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7KH� LQWHUHVW� LQ� ZDWHU�VROXEOH� FU\VWDOV
�:6&��RI�WKH�.'3��.+�32���JURXS�LV�GXH�WRQXPHURXV� XQLTXH� SURSHUWLHV� WKHUHRI�� 7KHVH
SURSHUWLHV��EHLQJ�FRPELQHG�ZLWK�D�KLJK�DQG
UDWKHU�UHOLDEOH�WHFKQRORJLFDO�HIIHFWLYHQHVV�RI
ODUJH�VL]H�SLHFHV��SURYLGH�D�ZLGH�DSSOLFDWLRQ
ILHOG� RI� .'3� FU\VWDOV� LQ� WKH� PRGHUQ� ODVHU
HQJLQHHULQJ�� DV� ZLGH�DSHUWXUH� IUHTXHQF\
PXOWLSOLHUV� DQG� WKH� 3RFNHOV� FHOOV� >�@�� 7KH
XVH� RI� ODUJH�VL]H� SLHFHV� ���u���FP�� FURVV�
VHFWLRQ�� LQ� H[WUD�KLJK�SRZHU� ODVHU� GHYLFHV
GLFWDWHV� KLJK� UHTXLUHPHQWV� WR� WKH� FU\VWDOV�
7KRVH� LQFOXGH� D� KLJK� VWUXFWXUH� SHUIHFWLRQ�
RSWLFDO� KRPRJHQHLW\�� ORZ� DEVRUSWLRQ� RQ� WKH
ZRUNLQJ� ZDYHOHQJWKV�� KLJK� UDGLDWLRQ� UHVLV�
WDQFH�� DQG� DEVHQFH� RI� YDULRXV� YROXPH� PL�
FURGHIHFWV� FDXVLQJ� WKH� IURQW� GLVWRUWLRQ� RI
WKH� SDVVLQJ� ZDYH� DQG� LWV� VFDWWHULQJ�� 7KH
FULWLFDO� SDUDPHWHU� IRU� WKH� KLJK�SRZHU� RSWL�
FDO�HOHPHQWV�PDGH�IURP�WKH�.'3�FU\VWDOV�LV
WKH�GDPDJH�WKUHVKROG��,W�GHILQHV�WKH�VL]H�RI
WKH� HOHPHQW� ZLWKVWDQGLQJ� KLJK�SRZHU� OLJKW
ORDGLQJ�ZLWKRXW� GDPDJH��1XPHURXV� H[SHUL�
PHQWDO� GDWD� RQ� WKH� ODVHU� GDPDJH� RI� HOH�
PHQWV� PDGH� RI� ZDWHU�VROXEOH� FU\VWDOV� HYL�

GHQFH� WKDW� WKH�GDPDJH� LV� FDXVHG�PDLQO\�E\
YDULRXV�VWUXFWXUH�GHIHFWV�DULVLQJ�GXULQJ�WKH
FU\VWDO� JURZLQJ� >�@�� 7RGD\�� WKH� ODUJH�VL]H
.'3� FU\VWDOV� FDSDEOH� RI� ZLWKVWDQGLQJ� WKH
OLJKW� ORDGLQJ�XS� WR����-�FP�� DUH�JURZQ�E\
WZR� WHFKQLTXHV�� WKH� VROXWLRQ� UHFLUFXODWLRQ
XVLQJ�D�UHFWDQJXODU�SODWH�RI�WKH�������RULHQ�
WDWLRQ� DV� D� VHHG� DQG� WKH� VROXWLRQ� WHPSHUD�
WXUH�ORZHULQJ�RQ�D��SRLQW��VHHG�ZLWK�������
�������������IDFHWV�>�@�
7KH� VDPSOHV� IRU� ;�UD\� VWXGLHV� RI

�u�u��FP��DQG��u�u��FP��VL]H�ZHUH�FXW�RXW
RI� .'3� FU\VWDOV� JURZQ� DW� D� UDWH� RI� DERXW
���PP�GD\��)LJ����SUHVHQWV�WKH�FU\VWDO�FXW�
RXW� VFKHPH��7KH� FXW� VDPSOHV�ZHUH� RULHQWHG
LQ� >���@�� >���@�� >���@� GLUHFWLRQV� WR� ZLWKLQ
r������ 7KHQ� WKH� IDFHWV� ZHUH� ILQLVKHG� PH�
FKDQLFDOO\� DQG� WKH� GLVWRUWHG� QHDU�VXUIDFH
OD\HU�ZDV�UHPRYHG�DGGLWLRQDOO\�XVLQJ�D�FRW�
WRQ� VZDE�ZHWWHG� LQ� GLVWLOOHG�ZDWHU�� %HIRUH�
ZH�KDYH�GHPRQVWUDWHG�WKH�KLJK�HIILFLHQF\�RI
WKH� WKUHH�FU\VWDO� ;�UD\� GLIIUDFWRPHWU\
�7;'�� LQ� WKH� VWXG\� RI�:6&� VWUXFWXUH� SHU�
IHFWLRQ� >�@�� 7KH� ODWWHU� LV� FKDUDFWHUL]HG
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UDWKHU� FRPSUHKHQVLYHO\� E\� FHUWDLQ� SDUDPH�
WHUV�� QDPHO\�� WKH� GLIIUDFWLRQ� UHIOHFWLRQ
FXUYH�VKDSH��'5&6���WKH�GLIIUDFWLRQ�URFNLQJFXUYH� �5&��KDOIZLGWK�E�� WKH� LQWHJUDO�UHIOHF�
WLRQ�SRZHU�,5� DQG� WKH� UHODWLYH� YDULDWLRQ�RI
WKH� FU\VWDO� ODWWLFH� SDUDPHWHUV� 'G�G�� 7KH
7;&�PHWKRGV�SURYLGH�WKH�DQJXODU�UHVROXWLRQ
RI�WKH��5&��SHDNV�DERXW���DUFVHF��WKH�PHDV�
XUHPHQW� HUURUV� RI�,5� DQG�E�DERXW�����DQG
WKH� 'G�G� GHWHUPLQDWLRQ� DW� DQ� DFFXUDF\� RI
r����Ü�� >�@��7KH�VDPSOH�VFDQQLQJ�DW�D�SLWFK
RI� ���� WR� ����PP�ZLWK� UHVSHFW� WR� WKH� LQFL�
GHQW�;�UD\�EHDP�SURYLGHV�WKH�VWUXFWXUH�SHU�
IHFWLRQ�FKDUDFWHULVWLFV�IRU�WKH�ZKROH�VXUIDFH
XQGHU�VWXG\��$�VSHFLILF�IHDWXUH�RI�WKH�7;'
WHFKQLTXH�GHYHORSHG�E\�WKH�DXWKRUV�>�@�FRQ�
VLVWV� LQ� WKH� DUUDQJHPHQW� VFKHPH� RI� WKH
PRQRFKURPDWRUV� DQG� WKH� VDPSOH� DV� ZHOO� DV
WKH� VSDFLQJ� WKHUHRI� LQ� WKH� %UDJJ� JHRPHWU\
�Q�� Q�� ÜP��� 7KLV� PDGH� LW� SRVVLEOH� WR� PLQL�
PL]H� WKH� VSHFWUDO� DQG� DQJXODU� GLVSHUVLRQ
DQG�WR�REWDLQ�HVVHQWLDOO\��LQWULQVLF��5&V�IRU
SHUIHFW� FU\VWDOV� ZLWK� WKH� E� YDOXH� RI� DERXW
�� DUFVHF� HYHQ� DW� GLIIHUHQW� %UDJJ� UHIOHFWLRQ
DQJOHV� IRU� WKH� VHFRQG� PRQRFKURPDWRU� DQG
WKH�VDPSOH�EHLQJ�VWXGLHG�
5HIHUULQJ�WR�WKH�FU\VWDO�FXWRXW�VFKHPH�RI

)LJ�����VWXGLHG�ZHUH� WKH� VDPSOHV�FXW�RXW�RI
WZR� VHFWRUV� RI�S\UDPLG�1R���� RQH� VHFWRU� RI
S\UDPLG� 1R��� IURP� WKH� FU\VWDO� XSSHU� SDUW
DV� ZHOO� DV� 6DPSOHV� 1RV���� DQG� �� IURP� WKH
ORZHU�SDUW�RI�WKH�FU\VWDO�JURZQ�E\�WKH�UHFLU�
FXODWLRQ�WHFKQLTXH��$V�WR�D�FU\VWDO�JURZQ�E\
WKH�VROXWLRQ�WHPSHUDWXUH�ORZHULQJ��WKH�6DP�
SOHV� 1RV���� DQG� �� ZHUH� FXW� RXW� IURP� WZR
DQG� RQH� VHFWRUV� RI� WKH� S\UDPLGDO� JURZWK
DQG�WKH�6DPSOHV�1RV����DQG����IURP�WZR�DQG
RQH�VHFWRUV�RI�WKH�SULVPDWLF�JURZWK��UHVSHF�
WLYHO\��7KH� VFKHPH� RI� WKH�;�UD\�EHDP� LQFL�

GHQFH�RQ�WKH�VXUIDFH�EHLQJ�VWXGLHG�LV�VKRZQ
LQ� )LJ���D�� �E�� �F�� 7KH� VDPSOHV� ZHUH
VFDQQHG�DW�D�SLWFK�RI������PP�ZLWK�UHVSHFW
WR�WKH�LQFLGHQW�;�UD\�EHDP�DQG�WKH�SDUDPH�
WHUV�'5&6��E

BB
��,
B5�� � �UDWLR�RI�WKH�H[SHULPHQ�

WDO�UHIOHFWLRQ�SRZHU�YDOXH�WR�WKDW�FDOFXODWHG
LQ� WKH� G\QDPLF� DSSUR[LPDWLRQ�� ZHUH� PHDV�
XUHG�LQ�WHQ�SRLQWV�RI�WKH�VDPSOH��7KH�YDOXHV
REWDLQHG� ZHUH� DYHUDJHG�� WKH� UHVXOWV� RE�
WDLQHG�DUH�SUHVHQWHG�LQ�7DEOH���
7KH� PHDVXUHPHQWV� ZHUH� GRQH� XVLQJ� D

7;'� LQVWUXPHQW� LQ� &X.D�� UDGLDWLRQ� IRU��������������������UHIOHFWLRQV�DW�YDULRXV�SR�
VLWLRQV� RI� WKH� JURZWK� OD\HU� VWDFNV� LQ� WKH
FU\VWDO� ZLWK� UHVSHFW� WR� WKH� LQFLGHQW� ;�UD\
EHDP� VHH� )LJ������ ,W� LV� WR� QRWH� WKDW� DW� WKH
FU\VWDO�JURZWK�VSHHGV�RI�DERXW����PP�GD\�
WKH� JURZWK� RFFXUUHG� LQ� WKH� NLQHWLF� PRGH
DFFRUGLQJ� WR� WKH� GLVORFDWLRQ�OD\HU� JURZWK
PHFKDQLVP� >�@�� 7KH� H[SHULPHQWDO� GDWD� SUH�
VHQWHG� LQ�7DEOH���HYLGHQFH�D�KLJK�VWUXFWXUH
SHUIHFWLRQ�RI�WKH�JURZQ�FU\VWDOV�DW�DQ�LQVLJ�
QLILFDQW�SHUIHFWLRQ�GHWHULRUDWLRQ�LQ�WKH�FU\V�
WDOV� JURZQ� E\� WKH� WHPSHUDWXUH� ORZHULQJ
WHFKQLTXH��7KH�H[SHULPHQWDO�E�DQG�,5�YDOXHV
DUH�FRPSDUDEOH�WR�WKH�WKHRUHWLFDO�RQHV�FDOFX�
ODWHG�XQGHU�G\QDPLF�DSSUR[LPDWLRQ�DQG�DV�
VXPSWLRQ�RI�DQ�LGHDO�SHUIHFW�FU\VWDO�>�@��$V
D� UXOH�� WKH� 5&� GR� QRW� VKRZ� DQ\� VSOLWWLQJ
WKDW� FRXOG� EH� GXH� WR� SUHVHQFH� RI� DQJXODU
PLVDOLJQPHQWV� RI� WKH� JURZWK� OD\HU� VWDFNV
H[FHHGLQJ� �cc�� 7KH� DQJXODU� PLVDOLJQPHQWV
VHHP� WR� EH� VR� VPDOO� �ORZHU� WKDQ� WKH� 7;'
PHWKRG� UHVROXWLRQ� WKUHVKROG�� WKDW� WKRVH� GR
QRW� UHVXOW� LQ�DQ\� VSOLWWLQJ� DQG�ZLGHQLQJ�RI
WKH� URFNLQJ� FXUYH� DW� YDULRXV� VDPSOH� SRVL�
WLRQV� ZLWK� UHVSHFW� WR� WKH� LQFLGHQW� ;�UD\
EHDP�� 7KH� DYHUDJH� YDOXHV� E

BB
�� ,
B5� IRU� ������

������ UHIOHFWLRQV� IRU� WKH� FU\VWDO� JURZQ� E\
UHFLUFXODWLRQ� ZHUH� ���cc� DQG� ����u��Ü��� IRU
WKH�FU\VWDO�JURZQ�E\�WHPSHUDWXUH�ORZHULQJ�
���cc�DQG��������Ü���IRU�WKH�������UHIOHFWLRQ�
E
BB
� ����cc�� ,

B5� ��������Ü�� DQG� E
BB
� ��cc�� ,

B5� 
�������Ü��� UHVSHFWLYHO\�� ,W� LV� WR� QRWH� WKDW
WKH� FRQFHQWUDWLRQ� RI� VWUXFWXUH� GHIHFWV� LV
KLJKHU� IRU� WKH� FU\VWDOORJUDSKLF� SODQH� �����
WKDQ� WKDW� REVHUYHG� IRU� WKH� ������� ������ UH�

)LJ�����&U\VWDO�FXWRXW�VFKHPH�

)LJ�����;�UD\�EHDP�LQFLGHQFH�JHRPHWU\�
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IOHFWLRQV� LQ�DOO�WKH�VDPSOHV�VWXGLHG��7KLV� LV
DVVRFLDWHG�ZLWK�WKH�SUHVHQFH�RI�JURZWK� OD\�
HUV� WKDW� DUH� PRUH� SURQRXQFHG� ERWK� DW� S\�
UDPLGDO�DQG�SULVPDWLF�FU\VWDO�JURZWK�
7KH� FU\VWDOV� XQGHU� VWXG\� ZHUH� JURZQ

IURP�KLJK�SXULW\�UDZ�PDWHULDO��DFFRUGLQJ�WR
SURGXFWLRQ� WHFKQRORJ\� IURP� WKH� ,QVWLWXWH
IRU�6LQJOH�FU\VWDOV��WKDW�JXDUDQWHHV�WKH�OLP�
LWLQJ� LPSXULW\� FRQFHQWUDWLRQ� DW� D� OHYHO� RI
��Ü�� WR� ��Ü�� ZW�� ��� +RZHYHU�� HYHQ� ZKHQ
WKDW�UDZ�PDWHULDO�LV�XVHG��WKH�VROXWLRQ�FRQ�
WDLQV� VXEVWDQWLDO� DPRXQWV� �DERXW� ��Ü�� WR
��Ü�� ZW�� ��� RI� LQGLYLGXDO� LPSXULWLHV� �1D�
6L�� $V�� 5E�� DV� ZHOO� DV� VWUXFWXUH� XQLWV� RI
RUJDQLF�FRPSRXQGV�GLIIHUHQW�IURP�WKRVH�LQ�
FOXGHG�LQ�WKH�.'3�FU\VWDO�ODWWLFH��WKRVH�LP�
SXULWLHV� FRXOG� FDXVH� LQKRPRJHQHLWLHV� LQ� WKH
JURZQ� FU\VWDO� YROXPH� DQG� FKDQJHV� LQ� WKH
FU\VWDO� ODWWLFH� SDUDPHWHUV� >����@�� :H� KDYH
PHDVXUHG� WKH� FU\VWDO� ODWWLFH� SDUDPHWHUV� G
DQG�'G�G�YDULDWLRQV�RYHU�WKH�FU\VWDO�YROXPH
DW�KLJK�DFFXUDF\�XVLQJ�WKH�PHWKRG�>�@��$V�D
UHIHUHQFH��WKH�6DPSOH�1R���ZDV�WDNHQ�IURP
WKH�FU\VWDO�JURZQ�E\�WKH�VROXWLRQ�UHFLUFXOD�
WLRQ��WKH�JHRPHWU\�ZDV�DFFRUGLQJ�WR�)LJ���D�
2QWR�WKDW�UHIHUHQFH��WKH�VDPSOHV�EHLQJ�VWXG�
LHG�ZHUH�SODFHG�LQ�SRVLWLRQV�D��E��DQG�F�ZLWK
UHVSHFW� WR� WKH�;�UD\� EHDP� KLWWLQJ� VLPXOWD�
QHRXVO\� WKH� VDPSOH� DQG� WKH� UHIHUHQFH�� 7KH
VDPSOH�XQGHU�VWXG\�ZDV�WXUQHG�ZLWK�UHVSHFW
WR�WKH�UHIHUHQFH�DW�DQ�DQJOH�H�H[FHHGLQJ�WKH

URFNLQJ� FXUYH� KDOIZLGWK�� 7KH� URFNLQJ
FXUYHV� ZHUH� UHFRUGHG� VLPXOWDQHRXVO\� IRU
���������������������������UHIOHFWLRQV�DV�ZHOO
DV� IRU� ������� ������� ������� ������ RQHV�� WKXV
PDNLQJ� LW� SRVVLEOH� WR� GHWHUPLQH� WKH
'4KNO�WJ4KNO�� GHSHQGHQFH�� WR� GHWHUPLQH� WKHWXUQ�DQJOH�H�RI�WKH�VDPSOH�UHIOHFWLQJ�SODQH�
DQG�WR�FDOFXODWH�'G�G� �ÜWJ�4KNO�Ü�H�FWJ4KNO�DV�ZHOO�DV�GVDP� �GUHIr'G�G�7KH� 'G�G� GHWHUPLQDWLRQ� SURFHGXUH�PDGH
LW�SRVVLEOH�WR�PLQLPL]H�WKH�HIIHFW�RI�FRUUHF�
WLRQV� DVVRFLDWHG� ZLWK� WKH� ;�UD\� UHIUDFWLYH
LQGH[�� WKHUPDO� H[SDQVLRQ� FRHIILFLHQW� DL� DQGRWKHU�GLVSHUVLRQ�FRUUHFWLRQV�>�@��)RU�H[DPSOH�
DL�IRU�.'3�FU\VWDOV�LV�DERXW��������Ü��GHJÜ��7KLV�WHFKQLTXH�SURYLGHV�DGGLWLRQDO�LQIRUPD�
WLRQ�RQ�WKH� ODWWLFH�SHULRG�JUDGLHQW�RYHU�WKH
GHSWK� RI� WKH� QHDU�VXUIDFH� FU\VWDO� OD\HU�
)LJ����VKRZV�D�W\SLFDO�'4KNO�WJ4KNO��GHSHQG�HQFH� IRU� D� VDPSOH� �1R��� LQ� )LJ���D� JHRPH�
WU\�� JURZQ� E\� UHFLUFXODWLRQ�� 7KH� OLQHDU� GH�
SHQGHQFH� HYLGHQFHV� WKH� DEVHQFH� RI� WKH� ODW�
WLFH� SHULRG� JUDGLHQW� RYHU� WKH� ;�UD\� EHDP
SHQHWUDWLRQ� GHSWK� LQWR� WKH� FU\VWDO�� 7KH
VWUDLJKW� OLQH� VORSH� ZLWK� UHVSHFW� WR� WKH� DE�
VFLVVD� D[LV� GHILQHV� WKH� GLIIHUHQFH� EHWZHHQ
WKH� ODWWLFH�SHULRGV�RI�WKH�VDPSOH�DQG�UHIHU�
HQFH�� )RU� WKH� ������ UHIOHFWLRQ� KDYLQJ� 4�a
������� WKH� 'G�G� HUURU� LV� r������Ü�� DW� WKH
'4� �r������ 7KH� PHDVXUHPHQW� UHVXOWV� RI

7DEOH����6WUXFWXUH�FKDUDFWHULVWLFV�RI�JURZQ�FU\VWDOV�

6ROXWLRQ�UHFLUFXODWLRQ�
6DPSOH � � � �
5HIOH[

SDUDPHWHUV E
BB
��VHF ,5H[���� ,5H[�,5G E

BB
��VHF ,5H[���� ,5H[�,5G E

BB
��VHF ,5H[���� ,5H[�,5G E

BB
��VHF ,5H[���� ,5H[�,5G

����� � ���� ���� � ���� ���� � ���� ���� � ���� ����
�����A � ���� ���� � ���� ���� � ���� ���� � ���� ����
����� � ���� ���� � ���� ���� � ���� ���� � ���� ����
�����A � ���� ���� � ��� ���� � ���� ���� � ���� ����
����� � ���� ���� � ���� ���� � ���� ���� � ���� ����
�����A � ���� ���� � ���� ���� � ���� ���� � ���� ����

6ROXWLRQ�WHPSHUDWXUH�ORZHULQJ
6DPSOH � � � �
5HIOH[

SDUDPHWHUV E
BB
��VHF ,5H[���� ,5H[�,5G E

BB
��VHF ,5H[���� ,5H[�,5G E

BB
��VHF ,5H[���� ,5H[�,5G E

BB
��VHF ,5H[���� ,5H[�,5G

����� ��� ���� ���� ��� ���� ���� ��� ���� ���� � ���� ����
�����A ��� ���� ���� ��� ���� ���� ��� ���� ���� � ���� ����
����� ��� ���� ���� ��� ���� ���� ��� ���� ���� ��� ���� ����
�����A ��� ���� ���� ��� ���� ���� ��� ���� ���� ��� ���� ����
����� ��� ���� ���� ��� ���� ���� ��� ���� ���� � ���� ����
�����A ��� ���� ���� ��� ���� ���� � ���� ���� ��� ���� ����
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'G�G��ODWWLFH�SDUDPHWHUV�D�DQG�E�DQG�'� �E�Ü�D
DUH� VXPPDUL]HG� LQ� 7DEOH���� $Q� LQKRPR�
JHQHLW\�LQ�SDUDPHWHUV�'G�G��D��E��DQG�'�RYHU
WKH� FU\VWDO� YROXPH�KDV�EHHQ�UHYHDOHG�� HVSH�
FLDOO\� LQ� WKH� FU\VWDO� DUHDV� JURZQ� DW� RQH
S\UDPLG� IDFHW� �6DPSOHV� ��� ��� DQG� DW� WZR
S\UDPLG�IDFHWV��6DPSOHV�������E\�UHFLUFXODWLRQ
DQG�DW�SULVPDWLF�IDFHW�JURZWK��6DPSOHV������
E\�WKH�VROXWLRQ�WHPSHUDWXUH�ORZHULQJ�
6XFK�DQ�HVVHQWLDO� LQKRPRJHQHLW\� LQ�'G�G

DQG� ODWWLFH�SDUDPHWHUV� LV�FRQQHFWHG� ILUVW�RI
DOO� ZLWK� WKH� VSHFLILF� IHDWXUH� RI� WKH� :6&
JURZWK� PHFKDQLVPV�� 7KRVH� LQFOXGH� WKH� VX�
SHUVDWXUDWLRQ� IOXFWXDWLRQV� DW� WKH� FU\VWDO�
OL]DWLRQ� IURQW� GXULQJ� WKH� JURZWK� UHVXOWLQJ
LQ� DQ� LQKRPRJHQHRXV� GLVWULEXWLRQ� RI� VRPH
LPSXULWLHV� DQG� WKH� LQFOXVLRQ� WKHUHRI� LQWR
WKH� FU\VWDO� ODWWLFH�� DV�ZHOO� DV� WKH� VWUXFWXUH
GHIHFWV� LQ� WKH� FU\VWDO� YROXPH�� 7KH� FU\VWDO
JURZQ� E\� WKH� WHPSHUDWXUH� ORZHULQJ� WHFK�
QLTXH�H[KLELWV�LQFUHDVHG�GLIIHUHQFHV�LQ�'G�G
DQG� WKH� ODWWLFH� SDUDPHWHUV�� 7KH� SUHYLRXV
VWXGLHV�XVLQJ�RSWLFDO�SRODUL]DWLRQ�>����@�HYL�
GHQFHG� LQKRPRJHQHLWLHV� LQ� DQRPDORXV
ELD[LDOLW\��9�DQG�J��WKH�VORSH�DQJOH�RI�RSWL�
FDO� D[HV�� RYHU� WKH� FU\VWDO� YROXPH�� ,W� LV� WR
QRWH� WKDW� WKH� DQRPDORXV� ELD[LDOLW\� RI� .'3

FU\VWDOV� LV� WKH� PDLQ� IDFWRU� GHILQLQJ� WKH
WUDQVPLVVLRQ� FRQWUDVW� RI� HOHFWURRSWLFDO
PRGXODWRUV�PDGH�WKHUHIURP�>��@��1XPHURXV
UHVHDUFKHUV� >�������@� DVFULEH� WKH� DQRPDORXV
ELD[LDOLW\� WR� WKH� UHVLGXDO� LQWHUQDO� VWUHVVHV
LQ� WKH� FU\VWDO�� 7KRVH� DVVXPSWLRQV� DUH� FRQ�
ILUPHG�E\�;�UD\�PHDVXUHPHQWV�RI�'G�G�RYHU
WKH� FU\VWDO� YROXPH� �7DEOH����� 7KH� VFDQQLQJ
�DW�������PP�SLWFK��RI�6DPSOH�1R����JURZQ
E\�WHPSHUDWXUH� ORZHULQJ�� LQ�WKH�SRVLWLRQ�RI
)LJ���E� KDYH� GHPRQVWUDWHG� WKH� 'G�G� YDUL�
DWLRQ� FKDUDFWHU� �'G�G� �'G

BB
�G�Ü�'G�GL�� RYHUWKH� VDPSOH� FURVV�VHFWLRQ� �)LJ����� FXUYH� ��

DQG�WKH�'G�G�YDULDWLRQ�FKDUDFWHU� LQ�6DPSOH
1R��� LQ� LQ� WKH� SRVLWLRQ� RI� )LJ���F� �)LJ����
FXUYH� ���� 7KH� 'G�G�/�� YDULDWLRQ� FKDUDFWHU
�)LJ����� FXUYH� ��� HYLGHQFHV� DQ� LQKRPRJHQH�
RXV� LPSXULW\� GLVWULEXWLRQ� RYHU� WKH�JURZLQJ
FU\VWDO�YROXPH�DQG�LV�FRQQHFWHG��ILUVW�RI�DOO�
ZLWK� WKH� GLVORFDWLRQ�OD\HUHG� PHFKDQLVP� RI
WKH�FU\VWDO�JURZWK��$V�WKH�VDPSOH�LV�WXUQHG
DW������VHH�)LJ���F��ZKHUH�WKH�DYHUDJHG�YDO�
XHV� DUH� PHDVXUHG� RYHU� WKH� JURZWK� OD\HU
VWDFNV�� D� PRQRWRQRXV� GHFUHDVH� RI� 'G�G� LV
REVHUYHG�IURP�WKH�FU\VWDO�FHQWUDO�SDUW�WR�LWV
SHULSKHU\��VHH�)LJ�����FXUYH�����7KH�LQWHJUDO
UHIOHFWLRQ�YDOXHV�,5�RI�WKH�;�UD\�EHDP�ZHUH

)LJ�����'4KNO�WJ4KNO��GHSHQGHQFH�FKDUDFWHU�IRU���������������������������UHIOHFWLRQV�

)LJ�����'G�G�O��YDULDWLRQ�FKDUDFWHU�IRU�6DPSOH
1R��� JURZQ� E\� WHPSHUDWXUH� ORZHULQJ�� WKH
VDPSOH�LQ�SRVLWLRQ�E�����DQG�F�����

7DEOH��

*URZWK�PHWKRG 6ROXWLRQ�UHFLUFXODWLRQ 6ROXWLRQ�WHPSHUDWXUH�ORZHULQJ
'G�G���� 'G�G����

6DPSOH � � � � � � � ��
����� ����� ���� ����� ����� ����� ����� ����� �����
����� Ü���� Ü� Ü���� Ü���� Ü����� Ü����� Ü����� Ü�����
D��c ������� ������� ������� ������� ������� ������� ������� �������
E��c ������� ������� ������� ������� ������� ������� ������� �������

'� ��E�Ü�D�������c ��� ��� ���� ��� ���� ���� � ����
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PHDVXUHG�IRU�WKH�VDPH�VDPSOH�SRVLWLRQV�DQG
LQ� WKH� VDPH� SRLQWV� �)LJ������ 7KH� ,5�O�� YDUL�
DWLRQ�FKDUDFWHU�VKRZV�WKH�FRQFHQWUDWLRQ�GLV�
WULEXWLRQ� RI� WKH� VWUXFWXUH� GHIHFWV� �GLVORFD�
WLRQV��FRQMXJDWLRQ�ERXQGDULHV�RI�WKH�JURZWK
OD\HUV�� HWF��� RYHU� WKH� VDPSOH� FURVV�VHFWLRQ
�)LJ����� FXUYH����� ,Q� WKH� VDPSOH�SRVLWLRQ�RI
)LJ���F��D�PRQRWRQRXV�GHFUHDVH�RI�,5�O�� LV�RE�
VHUYHG��)LJ�����FXUYH����WKDW�FKDUDFWHUL]HV�WKH
VWUXFWXUH�SHUIHFWLRQ�DQG�LWV�YDULDWLRQ�RYHU�WKH
VDPSOH� FURVV�VHFWLRQ�� 7KH� SUHVHQFH� RI� JURZWK
OD\HU�VWDFNV��HYHQ�DW�LQVLJQLILFDQW�VHW�RI�r'G�G
YDOXHV�� UHVXOWV� LQ� DQ� DGGLWLRQDO� 5&� ZLGHQLQJ
DQG�LQFUHDVHG�LQWHJUDO�UHIOHFWLRQ�SRZHU�
$OWKRXJK� WKH�VWXGLHG�.'3� FU\VWDOV� VKRZ

D� UDWKHU� KLJK� UDGLDWLRQ� UHVLVWDQFH� ���� WR
���-�FP��DW�O� �������PP�DW�W� ����QV���WKH
SUHFLVLRQ�WKUHH�FU\VWDO�;�UD\�GLIIUDFWRPHWU\
HYLGHQFHV� WKH� YDULDWLRQ� RI� 'G�G� RYHU� WKH
FU\VWDO� YROXPH�� 7KH� ODUJHVW� YDULDWLRQV� DUH
DW� WKH� FRQMXJDWLRQ� DUHDV� RI� WKH� SULVPDWLF
DQG� S\UDPLGDO� JURZWK� IDFHWV�� 7KH� DQRPD�
ORXV� ELD[LDOLW\� PHDVXUHG� SUHYLRXVO\� DV� �9
E\�RSWLFDO�SRODUL]DWLRQ�WHFKQLTXHV�DV�ZHOO�DV
WKH�GLUHFW�;�UD\�WHFKQLTXHV�KDYH�FRQILUPHG
WKH� ELD[LDOLW\� FDXVH� DV� WKDW� FRQQHFWHG�ZLWK
WKH�UHVLGXDO�VWUHVVHV�LQ�WKH�FU\VWDO��7KH�YDO�
XHV� DQG� GLVWULEXWLRQ� FKDUDFWHU� RI�'G�G� DQG
�9� RYHU� WKH� FU\VWDO� YROXPH� DUH� LQ� D� JRRG
FRUUHODWLRQ��7KH�URFNLQJ�FXUYH�KDOI�ZLGWK�E
DQG�LQWHJUDO�;�UD\�EHDP�UHIOHFWLRQ�SRZHU�,5
HYLGHQFH� D� UDWKHU�KLJK� VWUXFWXUH�SHUIHFWLRQ
DQG�GLVWULEXWLRQ�KRPRJHQHLW\�RYHU�WKH�FU\V�
WDO�YROXPH�

$FNQRZOHGJPHQW�� $XWKRUV� DUH� WKDQNIXO
WR�'U��9�,�6DOR�ZKR�KDV�RIIHUHG�WKH�VDPSOHV
DQG�SDUWLFLSDWHG�WKH�GLVFXVVLRQ�RI�WKH�ZRUN
UHVXOWV�
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)LJ�����9DULDWLRQ�FKDUDFWHU�RI�LQWHJUDO�UHIOHF�
WLRQ� SRZHU� IRU� 6DPSOH� 1R��� JURZQ� E\� WHP�
SHUDWXUH� ORZHULQJ�� WKH� VDPSOH� LQ� SRVLWLRQ� E
����DQG�F�����
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