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)LJXUH��� &DOFXODWHG�GULIW�WUDMHFWRULHV�RI�WKH�HOHFWURQVRI�FKDQQHOV������������DQG����� /DWLWXGLQDO�GLVWDQFHV�LV�LQGHJUHHV�� WLPH� LQ� VHFRQGV�� 7R  � �������� 87� LV� WKHPRPHQW�RI�LQWHQVLW\�PD[LPXP�LQ�����NH9�FKDQQHO�� DQGOq  ����LV�WKH�SRVLWLRQ�RI��&55(6�
IW�YHORFLW\���$V�ZLOO�EH�VKRZQ�EHORZ��WKH�HQHUJ\�JDLQ� YHORFLW\� ZDV� ���� RI� WKH� ILQDO� YHORFLW\� IRU� ����NH9� ���V�GULIW�GXUDWLRQ�LQVWHDG�RI����V���7KDW�PHDQV�WKDW
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�������$XURUD/RSDUVND\D� 2EVHUYDWRU\� RI� WKH� 3RODU� *HRSK\VLFDO� ,QVWLWXWH� LV� VLWXDWHG� DW� WKH� QRUWKHUQ� SDUW� RI� WKH� .ROD� 3HQLQVXOD������q1������q(���3ODWH��� SUHVHQWV��LQ� SVHXGRFRORU�WKH� NHRJUDP�VKRZLQJ�WHPSRUDO�YDULDWLRQ�RI�WKH�1�6�FURVV�VHFWLRQ�RIWKH�DXURUDO�OXPLQRVLW\�FUHDWHG�IURP�WKH�79�UHFRUGV�IRU�D����PLQ�LQWHUYDO�DQG�WKH�VHTXHQFH�RI�79�IUDPHV�ZLWK� G7  ���V�IRUVKRUWHU�WLPH�SHULRGV�DURXQG�WKH�EUHDNXS�7KH�79�FDPHUD�ZDV�SXW�LQWR�RSHUDWLRQ�DW������87��ZKHQ�WKH�DXURUD��UHODWHG�WR�WKH�ILUVW�'L[RQ�VXEVWR UP��DSSHDUHG�RYHU/RSDUVND\D�� ,W� ZDV� D� ZLGHO\� GLIIXVHG� DUF� V\VWHP� QHDU� WKH� ]HQLWK�� ZKLFK� EHFDPH� D� FUDGOH� IRU� WKH� VHFRQG� .RODLQWHQVLILFDWLRQ��%HIRUH�WKH�EUHDNXS�������87���WKUHH� EULJKWHQLQJV�RI�WKH�DUF�ZHUH�UHJLVWHUHG��WKH�ODVW�WZR�FDQ�EH�IRXQG�RQWKH�NHRJUDP�DW������DQG������87��,W�LV�D�W\SLFDO� SUHEUHDNXS�SKHQRPHQRQ��7KH�GLIIXVHG�DUHD�FORVH�WR�WKH�QRUWKHUQ�KRUL]RQZDV�QRW�DFWLYH��DQG�WKH�VKDSH�DQG�EULJKWQHVV�UHPDLQHG�WKH�VDPH�WKURXJKRXW�WKH� LQWHUYDO��XQGHU�FRQVLGHUDWLRQ�7KH�EUHDNXS�ZDV�VKRUW��LW�VWDUWHG� DW���������DQG�HQGHG�DW������87��$V�FDQ�EH�VHHQ�IURP�3ODWH����LW�ZDV�GLYLGHG�LQWRWKUHH� DFWLYDWLRQV��ZLWK� D� GXUDWLRQ� RI� DERXW� ��PLQ�� ,W�ZDV� SRVVLEOH� WR� REVHUYH� D� UHVWULFWHG� SROHZDUG� H[SDQVLRQ� LQ� HYHU\DFWLYDWLRQ��EXW�WKH�ODWLWXGLQDO�SRVLWLRQ�RI�WKH�VHFRQG�DQG�WKLUG�DFWLYDWLRQ�PRYHV� VWHSOLNH�WR�WKH�VRXWK�7KH�PRVW�LQWHQVH��ILUVW��DFWLYDWLRQ�VWDUWHG�DW���������87��DQG�WKH�VHFRQG�RQH�VWDUWHG�DW���������87���%RWK� DFWLYDWLRQVRFFXU�EHIRUH�WKH�FDOFXODWHG�HOHFWURQ�LQMHFWLRQ�WLPH��2QO\�WKH�WKLUG�DFWLYDWLRQ��ZKLFK�EHJDQ�DW���������87�DQG�ZKLFK�ZDVOHVV�LQWHQVH�WKDQ�WKH�ILUVW�WZR��DSSUR[LPDWHO\�FRLQFLGHV�ZLWK�WKH�LQMHFWLRQ�WLPH�8VLQJ�WKH� NHRJUDP�GDWD�ILOH��VHYHUDO�VLPXODWLRQV�ZHUH�FUHDWHG�RI�WKH� SKRWRPHWULF�UHFRUGV�ZLWK�SKRWRPHWHUV�ORRNLQJ�WRWKH�]HQLWK�DW�GLIIHUHQW�SRVLWLRQV�DORQJ�WKH /RSDUVND\D�PDJQHWLF�PHULGLDQ���)LJXUH���SUHVHQWV�WKH�UHVXOWLQJ�YDULDWLRQV�RI�WKHDXURUD�EULJKWQHVV���7KH�OHYHOV�RI�WKH�UHFRUGV�DUH�VKLIWHG�WR�VHSDUDWH�WKUHH�JURXSV�RI�WKH�SKRWRPHWHUV�DW�GLIIHUHQW�ODWLWXGHV�7KH�YHUWLFDO� OLQH� LQGLFDWHV� WKH�VWDUWLQJ� WLPH�RI� WKH� LQMHFWLRQ�� DV� HVWLPDWHG�DERYH� IURP�HOHFWURQ�HQHUJ\�GLVSHUVLRQ�� ,Q� WKHERWWRP�SDQHO��PDJQHWLF�3L��� SXOVDWLRQV�DUH�SUHVHQWHG��UHJLVWHUHG�E\�WKH /RYR]HUR�2EVHUYDWRU\�ZKLFK�LV�VLWXDWHG�����NP�WRWKH�VRXWK�DQG����NP�WR�WKH�HDVW�IURP� /RSDUVND\D��,W�LV�LQWHUHVWLQJ�WR�QRWH�WKDW�WKH�PRVW�LQWHQVH�ILUVW�DFWLYDWLRQ�KDV� D�VPDOO3L� �� DPSOLWXGH�� IRU� VXFK� ORFDOL]HG� HYHQWV� WKH� UHODWLYH� GLVWDQFH� EHWZHHQ� WKH� IRRWSULQW� RI� WKH� VRXUFH� UHJLRQ� DQG� WKHPDJQHWRPHWHU�SRVLWLRQ�PLJKW�EH�LPSRUWDQW���/LNHZLVH��WKH�PDJQHWLF�YDULDWLRQV�UHJLVWHUHG�E\�&55(6�LQ�JHQHUDO�UHIOHFW�WKHGLSRODUL]DWLRQ�SURFHVV�IURP������WR������87��EXW�WKH�ILQH�VWUXFWXUHV�GR�QRW�FRLQFLGH�ZLWK�DXURUDO� DFWLYDWLRQV�
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)LJXUH� �� 6\QWKHWLF� ]HQLWK� SKRWRPHWHU� UHFRUGV� DW� � IRXU� VHFWLRQV� RI� WKH� /RSDUVND\D� PHULGLDQ� GXULQJ� WKUHH� DXURUDODFWLYDWLRQV��7ZR��RU�WKUHH�QHLJKERULQJ�SRLQWV�ZHUH�XVHG�WR�VKRZ�GDWD�GHYLDWLRQ��'DVKHG� OLQH��FDOFXODWHG�VWDUWLQJ�WLPH�RI�WKHHOHFWURQ�DFFHOHUDWLRQ���ERWWRP��0DJQHWLF�3L���SXOVDWLRQV��+ FRPSRQHQW��UHJLVWHUHG�LQ�/RYR]HUR

�����&RPSDULVRQ�RI�WKH�2EVHUYDWLRQV,W�LV�GLIILFXOW�WR�DVVXPH�WKDW� DFWLYDWLRQV���DQG���GLG�QRW�JHQHUDWH�HQHUJHWLF�HOHFWURQV��0RVW�SUREDEOH��WKH�HOHFWURQ�FORXGVRP�WKH�ILUVW�WZR� DFWLYDWLRQV�SDVV�RXWVLGH�RI�WKH�&55(6�RUELW�RQ�WKHLU�PDJQHWLF�GULIW���,I�WKDW�LV�WUXH�� WKHQ��WKH�HQHUJHWLFOHFWURQ� DFFHOHUDWLRQ� UHJLRQ�PXVW� � KDYH� VKDUS� HTXDWRULDO� ERXQGDULHV� VLPLODU� WR� DQG� DW� WKH� VDPH� SRVLWLRQ� DV� WKH� DXURUDOFWLYDWLRQV���$QG� RQO\��WKH�WKLUG�DXURUDO�DFWLYDWLRQ�ZDV�VLWXDWHG�FRQYHQLHQWO\�IRU�WKH�UHJLVWUDWLRQ�E\�&55(6�GHWHFWRUV�7KH� GDVKHG� OLQH� LQ� )LJXUH� ��� ZKLFK� FRUUHVSRQGV� WR� WKH� FDOF XODWHG� WLPH� RI� WKH� EHJLQQLQJ� RI� WKH� HQHUJHWLF� HOHFWURQFFHOHUDWLRQ��LV�GHOD\HG�E\����V�LQ� FRPSDULVLRQ�ZLWK�WKH�EHJLQQLQJ�RI�DFWLYDWLRQ��,W�FDQ�EH�DVFULEHG�WR�WKH�XQFHUWDLQW\�RI�WKHHOD\�WLPLQJ��EXW�FDUHIXO�LQVSHFWLRQ�RI�WKH�79�UHFRUG�VKRZV�WKDW�WKH�WKLUG�DFWLYDWLRQ��ZKLFK�EHJLQV�DW���������87 ���VKLIWV



�IXUWKHU� VRXWKZDUG� DW� ����������������87�� �:H� FDQQRW� ILQG� DQ� DGGLWLRQDO� LQWHQVLW\�PD[LPXP� DW� ���� � LQ� WKH� NHRJUDP�EHFDXVH� WKH FRUUHVSRQGLQJ� DXURUD� DFWLYDWLRQ� RFFXUV� ZHVWZDUG� RI� WKH� FHQWUDO� PHULGLDQ�� 7KHUHIRUH� WKH� EHJLQQLQJ� RI� WKH&55(6�HQHUJHWLF�HOHFWURQ�LQMHFWLRQ�PD\�H[DFWO\�FRLQFLGH�ZLWK�WKH�WKLUG�DFWLYDWLRQ�LI�ZH�WDNH�LQWR�DFFRXQW�WKH�����WR�����VGHOD\�RI�VRXWKZDUG�DFWLYLW\�SURSDJDWLRQ�:H� IRXQG�DERYH� WKH�ZHVWHUQ�ERXQGDU\�RI� WKH� DFFHOHUDWLRQ� UHJLRQ��$GGL WLRQDO� LQIRUPDWLRQ� FDQ�EH� H[WUDFWHG� IURP� WKHHOHFWURQ� � LQWHQVLW\� WLPH�SURILOHV� �)LJXUH� ��� DERXW� WKH�&55(6� IRRWSULQW� SRVLWLRQ�ZLWK� UHVSHFW� WR� WKH� HDVWHUQ� HGJH� RI� WKHDFFHOHUDWLRQ�UHJLRQ��$W�WKH�EHJLQQLQJ�RI�WKH�LQFUHDVH��EHIRUH�WKH�PD[LPXP��ZH�REVHUYH�WKH�DUULYDO�RI�HOHFWURQV�IURP�WKHQHDUHVW�SDUW�RI�WKH�DFFHOHUDWLRQ�UHJLRQ��7KH�LQFUHDVH�RI�LQWHQVLW\�VWDUWHG�LQ�HOHFWURQ�HQHUJ\�FKDQQHOV���DQG���DW������87�8VLQJ�WKH�UHVXOWV�RI�WKH�FDOFXODWLRQ�RI�WKH�PDJQHWLF�GULIW�VKRZQ�LQ�)LJXUH����WKH�ORQJLWXGLQDO�GLVWDQFHV�IURP�WKH�&55(6FDQ�EH�HVWLPDWHG�DV�� q��q���,W�LV�QRW�H[DFWO\�WKH�GLVWDQFH�EHWZHHQ�&55(6�DQG�WKH�QHDUHVW�ERUGHU�RI�DFFHOHUDWLRQ�UHJLRQ�� LWKDV� WR� EH� VPDOOHU� WKDQ� � q�� EHFDXVH� SDUWLFOHV�PXVW� VSHQG� D� FHUWDLQ� WLPH� LQ� WKH� DFFHOHUDWLRQ� UHJLRQ� WR� JDLQ� HQHUJ\�� ,W� LVSRVVLEOH�WR�ILQG�D PRUH�DFFXUDWH�YDOXH�� EHFDXVH� �ZH�NQRZ�WKDW� WKH�VDWHOOLWH� LV�PRYLQJ�ZHVWZDUG� WRZDUG� WKH�DFFHOHUDWLRQUHJLRQ� ����� GHJ�PLQ�� DQG� PXVW� VRRQ� HQWHU� LW�� � $� VKDUS� LQFUHDVH� RI� WKH� HOHFWURQ� LQWHQVLW\� ZLWK� SDQFDNH� � SLWFK�DQJOHGLVWULEXWLRQ�ZDV�UHJLVWHUHG�LQ�FKDQQHOV���WR���DW���������87��� ,W��FDQ�EH�LQWHUSUHWHG�DV�DQ�HQFRXQWHU�RI�WKH�VDWHOOLWH�ZLWK�WKHUHJLRQ�RI�HQKDQFHG�HOHFWURQ�SRSXODWLRQ�7KHUHIRUH� DW� ����� 87�� WKH� � &55(6� IRRWSULQW� ZDV� ��� � HDVWZDUG� IURP� WKH� QHDUHVW� HGJH� RI� WKH� HQHUJHWLF� SDUWLFOHDFFHOHUDWLRQ�UHJLRQ�DQG���� � IURP�WKH�GLVWDQW�RQH��WKH�WRWDO�ORQJLWXGLQDO�GLPHQVLRQ�DQG�SRVLWLRQ�DSSUR[LPDWHO\�WKH�VDPH�DVWKRVH� IRU� WKH� WKLUG� DXURUDO� DFWLYDWLRQ�� 7KHUHIRUH� DOO� � UHVXOWV� RI� GDWD� DQDO\VLV� DQG� FRPSDULVRQ� DUH� LQ� DJUHHPHQW� ZLWK� DQDVVXPSWLRQ� WKDW� � WKH� � ZHVWHUQ� HGJH�� WKH� HDVWHUQ� HGJH�� DQG� WKH� HTXDWRULDO� ERXQGDU\� RI� WKH� DFWLYH� DXURUD� DQG� HQHUJHWLFHOHFWURQ�DFFHOHUDWLRQ�UHJLRQ�DUH�ORFDWHG�FORVH�WR�HDFK�RWKHU�7KH�HDVWHUQ�ERUGHU�RI� WKH�DXURUD�ZDV�VLWXDWHG�DW� WKH�PRPHQW� DSSUR[LPDWHO\�DW����� � (� ��������� � � �7KH�SRVLWLRQ�RI� WKHDXURUD� QHDU� WKH� KRUL]RQ�� DW� WKH� HGJH� RI� WKH� 79� IUDPH� DQG� � LQGLVWLQFW� ERXQGDU\��GRHV� QRW� DOORZ� EHWWHU� UHVROXWLRQ��� 7KHODWLWXGH�RI�WKH�&55(6�IRRWSULQW�SUHGLFWHG�E\�WKH�7����PRGHO�DW�WKH�PRPHQW�RI�HQFRXQWHU�ZLWK�WKH�DFFHOHUDWLRQ�UHJLRQ�ZDVHTXDO� WR������� ��7KH�GLIIHUHQFH�RI�� q LV�LQVLJQLILFDQW � WDNLQJ�LQWR�DFFRXQW�WKH�VWDWLVWLFDO�RULJLQ�RI�WKH� 7V\JDQHQNR�PRGHO�WKHUHIRUH�WKLV�FRPSDULVRQ�FRQILUPV� WKH��DVVXPSWLRQ�WKDW��WKH�DFWLYH�DXURUD�DQG�WKH�HQHUJHWLF�HOHFWURQ�DFFHOHUDWLRQ�UHJLRQDUH�LGHQWLFDO�)LJXUH���SUHVHQWV�HQHUJ\�VSHFWUD�RI�WKH�&55(6�HOHFWURQV�IRU�WKH�ILYH�PRPHQWV� LQGLFDWHG�LQ�WKH� LQVHUW�DW� WKH�WRS�ULJKWFRUQHU��&RPSDULQJ�WKH�VSHFWUXP�DW�WKH�PD[LPXP�LQWHQVLW\�IRU� D�FHUWDLQ�HQHUJ\�ZLWK�WKH�LQLWLDO�VSHFWUXP��ZH�FDQ�HVWLPDWHWKH�PDJQLWXGH�RI�WKH�HOHFWULF�ILHOG�DSSOLHG�WR�WKH�HOHFWURQV��,QWHQVLW\�RI�WKH����NH9�HOHFWURQV�DW�WKH�PRPHQW�%�LV�HTXDO�WRWKH� LQWHQVLW\� RI� ���NH9� HOHFWURQV� LQ� WKH� XQGLVWXUEHG� VSHFWUXP� $�� ,QWHQVLW\� RI� ���NH9� HOHFWURQV� DW� WKH� PRPHQW� &FRUUHVSRQGV�WR���� NH9�RI� VSHFWUXP��$��7KHUHIRUH�ZH�FDQ�HVWLPDWH�WKDW�WKH�WRWDO�HOHFWULF�SRWHQWLDO�ZDV�RI�WKH�RUGHU�RI���N9�

)LJXUH���� (OHFWURQ�HQHUJ\�VSHFWUD�DW�VHYHUDO� WLPH� LQWHUYDOV�ZLWKFRQVHFXWLYH�DUULYDO�RI�HOHFWURQV�ZLWK�ORZHU�HQHUJLHV�
)LJXUH��� 7KUHH�FRPSRQHQWV��*60��RI�WKH�PDJQHWLF
ILHOG� PHDVXUHG� E\� WKH� &55(6� PDJQHWRPHWHU�'DVKHG� OLQHV� SUHVHQW� WKH� VDPH� FRPSRQHQWVFDOFXODWHG� E\� XVLQJ� � RSWLRQ� �� RI� WKH� 7V\JDQHQNR�����PRGHO�SUHVHQW�WKH�VDPH�FRPSRQHQWV�FDOFXODWHGE\�XVLQJ��RSWLRQ���RI�WKH�7V\JDQHQNR������PRGHO�



�����'LVFXVVLRQ7ZR�HYHQWV�KDYH�EHHQ�UHJLVWHUHG��DXURUDO�EUHDNXS�E\�D�JURXQG�EDVHG�79� FDPHUD��DQG�HQHUJHWLF�HOHFWURQ�LQFUHDVH�LQ�WKHPDJQHWRVSKHUH�� � /HW� XV� VWDUW� ZLWK� WKH� LGHQWLILFDWLRQ� RU� FODVVLILFDWLRQ� RI� WKHVH� WZR� HYHQWV� DQG� SURFHHG� ZLWK� WKH� PDLQH[SHULPHQWDO�UHVXOWV�RI�WKH�FRPSDULVRQ�����7KH�LQFUHDVH�RI�WKH�HOHFWURQ�LQWHQVLW\��DV REVHUYHG�LQ�RXU� VWXG\��LV�D�W\SLFDO�SKHQRPHQRQ�ZHOO�NQRZQ�DV�DQ�LQMHFWLRQHYHQW���:KHQ�&55(6�RQ�RWKHU�RUELWV�ZDV�VLWXDWHG�FORVHU�WR�WKH�FHQWHU�RI�WKH�DFFHOHUDWLRQ�UHJLRQ�� GLVSHUVLRQOHVV�LQMHFWLRQVZHUH�REVHUYHG�LQ�ERWK�HOHFWURQV�DQG�LRQV��DFFRPSDQLHG�E\�PDJQHWLF�ILHOG� GLSRODUL]DWLRQ�>5DVLQNDQJDV�HW�DO�������������@�8VXDOO\� WKH� ILQH� WHPSRUDO� VWUXFWXUH�RI� WKH� LQMHFWLRQ�HYHQW� LV�PRUH�FRPSOLFDWHG�� VHYHUDO�HOHPHQWDU\� DFWLYDWLRQV�PLJKW� EHUHFRJQL]HG�E\�VXSHULPSRVHG�HIIHFWV�LQ�HQKDQFHG�HOHFWURQ�IOX[�> /D]XWLQ�HW�DO�� ����D@���,Q�RXU�FDVH��RQO\�RQH� DFWLYDWLRQ��LVUHJLVWHUHG�ZLWK�D�W\SLFDO�LQFUHDVH�IRU�D�VLQJOH��DFWLYDWLRQ�GXUDWLRQ�RI�WKH�DFFHOHUDWLRQ�DQG�WKH�UDWH�RI�LQWHQVLW\���� � $XURUDO� LQWHQVLILFDWLRQV� DOVR� KDYH� DFWLYDWLRQ� VFDOH� WLPH� VWUXFWXUH�� � ,QVSHFWLRQ� RI� WKH� VSDWLDO� DQG� WHPSRUDO� ILQHVWUXFWXUH�RI�WKH�HQHUJHWLF�HOHFWURQ�DQG�DXURUDO� DFWLYDWLRQV�VKRZV�WKDW� WKH\�DUH�YHU\�VLPLODU�> /D]XWLQ� ����@�� � ,Q�RXU�FDVH�WKUHH�DXURUDO� DFWLYDWLRQV�ZLWK�FRQVHTXHQW�VRXWKZDUG�VKLIW�KDYH�EHHQ�UHJLVWHUHG�����:H�KDYH�XVHG�WKH� 7V\JDQHQNR������PRGHO�IRU�WKH�ILUVW�VWHS�DSSUR[LPDWLRQ�RI�WKH�PDJQHWLF�ILHOG�OLQH�SURMHFWLRQ�IURPWKH�PDJQHWRVSKHUH� WR� WKH� LRQRVSKHUH�� � 'LUHFW� � FRPSDULVRQ�RI� WKH�PHDVXUHG�� LQ�RXU� � FDVH�� DQG�FDOFXODWHG�PDJQHWLF� ILHOGGXULQJ���KRXUV�RI� WKH�&55(6�IOLJKW� � LV�SUHVHQWHG� LQ� �)LJXUH� ���:KLOH� %[ DQG�%\ VKRZ�JRRG�DJUHHPHQW�� WKH�PHDVXUHG� =FRPSRQHQW� � YDOXH� UHPDLQV� ORZHU� WKDQ� WKDW� SUHGLFWHG� XQWLO� WKH� ODVW� GLSRODUL]DWLRQ� VWHS� DW� ����� 87�� 7KHUHIRUH� RQH� FDQFRQFOXGH�WKDW�LI�WKH�HTXDWRULDO�SDUW�RI�WKH�PDJQHWLF�ILHOG�OLQH�SUHGLFWHG�E\�WKH�7����PRGHO�GLIIHUV�IURP�WKH�PHDVXUHPHQWV�LW�PXVW�EH�PRUH� WDLOOLNH�� ,W� LV�QHFHVVDU\� WR�PHQWLRQ� WKDW� WKH� 7V\JDQHQNR�PRGHO��DV�PDQ\�RWKHUV � KDV�FHUWDLQ� UHVWULFWLRQV�5HHYHV�HW�DO�� >����@�VKRZ�WKDW�WKH�PRGHO� IRRWSULQW��LV�LQ�DJUHHPHQW�ZLWK�WKH�PHDVXUHG�RQHV�ZLWK�RQO\�D�����SUREDELOLW\ZLWKLQ�WKH�HUURU�EDU�RI� r�q VKRZQ�LQ�)LJXUH���EXW�WKDW�RXU�HYHQW�VHHPV�WR�OLH�ZLWKLQ��WKDW�������� �)RU� WKH� LQYHVWLJDWLRQ�RI� WKH�FRQMXQFWLRQ� LW� LV� LPSRUWDQW� WR� KDYH�JRRG� FRLQFLGHQFH� LQ� WLPH� IRU� WKH� HIIHFWV� WKDW� DUHFRPSDUHG�� ,QGHHG�� GXULQJ� VHYHUDO� PLQXWHV� RI� EUHDNXS � G\QDPLFDO� SURFHVVHV� KDYH� EHHQ� UHJLVWHUHG� LQ� DOPRVW� DOOPDJQHWRVSKHULF�PDLQ�UHJLRQV��UDGLDWLRQ�EHOWV�RU�LQQHU�PDJQHWRVSKHUH��PDJQHWRWDLO��ERXQGDU\�OD\HUV��DQG�LQ�D�FXVS�UHJLRQ�7KHUHIRUH�FRLQFLGHQFH�RU�GHOD\�RI�WKH�SURFHVVHV��VHSDUDWHG�LQ�VSDFH�ZLWK�DQ�DFFXUDF\�RI�����PLQ�GRHV�QRW�SURYLGH�PRWLYHIRU�WKH�UHDVRQDEOH�FRQFOXVLRQV�$V�ZH�SRLQWHG�RXW�HDUOLHU��VXEVWRUP�LQWHQVLILFDWLRQV�DUH�GLYLGHG�LQWR�VHYHUDO� DFWLYDWLRQV�RI�����WR�����V�GXUDWLRQ��,I�LW�LVFRUUHFW�WKDW� DFWLYDWLRQV�DUH�WKH�HOHPHQWDU\�VWUXFWXUHV�RI�WKH�VXEVWRUPV�> 5DVLQNDQJDV�HW�DO�� �������/D]XWLQ���������/D]XWLQHW�DO�� ����D@��WKHQ�DQ\�LGHQWLILFDWLRQ�RI�WKH�HYHQWV�ZLGHO\�VHSDUDWHG�LQ�VSDFH�PDNHV�VHQVH�RQO\�LI�WKH�WHPSRUDO�OLQN�LV�OHVVWKDQ���PLQ��2WKHUZLVH�� WZR�GLIIHUHQW� DFWLYDWLRQV�PLJKW� EH�FRQVLGHUHG�DV� WKH� VDPH� HYHQW��8VLQJ� 3ODWH� ��� RQH� FDQ� FUHDWHSROHZDUG�RU� HTXDWRUZDUG�SURSDJDWLRQ�RI� WKH�DFWLYLW\�E\�FKRRVLQJ�WKH� SRVLWLRQ��RI� WZR��VDWHOOLWHV�RQ�GLIIHUHQW� ODWLWXGHV�LIRQH�LJQRUHV�WKDW�WKH\��UHJLVWHU�GLIIHUHQW� DFWLYDWLRQV�,Q�RXU�FDVH�VWXG\�ZH HVFDSHG�WKLV�GLIILFXOW\��EHFDXVH�IURP�WKH�79�GDWD�ZH�NQRZ� DERXW� � WKUHH�DXURUDO� DFWLYDWLRQV�DQGZHUH�DEOH�WR�LGHQWLI\�D�VLQJOH�RQH���:H�FDQ�H[SODLQ�WKH�DEVHQFH�RI�WKH�HQHUJHWLF�HOHFWURQ�GXULQJ�WKH�ILUVW�WZR� DFWLYDWLRQVDQG�FRLQFLGHQFH�RI�WKH�HQHUJHWLF�HOHFWURQ�LQMHFWLRQ�GXULQJ�WKH�WKLUG�DFWLYDWLRQ�RQO\�E\� DVVXPLQJ��D XQLTXH�FRPELQDWLRQ�RIWKH�VDWHOOLWH�IRRWSULQW�SRVLWLRQ�DQG�SDUWLFOH�VRXUFH�VKDSH���� � *RRG� FRLQFLGHQFH� RI� WKH� ILHOG� OLQH� WXEHV� ZKHUH� HQHUJHWLF� HOHFWURQV� DUH� DFFHOHUDWHG� ZLWK� WKDW� RI� WKH� HOHFWU RQVUHVSRQVLEOH�IRU�WKH�DFWLYH�DXURUD�LV� WKH�PRVW� LPSRUWDQW�SRLQW�RI� WKLV�VWXG\�� �:H�FDQQRW�FODLP� WKDW� WKHVH�DUHDV�DUH� WRWDOO\LGHQWLFDO� EHFDXVH�ZH� KDYH� QR� LQIRUPDWLRQ� RQ� WKH� SRVLWLRQ� DQG� WKH� VKDSH� RI� � WKH� SROHZDUG� � ERXQGDU\��EXW� ORQJLWXGLQDOSRVLWLRQ�DQG�H[WHQVLRQ�DUH�VLPLODU�DQG�ERWK�DUHDV�KDYH�D�VKDUS�VRXWKZDUG��HDUWKZDUG��ERXQGDU\���� �7KLV� FRLQFLGHQFH� LV�QRW�DQ�DQWLFLSDWHG�UHVXOW��EHFDXVH� ORZ�HQHUJ\������� NH9��DXURUDO�SDUWLFOHV�DQG�HQHUJHWLF�RQHV��������NH9��DUH�VXSSRVHG�WR�EH�DFFHOHUDWHG�E\�GLIIHUHQW�PHFKDQLVPV��WKH�ILUVW�RQHV�E\�D�ILHOG�DOLJQHG�HOHFWULF�ILHOG�DQGWKH�VHFRQG�RQHV�E\�DQ�LQGXFHG�HOHFWULF�ILHOG�����$V�D�UHVXOW�RI�WKH�FRPSDULVRQ�LW�LV�SRVVLEOH�WR�FRQFOXGH�WKDW�DFFHOHUDWLRQ�RI�WKH�HQHUJHWLF�HOHFWURQV�LV�WKH�VXFFHVVLRQRI�VHYHUDO� VKRUW��LQMHFWLRQV�ORFDWHG�DW�WKH�UHVWULFWHG�DUHDV��UDWKHU�WKDQ�D�ZLGH�LQMHFWLRQ�IURQW�> 0F,OZDLQ� ����@��7KDW�LQ�IDFWLV� QRW� D� QHZ�FRQFOXVLRQ�EXW� KDV�EHHQ� VXVSHFWHG� IRU� D� ORQJ� WLPH�� IRU� H[DPSOH�� IURP� WKH� PXOWLEDOORRQ�PHDVXUHPHQWV� RIDXURUDO�;�UD\V�>%MRUGDO�HW�DO���������3\WWH�HW�DO�� ������=KXOLQ�HW�DO�� ������0HOQLNRY�HW�DO���������.UHPVHU�HW�DO��������/D]XWLQ�HW�DO�� ����E@�����&RLQFLGHQFH�RI�WKHLU�VSDWLDO�DUHDV�GRHV�QRW�DJUHH�ZHOO�ZLWK�WKH�H[LVWLQJ�PRGHO�RI�GULIW�FXUUHQW�GLVUXSWLRQ�> /XL�HW�DO�������� ����@�� 7KLV� PRGHO� DPRQJ� SRVVLEOH� PRGHOV� RI� VXEVWRUP� RQVHW� VWLOO� � VHHPV� WR� EH� WKH� PRVW� DFFHSWDEOH� IRU� DQH[SODQDWLRQ� RI� WKH� UHVXOWV� RI� WKLV� FDVH� VWXG\��%XW� LI� WKH� PDJQHWLF� ILHOG� GLSRODUL]DWLRQ� LV� DQ� HIIHFW� RI� ORFDOL]HG� FXUUHQWGLVUXSWLRQ�ZLWK�D�VLQJOH�ILHOG�DOLJQHG�FXUUHQW�ORRS��WKHQ�WKH�UHJLRQ�ZKHUH� G% LV�SRVLWLYH�DQG�ZKHUH�LQGXFHG�HOHFWULF�ILHOGVDUH�JHQHUDWHG�ZLOO�QRW�EH�VR�UHVWULFWHG�� DQG��ZH�ZLOO�QRW�REVHUYH�D�VKDUS�HDUWKZDUG�ERXQGDU\�RI� WKH�DFFHOHUDWLRQ� UHJLRQ�$OVR��DW�WKH�VDWHOOLWH�SRVLWLRQ�WKH� GLSRODUL]DWLRQ�HIIHFW�ZRXOG�QRW�EH�VR�VPRRWK�DQG�VPDOO���7KHUHIRUH�ZH�QHHG�JHRPHWU\�RIWKH� LQVWDELOLW\� WKDW� ZLOO� EH� FDSDEOH� RI� H[SODLQLQJ� WKH� UHVWULFWHG� DUHDV� RI� ERWK� ILHOG�DOLJQHG� DQG� HTXDWRULDO� SDUWLFOHDFFHOHUDWLRQ��3RVVLEO\��LW� LV�QHFHVVDU\� WR� LQFRUSRUDWH� WKH�PDJQHWRWDLO� FXUUHQW�PHDQGHU�PRGHO� VXJJHVWHG� E\� +HLNNLOD� DQG3HOOLQHQ >����@� DQG� 3HOOLQHQ� DQG� +HLNNLOD�� >������ ����@�� DSSOLHG� QRW� WR� WKH� WDLO�� EXW� WR� WKH� UDGLDWLRQ� EHOW� UHJLRQ�$FFRUGLQJ�WR�WKLV�PRGHO��WKH�LQGXFHG�HOHFWULF�ILHOG�GXULQJ�DFWLYDWLRQ�DSSHDUV�LQ�WKH�UHVWULFWHG�PHDQGHU�UHJLRQ�ZLWK�VKDUSVRXWKZDUG�DQG�QRUWKZDUG�ERXQGDULHV���7KH�IRUPDWLRQ�RI�WKH�PHDQGHU�FDQ�EH�VWLPXODWHG�E\�D�ORFDO�GHFUHDVH�RU�LQFUHDVH�RIWKH�GULIW�FXUUHQW�GXH�WR�WKH�UDGLDO�GLVSODFHPHQW�RI�WKH�GULIWLQJ�SDUWLFOHV�GXULQJ�PDJQHWLF�ILHOG�UHFRQILJXUDWLRQ�
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