
'\QDPLF�GDPSLQJ�RI�GLVORFDWLRQVZLWK�SKRQRQV�LQ�.%U VLQJOH�FU\VWDOV
$�0�3HWFKHQNR��*�$�3HWFKHQNR

.KDUNLY�6WDWH�$FDGHP\�RI�0XQLFLSDO�6HUYLFH�
���5HYROXWVLL�6W���������.KDUNLY��8NUDLQH

5HFHLYHG�1RYHPEHU���������
7KH�GDPSHG�GLVORFDWLRQ�UHVRQDQFH�LQ�.%U�FU\VWDOV�KDV�EHHQ�VWXGLHG�XVLQJ�WKH�SXOVH�HFKR
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7KLV�ZRUN�LV�D�FRQWLQXDWLRQ�RI�LQYHVWLJD�
WLRQV� >����@� FRQVLGHULQJ� WKH� SKRQRQ�GLVORFD�
WLRQ� LQWHUDFWLRQ� LQ� FU\VWDOV� XVLQJ� WKH� KLJK�
IUHTXHQF\� LQWHUQDO� IULFWLRQ�� 7KH� FRQVLGHUD�
WLRQ� RI� H[SHULPHQWDO� GDWD� >����@� ZLWKLQ� WKH
IUDPH� RI� WKHRU\� RI� GLVORFDWLRQ� EUDNLQJ� E\
SKRQRQV�>�@�KDV�VKRZQ�WKDW�ERWK�WKH�GLVORFD�
WLRQ� GDPSLQJ� FRHIILFLHQW� %� YDOXH� DW� URRP
WHPSHUDWXUH�DQG�LWV�WHPSHUDWXUH�GHSHQGHQFH
%�7�� ZLWKLQ� ��Ü���� .� UDQJH� LV� FRQWUROOHG
E\�WZR�PHFKDQLVPV��QDPHO\��E\�WKH�SKRQRQ
ZLQG�DQG�WKH�UHOD[DWLRQ�RI��VORZ��SKRQRQV�
7R� UHYHDO� WKH� SRVVLEOH� EUDNLQJ� GXH� WR� WKH
GLVORFDWLRQ�GLVORFDWLRQ� LQWHUDFWLRQ� WKDW� LV
SUHGLFWHG� E\� WKHRU\� >�@�� WKH� ODWWHU� RI� WKRVH
ZRUNV�KDV�FRQVLGHUHG�DOVR�WKH�HIIHFW�RI�GLV�
ORFDWLRQ�GHQVLW\�/�RQ�WKH�GDPSLQJ�FRQVWDQW
%�� 7KH� H[SHULPHQWV� ZHUH� GRQH� XQGHU� YDUL�
DWLRQ�RI�WKH�SUH�VWUDLQ�H�IURP������WR������
DW� URRP� WHPSHUDWXUH�� ,W� KDV� EHHQ� IRXQG� LQ
WKH� H[SHULPHQWV� WKDW� ZLWKLQ� VDLG� VWUDLQ
UDQJH��WKH�G\QDPLF�EUDNLQJ�FRHIILFLHQW�%�LV
LQGHSHQGHQW� RI� WKH� GLVORFDWLRQ� GHQVLW\� /�
$FFRUGLQJ� WR� >�@�� WKH� FRQVWDQF\� RI� %� DW
YDU\LQJ�GLVORFDWLRQ�GHQVLW\�HYLGHQFHV�D�QHJ�
OLJLEOH� FRQWULEXWLRQ� RI� WKH� DGGLWLYH� FDXVHG
E\� WKH� PHFKDQLVP� >�@� WR� WKH� GLVORFDWLRQ
EUDNLQJ�� 7KH� H[SHULPHQWV� DLPHG� DW� HVWDE�

OLVKLQJ� RI� WKH� %�/�� IXQFWLRQDO� GHSHQGHQFH
VHHP� WR� EH� RI� H[WUHPH� LPSRUWDQFH� DQG
VKRXOG� EH� SHUIRUPHG� LQ� WKH�ZKROH� WHPSHUD�
WXUH� UDQJH� ZKHUH� WKH� %�7�� UHODWLRQVKLS� LV
VWXGLHG��7KLV�ZLOO�PDNH�LW�SRVVLEOH�QRW�RQO\
WR� UHYHDO� WKH� GLVORFDWLRQ� GHQVLW\� HIIHFW� RQ
WKH�WHPSHUDWXUH�LQGXFHG�%�7��YDULDWLRQV�EXW
DOVR� WR� WUDFH� WKH�%�/��EHKDYLRU�DW� ORZ�WHP�
SHUDWXUHV� DW� ZKLFK� WKH� SDUW� SOD\HU� E\� WKH
�VORZ�� SKRQRQV� LQ� WKH� GLVORFDWLRQ� EUDNLQJ
EHFRPHV� SUHGRPLQDQW� >�@�� 7KH� SXUSRVH� RI
WKLV�ZRUN�LV�WR�VWXG\�WKH�GDPSHG�GLVORFDWLRQ
UHVRQDQFH� LQ�.%U� VLQJOH� FU\VWDOV�DW� UHVLGXDO
VWUDLQ� H� ������� LQ� ��Ü����.� WHPSHUDWXUH
UDQJH� XVLQJ� ORQJLWXGLQDO� ZDYHV� LQ� WKH� IUH�
TXHQF\�UDQJH�RI�����WR�������0+]�

7KH� KLJK�DFFXUDF\� PHDVXUHPHQWV� RI� WKH
XOWUDVRXQG�GDPSLQJ�DQG�VSHHG�ZHUH�FDUULHG
RXW� XVLQJ� WKH� SXOVHG� HFKR� PHWKRG� RQ� .%U
VLQJOH� FU\VWDOV� RULHQWHG� DORQJ� WKH� ����!
FU\VWDOORJUDSKLF� GLUHFWLRQ� EHORQJLQJ� WR� WKH
VDPH�VHW� RI� VDPSOHV� WKDW� WKRVH�XVHG� LQ� >�@�
7KH� VDPSOH� SUHSDUDWLRQ� WHFKQRORJ\�� WKH� ORZ�
WHPSHUDWXUH� DFRXVWLF�PHFKDQLFDO� H[SHULPHQW
SURFHGXUH�� WKH� RULJLQDO� H[SHULPHQWDO� VHWXS� DV
ZHOO� WKH� PHWKRGV� RI� WKH� GDWD� REWDLQLQJ� DQG
SURFHVVLQJ�DUH�GHVFULEHG�LQ�GHWDLO�LQ�>�������Ü�@�
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)LJ���� VKRZV� WKH� H[SHULPHQWDO� GDWD� RQ
WKH� WHPSHUDWXUH� HIIHFW� RQ� WKH� IUHTXHQF\
VSHFWUD�RI�XOWUDVRXQG�DEVRUSWLRQ�E\�GLVORFD�
WLRQV�'G�I��DW���Ü����.�IRU�WKH�VDPSOHV�SUH�
VWUDLQHG� E\� FRPSUHVVLRQ� XS� WR� H� �������
&RPSDULQJ� WKHVH�GHSHQGHQFHV�ZLWK� WKH� FRU�
UHVSRQGLQJ� FXUYHV� IRU� H� ��������REWDLQHG
LQ�>�@��LW�LV�HDV\�WR�FRQFOXGH�WKDW�WKH�TXDOL�
WDWLYH�FKDUDFWHU�RI�WKH�'G�I��GHSHQGHQFHV�UH�PDLQV� XQFKDQJHG�� 7KH� H[SHULPHQWDO� SRLQWV
DUH�GHVFULEHG�ZHOO�HQRXJK�E\�WKHRUHWLFDO�IUH�
TXHQF\�SURILOH�REWDLQHG�IRU�H[SRQHQWLDO�GLV�
WULEXWLRQ�RI�GLVORFDWLRQ�ORRSV�LQ�OHQJWKV�>�@�
7KH� WUHQG� WR� WKH� IUHTXHQF\� VSHFWUXP� VKLIW
WRZDUGV�KLJKHU�IUHTXHQFLHV�DQG�ORZHU�GLVOR�
FDWLRQ� GHFUHPHQW� YDOXHV� DW� ORZHULQJ� WHP�
SHUDWXUHV� LV� DOVR� UHWDLQHG�� 7KH� HIIHFW� RI
UHVRQDQFH� SDUDPHWHU� VKLIW� LV� PRUH� SUR�
QRXQFHG� LQ� )LJ���� ZKHUH� SUHVHQWHG� DUH� WKH
WHPSHUDWXUH�VKLIWV�RI�WKH�UHVRQDQFH�IUHTXHQF\
IP�7��DQG�RI�WKH�GLVORFDWLRQ�GHFUHPHQW�DPSOL�
WXGH�YDOXH�'P�7��LQ�WKH�PD[LPXP�8VLQJ� WKH� H[SHULPHQWDO� 'G�I�� FXUYHV
PHDVXUHG�DW�H� �������DW���Ü����.�DV�ZHOO
DV� WKHRUHWLFDO� IRUPXODV� >�@�� WKH� %�7�� GH�
SHQGHQFH� FDQ� EH� FDOFXODWHG�� 7KH� WKHRU\� >�@
SURYLGHV�WKH�UHODWLRQVKLSV�����DQG�����EHORZ
WKDW� PDNH� LW� SRVVLEOH� WR� FDOFXODWH� WKH� G\�
QDPLF�EUDNLQJ�FRHIILFLHQW�RI�GLVORFDWLRQ��%�
XVLQJ�ERWK�WKH�KLJK�IUHTXHQF\�DV\PSWRWH�RI
WKH�IUHTXHQF\�IXQFWLRQ�RI�GLVORFDWLRQ�GHFUH�
PHQW�'G�I��DQG�WKH�SDUDPHWHUV�RI�UHVRQDQFHPD[LPXP�WKHUHRI��UHVSHFWLYHO\��QDPHO\�
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ZKHUH� E� LV� WKH� %XHUJHUV� YHFWRU� PRGXOH��/�
GLVORFDWLRQ� GHQVLW\��'f�� GHFUHPHQW� YDOXH� DW
IUHTXHQFLHV� I�!!�IP��'P� DQG� IP��GLVORFDWLRQGHFUHPHQW� DQG� IUHTXHQF\� YDOXHV� DW� UHVR�
QDQFH�� UHVSHFWLYHO\�� :�� RULHQWDWLRQ� IDFWRU�
*�� VKHDU�PRGXOXV� LQ� WKH�DFWLYH�JOLGLQJ�V\V�
WHP��,W�LV�VHHQ�IURP�����DQG������WR�FDOFXODWH
WKH�%�7��GHSHQGHQFH��LW�LV�QHFHVVDU\�WR�NQRZ
WKH� GLVORFDWLRQ� GHQVLW\�� WKH� IDPLO\� RI� UHVR�
QDQFH� FXUYHV�'G�I�� DW� YDULRXV� WHVW� WHPSHUD�WXUHV�� DV�ZHOO� DV� WHPSHUDWXUH�LQGXFHG� YDUL�
DWLRQV� RI� RWKHU� SK\VLFDO� FKDUDFWHULVWLFV�
:�7���*�7���E�7���7KH�GHQVLW\�RI�PRELOH�GLV�
ORFDWLRQV�LQ�.%U�VDPSOHV�ZDV�GHWHUPLQHG�E\
VHOHFWLYH�HWFKLQJ�DQG�DPRXQWHG���������PÜ��
7KH�:�7���*�7��� DQG� E�7�� GHSHQGHQFHV� KDYH
EHHQ�WDNHQ�IURP�>�@�

,W�LV�WR�QRWH�WKDW�WR�REWDLQ�WKH�PRVW�FRU�
UHFW�%�YDOXHV��WKH�(T�����LV�XVHG�PRVW�RIWHQ
ZKHUH�'f� LV� LQGHSHQGHQW� RI� WKH� DYHUDJH� HI�IHFWLYH� OHQJWK�RI�GLVORFDWLRQ�VHJPHQW��/��,Q
WKLV� ZRUN�� ZH� DWWHPSWHG� WR� FDOFXODWH� %� LQ
WZR� PDQQHUV�� ERWK� IURP� WKH� GHVFHQGHQW
EUDQFK� DQG� IURP� UHVRQDQFH�� ,W� ZDV� RI� LP�
SRUWDQFH� WR�HVWDEOLVK�KRZ�GLIIHUHQW�WKH�FDO�
FXODWHG� YDOXHV�ZLOO� EH�� 7KH� LQWHUHVW� LQ� WKLV
SUREOHP� LV� GXH� WR� WKH� IROORZLQJ� FLUFXP�
VWDQFHV�� ,W� ZDV� UHYHDOHG� LQ� >�@�� VWDUWLQJ
IURP� WKH� H�a����� ��� WKH� LQFUHDVH� LQ� WKH
FU\VWDO� SUH�VWUDLQLQJ� UHVXOWV� LQ� D� VKLIW� RI
WKH� 'G�I�� GHSHQGHQFH� WRZDUGV� KLJKHU� IUH�

)LJ����� )UHTXHQF\� GHSHQGHQFHV� RI� GLVORFDWLRQ
GHFUHPHQW� DW� YDULRXV� WHPSHUDWXUHV�� WKHRUHWL�
FDO� FXUYHV� ��Ü��� >�@� DQG� KLJK�IUHTXHQF\� DV�
\PSWRWHV�WKHUHRI���cÜ�c�� )LJ����� 7HPSHUDWXUH� GHSHQGHQFHV� RI� UHVR�

QDQFH�IUHTXHQF\�IP�DQG�WKH�GHFUHPHQW�PD[L�
PXP�YDOXH�'P�
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TXHQFLHV��2Q�WKH�RWKHU�KDQG��WKH�VDPH�UHVR�
QDQFH�PD[LPXP�VKLIWLQJ�HIIHFW�LV�GXH�WR�WKH
FRROLQJ� RI� D� FU\VWDO� KDYLQJ�D� IL[HG� GLVORFD�
WLRQ�GHQVLW\��VHH�>�@�DV�ZHOO�DV�)LJV�������LQ
WKLV� ZRUN��� 7KXV�� ZKHQ� VWXG\LQJ� WKH� %�7�
GHSHQGHQFHV� LQ� D� VWURQJO\� VWUDLQHG� FU\VWDO�
VXSHUSRVLWLRQ�RI�WKRVH�WZR�IDFWRUV�PLJKW�EH
H[SHFWHG�� UHVXOWLQJ� LQ� WKH� IDFW� WKDW� WKH�GH�
VFHQGHQW�EUDQFK�RI�'G�I��FXUYH�ZLOO�RYHUVWHSLQ� SDUW� WKH� OLPLWV� RI� WKH�PHDVXUHPHQW� IUH�
TXHQF\� UDQJH� ����� WR� ������ 0+]��� ,Q� WKLV
FDVH��WKH�RQO\�SRVVLEOH�SDWK�ZRXOG�FRQVLVW�LQ
FDOFXODWLRQ� RI� WKH� %� SDUDPHWHU� XVLQJ� WKH
IRUPXOD�����

7KH� YDOXHV� RI� EUDNLQJ� FRHIILFLHQW� %� LQ
WKH���Ü����.�WHPSHUDWXUH�UDQJH�FDOFXODWHG
XVLQJ� (TV����� DQG� ���� DUH� SUHVHQWHG� LQ
)LJ�� ��� 7KH� %�7�� GHSHQGHQFHV� REWDLQHG� LQ
GLIIHUHQW�PDQQHUV�DUH�VHHQ�WR�EH�HVVHQWLDOO\
FRLQFLGHQW��7KXV��ZKHQ�FU\VWDOV�ZLWK�GLIIHU�
HQW� GHQVLWLHV� RI� PRELOH� GLVORFDWLRQV� DUH
VWXGLHG�� WKH� %�7�� FDQ� EH� FDOFXODWHG� XVLQJ
DQ\� RI� VDLG�PHWKRGV�� KRZHYHU� XQGHU� FRQGL�
WLRQ� >�Ü�@� WKDW� WKH� WKHRUHWLFDO� IUHTXHQF\
SURILOH� LV� ILWWHG� PDLQO\� XVLQJ� WKH� SRLQWV
O\LQJ�LQ�WKH�UHVRQDQFH�UHJLRQ�DQG�DIWHU�LW�

,Q�)LJ�����SUHVHQWHG�DUH�DOVR�GDWD�WDNHQ�IURP
>�@�REWDLQHG�IRU�.%U�FU\VWDOV�DW�H� ���������7KH
LQFUHDVH� RI� SUH�VWUDLQ� IURP� ����� �� WR
���� �� LV� VHHQ� WR� QRW� LQIOXHQFH� HVVHQWLDOO\
WKH�%�7�� WHPSHUDWXUH� WUHQG��7KH� UHVXOW�� DO�
WKRXJK� EHLQJ� VWLOO� D� SUHOLPLQDU\� RQH�� HYL�
GHQFHV� WKDW� WKH� FRQFOXVLRQ� RQ� WKH� %� LQGH�
SHQGHQFH� RI� WKH� PRELOH� GLVORFDWLRQ� GHQVLW\
>�@� PLJKW� EH� YDOLG� QRW� RQO\� DW� ���� .� EXW
FRXOG� EH� JHQHUDOL]HG� IRU� ORZHU� WHPSHUD�
WXUHV�� +RZHYHU�� IXUWKHU� %�7�� VWXGLHV� LQ� D
EURDGHU� SUH�VWUDLQ� UDQJH� DUH� QHFHVVDU\� WR
HVWDEOLVK� ILQDOO\� WKH� IXQFWLRQDO� UHODWLRQVKLS
%�/��LQ�WKH���Ü����.�UDQJH�
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)LJ����� 7HPSHUDWXUH� GHSHQGHQFH� RI� G\QDPLF
GLVORFDWLRQ�EUDNLQJ�FRHIILFLHQW��%��GDWD� IURP
>�@� IRU� H� �������� �VTXDUHV��� GDWD� IURP� WKLV
ZRUN� REWDLQHG� IURP� GHVFHQGHQW� EUDQFKHV
�GDUN� WULDQJOHV�� DQG� UHVRQDQFH� UHJLRQV� �RSHQ
WULDQJOHV�� RI� IUHTXHQF\� VSHFWUD�'G�I�� DW� YDUL�RXV�WHPSHUDWXUHV�
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