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5HFHLYHG�-XQH���������
7KH�FRQGXFWLYLW\�LQ�WKH�EDVLV�SODQH�RI�<%D�&X�±\$O\2�±G�VLQJOH�FU\VWDOV�ZLWK�D�SUH�VSHFL�ILHG�WRSRORJ\�RI�SODQH�GHIHFWV�KDV�EHHQ�LQYHVWLJDWHG��7KH�UHVXOWV�LQGLFDWH�WKDW�WKH�GRSLQJ

ZLWK� $O� UHVXOWV� LQ� LQFUHDVHG� QXPEHU� RI� WKH� HIIHFWLYH� VFDWWHULQJ� FHQWHUV� RI� WKH� QRUPDO
FDUULHUV��7KH�H[FHVV�FRQGXFWLYLW\� IRU�WKH�DQDO\]HG�VLQJOH�FU\VWDOV�ZLWKLQ�D�ZLGH�WHPSHUD�
WXUH� LQWHUYDO� FRUUHVSRQGV� WR� DQ� H[SRQHQWLDO� WHPSHUDWXUH� GHSHQGHQFH�� 1HDU� �F�� LW� LV� GH�VFULEHG�ZHOO�E\�WKH�$VODPD]RY�/DUNLQ�WKHRUHWLFDO�PRGHO��$�SDUWLDO�VXEVWLWXWLRQ�RI�&X�ZLWK
$O�UHVXOWV�LQ�D�FRQVLGHUDEOH�H[SDQVLRQ�RI�WKH�WHPSHUDWXUH�LQWHUYDO�RI�SVHXGR�JDS�DQRPDO\
H[LVWHQFH�LQ�WKH�DE�SODQH�
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7KH� WUDQVSRUW� SURSHUWLHV� LQ� KLJK�WHP�
SHUDWXUH� VXSHUFRQGXFWRUV� �+76&�� DUH� GH�
SHQGHQW� RQ� WKH� W\SH� DQG� FRQFHQWUDWLRQ� RI
GHIHFWV�DQG�WKH�R[\JHQ�VWRLFKLRPHWU\�>�Ü�@�
'RSLQJ� RI�<%D&X2� FRPSRXQGV� ZLWK� DOXPL�
QXP� LV� NQRZQ� WR� UHVXOW� LQ� VXEVWLWXWLRQ� RI
FRSSHU�DWRPV� LQ�WKH�&X2�SODQHV� >����@��7KH
LQIOXHQFH� H[WHQW� RI� VXFK� FKDQJHV� RQ� WKH
WUDQVSRUW�SURSHUWLHV��L�H��HOHFWULF�FRQGXFWLY�
LW\��LV�VWLOO�XQFOHDU��)RU�H[DPSOH��LQ�>�@��DQ
LQVLJQLILFDQW� LQFUHDVH� RI� WKH� HOHFWULF� UHVLV�
WDQFH� LQ� WKH� EDVLF� SODQH� �UDE�� ZDV� UHSRUWHGIRU� <%D�&X�±\$O\2�±G� VLQJOH� FU\VWDOV� ZLWK\�d�������2Q�WKH�FRQWUDU\��FRQFHQWUDWLRQ�D
WZR�IROG�LQFUHDVH�RI�UDE�IRU�WKH�VDPH�DOXPL�QXP� FRQFHQWUDWLRQ� ZDV� REVHUYHG� LQ� >�@�
6XFK�GLVDJUHHPHQW�VHHPV� WR�EH�GXH� WR�QRQ�
KRPRJHQHRXV� GLVWULEXWLRQ� RI� DOXPLQXP� LQ
WKH� FU\VWDO� EXON�� EHFDXVH� DQ� XQFRQWUROOHG

DOXPLQXP�GRSLQJ�LQ�WKH�FRXUVH�RI�WKH�FU\V�
WDO�JURZWK�LQ�DOXQGXP�FUXFLEOH��,Q�SDUWLFX�
ODU�� WKH� QRQ�KRPRJHQHRXV� GLVWULEXWLRQ� RI
DOXPLQXP� LV� HYLGHQFHV� E\� WKH� ZLGH� WUDQVL�
WLRQV� WR� VXSHUFRQGXFWLQJ� VWDWH� �'�°�t���z�DQG� WKHLU� VWHSZLVH� VKDSH� >����@�� 7KHUH� LV
DOVR� D� VLJQLILFDQW� VFDWWHU� LQ� WKH� VXSHUFRQ�
GXFWLQJ� SDUDPHWHUV�� 0RUHRYHU�� WZLQ
ERXQGDULHV� �7%�� DOZD\V� H[LVW� LQ�<%&2� VLQ�
JOH� FU\VWDOV� >�@�� 7KH� FRQWULEXWLRQ� RI� WKHVH
GHIHFWV� LV� GLIILFXOW� WR� GHWHUPLQH� LQ� H[SHUL�
PHQW��7KH�DLP�RI�WKLV�ZRUN�LV�WR�VWXG\�WKH
HIIHFW�RI�ORZ�DOXPLQXP�GRSLQJ��XS�WR�����
LQ� YDULRXV� FRQGXFWLYLW\� UHJLPHV� LQ� WKH
<%&2�VLQJOH�FU\VWDOV�ZLWK�KLJK�7F�DQG�XQL�GLUHFWLRQDO�7%�V\VWHP�DW�WKH�WUDQVSRUW�FXU�
UHQW� YHFWRU� ,__7%�� ZKHQ� WKH� LQIOXHQFH� RI
WZLQ� SODQHV� RQ� FDUULHU� VFDWWHULQJ� SURFHVVHV
LV�PLQLPDO�
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7KH� <%D�&X�±\$O\2�±G� VLQJOH� FU\VWDOV
ZHUH�JURZQ�XVLQJ�WKH�WHFKQLTXH�GHVFULEHG�LQ
D�SUHYLRXV�VWXG\�>�@��7KH�<�2���%D&2���&XHSRZGHUV� RI� VSHFLDO� SXULW\� JUDGH� ZHUH� XVHG
DV� LQLWLDO� PDWHULDOV�� 7R� REWDLQ� DOXPLQXP
GRSHG�VLQJOH� FU\VWDOV��$O�2�� �����ZW�����ZDVDGGHG� WR� WKH� UDZ� EOHQG�� 7KH� JURZWK� DQG
R[\JHQ�VDWXUDWLQJ�UHJLPHV�IRU�<%D�&X�±\$O\2�±GFU\VWDOV�DUH� LGHQWLFDO� WR�WKRVH�GHVFULEHG�IRU
XQGRSHG�VLQJOH�FU\VWDOV�>�@��)RU�WKH�UHVLVWLY�
LW\� PHDVXUHPHQWV�� WKLQ� ���u����PP�� FU\V�
WDOV� ZLWK� XQLGLUHFWLRQDO� 7%� ZHUH� VHOHFWHG
�)LJ������7KLV�JHRPHWU\�ZDV�VHOHFWHG�VR�WKDW
LW� ZDV� SRVVLEOH� WR� FXW� RXW� ���� PP� ZLGH
EULGJHV�ZLWK�SDUDOOHO�7%�DQG�����PP�GLVWDQFH
EHWZHHQ�WKH�SDLU�RI�FRQWDFWV��VHH�)LJ������7KH
HOHFWULF�UHVLVWDQFH�LQ�WKH�DE�SODQH�ZDV�PHDV�
XUHG� XVLQJ� WKH� VWDQGDUG� IRXU�FRQWDFW
PHWKRG�XVLQJ�GF�FXUUHQW�XS�WR����P$��7KH
WHPSHUDWXUH� ZDV� PHDVXUHG� E\� D� SODWLQXP
WKHUPR�UHVLVWRU�

)LJ���� LV� D� SKRWRJUDSK� RI� WKH� DOXPLQXP
GRSHG� FU\VWDO� ZLWK� LWV� FKDUDFWHULVWLF� WZLQ
JULG�� $V� LV� NQRZQ�� WKH� WULYDOHQW� LPSXULW\
LRQV� DUH� WKH� GHIHFW�RULJLQDWLQJ� FHQWHUV� >�@
DQG�ZKHQ�WKHLU�GHQVLW\�LQFUHDVH��WKH�SHULRG
RI� WKH� GRPDLQ� WZLQ� ERXQGDU\� VWUXFWXUH� GL�
PLQLVKHV�� $V� D� UHVXOW�� WKH� QHLJKERULQJ
PLFUR� WZLQV� EHFRPH� RYHUODSSHG� DQG� D
�WZHHG�� W\SH� VWUXFWXUH� LV� IRUPHG� >�@�� ,W� LV
VHHQ� IURP� WKH� )LJXUH� WKDW� LQ� VWXGLHG
<%D�&X�±\$O\2�±G� FU\VWDOV�� WKH� �WZHHG�
VWUXFWXUH�ZDV�QRW�REVHUYHG��SHUKDSV�GXH� WR
ORZ� $O� FRQFHQWUDWLRQ�� DQG� WKH� GLVWDQFH� EH�
WZHHQ� 7%� ZDV� WZR� RU� WKUHH� WLPHV� VPDOOHU
WKDQ�LQ�SXUH�FU\VWDOV�

7KH� WHPSHUDWXUH� GHSHQGHQFHV� RI� HOHFWULF
UHVLVWLYLW\� LQ� WKH� DE�SODQH�� UDE����� IRU� WKH<%&2��.���DQG�<%D�&X�±\$O\2�±G��.���FU\V�WDOV� DUH� VKRZQ� LQ� )LJ����� 7KH� LQVHW� UHSUH�
VHQWV�WKH�UHVLVWLYLW\�WUDQVLWLRQV�LQWR�WKH�VX�
SHUFRQGXFWLQJ�VWDWH�IRU�WKH�VDPH�VDPSOHV�LQ
5�Ü�7� DQG�G5�G7�Ü7�FRRUGLQDWHV�� ,W� LV�VHHQ
WKDW�LQ�ERWK�FDVHV��WKH�GHSHQGHQFHV�DUH�PH�
WDOOLF�� EXW� WKH� UDE�����.��UDE��� .�� UDWLRYDULHV�DQG�LWV�YDOXH�LV����DQG����IRU�.��DQG
.�� FU\VWDOV�� UHVSHFWLYHO\�� 7KH� UDE���z�YDOXH� ZDV� GHWHUPLQHG� E\� H[WUDSRODWLQJ� WKH
OLQHDU� UDE�7�� FRQGXFWLYLW\� VHFWLRQ� WR� ]HUR

)LJ�����6XUIDFH�SKRWR�RI�D�.��VLQJOH�FU\VWDO�
ZKHUH� LWV� FKDUDFWHULVWLF� WZLQ� JULG� LV� YLVLEOH
�SRODUL]HG�OLJKW��u������

)LJ����� 7HPSHUDWXUH� GHSHQGHQFHV� RI� HOHFWULF
UHVLVWLYLW\�UDE�7�� IRU�.��DQG�.��VLQJOH� FU\V�WDOV��FXUYHV���DQG����UHVSHFWLYHO\���7KH�7
�Û
3*�WUDQVLWLRQV�WHPSHUDWXUHV�DUH�LQGLFDWHG�E\
DUURZV��,QVHW��VXSHUFRQGXFWLQJ�WUDQVLWLRQ�IRU
WKH�VDPH�VDPSOHV�LQ�UDE�Ü���DQG�GUDE�G7�Ü�7FRRUGLQDWHV�� 7KH� FXUYHV� LQ� WKH� LQVHW� DQG� LQ
WKH�ILJXUH�DUH�QXPEHUHG�LGHQWLFDOO\�

7DEOH��3DUDPHWHUV�RI�H[SHULPHQWDO�VDPSOHV�
6DPSOH �°��z UDE������P:��FP
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WHPSHUDWXUH��DV�VKRZQ�LQ�)LJ�����7KH�UHVLV�
WLYLW\�YDOXH� LQ�DE�SODQH� IRU� WKH�.��DQG�.�
FU\VWDOV� DW� URRP� WHPSHUDWXUH� ZDV� ���� DQG
����P:���FP�DQG� WKHLU� FULWLFDO� WHPSHUDWXUHV
DUH������DQG������.��UHVSHFWLYHO\��7KH�GDWD
REWDLQHG� IRU� WKH� VDPSOHV� DUH� SUHVHQWHG� LQ
7DEOH�� $FFRUGLQJ� WR� OLWHUDWXUH� GDWD� RQ� WKH
GHSHQGHQFH� RI� �°� RQ� DOXPLQXP� FRQFHQWUD�WLRQV� >����@��ZH� FDQ� FRQFOXGH� WKDW�$O� FRQFHQ�
WUDWLRQV� LQ� WKH�.�� FU\VWDO� LV� OHVV� WKDW� ����
ZKHQ�WKH�R[\JHQ�FRQFHQWUDWLRQ�LV�G�d�����>�@�
$W� WKH� VDPH� WLPH�� WKH� QDUURZ� VXSHUFRQ�
GXFWLQJ� WUDQVLWLRQ� ZLGWK� � '�°�d����� z� IRUERWK� VDPSOHV� HYLGHQFHV� WKH� KRPRJHQHRXV
GLVWULEXWLRQ�RI�R[\JHQ�DQG�$O�RYHU�WKH�FU\V�
WDO�YROXPH��$V�WKH�WUDQVSRUW�FXUUHQW�YHFWRU�
,�� ZDV� SDUDOOHO� WR� WKH� 7%� IRU� DOO� WKH� VDP�
SOHV�� WKH� LQFUHDVH� RI� HOHFWULF� UHVLVWLYLW\� LQ
WKH�$O�GRSHG�FU\VWDO�KDYLQJ�D�VPDOOHU�LQWHU�
SODQH� VSDFLQJ� FDQQRW� EH� H[SODLQHG� E\� WKH
LQFUHDVH� RI� 7%� GHQVLW\��7KXV�� WKH� REVHUYHG
WZR�IROG�LQFUHDVH�RI�UDE�YDOXH�FRXOG�EH�SURE�DEO\� FDXVHG� HLWKHU� E\� WKH� FXUUHQW� FDUULHU
GHQVLW\� UHGXFWLRQ� RU� E\� WKH� DSSHDUDQFH� RI
HIILFLHQW� FDUULHU� VFDWWHULQJ� FHQWHUV�� 7DNLQJ
XQGHU�FRQVLGHUDWLRQ�WKH�LQFUHDVH�RI�+DOO�VLJ�
QDO�DW� FRPSDUDEOH�$O� FRQFHQWUDWLRQV� >�@��ZH
WKDW� WKH� REVHUYHG� UDE� LQFUHDVH� FDQ� EH� FRQ�FOXGHG� WR� EH� GHILQHG� PDLQO\� E\� LQFUHDVLQJ
QXPEHU�RI�VFDWWHULQJ�FHQWHUV��7KH�FKDQJH�LQ
UDE�����.��UDE���.�� UDWLR� LV� DOVR� LQGLFDWLYHWR�WKLV�FRQFOXVLRQ��7KH�UROH�RI�VXFK�FHQWHUV
FDQ� EH� SOD\HG� E\� WKH� WULYDOHQW�$O� LPSXULW\
>�@� DV� ZHOO� DV� E\� WKH� LQFUHDVLQJ� QXPEHU� RI
YDFDQFLHV��7KH�ODVW�VXSSRVLWLRQ�LV�VXSSRUWHG
E\� WKH� LQFUHDVH� RI� WZLQ� GHQVLW\� LQ� WKH� $O�
GRSHG� FU\VWDO� ZKLFK�� LQ� LWV� WXUQ�� FRXOG� EH
GXH� WR� LQFUHDVLQJ�QRQ� VWRLFKLRPHWU\� GHJUHH
UHVXOWLQJ� IURP� WKH� ULVLQJ� YDFDQF\� FRQFHQ�
WUDWLRQ�

,W�LV�VHHQ�IURP�)LJ����WKDW�ZKHQ�WKH�WHP�
SHUDWXUH� LV� UHGXFHG� EHORZ� D� FKDUDFWHULVWLF
YDOXH� �
�� D� GHYLDWLRQ� RI� UDE���� IURP� WKHOLQHDU� GHSHQGHQFH� RFFXUV�� WKXV� LQGLFDWLQJ
WKH� DSSHDUDQFH� RI� H[FHVV� FRQGXFWLYLW\�� $F�
FRUGLQJ� WR� UHFHQW� VWXGLHV�� WKH� H[FHVV� FRQ�
GXFWLYLW\� LV� FDXVHG� E\� WKH� WUDQVLWLRQ� LQWR
WKH�SVHXGR�JDS�UHJLPH��3*��>�Ü�@��7KHUH�DUH
WZR� PDLQ� VFHQDULRV� IRU� WKH� RQVHW� RI� WKH
SVHXGR�JDS� DQRPDO\� LQ� +76&� V\VWHPV�� $F�
FRUGLQJ� WR� WKH� ILUVW�� WKH� DSSHDUDQFH� RI� WKH
3*� LV� GXH� WR� �GLHOHFWULF�� W\SH�� VKRUW�UDQJH
RUGHU� IOXFWXDWLRQV�� ZKLFK� RFFXU� LQ� XQGHU�
GRSHG�FRPSRXQGV��VHH��H�J���>�@���7KH�VHFRQG
VFHQDULR� LV� WKH� IRUPDWLRQ� RI� &RRSHU� SDLUV
DOUHDG\� DW� WHPSHUDWXUHV� VXEVWDQWLDOO\
KLJKHU� WKDQ� WKH� FULWLFDO� �
�!!��°�� ZLWK� DVXEVHTXHQW�HVWDEOLVKPHQW�RI�WKHLU�SKDVH�FR�

KHUHQFH� DW� ����7F� >����@�� $V� LV� VKRZQ� LQ7DEOH� DQG� LQ� )LJ����� IRU� WKH� DOXPLQXP
GRSHG� FU\VWDO�� WKH� OLQHDU� VHFWLRQ� RI� WKH
UDE�7�� GHSHQGHQFH� LV� VLJQLILFDQWO\� QDUURZHUDV� FRPSDUHG� ZLWK� WKH� GRSDQW�IUHH� FU\VWDO�
DQG� WKH� WHPSHUDWXUH�7
� LV� VKLIWHG� WRZDUGV
KLJKHU� WHPSHUDWXUHV� IRU� PRUH� WKDQ� ��� .�
7KLV� LQGLFDWHV� WKH� UHVSHFWLYHO\� H[SDQGHG
WHPSHUDWXUH� UDQJH� RI� H[FHVV� FRQGXFWLYLW\
H[LVWHQFH��7KH�YDOXH�RI�'V� LV�XVXDOO\�GHWHU�
PLQHG�IURP�WKH�HTXDWLRQ�

'V� �V���V�� ���
ZKHUH�V�� �U�Ü�� ��k���{��Ü��LV�WKH�FRQGXF�WLYLW\� YDOXH� GHWHUPLQHG� E\� H[WUDSRODWLQJ� WKH
OLQHDU�VHFWLRQ�WR�]HUR�WHPSHUDWXUH�DQG�V� �UÜ�
LV� WKH� H[SHULPHQWDO� FRQGXFWLYLW\� LQ� WKH� QRU�
PDO� VWDWH�� 7KH� PHDVXUHG� 'V���� GHSHQGHQFHV
DUH�SUHVHQWHG�LQ�)LJ����LQ�OQ'V�Ü���7�FRRUGL�
QDWHV�� ,W� LV� VHHQ� WKDW� LQ� D� UDWKHU� ZLGH� WHP�
SHUDWXUH�UDQJH�WKHVH�GHSHQGHQFHV�DUH�ZHOO�DS�
SUR[LPDWHG�E\�WKH�H[SRQHQWLDO�UHODWLRQVKLS�

'V�I��H[S�'
DE�e�7������ ���
ZKHUH� '
DE� LV� D� TXDQWLW\� GHILQLQJ� D� FHUWDLQ
WKHUPDO� DFWLYDWLRQ� SURFHVV� WKURXJK� DQ� HQ�
HUJ\�JDS���SVHXGR�JDS���7KH�'V����H[SRQHQ�
WLDO� GHSHQGHQFH� ZDV� REVHUYHG� EHIRUH� LQ
<%D&X2� ILOPV� >�@��$V� LW�ZDV� VKRZQ� LQ� >�@�
WKH� H[SHULPHQWDO� GDWD� DSSUR[LPDWLRQ� FRXOG
EH�VLJQLILFDQWO\�H[WHQGHG�E\�LQWURGXFLQJ�WKH

)LJ����� 7HPSHUDWXUH� GHSHQGHQFHV� RI� H[FHVV
FRQGXFWLYLW\�LQ�DE�SODQH�IRU�.��DQG�.��FU\V�
WDOV� LQ� OQ�'V��Ü���7� DQG� OQ�'V��Ü�OQH� FRRUGL�
QDWHV� �LQVHW���7KH�FXUYHV�DUH�QXPEHUHG�DV� LQ
)LJ����� 7KH� GDVKHG� OLQHV� LQ� )LJ���� VKRZ� DS�
SUR[LPDWLRQ� RI� WKH� H[SHULPHQWDO� FXUYHV� E\
(T�����DQG� LQ�WKH� LQVHW��E\�WKH�VWUDLJKW� OLQHV
ZLWK� WJD�|�Ü���� ��'�UHJLPH�� DQG� WJD�|�Ü���
��'�UHJLPH���7KH��'��'� FURVVRYHU�SRLQWV� DUH
VKRZQ�E\�DUURZV�
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���Ü����
�� IDFWRU�� ,Q� WKLV� FDVH�� WKH� H[FHVV
FRQGXFWLYLW\� LV� SURSRUWLRQDO� WR� GHQVLW\� RI
VXSHUFRQGXFWLQJ� FDUULHUV� QV�a����Ü����
�DQG� LQ� LQYHUVH�SURSRUWLRQ�WR�WKH�QXPEHU�RI
SDLUV� aH[S�Ü'
�N7��� GHVWUR\HG� E\� WKH� WKHU�
PDO�PRWLRQ��7KHUHZLWK���
� LV� FRQVLGHUHG� DV
WKH�PHDQ�ILHOG�WHPSHUDWXUH�RI�WKH�VXSHUFRQ�
GXFWLQJ� WUDQVLWLRQ�� ZKLOH� WKH� WHPSHUDWXUH
UDQJH� �°���7��7
�� ZKHUH� WKH� SVHXGR�JDSVWDWH� H[LVWV� LV� GHILQHG� E\� ULJLGLW\� RI� WKH
RUGHU� SDUDPHWHU� SKDVH�� ZKLFK� LQ� LWV� WXUQ
GHSHQGV�RQ�WKH�R[\JHQ�GHILFLW�RU�WKH�GRSDQW
FRQFHQWUDWLRQ�� 7KH� TXDQWLW\� '
� REWDLQHG
IURP� ���� IRU� RXU� H[SHULPHQWDO� VDPSOHV� LV
SUHVHQWHG� LQ�7DEOH�� ,W� LV� VHHQ� WKDW� WKH� DOX�
PLQXP�DOOR\LQJ� UHVXOWV� WR� D� VLJQLILFDQW� GH�
FUHDVH� RI� WKH� DEVROXWH� 3*� YDOXH
�'
z��'
z��|�������� ,W� IROORZV� IURP� )LJ���
WKDW�'V� LQFUHDVHV� VKDUSO\� QHDU��°�� $FFRUG�LQJ� WR� WKH� $VODPD]RY�/DUNLQ� WKHRUHWLFDO
PRGHO�>�@��WKH�H[FHVV�FRQGXFWLYLW\�QHDU��°�LVGXH� WR� IOXFWXDWLRQ� SDLULQJ� RI� WKH� FDUULHUV�
7KLV�FRQWULEXWLRQ�RI�SDLUV�WR�WKH�FRQGXFWLY�
LW\� DW���!��°� IRU� WKH� WZR�GLPHQVLRQDO� ��'�DQG� WKUHH�GLPHQVLRQDO� ��'�� FDVHV� LV� GH�
VFULEHG�E\�WKH�IROORZLQJ�UHODWLRQV�

'V�'� � H�
���GH

��� ���

'V�'� � H�
���[F���

H���e���� ���

ZKHUH� H� ��7�Ü�7F��7F�� Ë�� HOHFWURQ� FKDUJH�
[°����� WKH�FRKHUHQFH� OHQJWK�DORQJ�WKH�F�D[LV
DW� ��o��� DQG� G� LV� D� FKDUDFWHULVWLF� VL]H� RI
WKH�WZR�GLPHQVLRQDO�OD\HU��,Q�RXU�FDVH���°�LVGHILQHG� DV� WKH� FULWLFDO� WHPSHUDWXUH� YDOXH
FRUUHVSRQGLQJ� WR� WKH� PD[LPXP� LQ� WKH
GUDE�7��G7�GHSHQGHQFHV�� LQ�WKH�RI�WKH�VXSHU�FRQGXFWLQJ�WUDQVLWLRQ�LQWHUYDO��)LJ����E����

,Q�WKH� LQVHW� WR�)LJ����� WKH�'V����GHSHQG�
HQFHV� LQ� �OQ'V�Ü�OQH�� FRRUGLQDWHV� DUH� SUH�
VHQWHG��,W�LV�VHHQ�WKDW�QHDU��°�WKHVH�GHSHQG�HQFHV� DUH� DSSUR[LPDWHG� ZHOO� E\� D� VWUDLJKW
OLQH�ZLWK�D�VORSH�WJD��|�Ü�����LQ�DFFRUGDQFHWR�WKH�SRZHU�LQGH[�Ü����LQ�(T������WKXV�HYL�
GHQFLQJ�WKH��'�FKDUDFWHU�RI�IOXFWXDWLQJ�VX�
SHUFRQGXFWLYLW\� ZLWKLQ� WKLV� WHPSHUDWXUH
UDQJH��$V�WKH�WHPSHUDWXUH�IXUWKHU�ULVHV��WKH

'V� GHFOLQH� UDWH� LQFUHDVHV� DSSUHFLDEO\
�WJD��|�Ü���� 7KLV� SRLQWV� WR� WKH� )&� GLPHQ�VLRQDOLW\�FKDQJH��$V�LW�IROORZV�IURP�(TV����
DQG� ����� DW� WKH� �'��'� FURVVRYHU� SRLQW� ZH
KDYH��

[F���H�����e���� �G�e��� ���
,Q�WKLV�FDVH��KDYLQJ�GHWHUPLQHG�WKH�H��YDOXHDQG� XVLQJ� OLWHUDWXUH� GDWD� RQ� WKH� LQWHUSODQH

VSDFLQJ� GHSHQGHQFH� RQ� G� >�@� �G�|������c��� ZH
FDQ�FDOFXODWH�WKH�FRKHUHQFH�OHQJWK�YDOXHV�[°����7KH� FDOFXODWLRQV� KDYH� VKRZQ� WKDW� DW� GRSLQJ
ZLWK� $O�� WKH� FRKHUHQFH� OHQJWK� [°���� FKDQJHVIURP� [°���� ������c� IRU� <%D&X2� WR� [°���� �����c� IRU�WKH�<%D�&X�±\$O\2�±G� FU\VWDO�� DQGWKH� �'��'� FURVVRYHU� SRLQW� WHPSHUDWXUH� EH�
FRPHV� VKLIWHG� VLJQLILFDQWO\� �VHH� 7DEOH� DQG
)LJ�����E���

7KXV�� WKH� LQFUHDVLQJ� HOHFWURUHVLVWDQFH� LQ
WKH�OLQHDU�VHFWLRQ�RI�UDE����GHSHQGHQFHV�DQGFKDQJLQJ� UDWLR�UDE�����z��UDE���.�� LQ�FDVHVRI�SDUWLDO�&X�VXEVWLWXWLRQ�E\�$O�HYLGHQFH�WKH
LQFUHDVLQJ�QXPEHU� RI� HIIHFWLYH� FXUUHQW� FDU�
ULHU� VFDWWHULQJ� FHQWHUV�� 7KH� H[FHVV� FRQGXF�
WLYLW\�'V���� RI�<%&2� DQG�<%D�&X�±\$O\2�±GVLQJOH� FU\VWDOV� DQVZHUV� ZLWKLQ� D� ZLGH� WHP�
SHUDWXUH� UDQJH� 7I�������7
� WR� H[SRQHQWLDOWHPSHUDWXUH�GHSHQGHQFH� DQG�QHDU��°� LW� FDQEH� DSSUR[LPDWHG� E\� WKH� $VODPD]RY�/DUNLQ
WKHRUHWLFDO�PRGHO��7KH�ORZ�GRSLQJ�ZLWK�DOX�
PLQXP� �XS� WR� \�|������� UHVXOWV� LQ� WKH� H[�
SDQGHG� WHPSHUDWXUH� LQWHUYDO� RI� 3*� UHJLPH
H[LVWHQFH��WKHUHE\�QDUURZLQJ�WKH�OLQHDU�VHF�
WLRQ�RI�WKH�U�7��GHSHQGHQFH�LQ�DE�SODQH�
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