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,�� ,QWURGXFWLRQ

5HFHQWO\� WKHUH� KDV� EHHQ� D� UHVXUJHQFH� LQ� WKH� DQDO\VLV� RI� WKH� HIIHFWV� RI� H[RJHQRXV�PRQHWDU\

VKRFNV�RQ�VKRUW�WHUP� LQWHUHVW� UDWHV�ZLWKLQ� WKH�EURDG�FRQWH[W�RI� WKH��PRQHWDU\� WUDQVPLVVLRQ

PHFKDQLVP���� 3HUKDSV� WKH�PRVW� FRPPRQO\� KHOG�PRQHWDU\� WUDQVPLVVLRQ�PHFKDQLVP� LV� WKH

�OLTXLGLW\� HIIHFW�� DQG� DV� VXFK� LW� KDV� UHFHLYHG� WKH� PRVW� IRFXV� IURP� HFRQRPLVWV�� :KLOH� DQ

LPSRUWDQW�SROLF\�LVVXH�LQ�LWV�RZQ�ULJKW��WKH�LPSHWXV�IRU�WKLV�UHDSSUDLVDO�RI�WKH�OLTXLGLW\�HIIHFW

KDV� ERWK�RWKHU�WKHRUHWLFDO�DQG�HPSLULFDO�URRWV�

&KULVWLDQR��������S�����GHILQHV�WKH�OLTXLGLW\�HIIHFW�DV��>D@Q�H[RJHQRXV��SHUVLVWHQW��XSZDUG

VKRFN� LQ� WKH� JURZWK� UDWH� RI� WKH� PRQHWDU\� EDVH� HQJLQHHUHG� E\� WKH� FHQWUDO� EDQN� DQG� QRW

DVVRFLDWHG�ZLWK�DQ\�FXUUHQW�RU�SURVSHFWLYH�DGMXVWPHQW�LQ�GLVWRUWLRQDU\�WD[HV��GULYHV�WKH�QRPLQDO

LQWHUHVW� UDWH� GRZQ� IRU� D� VLJQLILFDQW� SHULRG� RI� WLPH��� ,W� LV� WKH� DEVHQFH� RI� WKLV� QHJDWLYH

UHODWLRQVKLS� EHWZHHQ�PRQHWDU\� EDVH� JURZWK� �KHUHDIWHU� VLPSO\�PRQH\� JURZWK�� DQG� QRPLQDO

LQWHUHVW�UDWHV�WKDW�FKDUDFWHUL]HG�HDUOLHU�HPSLULFDO�LQYHVWLJDWLRQV�RI�WKH�OLTXLGLW\�HIIHFW��� $ERXW

WKLV� VDPH� WLPH�� PDFURHFRQRPLF� WKHRU\� ZDV� EHFRPLQJ� HQDPRUHG� ZLWK� G\QDPLF� JHQHUDO

HTXLOLEULXP�PRGHOV�LQWURGXFHG�E\�.\GODQG�DQG�3UHVFRWW��������DQG�/RQJ�DQG�3ORVVHU��������

7KH�ILUVW�RI�WKHVH�UHDO�EXVLQHVV�F\FOH��5%&��PRGHOV�ZHUH�OLPLWHG�WR�UHDO�HFRQRPLHV�DQG�GLG�QRW

LQFRUSRUDWH�PRQH\�� :KHQ�PRQH\�ZDV�LQWURGXFHG�LQWR�WKH�5%&�PRGHOV�LW�ZDV�VXSHUQHXWUDO�LQ

WKH�VKRUW�UXQ�DV�ZHOO�DV�WKH�ORQJ�UXQ��VHH�&RROH\�DQG�+DQVHQ��������DQG�.LQJ��HW�DO����������

,W�ZDVQ
W�XQWLO�)XHUVW��������WKDW�D�FRPSXWDEOH�G\QDPLF�JHQHUDO�HTXLOLEULXP�PRGHO�\LHOGHG�WKH

�������������������������������������������

�������7KHVH� LQFOXGH�&RFKUDQH� ��������%HUQDQNH�DQG�%OLQGHU� �������&KULVWLDQR� �������������
&KULVWLDQR� DQG� (LFKHQEDXP� ������� ������� 6WURQJLQ� �������� 3DJDQ� DQG� 5REHUWVRQ� �������
/DVWUDSHV�DQG�6HOJLQ���������&ROHPDQ�HW�DO����������DQG�7KRUQWRQ���������LQWHU�DOLD�

������� 7KHVH�LQFOXGH�0HOYLQ���������0LVKNLQ��������DQG�5HLFKHQVWHLQ��������

�



QHJDWLYH� VKRUW�UXQ� UHODWLRQVKLS� EHWZHHQ� PRQH\� JURZWK� DQG� LQWHUHVW� UDWHV� LPSOLHG� E\� WKH

OLTXLGLW\� HIIHFW�� 7KH�TXHVWLRQ� WKHQ�DURVH�� �,I� WKHUH� LV� OLWWOH� HPSLULFDO� HYLGHQFH� LQ� IDYRU�RI� D

OLTXLGLW\�HIIHFW��VKRXOG�PDFURHFRQRPLVWV�EXLOG�PRGHOV�WKDW�JHQHUDWH�D�OLTXLGLW\�HIIHFW"�

7KH� UHVXOWV� RI� /HHSHU� DQG�*RUGRQ� ������� FDVW� FRQVLGHUDEOH� GRXEW� RQ� WKH� DELOLW\� WR

UHVXVFLWDWH� WKH� OLTXLGLW\� HIIHFW� HPSLULFDOO\�� 7KH\� IRXQG� YLUWXDOO\� QR� VXSSRUW� IRU� D� QHJDWLYH

FRUUHODWLRQ� EHWZHHQ� XQDQWLFLSDWHG� PRQH\� VKRFNV� DQG� QRPLQDO� LQWHUHVW� UDWHV�� /HHSHU� DQG

*RUGRQ�VHW�WKH�WRQH�IRU�VXEVHTXHQW�ZRUN�ZKHQ�WKH\�SRLQW�RXW�WKDW�DQ\�FRQFOXVLRQV�UHJDUGLQJ

WKH�YDOLGLW\�RI�WKH� OLTXLGLW\�HIIHFW�GHSHQG�XSRQ�WKH� LGHQWLILFDWLRQ�RI�PRQHWDU\�SROLF\�VKRFNV

DSDUW�IURP�RWKHU�VKRFNV�WKDW�P\�DIIHFW�PRQH\�GHPDQG�

7ZR�GLVWLQFW� DSSURDFKHV�ZHUH�GHYHORSHG� WR� LGHQWLI\� �H[RJHQRXV��SROLF\� VKRFNV� IURP

HQGRJHQRXV�FKDQJHV�GXH�WR�PRQH\�GHPDQG�DQG�FHQWUDO�EDQN�UHDFWLRQ�IXQFWLRQV�� %HUQDQNH�DQG

%OLQGHU��������XVHG�LQQRYDWLRQV�LQ�WKH�IHGHUDO�IXQGV�UDWH�DV�DQ�H[RJHQRXV�SROLF\�VKRFN�LQ�WKHLU

VWXG\�RI�WKH�PRQHWDU\�WUDQVPLVVLRQ�PHFKDQLVP�� 2Q�WKH�RWKHU�KDQG��&KULVWLDQR�DQG�KLV�FR�

DXWKRUV� �VHH� QRWH� ��� DQG� 6WURQJLQ� ������� XVHG� LQQRYDWLRQV� LQ� WKH� QRQERUURZHG� UHVHUYHV

FRPSRQHQW� RI� WKH� PRQHWDU\� EDVH� WR� SUR[\� IRU� H[RJHQRXV� SROLF\� VKRFNV�� :KLOH� ERWK

LGHQWLILFDWLRQ�VFKHPHV�ZHUH�VXFFHVVIXO�LQ�JHQHUDWLQJ�D�QHJDWLYH�UHODWLRQVKLS�EHWZHHQ�LQQRYDWLRQV

LQ�PRQH\�JURZWK�DQG�QRPLQDO�LQWHUHVW�UDWHV�FRQVLVWHQW�ZLWK�WKH�OLTXLGLW\�HIIHFW��WKH\�KDYH�EHHQ

FULWLFL]HG� LQ� &ROHPDQ� HW� DO�� ������� DQG� 7KRUQWRQ� �������� 7KHVH� WZR� VWXGLHV� SURYLGH� D

FRQYLQFLQJ�DUJXPHQW�WKDW�WKH�QHJDWLYH�UHVSRQVH�RI�WKH�QRPLQDO�LQWHUHVW�UDWHV�WR�LQQRYDWLRQV

LQ�QRQERUURZHG�UHVHUYHV�LV�DFWXDOO\�GXH�WR�WKH�LQWHUHVW�VHQVLWLYLW\�RI�WKH�GHPDQG�IRU�ERUURZHG

UHVHUYHV�DQG�WKH�GHILQLWLRQ�OLQNLQJ�QRQERUURZHG�DQG�ERUURZHG�UHVHUYHV�

�



7DNLQJ�D�FRPSOHWHO\�GLIIHUHQW�SDWK��/DVWUDSHV�DQG�6HOJLQ��������XVH�D�VLPSOH�9$5�DQG

LGHQWLI\�PRQH\�VXSSO\�VKRFNV�XVLQJ�D�ORQJ�UXQ�QHXWUDOLW\�UHVWULFWLRQ�RQ�WKH�LQQRYDWLRQV�WR�WKH

ORJ�OHYHO�RI�WKH�PRQHWDU\�EDVH��� 7KH\�ILQG�VLJQLILFDQW�OLTXLGLW\�HIIHFWV�� 2QH�GLIILFXOW\�ZLWK�WKHLU

DQDO\VLV�FRQFHUQV�WKH�ZD\�LQ�ZKLFK�QRPLQDO�PRQH\�HQWHUV�WKH�V\VWHP�� $V�&KULVWLDQR�������

GHILQHV�WKH�OLTXLGLW\�HIIHFW��LW�LV�FKDQJHV�LQ�WKH�PRQH\�JURZWK�UDWH�DQG�QRW�LWV�OHYHO�WKDW�VKRXOG

EH�DVVRFLDWHG�ZLWK�WKH�OLTXLGLW\�HIIHFW�� /DVWUDSHV�DQG�6HOJLQ�LPSOLFLWO\�UHFRJQL]H�WKLV�ZKHQ�WKH\

VD\�WKDW�LQQRYDWLRQV�WKDW�OHDG�WR��SHUPDQHQW�FKDQJHV�LQ�WKH�OHYHO�RI�QRPLQDO�PRQH\�VXSSO\�

DUH�WKH�VDPH�DV��WHPSRUDU\�FKDQJHV�LQ�WKH�JURZWK�UDWH���S��������7KH�OLTXLGLW\�HIIHFW�VKRXOG�EH

GXH�WR�WHPSRUDU\�FKDQJHV�LQ�WKH�JURZWK�UDWH�RI�PRQH\�� :KDW�LI�WKH�JURZWK�UDWH�RI�PRQH\�LV

VXEMHFW�WR�ERWK�SHUPDQHQW�DQG�WHPSRUDU\�FKDQJHV"� 7KLV�ZRXOG�LPSO\�WKDW�WKH�OHYHO�RI�PRQH\

QHHGV�WR�EH�GLIIHUHQFHG�WZLFH�WR�UHQGHU�LW�VWDWLRQDU\��� /HDYLQJ�PRQH\�VXSSO\�LQ�ILUVW�GLIIHUHQFHV

PD\� OHDG� WR�D� VHULRXV�PLVVSHFLILFDWLRQ�HUURU��/DVWUDSHV�DQG�6HOJLQ�XVH�D� VSHFLILFDWLRQ� WKDW� LV

XQDEOH�WR�GLVWLQJXLVK�LI�WKH�LQQRYDWLRQ�WR�WKH�OHYHO�RI�PRQH\�LV�D�SHUPDQHQW�VKRFN�WR�PRQH\

JURZWK�RU�D�WHPSRUDU\�VKRFN�WR�PRQH\�JURZWK�

)XQGDPHQWDOO\��WKHUH�DUH�WZR�GLVWLQFW�HIIHFWV�RI�FKDQJHV�LQ�WKH�PRQH\�JURZWK�VXSSO\

SURFHVV�RQ�QRPLQDO�LQWHUHVW�UDWHV�� 7KH�OLTXLGLW\�HIIHFW�LV�DVVRFLDWHG�ZLWK�WKH�VKRUW�UXQ�UHVSRQVH

RI�WKH�PRQH\�PDUNHW�WR�DQ�WHPSRUDU\�H[FHVV�VXSSO\��GHPDQG��RI�PRQH\�� $V�DJHQWV�EX\��VHOO�

ERQGV�WR�HOLPLQDWH�WKH�WHPSRUDU\�GLVHTXLOLEULXP��WKH�SULFH�RI�QRPLQDO�ERQGV�ULVHV��IDOOV��DQG

�������������������������������������������

������� /DVWUDSHV� DQG� 6HOJLQ� ������� DOVR� SUHVHQW� UHVXOWV� IRU�0�� DQG�0��ZLWK� QR� TXDOLWDWLYH
GLIIHUHQFH�LQ�WKH�UHVXOWV�

�������6HYHUDO�VWXGLHV�KDYH�FRQFOXGHG�WKDW�WKHUH�LV�HYLGHQFH�WKDW�WKH�JURZWK�UDWH�RI�WKH�QRPLQDO
PRQH\� VXSSO\� LQ� WKH�8�6��KDV�EHHQ�QRQVWDWLRQDU\�RYHU� WKH�SRVWZDU�SHULRG�� 7KHVH� LQFOXGH
&URZGHU���������1RUELQ�DQG�5HIIHW��������DQG�7DWRP��������

�



WKH�UDWH�RI�UHWXUQ�RQ�WKHVH�ERQGV�IDOOV��ULVHV��� ,I�WKH�FKDQJH�LQ�WKH�PRQH\�VXSSO\�JURZWK�UDWH

LV�SHUPDQHQW��WKH� LQIODWLRQ�H[SHFWDWLRQV�HIIHFW�RQ�LQWHUHVW�UDWHV�� WKURXJK�WKH�)LVKHU�UHODWLRQ�

VKRXOG�FDXVH�LQWHUHVW�UDWHV�WR�PRYH�LQ�WKH�VDPH�GLUHFWLRQ�DV�WKH�FKDQJH�LQ�WKH�PRQH\�VXSSO\

JURZWK�UDWH�� ,I� LW� LV�DVVXPHG�WKDW� HFRQRPLF�DJHQWV�KDYH�HQRXJK� LQIRUPDWLRQ�WKDW� WKH\�FDQ

GLVWLQJXLVK�SHUPDQHQW�IURP�WHPSRUDU\�PRQH\�JURZWK�VKRFNV��WKHQ�WKH�HFRQRPHWULFLDQ�VKRXOG

EH� DEOH� WR� HVWLPDWH� WKH� OLTXLGLW\� HIIHFW� E\�GHFRPSRVLQJ�PRQH\� JURZWK� LQWR�SHUPDQHQW� DQG

WUDQVLWRU\�FRPSRQHQWV��

&RQVLGHU�DQ� LQFUHDVH� LQ� WKH� VKRUW�WHUP�QRPLQDO� LQWHUHVW� UDWH�� 7KLV� LQFUHDVH�PD\�EH

DWWULEXWHG� WR�� ��� D� SHUPDQHQW� LQFUHDVH� LQ� HLWKHU� PRQH\� JURZWK� VXSSO\� RU� GHPDQG��� ��� D

WHPSRUDU\� LQFUHDVH� LQ�PRQH\�JURZWK�GHPDQG��RU����D� WHPSRUDU\�GHFUHDVH� LQ�PRQH\�JURZWK

VXSSO\�� :KHQ�DWWHPSWLQJ�WR�LGHQWLI\�WKH�OLTXLGLW\�HIIHFW��WKH�VRXUFH�RI�SHUPDQHQW�FKDQJHV�LQ

PRQH\�JURZWK�LV� LPPDWHULDO�VLQFH�SHUPDQHQW�VXSSO\�DQG�GHPDQG�LQQRYDWLRQV�LQ�WKH�PRQH\

JURZWK�SURFHVV�KDYH�WKH�VDPH�HIIHFW�RQ�QRPLQDO�LQWHUHVW�UDWHV��� 7KH�NH\�WR�LGHQWLILFDWLRQ�RI

WKH� OLTXLGLW\� HIIHFW� LV� WR� GLVWLQJXLVK� EHWZHHQ� WHPSRUDU\� �RU� WUDQVLWRU\�� GHPDQG� DQG� VXSSO\

LQQRYDWLRQV�LQ�WKH�PRQH\�JURZWK�SURFHVV�

�������������������������������������������

������� 7KLV�LV�SUHFLVHO\�ZKDW�&RFKUDQH��������GLG�XVLQJ�D�VSHFWUDO�EDQG�SDVV�ILOWHU�WHFKQLTXH�

�������,W�LV�XQFOHDU�KRZ�D�SHUPDQHQW�LQFUHDVH�LQ�PRQH\�JURZWK�FRXOG�EH�GHPDQG�LQGXFHG�� 0RVW
PRGHOV�RI�PRQH\�GHPDQG�UHODWH�WKH� OHYHO�RI�PRQH\�WR�RWKHU�YDULDEOHV��QRW�WKH�JURZWK�UDWH�
,W�PD\�EH�PRUH� DSSURSULDWH� WR� FRQVLGHU� DOO� SHUPDQHQW� LQQRYDWLRQV� LQ�PRQH\� JURZWK� WR� EH
VXSSO\�VKRFNV�

�������7KH�GLVWLQFWLRQ�EHFRPHV�FULWLFDOO\�LPSRUWDQW�LI�WKH�DQDO\VLV�LV�WR�IRFXV�RQ�LQIODWLRQ�HIIHFWV�
$�SHUPDQHQW�PRQH\�JURZWK�VXSSO\�LQFUHDVH�ZLOO� OHDG�WR�KLJKHU�LQIODWLRQ�ZKLOH�D�SHUPDQHQW
PRQH\�JURZWK�GHPDQG�LQFUHDVH�ZLOO�OHDG�WR�ORZHU�LQIODWLRQ�� ,Q�SUDFWLFH�WKH�PRQHWDU\�DXWKRULW\
XVXDOO\�DFFRPPRGDWHV�GHPDQG�LQFUHDVHV�WR�SUHYHQW�GLVLQIODWLRQ�

�



&RFKUDQH� �������XVHG�D� VSHFWUDO� ILOWHU� WR�UHPRYH�WKH� ORQJ�UXQ�FRPSRQHQWV�RI�PRQH\

JURZWK�DQG�LQWHUHVW�UDWHV�� +H�IRXQG�WKDW�WKHUH�LV�D�VWDWLVWLFDOO\�VLJQLILFDQW�QHJDWLYH�FRUUHODWLRQ

EHWZHHQ�WKHVH�WZR�VKRUW�UXQ�FRPSRQHQWV�� &RFKUDQH�GLG�QRW��KRZHYHU��GLVWLQJXLVK�EHWZHHQ

VKRUW�UXQ�VXSSO\�DQG�GHPDQG�FRPSRQHQWV�RI�WKH�PRQH\�JURZWK�SURFHVV�� 7KLV�SDSHU�H[WHQGV

&RFKUDQH
V�ZRUN�E\�XVLQJ�WLPH�VHULHV�PHWKRGV�WR�GHFRPSRVH�PRQH\�JURZWK�LQQRYDWLRQV�LQWR

WKUHH�GLVWLQFW�W\SHV�����SHUPDQHQW��ZKHWKHU�GHPDQG�RU�VXSSO\�LV�XQLPSRUWDQW�IRU�WKH�WDVN�DW

KDQG������WUDQVLWRU\�GHPDQG��DQG����WUDQVLWRU\�VXSSO\�

7KH�PHWKRG�HPSOR\HG�WR�LGHQWLI\�WKH�VLQJOH�SHUPDQHQW�DQG�WZR�WUDQVLWRU\�FRPSRQHQWV

RI�PRQH\�JURZWK�LV�EDVHG�XSRQ�WKH�WZR�HTXLOLEULXP�UHODWLRQVKLSV�RI�WKH�)LVKHU�UHODWLRQ�DQG�WKH

VXSHUQHXWUDOLW\� K\SRWKHVLV�� 7KHVH� WZR� HTXLOLEULXP� FRQGLWLRQV� LPSO\� WKDW� PRQH\� JURZWK�

LQIODWLRQ��DQG�QRPLQDO�LQWHUHVW�UDWHV�DOO�VKDUH�WKH�VDPH�SHUPDQHQW�FRPSRQHQW�� ,GHQWLILFDWLRQ

RI� WKLV� FRPSRQHQW� LV� DFKLHYHG� E\� VWDWLVWLFDO� DQDO\VLV� ILUVW� LQWURGXFHG� E\� 6WRFN� DQG�:DWVRQ

�������DQG�H[WHQGHG�E\�:DUQH���������&URZGHU��+RIIPDQ��DQG�5DVFKH���������LQWHU�DOLD�� 7KH

H[LVWHQFH�RI�WKH�VLQJOH�FRPPRQ�SHUPDQHQW�FRPSRQHQW�LPSOLHV�WKDW�QR�RWKHU�DG�KRF�UHVWULFWLRQV

DUH�QHFHVVDU\�WR�LGHQWLI\�LW�� 7KH�LGHQWLILFDWLRQ�RI�WKH�WZR�WUDQVLWRU\�LQQRYDWLRQV�LV�DFKLHYHG�E\

DVVXPLQJ�WKDW�WKH�WUDQVLWRU\�LQQRYDWLRQV�DUH�RUWKRJRQDO�DQG�D�VKRUW�UXQ�H[FOXVLRQ�UHVWULFWLRQ��

7KH� UHVW� RI� WKH� SDSHU� LV� RUJDQL]HG� DV� IROORZV�� 6HFWLRQ� ,,� GHVFULEHV� WKH� ORQJ�UXQ

UHODWLRQVKLSV� XVHG� WR� PRWLYDWH� WKH� VWDWLVWLFDO� PRGHO�� 6HFWLRQ� ,,,� RXWOLQHV� WKH� HPSLULFDO

PHWKRGRORJ\�� 6HFWLRQ�,9�SUHVHQWV�WKH�HPSLULFDO�UHVXOWV�DQG�VHFWLRQ�9�FRQFOXGHV�

�������������������������������������������

������� ,W� LV� GHPRQVWUDWHG� WKDW� WKH� UHVXOWV� DUH� FRPSOHWHO\� UREXVW� WR� WKH� �DUELWUDU\�� H[FOXVLRQ
UHVWULFWLRQ�

�



,,�� /RQJ�5XQ�5HODWLRQVKLSV

7KH�REMHFWLYH�LQ�WKLV�VWXG\�LV�WR�GLVHQWDQJOH�WUDQVLWRU\�LQQRYDWLRQV�LQ�PRQH\�JURZWK�GXH�WR

GHPDQG�VKRFNV� IURP�WUDQVLWRU\�FKDQJHV�GXH�WR�VXSSO\�VKRFNV�� 7KH� ODWWHU�ZLOO�EH�DVVRFLDWHG

ZLWK�WKH�OLTXLGLW\�HIIHFW�ZKLOH�WKH�IRUPHU�ZLOO�QRW�� 7KH�HTXLOLEULXP�UHODWLRQVKLSV�GLVFXVVHG�DUH

XVHG�WR�PRWLYDWH�WKH�HFRQRPHWULF�PRGHO�DQG�WKH�LGHQWLILFDWLRQ�SURFHGXUHV�XVHG�LQ�WKH�HPSLULFDO

VHFWLRQ�

7KH� LGHQWLILFDWLRQ� RI� WKH� VWUXFWXUDO� LQQRYDWLRQV� IURP� WKH� UHGXFHG� IRUP� HVWLPDWHV� LV

DFFRPSOLVKHG�E\�H[SORLWLQJ�WZR�ORQJ�UXQ�HTXLOLEULXP�UHODWLRQVKLSV�� %RWK�KDYH�ORQJ�KLVWRULHV

LQ�PDFURHFRQRPLFV��LQFOXGLQJ�FRQWURYHUVLDO�HPSLULFDO�HYLGHQFH�RQ�WKHLU�YDOLGLW\�� ,QLWLDOO\�ZH

ZDQW�WR�GLVWLQJXLVK�EHWZHHQ�WKH�OLTXLGLW\�DQG�LQIODWLRQ�H[SHFWDWLRQV�HIIHFWV�RI�FKDQJHV�LQ�WKH

PRQH\�VXSSO\�JURZWK�SURFHVV��L�H���WUDQVLWRU\�VXSSO\�VKRFNV�YHUVXV�SHUPDQHQW�VXSSO\�VKRFNV�

7KH�WKUHH�YDULDEOHV�UHOHYDQW�IRU�WKLV�DQDO\VLV�DUH�WKH�PRQH\�VXSSO\�JURZWK�UDWH��WKH�LQIODWLRQ

UDWH��DQG�WKH�VKRUW�WHUP�QRPLQDO�LQWHUHVW�UDWH�

7KH�)LVKHU�K\SRWKHVLV�GHVFULEHV�UHODWLRQVKLS�EHWZHHQ�QRPLQDO�LQWHUHVW�UDWHV�DQG�H[SHFWHG

LQIODWLRQ� DQG� KDV� LWV� URRW� LQ� )LVKHU� �������� 7KH� K\SRWKHVLV� VLPSO\� VWDWHV� WKDW� WKH� QRPLQDO

UHWXUQ�RQ�D�GHIDXOW�IUHH�ERQG�VKRXOG�HTXDO�WKH�UHTXLUHG�UHDO�UHWXUQ�SOXV�WKH�DPRXQW�RI�GHFOLQH

LQ�WKH�SXUFKDVLQJ�SRZHU�RI�PRQH\�RYHU�WKH�ERQG�KROGLQJ�SHULRG�� ,W�LV�PRVW�FRPPRQO\�JLYHQ

DV�LQ�����

7KH� VWDQGDUG�DVVXPSWLRQ� LQ� WKH�)LVKHU�K\SRWKHVLV� OLWHUDWXUH�� H�J��)DPD� �������DQG�0LVKNLQ

���

��������LV�WR�WUHDW�WKH�UHDO�LQWHUHVW�UDWH�DV�D�FRQVWDQW�� 7KLV�DVVXPSWLRQ�LV�FRQVLVWHQW�ZLWK�WKH

FRQVXPSWLRQ�&$30�XQGHU�FHUWDLQW\��VHH�5RVH���������

�



7KH�HPSLULFDO�HYLGHQFH�VXJJHVWV�WKDW�WKH�QRPLQDO�LQWHUHVW�UDWH�LV�QRQ�VWDWLRQDU\�RYHU�WKH

SRVWZDU�SHULRG�� 7KH�WLPH�VHULHV�HYLGHQFH�ZLWK�UHVSHFW�WR�LQIODWLRQ�LV��KRZHYHU��TXLWH�PL[HG�

7KHUH�DUH�WKHRUHWLFDO�SUHFHGHQWV�IRU�D�XQLW�URRW�LQ�WKH�LQIODWLRQ�SURFHVV��H�J���0DQNLZ�������

DQG�&DOYR�DQG�/HLGHUPDQ��������� ,I�WKH�QRPLQDO�LQWHUHVW�UDWH�LV�QRQVWDWLRQDU\�ZKLOH�WKH�UHDO

UDWH�LV�VWDWLRQDU\��RU�FRQVWDQW�LQ�WKH�VWHDG\�VWDWH���LW�PXVW�EH�WKH�FDVH�WKDW�WKH�LQIODWLRQ�UDWH�LV

QRQVWDWLRQDU\�DQG�FRLQWHJUDWHG�ZLWK�WKH�QRPLQDO�LQWHUHVW�UDWH�IRU�WKH�)LVKHU�K\SRWKHVLV�WR�EH

YDOLG�� 5HFHQW�HYLGHQFH�VXSSRUWV�WKLV�HPSLULFDOO\��VHH��&URZGHU�DQG�+RIIPDQ���������0LVKNLQ

�������� (YDQV� DQG� /HZLV� ��������� 7KH� )LVKHU� K\SRWKHVLV� LPSOLHV� WKHQ�� WKDW� LQIODWLRQ� DQG

QRPLQDO�LQWHUHVW�UDWHV�PXVW�VKDUH�D�FRPPRQ�SHUPDQHQW�FRPSRQHQW�RU�FRPPRQ�WUHQG�LQ�WKH

YHUQDFXODU�RI�6WRFN�DQG�:DWVRQ��������

7KH� VHFRQG� ORQJ�UXQ� UHODWLRQVKLS� LV� WKH� VXSHUQHXWUDOLW\�K\SRWKHVLV�� 7KLV�K\SRWKHVLV

VWDWHV� WKDW� LQ� WKH� ORQJ� UXQ�� FKDQJHV� LQ� WKH�PRQH\� VXSSO\� JURZWK� UDWH�PXVW� EH� UHIOHFWHG� LQ

SURSRUWLRQDO�FKDQJHV�LQ�WKH� LQIODWLRQ�UDWH�� 8VLQJ�D�VLPSOH�H[WHQVLRQ�RI�WKH�/XFDV�DJJUHJDWH

VXSSO\�IXQFWLRQ��WKH�ORQJ�UXQ�QHXWUDOLW\�RI�LQIODWLRQ�LV�GHPRQVWUDWHG�

,Q� ����∆\
W
� LV� WKH�DFWXDO�UDWH�RI�JURZWK�RI�UHDO�RXWSXW�DQG�∆\

W

I� LV� WKH� IXOO�HPSOR\PHQW�UDWH�RI

���

JURZWK� RI� UHDO� RXWSXW�� ,Q� WKH� VWHDG\� VWDWH�∆\
W
� �∆\

W

I� DQG� H[SHFWHG� LQIODWLRQ� HTXDOV� DFWXDO

LQIODWLRQ�� ,QWURGXFLQJ�D�VLPSOH�PRQH\�GHPDQG�PRGHO�RI�WKH�IRUP��

DQG�QRWLQJ�WKDW�PRQH\�VXSSO\�PXVW�HTXDO�PRQH\�GHPDQG�LQ�HTXLOLEULXP��LW�LV�HDVLO\�GHULYHG

���

WKDW�LQ�WKH�VWHDG\�VWDWH�WKH�IROORZLQJ�HTXDOLWLHV�PXVW�KROG�

�



7KXV��VXSHUQHXWUDOLW\�LPSOLHV�LQIODWLRQ�LV�HTXDO�WR�PRQH\�JURZWK�LQ�WKH�ORQJ�UXQ��� ,I�LQIODWLRQ

���

LV� QRQVWDWLRQDU\� WKHQ� WKH� PRQH\� VXSSO\� JURZWK� UDWH� PXVW� DOVR� EH� QRQVWDWLRQDU\�� ,I� WKH

VXSHUQHXWUDOLW\�K\SRWKHVLV�LV�WUXH�DV�ZHOO��WKHQ�LQIODWLRQ�DQG�PRQH\�JURZWK�DUH�FRLQWHJUDWHG�RU

VKDUH� D� FRPPRQ� WUHQG�� &URZGHU� ������� SUHVHQWV� HYLGHQFH� IRU� WKH�8�6�� WKDW� VXSSRUWV� WKH

VXSHUQHXWUDOLW\�K\SRWKHVLV�

&RPELQLQJ�WKHVH�WZR�HTXLOLEULXP�UHODWLRQVKLSV�LPSOLHV�WKDW�WKHUH�H[LVWV�D�VLQJOH�FRPPRQ

SHUPDQHQW� FRPSRQHQW� DPRQJ� WKH� WKUHH� YDULDEOHV� RI� LQWHUHVW�� ,Q� WKH� QH[W� VHFWLRQ� LW� LV

GHPRQVWUDWHG�KRZ�XVLQJ�WKHVH�HTXLOLEULXP�UHODWLRQVKLSV�LQ�D�YHFWRU�DXWRUHJUHVVLRQ��9$5��ZLOO

DOORZ�WKH�HFRQRPHWULFLDQ�WR�VHSDUDWHO\�LGHQWLI\�WKH�SHUPDQHQW�DQG�WUDQVLWRU\�FRPSRQHQWV�RI

HDFK�RI�WKH�YDULDEOHV�

,,,�� (FRQRPHWULF�0RGHO

7KH�VSHFLILF�PRGHOLQJ�VWUDWHJ\�XVHG�LV�VLPLODU�WR�VSHFLILFDWLRQV�H[SORLWHG�E\�6WRFN�DQG�:DWVRQ

��������6KDSLUR�DQG�:DWVRQ���������DQG�%ODQFKDUG�DQG�4XDK��������� 6SHFLILFDOO\��WKH�XVH�RI

D�VWUXFWXUDO�YHFWRU�DXWRUHJUHVVLRQ��69$5��LV�HPSOR\HG�� 7KH�HFRQRPHWULF�SUREOHP�LV�RQH�RI

LGHQWLI\LQJ�WKH�VWUXFWXUDO� LQQRYDWLRQV� IURP�WKH�UHGXFHG� IRUP�HUURUV�� ,Q�WKH�V\VWHP�RI�WKUHH

YDULDEOHV�XQGHU�FRQVLGHUDWLRQ��LW�LV�DVVXPHG�WKDW�WKHUH�DUH�WKUHH�SULPLWLYH�LQQRYDWLRQ�VHTXHQFHV

�������������������������������������������

������� 7KLV�DVVXPHV�WKDW�PRQH\�GHPDQG�LV�VWDEOH�� )RU�HPSLULFDO�HYLGHQFH�VXSSRUWLQJ�WKLV��VHH
+RIIPDQ�DQG�5DVFKH��������

�



WKDW�GHWHUPLQH�WKH�WLPH�SDWK�RI�HDFK�RI�WKH�YDULDEOHV���� 7KH�VWUXFWXUDO�G\QDPLF�PRGHO�LV�JLYHQ

E\�

ZKHUH� ;W� LV� D� �[�� YHFWRU� RI� HQGRJHQRXV� YDULDEOHV�� $�/�� LV� D� PDWUL[� SRO\QRPLDO� LQ� WKH� ODJ

���

RSHUDWRU� DQG� νW� LV� DQ� LQQRYDWLRQ� VHTXHQFH� VXFK� WKDW� LWV� HOHPHQWV� DUH� XQFRUUHODWHG� ERWK

FRQWHPSRUDQHRXVO\�DQG�DFURVV�WLPH������� 7KH�XQUHVWULFWHG�UHGXFHG�IRUP�9$5�LV�JLYHQ�E\

ZKHUH�%�/��LV�UHODWHG�WR�WKH�VWUXFWXUDO�FRHIILFLHQW�PDWUL[�ODJ�SRO\QRPLDO�E\�%�/�� �$�����$�/�

���

VXFK�WKDW�%����LV�WKH��[��LGHQWLW\�PDWUL[�� 7KH�UHGXFHG�IRUP�HUURUV�DQG�VWUXFWXUDO�LQQRYDWLRQV

DUH� VLPLODUO\� UHODWHG�� L�H��� � W�  �$���
��νW�� 2QH� ILQDO� UHODWLRQVKLS� LV� GHULYHG�E\� DGRSWLQJ� WKH

FRQYHQWLRQDO�DVVXPSWLRQ�WKDW� WKH�YDULDQFHV�RI� WKH� WKUHH� VWUXFWXUDO� LQQRYDWLRQV�DUH�HTXDO� WR

XQLW\�� 7KXV�$����Σ�$���� �,�RU�HTXLYDOHQWO\�$���
���$������ �Σ� �

7KH�UHWULHYDO�RI�WKH�VWUXFWXUDO�LQQRYDWLRQV��DQG�WKH�VWUXFWXUDO�SDUDPHWHU�PDWULFHV��IURP

WKH�UHGXFHG�IRUP�HUURUV�LV�DQ�H[HUFLVH�LQ�LGHQWLI\LQJ�WKH�PDWUL[�$����� 7KLV�SDUDPHWHU�PDWUL[

KDV�QLQH�GLVWLQFW�HOHPHQWV�� 7KH�UHODWLRQVKLS�EHWZHHQ�WKH�UHGXFHG�IRUP�HUURUV�DQG�VWUXFWXUDO

LQQRYDWLRQV��DORQJ�ZLWK�WKH�DVVXPSWLRQ�RI�XQLW�YDULDQFHV�RI�WKH�VWUXFWXUDO�LQQRYDWLRQV��\LHOGV

VL[�UHVWULFWLRQV�RQ�WKH�DGPLVVLEOH�YDOXHV�RI�WKH�$����PDWUL[�� 7KUHH�DGGLWLRQDO�UHVWULFWLRQV�DUH

�������������������������������������������

�������� ,W� LV� TXLWH� OLNHO\� WKDW� WKHUH� DUH� PDQ\� PRUH� WKDQ� WKUHH� VKRFNV� LPSLQJLQJ� XSRQ� WKH
YDULDEOHV�RI�LQWHUHVW��EXW�DV�%ODQFKDUG�DQG�4XDK��������SRLQW�RXW�WKLV�DVVXPSWLRQ�LV�SUREDEO\
QRW�WRR�GDPDJLQJ�WR�WKH�LQWHUSUHWDWLRQ�RI�WKH�VWUXFWXUDO�PRGHO�

�������� 7KH�GHWHUPLQLVWLF�WHUPV�KDYH�EHHQ�VXSSUHVVHG�IRU�HDVH�RI�H[SRVLWLRQ�

�������� ,I� WKH�YDULDEOHV�DUH�GLIIHUHQFH� VWDWLRQDU\� LW�PD\�EH�QHFHVVDU\� WR�DSSO\�DQ�DSSURSULDWH
GLIIHUHQFH�WR�WKH�YDULDEOHV�SULRU�WR�HVWLPDWLRQ�

�



QHHGHG�WR�H[DFWO\�LGHQWLI\�WKH�$����PDWUL[�� ,Q�WKH�HDUO\�9$5�OLWHUDWXUH�WKHVH�WKUHH�UHVWULFWLRQV

ZRXOG�KDYH�FRPH�IURP�DVVXPLQJ�D�UHFXUVLYH�VWUXFWXUH�WR�$�����L�H���HOHPHQWV�DERYH�WKH�PDLQ

GLDJRQDO�ZRXOG�EH�DVVXPHG�WR�EH�]HUR�� 7KLV�SURFHGXUH�ZDV�VHHQ�E\�PDQ\�WR�EH�WRR�DUELWUDU\

IRU�UHDVRQDEOH�LQWHUSUHWDWLRQ�RI�WKH�LPSOLHG�VWUXFWXUDO�PRGHO�� 6XEVHTXHQW�UHILQHPHQWV�RI�WKH

9$5� LGHQWLILFDWLRQ� PHWKRGRORJ\� VWUHVVHG� WKH� LPSRUWDQFH� RI� XVLQJ� UHVWULFWLRQV� WKDW� DUH

HFRQRPLFDOO\�SODXVLEOH��VHH�%HUQDQNH��������� 6LQFH�HFRQRPLF�WKHRU\��HVSHFLDOO\�PDFURHFRQRPLF

WKHRU\��KDV�PRUH�VSHFLILF� LPSOLFDWLRQV� IRU� ORQJ�UXQ�UHODWLRQV�WKDQ�VKRUW�UXQ�PRYHPHQWV��WKH

PRVW�UHFHQW�9$5�VWXGLHV�KDYH�UHOLHG�RQ�ORQJ�UXQ�UHVWULFWLRQV�WR�\LHOG�WKH�QHFHVVDU\�DGGLWLRQDO

LGHQWLI\LQJ�LQIRUPDWLRQ��VHH�%ODQFKDUG�DQG�4XDK��������

7R�VHH�KRZ�ORQJ�UXQ�UHVWULFWLRQV�FDQ�EH�XVHG�LQ�LGHQWLI\LQJ�WKH�VWUXFWXUDO�LQQRYDWLRQV�

LW�LV�XVHIXO�WR�XVH�WKH�PRYLQJ�DYHUDJH�UHSUHVHQWDWLRQ��0$5��RI�WKH�UHGXFHG�IRUP�9$5�LQ�����

,QYHUWLQJ�����\LHOGV�

ZKHUH�&�/�� �%�/����RU�&�/�� �$���$�/����� 7KH�ORQJ�UXQ�RU�WRWDO�LPSDFW�PDWUL[�&����LV�HTXDO

���

WR� $���$������ LPSO\LQJ� WKDW� $������$������  � &����Σ�&����� 7KXV� UHVWULFWLRQV� RQ� &���� LPSO\

FRUUHVSRQGLQJ� UHVWULFWLRQV� RQ� $���� WKDW� DLG� LQ� WKH� LGHQWLILFDWLRQ� RI� $����� 2IWHQ� WKHVH

UHVWULFWLRQV�WDNH�WKH�IRUP�RI�]HURV�RQ�FHUWDLQ�HOHPHQWV�RI�&����LPSO\LQJ�ORQJ�UXQ�QHXWUDOLW\�RI

FHUWDLQ�HOHPHQWV�RI�;W�

7ZR�SUREOHPV�PD\�DULVH�LQ�WKH�XVH�RI�ORQJ�UXQ�QHXWUDOLW\�UHVWULFWLRQV�����WKH�YDULDEOHV

RI�LQWHUHVW�PD\�EH�VWDWLRQDU\�LQ�OHYHOV�LPSO\LQJ�WKDW�&���� ����RU����WKH�YDULDEOHV�RI�LQWHUHVW

PD\�EH�GLIIHUHQFH�VWDWLRQDU\�LQGLYLGXDOO\�EXW�FRLQWHJUDWHG�LPSO\LQJ�WKDW�WKH�V\VWHP�RI�YDULDEOHV

��



KDV�D�UHGXFHG�QXPEHU�RI�FRPPRQ�WUHQGV�RU�WKDW�&����LV�QRW�IXOO�UDQN���� ,Q�WKH�ILUVW�FDVH��RQH

LV� OHIW�ZLWK�RQO\�FRQWHPSRUDQHRXV�UHVWULFWLRQV�WR� LGHQWLI\�WKH�VWUXFWXUDO�PRGHO�� 7KH�VHFRQG

�SUREOHP��LV�DFWXDOO\�D�EHQHILW�ZKHQ�WKH�SURSHU�PHWKRGRORJ\�LV�HPSOR\HG�

,I�WKH�YDULDEOHV�RI�LQWHUHVW�DUH�FRLQWHJUDWHG��(QJOH�DQG�*UDQJHU��������KDYH�SURYHQ�WKDW

WKH�V\VWHP�KDV�D�VSHFLDO�9$5�UHSUHVHQWDWLRQ�FDOOHG�DQG�HUURU�FRUUHFWLRQ�PRGHO��(&0��� 7KH

(&0� LV�JLYHQ� LQ�HTXDWLRQ� ����ZKHUH�Π� � ,� ��%����DQG�ΓM� � ,� ��%�� ��%�� �� ���� ��%M�� DQG� WKH�%

PDWULFHV�DUH�IURP�HTXDWLRQ������ 7KH�WRWDO�LPSDFW�PDWUL[�Π�FDQ�EH�GHFRPSRVHG�LQWR�WZR�S[U
���

PDWULFHV�α�DQG�β�VXFK�WKDW�Π� �αβ���ZKHUH�S�LV�WKH�QXPEHU�RI�HQGRJHQRXV�YDULDEOHV�LQ�WKH

9$5� DQG� U� LV� WKH� QXPEHU� RI� FRLQWHJUDWLRQ� YHFWRUV�� 7KH� U� FROXPQV� RI� β� UHSUHVHQW� WKH� U

VWDWLRQDU\�OLQHDU�FRPELQDWLRQV�DQG�WKH�FROXPQV�RI�α�UHSUHVHQW�WKH�HUURU�FRUUHFWLRQ�FRHIILFLHQWV�

7KH� HFRQRPLF� LQWHUSUHWDWLRQ� RI� WKH� FRLQWHJUDWLQJ� UHODWLRQV� LV� WKDW� WKHVH� UHSUHVHQW� ORQJ�UXQ

HTXLOLEULXP�UHODWLRQVKLSV�EHWZHHQ�WKH�YDULDEOHV��VXFK�DV�WKRVH�JLYHQ�LQ�VHFWLRQ�,,�

�-RKDQVHQ��������GHULYHV�FRQGLWLRQV�WR�HQVXUH�WKDW�WKH�:ROG�YHFWRU�0$5�H[LVWV�DV�LQ

HTXDWLRQ� ������� 7KH�PDWUL[� SRO\QRPLDO�&�/��PD\� EH�ZULWWHQ� DV�&�/�� �&������ ���/�&
�/��

8VLQJ�WKLV�GHFRPSRVLWLRQ������PD\�EH�UHZULWWHQ�DV�

�������������������������������������������

�������� )DXVW� DQG� /HHSHU� ������� SRLQW� RXW� D� WKLUG� SUREOHP� WKDW� DULVHV� ZKHQ� WKH� ORQJ�UXQ
QHXWUDOLW\�UHVWULFWLRQ�LV�LQYDOLG�

�������� 1RQ�:ROG�UHSUHVHQWDWLRQV�DV�LQ�/LSSL�DQG�5HLFKOLQ��������DUH�QRW�DQDO\]HG�

��



ZKHUH� ξW�  � ξW��� �� � W� RU� ξW�  � � WM �� M�� (TXDWLRQ� ���� LV� WKH� UHGXFHG� IRUP� FRPPRQ� WUHQGV

���

UHSUHVHQWDWLRQ�ZLWK�WKH�WRWDO�LPSDFW�PDWUL[�&����KDYLQJ�UHGXFHG�UDQN�RI�N��ZKHUH�U�N� �S�

WKH�QXPEHU�RI�HQGRJHQRXV�YDULDEOHV�LQ�;W�

$V�LQ�WKH�FDVH�ZKHUH�QR�FRLQWHJUDWLRQ�SUHYDLOV�DPRQJ�D�V\VWHP�RI�GLIIHUHQFH�VWDWLRQDU\

YDULDEOHV�� WKH� VWUXFWXUDO� LQQRYDWLRQV� FDQ� EH� LGHQWLILHG� IURP� WKH� UHGXFHG� IRUP� HVWLPDWHV� E\

VXLWDEO\� UHVWULFWLQJ� WKH� &����PDWUL[�� %XW� VLQFH� FRLQWHJUDWLRQ� LPSOLHV� D� UHGXFHG� QXPEHU� RI

SHUPDQHQW�FRPSRQHQWV��FRPSOHWH�LGHQWLILFDWLRQ�PD\�QRW�EH�DFKLHYHG�LI�RQH�UHOLHV�VROHO\�XSRQ

ORQJ�UXQ� QHXWUDOLW\� UHVWULFWLRQV� ZLWKRXW� FDUHIXO� FRQVLGHUDWLRQ� RI� WKH� LPSOLFDWLRQV� IRU

FRLQWHJUDWLRQ���� )XUWKHUPRUH�WKH�H[LVWHQFH�RI�FRLQWHJUDWLRQ�LWVHOI�LPSOLHV�UHVWULFWLRQV�XSRQ�WKH

SDUDPHWHU�PDWULFHV�VR�WKDW�DQ\�ORQJ�UXQ�UHVWULFWLRQV�LPSRVHG�PXVW�DOVR�EH�FRQVLVWHQW�ZLWK�WKH

FRLQWHJUDWLQJ�UHODWLRQV��VHH�&URZGHU���������&RLQWHJUDWLRQ�LPSOLHV�WKDW�β�&���� ���DQG�WKDW

&���α� ���� 7KHVH�WZR�UHODWLRQVKLSV�LPSRVH�NU�UHVWULFWLRQV�RQ�WKH�UHGXFHG�IRUP�PRGHO�� ,W�LV

WKHVH�NU�DGGLWLRQDO�UHVWULFWLRQV�WKDW�PDNH�WKH��SUREOHP��RI�FRLQWHJUDWLRQ�D�EHQHILW�E\�UHGXFLQJ

WKH�QXPEHU�RI�DG�KRF�UHVWULFWLRQV�QHHGHG�WR� LGHQWLI\�WKH�VWUXFWXUDO�PRGHO� IURP�WKH�UHGXFHG

IRUP�

.LQJ�� HW� DO� ������� DQG� &URZGHU�� HW� DO� ������� GHPRQVWUDWH� WKDW� WKH� DVVXPSWLRQ� RI

VWUXFWXUDO� HUURU� LQGHSHQGHQFH� LPSOLHV� WKDW� LGHQWLILFDWLRQ� RI� WKH� SHUPDQHQW� DQG� WUDQVLWRU\

LQQRYDWLRQV� PD\� EH� KDQGOHG� VHSDUDWHO\�� :KHQ� WKHUH� DUH� N� SHUPDQHQW� LQQRYDWLRQV� WKH

�������������������������������������������

�������� $QRWKHU�LPSOLFDWLRQ�RI�WKH�UHGXFHG�UDQN�RI�&����LV�WKH�SUDFWLFDO�SUREOHP�RI�REWDLQLQJ
DQ�HVWLPDWH� LQ�SUDFWLFH�� 8QOLNH� WKH�QRQ�FRLQWHJUDWHG� V\VWHP��RQH�FDQQRW� VLPSO\� LQYHUW� WKH
UHGXFHG�IRUP�9$5�VLQFH�WKH�UHGXFHG�UDQN�RI�Π�LQ�����LPSOLHV�VLQJXODULW\�� -RKDQVHQ��������DQG
(QJOH�DQG�<RR��������GHULYH�WKH�SURSHU�SURFHGXUH�IRU�WKH�LQYHUVLRQ�RI�D�FRLQWHJUDWHG�9$5�

��



HFRQRPHWULFLDQ�QHHGV�RQO\�N�N������UHVWULFWLRQV�WR�MXVW�LGHQWLI\�WKH�SHUPDQHQW�LQQRYDWLRQV��LQ

DGGLWLRQ� WR� WKH� UHVWULFWLRQV� LPSOLHG� E\� VWUXFWXUDO� HUURU� LQGHSHQGHQFH�� QRUPDOL]DWLRQ� DQG

FRLQWHJUDWLRQ�� 7KHVH� DGGLWLRQDO� UHVWULFWLRQV� PD\� WDNH� WKH� IRUP� RI� ORQJ�UXQ� QHXWUDOLW\

UHVWULFWLRQV� DV� LQ� WKH� FDVH� RI� D� IXOO� UDQN� &����� 6LPLODUO\�� ZKHQ� WKHUH� DUH� U� WUDQVLWRU\

LQQRYDWLRQV��WKH�HFRQRPHWULFLDQ�QHHG�RQO\�LPSRVH�U�U������DGGLWLRQDO�UHVWULFWLRQV�WR�MXVW�LGHQWLI\

WKH� VWUXFWXUDO�PRGHO�� 7KHVH� UHVWULFWLRQV�PD\� WDNH� WKH� IRUP� RI� FRQWHPSRUDQHRXV� H[FOXVLRQ

UHVWULFWLRQV�DQG�QHHG�QRW�LPSO\�D�UHFXUVLYH�VWUXFWXUH�WR�WKH�HFRQRPLF�PRGHO�

7KH�ORQJ�UXQ�UHODWLRQVKLSV�SUHVHQWHG�LQ�VHFWLRQ�,,�VXJJHVW�WKDW�WKHRUHWLFDOO\�U� ����L�H��

WKHUH�DUH�WZR�FRLQWHJUDWLQJ�UHODWLRQV��DQG�N� ���RU�RQH�FRPPRQ�WUHQG�� 7KLV�KDV�WKH�IXUWKHU

LPSOLFDWLRQ�WKDW�QR�ORQJ�UXQ�UHVWULFWLRQV�DUH�QHFHVVDU\�WR�LGHQWLI\�WKH�SHUPDQHQW�LQQRYDWLRQ

VHTXHQFH�DQG�RQO\�RQH�UHVWULFWLRQ�LV�QHFHVVDU\�WR�LGHQWLI\�WKH�WUDQVLWRU\�LQQRYDWLRQV�� 7KXV�WKH

H[LVWHQFH�RI�FRLQWHJUDWLRQ�KDV�UHGXFHG�WKH�QXPEHU�RI�DUELWUDU\�UHVWULFWLRQV�QHHGHG�WR�LGHQWLI\

WKH�VWUXFWXUDO�PRGHO�IURP�WKUHH�WR�RQH�� ,W�LV�VWLOO�LPSRUWDQW�WR�MXVWLI\�WKH�SDUWLFXODU�UHVWULFWLRQ

LPSRVHG�XVLQJ�VRPH�HFRQRPLF�UHDVRQLQJ�

7KH�HVWLPDWLRQ�DQG�WHVWLQJ�RI�β�FDQ�EH�DFFRPSOLVKHG�E\�QXPHURXV�SURFHGXUHV�LQFOXGLQJ

D� VLPSOH� 2/6� WZR�VWHS� SURFHGXUH� �(QJOH� DQG� *UDQJHU� ��������� D� FDQRQLFDO� FRLQWHJUDWLQJ

UHJUHVVLRQ�SURFHGXUH��&&5���3DUN����������IXOO\�PRGLILHG�2/6��)02/6���3KLOOLSV�DQG�+DQVHQ

��������RU�E\�),0/��-RKDQVHQ����������DQG�RWKHUV�� :KHQ�DSSOLFDEOH�WKH�XQGHUO\LQJ�HFRQRPLF

WKHRU\�PD\�SURYLGH�WKH�YDOXH�RI�β�� 2QFH�β�LV�NQRZQ��DQ�HVWLPDWH�RI�α�FDQ�HDVLO\�EH�REWDLQHG

E\� HVWLPDWLQJ� WKH� (&0� LQ� ���� E\�2/6���� 7KH� UHVLGXDOV� IURP� ���� FDQ� EH� XVHG� WR� REWDLQ� D

�������������������������������������������

��������'XH� WR� WKH� VXSHUFRQVLVWHQF\�RI� WKH� HVWLPDWH�RI�β�� WKLV� SDUDPHWHU� FDQ�EH� WUHDWHG� DV� LI
NQRZQ�LQ�VXEVHTXHQW�VWDWLVWLFDO�DQDO\VLV�

��



FRQVLVWHQW�HVWLPDWH�RI�Σ� �DQG�ΓM�DQG�&���� �β⊥>α⊥��Γ
����β⊥@
��α⊥���ZKHUH�α�α⊥� ���DQG�β�β⊥

 ���DQG�Γ
���� �,���Γ����Γ����������Γκ���

,Q�WKH�IROORZLQJ�VHFWLRQ��WKH�-RKDQVHQ�SURFHGXUH�LV�XVHG�WR�HVWLPDWH�DQG�WHVW�WKH�LPSOLHG

FRLQWHJUDWLRQ�YHFWRUV�DPRQJ�;W� �^∆EW�LW�∆SW`��ZKHUH�∆EW�LV�WKH�PRQHWDU\�EDVH�JURZWK�UDWH��LW

LV�WKH�VKRUW�WHUP�QRPLQDO�LQWHUHVW�UDWH�DQG�∆SW�LV�WKH�LQIODWLRQ�UDWH�� 7KH�UHGXFHG�IRUP�0$5

LV�REWDLQHG�DQG�WKH�VWUXFWXUDO�WUDQVLWRU\�LQQRYDWLRQV�DUH�LGHQWLILHG�E\�LPSRVLQJ�WKH�UHVWULFWLRQ

WKDW�LQIODWLRQ�UHVSRQGV�WR�PRQH\�GHPDQG�VKRFNV�ZLWK�D�RQH�SHULRG�ODJ�� 7KH�UREXVWQHVV�RI�WKH

UHVXOWV�WR�WKLV�UHVWULFWLRQ�DUH�DQDO\]HG�E\�LPSRVLQJ�WKH�UHODWLYHO\�LPSODXVLEOH�UHVWULFWLRQV�WKDW

WKH�QRPLQDO�LQWHUHVW�UDWH�RQO\�UHVSRQGV�WR�PRQH\�GHPDQG�VKRFNV�ZLWK�D�ODJ�

,9�� (PSLULFDO�5HVXOWV

$��'DWD

7KH�GDWD�XVHG�LQ�WKLV�VWXG\�DUH�PRQWKO\�REVHUYDWLRQV�RQ�WKH�8�6��PRQHWDU\�EDVH�JURZWK�UDWH

DGMXVWHG�IRU�UHVHUYH�UHTXLUHPHQWV��&3,�LQIODWLRQ��DQG�WKUHH�PRQWK�7�ELOO�LQWHUHVW�UDWHV�� $OO�GDWD

DUH� WDNHQ� IURP� WKH� 6W�� /RXLV� )HGHUDO�5HVHUYH�%DQN� DQG� DUH� VDPSOHG� IURP� -DQXDU\� ����� WR

'HFHPEHU�������VHH�)LJXUH�����7KH�PRQH\�JURZWK�DQG�&3,�LQIODWLRQ�VHULHV�KDYH�EHHQ�VHDVRQDOO\

DGMXVWHG�DW�WKH�VRXUFH����7KH�FKRLFH�RI�EDVH�PRQH\�DV�WKH�PRQHWDU\�DJJUHJDWH�LV�GXH�WR�WZR

FRQVLGHUDWLRQV�� ��� WKLV� LV� WKH� PRQH\� PHDVXUH� WKDW� &KULVWLDQR� ������� VSHFLILFDOO\� FLWHV� DV

DVVRFLDWHG�ZLWK�WKH�OLTXLGLW\��DQG����WKDW�)('�SROLF\�LV�EHVW�FDSWXUHG�E\�WKH�DJJUHJDWH�ZKLFK

�������������������������������������������

�������� 7KH�VHQVLWLYLW\�RI�WKH�HPSLULFDO�UHVXOWV�WR�VHDVRQDO�DGMXVWPHQW�SURFHGXUHV�ZDV�H[DPLQHG
XVLQJ�WKH�QRQ�VHDVRQDOO\�DGMXVWHG�YHUVLRQ�RI�PRQH\�JURZWK�DQG�LQIODWLRQ��DJDLQ�IURP�WKH�6W
/RXLV�)('�� 7KH� UHVXOWV�� DYDLODEOH� IURP�WKH� DXWKRU�XSRQ�UHTXHVW�� DUH� DOPRVW� LGHQWLFDO�ZLWK
WKRVH�SUHVHQWHG�LQ�WKH�WH[W�

��



LW�PRVW�GLUHFWO\�FRQWUROV�� 7KH�DELOLW\�RI�WKH�)HGHUDO�5HVHUYH�WR�FRQWURO�EURDGHU�DJJUHJDWHV�LV

FRQWURYHUVLDO�VLQFH�LW�GHSHQGV�XSRQ�WKHLU�DELOLW\�WR�FRQWURO�WKH�PXOWLSOLHU�� 2QH�FRPSRQHQW�RI

WKH�PXOWLSOLHU�WKDW�LV�FRPSOHWHO\�RXW�RI�WKH�FRQWURO�RI�SROLF\�PDNHUV�LV�WKH�FXUUHQF\�WR�GHSRVLWV

UDWLR�� 7KHUHIRUH��LW�VHHPV�SUXGHQW�WR�XVH�WKH�PRQHWDU\�EDVH�DV�WKH�PRQH\�VXSSO\�YDULDEOH���

%��&RLQWHJUDWLRQ�$QDO\VLV

7KH� WKHRUHWLFDO� UHODWLRQVKLSV� WKDW� H[LVW�EHWZHHQ� WKH� WKUHH�YDULDEOHV�� SUHVHQWHG� LQ� VHFWLRQ� ,,�

LPSO\�FRLQWHJUDWLRQ�YHFWRUV�RI�WKH�IRUP�∆EW���∆SW��ORQJ�UXQ�VXSHUQHXWUDOLW\��DQG�LW���∆SW��ORQJ�

UXQ�)LVKHU�UHODWLRQ��ZKHUH�EW�≡�QDWXUDO�ORJ�RI�WKH�PRQHWDU\�EDVH�DQG�SW�≡�QDWXUDO�ORJ�RI�WKH�FSL

DQG�LW�≡�WKUHH�PRQWK�7�ELOO�QRPLQDO�LQWHUHVW�UDWH�� 7KHVH�ORQJ�UXQ�UHODWLRQVKLSV�VXJJHVW�WKDW

β��WKH�FRLQWHJUDWLQJ�YHFWRUV��ZLOO�KDYH�WKH�IRUP�JLYHQ�LQ�HTXDWLRQ������ZKHQ�;W� �>∆EW�LW�∆SW@��

7R� WHVW� WKH� K\SRWKHVLV� WKDW� WKH� HPSLULFDO� HTXLOLEULXP� UHODWLRQVKLSV� DUH� FRQVLVWHQW� ZLWK� WKH

����

WKHRUHWLFDO�UHODWLRQVKLSV��-RKDQVHQ
V��������),0/�HVWLPDWRU�LV�HPSOR\HG��7KLV�HVWLPDWRU�LV�EDVHG

XSRQ�WKH�(&0�LQ������ 7KH�ODJ�OHQJWK�XVHG�LQ�WKH�DQDO\VLV�LV�VHW�DW�κ� ����LQ�RUGHU�WR�HOLPLQDWH

VWDWLVWLFDOO\�VLJQLILFDQW�DXWRFRUUHODWLRQ�LQ�WKH�UHVLGXDOV�DV�GHWHUPLQHG�E\�WKH�/MXQJ�%R[�4�WHVW�

7KH�WUDFH�WHVW�VWDWLVWLF�RI�WKH�QXOO�WKDW�U� ����ZKHUH�U�LV�WKH�QXPEHU�RI�FRLQWHJUDWLRQ�YHFWRUV�

LV�������ZKLFK�FDQ�EH�FRPSDUHG�WR�WKH�����FULWLFDO�YDOXH�JLYHQ�LQ�WDEOH���RI�2VWHUZDOG�/HQXP

�������������������������������������������

�������� ,W�VKRXOG�EH�QRWHG�WKDW�RWKHU�PRQHWDU\�DJJUHJDWHV�ZHUH�XVHG��L�H��)HGHUDO�5HVHUYH�%RDUG
PRQHWDU\�EDVH��0��DQG�0���ZLWK�QR�TXDOLWDWLYH�GLIIHUHQFH�LQ�WKH�UHVXOWV�� 7KHVH�UHVXOWV�FDQ�EH
REWDLQHG�IURP�DXWKRU�XSRQ�UHTXHVW�

��



�������RI�������� :H�FDQ�UHMHFW�WKH�QXOO�RI�]HUR�FRLQWHJUDWLRQ�YHFWRUV�LQ�IDYRU�RI�DW�OHDVW�RQH

FRLQWHJUDWLQJ�YHFWRU�� 7KH�QXOO�WKDW�U�≤���\LHOGV�D�WUDFH�WHVW�VWDWLVWLF�RI�������ZKLFK�LV�JUHDWHU

WKDQ�WKH�����FULWLFDO�YDOXH�RI�������� :H�FDQ�UHMHFW�WKH�K\SRWKHVLV�RI�RQH�FRLQWHJUDWLRQ�YHFWRU

LQ�IDYRU�RI�DW�OHDVW�WZR�FRLQWHJUDWLQJ�YHFWRUV�� 7KH�QXOO�WKDW�U�≤���\LHOGV�D�WUDFH�VWDWLVWLF�RI�����

ZKLFK�LV�OHVV�WKDQ�WKH�����FULWLFDO�YDOXH�RI������� 7KXV��WKH�-RKDQVHQ�WUDFH�WHVWV�VXJJHVW�WKDW

WZR� FRLQWHJUDWLRQ� YHFWRUV� SUHYDLO� DPRQJ� WKH� WKUHH� YDULDEOHV�� 7KLV� LV� FRQVLVWHQW� ZLWK� WKH

HTXLOLEULXP�PRGHOV��WKH�VXSHUQHXWUDOLW\�DQG�)LVKHU�HTXDWLRQV��SUHVHQWHG�LQ�VHFWLRQ���

7KH�HVWLPDWHG� �QRUPDOL]HG��FRLQWHJUDWLRQ�YHFWRUV�DUH�JLYHQ� LQ� ������ 7KH�QXPEHUV� LQ

SDUHQWKHVHV�DUH�DV\PSWRWLF�VWDQGDUG�HUURUV���

8VLQJ� D� OLNHOLKRRG� UDWLR� WHVW� WR� WHVW� ZKHWKHU� ����� LV� VWDWLVWLFDOO\� GLIIHUHQW� IURP� ������ WKH

����

WKHRUHWLFDOO\� LPSOLHG� YHFWRUV�� \LHOGV� D� VWDWLVWLF� RI� �����ZKLFK� LV� GLVWULEXWHG� DV� D� χ������ 7KH

PDUJLQDO� VLJQLILFDQFH� OHYHO� LV� ������� LPSO\LQJ� WKDW� WKLV� UHVWULFWLRQ� LV� QRW� UHMHFWHG� DW� DQ\

FRQYHQWLRQDO� OHYHO� RI� VLJQLILFDQFH���� )LJXUH� �� SUHVHQWV� SORWV� RI� WKH� HVWLPDWHG� FRLQWHJUDWLRQ

YHFWRUV�

�������������������������������������������

�������� 7KH�HVWLPDWHV�GHPRQVWUDWH�WKDW�QHLWKHU�RI�WKH�YHFWRUV�LV�D�WULYLDO�YHFWRU��L�H���>�����@��
7KLV�UHVXOW�LPSOLHV�WKDW�WKH�GDWD�DUH�LQ�IDFW�FRQVLVWHQW�ZLWK�XQLW�URRWV�LQ�HDFK�VHULHV�

�������� ,W�VKRXOG�EH�QRWHG�WKDW�WKH�LGHQWLILFDWLRQ�SUREOHP�GRHV�QRW�GHSHQG�XSRQ�WKH�HVWLPDWHV
RI�WKH�FRLQWHJUDWLRQ�YHFWRUV�� 7KHVH�HVWLPDWHV�DUH�VLPSO\�SUHVHQWHG�LQ�RUGHU�WR�GHPRQVWUDWH�WKDW
WKH�HPSLULFDO�UHVXOWV�DUH�JHQHUDOO\�FRQVLVWHQW�ZLWK�WKH�WKHRUHWLFDO�UHODWLRQVKLSV�XVHG�WR�PRWLYDWH
WKH�H[HUFLVH�

��



7KH� WHPSRUDO� VWDELOLW\� RI� WKH� HTXLOLEULXP� UHODWLRQVKLSV� LV� QHFHVVDU\� WR� FRQGXFW� YDOLG

LPSXOVH�UHVSRQVH�DQDO\VLV�� +DQVHQ�DQG�-RKDQVHQ��������KDYH�VXJJHVWHG�D�PHWKRGRORJ\�WR�WHVW

IRU�WKH�VWDELOLW\�RI�WKH�FRLQWHJUDWLQJ�UHODWLRQV�ZLWKLQ�WKH�IUDPHZRUN�RI�-RKDQVHQ
V��������),0/

HVWLPDWRU�� 7KH� EDVLF� LGHD� LV� WR� FRQFHQWUDWH� WKH� VKRUW�UXQ� G\QDPLFV� RXW� RI� WKH� OLNHOLKRRG

IXQFWLRQ� XVLQJ� WKH� IXOO� VDPSOH� RI� GDWD�� DV� LV� GRQH� QRUPDOO\� LQ� WKH� ILUVW� VWDJH� RI� -RKDQVHQ
V

UHGXFHG�UDQN�SURFHGXUH��7KHQ�DSSO\�D�UHFXUVLYH�HVWLPDWLRQ�WR�WKH�ORQJ�UXQ�FRPSRQHQWV�WHVWLQJ

WKH�UHVWULFWLRQV�RQ�WKH�FRLQWHJUDWLRQ�VSDFH�DW�HDFK�LWHUDWLRQ��+DQVHQ�DQG�-RKDQVHQ�GHPRQVWUDWH

WKDW�WKH�WHVW�VWDWLVWLFV�DW�HDFK�LWHUDWLRQ�DUH�DV\PSWRWLFDOO\�GLVWULEXWHG�DV�D�χ��YDULDWH�� )LJXUH��

SUHVHQWV�WKH�UHFXUVLYH�FDOFXODWHG�VWDELOLW\�WHVW�VWDWLVWLFV�QRUPDOL]HG�E\�WKH�DSSURSULDWH����FULWLFDO

YDOXH��L�H���χ����� �������VXFK�WKDW�D�YDOXH�JUHDWHU�WKDQ�RQH�LPSOLHV�VLJQLILFDQFH�DW�WKH����OHYHO�

7KLV�WHVW�\LHOGV�QR�HYLGHQFH�RI�LQVWDELOLW\�LQ�WKH�ORQJ�UXQ�HTXLOLEULXP�UHODWLRQVKLSV�

7KH�HVWLPDWHG�HUURU� FRUUHFWLRQ�FRHIILFLHQW�PDWUL[��α� LQ�HTXDWLRQ� ����� LV�JLYHQ� LQ� �����

$JDLQ��VWDQGDUG�HUURUV�DUH�LQ�SDUHQWKHVHV�

)URP�WKH�HVWLPDWHG�HUURU�FRUUHFWLRQ�FRHIILFLHQWV�LW�FDQ�EH�GHWHUPLQHG�WKDW�QRQH�RI�WKH�YDULDEOHV

����

LQ�WKH�V\VWHP�DUH�ZHDNO\�H[RJHQRXV��LQ�WKH�VHQVH�RI�(QJOH��HW�DO��������� 7KLV�LPSOLHV�WKDW�DOO

WKUHH�YDULDEOHV�PXVW�EH�PRGHOOHG�MRLQWO\�WR�HIILFLHQWO\�HVWLPDWH�WKH�ORQJ�UXQ�SDUDPHWHU�PDWULFHV

α�DQG�β�

8VLQJ�WKH�HVWLPDWHV�RI�α��β�DQG�WKH�VKRUW�UXQ�G\QDPLFV�SDUDPHWHU�PDWULFHV��ΓM
V��IURP

����� WKH� FRPPRQ� SHUPDQHQW� FRPSRQHQW� FDQ� EH� HVWLPDWHG� DQG� H[WUDFWHG� IURP� HDFK� VHULHV�

��



)LJXUH� �� GLVSOD\V� WKH� WUDQVLWRU\� FRPSRQHQWV� RI� HDFK� VHULHV�� L�H��� GHWUHQGHG� E\� WKH� FRPPRQ

VWRFKDVWLF�WUHQG�� 7KHVH�GHWUHQGHG�VHULHV�FDQ�EH�WKRXJKW�RI�DV�GHYLDWLRQV� IURP�WKH� ORQJ�UXQ

VWHDG\�VWDWH�YDOXH��1RWH�WKDW�WKH�ORZ�LQWHUHVW�UDWHV�LQ�WKH�����V�IROORZHG�E\�WKH�KLJK�UDWHV�RI

WKH�����V�WKHQ�IROORZHG�E\�YHU\�UHFHQW�ORZ�LQWHUHVW�UDWHV�DOO�UHIOHFW�PRYHPHQW�LQ�WKH�WUDQVLWRU\

FRPSRQHQW�RI�QRPLQDO�LQWHUHVW�UDWHV�� )URP�WKLV�VLPSOH�LQWHUSUHWDWLRQ�RQH�PD\�FRQFOXGH�WKDW

WKH�LQWHUHVW�UDWH�REVHUYHG�DW�WKLV�ZULWLQJ�LV�DERYH�LWV��WUHQG�YDOXH��DQG�PXVW�IDOO� LQ�RUGHU�WR

UHVWRUH�WKH�ORQJ�UXQ�HTXLOLEULXP�� ,QIODWLRQ�DQG�EDVH�PRQH\�JURZWK�ERWK�DSSHDU�WR�EH�FORVH�WR

WKHLU��WUHQG�YDOXH��

&��,PSXOVH�5HVSRQVHV

7KH�RQH�H[WUD�UHVWULFWLRQ�HPSOR\HG�WR�LGHQWLI\�WKH�VWUXFWXUDO�PRGHO�LV�WR�UHVWULFW�WKH�LQIODWLRQ

UDWH� IURP� UHVSRQGLQJ� FRQWHPSRUDQHRXVO\� WR� LQQRYDWLRQV� LQ�PRQH\� GHPDQG�� 7KLV� VHHPV� D

VRXQG� FRQVWUDLQW� RQ� WKHRUHWLFDO� JURXQGV� VLQFH� LW� LV� FRQVLVWHQW� ZLWK� VORZO\� DGMXVWLQJ� JRRGV

SULFHV����7KH� LPSXOVH� UHVSRQVH� IXQFWLRQV� DUH� FDOFXODWHG� IURP� WKH�0$5�� )LJXUHV���� �� DQG��

SUHVHQW�SORWV�RI�WKH�LPSXOVH�UHVSRQVH�IXQFWLRQV��,5)V��DQG�����VLPXODWHG�FRQILGHQFH�LQWHUYDOV�

)LJXUH���GLVSOD\V� WKH� ,5)V�DVVRFLDWHG�ZLWK�DQ� LPSXOVH� LQ� WKH�SHUPDQHQW� FRPSRQHQW�

7KLV�KDV�WKH�QDWXUDO�LQWHUSUHWDWLRQ�DV�D�SHUPDQHQW�LQFUHDVH�LQ�WKH�EDVH�JURZWK�UDWH�� 7KH�,5)V

GLVSOD\� VLJQLILFDQW� VKRUW� UXQ� YDULDWLRQ� DV� WKH� HFRQRP\� DGMXVWV� WR� WKH� LQQRYDWLRQ�� %XW� D

SHUPDQHQW� VXSSO\� LQQRYDWLRQ� LQ� EDVH� JURZWK� UHVXOWV� LQ� KLJKHU� VWHDG\� VWDWH� LQIODWLRQ� DQG

QRPLQDO� LQWHUHVW� UDWHV�� 7KH�UHVSRQVH�RI� WKH�UHDO� UDWH�UHYHDOV� WKDW� WKH�UHDO� UDWH�DFWXDOO\� IDOOV

�������������������������������������������

�������� 7KLV�UHVWULFWLRQ�LV�DOVR�FRQVLVWHQW�ZLWK�WKH�UHVXOWV�LQ�&URZGHU�DQG�+RIIPDQ��������LQ�WKH
DQDO\VLV�RI�WKH�ELYDULDWH�UHODWLRQVKLS�EHWZHHQ�QRPLQDO�LQWHUHVW�UDWHV�DQG�LQIODWLRQ�ZLWKLQ�WKH
)LVKHU�SDUDGLJP�

��



GXULQJ�WKH�DGMXVWPHQW�WR�WKH�QHZ�VWHDG\�VWDWH�DV�LQIODWLRQ��RYHUVKRRWV��LWV�ORQJ�UXQ�VWHDG\�VWDWH

OHYHO�� 7KXV�ZKLOH� HFRQRPLF� DJHQWV�PD\� EH� FDSDEOH� RI� GHWHUPLQLQJ� WKH� SHUPDQHQFH� RI� WKH

LQQRYDWLRQ�WR�PRQH\�VXSSO\�JURZWK�WKH\�DUH�XQDEOH�WR�GHWHUPLQH�LWV�ORQJ�UXQ�PDJQLWXGH�XQWLO

VXIILFLHQW� WLPH� KDV� SDVVHG�� 7KH� UHVSRQVH� RI� QRPLQDO� LQWHUHVW� UDWHV� VXJJHVWV� D� FRQVLGHUDEOH

DPRXQW�RI�WLPH�LV�QHFHVVDU\�IRU�WKH�PDUNHW�WR�DGMXVW�WKHLU�LQIODWLRQ�H[SHFWDWLRQV�WR�LWV�ORQJ�UXQ

VWHDG\�VWDWH�OHYHO�� 7KLV�LV�QRW�LQFRQVLVWHQW�ZLWK�WKH�DUJXPHQW�SUHVHQWHG�LQ�VHFWLRQ�,,��WR�LGHQWLI\

WKH� OLTXLGLW\�HIIHFW�� WKDW�DJHQWV�FDQ�SHUFHLYH�SHUPDQHQW�DQG�WUDQVLWRU\� LQQRYDWLRQV�� ,W�GRHV

VXJJHVW� WKDW� HYHQ� ZKHQ� WKH� LQQRYDWLRQ� LV� SHUFHLYHG� �FRUUHFWO\�� WR� EH� SHUPDQHQW�� WKHUH� LV

FRQVLGHUDEOH�VKRUW�WHUP�XQFHUWDLQW\�ZLWK�UHVSHFW�WR�LWV�ORQJ�UXQ�LPSDFW�RU�PDJQLWXGH�

)LJXUH���GLVSOD\V�WKH�,5)V�DVVRFLDWHG�ZLWK�WKH�ILUVW�WUDQVLWRU\�LQQRYDWLRQ�ZKLFK�FDQ�EH

LQWHUSUHWHG�DV�D�PRQH\�JURZWK�VXSSO\�LQQRYDWLRQ�� 7KLV�JUDSK�GLVSOD\V�WKH�OLTXLGLW\�HIIHFW�IRU

ERWK�QRPLQDO�DQG�UHDO�LQWHUHVW�UDWHV�� 1RWH�WKDW�WKHUH�LV�UHODWLYHO\�OLWWOH�VWDWLVWLFDOO\�VLJQLILFDQW

UHVSRQVH�RI�LQIODWLRQ�WR�WKH�WUDQVLWRU\�PRQH\�JURZWK�VXSSO\�VKRFN��DQG�ZKDW�OLWWOH�WKHUH�LV�LQ

WKH�RSSRVLWH�GLUHFWLRQ�RI�WKH�FKDQJH�LQ�PRQH\�JURZWK��SHUKDSV�FDSWXULQJ�ZKDW�KDV�EHHQ�FDOOHG

WKH��SULFH�SX]]OH���VHH�%DONH�DQG�(PHU\��������

)LJXUH���GLVSOD\V�WKH�,5)V�GXH�WR�DQ�LQQRYDWLRQ�LQ�PRQH\�GHPDQG�� 7KH�UHVSRQVHV�GXH

WR�WKLV�PRQH\�GHPDQG�LQQRYDWLRQ�DUH�DOVR�FRQVLVWHQW�ZLWK�DQ�LQWHUSUHWDWLRQ�RI�WKH�VKRFN�DV�DQ

DJJUHJDWH�VXSSO\�VKRFN�� ,QGHHG�WKH�WZR�W\SHV�RI�VKRFNV�ZRXOG�EH�REVHUYDWLRQDOO\�HTXLYDOHQW

LQ�WKH�SUHVHQW�V\VWHP�� ,W�PD\�EH�WKDW�ZKDW�LV�FDOOHG�D�PRQH\�GHPDQG�VKRFN�KHUH�LV�MXVW�WKH

UHVXOW�RI�D�PRUH�SULPLWLYH�LQQRYDWLRQ�LQ�VD\�SURGXFWLYLW\��LQ�WKLV�FDVH�D�QHJDWLYH�SURGXFWLYLW\

VKRFN�� ,W�LV�REVHUYHG�WKDW�ZKLOH�PRQH\�JURZWK�DQG�WKH�UHDO�LQWHUHVW�UDWH�GHFOLQH��WHPSRUDULO\�

LQIODWLRQ�ULVHV��DJDLQ�WHPSRUDULO\��DQG�WKH�QRPLQDO�LQWHUHVW�UDWH�IDOOV�EXW�LQVLJQLILFDQWO\�VR�� 7KLV

��



SDWWHUQ�ILWV�TXLWH�QLFHO\�ZLWK�D�VLPSOH�,6�/0�$'�$6�PRGHO�� $�QHJDWLYH�SURGXFWLYLW\�VKRFN

ZLOO�VKLIW�WKH�$6�FXUYH�WR�WKH�OHIW�UHVXOWLQJ�LQ�D�KLJKHU�SULFH�OHYHO�� 7KH�VXEVHTXHQW�GHFOLQH�LQ

RXWSXW�UHGXFHV�WKH�GHPDQG�IRU�WKH�OHYHO�RI�PRQH\�ZKLFK�LQ�WXUQ�KDV�D�YHU\�WHPSRUDU\�LPSDFW

RQ�PRQH\�JURZWK�� 7KH�GHFOLQH�LQ�WKH�GHPDQG�IRU�PRQH\�OHDGV�WR�D�GHFOLQH�LQ�ERWK�UHDO�DQG

QRPLQDO�LQWHUHVW�UDWHV�

7KHVH� UHVSRQVHV� ZHUH� JHQHUDWHG� XQGHU� WKH� UHVWULFWLRQ� WKDW� LQIODWLRQ� UHVSRQGV� WR

WUDQVLWRU\�PRQH\�JURZWK�VXSSO\�VKRFNV�ZLWK�D�RQH�SHULRG�ODJ��ZKLFK�ZDV�DUJXHG�LV�FRQVLVWHQW

ZLWK�VWLFN\�SULFH�PRGHOV�RI�WKH�HFRQRP\�� $Q�DOWHUQDWLYH�LGHQWLILFDWLRQ�UHVWULFWLRQ�LV�WR�UHVWULFW

WKH�QRPLQDO�LQWHUHVW�UDWH�IURP�UHVSRQGLQJ�WR�WKH�WUDQVLWRU\�PRQH\�JURZWK�GHPDQG�VKRFN�ZLWK

D�ODJ�� :KLOH�WKLV�UHVWULFWLRQ�LV�OHVV�SODXVLEOH�HFRQRPLFDOO\��LW�KDV�QR�TXDOLWDWLYH�HIIHFWV�RQ�WKH

LPSXOVH�UHVSRQVHV�� )LJXUH���SUHVHQWV�WKH�,5)V�GXH�WR�DQ�LQQRYDWLRQ�LQ�WKH�WUDQVLWRU\�PRQH\

JURZWK�VXSSO\�SURFHVV�� 7KLV�ILJXUH�FDQ�EH�FRPSDUHG�ZLWK�ILJXUH���VLQFH�WKH\�ERWK�FDSWXUH�WKH

OLTXLGLW\�HIIHFW�� ,Q�WKLV�FDVH�D�QHJDWLYH�PRQH\�JURZWK�VXSSO\�VKRFN�LQFUHDVHV�ERWK�QRPLQDO�DQG

UHDO�LQWHUHVW�UDWHV�DQG�GLVSOD\V�HYLGHQFH�RI�WKH��SULFH�SX]]OH��� 7KLV�LV�TXDOLWDWLYHO\�LGHQWLFDO�WR

WKH�,5)V�GLVSOD\HG�LQ�ILJXUH���REWDLQHG�XQGHU�DQ�DOWHUQDWLYH�LGHQWLILFDWLRQ�UHVWULFWLRQ���� )LJXUH

��GLVSOD\V�WKH�,5)V�GXH�WR�WKH�WUDQVLWRU\�PRQH\�JURZWK�GHPDQG�VKRFN�� 7KHVH�,5)V�FDQ�EH

FRPSDUHG� WR� WKRVH� LQ� ILJXUH� ��� $JDLQ� WKH� TXDOLWDWLYH� UHVXOWV� DUH� OHIW� XQFKDQJHG� E\� QHZ

LGHQWLILFDWLRQ�UHVWULFWLRQ�

'�� 5HFRQFLOLQJ�(DUO\�DQG�/DWHU�6WXGLHV

�������������������������������������������

�������� 7KH�,5)V�GXH�WR�WKH�SHUPDQHQW�VKRFN�DUH�LGHQWLFDO�LQ�ERWK�FDVHV�

��



7KLV� UREXVWQHVV� WR� WKH� SDUWLFXODU� UHVWULFWLRQ� XVHG� WR� LGHQWLI\� WKH� VKRUW�UXQ� RU� WUDQVLWRU\

LQQRYDWLRQV�VXJJHVWV�WKDW�WKH�LPSRUWDQW�LVVXH�LQ�LGHQWLI\LQJ�WKH�OLTXLGLW\�HIIHFW�LV�WKH�SHUPDQHQW

YHUVXV� WUDQVLWRU\� LQQRYDWLRQV� GLFKRWRP\�� )XUWKHU� HYLGHQFH� WKDW� WKLV� SHUPDQHQW�WUDQVLWRU\

GHFRPSRVLWLRQ�LV�WKH�UHOHYDQW�RQH�FDQ�EH�JOHDQHG�IURP�WKH�YDULDQFH�GHFRPSRVLWLRQV�� 0HOYLQ

�������DQG�5HLFKHQVWHLQ��������KDYH�IRXQG�WKDW�HYLGHQFH�RI�WKH�OLTXLGLW\�HIIHFW�YDQLVKHG�DURXQG

����������� 3ULRU�WR�WKLV�SHULRG�WKH�HYLGHQFH�ZDV�LQ�IDYRU�RI�D�OLTXLGLW\�HIIHFW�DV�LQ�&DJDQ�DQG

*DQGROIL��������DQG�*LEVRQ��������� :KDW�FRXOG�DFFRXQW�IRU�WKH�DSSDUHQW�GLVDSSHDUDQFH�RI�WKH

OLTXLGLW\�HIIHFW"

7DEOH���SUHVHQWV�WKH�GHFRPSRVLWLRQV�RI�WKH�IRUHFDVW�HUURU�YDULDQFH�IRU�PRQHWDU\�EDVH

JURZWK�IRU�WZR�VXE�SHULRGV������������DQG������������ ,W�LV�TXLWH�FOHDU�IURP�WKHVH�QXPEHUV�WKDW

SULRU�WR�������WUDQVLWRU\�PRQH\�JURZWK�VXSSO\�VKRFNV�ZHUH�D�PRUH�LPSRUWDQW�VRXUFH�RI�PRQH\

JURZWK�IOXFWXDWLRQV�WKDQ�VXFK�VKRFNV�KDYH�EHHQ�VLQFH�� ,Q�WKH�������������SHULRG�WUDQVLWRU\

PRQH\�JURZWK�VXSSO\�VKRFNV�H[SODLQHG�����RI�WKH�PRQH\�JURZWK�IRUHFDVW�HUURU�YDULDQFH�ZKLOH

LQ�WKH�������������SHULRG�WKHVH�VDPH�VKRFNV�RIWHQ�H[SODLQ�OHVV�WKDQ�����RI�WKH�PRQH\�JURZWK

YDULDQFH�� � 7KH�LPSOLFDWLRQ�RI�WKLV�IRU�WHVWV�RI�WKH�OLTXLGLW\�HIIHFW�VKRXOG�EH�REYLRXV�� ,Q�WKH

HDUO\�VXE�VDPSOH�WUDQVLWRU\�PRQH\�JURZWK�VXSSO\�VKRFNV�ZHUH��VWURQJHU��RU�PRUH�LPSRUWDQW

PDNLQJ�WKHLU�GHWHFWLRQ�E\�UHGXFHG�IRUP�PRGHOV�PXFK�HDVLHU�� $V�WKH�SHUPDQHQW�VKRFNV�EHFDPH

PRUH�GRPLQDQW�RYHU�WKH�ODWHU�VXE�VDPSOH�WKH�WUDQVLWRU\�PRQH\�JURZWK�VXSSO\�VKRFNV�EHFDPH

�������������������������������������������

�������� 7KH� GDWH� RI� GHPDUFDWLRQ� LV� QRW� FULWLFDO�� %DVHG� XSRQ� UHVXOWV� LQ�0HOYLQ� ������� DQG
5HLFKHQVWHLQ���������HDFK�\HDU�IURP������WR������ZDV�DQDO\]HG�DV�WKH�EUHDN�SRLQW�LQ�WKH�VDPSOH
ZLWK�QR�TXDOLWDWLYH�GLIIHUHQFH�LQ�WKH�UHVXOWV�� 7KH�UHVXOWV�SUHVHQWHG�DUH��KRZHYHU��WKH�VWURQJHVW
TXDQWLWDWLYHO\�

��



PRUH� GLIILFXOW� WR� GHWHFW� LQ� D� UHGXFHG� IRUP�PRGHO�� 7KXV� LW� LV� QRW� WKDW� WKH� OLTXLGLW\� HIIHFW

YDQLVKHG�DIWHU�D�SDUWLFXODU�WLPH�SHULRG��LW�KDV�VLPSO\�EHFRPH�PRUH�GLIILFXOW�WR�GHWHFW�

7DEOH���

9DULDQFH�'HFRPSRVLWLRQV�RI�0RQH\�*URZWK

)RUHFDVW�6WHS 3HUPDQHQW�6XSSO\�6KRFN 7UDQVLWRU\�6XSSO\�6KRFN

����������� ����������� ����������� �����������

� ����� ����� ����� ����

� ����� ����� ����� ����

� ����� ����� ����� ����

� ����� ����� ����� �����

�� ����� ����� ����� �����

�� ����� ����� ����� �����

�� ����� ����� ����� �����

�� ����� ����� ����� �����

�� ����� ����� ����� �����

��� ����� ����� ����� �����

9�� &RQFOXVLRQ

7KLV� VWXG\� KDV� XVHG� WKH� UHVWULFWLRQV� LPSOLHG� E\� WZR� FRPPRQ� PDFURHFRQRPLF� HTXLOLEULXP

UHODWLRQVKLSV�WR�UHGXFH�WKH�QXPEHU�RI�DG�KRF�UHVWULFWLRQV�QHFHVVDU\�WR�VWUXFWXUDOO\�LGHQWLI\�D

G\QDPLF�WLPH�VHULHV�PRGHO�RI�WKH�PRQHWDU\�EDVH�JURZWK��WKH�WKUHH�PRQWK�7�ELOO�LQWHUHVW�UDWH

DQG�WKH�&3,�LQIODWLRQ�UDWH�� 7KH�WZR�HTXLOLEULD�DUH�VXSSRUWHG�E\�WKH�HPSLULFDO�UHVXOWV�VXFK�WKDW

WZR� FRLQWHJUDWLRQ� YHFWRUV� H[LVW� EHWZHHQ� WKH� WKUHH� YDULDEOHV� DQG� WKH� VSDFH� VSDQQHG� E\� WKH

FRLQWHJUDWLRQ�YHFWRUV�LV�VWDWLVWLFDOO\�LGHQWLFDO�WR�WKDW�ZKLFK�LV�WKHRUHWLFDOO\�LPSOLHG�

��



7KH�PDLQ�UHVXOW� LV�WKDW�D�VWUXFWXUDO�9$5�EDVHG�XSRQ�WKH�FRLQWHJUDWLRQ�UHVXOWV�\LHOGV

LPSXOVH�UHVSRQVHV�WKDW�GHPRQVWUDWH�ERWK�WKH�OLTXLGLW\�HIIHFW�DQG�WKH�)LVKHU�HIIHFW�� 7KH�IRUPHU

LV�DVVRFLDWHG�ZLWK�WUDQVLWRU\�LQQRYDWLRQV�LQ�PRQH\�JURZWK�VXSSO\�ZKLOH�WKH�ODWWHU�LV�DVVRFLDWHG

ZLWK�SHUPDQHQW�LQQRYDWLRQV�LQ�PRQH\�JURZWK�� )XUWKHU�DQDO\VLV�ZDV�DOVR�DEOH�WR�UHFRQFLOH�WKH

GLYHUJHQW�UHVXOWV�RI�HDUO\�VWXGLHV�DQG�PRUH�UHFHQW�RQHV�� 6SHFLILFDOO\��VLQFH�WKH�HDUO\�����V�WKH

LPSRUWDQFH�RI�WKH�WUDQVLWRU\�PRQH\�JURZWK�VXSSO\�VKRFN�KDV�GLPLQLVKHG�LQ�LWV�DELOLW\�WR�H[SODLQ

PRQH\�JURZWK�FKDQJHV�ZKLOH�DW�WKH�VDPH�WLPH�WKH�LPSRUWDQFH�RI�WKH�SHUPDQHQW�LQQRYDWLRQ�KDV

ULVHQ�� 7KLV�LPSOLHV�WKDW�UHGXFHG�IRUP�PRGHOV�DUH�OHVV�FDSDEOH�RI�FDSWXULQJ�WKH�LPSRUWDQW�VRXUFH

RI�WKH�OLTXLGLW\�WKDQ�WKH\�RQFH�ZHUH�

��



5HIHUHQFHV

%DONH��1DWKDQ�6��DQG�.HQQHWK�0��(PHU\���8QGHUVWDQGLQJ�WKH�3ULFH�3X]]OH���ZRUNLQJ�SDSHU�
�����
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3DWWHUQ�RI�0RQHWDU\�(IIHFWV�RQ�,QWHUHVW�5DWHV���$PHULFDQ�(FRQRPLF�5HYLHZ���0D\���������������

&DOYR��*XLOOHUPR�$��DQG�/HRQDUGR�/HLGHUPDQ���2SWLPDO�,QIODWLRQ�7D[�8QGHU�3UHFRPPLWPHQW�
7KHRU\�DQG�(YLGHQFH���$PHULFDQ�(FRQRPLF�5HYLHZ������0DUFK����������������

&KULVWLDQR��/DZUHQFH�-����0RGHOLQJ�WKH�/LTXLGLW\�(IIHFW�RI�D�0RQHWDU\�6KRFN���)HGHUDO�5HVHUYH
%DQN�RI�0LQQHDSROLV��4XDUWHUO\�5HYLHZ������:LQWHU�������������

BBBBBBBBBB���,GHQWLILFDWLRQ�DQG�WKH�/LTXLGLW\�(IIHFW��$�&DVH�6WXG\���)HGHUDO�5HVHUYH�%DQN�RI
0LQQHDSROLV��4XDUWHUO\�5HYLHZ������0D\�-XQH�������������

BBBBBBBBBB�DQG�(LFKHQEDXP��0DUWLQ���,GHQWLILFDWLRQ�DQG�WKH�/LTXLGLW\�(IIHFW�RI�D�0RQHWDU\
6KRFN���LQ�3ROLWLFDO�(FRQRP\��*URZWK��DQG�%XVLQHVV�&\FOHV��$��&XNLHUPDQ��/�=��+HUFRZLW]��DQG
/��/LHGHUPDQ��HGV���&DPEULGJH��0$��0,7�3UHVV�������
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%HWZHHQ� 0RQH\� *URZWK� DQG� ,QWHUHVW� 5DWHV��� -RXUQDO� RI� %XVLQHVV� DQG� (FRQRPLF� 6WDWLVWLFV�� �
�-DQXDU\��������������

&ROHPDQ��:LOEXU� -RKQ� ,,,��&KULVWLDQ�*LOOHV� DQG� 3DPHOD� /DEDGLH�� �$�0RGHO� RI� WKH� )HGHUDO
)XQGV�0DUNHW���-RXUQDO�RI�(FRQRPLF�7KHRU\��������IRUWKFRPLQJ�

&RROH\��7KRPDV�)��DQG�*DU\�'��+DQVHQ���7KH�,QIODWLRQ�7D[�LQ�D�5HDO�%XVLQHVV�&\FOH�0RGHO��
$PHULFDQ�(FRQRPLF�5HYLHZ��������������������

��



&URZGHU��:LOOLDP�-����7KH�'\QDPLF�(IIHFWV�RI�$JJUHJDWH�'HPDQG�DQG�6XSSO\�'LVWXUEDQFHV�
$QRWKHU�/RRN���(FRQRPLFV�/HWWHUV���������������������

BBBBBBBBB�� �7KH�/RQJ�5XQ�/LQN�%HWZHHQ�0RQH\�*URZWK�DQG� ,QIODWLRQ���(FRQRPLF� ,QTXLU\�
IRUWKFRPLQJ��������

BBBBBBBBBB�DQG�'HQQLV�/��+RIIPDQ���7KH�/RQJ�5XQ�5HODWLRQVKLS�EHWZHHQ�1RPLQDO�,QWHUHVW
5DWHV�DQG� ,QIODWLRQ�� 7KH�)LVKHU�(TXDWLRQ�5HYLVLWHG���-RXUQDO� RI�0RQH\��&UHGLW�DQG�%DQNLQJ�
������������������

BBBBBBBBB��BBBBBBBBB�DQG�5REHUW�+��5DVFKH���,GHQWLILFDWLRQ�DQG�WKH�'\QDPLFV�RI�D�6PDOO
&RLQWHJUDWHG�6\VWHP���8QLYHUVLW\�RI�7H[DV�DW�$UOLQJWRQ��ZRUNLQJ�SDSHU���)HE��������

(QJOH��5REHUW�)���'DYLG�)��+HQGU\��DQG� -HDQ�)UDQFRLV�5LFKDUG�� �([RJHQHLW\���(FRQRPHWULFD�
�����������������

BBBBBBBBB�DQG�*UDQJHU��&OLYH�:��-����&R�,QWHJUDWLRQ�DQG�(UURU�&RUUHFWLRQ��5HSUHVHQWDWLRQ�
(VWLPDWLRQ��DQG�7HVWLQJ���(FRQRPHWULFD������0DUFK����������������
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5HYLHZ������-XQH����������������
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)LVKHU��,UYLQJ��7KH�7KHRU\�RI�,QWHUHVW��1HZ�<RUN��0DFPLOODQ�������
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��������������
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,QVWLWXWH�RI�0DWKHPDWLFDO�6WDWLVWLFV��8QLYHUVLW\�RI�&RSHQKDJHQ��SUHSULQW���-DQ��������

��
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-RKDQVHQ��6RUHQ���6WDWLVWLFDO�$QDO\VLV�RI�&RLQWHJUDWLRQ�9HFWRUV���-RXUQDO�RI�(FRQRPLF�'\QDPLFV

DQG�&RQWURO���������������������
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BBBBBBBBB�� BBBBBBBBBB�� -DPHV� +�� 6WRFN�� DQG� 0DUN� :��:DWVRQ�� �6WRFKDVWLF� 7UHQGV� DQG
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6WDWLVWLFDO�$VVRFLDWLRQ������'HFHPEHU������������������
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