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V� UHVSLUDWRU\� FKDLQ� FRPSDUHG� WR� WKH� FODVVLFDOPLWRFKRQGULDO� FKDLQ�� ,Q� DGGLWLRQ� WR� WKH� FODVVLFDO� VHW� RI�F\WRFKURPHV�� WKH� \HDVWPLWRFKRQGULD� KDYH� WKH� VSHFLILF� FDUULHU�� F\WRFKURPH� E��� DQG� D� VSHFLDO� 1$'+�GHK\GURJHQDVH��VR�WKH�ILUVW�HQHUJ\�FRXSOLQJ�SRLQW�IXQFWLRQV�ZLWK�H[WUHPH�ODELOLW\>��@�$EVRUSWLRQ�EDQGV� RI�PRVW� FRPSRQHQWV� RI� WKH� UHVSLUDWRU\�FKDLQ�IODYRSUR�WHLQVDQG� KHPRSURWHLQV� DUH� LQ� WKH� EOXH� ���������QP��SDUW� RI� VSHFWUXP��&\WRFKURPHVDEVRUE�LQ�WKH�JUHHQ�UHJLRQ��LQ�WKH�UHG�UHJLRQ��DERXW�����QP��DEVRUE�VHPLTXLQRQHIRUPV�RI�IODYR�SURWHLQV�DV�ZHOO�DV�WHUPLQDO�R[LGDVHV�F\W�G��LW�LV�WKLV�EUDQFK�RI�WKHUHVSLUDWRU\�FKDLQ�WKDW�SUHYDLOV�ZKHQ�EDFWHULD�(��FROL



DUH�JURZQ�LQ�WKH�DEVHQFH�RI�DHUDWLRQ�ZKLFK�LV�D�FRQGLWLRQ�LQ�RXU�H[SHULPHQWV�>��@��DQG� F\W� D�Za >��@� ZKLFK� LV� WKH� WHUPLQDO� R[LGDVH� RI� PLWRFKRQGULDO� FKDLQV�� 7KHDERYH�PHQWLRQHG�FRPSOH[�DEVRUEV�DW�DERXW���������������DQG�����QP�>��@�DQG�WKHF\W� G� DEVRUEV� DW� ���� QP� DQG� ���� QP� >��@�� 7KXV�� D� GLVWLQFW� FRUUHODWLRQ� H[LVWVEHWZHHQ�WKH�DFWLRQ�VSHFWUD� �)LJ�����DQG�WKH�DEVRUSWLRQ�EDQGV�RI� UHVSLUDWRU\�FKDLQFRPSRQHQWV�IRU�WKH�FRUUHVSRQGLQJ�RUJDQLVPV�$QRWKHU� DUJXPHQW� LQ� IDYRU� RI� WKH� VXJJHVWLRQ� WKDW� WKH� SULPDU\�SKRWRDFFHSWRUVFDQ� EH� FRPSRQHQWV� RI� WKH� UHVSLUDWRU\� FKDLQ� LV� DQ� LQWLPDWH� FRUUHODWLRQ� EHWZHHQR[\JHQ�FRQVXPSWLRQ�DFWLYLW\� DQG� FXOWXUH�JURZWK�ZKLFK� LV� HVSHFLDOO\� DSSUHFLDEOHIRU�PLFURRUJDQLVPV��)RU�LQVWDQFH��LQ�RXU�H[SHULPHQWV�ZLWK�\HDVW�FXOWXUHV�>������@FRUUHODWLRQV ZHUH�IRXQG�EHWZHHQ�WKH� UHVSLUDWLRQ�LQWHQVLW\�RI�DQ� LQWDFW�FXOWXUH�DQGLWV�DELOLW\�WR�DFWLYDWH�LWVHOI�DIWHU�D�+H�1H ODVHU�LUUDGLDWLRQ��FXUYH���LQ�)LJ������DQG�LQLUUDGLDWHG�ZLWK�+H�1H ODVHU� FXOWXUHV� EHWZHHQ� WKH�1$'+�GHK\GURJHQDVH DFWLYLW\DQG�WKH�VWLPXODWLRQ�RI�ELRPDVV DFFXPXODWLRQ��FXUYH���LQ�)LJ�����
���$5(�7+(�6$0(�35,0$5<�3+272$&&(372565(63216,%/(�)25�67,08/$7,9(�$1'�,1+,%,725<$&7,21�2)�/,*+7"
$Q� DQDO\VLV� RI� WKH� GDWD� �UHVSLUDWLRQ� VWLPXODWLRQ�FXOWXUH� JURZWK� UDWH� VWLPXODWLRQ�DQG� �UHVSLUDWLRQ� LQKLELWLRQ�JURZWK� UDWH� LQKLELWLRQ�� PDNHV� LW� SRVVLEOH� WR� FRQWHQGWKDW�LQ�ERWK�FDVHV�WKH�VDPH�PROHFXOHV�FDQ�SOD\�WKH�UROH�RI�SKRWRDFFHSWRUV�ZKLOH�WKHGRVH� DQG� WKH� LQWHQVLW\� RI� WKH� OLJKW� GLFWDWH� WKH� VLJQ� RI� WKH� HQG�PDFURHIIHFW�� )RUH[DPSOH��WKH�DFWLRQ�VSHFWUD�RI�VWLPXODWLYH��)LJ�����DQG�OHWKDO�DFWLRQ�RI�EOXH�OLJKW�RQ(��FROL >��@�ERWK�KDYH�PD[LPD�RI���������DQG���������QP��7KH�VWLPXODWLQJ�GRVHVRI�EOXH� OLJKW� IDOO�ZLWKLQ� WKH� UDQJH�EHWZHHQ����DQG���� -�P� �)LJ������ZKLOH� OHWKDODFWLRQ� LV� FDXVHG� E\� GRVHV� RI ������� -�P�� >��@�� ,Q� ERWK� FDVHV�� WKH� IODYLQFRPSRQHQWV�RI�WKH�UHVSLUDWRU\�FKDLQ�DUH�GLVFXVVHG�DV�SKRWRDFFHSWRUV�>������@��)RUPDPPDOLDQ�FHOOV��GDWD�DERXW�VWLPXODWLYH�DQG�LQKLELWLYH�DFWLRQ�RI�EOXH�DQG�UHG�OLJKWDUH� UHYLHZHG� LQ� >��@�� 6R�� WKH� SKRWRFRQWURO� RI� WKH� FHOO� PHWDEROLVP� IURP� WKHYLHZSRLQW�RI�SRVLWLYH��VWLPXODWLQJ��HIIHFW�WDNHV�SODFH�RQO\�LQ�D�QDUURZ�GRVH�UDQJHRI� OLJKW�� $V� WKH� GRVH� LQFUHDVHV�� WKH� SKRWRUHFHSWRUV� DUH� GDPDJHG� DQG� WKH� HIIHFWGHFUHDVHV�� $� IXUWKHU� LQFUHDVH� RI� WKH� GRVH� FDXVHV� GHVWUXFWLRQ� RI�SKRWRUHFHSWRUVZKLFK� LV� DFFRPSDQLHG� E\� JURZWK� LQKLELWLRQ� DQG� FHOO� OHWKDOLW\�� 7KH� IDFW� WKDWLUUDGLDWLRQ� RI� FHOOV� ZLWK� YLVLEOH� OLJKW� RI� RQH� DQG� WKH� VDPH� ZDYHOHQJWK� DQGDEVRUSWLRQ� RI� WKLV� OLJKW� E\� WKH� VDPH� PROHFXOHV� KDV� ERWK� D� SRVLWLYH� HIIHFW�DFFHOHUDWLRQ�RI



),*85(� ��� &RUUHODWLRQV�� $�� EHWZHHQ� WKH� UHVSLUDWLRQ� LQWHQVLW\� RI� LQWDFW� \HDVW� FXOWXUHV� DQGSRVVLEOH� PD[LPDO� ELRPDVV� DFFXPXODWLRQ� VWLPXODWLRQ� DIWHU� LUUDGLDWLRQ� ZLWK� +H�1H� ODVHU� LQRSWLPDO� FRQGLWLRQV� �VHH�'PD[ RQ�)LJ�� ����%�� EHWZHHQ� WKH� DFWLYLW\� RI�1$'+�GHK\GURJHQDVHVDQG�ELRPDVV�DFFXPXODWLRQ�VWLPXODWLRQ�DIWHU�WKH�LUUDGLDWLRQ�RI�7RUXORSVLV�VSOXLHULFX \HDVW�ZLWK+H�1H�ODVHU�LQ�GLIIHUHQW�GRVHV��IURP���[���� WR������[���� -�P����'HWHUPLQDWLRQ�RI�UHVSLUDWLRQLQWHQVLW\�DQG�1$'+�GHK\GURJHQDVH�DFWLYLW\�DUH�GHVFULEHG�LQ�>��������

FHOO�GLYLVLRQ��DQG�D�QHJDWLYH�HIIHFW��GDPDJH�WR�LQWUDFHOOXODU�V\VWHPV�DQG�HYHQ�GHDWKRI�FHOOV��FDQ�EH�H[SODLQHG�DV�IROORZV��7KHUH�DUH�WZR�SURFHVVHV�LQYROYLQJ�RQH�DQG�WKHVDPH�SULPDU\�SKRWRSURFHVV�HOHFWURQLF�H[FLWDWLRQ��2QH�RI�WKHP�LV�WKH�DFFHOHUDWLRQ�RIWKH�HOHFWURQ�WUDQVIHU�LQ�WKH�UHGR[�SDLUV�LQ�VRPH�VHFWLRQV�RI�WKH�UHVSLUDWRU\�FKDLQ��DQGWKH� RWKHU�� WKH� WUDQVIHU�RI� WKH� H[FLWDWLRQ� HQHUJ\� WR� R[\JHQ� WR� IRUP �H� �DV�ZLOO� EHUHFDOOHG�� IODYLQV� DQG� F\WRFKURPHV� DUH� SKRWRVHQVLWL]HUV��� $W� GRVHV� FDXVLQJELRVWLPXODWLRQ��WKH�IRUPHU�SURFHVV�SUHGRPLQDWHV��WKH�UHVXOW�EHLQJ�WKH�UHGR[�FRQWURORI�WKH�FHOOXODU�PHWDEROLVP���DQG�DW�KLJK�GRVHV�WKHUH�RFFXUV�SKRWRG\QDPLF�GDPDJH�
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7KH� H[SHULPHQWDO� GDWD� VKRZ� WKDW� FRPSDUDWLYHO\� ORZ� GRVHV �������� -�P��� DQGVKRUW�SHULRGV���������V��RI�LUUDGLDWLRQ�FDXVH�D�PDFURHIIHFW�ODVWLQJ�IRU�D�ORQJ�WLPH�1RWH�WKDW�LQ�)LJXUHV���DQG����:KHQ�WKH�+H/D�FHOO�FXOWXUH�LQ�WKH�VWDWLRQDU\�JURZWKSKDVH�ZDV�LUUDGLDWHG�E\�WKH�+H�1H�ODVHU�DQG�WKH�FHOOV�ZHUH�VXEFXOWXUHG�DW�YDULRXVLQWHUYDOV�DIWHU�LUUDGLDWLRQ��IURP���WR�����PLQXWHV���WKH�FXOWXUH�JURZWK�VWLPXODWLRQLQ� WKH� H[SRQHQWLDO� SKDVH� RI� JURZWK� ZDV� REVHUYHG� RYHU� ���� GD\V� �)LJ�� ��� >��@�6WLPXODWLRQ� ZDV� QRWHG� ZKHQ� WKH� LQWHUYDO� EHWZHHQ� WKH� LUUDGLDWLRQ� DQG� WKHUHSODQWDWLRQ�ZDV����PLQ��RU�PRUH�7KH�7RUXORSVLV�VSKDHULFD \HDVW�FXOWXUH�ZDV�LUUDGLDWHG�E\�+H�1H�ODVHU��LQFXEDWHGGXULQJ� ��� KRXUV� �DW� OHDVW� �� GLYLVLRQV��� IROORZLQJ� ZKLFK� WKH� DFWLYLW\� RI� VRPHHQ]\PHV�ZDV�GHWHUPLQHG� �)LJ����� >��@�� 7KH� GDWD�REWDLQHG� VKRZ� WKDW� WKH� JURZWKVWLPXODWLRQ� LV� DFFRPSDQLHG� E\� WKH� UHVSLUDWLRQ� DFWLYLW\� LQFUHDVH� �ZLWK� QRDFFXPXODWLRQ� RI� WR[LF� LQWHUPHGLDWHV� RI� R[\JHQ� PHWDEROLVP�� DQG� E\� V\QWKHWLFSURFHVVHV�LQ�FHOO�SUHGRPLQDQFH�RYHU�GHJHQHUDWLYH�RQHV�7KHVH�GDWD�LQGLFDWH�WKDW�WKH�LUUDGLDWLRQ�FDXVHV�D�FHOO�PHWDEROLVP�UHDUUDQJHPHQW�WKH�OLJKW�SOD\LQJ�WKH�UROH�RI�D�WULJJHU�FRQWUROOHU�RI�WKH�FHOO�PHWDEROLVP�
���7+(�3266,%/(�0(&+$1,60�21�&(//8/$5�/(9(/,W�KDV�EHHQ�NQRZQ�WKDW�WKH�SUROLIHUDWLRQ�RI�FHOOV�GHSHQGV�RQ�QXPHURXV� IDFWRUV�RIWKH� HQYLURQPHQW� �WKH� QXWULHQW� PHGLXP�LRQV� FRPSRVLWLRQ�� KRUPRQHV� DQG� JURZWKIDFWRUV� SUHVHQFH�� WHPSHUDWXUH��HWF��� ,W� LV� SRVVLEOH� WKDW� PRQRFKURPDWLF� OLJKW�� WRZKLFK�RUJDQLVPV�DUH�QRW�HYROXWLRQDOO\�DGDSWHG��DV�RSSRVHG�WR�WKH�ZKLWH� OLJKW�� WRZKLFK� RUJDQLVPV� KDYH� EHHQ� DGDSWHG�HYROXWLRQDOO\��� LV� RQH� RI� WKH� HQYLURQPHQWIDFWRUV��H[WHUQDO�DJHQWV��FDSDEOH�WR�PRGLI\�WKH�FHOOV�SUROLIHUDWLRQ��,Q�WKLV�FDVH�WKHJURZWK� VWLPXODWLRQ�RU� LQKLELWLRQ� E\� OLJKW� FRXOG�EH� WUHDWHG� DV� RQH� RI� WKH� VHQVRU\UHVSRQVHV� IRU� DFFRPRGDWLRQ� WR� WKH� HQYLURQPHQWDO� FRQGLWLRQV�� $FFRPRGDWLRQ�EHKDYLRUDO�� UHVSRQVHV� RI� EDFWHULD�� LQFOXGLQJ� (� FROL� DUH� FRQQHFWHG� ZLWK� WKHSKHQRPHQRQ�RI�SURWRQ�PRWLYH�IRUFH�VHQVLQJ��SPI�VHQVLQJ��>������@��7KH�EDFWHULDXWLOL]H� WKHLU� UHVSLUDWRU\� FKDLQ� DV� WKH� VHQVRU� IRU� D� EHKDYLRUDO� UHVSRQVH� �H�J��DHURWD[LV��FKHPRWD[LV��HWF��� ,Q�WKLV�FDVH�DQ\�SDUDPHWHU�WKDW�DOWHUV�WKH�SPI�FDQ�EH�DVWLPXOXV�>������@��7KXV��WKH�SRVVLEOH�UROH�RI�OLJKW�DV�D�JURZWK�FRQWUROOLQJ�VLJQDO�IRUD�SURFDU\RWLF�PLFURRUJDQLVPV�FDQ�EH� VWDWHG�DV�� WKH� OLJKW� VLJQDO� SHUFHLYHG�E\� WKHFHOO�UHVSLUDWRU\�FKDLQ�LV�D�FDVH�RI�WKH�PRUH�JHQHUDO�FODVV�RI�WKH�VHQVRU\�UHFHSWLRQUHDFWLRQV�



),*85(����7KH�JURZWK�FXUYHV�RI�+H/D�FXOWXUH�DIWHU� LUUDGLDWLRQ�RI�SODWHDX�SKDVH�FHOOV�ZLWK+H�1H�ODVHU��'� ����-�P���DQG�SODWLQJ�FHOOV�LQWR�IUHVK�QXWULHQW�PHGLXP����������������RU����PLQ��DIWHU�WKH�LUUDGLDWLRQ�>��@��7KH�DEVFLVVD�JLYHV�WKH�UDWLR�RI�QXPEHU�RI�FHOOV�LQ�GD\�LQ��1Q�DQG�DW�WKH�HQG�RI�ILUVW�GD\��1�_���WKH�RUGLQDWH�JLYHV�WKH�GD\V��'D\Q��DIWHU�WKH�SODWLQJ�



),*85(����&KDQJHV�LQ�DFWLYLW\�RI�GLIIHUHQW�HQ]\PHV����KUV��DIWHU�WKH�LUUDGLDWLRQ�RI�7RUXORSVLVVSKDHULFD \HDVW�ZLWK�+H�1H�ODVHU��'� ���[���� -�P���>��@�
7KHVH� UHDFWLRQV� VKDUH� WKH� VDPH� LQLWLDO� VWDJH� �D� YDULDWLRQ� LQ� WKH�SURWRQPRWLYH� IRUFH��ZKLOH� VLJQDO� UHDOL]DWLRQ� PHFKDQLVPV� �VLJQDO� WUDQVGXFWLRQ� FKDLQV�� DQG� HQG� UHVXOWVGLIIHU��,Q�)LJXUH��$�WKHUH�LV�D�SRVVLEOH�VFKHPH�IRU�SKRWRVLJQDO�WUDQVPLVVLRQ�LQ�(��FROLFHOOV�7KH� VHQVRU\� WUDQVPLVVLRQ� FKDLQ� LQ�HXFDU\RWLF� FHOOV� LV� D� PRUH� FRPSOLFDWHG� FDVH�$FFRUGLQJ� WR� WKH�XQLYHUVDOO\�DGRSWHG�VWDQGSRLQW��HQYLURQPHQWDO�VLJQDOV� LQIOXHQFLQJWKH� HXFDU\RWLF� FHOO� SUROLIHUDWLRQ� DUH� SHUFHLYHG� DQG� WUDQVIHUUHG� E\� WKH� FHOOXODUPHPEUDQH� DQG� WUDQVIHUUHG� WR� WKH� QXFOHXV� �IRU� LQVWDQFH�� DFWLRQ� RI� JURZWK� IDFWRUV�PLWRJHQHV�RI�WKH�3+$�W\SH��HWF��� 6KRXOG�RXU�VXJJHVWLRQ�FRQFHUQLQJ�WKH� UHVSLUDWRU\FKDLQ� DV� WKH� SULPDU\� SKRWRDFFHSWRU� �VHH� SDUW� �� RI� WKLV� SDSHU�� EH� FRUUHFW�� WKHSKRWRVLJQDO� WUDQVPLVVLRQ� PXVW� EH� PXFK� PRUH� FRPSOLFDWHG�� )LJXUH� �%� VKRZV� DSRVVLEOH� VFKHPH� RI� WKH�SKRWRVLJQDO WUDQVGXFWLRQ� LQ� HXFDU\RWLF� FHOOV�� DV� LW� PD\� EHWKRXJKW�RI�EDVHG�RQ�VFDQW\�H[SHULPHQWDO�GDWD�DYDLODEOH�WRGD\�2QH�FDQ�LPDJLQH�WKH�IROORZLQJ�VFKHPH�RI�LQWHUDFWLRQ�EHWZHHQ�ORZ�LQWHQ�
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VLW\� PRQRFKURPDWLF� YLVLEOH� OLJKW� DQG� D� FHOO�� 7KH� DEVRUSWLRQ� RI� OLJKW� E\� WKHUHVSLUDWRU\� FKDLQ� FRPSRQHQWV²IODYLQH� GHK\GURJHQDVHV�� F\WRFKURPHV�� DQGF\WRFKURPH�R[LGDVH²FDXVHV�D�VKRUW�WHUP�DFWLYDWLRQ�RI� WKH� UHVSLUDWRU\�FKDLQ�DQGR[LGDWLRQ�RI�WKH�1$'�SRRO��WKLV� LQ�WXUQ�OHDGLQJ�WR�FKDQJHV�LQ�WKH�UHGR[�VWDWXV�RIERWK�PLWRFKRQGULD� DQG� F\WRSODVP� >��@�� 7KH� DFWLYDWLRQ� RI� WKH� HOHFWURQ�WUDQVSRUWFKDLQ� PXVW� UHVXOW� LQ� DQ� LQFUHDVH� RI >P+� �SURWRQPRWLYH� IRUFH� '\ �HOHFWULFDOSRWHQWLDO� RI� PLWRFKRQGULDO� PHPEUDQH��� DQG� $73� SRRO� DQG� DFLGXODWLRQ� RIF\WRSODVP��7KDW�WKLV�LQIHUHQFH�LV�WUXH�KDV�EHHQ�FRQILUPHG�H[SHULPHQWDOO\��FKDQJHVLQ 'P+ ��'\ DQG�'jG KDYH�EHHQ�DFKLHYHG�DV�ZHOO�DV�H[WUDV\QWKHVLV RI�$73�>��@E\� LUUDGLDWLQJ�PLWRFKRQGULD�ZLWK� D� +H�1H ODVHU�� DQG� E\� LUUDGLDWLQJ� FHOOV� ZLWK� DZLGH�EDQG�YLVLEOH�OLJKW�RI�O  �����QP��WKH\�KDYH�PDQDJHG�WR�HQKDQFH�WKH�DFWLYLW\RI�$73�V\QWKHWDVH >��@�7KH�ULVH�RI�WKH�LQWUDFHOOXODU�+� FRQFHQWUDWLRQ�FRQWUROV�DOORVWHULFDOO\�WKH�DFWLYLW\RI�WKH�1D��+� DQWLSRUWHU�VLWXDWHG�LQ�WKH�F\WRSODVPLF�PHPEUDQH�>��@��7KLV�HQ]\PHSOD\V� D� NH\� SDUW� LQ� WKH� DONDOL]DWLRQ� RI� WKH� LQWUDFHOOXODU� PHGLXP�� $� VKRUW�WHUPLQFUHDVH�LQ�WKH�LQWUDFHOOXODU�S+�LV�RQH�RI�WKH�QHFHVVDU\�FRPSRQHQWV�LQYROYHG�LQ�WKHWUDQVPLVVLRQ�RI�PLWRJHQHWLF�VLJQDOV�LQ�WKH�FHOO�>��@��(DUOLHU�ZH�KDYH�VXJJHVWHG�WKDWORZ�LQWHQVLW\�ODVHU�OLJKW�DFWLYDWHV�WKH�GLYLVLRQ�RII��FROL E\�UDLVLQJ�WKH�LQWUDFHOOXODUS+�DV�D�UHVXOW�RI�SKRWRDFWLYDWLRQ�RI�WKH�UHVSLUDWRU\�FKDLQ�LQ�WKH�FDVH�RI�QHXWUDO�RUDFLG�H[WUDFHOOXODU�S+�YDOXHV�>��@�� WKH�QHFHVVDU\� LQWUDFHOOXODU�S+�OHYHO�LQ�WKH�FDVHRI� DONDOLQH� H[WUDFHOOXODU� K\GURJHQ� LRQ� FRQFHQWUDWLRQV� EHLQJ� SURYLGHG� E\� WKH1D��+� DQWLSRUWHU� >��@�� 7KXV�� ODVHU� OLJKW� FDQ�� LQ� SULQFLSOH�� VWLPXODWH� GLYLVLRQ� RIERWK�SURFDU\RWLF�DQG�HXFDU\RWLF�FHOOV�E\�FRQWUROOLQJ�WKH�LQWUDFHOOXODU�S+�7KH� LQFUHDVH� RI� WKH� LQWUDFHOOXODU� K\GURJHQ� LRQ� DQG� $73� FRQFHQWUDWLRQ� LQHXFDU\RWLF�FHOOV�FDXVHV�DFWLYDWLRQ�RI�RWKHU�PHPEUDQH�LRQ�FDUULHUV�DV�ZHOO��VXFK�DV1D� �.D� �$73DVH��7KH�DFWLYDWLRQ�RI�WKLV�HQ]\PH�OHDGV�WR�DQ�LQFUHDVH�LQ >D�@� DQGD� GHFUHDVH� LQ� >1D��� DQG� (P�� 7KH� YDULDWLRQ� RI� WKHVH� SDUDPHWHUV� LV� D� QHFHVVDU\FRPSRQHQW�LQ�WKH�FRQWURO�RI�WKH�SUROLIHUDWLRQ�DFWLYLW\�RI�WKH�FHOO�>�����@��,W�VKRXOGEH�ERUQH�LQ�PLQG�WKDW�FKDQJHV�LQ�WKH�UHVSLUDWRU\�FKDLQ�DOVR�DOWHU�WKH�IORZV�RI�&D�EHWZHHQ� PLWRFKRQGULD� DQG� F\WRSODVP�� ZKLFK� LQ� WXUQ� DIIHFWV� WKH� UDWLR>KZ�@L�>KZ��@R� 1RWH�WKDW�DOWHUDWLRQ�RI�WKH�FHOOXODU�KRPHRVWDVLV�SDUDPHWHUV�HQWDLOV�DZKROH� FDVFDGH� RI� UHDFWLRQV�� DQG� WKH� FDXVDO� UHODWLRQVKLSV� DUH� YHU\� GLIILFXOW� WRHVWDEOLVK�XQDPELJXRXVO\�7KH�FKDQJHV�LQ�UHGR[�OHYHO�RI�WKH�FHOO�DV�ZHOO�DV�LQ�FRQFHQWUDWLRQ�RI�PRQR�DQGGLYDOHQW�LRQV�PD\�DIIHFW�LWV�PHWDEROLVP�E\�LQIOXHQFLQJ�WKH�F\FOLF�QXFOHRWLGHV�OHYHO>������@��,W�LV�ZHOO�NQRZQ�WKDW�FHOOXODU�PHWDEROLVP�DQG�GHYHORSPHQW�DUH�FRQWUROOHGE\� D� V\VWHP� RI� F\FOLF� Q\FOHRWLGHV�� SDUWLFXODUO\� F\FOLF� �
��
�DGHQRVLQHPRQRSKRVSKDWH��F$03���WKH�F$03�SURGXFWLRQ�DQG�WKH



),*85(����3RVVLEOH�SKRORVLJQDO�WUDQVGXFOLRQ�FKDLQV� IRU�JURZWK� VWLPXODWLRQ�E\�YLVLEOH� OLJKW� LQFDVH�RI��$��SURFDU\RWLF�����FROL`� DQG�%��HXFDU\RWLF�FHOOV��3RVVLEOH�DFWLRQ�RI�FKHPLFDOV��DX[LQ��.-�1D��6�2��� >������@� LV� VKRZQ��'P+���n 'S+�n��'F n  � LQFUHDVH� LQ� SKRWRQPRWLYH� IRUFH�� SURWRQJUDGLHQW� DQG� HOHFWULFDO� SRWHQWLDO� RI� PLWRFKRQGULDO� PHPEUDQH�� >$73@� n  � LQFUHDVH� LQ� $73FRQFHQWUDWLRQ��(1�n  LQFUHDVH�LQ�FHOOXODU�UHGR[�SRWHQWLDO��FKDQJH�LQWR�PRUH�R[LGL]HG
GLUHFWLRQ��� no»¼º«¬ª �

PLW1$'+1$' n»¼º«¬ª �
F\W1$'+1$'  R[LGDWLRQ�RI�1$'+�SRRO�LQ

PLWRFKRQGULRQ��FDXVLQJ�FKDQJHV�LQ�1$'+�SRRO�RI�F\WRSODVP��1D��+� DQWLSRUWHU�I�DQG�1D��.��$73DVH� �DFWLYDWLRQ�RI�WKHVH�HQ]\PHV��(Pp  GHFUHDVH�RI�HOHFWULFDO�SRWHQWLDO�RI�FHOOXODUPHPEUDQH��S+,n  �GHFUHDVH�RI�+� FRQFHQWUDWLRQ�LQ�FHOO��'>&D��@L��'>F$03@� �FKDQJHV�LQLQWUDFHOOXODU�FRQFHQWUDWLRQ�RI�&D�� DQG�F$03��'1$��51$�V\QWKHVLV�n  �DFWLYDWLRQ�RI�QXFOHLFDFLGV�V\QWKHVLV�



F$03�GHSHQGHQW� SURWHLQ�NLQDVH� DFWLYLW\� EHLQJ� LQYROYHG� LQ� WKH� HYHQWV� OHDGLQJ� WRLQLWLDWLRQ� RI� '1$� V\QWKHVLV� >��@�� :H� KDYH� IRXQG� WKDW� WKH� LQWUDFHOOXODUFRQFHQWUDWLRQ�RI�F$03�FKDQJHV� LQ� D�PRQROD\HU�FXOWXUH�RI�&KLQHVH�KDPVWHU� FHOOVIROORZLQJ� WKHLU� LUUDGLDWLRQ�ZLWK� OLJKW� DW� ������ DQG�����QP� >��@�� 7KHVH� UHVXOWV� DVZHOO� DV� H[SHULPHQWDO� GDWD� DERXW� FKDQJHV� LQ� F$03� OHYHO� LQ� HXFDU\RWLFPLFURRUJDQLVPV�DIWHU�LUUDGLDWLRQ�ZLWK�EOXH�OLJKW�>������@�SURYLGH�JURXQGV�WR�EHOLHYHWKDW�WKH�DFWLRQ�RI�YLVLEOH�OLJKW�XSRQ�WKH�FHOO�PLJKW�EH�FRQQHFWHG�ZLWK�UHJXODWLRQ�RIFHOOXODU�PHWDEROLVP�YLD�F$03�9DULDWLRQV�LQ



F$03�OHYHO��DV�ZHOO�DV� LQ�HOHFWURSK\VLRORJLFDO�SURSHUWLHV�RI�FHOOXODU�PHPEUDQHVIROORZLQJ� EOXH� OLJKW� LUUDGLDWLRQ� >��@�� VKRZ� WKDW� WKH� F\WRSODVPDWLF� PHPEUDQHSDUWLFLSDWHV�LQ�WKH�SKRWRVLJQDO�WUDQVIHU�7KH� VFKHPH� VXJJHVWHG� DERYH� LV� D� SRVVLEOH� YHUVLRQ� RQO\��0RUH� H[SHULPHQWDOGDWD�DUH�QHHGHG�WR�XQGHUVWDQG�KRZ�OLJKW�VWLPXOXV�LV�FRQYHUWHG�LQWR�FKHPLFDO�DQGHOHFWULFDO�VLJQV�ZKLFK� DUH� XQGHUVWRRG�E\� WKH� FHOO�� DQG�KRZ� WKHVH� VLJQDOV� FDQ� EHGHWHFWHG�DQG�WUDQVPLWWHG�E\�FHUWDLQ�FHOOXODU�FRPSRQHQWV�
���3266,%/(�7+(5$3(87,&�0(&+$1,60/RZ� LQWHQVLW\�YLVLEOH� OLJKW�PD\� DFW�DV�D� UHJXODWLQJ� IDFWRU� RI�FHOO�SUROLIHUDWLRQ� LQWKH�ORFDO�PHGLFDO�HIIHFWV�RI�ORZ�LQWHQVLW\�UDGLDWLRQ�RI�+H�1H�ODVHU��O �������QP��+H�&G� ODVHU� �O  � ������ QP�� DQG� IDU� UHG� GLRGH� ODVHUV� �O  � �������� QP��ZKHQWUHDWLQJ� WURSKLF� XOFHUV� DQG� LQGROHQW� ZRXQGV�� ,Q� VXFK� LQMXULHV�� FRQGLWLRQVSUHYHQWLQJ�FHOO�UHSURGXFWLRQ��ORZ�YDOXHV�RI�R[\JHQ�FRQFHQWUDWLRQ�DQG�S+��ODFN�RIQHFHVVDU\� QXWULHQWV�� HWF�� GHYHORS� XQGHU� WKHVH� FRQGLWLRQV�� WKHUH� LV� DOPRVW� QRSUROLIHUDWLRQ� RI� FHOOV� DQG� WKH\� HQWHU� *R� SKDVH� RU� DUH� IRXQG� LQ�SURORJHG�*_�� )RUVXFK� FHOOV�� OLJKW� PD\� VHUYH� DV� D� VLJQDO� WR� LQFUHDVH� WKH� SUROLIHUDWLRQ�� ,QGHHG� ZHKDYH�QRWLFHG�WKH�HIIHFW�LQ�WKH�FDVH�RI�SODWHDX�SKDVH�+H/D�FHOOV� >������@�� DQG�*RFHOOV�OLNH�O\PSKRF\WHV�>��@��,Q�FDVH�RI�FHOOV�LQ�H[SRQHQWLDO�SKDVH�RI�JURZWK��)LJV������ >������� ��@�� WKH� VWLPXODWLRQ�E\� OLJKW�PD\� WDNH� SODFH� RQO\�ZKHQ� WKH� FXOWXUHJURZWK� UDWH� LV� VORZ�� ,Q� XVXDO� FRQGLWLRQV� RI� RXU� H[SHULPHQWV� WKH� ODEHOLQJ� LQGH[�SHUFHQW�RI�FHOOV�EHLQJ�LQ�6�SKDVH�RI�FHOOXODU�F\FOH��RI�H[SRQHQWLDO�JURZWK�SKDVH+H/D� FXOWXUH� LV� ������ SHUFHQW�� ,Q� WKLV� FDVH� DIWHU� WKH� LUUDGLDWLRQ� ZLWK� PD[LPDOVWLPXODWLYH�GRVHV��H�J� ����-�P��IRU�O  �������QP��WKH�ODEHOLQJ�LQGH[�LQFUHDVHV�WR������ SHUFHQW� >��@�� 2Q� WKLV� PRGHO� RI�+H/D� FXOWXUH� ZLWK� ODEHOLQJ� LQGH[� �����SHUFHQW�OHJLWLPDFLHV�GHVFULEHG�DERYH�DUH�YDOLG�� ,Q�WKH�FXOWXUH��ZKHUH� WKH�ODEHOLQJLQGH[� LV� KLJK�� SKRWRVWLPXODWLRQ� DSSHDUV� WR� EH� LPSRVVLEOH�� 7KLV� SUREOHP� LVGLVFXVVHG�LQ�>��@�7KH�VDPH�FRQFOXVLRQ�FRXOG�EH�GUDZQ�IURP�WKH�JURZWK�VWLPXODWLRQ�H[SHULPHQWVZLWK�PLFURRUJDQLVPV�� ,Q� DXWXPQ�DQG�ZLQWHU� WKH� FXOWXUH� IHDWXUHV� UHODWLYHO\� VORZJURZWK��)LJ������,Q�VSULQJ�DQG�VXPPHU��ZKHQ� WKH�FXOWXUH�JURZWK�DFFHOHUDWHV�DQGWKH�JURZWK�UDWH�RI�WKH�FRQWURO�LWVHOI�LV�DOPRVW�FRPSDUDEOH�ZLWK�WKDW�RI�WKH�DXWXPQ�ZLQWHU�SHULRG�DIWHU�H[SRVXUH�WR�DQ�RSWLPXP�GRVH�RI� UHG�OLJKW�� WKH� LUUDGLDWLRQ�KDVOLWWOH�HIIHFW��)LJ������7KXV��WKHUH� LV�DOPRVW�QR�SKRWRVWLPXODWLRQ�HIIHFW� LQ�VXPPHU�LQ�ZLQWHU�LW�LV�PD[LPXP��DQG�LQ�VSULQJ�DQG�DXWXPQ�WKH�HIIHFW�LV�LQWHUPHGLDWH��)LJ�����7KHUHIRUH��WKH�WKHUDSHXWLF



),*85(� ��� *URZWK� FXUYHV� RI� (�� FROL FXOWXUH� LQ� VXPPHU� �0DUFK�6HSWHPEHU�� DQG� ZLQWHU�2FWREHU�)HEUXDU\���DQG�DIWHU�WKH� LUUDGLDWLRQ�ZLWK�+H�1H�ODVHU��'� ���[���� -�P���LQ�VXPPHUDQG�ZLQWHU��7KH�JURZWK�VWLPXODWLRQ�LV�GHQQHG�DV�GLIIHUHQFH�LQ�WKH�QXPEHU�RI�FHOOV�LQ�LUUDGLDWHGDQG�QRQLUUDGLDWHG�FXOWXUH����PLQ��DIWHU�WKH�EHJLQQLQJ�RI�LQFXEDWLRQ�



),*85(� ��� 7KH� PD[LPDO� JURZWK� VWLPXODWLRQ� RI� PLFURRUJDQLVPV� ���� (VFEHULFKLD� FROL�� ��7RUXORSVLV� VSKDHULFD� ��� 6DFFKDURP\FRGHV� OXGZLJLL� DIWHU� LUUDGLDWLRQ� ZLWK� +H�1H� ODVHU� LQRSWLPDO�FRQGLWLRQV��'PD[ VHH�RQ )LJV���������$YHUDJH�GDWH�IURP�\HDUV����������7KH�H[SHULPHQWVZHUH� SHUIRUPHG� DOZD\V� DW� WKH� VDPH� WLPH� �QHDU� ��� D�P�� ZLWK� (�� FROL DQG� QHDU� �� S�P�� ZLWK\HDVWV��
HIIHFW� RI� ORZ�LQWHQVLW\� OLJKW� �EOXH�� UHG�� IDU� UHG�� RQ� LUUDGLDWLRQ� RI� IUHVK� ZRXQGV� LVPLQLPXP�� LI� DW� DOO�� EHFDXVH� LQ� WKLV� FDVH� WKH� FHOO� SUROLIHUDWLRQ� LV� KLJK� DQG� WKHUHJHQHUDWLRQ� RI� WLVVXH� LQWHJULW\� KDV�PRUH� RU� OHVV� PD[LPXP� UDWH�� 7KLV� PD\� EH� WKHUHDVRQ�ZK\� WKH�SKRWRWKHUDSHXWLF� HIIHFW� LV� RIWHQ� QRW� REVHUYHG� E\� WKH� LUUDGLDWLRQ� RIIUHVK� H[SHULPHQWDO�ZRXQGV� DQG�KDV�EHHQ� IRXQG�HIIHFWLYH� LQ� FDVH�RI� �ROG� DQG� EDG�RQHV��2I�FRXUVH��LW�VKRXOG�EH�ERUQ�LQ�PLQG�WKDW�SUROLIHUDWLRQ�FRQWURO�LQ�WKH�FDVH�RI�DQRUJDQLVP� LV� PXFK� PRUH� FRPSOH[� SURFHVV� FRPSDUHG� WR� D� FHOO� FXOWXUH�� ,Q� FOLQLFDOSUDFWLFH��ORZ�LQWHQVLW\�ODVHU�UDGLDWLRQ�LV�XVHG�IRU�WUHDWLQJ�QRW



RQO\�ORFDO�OHVLRQV��WURSKLF�XOFHUV�DQG�ZRXQGV��LQIODPPDWLRQV���EXW�YHU\�RIWHQ�DOVR�V\VWHPLF��HIIHFWV�KDV�EHHQ� IRXQG� �WKH� HIIHFW� LV� REVHUYHG�DW� VRPH�GLVWDQFH� IURPWKH� LUUDGLDWLRQ�VLWH�� >��@�� ,W� LV� H[DFWO\� WKLV� XQLYHUVDOLW\� RI� DFWLRQ�RI� ORZ�LQWHQVLW\OLJKW� �D� �FXUH� IRU� DOO� GLVHDVHV��� WKDW� JLYHV� ULVH� WR� VRPH� GLVWUXVW�� DOWKRXJK� YDVWVWDWLVWLFDO�PDWHULDO�KDV�EHHQ�DPDVVHG� WR�GDWH�SURYLQJ� WKDW� VXFK�D� WUHDWPHQW�KDV�DSRVLWLYH�HIIHFW� �>���������@� DQG� UHIHUHQFHV�PDGH� WKHUHLQ���7KH� SRVLWLYH� HIIHFWV� RISKRWRWKHUDS\�LQ�WKH�FDVH�RI��V\VWHPLF��WUHDWPHQW��H�J� SDLQ�UHOLHI��FDQ�EH�H[SODLQHGE\�WKH�IDFW�WKDW�ORZ�LQWHQVLW\�OLJKW��EOXH��UHG��DFWV�RQ�H[FLWDEOH�FHOOV� �P\RFDUGLDOFHOOV��QHXURQV��WR�JHQHUDWH�DFWLRQ�SRWHQWLDOV�LQ�WKHP��DOWHU�WKHLU�EHDWLQJ�IUHTXHQF\�HWF� >�����@��3URRI�FDQ�EH�IRXQG�LQ�WKHVH�ZRUNV�WKDW�SKRWRUHFHSWLRQ�RFFXUV�RQ�WKHOHYHO�RI�PLWRFKRQGULD�DQG�WKDW�WKH�LQWHQVLILFDWLRQ�RI�UHVSLUDWRU\�PHWDEROLVP�RI�WKHH[FLWDEOH�FHOO�DIIHFWV�WKH�HOHFWURSK\VLRORJLFDO�SURSHUWLHV�RI�LWV�PHPEUDQH�,W� LV� TXLWH� SRVVLEOH� WKDW� WKH� XQLYHUVDOLW\� RI� ORZ� SRZHU� ODVHU� HIIHFWV� ERWK� RQFHOOXODU�DQG�RUJDQLVP� OHYHOV� LV� GXH� WR� WKH�XQLYHUVDO�SKRWRELRORJLFDO PHFKDQLVP�YDULDWLRQ� RI� WKH� UHGR[ VWDWH� RI� WKH� UHVSLUDWRU\� FKDLQ� FRPSRQHQWV� OHDGLQJ� WR� WKHFKDQJHV�RI�SK\VLRORJLFDO�VWDWH�RI�WKH�FHOO��L�H�� LQFUHDVH�RI�SUROLIHUDWLRQ�DFWLYLW\�RIQRQH[FLWDEOH FHOOV�RU�FKDQJHV�LQ�LPSXOVDWLRQ IUHTXHQF\�RI�H[FLWDEOH�FHOOV��
$FNQRZOHGJPHQWV
,� DP� JUHDWIXO� WR� 3URI�� 9�� /HWRNKRY� IRU� FRQVWDQW� VXSSRUW� DQG� 'UV�� *�� )HGRVH\HYD� DQG� ��7LSKORYD IRU�KHOSIXO�GLVFXVVLRQV�
5HIHUHQFHV
���*DPDOH\D��1��(��/DVHU�ELRPHGLFDO�UHVHDUFK�LQ�WKH�8665��,Q�:ROEDUVKL��0�/���(G���/DVHU�$SSOLFDWLRQV�LQ�0HGLFLQH�DQG�%LRORJ\� YRO�����1HZ�<RUN��/RQGRQ��3OHQXP�3UHVV����������������/RENR��9��9��.DUX��7��,���/HWRNKRY��9�6���,V�ORZ�LQWHQVLW\�ODVHU�OLJKW�FRKHUHQFHHVVHQWLDO�ZKHQ�ELRORJLFDO�REMHFWV�DUH�DIIHFWHG"�%LRIW]LND� ��� ����������������������%HFODUG��1���1RWH�UHODWLYH�D�,
LQIO��GHOD�OXPLHUH�VXU�OHV�DQLPDX[��&RPSO��5HQG��6RF�5LDO������ �����������������*RUEDWVHYLWVK��(���7KH�,QIOXHQFH�RI�'LIIHUHQW�5D\V�XSRQ�WKH�*URZWK�RI�0DPPDOV� 6W�3HWHUVEXUJ��,��3�9RVKDQVN\�3XEO���������LQ�5XVVLDQ�����-XQJ��(���,QIOXHQFH�GHV�GLIIHUHQWHV FRXOHXUV GX�VSHFWUH VXU OH�GHYHORSSPHQW GHVFHQLPDX[��$UFK��GH�=RRORJLH�H[SHULPHQODOH�HO JHQHUDWH� ��������������/XGZLJ��(��YRQ�5LHV��-���8EHUGHQ�(LQIOXVV�GHU�5RW��XQG�%ODXVWUDKOHQ�DXIGDV�:DFKVWXP�6WUDKOHQOKHUDSLH� ��� ��������������������9HUGRQN��*���/
DQWDJRQLVPH�ELRORJLTXH�LQ�YLWUR�HQWUH�GLIIHUHQWHV�EDQGHV�YLVLEOH�GX



VSHFWUH�VRODLUH��&RPSW��5HQG��6RF��%LRO�� ���� �����������������3ROLDNRII��.��/���0DUJROLQ��*��0���)HGGHU��9��/���/D�PRGLILFDWLRQ�GH�OD�FKURQR[LH��1�LVKLGLDGL��G
XQH�JUHQRXLOOH��D�,
DFWLRQ�VXU�VRQ�FRUSV�GHV�UD\RQV�OXPLQHX[�G
XQH�GLIIHUHQWHORQJXHU�G
RQGH��-��3K\VLRORJ\�RI�8665� �� ������������������������6D]RQRY��$��0���5RPDQRY��*��$���3RUWQR\��/��0���2GLQRNRYD��9��$���.DUX��7��,���/RENR�9��9��/HWRNKRY��9�6���/RZ�LQWHQVLW\�QRQFRKHUHQW�UHG�OLJKW�LQ�WKH�FRPSUHKHQVLYHWUHDWPHQW�RI�JDVWURGXRGHQDO�XOFHUV��6RYLHW�0HGLFLQH� 1R����������������������.DUX��7��,���7LSKORYD�����$���/HWRNKRY��9��6���/RENR��9��9��6WLPXODWLRQ�RI�(��FROLJURZWK�E\�ODVHU�DQG�LQFRKHUHQW�UHG�OLJKW�����1XRYR�&LPHQWR�'����� �������������������������7LSKORYD��2��$���.DUX��7��,���$FWLRQ�RI�UHG�DQG�IDU�UHG�ORZ�LQWHQVLW\�OLJKW�RQ�WKH�JURZWKRI�(��FROL��0LFURELRWRJLD� ��� �����������������������)HGVH\HYD��*��(���.DUX��7��,���/HWRNKRY��9��6���/RENR��9��9��3RPRVKQLNRYD��0��$��/\DSXQRYD�7��6���0HLVVHO��0��1���(IIHFW�RI�+H�1H�ODVHU�UDGLDWLRQ�RQ�WKH�UHSURGXFWLRQUDWH�DQG�SURWHLQ�V\QWKHVLV�LQ�WKH�\HDVW��/DVHU�&KHPLVWU\���� ����������������)HGRVH\HYD��*��(���.DUX��7��,���/\DSXQRYD��7��6���3RPRVKQLNRYD��1��$���0HLVVHO��0�1��7KH�HIIHFW�RI�ORZ�LQWHQVLW\�UHG�OLJKW�RQ�WKH�DFWLYLW\�RI�\HDVW�HQ]\PHV��0LFURKLRORJLX�����1R�����������������������.DUX�7��,���.DOHQGR��*��6���/HWRNKRY��9�6���/RENR��9��9��%LRVWLPXODWLRQ�RI�+H/D�FHOOVE\�ORZ�LQWHQVLW\�YLVLEOH�OLJKW��,,�1XRYR�&LPHQOR'� ���������������������%LRVWLPXODWLRQRI�+H/D�FHOOV�E\�ORZ�LQWHQVLW\�YLVLEOH�OLJKW��,,��6WLPXODWLRQ�RI�'1$�DQG�51$�V\QWKHVLVLQ�D�ZLGH�VSHFWUDO�UDQJH��LELG� ������������������������.DUX�7��,���.DOHQGR��*��6���/HWRNKRY��9�6���/RENR��9��9��%LRVWLPXODWLRQ�RI�+H/D�FHOOVE\�ORZ�LQWHQVLW\�YLVLEOH�OLJKW��,,,��6WLPXODWLRQ�RIQXFOHLF�DFLG�V\QWKHVLV�LQ�SODWHDX�SKDVHFHOOV��,,�1XRYR�&LPHQWR�'� �������������������������.DUX��7��,���/HWRNKRY��9�6���/RENR��9��9��%LRVWLPXODWLRQ�RI�+H/D�FHOOV�E\�ORZ�LQWHQVLW\YLVLEOH�OLJKW��,9��'LFKURPDWLF�LUUDGLDWLRQ�����1XRYR�&LPHQWR�'��� �����������������������7LSKORYD�����$���.DUX��7��,���$FWLRQ�RI�ORZ�LQWHQVLW\�ODVHU�OLJKW�RQ�WUDQVLHQW�PHWDEROLFSURFHVVHV�LQ�FHOO��3URF��8665�$FDG��6FL�� ��� �������������������������.DWR��0���6KLQ]DZD�.���<RVKLNDZD�6��&\WRFKURPH�R[LGDVH�LV�D�SRVVLEOH�SKRWRUHFHSORULQ�PLWRFKRQGULD��3KRWRELRFKHP��3KRWRKLRSK\V����� ������������������*RUGRQ��6��$���6XUUH\�.���5HG�DQG�IDU�UHG�OLJKW�DFWLRQ�RQ�R[\GDWLYH�SKRVSKRU\ODOLRQ�5DFO��5HV�� ����������������������3DVVDUHOOD��6���&DVVDPDVVLPD��(���0ROLQDUL��6���3DVWRUH��'���4XDJOLHOOD��(���&DWDODQR��-�0���&LQJRODQL��$���,QFUHDVH�RI�SURWRQ�HOHFWUR�FKHPLFDO�SRWHQWLDO�DQG�$73�V\QWKHVLV�LQUDW�OLYHU�PLWRFKRQGULD�LUUDGLDWHG�LQ�YLWUR�E\�+H�1H�ODVHU��)(%6�/HWWHUV� ��� �,������������������,QJOHGHZ�:��7��3RROH��5��.���7KH�UHVSLUDWRU\�FKDLQV�RI�(��FROL��0LUURKZL��5HY�� ��������������������������.RWHOQLNRYD��$��9��(QHUJ\�0HWDEROLVP�RI�<HDVWV�0RVFRZ��1DXND�3XEO��+RXVH�����������%UXQRUL�+��:LOVRQ�0�7��&\WRFKURPH�2[LGDVH��7UHQGV�%LRFKHP��6FL�� �����������������������.DUX�7��5HJXODWLRQ�RI�FHOOXODU�PHWDEROLVP�ZLWK�ORZ�LQWHQVLW\�ODVHU�OLJKW��3URF��8665$FDG��6FL�� ������LQ�SUHVV������)HGRVH\HYD��*��(���.DUX��7��,���/\DSXQRYD��7��6���0HLVVHO��0��1���3RPRVKQLNRYD��1��$��6HQVLWLYLW\�RI�\HDVW�FXOWXUHV�WR�ORZ�LQWHQVLW\�UHG�OLJKW��0LFURELRORJLD� �� ����������������������:HEE�5��%���%URZQ��0��6���6HQVLWLYLW\�RI�VWUDLQV�RI�(��FROL�GLIIHULQJ�LQ�UHSDLU�FDSDELOLW\WR�IDU�89��QHDU�89�DQG�YLVLEOH�UDGLDWLRQV��3KRORFKHPLFDW�3KRWRELRO�� �� ����������������������.DUX��7��,���.DOHQGR��*��6���/RENR��9��9��3\DWLEUDO��/��9��.LQHWLFV�RI�WXPRXU�+H/D�FHOOVJURZWK�XQGHU�VXEFXOWLYDWLRQ�DIWHU�LUUDGLDWLRQ�E\�ORZ�LQWHQVLW\�UHG�OLJKW�DW�WKH�VWDWLRQDU\JURZWK�SKDVH��([SHULPHQWDOQD\D�2QNRORJLD� � �����SS��������������



���� 7D\ORU�� %��� +RZ� GR� EDFWHULD� ILQG� WKH� RSWLPDO� FRQFHQWUDWLRQ� RI� R[\JHQ"� 7UHQGV%LRFKHP��6FL�� ���������������������������*ODJROHY��$��1���%DFWHULDO�$OL+AVHQVLQJ��7UHQGV�%LRFKHP��6FL���� �����������������������.DUX��7��,���/RENR��9�9��/XNSDQRYD��*��*���3DUNKRPHQNR��,��0���&KLUNRY��<X��<X��&KDQJHV� LQ� F$03� OHYHO� LQ� PDPPDOLDQ� FHOOV� DIWHU� LUUDGLDWLRQ� ZLWK� PRQRFKURPDWLFYLVLEOH�OLJKW��3URF��8665�$FDG��6FL�� ���� ��������������������������&RKHQ��5��-���$WNLQVRQ��$��0���$FWLYDWLRQ�RI�3K\FRP\FHV�DGHQRVLQH��
��
�PRQRSKRV�SKDWH�SKRVSKRGLHVWHUDVH�E\�EOXH�OLJKW��%LRFKHP��%LRSKYV��5HV��&RPP����� �����$������������������ .ULWVN\�� 0�� 6��� $IDQDVLHYD�� 7�� 5�� %HOR]HUVND\D�� /�� 0��� &KDLODNKLDQ�� /�� 0��&KHUQ\VKHYD��(��.���)LOLSSRYLFK��6��<X���/HYLQD��1��1���3RWDSRYD��7��9��6RNRORZVN\�9��<X��3KRWRUHFHSWRU�PHFKDQLVP� RI�1HXURVSRUD� FUDVVD�� FRQWURO� RYHU� WKH� HOHFWURSK\VLRORJLFDOSURSHUWLHV� RI� FHOO� PHPEUDQH� DQG� RYHU� OHYHO� RI� QXFOHRWLGH� UHJXODWRUV�� ,Q� 6HQJHU�� +��(G���%OXH�/LJKW�(IIHFWV�LQ�%LRORJLFDO�6\VWHPV� %HUOLQ��+HLGHOEHUJ��6SULQJHU�������������������.DUX�7��,���%LRORJLFDO�DFWLRQ�RI�ORZ�LQWHQVLW\�YLVLEOH�PRQRFKURPDWLF�OLJKW�DQG�VRPH�RIWKH�PHGLFDO�DSSOLFDWLRQV��,Q�*DOOHWWL��*���(G����/DVHU �3URFHHGLQJV�RI�WKH�,QWHUQDWLRQDO&RQJUHVV�RQ�/DVHU� LQ�0HGLFLQH�DQG�6XUJHU\���%RORJQD��0RQGX]]L�(GLWRUH������������������.UHEV��0��$���9HHFK��5��/���5HJXODWLRQ�RI�WKH�UHGR[�VODWH�RI�WKH�S\ULGLQH�QXFOHRWLGHV�LQUDW�OLYHU��,Q�6XQG��+���(G����3\ULGLQH�1XFOHRWLGH�'HSHQGHQW�I�W
K\GUR�MHQDVF�
L� %HUOLQ�+HLGHOEHUJ��1HZ�<RUN��6SULQJHU��������������������&UDQH��(�/��� &ROGHQEHUJ��+���0RUUH��'�� -��� /RZ��+��� 'HK\GURJHQDVHV� RI� WKH� SODVPDPHPEUDQH�� ,Q� 5RRG\Q�� ��� %�� �(G���� 6XEFHOOXODU� %LRFKHPLVWU\� YRO�� ��� 1HZ� <RUN�/RQGRQ��3OHQXP�3UHVV��������������������%R\QORQ��$��/���:KLWILHOG���� (��7KH�UROH�RI�F\FOLF�$03�LQ�FHOO�SUROLIHUDWLRQ��D�FULWLFDODVVHVVPHQW�RI�WKH�HYLGHQFH��,Q�*UHHQJDUG��3�*��DQG�5RELQVRQ��*��$���(GV����$GYDQFHVLQ�&\FOLF�1XFOHRWLGH�5HVHDUFK� 1HZ�<RUN��5DYHQ��������YRO������SS��������������&��'��&RQH��8QLILHG�WKHRU\�RQ�WKH�EDVLF�PHFKDQLVP�RI�QRUPDO�PLWRWLF�FRQWURO�DQGRQFRJHQHVLV��-��7KHRU��%LRO�� ��� ������������������5R]HQJXUW��(���0HQGR]D��6���0RQRYDOHQW�LRQ�IOX[HV�DQG�WKH�FRQWURO�RI�FHOO�SUROLIHUDWLRQLQ�FXOWXUHG�ILEUREODVWV��$QQ��1�<��$FDG��6FL�� ���� ������������������.U\XN��$��6���0RVWRYQLNRY��9��.KRNKORY��,��9��6HUG\XFKHQNR��1��6���7KH�7KHUDSHXWLF(IILFLHQF\�RI�/RZ�LQWHQVLW\�/DVHU�/LJKW�0LQVN��6FLHQFH�DQG�7HFKQ��3XEO���������LQ5XVVLDQ������%DVIRUG��-��5���/RZ�HQHUJ\�ODVHU�WUHDWPHQW�RI�SDLQ�DQG�ZRXQGV��K\SH��KRSH��RU�KRNXP"0D\R�&OLQ��3URF�� ����������������������)HGRVH\HYD��*��(���6PRO\DQLQRYD��1��.���.DUX��7��,���=HLHQLQ��$��'���&KDQJHV�LQFKURPDWLQH�VWUXFWXUH�DIWHU�LUUDGLDWLRQ�KXPDQ�O\PSKRF\WHV�ZLWK�+H�1H�ODVHU��5XGLR�ELRLRJLD� ����1R�����������������������.DUX��7��,���3KRWRELRORJLFDO�IXQGDPHQWDOV�RI�ORZ�SRZHU�ODVHU�WKHUDS\��,(((�-�4XDQWXP�(OHFWU�� 4(��� ���������������.DUX��7��,���2Q�PROHFXODU�PHFKDQLVP�RI�WKHUDSHXWLF�DFWLRQ�RI�ORZ�LQWHQVLW\�ODVHU�OLJKW�3URF��8665�$FDG��6FL�� ��� �������������������������1HGHOLQD�����6���%U]KHYVND\D�����1���.D\XVKLQ��/��5��5HGR[�UHJXODWLRQ�LQ�$73V\QWKHVLV��%LRILLLND� �������������������������3RX\VVHJXU��`�� 7KH�JURZWK�IDFWRU�DFWLYDWDEOH�1D��+� H[FKDQJH�V\VWHP��D�JHQHWLF�DS�SURDFK��7UHQGV�%LRFKHP��6FL�� ��� ������������������������=LOEHUVWHLQ��'���$JPRQ��9��6FKXOGLQHU��6���3DGDQ��(���7KH�VRGLXP�SURWRQ�DQWLSRUWHU�LVSDUW�RI�WKH�S+�KRPHRVWDVLV�PHFKDQLVP�LQ�(��FRO
L�-��%LRO��&KHZ������� �������������������$UYDQLWDNL��$���&KDOD]RQLWLV��1���5HDFWLRQV�ELRHOHFWULTXHV�D�OD�SKRWRDFWLYDWLRQ�GHVF\WRFKURPHV��$UFK��6FL��3K\VLRO�� � �������������������



����6DOHW��&���0RUHQR��*���9LQ]HQV��(��$�VWXG\�RI�EHDWLQJ�IUHTXHQF\�RI�D�VLQJOH�P\RFDUGLDOFHOO��,,,��/DVHU�PLFUR�LUUDGLDWLRQ�RI�PLWRFKRGULD LQ�WKH�SUHVHQFH�RI�.&1�RU�$75�([S�&HOO�5HV�� ���� ����������������8]GHQVNLL��$��%���2Q�VHOHFWLYLW\�DQG�ORFDOLW\�RI�WKH�HIIHFWV�XSRQ�WKH�ODVHU�LFURLUUDGLDWLRQRI�FHOOV��&LORORJLD� ����������������������������:KLWILHOG��-��(��%R\QWRQ��$��/���0DF0DQXV�����3�� 1L[RQ��5��+���6LNRUVND��0���7VDQJ�%���:DONHU��3� 5���6ZLHUHQJD��*��+��+���7KH�UROHV�RI�FDOFLXP�DQG�F\FOLF�$03�LQ�FHOOSUROLIHUDWLRQ��$QQ��1�<��$FDG��6FL�� ���� ������������������7LSKORYD�����$���.DUX��7��,���$FWLRQ�RI�DUJRQ�ODVHU�LUUDGLDWLRQ�DQG�LQFRKHUHQW�EOXH�OLJKWRQ�JURZWK�RI�(��FROL��5DGLRELRORJLD� ��������������������������.DUX�7��,���3\DWLEUDO��/��9��.DOHQGR�*��6���%LRVWLPXODWLRQ�RI�+H/D�FHOOV�E\�ORZLQWHQVLW\�YLVLEOH�OLJKW��9��6WLPXODWLRQ�RI�FHOO�SUROLIHUDWLRQ�RI�LQ�YLWUR�E\�+H�1H ODVHULUUDGLDWLRQ�����1XRYR�&LPHQLR�'� ������LQ�SUHVV��


