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$%675$&7�
7KH� LQIOXHQFH� RI� GLIIHUHQW� OLJKW� LQWHQVLWLHV� ������ ����	�����:�P�� DQG� VXIILFLHQW� DQG� GHILFLHQW�PDJQHVLXP�VXSSOLHV�RQ�WKH�DQWLR[LGDQW�GHIHQVH�V\VWHP�ZHUH�VWXGLHG�LQ�6SLQDFLD�ROHUDFHD�SODQWV��,W�ZDV� IRXQG� WKDW� KLJK� OLJKW� LQWHQVLW\� LQ� FRPELQDWLRQ� ZLWK� 0J�GHILFLHQF\� LQGXFHG� VLJQLILFDQW�GHFUHDVH� LQ� GU\�PDWWHU� DQG� VLJQLILFDQW� LQFUHDVHV� LQ� WRWDO� FDUERK\GUDWHV�DQG�DQWKRF\DQLQ�FRQWHQWV��+RZHYHU�� VLJQLILFDQW� GHFUHDVHV� LQ� DPLQROHYXOLQLF� DFLG� �$/$��� &KO�D	E� DQG� FDURWHQRLGV� ZHUH�UHFRUGHG��/LSLG�SHUR[LGDWLRQ�DQG�HOHFWURO\WH� OHDNDJH�ZHUH�VLJQLILFDQWO\�LQFUHDVHG�DV�D�UHVSRQVH�WR�KLJK� OLJKW� VWUHVV� DQG� 0J� GHILFLHQF\�� 2Q� WKH� RWKHU� KDQG�� $63;� 	� &X=Q�62'� DFWLYLWLHV� DQG�JOXWDWKLRQH�FRQWHQW�ZHUH� VLJQLILFDQWO\� LQFUHDVHG�ZKLOH�FDWDODVH�ZDV�VOLJKWO\�GHFUHDVHG�XQGHU�KLJK�OLJKW� VWUHVV� ZLWK� ERWK� VXIILFLHQW� DQG� GHILFLHQW� PDJQHVLXP�� ,W� FRXOG� EH� FRQFOXGHG� WKDW� KLJK� OLJKW�LQWHQVLW\� DQG�0J�GHILFLHQF\� WULJJHU� WKH� DQWLR[LGDQW� GHIHQVH� V\VWHP�RI�6SLQDFLD�ROHUDFHD� SODQW� WR�RSSRVH�WKH�KDUPIXO�HIIHFW�RI�IUHH�UDGLFDO�GDPDJH����

.H\ZRUGV� $QWLR[LGDQWV��KLJK�OLJKW�VWUHVV��0J�GHILFLHQF\��6SLQDFLD�ROHUDFHD�

,1752'8&7,21�
/LJKW� LV� D� FULWLFDO� HQYLURQPHQWDO� VLJQDO� WKDW� DIIHFWV� QHDUO\� HYHU\� DVSHFW� RI� SODQW�GHYHORSPHQW��LQFOXGLQJ�JHUPLQDWLRQ��VHHGOLQJ�PRUSKRJHQHVLV��DQG�IORUDO�LQLWLDWLRQ��3HSSHU�HW� DO�� �������8QGHU� FRQGLWLRQV� RI�PLQHUDO� GHILFLHQF\�� WKH� DPRXQW� RI� H[FHVV� OLJKW� WKDW� D�SODQW� DEVRUEV� FDQ� LQFUHDVH� GXH� WR� VWUHVV�LQGXFHG� GHFUHDVHV� LQ� WKH� FDSDFLW\� RI�SKRWRV\QWKHVLV� �9HUKRHYHQ� HW� DO� ������� ([FHVV� DEVRUEHG� OLJKW� HQHUJ\� FDQ� OHDG� WR� WKH�IRUPDWLRQ� RI� GDQJHURXV� R[\JHQ� UDGLFDOV� �0�OOHU� HW� DO� ������� 7KH� SURGXFWLRQ� RI�
VXSHUR[LGH� UDGLFDO� �2�

�� FDQ� LQGXFH� OLSLG� SHUR[LGDWLRQ� DQG� R[LGDWLRQ� RI� SURWHLQV� DQG�QXFOHLF�DFLGV��$V�SURWHFWLRQ�DJDLQVW�WR[LF�2� VSHFLHV��FKORURSODVWV�DUH�HTXLSSHG�ZLWK�VHYHUDO�DQWLR[LGDQWV�DQG�GHIHQVH�HQ]\PHV�VXFK�DV�VXSHUR[LGH�GLVPXWDVH��62'���DVFRUELF�DFLG�SHUR[LGDVH�DQG�JOXWDWKLRQH��-DFNVRQ�HW�DO� �������0DQ\�PHWDEROLF�SURFHVVHV�DUH�GLUHFWO\�DIIHFWHG�E\�0J��LQFOXGLQJ�HQ]\PDWLF�UHDFWLRQV�WKDW�GHSHQG� RQ� WKH� SUHVHQFH� RI�0J� �0DUVFKQHU� ������� 3KRWRV\QWKHVLV�� QHW� DVVLPLODWLRQ� DQG�WUDQVSLUDWLRQ� UDWHV� DUH� GHFUHDVHG� XQGHU� 0J�GHILFLHQF\�� �&DR� DQG� 7DEELWV� �������0DJQHVLXP�GHILFLHQF\� LQ�SODQWV� RIWHQ� UHVXOWV� LQ�XOWUDVWUXFWXUH�FKDQJHV� �3XFFK�	�0HKQ�-DNREV� ������� HVSHFLDOO\� LQ� WKH� FKORURSODVW�� ZHOO� EHIRUH� YLVLEOH� IROLDJH� V\PSWRPV� DUH�REYLRXV��7KLV�LV�DFFRPSDQLHG�E\�LPSDLUPHQW�RI�SKRWRV\QWKHVLV��6XQ�	�3D\Q���������,Q� UHVSRQVH� WR� OLJKW�� HWLRODWHG� VHHGOLQJV� RI� VRPH� VRUJKXP� �6RUJKXP� ELFRORU�FXOWLYDUV�DFFXPXODWH�DQWKRF\DQLQ�SLJPHQWV�LQ�HSLGHUPDO� WLVVXH�RI�WKH�PHVRFRW\O��2UF]\N�HW�DO� ������:HLHUJDQJ�HW�DO���������%HFDXVH� WKH\�DUH�SKRWRLQGXFHG��UHVHDUFKHUV�VXUPLVH�WKDW� DQWKRF\DQLQV� ZRXOG� KDYH� D� SKRWRSURWHFWLYH� IXQFWLRQ�� HLWKHU� DJDLQVW� OLJKW�LQGXFHG�SKRWRR[LGDWLRQ� RU� DJDLQVW� 89�%� GDPDJH� �&KDONHU�6FRWW� ������� $QWKRF\DQLQV� SURWHFW�DJDLQVW�GDPDJLQJ�OHYHOV�RI�OLJKW��HVSHFLDOO\�KLJK�HQHUJ\�EOXH�ZDYHOHQJWKV�WKDW�FDQ�GDPDJH�SURWRFKORURSK\OO� LQ� GHYHORSLQJ� OHDYHV� �'UXPP�+HUUHO� ������� 7KH� OHYHOV� RI� DQWLR[LGDQW�
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HQ]\PHV� VXFK� DV� VXSHUR[LGH� GLVPXWDVH� VKRZHG� HLWKHU� VOLJKW� LQFUHDVHV� RU� DFWXDOO\�GHFUHDVHG� LQ� FRQMXQFWLRQ�ZLWK� SKRWRLQGXFHG� DQWKRF\DQLQ� SURGXFWLRQ� LQ�0DKRQLD� UHSHQV��*UDFH�HW�DO����������,W�ZDV�IRXQG�WKDW�0J�GHSOHWLRQ�LQGXFHG�GHFUHDVHV�LQ�FKORURSK\OO�DQG�OHDI�SURWHLQ�FRQWHQW��$Q]D�	�5LJD� ������� 7KH\� DOVR�PHQWLRQHG� WKDW� JOXWDWKLRQH� UHGXFWDVH� �*5��� �62'�� DQG�DVFRUELF�DFLG�SHUR[LGDVH��$63;��DFWLYLWLHV�ZHUH�LQFUHDVHG�LQ�PDJQHVLXP�GHILFLHQW�WKDQ�LQ�PDJQHVLXP�VXIILFLHQW�OHDYHV��7KH�SKRWRV\QWKHWLF�DSSDUDWXV�DQG�SLJPHQWV�VKRXOG�EH�PRVW�VXVFHSWLEOH� WR� H[FHVVLYH� LUUDGLDQFH� DQG�0J� GHILFLHQF\�� 7KH� SUHVHQW� VWXG\� K\SRWKHVL]HG�WKDW� JURZLQJ� XQGHU� FRQGLWLRQV� RI� KLJK� OLJKW� LQWHQVLW\� DQG� 0J�GHILFLHQF\� PD\� LQGXFH�VSHFLILF� PHFKDQLVPV� WR� SURWHFW� WKH� SKRWRV\QWKHWLF� DSSDUDWXV�� 7KHUHIRUH�� DV� DQ� LQLWLDO�DSSURDFK�WR�WKLV�SUREOHP��WKH�VWXG\�H[DPLQHG�VRPH�FRPSRXQGV�RI�WKH�ZDWHU�ZDWHU�F\FOH��$63;�� &X=Q�62'�� JOXWDWKLRQH�� DQG� FDURWHQRLGV� DQG� DQWKRF\DQLQ� SLJPHQWV� DV�SKRWRSURWHFWLYH�SLJPHQWV��
�0$7(5,$/6�$1'�0(7+2'6��6SLQDFK� VHHGV� �6SLQDFLD� ROHUDFHD� ZHUH� JHUPLQDWHG� LQ� SODVWLF� SRWV� KDOI�ILOOHG�ZLWK� DFLG�ZDVKHG� VDQG\� VRLOV� DQG� LUULJDWHG�ZLWK� ����� VWUHQJWK�+RDJODQG� VROXWLRQ�� $IWHU� ��ZHHNV��SODQWV�ZHUH� WUDQVIHUUHG� IRU� JURZLQJ� XQGHU� FRQWUROOHG� FRQGLWLRQV�� 7KH� JURZWK� FRQGLWLRQV�ZHUH������K��OLJKW�GDUN���������Û&�GD\�QLJKW��7KH\�UHFHLYHG�GLIIHUHQW�OLJKW�LQWHQVLWLHV���������� DQG������:�P�� 7KLV�ZDV� UHIHUUHG� WR� DV� ORZ��PHGLXP�DQG�KLJK� OLJKW�� UHVSHFWLYHO\��8QGHU�HDFK�OLJKW�LQWHQVLW\��SRWV�ZHUH�GLYLGHG�WR���VXE�JURXSV��2QH�RI�ZKLFK�LUULJDWHG�ZLWK�KDOI�VWUHQJWK�+RDJODQG�QXWULHQW�VROXWLRQ��0J�VXIILFLHQW���DQG�WKH�RWKHU�ZDV�LUULJDWHG�ZLWK�WKH�VDPH�VROXWLRQ�ZLWKRXW�PDJQHVLXP��0J�GHILFLHQW���3ODQWV�ZHUH�KDUYHVWHG�DIWHU���DQG����G�JURZWK�XQGHU�WKH�FRQWUROOHG�FRQGLWLRQV��$W�KDUYHVW��SODQWV�ZHUH� VHSDUDWHG� IRU� WKH� GLIIHUHQW� DQDO\VHV� �GULHG� DW� ���&� IRU� GHWHUPLQDWLRQ� RI� GU\�ZHLJKW�DQG�FDUERK\GUDWHV���RU�IUHH]HG�IRU�WKH�DQDO\VHV�RI�HQ]\PHV��SLJPHQWV�DQG�SURWHLQ��:HHNO\�SURGXFWLYLW\�ZDV�FDOFXODWHG�E\�VXEWUDFWLQJ�WKH��VW�ZHHN�GDWD�IURP�WKRVH�RI�WKH��QG�ZHHN
V��7RWDO� FDUERK\GUDWH� DQG� 7RWDO� SURWHLQ� FRQWHQWV�� � 7RWDO� FDUERK\GUDWHV� ZHUH� H[WUDFWHG�ZLWK�����1�+&O��7KH�VDPSOHV�ZHUH�DQDO\]HG�E\�WKH�PHWKRG�RI�+HGJH�	�+RIUHLWHU��������XVLQJ�JOXFRVH�DV�D� VWDQGDUG��7RWDO�SURWHLQ�ZDV�H[WUDFWHG�DQG�DQDO\]HG�E\� WKH�PHWKRG�RI�/RZU\�HW�DO� �������XVLQJ�ERYLQH�VHUXP�DOEXPLQ�DV�D�VWDQGDUG��(VWLPDWLRQ�RI���DPLQROHYXOLQLF�DFLG��$/$���6DPSOHV�RI�OHDYHV�PDWHULDO�ZHUH�H[WUDFWHG�LQ���PO�����Z�Y��7ULFKORURDFHWLF�DFLG�DW�����&�IRU����PLQ��DFFRUGLQJ� WR� WKH�PHWKRG�RI�6WREDUW� 	� $PHHQ�%XNKDUL� �������� 7KH� FRQFHQWUDWLRQ� RI� $/$� ZDV� GHWHUPLQHG� XVLQJ� D�FDOFXODWHG�PRODU�H[WLQFWLRQ�YDOXH�RI�����[����(VWLPDWLRQ� RI� SLJPHQWV� 7KH� SLJPHQWV� ZHUH� H[WUDFWHG� LQ� ���� FKLOOHG� DFHWRQH�� 7KH�DPRXQWV�RI�WRWDO�FKORURSK\OOV�D	E�DQG�FDURWHQRLGV�ZHUH�HVWLPDWHG�VSHFWURSKRWRPHWULFDOO\�DFFRUGLQJ�WR�/LFKWHQWKDOHU���������$QWKRF\DQLQ� 6HHGOLQJ� OHDYHV�ZHUH� KRPRJHQL]HG� LQ� D�PL[WXUH� FRPSRVHG� RI� �����/� RI�������SURSDQRO�����+&O�� DQG�����ZDWHU��7KH�DPRXQW�RI�DQWKRF\DQLQV� LQ� WKH� UHVXOWLQJ�H[WUDFW�ZDV�TXDQWLILHG�VSHFWURSKRWRPHWULFDOO\��7KH�YDOXHV�DUH�UHSRUWHG�DV�$����±�������$������J�IUHVK�ZHLJKW��/DQJH�HW�DO� �������
/LSLG� SHUR[LGDWLRQ� DV� DFFXPXODWLRQ� RI� PDORQGLDOGHK\GH� �0'$�� DQG� HOHFWURO\WH�OHDNDJH� (VWLPDWLRQ� RI� OLSLG� SHUR[LGDWLRQ� ZDV� DVVHVVHG� VSHFWURSKRWRPHWULFDOO\� XVLQJ�7%$�0'$� DVVD\� �+RGJHV� HW� DO� ������� 7KH� DPRXQW� RI�0'$�ZDV� HVWLPDWHG� E\� XVLQJ�H[WLQFWLRQ�FRHIILFLHQW�RI�����P0�FP��0HDVXUHPHQW�RI�HOHFWURO\WHV�OHDNDJH�IURP�VSLQDFK�OHDYHV�ZDV�SHUIRUPHG�DV�GHVFULEHG�E\�3DQDYDV�HW�DO� ��������2QH�J�OHDYHV�ZDV�LQFXEDWHG�LQ����PO�GRXEOH�GLVWLOOHG�ZDWHU�IRU���K�XQGHU�JHQWOH�VKDNLQJ��7KLV�VROXWLRQ�ZDV�WHVWHG�IRU�
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VDPSOH�FRQGXFWLYLW\��7KHQ��WKH� OHDYHV�ZHUH�ERLOHG� LQ����PO�EL�GLVWLOOHG�ZDWHU�IRU���PLQ��DQG� WKLV� VROXWLRQ� ZDV� PHDVXUHG� WR� REWDLQ� VXEWRWDO� FRQGXFWLYLW\�� 0HPEUDQH� OHDNDJH� LV�UHSUHVHQWHG� E\� WKH� UHODWLYH� FRQGXFWLYLW\�� ZKLFK� ZDV� FDOFXODWHG� DV� VDPSOH� FRQGXFWLYLW\�GLYLGHG�E\�WRWDO�FRQGXFWLYLW\��WKH�VXP�RI�VDPSOH�FRQGXFWLYLW\�DQG�VXEWRWDO�FRQGXFWLYLW\�����$QWLR[LGDQW� HQ]\PHV� DQG� JOXWDWKLRQH� FRQWHQW� (Q]\PH� H[WUDFWV� ZHUH� SUHSDUHG� E\�KRPRJHQL]LQJ�VSLQDFK�OHDYHV�LQ�D�SUHFKLOOHG�PRUWDU�LQ����PO�FKLOOHG�H[WUDFWLRQ�EXIIHU��S+�������([WUDFWV�ZHUH�WKHQ�FHQWULIXJHG�DW������USP�IRU����PLQ�DW����&��(Q]\PH�DVVD\V�ZHUH�FRQGXFWHG� LPPHGLDWHO\� IROORZLQJ� H[WUDFWLRQ�� $63;� DFWLYLW\� ZDV� GHWHUPLQHG� XVLQJ� WKH�PHWKRG� RI� 1DNDQR� 	� $VDGD� �������� $FWLYLW\� ZDV� GHWHUPLQHG� E\� IROORZLQJ� WKH� +�2��GHSHQGHQW� GHFRPSRVLWLRQ� RI� DVFRUEDWH� DW� ���� QP�� &DWDODVH� DFWLYLW\� ZDV� GHWHUPLQHG� E\�IROORZLQJ� WKH� GHFRPSRVLWLRQ� RI� +�2� DW� ���� QP� �$HEL� ������� 62'� ZDV� PHDVXUHG�IROORZLQJ� WKH� SKRWRFKHPLFDO� PHWKRG�� DV� GHVFULEHG� E\� *LDQQRSROLWLV� 	� 5LHV� ��������$VVD\V�ZHUH�FDUULHG�RXW�XQGHU�LOOXPLQDWLRQ��2QH�XQLW�RI�62'�DFWLYLW\�ZDV�GHILQHG�DV�WKH�DPRXQW�RI�HQ]\PH�UHTXLUHG�WR�FDXVH�����LQKLELWLRQ�RI�WKH�UDWH�RI� ±QLWUR�EOXH�WHWUD]ROLXP�FKORULGH� UHGXFWLRQ� DW� ����� 7RWDO� JOXWDWKLRQH� FRQWHQW� ZDV� GHWHUPLQHG�VSHFWURSKRWRPHWULFDOO\�IROORZLQJ�WKH�PHWKRG�GHVFULEHG�E\�*ULIILWK���������6WDWLVWLFDO� DQDO\VLV� $QDO\VLV� RI� YDULDQFH� �$129$�� DQG� 3HDUVRQ� FRUUHODWLRQ� WHVW� ZHUH�SHUIRUPHG�ZLWK�DOO�GDWD�XVLQJ�6366�SURJUDP��YHUVLRQ�������
�5(68/76��'U\� PDWWHU� 7KH� GDWD� LQ� )LJ�� ���D�� VKRZ� WKDW� LQFUHDVLQJ� OLJKW� LQWHQVLW\� VLJQLILFDQWO\�GHFUHDVHG�WKH�ZHHNO\�SURGXFWLRQ�RI�GU\�PDWWHU�LQ�WKH�0J�VXIILFLHQW�^)������� ���������S�����`�DQG�WKH�0J�GHILFLHQW�SODQWV�^)������� ���������S�����`���3HDUVRQ� FRUUHODWLRQ� WHVW� UHYHDOHG� D� KLJKO\� VLJQLILFDQW� QHJDWLYH� FRUUHODWLRQ� EHWZHHQ� GU\�PDWWHU� DFFXPXODWLRQ�DQG� OLJKW� LQWHQVLW\�^U���� � ��������S�����`�DQG�EHWZHHQ�GU\�PDWWHU�DQG�0J�GHILFLHQF\�^U��� ���������S�����`�� �7RWDO�&DUERK\GUDWH�FRQWHQW� ,QFUHDVLQJ�OLJKW�LQWHQVLW\�LQGXFHG�VLJQLILFDQW�HQKDQFHPHQW�LQ� WKH� ZHHNO\� SURGXFWLRQ� RI� FDUERK\GUDWH� FRQWHQWV� LQ� WKH� 0J�VXIILFLHQW� WUHDWPHQW��+RZHYHU��WKH�FRPELQDWLRQ�EHWZHHQ�0J�GHILFLHQF\�DQG�LQFUHDVHG�OLJKW�LQWHQVLW\�VKRZHG�D�QRQ�VLJQLILFDQW�GHFUHDVH�LQ�WKH�ZHHNO\�SURGXFWLRQ�RI�FDUERK\GUDWHV��)LJ����E���7KHUH�ZDV�D�VLJQLILFDQW�QHJDWLYH�FRUUHODWLRQ�EHWZHHQ�FDUERK\GUDWH�FRQWHQWV�DQG�0J�GHILFLHQF\�^U��� ���������S�����`��2Q�WKH�RWKHU�KDQG��D�QRQ�VLJQLILFDQW�FRUUHODWLRQ�ZDV�REVHUYHG�EHWZHHQ�WKH�FDUERK\GUDWH�FRQWHQW�DQG�HOHYDWLRQ�RI�OLJKW�LQWHQVLW\���
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)LJXUH� ��� (IIHFW� RI� GLIIHUHQW� OLJKW� LQWHQVLWLHV� ������ ���� DQG� ����� :�P�� ZLWK� VXIILFLHQW� DQG� GHILFLHQW�PDJQHVLXP� VXSSOLHV� RQ� WKH�ZHHNO\� SURGXFWLRQ� RI� GU\�PDWWHU� DQG� WRWDO� FDUERK\GUDWHV� FRQWHQW� RI�VSLQDFK�SODQWV���
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3URWHLQ� �)LJ�� ��D�� 7KH� GDWD� REWDLQHG� VKRZHG� WKDW�� ZHHNO\� SURGXFWLRQ� RI� SURWHLQ� ZDV�VLJQLILFDQWO\� GHFUHDVHG� LQ�0J�GHILFLHQW� OHDYHV�ZLWK� LQFUHDVH�RI� OLJKW� LQWHQVLW\� ^)������ ��������S�����`���$PLQROHYXOLQLF�DFLG��$/$��FRQWHQW��)LJ�����E��VKRZV�WKDW�$/$�FRQWHQW�ZDV�VLJQLILFDQWO\�LQFUHDVHG�DW�KLJK� OLJKW� LQWHQVLW\� LQ�0J�VXIILFLHQW�^)������ ���������S�����`�� ,Q� WKH�0J�GHILFLHQW� SODQWV�� LQFUHDVLQJ� OLJKW� LQWHQVLW\� FDXVHG� VLJQLILFDQW� GHFUHDVH� RI� WKH� ZHHNO\�SURGXFWLRQ� RI� $/$� ^)������ � �������� S�����`�� 7KH� UHVXOWV� DOVR� UHYHDOHG� D� VLJQLILFDQW�QHJDWLYH� FRUUHODWLRQ� EHWZHHQ�$/$� FRQWHQW� DQG� LQFUHDVLQJ� OLJKW� LQWHQVLW\� ^U��� � ��������S�����`��DQG�EHWZHHQ�$/$�DQG�0J�GHILFLHQF\�^U��� ���������S�����`���
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)LJXUH� ��� (IIHFW� RI� GLIIHUHQW� OLJKW� LQWHQVLWLHV� ������ ���� DQG� ����� :�P�� ZLWK� VXIILFLHQW� DQG� GHILFLHQW�PDJQHVLXP� VXSSOLHV� RQ� WKH� ZHHNO\� SURGXFWLRQ� RI� WRWDO� SURWHLQ�� DPLQROHYXOLQLF� DFLG� FRQWHQWV� RI� VSLQDFK�SODQWV���
3URGXFWLRQ�RI�FKORURSK\OO�D�	�E�VLJQLILFDQWO\�GHFUHDVHG�ZLWK�LQFUHDVLQJ�OLJKW�LQWHQVLW\�LQ�ERWK�WKH�0J�WUHDWPHQWV��)LJ�������

E

��
����
��

����
��

����
�

���

:
HH
NO
\�

SU
RG
XF
WLR
Q

0J�
6XIILFLHQW

0J�
GHILFLHQW

&KO��E

/2:

0(',80

+,*+

D

����

��

����

�

���

�

:
HH
NO
\�

SU
RG
XF
WLR
Q

0J�
6XIILFLHQW

0J�
GHILFLHQW

&KO��D�

/2:

0(',80

+,*+

)LJXUH� ��� (IIHFW� RI� GLIIHUHQW� OLJKW� LQWHQVLWLHV� ������ ���� DQG� ����� :�P�� ZLWK� VXIILFLHQW� DQG� GHILFLHQW�PDJQHVLXP�VXSSOLHV�RQ�WKH�ZHHNO\�SURGXFWLRQ�RI�FKORURSK\OO�D�DQG�E�FRQFHQWUDWLRQ�RI�VSLQDFK�SODQWV���0DJQHVLXP�GHILFLHQF\�LQGXFHG�D�KLJKO\�VLJQLILFDQW�LQFUHDVH�LQ�DQWKRF\DQLQ�FRQFHQWUDWLRQ��)LJ���D���KLJKHVW�DW�KLJK�OLJKW�WUHDWPHQW��+LJK�OLJKW�LQWHQVLW\�DSSHDUHG�WR�LQGXFH�D�VWURQJ�GHFUHDVH�LQ�FDURWHQRLG�FRQFHQWUDWLRQ��)LJ���E�����



$EGHO�.DGHU���5HVSRQVH�RI�VSLQDFK�WR�KLJK�OLJKW�VWUHVV�DQG�0J�GHILFLHQF\�
�

��

E

����
����
����
����

�
���
���
���

:
HH
NO
\�

SU
RG
XF
WLR
Q

0J�
6XIILFLHQW

0J�GHILFLHQW

&DURWHQRLGV��PJ�J�

/2:

0(',80

+,*+

D

��
����

�
���
�

���
�

:
HH
NO
\�

SU
RG
XF
WLR
Q

0J�
6XIILFLHQW

0J�GHILFLHQW

$QWKRF\DQLQV��PJ�J�

/2:

0(',80

+,*+

)LJXUH� ��� (IIHFW� RI� GLIIHUHQW� OLJKW� LQWHQVLWLHV� ������ ���� DQG� ����� :�P�� ZLWK� VXIILFLHQW� DQG� GHILFLHQW�PDJQHVLXP� VXSSOLHV� RQ� WKH� ZHHNO\� SURGXFWLRQ� RI� DQWKRF\DQLQ� DQG� FDURWHQRLGV� FRQFHQWUDWLRQ� RI� VSLQDFK�SODQWV���
)UHH�UDGLFDO�GDPDJH�3URGXFWLRQ�RI�OLSLG�SHUR[LGDWLRQ��)LJ����D	E��UHDFKHV�LWV�KLJKHVW�YDOXH�LQ�WKH�0J�GHILFLHQW�DQG�KLJK�OLJKW�LQWHQVLW\�WUHDWHG�SODQWV����

E
�����

�

����

����

����

����

���

:
HH
NO
\�
SU
RG
XF
WLR
Q

0J�6XIILFLHQW 0J�GHILFLHQW

0HPEUDQH�/HDNDJH

/2:

0(',80

+,*+

D

����
�����

�
����
���
����
���
����

:
HH
NO
\�
SU
RG
XF
WLR
Q

0J�
6XIILFLHQW

0J�GHILFLHQW

/LSLG�3HUR[LGDWLRQ��0'$�P0�FP�

/2:

0(',80

+,*+

)LJXUH� ��� (IIHFW� RI� GLIIHUHQW� OLJKW� LQWHQVLWLHV� ������ ���� DQG� ����� :�P�� ZLWK� VXIILFLHQW� DQG� GHILFLHQW�PDJQHVLXP� VXSSOLHV� RQ� WKH� ZHHNO\� SURGXFWLRQ� RI� OLSLG� SHUR[LGDWLRQ� DQG� PHPEUDQH� OHDNDJH� RI� VSLQDFK�SODQWV�� �
$V�OLJKW�LQWHQVLW\�LQFUHDVHG��D�VLJQLILFDQW�LQFUHDVH�LQ�HOHFWURO\WH�OHDNDJH�ZDV�REVHUYHG�LQ�WKH�0J�GHILFLHQW�SODQWV���
�$QWLR[LGDQW�HQ]\PHV�DQG�JOXWDWKLRQH�FRQWHQW��)LJ�����D	E�DQG����D	E��7KH�FRPELQDWLRQ�EHWZHHQ�LQFUHDVLQJ�OLJKW�LQWHQVLW\�DQG�PDJQHVLXP�GHILFLHQF\�WUHDWPHQWV�LQGXFHG�D�KLJKO\�VLJQLILFDQW�LQFUHDVH�LQ�$63;�DFWLYLW\�^)����� ����������S�����`�DQG�LQ�62'� DFWLYLW\� ^)����� � ��������� S������� ZKLOH� WKH\� LQGXFHG� D� VLJQLILFDQW� GHFUHDVH� LQ�FDWDODVH�DFWLYLW\��7KHUH�ZDV�D�QRQ�VLJQLILFDQW�FKDQJH�LQ�WKH�ZHHNO\�SURGXFWLRQ�RI�FDWDODVH�DFWLYLW\�LQ�DOO�WUHDWPHQWV���



$EGHO�.DGHU���5HVSRQVH�RI�VSLQDFK�WR�KLJK�OLJKW�VWUHVV�DQG�0J�GHILFLHQF\�
�

��

E

�

��

���

���

���

:
HH
NO
\�
SU
R
GX
FW
LR
Q

0J�
6XIILFLHQW

0J�GHILFLHQW

62'��$&7,9,7<��X�J�

/2:

0(',80

+,*+

D

�

���

���

���

���

:
HH
NO
\�
S
UR
G
XF
WLR
Q

0J�
6XIILFLHQW

0J�GHILFLHQW

$63;�$&7,9,7<��X�J�

/2:

0(',80

+,*+

)LJXUH� ��� (IIHFW� RI� GLIIHUHQW� OLJKW� LQWHQVLWLHV� ������ ���� DQG� ����� :�P�� ZLWK� VXIILFLHQW� DQG� GHILFLHQW�PDJQHVLXP�VXSSOLHV�RQ�WKH�ZHHNO\�SURGXFWLRQ�RI�$63;�DQG�62'�DFWLYLWLHV�RI�VSLQDFK�SODQWV���
7KH�ZHHNO\�SURGXFWLRQ�RI�JOXWDWKLRQH�FRQWHQW�ZDV�VLJQLILFDQWO\�LQFUHDVHG�DV�OLJKW�LQWHQVLW\�LQFUHDVHG�LQ�ERWK�WKH�0J�VXIILFLHQW�DQG�WKH�0J�GHILFLHQW�SODQWV��0HDQZKLOH�� WKHUH�ZDV�D�KLJKO\� VLJQLILFDQW� SRVLWLYH� FRUUHODWLRQ� EHWZHHQ� JOXWDWKLRQH� FRQWHQW� DQG� LQFUHDVLQJ� OLJKW�LQWHQVLW\�^U��� ��������S�����`���

E

����
����
����

�
���
���

:
HH
NO
\�

SU
RG
XF
WLR
Q

0J�
6XIILFLHQW

0J�
GHILFLHQW

5HGXFHG�*OXWDWKLRQH��XJ�J�

/2:

0(',80

+,*+

�D

����

�

���

�

���

�

:
HH
NO
\�

SU
RG
XF
WLR
Q

0J�
6XIILFLHQW

0J�GHILFLHQW

&DWDODVH��XJ�J�

/2:

0(',80

+,*+

�
)LJXUH� ��� (IIHFW� RI� GLIIHUHQW� OLJKW� LQWHQVLWLHV� ������ ���� DQG� ����� :�P�� ZLWK� VXIILFLHQW� DQG� GHILFLHQW�PDJQHVLXP� VXSSOLHV� RQ� WKH� ZHHNO\� SURGXFWLRQ� RI� FDWDWODVH� DFWLYLW\� DQG� UHGXFHG� JOXWDWKLRQH� FRQWHQW� RI�VSLQDFK�SODQWV���
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7KH� GDWD� RI� WKH� SUHVHQW� VWXG\� VKRZHG� D� VLJQLILFDQW� GHFUHDVH� LQ� FKORURSK\OOV� D	E� DQG�FDURWHQRLG� FRQFHQWUDWLRQV� �)LJXUHV� �	���� 7KHVH� UHVXOWV� DUH� LQ� DJUHHPHQW� ZLWK� WKRVH� RI�$EDGLD� ������� ZKR� VKRZHG� WKDW� FKORURSK\OO� DQG� FDURWHQRLGV� ZHUH� VLPXOWDQHDRXVO\�GHFUHDVHG�DV�D� UHVXOW�RI�)H��DQG�0J��GHILFLHQFLHV��0RUHRYHU�� OLJKW�PLJ�KW� UHJXODWH�$/$�V\QWKHVLV�� DQG� KHQFH� FKORURSK\OO� IRUPDWLRQ� �,ODJ� HW� DO� ������� 6R� WKH� GHFUHDVH� LQ�FKORURSK\OO�FRQWHQW�DV�D�UHVXOW�RI�KLJK�OLJKW�LQWHQVLW\�DQG�0*�GHILFLHQF\�PLJKW�EH�GXH�WR�WKH� GHFUHDVH� LQ�$/$� FRQWHQW� �)LJ�� ���� &DURWHQRLGV� SOD\� D� NH\� UROH� LQ� WKH� SURWHFWLRQ� RI�SKRWRV\QWKHWLF�RUJDQLVPV�DJDLQVW�WKH�WR[LF�HIIHFWV�RI�OLJKW��7KH\�DUH�DEOH�WR�TXHQFK�WULSOHW�H[FLWHG� FKORURSK\OO� PROHFXOH� ��&KO� DQG� VLQJOHW� R[\JHQ� �2� �)UDQN� 	� &RJGHOO� �������&DURWHQRLGV� SURWHFW� FKORURSK\OOV� IURP� SKRWRR[LGDWLYH� GHJUDGDWLRQ� �*KRXGKXU\� HW� DO��������'XULQJ�WKH�SURWHFWLYH�DFWLRQ��WKH\�WKHPVHOYHV�JHW�GHJUDGHG��7KH�SULPDU\�WDUJHW�RI�KLJK� LUUDGLDQFH� LQGXFHG�GDPDJH� LV�36,,�UHDFWLRQ�FHQWHU��ZKHUH�HOHFWURQ� WUDQVIHU�EHWZHHQ�WKH�SULPDU\�HOHFWURQ�GRQRU�DQG�WKH�VHFRQGDU\�SODVWRTXLQRQH�DFFHSWRU�RFFXUV��%DUEHU�HW�DO�������� %HFDXVH� FDURWHQRLGV� SURWHFW� &KORURSK\OO� IURP� SKRWRR[LGDWLYH� GHJUDGDWLRQ�� WKH�GHFUHDVH�LQ�FDURWHQRLGV�PD\�FDXVH�D�GHFUHDVH�LQ�FKORURSK\OO�FRQWHQW��$QWKRF\DQLQ�SLJPHQWV�DFFXPXODWHG�LQ�UHVSRQVH�WR�OLJKW�DQG�PDJQHVLXP�GHILFLHQF\�LQ�WKH�VHHGOLQJV�RI�SODQWV�XQGHU�LQYHVWLJDWLRQ��)LJ������7KLV�DFFXPXODWLRQ�PLJKW�EH�SUHFHGHG�E\�LQFUHDVHG� WUDQVFULSWLRQ� RI� JHQHV� HQFRGLQJ� HQ]\PHV� LQ� WKH� DQWKRF\DQLQ�ELRV\QWKHWLF�SDWKZD\��$�YLHZ�WKDW�KDV�HPHUJHG�IURP�YDULRXV�SKRWRELRORJLFDO��ELRFKHPLFDO�DQG�JHQHWLF�VWXGLHV�LV�WKDW�WUDQVFULSWLRQDO�FRQWURO�RI�WKH�ELRV\QWKHWLF�HQ]\PHV�DFFRXQWV�IRU�WKH�HIIHFWV�RI�OLJKW�RQ�DQWKRF\DQLQ�DFFXPXODWLRQ��0RO�HW�DO����������7KH� UHVXOWV� REWDLQHG� LQ� WKH� SUHVHQW� ZRUN� VKRZHG� WKDW� LQFUHDVLQJ� OLJKW� LQWHQVLW\� DQG�GHFUHDVLQJ�PDJQHVLXP�VXSSO\�HQKDQFHG�OLSLG�SHUR[LGDWLRQ�DQG�HOHFWURO\WH�OHDNDJH��)LJ����D	E���2[\JHQ�LV�DOZD\V�DYDLODEOH�DURXQG�IXQFWLRQDO�36,,�ZKLFK�FRXOG�EH�WKH�PHGLDWRU�RI�IUHH� UDGLFDO� UHDFWLRQV� DQG� PLJKW� EH� LQYROYHG� LQ� WKH� SHUR[LGDWLYH� GHJUDGDWLRQ� RI�SRO\XQVDWXUDWHG�IDWW\�DF\O�UHVLGXHV�RI�WKH�WK\ODNRLG�OLSLGV��1L\RJL��������7K\ODNRLG�OLSLGV�DUH�VXVFHSWLEOH�WR�IDWW\�DFLG�R[LGDWLRQ�GXH�WR�WKH�SUHGRPLQDQFH�RI�OLSLGV�ZLWK�XQVDWXUDWHG�IDWW\� DFLGV� �*RXQDULHV� HW� DO� ������� 0RUHRYHU�� WKH� TXDOLW\�� TXDQWLW\� DQG� RULHQWDWLRQ� RI�WK\ODNRLG�PHPEUDQHV��HVSHFLDOO\�ODUJH�PROHFXOHV�VXFK�DV�SLJPHQW�SURWHLQ�FRPSOH[HV��DOVR�GLIIHU�JUHDWO\�XQGHU�)H��DQG�0J��GHILFLHQF\��/X�HW�DO� �������7KH�LQFUHDVH�RI�$63;��&X=Q�62'�DFWLYLWLHV�DQG�JOXWDWKLRQH�FRQWHQW�LQ�SODQWV�XQGHU�KLJK�OLJKW�LQWHQVLW\�DQG�0J�GHILFLHQF\�WUHDWPHQW�ZHUH�DFFRPSDQLHG�ZLWK�D�GHFUHDVH�RI�FDWDODVH�DFWLYLW\� �)LJXUHV� �	���� 7KH� LQFUHDVHV� LQ� DQWLR[LGDWYH� GHIHQFH�PHFKDQLVPV� LQGLFDWH� WKDW�0J�GHILFLHQF\� LQGXFHG� HQKDQFHPHQW� RI� SURGXFWLRQ� RI� WR[LF� 2� VSHFLHV� �(OVWQHU� HW� DO�������� +RZHYHU�� EHFDXVH� &X=Q�62'� LQGLUHFWO\� SURWHFWV� FKORURSODVWLF� PHPEUDQHV� IURP�OLSLG�SHUR[LGDWLRQ��/DUVRQ��������LW�ZDV�VXJJHVWHG�WKDW�&X=Q�62'�DFWLYLW\�LV�KLJK�HQRXJK�WR� FRSH�ZLWK� WKH� SUHGLFWHG� LQFUHDVH� LQ� VXSHUR[LGH� SURGXFWLRQ�DW� KLJK� OLJKW� LQWHQVLW\� DQG�0J�GHILFLHQF\��$� VLPLODU� UHVSRQVH�RI�&X=Q�62'�DFWLYLW\� WR�HQYLURQPHQWDO�FKDQJHV�KDV�DOVR� EHHQ� UHSRUWHG� XQGHU� RWKHU� SRWHQWLDOO\� SKRWRLQKLELWRU\� FRQGLWLRQV� LQFOXGLQJ� FROG�DFFOLPDWLRQ� �%DGLDQL�HW�DO� ����D��DQG�ZDWHU� VWUHVV� �0RUDQ�HW�DO� �������'LVPXWDWLRQ�RI�VXSHUR[LGH�JHQHUDWHV�+�2� ZKLFK�LV�UHPRYHG�E\�DQ�$63;�ZLWK�DVFRUEDWH�DV�FRVXEVWUDWH��$VDGD� ������� 0RUHRYHU�� %DGLDQL� HW� DO� �����E�� IRXQG� WKDW� PRQRGHK\GURDVFRUEDWH�UHGXFWDVH��0'+$5��DFWLYLW\�ZDV����WR����WLPHV�KLJKHU�WKDQ�WKH�DFWLYLWLHV�RI�JOXWDWKLRQH�UHGXFWDVH��*5��DQG�GHK\GURDVFRUEDWH�UHGXFWDVH��'+$5����+LJK�DFWLYLWLHV�RI�WKH�HQ]\PHV�RI�WKH�DQWLR[LGDQW�V\VWHP��QDPHO\�&X=Q�62'�DQG�$63;��REVHUYHG�LQ�WKH�SUHVHQW�VWXG\��VXJJHVWHG�WKDW�WKHVH�HQ]\PHV�FDWDO\]H�WKH�FDWDEROLVP�RI�WKH�R[\JHQ� UHDFWLYH� VSHFLHV� WKDW� DULVH� XQGHU� WKH� VWUHVVIXO� FRQGLWLRQV� RI� KLJK� OLJKW� DQG�0J�GHILFLHQF\��7KH� UHFRUGHG�FKDQJHV� LQ�JOXWDWKLRQH�FRQWHQWV�PLJKW� DOVR� LQGLUHFWO\�FRQFOXGH�LQFUHDVHG�DFWLYLWLHV� RI� WKH� HQ]\PHV� LQYROYHG� LQ� WKH� UHJHQHUDWLRQ� RI� WKH� UHGXFHG� VWDWH� RI�JOXWDWKLRQH�� ZKLFK� SURYLGHV� DQ� DGGLWLRQDO�PHFKDQLVP� IRU� HQHUJ\� GLVVLSDWLRQ� GXULQJ� WKH�
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KLJK�OLJKW�VWUHVV��7KLV�LV�ZHOO�GRFXPHQWHG�IRU�VXFK�SURWHFWLYH�PHFKDQLVPV��LQGXFHG�XQGHU�VWUHVV�FRQGLWLRQV� WKDW�VWLPXODWH�SURGXFWLRQ�RI� WR[LF�2� VSHFLHV� �(OVWQHU�HW�DO� �������7KH�HQKDQFHPHQWV�LQ�DFWLYLWLHV�RI�DQWLR[LGDWLYH�HQ]\PHV�E\�0J�GHILFLHQF\�PRVW�SUREDEO\�WDNH�SODFH� LQ� FKORURSODVWV� ZKHUH� 62'� DQG� +�2��GHWR[LI\LQJ� HQ]\PDWLLF� F\FOH� DUH�SUHGRPLQDQWO\�ORFDWHG��*LOOKDP�	�'RGJH��������7KXV�� LW� PLJKW� EH� FRQFOXGHG� WKDW� KLJK� OLJKW� LQWHQVLW\� LQ� FRPELQDWLRQ� ZLWK� PDJQHVLXP�GHILFLHQF\� WULJJHUV� WKH� DQWLR[LGDQW� GHIHQVH� V\VWHP� LQ� 6SLQDFLD� ROHUDFHD� SODQWV� E\�LQFUHDVLQJ� DQWKRF\DQLQ�� &X=Q�62'	$63;� DFWLYLWLHV� DQG� JOXWDWKLRQH� FRQWHQW�� 7KH�LQFUHDVH� LQ� WKHVH� DQWLR[LGDQWV�PD\� UHSUHVHQW� WKH� HDUOLHVW� FHOO� UHVSRQVH� XQGHU� KLJK� OLJKW�VWUHVV�DQG�0J�GHILFLHQF\����
5()(5(1&(6�
$EDGLD�-��������/HDI�UHVSRQVHV�WR�GHILFLHQF\��D�UHYLHZ��-��3ODQW�1XWUL����������������$HEL�+(��������&DWDODVH��,Q��%HUJPH\HU�+8��HG��0HWKRGV�RI�HQ]\PDWLF�DQDO\VLV��9RO����:HLQKHP��9HUODJ�&KHPLH�����������$Q]D� 0� 	� 5LJD� 3� ������� (IIHFW� RI� PDJQHVLXP� GHILFLHQF\� LQ� DQWLR[LGDQW� HQ]\PHV� IURP� SHSSHU� SODQWV��&DSVLFXP�DDQQXXP�/���,6+6�$FWD�+RUWLFXOWXUH� �����$VDGD�.� �������$VFRUEDWH�SHUR[LGDVH�� D� K\GURJHQ�SHUR[LGH� VFDYHQJLQJ�HQ]\PH� LQ�SODQWV� 3K\VLRO��3ODQW��������������%DGLDQL�0��3DRODFFL�$5��'¶$QQLEDOH�$�	�6HUPDQQLP�**������D� $QWLR[LGDQWV�DQG�SKRWRV\QWKHVLV�LQ�WKH�OHDYHV�RI�7ULWLFXP�GXUXP�/��VHHGOLQJV�DFFOLPDWHG�WR� ORZ��QRQFKLOOLQJ�WHPSHUDWXUH��-��3ODQW�3K\VLRO�������������%DGLDQL�0��'¶$QQLEDOH�$��3DRODFFL�$5��0LJOLHWWD�)��	�5DVFKL�$������E� 7KH�DQWLR[LGDQW�VWDWXV�RI�VR\EHDQ��*O\FLQH�PD[� OHDYHV�JURZQ�XQGHU�QDWXUDO�&2� HQULFKPHQW�LQ�WKH�ILHOG��$XVW��-��3ODQW�3K\VLRO� ������������%DUEHU�-��1LHOG�-��0RUULV��(3��=KHOHYD�'�	�+DQNDPHU�%� �������7KH�VWUXFWXUH�� IXQFWLRQ�DQG�G\QDPLFV�RI�SKRWRV\VWHP�WZR��3K\VLRO��3ODQW������������������%HDOH�6,�	�:HLQVWHLQ�-'��������7HWUDS\UUROH�PHWDEROLVP�LQ�SKRWRV\QWKHWLF�RUJDQLVPV��,Q�%LRV\QWKHVLV�RI�+DHP�DQG�&KORURSK\OOV��+��$��'DLO\��HG��1HZ�<RUN��0F*UDZ�+LOO���SS�����������&DR�:�	� 7LEELWV� 7�:� ������� *URZWK�� FDUERQ� GLR[LGH� H[FKDQJH� DQG� PLQHUDO� DFFXPXODWLRQ� LQ� SRWDWRHV�JURZQ�DW�GLIIHUHQW�PDJQHVLXP�FRQFHQWUDWLRQV��-��3ODQW�1XWUL� ��������������&KDONHU�6FRWW� /� ������� (QYLURQPHQWDO� VLJQLILFDQFH� RI� DQWKRF\DQLQV� LQ� SODQW� VWUHVV� UHVSRQVHV��3KRWRFKHPLVWU\�DQG�3KRWRELRORJ\� �����������'L[RQ�5$��	� 3DYLD�1/��������6WUHVV�LQGXFHG�SKHQ\OSURSDQRLG�PHWDEROLVP��3ODQW�&HOO��������������'UXPP�+HUUHO�+��������%OXH�89�OLJKW�HIIHFWV�RQ�DQWKRF\DQLQ�V\QWKHVLV��,Q�%OXH�OLJKW�HIIHFWV�LQ�ELRORJLFDO�V\VWHPV��(GLWHG�E\�+��6HQJHU���SS�����������6SULJHU�9HUODJ��%HUOLQ��(OVWQHU�(�)��:DJQHU�*$�	�6FKXW]�:��������$FWLYDWHG�R[\JHQ�LQ�JUHHQ�SODQWV�LQ�UHODWLRQ�WR�VWUHVV�VLWXDWLRQV��&XX��7RS��3ODQW�%LRFKHP��3K\VLRO����������������)UDQN�+$�	� &RJGHOO�5�-��������&DURWHQRLGV�LQ�SKRWRV\QWKHVLV��3KRWRFKHP��3KRWRELRO����������������*HQW\�%-��0��%ULDQWDLV�	�15�%DNHU��������7KH�UHODWLRQVKLS�EHWZHHQ�WKH�TXDQWXP�\LHOG�RI�SKRWRV\QWKHWLF�HOHFWURQ�WUDQVSRUW�DQG�TXHQFKLQJ�RI�FKORURSK\OO�IOXRUHVFHQFH��%LRFKHP��%LRSK\V��$FWD������������*KRXQGKXU\� 1.�� 0XKDPPDG� $� 	� +XIIDNHU� 5&� ������� 3KRWRFKHPLFDO� DFWLYLWLHV� LQ� ZKHDW� FKORURSODVW�LQFXEDWHG�XQGHU�LUUDGLDWLRQ�DQG�SRVVLEOH�SURWHFWLRQ�E\�]HD[DQWKLQ��3KRWRV\QWKHWLFD� ������������*LDQQRSROLWLV�1�	�5LHV� 6.� ������� 6XSHUR[LGH� GLVPXWDVH�� ���2FFXUUHQFH� LQ� KLJKHU� SODQWV��3ODQW� 3K\VLRO�������������*LOOKDP� '� 	� 'RGJH� $'� ������� +\GURJHQ�SHUR[LGH�VFDYHQJLQJ� V\VWHPV� ZLWKLQ� SHD� FKORURSODVWV�� $�TXDQWLWDWLYH�VWXG\��3ODQWD����������������*RXQDULHV� .�� %DUEHU� -� 	� +DUZRRG� -/� ������� 7KH� WK\ODNRLG� PHPEUDQHV� RI� KLJKHU� SODQW� FKORURSODVWV��%LRFKHP��-�����������������*UDFH�6��/RJDQ�%$��.HOOHU�$��'HPPLJ�$GDPV�%��	� $GDPV�::�������,,,��$FFOLPDWLRQ�RI�OHDI�DQWLR[LGDQW�V\VWHPV�WR�OLJKW�VWUHVV��3ODQW�3K\VLRO����������*ULIILWK�2��������'HWHUPLQDWLRQ�RI�JOXWDWKLRQH�DQG�JOXWDWKLRQH�GLVXOSKLGH�XVLQJ�JOXWDWKLRQH�UHGXFWDVH�DQG���YLQ\OS\ULGLQH��$QDO\WLFDO�%LRFKHPLVWU\���������±������+HGJH� -(� 	� +RIUHLWHU� %7� ������� ,Q�� &DUERK\GUDWH� FKHPLVWU\�� ��� �(GV� :KLVWOHU� 5/� 	� %H� 0LOOHU� -1��$FDGHPLF�3UHVV��1HZ�<RUN��
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+RGJHV� '0�� 'H/RQJ� -0�� )RUQH\� &� 	� 3UDQJH� 5.� ������� ,PSURYLQJ� WKH� WKLREDUELWXULF� DFLG�UHDFWLYH�VXEVWDQFHV�DVVD\� IRU�HVWLPDWLQJ� OLSLG�SHUR[LGDWLRQ� LQ�SODQW� WLVVXHV�FRQWDLQLQJ�DQWKRF\DQLQ�DQG�RWKHU�LQWHUIHULQJ�FRPSRXQGV��3ODQWD���������±����,ODJ� //��.XPDU�$0�	� 6RO��'� ������� /LJKW� 5HJXODWLRQ� RI�&KORURSK\OO�%LRV\QWKHVLV� DW� WKH� /HYH�� RI� ��$PLQROHYXOLQDWH�)RUPDWLRQ�LQ�$UDELGRSVLV�7KH�3ODQW�&HOO� �����������-DNREV� %0� ������� 7KH� LQIOXHQFH� RI� PDJQHVLXP� GHILFLHQF\� RQ� FDUERK\GUDWH� FRQFHQWUDWLRQV� LQ� 1RUZD\�VSUXFH��3LFHD�DELHV� QHHGOHV�7UHH�3K\VLRORJ\�������������/DLQJ�:$�	�&KULVWHOOHU� -7� �������$�PRGHO� IRU� WKH� NLQHWLFV� RI� DFWLYDWLRQ� DQG� FDWDO\VLV� RI� ULEXORVH�����ELVSKRVSKDWH�FDUER[\ODVH��%LRFKHP��-����������������/DQJH�+��6KURSVKLUH�:�-U�	�0RKU�+��������$Q�DQDO\VLV�RI�SK\WRFKURPH�PHGLDWHG�DQWKRF\DQLQ�V\QWKHVLV��3ODQW�3K\VLRO�������������/DUVRQ�$/��������7KH�DQWLR[LGDQWV�RI�KLJKHU�SODQWV��3K\WRFKHPLVWU\���������������/LFKWHQWKDOHU�+.� �������&KORURSK\OOV� DQG� FDURWHQRLGV�� SLJPHQWV� RI� SKRWRV\QWKHWLF�PHPEUDQHV��0HWKRGV�HQ]\PRO��������������/RZHU\�2+��5RVHEURXJK�1-��)DUU�$/�	�5DQGDOO�5-��������3URWHLQ�PHDVXUHG�ZLWK�)ROLQ�3KHQRO�UHDJHQW��-��%LRO��&KHP����������������/X�<.��<DQJ�&0�	�&KHQ�<5��������&KDUFWHUL]DWLRQ�RI�WKH�WK\ODNRLG�PHPEUDQH�LQ�D�FKORURSK\OO�GHILFLHQW�FK� PXWDQW�RI�$UDELGRSVLV�WKLDOLQD� %RW��%XOO��$FDG��6LQ������������0DUVFKQHU�+��������0LQHUDO�QXWULWLRQ�RI�KLJKHU�SODQWV��$FDGHPLF�3UHVV��/RQGRQ������S��0RO� -�� -HQNLQV� *,�� 6FKlIHU� (� 	� :HLVV� '� ������� 6LJQDO� SHUFHSWLRQ�� WUDQVGXFWLRQ�� DQG� JHQH� H[SUHVVLRQ�LQYROYHG�LQ�DQWKRF\DQLQ�ELRV\QWKHVLV��&ULW�5HY�3ODQW�6FL�������������0RUDQ�-)��%HFDQD�0��,WXUEH�2UPDHW[H�,��)UHFKLOOD�6��.OXFDV�59�	�$SDULFLR�7HMR�3��������'URXJKW�LQGXFHV�R[LGDWLYH�VWUHVV�LQ�SHD�SODQWV��3ODQWD���������������0�OOHU�3�� /L�;3�	�1L\RJL�..� �������1RQ�SKRWRFKHPLFDO� TXHQFKLQJ�� D� UHVSRQVH� WR� H[FHVV� OLJKW� HQHUJ\��3ODQW�3K\VLRO������������������1DNDQR�$�	� $VDGD�.���������3XULILFDWLRQ�RI�DVFRUEDWH�SHUR[LGDVH�LQ�VSLQDFK�FKORURSODVWV��LWV�LQDFWLYDWLRQ�LQ� DVFRUEDWH�GHSOHWHG� PHGLXP� DQG� UHDFWLYDWLRQ� E\� PRQRGHK\GURDVFRUEDWH� UDGLFDO�� 3ODQW� DQG� &HOO�3K\VLRORJ\��������±������1L\RJL�..��������3KRWRSURWHFWLRQ�UHYLVLWHG��JHQHWLF�DQG�PROHFXODU�DSSURDFKHV��$QQX��5HY��3ODQW�3K\VLRO�3ODQW�0RO��%LRO���������������2UF]\N�:��+LSVNLQG�-��GH1HHUJDDUG�(��*ROGVEURXJK�3�	�1LFKROVRQ�5/��������6WLPXODWLRQ�RI�SKHQ\ODODQLQH�DPPRQLD�O\DVH� LQ� VRUJKXP� LQ� UHVSRQVH� WR� LQRFXODWLRQ�ZLWK� %LSRODULV� PD\GLV� 3K\VLRO� � 0RO� 3ODQW�3DWKRO�����������3DQDYDV�7��:DONHU�(/�	�5XELQVWHLQ�%��������3RVVLEOH�LQYROYHPHQW�RI�DEVFLVLF�DFLG�LQ�VHQHVFHQFH�RI�GD\OLO\�SHWDOV� -�([S�%RW��������������3HSSHU� $(�� 6HRQJ�.LP� 0�� +HEVW� 60�� ,YH\� .1�� .ZDN� 6-� 	� %UR\OHV� '(� ������� VKO�� D� QHZ� VHW� RI�$UDSLGRSVLV� PXWDQWV� ZLWK� H[DJJHUDWHG� GHYHORSPHQWDO� UHVSRQVHV� WR� DYDLODEOH� UHG�� IDU� UHG� DQG� EOXH�OLJKW��3ODQW�3K\VLRO� ���������������3ROOH� $� 	� 5HQQHQEHUJ� +� ������� 3KRWRR[LGDWLYH� VWUHVV� LQ� WUHHV�� ,Q�&DXVHV� RI� 3KRWRR[LGDWLYH� 6WUHVV� DQG�$PHOLRUDWLRQ� RI� 'HIHQVH� 6\VWHPV� LQ� 3ODQWV�� (GV�� &�+�� )R\HU� DQG� 3�0�� 0XOOLQHDX[�� &5&� 3UHVV��/RQGRQ��SS�����������3XHFK�/�	� 0HKQH�-DNREV�%��������+LVWRORJ\�RI�PDJQHVLXP�GHILFLHQW�1RUZD\�VSUXFH�QHHGOHV�LQIOXHQFHG�E\�QLWURJHQ�VRXUFH��7UHH�3K\VLRORJ\� ������������5XIW\�7:�	�+XEHU�6&��������&KDQJHV�LQ�VWDUFK�IRUPDWLRQ�DQG�DFWLYLWLHV�RI�VXFURVH�SKRVSKDWH�V\QWKDVH�DQG�F\WRSODVPLF�IUXFWRVH������ELSKRVSKDWDVH�LQ�UHVSRQVH�WR�VRXUFH�VLQN�DOWHUDWLRQV��3ODQW�3K\VLRO� ������������6KHUZLQ�+:�	� )DUUDQW� -0� ������� 3URWHFWLRQ�PHFKDQLVPV� DJDLQVW� H[FHVV� OLJKW� LQ� WKH� UHVXUUHFWLRQ� SODQWV�&UDWHURVWLJPD��ZLOPVLL�DQG�;HURSK\WD�YLVFRVH��3ODQW�*URZWK�5HJ� ������������6WREDUW� $� 	� $PHHQ�%XNKDUL� ,� ������� 7KH� UHJXODWLRQ� RI� ��DPLQROHYXOLQLF� DFLG� V\QWKHVLV� DQG�SURWRFKORURSK\OOLGH�UHJHQHUDWLRQ�LQ�WKH�OHDYHV�RI�GDUN�JURZQ�EDUOH\�VHHGOLQJV��%LRFKHP��-����������������6XQ�2-�	�3D\Q�7:��������0DJQHVLXP�QXWULWLRQ�DQG�OHDI�SKRWRV\QWKHVLV� LQ�3LQXV� UDGLDWH�FORQDO�YDULDWLRQ�DQG�LQIOXHQFH�RI�SRWDVVLXP��7UHH�3K\VLRORJ\� ������������9HUKRHYHQ�$6��'HPPLJ�$GDPV�%�	�$GDPV�::��������(QKDQFHG�HPSOR\PHQW�RI�[DQWKRSK\OOV�F\FOH�DQG�WKHUPDO�HQHUJ\�GLVVLSDWLRQ�LQ�6SLQDFK�H[SRVHG�WR�KLJK�OLJKW�DQG�1�VWUHVV��3ODQW�3K\VLRO� ���������������:HLHUJDQJ� ,�� +LSVNLQG� -'� 	� 1LFKROVRQ� 5/� ������� 6\QWKHVLV� RI� ��GHR[\DQWKRF\DQLGLQ� SK\WRDOH[LQV� LQ�VRUJKXP�RFFXUV�LQGHSHQGHQW�RI�OLJKW��3K\VLRO�0RO�3ODQW�3DWKRO��������������<RXQJ�$-��������7KH�SURWHFWLYH�UROH�RI�FDURWHQRLGV�LQ�KLJKHU�SODQWV��3K\VLRO��3ODQW���������������
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