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6WRFN�5HWXU Q 3 U HGLFWDELOLW\ DQG 0 RGHO 8QFHU WDLQW\

$EVWUDFW

:H LQYHVWLJDWH WKH LPSOLFDWLRQV RI XQFHUWDLQW\ DERXW WKH UHWXUQ�IRUHFDVWLQJ PRGHO

IRU WKH LQYHVWPHQW RSSRUWXQLW\ VHW� $VVHW DOORFDWLRQV DUH FRPSXWHG WKURXJK YDULRXV

DSSURDFKHV WKDW GLoHU LQ WKHLU WUHDWPHQW RI PRGHO XQFHUWDLQW\� 7KH RSWLPDO SRUWIROLR

FKRLFHV FDQ GLoHU WR HFRQRPLFDOO\ VLJQLpFDQW GHJUHHV� HVSHFLDOO\ IRU VKRUW�KRUL]RQ KLJK

ULVN�WROHUDQFH LQYHVWRUV� :H GHFRPSRVH WKH YDULDQFH RI SUHGLFWHG VWRFN UHWXUQV LQWR VHY�

HUDO FRPSRQHQWV� LQFOXGLQJ PRGHO XQFHUWDLQW\ DQG SDUDPHWHU XQFHUWDLQW\� 7KH PRGHO�

XQFHUWDLQW\ FRPSRQHQW FDQ EH VLJQLpFDQWO\ KLJKHU WKDQ WKH SDUDPHWHU�XQFHUWDLQW\ FRP�

SRQHQW� HVSHFLDOO\ ZKHQ SUHGLFWLYH YDULDEOHV� VXFK DV GLYLGHQG \LHOG DQG ERRN�WR�PDUNHW�

DUH DW WKHLU UHFHQWO\ REVHUYHG OHYHOV� DQG WKHUH LV VXEVWDQWLDO SULRU XQFHUWDLQW\ DERXW

ZKHWKHU UHWXUQV DUH SUHGLFWDEOH�



, QWU RGXFWLRQ

3RUWIROLR GHFLVLRQV LQ WKH SUHVHQFH RI IRUHFDVWLQJ YDULDEOHV DQG SDUDPHWHU XQFHUWDLQW\ KDYH

EHHQ DQDO\]HG LQ VHYHUDO UHFHQW VWXGLHV� )RU H[DPSOH� .DQGHO DQG 6WDPEDXJK ������ VKRZ

WKDW HYHQ ZKHQ WKH VWDWLVWLFDO HYLGHQFH RI SUHGLFWDELOLW\ VHHPV UDWKHU ZHDN� WKH RSWLPDO

HTXLW\�YHUVXV�FDVK DOORFDWLRQ IRU D VLQJOH�SHULRG LQYHVWRU FDQ GHSHQG VWURQJO\ RQ WKH FXU�

UHQW YDOXH RI D SUHGLFWLYH YDULDEOH� VXFK DV GLYLGHQG \LHOG� %DUEHULV ������ DQDO\]HV WKH

SRUWIROLR FKRLFH RI D ORQJ�KRUL]RQ LQYHVWRU DQG pQGV WKDW DV WKH OHQJWK RI KRUL]RQ LQFUHDVHV�

VWURQJ SUHGLFWDELOLW\ OHDGV WR D KLJKHU LQYHVWPHQW LQ HTXLWLHV� %RWK VWXGLHV LQFRUSRUDWH

?HVWLPDWLRQ ULVN�� RU WKH LQYHVWRU
V XQFHUWDLQW\ DERXW WKH SDUDPHWHUV RI D JLYHQ IRUHFDVWLQJ

PRGHO� +RZHYHU� WKH VWXGLHV GR QRW LQFRUSRUDWH WKH LQYHVWRU
V XQFHUWDLQW\ DERXW WKH DSSUR�

SULDWH IRUHFDVWLQJ PRGHO� DQG WKXV� WKHLU UHVXOWV DUH FRQGLWLRQHG XSRQ D JLYHQ PRGHO�

$ FRPPRQ SUDFWLFH LQ DSSOLHG ZRUN IRU GHDOLQJ ZLWK D VHW RI DOWHUQDWLYH PRGHOV LV WR

VHOHFW D VLQJOH PRGHO IURP WKH VHW DQG WKHQ SURFHHG WR XVH WKDW PRGHO IRU WKH HFRQRPLF GH�

FLVLRQ DW KDQG� )RU H[DPSOH� %RVVDHUWV DQG +LOOLRQ ������ DQG 3HVDUDQ DQG 7LPPHUPDQQ

������ XVH YDULRXV PRGHO�VHOHFWLRQ FULWHULD WR VHOHFW D VHW RI YDULDEOHV WKDW SUHGLFW VWRFN UH�

WXUQV� 6HOHFWLQJ D VLQJOH PRGHO GRHV QRW DFFRXQW IRU PRGHO XQFHUWDLQW\� HYHQ WKRXJK WKH XVH

RI D PRGHO�VHOHFWLRQ FULWHULRQ LPSOLFLWO\ UHFRJQL]HV WKH SUHVHQFH RI VXFK XQFHUWDLQW\� 7KH

VHOHFWHG PRGHO LV HVVHQWLDOO\ YLHZHG DV KDYLQJ D SUREDELOLW\ RI XQLW\ EHLQJ WKH ?FRUUHFW�

RQH� WKHUHE\ RYHUVWDWLQJ WKH SUHFLVLRQ RI WKH IRUHFDVW�� 2QH PLJKW VXVSHFW WKDW XQFHUWDLQW\

DERXW WKH FRUUHFW PRGHO IRU SUHGLFWLQJ DVVHW UHWXUQV FRXOG SOD\ D UROH LQ SRUWIROLR GHFLVLRQV�

VLQFH H[SHFWHG IXWXUH UHWXUQV DUH OLNHO\ WR GLoHU DFURVV GLVWLQFW IRUHFDVWLQJ PRGHOV� 7KHVH

GLoHUHQFHV UHVXOW LQ DGGLWLRQDO XQFHUWDLQW\ DERXW IXWXUH VWRFN UHWXUQV DQG� WKHUHIRUH� PDNH

�/H D PH U �� � � � � S� � � D UJ XH V� ? $ PELJ XLW\ D ER XW PR GH O VH OH F WLR Q VKR XOG GLOXWH LQIR UPD WLR Q D ER XW T XD Q�

WLWLH V R I LQWH UH VW D V SD UW R I WKH H Y LGH QF H LV VSH QW WR VSH F LI\ WKH PR GH O��
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HTXLWLHV OHVV DWWUDFWLYH WR ULVN�DYHUVH LQYHVWRUV�

7KLV VWXG\ LQFRUSRUDWHV WKH DGGLWLRQDO GLPHQVLRQ RI PRGHO XQFHUWDLQW\ LQWR DQ HPSLUL�

FDO LQYHVWLJDWLRQ RI VWRFN�UHWXUQ SUHGLFWDELOLW\� 7KH %D\HVLDQ DSSURDFK XVHG KHUH GRHV QRW

LGHQWLI\ D VLQJOH ?EHVW� PRGHO� ,QVWHDG� IRU DQ\ SRUWIROLR ZKRVH UHWXUQV DUH WR EH SUHGLFWHG�

ZH FRQVLGHU DOO SRVVLEOH FRPELQDWLRQV RI D VHW RI 0 IRUHFDVWLQJ YDULDEOHV WKDW DUH EHOLHYHG

WR JRYHUQ WKH HYROXWLRQ RI H[SHFWHG VWRFN UHWXUQV� (DFK RI WKH �0 FRPELQDWLRQV FRQVWLWXWHV

D XQLTXH OLQHDU GDWD�JHQHUDWLQJ SURFHVV KDYLQJ D SRVWHULRU PRGHO SUREDELOLW\� 0RGHO XQFHU�

WDLQW\ LV LQFRUSRUDWHG YLD %D\HVLDQ PRGHO DYHUDJLQJ� ZKLFK XVHV WKH SRVWHULRU SUREDELOLWLHV

DV ZHLJKWV RQ WKH LQGLYLGXDO GDWD�JHQHUDWLQJ PRGHOV WR REWDLQ RQH RYHUDOO ZHLJKWHG SUHGLF�

WLYH GLVWULEXWLRQ� 7KH ODWWHU LV XVHG WR H[SORUH WKH SRWHQWLDO LPSDFW RI PRGHO XQFHUWDLQW\

RQ WKH LQYHVWPHQW RSSRUWXQLW\ VHW�

'HSDUWLQJ IURP WKH WUDGLWLRQDO IRFXV RQ D VLQJOH LQYHVWDEOH ULVN\ DVVHW� ZH FRQVLGHU EX\�

DQG�KROG� ORQJ�KRUL]RQ LQYHVWRUV ZKR LQFRUSRUDWH HVWLPDWLRQ ULVN �SDUDPHWHU XQFHUWDLQW\�

LQ DOORFDWLQJ IXQGV DPRQJ VL]H�VRUWHG SRUWIROLRV DQG WKH ULVN�IUHH 7UHDVXU\ ELOO�� :H GHFRP�

SRVH WKH YDULDQFH RI SUHGLFWHG FXPXODWLYH UHWXUQV RQ WKHVH SRUWIROLRV RYHU WKH LQYHVWPHQW

KRUL]RQ LQWR WKUHH FRPSRQHQWV� WKH FURVV�PRGHO XQFHUWDLQW\� WKH ZLWKLQ�PRGHO SDUDPHWHU

XQFHUWDLQW\� DQG WKH XQFHUWDLQW\ DERXW IXWXUH UHWXUQV FRPSXWHG DV WKRXJK WKH IRUHFDVWLQJ

PRGHO DQG WKH PRGHO�VSHFLpF SDUDPHWHUV ZHUH NQRZQ�

:H VKRZ WKDW LI LQYHVWRUV GLVSOD\ VXEVWDQWLDO SULRU XQFHUWDLQW\ DERXW ZKHWKHU VWRFN UH�

WXUQV DUH SUHGLFWDEOH DQG FRQVLGHU WKH HYHQWV RI SUHGLFWDELOLW\ YHUVXV QR SUHGLFWDELOLW\ DV

HTXDOO\ OLNHO\ H[ DQWH� WKHQ WKH PRGHO�XQFHUWDLQW\ FRPSRQHQW FDQ EH VLJQLpFDQWO\ KLJKHU

� 7 R WKH EH VW R I R XU N QR Z OH GJ H � Z H D UH WKH pUVW WR D QD O\ ] H SR UWIR OLR GH F LVLR QV D F UR VV PXOWLSOH ULVN \ D VVH WV

LQ WKH SUH VH QF H R I ER WK H VWLPD WLR Q ULVN D QG SUH GLF WLY H Y D ULD EOH V�
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WKDQ WKH SDUDPHWHU�XQFHUWDLQW\ FRPSRQHQW� DQG WKH VXP RI WKHVH WZR FRPSRQHQWV FDQ DF�

FRXQW IRU D VLJQLpFDQW SRUWLRQ RI WKH RYHUDOO SUHGLFWLYH YDULDQFH� 7KLV pQGLQJ LV HVSHFLDOO\

SURPLQHQW ZKHQ SUHGLFWLYH YDULDEOHV WKDW DUH SHUFHLYHG WR KDYH EHHQ LQGLFDWRUV RI IXQGD�

PHQWDO YDOXHV ^ VXFK DV ERRN�WR�PDUNHW� GLYLGHQG \LHOG� DQG HDUQLQJV \LHOG ^ DUH DW WKHLU

UHFHQWO\ REVHUYHG OHYHO� 7R HODERUDWH� LQ UHFHQW \HDUV� HTXLW\ PDUNHWV KDYH EHHQ RYHUZKHOP�

LQJO\ EXOOLVK� $V D UHVXOW� WKH FXUUHQW YDOXHV RI ERRN�WR�PDUNHW� GLYLGHQG \LHOG� DPRQJ RWKHU

YDULDEOHV� ZKLFK DUH LQYHUVHO\ UHODWHG WR D VWRFN�SULFH LQGH[ OHYHO� KDYH EHHQ VXEVWDQWLDOO\

GLVWDQW IURP WKHLU VDPSOH PHDQV� WKHUHE\ JLYLQJ ULVH WR WKH PRGHO�XQFHUWDLQW\ FRPSRQHQW�

%DVHG RQ WKH ZHLJKWHG PRGHO� ZKLFK LQFRUSRUDWHV PRGHO XQFHUWDLQW\� WKH RYHUDOO LQYHVW�

PHQW LQ HTXLWLHV DW WKH HQG RI ���� ULVHV ZLWK WKH LQYHVWPHQW KRUL]RQ� 7KLV HoHFW RFFXUV

DV D UHVXOW RI ERWK DQ LQFUHDVH LQ FRQGLWLRQDO H[SHFWHG UHWXUQV WRZDUGV ORQJ�UXQ PHDQV DQG

D UHGXFWLRQ LQ WKH VWDQGDUG GHYLDWLRQ GXH WR SUHGLFWDELOLW\ LQ VWRFN UHWXUQV� 7KH LQFUHDVH

LQ H[SHFWHG UHWXUQV LQ FRQMXFWLRQ ZLWK WKH GHFUHDVH LQ WKH SUHGLFWLYH YDULDQFH PDNHV VWRFNV

ORRN PRUH DWWUDFWLYH WR D ORQJ�KRUL]RQ� ULVN�DYHUVH LQYHVWRU ZKR� WKHUHIRUH� DOORFDWHV PRUH WR

HTXLWLHV� :H VKRZ WKDW FURVV�VHFWLRQDO GLoHUHQFHV LQ SUHGLFWDELOLW\ DFURVV VL]H�VRUWHG SRUWIR�

OLRV SURGXFH GLoHUHQW SDWWHUQV LQ RSWLPDO DVVHW DOORFDWLRQV� )RU H[DPSOH� ZLWK D OHQJWKHQLQJ

KRUL]RQ WKH LQYHVWPHQW LQ ODUJH YHUVXV HLWKHU VPDOO RU PHGLXP�VL]H VWRFNV EHFRPHV PRUH DW�

WUDFWLYH�

7KHUH LV QRW D XQLTXH ZD\ WR LJQRUH PRGHO XQFHUWDLQW\� DQG DVVHW DOORFDWLRQV DUH DOVR

FRPSXWHG XQGHU VSHFLpFDWLRQV WKDW GLoHU ZLWK UHVSHFW WR KRZ WKH\ LJQRUH WKDW XQFHUWDLQW\�

,QYHVWRUV PLJKW� DPRQJ VXFK SRVVLELOLWLHV� VHOHFW RQH PRGHO EDVHG RQ D IRUPDO VHOHFWLRQ FUL�

WHULRQ RU VLPSO\ UHWDLQ DOO HQWHUWDLQHG SUHGLFWLYH YDULDEOHV LQ DQ ?DOO�LQFOXVLYH� PRGHO� :H

FRPSDUH WKH DVVHW DOORFDWLRQ REWDLQHG XVLQJ WKH ZHLJKWHG PRGHO WR WKRVH FRPSXWHG EDVHG RQ

�



WKH KLJKHVW�SRVWHULRU�SUREDELOLW\ PRGHO� WKH DOO�LQFOXVLYH PRGHO� DQG WKH PRGHO WKDW GURSV

DOO HQWHUWDLQHG SUHGLFWRUV � WKH LLG PRGHO RI VWRFN UHWXUQV� :H pQG WKDW RSWLPDO SRUWIROLR

DOORFDWLRQV FDQ GLoHU DFURVV PRGHOV WR HFRQRPLFDOO\ VLJQLpFDQW GHJUHHV� GHSHQGLQJ RQ LQ�

YHVWRUV
 ULVN WROHUDQFH DQG WKH LQYHVWPHQW KRUL]RQ� ,Q SDUWLFXODU� WKH GLoHUHQFHV LQ RSWLPDO

SRUWIROLRV DUH HVSHFLDOO\ DSSDUHQW IRU VKRUW�KRUL]RQ KLJK ULVN�WROHUDQFH LQYHVWRUV�

7KH %D\HVLDQ DSSURDFK WR PRGHO XQFHUWDLQW\ KDV QRW EHHQ ZLGHO\ DGRSWHG LQ DSSOLHG

ZRUN� 7KH WZR PDLQ UHDVRQV DUH WKH GLrFXOW\ LQ FRPSXWLQJ WKH PDUJLQDO OLNHOLKRRG �DQG

KHQFH WKH SRVWHULRU SUREDELOLW\� DQG VHQVLWLYLW\ WR SULRUV� 1RW RQO\ LV FRPSXWLQJ WKH

PDUJLQDO OLNHOLKRRG RIWHQ DQDO\WLFDOO\ LQWUDFWDEOH� EXW LW DOVR UHTXLUHV WKH HOLFLWDWLRQ RI

LQIRUPDWLYH SULRU EHOLHI DERXW DOO RI WKH PRGHO SDUDPHWHUV� 2WKHUZLVH� WKH SRVWHULRU PRGHO

SUREDELOLWLHV DUH QRW GHWHUPLQHG XQLTXHO\� EXW LQVWHDG GHSHQG RQ DUELWUDU\ QRUPDOL]DWLRQV�

%HFDXVH LQIRUPDWLYH SULRUV RIWHQ UHTXLUH VXEMHFWLYH MXGJPHQWV� WKH\ QHHG QRW UHqHFW D FRQ�

VHQVXV YLHZ�� ,Q WKLV VWXG\� WKH SULRU LV GHWHUPLQHG XVLQJ WZR VRXUFHV RI LQIRUPDWLRQ�

LQYHVWRUV
 EHOLHIV DERXW WKH FRUUHFW GDWD�JHQHUDWLQJ PRGHO� DQG LQIRUPDWLRQ FRQYH\HG E\ D

?WUDLQLQJ� VDPSOH� 7KH ODWWHU LV PHUHO\ DQ LQLWLDO VDPSOH REVHUYHG SULRU WR WKH SULPDU\

FRXQWHUSDUW� 7KH PDUJLQDO OLNHOLKRRG LV WKHQ GHULYHG XVLQJ WKH *LEEV VDPSOHU WHFKQLTXH

DGYRFDWHG E\ &KLE ������� 7R DFFRXQW IRU SULRU VHQVLWLYLW\� ZH HYDOXDWH WKH PDUJLQDO OLNH�

OLKRRG RYHU D UDQJH RI SRVVLEOH SULRUV�

7KH UHPDLQGHU RI WKH SDSHU SURFHHGV DV IROORZV� ,Q 6HFWLRQ �� ZH HVWDEOLVK WKH IUDPHZRUN

� . D VV D QG 5D IWH U\ �� � � � � GLVF XVV VH Y H UD O F D VH V LQ Z KLF K PR GH O SUR ED ELOLWLH V F D Q EH F R PSXWH G Z LWK LP�

SUR SH U SULR UV� 6H QVLWLY LW\ R I PR GH O SUR ED ELOLWLH V WR SULR UV LV QR W F R QpQH G WR VPD OO VL] H VD PSOH V� $ V WKH VD PSOH

J UR Z V� WKH SULR U H [ H UWV OH VV LQqXH QF H R Q WKH SR VWH ULR U R I SD UD PH WH UV Z LWKLQ D PR GH O �D QG KH QF H R Q PR GH O

H VWLPD WLR Q�� ,Q F R QWUD VW� WKH LQqXH QF H R I WKH SULR U QH H G QR W Y D QLVK LQ F R PSXWLQJ WKH PD UJ LQD O OLN H OLKR R G

D QG� WKH UH IR UH � QR W LQ K\ SR WKH VLV WH VWLQJ D QG PR GH O VH OH F WLR Q�
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IRU D ORQJ�KRUL]RQ RSWLPDO SRUWIROLR FKRLFH LQ WKH SUHVHQFH RI PRGHO XQFHUWDLQW\� PXOWLSOH

LQYHVWDEOH DVVHWV� DQG PXOWLSOH SUHGLFWLYH YDULDEOHV� :H DOVR SURYLGH WKH SUHOLPLQDULHV RI WKH

%D\HVLDQ PRGHO DYHUDJLQJ PHWKRG LQ WKH FRQWH[W RI SRUWIROLR GHFLVLRQV� 6HFWLRQ � GHVFULEHV

WKH VDPSOH GDWD WKDW FRQWDLQV KLVWRULHV RI UHWXUQV RQ VL]H�VRUWHG SRUWIROLRV DQG UHDOL]DWLRQV

RI VHYHUDO YDULDEOHV WKDW DUH VXVSHFWHG WR KDYH EHHQ UHOHYDQW LQ IRUHFDVWLQJ VWRFN UHWXUQV�

6HFWLRQ � FRQWDLQV UHVXOWV� &RQFOXVLRQV DQG LGHDV IRU IXWXUH UHVHDUFK DUH SURYLGHG LQ 6HFWLRQ

�� 7HFKQLFDO LVVXHV DUH GLVFXVVHG LQ WKH DSSHQGL[�

/LWHUDWXUH UHODWHG WR WKLV ZRUN IROORZV VHYHUDO GLVWLQFW YHLQV� LQFOXGLQJ WKH LQYHVWLJDWLRQ

RI SDUDPHWHU XQFHUWDLQW\ DQG LWV LPSOLFDWLRQV IRU RSWLPDO SRUWIROLR FKRLFH LQ WKH FRQWH[W

RI ERWK LLG UHWXUQV� DQG WLPH�YDU\LQJ H[SHFWHG UHWXUQV�� 6WXGLHV WKDW H[SORUH DVVHW�UHWXUQ

SUHGLFWDELOLW\ LQFOXGH .HLP DQG 6WDPEDXJK ������� &DPSEHOO ������� &DPSEHOO DQG 6KLOOHU

�����D� ����E�� )DPD DQG )UHQFK ������ ������ &KHQ ������� .RWKDUL DQG 6KDQNHQ �������

DQG /R DQG 0DF.LQOD\ ������� DPRQJ RWKHUV� /DVWO\� D FRPSUHKHQVLYH WUHDWPHQW RI PRGHO

XQFHUWDLQW\ DQG YDULDEOH VHOHFWLRQ FDQ EH IRXQG� IRU H[DPSOH� LQ /HDPHU ������� .DVV DQG

5DIWHU\ ������� DQG 5DIWHU\� 0DGLJDQ� DQG +RHWLQJ �������

, /RQJ�+ RU L]RQ 3 RU WIROLR &KRLFH DQG 0 RGHO 8QFHU WDLQW\

7KLV VHFWLRQ GHYHORSV D IUDPHZRUN IRU DQDO\]LQJ ORQJ�KRUL]RQ SRUWIROLR FKRLFHV LQ WKH SUHV�

HQFH RI PRGHO XQFHUWDLQW\� SDUDPHWHU XQFHUWDLQW\ ZLWKLQ DQ\ IRUHFDVWLQJ PRGHO� PXOWLSOH

LQYHVWDEOH DVVHWV� DQG PXOWLSOH SUHGLFWLYH YDULDEOHV� ,W FRQVWLWXWHV WKH PHWKRGRORJLFDO SDUW

�6H H � IR U H [ D PSOH � %D Z D � %UR Z Q� D QG . OH LQ �� � � � �� -R EVR Q D QG . R UN LH �� � � � �� -R ULR Q �� � � � �� D QG ) UR VW

D QG 6D Y D ULQR �� � � � ��
�6H H � IR U H [ D PSOH � . D QGH O D QG 6WD PED XJ K �� � � � � D QG %D UEH ULV �� � � � �� 6WXGLH V R Q OR QJ �KR UL] R Q SR UWIR OLR

F KR LF H LQ WKH SUH VH QF H R I WLPH �Y D U\ LQJ H [ SH F WH G UH WXUQV WKD W GR QR W D F F R XQW IR U SD UD PH WH U XQF H UWD LQW\ LQF OXGH

%UH QQD Q� 6F KZ D UW] � D QG /D J QD GR �� � � � �� %UD QGW �� � � � �� D QG & D PSEH OO D QG 9 LF H LUD �� � � � ��
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RI WKH SDSHU DQG LV GLYLGHG LQWR IRXU VXEVHFWLRQV� 6XEVHFWLRQ $ GHVFULEHV WKH LPSOLFDWLRQV

RI XQFHUWDLQW\ DERXW WKH UHWXUQ IRUHFDVWLQJ PRGHO IRU WKH SUREDELOLW\ GLVWULEXWLRQ IXQFWLRQ

RI IXWXUH VWRFN UHWXUQV� ,Q SDUWLFXODU� LW LQWURGXFHV WKH FRQFHSW RI PRGHO DYHUDJLQJ DV WKH

VROXWLRQ WR SRUWIROLR GHFLVLRQ LQ WKH SUHVHQFH RI VXFK XQFHUWDLQW\� ,Q WKH %D\HVLDQ DSSURDFK

XVHG KHUH� WKH D SRVWHULRUL G\QDPLFV RI VWRFN UHWXUQV DQG SUHGLFWLYH YDULDEOHV DUH SHUFHLYHG

WR KDYH EHHQ JRYHUQHG E\ D FRPELQDWLRQ RI D SULRU EHOLHI DERXW WKH XQNQRZQ SDUDPHWHUV

FKDUDFWHUL]LQJ WKH G\QDPLFV� DQG WKH OLNHOLKRRG IXQFWLRQ RI WKH GDWD FRQGLWLRQLQJ XSRQ WKHVH

SDUDPHWHUV� 6XEVHFWLRQ % VSHFLpHV WKH DVVXPSWLRQV RQ WKHVH G\QDPLFV DQG WKH UHVXOWLQJ

OLNHOLKRRG IXQFWLRQ� ,Q 6XEVHFWLRQ &� WKH YDULDQFH RI IXWXUH FXPXODWLYH VWRFN UHWXUQV LV

GHFRPSRVHG LQWR WKUHH FRPSRQHQWV� LQFOXGLQJ WKH FURVV�PRGHO XQFHUWDLQW\ DQG WKH ZLWKLQ�

PRGHO SDUDPHWHU XQFHUWDLQW\� 7KH FRQWULEXWLRQ RI HDFK FRPSRQHQW WR WKH RYHUDOO SHUFHLYHG

YDULDQFH RI IXWXUH UHWXUQV LV DQDO\]HG LQ 6HFWLRQ �� 6XEVHFWLRQ ' GLVFXVVHV WKH HOLFLWDWLRQ RI

SULRU EHOLHI DERXW WKH XQNQRZQ SDUDPHWHUV� WKH UHVXOWLQJ SRVWHULRU GHQVLW\� DQG WKH FRPSX�

WDWLRQ RI SRVWHULRU SUREDELOLWLHV IRU DOO PRGHOV XQGHU FRQVLGHUDWLRQ�

,W VKRXOG EH HPSKDVL]HG DW WKH RXWVHW WKDW SUHYLRXV VWXGLHV WKDW HPSOR\ WKH %D\HVLDQ

PRGHO DYHUDJLQJ WHFKQLTXH KDYH WUHDWHG WKH H[SODQDWRU\ YDULDEOHV LQ WKH UHJUHVVLRQ PRGHO DV

p[HG QRQ�VWRFKDVWLF�� $ EXLOW�LQ DGYDQWDJH LQ GRLQJ VR LV WKH DELOLW\ WR FRPELQH YDULRXV SULRU

VSHFLpFDWLRQV� VXFK DV WKH QDWXUDO FRQMXJDWH SULRUV� ZLWK WKH FRQGLWLRQDO OLNHOLKRRG IXQFWLRQ

WR SURGXFH DQ DQDO\WLFDO SRVWHULRU GHQVLW\� 7KH SRVWHULRU SUREDELOLW\ RI D PRGHO FDQ WKHUHE\

EH REWDLQHG DQDO\WLFDOO\� +RZHYHU� LQ WKDW DSSURDFK� WKH SRVWHULRU SUREDELOLW\ LV FRPSXWHG

RQO\ IRU D VXEVHW RI WKH RYHUDOO GDWD SRLQWV � WKH GHSHQGHQW YDULDEOHV LQ WKH UHJUHVVLRQ PRGHO�

,Q WLPH�VHULHV UHJUHVVLRQV� DOWKRXJK WKH H[SODQDWRU\ YDULDEOHV DUH SUH�DVVLJQHG� WKH\ HYROYH

VWRFKDVWLFDOO\� DQG DV VXFK� WKH\ VKRXOG EH WUHDWHG DV SDUW RI WKH GDWD� ,QGHHG� WR WKH EHVW RI

�6H H � IR U H [ D PSOH � 5D IWH U\ � 0 D GLJ D Q� D QG + R H WLQJ �� � � � � D QG WKH UH IH UH QF H WKH UH LQ�

�



RXU NQRZOHGJH� ZH DUH WKH pUVW WR FRPSXWH PRGHO SRVWHULRU SUREDELOLWLHV IRU DOO WKH VDPSOH

GDWD FRQWDLQLQJ VWRFN UHWXUQV DQG UHDOL]DWLRQV RI VHYHUDO YDULDEOHV WKDW DUH EHOLHYHG WR EH

UHOHYDQW LQ IRUHFDVWLQJ VWRFN UHWXUQV�

$ 7 KH 'HFLVLRQ�0 DNHU 
V 2SWLPL]DWLRQ 3 U REOHP

/HW XV FRQVLGHU D ORQJ�KRUL]RQ ULVN�DYHUVH LQYHVWRU ZKR DOORFDWHV IXQGV DFURVV D ULVN�IUHH

DVVHW DQG 1 ULVN\ DVVHWV� 7KH SRUWIROLR GHFLVLRQ LV PDGH EDVHG XSRQ WKH VDPSOH GDWD j

FRQWDLQLQJ D pQLWH KLVWRU\ RI UHWXUQV RQ WKH ULVN\ DVVHWV DQG UHDOL]DWLRQV RI VHYHUDO SUHGLF�

WLYH YDULDEOHV WKDW DUH EHOLHYHG WR KDYH EHHQ JRYHUQLQJ WKH HYROXWLRQ RI DVVHW UHWXUQV� ,W LV

DVVXPHG WKDW WKH LQYHVWRU
V SRUWIROLR GHFLVLRQ KDV QR HoHFW RQ WKH SUREDELOLW\ GLVWULEXWLRQ

RI DVVHW UHWXUQV� /DVWO\� FDSLWDO PDUNHWV DUH DVVXPHG WR EH IULFWLRQOHVV�

)RU WKH DERYH�GHVFULEHG LQYHVWRU� WKH TXDQWLW\ RI LQWHUHVW LV WKH FXPXODWLYH H[FHVV UHWXUQ

RQ WKH FKRVHQ SRUWIROLR RYHU WKH LQYHVWPHQW KRUL]RQ� 7KH YHFWRU RI FXPXODWLYH H[FHVV ORJ

UHWXUQV RQ 1 LQYHVWDEOH DVVHWV LV JLYHQ E\ 57�.  
3.

N � U7�N� ZKHUH U7�N LV DQ 1 d �

YHFWRU RI H[FHVV ORJ UHWXUQV RQ WKH 1 DVVHWV DW WLPH 7 � N� 7 GHQRWHV WKH EHJLQQLQJ RI WKH

LQYHVWPHQW KRUL]RQ RU WKH HQG RI WKH VDPSOH SHULRG� DQG . LV WKH OHQJWK RI WKH KRUL]RQ� 7KH

LQYHVWRU FRQVLGHUV DQ LQLWLDO VHW RI - GLVWLQFW PRGHOV WR FRQVWUXFW WKH SUHGLFWLYH GLVWULEXWLRQ

RI VWRFN UHWXUQV� 7KH PRGHO VSDFH LV GHQRWHG E\0� ZKHUH0  I0�� � � � �0-J�

7KH LQYHVWRU
V WUDGHRo EHWZHHQ ULVN DQG UHWXUQ LV UHqHFWHG WKURXJK DQ LVR�HODVWLF XWLOLW\

IXQFWLRQ IRU ZHDOWK DW WKH HQG RI WKH LQYHVWPHQW KRUL]RQ�

8�:7�.�  
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!!�

�
�bq:
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7�. IRU q ! � DQG q � ��

OQ�:7�.� IRU q  ��
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ZKHUH q LV WKH GHFLVLRQ�PDNHU
V UHODWLYH ULVN�DYHUVLRQ FRHrFLHQW� DQG :7�. GHQRWHV WKH

�



WHUPLQDO ZHDOWK� 7KH ODWWHU LV FRPSXWHG DV�

:7�.  :7

d
��b ��w1 � H[S�UI.� � �� H[S�UI.w1 �57�.�

e
� ���

ZKHUH :7 LV WKH ZHDOWK DW WKH HQG RI WKH VDPSOH SHULRG� � LV DQ 1 d � YHFWRU GHQRWLQJ

SRUWIROLR ZHLJKWV FKRVHQ IRU 1 ULVN\ DVVHWV DW WLPH 7 � w1 LV DQ 1 d � YHFWRU RI RQHV� DQG

UI LV WKH FRQWLQXRXVO\ FRPSRXQGHG ULVN�IUHH UDWH RI UHWXUQ�
� )URP WKH SURSHUWLHV RI WKH

LVR�HODVWLF XWLOLW\ IXQFWLRQ� WKH IUDFWLRQ RI ZHDOWK LQYHVWHG LQ HTXLWLHV LV LQGHSHQGHQW RI :7 �

ZKLFK LV� WKHUHIRUH� QRUPDOL]HG WR XQLW\�

7KH SUHGLFWLYH GLVWULEXWLRQ RI FXPXODWLYH VWRFN UHWXUQV WKDW GHSHQGV VROHO\ XSRQ WKH

VDPSOH GDWD DYHUDJHV RYHU DOO WKH FRQGLWLRQDO SUHGLFWLYH GLVWULEXWLRQV RI LQGLYLGXDO PRGHOV

EHORQJLQJ WR0 DQG LV FRPSXWHG DV��

3 �57�. Mj�  
-;
M �

3 �57�. M0M �j�3 �0M Mj� � ���

7KH pUVW IDFWRU RQ WKH ULJKW�KDQG VLGH RI HTXDWLRQ ��� LV WKH SUHGLFWLYH GLVWULEXWLRQ IRU

ORQJ�KRUL]RQ UHWXUQV SHUWDLQLQJ WR PRGHO0M DQG LV JLYHQ E\�

3 �57�. M0M �j�  

=
dM

3 �57�. MdM �0M�j�3 �dMM0M�j�GdM� ���

ZKHUH dM GHQRWHV WKH YHFWRU RI SDUDPHWHUV LQ0M DQG 3 �dMM0M�j� LV WKH GHFLVLRQ�PDNHU
V

SRVWHULRU EHOLHI DERXW WKHVH SDUDPHWHUV� 7KH VHFRQG IDFWRU RQ WKH ULJKW�KDQG VLGH LV WKH

SRVWHULRU SUREDELOLW\ RI0M� ZKLFK LV JLYHQ E\�

3 �0M Mj�  3 �jM0M�3 �0M�3-
L � 3 �jM0L�3 �0L�

� ���

� 7 KH ULVN �IUH H UD WH R I UH WXUQ LV D VVXPH G WR EH F R QVWD QW R Y H U WKH LQY H VWPH QW KR UL] R Q� ,WV PR QWKO\ UD WH LV

VH W H T XD O WR WKH UD WH R Q D R QH �PR QWK 7 UH D VXU\ ELOO SUH Y D LOLQJ D W WKH H QG R I WKH VD PSOH SH ULR G Z KLF K LV � �� � �

LQ D QQXD OL] H G WH UPV�
� 7 KUR XJ KR XW WKH VWXG\ � 3 Z LOO VH UY H D V D J H QH ULF QR WD WLR Q IR U SUR ED ELOLW\ GH QVLW\ IXQF WLR Q�
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ZKHUH 3 �0M� LV WKH GHFLVLRQ�PDNHU
V SULRU EHOLHI WKDW 0M LV WKH FRUUHFW PRGHO� DQG

3 �jM0M� LV WKH PDUJLQDO OLNHOLKRRG RI WKH GDWD� 7KH ODWWHU LV FRPSXWHG DV�

3 �jM0M�  

=
dM

3 �jMdM�0M�3 �dM M0M�GdM � ���

ZKHUH 3 �jMdM �0M� DQG 3 �dM M0M� GHQRWH WKH OLNHOLKRRG RI WKH GDWD FRQGLWLRQLQJ XSRQ WKH

VHW RI SDUDPHWHUV LQ0M DQG WKH LQYHVWRU
V SULRU EHOLHI DERXW WKHVH SDUDPHWHUV� UHVSHFWLYHO\�

(TXDWLRQ ��� LQGLFDWHV WKDW WKH PDUJLQDO OLNHOLKRRG LV PHUHO\ WKH QRUPDOL]LQJ FRQVWDQW RI

WKH SRVWHULRU GHQVLW\�

:LWK D GRJPDWLF EHOLHI DERXW WKH UHWXUQ IRUHFDVWLQJ PRGHO� XVLQJ WKH SUHGLFWLYH GHQ�

VLW\ LQ ��� LV WKH ZHOO�NQRZQ %D\HVLDQ VROXWLRQ WR GHULYLQJ RSWLPDO SRUWIROLR FKRLFHV LQ WKH

SUHVHQFH RI HVWLPDWLRQ ULVN� 7KH SUHGLFWLYH GHQVLW\ LV REWDLQHG DIWHU LQWHJUDWLQJ RXW WKH

SDUDPHWHU VSDFH d� ZKLFK H[SOLFLWO\ WDNHV DFFRXQW RI WKH XQFHUWDLQW\ DERXW WKH PRGHO SD�

UDPHWHUV� 7KH %D\HVLDQ VROXWLRQ LQ FRQWURO SUREOHPV ZDV LQWURGXFHG E\ =HOOQHU DQG &KHWW\

������ DQG KDV EHHQ H[WHQVLYHO\ XVHG LQ SRUWIROLR GHFLVLRQV LQ WKH FRQWH[W RI ERWK LLG UHWXUQV

DQG WLPH�YDU\LQJ H[SHFWHG UHWXUQV�

:KDW LI LQYHVWRUV HQFRXQWHU D VHW RI SODXVLEOH IRUHFDVWLQJ PRGHOV D SULRUL" )RU H[DPSOH�

LQYHVWRUV PLJKW EH XQFHUWDLQ DERXW ZKHWKHU RU QRW VWRFN UHWXUQV DUH SUHGLFWDEOH RU� FRQGL�

WLRQDO XSRQ KDYLQJ SUHGLFWDELOLW\� LQYHVWRUV PLJKW EH FRQFHUQHG ZLWK VHOHFWLQJ WKH UHOHYDQW

IRUHFDVWLQJ YDULDEOHV� ,Q WKDW FDVH� WKH QRWLRQ RI PRGHO XQFHUWDLQW\ DULVHV� )RUHFDVWLQJ VWRFN

UHWXUQV FRQGLWLRQDO XSRQ D VLQJOH PRGHO VHOHFWHG IURP WKH IHDVLEOH VHW� DV LV FRPPRQ SUDFWLFH

LQ HFRQRPHWULFV� ZLOO WHQG WR RYHUVWDWH WKH SUHFLVLRQ RI WKH IRUHFDVW E\ QRW WDNLQJ DFFRXQW

RI WKH XQFHUWDLQW\ DERXW ZKLFK PRGHO LV WKH FRUUHFW RQH��

�/H D PH U �� � � � � SS� � � �� � GH VF ULEH V WKH QD WXUH R I WKH F R PPR Q SUD F WLF H R I VH OH F WLQJ D Q H F R QR PH WULF PR GH O

D V IR OOR Z V� ?7 KH FRQFHSWV RI X QELDV HGQHV V � FRQV LV WHQF\� Hr FLHQF\� PD[ LPX P�OLNHOLKRRG HV WLPDWLRQ� LQ IDFW�

�



7KH GHVLUH WR DFFRXQW IRU PRGHO XQFHUWDLQW\ LQ GHULYLQJ D VHQVLEOH SRUWIROLR FKRLFH GLF�

WDWHV XVLQJ D SUHGLFWLYH GLVWULEXWLRQ WKDW DYHUDJHV RXW WKH PRGHO VSDFH � WKH XQFRQGLWLRQDO

SUHGLFWLYH GLVWULEXWLRQ GLVSOD\HG LQ HTXDWLRQ ���� %\ GRLQJ VR� WKH LQYHVWRU
V SUREOHP FDQ

EH GHVFULEHG DV WKH PD[LPL]DWLRQ RI WKH XQFRQGLWLRQDO H[SHFWHG XWLOLW\ LQ WKH SUHVHQFH RI

ERWK XQFHUWDLQW\ DERXW WKH UHWXUQ IRUHFDVWLQJ PRGHO DQG SDUDPHWHU XQFHUWDLQW\ ZLWKLQ DQ\

IRUHFDVWLQJ PRGHO EHORQJLQJ WR0�

7KH GHFLVLRQ�PDNHU
V RSWLPL]DWLRQ SUREOHP LQ WKH SUHVHQFH RI VXFK XQFHUWDLQW\ LV IRU�

PXODWHG DV�

�e  DUJPD[
�

=
57�.

8 �:7�.�

�
� ;
0M�0

3 �57�. M0M�j�3 �0M Mj�
�
� G57�. � ���

VXEMHFW WR WKH IHDVLELOLW\ FRQVWUDLQW GLVSOD\HG LQ HTXDWLRQ ���� :H GR QRW WUXQFDWH WKH WDLOV RI

WKH VWRFN�UHWXUQ GLVWULEXWLRQ� 7KHUHIRUH� VKRUW VHOOLQJ DQG EX\LQJ RQ PDUJLQ DUH SUHFOXGHG�

RWKHUZLVH� WKH H[SHFWHG XWLOLW\ ZRXOG EH HTXDO WR b�� &���� WKH IHDVLEOH VHW RI DOORFDWLRQV�

WKXV VDWLVpHV�

&���  
j
� � � x �L � � � L� DQG ��w1 � �

k
� ���

7KH RSWLPDO SRUWIROLR FKRLFH� �e� LQ HTXDWLRQ ��� FDQQRW EH REWDLQHG DQDO\WLFDOO\� 7KHUH�

IRUH� ZH DSSUR[LPDWH WKH LQWHJUDO LQ WKDW HTXDWLRQ E\ WDNLQJ GUDZV
Q
5
�J�
7�.

R*
J �

IURP WKH

XQFRQGLWLRQDO �ZHLJKWHG� SUHGLFWLYH GLVWULEXWLRQ DQG XVLQJ QXPHULFDO RSWLPL]DWLRQ FRGH WR

PD[LPL]H WKH TXDQWLW\�

( >8�:7�.����@  
�

*
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J �

Q
��b ��w1 � H[S�UI.� � �� H[S�UI.w1 �5

�J�
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R�bq
�b q

� ���

DOO WKH FRQFHSWV RI WUDGLWLRQDO WKHRU\� X WWHUO\ ORV H WKHLU PHDQLQJ E\ WKH WLPH DQ DSSOLHG UHV HDUFKHU SX OOV IURP

WKH EUDPEOH RI FRPSX WHU RX WSX W WKH RQH WKRUQ RI D PRGHO KH OLNHV EHV W� WKH RQH KH FKRRV HV WR SRUWUD\ DV D

URV H�� 0 R XOWR Q �� � � � � H PSOR \ V WKLV D UJ XPH QW WR PR WLY D WH KLV %D \ H VLD Q PR GH O D Y H UD J LQJ D SSOLF D WLR Q�

��



ZKHUH * GHQRWHV WKH QXPEHU RI GUDZV�

7KH H[SHFWDWLRQ LQ HTXDWLRQ ��� LV WDNHQ ZLWK UHVSHFW WR WKH ZHLJKWHG SUHGLFWLYH GLVWULEX�

WLRQ 3 �57�. Mj�  
3

0M�0
3 �57�. M0M �j�3 �0M Mj�� 6DPSOLQJ IURP WKDW GLVWULEXWLRQ

LV REWDLQHG E\ pUVW GUDZLQJ D PRGHO 0M � 0 ZLWK SUREDELOLW\ 3 �0MMj�� )XWXUH ORQJ�

KRUL]RQ FXPXODWLYH H[FHVV ORJ UHWXUQV DUH WKHQ GUDZQ IURP WKH FRQGLWLRQDO SUHGLFWLYH GLVWUL�

EXWLRQ 3 �57�. M0M �j�� &RPSXWLQJ WKH SRVWHULRU SUREDELOLW\ DQG GUDZLQJ VWRFN UHWXUQV

IURP WKH FRQGLWLRQDO SUHGLFWLYH GLVWULEXWLRQ ZLOO EH GLVFXVVHG EHORZ�

% 7 KH &RQGLWLRQDO 'LVWU LEXWLRQ RI 6WRFN 5HWXU QV

7KH FRQWLQXRXVO\ FRPSRXQGHG H[FHVV UHWXUQV DQG SUHGLFWLYH YDULDEOHV DUH PRGHOHG XVLQJ D

PXOWLYDULDWH UHJUHVVLRQ IUDPHZRUN� ,Q SDUWLFXODU� WKH 1 d � YHFWRU RI H[FHVV ORJ UHWXUQV LV

WKH GHSHQGHQW YDULDEOH LQ WKH PXOWLYDULDWH SUHGLFWLYH UHJUHVVLRQ�

U�W  [�Wb�%5 � s�W� ����

ZKHUH [�Wb�  ��� ]
�
Wb��� DQG ]Wb� FRQWDLQV 0 H[ DQWH YDULDEOHV REVHUYHG DW WKH HQG RI Wb ��

7KHVH PD\ LQFOXGH WKH GLYLGHQG \LHOG� WHUP VWUXFWXUH VORSH� GHIDXOW VSUHDG� DQG ERRN�WR�

PDUNHW UDWLR� DPRQJ RWKHU YDULDEOHV WKDW DUH EHOLHYHG WR EH UHOHYDQW LQ IRUHFDVWLQJ DVVHW

UHWXUQV� %5 LV DQ �0 � �� d 1 PDWUL[ RI WKH PXOWLYDULDWH UHJUHVVLRQ FRHrFLHQWV� 7KH

GLVWXUEDQFH WHUPV� sW� W  �� � � � � 7 � DUH DVVXPHG WR REH\ WKH VWDQGDUG DVVXPSWLRQ RI D

]HUR H[SHFWDWLRQ FRQGLWLRQDO RQ WKH VHW RI LQVWUXPHQWV ]Wb�� ,W LV DOVR DVVXPHG WKDW WKH

GLVWXUEDQFHV DUH VHULDOO\ XQFRUUHODWHG DQG KDYH YDULDQFH HTXDO WR WKH 1 d1 PDWUL[ h55�
��

��6WD PED XJ K �� � � � D QG � � � � � VKR Z V WKD W Z KLOH sW KD V ] H UR H [ SH F WD WLR Q F R QGLWLR QD O R Q ]V IR U V � W� WKH

H [ SH F WD WLR Q R I sW F R QGLWLR QD O R Q ]V IR U V y W LV QR Q] H UR � ,Q ID F W� F R QWUD U\ WR WKH VWD QGD UG UH J UH VVLR Q PR GH O�

WKH SUH GLF WLY H Y D ULD EOH V LQ D WLPH VH ULH V VH WWLQJ H Y R OY H VWR F KD VWLF D OO\ � 7 KH UH IR UH � UH J UH VVLR Q H T XD WLR Q �� � �

GH SD UWV IUR P WKH VWD QGD UG %D \ H VLD Q UH J UH VVLR Q IUD PH Z R UN GLVF XVVH G� IR U H [ D PSOH � E\ =H OOQH U �� � � � � D QG %R [

��



%\ OHWWLQJ \�W  �U
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W�� LW IROORZV WKDW WKH GDWD�JHQHUDWLQJ SURFHVV FDQ EH FKDUDFWHUL]HG

E\ WKH PXOWLYDULDWH UHJUHVVLRQ �DOVR NQRZQ DV D UHVWULFWHG 9$5��

\�W  [�Wb�% � X�W� ����

ZKHUH % LV DQ �0 ���d �1 �0� PDWUL[ RI UHJUHVVLRQ FRHrFLHQWV ZKRVH SDUWLWLRQ LV JLYHQ

E\�
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DQG XW | LLG 1 ���h� ZLWK�
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1RWH WKDW o5 LV WKH 1 d � YHFWRU RI LQWHUFHSWV LQ WKH PXOWLYDULDWH SUHGLFWLYH UHJUHVVLRQ

GLVSOD\HG LQ HTXDWLRQ ����� DQG D5 LV WKH 0 d1 PDWUL[ RI VORSHV LQ WKDW UHJUHVVLRQ� ,Q WKH

VDPH YHLQ� o] LV WKH 0 d � YHFWRU RI LQWHUFHSWV� D] LV DQ 0 d0 PDWUL[ RI VORSHV� DQG h]]

LV WKH FRYDULDQFH PDWUL[ RI WKH UHVLGXDOV LQ WKH PXOWLYDULDWH UHJUHVVLRQ RI FRQWHPSRUDQHRXV

RQ ODJJHG SUHGLFWLYH YDULDEOHV� /DVWO\� h5] LV WKH PDWUL[ RI FRYDULDQFHV RI ]HUR�PHDQ FRQ�

WHPSRUDQHRXV LQQRYDWLRQV WR H[FHVV UHWXUQV DQG SUHGLFWLYH YDULDEOHV�

,Q ZKDW IROORZV� LW ZLOO EH FRQYHQLHQW WR ZRUN ZLWK WKH PDWUL[ IRUP RI WKH PRGHO�

<  ;% � 8� ����

D QG 7 LD R �� � � � �� ,Q WKH VWD QGD UG %D \ H VLD Q UH J UH VVLR Q IUD PH Z R UN � WKH VH W R I Y D ULD EOH V ]Wb� D UH D VVXPH G

WR EH H LWKH U p[ H G QR Q�VWR F KD VWLF R U VWR F KD VWLF � EXW GLVWULEXWH G LQGH SH QGH QWO\ R I WKH GLVWXUED QF H V R I sW IR U

W  � � � � � � 7 � D QG Z LWK D SUR ED ELOLW\ GH QVLW\ IXQF WLR Q QR W LQY R OY LQJ WKH SD UD PH WH UV %5 D QG h 55�
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8QGHU WKH DVVXPSWLRQV VHW IRUWK DERYH� LW IROORZV WKDW

YHF�8� | 1 ���hn,7 � � ����

ZKHUH YHF�8� LV WKH FROXPQ�ZLVH YHFWRUL]DWLRQ RI WKH PDWUL[ 8 � DQG ,7 LV WKH 7 d7 LGHQWLW\

PDWUL[�

,W LV DVVXPHG WKURXJKRXW WKDW ]�� DQ 0 d � YHFWRU RI LQLWLDO YDOXHV RI WKH SUHGLFWLYH

YDULDEOHV� LV QRQ�VWRFKDVWLF� 7KHUHIRUH� WKH OLNHOLKRRG IXQFWLRQ RI WKH GDWD� / �%�h� <� [���

LV SURSRUWLRQDO WR WKH SUREDELOLW\ GHQVLW\ IXQFWLRQ 3 �< M%�h� [�� ZKLFK LV JLYHQ E\�
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DQG WU�c� VWDQGV IRU WKH WUDFH RSHUDWRU�

7KH IUDPHZRUN VHW IRUWK DERYH DQG IXUWKHU GHYHORSHG EHORZ IDFLOLWDWHV DQDO\]LQJ SRUW�

IROLR GHFLVLRQV LQ WKH SUHVHQFH RI PRGHO XQFHUWDLQW\� SDUDPHWHU XQFHUWDLQW\ ZLWKLQ DQ\ IRUH�

FDVWLQJ PRGHO� PXOWLSOH LQYHVWDEOH DVVHWV� DQG PXOWLSOH SUHGLFWLYH YDULDEOHV� ,Q SDUWLFXODU�

WKH FRQGLWLRQDO GLVWULEXWLRQ RI IXWXUH FXPXODWLYH H[FHVV ORJ UHWXUQV� 57�. � LV PXOWLYDULDWH
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QRUPDOO\ GLVWULEXWHG ZLWK PHDQ DQG YDULDQFH GHSHQGLQJ RQ % DQG h� ZKLFK DUH XQLTXHO\

GHWHUPLQHG IRU DQ\ JLYHQ PRGHO� DV GLVFXVVHG EHORZ� DQG WKH PRVW UHFHQW UHDOL]DWLRQV RI WKH

SUHGLFWLYH YDULDEOHV� ]7 � )RUPDOO\� LW IROORZV WKDW

57�. M%�h�j�0M | 1
b
y0M

�i0M

c
� ����

ZKHUH j FRQWDLQV < DQG ]��

:H VKRZ LQ SDUW $ RI WKH DSSHQGL[ WKDW LI WKH VWRFKDVWLF SURFHVVHV JRYHUQLQJ WKH HYROX�

WLRQ RI VWRFN UHWXUQV DQG SUHGLFWLYH YDULDEOHV DUH ERWK FRYDULDQFH�VWDWLRQDU\� WKHQ y0M
DQG

i0M
DUH JLYHQ E\ �WKH QRWDWLRQDO GHSHQGHQFH RI WKH ULJKW�KDQG VLGH SDUDPHWHUV RQ0M LV

VXSSUHVVHG��
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2I FRXUVH� QR SUHGLFWDELOLW\ FRUUHVSRQGV WR D5  �� ,Q WKDW FDVH� yLLG DQG iLLG DUH VLPSO\

HTXDO WR .o5 DQG .h55� UHVSHFWLYHO\� 2EYLRXVO\� ZLWKRXW DFFRXQWLQJ IRU HVWLPDWLRQ ULVN�

WKH FRQGLWLRQDO PHDQ DQG YDULDQFH LQ DQ LLG ZRUOG LQFUHDVH OLQHDUO\ ZLWK WKH LQYHVWPHQW

KRUL]RQ�

& 'HFRPSRVLQJ WKH 3 U HGLFWLYH 9DU LDQFH RI &XPXODWLYH 6WRFN 5HWXU QV

,Q WKH SUHVHQFH RI ERWK PRGHO XQFHUWDLQW\ DQG SDUDPHWHU XQFHUWDLQW\ ZLWKLQ DQ\ IRUHFDVWLQJ

PRGHO� WKH YDULDQFH RI WKH .�SHULRG�DKHDG FXPXODWLYH VWRFN UHWXUQV FDQ EH H[SUHVVHG DV D
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VXP RI WKUHH WHUPV���
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ZKHUH (d DQG 9DUd GHQRWH WKH H[SHFWHG YDOXH DQG YDULDQFH RSHUDWRUV WDNHQ ZLWK UHVSHFW

WR WKH SDUDPHWHU VSDFH DQG��
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7KDW LV� WKH SUHGLFWLYH YDULDQFH RI FXPXODWLYH VWRFN UHWXUQV FDQ EH GHFRPSRVHG LQWR

WKUHH FRPSRQHQWV� L� D PL[WXUH RI YDULDQFHV IURP DQ\ FDQGLGDWH PRGHO� ZKHUH HDFK YDULDQFH

LV FRQGLWLRQHG RQ WKH VHW RI PRGHO�VSHFLpF SDUDPHWHUV� LL� D PL[WXUH RI WKH ZLWKLQ�PRGHO SD�

UDPHWHU XQFHUWDLQW\� DQG LLL� WKH PRGHO�XQFHUWDLQW\ FRPSRQHQW� 7KH HPSLULFDO VHFWLRQ WKDW

IROORZV TXDQWLpHV HDFK RI WKHVH WKUHH FRPSRQHQWV IRU YDULRXV LQYHVWPHQW�KRUL]RQ OHQJWKV�

2QH PLJKW VXVSHFW WKDW XQFHUWDLQW\ DERXW WKH FRUUHFW PRGHO IRU SUHGLFWLQJ DVVHW UH�

WXUQV FRXOG SOD\ D UROH LQ SRUWIROLR GHFLVLRQV� VLQFH H[SHFWHG IXWXUH UHWXUQV DUH OLNHO\ WR

GLoHU DFURVV WKH IRUHFDVWLQJ PRGHOV XQGHU FRQVLGHUDWLRQ� 7KH WKLUG IDFWRU LQ ���� UHYHDOV

WKDW VXFK GLoHUHQFHV SURGXFH DGGLWLRQDO XQFHUWDLQW\ DERXW VWRFN UHWXUQV� 7KDW XQFHUWDLQW\

PDNHV VWRFNV ORRN OHVV DWWUDFWLYH WR ULVN�DYHUVH LQYHVWRUV� ZKR WKHUHIRUH FRXOG DOORFDWH OHVV

WR HTXLWLHV�

�� ) R UPD O GH WD LOV D UH J LY H Q LQ SD UW % R I WKH D SSH QGL[ �
�� 8 VLQJ T XD GUD WLF SUH GLF WLY H OR VV� WKH SUH GLF WLY H PH D Q ay LV WKH R SWLPD O SR LQW SUH GLF WLR Q� D QG LW F D Q GLoH U

VXEVWD QWLD OO\ IUR P WKH SUH GLF WLY H PH D Q R I D Q\ SD UWLF XOD U PR GH O� LQF OXGLQJ WKH KLJ KH VW�SR VWH ULR U�SUR ED ELOLW\

PR GH O�
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' 3 U LRU � 3 RVWHU LRU � 3 U HGLFWLYH 'LVWU LEXWLRQ� DQG 0 DU JLQDO /LNHOLKRRG

� 3ULRU 'LVWULEXWLRQ RI WKH 3UHGLFWLYH�5HJUHVVLRQ 3DUDPHWHUV

,QKHUHQW LQ WKH %D\HVLDQ GHFLVLRQ�PDNLQJ SURFHVV LV DQ LQGLYLGXDO ZKR HVWDEOLVKHV D SULRU

EHOLHI DERXW PRGHO SDUDPHWHUV� ,I VHYHUDO SODXVLEOH PRGHOV DUH HQWHUWDLQHG D SULRUL� WKHQ

WKH QRWLRQ RI XQFRQGLWLRQDO SULRU GHQVLW\ HPHUJHV� 7KH XQFRQGLWLRQDO SULRU DYHUDJHV RYHU

FRQGLWLRQDO SULRUV� ZKLFK� LQ WXUQ� DUH GHQRWHG E\ 3� �%�hM0M� IRU M  �� � � � � - � ZHLJKWHG

E\ WKH SULRU SUREDELOLW\ LQ IDYRU RI WKH PRGHO�

3��%�h�  

-;
M �

3 �0M�3� �%�hM0M� � ����

$W WKLV SRLQW� ZH PXVW VSHFLI\ LQIRUPDWLYH SULRU EHOLHIV DERXW SDUDPHWHUV EHORQJLQJ WR

HDFK RI WKH PRGHOV XQGHU FRQVLGHUDWLRQ� ,W LV NQRZQ WKDW QRQ�LQIRUPDWLYH LPSURSHU SULRUV

GR QRW ZRUN LQ K\SRWKHVLV WHVWLQJ DQG PRGHO VHOHFWLRQ SUREOHPV� %HFDXVH LQ PRVW FDVHV�

WKH DUELWUDU\ FRQVWDQWV DSSHDULQJ LQ WKH LPSURSHU SULRU VSHFLpFDWLRQ GR QRW YDQLVK� WKH

UHVXOWLQJ PDUJLQDO OLNHOLKRRG DQG SRVWHULRU SUREDELOLWLHV DUH QRW GHWHUPLQHG XQLTXHO\� EXW

LQVWHDG GHSHQG XSRQ DUELWUDU\ QRUPDOL]DWLRQV���

7KH OLWHUDWXUH SURSRVHV WZR FRPPRQ DSSURDFKHV WR VSHFLI\ D SULRU GHQVLW\ IRU WKH UHJUHV�

VLRQ SDUDPHWHUV� ,Q RQH DSSURDFK� DV GLVFXVVHG� IRU H[DPSOH� E\ &KLE DQG *UHHQEHUJ �������

% DQG h DUH LQGHSHQGHQW DQG REH\ WKH PXOWLYDULDWH QRUPDO DQG LQYHUWHG :LVKDUW GHQVLWLHV�

UHVSHFWLYHO\� ,Q WKH RWKHU DSSURDFK� WKH VR�FDOOHG QDWXUDO FRQMXJDWH SULRU� WKH PDUJLQDO

SULRU SUREDELOLW\ GHQVLW\ IXQFWLRQ �KHQFHIRUWK ?SGI�� IRU h LV VWLOO LQYHUWHG :LVKDUW� EXW WKH

PDUJLQDO GLVWULEXWLRQ RI % REH\V WKH 0DWULF�6WXGHQW W SGI���

/HW XV HPSOR\ WKH pUVW DSSURDFK DQG XVH D PXOWLYDULDWH QRUPDO GHQVLW\ DV WKH PDUJLQDO

��6H H � IR U H [ D PSOH � 3R LULH U� � � � � � SS� � � � �� � � �
��6H H � IR U H [ D PSOH � %R [ D QG 7 LD R �� � � � ��
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SULRU SGI IRU WKH PDWUL[ %��� ,Q VR GRLQJ� ZH SD\ D SULFH� IRU WKH MRLQW SRVWHULRU SGI GRHV QRW

REH\ DQ DQDO\WLFDO IRUP� 7KDW LV� WKH JHQHUDO SULRU QRUPDO SGI GRHV QRW FRPELQH VR QHDWO\

ZLWK WKH OLNHOLKRRG IXQFWLRQ� DV WKH QDWXUDO FRQMXJDWH FRXQWHUSDUW� +RZHYHU� ZH VKRZ WKDW

DSSO\LQJ D 0DUNRY FKDLQ 0RQWH &DUOR SURFHGXUH IDFLOLWDWHV GUDZLQJ IURP WKH MRLQW SRVWHULRU

LQ D VWUDLJKWIRUZDUG PDQQHU�

7KH SULRU SGI RI SDUDPHWHUV EHORQJLQJ WR0M REH\V WKH IRUP �WKH QRWDWLRQDO GHSHQGHQFH

RI WKH ULJKW�KDQG�VLGH SDUDPHWHUV RQ0M LV VXSSUHVVHG��
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ZKHUH p  YHF�%�� 7KH UHJUHVVLRQ SDUDPHWHUV % DQG h DUH LQGHSHQGHQW LQ WKH SULRU DQG

YHF�%� LV QRUPDOO\ GLVWULEXWHG ZLWK PHDQ DQG YDULDQFH HTXDO WR ap DQG &� UHVSHFWLYHO\� 7KH

PDUJLQDO GLVWULEXWLRQ RI h REH\V WKH IRUP RI WKH LQYHUWHG :LVKDUW SGI ZLWK SDUDPHWHU PD�

WUL[ +� DQG {� GHJUHHV RI IUHHGRP�

:LWK DV PDQ\ DV 0 LQVWUXPHQWDO YDULDEOHV� WKHUH DUH -  �0 GLVWLQFW OLQHDU FRP�

SRVLWLRQV RI SUHGLFWLYH YDULDEOHV� HDFK RI ZKLFK UHWDLQV VRPH RI WKH YDULDEOHV DV YDOXDEOH

�� 7 KH UH LV D QR Q�WULY LD O F D Y H D W LQ LPSOH PH QWLQJ WKH QD WXUD O F R QMXJ D WH SULR U GLVWULEXWLR Q LQ D SSOLH G Z R UN �

7 KLV F D Y H D W LV GLVF XVVH G E\ =H OOQH U �� � � � � SS� � � � �� � � � Z KR � LQ WXUQ� UH IH UV WR 5R WKH QEH UJ �� � � � �� 5R WKH QEH UJ

�� � � � � QR WH V WKD W XVLQJ WKH QD WXUD O F R QMXJ D WH SULR U LQY R OY H V SOD F LQJ UH VWULF WLR QV R Q WKH SD UD PH WH UV GXH WR

WKH ID F W WKD W WKH PD WUL[ �; �;�
b�
H QWH UV WKH F R Y D ULD QF H VWUXF WXUH LQ WKH IR OOR Z LQJ Z D \ h n �;�;�

b�
� 6XF K D

F R Y D ULD QF H PD WUL[ LPSR VH V H T XD OLW\ XSR Q WKH UD WLR V R I Y D ULD QF H V R I F R UUH VSR QGLQJ F R H rF LH QWV IR U D Q\ SD LU R I

H T XD WLR QV� ,Q R XU VH WWLQJ � WKD W UH VWULF WLR Q LV SD UWLF XOD UO\ VH Y H UH VLQF H � D V VKR Z Q EH OR Z � Z LWKLQ D Q\ IR UH F D VWLQJ

PR GH O� D IH Z H QWULH V LQ WKH F R Y D ULD QF H PD WUL[ R I % D UH ] H UR H G R XW WR UH qH F W D GR J PD WLF EH OLH I D ER XW WKH

XVH OH VVQH VV R I VR PH Y D ULD EOH V LQ SUH GLF WLQJ D VVH W UH WXUQV� ,I Z H Z H UH WR XVH WKH QD WXUD O F R QMXJ D WH SULR U� Z H

Z R XOG EH IR UF H G WR ] H UR R XW D GGLWLR QD O H QWULH V LQ WKH F R Y D ULD QF H PD WUL[ � Z KLF K PLJ KW UH VXOW LQ D F R QWUD GLF WLR Q

WR WKR VH EH OLH IV�
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VWRFN�UHWXUQ SUHGLFWRUV DQG WUHDWV WKH RWKHUV DV XVHOHVV� )ROORZLQJ %R[ ������� WKH FRPEL�

QDWLRQ RI D SULRU SGI 3��%�hM0M� DQG WKH FRPPRQ OLNHOLKRRG IXQFWLRQ / �%�h�<� [�� LQ ����

LV GHpQHG D VWDWLVWLFDO PRGHO0M � $OWKRXJK DOO WKH HQWHUWDLQHG IRUHFDVWLQJ PRGHOV VKDUH D

FRPPRQ OLNHOLKRRG IXQFWLRQ� WKHLU XQLTXHQHVV VWHPV IURP XQLTXH SULRU SGIV� DV GHVFULEHG

EHORZ�

9DOXHV IRU WKH SULRU SDUDPHWHUV ap� &� +�� DQG {� DUH GHWHUPLQHG XQLTXHO\ IRU HDFK PRGHO

DQG DUH REWDLQHG XVLQJ WZR VRXUFHV RI LQIRUPDWLRQ� WKH XQLTXH GDWD�JHQHUDWLQJ SURFHVV LP�

SOLHG E\ HDFK IRUHFDVWLQJ PRGHO� DQG D WUDLQLQJ VDPSOH� 6SHFLpFDOO\� IRU DQ\ IRUHFDVWLQJ

PRGHO� WKH SULRU EHOLHI DERXW VORSHV LQ WKH UHJUHVVLRQ RI FXUUHQW VWRFN UHWXUQV RQ ODJJHG XVH�

OHVV YDULDEOHV DUH FHQWHUHG DURXQG ]HUR RU� PRUH IRUPDOO\� IRU WKHVH VORSHV� WKHUH DUH GLVFUHWH

VSLNHV RI SUREDELOLW\ DW ]HUR� ,Q GRLQJ VR� ZH HOLFLW SULRU YDOXHV IRU D IHZ HQWULHV LQ WKH PHDQ

YHFWRU ap DQG WKH YDULDQFH PDWUL[ &���

&RPSXWLQJ WKH PDUJLQDO OLNHOLKRRG DOVR QHFHVVLWDWHV WKH HOLFLWDWLRQ RI SULRU EHOLHIV DERXW

WKH UHPDLQLQJ SDUDPHWHUV��� 7KLV WDVN FDQ EH SXUVXHG E\ VSOLWWLQJ WKH VDPSOH LQWR WZR

�� & H QWH ULQJ D VOR SH F R H rF LH QW D UR XQG ] H UR � Z H H [ SOLF LWO\ WUH D W WKD W F R H rF LH QW D V D p[ H G QR Q�UD QGR P

T XD QWLW\ � PH D QLQJ WKD W LWV Y D ULD QF H D QG F R Y D ULD QF H V Z LWK R WKH U SD UD PH WH UV D UH ] H UR H G R XW D V Z H OO� 2I F R XUVH �

] H UR LQJ R XW WKH Y D ULD QF H V R I VXF K VOR SH F R H rF LH QWV F D XVLQJ WKH LU SR VWH ULR U GLVWULEXWLR QV WR EH F R QF H QWUD WH G

D W ] H UR �
��/H D Y LQJ WKH SULR U D V QR Q�LQIR UPD WLY H EXW VWLOO SUR SH U E\ VSH F LI\ LQJ OD UJ H SULR U Y D ULD QF H V LV KR SH OH VV�

) R U H [ D PSOH � 3D VWR U D QG 6WD PED XJ K �� � � � � QR WH WKD W GR XEOLQJ D Q D OUH D G\ OD UJ H Y D ULD QF H N H H SV WKH SULR U

QR Q LQIR UPD WLY H � KH QF H KD Y LQJ D PLQR U H oH F W R Q WKH SR VWH ULR U GLVWULEXWLR Q� EXW WKH PD UJ LQD O OLN H OLKR R G

PLJ KW GLVSOD \ D QR Q�WULY LD O VH QVLWLY LW\ WR WKD W F KD QJ H � 2QH Z D \ WR D Y R LG WKH GLrF XOWLH V D ULVLQJ IUR P XVLQJ D

%D \ H VLD Q WH F KQLT XH LQ PR GH O VH OH F WLR Q LV WR H PSOR \ WKH 6F KZ D U] F ULWH ULR Q LQVWH D G� Z KLF K OH D GV WR D SSUR SULD WH

F R QF OXVLR QV LQ VXrF LH QWO\ OD UJ H VD PSOH V� + R Z H Y H U� WKH QR WLR Q ? VXrF LH QWO\ OD UJ H � LV UD WKH U R EVF XUH � D QG LWV

R SH UD WLR QD O PH D QLQJ OD F N V D Q\ LQWXLWLY H D SSH D O� $ QR WKH U Z D \ R I KD QGOLQJ LPSUR SH U SULR UV LV WKH ? LPD J LQD U\

WUD LQLQJ VD PSOH GH Y LF H �� 7 KLV F R QVLVWV R I LPD J LQLQJ WKD W D Q D GGLWLR QD O GD WD VH W LV D Y D LOD EOH � 6H H . D VV D QG
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SDUWV� WKH VR�FDOOHG WUDLQLQJ VDPSOH DQG WKH UHPDLQLQJ REVHUYDWLRQV FRQVWLWXWLQJ WKH SUL�

PDU\ VDPSOH��� 7KH WUDLQLQJ VDPSOH LV RIWHQ FRPELQHG ZLWK WKH LPSURSHU SULRU GLVWULEXWLRQ

WR SURGXFH D SURSHU SULRU GLVWULEXWLRQ� ,Q SDUWLFXODU� ZKHQ D qDW SULRU RQ UHJUHVVLRQ SD�

UDPHWHUV LV FRPELQHG ZLWK D QRUPDO OLNHOLKRRG IXQFWLRQ RI GDWD IURP WKH WUDLQLQJ VDPSOH�

WKH QDWXUDO FRQMXJDWH SULRU HPHUJHV� �6HH� IRU H[DPSOH� =HOOQHU� ������

2XU VWXG\ XQGHUWDNHV DQ DSSURDFK VLPLODU LQ VSLULW WR WKH RQH GHVFULEHG DERYH� LQ WKDW

ZH VHW DVLGH SDUW RI WKH GDWD WR EH XVHG DV D WUDLQLQJ VDPSOH� +RZHYHU� ZH GHSDUW LQ WZR

ZD\V IURP WKH DERYH�GHVFULEHG PHWKRGRORJ\� ZKLFK LPSOLFLWO\ HPSOR\V WKH QDWXUDO�FRQMXJDWH

SULRU VSHFLpFDWLRQ� )LUVW� WKH UHJUHVVLRQ SDUDPHWHUV % DQG h DUH NHSW LQGHSHQGHQW LQ WKH

SULRU� DV QRWHG DERYH� 6HFRQG� WKH WUDLQLQJ VDPSOH LV XVHG WR HVWDEOLVK RQO\ WKH UHPDLQLQJ

SULRU SDUDPHWHUV� RU WKRVH WKDW KDYH QRW EHHQ GHWHUPLQHG E\ EHOLHIV DERXW WKH FRUUHFW UHWXUQ

IRUHFDVWLQJ PRGHO� �)RU DQ\ IRUHFDVWLQJ PRGHO� VXFK SULRU SDUDPHWHUV LQFOXGH WKH LQWHUFHSWV

DQG VORSH FRHrFLHQWV LQ WKH UHJUHVVLRQ RI FXUUHQW VWRFN UHWXUQV RQ ODJJHG CXVHIXO
 SUHGLFWLYH

YDULDEOHV� WKHLU YDULDQFHV DQG FRYDULDQFHV��

3ULRU VHQVLWLYLW\ ZLOO EH LQYHVWLJDWHG E\ HQWHUWDLQLQJ WKUHH VSOLWWLQJ SRLQWV FRUUHVSRQG�

LQJ WR 7�  ��� 7�  ��� DQG 7�  �� WLPH VHULHV REVHUYDWLRQV� 7KH OHQJWK RI WKH WUDLQLQJ

VDPSOH LV PDSSHG LQWR RXU SULRU YDOXH IRU WKH LQYHUWHG :LVKDUW SDUDPHWHU {� ZKLFK� LQ WXUQ�

LV HTXDO WR 7� b 1 b0 b �� 7KH FKRLFH RI YDULRXV VSOLWWLQJ SRLQWV ZDV DSSOLHG LQ RWKHU

VWXGLHV XQGHUWDNLQJ %D\HVLDQ DSSURDFK IRU K\SRWKHVLV WHVWLQJ DQG PRGHO VHOHFWLRQ� LQFOXGLQJ

0F&XOORFK DQG 5RVVL ������� ZKR DGYRFDWH D %D\HVLDQ DSSURDFK WR WHVWLQJ WKH DUELWUDJH

SULFLQJ WKHRU\� 0F&XOORFK DQG 5RVVL ������ HPSKDVL]H WKDW {� QHHG QRW WDNH WRR VPDOO RU

5D IWH U\ �� � � � � D QG WKH UH IH UH QF H WKH UH LQ�
��6H H � IR U H [ D PSOH � %H UJ H U D QG 3H ULF F KL �� � � � �� 0 F & XOOR F K D QG 5R VVL �� � � � �� D QG 0 R UH QR � %H UWR OLQR � D QG

5D F XJ QR �� � � � ��
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WRR KLJK YDOXHV� RWKHUZLVH WKH SULRU ZRXOG EH H[WUHPHO\ GLoXVH RU WRR WLJKW� UHVSHFWLYHO\�

$V QRWHG HDUOLHU� HDFK LQIRUPDWLRQ YDULDEOH GRHV DSSHDU LQ WKH OLNHOLKRRG IXQFWLRQ ����

DV SDUW RI WKH GDWD ZKHWKHU RU QRW LW LV EHOLHYHG WR EH XVHIXO LQ IRUHFDVWLQJ VWRFN UHWXUQV�

7KH UDWLRQDOH LV WKDW LQ PXOWL�SHULRG DVVHW�DOORFDWLRQ GHFLVLRQV� WKH VWRFKDVWLF HYROXWLRQ RI D

SUHGLFWLYH YDULDEOH SOD\V D UROH LQ GHWHUPLQLQJ WKH GLVWULEXWLRQ RI IXWXUH VWRFN UHWXUQV� �7KH

pUVW WZR PRPHQWV RI WKH FXPXODWLYH H[FHVV ORJ UHWXUQV GLVSOD\HG LQ HTXDWLRQ �� VHUYH DV DQ

LOOXVWUDWLYH H[DPSOH�� ,Q SDUWLFXODU� LW PLJKW EH WKH FDVH WKDW D YDULDEOH LV WUHDWHG DV XVHOHVV

LQ IRUHFDVWLQJ VWRFN UHWXUQV DW WKH VDPH WLPH WKDW LW LV WUHDWHG DV XVHIXO LQ IRUHFDVWLQJ RWKHU

YDULDEOHV WKDW DUH EHOLHYHG WR EH XVHIXO VWRFN�UHWXUQ SUHGLFWRUV�

� 3ULRU 3UREDELOLWLHV RI 5HWXUQ�)RUHFDVWLQJ 0RGHOV

,PSOHPHQWLQJ %D\VLDQ PRGHO DYHUDJLQJ� WKH GHFLVLRQ�PDNHU KDV WR DVVLJQ SULRU SUREDELO�

LWLHV IRU WKH �0 IRUHFDVWLQJ PRGHOV� $ FRQFHLYDEOH ZD\ RI GHDOLQJ ZLWK WKH FRQFHUQ WKDW

?DSSDUHQW SUHGLFWDELOLW\� LV GXH WR GDWD PLQLQJ LV WR DVVRFLDWH KLJKHU SULRU SUREDELOLWLHV WR

WKHRUHWLFDOO\ PRWLYDWHG SUHGLFWLYH YDULDEOHV� �6HFWLRQ � GLVFXVVHV WKH FKRLFH RI SUHGLFWLYH

YDULDEOHV LQ WKLV VWXG\�� +RZHYHU� WKHUH DUH VRPH SUDFWLFDO GLrFXOWLHV ZLWK MXGJLQJ WKH

UHODWLYH VWUHQJWK RI WKH WKHRUHWLFDO DUJXPHQWV DQG� LQ SDUWLFXODU� WKH SODXVLELOLW\ RI WKH XQ�

GHUO\LQJ DVVXPSWLRQV XVHG WR GHULYH WKHP� $IWHU DOO� WKHRULHV DUH QRW IRUPHG LQ D YDFXXP�

7KH WKHRU\�PDNHU KDV DOUHDG\ OHDUQHG DERXW PDQ\ RI WKH UHODWLRQVKLSV DPRQJ YDULDEOHV LQ

WKH GDWD� )XUWKHUPRUH� LI D GHFLVLRQ�PDNHU VXVSHFWV WKDW VRPH SUHGLFWLYH YDULDEOHV DUH PRUH

OLNHO\ WR JHQHUDWH WKH HYROXWLRQ RI H[SHFWHG VWRFN UHWXUQV WKDQ RWKHU SUHGLFWRUV� RU SHUKDSV

WKDW D FRPELQDWLRQ RI PRUH SUHGLFWLYH YDULDEOHV LV PRUH IDYRUDEOH WKDQ FRPELQDWLRQV ZLWK

IHZHU SUHGLFWRUV� WKHQ DVVLJQLQJ D KLJKHU SULRU SUREDELOLW\ WR WKH PRUH IDYRUDEOH PRGHO HQ�

WDLOV VXEMHFWLYH MXGJPHQW� ZKLFK QHHG QRW UHqHFW D FRQVHQVXV YLHZ�

��



2EYLRXVO\� ZH SUHIHU QRW WR JHW LQYROYHG LQ GHWHUPLQLQJ ZKLFK RI WKH �0 FRPELQDWLRQV

LV PRUH IDYRUDEOH D SULRUL� +RZHYHU� LI ZH ZHUH WR DVVLJQ DQ HTXDO SULRU SUREDELOLW\ WR HDFK

FDQGLGDWH PRGHO EHLQJ WKH ?FRUUHFW� RQH H[ DQWH� DV LW LV WKH LPSOLFLW FRPPRQ SUDFWLFH

XVLQJ FODVVLFDO PRGHO�VHOHFWLRQ FULWHULD� VXFK DV WKH DGMXVWHG 5�� ZH ZRXOG ZHLJKW WKH SULRU

EHOLHI LQ IDYRU RI SUHGLFWDELOLW\ E\ DVVLJQLQJ D SULRU PDVV RI RQO\ � �0 WR WKH LLG PRGHO���

2I FRXUVH� WKDW SULRU PDVV DSSURDFKHV ]HUR ZLWK DQ LQFUHDVLQJ QXPEHU RI SUHGLFWLYH YDULDEOHV�

$VVXPLQJ WKDW �L� LQYHVWRUV FRQVLGHU SUHGLFWDELOLW\ RU ODFN WKHUHRI DV HTXDOO\ OLNHO\ H[

DQWH� DQG �LL� FRQGLWLRQDO RQ KDYLQJ SUHGLFWDELOLW\� LQYHVWRUV H[KLELW QRQ�LQIRUPDWLYH EHOLHIV

DERXW WKH IRUP WKDW LW WDNHV� ZH DVVRFLDWH D SULRU SUREDELOLW\ RI ��� WR WKH LLG PRGHO DQG

DVVLJQ WKH UHPDLQLQJ ��� HTXDOO\ DFURVV DOO RWKHU PRGHOV� 7KLV VSHFLpFDWLRQ UHqHFWV D VXE�

VWDQWLDO SULRU XQFHUWDLQW\ DERXW ZKHWKHU VWRFN UHWXUQV DUH SUHGLFWDEOH� DQG ZLOO EH UHIHUUHG

WKURXJKRXW DV WKH ?QRQ�HTXDO�SULRU�SUREDELOLW\ VFHQDULR�� :H DOVR DVVLJQ SULRU SUREDELOLWLHV

HTXDOO\ DFURVV PRGHOV� 7KLV VSHFLpFDWLRQ ZLOO EH UHIHUUHG WKURXJKRXW DV WKH ?HTXDO�SULRU�

SUREDELOLW\ VFHQDULR�� 7KH ODWWHU VFHQDULR UHVWULFWV SRWHQWLDO LPSOLFDWLRQV RI PRGHO XQFHU�

WDLQW\ LQ VWRFN�UHWXUQ SUHGLFWDELOLW\ IRU RSWLPDO SRUWIROLR UXOHV� EHFDXVH DV QRWHG HDUOLHU�

LQ WKDW VFHQDULR� LQYHVWRUV H[KLELW DQ DOPRVW FRPSOHWH IDLWK WKDW VWRFN UHWXUQV DUH LQGHHG

SUHGLFWDEOH� DQG DUH RQO\ XQFHUWDLQ DERXW WKH UHOHYDQW YDULDEOHV WKDW IRUHFDVW WKHVH UHWXUQV�

$ FRQYHQLHQW DUJXPHQW WR FRPEDW WKH PHWKRGRORJ\ GHYHORSHG KHUH LV WKH VRPHZKDW

DUELWUDU\ IDVKLRQ WKDW SULRU SUREDELOLWLHV DUH DVVLJQHG WR PRGHOV� 7DNLQJ WKLV WR WKH H[WUHPH�

KDG WKH SULRU SUREDELOLW\ RI D VLQJOH PRGHO EHHQ XQLW\� WKHQ WKH QRWLRQ RI PRGHO XQFHUWDLQW\

ZRXOG KDYH FRPSOHWHO\ GLVDSSHDUHG� +RZHYHU� LW LV WKH QDWXUH RI DSSOLHG ZRUN WKDW WKH

��,W LV F R PPR Q SUD F WLF H LQ %D \ H VLD Q PR GH O D Y H UD J LQJ WR WD N H WKH SULR U SUR ED ELOLW\ R I H D F K PR GH O D V H T XD O�

6H H � IR U H [ D PSOH � 0 R XOWR Q �� � � � ��

��



UHVHDUFKHU UHYHDOV D SULRU ZLWK UHVSHFW WR WKH FKRLFH RI PRGHO� )RU LQVWDQFH� %DUEHULV ������

LPSOLFLWO\ DVVXPHV WKDW WKH SULRU SUREDELOLW\ RI WKH GLYLGHQG \LHOG PRGHO LV XQLW\� (PSOR\LQJ

D qDW SULRU IRU WKH VORSH FRHrFLHQW LQ WKH UHJUHVVLRQ RI H[FHVV UHWXUQV RQ ODJJHG GLYLGHQG

\LHOG� %DUEHULV DVVLJQV D ]HUR SUREDELOLW\ WR WKH HYHQW WKDW WKH VORSH LV HTXDO WR ]HUR� WKHUHE\

ZHLJKWLQJ KLV SULRU EHOLHI DJDLQVW QR SUHGLFWDELOLW\� %DZD� %URZQ� DQG .OHLQ ������� DPRQJ

RWKHUV� WUHDW WKH LLG PRGHO RI VWRFN UHWXUQV DV WKH ?FRUUHFW� RQH� 0RUHRYHU� XVLQJ PRGHO

VHOHFWLRQ FULWHULD� VXFK DV $,& �$NDLNH� ������ 6,& �6FKZDU]� ������ RU DGMXVWHG 5�� WKH

UHVHDUFKHU H[SUHVVHV KHU EHOLHI WKDW RQH DPRQJ VHYHUDO PRGHOV IDLUO\ GHVFULEHV WKH VWDWH RI

WKH ZRUOG� 6KH LPSOLFLWO\ DVVLJQV HTXDO SULRU SUREDELOLWLHV WR DOO PRGHOV XQGHU FRQVLGHUDWLRQ

DQG HYHQWXDOO\ FKRRVHV D VLQJOH RQH WR SUHGLFW TXDQWLWLHV RI LQWHUHVW�

� 3RVWHULRU 'LVWULEXWLRQ RI WKH 3UHGLFWLYH�5HJUHVVLRQ 3DUDPHWHUV

3DUW & RI WKH DSSHQGL[ GHWDLOV WKH GHULYDWLRQ RI WKH MRLQW SRVWHULRU SGI IRU WKH UHJUHVVLRQ

SDUDPHWHUV� ,W LV VKRZQ WKDW WKH MRLQW SRVWHULRU GRHV QRW UHVHPEOH DQ\ ZHOO�NQRZQ GLVWUL�

EXWLRQ� 1RQHWKHOHVV� HDFK RI WKH IXOO FRQGLWLRQDO GLVWULEXWLRQV REH\V DQ DQDO\WLFDO IRUP�

1DWXUDOO\� ZH DSSO\ WKH *LEEV VDPSOHU WHFKQLTXH WR GUDZ IURP WKH MRLQW SRVWHULRU��� 7KH

DIRUHPHQWLRQHG SRVWHULRU GHQVLW\ LV FRQGLWLRQHG RQ D VHOHFWHG PRGHO DQG LV GHQRWHG E\

3 �%�hMj�0M�� $Q XQFRQGLWLRQDO SRVWHULRU GLVWULEXWLRQ IRU % DQG h LV REWDLQHG E\ FRP�

ELQLQJ WKH OLNHOLKRRG IXQFWLRQ ���� DQG WKH XQFRQGLWLRQDO SULRU GHQVLW\ ����� 7KH UHVXOWLQJ

SRVWHULRU DYHUDJHV RYHU WKH FRQGLWLRQDO SRVWHULRU SGIV� ZHLJKWHG E\ WKH SRVWHULRU SUREDELOLW\

LQ IDYRU RI WKH PRGHO�

3 �%�hMj�  
-;
M �

3 �0M Mj�3 �%�hMj�0M� � ����

�� 7 KH *LEEV VD PSOH U LV D Q LWH UD WLY H 0 R QWH & D UOR PH WKR G GH VLJ QH G WR H [ WUD F W PD UJ LQD O GLVWULEXWLR QV IUR P

LQWUD F WD EOH MR LQW GLVWULEXWLR QV� 7 KH *LEEV VD PSOH U Z D V LQWUR GXF H G E\ *H PD Q D QG *H PD Q �� � � � �� & KLE D QG

*UH H QEH UJ �� � � � � SUH VH QW H [ D PSOH V D SSO\ LQJ WKH *LEEV VD PSOH U WR D Y D ULH W\ R I H F R QR PH WULF PR GH OV�

��



3DUW ' RI WKH DSSHQGL[ SURYLGHV D WKUHH�VWHS DOJRULWKP IRU GUDZLQJ FXPXODWLYH H[FHVV UH�

WXUQV IURP WKH ZHLJKWHG SUHGLFWLYH GLVWULEXWLRQ� 'HWDLOV RQ FRPSXWLQJ PDUJLQDO OLNHOLKRRGV

DQG SRVWHULRU SUREDELOLWLHV DUH JLYHQ LQ SDUW ( RI WKH DSSHQGL[�

, , 7 KH 'DWD

)RU HDFK RI VHYHUDO UHWXUQ IRUHFDVWLQJ PRGHOV� ZH FRPSXWH WKH RSWLPDO SRUWIROLR FKRLFH DV

ZHLJKWV DVVLJQHG WR WKUHH VL]H SRUWIROLRV DQG WKH ULVN�IUHH 7UHDVXU\ ELOO� 6L]H SRUWIROLRV DUH

FRQVWUXFWHG IURP &563
V FDSLWDOL]DWLRQ pOH DV HTXDO DYHUDJHV RI VPDOO� PHGLXP� DQG ODUJH

FDSLWDOL]DWLRQ pUPV EHORQJLQJ WR GHFLOH SRUWIROLRV ���� ���� DQG ����� UHVSHFWLYHO\� :H FRQ�

VLGHU VL[ LQIRUPDWLRQ YDULDEOHV� WKH GLYLGHQG \LHOG �'LY� RQ WKH YDOXH ZHLJKWHG 1<6( LQGH[�

WKH ERRN�WR�PDUNHW �%0� RQ WKH 6WDQGDUG 	 3RRU
V ,QGXVWULDOV� WKH GHIDXOW VSUHDG �'HI��

WKH WHUP VWUXFWXUH VORSH �7HUP�� WKH WUHQG�GHYLDWLRQ�LQ�ZHDOWK �7':� DGYRFDWHG E\ /HWWDX

DQG /XGYLJVRQ ������� DQG WKH UHODWLYH ELOO UDWH �7ELOO����

7KH GLYLGHQG \LHOG LV FRQVWUXFWHG DV LQ )DPD DQG )UHQFK ������ ����� DQG RWKHUV� 6SHFLI�

LFDOO\� GLYLGHQG \LHOG LV WKH WRWDO SD\PHQW RI GLYLGHQGV RQ WKH YDOXH�ZHLJKWHG 1<6( SRUWIROLR

RYHU WKH UHFHQW WZHOYH PRQWKV GLYLGHG E\ WKH FRQWHPSRUDQHRXV OHYHO RI WKH LQGH[� ,QSXWV IRU

FDOFXODWLQJ ERRN�WR�PDUNHW LV REWDLQHG IURP WKH 6WDQGDUG 	 3RRU
V SXEOLFDWLRQ� ?6HFXULW\

3ULFH ,QGH[ 5HFRUG � 6WDWLVWLFDO 6HUYLFH�� %RRN�WR�PDUNHW LV FDOFXODWHG IRU DOO pUPV LQ WKH

6WDQGDUG 	 3RRUV
 ,QGXVWULDOV� <HDU�HQG ERRN YDOXH RQ 6WDQGDUG 	 3RRU
V ,QGXVWULDOV LV

��,Q SUH Y LR XV Y H UVLR QV R I WKH SD SH U (D UQLQJ V \ LH OG R Q WKH 6WD QGD UG 	 3R R U
V ,QGXVWULD OV Z D V LQF OXGH G

D V D Q D GGLWLR QD O SUH GLF WLY H Y D ULD EOH � (D UQLQJ V \ LH OG SR VVH VVH V Y H U\ KLJ K F R QWH PSR UD QH R XV F R UUH OD WLR QV Z LWK

GLY LGH QG \ LH OG D QG ER R N �WR �PD UN H W D QG Z D V� WKH UH IR UH � R PLWWH G�

��



DYDLODEOH VWDUWLQJ IURP 'HFHPEHU ����� $ TXDUWHUO\ ERRN�WR�PDUNHW UDWLR LV FRQVWUXFWHG E\

GLYLGLQJ WKH PRVW UHFHQW \HDU
V ERRN YDOXH E\ WKH FRQWHPSRUDQHRXV OHYHO RI WKH 6WDQGDUG 	

3RRUV
 ,QGXVWULDOV� )RU H[DPSOH� WKH ERRN�WR�PDUNHW UDWLR LQ 0DUFK ���� LV WKH ERRN YDOXH

IRU 'HFHPEHU ����� GLYLGHG E\ WKH OHYHO RI WKH 6WDQGDUG 	 3RRUV
 ,QGXVWULDOV LQ 0DUFK �����

7KH GHIDXOW VSUHDG LV WKH GLoHUHQFH LQ DQQXDOL]HG \LHOGV RI 0RRG\
V %DD DQG $DD UDWHG

ERQGV� 7KH WHUP VWUXFWXUH VORSH LV WKH GLoHUHQFH LQ DQQXDOL]HG \LHOGV RI WHQ�\HDU DQG RQH�

\HDU 7UHDVXU\ ELOOV� 7KH UHODWLYH ELOO UDWH LV WKH GLoHUHQFH EHWZHHQ DQ DQQXDO \LHOG RQ D

WKUHH�PRQWK 7UHDVXU\ ELOO DQG LWV RQH \HDU EDFNZDUG PRYLQJ DYHUDJH� $OO WKH 7UHDVXU\�ELOO

\LHOGV DUH DYDLODEOH DW WKH )HGHUDO 5HVHUYH %RDUG
V ZHE�VLWH�

7UHQG�GHYLDWLRQ�LQ�ZHDOWK LV FRPSXWHG DV FW b ZDW b �� b Z�\W� ZKHUH FW� DW� DQG \W

GHQRWH ORJ FRQVXPSWLRQ� QRQ�KXPDQ ZHDOWK� DQG ODERU LQFRPH� UHVSHFWLYHO\��� 7KH ZHLJKW

Z HTXDOV WKH DYHUDJH VKDUH RI QRQ�KXPDQ ZHDOWK LQ WRWDO ZHDOWK� 7': LV LQ SHU�FDSLWD

WHUPV� PHDVXUHG LQ ���� GROODUV� ,W LV DYDLODEOH TXDUWHUO\ VWDUWLQJ IURP WKH pUVW TXDUWHU RI

����� ,QSXWV IRU FRPSXWLQJ 7': DUH UHOHDVHG E\ WKH )HGHUDO 5HVHUYH %RDUG� 7KH GDWD LV

SXEOLVKHG ZLWKLQ WZR PRQWKV RI WKH HQG RI WKH TXDUWHU� 7KHUHIRUH� WKH 7': UHDOL]DWLRQ DW

TXDUWHU W LV PDGH NQRZQ WR FDSLWDO PDUNHW SDUWLFLSDQWV DW TXDUWHU W�� DQG� WKHUHIRUH� XVHG

�� ' D WD R Q 7 ' : Z H UH J H QH UR XVO\ SUR Y LGH G E\ 0 D UWLQ /H WWD X� /H WWD X D QG /XGY LJ VR Q �� � � � � KD Y H VKR Z Q

WKD W WUH QG GH Y LD WLR QV LQ Z H D OWK D UH VWUR QJ SUH GLF WR UV R I IXWXUH UH WXUQV D W VKR UW D QG LQWH UPH GLD WH KR UL] R QV�

7 KH \ F R QVLGH U D IR UZ D UG�OR R N LQJ PR GH O Z KR VH WKH R UH WLF D O PR WLY D WLR Q J R H V ED F N WR & D PSEH OO D QG 0 D QN LZ

�� � � � � D QG & D PSEH OO �� � � � �� 7 KLV PR GH O LPSOLH V WKD W WKH OR J F R QVXPSWLR Q� OD ER U LQF R PH � D QG QR Q�KXPD Q

Z H D OWK VKD UH D F R PPR Q WUH QG� 7 KH GH Y LD WLR QV IUR P WKLV WUH QG VXPPD UL] H LQY H VWR UV
 H [ SH F WD WLR QV D ER XW

IXWXUH UH WXUQV R Q WKH PD UN H W SR UWIR OLR � ,Q SD UWLF XOD U� Z KH Q F R QVXPSWLR Q LV D ER Y H LWV OR QJ �WH UP WUH QG Z LWK

UH VSH F W WR OD ER U LQF R PH D QG QR Q�KXPD Q Z H D OWK� D VVH W UH WXUQV D UH H [ SH F WH G WR ULVH D QG YLFH YHUV D� 7 R OH D UQ

D ER XW WKH Y D ULD EOH V XVH G WR F R PSXWH 7 ' :� LWV WKH R UH WLF D O PR WLY D WLR Q� D QG H F R QR PH WULF PH WKR GR OR J \ XVH G

WR H VWLPD WH WKH XQR EVH UY H G SD UD PH WH U Z� UH D GH UV D UH UH IH UUH G WR /H WWD X D QG /XGY LJ VR Q �� � � � ��

��



WR SUHGLFW VWRFN UHWXUQV WR EH UHDOL]HG DW TXDUWHU W� ��

7KHRUHWLFDO PRWLYDWLRQV KDYH EHHQ DGYDQFHG LQ WKH pQDQFLDO HFRQRPLFV OLWHUDWXUH IRU

HDFK RI WKH SUHGLFWLYH YDULDEOHV XVHG LQ WKLV VWXG\� )RU H[DPSOH� WKH WH[WERRN WUHDWPHQW

RI &DPSEHOO� /R� DQG 0DF.LQOD\ ������ GHVFULEHV D IUDPHZRUN LQ ZKLFK WKH GLYLGHQG \LHOG

UHqHFWV LQYHVWRUV
 H[SHFWDWLRQV DERXW IXWXUH UHWXUQV RQ WKH PDUNHW SRUWIROLR� %XLOGLQJ RQ D

VLPLODU IUDPHZRUN� /HWWDX DQG /XGYLJVRQ ������ DUJXH WKDW WKH WUHQG�GHYLDWLRQ�LQ�ZHDOWK

VXPPDUL]HV VXFK H[SHFWDWLRQV� )XUWKHUPRUH� 3RQWLo DQG 6FKDOO ������ DGYRFDWH XVLQJ WKH

ERRN�WR�PDUNHW DV D SUHGLFWRU RI HTXLW\ PDUNHW UHWXUQV� ,Q SDUWLFXODU� WKH\ DVVHUW WKDW ERRN

YDOXH SUR[LHV IRU IXWXUH FDVK qRZV� 'LYLGLQJ VXFK SUR[\ E\ WKH FRQWHPSRUDQHRXV OHYHO RI WKH

VWRFN LQGH[ SURGXFHV D YDULDEOH ZKLFK LV FRUUHODWHG ZLWK IXWXUH VWRFN UHWXUQV� %RVVDHUWV DQG

*UHHQ ������ GHVFULEH D JHQHUDO HTXLOLEULXP PRGHO LQ ZKLFK FRQGLWLRQDO H[SHFWHG UHWXUQV

DUH LQYHUVHO\ UHODWHG WR WKH SULFH RI DQ DVVHW� /DVWO\� %RXGRXNK� 5LFKDUGVRQ� DQG :KLWHODZ

������ H[SORLW WKH SULFLQJ NHUQHO UHSUHVHQWDWLRQ WR XQFRYHU D �QRQ�OLQHDU� UHODWLRQVKLS EH�

WZHHQ WKH FRQGLWLRQDO H[SHFWHG HTXLW\ SUHPLXP DQG WKH WHUP VWUXFWXUH VORSH�

)ROORZLQJ WKH DYDLODELOLW\ RI GDWD� DV GHVFULEHG DERYH� RXU VDPSOH FRQWDLQV TXDUWHUO\

REVHUYDWLRQV VSDQQLQJ WKH pUVW TXDUWHU RI ���� WR WKH IRXUWK TXDUWHU RI ����� 7DEOH , SUHVHQWV

VXPPDU\ VWDWLVWLFV IRU WKH SUHGLFWLYH YDULDEOHV IRU DOO WKH VDPSOH GDWD� DQG )LJXUH � SORWV

WKH HYROXWLRQ RI WKH SUHGLFWLYH YDULDEOHV RYHU WKH VDPSOH SHULRG� ,W LV VKRZQ WKDW ERRN�WR�

PDUNHW� GLYLGHQG \LHOG� DQG GHIDXOW VSUHDG GLVSOD\ D IDLUO\ KLJK SHUVLVWHQF\ VXJJHVWLQJ D

ORQJ�WHUP PHDQ�UHYHUVLRQ� ZKHUHDV 7':� 7ELOO� DQG 7HUP H[KLELW D ORZHU DXWR�FRUUHODWLRQ

DQG KHQFH D IDVWHU PHDQ�UHYHUVLRQ� :H DOVR UHSRUW VORSH FRHrFLHQWV DQG VWDQGDUG GHYLDWLRQV

REWDLQHG IURP UXQQLQJ VHSDUDWHO\ WKUHH PXOWLSOH UHJUHVVLRQV RI HDFK RI WKH VL]H SRUWIROLRV RQ

ODJJHG SUHGLFWLYH YDULDEOHV�

��



, , , 5HVXOWV

$ 3 RVWHU LRU 3 U REDELOLWLHV RI 5HWXU Q )RU HFDVWLQJ 0 RGHOV

&RQVLGHUDWLRQ RI DOO OLQHDU GDWD�JHQHUDWLQJ SURFHVVHV LQ WKH SUHVHQFH RI VL[ SUHGLFWLYH YDUL�

DEOHV QHFHVVLWDWHV WKH FRPSDULVRQ RI ��  �� PRGHOV� 7DEOHV ,, DQG ,,, GLVSOD\ SRVWHULRU

SUREDELOLWLHV IRU VHYHUDO FRPSRVLWLRQV RI SUHGLFWLYH YDULDEOHV� DQG HDFK FRQVWLWXWHV D OLQHDU

IRUHFDVWLQJ PRGHO� 7DEOHV ,, DQG ,,, FRUUHVSRQG WR WKH QRQ�HTXDO DQG HTXDO SULRU�SUREDELOLW\

VFHQDULRV� UHVSHFWLYHO\� 3RVWHULRU SUREDELOLWLHV RI RWKHU IRUHFDVWLQJ PRGHOV DUH IDLUO\ VPDOO

DQG DUH� WKHUHIRUH� QRW GLVSOD\HG LQ WKH WDEOHV�

7KH FRPSRVLWLRQV DUH XQLTXHO\ LGHQWLpHG E\ D FRPELQDWLRQ RI ]HURV DQG RQHV GHVLJQDWLQJ

H[FOXVLRQV DQG LQFOXVLRQV RI SUHGLFWRUV� UHVSHFWLYHO\� 3RVWHULRU SUREDELOLWLHV DUH FRPSXWHG

ZLWK 7� WDNLQJ WKUHH GLVWLQFW YDOXHV UHSUHVHQWLQJ WKUHH VSOLWWLQJ SRLQWV� DV GHVFULEHG DERYH�

7KH ODVW FROXPQ LQ ERWK WDEOHV UHSRUWV DYHUDJH SRVWHULRU SUREDELOLWLHV DFURVV WKH WKUHH YDO�

XHV RI 7� ZLWKLQ HDFK IRUHFDVWLQJ PRGHO�
��

6HYHUDO IHDWXUHV RI WKH UHVXOWV GLVSOD\HG LQ 7DEOHV ,, DQG ,,, PHULW FORVHU DWWHQWLRQ� )R�

FXVLQJ RQ WKH QRQ�HTXDO�SULRU�SUREDELOLW\ VFHQDULR� ZH REVHUYH WKDW DFURVV WKH WKUHH SULRU

VSHFLpFDWLRQV� SRVWHULRU SUREDELOLWLHV RI WKH LLG PRGHO �FRPSRVLWLRQ QXPEHU � LQ 7DEOH ,,�

DUH VPDOOHU WKDQ WKH SUH�DVVLJQHG SULRU SUREDELOLW\ RI ���� VXJJHVWLQJ WKDW� WR VRPH H[WHQW�

WKH GDWD IDYRUV SUHGLFWDELOLW\ LQ VWRFN UHWXUQV�

,QWHUHVWLQJO\� WKH 7': LV WKH PRVW SURPLQHQW SUHGLFWRU RI UHWXUQV RQ VL]H�VRUWHG SRUW�

IROLRV� 7KH PRGHO UHWDLQLQJ WKDW YDULDEOH DV D VLQJOH SUHGLFWRU UHFHLYHV WKH KLJKHVW�SRVWHULRU

�� 7 KH Z H LJ KWH G PR GH O XVH G WR H [ SOR UH WKH LPSOLF D WLR QV R I PR GH O XQF H UWD LQW\ IR U R SWLPD O SR UWIR OLR UXOH V

H PSOR \ V WKH D Y H UD J H SUR ED ELOLWLH V D V Z H LJ KWV R Q WKH F R UUH VSR QGLQJ LQGLY LGXD O F R PSR VLWLR QV�

��



SUREDELOLW\� 0RUHRYHU� WKH ODVW WZR URZV LQ 7DEOHV ,, DQG ,,, LQGLFDWH WKDW 7': DSSHDUV

DV D YDOXDEOH SUHGLFWRU IRU PRUH FRPELQDWLRQV WKDQ LWV FRXQWHUSDUWV� ,Q WKH VDPH YHLQ� WKH

FXPXODWLYH DYHUDJH SRVWHULRU SUREDELOLW\ RI PRGHOV LQFOXGLQJ WKH WUHQG�GHYLDWLRQ DV D YDOX�

DEOH SUHGLFWRU LV ��� XQGHU WKH QRQ�HTXDO�SULRU�SUREDELOLW\ VFHQDULR� DQG LV ����� XQGHU

WKH HTXDO�SULRU VFHQDULR�

$PRQJ WKH WUDGLWLRQDO PDUNHW PXOWLSOLHUV� WKH ERRN�WR�PDUNHW DQG GLYLGHQG \LHOG� WKH

ODWWHU VHHPV WR RXWSHUIRUP WKH IRUPHU� 'LYLGHQG \LHOG DSSHDUV LQ WZR RI WKH QRQ�]HUR�

SUREDELOLW\ PRGHOV ZLWK D FXPXODWLYH DYHUDJH SUREDELOLW\ RI HLWKHU ������ RU ������� GH�

SHQGLQJ RQ WKH SULRU VFHQDULR� $W WKH VDPH WLPH� ERRN�WR�PDUNHW GRHV QRW DSSHDU DV D

YDOXDEOH SUHGLFWRU LQ DQ\ RI WKH QRQ�]HUR�SUREDELOLW\ FRPSRVLWLRQV� )ROORZLQJ WKH VDPH

ORJLF� WKH UHODWLYH ELOO UDWH LV SURYHG WR EH HVSHFLDOO\ GLVPDO DV VWRFN�UHWXUQ SUHGLFWRU ^ LW

GRHV QRW HPHUJH LQ DQ\ RI WKH QRQ�]HUR SUREDELOLW\ PRGHOV� 7KH WHUP VWUXFWXUH VORSH DS�

SHDUV LQ WZR FRPSRVLWLRQV ZLWK FXPXODWLYH SRVWHULRU SUREDELOLWLHV RI HLWKHU ����� RU �������

GHSHQGLQJ RQ WKH SULRU�SUREDELOLW\ VFHQDULR� /DVWO\� WKH GHIDXOW VSUHDG DSSHDUV RQO\ RQFH

DV D YDOXDEOH SUHGLFWRU ZLWK ORZ SRVWHULRU PDVV� VXJJHVWLQJ WKDW GHIDXOW VSUHDG KDV� DW EHVW�

RQO\ ZHDN IRUHFDVWLQJ SRZHU�

7KH QRWLRQ RI VHOHFWLQJ DPRQJ PRGHOV SRVHV WKH TXHVWLRQ ?ZKLFK RI WKH PRGHOV XQGHU

FRQVLGHUDWLRQ LV WKH PRVW OLNHO\ WR KDYH JHQHUDWHG WKH GDWD"� +DYLQJ SRVWHULRU SUREDELOLWLHV

DW KDQG� WKH VHDUFK IRU WKH ?FRUUHFW� PRGHO FDQ EH DGGUHVVHG E\ FRPSXWLQJ SRVWHULRU�RGGV

UDWLRV RU %D\HV IDFWRUV IRU HDFK SDLU RI PRGHOV XQGHU FRQVLGHUDWLRQ� 7KH %D\HV IDFWRU RI0M

DJDLQVW0L LV GHpQHG DV WKH UDWLR RI WKH PDUJLQDO OLNHOLKRRGV RI WKHVH PRGHOV� %ML  3 �j M0M�
3 �j M0L�

�

0XOWLSO\LQJ WKH %D\HV IDFWRU E\ WKH SULRU�RGGV UDWLR�
3 �0M�
3 �0L�

� \LHOGV WKH SRVWHULRU RGGV LQ

IDYRU RI0M RU DJDLQVW0L�
3 �0M Mj �
3 �0LMj �

 %ML 3 �0M�
3 �0L�

� ,I0L DQG0M DUH HTXDOO\ OLNHO\ D SULRUL�

��



WKHQ WKH SRVWHULRU�RGGV UDWLR LV HTXDO WR WKH %D\HV IDFWRU���

8VLQJ %D\HV IDFWRUV� WKH QXOO DQG DOWHUQDWLYH K\SRWKHVHV FDQ EH SRVWXODWHG LQ D QRQ�

QHVWHG VWUXFWXUH DV�

+�L � 3 �%�hMj�  3 �%�hMj�0L�

+�M � 3 �%�hMj�  3 �%�hMj�0M� IRU M � L� DQG L� M  �� � � � � ���

6LPSOLVWLFDOO\� WKH GDWD LV VDLG WR IDYRU +�L UHODWLYH WR +�M LI WKH %D\HV IDFWRU RI0L DJDLQVW

0M H[FHHGV RQH� 7KDW LV� WKH REVHUYHG GDWD LV PRUH OLNHO\ WR EH JHQHUDWHG XQGHU K\SRWKHVLV

+�L WKDQ XQGHU +�M� )ROORZLQJ WKLV ORJLF� LI WKH SRVWHULRU SUREDELOLW\ RI0L LV JUHDWHU WKDQ

WKDW RI 0M� WKHQ 0L LV VXSHULRU LQ K\SRWKHVLV WHVWLQJ� ,QVRIDU DV ZH GR QRW FRQVLGHU WKH

LLG PRGHO� WKH %D\HV IDFWRU IRU 0L DJDLQVW 0M LV FRPSXWHG DV WKH SRVWHULRU�RGGV UDWLR

IRU WKH FRUUHVSRQGLQJ PRGHOV� :H DVVHUW WKDW WKHUH LV RQO\ D VLQJOH VHQVLEOH K\SRWKHVLV

WHVW IRU WKH LLG PRGHO� WR ZLW� WKH LLG DJDLQVW DOO RWKHU PRGHOV �L�H�� SUHGLFWDELOLW\ YHUVXV

QR�SUHGLFWDELOLW\ LQ VWRFN UHWXUQV�� 8QGHU WKH QRQ�HTXDO�SULRU VFHQDULR� WKH SULRU RGGV IRU

VXFK K\SRWKHVLV LV XQLW\� DQG WKH FRUUHVSRQGLQJ %D\HV IDFWRU� ZKLFK LV HTXDO WR WKH SRVWH�

ULRU RGGV� WDNHV HLWKHU RI WKH YDOXHV ������ ������ RU ����� GHSHQGLQJ RQ WKH WUDLQLQJ�VDPSOH

OHQJWK�

�� 7 KH %D \ H V ID F WR U KD V WKH D SSH D OLQJ IH D WXUH R I D OOR Z LQJ K\ SR WKH VLV WH VWLQJ LQ D QR Q�QH VWH G VWUXF WXUH �

$ SSO\ LQJ VXF K VWUXF WXUH LQ WKH F OD VVLF D O D SSUR D F K LQ R Y H UO\ F R PSOLF D WH G� LI QR W KR SH OH VV �VH H /H D PH U� � � � � S�

� � �� -H oUH \ V �� � � � � D QG . D VV D QG 5D IWH U\ �� � � � �� D PR QJ R WKH UV� D GY R F D WH WKH VXSH ULR ULW\ R I WKH %D \ H V ID F WR UV

LQ K\ SR WKH VH V WH VWLQJ Y H UVXV UH VR UWLQJ WR WKH F R QY H QWLR QD O 3 �Y D OXH V� 6R PH SUD F WLF D O GLrF XOWLH V Z LWK 3 �Y D OXH V

D UH D SSD UH QW LQ OD UJ H VD PSOH V� Z KH UH 3 �Y D OXH V WH QG WR UH MH F W QXOO K\ SR WKH VH V H Y H Q Z KH Q WKH QXOO PR GH O VH H PV

D SSH D OLQJ WKH R UH WLF D OO\ � D QG F OR VH LQVSH F WLR Q R I WKH GD WD GR H V QR W UH Y H D O D Q\ VWULN LQJ GLVF UH SD QF LH V� 3R LULH U

�� � � � �� S� � � � GH VF ULEH V WKH %D \ H VLD Q PR UD O LQ WKH IR OOR Z LQJ PD QQH U� ?1 HYHU PDNH DQ\WKLQJ PRUH WKDQ

UHODWLYH SUREDELOLW\ V WDWHPHQW DERX W WKH PRGHOV H[ SOLFLWO\ HQWHUWDLQHG� %H V X V SLFLRX V RI WKRV H ZKR SURPLV H

PRUH��

��



:KDW FDQ ZH OHDUQ IURP WKH DERYH�FRPSXWHG pJXUHV" -HoUH\V ������ VXJJHVWV D TXDOLWD�

WLYH LQWHUSUHWDWLRQ IRU HYLGHQFH LQ IDYRU RI WKH QXOO RU DJDLQVW WKH DOWHUQDWLYH K\SRWKHVHV���

ORJ
��
�%L�M� %L�M (YLGHQFH DJDLQVW +M

� WR �

�
� WR ��� 'RHV QRW MXVWLI\ PRUH WKDQ D EDUH PHQWLRQ

�

�
WR � ��� WR �� 6XEVWDQWLDO

� WR � �� WR ��� 6WURQJ

! � ! ��� 'HFLVLYH

)ROORZLQJ -HoUH\V� LQ WZR RI WKUHH FDVHV WKH %D\HV IDFWRUV�SRVWHULRU RGGV SURYLGH VWURQJ

VWDWLVWLFDO HYLGHQFH LQ IDYRU RI SUHGLFWDELOLW\ LQ DVVHW UHWXUQV� (FRQRPLF LPSOLFDWLRQV RI

LJQRULQJ SUHGLFWDELOLW\ ZKLOH IRUPLQJ SRUWIROLR UXOHV ZLOO EH DQDO\]HG EHORZ�

)RU WKH VDNH RI FRPSDULVRQ� ZH DOVR UHSRUW WKH FRPSRVLWLRQV VHOHFWHG E\ WKH $,& DQG

6,& FULWHULD���

��-H oUH \ V LV N QR Z Q D V D SKLOR VR SKH U D QG SLR QH H U LQ %D \ H VLD Q PH WKR GV Z KR VH ER R N R Q SUR ED ELOLW\ LV

F R QVLGH UH G WR EH R I J UH D W LPSR UWD QF H IR U WKH SKLOR VR SK\ R I VF LH QF H �
��:H F R PSXWH WKH $ ,& D QG 6,& F ULWH ULD IR U D OO WKH � � F R PELQD WLR QV� $ ,& D QG 6,& D UH GH pQH G D V�

$ ,&  b� �OR J PD [ LPL] H G OLN H OLKR R G� � � � a1��

6,&  b� �OR J PD [ LPL] H G OLN H OLKR R G� � �OR J 7 �� a1��

Z KH UH 7 GH QR WH V WKH VD PSOH VL] H D QG a1 LV WKH QXPEH U R I SD UD PH WH UV Z LWKLQ D Q\ PR GH O� $ N D LN H �� � � � �

D QG 6F KZ D U] �� � � � � VXJ J H VW WKD W J LY H Q D VH W R I ULY D O PR GH OV� WKH R QH WKD W VKR XOG EH VH OH F WH G PLQLPL] H V WKH

F R UUH VSR QGLQJ T XD QWLW\ � 7 KH pUVW ID F WR UV R Q WKH ULJ KW�KD QG VLGH R I WKH H T XD WLR QV D UH LGH QWLF D O D QG PH D VXUH

WKH J R R GQH VV R I pW� Z KH UH D V WKH VH F R QG SH QD OL] H IR U WKH F R PSOH [ LW\ R I WKH PR GH O� 1 R WLF H WKD W 6,& SH QD OL] H V

PR UH KH D Y LO\ IR U KLJ KH U GLPH QVLR QD O PR GH OV D QG KH QF H WH QGV WR VH OH F W F R PSR VLWLR QV Z LWK IH Z H U SUH GLF WR UV�

��



3UHGLFWRU %0 'LY 'HI 7': 7ELOO 7HUP

$,& � � � � � �

6,& � � � � � �

,W LV NQRZQ WKDW 6,& OHDGV WR WKH VDPH FRQFOXVLRQ DV WKH %D\HV IDFWRU LQ VXrFLHQWO\ ODUJH

VDPSOHV� LI HTXDO SULRU SUREDELOLWLHV DUH DVVLJQHG� 7KH SRVWHULRU SUREDELOLWLHV GLVSOD\HG LQ

7DEOH �� VXJJHVW WKDW WKH 6,& FULWHULRQ GRHV LQGHHG SURYLGH D UHDVRQDEOH LQGLFDWLRQ RI WKH

HYLGHQFH DV WKH PRGHO VHOHFWHG E\ 6,& LV UDQNHG DV HLWKHU WKH VHFRQG� RU WKLUG� RU IRUWK

KLJKHVW�SRVWHULRU PRGHO� GHSHQGLQJ RQ WKH VSOLWWLQJ SRLQW� ZKHUHDV WKH PRGHO VHOHFWHG E\

$,& LV DPRQJ WKH ]HUR�SUREDELOLW\ PRGHOV�

% 0 RGHO 8QFHU WDLQW\ � 7 KH 9DU LDQFH ( oHFW

$V D pUVW VWHS LQ H[SORULQJ WKH SRWHQWLDO LPSRUWDQFH RI GLoHUHQFHV DFURVV PRGHOV� ZH PHD�

VXUH WKH WKUHH FRPSRQHQWV LQFOXGHG LQ WKH YDULDQFH RI IXWXUH VWRFN UHWXUQV DV LW HPHUJHV

LQ HTXDWLRQ ����� 7KLV VWHS LV SXUVXHG E\ GUDZLQJ IXWXUH UHWXUQV IURP ERWK WKH ZHLJKWHG

SUHGLFWLYH GLVWULEXWLRQ� DV H[SODLQHG LQ SDUW ' RI WKH DSSHQGL[� DQG IURP D K\SRWKHWLFDO

PRGHO WKDW LV VLPLODU WR WKH ZHLJKWHG PRGHO� H[FHSW WKDW LW GRHV QRW DFFRXQW IRU WKH FURVV�

PRGHO XQFHUWDLQW\� )XWXUH UHWXUQV IRU WKDW PRGHO DUH GUDZQ XVLQJ DQ DOJRULWKP GHVFULEHG

LQ WKH QH[W SDUDJUDSK� 7KDW DOJRULWKP LV LPSOHPHQWHG VHSDUDWHO\ IRU ERWK SULRU�SUREDELOLW\

VFHQDULRV�

)RU DQ\ RI WKH VL[ �pYH� KLJKHVW�SUREDELOLW\ PRGHOV� GLVSOD\HG LQ 7DEOH � �7DEOH ���

ZH GUDZ FXPXODWLYH IXWXUH VWRFN UHWXUQV IURP WKHLU SUHGLFWLYH GLVWULEXWLRQV IRU LQYHVWPHQW

KRUL]RQV UDQJLQJ IURP RQH WR WHQ \HDUV� :H WKHQ FRPSXWH SUHGLFWLYH PHDQV DQG YDULDQFHV

RI WKH UHWXUQV XVLQJ HTXDWLRQ ����� /DVWO\� ZH GUDZ D YHFWRU RI IXWXUH H[FHVV UHWXUQV IURP D

PXOWLYDULDWH QRUPDO GLVWULEXWLRQ ZKRVH PHDQ DQG YDULDQFH DUH REWDLQHG E\ DYHUDJLQJ RYHU

��



PHDQV DQG YDULDQFHV FRPSXWHG IRU HDFK RI WKH VL[ �pYH� PRGHOV� ZHLJKWHG E\ WKHLU SRVWHULRU

SUREDELOLWLHV�

5HSHDWLQJ WKH DERYH�GHVFULEHG DOJRULWKP� ZH REWDLQ D UDQGRP VDPSOH IURP WKH H[DFW

SUHGLFWLYH GLVWULEXWLRQ RI WKH K\SRWKHWLFDO PRGHO� 1H[W� ZH WDNH WKH GLoHUHQFH EHWZHHQ WKH

YDULDQFH EDVHG RQ WKH ZHLJKWHG PRGHO DQG WKH YDULDQFH EDVHG RQ WKH K\SRWKHWLFDO PRGHO WR

REWDLQ WKH PRGHO�XQFHUWDLQW\ FRPSRQHQW� DV GHVFULEHG LQ HTXDWLRQ �����

-;
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7KDW DOJRULWKP HQDEOHV XV WR FRPSXWH WKH SDUDPHWHU�XQFHUWDLQW\ FRPSRQHQW RI PRGHO M�

9DU�y0M
�� IRU HDFK RI WKH QRQ�]HUR SUREDELOLW\ IRUHFDVWLQJ PRGHOV� 7KH PL[WXUH RI SDUDPH�

WHU XQFHUWDLQW\ LV VWUDLJKWIRUZDUGO\ REWDLQHG E\ DYHUDJLQJ DFURVV WKH SDUDPHWHU�XQFHUWDLQW\

FRPSRQHQWV DVVRFLDWHG ZLWK HDFK PRGHO� XVLQJ SRVWHULRU SUREDELOLWLHV DV ZHLJKWV�

7KH WKUHH SORWV RQ WKH OHIW LQ )LJXUH � H[KLELW WKH GHFRPSRVLWLRQ RI DQQXDOL]HG YDUL�

DQFHV RI UHWXUQV RQ VPDOO� PHGLXP� DQG ODUJH VWRFN SRUWIROLRV LQWR WKH WKUHH FRPSRQHQWV�

7KH SORWV FRUUHVSRQG WR WKH QRQ�HTXDO�SULRU�SUREDELOLW\ VFHQDULR� LQ ZKLFK LQYHVWRUV GLVSOD\

VXEVWDQWLDO SULRU XQFHUWDLQW\ DERXW ZKHWKHU VWRFN UHWXUQV DUH SUHGLFWDEOH� 7KH SUHGLFWLYH

YDULDQFH IRU HDFK SRUWIROLR LV DQQXDOL]HG DQG HTXDO WR � . WLPHV WKH YDULDQFH RI 57�. �

�5HFDOO WKDW RXU VDPSOH FRQWDLQV TXDUWHUO\ REVHUYDWLRQV��

7KH VROLG OLQHV VKRZ DQQXDOL]HG YDULDQFHV IRU WKUHH VL]H SRUWIROLRV EDVHG RQ WKH ZHLJKWHG

PRGHO� 7KH GDVKHG OLQHV FRUUHVSRQG WR YDULDQFHV WKDW LQFOXGH WKH ZLWKLQ�PRGHO SDUDPHWHU

XQFHUWDLQW\� EXW QRW WKH FURVV�PRGHO XQFHUWDLQW\� 7KRVH YDULDQFHV DUH WKH WKUHH GLDJRQDO

HQWULHV LQ WKH � d � PDWUL[ 3-
M � 3 �0M Mj�

d
9DU�y0M

� � (�i0M
�
e
� 7KH GDVK�GRW OLQHV

GLVSOD\ PL[WXUHV RI YDULDQFHV IURP DQ\ FDQGLGDWH PRGHO FRPSXWHG DV WKRXJK WKH PRGHO�

��



VSHFLpF SDUDPHWHUV ZHUH NQRZQ� 7KHVH DUH WKH WKUHH GLDJRQDO HOHPHQWV LQ WKH �d � PDWUL[
3-

M � 3 �0M Mj�(�i0M
��

7KH GLoHUHQFH EHWZHHQ WKH VROLG DQG GDVKHG OLQHV FRQVWLWXWHV WKH PRGHO�XQFHUWDLQW\

FRPSRQHQW� DQG WKH GLoHUHQFH EHWZHHQ WKH GDVKHG DQG GDVK�GRW OLQHV FRQVWLWXWHV WKH PL[�

WXUH RI SDUDPHWHU XQFHUWDLQW\ FRPSRQHQW� 7KH WKUHH SORWV RQ WKH ULJKW LQ )LJXUH � GLVSOD\

UDWLRV RI YDULDQFHV IRU HDFK VL]H SRUWIROLR REWDLQHG E\ GLYLGLQJ WKH FURVV�PRGHO XQFHUWDLQW\

E\ WKH PL[WXUH RI ZLWKLQ�PRGHO SDUDPHWHU XQFHUWDLQW\ IRU LQYHVWPHQW KRUL]RQV UDQJLQJ IURP

RQH WR WHQ \HDUV�

)LJXUH � FRQYH\V DQ LPSRUWDQW LQVLJKW LQWR WKH UROH RI PRGHO XQFHUWDLQW\ LQ GHWHUPLQLQJ

WKH SHUFHLYHG YDULDQFH RI IXWXUH VWRFN UHWXUQV� ,Q SDUWLFXODU� ZH VKRZ WKDW WKH IUDFWLRQ

RI H[ DQWH YDULDQFH DWWULEXWDEOH WR PRGHO XQFHUWDLQW\ FDQ EH VLJQLpFDQWO\ KLJKHU WKDQ WKH

SDUDPHWHU�XQFHUWDLQW\ FRPSRQHQW� HVSHFLDOO\ IRU VKRUW DQG PHGLXP LQYHVWPHQW KRUL]RQV

DQG IRU ODUJH FDSLWDOL]DWLRQ pUPV� )RU VPDOO VWRFN SRUWIROLRV WKH FURVV�PRGHO FRPSRQHQW

UDQJHV EHWZHHQ ���� DQG ����� ZKHUHDV WKH ZLWKLQ�PRGHO FRPSRQHQW UDQJHV EHWZHHQ ����

DQG ����� 6LPLODUO\� IRU ODUJH VWRFNV WKH FURVV�PRGHO FRPSRQHQW UDQJHV EHWZHHQ ���� DQG

����� ZKHUHDV WKH ZLWKLQ�PRGHO FRPSRQHQW UDQJHV EHWZHHQ ���� DQG ����� 1RWLFH WKDW

WKH FURVV�PRGHO FRPSRQHQW DFFRXQWV IRU ����� WR ����� RI WKH WRWDO SUHGLFWLYH YDULDQFH

RI VPDOO VWRFN UHWXUQV� IRU ����� WR ����� IRU PHGLXP� DQG IRU ����� WR ����� IRU ODUJH�

GHSHQGLQJ RQ WKH LQYHVWPHQW KRUL]RQ�

:H UHSHDW WKH DQDO\VLV GHVFULEHG DERYH IRU WKH HTXDO�SULRU�SUREDELOLW\ VFHQDULR� LQ ZKLFK

LQYHVWRUV UHYHDO D KLJK SULRU FRQpGHQFH WKDW VWRFN UHWXUQV DUH LQGHHG SUHGLFWDEOH� )LJXUH �

FRQWDLQV WKH FRUUHVSRQGLQJ SORWV� :H REVHUYH WKDW XQGHU WKH HTXDO�SULRU VFHQDULR� WKH FURVV�

��



PRGHO FRPSRQHQW LV IDLUO\ VPDOO IRU VKRUW DQG PHGLXP LQYHVWPHQW KRUL]RQV DQG FRPSOHWHO\

GLVDSSHDUV IRU KRUL]RQV H[FHHGLQJ pYH \HDUV� ,Q FRQWUDVW� WKH PL[WXUH RI ZLWKLQ�PRGHO SD�

UDPHWHU XQFHUWDLQW\ LV VWLOO SURPLQHQW� 7KDW FRPSRQHQW LQFUHDVHV ZLWK WKH KRUL]RQ� GLVSOD\V

D ORZ VHQVLWLYLW\ WR WKH FKDQJH LQ SULRU SUREDELOLWLHV� DQG LWV PDJQLWXGH UDQJHV EHWZHHQ

����� DQG ����� IRU VPDOO VWRFNV� EHWZHHQ ����� DQG ����� IRU PHGLXP� DQG EHWZHHQ

����� DQG ����� IRU ODUJH VWRFNV� GHSHQGLQJ RQ WKH LQYHVWPHQW KRUL]RQ� $Q DOPRVW QRQ�

H[LVWHQW FURVV�PRGHO FRPSRQHQW LPSOLHV WKDW WKH SULPDU\ VRXUFH RI YDULDQFH DWWULEXWDEOH

WR PRGHO XQFHUWDLQW\ HPHUJHV DV LQYHVWRUV H[KLELW D VXEVWDQWLDO SULRU XQFHUWDLQW\ DERXW

ZKHWKHU UHWXUQV DUH SUHGLFWDEOH� 7KH UHDOL]HG GDWD DSSHDU WR KDYH UHVROYHG WKH H[ DQWH

PRGHO XQFHUWDLQW\ DVVRFLDWHG ZLWK WKH VHOHFWLRQ RI LQVWUXPHQWV� ZKLFK� LQ WXUQ� EHFRPHV

PDUJLQDO�

,QVSHFWLQJ WKH ULJKW�KDQG�VLGH SORWV LQ )LJXUHV � DQG �� RQH FDQ REVHUYH WKDW ERWK SD�

UDPHWHU XQFHUWDLQW\ DQG PRGHO XQFHUWDLQW\ GLVSOD\ VHQVLWLYLW\ WR YDU\LQJ KRUL]RQV� :KLOH

WKH IRUPHU LQFUHDVHV ZLWK D OHQJWKHQLQJ KRUL]RQ� WKH ODWWHU WHQGV WR GHFUHDVH� )XUWKHUPRUH�

IRU ERWK SULRU�SUREDELOLW\ VFHQDULRV� WKH UDWLR REWDLQHG E\ GLYLGLQJ WKH FURVV�PRGHO FRP�

SRQHQW E\ WKH PL[WXUH RI WKH ZLWKLQ�PRGHO SDUDPHWHU XQFHUWDLQW\ FRXQWHUSDUW GHFUHDVHV

DOPRVW PRQRWRQLFDOO\ ZLWK DQ LQFUHDVLQJ KROGLQJ SHULRG�

7KH LQWXLWLRQ EHKLQG WKH DERYH�GHVFULEHG SKHQRPHQRQ LV DV IROORZV� &RQVLGHU WKH FDVH

LQ ZKLFK VWRFN UHWXUQV DUH LLG DQG WKH SULRU EHOLHI DERXW WKH SDUDPHWHUV LV QRQ�LQIRUPDWLYH�

3DUW ) RI WKH DSSHQGL[ VKRZV WKDW LQ WKDW FDVH� WKH SUHGLFWLYH GLVWULEXWLRQ RI VWRFN UHWXUQV�

ZKLFK DFFRXQWV IRU SDUDPHWHU XQFHUWDLQW\� REH\V WKH 6WXGHQW W SGI� DQG WKH FRUUHVSRQG�

LQJ SUHGLFWLYH DQQXDOL]HG YDULDQFH LQFUHDVHV OLQHDUO\ ZLWK WKH KRUL]RQ OHQJWK� �2EYLRXVO\�

ZLWKRXW LQFRUSRUDWLQJ SDUDPHWHU XQFHUWDLQW\� IXWXUH UHWXUQV DUH QRUPDOO\ GLVWULEXWHG� DQG

��



FRQGLWLRQDO YDULDQFHV UHPDLQ FRQVWDQW ZLWK LQFUHDVLQJ KRUL]RQV�� 1RWH WKDW ZLWK ORQJHU

KRUL]RQV WKHUH DUH VLPSO\ PRUH SDUDPHWHUV WR HVWLPDWH� HQKDQFLQJ WKH UROH RI HVWLPDWLRQ

ULVN�

:KDW LV WKH KRUL]RQ UROH LQ GHWHUPLQLQJ WKH YDULDQFH DWWULEXWDEOH WR PRGHO XQFHUWDLQW\"

,Q ORQJHU KRUL]RQV WKH SUHGLFWLYH YDULDEOHV WHQG WR UHYHUW WR WKHLU ORQJ�WHUP PHDQV� PDNLQJ

FRQGLWLRQDO H[SHFWHG VWRFN UHWXUQV ORRN VLPLODU DFURVV WKH YDULRXV IRUHFDVWLQJ PRGHOV� $V D

UHVXOW� LW LV H[SHFWHG WKDW WKH WRWDO SUHGLFWLYH YDULDQFH DWWULEXWHG WR PRGHO XQFHUWDLQW\ ZLOO

FRQYHUJH WR D p[HG TXDQWLW\ DQG� VXEVHTXHQWO\� WKH DQQXDOL]HG SUHGLFWLYH YDULDQFH� REWDLQHG

E\ GLYLGLQJ WKDW p[HG TXDQWLW\ E\ WKH KRUL]RQ OHQJWK� ZLOO GLPLQLVK ZLWK DQ LQFUHDVLQJ KRUL�

]RQ�

6WRFN�UHWXUQ YDULDQFHV DUH FRPSXWHG XQGHU DQ DGGLWLRQDO VFHQDULR� LQ ZKLFK WKH UHFHQW

YDOXHV RI WKH SUHGLFWLYH YDULDEOHV DUH VHW HTXDO WR WKHLU VDPSOH PHDQV� )LJXUH � H[KLELWV

WKH GHFRPSRVLWLRQ RI DQQXDOL]HG YDULDQFHV RI UHWXUQV RQ VPDOO� PHGLXP� DQG ODUJH VWRFN

SRUWIROLRV LQWR WKH WKUHH FRPSRQHQWV� QRWHG HDUOLHU� DV LQYHVWRUV WUHDW SUHGLFWDELOLW\ RU ODFN

WKHUHRI DV HTXDOO\ OLNHO\ H[ DQWH�

,W HPHUJHV WKDW WKH LPSRUWDQFH RI ERWK WKH FURVV�PRGHO XQFHUWDLQW\ DQG ZLWKLQ�PRGHO

SDUDPHWHU XQFHUWDLQW\ FUXFLDOO\ GHSHQGV RQ WKH PRVW UHFHQW YDOXHV RI WKH SUHGLFWLYH YDUL�

DEOHV� 7R HODERUDWH� FHQWHULQJ WKH FXUUHQW YDOXHV DURXQG WKHLU VDPSOH PHDQV YLUWXDOO\

HOLPLQDWHV WKH GLoHUHQFHV LQ FRQGLWLRQDO PHDQV DFURVV PRGHOV �DQG DORQJ WKH LQYHVWPHQW

KRUL]RQ ZLWKLQ DQ\ JLYHQ PRGHO�� WKXV HOLPLQDWLQJ WKH FURVV�PRGHO FRPSRQHQW� HYHQ LI WKHUH

LV D VXEVWDQWLDO SULRU XQFHUWDLQW\ DERXW ZKHWKHU UHWXUQV DUH SUHGLFWDEOH� OHW DORQH LQ WKH

DEVHQFH RI VXFK XQFHUWDLQW\� ,QWHUHVWLQJO\� )LJXUH � VKRZV WKDW IRU UHFHQW YDOXHV HTXDO WR

��



WKH VDPSOH PHDQV� WKH ZLWKLQ�PRGHO SDUDPHWHU XQFHUWDLQW\ VXEVWDQWLDOO\ GLPLQLVKHV DV ZHOO�

,Q UHFHQW \HDUV� HTXLW\ PDUNHWV KDYH EHHQ RYHUZKHOPLQJO\ EXOOLVK� +HQFH� WKH FXUUHQW

YDOXHV RI YDULDEOHV WKDW DUH SHUFHLYHG WR KDYH EHHQ LQGLFDWRUV RI IXQGDPHQWDO YDOXHV _ VXFK

DV ERRN�WR�PDUNHW� GLYLGHQG \LHOG� DQG WUHQG�GHYLDWLRQ�LQ�ZHDOWK _ KDYH EHHQ VXEVWDQWLDOO\

GLVWDQW IURP WKHLU VDPSOH PHDQV� 6RPH pJXUHV DUH SUHVHQWHG EHORZ�

3UHGLFWLYH /HYHO DV RI 6DPSOH 0RPHQWV

9DULDEOH 'HFHPEHU ��� ���� 0HDQ 6W'HY

'LY ������ ������ ������

%0 ������ ������ ������

7': ������� ������� ������

7KH GHSDUWXUHV IURP ORQJ�WHUP PHDQV VXJJHVW WKDW SHUKDSV LW LV QRW WRR VXUSULVLQJ WKDW

PRGHO XQFHUWDLQW\ KDV D UHODWLYHO\ ODUJH LPSDFW RQ WKH GLVWULEXWLRQ RI IXWXUH UHWXUQV DW

WKH HQG RI WKH VDPSOH SHULRG� ,QYHVWRUV DUH XQFHUWDLQ DERXW ZKHWKHU RU QRW VWRFN UHWXUQV

DUH SUHGLFWDEOH� 2EYLRXVO\� WKDW XQFHUWDLQW\ LV PRUH PHDQLQJIXO DW WKH UHFHQW SHULRG FRP�

SDUHG WR RWKHU SHULRGV ZKHQ PHDVXUHV RI SHUFHLYHG IXQGDPHQWDO YDOXHV ZHUH FORVHU WR WKHLU

KLVWRULFDO PHDQV�

& 0 RGHO 8QFHU WDLQW\ � , PSOLFDWLRQV IRU WKH 2SWLPDO 3 RU WIROLR &KRLFH

(QFRPSDVVLQJ LPSOLFDWLRQV RI PRGHO XQFHUWDLQW\ IRU WKH LQYHVWPHQW RSSRUWXQLW\ VHW DUH DV�

VHVVHG E\ FRPSDULQJ WKH SRUWIROLR VHOHFWLRQ EDVHG RQ WKH ZHLJKWHG PRGHO� ZKLFK LQFRUSRUDWHV

PRGHO XQFHUWDLQW\� ZLWK WKH VDPH TXDQWLWLHV EDVHG RQ VLQJOH PRGHOV WKDW PLJKW KDYH EHHQ

VHOHFWHG RWKHUZLVH E\ LQYHVWRUV� 7KH VLQJOH PRGHOV LQFOXGH WKH KLJKHVW�SRVWHULRU�SUREDELOLW\

PRGHO� GLVSOD\HG DV WKH pUVW FRPSRVLWLRQ LQ 7DEOHV � DQG �� WKH DOO�LQFOXVLYH PRGHO� DQG WKH

PRGHO WKDW GURSV DOO HQWHUWDLQHG SUHGLFWRUV � WKH LLG PRGHO RI VWRFN UHWXUQV�

��



)LJXUH � H[KLELWV WRWDO DOORFDWLRQV WR HTXLWLHV DFURVV WKH DERYH�PHQWLRQHG PRGHOV ZKHQ

WKH UHFHQW YDOXHV RI WKH SUHGLFWLYH YDULDEOHV DUH HTXDO WR WKH DFWXDO UHDOL]DWLRQV� DV GRFX�

PHQWHG DW WKH HQG�RI�VDPSOH SHULRG� $VVHW DOORFDWLRQV DUH GHULYHG IRU LQYHVWPHQW KRUL]RQV

UDQJLQJ IURP RQH WR WHQ \HDUV DQG UHODWLYH ULVN�DYHUVLRQ FRHrFLHQWV RI WZR� VL[� DQG WHQ�

7KH VROLG DQG GRWWHG OLQHV GHQRWH DOORFDWLRQV EDVHG RQ WKH ZHLJKWHG PRGHO � WKH HTXDO

DQG QRQ�HTXDO SULRU VFHQDULRV� UHVSHFWLYHO\� 7KH GDVKHG OLQHV FRUUHVSRQG WR WKH KLJKHVW�

SRVWHULRU�SUREDELOLW\ PRGHO� WKH GDVK�GRW OLQHV FRUUHVSRQG WR WKH DOO�LQFOXVLYH PRGHO� DQG

WKH OLQHV GHQRWHG E\ WKH V\PERO C

 FRUUHVSRQG WR WKH LLG PRGHO�

7KH UHDGHU PD\ QRWH WKDW OHDYLQJ WKH PRVW UHFHQW YDOXHV RI WKH SUHGLFWLYH YDULDEOHV HTXDO

WR DFWXDO UHDOL]DWLRQV UHVXOWV LQ FRUQHU VROXWLRQV� LQ ZKLFK RSWLPDO DOORFDWLRQV WR HTXLWLHV DUH

]HUR DFURVV VKRUW DQG PHGLXP KRUL]RQV� &RUQHU VROXWLRQV HPHUJH VLQFH WKH SUHGLFWHG HTXLW\

SUHPLXPV DFURVV PRGHOV WKDW LQFOXGH SUHGLFWLYH YDULDEOHV DUH QHJDWLYH RYHU VXFK LQYHVWPHQW

KRUL]RQV� $V QRWHG HDUOLHU� WKH FXUUHQW YDOXHV RI SUHGLFWLYH YDULDEOHV WKDW DUH SHUFHLYHG WR

KDYH EHHQ LQGLFDWRUV RI IXQGDPHQWDO YDOXHV DUH VXEVWDQWLDOO\ VPDOOHU WKDQ WKHLU ORQJ�WHUP

PHDQV� VXJJHVWLQJ WKDW WKH HTXLW\ PDUNHW ZDV EHOLHYHG WR KDYH EHHQ RYHUYDOXHG DURXQG WKH

HQG RI WKH VDPSOH SHULRG�

)LJXUH � VKRZV WKDW WKH RYHUDOO DOORFDWLRQ WR HTXLWLHV EDVHG RQ WKH ZHLJKWHG PRGHO�

ZKLFK DFFRXQWV IRU ERWK PRGHO XQFHUWDLQW\ DQG SDUDPHWHU XQFHUWDLQW\ ZLWKLQ DQ\ QRQ�]HUR

SRVWHULRU�SUREDELOLW\ PRGHO� LQFUHDVHV ZLWK WKH LQYHVWPHQW KRUL]RQ XQGHU ERWK SULRU VFHQDU�

LRV� 7KLV HoHFW LV GXH WR ERWK DQ LQFUHDVH LQ FRQGLWLRQDO H[SHFWHG UHWXUQV WRZDUGV ORQJ�UXQ

PHDQV DQG D UHGXFWLRQ LQ WKH VWDQGDUG GHYLDWLRQ GXH WR VXFK PHDQ UHYHUVLRQ� ,W LV VKRZQ

WKDW DVVHW DOORFDWLRQV EDVHG RQ HLWKHU RI WKH VLQJOH PRGHOV DQG SDUWLFXODUO\ RQ WKH LLG PRGHO

��



FDQ FRQVLGHUDEO\ GHSDUW IURP WKRVH FRPSXWHG EDVHG RQ WKH ZHLJKWHG PRGHO� ,Q SDUWLFXODU�

WKH GLoHUHQFHV GLVSOD\ VHQVLWLYLWLHV WR WKH LQYHVWPHQW KRUL]RQ DQG WKH UHODWLYH ULVN DYHUVLRQ

FRHrFLHQW�

)RFXVLQJ RQ WKH HTXDO�SULRU VFHQDULR �WKH QRQ�HTXDO�SULRU VFHQDULR�� ZH VKRZ WKDW DQ LQ�

YHVWRU ZKR LV IRUFHG WR LJQRUH SUHGLFWDELOLW\ DQG VHOHFW LQVWHDG WKH LLG PRGHO RYHU�DOORFDWHV

WR HTXLWLHV E\ D IUDFWLRQ RI ZHDOWK UDQJLQJ IURP ��� WR ��� ���� WR ���� IRU q  �� IURP

��� WR ��� ���� WR ���� IRU q  �� DQG IURP ��� WR ��� ���� WR ���� IRU q  ��� GH�

SHQGLQJ RQ WKH KROGLQJ SHULRG� &RPSDULQJ DVVHW DOORFDWLRQV EDVHG RQ WKH ZHLJKWHG PRGHO

ZLWK DVVHW DOORFDWLRQV EDVHG RQ WKH KLJKHVW�SRVWHULRU�SUREDELOLW\ PRGHO� ZH pQG WKDW IRU

q  � WKH GLoHUHQFHV UDQJH EHWZHHQ ]HUR DQG ��� IRU WKH HTXDO�SULRU VFHQDULR DQG EHWZHHQ

]HUR DQG �� IRU WKH QRQ�HTXDO�SULRU VFHQDULR� GHSHQGLQJ� DJDLQ� RQ WKH KROGLQJ SHULRG� $

VLPLODU FRPSDULVRQ ZLWK WKH DOO�LQFOXVLYH PRGHO UHYHDOV WKDW IRU WKH HTXDO�SULRU VFHQDULR WKH

GLoHUHQFHV UDQJH EHWZHHQ �� DQG ��� IRU q  �� �� DQG �� IRU q  �� DQG �� DQG ��

IRU q  ��� )RU WKH QRQ�HTXDO�SULRU VFHQDULR� WKH GLoHUHQFHV UDQJH EHWZHHQ �� DQG ��� IRU

q  �� �� DQG ��� IRU q  �� DQG �� DQG �� IRU q  ���

,QYHVWRUV
 ULVN WROHUDQFH GLVSOD\V DQ LPSRUWDQW UROH LQ GHWHUPLQLQJ WKH LPSDFW RI PRGHO

XQFHUWDLQW\ LQ HTXLW\ PDUNHWV� ,W VKRXOG EH QRWHG WKDW VXFK LPSDFW VXEVWDQWLDOO\ GLPLQ�

LVKHV DV LQYHVWRUV EHFRPH OHVV ULVN WROHUDQW� 7KDW SKHQRPHQRQ LV EHVW H[SODLQHG WKURXJK

WZR SRODU H[DPSOHV� )LUVW� OHW XV FRQVLGHU DQ LQpQLWHO\ ULVN�DYHUVH LQYHVWRU ZKR GRHV QRW

DOORFDWH IXQGV WR HTXLWLHV RU ZKR SUHIHUV WR KROG DOO KLV ZHDOWK LQ D ULVN�IUHH FDVK DFFRXQW�

7KDW LQYHVWRU LV FRPSOHWHO\ LQGLoHUHQW WR WKH DSSHDUDQFH RI PRGHO XQFHUWDLQW\ LQ HTXLW\

PDUNHWV VLQFH KH GRHV QRW DSSURDFK WKHVH PDUNHWV�

��



/HW XV FRQVLGHU QRZ WKH RSSRVLWH H[WUHPH _ D ULVN�QHXWUDO LQYHVWRU ZKR PDNHV SRUW�

IROLR GHFLVLRQV EDVHG RQO\ XSRQ WKH pUVW PRPHQW RI VWRFN UHWXUQV� $OWKRXJK D ULVN�QHXWUDO

LQYHVWRU LJQRUHV WKH KLJKHU SUHGLFWLYH YDULDQFH LQ HTXLW\ PDUNHWV DWWULEXWDEOH WR WKH XQFHU�

WDLQW\ DERXW WKH UHWXUQ IRUHFDVWLQJ PRGHO� KH LV QRW LQGLoHUHQW WR PRGHO XQFHUWDLQW\� VLQFH

H[SHFWHG VWRFN UHWXUQV GR GLoHU DFURVV WKH IRUHFDVWLQJ PRGHOV� $V D UHVXOW� RQH ZRXOG H[SHFW

WKDW WKH LPSDFW RI PRGHO XQFHUWDLQW\ ZLOO GLPLQLVK DV LQYHVWRUV GLVSOD\ D VWURQJHU DYHUVLRQ

WRZDUGV EHDULQJ ULVN�

7KH LPSDFW RI PRGHO XQFHUWDLQW\ LV VHQVLWLYH WR WKH LQYHVWPHQW KRUL]RQ DV ZHOO� $ FORVH

LQVSHFWLRQ DW )LJXUH � VXJJHVWV WKDW GLoHUHQFHV LQ SRUWIROLR DOORFDWLRQV DFURVV WKH YDULRXV

PRGHOV WHQG WR GHFUHDVH ZLWK D OHQJWKHQLQJ KRUL]RQ� 7R XQGHUVWDQG WKDW SKHQRPHQRQ

ZH VKDOO UHFDOO WKDW H[SHFWHG UHWXUQV GLVSOD\ PHDQ UHYHUVLRQ DQG UHYHUW WRZDUGV ORQJ�WHUP

PHDQV DV WKH LQYHVWPHQW KRUL]RQ LQFUHDVHV� $V D UHVXOW� GLoHUHQFHV LQ H[SHFWHG UHWXUQV

DFURVV YDULRXV PRGHOV GLPLQLVK� :H ZRXOG� WKHUHIRUH� H[SHFW WKDW WKH LPSDFW RI PRGHO XQ�

FHUWDLQW\ RQ HTXLW\ PDUNHWV ZLOO GHFUHDVH ZLWK D OHQJWKHQLQJ KRUL]RQ� DV LW LV GRFXPHQWHG

LQ )LJXUH ��

,Q VHYHUDO UHODWHG VWXGLHV� VXFK DV %DUEHULV ������� SRUWIROLR UXOHV DUH GHULYHG ZKHQ

WKH FXUUHQW YDOXHV RI SUHGLFWLYH YDULDEOHV DUH VHW HTXDO WR WKHLU VDPSOH PHDQV� :H FRPSXWH

DVVHW DOORFDWLRQV EDVHG RQ WKH ZHLJKWHG PRGHO� WKH DOO�LQFOXVLYH PRGHO� WKH KLJKHVW�SRVWHULRU�

SUREDELOLW\ PRGHO� DQG WKH LLG PRGHO XQGHU WKDW VFHQDULR DV ZHOO� 7KH RSWLPDO SRUWIROLR

FKRLFHV DUH GLVSOD\HG LQ )LJXUH �� $VVHW DOORFDWLRQV DUH GHULYHG IRU LQYHVWPHQW KRUL]RQV

UDQJLQJ IURP RQH WR WHQ \HDUV DQG UHODWLYH ULVN�DYHUVLRQ FRHrFLHQWV RI WZR� VL[� DQG WHQ�

7KH VROLG OLQHV GHQRWH DOORFDWLRQV EDVHG RQ WKH ZHLJKWHG PRGHO� WKH GDVKHG OLQHV FRUUHVSRQG

WR WKH KLJKHVW�SRVWHULRU�SUREDELOLW\ PRGHO� WKH GDVK�GRW OLQHV FRUUHVSRQG WR WKH DOO�LQFOXVLYH
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PRGHO� DQG WKH OLQHV GHQRWHG E\ WKH V\PERO C

 FRUUHVSRQG WR WKH LLG PRGHO���

)LJXUH � VKRZV WKDW GLoHUHQFHV LQ RSWLPDO SRUWIROLRV DFURVV PRGHOV DUH VWLOO SURPLQHQW�

7KH GLoHUHQFHV DUH HQWLUHO\ DWWULEXWHG WR FRQGLWLRQDO YDULDQFHV WKDW GLoHU DFURVV WKH IRUHFDVW�

LQJ PRGHOV XQGHU FRQVLGHUDWLRQ� 1RW VXUSULVLQJO\� DOORFDWLRQV WR HTXLWLHV EDVHG RQ PRGHOV

WKDW LQFOXGH IRUHFDVWLQJ YDULDEOHV DUH YHU\ VHQVLWLYH WR WKH FXUUHQW YDOXHV RI WKHVH YDULDEOHV�

DQG VXEVWDQWLDOO\ LQFUHDVH ZKHQ VXFK YDOXHV DUH VHW HTXDO WR WKHLU VDPSOH PHDQV�

$V GRFXPHQWHG LQ )LJXUH � _ ZKHQ WKH FXUUHQW YDOXHV RI SUHGLFWLYH YDULDEOHV ZHUH HTXDO

WR DFWXDO UHDOL]DWLRQV _ )LJXUH � DOVR VKRZV WKDW KLJKHU YDOXHV RI WKH UHODWLYH ULVN DYHU�

VLRQ FRHrFLHQW GHULYH RSWLPDO SRUWIROLRV WR EHKDYH VLPLODUO\ DFURVV PRGHOV� +RZHYHU� WKH

KRUL]RQ OHQJWK DSSHDUV WR FDUU\ RSSRVLWH LPSOLFDWLRQV IRU WKH UROH RI PRGHO XQFHUWDLQW\ RQ

RSWLPDO SRUWIROLRV� ,Q SDUWLFXODU� GLoHUHQFHV LQ SRUWIROLR DOORFDWLRQV EHWZHHQ WKH ZHLJKWHG

DQG KLJKHVW�SRVWHULRU�SUREDELOLW\ PRGHOV VXEVWDQWLDOO\ LQFUHDVH ZLWK WKH KRUL]RQ�

7R H[SODLQ VXFK GLoHUHQFHV LQ RSWLPDO DVVHW DOORFDWLRQV� ZH HVVHQWLDOO\ QHHG WR IRFXV RQ

SUHGLFWLYH YDULDQFHV DVVRFLDWHG ZLWK HDFK RI WKH FRUUHVSRQGLQJ PRGHOV� )RU WKLV SXUSRVH�

ZH WDNH D VWHS EDFNZDUG DQG ORRN LQWR HTXDWLRQ ����� ,W VKRXOG EH QRWHG WKDW WKH � d �

SUHGLFWLYH YDULDQFH FRYDULDQFH PDWUL[ RI RQH� DQG WZR�SHULRG�DKHDG H[FHVV UHWXUQV FDQ EH

FRPSXWHG DV�

9DUI57��MjJ  h55� ����

9DUI57��MjJ  �h55 � D�5h]]D5 �h5]D5 � D�5h]5�

7KH �d� YHFWRU RI GLoHUHQFHV EHWZHHQ WKH WZR�SHULRG YDULDQFH DQG WZR WLPHV WKH RQH�SHULRG
��2SWLPD O D OOR F D WLR QV ED VH G R Q WKH Z H LJ KWH G PR GH O D F UR VV ER WK SULR U�SUR ED ELOLW\ VSH F LpF D WLR QV D UH Y LUWXD OO\

LGH QWLF D O�
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YDULDQFH RI FXPXODWLYH H[FHVV UHWXUQV LV JLYHQ E\�

'LDJRQDO I9DUI57��MjJ b �d9DUI57��MjJJ  'LDJRQDO
j
D�5h]]D5 �h5]D5 � D�5h]5

k
�

����

ZKHUH WKH QRWDWLRQ C'LDJRQDO
 VWDQGV IRU WKH WKUHH GLDJRQDO HQWULHV FRUUHVSRQGLQJ WR WKH

WKUHH VL]H�VRUWHG SRUWIROLRV�

7KH pUVW IDFWRU RQ WKH ULJKW KDQG VLGH RI HTXDWLRQ ���� LV D SRVLWLYH GHpQLWH PDWUL[� DQG

KHQFH LWV GLDJRQDO HOHPHQWV DUH SRVLWLYH� 7KH GLDJRQDO HOHPHQWV RI WKH UHPDLQLQJ WZR IDF�

WRUV GHSHQG RQ h5]� WKH FRUUHODWLRQ EHWZHHQ FRQWHPSRUDQHRXV VKRFNV WR SUHGLFWLYH YDULDEOHV

DQG VWRFN UHWXUQV� 6XFK D FRUUHODWLRQ IRU WKH SUHGLFWLYH YDULDEOH WUHQG�GHYLDWLRQ�LQ�ZHDOWK�

ZKLFK JRYHUQV WKH KLJKHVW�SRVWHULRU�SUREDELOLW\ PRGHO� LV SRVLWLYH� VXJJHVWLQJ WKDW WKH DQ�

QXDOL]HG YDULDQFH FRUUHVSRQGLQJ WR WKH KLJKHVW�SRVWHULRU�SUREDELOLW\ PRGHO LQFUHDVHV ZLWK

WKH LQYHVWPHQW KRUL]RQ� ,Q FRQWUDVW� WKH FRUUHODWLRQV IRU WKH RWKHU SUHGLFWRUV DUH QHJD�

WLYH DQG� IXUWKHUPRUH� WKH DEVROXWH YDOXHV RI WKH QHJDWLYH GLDJRQDO HOHPHQWV LQ WKH PDWUL[

h5]D5� D�5h]5 H[FHHG WKH SRVLWLYH GLDJRQDO HOHPHQWV LQ D�5h]]D5� $V D UHVXOW� WKH SUHGLF�

WLYH YDULDQFH DVVRFLDWHG ZLWK WKH ZHLJKWHG PRGHO VOLJKWO\ GHFUHDVH ZLWK WKH KRUL]RQ IRU HDFK

VL]H SRUWIROLR� DV GLVSOD\HG LQ )LJXUH �� 7KH FRQWUDGLFWLQJ SDWWHUQV LQ WKH HYROXWLRQ RI SUH�

GLFWLYH YDULDQFHV FRUUHVSRQGLQJ WR WKH ZHLJKWHG PRGHO DQG WKH KLJKHVW�SRVWHULRU�SUREDELOLW\

PRGHO DFFRXQW IRU WKH JUHDW GLYHUJHQFH LQ SRUWIROLR DOORFDWLRQV GHULYHG EDVHG RQ WKHVH PRG�

HOV�

,Q D UHODWHG VWXG\� 3DVWRU DQG 6WDPEDXJK ������ DQDO\]H RSWLPDO SRUWIROLRV RI LQYHVWRUV

ZKRVH SULRU EHOLHIV DUH FHQWHUHG RQ HLWKHU ULVN�EDVHG RU FKDUDFWHULVWLF�EDVHG DVVHW SULFLQJ

PRGHOV� 7KH DXWKRUV VKRZ WKDW WKH GLoHUHQFHV LQ WKH RSWLPDO SRUWIROLRV DFURVV PRGHOV DUH

GUDPDWLFDOO\ UHGXFHG E\ LQFRUSRUDWLQJ UHDOLVWLF PDUJLQ UHTXLUHPHQWV DQG PRGHVW XQFHUWDLQW\
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DERXW WKH PRGHOV
 SULFLQJ DELOLWLHV� ,Q RXU VWXG\� LQYHVWPHQW FRQVWUDLQWV DUH DOVR LPSRVHG LQ

WKDW VKRUW VHOOLQJ DQG EX\LQJ RQ PDUJLQ DUH SUHFOXGHG� VLQFH RWKHUZLVH WKH H[SHFWHG XWLOLW\

ZRXOG EH HTXDO WR b�� $V D UHVXOW� WKH RSWLPDO SRUWIROLR FKRLFHV� DV VKRZQ LQ )LJXUHV �

DQG �� DUH RIWHQ REWDLQHG DV FRUQHU VROXWLRQV LQ ZKLFK WKH RYHUDOO LQYHVWPHQW LQ HTXLWLHV LV

HLWKHU ]HUR RU ��� RI WKH ZHDOWK� ,I LW ZHUH SRVVLEOH WR HOLPLQDWH WKRVH FRQVWUDLQWV DQG \HW

DYRLG WKH ?H[SORVLRQ� RI WKH H[SHFWHG XWLOLW\� WKH UROH RI PRGHO XQFHUWDLQW\ LQ GHWHUPLQLQJ

DVVHW DOORFDWLRQ GHFLVLRQV ZRXOG SUREDEO\ EH HQKDQFHG�

' $VVHW $OORFDWLRQV $FU RVV 6L]H 3 RU WIROLRV

3RUWIROLR DOORFDWLRQV DFURVV VL]H�VRUWHG SRUWIROLRV DUH FRPSXWHG IRU ERWK SULRU�SUREDELOLW\

VFHQDULRV DQG IRU FXUUHQW YDOXHV RI SUHGLFWLYH YDULDEOHV HTXDO WR WKHLU ERWK VDPSOH PHDQV

DQG DFWXDO UHDOL]DWLRQV� ,QWHUHVWLQJO\� ZLWK WKH DFWXDO UHFHQW OHYHOV� WKH DOORFDWLRQ WR HTXLWLHV

LV HQWLUHO\ DWWULEXWHG WR VPDOO VWRFNV� ZKHUHDV LQYHVWPHQW LQ PHGLXP DQG ODUJH�VL]H VWRFNV

LV ]HUR� )LJXUH � GLVSOD\V DVVHW DOORFDWLRQV DFURVV VL]H�VRUWHG SRUWIROLRV FRPSXWHG ZKHQ WKH

FXUUHQW YDOXHV DUH VHW HTXDO WR WKHLU VDPSOH PHDQV�

7KH WKUHH SORWV RQ WKH OHIW GLVSOD\ WRWDO DOORFDWLRQV WR HDFK RI WKH VL]H SRUWIROLRV� 7KH

WKUHH SORWV RQ WKH PLGGOH DQG ULJKW GLVSOD\ SRUWIROLR DOORFDWLRQV WR VPDOO DQG ODUJH FDSLWDO�

L]DWLRQ pUPV� UHVSHFWLYHO\� 7KH RSWLPDO DOORFDWLRQ WR PHGLXP VL]H VWRFNV LV QRW GLVSOD\HG

VLPSO\ EHFDXVH WKH RYHUDOO LQYHVWPHQW LQ WKHVH VWRFNV LV ]HUR� :LWKLQ HDFK JUDSK� HDFK OLQH

VKRZV WKH SHUFHQWDJH RI ZHDOWK DOORFDWHG WR HTXLW\ SORWWHG DJDLQVW WKH LQYHVWPHQW KRUL]RQ

ZKLFK UDQJHV IURP RQH WR WHQ \HDUV� 7KH VROLG OLQHV FRUUHVSRQG WR WKH ZHLJKWHG PRGHO� 7KH

GDVKHG OLQHV FRUUHVSRQG WR WKH LLG PRGHO� 6LQFH SRUWIROLR DOORFDWLRQV EDVHG RQ WKH ZHLJKWHG

PRGHO DUH YLUWXDOO\ LGHQWLFDO DFURVV WKH WZR SULRU�SUREDELOLW\ VFHQDULRV� ZH SORW RSWLPDO

DOORFDWLRQV WR HTXLWLHV RQO\ IRU WKH QRQ�HTXDO�SULRU VFHQDULR�

��



:H REVHUYH FURVV�VHFWLRQDO GLoHUHQFHV LQ DVVHW DOORFDWLRQV� )LUVW� LQYHVWRUV DYRLG PHGLXP

VL]H VWRFNV DQG LQYHVW LQVWHDG LQ WKH ULVN�IUHH 7UHDVXU\ ELOO DQG WKH RWKHU WZR VL]H SRUWIROLRV�

6HFRQG� WKH DOORFDWLRQ WR ODUJH VWRFNV LQFUHDVHV ZLWK WKH KRUL]RQ� ZKHUHDV DOORFDWLRQ WR VPDOO

VWRFNV GHFUHDVHV� &RQGLWLRQLQJ RQ LQIRUPDWLRQ YDULDEOHV� WKH DQQXDOL]HG SUHGLFWLYH VWDQGDUG

GHYLDWLRQ RI WKH ODUJH VWRFN SRUWIROLR H[KLELWV D KLJKHU UHGXFWLRQ LQ LQWHUPHGLDWH DQG ORQJ

KRUL]RQV GXH WR SUHGLFWDELOLW\� PDNLQJ LQYHVWPHQW LQ ODUJH �VPDOO� VWRFNV VHHP OHVV �PRUH�

ULVN\ IRU ULVN�DYHUVH LQYHVWRUV ZLWK DQ LQFUHDVLQJ KRUL]RQ�

,W LV LQWHUHVWLQJ WR H[DPLQH WKH DVVHW DOORFDWLRQV IRU WKH LLG PRGHO LQ WKH SUHVHQFH RI

PXOWLSOH LQYHVWDEOH ULVN\ DVVHWV� 7KH RYHUDOO LQYHVWPHQW LQ HTXLWLHV GHFUHDVHV ZLWK WKH KRUL�

]RQ GXH WR SDUDPHWHU XQFHUWDLQW\��� +RZHYHU� IRU q  � WKH LQYHVWPHQW LQ ODUJH VWRFNV

GLVSOD\V DQ RSSRVLWH SDWWHUQ DQG LQFUHDVHV� 7R XQGHUVWDQG WKLV SDWWHUQ� UHFDOO WKDW LQ WKH

SUHVHQFH RI PXOWLSOH ULVN\ DVVHWV� WKH FRQWULEXWLRQ RI HDFK DVVHW WR WKH RYHUDOO YDULDWLRQ RI

WKH FKRVHQ SRUWIROLR LV QRW UHVWULFWHG WR LWV RZQ YDULDQFH� 5DWKHU� WKH FRYDULDWLRQ ZLWK WKH

RWKHU LQYHVWDEOH DVVHWV VKRXOG EH DFFRXQWHG IRU� 3XW DQRWKHU ZD\� LQYHVWRUV FDUH DERXW

SRUWIROLR UHWXUQV� QRW DERXW WKH EHKDYLRU RI DQ\ VLQJOH LQFOXGHG DVVHW�

0RYLQJ IURP q  � WR q  �� ZH REVHUYH DQ LQWHUHVWLQJ SKHQRPHQD� 7KH SURSRUWLRQ

RI LQYHVWPHQW LQ ODUJH YHUVXV VPDOO VWRFN SRUWIROLRV� EDVHG RQ WKH ZHLJKWHG PRGHO� GRHV

QRW UHPDLQ p[HG� 2QH PLJKW H[SHFW VLPLODU SURSRUWLRQV GXH WR WKH SRUWIROLR VHSDUDWLRQ

SURSHUW\� DW OHDVW DW VKRUW KRUL]RQV LQ ZKLFK WKH VNHZQHVV DQG RWKHU KLJKHU�PRPHQW HoHFW

LV UHODWLYHO\ ORZ� +RZHYHU� UHFDOO WKDW SRUWIROLR ZHLJKWV DUH FRQVWUDLQHG WR WKH XQLW LQWHUYDO�

7KH FRQVWUDLQWV DUH ELQGLQJ VLQFH LQ WKHLU DEVHQFH LQYHVWRUV ZLOO VHOO VKRUW WKH SRUWIROLR RI

��6H H SD UW ) R I WKH D SSH QGL[ Z KLF K H [ SOD LQV WKH H Y R OXWLR Q R I SUH GLF WLY H Y D ULD QF H D OR QJ WKH KR UL] R Q�
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PHGLXP VWRFNV� ,Q WXUQ� SRUWIROLR FRQVWUDLQWV EUHDN WKH VHSDUDWLRQ SURSHUW\�

, 9 &RQFOXVLRQ

7KH SULPDU\ REMHFWLYH RI WKLV VWXG\ LV WR LQYHVWLJDWH WKH SRWHQWLDO LPSDFW RI PRGHO XQ�

FHUWDLQW\ LQ SUHGLFWDELOLW\ RQ WKH LQYHVWPHQW RSSRUWXQLW\ VHW DV SHUFHLYHG E\ D ULVN�DYHUVH

ORQJ�KRUL]RQ LQYHVWRU ZKR DOORFDWHV IXQG DFURVV WKUHH VL]H�VRUWHG SRUWIROLRV DQG WKH ULVN�IUHH

7UHDVXU\ ELOO� :H KDYH VKRZQ WKDW PRGHO XQFHUWDLQW\ DFFRXQWV IRU D VLJQLpFDQW SRUWLRQ RI

WKH SHUFHLYHG YDULDQFH RI IXWXUH VWRFN�UHWXUQ� LQ VRPH FDVHV FRQVLGHUDEO\ ODUJHU WKDQ WKDW

DWWULEXWHG WR SDUDPHWHU XQFHUWDLQW\ RU HVWLPDWLRQ ULVN� :H KDYH GRFXPHQWHG WKDW ZLWK D

OHQJWKHQLQJ LQYHVWPHQW KRUL]RQ� WKH HVWLPDWLRQ ULVN EHFRPHV PRUH SURPLQHQW� ZKHUHDV WKH

LPSDFW RI PRGHO XQFHUWDLQW\ RQ WKH SUHGLFWLYH YDULDQFH RI VWRFN UHWXUQV GLPLQLVKHV� 7KH

GRPLQDWH IUDFWLRQ RI WKH RYHUDOO PRGHO XQFHUWDLQW\ DULVHV EHFDXVH LQYHVWRUV DUH XQFHUWDLQ H[

DQWH DERXW ZKHWKHU DVVHW UHWXUQV DUH SUHGLFWDEOH� 7KH UHPDLQLQJ XQFHUWDLQW\ _ FRQGLWLRQDO

RQ KDYLQJ SUHGLFWDELOLW\� ZKLFK DUH WKH UHOHYDQW IRUHFDVWLQJ YDULDEOHV _ LV DOPRVW HQWLUHO\

UHVROYHG E\ WKH UHDOL]HG GDWD�

:H pQG WKDW PRGHO XQFHUWDLQW\ FDQ KDYH D VLJQLpFDQW LPSDFW RQ RSWLPDO SRUWIROLR FKRLFHV

DV ZHOO� )RU H[DPSOH� ZH KDYH VKRZQ WKDW LQYHVWRUV ZKR LJQRUH WKH ZHLJKWHG PRGHO REWDLQHG

E\ DYHUDJLQJ RYHU DOO HQWHUWDLQHG PRGHOV� DQG FRQVLGHU LQVWHDG D VLQJOH PRGHO VHOHFWHG E\

D IRUPDO FULWHULRQ SHUFHLYH LQYHVWPHQW RSSRUWXQLWLHV WKDW FDQ GLoHU WR HFRQRPLFDOO\ VLJQLp�

FDQW GHJUHHV� +RZHYHU� GLoHUHQFHV DFURVV PRGHOV DUH VXEVWDQWLDOO\ UHGXFHG IRU ORQJ�KRUL]RQ

LQYHVWRUV DV ZHOO DV IRU LQYHVWRUV ZLWK KLJK FRHrFLHQWV RI UHODWLYH ULVN�DYHUVLRQ�

:LWK WKH FDOOV HPHUJLQJ IURP ERWK DFDGHPLFV DQG SUDFWLWLRQHUV WR VHDUFK IRU YDOXDEOH

SUHGLFWRUV� ZH HPEUDFH WKH FKDOOHQJH E\ FRPSXWLQJ SRVWHULRU SUREDELOLWLHV IRU YDULRXV GDWD�
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JHQHUDWLQJ SURFHVVHV� :H PHDVXUH WKH UHODWLYH SHUIRUPDQFH RI SUHGLFWRUV E\ %D\HV IDFWRUV

DQG RWKHU PRGHO�VHOHFWLRQ FULWHULD ZKLFK DUH UREXVW WR VRPH SUDFWLFDO GLrFXOWLHV ZLWK LQ�

WHUSUHWLQJ WKH FRQYHQWLRQDO 3�YDOXHV� :H VKRZ WKDW WKH SRVWHULRU SUREDELOLW\ LQ IDYRU RI

SUHGLFWDELOLW\ H[FHHGV WKH SUH�DVVLJQHG SULRU SUREDELOLW\� VXJJHVWLQJ WKDW� WR VRPH H[WHQW�

WKH GDWD IDYRUV VWRFN�UHWXUQ SUHGLFWDELOLW\�

)XUWKHUPRUH� ZH VKHG DGGLWLRQDO OLJKW RQ WKH SUHGLFWLYH SRZHU RI VRPH H[ DQWH YDULDEOHV�

,Q SDUWLFXODU� LW LV VKRZQ WKDW WKH WUHQG�GHYLDWLRQ�LQ�ZHDOWK KDV D UHOLDEOH SRZHU LQ IRUH�

FDVWLQJ UHWXUQV RQ VL]H SRUWIROLRV� ,Q FRQWUDVW� WKH DJJUHJDWH PHDVXUH RI ERRN�WR�PDUNHW DV

ZHOO DV WKH UHODWLYH ELOO UDWH LV IRXQG WR EH SRRU SUHGLFWRUV RI HTXLW\ PDUNHW UHWXUQV� /DVWO\�

WKH SUHGLFWLYH SRZHU RI DQ DJJUHJDWH PHDVXUH RI WKH GLYLGHQG \LHOG� WHUP VWUXFWXUH VORSH�

DQG GHIDXOW VSUHDG LV IRXQG WR EH TXHVWLRQDEOH�

8QFHUWDLQW\ DERXW WKH PRGHO IRU SUHGLFWLQJ UHWXUQV FDQ EH H[SORUHG DORQJ VHYHUDO RWKHU

GLPHQVLRQV WKDW DUH QRW DGGUHVVHG LQ WKLV VWXG\ EXW SUHVHQW RSSRUWXQLWLHV IRU IXWXUH LQ�

YHVWLJDWLRQ� )RU H[DPSOH� D GHFLVLRQ�PDNHU ZKR DWWHPSWV WR LQFRUSRUDWH WKH UHVWULFWLRQ RQ

SUHGLFWDELOLW\ LPSOLHG E\ UDWLRQDO DVVHW SULFLQJ PRGHOV PLJKW EH FRQFHUQHG ZLWK FKRRVLQJ WKH

?FRUUHFW� SULFLQJ PRGHO RU H[WUDFWLQJ IDFWRUV WKDW EHVW H[SODLQ WKH FURVV�VHFWLRQDO YDULDWLRQ

LQ H[SHFWHG VWRFN UHWXUQV��� 2I FRXUVH� KDYLQJ LQFRUSRUDWHG WKH DVVHW SULFLQJ UHVWULFWLRQ�

�� $ VVH W SULF LQJ �ED VH G PR GH OV LQF OXGH F R QVXPSWLR Q PR GH OV� PR GH OV VXF K D V WKH & $ 30 LQ Z KLF K WKH VLQJ OH

ID F WR U LV WKH H [ F H VV UH WXUQ R Q WKH PD UN H W SR UWIR OLR � R U WKH PR GH O SUR SR VH G E\ ) D PD D QG ) UH QF K �� � � � �� LQ

Z KLF K WKH UH D UH WZ R D GGLWLR QD O ID F WR UV D OR QJ Z LWK WKH PD UN H W SR UWIR OLR � WKH GLoH UH QF H LQ UH WXUQV EH WZ H H Q VPD OO

D QG OD UJ H pUPV� D QG pUPV Z LWK KLJ K D QG OR Z UD WLR V R I ER R N �WR �PD UN H W� ) D F WR UV F D Q D OVR EH GH ULY H G E\ WKH

D V\ PSWR WLF SULQF LSD O F R PSR QH QWV R I & R QQR U D QG . R UD MF ] \ N �� � � � �� R U Y LD ID F WR U D QD O\ VLV �VH H � IR U H [ D PSOH �

& KD SWH U � LQ & D PSEH OO� /R � D QG 0 D F . LQOD \ � � � � � �� ) H UVR Q D QG + D UY H \ �� � � � �� ) H UVR Q D QG . R UD MF ] \ N �� � � � ��

D QG . LUE\ �� � � � � H [ D PLQH Z KH WKH U SUH GLF WD ELOLW\ LQ VWR F N UH WXUQV LV F R QVLVWH QW Z LWK UD WLR QD O D VVH W SULF LQJ

PR GH OV�
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LQYHVWRUV VWLOO HQFRXQWHU WKH XQFHUWDLQW\ LQ VHOHFWLQJ WKH LQIRUPDWLRQ VHW�

7KH UHVHDUFK FRQGXFWHG KHUH ZDV FRQpQHG WR D UHODWLYHO\ VLPSOH VHWWLQJ� 7KH REMHFWLYH LV

WR FRQYH\ WKH EDVLF FRQFHSW RI FRPELQLQJ DQG VHOHFWLQJ DPRQJ PRGHOV LQ pQDQFLDO HFRQRPLFV

XVLQJ D %D\HVLDQ PRGHO�VHOHFWLRQ EDVHG FULWHULRQ ZLWK DSSOLFDWLRQ WR SUHGLFWDELOLW\ LQ DVVHW

UHWXUQV� $ VWUDLJKWIRUZDUG H[WHQVLRQ LV WR IRFXV RQ SUHGLFWDELOLW\ LQ DVVHW UHWXUQV ZLWKRXW

WDNLQJ LQWR DFFRXQW WKH PXOWL�SHULRG SRUWIROLR GHFLVLRQV� ,Q WKDW FDVH� SRVWHULRU SUREDELOLWLHV

RI YDULRXV PRGHOV FDQ EH REWDLQHG DQDO\WLFDOO\� DQG WKHUHIRUH� RQH GRHV QRW KDYH WR UHVRUW

WR VLPXODWLRQ WHFKQLTXHV ZKLFK VXEVWDQWLDOO\ UHVWULFW WKH QXPEHU RI SUH�DVVLJQHG YDULDEOHV

WKDW FDQ EH LQFOXGHG LQ WKH SUHGLFWLYH UHJUHVVLRQ�

7KH DERYH�GHVFULEHG H[WHQVLRQ LV RI JUHDW LQWHUHVW VLQFH WKH FXUUHQW HYLGHQFH RQ WKH LP�

SRUWDQFH RI VHYHUDO YDULDEOHV LQ IRUHFDVWLQJ DVVHW UHWXUQV GRHV QRW UHqHFW D FRQFHQVXV YLHZ�

%XLOGLQJ RQ RXU VHWWLQJ� RQH FDQ LQFOXGH LQ D SUHGLFWLYH UHJUHVVLRQ D ODUJH QXPEHU RI LQIRUPD�

WLRQ YDULDEOHV VXFK DV PDFURHFRQRPLF YDULDEOHV� OLTXLGLW\ YDULDEOHV� VHYHUDO ODJJHG UHWXUQV�

HWF� &RPSXWLQJ SRVWHULRU SUREDELOLWLHV IRU DOO IHDVLEOH OLQHDU IRUHFDVWLQJ PRGHOV PLJKW VKHG

VLJQLpFDQW OLJKW RQ WKH DELOLW\ RI YDULRXV YDULDEOHV WR WUDFN WLPH YDULDWLRQ LQ H[SHFWHG VWRFN

UHWXUQV�

7KH DQDO\VLV FDQ DOVR EH H[WHQGHG E\ LQFOXGLQJ UHWXUQV RQ SRUWIROLRV VRUWHG RQ RWKHU

HTXLW\ FKDUDFWHULVWLFV RU E\ LQFRUSRUDWLQJ FRQGLWLRQDO KHWHURVFHGDVWLFLW\ IRU VWRFN UHWXUQV�

7KH QDWXUH RI WKH XQGHUO\LQJ GDWD�JHQHUDWLQJ SURFHVV PLJKW FKDQJH RYHU WLPH� DQG KHQFH�

UHJUHVVLRQ SDUDPHWHUV PLJKW EH WUHDWHG DV WLPH�YDU\LQJ UDWKHU WKDQ p[HG� 7KH OLQHDULW\

RI IRUHFDVWLQJ PRGHOV FDQ DOVR EH TXHVWLRQHG� $ FKDOOHQJLQJ WDVN ZRXOG� WKHUHIRUH� EH WR

FRPSXWH SRVWHULRU SUREDELOLWLHV IRU IRUHFDVWLQJ PRGHOV WKDW GHSDUW IURP QRUPDOLW\� OLQHDULW\�

��



FRQVWDQW YDULDQFH� DQG FRQVWDQW SUHGLFWLYH�UHJUHVVLRQ SDUDPHWHUV� )LQDOO\� WKH PHWKRGRO�

RJ\ GHYHORSHG KHUH FDQ EH DSSOLHG WR RWKHU GRPDLQV LQ pQDQFLDO HFRQRPLFV ZKHUH PRGHO

XQFHUWDLQW\ LV VXVSHFWHG RI SOD\LQJ UROH LQ GHULYLQJ TXDQWLWLHV RI LQWHUHVW�
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$ 3 U HGLFWLYH 0 RPHQWV RI WKH .�3 HU LRG ( [FHVV /RJ 5HWXU QV

3DUW $ RI WKH DSSHQGL[ GHULYHV WKH pUVW WZR PRPHQWV RI WKH GLVWULEXWLRQ RI WKH .�SHULRG�

DKHDG FXPXODWLYH H[FHVV ORJ UHWXUQV FRQGLWLRQDO RQ WKH UHJUHVVLRQ SDUDPHWHUV % DQG h DQG

WKH LQYHVWRU
V GDWD VHW j�
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% 7 KH 'HFRPSRVLWLRQ RI WKH 3 U HGLFWLYH 9DU LDQFH RI &XPX�

ODWLYH 6WRFN 5HWXU QV

'HFRPSRVLQJ WKH SUHGLFWLYH YDULDQFH 9DUI57�. MjJ ZLWK UHVSHFW WR WKH PRGHO VSDFH DQG

XVLQJ WKH ODZ RI LWHUDWHG H[SHFWDWLRQ� ZH REWDLQ

9DUI57�. MjJ  
-;
M �

3 �0M Mj�
K
9DUI57�. M0M�jJ� �ayb (dIy0M

J��ayb (dIy0M
J��
L
��%���

ZKHUH ay  
3-

M � 3 �0MMj�(dIy0M
J DQG (d LV WKH H[SHFWHG YDOXH RSHUDWRU WDNHQ ZLWK

UHVSHFW WR WKH SDUDPHWHU VSDFH�

7KH WRWDO XQFHUWDLQW\ DERXW IXWXUH UHWXUQV LV FRPSRVHG RI WKH ZLWKLQ�PRGHO �WKH pUVW

IDFWRU RQ WKH ULJKW�KDQG VLGH RI HTXDWLRQ %��� DQG FURVV�PRGHO �WKH VHFRQG IDFWRU� XQFHU�

WDLQW\� 7KH IRUPHU LV PHUHO\ D PL[WXUH RI YDULDQFHV IURP HDFK FDQGLGDWH PRGHO� 7KH ODWWHU

UHqHFWV WKH PRGHO XQFHUWDLQW\ LQ IRUHFDVWLQJ VWRFN UHWXUQV� LQ WKDW LW PHDVXUHV WKH RYHUDOO

YDULDQFH RI IXWXUH UHWXUQV DWWULEXWDEOH WR WKH XQFHUWDLQW\ DERXW ZKLFK RI WKH IRUHFDVWLQJ

PRGHOV LQYHVWRUV VKRXOG XVH�

(VWLPDWLRQ ULVN RU SDUDPHWHU XQFHUWDLQW\ LV DQ DGGLWLRQDO VRXUFH RI WKH H[ DQWH VWRFN�

UHWXUQ YDULDQFH� 7KH ZLWKLQ�PRGHO SDUDPHWHU XQFHUWDLQW\ FDQ EH REWDLQHG E\ GHFRPSRVLQJ

WKH ZLWKLQ�PRGHO YDULDQFH DV IROORZV�

9DUI57�. M0M �jJ �%���

 (dI9DU >57�. M0M�j� %�h@J�9DUdI( >57�. M0M�j� %�h@J�

 (dIi0M
J�9DUdIy0M

J�

7KH UHVXOW IROORZV LPPHGLDWHO\ E\ VXEVWLWXWLQJ HTXDWLRQ �%��� LQWR WKH pUVW IDFWRU RQ WKH

ULJKW�KDQG VLGH RI HTXDWLRQ �%����
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& 7 KH 3 RVWHU LRU 'LVWU LEXWLRQ RI 5HJU HVVLRQ 3 DU DPHWHU V

7KLV SDUW RI WKH DSSHQGL[ GHULYHV WKH IXOO FRQGLWLRQDO SGIV RI WKH UHJUHVVLRQ SDUDPHWHUV
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0XOWLSO\LQJ WKH MRLQW SULRU GHQVLW\ ���� E\ WKH OLNHOLKRRG IXQFWLRQ ���� \LHOGV�
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$W WKLV VWDJH ZH FDQ DSSO\ WKH *LEEV VDPSOHU WHFKQLTXH� $ *LEEV VDPSOLQJ FKDLQ LV

IRUPHG DV IROORZV �WKH QRWDWLRQDO GHSHQGHQFH RQ SULRU SDUDPHWHUV LV VXSSUHVVHG��

�� 6SHFLI\ VWDUWLQJ YDOXHV %��� h��� DQG VHW L  ��

�� 'UDZ IURP WKH IXOO FRQGLWLRQDO GLVWULEXWLRQV�

s 'UDZ %�L� IURP WKH FRQGLWLRQDO SGI 3 �%Mh�Lb���j�

s 'UDZ h�L� IURP WKH FRQGLWLRQDO SGI 3 �hM%�L��j�

�� 6HW L  L� � DQG JR WR VWHS ��

$IWHU P LWHUDWLRQV WKH VDPSOH %�P��h�P� LV REWDLQHG� 8QGHU PLOG UHJXODULW\ FRQ�

GLWLRQV �VHH� IRU H[DPSOH� 7LHUQH\ ������� WKH SDLUV �%�P��h�P�� FRQYHUJHV LQ GLVWULEX�

WLRQ WR WKH UHOHYDQW PDUJLQDO DQG MRLQW GLVWULEXWLRQV� 7KDW LV� 3 �%�P�Mj� � 3 �%Mj��

3 �h�P�Mj�� 3 �hMj�� DQG 3 �%�P��h�P�Mj�� 3 �%�hMj�� :KHQ P LV ODUJH HQRXJK� WKH *

YDOXHV �%�J��h�J��P�*J P�� DUH D VDPSOH IURP WKH MRLQW SRVWHULRU�

' 'U DZLQJ IU RP WKH 3 U HGLFWLYH 'LVWU LEXWLRQ RI /RQJ�+ RU L]RQ

&XPXODWLYH ( [FHVV /RJ 5HWXU QV

7KH SUHGLFWLYH GHQVLW\ RI WKH .�SHULRG FXPXODWLYH H[FHVV ORJ UHWXUQV WKDW LQFRUSRUDWHV

PRGHO XQFHUWDLQW\ DQG SDUDPHWHU XQFHUWDLQW\ ZLWKLQ DQ\ IRUHFDVWLQJ PRGHO EHORQJLQJ WR

0 LV JLYHQ E\ �WKH SULRU�VSHFLpF SDUDPHWHUV DUH VXSSUHVVHG��
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7KH GLVWULEXWLRQ RI IXWXUH H[FHVV UHWXUQV JLYHQ WKH UHJUHVVLRQ SDUDPHWHUV DQG WKH GDWD

3 �57�. M%�h�0M �j� KDV EHHQ VKRZQ WR REH\ WKH PXOWLYDULDWH QRUPDO GLVWULEXWLRQ ZKRVH

PHDQ DQG YDULDQFH DUH GLVSOD\HG LQ HTXDWLRQ �����
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6DPSOLQJ IURP WKH SUHGLFWLYH GLVWULEXWLRQ RI H[FHVV FXPXODWLYH IXWXUH UHWXUQV LV REWDLQHG

E\ pUVW GUDZLQJ D PRGHO EHORQJLQJ WR WKH VHW0� &RQGLWLRQDO XSRQ WKH VHOHFWHG PRGHO� %

DQG h DUH GUDZQ IURP WKH MRLQW SRVWHULRU GLVWULEXWLRQ XVLQJ WKH *LEEV VDPSOHU DOJRULWKP� DV

H[SODLQHG LQ SDUW & RI WKH DSSHQGL[� *LYHQ % DQG h� ZH JHQHUDWH DQ 1 d � UDQGRP YHFWRU

IURP WKH FRQGLWLRQDO GLVWULEXWLRQ 3 �57�. M%�h�j�� 5HSHDWLQJ WKLV WKUHH�VWDJH DOJRULWKP

\LHOGV D UDQGRP VDPSOH IURP WKH H[DFW ZHLJKWHG SUHGLFWLYH GLVWULEXWLRQ�

( &RPSXWLQJ 0 DU JLQDO /LNHOLKRRG DQG 3 RVWHU LRU 3 U REDELOL�

WLHV

,Q GHULYLQJ WKH PDUJLQDO OLNHOLKRRG� ZH FORVHO\ IROORZ WKH DSSURDFK DGYRFDWHG E\ &KLE

������� )LUVW� DFFRUGLQJ WR %D\HV UXOH� WKH PDUJLQDO OLNHOLKRRG IXQFWLRQ FDQ EH H[SUHVVHG DV

�WKH QRWDWLRQDO GHSHQGHQFH RQ SULRU SDUDPHWHUV LV VXSSUHVVHG��
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3 �< Mh� %� [��� 1RWH WKDW 3 �<� [�� GRHV QRW GHSHQG RQ PRGHO SDUDPHWHUV� 7KHUHIRUH� IRU

DQ\ �h� %� EHORQJLQJ WR WKH SDUDPHWHU VSDFH� d� �WDNH ZLWKRXW ORVV RI JHQHUDOLW\ he� %e �

d�� WKH SURSRVHG HVWLPDWH RI WKH PDUJLQDO OLNHOLKRRG� 3 �<� [��� VDWLVpHV�

OQI A3 �<� [��J  OQ3 �< Mhe� %e� [�� � OQ3 �h
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ZKHUH 3 �< Mhe� %e� [��� 3 �h
e� %e�� DQG 3 �he� %eM<� [�� DUH WKH OLNHOLKRRG IXQFWLRQ� WKH

MRLQW SULRU� DQG WKH MRLQW SRVWHULRU HVWLPDWHG DW he DQG %e� UHVSHFWLYHO\�

$W WKLV VWDJH PRVW RI WKH TXDQWLWLHV QHHGHG WR GHULYH WKH PDUJLQDO OLNHOLKRRG FDQ EH

HYDOXDWHG� ,Q SDUWLFXODU� HTXDWLRQV ���� DQG ���� VSHFLI\ WKH MRLQW SULRU GLVWULEXWLRQ DQG

OLNHOLKRRG IXQFWLRQ� UHVSHFWLYHO\� 7KH FRQGLWLRQDO SRVWHULRU SGI IRU p JLYHQ h LV PXOWLYDULDWH
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QRUPDO ZLWK PHDQ ( DQG YDULDQFH ) � ,W UHPDLQV WR HYDOXDWH WKH PDUJLQDO SGI IRU h DW he�

:H HODERUDWH RQ WKLV VWHS EHORZ�

:H GHQRWH WKH RXWSXW IURP WKH *LEEV DOJRULWKP� DV GLVFXVVHG LQ SDUW & RI WKH DSSHQGL[�
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& 7 KH )XOO &RQGLWLRQDO 3 RVWHU LRU 3 GIV IRU WKH 5HJU HVVLRQ 3 DU DPHWHU V�
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7R LQWHJUDWH RXW ��s � ZH XVHG WKH SURSHUWLHV RI WKH LQYHUWHG JDPPD SUREDELOLW\ GHQVLW\
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7DEOH ,
'HVFULSWLYH 6WDWLVWLFV RI 3UHGLFWLYH 9DULDEOHV DQG ([FHVV 5HWXUQV

7 KH WD EOH VKR Z V GH VF ULSWLY H VWD WLVWLF V IR U WKH SUH GLF WLY H Y D ULD EOH V� 7 KH VWD WLVWLF V D UH F R PSXWH G ED VH G R Q
� � � T XD UWH UO\ R EVH UY D WLR QV VSD QQLQJ WKH pUVW T XD UWH U R I � � � � WR WKH OD VW T XD UWH U R I � � � � � 7 KH ER R N �WR �
PD UN H W �%0 � LV F R PSXWH G D V WKH VXP R I pVF D O \ H D U�H QG SH U VKD UH ER R N �Y D OXH V R I D OO VWR F N V LQF OXGH G LQ
WKH 6	3 ,QGXVWULD OV GLY LGH G E\ WKH F R QWH PSR UD QH R XV OH Y H O R I WKH 6	3 ,QGXVWULD OV SULF H LQGH [ � ' LY LGH QG
\ LH OG �' LY � LV WKH WR WD O SD \ PH QWV R I GLY LGH QGV R Q WKH Y D OXH �Z H LJ KWH G 1 < 6( SR UWIR OLR R Y H U WKH UH F H QW WZ H OY H
PR QWKV GLY LGH G E\ WKH F R QWH PSR UD QH R XV OH Y H O R I WKH LQGH [ � 7 KH GH ID XOW VSUH D G �' H I� LV WKH GLoH UH QF H LQ
D QQXD OL] H G \ LH OGV R I 0 R R G\ 
V %D D D QG $ D D UD WH G ER QGV� 7 KH WUH QG�GH Y LD WLR Q�LQ�Z H D OWK �7 ' :� LV F R PSXWH G
D V FWbZDWb�� bZ�\W� Z KH UH FW� DW� D QG \W GH QR WH OR J R I F R QVXPSWLR Q� QR Q�KXPD Q Z H D OWK� D QG OD ER U LQF R PH �
UH VSH F WLY H O\ � 7 KH Z H LJ KW Z H T XD OV WKH D Y H UD J H VKD UH R I QR Q�KXPD Q Z H D OWK LQ WR WD O Z H D OWK� 7 ' : LV LQ SH U�
F D SLWD WH UPV� PH D VXUH G LQ � � � � GR OOD UV� 7 KH UH OD WLY H ELOO UD WH �7 ELOO� LV WKH GLoH UH QF H EH WZ H H Q D Q D QQXD O
\ LH OG R Q D WKUH H �PR QWK 7 UH D VXU\ ELOO D QG LWV R QH �\ H D U ED F N Z D UG�PR Y LQJ D Y H UD J H � /D VWO\ � WKH WH UP VWUXF WXUH
VOR SH �7 H UP� LV WKH GLoH UH QF H LQ D QQXD OL] H G \ LH OG R I WH Q�\ H D U D QG R QH �\ H D U 7 UH D VXU\ ELOOV� 7 KH SD UD PH WH U ~W
LV WKH VD PSOH D XWR F R UUH OD WLR Q D W OD J W PR QWKV� 7 KH ER WWR P SD UW R I WKH WD EOH H [ KLELWV WKH VOR SH F R H rF LH QWV
LQ WKH PXOWLY D ULD WH UH J UH VVLR Q R I VL] H SR UWIR OLR V R Q OD J J H G LQVWUXPH QWV� :H UH SR UW VOR SH F R H rF LH QWV R I WKR VH
UH J UH VVLR QV� 6WD QGD UG GH Y LD WLR QV D UH GLVSOD \ H G LQ SD UH QWKH VLV EH OR Z WKH VOR SH V�

3UHGLFWLYH 9DULDEOHV
6WDWLVWLF %0 'LY 'HI 7': 7ELOO 7HUP
0HDQV ������ ������ ������ ������� ������ ������
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7DEOH ,,

7KH +LJKHVW�3RVWHULRU�3UREDELOLW\ 0RGHOV ZKHQ ,QYHVWRUV &RQVLGHU WKH (YHQWV RI
3UHGLFWDELOLW\ YHUVXV QR 3UHGLFWDELOLW\ DV (TXDOO\ /LNHO\

7 KH WD EOH VKR Z V H VWLPD WH G SR VWH ULR U SUR ED ELOLWLH V IR U VL[ QR Q�] H UR �SUR ED ELOLW\ UH WXUQ IR UH F D VWLQJ PR GH OV
F R PSXWH G IR U WKUH H SULR U VSH F LpF D WLR QV F R UUH VSR QGLQJ WR WUD LQLQJ VD PSOH V WKD W LQF OXGH � � � � � � D QG � � T XD U�
WH UO\ R EVH UY D WLR QV� �7 KH WUD LQLQJ �VD PSOH OH QJ WK LV GH QR WH G E\ WKH QR WD WLR Q 7��� $ SR VWH ULR U SUR ED ELOLW\ LV
H VWLPD WH G D V�

A3 �0LMj �  
A3 �<� [�M0L�3 �0L�

3-

M �
A3 �<� [�M0M�3 �0M�

�

Z KH UH A3 �<� [�M0L� GH QR WH V WKH H VWLPD WH G PD UJ LQD O OLN H OLKR R G R I WKH GD WD F R QGLWLR QLQJ XSR Q0L� D QG 3 �0L�
GH QR WH V WKH SUH �D VVLJ QH G SULR U SUR ED ELOLW\ � $ VVXPLQJ WKD W �L� LQY H VWR UV F R QVLGH U SUH GLF WD ELOLW\ R U OD F N WKH UH R I
D V H T XD OO\ OLN H O\ H[ DQWH� D QG �LL� F R QGLWLR QD O R Q KD Y LQJ SUH GLF WD ELOLW\ � LQY H VWR UV H [ KLELW QR Q�LQIR UPD WLY H EH �
OLH IV D ER XW WKH IR UP WKD W LW WD N H V� Z H D VVR F LD WH D SULR U SUR ED ELOLW\ R I � � � WR WKH LLG PR GH O D QG D VVLJ Q H T XD OO\
WKH UH PD LQLQJ � � � WR D OO R WKH U PR GH OV�

7 KH IR UH F D VWLQJ PR GH OV SUH VH QWH G EH OR Z D UH GLVWLQJ XLVKH G E\ D XQLT XH F R PELQD WLR Q R I ] H UR V D QG R QH V
GH VLJ QD WLQJ H [ F OXVLR QV D QG LQF OXVLR QV R I SUH GLF WLY H Y D ULD EOH V IUR P WKH PR GH O� UH VSH F WLY H O\ � ) R U H [ D PSOH � WKH
pUVW UR Z F R UUH VSR QGV WR D PR GH O WKD W UH WD LQV R QO\ WKH WUH QG�GH Y LD WLR Q�LQ�Z H D OWK D QG GLVF D UGV WKH UH PD LQLQJ
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,QYHVWPHQW +RUL]RQ LQ <HDUV ZKHQ ,QYHVWRUV &RQVLGHU WKH (YHQWV RI 3UHGLFWDELOLW\ YHU�
VXV QR 3UHGLFWDELOLW\ DV (TXDOO\ /LNHO\�
7KH WKUHH SORWV RQ WKH OHIW GLVSOD\ WKH GHFRPSRVLWLRQV RI DQQXDOL]HG YDULDQFHV RI VPDOO� PHGLXP�
DQG ODUJH FDSLWDOL]DWLRQ pUPV LQWR WKUHH FRPSRQHQWV� LQFOXGLQJ WKH FURVV�PRGHO XQFHUWDLQW\ DQG
WKH PL[WXUH RI ZLWKLQ�PRGHO SDUDPHWHU XQFHUWDLQW\� 7KH VROLG OLQHV VKRZ WKH DQQXDOL]HG YDULDQFHV
FRPSXWHG EDVHG RQ WKH ZHLJKWHG PRGHO� 7KH GDVKHG OLQHV FRUUHVSRQG WR WKH YDULDQFHV WKDW LQFOXGH
WKH ZLWKLQ�PRGHO SDUDPHWHU XQFHUWDLQW\� EXW QRW WKH FURVV�PRGHO XQFHUWDLQW\� 7KH GDVK�GRW OLQHV
GLVSOD\ D PL[WXUH RI YDULDQFHV IURP DQ\ FDQGLGDWH PRGHO VXFK WKDW ZLWKLQ HDFK PRGHO� WKH YDULDQFHV
DUH FRPSXWHG DV WKRXJK WKH PRGHO�VSHFLpF SDUDPHWHUV ZHUH NQRZQ� 7KH GLoHUHQFH EHWZHHQ WKH
VROLG DQG GDVKHG OLQHV FRQVWLWXWHV WKH PRGHO�XQFHUWDLQW\ FRPSRQHQW� DQG WKH GLoHUHQFH EHWZHHQ WKH
GDVKHG DQG GDVK�GRW OLQHV FRQVWLWXWHV WKH PL[WXUH RI SDUDPHWHU XQFHUWDLQW\ FRPSRQHQW� 7KH WKUHH
SORWV RQ WKH ULJKW H[KLELW UDWLRV RI YDULDQFHV REWDLQHG E\ GLYLGLQJ WKH PRGHO�XQFHUWDLQW\ FRPSRQHQW
E\ WKH SDUDPHWHU�XQFHUWDLQW\ FRXQWHUSDUW IRU HDFK RI WKH WKUHH FDSLWDOL]DWLRQ pUPV�
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FRPSXWHG EDVHG RQ WKH ZHLJKWHG PRGHO� 7KH GDVKHG OLQHV FRUUHVSRQG WR WKH YDULDQFHV WKDW LQFOXGH
WKH ZLWKLQ�PRGHO SDUDPHWHU XQFHUWDLQW\� EXW QRW WKH FURVV�PRGHO XQFHUWDLQW\� 7KH GDVK�GRW OLQHV
GLVSOD\ D PL[WXUH RI YDULDQFHV IURP DQ\ FDQGLGDWH PRGHO VXFK WKDW ZLWKLQ HDFK PRGHO� WKH YDULDQFHV
DUH FRPSXWHG DV WKRXJK WKH PRGHO�VSHFLpF SDUDPHWHUV ZHUH NQRZQ� 7KH GLoHUHQFH EHWZHHQ WKH
VROLG DQG GDVKHG OLQHV FRQVWLWXWHV WKH PRGHO�XQFHUWDLQW\ FRPSRQHQW� DQG WKH GLoHUHQFH EHWZHHQ WKH
GDVKHG DQG GDVK�GRW OLQHV FRQVWLWXWHV WKH PL[WXUH RI SDUDPHWHU XQFHUWDLQW\ FRPSRQHQW� 7KH WKUHH
SORWV RQ WKH ULJKW H[KLELW UDWLRV RI YDULDQFHV REWDLQHG E\ GLYLGLQJ WKH PRGHO�XQFHUWDLQW\ FRPSRQHQW
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6HW (TXDO WR WKHLU 6DPSOH 0HDQV�
7KH SORWV GLVSOD\ WKH GHFRPSRVLWLRQV RI DQQXDOL]HG YDULDQFHV RI VPDOO� PHGLXP� DQG ODUJH FDSL�
WDOL]DWLRQ pUPV LQWR WKUHH FRPSRQHQWV� LQFOXGLQJ WKH FURVV�PRGHO XQFHUWDLQW\ DQG WKH PL[WXUH RI
ZLWKLQ�PRGHO SDUDPHWHU XQFHUWDLQW\� 7KH SUHGLFWLYH DQQXDOL]HG YDULDQFH LV FRPSXWHG ZKHQ WKH FXU�
UHQW YDOXHV RI WKH SUHGLFWLYH YDULDEOHV DUH VHW HTXDO WR WKHLU VDPSOH PHDQV� 7KH VROLG OLQHV VKRZ WKH
DQQXDOL]HG YDULDQFHV FRPSXWHG EDVHG RQ WKH ZHLJKWHG PRGHO� 7KH GDVKHG OLQHV FRUUHVSRQG WR WKH
YDULDQFHV WKDW LQFOXGH WKH ZLWKLQ�PRGHO SDUDPHWHU XQFHUWDLQW\� EXW QRW WKH FURVV�PRGHO XQFHUWDLQW\�
7KH GDVK�GRW OLQHV GLVSOD\ D PL[WXUH RI YDULDQFHV IURP DQ\ FDQGLGDWH PRGHO VXFK WKDW ZLWKLQ HDFK
PRGHO� WKH YDULDQFHV DUH FRPSXWHG DV WKRXJK WKH PRGHO�VSHFLpF SDUDPHWHUV ZHUH NQRZQ� 7KH GLI�
IHUHQFH EHWZHHQ WKH VROLG DQG GDVKHG OLQHV FRQVWLWXWHV WKH PRGHO�XQFHUWDLQW\ FRPSRQHQW� DQG WKH
GLoHUHQFH EHWZHHQ WKH GDVKHG DQG GDVK�GRW OLQHV FRQVWLWXWHV WKH PL[WXUH RI SDUDPHWHU XQFHUWDLQW\
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ZLWK D 3RZHU 8WLOLW\ )XQFWLRQ DQG D 5HODWLYH 5LVN�$YHUVLRQ &RHrFLHQW (TXDO WR q�
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�WKH OLQHV GHQRWHG E\ WKH V\PERO C

�� $VVHW DOORFDWLRQV DUH FRPSXWHG IRU LQYHVWPHQW KRUL]RQV UDQJLQJ
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FXUUHQW YDOXHV RI WKH SUHGLFWLYH YDULDEOHV DUH VHW HTXDO WR WKHLU VDPSOH PHDQV� 7KH SORWV RQ WKH
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RI )LQDQFH� IRUWKFRPLQJ�

%DZD 9LMD\� 6WHSKHQ %URZQ� DQG 5RJHU .OHLQ� ����� (VWLPDWLRQ 5LVN DQG 2SWLPDO 3RUW�
IROLR &KRLFH �1RUWK +ROODQG� $PVWHUGDP���

%HUJHU� -�2�� DQG /�5� 3HULFFKL� ����� ?7KH ,QWULQVLF %D\HV )DFWRU IRU 0RGHO 6HOHFWLRQ DQG
3UHGLFWLRQ�� -RXUQDO RI WKH $PHULFDQ 6WDWLVWLFDO $VVRFLDWLRQ ��� ��������

%RVVDHUWV� 3�� DQG 3� +LOOLRQ� ����� ?,PSOHPHQWLQJ 6WDWLVWLFDO &ULWHULD WR 6HOHFW 5HWXUQ
)RUHFDVWLQJ 0RGHOV� :KDW 'R :H /HDUQ"�� 7KH 5HYLHZ RI )LQDQFLDO 6WXGLHV ��� ����
����

%RVVDHUWV� 3�� DQG 5� *UHHQ� ����� ?$ *HQHUDO (TXLOLEULXP 0RGHO RI &KDQJLQJ 5LVN 3UH�
PLD� 7KHRU\ DQG 7HVWV�� 7KH 5HYLHZ RI )LQDQFLDO 6WXGLHV �� ��������

%RXGRXNK� -�� 0� 5LFKDUGVRQ� DQG 5� :KLWHODZ� ����� ?1RQOLQHDULWLHV LQ WKH 5HODWLRQ
%HWZHHQ WKH (TXLW\ 5LVN 3UHPLXP DQG WKH 7HUP 6WUXFWXUH�� 0DQDJHPHQW 6FLHQFH ��
��������

%R[� *�(�3�� ����� ?6DPSOLQJ DQG %D\HV
 ,QIHUHQFH LQ 6FLHQWLpF 0RGHOLQJ�� -RXUQDO RI WKH
5R\DO 6WDWLVWLFDO 6RFLHW\ >$@ ���� ��������

%R[� *�(�3�� DQG *�&� 7LDR� ����� %D\HVLDQ ,QIHUHQFH LQ 6WDWLVWLFDO $QDO\VLV �$GGLVRQ�
:HVHO\� 5HDGLQJ� 0$���

%UDQGW� 0�� ����� ?(VWLPDWLQJ 3RUWIROLR DQG &RQVXPSWLRQ &KRLFH� $ &RQGLWLRQDO (XOHU
(TXDWLRQV $SSURDFK�� -RXUQDO RI )LQDQFH� IRUWKFRPLQJ�

%UHQQDQ� 0�� (� 6FKZDUW]� DQG 5� /DJQDGR� ����� ?6WUDWHJLF $VVHW $OORFDWLRQ�� -RXUQDO
RI (FRQRPLF '\QDPLF DQG &RQWURO ��� ����������

&DPSEHOO� -�� ����� ?6WRFN 5HWXUQV DQG WKH 7HUP 6WUXFWXUH�� -RXUQDO RI )LQDQFLDO (FR�
QRPLFV ��� ��������

&DPSEHOO� -�� ����� ?,QWHUWHPSRUDO $VVHW 3ULFLQJ ZLWKRXW &RQVXPSWLRQ 'DWD�� $PHULFDQ
(FRQRPLF 5HYLHZ ��� ��������

&DPSEHOO� -�� DQG 5�� 6KLOOHU� ����D� ?7KH 'LYLGHQG�3ULFH 5DWLR DQG ([SHFWDWLRQV RI
)XWXUH 'LYLGHQGV DQG 'LVFRXQW )DFWRUV�� 7KH 5HYLHZ RI )LQDQFLDO 6WXGLHV �� ��������

&DPSEHOO� -�� DQG 5�� 6KLOOHU� ����E� ?6WRFN 3ULFHV� (DUQLQJV� DQG ([SHFWHG 'LYLGHQGV��
-RXUQDO RI )LQDQFH ��� ��������

&DPSEHOO� -�� DQG *�� 0DQNLZ� ����� ?&RQVXPSWLRQ� ,QFRPH DQG ,QWHUHVW 5DWHV� 5HLQ�
WHUSUHWLQJ WKH 7LPH 6HULHV (YLGHQFH�� LQ 2OLYLHU -� %ODQFKDUG DQG 6WDQOH\ )LVFKHU
�(GV��� 1%(5 0DFURHFRQRPLFV $QQXDO &DPEULGJH� 0DVV� 0,7 3UHVV� ��������

&DPSEHOO� -�� $� /R� DQG $�&� 0DF.LQOD\� ����� 7KH (FRQRPHWULFV RI )LQDQFLDO 0DUNHWV
�3ULQFHWRQ���

&DPSEHOO� -�� DQG /� 9LFHLUD� ����� ?&RQVXPSWLRQ DQG 3RUWIROLR 'HFLVLRQV ZKHQ ([SHFWHG
5HWXUQV DUH 7LPH 9DU\LQJ�� :RUNLQJ SDSHU� +DUYDUG 8QLYHUVLW\�

��



&KHQ� 1�� ����� ?)LQDQFLDO ,QYHVWPHQW 2SSRUWXQLWLHV DQG WKH 0DFURHFRQRP\�� -RXUQDO RI
)LQDQFH ��� ��������

&KLE� 6�� ����� ?0DUJLQDO /LNHOLKRRG )URP WKH *LEEV 2XWSXW�� -RXUQDO RI WKH $PHULFDQ
6WDWLVWLFDO $VVRFLDWLRQ ��� ����������

&KLE� 6�� DQG (� *UHHQEHUJ� ����� ?0DUNRY &KDLQ 0RQWH &DUOR 6LPXODWLRQ 0HWKRGV LQ
(FRQRPHWULFV�� (FRQRPHWULF 7KHRU\ ��� ��������

&RQQRU� *�� DQG 5� .RUDMF]\N� ����� ?3HUIRUPDQFH 0HDVXUHPHQW ZLWK WKH $UELWUDJH 3ULF�
LQJ 7KHRU\� $ QHZ )UDPHZRUN IRU $QDO\VLV�� -RXUQDO RI )LQDQFLDO (FRQRPLFV ���
��������

)DPD� (�� DQG .� )UHQFK� ����� ?3HUPDQHQW DQG 7HPSRUDU\ &RPSRQHQWV RI 6WRFN 3ULFHV��
-RXUQDO RI 3ROLWLFDO (FRQRP\ ��� ��������

)DPD� (�� DQG .� )UHQFK� ����� ?%XVLQHVV &RQGLWLRQV DQG ([SHFWHG 5HWXUQV RQ 6WRFNV
DQG %RQGV�� -RXUQDO RI )LQDQFLDO (FRQRPLFV ��� �����

)DPD� (�� DQG .� )UHQFK� ����� ?&RPPRQ 5LVN )DFWRUV LQ WKH 5HWXUQV RQ 6WRFN DQG
%RQGV�� -RXUQDO RI )LQDQFLDO (FRQRPLFV ��� �����

)HUVRQ� :�� DQG &� +DUYH\� ����� ?7KH 9DULDWLRQ LQ (FRQRPLF 5LVN 3UHPLXPV�� -RXUQDO
RI 3ROLWLFDO (FRQRP\ ��� ��������

)HUVRQ� :�� DQG 5� .RUDMF]\N� ����� ?'R $UELWUDJH 3ULFLQJ 0RGHOV ([SODLQ WKH 3UH�
GLFWDELOLW\ RI 6WRFN 5HWXUQV"�� -RXUQDO RI %XVLQHVV ��� ��������

)URVW� 3�� DQG -� 6DYDULQR� ����� ?$Q (PSLULFDO %D\HV $SSURDFK WR (rFLHQW 3RUWIROLR
6HOHFWLRQ�� -RXUQDO RI )LQDQFLDO DQG 4XDQWLWDWLYH $QDO\VLV ��� ��������

*HOIDQG� $�(�� DQG $�)�0�� 6PLWK� ����� ?6DPSOLQJ�%DVHG DSSURDFKHV WR &DOFXODWLQJ
0DUJLQDO 'HQVLWLHV�� -RXUQDO RI WKH $PHULFDQ 6WDWLVWLFDO $VVRFLDWLRQ ��� ��������

*HPDQ� 6�� DQG '� *HPDQ� ����� ?6WRFKDVWLF 5HOD[DWLRQ� *LEEV 'LVWULEXWLRQ DQG WKH
%D\HVLDQ 5HVWRUDWLRQ RI ,PDJHV�� ,((( 7UDQVDFWLRQ RQ 3DWWHUQ $QDO\VLV DQG 0DFKLQH
,QWHOOLJHQFH ��� ��������

-HoUH\V� +�� ����� 7KHRU\ RI 3UREDELOLW\ �2[IRUG 8QLYHUVLW\ 3UHVV���

-REVRQ� -�'�� DQG 5� .RUNLH� ����� ?(VWLPDWLRQ IRU 0DUNRZLW] (rFLHQW 3RUWIROLRV�� -RXUQDO
RI WKH $PHULFDQ 6WDWLVWLFDO $VVRFLDWLRQ ��� ��������

.DQGHO� 6�� DQG 5� 6WDPEDXJK� ����� ?2Q WKH 3UHGLFWDELOLW\ RI 6WRFN 5HWXUQV� $Q $VVHW
$OORFDWLRQ SHUVSHFWLYH�� -RXUQDO RI )LQDQFH ��� ��������

.DVV� 5�� DQG $�(� 5DIWHU\� ����� ?%D\HV )DFWRUV�� -RXUQDO RI WKH $PHULFDQ 6WDWLVWLFDO
$VVRFLDWLRQ ��� ��������

.HLP� '�� DQG 5� 6WDPEDXJK� ����� ?3UHGLFWLQJ 5HWXUQV LQ WKH 6WRFN DQG WKH %RQG
0DUNHWV�� -RXUQDO RI )LQDQFLDO (FRQRPLFV ��� ��������

.LUE\� &�� ����� ?7KH 5HVWULFWLRQ RQ 3UHGLFWDELOLW\ ,PSOLHG E\ 5DWLRQDO $VVHW 3ULFLQJ
0RGHOV�� 7KH 5HYLHZ RI )LQDQFLDO 6WXGLHV ��� ��������

.RWKDUL� 6�3�� DQG -� 6KDQNHQ� ����� ?%RRN�WR�0DUNHW� 'LYLGHQG <LHOG� DQG ([SHFWHG
0DUNHW 5HWXUQV� $ 7LPH 6HULHV $QDO\VLV�� -RXUQDO RI )LQDQFLDO (FRQRPLFV ��� ����
����

��



/HWWDX� 0�� DQG 6�� /XGYLJVRQ� ����� ?&RQVXPSWLRQ� $JJUHJDWH :HDOWK DQG ([SHFWHG
6WRFN 5HWXUQV�� )HGHUDO 5HVHUYH %DQN RI 1HZ <RUN� 6WDo 5HSRUW 1R� ���

/HDPHU� (�(�� ����� 6SHFLpFDWLRQ 6HDUFKHV� $G +RF ,QIHUHQFH ZLWK 1RQ�([SHULPHQWDO 'DWD
�-RKQ :LOH\� 1HZ <RUN� 1<���

/HDPHU� (�(�� ����� ?/HW
V 7DNH WKH &RQ RXW RI (FRQRPHWULFV��$PHULFDQ (FRQRPLF 5HYLHZ
��� ������

/R� $�� DQG $�&� 0DF.LQDOD\� ����� ?0D[LPL]LQJ 3UHGLFWDELOLW\ LQ WKH 6WRFN DQG %RQG
0DUNHWV�� 0DFURHFRQRPLF '\QDPLFV �� ��������

0F&XOORFK 5�� DQG 3�(� 5RVVL� ����� ?$ %D\HVLDQ $SSURDFK WR 7HVWLQJ WKH $UELWUDJH
3ULFLQJ 7KHRU\�� -RXUQDO RI (FRQRPHWULFV ��� ��������

0RUHQR� (�� )� %HUWROLQR� DQG :� 5DFXJQR� ����� ?$Q ,QWULQVLF /LPLWLQJ 3URFHGXUH IRU
0RGHO 6HOHFWLRQ DQG +\SRWKHVHV 7HVWLQJ�� -RXUQDO RI WKH $PHULFDQ 6WDWLVWLFDO $VVR�
FLDWLRQ ��� ����������

0RXOWRQ� %�5�� ����� ?$ %D\HVLDQ $SSURDFK WR 5HJUHVVLRQ 6HOHFWLRQ DQG (VWLPDWLRQ� ZLWK
$SSOLFDWLRQ WR D 3ULFH ,QGH[ IRU 5DWLR 6HUYLFHV�� -RXUQDO RI (FRQRPHWULFV ��� ��������

3DVWRU� /�� DQG 5� 6WDPEDXJK� ����� ?&RPSDULQJ $VVHW 3ULFLQJ 0RGHOV� $Q ,QYHVWPHQW
3HUVSHFWLYH�� -RXUQDO RI )LQDQFLDO (FRQRPLFV� IRUWKFRPLQJ�

3HVDUDQ� 0�+�� DQG $� 7LPPHUPDQQ� ����� ?3UHGLFWDELOLW\ RI 6WRFN 5HWXUQV� 5REXVWQHVV
DQG (FRQRPLF 6LJQLpFDQFH�� -RXUQDO RI )LQDQFH� ��� ����������

3RLULHU� '�-�� ����� ,QWHUPHGLDWH 6WDWLVWLFV DQG (FRQRPHWULFV �0,7 3UHVV� &DPEULGJH�
0$���

3RQWLo� -�� DQG /�'� 6FKDOO� ����� ?%RRN�WR�0DUNHW 5DWLRQV DV 3UHGLFWRUV RI 0DUNHW 5H�
WXUQV�� -RXUQDO RI )LQDQFLDO (FRQRPLFV ��� ��������

5DIWHU\� $�(�� '� 0DGLJDQ� DQG -� +RHWLQJ� ����� ?%D\HVLDQ 0RGHO $YHUDJLQJ IRU /LQHDU
5HJUHVVLRQ 0RGHOV�� -RXUQDO RI WKH $PHULFDQ 6WDWLVWLFDO $VVRFLDWLRQ ��� ��������

5RWKHQEHUJ� 7�-�� ����� ?$ %D\HVLDQ $QDO\VLV RI 6LPXOWDQHRXV (TXDWLRQ 6\VWHPV�� 5HSRUW
����� (FRQRPHWULF ,QVWLWXWH� 1HWKHUODQGV 6FKRRO RI (FRQRPLFV� 5RWWHUGDP�

6FKZDU]� *�� ����� ?(VWLPDWLQJ WKH 'LPHQVLRQ RI 0RGHO�� HP$QQDOV RI 6WDWLVWLFV �� ����
����

6WDPEDXJK� 5�� ����� ?%LDV LQ 5HJUHVVLRQV ZLWK /DJJHG 6WRFKDVWLF 5HJUHVVRUV�� ZRUNLQJ
SDSHU� 8QLYHUVLW\ RI &KLFDJR� &KLFDJR� ,/�

6WDPEDXJK� 5�� ����� ?3UHGLFWLYH 5HJUHVVLRQV�� -RXUQDO RI )LQDQFLDO (FRQRPLFV� IRUWK�
FRPLQJ�

7LHUQH\� /�� ����� ?0DUNRY &KDLQV IRU ([SORULQJ 3RVWHULRU 'LVWULEXWLRQV��$QQDOV RI 6WDWLV�
WLFV ��� ����������

=HOOQHU� $�� ����� $Q ,QWURGXFWLRQ WR %D\HVLDQ ,QIHUHQFH LQ (FRQRPHWULFV �-RKQ :LOH\
DQG 6RQV� 1HZ�<RUN���

=HOOQHU� $�� DQG 9�.� &KHWW\� ?3UHGLFWLRQ DQG 'HFLVLRQ 3UREOHP LQ 5HJUHVVLRQ 0RGHOV IURP
WKH %D\HVLDQ 3RLQW RI 9LHZ�� ����� -RXUQDO RI WKH $PHULFDQ 6WDWLVWLFDO $VVRFLDWLRQ
��� ��������

��


