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0XOWLSOH�RQVHW�VXEVWRUP�FDVH�VWXG\�3DUWLFOH�G\QDPLFV�LQ�WKH�LQQHU�PDJQHWRVSKHUH
/D]XWLQ�/����1��0HUHGLWK ���7��.R]HORYD ���%��.R]HORY ���0��'DQLHOLGHV � �-��-XVVLOD ���$��.RUWK �

��� 6SDFH�6FLHQFH�'LYLVLRQ��6FREHOWV\Q�,QVWLWXWH�IRU�1XFOHDU�3K\VLFV�RI�0RVFRZ�6WDWH8QLYHUVLW\��5XVVLD��(PDLO��OD]XWLQ#VUG�VLQS�PVX�UX��� 0XOODUG�6SDFH�6FLHQFH�/DERUDWRU\��8QLYHUVLW\�&ROOHJH�/RQGRQ��8.��� 3RODU�*HRSK\VLFDO�,QVWLWXWH��$SDWLW\��5XVVLD��� 6SDFH�3K\VLFV�*URXS��8QLYHUVLW\�RI�2XOX��)LQODQG��� 0D[�3ODQFN�,QVWLWXWH�IRU�$HURQRPLH��/LQGDX��*HUPDQ\
$%675$&7

:H� XVH� GDWD� IURP� WKH� &55(6� VSDFHFUDIW� WR� H[DPLQH� WKHSDUWLFOH� G\QDPLFV� LQ� WKH� LQQHU�PDJQHWRVSKHUH� DVVRFLDWHG� ZLWKWKH�PXOWLSOH�RQVHW� VXEVWRUP� RI�0DUFK� ���� ������$W� RQVHW� WKH&55(6� VSDFHFUDIW� ZDV� ORFDWHG� QHDU� WKH� PDJQHWLF� HTXDWRU� LQWKH�HYHQLQJ� VHFWRU� �a�������0/7��DW�/�a������7KH�IOX[� RI� WKHHQHUJHWLF�LRQV��!���NH9��ZHUH�REVHUYHG�WR�LQFUHDVH���PLQXWHVEHIRUH� WKH� VXEVWRUP� RQVHW� GXULQJ� WKH� ODVW� JURZWK� SKDVH�� 7KLVLQFUHDVH� ZDV� UHJLVWHUHG� ��R WR� WKH� ZHVW� RI� WKH� RQVHW� SRVLWLRQZLWKRXW� HQHUJ\� GLVSHUVLRQ��'XULQJ� VHYHUDO� PLQXWHV� RI� JUDGXDOPDJQHWLF� ILHOG� GLSRODUL]DWLRQ� WKH� DFFHOHUDWLRQ� RI� SODVPD� VKHHWHOHFWURQV�ZDV�REVHUYHG��WRJHWKHU�ZLWK�WKHLU�WUDQVIRUPDWLRQ�LQWRWUDSSHG� HQHUJHWLF� HOHFWURQV� GXH� WR� WKH� EHWDWURQ�W\SHDFFHOHUDWLRQ��6LPXOWDQHRXV�KLJK��HQHUJ\�HOHFWURQ�YDULDWLRQV�FDQEH�GHVFULEHG�DV�DQ�HIIHFW�RI�D�UDGLDO�VKLIW�RI� WKH�PDJQHWLF�GULIWVKHOOV��:H� DQDO\]H� DOVR� WKH� VKRUW� VXEVWRUP� DFWLYDWLRQ� ORFDWHGQHDU� WKH� &55(6� PHULGLDQ� DQG� IDVW� HQHUJHWLF� HOHFWURQDFFHOHUDWLRQ��$W�ORZHU�HQHUJLHV��������NH9���DQ�LQFUHDVH�LQ�WKHILHOG�DOLJQHG�HOHFWURQV�ZDV�UHJLVWHUHG�DSSUR[LPDWHO\���V�EHIRUHWKH� IDVW� LQFUHDVH� RI� WKH� HQHUJHWLF� HOHFWURQV��:H� FRQFOXGH� WKDWDOWKRXJK� ORZ�HQHUJ\� HOHFWURQ� SUHFLSLWDWLRQV� ZKLFK� SURGXFHDFWLYH�DXURUD��DQG�PDJQHWLF� ILHOG�GLSRODUL]DWLRQ�ZLWK� HQHUJHWLFHOHFWURQ�DFFHOHUDWLRQ�DUH�HOHPHQWV�RI� WKH� VDPH� VXEVWRUP�RQVHWVFHQDULR��WKH\�DUH�VHSDUDWHG�WHPSRUDOO\�DQG�RU�VSDWLDOO\�
���,1752'8&7,21

7KHUH� DUH� WKUHH� SRSXODWLRQV� RI� FKDUJHG� SDUWLFOHV� LQYROYHG� LQVXEVWRUP�GHYHORSPHQW���SODVPDVKHHW�SDUWLFOHV�ZLWK�HQHUJLHV�XSWR�VHYHUDO�NH9��DXURUDO�HOHFWURQV�DQG�LRQV�ZLWK� W\SLFDO�HQHUJ\RI�VHYHUDO�WHQV�NH9�DQG�
ROG
� WUDSSHG�SDUWLFOHV�ZLWK�HQHUJLHV�RIWHQ�NH9�WR�VHYHUDO�0H9��$Q�LQFUHDVH�LQ�WKH�IOX[�RI�WKH�DXURUDOSDUWLFOHV� GXULQJ� WKH� VXEVWRUP� H[SDQVLRQ� SKDVH� LV� RQH� RI� WKHPDLQ� VXEVWRUP� VLJQDWXUHV�� 7UDGLWLRQDOO\� UHIHUUHG� WR� DV� DQ�LQMHFWLRQ��� WKLV� SURFHVV�ZDV� WKRXJKW� WR� EH� FDXVHG�E\�SDUWLFOHDFFHOHUDWLRQ� GXULQJ� UDGLDO� WUDQVSRUW� IURP� WKH� PDJQHWRWDLO�+RZHYHU�� DOWKRXJK� WKHUH� DUH� PRGHOV� GHVFULELQJ� SRVVLEOHGLVSHUVLRQOHVV�SDUWLFOH�WUDQVSRUW�E\�HOHFWURPDJQHWLF�ZDYHV�>/L�����@��REVHUYDWLRQDO� UHVXOWV�LQGLFDWH�WKH�LPSRUWDQFH�RI�D� ORFDODFFHOHUDWLRQ�PHFKDQLVP� >.UHPVHU� HW� DO��� ������)ULHGHO� HW� DO��

����@��7KHUH�DUH� VHYHUDO� DFFHOHUDWLRQ�PHFKDQLVPV�ZKLFK�PD\EH�LQYROYHG�GXULQJ�VXEVWRUPV�LQ� WKH�TXDVLWUDSSLQJ�UHJLRQ��EXWPDQ\� RSHQ� TXHVWLRQV� UHPDLQ� DQG� WKHUH� DUH� QR� DFFHSWHG� DQGH[SHULPHQWDOO\� VXSSRUWHG� VFHQDULD�� :H� PXVW� DOVR� FRQVLGHUWUHDWLQJ� WKH� HOHFWURQV� DQG� LRQV� VHSDUDWHO\�� EHFDXVH� ZLWK� DQLQFUHDVH�RI�WKH�WHPSRUDO�UHVROXWLRQ��LW�KDV�EHFRPH�HYLGHQW�WKDW³LQMHFWLRQV´� DUH� VLPXOWDQHRXV� RQO\� LQ� JHQHUDO� DQG� WKDW� WKHSURWRQ� �LRQ�� IOX[� RIWHQ� LQFUHDVHV� EHIRUH� WKH� HOHFWURQV� DQG� WKHPDJQHWLF�ILHOG�GLSRODUL]DWLRQ�>/D]XWLQ�HW�DO�������@�
:H� LQLWLDWHG� WKH�SUHVHQW�FDVH�VWXG\� RI� WKH� VXEVWRUP�RI�0DUFK���������WR�SHUIRUP�D�FRPSUHKHQVLYH�VWXG\�RI�WKH�SDUWLFOH�DQGVXEVWRUP�G\QDPLFV���*URXQG�EDVHG�DXURUDO�DQG�PDJQHWRPHWHUQHWZRUNV�ZHUH�FDUHIXOO\�VWXGLHG�LQ�SUHYLRXV�SDSHUV�WR�FUHDWH�DWHPSRUDO� DQG� VSDWLDO� SLFWXUH� RI� WKH� VXEVWRUP� GHYHORSPHQW>/D]XWLQ� HW� DO��� ����@�DQG� WR� UHFRQVWUXFW� WKH� VXEVWRUP� FXUUHQWV\VWHPV�>.R]HORYD�HW�DO�������@��7KH�SUHVHQW�SDSHU� LV�GHYRWHGWR� WKH� DQDO\VLV� RI� WKH� SDUWLFOH� PHDVXUHPHQWV�� %\� FRPELQLQJGDWD�IURP�WKH�ORZ�HQHUJ\�SODVPD�DQDO\]HU�DQG�WKH�HOHFWURQ�DQGLRQ�DQJXODU�VSHFWURPHWHU�ZH�KDYH�WKH�FDSDELOLW\�RI�XVLQJ�GLUHFWSDUWLFOH�PHDVXUHPHQWV�RYHU�D�ZLGH�HQHUJ\�UDQJH��IURP�����H9WR�KXQGUHGV�RI�NH9�FRPELQHG�ZLWK�WKH�VXSSRUW�RI�WKH�RQERDUGPDJQHWLF�ILHOG�PHDVXUHPHQWV�

���2%6(59$7,216
7KH� SDUWLFOH� GDWD� XVHG� LQ� WKLV� VWXG\� ZHUH� SURYLGHG� E\LQVWUXPHQWV� RQ� ERDUG� WKH� &55(6� VSDFHFUDIW�� ZKLFK� ZDVODXQFKHG� RQ� -XO\� ���� ������ RQ� JHRV\QFKURQRXV� WUDQVIHU� RUELWZLWK� D� SHULJHH� RI� ���� NP�� DQ� DSRJHH� RI� ������� NP� DQG� DQLQFOLQDWLRQ�RI���R�7KH�ORZ�HQHUJ\�SDUWLFOH�GDWD�XVHG�LQ�WKLV�VWXG\�ZHUH�SURYLGHGE\� WKH� ORZ� HQHUJ\� SODVPD� DQDO\]HU� �/(3$�� ZKLFK� PHDVXUHGWKH� FRPSOHWH� SLWFK� DQJOH� GLVWULEXWLRQV� RI� HOHFWURQV� DQG� LRQVIURP��R WR����R HYHU\����V�ZLWK�D�UHVROXWLRQ�RI������R [��R LQ���FKDQQHOV� LQ�WKH�UDQJH�����H9���(������NH9�>+DUG\�HW�DO������@�� 7KH� PHGLXP� HQHUJ\� SDUWLFOH� GDWD� XVHG� LQ� WKLV� VWXG\ZHUH� SURYLGHG� E\� WKH� HOHFWURQ� SURWRQ� DQJXODU� VSHFWURPHWHU�(3$6��ZKLFK�PHDVXUHG�HOHFWURQV�LQ����FKDQQHOV� LQ�WKH�UDQJH���NH9���(�������NH9�DQG�LRQV�LQ����FKDQQHOV�LQ�WKH�UDQJH���NH9� �� (� �� ���� 0H9� UHVSHFWLYHO\� >.RUWK� HW� DO��� ����@�� 7KH
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PDJQHWLF� ILHOG� GDWD� ZHUH� SURYLGHG� E\� WKH� $)*/� IOX[JDWHPDJQHWRPHWHU�>6LQJHU�HW�DO�������@�$W� ������ 87� RQ� 0DUFK� ���� ����� &55(6� ZDV� QHDU� WKHHTXDWRULDO�SODQH�DW�����5H�ZLWK�DQ�HVWLPDWHG�PDJQHWLF�ILHOG�OLQHSURMHFWLRQ� EHWZHHQ� WKH� 6FDQGLQDYLD� DQG� *UHDW� %ULWDLQ�� � 7KHORFDO� PDJQHWLF� ILHOG� DQG� WKH� (3$6� HQHUJHWLF� SDUWLFOHPHDVXUHPHQWV� IRU� WKLV� HYHQW� DUH� SUHVHQWHG� LQ� )LJXUH� ��� 7KHDUURZV�LQ�WKH�WRS�SDQHO�LQGLFDWH�WKH�RQVHW

)LJXUH� �� 7RS� SDQHO�� WKH� PDJQHWLF� ILHOG� =�FRPSRQHQW� DQGLQFOLQDWLRQ��VDPH�VFDOH��GHJUHHV���PLGGOH�SDQHO��WKH�HQHUJHWLFHOHFWURQ�� FKDQQHOV��HQHUJ\��NH9�� IURP� WRS� WR� ERWWRP�� (����������(�����������(�����������(������������DQG�(�������������%RWWRP�SDQHO��LRQ�LQWHQVLWLHV���3�����������3�����������3������������ 3������������� 3������������� 3������������� 3�������������GXULQJ�WKH�PXOWLSOH�RQVHW�VXEVWRUP�RI�0DUFK���������
RI�WKH�JOREDO�VXEVWRUP�H[SDQVLRQ�SKDVH��ZKLFK�WRRN�SODFH���ÛHDVWZDUG� RI� WKH� &55(6� IRRWSULQW�� DQG� WKH� EHJLQQLQJ� RI� WKHORFDO�VXEVWRUP�LQWHQVLILFDWLRQ�7KH� JUDGXDO� LQFUHDVH� LQ� WKH� HQHUJHWLF� HOHFWURQV� EHJDQLPPHGLDWHO\�DIWHU�JOREDO�VXEVWRUP�RQVHW�DQG�DQ�DGGLWLRQDO�IDVWLQFUHDVH� RFFXUUHG� GXULQJ� WKH� ORFDO� DFWLYDWLRQ�� ,Q� FRQWUDVW�� WKHHQHUJHWLF�LRQ�LQMHFWLRQ��GDVKHG�OLQH��EHJDQ�EHIRUH�WKH�VXEVWRUPRQVHW�GXULQJ� WKH� ODWH� JURZWK� SKDVH� DQG� WKH� IOX[� LQFUHDVH�ZDVFRPSOHWHG�EHIRUH�WKH�EHJLQQLQJ�RI�WKH�HOHFWURQ�LQFUHDVH��7KHVHREVHUYDWLRQV� VXJJHVW� WKDW� WKH� LRQ� DQG� HOHFWURQ� LQMHFWLRQV� DUHVHSDUDWH�DQG�GLIIHUHQW�HYHQWV�� ,Q� WKLV�SDSHU�ZH�FRQFHQWUDWH�RQWKH�EHKDYLRU�RI�WKH�HOHFWURQV�DQG�GHIHU�D�GLVFXVVLRQ�RI�WKH�LRQG\QDPLFV�WR�D�ODWHU�SDSHU�7KH�XSSHU� SDQHO� RI� )LJXUH� �� VKRZV� DQ� H[WHQGHG� YLHZ� RI� WKHPDJQHWLF� ILHOG� WUDQVIRUPDWLRQ� ZKLFK� FDQ� EH� GHVFULEHG� DVVHYHUDO�GLSRODUL]DWLRQV�ZLWK�GLIIHUHQW�LQFUHPHQWV�DQG�GXUDWLRQV�VKRUWHU� GLSRODUL]DWLRQV� DUH� LQVHUWHG� LQWR� D� ORQJHU� RQH� 7KHHQHUJHWLF� HOHFWURQ� IOX[� GLVSOD\V� VLPLODU� WUHQGV�� )DVW� LQFUHDVHVRFFXU�ZKHQ� WKH� ORFDOL]HG� DFWLYDWLRQ� ZDV� FORVH� WR� WKH� VDWHOOLWHZKLOH� WKH�JUDGXDO� WUHQGV� DUH� WKH� UHVXOW� RI� WKH� LQWHJUDWHG�ODUJHVFDOH�GLSRODUL]DWLRQ�RI�WKH�VXEVWRUP�H[SDQVLRQ�SKDVH���7KH

)LJXUH��� 7KH�PDJQHWLF�ILHOG�]�FRPSRQHQW��WRS�SDQHO���DQG�WKHHQHUJHWLF�HOHFWURQ�IOX[��ERWWRP�SDQHO��IURP�����87�WR�����87��7KH�IROORZLQJ�HOHFWURQ�HQHUJ\�FKDQQHOV��HQHUJ\��NH9��DUHVKRZQ�IURP�WRS�WR�ERWWRP��(�����������(�����������(������������HQHUJHWLF�LRQV�DUH�QRW�PDJQHWL]HG�DQG�SHDN�WR�SHDN�FRUUHODWLRQZLWK� PDJQHWLF� ILHOG� LV� QRW� REVHUYHG��� )DVW� ORFDOL]HG� DQGJUDGXDO�HOHFWURQ�LQFUHDVHV�DUH�WKH�WZR�PDLQ�FRQVWLWXHQWV�RI�WKHHOHFWURQ� G\QDPLFV� GXULQJ� WKLV� VXEVWRUP�� 7KHUHIRUH� LW� LVLQWHUHVWLQJ�WR�H[DPLQH�WKHVH�SURFHVVHV�LQ�IXUWKHU�GHWDLO�
����$XURUDO HOHFWURQ�LQMHFWLRQ�
7KH�WHPSRUDO�HYROXWLRQ�RI�WKH�HOHFWURQ�VSHFWUD�LQ�PHGLXP�DQGORZ� HQHUJ\� UHJLRQV�REVHUYHG�EHWZHHQ������DQG������87�DUHVKRZQ�LQ�)LJXUH���DQG�)LJXUH���UHVSHFWLYHO\��7KH�87�WLPHV�RI

)LJXUH� ��� (3$6� HOHFWURQ� HQHUJ\� VSHFWUD GXULQJ� WKH� JUDGXDOPDJQHWLF� ILHOG� GLSRODUL]DWLRQ� DIWHU� WKH� VXEVWRUP� RQVHW� 7KHVSHFWUD� FRUUHVSRQG� WR� WKH� WLPHV� ODEHOOHG� LQ� WKH� LQVHW� SDQHO�ZKHUH� WKH� (�� ������� NH9�� DQG� (�� ������� NH9�� IOX[HV� LQ�FP��V�VWHU�NH9��� DUH�VKRZQ�



�

WKH�UHFRUGLQJ�RI�WKH�ILYH�VSHFWUD�DUH�VKRZQ�LQ�WKH�LQVHW�SDQHO�LQ)LJXUH� ��� %HIRUH� WKH� GLSRODUL]DWLRQ� �EODFN� WUDFH�� WZR� SDUWLFOHSRSXODWLRQV�DUH�SUHVHQW���ROG��WUDSSHG�UDGLDWLRQ�EHOW
3DUWLFOHV�DQG�SODVPDVKHHW�HOHFWURQV�ZLWK�D�W\SLFDO�IRU�&36����NH9� DYHUDJH� HQHUJ\� >:HLVV� HW� DO��� ����@��$IWHU� �����PLQXWHVWKH� WKLUG� SRSXODWLRQ� � HPHUJHV�� DXURUDO� HOHFWURQV�� 7KHSURJUHVVLYH� HQHUJL]DWLRQ� RI� WKH� SODVPDVKHHW� HOHFWURQV� FDQ� EHVHHQ�LQ�)LJXUH���DQG�WKH�UHVXOWLQJ�LQFUHDVH�DQG�VRIWHQLQJ�RI�WKHHQHUJHWLF�HOHFWURQV�FDQ�EH�VHHQ�LQ�)LJXUH���

)LJXUH��� /(3$�HOHFWURQ�HQHUJ\�VSHFWUD PHDVXUHG�DW�WKH�VDPHWLPHV� DV� LQ� )LJXUH� �� 7KH� GRWWHG� OLQHV� LQGLFDWH�WKH� HQHUJHWLFWDLO�PHDVXUHG�E\�(3$6�
6XFK� ZHOO� NQRZQ� SURFHVV� DV� D� EHWDWURQ� DFFHOHUDWLRQ� FDQ� EHUHJDUGHG�DV�WKH�H[SODQDWLRQ��:H�ZLOO�SUHVHQW�VRPH�GHWDLOV�LQ�DGLVFXVVLRQ�VHFWLRQ�
���� /RZ� DQG� KLJK� HQHUJ\� HOHFWURQV� GXULQJ� WKH� ORFDOVXEVWRUP�DFWLYDWLRQ
2QH� RI� WKH� VXEVWRUP� LQWHQVLILFDWLRQV� DW� ���������� 87� WRRNSODFH�QHDU�WKH�&55(6�ORQJLWXGHV�DQG�FDQ�EH�VWXGLHG�LQ�IXUWKHUGHWDLO�� 7KLV� LQWHQVLILFDWLRQ� ZDV� GHVFULEHG� DW� OHQJWK� E\.R]HORYD�HW�DO�>����@�DV�D�WKLUG�VWHS�RI�WKH�ZHVWZDUG�VXEVWRUPH[SDQVLRQ��:H�ZLOO� QRW� UHSHDW�KHUH�DOO� WKH�GHWDLOV�� IRU� XV� LW� LVLPSRUWDQW� WKDW� LW� ZDV� D� VXEVWRUP� DFWLYDWLRQ� QHDU� WKH� &55(6ZLWK�VKRUW�DQG�IDVW�GLSRODUL]DWLRQ�DQG�SDUWLFOH�HQKDQFHPHQW�
7KH�EHKDYLRXU�RI�WKH�DXURUDO�HOHFWURQV�DUH�GLIIHUHQW�LQ�WKH������NH9� DQG� ������� NH9� UDQJH�� 7KH� DXURUDO� HOHFWURQ� SLWFK�DQJOHGLVWULEXWLRQV� GXULQJ� WKH� RQVHW� RI� &55(6� LQWHQVLILFDWLRQ� DUHVKRZQ�LQ�)LJXUH����7KH�XSSHU�VL[�OLQHV�FRUUHVSRQG�WR���������NH9� DQG� WKH�ERWWRP� ILYH� OLQHV� WR� ��� �� ���NH9� HOHFWURQV��7KHILUVW�DUULYDO�RI�WKH�ILHOG�DOLJQHG�HOHFWURQ� IOX[�ZDV� UHJLVWHUHG�DW������������������87�DQG�DIWHU� LQWHUUXSWLRQ� DW�������������87�� ([DFWO\� GXULQJ� LQWHUUXSWLRQ� D� KLJK�HQHUJ\� HOHFWURQ� EXUVWDQG� D� PDJQHWLF� ILHOG� GLSRODUL]DWLRQ� ZHUH� UHJLVWHUHG�
6RPH�RI� WKH�HOHFWURQ� SLWFK� DQJOH�GLVWULEXWLRQV� �3$'V�� VKRZQLQ�)LJXUH���GLVSOD\�V\PPHWULF�XS�JRLQJ�DQG�GRZQ�JRLQJ�ILHOG�DOLJQHG� HOHFWURQV� VR� WKDW� WKH� VXPPDU\� )$&�ZLOO� EH� FORVH� WR]HUR��,Q�RWKHU�GLVWULEXWLRQV�ILHOG�DOLJQHG�IOX[HV�DUH�DV\PPHWULFDQG�PD\� EH�UHJDUGHG�DV�DQ� LQGLFDWLRQ�RI� WKH� VXEVWRUP�FXUUHQWZHGJH�GHYHORSPHQW�7KH� DXURUDO� HOHFWURQ� HQHUJ\� VSHFWUXP� WUDQVIRUPDWLRQ� GXULQJWKH�ORFDO�VXEVWRUP�DFWLYDWLRQ�GLIIHUV�IURP�WKH�JUDGXDO�DGLDEDWLF

)LJXUH��� $XURUDO HOHFWURQ SLWFK�DQJOH GLVWULEXWLRQV GXULQJ WKHRQVHW RI &55(6� ORFDO� LQWHQVLILFDWLRQ�� 8SSHU� VHYHQ OLQHVFRUUHVSRQG�WR����������NH9�DQG�ERWWRP� WKUHH OLQHV� WR���� ����NH9�HOHFWURQV�
DFFHOHUDWLRQ��E\�WKH�SUHIHUHQWLDO�DFFHOHUDWLRQ�RI�WKH�HOHFWURQV�LQ������NH9� HQHUJ\� UDQJHV� $V� VHHQ� IURP� WKH� FRPSDULVRQ� RI)LJXUH���ZLWK�)LJXUH���,W�ZDV�VKRZQ�E\�3HOOLQHQ DQG�+HLNLOOD >����@�E\�VLPSOH�PRGHORI� WKH� LQGXFHG� DFFHOHUDWLRQ� LQ� UHVWULFWHG� VSDWLDOO\� FXUUHQWPHDQGHU� WKDW� WKH� UHVXOWLQJ� DFFHOHUDWLRQ� LV� VWURQJO\� UHODWHG� RQWKH� HOHFWURQ� HQWU\� SRLQW� DQG� HQHUJ\�� 7KLV� FDQ� H[SODLQ� WKHREVHUYHG�VKDSH�RI�WKH�HOHFWURQ�HQHUJ\�VSHFWUXP�
���'LVFXVVLRQ
7KHUH� DUH� WZR�EDVLF�SURFHVVHV�ZKLFK� FDQ� H[SODLQ� WKH� UHODWLRQEHWZHHQ� WKH� JUDGXDO� FKDQJH� RI� WKH� PDJQHWLF� ILHOG� DQG� WKHSDUWLFOH�IOX[�GHVFULEHG�DERYH��7KH�ILUVW�SURFHVV�LV�D�UDGLDO�VKLIWRI� WKH� PDJQHWLF� GULIW� VKHOOV�� HDUWKZDUG� GXULQJ� JURZWK� SKDVHDQG�WDLOZDUG�GXULQJ�GLSRODUL]DWLRQ��7KH�UHVXOWLQJ�GHFUHDVH�DQGLQFUHDVH�RI� WKH�SDUWLFOH�IOX[� UHFRUGHG�E\�WKH�VDWHOOLWH�GHWHFWRUVDUH� FDXVHG� E\� WKH� UDGLDO� JUDGLHQW� RI� WKH� SDUWLFOH� GLVWULEXWLRQ�7KH�HQHUJ\�RI� WKH�LQGLYLGXDO�SDUWLFOHV�GRHV�QRW� FKDQJH�GXULQJWKLV�SURFHVV�7KH� VHFRQG� SURFHVV� LV� D� EHWDWURQ� DFFHOHUDWLRQ�� 7KHSHUSHQGLFXODU� FRPSRQHQW� RI� LQGLYLGXDO� SDUWLFOH� HQHUJ\� LVFKDQJLQJ� SURSRUWLRQDO� WR� WKH� FKDQJH� RI� WKH� PDJQHWLF� ILHOGLQWHQVLW\� IURP� WKH� VWDUWLQJ� WR� WKH� ILQDO� SRLQW� RI� SDUWLFOHWUDMHFWRU\�� � :��:��  � %��%��� )URP� ����� WR� ����� 87� WKHSDUWLFOH�HQHUJ\�LQFUHDVHG�E\�IDFWRU�RI����)LJXUH����ZKLOH�%]�DWWKH�&55(6� SRVLWLRQ� FKDQJHG� IURP� ��� WR� ����Q7��7R� UHFHLYHQHFHVVDU\�%��%��UDWLR�RQH�FDQ�WDNH�LQWR�DFFRXQW� WKH�H[LVWHQFHRI�WKH�FURVV�WDLO�HOHFWULF� ILHOG�DQG� �HOHFWURQ�([%�GULIW�IURP���Q7� OHYHO�� ZKLFK� LV� DERXW� ���� 5H� WDLOZDUG� IURP� WKH� &55(6�7KHUHIRUH�� LQ� WKLV� LQMHFWLRQ� HYHQW�� HOHFWURQV� DUH� LQMHFWHG�� EXWIURP� D� VKRUW� GLVWDQFH� DQG� LQMHFWLRQ� SOD\V� D� PLQRU� UROHFRPSDUHG��WR�ORFDO�EHWDWURQ�DFFHOHUDWLRQ�,I�WKH�GLSRODUL]DWLRQ�UHJLRQ�LV�VPDOO��RQO\�ORZ�HQHUJ\�SDUWLFOHVZLOO� VWD\� WKHUH� DOO� WKH� WLPH�� ZKLOH� KLJK� HQHUJ\� SDUWLFOHV� ZLOOGULIW� WKURXJK�XQDIIHFWHG�E\�WKH�EHWDWURQ�DFFHOHUDWLRQ�DQG�WKHLUIOX[� LQFUHDVH� ZLOO� EH� FRQWUROOHG� RQO\� E\� GULIW� VKHOO� PRWLRQ�:LWK�WKH�UHFRYHU\�RI� WKH�PDJQHWLF� ILHOG� WKH�PHDVXUHG�SDUWLFOHIOX[�ZLOO�UHWXUQ�WR�WKH�SUHYLRXV�YDOXH�



�

)LJXUH����(3$6�HOHFWURQ�HQHUJ\�VSHFWUD GXULQJ��WKH�ORFDODFWLYDWLRQ� 7KH�VSHFWUD��FRUUHVSRQG�WR�WKH�WLPHV�ODEHOOHG�LQ�WKHLQVHW�SDQHO��ZKHUH�WKH�(��������NH9��DQG�(��������NH9��IOX[HVLQ��FP��V�VWHU�NH9��� DUH�SORWWHG�
%HWDWURQ� GHFHOHUDWLRQ� DOVR� ZLOO� UHGXFH� HOHFWURQ� IOX[� ZLWK� WKHPDJQHWLF�ILHOG�GHFUHDVH��EXW�WKH�DFFHOHUDWLRQ�HIIHFW�ZLOO�QRW�EHFRPSHQVDWHG�EHFDXVH�VRPH�DFFHOHUDWHG�SDUWLFOHV�ZLOO�GULIW�RXWRI� WKH� GHFHOHUDWLRQ� UHJLRQ� DQG� DOVR� DFFHOHUDWLRQ� GXH� WR� WKHFRPELQHG�([%�DQG�PDJQHWLF�GULIW�ZLOO�UHPDLQ�
7KHUH� DUH� WZR� LQWHUYDOV� RI� WKH� PDJQHWLF� ILHOG� GHFUHDVH� DVVKRZQ�E\�WKH�)LJXUH����WKH�ILUVW�DIWHU�����������87�WUHQG�DQGWKH� VHFRQG� DIWHU� WKH� ORQJ� WUHQG� ����������87�ZKHUH� ZH� FDQH[DPLQH�HIIHFW�RI�IOX[�UHFRYHU\�DQG�WKH�UHODWLYH�LPSRUWDQFH�RIWKHVH� WZR�SURFHVVHV�� �)LJXUH��� VKRZV� WKH�HOHFWURQ� IOX[�YHUVXV%]�IRU�WKH�ORQJ�WUHQG��VPDOO�DQG�ODUJH�VLJQV�FRUUHVSRQGV�WR�WKHLQFUHDVLQJ�DQG�GHFUHDVLQJ�PDJQHWLF�ILHOG�LQWHUYDOV�
$OWKRXJK�WKH�HOHFWURQ�IOX[�LV�GHFUHDVLQJ�LQ�DOO�HQHUJ\�FKDQQHOVZLWK�%]�GHFUHDVH��WKH�SRVLWLYH�DFFHOHUDWLRQ�HIIHFW�LV�REYLRXV�DWWKH� HQHUJLHV� XS� WR� ��� NH9�� ZKLOH� LQ� KLJK� HQHUJLHV� WRWDOUHFRYHU\� ZDV� UHJLVWHUHG�� VXJJHVWLQJ� WKDW� GULIW� VKHOO� UDGLDOGLVSODFHPHQW�LV� WKH�PDLQ�HIIHFW�IRU�KLJK�HQHUJ\�HOHFWURQV��)RUWKH�VKRUW�WUHQG�DW�����������87�WKH�HIIHFW�ZDV�WKH�VDPH���KLJKHQHUJ\� IOX[� SORWV� KDV� QR� K\VWHUHVLV� ZKLOH� ORZ� HQHUJ\� RQHVUHYHDO� QHW� IOX[� LQFUHDVH� DIWHU� GHFHOHUDWLRQ�� DOWKRXJK� QRW� VRODUJH�DV�GXULQJ�WKH�ORQJ�WUHQG�
:H� FDQ� WKHUHIRUH� FRQFOXGH� WKDW� WKH� REVHUYHG� HOHFWURQ� IOX[LQFUHDVH�GXULQJ��WKH�VXEVWRUP��LV�D�PL[WXUH�RI�UHFRYHUDEOH�GULIWVKHOO� PRWLRQ� DQG� WUXH� SDUWLFOH� DFFHOHUDWLRQ�� 7KH� ELJJHU� WKHHOHFWURQ� HQHUJ\� WKH� VPDOOHU� LV� WKH� QHW� DFFHOHUDWLRQ�� %XW� LIVXEVWRUP�DFWLYDWLRQV�IROORZ�HDFK�RWKHU�LQ�D�VKRUW�WLPH��ZKLFK�LVQRW� D� UDUH� RFFDVLRQ�� WKHQ� WKH� XSSHU� OLPLW� RI� WKH� HQHUJ\� RIDFFHOHUDWHG�HOHFWURQV�PLJKW�EH�DV�ODUJH�DV�KXQGUHGV�RI�NH9�DQGPRUH�

)LJXUH��� 7KH�HOHFWURQ�IOX[�YHUVXV�%]��IURP����� WR������87�6PDOO� VLJQV� FRUUHVSRQG� WR� WKH� LQWHUYDO� RI� WKH� IOX[� LQFUHDVH�ZKLOH� WKH�ODUJH�RQHV�FRUUHVSRQG�WR ODVW PLQXWHV�ZKHQ�%]�DQGSDUWLFOH�IOX[�ZHUH WHPSRUDULO\�GHFUHDVLQJ� (QHUJ\�FKDQQHOV�WKHVDPH�DV�RQ�)LJXUH���
$QRWKHU� LPSRUWDQW� UHPDUN� PXVW� EH� PDGH�� WKH� GHVFULEHGSURFHVV� GRHV� QRW� FRUUHVSRQG� WR� WKH� DFFHSWHG� QDPH� �SDUWLFOHLQMHFWLRQ��DQG�PRUHRYHU� �LQMHFWLRQ� IURP� WKH�PDJQHWRWDLO��� ,Q�VLWX� PDJQHWLF� ILHOG� GLSRODUL]DWLRQ� ZLWK� VPDOO� UDGLDOGLVSODFHPHQW� LV� VXIILFLHQW� VRXUFH� IRU� WKH� DXURUDO� HOHFWURQDFFHOHUDWLRQ�
7KH� SLFWXUH� RI� WKH� SDUWLFOH� G\QDPLFV� GXULQJ� WKH� ORFDODFFHOHUDWLRQ�LV�QRW�DV�FOHDU�DV�WKH�JOREDO�SURFHVV�DFFRPSDQ\LQJPDJQHWLF� ILHOG� GLSRODUL]DWLRQ�� )LHOG�DOLJQHG� HOHFWURQDFFHOHUDWLRQ� KDV� EHHQ� PHDVXUHG� GXULQJ� VXEVWRUPV� SUHYLRXVO\DQG�ZDV�FRQVLGHUHG�DV�DQ�LPSRUWDQW SDUW�RI�WKH�VXEVWRUP�RQVHW�%XW� LW� LV� IRU� WKH� ILUVW� WLPH� WKDW� ILHOG�DOLJQHG HOHFWURQ� HYHQWVZHUH� UHJLVWHUHG� H[DFWO\� DW� WKH�EHJLQQLQJ�RI� WKH�DFWLYDWLRQ�DQGZLWK�VRPH�GHOD\�ZLWK�HQHUJHWLF�HOHFWURQ�LQFUHDVH�
+RZHYHU��VLQJOH�SRLQW�PHDVXUHPHQWV� DUH�QRW� VXIILFLHQW� IRU� WKHXQGHUVWDQGLQJ� RI� WKH� SURFHVV�� EHFDXVH� JHRPHWU\� DQG� IDVWG\QDPLFV�RI� WKH�DFWLYDWLRQ� LV� UDWKHU�FRPSOLFDWHG��7KDW�ZH�FDQFRQFOXGH� IRU� H[DPSOH� IURP� WKH� DFWLYH� DXURUDO� UHFRUGV�� 7KHJHRPHWU\�RI�WKH�DFWLYH�UHJLRQ�LV�YHU\� LPSRUWDQW��6LPXODWLRQ�RIWKH� SDUWLFOH� HQHUJL]DWLRQ� LQ� WKH� LQGXFWLRQ� ILHOG� GXULQJ� WKHVXEVWRUP�GLVFXVVHG�E\�3HOOLQHQ�DQG�+HLNLOOD��>����@�VKRZV�WKDWGXULQJ�VXEVWRUP�WUDQVLHQW�PDJQHWLF�FKDQJHV��W\SLFDO�WUDHFWRULHVRI�ORZ��PLGGOH�DQG�PRUH�HQHUJHWLF�SDUWLFOHV�GLIIHU�VLJQLILFDQWO\�$OVR�&55(6�VSLQ�SHULRG�DOORZV�WR�REWDLQ�3$'�RQO\�ZLWK���VUHVROXWLRQ�� ZKLFK� LV� FRPSDUDEOH� ZLWK� WKH� LQFUHPHQW� RI� WKHVXEVWRUP�LQVWDELOLW\�
:H� FDQQRW� IRU� VXUH� FKRRVH� WKH� DFFHOHUDWLRQ� PHFKDQLVPEHFDXVH� WKH� LQGXFHG� ILHOG� LV�QRW� WKH�RQO\�RQH�SRVVLEOH�VRXUFH�)RU� H[DPSOH��$EHO� HW� DO�� >����@� IRXQG� WKDW� DIWHU� ILHOG�DOLJQHGHOHFWURQ� HYHQWV� RIWHQ� RFFXUV� SLWFK�DQJOH� VFDWWHULQJ
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DFFRPSDQLHG� E\� HOHFWURQ� DFFHOHUDWLRQ�� SRVVLEO\� GXH� WR� ZDYH�SDUWLFOH� LQWHUDFWLRQV�� 7KH\� VXJJHVW� WKDW� WKLV� SURFHVV� SURYLGHVKRW�SODVPDVKHHW�SDUWLFOHV�IURP�WKH�LRQRVSKHUH�WR�WKH�HTXDWRULDOUHJLRQ�
���6XPPDU\
:H� KDYH� XVHG� GDWD� IURP� WKH� &55(6� VDWHOOLWH� WR� VWXG\� WKHSDUWLFOH�G\QDPLFV� LQ� WKH� LQQHU�PDJQHWRVSKHUH� DVVRFLDWHG�ZLWKWKH�PXOWLSOH�RQVHW�VXEVWRUP�HYHQW�RI�0DUFK����������2XU�PDLQFRQFOXVLRQV�DUH�DV�IROORZV�
���,RQ�DQG�HOHFWURQ�VXEVWRUP� LQMHFWLRQV�KDYH�GLIIHUHQW�RULJLQV�7KH� HOHFWURQ� LQFUHDVH� FORVHO\� FRUUHODWHG� ZLWK� PDJQHWLF� ILHOGGLSRODUL]DWLRQ�� ZKHUHDV� WKH� HQHUJHWLF� SURWRQ� LQFUHDVH� VWDUWHGDERXW���PLQXWHV�EHIRUH�WKH�RQVHW�DQG�EHIRUH�WKH�PDJQHWLF�ILHOGGLSRODUL]DWLRQ�
���7KH�LQFUHDVH�LQ�WKH�DXURUDO�HOHFWURQ�IOX[�GXULQJ�WKH�VXEVWRUPH[SDQVLRQ�� NQRZQ� DV� DQ� LQMHFWLRQ�� LV� D� FRPSRVLWLRQ� RI� ILHOG�DOLJQHG��LQGXFWLYH�DQG�EHWDWURQ�DFFHOHUDWLRQ�DQG�PDJQHWLF�GULIWVKHOO� UDGLDO� GLVSODFHPHQW�� 7KH� ODWWHU� SUHYDLOV� IRU� WKH� KLJKHQHUJ\� HOHFWURQV�� WKH� SXUH� DFFHOHUDWLRQ� HIIHFWV� IRU� WKH� VRIWSDUWLFOHV��DQG�D�FRPELQDWLRQ�RI�EHWDWURQ�DFFHOHUDWLRQ�DQG�GULIWVKHOO�GLVSODFHPHQW�IRU�WKH�PLGGOH�HQHUJ\�DXURUDO�HOHFWURQV��:HZHUH� DEOH� WR� WUDFH� WUDQVIRUPDWLRQ� RI� WKH� FHQWUDO� SODVPDVKHHW������NH9�HOHFWURQV� LQWR���������NH9�DXURUDO� HOHFWURQV�ZKLFKFUHDWHV� PRVW� RI� NQRZQ� SUHFLSLWDWLRQ� HIIHFWV� DQG� VXSSOLHV� WKHUDGLDWLRQ�EHOWV�ZLWK�IUHVK�SDUWLFOH�IOX[�
���:H� LQYHVWLJDWHG� WKH� ILQH� VWUXFWXUH� RI� WKH� ORFDO� RQVHW� LQ� WKHYLFLQLW\�RI�WKH�&55(6�DW����������87��)RU� WKH�ILUVW� WLPH�ZHVKRZ� WKDW� NH9� ILHOG�DOLJQHG� HOHFWURQV� �DQG� XSZDUG� FXUUHQW�DUULYHG� LQ� IURQW� RI� HQHUJHWLF� HOHFWURQ� LQFUHDVH� DQGGLSRODUL]DWLRQ�� 7KH� WUDQVIRUPDWLRQ� RI� HQHUJ\� VSHFWUXP� RI� WKHPLGGOH�HQHUJ\� HOHFWURQV� GLIIHUV� IURP� WKH� DFFHOHUDWHG� E\EHWDWURQ�PHFKDQLVP�DQG�VXJJHVW�LQGXFHG�HOHFWULF�ILHOG�RU�RWKHUW\SHV�RI�DFFHOHUDWLRQ�
��� ,Q� WKLV� HYHQW�ERWK� LRQ� DQG�HOHFWURQ� VXEVWRUP� LQMHFWLRQV�DUHWKH� UHVXOW� RI� ORFDO� DFFHOHUDWLRQ� LQ� WKH� TXDVL�WUDSSLQJ� UHJLRQZLWKRXW� WUDQVSRUW� IURP� WKH� PDJQHWRWDLO� UHJLRQ�� 6HYHUDO� VWHSVFDQ�EH�DVVXPHG�LQ�WKLV�FDVH��ZLWK�WKH�LRQRVSKHUH�DV�RQH�RI�WKHLQLWLDO�VRXUFH�RI�ORZ�HQHUJ\�LQQHU�SODVPDVKHHW SRSXODWLRQ�ODWHUWUDQVIRUPHG�LQWR�DXURUDO�DQG�WUDSSHG�UDGLDWLRQ�
)XUWKHU� VWXGLHV�ZLOO�EH�XQGHUWDNHQ� WR� VHH� LI� WKH�UHVXOWV�RI� WKLVVWXG\�DUH�WUXH�LQ�PRUH�JHQHUDO�WHUPV�
���5HIHUHQFHV
$EHO�� *�� $��� $�� 1�� )D]DNHUOH\�� DQG� $�� '�� -RKQVWRQH�� 7KHVLPXOWDQHRXV� DFFHOHUDWLRQ� DQG� SLWFK� DQJOH� VFDWWHULQJ� RI

ILHOG�DOLJQHG�HOHFWURQV�REVHUYHG�E\�WKH�/(3$�RQ�&55(6�-��*HRSK\V��5HV�������������������.UHPVHU��*���$��.RUWK��6��/��8OODODQG��6��3HUUDXW��$��5RX[��$�3HGHUVHQ�� 5�� 6FKPLGW�� DQG� 3�� 7DQVNDQHQ�� )LHOG�DOLJQHGEHDPV� RI� HQHUJHWLF� HOHFWURQV� ���� NH9� �� (� �� ��� NH9�REVHUYHG� DW� JHRV\QFKURQRXV� RUELW� DW�VXEVWRUP� RQVHWV��-�*HRSK\V��5HV�������������±��������������6LQJHU�+�-���:�3��6XOOLYDQ��3��$QGHUVRQ��)��0R]HU��3��+DUYH\�-�� :\JDQW�� DQG� :�� 0FQHLO�� )OX[JDWH� PDJQHWRPHWHULQVWUXPHQW� RQ� WKH� &55(6�� -�� 6SDFHFUDIW� 5RFNHWV�� �����������������/D]XWLQ�/���7�.R]HORYD��5�5DVLQNDQJDV��$�.RUWK��+�6LQJHU��-6WDGVQHVV�� 6�� 8OODODQG�� .� 7RUNDU�� 5DGLDWLRQ� EHOW� SURWRQFRQWULEXWLRQ� WR� VXEVWRUP� VWUXFWXUH� DQG� G\QDPLFV�6XEVWRUPV����HGLWHG�E\�6��.RNXEXQ�DQG�<��.DPLGH������������7HUUD��7RN\R������/D]XWLQ� /�� � 0�� 'DQLHOLGHV�� -� -XVVLOD�� 7� .R]HORYD�� 1�0HUHGLWK��$� .RUWK�� � DQG�%��.R]HORY� $XURUDO� VXEVWRUPGRXEOH� �� RQVHW� FDVH� VWXG\��3URFHHGLQJV� RI� ��WK� $QQXDO(XURSHDQ� PHHWLQJ� RQ� DWPRVSKHULF� VWXGLHV� E\� RSWLFDOPHWKRGV�� 81,6�� 6YDOEDUG� ������ $XJXVW� ����� HG�� )�6LJHUQHV�DQG�'�$��/RUHQW]HQ��������������.R]HORYD� 7��� /�� /D]XWLQ �� %�� .R]HORY�� 1�� 0HUHGLWK�� 0�'DQLHOLGHV�� -�� -XVVLOD�� DQG� $�� .RUWK�� 0XOWLSOH�RQVHWVXEVWRUP� FDVH� VWXG\�� SUH�RQVHW�� DXURUDO� RQVHW� DQGH[SDQVLRQ��6XEVWRUP��������3HOOLQHQ��5�-��DQG�:�-��+HLNNLOD��,QGXFWLYH�HOHFWULF�ILHOGV�LQ�WKHPDJQHWRWDLO� DQG� WKHLU� UHODWLRQ� WR� DXURUDO� DQG� VXEVWRUPSKHQRPHQD��6SDFH�6FL�5HY�����������������)ULHGHO�5�+�:���$��.RUWK��*�'��5HHYHV� DQG�5��%HOLDQ��2ULJLQRI� HQHUJHWLF� SDUWLFOH� LQMHFWLRQV� DW� VXEVWRUP� RQVHW� DVPHDVXUHG�E\�WKH�&55(6�VSHFHFUDIW�EHWZHHQ���DQG���5HDQG�/RV�$ODPRV� JHRVWDWLRQDU\� VDWHOOLWHV��3URFHHGLQJV� RIWKH�6HFRQG�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�6XEVWRUPV����������������.RUWK��$���*��.UHPVHU��%��:LONHQ��:��*XWWOHU��6��/��8OODODQG�DQG� 5�� .RJD�� (OHFWURQ� DQG� SURWRQ� ZLGH�DQJOHVSHFWURPHWHU� �(3$6�� RQ� WKH� &55(6� VSDFHFUDIW�� -�6SDFHFUDIW�5RFNHWV��������������������+DUG\��'��$���'��0��:DOWRQ��$��'��-RKQVWRQH��0��)��6PLWK��0�3��*RXJK��$� +XEHU��-��3DQWD]LV��DQG�5��%XUNKDUGW��/RZ(QHUJ\� 3ODVPD� $QDO\]HU� ,(((� 7UDQV�� 1XFO�� 6FL��� ������±����������:HLVV�/�$���3�+� 5HLII��5�9� +LOPHU�HW�DO�� 0DSSLQJ�WKH$XURUDO�2YDO�LQWR�WKH�0DJQHWRWDLO�XVLQJ�'\QDPLFV([SORUHU�3ODVPD�'DWD��-��*HRPDJ��*HRHOHFWU�� 9��������������������)LOOLQJLP�� 0�2��� *�� .�� 3DUNV�� 5�� 3�� /LQ�� DQG� '�� &KXD�&RPSDULVRQ� RI� 3ODVPD� 6KHHW� DQG� $XURUDO� (OHFWURQ(QHUJ\ )OX[HV� 'XULQJ� 6XEVWRUPV�� 3URFHHGLQJV� RI� WKH6L[WK ,QWHUQDWLRQDO� &RQIHUHQFH� RQ� 6XEVWRUPV� ������������/L� ;��� 0RGHOLQJ� SDUWLFOH� LQMHFWLRQV�WHVW� SDUWLFOH� VLPXODWLRQV�6XEVWRUP����63%��5XVVLD���������������


