRQ �HG��� 8QLYHUVLW\ RI

&KLFDJR 3UHVV� &KLFDJR� �����

%ODWWEHUJ� 5�&�� DQG 1�-� *RQHGHV� $ FRPSDULVRQ RI WKH VWDEOH DQG VWXGHQW

GLVWULEXWLRQV DV VWDWLVWLFDO PRGHOV IRU VWRFN SULFHV� -RXUQDO RI %XVLQHVV� ��� ��������

�����

%ROOHQ� 1�3�%�� 6�)� *UD\� DQG 5�(� :KDOH\� 5HJLPH�VZLWFKLQJ LQ IRUHLJQ H[�

FKDQJH UDWHV� HYLGHQFH IURP FXUUHQF\ RSWLRQ SULFHV� -RXUQDO RI (FRQRPHWULFV� ���

�������� �����

%ROOHUVOHY� 7�� *HQHUDOL]HG DXWRUHJUHVVLYH FRQGLWLRQDO KHWHURVNHGDVWLFLW\� -RXU�

QDO RI (FRQRPHWULFV� ��� �������� �����

%ROOHUVOHY� 7�� $ FRQGLWLRQDO KHWHURVNHGDVWLF WLPH VHULHV IRU VSHFXODWLYH SULFHV

DQG UDWHV RI UHWXUQ� 5HYLHZ RI (FRQRPLFV DQG 6WDWLVWLFV� ��� �������� �����

%ROOHUVOHY� 7�� 5�< &KRX� DQG .�)� .URQHU� $5&+ PRGHOOLQJ LQ nQDQFH� D

VHOHFWLYH UHYLHZ RI WKH WKHRU\ DQG HPSLULFDO HYLGHQFH� -RXUQDO RI (FRQRPHWULFV�

��� ����� �����

%ROOHUVOHY� 7�� DQG 5�)� (QJOH� PRGHOOLQJ WKH SHUVLVWHQFH RI FRQGLWLRQDO YDUL�

DQFHV� (FRQRPHWULF 5HYLHZV� �� ����� �����

%ROOHUVOHY� 7�� DQG -�0� :RROGULGJH� 4XDVL�PD[LPXP OLNHOLKRRG HVWLPDWLRQ

��



DQG LQIHUHQFH LQ G\QDPLF PRGHOV ZLWK WLPH�YDU\LQJ FRYDULDQFHV� (FRQRPHWULF 5H�

YLHZV� ��� �������� �����

%R[� *�(�3�� DQG *�&� 7LDR� ,QWHUYHQWLRQ DQDO\VLV ZLWK DSSOLFDWLRQV WR HQYLURQ�

PHQWDO DQG HFRQRPLF SUREOHPV� -RXUQDO RI WKH $PHULFDQ 6WDWLVWLFDO $VVRFLDWLRQ�

��� ������ �����

%XUQ� '�$�� DQG -�.� 2UG� 7KH HmHFW RI WLPH VHULHV RXWOLHUV RQ WKH VDPSOH

DXWRFRUUHODWLRQ FRHpFLHQW� 3URFHHGLQJV RI WKH %XVLQHVV DQG (FRQRPLF 6WDWLVWLFV

6HFWLRQ� $PHULFDQ 6WDWLVWLFDO $VVRFLDWLRQ� �������� �����

&DL� -�� $ 0DUNRY PRGHO RI VZLWFKLQJ�UHJLPH $5&+� -RXUQDO RI %XVLQHVV 	

(FRQRPLF 6WDWLVWLFV� ��� �������� �����

&KDQJ� ,�� 2XWOLHUV LQ WLPH VHULHV� 8QSXEOLVKHG 3K�'� WKHVLV� 'HSDUWPHQW RI

6WDWLVWLFV� 8QLYHUVLW\ RI :LVFRQVLQ�0DGLVRQ� �����

&KDQJ� ,�� DQG *�&� 7LDR� (mHFW RI H[RJHQRXV LQWHUYHQWLRQV RQ WKH HVWLPDWHV

RI WLPH VHULHV SDUDPHWHUV� 3URFHHGLQJV RI WKH %XVLQHVV DQG (FRQRPLF 6WDWLVWLFV

6HFWLRQ� $PHULFDQ 6WDWLVWLFDO $VVRFLDWLRQ� �������� �����

&KDQJ� ,�� *�&� 7LDR� DQG &� &KHQ� (VWLPDWLRQ RI WLPH VHULHV SDUDPHWHUV LQ

WKH SUHVHQFH RI RXWOLHUV� 7HFKQRPHWULFV� �� �������� �����

&KHQ� &�� DQG /�0� /LX� -RLQW (VWLPDWLRQ RI PRGHO SDUDPHWHUV DQG RXWOLHU

HmHFWV LQ WLPH VHULHV� -RXUQDO RI WKH $PHULFDQ 6WDWLVWLFDO $VVRFLDWLRQ� ��� ��������

����D�

&KHQ� &�� DQG /�0� /LX� )RUHFDVWLQJ WLPH VHULHV ZLWK RXWOLHUV� -RXUQDO RI )RUH�

FDVWLQJ� ��� ������ ����E�

&KHQ� &�� DQG *�&� 7LDR� 5DQGRP OHYHO�VKLIW WLPH VHULHV PRGHOV� $5,0$ DS�

��



SUR[LPDWLRQV� DQG OHYHO VKLIW GHWHFWLRQ� -RXUQDO RI %XVLQHVV 	 (FRQRPLF 6WDWLVWLFV�

�� ������ �����

&KXDQJ� $�� DQG %� $EUDKDP� &RPSDULVRQ RI SDUDPHWHU HVWLPDWLRQ PHWKRGV

LQ WLPH VHULHV ZLWK RXWOLHUV� D VLPXODWLRQ VWXG\� 3URFHHGLQJV RI WKH %XVLQHVV DQG

(FRQRPLF 6WDWLVWLFV 6HFWLRQ� $PHULFDQ 6WDWLVWLFDO $VVRFLDWLRQ� ������ �����

&ODUN� 3�� $ VXERUGLQDWHG VWRFKDVWLF SURFHVVHV PRGHO ZLWK nQLWH YDULDQFH IRU

VSHFXODWLYH SULFHV� (FRQRPHWULFD� ��� �������� �����

'DQLHOVVRQ� -�� DQG &�*� GH 9ULHV� 9DOXH�DW�ULVN DQG H[WUHPH UHWXUQV� 'LVFXV�

VLRQ 3DSHU ��������� 7LQEHUJHQ ,QVWLWXWH� (UDVPXV 8QLYHUVLW\ 5RWWHUGDP� �����

'HXWVFK� 6�-�� -�(� 5LFKDUGV� DQG -�-� 6ZDLQ� (mHFWV RI D VLQJOH RXWOLHU RQ

$50$ LGHQWLnFDWLRQ� &RPPXQLFDWLRQV LQ 6WDWLVWLFV� 7KHRU\ DQG 0HWKRGV� ���

���������� �����

'LHEROG� )�;�� (PSLULFDO PRGHOOLQJ RI H[FKDQJH UDWH G\QDPLFV�� 6SULQJHU 9HU�

ODJ� 1HZ <RUN� �����

YDQ 'LMN� '�� 3�+� )UDQVHV� DQG $� /XFDV� 7HVWLQJ IRU $5&+ LQ WKH SUHVHQFH

RI DGGLWLYH RXWOLHUV� -RXUQDO RI $SSOLHG (FRQRPHWULFV� ��� �������� �����

'LQJ� =�� &�:�-� *UDQJHU� DQG 5�)� (QJOH� $ ORQJ PHPRU\ SURSHUW\ RI VWRFN

PDUNHW UHWXUQV DQG D QHZ PRGHO� -RXUQDO RI (PSLULFDO )LQDQFH� �� ������� �����

'XHNHU� 0�-�� 0DUNRY VZLWFKLQJ LQ *$5&+ SURFHVVHV DQG PHDQ�UHYHUWLQJ

VWRFN�PDUNHW YRODWLOLW\� -RXUQDO RI %XVLQHVV 	 (FRQRPLF 6WDWLVWLFV� ��� ������ �����

(GHULQJWRQ� /�+�� DQG :� *XDQ� )RUHFDVWLQJ YRODWLOLW\� :RUNLQJ 3DSHU� 3ULFH

&ROOHJH RI %XVLQHVV� 8QLYHUVLW\ RI 2NODKRPD� �����

(QJOH� 5� )�� $XWRUHJUHVVLYH FRQGLWLRQDO KHWHURVNHGDVWLFLW\ ZLWK HVWLPDWHV RI

��



WKH YDULDQFH RI 8QLWHG .LQJGRP LQoDWLRQ� (FRQRPHWULFD� ��� ��������� �����

(QJOH� 5�)�� DQG *� *RQ]DOH]�5LYHUD� 6HPLSDUDPHWULF $5&+ PRGHOV� -RXUQDO

RI %XVLQHVV 	 (FRQRPLF 6WDWLVWLFV� �� �������� �����

(QJOH� 5�)�� DQG *�*�-� /HH� $ SHUPDQHQW DQG WUDQVLWRU\ FRPSRQHQW PRGHO RI

VWRFN UHWXUQ YRODWLOLW\� LQ &RLQWHJUDWLRQ� &DXVDOLW\� DQG )RUHFDVWLQJ� $ )HVWVFKULIW

LQ +RQRU RI &OLYH :�-� *UDQJHU� 5� (QJOH� DQG +� :KLWH �HGV��� 2[IRUG 8QLYHUVLW\

3UHVV� �������� �����

(QJOH� 5� )�� DQG &� 0XVWDID� ,PSOLHG $5&+ PRGHOV IURP RSWLRQ SULFHV� -RXU�

QDO RI (FRQRPHWULFV� ��� �������� �����

)R[� $� -�� 2XWOLHUV LQ WLPH VHULHV� -RXUQDO RI WKH 5R\DO 6WDWLVWLFDO 6RFLHW\ %�

��� �������� �����

)UDQVHV� 3�+�� DQG +� *KLMVHOV� $GGLWLYH RXWOLHUV� *$5&+ DQG IRUHFDVWLQJ

YRODWLOLW\� ,QWHUQDWLRQDO -RXUQDO RI )RUHFDVWLQJ� ��� ���� �����

)UDQVHV� 3�+�� DQG '� YDQ 'LMN� )RUHFDVWLQJ VWRFN PDUNHW YRODWLOLW\ XVLQJ �QRQ�

OLQHDU� *$5&+ PRGHOV� -RXUQDO RI )RUHFDVWLQJ� ��� �������� �����

)UDQVHV� 3�+�� DQG '� YDQ 'LMN� 2XWOLHU GHWHFWLRQ LQ WKH *$5&+����� PRGHO�

'LVFXVVLRQ 3DSHU (,������$� 7LQEHUJHQ ,QVWLWXWH� (UDVPXV 8QLYHUVLW\ 5RWWHUGDP�

�����

)UDQVHV� 3�+�� '� YDQ 'LMN� DQG $� /XFDV� 6KRUW SDWFKHV RI RXWOLHUV� $5&+

DQG YRODWLOLW\ PRGHOOLQJ� 'LVFXVVLRQ 3DSHU ��������� 7LQEHUJHQ ,QVWLWXWH� (UDVPXV

8QLYHUVLW\ 5RWWHUGDP� �����

)ULHGPDQ� %�0�� DQG '�,� /DLEVRQ� (FRQRPLF LPSOLFDWLRQV RI H[WUDRUGLQDU\

PRYHPHQWV LQ VWRFN SULFHV� %URRNLQJ 3DSHUV RQ (FRQRPLF $FWLYLW\� �� ��������

��



�����

*DQQRQ� *�/�� 8QFRQGLWLRQDO nUVW DQG FRQGLWLRQDO VHFRQG PRPHQW HmHFWV� LQ�

GH[ SRUWIROLRV DQG LQGH[ IXWXUHV� 5HVHDUFK LQ )LQDQFH 6XSSOHPHQW WR ����� $�+�

&KHQ� DQG .�&� &KDQ �HGV��� �������� �����

*KRVH� '�� DQG .� )� .URQHU� 7KH UHODWLRQVKLS EHWZHHQ *$5&+ DQG V\PPHW�

ULF VWDEOH SURFHVVHV� nQGLQJ WKH VRXUFH RI IDW WDLOV LQ nQDQFLDO GDWD� -RXUQDO RI

(PSLULFDO )LQDQFH� �� ��������

*ORVWHQ� /�� 5� -DJDQQDWKDQ� DQG '� 5XQNOH� 2Q WKH UHODWLRQ EHWZHHQ WKH

H[SHFWHG YDOXH DQG YRODWLOLW\ RQ QRPLQDO H[FHVV UHWXUQ DQG LQQRYDWLRQV� -RXUQDO

RI )LQDQFH� ��� ���������� �����

*UD\� 6�)�� 0RGHOOLQJ WKH FRQGLWLRQDO GLVWULEXWLRQ RI LQWHUHVW UDWHV DV D UHJLPH�

VZLWFKLQJ SURFHVV� -RXUQDO RI )LQDQFLDO (FRQRPLFV� ��� ������

*XLOODXPH� '�0�� 2�9� 3LFWHW� DQG 0�0� 'DFRURJQD� 2Q WKH LQWUD�GDLO\ SHU�

IRUPDQFH RI *$5&+ SURFHVVHV� ,QWHUQDO 'RFXPHQW '0*� ����������� 2OVHQ 	

$VVRFLDWHV� 5HVHDUFK ,QVWLWXWH IRU $SSOLHG (FRQRPLFV� =XULFK� 6ZLW]HUODQG� �����

GH +DDQ� /�� 6�,� 5HVQLFN� +� 5RRW]HQ� DQG &�*� GH 9ULHV� ([WUHPDO EHKDYLRXU RI

VROXWLRQV WR D VWRFKDVWLF GLmHUHQWLDO HTXDWLRQ ZLWK DSOOLFDWLRQV WR $5&+ SURFHVVHV�

6WRFKDVWLF 3URFHVV DQG 7KHLU $SSOLFDWLRQV� ��� �������� �����

+DPLOWRQ� -�'�� DQG 5� 6XVPHO� $XWRUHJUHVVLYH FRQGLWLRQDO KHWHURVNHGDVWLFLW\

DQG FKDQJHV LQ UHJLPH� -RXUQDO RI (FRQRPHWULFV� ��� �������� �����

+DUULV� /�� 6	3 ��� FDVK VWRFN SULFH YRODWLOLWLHV� -RXUQDO RI )LQDQFH� ��� �����

����� �����

+H� &�� DQG 7� 7HUDVYLUWD� )RXUWK PRPHQW VWUXFWXUH RI WKH *$5&+�S�T� SUR�

��



FHVV� WR DSSHDU LQ (FRQRPHWULF 7KHRU\� ��� �����

+LOOPHU� 6�&�� 0RQLWRULQJ DQG DGMXVWLQJ IRUHFDVWV LQ WKH SUHVHQFH RI DGGLWLYH

RXWOLHUV� -RXUQDO RI )RUHFDVWLQJ� �� �������� �����

+LOOPHU� 6�&� :�5� %HOO� DQG *�&� 7LDR� 0RGHOOLQJ FRQVLGHUDWLRQV LQ WKH VHD�

VRQDO DGMXVWPHQW RI HFRQRPLF WLPH VHULHV� $� =HOOQHU �HG��� $SSOLHG 7LPH 6HULHV

$QDO\VLV RI (FRQRPLF 'DWD� :DVKLQJWRQ� '�&�� 8�6� %XUHDX RI WKH &HQVXV� �������

�����

+RWWD� /�.�� 7KH HmHFW RI DGGLWLYH RXWOLHUV RQ WKH HVWLPDWHV IURP DJJUHJDWHG

DQG GLVDJJUHJDWHG $5,0$ PRGHOV� ,QWHUQDWLRQDO -RXUQDO RI )RUHFDVWLQJ� �� ������

�����

+RWWD� /�.�� DQG 5�6� 7VD\� 2XWOLHUV LQ *$5&+ SURFHVVHV� :RUNLQJ 3DSHU�

*UDGXDWH 6FKRRO RI %XVLQHVV� 8QLYHUVLW\ RI &KLFDJR� �����

+VLHK� '�$�� 0RGHOOLQJ KHWHURVNHGDVWLFLW\ LQ GDLO\ IRUHLJQ�H[FKDQJH UDWHV� -RXU�

QDO RI %XVLQHVV 	 (FRQRPLF 6WDWLVWLFV� �� �������� �����

-DQVHQ� '�:�� DQG &�*� GH 9ULHV� 2Q WKH IUHTXHQF\ RI ODUJH VWRFN UHWXUQV�

SXWWLQJ ERRPV DQG EXVWV LQWR SHUVSHFWLYH� 5HYLHZ RI (FRQRPLFV DQG 6WDWLVWLFV�

��� ������ �����

-XVWHO� $�� '� 3HQD� DQG 5� 6� 7VD\� 'HWHFWLRQ RI RXWOLHU SDWFKHV LQ DXWRUH�

JUHVVLYH WLPH VHULHV� :RUNLQJ 3DSHU� *UDGXDWH 6FKRRO RI %XVLQHVV� 8QLYHUVLW\ RI

&KLFDJR� �����

.LP� &�-�� DQG 0�-� .LP� 7UDQVLHQW IDGV DQG WKH FUDVK RI 
��� -RXUQDO RI

$SSOLHG (FRQRPHWULFV� ��� ������ �����

.ODDVVHQ� )� ,PSURYLQJ *$5&+ YRODWLOLW\ IRUHFDVWV� :RUNLQJ 3DSHU� 'HSDUW�

��



PHQW RI (FRQRPHWULFV� 7LOEXUJ 8QLYHUVLW\� �����

.OHLQHU� %�� 0DUWLQ� 5�'� DQG '�-� 7KRPVRQ� 5REXVW HVWLPDWLRQ RI SRZHU

VSHFWUD� -RXUQDO RI WKH 5R\DO 6WDWLVWLFDO 6RFLHW\ %� ��� �������� �����

.RQ� 6�� 0RGHOV RI VWRFN UHWXUQV� $ FRPSDULVRQ� -RXUQDO RI )LQDQFH� ��� ����

���� �����

.RXWPRV� *�� $V\PPHWULHV LQ WKH FRQGLWLRQDO PHDQ DQG WKH FRQGLWLRQDO YDUL�

DQFH� HYLGHQFH IURP QLQH VWRFN PDUNHWV� -RXUQDO RI (FRQRPLFV DQG %XVLQHVV� ���

�������� �����

/DPRXUHX[� &�*�� DQG :�'� /DVWUDSHV� 3HUVLVWHQFH LQ YDULDQFH� VWUXFWXUDO

FKDQJH� DQG WKH *$5&+ PRGHO� -RXUQDO RI %XVLQHVV 	 (FRQRPLF 6WDWLVWLFV� ��

�������� �����

/DPRXUHX[� &�*�� DQG :�'� /DVWUDSHV� )RUHFDVWLQJ VWRFN�UHWXUQ YDULDQFH� WR�

ZDUG DQ XQGHUVWDQGLQJ RI VWRFKDVWLF LPSOLHG YRODWLOLWLHV� 5HYLHZ RI )LQDQFLDO VWXG�

LHV� �� �������� �����

/DVWUDSHV� :�'�� ([FKDQJH UDWH YRODWLOLW\ DQG WKH 8�6� PRQHWDU\ SROLF\� DQ

$5&+ DSSOLFDWLRQ� -RXUQDO RI 0RQH\� &UHGLW� DQG %DQNLQJ� ��� ������ �����

/HGROWHU� -�� 7KH HmHFWV RI DGGLWLYH RXWOLHUV RQ WKH IRUHFDVWV IURP $5,0$

PRGHOV� ,QWHUQDWLRQDO -RXUQDO RI )RUHFDVWLQJ� �� �������� �����

/HH� 6�:�� DQG %�(� +DQVHQ� $V\PSWRWLF WKHRU\ IRU WKH *$5&+����� TXDVL�

PD[LPXP OLNHOLKRRG HVWLPDWRU� (FRQRPHWULF 7KHRU\� ��� ������ �����

/LQJ� 6�� DQG 0� 0F$OHHU� 1RQ�QHVWHG WHVWV RI *$5&+ DQG (�*$5&+� :RUN�

LQJ 3DSHU� 'HSDUWPHQW RI (FRQRPLFV� 8QLYHUVLW\ RI :HVWHUQ $XVWUDOLD� ����D�

/LQJ� 6�� DQG 0� 0F$OHHU� 1HFHVVDU\ DQG VXpFLHQW PRPHQW FRQGLWLRQV IRU WKH

��



*$5&+�U�V� DQG DV\PPHWULF SRZHU *$5&+�U�V� PRGHOV� ����E� 6XEPLWWHG�

/LQJ� 6�� DQG 0� 0F$OHHU� 2Q DGDSWLYH HVWLPDWLRQ LQ QRQVWDWLRQDU\ $50$

PRGHOV ZLWK *$5&+ HUURUV� ����F� 6XEPLWWHG�

/LX� /�0�� '\QDPLF UHODWLRQVKLS DQDO\VLV RI 8�6� JDVROLQH DQG FUXGH RLO SULFHV�

-RXUQDO RI )RUHFDVWLQJ� ��� �������� �����

/RQJLQ� )�0�� 7KH DV\PSWRWLF GLVWULEXWLRQ RI H[WUHPH VWRFN PDUNHW UHWXUQV�

-RXUQDO RI %XVLQHVV� ��� �������� �����

/XPVGDLQH� 5�/�� )LQLWH�VDPSOH SURSHUWLHV RI WKH PD[LPXP OLNHOLKRRG HVWL�

PDWRU LQ *$5&+����� DQG ,*$5&+����� PRGHOV� D 0RQWH�&DUOR LQYHVWLJDWLRQ�

-RXUQDO RI %XVLQHVV 	 (FRQRPLF 6WDWLVWLFV� ��� ����� �����

/XPVGDLQH� 5�/�� &RQVLVWHQF\ DQG DV\PSWRWLF QRUPDOLW\ RI WKH TXDVL�PD[LPXP

OLNHOLKRRG HVWLPDWRU LQ ,*$5&+����� DQG FRYDULDQFH VWDWLRQDU\ *$5&+����� PRG�

HOV� (FRQRPHWULFD� ��� �������� �����

0DQGHOEURW� %�� 7KH YDULDWLRQ RI FHUWDLQ VSHFXODWLYH SULFHV� -RXUQDO RI %XVLQHVV�

��� �������� �����

0DQGHOEURW� %�� )LVKHU� $�� DQG /� &DOYHW� $ PXOWLIUDFWLRQDO PRGHO RI DVVHW

UHWXUQV�� &RZOHV )RXQGDWLRQ 'LVFXVVLRQ 3DSHU 1R� ����� <DOH 8QLYHUVLW\� �����

0F.HQ]LH� 0�'�� $5&+ PRGHOOLQJ RI $XVWUDOLDQ ELODWHUDO H[FKDQJH UDWH GDWD�

$SSOLHG (FRQRPLFV� �� �������� �����

1HOVRQ� '�%�� 0RGHOOLQJ VWRFN PDUNHW YRODWLOLW\ FKDQJHV� 3URFHHGLQJV RI WKH

%XVLQHVV DQG (FRQRPLFV 6WDWLVWLFV 6HFWLRQ� $PHULFDQ 6WDWLVWLFDO $VVRFLDWLRQ� ���

��� �����

1HOVRQ� '�%�� $5&+ PRGHOV DV GLmXVLRQ DSSUR[LPDWLRQV� -RXUQDO RI HFRQRPHW�

��



ULFV� ��� ����� ����D�

1HOVRQ� '�%�� 6WDWLRQDULW\ DQG SHUVLVWHQFH LQ WKH *$5&+����� PRGHO� -RXUQDO

RI (FRQRPHWULFV� ��� ����� ����E�

1HOVRQ� '�%�� &RQGLWLRQDO KHWHURVNHGDVWLFLW\ LQ DVVHW UHWXUQV� D QHZ DSSURDFK�

(FRQRPHWULFD� ��� �������� �����

1HOVRQ� '�%�� )LOWHULQJ DQG IRUHFDVWLQJ ZLWK PLVVSHFLnHG $5&+ PRGHOV ,� *HW�

WLQJ WKH ULJKW YDULDQFH ZLWK WKH ZURQJ PRGHO� -RXUQDO RI (FRQRPHWULFV� ��� ������

�����

1HOVRQ� 3�%�� DQG &�4� &DR� $ QRWH RQ WKH LQHTXDOLW\ FRQVWUDLQWV LQ WKH XQL�

YDULDWH *$5&+ PRGHO� 'LVFXVVLRQ 3DSHU� 8QLYHUVLW\ RI &KLFDJR� �����

1HOVRQ� '�%�� DQG '� 3� )RVWHU� $V\PSWRWLF nOWHULQJ WKHRU\ IRU XQLYDULDWH

$5&+ PRGHOV� (FRQRPHWULFD� ��� ����� �����

1HOVRQ� '�%�� DQG '�3� )RVWHU� )LOWHULQJ DQG IRUHFDVWLQJ ZLWK PLVVSHFLnHG

$5&+ PRGHOV ,,� PDNLQJ WKH ULJKW IRUHFDVW ZLWK WKH ZURQJ PRGHO� -RXUQDO RI

(FRQRPHWULFV� ��� �������� �����

3RWHUED� -� 0�� DQG /� +� 6XPPHUV� 7KH SHUVLVWHQFH RI YRODWLOLW\ DQG VWRFN

PDUNHW oXFWXDWLRQV� $PHULFDQ (FRQRPLF 5HYLHZ� ��� ���������� �����

3UDHW]� 3�� 7KH GLVWULEXWLRQ RI VKDUH SULFH FKDQJHV� -RXUQDO RI %XVLQHVV� ���

������ �����

3UHVV� 6�-�� $ FRPSRXQG HYHQWV PRGHO IRU VHFXULW\ SULFHV� -RXUQDO RI %XVLQHVV�

��� �������� �����

6DIYHQEODG� 3�� 7UDGLQJ YROXPH DQG VHULDO FRUUHODWLRQ� HPSLULFDO HYLGHQFH IURP

WKH 6WRFNKROP VWRFN H[FKDQJH� :RUNLQJ 3DSHU 6HULHV LQ (FRQRPLFV DQG )LQDQFH

��



1R� ���� 6WRFNKROP 6FKRRO RI (FRQRPLFV� �����

6DNDWD� 6�� DQG +� :KLWH� +LJK EUHDNGRZQ SRLQW FRQGLWLRQDO GLVSHUVLRQ HVWL�

PDWLRQ ZLWK DSSOLFDWLRQ WR 6	3 ��� GDLO\ UHWXUQV YRODWLOLW\� (FRQRPHWULFD� ���

�������� �����

6FKZHUW� *�:�� :K\ GRHV VWRFN PDUNHW YRODWLOLW\ FKDQJH RYHU WLPH"� -RXUQDO

RI )LQDQFH� ��� ���������� ����D�

6FKZHUW� *�:�� %XVLQHVV F\FOHV� nQDQFLDO FULVLV DQG VWRFN YRODWLOLW\� &DUQHJLH�

5RFKHVWHU &RQIHUHQFH 6HULHV RQ 3XEOLF 3ROLF\� ��� ������� ����E�

6FKZHUW� *�:�� 6WRFN YRODWLOLW\ DQG WKH FUDVK RI 
��� 5HYLHZ RI )LQDQFLDO 6WXG�

LHV� �� ������� �����

6FKZHUW� *�:�� 6WRFN PDUNHW YRODWLOLW\� WHQ \HDUV DIWHU WKH FUDVK� WR DSSHDU LQ

-RXUQDO RI )LQDQFH� �����

6HQWDQD� (�� 4XDGUDWLF $5&+ PRGHOV� D SRWHQWLDO UH�LQWHUSUHWDWLRQ RI $5&+

PRGHOV� )LQDQFLDO 0DUNHWV *URXS 'LVFXVVLRQ 3DSHU ���� /RQGRQ 6FKRRO RI (FR�

QRPLFV� �����

6HQWDQD� (�� 4XDGUDWLF $5&+ PRGHOV� 5HYLHZ RI (FRQRPLF 6WXGLHV� ��� ����

���� �����

6HQWDQD� (� DQG 6�%� :DGKZDQL� )HHGEDFN WUDGHUV DQG VWRFN UHWXUQ DXWRFRU�

UHODWLRQV� HYLGHQFH IURP D FHQWXU\ RI GDLO\ GDWD� (FRQRPLF -RXUQDO� ���� ��������

�����

6WHLQ� -�� 2YHUUHDFWLRQV LQ WKH RSWLRQV PDUNHW� -RXUQDO RI )LQDQFH� ��� �����

����� �����

6XVPHO� 5�� 6ZLWFKLQJ YRODWLOLW\ LQ /DWLQ $PHULFDQ HPHUJLQJ HTXLW\ PDUNHWV�

��



(PHUJLQJ 0DUNHW 4XDUWHUO\� �� ������ �����

7D\ORU� 6�-�� 0RGHOOLQJ nQDQFLDO WLPH VHULHV� �QG HG�� :LOH\� 1HZ <RUN� �����

7HUDVYLUWD� 7�� 7ZR VW\OL]HG IDFWV DQG WKH *$5&+����� PRGHO� :RUNLQJ 3DSHU

6HULHV LQ (FRQRPLFV DQG )LQDQFH 1R� ��� 6WRFNKROP 6FKRRO RI (FRQRPLFV� �����

7HUDVYLUWD� 7�� DQG +�0� $QGHUVRQ� &KDUDFWHULVLQJ QRQOLQHDULWLHV LQ EXVLQHVV

F\FOHV XVLQJ VPRRWK WUDQVLWLRQ DXWRUHJUHVVLYH PRGHOV� -RXUQDO RI $SSOLHG (FRQR�

PHWULFV� �� 6����6���� �����

7KXU\� *�� DQG 0� :XJHU� 2XWOLHU GHWHFWLRQ DQG DGMXVWPHQW� DQ HPSULFDO

DQDO\VLV IRU $XVWULDQ GDWD� (PSLULFD� ��� ������ �����

7ULYH]� )�-�� /HYHO VKLIWV� WHPSRUDU\ FKDQJHV DQG IRUHFDVWLQJ� -RXUQDO RI )RUH�

FDVWLQJ� ��� �������� �����

7VD\� 5�6�� 7LPH VHULHV PRGHO VSHFLnFDWLRQ LQ WKH SUHVHQFH RI RXWOLHUV� -RXUQDO

RI WKH $PHULFDQ 6WDWLVWLFDO $VVRFLDWLRQ� ��� �������� �����

7VD\� 5�6�� 2XWOLHUV� OHYHO VKLIWV� DQG YDULDQFH FKDQJH LQ WLPH VHULHV� -RXUQDO RI

)RUHFDVWLQJ� �� ����� �����

7VD\� 5�6�� ([WUHPH YDOXH DQDO\VLV RI nQDQFLDO GDWD� :RUNLQJ 3DSHU� *UDGXDWH

6FKRRO RI %XVLQHVV� 8QLYHUVLW\ RI &KLFDJR� �����

:HLVV� $�$�� $V\PSWRWLF WKHRU\ IRU $5&+ PRGHOV� HVWLPDWLRQ DQG WHVWLQJ�

(FRQRPHWULF 7KHRU\� �� �������� �����

��



7DEOH �� 6XPPDU\ VWDWLVWLFV IRU WKH RULJLQDO DQG DGMXVWHG GDLO\ WLPH VHULHV
IRU ���� REVHUYDWLRQV

\ \e

FY  �� FY  � FY  � FY  �
6	3 ��� ����������������

0HDQ �����H�� �����H�� �����H�� �����H�� �����H��
0HGLDQ �����H�� �����H�� �����H�� �����H�� �����H��
} �����H�� �����H�� �����H�� �����H�� �����H��
0D[LPXP�}� ����� ����� ����� ����� �����
0LQLPXP�}� ������ ������ ������ ������ ������
65�}� ������ ����� ����� ����� �����
� 2EV���� ! � � � � �} ������������ ������������ ������������ ������������ ������������
� 2EV���� ! � � � � �} ������������ ������������ ������������ ������������ ������������
6NHZQHVV ������ ������ ������ ������ �������
.XUWRVLV ����� ����� ����� ����� �����
/0�1� ������� ����� ����� ���� ����
.H

}
������ ������ ����� �����

+6, �����������������
0HDQ �����H�� �����H�� �����H�� �����H�� �����H��
0HGLDQ �����H�� �����H�� �����H�� �����H�� �����H��
} �����H�� �����H�� �����H�� �����H�� �����H��
0D[LPXP�}� ����� ����� ����� ����� �����
0LQLPXP�}� ������ ������ ������ ������ ������
65�}� ������ ����� ����� ����� �����
� 2EV���� ! � � � � �} ����������� ������������� ������������� ������������ ������������
� 2EV���� ! � � � � �} ����������� ������������ ������������ ������������ ������������
6NHZQHVV ����� ����� ����� ������ �������
.XUWRVLV ����� ����� ����� ����� �����
/0�1� ������� ������ ������ ������ ����
.H

}
������ ������ ������ ����� �����

1LNNHL ��� ����������������
0HDQ �����H�� �����H�� �����H�� �����H�� QF
0HGLDQ �����H�� �����H�� �����H�� �����H��
} �����H�� �����H�� �����H�� �����H��
0D[LPXP�}� ����� ����� ����� �����
0LQLPXP�}� ������� ������ ������ ������
65�}� ������ ����� ����� �����
� 2EV���� ! � � � � �} ����������� ������������ ������������ ������������
� 2EV���� ! � � � � �} ����������� ����������� ������������� ������������
6NHZQHVV ������ ������ ������ ������
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9DOXHV LQ SDUHQWKHVHV DUH WKH HUURU PHDVXUHV FDOFXODWHG DV D SHUFHQWDJH RI WKH YDOXHV RI WKH XQDGMXVWHG
VHULHV� 5� LV WKH FRHpFLHQW RI GHWHUPLQDWLRQ E\ UHJUHVVLQJ WKH H[�SRVW YRODWLOLW\ RQ WKH IRUHFDVW YRODWLOLW\�
5�H LV WKH FRHpFLHQW RI GHWHUPLQDWLRQ E\ UHJUHVVLQJ WKH IRUHFDVW HUURUV RQ WKH H[�SRVW YRODWLOLW\� QF VLJQLnHV
WKDW WKH PHWKRG GLG QRW FRQYHUJH DW OHDVW RQFH� 377(67 LV WKH 3HVDUDQ DQG 7LPPHUPDQQ WHVW VWDWLVWLF�
ZKLFK LV DV\PSWRWLFDOO\ QRUPDOO\ GLVWULEXWHG� 8QGHU��� LV WKH SHUFHQWDJH RI IRUHFDVWV WKDW XQGHUSUHGLFW
UHDOLVHG YRODWLOLW\� 506(��� DQG 506(��� DUH WKH 506( PHDVXUHV IRU WKH SRVLWLYH DQG QHJDWLYH IRUHFDVW
HUURUV� UHVSHFWLYHO\� 7KH ORVV IXQFWLRQV DUH GHnQHG DV IROORZV�
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9DOXHV LQ SDUHQWKHVHV DUH WKH HUURU PHDVXUHV FDOFXODWHG DV D SHUFHQWDJH RI WKH YDOXHV RI WKH XQDGMXVWHG
VHULHV� 5� LV WKH FRHpFLHQW RI GHWHUPLQDWLRQ E\ UHJUHVVLQJ WKH H[�SRVW YRODWLOLW\ RQ WKH IRUHFDVW YRODWLOLW\�
QF VLJQLnHV WKDW WKH PHWKRG GLG QRW FRQYHUJH DW OHDVW RQFH� 377(67 LV WKH 3HVDUDQ DQG 7LPPHUPDQQ
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QHJDWLYH IRUHFDVW HUURUV� UHVSHFWLYHO\� 7KH ORVV IXQFWLRQV DUH GHnQHG DV IROORZV�
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