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5HVHDUFK�DQG�)LQDQFH�6WXGLHV��$XVWUDOLDQ�3UXGHQWLDO�5HJXODWLRQ�$XWKRULW\


6\VWHP�6WDELOLW\�'HSDUWPHQW��5HVHUYH�%DQN�RI�$XVWUDOLD

7KH�DXWKRUV�ZRXOG�OLNH�WR�WKDQN�/XFL�(OOLV��%ULDQ�*UD\��'DYLG�*UXHQ��3KLOLS�/RZH
DQG�*HRII�6KXHWULP�IRU�KHOSIXO�FRPPHQWV��:H��QHYHUWKHOHVV�� UHWDLQ� UHVSRQVLELOLW\
IRU�DQ\�UHPDLQLQJ�HUURUV��7KH�YLHZV�H[SUHVVHG�KHUHLQ�DUH�WKRVH�RI�WKH�DXWKRUV�DQG
GR� QRW� QHFHVVDULO\� UHIOHFW� WKH� YLHZV� RI� WKH� 5HVHUYH� %DQN� RI� $XVWUDOLD� DQG� WKH
$XVWUDOLDQ�3UXGHQWLDO�5HJXODWLRQ�$XWKRULW\�
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$EVWUDFW

2YHU� WKH� SDVW� GHFDGH� YDOXH� DW� ULVN� �9D5�� KDV� EHFRPH� WKH� PRVW� ZLGHO\� XVHG
WHFKQLTXH�IRU�WKH�TXDQWLILFDWLRQ�RI�PDUNHW�ULVN�H[SRVXUH��9D5�LV�D�PHDVXUH�RI� WKH
SRWHQWLDO�ORVV�WKDW�PD\�RFFXU�IURP�DGYHUVH�PRYHV�LQ�PDUNHW�SULFHV��LQWHUHVW�UDWHV�
H[FKDQJH� UDWHV�� HTXLW\� SULFHV� DQG� VR� IRUWK��� 7KH� FDSDFLW\� IRU� D� 9D5�PHDVXUH� WR
DFFXUDWHO\�SUHGLFW�IXWXUH�ULVN�H[SRVXUHV�GHSHQGV�XSRQ�WKH�IRUHFDVWV�RI�WKH�YRODWLOLW\
RI�PDUNHW�UDWHV�DQG�WKH�FRUUHODWLRQV�EHWZHHQ�WKH�YDULRXV�PDUNHW�UDWHV��WKDW� LV�� WKH
YDULDQFH�FRYDULDQFH� PDWUL[�� LQFRUSRUDWHG� LQWR� WKH� 9D5� PRGHO�� ,Q� WKLV� SDSHU� ZH
ILUVW� SUHVHQW� WKH� UHVXOWV� RI� WHVWV� RI� WKH� VWDELOLW\� RI� WKH� YDULDQFHV�� FRYDULDQFHV� DQG
FRUUHODWLRQV� IRU�H[FKDQJH�UDWHV�DQG�$XVWUDOLDQ� LQWHUHVW� UDWHV��6HFRQGO\��ZH�DVVHVV
WKH� SHUIRUPDQFH� RI� VHYHUDO� WLPH�VHULHV� PRGHOV� WKDW� PD\� EH� XVHG� WR� IRUHFDVW� WKH
YDULDQFH�FRYDULDQFH�PDWUL[��,Q�SDUWLFXODU�WKUHH�PRGHOV�IRU�WKH�YDULDQFH�FRYDULDQFH
PDWUL[� DUH� FRQVLGHUHG�� HTXDOO\� ZHLJKWHG� KLVWRULFDO� YDULDQFHV� DQG� FRYDULDQFHV�
H[SRQHQWLDOO\� ZHLJKWHG� DYHUDJHV� RI� KLVWRULFDO� YDULDQFHV� DQG� JHQHUDOLVHG
DXWRUHJUHVVLYH�FRQGLWLRQDO�KHWHURVNHGDVWLFLW\��*$5&+���:H�FRQFOXGH�WKDW�VLPSOH
PRGHOV�SHUIRUP�DV�ZHOO�DV�WKHLU�PRUH�VRSKLVWLFDWHG�*$5&+�FRXQWHUSDUWV�

-(/�&ODVVLILFDWLRQ�1XPEHUV��&����(����*��
.H\ZRUGV��YDOXH�DW�ULVN��PDUNHW�ULVN��YRODWLOLW\��FRUUHODWLRQ��*$5&+
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7DEOH�RI�&RQWHQWV

�� ,QWURGXFWLRQ �

�� 6WDELOLW\�RI�WKH�9DULDQFH�FRYDULDQFH�0DWUL[ �

�� 0RGHOV�IRU�)RUHFDVWLQJ�WKH�9DULDQFH�FRYDULDQFH�0DWUL[ �

��� )L[HG�ZHLJKW�+LVWRULFDO �

��� ([SRQHQWLDO�6PRRWKLQJ �

��� 0XOWLYDULDWH�*$5&+ ��

�� )RUHFDVW�3HUIRUPDQFH ��

�� &RQFOXVLRQ ��

$SSHQGL[�$���6WDELOLW\�$QDO\VLV ��

$SSHQGL[�%���&RQGLWLRQDO�&RUUHODWLRQ�$QDO\VLV ��

$SSHQGL[�&���)RUHFDVW�3HUIRUPDQFH ��

5HIHUHQFHV ��
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��� ,QWURGXFWLRQ

2YHU� WKH� SDVW� GHFDGH� YDOXH� DW� ULVN� �9D5�� KDV� EHFRPH� WKH� PRVW� ZLGHO\� XVHG
WHFKQLTXH�IRU�WKH�TXDQWLILFDWLRQ�RI�PDUNHW�ULVN�H[SRVXUH��)URP�-DQXDU\������EDQNV
LQ�$XVWUDOLD�KDYH�EHHQ�SHUPLWWHG��VXEMHFW�WR�D�UDQJH�RI�FRQGLWLRQV��WR�XVH�WKHLU�9D5
PRGHOV�DV�WKH�EDVLV�IRU�GHWHUPLQLQJ�WKH�FDSLWDO�WKDW�LV�UHTXLUHG�WR�FRYHU�PDUNHW�ULVN
H[SRVXUH�� 9D5� LV� D� PHDVXUH� RI� WKH� SRWHQWLDO� ORVV� WKDW� PD\� RFFXU� IURP� DGYHUVH
PRYHV�LQ�PDUNHW�SULFHV��LQWHUHVW�UDWHV��H[FKDQJH�UDWHV��HTXLW\�SULFHV�DQG�VR�IRUWK��
6SHFLILFDOO\�LW�LV�WKH�GROODU�DPRXQW�WKDW�SRUWIROLR�ORVVHV�DUH�QRW�H[SHFWHG�WR�H[FHHG�
ZLWK� D� VSHFLILHG� GHJUHH� RI� VWDWLVWLFDO� FRQILGHQFH�� RYHU� D� SUH�VSHFLILHG� SHULRG� RI
WLPH�� 7KHUH� DUH� D� QXPEHU� RI� GLIIHUHQW� PHWKRGRORJLHV� XVHG� WR� FDOFXODWH� 9D5
�&DVVLG\� DQG� *L]\FNL� ������� SURYLGH� D� GLVFXVVLRQ� RI� WKHVH� PRGHOV��� 7KH� PRVW
ZLGHO\� XVHG� PHWKRG� LV� WKDW� NQRZQ� DV� WKH� YDULDQFH�FRYDULDQFH� DSSURDFK�� 7KLV
DSSURDFK� LV� EDVHG� RQ� WKH� VLPSOLI\LQJ� DVVXPSWLRQ� WKDW� ILQDQFLDO�DVVHW� UHWXUQV� DUH
QRUPDOO\�GLVWULEXWHG�DQG�KHQFH�� WKH�VWDWLVWLFDO�GLVWULEXWLRQ�RI� WKHVH� UHWXUQV�FDQ�EH
FRPSOHWHO\� GHVFULEHG� E\� WKH�PHDQ� RI� WKH�PDUNHW� UHWXUQV�� WKH� YDULDQFH� RI�PDUNHW
UHWXUQV� DQG� WKH� FRUUHODWLRQV� EHWZHHQ� WKH� YDULRXV� PDUNHW� UDWHV� �WKDW� LV�� WKH
YDULDQFH�FRYDULDQFH�PDWUL[��

7KH�FDSDFLW\� IRU� D�YDULDQFH�FRYDULDQFH�9D5�PHDVXUH� WR�DFFXUDWHO\�SUHGLFW� IXWXUH
ULVN� H[SRVXUHV� GHSHQGV� XSRQ� WKH� TXDOLW\� RI� IRUHFDVWV� RI� WKH� YDULDQFH�FRYDULDQFH
PDWUL[�LQFRUSRUDWHG�LQWR�WKH�9D5�PRGHO��,Q�WKLV�SDSHU�ZH�ILUVW�SUHVHQW�WKH�UHVXOWV�RI
WHVWV� RI� WKH� VWDELOLW\� RI� WKH� YDULDQFHV�� FRYDULDQFHV� DQG� FRUUHODWLRQV� IRU� H[FKDQJH
UDWHV� DQG� $XVWUDOLDQ� LQWHUHVW� UDWHV�� 1H[W� ZH� DVVHVV� WKH� SHUIRUPDQFH� RI� VHYHUDO
WLPH�VHULHV�PRGHOV�WKDW�PD\�EH�XVHG�WR�IRUHFDVW�WKH�YDULDQFH�FRYDULDQFH�PDWUL[��LQ
SDUWLFXODU� WKUHH�PRGHOV� IRU� WKH�YDULDQFH�FRYDULDQFH�PDWUL[�DUH�FRQVLGHUHG��VLPSOH
KLVWRULFDO� YDULDQFHV�� H[SRQHQWLDOO\� ZHLJKWHG� DYHUDJHV� RI� KLVWRULFDO� YDULDQFHV
�ZKHUH�WKH�ZHLJKWV�DUH�SURJUHVVLYHO\�VPDOOHU� IRU�REVHUYDWLRQV� IXUWKHU� LQ�WKH�SDVW�
DQG� JHQHUDOLVHG� DXWRUHJUHVVLYH� FRQGLWLRQDO� KHWHURVNHGDVWLFLW\� �*$5&+�� PRGHOV�
:KLOH�PRVW�$XVWUDOLDQ�EDQNV�XVH�WKH�VLPSOHU�PRGHOV��SDVW��REVHUYHG�YDULDQFHV�RU
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H[SRQHQWLDOO\�ZHLJKWHG�PRYLQJ�DYHUDJHV��WKHUH�DUH�VRPH�EDQNV�WKDW�XVH�WKH�PRUH
FRPSOH[�*$5&+�DSSURDFKHV�ZLWKLQ� WKHLU� ULVN�PHDVXUHPHQW�PRGHOV�� 7KLV� SDSHU
LQYHVWLJDWHV�WKH�EHQHILWV�RI�WKH�PRUH�VRSKLVWLFDWHG�DSSURDFKHV�

��� 6WDELOLW\�RI�WKH�9DULDQFH�FRYDULDQFH�0DWUL[

7KH�VWDQGDUG�DSSURDFK��ZKHQ�XVLQJ�WKH�YDULDQFH�FRYDULDQFH�PHWKRG�RI�HVWLPDWLQJ
9D5�� LV� WR�XVH�KLVWRULFDO�YDULDQFHV�DQG� FRYDULDQFHV�DV� WKH� IRUHFDVWV� RI� WKH� IXWXUH
YDULDQFH�FRYDULDQFH� PDWUL[�� 7KLV� DSSURDFK� DVVXPHV� WKDW� WKH� YDULDQFHV� DQG
FRYDULDQFHV�DUH�FRQVWDQW�RYHU�WKH�SHULRG�RI�HVWLPDWLRQ�DQG�IRUHFDVW�

:H�WHVW�WKLV�DVVXPSWLRQ�XVLQJ�GDLO\�GDWD�IRU�ZRUNLQJ�GD\V�IURP����'HFHPEHU�����
WR� ��� 2FWREHU� ������ 1LQH� IRUHLJQ� H[FKDQJH� UDWH� UHWXUQV� DQG� HLJKW� LQWHUHVW� UDWH
UHWXUQ�VHULHV�DUH�XVHG��

)LJXUH���VKRZV�WKH�FRUUHODWLRQ�EHWZHHQ�VHOHFWHG�SDLUV�RI�H[FKDQJH�UDWH�UHWXUQV�DQG
LQWHUHVW� UDWH� FKDQJHV�� &RUUHODWLRQV� FDOFXODWHG� XVLQJ� PRYLQJ� ZLQGRZV� RI
����DQG�������ZRUNLQJ�GD\V��WKDW�LV��DSSUR[LPDWHO\�RQH�DQG�ILYH�\HDUV��DUH�VKRZQ�
7KHVH� JUDSKV� LQGLFDWH�� SDUWLFXODUO\�ZKHQ� VKRUWHU�ZLQGRZ� OHQJWKV� DUH� FRQVLGHUHG�
WKDW�FRUUHODWLRQV�PRYH�FRQVLGHUDEO\�WKURXJK�WLPH�

7R� IRUPDOO\� WHVW� WKLV� LPSUHVVLRQ� WKH� JOREDO� WHVW� IRU� D� FRQVWDQW� XQFRQGLWLRQDO
FRUUHODWLRQ�FRYDULDQFH� PDWUL[� DV� RXWOLQHG� LQ� -HQULFK� ������� LV� DSSOLHG�� 7KLV� WHVW
TXDQWLILHV�WKH�GLIIHUHQFH�EHWZHHQ�WZR�PDWULFHV�YLD�WKH�WUDFH�RI�D�UHODWLYH�GLIIHUHQFH
PDWUL[�� WKH� UHODWLYH� GLIIHUHQFH� PDWUL[� EHLQJ� WKH� GLIIHUHQFH� EHWZHHQ� WKH� WZR

����������������������������������������
� 7KH�H[FKDQJH�UDWHV�DUH�WKH�$XVWUDOLDQ�GROODU�DJDLQVW� WKH�86�GROODU��*HUPDQ�PDUN��&DQDGLDQ

GROODU��)UHQFK�IUDQF��%ULWLVK�SRXQG��-DSDQHVH�\HQ��1HZ�=HDODQG�GROODU��6ZLVV�IUDQF�DQG�'XWFK
JXLOGHU��7KH�IRUHLJQ�H[FKDQJH�VHULHV�DUH�WKH�LQGLUHFW�UDWHV��WKDW�LV��UDWHV�DUH�H[SUHVVHG�LQ�WHUPV
RI� WKH� IRUHLJQ�FXUUHQF\�YDOXH�RI�RQH�$XVWUDOLDQ�GROODU���7KH� LQWHUHVW� UDWHV�DUH� WKH�RYHUQLJKW
FDVK� UDWH�� WKH� ���� ��� DQG� ����GD\� EDQN� DFFHSWHG� ELOO� UDWHV�� DQG� WKH� ��� ��� �� DQG� ���\HDU
7UHDVXU\�ERQG�\LHOGV��5HWXUQV�DUH�FDOFXODWHG�DV�SURSRUWLRQDO�FKDQJHV�LQ�XQGHUO\LQJ�UDWHV�



�

)LJXUH����&RUUHODWLRQ�6WDELOLW\
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��\HDU�ERQG
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�����GD\�ZLQGRZ����GD\�ZLQGRZ

PDWULFHV� GLYLGHG� E\� WKHLU� VXP��� )LUVWO\�� ZLWKLQ�DVVHW� FODVV� FRYDULDQFHV� DQG
FRUUHODWLRQV�DUH�FRQVLGHUHG��7KH�XQFRQGLWLRQDO�FRYDULDQFH�DQG�FRUUHODWLRQ�PDWULFHV
IRU�WKH�QLQH�IRUHLJQ�H[FKDQJH�UHWXUQ�VHULHV�DQG�WKH�HLJKW�LQWHUHVW�UDWH�UHWXUQ�VHULHV

����������������������������������������
�� $�YDULDQFH�FRYDULDQFH�PDWUL[�ZLWK�GLPHQVLRQ�S�KDV�S�S��������S�LQGHSHQGHQW�HOHPHQWV�

EXW� WKH� FRUUHVSRQGLQJ� FRUUHODWLRQ�PDWUL[� KDV� RQO\� S�S������ LQGHSHQGHQW� HOHPHQWV� VLQFH� LWV
GLDJRQDO�HOHPHQWV�DUH�DOO�XQLW\��7KH�-HQULFK�WHVW�KDV��LQ�HDFK�FDVH��DQ�DV\PSWRWLF�FKL�VTXDUHG
GLVWULEXWLRQ� ZLWK� WKH� QXPEHU� RI� GHJUHHV� RI� IUHHGRP� HTXDO� WR� WKH� QXPEHU� RI� LQGHSHQGHQW
HOHPHQWV�LQ�WKH�PDWUL[��)RU�WHVWLQJ�WKH�HTXDOLW\�RI�WKH�FRUUHODWLRQ�PDWUL[�WKH�WHVW�VWDWLVWLF�KDV
WKH�IRUP�
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M�LLM UUG6 +=

ZKHUH�WKH�5V�GHQRWH�VDPSOH�FRUUHODWLRQV��GJ�WKH�GLDJRQDO�RSHUDWRU��Q��DQG�Q��WKH�OHQJWK�RI�GDWD

XVHG�WR�HVWLPDWH�PDWULFHV�5��DQG�5�� UHVSHFWLYHO\�DQG�dLM� WKH�NURQHFNHU�GHOWD� �RQH� LI� L M�DQG

]HUR�RWKHUZLVH���,I�WKH�VDPSOH�FRUUHODWLRQV�DUH�UHSODFHG�E\�VDPSOH�FRYDULDQFHV��WKH�ILUVW�WHUP
LQ�WKH�HTXDWLRQ�DERYH�EHFRPHV�WKH�WHVW�IRU�VWDELOLW\�RI�FRYDULDQFHV��7KH�VHFRQG�WHUP�LV�KHQFH�
D�FRUUHFWLRQ�HPSOR\HG�ZKHQ�WHVWLQJ�FRUUHODWLRQ�PDWULFHV�
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DUH� DQDO\VHG� VHSDUDWHO\�� 7KH� IXOO� VDPSOH� ZDV� EURNHQ� LQWR� VHSDUDWH� IL[HG�OHQJWK
VXE�SHULRGV�� 7KH� -HQULFK� WHVW� LV� WKHQ� DSSOLHG� WR� WHVW� WKH� HTXDOLW\� RI� HDFK� SDLU� RI
PDWULFHV� FDOFXODWHG� IURP� DGMDFHQW� VXE�SHULRGV�� 7KH� DQDO\VLV� ZDV� UHSHDWHG� IRU
VXE�SHULRG�OHQJWKV�UDQJLQJ�EHWZHHQ�����DQG�������GD\V�

7KH� DQDO\VLV� ZDV� FRQGXFWHG� IRU� WKH� IXOO� IRUHLJQ� H[FKDQJH� DQG� LQWHUHVW� UDWH
FRYDULDQFH�PDWULFHV�DQG�DOVR�IRU�VXEVHWV�RI�WKHVH�PDWULFHV��7KH�VXEVHWV�FRQVLGHUHG
ZHUH�WKH�$XVWUDOLDQ�GROODU�DJDLQVW�WKH�86�GROODU��-DSDQHVH�\HQ��*HUPDQ�PDUN�DQG
%ULWLVK� SRXQG� �PDMRU� FXUUHQFLHV��� DQG� WKH�$XVWUDOLDQ� GROODU� DJDLQVW� WKH�&DQDGLDQ
GROODU��)UHQFK�IUDQF��'XWFK�JXLOGHU�DQG�1HZ�=HDODQG�GROODU� �RWKHU�FXUUHQFLHV�� LQ
WKH� FDVH� RI� IRUHLJQ� H[FKDQJH�� )RU� WKH� LQWHUHVW� UDWH� VHULHV� WKH� VXEVHWV� ZHUH� WKH
7UHDVXU\�ERQG�\LHOGV�IRU�RQH��WZR��ILYH�DQG�WHQ�\HDUV��ERQG�\LHOGV���DQG�WKH�\LHOGV
RQ�EDQN� DFFHSWHG�ELOOV� RI� ���� ��� DQG�����GD\�PDWXULWLHV� LQ� FRQMXQFWLRQ�ZLWK� WKH
RYHUQLJKW�FDVK�UDWH��GLVFRXQW�VHFXULWLHV���7KH�QXPEHUV�UHSRUWHG�LQ�7DEOH���DUH�WKH
SURSRUWLRQ�RI�WLPHV�D�JLYHQ�FRYDULDQFH�RU�FRUUHODWLRQ�PDWUL[�ZDV�IRXQG�WR�EH�HTXDO
WR� WKH� PDWUL[� HVWLPDWHG� IURP� WKH� IROORZLQJ� FRQVHFXWLYH� VXE�SHULRG� RI� GDWD
�DW�D���SHU�FHQW�OHYHO�RI�VLJQLILFDQFH��

7DEOH����3URSRUWLRQ�RI�6WDEOH�&RPSDULVRQV
3HU�FHQW

:LQGRZ�OHQJWK &RYDULDQFHV &RUUHODWLRQV &RYDULDQFHV &RUUHODWLRQV &RYDULDQFHV &RUUHODWLRQV

)RUHLJQ�H[FKDQJH $OO�VHULHV 0DMRU�FXUUHQFLHV 2WKHU�FXUUHQFLHV

����GD\ � � �� �� � ��

����GD\ � � � �� � �

����GD\ � � �� �� � �

����GD\ � � � � � �

������GD\ � � � ��� � �

,QWHUHVW�UDWHV $OO�VHULHV %RQG�\LHOGV 'LVFRXQW�VHFXULWLHV

����GD\ � � � �� � ��

����GD\ � � � �� � �

����GD\ � � � � � �

����GD\ � � � � � �

������GD\ � � � � � �
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,W� FDQ�EH� VHHQ� WKDW� WKH� SURSRUWLRQ� RI� FRPSDULVRQV� IRXQG� WR� EH� HTXDO� LV� ORZ��7KH
UHVXOWV�LQGLFDWH�WKDW�WKH�FRUUHODWLRQ�DQG�FRYDULDQFH�PDWULFHV�DUH�IDU�IURP�FRQVWDQW�
,Q� RQO\� RQH� FDVH� ZDV� WKH� FRUUHODWLRQ� PDWUL[� VWDEOH� RYHU� WKH� IXOO� VDPSOH� SHULRG�
7KHUH� LV� VRPH� WHQGHQF\� IRU� FRUUHODWLRQV� WR� EH� UHODWLYHO\� PRUH� VWDEOH� WKDQ
FRYDULDQFHV��7R�VRPH�H[WHQW�WKLV�LV�WR�EH�H[SHFWHG�VLQFH�FRYDULDQFHV�UHIOHFW�QRW�MXVW
WKH�UHODWLRQ�EHWZHHQ�WZR�VHULHV�EXW�WKH�YDULDQFHV�RI�WKH�VHULHV�DV�ZHOO��7R�WKH�H[WHQW
WKDW� YDULDQFHV� DUH� QRW� VWDEOH� WKLV�ZLOO� EH� UHIOHFWHG� LQ� WKH� FRYDULDQFHV� EXW� QRW� WKH
FRUUHODWLRQV�

7KH� VWDWLVWLFDO� VLJQLILFDQFH� RI� WKH� GLIIHUHQFH� LQ� WKH� PDWULFHV� DSSHDUV� WR� EH� DQ
LQFUHDVLQJ� IXQFWLRQ� RI� WKH� OHQJWK� RI� WKH� VXE�SHULRG� FRPSDUHG�� 7KLV� FRXOG� EH
LQGLFDWLYH�RI�D�JUDGXDO�FKDQJH�LQ�WKH�WUXH�FRYDULDQFH�PDWUL[�RYHU�WLPH��,W�FDQ�DOVR
EH�VHHQ�WKDW�LQVWDELOLW\�LV�UHODWHG�WR�WKH�GLPHQVLRQ�RI�WKH�FRYDULDQFH�PDWUL[��7HVWLQJ
ZDV�FDUULHG�RXW�RQ�YDULRXV�ELYDULDWH�PDWULFHV�WR�LVRODWH�DQ\�SRWHQWLDO�RXWOLHU�ZLWKLQ
WKH� IXOO�PDWUL[��$SSHQGL[�$� UHSRUWV� WKH�SURSRUWLRQ� RI� VWDEOH� FRPSDULVRQV� IRU� WKH
ELYDULDWH�FRYDULDQFHV�DQG�FRUUHODWLRQV��7KH�86'�$8'�DQG�'(0�$8'�FRYDULDQFH
PDWUL[�DQG�WKH����GD\�EDQN�DFFHSWHG�ELOO�DQG�RYHUQLJKW�FDVK�UDWH�FRYDULDQFH�PDWUL[
DSSHDU�WR�EH�OHVV�VWDEOH�WKDQ�WKH�RWKHU�ELYDULDWH�V\VWHPV��+RZHYHU��UHPRYLQJ�WKHVH
IURP� WKH� IXOO� DQDO\VLV� KDG� QR� VXEVWDQWLDO� HIIHFW�� :LWK� WKH� ELYDULDWH� V\VWHPV� WKH
SURSRUWLRQ� RI� VWDEOH� PDWULFHV� LV� GUDPDWLFDOO\� LQFUHDVHG�� 7KXV� LW� VHHPV� WKDW� WKH
JUHDWHU� WKH� QXPEHU� RI� ILQDQFLDO�DVVHW� UHWXUQV� WKDW� D� EDQN� LV� H[SRVHG� WR� WKH� OHVV
VWDEOH�ZLOO�EH�WKH�DVVRFLDWHG�YDULDQFH�FRYDULDQFH�PDWUL[�

2XU� UHVXOWV� DUH� FRQVLVWHQW�ZLWK�.DSODQLV� ������� LQ� WKDW� WKH� FRUUHODWLRQ�PDWUL[� LV
UHODWLYHO\� PRUH� VWDEOH� WKDQ� WKH� FRYDULDQFH� PDWUL[�� .DSODQLV�� KRZHYHU�� IRXQG
HYLGHQFH�RI�D�FRQVWDQW�FRUUHODWLRQ�PDWUL[�RYHU�DGMDFHQW����PRQWK�SHULRGV� IRU� WHQ
VWRFN� PDUNHWV¶� PRQWKO\� UHWXUQV� RYHU� WKH� SHULRG� IURP� ����±������ /RQJLQ� DQG
6ROQLN��������ILQG�WKH�XQFRQGLWLRQDO�FRUUHODWLRQ�PDWUL[�RI�PRQWKO\�H[FHVV�UHWXUQV
IRU�VHYHQ�FRXQWULHV¶�VKDUH�SULFH�LQGLFHV�WR�EH�XQVWDEOH�RYHU�SHULRGV�RI� ILYH�\HDUV�
6KHHG\��������DSSOLHG�WKH�VDPH� WHVW� WR�HTXLW\� LQGH[�GDWD� IRU� WKH�86��8.��-DSDQ�
*HUPDQ\�DQG�WKH�:RUOG�,QGH[�DQG�IRUHLJQ�FXUUHQF\�UHWXUQV�FRYHULQJ�WKH�86�GROODU
DJDLQVW�WKH�%ULWLVK�SRXQG��-DSDQHVH�\HQ��*HUPDQ�PDUN�� WKH�%ULWLVK�SRXQG�DJDLQVW
WKH� -DSDQHVH� \HQ� DQG� *HUPDQ� PDUN�� DQG� WKH� -DSDQHVH� \HQ� DJDLQVW� WKH
*HUPDQ�PDUN��+HU�UHVXOWV��ZLWK�UHVSHFW�WR�WKH�HTXLW\�GDWD��SURYLGH�PL[HG�HYLGHQFH
IRU� WKH� VWDELOLW\� RI� WKH� FRUUHODWLRQ�PDWUL[�� 6KH� UHSRUWV�� KRZHYHU�� WKDW� WKH� IRUHLJQ
H[FKDQJH� GDWD� FRQVLVWHQWO\� UHMHFW� WKH� K\SRWKHVLV� RI� FRQVWDQW� FRUUHODWLRQ�� 7KLV� LV
FRQVLVWHQW�ZLWK�RXU�ILQGLQJV�
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:KHQ�FDOFXODWLQJ� WKH�9D5�PHDVXUHV� LW� LV� FRPPRQ�SUDFWLFH�DPRQJ�EDQNV� WR� WDNH
IXOO�DFFRXQW�RI�FRUUHODWLRQV�ZLWKLQ�DVVHW�FODVVHV��IRU�H[DPSOH��DFURVV�D�QXPEHU�RI
H[FKDQJH� UDWHV� RU� FRPPRGLW\� SULFHV�� EXW� WR� PDNH� PRUH� VLPSOLVWLF� DVVXPSWLRQV
DERXW� FRUUHODWLRQV� DFURVV� DVVHW� FODVVHV� �WKDW� LV�� EHWZHHQ� H[FKDQJH� UDWHV�� LQWHUHVW
UDWHV��HTXLW\� UHWXUQV�DQG�FRPPRGLW\� UHWXUQV��� )RU� H[DPSOH�� WKH�%DVOH�&RPPLWWHH
RQ� %DQNLQJ� 6XSHUYLVLRQ� SURKLELWHG� WKH� XVH� RI� HPSLULFDO� FRUUHODWLRQV� ZKHQ
DJJUHJDWLQJ� ULVN� H[SRVXUHV� DFURVV� DVVHW� FODVVHV� LQ� WKHLU� LQLWLDO� SURSRVDOV� WR� DOORZ
EDQNV�WR�XVH�LQWHUQDOO\�GHYHORSHG�9D5�PRGHOV�WR�GHWHUPLQH�UHTXLUHG�FDSLWDO��2QH
FRPPRQO\�FLWHG�UDWLRQDOH�IRU�WKLV�DSSURDFK�LV�WKDW�ZKLOH�UHOLDQFH�PD\�EH�SODFHG�RQ
ZLWKLQ� DVVHW� FODVV� FRUUHODWLRQV�� FRUUHODWLRQV� DFURVV� DVVHW� FODVVHV� DUH� FRQVLGHUDEO\
PRUH�XQVWDEOH�

7R�H[DPLQH�WKLV�SURSRVLWLRQ�ZH�H[DPLQHG�WKH�VWDELOLW\�RI�D�VHOHFWLRQ�RI�FRUUHODWLRQV
DQG� FRYDULDQFHV� EHWZHHQ� H[FKDQJH� UDWHV�� LQWHUHVW� UDWHV� DQG� HTXLW\� SULFHV� �WKH
$OO�2UGLQDULHV�,QGH[���7KH�UHVXOWV��VKRZQ�LQ�7DEOH����DUH�QRW�VLJQLILFDQWO\�GLIIHUHQW
IURP�WKH�ZLWKLQ�DVVHW�FODVV�ELYDULDWH�DQDO\VLV��$FURVV�FODVV�FRUUHODWLRQV�DSSHDU� WR
EH�QHLWKHU�V\VWHPDWLFDOO\�PRUH�RU�OHVV�VWDEOH�WKDQ�FRUUHODWLRQV�ZLWKLQ�DVVHW�FODVVHV
�ERWK�LQ�WHUPV�RI�WKH�SURSRUWLRQ�RI�VWDEOH�FRPSDULVRQV�DQG�WKH�DYHUDJH�PDJQLWXGH
RI� GLIIHUHQFHV� EHWZHHQ�PDWULFHV� RYHU� WLPH�� DV�PHDVXUHG�E\� WKH� -HQULFK� VWDWLVWLF��
7KLV� VXSSRUWV� WKH�$XVWUDOLDQ�3UXGHQWLDO�5HJXODWLRQ�$XWKRULW\¶V� DSSURDFK� WRZDUGV
EDQNV¶� LQWHUQDOO\�GHYHORSHG� 9D5�PRGHOV� WKDW� PD\� EH� XVHG� IRU� FDSLWDO�DGHTXDF\
SXUSRVHV� ZKLFK� GRHV� QRW� GUDZ� DQ\� GLVWLQFWLRQ� EHWZHHQ� DFURVV�FODVV� DQG
ZLWKLQ�FODVV�FRUUHODWLRQV�
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7DEOH����3URSRUWLRQ�RI�6WDEOH�&RPSDULVRQV�±�$FURVV�$VVHW�&ODVVHV
3HU�FHQW

&RYDULDQFHV &RUUHODWLRQV

:LQGRZ�OHQJWK� ��� ��� ��� ��� ����� ��� ��� ��� ��� �����
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)LYH�\HDU�ERQG �� �� �� � � ��� ��� �� �� ���
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)LYH�\HDU�ERQG �� �� �� �� � ��� ��� �� �� ���
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$OO�2UGLQDULHV�YHUVXV

%$%����GD\ �� �� �� � � �� �� �� �� ���

2QH�\HDU�ERQG �� �� �� �� � ��� �� �� �� �

7HQ�\HDU�ERQG �� �� �� �� � �� �� �� �� �
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��� 0RGHOV�IRU�)RUHFDVWLQJ�WKH�9DULDQFH�FRYDULDQFH�0DWUL[

7KH� DSSDUHQW� LQVWDELOLW\� RI� WKH� XQFRQGLWLRQDO� FRYDULDQFH�PDWUL[� VXJJHVWV� WKDW� WKH
KLVWRULFDO� FRYDULDQFH� DSSURDFK� ZLOO� EH� DQ� LQDFFXUDWH� HVWLPDWRU� RI� WKH� WUXH
YDULDQFH�FRYDULDQFH�PDWUL[��7KHUHIRUH��PRUH�FRPSOH[�PRGHOV�RI� WKH�HYROXWLRQ�RI
WKH�YDULDQFH�FRYDULDQFH�PDWUL[�PD\�EH�UHTXLUHG�ZKHQ�IRUHFDVWLQJ�ULVN�H[SRVXUHV�

7KH�WKUHH�FODVVHV�RI�PRGHOV�WKDW�ZH�LQYHVWLJDWH�DUH�WKH�HTXDOO\�ZHLJKWHG�KLVWRULFDO
DSSURDFK�� WKH�H[SRQHQWLDOO\�ZHLJKWHG�PRYLQJ�DYHUDJH�DSSURDFK�DQG�WKH�*$5&+
DSSURDFK�� 7KHUH� DUH� PDQ\� RWKHU� W\SHV� RI� PRGHOV� WKDW� PD\� EH� XVHG�� :H� KDYH�
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KRZHYHU�� UHVWULFWHG� RXUVHOYHV� WR� WKRVH� PRGHOV� �DQG� VLPSOH� YDULDWLRQV� RI� WKRVH
PRGHOV��WKDW�DUH�FXUUHQWO\�XVHG�E\�$XVWUDOLDQ�EDQNV�

7KH� SUHYLRXV� VHFWLRQ¶V� VWDELOLW\� WHVWLQJ� ZDV� EDVHG� RQ� VWDQGDUG� FRYDULDQFH� DQG
FRUUHODWLRQ�PHDVXUHV�ZKLFK� WDNH� DFFRXQW� RI� HDFK� VHULHV¶� VDPSOH�PHDQ� RYHU� HDFK
VXE�SHULRG�� ,Q� WKH� DQDO\VLV� WKDW� IROORZV� LW� LV� DVVXPHG� WKDW� HDFK� ILQDQFLDO� UHWXUQ
VHULHV�KDV�D�]HUR�PHDQ��7KLV�DVVXPSWLRQ�LV�D�FRPPRQO\�XVHG�PDUNHW�SUDFWLFH�ZKHQ
PHDVXULQJ�PDUNHW�ULVN�H[SRVXUHV��)URP�D�WKHRUHWLFDO�SHUVSHFWLYH�WKH�PHDQ�LV�ERWK
FORVH� WR� ]HUR� DQG� SURQH� WR� HVWLPDWLRQ� HUURU�� WKXV�� HVWLPDWHV� RI� WKH
YDULDQFH�FRYDULDQFH�PDWUL[�PD\�EH�PDGH�ZRUVH�E\�WKH�LQFOXVLRQ�RI�DQ� LQDFFXUDWH
HVWLPDWH� RI� WKH� PHDQ� �VHH� )LJOHZVNL� ��������� ,I� WKH� VWDQGDUG� IRUPXOD� IRU� WKH
YDULDQFHV� DQG� FRYDULDQFHV� LV� FRQVLGHUHG� WKH� VTXDUHG� UHWXUQ� FRPSRQHQW� LV� RI� WKH
RUGHU�����WR�������WLPHV�JUHDWHU�WKDQ�WKH�PHDQ�FRPSRQHQW��KHQFH��WKH�LQFOXVLRQ�RI
WKH�HVWLPDWH�RI�WKH�PHDQV�ZLOO�QRW�PDNH�D�VLJQLILFDQW�GLIIHUHQFH�

:KLOH� VHYHUDO� EDQNV�� LQ� WKHLU� LPSOHPHQWDWLRQ� RI� D� 9D5� PRGHO�� UH�HVWLPDWH� WKH
YDULDQFH�FRYDULDQFH�PDWUL[�GDLO\�� LW� LV� FRPPRQ�SUDFWLFH� LQ�RWKHU�EDQNV� WR�XSGDWH
WKH�YDULDQFH�FRYDULDQFH�PDWUL[� RQO\� RQFH� D� TXDUWHU��$V� D� UHVXOW�ZH� FRQVLGHU� WZR
VHWV� RI� IRUHFDVWV�� WKH� RQH�GD\�DKHDG� IRUHFDVWV� DQG� WKH� IRUHFDVW� DYHUDJH� YDULDQFHV
DQG�FRYDULDQFHV�RYHU�WKH�TXDUWHU�DKHDG�

���� )L[HG�ZHLJKW�+LVWRULFDO

7KH� IL[HG�ZHLJKW� DSSURDFK� DVVXPHV� WKDW� UHWXUQ� FRYDULDQFHV� DQG� YDULDQFHV� DUH
FRQVWDQW� RYHU� WKH� VDPSOH� SHULRG�� 2XU� ILQGLQJ� RI� LQVWDELOLW\� LQ� WKH
YDULDQFH�FRYDULDQFH�PDWUL[�LQGLFDWHV�WKDW�WKLV�LV�QRW�D�JRRG�DVVXPSWLRQ��+RZHYHU�
LW�LV�ZLGHO\�XVHG�RQ�VLPSOLFLW\�JURXQGV��8VLQJ�WKLV�DSSURDFK��HDFK�HOHPHQW�LQ�WKH
YDULDQFH�FRYDULDQFH�PDWUL[�FDQ�EH�UHSUHVHQWHG�E\�
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ZKHUH�UL�W�V�UHSUHVHQWV�WKH�PDUNHW�UHWXUQ�IRU�DVVHW�L�EHWZHHQ�GD\V�W�V���DQG�W�V�
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���� ([SRQHQWLDO�6PRRWKLQJ

5DWKHU� WKDQ� SODFLQJ� HTXDO� ZHLJKW� RQ� SDVW� REVHUYDWLRQV�� H[SRQHQWLDO� VPRRWKLQJ
SODFHV� PRUH� ZHLJKW� RQ� WKH� PRVW� UHFHQW�� 7KLV� DSSURDFK� ZDV� SRSXODULVHG� E\
-3�0RUJDQ� LQ� WKHLU�5LVN0HWULFV�9D5�PRGHO� �-3�0RUJDQ�DQG�5HXWHUV���������7KH
H[SRQHQWLDOO\� ZHLJKWHG� PRYLQJ� DYHUDJH� DSSURDFK� UHDFWV� IDVWHU� WR� VKRUW�WHUP
PRYHPHQWV� LQ� YDULDQFHV� DQG� FRYDULDQFHV�� ,I� WKH� XQGHUO\LQJ� YDULDQFHV� DQG
FRYDULDQFHV�DUH�QRW�FRQVWDQW�WKURXJK�WLPH�WKLV�IDVWHU�UHDFWLRQ�LV�DQ�DGYDQWDJH��2Q
WKH� RWKHU� KDQG�� JLYLQJ� D� JUHDWHU� ZHLJKW� WR� UHFHQW� GDWD� HIIHFWLYHO\� UHGXFHV� WKH
RYHUDOO�VDPSOH�VL]H��LQFUHDVLQJ�WKH�SRVVLELOLW\�RI�PHDVXUHPHQW�HUURU��(DFK�HOHPHQW
RI�WKH�YDULDQFH�FRYDULDQFH�PDWUL[�LV�UHSUHVHQWHG�E\�

WMWLWLMWLM UU ���
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ZKHUH���l��

$Q� H[SRQHQWLDOO\� ZHLJKWHG� DYHUDJH� RQ� DQ\� JLYHQ� GD\� LV� D� FRPELQDWLRQ� RI� WZR
FRPSRQHQWV��\HVWHUGD\¶V�ZHLJKWHG�DYHUDJH��ZLWK�ZHLJKW�l��DQG�\HVWHUGD\¶V�SURGXFW
RI� UHWXUQV�� ZKLFK� UHFHLYHV� D� ZHLJKW� RI� ���l��� 7KLV� HTXDWLRQ� LQFRUSRUDWHV� DQ
DXWRUHJUHVVLYH�VWUXFWXUH�IRU�WKH�YDULDQFH�FRYDULDQFH��WKXV�UHIOHFWLQJ�WKH�FRQFHSW�RI
YRODWLOLW\�FOXVWHULQJ�� ,Q� WKH�VXEVHTXHQW�DQDO\VLV� WZR�DSSURDFKHV�DUH� LPSOHPHQWHG�
7KH� ILUVW� LV� WR� DVVXPH�� FRQVLVWHQW� ZLWK� WKH� 5LVN0HWULFV� VSHFLILFDWLRQ�� WKDW� l� LV
FRQVWDQW� DW� ������ 7KH� VHFRQG� DSSURDFK� LV� WR� HVWLPDWH� l� RYHU� VXFFHVVLYH� UROOLQJ
ZLQGRZV�XVLQJ�PD[LPXP�OLNHOLKRRG�WHFKQLTXHV��ZH�VKDOO�UHIHU�WR�WKLV�DSSURDFK�DV
WKH�G\QDPLF�H[SRQHQWLDOO\�ZHLJKWHG�PRYLQJ�DYHUDJH�DSSURDFK��

7R�JDXJH�WKH�DFFXUDF\�RI�IL[LQJ�l�DW�������WKH�PRGHO�LV�HVWLPDWHG�XVLQJ�PD[LPXP
OLNHOLKRRG�PHWKRGV�RYHU�WKH�IXOO�VDPSOH��l�ZDV�FRQVWUDLQHG�WR�WDNH�WKH�VDPH�YDOXH
IRU� DOO� HOHPHQWV� RI� WKH�PDWUL[��� 7KH� YDOXH� REWDLQHG� IURP� WKLV� DQDO\VLV� XVLQJ� WKH
IRUHLJQ�H[FKDQJH�FRYDULDQFH�PDWUL[�LV��������

����������������������������������������
�� 7KLV�LV�QRW�VWDWLVWLFDOO\�VLJQLILFDQWO\�GLIIHUHQW�IURP������
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/LNH�WKH�HTXDOO\�ZHLJKWHG�PHWKRG�WKH�N�VWHS�DKHDG�RQH�GD\�IRUHFDVWV�DUH�FRQVWDQW
DQG�WKH�TXDUWHU�DYHUDJH�IRUHFDVW�LV�HTXDO�WR� �

�+WLM�s ��7R�VHH�WKLV�
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���� 0XOWLYDULDWH�*$5&+

7KH�*$5&+�PRGHO�RI�%ROOHUVOHY� �������LV�D�JHQHUDOLVDWLRQ�RI� WKH�$5&+�PRGHO
LQWURGXFHG�E\�(QJOH���������9DULDQFHV�DQG�FRYDULDQFHV�DUH�VSHFLILHG�DV�VWRFKDVWLF
SURFHVVHV�WKDW�HYROYH�RYHU�WLPH��7KH�LQWXLWLRQ�EHKLQG�WKHVH�PRGHOV�LV�VLPLODU�WR�WKH
H[SRQHQWLDOO\� ZHLJKWHG� DSSURDFK� LQ� WKDW� YRODWLOLW\� FOXVWHULQJ� PD\� EH� H[SOLFLWO\
PRGHOOHG�� /HVV� UHVWULFWLRQV�� KRZHYHU�� DUH� SODFHG� RQ� WKH� VSHFLILFDWLRQ� RI� WKH
YRODWLOLWLHV¶� EHKDYLRXU�� 7KH� SUHYLRXV� WZR�PRGHOV� DUH� QHVWHG� ZLWKLQ� WKH� *$5&+
PRGHO��,I�a�DQG�b�DUH�]HUR�LQ�WKH�EHORZ�VSHFLILFDWLRQ�WKHQ�WKH�PRGHO�FROODSVHV�WR
WKH�IL[HG�ZHLJKW�KLVWRULFDO�PRGHO��,I�w�LV�HTXDO�WR�]HUR��a� ����l��DQG�b� �l� WKHQ
WKH�PRGHO�LV�HTXLYDOHQW�WR�WKH�H[SRQHQWLDOO\�ZHLJKWHG�PRGHO��,Q�D�XQLYDULDWH�VHWWLQJ
WKH�]HUR�PHDQ�*$5&+�������PRGHO�KDV�WKH�IRUP�

��

�

��

�

���

����a

WWW

WWW

WW

+U+

+1�,U

U5

baw +=

=

-

���

7KH� YHFWRU� RI� LQQRYDWLRQV� RU� XQH[SHFWHG� UHWXUQV� LV� DVVXPHG� WR� EH� FRQGLWLRQDOO\
QRUPDO�ZLWK�D�FRQGLWLRQDO�YDULDQFH�RI�+W��7KH�PXOWLYDULDWH�IUDPHZRUN�LV�DQDORJRXV
WR� WKH� XQLYDULDWH� LQ� WKDW� WKH� YDULDQFH�FRYDULDQFH� PDWUL[� LV� FRQGLWLRQHG� RQ� SDVW
UHDOLVDWLRQV�RI�FRYDULDQFHV�RI�ILQDQFLDO�UHWXUQV�EXW�WKH�VSHFLILFDWLRQ�RI�WKH�HYROXWLRQ
RI�WKH�FRYDULDQFHV�FDQ�EHFRPH�PRUH�FRPSOLFDWHG�

����������������������������������������
�� 7KH�������GHQRWHV�RQH�ODJJHG�YDULDQFH�WHUP�DQG�RQH�ODJJHG�VTXDUHG�UHWXUQ�
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7KH�PRUH�JHQHUDO�PXOWLYDULDWH�PRGHOV�DVVXPH�WKDW�YDULDQFHV�DQG�FRYDULDQFHV�UHO\
RQ�WKHLU�RZQ�SDVW�YDOXHV�DQG�LQQRYDWLRQV�DV�ZHOO�DV�RWKHU�YDULDEOHV¶�SDVW�YDOXHV�DQG
LQQRYDWLRQV��7KH�QXPEHU�RI�SDUDPHWHUV�WR�EH�HVWLPDWHG�LQ�WKHVH�JHQHUDO�PRGHOV�LV
VXFK� WKDW�� DV� WKH� QXPEHU� RI� YDULDEOHV� LQFUHDVHV�� FRPSXWDWLRQ� FDQ� EHFRPH
LQWUDFWDEOH��7R�LOOXVWUDWH��IRU�RXU�QLQH�E\�QLQH�IRUHLJQ�H[FKDQJH�PDWUL[�WKH�QXPEHU
RI�SDUDPHWHUV�WR�EH�HVWLPDWHG�E\�RQH�RI�WKH�PRUH�JHQHUDO�PRGHOV�LV������*LYHQ�WKDW
RXU�IRFXV�LV�RQ�D�PRGHO¶V�IRUHFDVWLQJ�SHUIRUPDQFH��ZKLFK�UHTXLUHV�UHSHDWHG�UROOLQJ
HVWLPDWLRQ�RI�WKH�PRGHOV��D�PRUH�SDUVLPRQLRXV�SDUDPHWHULVDWLRQ�LV�QHHGHG�

7R� WKLV� HQG� WZR� PRGHOV� DUH� XVHG�� 7KH� ILUVW� PRGHO� LV� WKH� FRQVWDQW� FRUUHODWLRQ
PXOWLYDULDWH�*$5&+�PRGHO� GHYHORSHG�E\�%ROOHUVOHY� �������� 7KH�PRGHO� KDV� WKH
DGYDQWDJH�RI�UHGXFLQJ�WKH�QXPEHU�RI�SDUDPHWHUV�WR�EH�HVWLPDWHG�WR��S���S�S�����
ZKHUH�S�LV�WKH�QXPEHU�RI�ILQDQFLDO�UHWXUQV��9DULDQFHV�DUH�HVWLPDWHG�XVLQJ�D�VLPSOH
*$5&+������IRUPXODWLRQ�
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7KH�FRYDULDQFHV�DUH�IRUPXODWHG�DV�

������ +++
= WMWLLMWLM ssrs ���

1RQ�QHJDWLYLW\� FRQVWUDLQWV� QHHG� WR� EH� LPSRVHG� RQ� WKH� YDULDQFH� SDUDPHWHUV� WR
HQVXUH� WKDW� WKH� FRQGLWLRQDO� YDULDQFH� HVWLPDWHV� DUH� DOZD\V� SRVLWLYH�� *LYHQ� WKH
UHFXUVLYH�QDWXUH�RI�WKH�V\VWHP��VWDWLRQDULW\�UHTXLUHV�WKDW�aL���bL�����IRU�DOO�L�

7KH� SDUDPHWHUV� RI� WKH� PRGHO� DUH� HVWLPDWHG� E\� PD[LPXP� OLNHOLKRRG� WHFKQLTXHV�
8QGHU� VWDQGDUG� UHJXODULW\� FRQGLWLRQV� WKH� PD[LPXP� OLNHOLKRRG� HVWLPDWRU� LV
DV\PSWRWLFDOO\� QRUPDO��� 7KH� ORJ�OLNHOLKRRG� LV� PD[LPLVHG� XVLQJ� WKH� %HUQW�� +DOO�
+DOO�DQG�+DXVPDQ��������DOJRULWKP��*LYHQ�WKH�KLJKO\�QRQ�OLQHDU�VWUXFWXUH�RI� WKH
ORJ�OLNHOLKRRG� WKH� LWHUDWLRQ� SURFHVV� LV� H[WUHPHO\� WLPH� LQWHQVLYH�� (YHQ� DIWHU� WKH

����������������������������������������
�� )ROORZLQJ� %ROOHUVOHY� �������� LI� WKH� PRGHO� FRUUHFWO\� VSHFLILHV� WKH� ILUVW� WZR� FRQGLWLRQDO

PRPHQWV� EXW� WKH� FRQGLWLRQDO� QRUPDOLW\� DVVXPSWLRQ� LV� YLRODWHG�� XQGHU� VXLWDEOH� UHJXODULW\
FRQGLWLRQV� WKH� TXDVL�PD[LPXP� OLNHOLKRRG� HVWLPDWHV� ZLOO� EH� FRQVLVWHQW� DQG� DV\PSWRWLFDOO\
QRUPDO��EXW�WKH�XVXDO�VWDQGDUG�HUURUV�KDYH�WR�EH�PRGLILHG�
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FRQVWDQW�FRUUHODWLRQ�DVVXPSWLRQ�LV�LPSRVHG�RQ�WKH�PRGHO�WKH����SDUDPHWHUV�LQ�WKH
IXOO� V\VWHP� �IRU� WKH� QLQH�E\�QLQH� IRUHLJQ� H[FKDQJH� YDULDQFH�FRYDULDQFH� PDWUL[�
PDNH�UROOLQJ�HVWLPDWLRQ�FRPSXWDWLRQDOO\�LQWUDFWDEOH��7R�IDFLOLWDWH�UROOLQJ�HVWLPDWLRQ
WKH� DSSURDFK� WDNHQ� LV� WR� HVWLPDWH� VHSDUDWH� ELYDULDWH� V\VWHPV� IRU� HDFK� SDLU� RI
ILQDQFLDO�UHWXUQV��(DFK�RI�WKHVH����V\VWHPV�KDYH�VHYHQ�SDUDPHWHUV�WR�EH�HVWLPDWHG�
)URP� WKHVH� ELYDULDWH� V\VWHPV� WKH� IXOO� YDULDQFH�FRYDULDQFH� PDWUL[� FDQ� EH
FRQVWUXFWHG��7R�WKH�H[WHQW�WKDW�FRYDULDQFHV�DUH�LQ�IDFW�MRLQWO\�GHWHUPLQHG�HVWLPDWHV
SURGXFHG� IURP� WKH�SDLU�ZLVH�HVWLPDWLRQ�PD\�EH�ELDVHG�DQG� LQHIILFLHQW��$OVR�� WKLV
DSSURDFK�FDQ�QRW�JXDUDQWHH�SRVLWLYH�GHILQLWHQHVV�RI�WKH�FRYDULDQFH�PDWUL[�EXW�GRHV
HQDEOH� IRUHFDVWV� WR� EH�FRQVWUXFWHG� LQ�D� WUDFWDEOH� IDVKLRQ��7KLV� DSSURDFK� SURYLGHV
RQO\� RQH� HVWLPDWH� RI� HDFK� FRYDULDQFH�� EXW� S��� HVWLPDWHV� IRU� WKH� w�� a� DQG� b
SDUDPHWHUV�IRU�HDFK�YDULDQFH��7KH�DYHUDJH�RI�WKH�S���IRUHFDVWV�RI�HDFK�YDULDQFH�LV
XVHG�

7KH�RQH�GD\�DKHDG�*$5&+�YDULDQFH�IRUHFDVW�IRU�WKH�FRQVWDQW�FRUUHODWLRQ�*$5&+
PRGHO�LV�JLYHQ�E\�
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7� UHSUHVHQWV� WKH� OHQJWK� RI� GDWD� XVHG� LQ� WKH� HVWLPDWLRQ�� ,W� IROORZV� WKDW� WKH� N�VWHS
DKHDG�IRUHFDVW�KDV�WKH�IRUP�
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DQG� KHQFH�� DUH� QRW� FRQVWDQW� LQ� N�� *LYHQ� WKHVH� YDULDQFH� IRUHFDVW� IXQFWLRQV� WKH
DYHUDJH�RQH�GD\�IRUHFDVW�RYHU�D�TXDUWHU��FRQWDLQLQJ�1�GD\V��LV�
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7KH�FRYDULDQFH�IRUHFDVWV�DUH�VLPSOH� IXQFWLRQV�RI� WKHVH�YDULDQFH�IRUHFDVWV�DQG� WKH
SDUDPHWHUV�rLM�JLYHQ�WKH�FRQVWDQW�FRUUHODWLRQ�DVVXPSWLRQ�
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7KLV� FRQVWDQW� FRQGLWLRQDO� FRUUHODWLRQ� VSHFLILFDWLRQ� KDV� EHHQ� XVHG� ZLGHO\� LQ� WKH
OLWHUDWXUH� WR� IDFLOLWDWH� HVWLPDWLRQ� JLYHQ� WKH� GLIILFXOW\� LQ� HVWLPDWLQJ� PXOWLYDULDWH
*$5&+� PRGHOV�� EXW� LWV� YDOLGLW\� LV� RSHQ� WR� GHEDWH�� 7KH� DVVXPSWLRQ� FRXOG� EH
MXVWLILHG� LI� WKH�FRQGLWLRQDO� FRUUHODWLRQ� UHPDLQV�FRQVWDQW� RYHU� WLPH�EXW� WKH�PDUNHW
H[SHFWHG� UHWXUQV� DQG� YDULDQFHV� YDU\� RYHU� WLPH�� 7KHUH� LV� HYLGHQFH� RI� SUHGLFWDEOH
WLPH�YDULDWLRQV�LQ�WKH�HTXLW\�UHWXUQ�GLVWULEXWLRQV�� WKH�YDULDQFH�RI�UHWXUQV�KDV�EHHQ
VKRZQ� WR�EH�KHWHURVFHGDVWLF�DQG�XQLYDULDWH�*$5&+�PRGHOV�KDYH�KDG� VXFFHVV� LQ
PRGHOOLQJ� UHWXUQV¶� YDULDQFHV� �VHH� $OH[DQGHU� DQG� /HLJK� ������� DQG� )LJOHZVNL
���������)DFWRUV�ZKLFK�ZHLJK�DJDLQVW� WKH�FRQVWDQW�FRUUHODWLRQ�DVVXPSWLRQ� LQFOXGH
WKH�LQFUHDVHG�LQWHUGHSHQGHQFH�RI�LQWHUQDWLRQDO�PDUNHWV��JURZLQJ�LQWHJUDWLRQ�FRXOG
OHDG�WR�LQFUHDVLQJ�FRUUHODWLRQV�WKURXJK�WLPH���WKH�IDFW�WKDW�PDUNHWV�WHQG�WR�EH�PRUH
VWURQJO\�FRUUHODWHG�LQ�WLPHV�RI�KLJK�YRODWLOLW\�WKDQ�LQ�WLPHV�RI�ORZ�YRODWLOLW\�DQG�WKH
UHVXOWV� RI� RXU� RZQ� VWDELOLW\� WHVWLQJ� GLVFXVVHG� SUHYLRXVO\�� $SSHQGL[� %� DQDO\VHV
GHYLDWLRQV�IURP�WKH�VLPSOH�FRQVWDQW�FRUUHODWLRQ�PRGHO��7KH�UHVXOWV�LPSO\�WKDW�WKLV
DVVXPSWLRQ� RI� D� FRQVWDQW� FRQGLWLRQDO� FRUUHODWLRQ� LV� TXHVWLRQDEOH�� WKUHVKROG� DQG
WLPH�WUHQG�PRGHOV�DUH�DEOH�WR�H[SODLQ�PRYHPHQWV�LQ�FRQGLWLRQDO�FRUUHODWLRQV��,Q�WKH
IROORZLQJ� IRUHFDVWLQJ�H[HUFLVH� WKH� UHVXOWV� IURP� WKLV� DQDO\VLV� VKRXOG�EH� WDNHQ� LQWR
DFFRXQW��3RRU�IRUHFDVWLQJ�SHUIRUPDQFH�RI�WKH�FRQVWDQW�FRQGLWLRQDO�*$5&+�PRGHO
PD\�EH�GXH�WR�PLV�VSHFLILFDWLRQ�RI�WKH�PRGHO�

7KH� VHFRQG� PXOWLYDULDWH� *$5&+� PRGHO� WKDW� ZH� XVH� IRU� IRUHFDVWLQJ� LV� WKH
%DEED��(QJOH��.UDIW�DQG�.URQHU��%(..�� SDUDPHWHULVDWLRQ�� (QJOH� DQG� .URQHU
������� LQWURGXFHG� WKLV� PRGHO� EHFDXVH� LWV� TXDGUDWLF� IRUP� JXDUDQWHHV� WKDW� WKH
FRQGLWLRQDO�FRYDULDQFH�PDWUL[�ZLOO�EH�SRVLWLYH�GHILQLWH��7KH�PRGHO�KDV�WKH�IRUP�
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0DWULFHV�$��%�DQG�&�DUH�WKH�SDUDPHWHU�PDWULFHV�WKDW�QHHG�WR�EH�HVWLPDWHG��5W� LV�D
YHFWRU�RI�UHWXUQV�IRU�WLPH�W��+W�LV�WKH�HVWLPDWHG�YDULDQFH�FRYDULDQFH�PDWUL[�DW�WLPH�W�
$JDLQ�WKH�XQFRQVWUDLQHG�%(..�PRGHO�LV�WRR�FRPSXWDWLRQDOO\�WLPH�FRQVXPLQJ�IRU
XVH� LQ� WKLV� IRUHFDVWLQJ� H[HUFLVH�� 7R� IDFLOLWDWH� WUDFWDELOLW\�� D� GLDJRQDO� VWUXFWXUH� LV
LPSRVHG�RQ� WKH�SDUDPHWHU�PDWULFHV��ZKLFK� UHPRYHV�FURVV�PDUNHW� LQIOXHQFHV��7KH
PRGHO�DXWRPDWLFDOO\�LPSRVHV�WKH�QHFHVVDU\�QRQ�QHJDWLYLW\�FRQVWUDLQWV��5DWKHU�WKDQ
SURGXFLQJ� HVWLPDWHV� SDLU�E\�SDLU�� WKH� IXOO�PRGHO� LV� HVWLPDWHG�� 9DULDQFH� IRUHFDVWV
IURP� WKH�%(..�PRGHO� KDYH� WKH� VDPH� IRUP�DV� WKRVH� IURP� WKH�*$5&+� FRQVWDQW
FRUUHODWLRQ� PRGHO�� ZLWK� WKH� *$5&+� SDUDPHWHUV� EHLQJ� UHSODFHG� E\� VTXDUHG
SDUDPHWHUV�� 7KH� FRYDULDQFH� IRUHFDVWV� LQ� WKH� %(..� PRGHO� UHOD[� WKH� FRQVWDQW
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FRUUHODWLRQ�DVVXPSWLRQ�DQG�KDYH�WKH�VDPH�VSHFLILFDWLRQ�DV�WKH�FRQVWDQW�FRUUHODWLRQ
*$5&+�YDULDQFH�HTXDWLRQV�

��� )RUHFDVW�3HUIRUPDQFH

7KHUH�LV�D�ZLGH� OLWHUDWXUH�RQ�PRGHOOLQJ� ILQDQFLDO� UHWXUQ�YDULDELOLW\��7R�GDWH� WKHUH
KDV� EHHQ� OLWWOH� DJUHHPHQW� LQ� WKH� ILQGLQJV� RI� WKLV� OLWHUDWXUH��:HVW� DQG�&KR� ������
FRPSDUHG�WKH�RXW�RI�VDPSOH�IRUHFDVWLQJ�SHUIRUPDQFH�RI�XQLYDULDWH�KRPRVNHGDVWLF�
*$5&+��DXWRUHJUHVVLYH�DQG�QRQ�SDUDPHWULF�PRGHOV�RI�H[FKDQJH�UDWH�YRODWLOLW\� WR
ILQG� WKDW�� RYHU� D� RQH�ZHHN� KRUL]RQ�� *$5&+� PRGHOV� WHQG� WR� EH� VOLJKWO\� PRUH
DFFXUDWH��+RZHYHU��IRU�ORQJHU�IRUHFDVW�KRUL]RQV�:HVW�DQG�&KR�IRXQG�WKDW�WKHUH�ZDV
OLWWOH� GLIIHUHQFH� LQ� WKH� IRUHFDVW� SHUIRUPDQFH� RI� WKH� YDULRXV� PRGHOV�� 6LPLODUO\�
%UDLOVIRUG� DQG� )DII¶V� ������� DQDO\VLV� RI� $XVWUDOLDQ� VWRFN� PDUNHW� YDULDELOLW\
SURYLGHV�VRPH�VXSSRUW�IRU�WKH�XVH�RI�*$5&+�PRGHOOLQJ��+RZHYHU��WKH�UDQNLQJV�RI
WKH�YDULRXV�PRGHO�IRUHFDVWV�DUH�VHQVLWLYH�WR�WKH�FKRLFH�RI�SHUIRUPDQFH�FULWHULD��,Q
FRQWUDVW�%RXGRXNK��5LFKDUGVRQ�DQG�:KLWHODZ���������LQ�IRUHFDVWLQJ�WKH�YRODWLOLW\
RI� 86� LQWHUHVW� UDWHV�� IRXQG� WKDW� D� QRQ�SDUDPHWULF� DSSURDFK� RXWSHUIRUPHG� WKH
*$5&+� PRGHO�� &DPSD� DQG� &KDQJ� �������� DOVR� XVLQJ� IRUHLJQ� H[FKDQJH� GDWD�
IRXQG� WKDW�� IRU� VKRUWHU� WLPH� KRUL]RQV�� H[SRQHQWLDOO\� ZHLJKWHG� PRYLQJ� DYHUDJH
PRGHOV� RXWSHUIRUP� ERWK� WKH� IL[HG�ZHLJKW� KLVWRULFDO� DQG� *$5&+� PRGHOV�
+RZHYHU�� IRU� ORQJHU� IRUHFDVW� KRUL]RQV�� IL[HG�ZHLJKW� PRGHOV� DUH� IRXQG� WR� EH
VXSHULRU�

0RUH� UHFHQWO\� WKH� OLWHUDWXUH� KDV� FRQVLGHUHG� IRUHFDVWV� RI� FRYDULDQFHV� DQG
FRUUHODWLRQV��$OH[DQGHU�DQG�/HLJK���������XVLQJ�HTXLW\�DQG�IRUHLJQ�H[FKDQJH�GDWD�
IRXQG� WKDW� H[SRQHQWLDOO\� ZHLJKWHG� PRYLQJ� DYHUDJH� PHWKRGV� RXWSHUIRUP
IL[HG�ZHLJKW�DQG�*$5&+�PHWKRGV��,W�ZDV�QRWHG�LQ�WKLV�VWXG\�WKDW�*$5&+�PRGHOV
GR�QRW�SHUIRUP�ZHOO�ZKHQ�MXGJHG�E\�VWDWLVWLFDO�FULWHULD�WKDW�PHDVXUH�WKH�FHQWUH�RI
WKH�GLVWULEXWLRQ��6KHHG\��������QRWHG�WKDW��ZKHQ�FRPSDULQJ�YDULRXV�*$5&+�W\SH
PRGHOV��WKH�SDUVLPRQLRXV�PRGHOV��VXFK�DV�WKH�FRQVWDQW�FRUUHODWLRQ�PRGHO��SHUIRUP
DV�ZHOO�DV�WKH�PRUH�FRPSOLFDWHG�VSHFLILFDWLRQV�

2QH�GD\�DKHDG�IRUHFDVWV�DQG�TXDUWHUO\�DYHUDJH�IRUHFDVWV�DUH�FRPSXWHG�E\�PRYLQJ
WKH�ZLQGRZ�OHQJWKV�WKURXJK�WKH�VDPSOH�DQG�UH�HVWLPDWLQJ�WKH�PRGHOV�DW�HDFK�SRLQW
�ZH�FRQVLGHU�PRYLQJ�ZLQGRZV�RI�OHQJWK�����GD\V������GD\V������GD\V������GD\V
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DQG�������GD\V���'XH�WR�WKH�DVVXPSWLRQ�RI�D�]HUR�PHDQ��WKH�RQH�GD\�DKHDG�UHDOLVHG
PDWUL[�ZLOO�KDYH�WKH�IRUP�
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DQG�WKH�HOHPHQWV�RI�WKH�TXDUWHUO\�����GD\V��DYHUDJH�UHDOLVHG�PDWUL[�DUH�FDOFXODWHG
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6LQFH� SDVW� ZRUN� KDV� VKRZQ� WKDW� PRGHO� FKRLFH� LV� VHQVLWLYH� WR� WKH� SHUIRUPDQFH
FULWHULD�� ZKHQ� FRPSDULQJ� WKH� IRUHFDVWV� IURP� WKH� GLIIHUHQW� PRGHOV� D� QXPEHU� RI
SHUIRUPDQFH�PHDVXUHV�DUH�HPSOR\HG��,I�ZH�DVVXPH�FRQGLWLRQDO�QRUPDOLW\�DQG�]HUR
PHDQ�� IRUHFDVWLQJ� WKH� YDULDQFHV� DQG� FRYDULDQFHV� LV� HTXLYDOHQW� WR� IRUHFDVWLQJ� WKH
SUREDELOLW\� GHQVLW\� IXQFWLRQ� RI� UHWXUQV�� :H� FDQ� HYDOXDWH� WKHLU� DFFXUDF\� E\
PHDVXULQJ�KRZ�ZHOO� WKH�IRUHFDVW�GLVWULEXWLRQ�ILWV� WKH�DFWXDO�GDWD�RYHU�WKH� IRUHFDVW
KRUL]RQ��7KH�JUHDWHU�WKH�ORJ�OLNHOLKRRG�IXQFWLRQ�IRU�D�JLYHQ�VDPSOH�WKH�EHWWHU�LV�WKH
ILW�RI�WKH�HVWLPDWHG�GLVWULEXWLRQ�

,Q� DOO� FDVHV�� WKH�H[SRQHQWLDOO\�ZHLJKWHG� DYHUDJH� ORJ�OLNHOLKRRG� IDOOV� VLJQLILFDQWO\
EHORZ� WKH� RWKHUV�� 7KLV� LV� QRW� XQH[SHFWHG� VLQFH� WKH� SDUDPHWHU� LQ� WKLV� PRGHO� LV
LPSRVHG� DQG� QRW� HVWLPDWHG�� :KHQ� D� ZLQGRZ� OHQJWK� RI� ���� GD\V� LV� XVHG�� WKH
IL[HG�ZHLJKW�PRGHO�RXWSHUIRUPV�WKH�*$5&+�PRGHOV��EXW�ZKHQ�D�ZLQGRZ�OHQJWK
RI� ������ GD\V� LV� XVHG� WKHVH� UDQNLQJV� DUH� UHYHUVHG�� 'XH� WR� WKH� ODUJH� QXPEHU� RI
SDUDPHWHUV�WKDW�WKH�*$5&+�PRGHOV�QHHG�WR�HVWLPDWH��WKH�OHQJWK�RI�GDWD�QHHGHG�WR
REWDLQ� DFFXUDWH� SDUDPHWHU� HVWLPDWHV� LV� ODUJH�� 7KLV� LV� LOOXVWUDWHG� E\� WKH� LQFUHDVHG
SHUIRUPDQFH�RI�WKH�*$5&+�PRGHOV�ZKHQ�������GD\V�RI�GDWD�DUH�XVHG��7KH�%(..
PRGHO� RXWSHUIRUPV� WKH� FRQVWDQW� FRUUHODWLRQ� EDVHG� RQ� LWV� ORJ�OLNHOLKRRG�� 7KLV
IROORZV�IURP�WKH�LQFUHDVHG�IUHHGRP�RI�WKH�SDUDPHWHULVDWLRQ�RI�WKH�%(..�PRGHO�

0RGHO�FRPSDULVRQV�EDVHG�RQ�WKH�ORJ�OLNHOLKRRG�DUH�FRQGLWLRQDO�RQ�WKH�DVVXPSWLRQ
RI�QRUPDOLW\��$V� QRUPDOLW\� GRHV� QRW� KROG� IRU�PDQ\� ILQDQFLDO�UHWXUQ� VHULHV�� VHYHQ
GLVWULEXWLRQ�IUHH�SHUIRUPDQFH�PHDVXUHV�DUH�DQDO\VHG�
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)RXU�V\PPHWULF�SHUIRUPDQFH�FULWHULD�DUH�FRQVLGHUHG�
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7KH�PHDQ�HUURU�RIIVHWV� WKH�HIIHFW�RI�HUURUV�RI�GLIIHUHQW� VLJQV��KRZHYHU�� WKH�PHDQ
HUURU�FDQ�EH�XVHG�DV�D�JHQHUDO�JXLGH�DV�WR�WKH�GLUHFWLRQ�RI�RYHU��RU�XQGHU�SUHGLFWLRQ�
%RWK�WKH�PHDQ�DEVROXWH�HUURU�DQG�WKH�URRW�PHDQ�VTXDUHG�HUURU��506(��IRFXV�RQ�WKH
PDJQLWXGH� RI� HUURUV� ZLWKRXW� WDNLQJ� LQWR� DFFRXQW� WKH� GLUHFWLRQ� RI� HUURU�� ZLWK� WKH
506(�SODFLQJ�JUHDWHU�ZHLJKW�RQ�ODUJHU�HUURUV��7KH�PHDQ�DEVROXWH�SHUFHQWDJH�HUURU
JLYHV�D�UHODWLYH�LQGLFDWLRQ�RI�RYHUDOO�IRUHFDVWLQJ�SHUIRUPDQFH�

7R� DFFRXQW� IRU� DV\PPHWU\� LQ� WKH� ORVV� IXQFWLRQ� ZH� XVH� WZR� HUURU� VWDWLVWLFV
GHYHORSHG�E\�%UDLOVIRUG�DQG�)DII��������
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ZKHUH� R� UHIHUV� WR� QXPEHU� RI� RYHU� SUHGLFWLRQV� DQG� X� WR� WKH� QXPEHU� RI� XQGHU
SUHGLFWLRQV
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7KH�PHDQ�PL[HG�HUURU��XQGHU��SHQDOLVHV�XQGHU�SUHGLFWLRQV�PRUH�KHDYLO\�ZKLOH�WKH
PHDQ�PL[HG�HUURU��RYHU��SODFHV�JUHDWHU�ZHLJKW�RQ�RYHU�SUHGLFWLRQV��)LQDOO\��WR�WHVW
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WKH� HIILFLHQF\� RI� HDFK� PRGHO¶V� IRUHFDVWV� ZH� FRQVLGHU� WKH� UHJUHVVLRQ� 5�� IURP
�� ����Ö
WW

dsfs = �� ,I� WKH� PRGHO� ZHUH� IXOO\� HIILFLHQW� f� ZRXOG� QRW� EH� VLJQLILFDQWO\
GLIIHUHQW�IURP�]HUR��DQG�d�DQG�WKH�5��ZRXOG�ERWK�EH�FORVH�WR�RQH�

$W� HDFK� SRLQW� LQ� WLPH� WKH� UROOLQJ�ZLQGRZ� HVWLPDWLRQ� UHVXOWV� LQ� D� IRUHFDVW
YDULDQFH�FRYDULDQFH�PDWUL[�WR�EH�FRPSDUHG�ZLWK�WKH�DFWXDO�UHDOLVDWLRQ��*LYHQ�WKDW
WKH� IRUHLJQ� H[FKDQJH� PDWUL[� FRQWDLQV� ��� HOHPHQWV� DQG� WKH� LQWHUHVW� UDWH� PDWUL[
FRQWDLQV� ��� HOHPHQWV�� UDWKHU� WKDQ� DVVHVV� HDFK� PRGHO¶V� IRUHFDVW� SHUIRUPDQFH� IRU
HDFK� LQGLYLGXDO� YDULDQFH� DQG� FRYDULDQFH� D� PRUH� SDUVLPRQLRXV� DSSURDFK� ZDV
DGRSWHG��$W�HDFK�SRLQW� LQ� WLPH�HDFK�HOHPHQW�RI� WKH�YDULDQFH�FRYDULDQFH�PDWUL[� LV
WUHDWHG� DV� D� VHSDUDWH� REVHUYDWLRQ�� 7KH� IRUHFDVW� SHUIRUPDQFH�PHDVXUHV� ZHUH� WKHQ
DYHUDJHG�DFURVV�DOO�REVHUYDWLRQV��7KH�UHVXOWV�IRU�WKH�GDLO\�IRUHFDVWV�DUH�VXPPDULVHG
LQ�)LJXUHV���DQG����)RU�DOO�FULWHULD�� WKH�VPDOOHU� WKH�QXPEHU� WKH�EHWWHU� �H[FHSW� WKH
5�VTXDUHG�PHDVXUH���)XOO�GHWDLOV�DUH�UHSRUWHG�LQ�$SSHQGL[�&�

&OHDUO\��PRGHO�FKRLFH�GHSHQGV�FUXFLDOO\�RQ�WKH�PHWULF�XVHG��$FURVV�FULWHULD��QR�RQH
PRGHO�FRQVLVWHQWO\�RXWSHUIRUPV�DQ\�RWKHU��*LYHQ�WKLV�YDULDWLRQ��SUHYLRXV�ZRUN�WKDW
UHOLHV�RQ�RQH�PHWULF�VKRXOG�EH�YLHZHG�ZLWK�FDXWLRQ��,Q�WHUPV�RI�PHDQ�HUURU��PHDQ
DEVROXWH�HUURU��URRW�PHDQ�VTXDUHG�HUURU��PHDQ�XQGHU�SUHGLFWLRQ��DQG�5�VTXDUHG�WKH
VLPSOHU�PRGHOV��WKH�IL[HG�ZHLJKW�DQG�WKH�VWDWLF�H[SRQHQWLDO�PRGHOV��DUH�SUHIHUUHG�
+RZHYHU�� WKH� *$5&+�PRGHOV� WHQG� WR� GR� EHWWHU� ZKHQ� WKH� PRGHOV� DUH� DVVHVVHG
DJDLQVW� WKH� PHDQ�DEVROXWH� SHUFHQWDJH� HUURU�� $OVR� WKH� %(..� IRUPXODWLRQ� RI� WKH
*$5&+�PRGHO� WHQGV� WR�SURGXFH� WKH� ORZHVW�DYHUDJH�RYHU�SUHGLFWLRQ� �SDUWLFXODUO\
IRU�WKH�IRUHLJQ�H[FKDQJH�GDWD��
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:KHQ�WKH�GLIIHUHQW�PRGHOV�DUH�FRPSDUHG�DFURVV�DOO�PHWULFV�WKH�PRUH�FRPSOLFDWHG
*$5&+� PRGHOV� GR� QRW�� LQ� JHQHUDO�� RXW�SHUIRUP� WKH� VLPSOHU� IL[HG�ZHLJKW� DQG
H[SRQHQWLDOO\�ZHLJKWHG�PRYLQJ� DYHUDJH� DSSURDFKHV�� )RU� LQWHUHVW� UDWHV�� WKH� VWDWLF
H[SRQHQWLDOO\�ZHLJKWHG�PRYLQJ�DYHUDJH�PRGHO�XVXDOO\�GRPLQDWHV�DOO�RWKHU�PRGHOV�
)RU� DOO� FULWHULD� H[FHSW� WKH�0$3(�DQG�00(8� WKH� H[SRQHQWLDOO\�ZHLJKWHG�PRGHO
SHUIRUPV� EHVW�� ERWK� ZKHQ� IRUHFDVWLQJ� GDLO\� DQG� TXDUWHU�DYHUDJH� YDULDQFHV� DQG
FRYDULDQFHV�� 7KH� IDFW� WKDW� WKH� IL[HG�SDUDPHWHU� H[SRQHQWLDO� PRGHO�� LQ� JHQHUDO�
RXWSHUIRUPV�WKH�G\QDPLF�H[SRQHQWLDO�PRGHO�SURYLGHV�TXLWH�VWURQJ�HYLGHQFH�IRU�WKH
XVH� RI� WKH� FRQVWDQW� SDUDPHWHU� VLPSOLI\LQJ� DVVXPSWLRQ� XVHG� E\� 5LVN0HWULFV�� 7KH
VKDUS�GHFD\�LQ�WKH�ZHLJKWV�RI�WKH�VWDWLF�H[SRQHQWLDO�PRGHO�LV�VXFK�WKDW�WKH�HIIHFWLYH
GDWD�ZLQGRZ�LV�TXLWH�VKRUW�±�OHQJWKHQLQJ�WKH�GDWD�ZLQGRZ�KDV�OLWWOH�LPSDFW�RQ�WKH
IRUHFDVWHG�YDULDQFHV�DQG�FRYDULDQFHV��WKLV�FDQ�EH�VHHQ�LQ�)LJXUH����WKH�SHUIRUPDQFH
RI�WKH�VWDWLF�PRGHO�LV� LQYDULDQW� WR�WKH�ZLQGRZ�OHQJWK���7KLV�LQGLFDWHV�WKDW��IRU�WKH
LQWHUHVW�UDWHV¶�YDULDQFH�FRYDULDQFH��VKRUWHU�ZLQGRZ�OHQJWKV�SURYLGH�PRUH�HIILFLHQW
IRUHFDVWV��7KLV�ILQGLQJ�LV�FRQVLVWHQW�ZLWK�WKH�UHVXOWV�RI�WKH�GLDJQRVWLF�WHVWLQJ�RI�WKH
FRQVWDQW� FRUUHODWLRQ� PRGHO�� ZKLFK� VXJJHVW� WKDW� FRUUHODWLRQV� WHQG� WR� HYROYH
JUDGXDOO\�RYHU�WLPH�

7KH�UHODWLYH�SHUIRUPDQFH�RI�*$5&+�PRGHOV� LV� VWURQJHVW� LQ�WKH�FDVH�RI� WKH�GDLO\
IRUHLJQ�H[FKDQJH� IRUHFDVWV�� +RZHYHU�� WKH� GLIIHUHQFHV� LQ� SHUIRUPDQFH� DFURVV
PRGHOV�DUH�QRW�ODUJH�DQG�IRU�VKRUWHU�ZLQGRZ�OHQJWKV�WKH�VLPSOHU�PRGHOV�WHQG�WR�EH
IDYRXUHG��7KH� FRQVWDQW�SDUDPHWHU� H[SRQHQWLDO� PRYLQJ� DYHUDJH� IRUHFDVWV
RQH�GD\�DKHDG� YDULDQFHV� DQG� FRYDULDQFHV� SHUIRUPV� ZHOO� ZKLOH� WKH
HTXDOO\�ZHLJKWHG� KLVWRULFDO� DYHUDJH� SHUIRUPV� UHODWLYHO\� VWURQJO\� LQ� IRUHFDVWLQJ
TXDUWHU�DYHUDJH� YDULDQFHV� DQG� FRYDULDQFHV�� $OWKRXJK� WKH� VLPSOHU� PRGHOV¶
DGYDQWDJH� GLVVLSDWHV� DV� WKH� ZLQGRZ� OHQJWK� LV� LQFUHDVHG�� WKH� PRUH� FRPSOLFDWHG
PRGHOV�GR�QRW�WKHQ�GRPLQDWH��,Q�FRQFOXVLRQ��WKH�VLPSOHU�PRGHOV�DSSDUHQWO\�GR�QRW
FRQVLVWHQWO\�XQGHU�SHUIRUP�WKHLU�PRUH�FRPSOLFDWHG�FRXQWHUSDUWV�±�LQ�IDFW�� WKHUH�LV
VRPH�VXSSRUW�IRU�WKH�FRQWUDU\�

7R�WHVW�ZKHWKHU�SHUIRUPDQFH�OHYHOV�GLIIHU�VLJQLILFDQWO\�DFURVV�WKH�ILYH�PRGHOV�ZH
XVH� WKH� WHVW� RI� HTXDOLW\� RI� WKH� PHDQ� VTXDUHG� HUURU� YDOXHV� SUHVHQWHG� E\
:HVW�DQG�&KR� �������� 8QGHU� WKH� QXOO� K\SRWKHVLV� RI� HTXDOLW\� RI� PHDQ� VTXDUHG
HUURUV��WKH�WHVW�VWDWLVWLF�KDV�D�c 

�����GLVWULEXWLRQ��7KH�WHVWV�RI�HTXDOLW\�DUH�FDUULHG�RXW
RQ�WKH�GDLO\�DQG�TXDUWHU�DYHUDJH�IRUHFDVWV�IRU�HDFK�RI�WKH�GLIIHUHQW�ZLQGRZ�OHQJWKV�
7DEOH���FRQWDLQV�WKHVH�UHVXOWV�
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1RWH� 
�GHQRWHV�VLJQLILFDQFH�DW�WKH���SHU�FHQW�OHYHO

7KH�QXOO�RI�HTXDOLW\�LV�UHMHFWHG�LQ�DOO�FDVHV��7R�IXUWKHU�LQYHVWLJDWH� WKH�GLIIHUHQFHV
DPRQJVW�PRGHOV�ZH�DSSOLHG�:HVW�DQG�&KR¶V�WHVW�WR�RWKHU�JURXSLQJV�RI�PRGHOV��,Q
PRVW� LQVWDQFHV� ZH� IRXQG� WKDW� HDFK� PRGHO� SURGXFHG� D� PHDQ� VTXDUHG� HUURU� WKDW
GLIIHUHG�VLJQLILFDQWO\�IURP�WKDW�RI�DOO�RWKHU�PRGHOV��:KHQ�FRQVLGHULQJ�GDLO\�IRUHLJQ
H[FKDQJH�YDULDQFHV�DQG�FRYDULDQFHV�EDVHG�RQ�D�����GD\�ZLQGRZ��DQG�GDLO\�LQWHUHVW
UDWH� IRUHFDVWV� XVLQJ� ����� ���� DQG� ������ GD\� FDOLEUDWLRQ� ZLQGRZV� DOO� PRGHOV
SURGXFHG�VLJQLILFDQWO\�GLIIHUHQW�PHDQ�VTXDUHG�HUURUV��6LPLODUO\��LQ�WKH�FDVH�RI� WKH
TXDUWHU�DYHUDJH�IRUHFDVWV�RQO\�RQH�LQVWDQFH�RI�HTXDOLW\�ZDV�LGHQWLILHG��WKH�G\QDPLF
H[SRQHQWLDO��%(..�DQG�FRQVWDQW�FRUUHODWLRQ�PRGHOV�ZKHQ�DSSOLHG�WR�LQWHUHVW�UDWHV
DQG�FDOLEUDWHG�RQ�D�����GD\�ZLQGRZ��

)RU� WKH� GDLO\� IRUHLJQ� H[FKDQJH� IRUHFDVWV� WKH� PRGHO� JURXSLQJV� EDVHG� RQ� PHDQ
VTXDUHG� HUURUV� YDU\� DFURVV� WKH� GLIIHUHQW� ZLQGRZ� OHQJWKV��:KHQ� ���� RU� ���� GD\
ZLQGRZ� OHQJWKV� DUH� XVHG� WKH� :HVW� DQG� &KR� WHVW� JURXSV� WRJHWKHU� WKH� G\QDPLF
H[SRQHQWLDO�DQG�%(..�PRGHOV��DQG�WKH�IL[HG�ZHLJKW��IL[HG�SDUDPHWHU�H[SRQHQWLDO
DQG� FRQVWDQW�FRUUHODWLRQ�PRGHOV��0HDQ� VTXDUHG� HUURUV� SURGXFHG� E\� WKH� G\QDPLF
H[SRQHQWLDO��%(..�DQG�IL[HG�ZHLJKW�PRGHOV��DQG�WKH�IL[HG�SDUDPHWHU�H[SRQHQWLDO
DQG� FRQVWDQW� FRUUHODWLRQ� PRGHOV� GR� QRW� GLIIHU� VLJQLILFDQWO\� ZKHQ� WKH� ���� GD\
ZLQGRZ� LV� XVHG�� )RU� WKH� ������ GD\� ZLQGRZ� WKH� IL[HG�ZHLJKW� DQG� G\QDPLF
H[SRQHQWLDO� PRGHOV�� DQG� WKH� IL[HG�SDUDPHWHU� H[SRQHQWLDO�� %(..� DQG
FRQVWDQW�FRUUHODWLRQ� PRGHOV� PD\� EH� JURXSHG� WRJHWKHU�� ,Q� WKH� FDVH� RI� WKH� GDLO\
LQWHUHVW� UDWH� IRUHFDVWV� ����� DQG� ���� GD\�ZLQGRZV�� WKH� G\QDPLF� H[SRQHQWLDO� DQG
%(..�PRGHOV��DQG�WKH�WKUHH�RWKHU�PRGHOV�PD\�EH�JURXSHG�WRJHWKHU�

,Q�DGGLWLRQ�WR�WHVWLQJ�DFURVV�PRGHOV�ZH�XVHG�WKH�:HVW�DQG�&KR�WHVW�WR�WHVW�ZKHWKHU�
IRU�D�JLYHQ�PRGHO��WKH�PHDQ�VTXDUHG�HUURUV�GLIIHUHG�VLJQLILFDQWO\�DFURVV�WKH�YDULRXV
GDWD�ZLQGRZ�OHQJWKV��7KH�UHVXOWV�RI�WKLV�WHVWLQJ�DUH�SUHVHQWHG�LQ�7DEOH���
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1RWHV� 
�DQG�

�GHQRWHV�VLJQLILFDQFH�DW�WKH���SHU�FHQW�DQG���SHU�FHQW�OHYHO�UHVSHFWLYHO\

7KH�HIIHFW�RI�LQFUHDVLQJ�WKH�GDWD�ZLQGRZ�OHQJWK�YDULHV�DFURVV�WKH�GLIIHUHQW�PRGHOV�
)RU�WKH�KLVWRULFDO�DSSURDFK��WKH�VKRUWHU�WKH�OHQJWK�RI�GDWD�XVHG��WKH�EHWWHU�WKH�PRGHO
�DW� OHDVW� GRZQ� WR� RXU� VPDOOHVW� ZLQGRZ� RI� ���� GD\V��� )RU� WKH� TXDUWHU�DYHUDJH
IRUHLJQ�H[FKDQJH��GDLO\�LQWHUHVW�UDWH�DQG�TXDUWHU�DYHUDJH�LQWHUHVW�UDWH�IRUHFDVWV�WKH
GLIIHUHQFHV� LQ� PHDQ� VTXDUHG� HUURUV� DUH� VLJQLILFDQW�� 7KH� IL[HG�SDUDPHWHU
H[SRQHQWLDOO\�ZHLJKWHG�PRYLQJ�DYHUDJH�DSSURDFK�JDLQV�QR�EHQHILW�IURP�LQFUHDVLQJ
WKH� GDWD�ZLQGRZ�� VLQFH� OLWWOH�ZHLJKW� IDOOV� RQ� GDWD� PRUH� WKDQ� D� TXDUWHU� DJR�� 7KH
*$5&+�PRGHOV�GR�QRW�FRQVLVWHQWO\� IDYRXU� ORQJHU�ZLQGRZ�OHQJWKV��)RU� LQVWDQFH�
LQ�WKH�FDVH�RI�WKH�%(..�PRGHO��LQFUHDVLQJ�WKH�ZLQGRZ�OHQJWK�VLJQLILFDQWO\�UHGXFHV
PHDQ� VTXDUHG� HUURUV� IRU� GDLO\� IRUHLJQ� H[FKDQJH� IRUHFDVWV�� EXW� VLJQLILFDQWO\
LQFUHDVHV�PHDQ�VTXDUHG�HUURUV�IRU�TXDUWHU�DYHUDJH�LQWHUHVW�UDWH�IRUHFDVWV�

7KH� IDFW� WKDW� WKH� IRUHFDVW� SHUIRUPDQFH� RI� WKH� G\QDPLF� H[SRQHQWLDOO\� PRYLQJ
DYHUDJH� DQG� WKH�*$5&+�PRGHOV� GR� QRW� V\VWHPDWLFDOO\� LPSURYH� DV� WKH� OHQJWK� RI
GDWD�XVHG�IRU�PRGHO�HVWLPDWLRQ�LQFUHDVHV�LV�D�OLWWOH�VXUSULVLQJ��,QFUHDVHG�GDWD�OHQJWK
VKRXOG� SURYLGH� PRUH� DFFXUDWH� SDUDPHWHU� HVWLPDWHV�� 7KH� IDFW� WKDW� PRUH� SUHFLVH
SDUDPHWHU�HVWLPDWHV�DUH�QRW�UHVXOWLQJ�LQ�PRUH�SUHFLVH�IRUHFDVWV�VXJJHVWV�WKDW�WKHVH
PD\�QRW�EH�DSSURSULDWH�PRGHOV� IRU� WKLV�SXUSRVH�DQG� WKDW�RWKHU�FODVVHV�RI�PRGHOV
VKRXOG�EH�FRQVLGHUHG�

)XUWKHU� DQDO\VLV� RI� IRUHFDVW� HUURUV� IRU� WKH� LQGLYLGXDO� YDULDQFHV� DQG� FRYDULDQFHV
VKRZV� WKDW�PXFK� RI� WKH� UHODWLYHO\� SRRU� IRUHFDVWLQJ� SHUIRUPDQFH� RI� WKH� *$5&+
PRGHOV� FDQ� EH� DWWULEXWHG� WR� H[WUHPHO\� SRRU� SUHGLFWLRQ� RI� D� VPDOO� QXPEHU� RI
HOHPHQWV�ZLWKLQ� WKH�YDULDQFH�FRYDULDQFH�PDWUL[� �IRU� H[DPSOH�� WKH�YDULDQFH�RI� WKH
$XVWUDOLDQ�GROODU�±�1HZ�=HDODQG�GROODU�H[FKDQJH�UDWH���:KHQ� WKHVH�HOHPHQWV�DUH
UHPRYHG�� KRZHYHU�� WKH� *$5&+� PRGHOV� VWLOO� GR� QRW� RXWSHUIRUP� WKH� VLPSOHU
PRGHOV��7KH�VLPSOHU�PRGHOV�H[KLELW�IDLUO\�FRQVWDQW�EHKDYLRXU�DFURVV�WKH�HOHPHQWV
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RI� WKH� YDULDQFH�FRYDULDQFH� PDWUL[�� 7KLV� LV� FRQVLVWHQW� DFURVV� DOO� IRUHFDVW�HUURU
PHWULFV�� $V� WKH� VDPSOH� VL]H� LV� LQFUHDVHG� WKHVH� VLPSOH� PRGHOV� SHUIRUP� EHWWHU� RQ
DYHUDJH� DFURVV� DOO� PDWUL[� HOHPHQWV�� EXW� WKH� GLVSHUVLRQ� DURXQG� WKLV� DYHUDJH
LQFUHDVHV�� 7KLV� EHKDYLRXU� LV� IRXQG� LQ� ERWK� WKH� GDLO\� DQG� TXDUWHU�DYHUDJH� UHVXOWV�
)RU� WKH� *$5&+� PRGHOV� WKHUH� GRHV� QRW� VHHP� WR� EH� D� FRQVLVWHQW� UHODWLRQVKLS
EHWZHHQ� WKH� OHQJWK� RI� GDWD� ZLQGRZ� DQG� WKH� GLVSHUVLRQ� RI� IRUHFDVWLQJ� DFFXUDF\
DFURVV�WKH�HOHPHQWV�RI�WKH�YDULDQFH�FRYDULDQFH�PDWUL[��$W�WLPHV�LQFUHDVLQJ�WKH�GDWD
ZLQGRZ�LQFUHDVHV�WKH�VSUHDG�RI�IRUHFDVW�PHWULFV�DFURVV�WKH�PDWUL[�HOHPHQWV��ZKLOH
DW�RWKHU�WLPHV�WKH�VSUHDG�LV�UHGXFHG�

7KH� XVHUV� RI� D�9D5�PRGHO� DUH� QRW� OLNHO\� WR� YLHZ� RYHU�� DQG� XQGHU�SUHGLFWLRQ� RI
YDULDQFHV� DQG� FRYDULDQFHV� HTXDOO\�� $� PRGHO� WKDW� FRQVLVWHQWO\� RYHU�SUHGLFWV
YRODWLOLW\�ZLOO�RYHUVWDWH�D�SRUWIROLR¶V�ULVN��7KLV�PD\�EH�DWWUDFWLYH�WR�VXSHUYLVRUV�ZKR
PD\� SUHIHU� PRGHOV� WR� HUU� RQ� WKH� FRQVHUYDWLYH� VLGH�� +RZHYHU�� LQGLYLGXDO� WUDGHUV
ZLWKLQ� D� ILUP� PD\� SUHIHU� PRGHOV� ZKLFK� XQGHU�SUHGLFW� ULVN� DQG� WKXV� RYHUVWDWH
ULVN�DGMXVWHG� UHWXUQV�� ,W� LV� QRW� FOHDU�ZKHWKHU� WKH� EDQNLQJ� ILUP� DV� D�ZKROH�ZRXOG
SUHIHU� D� PRGHO� WKDW� RYHU�� RU� XQGHU�SUHGLFWV� ULVN�� 7KH� FDSLWDO� DOORFDWLRQ� IORZLQJ
IURP� DQ� RYHUO\� FRQVHUYDWLYH� PRGHO� ZLOO� EH� PRUH� H[SHQVLYH� DQG� KXUGOH� UDWHV� RI
UHWXUQ� XQQHFHVVDULO\� KLJK�� $JDLQVW� WKLV�� D� PRGHO� WKDW� FRQVLVWHQWO\� XQGHU�SUHGLFWV
ZLOO�H[SRVH�WKH�EDQN�WR�DQ�XQH[SHFWHGO\�KLJK�SUREDELOLW\�RI�EDQNUXSWF\��:H�QHHG
WR�FRQVLGHU�SUHGLFWLRQ�RI�YDULDQFHV�DQG�FRUUHODWLRQV�VHSDUDWHO\��2YHU�HVWLPDWLRQ�RI
YDULDQFHV�XQDPELJXRXVO\�RYHU�SUHGLFWV� WUXH� ULVN��7KH�HIIHFW�RI�RYHU�SUHGLFWLRQ�RI
FRUUHODWLRQ� GHSHQGV� XSRQ� WKH� FRPSRVLWLRQ� RI� WKH� SRUWIROLR� VXEMHFW� WR� WKH� 9D5
PRGHO��+HQFH��ZH�VHSDUDWHO\�FRQVLGHU�WKUHH�PHDVXUHV�RI�IRUHFDVW�ELDV� LQ�YDULDQFH
SUHGLFWLRQ��WKH�PHDQ�HUURU��DQG�WKH�PHDQ�PL[HG�HUURUV��ERWK�RYHU�DQG�XQGHU��7KHVH
DUH�VKRZQ�LQ�)LJXUHV���DQG����)XOO�GHWDLOV�DUH�JLYHQ�LQ�$SSHQGL[�&�
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)LJXUH����,QWHUHVW�5DWHV�9DULDQFHV
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&RQVLVWHQW�ZLWK� WKH� SUHYLRXV� UHVXOWV�� WKH� IL[HG�SDUDPHWHU� H[SRQHQWLDOO\�ZHLJKWHG
PRYLQJ� DYHUDJH� WHQGV� WR� RXWSHUIRUP� WKH� RWKHU� PRGHOV� ZKHQ� IRUHFDVWLQJ� LQWHUHVW
UDWHV�� SURGXFLQJ� ORZ� PHDQ�HUURU� DQG� ORZ� RYHU�SUHGLFWLRQ� UHVXOWV�� )RU� GDLO\� DQG
TXDUWHUO\� LQWHUHVW�UDWH� YDULDQFH� IRUHFDVWV� WKH� KLVWRULFDO� DQG� FRQVWDQW�FRUUHODWLRQ
*$5&+�PRGHOV� UHVSHFWLYHO\� SURYLGH� WKH� OHDVW� XQGHU�SUHGLFWLRQ� DQG� WKXV� FDQ� EH
WDNHQ�WR�EH�WKH�PRVW�FRQVHUYDWLYH�PRGHOV��7KH�UHVXOWV�DUH�PRUH�PL[HG�IRU�IRUHLJQ
H[FKDQJH�ZLWK�QR�PRGHO�FRQVLVWHQWO\�RXWSHUIRUPLQJ�WKH�RWKHUV�

$V� ZH� QRWHG� HDUOLHU�� WKH� IUHTXHQF\� ZLWK� ZKLFK� EDQNV� UH�HVWLPDWH� WKHLU
YDULDQFH�FRYDULDQFH� PDWUL[� YDULHV�� :KLOH� EDQNV� DUH� UHTXLUHG� WR� UH�HVWLPDWH� WKH
PDWUL[�DW� OHDVW�TXDUWHUO\� IRU� UHJXODWRU\�SXUSRVHV��PDQ\�EDQNV�XSGDWH� WKHLU�PDWUL[
HDFK� GD\�� 7R� JDXJH� WKH� LPSDFW� RI� OHVV� IUHTXHQW� UH�HVWLPDWLRQ� RQ� IRUHFDVW
SHUIRUPDQFH�ZH�FRPSDUH�WKH�URRW�PHDQ�VTXDUHG�HUURU�RI�RQH�GD\�DKHDG�IRUHFDVWV
ZLWK�WKDW�RI�WKH�IRUHFDVW�IRU�WKH�ODVW�GD\�RI�WKH�TXDUWHU��7KH�SHUFHQWDJH�LQFUHDVH�LQ
URRW�PHDQ�VTXDUHG�HUURU�LV�VKRZQ�LQ�7DEOH���

7KH� ILUVW� WKUHH�PRGHOV� SUHGLFW� WKDW� IXWXUH� YDULDQFHV� DQG� FRYDULDQFHV�ZLOO� UHPDLQ
FRQVWDQW��7KH�IRUHFDVW�DFFXUDF\�RI� WKHVH�VLPSOH�PRGHOV�GHFOLQHV�E\� VRPHWKLQJ� LQ
WKH� UDQJH� RI� �� WR� ���SHU� FHQW��ZKLFK� LQ� FRPSDULVRQ�ZLWK� WKH� RWKHU�PHDVXUHPHQW
HUURUV� HPERGLHG� LQ� 9D5� PRGHOV� LV� SUREDEO\� QRW� ODUJH� �VHH�� IRU� H[DPSOH�
*L]\FNL�DQG� +HUHIRUG� ��������� ,Q� FRQWUDVW�� WKH� *$5&+� PRGHOV� �LQ� ZKLFK� WKH
IXWXUH�SDWK�RI�YDULDQFHV�DQG�FRYDULDQFHV�IROORZV�D�VPRRWK�GHFD\�IXQFWLRQ��SHUIRUP
PXFK�PRUH�SRRUO\�RYHU�WKH�ORQJHU�IRUHFDVW�KRUL]RQ��7KH�SRRU�SHUIRUPDQFH�RI� WKH
PRGHOV�FDOLEUDWHG�RQ� WKH�VKRUWHU�GDWD�SHULRGV�PD\�EH�DWWULEXWHG� WR� LPSUHFLVLRQ� LQ
HVWLPDWLRQ�RI� WKH�PRGHO�SDUDPHWHUV��+RZHYHU�� WKH� IRUHFDVW� DFFXUDF\� RI� WKH�PRUH
UREXVW� ORQJ�ZLQGRZ�HVWLPDWHV�GHFOLQHV�E\�DV�PXFK�DV�D�KDOI�RYHU� WKH� TXDUWHU�� ,Q
VHYHUDO� LQVWDQFHV� ZH� REWDLQ� WKH� XQXVXDO� UHVXOW� WKDW� EHWWHU� IRUHFDVW� DFFXUDF\� LV
REWDLQHG�IRU�WKH�ORQJHU�KRUL]RQ�WKDQ�WKH�GD\�DKHDG�IRUHFDVWV�
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7DEOH����,QFUHDVH�LQ�506(�RYHU�WKH�4XDUWHU
3HU�FHQW
)RUHLJQ�H[FKDQJH ,QWHUHVW�UDWHV

)L[HG�ZHLJKW�KLVWRULFDO
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&RQVWDQW�FRUUHODWLRQ�*$5&+
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1RWH� )RU� HDFK�PRGHO� DQG� HDFK� HOHPHQW� RI� WKH� YDULDQFH�FRYDULDQFH�PDWUL[� WKH� URRW�PHDQ� VTXDUHG� HUURU� ZDV

FDOFXODWHG�IRU�IRUHFDVWV�RI�WKH�YDULDQFH�RU�FRYDULDQFH�WR�EH�REVHUYHG�RQ�WKH�QH[W�GD\�DQG�WKH�ODVW�GD\�RI

WKH�TXDUWHU��7KLV� WDEOH� VKRZV� WKH� GLIIHUHQFH� EHWZHHQ� WKH� WZR� URRW�PHDQ� VTXDUHG� HUURUV� H[SUHVVHG� DV� D

SHUFHQWDJH� RI� WKH� RQH�GD\�DKHDG� URRW� PHDQ� VTXDUHG� HUURU�� 7KLV� UDWLR� KDV� EHHQ� DYHUDJHG� DFURVV� DOO

HOHPHQWV�RI�WKH�YDULDQFH�FRYDULDQFH�PDWUL[�
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��� &RQFOXVLRQ

7KHUH�DUH�WZR�SULQFLSDO�FRQFOXVLRQV�WR�EH�GUDZQ�IURP�WKLV�SDSHU��)LUVWO\�WKDW�WKHUH
LV�FRQVLGHUDEOH�YDULDWLRQ�LQ�YDULDQFHV�DQG��WR�D�OHVVHU�H[WHQW��FRUUHODWLRQV�RYHU�WLPH�
7KLV� SURYLGHV� VXSSRUW� IRU�$35$¶V� DSSURDFK� WR�PDUNHW�ULVN�PHDVXUHPHQW�� ZKLFK
UHTXLUHV�WKDW�EDQNV�XSGDWH�WKH�SDUDPHWHUV�RI�WKH�YDULDQFH�FRYDULDQFH�PDWUL[�DW�OHDVW
TXDUWHUO\��7KDW�VDLG��PRYLQJ� IURP�TXDUWHUO\� WR�GDLO\�XSGDWLQJ�RI�SDUDPHWHUV�RQO\
VOLJKWO\� LPSURYHV� IRUHFDVW� DFFXUDF\�� 6HFRQGO\�� WKH� FRVW�� LQ� WHUPV� RI� IRUHFDVWLQJ
DFFXUDF\�� RI� XVLQJ� VLPSOH� PRGHOV� RI� WKH� WLPH�VHULHV� HYROXWLRQ� RI� YDULDQFHV� DQG
FRYDULDQFHV�GRHV�QRW�DSSHDU�WR�EH�KLJK��6LPSOH�PRGHOV�VXFK�DV�HTXDOO\�ZHLJKWHG
PRYLQJ� DYHUDJHV� DQG� IL[HG�SDUDPHWHU� H[SRQHQWLDOO\�ZHLJKWHG� PRYLQJ� DYHUDJHV
DSSHDU�WR�SHUIRUP�DV�ZHOO�RU�RIWHQ�EHWWHU�WKDQ�PRUH�FRPSOH[�*$5&+�PRGHOV�

7KHVH�ILQGLQJV�SURYLGH�VRPH�VXSSRUW�IRU� WKH�SUDFWLFHV�SUHYDOHQW�LQ�WKH�$XVWUDOLDQ
EDQNLQJ�LQGXVWU\�ZKHUH�FRPSDUDWLYHO\�VLPSOH�PRGHOV�RI�YDULDQFHV�DQG�FRYDULDQFHV
DUH�HPSOR\HG�LQ�IRUPXODWLQJ�9D5�PRGHOV�DQG�WKH�ILQDQFLDO�UHWXUQ�GDWD�XQGHUO\LQJ
WKH�9D5�PRGHOV�DUH�SHULRGLFDOO\�XSGDWHG��RIWHQ�GDLO\�EXW�DW�OHDVW�TXDUWHUO\�

7KHUH�DUH�D�QXPEHU�RI�FDYHDWV�WR�WKH�DSSOLFDWLRQ�RI� WKH�UHVXOWV�RI� WKLV�IRUHFDVWLQJ
H[HUFLVH� WR� WKH� SUDFWLFDO� DVVHVVPHQW� RI� 9D5� PRGHOV�� 0RGHOOLQJ� YDULDQFHV� DQG
FRYDULDQFHV� LV� MXVW�RQH�FRPSRQHQW�RI�D�9D5�PRGHO��ZKLFK�PXVW�DOVR�DGGUHVV� WKH
RYHUDOO�GLVWULEXWLRQ�RI�ILQDQFLDO�UHWXUQV��SRUWIROLR�FRPSRVLWLRQ�DQG�PHDVXUHPHQW�RI
WKH�VHQVLWLYLW\�RI�ILQDQFLDO�LQVWUXPHQWV�WR�PRYHPHQWV�LQ�XQGHUO\LQJ�SULFHV�

,I�LW�LV�DVVXPHG�WKDW�ILQDQFLDO�UHWXUQV�IROORZ�D�QRUPDO�GLVWULEXWLRQ�WKH�PHDQ�UHWXUQV
DQG�WKH�YDULDQFH�FRYDULDQFH�PDWUL[�DUH�VXIILFLHQW�WR�GHVFULEH�WKH�IXOO�GLVWULEXWLRQ�RI
ILQDQFLDO� UHWXUQV�� 7KHUH� LV� VWURQJ� HYLGHQFH� WR� VXJJHVW�� KRZHYHU�� WKDW� ILQDQFLDO
UHWXUQV� DUH� QRW� QRUPDOO\� GLVWULEXWHG�� ,Q� VXFK� D� FDVH� D� PRGHO� WKDW� IRUHFDVWV
FRYDULDQFHV� ZHOO�� ZLOO� DFFXUDWHO\� IRUHFDVW� EHKDYLRXU� DURXQG� WKH� FHQWUH� RI� WKH
GLVWULEXWLRQ�EXW�QRW�QHFHVVDULO\�LQ�WKH�GLVWULEXWLRQ¶V�WDLOV��7KH�IRFXV�RI�9D5�PRGHOV
LQ�PHDVXULQJ�PDUNHW�ULVN� LV�RQ� WKH�H[WUHPH� WDLOV�RI� WKH�GLVWULEXWLRQ� �W\SLFDOO\� WKH
ILUVW�RU�ILIWK�SHUFHQWLOHV���*RLQJ�EH\RQG�WKH�YDULDQFH�FRYDULDQFH�9D5�PRGHO��EDQNV
KDYH�GHYHORSHG�D�UDQJH�RI�9D5�PRGHOV� �VXFK�DV�KLVWRULFDO�VLPXODWLRQ�DQG�0RQWH
&DUOR� VLPXODWLRQ�� ZKLFK� SODFH� VWURQJHU� HPSKDVLV� RQ� PRGHOOLQJ� WKH� H[WUHPHV� RI
ILQDQFLDO�UHWXUQ�GLVWULEXWLRQV��&OHDUO\�PRUH�ZRUN�UHPDLQV�WR�EH�GRQH�FRPSDULQJ�WKH
WDLO�IRUHFDVWLQJ�SHUIRUPDQFH�RI�YDULRXV�YDULDQFH�FRYDULDQFH�9D5�IRUPXODWLRQV�ZLWK
WKDW�RI�RWKHU�9D5�PRGHOV�
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,Q� WKLV� SDSHU�� HTXDO� ZHLJKW� KDV� EHHQ� JLYHQ� WR� HDFK� YDULDEOH� ZLWKLQ� WKH
YDULDQFH�FRYDULDQFH�PDWUL[��,Q�SUDFWLFH��EDQNV¶�SRUWIROLRV� WHQG� WR�EH�FRQFHQWUDWHG
LQ� D� VPDOO� QXPEHU� RI� DVVHWV�� )RU� H[DPSOH�� WKH� EXON� RI� EDQNV� IRUHLJQ� H[FKDQJH
H[SRVXUH� PD\� GHULYH� IURP� WUDGLQJ� LQ� PDMRU� FXUUHQFLHV� VXFK� DV� WKH� 86� GROODU�
*HUPDQ�PDUN� DQG� -DSDQHVH� \HQ��$FFXUDWH� IRUHFDVWLQJ� RI� WKH� YDULDELOLW\� RI� WKHVH
UDWHV�ZLOO�EH�PXFK�PRUH� LPSRUWDQW� WKDQ� IRU�RWKHU� OHVV�DFWLYHO\� WUDGHG�FXUUHQFLHV�
7KH� DVVHVVPHQW� RI� WKH� IRUHFDVWLQJ� SHUIRUPDQFH� RI� 9D5� PRGHOV� QHHGV� WR� EH
FDOLEUDWHG�DJDLQVW�WKH�FRPSRVLWLRQ�RI�EDQNV¶�SRUWIROLRV�

$FFXUDWH� SUHGLFWLRQ� RI� WKH� YDULDELOLW\� RI� WKH� YDOXH� RI� D� SRUWIROLR� UHTXLUHV� DQ
DFFXUDWH� IRUHFDVW�RI� WKH�SUREDELOLW\�RI� ODUJHU�PRYHV� LQ�PDUNHW� SULFHV� DQG�SUHFLVH
PHDVXUHPHQW�RI�WKH�VHQVLWLYLW\�RI� WKH�YDOXH�RI�YDULRXV�LQVWUXPHQWV�WR�WKRVH�ODUJHU
SULFH� PRYHV�� )RU� PRVW� VLPSOH� LQVWUXPHQWV�� VXFK� DV� VSRW� DQG� IRUZDUG� IRUHLJQ
H[FKDQJH�DQG�ERQGV��PHDVXUHPHQW�RI�SULFH�VHQVLWLYLW\�LV�D�VWUDLJKWIRUZDUG�PDWWHU�
,Q�WKH�FDVH�RI�FRPSOH[�LQVWUXPHQWV��VXFK�DV�RSWLRQV��KRZHYHU��WKHUH�UHPDLQV�ZLGH
YDULDWLRQ� LQ� WKH� SUDFWLFHV� DGRSWHG� WR� LQFRUSRUDWH� WKHP� LQWR� D� 9D5� IUDPHZRUN�
)XUWKHU�UHVHDUFK�RQ�WKHVH�LVVXHV�UHPDLQV�WR�EH�GRQH�
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$SSHQGL[�$���6WDELOLW\�$QDO\VLV

7DEOH�$���)RUHLJQ�([FKDQJH
7KH�SURSRUWLRQ�RI�VWDEOH�PDWULFHV��SHU�FHQW
&RYDULDQFHV &RUUHODWLRQ

:LQGRZ
OHQJWK
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7DEOH�$���,QWHUHVW�5DWHV
7KH�SURSRUWLRQ�RI�VWDEOH�PDWULFHV��SHU�FHQW

&RYDULDQFHV &RUUHODWLRQV

:LQGRZ�OHQJWK ��� ��� ��� ��� ����� ��� ��� ��� ��� �����

%$%����GD\�YHUVXV

2YHUQLJKW�FDVK �� � � � � �� �� � �� ���

%$%����GD\ �� �� � � � ��� ��� ��� ��� ���

%$%�����GD\ �� �� � � � ��� ��� ��� ��� ���

2QH�\HDU�ERQG �� �� � � � ��� ��� ��� ��� ���

7ZR�\HDU�ERQG �� �� �� � � ��� ��� ��� ��� ���

)LYH�\HDU�ERQG �� �� �� � � ��� ��� ��� ��� ���

7HQ�\HDU�ERQG �� �� �� � � ��� ��� ��� ��� ���
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$SSHQGL[�%���&RQGLWLRQDO�&RUUHODWLRQ�$QDO\VLV

*LYHQ� WKH� TXHVWLRQV� VXUURXQGLQJ� WKH� FRQVWDQW� FRUUHODWLRQ� DVVXPSWLRQ� YDULRXV
GHSDUWXUHV�IURP�WKH�PRGHO�DUH�WHVWHG��7KUHH�DOWHUQDWLYH�PRGHOV�DUH�HVWLPDWHG�DORQJ
WKH� OLQHV� RI� /RQJLQ� DQG� 6ROQLN� �������� 7KH� FRQVWDQW� FRUUHODWLRQ� PRGHO� LV
DXJPHQWHG�ZLWK� D� WLPH� WUHQG�� WKUHVKROG� YDULDEOHV� DQG� DV\PPHWU\� YDULDEOHV�� 7KH
PRGHOV�DUH�HVWLPDWHG�RYHU�WKH�IXOO�VDPSOH��RYHU�WZR�KDOYHV�RI�WKH�VDPSOH��RYHU�IRXU
TXDUWHUV�RI�WKH�IXOO�VDPSOH��DQG�RYHU�FRQVHFXWLYH�����GD\�SHULRGV��7R�VLPSOLI\�WKH
DQDO\VLV� RQO\� ELYDULDWH� V\VWHPV� LQYROYLQJ� WKH� $8'?86'� SDLUHG� ZLWK� WKH� HLJKW
RWKHU�H[FKDQJH�UDWHV�DQG����GD\�EDQN�ELOO� UDWH�SDLUHG�ZLWK� WKH�RWKHU� LQWHUHVW� UDWH
VHULHV�DUH�XVHG�

7KH� FRYDULDQFH� HTXDWLRQ� LQ� WKH� PRGHO� DXJPHQWHG� ZLWK� D� WLPH� WUHQG� �FKRVHQ
DUELWUDULO\�DV�OLQHDU��KDV�WKH�IRUP�

������L
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++
+= WM�WL�LMLMWM� W srrs �%��

,I� WKH� FRHIILFLHQW� RQ� WKH� WLPH� WUHQG� LV� VLJQLILFDQWO\� GLIIHUHQW� IURP� ]HUR� WKHQ� WKLV
SURYLGHV� HYLGHQFH� WKDW� WKH� FRQGLWLRQDO� FRUUHODWLRQ� LV� QRW� FRQVWDQW� DFURVV� WLPH�
7DEOH�%��VXPPDULVHV�WKH�UHVXOWV�IURP�WKLV�H[HUFLVH�

7DEOH�%���7HVWLQJ�&RQVWDQW�&RUUHODWLRQ�*$5&+�)XQFWLRQDO�)RUP
)XOO�VDPSOH +DOI�VDPSOH 4XDUWHU�VDPSOH ����GD\V

7LPH�WUHQG

)RUHLJQ�H[FKDQJH �����
 ����
 ����
 ����


,QWHUHVW�UDWHV ����
 ����
 ����
 ����


7KUHVKROG

)RUHLJQ�H[FKDQJH ����
 ����
 ����
 ����

,QWHUHVW�UDWHV ����
 ����
 ����
 ����

$V\PPHWU\

)RUHLJQ�H[FKDQJH��fLM��¡�fLM�� ����
 ���� ���� ����

)RUHLJQ�H[FKDQJH��fLM��¡�fLM�� ���� ���� ���� ����

,QWHUHVW�UDWHV��fLM��¡�fLM�� ���� ���� ���� ����

,QWHUHVW�UDWHV��fLM��¡�fLM�� ���� ���� ���� ����

1RWHV� 7KH�UHVXOWV�UHSRUWHG�DUH�WKH�DYHUDJH�VWDQGDUG�W�VWDWLVWLF�RQ�WKH�rLM�FRHIILFLHQW�DFURVV�WLPH�SHULRGV�DQG�DOO

HOHPHQWV�LQ�WKH�YDULDQFH�FRYDULDQFH�PDWUL[�


�GHQRWHV�VLJQLILFDQFH�DW�WKH���SHU�FHQW�OHYHO�
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7KH� WLPH� WUHQG� FRHIILFLHQW� LV� VLJQLILFDQW� DFURVV� DOO� VDPSOHV��2YHU� WKH� IXOO� SHULRG�
WKHUHIRUH�� FRYDULDQFHV� KDYH� VLJQLILFDQWO\� FKDQJHG�� ,W� LV� ZRUWK� QRWLQJ� WKDW� DV� WKH
VDPSOH� VL]H� GHFUHDVHV� WKH� WLPH� WUHQG� EHFRPHV� OHVV� VLJQLILFDQW�� 7R� WKLV� H[WHQW
VPDOOHU�GDWD�ZLQGRZV��ZKHQ�QR�WLPH�WUHQG�LV�LQFOXGHG��ZRXOG�EH�H[SHFWHG�WR�JLYH�D
PRUH�DFFXUDWH�UHSUHVHQWDWLRQ�RI�WKH�HYROXWLRQ�RI�WKH�XQGHUO\LQJ�SURFHVV�

7R�WHVW�WKH�K\SRWKHVLV�WKDW�FRUUHODWLRQV�LQFUHDVH�GXULQJ�SHULRGV�RI�KLJK�YRODWLOLW\��D
WKUHVKROG� HIIHFW� LV� LQWURGXFHG� LQWR� WKH� ELYDULDWH� V\VWHP��:LWK� WKLV� WKUHVKROG� RQ
FRUUHODWLRQ��WKH�FRYDULDQFH�WHUP�RI�WKH�*$5&+�VSHFLILFDWLRQ�FDQ�EH�ZULWWHQ�DV�
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ZKHUH�6W� LV� D� GXPP\�YDULDEOH� WKDW� WDNHV� WKH� YDOXH� �� LI� WKH�HVWLPDWHG� FRQGLWLRQDO
YDULDQFH� RI� WKH�86'�$8'�H[FKDQJH� UDWH� UHWXUQ� LV� JUHDWHU� WKDQ� LWV� XQFRQGLWLRQDO
YDOXH�DQG���RWKHUZLVH��7KH�WKUHVKROG�IRU� WKH�LQWHUHVW�UDWH�VHULHV�LV� WKH�YDULDQFH�RI
WKH�FKDQJH�LQ�WKH����GD\�EDQN�ELOO�UDWH��7KLV�FKRLFH�RI� WKUHVKROG�LV�DUELWUDU\��7KH
XQFRQGLWLRQDO� YDULDQFH� RI� LQQRYDWLRQV� IURP� WKH� EDVH� PRGHO� LV� WDNHQ� DV� WKH
H[RJHQRXV� WKUHVKROG�� 7KH� FRHIILFLHQW� xLM�� ZLOO� EH� SRVLWLYH� LI� WKH� FRUUHODWLRQ
LQFUHDVHV� ZKHQ� WKH� FRQGLWLRQDO� YDULDQFH� LV� KLJK�� 7KH� DYHUDJH� W�VWDWLVWLF� RQ� WKH
GXPP\�YDULDEOH�FRHIILFLHQW�LV�VKRZQ�LQ�WKH�WDEOH�DERYH�

7KH�WKUHVKROG�FRHIILFLHQW�LV�VLJQLILFDQWO\�GLIIHUHQW�IURP�]HUR�LQ�DOO�FDVHV�H[FHSW�WKH
����GD\�ZLQGRZ��KHQFH��IRU�WKH�ODUJHU�VL]HG�VDPSOHV�D�WKUHVKROG�HIIHFW�LV�SUHVHQW�
7KLV�VXJJHVWV�WKDW�WKH�XVH�RI�VKRUWHU�GDWD�ZLQGRZV�PD\�FRPSHQVDWH�IRU�WKH�IDLOXUH
WR�H[SOLFLWO\�PRGHO�D�WKUHVKROG�HIIHFW��7KH� WKUHVKROG�FRHIILFLHQWV� DUH� VLJQLILFDQWO\
SRVLWLYH� IRU� DOO� SDLUV� RI� IRUHLJQ� H[FKDQJH� UDWHV� DQG� ORQJHU�WHUP� LQWHUHVW� UDWHV
LQGLFDWLQJ�WKDW�SHULRGV�RI�KLJK�YRODWLOLW\�DUH�DVVRFLDWHG�ZLWK�LQFUHDVHG�FRUUHODWLRQV��

7KLV� LV� VXSSRUWLYH� RI� WKH� VWUHVV�WHVWLQJ� DSSURDFK� VHW� RXW� LQ� $35$¶V� PDUNHW�ULVN
UHSRUWLQJ� UHTXLUHPHQWV� ZKLFK� DVVXPHV� WKDW� µZRUVW� FDVH¶� SULFH� PRYHPHQWV� RFFXU
VLPXOWDQHRXVO\�DFURVV�D�UDQJH�RI�PDUNHWV�
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�� 7KH� WKUHVKROG� FRHIILFLHQWV� DUH� VLJQLILFDQWO\� QHJDWLYH� IRU� VKRUW�WHUP� LQWHUHVW� UDWHV�� +HQFH�

LQFUHDVHG�YDULDWLRQ�LV�DVVRFLDWHG�ZLWK�GHFUHDVHG�FRUUHODWLRQ��7KLV�PD\� UHIOHFW� WKH� LQWHUDFWLRQ
RI�WKH�RSHUDWLRQ�RI�PRQHWDU\�SROLF\�ZLWK�PDUNHW�H[SHFWDWLRQV�
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7KH�WKLUG�PRGHO�ORRNV�DW�WKH�LVVXH�RI�DV\PPHWU\��,Q�WKH�SUHYLRXV�PRGHOV�D�QHJDWLYH
RU�SRVLWLYH�VKRFN�LV�DVVXPHG�WR�KDYH�WKH�VDPH�LPSDFW�RQ�FRUUHODWLRQ��+HUH�ZH�WHVW
ZKHWKHU� QHJDWLYH�DQG�SRVLWLYH� VKRFNV� KDYH� D� GLIIHUHQW� LPSDFW� RQ� WKH� FRQGLWLRQDO
FRUUHODWLRQ��7KLV�DXJPHQWHG�PRGHO�FRQGLWLRQV�WKH�FRUUHODWLRQ�RQ�ERWK�WKH�VLJQ�DQG
PDJQLWXGH�RI�SDVW�VKRFNV�WR�WKH�86'�$8'�H[FKDQJH�UDWH�DQG�IRU�WKH�LQWHUHVW�UDWH
PDWUL[� WKH� ���GD\� EDQN� ELOO� UDWH�� 7KLV� DV\PPHWULF� FRUUHODWLRQ� *$5&+� KDV� WKH
IROORZLQJ�IRUP�
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ZKHUH�6N��W�DUH�WKH�GXPP\�YDULDEOHV�WKDW�WDNH�WKH�YDOXHV�

6���W� ���LI�eL��W�LV�OHVV�WKDQ��sL��DQG�]HUR�RWKHUZLVH
6���W� ���LI�eL��W�LV�OHVV�WKDQ���DQG�]HUR�RWKHUZLVH
6���W� ���LI�eL��W�LV�JUHDWHU�WKDQ���DQG�]HUR�RWKHUZLVH
6���W� ���LI�eL��W�LV�JUHDWHU�WKDQ�sL��DQG�]HUR�RWKHUZLVH

$V\PPHWU\� LV� FDSWXUHG�ZKHQ�fLM��¡�fLM��DQG�fLM��¡�fLM����$V�FDQ�EH� VHHQ� IURP� WKH
UHVXOWV� DV\PPHWU\� GRHV� QRW� DSSHDU� WR� EH� SUHVHQW�� 7KLV� LV� FRQVLVWHQW� ZLWK� WKH
OLWHUDWXUH�UHJDUGLQJ�IRUHLJQ�H[FKDQJH�VHULHV��6KHHG\���������
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9DOXH�DW�5LVN�0RGHOV¶��7KH�-RXUQDO�RI�'HULYDWLYHV��������SS����±���
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%RXGRXNK�� -���0�� 5LFKDUGVRQ� DQG� 5�)��:KLWHODZ� �������� µ,QYHVWLJDWLRQ� RI� D
&ODVV�RI�9RODWLOLW\�(VWLPDWRUV¶��7KH�-RXUQDO�RI�'HULYDWLYHV��������SS����±���

%UDLOVIRUG�� 7�� $QG� 5�� )DII� �������� µ$Q� (YROXWLRQ� RI� 9RODWLOLW\� )RUHFDVWLQJ
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