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0RGHUQ� WHFKQRORJLHV� IRU� WKH� JURZWK� RI
ODUJH�VL]H�DQG�SHUIHFW�VLQJOH�FU\VWDOV� �PDNH
LW�SRVVLEOH�WR�XVH�VDSSKLUH�LQ�WKH�VWUXFWXUHV
ZRUNLQJ� LQ� H[WUHPH� FRQGLWLRQV� XQGHU� LQ�
WHQVH�G\QDPLF� ORDGLQJ��)RU� LQVWDQFH����PP
WKLFN� VDSSKLUH� SODWHV� ZLWKVWDQG� HIILFLHQWO\
WR�KLJK�YHORFLW\������P�V��VKRFN�RI�D�FKLOOHG
VWHHO�FRUH�>�@��+RZHYHU��WKH�VDSSKLUH�FU\VWDO
ODWWLFH� LV� VWURQJO\� DQLVRWURSLF�� ,Q� WKLV� FRQ�
QHFWLRQ�� LW� LV� RI� LPSRUWDQFH� WR� LQYHVWLJDWH
WKH� HIILFLHQF\� RI� WKH� VDSSKLUH� UHVLVWDQFH� WR
KLJK�YHORFLW\� VKRFNV� DQG� WR� WKH� VWULNHU
SHQHWUDWLRQ�GHSHQGLQJ�RQ�WKH�FU\VWDO�DQLVRW�
URS\��7KH� DLP�RI� WKLV�ZRUN�ZDV� WR� VWXG\�D
UHODWLRQ� EHWZHHQ� WKH� VDSSKLUH� UHVLVWDQFH� WR
KLJK�YHORFLW\�VKRFN�DQG�WKH�FU\VWDOORJUDSKLF
SHFXOLDULWLHV�RI�WKH�FU\VWDO�

7KH�VWXG\�ZDV�UHDOL]HG�RQ���u��u��PP�
VDPSOHV� FXW� RXW� RI� D� FU\VWDO� JURZQ� E\� WKH
.\URSRXORV�PHWKRG��7KH�PHFKDQLFDO�FKDUDF�
WHULVWLFV�ZDV�PHDVXUHG�RQ���u���PP��DUHDV
RI� WKH� EDVDO� SODQH� �������� WKH� SULVPDWLF
SODQHV� ����
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���� $OO� WKH� VDPSOHV� ZHUH� JURXQG

DQG�SROLVKHG�LQ�WKH�VDPH�PDQQHU�
7KH�PLFURKDUGQHVV�YDOXH�ZDV�GHWHUPLQHG

XVLQJ�D�307���XQLW�DW�+9� �3� ���������DQG

�� 1� ORDGV�� $W� HDFK� ORDG�� WKHUH� DW� OHDVW� ��
PHDVXUHPHQWV� ZHUH� GRQH�� 0RUHRYHU�� WKH
PHDVXUHPHQWV�ZHUH�SHUIRUPHG�DW�ORDGV�XS�WR
�N1� DQG� KLJK�YHORFLW\� �����P�V�� LQWHUDFWLRQ
ZLWK� D� WXQJVWHQ� FDUELGH� VWULNHU�� 7KH� VKRFNV
ZHUH�PDGH�DORQJ�WKH�QRUPDO�WR�WKH�VDPSOH��

$V�VHHQ� IURP�WKH�PLFURKDUGQHVV�GHSHQG�
HQFH� RQ� WKH� ORDG� �)LJ������ D� FRQVLGHUDEOH
VFDWWHU�RI�WKH�UHVXOWV�LV�REVHUYHG��HVSHFLDOO\
DW����Ü��1�ORDGV��0RUHRYHU��WKH�YDOXH�RI�PL�
FURKDUGQHVV�RQ�GLIIHUHQW�SODQHV�FKDQJHV� LQ�D
GLIIHUHQW�ZD\��6LQFH�WKH�LQGHQWHU�SHQHWUDWLRQ
GHSWK�DW�WKH�PHQWLRQHG�ORDGV�LV��Ü��PP��WKH
PLFURKDUGQHVV� LV� LQIOXHQFHG� HVVHQWLDOO\� E\
WKH�VXUIDFH�GHIHFWV��7KH�KDUGQHVV�ULVH�DW�WKH
ORDG�LQFUHDVLQJ�IURP�����WR���1�LV�FDXVHG�E\
WUDQVLWLRQ� IURP� WKH� GHIHFW� QHDU�VXUIDFH
OD\HU�WR�WKH�UHJLRQ�ZLWK�FRQVWDQW�GLVORFDWLRQ
GHQVLW\��2Q�WKH�EDVDO�SODQH��WKH�KDUGQHVV�LV
UHGXFHG� VWDUWLQJ� IURP���1� ORDG� �DV�ZLOO� EH
VKRZQ� ORZHU�� VXFK� DQ� HIIHFW� LV� HVSHFLDOO\
SURQRXQFHG� DW� KLJK� ORDGV��� 7KH�PRVW� SURE�
DEOH� KDUGQHVV� YDOXHV� IRU� WKH� SODQHV� RI� VDS�
SKLUH� DUH� WKRVH� SUHVHQWHG� LQ� WKH� 7DEOH�� ,Q
RWKHU� ZRUGV�� DW� WKH� ORDGV� UDQJLQJ� EHWZHHQ
����DQG���1�WKH�PLFURKDUGQHVV�+9J����*3D
LV� HVVHQWLDOO\� LQGHSHQGHQW� RI� WKH� RULHQWD�
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WLRQ�� DQG� LV� FORVH� WR� WKH� YDOXHV� PHDVXUHG
EHIRUH�>����@��)LUVW�RI�DOO��WKLV�FRQFHUQV�HODV�
WLF�SODVWLF� SHQHWUDWLRQ� QRW� DFFRPSDQLHG� E\
EULWWOH�IDLOXUH�XQGHU�LQGHQWHU�

$W� KLJK�YHORFLW\� LQWHUDFWLRQ� RI� EULWWOH
VROLGV��WKH�UDWLR�RI�WKHLU�KDUGQHVV�YDOXHV� LV
WKH�GHFLVLYH�IDFWRU�ZKLFK�GHILQHV�WKH�LQLWLDO
FROOLVLRQ�VWDJH�>�@��,Q�SDUWLFXODU��WKH�VWULNHU
GHIRUPDWLRQ� RFFXUV� LQ� WKH� FDVH� ZKHQ� WKH
EORFN� KDUGQHVV� H[FHHGV� WKH� VWULNHU� RQH�
6KRZQ� LQ� )LJ���� LV� WKH�;�UD\� LPDJH� RI� WKH
LQWHUDFWLRQ�RI�VWULNHUV�PDGH�IURP�WKH�PDWH�
ULDO� 9.��� +9� ������ *3D�� ZLWK� FRUXQGXP
FHUDPLF� DQG� VDSSKLUH� �SODQH� ����
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���� SODWHV�

:KHQ� WKH� EORFN� KDUGQHVV� H[FHHGV� WKDW� RI
WKH� VWULNHU�� WKH� ODWWHU� LV� EURNHQ� GRZQ��+RZ�
HYHU�� GHVSLWH� WKH� IDFW� WKDW� WKH� KDUGQHVV� RI
VDSSKLUH�LV�E\�J���*3D�KLJKHU�WKDQ�WKH�FRU�
UHVSRQGLQJ� SDUDPHWHU� RI� WXQJVWHQ� FDUELGH�
WKH�VWULNHU�KDV�QRW�XQGHUZHQW� WKH�H[SHFWHG
DFWLRQ��:H�KDYH�DVVXPHG�WKDW�WKH�REVHUYHG

HIIHFW� LV� FRQQHFWHG� ZLWK� WKH� VDSSKLUH� GH�
VWUXFWLRQ� LQ� WKH� FRQWDFW� ]RQH� ZLWK� WKH
VWULNHU��

7R� FKHFN� WKLV� DVVXPSWLRQ�� WKH� VDSSKLUH
UHVLVWDQFH�DJDLQVW�SHQHWUDWLRQ�ZDV�PHDVXUHG
DW�KLJK� ORDGV��7KH�PHDVXULQJ�WHFKQLTXH�IRU
EULWWOH� PDWHULDOV� KDV� EHHQ� SURSRVHG� LQ� >�@�
$FFRUGLQJ� WR� LW�� WKH� VKDSH� DQG� GLPHQVLRQV
RI� WKH� LQGHQWDWLRQ� DUH� UHWDLQHG� DV� DQ� LP�
SULQW� RQ� D� WKLQ� �|��PP�� DOXPLQXP� IRLO
SODFHG�RQWR�WKH�VDPSOH�SULRU�WR�LQGHQWDWLRQ�
7KLV�PHWKRG�PDNHV�LW�SRVVLEOH�WR�GHWHUPLQH
WKH� LQGHQWDWLRQ� GLPHQVLRQV� IURP� WKH� LP�
SULQW�REWDLQHG�ZKLOH�GHWDFKLQJ�WKH� LQGHQWHU
IURP�WKH�VDPSOH��7KH�FRPSDULVRQ�RI�WKH�LP�
SULQWV�REWDLQHG�DW�KLJK� LQGHQWHU� ORDGV�ZLWK
DQG�ZLWKRXW�WKH�IRLO�VKRZV�WKDW�DW�D�ORDG�XS
WR� �� N1�� WKH� LPSULQWV� RQ� WKH� IRLO� DOORZ� WR
GHWHUPLQH� WKH� LQGHQWDWLRQ� GLPHQVLRQV
�)LJ�� ���� ,Q� ERWK� FDVHV�� WKHUH� DUH� QR� HVVHQ�
WLDO� GLVWLQFWLRQV� LQ� WKH� LQGHQWDWLRQ� VKDSH
DQG�GLPHQVLRQV��WKH�GLIIHUHQFH�LQ�WKH�FDOFX�
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ODWHG�HIIHFWLYH�KDUGQHVV��+9HII���YDOXHV�GRHVQRW� H[FHHG� �� ��� 7KH� OHJLWLPDF\� RI� XVLQJ
IRLO� ZDV� VKRZQ� IRU� WXQJVWHQ� FDUELGH�� 7KLV
PDWHULDO� SRVVHVVHV� UDWKHU� KLJK� GHVWUXFWLRQ
YLVFRVLW\��DQG�WKH�9LFNHUV�S\UDPLG�LQGHQWD�
WLRQV� REWDLQHG� RQ� LWV� VXUIDFH� DW� KLJK� ORDGV
DUH�FOHDU�DQG�QRQ�GHVWUR\HG���

$V� IROORZV� IURP� �+9HII� Ü� ORDG� GHSHQG�HQFH��)LJ������WKH�UHVLVWDQFH�RI�DOO�WKH�SODQHV
WR� WKH� LQGHQWHU� SHQHWUDWLRQ� GHFUHDVHV�� WKH
ODUJHVW��E\�D�KDOI��GHFUHDVH�RFFXUULQJ�RQ�WKH
EDVDO� SODQH�� 7KLV� IDFW� PD\� EH� FRQQHFWHG
ZLWK� D� ODUJH� LQWHUSODQDU� GLVWDQFH� �G� 
�����c�� LQ� WKH� &� D[LV� GLUHFWLRQ�� 7KH� SODQH
����
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��� FKDUDFWHUL]HG� E\� VPDOO� LQWHUSODQDU

GLVWDQFHV� �VHH� WKH� WDEOH�� DQG� ODUJH� QXPEHU
RI� DOXPLQXP� DWRPV� ORFDWHG� EHWZHHQ� WKH
FU\VWDOORJUDSKLF� SODQHV�� WXUQV� RXW� WR� EH
PRVW� UHVLVWDQW�� 7KH� GLVWDQFH� EHWZHHQ� WKH
SODQHV� ����
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��� LV� ODUJHU� WKDQ� WKDW� EHWZHHQ

)LJ�����9LFNHUV�S\UDPLG�LQGHQWDWLRQV�DW�KLJK�LQGHQWHU�ORDGV�RQ�WKH�SODQH�����
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WXQJVWHQ�FDUELGH��E��ZLWKRXW�IRLO��XSSHU�URZ��DQG�ZLWK�IRLO��ORZHU�URZ��

)LJ����� 5HVLVWDQFH� RI� VDSSKLUH� WR� LQGHQWHU
SHQHWUDWLRQ�ZLWK� IRLO� � GHSHQGLQJ�RQ� ORDG� IRU
GLIIHUHQW�FU\VWDOORJUDSKLF�SODQHV�

$�%�6LQDQL�HW�DO����'HSHQGHQFH�RI�VDSSKLUH�KDUGQHVV����

��� )XQFWLRQDO�PDWHULDOV�������������



WKH� EDVDO� SODQHV�� EXW� WKH�QXPEHU� RI� DOXPL�
QXP� DWRPV� LQ� WKH� LQWHUSODQDU� VSDFH� LV
ODUJHU��WRR��)LJ����DOVR�SUHVHQWV�WKH�+9HII�ÜORDG� GHSHQGHQFHV� IRU� WZR� FRUXQGXP� FHUDP�
LFV�RI�GLIIHUHQW�GHQVLW\�DQG�KDUGQHVV��$V�LV
VHHQ�� WKHLU� UHVLVWDQFH� WR� LQGHQWHU� SHQHWUD�
WLRQ� GRHV� QRW� UHGXFH� DV� WKH� ORDG� LQFUHDVHV�
0RUHRYHU�� IRU� � WKH� FHUDPLFV� ZLWK� KDUGQHVV
H[FHHGLQJ�WKDW�RI�WXQJVWHQ�FDUELGH��WKHUH�LV
REVHUYHG� DQ� HIIHFWLYH� VKRUWHQLQJ� �GHIRUPD�
WLRQ�� RI� WKH� VWULNHU� DW� �� N1� ORDG�� 7KLV
PHDQV� WKDW�� LI� FRUXQGXP� FHUDPLFV� ZLWK� D
WUDQVSDUHQF\� FORVH� WR� WKDW� RI� VDSSKLUH� ZLOO
EH� REWDLQHG� LQ� WKH� IXWXUH�� LW� ZLOO� FRPSHWH
ZLWK� VDSSKLUH� LQ� DUWLFOHV� VXFK� DV� WUDQVSDU�
HQW�DUPRXU�

7KXV�� DW� KLJK� ORDGV�� WKH� UHVLVWDQFH� RI
VDSSKLUH� WR� LQGHQWHU�SHQHWUDWLRQ�UHGXFHV�DV
WKH�ORDG�JURZV��EXW�WKH�FKDUDFWHU�RI�VXFK�D
UHGXFWLRQ� LQ� GLIIHUHQW� FU\VWDOORJUDSKLF� GL�
UHFWLRQV� KDV� HVVHQWLDO� GLVWLQFWLRQV� ZKLFK
VHHP� WR� EH� FRQQHFWHG� ZLWK� WKH� LQWHUSODQDU

GLVWDQFH�YDOXH�DQG�WKH�QXPEHU�RI�DOXPLQXP
DWRPV� LQVLGH� WKLV� VSDFH�� � 7KH� UHVLVWDQFH� RI
EULWWOH�VROLGV�WR�LQGHQWHU�SHQHWUDWLRQ�DW�KLJK
ORDGV� �H�J��DW�3 ��N1��PD\�IRUP�D�EDVLV�WR
SUHGLFW�WKH�UHVXOWV�RI�WKHLU�KLJK�YHORFLW\�LQ�
WHUDFWLRQ��
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