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7KH�IRUPDWLRQ�NLQHWLFV�IRU�JURZQ�LQ�PLFURGHIHFWV�QXFOHDWLRQ�FHQWHUV�LQ�GLVORFDWLRQ�IUHH

VLOLFRQ� VLQJOH� FU\VWDOV� KDV� EHHQ� FRQVLGHUHG�� ,W� KDV� EHHQ� GHPRQVWUDWHG� WKDW� WKH� GLIIXVLRQ�
FRQWUROOHG�DJJUHJDWLRQ�RI�SRLQW�GHIHFWV�GHILQHV� WKH�SURFHVV�RI�JURZQ�LQ�PLFURGHIHFWV� IRU�
PDWLRQ��'HFRPSRVLWLRQ�RI�RYHUVDWXUDWHG�VROLG�VWDWH�VROXWLRQ�IROORZV�WZR�PHFKDQLVPV��QDPHO\
YDFDQF\�W\SH� DQG� LQWHUVWLWLDO�W\SH�� 'HFRPSRVLWLRQ� RI� RYHUVDWXUDWHG� VROLG� LPSXULW\� VROXWLRQV
RFFXUV� DW� WHPSHUDWXUHV� QHDU� WKH� FU\VWDOOL]DWLRQ� IURQW�� ZKLOH� GHFRPSRVLWLRQ� RI� RYHUVDWXUDWHG
VROLG� VROXWLRQV� RI� LQWULQVLF� SRLQW�GHIHFWV� LV� LQGXFHG� E\� FU\VWDO� FRROLQJ� �DW����������&��� 7KH
JRRG� FRQVLVWHQF\�EHWZHHQ� WKHRUHWLFDO� DQG� H[SHULPHQWDO� UHVXOWV� SURYHV� WKH�YDOLGLW\� RI� WKH
SURSRVHG�PRGHO�IRU�SRLQW�GHIHFWV�DJJUHJDWLRQ�
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'XULQJ� SURGXFWLRQ� RI� GLVORFDWLRQ�IUHH
VLOLFRQ�VLQJOH�FU\VWDOV��D�SUREOHP�RI�JURZQ�
LQ� PLFURGHIHFWV� DULVHV�� 7KH� JURZQ�LQ� PL�
FURGHIHFWV�DV�FOXVWHUV�RI�SRLQW�GHIHFWV�UHIHU
WR�WKH�WUDQVLHQW�FODVV�EHWZHHQ�SRLQW�DQG�OLQ�
HDU� GHIHFWV�� 7KH� JURZQ�LQ� PLFURGHIHFWV
�FOXVWHUV�RI�SRLQW�GHIHFWV�� LQIOXHQFH�VLJQLIL�
FDQWO\�HOHFWURSK\VLFDO�DQG�PHFKDQLFDO�SURS�
HUWLHV�RI�GLVORFDWLRQ�IUHH�VLOLFRQ�VLQJOH�FU\V�
WDOV� DQG�� KHQFH�� FKDUDFWHULVWLFV� RI� GLVFUHWH
GHYLFHV�DQG�LQWHJUDWHG�FLUFXLWV��7KH�VROYLQJ
D� SUREOHP� RI� JURZQ�LQ� PLFURGHIHFWV� LV� RI
LPSRUWDQFH� QRW� RQO\� IURP� WKH� SUDFWLFDO
SRLQW�RI�YLHZ��IRU�H[DPSOH��DV�D�SRVVLELOLW\
WR� FRQWURO� WKH� VLOLFRQ� GHIHFW� VWUXFWXUH�� EXW
FRQWULEXWHV� WR� IXQGDPHQWDO� VFLHQFH� DV� XQ�
GHUVWDQGLQJ� SRWHQWLDO� RI� SK\VLFV� RI� GHIHFW
VWUXFWXUH� IRUPDWLRQ� DQG� WUDQVIRUPDWLRQ� LQ
KLJK�SHUIHFW�FU\VWDOV�

7RGD\�� WKHUH� DUH� WZR� PRGHO� DSSURDFKHV
WR�H[SODLQ�WKH�JURZQ�LQ�PLFURGHIHFWV�IRUPD�
WLRQ�� 7KH� ILUVW� DSSURDFK� LV� EDVHG� RQ� WKH
WKHRUHWLFDO� PRGHO� RI� 9�9�9RURQNRY� >�@
ZKHUH�LQWULQVLF�SRLQW�GHIHFWV�DUH�WKH�FUXFLDO
IDFWRU�IRU�DJJUHJDWLRQ�SURFHVVHV��7KHUHIRUH�
D�NH\�TXHVWLRQ� LQ� WKLV� FDVH� LV�ZKDW� W\SH� RI
LQWULQVLF� SRLQW�GHIHFWV�GRPLQDWHV� LQ� D� FU\V�
WDO� �YDFDQF\�RU� VHOI�LQWHUVWLWLDO���$�VROXWLRQ
LV� VRXJKW� ZLWKLQ� WKH� UHFRPELQDWLRQ�GLIIX�
VLRQ�VDPSOLQJ��ZKLFK�WDNHV�SODFH�LQ�WKH�QDU�
URZ� DUHD� QHDU� WR� WKH� FU\VWDOOL]DWLRQ� IURQW�
DQG� SRVWXODWHV� WKDW� WKH� W\SH� RI� LQWULQVLF
SRLQW�GHIHFWV�GRPLQDWLQJ�LQ�D�VLOLFRQ�FU\VWDO
GHSHQGV�RQ�WKH�UDWLR�RI�JURZWK�UDWH�9�WR�WKH
WHPSHUDWXUH�JUDGLHQW�*��9�*� �[��:KLOH�WKH
PDWKHPDWLFDO�EDFNJURXQG�RI�WKH�PRGHO�PD\
EH� UHFNRQHG� DPRQJ� WKH� DGYDQWDJHV� RI� WKLV
DSSURDFK��WKH�QHJOHFWHG�LQWHUDFWLRQ�EHWZHHQ
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LQWULQVLF� SRLQW� GHIHFWV� DQG� LPSXULWLHV� PD\
EH�UHIHUUHG�WR�LWV�VKRUWFRPLQJV�

:H� SURSRVH� DQRWKHU� DSSURDFK� GHYHORSHG
RQ� WKH� EDVLV� RI� H[SHULPHQWDO� UHVXOWV� RE�
WDLQHG� GXULQJ� GLUHFW� WUDQVPLVVLRQ� HOHFWURQ
PLFURVFRSLF�H[DPLQDWLRQV�RI�GLVORFDWLRQ�IUHH
VLOLFRQ� VLQJOH� FU\VWDOV� JURZQ� E\� IORDW� ]RQH
�)=�6L�� DQG� &]RFKUDOVNL� �&=�6L�� PHWKRGV
XQGHU� WKH� JURZWK� WKHUPDO� FRQGLWLRQV� YDU\�
LQJ� RYHU� D� ZLGH� UDQJH�� 7KH� LQYHVWLJDWLRQV
IRUPHG�D�EDVH�IRU�GHYHORSPHQW�D�TXDOLWDWLYH
KHWHURJHQHRXV� PHFKDQLVP� RI� JURZQ�LQ� PL�
FURGHIHFWV� IRUPDWLRQ� >�@� ZKLFK�� KRZHYHU�
VXIIHUV� IURP� D� ODFN� RI� WKHRUHWLFDO� EDFN�
JURXQG��,Q�SDUWLFXODU��WKLV�FRQFHUQV�NLQHWLFV
RI� JURZQ�LQ� PLFURGHIHFWV� IRUPDWLRQ�� ZKLFK
DUH� NHSW� XQWRXFKHG� VR� IDU�� ,Q� YLHZ� RI� WKH
ODWWHU�� WKH� SXUSRVH� RI� WKLV� VWXG\� LV� WR� FRQ�
VLGHU� NLQHWLFV� RI� SRLQW� GHIHFWV� DJJUHJDWLRQ
GXULQJ� JURZWK� RI� GLVORFDWLRQ�IUHH� VLOLFRQ
VLQJOH�FU\VWDOV�

'HFRPSRVLWLRQ� RI� VROLG� VROXWLRQ�� OLNH
PRVW� RI� SKDVH� WUDQVIRUPDWLRQV� EHJLQV� IURP
WKH� FU\VWDO� QXFOHDWLRQ�� L�H�� IRUPDWLRQ� RI
SK\VLFDOO\� GHWHFWDEOH� FU\VWDOOL]LQJ� QXFOHL�
)RU� RQH� WKLQJ�� LQWULQVLF� SRLQW� GHIHFWV� �YD�
FDQFLHV� DQG� VHOI�LQWHUVWLWLDOV�� DUH� TXLWH�PR�
ELOH� DQG� IRU� WKH� RWKHU� WKLQJ�� WKH\� DUH� DF�
WLYHO\�LQWHUDFW�ZLWK�GUDLQV��,Q�ORZ�GRSHG�RU
XQGRSHG�GLVORFDWLRQ�IUHH�VLOLFRQ�VLQJOH�FU\V�
WDOV��WKH�EDFNJURXQG�R[\JHQ�DQG�FDUERQ�LP�
SXULWLHV� VHUYH� DV� GUDLQV� IRU� LQWULQVLF� SRLQW
GHIHFWV�� :H� KDYH� GHPRQVWUDWHG� WKDW� LQ
KLJK�SHUIHFW� GLVORFDWLRQ�IUHH� VLOLFRQ� VLQJOH
FU\VWDOV��WKH�PDLQ��IXQGDPHQWDO��LQWHUDFWLRQ
QHDU� WKH�FU\VWDOOL]DWLRQ� IURQW� LV� WKH��LPSX�
ULW\�Ü�LQWULQVLF�SRLQW�GHIHFW��RQH�WKDW�UHVXOW
LQ� IRUPDWLRQ� RI� LPSXULW\� SUHFLSLWDWHV� >�@�
7KH�UHFRPELQDWLRQ�RI�LQWULQVLF�SRLQW�GHIHFWV
GRHV� QRW� RFFXU� EHFDXVH� RI� KLJK� HQWURS\� UH�
FRPELQDWLRQ�EDUULHU�YDOXH�>�@��

7KH� RULJLQDWLRQ� RI� D� QHZ� SKDVH� GXULQJ
WKH� LPSXULW\� UHOHDVH� RXW� RI� RYHUVDWXUDWHG
VROLG�VROXWLRQ�PD\�EH�FRQVLGHUHG�DFFRUGLQJ�WR
WKH�FODVVLF�QXFOHDWLRQ�WKHRU\��ZKHQ�WKH�UHVXOW�
LQJ�IUHH�HQHUJ\�FKDQJH�RI�WKH�FU\VWDO�')�GXU�
LQJ�WKH�QXFOHXV�IRUPDWLRQ�LV�DV�IROORZV��

')� �')Q���')V���')H� ���
ZKHUH� ')Q� LV� WKH� IUHH� HQHUJ\� FKDQJH� ZKHQ
FKHPLFDO� FRPSRVLWLRQ� LV� DOWHUHG� LQ� YROXPH�
')V�� WKH� IUHH� HQHUJ\� FKDQJH� GXH� WR� RFFXU�
UHQFH� RI� LQWHUSKDVH� ERXQGDU\��'H�� D� GLIIHU�HQFH� RI� HODVWLF� VWUDLQ� HQHUJLHV� LQGXFHG� LQ
WKH�QXFOHXV�DQG�PDWUL[��,Q�WKH�FDVH�RI�FRP�
ELQHG�DJJUHJDWLRQ�RI�R[\JHQ�DQG�YDFDQFLHV�
D�6L2��SDUWLFOH�IRUPDWLRQ�E\� MRLQLQJ�Q�R[\�

JHQ�DWRPV�DQG�DEVRUELQJ�QY�YDFDQFLHV�LV�DF�FRPSDQLHG�E\�IUHH�HQHUJ\�LQFUHPHQW���
')� ��IQ���IYQY���')V���')H� ���

ZKHUH�WKH�VXUIDFH�HQHUJ\�LV�GHILQHG�DV
')V� �OQ��e��� ��S5�V ���

DQG�HODVWLF�VWUDLQ�HQHUJ\�DV�
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+HUH� WKH� TXDQWLW\� J� ��K������e���|�����
KDV�WKH�VHQVH�RI�VXFK�DQ�HPLVVLRQ�UDWLR�QY�Q�DW� ZKLFK� 6L2�� SDUWLFOH� UHPDLQV� VWUDLQ�IUHH�WKH� FRQVWDQW� Z� LV� GHILQHG� DV� � � Z� �J��e�6UK
DQG� KDV� WKH� VHQVH� RI� HODVWLF� VWUDLQ� HQHUJ\
SHU�R[\JHQ�DWRP�IRU�D�SUHFLSLWDWH�ZKLFK�KDV
RFFXUUHG�ZLWKRXW�HPLWWLQJ�VLOLFRQ�VHOI�LQWHU�
VWLWLDOV� >�@�� 6� LV� HIIHFWLYH� FRPSUHVVLELOLW\
HTXDO� WR� � � .S���������PÜ�� �P� LV� WKH� VKHDU
PRGXOXV� IRU� VLOLFRQ��.S� LV� WKH� XQLIRUP� FRP�SUHVVLRQ�PRGXOXV�IRU�6L2����,I�ZH�DVVXPH�WKDW.S� PRGXOXV� LV� WKH� VDPH� DV� IRU� VLOLFRQ�� WKHQ6� �����Ü�Q���P�����Q���ZKHUH�Q� LV�3RLVVRQ�FR�
HIILFLHQW� DQG� LQ� WKDW� FDVH��Z�|���H9��5� LV� WKH
SDUWLFOH� UDGLXV�� ,Q� ����� � O� �VS�����K�U�����
ZKHUH� K�|������ LV� YROXPH� UDWLR� RI� 6L2�SKDVH� DQG� VLOLFRQ� DWRP�� U�� WKH� GHQVLW\� RI
VLWHV� LQ� WKH� VLOLFRQ� ODWWLFH�� V�� WKH� VSHFLILF
IUHH�HQHUJ\�DW�WKH�6L±6L2��LQWHUIDFH�:KHQ� WUDQVLWLRQ� RI� RQH� R[\JHQ� DWRP
IURP� 6L2�� VWUDLQ�IUHH� SKDVH� LQWR� VROXWLRQWDNHV�SODFH��WKH�V\VWHP�IUHH�HQHUJ\�FKDQJHV
E\�I�YDOXH
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&RUUHVSRQGLQJO\�� ZKHQ� RQH� YDFDQF\� LV
HOLPLQDWHG� IURP� WKH� VROXWLRQ�� IUHH� HQHUJ\
FKDQJHV�E\�IY�
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$FFRUGLQJ� WR� ���Ü����� PLQLPXP� ')� DW
IL[HG� Q� LV� UHDFKHG� DW� D� FHUWDLQ� HPLVVLRQ
UDWLR�
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%\� LQVHUWLQJ� ���� LQWR� ����� WKH� PLQLPXP
HQHUJ\� LQFUHPHQW�ZKLFK�RFFXUV�ZKHQ�D�SUH�
FLSLWDWH�LV�IRUPHG�IURP�Q�R[\JHQ�DWRPV�PD\
EH�IRXQG�DV�

9�,�7DODQLQ�HW�DO����7KH�DJJUHJDWLRQ�RI�SRLQW����
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7KH�TXDQWLW\� I
� KDV� WKH� VHQVH� RI� D�GULY�
LQJ� IRUFH� IRU� SKDVH� WUDQVIRUPDWLRQV�� SUH�
FLSLWDWLRQ� LV� RQO\� SRVVLEOH� DW� I
�!���� DQG
FRQGLWLRQ� I
� ��� GHILQHV� WKH� HIIHFWLYH� R[\�
JHQ�VROXELOLW\�LQ�FDVH�RI�YDFDQF\�RYHUVDWXUD�
WLRQ�

&H
� �&H�&YH�e�&Y�J� ����
7KH�IRUPXOD������IROORZV�IURP������LI�WKH

FRPELQDWLRQ� JIY��Z� LV� QHJOHFWHG� DW� KLJKWHPSHUDWXUHV�� DQG� WKHQ� I
� �I���JIY�� ,Q� IRU�PXODV� ���Ü�����&� LV� WKH� DFWXDO� R[\JHQ� FRQ�
FHQWUDWLRQ��&H��R[\JHQ�VROXELOLW\��PD[LPXPVROXELOLW\� EHLQJ� &H�7P��|����������FPÜ�� >�@�
7P�� WKH� FU\VWDOOL]DWLRQ� WHPSHUDWXUH�� &YH� ������������H[S�Ü����N7��>�@�LV�WKH�HTXLOLE�
ULXP�YDFDQF\�FRQFHQWUDWLRQ�&Y��WKH�YDFDQF\VROXELOLW\�

7UDQVPLVVLRQ�HOHFWURQ�PLFURVFRS\�VWXGLHV
RI� KLJK�SXULW\� XQGRSHG� TXHQFKHG� GLVORFD�
WLRQ�IUHH�)=�6L� VLQJOH� FU\VWDOV� �R[\JHQ� FRQ�
FHQWUDWLRQ� a�������FPÜ��� FDUERQ� FRQFHQWUD�
WLRQ�a�������FPÜ����KDYH�VKRZQ�WKDW�WKH�IRU�
PDWLRQ� RI�6L2�� DQG�6L&� SUHFLSLWDWHV� EHJLQVDW�WKH�FU\VWDOOL]DWLRQ�IURQW�>�@��7KHUHIRUH��LI
R[\JHQ�DQG�YDFDQF\�LQWHUDFW��WKH�R[\JHQ�VR�
OXWLRQ� EHFRPHV� RYHUVDWXUDWHG� �L�H�� LQHTXDO�
LW\�&�!�&
�LV�VDWLVILHG��DW�WHPSHUDWXUHV�MXVW
EHORZ� WKH� FU\VWDOOL]DWLRQ� WHPSHUDWXUH�� DQG
QXFOHDWLRQ� RI�6L2�� SDUWLFOHV� EHJLQV�� LQ� WKLVFDVH��&Y�a��������FPÜ��

%\� GLIIHUHQWLDWLQJ� WKH� QXFOHDWLRQ� UDWH
,�a�H[S�')FULW�N7��ZLWK�UHVSHFW�WR�WLPH�WDN�LQJ� LQWR� DFFRXQW� WKH� FKDQJHV� LQ� YDFDQF\
FRQFHQWUDWLRQ�&Y��D�FRQFHQWUDWLRQ�1�RI�R[\�JHQ� SUHFLSLWDWHV� RULJLQDWHG� FDQ� EH� HVWL�
PDWHG�� $W� ')FULW�� WKH� IRUPXOD� ���� PD\� EHXVHG� IRU� D� FULWLFDO�VL]H� QXFOHXV� � QFULW� ��O��I
��� � ���MN7�O������ ZKHUH� M�|���� >�@�
(VWLPDWH� RI� FULWLFDO� VL]H� JLYHV� D� YDOXH� RI
DERXW� ���� DWRPV�� $W� KLJK� WHPSHUDWXUHV
�QHDU� WR� WKH� FU\VWDOOL]DWLRQ� IURQW��� WKH� VL]H
Q� RI�6L2�� SUHFLSLWDWHV� LV� OLPLWHG�E\� WKH�YD�FDQF\� FRQFHQWUDWLRQ� JQ1� �&YH� >�@�� 7KHUH�IURP�� D� HVWLPDWH� 1�|��������FPÜ�� IROORZV�
WKDW�FRLQFLGHV�ZLWK�H[SHULPHQWDOO\�REVHUYHG
FRQFHQWUDWLRQ�RI� �,���9��PLFURGHIHFWV� >��@�
$W�ORZHU�WHPSHUDWXUHV��WKH�SUHFLSLWDWHV�FDQ
DEVRUE� R[\JHQ� ZLWKRXW� YDFDQFLHV� LQYROYH�
PHQW�� WKDW� UHVXOWV� LQ� LQFUHDVH� RI� WKHLU� VL]H

DQG�SRVVLEOH� FKDQJH� LQ� VLJQ�RI�GHIRUPDWLRQ
DURXQG� WKH� SUHFLSLWDWH� IURP� YDFDQF\� WR� LQ�
WHUVWLWLDO�W\SH�

)XUWKHUPRUH�� WKH� QXFOHDWLRQ� UDWH
G�OQ,��G7� �Ü(
�N7�� LQFUHDVHV� YHU\� IDVW� EH�
FDXVH�RI�D�KLJK�YDOXH�RI�QXFOHXV�ELQGLQJ�HQHUJ\
�HVWLPDWHG�YDOXH�LV�DERXW����H9�>�@���7KH�HIIHF�
WLYH�QXFOHDWLRQ� LQWHUYDO� LV�'7� �N7��(
�a���.�
7KH� PD[LPXP� SRVVLEOH� R[\JHQ� DGMRLQLQJ
IUHTXHQF\� WR� DQ� DJJUHJDWH� RI� UDGLXV� U� LV
OLPLWHG� E\� GLIIXVLRQ� DQG� LV� D� ��SU'&�
ZKHUH� WKH� GLIIXVLRQ� FRHIILFLHQW
'� �����H[S�Ü�����N7��� 7KH� HIIHFWLYH� GLI�
IXVLRQ� WLPH��DV�GHWHUPLQHG�IURP� WKH� FRQGL�
WLRQ�RI�GLIIXVLRQ�FRHIILFLHQW�GHFD\�E\�D�IDF�
WRU� RI� H�� LV� W'� �N7��(D9FRRO�� ZKHUH� (D� ����� H9�� DQG� 9FRRO� �_G7�GW_� LV� WKH� FRROLQJUDWH�� )RU� H[DPSOH�� IRU� )=�6L� FU\VWDOV� RI
��� PP� LQ� GLDPHWHU� JURZQ� DW� WKH� JURZWK
UDWH� 9� � ��PP�PLQ�� _G7�GW_�|�'*�|�����.�F�
ZKHUH� *� LV� DQ� D[LDO� WHPSHUDWXUH� JUDGLHQW�
7KHQ��DW�U� ���c��IRU�D�QXFOHXV�DJJUHJDWH���ZH
REWDLQ�WKDW�DW�WKH�DJJUHJDWLRQ�WHPSHUDWXUH��7PÜ�'7��� WKH� IUHTXHQF\�D�|�����VÜ�� DQG� GLIIX�
VLRQ� WLPH� W'�|���� V�� ,W� IROORZV� WKHUHIURPWKDW�PD[LPXP�QXPEHU�RI�R[\JHQ�DWRPV�DG�
MRLQHG� WR� RQH� DJJUHJDWH� DW'�|������ 6LQFHJURZWK�RI�6L2��SDUWLFOHV�LV�OLPLWHG�E\�R[\�JHQ�GLIIXVLRQ��ZKLFK�LV�VORZ�FRPSDULQJ�ZLWK
YDFDQF\�GLIIXVLRQ�� WKHQ�GQ�GW� ��S�'&� DQG
IURP�KHUH�U�W�� ��K'&W�U������)RU�WKH�DERYH�
PHQWLRQHG� )=�6L� FU\VWDOV�� U�|�����c� WKDW
DJUHHV�ZLWK�H[SHULPHQWDO�UHVXOWV�>�@�

'XULQJ� WKH� FU\VWDO� FRROLQJ� DW
���������&��SXUH�YDFDQF\� FRQGHQVDWLRQ�EH�
FRPHV� SUHYDLOLQJ�� ,WV� RFFXUUHQFH� DQG� WHP�
SHUDWXUH� LQWHUYDO� RI� QXFOHDWLRQ� GHSHQG� RQ
WKHUPDO� FRQGLWLRQV� RI� FU\VWDO� JURZWK
�JURZWK� DQG� FRROLQJ� UDWHV�� WHPSHUDWXUH�JUD�
GLHQWV�LQ�WKH�FU\VWDO��FU\VWDO�GLDPHWHU���:KLOH
DW� KLJK� WHPSHUDWXUHV� &Y�!�&YH� DQG� PRVW� RIYDFDQFLHV�DUH�VSHQW�IRU�MRLQW�FRQGHQVDWLRQ�ZLWK
R[\JHQ�� WKHQ�ZKHQ�WKH� WHPSHUDWXUH�GHFUHDVHV
�IRU�LQVWDQFH��DW����������&��&YH�!�&Y��WKH�YD�FDQF\�RYHUVDWXUDWLRQ�JRHV�GRZQ�GXH�WR�IRU�
PDWLRQ� RI� PLFURSRUHV� >�@� DQG� WKH� SUHFLSL�
WDWHV� RULJLQDWHG� EHIRUH� IDFLOLWDWH� WKHLU� DJ�
JUHJDWLRQ�>�@�

:KHQ�D�SRUH� LV� IRUPHG�� WKH� V\VWHP� IUHH
HQHUJ\�FKDQJHV�DV�IROORZV�

')Y� ��IYc QY���OYQY��e��� ����
ZKHUH� IYc � �N7OQ�&Y�&YH�� LV� WKH� IUHH� HQHUJ\
FKDQJH� LQ� WKH� YDFDQF\� VROXWLRQ� ZKHQ� RQH
YDFDQF\� LV� DGGHG�� 7KH� TXDQWLW\� ')Y� LV� DIXQFWLRQ�RI�SRUH�VL]H�DQG�SDVVHV�WKURXJK�WKH
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PD[LPXP�')FULW� �QXFOHDWLRQ�ZRUN��� 7KH� KR�PRJHQHRXV� QXFOHDWLRQ� UDWH� LV� LQ� SURSRUWLRQ
WR� H[S�Ü')FULW�N7�� >����@�� 7KH� DXWKRUV� >�@KDYH� GHULYHG� D� IXQGDPHQWDO� HTXDWLRQ� IRU
WKH� WHPSHUDWXUH� RI� YDFDQF\�W\SH� PLFURSRUH
QXFOHDWLRQ�7Y�
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ZKHUH� WKH� OHIW�KDQG� SDUW� RI� WKH� IRUPXOD� LV
WKH� PRVW� VHQVLWLYH� WR� WKH� H[SRQHQW� Ü
')FULW�N7Y� LQ� WKH� H[SUHVVLRQ� IRU� WKH� SRUHIRUPDWLRQ�UDWH�
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,Q� IRUPXOD� ������ WKH� YDFDQF\� FRQFHQWUD�
WLRQ�LV�GHWHUPLQHG�IURP�WKH�IRUPXOD�

&YR� ��&YP���&LP������[��e�[�� ����
ZKHUH� [W�[�|������ >�@��&YP�&LP�|����� >�@�� ,Q
IRUPXODV� ����Ü������ p� ����� H9�� Ic� 
�����H9��DQG�')FULW� �����H9�>�@��&YP� LV�WKHHTXLOLEULXP� YDFDQF\� FRQFHQWUDWLRQ� DW� PHOW�
LQJ� WHPSHUDWXUH��&LP�� WKH� HTXLOLEULXP� VHOI�LQWHUVWLWLDO� FRQFHQWUDWLRQ� DW� PHOWLQJ� WHP�
SHUDWXUH��7P��WKH�PHOWLQJ�WHPSHUDWXUH��[W� 
FRQVW��[� �9�*��7KH�HVWLPDWHG�YDOXH�IRU�WKH
SRUH�IRUPDWLRQ�WHPSHUDWXUH�LV�DERXW������&
WKDW� LV� LQ� JRRG� DJUHHPHQW� ERWK� ZLWK� WKHR�
UHWLFDO�FDOFXODWLRQV�>�@�DQG�H[SHULPHQWDO�UH�
VXOWV�RI�YDFDQF\�PLFURSRUHV�VWXG\�>��@��'H�
SHQGHQFH� 7Y� RQ� [W�[� SDUDPHWHU� VKRZV� WKDWYDFDQF\�PLFURSRUHV�DUH�IRUPHG�ZLWKLQ�D�FHU�
WDLQ� WHPSHUDWXUH� LQWHUYDO��ZKLFK� LV� GHILQHG
E\� DFWXDO� WKHUPDO� FRQGLWLRQV� RI� FU\VWDO
JURZWK�� 7KH� HVWLPDWHG� YDOXH� IRU� YDFDQF\
PLFURSRUH� FRQFHQWUDWLRQ� RI� DERXW� ������FPÜ�
KDV� EHHQ� REWDLQHG� DFFRUGLQJ� WR� 1Y� 
���������9FRRO������&H����� >��@� DQG� DOVR� DJUHHVZLWK� H[SHULPHQWDO� UHVXOWV� >��@�� � � 'XULQJ
MRLQW� FRQGHQVDWLRQ� RI� R[\JHQ� DQG� VLOLFRQ
VHOI�LQWHUVWLWLDOV�� WKH� SURFHVV� RI�6L&� IRUPD�
WLRQ�GXH�WR�DGMRLQLQJ�RI�Q�FDUERQ�DWRPV�DQG
DEVRUELQJ� RI� QL� VLOLFRQ� VHOI�LQWHUVWLWLDOV� LVDFFRPSDQLHG�E\�IUHH�HQHUJ\�LQFUHPHQW�

')L� ��IQ���ILQL���')V���')H�� ����
ZKHUH�)V�LV�GHILQHG�E\�����DQG�HODVWLF�VWUDLQHQHUJ\� LV� GHILQHG� E\� �����ZLWK� VXEVWLWXWLRQ
QL� IRU� QY� DQG� ÜIL� IRU� IY�� $� FRQVLGHUDWLRQ

VLPLODU� WR� WKH� DERYH�PHQWLRQHG� UHVXOWV� LQ
WKH�H[SUHVVLRQ

I
� �I���JIL ����
DQG�IRU�HIIHFWLYH�FDUERQ�VROXELOLW\��ZH�JHW�

&
� �&��&L�e�&LH�J� ����
ZKHUH� F�� LV� PD[LPXP� FDUERQ� VROXELOLW\�
&LH� �������������H[S�Ü����N7�� >�@� LV� WKHHTXLOLEULXP� 6L� VHOI�LQWHUVWLWLDOV� FRQFHQWUD�
WLRQ��&L�� WKH� VROXELOLW\� RI� VLOLFRQ� VHOI�LQWHU�VWLWLDOV�� 7KH� FDOFXODWLRQ� SURYHV� WKDW� IRUPD�
WLRQ�RI�6L&�SUHFLSLWDWHV��ZKHQ�DFWXDO�FDUERQ
FRQFHQWUDWLRQ� &H�!�&
�� EHJLQV� QHDU� WR� WKH
FU\VWDOOL]DWLRQ�IURQW�LI�&Y�&L�|�������7KH�HV�WLPDWHG� YDOXH� RI� GHIHFW� FRQFHQWUDWLRQ
1�|������°PÜ��DQG�WKHLU�VL]H�U� �����c��IRU
��� PP� GLDPHWHU� )=�6L� FU\VWDOV� JURZQ� DW
9� ���PP�PLQ��DWWHVW�WR� WKHLU�JRRG�FRQVLV�
WHQFH� ZLWK� UHVXOWV� RI� GLUHFW� WUDQVPLVVLRQ
HOHFWURQ�PLFURVFRS\�LQYHVWLJDWLRQV�>�@��

'XULQJ� WKH� FU\VWDO� FRROLQJ�� WKH� FRQGL�
WLRQV�DULVH�ZKHQ�WKH�IUHH�HQHUJ\�LQGXFHG�E\
FDUERQ� LPSXULW\�HOLPLQDWLRQ� IURP�RYHUVDWX�
UDWHG� LPSXULW\� VROXWLRQ� DSSHDUV� WR� EH� OHVV
WKDQ� WKH� IUHH� HQHUJ\� LQFUHDVH� FDXVHG� E\�6L
VHOI�LQWHUVWLWLDOV� HPLVVLRQ� �,6L�� LQWR� RYHU�VDWXUDWHG�VROXWLRQ�RI�VXFK�VHOI�LQWHUVWLWLDOV�
7KH� 6L2�� SUHFLSLWDWHV� HPLWWLQJ� ,6L� DW� WKHLUJURZWK� FRQWULEXWH� WR� WKLV� SURFHVV�� ,Q� WKLV
FDVH�� WKH� PDLQ� DJJUHJDWLRQ� SURFHVV� LV� WKH
IRUPDWLRQ� RI� ,6L� FOXVWHUV� �$�PLFURGHIHFWV��,Q� WKH� RYHUVDWXUDWHG� VROXWLRQ� RI� ,6L�� $�PL�FURGHIHFWV�DUH�QXFOHDWHG�KRPRJHQHRXVO\�DQG
WKHLU�QXFOHDWLRQ�UDWH� LQFUHDVHV�VKDUSO\�QHDU
WR� WKH� WHPSHUDWXUH� RI� FRQGHQVDWLRQ�� ZKLFK
LV� GHWHUPLQHG� LQ� QXPHURXV� H[SHULPHQWV� LQ
WHUPLQDWLRQ� RI� FU\VWDO� JURZWK� DV� a�����&
>�����@�� 7KH�TXDQWLWDWLYH�PRGHO� RI� DJJUHJD�
WLRQ�ZDV� FRQVWUXFWHG� LQ� >�@��$VVXPLQJ� WKDW
$�PLFURGHIHFW� ORRNV� OLNH� D� VSKHULFDO� FOXVWHU
RFFXUULQJ� QHDU� �����&�� WKH� IROORZLQJ� IRU�
PXOD� ZDV� SURSRVHG� WR� GHWHUPLQH� WKHLU� FRQ�
FHQWUDWLRQ�
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ZKHUH� (FULW�|����� H9� LV� WKH� FULWLFDO� QXFOHXVELQGLQJ� HQHUJ\� SHU� RQH� ,6L� DWRP� >�@�� 'L� �����H[S�Ü������N7�� >��@� LV� WKH� GLIIXVLRQ
FRHIILFLHQW� IRU� ,6L�� &DOFXODWLRQV� IRU� )=�6LFU\VWDO� RI� ��� PP� LQ� GLDPHWHU� �DW� 9� 
�� PP�PLQ�� JLYH� WKH� YDOXH� RI� DERXW
������FPÜ�� WKDW� LV� LQ� DJUHHPHQW� ZLWK� H[�
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SHULPHQWDO� LQYHVWLJDWLRQV� IRU� $�PLFURGH�
IHFWV�� )RU� ��� PP� GLDPHWHU� &=�6L� FU\VWDOV
�JURZQ�DW�9� ���PP�PLQ���1$�a�������°PÜ��
7KH�JURZWK�RI��k�PLFURGHIHFWV��LQWHUVWLWLDO�GLV�
ORFDWLRQ� ORRSV�� LV� OLPLWHG� E\� ,6L� DWRPV� GLIIX�VLRQ�� WKHUHIRUH�� ZH� FDQ� GHILQH� WKH� VL]H� RI� D
VLQJOH�GHIHFW�PL��QXPEHU�RI�,6L�DWRPV�WKHUHLQ��PL1$� �&L��WKHQ�PL�a�����WR�����,6L�DWRPV��7KXV��WKH�DERYH�DQDO\VLV�RI�JURZQ�LQ�PL�
FURGHIHFWV� IRUPDWLRQ� UHYHDOV� WKDW� WKH� SURF�
HVV� RI� GHIHFW� IRUPDWLRQ� GXULQJ� JURZWK� RI
GLVORFDWLRQ�IUHH� VLOLFRQ� VLQJOH� FU\VWDOV� LV
FRQWUROOHG� E\� SRLQW� GHIHFW� GLIIXVLRQ� ZLWKLQ
WKH� WHPSHUDWXUH� JUDGLHQW� ILHOG�� 7KLV� LV
FDXVHG� E\� H[LVWHQFH� RI� HQWURS\� UHFRPELQD�
WLRQ� EDUULHU�ZKLFK� SUHYHQWV� WKH� UHFRPELQD�
WLRQ�RI� LQWULQVLF� SRLQW�GHIHFWV� DW�KLJK� WHP�
SHUDWXUHV� GXULQJ� WKH� FU\VWDO� JURZWK�� $V� D
UHVXOW��GHFRPSRVLWLRQ�RI�RYHUVDWXUDWHG�VROLG
VROXWLRQ� RI� SRLQW� GHIHFWV� IROORZV� FRQFXU�
UHQWO\�WZR�PHFKDQLVPV��YDFDQF\�DQG�LQWHUVWL�
WLDO�W\SH��$W�WHPSHUDWXUHV�QHDU�WR�WKH�FU\VWDO�
OL]DWLRQ� IURQW�� WKH� RYHUVDWXUDWHG� VROLG� LPSX�
ULW\� VROXWLRQV� EHJLQ� WR� GHFRPSRVH�� ZKLOH
GXULQJ� WKH� FU\VWDO� FRROLQJ� �DW� ���������&��
WKH� RYHUVDWXUDWHG� VROLG� VROXWLRQV� RI� LQWULQVLF
SRLQW�GHIHFWV�EHJLQ�WR�GHFRPSRVH��

7KLV� VFLHQWLILF� ZRUN� ZDV� PDGH� E\� WKH
EXGJHWDU\� IXQGV� RI� 0LQLVWU\� RI� HGXFDWLRQ

DQG� VFLHQFH� RI�8NUDLQH� DV� WKH�JUDQW� RI� WKH
3UHVLGHQW�RI�8NUDLQH�
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