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7KLV SDSHU SUHVHQWV D QHZ DSSURDFK WR SRUWIROLR RSWLPLVDWLRQ� ZKLFK ZH FDOO JHQHUDOLVHG

PHDQ�YDULDQFH �*09� DQDO\VLV� 2QH LPSRUWDQW FDVH RI WKLV DSSURDFK LV EDVHG RQ ZKDW ZH

FDOO WKH VWRFNV P�WLOH EXW ZKLFK LV RIWHQ UHIHUUHG WR DV LWV TXDQWLOH� ,I P  Q� ZKHUH Q LV WKH

QXPEHU RI VWRFNV� P�WLOH PHPEHUVKLS EHFRPHV UDQN� :H FRQVLGHU RXU UDQN EDVHG *09

DQDO\VLV WR EH LQ HIIHFW� WKH UDQN HTXLYDOHQW RI FRQYHQWLRQDO 0DUNRZLW] 0HDQ 9DULDQFH

DQDO\VLV� 7KH ILUVW VWDJH RI WKLV SURFHVV LV WR JHQHUDWH UDQN SUREDELOLW\ VWDWLVWLFV XVLQJ�

KLVWRULF GDWD� 0RQWH &DUOR DQDO\VLV RU GLUHFW XVHU LQSXW� 7KH VHFRQG VWDJH LV RSWLPLVDWLRQ

EDVHG RQ WKRVH UDQN VWDWLVWLFV WR FDOFXODWH UHFRPPHQGHG SRUWIROLR ZHLJKWV�

7KH DSSURDFK ZH WDNH WR RSWLPLVDWLRQ XVHV VWDWH SUHIHUHQFH WKHRU\ WR GHULYH DQ

REMHFWLYH IXQFWLRQ WKDW FDQ EH PLQLPLVHG XVLQJ VWDQGDUG TXDGUDWLF SURJUDPPLQJ WHFKQLTXHV�

7KH SDSHU RXWOLQHV D QXPEHU RI DGYDQWDJHV RI WKLV PHWKRG ZKLFK LQFOXGH� D PRUH LQWXLWLYH

IXOO\ GLYHUVLILHG � RU PLQLPXP ULVN � SRVLWLRQ RQ WKH HIILFLHQW IURQWLHU ZLWK DOO WKH SRUWIROLR

KROGLQJV HTXDOO\ ZHLJKWHG� ,W DOVR UHVXOWV LQ PRUH VWDEOH SRUWIROLRV GXH WR UHGXFHG VHQVLWLYLW\

WR WKH SHUIHFW VXEVWLWXWH SUREOHP� DV ZHOO DV WKH ZHOO�NQRZQ UREXVWQHVV RI UDQN VWDWLVWLFV WR

WKH SUHVHQFH RI RXWOLHUV LQ WKH GDWD� :H DOVR LQWURGXFH D YHU\ LQWXLWLYH VHW RI VXPPDU\

VWDWLVWLFV ZKLFK SURYLGH VRPH SURWHFWLRQ DJDLQVW XQGHWHFWHG FRQFHQWUDWLRQV RI ULVN VXFK DV

WKRVH WKDW FDQ RFFXU ZKHQ ZRUNLQJ ZLWK DVVHWV ZKLFK KDYH D YHU\ QRQ QRUPDO IRUHFDVW

UHWXUQ GLVWULEXWLRQ�

7KH GLVDGYDQWDJH RI WKH DSSURDFK� LV WKDW LI ZH XVH UDQNHG PHDQ DQG UDQNHG

YDULDQFH LQ WKH VHDUFK IRU UREXVWQHVV� LW WKURZV DZD\ VRPH RI WKH LQIRUPDWLRQ DYDLODEOH LQ

WKH FRQYHQWLRQDO DQDO\VLV� $OVR WKHUH LV DV \HW OLWWOH SUDFWLFDO H[SHULHQFH RI XVLQJ WKLV

DSSURDFK� KHQFH DGGLWLRQDO FDUH PXVW EH WDNHQ ZLWK WKH GHVLJQ RI WKH IRUHFDVWLQJ DQG

SRUWIROLR FRQVWUXFWLRQ SURFHVV XQWLO VXIILFLHQW FRQILGHQFH KDV EXLOW XS LQ LWV XVH� ,W LV ZRUWK

QRWLQJ WKDW RXU *09 DSSURDFK FRXOG XVH D PL[ RI D UDQNHG PHDQ DQG D FRQYHQWLRQDO

YDULDQFH WR FRQVWUXFW SRUWIROLRV� RU LQGHHG RWKHU FRPELQDWLRQV� VR WKDW WKH DERYH

GLVDGYDQWDJH FDQ EH UHGXFHG�

.H\ :RUGV� 0HDQ 9DULDQFH $QDO\VLV� 'LYHUVLILFDWLRQ� 3RUWIROLR &RQVWUXFWLRQ� )RUHFDVWV�

-(/ &ODVVLILFDWLRQ� *��� &��� &��� &��



*HQHUDOLVHG 0HDQ�9DULDQFH $QDO\VLV DQG 5REXVW 3RUWIROLR 'LYHUVLILFDWLRQ

6WHSKHQ 0� :ULJKW
�
DQG 6�(� 6DWFKHOO

�

�� ,QWURGXFWLRQ

0HDQ 9DULDQFH �09� $QDO\VLV LV ZLGHO\ DFFHSWHG DV WKH EHVW ZD\ RI DQDO\VLQJ

DQG H[SODLQLQJ WKH EHQHILWV RI GLYHUVLILFDWLRQ RI KROGLQJV DFURVV D SRUWIROLR RI

DVVHWV DW OHDVW LQ SULQFLSDO� ,Q DGGLWLRQ WKH 09 IUDPHZRUN LV WUDFWDEOH DQG DOORZV

XV WR LQFRUSRUDWH FRQVWUDLQWV� WLOWV� LQHTXDOLWLHV� DQG LQGHHG DOO WKH IHDWXUHV RI

OLQHDU DQG TXDGUDWLF SURJUDPPLQJ� 7RJHWKHU WKHVH EHQHILWV PDNH 09 DQDO\VLV

SRSXODU ERWK ZLWK WHDFKHUV RI ILQDQFLDO PDUNHW WKHRU\ DQG ZLWK V\VWHP

LPSOHPHQWHUV ZLWKLQ WKH LQYHVWPHQW WHFKQRORJ\ LQGXVWU\�

$W WKH VDPH WLPH� DPRQJ SUDFWLWLRQHUV� DQG VSHFLDOLVWV LQ ILQDQFLDO PDUNHW

WKHRU\� 09 DQDO\VLV DQG WKH SRUWIROLRV WKDW UHVXOW IURP 09 RSWLPLVDWLRQ

FRQWLQXH WR DWWUDFW D VWHDG\ IORZ RI GHWDLOHG FULWLFLVP� 7R TXRWH 5�2� 0LFKDXG

������� ³WKH EDVLF SUREOHP LV WKDW 09 SRUWIROLR HIILFLHQF\ KDV IXQGDPHQWDO

LQYHVWPHQW OLPLWDWLRQV DV D SUDFWLFDO WRRO RI DVVHW PDQDJHPHQW´� )RXU PDMRU

SUREOHPV WKDW RFFXU LQ SUDFWLFH DUH GLVFXVVHG QH[W��

)LUVWO\� LW LV RIWHQ GLIILFXOW IRU SUDFWLWLRQHUV WR SURGXFH IRUHFDVWV LQ WKH

IRUP UHTXLUHG IRU 09 RSWLPLVDWLRQ� 7KH\ ZLOO RIWHQ SUHIHU WR IRUHFDVW UHODWLYH

UHWXUQ EHWZHHQ DVVHWV� RU ZLVK WR UHVWULFW WKHLU IRUHFDVWV WR WKRVH DVVHWV FXUUHQWO\

LPSDFWHG E\ ³ELJ SLFWXUH´ LVVXHV� $OVR PDQ\ IXQG PDQDJHUV SUHIHU WR IRUHFDVW

UDQN UDWKHU WKDQ OLQHDU UHWXUQ� 7XUQLQJ WKHVH DOWHUQDWLYH IRUPV EDFN LQWR WKH

IRUPDW UHTXLUHG E\ VWDQGDUG PHDQ YDULDQFH DQDO\VLV FDQ EH DQ LQHOHJDQW DQG HUURU

SURQH FRPSURPLVH�

6HFRQGO\� RXU 09 RSWLPDO SRUWIROLR FDQ EH KLJKO\ VHQVLWLYH WR WKH H[DFW

YDOXH RI WKH UHWXUQ IRUHFDVWV� 7KLV SUREOHP LV PDJQLILHG E\ WKH IDFW WKDW WKH

IRUHFDVWLQJ SURFHVV LV NQRZQ WR XVXDOO\ SURGXFH UHVXOWV ZKLFK DUH KLJKO\

LQDFFXUDWH DQG QRLV\� 7KLV OHDGV WR XQGHVLUDEOH LQVWDELOLW\ LQ UHFRPPHQGHG

SRUWIROLR KROGLQJV �VHH 0HUWRQ ������ DPRQJ PDQ\ RWKHUV� 7KLV LQVWDELOLW\ LV

WKHQ IXUWKHU FRPSRXQGHG E\ WKH IDFW WKDW� WKH FRUUHODWLRQ FRHIILFLHQWV XVHG LQ

VWDQGDUG PHDQ YDULDQFH DQDO\VLV FDQ WKHPVHOYHV EH ZRUU\LQJO\ XQVWDEOH RYHU

WLPH�

�
8%6 :DUEXUJ� � )LQVEXU\ $YHQXH� /RQGRQ (&�0 �33�

�
)DFXOW\ RI (FRQRPLFV DQG 3ROLWLFV� 8QLYHUVLW\ RI &DPEULGJH� &DPEULGJH &%� �''
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7KLUGO\� PDQ\ LQYHVWRUV IHHO XQHDV\ DERXW WKH XVH RI YDULDQFH DV D ULVN

PHDVXUH� 7KH PRVW FRXQWHU LQWXLWLYH IHDWXUH LV LWV HTXDO SHQDOLVDWLRQ RI JDLQV DQG

ORVVHV� VHH 6RUWLQR DQG )RUHVH\ ������� +RZHYHU� LW LV DOVR SRVVLEOH IRU UHWXUQV

RQ D PLQLPXP YDULDQFH SRUWIROLR WR EH GRPLQDWHG E\ D QRPLQDOO\ ULVNLHU

SRUWIROLR ZKLFK ZKLOH PRUH YRODWLOH� VWLOO DOZD\V SURGXFHV D KLJKHU UHWXUQ� $OVR�

GHSHQGLQJ RQ WKH FKRLFH RI DVVHW VHW� LI RQH RI WKH DVVHWV KDV PXFK OHVV YRODWLOH

UHWXUQV WKDQ WKH RWKHUV� WKHQ D PLQLPXP ULVN SRUWIROLR LQ D PHDQ YDULDQFH VHQVH

ZLOO EH KHDYLO\ FRQFHQWUDWHG LQ WKLV RQH DVVHW UDWKHU WKDQ GLYHUVLILHG DFURVV D

ZLGH UDQJH RI KROGLQJV�

)LQDOO\� LW LV XVXDO ZKHQ XVLQJ 09 RSWLPLVDWLRQ WR H[FOXGH DVVHWV ZLWK D

KLJKO\ QRQ QRUPDO GLVWULEXWLRQ RI UHWXUQ �H�J� RSWLRQV� RU VRPH RI WKH G\QDPLF

WUDGLQJ VWUDWHJLHV H[HFXWHG E\ KHGJH IXQGV� DV WKH FRQYHQWLRQDO VXPPDU\

VWDWLVWLFV GR QRW IXOO\ FDSWXUH WKH GLVWULEXWLRQ RI WKH UHWXUQ RQ WKHVH DVVHWV DQG

KHQFH WKH SRUWIROLR VWDWLVWLFV FRXOG FRQFHDO XQGHVLUDEOH FRQFHQWUDWLRQV RI ULVN�

6LPLODUO\ OHVV OLTXLG DVVHWV VXFK DV SURSHUW\ RU SULYDWH HTXLW\ VKRZ DUWLILFLDOO\

ORZ YRODWLOLWLHV ZKLFK OHDG WR DQ RYHU DOORFDWLRQ LQ PHDQ YDULDQFH DQDO\VLV�

*LYHQ WKHVH SUREOHPV� LW LV QRW FOHDU ZKLFK DVSHFWV RI 09 DQDO\VLV WR

UHWDLQ DQG ZKLFK RQH VKRXOG MHWWLVRQ� ,W LV GHVLUDEOH WR XVH WKH OLQHDU TXDGUDWLF

IUDPHZRUN RI WKH 09 ZRUOG ZLWKRXW OLPLWLQJ RXUVHOYHV WR WKH VSHFLILF FKRLFH RI

PHDQ UHWXUQ DQG YDULDQFH RU WUDFNLQJ HUURU RI UHWXUQ DV WKH SDUDPHWHUV ZKLFK

GULYH WKH LQYHVWRU GHFLVLRQ IXQFWLRQ� 7KLV DSSURDFK KDV DOUHDG\ EHHQ DGRSWHG LQ

WKH OLWHUDWXUH� :DQJ ������ XVHV D 09 PRGHO WR VROYH PXOWLSOH EHQFKPDUN

SUREOHPV� &KRZ DQG .ULW]PDQ ������ FRQYHUW 09 DQDO\VLV LQWR YDOXH DW ULVN

EDVHG FDSLWDO DOORFDWLRQV� :H SODQ WR WDNH WKLV IXUWKHU E\ SXWWLQJ DOO WKHVH FDVHV

LQWR D JHQHUDO IUDPHZRUN� ,Q SDUWLFXODU� ZH VKRZ KRZ QRQ�SDUDPHWULF VWDWLVWLFV

FDQ EH LQFRUSRUDWHG LQWR WKLV IUDPHZRUN� 7KH DSSURDFK ZH XVH LV EDVHG RQ VWDWH

SUHIHUHQFH WKHRU\� VHH &RSHODQG DQG :HVWRQ ������� ZH GHULYH DQ REMHFWLYH

IXQFWLRQ ZKLFK FDQ EH PLQLPLVHG XVLQJ VWDQGDUG TXDGUDWLF SURJUDPPLQJ

WHFKQLTXHV�

:H ZLOO WKHQ VKRZ KRZ WKLV JHQHUDOLVDWLRQ RI WKH PHDQ YDULDQFH

IUDPHZRUN DOORZV D PRUH UREXVW SRUWIROLR FRQVWUXFWLRQ SURFHVV WKDW LV OHVV

VHQVLWLYH WR QRLVH LQ WKH LQSXW SDUDPHWHUV DQG ZH ZLOO LQWURGXFH DQ LQQRYDWLYH VHW

RI VXPPDU\ VWDWLVWLFV WKDW SURYLGH D YHU\ LQWXLWLYH UHSUHVHQWDWLRQ RI GRZQVLGH

ULVN�
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$W WKH KHDUW RI WKH LQYHVWPHQW PDQDJHPHQW SURFHVV LV D VLPSOH TXHVWLRQ

³,Q ZKDW SURSRUWLRQ VKRXOG , KROG WKLV UDQJH RI DVVHWV JLYHQ P\ H[SHFWDWLRQV

DERXW IXWXUH ULVN DQG UHWXUQ RQ HDFK RQH´� ,Q SULQFLSDO� WKH SURFHVV IRU DUULYLQJ DW

WKLV RSWLPDO VHW RI SRUWIROLR ZHLJKWV KDV EHHQ ILUPO\ HVWDEOLVKHG VLQFH 0DUNRZLW]

LQWURGXFHG PHDQ YDULDQFH DQDO\VLV� VHH 0DUNRZLW] �������

$V RQH PLJKW H[SHFW� WKLV GHFHSWLYHO\ VLPSOH TXHVWLRQ KLGHV D YDVW UDQJH

RI FRPSOLFDWLRQV� ,Q SUDFWLFH� LQ RUGHU WR DSSO\ FODVVLFDO PHDQ YDULDQFH DQDO\VLV

\RX KDYH WR PDNH D QXPEHU RI VLPSOLI\LQJ DVVXPSWLRQV� 0DQ\ RI WKHVH

DVVXPSWLRQV DUH URXWLQHO\ YLRODWHG LQ SUDFWLFH�

7KH ILUVW DVVXPSWLRQ LV WKDW ULVN DQG VWDQGDUG GHYLDWLRQ RI H[SHFWHG UHWXUQ

DUH V\QRQ\PRXV� ,Q UHDOLW\ LQYHVWRUV DSSHWLWH IRU XSVLGH DQG GRZQVLGH ULVN DUH

YHU\ GLIIHUHQW� ,I WKH IRUHFDVW UHWXUQ RQ DOO \RXU DVVHWV FDQ EH DGHTXDWHO\

PRGHOOHG E\ D QRUPDO GLVWULEXWLRQ WKHQ XSVLGH DQG GRZQVLGH ULVN DUH HTXDO DQG

WKLV LV PHUHO\ D VHPDQWLF TXLEEOH� +RZHYHU� LQYHVWRUV DUH EHFRPLQJ LQFUHDVLQJO\

FRQFHUQHG DERXW WKH DV\PPHWULF EHKDYLRXU RI UHWXUQ RQ PDQ\ DVVHW W\SHV� KHQFH

DOWHUQDWLYH DSSURDFKHV KDYH EHHQ GHYHORSHG WR DGGUHVV WKLV SUREOHP� VHH 6RUWLQR

DQG )RUVH\ ������� 8VXDOO\ WKHVH DSSURDFKHV UHTXLUH DFFXUDWH PRGHOOLQJ RI WKH

KLJKHU PRPHQWV RI WKH UHWXUQ GLVWULEXWLRQ KHQFH WKH\ DUH H[WUHPHO\ VHQVLWLYH WR

OLPLWDWLRQV LQ WKH QH[W DVVXPSWLRQ�

7KH QH[W SUREOHP LV WKDW HVWLPDWLQJ WKH SDUDPHWHUV XVHG LQ PHDQ YDULDQFH

RSWLPLVDWLRQ �H[SHFWHG UHWXUQ� VWDQGDUG GHYLDWLRQ DQG FRUUHODWLRQ RI UHWXUQ RQ DOO

DVVHWV� LV D SURFHVV ZKLFK LV SODJXHG E\ GDWD SUREOHPV� ,Q SDUWLFXODU� FRUUHODWLRQ

HVWLPDWHV FDQ EH TXLWH XQVWDEOH ZLWK WKH GLYHUVLILFDWLRQ HIIHFW FDOFXODWHG LQ

QRUPDO WLPHV UHGXFLQJ GUDPDWLFDOO\ ZKHQ PRVW QHHGHG DV WKH PDUNHWV JR WKURXJK

D WXUEXOHQW SHULRG� 6XJJHVWHG LPSURYHPHQWV LQYROYH VHSDUDWHO\ PRGHOOLQJ QRUPDO

DQG DEQRUPDO PDUNHW EHKDYLRXU DQG WKH PL[LQJ WKH UHVXOWV LQ VRPH ZD\� VHH

&KRZ HW DO ������� RU HPSOR\LQJ OHVV VXPPDULVHG ULVN VWDWLVWLFV VHH (PEUHFKWV

������� RU *DUGQHU ������� (TXDOO\� WKH UHWXUQ IRUHFDVWV XVHG ZLOO W\SLFDOO\ EH

VXEMHFW WR HVWLPDWLRQ HUURU� 7KLV FDQ OHDG WR IXUWKHU LQVWDELOLW\ LQ WKH

UHFRPPHQGHG KROGLQJV LQ IDFW WKH SURFHVV RI RSWLPLVDWLRQ KDV EHHQ UHIHUUHG WR DV

RQH RI HUURU PD[LPLVDWLRQ� � 6HH -RULRQ �������

7KH ILQDO SUREOHP LV WKDW SURYLGLQJ DQ H[FHVV UHWXUQ IRUHFDVW IRU HDFK

DVVHW LV QRW D YHU\ HIIHFWLYH IRUPDW IRU FDSWXULQJ WKH LQVLJKW RI SURIHVVLRQDO

LQYHVWRUV LQWR OLNHO\ PDUNHW PRYHPHQWV� 8VXDOO\ LQYHVWRUV ZLOO IHHO PRUH

FRQILGHQFH LQ VRPH IRUHFDVWV WKDQ RWKHUV� 7\SLFDOO\� WKH\ ZLOO IHHO PRUH
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FRQILGHQW DERXW UHODWLYH UHWXUQ IRUHFDVWV WKDQ DEVROXWH UHWXUQ IRUHFDVWV� DQG WKH\

ZRXOG SUHIHU WR RQO\ IRUHFDVW UHWXUQ IRU WKDW OLPLWHG UDQJH RI DVVHWV FXUUHQWO\

EHLQJ DIIHFWHG E\ ³WKH ELJ SLFWXUH´ ZKLOH OHDYLQJ WKH UHPDLQGHU WR VHW WR D QHXWUDO

YDOXH� 7KLV KDV OHDG WR XVH RI %D\HVLDQ DSSURDFKHV WR EXLOGLQJ XS D IRUHFDVW

IURP PXOWLSOH SDUWLDO YLHZV� VHH %ODFN DQG /LWWHUPDQ ������� :KLOH WKLV FDQ EH

YHU\ HIIHFWLYH� WKH PDWKHPDWLFV LQYROYHG FDQ EH LQWLPLGDWLQJ� DQG WKH GHWDLOHG

LPSOHPHQWDWLRQ GHFLVLRQV PDGH DUH FULWLFDO WR DFKLHYLQJ ZHOO�EHKDYHG LQWXLWLYH

UHVXOWV�

)URP DQ LQYHVWPHQW SUDFWLWLRQHU¶V SHUVSHFWLYH� RXU LQLWLDO VLPSOH TXHVWLRQ

KDV WXUQHG LQWR D YDVW VSHFLDOLVW VXEMHFW ZKHUH WKH EHVW DSSURDFK LV KLJKO\

GHSHQGHQW RQ WKH GHWDLOHG FLUFXPVWDQFHV LQ ZKLFK WKH RSWLPLVDWLRQ LV GRQH� ,Q

WKH PDQ\ LQYHVWPHQW RUJDQLVDWLRQV ZKR FDQ DIIRUG WR GHYHORS �RU FRPPLVVLRQ�

WKH FRUUHFW OHYHO RI VSHFLDOLVW H[SHUWLVH� WKLV LV QRW D SUREOHP� )RU PDQ\ RWKHUV� D

WZR�FXOWXUH VLWXDWLRQ GHYHORSV� 3UDFWLFDO IXQG PDQDJHUV GLVWUXVW DQG GLVOLNH WKH

EODFN ER[ FKDUDFWHULVWLFV RI WKH XVXDO GLYHUVLILFDWLRQ DSSURDFKHV� 6SHFLDOLVW

TXDQWLWDWLYH DQDO\VWV GLVOLNH DQG GLVWUXVW WKH DSSDUHQWO\ ³DG KRF´ QDWXUH RI PDQ\

LQYHVWPHQW GHFLVLRQV� )RU D ILQDO JURXS� WKH YDOXH DGGHG E\ IRUPDO ULVN

PDQDJHPHQW LV VR RXWZHLJKHG E\ WKH FRVWV DQG FRPSOH[LWLHV RI LPSOHPHQWDWLRQ

WKDW WKH\ DGRSW RQH RI D UDQJH RI DOWHUQDWLYH KHXULVWLF DSSURDFKHV WR

GLYHUVLILFDWLRQ�

0RVW DWWHPSWV WR GDWH WR PDNH WKH DVVXPSWLRQV LQKHUHQW LQ PHDQ YDULDQFH

DQDO\VLV PRUH FORVHO\ UHIOHFW GD\ WR GD\ UHDOLWLHV RI WKH LQYHVWPHQW ZRUOG KDYH

XVXDOO\ LQYROYHG HYHU PRUH VRSKLVWLFDWHG PDWKHPDWLFV� 8QIRUWXQDWHO\� IRU PDQ\

SHRSOH WKH FRPSOH[LW\ RI WKH PDWKHPDWLFV LV D EDUULHU WR DFFHSWDQFH LQ LWV RZQ

ULJKW� $Q DOWHUQDWLYH LV WR XVH D GLYHUVLILFDWLRQ WHFKQLTXH ZKLFK LV EDVHG RQ

PDWKHPDWLFV ZKLFK LV LQKHUHQWO\ OHVV VHQVLWLYH WR QRLVH LQ WKH GDWD� OHVV

GHSHQGDQW RQ WKH DVVXPHG IRUP RI WKH IRUHFDVW UHWXUQ GLVWULEXWLRQV� DQG ZLWK

EXLOW LQ DVVXPSWLRQV ZKLFK DUH HVVHQWLDOO\ VLPSOH WR XQGHUVWDQG� 5REXVW VWDWLVWLFV

DGGUHVVHV DOO RI WKHVH LVVXHV ZLWK WKH SRWHQWLDO SHQDOW\ RI QRW EHLQJ DEOH WR XVH DOO

DYDLODEOH LQIRUPDWLRQ� ,Q DGGLWLRQ WKLV DSSURDFK EXLOGV RQ DQG IRUPDOLVHV WKH

HVWDEOLVKHG SUDFWLFH DPRQJ D VXEVHW RI IXQG PDQDJHUV ZKR DFWLYHO\ XVH UDQNLQJ

DSSURDFKHV LQ WKHLU IRUHFDVWLQJ DQG SRUWIROLR FRQVWUXFWLRQ SURFHVVHV�

,Q 6HFWLRQ �� ZH SUHVHQW D GLVFXVVLRQ RQ ZKDW ZH FDOO JHQHUDOLVHG PHDQ�

YDULDQFH DQDO\VLV ZKLFK DWWHPSWV WR SXW WKH DERYH SUREOHPV DQG DSSURDFKHV LQWR

D JHQHUDO IUDPHZRUN� 7KH SURFHGXUH ZH DGYRFDWH WR UHSODFH H[SHFWHG UHWXUQV LV
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P�WLOH PHPEHUVKLS� 7KH FRQFHSW RI P�WLOH PHPEHUVKLS PHDQV ZKDW P�WLOH GRHV

WKH VWRFN EHORQJ WR ZKHQ UDQNHG RYHU WKH 8QLYHUVH RI VWRFNV� ,I P  ��� IRU

H[DPSOH� ZH DUH DVNLQJ ZKDW GHFLOH WKH VWRFN EHORQJV WR�

,Q 6HFWLRQ � ZH GHWDLO RXU ³PHDQ�YDULDQFH´ DSSURDFK ZKLOVW LQ 6HFWLRQ �

ZH SUHVHQW GHWDLOV RI PRUH 0RQWH &DUOR LQYHVWLJDWLRQV DQG HPSLULFDO

LPSOHPHQWDWLRQV� &RQFOXVLRQV IROORZ LQ 6HFWLRQ �

�� *HQHUDOLVHG 0HDQ±9DULDQFH $QDO\VLV

,Q PRGHOOLQJ GHFLVLRQ PDNLQJ IRU DQ RUJDQLVDWLRQ� ZH FDQ DIIRUG WR EH D OLWWOH

PRUH KD]\ WKDQ LQ PRGHOOLQJ WKH GHFLVLRQ PDNLQJ RI DQ LQGLYLGXDO� ZKHUH WKH

DFFHSWHG ZLVGRP LV WR XVH D YDULDQW RU JHQHUDOLVDWLRQ RI H[SHFWHG XWLOLW\ WKHRU\�

7KH UHDVRQ IRU WKLV OD[LW\ LV WKH IDFW WKDW ZH KDYH YHU\ OLWWOH FOHDU JXLGHOLQHV DV WR

KRZ WR DJJUHJDWH WKH SUHIHUHQFHV RI LQGLYLGXDO VWDNHKROGHUV LQWR WKH GHFLVLRQ

IXQFWLRQ RI WKH RUJDQLVDWLRQ� 7R WDNH D VLPSOH H[DPSOH RI D FRPSDQ\ ZLWK DQ

HPSOR\HH SHQVLRQ SODQ� WKH LQWHUHVW RI WKH DYHUDJH VKDUHKROGHU W\SLFDOO\ FRQIOLFWV

ZLWK WKH LQWHUHVWV RI WKH SHQVLRQ SODQ PHPEHUV� &RQIOLFWLQJ LQWHUHVWV PD\ EH

UHVROYHG YLD WKH XVH RI JDPH�WKHRUHWLF QRWLRQV� EXW VXFK UHVROXWLRQV XVXDOO\

GHSHQG XSRQ D VHW RI DX[LOLDU\ DVVXPSWLRQV GHVFULELQJ WKH EHKDYLRXU RI WKH

LQGLYLGXDOV SOD\LQJ WKH JDPH�

7KH SUHOLPLQDU\ UHPDUNV DERYH MXVWLI\� LQ RXU YLHZ� SUHVHQWLQJ D ILUPV

GHFLVLRQ IXQFWLRQ LQ WHUPV RI DQ ��� uQ YHFWRU RI SRVLWLYH DWWULEXWHV D DVVRFLDWHG

ZLWK WKH Q LQYHVWLEOH DVVHWV LQ WKH 8QLYHUVH� WRJHWKHU ZLWK D SRVLWLYH GHILQLWH

PDWUL[ �� QQ& u � 7KHQ� IRU D JLYHQ VHW RI SRUWIROLR ZHLJKWV ����
a

uQZ WKH ILUP

PD[LPLVHV

aaaaa


 ZZOZ &D� ���

ZKHUH O UHSUHVHQWV WKH WUDGH�RII EHWZHHQ WKH DWWULEXWH RI WKH SRUWIROLR �
aa


DZ �

YHUVXV WKH ULVN RI WKH SRUWIROLR �
aaa


 ZZ & �� )RU REYLRXV UHDVRQV� ZH FDOO VXFK DQ

DQDO\VLV JHQHUDOLVHG PHDQ�YDULDQFH DQDO\VLV� 7RJHWKHU ZLWK VRPH DGGLWLRQDO

FRQVWUDLQWV� VXFK DV ��
 RUH  Z � ZKHUH �
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L

Z �ORQJ�RQO\

SRVLWLRQV� ZH KDYH D FRQYHQWLRQDO TXDGUDWLF SURJUDPPLQJ SUREOHP�

:H QH[W WXUQ WR WKH FKRLFH RI DWWULEXWH DQG WKH FKRLFH RI QQ u PHDVXUH
a

& �

1HFHVVDU\ IHDWXUHV IRU
a

D ZRXOG EH WKDW PRUH
aa
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VD\ DSSUR[LPDWHO\ OLQHDU EHFDXVH DQ DWWULEXWH WKDW LV DOPRVW OLQHDU EXW UHDVRQDEO\

HDV\ WR PHDVXUH DQG�RU IRUHFDVW VKRXOG OHDG WR EHWWHU SRUWIROLRV WKDQ DQ DWWULEXWH�

VXFK DV WKH H[SHFWHG UDWH RI UHWXUQ� ZKLFK LV H[DFWO\ OLQHDU DQG YHU\ GLIILFXOW WR

IRUHFDVW�

2QH DWWULEXWH RI FRQVLGHUDEOH LQWHUHVW LV P�WLOH PHPEHUVKLS ZKHUH P LV D

GLYLVRU RI Q� WKH QXPEHU RI VWRFNV LQ WKH 8QLYHUVH� ,I P  ��� IRU H[DPSOH� WKLV

WHOOV XV ZKDW GHFLOH RI WKH 8QLYHUVH RI VWRFNV ZH H[SHFW WKH VWRFN WR OLH LQ� ,I P  

Q� WKHQ WKH DWWULEXWH LV WKH H[SHFWHG UDQN� $W ILUVW JODQFH� LW PLJKW VHHP WKDW WKH

WKHRU\ RI RUGHU VWDWLVWLFV PLJKW KHOS XV DGYDQFH RXU DQDO\VLV� 6DGO\� WKDW WKHRU\ LV

EDVHG RQ WKH DVVXPSWLRQV WKDW WKH Q UHWXUQV DUH D UDQGRP VDPSOH� L�H�

LQGHSHQGHQW LGHQWLFDOO\ GLVWULEXWHG UDQGRP �LLG� YDULDEOHV� (TXLW\� UHWXUQV DUH

DQ\WKLQJ EXW LLG� 7R LOOXVWUDWH WKH W\SH RI PDWKHPDWLFDO LVVXHV VHW P � DQG Q  ��

WKHQ IRU VWRFN � ZH FDQ FRPSXWH WKH SUREDELOLW\ VWRFN � LV LQ WKH WRS WZR RI WKH

IRXU VWRFNV� 'HQRWLQJ
L

5 DV WKH UHWXUQ RI VWRFN L� FDOO WKLV HYHQW $� WKHQ GHQRWLQJ
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�
� WKHQ� LQ WKH SRSXODWLRQ UDWKHU WKDQ WKH VDPSOH� ZH ZRXOG KDYH

GHILQHG ZKDW ZH PHDQ E\ WRS�KDOI VWRFNV� ,I ZH WRRN PDQ\ VDPSOHV IURP RXU

8QLYHUVH WKHQ ZH FRXOG FRQVWUXFW VDPSOH HVWLPDWRUV RI ��
L

$3 � WKXV ZH FRXOG

LGHQWLI\ DQG HVWLPDWH WRS�KDOI PHPEHUVKLS� 2I FRXUVH ZLWK UHDO GDWD WKH FKDQJLQJ

WLPH YDU\LQJ QDWXUH RI UHWXUQ GLVWULEXWLRQV LQKLELWV WKLV�

,Q WKH SRSXODWLRQ� GHFLOH �RU P�WLOH� PHPEHUVKLS ZLOO EH SDUWO\ OLQHDU� )RU

ZHLJKWV ��  
LL
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5 DOVR OLHV LQ P�WLOH

M� %\ WKH VDPH DUJXPHQW LI �������� N OLH EHWZHHQ P�WLOHV M� DQG N VR ZLOO

LLS
55 Z66 DOVR OLH EHWZHHQ P�WLOHV M DQG N� ,W VKRXOG DOVR EH FOHDU WKDW P�WLOH

PHPEHUVKLS LV QRW IXOO\ OLQHDU DV WKH IROORZLQJ H[DPSOH GHPRQVWUDWHV�
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&RQVLGHU VWRFNV � WR � ZLWK UHWXUQV ��� �� �� ���� ��� DQG � DQG P  ��

WKXV VWRFNV � DQG � DUH LQ WKH WRS WHU�WLOH� VWRFNV � DQG � DUH LQ WKH VHFRQG WHU�WLOH

DQG VWRFNV � DQG � DUH LQ WKH WKLUG WHU�WLOH� 6XSSRVH ZH FRQVWUXFW D SRUWIROLR RI ��

VWRFN � �UDQN �� SOXV �� VWRFN � �UDQN ��� WKH SRUWIROLR UDQN LV ���������  u�u �

WKXV WKH SRUWIROLR LV D UDQN � DVVHW DFFRUGLQJ WR OLQHDULW\� +RZHYHU� LWV UHWXUQ LV

���������  u�u ZKLFK LV LQ WKH WKLUG WHU�WLOH� VLQFH DVVHWV � DQG � KDYH UHWXUQV �

DQG ���

�� 7KH VWDWH SUHIHUHQFH WKHRU\ DSSURDFK WR SRUWIROLR FRQVWUXFWLRQ�

,Q FRQYHQWLRQDO PHDQ YDULDQFH DQDO\VLV� ZH XVH FRUUHODWLRQ PDWULFHV DV D NH\

LQWHUPHGLDWH YDULDEOH ZKHQ FDOFXODWLQJ WKH RSWLPXP� :KHQ ZH GR WKLV� ZH DUH

DVVXPLQJ WKDW NQRZLQJ WKH PHDQ� VWDQGDUG GHYLDWLRQ� DQG FRUUHODWLRQ RI WKH

UHWXUQ RQ DOO WKH FRQVWLWXHQWV RI WKH SRUWIROLR LV DOO WKDW LV QHHGHG WR IXOO\ GHVFULEH

WKH ULVN FKDUDFWHULVWLFV RI DQ\ SRUWIROLR EXLOW IURP WKHVH FRQVWLWXHQWV� ,Q SUDFWLFH�

WKH UHDO GLVWULEXWLRQ RI UHWXUQ PD\ RIWHQ EH IDW WDLOHG� VNHZHG� DQG�RU

GLVFRQWLQXRXV DV ZLOO WKH PXOWLYDULDWH SUREDELOLW\ GLVWULEXWLRQV�

8QIRUWXQDWHO\ LW LV QRW REYLRXV WKDW WKH PHDQ YDULDQFH UHVXOWV GHULYHG IRU

FRQYHQWLRQDO FRUUHODWLRQ DSSO\ HTXDOO\ WR UDQN FRUUHODWLRQ VWDWLVWLFV� (YHQ ZRUVH�

WKHUH DUH DOWHUQDWLYH QRQ SDUDPHWULF VWDWLVWLFV WKDW ZH PLJKW WKLQN RI XVLQJ� �L�H�

6SHDUPDQ¶V UDQN RUGHU FRUUHODWLRQ RU .HQGDOO¶V 7DX� +HQFH WKH QHHG WR JR EDFN

WR ILUVW SULQFLSDOV LQ RUGHU WR SURYH RXU PHWKRG�

,Q WKH VWDWH SUHIHUHQFH PRGHO� XQFHUWDLQW\ WDNHV WKH IRUP RI QRW NQRZLQJ

ZKDW WKH VWDWH RI QDWXUH ZLOO EH DW VRPH IXWXUH GDWH� 7R WKH LQYHVWRU� HDFK

VHFXULW\ LV D VHW RI SRVVLEOH SD\RIIV HDFK RQH DVVRFLDWHG ZLWK D PXWXDOO\

H[FOXVLYH VWDWH� 2QFH WKH XQFHUWDLQ VWDWH RI WKH ZRUOG LV UHYHDOHG� WKH SD\RII RQ

HDFK VHFXULW\ LV GHWHUPLQHG H[DFWO\� 7KLV LV D YHU\ IOH[LEOH ZD\ RI PRGHOOLQJ

FRPSOH[ YDOXDWLRQ DQG GHFLVLRQ WDNLQJ SURFHVVHV� 7KLV YHU\ IOH[LELOLW\ LV DOVR LWV

PDLQ SUREOHP� 7KHUH DUH XVXDOO\ DQ LQILQLWH QXPEHU RI VWDWHV �KLJK�ORZ� KHQFH

WKH XVXDO DVVXPSWLRQ RI QRUPDO GLVWULEXWLRQ RI UHWXUQ LQ RUGHU WR PDNH WKH

PDWKHPDWLFV WUDFWDEOH�

:KHQ FRQVLGHULQJ P�WLOHV� ZH FDQ FRQVLGHU DOO FDVHV IURP P  � WR P  Q

�UDQN�� :H VKDOO LQYHVWLJDWH WKH UDQN FDVH QH[W� ,I ZH DVVXPH WKDW WKH VWDWHV RI

QDWXUH DUH DGHTXDWHO\ UHSUHVHQWHG E\ WKH UDQN RUGHU RI WKH SRUWIROLR WKHQ IRU DQ

³Q´ DVVHW SUREOHP WKH QXPEHU RI VWDWHV RI QDWXUH KDV UHGXFHG IURP LQILQLWH WR ³Q´

IDFWRULDO�� 7KLV WRWDO IDOOV HYHQ IXUWKHU DV ZH UHGXFH WKH UHVROXWLRQ RI WKH
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FDOFXODWLRQ IURP UDQN WR P�WLOH� ,I ZH WKHQ IXUWKHU DVVXPH WKDW WKH DFWXDO

SUREDELOLWLHV REVHUYHG DUH D VDPSOH GUDZQ IURP D GLVWULEXWLRQ ZKLFK LV

FRQWLQXRXV DQG ZLWK OLPLWHG PDJQLWXGH RI ILUVW GHULYDWLYH WKHQ ZH GR QRW QHHG WR

H[KDXVWLYHO\ HYDOXDWH DOO ³Q´ IDFWRULDO VWDWHV LQ RUGHU WR RSWLPLVH RXU ZHLJKWV�

+RZHYHU� E\ VDPSOLQJ UHSHDWHGO\� WKH SUREDELOLW\ WKDW VWRFN L EHORQJV WR P�WLOH M

FDQ HDVLO\ EH GHWHUPLQHG ZLWK DQ\ GHJUHH RI DFFXUDF\� ,Q HIIHFW WKLV JHQHUDWHV D

WLPH VHULHV IRU ZKLFK ZH FDQ ILQG D IRUPXOD IRU WKH ³PHDQ´ DQG ³YDULDQFH´�

)RU YDOXHV RI P WKDW DUH UHDVRQDEO\ ODUJH� LW LV FOHDU WKDW FRQYHQWLRQDO

KLVWRULF GDWD FDQQRW EH VLPSO\ DSSOLHG WR FRPSXWH UDQN SUREDELOLWLHV DV WKHUH DUH

QRW HQRXJK GHJUHHV RI IUHHGRP� +RZHYHU� DV PHQWLRQHG DERYH� JLYHQ

DVVXPSWLRQV DERXW WKH GDWD�JHQHUDWLQJ SURFHVV �'*3�� IRU H[DPSOH� WKDW UHWXUQV

a

U DUH PXOWL�YDULDWH QRUPDO ZLWK PHDQ YHFWRU
a

P DQG FRYDULDQFH PDWUL[
a

66 �
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aaa
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ZH FDQ HPSOR\ 0RQWH�&DUOR PHWKRGV WR FRPSXWH UDQN SUREDELOLWLHV E\

VLPXODWLRQ� 7KH EHQHILW RI WKH DERYH DSSURDFK LV WKDW ZH FDQ UHSODFH ��� E\ PRUH

FRPSOH[ DVVXPSWLRQV� L�H� ZH FDQ PRGHO QRQ�QRUPDOLW\� H[WUHPH UHWXUQV�

FRQGLWLRQDO YRODWLOLW\ HWF� ZLWKRXW FRPSOLFDWLQJ PDWWHUV XQGXO\� DOO ZH QHHG WR EH

DEOH WR GR LV WR VLPXODWH WKH '*3�

2QFH ZH KDYH HYDOXDWHG WKH
N

S � ZH FDQ VHW XS RXU TXDGUDWLF RSWLPLVDWLRQ�

[N LV WKH UHWXUQ �L�H� UDQN� RI WKH SRUWIROLR RQ HDFK RI ³P´ SRVVLEOH VWDWHV� SN LV

WKH SUREDELOLW\� RI HDFK RI WKH ³P´ SRVVLEOH VWDWHV�
L

Z LV WKH ZHLJKW RI HDFK RI WKH

³Q´ DVVHWV� ULN LV WKH UDQN RI HDFK DVVHW LQ HDFK VWDWH
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$V WKLV LV D VWDQGDUG TXDGUDWLF REMHFWLYH IXQFWLRQ� LW FDQ EH PLQLPLVHG XVLQJ DOO

WKH FRQYHQWLRQDO TXDGUDWLF SURJUDPPLQJ DOJRULWKPV�

,Q WKH DERYH ZH FRQVLGHU P�WLOH UDQN DV RXU ³UHWXUQ´ DQG UDQN YDULDQFH DV

RXU ³ULVN´� $FWXDOO\� K\EULG SURFHGXUHV FRXOG EH XVHG� )RU H[DPSOH� LI ZH

WKRXJKW WKDW WUDFNLQJ HUURU�FRQYHQWLRQDO YDULDQFH ZDV D VHQVLEOH ULVN PHDVXUH�

WKHQ ZH FRXOG XVH WKLV LQ FRQMXQFWLRQ ZLWK D UDQNHG UHWXUQ� ,Q PL[LQJ GLIIHUHQW

FKDUDFWHULVWLFV� FDUH QHHGV WR EH WDNHQ LQ WKH GHWHUPLQDWLRQ RI O � 7KLV LV QRW�

KRZHYHU� DQ LQVXUPRXQWDEOH SUREOHP DV ZH FDQ WDNH WKH O RI WKH PDUNHW

SRUWIROLR EDVHG RQ WKH PL[ DVVXPHG PXFK DV LV GRQH LQ FRQYHQWLRQDO PHDQ�

YDULDQFH DQDO\VLV ZKHUH \RX FKRRVH WKH O ZKLFK PDNHV WKH )7$// VKDUH

RSWLPDO� 7KHQ E\ YDU\LQJ O ZH FDQ DVVXPH WKDW ZH DUH PRUH RU OHVV ULVN�WROHUDQW

WKDQ WKH PDUNHW UHSUHVHQWDWLYH DJHQW�

�� ,PSOHPHQWDWLRQ DQG 6LPXODWLRQ

,Q RUGHU WR WHVW WKH SURSHUWLHV RI WKH UDQNLQJ DSSURDFK WR PHDQ YDULDQFH DQDO\VLV�

D QXPEHU RI VLPXODWLRQV ZHUH UXQ WR GHPRQVWUDWH GLIIHUHQW DVSHFWV RI WKH

DSSURDFK� 7KH ILUVW WHVW ZDV WR ORRN DW WKH ³SHUIHFW VXEVWLWXWH´ SUREOHP� 7KLV

RFFXUV ZKHUH VRPH DVVHWV LQ D SRUWIROLR KDYH VXFK VLPLODU IRUHFDVW ULVN

FKDUDFWHULVWLFV WKDW WKH RSWLPLVHU VHHV OLWWOH H[WUD ULVN LQ PRYLQJ D KROGLQJ IURP

IXOO\ LQ RQH RI WKH SDLU LQWR IXOO\ LQ WKH RWKHU DV WKH UHODWLYH IRUHFDVW UHWXUQ IRU

WKH SDLU RI DVVHWV FKDQJHV VLJQ� 8QFRQVWUDLQHG� WKLV UHVXOWV LQ ODUJH ORQJ VKRUW

EHWV IRU VXFK DVVHW SDLUV� DQG VKDUS FKDQJHV LQ UHFRPPHQGDWLRQ RYHU VPDOO

FKDQJH LQ IRUHFDVW UHWXUQ�
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7R GHPRQVWUDWH WKLV� ZH FKRVH D WKUHH DVVHW SRUWIROLR FRQWDLQLQJ )UHQFK

HTXLW\� DQG )UHQFK DQG *HUPDQ ERQGV� +LVWRULFDOO\ WKH ODWWHU WZR DVVHWV KDYH

EHHQ FORVHO\ FRUUHODWHG� 7KH ILUVW SORW EHORZ VKRZV WKH FKDQJLQJ KROGLQJV

UHFRPPHQGHG E\ FRQYHQWLRQDO PHDQ YDULDQFH DQDO\VLV �DW D FRQVWDQW WUDFNLQJ

HUURU� DV WKH IRUHFDVW UHWXUQ YDULHV RYHU KDOI D SHUFHQWDJH SRLQW� 7KH VHFRQG FKDUW

EHORZ VKRZV WKH VDPH WHVW GRQH ZLWK UDQN RSWLPLVDWLRQ� �7UDFNLQJ HUURU LQ WKLV

FDVH LV RQO\ DSSUR[LPDWHO\ FRQVWDQW KHQFH WKH VOLJKW ³ZREEOH´ LQ WKH OLQHV�

7KH VHFRQG LVVXH ZLWK PHDQ YDULDQFH DQDO\VLV LV WKH SUREOHP RI GHILQLQJ

ULVN� 7DNLQJ D W\SLFDO JOREDO DVVHW DOORFDWLRQ SRUWIROLR RI (XURSHDQ� $VLDQ DQG

$PHULFDQ HTXLWLHV DQG ERQGV ORRNHG DW IURP D 86 GROODU SHUVSHFWLYH� WKH

HIILFLHQW IURQWLHU FDOFXODWHG XVLQJ ILYH \HDUV RI UHWXUQ KLVWRU\ IURP ���� WR ����

VKRZV UHFRPPHQGHG KROGLQJV ZKLFK YDU\ DORQJ WKH HIILFLHQW IURQWLHU DV VKRZQ LQ

WKH ILUVW FKDUW EHORZ� 7KH PLQLPXP ULVN SRUWIROLR LV LQ UHDOLW\ QRW YHU\ ZHOO

GLYHUVLILHG� FRQVLVWLQJ DV LW GRHV ODUJHO\ RI 86 ERQGV� 7KLV UHSUHVHQWV D YHU\

FRQFHQWUDWHG H[SRVXUH WR IRUHFDVWLQJ HUURUV�



��

7KH VDPH H[HUFLVH XQGHUWDNHQ XVLQJ UDQN RSWLPLVDWLRQ �WKH VHFRQG FKDUW

EHORZ� UHVXOWV LQ D PLQLPXP ULVN SRUWIROLR ZLWK HTXDOO\ ZHLJKWHG KROGLQJV DV E\

GHILQLWLRQ SODFLQJ WKH VDPH EHW RQ HYHU\ DVVHW PXVW UHVXOW LQ ]HUR YRODWLOLW\ RI

DYHUDJH UDQN UHWXUQ� 7KLV LV LQWXLWLYHO\ D PXFK PRUH GLYHUVLILHG SRVLWLRQ WKDQ WKH

VWDQGDUG PHDQ YDULDQFH DQDO\VLV DERYH�

7KH WKLUG LVVXH LV YRODWLOLW\ RI UHFRPPHQGHG KROGLQJV FDXVHG E\ QRLVH LQ WKH

FRUUHODWLRQ PDWUL[ RYHU D SHULRG RI WLPH� 7KH FKDUW EHORZ VKRZV WKH VDPH VHW RI

DVVHWV ZLWK FRQVWDQW IRUHFDVW UHWXUQV EXW QRZ DW D IL[HG WUDFNLQJ HUURU SRVLWLRQ

UHFDOFXODWHG PRQWKO\ RYHU WKH SHULRG ���� WR ����� 7KLV ZDV FDOFXODWHG XVLQJ

WKUHH \HDUV RI PRQWKO\ GDWD� H[SRQHQWLDOO\ ZHLJKWHG ZLWK D ZHLJKWLQJ KDOI OLIH RI

RQH \HDU� 7KLV FDQ EH VHHQ WR URXWLQHO\ SURGXFH VXEVWDQWLDO VKRUW�WHUP

PRYHPHQWV LQ UHFRPPHQGHG KROGLQJV WKDW DUH KLJKO\ XQGHVLUDEOH IURP D

SUDFWLFDO LQYHVWPHQW SHUVSHFWLYH�
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9RODWLOLW\ RI FRHIILFLHQWV LQ WKH FDOFXODWHG FRUUHODWLRQ PDWUL[ LV DQ

LQHYLWDEOH FRQVHTXHQFH RI WKH VWRFKDVWLF QDWXUH RI WKH WLPH VHULHV EHLQJ

FRPSDUHG� ,Q DQ LGHDOLVHG ZRUOG� ZKHUH WKHUH LV DQ XQGHUO\LQJ ³WUXH´ YDOXH RI

FRUUHODWLRQ� WKH GLVWULEXWLRQ RI WKH HVWLPDWHG YDOXHV DURXQG WKDW ³WUXH´ YDOXH FDQ

LWVHOI EH HVWLPDWHG XVLQJ D NQRZOHGJH RI WKH PHWKRG XVHG WR FDOFXODWH WKH

FRUUHODWLRQ FRHIILFLHQWV� 7KH ZLGWK RI WKLV GLVWULEXWLRQ LV WKHQ XVXDOO\ WDNHQ DV D

PHDVXUH RI WKH VLJQLILFDQFH RI WKH HVWLPDWHG FRHIILFLHQW�

,Q OLQHDU FRUUHODWLRQ� RFFDVLRQDO ODUJH YDOXHV RI UHWXUQ � IDW WDLOV� � DQG

XQFHUWDLQW\ DERXW WKH IRUP RI WKH MRLQW SUREDELOLW\ GLVWULEXWLRQ FUHDWH XQFHUWDLQW\

DV WR WKH IRUPXOD WR XVH WR FDOFXODWH WKH VLJQLILFDQFH RI WKH FRUUHODWLRQ HVWLPDWH�

,Q UDQN FRUUHODWLRQ� WKHUH LV QR XQFHUWDLQW\ RYHU WKH GLVWULEXWLRQ RI UHWXUQV IURP

ZKLFK DQ\ JLYHQ VDPSOH LV GUDZQ � LW LV DOZD\V GUDZQ IURP WKH VHW RI LQWHJHUV �

WR Q �� +HQFH WKH FRUUHFW IRUPXOD WR FDOFXODWH WKH VLJQLILFDQFH RI WKH FRUUHODWLRQ

LV NQRZQ� $V WKH MRLQW SUREDELOLW\ GLVWULEXWLRQ RI WKH XQGHUO\LQJ YDULDEOHV

DSSURDFKHV D ELYDULDWH QRUPDO GLVWULEXWLRQ� WKH VLJQLILFDQFH RI WKH OLQHDU

HVWLPDWHV EHFRPHV DV JRRG DV WKRVH SURGXFHG IURP WKH UDQN FRUUHODWLRQ� ,Q IDFW

WKH VLJQLILFDQFH IRUPXOD EHFRPHV WKH VDPH� 9L]�� 7  U  VTUW� �1��� � ��� U
�
� ��

:H VKDOO GHOD\ GLVFXVVLRQ RI WKH SURSHUWLHV RI VLJQLILFDQFH WHVWV IRU UDQNHG GDWD

WR D ODWHU SDSHU�

$QRWKHU ZD\ RI VD\LQJ WKH VDPH WKLQJ LV WKDW IRU DQ\ JLYHQ OHYHO RI

XQGHUO\LQJ UHDO FRUUHODWLRQ� DQG VDPSOH VL]H� DV WKH XQGHUO\LQJ GLVWULEXWLRQ

GHYLDWHV PRUH DQG PRUH IURP ELYDULDWH QRUPDO� WKH YRODWLOLW\ RI WKH HVWLPDWHG

OLQHDU FRUUHODWLRQ FRHIILFLHQW LQFUHDVHV UHODWLYH WR WKH YRODWLOLW\ RI WKH UDQN

FRUUHODWLRQ� *LYHQ WKDW WKHVH GHYLDWLRQV IURP QRUPDOLW\ DUH XQNQRZQ DQG

SRWHQWLDOO\ ODUJH DQG WLPH YDU\LQJ� WKH LPSOLFLW XVH RI UDQN FRUUHODWLRQ UDWKHU WKDQ

OLQHDU FRUUHODWLRQ PXVW UHGXFH WKLV VRXUFH RI YRODWLOLW\ LQ UHFRPPHQGHG KROGLQJV�
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*LYHQ D K\SRWKHWLFDO VDPSOHV VL]H RI D KXQGUHG GDWD SRLQWV DQG KLVWRULF

GLVWULEXWLRQ RI UHWXUQ IRU WKH DERYH DVVHW VHW� WKLV FRXOG UHGXFH WKH YRODWLOLW\ RI

FRUUHODWLRQ FRHIILFLHQWV YHU\ VLJQLILFDQWO\�

7KH ILQDO SUREOHP ZLWK WUDGLWLRQDO PHDQ YDULDQFH DQDO\VLV LV IRUHFDVWLQJ

UHWXUQ LQ D ZD\ WKDW LV LQWXLWLYH WR D W\SLFDO IXQG PDQDJHUV� &DSWXULQJ WKLV

LQVLJKW LQWR OLNHO\ PDUNHW PRYHPHQWV LV DQ DUW QRW D VFLHQFH� ,Q GXH FRXUVH� D

UDQJH RI DOWHUQDWLYH PHWKRGV DUH OLNHO\ WR EH GHYHORSHG WR FDSWXUH WKLV

LQIRUPDWLRQ� +RZHYHU DOO RI WKHVH PHWKRGV QHHG WR FRQYHUW WKH PDQDJHUV LQSXW�

LQ ZKDWHYHU IRUP LW LV PRVW FRQYHQLHQWO\ HQWHUHG� LQWR D VWDQGDUG VHW RI VXPPDU\

VWDWLVWLFV XVHG IRU DQDO\VLV� ,Q PHDQ YDULDQFH DQDO\VLV WKHVH VXPPDU\ VWDWLVWLFV

DUH WKH PHDQV� DQG FRYDULDQFH RI UHWXUQ� 7KH HTXLYDOHQW VXPPDU\ VWDWLVWLFV LQ RXU

DSSURDFK LV WKH UDQN �RU P�WLOH� SUREDELOLW\ PDWUL[ LOOXVWUDWHG EHORZ�

7KLV P�WLOH SUREDELOLW\ PDWUL[ LV D YHU\ VLPSOH ZD\ RI GHVFULELQJ

LQWXLWLYHO\ WKH OLNHO\ UDQN RI HDFK DVVHW� 7KHUH LV RQH FROXPQ SHU DVVHW DQG LQ

HDFK FROXPQ WKH SUREDELOLW\ RI WKDW DVVHW EHLQJ LQ HDFK TXDQWLOH LV LQGLFDWHG LQ

WKH UHOHYDQW URZ� ,Q WKH UDQN FDVH WKH PDWUL[ LV D PDWUL[ RI SUREDELOLWLHV� KHQFH DOO

WKH URZV DQG DOO WKH FROXPQV PXVW VXP WR ���� 6XFK D PDWUL[ LV FDOOHG EL�

VWRFKDVWLF� :H JLYH DQ H[DPSOH EHORZ�

5DQN 3UREDELOLW\ 0DWUL[

86% &9% ($)( 5���� 5����
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7KH DERYH PDWUL[� ZKLFK GHWDLOV DQ VQP   FDVH� WHOOV XV IRU H[DPSOH� WKH

SUREDELOLWLHV WKDW 5���� LV UDQNHG ILUVW LV ����� SHU FHQW� 7KH URZ VXP DGGLQJ WR

RQH VLPSO\ PHDQV WKDW WKH VXP RI SUREDELOLWLHV WKDW GLIIHUHQW VWRFNV FRXOG EH ILUVW

VKRXOG DGG WR �� /LNHZLVH WKH �
QG
URZ LV WKH VXP RI SUREDELOLWLHV WKDW GLIIHUHQW

VWRFNV FRXOG EH VHFRQG� ZKLFK DJDLQ DGGV WR �� 7KH FROXPQ QXPEHUV� VD\ WKH

VHFRQG FROXPQ� &9%� WHOOV XV WKH UDQN SUREDELOLWLHV RI &9%� ZKLFK DJDLQ DGG WR

�� 2QH FDQ GHGXFH LPPHGLDWHO\ IURP VXFK D FROXPQ WKH H[SHFWHG UDQN RI &9%�
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$Q DOWHUQDWLYH JUDSKLFDO UHSUHVHQWDWLRQ LV VKRZQ EHORZ ZKHUH WKH KHLJKW RI HDFK

EDQG RI JUH\ LV SURSRUWLRQDO WR WKH SUREDELOLW\ RI WKDW DVVHW EHLQJ LQ WKDW TXDQWLOH�

$V ZLWK FRYDULDQFH PDWULFHV� WKHVH P�WLOH SUREDELOLW\ PDWULFHV SURYLGH VXPPDU\

VWDWLVWLFV WKDW JLYH D YDOXDEOH LQVLJKW LQWR OLNHO\ LQYHVWPHQW RXW WXUQ� 7KH\

LPSOLFLWO\ FRQWDLQ MRLQW SUREDELOLW\ LQIRUPDWLRQ� 7KH\ DUH VWUDLJKWIRUZDUG WR

FDOFXODWH IURP WKH VWDWH SUREDELOLW\ YDOXHV� DQG DUH HDVLO\ LQWHUSUHWHG�

$Q\ RSWLPLVDWLRQ SURFHVV� LQKHUHQWO\ RSWLPLVHV DQ DYHUDJH H[SHFWHG

YDOXH� *LYHQ WKDW UHWXUQ LV IUHTXHQWO\ KLJKO\ QRQ QRUPDO �HYHQ LI ZH FKRRVH WR

LJQRUH WKLV IDFW LQ WKH LQWHUHVWV RI WUDFWDEOH FRPSXWDWLRQ�� WKLV DYHUDJH FRXOG KLGH

FRQFHQWUDWLRQV RI GRZQVLGH ULVN ZKLFK DUH KLJKO\ XQGHVLUDEOH� 7KH P�WLOH

SUREDELOLW\ PDWUL[ DOORZV WKLV GRZQVLGH SUREDELOLW\ WR EH REVHUYHG LQ D YHU\

GLUHFW ZD\�

:KHQ FRPELQHG ZLWK WKH IDFW WKDW WKH VLJQLILFDQFH RI UDQN FRUUHODWLRQ LV

PXFK PRUH UREXVW WR QRQ QRUPDOLW\ LQ WKH UHWXUQ GLVWULEXWLRQV� WKH SUHVHQFH RI

WKLV VDIHJXDUG PDNHV LW SUDFWLFDO WR LQFOXGH DVVHWV LQ D SRUWIROLR EHLQJ GLYHUVLILHG

ZKLFK KDYH D YHU\ QRQ QRUPDO GLVWULEXWLRQ RI IRUHFDVW UHWXUQ�� 7KLV FRQVLGHUDEO\

H[WHQGV WKH UDQJH RI DVVHW W\SHV DQG IRUHFDVWLQJ PHWKRGV ZKLFK FDQ EH UHOLDEO\

HPSOR\HG LQ WKLV W\SH RI GLYHUVLILFDWLRQ H[HUFLVH�

,Q SDUWLFXODU� VFHQDULR IRUHFDVWV DUH PRUH QDWXUDOO\ KDQGOHG LQ WKLV

HQYLURQPHQW DV XQOLNH VWDQGDUG PHDQ YDULDQFH DQDO\VLV ZKLFK UHTXLUHV WKDW \RX
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IRUHFDVW D VLQJOH YHFWRU RI PHDQ UHWXUQV� 7KLV DSSURDFK DOORZV \RX WR SRVWXODWH D

UDQJH RI DOWHUQDWLYH VFHQDULRV DQG DOORFDWH SUREDELOLWLHV WR HDFK� 0RQWH FDUOR

VLPXODWLRQ HQDEOHV \RX WR FRPELQH WKHVH VFHQDULRV WR JHQHUDWH D IRUHFDVW RI WKH

SUREDELOLW\ RI GLIIHUHQW DVVHWV RXWSHUIRUPLQJ HDFK RWKHU�

�� &RQFOXVLRQ DQG VXJJHVWHG IXUWKHU ZRUN

,W FDQ EH VHHQ IURP WKH SUHFHGLQJ VHFWLRQ WKDW WKH UHFRPPHQGHG KROGLQJV

SURGXFHG XVLQJ *09 DQDO\VLV DUH PRUH VWDEOH WKDQ WKRVH FDOFXODWHG XVLQJ

VWDQGDUG PHDQ YDULDQFH DQDO\VLV�

&KRRVLQJ DQ DSSURSULDWH GHILQLWLRQ RI ULVN LV XOWLPDWHO\ D PDWWHU RI \RXU

SDUWLFXODU FLUFXPVWDQFHV DQG SUHIHUHQFHV� 'HILQLQJ� WKH PLQLPXP ULVN SRUWIROLR

VXFK WKDW LW LV WKH HTXDOO\ ZHLJKWHG VHW RI KROGLQJV KDV WKH DWWUDFWLRQ WKDW LW LV

PRUH FRQVLVWHQW ZLWK RXU LQWXLWLYH LGHDV RI IXOO GLYHUVLILFDWLRQ WKDQ DUH SRUWIROLRV

SURGXFHG XVLQJ WKH PLQLPXP YRODWLOLW\ FULWHULD�

,Q DGGLWLRQ� WKLV DSSURDFK LV PXFK OHVV VHQVLWLYH WR SUREOHPV FDXVHG E\

QRQ QRUPDO IRUHFDVW UHWXUQ GLVWULEXWLRQV WKDQ FODVVLFDO PHDQ YDULDQFH DQDO\VLV�

7KH DELOLW\ WR GLVSOD\ WKH UDQN �RU P�WLOH� SUREDELOLW\ PDWUL[ SURYLGHV DQ HDVLO\

LQWHUSUHWHG VDIHJXDUG DJDLQVW KLGGHQ FRQFHQWUDWLRQV RI ULVN� 7KH IDFW WKDW WKH

VLJQLILFDQFH OHYHO RI WKH UDQN FRUUHODWLRQ LV LQGHSHQGHQW RI WKH UHWXUQ

GLVWULEXWLRQ� DYRLGV WKH SUREOHP ZLWK FODVVLFDO PHDQ YDULDQFH ZKLFK FDQ OHDG WR

XQUHOLDEOH UHFRPPHQGHG SRUWIROLRV LI WKH VLJQLILFDQFH RI WKH FDOFXODWHG OLQHDU

FRUUHODWLRQ FRHIILFLHQW SURYHV WR EH SDUWLFXODUO\ ORZ�

$V ZH KDYH UHWDLQHG WKH OLQHDU TXDGUDWLF IUDPHZRUN RI WKH 09 ZRUOG� ZH

FDQ LQFRUSRUDWH FRQVWUDLQWV� WLOWV� LQHTXDOLWLHV� DQG LQGHHG DOO WKH RWKHU

RSHUDWLRQDOO\ FRQYHQLHQW IHDWXUHV RI OLQHDU DQG TXDGUDWLF SURJUDPPLQJ� +RZHYHU

ZH KDYH DOVR UHWDLQHG WKH VLPSOLI\LQJ DVVXPSWLRQ WKDW WKH UHWXUQ GLVWULEXWLRQ LV

DGHTXDWHO\ UHSUHVHQW E\ LWV �UDQN� PHDQ DQG VWDQGDUG GHYLDWLRQ� +HQFH LI XVHUV

KDYH D PDUNHG SUHIHUHQFHV IRU WKH VKDSH RI WKH SUREDELOLW\ GLVWULEXWLRQ RI

IRUHFDVW SRUWIROLR UDQN UHWXUQ DV ZHOO DV IRU LWV PHDQ DQG VWDQGDUG GHYLDWLRQ� WKH\

VKRXOG FRPSDUH WKLV *09 DSSURDFK WR WKRVH EDVHG RQ RSWLPLVLQJ GRZQVLGH

GHYLDWLRQ� YDOXH DW ULVN� RU VWRFKDVWLF GRPLQDQFH� 6LPSOH H[WHQVLRQV RI RXU

DSSURDFK FDQ DOORZ RSWLPLVDWLRQ EDVHG RQ WKH P�WLOH HTXLYDOHQW RI WKHVH FULWHULD�

7KH PDLQ SUREOHP XVLQJ WKLV DSSURDFK LV WKH RWKHU VLGH RI WKH UREXVWQHVV

FRLQ� 7KH VWDQGDUG PHDQ YDULDQFH PRGHO KDV EHDWLILHG H[FHVV UHWXUQ DQG WUDFNLQJ

HUURU DV PHDVXUHV RI SHUIRUPDQFH DQG ULVN� ,W ZLOO WDNH FRQVLGHUDEOH HIIRUW WR
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HVWDEOLVK DOWHUQDWLYH QRQ SDUDPHWULF ULVN DQG UHWXUQ PHDVXUHV LQ JHQHUDO XVH�

+RZHYHU� LQ SUDFWLFH WKLV PD\ QRW EH WKH PDMRU SUREOHP WKDW LW ILUVW DSSHDUV�

:KLOH WKH KROGLQJV DUH RSWLPLVHG RQ WKH EDVLV RI WKH P�WLOH �RU UDQN � VWDWLVWLFV�

WKH UHVXOWV FDQ VWLOO EH UHSRUWHG LQ WHUPV RI WUDFNLQJ HUURU� H[FHVV UHWXUQ HWF�

KHQFH DFKLHYLQJ WKH EHVW RI ERWK ZRUOGV�
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