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RXV� DFWLRQ� RI� ELDVLQJ� DQG�PRGXODWLQJ� ILHOGV�� KDYH� EHHQ� H[SRVHG� DQG�H[SORUHG��%DVLQJ� RQ
FRPSDULVRQ�RI�VSHFWUDO�DQG�FRRUGLQDWH�SKRWRFXUUHQW�GHSHQGHQFHV�DQG�WKHLU�ZDYHOHW�VSHFWUR�
JUDPV�REWDLQHG�DW�DSSURSULDWH�SRODULW\��IUHTXHQF\��DQG�RQ�RII�WLPH�UDWLR�FKDUDFWHULVWLFV�RI
WKH� PRGXODWLQJ� VTXDUH� SXOVH� YROWDJH�� DQ� UHODWLRQ� KDV� EHHQ� IRXQG� EHWZHHQ� FHUWDLQ� ZDYH�
OHQJWK� UDQJHV� RI� VSHFWUDO� LQVWDELOLW\� DQG� FRRUGLQDWHV� RI� VWUXFWXUDO� GHIHFWV� DJJUHJDWHV
RULJLQDWLQJ�WKRVH�ZDYHV�
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$� YDULHW\� RI� WZR�GLPHQVLRQDO� VWUXFWXUDO
GHIHFWV� LV� D� IHDWXUH� RI�&G�±[=Q[7H� FU\VWDOV�6RPH� DJJUHJDWHV� RI� WKH� WZR�GLPHQVLRQDO
VWUXFWXUDO� GHIHFWV� ��'6'�� DUH� DPRQJ� WKH
PDLQ�IDFWRUV�OLPLWLQJ�WKH�ZLGH�XVDJH�RI�WKH
FU\VWDOV� DV� LRQL]LQJ� UDGLDWLRQ� VHQVRUV� >�@�
7KH� �'6'� DJJUHJDWHV� FDXVH� D� ORZ� XVHDEOH
PDWHULDO� \LHOG� LQ� FU\VWDOOLQH� ERXOH� ���� WR
������DQG�HVVHQWLDO�GLIILFXOWLHV�LQ�PDQXIDF�
WXUH� RI�GHWHFWRUV�ZLWK� WKH�ZRUNLQJ�HOHPHQW
YROXPH� H[FHHGLQJ� �� FP�� >����@�� 7KH� �'6'
LQIOXHQFH� RQ� WKH� SKRWRVHQVLWLYLW\� VSHFWUXP
LV�PDQLIHVWHG�LWVHOI�DV�WKH�UHVSRQVH�LQVWDELO�
LW\� LQ�FHUWDLQ�VSHFWUDO�UDQJHV� >����@��$W�WKH
VDPH� WLPH�� LW� LV� GLIILFXOW� WR� LGHQWLI\� WKH
�'6'� ZKLFK� LQIOXHQFH� VLJQLILFDQWO\� WKH
FU\VWDO� HOHFWURSK\VLFDO� SURSHUWLHV�� 7KHUH�
IRUH�� WKH� PDLQ� SXUSRVH� RI� WKLV� VWXG\� LV� D
VHDUFK�IRU�FRPSOHPHQWDU\�GHWHFWLRQ�PHWKRGV
RI� �'6'� DJJUHJDWHV� FDXVLQJ� WKH� SKRWRUH�
VSRQVH�LQVWDELOLW\�

7KH� VSHFWUDO� DQG� FRRUGLQDWH� SKRWRFXUUHQW
GHSHQGHQFHV�ZHUH�VWXGLHG�LQ�&G�±[=Q[7H� �[� ���� WR� ����� FU\VWDOV� ZLWK� UHVLVWLYLW\� U� 
����y�����:���FP�� 7KH� FU\VWDOV� ZHUH� JURZQ
E\� WKH� +LJK�3UHVVXUH� 9HUWLFDO� %ULGJPDQ
�+39%�� PHWKRG� LQ� YDULRXV� FRQGLWLRQV�� 7KH
�'6'�GLVWULEXWLRQ�FKDUDFWHU�ZDV�VWXGLHG�E\
RSWLFDO��GLHOHFWULF��DQG�DFRXVWLF�PHWKRGV�>�@�
7KH� ,Q±*D� DQG� $X� FRQWDFWV� ZHUH� GHSRVLWHG
RQWR� WKH� RSSRVLWH� ODUJHVW� IDFHV� RI
��u��u��PP�� VL]H� SDUDOOHOHSLSHG�VKDSHG
VDPSOHV��7KH��'6'�ZHUH�SODFHG�LQ�SDUDOOHO�RU
SHUSHQGLFXODU� SODQHV� WR� WKH� ODUJHVW� IDFHV� RI
WKH� VDPSOH�� 7KH� VWHDG\�VWDWH� SKRWRFXUUHQW
VSHFWUD� �3+&�� DQG� SKRWRFXUUHQW� GHSHQGHQFHV
,� �I�[�� RQ� WKH� SRVLWLRQ� FRRUGLQDWH� [� RI� D
PRQRFKURPDWLF� SUREH� ZHUH� PHDVXUHG� LQ� WKH
ELDVLQJ�HOHFWULFDO�ILHOG�RI�(E� ���y������9�FPVWUHQJWK� XVLQJ� DQ� HOHFWURPHWULF� WUDQVGXFHU
RQ� WKH� EDVLV� RI� $'���� RSHUDWLRQDO� DPSOL�
ILHU�� 7KH� VLJQDO� ZDV� FRQYHUWHG� WR� GLJLWDO
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IRUP� DW� D� KLJK� VDPSOLQJ� IUHTXHQF\� RI
���y���� N+]�� WKXV� SURYLGLQJ� UHOLDEOH� H[�
SHULPHQWDO�GDWD�SURFHVVLQJ�LQ�WKH�0$7/$%
VRIWZDUH�SDFNDJH��,Q�VRPH�H[SHULPHQWV��DG�
GLWLRQDO�VTXDUH�SXOVH�PRGXODWLQJ�SXOVH�YROW�
DJH� RI� SRVLWLYH� RU� QHJDWLYH� SRODULW\� ZLWK
8PRG� ���y��� 9� DPSOLWXGH�� � � ���y���N+]IUHTXHQF\� DQG� RQ�RII� WLPH� UDWLR� Q ��y��
IURP� D� *����� JHQHUDWRU� ZDV� DGGHG� WR� WKH
ELDV� ILHOG� (E�� 7KH� FU\VWDO� VXUIDFH� ZDVVFDQQHG� XVLQJ� D� PRQRFKURPDWLF� RSWLFDO
SUREH�RI���y���PP�ZLGWK�E\�PRYLQJ�VDPSOH
DXWRPDWLFDOO\� DW� D� VSHHG� RI� ���� WR
���PP�PLQ��7KH�GLHOHFWULF�FU\VWDO�UHVSRQVH
ZDV�VWXGLHG�LQ�����+]�WR����N+]�IUHTXHQF\
UDQJH� E\� PHDQV� RI� PHDVXULQJ� EULGJH� FRQ�
YHUWHU�ZLWK�D�VHSDUDWLRQ�V\VWHP�RI�SRODUL]D�
WLRQ� DQG� GLVVLSDWLYH� FRPSRQHQWV� RI� GLHOHF�
WULF�UHVSRQVH�>�@����

$OO�VWXGLHG�VDPSOHV�WKDW�ZHUH�FXW�RXW�RI
LQJRWV� RI� ���PP�GLDPHWHU�ZHUH� VXEGLYLGHG
LQWR� WZR� JURXSV�� 7KH� ILUVW� JURXS� LQFOXGHV
FU\VWDOV�WKDW�DUH�PRVW�RSWLFDOO\�XQLIRUP�DQG
KDYH�UHODWLYHO\�ORZ�GHQVLW\�RI�VWUXFWXUDO�GH�
IHFWV�� YRLGV�� DQG� LQFOXVLRQV�� 7KH� VHFRQG
JURXS�VDPSOHV��FXW�RXW�RI�WKH�LQJRWV�JURZQ
DW� KLJKHU� FU\VWDOOL]DWLRQ� IURQW� FXUYDWXUH�
FRQWDLQ� YDULRXV� ERXQGDULHV� IRUPHG� E\� WZR�
GLPHQVLRQDO��WZLQV��EORFNV��VOLS�EDQGV��HWF��
DQG�RWKHU�VWUXFWXUDO�GHIHFWV��7KRVH�VDPSOHV�
LQ� WXUQ�� ZHUH� VXEGLYLGHG� LQWR� WZR� W\SHV�
7KH� �'6'� ZHUH� VLWXDWHG� LQ� SDUDOOHO� �W\SH
,,__�� DQG� SHUSHQGLFXODUO\� �W\SH� ,,A�� WR� WKHODUJHVW� IDFHV� RI� WKH� ILUVW� W\SH� DQG� VHFRQG
W\SH� VDPSOHV�� UHVSHFWLYHO\�� 7KH� SKRWRFXU�
UHQW� VSHFWUD�RI� ILUVW�JURXS�VDPSOHV� FRQWDLQ
RQH� SHDN� UHSURGXFLEOH� ZHOO� DW� UHSHDWHG
PHDVXUHPHQWV��$W� WKH� VDPH� WLPH�� WKH� 3+&
VSHFWUD�RI�DOO�VHFRQG�JURXS�VDPSOHV�LQFOXGH
D�ODUJHU�VSHFWUDO�UHJLRQ�DQG�VKRZ�VRPH�IOXF�
WXDWLRQV�� ,Q� DGGLWLRQ�� WKH� ,� �I�O�� GHSHQG�
HQFHV� IRU� WKH� RI� W\SH� ,,A� VDPSOHV� FRQWDLQDGGLWLRQDO� SHDNV� �)LJ����� FXUYH� ��� DQG� DOVR
GHSHQG�RQ�GLUHFWLRQ�DQG�VWUHQJWK�RI�WKH�EL�
DVLQJ� ILHOG�� 7KXV�� HOHFWURVWLPXODWHG� SKRWR�
FRQGXFWLYLW\� LV� REVHUYHG� LQ� VXFK� FU\VWDOV
>�@�� 6RPH� RI� WKH� REVHUYHG� SHDNV� DUH� UHSUR�
GXFHG� SRRUO\� DW� UHSHDWHG� VFDQQLQJ� RI� WKH
SKRWRFXUUHQW�VSHFWUD��7KH�SKRWRFXUUHQW�DQG
SKRWRGLHOHFWULF� UHVSRQVH� VSHFWUD� RI� VHFRQG
JURXS� VDPSOHV� FRQWDLQ� D� VHULHV� RI� VHFWLRQV
WKDW�GLIIHU�LQ�WKH�SKRWRUHVSRQVH�FKDQJH�UDWH
DQG� KDYH� IX]]\� ERXQGDULHV�� 7KHUHIRUH�� WKH
GHFRPSRVLWLRQ�PHWKRG�RIIHUHG�LQ�>�@�DUH�XQ�
VXLWDEOH� LQ� WKLV� FDVH��+RZHYHU�� SUHOLPLQDU\
VWXGLHV�KDYH�VKRZQ�WKDW� WKH�ZDYHOHW�DQDO\�
VLV� LV� DQ� HIIHFWLYH� ZD\� WR� VSHFWUDO� GHSHQG�
HQFHV� GHFRPSRVLWLRQ�� 7KH� PHWKRG� PDNHV� LW
SRVVLEOH�WR�GLVWLQFW�FOHDUO\�WKH�UHJLRQV�ZLWK

GLIIHUHQW�SKRWRUHVSRQVH�FKDQJH�UDWHV�DQG�WR
GHILQH� WKH� FRUUHVSRQGLQJ� VFDOH� SDUDPHWHUV
�DQG�� UHVSHFWLYHO\�� WKH� IUHTXHQF\� UDQJHV�
XVLQJ� WKH� ZDYHOHW� VSHFWURJUDPV� >�����@�� ,Q
IDFW�� D� UDWKHU� QDUURZ� IUHTXHQF\� UDQJH� RI
���� WR� ��� N+]� FRUUHVSRQGLQJ� WR� WKH� UHJLRQ
RI� IDVW� SKRWRFXUUHQW� YDULDWLRQ� DQG� FRQ�
QHFWHG� ZLWK� WKH� SHDN� O� ����� QP� LQ� WKH
ZDYHOHQJWK�UDQJH����y����QP�ZDV�UHYHDOHG
LQ� WKH� ZDYHOHW� VSHFWURJUDP� DSSO\LQJ� WKH
+DDU� ZDYHOHW� WR� WKH� ,� �I�O�� GHSHQGHQFHV
�)LJ�����FXUYH�����7ZR�RWKHU�UHJLRQV�RI�IDVW
SKRWRFXUUHQW� YDULDWLRQ� LQ� WKH� ���y����QP
ZDYHOHQJWK�UDQJH��)LJ�����FXUYH����WKDW�DUH�LQ
IDFW� LPSRVVLEOH� WR� ILQG� RXW� YLVXDOO\� LQ� WKLV
GHSHQGHQFHV��DUH�FOHDUO\�VHHQ�DQG�ORFDOL]HG�LQ
D�ZLGHU����WR����N+]��IUHTXHQF\�UDQJH�LQ�WKH
DSSURSULDWH�ZDYHOHW�VSHFWURJUDP��

7KH�SKRWRFXUUHQW� VSHFWUXP�UHEXLOGLQJ� LV
D�IHDWXUH�RI�WKH�W\SH�,,A�VHFRQG�JURXS�VDP�SOHV�DV�WKH�VWUHQJWK�YDULDWLRQV�RI�WKH�H[WHU�
QDO� ELDVLQJ� ILHOG� RU� LWV� GLUHFWLRQ� LQYHUVLRQ�
6R�� VRPH� SHDNV� LQFUHDVH�� ZKLOH� RWKHUV� GH�
FUHDVH� RU� GLVDSSHDU�� 7KLV� FDQ� EH� DFFRPSD�
QLHG�E\�DSSHDUDQFH�RI�QHZ�PD[LPD��EXW�DO�
UHDG\� LQ� RWKHU� ZDYHOHQJWK� UDQJHV�� ,Q� WKLV
FRQQHFWLRQ�� LW� ZDV� RI� LQWHUHVW� WR� VWXG\� WKH
VSHFWUDO� SKRWRFXUUHQW� GHSHQGHQFHV� IRU� WKH
W\SH� ,,A� VDPSOHV� XQGHU� VLPXOWDQHRXV� ELDV�LQJ� ILHOG�DQG�VTXDUH�SXOVH�PRGXODWLQJ�YROW�
DJH�RI�GLIIHUHQW�SRODULW\� DW� WKH� IUHTXHQFLHV
GHWHUPLQHG�E\�ZDYHOHW� VSHFWUD�DQDO\VLV�DQG

)LJ�����3KRWRFXUUHQW�VSHFWUD�IRU�WKH�VHFRQG�
JURXS� &G���=Q���7H� FU\VWDO� RI� ,,A� W\SH�XQGHU� VLPXOWDQHRXV� LQIOXHQFH� RI� ELDVLQJ
ILHOG� (E� DQG� PRGXODWLQJ� SRVLWLYH� VTXDUHSXOVH�YROWDJH�8PRG�DW�RQ�RII�WLPH�UDWLR�Q� ��� ����� XQGHU� RQO\� ELDVLQJ� ILHOG� (E� ����XQGHU� VLPXOWDQHRXV� LQIOXHQFH� RI� ELDVLQJ
ILHOG�(E� DQG�PRGXODWLQJ�QHJDWLYH�VTXDUH�SXOVHYROWDJH� 8PRG� DW� RQ�RII� WLPH� UDWLR� Q� ���� ����
)RU� DOO� ,� �I�O�� GHSHQGHQFHV� (E� �����9�FP�8PRG� ����9��GPRG� ����N+]�
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FRUUHVSRQGLQJ� WR� WKH� SHDNV� DQG� UHJLRQV� RI
IDVW� SKRWRFXUUHQW� YDULDWLRQ�� $V� LW� ZDV� H[�
SHFWHG�� DSSOLFDWLRQ� RI� PRGXODWLQJ� ILHOG
FDXVHV� UHEXLOGLQJ� RI� VSHFWUDO� GHSHQGHQFHV�
6R��WKH�SRVLWLYH�SRODULW\�VTXDUH�SXOVHG�YROW�
DJH� FDXVHV� SHDNV� LQ� WKH� ���y� QP� VSHFWUDO
UDQJH�DW�����QP�DQG�����QP��)LJ�����FXUYH����
ZKLOH� WKH� QHJDWLYH� PRGXODWLQJ� YROWDJH� SUR�
PRWHV�WKH�DPSOLWXGH�LQFUHDVLQJ�RI�O� �����QP
SHDN��)LJ�����FXUYH����DQG�DSSHDUDQFH�RI�ORZ
SKRWRVHQVLWLYLW\� UHJLRQ� LQ� WKH� ���y����QP
UDQJH�� 7KH� GLVDSSHDUDQFH� RI� ORQJ�ZDYH
PD[LPXP� DW� O� ����� QP� DQG� WKH� DSSHDU�
DQFH�RI�D�IDVW�SKRWRFXUUHQW�YDULDWLRQ�UHJLRQ
\HW� LQ�WKH�ZDYHOHQJWK�UDQJH� LV�D�IHDWXUH�RI
SRVLWLYH� VTXDUH� SXOVHV� LQIOXHQFH�� $OO� WKHVH
IDFWV�DUH�GXH�REYLRXVO\�WR�FKDQJLQJ�RI�GRPL�
QDWLQJ� SKRWRVHQVLWLYLW\� EDQGV� DW� SRVLWLYH
PRGXODWLQJ�YROWDJH�DQG�VXSSUHVVLRQ�VRPH�RI
WKRVH�DW�QHJDWLYH�RQH�

,W� LV� QRWHZRUWK\� WKDW� WKH� SKRWRFXUUHQW
IOXFWXDWLRQV�GHFUHDVH� DW� FHUWDLQ� IUHTXHQFLHV
RI� VTXDUH� SXOVH� YROWDJH�� ,Q� DGGLWLRQ�� QHZ
H[WUHPHV� DSSHDU� LQ� WKH� VSHFWUD� DQG� UHSUR�
GXFLELOLW\� RI� WKH� H[LVWLQJ� RQHV� EHFRPHV� LP�
SURYHG��6R��WKH�����QP�PD[LPXP�LV�UHSUR�
GXFHG� DSSUR[LPDWHO\� LQ� KDOI� RI� FDVHV� ZKHQ
WKH� PRGXODWLQJ� YROWDJH� LV� DEVHQW� ZKLOH�� LQ
FRQWUDVW��WKH�IDVW�SKRWRFXUUHQW�YDULDWLRQ�UH�
JLRQ�LV�ZHOO�REVHUYDEOH��$V�WKH�VWXGLHV�LQGL�
FDWHG�� WKLV� H[WUHPH� LV� UHSURGXFHG� VWDEO\
RQO\� DW�QHJDWLYH�PRGXODWLQJ�YROWDJH�DQG� LQ
WKH� QDUURZ� IUHTXHQF\� UDQJH� RI� ���� WR
�����N+]�WKDW�SUDFWLFDOO\�FRUUHVSRQGV�WR�WKH
DERYH�PHQWLRQHG�UDQJH��,Q�WKLV�FDVH��WKH�RQ�
RII� WLPH� UDWLR� RI�PRGXODWLQJ� SXOVHV� VKRXOG
EH� ZLWKLQ� OLPLWV� RI� ��� WR� ���� )RU� VWDEOH
DSSHDUDQFH�RI�SHDNV�DW�����QP�DQG�����QP�
WKH� IUHTXHQF\� RI� SRVLWLYH� SRODULW\� VTXDUH
SXOVHV� VKRXOG� EH� FKRVHQ� ZLWKLQ� D� ZLGHU
UDQJH����WR����N+]��WKDW�DOVR�FRUUHVSRQGV�WR
WKH�DERYH�IUHTXHQF\�UDQJH�GHWHUPLQHG�IURP
WKH�ZDYHOHW� VSHFWURJUDPV��%XW� LQ�WKLV� FDVH�
LW�LV�MXVW�WKH�RQ�RII�WLPH�UDWLR�YDOXH�WKDW�LV
RI� GHFLVLYH� LPSRUWDQFH� DQG�VKRXOG� EH� RI� ��
WR� ���� $V� LV� VHHQ�� WKH� UHSURGXFLELOLW\� LQ
VRPH�VSHFWUDO�UDQJHV�GHSHQGV�HVVHQWLDOO\�RQ
UHODWLRQ� RI� DGGLWLRQDO� PRGXODWLQJ� YROWDJH
SDUDPHWHUV�� QDPHO\�� IUHTXHQF\� DQG� RQ�RII
WLPH� UDWLR�� 7KH� WLPH�IUHTXHQF\� VHOHFWLYLW\
HYLGHQFHV� REYLRXVO\� WKH� LQWHUUHODWLRQ� EH�
WZHHQ�WKH�SURFHVVHV�RI�WUDQVSRUW��DFFXPXOD�
WLRQ�� DQG� UHFRPELQDWLRQ� RI� QRQHTXLOLEULXP
FDUULHV� WKDW�GHILQH� WKH� LQWHUFRQVLVWHQW�EDQG
UHEXLOGLQJ�LQ�WKH�VSHFWUXP�

1RWH� WKDW� WKH� EDQG� UHEXLOGLQJ� LQ� WKH
VSHFWUXP� ZDV� REVHUYHG� EHIRUH� LQ� WKH� =Q6H
FU\VWDOV�DW�WKH�VDPH�H[SHULPHQW�FRQGLWLRQV�
L�H��ZKHQ�(E�LV�SDUDOOHO�WR�WKH��'6'�ERXQGD�

ULHV�� 7KHUHIRUH� LW� LV� QDWXUDOO\� WR� VXJJHVW
WKDW� WKHVH� IHDWXUHV� DUH� FDXVHG� PDLQO\� E\
VRPH� �'6'� DJJUHJDWHV�� 7R� YHULI\� WKLV� DV�
VXPSWLRQ�� ZH� KDYH� LQYHVWLJDWHG� ,� �I�[�
SKRWRFXUUHQW� GHSHQGHQFHV� IRU� WKH� VHFRQG
JURXS�VDPSOHV��ZKHUH�[�LV�WKH�QDUURZ�PRQR�
FKURPDWLF� SUREH� FRRUGLQDWH� RQ� WKH� VDPSOH
VXUIDFH� �)LJ������ 7KH� FRPSDULVRQ� RI� FRRUGL�
QDWH� SKRWRFXUUHQW� GHSHQGHQFHV� REWDLQHG
GXULQJ�UHSHDWHG�VFDQQLQJ�RI�WKH�FU\VWDO�VXU�
IDFHV� DW� ZDYHOHQJWKV� FRUUHVSRQGLQJ� WR� WKH
SKRWRUHVSRQVH�IDVW�YDULDWLRQ�UDQJHV�DOORZHG
XV� WR� HVWDEOLVK� WKDW� WKH� ORZ� UHSURGXFLELOLW\
UHJLRQV� DSSHDU� RQO\� RQ� WKH� ,� �I�[�� FXUYHV
IRU� WKH� W\SH�,,A� VDPSOHV� �UHJLRQ�ZLWK�FRRU�GLQDWHV� [� ����y�� PP� VHSDUDWHG� E\� GDVKHG
OLQHV� LQ� WKH� )LJ����� FXUYHV� �� DQG� ���� 7KHVH
UHJLRQV� VHHP� WR� LQFOXGH�QRW� RQO\��'6'�EXW
DOVR� RWKHU� VWUXFWXUH� GHIHFWV�� IRU� H[DPSOH�
WKRVH�DSSHDULQJ�GXULQJ�WKH�VOLS�EDQG�IRUPD�
WLRQ�� 7KRVH� UHJLRQV� FRXOG� FDXVH� WKH� EDQG
UHEXLOGLQJ� LQ� WKH� SKRWRFXUUHQW� VSHFWUXP
XQGHU�DGGLWLRQDO�PRGXODWLQJ�ILHOG��7KHQ�WKH
DV\PPHWU\�RI�VHYHUDO�H[WUHPHV�DSSHDULQJ�DW
WKH�ELDVLQJ�ILHOG� LQYHUVLRQ�FDQ�EH�REYLRXVO\
FRQQHFWHG� ZLWK� ORFDO� UHGLVWULEXWLRQ� RI� WKH
FRQWULEXWLRQV�IURP�FRPSOH[�SKRWRVHQVLWLYLW\
FHQWHUV�� 7KH� FRQVLGHUDWLRQ� RI� WKH� ELDVLQJ
ILHOG�PRGXODWLRQ�ZLWK�WKH�SXOVH�YROWDJH�FRQ�

)LJ����� 'HSHQGHQFHV� ,� �I�[�� IRU� WKH� VHFRQG�
JURXS� &G���=Q���7H� RI� ,,A� W\SH�� XQGHU� RQO\
ELDV�ILHOG�(E��O� �����QP������XQGHU�VLPXOWD�QHRXV� LQIOXHQFH�RI�ELDVLQJ�ILHOG�(E�DQG�PRGX�ODWLQJ� QHJDWLYH� VTXDUH� SXOVH� YROWDJH� 8PRG� DW
RQ�RII� WLPH� UDWLR� Q� ����� VFDQQHG� DW� O� 
����QP������ XQGHU� RQO\� ELDV� ILHOG�(E�� VFDQQHG
DW� O� �����QP� ����� XQGHU� VLPXOWDQHRXV� LQIOX�
HQFH� RI� ELDVLQJ� ILHOG�(E� DQG�PRGXODWLQJ� SRVL�WLYH� VTXDUH� SXOVH� YROWDJH�8PRG� DW� RQ�RII� WLPH
UDWLR� Q� ����� VFDQQHG� DW� O� �����QP� ����� )RU
DOO� ,� �I�[�� GHSHQGHQFHV� (E� �����9�FP�8PRG� ����9��GPRG� ����N+]�
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ILUPV�WKDW�VXJJHVWLRQ��6R��VRPH�H[WUHPHV�LQ
WKH� ,� �I�[�� GHSHQGHQFHV� ZHUH� UHEXLOW� IRU
WKH� W\SH� ,,A� VDPSOHV� ZKHUHDV� LW� ZDV� QRWIRXQG� IRU� WKH� W\SH� ,,__� RQHV�� ,Q� IDFW�� LW� LVVHHQ� IURP� WKH� SUHVHQWHG� ,� �I�[�� GHSHQG�
HQFHV� IRU� WKH� W\SH� ,,A� FU\VWDO� �)LJ����� WKDWQHJDWLYH�PRGXODWLQJ�VTXDUH�SXOVH�YROWDJH�RI
���� WR� ����� N+]� IUHTXHQF\� LQIOXHQFHV
ZHDNO\� WKH� H[WUHPH� $� ZKLOH� VXSSUHVVLQJ
VWURQJO\�WKH�%�DQG�&�RQHV��)LJ�����FXUYH����
7KLV� H[SODLQV� WKH� VXSSUHVVHG� SKRWRVHQVLWLY�
LW\� EDQGV� LQ� ORQJ�ZDYH� UHJLRQ� RI� WKH� VSHF�
WUXP��+RZHYHU��SRVLWLYH�SRODULW\�YROWDJH�RI
��WR����N+]�IUHTXHQF\�LQIOXHQFHV�FDXVHV�DQ
LQYHUVH� HIIHFW�� L�H��� LQFUHDVLQJ� WKH� H[WUHPH
$� ZKLOH� SUDFWLFDOO\� QRW� FKDQJLQJ� WKH� H[�
WUHPHV� %� DQG� &�� 7KXV�� DW� WKH� ORQJ�ZDYH
SKRWRH[FLWDWLRQ�� LW� LV� MXVW� WKH� H[WUHPH� $
WKDW� LV� GRPLQDQW� DQG� REYLRXVO\� UHVSRQVLEOH
IRU� WKH� SKRWRFXUUHQW� SHDN� DW� O� �����QP�
$W�WKH�VFDQQLQJ�RI�WKH�FU\VWDO�VXUIDFH�ZLWK
PRQRFKURPDWLF�RSWLFDO�SUREH�DW�����QP�RS�
HUDWLQJ� ZDYHOHQJWK�� WKH� H[WUHPHV� $� DQG� %
DUH�VXEVWDQWLDOO\�HTXDO�WR�RQH�DQRWKHU��)LJ�
��� FXUYH����� 7KH� FRPSHWLWLRQ� WKHUHRI� VHHPV
WR� UHVXOW� LQ� WKH� DSSHDUDQFH� RI� D� IDVW� SKR�
WRFXUUHQW�YDULDWLRQ�UHJLRQ�LQ�WKH�VKRUW�ZDYH
SDUW�RI�VSHFWUXP�DQG�WR�EH�QRW�DFFRPSDQLHG
E\� DSSHDUDQFH� RI� DGGLWLRQDO� SHDNV�� :KLOH
WKH� SRVLWLYH� SXOVH� YROWDJH� VWLPXODWHV� WKH
FRQWULEXWLRQ� RI� WKH�PD[LPXP�%� DQG� LQIOX�
HQFHV�ZHDNO\�WKH�H[WUHPHV�$�DQG�&��)LJ����
FXUYH���� WKXV� H[SODLQLQJ� WKH� DSSHDUDQFH� RI
WKH� SHDNV� LQ� WKH� VKRUW�ZDYH� SDUW� RI� WKH
VSHFWUXP�� WKH� QHJDWLYH� YROWDJH� VXSSUHVVHV
VWURQJO\�DOO�H[WUHPHV�DQG�GRHV�QRW�SURPRWH
DQ\�HVVHQWLDO� WUDQVIRUPDWLRQ�RI�,� �I�[��GH�
SHQGHQFHV�� ,W� IROORZV� WKDW� WKH� DGGLWLRQDO
HOHFWULFDO� VWLPXODWLRQ� ZLWK� SRVLWLYH� VTXDUH
SXOVH�YROWDJH�XQGHU�WKH�VKRUW�ZDYH�SKRWRH[�
FLWDWLRQ�FDXVHV�WKH�GRPLQDWLRQ�RI�H[WUHPH�%
DQG� WKXV� SURPRWHV� FKDQJLQJ� RI� WKH� GRPL�
QDQW� SKRWRVHQVLWLYLW\� EDQGV� LQ� WKH� 3+&
VSHFWUXP�� ,W� LV� VHHQ� WKDW� WKH� FRKHUHQW� UH�
EXLOGLQJ� RI� WKH� SKRWRFXUUHQW� VSHFWUXP� LQ
WKH�SUHVHQFH�RI�DGGLWLRQDO�VTXDUH�SXOVH�YROW�
DJH� LV� FDXVHG� E\� LQVWDELOLW\� RI� FHUWDLQ� UH�
JLRQV� WKDW� FRQWDLQ�DJJUHJDWHV� RI��'6'�DQG
RWKHU� VWUXFWXUH� GHIHFWV�� 7KLV� LV� FRQILUPHG
DOVR� E\� VLPXOWDQHRXV� VWXGLHV� RI� WKH� SKR�
WRFXUUHQW� VSHFWUD� LQ� WKH� ORFDO� UHJLRQV� RI
VDPSOHV�FRUUHVSRQGLQJ� WR�WKH�$��%��&�PD[�
LPD��)LJ�����WKDW�ZHUH�FDUULHG�RXW�XVLQJ�VHJ�
PHQWHG�FRQWDFWV�� ,Q� IDFW�� WKH�REWDLQHG�SKR�
WRFXUUHQW�VSHFWUD�DUH�FKDUDFWHUL]HG�E\�VKDUS
QDUURZ�PD[LPD�DQG�GLIIHU�LQ�OPD[�YDOXHV�,W�LV�QRWHZRUWK\�WKDW�PRVW�VDPSOHV�XQGHU
DGGLWLRQDO� PRGXODWLQJ� YROWDJH� GR� QRW� VKRZ
WKH� DSSHDUDQFH� RU� VXSSUHVVLRQ� VHSDUDWHG

SHDNV� LQ� WKH� SKRWRFXUUHQW� GHSHQGHQFHV� RQ
WKH� FRRUGLQDWH� RI�PRQRFKURPDWLF�SUREH� EXW
RQO\� KDUGO\� YLVLEOH� FKDQJLQJ� RI� WKH� SKR�
WRFXUUHQW� LQFUHDVH� UDWHV� LQ� FHUWDLQ� UHJLRQV�
7R� GLVFULPLQDWH� YLVXDOO\� VXFK� UHJLRQV� LV
RIWHQ�YHU\�GLIILFXOW�EXW�GXH�WR�SRVVLELOLW\�WR
VKRZ�XS� ORFDO�SKRWRUHVSRQVH� IHDWXUHV�XVLQJ
ZDYHOHWV� >�����@�� WKRVH� DUH�ZHOO� VHHQ� LQ� WKH
ZDYHOHW�VSHFWURJUDPV�RI�WKH�VWXGLHG�,� �I�[�
GHSHQGHQFHV� IRU� WKH� ,,A� VDPSOHV�� ,Q� DGGL�WLRQ�� FHUWDLQ� VFDOH� SDUDPHWHUV� �DQG�� UHVSHF�
WLYHO\�� IUHTXHQF\� UDQJHV�� FRUUHVSRQGLQJ� WR
WKH�UHJLRQV�RI�WKH�IDVWHVW�SKRWRFXUUHQW�YDUL�
DWLRQ� LQ� WKH� ,� �I�[�� DQG� ,� �I�O�� GHSHQG�
HQFHV� DUH� VLPLODU� WR� HDFK� RWKHU�� 7KH� RE�
WDLQHG�H[SHULPHQWDO�UHVXOWV�SRLQW�WR�WKH�LQ�
WHUUHODWLRQ� EHWZHHQ� VRXUFHV� RI� WKH� VSHFWUDO
DQG� VSDWLDO� LQVWDELOLWLHV� DQG� WKHLU� WLPH� DQG
IUHTXHQF\� VHOHFWLYLW\� LQGLFDWHV� D� SRVVLELOLW\
WR�UHYHDO�WKH�VWUXFWXUH�GHIHFWV�DJJUHJDWHV�RI
VSHFLILF�W\SH�DQG�VL]H��,Q�DGGLWLRQ��WKH�FRQ�
VLGHUDWLRQ� RI� WKH� ZDYHOHW� VSHFWURJUDPV� RE�
WDLQHG� LQ� WKH� SUHVHQFH� RI� PRGXODWLQJ� ILHOG
DQG� ZLWKRXW� LW� HYLGHQFHV� RWKHU� WKLQQHU� LQ�
IOXHQFH� IHDWXUHV� RI� WZR�GLPHQVLRQDO� DQG
RWKHU�W\SHV�RI�VWUXFWXUDO�GHIHFWV�DJJUHJDWHV
RQ� WKH� SKRWRHOHFWULF� FU\VWDO� SURSHUWLHV� WKDW
LV�VXEMHFW�RI�RXU�IXUWKHU�LQYHVWLJDWLRQV�

7KXV�� LQ� &G=Q7H� FU\VWDOV�� WKH� VSHFWUDO
DQG� VSDWLDO� LQVWDELOLWLHV� RI� SKRWRUHVSRQVH
DUH� LQWHUUHODWHG�� 7KH� VLPXOWDQHRXV� LQIOXHQFH
RI�WKH�ELDVLQJ�DQG�PRGXODWLQJ�ILHOGV�KDV�EHHQ
IRXQG�WR�FDXVH�UHEXLOGLQJ�RI�WKH�,� �I�[��DQG
,� �I�O�� GHSHQGHQFHV� ZKLFK� LV� DFFRPSDQLHG
E\�VXSSUHVVLRQ�RU�FKDQJLQJ�GRPLQDQW�SKRWR�
FRQGXFWLYLW\� EDQGV� WDNLQJ� SODFH� GHSHQGLQJ
RQ� WKH� PRGXODWLQJ� YROWDJH� SRODULW\�� 7KH
FRPSDULVRQ� RI� VSHFWUDO� DQG� FRRUGLQDWH� SKR�
WRFXUUHQW� GHSHQGHQFHV� DQG� WKHLU� ZDYHOHW
VSHFWURJUDPV� REWDLQHG� DW� WKH� DSSURSULDWH
SRODULW\��IUHTXHQF\�DQG�RQ�RII�WLPH�UDWLR�RI
PRGXODWLQJ�YROWDJH�PDNHV� LW�SRVVLEOH� WR�UH�
YHDO�WKH�LQWHUUHODWLRQ�EHWZHHQ�FHUWDLQ�ZDYH�
OHQJWK�UDQJHV�RI�VSHFWUDO�LQVWDELOLW\�DQG�FR�
RUGLQDWHV� RI� VWUXFWXUDO� GHIHFWV� DJJUHJDWHV
WKDW�FDXVH�LW��,W�LV�MXVW�WKH�ZDYHOHW�DQDO\VLV
RI�WKH�GHSHQGHQFHV�WKDW�SURYLGHV�WKH�UHOLDEOH
GHWHUPLQDWLRQ�RI�ERXQGDULHV�IRU�WKH�DSSURSUL�
DWH�FU\VWDOV�UHJLRQV�WKDW�FDXVH�SKRWRUHVSRQVH
LQVWDELOLW\�LQ�FU\VWDOV���

7KLV� VWXG\�ZDV�VXSSRUWHG�E\� WKH�)XQGD�
PHQWDO� 5HVHDUFKHV� 6WDWH� )RXQGDWLRQ� RI
8NUDLQH�

5HIHUHQFHV
� ���3�)RXJHUHV��3�6LIIHUW��0�+DJHDOL�HW�DO���1XFO�

,QVWU��DQG�0HWK��LQ�3K\V��5HV������������������
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� ���+�+HUPRQ�� 0�6FKLHEHU�� 5�%�-DPHV� HW� DO��
1XFO��,QVWU��DQG�0HWK�� LQ� 3K\V�� 5HV��� ����� ��
�������

� ���9�.�.RPDU��9�3�0\JDO��6�9�6XOLPD��$�6�3KRPLQ�
)L]��L�7HNKQ��3ROXSU���������������������

� ���,�$�.OLPHQNR�� 9�3�0\JDO�� 6HPLFRQGXFWRUV�
������������������

� ���9�.RPDU��$�*HNWLQ��'�1DOLYDLNR�HW�DO���1XFO�
,QVWU��DQG�0HWK�� LQ� 3K\V�5HV��� �����Ü���� ���
�������

� ���9�$�9DVLO�HY��7HFKQRORJ\�DQG�(QJLQHHULQJ� LQ
(OHFWURQLFV����������������

� ���,�*�*DYULNRYD�� 9�3�0\JDO�� $�/�5YDFKHY�
5�9�&KLJDUNRYD�� ,]Y��98=RY�)L]LND�� ���� ���
��������

� ���9�.�.RPDU�� 9�3�0\JDO�� 2�1�&KXJDL� HW� DO��
$SSO��3K\V��/HWW�������������������

� ���1�0�$VWDI�HYD�� 8VS��)L]��1DXN�� ����� ����
�������

����,�0�'UHPLQ��2�9�,YDQRY��9�$�1HFKLWDLOR��8VS�
)L]��1DXN������������������
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