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,+6�� ,PPXQRKLVWRFKHPLFDO� VWDLQLQJ�� 3%6�� SKRVSKDWH�EXIIHUHG

VDOLQH��1.��QDWXUDO�NLOOHU

$EVWUDFW

,Q�DQ�HIIRUW�WR�XQGHUVWDQG�ZKHWKHU�+/$�FODVV�,�DQG�,,

SOD\V�DQ\�UROH�LQ�WKH�SURFHVV�RI�WXPRULJHQHVLV�DQG

PHWDVWDVLV��ZH�KDYH�LPPXQRKLVWRFKHPLFDOO\�H[DP�

LQHG� H[SUHVVLRQ� RI� +/$� FODVV� ,� DQG� ,,� DQWLJHQ� E\

XVLQJ� WKH� PRQRFORQDO� DQWLERGLHV� �P$E�� /���� �IRU

β�P� RI� +/$� FODVV� ,��� +&���� �IRU� +/$�%�� &� KHDY\

FKDLQV��� DQG� /*,,�������� �IRU� +/$� FODVV� ,,� KHDY\

FKDLQ��LQ���ERUGHUOLQH�VHURXV�PDOLJQDQF\��%60�����

VHURXV�DGHQRFDUFLQRPDV� �6$������ERUGHUOLQH�PXFL�

QRXV�PDOLJQDQF\� �%00��� DQG� ���PXFLQRXV� DGHQR�

FDUFLQRPDV��0$��RI�KXPDQ�RYDU\�WXPRU�FDVH�WLVVXHV�

,Q�%60��WKH�GLVWULEXWLRQ�DQG�LQWHQVLW\�RI�+/$�H[SUHV�

VLRQV� IDLOHG� WR� UHDFK�VWDWLVWLFDO�VLJQLILFDQFH�� ,Q�6$�

+/$�FODVV�,�β��PLFURJOREXOLQ��β�P���+/$�%��&�KHDY\

FKDLQV�DQG�+/$�FODVV�,,�KHDY\�FKDLQ�DQWLJHQ�H[SUHV�

VLRQV� ZHUH� GRZQ�UHJXODWHG�� $OWKRXJK� H[SUHVVLRQV

RI�+/$�%��&�KHDY\�FKDLQV�DQG�FODVV�,,�KHDY\�FKDLQ

ZHUH� GRZQ�UHJXODWHG� LQ�PHWDVWDWLF� 6$�� WKHUH� ZHUH

QR� GLIIHUHQFHV� LQ� +/$� H[SUHVVLRQ� OHYHOV� EHWZHHQ

SULPDU\� DQG� PHWDVWDWLF� OHVLRQV�� ,Q� %00�� FODVV� ,,

KHDY\� FKDLQ� H[SUHVVLRQV� ZHUH� GRZQ�UHJXODWHG�� ,Q

0$��β�P��+/$�%��&�KHDY\�FKDLQV�DQG�FODVV�,,�KHDY\

FKDLQ�H[SUHVVLRQV�ZHUH�DOVR�GRZQ�UHJXODWHG��7KXV�

ZH� FRXOG� GLVWLQJXLVK� WKH� UHGXFWLRQ� RU� DEVHQFH� RI

+/$�PROHFXOH�H[SUHVVLRQ�ZDV�UHODWHG�WR�PDOLJQDQW

SRWHQWLDO�� /RVV� RI� +/$� FODVV� ,� DQG� ,,�PROHFXOHV� LQ

LQYDVLYH�RYDULDQ�FDQFHUV� UDLVHV� WKH�SRVVLELOLW\� WKDW

WKLV�FRXOG�EH�D�IDFWRU�IRU�WXPRU�FHOOV�WR�UHWDLQ�LQYD�

VLYHQHVV��

.H\ZRUGV��RYDULDQ� FDQFHU��+/$�FODVV� ,��+/$�FODVV� ,,�

LPPXQRKLVWRFKHPLFDO�VWDLQLQJ��PHWDVWDVLV

,QWURGXFWLRQ

7KH�PDMRU�KLVWRFRPSDWLELOLW\�FRPSOH[��0+&��FRPSULVHV

D�IDPLO\�RI�KLJKO\�SRO\PRUSKLF�JHQHV�HQFRGLQJ�D�VHW�RI

WUDQVPHPEUDQH� SURWHLQV� WKDW� SUHVHQW� SHSWLGH� HSLWRSHV

WR�VSHFLILF�DQWLJHQ� UHFHSWRUV�RQ�7�FHOOV� �+RZDUG� HW�DO��

�������7KHVH�DQWLJHQV�HYHQWXDOO\�DUH� UHGXFHG� WR�VPDOO

SHSWLGHV� LQ� WKH� HQGRSODVPLF� UHWLFXOXP� RI� WKH� FHOO� DQG

WUDQVSRUWHG�WR�WKH�FHOO�PHPEUDQH�WRJHWKHU�ZLWK�D�SDUWL�

FXODU�0+&�DOOHOH� WR� LQWHUDFW�ZLWK�D�7�FHOO� UHFHSWRU�&'�

FRPSOH[��7RZQVHQG�HW�DO����������)RXU�PDMRU�FDWHJRULHV

RI�JHQHV�DUH� LQYROYHG� LQ� WKLV�JHQHWLFDOO\�FRQWUROOHG�SUR�

FHVV��+/$�FODVV�,��+/$�FODVV�,,��SURWHDVRPH��DQG�WUDQV�

SRUWHG�JHQHV��*DUULGR�HW�DO����������$�PDMRU�FKDUDFWHUL�

VWLF� RI� WKHVH� JHQHV� LV� WKHLU� YHU\� KLJK� GHJUHH� RI� +/$

SRO\PRUSKLVP� �&DPSEHOO� DQG� 7URZVGDOH�� ������� ,Q

KXPDQV��SRO\PRUSKLVP� LV�FRQFHQWUDWHG�PDLQO\� LQ�FODVV

,�DQG�FODVV� ,,�JHQHV� �3RZLV� HW�DO���������

7KH�GRZQ�UHJXODWLRQ�RI� DOO� RU� VRPH�+/$�DOOHOHV� LQ� D

SDUWLFXODU�LQGLYLGXDO�E\�ZKDWHYHU�PHFKDQLVP�EUHDNV�WKH

SRO\PRUSKLVP� DQG� DEROLVKHV� WKH� FDSDFLW\� WR� SUHVHQW

DQWLJHQV� WKURXJK�0+&�SURGXFWV��&HOO� WUDQVIRUPDWLRQ� LV

DVVRFLDWHG� LQ� PDQ\� FDVHV� ZLWK� 0+&� GRZQ�UHJXODWLRQ

�6FKULHU�HW�DO����������$OWHUHG�+/$�SKHQRW\SHV�FRXOG�DULVH

GXULQJ�DQ\�RI�GLIIHUHQW�VWHSV�LQ�WKH�ELRV\QWKHWLF�SDWKZD\

OHDGLQJ�WR�+/$�PHPEUDQH�H[SUHVVLRQ�� L�H��WUDQVFULSWLRQ�

UHJXODWLRQ�GHIHFWV��RYHUH[SUHVVLRQ�RI�SURWRRQFRJHQH�SUR�

GXFWV��ORVV�RI�WUDQVSRUWHU�PROHFXOHV��PXWDWLRQV�LQ�RU�ORVV

RI�β�P�JHQH�RU�+/$�JHQHV��DQG�ORVV�RI�+/$�KDSORW\SHV
VHFRQGDU\� WR� ORVV� RI� KHWHUR]\JRVLW\� �%URZQLQJ� DQG

'XQQLRQ��������*DUULGR�HW�DO���������.RRSPDQ�HW�DO���������

7KH�H[SUHVVLRQ�RI�0+&�FODVV�,�DQWLJHQV�LV�DOWHUHG�LQ

D� ODUJH�YDULHW\�RI�PDOLJQDQW� WXPRUV�GHULYHG� IURP�GLIIHU�

HQW�WLVVXH�W\SHV��5HGRQGR�HW�DO����������)DFWRUV�WKDW�PD\

FRQWULEXWH�WR�+/$�GRZQ�UHJXODWLRQ�LQ�RYDULDQ�FDQFHU�DUH

QRW�ZHOO� XQGHUVWRRG��$OWKRXJK�+/$�FODVV� ,� GRZQ�UHJX�



+/$�FODVV�,�DQG�,,�H[SUHVVLRQ�LQ�RYDULDQ�FDQFHU ��

ODWLRQ�LQFOXGLQJ�β�P�DQG�+/$�$��ZDV�REVHUYHG�LQ�RYDUL�
DQ�DGHQRFDUFLQRPDV��VHOHFWLYH�ORVV�RFFXUUHG�LQ�RYDULDQ

FDUFLQRPD� FHOOV� IURP� PDOLJQDQW� HIIXVLRQV� EXW� QRW� LQ

SULPDU\� WXPRUV� �)HUJXVRQ� HW� DO��� ������ :DQJ� HW� DO��

������ 9HJK� HW� DO��� ������ DQG� GRZQ�UHJXODWLRQ� RI� +/$

FODVV� ,� ZDV� QRW� PDWFKHG� ZLWK� KLVWRORJLFDO� W\SHV� RI

RYDULDQ�DGHQRFDUFLQRPDV��

7KH�GRPLQDQW�UROH�IRU�WKH�DGDSWLYH�LPPXQH�UHVSRQVH

LQ� FRQWUROOLQJ� PHWDVWDVLV� LV� VXSSRUWHG� E\� WKH� IUHTXHQW

ORVV� RI� FODVV� ,� H[SUHVVLRQ� LQ� YLYR� GXULQJ� O\PSK� QRGH

PHWDVWDVLV� LQ� FDUFLQRPDV� RI� EUHDVW�� FRORQ�� XULQDU\

EODGGHU� DQG� NLGQH\�� $V� ZHOO� DV� LQ� PHODQRPDV� �/RSH]

1HYRW�HW�DO���������&RUGRQ�&DUGR�HW�DO���������&URPPH

HW� DO��� �������2Q� WKH� RWKHU� KDQG�� VHYHUDO� UHSRUWV� KDYH

VKRZQ� WKDW� DQ� LQFUHDVH� LQ� H[SUHVVLRQ� RI� +/$� FODVV� ,

UHVXOWV�LQ�D�KLJKHU�QXPEHU�RI�PHWDVWDVLV��$OJDUUD�HW�DO��

������ DQG� UHVWRUDWLRQ� RI� +/$� FODVV� ,� H[SUHVVLRQ� E\� γ �
LQWHUIHURQ� WUHDWPHQW� RI� PHODQRPD� FHOOV� UHGXFHV� WKHLU

PHWDVWDWLF� SRWHQWLDO� �=ROOHU� HW� DO��� ������ 5DYDO� HW� DO��

�������

,W�LV�QRW�FOHDU�ZKHWKHU�+/$�FODVV�,,�H[SUHVVLRQ�RQ�WXPRU

FHOOV�LV�D�FRQVHTXHQFH�RI�WKHLU�PDOLJQDQW�WUDQVIRUPDWLRQ

RU�ZKHWKHU�LW�LV�D�FRUUHODWH�RI�DQ�LPPXQRORJLFDO�SURFHVV

LQ� ZKLFK� UHDFWLYH� O\PSKRLG� FHOOV� SURGXFH� ELRORJLFDO

PHGLDWRUV�WKDW�LQGXFH�DQWLJHQ�H[SUHVVLRQ��5XL]�&DEHOOR

HW�DO����������+HWHURJHQHRXV�RU�IRFDO�H[SUHVVLRQ�RI�+/$

FODVV� ,,� DQWLJHQV� FDQ� RFFXU� RQ� FRORQ� �*XWLHUUH]� HW� DO��

������� JDVWULF� WXPRUV� �0D� HW� DO��� ������� DQG� DOVR� RQ

PHODQRPDV� �5XLWHU�HW�DO����������7KHVH�YDULDWLRQV�PD\

EH�GXH�WR�WKH�KHWHURJHQHLW\�RI�WKH�WXPRU�FHOO�SRSXODWLRQ�

RU� WKH� LQIOXHQFH�RI� WKH�PLFURHQYLURQPHQW��

6HYHQ�RYDULDQ�FDUFLQRPDV�H[DPLQHG�IDLOHG�WR�H[SUHVV

0+&�FODVV�,,�SURGXFWV�UHJDUGOHVV�RI�KLVWRORJLFDO�W\SH�RU

FOLQLFDO� VWDJH� EXW� VWURPDO� FHOOV� H[SUHVVHG� WKH� DQWLJHQV

VWURQJO\��+RZHYHU��QRW�DOO�KLVWRORJLFDO�FDWHJRULHV�RI�RYDULDQ

QHRSODVP�ZHUH� UHSUHVHQWHG� �)HUJXVRQ�HW�DO��� ������� ,W

KDV� DOVR� EHHQ� UHSRUWHG� WKDW� IUHVKO\� LVRODWHG� RYDULDQ

FDUFLQRPD� FHOOV� IURP� WKH� DVFLWLF� IOXLG� KDYH� D� YDULDEOH�

DOWKRXJK� XVXDOO\� ORZ�� H[SUHVVLRQ� RI� +/$�'5� DQWLJHQV

�$OODYHQD� HW� DO��� ������� 2Q� WKH� FRQWUDU\�� +/$� FODVV� ,,

ZDV�QRW�IRXQG�LQ�QRUPDO�RYDULDQ�VXUIDFH�HSLWKHOLXP��EXW

FDQ�EH�GHWHFWHG�LQ�����RI�EHQLJQ��DQG�����RI�ERUGHU�

OLQH�DQG�PDOLJQDQW�HSLWKHOLDO�RYDULDQ�WXPRUV��.DEDZDW�HW

DO����������

7KH� VWXGLHV� RQ� WKH� DOWHUHG� H[SUHVVLRQV� RI� +/$� LQ

RYDULDQ� FDQFHUV� VWLOO� KDYH� EHHQ� ODFNLQJ�� 'HVSLWH� WKH

SRWHQWLDO�FOLQLFDO�LPSOLFDWLRQV�RI�WKHVH�ILQGLQJV��WKLV�WRSLF

KDV�EHHQ�ORRNHG�XSRQ�ZLWK�VRPH�VNHSWLFLVP�XQWLO�UHFHQWO\

EHFDXVH� D� QXPEHU� RI� HDUO\� UHSRUWV� RQ� WKH� DEQRUPDO

PDMRU� KLVWRFRPSDWLELOLW\� FRPSOH[� SKHQRW\SHV� RI� WXPRU

FHOOV� WXUQHG� RXW� WR� EH� WHFKQLFDO� DUWLIDFWV� �+LFNOLQ�HW� DO��

������

7KHUHIRUH�ZH�LQYHVWLJDWHG�ZKHWKHU� LPPXQRKLVWRFKHPL�

FDOO\� GHWHUPLQHG� FKDQJHV� LQ� FODVV� ,� DQG� FODVV� ,,�0+&

H[SUHVVLRQV� DUH� UHODWHG� ZLWK� WXPRULJHQHVLV� DQG� WXPRU

SURJUHVVLRQ� LQ�KXPDQ�RYDULDQ�FDQFHU� WLVVXHV��

0DWHULDOV�DQG�0HWKRGV

7XPRU�VSHFLPHQV

3DUDIILQ�HPEHGGHG�WLVVXH�VSHFLPHQV�ZHUH�REWDLQHG�IURP

SDWLHQWV� ZLWK� PDOLJQDQW� RYDULDQ� HSLWKHOLDO� WXPRU� ZKR

ZHUH�WUHDWHG�DW�WKH�&DWKROLF�8QLYHUVLW\�0HGLFDO�+RVSLWDO

IURP������WR�������5HSUHVHQWDWLYH�SDUDIILQ�EORFNV�IURP

DOO�SULPDU\�WXPRUV�DQG�UHJLRQDO�O\PSK�QRGH�PHWDVWDVHV

ZHUH� VHOHFWHG� DQG� VHULDOO\� FXW� WR� ��µP� VHFWLRQV�� 7R
HQVXUH� WKH� SUHVHQFH� RI� WXPRU�� WKH� ILUVW� DQG� ODVW� VOLGH

IURP�HDFK�VHULHV�ZHUH�VWDLQHG�URXWLQHO\�ZLWK�KHPDWR[\OLQ�

HRVLQ��+	(��DQG�VXEMHFWHG�WR�PLFURVFRSLF�H[DPLQDWLRQ�

7KH�QXPEHU�RI� WKH�VXEMHFWV�ZDV���FDVHV�RI�ERUGHUOLQH

VHURXV�PDOLJQDQF\�RI�RYDU\�����FDVHV�RI�VHURXV�DGHQR�

FDUFLQRPDV�����FDVHV�RI�ERUGHUOLQH�PXFLQRXV�PDOLJQDQF\

RI�RYDU\��DQG����FDVHV�RI�PXFLQRXV�DGHQRFDUFLQRPDV��

0RQRFORQDO�DQWLERGLHV

7KH�PRQRFORQDO� DQWLERG\� �P$E��/���� IRU�β�P�RI�+/$
FODVV� ,�� +&���� IRU� +/$�%�� &� KHDY\� FKDLQV�� DQG� /*,,�

�������IRU�+/$�FODVV�,,�KHDY\�FKDLQ�ZHUH�XVHG��/����LV

D�PRXVH�,J*��WKDW�UHFRJQL]HV�β�P��+&���� LV�D�PRXVH
,J*�� WKDW� UHFRJQL]HV� FRPPRQ� HSLWRSH� RI� +/$�%�� &

KHDY\� FKDLQV�� DQG� /*,,�������� LV� DQ� DQWLERG\� WKDW

UHFRJQL]HV�WKH�PRQRPRUSKLF�GHWHUPLQDQW�RI�β�FKDLQ�RI
+/$�'5�� �'4�� DQG� �'3� �7HPSRQL�HW�DO��� �������0RQR�

FORQDO� DQWLERGLHV�ZHUH� NLQGO\� SURYLGHG� E\�'U�� 6ROGDQR

)HUURQH� �5RVHZHOO�3DUN�&DQFHU� ,QVWLWXWH��%XIIDOR��1HZ

<RUN���

,PPXQRKLVWRFKHPLFDO�VWDLQLQJ��,+6�

7KH� DYLGLQ�ELRWLQ�SHUR[LGDVH� FRPSOH[� PHWKRG� �+VX� HW

DO���������ZDV�XVHG��7KH�SDUDIILQ�HPEHGGHG�WLVVXHV�ZHUH

GHZD[HG� XVLQJ� [\OHQH�� WUHDWHG� ZLWK� JUDGHG� HWKDQRO�

UHK\GUDWHG� DIWHU� UHPRYLQJ� SDUDIILQ� DQG� ZDVKHG� ZLWK

ZDWHU��7KHQ��WKH�WLVVXHV�ZHUH�SODFHG�LQ�SHUR[LGH�TXHQ�

FKLQJ�VROXWLRQ�PDGH�ZLWK�K\GURJHQ�SHUR[LGH�IRU����PLQ

WR� UHPRYH� WKH� HQGRJHQRXV� SHUR[LGDVH�DFWLYLW\�� WUHDWHG

ZLWK�VHUXP�EORFNLQJ�VROXWLRQ��=\PHG�/DERUDWRULHV��&$�

IRU����PLQ�WR�EORFN�QRQ�VSHFLILF�ELQGLQJ��WUHDWHG�ZLWK�WKH

SULPDU\�DQWLERG\�� OHIW� IRU�RYHUQLJKW�DW��R&��ZDVKHG�ZLWK

3%6�� WUHDWHG� ZLWK� WKH� ELRWLQ\ODWHG� VHFRQGDU\� DQWLERG\

�=\PHG�� IRU� ���PLQ�� DQG�ZDVKHG�ZLWK�3%6��7KHQ�� WKH

WLVVXHV�ZHUH� WUHDWHG�ZLWK� DQ� HQ]\PH� FRQMXJDWH� IRU� ��

PLQ�� ZDVKHG� ZLWK� 3%6�� WUHDWHG� ZLWK� WKH� DPLQRHWK\O

FDUED]ROH� �=\PHG�� DV� D� FKURPRJHQ� IRU� ���PLQ��7KHQ�

WKH� WLVVXH� VHFWLRQV�ZHUH� FRXQWHUVWDLQHG�ZLWK� KHPDWR[�

\OLQ��

$QDO\VLV�RI�+/$�H[SUHVVLRQ�DQG�VWDWLVWLFV�

8ELTXLWRXVO\�SUHVHQW�FODVV� ,��RU� ,,�SRVLWLYH�VWURPDO�FHOOV

�O\PSKRF\WHV��ILEUREODVWV��YDVFXODU�HQGRWKHOLDO�FHOOV��HWF�

DQG� QRUPDO� RYDULDQ� HSLWKHOLXP� ZHUH� XVHG� DV� LQWULQVLF

SRVLWLYH� FRQWUROV� IRU� WKH� SUHVHQFH�RI� FODVV� ,� RU� FODVV� ,,

VSHFLILFLWLHV�LQ�D�JLYHQ�WLVVXH�DQG�IRU�WKH�VWUHQJWK�RI�WKH
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LPPXQRUHDFWLYLW\� RI� WKH�P$E�� 7KH� LQWHQVLW\� RI� VWDLQLQJ

ZDV� HYDOXDWHG� VHPLTXDQWLWDWLYHO\� DQG� GLYLGHG� LQWR� �

JUDGHV� DV� IROORZV�� ���� VWURQJ� SRVLWLYH�� ��� PRGHUDWHO\

SRVLWLYH�� ��� ZHDNO\� SRVLWLYH�� −�� QHJDWLYH�� ,Q� FDVH� RI
KHWHURJHQHRXVO\� VWDLQHG� WXPRUV�� FRUUHVSRQGLQJ� WXPRU

FHOO�FOXVWHUV�ZHUH�FRPSDUHG�LQ�WKH�VHTXHQFH�RI�VHFWLRQV�

,I�SRVVLEOH��ZH�WULHG�WR�PDNH�WKH�UHDGLQJ�WR�LQFOXGH�RQH

HQWLUH�HSLWKHOLDO� OD\HU�IRU�QRUPDO�RYDULDQ�HSLWKHOLXP�DQG

RQH�HQWLUH� OD\HU� IRU�FDQFHU� WLVVXHV��

)RU�WKH�SXUSRVH�RI�VWDWLVWLFDO�DQDO\VHV��WKH�H[SUHVVLRQ

UDWHV�ZHUH� FRQYHUWHG� LQWR� D� ��SRLQW� V\VWHP� LQ�ZKLFK��

SRLQW�ZDV�JLYHQ�WR��−��UHDGLQJ���������������DQG��������WR
H[DPLQH�FKDQJHV� LQ�+/$�H[SUHVVLRQ�SDWWHUQV�� ,Q�RUGHU

WR�H[DPLQH�WKH�FKDQJHV�E\�FRQYHUWLQJ�WKH�UDWHV�RI�+/$

H[SUHVVLRQ� LQWR� D� ��SRLQW� V\VWHP�� WKH� GHJUHHV� RI� +/$

H[SUHVVLRQ�ZHUH�H[SUHVVHG�LQ�PHDQ��PHGLDQ��DQG�UDQJH

EHWZHHQ�PLQLPXP�DQG�PD[LPXP�YDOXHV��

7KH�UHODWLRQVKLS�EHWZHHQ�WKH�H[SUHVVLRQ�UDWH�RI�+/$

DQG� KLVWRORJLFDO� W\SH� RI� WKH� WLVVXH� ZDV� H[DPLQHG� E\

:LOFR[RQ�VLJQHG�UDQN�WHVW�DQG�WKH�GLIIHUHQFHV�DPRQJVW

+/$� H[SUHVVLRQ� SDWWHUQV� XVLQJ� HDFK� P$E� ZHUH� FRP�

SDUHG� E\� )ULHGPDQ� WHVW� DQG� 0LOOHU¶V� QRQSDUDPHWULF

PXOWLSOH� FRPSDULVRQ�� 3� YDOXHV� OHVV� WKDQ� ����� ZHUH

FRQVLGHUHG� VWDWLVWLFDOO\� VLJQLILFDQW�� 7R� FRPSDUH� WKH� GLI�

IHUHQFHV� EHWZHHQ� SULPDU\� DQG� PHWDVWDWLF� OHVLRQ� E\

PDWFKHG� VDPSOH� DQDO\VLV�� ZH� H[FOXGHG� WKH� QRQ�PHWD�

VWDWLF�FDVHV�

5HVXOWV�

+/$� H[SUHVVLRQV� LQ� ERUGHUOLQH� VHURXV�PDOLJQDQF\

�%60��

+/$�FODVV�,�DQG�FODVV�,,�H[SUHVVLRQ�SDWWHUQV�LQ�%60�RI

RYDU\�ZHUH�PHDVXUHG�DQG�FRPSDUHG�ZLWK�WKDW�LQ�QRUPDO

FHOOV� SUHVHQW� LQ� WKH� VDPH� WLVVXH� VHFWLRQV� �7DEOH� ���

7DEOH���VKRZV�WKH�GHJUHH�RI�+/$�H[SUHVVLRQ�H[SUHVVHG

LQ�PHDQ��PHGLDQ� DQG� UDQJH� RI� PLQLPXP� WR�PD[LPXP

YDOXH� LQ� HDFK� WLVVXH�� 7KH� UHVXOW� VKRZHG�QR� VLJQLILFDQW

GRZQ�UHJXODWLRQ�RI�+/$�FODVV�,�DQG�FODVV�,,�KHDY\�FKDLQ

DQWLJHQV� LQ� %60� WLVVXHV� LQ� FRPSDULVRQ� ZLWK� WKRVH

DQWLJHQV� LQ�QRUPDO� WLVVXHV��

&KDQJHV� LQ�+/$� H[SUHVVLRQ� SDWWHUQV� DFFRUGLQJ� WR

WKH�SURJUHVVLRQ�RI�VHURXV�DGHQRFDUFLQRPDV��6$��

+/$�FODVV�,�DQG�FODVV�,,�H[SUHVVLRQ�SDWWHUQV�LQ�SULPDU\

LQYDVLYH�RYDULDQ�FDUFLQRPD�WLVVXHV�DQG�PHWDVWDWLF�OHVLRQV

ZHUH� PHDVXUHG� DQG� FRPSDUHG� ZLWK� WKDW� LQ� QRUPDO

VWURPDO� WLVVXHV�RQ� WKH� VDPH� WLVVXH� VHFWLRQV� �7DEOH����

7DEOH���VKRZV�WKH�GHJUHH�RI�+/$�H[SUHVVLRQ�H[SUHVVHG

LQ�PHDQ��PHGLDQ� DQG� UDQJH� RI�PLQLPXP� WR�PD[LPXP

YDOXH� LQ�HDFK� WLVVXH�

$IWHU�GHWHUPLQLQJ� WKH�SDWWHUQV�RI�+/$�H[SUHVVLRQV� LQ

SULPDU\� DQG� PHWDVWDWLF� OHVLRQV� RI� 6$�� WKH� GHJUHHV� RI

+/$� H[SUHVVLRQ� RI� WXPRU� WLVVXHV� DQG� FRUUHVSRQGLQJ

QRUPDO� VWURPDO� WLVVXHV� ZHUH� FRPSDUHG�� $FFRUGLQJ� WR

7DEOH� ��� LQ� SULPDU\� DGHQRFDUFLQRPD� OHVLRQV�� β�P� �3 
���������+/$�%��&�KHDY\�FKDLQV� �3 ��������DQG�FODVV

,,� KHDY\�FKDLQ� �3 ��������H[SUHVVLRQV�ZHUH�DOO� VLJQLIL�

FDQWO\�GRZQ�UHJXODWHG�FRPSDUHG� WR� WKHLU� QRUPDO� FRUUH�

VSRQGLQJ�FRXQWHUSDUWV��$OVR��LQ�PHWDVWDWLF�OHVLRQV��+/$�

%��&�KHDY\�FKDLQV��3 ��������DQG�FODVV�,,�KHDY\�FKDLQ

�3 �������� H[SUHVVLRQV� ZHUH� DOO� VLJQLILFDQWO\� GRZQ�

UHJXODWHG�FRPSDUHG� WR�QRUPDO� WLVVXHV��+RZHYHU��ZKHQ

WKH�H[SUHVVLRQ�SDWWHUQV� LQ�HDFK� WLVVXH�ZHUH�FRPSDUHG

EHWZHHQ�SULPDU\�DQG�PHWDVWDWLF� OHVLRQV��QR�VWDWLVWLFDOO\

VLJQLILFDQW� GLIIHUHQFH� ZDV� VHHQ� LQ� FODVV� ,� DQG� FODVV� ,,

H[SUHVVLRQ� OHYHOV��

:H� DOVR� FRPSDUHG� WKH� GRZQ�UHJXODWLRQ� UDWHV� IURP

QRUPDO�VWURPD�WR� WXPRU�DPRQJVW� WKUHH�+/$�FODVVHV� LQ

SULPDU\� OHVLRQ� E\� )ULHGPDQ� WHVW�� DQG� WKH� GHJUHH� RI

GRZQ�UHJXODWLRQ� RI� β�P� VKRZHG� VRPHZKDW� ORZHU� WKDQ
WKRVH�RI�+/$�%��&�KHDY\�FKDLQV�DQG�+/$�FODVV�,,�KHDY\

FKDLQ��3��������%XW�WKHUH�ZDV�QR�VLJQLILFDQW�GLIIHUHQFHV

EHWZHHQ�HDFK�WZR�DQWLJHQV��/����YV��+&�����/����YV�

/*,,��������� +&���� YV�� /*,,��������� E\� 0LOOHU¶V� QRQ�

SDUDPHWULF�PXOWLSOH�FRPSDULVRQV��+RZHYHU�� LQ�PHWDVWDWLF

OHVLRQ��WKH�GHJUHH�RI�GRZQ�UHJXODWLRQ�IURP�QRUPDO� O\P�

SKRLG� FHOOV� WR� WXPRU� LQ� +/$�%�� &� KHDY\� FKDLQV� ZDV

7DEOH����+/$�FODVV�,�DQG�FODVV�,,�H[SUHVVLRQV�LQ���SDWLHQWV�ZLWK�ERUGHUOLQH�VHURXV�PDOLJQDQF\�RI�RYDU\�

β�P +/$�%��&�KHDY\�FKDLQ &ODVV�,,�KHDY\�FKDLQ

5HSRUW 1R� 0HDQ 0HGLDQ 5DQJH 1R� 0HDQ 0HGLDQ 5DQJH� 1R� 0HDQ 0HGLDQ 5DQJH�

�7XPRU � ��� � ��� � ��� � ��� � ��� � ���

�6WURPD � ��� � ��� � ��� � ��� � ��� � ���

7DEOH����,PPXQRKLVWRFKHPLFDO�VWDLQLQJ�SDWWHUQV�IRU�+/$�FODVV�,�DQG�FODVV�,,
LQ�ERUGHUOLQH�VHURXV�PDOLJQDQF\�RI�RYDU\

β�P� +/$�%��&�

KHDY\�FKDLQ

&ODVV�,,�KHDY\�

FKDLQ

%RUGHUOLQH %RUGHUOLQH %RUGHUOLQH

3DWLHQW 6WDJH 7XPRU 6WURPD 7XPRU 6WURPD 7XPRU 6WURPD

� ,E � � � � � �

� ,E � � − � �� ��

� ,D � � � � − �

� ,D � � � � � �

� ,,,F � � � � �� ��

6HPLTXDQWLWDWLYH� HYDOXDWLRQ� RI� LPPXQRUHDFWLYLW\� RI� QRUPDO� DQG� WXPRU� FHOOV
DUH�GHVFULEHG�LQ�0DWHULDOV�DQG�0HWKRGV�



+/$�FODVV�,�DQG�,,�H[SUHVVLRQ�LQ�RYDULDQ�FDQFHU ��

VLJQLILFDQWO\�KLJKHU� WKDQ� WKDW�RI�β�P��3�������
)LJXUH���VKRZV�VWDLQLQJ�SDWWHUQV�RI�SULPDU\�WXPRU�DQG

PHWDVWDWLF� O\PSK� QRGH� RI� VHURXV� DGHQRFDUFLQRPD� RI

RYDU\��3ULPDU\�WXPRU�WLVVXH�ZLWK�P$E�DJDLQVW�+/$�%��&

KHDY\�FKDLQ��)LJXUH��$��VKRZ�ZHDNO\�SRVLWLYH� LQWHQVLW\

RI�H[SUHVVLRQ�DV�FRPSDUHG�ZLWK�QRUPDO�WLVVXHV��([SUH�

VVLRQ�SDWWHUQV�IRU�P$E�DJDLQVW�+/$�%��&�KHDY\�FKDLQ�LQ

PHWDVWDWLF�O\PSK�QRGH�WLVVXHV��)LJXUH��%��ZHUH�VLPLODU

WR�SULPDU\�OHVLRQV��7KH�VWDLQLQJ�UHVXOWV�RI�SULPDU\�WXPRU

�)LJXUH��&��DQG�PHWDVWDWLF� O\PSK�QRGH�WLVVXHV��)LJXUH

�'��XVLQJ�FODVV�,,�KHDY\�FKDLQ�P$E�ZHUH�DOVR�VLPLODU�WR

WKRVH�RI�+/$�%��&�KHDY\�FKDLQ�P$E��

7DEOH����,PPXQRKLVWRFKHPLFDO�VWDLQLQJ�SDWWHUQV�IRU�+/$�FODVV�,�DQG�FODVV�,,�LQ�VHURXV�DGHQRFDUFLQRPD�RI�RYDU\

β�P +/$�%��&�KHDY\�FKDLQ &ODVV�,,�KHDY\�FKDLQ

3ULPDU\ 0HWDVWDVLV 3ULPDU\ 0HWDVWDVLV 3ULPDU\ 0HWDVWDVLV

3DWLHQW 6WDJH 7XPRU 6WURPD 7XPRU 6WURPD 7XPRU 6WURPD 7XPRU 6WURPD 7XPRU 6WURPD 7XPRU 6WURPD

� ,,,F � � � � � �� − �� � �� − ��

� � � �

� ,,,F �� �� � � − �� � �� − �� � �

�� �� � ��

� ,,,F � � �� �� �� �� �� �� �� �� �� ��

� ,,,F � � � � � �� � �� � �� � �

� ,,,F � � � � − � �� �� � �� �� ��

� ,,,F � � � � � �� − �� � �� � ��

� ,F � � � � �� �� � �� � �� �� ��

− � � �� � �

� ,LE � � − � � � �� �� � �� � ��

� � � �� � ��

� ,,,F � � � � �� �� �� �� �� �� �� ��

� � �� �� � �

�� ,F � � − � � � − � �� �� � ��

�� ,,,F � � − � − � �� �� � ��

�� ,,,F � � � � � �� − �� � �� − ��

�� ,,,F �� �� � � �� �� � �� � �� � �

�� ,,,F � � � � � � � �� � �� � ��

�� ,F � � � � �� �� � �� � �� �� ��

�� ,,,F − � � � � �� � �� � � �� ��

�� ,D � � 1 1 � � 1 1 � � 1 1

� � 1 1 � �� 1 1 � �� 1 1

�� ,,,F � � 1 1 � � 1 1 � �� 1 1

� � 1 1 � � 1 1 � �� 1 1

�� ,E � �� 1 1 �� �� 1 1 � �� 1 1

�� ,F � � 1 1 − � 1 1 − � 1 1

� �� 1 1 �� �� 1 1 �� �� 1 1

QR�PHWDVWDVLV

7DEOH����+/$�FODVV�,�DQG�FODVV�,,�H[SUHVVLRQV�LQ����SDWLHQWV�ZLWK�VHURXV�DGHQRFDUFLQRPD�RI�RYDU\

β�P +/$�%��&�KHDY\�FKDLQ &ODVV�,,�KHDY\�FKDLQ

5HSRUW 1R� 0HDQ 0HGLDQ 5DQJH� 1R� 0HDQ 0HGLDQ 5DQJH� 1R� 0HDQ 0HGLDQ 5DQJH�

3ULPDU\

�7XPRU �� ��� � ��� �� ��� ��� ��� �� ��� ���� ���

�6WURPD �� ��� ��� ��� �� ��� � ����� �� ��� � ���

0HWDVWDVLV

�7XPRU �� ��� � ��� �� ���� � ��� �� ��� ��� ���

�6WURPD �� ��� �� ��� �� ��� � ��� �� ��� � ���

GHQRWHV�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�WXPRU�DQG�QRUPDO�VWURPD�LQ�HDFK�OHVLRQ�E\�:LOFR[RQV�VLJQHG�UDQN�WHVW��3�� ������
�GHQRWHV� VLJQLILFDQW� GLIIHUHQFH� RI� WKH� GRZQ�UHJXODWLRQ� UDWHV� IURP� QRUPDO� VWURPD� WR� WXPRU� FRPSDUHG� WR� /���� LQ� HDFK� OHVLRQ� E\� )ULHGPDQ� WHVW� DQG�0LOOHU¶V
QRQSDUDPHWULF�PXOWLSOH�FRPSDULVRQ��3��������



�� ([S��0RO��0HG��9RO��������������������

+/$�H[SUHVVLRQV�LQ�ERUGHUOLQH�PXFLQRXV�PDOLJQDQF\

�%100�

+/$� FODVV� ,� DQG� FODVV� ,,� H[SUHVVLRQ� SDWWHUQV� LQ� %00

ZHUH�PHDVXUHG�DQG�FRPSDUHG�ZLWK�WKDW�LQ�QRUPDO�WLVVX�

HV�RQ�WKH�VDPH�WLVVXH�VHFWLRQV��7DEOH�����7DEOH���VKRZV

WKH�GHJUHH�RI�+/$�H[SUHVVLRQ�H[SUHVVHG�LQ�PHDQ��PHGLDQ

DQG�UDQJH�RI�PLQLPXP�WR�PD[LPXP�YDOXH�LQ�HDFK�WLVVXH�

7KHUH�ZHUH�QR�GLIIHUHQFHV�LQ�β�P�DQG�+/$�%��&��+HDY\�
FKDLQ�H[SUHVVLRQ�OHYHOV�EHWZHHQ�ERUGHUOLQH�OHVLRQV�DQG

QRUPDO� WLVVXHV��%XW�� LQ�%00��+/$�FODVV�,,�KHDY\�FKDLQ

DQWLJHQ� H[SUHVVLRQV� ZHUH� VLJQLILFDQWO\� GRZQ�UHJXODWHG

FRPSDUHG� WR�QRUPDO� WLVVXHV� �3 ���������

'HJUHHV� RI� GRZQ�UHJXODWLRQ� IURP� QRUPDO� VWURPD� WR

WXPRU� ZHUH� FRPSDUHG� DPRQJVW� WKUHH� DQWLJHQV� XVLQJ

)ULHGPDQ� WHVW� DQG� 0LOOHU¶V� QRQSDUDPHWULF� FRPSDULVRQ�

DQG� WKH� GRZQ�UHJXODWLRQ� UDWH� LQ� /*,,�������� VKRZHG

VLJQLILFDQWO\� KLJKHU� WKDQ� WKRVH� LQ� /����DQG�+&���� �3�

�������)LJXUH���VKRZV�VWDLQLQJ�SDWWHUQV�RI�QRUPDO�WLVVX�

HV� DQG� %00� OHVLRQ� ZLWK� P$E� DJDLQVW� FODVV� ,,� KHDY\

FKDLQ��%RUGHUOLQH�OHVLRQV�VKRZ�ZHDNO\�SRVLWLYH�LQWHQVLW\

RI� H[SUHVVLRQ� DV� FRPSDUHG� ZLWK� QRUPDO� WLVVXHV�� 6XU�

URXQGLQJ� QRUPDO� VWURPDO� FHOOV� VKRZ� VWURQJO\� SRVLWLYH

LQWHQVLW\��

+/$�H[SUHVVLRQV�LQ�PXFLQRXV�DGHQRFDUFLQRPDV��%$�

+/$�FODVV�,�DQG�FODVV�,,�H[SUHVVLRQ�SDWWHUQV�LQ�0$�ZHUH

PHDVXUHG�DQG�FRPSDUHG�ZLWK�WKDW�LQ�QRUPDO�WLVVXHV�RQ

WKH�VDPH� WLVVXH�VHFWLRQV� �7DEOH�����7DEOH���VKRZV� WKH

)LJXUH���� ,PPXQRKLVWRFKHPLFDO�VWDLQLQJ� IRU�+/$�FODVV� ,�DQG�FODVV� ,,� LQ�SULPDU\�DQG�PHWDVWDWLF�VHURXV�DGHQRFDUFLQRPD�RI�RYDU\�� �$��+/$�FODVV� ,�VWDLQLQJ� LQ
WKH�SULPDU\�WXPRU�WLVVXH�VKRZLQJ�VWURQJO\�SRVLWLYH�UHDFWLRQ�LQ�WKH�QRUPDO�VWURPDO�DQG�LQILOWUDWLQJ�O\PSKRLG�FHOOV�VXUURXQGLQJ�WKH�WXPRU�FHOOV��,Q�FRQWUDVW��WKH�WXPRU
FHOOV�VKRZ�ZHDNO\�SRVLWLYH�VWDLQLQJ���%��+/$�FODVV�,�VWDLQLQJ�LQ�WKH�PHWDVWDWLF�DGHQRFDUFLQRPD�RI�SHOYLF�O\PSK�QRGH�VKRZLQJ�VWURQJO\�SRVLWLYH�LQWHQVLW\�LQ�WKH
QRUPDO�O\PSKRLG�FHOOV�DQG�QHJDWLYH�H[SUHVVLRQ�LQ�WKH�PHWDVWDWLF�WXPRU�FHOOV���&��+/$�FODVV�,,�VWDLQ�LQ�WKH�SULPDU\�WXPRU�VKRZLQJ�VWURQJO\�SRVLWLYH�LQWHQVLW\�LQ
WKH�QRUPDO�VWURPDO�DQG�LQILOWUDWLQJ�O\PSKRLG�FHOOV�VXUURXQGLQJ�WKH�WXPRU�FHOOV��0RVW�WXPRU�FHOOV�VKRZ�QHJDWLYH�LQWHQVLW\�RI�H[SUHVVLRQ�EXW�IRFDOO\�SRVLWLYH�LQWHQVLW\�
�'��+/$�FODVV� ,,�VWDLQ� LQ� WKH�PHWDVWDWLF�FDUFLQRPD�VKRZLQJ�VWURQJO\�SRVLWLYH� LQWHQVLW\� LQ� WKH�QRUPDO� O\PSKRLG�FHOOV��%XW� WKH�PHWDVWDWLF� WXPRU�FHOO�QHVW�VKRZV
PRVWO\�QHJDWLYH�EXW� IRFDOO\�ZHDNO\�SRVLWLYH� LQWHQVLW\�RI�H[SUHVVLRQ�� �0DJQLILFDWLRQ�×�����

7DEOH����,PPXQRKLVWRFKHPLFDO�VWDLQLQJ�SDWWHUQV�IRU�+/$�FODVV�,�DQG�FODVV�,,
LQ�ERUGHUOLQH�PXFLQRXV�PDOLJQDQF\�RI�RYDU\

β�P� +/$�%��&�

KHDY\�FKDLQ

&ODVV�,,�KHDY\�

FKDLQ

%RUGHUOLQH %RUGHUOLQH %RUGHUOLQH

3DWLHQW 6WDJH 7XPRU 6WURPD 7XPRU 6WURPD 7XPRU 6WURPD

� ,D � � � � − �

� ,D � � �� �� � ��

� ,D � � � � � �

� ,D � � � � � ��

� ,D � � � � � �

� ,D � � � � � �

� ,E − � � � � �

� ,E � � � �� � �

� ,D � � � � � ��

�� ,D � � � � � �

�� ,,,F − � � � − �

�� ,D � � � � � �

�� ,,,F � � �� �� � ��

�� ,D � � � � � ��

�� ,D − � �� �� − �



+/$�FODVV�,�DQG�,,�H[SUHVVLRQ�LQ�RYDULDQ�FDQFHU ��

GHJUHH�RI�+/$�H[SUHVVLRQ�H[SUHVVHG� LQ�PHDQ��PHGLDQ

DQG�UDQJH�RI�PLQLPXP�WR�PD[LPXP�YDOXH�LQ�HDFK�WLVVXH�

7KHUH� ZHUH� VLJQLILFDQW� GLIIHUHQFHV� LQ� β�P� �3 ��������
+/$�%��&�KHDY\�FKDLQV� �3 ��������DQG�FODVV� ,,�KHDY\

FKDLQ� �3 �������� H[SUHVVLRQ� OHYHOV� EHWZHHQ� QRUPDO

DQG� WXPRU� WLVVXHV��+RZHYHU�� WKHUH�ZHUH� QR� VLJQLILFDQW

GLIIHUHQFHV�DPRQJ�+/$�FODVVHV�LQ�WKH�GHJUHH�RI�GRZQ�

UHJXODWLRQ�IURP�QRUPDO�VWURPD�WR�WXPRU�LQ�0$�RI�RYDU\�

7KH� WXPRU� FHOOV� VKRZ� QHJDWLYH� LQWHQVLW\� RI� H[SUHVVLRQ

DQG� WKH� QRUPDO� VWURPDO� WLVVXH� VKRZV� VWURQJO\� SRVLWLYH

LQWHQVLW\�RI�H[SUHVVLRQ� �)LJXUH����

'LVFXVVLRQ

9LUWXDOO\� DOO� EHQLJQ� DQG� SUHPDOLJQDQW� OHVLRQV� DQDO\VHG

IURP�EUHDVW��FRORQ��FHUYL[�DQG� ODU\Q[�HSLWKHOLD�DUH�+/$

FODVV� ,� SRVLWLYH� �*DUULGR� HW� DO��� ������� 'HVSLWH� RWKHU

JHQHWLF�DQG�PRUSKRORJLFDO�FKDQJHV�DW�WKLV�VWDJH�RI�WXPRU

GHYHORSPHQW��WKH�H[SUHVVLRQ�RI�+/$�FODVV�,�DQWLJHQV�LV

DSSDUHQWO\� QRW� DOWHUHG� �+LOGHUV� HW� DO��� ������� +RZHYHU�

WKH�PROHFXODU� EDVLV� RI� WKH� XQGHU�H[SUHVVLRQ� RI� FODVV� ,

0+&�DQWLJHQV� LQ�WXPRU�FHOOV�VWLOO� UHPDLQV�XQFOHDU��9HU\

IHZ� VWXGLHV� DQDO\]H� WKH� PHFKDQLVPV� UHVSRQVLEOH� IRU

VXFK� DOWHUDWLRQV� �5HGRQGR� HW� DO��� ������� ,W� KDV� EHHQ

UHSRUWHG�WKDW�DPRQJ�WKH�QHRSODVPV�H[DPLQHG��DOO�EHQLJQ

HSLWKHOLDO� WXPRUV������RI�ERUGHUOLQH�DQG�����RI�PDOLJ�

QDQW�HSLWKHOLDO�WXPRUV�UHDFWHG�ZLWK�DQWL�+/$�DQG��RU�β�P
DQWLERGLHV� �.DEDZDW� HW� DO��� ������� :H� GHPRQVWUDWHG

WKDW� LQ� ERUGHUOLQH� PDOLJQDQF\� RI� RYDU\�� WKH� GLVWULEXWLRQ

DQG� LQWHQVLW\� RI� β�P� DQG� +/$�%�� &� KHDY\� FKDLQ
H[SUHVVLRQV� MXVW� IDLOHG� WR� UHDFK� VWDWLVWLFDO� VLJQLILFDQFH�

7DEOH����+/$�FODVV�,�DQG�FODVV�,,�H[SUHVVLRQV�LQ����SDWLHQWV�ZLWK�ERUGHUOLQH�PXFLQRXV�PDOLJQDQF\�RI�RYDU\

β�P� +/$�%��&�KHDY\�FKDLQ &ODVV�,,�KHDY\�FKDLQ

5HSRUW 1R� 0HDQ 0HGLDQ 5DQJH� 1R� 0HDQ 0HGLDQ 5DQJH� 1R� 0HDQ 0HGLDQ 5DQJH�

�7XPRU �� ���� � ��� �� ���� � ��� �� ��� � ���

�6WURPD �� � � ��� �� ��� � ��� �� ��� � ���

3�YDOXH��FRPSDULQJ�WKH�GLIIHUHQFH�DPRQJ�WKUHH�WLVVXHV�LQ�HDFK�FODVV�E\�)ULHGPDQ�WHVW�
GHQRWHV�VLJQLILFDQW�GLIIHUHQFH�FRPSDUHG�WR�QRUPDO�VWURPD�E\�:LOFR[RQ¶V�VLJQHG�UDQN�WHVW��3�������
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7DEOH����+/$�FODVV�,�DQG�FODVV�,,�H[SUHVVLRQV�LQ���SDWLHQWV�ZLWK�PXFLQRXV�DGHQRFDUFLQRPD�RI�RYDU\
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5HSRUW 1 0HDQ 0HGLDQ 5DQJH� 1 0HDQ 0HGLDQ 5DQJH� 1 0HDQ 0HGLDQ 5DQJH�
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%XW��LQ�DGHQRFDUFLQRPD�RI�RYDU\��β�P��+/$�%��&�KHDY\
FKDLQ� DQG� FODVV� ,,� DQWLJHQ� H[SUHVVLRQV� ZHUH� GRZQ�

UHJXODWHG� RU� GHFUHDVHG� FRPSDUHG�ZLWK� QRUPDO� VWURPDO

WLVVXHV��7KHVH�UHVXOWV�VXJJHVW�WKDW�WKH�GRZQ�UHJXODWLRQ

RI� +/$� FODVV� ,� DQWLJHQ� LV� DQ� LPSRUWDQW� PHFKDQLVP� RI

LQYDVLYHQHVV�RI�RYDULDQ�FDQFHUV�

&DQFHU� LV�D�PXOWLVWHS�SURFHVV�RIWHQ�FKDUDFWHUL]HG�E\

WKH� DFFXPXODWLRQ� RI� PXOWLSOH� JHQHWLF� HYHQWV� DQG� WKH

LQWHUDFWLRQ�ZLWK�WKH�VXUURXQGLQJ�WLVVXHV�RI�WKH�SDUWLFXODU

WDUJHW�FHOO��7KHUHIRUH�� LW�FRXOG�EH�H[SHFWHG�WKDW�PDOLJQ�

DQW�SRWHQWLDO� LQ�WKH�PHWDVWDWLF�VLWH�LV�PRUH�YDULDEOH�DQG

KHWHURJHQHRXV� WKDQ� WKDW� LQ� WKH� SULPDU\� VLWH�� 6RPH

LQYHVWLJDWRUV� VKRZHG� D� VLJQLILFDQW� LQFUHDVH� LQ� WKH� SUH�

YDOHQFH� RI� +/$�$� DQG� +/$�%�� &� GRZQ�UHJXODWLRQ� LQ

PHWDVWDVL]HG� QHRSODVWLF� FHOOV� DV� FRPSDUHG� ZLWK� WKH

SULPDU\�WXPRU��&URPPH�HW�DO���������.DNODPDQLV�HW�DO��

�������7KH�IUHTXHQF\�RI�+/$�FODVV�,�GRZQ�UHJXODWLRQ�LQ

PHWDVWDVHV�GLIIHUV�DPRQJ�YDULRXV� W\SHV�RI�FDQFHU� ����

������ DOWKRXJK� WR� D� OHVVHU� H[WHQW� WKDQ� WKDW� LQ� SULPDU\

OHVLRQV� �+LFNOLQ� HW� DO��� ������� ,Q� DOO� W\SHV� RI� WXPRUV

DQDO\]HG��WKH�IUHTXHQF\�RI�+/$�FODVV�,�GRZQ�UHJXODWLRQ

LV�KLJKHU�LQ�PHWDVWDVHV�WKDQ�LQ�SULPDU\�OHVLRQV��5HFHQW

VWXG\�RQ�VTXDPRXV�FHOO�FDUFLQRPD�RI�WKH�XWHULQH�FHUYL[

DOVR� UHYHDOHG� WKDW� VLJQLILFDQW� GRZQ�UHJXODWLRQ� RI� +/$

FODVV� ,� DQWLJHQ� LQ�PHWDVWDWLF� OHVLRQV� LQ� FRPSDUHG�ZLWK

SULPDU\�WXPRUV��5\X�HW�DO����������6HOHFWLYH�ORVV�RI�+/$

FODVV�,�DQWLJHQ�LQ�RYDULDQ�FDUFLQRPD�FHOOV�FROOHFWHG�IURP

PDOLJQDQW� HIIXVLRQ� ���� RI� ���� ����� ZDV� REVHUYHG� EXW

QRW�LQ���SULPDU\�WXPRUV��9HJK�HW�DO����������7KHLU�H[SHUL�

PHQWV� VKRZHG� WKDW� VHOHFWLYH�GHIHFWV� LQ� WKH�H[SUHVVLRQ

RI�+/$� FODVV� ,� DOOHOHV� LQ� RYDULDQ� DQG� OXQJ� FDUFLQRPDV

DUH� UDWKHU� IUHTXHQW� DQG� WKH\� FDQ� LQYROYH� VHYHUDO� +/$

ORFL�� 2Q� WKH� FRQWUDU\�� LW� KDV� EHHQ� UHSRUWHG� WKDW� WKH

SUHVHQFH�RI�PHWDVWDVLV�GLG�QRW�UHODWH�WR�WKH�H[SUHVVLRQ

RI� 0+&� DQWLJHQV� �9DQN\� HW� DO��� ������� 7KHVH� ILQGLQJV

VXJJHVW� WKDW� IXQFWLRQDO� DEQRUPDOLWLHV� RI� +/$� RU� RWKHU

JHQHWLF�PXWDWLRQ�DUH�DVVRFLDWHG�ZLWK�WKH�PHWDVWDVHV�RI

RYDULDQ�FDQFHU��,Q�RXU�VWXG\��RQO\�+/$�%��&�KHDY\�FKDLQ

H[SUHVVLRQV�ZHUH�GRZQ�UHJXODWHG�LQ�PHWDVWDWLF�6$��EXW

WKHUH� ZHUH� QR� GLIIHUHQFHV� LQ� +/$� FODVV� ,� DQWLJHQ� H[�

SUHVVLRQ� OHYHO�EHWZHHQ�SULPDU\�DQG�PHWDVWDWLF� WXPRUV�

+/$�FODVV� ,,� DQWLJHQV�DUH� QRW� QRUPDOO\� H[SUHVVHG� LQ

PRVW�HSLWKHOLD�EXW�UDWKHU�DSSHDU�XQGHU�GLIIHUHQW�SDWKROR�

JLFDO�FLUFXPVWDQFHV�LQFOXGLQJ�LQIODPPDWLRQ��WXPRU�WUDQV�

IRUPDWLRQ�DQG�DXWRLPPXQLW\��*DUULGR�HW�DO����������+RZ�

HYHU��HSLWKHOLD� LQ�EUHDVW�� VWRPDFK�DQG� OXQJ� WLVVXHV�DUH

FRQVWLWXWLYHO\�ZHDNO\�+/$�'5���7KH�PDMRULW\�RI�WLVVXHV�

ZLWK�WKH�H[FHSWLRQ�RI�DUHDV�RI�WKH�JDVWULF�DQG�UHVSLUDWRU\

WUDFW��GR�QRW�H[SUHVV�+/$�FODVV�,,�DQWLJHQV��8QGHU�VRPH

FLUFXPVWDQFHV��RULJLQDOO\�+/$�FODVV�,,�QHJDWLYH�FHOO� W\SHV

FDQ�H[SUHVV�FODVV� ,,�PROHFXOHV��+/$�'5�H[SUHVVLRQ� LV

LQGXFHG� RQ� WKH� OXWHLQL]LQJ� JUDQXORVD� FHOOV� GXULQJ� WKH

FRXUVH�RI�FRUSXV�OXWHXP�IRUPDWLRQ�LQ�RYDU\��)XMLZDUD�HW

DO����������0+&�FODVV� ,,�SURGXFWV�ZHUH�DOVR�GHWHFWDEOH

RQ� HQGRWKHOLDO� DQG� IROOLFOH� OLQLQJ� FHOOV� EXW� DEVHQW� IURP

HSLWKHOLDO�DQG�FRQQHFWLYH�WLVVXH��)HUJXVRQ�HW�DO����������

,W� LV� QRW� FOHDU� ZKHWKHU� +/$� FODVV� ,,� H[SUHVVLRQ� RQ

WXPRU� FHOOV� LV� D� FRQVHTXHQFH� RI� WKHLU�PDOLJQDQW� WUDQV�

IRUPDWLRQ��$OWRJHWKHU�� OLWWOH� LV�NQRZQ�DERXW� WKH�HIIHFW�RI

+/$� FODVV� ,,� RQ� WKH� WXPRU� FHOOV� �5XL]�&DEHOOR� HW� DO��

������� ,Q� FRORQ�� FHUYL[�� ODU\Q[� DQG� EUHDVW� WLVVXHV�� WKH

PDMRULW\�RI�SUHPDOLJQDQW�OHVLRQV�DFTXLUH�GH�QRYR�H[SUHV�

VLRQ�RU�LQFUHDVH�LQ�WKHLU�+/$�FODVV�,,�H[SUHVVLRQ��*DUULGR

HW�DO����������,Q�PDOLJQDQW�PHODQRPD��H[SUHVVLRQ�RI�+/$�

'5� DQWLJHQV� LV� FRUUHODWHG� ZLWK� D� PRUH� DJJUHVVLYH

SKHQRW\SH�DQG�D�KLJKHU�ULVN�RI�PHWDVWDVLV�SDUWLFXODUO\�LQ

WKH� DEVHQFH� RI� '3�� '4� RU� +/$�$%&� �5XL]�&DEHOOR� HW

DO���������*DUULGR�HW�DO����������7KH�SRVVLEOH�H[SODQDWLRQ

IRU� WKLV� LV� WKDW� KLJK�'5� H[SUHVVLRQ� LQ� HDUO\� GLVHDVH� LV

DEOH�WR�IXQFWLRQ�DQG�SUHVHQW�DQWLJHQ�QRUPDOO\�ZKLOH�KLJK

'5� LQ�PHWDVWDWLF�GLVHDVH� LV�PXWDWHG� VR� LW� LV� XQDEOH� WR

SUHVHQW�DQWLJHQ� �&RQFKD�HW�DO����������

6RPH�LQYHVWLJDWRUV�GHPRQVWUDWHG�WKDW�RYDULDQ�FDQFHUV

IDLOHG� WR� H[SUHVV�0+&� FODVV� ,,� SURGXFWV� UHJDUGOHVV� RI

KLVWRORJLFDO� W\SH� RU� FOLQLFDO� VWDJH� EXW� VWURPDO� FHOOV� H[�

SUHVVHG� WKH� DQWLJHQV� VWURQJO\�� 2Q� WKH� FRQWUDU\�� RYDULDQ

FDQFHUV� H[SUHVVHG� '5� DQWLJHQV� ZKHUH� QRQH� ZHUH

GHWHFWDEOH�LQ�QRUPDO�HSLWKHOLXP��)HUJXVRQ�HW�DO���������

$OWKRXJK�WKH�LQWHQVLW\�RI�H[SUHVVLRQ�ZDV�QRW�PHDVXUHG

TXDQWLWDWLYHO\�� +/$� FODVV� ,,� ZDV� QRW� IRXQG� LQ� QRUPDO

RYDULDQ�VXUIDFH�HSLWKHOLXP��WKH�DQWLJHQ�FRXOG�EH�GHWHFW�

HG�LQ�����RI�EHQLJQ��DQG�����RI�ERUGHUOLQH�DQG�PDOLJ�

QDQW�HSLWKHOLDO�RYDULDQ�WXPRUV��.DEDZDW�HW�DO����������,Q

FRQWUDVW�ZLWK�SUHYLRXV�VWXGLHV��RXU�SUHVHQW�VWXG\�VKRZV

WKDW� +/$� FODVV� ,,� PROHFXOHV� DUH� ZLGHO\� GLVWULEXWHG� RQ

QRUPDO� RYDULDQ� WLVVXHV� DQG� +/$� FODVV� ,,� KHDY\� FKDLQ

DQWLJHQ�H[SUHVVLRQV�ZHUH�GRZQ�UHJXODWHG� LQ�ERUGHUOLQH

PXFLQRXV�PDOLJQDQFLHV�

,Q�WKLV�VWXG\��LQ�6$�DQG�0$��WKH�GLVWULEXWLRQ�DQG�LQWHQ�

VLW\� RI� +/$� FODVV� ,,� H[SUHVVLRQV� LQ� WXPRU� ZHUH� GRZQ�

UHJXODWHG� FRPSDUHG� ZLWK� QRUPDO� VWURPDO� WLVVXHV� ZLWK

VWDWLVWLFDO�VLJQLILFDQFH��,Q�PHWDVWDWLF�FDQFHU�RI�RYDU\��WKH

)LJXUH� ��� ,PPXQRKLVWRFKHPLFDO� VWDLQLQJ� RI� PXFLQRXV� DGHQRFDUFLQRPD� RI
RYDU\�� 7KH� WXPRU� FHOOV� VKRZ�QHJDWLYH� LQWHQVLW\� RI� H[SUHVVLRQ�� 7KH� QRUPDO
VWURPDO� DQG� O\PSKRLG� WLVVXH� VXUURXQGLQJ� WKH� WXPRU� FHOOV� VKRZV� VWURQJO\
SRVLWLYH� LQWHQVLW\�RI�H[SUHVVLRQ�� �0DJQLILFDWLRQ�×������0RQRFORQDO�DQWLERG\
DJDLQVW�+/$�FODVV� ,,�KHDY\�FKDLQ�ZDV�XVHG�



+/$�FODVV�,�DQG�,,�H[SUHVVLRQ�LQ�RYDULDQ�FDQFHU ��

H[SUHVVLRQV� RI� +/$� FODVV� ,,� DQWLJHQV� ZHUH� QRW� GRZQ�

UHJXODWHG�FRPSDUHG�ZLWK�SULPDU\�WXPRU��7KLV�UHVXOW�ZDV

LQ� FRQWUDVW� ZLWK� SUHYLRXV� VWXG\� RQ� FHUYLFDO� FDUFLQRPD

ZKHUH� +/$� FODVV� ,,� DQWLJHQV� ZHUH� GRZQ� UHJXODWHG� LQ

PHWDVWDWLF�OHVLRQV�FRPSDUHG�ZLWK�SULPDU\�WXPRU��5\X�HW

DO��� ������� 7KXV��ZH� FRXOG� GLVWLQJXLVK� WKH� UHGXFWLRQ� RU

DEVHQFH� RI�+/$� FODVV� ,,�PROHFXOH� H[SUHVVLRQ�ZDV� QRW

UHODWHG� WR�PHWDVWDWLF�SRWHQWLDO� LQ�RYDULDQ�FDQFHU��

$OWKRXJK�ZH�FDQ�QRW�H[SODLQ�KRZ�+/$�FODVV�,,�PROH�

FXOHV� DUH�ZLGHO\� GLVWULEXWHG� RQ� QRUPDO� RYDULDQ� WLVVXHV

H[DFWO\�� EXW�� WKH\�PLJKW� UHIOHFW� GH�QRYR�H[SUHVVLRQV� RI

+/$�FODVV� ,,�ZKLFK�ZDV� LQIOXHQFHG�E\�FDQFHU�RU� LQDGH�

TXDWH� VHQVLWLYLW\� RI� LPPXQRKLVWRFKHPLFDO� VWDLQLQJ��2XU

GDWD� VKRZV� GHFUHDVHG� H[SUHVVLRQV� RI� +/$� FODVV� ,,� LQ

RYDULDQ�FDQFHUV�LQ�FRPSDULVRQ�ZLWK�QRUPDO�WLVVXH��7KHVH

ILQGLQJV� VXJJHVW� FDQFHU� FHOOV� LQFUHDVH� DJJUHVVLYHQHVV

E\� GHFUHDVLQJ� WKHLU� H[SUHVVLRQV� RI� +/$� FODVV� ,,�� ,Q

PHWDVWDWLF� FDQFHU� RI� RYDU\�� WKH� H[SUHVVLRQV� RI� +/$

FODVV� ,,� DQWLJHQV� ZHUH� QRW� GRZQ�UHJXODWHG� FRPSDUHG

ZLWK�SULPDU\�WXPRU��7KLV�DJUHHV�ZLWK�WKH�ZRUN�RI�9DQN\

HW�DO�� �������� ,Q�DGHQRFDUFLQRPDV�RI�RYDU\��β�P��+/$�
%��&�KHDY\�FKDLQ�DQG�FODVV�,,�DQWLJHQ�H[SUHVVLRQV�ZHUH

GRZQ�UHJXODWHG� RU� GHFUHDVHG� FRPSDUHG� ZLWK� QRUPDO

VWURPDO� WLVVXHV�� 7KHVH� UHVXOWV� VXJJHVW� WKDW� WKH� GRZQ�

UHJXODWLRQ�RI�+/$�DQWLJHQ�LV�DQ�LPSRUWDQW�PHFKDQLVP�RI

PDOLJQDQW� WUDQVIRUPDWLRQ� RI� RYDULDQ� FDQFHUV�� ,Q� PHWD�

VWDWLF�FDQFHUV�RI�RYDU\��WKH�H[SUHVVLRQV�RI�β�P��+/$�%�
&� KHDY\� FKDLQ� DQG� FODVV� ,,� DQWLJHQV� ZHUH� QRW� GRZQ�

UHJXODWHG� FRPSDUHG� ZLWK� SULPDU\� WXPRUV�� 7KHVH� ILQG�

LQJV�VXJJHVW�WKDW�RWKHU�PHFKDQLVPV�DUH�DVVRFLDWHG�ZLWK

WKH�PHWDVWDVHV�RI�RYDULDQ�FDQFHU��

)XUWKHU�VWXGLHV�XVLQJ�PRUH�WLVVXH�VDPSOHV�DQG�FRP�

SDULQJ�FOLQLFDO�YDULDEOHV�DUH�QHHGHG�WR�GHWHUPLQH�ZKHWKHU

+/$� FODVV� ,� DQG� FODVV� ,,� DQWLJHQ� H[SUHVVLRQ� FRXOG� EH

XVHG�DV�D�FOLQLFDO�PDUNHU�RI�WXPRU�PDOLJQDQF\�RU�PHWD�

VWDVLV� LQ�RYDULDQ�FDQFHUV��
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