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7KH� HIIHFW� RI� FDUERQ�FRQWDLQLQJ� JURZWK�PHGLXP� RQ� WKH� FKDUDFWHU� DQG� IRUPDWLRQ� IHD�
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LQFOXVLRQV��7KH�VSHFLILFDOO\�FXW�PLFURPHWHU�VL]HG� LQFOXVLRQV�KDYH�EHHQ�VKRZQ�WR�EH�SRUHV�
7KH� VKDSH� DQG� RULHQWDWLRQ� RI� VXEPLFURPHWHU�VL]HG� LQFOXVLRQV� LQ� 7L�VDSSKLUH� KDYH� EHHQ
VWXGLHG�� $� IRUPDWLRQ� PHFKDQLVP� KDV� EHHQ� VXJJHVWHG� IRU� VXEPLFURPHWHU�VL]HG� LQFOXVLRQV
FRQWDLQLQJ�H[FHVV�DOXPLQXP�DQW�LWV�VXER[LGHV��7KH�LQFOXVLRQV�DUH�IRUPHG�LQ�VROLG�SKDVH�LQ
WKH�FRXUVH�RI�SKDVH�WUDQVLWLRQ�DW�WKH�FU\VWDOOL]DWLRQ�IURQW�DV�D�UHVXOW�RI�WKH�FU\VWDO�ODWWLFH
VXSHUVDWXUDWLRQ� ZLWK� DQLRQLF� YDFDQFLHV�� 7KRVH� GHIHFWV� DUH� FROODSVHG� XQGHU� WKH� FU\VWDO
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7KH�D�$O�2��7L����7L�VDSSKLUH��FU\VWDOV�DUHXVHG� DV� DFWLYH� PHGLXP� IRU� IUHTXHQF\�WXQ�
DEOH�VROLG�VWDWH�ODVHUV��7KH�IRUHLJQ�SKDVH�LQ�
FOXVLRQV� GHWHULRUDWH� FRQVLGHUDEO\� WKH� SHU�
IRUPDQFH� FKDUDFWHULVWLFV� RI� D� ODVHU� FU\VWDO
GXH� WR� LQFUHDVHG� RSWLFDO� ORVVHV� DQG� GH�
FUHDVHG� UDGLDWLRQ� VWDELOLW\� RI� WKH� FU\VWDO�
7KH�LQFOXVLRQ�IRUPDWLRQ�LV�LQIOXHQFHG�E\�WKH
JURZLQJ�PHGLXP� WKDW� FKDQJHV� WKH� SK\VLFR�
FKHPLFDO� FU\VWDOOL]DWLRQ� FRQGLWLRQV� DQG� WKH
PHOW� VWRLFKLRPHWU\� >�@�� 7KH� 7L�VDSSKLUH� LV
JURZQ� E\� &]RFKUDOVN\� WHFKQLTXH� DQG� XVLQJ
WKH� +(0� �KHDW� H[FKDQJH� PHWKRG��� 9620
�YHUWLFDO� VROLGLILFDWLRQ� RI� WKH� PHOW��� ,)60
�LQGXFWLRQ� ILHOG�XS�VKLIW�PHWKRG��IURP� LULG�
LXP�DQG�PRO\EGHQXP�FUXFLEOHV�XQGHU�UHGXF�
LQJ�DWPRVSKHUH�FRQWDLQLQJ�DUJRQ�DQG�K\GUR�

JHQ� >�Ü�@�� 8VLQJ� JUDSKLWH� KHDWHUV� DQG
JUDSKLWH�FRQWDLQLQJ� KHDW�LQVXODWLQJ� PDWHUL�
DOV� SURYLGHV� D� FDUERQ�FRQWDLQLQJ� FU\VWDO�
OL]DWLRQ�DWPRVSKHUH�KDYLQJ�D�KLJK�UHGXFLQJ
SRWHQWLDO� >�@�� ,Q� OHXNRVDSSKLUH� JURZQ� E\
KRUL]RQWDO� GLUHFWLRQDO� FU\VWDOOL]DWLRQ� �+'&�
DQG� ,)60� LQ� D� FDUERQ�FRQWDLQLQJ� PHGLXP�
FXW� IRUHLJQ� SKDVH� PLFUR�LQFOXVLRQV� KDYH
EHHQ�IRXQG��7KHUH�DUH�YDULRXV�YLHZSRLQWV�DV
WR� WKH� QDWXUH� DQG� IRUPDWLRQ�PHFKDQLVP� RI
WKRVH� LQFOXVLRQV�� 7KHVH� DUH� VXSSRVHG� WR� EH
PRO\EGHQXP� SDUWLFOHV� IRUPHG� GXH� WR� PHOW
LQWHUDFWLRQ� ZLWK� WKH� FUXFLEOH� PDWHULDO
FDXVHG�E\�IUHH�R[\JHQ�SUHVHQFH� LQ�WKH�PHOW
RU�LQ�JURZWK�JDV�PHGLXP�>�@��7KH�FXW�LQFOX�
VLRQV��DFFRUGLQJ�WR�>�@��DUH�$O2±$O�2���$O±$OVSLQHO�� SDUWLFOHV� IRUPHG� LQ� WKH� PHOW� DKHDG
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RI� WKH� FU\VWDOOL]DWLRQ� IURQW�� 7KLV� SKHQRPH�
QRQ� LV� GXH� WR� WKH� PHOW� GHYLDWLRQ� IURP� WKH
VWRLFKLRPHWU\� FDXVHG� E\� WKH� KLJK� UHGXFLQJ
FKHPLFDO�SRWHQWLDO�RI�WKH�FU\VWDOOL]DWLRQ�PH�
GLXP�� 7KH� LQFOXVLRQ� RI� ���� WR� �� PP� LQFOX�
VLRQV�DUH�PLFURPHWHU�VL]HG�JDV�EXEEOHV� FDS�
WXUHG�E\�WKH�FU\VWDO�RXW�RI�WKH�PHOW�WKDW�KDV
ORVW� WKH� RYHUFRROLQJ� UHVLVWDQFH� GXH� WR� WKH
UHGXFLQJ� FU\VWDOOL]DWLRQ� PHGLXP� >�@�� 7KH
WHFKQRORJ\� IHDWXUHV� DQG� RSWLFDO� SURSHUWLHV
RI� FU\VWDOV�JURZQ�E\�&]RFKUDOVN\�WHFKQLTXH
LQ� D� FDUERQ�FRQWDLQLQJ� PHGLXP� KDYH� EHHQ
VWXGLHG� LQ� >�@�� ,W� LV� MXVW� WKH� 7\QGDOO� OLJKW
VFDWWHULQJ�RQ�WKH���WR����PP�VL]H�JDV�PLFUR�
LQFOXVLRQV� WKDW� OLPLWV� PDLQO\� WKH� RSWLFDO
TXDOLW\� RI� WKH� FU\VWDOV�� 7KH� IRUPDWLRQ
PHFKDQLVP�RI�WKH�RSWLFDO�VFDWWHULQJ�FHQWHUV
LQ� WKRVH� FU\VWDOV� ZDV� QRW� FRQVLGHUHG� XS� WR
QRZ��7KLV�ZRUN�LV�DLPHG�DW�WKH�VWXG\�RI�WKH
FDUERQ�FRQWDLQLQJ�PHGLXP�RQ� WKH� FKDUDFWHU
DQG�IRUPDWLRQ�IHDWXUHV�RI�IRUHLJQ�SKDVH�LQ�
FOXVLRQV� LQ� 7L�VDSSKLUH� JURZQ� E\� &]RFKUDO�
VN\�WHFKQLTXH�

7KH� 7L�VDSSKLUH� �7L��� FRQWHQW� ����� WR
�������ZW��ZDV�JURZQ�E\�&]RFKUDOVN\�WHFK�
QLTXH� IURP� D� PRO\EGHQXP� FUXFLEOH� LQ� D
.U\VWDOO��0� XQLW� ZLWK� D� JUDSKLWH� KHDWHU�
$UJRQ� ����� WR� ���� 7RUU�� ZDV� XVHG� DV� WKH
SURWHFWLQJ� DWPRVSKHUH�� 7KH� FU\VWDOV� ZHUH
JURZQ�DORQJ� WKH� >���

BB
�@� FU\VWDOORJUDSKLF�GL�

UHFWLRQ��7KH�9HUQHXLO�JURZQ�VDSSKLUH�EUHDN�
DJH� DQG� WLWDQLXP� GLR[LGH� ZHUH� XVHG� DV� LQ�
LWLDO�PDWHULDOV��7KH�JURZQ�FU\VWDOV�ZHUH�DQ�
QHDOHG� LQ� YDFXXP� �����Ü�� 7RUU�� DW� �����&
ZLWKRXW� ORDGLQJ� DV� ZHOO� DV� XQGHU� XQLD[LDO
FRPSUHVVLYH�VWUHVV�RI���������1�P���7KH�RS�
WLFDO�DEVRUSWLRQ�VSHFWUD�ZHUH�PHDVXUHG�XVLQJ
����PP� WKLFN� VDPSOHV� FXW� RXW� SHUSHQGLFXODU
WR� WKH� JURZWK� GLUHFWLRQ�� 7KH� IRUHLJQ� SKDVH
LQFOXVLRQ�GLVWULEXWLRQ�ZDV�VWXGLHG�XVLQJ�RSWL�
FDO�PLFURVFRS\�DQG�OLJKW�VFDWWHULQJ�

,Q�7L�VDSSKLUH�JURZQ�E\�&]RFKUDOVN\�WHFK�
QLTXH�LQ�D�FDUERQ�FRQWDLQLQJ�PHGLXP��IRUHLJQ
SKDVH�LQFOXVLRQV�YDULRXV�LQ�WKH�VKDSH�DQG�VL]H
PD\� H[LVW�� GHSHQGLQJ� RQ� WKH� FU\VWDOOL]DWLRQ
FRQGLWLRQV�� JDV�ILOOHG� LQFOXVLRQV� �SRUHV� DQG
YRLGV�� RI� ��� PP� WR� VHYHUDO� PLOOLPHWHUV� VL]H�
FXW�LQFOXVLRQV�RI���WR����PP�VL]H��DQG�VXE�PL�
FURPHWHU�LQFOXVLRQV��DERXW�����QP��

%DVLQJ� RQ� FRQVLGHUDWLRQ� RI� PRUH� WKDQ
���� FU\VWDOV�� D� UHJXODULW\� KDV� EHHQ� HVWDE�
OLVKHG� LQ� WKH� LQFOXVLRQ� GLVWULEXWLRQ� DORQJ
WKH�LQJRW�OHQJWK��,Q�WKH�VHHG�FORVH�DUHD��WKH
JDV�ILOOHG� LQFOXVLRQV�DUH� ORFDOL]HG�DV�D� UXOH�
$V�WKH�GLVWDQFH�IURP�WKH�VHHG�LQFUHDVHV��WKH
FXW�LQFOXVLRQV�PD\�DULVH��7KHQ�DQ�LQFOXVLRQ�
IUHH� DUHD� LV� ORFDWHG��$W� WKH� FU\VWDO� HQG��DQ
DUHD� FRQWDLQLQJ� WKH� VXE�PLFURPHWHU� LQFOX�

VLRQV� LV� IRUPHG��7KH� VL]H� RI� HDFK� DUHD� FRQ�
WDLQLQJ� WKH� VSHFLILF� LQFOXVLRQ� W\SHV� GHSHQGV
RQ� WKH� FU\VWDOOL]DWLRQ� FRQGLWLRQV�� EXW� WKH� VH�
TXHQFH� WKHUHRI� DORQJ� WKH� LQJRW� UHPDLQV� WKH
VDPH��0RUHRYHU�� VHYHUDO� GHIHFW� W\SHV�PD\� FR�
H[LVW�LQ�RQH�DQG�WKH�VDPH�FU\VWDO�SDUW�

7KH� JDV�ILOOHG� LQFOXVLRQV� DUH� RIWHQ� RE�
VHUYHG�DV�WKH�FU\VWDO�JURZV�IURP�D�JDV�VDWX�
UDWHG� PHOW�� 7KH� JDV� EXEEOHV� LQ� WKH� PHOW
DULVH� GXH� WR� JDVHV� DGVRUEHG� DW� WKH� FUXFLEOH
VXUIDFH��YRODWLOH�LPSXULWLHV�LQ�WKH�UDZ�PDWH�
ULDO� DV� ZHOO� DV� WKH� WKHUPDO� GLVVRFLDWLRQ� RI
WKH� PHOW� LWVHOI�� 7KH� JDV� EXEEOHV� FDQ� EH
IRUPHG�DW�DFWLYH�FHQWHUV��PLFURFUDFNV��RSHQ
PLFURSRUHV�� RI� WKH� FUXFLEOH� LQQHU� VXUIDFH
WKDW� KHDWV� WKH� PHOW� >��@�� ,Q� WKLV� FDVH�� QR
VLJQLILFDQW�VXSHUVDWXUDWLRQ�RI�WKH�PHOW�E\�D
JDVHRXV�LPSXULW\�LV�QHHGHG��EHFDXVH�WKH�JDV
LV� UHOHDVHG� LQWR� DQ� H[LVWLQJ� JDV� EXEEOH�� $W
WKH� LQLWLDO� FU\VWDOOL]DWLRQ� VWDJH�� WKH� PHOW
PD\� FRQWDLQ� D� FRQVLGHUDEOH� DPRXQW� RI� JDV
EXEEOHV��,Q�WKLV�FDVH��VHSDUDWH�LQFOXVLRQV�RI
���� WR���PP�VL]H�DUH� IRUPHG� LQ�7L�VDSSKLUH
DV� ZHOO� DV� FKDUDFWHULVWLF� JDV� YRLGV� XS� WR
VHYHUDO�WHQV�RI�PLOOLPHWHUV�LQ�VL]H�

$V�FRUXQGXP�LV�FU\VWDOOL]HG�LQ�D�FDUERQ�
FRQWDLQLQJ� PHGLXP�� WKH� PHOW� EHFRPHV� GH�
SOHWHG� RI� R[\JHQ�� WKDW� LV� HTXLYDOHQW� WR� DQ
H[FHVV� DOXPLQXP� FRQWHQW� LQ� WKH�PHOW�� 7KLV
LV�GXH�WR�LQWHUDFWLRQ�RI�FDUERQ�R[LGH�LQ�WKH
JDV� PHGLXP� ZLWK� R[\JHQ� DULVLQJ� GXH� WR
WKHUPDO� GLVVRFLDWLRQ� RI� $O�2�� >��@�� 7L�VDS�SKLUH�JURZQ�LQ�WKRVH�FRQGLWLRQV�FRQWDLQV�FXW
LQFOXVLRQV�RI���WR����PP�VL]H��)LJ������6XFK
LQFOXVLRQV� ZHUH� REVHUYH� DOVR� LQ� VDSSKLUH
JURZQ� E\� +'&� PHWKRG� >�@�� 7KH� FXW� LQFOX�
VLRQV� GHFRUDWH� WKH� FU\VWDOOL]DWLRQ� IURQW� DW
WKH� JURZWK� VSHHG� IOXFWXDWLRQV�� WKLV� HYL�
GHQFHV� WKH� ORFDOL]DWLRQ� WKHUHRI� LQ� WKH� PHOW
DW� WKH� FU\VWDO� VXUIDFH�� ,I� WKH� FXW�PLFURPH�
WHU�VL]HG� LQFOXVLRQV� DUH� VXSSRVHG� WR� EH�PR�
O\EGHQXP� SDUWLFOHV�� WKHQ� WKH� FRQFHQWUDWLRQ
WKHUHRI� VKRXOG� LQFUHDVH� DV� WKH� UHGXFLQJ
FKHPLFDO�SRWHQWLDO�RI�WKH�FU\VWDOOL]DWLRQ�PH�
GLXP�GURSV� DQG� WKH� IUHH� R[\JHQ�DPRXQW� LQ
WKH� PHOW� LQFUHDVHV�� +RZHYHU�� QR� FXW� PL�
FURPHWHU�VL]HG� DUH� REVHUYHG� LQ� 7L�VDSSKLUH
JURZQ�XVLQJ�.\URSRXORV� WHFKQLTXH� LQ�D�:±
0R� WKHUPDO� DVVHPEO\� DW� QHXWUDO� FKHPLFDO
SRWHQWLDO� RI� WKH� FU\VWDOOL]DWLRQ� PHGLXP�
0RUHRYHU�� WKH� DWRPLF� HPLVVLRQ� VSHFWUDO
DQDO\VLV� RI� WKH� UHVLGXDO� PHOW� DIWHU� 7L�VDS�
SKLUH�JURZLQJ�LQ�FDUERQ�FRQWDLQLQJ�PHGLXP
GLG� QRW� VKRZQ� DQ\� FRQVLGHUDEOH� LQFUHDVH� RI
WKH�PRO\EGHQXP�FRQWHQW�DV�FRPSDUHG�WR�WKH
LQLWLDO�PDWHULDO��VHH�7DEOH�����7KXV��WKHUH�LV
QR�DSSUHFLDEOH�LQWHUDFWLRQ�EHWZHHQ�WKH�PHOW
DQG� WKH� FRQWDLQHU� PDWHULDO�� %HVLGHV�� WKH
FRQFHQWUDWLRQ� RI� PRO\EGHQXP� LQFOXVLRQV
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PXVW� LQFUHDVH� DW� WKH� FU\VWDOOL]DWLRQ� HQG�
WKDW�GRHV�QRW�FRUUHVSRQG�WR�WKH�GLVWULEXWLRQ
FKDUDFWHU� RI� WKH� FXW� LQFOXVLRQV� RYHU� WKH
FU\VWDO� OHQJWK�� 7KXV�� WKH� FXW� PLFURPHWHU�
VL]HG� LQFOXVLRQV� LQ� WKH� FU\VWDO� DUH� QRW� WKH
FUXFLEOH�PDWHULDO�SDUWLFOHV�

)RUPDWLRQ�RI�$O2�$O�2��VROLG�SKDVH�SDUWL�FOHV� DW� WKH� FU\VWDOOL]DWLRQ� IURQW� LV� DOVR� XQ�
OLNHO\�� VLQFH� WKH�PHOWLQJ�SRLQW�RI�$O2�$O�2�VSLQHO� LV� ����� WR������&� >��@�� WKXV�H[FOXG�
LQJ� WKH� IRUPDWLRQ� RI� WKRVH� SDUWLFOHV� LQ� WKH
DOXPLQXP�R[LGH�PHOW�KDYLQJ�D�WHPSHUDWXUH
DERXW������&��0RUHRYHU��WKH�VROLG�SKDVH�LQ�
FOXVLRQV� EDVHG� RQ� LPSXULW\�YDFDQF\� FRP�
SOH[HV� LQ� FRUXQGXP� FU\VWDOV� KDYH� EHHQ
VKRZQ� WR� EH� HIIHFWLYHO\� GHVWUR\HG� DW� KLJK�
WHPSHUDWXUH� DQQHDOLQJ� >������@�� 7KH� YDF�
XXP�DQQHDOLQJ�HOLPLQDWHV�WKH�H[FHVV�DQLRQLF
YDFDQFLHV� LQ� WKH� FU\VWDO� ODWWLFH� DQG� WKXV
PXVW� IDYRU� WKH� GHVWUXFWLRQ� RI� VROLG�SKDVH
$O2�$O�2�� VSLQHO� LQFOXVLRQV� EHLQJ� IRUPHGGXH�WR�H[FHVV�DOXPLQXP�DWRPV�LQ�WKH�FRUXQ�
GXP�ODWWLFH��+RZHYHU��WKH�FXW�LQFOXVLRQV�DUH
QRW� GLVDSSHDU� DIWHU� WKH�7L�VDSSKLUH� LV� KHDW�
WUHDWHG� LQ� YDFXXP� IRU� ��� K� DW� �����&�
7KXV�� WKH� FXW� PLFURPHWHU�VL]HG� LQFOXVLRQV

LQ�WKH�FU\VWDO�DUH�QRW�WKH�VROLG�SKDVH�IRUPD�
WLRQV�EDVHG�RQ�H[FHVV�DOXPLQXP�

,Q� RXU� RSLQLRQ�� LW� LV� TXLWH� SRVVLEOH� WKDW
WKH� FXW� PLFURPHWHU�VL]HG� LQFOXVLRQV� DUH
IRUPHG�LQ�WKH�PHOW�DV�JDV�EXEEOHV�FDSWXUHG
E\� WKH� FU\VWDO� LQ� JURZWK�� DV� KDV� EHHQ� VXS�
SRVHG� LQ� >�@��7KH� LQGLYLGXDO� EXEEOHV� FDQ�EH
FDSWXUHG� E\� WKH� FU\VWDO� ZLWKRXW� WKH� PRU�
SKRORJLF�VWDELOLW\� ORVV�RI�WKH�FU\VWDOOL]DWLRQ
IURQW� >��@�� WKLV� IDFW� FDQ� H[SODLQ� WKH� SUHV�
HQFH�WKHUHRI�RXWVLGH�WKH�PDVV�FDSWXUH�]RQH�
,W� H[SODLQHV� DOVR� WKH� LQVHQVLELYLW\� RI� WKRVH
GHIHFWV�WR�WKH�KLJK�WHPSHUDWXUH�YDFXXP�DQ�
QHDOLQJ��$�JDV�EXEEOH� LQ�WKH�PHOW�FRQWDLQV�
DORQJ� ZLWK� WKH� GLVVROYHG� JDVHV� UHOHDVHG
WKHUHWR�� WKH� YDSRUV� IRUPHG� GXH� WR� $O�2�FKHPLFDO� GLVVRFLDWLRQ�� 7KH� SDUWLDO� SUHVVXUH
RI� WKRVH�YDSRUV�GHSHQGV�RQ� WKH�PHOW�GHYLD�
WLRQ�IURP�VWRLFKLRPHWU\�>��@��*UDSKLWH��EHLQJ
XVHG� DV� D� KHDWHU�� FUHDWHV� D� KLJK� UHGXFWLYH
FKHPLFDO� SRWHQWLDO� H� �Ü���� WR� Ü���� N-�PRO�
LQ� WKH�FU\VWDOOL]HU�RSHUDWLQJ�VSDFH��WKDW�UH�
VXOWV� LQ� WKH� PHOW� GHYLDWLRQ� IURP
VWRLFKLRPHWU\� DQG� LWV� VXSHUVDWXUDWLRQ� ZLWK
DOXPLQXP� DWRPV�� 7KLV� SURFHVV� LV� DOVR� ID�
YRUHG�E\�WKH�GLVSODFHPHQW�RI�WKH�H[FHVV�DOX�
PLQXP�E\�WKH�FU\VWDOOL]DWLRQ�IURQW��$V�D�UHVXOW�
FRQGLWLRQV� FRUUHVSRQGLQJ� WR� WKH�$O±$O�2�� V\V�WHP�PD\� EHFRPH� UHDOL]HG� LQ� WKH� PHOW�� 7KH
JDV�SKDVH�RI�WKDW�V\VWHP�FRQWDLQV�WZR�PDLQ
FRPSRQHQWV� �$O�� ����� �� DQG� $O�2�� ������
WKH� WRWDO� SUHVVXUH� WKHUHRI� LQ� WKH� ����Ü
�����.�WHPSHUDWXUH�LQWHUYDO�LV�GHILQHG�E\�WKH
UHODWLRQVKLS�����DQG�PD\�DWWDLQ�����DWP�>��@�

OJ¦�3�$O�$O���
� ��������e�7��������� ���

7DEOH���� &KHPLFDO� FRPSRVLWLRQ� RI� UDZ�PD�
WHULDO�� FU\VWDO�� DQG� UHVLGXDO� PHOW� DIWHU
FU\VWDOOL]DWLRQ
6DPSOH (OHPHQW�FRQWHQW��SSP

)H &D 0J 6L 0R :
5DZ�PDWHULDO �� �� � �� ���� ���

&U\VWDO � � � �� � ���
5HVLGXDO�PHOW �� ��� � �� � ��

)LJ�����&XW��D��DQG�SDUWLDOO\�FXW��E��LQFOXVLRQ�RI����DQG����PP�VL]H��UHVSHFWLYHO\��LQ�7L�VDSSKLUH�
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7KXV��JDV�EXEEOHV�ZLWK�D�KLJK�FRQWHQW�RI
$O�DQG�$O�2�FRPSRQHQWV�PD\�EH�IRUPHG�LQ�DPHOW� GHYLDWHG� IURP� VWRLFKLRPHWU\�� $IWHU
WKHVH� EXEEOHV� DUH� FDSWXUHG� E\� WKH� FU\VWDO�
WKH� YDSRUV� FRQWDLQHG� WKHUHLQ� DUH� FRQGHQVHG
DQG� WKH� SUHVVXUH� ZLWKLQ� WKH� EXEEOH� GURSV�
$V� D� UHVXOW� RI� WKH� PDWHULDO� GLIIXVLRQ�� WKH
EXEEOHV�DUH�WUDQVIRUPHG�LQWR�FXW�SRUHV�ZLWK
FXWWLQJ�EHLQJ�GHILQHG�E\�WKH�FRUXQGXP�VLQ�
JOH�FU\VWDO�PRUSKRORJ\�>��@��HODVWLF�VWUHVVHV
LQ� WKH� FU\VWDO� ODWWLFH�� VWUXFWXUH� GHIHFWV� LQ
WKH�SRUH�QHDUHVW�VXUURXQGLQJ�DQG�WKH�LPSX�
ULW\� ORFDOL]DWLRQ� QHDU� LWV� VXUIDFH�� 7KH� SRUH
FXWWLQJ� LV� IDYRUHG� DOVR� E\� LWV� SURORQJHG
SUHVHQFH� LQ� WKH� �KRW�� SRVW�FU\VWDOOL]DWLRQ
WKHUPDO� ]RQH�� 7KLV� LQFOXVLRQ� IRUPDWLRQ
PHFKDQLVP� LV� VXSSRUWHG� E\� D� SURQRXQFHG
FXWWLQJ�LQ�WKH�SRUHV�RI�OHVV�WKDQ����PP�VL]H
DQG� D� SDUWLDO� FXWWLQJ� RI� ODUJHU� ���� WR
���PP��LQFOXVLRQV��)LJ������7KH�SKHQRPHQRQ
LV� H[SODLQHG� E\� WKH� IDFW� WKDW� WKH� /DSODFLDQ
SUHVVXUH�GHSHQGV�RQ�WKH�LQFOXVLRQ�VL]H����

8QGHU� VRPH� FRQGLWLRQV�� VXE�PLFURPHWHU
VL]H� LQFOXVLRQV� DUH� IRUPHG� LQ� 7L�VDSSKLUH
JURZQ� LQ� FDUERQ�FRQWDLQLQJ� PHGLXP�� 7KHVH
LQFOXVLRQV� DUH� GHVWUR\HG� E\� KLJK�WHPSHUD�
WXUH� YDFXXP� DQQHDOLQJ��7KRVH� DUH� LQYLVLEOH
XQGHU� DQ� RSWLFDO� PLFURVFRSH� EXW� FDXVH� D
7\QGDOO� VFDWWHULQJ� RI� D�+H±1H� ODVHU� EHDP�
$V� WKH� QRQ�SRODUL]HG� ODVHU� EHDP� SDVVHV
WKURXJK� WKH� FU\VWDO�� WKH� OLJKW� VFDWWHUHG� DW
���� WR� WKH� LQFLGHQW�EHDP�GLUHFWLRQ� LV�SRODU�
L]HG� OLQHDUO\�� 7KLV� HYLGHQFHV� WKH� VXE�PL�
FURPHWHU� VL]H� RI� WKH� LQFOXVLRQV� �DERXW
���� QP�� >��@��� ,QWHQVLW\� RI� VXFK� VFDWWHULQJ
GHSHQGV� RQ� WKH� FU\VWDOORJUDSKLF� GLUHFWLRQ
�VHH�7DEOH�����WKLV�LV�W\SLFDO�RI�QRQ�VSKHULFDO
VKDSH� RI� WKH� VXE�PLFURPHWHU� LQFOXVLRQV�DQG
WKHLU�XQLIRUP�RULHQWDWLRQ�LQ�WKH�FU\VWDO��$V
D� ILUVW� DSSUR[LPDWLRQ�� WKH� QRQ�VSKHULFDO
SDUWLFOHV� FDQ� EH� SUHVHQWHG� DV� HOOLSVRLGV� RI
UHYROXWLRQ�� 8QGHU� 5D\OHLJK�+DQV� DSSUR[L�
PDWLRQ�� WKH� LQWHQVLW\� RI� OLJKW� VFDWWHUHG� DW
WKH�DQJOH�E�LV�>��@

,6� �,5���>)�E�'�@�� ���
ZKHUH� ,5� LV� WKH� 5D\OHLJK� OLJKW� VFDWWHULQJ�
)�E�'���WKH�SKDVH�IXQFWLRQ�GHSHQGLQJ�RQ�WKH
VFDWWHULQJ�DQJOH�� WKH�SDUWLFOH�VL]H�DQG�SRVL�
WLRQ�� )RU� SDUWLFOHV� RI� D� VL]H� PXFK� VPDOOHU
WKDQ�WKH�LQFLGHQW�OLJKW�ZDYHOHQJWK�
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ZKHUH� D� ��FRV'�Ü�5�[���VLQ�E����� '�� WKH
DQJOH� EHWZHHQ� WKH� HOOLSVRLG� V\PPHWU\� D[LV
DQG� WKH� LQFLGHQW� OLJKW�SURSDJDWLRQ�GLUHFWLRQ�
5�[��WKH�SURMHFWLRQ�RI�XQLW�YHFWRU�5���GLUHFWHGIURP� WKH� FHQWHU� RI� WKH� VFDWWHULQJ� SDUWLFOH� WR
WKH�REVHUYDWLRQ�SRLQW��RQ�WKH�HOOLSVRLG�V\PPH�
WU\�D[LV��H��WKH�HOOLSVRLG�H[FHQWULFLW\�

$V�WKH�ODVHU�EHDP�SDVVHV�WKH�VDPSOH�DORQJ
WKH� FU\VWDO� RSWLFDO� D[LV�� WKH� ���� VFDWWHULQJ
LQWHQVLW\� LV� WKH� VDPH� LQ� DOO� WKH� GLUHFWLRQV�
7KXV��WKH�V\PPHWU\�D[LV�RI�HOOLSVRLG�DSSUR[L�
PDWLQJ�WKH�VXEPLFURPHWHU�VL]HG�LQFOXVLRQ�FR�
LQFLGHV� ZLWK� WKH� FU\VWDO� RSWLFDO� D[LV�� 8VLQJ
WKH�VFDWWHUHG�OLJKW�LQWHQVLW\�UDWLR�IRU�WZR�GLI�
IHUHQW�RULHQWDWLRQV�,�V��,�V�RI�D�SDUWLFOH�ZLWKUHVSHFW�WR�WKH�LQFLGHQW�OLJKW�ZDYH�

,�V�e�,�V� �>)�E�'���e�)�E�'��@� ���
DQG� SURFHHGLQJ� IURP� WKH� H[SHULPHQWDO� GDWD
�7DEOH�����RQH�D[LV�RI�WKH�HOOLSVRLG�FDQ�EH�HVWL�
PDWHG�WR�EH���WLPHV�ORQJHG�WKDQ�DQRWKHU�RQH�

&RUXQGXP�VLQJOH�FU\VWDOV�JURZQ�LQ�FDUE�
RQ�FRQWDLQLQJ� PHGLXP� DQG� FRQWDLQLQJ� WKH
VXEPLFURPHWHU�VL]HG� LQFOXVLRQV� DUH� FKDUDF�
WHUL]HG� E\� D� KLJK� FRQFHQWUDWLRQ� RI� DQLRQLF
YDFDQFLHV� ��������FPÜ��� >�@�� DV� LV� LQGLFDWHG
E\� RSWLFDO� DEVRUSWLRQ� DW� ����� ����� DQG
����QP�>������@��7KH�YDFDQF\�FRQFHQWUDWLRQ
LQ� WKH� FU\VWDO� DUHD� FRQWDLQLQJ� WKH� VXEPL�
FURPHWHU�VL]HG�LQFOXVLRQV�H[FHHGV�WKDW�LQ�GH�
IHFW�IUHH� DUHD� �)LJ������ $W� WKH� RWKHU� KDQG�
7L�VDSSKLUH� JURZQ� LQ� JUDSKLWH�IUHH� 0R±:
WKHUPDO�DVVHPEOLHV�GRHV�QRW�FRQWDLQ�WKH�VXE�
PLFURPHWHU�VL]HG�LQFOXVLRQV��7KH�RSWLFDO�DE�
VRUSWLRQ� VSHFWUXP� RI� VXFK� FU\VWDOV� LV� FKDU�
DFWHUL]HG� E\� D� EURDG� 89� DEVRUSWLRQ� EDQG
SHDNHG� DW� ���� QP�� WKXV� HYLGHQFLQJ� DQ� H[�
FHVV�RI�FDWLRQLF�YDFDQFLHV�LQ�WKH�FU\VWDO�ODW�
WLFH�>��@�

7KH� VXEPLFURPHWHU�VL]HG� LQFOXVLRQV� DUH
IRUPHG� DORQJ� WKH� ������� SODQHV� DQG� WKHLU
GLVWULEXWLRQ� LV� FKDUDFWHUL]HG�E\�DQ�RULHQWHG

7DEOH���� ���� VFDWWHULQJ� DV� D� IXQFWLRQ� RI
FU\VWDOORJUDSKLF�GLUHFWLRQ

/DVHU�EHDP
SURSDJDWLRQ
GLUHFWLRQ

6FDWWHULQJ
UHFRUG�GLUHFWLRQ

����VFDWWHULQJ
LQWHQVLW\��D�X��

>���BB�@ >��BB��@ ����
>����@ ���

>��BB��@ >���BB�@ ����
>����@ ���

>����@ >���BB�@ ���
>��BB��@ ���
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VWULDWLRQ� WKDW� LV� QRW� DVVRFLDWHG� ZLWK� WKH
FU\VWDOOL]DWLRQ� IURQW� VKDSH� �)LJ������ 7KLV
HYLGHQFHV�WKH�IRUPDWLRQ�RI�WKH�VXEPLFURPH�
WHU�VL]HG� LQFOXVLRQV� LQ� WKH� VROLG� SKDVH� EH�
KLQG�WKH�FU\VWDOOL]DWLRQ�IURQW�RU�GLUHFWO\�DW
WKH� IURQW� GXULQJ� WKH� PHOW�FU\VWDO� SKDVH
WUDQVLWLRQ�� ,W� VHHPV� WKDW� LW� LV� MXVW� WKH� H[�
FHVV� DQLRQLF� YDFDQFLHV� DQG� DOXPLQXP� LRQV
WKDW�JLYH�ULVH�WR�VXEPLFURPHWHU�VL]HG�LQFOX�
VLRQV� LQ� FRUXQGXP�� 'XH� WR� FRDJXODWLRQ� RI
DQLRQLF� YDFDQFLHV�� WKH� VXEPLFURPHWHU�VL]HG
LQFOXVLRQV�RI�D�IRUHLJQ�SKDVH�DUH�IRUPHG�LQ
WKH�FU\VWDO��WKH�LQFOXVLRQV�FRQWDLQ�DQ�H[FHVV
RI�DOXPLQXP�DQG�LWV�VXER[LGHV�WKDW�DUH�FRQ�
GHQVHG� GXULQJ� FRROLQJ� DW� WKH� LQQHU� VXUIDFH
RI� VXEPLFURPHWHU� SRUHV�� 7KLV� H[SODLQV� WKH
LQFUHDVHG�FRQFHQWUDWLRQ�RI�DQLRQLF�YDFDQFLHV
LQ� WKH� FU\VWDO� DUHD� FRQWDLQLQJ� WKH� VXEPL�
FURPHWHU�VL]HG� LQFOXVLRQV�� $V� WR� OHXNR�VDS�
SKLUH�� WKH� VXEPLFURPHWHU�VL]HG� LQFOXVLRQV
DUH� IRUPHG� RQO\� VHOGRP� LQ� VLPLODU� FRQGL�
WLRQV��7KHLU�JHQHUDWLRQ�LQ�7L�VDSSKLUH�VHHPV
WR� EH� IDYRUHG� E\� WKH� DFWLYDWRU� LRQV� �7L���
ZLWK�LRQLF�UDGLXV�������c��H[FHHGLQJ�WKDW�RI
DOXPLQXP�������c���7KH�LPSXULW\�LRQV�FDXVH
ORFDO� VWUHVVHV� LQ� WKH� FU\VWDO� ODWWLFH�� WKXV
ORZHULQJ� WKH� IRUPDWLRQ�ZRUN� RI� WKH� VXEPL�
FURPHWHU�VL]HG�LQFOXVLRQ�FULWLFDO�QXFOHXV�

7KH�YDFXXP�DQQHDOLQJ�RI�7L�VDSSKLUH� UH�
VXOWV� LQ� GLIIXVLRQ� RI� WKH� DQLRQLF� YDFDQFLHV
IURP� WKH� PDWUL[� DQG� GLVVROXWLRQ� RI� DOXPL�
QXP� DWRPV� �EHLQJ� FRQWDLQHG� LQ� WKH� VXEPL�
FURPHWHU�VL]HG� LQFOXVLRQ�� LQ�WKH�FU\VWDO�PD�
WUL[�� $W� D� FHUWDLQ� DQQHDOLQJ� VWDJH�� WKRVH
LQFOXVLRQV� EHFRPH� WUDQVIRUPHG� LQWR� VXEPL�
FURPHWHU� SRUHV� FRQWDLQLQJ� VDWXUDWHG� DOXPL�
QXP�R[LGH�YDSRU��7KH�SRUHV�LQ�D�FU\VWDO�DUH
NQRZQ�WR�EH�GLIIXVLYHO\�GLVVROYHG�>��@�RU�WR
EH�FXUHG�DFFRUGLQJ�WR�WKH�GLVORFDWLRQ�PHFKD�
QLVP� >��@�� 7KH� GLIIXVLYH� GLVVROXWLRQ� RI� D

SRUH�LV�GXH�WR�DQ�LQFUHDVHG�YDFDQF\�FRQFHQ�
WUDWLRQ� DW� LWV� VXUIDFH�� ,Q� LWV� WXUQ�� D� FRQ�
VWDQW� XQLD[LDO� ORDG� DSSOLHG� WR� WKH� FU\VWDO
IDYRUV� WKH� GLIIXVLRQ� SURFHVVHV� DQG� WKH� GLI�
IXVLRQ�GLVORFDWLRQ� FUHHSLQJ�� WKXV� LQFUHDVLQJ
WKH�SRUH�GLVVROXWLRQ�UDWH� >��@��7KH�GHVWUXF�
WLRQ� G\QDPLFV� RI� WKH� VXEPLFURPHWHU�VL]HG
LQFOXVLRQV� LQ� WKH� FU\VWDO� ZDV� PRQLWRUHG
XVLQJ� WKH� GHFUHDVH� RI� RSWLFDO� VFDWWHULQJ� LQ�
WHQVLW\�WKDW� LV� LQ�SURSRUWLRQ�WR�WKH�VFDWWHU�
LQJ�FHQWHU�FRQFHQWUDWLRQ�>��@�

7KH� GLVORFDWLRQV� LQ� FRUXQGXP� VLQJOH
FU\VWDOV� VKRZ� D� PD[LPXP� PRELOLW\� XQGHU
FOHDYLQJ� VWUHVVHV� GLUHFWHG� DORQJ� WKH� ������
SODQH� EHORQJLQJ� WR� WKH� HDVLHVW� VOLGLQJ� V\V�
WHP�>��@��8QGHU�XQLD[LDO�VWUHVVHV�DORQJ�WKH
>���

BB
�@�DQG�>����@�GLUHFWLRQV��WKRVH�FOHDYLQJ

VWUHVVHV�DUH�PLQLPDO��WKH�GLVORFDWLRQ�PRWLRQ
LQ� WKH� ������� SODQH� LV� KLQGHUHG�� DQG� WKH
SRUH�LV�FXUHG�PDLQO\�GXH�WR�WKH�YDFDQF\�E\�
YDFDQF\� GLVVROXWLRQ�� 7KLV� LV� FRQILUPHG� E\
WKH�IDFW�WKDW�WKH�VXEPLFURPHWHU�VL]HG�LQFOX�
VLRQV�DUH�GLVVROYHG�DW�WKH�VDPH�UDWH�GXULQJ
WKH� VDPSOH� DQQHDOLQJ� ZLWKRXW� DQ\� ORDGLQJ

)LJ����� 6WULDWH�OLNH� GLVWULEXWLRQ� RI� VXEPL�
FURPHWHU�LQFOXVLRQV�LQ�7L�VDSSKLUH�

)LJ�����'HVWUXFWLRQ�G\QDPLFV�RI�VXEPLFURPH�
WHU� LQFOXVLRQV� DW� 7L�VDSSKLUH� YDFXXP� DQQHDO�
LQJ� ZLWKRXW� ORDGLQJ� ���� DQG� XQGHU� XQLD[LDO
FRPSUHVVLYH� VWUHVV� V� ���������1�P�� DSSOLHG
DORQJ� GLIIHUHQW� FU\VWDOORJUDSKLF� GLUHFWLRQV�
>���BB�@������>����@������>��BB��@�����

)LJ�����89�DEVRUSWLRQ�VSHFWUD�IRU�7L�VDSSKLUH
JURZQ� LQ� D� FDUERQ�FRQWDLQLQJ�PHGLXP� ���� ��
DQG�LQ�D�:±0R�WKHUPDO�DVVHPEO\������'HIHFW�
IUHH�FU\VWDO�DUHD�����DQG�WKDW�FRQWDLQLQJ�VXE�
PLFURPHWHU�LQFOXVLRQV�����
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��� )XQFWLRQDO�PDWHULDOV�������������



DQG�XQGHU�XQLD[LDO�FRPSUHVVLYH�VWUHVVHV�DFW�
LQJ� DORQJ� >���

BB
�@� DQG� >����@� �)LJ������ 7KH

VXEPLFURPHWHU�SRUHV�DUH�GHVWUR\HG�PRVW�LQ�
WHQVHO\�DW�WKH�KLJK�WHPSHUDWXUH�YDFXXP�DQ�
QHDOLQJ� RI� WKH� FU\VWDO� XQGHU� XQLD[LDO� FRP�
SUHVVLYH� VWUHVVHV� DSSOLHG� DORQJ� WKH� >��

BB
��@

FU\VWDOORJUDSKLF� GLUHFWLRQ�� VLQFH� LQ� WKLV
FDVH�� ERWK� PHFKDQLVPV� RI� SRUH� GLVVROXWLRQ
DUH�DFWLYH�

7KXV�� WKH� FXW�PLFUR�LQFOXVLRQV� LQ�7L�VDS�
SKLUH�JURZQ�LQ�D�FDUERQ�FRQWDLQLQJ�PHGLXP
DUH� SRUHV�� *DV� EXEEOHV� RI� PLFURPHWHU� VL]H
ZLWK�D�KLJK�$O�DQG�$O�2�YDSRU�FRQFHQWUDWLRQDUH�IRUPHG�LQ�WKH�PHOW�DQG�DUH�FDSWXUHG�E\
WKH�FU\VWDO�LQ�JURZWK��'XH�WR�YDSRU�FRQGHQ�
VDWLRQ� LQVLGH� WKH� FDSWXUHG� EXEEOHV� DQG� WKH
PDWHULDO� GLIIXVLRQ� IORZLQJ� LQ� WKH� QHDUHVW
VXUURXQGLQJ�WKHUHRI��WKH�FXW�LQFOXVLRQV�RI��
WR����PP�VL]H�DUH�IRUPHG�LQ�WKH�FU\VWDO��7KH
VXE�PLFURPHWHU� VL]H� LQFOXVLRQV� LQ� 7L�VDS�
SKLUH� DUH� IRUPHG� LQ� WKH� VROLG� SKDVH� LQ� WKH
FRXUVH� RI� SKDVH� WUDQVLWLRQ� DW� WKH� FU\VWDO�
OL]DWLRQ�IURQW�DV�D�UHVXOW�RI�WKH�FU\VWDO� ODW�
WLFH� VXSHUVDWXUDWLRQ� ZLWK� DOXPLQXP� LRQV
DQG� DQLRQLF� YDFDQFLHV�� 7KH� DQLRQLF� YDFDQF\
FRDJXODWLRQ� JLYHV� ULVH� WR� VXE�PLFURPHWHU
VL]H� �DERXW� ���� QP�� LQFOXVLRQV� FRQWDLQLQJ
DOXPLQXP� DQG� LWV� VXER[LGHV� DUH� IRUPHG� LQ
WKH� FU\VWDO�� 7KH� LQFOXVLRQ� JHQHUDWLRQ� LV� ID�
YRUHG� E\� WLWDQLXP� LRQV� DQG� XQLQWHQWLRQDO
LPSXULW\�RQHV��7KH�FU\VWDO�KLJK�WHPSHUDWXUH
DQQHDOLQJ� LQ� YDFXXP� XQGHU� XQLD[LDO� FRP�
SUHVVLYH� VWUHVVHV� IDYRUV� WKH� GHVWUXFWLRQ� RI
VXE�PLFURPHWHU�VL]H�LQFOXVLRQV�EXW�GRHV�QRW
LQIOXHQFH� WKH� FXW� RQHV�� 7KH� DQQHDOLQJ� HIIL�
FLHQF\� LV�GHILQHG�E\� WKH�DSSOLHG� ORDGLQJ�GL�
UHFWLRQ�

5HIHUHQFHV
� ���$�$�&KHUQRY�� (�,�*LYDUJL]RY�� .K�6�%DJ�

GDVDURY�HW�DO���0RGHUQ�&U\VWDOORJUDSK\��9RO��
�&U\VWDO� )RUPDWLRQ��� 1DXND�� 0RVFRZ� ������
>LQ�5XVVLDQ@�

� ���3�/DFRYDUD�� /�(VWHURYLW]�� 0�.RNWD�� ,(((� -�
RI�4XDQWXP�(OHFWURQLFV��4(�����������������

� ���5�&�3RZHOO� HW� DO��� -��$SSO��3K\V��� ���� ����
�������

� ���'HQJ�3HL]GHQ�HW�DO���3URF��63,(�������������������
� ���(�9�.ULYRQRVRY��)XQFWLRQDO�0DWHULDOV��������

�������

� ���0�,�0XVDWRY�� LQ�� 3K\VLFV� RI� &U\VWDOOL]DWLRQ�
.DOLQLQ���������S����>LQ�5XVVLDQ@�

� ���$�<D�'DQ±NR�� 1�6�6LGHOQLNRYD�� *�7�$GRQNLQ
HW�DO���.ULVWDOORJUDILD�����������������

� ���$�/�6DPVRQRY�� 7�6�%HVVRQRYD�� 6�9�%RG\D�
FKHYVN\��2SWLNR�0HNKDQ��3URP����������������

� ���(�9�.ULYRQRVRY�� /�$�/\WY\QRY�� )XQFWLRQDO
0DWHULDOV����������������

����(�,�1HVLV��%RLOLQJ�RI�/LTXLGV��1DXND��0RVFRZ
�������>LQ�5XVVLDQ@�

����9�6�.RQHYVN\��(�9�.ULYRQRVRY��/�$�/LWYLQRY�
,]Y��$1� 6665�� 6HU��1HRUJ��0DWHU��� ���� ����
�������

����1�(�)LORQHQNR�� ,�9�/DYURY�� 2�9�$QGUHHYD�
5�/�3HY]QHU�� 'RNO��$1� 6665�� ����� ���
�������

����<H�9�.U\YRQRVRY�� /�$�/\WY\QRY�� 6�'�9\VKQHY�
VNL\�� -RXUQDO� RI� &U\VWDO� *URZWK��� ����� ���
�������

����,�$�=KL]KHLNR��9�<D�.KDLPRY�0DONRY��.ULVWDO�
ORJUDILD������������������

����$�$�&KHUQRY�� '�(�7HPLQ�� $�0�0HOQLNRY�
.ULVWDOORJUDILD�����������������

����$�/�6DPVRQRY�� 6�9�%RG\DFKHYVN\�� ,]Y��$1
6665��6HU��1HRUJ��0DWHU�������������������

����:�&�0DFNURGW�� 5�-�'DYH\�� 6�0�%ODFN�� -RXU�
QDO�RI�&U\VWDO�*URZWK������������������

����0�9�.ODVVHQ�1HNO\XGRYD�� .K�6�%DJGDVDURY�
5\E\�DQG�6DSSKLUH��1DXND��0RVFRZ��������>LQ
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