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���,QWURGXFWLRQ
6LQFH�WKH�GLVFRYHU\�RI�FDUERQ��FDUERQ�QL�

WULGH�� QDQRWXEHV�QDQRILEHUV� �&17�&1)�� >�@
QXPHURXV� VWXGLHV� ZHUH� DLPHG� DW� WKHLU
JURZWK�PHFKDQLVPV�>����@��7KHVH�UHVHDUFKHV
ZHUH� HVSHFLDOO\� LQWHQVH�GXULQJ� WKH� ODVW�GHF�
DGH�� EHFDXVH� VXFK� PDWHULDOV� SUHVHQW� ERWK
IXQGDPHQWDO� VFLHQWLILF� LQWHUHVW� DQG� KDYH
SURPLVLQJ� WHFKQRORJLFDO� DSSOLFDWLRQV�� ,W� LV
ZHOO�NQRZQ�WKDW�WKH�JURZWK�FRQGLWLRQV��VXE�
VWUDWH� W\SH�� DQG� WKH� FDWDO\VW� XVHG� DUH� RI
FULWLFDO� LPSRUWDQFH� DW� WKH� QDQRVWUXFWXUH
V\QWKHVLV�>�@��$V�D�UXOH��WKH�XVH�RI�FDWDO\WLF
PHWDOV� �1L�� &R�� )H�� LV� D� GHFLVLYH� IDFWRU� DW
JURZLQJ� RI� FDUERQ� QDQRQDWHULDOV
�&17�&1)���7KH�FDWDO\VW�LV�GHSRVLWHG�RQ�WKH
VXEVWUDWH� SULRU� WR� WKH�QDQRVWUXFWXUH�SUHSD�
UDWLRQ�� DQG� WKH� QDQRWXEH�QDQRILEHU� GLDPH�
WHU� GHSHQGV� GLUHFWO\� RQ� WKH� PHWDO� OD\HU
WKLFNQHVV� >�@�� $W� VXFK� JURZWK� PHFKDQLVP�
WKH�VXEVWUDWH�DFWV�DV�D�VXSSRUW�IRU�WKH�FDUE�
RQ�QDQRVWUXFWXUH�DQG�DOVR�LQWHUDFWV�ZLWK�WKH
FDWDO\VW� DQG� HQYLURQPHQW� QHDU� WKH� JURZWK
VXUIDFH�� ,W� KDV� EHHQ� GLVFRYHUHG� WKDW� ZKHQ

REWDLQLQJ� WKH� FDUERQ� QDQRWXEHV�QDQRILEHUV�
LW� LV�QHFHVVDU\� WR�PDLQWDLQ�EDODQFH�EHWZHHQ
WKH� HWFKLQJ� DQG� JURZWK� SURFHVVHV� WR� DYRLG
GDPDJH� RI� WKH� JURZLQJ� QDQRILEHU� ODWHUDO
VXUIDFHV�� DQG� DW� WKH� VDPH� WLPH� WR� DYRLG� D
FRQWLQXRXV� FDUERQ� ILOP� IRUPDWLRQ� >����@�
7KH� LPSRUWDQW� UROH� RI� JDV�SKDVH� HWFKLQJ� DW
WKH�JURZWK�RI�FDUERQ�QLWULGH�ILOP�&1[�PDWH�ULDOV�KDV�EHHQ�GHPRQVWUDWHG��WRR�>�@��$W�SUH�
VHQW�� WKH� FKHPLFDO� YDSRU� GHSRVLWLRQ� �&9'�
PHWKRGV� DUH� PDLQO\� XVHG� IRU� WKH� V\QWKHVLV
RI� &17�&1)� PDWHULDOV�� $QRWKHU� ZD\V� WR
QDQRVWUXFWXUHV� DUH� XQGHU� DFWLYH� GHYHORS�
PHQW��WRR��LQ�SDUWLFXODU��PDJQHWURQ�VSXWWHU�
LQJ� ZKLFK� LV� FRPSDWLEOH� ZLWK� WKH� VHPLFRQ�
GXFWRU� WHFKQRORJLHV�� ,Q� WKLV� ZRUN�� ZH� KDYH
REWDLQHG� WKH� FDUERQ�QLWULGH� �&1[�� QDQRFR�OXPQV�E\�GF�PDJQHWURQ�VSXWWHULQJ�DQG�LW�LV
VKRZQ� WKDW� WKH� QDQRFROXPQV� FDQ� EH� JURZQ
ZLWKRXW�PHWDO�FDWDO\VW�

���([SHULPHQW
7KH� &1[� QDQRVWUXFWXUDO� ILOPV� ZHUH

JURZQ�E\�GF�PDJQHWURQ�VSXWWHULQJ�RI�JUDSK�
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LWH�WDUJHW�LQ�SXUH�QLWURJHQ�DWPRVSKHUH�RQWR
TXDUW]� JODVV� VXEVWUDWHV�� 7KH� SODVPD� ZDV
JHQHUDWHG�E\�FR�SODQDU�FRQVWUXFWLRQ�PDJQH�
WURQ�ZLWK�D�IODW�FDWKRGH�DQG�FLUFXODU�DQRGH�
7KH� GLVFKDUJH� SRZHU� RI�PDJQHWURQ� GLG� QRW
H[FHHG����:�DQG�GLVFKDUJH�FXUUHQW�����P$�
$�JUDSKLWH�GLVN��VSHFLDO�SXULW\�JUDSKLWH�IRU
VSHFUDO� DQDO\VLV�� RI� ��� PP� GLDPHWHU� IL[HG
RQ�WKH�FDWKRGH�ZDV�XVHG�DV�WKH�WDUJHW��7KH
WDUJHW�WR�VXEVWUDWH� GLVWDQFH� ZDV� ���Ü
���� FP�� 7KH� VXEVWUDWH� WHPSHUDWXUH� ZDV
����&�� 7KH� VXEVWUDWHV� ZHUH� SUHOLPLQDU\
FOHDQHG� LQ�D�VROYHQW�PL[WXUH��7KH�JDV�SUHV�
VXUH�LQ�WKH�YDFXXP�FKDPEHU�ZDV�FRQWUROOHG
E\� WKH� LQVWUXPHQWV� RI� D� 983��0� YDFXXP
XQLW�DQG�ZDV�DERXW����3D��7KH�ILOP�JURZWK
WLPH�ZDV�XS�WR�����PLQXWHV�

7KH�VXUIDFH�PRUSKRORJ\�RI�ILOPV�ZDV�DQ�
DO\VHG� E\� ILHOG� HPLVVLRQ� VFDQQLQJ� HOHFWURQ
PLFURVFRS\� �)(�6(0�� XVLQJ� D� -(2/� -60�
����)� LQVWUXPHQW��7KH�UHODWLYH�DPRXQWV�RI
FDUERQ�DQG�QLWURJHQ�LQ�WKH�PDWHULDO�DV�ZHOO
DV� WKH� ORFDO� FKHPLFDO� DQDO\VLV� RI� WKH� ILOP
VWUXFWXUH� ZHUH� REWDLQHG� XVLQJ� WKH� 0J� .D
KLJK� UHVROXWLRQ� ;�UD\� SKRWRHPLVVLRQ� VSHF�
WURVFRS\��+5�;36��RQ�D�.5$726�$;,6����
VSHFWURPHWHU�� 7KH� VSHFWURVFRSLF� LQYHVWLJD�
WLRQ� RI� &1[� ILOPV� LQ� WKH� 89� DQG� YLVLEOHUDQJH� ZHUH� FDUULHG� RXW� XVLQJ� D� 6KLPDG]X
89������ VSHFWURSKRWRPHWHU� �O� ����Ü
���� QP��� 7KH� LQYHVWLJDWHG� HOHFWURQ� VSHFWUD
DOORZ� WR� HVWLPDWH� VRPH� LPSRUWDQW� SDUDPH�
WHUV�RI�WKH�PDWHULDO�� LQ�SDUWLFXODU�EDQGJDS�
DQG�WKXV�SURYLGH�LQIRUPDWLRQ�RQ�FKDQJHV�LQ
WKH�ILOP�HOHFWURQ�VWUXFWXUH��7KH�ILOP�WKLFN�
QHVV� ZDV� GHWHUPLQHG� E\� WKH� PXOWLEHDP� LQ�
WHUIHUHQFH� XVLQJ� D�0,,���PLFURLQWHUIHURPH�
WHU��

���5HVXOWV�DQG�GLVFXVVLRQV
7KH� DEVRUSWLRQ� VSHFWUD� RI� WKH� REWDLQHG

ILOPV� DUH� W\SLFDO� RI� WKRVH� IRU� FRQYHQWLRQDO
GLDPRQG�OLNH�DPRUSKRXV�FDUERQ�ILOPV��)URP
KHUH� RQ�� WKH� UHVXOWV� DUH� SUHVHQWHG� IRU� WKH
.�� ILOP� ZLWK� 1�&� UDWLR� ������ ,Q� )LJ����
VKRZQ�LV�WKH�DEVRUSWLRQ�VSHFWUXP�RI�WKH�.�
ILOP� GHPRQVWUDWLQJ� WKH� JUDGXDO� VPRRWK
JURZWK� RI� DEVRUSWLRQ� FRHIILFLHQW� ZLWK� LQ�
FUHDVLQJ�SKRWRQ�HQHUJ\��7KH�EDQGJDS�RI�WKH
&1[� ILOP� GRHV� QRW� H[FHHG� ���� H9�� ,Q� WKHVKRUW�ZDYH�DUHD��WKHUH�DUH�DEVRUSWLRQ�EDQGV
UHODWHG�WR�WKH�V�HOHFWURQ�FRQWULEXWLRQ�WR�WKH
HOHFWURQ�VWUXFWXUH�RI�WKH�REWDLQHG�PDWHULDO�

7KH� 6(0� VKRZV� D� SURQRXQFHG� FROXPQDU
VWUXFWXUH� RI� WKH� PDWHULDO� FRQVLVWLQJ� RI
SDFNHG� QDQRILEHUV� �FROXPQV�� RI� ��Ü��� QP
DYHUDJH�GLDPHWHU��)LJ�����.��ILOP���7KH�FRO�
XPQ� OHQJWK� FRUUHVSRQGV� WR� WKH� ILOP� WKLFN�
QHVV�� WKH� QDQRILEHUV� JURZ� SHUSHQGLFXODUO\

WR� VXEVWUDWH� RU� DW� D� VPDOO� DQJOH�� 7KH� FRO�
XPQV� DUH� SDFNHG� LQ� EXQGOHV�� FRQWDLQLQJ
DERXW� ��Ü��� HOHPHQWV�� 7KH� FURVV�VHFWLRQ
LPDJH� GHPRQVWUDWHV� DOVR� WKH� ILOP� FROXPQDU
VWUXFWXUH� �VHH� LQVHW� LQ� )LJ������ 7KXV�� WKH
REWDLQHG� PDWHULDO� FDQ� EH� DWWULEXWHG� WR� WKH
QDQRVWUXFWXUDO�FODVV�

7KHVH� VWUXFWXUHV� ZHUH� REWDLQHG� ZLWKRXW
DQ\�VSHFLDO�VXEVWUDWH�SUHSDUDWLRQ���VHHGLQJ�
RI� FDWDO\WLF�PHWDO� SDUWLFOHV��� $Q\� WUDFHV� RI
PHWDO� ZHUH� QRW� IRXQG� QHLWKHU� LQ� WKH� ILOPV
QRU� LQ� WKH� JUDSKLWH� WDUJHW� E\� WKH�;36�DQG
)(�6(0� FKHPLFDO� DQDO\VLV�� ,Q� RXU� DVVXPS�
WLRQ��WKH�XVH�RI�PDJQHWURQ�VSXWWHULQJ�SOD\V
D�NH\�UROH�DW�VXFK�JURZWK��SURYLGLQJ�FRYHU�
DJH� RI� WKH� VXEVWUDWH� VXUIDFH� DW� WKH� LQLWLDO
VSXWWHULQJ�PRPHQW�ZLWK� JUDSKLWH� SDUWLFOHV�
WKXV� IRUPLQJ� WKH� QDQRFROXPQ� JURZWK� FHQ�
WHUV��LQVWHDG�RI�PHWDO�QDQR�FDWDO\VWV���6RPH
R[\JHQ��a�����ZDV�GHWHFWHG�LQ�WKH�XVHG�WDU�
JHW�DQG�REWDLQHG�ILOPV��7KDW�LV�H[SODLQHG�E\
WKH� KLJK� SRURVLW\� GHJUHH� RI� WKH� QDQRVWUXF�

)LJ�����6XUIDFH�6(0�LPDJH�RI�QDQRVWUXFWXUHG
&1[�ILOP�.���LQVHW��WKH�FURVV�VHFWLRQ�YLHZ��

)LJ�����$EVRUSWLRQ�VSHFWUXP�RI�&1[� ILOP� �.�VDPSOH��LQ�WKH�89�DQG�YLVLEOH�UDQJH�
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WXUHG� ILOPV� DQG� XVHG� WDUJHW��1LWURJHQ� FRQ�
FHQWUDWLRQ� LQ� WKH� ILOPV�� DV� PHDVXUHG� E\
TXDQWLWDWLYH� ;36�DQDO\VLV�� UHDFKHG� XS� WR
���DW���

7KH� KLJK�UHVROXWLRQ� ;36� DQDO\VLV� RI
FKHPLFDO� VWUXFWXUH� KDV� GHPRQVWUDWHG� WKH
SUHVHQFH� RI� &� �V� DQG� 1� �V� VSHFWUDO� OLQHV�
;36� VSHFWUXP� RI� WKH� .�� QDQRVWUXFWXUHG
ILOP� �QLWURJHQ� FRQFHQWUDWLRQ� 1�&� ������
SUHVHQWHG� LQ�)LJ�����7KH�EURDG�DVV\PHWULFDO
OLQHV� DUH� VHHQ� LQ� WKH� VSHFWUXP�� 7KLV� LQGL�
FDWHV� WKDW� WKHUH� DUH� GLIIHUHQW� W\SHV� RI
FKHPLFDO� ERQGV� EHWZHHQ�&� DQG�1� DWRPV� LQ
WKH� REWDLQHG� VDPSOHV�� 1� �V� OLQH� DSSUR[L�
PDWHG� E\� D� *DXVVLDQ� IXQFWLRQ� VKRZV� SHDNV
RI� 1�� ������� H9� DQG�1�� ������� H9� �)LJ�
��D���� $FFRUGLQJ� WR� QXPHURXV� +5�;36
DQDO\VLV�GDWD� >�Ü�@��1�� DQG�1�� OLQHV� FRUUH�
VSRQG�WR�QLWURJHQ�ERXQG�FKHPLFDOO\�ZLWK�VS�
DQG� VS��K\EULGL]HG� FDUERQ�� UHVSHFWLYHO\�� ,Q
RWKHU�ZRUGV��WKHVH�OLQHV�FRUUHVSRQG�WR�QLWUR�
JHQ� DWRPV� IRUPLQJ� WKH� EXFNOLQJ� ERQGV� EH�
WZHHQ�WKH�JUDSKHQH�OD\HUV�DQG�WR�DWRPV�WKDW
HQWHUHG� LQWR� WKH� JUDSKHQH� OD\HUV� LQ� VXEVWL�
WXWLRQDO�SRVLWLRQV��7KLV�LV�DOVR�FRQILUPHG�E\
WKH�DE� LQLWLR� FDOFXODWLRQV�RI�ELQGLQJ�HQHUJ\
LQ� QLWURJHQ�FDUERQ� DOOR\V� >��@�� 7KH� UHODWLYH
LQWHJUDO�LQWHQVLW\�RI�1��1��OLQHV�VKRZV�WKXV
UDWLR� RI� VXEVWLWXWLRQDO� QLWURJHQ� LQ� OD\HUV
�1�� OLQH�� WR� QLWURJHQ� IRUPLQJ� WKH� EXFNOLQJ
ERQGV� �1�� OLQH��� )RU� WKH� REWDLQHG� ILOPV�
1��1�� UDWLR� ZDV� ������ WKXV� VKRZLQJ� WKDW
PDMRULW\� RI� FKHPLFDOO\� ERXQG� QLWURJHQ� HQ�
WHUV� WKH� JUDSKHQH� OD\HUV� DV� VXEVWLWXWLRQDO
DWRPV�

7KH�&� �V� EDQG� H[SDQGHG� LQWR� *DXVVLDQV
GHPRQVWUDWHV� �� OLQHV�� &�� �������� &�� 
�������DQG�&� ������H9��)LJ����E����7KH�&�
OLQH�LV�LGHQWLILHG�XVXDOO\�DV�DGYHQWLWLRXV�DQG
VXUIDFH�FDUERQ��WKH�&��DQG�&���DV�FRQWULEX�
WHV� IURP� VS��� DQG�VS��K\EULGL]HG�FDUERQ�RU�
ELWDOV� >����@�� 7KH� 5DPDQ� DQG� )RXULHU� ,5
PHDVXUHPHQWV� FRQILUP� DOVR� WKDW� QLWURJHQ
DWRPV� DUH� SUHGRPLQDQWO\� ERXQG� ZLWK� VS��
DQG� VS��FRRUGLQDWHG� FDUERQ� >�@�� 6RPHWLPHV�
&��V� OLQH�ZDV�REVHUYHG�DOVR�DW�KLJKHU�HQHU�
JLHV��a������H9���DQG�LW�LV�DWWULEXWHG�WR�&2
W\SH� ERQGV� >����@�� $EVHQFH� RI� VXFK� OLQH� LQ
RXU� VSHFWUD� LQGLFDWHV� IRU� QHJOLJLEO\� VPDOO
DPRXQW� RI� FKHPLFDOO\� ERXQG� R[\JHQ� LQ� WKH
ILOPV�

$FFRUGLQJ� WR� 5HQ� HW� DO�� >�@�� FDUERQ� QL�
WULGH�QDQRWXEHV�FDQ�EH�JURZQ�IURP�WKH�PL[�
WXUH� RI� DPPRQLD�� EXW� QRW� IURP�SXUH� QLWUR�
JHQ�� 7KH� �RUGLQDU\�� �QRW� QDQRFROXPQDU�
ILOPV� DV� ZHOO� DV� FORVHO\� SDFNHG� QDQRILEHUV
DQG� IXOO\� LVRODWHG� QDQRILEHUV� FDQ� EH� RE�
WDLQHG��GHSHQGLQJ�RQ�WKH�&�+��WR�1+��UDWLRLQ�WKH�JDV�PL[WXUH�LQ�WKH�&9'�FKDPEHU��8S

WR� GDWH�� QR� ILOPV� ZLWK� QDQRILEHUV� ZHUH� RE�
WDLQHG�E\�PDJQHWURQ�VSXWWHULQJ��6XFK�ILOPV
KDYH� VKRZQ� XVXDOO\� WKH� IXOOHUHQH�OLNH� >��
������@�� WXUERVWUDWLF� >��@�� RU� WXEXODU� >��@
VWUXFWXUHV�� ZKLFK� ZDV� UHFRJQL]HG� XVLQJ
6(0�� 7(0�� VSHFWURVFRS\� DQG� QDQRLQGHQWD�
WLRQ��6XFK�ILOPV�ZHUH�GHSRVLWHG�DW�QLWURJHQ
SUHVVXUHV� QRW� H[FHHGLQJ� �� 3D� >����������@�
$W� VXFK� UDWKHU� ORZ� SUHVVXUHV�� WKH� 1��1�
UDWLR� LQ� WKH� ILOPV� LV� DSSUR[LPDWHO\� ���� DW
QLWURJHQ� FRQFHQWUDWLRQV� LQ�&1[� ILOPV�XS� WR������WKXV�EHLQJ�PXFK�ORZHU�WKDQ�1��1�� 
�����REWDLQHG� IRU�RXU�QDQRFROXPQDU� ILOPV��
,Q� VXFK� FDVHV�� QLWURJHQ� IRUPV� PDQ\� EXFN�
OLQJ�ERQGV�EHWZHHQ�JUDSKHQH� OD\HUV�� UHVXOW�
LQJ� LQ� IRUPDWLRQ�RI� IXOOHUHQH�OLNH� VWUXFWXUH
>�@��:H� VXSSRVH� WKDW� LW� LV� MXVW� D� FRQVLGHU�
DEO\� KLJKHU� QLWURJHQ� SUHVVXUH� LQ� D� JDV
FKDPEHU� �a��� 3D�� WKDW� FDXVHV� IRUPDWLRQ� RI
REWDLQHG� QDQRILEHUV�� HYHQ�ZLWKRXW� XVLQJ� RI
DQ\� PHWDO� FDWDO\VW�� ,W� LV� SRVVLEOH� WKDW
JURZWK� RI� FDUERQ�QLWULGH�PDWHULDOV� DW� SUHV�
VXUHV� DERXW� ��� 3D� KLQGHUV� WKH� EHQGLQJ� RI
JUDSKHQH�SODQHV�DQG�WUDQVIRUPDWLRQ�WKHUHRI
LQWR� IXOOHUHQH� VWUXFWXUH��ZKHQ� WKH�QLWURJHQ
FRQFHQWUDWLRQ� LQ� WKH� PDWHULDO� UHDFKHV
a�����

���&RQFOXVLRQ
7KXV��QDQRFROXPQDU�ILOP�VWUXFWXUHV�KDYH

EHHQ�REWDLQHG�E\�FDWDO\VW�IUHH�GF�PDJQHWURQ
VSXWWHULQJ� DW� ORZ� VXEVWUDWH� WHPSHUDWXUHV�

)LJ�����+5�;36�VSHFWUD�RI�1��V��D��DQG�&��V
�E��OLQHV�RI�QDQRVWUXFWXUHG�&1[�ILOP�.��
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7KH�QDQRFROXPQV�DUH�SDFNHG�LQ�EXQGOHV�FRQ�
WDLQLQJ� ��Ü��� FROXPQV�� 7KH� UHVXOWV� VKRZ
WKDW� FDWDO\VW�IUHH� QDQRFROXPQDU� VWUXFWXUH
V\QWKHVLV� LV� SRVVLEOH� DW� UHODWLYHO\� KLJK� 1�SUHVVXUHV��DERXW����3D��

5HIHUHQFHV
� ���6�,LMLPD��1DWXUH�����������������
� ���=�)�5HQ��=�3�+XDQJ��-�:�;X�HW�DO���6FLHQFH�

�����������������
� ���-�&�&KDUOLHU�� $�'H� 9LWD�� ;�%ODVH� HW� DO��� 6FL�

HQFH������������������
� ���9�,�0HUNXORY��$�9�0HOHFKNR��0�$�*XLOORUQ�HW

DO���$SSO��3K\V��/HWW������������������
� ���9�0HOHFKNR�� 9�,�0HUNXORY�� 7�(�0F.QLJKW� HW

DO���-��$SSO��3K\V������������������������
� ���5�9�6KDOD\HY�� $�0�3UXGQLNRY�� 9�1�9DU\XN�

KLQ� HW� DO��� )L]��7HNKQRO��9\VRN��'DYO��� ���� ��
�������

� ���1�+HOOJUHQ�� 0�3�-RKDQVVRQ�� (�%URLWPDQ� HW
DO���3K\V��5HY��%������������������
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