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$EVWUDFW7KH�PDLQ�FRPSRQHQWV�RI�WKH�UDGLDWLRQ�HQYLURQPHQW��VXUURXQGLQJ�WKH�(DUWK�DUH��JDODFWLFFRVPLF�UD\V��VRODU�HQHUJHWLF�SDUWLFOHV�DQG�WKH�UDGLDWLRQ�EHOWV���$OO�WKHVH�FRPSRQHQWV�DUHVXEMHFW�WR�VWXGLHV�IURP�WKH�SRLQW�RI�YLHZ�RI�UDGLDWLRQ�LPSDFW�RQ�ELRORJLFDO�VWUXFWXUHV�DQGVSDFHFUDIW�HOHPHQWV��*DODFWLF� FRVPLF� UD\V�ZKLFK�PDLQO\� FRQVLVW� RI� SURWRQV�DQG� QXFOHLDQG� HVSHFLDOO\� WKHLU� KLJKO\� LRQL]LQJ� FRPSRQHQW� �KHDY\� QXFOHL�� DUH� WKH� SUHGRPLQDQWVRXUFH�RI� UDGLDWLRQ�GDPDJHV� LQ�FRQGHQVHG�PDWWHU� DW�PLFUR�YROXPH� OHYHO�� FDXVLQJ� VXFKPDOIXQFWLRQV� LQ� HOHFWURQLF� GHYLFHV� VXFK� DV� ODWFK�XSV�� VLQJOH� HYHQW� XSVHWV� DQG� HWV�(QHUJHWLF�SDUWLFOHV�JHQHUDWHG�LQ�VRODU�IODUHV�DQG�FRURQDO�PDVV�HMHFWLRQV FDQ�DOVR�OHDG�WRVHULRXV�UDGLDWLRQ�KD]DUGV��'XULQJ�SHULRGV�RI�SRZHUIXO�VRODU�HYHQWV��ODVWLQJ�VHYHUDO�GD\VDQG� DFFRPSDQLHG� E\� PDJQHWLF� VWRUPV�� WKH� PRVW� KLJKO\� HQHUJHWLF� VRODU� SDUWLFOHV� � FDQRYHUFRPH�WKH�EDUULHU��LQGXFHG�E\�WKH�PDJQHWLF�ILHOG��UHDFKLQJ�ORZ�DOWLWXGHV��,Q�WKLV�FDVH�WKH�UDGLDWLRQ�GRVHV�IURP�VRODU�SDUWLFOHV�FDQ�VLJQLILFDQWO\�H[FHHG�WKH�FRUUHVSRQGLQJ�GRVHVIURP�WUDSSHG�SDUWLFOHV�7KH�VRODU�HQHUJHWLF�SDUWLFOHV�H[KLELW�D�ORQJ�WHUP�YDULDWLRQ�DVVRFLDWHG�ZLWK�WKH����\HDUVRODU� DFWLYLW\� F\FOH�� 7KH� SK\VLFDO� LQWHUSUHWDWLRQ� DQG� PRGHO� UHSUHVHQWDWLRQ� � RI� WKLVYDULDWLRQ� LV�IDU� IURP�EHLQJ�FRPSOHWH��7KH�IOX[HV�RI�SDUWLFOHV� LQ� WKH UDGLDWLRQ�EHOWV� �DUHWKH�KLJKO\�G\QDPLFDO� �7HPSRUDO�YDULDWLRQV�RI� WKH�SDUWLFOH� IOX[HV� �PDLQO\�HOHFWURQV�DQGSURWRQV�� XQGHUJR� LQWHQVLW\� YDULDWLRQV� RQ� WLPH� VFDOHV� IURP� DERXW� �� PLQXWH� WR� VHYHUDO\HDUV��5DSLG�YDULDWLRQV��JHQHUDOO\��DUH�DVVRFLDWHG��ZLWK� WKH�JHQHUDWLRQ�RI�HOHFWULF� ILHOGVDQG� HOHFWURPDJQHWLF� HPLVVLRQV� GXULQJ� VXEVWRUP� DFWLYLW\�� ZKLOH VORZ� YDULDWLRQV� DUHLQGXFHG�E\�YDULDWLRQV�RI�VRODU�DFWLYLW\�DQG��DV�D�FRQVHTXHQFH��E\�YDULDWLRQV�RI�SDUWLFOHWUDQVSRUW� YHORFLWLHV� DQG� ORVV� UDWHV� LQVLGH� WKH� UDGLDWLRQ� EHOWV�� 1R� FRPSUHKHQVLYHHQJLQHHULQJ�PRGHO�RI�WKH�UDGLDWLRQ�EHOWV�WKDW�ZRXOG�DGHTXDWHO\�GHVFULEH�WKHLU�VSDWLDO�DQGG\QDPLF�SURSHUWLHV�LV�\HW�DYDLODEOH�5DGLDWLRQ� KD]DUG� IRU� VSDFH� YHKLFOHV� LQ� QHDU�(DUWK� VSDFH� LV� FDXVHG� E\� D� QXPEHU� RIIDFWRUV� DPRQJ� ZKLFK�� EHVLGHV� WKH� WLPH� RI� H[SRVXUH� WR� WKH� UDGLDWLRQ� HQYLURQPHQW�� WKHPRVW�VLJQLILFDQW�DUH�WKH�RUELWDO SDUDPHWHUV�RI�VDWHOOLWHV��DV�ZHOO�DV�WKH�OHYHOV�RI�VRODU�DQGJHRPDJQHWLF�DFWLYLWLHV�OHDGLQJ�WR�UDGLDWLRQ�IOX[�HQKDQFHPHQW�
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7KH�KLJK�HQHUJ\� HOHFWURQV��SRVLWURQV��SURWRQV�� QXFOHL� DQG� LRQV�RI� GLIIHUHQW� HOHPHQWV�HQFRXQWHUHG� LQ� VSDFH� �ZLWK� HQHUJLHV� IURP� KXQGUHGV� NH9� WR� WHQV�*H9��� DUH� RQH�RI� WKHPRVW� LPSRUWDQW� SURMHFWLOHV� DIIHFWLQJ� VSDFHFUDIW� RSHUDWLRQ� DQG� FRQVWLWXWLQJ� KD]DUG� IRUOLYLQJ�RUJDQLVPV�RQERDUG�DQ\�VSDFHVKLS��7KLV�LV�GXH�WR�WKH�DELOLW\�RI� WKHVH�SDUWLFOHV� WRSHQHWUDWH� WKH� VKLHOGLQJ� PDWHULDO� DQG� WR� WKHLU� LQWHUDFWLRQV� ZLWK� VSDFHFUDIW� HOHPHQWV�HOHFWURQLFV��DQG�ELRORJLFDO�VWUXFWXUHV �L�H��DQ\�PDWWHU�LQ�FRQGHQVHG�VWDWH��7KH�UDGLDWLRQ�HQYLURQPHQW�RI� LQWHUSODQHWDU\� VSDFH� LV�FRPSRVHG�RI�SDUWLFOH� IOX[HV�RIVRODU� DQG� JDODFWLF� RULJLQ�� 6RODU� DFWLYLW\� LV� WKH� PRVW� FULWLFDO� IDFWRU�� GHWHUPLQLQJ� WKHLUFKDUDFWHULVWLFV��IOX[�G\QDPLFV�DQG�HQHUJ\�VSHFWUD��7KH� UDGLDWLRQ� HQYLURQPHQW� LQ� WKH� YLFLQLW\� RI� WKH� (DUWK�� VXUURXQGHG� E\� D� PDJQHWLFILHOG�� FRQWDLQV� D� ODUJHU� QXPEHU� RI� GLIIHUHQW� FRPSRQHQWV�� WKDQ� WKH� UDGLDWLRQ� LQ� WKHLQWHUSODQHWDU\� PHGLXP��$PRQJ� WKHP� DUH� WKH� UDGLDWLRQ� EHOWV� �5%��� D� VWDEOH� IRUPDWLRQ�WUDSSHG�E\�WKH�(DUWK¶V�PDJQHWLF� ILHOG�� LW�FRQWDLQV�UDGLDWLRQ�RI�ERWK�VRODU�DQG�WHUUHVWULDORULJLQ��7KH�5%�HQYLURQPHQW�LV�GHWHUPLQHG�E\�WKH�DOEHGR�RI�VHFRQGDU\�SDUWLFOHV��ZKLFKDUH� WKH� UHVXOW� RI� FRVPLF� UD\� LQWHUDFWLRQV� ZLWK� WKH� DWPRVSKHUH�� DV� ZHOO� DV� SDUWLFOHV�SUHFLSLWDWHG� IURP� WKH�UDGLDWLRQ�EHOWV��7KH�PDLQ� IDFWRU�� WKDW� LQIOXHQFHV� WKH�G\QDPLFV�RIWKH�VSDWLDO�GLVWULEXWLRQ�RI�WKH�5%��DUH�JHRPDJQHWLF�GLVWXUEDQFHV��VWRUPV�DQG�VXEVWRUPV��ZKLFK�DV�D�UXOH��RFFXU�GXULQJ�VRODU�ZLQG�SODVPD�LQWHUDFWLRQV�ZLWK�WKH�LQWHUSODQHWDU\�DQGWKH� (DUWK¶V�PDJQHWLF� ILHOGV�� 7KH�RWKHU� FRPSRQHQWV� RI� WKH� HQHUJHWLF� SDUWLFOHV� LQ� QHDU�(DUWK� VSDFH� DUH� JDODFWLF� FRVPLF� UD\� �*&5�� DQG� VRODU� HQHUJHWLF� SDUWLFOHV� �6(3��SHQHWUDWLQJ�LQWR�WKH�JHRPDJQHWLF�ILHOG�7KH�QXPHURXV�FRPSRQHQWV�RI�WKH�UDGLDWLRQ�HQYLURQPHQW��ZLWK�WKHLU�GLIIHUHQW�SK\VLFDOFKDUDFWHULVWLFV�� DQG� YDULRXV� PHFKDQLVPV� RI� WKHLU� LQWHUDFWLRQ� ZLWK� PDWWHU�� FRPSOLFDWHPRGHOLQJ�RI�WKH�HQYLURQPHQW�DQG�SUHGLFWLRQV�RI�WKHLU�LPSDFW�RQ�REMHFWV�IORZQ�LQ�VSDFH�7KLV�SDSHU�SUHVHQWV�D� VXUYH\� RI�RXU�FXUUHQW�XQGHUVWDQGLQJ�RI� WKH�EDVLF�FRPSRQHQWV�RIWKH�VXUURXQGLQJ� UDGLDWLRQ�HQYLURQPHQW��DQG�WKH�PHFKDQLVPV�RI� WKHLU� LPSDFW�RQ�PDWWHU�7KH�HPSLULFDO�PRGHOV��XVHG�WR�HYDOXDWH�WKH��UDGLDWLRQ�HIIHFWV�DUH�DOVR�GLVFXVVHG�
���6SDFH�5DGLDWLRQ���D�6KRUW�2YHUYLHZ
�����7+(�($57+¶6�5$',$7,21�%(/76
7KH�UDGLDWLRQ�EHOWV�DUH�IOX[HV�RI�HQHUJHWLF�SDUWLFOHV��FRQILQHG�LQVLGH� WKH�JHRPDJQHWLFWUDS�� ORFDWHG� LQ� WKH� (DUWK¶V� LQQHU� PDJQHWRVSKHUH� DW� HTXDWRULDO� GLVWDQFHV� UDQJLQJ� IURP���� WR� �� 5H �(DUWK� UDGLL��� 7KH� 5%� SUHGRPLQDQWO\� FRQVLVW� RI� HOHFWURQV� DQG� SURWRQV�KRZHYHU��KHDY\�LRQV��DW�OHDVW�XS�WR�)H��DUH�DOVR�SUHVHQW��7KH�W\SLFDO�HQHUJLHV�IRU�LRQV�DUHIURP�a����.H9�QXFOHRQ�WR�VHYHUDO�0H9�QXFOHRQ��DQG�IRU�HOHFWURQV�IURP�a����.H9�WRVHYHUDO�0H9��7KH�ORZ�HQHUJ\�ERXQGDU\� LV�VRPHZKDW�FRQYHQWLRQDO�DQG�FRUUHVSRQGV� WRWKH�KLJKHVW�HQHUJ\�RI�KRW�ULQJ�FXUUHQW�SODVPD��WHQV�NH9�QXFO��LQVLGH�WKH�PDJQHWRVSKHUH�ZKHUHDV�� WKH�XSSHU�ERXQGDU\� LV�GHWHUPLQHG�E\� WKH�YDOXH� RI� WKH�DGLDEDWLFLW\� SDUDPHWHU�VHH�IRU�H[DPSOH��0RUILOO�������DQG�,O\LQ�HW�DO���������� P/ UUN � ��ZKHUH� /U LV�WKH/DUPRU�UDGLXV��DQG� PU LV�WKH�FXUYDWXUH�UDGLXV�RI�WKH�PDJQHWLF�ILHOG�OLQH��7KH�YDOXH�RI|N ���� GHILQHV� WKH� PD[LPXP� HQHUJ\� RI� HOHFWURQV� DQG� LRQV� IRU� VWDEOH� WUDSSLQJ� RQ� DJLYHQ�/�VKHOO�
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)LJ����5DGLDO�SURILOHV�RI�UDGLDWLRQ�EHOW�SURWRQ�DQG�HOHFWURQ�LQWHQVLWLHV�LQ�WKH�JHRPDJQHWLF�HTXDWRU�SODQH�

7KH�FKDUJH�VWDWH�RI� WUDSSHG�LRQV�GHSHQGV�RQ�WKHLU�VRXUFHV�DQG�FKDUJH�H[FKDQJH�ZLWKWKH�EDFNJURXQG�QHXWUDO�H[RVSKHUH�7KH�5%� VSDFH�HQHUJ\� GLVWULEXWLRQ� � �)LJ���� LV� GLIIHUHQW� IRU� HOHFWURQV� DQG� SURWRQV�� WKHHOHFWURQV� IRUP� DQ� LQQHU� DQG� RXWHU� EHOW�� ZKHUHDV� WKH� SURWRQV� GLVSOD\� D� FRQWLQXRXVLQFUHDVH� RI� PHDQ� SDUWLFOH� HQHUJ\� ZLWK� LQFUHDVLQJ� /�VKHOO� YDOXH�� 7KH� PRVW� HQHUJHWLFSURWRQV� SRSXODWH� WKH� LQQHU� ]RQH� DW� /������ 3DUWLFOH� HQHUJ\� LQFUHDVH� GXH� WR� EHWDWURQDFFHOHUDWLRQ�RFFXUV�GXULQJ�WKHLU�SURSDJDWLRQ�DFURVV�WKH�/�VKHOOV��UDGLDO�GLIIXVLRQ��FDXVHGE\� IOXFWXDWLRQV� RI� WKH�PDJQHWLF� ILHOG� DQG�RU� HOHFWULF� ILHOGV� LQ� WKH�PDJQHWRVSKHUH� �VHH�H�J�� �7YHUVNR\�� ����� DQG� 6SMHOGYLN�� �������� 7KH� JDS� EHWZHHQ� WKH� LQQHU� DQG� RXWHUUDGLDWLRQ�EHOWV�UHVXOWV�IURP�SDUWLFOH�VFDWWHULQJ�E\�HOHFWURPDJQHWLF�ZDYHV�

7KH�PDLQ� VRXUFHV�RI�5%�SDUWLFOHV� DUH� WKH� VRODU�ZLQG�� WKH� LRQRVSKHUH��DQG�VHFRQGDU\�DOEHGR��SDUWLFOHV� �VHH�������ZKLFK� DUH� SURGXFHG� DV� D� UHVXOW� RI� FRVPLF� UD\� LQWHUDFWLRQVZLWK� WKH� DWPRVSKHUH�� (DFK� RI� WKHVH� VRXUFHV� FRQWULEXWHV� WR� WKH�SRSXODWLRQ� RI� UDGLDWLRQEHOW� SDUWLFOH� SRSXODWLRQ�� +HQFH�� WKH� DWPRVSKHULF� VRXUFH�� XQOLNH� WKH� VRODU� RQH�� PRVWO\FRQWULEXWHV�VLQJO\�FKDUJHG�KHDY\�LRQV��+H���2���WR�WKH�LQQHU�PDJQHWRVSKHUH��6RODU�LRQVDUH�W\SLFDOO\�PXOWLSO\�FKDUJHG�KHDY\�LRQV��+H����2����)H�����%RWK�WKHVH�VRXUFHV�DUH�UHVSRQVLEOH�IRU�SRSXODWLQJ�WKH�RXWHU�]RQH�RI�WKH�5%��7KH�LQQHU]RQH� VRXUFHV� DUH� PRVWO\� DOEHGR� SDUWLFOHV� �� WKH� UHVXOW� RI� *&5� LQWHUDFWLRQV� ZLWK� WKHDWPRVSKHUH�
�����*$/$&7,&�&260,&�5$<6
*&5� DUH� IXOO\� LRQL]HG� � SDUWLFOHV� RI� DOO� H[LVWLQJ� HOHPHQWV� ZLWK� UHODWLYLVWLF� HQHUJLHV�UDQJLQJ�IURP�a��� H9�WR�DW�OHDVW�a���� H9���7KHLU�FKHPLFDO�FRPSRVLWLRQ�DSSUR[LPDWHO\FRUUHVSRQGV� WR� WKH� PHDQ� HOHPHQW� DEXQGDQFH� LQ� WKH� 8QLYHUVH� ����� RI� SURWRQV�� a��KHOLXP� QXFOHL�� HWF���*&5� DUH� RI� JDODFWLF� DQG� H[WUD�JDODFWLF� RULJLQ��$W� HQHUJLHV� EHORZ���� H9�WKHLU�RULJLQ�LV�DVVRFLDWHG�ZLWK�VXSHUQRYD�EODVWV��DW�ODUJHU�HQHUJLHV�WKHLU�RULJLQ�LVVWLOO�XQFOHDU��VHH�� IRU�H[DPSOH��WKH�VXUYH\��*ORHFNOHU���������,QVLGH�WKH�KHOLRVSKHUH�WKHHQHUJ\� VSHFWUXP� RI� *&5� KDV� D� GLVWLQFW� PD[LPXP� �)LJ�� ��� DW� HQHUJLHV� RI� �����
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*H9�QXFOHRQ�� ,W� LV� FDXVHG� E\� PRGXODWLRQ� RI� *&5� IOX[HV� DW� HQHUJLHV� EHORZ� WKHPD[LPXP� E\� WKH� YDULDEOHLQWHUSODQHWDU\� PDJQHWLF� ILHOG�ZKLFK� GHSHQGV� RQ� WKH� F\FOH� RIVRODU�DFWLYLW\��7KH�W\SLFDO�SHULRG�RIWKLV� PRGXODWLRQ� LV� DERXW� ��� \HDUV�KRZHYHU�� SHULRGV� ZLWK� RWKHUGXUDWLRQ�KDYH�EHHQ�LGHQWLILHG�7KH� SHQHWUDWLRQ� RI� SDUWLFOHVLQVLGH� WKH� JHRPDJQHWLF� ILHOG� LVGHWHUPLQHG� E\� LWV� PDJQHWLFULJLGLW\� ��� �0F((4$5 � ���
ZKHUH� $ LV� WKH�PDVV� QXPEHU�� 4LV� WKH� FKDUJH�� DQG� 0 LV� WKH�PDVVRI�WKH�FKDUJHG�SDUWLFOH�ZLWK�HQHUJ\( ��7KH�*&5�UDGLDWLRQ� IOX[� LQVLGHWKH�PDJQHWRVSKHUH� FKDQJHV� GXH� WRWKH� µJHRPDJQHWLF� FXW�RII� HIIHFW¶ZKLFK� LV� GHWHUPLQHG� E\� WKHGHIOHFWLRQ� DQJOH� RI� D� SDUWLFOHLQVLGH� WKH� JHRPDJQHWLF� ILHOG� IURP� LWVVSHFWUXP�RI�*&5�LV�GLVWRUWHG�GXH�WR�WIOX[� FKDUDFWHULVWLFV� LQVLGH� WKHPDJQHWRVSKHUH� DUH� GHWHUPLQHG� E\WKH� GLVWRUWLRQV� RI� WKH� (DUWK¶VPDJQHWLF� ILHOG� GXULQJ� LWVLQWHUDFWLRQV� ZLWK� FRURQDO� HMHFWLRQVRI� VRODU� SODVPD�� DV� ZHOO� DVPDJQHWLF� VWRUPV� DQG� VXEVWRUPV�DVVRFLDWHG� ZLWK� SODVPD� LQMHFWLRQVLQWR�WKH�LQQHU�PDJQHWRVSKHUH�
�����7+(�$120$/286&260,&�5$<�&20321(17
7KH� DQRPDORXV� FRPSRQHQW� RIFRVPLF� UD\V� �$&5�� LV� WKH� OHDVWHQHUJHWLF� SDUW� RI� *&5� WKHLU� PHDQHQHUJLHV� DUH�RI� WHQV�0H9��VHH�)LJ����� 7KH\� PRVWO\� FRQVLVWV� RI� 2�� 1�1H�� $U� DQG� 6L� LRQV�� 8QOLNH� WKHUHJXODU� *&5� FRPSRQHQW�� WKH
)LJ����7KH�HQHUJ\�VSHFWUXP�RI�JDODFWLF�FRVPLF�UD\�QXFOHL�2UPHV��%HWW\��HW�DO��������� LQFLGHQW� RU� LQLWLDO� GLUHFWLRQ�� +HQFH�� WKH� HQHUJ\KH�ILOWHULQJ�HIIHFW�RI�WKH�JHRPDJQHWLF�ILHOG��*&5
)LJ���� 7KH� HQHUJ\� VSHFWUXP� RI� DQRPDORXV� FRVPLF� UD\R[\JHQ�DQG�FDUERQ�QXFOHL��*ORHFNOHU��������
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)LJ����7KH�HQHUJ\�VSHFWUXP�RI�DOEHGR�HOHFWURQVDFFRUGLQJ� WR� µ3URWRQ� �� DQG� �¶� VDWHOOLWH� GDWD�*ULJRURY��������

SUHGRPLQDQW�FKDUJH�VWDWH�RI�$&5�LRQV�LV���������VHH��H�J���%ODNH�DQG�)ULHVHQ�������DQG3DQDV\XN�� �������� /LNH� *&5�� $&5� IOX[HV� H[SHULHQFH� DQ� ���\HDU� VRODU� PRGXODWLRQF\FOH��$&5�ZLWK�WKH�ORZHVW�FKDUJH�VWDWHV��SHQHWUDWH�GHHSHVW�LQVLGH�WKH�(DUWK¶V�PDJQHWLFILHOG�� ZKHUH� WKH\� LQWHUDFW� ZLWK� WKH� DWPRVSKHUH�� XQGHUJRLQJ� FKDUJH�H[FKDQJH�� 3DUW� RIWKHVH� VWULSSHG� LRQV�� ZLWK� KLJKHU� FKDUJH� VWDWHV� �XSWR� ��� IRU� R[\JHQ��� EHFRPH� VWDEOHWUDSSHG�DQG�IRUP�DQ�$&5�UDGLDWLRQ�EHOW��VHH��H�J���*ULJRURY�HW�DO����������
�����62/$5�(1(5*(7,&�3$57,&/(6
7KHVH�SDUWLFOHV�DUH�JHQHUDWHG� LQ�VRODU� IODUHV� DQG�FRURQDO�PDVV� HMHFWLRQV� �&0(���7KHPD[LPXP�HQHUJ\�RI�WKHVH�SDUWLFOHV�LV�a�����0H9�QXFOHRQ��+RZHYHU�VRPHWLPHV��GXULQJJLJDQWLF�VRODU�HYHQWV��WKHLU�HQHUJLHV�UHDFK�a�*H9�QXFOHRQ��7KH�LRQL]DWLRQ�VWDWHV�RI�6(3FDQ� UDQJH� IURP� IXOO\� LRQL]HG� IRU� WKH� OLJKW� LRQV� �SURWRQV�� +H�� WR� SDUWLDOO\� LRQL]HG� IRUKHDYLHU� DWRPV� �)H��� GHSHQGLQJ� RQ� WKH� VRODU� FRURQDO� WHPSHUDWXUH� DQG� WKH� 6(3SURSDJDWLRQ�WKURXJK�WKH�LQWHUSODQHWDU\�PHGLXP�6(3�RFFXUUHQFH�IUHTXHQF\�GHSHQGV�RQ�VRODU�DFWLYLW\��GLVSOD\LQJ�D�WHQGHQF\�IRU�JUHDWHURFFXUUHQFH� IUHTXHQF\� GXULQJ�PD[LPXP� VRODU� DFWLYLW\� DQG�GXULQJ� GHFOLQH�RI� WKH� F\FOH�7KH�FKHPLFDO�FRPSRVLWLRQ�RI�6(3�YDULHV�DURXQG�WKH�PHDQ�HOHPHQWDO�FRPSRVLWLRQ�RI�WKH6XQ��SURWRQV�EHLQJ�DOZD\V�SUHGRPLQDQW��+H�LRQV�FRQVWLWXWH�VHYHUDO�SHUFHQW�DQG�KHDYLHUHOHPHQWV�DUH�PXFK�OHVV�DEXQGDQW��7KH�PHDVXUHG�IOXHQFH�RI�6(3�HYHQWV�YDULHV�ZLWKLQ�DZLGH� UDQJH�IURP���� WR������SDUWLFOHV�FP� ��7KH�GXUDWLRQ�RI� WKH�HYHQW�FDQ� UDQJH� � IURPRQH� WR� VHYHUDO� GD\V�� ,Q� FRPSDULVRQ� WR� *&5�� 6(3� SDUWLFOH� VSHFWUD� DUH� VRIWHU�� DQGWKHUHIRUH� VXEMHFW� WR� JUHDWHU� GLVWRUWLRQ� GXH� WR� WKH� JHRPDJQHWLF� FXWRII� ZKHQ� PHDVXUHGZLWKLQ�WKH�PDJQHWRVSKHUH�
����� 1$785$/� $/%('25$',$7,21

$OEHGR� UDGLDWLRQ� �$5�� LV� WKH� VHFRQGDU\UDGLDWLRQ� JHQHUDWHG� LQ� WKH� LQQHUPDJQHWRVSKHUH�DV�D�UHVXOW�RI��� QXFOHDU� UHDFWLRQV� E\� FRVPLF� UD\� �*&5�6(3�� LQWHUDFWLRQV� ZLWK� SURWRQV� RI� WKH� LQQHUUDGLDWLRQ�EHOWV�DQG�DWRPV�RI�WKH�DWPRVSKHUH���VHFRQGDU\�FRVPLF�UD\��PXRQ��GHFD\�7KLV� UDGLDWLRQ� HQYLURQPHQW� FRPSRQHQWPRVWO\�FRQVLVWV�RI���QHXWURQV���JDPPD�TXDQWV���HOHFWURQV�DQG�SRVLWURQV���SURWRQV�DQG�QXFOHL�)LJ���VKRZV�RQH�RI� WKH�ILUVW�PHDVXUHPHQWV�RI� UHODWLYLVWLF�HOHFWURQV��PDGH� LQ��������RQERDUG� WKH�3URWRQ���� DQG���VDWHOOLWHV� DW� DOWLWXGHV�RI�a�����NP� �*ULJRURY���������7KHPDLQ�UHVXOW�LV�DQ�H[WUHPHO\�KDUG�VSHFWUXP��J|���RI�VHFRQGDU\�HOHFWURQV��SURGXFHG�DV�D



�

UHVXOW�RI�S�P�H GHFD\��7KH�LQWHJUDO� IOX[�RI�WKHVH�DOEHGR�SDUWLFOHV�QHDU�WKH�HTXDWRU�ZDVHTXDO�WR�WKH�IOX[�RI�SULPDU\�*&5�SDUWLFOHV�'HWDLOHG� GDWD� RQ� DOEHGR� SURWRQV� ZHUH� UHFHQWO\� REWDLQHG� LQ� WKH� $OSKD� 0DJQHWLF6SHFWURPHWHU�H[SHULPHQW��$06�FROODERUDWLRQ��������

)LJ���� &RPSDULVRQ� RI� XSZDUG� DQG� GRZQZDUG� VHFRQGDU\� VSHFWUXP� RI� SURWRQV� DW� GLIIHUHQW� JHRPDJQHWLFHTXDWRULDO�ODWLWXGHV�-P� �LQ�UDGLDQV���7KH�$06�FROODERUDWLRQ��������
)LJ��� VKRZV� WKH� HQHUJ\� VSHFWUD� RI� DOEHGR� SURWRQV� DQG� SURWRQV RULJLQDWLQJ� LQ DUHVWULFWHG JHRJUDSKLF� UHJLRQ�EHORZ� WKH�JHRPDJQHWLF�FXWRII� �WKH� ORZ�HQHUJ\�SDUW�RI� WKHVSHFWUXP��DQG�SULPDU\�*&5�DW�GLIIHUHQW�ODWLWXGHV��DW�a����NP�DOWLWXGHV���,W�LV�REYLRXV�WKDW� VXFK� VHFRQGDU\� SDUWLFOHV� IOX[HV� �WKH� DOEHGR� UDGLDWLRQ� HQYLURQPHQW�� VKRXOG� EHDFFRXQWHG�IRU�LQ�UDGLDWLRQ�LPSDFW�PRGHOV�IRU�ORZ�HDUWK��RUELWLQJ��/(2�RUELWV��VDWHOOLWH�

���7KH�0DLQ�5DGLDWLRQ�(IIHFWV�LQ�(QHUJHWLF�3DUWLFOH�,QWHUDFWLRQV�ZLWK�0DWWHU
�����3$57,&/(�,17(5$&7,216�:,7+�0$77(5
7KH�PHFKDQLVPV� RI� SDUWLFOH� ORVVHV� GHSHQG� RQ� WKHLU� HQHUJ\�� )RU� H[DPSOH�� WKH� PDLQORVVHV�IRU�LRQV ZLWK�������� H9�HQHUJLHV�DUH�LRQL]DWLRQ��L�H��WKH�SDUWLFOH�ORVHV�HQHUJ\�DV�LWLRQHDUL]HV�DQG�H[FLWHV�DWRPV�RI�PDWHULDOV�LW�WUDYHUVHV��)RU�LRQV�ZLWK�HQHUJLHV�H[FHHGLQJ���� 0H9�QXFOHRQ� WKH� PDMRU� UROH� LV� SOD\HG� E\� QXFOHDU� LQWHUDFWLRQV�� +LJK� HQHUJ\HOHFWURQV �(H!!PRF��� ORVH� HQHUJ\� PRVWO\� GXH� WR� EUHPVVWUDKOXQJ�� ZKHUHDV� DW� HQHUJLHV(H��PRF� LRQL]DWLRQ�ORVVHV�DUH�WKH�PRVW�SUHGRPLQDQW�ORVV�PHFKDQLVPV�7KH�PHDQ� IUHH� SDWK�� DV�ZHOO� DV� OLQHDU� HQHUJ\� ORVV� SHU� XQLW� OHQJWK� �/(7�� LQ� D� JLYHQPDWHULDO�� VHUYHV� DV� D�TXDQWLWDWLYH�PHDVXUH�FKDUDFWHULVWLF� IRU� LQWHUDFWLRQV�RI� SHQHWUDWLQJUDGLDWLRQ� ZLWK� PDWWHU�� 7KH� HOHFWURQ� FRPSRQHQW� RI� UDGLDWLRQ�� KDV� JUHDWHU� SHQHWUDWLQJDELOLW\�WKDQ�WKH�LRQ�FRPSRQHQW��,W�LV�WR�D�ODUJH�H[WHQW�UHVSRQVLEOH�IRU�WKH�GRVH�HIIHFWV�LQPDWWHU�� +RZHYHU�� LRQV�� HVSHFLDOO\� KHDY\� RQHV�� FDXVH� ODUJHU� HQHUJ\� UHOHDVH� LQ� D� JLYHQYROXPH� LQ� FRPSDULVRQ� WR� OLJKW� LRQV� DQG� HOHFWURQV� DQG�� WKHUHIRUH�� FDQ� FDXVH� PRUHVLJQLILFDQW� ORFDO� UDGLDWLRQ� GDPDJH� LQ� PLFURYROXPHV� RI� PDWWHU� �KLJK�LQWHJUDWLRQHOHFWURQLFV��ELRORJLFDO�VWUXFWXUHV�DW�WKH�FHOO�OHYHO��



�

3KRWRQ� DQG� JDPPD�UD\ LQWHUDFWLRQV� ZLWK� PDWWHU� DUH� DOVR� HQHUJ\�GHSHQGHQW�� $WJDPPD�UD\� HQHUJLHV� OHVV� WKDQ� �� 0H9� SKRWR�HIIHFW� LV� SUHGRPLQDQW�� ,W� OHDGV� WR� WKHSURGXFWLRQ�RI�ORZ�HQHUJ\�HOHFWURQV��ZKHUHDV�DW�KLJKHU�HQHUJLHV�SDLU��HOHFWURQ�SRVLWURQ�SURGXFWLRQ�GRPLQDWHV��7KH�&RPSWRQ�HIIHFW��DFFRPSDQLHG�E\�JHQHUDWLRQ�RI�HOHFWURQV�DQGJDPPD�UD\�VFDWWHULQJ��GRPLQDWHV�LQ�WKH�0H9�HQHUJ\�UDQJH�7KHUH�DUH�YDULRXV�W\SHV�RI�QHXWURQ�LQWHUDFWLRQV�ZLWK�PDWWHU��7KH\�LQFOXGH�HODVWLF�DQGLQHODVWLF� VFDWWHULQJ�� UDGLDWLRQ� FDSWXUH�� DFFRPSDQLHG� E\� SKRWRQ� HPLVVLRQ�� FDSWXUH�DFFRPSDQLHG� E\� FKDUJHG� SDUWLFOH� HPLVVLRQ� DQG� QXFOHDU� ILVVLRQ�� 7KH� FURVV�VHFWLRQV� RIWKHVH�SURFHVVHV�GHSHQG�RQ� WKH�QHXWURQ� HQHUJ\�DQG�GLIIHU� IRU� DOO� DWRPV��8QOLNH�SKRWRQLQWHUDFWLRQV� ZLWK� PDWWHU�� QHXWURQ� LQWHUDFWLRQ� GLVSOD\V� D� UHVRQDQFH� VWUXFWXUH�� ,Q� HODVWLFLQWHUDFWLRQV�WKH�QHXWURQ�FKDQJHV�WKH�GLUHFWLRQ�RI�LWV�YHORFLW\�DQG�ORVHV�SDUW�RI�LWV�HQHUJ\�(ODVWLF� VFDWWHULQJ� SOD\V� D� PDMRU� UROH� LQ� WKH� DWWHQXDWLRQ� RI� IDVW� QHXWURQ� IOX[HV� �ZLWKHQHUJLHV�IURP�����WR����0H9���7KH�PRVW�HIILFLHQW�DWWHQXDWLRQ�SHU�XQLW�PDVV�LV�REVHUYHGLQ�PHGLD� FRQWDLQLQJ� K\GURJHQ�� ,Q� WKLV� FDVH� WKH� QHXWURQ� HQHUJ\� GHFUHDVHV� UDSLGO\�� WKHQHXWURQV�DUH�WKHUPDOLVHG��WR�HQHUJLHV�IURP������� WR�����H9��DQG�DEVRUEHG�E\�K\GURJHQQXFOHL�,QHODVWLF� VFDWWHULQJ� RI� QHXWURQV� KDV� D� WKUHVKROG� HQHUJ\� FKDUDFWHU� DQG� LV� PRVWVLJQLILFDQW�IRU�KHDY\�QXFOHL��,I�WKH�HQHUJ\�RI�WKH�LQFLGHQW�QHXWURQ�H[FHHGV�WKH�HQHUJ\�RIWKH�ILUVW�H[FLWHG�VWDWH�RI� WKH�WDUJHW�QXFOHXV��HPLVVLRQ�RI�RQH�RU�VHYHUDO�SKRWRQV�RFFXUV�ZLWK� D� VSHFWUXP�� W\SLFDO� RI� WKH� QXFOHL�� 1HXWURQ� DEVRUSWLRQ� EHORQJV� WR� WKH� LQHODVWLFLQWHUDFWLRQ� W\SH�DQG�IRU�PRVW� HOHPHQWV�RFFXUV�PDLQO\� LQ� WKH�WKHUPDO� UHJLRQ�RI�QHXWURQHQHUJLHV�� 7KH� WUDSSLQJ� FURVV�VHFWLRQ� LQ� WKLV� FDVH� LV� SURSRUWLRQDO� WR� (�� �� 3KRWRQHPLVVLRQ� RFFXUULQJ� LQ� UDGLDWLRQ� WUDSSLQJ� KDV� VXIILFLHQWO\� KLJK� HQHUJ\� �����0H9�� DQGSOD\V�DQ� LPSRUWDQW� UROH� LQ� WKH�IRUPDWLRQ� RI� UDGLDWLRQ� ILHOGV� EHKLQG� VKLHOGLQJ�� ,QHODVWLFLQWHUDFWLRQV� RI� QHXWURQV� DOVR� LQFOXGH� UHDFWLRQV� LQYROYLQJ� FKDUJHG� SDUWLFOH� SURGXFWLRQ��Q�S����Q�D���HWF�$V� ZH� ZLOO� VHH� EHORZ�� EHVLGHV� VLQJOH� HYHQW� XSVHWV� LQ� PLURFKLSV�� WKH� QHXWURQFRPSRQHQW�RI� VSDFH� UDGLDWLRQ� �PDLQO\�RI� DOEHGR� DQG� ORFDO� RULJLQ�� FRQWULEXWHV� D�PDMRUGRVH�LQ�WKLFN�VKLHOGV�
�����5$',$7,21�())(&76�&$86('�%<�,21,=$7,21�,1�62/,'�%2',(6
1XPHURXV�W\SHV�RI�UDGLDWLRQ� WUDQVIRUPDWLRQV�RFFXU�LQ�SDUWLFOH�LQWHUDFWLRQV�ZLWK� VROLGERGLHV� �)LJ�� ���� 6XFK� LQWHUDFWLRQV� FDQ� EH� ERWK� UHYHUVLEOH� DQG� LUUHYHUVLEOH�� 7KH� PDLQW\SHV� RI� UDGLDWLRQ� WUDQVIRUPDWLRQ� FDQ� FRQYHQWLRQDOO\� EH� VHSDUDWHG� LQWR� WKUHH� JURXSV� �LRQL]DWLRQ� HIIHFWV�� FKDUJH� WUDQVIHU� HIIHFWV�� DQG�GLVSODFHPHQW� HIIHFWV��$�GHWDLOHG� UHYLHZFDQ�EH�IRXQG�LQ�WKH�SDSHU�E\�9DPSROD �������

�������,RQL]DWLRQ�(IIHFWV
7KH�HOHFWURQ�KROH�SDLUV�JHQHUDWHG�DV�D� UHVXOW�RI� LRQL]DWLRQ� HQHUJ\� ORVVHV� OHDG� WR�QHZUHYHUVLEOH� DQG� LUUHYHUVLEOH� SURSHUWLHV� LQ� PDWHULDOV�� VXFK� DV� UDGLDWLRQ� FRQGXFWLYLW\�UDGLDWLRQ� FRORULQJ�� UDGLROXPLQHVFHQFH�� UDGLDWLRQ�FKHPLFDO� HIIHFWV�� HWF�� 5DGLDWLRQFRQGXFWLYLW\� DQG� UDGLROXPLQHVFHQFH� DUH� PDLQO\� GHWHUPLQHG� E\� WKH� GRVH� UDWH� DQG� DUHUHYHUVLEOH��WKH\�UDSLGO\������PFV��GLVDSSHDU�ZKHQ�LUUDGLDWLRQ�VWRSV��5DGLDWLRQ�FKHPLFDO



�

WUDQVIRUPDWLRQV��DQG�UDGLDWLRQ�FRORULQJ��RQ�WKH�FRQWUDU\��GHSHQG�RQ� WKH�DEVRUEHG�GRVH�DQG�WKH�UHOD[DWLRQ�WLPH�IRU� WKHVH�HIIHFWV�FDQ�EH�TXLWH�ORQJ� ��IURP���WR���� VHFRQGV�DQGHYHQ�ORQJHU�
�������&KDUJH�7UDQVIHU�(IIHFWV&RPSWRQ� FXUUHQWV� DULVLQJ� XQGHU� WKH� LPSDFW� RI� KLJK�HQHUJ\� JDPPD�UD\V�� RU� SURWRQUHFRLO�GXULQJ�ERPEDUGPHQW�RI�OLJKW�PDWWHU�E\�QHXWURQV��DUH�W\SLFDO�H[DPSOHV�RI�FKDUJHWUDQVIHU� HIIHFWV��$V�D� UHVXOW�RI� UDGLDWLRQ� LPSDFW�HOHFWULF� FKDUJHV� FDQ� EH� LQGXFHG� LQVLGHWKH�GLHOHFWULF��7KH�PDJQLWXGH�RI�WKLV�FKDUJH�GHQVLW\�GHSHQGV�RQ�WKH�UDGLDWLRQ�GRVH�
�������'LVSODFHPHQW�(IIHFWV
7KHVH�HIIHFWV�DUH�DVVRFLDWHG�ZLWK�GLVSODFHPHQW�RI�WKH�DWRPV�LQ�D�VROLG�ERG\�IURP�WKHFU\VWDOOLQH� ODWWLFH� QRGHV� GXH� WR� HQHUJ\� ORVVHV� RI� WKH� LQWHUDFWLQJ� SDUWLFOHV�� 7KH� FULWLFDOHQHUJ\�IRU�WKH�GLVSODFHPHQW�HIIHFWV�GHSHQGV�RQ�WKH�ERPEDUGHG�DWRPV�LQ�WKH�FU\VWDO��DQGRQ�WKH�QDWXUH�RI�WKH�LQFLGHQW�SDUWLFOHV��WKXV��LQ�VLOLFRQ�LW�LV�����H9�IRU�SURWRQV�DQG����NH9� IRU� HOHFWURQV�� 'LVSODFHPHQW� HIIHFWV� LQ� D� VROLG� ERG\� OHDG� WR� ORQJ� DQG� VKRUW�WLPHGHIHFWV�� $V� D� UXOH�� LUUDGLDWLRQ� E\� UHODWLYLVWLF� HOHFWURQV� DQG� JDPPD�UD\V� �a� �� 0H9��FDXVHV�VLPSOH�SULPDU\�GHIHFWV��,UUDGLDWLRQ�E\�QHXWURQV��SURWRQV��DQG�HOHFWURQV�RI�KLJKHUHQHUJLHV�LV�XVXDOO\�DFFRPSDQLHG�E\�D�FDVFDGH�RI�GHIHFWV�

�����5$',$7,21�'$0$*(�,1�0$7(5,$/6�$1'�6<67(06
5DGLDWLRQ�VWDELOLW\�RI�PDWHULDOV�DQG�V\VWHPV�FRPSRQHQWV�LV�WKHLU�DELOLW\�WR�RSHUDWH�DQGSUHVHUYH� LQLWLDO� FKDUDFWHULVWLFV�XQGHU� WKH� LPSDFW�RI� UDGLDWLRQ��5DGLDWLRQ� LPSDFW� � FDXVHVWZR�W\SHV�RI�HIIHFWV�LQ�WKH�VDWHOOLWH¶V�FRPSRQHQWV�DQG�PDWHULDOV��JUDGXDO�GHJUDGDWLRQ�RIRSHUDWLQJ� DELOLWLHV� GXH� WR� DEVRUEHG� GRVH� DFFXPXODWLRQ� DQG� XSVHWV� LQ� PLFURHOHFWURQLFVFDXVHG�E\�VLQJOH�LRQ�SHQHWUDWLRQ��:H�ZLOO�QRZ�FRQVLGHU�VRPH�DVSHFWV�RI�ERWK�HIIHFWV�

�������'RVH�(IIHFWV
1XPHURXV�UHVXOWV�RI�ODERUDWRU\�WHVWLQJ�DQG�RSHUDWLRQ�RI�VDWHOOLWH�H[SHULPHQWV�SURYLGHGGDWD�RQ�WKH�UDGLDWLRQ�VWDELOLW\�RI�VDWHOOLWH�PDWHULDOV�DQG�FRPSRQHQWV��$NLVKLQ�HW�DO���������6RPH�RI�WKHVH�GDWD�DUH�UHSRUWHG�LQ�7DEOH���2QH�RI�WKH�PRVW�ZHOO�VWXGLHG�H[DPSOHV�RI�UDGLDWLRQ�GDPDJH�LQ�VDWHOOLWH�V\VWHPV�LV�VRODUSDQHO�GHJUDGDWLRQ��7KH�PDLQ�UHDVRQ�RI�WKHLU�GHJUDGDWLRQ�LV�WKH�GHFUHDVH�RI�WKH�OLIH�WLPHVRI�PLQRULW\�FDUULHUV�LQ�WKH�VHPLFRQGXFWRU�EDVH�UHJLRQ�GXH�WR�UDGLDWLRQ�GHIHFWV��8QGHU�WKHLPSDFW�RI�LRQL]LQJ�UDGLDWLRQ�WKH�IROORZLQJ�UHODWLRQ�LV�YDOLG�)NWW ����� � � ���



�

7$%/(����5DGLDWLRQ�VWDELOLW\�FKDUDFWHULVWLFV�IRU�VRPH�VDWHOOLWH�PDWHULDOV�DQGFRPSRQHQWV�
0DWHULDO��RU�V\VWHP ,UUDGLDWLRQ�GRVH��*U ,PSDFW�FKDUDFWHULVWLFV6HPLFRQGXFWRULQVWUXPHQWV ������� %DFNZDUG�FXUUHQW�LQFUHDVH�DPSOLILFDWLRQ�GHFUHDVH6RODU�SDQHOV ������� HIILFLHQF\�GHFUHDVH2SWLFDO�PLUURUV ������� 7UDQVSDUHQF\�GHJUDGDWLRQ)LEHU�RSWLFV ������� WUDQVPLWWHG�VLJQDO�GDPSLQJ3RO\PHU�PDWHULDOV ������� 'HJUDGDWLRQ�RI�PHFKDQLFDODQG�LQVXODWLQJ�SURSHUWLHV7KHUPDO�LQVXODWLRQFRDWLQJV ������� ,QFUHDVH�RI�VRODU�UDGLDWLRQDEVRUSWLRQ�FRHIILFLHQW0HWDOV �������� 'HJUDGDWLRQ�RI�PHWDOOLFSURSHUWLHV

:KHUH�W�� �� W DUH�WKH�FDUULHU�OLIH�WLPHV��EHIRUH�DQG�DIWHU� LUUDGLDWLRQ�E\�IOXHQFH� ) ��DQGN LV� WKH�GDPDJH�FRHIILFLHQW��ZKLFK�LV�GLIIHUHQW�IRU�HOHFWURQV�DQG�SURWRQV���)RU� W\SLFDOHQHUJLHV� RI� HOHFWURQV� ������� 0H9�� DQG� SURWRQV� ���� 0H9��� UHVSRQVLEOH� IRU� UDGLDWLRQGDPDJH�LQ�VRODU�SDQHOV��WKH�YDOXH�RI� N LV�HTXDO�WR�a���� DQG����� UHVSHFWLYHO\��$�ODUJHGHFUHDVH�RI�VRODU�SDQHO�RSHUDWLRQ�HIILFLHQF\�LV�QHFHVVDULO\�H[SHFWHG�LQ�WKH�LQQHU�]RQH�RIWKH�UDGLDWLRQ�EHOWV��ZKHUH�WKH�KLJK�HQHUJ\�SURWRQ�IOX[HV�DUH�ODUJHVW��VHH�)LJ����)LJ��� VKRZV� YDULDWLRQV� RI� VLOLFRQ� VRODUSDQHO� FKDUDFWHULVWLFV� PHDVXUHG� RQ� WKHµ(OHFWURQ��¶� VDWHOOLWH�� 7KH� XVH� RIWUDQVSDUHQW� JODVV� VKLHOGLQJ� � SHUPLWWHG� WRLPSURYH� WKH� UDGLDWLRQ� VWDELOLW\� RI� WKHVLOLFRQ�VRODU�SDQHOV�GXULQJ�WKH�PLVVLRQ�5DGLDWLRQ� LPSDFW� RQ� V\VWHPV� RQERDUGVDWHOOLWHV� FDQ� OHDG� WR� IDWDO� FRQVHTXHQFHV�$� GUDPDWLF� FDVH� RI� VRODU� SDQHOGHJUDGDWLRQ� LV� NQRZQ� IRU� WZR� VDWHOOLWHV7UDQVLW� �%� DQG� 75$$&� DIWHU� D� QXFOHDUH[SORVLRQ� LQ� VSDFH� LQ� ����� �(EHUW� DQG+RIIPDQ�� ������� 7KH� QXFOHDU� H[SORVLRQSURGXFHG� DGGLWLRQDO� UDGLDWLRQ� IOX[HV� LQ� WKGHFUHDVHG�WKH�VRODU�SDQHO�HIILFLHQF\��DQG�DIWVWRSSHG�ZRUNLQJ�$QRWKHU� H[DPSOH� RI� VSDFH� UDGLDWLRQ� LPSGLVFKDUJHV� LQ� WKH� LUUDGLDWHG� GLHOHFWULFV�� 'SDUWLFOHV�DQG�JDPPD�UD\V�FDQ�SURGXFH�WKH�7KH�LQWHULRU�HOHFWULF�FKDUJH�FUHDWHV�D�KLJK�HOILHOG� LQWHQVLW\� LQVLGH� WKH�LUUDGLDWHG�GLHOHFWULH[FHHGV� WKH� HOHFWULF� VWUHQJWK� OLPLW� � RI� DGLVFKDUJH� RI� WKH� GLHOHFWULF� WR� LWV� VXUIDFH�SDUWLFOHV�FP�� LV� UHTXLUHG� WR�PDNH� D� EUHDNWK
)LJ����5HODWLYH�LGOH� UXQ�YROWDJH�GHFUHDVH�LQ�VLOLFRQVRODU�SDQHOV�RQ�WKH�µ(OHFWURQ��¶�VDWHOOLWH�����ZLWKRXWVKLHOGLQJ�� �� �� ZLWK� JODVV� VKLHOGLQJ� �$NLVKLQ� HW� DO�������

H� LQQHU� UDGLDWLRQ� EHOW� ]RQH�� ZKLFK� VKDUSO\HU�D�FHUWDLQ�WLPH�SHULRG�WKH�RQERDUG�V\VWHPV
DFW� RQ� WKH� VDWHOOLWH� FRPSRQHQWV� DUH� HOHFWULFLHOHFWULF� PDWHULDOV� LUUDGLDWHG� E\� FKDUJHGDFFXPXODWLRQ�RI�H[FHVVLYH�FKDUJH�GHQVLWLHV�HFWULF�SRWHQWLDO�GLIIHUHQFH��:KHQ�WKH�HOHFWULFF�YROXPH�LQGXFHG�E\� WKH� LPSODQWHG�FKDUJH�� PDWHULDO� ������� 09�FP�� D� EUHDNWKURXJKZLOO� RFFXU�� 7KXV�� D� IOXHQFH� RI� DERXW� ����URXJK� LQ� D�/LKWHQEHUJ� VWUXFWXUH� E\� ��0H9



��

HOHFWURQV��7KH�FKDUJH�LQVLGH�WKH�GLHOHFWULF�LV�GHWHUPLQHG�E\�LWV�VWUXFWXUH��VKDSH��LQWHULRUUHVLVWLYLW\�� DQG� WKH� SUHVHQFH� RI� FDSWXULQJ� FHQWHUV� LQ� WKH� IRUELGGHQ� ]RQHV�� (OHFWULFGLVFKDUJHV� LQ� GLHOHFWULFV� XQGHU� WKH� LPSDFW� RI� SURWRQV� DQG� HOHFWURQV� ZLWK� HQHUJLHV� RIDERXW�����0H9��FDQ�JHQHUDWH�D� FXUUHQW�SXOVH�RI�������$�ZLWK�GXUDWLRQ� IURP� ���� WR� �PLFURVHFRQG�DQG�FXUUHQW�GHQVLW\� XS� WR���� $�FP���'LHOHFWULF� GLVFKDUJHV� DQG�SODVPRLGUHOD[DWLRQV�FDXVH�HOHFWURPDJQHWLF�HPLVVLRQ�LQ�WKH���������0+]�IUHTXHQF\�UDQJH��6XFK�DZLGH�VFRSH�RI�SK\VLFDO�SKHQRPHQD��DFFRPSDQ\LQJ�HOHFWULF�GLVFKDUJH�SURFHVVHV�FDQ��RIFRXUVH�� OHDG� WR�DQRPDOLHV�GXULQJ�VDWHOOLWH�RSHUDWLRQ� LQVLGH� WKH�UDGLDWLRQ�EHOWV��6SRUDGLFLQFUHDVHV�RI�UHODWLYLVWLF�HOHFWURQV�LQ�WKH�RXWHU�UDGLDWLRQ�EHOW�]RQH�KDYH�FDXVHG�UDGLDWLRQDQRPDOLHV�LQ�D�QXPEHU�RI�LQVWDQFHV��VHH��H�J���%DNHU���������
�������'RVH�(IIHFW�&DOFXODWLRQ�0RGHOV
3ULPDU\� SDUWLFOHV� DQG� JDPPD�UD\V�� DV� ZHOO� DV� VHFRQGDU\� SDUWLFOHV�� SURGXFHG� LQSULPDU\�SDUWLFOH�LQWHUDFWLRQV�ZLWK�VDWHOOLWH�FRPSRQHQWV��FDQ�SHQHWUDWH�ZLWKLQ�PRGXOHV�RIWKH�VDWHOOLWH��7KH�DEVRUEHG�GRVH�LV�WKH�XQLYHUVDO�PHDVXUH�RI�LRQL]LQJ�UDGLDWLRQ�LPSDFW�RQPDWWHU�� ,W� LV� GHILQHG� DV� WKH� DPRXQW� RI� HQHUJ\�� DEVRUEHG� E\� D� XQLW� PDVV� RI� PDWWHU�2EYLRXVO\��WKH�GRVH�ORDG�RQ�DQ\�REMHFWV�LQVLGH�WKH�VSDFHFUDIW�GHSHQGV�RQ�WKH�ORFDWLRQ�RIWKHVH� REMHFWV�� RQ� � WKH� FRPSOH[LW\� RI� WKH� VDWHOOLWH� FRQILJXUDWLRQ� DQG� LWV� QRQ�XQLIRUPVWUXFWXUH�5DGLDWLRQ�HIIHFW�FDOFXODWLRQV�DUH�XVXDOO\�PDGH�LQ�WKUHH�VWHSV���� 5DGLDWLRQ� HQYLURQPHQW� GHWHUPLQDWLRQ�� XVLQJ� FRUUHVSRQGLQJ� HPSLULFDO� PRGHOV�� �VHHVHFWLRQ�������0RGHOLQJ�RI� UDGLDWLRQ� SHQHWUDWLRQ� WKURXJK� VKLHOGLQJ� DQG�FDOFXODWLRQV� RI� WKH� HQHUJ\VSHFWUD�RI� WKH�SDUWLFOHV�� LPSDFWLQJ� WKH� WDUJHW��+HUH� LW� LV� QHFHVVDU\� WR�NHHS� LQ�PLQG� WKHFRPSOH[LW\� RI� UDGLDWLRQ� SURSDJDWLRQ� LQ� D� VROLG� ERG\�� )LUVW� RI� DOO�� WKH� VWRFKDVWLF� UDQJHGLUHFWLRQV� �HVSHFLDOO\� VLJQLILFDQW� IRU� HOHFWURQV��� UHTXLUHV� 0RQWH�&DUOR� VLPXODWLRQV�6HFRQGO\��SDUWLFOH�SURSDJDWLRQ�LV�DFFRPSDQLHG�E\�FDVFDGH�SURFHVVHV�DQG�JHQHUDWLRQ�RIVHFRQGDU\�SDUWLFOHV��7KH�HYDOXDWLRQ�RI� WKHVH�SURFHVVHV� UHTXLUHV� WKH�XVH�RI� FRPSOLFDWHGH[LVWLQJ� WUDQVSRUW� FRGHV� �OLNH�*($17� �&(51�� ��������7KHVH� WUDQVSRUW� FRGHV� SURYLGHLQSXWV�IRU�WKH�WKLUG�VWDJH�RI�FDOFXODWLRQV����(VWLPDWHV� RI� WKH� WRWDO� HQHUJ\� DQG�RU� WKH� HQHUJ\� GHSRVLWLRQ� UDWH� LQ� D� WDUJHW�� $W� WKLVVWDJH� LW� LV� LPSRUWDQW� WR� VLPXODWH� WKH�JHRPHWU\� RI� WKH�REMHFW��7KH�DFFXUDF\�RI� WKH� ILQDOGRVH�HIIHFW�FDOFXODWLRQV�GHSHQGV�RQ�KRZ�ZHOO�WKH�JHRPHWULFDO�PRGHO�GHVFULEHV�WKH�DFWXDOREMHFW��7KH�6+,(/'26(��6HOWVHU��������DQG�5'26(��0DNOHWVRY�HW�DO���������PRGHOVDUH� VRSKLVWLFDWHG�PDWKHPDWLFDO�PRGHOV� FXUUHQWO\� XVHG� IRU� FDOFXODWLRQV� RI� WKH� DEVRUEHGGRVH�LQ��FRPSOLFDWHG�VDWHOOLWH�V\VWHPV�

�������6LQJOH�(YHQW�8SVHWV
5DGLDWLRQ�HIIHFWV�LQ�RQ�ERDUG�PLFURSURFHVVRU�V\VWHPV�RQERDUG�VDWHOOLWHV�ZHUH�UHSRUWHGIRU� WKH� ILUVW� WLPH� LQ� �%LQGHU� HW� DO��� ������� 7KHVH� HIIHFWV� DUH� FDXVHG� LQ� PRVW� FDVHV� E\VLQJOH�HYHQW�XSVHWV�LQ�GLJLWDO�LQWHJUDO�PLFURFKLSV��6(8�DUH�DVVRFLDWHG�ZLWK�GHFHOHUDWLRQRI�KLJK�HQHUJ\�QXFOHL�LQ�WKH�FKLS�PDWHULDOV�DQG�DFFXPXODWLRQ�RI�H[FHVV�FKDUJHV�RQ�WKHLUHOHFWURGHV�GXH�WR�FKDUJH�FDUULHU�VHSDUDWLRQ�LQ�WKH�LRQL]DWLRQ�WUDFN�RI�WKH�QXFOHXV��7KHVHQXFOHL��ZKLFK�DUH��SUHVHQW�ERWK�LQ�WKH�UDGLDWLRQ�EHOWV�DQG�FRVPLF�UD\V��SHQHWUDWH�GLUHFWO\



��

LQWR� WKH� VHQVLWLYH� YROXPH�RI� WKH�PLFURFKLS� DQG� OHDG� WR� XSVHWV��7KH�SURWRQ� FRPSRQHQWFDQ� SURGXFH� UHVLGXDO� QXFOHL� �LQ� QXFOHDU� UHDFWLRQV�� DQG� QXFOHDU� UHFRLO� �LQ� HODVWLFFROOLVLRQV��ZKLFK�� LQ� WXUQ�� LQLWLDWH�XSVHWV��$QRWKHU� VRXUFH�RI�XSVHWV� DUH�QHXWURQV��7KH\FDQ� IRUP� QXFOHL� DV� D� UHVXOW� RI� QXFOHDU� UHDFWLRQV� LQ� WKH� PDWHULDO� VXUURXQGLQJ� WKHPLFURFKLS�7KH�SUHGRPLQDQW�UROH�RI�WKH�KHDY\�LRQV�RU�WKH�SURWRQV�LQ�XSVHW�RFFXUUHQFH�GHSHQGV�RQWKH�UHODWLYH�IOX[HV�RI�ERWK�FRPSRQHQWV��7KH�SURWRQ�IOX[�LQ�*&5�H[FHHGV�WKH�KHDY\�LRQIOX[�E\�����RUGHUV�RI�PDJQLWXGH��WKLV�SUHYHQWV�SURWRQV�IURP�EHLQJ�DQ�HIILFLHQW�VRXUFH�RIXSVHWV��VLQFH�WKH�QXFOHDU�LQWHUDFWLRQ�SUREDELOLW\�IRU�SURWRQV�LQ�FKLS�PDWHULDOV�LV�RQO\�a����������� 7KH� VLWXDWLRQ� LV� GLIIHUHQW� LQ� WKH� LQQHU� EHOW�� ZKHUH� KHDY\� LRQV� DUH� SUDFWLFDOO\DEVHQW�� KHUH� WKH� XSVHWV� DUH� PRVWO\� WKH� UHVXOW� RI� HOHFWURQLF� V\VWHP� LUUDGLDWLRQ� E\� WKHSURWRQ�FRPSRQHQW�%HVLGHV�VLQJOH�HYHQW�XSVHWV�LQ�PLFURFKLSV�PXOWLSOH�XSVHWV�FDQ�RFFXU�IRU�WKH�IROORZLQJUHDVRQV���PXOWLSOH�SHQHWUDWLRQ�RI�D�VLQJOH�LRQ�WKURXJK�VHYHUDO�FKLSV���FKDUJH�GLIIXVLRQ�LQWR�VHYHUDO�VHQVLWLYH�UHJLRQV�RI�WKH�PLFURFKLS���SHQHWUDWLRQ�RI�D�FRVPLF�UD\�LQGXFHG�VKRZHU�6(8� FDQ� EH� UHJDUGHG� DV� UHFRYHUDEOH� PLFURFKLS� IDLOXUHV�� +RZHYHU�� EHVLGHV� WKHVHHIIHFWV�� PLFURFKLSV� FDQ� VXIIHU� VLQJOH�SDUWLFOH� UDGLDWLRQ� HIIHFWV� OLNH� GLHOHFWULF� OD\HUEUHDNGRZQ��ILHOG�WUDQVLVWRU�EXUQ�WKURXJK��HWF���ZKLFK�OHDG�WR�LUUHFRYHUDEOH�IDLOXUHV�RI�WKHZKROH�PLFURFKLS�RU�RI�RQH�RI�LWV�DFWLYH�HOHPHQWV�
�������6LQJOH�(YHQW�8SVHW�(IIHFW�0RGHOV
1XPHURXV� HPSLULFDO� DQG� SK\VLFDO� PRGHOV� KDYH� EHHQ� GHYHORSHG� IRU� TXDQWLWDWLYHSUHGLFWLRQV� RI� VLQJOH� HYHQW� XSVHW� HIIHFWV�� �VHH� H�J�� �3LFNHO�� ������ � .X]QHWVRY� DQG1\PPLN�� ������� 7KHUH� DUH� PRGHOV� �PRVWO\� 6(8� RFFXUUHQFH� PRGHOV��� WKDW� GHVFULEHVHSDUDWHO\�WKH�LPSDFW�RI�WKH�LRQ�DQG�WKH�SURWRQ�UDGLDWLRQ�FRPSRQHQW��0RGHOV�GHVFULELQJERWK�WKHVH�LPSDFWLQJ�PHFKDQLVPV�KDYH�DOVR�EHHQ�GHYHORSHG�7KH�TXDQWLWDWLYH�PRGHOV�DUH�EDVHG�RQ�FDOFXODWLRQV�RI�WKH�FULWLFDO�FKDUJH��ZKLFK�OHDGVWR�6(8�HIIHFWV���7KH\�WDNH�LQWR�DFFRXQW���WKH�RYHUDOO�DUHD�DQG�VL]H�RI�WKH�PLFURFKLS�VXUIDFH���WKH�/(7�VSHFWUD�RI�WKH�LQWHUDFWLQJ�SDUWLFOHV���PHDQ� IUHH� SDWK�GLVWULEXWLRQ� LQ� WKH�VHQVLWLYH�YROXPH�RI� WKH�PLFURFKLS��7KH�QXPHULFDOYDOXHV�RI�WKH�PRGHO�SDUDPHWHUV�IRU�HDFK�PLFURFKLS�W\SH�DUH�ILWWHG�WR�PDWFK�WKH�UHVXOWV�RIJURXQG�UDGLDWLRQ��WHVWLQJ�

���([SHULPHQWDO�DQG�0RGHO�&KDUDFWHULVWLFV�RI�WKH�6XUURXQGLQJ�5DGLDWLRQ(QYLURQPHQW
�����5$',$7,21�%(/76
�������7KHRUHWLFDO��0RGHO
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)LJ����'HSHQGHQFH�RI�WKH�DQQXDO�DYHUDJHG�QXPEHURI�VWRUP�VXGGHQ�FRPPHQFHPHQWV��1VF��RQ�VXQVSRWQXPEHU : �.X]QHWVRY�HW�DO���������

7KH� VSHFWUDO� DQG� VSDWLDO� GLVWULEXWLRQ� RI� 5%� SDUWLFOHV� LV� PDLQO\� GHWHUPLQHG� E\� WKHLUUDGLDO� GLIIXVLRQ� �VHH� H�J�� �7YHUVNR\�� ����� DQG� 6SMHOGYLN�� ������ ZKLFK� LV� GULYHQ� E\HOHFWULF� DQG� PDJQHWLF� ILHOG� IOXFWXDWLRQV�� 5DGLDO� GLIIXVLRQ� LV� DFFRPSDQLHG� E\� SDUWLFOHWUDQVIHU�DFURVV�WKH�GULIW�VKHOOV��7KLV�SURFHVV�LV�GHVFULEHG�E\�WKH�)RNNHU�3ODQN�HTXDWLRQ�ZKLFK�LQFOXGHV�WKH�WUDQVSRUW�WHUP��DQG�WKH�WHUPV�UHVSRQVLEOH�IRU�SDUWLFOH�ORVVHV�7KH�VSDFH�HQHUJ\�VWUXFWXUH�RI�WKH�5%�LQ�VFRSH�RI�WKH�GLIIXVLRQ�HTXDWLRQ�LV�GHWHUPLQHGE\� WKH� EDODQFH� EHWZHHQ� SDUWLFOH� WUDQVSRUW� DFURVV� GULIW�VKHOOV� DQG� WKHLU� ORVVHV� �HQHUJ\GHJUDGDWLRQ�� SLWFK�DQJOH� VFDWWHULQJ�� FKDUJH�H[FKDQJH� RI� LRQV��� 7KH� SDUWLFOH� UDGLDOWUDQVSRUW�LQVLGH�WKH�PDJQHWRVSKHUH�OHDGV�WR�SDUWLFOH�HQHUJ\�LQFUHDVH�ZLWK�GHFUHDVLQJ�/�VKHOO� QXPEHU�� LQ� FRQFRUGDQFH�ZLWK� EHWDWURQ� DFFHOHUDWLRQ� ( v ��/ �� 7KH� FKDUDFWHULVWLFWLPHV� RI� SDUWLFOH� UDGLDO� WUDQVIHU� DUH� GHWHUPLQHG� E\� WKH� GLIIXVLRQ� FRHIILFLHQWV� ' DQGGHSHQG� RQ� WKH� /�VKHOO� SDUDPHWHU�� 7KXV�� IRU� GLIIXVLRQ� GULYHQ� E\� JHRPDJQHWLF� ILHOGIOXFWXDWLRQV� RI� WKH� VXGGHQ� FRPPHQFHPHQW� W\SH� �6&�� �7YHUVNR\�� ������ WKH� UDGLDOGLIIXVLRQ�FRHIILFLHQW�LV�DSSUR[LPDWHG�E\�WKH�HPSLULFDO�IRUPXOD���� /'' PP  ���ZKHUH� P'� GHSHQGV�RQ�WKH�IUHTXHQF\�DQG�DPSOLWXGH��SRZHU�VSHFWUXP��RI�WKH�6&��7KH6&�JHQHUDWHV�DQ�LQGXFWLRQ�HOHFWULF�ILHOG�� ( ��ZKLFK�FDXVHV�SDUWLFOHV�WR�DFURVV�PDJQHWLFILHOG� OLQHV�� 7KH�6&� DUH� LQLWLDWHG� E\� VRODU� ZLQG� G\QDPLF� SUHVVXUH� DQG� ,0)� YDULDWLRQV�7KHUHIRUH��VLJQLILFDQW�FRUUHODWLRQ�RI�ORQJ�SHULRG�YDULDWLRQV�RI� P' DQG�WKH�VRODU�DFWLYLW\VKRXOG�EH�H[SHFWHG�GXULQJ�WKH�F\FOH�RI�VRODU�DFWLYLW\��$V�LW�FDQ�EH�VHHQ�IURP�)LJ����VXFKD�GHSHQGHQFH�EH�LV�DFWXDOO\�REVHUYHG�7KH� 6&� RFFXUUHQFH� IUHTXHQF\GHSHQGHQFH� RQ� WKH� VXQVSRW� QXPEHU� :KDV� D� KLJK� SRVLWLYH� FRUUHODWLRQFRHIILFLHQW� �������� 7KHUHIRUH�� YDULDWLRQVRI� P' ZLWKLQ�WKH�IDFWRU�RI�����VKRXOG�EHH[SHFWHG� LQ� WKH� FRXUVH� RI� WKH� VRODUDFWLYLW\�F\FOH��2Q�WKH�RWKHU�KDQG��SDUWLFOH�IRU� H[DPSOH� LRQ�� ORVVHV� DUH� IXOO\GHWHUPLQHG� E\� WKH� GHQVLW\� RI� WKHDWPRVSKHUH� DQG� WKH� QHXWUDO� H[RVSKHUH�ZKLFK� DOVR� FKDQJH� GXULQJ� WKH� VRODUDFWLYLW\� F\FOH� �GLVSOD\LQJ� WKH� RSSRVLWHGHSHQGHQFH� RQ� : YDULDWLRQV��� 7KHVHTXDOLWDWLYH�FRQVLGHUDWLRQV�RI�WKH�SK\VLFDOUDGLDWLRQ� EHOW� PRGHO� LQGLFDWHV�� WKDW� WKHXVH�RI�HPSLULFDO�PRGHOV��EDVHG�RQ�GDWD�VHWV�FRUUHVSRQGLQJ�WR�OLPLWHG�WLPH�LQWHUYDOV�FDQKDUGO\�EH�MXVWLILHG�IRU�HQJLQHHULQJ�FDOFXODWLRQV�UHJDUGLQJ�RWKHU�WLPH�LQWHUYDOV�
�������(PSLULFDO�0RGHOV
7KH�PRVW� H[WHQVLYHO\� XVHG� HPSLULFDO�PRGHOV�RI� WKH�5%�DUH�$(��� DQG�$3���� IRU� WKHHOHFWURQ� DQG� SURWRQ� WUDSSHG� UDGLDWLRQ� FRPSRQHQWV�� UHVSHFWLYHO\� �9HWWH�� ������ 6DZ\HU



��

DQG� 9HWWH�� ������� 7KHVH� PRGHOV� DUH� EDVHG� RQ� DYHUDJHG� H[SHULPHQWDO� GDWD� PDLQO\REWDLQHG�GXULQJ�WKH�HSRFK�RI������������D� WLPH�LQWHUYDO� IURP�VRODU�DFWLYLW\�GHFOLQH�WRVRODU� DFWLYLW\�PD[LPXP��� 7KLV�PHDQV� WKH�XVH� RI� WUDQVSRUW� SDUDPHWHUV� IRU� WKH� SK\VLFDOPRGHO��DYHUDJHG�RYHU�WKH�ZKROH�LQWHUYDO�RI�WKLV�VRODU�PLQLPXP�SHULRG��,Q�RWKHU�ZRUGV�WKH�$(���DQG�$3���PRGHOV��DV�ZHOO�DV�VLPLODU�6NREHOWV\Q�,QVWLWXWH�RI�1XFOHDU�3K\VLFV�6,13�� UDGLDWLRQ� EHOW�PRGHO� ±�5%�6,13� �*267�� ������ UHSUHVHQW� WKH� DYHUDJHG� VSDFH�HQHUJ\�GLVWULEXWLRQ�RI�WKH�UDGLDWLRQ�EHOWV��W\SLFDO�IRU�FHUWDLQ�SKDVHV�RI�WKH�VRODU�DFWLYLW\F\FOH��$�FRPSDULVRQ�EHWZHHQ�WKH�1$6$�DQG�6,13�UDGLDWLRQ�EHOW�PRGHOV�FDQ�EH�IRXQGLQ� �%HOLDHY� DQG� /HPDLUH�� ������ DQG� %HOLDHY� DQG� /HPDLUH�� ������� � ,Q� WKLV� UHVSHFW�FDOFXODWLRQV��EDVHG�RQ�WKHVH�PRGHOV��EXW�PDGH�IRU�RWKHU�SHULRGV�VKRXOG�EH�UHJDUGHG�RQO\DV� LQGLFDWLYH� RQHV�� L�H�� DV� D� ILUVW� DSSUR[LPDWLRQ� RI� WKH� DFWXDO� YDOXHV�� 0RUH� UHOLDEOHHVWLPDWHV� FDQ� RQO\� EH� REWDLQHG� LI� DGGLWLRQDO� H[SHULPHQWDO� GDWD� DUH� PDGH� DYDLODEOH�)XUWKHUPRUH��WKH�DERYH�PHQWLRQHG�PRGHOV�DUH�HVVHQWLDOO\�VWDWLF��WKRXJK�WKH\�GLVSOD\�WKHFRUUHFW�WHQGHQF\�RI�IOX[�YDULDWLRQV�IRU�VRODU�F\FOH�PLQLPXP�DQG�PD[LPXP�SHULRGV�7KH� UHFHQWO\� GHYHORSHG� 12$$352� �+XVWRQ� HW� DO��� ������� &5(66352� DQG&5(66(/(��%UDXWLJDP�HW�DO���������PRGHOV��FDQ�EH�UHJDUGHG�DV�G\QDPLF��EXW�WKH\�FDQRQO\� GHVFULEH� WKH� SURWRQ� DQG� HOHFWURQ� IOX[HV� LQ� WKH� IUDPHZRUN� RI� WKH� FRUUHVSRQGLQJH[SHULPHQWV�� H[WUDSRODWLRQ� RI� WKH� FDOFXODWLRQV� WR� RWKHU� WLPH� SHULRGV� LV� REYLRXVO\FRQWURYHUVLDO�7KHUHIRUH�� WKHUH� DUH� VHYHUDO� W\SHV� RI� WUDSSHG� UDGLDWLRQ� YDULDWLRQV�� WKDW� LPSDLU� WKHDFFXUDF\� RI� PRGHO� FDOFXODWLRQ� RI� UDGLDWLRQ� GRVHV� RU� RWKHU� UDGLDWLRQ� HIIHFWV� EDVHG� RQWKHVH�VWDWLF�HPSLULFDO�RU�VWDWLVWLFDO�PRGHOV��
�������9DULDWLRQV�RI�7UDSSHG�5DGLDWLRQ�)OX[HV
7KH� WLPH� YDULDWLRQV� 7KH� UDGLDWLRQ� EHOW� VSDFH�HQHUJ\� GLVWULEXWLRQV� DUH� QXPHURXV� DQGKDYH�GLIIHUHQW�SK\VLFDO�RULJLQV��%DVLFDOO\�DOO�RI�WKHVH�YDULDWLRQV�FDQ�EH�VXEGLYLGHG�LQWRPDLQ� JURXSV� �� DGLDEDWLF� �L�H�� RFFXUULQJ�ZLWK� FRQVHUYDWLRQ� RI� WKH� ILUVW�� DQG� WKH� VHFRQGDGLDEDWLF� LQYDULDQWV�� DQG� QRQ�DGLDEDWLF� SDUWLFOH� PRWLRQ� �L�H�� QRQ�FRQVHUYLQJ� WKHDGLDEDWLF� LQYDULDQWV��� $GLDEDWLF� YDULDWLRQV� DUH� VORZ� FRPSDUHG� WR� WKH� J\URSHULRG� WKHERXQFH�SHULRG�DQG�WKH�SHULRG�RI�D]LPXWKDO�GULIW��7KH\�FRUUHVSRQG�WR�VORZ�YDULDWLRQV�RIWKH�VXUURXQGLQJ�PDJQHWLF�DQG�HOHFWULF� ILHOGV�� ,Q� WKLV�FDVH� WKH�VSDFH�HQHUJ\�GLVWULEXWLRQRI�WKH�UDGLDWLRQ�EHOWV�LV�UHVWRUHG�GLUHFWO\�DIWHU�WKH�HQG�RI�WKH�GLVWXUEDQFH�1RQ�DGLDEDWLF�YDULDWLRQV�FDQ� GHYHORS�RQ�GLIIHUHQW� WLPH�VFDOHV�� 6HYHUDO� H[DPSOHV� DUHSUHVHQWHG�DQG�GLVFXVVHG� LQ�WKH�IDPRXV��KLVWRULFDO��SDSHU�E\�0F,OZDLQ� ��������$QRWKHUFODVVLFDO�H[DPSOH�RI�QRQ�DGLDEDWLF�YDULDWLRQV�LV�WKH�ZHOO�NQRZQ�µWUDQVLHQW¶�HYHQW�RI�0D\��WK�� ������ ZKHQ� 5%� HOHFWURQV� ZHUH� DFFHOHUDWHG� XS� WR� a���0H9�ZLWKLQ� PLQXWHV� DQGSURWRQV�XS�WR�a���0H9��DW�/a�����*XVVHQKRYHQ�HW�DO����������2Q�WKH�RWKHU�KDQG�� WKHUHDUH�VHFXODU�YDULDWLRQV�RI�WKH�(DUWK¶V�PDJQHWLF�ILHOG��ZKLFK�OHDG�WR�QRWLFHDEOH�FKDQJHV�LQWKH� UDGLDWLRQ� IOX[HV� LQ� /(2� RQ� WLPH� VFDOHV� RI� VHYHUDO� GHFDGHV�� 7KH� WUHQGV� RQ� WKHGLVWULEXWLRQ�RI�5%�SDUWLFOHV� UHVXOWLQJ� IURP� WKHVH�VHFXODU�YDULDWLRQV�RI� WKH�JHRPDJQHWLFILHOGV�KDYH�EHHQ�GHVFULEHG�DQG�GLVFXVVHG�LQ�WKH�ILQDO�UHSRUW�RI� WKH�75(1'���VWXG\� IRU(67(&��/HPDLUH�HW�DO���������)RU� WKH� HOHFWURQ� FRPSRQHQW� LW� LV� QHFHVVDU\� WR� PHQWLRQ� WKH� ���GD\� YDULDWLRQV�DVVRFLDWHG�ZLWK�FRURWDWLQJ�VRODU�ZLQG�IOX[HV��:LOOLDPV���������DQG�VHDVRQDO�YDULDWLRQV�FDXVHG�E\�FKDQJHV�RI� WKH�JHRPDJQHWLF�GLSROH� WLOW� DQJOH� UHODWLYHO\� WR� WKH� HFOLSWLF� SODQH



��

�'HVRUJHU�� HW� DO��� ������� DV�ZHOO� DV� QRQ�SHULRGLF�YDULDWLRQV��:H�ZLOO� FRQVLGHU� LQ�PRUHGHWDLO� VRPH� RI� WKH� YDULDWLRQV� DQG� LOOXVWUDWH� WKHLU� HIIHFWV� RQ� WKH� HOHFWURQ� DQG� SURWRQFRPSRQHQWV�
2XWHU� %HOW� (OHFWURQV�� 7KH�PRVW� VLJQLILFDQW� H[DPSOH� RI� JOREDO� YDULDWLRQV� RI� WKH� RXWHU]RQH� HOHFWURQ� FRPSRQHQW� LV� UDGLDO� WUDQVSRUW� RI� SDUWLFOHV� WRZDUGV� WKH� (DUWK� GXULQJJHRPDJQHWLF�GLVWXUEDQFHV��VHH��H�J���:LOOLDPV�HW�DO����������'XULQJ�JHRPDJQHWLF�DFWLYLW\LQFUHDVHV�UDGLDO�GLIIXVLRQ�GXH�WR�ZDYH�SDUWLFOH�LQWHUDFWLRQ�FDQ�EH�REVHUYHG��WKH�ORFDWLRQRI�WKH�RXWHU�UDGLDWLRQ�EHOW�PD[LPD��/PD[ ��GHSHQGV�RQ�WKH�'VW YDULDWLRQ�DPSOLWXGH�� LW� LVJLYHQ�E\�WKH�HPSLULFDO�IRUPXOD��/PD[ v _'VW_�� �7YHUVND\D���������6XFK�ZDYHV�GLIIXVLRQDUH� REVHUYHG� LQ� D� ZLGH� UDQJH� RI� HOHFWURQ� HQHUJLHV� XS� WR� (!��0H9� �9DNXORY�� ������/RQJ�WHUP�YDULDWLRQV�RI�/PD[ UHIOHFW�WR�D�ODUJHU�H[WHQW�YDULDWLRQV�RI�JHRPDJQHWLF�DFWLYLW\�'VW���WKDQ�WKRVH�RI�VRODU�DFWLYLW\�GHVFULEHG�E\�:��WKH�VXQVSRW�QXPEHU��)LJ����,W�LV�REYLRXV�WKDW�VXFK�W\SHV�RI�YDULDWLRQV�VKRXOG�HYHQWXDOO\�EH�XVHG�LQ�IXWXUH�G\QDPLFPRGHOV�RI�WKH�HOHFWURQ�UDGLDWLRQ�EHOW�FRPSRQHQW��$�ILUVW�HOHFWURQ�PRGHO�EXLOW�DORQJ�WKLVOLQH�RI�WKRXJKWV�KDV�EHHQ�SURSRVHG�E\�'�-��5RGJHUV�DV�SDUW�RI�WKH�75(1'���HIIRUW��KLV.S���GHSHQGHQW�HOHFWURQ�PRGHO�0($�066/�LV�EDVHG�RQ�WKH�&55(6�0($�REVHUYDWLRQVIRU�HQHUJLHV�UDQJLQJ�EHWZHHQ�����DQG������NH9��5RGJHUV��������

YZVZES
)LJ���� 2XWHU� UDGLDWLRQ� EHOW�PD[LPXP� SRVLWLRQ� � /PD[�� GXULQJ� WKH� ���������� WLPH� SHULRG� �XSSHU� SDQHO��VWRUPV�ZLWK� 'VW�!���� Q7�DQG�PRQWKO\� DYHUDJHG� 'VW� YDOXHV� �PLGGOH��� VXQVSRW�QXPEHUV� : �ORZHU� SDQHO��7YHUVND\D��������
$� UHOHYDQW� H[DPSOH� RI� UHODWLYLVWLF� RXWHU� EHOW� HOHFWURQ� YDULDWLRQV� DUH� ORQJ�WHUP� IOX[DULDWLRQV�LQ�JHRV\QFKURQRXV�RUELW��DW�/a������)LJ����VKRZV�YDULDWLRQV�RI�HOHFWURQ�IOX[HVLWK�(H!��0H9�DQG�SURWRQV�ZLWK�(S !��0H9��PHDVXUHG�RQ�*2(6�GXULQJ������������,WKRXOG�EH�PHQWLRQHG��WKDW�LQ�JHQHUDO��WKH�HOHFWURQ�IOX[HV�DUH�SRRUO\�FRUUHODWHG�ZLWK�VRODULQG�YHORFLW\�LQFUHDVHV��DV�LW�ZDV�DVVXPHG�ZKHQ�WKH�VWXGLHV�RI�WKHVH�W\SHV�RI�YDULDWLRQVHJDQ��,W�LV�PRUH�SUREDEOH��WKDW�WKHUH�LV�D�WHQGHQF\�WRZDUGV�IOX[�LQFUHDVH�DW�WKH�GHFOLQHKDVH�RI�WKH�VRODU�DFWLYLW\�F\FOH��������������WKDQ�GXULQJ�LWV�PD[LPXP�����������



��

)LJ����� 7KH� ��������0H9� HOHFWURQ� IOX[� DV� PHDVXUHGRQ� WKH� */21$66������ VDWHOOLWH�� 7KH� GDWD� LVUHSUHVHQWHG� LQ� WHUPV�RI� IOXHQFH� SHU�SDVVDJH� WKURXJKWKH� EHOW�� 7KH� FRUUHVSRQGLQJ� PRGHO� HVWLPDWHV� DUHVKRZQE\� WKH� XSSHU� DQG� ORZHU� GDVKHG� OLQHV�� 7KH5%�6,13�DQG�$(���PRGHOV�ZHUH�XVHG�� 'VW� LQGH[W LVVKRZQ�DW�WKH�ERWWRP���3DQDV\XN��HW�DO���������

7KH�SK\VLFDO�PHFKDQLVP� RI� WKH� DERYHPHQWLRQHG� YDULDWLRQV� LQ� RXWHU� ]RQHHOHFWURQ�IOX[HV�LV�QRW�\HW�FOHDU��+RZHYHU�WKH� H[LVWHQFH� RI� SDUWLFOH� GLIIXVLRQWUDQVSRUW��VHH�)LJ����GXULQJ�JHRPDJQHWLFDFWLYLW\� LQFUHDVHV� VKRXOG� EH� UHJDUGHG� DVWKH� EDVLV� IRU� D� FRPSUHKHQVLYH� SK\VLFDOGHVFULSWLRQ� RI� WKLV� SKHQRPHQRQ�� (YHQVOLJKW� YDULDWLRQV�RI� WKH� VWHHSO\� GHFOLQLQJHOHFWURQ�VSHFWUD�LQ�WKH�RXWHU�]RQH�GXULQJDPSOLILFDWLRQ� RI� WKH� SDUWLFOH� GLIIXVLRQWUDQVSRUW� SURFHVV� LQVLGH� WKH� UDGLDWLRQEHOWV�FDQ�FDXVH�VLJQLILFDQW�FKDQJHV�RI�WKHIOX[HV� LQ� WKH� UDQJH� RI� UHODWLYLVWLFHQHUJLHV�� 7KHVH� W\SHV� RI� YDULDWLRQV� DUHQRW� WDNHQ� LQWR� DFFRXQW� LQ� DQ\� RI� WKHH[LVWLQJ� UDGLDWLRQ� EHOW� HOHFWURQ� PRGHOV�)LJ���� LOOXVWUDWHV� WKH�GLIIHUHQFH� EHWZHHQWKH� DFWXDOO\� REVHUYHG� YDULDWLRQV� RI� a�0H9� HOHFWURQV� PHDVXUHG� RQ� WKH*/21$66������ VDWHOOLWH� DW� /|����� DQG$(��� DV� ZHOO� DV� 5%�6,13� PRGHOSUHGLFWLRQV��3DQDV\XN�HW�DO���������7KH�UDGLDWLRQ�HIIHFWV��LQGXFHG�E\�RXWHU]RQH� HOHFWURQV� DUH� H[WUHPHO\� LPSRUWDQWLQ� RQERDUG� HTXLSPHQW� UDGLDWLRQ� VWDELOLW\DQDO\VLV��3ULPDULO\� WKLV�FRQFHUQV� HOHFWULFGLVFKDUJH� SURFHVVHV� GHHS� LQ� GLHOHFWULFPDWHULDOV��VHH�������$FFRUGLQJ�WR�&55(6GDWD� �9DPSROD� HW� DO��� ������� WKH� GHHSGLHOHFWULF� GLVFKDUJHV� EHJDQ� ZKHQ� WKHFXUUHQWV� UHDFKHG� a� ���� S$�FP��� ZKLFKFRUUHVSRQGV� WR� HOHFWURQ� IOXHQFHV� RI� ���HOHFWURQV�FP� �FRPSDUHG� WR� WKH� W\SLFDOIOXHQFH� YDOXHV� RI� ���� HOHFWURQV�FP� IRUHOHFWULF� GLVFKDUJH� SURFHVVHV�� REWDLQHGIURP� JURXQG� GDWD��� 7KH� GLIIHUHQFHEHWZHHQ� HVWLPDWHV� RI� WKH� VKLHOGLQJWKLFNQHVV�� UHTXLUHG� IRU� SUHYHQWLQJ� WKHVHSURFHVVHV�� REWDLQHG� XVLQJ� $(��� DQG&55(6�0$;�PRGHOV� LV� TXLWH� VWULNLQJ����� PJ�FP� DQG� ���� PJ�FP��UHVSHFWLYHO\� �9DPSROD�� ������� 7KLVFOHDUO\� LOOXVWUDWHV� WKH� DPELJXLW\� H[LVWLQJIRU� WKH� GHWHUPLQDWLRQ� RI� WKH� µFULWLFDO¶
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)LJ�����9DULDWLRQV�RI�SURWRQ� IOX[HV��ZLWK�(!��0H9DQG� HOHFWURQ� IOX[HV� ZLWK� (!�� 0H9� �DFFRUGLQJ� WR*2(6� VDWHOOLWH�GDWD��DQG�VRODU�ZLQG�YHORFLW\� 9VZIRU� WKH� ���������� WLPH� SHULRG� �'PLWULHY� � HW� DO�������



��

IOXHQFHV� LQGXFLQJ� WKH� HOHFWULF� GLVFKDUJH� HIIHFW�� DQG� WKH� VXUURXQGLQJ� UDGLDWLRQHQYLURQPHQW�PRGHOV�� 7KH� H[LVWHQFH� RI� WKH� UDSLGO\� YDU\LQJ� RXWHU� ]RQH� HOHFWURQ� IOX[HVOHDGV�WR�PRUH� VLJQLILFDQW� ORQJ�WHUP�UDGLDWLRQ�GRVH�YDULDWLRQV�LQ�WKLV�UHJLRQ��WKDQ� LQ�WKHLQQHU�]RQH�ZKHUH�WKH�GRVH�ORDGV�DUH�PRVWO\�GHWHUPLQHG�E\�WKH�PRUH�VWDEOH�KLJK�HQHUJ\SURWRQ�FRPSRQHQW��WHQV�0H9�DQG�PRUH���:H�SUHVHQW�EHORZ�WKH�PDLQ�W\SHV�RI�YDULDWLRQIRU�WKLV�LQQHU�]RQH�FRPSRQHQW�
,QQHU� =RQH� 3URWRQV�� +LJK� HQHUJ\SURWRQV� RI� WKH� LQQHU� ]RQH� DUHPDLQO\� JHQHUDWHG� E\� WKH� DOEHGRPHFKDQLVP� �� GHFD\� RI� QHXWURQVSURGXFHG�LQ�LQWHUDFWLRQV�RI�SULPDU\*&5�ZLWK� WKH� DWPRVSKHUH�� 'XH� WRZHDN�YDULDWLRQV�RI�WKH�VRXUFH��*&5IOX[HV�� DQG� WKH� VORZ� SURFHVVHV� RISDUWLFOH� UDGLDO� GLIIXVLRQ� WUDQVSRUW� P' v /����� WKH� SDUWLFOH� G\QDPLFVLQ� WKLV� FDVH� LV� PDLQO\� GULYHQ� E\ORVVHV�� )RU� SURWRQV�� WKHVH� DUHPDLQO\� LRQL]DWLRQ� GHFHOHUDWLRQ� LQWKH� XSSHU� DWPRVSKHUH�� +HQFH�� WKHODUJHVW� YDULDWLRQ� LQ� WKH� ORVV� UDWH� LVREVHUYHG�QHDU�WKH�RXWHU�HGJH�RI�WKHUDGLDWLRQ�EHOWV��'RVH�PHDVXUHPHQWVPDGH� RQERDUG� RUELWDO� VWDWLRQ� µ0LU¶GXULQJ� WKH� ODVW� VRODU� DFWLYLW\� F\FOHVKRZ�HYLGHQFH�RI�D�VLJQLILFDQW�VRODUF\FOH� YDULDWLRQ� RI� WKH� UDGLDWLRQ� LQWKH�6$$�UHJLRQ��)LJ�����7KH� UDGLDWLRQ� GRVHV� UHDFKPD[LPXP�YDOXHV�GXULQJ�VRODU�F\FOHPLQLPXP�� ZKHQ� DWPRVSKHULFGHQVLWLHV� DUH� PLQLPXP� �WKHDWPRVSKHUH� JHWV� FRROHU� GXULQJSHULRGV� RI� ORZ� VRODU� DFWLYLW\��� ,QRWKHU�ZRUGV��WKH�PLQLPXP�RI�WKH�VRODWLPHV� RI� SURWRQV� UHODWLYHO\� WR� LRQL]SURFHVV�� ZKLFK� YDULHV� LQ� µSKDVH¶� ZPD[LPXP�RI�ZKLFK�LV�DOVR�UHDFKHG�GXDPSOLWXGH� RI� WKH� YDULDWLRQV� IRU� WKLVLJQLILFDQWO\� VPDOOHU� �VHH� WKH�'�� YDULWKH�6$$�UHJLRQ��'����)LJ����VKRZV�WKDERYH�PHQWLRQHG�VRODU�F\FOH�YDULDWLRQ7KH�UDGLDWLRQ�GRVHV��PHDVXUHG�RQERDVRODU�F\FOH�PLQLPXP�UHDFKHG�D�UHODWLYVRODU� PD[LPXP� YDOXHV� E\� D� IDFWRU� R
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06,6(��� DW K ��� NP XQGHU 66$ ���������

)LJ����� 5DGLDWLRQ� GRVH� YDULDWLRQV� '�� �XQGHU� ���� J�FP �VKLHOGLQJ��DQG�'���XQGHU�����J�FP ���RQERDUG�µ0LU¶�VWDWLRQGXULQJ����������� DV� FRPSDUHG� WR� WKH� ) ���� VRODU� DFWLYLW\LQGH[�DQG�DWPRVSKHULF�GHQVLW\��DFFRUGLQJ� WR� WKH�06,6(���� PRGHO�� DW� WKH� DOWLWXGH� RI� ���� NP� � %DVKNLURY� HW� DO��������

U�DFWLYLW\�F\FOH�FRUUHVSRQGV�WR�WKH�PD[LPXP�OLIH�DWLRQ� ORVVHV� �%DVKNLURY� HW� DO��� ������� $QRWKHULWK� WKH� SUHYLRXV� RQH�� DUH� *&5� YDULDWLRQV�� WKHULQJ�WKH�PLQLPXP�RI�WKH�VRODU�DFWLYLW\�F\FOH��7KHV� FRPSRQHQW� RI� WKH� GRVH� �'���� KRZHYHU�� LVDWLRQ� LQ�)LJ������ WKDQ� IRU� KLJK�HQHUJ\�SURWRQV� LQDW�WKH�KLJKHU�WKH�VDWHOOLWH�RUELW��WKH�VPDOOHU�LV�WKH�HIIHFW���+XVWRQ�HW�DO���������UG�µ0LU¶�VWDWLRQ�XQGHU���J�FP��RI VKLHOGLQJ�GXULQJHO\�ODUJH�YDOXH�RI������P5DG�PRQWK��WKLV�H[FHHGVI� ����� 6XFK� GRVHV� DUH� D� VLJQLILFDQW� KD]DUG� IRU



��

SURORQJHG� PLVVLRQV� VLQFH� WKH\VXEVWDQWLDOO\� H[FHHG� WKH� SHUPLWWHGOLPLWV� IRU� KXPDQV�� DFFHSWHG� LQ� PDQ\FRXQWULHV�� /RQJ�WHUP� UDGLDWLRQ� GRVHYDULDWLRQV�LQ�WKH�6$$�UHJLRQ�DUH�GULYHQQRW� RQO\� E\� VRODU�F\FOH� YDULDWLRQV� RIDWPRVSKHULF� GHQVLW\�� EXW� DOVR� E\VHFXODU� YDULDWLRQV� RI� WKH� (DUWK¶VPDJQHWLF� ILHOG� �VHH�� H�J�� �%DVKNLURY� HWDO��� ������ +H\QGHULFN[� HW� DO��� ������7KH� DQJOH� RI� WKH� JHRPDJQHWLF� GLSROHVKLIWV� E\� �q LQ� ��� \HDUV�� 7KLV� FDXVHVFKDQJHV� LQ� WKH� WRSRORJ\� RI� WKHPDJQHWLF�ILHOG�HVSHFLDOO\�LQ�WKH�6$$�DWORZ�DOWLWXGHV��$V�D�UHVXOW��WKH�UDGLDWLRQLQWHQVLW\� LQ� WKLV� UHJLRQ� LQFUHDVHV� ZLWKWLPH��GXH�WR�WKH�DVVRFLDWHG�VHFXODU�GHFUHDVH�RI�JHRPDJQHWLF�IYDULDWLRQ�RI�WKH�PXOWLSROH�FRPSRQHQWV�RI�WKH�JHRPDJQHWLF�ILH/�VKHOO� SDUDPHWHU� YDOXHV� LQ� WKLV� UHJLRQ� �RYHU� ��� \HDVLPXOWDQHRXVO\� WKH� ORQJLWXGH� RI� WKH�6$$� VKLIWV�ZHVWZDUGV��VORZ��WKH\�SURGXFH�D�VLJQLILFDQW� FKDQJH�LQ� WKH�UDGLDWLRQ� IOX[LQQHU�ERXQGDU\�RI�WKH�UDGLDWLRQ�EHOWV�$V� D� FRQVHTXHQFH� RI� LWV� ODUJHU� ���q�� LQFOLQDWLRQ� WKH� µ0LUDGLDWLRQ� KD]DUGRXV� �HVSHFLDOO\� GXULQJ� \HDUV� RI� VRODU� DFWVWDQGDUG�µ6KXWWOH¶�RUELW�ZLWK� D���q LQFOLQDWLRQ��)RU� WKH�IXWXUHLQFOLQDWLRQ�DV�µ0LU¶�� WKH�UDGLDWLRQ�HIIHFWV�ZLOO�� WKHUHIRUH��EH�ZLOO�EH�FDUULHG�RXW�GXULQJ�WKH�SHULRG�RI�VRODU�DFWLYLW\�PD[LPWKLV�WLPH�SHULRG�WKH�WUDSSHG�UDGLDWLRQ�KD]DUG�ZLOO�EH�PLQLPXPULVN�LQFUHDVHV��VHH�������7KH�QH[W�LQFUHDVH�RI�WUDSSHG�UDGLDWLREH�H[SHFWHG�GXULQJ�WKH�QH[W�VRODU�PLQLPXP�������������6RODU�F\FOH�YDULDWLRQV�RI�KLJK�HQHUJ\� UDGLDWLRQ�EHOW�SURWRQLQ� WKH� PRGHOV� EDVHG� RQ� WKH� 7,526�12$$� GDWD� �+XVWRQ� HWDGHTXDWHO\�GHVFULEH��WKH�UDGLDWLRQ�FRQGLWLRQ�G\QDPLFV�LQ�/(2
�����7+(�1(87521�(19,5210(17
7KH�QHXWURQ�FRPSRQHQW�LQ�VSDFH�KDV�WKH�IROORZLQJ�RULJLQ���VRODU�QHXWURQV��JHQHUDWHG�LQ�WKH�VRODU�DWPRVSKHUH�DV�D�UHVXOW�DFWLYH�SURFHVVHV���DOEHGR�QHXWURQV��ZKLFK�DUH�D�UHVXOW�RI�WKH�LQWHUDFWLRQ�RI�SULPSURWRQ�LQWHUDFWLRQV�ZLWK�WKH�DWPRVSKHUH���ORFDO�QHXWURQV��JHQHUDWHG�LQ�WKH�VDWHOOLWH�VWUXFWXUH�HOHPHQWV��LPSDFW�DQG�HQHUJHWLF�SURWRQV�RI�WKH�LQQHU�WUDSSHG�UDGLDWLRQ�]R

)LJ����� 9DULDWLRQV� RI�HQHUJLHV�( �������0HWR� 7,526�12$$� VDWHO U� WLYLW\�L GH [�)
 LHOG�LQWHQVLW\��7KLV�VHFXODU
LQQHU� ]RQH� SURWRQ� IOX[HV� ZLWK9�GXULQJ�����������DFFRUGLQJOOLWH� GDWD� DV� FRPSDUHG� WR� WKHG�D� G O�D LPDWL �

OG�FDXVH�DQ�LQFUHDVH�RI�WKHUV� '/� FDQ� UHDFK� �����7KRXJK� WKHVH�FKDQJHV� DUH� DW� ORZ�DOWLWXGHV��QHDU� WKH
U¶� VWDWLRQ� RUELW� ZDV� PRUHLYLW\� PLQLPXP�� WKDQ� WKH� ,66��ZKLFK�KDV� WKH�VDPHVLPLODU��7KH�,66�DVVHPEO\XP� LQ������������'XULQJ��KRZHYHU�WKH�6(3�HIIHFWQ�LQGXFHG�GRVH�YDOXHV�FDQ
V�KDYH�EHHQ�DFFRXQWHG� IRU� DO��� ������� 7KHVH�PRGHOV�

RI�QXFOHDU�UHDFWLRQV�GXULQJ
DU\�*&5�SURWRQ�DQG�6(3
DV�D�UHVXOW�RI�*&5�SDUWLFOHQH�



��

� �� ���1F
���

���

���

���

1Q
��� ����

�

��

��

)LJ�����1HXWURQ� FRXQW��UDWH���1Q��YHUVXV�FKDUJHG�SDUWLFOHFRXQW� UDWH� �1F�� ERWK� LQ� V���� LQ� WKH� 6$$� �VROLG� FLUFOHV�XSSHU�DQG� ULJKW�VFDOHV�RQ� WKH� D[HV��DQG�RXWVLGH�WKH�6$$�FURVVHV�� ORZHU� DQG� OHIW� VFDOHV� RQ� D[HV�� DFFRUGLQJ� WRµ6DO\XW��¶�VWDWLRQ�GDWD���<XVKNRY��������

)LJ

1HXWURQV�� FRPLQJ� IURP� WKH� 6XQ�UDUHO\� UHDFK� WKH� (DUWK¶V� YLFLQLW\�VLQFH� WKHLU� KDOI�GHFD\� WLPH� LV� VKRUW�7KH� DOEHGR� QHXWURQ� IOX[HV� DW� ORZDOWLWXGHV� LQFUHDVH� ZLWK� ODWLWXGH� LQFRQFRUGDQFH� ZLWK� WKH� ZHOO�NQRZQ/LQJHQIHOWHU� GHSHQGHQFH�� ZKLFKUHIOHFWV�WKH�*&5�ODWLWXGH�HIIHFW��7KLVGHSHQGHQFH� LV� LQ� JRRG� DJUHHPHQWZLWK� WKH� GDWD� RI� GLIIHUHQWH[SHULPHQWV� �VHH� H�J�� �/RFNZRRG��������
7KH� ORFDO� QHXWURQ� IOX[� GHSHQGV� RQERWK�WKH�SULPDU\�SDUWLFOH�VSHFWUD�DQGVSDFHFUDIW�PDVV�� 7KH� ILUVW� HIIHFW� FDQEH� LOOXVWUDWHG� E\� )LJ����� REWDLQHGXVLQJ� µ6DOX\W��¶� GDWD� �<XVKNRY������� �� RXWVLGH� WKH� 6$$� WKHHIILFLHQF\�RI�ORFDO�QHXWURQ�JHQHUDWLRQLV�JUHDWHU�WKDQ�LQVLGH�WKH�6$$��ZKHUHWKH�VSHFWUXP�RI�WUDSSHG�SURWRQV�LV�VRIWHU��7KH�GHSHQGHQFH�RI�QHXWURQ�JHQHUDWLRQ�RQ�WKHPDVV�RI�WKH�VSDFHFUDIW�LV�LOOXVWUDWHG�LQ)LJ����� :LWK� LQFUHDVLQJ� VDWHOOLWHPDVV��WKH�ORFDO�QHXWURQ�IOX[�LQFUHDVHV�%RJRPRORY� HW� DO��� ������� $QLQFUHDVH�RI�WKH�VKLHOGLQJ�WKLFNQHVV�RIWKH� VDWHOOLWHV� OHDGV� WR� DQ� LQFUHDVH� RIWKH� QHXWURQ� FRPSRQHQW� UDGLDWLRQGRVHV�� 7KXV�� DFFRUGLQJ� WR� GLUHFWPHDVXUHPHQWV� RQ� µ0LU¶� VWDWLRQ�� WKHUDGLDWLRQ� GRVH� XQGHU� VHYHUDO� WHQV� RIJ�FP� VKLHOGLQJ�LV�PDLQO\� LQGXFHG�E\QHXWURQV��VHH�7DEOH����%HVLGHV� WKH� GRVH� HIIHFWV�� LQGXFHGE\� WKH�QHXWURQ� FRPSRQHQW�� ORFDO� DQGDOEHGR� QHXWURQV� FDQ� FDXVH� VLQJOHHYHQW� XSVHW� HIIHFWV� LQ� RQERDUGHOHFWURQLFV�� 7KLV� HIIHFW� LV� DVVRFLDWHGZLWK� SURGXFWV� RI� QXFOHDU� UHDFWLRQV�RFFXUULQJ�LQ�WKH�VDWHOOLWH�PDWHULDOV��,WLV� DVVXPHG� WKDW� 6(8� LQGXFHG� E\� EDFNJURXFRPSDUDEOH�ZLWK�SURWRQ�6(8V��EXW�ZLWK�ORZ
�����0DVV�GHSHQGHQFH�RI�QHXWURQ�IOX[HV�DW�ORZ�DQG
QG�QHXWURQV� KDYH� SURGXFWLRQ� FURVV�VHFWLRQVHU�HQHUJ\�WKUHVKROG��3LFNHO��������



��

7$%/(���� ,RQL]LQJ� UDGLDWLRQ� GRVHV� �'L�� DQG� FRUUHVSRQGLQJ� QHXWURQ� LQGXFHG� UDGLDWLRQGRVHV��'Q��XQGHU�GLIIHUHQW�VKLHOGLQJ�WKLFNQHVVHV��PHDVXUHG�RQ�µ0LU¶�VWDWLRQ��/\DJXVKLQHW�DO���������GXULQJ�VRODU�DFWLYLW\�PD[LPXP�����������

�����*$/$&7,&�&26
������ (PSLULFDO�0RGH
&RVPLF�UD\V�RI�JDODFWR� VRODU� PRGXODWLRQ�GHFUHDVH�LQFUHDVH��7KH*&5� PRGHOV�� $W� SUHVGHVFULEHV� WKH� G\QDPLFHQHUJLHV�( �������0H9D�PRUH�DGHTXDWH�GHVFUHOHFWURQV�� WKDQ� WKH�&5(0(� PRGHO� �$G7KH� LQWHU�FRPSDULVRPRGHOV� �� 1\PPLN� HWJLYHQ� LQ� )LJ����� 7KH�GR� QRW� H[FHHG� �����*&5�6,13� PRGHO� HGLUHFW� FRQQHFWLRQ� ESDUWLFOH� IOX[HV� DQG� V�WKH�:ROI�QXPEHU� ��:ODJ� IRU� WKH�SDUWLFOH� DUURUELW� KDV� EHHQ� DFFRXQEDVLF�FRQFHSWV�RI�WKLV�IROORZLQJ��D��WKH�DQJXODU�GLVWULEXSDUWLFOH� IOX[HV� DW� WKHRXWVLGH� WKH� PDJQHDVVXPHG�WR�EH�LVRWURSL�E��WKH�VRODU�DFWLYLW\�OH�F�� YDULDWLRQV� RI� WKH� OSURSRUWLRQDO� WR� WKH�YDOHYHO�RI�VRODU�DFWLYLW\�D
'RVH�P6Y�GD\6KLHOGLQJJ�FP�
L' Q'�� ��� ���� �� ���
)LJ����� &RPSDULVRQ� RI� *&5�6,13� �VROLG� OLQH�� DQG&5(0(� ������� �GDVKHG� OLQH�� PRGHOV� ZLWK��� 0H9�(���� 0H9� KHOLXP� H[SHULPHQWDO� GDWD�,03����DFFRUGLQJ�WR��1\PPLN�HW�DO���������

0,&�5$<6
OV
WLF�RULJLQ�ZLWK�HQHUJLHV�EHORZ�VHYHUDO�KXQGUHG�*H9�DUH�VXEMHFWHG� ZLWK� LQFUHDVLQJ�GHFUHDVLQJ� VRODU� DFWLYLW\� WKH� *&5� IOX[HV�TXDQWLWDWLYH�GHVFULSWLRQ�RI�WKHVH�YDULDWLRQV�LV�EXLOW�LQ�WKH�YDULRXVHQW� WKH� *&5� PRGHO� GHYHORSHG� DW� 6,13�068�PRVW� FRPSOHWHO\V� RI� DOO� WKH� *&5� FRPSRQHQWV� ��d =� d ���� LQ� D� ZLGH� UDQJH� RI�QXFOHRQ��1\PPLN�HW�DO����������7KH�*&5�6,13�PRGHOV�SURYLGHLSWLRQ�RI�WKH�EHKDYLRU�RI�WKH�PDLQ�QXFOHDU�FRPSRQHQWV�DV�ZHOO�DVZLGHO\� XVHGDPV�� ������Q� RI� WKHVH� DO�� ������ LVW\SLFDO� HUURUV7KH� G\QDPLFVWDEOLVKHV� DHWZHHQ� WKHRODU� DFWLYLW\���7KH�WLPHLYDO� LQ�(DUWKWHG� IRU�� 7KHPRGHO�DUH�WKH
WLRQ�RI�*&5� (DUWK� RUELWWRVSKHUH� LVF�YHO�LV�GHVFULEHG�E\�WKH����PRQWK�VPRRWKHG�YDOXH�RI�: �DUJH�VFDOH�PDJQHWLF� ILHOGV� LQ� WKH� KHOLRVSKHUH� DUH� DVVXPHG� WR� EHULDWLRQV� RI� WKH�PDJQHWLF� ILHOG� RI� WKH� 6XQ��ZKLFK� GHSHQGV� RQ� WKHQG�WKH�FKDUDFWHULVWLFV�RI�LWV�F\FOHV��RGG�RU�HYHQ��
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)LJ����� &DOFXODWHG� DQG� H[SHULPHQWDO� YDOXHV� RI� 6(8UDWHV�LQ�JHRVWDWLRQDU\�RUELW��WKH�7'56�VDWHOOLWH���$GDPVHW�DO����������3$*(��� LV� WKH�ZRUNLQJ� FKLS ��3$*(��� LVWKH�EDFNXS�FKLS�

�G�� WKH�G\QDPLFV�RI� ODUJH�VFDOH�*&5�PRGXODWLRQV�DUH�FKDUDFWHUL]HG�E\� WKH�PRGXODWLRQRI� WKH�HIIHFWLYH�HOHFWULF�SRWHQWLDO�RI� WKH�KHOLRVSKHUH� ���� W55 ��ZKLFK� LV� D� IXQFWLRQ� RI: ��RI�WLPH��RI�WKH�WLPH�ODJ�EHWZHHQ�*&5�IOX[�YDULDWLRQV�DQG�VRODU�DFWLYLW\�YDULDWLRQV�ZKLFK�LQ�WXUQ�GHSHQG�RQ�SDUWLFOH�ULJLGLW\� 5 ���WKH�SKDVH�RI�WKH�VRODU�DFWLYLW\�F\FOH� W LQWKH�RGG�DQG�HYHQ�F\FOHV��H�� WKH� GLIIHUHQWLDO� VSHFWUD� RI� *&5� IOX[HV� DV� D� IXQFWLRQ� RI� HQHUJ\� DQG� ULJLGLW\� DUHGHILQHG�DFFRUGLQJ�WR�DQ�HPSLULFDO�WHFKQLTXH�EDVHG�RQ�H[SHULPHQWDO�GDWD�&XUUHQWO\� WKH� *&5�6,13� PRGHO� LV� LQFRUSRUDWHG� LQWR� WKH� &5(0(���� PRGHO�GHYHORSHG�LQ�WKH�86$���7\OND�HW�DO��������
�������*&5�,QGXFHG�5DGLDWLRQ�(IIHFWV

$V�LW�ZDV�DOUHDG\�PHQWLRQHG� LQ�VHFWLRQ���� WKH�PDLQ�UDGLDWLRQ�HIIHFW� LQGXFHG�E\�*&5DUH� VLQJOH� HYHQW� XSVHWV� �6(8�� LQ� WKH� PHPRU\� FKLSV� RI� RQERDUG� HOHFWURQLF� V\VWHPV�7KHUHIRUH� LW� LV� LQWHUHVWLQJ� WR� FRPSDUH� WKH� UHVXOWV� RI� 6(8� PRGHO� FDOFXODWLRQV� DQG� WKHFRUUHVSRQGLQJ� H[SHULPHQWDO� GDWD�&XUUHQWO\� D� YDVW� QXPEHU�RI�SDSHUV� DUHDYDLODEOH� �VHH� H�J�� �%HQGHO� DQG3HWHUVHQ��������&DPSEHOO�HW�DO���������ZKLFK� FRQWDLQ� GDWD� RQ� 6(8� UDWHV� LQYDULRXV� W\SHV� RI� PHPRU\� FKLSV�REWDLQHG� LQ�DFWXDO� VSDFH� IOLJKWV��7KHVHGDWD�� DSDUW� IURP� GLUHFW� YHULILFDWLRQ� RIWKH�VHQVLWLYLW\�RI�YDULRXV�PLFURFKLSV�WR6(8� RFFXUUHQFH� LQ� IOLJKW� FRQGLWLRQV�SURYLGH�WKH�RSSRUWXQLW\�IRU�YHULILFDWLRQRI� WKH� 6((� DQG� UDGLDWLRQ� EHOWHQYLURQPHQW�PRGHOV�$PRQJ� WKH� QXPHURXV� GDWD� RQ� 6((�DFTXLUHG� LQ� VSDFH�� WKH� 7'56��JHRVWDWLRQDU\� VDWHOOLWH� GDWD� DUH� YHU\LPSRUWDQW��VLQFH�WKH\�FRYHU�D�ODUJH�SDUWRI� WKH� ���\HDU� VRODU� DFWLYLW\� F\FOH�)LJ���� VKRZV� VLPXODWHG� DQGH[SHULPHQWDO�6(8�UDWH�YDOXHV� LQ� WKH�)DLUFKLOG����/����PLFURFKLS��ZLWKRXW� WDNLQJ� LQWRDFFRXQW� WKH� ODUJH� 6(3� HYHQWV�� ZKLFK� FDQ� DOVR� FDXVH� 6(8� �$GDPV� HW� DO��� ������� 7KHVLPXODWHG� YDOXHV� RI� 6(8� UDWHV� ZHUH� REWDLQHG� XVLQJ� WKH� *&5�6,13� PRGHO�� GHVFULEHGDERYH��7KH\� WDNH� LQWR�DFFRXQW� IRU� WKH�GLVWULEXWLRQ� RI� VKLHOGLQJ�PDWWHU� VXUURXQGLQJ� WKHFKLS��7KH�FRQGXFWHG�VWXG\�UHDFKHV�DQ�RSWLPLVWLF�FRQFOXVLRQ�DERXW�WKH�FDSDELOLWLHV�RI�WKLVPRGHO�WR�SUHGLFW�*&5�LQGXFHG�6((�HIIHFWV�
�����$120$/286�&260,&�5$<6

,W� ZDV� DOUHDG\� PHQWLRQHG� LQ� VHFWLRQ� ���� WKDW� $&5� FDQ� SHQHWUDWH� LQVLGH� WKH� (DUWK¶VPDJQHWLF�ILHOG�DQG�XQGHUJR�FKDUJH�H[FKDQJH�LQ�GHQVH�OD\HUV�RI�WKH�DWPRVSKHUH��IRUPLQJ
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D� VKHOO� RI�PXOWLFKDUJHG� LRQV��7KH�PD[LPXP� SDUWLFOH� LQWHQVLW\� RI� WKLV� EHOW� DW� /|�y����H[FHHGV� E\� D� IDFWRU� RI� VHYHUDO� KXQGUHGV� WKH� LQWHQVLWLHV� RI� FRUUHVSRQGLQJ� LRQ� IOX[HVRXWVLGH� WKH�PDJQHWRVSKHUH��*ULJRURY�HW�DO���������6HOHVQLN�HW�DO����������7KH�WHPSRUDOYDULDWLRQV� � RI� WKH� WUDSSHG� $&5� FRPSRQHQW� DUH� VLPLODU� WR� LQWHUSODQHWDU\� $&5� IOX[YDULDWLRQV��ZKLFK��DSSDUHQWO\��FDQ�EH�H[SODLQHG�E\�WKH�VKRUW� OLIH�WLPHV�RI� WUDSSHG�$&5�*ULJRURY�HW�DO����������7KHUHIRUH�� WKH�PD[LPXP� IOX[HV�RI� WUDSSHG�$&5�SDUWLFOHV��DUHREVHUYHG�GXULQJ�PD[LPXP�RI�WKH�VRODU�DFWLYLW\�F\FOH��$Q�DQDO\VLV�RI� WKH�H[SHULPHQWDOGDWD�RI�WKH�µ&RVPRV¶�DQG�µ6$03(;¶�VDWHOOLWHV�ZDV�PDGH�LQ��7\OND�HW�DO���������LQ�RUGHUWR� FDOFXODWH� WKH� /(7� VSHFWUD� RI� WUDSSHG� $&5� IRU� W\SLFDO� /(2� RUELWV� DQG� WKHLUFRPSDULVRQ�RI�/(7�VSHFWUD�IRU�*&5�DQG�H[WUD�PDJQHWRVSKHULF�$&5��7KH�UHVXOWV�RI�WKHDQDO\VLV� VKRZ� WKDW�$&5� FDQQRW� SOD\� D� VLJQLILFDQW� UROH� LQ� 6(8� JHQHUDWLRQ�� H[FHSW� IRUYHU\� WKLQ� VKLHOGLQJ� DQG� VPDOO� LQFOLQDWLRQ� ORZ� DOWLWXGH� RUELWV� ZKHUH� WKHLU� FRQWULEXWLRQEHFRPHV�SUHGRPLQDQW�
�����62/$5�(1(5*(7,&�3$57,&/(6
�������(PSLULFDO�PRGHOV

0RGHUQ�VRODU�SK\VLFV�LV�QRW�FDSDEOH�RI�SUHGLFWLQJ�6(3�JHQHUDWLRQ��DQG��WKXV�QRW��WKHLUGHSHQGHQFH�RQ� VRODU� DFWLYLW\��7KHUHIRUH� WKH�SUREDELOLVWLF�PRGHOV�RI� � 6(3� HYHQWV� KDYHEHHQ�GHVLJQHG��,Q�RUGHU�WR�EXLOG�VXFK�PRGHOV�LV�LW�LV�QHFHVVDU\�WR�ILQG�WKH�UHJXODULWLHV�LQWKH�RFFXUUHQFH�UDWHV�RI�6(3�HYHQWV��,W�KDV�EHHQ�IRXQG�WKDW�WKH\��GHSHQG�RQ�WKH�IROORZLQJSDUDPHWHUV���WLPH���IOXHQFH�DQG�SHDN�IOX[�PDJQLWXGH���HOHPHQWDO�LRQ�DQG�LVRWRSLF�FRPSRVLWLRQ���SDUWLFOH�HQHUJ\�0RVW� RI� WKH� PRGHOV� GHYHORSHG� VR� IDU� DUH� QRW� FDSDEOH� RI� GHVFULELQJ� DOO� WKHVHFKDUDFWHULVWLFV� WRJHWKHU�� 7KH\� DUH� � UHVWULFWHG� WR� H[WUHPH� FDVHV�� DQG�� DV� D� UXOH�� SURYLGHRQO\�WKH�SURWRQ�IOX[��+HQFH�� LQ� WKH�&5(0(��$GDPV��������PRGHO��DOO� WKH�6(3�HYHQWVDUH�UHGXFHG�WR�µRUGLQDU\¶��µZRUVW�FDVH¶�DQG�µDQRPDORXVO\�ODUJH¶�W\SHV��,Q�WKLV�PRGHO��WKHSURWRQ�HQHUJ\�VSHFWUD�IRU�WKH�ILUVW�WZR�W\SHV�RI�HYHQWV�DUH�UHSUHVHQWHG�E\�WKH�VXP�RI�WZRH[SRQHQWLDO�IXQFWLRQV�RI�HQHUJ\��DQG�WKH�µDQRPDORXVO\�ODUJH¶�HYHQW�LV��GHVFULEHG�E\�WKHH[WUHPH�6(3�RI�$XJXVW������ �DQG�VXEVHTXHQWO\� E\� WKH�PHDQ�RI� WKH�$XJXVW������DQG)HEUXDU\������HYHQWV���7KH�&5(0(����YHUVLRQ�RI�WKH�PRGHO��7\OND�HW�DO���������XVHVWKH�2FWREHU������HYHQW�DV�WKH�����µZRUVW�FDVH¶��7KH�SUREDELOLW\�RI�DQ�HYHQW�RFFXUUHQFHGXULQJ�\HDUV�RI�VRODU�DFWLYLW\�PD[LPXP�LV�GHVFULEHG�E\�WKH�%XUUHOO VWDWLVWLFDO�PRGHO�7KH�KHDY\�LRQ�HQHUJ\�VSHFWUD�DUH�VHSDUDWHG�LQ�WR�WZR�GLIIHUHQW�FODVVHV���WKH�µRUGLQDU\¶DQG�µKHDY\�LRQ�HQULFKHG¶�HYHQWV��,W�LV�DVVXPHG��WKDW�WKH�UDWLRV�EHWZHHQ�KHDY\�LRQ�IOX[HVLQ� 6(3� HYHQWV� GR� QRW� GHSHQG� RQ� WKH� HQHUJ\� RI� WKH� SDUWLFOHV�� 2WKHU� PRGHOV� �VHH�� H�J��)H\QPDQ��HW�DO����������FRQVLGHU�RQO\�WKH�SUREDELOLWLHV�RI�WKH�RFFXUUHQFH�RI�6(3�HYHQWVRI�GLIIHUHQW�IOXHQFHV��DQG�GR�QRW�DFFRXQW�IRU�WKH�H[LVWHQFH�RI�KHDY\�LRQV�LQ�6(3�HYHQWV�7KH� UHFHQWO\� GHYHORSHG� 6(3�6,13� �1\PPLN�� ������ PRGHO� GHVFULEHV� WKHFKDUDFWHULVWLFV�RI�ERWK�IOXHQFHV�DQG�SHDN�IOX[HV�RI�WKH�VRODU�HYHQW�SURWRQ�DQG�LRQ�HYHQWV�:KHUHDV�LQ�DOO�WKH�SUHYLRXV�PRGHOV�LW�ZDV�DVVXPHG��WKDW�WKH�SUREDELOLW\�RI�D�6(3�HYHQWRYHU�VHYHUDO�\HDUV�RI�DFWLYH�6XQ�LV�WKH�VDPH�DV�RYHU��RWKHU�SKDVHV�RI�VRODU�DFWLYLW\��WKH
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)LJ����� 'LVWULEXWLRQ� RI� VRODU� HYHQWV� LQ� SURWRQIOXHQFHV IRU� GLIIHUHQW� VRODU� DFWLYLW\� SHULRGV�� �7KHFRUUHVSRQGLQJ�VXQVSRW�QXPEHU�YDOXHV���: DUH�VKRZQLQ�WKH�XSSHU�SDUW�RI�WKH�ILJXUH���1\PPLN��������

)LJSU��WLPVRH[KLJGDSU

6(3�6,13�PRGHO�LV�EDVHG�RQ�WKH�FRQFHSW��WKDW�WKH�PHDQ�RFFXUHQFH�IUHTXHQF\�RI�SURWRQIOXHQFHV� LV� LQGHHG� D� IXQFWLRQ� RI� VRODU� DFWLYLW\�� 7KXV�� WKH� PHDQ� RFFXUUHQFH� IUHTXHQF\�HYHQWV� SHU� \HDU�� RI� 6(3� HYHQWV�Q ZLWK� IOXHQFHV� t��� SURWRQV�FP� LV� GHILQHG� E\� WKHSRZHU�ODZ� ����������� W:W � Q ����������ZKHUH�: DUH�:ROI�QXPEHUV�DYDUDJHGRYHU� ��� PRQWKV�� 7KH� GLVWULEXWLRQ� RIQ DV� D IXQFWLRQ� RI� IOXHQFH�� DV� ZHOO� DVWKH� GLIIHUHQWLDO� HQHUJ\� VSHFWUD� RI� ERWKIOXHQFHV� DQG� WKH� SHDN� IOX[� YDOXHV� �IRUDOO� WKH� SDUWLFOHV� LQ� WKH� t( ��0H9�QXFO�� DUH� DOVR� SRZHU� ODZIXQFWLRQV� LQ� WKLV� PRGHO� �VHH� )LJ�� ����7KHVH� IXQFWLRQDO� UHJXODULWLHV� ZHUHHVWDEOLVKHG� RQ� WKH� EDVLV� RIH[SHULPHQWDO� GDWD�� 7KH� SRZHU� ODZGHSHQGHQFH�� DV� RSSRVHG� WR� WKH� ORJ�QRUPDO� RQH�� LV� WKH� PDLQ� GLIIHUHQFHEHWZHHQ� WKH� 6(3�6,13� PRGHO� DQG� DOORWKHU� HDUOLHU� DOWHUQDWLYH� PRGHOV�� 7KHSUREDELOLVWLF� 6(3�6,13�PRGHO� HQDEOHVWR� FDOFXODWH� WKH� HQHUJ\� VSHFWUD� RI� DOOWKH�PDLQ�6(3�FRPSRQHQWV�IRU�DQ\�VSDFH�PLVVLRQ�GXUDWLRQ�UDQJLQJ�IURP���PRQWK� WR���\HDUV�DQG�WR��SURYLGH�HYHQW��SUREDELOLWLHV�
�������6(3�,QGXFHG�5DGLDWLRQ�(IIHFWV
)LJ���� VKRZV� WKH� HQHUJ\� GHSHQGHQFHRI� WKH� 6(3� IOXHQFH� HQHUJ\� GHSHQGHQFHFDOFXODWLRQV� �WKH� VROLG� OLQHV� DUHGLIIHUHQWLDO� HQHUJ\�� WKH� GDVKHG� OLQHV� DUHLQWHJUDO� VSHFWUD�� IRU� WKH� ZKROH� ���QGF\FOH��OHIW� �� DQG�VRODU� DFWLYLW\�PLQLPXPSHULRGV� �OLPLWHG� WR� IRXU� ��\HDU� LQWHUYDOVDURXQG� VRODU� PLQLPXP��� *&5FDOFXODWLRQV�� HPSOR\LQJ� WKH� *&5�6,13PRGHO� IRU� WKH� FRUUHVSRQGLQJ� WLPHLQWHUYDOV� DUH� DOVR� VKRZQ�� ,W� VKRXOG� EHQRWHG�� WKDW� HYHQ� GXULQJ� SHULRGV� RI� WKHTXLHW� 6XQ�� WKH� GLIIHUHQWLDO� IOXHQFHV� RI6(3� SURWRQV� H[FHHG� *&5� IOXHQFHV� �IRUHQHUJLHV� XS� WR� a� ����0H9��� 7KLV� UHVXOWGHPRQVWUDWHV� KRZ� LPSRUWDQW� LW� LV� WRDFFRXQW� IRU� 6(3� ZKHQ� HVWLPDWLQJ� WKHWRWDO�UDGLDWLRQ�HIIHFW�
�� ���� 7KH� GLIIHUHQWLDO� HQHUJ\� VSHFWUD� RI� DQQXDORWRQ� IOXHQFHV�DFFRUGLQJ� WR� WKH�PRGHO� �1\PPLN����� IRU� µTXLHW¶� 6XQ� SHULRGV� �RSHQ� FLUFOHV�� DQGH�SHULRGV�FORVH�WR�PD[LPXP��GDUN�FLUFOHV���7KHOLG� DQG� GDVKHG� OLQHV� ���� DUH� H[SHULPHQWDO� GDWDWUDSRODWLRQV�WR�KLJK�HQHUJLHV�IRU�µTXLHW¶�6XQ�DQGK� VRODU� DFWLYLW\�� UHVSHFWLYHO\�� 7KH� VROLG� DQGVKHG� OLQHV� ���� DUH� WKH� DQQXDO� LQWHJUDO� JDODFWLFRWRQ�VSHFWUD�IRU�WKH�VDPH�VRODU�DFWLYLW\�OHYHOV�
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)LJ����� 3HQHWUDWLRQ� IXQFWLRQ� �<�� IRU� 6(3GHSHQGLQJ� RQ� ULJLGLW\� �5�� IRU� DQ� ,66� RUELW� DWGLIIHUHQW� .S�LQGH[� YDOXHV�� 7KH� FURVVHV� DUHPRGHOLQJ�UHVXOWV��$ULVWRYD�HW�DO���������IRU�.S ��

1HYHUWKHOHVV��LW�LV�QHFHVVDU\�WR�HPSKDVL]H��WKDW�DGGLWLRQDO�UHVHDUFK�LV�QHHGHG�WR�YHULI\WKH�EDVLF�UHVXOWV�RI� WKH�6(3�6,13�PRGHO�DQG�RWKHU�PRGHOV�WR�DFKLHYH�DQ�DGHTXDWH�DQGPRUH�GHILQLWLYH�GHVFULSWLRQ�RI�WKH�UDGLDWLRQ�HIIHFWV�ZLWK�UHVSHFW�WR�6(3�HYHQWV�$QRWKHU�LPSRUWDQW�SUREOHP�RI�6(3�PRGHOLQJ�LV�WR�GHWHUPLQH�WKHLU�FKDUDFWHULVWLFV�DIWHUSHQHWUDWLRQ�LQVLGH�WKH�PDJQHWRVSKHUH��7KLV�VWDJH�RI�PRGHOLQJ�LPSOLHV�NQRZOHGJH�RI�WKHFXW�RII� ULJLGLW\� YDOXHV�� ,Q� WKLV� FDVH� WKH� SDUWLFOH� IOX[HV� GHSHQG� RQ� WKH� JHRJUDSKLFDOFRRUGLQDWHV� RI� WKH� DOWLWXGH�� ODWLWXGH�� ORQJLWXGH� RI� WKH� SRLQW� RI� REVHUYDWLRQ� LQ� WKHPDJQHWRVSKHUH�RQ�WKH�SDUWLFOH�HQHUJ\� ( � DQG�RQ�LWV�GLUHFWLRQ�RI�DUULYDO�2XU�XQGHUVWDQGLQJ�RI�WKH�FXWRII�ULJLGLW\�KDV�VLJQLILFDQWO\�FKDQJHG�RYHU�WKH�SDVW�\HDUV�7KH� WUDQVLWLRQ� IURP� WKH� ILUVW� FDOFXODWLRQV� XVLQJ� WKH� GLSROH� PRGHO� RI� WKH� WHUUHVWULDOJHRPDJQHWLF� ILHOG� �WKH� 6WRUPHU� DSSUR[LPDWLRQ�� WR� WKH� PXOWL�SROH� ,*5)� ILHOGV�DFFRXQWLQJ� IRU� YDULRXV� FXUUHQW� V\VWHPV� LQVLGH� WKH� PDJQHWRVSKHUH� DQG� RQ� LWV� VXUIDFH�FRQWULEXWHG� WR� RXU� FXUUHQW� OHYHO�RI� XQGHUVWDQGLQJ� RI� WKH� ULJLGLW\� FXWRII��7KHUHIRUH�� WKHFDOFXODWLRQV�� FRQFHUQLQJ�6(3�SHQHWUDWLRQ� LQVLGH� WKH�PDJQHWRVSKHUH�� UHTXLUH� WKH� XVH� RIG\QDPLF� PDJQHWLF� ILHOG� PRGHOV�� ZKLFK� DFFRXQW� IRU� JHRPDJQHWLF� GLVWXUEDQFHV�� 7KHZLGHO\�XVHG�7V\JDQHQNR�PRGHO��7V\JDQHQNR��������VDWLVILHV�WKHVH�UHTXLUHPHQWV�
$Q� H[DPSOH� RI� FDOFXODWHG� SHQHWUDWLRQIXQFWLRQV� IRU� ,66� RUELW� GHSHQGLQJ� RQJHRPDJQHWLF�FXWRII�IRU�GLIIHUHQW�OHYHOV�RIJHRPDJQHWLF� DFWLYLW\� LV� JLYHQ� LQ� )LJ����7KH� FDOFXODWLRQV� ZHUH� PDGH� XVLQJ� WKHWHFKQLTXH� VXJJHVWHG� LQ� �'DQLORYD� DQG7\DVWR�� ������� ZKLFK� SURYLGHVSHQHWUDWLRQ�IXQFWLRQ�FDOFXODWLRQV�ZLWK�DQDFFXUDF\�EHWWHU�WKDQ������,W�FDQ�EH�VHHQWKDW� WKH� 6(3� SDUWLFOH� IOX[� LQ� WKH� ORZ�HQHUJ\�SDUW�RI�WKH�VSHFWUXP�������0H9�VWURQJO\� GHSHQGV� WKH� OHYHO� RIJHRPDJQHWLF� DFWLYLW\�� ,Q� UHDOLW\�� HYHQ� LQYHU\� ORZ� RUELWV� �VXFK� DV� SLORWHG� RUELWDOVWDWLRQ�RUELWV���WKH�SHQHWUDWLRQ�RI�6(3��LVWKH� PDLQ� UDGLDWLRQ� KD]DUG� IDFWRU� GXULQJSRZHUIXO� HYHQWV� RQ� WKH� 6XQ�DFFRPSDQLHG�E\�PDJQHWLF� VWRUPV�� 7KXV�GXULQJ�WKH�VRODU�HYHQWV�RI�2FWREHU���WK������DQG�0DUFK���WK��������WKH�LQWHJUDO�UDGLDWLRQGRVHV�RQ�µ0LU¶�VWDWLRQ��LQGXFHG�E\�6(3�SHQHWUDWLRQ��LQFUHDVHG�E\�ODUJH�IDFWRUV�RI����y�GXULQJ� VHYHUDO� KRXUV� �$ULVWRYD� HW� DO��� ������� ,W� VKRXOG� EH� QRWHG�� WKDW� XS� WR� VKLHOGLQJWKLFNQHVVHV�RI�VHYHUDO�J�FP� WKH�6(3�UDGLDWLRQ�GRVHV�H[FHHG�WKH�HVWLPDWHG�GRVH�YDOXHVLQGXFHG� E\� ERWK� *&5� DQG� WUDSSHG� UDGLDWLRQ� EHOW� SURWRQV� DQG� HOHFWURQV� GXULQJ� WKHVHH[WUHPH�6(3�HYHQWV�%HVLGHV�GRVH�HIIHFWV��SURWRQV�DQG�RWKHU�6(3�LRQV�FDQ�FDXVH�6(8��7DEOH���VKRZV�WKHH[SHULPHQWDO�DQG�FDOFXODWHG�GDWD�RI�WKH�WRWDO�6(8�QXPEHU��RYHU�WKH�ZKROH�6(3�HYHQW�IRU� ODUJH� 6(3� HYHQWV� LQ� ����������� 7KH� H[SHULPHQWDO� GDWD� DUH� UHSUHVHQWHG� E\� WKHDYHUDJHG� DQQXDO� YDOXHV� IRU� FRQWURO� XQLW� PLFURFKLSV� ���/����� RI� WKH� 7'56��
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JHRVWDWLRQDU\� VDWHOOLWH�� 7KH� FDOFXODWLRQ� ZDV� PDGH� E\� WDNLQJ� LQWR� DFFRXQW� RI� WKHGLVWULEXWLRQ�RI�VKLHOGLQJ�PDWWHU��VXUURXQGLQJ�WKH�PLFURFKLSV�,W� LV� REYLRXV� WKDW� WKH� FDOFXODWHG� 6(8� UDWH� XQGHU� 6(3� LPSDFW� LV� IRUPHG� LQDSSUR[LPDWHO\� HTXDO� SURSRUWLRQV� E\� SURWRQV� DQG� LRQV�� ZKLFK� LV� D� FRQVHTXHQFH� RI� WKHGLVWULEXWLRQ� RI� VKLHOGLQJ�PDWWHU� DURXQG� WKH� FKLS�� &RPSDULVRQ� RI� WKH� H[SHULPHQWDO� DQGFDOFXODWHG�YDOXHV�VKRZV�WKDW�WKH�DYHUDJH�GLVFUHSDQF\�EHWZHHQ�WKHP�LV�r�����DQG�LQ�WKHZRUVW�FDVHV� LW� UHDFKHV�D� IDFWRU�RI�a�����7KHVH�GLVFUHSDQFLHV�DUH�SUREDEO\�H[SODLQHG�E\WKH�GLIIHUHQFH�EHWZHHQ�WKH�DFWXDO�6(3�VSHFWUXP�DQG�WKH�µPHDQ�HYHQW¶�VSHFWUXP�XVHG�LQWKH�PRGHO�
7$%/(����([SHULPHQWDO�DQG�FDOFXODWHG�YDOXHV�RI�WKH�WRWDO�QXPEHU�RI�6(8�RQ�WKH7'56���VDWHOOLWH��$GDPV�HW�DO���������

&DOFXODWHG�YDOXHV6(3�HYHQW ([SHULPHQWDOYDOXH 3URWRQV ,RQV 7RWDO$XJXVW����� ��r� �� � ��6HSWHPEHU����� ��r� �� �� ��2FWREHU����� ��r�� �� �� ���0DUFK����� �r� � � ��0D\����� ��r� �� �� ��
�����7+(�1($5�($57+�µ,17(*5$/¶�5$',$7,21�(19,5210(17
7KH�UDGLDWLRQ�LPSDFW�RI�WKH�VSDFH�HQYLURQPHQW��VXUURXQGLQJ�WKH�(DUWK��LV�IRUPHG�E\�DFRPELQDWLRQ� RI� LQGLYLGXDO� FRPSRQHQWV�� VXFK� DV�� UDGLDWLRQ� EHOWV�� DOEHGR� SDUWLFOHV�JDODFWLF�DQG�VRODU�FRVPLF�UD\V��7KH�DFWXDO� LPSDFW�RI�HDFK�RI� WKHVH� IDFWRUV� LV� WR�D� ODUJHH[WHQW�GHWHUPLQHG�E\� WKH�RUELW�RI� WKH� VDWHOOLWH�� LWV� FRQVWUXFWLRQ� �VKLHOGLQJ�RI� LQGLYLGXDOXQLWV�DQG�WKH�YROXPH�RI�WKH�PRGXOHV���DQG�WKH�WLPH�RI� WKH�VDWHOOLWHV�DFWLYH�H[LVWHQFH�LQQHDU�(DUWK� VSDFH�� 7KH� IOLJKW� LV� FRQGXFWHG� LQ� GLIIHUHQW� VSDFH� UDGLDWLRQ� ILHOGV�� ZLWKHVVHQWLDOO\�GLIIHUHQW�VSDFH�WLPH�FKDUDFWHULVWLFV�7KHUHIRUH�� UDGLDWLRQ� HIIHFW� FKDUDFWHULVWLFV� VKRXOG� DFFRXQW� IRU� WZR� FDVHV� �� WKHPD[LPXP�� SHDN� SDUWLFOH� IOX[� DQG� WKH� DYHUDJHG� �GDLO\� PHDQ�� DQQXDO� PHDQ�� HWF��� IOX[�ZKLFK�VKRXOG�EH�UHFRUGHG�LQ�RUELW�GXULQJ�SURORQJHG�PLVVLRQV��7KH�ILUVW�FDVH�SHUPLWV�WRHVWLPDWH� WKH� VSDFHFUDIW� µVXUYLYDO¶� LQ� H[WUHPH� FRQGLWLRQV�� WKH� VHFRQG� RQH� �� WKH� RYHUDOOOHYHO� RI� VHUYLFHDELOLW\�� :H� ZLOO� GLVFXVV� WKH� VSHFLILF� IHDWXUHV� RI� µLQWHJUDO¶� UDGLDWLRQHIIHFWV�XVLQJ�VHYHUDO�W\SLFDO�VDWHOOLWH�RUELW�DV�DQ�H[DPSOH�

������ /RZ�(DUWK�2UELW
7KH�WHUP�/(2�LV�XVXDOO\�XVHG�LQ�UHIHUHQFH�WR�RUELWV�ZLWK�SHULJHH�DOWLWXGHV�EHORZ�����NP�� $OO� SLORWHG� VSDFHFUDIW�� VSDFHFUDIW� SHUIRUPLQJ� (DUWK� VXUIDFH� REVHUYDWLRQV�� HWF��W\SLFDOO\�RSHUDWH�DW�WKHVH�DOWLWXGHV��7KH�UDGLDWLRQ�EHOW�SDUWLFOH�IOX[HV�LQ�WKHVH�RUELWV�DUH
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H[WUHPHO\� WLPH�GHSHQGHQW�� DQG�YDU\� VLJQLILFDQWO\� IRU� FHUWDLQ� RUELW� UHYROXWLRQV� UDQJLQJIURP�PLQLPXP��]HUR�IRU�HPSLULFDO�5%�PRGHOV��OHYHOV�WR�PD[LPXP�RQHV��H[FHHGLQJ�WKHDYHUDJH� OHYHO� E\� RUGHUV� RI�PDJQLWXGH�� GXULQJ� IOLJKW� LQWHUYDOV� RI� VHYHUDO� PLQXWHV�� 7KHPD[LPXP�5%�SDUWLFOH�IOX[�YDOXHV�DUH�REVHUYHG�LQ�WKH�6$$�UHJLRQ��WKHUHIRUH�µSHDN¶�IOX[YDOXHV�VKRXOG�EH�FDOFXODWHG�IRU�RUELW�UHYROXWLRQV��SDVVLQJ�RYHU�WKH�FHQWHU�RI�WKH�6$$�7KH�PHDQ�5%�SDUWLFOH�IOX[HV�DUH�FDOFXODWHG�DV�D�UHVXOW�RI�PRGHO�IOX[�DYHUDJLQJ�IRU�RQHGD\�RI�WKH�IOLJKW��GXULQJ�ZKLFK�VRPH�RI�WKH�RUELWV�SDVV�RYHU�WKH�6$$�FHQWHU��,W�VKRXOG�EHPHQWLRQHG�� WKDW� VDWHOOLWHV� LQ� /(2� RUELW� VSHQG� PRVW� RI� WKH� PLVVLRQ� WLPH� DW� DOWLWXGHV�ZKHUH�WKH�SDUWLFOH�GULIW�VKHOOV�DUH�QRW�GLVWRUWHG�E\�JHRPDJQHWLF�GLVWXUEDQFHV��WKHUHIRUH�WKH�FDOFXODWLRQV��DUH��DV�D�UXOH��PDGH� IRU� D�TXLHW�JHRPDJQHWLF� ILHOG��*&5�SDUWLFOHV�DQG6(3� DUH� VXEMHFW� WR� FRPSOH[� WLPH� YDULDWLRQV� LQ� /(2�� )LUVW� RI� DOO�� WKHVH� DUH� WKHLU� RZQYDULDWLRQV� LQ� WKH�LQWHUSODQHWDU\�PHGLXP��VHFRQGO\�� WKHVH�DUH�YDULDWLRQV� DVVRFLDWHG�ZLWK*&5� DQG� 6(3� SDUWLFOH� SHQHWUDWLRQ� LQWR� GLIIHUHQW� SDUWV� RI� WKH� RUELW� XQGHU� GLIIHUHQWJHRPDJQHWLF� DFWLYLW\� FRQGLWLRQV�� 6DWHOOLWHV� ZLWK� VXIILFLHQWO\� ODUJH� RUELW� LQFOLQDWLRQV� DWKLJK�DOWLWXGHV��HQWHU�UHJLRQV�ZKHUH�*&5�DQG�6(3�IOX[HV�DUH�SUHGRPLQDQW�:KHQ� PDNLQJ� *&5� IOX[� LPSDFW� SUHGLFWLRQV� LW� LV� UHDVRQDEOH� WR� XVH� WKHLU� IOX[FDOFXODWLRQV� IRU� WKH�HSRFK�RI�VRODU�PLQLPXP��ZKHQ�PD[LPXP� IOX[HV�RI� WKHVH�SDUWLFOHVDUH� REVHUYHG�� :KHQ� FDOFXODWLQJ� 6(3� IOX[HV�� LW� LV� QHFHVVDU\� WR� DFFRXQW� IRU� WKHSUREDELOLVWLF�QDWXUH�RI�6(3�HYHQW�RFFXUUHQFH��7KHUHIRUH�� WKH�PD[LPXP�HVWLPDWHG�6(3IOX[��VKRXOG�EH�IRXQG�DFFRUGLQJ�WR�WKH�SHDN�IOX[�RI�DQ�HYHQW��ZKLFK�LV�H[SHFWHG�ZLWK�DFHUWDLQ�SUREDELOLW\��7KH�PHDQ�GDLO\�IOX[�KDV�WR�EH�VXEVWLWXWHG�E\�WKH�µPHDQ¶�IOX[�YDOXH�DFKLHYHG�LQ�RQH�HYHQW�ZLWK�WKH�VDPH�SUREDELOLW\�RYHU�D�ORQJ��QRW�OHVV�WKDQ����\HDUV��WLPHSHULRG�� 7KH� PD[LPXP� HVWLPDWHG� 6(3� IOX[� VKRXOG� EH� FDOFXODWHG� IRU� LQWHUSODQHWDU\PHGLXP�FRQGLWLRQV�� DQG� WKH�PHDQ� IOX[� HVWLPDWHV� VKRXOG� WDNH� LQWR�DFFRXQW� WKH�SDUWLFOHSHQHWUDWLRQ�IXQFWLRQ�LQWR�D�JLYHQ�RUELW�)LJ���� VKRZV� WKH� UHVXOWV� RI� DQQXDOUDGLDWLRQ�GRVH�SUHGLFWLRQV�IRU�WKH�,66RUELW�� 7KH� FDOFXODWLRQV� ZHUH� PDGH�.X]QHWVRY� DQG� /REDNRY�� ������XVLQJ� WKH� JHQHUDOL]HG�PRGHO� RI� 6(8FDOFXODWLRQV�� GHVFULEHG� LQ� �%HQGHO� HWDO��� ������ DQG� WKH� 6(3�6,13� PRGHO�1\PPLN�� ������� WKH� *&5�6,13�1\PPLN� HW� DO��� ������� DQG� $3��6DZ\HU� DQG� 9HWWH�� ������� 7KHFRQFOXVLRQV�� FRQFHUQLQJ� ,66RSHUDWLRQ�� ZKLFK� FDQ� EH� PDGH� IURPWKH�FDOFXODWLRQV� SUHVHQWHG�DERYH�� DUHWKH�IROORZLQJ���� 7KH� UDGLDWLRQ� GRVHV� DUH� PDLQO\LQGXFHG�E\�5%�SDUWLFOHV��SURWRQV���LQWKH� ZKROH� UDQJH� RI� UHDVRQDEOHVKLHOGLQJ� WKLFNQHVVHV�� 'XULQJPLQLPXP� VRODU� DFWLYLW\� WKH� UDGLDWLRQGRVHV�DUH�PD[LPXP�
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VROLG � VRODUPD[LPXPGDVKHG� VRODUPLQLPXP

)LJ�����7KH�UDGLDWLRQ�GRVHV�LQ�,66�RUELW�XQGHU�GLIIHUHQWVKLHOGLQJ� WKLFNQHVVHV�� FDOFXODWHG� XVLQJ� 5%�6,13�*&5�6,13� DQG� 6(3�6,13� PRGHOV� IRU� DQ� ���\HDUSHULRG� RI� DFWLYH� H[LVWHQFH� �.X]QHWVRY� DQG� /REDNRY�
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&55(65$0 ��/���
GDVKHG � H[SHULPHQW

VROLG � FDOFXODWLRQV

)LJ�� ���� ([SHULPHQWDO� UHVXOWV� IURP� &55(6� DQG� 6(8UDWH� FDOFXODWLRQV�DFFRUGLQJ� WR� WKH�PRGHO� � %DVKNLURY� HWDO���������

���7KH� ODUJHVW�6(8� UDWHV� VKRXOG� EH� H[SHFWHG� IRU� YHU\� ODUJH� 6(3� HYHQWV��ZKLFK� RFFXUZLWK�D����SUREDELOLW\��0RVW�RI�WKH�6(3�HYHQWV�JLYH�VLJQLILFDQWO\�ORZHU�6(8�UDWH�OHYHOV�)RU�H[DPSOH������RI�WKH�6(3�OHDG�WR�6(8�ZLWK�UDWHV��VLJQLILFDQWO\�ORZHU��WKDQ�WKH�UDWHVRI�*&5�LQGXFHG�6(8V����6LPXOWDQHRXVO\�� LW� FDQ�EH�QRWHG�� WKDW� XQGHU� WKH� LPSDFW�RI�RQO\�RQH�RI� WKH� UDGLDWLRQFRPSRQHQWV�*&5�RU�6(3��IRU�VPDOO�WKLFNQHVV�RI�VSKHULFDO�VKLHOGLQJ��WKH�6(8�UDWH�JURZVZLWK�LQFUHDVLQJ�VKLHOGLQJ�WKLFNQHVVHV��7KLV�HIIHFW�LV�PRVW�SURQRXQFHG�IRU�6(3�SDUWLFOHV�
�������*HRVWDWLRQDU\�(DUWK�2UELWV���*(2
7KLV�W\SH�RI�RUELW�LV�FKDUDFWHUL]HG�E\�WKH�H[LVWHQFH�RI�UDSLG�YDULDWLRQV�RI�5%�SDUWLFOHIOX[HV� �VHH������� DV�ZHOO� DV�6(3� DQG�*&5�YDULDWLRQV�� W\SLFDO� IRU� LQWHUSODQHWDU\� VSDFH�([DPSOHV�RI�6(8�FDOFXODWLRQV�XQGHU�WKH�LPSDFW�RI�*&5�DQG�6(3�LQ�JHRVWDWLRQDU\�RUELWDUH�JLYHQ� LQ�������DQG�������� UHVSHFWLYHO\��7KH�SHFXOLDULWLHV�RI�GRVH�HIIHFW� FDOFXODWLRQVDUH�JLYHQ�LQ������,W�LV�QHFHVVDU\�WR�PHQWLRQ��WKDW�WKH�H[LVWHQFH�RI�UDSLG�YDULDWLRQV�RI�WKHHOHFWURQ�FRPSRQHQW�LQ�WKH�RXWHU�5%�UHJLRQ�RQ�WLPH�VFDOHV�IURP�IUDFWLRQV�RI�D�PLQXWH�WRVHYHUDO� GD\V� GXULQJ� JHRPDJQHWLF� VWRUPV�� DV� ZHOO� DV� VRODU� F\FOH� YDULDWLRQV�� PDNHV� LWGLIILFXOW� WR�XVH�5%�PRGHOV��ZKLFK�DUH�HVVHQWLDOO\�VWDWLF�� IRU�SUHFLVH�FDOFXODWLRQV�RI� WKHUDGLDWLRQ�ORDG�

�������+LJK�DSRJHH�(OOLSWLF�2UELWV���+(2
6XFK� RUELWV� �ZLWK� SHULJHH� DQGDSRJHH� DOWLWXGHV� IURP� VHYHUDOKXQGUHG� WR� VHYHUDO� WKRXVDQGNLORPHWHUV�� W\SLFDOO\� LQWHUVHFW� ERWKWKH� LQQHU� DQG� RXWHU� 5%� ]RQHV�7KHUHIRUH�� 6(8� FDOFXODWLRQV� EHVLGHVFRVPLF� UD\� SDUWLFOH� IOX[HV� VKRXOGDFFRXQW� IRU� WKH� LPSDFW� RI� WUDSSHGSURWRQV� RI� WKH� LQQHU� ]RQH�� )LJ���VKRZV� WKH� 6(8� UDWH� FDOFXODWLRQV� LQPLFURFKLSV� RQ� WKH� &55(6� VDWHOOLWH�GHSHQGLQJ� RQ� WKH� /�VKHOO� SDUDPHWHUIRU� LQQHU�5%�]RQH�SURWRQV�DQG�*&5SDUWLFOHV��IRU�VKLHOGLQJ�WKLFNQHVVHV�RI��J�FP��� �%DVKNLURY� HW� DO��� ������7KH� REVHUYHG� H[SHULPHQWDO� GDWD� RQ/��� FDQ� EH� DGHTXDWHO\� GHVFULEHG� E\WKH� LPSDFW� RI� 5%� SURWRQV�� 7KHPD[LPXP� QXPEHU� RI� XSVHWV� LV� REVHUYHG� LQ� WKH� UDQJH� RI� /�VKHOOV�� ZKHUH� WKH� VDWHOOLWHHQFRXQWHUV�WKH�PD[LPXP�SURWRQ�IOX[�RQ�/a�����IRU�RUELW�DOWLWXGHV�RI�a����������NP��+RZHYHU�� WKH� UHVXOWV� RI� *&5� LQGXFHG� 6(8� FDOFXODWLRQV� LQ� WKH� RXWHU� ]RQH� GR� QRWFRLQFLGH�ZLWK�WKH�H[SHULPHQWDO�UHVXOWV��ZKLFK�UHTXLUHV�DGGLWLRQDO�DQDO\VLV�

���&RQFOXVLRQV
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([LVWLQJ� WUDSSHG� UDGLDWLRQ� PRGHOV� FDQ� RQO\� EH� XVHG� DV� LQGLFDWLYH� RQHV�� )RU� PRUHDFFXUDWH�PRGHO�FDOFXODWLRQV�RI�WKH�UDGLDWLRQ�HQYLURQPHQW�LW�LV�QHFHVVDU\�WR�XVH�DYDLODEOHH[SHULPHQWDO�GDWD�IRU�VSHFLILF�RUELWV�DQG�WLPH�SHULRGV�2XU�FXUUHQW�XQGHUVWDQGLQJ�RI�WKH�W\SHV�RI�SDUWLFOH�YDULDWLRQV�LQ�WKH�5%�DOUHDG\�SHUPLWVWR�PDNH�HVWLPDWHV�RI� WKH�SDUWLFOH� IOX[HV�RQ� WLPH�VFDOHV� UDQJLQJ� IURP� VXEVWRUPV� WR� WKHZKROH�VRODU�F\FOH�7KH�H[LVWLQJ�G\QDPLF�*&5�PRGHO��*&5�068��&5(0(�����DGHTXDWHO\�GHVFULEHV�WKHYDULDWLRQV�RI�*&5�QXFOHL�DQG�FDQ�EH�XWLOL]HG�IRU�DFFXUDWH�UDGLDWLRQ�HIIHFW�FDOFXODWLRQV�7KH� VRODU� HQHUJHWLF� SDUWLFOH� PRGHO� ZKLFK� LV� HVVHQWLDO� IRU� HQJLQHHULQJ� FDOFXODWLRQV� RIUDGLDWLRQ� HIIHFWV� KDV� QRW� \HW� EHHQ� FRPSOHWHG�� 7KHUH� DUH� VLJQLILFDQW� GLVFUHSDQFLHVEHWZHHQ� WKH� QHZ� 6RODU� (QHUJHWLF� 3DUWLFOH�PRGHO� GHYHORSHG� DW�068� �6(3�6,13�� DQGSUHYLRXV�PRGHOV��&5(0(�����-3/�����HWF���7KH� DOEHGR� HQYLURQPHQW� LQ� /(2� UHTXLUHV� V\VWHPDWL]DWLRQ�� DQG�� SRVVLEO\� DGGLWLRQDOSK\VLFDO� PRGHOLQJ� DLPHG� DW� GHYHORSLQJ� D� FRPSUHKHQVLYH� DOEHGR� UDGLDWLRQ� PRGHO�LQFRUSRUDWLQJ�DOO� WKH�UDGLDWLRQ� FRPSRQHQWV� DW� ORZ�DOWLWXGHV�7KH�DFFXUDF\� RI� VHFRQGDU\SDUWLFOH� IOX[�PRGHOV�GHSHQGV�RQ�ERWK� WKH�DFFXUDF\�RI� WKH�VSHFLILF� VSDFHFUDIW� VKLHOGLQJDQG� PDVV� GLVWULEXWLRQ�� DQG� RQ� WKH� VXUURXQGLQJ� HQYLURQPHQW� PRGHO�� 8WLOL]DWLRQ� RIPRGHUQ�WUDQVSRUW�FRGHV�OLNH�*($17�LV�UHTXLUHG�IRU�PRGHOLQJ�WKH�UDGLDWLRQ�HQYLURQPHQWLQVLGH�WKH�VSDFHFUDIW�7KH�KLJK� OHYHO� RI� LQWHJUDWLRQ� DQG�PLQLDWXUL]DWLRQ� RI�PRGHUQ� HOHFWURQLFV� LV� WKH�PRVWµVHQVLWLYH¶� DVSHFW� RI� RXU� FXUUHQW� XQGHUVWDQGLQJ� RI� UDGLDWLRQ� HIIHFWV� RQ� VSDFH� V\VWHPV�1HZ�HOHFWURQLFV�GHPDQGV�QRW�RQO\��LPSURYHG�DFFXUDF\�RI�UDGLDWLRQ�HQYLURQPHQW�PRGHOVDQG�FDOFXODWLRQV��EXW�DOVR�PRUH�DFFXUDWH�VWXGLHV�RI�WKH�SK\VLFDO�PHFKDQLVPV�RI�FKDUJHGSDUWLFOH�LQWHUDFWLRQV�ZLWK�WKH�VSDFHFUDIWV�PDWHULDO�:KLOH� DFFRPSOLVKLQJ� VSDFH� H[SHULPHQWV� ZH� QHHG� WR� NHHS� LQ� PLQG�� WKDW� WKH� VSDFHHQYLURQPHQW� LV� DJJUHVVLYH� WRZDUGV� DQ\� PDQ�PDGH� REMHFW� SODFHG� LQVLGH� LW�� LQFOXGLQJWRZDUGV�PDQ�KLPVHOI��7KHUH�DUH�QR�RUELWV�RU�WLPH�LQWHUYDOV�ZKLFK�ZRXOG�EH�FRPSOHWHO\UDGLDWLRQ�VDIH�� 7KH� TXHVWLRQ� LV� KRZ� KD]DUGRXV� WKHVH� HIIHFWV� RI� WKH� DJJUHVVLYHHQYLURQPHQW�FDQ�EH��ZKDW�DUH�WKH�PRVW�VXLWDEOH�DQG�DFFHSWDEOH�UDGLDWLRQ�WKUHVKROGV�WR�EHSURSRVHG�DV�RSWLPL]HG�LQWHUQDWLRQDO�VWDQGDUGV�
$FNQRZOHGJHPHQWV
7KH� DXWKRU� VLQFHUHO\� ZLVKHV� WR� WKDQN� WKH� RUJDQL]HUV� RI� WKH�1$72�$GYDQFHG� 6WXG\,QVWLWXWH�RQ�6SDFH�6WRUPV�DQG�6SDFH�:HDWKHU�+D]DUG���WKH�'LUHFWRUV�RI�$6,�'U��,RDQQLV'DJOLV�DQG�3URI��<XULL�*DOSHULQ�IRU�WKH�RSSRUWXQLW\�WR�SUHVHQW�WKLV�WXWRULDO�OHFWXUH�DQG�WRSXEOLVK�LW�LQ�WKHVH�SURFHHGLQJV��7KH�DXWKRU�LV�H[WUHPHO\�JUDWHIXO�WR�3URI��-RVHSK�/HPDLUHIRU�PDQ\�YDOXDEOH�FRPPHQWV�

5HIHUHQFHV
$GDPV�� -�� ������� &RVPLF� UD\� HIIHFWV� RQ� PLFURHOHFWURQLFV�� LQ� 1DYDO� 5HVHDUFK/DERUDWRU\�0HPRUDQGXP�5HSRUW� ,9��:DVKLQJWRQ��86$���������
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