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���,QWURGXFWLRQ
7KH�.'3�VLQJOH�FU\VWDOV�DUH�DPRQJ�PDWH�

ULDOV�IRU�GLIIHUHQW�HOHPHQWV�RI�SRZHU�RSWLFV�
TXDQWXP� HOHFWURQLFV�� DQG� ODVHU� HQJLQHHULQJ
GXH� WR� WKH� XQLTXH� SURSHUWLHV� WKHUHRI�� KLJK
UDGLDWLRQ�UHVLVWDQFH�DJDLQWV� ODVHU� UDGLDWLRQ�
KLJK� RSWLFDO� DQG� VWUXFWXUDO� KRPRJHQHLW\�
DQG� ZHOO� GHYHORSHG� WHFKQLTXHV� IRU� JURZLQJ
ODUJH�VL]H� ����u���u�����PP��� >�@�� 7KH
ODVHU� GHVWUXFWLRQ� WKUHVKROG� IRU� RSWLFDO� HOH�
PHQWV� PDGH� RI�.'3� FU\VWDOV� LV� WKH� FULWLFDO
SDUDPHWHU� WKDW� GHILQHV� WKH� VL]H� RI� DQ� HOH�
PHQW�DEOH�WR�ZLWKVWDQG�WKH�KLJK�SRZHU�OLJKW
ORDGLQJV� ZLWKRXW� GDPDJH�� ([SHULPHQWDO� UH�
VXOWV� REWDLQHG� LQ� VWXGLHV� RI� .'3� FU\VWDO
ODVHU�LQGXFHG� GDPDJH� HYLGHQFH� WKDW� WKH

PDLQ�IDFWRU�GHILQLQJ�WKH�ODVHU�GDPDJH�UHVLV�
WDQFH�LV�WKH�SUHVHQFH�RI�VWUXFWXUH�GHIHFWV�LQ
WKH� JURZQ� FU\VWDO�� 7KRVH� GHIHFWV� LQFOXGH�
WKH� FRQMXJDWLRQ� ERXQGDULHV� EHWZHHQ� SULV�
PDWLF� DQG� S\UDPLGDO� JURZWK� VHJPHQWV�� WKH
PRWKHU�OLTXRU�LQFOXVLRQV�DV�ZHOO�DV�GLIIHUHQW
LQWURGXFHG�LPSXULWLHV�LQ�WKH�FU\VWDO�YROXPH
DQG�WKH�GLVWULEXWLRQ�FKDUDFWHU�WKHUHRI�

:KHQ�VWXG\LQJ�WKH�FU\VWDO�VWUXFWXUH�SHU�
IHFWLRQ�RI�.'3�FU\VWDOV��WKH�KLJK�UHVROXWLRQ
;�UD\� DQG� RSWLFDO� H[DPLQDWLRQ� PHWKRGV
WXUQHG� RXW� WR� EH� RI� KLJK� HIILFLHQF\�� 7KH
VWXG\� RI� ODVHU� GDPDJH� UHVLVWDQFH� RI� .'3
VDPSOHV� KDYH� VKRZQ� LWV� GLIIHUHQFH� E\� VHY�
HUDO� WLPHV� RYHU� WKH� VDPSOH� YROXPH�� ZKLOH
WKH�;�UD\�DQG�RWKHU�VWXG\�PHWKRGV�GLG�QRW
VKRZQ� DQ\� VXEVWDQWLDO� VWUXFWXUH� LPSHUIHF�
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WLRQV�� 7KH� XVH� RI� ;�UD\� PHWKRGV� EDVHG� RQ
G\QDPLF� GLIIUDFWLRQ� RI� ;�UD\V� LQ� SHUIHFW
FU\VWDOV� DQG�� LQ� SDUWLFXODU�� WKH� DQRPDORXV
;�UD\�WUDQVPLVVLRQ�HIIHFW��%RUUPDQQ�HIIHFW�
>����@�� ([SHULPHQWDO� ZRUNV� >�Ü�@� FRQILUP
WKH� LQIOXHQFH� RI� HYHQ� LQVXEVWDQWLDO� SHUL�
RGLFLW\�GLVWXUEDQFHV�LQ�WKH�FU\VWDO�ODWWLFH�RQ
WKH� DQRPDORXV� WUDQVPLVVLRQ� HIIHFW�� 7KH
VWXGLHV� ZHUH� FDUULHG� RXW� DV� D� UXOH� XVLQJ
WZR�FU\VWDO� GLIIUDFWRPHWHUV� ZLWK�PRQRFKUR�
PDWRU� DQG� WKH� VDPSOH� XQGHU� VWXG\� EHLQJ
DUUDQJHG� LQ� WKH� �Q�� ÜQ�� VFKHPH� RQ� *H�� 6L
FU\VWDOV�KDYLQJ�D�KLFK�UHIOHFWLYLW\��,Q�>�@��LW
ZDV� IRXQG� WKHRUHWLFDOO\� DQG� LQ� H[SHULPHQW
WKDW� WR� UHYHDO� WKH� VOLJKWHVW� GLVWXUEDQFHV� LQ
WKH� FU\VWDO� ODWWLFH�� WKH� RSWLPXP� LV� WKH� XVH
RI� WKH� G\QDPLF� DSSUR[LPDWLRQ� UHJLRQ� RI� D
�WKLFN�� FU\VWDO� ZKHQ� RQO\� RQH� ZDYH� ILHOG
DWWDLQV� WKH� VXUIDFH� RI� WKH� VDPSOH� XQGHU
VWXG\��,W�ZDV�VKRZQ�>�@�WKDW�LQ�WKLV�UHJLRQ�
WKH� OLQHDU� GHSHQGHQFH� OQL� �ÜPLW���\L� LV
YDOLG��ZKHUH� L� �7L� �5L��7L��5L� DUH� LQWHJUDOUHIOHFWLRQ�SRZHUV�RI�WKH�DQRPDORXVO\�WUDQV�
PLWWHG�DQG�/DXH�UHIOHFWHG�EHDP��W��WKH�VDP�
SOH� WKLFNQHVV�� PL�� WKH� LQWHJUDO� LQWHUIHUHQFHDEVRUSWLRQ� FRHIILFLHQW�� \L�� WKH� LQWHJUDO
FKDWDFWHULVWLF� HTXDO� WR� WKH� LQWHUFHSW� RI� WKH
FRQWLQXHG�VWUDLJKW�OLQH�RQ�WKH�RUGLQDWH�D[LV�
7KH�FKDUDFWHULVWLFV�PL�DQG�\L�ZLOO�EH�XVHG�LQZKDW� IROORZV� WR� VWXG\� WKH�HIIHFWV�RI�GLIIHU�
HQW� GLVWXUEDQFHV� LQ� .'3� FU\VWDOV� DW� WKH
DQRPDORXV�;�UD\�WUDQVPLVVLRQ�

���([SHULPHQWDO
7KH� .'3� FU\VWDOV� ZHUH� VWXGLHG� JURZQ

IURP�DTXHRXV�VROXWLRQV�E\�WHPSHUDWXUH�ORZ�
HULQJ�RQ�D�SRLQW�VHHG�ZLWK�IDFH�RULHQWDWLRQV
�������������DQG�������Û�[��\��]�FXWV�ZLWK�D
GHYLDWLRQ� IURP� WKH� VDPSOH� VXUIDFH� FU\VWDO�
ORJUDSKLF� RULHQWDWLRQ� 'Td������ 7KH� VDPSOHV
ZHUH� ILQLVKHG� E\� D� VWDQGDUG� WHFKQLTXH� >�@
DQG�WKHQ�WKLQQHG�E\�GLVVROXWLRQ� LQ�GLVWLOOHG
ZDWHU� DW� URRP� WHPSHUDWXUH�� 7KH� VDPSOHV
ZHUH�FXW�RXW�RI�ERWK�SULVPDWLF�DQG�S\UDPL�
GDO� FU\VWDO� VHJPHQWV�� 7KH� SUHVHQFH� RI� WKH
OD\HU�E\�OD\HU� JURZWK� LQ� WKH� VDPSOHV� GH�
ILQHG� WZR� W\SHV� RI� DUUDQJHPHQW� WKHUHRI
UHODWLYH�WR�WKH�LQFLGHQW�;�UD\�EHDP��SDUDOOHO
DQG� SHUSHQGLFXODU��� )RU� GLIIHUHQW� WKLFNQHVV
DQG� DUUDQJHPHQWV� RI� WKH� OD\HU�E\�OD\HU
JURZWK� ERXQGDULHV� UHODWLYH� WR� WKH� LQFLGHQW
;�UD\� EHDP�� WKH� IROORZLQJ� FKDUDFWHULVWLFV
ZHUH�UHFRUGHG��URFNLQJ�FXUYHV� LQ�WKH�%UDJJ
JHRPHWU\�� LQ� WKH� /DXH� JHRPHWU\� IRU� UHIOHF�
WLRQ��DQG�WKH�WUDQVPLVVLRQ�ZLWK�UHFRUGLQJ�RI
WKH� GLIIUDFWLRQ� UHIOHFWLRQ� FXUYHV� �'5&��

IL[DWLRQ� RI� WKH� LQWHJUDO� UHIOHFWLRQ� LQWHQVLW\
(� �SXOVHV�� DQG� WKH� DQJXODU�SRVLWLRQV� RI� WKH
GLIIUDFWLRQ� EDQGV�� 7KRVH� H[SHULPHQWDO� UH�
VXOWV� PDGH� LW� SRVVLEOH� WR� GHWHUPLQH� WKH
VWUXFWXUH�VHQVLWLYH� SDUDPHWHUV� VXFK� DV� WKH
DQJOH� RI� WXUQ� EHWZHHQ� WKH� JURZWK� OD\HU
SDFNDJHV�� D�� WKH� FRKHUHQW� VHFWLRQ� RI� WKH
JURZWK� OD\HU� SDFNDJHV�� O�� DQG� WKH� GLVWULEX�
WLRQ� WKHUHRI� LQ� WKH� VDPSOH�� WKH� URFNLQJ
FXUYH�IXOO�ZLGWK�DW�KDOI�PD[LPXP��):+0��
E�� LQ� DUFVHV�� WKH� LQWHJUDO� UHIOHFWLRQ� SRZHU�
,5��LQ�WKH�%UDJJ�JHRPHWU\��DQG�WKH�LQWHJUDO
UHIOHFWLRQ� SRZHU�� 5L�� DQG� WKH� WUDQVPLVVLRQRQH��7L��LQ�WKH�/DXH�JHRPHWU\��IRU�GLIIHUHQWVDPSOH� WKLFNQHVV� YDOXHV�� ([SHULPHQWDO
PHDVXUHPHQWV�ZHUH�FDUULHG�RXW�XVLQJ�D�WUL�
SOH�FU\VWDO� ;�UD\� GLIIUDFWRPHWHU� �7;'�� >�@
LQ�&X.D�� HPLVVLRQ�� ,Q� 7;'�� WKH�PRQRFKUR�PDWRU� FU\VWDOV� DQG� WKH� FU\VWDO� XQGHU� VWXG\
ZHUH� DUUDQJHG� LQ� WKH� �Q���Q��� ÜP�� VFKHPH�ZKLFK��DFFRUGLQJ�WR�>�@��PDGH�LW�SRVVLEOH�WR
PLQLPL]H� WKH� FRQWULEXWLRQV� IURP� WKH� ZDYH
DQG� DQJXODU� GLVSHUVLRQ� DQG� WR� REWDLQ� WKH
H[SHULPHQWDO� '5&� FORVH� WR� WKHRUHWLFDO� RQHV
LQ�WKH�DSSUR[LPDWLRQ�RI�WKH�G\QDPLF�WKHRU\
RI�;�UD\�GLIIUDFWLRQ� LQ�SHUIHFW� FU\VWDOV��$V
WKH�PRQRFKURPDWRUV� �Q�� DQG�Q����*H� VLQJOHFU\VWDOV�ZLWK�GLVORFDWLRQ�GHQVLW\�Ud����FPÜ�
ZHUH� XVHG�� 7KH� %UDJJ� UHIOHFWLRQ� DQJOH� IRU
WKHVH�FU\VWDOV�ZDV�T�a������7KH�LQVWDELOLW\�RI
WKH� UHFRUGLQJ� VFKHPH� DQG� RI� WKH� SULPDU\
;�UD\� EHDP� LQWHQVLW\� GLG� QRW� H[FHHG
r���� ��� 7KH� LQWHJUDO� UHIOHFWLRQ� SRZHU� RI
'5&�ZDV�GHWHUPLQHG� WR�ZLWKLQ�dr�����7KH
LQFLGHQW� EHDP� ZLGWK� ZDV� ��� PP� DW� �� RU
���PP�KHLJKW��7KH�LQFLGHQW�;�UD\�EHDP�LQ�
WHQVLW\� ,�� �����Ü����� SXOVHV� SHU� VHFRQG�GHSHQGLQJ� RQ� ;�UD\� WXEH� YROWDJH� DQG� FXU�
UHQW� DQG� WKH� EHDP� KHLJKW�� 6XFK� LQWHQVLW\
UDQJH�SURYLGHG�D�UHOLDEOH�'5&�UHFRUGLQJ�E\
D� FXUYH�WUDFHU� DW� WKH� VDPSOH� URWDWLRQ� DW� D
UDWH�RI�����Ü������GHJ�PLQ�QHDU�WKH�%UDJJ
UHIOHFWLRQ�DQJOH��WKH�RSHQ�VOLW�FRXQWHU�EHLQJ
IL[HG� LQ� WKH� �4� SRVLWLRQ�� 7KH� EDFNJURXQG
LQWHQVLW\�DW�WKH�'5&�WDLOV�ZDV�d��SXOVH�V�LQ
UHIOHFWLRQ� JHRPHWULHV� DQG� a�� SXOVH�V� LQ
WUDQVPLVVLRQ� RQHV� DQG� ZDV� WDNHQ� LQWR� DF�
FRXQW�ZKHQ�GHWHUPLQLQJ�WKH�LQWHJUDO�UHIOHF�
WLRQ� LQWHQVLW\�(� �SXOVHV�� IURP�WKH�VSHFLILHG
UHIOHFWLRQ�� 7KH� PHDVXUHPHQWV� ZHUH� PDGH
XVLQJ�WKH�.'3�VDPSOHV�RI�GLIIHULQJ�LQ�WKLFN�
QHVV� �RQH�DQG�WKH�VDPH�VDPSOH�ZDV�WKLQQHG
E\� SROLVKLQJ��� 7KH� VWXGLHG� WKLFNQHVV� UDQJH
ZDV� ����dWd���� FP�� WKXV� FRUUHVSRQGLQJ� WR
PW�YDULDWLRQ�UDQJH�����dPWd������
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���5HVXOWV�DQG�GLVFXVVLRQ
7KH�FDOFXODWHG�FRHIILFLHQW�RI�QRUPDO�SKRWRHOHFWULF

DEVRUSWLRQ� IRU� .'3� DPRXQWV� P� ��������FPÜ��
7KH�PDVV�DEVRUSWLRQ�FRHIILFLHQWV�P�U� IRU�.�
+�� 3�� 2� ZHUH� FDOFXODWHG� XVLQJ� WKH� GDWD
WDNHQ� IURP� WDEOH� >��@� ZLWK� FRUUHFWLRQ� IRU
&X.D�� �O� ���������c�� HPLVVLRQ�� VLQFH� LQ>��@� WKH� P�U� YDOXHV� DUH� SUHVHQWHG� IRU� O� 
������c��7KH�H[SHULPHQWDO�YDOXHV�RI�WKH�LQ�
WHJUDO� SRZHU� 7

BB
L� DQG� 5

BB
L� DQG� WKH� URFNLQJFXUYH� �):+0�� E

BB
7L�� E

BB
5L� RI� WKH� ������ UHIOHF�

WLRQ�IRU�GLIIHUHQW�WKLFNQHVV� W�RI�WKH�VDPSOH
VWXGLHG� DV� ZHOO� WKH� YDOXHV� RI� E

BB
���5 �� E

BB
���,5

�DUFVHF�� LQ� WKH� %UDJJ� UHIOHFWLRQ� JHRPHWU\

IRU� ������ UHIOHFWLRQ� DUH� SUHVHQWHG� LQ� WKH
7DEOH� �DOO� WKH� YDOXHV� DUH� DYHUDJHG� IURP
��PHDVXUHPHQWV��

,W� LV� VHHQ� IURP� WKH� 7DEOH� WKDW� IRU
�����tPWt������ 7L� �5L� �L�� WKH� URFNLQJ
FXUYH� �):+0�� DQG� LV� DERXW� ���� DUFVHF�� ,Q
WKH� %UDJJ� JHRPHWU\�� E

BB
���|�� DUFVHF�� WKDW� LVGXH� WR� WKH� SUHVHQFH� RI� GLVWRUWHG� QHDU�VXU�

IDFH�OD\HU�LQ�WKH�VDPSOHV�DV�ZHOO�DV�WR�FRP�
SOH[�SK\VLFDO� LQWHUDFWLRQV�EHWZHHQ� WKH� LQFL�
GHQW� DQG� UHIOHFWHG�;�UD\� EHDP� DW� FKDQJLQJ
SHQHWUDWLRQ�GHSWK�QHDU�WKH�%UDJJ�UHIOHFWLRQ
DQJOH� >��@�� )LJ���� �D�� E�� F�� VKRZV� WKH� '5&
IRU�D� W� �������FP�VDPSOH�ZLWK�SDUDOOHO�DU�
UDQJHPHQW�RI�WKH�;�UD\�EHDP�UHODWLYH�WR�WKH
VHPLFRKHUHQW� ERXQGDULHV� RI� WKH� OD\HU�E\�

)LJ�����7\SLFDO�URFNLQJ�FXUYHV�IRU�������UHIOHFWLRQ�UHFRUGHG�LQ�GLIIHUHQW�JHRPHWULHV��7KH�SRVLWLRQ�RI
WKH� JURZWK� OD\HU� SDFNDJHV� UHODWLYHO\� WR� WKH� LQFLGHQW� EHDP� LV� VKRZQ� VFKHPDWLFDOO\� �D�� WKH� %UDJJ
JHRPHWU\��E��WKH�/DXH�JHRPHWU\�IRU�UHIOHFWLRQ��F��DV�E�IRU�WUDQVPLVVLRQ��

7DEOH��&U\VWDO�VWUXFWXUH�FKDUDFWHULVWLFV�
W��PP ���� ���� ���� ���� ���� ���� ���� �����
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7
BB
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7
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L ���� ���� ���� ���� ���� ���� ���� �����

E
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��DUFVHF ��� ��� ��� ��� ��� ��� ��� ���
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9�0�3X]LNRY�HW�DO����6WXG\�RI�VWUXFWXUH�SHUIHFWLRQ����

)XQFWLRQDO�PDWHULDOV������������� ��



OD\HU�JURZWK�LPDJHG�LQ�WKH�%UDJJ�JHRPHWU\
IRU�UHIOHFWLRQ�DQG�LQ�WKH�%UDJJ�/DXH�RQH�IRU
WUDQVPLVVLRQ��5L��7L��$V�LV�VHHQ�LQ�)LJ�����E��F��WKH� '5&� WDNHQ� LQ� WKH� %UDJJ� JHRPHWU\� IRU
UHIOHFWLRQ� DQG� LQ� WKH� %UDJJ�/DXH� RQH� IRU
WUDQVPLVVLRQ��5L��7L��SURYLGH�D�KLJKHU�DQJX�ODU�UHVROXWLRQ��7KH�'5&�VSOLWWLQJ�IRU�7L�DQG5L�UHIOHFWLRQV�LV�GXH�WR�WKH�SUHVHQFH�RI�VHPL�FRKHUHQW� ERXQGDULHV� EHWZHHQ� WKH� JURZWK
OD\HU�SDFNDJHV�KDYLQJ�DQJXODU�WXUQ�DERXW��
WR� �� DUFVHF�� 7KH� GLIIUDFWLRQ� FRQWUDVW� IURP
WZR�JURZWK�OD\HU�FRQMXJDWLRQ�DV�ZHOO�DV�EH�
WZHHQ� EHWZHHQ� WKH� JURZWK� OD\HU� SDFNDJHV
KDYLQJ� DQJXODU� WXUQ� H[FHHGLQJ� ��� DUFVHF
ZDV�REVHUYHG�EHIRUH�LQ�>��@��7KH�H[SHULPHQ�
WDO� URFNLQJ� FXUYHV� �)LJ���E�� F�� FRQILUP� WKH
LGHQWLW\� RI� '5&� �):+0�� E

BB
7L� �E

BB
5L� 

���� DUFVHF� IRU�7L� DQG� 5L� EHDPV� DV� ZHOO� DVWKH� '5&� VSOLW� LQWR� IRXU� SHDNV�� 6LQFH� WKH
GLVORFDWLRQ� GHQVLW\� LQ� WKH� FU\VWDOV� XQGHU
VWXG\� LV� Ud����FPÜ��� WKXV� H[OXGLQJ� FRP�
SOHWHO\� WKH� ORZ�DQJOH� RUGHUHG� GLVORFDWLRQ
ERXQGDULHV��WKH�'5&�VSOLW� LV�GXH�WR�VHPLFR�
KHUHQW�ERXQGDULHV�EHWZHHQ�WKH�JURZWK�OD\HU
SDFNDJHV� RQO\�� 7DNLQJ� LQWR� DFFRXQW� WKH
FURVV�VHFWLRQ�RI�WKH�;�UD\�EHDP�LQFLGHQW�WKH
VDPSOH� �WKH� %UDJJ�/DXH� JHRPHWU\�� UHIOHF�
WLRQ��������DERXW����PP�DQG�WKH�SUHVHQFH�RI
IRXU� SHDNV� LQ�'5&�� WKH�JURZWK� OD\HU�SDFN�
DJH� ZLGWK� LV� HDV\� WR� HVWLPDWH� EHDULQJ� LQ
PLQG� WKDW� WKH� OLQH� LQWHQVLWLHV� LQ�PD[LPXP
LV�LQ�SURSRUWLRQ�ZLWK�WKH�JURZWK�OD\HU�SDFN�
DJH�ZLGWK�WKDW�LV���������������PP��6LQFH�LQ
WKH�%UDJJ�/DXH�JHRPHWU\�WKH�'5&�DUH�WDNHQ
IURP� WKH� ZKROH� VDPSOH� WKLFNQHVV�� WKRVH
FKDUDFWHUL]H�WKH�FU\VWDO�VWUXFWXUH�SHUIHFWLRQ

LQ� D� PRUH� FRUUHFW� IDVKLRQ� WKDQ� WKH� %UDJJ
JHRPHWU\�� 7KH� DERYH� PDNHV� LW� SRVVLEOH� WR
SURYLGH�DQ�XQLTXH�WHFKQLTXH�IRU�QRQGHVWUXF�
WLYH� VWXG\� RI� WKH� VDPSOH� VWUXFWXUH� SHUIHF�
WLRQ� XVLQJ� WKH� VFDQQLQJ� LQ� UHODWLRQ� WR� WKH
LQFLGHQW�;�UD\�EHDP�

7KH� GHSHQGHQFHV� RI� WKH� LQWHJUDO� UHIOHF�
WLRQ� SRZHU�7L� DQG�5L� RQ� WKH� VDPSOH� WKLFN�QHVV�WDNHQ�IRU�.'3�ZLWK�Ud����FPÜ���UHIOHF�
WLRQ�������DUH�SUHVHQWHG�LQ�)LJ�����,W�LV�VHHQ
WKDW� IRU� WKLFNQHVV� Wd�����PP�� IXQFWLRQV
7L� �I��W��� 5L� �I��W�� DUH� GHYLDWHG� IURP
OLQHDULW\�DQG� WKH�UHIOHFWLRQ�HQHUJ\� LV�UHGLV�
WULEXWHG� UHODWLYHO\� EHWZHHQ� 7L� DQG� 5L�7Lt5L��� 7KLV� LV� GXH� WR� DSSHDUDQFH� RI� WZRZDYH� ILHOGV� DW� WKH� VXUIDFH� RI� WKH� ;�UD\
EHDP� H[LW� >�@�� $W� WKH� WKLFNQHVV� Wd�����QP
ZLWK� PWd������� WKHUH� LV� WKH� �WKLQ�� FU\VWDO
DSSUR[LPDWLRQ� UHJLRQ� ZLWK� D� VKDUSO\� LQ�
FUHDVLQJ� �7L� �I��W�� VHFWLRQ��$�PRUH� FRUUHFWGHILQLWLRQ�>�@�RI�WKH�G\QDPLF�DSSUR[LPDWLRQ
LQWHUYDO� IRU� D� �WKLQ��� �LQWHUPHGLDWH��
�WKLFN��FU\VWDO�IROORZV�IURP�WKH�ORJDULWKPL�
FDO� GHSHQGHQFH� OQ7L�W��� OQ5L�W��� SUHVHQWHG� LQ)LJ����� 7KHRUHWLFDO� FDOFXODWLRQV� DQG� H[SHUL�
PHQWDO� UHVXOWV� REWDLQHG� LQ� >�@� KDYH� FRQ�
ILUPHG� WKDW� LQ� WKH� G\QDPLF� DSSUR[LPDWLRQ
RI�WKH��WKLFN��FU\VWDO�UHJLRQ�ZKHUH�7L� �5L�L �L�� WKH� OQL� �ÜPW���\L� LV� OLQHDU��7KH�H[SHUL�PHQWDO� FXUYH� IRU�.'3�FU\VWDOV� �)LJ�����FRQ�
ILUPV� WKDW� IDFW� DQG� PDNHV� LW� SRVVLEOH� WR
GHWHUPLQH�WKH�SDUDPHWHUV�PL�DQG�\L�SURFHHG�LQJ�IURP�WJD� �'OQ�L��e�'W� �ÜPL��7KH�SDUDPH�WHU�PL�FDQ�EH�FRQVLGUHUHG�DV�D�FHUWDLQ�HIIHF�WLYH� DEVRUSWLRQ� FRHIILFLHQW� WKDW� FKDUDF�
WHUL]HV� WKH� �����dPWd������ UHJLRQ� RI� WKH
�WKLFN��FU\VWDO�G\QDPLF�DSSUR[LPDWLRQ�ZKHUH
7L� �5L� �L��7KHUHIRUH��LW�LV�UHDVRQDEOH�WR�LQ�

)LJ�����'HSHQGHQFH�RI�OQL�RQ�WKH�VDPSOH�WKLFN�
QHVV�ZLWK�QRWDWLRQ�RI�WKH�JURZWK�OD\HU�SDFNDJHV
SRVLWLRQ�� �����SDUDOOHO�DQG������SHUSHQGLFXODU�WR
WKH�LQFLGHQW�;�UD\�EHDP��L� �7L� �5L�)LJ����� 'HSHQGHQFHV� RI� LQWHJUDO� LQWHQVLW\� RI

WKH� /DXH� UHIOHFWHG� �5
BB
L�� DQG�%RUUPDQQ� WUDQV�PLWWHG��7

BB
L��;�UD\�EHDPV�RQ�WKH�VDPSOH�WKLFN�QHVV��W��
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WURGXFH�IRU�WKH�UHJLRQ�PWt������WKH�FRQFHSW
RI� WKH� LQWHJUDO� FRHIILFLHQW� RI� WKH� LQWHUIHU�
HQFH�DEVRUSWLRQ�PL� �������FPÜ��WKDW�LV�YHU\
VHQVLWLYH� WR� LQVLJQLILFDQW� GLVWXUEDQFHV� RI
WKH�FU\VWDO�ODWWLFH�>�@�

)RU�.'3� VLQJOH� FU\VWDOV�� WKH� OLQHDU�FRHI�
ILFLHQW� RI� QRUPDO� SKRWRHOHFWULF� DEVRUSWLRQ
P� ��������FPÜ��DQG�WKH�UDWLR�PL�P� �������WKXV��PL�LV�OHVV�WKDQ�P�E\�D�IDFWRU�RI�������6LQFH� WKH� FRQWLQXDWLRQ� RI� WKH� H[SHULPHQWDO
FXUYH� OQL� �I�W�� LQWHUVHFWV� WKH� RUGLQDWH� D[LV
QRW�DW�]HUR��)LJ������LW�LV�ORJLFDO�WR�LQWURGXFH
WKH�VHFRQG� LQWHJUDO� FKDUDFWHUWLVWLF�\L� �Ü����HTXDO� WR� WKH� LQWHUFHSW� DW� WKH� RUGLQDWH� D[LV�
,Q�JHQHUDO��PL�DQG�\L�DUH�WR�EH�FRQVLGHUHG�DVTXDQWLWDWLYH� FKDUDFWHULVWLFV� RI� WKH� DQRPD�
ORXV� ;�UD\� WUDQVPLVVLRQ� WKURXJK� D� .'3
FU\VWDO� EHLQJ� LQ� WKH� /DXH� SRVLWLRQ� LQ� WKH
FDVH�RI�G\QDPLF�DSSUR[LPDWLRQ�RI�D��WKLFN�
FU\VWDO��7KH�FKDQJHV�LQ�PL�DQG�\L�GHSHQGLQJRQ� RQH� RU� RWKHU� GHIHFW� NLQG� LQ� WKH� FU\VWDO
PD\� EH� FRQVLGHUHG� DV� WKH� JHQHUDO� FKDUDF�
WHULVWLF� RI� WKH� FU\VWDO� ODWWLFH�� )RU� WKH� ILUVW
WLPH�� LW�KDV� EHHQ� IRXQG� LQ� H[SHULPHQW� WKDW
RQH�NLQG�RI�WKH�FU\VWDO�ODWWLFH�GLVWRUWLRQV�LQ
WKH�VDPSOHV�VWXGLHG�LV�WKH�SUHVHQFH�RI�VHPL�
FRKHUHQW� ERXQGDULHV� EHWZHHQ� WKH� JURZWK
OD\HU�SDFNDJHV�EHLQJ�FOHDUO\�UHFRUGHG�LQ�WKH
'5&� WDNHQ� LQ�/DXH�JHRPHWU\� IRU� UHIOHFWLRQ
5L� DQG� IRU� WUDQVPLVVLRQ� 7L�� )LJ���E�� F�� 7RFOHDU� XS� WKH� HIIHFW� RI� WKRVH� ERXQGDULHV� RQ
DQRPDORXV� ;�UD\� EHDP� WUDQVPLVVLRQ�� WKH
VDPSOH� EHLQJ� VWXGLHG� ZDV� DUUDQJHG� ZLWK
SDUDOOHO� DQG� SHUPHQGLFXODU� SRVLWLRQ� RI� WKH
ERXQGDU\� UHODWLYHO\� WR� WKH� LQFLGHQV� EHDP
VWUHDN�� 7KH� GHSHQFHQFHV� RI� WKH� LQWHJUDO� UH�
IOHFWLRQ� SRZHU� IRU� WKH� WUDQVPLWWHG� 7L� DQGUHIOHFWHG�5L�EHDPV�IRU�GLIIHUHQW�WKLFNQHVV� WDQG�SRVLWLRQV�RI�WKH�VDPSOH��)LJ�����

)URP� WKH� OQL�W�� GHSHQGHQFH�� WKH� LQWHJUDO
FRHIILFLHQW�RI�WKH�LQWHUIHUHQFH�DEVRUSWLRQ�PLDQG� \L� ZHUH� GHWHUPLQHG�� )RU� SDUDOOHO� DU�UDQJHPHQW�RI�VHPLFRKHUHQW�ERXQGDULHV�UHOD�
WLYH�WR�WKH�;�UD\�EHDP�VWUHDN��)LJ�����FXUYH����
Pcc� �������FPÜ��� IRU� SHUSHQGLFXODU� RQH�
Pc� �������FPÜ���\L� �Ü�����EHLQJ�XQFKDQJHG�7KH� �WKLFN�� FU\VWDO� G\QDPLF� DSSUR[LPDWLRQ
IRU� .'3� FU\VWDOV� DQG� &X.D�� HPLVVLRQ� LV����dPWd������� 7KH� VHQVLWLYLW\� RI� WKH
DQRPDORXV� ;�UD\� EHDP� WUDQVPLVVLRQ� WR� WKH
FU\VWDO� ODWWLFH�GLVWXUEDQFHV� LQFUHDVHV�DV�WKH

VDPSOH�WKLFNQHVV�ULVHV��DOWKRXJK�VRPH�GLIIL�
FXOWLHV� DSSHDU� LQ� WKH� ORZ� LQWHQVLW\� UHFRUG�
LQJ��,W�LV�WR�QRWH�WKDW�WKH�REVHUYDWLRQ�LQ�WKH
%UDJJ�/DXH� JHRPHWU\� SURYLGHV� LQIRUPDWLRQ
IURP� WKH� ZKROH� VDPSOH� YROXPH� ZLWK� LQVLJ�
QLILFDQW�FRQWULEXWLRQ�IURP�WZR�QHDU�VXUIDFH
OD\HUV�� 7KLV� IDFW� PDQLIHVWV� LWVHOI� LQ� DQ� HQ�
KDQFHG� DQJXODU� UHVROXWLRQ� RI� '5&�� QHZ
TXDQWLWDWLYH� PL� DQG� \L� SDUDPHWHUV� FKDUDF�WHUL]LQJ� WKH� VWUXFWXUH� SHUIHFWLRQ� RI� WKH
FU\VWDOV�VWXGLHG�

���&RQFOXVLRQ
7KXV��LQ�VSLWH�RI�ORZ�UHIOHFWDQFH�RI�;�UD\V

DQG�WKH�FRPSOH[�FU\VWDO�ODWWLFH�FRQVLVWLQJ�RI
IRXU� HOHPHQWV�� WKH� %RUUPDQQ� HIIHFW� KDV
EHHQ�UHYHDOHG�LQ�.'3�FU\VWDOV�LQ�H[SHULPHQW
IRU� WKH� ILUVW� WLPH��7KH� IXUWKHU�XVH� DQG�GH�
YHORSPHQW�RI�WKH�PHWKRG�ZLOO�PDNH�LW�SRVVL�
EOH� WR� FKDUDFWHUL]H� PRUH� FRPSOHWHO\� WKH
VWUXFWXUH� SHUIHFWLRQ� RI� WKH� VLQJOH� FU\VWDOV
EHLQJ� JURZQ�� ZKLOH� WKH� H[SHULPHQWDO� GDWD
REWDLQHG� LQ� FRPELQDWLRQ� ZLWK� UHVXOWV� RI
RWKHU� DQDO\WLFDO� PHWKRGV� ZLOO� SURYLGH� D
MXGJHPHQW�RQ�WKH�HIIHFW�RI�GLIIHUHQW�GHIHFWV
RQ�WKH�IXQFWLRQDO�SURSHUWLHV�RI�WKH�PDWHULDO�
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� ���9�0�3X]LNRY��9�,�6DOR��0�,�.RO\EDHYD� HW� DO��
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