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5HFHLYHG�$XJXVW���������
2ULHQWDWLRQDO� JODVVHV�ZLWK�JDV�PROHFXOHV� RFFXS\LQJ� WKH� RFWDKHGUDO� LQWHUVWLWLDO� VLWHV� LQ

WKH�&���ODWWLFH�KDYH�EHHQ�LQYHVWLJDWHG�E\�WKH�GLODWRPHWULF�PHWKRG�LQ�D�WHPSHUDWXUH�LQWHUYDORI� ���Ü���.��$W� WHPSHUDWXUHV� �Ü��.� WKH� JODVVHV� XQGHUJR� D� ILUVW�RUGHU� SKDVH� WUDQVLWLRQ
ZKLFK� LV� HYLGHQW� IURP� WKH� K\VWHUHVLV� RI� WKH� WKHUPDO� H[SDQVLRQ� DQG� WKH� PD[LPD� LQ� WKH
WHPSHUDWXUH�GHSHQGHQFHV� RI� WKH� OLQHDU� WKHUPDO� H[SDQVLRQ� FRHIILFLHQWV�D�7�� DQG� WKH� WKHU�
PDOL]DWLRQ� WLPHV� W��7�� RI� WKH� VDPSOHV�� 7KH� HIIHFW� RI� WKH� QRQFHQWUDO�&2±&��� LQWHUDFWLRQXSRQ� WKH� WKHUPDO� H[SDQVLRQ� DQG� WKH� SKDVH� WUDQVLWLRQ� LQ� WKHVH� JODVVHV� ZDV� FODULILHG� E\
FRPSDULQJ�WKH�EHKDYLRU�RI�WKH�SURSHUWLHV�RI�WKH�&2±&���DQG�1�±&���VROXWLRQV�
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%HORZ� 7� ���� .�� IXOOHULWH� &��� LV� WUDQV�IRUPHG� LQWR� DQ� RULHQWDWLRQDO� JODVV��$FFRUG�
LQJ� WR� GLODWRPHWULF� DQG� ;�UD\� VWUXFWXUDO
GDWD�>�Ü�@��WKH�JDVHV�GLVVROYHG�LQ�&���HIIHFWVLJQLILFDQWO\� WKH� JODVV� WKHUPDO� H[SDQVLRQ
DQG� FDXVH� D� ILUVW�RUGHU� SKDVH� WUDQVLWLRQ
�SRO\DPRUSKLVP��WKHUHLQ��,W�LV�RI�LQWHUHVW�WR
VWXG\� WKH� HIIHFWV� RI� WKH� JDV� LPSXULW\� PR�
OHFXODU�SDUDPHWHUV�RQ�WKH�SURSHUWLHV�RI�&���7R� MXGJH� DFFXUDWHO\� RI� D� FHUWDLQ�PROHFXODU
SDUDPHWHU�� ZH� PXVW� FKRRVH� JDV� LPSXULWLHV
WKDW� GLIIHU� PDLQO\� LQ� WKLV� SDUWLFXODU� SD�
UDPHWHU��,Q�WKH�FDVH�RI�ELDWRPLF�JDVHV��LW�LV
FRQYHQLHQW� WR� DVVHVV� WKH� UROH� RI� WKH� LPSX�
ULW\�PDWUL[�LQWHUDFWLRQ�E\�FRPSDULQJ�WKH�EH�
KDYLRU� RI�&2±&��� DQG�1�±&��� VROXWLRQV�� ,QFRQWUDVW�WR�2���&2�DQG�1��PROHFXOHV�GR�QRWUHDFW� FKHPLFDOO\� ZLWK� &��� DW� WKH� WHPSHUD�

WXUHV� WR� ZKLFK� &��� KDV� WR� EH� KHDWHG� WRGHVRUE� WKH� YRODWLOH� LPSXULWLHV�� 7KHVH� PROH�
FXOHV� DUH� HVVHQWLDOO\� LGHQWLFDO� LQ� PROHFXODU
ZHLJKWV� �0�&2�� ���������� 0�1��� ��������� DQG� FORVH� JDV�NLQHWLF� GLDPHWHUV
�V�&2�� �������c��V�1��� �������c�� >�@��EXWWKH\�GLIIHU� VLJQLILFDQWO\� LQ�HOHFWULF�TXDGUX�
SROH�PRPHQWV�4� �4�&2�� �Ü��������Ü���HVX�
4�1��� �Ü��������Ü��� HVX�� >�@�� ,W� LV� HYLGHQWIURP� WKH�GLVFXVVLRQ�EHORZ�WKDW� WKH�TXDGUX�
SROH� PRPHQWV� DUH� WKH� PDLQ� IDFWRUV� GHWHU�
PLQLQJ� WKH� HIIHFW� RI� WKHVH� LPSXULWLHV� XSRQ
WKH� ORZ�WHPSHUDWXUH� WKHUPDO�H[SDQVLRQ�DQG
SRO\DPRUSKLVP�RI�&���7KH� GLODWRPHWULF� GDWD� RQ� RULHQWDWLRQDO
&��� JODVVHV� ZLWK� PRODU� 1�� FRQFHQWUDWLRQV�1��WR�&��� PROHFXOH� UDWLR�� RI� ���� �� DQG
������ZHUH�SXEOLVKHG�LQ�>�@�
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7KH� LPSXULW\� �1���&2��PROHFXOHV� RFFXS\WKH� RFWDKHGUDO� LQWHUVWLWLDO� FDYLWLHV� LQ� WKH
&���ODWWLFH��ZKLFK�KDV�RQH�RFWDKHGUDO�FDYLW\SHU� &��� PROHFXOH�� ,Q� WKH� H[SHULPHQWV�� WKHPRODU�&2�DQG�1��FRQFHQWUDWLRQV�ZHUH�HTXDOWR�WKH�1��DQG�&2�RFFXSDQFLHV�RI�WKH�RFWDKH�GUDO�VLWHV�LQ�WKH�&���ODWWLFH�7KH�&���VDPSOH�ZLWK����PRO����&2�ZDV
SUHSDUHG� DV� IROORZV�� 3ULRU� WR� VDWXUDWLRQ
ZLWK�&2��WKH�VDPSOH��D���PP�KLJK�F\OLQGHU
RI����PP�LQ�GLDPHWHU��WKH�SUHSDUDWLRQ�SUR�
FHGXUH�LV�GHVFULEHG�LQ�>�@��ZDV�NHSW�IRU����K
XQGHU�G\QDPLF�HYDFXDWLRQ�DW�3� �����Ü��7RUU
DQG�7� �����&��7KH�RXWJDVVHG�FHOO�ZLWK�WKH
VDPSOH�ZDV�ILOOHG�ZLWK�&2�JDV�DW�URRP�WHP�
SHUDWXUH� WR� WKH� ���� 7RUU� SUHVVXUH� DQG
VHDOHG��7KH�VDPSOH�ZDV�NHSW�LQ�WKHVH�FRQGL�
WLRQV�IRU�����GD\V��$V�D�UHVXOW��DERXW�����
RI�WKH�RFWDKHGUDO�FDYLWLHV� LQ�WKH�&��� ODWWLFHZHUH� RFFXSLHG� E\�&2��$IWHU�PHDVXULQJ� WKH
WKHUPDO� H[SDQVLRQ� RI� WKH� VDPSOH�� WKH� JDV
LPSXULW\�FRPSRVLWLRQ�ZDV�GHWHUPLQHG�TXDOL�
WDWLYHO\� DQG�TXDQWLWDWLYHO\�XVLQJ�D�YDFXXP
GHVRUSWLRQ� JDV� DQDO\]HU� >��@�� 7KH� SUHSDUD�
WLRQ� DQG� DQDO\VLV� WHFKQLTXHV� IRU� WKH� &��VDPSOH�ZLWK����PRO����&2�DUH�GHVFULEHG�LQ
>��@�

7KHUPDO� H[SDQVLRQ� RI� WKH� &2±&��� VROX�WLRQV� ZDV� VWXGLHG� XVLQJ� D� ORZ� WHPSHUDWXUH
FDSDFLWDQFH�GLODWRPHWHU��7KH�LQVWUXPHQW�GH�
VLJQ�DQG�WKH�PHDVXUHPHQW�WHFKQLTXH�DUH�GH�
WDLOHG�LQ�>��@��,PPHGLDWHO\�EHIRUH�GLODWRPHW�
ULF� PHDVXUHPHQW�� WKH� PHDVXULQJ� FHOO� ILOOHG
ZLWK�&2�ZDV�FRROHG�VORZO\�WR����.�DQG�WKHQ
WKH� &2� WKDW� UHPDLQHG� XQDEVRUEHG� E\� WKH
VDPSOH�ZDV�UHPRYHG��7KH�IXUWKHU�FRROLQJ�RI
WKH�VDPSOH�DQG�WKH�VXEVHTXHQW�GLODWRPHWULF

LQYHVWLJDWLRQV�ZHUH�SHUIRUPHG�LQ�YDFXXP�DW
OHDVW�����Ü��7RUU��7KH�WKHUPDO�H[SDQVLRQ�RI
WKH�&2±&��� VDPSOH� ZDV�PHDVXUHG� DIWHU� LWVIRXU�KRXU�H[SRVXUH�DW�7� �����.�

7KH� WHPSHUDWXUH�GHSHQGHQFHV� RI� WKH� OLQ�
HDU� WKHUPDO� H[SDQVLRQ� FRHIILFLHQW� �/7(&��D
RI�SXUH�&���DQG�WKH�&���VDPSOHV�ZLWK�GLIIHU�HQW�FRQWHQWV�RI�WKH�&2� LPSXULW\�DUH�VKRZQ
LQ� )LJ����� 7KH� D� YDOXHV� DUH� DYHUDJHG� RYHU
VHYHUDO� PHDVXUHPHQW� VHULHV�� 'XH� WR� WKH
FXELF� V\PPHWU\� RI� WKH� ODWWLFH�� WKH� WKHUPDO
H[SDQVLRQ� RI� WKH� VDPSOHV� FDQ� EH� GHVFULEHG
XVLQJ�D�VLQJOH�/7(&�

7KH� WKHUPDO� H[SDQVLRQ� RI� WKH� LQYHVWL�
JDWHG� VDPSOHV� H[KLELWHG� D� QXPEHU� RI� VSH�
FLILF�IHDWXUHV��2Q�KHDWLQJ��FXUYHV�������DQG
VXEVHTXHQW� FRROLQJ� �FXUYHV� ��� ���� WKH� WKHU�
PDO� H[SDQVLRQ� FRHIILFLHQW� KDV� D� K\VWHUHVLV
WKDW� LQGLFHWHV�D�ILUVW�RUGHU�SKDVH�WUDQVLWLRQ
LQ�WKH�RULHQWDWLRQDO�&2±&���JODVVHV��1R�K\V�WHUHVLV� LV� REVHUYHG� IRU� SXUH�&��� �FXUYH� ���$V� WKH� LPSXULW\� FRQFHQWUDWLRQ� ULVHV�� WKH
K\VWHUHVLV� RQVHW� VKLIWV� WRZDUGV�KLJKHU� WHP�
SHUDWXUHV�Û�IURP���.�DW����PRO����&2�WR
��.�DW����PRO����&2��%HORZ�WKHVH�WHPSHUD�
WXUHV��WKH�D�7��YDOXHV�DUH�SUDFWLFDOO\�LGHQWL�
FDO� RQ� KHDWLQJ� DQG� FRROLQJ�� 0RUHRYHU�� WKH
/7(&V�RI�ERWK�WKH�&2±&���VDPSOHV�����DQG��� PRO�� �� &2�� DQG� SXUH� &��� FRLQFLGHZLWKLQ� WKH� PHDVXUHPHQW� HUURU�� 2Q� KHDWLQJ
LQ�WKH���WR���.�LQWHUYDO��WKHUH�LV�D�UHJLRQ�RI
LQVWDELOLW\� ZLWK� KLJKHU� H[SHULPHQWDO� HUURUV
DQG� ORFDO�/7(&�PD[LPD��)LJ������ WKH�HUURUV
EHLQJ� DSSUHFLDEO\� ORZHU� WKDQ� WKH� PD[LPD
KHLJKWV��,W�WKDW�WKLV�LQWHUYDO�LV�DVVXPHG�>�Ü�@
WR� LQFOXGH� WKH� WHPSHUDWXUHV� RI� WKH� ILUVW�

)LJ�����7HPSHUDWXUH�GHSHQGHQFHV�RI�WKH� OLQHDU�WKHUPDO�H[SDQVLRQ�FRHIILFLHQW�IRU�&2±&���VROXWLRQVLQ�WHPSHUDWXUH� LQWHUYDOV����Ü���.��D���DQG����Ü��.��E���&XUYHV���DQG���FRUUHVSRQG� WR�KHDWLQJ�RI
���PRO����DQG����PRO����&2±&���VDPSOHV��UHVSHFWLYHO\��FXUYHV���DQG����WR�FRROLQJ�RI����PRO���DQG����PRO�����&2±&���VDPSOHV��UHVSHFWLYHO\��7KH�GRWWHG�OLQH�����LV�IRU�SXUH�&���IRU�HLWKHU�KHDWLQJRU�FRROLQJ�WKH�VDPSOH�
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RUGHU� SKDVH� WUDQVLWLRQV� LQ� RULHQWDWLRQDO
JODVVHV�GRSHG�ZLWK�LPSXULWLHV�

3UHYLRXV� LQYHVWLJDWLRQV� >�Ü�@� VKRZ� WKDW
WKH�WKHUPDO�H[SDQVLRQ�RI�JDV�GRSHG�&���FRQ�WDLQV�SRVLWLYH�DQG�QHJDWLYH�FRPSRQHQWV�ZLWK
GLIIHUHQW� FKDUDFWHULVWLF� UHOD[DWLRQ� WLPHV� �W�DQG� W��� UHVSHFWLYHO\��� 7KH� SRVLWLYH� FRPSR�QHQW� LV� DWWULEXWHG� >�Ü�@� WR� WKH� SURFHVV� RI
WHPSHUDWXUH� HTXDOL]DWLRQ� RYHU� WKH� VDPSOH
YROXPH� �WKHUPDOL]DWLRQ��� WKH� QHJDWLYH� RQH
DFFRXQWV� IRU� UHRULHQWDWLRQ� RI� WKH�&���PROH�FXOHV�� 6LQFH� WKH�&��� FU\VWDO� LV� SHUFHLYHG� DVFRQVLVWLQJ� RI� GRPDLQV�ZLWK� GLIIHUHQW� RULHQ�
WDWLRQDO�RUGHUV�RI�WKH�&���PROHFXOHV�DQG�LQ�WHUOD\HUV� EHWZHHQ� WKH� GRPDLQV�� LW� LV� FRQ�
FOXGHG� WKHRUHWLFDOO\� >��Ü��@� WKDW� DW� ORZ
WHPSHUDWXUHV�� WKH�&��� UHRULHQWDWLRQ�UHVSRQ�VLEOH�IRU�WKH�RULHQWDWLRQDO�FRPSRQHQW�RI�WKH
WKHUPDO�H[SDQVLRQ�RFFXUV�LQ�WKH�GRPDLQ�LQ�
WHUOD\HUV�

7KH� WKHUPDO� H[SDQVLRQ� RI� &��� VDPSOHVGRSHG� ZLWK� &2� DOVR� KDV� WZR� FRPSRQHQWV�
7KRVH� ZHUH� VHSDUDWHG� XVLQJ� WHFKQLTXH� GH�
VFULEHG�LQ�>�@��7KH�WHPSHUDWXUH�GHSHQGHQFHV
RI�WKH�SRVLWLYH�DQG�QHJDWLYH�FRPSRQHQWV�IRU
VDPSOHV�ZLWK�GLIIHUHQW�&2�FRQFHQWUDWLRQ�DUH
LOOXVWUDWHG� LQ� )LJ����� ,W� LV� VHHQ� WKDW� WKH
/7(&V� PHDVXUHG� RQ� KHDWLQJ� ERWK� WKH� &2±
&���VDPSOHV�DERYH�����.�DQG�RQ�FRROLQJ�WKH���PRO����&2±&���VDPSOH�DUH�VLJQLILFDQWO\ORZHU� WKDQ� WKH� /7(&� RI� SXUH�&��� �)LJ�����7KH�HIIHFW�LQFUHDVHV�ZLWK�WKH�&2�FRQFHQWUD�
WLRQ� DQG� SHUVLVWV� HYHQ� LI� RQO\� D� SRVLWLYH
FRPSRQHQW� LV�DFFRXQWHG�IRU� �)LJ������ ,Q�1�±&���VROXWLRQV��WKH�HIIHFW�H[LVWV�RQO\�DW�KLJK1�� FRQFHQWUDWLRQV� DQG� LV� PXFK� ZHDNHU� >�@�7KLV�IHDWXUH�LV�H[SODLQHG�DV�IROORZV��$W�WKH

WHPSHUDWXUHV� RI� WKH� H[SHULPHQW�� WKH� WKHU�
PDO�H[SDQVLRQ�RI�SXUH�&���LV�GHWHUPLQHG�E\WUDQVODWLRQDO� ODWWLFH� YLEUDWLRQV�� &��� OLEUD�WLRQV� DQG� E\� WKH� FRQWULEXWLRQV� IURP� WKH
WZR�OHYHO� V\VWHPV� DQG� VRIW� PRGHV� WKDW� DUH
W\SLFDO� IRU� JODVVHV�� LQFOXGLQJ� WKH� RULHQWD�
WLRQDO�RQHV��7KH�DGPL[HG�JDV�PROHFXOHV�FDQ
DIIHFW� WKH� DERYH� FRQWULEXWLRQV� DQG� PDNH
WKHLU� RZQ� FRQWULEXWLRQ� WR� WKH� WKHUPDO� H[�
SDQVLRQ�RI�WKH�VROLG�&2±&���VROXWLRQ��$V� QRWHG� DERYH�� WKH� WKHUPDO� H[SDQVLRQ
FRHIILFLHQWV�RI�SXUH�&���DQG�WKH�&2±&���VR�OXWLRQV� FRLQFLGH� DW� WKH� ORZHVW� WHPSHUDWXUHV
RI�WKH�H[SHULPHQW��7KLV�PHDQV�WKDW�DW�WKHVH
WHPSHUDWXUHV�� WKH�&2� LPSXULW\� KDV� D� OLWWOH
HIIHFW� RQ� WKH� GRPLQDQW� FRQWULEXWRUV� WR� WKH
WKHUPDO� H[SDQVLRQ� Û� WUDQVODWLRQDO� ODWWLFH
YLEUDWLRQV�� WZR�OHYHO� V\VWHPV� DQG� VRIW
PRGHV�>��@��7KH�ZHDN�HIIHFW�RI�WKH�LPSXULW\
RQ�WKH�&���ODWWLFH�WUDQVODWLRQDO�YLEUDWLRQV�LVTXLWH�QDWXUDO� EHFDXVH�&2� DGGV� OLWWOH� WR� WKH
HIIHFWLYH� PROHFXODU� ZHLJKW� RI� WKH� &2±&��VROXWLRQV�� FKDQJLQJ� WKH� ODWWLFH� FRQVWDQW� RI
&��� DW� PRVW� E\� ����� �� >��@�� $V� WKH� WHP�
SHUDWXUH� ULVHV�� WKH� FRQWULEXWLRQV� IURP� WKH
&��� OLEUDWLRQV� DQG� &2� YLEUDWLRQV� LQFUHDVHVLJQLILFDQWO\��%XW�WKH�ODWWHU�FDQ�RQO\�UHVXOW
LQ�KLJKHU�/7(&�YDOXHV��7KHUHIRUH��WKH�ORZHU
/7(&V�RI�WKH�&2±&���VROXWLRQV� LQ�FRPSDUL�VRQ� ZLWK� WKRVH� RI� SXUH�&��� PD\� EH� DWWULE�XWHG� WR� D� ORZHU� FRQWULEXWLRQ� IURP� WKH�&��OLEUDWLRQV�� 7KH� UHDVRQ� LV� DV� IROORZV�� $W
7d���.��WKH�&2�PROHFXOHV�DUH�RULHQWHG�LQ�D
FHUWDLQ� ZD\� LQ� WKH� RFWDKHGUDO� LQWHUVWLWLDO
VLWHV�RI�&���>����������@��7KXV��WKH�QRQ�FHQ�WUDO� LQWHUDFWLRQ� EHWZHHQ� WKH� LPSXULW\� DQG
WKH�VXUURXQGLQJ�&���PROHFXOHV� LV�QRW�QXOOL�

)LJ�����7HPSHUDWXUH�GHSHQGHQFHV�RI�WKH�SRVLWLYH�DQG�QHJDWLYH�FRPSRQHQWV�RI�WKH�WKHUPDO�H[SDQVLRQ
FRHIILFLHQW� RI� &2±&��� VROXWLRQV� LQ� WKH� LQWHUYDOV� ���Ü��� .� �D��� DQG� ���Ü�� .� �E��� 7KH� SRVLWLYHFRQWULEXWLRQV�DUH�FKDUDFWHUL]HG�E\�FXUYHV��� ����PRO����&2���DQG��� ����PRO����&2��� WKH�QHJDWLYH
FRQWULEXWLRQV�� E\� FXUYHV�� �� ����PRO����&2��� DQG� �� ����PRO����&2��� 3XUH�&��� ZKLFK� H[KLELWV� DSRVLWLYH�FRQWULEXWLRQ�RQO\�LV�VKRZQ�E\�GRWWHG�OLQH������
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ILHG� GXH� WR� WKH� URWDWLRQ� RI� &2� PROHFXOHV�
7KH�&2�PROHFXOH�KDV�D�GLSROH�DQG�D�TXDGUX�
SOH� HOHFWULFDO�PRPHQWV�� 7KH� GLSROH�PRPHQW
LV� UDWKHU� ZHDN� >��@�� DQG� WKH� QRQ�FHQWUDO
&2±&���LQWHUDFWLRQ�LV�PDLQO\�GHWHUPLQHG�E\WKH�TXDGUXSROH�PRPHQW�RI�WKH�&2�PROHFXOH�
7KLV� LQWHUDFWLRQ� HQKDQFHV� WKH� QRQ�FHQWUDO
IRUFHV� DFWLQJ� RQ� WKH�&���PROHFXOHV� DQG� LQ�FUHDVHV�WKH�OLEUDWLRQV�IUHTXHQF\�WKHUHRI��$V
D� UHVXOW�� WKH� FRQWULEXWLRQ� IURP� WKH�&��� OL�EUDWLRQV� WR� WKH� WKHUPDO� H[SDQVLRQ� SRVLWLYH
FRPSRQHQW� GHFUHDVHV� DW� WKHVH� WHPSHUDWXUHV
DQG� LWV� LQWHUYDO� VKLIWV� WRZDUGV� KLJKHU� WHP�
SHUDWXUHV��7KLV� HIIHFW� LV�ZHDNHU� LQ� WKH�1�±&���VROXWLRQV��VLQFH�WKH�TXDGUXSROH�PRPHQWRI�1��PROHFXOHV� LV�PXFK� ORZHU� �VHH�)LJ�����,Q� WKLV� )LJXUH�� FRPSDUHG� DUH� WKH� SRVLWLYH
DQG�QHJDWLYH�FRPSRQHQWV�RI�WKH�WKHUPDO�H[�
SDQVLRQ�IRU�VDPSOHV�ZLWK����PRO����&2�DQG
����PRO����1���EHFDXVH�WKH�HIIHFWV�RI�LPSX�ULWLHV� RQ� WKH� WKHUPDO� H[SDQVLRQ� RI� GRSHG
IXOOHULWHV�DUH�PRVW�HYLGHQW�DW�KLJK�LPSXULW\
FRQFHQWUDWLRQV��

,Q� WKH� FRQWH[W� RI� WKH� DERYH� FRQVLGHUD�
WLRQ��WKH�QHJDWLYH�FRPSRQHQW�RI�WKH�WKHUPDO
H[SDQVLRQ� LV� GHILQHG� E\� WKH� UHRULHQWDWLRQ
SUREDELOLW\� RI� WKH�&���PROHFXOHV� LQ� WKH� GR�PDLQ� LQWHUOD\HUV�� 7KH� QHJDWLYH� /7(&� FRP�
SRQHQW� RI� WKH� &2±&��� VROXWLRQ� GHFUHDVHVFRQVLGHUDEO\� DV� WKH� &2� FRQFHQWUDWLRQ� LQ�
FUHDVHV� IURP� ��� �� WR� ��� �� �)LJ������ 7KH

DEVHQFH� RI� WKH� QHJDWLYH� FRPSRQHQW� LQ� WKH
WKHUPDO� H[SDQVLRQ� RI� SXUH� &��� SURPSWV� DFRQFOXVLRQ�WKDW�RQ�GLVVROXWLRQ�RI�&2�LQ�&���WKH� SUREDELOLW\� RI�&��� UHRULHQWDWLRQ� LQ� WKHGRPDLQ� LQWHUOD\HUV� LQFUHDVHV� ILUVW� DQG� WKHQ
VWDUWV� WR� GHFUHDVH� DV� WKH�&2� FRQFHQWUDWLRQ
ULVHV��%\�FRQWUDVW�� LQ� WKH�1�±&��� VROXWLRQV�ZKHUH� WKH� QRQ�FHQWUDO� LQWHUDFWLRQ� EHWZHHQ
WKH� 1�� DQG� &��� PROHFXOHV� LV� ZHDNHU�� WKHQHJDWLYH�FRQWULEXWLRQ�WR�WKH�WKHUPDO�H[SDQ�
VLRQ� LV�PXFK�JUHDWHU� DW�KLJK�1�� FRQFHQWUD�WLRQV� WKDQ�DW� ORZ�RQHV��1RWH� WKDW�D� FKDQJH
IURP� ORZ� WR� KLJK� LPSXULW\� FRQFHQWUDWLRQV
UHGXFHV� WKH� WHPSHUDWXUH� LQWHUYDO� RI� WKH
QHJDWLYH� FRQWULEXWLRQ� IRU� WKH�&2±&��� VROX�WLRQ�DQG�LQFUHDVHV�LW�IRU�WKH�1�±&���RQH�>�@�,Q� RXU� RSLQLRQ�� WKLV� EHKDYLRU� VXJJHVWV� D
FRPSHWLWLRQ�RI�WZR�PHFKDQLVPV��2Q�WKH�RQH
KDQG��WKH�&2�DQG�1�� LPSXULWLHV� LQWURGXFHGLQWR� WKH� LQWHUVWLWLDO� VLWHV� RI� &��� SXVK� WKHQHLJKERULQJ� &��� PROHFXOHV� IDUWKHU� DSDUW�WKXV�VXSSUHVVLQJ�WKH�QRQ�FHQWUDO�LQWHUDFWLRQ
EHWZHHQ� WKH� &��� PROHFXOHV� DQG� SURPRWLQJWKHLU�UHRULHQWDWLRQ��7KLV�LQFUHDVHV�WKH�QHJD�
WLYH�FRQWULEXWLRQ� WR� WKH� WKHUPDO�H[SDQVLRQ�
2Q�WKH�RWKHU�KDQG��WKH�QRQ�FHQWUDO�LQWHUDFWLRQ
EHWZHHQ�WKH�LPSXULW\�DQG�WKH�QHLJKERULQJ�&��PROHFXOHV�UHGXFHV�WKH�SUREDELOLW\�RI�&���UHRUL�HQWDWLRQ� DQG� GHFUHDVHV� WKH� QHJDWLYH� FRQWULEX�
WLRQ� WR� WKH� WKHUPDO� H[SDQVLRQ�� 7KH� ILUVW
PHFKDQLVP�GRPLQDWHV�LQ�WKH�1�±&���VROXWLRQV�ZKLOH� WKH� RWKHU� SUHYDLOV� LQ� WKH�&2±&��� VROX�WLRQV�ZLWK�KLJK�&2�FRQFHQWUDWLRQV��

7KH� QRQFHQWUDO� LQWHUDFWLRQ� EHWZHHQ� WKH
LPSXULW\� DQG�&���PDWUL[� LV� H[SHFWHG� WR� DI�IHFW�WKH�FKDUDFWHULVWLF�WLPHV�W��RI�&���UHRUL�HQWDWLRQ�� $V� VHHQ� LQ� )LJ����� WKH� W�� YDOXHV

)LJ�����7HPSHUDWXUH�GHSHQGHQFHV�RI�WKH�SRVL�
WLYH� DQG� QHJDWLYH� FRPSRQHQWV� RI� WKH� OLQHDU
WKHUPDO�H[SDQVLRQ�FRHIILFLHQW�IRU�&2±&����VROLGOLQHV�� DQG�1�±&��� �GDVKHG� OLQHV�� >�@� VROXWLRQV�7KH� SRVLWLYH� FRPSRQHQWV� FKDUDFWHUL]HG� E\
FXUYHV��������PRO����&2���DQG��������PRO���
1���� WKH� QHJDWLYH� FRPSRQHQWV�� E\� FXUYHV� �����PRO����&2��� DQG��� �����PRO���1����3XUH&��� ZKLFK� KDV� D� SRVLWLYH� FRQWULEXWLRQ� RQO\� LVVKRZQ�E\�GRWWHG�OLQH�����

)LJ�����&KDUDFWHULVWLF�WLPH� �W��� IRU�&���UHRUL�HQWDWLRQ� GHULYHG� IURP� WKH� QHJDWLYH� FRPSR�
QHQWV� RI� WKHUPDO� H[SDQVLRQ�� &2±&��� ZLWK
���PRO����&2� �u��� DQG� ��� PRO����&2� ����
DQG�1�±&���ZLWK�����PRO����1���▲��
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DUH� PXFK� KLJKHU� IRU� WKH� &2±&��� VROXWLRQWKDQ� IRU� WKH� 1�±&��� RQH�� WKXV� LQGLFDWLQJWKDW�WKH�&2�PROHFXOHV�KDYLQJ�D�ODUJHU�TXDG�
UXSROH� PRPHQW� UHGXFH� FRQVLGHUDEO\� WKH
SUREDELOLW\�RI�&���UHRULHQWDWLRQ��7KH�ORFDO�PD[LPD�LQ�WKH�WHPSHUDWXUH�GH�
SHQGHQFHV�RI�WKH�SRVLWLYH�FRPSRQHQWV�RI�WKH
/7(&V� W��7�� IRU� WKH� &2±&��� VDPSOHV� PD\LQGLFDWH� WKDW� WKH� LQWHUYDO� �Ü����.� LQFOXGHV
WKH� WHPSHUDWXUHV� RI� SKDVH� WUDQVIRUPDWLRQV
LQ�WKH�RULHQWDWLRQDO�&2±&���JODVVHV��7KH�DV�VXPSWLRQ�LV�VXSSRUWHG�E\�WKH�DQDO\VLV�RI�WKH
W��7�� GHSHQGHQFHV� IRU� WKH�&2±&��� VROXWLRQ�7KH�VDPSOH�WKHUPDOL]DWLRQ�WLPH�W��LQFUHDVHVVKDUSO\� LQ� WKH� WHPSHUDWXUH� LQWHUYDO� RI� WKH
ORFDO�/7(&�PD[LPD��VHH�)LJ������EHFDXVH�WKH
KHDW� VXSSOLHG� WR� WKH� VDPSOH�GXULQJ�KHDWLQJ
LV�SDUWO\�FRQVXPHG�LQ�WKH�SKDVH�WUDQVIRUPD�
WLRQ�RI�WKH�RULHQWDWLRQDO�JODVV��

7KH� GHSHQGHQFHV� D�7�� DQG� W��7�� IRU� WKH1�±&��� VROXWLRQ� KDYH� QR� GLVWLQFW� PD[LPD�7KH�JODVVHV�FRH[LVWLQJ�LQ�JDV�IXOOHULWHV�VROX�
WLRQV� GLIIHU� LQ� RULHQWDWLRQDO� RUGHUV� RI� &��PROHFXOHV� >������ Ü� ��@�� 6LQFH� WKH� QRQ�FHQ�
WUDO� LQWHUDFWLRQ�RI�WKH� LPSXULW\�DQG�PDWUL[
PROHFXOHV�LV�VWURQJHU�LQ�WKH�&2±&���VROXWLRQ�ZH�FDQ�DVVXPH�WKDW�WKH�SKDVH�WUDQVIRUPDWLRQ
ODWHQW� KHDW� �D� FKDQJH� LQ� WKH� RULHQWDWLRQDO
RUGHU�� LV� ODUJHU� IRU� WKLV� VROXWLRQ�� ZKLFK� LV
PDQLIHVWHG�DV�D�7��DQG�W��7��PD[LPD��*DV� LPSXULWLHV� LQ� KLJK� FRQFHQWUDWLRQV
FDQ� RIWHQ� FDXVH� PLFURFUDFNLQJ� DQG� HYHQ
IUDFWXUH� RI� &��� VDPSOHV� >�����������@�� 7KHKLJKHU� W�� YDOXHV� IRU� WKH� VDPSOH� ZLWK� WKHKLJK�&2� FRQFHQWUDWLRQ�FDQ�EH�DWWULEXWHG� WR

WKH� PLFURFUDFNV� LQ� WKH� VDPSOH�� ZKLFK� LQ�
FUHDVH� LWV� WKHUPDO� UHVLVWDQFH� DQG�KHQFH� WKH
FKDUDFWHULVWLF�WKHUPDOL]DWLRQ�WLPH�W��7R� FRQFOXGH�� D� ILUVW� RUGHU� SKDVH� WUDQVL�
WLRQ� ZDV� REVHUYHG� LQ� WKH� RULHQWDWLRQDO� &��JODVV� DW� OLTXLG� KHOLXP� WHPSHUDWXUHV� GXULQJ
GLODWRPHWULF�LQYHVWLJDWLRQV�RQ�WZR�&2±&���VR�OXWLRQV� ZLWK� ���PRO����&2� DQG� ���PRO���
&2�� 7KH� SKDVH� WUDQVIRUPDWLRQ� LV� FRQILUPHG
E\�K\VWHUHVLV�RI�WKH�WKHUPDO�H[SDQVLRQ�� ORFDO
PD[LPD�LQ�WKH�WHPSHUDWXUH�GHSHQGHQFH�RI�OLQ�
HDU� WKHUPDO� H[SDQVLRQ� FRHIILFLHQWV� DQG� D
PD[LPXP� LQ� WKH� WHPSHUDWXUH� GHSHQGHQFH� RI
WKH�WKHUPDOL]DWLRQ�WLPH�W��RI�WKH�LQYHVWLJDWHGV\VWHPV��7KH�SKDVH�WUDQVLWLRQV�LQ�WKH�RULHQWD�
WLRQDO� JODVVHV� RI� WKH� &2±&��� VROXWLRQV� RF�FXUUHG� LQ� WKH� �Ü�.� LQWHUYDO�� 7KH� WKHUPDO
H[SDQVLRQ�RI�WKH�&2±&���VROXWLRQV�LV�D�WRWDORI� SRVLWLYH� DQG� QHJDWLYH� FRPSRQHQWV� ZLWK
WKH� FKDUDFWHULVWLF� UHOD[DWLRQ� WLPHV� W�� DQGW��� UHVSHFWLYHO\�� W�� LV� WKH� WLPH� RI� WHPSHUD�WXUH�HTXDOL]DWLRQ�RYHU�WKH�VDPSOH��WKHUPDOL�
]DWLRQ�� DQG� W�� VSHFLILHV� WKH� WLPH� RI�&��� UH�RULHQWDWLRQ� LQ� WKH� LQWHUGRPDLQ� VSDFH� RI� WKH
&2±&��� VDPSOH�� :H� KDYH� FRPSDUHG� WKH
WKHUPDO� H[SDQVLRQ� RI� &2±&��� DQG� 1�±&��VROXWLRQV�ZKHUH�WKH�LPSXULW\�PROHFXOHV�KDYH
FORVH� JDV� NLQHWLF� GLDPHWHUV� DQG� PROHFXODU
ZHLJKWV��EXW�1��KDV�D�PXFK�VPDOOHU�TXDGUX�SROH�PRPHQW��

%HFDXVH� RI� D� VWURQJHU� QRQ�FHQWUDO� LQWHU�
DFWLRQ�RI�WKH�&2�DQG�QHLJKERULQJ�&���PROH�FXOHV��WKH�&2±&���VROXWLRQ�KDV�VRPH�VSHFLILFIHDWXUHV�WKDW�GLVWLQJXLVK�LW�IURP�WKH�1�±&��VROXWLRQ�� �L��� 7KH� OLQHDU� WKHUPDO� H[SDQVLRQ
FRHIILFLHQWV�DUH�ORZHU�LQ�WKH��KLJK�WHPSHUD�
WXUH�� SKDVH� LQ� FRPSDULVRQ� ZLWK� WKH� /7(&V
RI�SXUH�&����7KLV�LV�EHFDXVH�WKH�IUHTXHQFLHVRI�&��� OLEUDWLRQV� LQFUHDVH� DQG� WKHLU� FRQWUL�EXWLRQ� WR� WKH�/7(&V�VKLIWV� WR�WHPSHUDWXUHV
DERYH�WKH�7�LQWHUYDO�RI�WKH�H[SHULPHQW���LL��
7KH� D�7�� DQG� W��7�� GHSHQGHQFHV� KDYH�PD[�LPD� LQ� WKH� WHPSHUDWXUH� LQWHUYDO� RI� SKDVH
WUDQVIRUPDWLRQ��1R�PD[LPD�DUH�GHWHFWHG� LQ
WKH� 1�±&��� VROXWLRQV�� �LLL��� 7KH� &��� PROH�FXOHV� KDYH�PXFK� ORQJHU� UHRULHQWDWLRQ� WLPHV
W��� ZKLFK� LV� DQ� REYLRXV� FRQVHTXHQFH� RI� WKHHQKDQFHPHQW� RI� WKH� QRQFHQWUDO� LQWHUDFWLRQ
EHWZHHQ�WKH�LPSXULW\�DQG�PDWUL[�PROHFXOHV�
�LY���7KHUH�LV�D�FKDQJH�LQ�WKH�FRQFHQWUDWLRQ
GHSHQGHQFH� RI� WKH� QHJDWLYH� FRQWULEXWLRQ� WR
WKH� /7(&�� 7ZR� HIIHFWV� DUH� UHVSRQVLEOH� IRU
WKH�QHJDWLYH�FRQWULEXWLRQ��2Q�WKH�RQH�KDQG�
WKH�LPSXULWLHV�LQFUHDVH�WKH�VSDFLQJV�EHWZHHQ
WKH� &��� PROHFXOHV� ZKLFK� GHSUHVVHV� WKHLUQRQ�FHQWUDO� LQWHUDFWLRQ� DQG� LQFUHDVHV� WKH
SUREDELOLW\� RI� WKHLU� UHRULHQWDWLRQ�� 2Q� WKH
RWKHU� KDQG�� WKH� QRQFHQWUDO� LQWHUDFWLRQ� EH�

)LJ�����&KDUDFWHULVWLF�WLPHV�W��RI�WKH�SRVLWLYHFRPSRQHQWV� RI� WKHUPDO� H[SDQVLRQ� IRU
���PRO����&2±&��� �▲�� DQG����PRO����&2±
&����'��
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WZHHQ�WKH�LPSXULW\�DQG�PDWUL[�PROHFXOHV�GH�
FUHDVHV� WKH� SUREDELOLW\� RI�&��� UHRULHQWDWLRQ�7KH� ILUVW�PHFKDQLVP� LV�GRPLQDQW� LQ� WKH�1�±&��� VROXWLRQV�� ZKLFK� WKH� RWKHU� SUHGRPLQDWHVLQ�WKH�&2±&���VROXWLRQV�ZKLFK�KLJK�&2�FRQ�FHQWUDWLRQ��

7KH�DXWKRU�LV�LQGHEWHG�WR�WKH�6FLHQFH�DQG
7HFKQRORJ\� &HQWHU� RI� 8NUDLQH� �67&8�� IRU
WKH� ILQDQFLDO� VXSSRUW� RI� WKLV� VWXG\� �SURMHFW
1R�������

5HIHUHQFHV
� ���$�1�$OHNVDQGURYVNLL�� $�6�%DNDL�� $�9�'ROELQ

HW�DO���)L]��1L]N��7HPS������������������
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DO���)L]��1L]N��7HPS������������������
� ���9�*�0DQ]KHOLL�� $�9�'ROELQ�� 9�%�(VHO±VRQ� HW
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� ���$�9�'ROELQ�� 1�$�9LQQLNRY�� 9�*�*DYULONR� HW
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)L]��1L]N��7HPS�������������������
� ���$�,�3URNKYDWLORY��1�1�*DOWVRY��,�9�/HJFKHQN�

RYD�HW�DO���)L]��1L]N��7HPS������������������
� ���%�6XQGTYLVW��$GY���3K\V����������������
� ���&KDSPHQ��&RZOLQJ��7KH�0DWKHPDWLFDO�7KHRU\

RI�1RQ�8QLIRUP�*DVHV��&DPEULGJH�8QLYHUVLW\
3UHVV��&DPEULGJH��������
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����6�6PDDOHQ�� 5�'LQQHELHU�� ,�+ROOHPDQ� HW� DO��
3K\V��5HY��%������������������

����$�1�$OHNVDQGURYVNLL��1�$�9LQQLNRY��9�*�*DYULONR
HW�DO���8NU��=K�)L]��3K\V�������������������

����*�(�*DGG�� 6�0RULFFD�� 6�-�.HQQHG\� HW� DO��� -�
3K\V��&KHP��6ROLGV������������������

����$�1�$OHNVDQGURYVNLL��9�%�(VHO�VRQ��9�*�0DQ�
]KHOLL��/RZ�7HPS��3K\V������������������

����9�0�/RNWHY�� -�1�.KDODFN�� <X�*�3RJRUHORY�
)L]��1L]N��7HPS������������������

����-�0�.KDODFN�� 9�0�/RNWHY�� )L]��1L]N��7HPS��
���������������

����$�6�%DNDL��)L]��1L]N��7HPS�������������������
����0�$�5DPRV�� &�7DORQ�� 5�-�-LPHQH]�5LRERR�

6�9LHLUD�� -��3K\V���&RQGHQV��0DWWHU�� ���� ����
�������

����1�1�*DOWVRY�� $�,�3URNKYDWLORY�� *�1�'ROJRYD
HW�DO���)L]��1L]N��7HPS�������������������

����+ROOHPDQ��*�YRQ�+HOGHQ��(�+�7�2LWKRI�HW�DO��
3K\V��5HY��/HWW�������������������

����,�+ROOHPDQ��*�YRQ�+HOGHQ��$�YDQ�GHU�$YRLUG�
*�0HLMHU��3K\V��5HY��/HWW�������������������

����0�:�0HOKXLVK��5�/�6FRWW��-��3K\V��&KHP������
������������

����/�6�)RPHQNR�� 6�9�/XEHQHWV�� 9�'�1DWVLN� HW
DO���)L]��1L]N��7HPS�����������������
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