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DYHUDJH�HIIHFWLYH� OHQJWK�RI� WKH�GLVORFDWLRQ� VHJPHQW��/��ZHUH�GHWHUPLQHG�ZLWKLQ�WKH�PHQ�
WLRQHG� WHPSHUDWXUH� UDQJH�� 7KH� GLVORFDWLRQ� IL[DWLRQ� SURFHVV� LQ� WKH� FU\VWDOV� DW� ����� �
UHVLGXDO�VWUDLQ�DW�WHPSHUDWXUH�ORZHULQJ�KDV�EHHQ�IRXQG�WR�EH�FRQWUROOHG�E\�WKH�VLPXOWDQH�
RXV�DFWLRQ�RI�ZHDN�DQG�VWURQJ�VWRSSHUV��&RPSDULQJ�WKH�H[SHULPHQWDO�%�7��GHSHQGHQFH�ZLWK
WKHRUHWLFDO� FXUYH� FDOFXODWHG� XVLQJ� WKH� $OVKLWV�,QGHQERP� WKHRU\�� LW� KDV� EHHQ� HVWDEOLVKHG
WKDW�WKH�YLVFRXV�GLVORFDWLRQ�GDPSLQJ�LQ�.%U�FU\VWDOV�LV�OLPLWHG�E\�VXSHUSRVLWLRQ�RI�SKRQRQ
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'XULQJ� ODVW� WZR�GHFDGHV�� WKH� SKHQRPHQD
EHLQJ� GHPRQVWUDWHG� DV� GLVSODFHPHQWV� RI� LQ�
GLYLGXDO� GLVORFDWLRQV� LQ� LRQLF� FU\VWDOV� �H�J��
WKH� PDJQHWR�SODVWLF� HIIHFW�� DUH� XQGHU� D
UDWKHU� LQWHQVH� LQYHVWLJDWLRQ�XVLQJ� WKH�PRG�
HUQ� H[SHULPHQWDO� WHFKQLTXHV� >�@�� 7KH
DXWKRUV� KDYH� UHYHDOHG� D� KLJK� VHQVLWLYLW\� RI
WKDW� HIIHFW� WR� PHFKDQLFDO� ORDGLQJ�� HOHFWULF
ILHOG�� DQG� ;�UD\V�� 7KH� GDPSHG� GLVORFDWLRQ
UHVRQDQFH�EHLQJ�VWXGLHG� LQ� WKLV�ZRUN� LV� H[�
WUHPHO\� VHQVLWLYH� WR� WKH� DERYH�PHQWLRQHG

IDFWRUV��7KLV�ZRUN� FRQWLQXHV� WKH� VWXGLHV� RI
WKH� .%U� FU\VWDO� SUH�VWUDLQLQJ� HIIHFW� RQ� WKH
YDOXH� DQG� WHPSHUDWXUH� GHSHQGHQFHV� RI�SKR�
QRQ�GLVORFDWLRQ�GDPSLQJ�WKDW�ZHUH�RQVHW� LQ
>�Ü�@��,Q�SDUWLFXODU��WKH�DQRPDORXV�VKLIW�RI
WKH�GLVORFDWLRQ�UHVRQDQFH�PD[LPXP�ERWK� LQ
DPSOLWXGH�DQG�IUHTXHQF\�KDV�EHHQ�UHYHDOHG�
7KH� LQIRUPDWLRQ� RQ� DFRXVWR�PHFKDQLFDO�
GDPSLQJ�� DQG� HODVWLF� FKDUDFWHULVWLFV� RI� WKH
FU\VWDOV� LV� RI� JUHDW� LPSRUWDQFH� ERWK� LQ� GH�
VLJQLQJ� DQG� H[SORLWDWLRQ�RI� IXQFWLRQDO� HOHF�

)XQFWLRQDO�0DWHULDOV�����1R��������� �������Û�,QVWLWXWH�IRU�6LQJOH�&U\VWDOV
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WURQLF� GHYLFHV� DQG� LQ� GHYHORSPHQW� RI� IXQF�
WLRQDO�PDWHULDOV�ZLWK�SUH�VSHFLILHG�SHUIRUP�
DQFH�FKDUDFWHULVWLFV��
7KH� SXUSRVH� RI� WKLV�ZRUN� LV� WR� VWXG\� LQ

H[SHULPHQW�WKH�SKRQRQ�GLVORFDWLRQ�GDPSLQJ
DQG� WKH� VSHFLILF� IHDWXUHV� RI� WKH� GLVORFDWLRQ
UHVRQDQFH� LQ� .%U� FU\VWDOV� SUH�VWUDLQHG� E\
FRPSUHVVLRQ�XS�WR��������LQ�WKH���Ü����.
WHPSHUDWXUH� UDQJH�� 6XFK� H[SHULPHQWV� DUH
FDUULHG�RXW�DV�D�UXOH�XVLQJ�KLJK�SXULW\�FU\V�
WDOV� ZLWK� IUHVK� GLVORFDWLRQV� LQWURGXFHG
WKHUHWR� E\� VWUDLQLQJ�� (DFK� VDPSOH� LV� SUH�
VWUDLQHG� WR� QRW� RQO\� FDXVH� WKH� GLVORFDWLRQ
UHVRQDQFH�EXW�DOVR� WR�SURYLGH� LWV� IUHTXHQF\
VKLIW� LQWR� D� UDQJH� FRQYHQLHQW� IRU� REVHUYD�
WLRQ�� ,Q� >�@��GXULQJ�WKH�DFRXVWLF�PHFKDQLFDO
H[SHULPHQWV� RQ�.%U� FU\VWDOV�� DQ� DQRPDORXV
VKLIWLQJ� RI� WKH� GLVORFDWLRQ� UHVRQDQFH�PD[L�
PXP� ERWK� LQ� DPSOLWXGH� DQG� IUHTXHQF\�ZDV
UHYHDOHG��7KDW�PD[LPXP�ZDV�HVWDEOLVKHG�WR
VKLIW� ILUVW� WRZDUGV� ORZHU� IUHTXHQFLHV� DQG
WKHQ�� DIWHU� VWRSSDJH�� WR� PRYH� LQ� RSSRVLWH
GLUHFWLRQ�DW�D�FRQVWDQW�LQFUHDVH�RI�WKH�VDP�
SOH�VWUDLQ��%DVLQJ�RQ�IUHTXHQF\�GHSHQGHQFHV
'G�I���ZKHUH�'G�LV�WKH�GLVORFDWLRQ�GHFUHPHQWRI� XOWUDVRXQG� GDPSLQJ�� I�� WKH� XOWUDVRXQG
IUHTXHQF\��� WKH� GLVORFDWLRQ� GDPSLQJ� IDFWRU
%�ZDV�IRXQG�WR�EH�LQGHSHQGHQW�RI�WKH�GLVOR�
FDWLRQ� GHQVLW\�/� DW�7� �����.��$ORQJ�ZLWK
WKH�HVWDEOLVKHG� IXQFWLRQDO�GHSHQGHQFH�%�/��
WKH� DXWKRU� >�@� KDV� REWDLQHG� WKH� DEVROXWH
YDOXH� RI� YLVFRVLW\� FRHIILFLHQW� %� LQ� FRQGL�
WLRQV�HOLPLQDWLQJ�WKH�HUURU�DGPLVVLEOH�DW�WKH
FRXQWLQJ� WKH� HWFK� SLWV�� 7R� REWDLQ� VXFK� UH�
VXOWV�DW�WHPSHUDWXUHV� ORZHU�WKDQ�URRP�RQH�
.%U�FU\VWDOV�ZLWK�UHVLGXDO�VWUDLQV�RI�����DQG
���� ZHUH� XVHG� LQ� >����@�� 7KH� VWUDLQV� ZHUH
VHOHFWHG� LQWHQWLRQDOO\� WR� SURYLGH� �DFFRUGLQJ
WR�JXLGHOLQHV�IURP�>�@��WKH�OLPLWLQJ�VKLIWV�RI
WKH� UHVRQDQFH�PD[LPXP� LQ� WKH� 'G�I�� FXUYHWRZDUGV� ORZHU� DQG� KLJKHU� IUHTXHQFLHV�� UH�
VSHFWLYHO\�� $FFRUGLQJ� WR� >�@�� VXFK� D� VWUDLQ
FDXVHV�D�VWRSSDJH�LQ�WKH�PD[LPXP�VKLIW�WR�
ZDUGV�ORZ�IUHTXHQFLHV�WKDW�LV�FKDQJHG�WR�LWV
PRYHPHQW� LQ� WKH� RSSRVLWH� GLUHFWLRQ�� ,W� LV
H[SHFWHG�WKDW�EDVLQJ�RQ�WKH�GDWD�REWDLQHG�LQ
WKLV�ZRUN��WKH�SUREOHP�RI�SRVVLEOH�HIIHFW�RI
WKH� GLVORFDWLRQ� GHQVLW\� /� RQ� WKH� GDPSLQJ
FRQVWDQW� %� YDOXH� DQG� LWV� WHPSHUDWXUH� GH�
SHQGHQFH�
7R� VWXG\� WKH� WHPSHUDWXUH� GHSHQGHQFH� RI

WKH�GDPSLQJ�FRHIILFLHQW��%�7���D�KRPH�PDGH
PHDVXULQJ�VHWXS�ZDV�XVHG�WKDW�SURYLGHG�WKH
VLPXOWDQHRXV� PHDVXUHPHQWV� RI� WKH� FU\VWDO
DFRXVWR�PHFKDQLFDO� FKDUDFWHULVWLFV� DW� YDUL�
RXV�VWUDLQLQJ�UDWHV�ZLWKLQ�ZLGH�WHPSHUDWXUH
DQG�IUHTXHQF\� OLPLWV�XVLQJ�WKH�ZDYHV�YDU\�
LQJ�LQ�SRODUL]DWLRQ�DQG�DPSOLWXGHV�>�Ü�@��

7KH� IUHTXHQF\� GHSHQGHQFH� RI� WKH� XOWUD�
VRXQG�GDPSLQJ�GHFUHPHQW�'G�I��ZDV�VWXGLHGLQ�WKH�IUHTXHQF\�UDQJH�RI�����WR�������0+]
DQG� WHPSHUDWXUH� UDQJH� RI� ��� WR� ����.� IRU
.%U� VLQJOH� FU\VWDOV�XVLQJ� WKH� FDOLEUDWHG� H[�
SRQHQWLDO� FXUYH� VXSHUSRVLWLRQ�� 7R� FRPSDUH
FRUUHFWO\� WKH� UHVXOWV� IURP� WKLV� ZRUN� DQG
WKRVH� IURP� WKH� SUHFHGLQJ� RQHV�� D� VHULHV� RI
��� PP� ORQJ� VDPSOHV� KDYLQJ� ��u���PP�
FURVV�VHFWLRQ�ZDV�XVHG�FOHDYHG�RXW�IURP�WKH
VDPH� ODUJH� VLQJOH� FU\VWDO� DQG� SURFHVVHG
XVLQJ� WKH�VDPH�WHFKQRORJ\�DV� LQ� >�Ü�@��7KH
QRQ�SDUDOOHOLVP�RI�WKH�VDPSOH�ZRUNLQJ�IDFHV
ZDV�r��PP�FP��7KH� IUHVK�GLVORFDWLRQV�ZHUH
LQWURGXFHG�E\�FRPSUHVVLQJ�WKH�VDPSOH�DORQJ
LWV� ORQJ�D[LV� LQ�WKH�����!�GLUHFWLRQ�FRLQFL�
GHQW� ZLWK� WKH� VRXQGLQJ� RQH� XVLQJ� DQ
,167521� WHVWLQJ�PDFKLQH� DW� WKH� GHIRUPD�
WLRQ� UDWH� RI� DERXW� ��Ü��VÜ��� 7KH� VDPSOHV
ZHUH� SUH�VWUDLQHG� XS� WR� ����� �� SULRU� WR
PHDVXUHPHQWV�
)LJ����SUHVHQWV�WKH�H[SHULPHQWDO�GDWD�RQ

WKH� GDPSHG� GLVORFDWLRQ� UHVRQDQFH� IRU� .%U
VDPSOHV�DW� WKH��������UHVLGXDO�VWUDLQ��7KH
)LJXUH� VKRZV� WKDW� WKH� IUHTXHQF\� SRVLWLRQ
DQG�KHLJKW�RI�WKH�UHVRQDQFH�PD[LPXP�YDU\
ZLWK� WHPSHUDWXUH�� $V� WKH� WHPSHUDWXUH� LV
ORZHUHG�� WKH� GLVORFDWLRQ� ORVV� GHFUHDVHV� DQG
WKH� UHVRQDQFH� FXUYHV� DUH� VKLIWHG� PRQRWR�
QRXVO\� WRZDUGV� KLJKHU� IUHTXHQFLHV�� &RQVLG�
HUDWLRQ� RI� )LJ���� HYLGHQFHV� WKDW� WKH� PHDV�
XUHG�GLVORFDWLRQ�DEVRUSWLRQ�DV�D�IXQFWLRQ�RI
IUHTXHQF\��'G�I���KDV� WKH�GDPSHG�UHVRQDQFHFKDUDFWHU� >�@�� 7KH� H[SHULPHQWDO� YDOXHV� DUH
GHVFULEHG� ZHOO� E\� D� QRUPDOL]HG� IUHTXHQF\
SURILOH�FDOFXODWHG�IRU�WKH�H[SRQHQWLDO�GLVWUL�
EXWLRQ� RI� WKH� GLVORFDWLRQ� ORRS� OHQJWKV� >�@�
7KH� WKHRUHWLFDO� DQG� H[SHULPHQWDO� FXUYHV
ZHUH� FRPSDUHG� XVLQJ� QXPHULFDO� PHWKRGV�

)LJ����� )UHTXHQF\� GHSHQGHQFHV� RI� GLVORFDWLRQ
GHFUHPHQW� IRU� .%U� VDPSOHV� ZLWK� UHVLGXDO
VWUDLQ�RI��������DW�YDULRXV�WHPSHUDWXUHV�7��.�
��Ü��������Ü��������Ü��������Ü��������Ü��������Ü
�����6ROLG�OLQHV�FRUUHVSRQG�WR�WKHRUHWLFDO�FXUYHV
>�@�DQG�WKHLU�KLJK�IUHTXHQF\�DV\PSWRWHV�
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WKH� H[SHULPHQWDO� FXUYH� EHLQJ� SUH�WUDQV�
IRUPHG� LQWR� ORJ� FRRUGLQDWHV�� OJ'G�OJI��� $F�FRUGLQJ� WR� UHFRPPHQGDWLRQV� >�����@�� WKH
WKHRUHWLFDO�FXUYH�ZDV�ILWWHG�WR�H[SHULPHQWDO
GDWD� RQO\� XQGHU� RULHQWDWLRQ� WR� WKH� H[SHUL�
PHQWDO� SRLQWV� EHORQJLQJ� WR� WKH� GHVFHQGLQJ
H[SHULPHQWDO� FXUYH�EUDQFK�DQG� LQ� WKH�UHVR�
QDQFH�UHJLRQ��$FFRUGLQJ�WR�>�@��WKH�UHODWLRQ�
VKLSV�GHVFULELQJ� WKH�PD[LPXP�SRVLWLRQ�DQG
WKH� GHVFHQGLQJ� UHVRQDQFH� FXUYH� EUDQFK� DUH
DV�IROORZV�
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+HUH��'P� DQG� IP� DUH� WKH� GHFUHPHQW� DQGIUHTXHQF\� YDOXHV� LQ� WKH�PD[LPXP��'f�� WKHGHFUHPHQW�YDOXH�IRU�I�!!�IP��:��WKH�RULHQWD�WLRQ� IDFWRU�� /�� WKH� GLVORFDWLRQ� GHQVLW\�� /�
WKH� DYHUDJH� HIIHFWLYH� OHQJWK� RI� GLVORFDWLRQ
VHJPHQW��'�� ���*E����S�&���&� EHLQJ� WKH� HI�IHFWLYH� VWUHWFK� RI� EHQW� GLVORFDWLRQ� �&� 
�*E��S���Ü�Q����Q��WKH�3RLVVRQ�FRHIILFLHQW��*�
WKH�VKHDU�PRGXOXV�RI�WKH�DFWLQJ�VOLS�V\VWHP�
E�� WKH� %XUJHUV� YHFWRU� PRGXOH�� 8VLQJ� WKH
REWDLQHG� UHVRQDQFH� FXUYHV�� WKH�%�YDOXH�FDQ
EH�FDOFXODWHG�IURP�WKH�(T�������WKH�'f�EHLQJSUHYLRXVO\� GHWHUPLQHG� IURP� WKH� KLJK�IUH�
TXHQF\� DV\PSWRWH� DQG� /� E\� FRXQWLQJ� WKH
HWFK�SLWV��7KH�FRUUHFW�HVWLPDWLRQ�RI�WKH�YLV�
FRVLW\� FRHIILFLHQW� %� UHTXLUHV� REYLRXVO\� WKH
DFFXUDWH� YDOXHV� RI� RWKHU� SDUDPHWHUV� LQ�
FOXGHG�LQ�����
,Q� WKLV� ZRUN�� WKH� WHPSHUDWXUH� GHSHQG�

HQFHV�RI�:�DQG�*�SDUDPHWHUV�ZHUH�XVHG�GH�
WHUPLQHG� EHIRUH� IRU� XQVWUDLQHG� .%U� VLQJOH
FU\VWDOV� >�����@� DW� WKH� DFWLQJ� VOLS� V\VWHP
^���`� ����!�� 7R� FDOFXODWH� WKH� WHPSHUDWXUH
GHSHQGHQFHV�:�7��DQG�*�7���WKH�IRUPXODV�:� 
�&���Ü�&����� ��&��*����� >��@� DQG� *���� ����&���Ü�&����>��@�ZHUH�XVHG�LQ�>�����@�ZLWKVXEVWLWXWHG� HODVWLF� PRGXOL� &LN� WDNHQ� IURP>�����@��7KH�WHPSHUDWXUH�GHSHQGHG�YDULDWLRQ
E�7�� RI� WKH� E� SDUDPHWHU� ZHUH� GHWHUPLQHG
XVLQJ� WKH� HTXDWLRQ� E� �D��CCC��� � >��@� WDNLQJ
LQWR�DFFRXQW�WKH�WKHUPDO�LQGXFHG�FKDQJHV�LQ
WKH�ODWWLFH�FRQVWDQW��D�7��>��@��$�VSHFLDO�DW�
WHQWLRQ�ZDV�JLYHQ� WR� UHGXFWLRQ�RI�HUURUV� LQ
/� SDUDPHWHU� DQG�PRQLWRULQJ� RI� LWV� SRVVLEOH
YDULDWLRQV� GXULQJ� WKH� H[SHULPHQWV�� )RU� WKH
VHOHFWHG� VDPSOH� JHRPHWU\� DQG� LWV� GHIRUPD�
WLRQ� GLUHFWLRQ�� WKH� VOLSSLQJ� LQ� WKH� FU\VWDO

RFFXUV� LQ�IRXU�HTXDOO\�VWUHVVHG�VOLS�V\VWHPV
^���`�����!��7KH�GLVORFDWLRQV�ZHUH�UHYHDOHG
E\�VHOHFWLYH�HWFKLQJ�RI�IUHVKO\�FOHDYHG�^���`
VXUIDFHV�SDUDOOHO�WR�WKH�FU\VWDO�ORQJ�D[LV��7R
GHWHUPLQH� WKH� GLVORFDWLRQ� GHQVLW\�� ���� WR
���� ILHOGV� ZHUH� VHOHFWHG� FKDUDFWHULVWLF� RI
YDULRXV� DUHDV� RI� WKH� FU\VWDO� IDFHV�� )RU� WKH
VDPSOHV� ZLWK� UHVLGXDO� VWUDLQ� RI� ����� ��� WKH
DYHUDJH�/�YDOXH��DV�GHWHUPLQHG�E\�WKH�HWFK�SLW
FRXQWLQJ��KDV�EHHQ�IRXQG�WR�EH��u����PÜ���7KH
DEVROXWH�/�YDOXH�KDV�EHHQ�GHWHUPLQHG�DW�DQ
DFFXUDF\�RI���� WR�������7KLV�ZDV� DWWDLQHG
E\�XVLQJ�WKH�VORZ�FU\VWDO�ORDGLQJ�SURFHGXUH
>��@�UHVXOWLQJ�LQ�KRPRJHQHRXVO\�GLVWULEXWHG
HWFK�SDWWHUQV�DULVLQJ�RQ�WKH�FU\VWDO�VXUIDFH
ZLWKRXW�VOLSSLQJ�VWULSV�
7KH� FRQVLGHUDWLRQ� RI� WKH� GLVORFDWLRQ

VWUXFWXUH� KDV� VKRZQ� WKDW� WKH� GLVORFDWLRQ
GHQVLW\� LQ� WKH� VWUDLQHG� FU\VWDO� UHPDLQV� WKH
VDPH�ERWK�SULRU�DQG�DIWHU�WKH�PHDVXUHPHQWV
PHQWLRQHG�� 7KLV� LV� FRQILUPHG� DOVR� E\� WKH
K\VWHUHVLV� DEVHQFH� LQ� WKH� D�7�� FXUYHV� �D
EHLQJ� WKH� XOWUDVRXQG� DEVRUSWLRQ�� PHDVXUHG
DW�WKH�VDPSOH�FRROLQJ�DQG�KHDWLQJ��,QGHHG��D
ORQJLWXGLQDO�ZDYH�GLUHFWHG�DORQJ�WKH�VDPSOH
ORQJ� D[LV� KDV� WKH� VKHDULQJ� VWUHVV� FRPSR�
QHQWV�LQ�WKH�VDPH�VOLS�SODQHV�DV�WKH�DSSOLHG
FRPSUHVVLRQ� VWUHVV�� 7KXV�� LW� LQWHUDFWV� ZLWK
GLVORFDWLRQV� EHLQJ� LQ� WKRVH� SODQHV�� ,Q� VXFK
FRQGLWLRQV��WKH�XOWUDVRXQG�GDPSLQJ�VKRXOG�UH�
IOHFW� WKH� FKDQJHV� LQ� WKH� GLVORFDWLRQ� VWUXFWXUH
SDUDPHWHUV� �WKH�GLVORFDWLRQ�GHQVLW\�/� DQG� WKH
DYHUDJH� GLVORFDWLRQ� VHJPHQW� OHQJWK� /��� $
FKDQJH� LQ� /� VKRXOG� REYLRXVO\� UHVXOW� LQ� D
K\VWHUHVLV�ORRS�LQ�WKH�D�7��FXUYH��WKDW�LV�QRW
WKH�FDVH�LQ�H[SHULPHQW�
)LJ���� VKRZV� WKH� WHPSHUDWXUH�GHSHQGHQW

YDULDWLRQV�RI�WKH�*E��SDUDPHWHU�DQG�WKH�FR�
HIILFLHQW�%�RI�WKH�GLVORFDWLRQ�YLVFRXV�GDPS�
LQJ�� ,W� LV� VHHQ� WKDW� *E�� LQFUHDVHV� DQG� %
GURSV�DV� WKH� WHVWLQJ� WHPSHUDWXUH�GHFUHDVHV�

)LJ����� 7HPSHUDWXUH� GHSHQGHQFHV� RI� *E�� SD�
UDPHWHU�����DQG�WKH�GLVORFDWLRQ�GDPSLQJ�FRQ�
VWDQW������,Q�&XUYH����H[SHULPHQWDO�SRLQWV�DUH
WDNHQ�IURP�>�@������>�@��x���>�@��'���WKLV�ZRUN
GDWD��q��IRU�.%U�FU\VWDOV�ZLWK�H� ��������
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7KH�H[SHULPHQWDO�%�YDOXHV�IRU�VDPSOHV�ZLWK
YDULRXV� GLVORFDWLRQ� GHQVLW\� /� KDYH� EHHQ
IRXQG� WR� IDOO� VDWLVIDFWRULO\� RQ� RQH� DQG� WKH
VDPH�FXUYH��WKXV�HYLGHQFLQJ�WKDW�FRHIILFLHQW
%�LV�LQGHSHQGHQW�RI�/�SDUDPHWHU�
7R� H[SODLQ� WKH� H[SHULPHQWDO�%�7�� FXUYH

�FXUYH���LQ�)LJ������LW�ZDV�FRPSDUHG�WR�WKHR�
UHWLFDO� RQH� FDOFXODWHG� XVLQJ� WKH� H[SUHVVLRQ
>��@
%�7�
%�T� � �

I��7�e�T�
I����

�����'I��������' T
7I��7�e�T����

���

ZKHUH�'�LV�D�GLPHQVLRQOHVV�SDUDPHWHU�GHWHU�
PLQHG� IURP� H[SHULPHQWDO� GDWD� E\� H[WUDSR�
ODWLQJ� WR� ]HUR� WKH�KLJK�WHPSHUDWXUH� DV\PS�
WRWH� %�7��%�T�� DV� D� IXQFWLRQ� RI� 7�T�� 7KH
FRPSDULVRQ�ZDV�FDUULHG�RXW�XVLQJ�WKH�'HE\H
WHPSHUDWXUH� T� ������� .� FDOFXODWHG� LQ� >�@�
7KH� YDOXHV� RI� RWKHU� IXQFWLRQV� LQFOXGHG� LQ
>�@� ZHUH� WDNHQ� IURP� >��@�� 7KH� FRPSDULVRQ
UHVXOWV� DW� H[SHULPHQWDO� YDOXH� '� ����� DUH
VKRZQ� LQ� )LJ����� 7KH� WKHRUHWLFDO� FXUYH� LV
VHHQ�WR�GHVFULEH�ZHOO�WKH�H[SHULPHQWDO�GDWD�
7KH� DJUHHPHQW� EHWZHHQ� WKHRUHWLFDO� DQG� H[�
SHULPHQWDO� %�7�� FXUYHV� HYLGHQFHV� WKDW� WKH
YLVFRXV�GDPSLQJ�RI�GLVORFDWLRQV�LQ�.%U�FU\V�
WDOV� LV� OLPLWHG� E\� VXSHUSRVLWLRQ� RI� WKH
�VORZ�� SKRQRQ� UHOD[DWLRQ� DQG� SKRQRQ�ZLQG
PHFKDQLVPV�

2QFH� WKH� WHPSHUDWXUH� GHSHQGHQFH� RI� %
ZDV�HVWDEOLVKHG�� LW�EHFDPH�SRVVLEOH� WR�WUDFH
WKH� WHPSHUDWXUH�GHSHQGHQW� FKDQJHV� LQ� WKH

DYHUDJH� GLVORFDWLRQ� VHJPHQW� OHQJWK� /�� ,WV
YDOXHV�ZHUH� IRXQG�XVLQJ� WKH�UHODWLRQ� ����DV
/� �>������*�E��� {�IP����Ü�Q�@���� ZKHUH� WKH3RLVVRQ� FRHIILFLHQW� Q� �&����&�����&���� >��@ZDV� GHWHUPLQHG� IURP� WKH� YDOXHV� RI� HODVWLF
PRGXOL� &LN� FDOFXODWHG� LQ� >�����@�� 7KH� WHP�SHUDWXUH� GHSHQGHQFHV� /�7�� RI� WKH� HIIHFWLYH
OHQJWK� RI� GLVORFDWLRQ� VHJPHQW� IRU� FU\VWDOV
ZLWK�GLIIHUHQW�UHVLGXDO�VWUDLQV�DUH�SUHVHQWHG
LQ�)LJ�����7KH�WUHQG�RI�/�VKRUWHQLQJ�DW�ORZ�
HULQJ�WHPSHUDWXUH�LV�VHHQ�WR�EH�FRQVHUYHG�DW
DQ\�UHVLGXDO�VWUDLQ��+RZHYHU��DW�D�FRQWLQX�
RXV� VWUDLQ� LQFUHDVH�� WKH� /�7�� FXUYHV� DUH
VKLIWHG� LQ� KHLJKW� QRQ�PRQRWRQRXVO\�� )LUVW�
DV�WKH�VWUDLQ�ULVHV�IURP������WR��������WKH
/�7��GHSHQGHQFH�LV�VKLIWHG�WRZDUGV�ODUJHU�/
YDOXHV��)LJ�����FXUYHV���DQG����DQG�WKHQ��DW
����� DQG����� VWUDLQV�� WKH� VKLIW� VLJQ� LV� UH�
YHUVHG� �)LJ����� FXUYHV��� DQG� ���� &RQVLGHUD�
WLRQ�RI�/�7��FXUYHV�VKRZV�WKDW�WKH�LQYHUVLRQ
RI� WKH� IUHTXHQF\� VSHFWUD� 'G�I�� WDNHV� SODFHQRW�DW�7� �����.�EXW�DOVR�DW�RWKHU�WHPSHUD�
WXUHV�ZLWKLQ� WKH� ��� WR�����.� UDQJH��$�GH�
WDLOHG� FRQVLGHUDWLRQ�RI� WKRVH� FXUYHV�KDV�UH�
YHDOHG�DQRWKHU�IHDWXUH�RI�LPSRUWDQFH�DVVRFL�
DWHG� ZLWK� YDULDWLRQV� LQ� WKHLU� VORSH�� 7KH� /
TXDQWLW\�KDV�EHHQ� IRXQG� WR�GHFUHDVH� E\� DS�
SUR[LPDWHO\� WKH� VDPH� YDOXH� �E\� D� IDFWRU� RI
������IRU�WKH�VDPSOHV�ZLWK�UHVLGXDO�VWUDLQ�RI
�����DQG�������DW�WKH�WHPSHUDWXUH�GHFUHDVH
IURP� ���� WR� ��� .�� +RZHYHU�� LWV� UHODWLYH
VKRUWHQLQJ� DW� WKH� VDPH� WHPSHUDWXUH� GH�
FUHDVH�IRU�WKH�VDPSOHV�ZLWK�UHVLGXDO�SODVWLF
VWUDLQ�RI������DQG�����KDV�EHHQ�IRXQG�WR�EH
VPDOOHU� �E\� D� IDFWRU� RI� ����� DQG� ������ UH�
VSHFWLYHO\��� 7KH� UHJXODULWLHV� UHYHDOHG� VHHP
WR�EH�FRQQHFWHG�ZLWK�WZR�GLIIHUHQW�PDQQHUV
RI� WKH� GLVORFDWLRQ� VHJPHQW� SLQQLQJ�� $W

)LJ����� &RPSDULVRQ� RI� %�7�� GHSHQGHQFHV� DF�
FRUGLQJ� WR�(T������ �FXUYH����ZLWK� H[SHULPHQ�
WDO�GDWD�IRU�D�.%U�FU\VWDO��q��GDWD�WDNHQ�IURP
>�@�� ��� u�� x�� GDWD� IURP� WKLV� ZRUN� IRU� .%U
FU\VWDOV� ZLWK� H� ����� ������ DQG� ����� UHVSHF�
WLYHO\��&XUYH����KLJK�WHPSHUDWXUH�DV\PSWRWH�
'��WKHRUHWLFDO�SDUDPHWHU�>��@�XVHG�LQ�(T������

)LJ�����7HPSHUDWXUH�GHSHQGHQFHV�RI�HIIHFWLYH
GLVORFDWLRQ�VHJPHQW�OHQJWK�/�IRU�.%U�FU\VWDOV
DW�GLIIHUHQW�GLVORFDWLRQ�GHQVLWLHV�/������P����
��Ü���������Ü���������Ü��������Ü������
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VPDOO� VWUDLQV� �XS� WR��������ZKHQ�RQO\�SUL�
PDU\� VOLS� SODQHV� DUH� DFWLYDWHG� LQ� WKH� FU\V�
WDO�� WKH�GLVORFDWLRQV� DUH�SLQQHG�DW� WKH� WHP�
SHUDWXUH�GURSSLQJ�E\�ZHDN�SLQQLQJ�FHQWHUV�
QDPHO\�� E\� SRLQW� GHIHFWV� RI� FRPSOH[HV
WKHUHRI�� $V� WKH� VWUDLQ� LQFUHDVHV� �DERYH
��������WKH�GLVORFDWLRQV�RI�WKH�SULPDU\�VOLS
SODQH�VWDUW�WR�LQWHUDFW�ZLWK�WKH�IRUHVW�GLVOR�
FDWLRQV�DULVLQJ�LQ�WKH�VHFRQGDU\�SODQHV�FDXV�
LQJ� WKH� IRUPDWLRQ� RI� GLVORFDWLRQ� EORFNV
EHLQJ�VWURQJ�SLQQLQJ�FHQWHUV�>�@��
,Q� >�@�� WKH� SRVVLEOH� FDXVHV� RI� GLVORFDWLRQ

SLQQLQJ�E\�VWRSSHUV�DQG�WKH�H[SHULPHQWDOO\
REVHUYHG� VKRUWHQLQJ� RI� GLVORFDWLRQ� VHJPHQW
OHQJWK� DW� WKH� WHPSHUDWXUH� GHFUHDVH� IURP
���� WR� ���.�ZHUH� GLVFXVVHG� LQ� GHWDLOV��$F�
FRUGLQJ� WR� >�@�� DIWHU� WKH� VDPSOH� SUH�VWUDLQ�
LQJ��D�GLVORFDWLRQ��EHLQJ�FOHDUHG�RXW�RI�VWRS�
SHUV�� PDNHV� ILUVW� IRUFHG� YLEUDWLRQV� LQ� WKH
XOWUDVRXQG� ZDYH� ILHOG�� 7KH� YLEUDWRU\� VWUDLQ
DPSOLWXGH�RI�WKH�ZDYH�ZDV�IRXQG�WR�EH���Ü��
$W� VXFK� WHPSHUDWXUHV�� WKH� GLVORFDWLRQ� FDQ�
QRW� EH� SLQQHG� DJDLQ� GXH� WR� KLJK� OHYHO� RI
WKHUPDO� IOXFWXDWLRQV� DQG� ORZ� ELQGLQJ� HQ�
HUJ\�EHWZHHQ�WKH�GLVORFDWLRQ�DQG�LPSXULWLHV�
7KH� VLWXDWLRQ� FKDQJHV� DEUXSWO\� DV� WKH� WHP�
SHUDWXUH� GHFUHDVHV��1RZ� WKH� GHQVLW\� RI� WKH
HOHPHQWDU\�H[FLWDWLRQ�JDV�VWDUWV�WR�GHFUHDVH
ZKLOH� WKH� GLVORFDWLRQ� ELQGLQJ� HQHUJ\� ZLWK
LPSXULWLHV� DQG� WKH� OLQHDU� WHQVLRQ� IRUFH
�a*E��� �)LJ����� LQFUHDVH� GXH� WR� ULVLQJ� VKHDU
PRGXOXV� *�� 7KXV�� WKH� LPSXULW\� DWRPV� EH�
FRPH� UHDO� SLQQLQJ� SRLQWV�� 7KHVH� SURFHVVHV
FDXVHG� E\� WKH� WHPSHUDWXUH� ORZHULQJ� UHVXOW
LQ�GHFUHDVLQJ�%�YDOXHV��)LJ�����GXH�WR�D�VXE�
VWDQWLDO�LQFUHDVH�LQ�'f�DV�FRPSDUHG�WR�:*E�DQG�WKH�VKRUWHQLQJ�HIIHFWLYH�OHQJWK�RI�GLVOR�
FDWLRQ� VHJPHQW� �)LJ����� FDXVHG� E\� LWV� SLQ�
QLQJ� E\� �ZHDN�� VWRSSHUV� XQDEOH� WR� UHYHDO
WKHPVHOYHV� DW� KLJKHU� WHPSHUDWXUHV��7KH� UH�
YHDOHG� HIIHFW� RI�GHFUHDVLQJ� FKDQJHV� LQ�/� DW
WHPSHUDWXUH� ORZHULQJ� �)LJ����� FXUYHV��� DQG
���LV�GXH�OLNHO\�WR�VWURQJ�VWRSSHUV�DULVLQJ�LQ
WKH�FU\VWDOV�ZLWK��������DQG�����UHVLGXDO
VWUDLQV�� LQ� WKH�SUHVHQFH� RI� VWURQJ� VWRSSHUV�
WKH�SDUW�SOD\HG�E\�ZHDN�RQHV�LQ�WKH�GLVORFD�

WLRQ� VHJPHQW�SLQQLQJ�EHFRPHV� OHVV� DQG� OHVV
DSSUHFLDEOH�� $W� LQLWLDO� VWUDLQV� RI� ����� DQG
������ZKHQ� WKH� IRUHVW�GLVORFDWLRQV� DUH�QRW
DSSHDUHG� LQ� WKH� FU\VWDO�� WKH� HIIHFWLYH� VHJ�
PHQW�OHQJWK�/�DQG�GLVORFDWLRQ�GHQVLW\�/�DUH
VWLOO�LQFUHDVHG��WKDW�LV�PDQLIHVWHG�DV�WKH�LQ�
FUHDVLQJ� GLVORFDWLRQ� UHVRQDQFH� DPSOLWXGH
DQG� LWV� VKLIW� WRZDUGV� ORZHU� IUHTXHQFLHV�� ,I
VXFK� FU\VWDOV� DUH� WKHQ� FRROHG�� WKH� VKRUWHQ�
LQJ�RI�/�WKHUHLQ�ZLOO�EH�WKH�VDPH�LQ�VSLWH�RI
GLIIHUHQW� GLVORFDWLRQ� VWUXFWXUHV�� 7KLV� LV� DQ
HYLGHQFH�WKDW�DV�WKH�WHPSHUDWXUH�GHFUHDVHV�
WKH�GLVORFDWLRQV�LQ�WKRVH�FU\VWDOV�DUH�SLQQHG
E\�ZHDN�SLQQLQJ�FHQWHUV�RQO\�
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