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7KH� VXUIDFH�PLFURVWUXFWXUH� RI� WKHUPRH[IROLDWHG� JUDSKLWH� �7(*�� SDUWLFOHV� SURGXFHG� E\
WKHUPRH[IROLDWLQJ�JUDSKLWH�LQWHUFDODWLRQ�FRPSRXQGV�ZLWK�GLIIHUHQW�LQWHUFDODQWV�RI�DFFHSWRU
W\SH�DW�GLIIHUHQW� WHPSHUDWXUHV�KDV�EHHQ� LQYHVWLJDWHG�XVLQJ�RSWLFDO�PLFURVFRS\�DQG�;�UD\
DQDO\VLV��7KH�VXUIDFH�PLFURVWUXFWXUH�KDV�EHHQ�IRXQG�WR�GHSHQG�HVVHQWLDOO\�RQ�WKH�VXEVWDQFH
XVHG�DV�LQWHUFDODQW��WKH�WHPSHUDWXUH�RI�WKHUPRH[IROLDWLRQ�DV�ZHOO�DV�SDUWLFOH�VL]HV�RI�LQLWLDO
JUDSKLWH� XVHG� IRU� LQWHUFDODWLRQ� DQG� WKHUPRH[IROLDWLRQ�� %\� YDU\LQJ� LQWHUFDODQWV� DQG� WHP�
SHUDWXUHV�DSSOLHG�IRU�WKHUPRH[IROLDWLRQ�� LW� LV�SRVVLEOH� WR�REWDLQ�PLFURVWUXFWXUHV�ZLWK�WKH
GHVLUHG� YDOXHV� RI� VXFK� SDUDPHWHUV� DV� JUDLQ� VL]HV�� XQLIRUPLW\� DQG� GLVSHUVLW\� RI� JUDLQ
VWUXFWXUH�RQ�WKH�GHYHORSHG�VXUIDFH�RI�7(*����
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,W� LV� NQRZQ� WKDW� IDVW� KHDWLQJ� �WKHUPDO
VKRFN�� RI� WKH� JUDSKLWH� LQWHUFDODWLRQ� FRP�
SRXQGV��*,&V��UHVXOWV�LQ�IRUPDWLRQ�RI�D�QHZ
PRGLILFDWLRQ�RI�JUDSKLWH�PDWHULDOV��VR�FDOOHG
WKHUPRH[IROLDWHG� JUDSKLWH� �7(*��� 7KH
XQLTXH� WKHUPDO� DQG� SODVWLF� SURSHUWLHV� RI
7(*� SURYLGH� SRVVLELOLWLHV� RI� LWV� DSSOLFDWLRQ
LQ�PDQ\� EUDQFKHV� RI� LQGXVWU\�� H�J��� FKHPL�
FDO�� QXFOHDU�� DQG� KHDW� SRZHU�� DQG� RWKHUV�
0RUHRYHU�� WKH� WKHUPRH[IROLDWHG� JUDSKLWH� LV
D�PDWHULDO�RI�JRRG�SURVSHFWV�IRU�SUHSDUDWLRQ
RI�PRGLILHG�JUDSKLWH��L�H���WKH�JUDSKLWH�ZLWK
PRGLILHU� SDUWLFOHV� GLVWULEXWHG� RQ� LWV� VXU�
IDFH�� 9DULRXV� LQRUJDQLF� VXEVWDQFHV� VXFK� DV
PHWDOV�� PHWDO� R[LGHV�� VDOWV�� DV� ZHOO� DV� RU�
JDQLF� VXEVWDQFHV� FDQ� EH� XVHG� DV�PRGLILHUV�
'LVWULEXWLRQ� RI� WKH� PRGLILHU� SDUWLFOHV� RQ
JUDSKLWH� VXUIDFH�GHSHQGV� HVVHQWLDOO\� RQ� WKH
VXUIDFH�PLFURVWUXFWXUH��7KDW�LV�ZK\�WKH�QH�
FHVVLW\� RI� LQYHVWLJDWLRQ� RI� 7(*� SDUWLFOHV
VXUIDFH�PLFURVWUXFWXUH� LQ�GHSHQGLQJ�RQ�RE�

WDLQLQJ�FRQGLWLRQV�LV�GHILQHG�E\�SUREOHPV�RI
JUDSKLWH� PRGLILFDWLRQ�� ,Q� >����@�� WKH� 7(*
SDUWLFOH� VXUIDFH�PRUSKRORJ\�KDV� EHHQ� VWXG�
LHG� DV� GHSHQGLQJ� RQ� VWUXFWXUH� RI� LQLWLDO
JUDSKLWH� DQG� LQWHUFDODQW� W\SH�� 6XEVWDQWLDO
GLVWLQFWLRQV� LQ�WKH�PRUSKRORJ\�RI�7(*�SDU�
WLFOHV� REWDLQHG� XVLQJ� DFFHSWRU� DQG� GRQRU
*,&V� ZHUH� UHYHDOHG� E\� DXWKRUV� LQ� >�@�� ,Q
WKLV�ZRUN��UHVXOWV�RI�RSWLFDO�PLFURVFRSLF�LQ�
YHVWLJDWLRQV� LQ� VXUIDFH� PLFURVWUXFWXUH� RI
WKHUPRH[IROLDWHG� JUDSKLWH� SDUWLFOHV� SUR�
GXFHG� E\� WKHUPRH[IROLDWLRQ� RI� *,&V� ZLWK
GLIIHUHQW� DFFHSWRU� LQWHUFDODQWV� DQG� DW� GLI�
IHUHQW�WHPSHUDWXUHV�

7KH� LQLWLDO� JUDSKLWH� XVHG� IRU� SUHSDUDWLRQ
RI� LQWHUFDODWLRQ� JUDSKLWH� FRPSRXQGV� ZDV
QDWXUDO�JUDSKLWH�RI�GLIIHUHQW� IUDFWLRQV�� IURP
����WR�����PP��,QWHUFDODWLRQ�RI�6E&O��DQG�,&OZDV� FDUULHG�RXW� WR� VWDJHV���DQG���E\�VLQJOH�
]RQH�PHWKRG�>�@�DW�����.�DQG�����.��UHVSHF�
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WLYHO\�� *UDSKLWH�ELVXOIDWH�&��+62������+�62�
ZDV� SUHSDUHG� XVLQJ� WKH� SHUVXOIDWH� DQG� GL�
FKURPDWH� WHFKQLTXHV� >�@�� 7KH� VWDJH� RI� WKH
SURGXFHG�*,&�VDPSOHV�DV�ZHOO�DV�SKDVH�FRP�
SRVLWLRQ� RI� WKHUPRH[IROLDWHG� JUDSKLWHV� ZDV
GHWHUPLQHG� XVLQJ� D� '521��l� ;�UD\� GLI�
IUDFWRPHWHU�LQ�Kh�UDGLDWLRQ��7KHUPRH[IROLD�
WLRQ� RI� WKH� LQWHUFDODQWG� JUDSKLWH� VDPSOHV
ZDV�SHUIRUPHG�LQ�D�ODERUDWRU\�IXUQDFH��WHP�
SHUDWXUH� VWDELOLW\� ZDV� r��� z�� ,Q� RUGHU� WR
SURGXFH� WKHUPRH[IROLDWHG� JUDSKLWH�� VPDOO
SRUWLRQV�RI�*,&�SRZGHU�ZHUH�TXLFNO\�SRXUHG
LQWR� TXDUWV� FXS� SUHOLPLQDU\� KHDWHG� WR� WKH
WHPSHUDWXUH�RI�WKHUPDO�VKRFN��

,QYHVWLJDWLRQV�RI�JUDSKLWH�VXUIDFH�PLFUR�
VWUXFWXUH�ZHUH�SHUIRUPHG�XVLQJ�D�lLFPHG��
RSWLFDO� PLFURVFRSH�� 0LFURVFRSLF� VWXGLHV� RI
JUDSKLWH�SDUWLFOHV�ZHUH�FDUULHG�RXW�DW�PDJ�
QLILFDWLRQ� u����� WKH� VXUIDFH� ILQH� VWUXFWXUH
ZDV� VWXGLHG� XVLQJ� REMHFWLYHV� WKDW� DOORZHG
u���� DQG� u����� PDJQLILFDWLRQ� WR� EH� RE�
WDLQHG�LQ�RLO�LPPHUVLRQ�

,Q� LQLWLDO�VWDWH�� WKH�*$.�EUDQG�JUDSKLWH
LV� D� VLOYHU�FRORUHG� SRZGHU� FRQVLVWLQJ� RI
UHJXODUO\� VKDSHG� IODW� SDUWLFOHV� �)LJ���D��
*UDSKLWH� SODWHOHWV� FRQWDLQ� D� QXPEHU� RI
SODQHV� VKLIWHG� KRUL]RQWDOO\� ZLWK� UHVSHFW� WR
RQH� DQRWKHU� DQG� DV� D� UHVXOW�� WKH� SODWHOHWV
KDYH� D� VWDLUFDVH� DSSHDUDQFH�� 7KH� SDUWLFOH
WKLFNQHVV� LV� DERXW� ��� WR� ��� PP�� WKH� VWHS
KHLJKW�EHLQJ���WR���PP��7KH� ODUJH�KRUL]RQ�
WDO�SODQHV�RI�JUDSKLWH�DUH�EURNHQ�LQWR�JUDLQV
RI� UHJXODU� JHRPHWU\� DERXW� ���� PP� LQ� VL]H
ZKLFK�� LQ� WXUQ�� FRQVLVW� RI� VPDOO� ���� WR
���PP�� EORFNV�� 7KH� EORFN� VXUIDFHV� DUH
VPRRWK�LQ�VRPH�DUHDV�RU�FRYHUHG�ZLWK�IODNHV
DERXW��Ü��PP�LQ�RWKHU�RQHV�

*UDSKLWH� RI� ���� PP� IUDFWLRQ� LQWHUFD�
ODQWHG� ZLWK� 6E&O�� LV� D� GDUN� JUD\� SRZGHUZLWK�PHWDOOLF�JODQFH��7KH� VL]H�RI� WKH�SDUWL�
FOHV� ORFDWHG� SDUDOOHO� WR� JUDSKLWH� OD\HUV� UH�
PDLQV�HVVHQWLDOO\�XQFKDQJHG� LQ�WKH� LQWHUFD�
ODQWG� SRZGHU�� 7KH� SODWHOHW� WKLFNQHVV� LQ�
FUHDVHV��7KH�JUDLQV�IRUPLQJ�JUDSKLWH�SODQHV
DUH�UHGXFHG�LQ�VL]H�GRZQ�WR����PP��DQG�WKH
EORFNV�WKDW�WKH�JUDLQV�FRQVLVW�RI�DUH�UHGXFHG
GRZQ�WR����PP��7KH�UHGXFWLRQ�RI�EORFN�VL]HV
LV� FDXVHG� E\� IRUPDWLRQ� RI� FUDFNV� DQG� IUDF�
WXUHV�DV�ZHOO�DV�E\�WXUQLQJ�RI�VRPH�JUDSKLWH
SODQHV� DW� DQ� DQJOH� LQ� UHODWLRQ� WR� WKH� KRUL�
]RQWDO�SODQH��7KH�IODNHV�UHPDLQ�EXW�LQ�UDUH
SODFHV�RQ�WKH�JUDSKLWH�VXUIDFH��7KH�SDUWLFOH
HGJHV� LQ� WKH� SODFHV� ZKHUH� WKH\� DUH� IRUPHG
E\�SURWUXGLQJ�SODQHV�FRQWDLQ�YLVLEOH�SUHFLSL�
WDWLRQV� RI� LQWHUFDODQW� DW� WKH� ERUGHUV� RI
JUDLQV�DQG�EORFNV��*UDSKLWH�RI�����PP�IUDF�
WLRQ� LQWHUFDODQWG�ZLWK� ,&O� LV� D�SRZGHU�ZLWK

WKH� VDPH� PHWDOOLF� JODQFH� DV� WKH� LQLWLDO
JUDSKLWH�� 3DUWLFOH� VL]HV� RI� LQWHUFDODQWG
JUDSKLWH� DUH� QRW� LQFUHDVHG� LQ� FRPSDULVRQ
ZLWK�WKH�LQLWLDO�JUDSKLWH��7KH�SDUWLFOH�WKLFN�
QHVV�LQFUHDVHV�EXW�QRW�VR�PXFK�DV�LQ�JUDSK�
LWH� LQWHUFDODQWG�ZLWK�6E&O��� 7KH�ERUGHUV� RIJUDLQV�DQG�EORFNV�DUH�UHFWLOLQHDU�DQG�UHWDLQ
UHJXODU� JHRPHWULF� IRUP�� *UDLQ� VL]HV� DUH
DERXW� ��� WR� ���� PP�� EORFN� VL]HV� DUH� DERXW
���PP��7KHUH� DUH� LQWHUFDODQW� SUHFLSLWDWLRQV
DW�WKH�HGJHV�RI�SDUWLFOHV��JUDLQV�DQG�RQ�WKH
VXUIDFH� RI� JUDSKLWH� SODQHV�� 2Q� WKH� VXUIDFH
RI� ���� PP� IUDFWLRQ� JUDSKLWH� LQWHUFDODQWG
ZLWK�+�62����E���WKHUH�DUH�QR�IODNHV�VLPLODUWR� WKRVH� RQ� WKH� VXUIDFH� RI� LQLWLDO� JUDSKLWH�
7KH� JUDLQV� LQWR� ZKLFK� JUDSKLWH� SODQHV� DUH
EURNHQ� DUH� ODUJH� DQG� WKHLU� VL]HV� DUH� QRW
FKDQJHG�FRQVLGHUDEO\�DV�FRPSDUHG�WR�WKH�LQ�
LWLDO� JUDSKLWH�� 7KHUH� DUH� DUHDV� RQ� WKH� VXU�
IDFH�ZLWK� WZLQV�� FUDFNV�� WUDFHV� RI�PLFURH[�
SORVLRQV� DQG� UHJLRQV� ZKHUH� GHHSHU� SODQHV
DUH�DV�LI�HOHYDWHG�DERYH�WKH�WRS�SODQH�OHYHO�
7KH�OLQHV�RI�IUDFWXUH�GLYHUJH�IURP�H[SORVLRQ
FHQWUHV�DQG�IURP�HOHYDWHG�SODQHV�LQ�VWUDLJKW
SDUDOOHO�OLQHV�

7KXV�� XQGHU� LQWHUFDODWLRQ�� WKH� LQLWLDO
JUDSKLWH� SDUWLFOHV� DUH� WKLFNHQHG� ZLWKRXW
WKHLU�VL]HV�EHLQJ�FKDQJHG�DORQJ�WKH�È�SODQH�
(VVHQWLDO� DUH� WKH� GLIIHUHQFHV� EHWZHHQ� VXU�
IDFH� VWUXFWXUH� RI� WKH� SDUWLFOHV� RI� JUDSKLWH
LQWHUFDODQWG�ZLWK�GLIIHUHQW�LQWHUFDODQWV��)RU
LQVWDQFH�� WKH� JUDSKLWH� VXUIDFH� VWUXFWXUH
GRHV�QRW�FKDQJH�FRQVLGHUDEO\�GXH�WR�LQWHUFD�
ODWLRQ�ZLWK� LRGLQH� FKORULGH��*UDLQ� VL]HV� DUH
QRW� FKDQJHG� VLJQLILFDQWO\� LQ� FRPSDULVRQ
ZLWK� JUDSKLWH� LQWHUFDODQWG� ZLWK� VWLELXP
FKORULGH��ZLWK� LWV� JUDLQV� VRPHZKDW� UHGXFHG
LQ� VL]H�� $V� IRU� JUDSKLWH� LQWHUFDODQWG� ZLWK
VXOSKXULF� DFLG�� WKH� DYHUDJH� JUDLQ� VL]H� UH�
PDLQV�WKH�VDPH�EXW�VXUIDFH�VWUXFWXUH�LV�VLJ�
QLILFDQWO\� �ZRUVH��� JUDSKLWH� SDUWLFOHV� DUH
FRYHUHG� ZLWK� PLFURFUDFNV�� WUDFHV� RI� PLFUR�
H[SORVLRQV��GHHSHU�SODQHV�FRPLQJ�RXW�RQ�WKH
VXUIDFH��HWF�

7KH� LQWHUFDODQW� UHPRYDO� IURP� JUDSKLWH
PDWUL[� LV�DFFRPSDQLHG�E\�DULVLQJ�RI� VWURQJ
PHFKDQLFDO� VWUHVVHV��$V� D� UHVXOW�� WKH� SDUWL�
FOH� SODQHV� DUH� WUDQVIRUPHG� LQWR� ODUJH� YROX�
PLQRXV�OD\HUHG�VWUXFWXUHV�EUDQFKLQJ�LQ�GLI�
IHUHQW� GLUHFWLRQV�� 3DUWLFOH� VL]HV� RI� WKHUPR�
H[IROLDWHG�JUDSKLWH�DQG�WKHLU�GHSHQGHQFH�RQ
LQWHUFDODQW�W\SH��SDUWLFOH�VL]HV�RI�WKH�LQLWLDO
JUDSKLWH�� DQG� WKHUPRH[IROLDWLRQ� WHPSHUD�
WXUHV�DUH�SUHVHQWHG�LQ�7DEOH�

,W� LV� VHHQ� IURP� WKH� 7DEOH� WKDW� WKH� WKHU�
PRH[IROLDWHG� JUDSKLWH� SDUWLFOH� VL]HV� GHSHQG
HVVHQWLDOO\�RQ�DOO�WKH�SDUDPHWHUV�PHQWLRQHG
DERYH�� )RU� H[DPSOH�� DW� WKH� WHPSHUDWXUH� DV
ORZ� DV� ���� .�� WKH� SDUWLFOHV� RI� *,&� ZLWK
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VXOSKXULF� DFLG� EHFRPH� ��� WR� ��� WLPHV
WKLFNHU�WKDQ�WKRVH�RI�LQLWLDO�JUDSKLWH��ZKLOH
WKH� SDUWLFOH� WKLFNQHVV� RI� *,&� ZLWK� VWLELXP
FKORULGH� DQG� LRGLQH� FKORULGH� GRHV� QRW� HQ�
ODUJH�VR�PXFK��+RZHYHU��ZKHQ� WKH� WKHUPR�
H[IROLDWLRQ� WHPSHUDWXUH� HOHYDWHG� XS� WR
�����.��WKH�PD[LPDO�HQODUJHPHQW�RI�SDUWL�
FOH� WKLFNQHVV� LV� REVHUYHG� IRU� ���� PP� IUDF�
WLRQ� RI� JUDSKLWH� LQWHUFDODQWG� ZLWK� VWLELXP
FKORULQH�� ,W� LV� ���� WLPHV� ODUJHU� WKDQ� WKH
WKLFNQHVV� RI� LQLWLDO� JUDSKLWH� SDUWLFOH�� ,Q
JUDSKLWH� RI� WKH� VDPH� IUDFWLRQ� LQWHUFDODQWG
ZLWK� VXOIXULF� DFLG� E\� GLFKURPDWH� PHWKRG�
WKH� SDUWLFOHV� EHFRPH� ���� WLPHV� WKLFNHU�� LQ
*,&� SUHSDUHG� E\� SHUVXOIDWH� PHWKRG�� WKH\
HQODUJH� E\� ��� WLPHV� DQG� LQWHUFDODWLRQ�ZLWK
LRGLQH�FKORULGH�UHVXOWV�LQ�D����IROG�HQODUJH�
PHQW�RI�WKH�SDUWLFOH�WKLFNQHVV�

$V�WKH�WKHUPDO�VKRFN�WHPSHUDWXUH�LV�HOH�
YDWHG�WR������.��WKH�SDUWLFOH�WKLFNQHVV�VWLOO
LQFUHDVHV� EXW� RQO\� VOLJKWO\� DQG� DWWDLQV
���� PP� LQ� *,&� ZLWK� ,&O�� WKDW� LV� DSSUR[L�
PDWHO\� ��� WLPHV� ODUJHU� WKDW� WKH� SDUWLFOH
WKLFNQHVV� LQ� LQLWLDO� JUDSKLWH�� SDUWLFOH� VL]HV
LQ�*,&�ZLWK�+�62��SUHSDUHG�E\�ERWK�PHWK�RGV� DUH� ����PP� DQG� ����PP�� UHVSHFWLYHO\�
ZKLFK�H[FHHGV�DSSUR[LPDWHO\����Ü����WLPHV
WKH�VL]H�RI�LQLWLDO�JUDSKLWH�SDUWLFOH��3DUWLFOH
VL]H� LQ�*,&�ZLWK�6E&O�� SUDFWLFDOO\�GRHV�QRWFKDQJH�RU�HYHQ�EHFRPHV�D�OLWWOH�VPDOOHU��WKLV
PD\� EH� GXH� WR� SDUWLFOHV� VFRUFKLQJ� DW� WKLV
WHPSHUDWXUH��'HSHQGLQJ�RQ�SDUWLFOH�VL]HV�RI
LQLWLDO� JUDSKLWH�� WKH� SDUWLFOH� WKLFNQHVV� LQ
WKHUPRH[IROLDWHG�JUDSKLWH�KDV�EHHQ�IRXQG�WR
EH� VPDOOHU� IRU� VPDOOHU� LQLWLDO� SDUWLFOHV� �LQ
SUDFWLFH�� WKH� WKLFNQHVV� RI� SDUWLFOHV� LQ� DOO
JUDSKLWH� IUDFWLRQV� LV� FRQVLGHUHG� WR� EH� WKH
VDPH���)RU�H[DPSOH�� WKH�PD[LPDO� WKLFNQHVV
RI� WKHUPRH[IROLDWHG� SDUWLFOH� LQ� *,&� ZLWK
6E&O�� SUHSDUHG� DW� ����� .� LV� ���� PP� IRU
IUDFWLRQ� ���� PP� DQG� ���� PP� IRU� IUDFWLRQ
����PP�ZKLFK�LQGLFDWHV����IROG�HQODUJHPHQW
RI� LQLWLDO� SDUWLFOH�� L�H�� IRU� IUDFWLRQ� ����PP

WKH�JUDSKLWH�SDUWLFOH�WKLFNQHVV�EHFRPHV��Ü�
WLPHV�ODUJHU�WKDQ�WKDW�IRU�IUDFWLRQ�����PP�

,Q� WKH� FRXUVH� RI� WKHUPRH[IROLDWLRQ�� WKH
JUDQXODU� VWUXFWXUH�RI�JUDSKLWH� FKDQJHV�GXH
WR�VL]H�UHGXFWLRQ�RI�JUDLQV��$V�WKH�LQYHVWLJD�
WLRQV�LQ�VXUIDFH�WRSRORJ\�RI�WKHUPRH[IROLDWHG
JUDSKLWH� KDYH� VKRZQ�� WKH� JUDSKLWH� JUDQXODU
VWUXFWXUH� GHSHQGV� RQ� WKH� WKHUPRH[IROLDWLRQ
WHPSHUDWXUH�DQG�WKH�LQWHUFDODQW�W\SH��

3DUWLFOH� VXUIDFH� WRSRORJ\� ZDV� LQYHVWL�
JDWHG�IRU�JUDSKLWH�RI�IUDFWLRQ�����PP�LQWHU�
FDODQWG� ZLWK� VWLELXP� FKORULGH�� LRGLQH� FKOR�
ULGH� DQG� VXOSKXULF� DFLG�� DQG� WKHUPRH[IROL�

7DEOH��$YHUDJH�VL]H�RI�7(*�SDUWLFOHV�O��PP�
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)LJ����� 3DUWLFOH� VXUIDFH� VWUXFWXUH�� È�� LQLWLDO
JUDSKLWH��E��*,&�ZLWK�+�62���RSWLFDO�PLFURV�
FRS\��u����

/�0DW]XL�HW�DO����6XUIDFH�PLFURVWUXFWXUH�RI����

)XQFWLRQDO�PDWHULDOV������������� ���



DWHG� DW� WKH� WHPSHUDWXUHV� ���� .�� ���� .�
�����.��DQG������.�

)LJ���� SUHVHQWV� WKH� VXUIDFH� RI� JUDSKLWH
SDUWLFOH�LQWHUFDODQWG�ZLWK�+�62��DQG�H[IROL�DWHG� DW� ����z��$V� LW� LV� VHHQ� IURP� WKH�)LJ�
XUH�� WKH� SDUWLFOH� VXUIDFH� LV� KLJKO\� LQKRPR�
JHQHRXV��7KH�ODUJH�JUDLQV�RI�DERXW����PP�LQ
VL]H� DUH� SUHVHQW�� EXW� PRVW� RI� WKH� VXUIDFH
KDV� ILQH�JUDLQHG� VWUXFWXUH� ZLWK� JUDLQ� VL]HV
QRW�H[FHHGLQJ���PP��7KH�JUDLQV�DUH� LUUHJX�
ODU� LQ� VKDSH��7KHUH� DUH�PDQ\� WUDFHV� RI�PL�
FURH[SORVLRQV��WKH�DUHDV�ZLWK�VPDOOHU�JUDLQV
DUH�DV�WKRXJK�KDOI�UDLVHG�DERYH�WKH�VXUIDFH
SODQH�� 7KHUH� DUH� VHSDUDWH� VXUIDFH� LVOHWV
FRDWHG�ZLWK�D� WKLQ� ILOP��7KH� VXUIDFH� VWUXF�
WXUH� RI� 7(*� SDUWLFOHV� SUHSDUHG� IURP� *,&�
6E&O��DW�����.�VKRZV�D�VLPLODU�LPDJH��7KH
VXUIDFH� LV� KLJKO\� LQKRPRJHQHRXV�� WKH� DUHDV
ZLWK� ILQH�JUDLQHG� VWUXFWXUH� FRQWDLQLQJ
JUDLQV� RI� QHDUO\� �� PP� DUH� REVHUYHG� DORQJ
ZLWK� WKH� DUHDV� FRQWDLQLQJ� ODUJH� JUDLQV� RI
DERXW����P��7KH�EORFN�ERXQGDULHV�DUH�UHFWL�
OLQHDU� DQG� WKH� OLQHV� RI� WZLQQLQJ� DQG� PL�
FURFUDFNV� DUH� REVHUYHG� LQ� D� ODUJH� QXPEHU�
,Q�*,&�ZLWK� ,&O�WKHUPRH[IROLDWHG�DW�����.�
JUDLQ� VL]HV� SUDFWLFDOO\� GLG� QRW� FKDQJH� DV
FRPSDUHG�WR�WKRVH�LQ�WKH�LQLWLDO�*,&�,&O�DQG
DUH� RI���� WR����PP�VL]H��+RZHYHU�� LQGLYLG�
XDO� JUDLQV� RI� DERXW� ��u���PP�� ��Ü�� LQ
VLJKW�� FDXVH� WKH� SODQH� OD\HULQJ� WKURXJKRXW
SDUWLFOH� KHLJKW� DV� LI� E\� EHLQJ� KDOI�UDLVHG
DERYH� WKH� VDPSOH� VXUIDFH�� 7KH� JUDLQ
ERXQGDULHV� DUH� UHFWLOLQHDU�� JUDLQ� VL]HV� GH�
FUHDVH�ZKHQ�SDVVLQJ�WR�WKH�SDUWLFOH�HGJHV�DV
FRPSDUHG� WR� WKRVH� DW� WKH� SDUWLFOH� FHQWHU�
7KHUH� DUH� SUHFLSLWDWLRQV� RI� LQWHUFDODQW� DW
WKH�HGJHV�RI�SDUWLFOHV�DQG�JUDLQV��DV�ZHOO�DV
DUHDV�FRDWHG�ZLWK�D�WKLQ�ILOP�

7KXV�� WKH� WKHUPDO� VKRFN� WHPSHUDWXUH� RI
���� .� UHVXOWV� LQ� FRQVLGHUDEOH� LQKRPR�

JHQHLW\�RI�WKH�VXUIDFH�VWUXFWXUH�LQ�JUDSKLWH
LQWHUFDODQWG�ZLWK� VWLELXP� FKORULGH� DQG� VXO�
SKXULF� DFLG�� 5HODWLYHO\� ODUJH� JUDLQV� WR�
JHWKHU�ZLWK�VPDOO�JUDLQ�DUHD�DUH�SUHVHQW�RQ
WKH�SDUWLFOH� VXUIDFH� LQ� WKHVH�*,&�� WKXV�GLI�
IHULQJ� WKHLU� VXUIDFH� VWUXFWXUH� IURP� WKDW
IRXQG� LQ� *,&� ZLWK� ,&O� WKHUPRH[IROLDWHG� DW
WKH� VDPH� WHPSHUDWXUH� ZKHUH� WKH� JUDLQV
SUDFWLFDOO\� GR� QRW� FKDQJH� LQ� VL]H� ZLWK� UH�
VSHFW�WR�WKH�LQLWLDO�*,&�

7KH� SDUWLFOH� VXUIDFH� RI� 7(*� SUHSDUHG
IURP�*,&�ZLWK�6E&O�� DW� WKH� WKHUPRH[IROLD�WLRQ�WHPSHUDWXUH�����.�UHWDLQV�LWV�LQKRPR�
JHQHLW\� WKRXJK� WKH�PD[LPDO� JUDLQ� VL]H� GH�
FUHDVHV� WR� �� PP�� /DUJH� JUDLQV� DUH� FRDWHG
ZLWK� D� WKLQ� ILOP�� 7KH� SDUWLFOH� VXUIDFH� LV
IUDFWXUHG� ZLWK� IUDFWXUHG� SODQHV� IDFLQJ� GLI�
IHUHQW� GLUHFWLRQV�� 7KH� DUHD� RI� D� IUDFWXUHG
SDUW� ORFDWHG� LQ� RQH� SODQH� DWWDLQV� DERXW
���PP�� 7KH� 7(*� SDUWLFOH� VXUIDFH� RI� SUH�
SDUHG�IURP�*,&�ZLWK�,&O�DW�WKH�KHUPRH[IROL�
DWLRQ� WHPSHUDWXUH� ���� .� EHFRPHV� PRUH
ILQH�JUDLQHG�� EXW� WKH� JUDLQV� UHWDLQ� WKHLU
UHJXODU�JHRPHWULFDO� VKDSH��JUDLQ� VL]HV�YDU\
IURP����PP�WR���PP��7KH�QXPEHU� RI� ODUJH

)LJ�����3DUWLFOH�VXUIDFH�VWUXFWXUH�RI�7(*�RE�
WDLQHG� DW� �����.� IURP�*,&V�ZLWK�6E&O�� �D��
,&O��E���RSWLFDO�PLFURVFRS\��u����

)LJ�����3DUWLFOH�VXUIDFH�VWUXFWXUH�RI�7(*�RE�
WDLQHG� IURP�*,&�ZLWK�+�62��DW�����z��RSWL�
FDO�PLFURVFRS\��u����

/�0DW]XL�HW�DO����6XUIDFH�PLFURVWUXFWXUH�RI����

��� )XQFWLRQDO�PDWHULDOV�������������



DQG�VPDOO�JUDLQV�LV�DSSUR[LPDWHO\�WKH�VDPH�
WKH�ODUJH�DQG�VPDOO�JUDLQV�EHLQJ�GLVWULEXWHG
XQLIRUPO\�� 7KH� SDUWLFOH� VXUIDFH� LV� IODW� DQG
PRVDLF�WKRXJK�WKHUH�DUH�LQGLYLGXDO�HOHYDWHG
DUHDV��/DUJH�SDUWV�RI�WKH�VXUIDFH�DUH�FRDWHG
ZLWK� D� ILOP�� 7KH� 7(*� SDUWLFOHV� SUHSDUHG
IURP�*,&�ZLWK�+�62��DW�WKH�WKHUPRH[IROLD�
WLRQ�WHPSHUDWXUH�����.�KDYH�EHHQ�IRXQG�WR
SRVVHVV� ILQH�JUDLQHG� VWUXFWXUH�� 7KHUH� DUH
DOVR�LQGLYLGXDO�VHSDUDWH�LVOHWV�RI����WR����PP
FRDWHG�ZLWK�ILOP�

:KHQ� WKH� WKHUPDO� VKRFN� WHPSHUDWXUH� LV
LQFUHDVHG�WR������.��WKH�SDUWLFOH�VXUIDFH�RI
7(*�SUHSDUHG�IURP�*,&�ZLWK�6E&O��FRQVLVWVRI� HYHQO\� GLVWULEXWHG� JUDLQV� IURP� �� WR
���PP� LQ� VL]H�� WKH� QXPEHU� RI� ODUJH� JUDLQV
EHLQJ� PXFK� VPDOOHU� �)LJ���D��� 7KH� GLYLVLRQ
LQWR� ODUJH� JUDLQV� GLVDSSHDUV� DOPRVW� FRP�
SOHWHO\�� 7KH� SODFHV� ZKHUH� GHHSHU� SODQHV
PHUJH�RQ�WKH�SDUWLFOH�VXUIDFH�FDQ�EH�GLVWLQ�
JXLVKHG�� 7KH� SDUWLFOH� VXUIDFH� RI� 7(*� SUH�
SDUHG�IURP�*,&�ZLWK� ,&O�DW�WKH�WKHUPRH[IR�
OLDWLRQ�WHPSHUDWXUH������.�FRQVLVWV�DOVR�RI
XQLIRUPO\� GLVWULEXWHG� ODUJH� DQG� VPDOO
JUDLQV� �)LJ���E��� 7KH� GLIIHUHQFH� EHWZHHQ
WKHVH� *,&V� LV� WKDW� WKH� ODUJH� JUDLQV� LQ� *,&
ZLWK�,&O�FRPSULVH�DERXW������LQ�WKH�YLVLEOH
SDUW� RI� WKH� VXUIDFH�� WKH�JUDLQV� UHWDLQ� WKHLU
UHFWLOLQHDU� ERDUGHUV� DQG� WKHUH� DUH� DUHDV� RQ
WKH� VXUIDFH� ZLWK� WKH� SUHVHUYHG� WKLQ� ILOP�
7KH�SDUWLFOH� VXUIDFH� RI�7(*�SUHSDUHG� IURP
+�62��DW�WKH�WKHUPRH[IROLDWLRQ�WHPSHUDWXUH
����� .� FRQVLVWV� RI� XQLIRUPO\� GLVWULEXWHG
JUDLQV�IURP���PP�WR���PP�LQ�VL]H��ZLWK�WKH
ODUJHU� JUDLQV� ORFDWHG� QHDU� WKH� SDUWLFOH� FHQ�
WHU��DQG�WKH�VL]H�RI�VPDOOHU�JUDLQV�GHFUHDVHV
WRZDUGV�WKH�SDUWLFOH�ERXQGDULHV�

)LJ���� SUHVHQWV� WKH� VXUIDFH� VWUXFWXUH� RI
7(*� SDUWLFOHV� REWDLQHG� DW� ����� .� IURP
*,&V� ZLWK� 6E&O�� ��È��� ,&O� ��E��� DQG�+�62���F��� $V� LW� LV� VHHQ� IURP� WKH� )LJXUHV�� WKH
SDUWLFOH� VXUIDFH� RI�7(*�SUHSDUHG� IURP�*,&
ZLWK�6E&O�� UHSUHVHQWV� D� ILQH�JUDLQHG�KRPR�JHQHRXV� VWUXFWXUH�� 7KH� VXUIDFH� LV� YHU\� XQ�
HYHQ��WKH�JUDLQV�DUH�LUUHJXODU�LQ�VKDSH��7KH
JUDLQ�VL]HV�YDU\�IURP���PP�WR�����PP��7KH
SDUWLFOH� VXUIDFH� RI�7(*�SUHSDUHG� IURP�*,&
ZLWK� ,&O� LV� LQKRPRJHQHRXV�� 7KHUH� FDQ� EH
IRXQG�ERWK�ODUJH�JUDLQV�RI�DERXW����PP�DQG
VPDOOHU�RQHV�ZLWK�DYHUDJH�VL]H�RI���WR���PP�
DOO�JUDLQV�SUHVHUYLQJ�OLQHDU�HGJHV�DQG�UHJX�
ODU�JHRPHWULFDO�VKDSH��,Q�FRQWUDVW�ZLWK�SDU�
WLFOHV� RI� 7(*� SUHSDUHG� IURP� *,&� ZLWK
6E&O���WKHUH�DUH�UHJLRQV�ZLWK�SUHVHUYHG�ILOPFRDWLQJ� RQ� WKH� VXUIDFH�� GHVSLWH� RI� VXFK� D
KLJK� WKHUPRH[IROLDWLRQ� WHPSHUDWXUH�� 7KH
SDUWLFOH� VXUIDFH� RI� 7(*� SUHSDUHG� IURP
+�62�� UHSUHVHQWV� WKH� PRVW� KRPRJHQHRXV

ILQH�JUDLQHG� VWUXFWXUH� ZLWK� DYHUDJH� JUDLQ
VL]H�RI�DERXW���PP�

7KXV�� WKH� SHUIRUPHG� LQYHVWLJDWLRQV� LQ
WKH� GHSHQGHQFH� RI� WKH� SDUWLFOH� VXUIDFH
VWUXFWXUH� LQ�*,&V�SUHSDUHG�E\� LQWHUFDODWLRQ
RI�GLIIHUHQW�PDWHULDOV�DQG�WKHUPRH[IROLDWHG
DW� GLIIHUHQW� WHPSHUDWXUHV� KDYH� VKRZQ� WKDW
WKH� LQWHUFDODQW� QDWXUH� LQIOXHQFHV� FRQVLGHU�
DEO\� LQWHUFDODWLRQ� SURFHVV�� *,&V� KDYH� VLPL�
ODU� SDUWLFOHV� VWUXFWXUH� LUUHVSHFWLYH� RI� WKH
LQWHUFDODQW�QDWXUH��+RZHYHU��WKH�WKHUPRH[�

)LJ�����3DUWLFOH�VXUIDFH�VWUXFWXUH�RI�7(*�RE�
WDLQHG� DW� �����.� IURP�*,&V�ZLWK�6E&O�� �D��
,&O��E���+�62���F���RSWLFDO�PLFURVFRS\��u����

/�0DW]XL�HW�DO����6XUIDFH�PLFURVWUXFWXUH�RI����
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IROLDWLRQ� DW� PLQLPXP� WHPSHUDWXUH� ����� .�
UHVXOWV� LQ� GLIIHUHQFHV� RI� VXUIDFH� VWUXFWXUH
LQ� SDUWLFOHV� ZLWK� YDULRXV� LQWHUFDODQWV�� )RU
H[DPSOH�� DW� ���� .�� WKH� SDUWLFOH� VXUIDFH
VWUXFWXUH�IRU�*,&�ZLWK�VWLELXP�FKORULGH�DQG
VXOSKXULF� DFLG� EHFRPHV� YHU\� LQKRPRJHQH�
RXV��7KLV�LV�HVVHQWLDOO\�GLIIHUHQW�IURP�ZKDW
KDV�EHHQ�REVHUYHG�IRU�*,&�ZLWK�LRGLQH�FKOR�
ULGH��7KH�WKHUPDO�VKRFN�DW�WKLV�WHPSHUDWXUH
SUDFWLFDOO\� GRHV� QRW� LQIOXHQFH� LWV� VXUIDFH
VWUXFWXUH� DQG� JUDLQ� VL]HV� DUH� DOPRVW� WKH
VDPH�DV�LQ�WKH�LQLWLDO�*,&��$W�WKH�PD[LPXP
WHPSHUDWXUH�������.��DSSOLHG�IRU�*,&�WKHU�
PRH[IROLDWLRQ� LQ� RXU� H[SHULPHQWV�� WKH� VXU�
IDFH� RI�JUDSKLWH�SDUWLFOHV� LQ�*,&�6E&O�� DQG*,&�+�62��UHSUHVHQWV�D�ILQH�GLVSHUVH�KRPR�JHQHRXV� VWUXFWXUH� ZLWK� JUDLQV� IURP� �� WR
��PP�LQ�VL]H��$W�WKH�VDPH�WLPH��WKH�SDUWLFOH
VXUIDFH�RI�7(*�SUHSDUHG�IURP�*,&�ZLWK� ,&O
UHPDLQV�VOLJKWO\�LQKRPRJHQHRXV��JUDLQ�VL]HV
DUH� IURP��� WR� ���PP��ZLWK� WKH� JUDLQV� SUH�
VHUYLQJ�WKHLU�UHFWLOLQHDU�HGJHV�

7KH� GLIIHUHQFHV� LQ� WKHUPRH[IROLDWLRQ
SURFHVV� RI� *,&V� ZLWK� GLIIHUHQW� LQWHUFDODQWV
DUH� FRQILUPHG� E\� ;�UD\V� DQDO\VLV�� )LJ���
SUHVHQWV�GLIIUDFWLRQ�SDWWHUQV�RI�LQLWLDO�*,&V
ZLWK�6E&O����È��FXUYH����DQG� ,&O���E��FXUYHV�� DQG� ���� DQG� GLIIUDFWLRQ� SDWWHUQV� RI� 7(*
REWDLQHG� IURP� WKHVH�*,&V� DW� GLIIHUHQW� WHP�
SHUDWXUHV��$V�LW�LV�VHHQ�IURP�FXUYHV����)LJ�

���� WKH� REWDLQHG� *,&V� DUH� PRQRVWDJH� FRP�
SRXQGV� IRU� ZKLFK� LQWHQVLW\� RI� OLQHV� IURP
LQWHUFDODQW� OD\HUV� H[FHHGV� HVVHQWLDOO\� WKDW
RI� OLQHV� IURP�JUDSKLWH� OD\HUV��7KH�JUDSKLWH
OLQH� ZLWK� LQWHQVLW\� FRPSDUDEOH� WR� WKDW� RI
WKH�LQWHUFDODQW�RQH�LV�DOUHDG\�SUHVHQW�LQ�WKH
GLIIUDFWLRQ� FXUYH� IRU� D� VDPSOH� RI�*,&�ZLWK
,&O� H[SRVHG� XQGHU� URRP� FRQGLWLRQV� GXULQJ
���KRXUV��&RQVHTXHQWO\��WKH�*,&�ZLWK� ,&O�LV
XQVWDEOH�� 7KH� LQWHUFDODQW� UHOHDVH� IURP� WKLV
*,&�VWDUWV�DW�URRP�WHPSHUDWXUH�GXH�WR�KLJK
YRODWLOLW\� RI� ,&O�� 7KLV� SURFHVV� KDV� QRW� DQ
�H[SORVLYH��FKDUDFWHU�DQG�GRHV�QRW�UHVXOW�LQ
D� FKDQJH� RI� WKH� SDUWLFOH� VXUIDFH� VWUXFWXUH�
)RU� *,&�ZLWK�6E&O��� WKH� ORZ� LQWHQVLW\� OLQHFRUUHVSRQGLQJ� WR� UHIOHFWLRQV� IURP� JUDSKLWH
OD\HUV� DSSHDUV� RQO\� DW� WKHUPRH[IROLDWLRQ
WHPSHUDWXUH�����z�� WKDW� LV�� WKH� LQWHQVH� LQ�
WHUFDODQW�UHOHDVH�IURP�WKH�*,&�VWDUWV�DW�WKLV
WHPSHUDWXUH�

$W� WKH� WKHUPRH[IROLDWLRQ� WHPSHUDWXUH
����z�� WKH� JUDSKLWH� OLQH� LQWHQVLW\� IRU�7(*
REWDLQHG� IURP� *,&�V� ZLWK� 6E&O�� H[FHHGVVXEVWDQWLDOO\� WKH� LQWHUFDODQW� OLQH� LQWHQVL�
WLHV�� $W� WKH� WKHUPRH[IROLDWLRQ� WHPSHUDWXUH
����� z�� WKH� GLIIUDFWLRQ� SDWWHUQV� IRU� ERWK
7(*� VDPSOHV� DUH� LGHQWLFDO�� WKDW� LV�� WKH� LQ�
WHUFDODQW� LV� DEVHQW� LQ� ERWK� VDPSOHV�� +RZ�
HYHU�� WKH� FKDUDFWHU� RI� LQWHUFDODQW� UHOHDVH
IURP� WKH� *,&V� LV� GLIIHUHQW�� 7KLV� IROORZV
IURP� GLVWLQFWLRQV� LQ� WKH� SDUWLFOH� VXUIDFH

)LJ�����;�UD\�GLIIUDFWLRQ�SDWWHUQV�IRU�*,&�ZLWK��È��6E&O���LQLWLDO�*,&�����DQG�H[IROLDWHG�DW�WHPSHUD�WXUHV� �.��� ���� ����� ���� ����� ����� ���� E�� ,&O�� LQLWLDO�*,&� ����� H[SRVHG� DW� URRP� WHPSHUDWXUH� GXULQJ
���KRXUV������H[IROLDWHG�DW������z�����

/�0DW]XL�HW�DO����6XUIDFH�PLFURVWUXFWXUH�RI����
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VWUXFWXUH� RI� 7(*� REWDLQHG� DW� YDULRXV� WHP�
SHUDWXUHV�IURP�*,&V�ZLWK�GLIIHUHQW�LQWHUFD�
ODQWV�UHYHDOHG�E\�RSWLFDO�PLFURVFRS\�

7KXV��LQYHVWLJDWLRQV�RI�7(*�SDUWLFOH�VXU�
IDFH�VWUXFWXUH�GHSHQGLQJ�RQ�WKH�LQWHUFDODQW
QDWXUH�DQG�WKHUPRH[IROLDWLQ�WHPSHUDWXUH�E\
PHDQV� RI� RSWLFDO� PLFURVFRS\� UHYHDOHG� WKDW
YDULDWLRQ�RI�LQWHUFDODQWV�DQG�WKHUPRH[IROLD�
WLRQ� WHPSHUDWXUHV� PDNHV� LW� SRVVLEOH� WR� RE�
WDLQ�PLFURVWUXFWXUHV�ZLWK�WKH�GHVLUHG�YDOXHV
RI� VXFK� SDUDPHWHUV� DV� JUDLQ� VL]H�� XQLIRUP�

LW\�DQG�GLVSHUVLW\�RI�JUDLQ�VWUXFWXUH�RQ�WKH
GHYHORSHG�7(*�VXUIDFH�
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