
6XUIDFH�PRUSKRORJ\�DQG�VWUXFWXUHRI�QDQRFU\VWDOOLQH�GLDPRQG�ILOPV�GHSRVLWHGLQ�&+��+��$U JORZ�GLVFKDUJH�SODVPD
,�,�9\URYHWV��9�,�*ULWV\QD��6�)�'XGQLN��2�$�2SDOHY�(�1�5HVKHWQ\DN��9�(�6WUHO�QLWVNL\

1DWLRQDO�6FLHQFH�&HQWHU��.KDUNLY�,QVWLWXWH�RI�3K\VLFV�DQG�(QJLQHHULQJ��
1DWLRQDO�$FDGHP\�RI�6FLHQFHV�RI�8NUDLQH�

��$NDGHPLFKHVND\D�6W���������.KDUNLY��8NUDLQH

5HFHLYHG�-DQXDU\���������
'LDPRQG�ILOPV�RI�XS�WR����PP�WKLFNQHVV�KDYH�EHHQ�GHSRVLWHG�RQWR�VLQJOH�FU\VWDO�VLOLFRQ

VXEVWUDWHV� E\� &9'� PHWKRG� LQ� &+��+��$U� JORZ� GLVFKDUJH� SODVPD� VWDELOL]HG� E\� PDJQHWLFILHOG��;�UD\�GLIIUDFWLRQ�DQDO\VLV�DQG�DWRPLF�IRUFH�PLFURVFRS\�KDYH�VKRZQ�WKH�ILOPV�FRQVLVW
RI�DERXW���PP�LQ�GLDPHWHU�FRQJORPHUDWHV�RI���Ü���QP�DYHUDJH�VL]H�GLDPRQG�QDQRFU\VWDOV�
7KH�FRQJORPHUDWH�VL]H�LQFUHDVHV�E\�D�IDFWRU�RI���DV�WKH�ILOP�WKLFNQHVV�JURZV�IURP�����XS
WR������PP��$W�WKH�VDPH�WLPH��WKH�QDQRFU\VWDOOLWH�VL]H�UHPDLQV�HVVHQWLDOO\�XQFKDQJHG��,Q
WKH�GLDPRQG�ILOPV��WH[WXUH��FRPSUHVVLYH�UHVLGXDO�VWUHVVHV�DQG�KLJK�FRQFHQWUDWLRQ�RI�FU\V�
WDO�VWUXFWXUH�GHIHFWV�KDYH�EHHQ�UHYHDOHG�

kãäÈÏÓ©Ë�¹ãËÓ}Ò��ºã�ÒÓº®��º����ä}ä�¹ºã��ËÓ©�ÓÈ�¹º�ãºÎ}È²�ÒÏ�äºÓº}¯Ò°�ÈããÒ�
�Ë°}º�º�}¯ËäÓÒ«�äË�º�ºä��ÈÏºÁÈÏÓº�º�º°ÈÎ�ËÓÒ«�m�&+��+��$U�¹ãÈÏäË��ãË
�Ë�º�¯ÈÏ¯«�È�
°�È­ÒãÒÏÒ¯ºmÈÓÓº�º� äÈ�ÓÒ�Ó©ä� ¹ºãËä�� lË�º�ÈäÒ� ¯ËÓ��ËÓº°�¯�}��¯Óº�º� ÈÓÈãÒÏÈ� Ò
È�ºäÓº�°Òãºmº®�äÒ}¯º°}º¹ÒÒ� �°�ÈÓºmãËÓº����º� ¹ãËÓ}Ò� °º°�º«�� ÒÏ� }ºÓ�ãºäË¯È�ºm��ÒÈ�
äË�¯ºä� a��ä}ä�� º­¯ÈÏºmÈÓÓ©²�ÓÈÓº}¯Ò°�ÈããÈäÒ� ÈãäÈÏÈ� °º� °¯Ë�ÓÒä�¯ÈÏäË¯ºä���Ü���Óä�
v�¯º°�ºä��ºã�ÒÓ©�¹ãËÓ}Ò�º�������º������ä}ä�¯ÈÏäË¯�}ºÓ�ãºäË¯È�ºm��mËãÒ�ÒmÈË�°«�m���¯ÈÏÈ�
�¯Ò� ª�ºä�¯ÈÏäË¯�ÓÈÓº}¯Ò°�Èããºm�¹¯È}�Ò�Ë°}Ò�ÓË�äËÓ«Ë�°«��{�¹ãËÓ}È²�m©«mãËÓ©��Ë}°��¯È�
º°�È�º�Ó©Ë�ÓÈ¹¯«ÎËÓÒ«�°ÎÈ�Ò«�Ò�m©°º}ºË�°º�Ë¯ÎÈÓÒË��ËÁË}�ºm�}¯Ò°�ÈããÒ�Ë°}º�º�°�¯ºËÓÒ«�

5HFHQWO\�� WKH� PDWHULDOV� LQ� QDQR�FU\VWDO�
OLQH� VWDWH� DWWUDFW� D� JUHDW� DWWHQWLRQ� RI� UH�
VHDUFKHUV��7KHVH�PDWHULDOV�SRVVHVV�D�QXPEHU
RI�XQLTXH�SURSHUWLHV�DV�FRPSDUHG�WR�VLQJOH�
DQG� PLFUR�FU\VWDOOLQH� RQHV�� WKDW� H[WHQGV
ERWK� WKH� DSSOLFDWLRQ� ILHOG� DQG� HIIHFWLYHQHVV
WKHUHRI� >����@�� ,Q� WKLV� UHVSHFW�� WKH�GLDPRQG
FRDWLQJV� DUH� QRW� DQ� H[FHSWLRQ�� 2QH� RI� WKH
ZD\V� WR� DFKLHYH� WKH�JUDLQ� UHILQHPHQW�GRZQ
WR�QDQR�VL]H� LQ� WKH�GLDPRQG� ILOPV�SUHSDUHG
E\�&9'�LV�SDUWLDO�RU�IXOO�K\GURJHQ�VXEVWLWX�
WLRQ�LQ�WKH�&+��+��JDV�PL[WXUH�ZLWK�DUJRQ�7KXV�� WKH� GHSRVLWLRQ� SURFHVV� LV� IROORZHG�E\
DQ� LQWHQVH� VHFRQGDU\� QXFOHDWLRQ� KLQGHULQJ
WKH�GLDPRQG�FU\VWDOOLWH�JURZWK�DQG�KROGLQJ
WKHLU� QDQR�VL]HV� HYHQ� DW� D� VLJQLILFDQW� �PL�
FURPHWHUV� DQG� WHQV� RI� PLFURPHWHUV�� ILOP

WKLFNQHVV��$V�D�UHVXOW��WKH�ILOPV�VKRZ�D�ORZ
URXJKQHVV��KLJK�KRPRJHQHLW\�RI�PHFKDQLFDO�
WKHUPR�SK\VLFDO� DQG� RWKHU� SURSHUWLHV� EHLQJ
RI� LPSRUWDQFH� IRU�YDULRXV� ILOP�DSSOLFDWLRQV
LQ� WULERORJ\�� RSWLFV�� LQ� PDQXIDFWXULQJ� RI
SODQDU�QRQ�KHDWHG�FDWKRGHV��HOHFWURQLF�HPLV�
VLRQ� GHYLFHV�� DFRXVWLF�HOHFWURQLF� V\VWHPV�
HWF��>�@��1RZDGD\V��WKH�PLFURZDYH�GLVFKDUJH
LV�PRVW�RIWHQ�XVHG�IRU�WKH�ZRUNLQJ�JDV�DFWL�
YDWLRQ��EXW�WKH�HTXLSPHQW�QHFHVVDU\�IRU�WKH
SURFHVV� LV� H[SHQVLYH� HQRXJK� DQG� FRPSOL�
FDWHG��7KH�V\QWKHVLV�PHWKRG�FDQ�EH�VXEVWDQ�
WLDOO\�VLPSOLILHG�LI�WKH�PDJQHWLF�ILHOG�VWDEL�
OL]HG� JORZ� GLVFKDUJH� LV� XVHG� WR� H[FLWH� WKH
JDV� PL[WXUH� >�Ü�@�� ,W� ZDV� IRXQG� WKDW� LQ
VXFK� GLVFKDUJH� W\SH�� WKH� WUDQVLWLRQ� IURP
FRDUVH�FU\VWDOOLQH� WR� PLFUR�� DQG� IXUWKHU� WR
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QDQR�FU\VWDOOLQH� GLDPRQG� FRDWLQJV� LV� UHDO�
L]HG� DW� ��Ü��� �� $U� FRQFHQWUDWLRQV� LQ� WKH
JDV�PL[WXUH�� WKDW�EHLQJ�VXEVWDQWLDOO\� ORZHU
WKDQ� WKH� W\SLFDO� $U� FRQWHQWV� LQ� PLFURZDYH
GLVFKDUJH� EHLQJ� DW� OHDVW� ����� >����@��+RZ�
HYHU��WKH�SHFXOLDULWLHV�RI�VWUXFWXUH�DQG�SURS�
HUWLHV� IRU� VXFK� FRDWLQJV� DUH� VWLOO� QRW� VWXGLHG
HQRXJK��7KH�SXUSRVH�RI�WKLV�ZRUN�LV�WR�VWXG\
WKH�VXUIDFH�PRUSKRORJ\��VWUXFWXUH��DQG�VWUHVV
VWDWH� LQ� QDQR�FU\VWDOOLQH� GLDPRQG� ILOPV� SUH�
SDUHG�LQ�&+��+��$U�JORZ�GLVFKDUJH�SODVPD��7KH� GLDPRQG� ILOPV� RI� ���� WR� ����� PP
WKLFNQHVV� ZHUH� GHSRVLWHG� LQ� WKH� JORZ� GLV�
FKDUJH� LQ� WKH� &+��+��$U� DWPRVSKHUH� VWDEL�OL]HG� E\�PDJQHWLF� ILHOG� RQWR� WKH� VXEVWUDWHV
RI� SROLVKHG� VLQJOH�FU\VWDOOLQH� VLOLFRQ� ZLWK
>���@� RULHQWDWLRQ�� %HIRUH� GHSRVLWLRQ�� WKH
VXEVWUDWH�ZDV��VRZQ��E\�PHFKDQLFDO�LQGHQW�
LQJ�WKH�XOWUD�GLVSHUVH�GLDPRQG��8''��SDUWL�
FOHV�RI���WR���QP�LQWR�LWV�VXUIDFH��$FFRUGLQJ
WR� PLFURVFRS\� GDWD�� VXFK� D� SUHSDUDWLRQ� RI
WKH�VLOLFRQ�VXUIDFH�SURYLGHV� WKH� LQLWLDO�GHQ�
VLW\�RI�GLDPRQG�QXFOHDWLRQ�XS�WR�������FPÜ�
>�@�� %HIRUH� WKH� VRZLQJ�� D� SDUW� RI� WKH� VXE�
VWUDWHV�ZHUH�FOHDQHG�IURP�WKH�VXUIDFH�R[LGH
OD\HU�XVLQJ�DEUDVLYH�VDQGSDSHU�DQG�GLDPRQG
SDVWH�� 7KH� JDV� PL[WXUH� FRPSRVLWLRQ� DQG
SUHVVXUH� ZHUH� VHOHFWHG� ERWK� WR� SURYLGH� WKH
VWDEOH� SURFHVV� RI� QDQR�VWUXFWXUHG� ILOP� IRU�
PDWLRQ� DQG� WR�H[FOXGH�JORZ�GLVFKDUJH�FRP�
EXVWLRQ� IDLOXUH� GXH� WR�PLFUR�DUF� GLVFKDUJHV
RQ� WKH� FDWKRGH� VXUIDFH�� 7KH� PL[WXUH� SUHV�
VXUH�ZDV�����Ü���������3È�DW�&+��FRQFHQWUD�WLRQ� RI� ���� WR� ������ DQG�$U� RQH� RI� �����
7KH�VXEVWUDWH�WHPSHUDWXUH�ZDV�NHSW�DW����Ü
����&��7KH�GHSRVLWLRQ�UDWH�ZDV�a�����PP�K�
7KH�ILOP�HIIHFWLYH�WKLFNQHVV�ZDV�GHWHUPLQHG
IURP�WKH�GHSRVLWHG�FDUERQ�DPRXQW�XVLQJ�WKH
JUDYLPHWULF� PHWKRG�� 7KH� GLDPRQG� VXUIDFH
PRUSKRORJ\� ZDV� VWXGLHG� XVLQJ� D� 17����
DWRPLF�IRUFH�PLFURVFRSH��
7KH� ;�UD\� H[DPLQDWLRQV� LQFOXGLQJ� WKH

DQDO\VLV�RI�SKDVH�FRPSRVLWLRQ��WH[WXUH��VXE�
VWUXFWXUH��DQG�WKH�UHVLGXDO�VWUHVV�HYDOXDWLRQ
LQ� WKH� ILOPV� ZHUH� FDUULHG� RXW� XVLQJ� D
'521���LQVWUXPHQW�LQ�WKH�FRSSHU�DQRGH�ILO�
WHUHG�UDGLDWLRQ��7KH�GLIIUDFWLRQ�SDWWHUQV�IRU
WKH� SKDVH� DQDO\VLV� ZHUH� REWDLQHG� E\� TÜ�T
VFDQQLQJ� ZLWK� %UDJJ�%UHQWDQR� IRFXVLQJ� LQ
WKH� �T� DQJOH� UDQJH� IURP� ��� WR� ��� GHJUHHV
XVLQJ� WKH� FRQWLQXRXV� DXWRPDWLF� UHFRUGLQJ
RQWR� FKDUW� VWULS�� 7R� VWXG\� WKH� ILOP� VXE�
VWUXFWXUH� DQG� VWUHVV� VWDWH�� WKH� GLDPRQG
������� ������� ������� ������ UHIOHFWLRQV� ZHUH
PHDVXUHG� E\� SRLQW�ZLVH� LQWHQVLW\� UHJLVWUD�
WLRQ�ZLWK�'��T��VFDQ�VWHS�RI������WR������DQG
WKH� ��Ü��� V� SXOVH� DFFXPXODWLRQ� GXUDWLRQ
IRU� D� SRLQW� �GHSHQGLQJ� RQ� GLIIUDFWLRQ�PD[�

LPD�LQWHQVLW\�DQG�ZLGWK���$IWHU�SUHOLPLQDU\
WUHDWPHQW� RI� GLIIUDFWLRQ� SDWWHUQV� DQG� GRX�
EOHW� VHSDUDWLRQ�� WKH� GLIIUDFWLRQ� OLQHV� ZHUH
DSSUR[LPDWHG� E\� &DXFK\� IXQFWLRQ�� 7KH� FR�
KHUHQFH� OHQJWKV� �&/�� LQ� WKH� GLDPRQG� ILOPV
ZHUH�HVWLPDWHG�XVLQJ�WKH�6HO\DNRY�6FKHUUHU
UHODWLRQ� XVLQJ� WKH� EURDGHQLQJ� RI� ������ UH�
IOHFWLRQ�WDNLQJ�LQWR�DFFRXQW�WKH�OLQH�LQVWUX�
PHQWDO� EURDGHQLQJ� RI� WKH� VWDQGDUG� DQG
6FKHUUHU�FRQVWDQW��7KH�UHVLGXDO�VWUHVV�LQ�WKH
FRDWLQJV�ZHUH�DQDO\]HG�E\�VLQ�\�PHWKRG�PHDV�
XULQJ� WKH� LQWHUSODQDU� VSDFHV� GXULQJ� UHSHDWHG
REOLTXH�VFDQV�RI� ������ UHIOHFWLRQ�SRVLWLRQHG� LQ
WKH�DFFXUDF\�DUHD�RI�GLIIUDFWLRQ�DQJOHV�
$FFRUGLQJ� WR�;�UD\� SKDVH� DQDO\VLV� GDWD�

DOO� WKH� FRDWLQJV� XQGHU� VWXG\� VKRZ� WKH� GLI�
IUDFWLRQ� OLQHV� EHORQJLQJ� WR� WKH� RQO\� SRO\�
FU\VWDOOLQH� GLDPRQG� SKDVH� �)P�P� VSDFH
JURXS�RI�FXELF�V\QJRQ\���$V�WKH�ILOP�WKLFN�
QHVV� JURZV�� WKH� OLQH� LQWHQVLWLHV� LQFUHDVH
�)LJ������ +RZHYHU�� WKH� OLQH� LQWHQVLW\� UDWLRV
GLIIHU� VXEVWDQWLDOO\� IURP� WKH�YDOXHV� W\SLFDO
RI�WKH�SRZGHU�VDPSOHV�ZLWK�FKDRWLF�FU\VWDO�
OLWH�RULHQWDWLRQ��ZKHUH�WKH�PRVW�LQWHQVH�OLQH
LV� ������� 7KH�PRVW� LQWHQVH� OLQH� REVHUYHG� LQ
WKH�ILOP�GLIIUDFWLRQ�SDWWHUQV�FRUUHVSRQGV�WR
������UHIOHFWLRQ�7KDW�LV�FRQQHFWHG�ZLWK�SUHV�
HQFH� RI� WH[WXUH� LQ� WKH� ILOPV�ZLWK� WKH� FU\V�
WDOOLWH�SUHIHUHQWLDO�����!�RULHQWDWLRQ�DORQJ
WKH� QRUPDO� WR� WKH� VXEVWUDWH� VXUIDFH�� ,W�KDV
EHHQ� HVWDEOLVKHG� WKDW� DV� WKH� ILOP� WKLFNQHVV
JURZV�� WKH� WH[WXUH� SHUIHFWLRQ� LQFUHDVHV�
7KLV�LV�LQGLFDWHG�E\�������OLQH�DPSOLILFDWLRQ

)LJ�����6RPH�SDUWV�RI�WKH�GLIIUDFWLRQ�SDWWHUQV
IRU� GLDPRQG� ILOPV� RI� GLIIHUHQW� WKLFNQHVV�
PP�� ��Û��������Û�������Û��������&X±.D� UDGLD�
WLRQ��
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LQ�FRPSDULVRQ�ZLWK�RWKHU�UHIOHFWLRQV��7KXV�
WKH� LQWHQVLW\� UDWLRV� RI� ������� ������� DQG
������ OLQHV� IRU� WKH� VDPSOH�RI�����PP�WKLFN�
QHVV� DUH� ����������� UHVSHFWLYHO\�� ZKLOH� IRU
�����PP� WKLFN� VDPSOH�� LW� LV� ���������� 7KH
������ UHIOHFWLRQ� URFNLQJ� FXUYH� ZLGWK� GH�
FUHDVHV�IURP����WR����GHJUHHV�DV�WKH�WKLFN�
QHVV�JURZV��
7KH�DQDO\VLV�RI� WUXH�SK\VLFDO�EURDGHQLQJ

IRU� GLIIHUHQW� GLIIUDFWLRQ� OLQHV� KDV� VKRZQ
WKDW� WKH� ������ OLQH� LV� QDUURZHU� WKDQ� �����
RQH� LQ� DOO� GLIIUDFWLRQ� SDWWHUQV�� 7KXV�� WKH
OLQH� EURDGHQLQJ� LV� FDXVHG� QRW� RQO\� E\� WKH
GLVSHUVLW\� RI� WKH� FRKHUHQFH� DUHDV� DQG� WKH
HODVWLF� PLFUR�VWUDLQV� LQ� WKH� ILOPV�� L�H�� QRW
RQO\� E\� WKH� GLVORFDWLRQ� GHIHFWV� RI� FU\VWDO
VWUXFWXUH��2QH�RI�WKH�FDXVHV�RI�VXFK�DEQRU�
PDO� EURDGHQLQJ� PD\� EH� WKH� SUHVHQFH� RI
SDFNLQJ�GHIHFWV��ZKLFK� DUH� IRUPHG� LQ� ^���`
SODQHV� RI� WKH� GLDPRQG� VWUXFWXUH�� ,W� LV
NQRZQ� WKDW� WKH� SDFNLQJ� GHIHFWV�PD\� UHVXOW
QRW� RQO\� LQ� WKH� OLQH� EURDGHQLQJ�EXW� DOVR� LQ
WKHLU� DV\PPHWU\� DQG� GLVSODFHPHQWV� ZKLFK
YDOXHV� GHSHQG� RQ� WKH� LQWHUIHUHQFH� LQGLFHV
>�����@�� ,Q� )LJ����� WKH� SDUWV� RI� WKH� GLIIUDF�
WLRQ�SDWWHUQ� IRU� D�����PP� WKLFN� VDPSOH� DUH
VKRZQ��7KH�������DQG�������GLIIUDFWLRQ�OLQHV
DUH� SUHVHQWHG� DIWHU� WKH� SUHOLPLQDU\� WUHDW�
PHQW� DQG�&DXFK\�DSSUR[LPDWLRQ�� ,W� LV� VHHQ
WKDW� WKH� H[SHULPHQWDO� SRLQWV� IRU� ������ OLQH

DUH�ZHOO�GHVFULEHG�E\�WKH�V\PPHWULF�&DXFK\
IXQFWLRQ�� ZKLOH� WKH� ������ OLQH� LV� UDWKHU
DV\PPHWULF�� 6XFK� WKH� DV\PPHWU\� RI� �����
OLQH�DW�WKH�VPDOO�DQJOH�VLGH� LV�W\SLFDO�RI�DOO
WKH�VDPSOHV�VWXGLHG��WKH�DV\PPHWU\�LQFUHDV�
LQJ� DV� WKH� WKLFNQHVV� GHFUHDVHV�� 0RUHRYHU�
WKH�GLDPRQG�FU\VWDO� ODWWLFH�FRQVWDQWV�FDOFX�
ODWHG� IURP� WKH� SRVLWLRQV� RI� GLIIHUHQW� GLI�
IUDFWLRQ� OLQHV�DUH�GLIIHUHQW��7KLV�GLIIHUHQFH
UHDFKHV� ������ DQG� LQGLFDWHV� WKH� ������ OLQH
GLVSODFHPHQW�WR�WKH�ODUJH�DQJOH�VLGH�UHODWLYH
WR�WKH� ������ OLQH��WKDW� LV�W\SLFDO�RI�WKH�GLV�
SODFHPHQWV�FDXVHG�E\�WKH�SDFNLQJ�GHIHFWV�LQ
)&&� FU\VWDOV�� 7KH� DERYH�PHQWLRQHG� HIIHFWV
VXSSRUW� WKH� DVVXPSWLRQ� RQ� WKH� SUHVHQFH� RI
QXPHURXV� SDFNLQJ� GHIHFWV� LQ� WKH� GLDPRQG
ILOPV��,Q�WKLV�FRQQHFWLRQ��WKH�DYHUDJH�FRKHU�
HQFH�OHQJWK�/�LQ�WKH�GLDPRQG�ILOPV�ZDV�FDO�
FXODWHG� IURP� WKH�6HO\DNRY�6FKHUHU�HTXDWLRQ
XVLQJ�WKH�QDUURZHVW�DQG�PRVW�LQWHQVH������
UHIOHFWLRQ�� $W� WKH� ���� PP� ILOP� WKLFNQHVV�
WKH� FU\VWDOOLWH� VL]H� LV� ��� QP�� DV� WKH� ILOP
WKLFNQHVV� LQFUHDVHV� WR� �� PP�� WKLV� JURZV
VOLJKWO\��WKHQ�EHLQJ�VWDELOL]HG�DW����QP��
$Q�LPSRUWDQW�IHDWXUH�RI�WKH�ILOPV�RQ�WKH

VXEVWUDWHV�LV�WKH�UHVLGXDO�VWUHVV�OHYHO��;�UD\
WHQVRPHWULF� GHWHUPLQDWLRQ� RI� WKH� VWUHVV� LQ
WKH� FRDWLQJV� ZDV� FDUULHG� RXW� E\� VLQ�\
PHWKRG�XVLQJ�PXOWLSOH� REOLTXH� VFDQV� RI� WKH
������UHIOHFWLRQ�SRVLWLRQHG�LQ�WKH��T�GLIIUDF�
WLRQ�DQJOH�UDQJH�QHDU�����GHJUHHV��(YHQ�IRU
WKH�VFDQQLQJ�ZLWK�IRFXVLQJ��\� �����WKH�GLI�
IUDFWLRQ� OLQHV� ZHUH� IRXQG� WR� EH� YHU\� EURDG
����� WR� �� GHJUHHV��� WKXV� DGGLWLRQDOO\� FRQ�
ILUPLQJ� WKH� KLJK� ILOP� GHIHFWQHVV�� 'XH� WR
ERWK� ORZ� LQWHQVLW\� DQG� ODUJH� ZLGWK� RI� WKH
UHIOHFWLRQV�� LW� ZDV� LPSRVVLEOH� WR� GHWHUPLQH

)LJ�����6RPH�SDUWV�RI�GLIIUDFWLRQ�SDWWHUQV�IRU
WKH�VDPSOH�RI�����PP�WKLFNQHVV�DIWHU�WKH�SUH�
OLPLQDU\� SURFHVVLQJ� DQG� &DXFK\� DSSUR[LPD�
WLRQ��5HIOHFWLRQV���������D��DQG��������E��

)LJ����� 6LQ�\� SORWV� IRU� GLDPRQG� ILOPV� FRQ�
VWUXFWHG�XVLQJ�WKH�REOLTXH�VFDQQLQJ�UHVXOWV�RI
������UHIOHFWLRQ��)LOP�WKLFNQHVV��PP����������
���������
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WKH�VWUHVV�GHJUHH�LQ�WKH�ILOPV�ZLWK�WKLFNQHVV
OHVV� WKDQ� �� PP�� KRZHYHU�� WKHVH� PHDVXUH�
PHQWV�KDYH�EHHQ�FDUULHG�RXW�IRU�����PP�DQG
�����PP� WKLFN� ILOPV��7KH�GÜVLQ�\� SORWV� RE�
WDLQHG� IRU� WKHVH� VDPSOHV� DIWHU� WKH� GLIIUDF�
WLRQ�SDWWHUQ�WUHDWPHQW�DUH�VKRZQ�LQ�)LJ����
7KH� H[SHULPHQWDO� SRLQWV� IDOO� ZHOO� RQWR� WKH
VWUDLJKW� OLQHV�� WKH� VORSH� WKHUHRI� LQGLFDWLQJ
WKH� GLDPRQG� ILOPV� DUH� FRPSUHVVHG�� 8VLQJ
WKH�WHFKQLTXH�GHVFULEHG�LQ�GHWDLO�LQ�>�@��WKH
UHVLGXDO� VWUHVVHV� ZHUH� FDOFXODWHG� IURP� WKH
GÜVLQ�\�SORWV��DQG�WKH�GLDPRQG�ILOP�FU\VWDO
ODWWLFH�SHULRG�FRUUHVSRQGLQJ�WR�QRQ�VWUHVVHG
VWDWH�ZDV� REWDLQHG��7KH� VWUHVV�YDOXH� LQ� WKH
ILOP� RI� ���� PP� LV� Ü���� *3D�� WKDW� FRUUH�
VSRQGV�WR�WKH�ORZHU�OLPLW�RI�VWUHVV�UHJLVWUD�
WLRQ� IRU� ;�UD\� WHQVRPHWULF� PHWKRG�� ,Q� WKH
�����PP� ILOP�� WKH� VWUHVV� LV� KLJKHU� DQG
UHDFKHV� Ü���� *3È�� 6XFK� WKH� VWUHVV� OHYHO
YDULDWLRQ� LQ� WKH�GLDPRQG�ILOPV�RI�GLIIHUHQW
WKLFNQHVV� VHHPV� WR� EH� GXH� WR� WKH� GLIIHUHQW
UHOD[DWLRQ� H[WHQW� RI� WKHUPDO� FRPSUHVVLYH
VWUHVV�� VW�� FDXVHG� E\� GLIIHUHQW� WKHUPDO� H[�SDQVLRQ� FRHIILFLHQWV� RI� WKH� FRDWLQJ� DQG� WKH
VXEVWUDWH�ZKHQ�WKH�GHSRVLWLRQ�WDNHV�SODFH�DW
D�KLJK� WHPSHUDWXUH��7KH�VW�FDOFXODWLRQV�GH�VFULEHG� LQ� >��@� JLYH� a��� *3È� FRPSUHVVLYH
VWUHVVHV� WKDW� LV� VXEVWDQWLDOO\� KLJKHU� WKDQ
RXU�H[SHULPHQWDO�YDOXHV��3HUKDSV�WKH�VWUHVV
UHOD[DWLRQ�LV�HDVLHU�LQ�WKH�WKLQQHU�ILOP�WKDQ
LQ�WKH�WKLFNHU�
7KH� FU\VWDO� ODWWLFH� SDUDPHWHU� ZDV

IRXQG�WR�EH�VRPHZKDW�ORZHU�WKDQ�WKH�UHI�
HUHQFH� YDOXH� IRU� WKH� QDWXUDO�GLDPRQG��È� 
�������QP��DQG�ZDV��������QP�IRU�WKH�ILOP
RI�����PP��DQG��������QP�IRU������PP�ILOP�
6XFK� ORZHULQJ� PD\� EH� GXH� WR� GLIIHUHQW

FDXVHV�� ,Q� WKH� SUHVHQW� FDVH�� WKH� PRVW� VXE�
VWDQWLDO�IDFWRU�VHHPV�WR�FRQVLVW�LQ�WKH�LQIOX�
HQFH� RI� SDFNLQJ� GHIHFWV� PHQWLRQHG� DERYH�
7KH�H[LVWHQFH�RI�WKH�SDFNLQJ�GHIHFWV�UHVXOWV
LQ� WKH� GLDPRQG� ������ GLIIUDFWLRQ� OLQH� GLV�
SODFHPHQW�WR�ODUJHU�DQJOHV��ZKLFK�UHVXOWV�LQ
GHFUHDVH� RI� WKH� ODWWLFH� SDUDPHWHU�� 7KH
KLJKHU� LV� WKH� GHIHFW� FRQFHQWUDWLRQ� LQ� WKH
WKLQ�ILOP��WKH�VWURQJHU�WKLV�HIIHFW�LV��
,W�LV�WR�QRWH�WKDW�WKH�GLDPRQG�ILOPV�SUH�

SDUHG� LQ� PXOWL�FRPSRQHQW� &+��+��$U� JDVPL[WXUH� GLIIHU� FRQVLGHUDEO\� IURP� WKH� ILOPV
GHSRVLWHG� LQ� WKH� &+��+�� PL[WXUH�� VWXGLHGEHIRUH� DQG� EHLQJ� QRQ�WH[WXUHG� GLDPRQG
ILOPV�ZLWK�WKH�ODWWLFH�SDUDPHWHU�FORVH�WR�WKH
UHIHUHQFH� YDOXH� DQG� UHODWLYHO\� ORZ� FRQWHQW
RI� WKH�GHIHFWV� VXFK�DV�GLVORFDWLRQV�DQG�GLV�
ORFDWLRQ�ZDOOV�>�Ü�@��7KXV��WKH�ZRUNLQJ�JDV
FRQWHQW� FKDQJH� VWLPXODWHV� WKH� WH[WXUH� IRU�
PDWLRQ� DQG� LQFUHDVHV� WKH� GHIHFW� FRQFHQWUD�
WLRQ�LQ�WKH�GLDPRQG�ILOPV��$W�WKDW��WKH�VXU�
IDFH�PRUSKRORJ\�LV�FKDQJHG�FDUGLQDOO\��,QWUR�
GXFWLRQ�RI�DUJRQ�LQWR�WKH�JDV�PL[WXUH�UHVXOWV
LQ� ORVV� RI� WKH� PRUSKRORJ\� VWDELOLW\� RI� WKH
IDFHW�W\SH�JURZWK��WKH�ILOPV�ZLWK�GLVWLQFW�IDF�
HWV�DQG�EORFN�VWUXFWXUH�DUH�WUDQVIRUPHG� LQWR
QDQR�FU\VWDOOLQH�RQHV�>����@���
,Q�)LJ���Ü���WKH�DWRPLF�IRUFH�PLFURVFRSLF

LPDJHV�RI�WKH�GLDPRQG�FRDWLQJV�V\QWKHVL]HG
LQ� WKH� &+��+��$U� PL[WXUH� DUH� SUHVHQWHG� DWYDULRXV� PDJQLILFDWLRQV�� 7KH� FRDWLQJ� PLFUR�
VWUXFWXUH� DSSHDUV� DV� LQWHUJURZQ� URXQG� VHF�
WLRQ�FOXVWHUV�RI�VL]HV�H[FHHGLQJ�RQH�PP�ZLWK
VXUIDFH� FRDWHG�ZLWK� VPDOOHU� QDQR�VL]HG� IRU�
PDWLRQV�� $� VLPLODU� VWUXFWXUH�� WKH� VR�FDOOHG
�FDXOLIORZHU��� ZDV� REVHUYHG� IRU� QDQR�FU\V�
WDOOLQH� FRDWLQJV� GHVFULEHG� LQ� >��@�� 'HSHQG�
LQJ�RQ�WKH�WHFKQLTXH�RI�WKH�VLOLFRQ�VXEVWUDWH

)LJ�����6XUIDFH�PRUSKRORJ\�RI�GLDPRQG�ILOPV�RQ�VLOLFRQ�VXUIDFHV�XQWUHDWHG��D��DQG�SROLVKHG��E��SULRU
WR�8''�VRZLQJ�
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SUHOLPLQDU\� SUHSDUDWLRQ�� WKH� PLFURPHWHU
VL]H� FOXVWHUV� DUH� HLWKHU� VWURQJO\� FRQYH[
�)LJ���D�� RU� IODW� HQRXJK� �)LJ���E��� 7KH� FRQ�
YH[� IRUPDWLRQV� JURZ� RQ� WKH� VXEVWUDWHV� QRW
SROLVKHG� SULRU� WR�8''� �VRZLQJ��� 7KH� VLPL�
ODU�VXUIDFH�PRUSKRORJ\�LV�DOVR�W\SLFDO�RI�WKH
ILOPV� GHSRVLWHG� RQ� PRO\EGHQXP� VXEVWUDWHV
>�@�� 7KH� IODWWHU� IRUPDWLRQV� DUH� REVHUYHG� LQ
WKH� ILOPV� GHSRVLWHG� RQWR� VLOLFRQ� VXEVWUDWHV
SROLVKHG� SULRU� WR� WKH� 8''� VRZLQJ� XVLQJ
DEUDVLYH�VDQGSDSHU�DQG�GLDPRQG�SDVWH��
1R� VXEVWDQWLDO� PRUSKRORJ\� GLIIHUHQFHV

KDYH�EHHQ�UHYHDOHG�LQ�WKH�ILOPV�RI�GLIIHUHQW
WKLFNQHVV� �)LJ����� ���� 7KLV� FRQFHUQV� WKH
ILOPV� GHSRVLWHG� RQWR� ERWK� WKH� SROLVKHG� DQG
XQSROLVKHG� VXEVWUDWHV�� 1RWHZRUWK� LV� RQO\
WKH� GLIIHUHQFH� EHWZHHQ� WKH� PLFURVWUXFWXUH
HOHPHQWV�� ZKLFK� GLDPHWHU� LQFUHDVHV� DOPRVW
WZLFH� DV� WKH� ILOP� WKLFNQHVV�JURZV� IURP����

WR�����PP��+RZHYHU��D�IXUWKHU�WKLFNQHVV�LQ�
FUHDVH� GRHV� QRW� UHVXOW� LQ� DQ\� VLJQLILFDQW
FKDQJHV� �)LJ���D� DQG� �E��� )RU� DOO� WKH� ILOPV
VWXGLHG�� WKH� DYHUDJH� VXUIDFH� URXJKQHVV� 5DGRHV� QRW� H[FHHG� ���� QP�� $V� WR� WKH� QDQR�
VWUXFWXUH� HOHPHQW� VL]H�� WKRVH� KDYH� QR� VXE�
VWDQWLDO� GLIIHUHQFHV� IRU� WKH� ILOPV� RI� GLIIHU�
HQW� WKLFNQHVV� �)LJ���D� DQG� �E��� WKDW� LQGL�
FDWHV� WKH� VWDELOLW\� RI� WKH� QDQR�VWUXFWXUH
IRUPDWLRQ� SURFHVV�� 7KH� FOXVWHU� VXUIDFH� PL�
FURURXJKQHVV�5D� LV���� WR����QP�IRU�DOO� WKHILOPV�� 7KH� SURILORJUDP� DQDO\VLV� VKRZV� WKDW
WKH�VWUXFWXUH�IRUPDWLRQV�DWQ�WKH�PLFUR�FOXV�
WHU� VXUIDFH� KDYH� GLDPHWHUV� LQ� WKH� UDQJH� RI
��� WR� ��� QP�� 7KH� DYHUDJH� YDOXHV� DUH� FORVH
WR� WKH� FRKHUHQFH� OHQJWKV� /� GHWHUPLQHG� E\
;�UD\� GLIIUDFWLRQ� PHWKRG�� WKLV� VXJJHVWV� WR
FRQVLGHU� WKH�/� YDOXH� DV� WKH� GLDPRQG� QDQR�
JUDLQ�DYHUDJH�VL]H�LQ�WKH�ILOPV��

)LJ�����*URZWK�VXUIDFH�VWUXFWXUH�RI�����PP��D��DQG�����PP��E��WKLFN�GLDPRQG�ILOPV�
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7KH� �FDXOLIORZHU�� VWUXFWXUH� IRUPDWLRQ
FDQ�EH�H[SODLQHG�E\�WKH�JURZWK�RI�GLDPRQG
SULPDU\� QXFOHL� LQGHQWHG� LQWR� WKH� VXEVWUDWH
E\� �VRZLQJ��� DQG� WKH� VLPXOWDQHRXV� UDSLG
IRUPDWLRQ�RI�VHFRQGDU\�QXFOHL�DW�WKH�JURZWK
VXUIDFH�� $V� D� UHVXOW�� WKH� ILOP� FRQVLVWV� RI
DJJORPHUDWHV� FRQVLVWLQJ� RI� GLDPRQG� QDQR�
FU\VWDOV�� 7KH� LQFUHDVH� RI� WKH� DJJORPHUDWH
VL]H� FRQWLQXHV� XQWLO� WKH\� HQFRXQWHU� RWKHU
VLPLODU� IRUPDWLRQV�� DV� LQ� WKH� FDVH� RI� WKH
LVODQG�ILOP�JURZWK��,QGHHG��WKH�PLFURVWUXF�
WXUH� IRUPDWLRQ� VL]H� LV� DERXW� �� PP�� FRUUH�
VSRQGLQJ� WR� LVODQG� VL]HV� WR� WKH� LQVWDQW� RI
WKHLU� FRDOHVFHQFH� LQWR� D� FRQWLQXRXV� ILOP� DW
WKH� QXFOHDWLRQ� GHQVLW\� DERXW� a�����FPÜ�� DW
WKH�VXEVWUDWH�VXUIDFH��$V�WKH�ILOP�WKLFNQHVV
JURZV�� D� IUDFWLRQ� RI� WKH� FRQJORPHUDWHV� DUH
DVVRFLDWHG�IRUPLQJ�ODUJHU�FOXVWHUV��7KH�VL]H
RI�FOXVWHU�IRUPLQJ�QDQR�FU\VWDOOLWHV�LV�SUDF�
WLFDOO\�XQFKDQJHG�DQG�GHILQHG�E\� WKH�GHSR�
VLWLRQ�SDUDPHWHUV���
7KH�PHFKDQLVP�GHVFULEHG�DERYH�DOORZV�WR

H[SODLQ� QRW� RQO\� WKH� SHFXOLDULWLHV� RI� WKH
FRDWLQJ�PRUSKRORJ\�� EXW� DOVR� WKH� RULJLQ� RI
WKH�WH[WXUH�IRUPDWLRQ�LQ�WKH�ILOPV��,Q�>��@�
WKH� WH[WXUH� IRUPDWLRQ� LV� VXSSRVHG� WR� EH
FDXVHG�E\�RULHQWHG�QXFOHDWLRQ�DQG�JURZWK�RI
VHFRQGDU\� QDQR�FU\VWDOV� DW� WKH� VXUIDFH� RI
WKH� JURZLQJ� FOXVWHUV�� $V� D� UHVXOW�� WKH� PL�
FURPHWHU� VL]H� FOXVWHUV� VKDSHG� DV� KHPL�
VSKHUHV� DUH� IRUPHG� E\� WKH� GLDPRQG� QDQR�
FU\VWDOV� ZLWK� ����!� GLUHFWLRQ� RULHQWHG
DORQJ� WKH� VSKHUH� UDGLXV�� 7KH� WKLFNHU� WKH
ILOP� DQG� ODUJHU� WKH� FOXVWHU� UDGLXV�� WKH
ODUJHU� LV� WKH� SDUW� RI� QDQR�FU\VWDOV� RULHQWHG
ZLWK� ����!� GLUHFWLRQ� QHDU� WKH� QRUPDO� WR
ILOP�VXUIDFH��DQG�PRUH�LQWHQVH�DUH�WKH������
OLQHV� RQ� WKH� GLIIUDFWLRQ� SDWWHUQV�� 2XU� H[�
SHULPHQWDO� UHVXOWV� RQ� WKH� GHSRVLWLRQ� RI
QDQR�FU\VWDOOLQH� GLDPRQG� ILOPV� LQ� WKH� JORZ

GLVFKDUJH�DJUHH�ZHOO�ZLWK�WKH�JURZWK�PRGHO
VXJJHVWHG��
7KH�DXWKRUV�DUH�YHU\�WKDQNIXO�WR�WKH�FR�

ZRUNHUV�RI�WKH�/DERUDWRU\�RI�$QDO\WLFDO�2S�
WRFKHPRWURQLF� KHDGHG� E\� 3URI�1�1�5R]KLW�
VNL\�DW�.KDUNLY�1DWLRQDO�8QLYHUVLW\�RI�5D�
GLRHOHFWURQLFV� IRU� WKH� PHDVXUHPHQWV� XVLQJ
DWRPLF�IRUFH�PLFURVFRSH��

5HIHUHQFHV
� ���$�,�*XVHY�� 1DQR�PDWHULDOV�� 1DQR�VWUXFWXUHV�

1DQR�WHFKQRORJLHV�� �),60$7/,7��� 0RVFRZ
�������>LQ�5XVVLDQ@�

� ���+�*OHLWHU��$FWD�0DWHU����������������
� ���'�0�*UXHQ�� $QQX��5HY��0DWHU��6FL��� ���� ���

�������
� ���9�.�3DVKQHY��|�k�|SDOHY��9�,�*ULWV\QD�HW�DO��

)L]LFK��,Q]KHQHU��3RYHUNKQRVW����������������
� ���,�,�9\URYHWV�� 9�,�*ULWV\QD�� |�k�2SDOHY� HW� DO��

)L]LFK��,Q]KHQHU��3RYHUNKQRVW����������������
� ���,�,�9\URYHWV��9�,�*ULWV\QD��6�)�'XGQLN�HW�DO��

9$1��� 6HU�9DFXXP�� &KLVW�0DWHU��� 6YHUNKSUR�
YRGQ����������1R����S�����

� ���,�,�9\URYHWV��9�,�*ULWV\QD��6�)�'XGQLN�HW�DO��
LQ��3URF��RI�.KDUNLY�1DQR�WHFKQRORJ\�$VVHP�
EO\��.KDUNLY��8NUDLQH���������Y����S�����

� ���,�,�9\URYHWV��9�,�*ULWV\QD��6�)�'XGQLN�HW�DO��
LQ��3URF��RI����,QW��6\PS��7KLQ�)LOPV�LQ�(OHF�
WURQLFV�� |k|� �=1,7,� 7(+120$6+�� 3XEO�
0RVFRZ���������S�����

� ���6�6�*RUHOLN�� <X�$�6NDNRY�� /�1�5DVWRUJX\HY�
;�UD\� DQG� (OHFWURQ�2SWLFDO� $QDO\VLV�� l,6,6
3XEO���0RVFRZ��������>LQ�5XVVLDQ@�

����<D�6�8PDQVNL\�� ;�UD\� $QDO\VLV� RI� 0HWDOV�
0HWDOOXUJLD��0RVFRZ��������>LQ�5XVVLDQ@�

����k�+HLPDQ�� (�/DNLQ�� (�=RORWR\DENR�� $�+RII�
PDQ�� 'LDPRQG� 	� 5HODWHG� 0DWHU��� ���� ���
�������

����<�.�/LX��3�/�7VR�� ,�1�/LQ�HW�DO���'LDPRQG�	
5HODWHG�0DWHU������������������

����)�6LOYD�� )�%HQHGLF�� 3�%UXQR��$�*LFTXHO��'LD�
PRQG�	�5HODWHG�0DWHU������������������
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