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3DQD[�JLQVHQJ�LV�RQH�RI�WKH�PRVW�LPSRUWDQW�PHGLFLQDO�SODQWV�LQ�$VLDQ�FRXQWULHV�
VXFK� DV� 9LHWQDP�� 6RXWK� .RUHD�� ,QGLD� DQG� &KLQD�� 7KH� JLQVHQJ� URRW� LV� QRUPDOO\�
KDUYHVWHG� DIWHU� IRXU� RU� VL[� \HDUV� RI� JURZWK�� ZKLFK� KDV� EHHQ� FRPPRQO\� XVHG� IRU�
PDQXIDFWXULQJ� KHDOWK� VXSSOHPHQWV� >�@�� +RZHYHU�� OLWHUDWXUH� KDV� UHSRUWHG� WKDW� WKH�
JLQVHQRVLGHV�FRQWHQW�LQ�JLQVHQJ�OHDI�LV�KLJKHU�WKDQ�LQ�WKH�URRW�IRU�WKH�VDPH�FXOWLYDWLRQ�
GXUDWLRQ��7KH�KLJKHVW�JLQVHQRVLGHV�FRQWHQW�KDV�EHHQ�UHSRUWHG� IRU���\HDU�ROG�JLQVHQJ�
OHDYHV��*LQVHQJ�VHHGOLQJV�FRXOG�EH�KDUYHVWHG�DIWHU�DSSUR[LPDWHO\���WR���ZHHNV�>����@��

*URZWK� DQG� TXDOLW\� FRPSRQHQWV� RI� YHJHWDEOHV� DUH� DIIHFWHG� E\� PDQ\�
HQYLURQPHQWDO� IDFWRUV� VXFK�DV� WHPSHUDWXUH�� KXPLGLW\�� OLJKW�� VRLO�ZDWHU� FRQWHQW� DQG�
QXWULWLRQ��/LJKW�SOD\V�D�NH\�UROH�LQ�SODQW�OLIH��GHWHUPLQLQJ�WKHLU�SKRWR�PRUSKRJHQHVLV�
DQG� SKRWRV\QWKHVLV� UDWH� >�@�� 7KH� LQWHJUDWLRQ�� TXDOLW\�� SKRWRSHULRG� DQG� LQWHQVLW\� RI�
UHG�� IDU�UHG�� EOXH�� 89�$� ��������� QP�� DQG� 89�%� ��������� QP�� OLJKW� KDYH� D�
SURIRXQG� LQIOXHQFH� RQ� SODQWV� E\� WULJJHULQJ� SK\VLRORJLFDO� UHDFWLRQV� WR� FRQWURO� WKHLU�
JURZWK�DQG�GHYHORSPHQW�>����@��/LJKW�HPLWWLQJ�GLRGHV��/('V��DUH�VROLG�VWDWH��ORQJ�
ODVWLQJ� DQG� GXUDEOH� VRXUFHV� RI� QDUURZ�EDQG� OLJKW� WKDW� FDQ� EH� XVHG� LQ� D� YDULHW\� RI�
KRUWLFXOWXUDO� DQG� SKRWR�ELRORJLFDO� DSSOLFDWLRQV� >�@�� LQFOXGLQJ� FRQWUROOHG� UHVHDUFK�
HQYLURQPHQWV� >�@� OLJKWLQJ� IRU� WLVVXH� FXOWXUH� >�@� DQG� VXSSOHPHQWDO� DQG� SKRWRSHULRG�
OLJKWLQJ� IRU� JUHHQKRXVHV� >�@�� 7KH� HIIHFWV� RI� SKRWRV\QWKHWLF� SKRWRQ� IOX[� GHQVLW\�
�33)'��DQG�UHG�WR�EOXH�OLJKW�UDWLRV�RQ�WKH�OHDI�VKDSH�DQG�FRQFHQWUDWLRQ�RI�IXQFWLRQDO�
FRPSRXQGV� LQ�EDVLO�ZHUH� VWXGLHG� LQ� D�SDSHU�E\�+LNRVDND� >�@��7KH\� VXJJHVWHG� WKDW�
EDVLO�JURZWK��DSSHDUDQFH��DQG�IXQFWLRQDO�DQG�DURPDWLF�FRPSRXQG�FRQFHQWUDWLRQV�FDQ�
EH�DGMXVWHG�DV�QHHGHG�E\�PDQLSXODWLQJ�WKH�33)'�DQG�5�%�UDWLR��DOWKRXJK�5�%�����DW�
33)'�RI� ���� FDXVHG�PDOIRUPHG� OHDYHV��&XOWLYDWLRQ� XVLQJ� GZDUI� FXOWLYDUV� DQG� WKH�
HIIHFW�RQ� WRPDWR�IUXLW� TXDOLW\�XQGHU�89�$� LUUDGLDWLRQ�FRQGLWLRQV� LQ�D�SODQW� IDFWRU\�
ZHUH�LQYHVWLJDWHG�LQ�D�VWXG\�E\�.RED\DVKL�>�@��7KH\�IRXQG�WKDW�89�LUUDGLDWLRQ�KDG�D�
SRVLWLYH�HIIHFW�RQ�IUXLW�VL]H�SHU�IUXLW�DQG�FDURWHQRLG�FRQWHQW��89�LUUDGLDWLRQ�GLG�QRW�
DIIHFW�WKH�\LHOG�SHU�SODQW��:KHQ�FXOWLYDWLQJ�WRPDWR�SODQWV�LQ�D�SODQW�IDFWRU\��IUXLW�VL]H�
DQG�FRPSRVLWLRQ�LPSURYHPHQWV�DUH�H[SHFWHG�E\�DSSURSULDWHO\�DGMXVWLQJ�WKH�WLPH�DQG�
LQWHQVLW\�RI�89�LUUDGLDWLRQ�IRU�HDFK�FXOWLYDU���

:LWK�WKH�UHYLVHG�*LQVHQJ�,QGXVWULDO�$FW��JLQVHQJ�VHHGOLQJV�KDYH�EHFRPH�D�QHZ�
PHGLFLQDO� YHJHWDEOH� ZLWK� KLJK� FRQVXPHU� GHPDQG�� +RZHYHU�� WKH� H[LVWLQJ� UHVHDUFK�
GDWD�RQ�JLQVHQJ�SURGXFWLRQ�GRHV�QRW�UHIOHFW�WKH�FKDQJHG�UHDOLW\��WKHUH�DUH�LQVXIILFLHQW�
VWXGLHV� RQ� JLQVHQJ� VHHGOLQJV�� DV� WKH� JHQHUDO� VWXG\� IRFXV� KDV� EHHQ� RQ� K\GURSRQLFV�
JLQVHQJ�FXOWLYDWHG�E\�WKH�SUHYLRXV�PHWKRG�WKDW�DSSOLHG�QXWULHQW�VROXWLRQV�WR�QXUVHU\�
VRLO�RU�ZDWHU�IRU���WR���PRQWKV�>��@��,Q�WKH�FDVH�RI���PRQWKV�ROG�K\GURSRQLF�JLQVHQJ��
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WKH�WRWDO�DPRXQW�RI�JLQVHQRVLGHV� LQ�VWHPV�DQG�URRWV� LV�������������ZKLOH�WKH�OHDYHV�
KDYH���������������ZKLFK�LV����WLPHV�JUHDWHU�WKDQ�WKH�DPRXQW�LQ�VWHPV�DQG�URRWV�>����
��@�� +RZHYHU�� GXULQJ� WKH� GLIIHUHQW� VWDJHV� RI� FXOWLYDWLRQ�� WKH� SURSRUWLRQ� RI�
JLQVHQRVLGHV�LQ�JLQVHQJ�FKDQJHV�>������@���

7KHUHIRUH�� WKH� REMHFWLYH� RI� WKLV� VWXG\�ZDV� WR� LQYHVWLJDWH� WKH� HIIHFWV� RI� OLJKW�
FRQGLWLRQV� LQFOXGLQJ� OLJKW� W\SH�� LQWHQVLW\� DQG� SKRWRSHULRG� RQ� WKH� JURZWK� RI� 3��
YLHWQDPHQVLV�YDU��IXVFLGLVFXV�LQ�D�SODQW�IDFWRU\��

�� 0$7(5,$/6 $1'0(7+2'6�

�����3ODQW�PDWHULDOV�DQG�JURZWK�FRQGLWLRQV�

7KUHH� H[SHULPHQWV� ZHUH� GHVLJQHG� DQG� SHUIRUPHG� LQ� D� SODQW� IDFWRU\�� 3DQD[�
YLHWQDPHQVLV�YDU��IXVFLGLVFXV�VHHGOLQJV��)LJXUH����ZHUH�FXOWLYDWHG�XQGHU�GLIIHUHQW�OLJKW�
FRQGLWLRQV� LQFOXGLQJ� OLJKW� W\SH�� OLJKW� LQWHQVLW\�� DQG� OLJKW� SKRWRSHULRG�� 2QH�\HDU�ROG�
JLQVHQJ� VHHGOLQJV� ZHUH� WUDQVSODQWHG� LQWR� FXOWLYDWLRQ� EHGV�� ,Q� H[SHULPHQW� ��� WKUHH�
GLIIHUHQW� OLJKW� W\SHV�ZHUH� H[DPLQHG�� LQFOXGLQJ�:%8��ZKLWH�/('�� DQG� \HOORZ�/('�
�����QP���/('V�ZHUH�GLVWULEXWHG�LQ�RQH�EDU�ZLWK�OLJKW�FRORU�UDWLR�RI�����������IRU�:���%�
�� 8�� 7KUHH� OHYHOV� RI� OLJKW� LQWHQVLW\� ������� ����� DQG� ����� OX[�� ZHUH� VHW� XS� LQ�
H[SHULPHQW���ZKLOH� WKUHH� SKRWRSHULRGV� ������� ������DQG������ GD\�QLJKW� FLUFOH�KRXUV��
ZHUH� HYDOXDWHG� RQ� WKH� IRUPDWLRQ� RI� WKH� PDLQ� URRW� LQ� H[SHULPHQW� ��� 'HWDLOHG�
HQYLURQPHQWDO�LQIRUPDWLRQ�IRU�HDFK�H[SHULPHQW�ZDV�VXPPDUL]HG�LQ�7DEOH����:H�XVHG�
D�ZLUHOHVV�VHQVRU�QHWZRUN�V\VWHP�WR�PRQLWRU�DQG�FRQWURO�WKH�HQYLURQPHQWDO�FRQGLWLRQV�
DXWRPDWLFDOO\� LQ� WKH� SODQW� IDFWRU\� VXFK� DV� WHPSHUDWXUH�� KXPLGLW\�� FDUERQ� GLR[LGH�
FRQFHQWUDWLRQ��&2����OLJKW�SKRWRSHULRG��'XH�WR�WKH�SXUSRVH�RI�RXU�SURMHFW��WKH�SODQWV�
ZHUH�KDUYHVWHG�DIWHU���ZHHNV�RI�WUDQVSODQWLQJ��7RWDOO\������SODQWV�����SODQWV�IRU�HDFK�
H[SHULPHQW���DQG�H[SHULPHQW����DQG�����SODQWV�IURP�H[SHULPHQW����ZHUH�FROOHFWHG�WR�
PHDVXUH�WKH�SK\VLFDO�SDUDPHWHUV�RI�SODQW�JURZWK��(IIHFWV�RI�OLJKW�FRQGLWLRQV�RQ�SODQW�
JURZWK�ZHUH�GHVFULEHG�WKURXJK�WKH�DQDO\VLV�RI�SODQW�SDUDPHWHUV�LQFOXGLQJ�QXPEHU�RI�
OHDYHV��SODQW�OHQJWK��VWHP�GLDPHWHU��URRW�GLDPHWHU�DQG�SODQW�ZHLJKW��3ODQW�SDUDPHWHUV�
ZHUH�PHDVXUHG�LPPHGLDWHO\�DIWHU�FXWWLQJ�IURP�WKH�SODQWV��

7DEOH����*URZWK�FRQGLWLRQV�

,WHP� ([SHULPHQW��� ([SHULPHQW��� ([SHULPHQW��

/LJKW�VRXUFHV�
<HOORZ�/('��:%8��

:KLWH�/('�
:%8� :%8�

3KRWRSHULRG��KRXUV�� ����� ���������������� �����

,QWHQVLW\��OX[�� ����� �����
������������

�����
7HPSHUDWXUH��R&�� �������

&2���SSP�� �����������
6XEVWUDWH� 3H���9���3� �����������������

�3H��SHDWPRVV� ����9��YHUPLFXOLWH� � 3��SHUOLWH�
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�����6WDWLVWLFDO�DQDO\VLV�

$QDO\VLV�RI�YDULDQFH��$129$��LV�D�VLPSOH�WHFKQLTXH�WHVW�RI�ZKHWKHU�WKHUH�DUH�
GLIIHUHQFHV�EHWZHHQ�JURXSV�RU�WUHDWPHQWV��+RZHYHU��RQH�ZD\�$129$�LV�WKH�VLPSOH�
IRUP�DQG�ZH�VWLOO�FDQQRW�LGHQWLI\�ZKLFK�PHDQV�GLIIHU�VLJQLILFDQWO\��7KHQ��'XQFDQ¶V�
PXOWLSOH� UDQJH� WHVW� DW� WKH� ��� OHYHO� ZDV� D� SURFHGXUH� SHUIRUPDQFH� RI� WKH� SRVW�KRF�
FRPSDULVRQ� WHVW�� ,Q� WKLV�VWXG\��ZH�DSSOLHG�'XQFDQ¶V�PXOWLSOH� UDQJH� WHVW� WR� LGHQWLI\�
VLJQLILFDQW� GLIIHUHQFH� EHWZHHQ� SDLUV� RI� LQGLYLGXDO� IDFWRUV� XVLQJ� WKH� 6$6� SURJUDP�
�6$6�,QVWLWXWH��&DU\��1&��>��@���

)LJXUH����6HHGOLQJV�RI�3DQD[�YLHWQDPHVLV�YDU��IXVFLGLVFXV

�� 5(68/76 $1'',6&866,21�

)LJXUH���VKRZHG�WKH�JURZWK�FKDUDFWHULVWLFV�RI�JLQVHQJ�VHHGOLQJV�SORWWHG�DJDLQVW�
WKUHH�OLJKW�W\SHV��:%8��\HOORZ�/('��DQG�ZKLWH�/('���*HQHUDOO\��SODQW�JURZWK�ZDV�
JUHDWHU� XQGHU� :%8� /('� WKDQ� WKDW� XQGHU� ZKLWH� DQG� \HOORZ� /('V�� +RZHYHU�� WKH�
VWDQGDUG� GHYLDWLRQ� RI� SODQW� JURZWK�ZDV� DOVR� LQFUHDVHG� IURP� ���J� WR� ���J� IRU� SODQW�
ZHLJKW��DQG�IURP�����PP�WR������PP�LQ�SODQW� OHQJWK��3ODQW�ZHLJKW�ZDV�KLJK�XQGHU�
:%8�/('������J��ZKHUHDV�WKH�VWDQGDUG�GHYLDWLRQ�ZDV�DOVR�KLJKHU� WKDQ� WKDW�XQGHU�
RWKHU�/('V�������J���7KH�UHVXOWV�RI�'XQFDQ¶V�UDQJH�WHVW�DW�WKH����OHYHO�LQGLFDWHG�WKDW�
SODQW�JURZWK�RI�JLQVHQJ�ZDV�VLJQLILFDQWO\�GLIIHUHQW� IRU�SODQW� OHQJWK��3ODQW� OHQJWK�RI�
JLQVHQJ�VHHGOLQJV�JURZQ�XQGHU�:%8�/('�ZDV�WKH�KLJKHVW�OHQJWK��

*URZWK� FKDUDFWHULVWLFV� RI� JLQVHQJ� VHHGOLQJV� LQ� WKUHH� GLIIHUHQW� OLJKW� LQWHQVLWLHV�
DIWHU���ZHHNV�RI�WUDQVSODQWLQJ�WKH�VSRXWV�DUH�VKRZQ�LQ�)LJXUH����$OWKRXJK�WKH�UHVXOWV�
RI�'XFDQ¶V�UDQJH�WHVW�DW�WKH����OHYHO�LQGLFDWHG�WKDW�SODQW�JURZWK�FKDUDFWHULVWLFV�ZHUH�
QRW�D�VLJQLILFDQW�GLIIHUHQFH��SODQW�JURZWK�LQ�WKH�OLJKW�LQWHQVLW\�RI������OX[�ZDV�KLJKHU�
WKDQ� WKDW� LQ� WKH� OLJKW� LQWHQVLW\� RI� ����� DQG� ����� OX[�� $GGLWLRQDOO\�� WKH� QXPEHU� RI�
ODWHUDO�URRWV�RI�JLQVHQJ�VHHOLQJV�JURZQ�LQ�WKH� LQWHQVLW\�RI������OX[�ZDV�JUHDWHU� WKDQ�
WKDW�LQ�WKH�RWKHU�OLJKW�LQWHQVLW\�OHYHOV��
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)LJXUH����(IIHFWV�RI�OLJKW�W\SHV�RQ�JLQVHQJ�JURZWK

)LJXUH����(IIHFWV�RI�OLJKW�LQWHQVLW\�RQ�JLQVHQJ�JURZWK

)LJXUH��� VKRZV� WKH�HIIHFWV�RI� WKUHH� OLJKW�SKRWRSHULRG� OHYHOV�RQ�JLQVHQJ�JURZWK��
:H�IRXQG�WKDW�JURZWK�FKDUDFWHULVWLFV�LQFUHDVHG�ZLWK�LQFUHDVLQJ�GD\�WLPH��HVSHFLDOO\�IRU�
QXPEHU�RI�OHDYHV��SODQW�OHQJWK��DQG�VKRRW�V\VWHP�OHQJWK��,Q�FRQWUDVW��VWDQGDUG�GHYLDWLRQ�
YDOXHV�RI�JURZWK�FKDUDFWHULVWLFV�RI�JLQVHQJ�LQ�SKRWRSHULRG�RI������KRXUV�ZHUH�VOLJKWO\�
KLJKHU�WKDQ�WKDW�LQ�WKH�RWKHU�OLJKW�SKRWRSHULRG�OHYHOV��+RZHYHU��VWHP�GLDPHWHU�DQG�URRW�
GLDPHWHU�LQ�WKUHH�OLJKW�SKRWRSHULRG�OHYHOV�ZHUH�QRW�VLJQLILFDQWO\�GLIIHUHQW��
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)LJXUH����(IIHFWV�RI�OLJKW�SKRWRSHULRG�RQ�JLQVHQJ�JURZWK�

�� &21&/86,21�

7KLV� VWXG\� LQYHVWLJDWHG� WKH� HIIHFWV�RI� OLJKW�FRQGLWLRQV�RQ� WKH�JURZWK�RI�3DQD[�
YLHWQDPHVLV�YDU�� IXVFLGLVFXV� JURZQ�LQ�D�SODQW� IDFWRU\��ZKHUH� WKUHH�GLIIHUHQW� W\SHV�RI�
OLJKW� DQG� WKUHH� OLJKW� LQWHQVLW\� OHYHOV�� DQG� WKUHH� SKRWRSHULRG� OHYHOV� ZHUH� H[DPLQHG��
$FFRUGLQJ�WR�WKH�UHVXOWV��WKH�RSWLPXP�OLJKW�IRU�JURZWK�ZDV�:%8�/('��,Q�DGGLWLRQDO��
WKH�JURZWK�FKDUDFWHULVWLFV�RI�JLQVHQJ�ZHUH�KLJKHU�LQ�WKH�LQWHQVLW\�RI������OX[�DQG�WKH�
SKRWRSHULRG� RI� ����� GD\�QLJKW� FLUFOH� KRXUV�� (IIHFWV� RI� OLJKW� FRQGLWLRQ� RQ� IXQFWLRQDO�
FRPSRQHQWV�RI�3��YLHWQDPHQVLV�YDU��IXVFLGLVFXV�VKRXOG�EH�LQYHVWLJDWHG�LQ�IXWXUH�ZRUN��

$FNQRZOHGJPHQWV��7KLV� UHVHDUFK� LV� IXQGHG� E\�9LHWQDP�$FDGHP\�RI�6FLHQFH�
DQG� 7HFKQRORJ\� �9$67�� XQGHU� JUDQW� QXPEHU� 7+7(71���������� DQG�
1&9&&������������� 7KLV� ZRUN� ZDV� VXSSRUWHG� E\� &HQWHU� IRU� 5HVHDUFK� DQG�
7HFKQRORJ\�7UDQVIHU��9LHWQDP�$FDGHP\�RI�6FLHQFH�DQG�7HFKQRORJ\��DQG�7RQ�'XF�
7KDQJ�8QLYHUVLW\��+R�&KL�0LQK�&LW\��9LHWQDP��

5()(5(1&(6�

�� =KDQJ� +��� $ELG� 6��� $KQ� -�� &��� 0DWKL\DODJDQ� 5��� .LP� <�� -��� <DQJ� '�� &���
:DQJ�<���&KDUDFWHULVWLFV�RI�3DQD[�JLQVHQJ�&XOWLYDUV� LQ�.RUHD�DQG�&KLQD��
0ROHFXOHV����������������������

�� .DQJ�2��-���.LP�-��6���&RPSDULVRQ�RI�*LQVHQRVLGH�&RQWHQWV�LQ�'LIIHUHQW�3DUWV�RI�
.RUHDQ�*LQVHQJ��3DQD[�JLQVHQJ�&�$��0H\HU���-��)��1�������������������������

�� 6RQJ� -�� 6��� -XQJ� 6��� -HH� 6��� <RRQ� -��:��� %\HRQ�<�� 6��� 3DUN� 6��� .LP� 6�� %���
*URZWK�DQG�ELRDFWLYH�SK\WRFKHPLFDOV�RI�3DQD[�JLQVHQJ�VSURXWV�JURZQ� LQ�DQ�
DHURSRQLF� V\VWHP� XVLQJ� SODVPD�WUHDWHG� ZDWHU� DV� WKH� QLWURJHQ� VRXUFH�� 6FL��
5HS����������������������
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�� $YHUFKHYD�2��9���%HUNRYLFK�<��$���(URNKLQ�$��1���=KLJDORYD�7��9���3RJRV\DQ�
6��,���6PRO\DQLQD�6��2���*URZWK�DQG�SKRWRV\QWKHVLV�RI�&KLQHVH�FDEEDJH�SODQWV�
JURZQ�XQGHU� OLJKW�HPLWWLQJ�GLRGH�EDVHG� OLJKW� VRXUFH��5XVV�� -��3ODQW�3K\VLRO���
��������������������

�� 6WXWWH�*��:���(GQH\�6���6NHUULWW�7���3KRWRUHJXODWLRQ�RI�ELRSURWHFWDQW�FRQWHQW�
RI�UHG�OHDI�OHWWXFH�ZLWK�/LJKW�HPLWWLQJ�GLRGHV��+RUWV�����������������������

�� /L� +��� ;X� =��� 7DQJ� &��� (IIHFW� RI� OLJKW�HPLWWLQJ� GLRGHV� RQ� JURZWK� DQG�
PRUSKRJHQHVLV� RI� XSODQG� FRWWRQ� �*RVV\SLXP� KLUVXWXP� /��� SODQWOHWV� LQ� YLWUR��
3ODQW�&HOO�7LVV��2UJDQ��&XOW��������������������������

�� 0RUURZ�5��&���/('�/LJKWLQJ�LQ�+RUWLFXOWXUH��+RUWV��������������������������

�� +LNRVDND� 6��� 0RUL\DPD� )��� *RWR� (��� (IIHFWV� RI� SKRWRV\QWKHWLF� SKRWRQ� IOX[�
GHQVLW\� DQG� UHG�EOXH� OLJKW� UDWLR� RQ� WKH� OHDI� VKDSH� DQG� FRQFHQWUDWLRQV� RI�
IXQFWLRQDO� DQG� DURPDWLF� FRPSRXQGV� LQ� VZHHW� EDVLO� �2FLPXP� EDVLOLFXP� /����
+RUW��-�������������������������

�� .RED\DVKL�7���7DEXFKL�7���7RPDWR�FXOWLYDWLRQ�LQ�D�SODQW�IDFWRU\�ZLWK�DUWLILFLDO�
OLJKW�� (IIHFW� RI� 89�$� LUUDGLDWLRQ� GXULQJ� WKH� JURZLQJ� SHULRG� RQ� \LHOG� DQG�
TXDOLW\�RI�ULSHQLQJ�IUXLW��+RUW��-�����������������������

��� /HH�-��<���<DQJ�+���/HH�7��.���/HH�&��+���6HR�-��:���.LP�-��(���.LP�6��<���
3DUN�-��+��<���/HH�.��:���$�VKRUW�WHUP��K\GURSRQLF�FXOWXUH�RI�JLQVHQJ�UHVXOWV�
LQ� D� VLJQLILFDQW� LQFUHDVH� LQ� WKH� DQWL�R[LGDWLYH� DFWLYLW\� DQG� ELRDFWLYH�
FRPSRQHQWV��)RRG�6FL��%LRWHFKQRO���������������������������

��� .LP�*��6���/HH�6��(���1RK�+��-���.ZRQ�+���/HH�6��:���.LP�6��<���.LP�<��%���
(IIHFWV�RI�1DWXUDO�%LRDFWLYH�3URGXFWV�RQ�WKH�JURZWK�DQG�JLQVHQRVLGH�FRQWHQWV�
RI� SDQD[� JLQVHQJ� FXOWXUHG� LQ� DQ� DHURSRQLF� V\VWHP�� -RXUQDO� RI� *LQVHQJ�
5HVHDUFK������������������������

��� .LP�<��-���-HRQ�-��1���-DQJ�0��*���2K�-��<���.ZRQ�:��6���-XQJ�6��.���<DQJ�'��&���
*LQVHQRVLGH� SURILOHV� DQG� UHODWHG� JHQH� H[SUHVVLRQ� GXULQJ� IROLDWLRQ� LQ� 3DQD[�
JLQVHQJ�0H\HU��-��*LQVHQJ�5HV�����������������������

��� =KDQJ�<��&���/L�*��� -LDQJ�&���<DQJ�%���<DQJ�+�� -���;X�+��<���+XDQJ�/��4���
7LVVXH�6SHFLILF� GLVWULEXWLRQ� RI� JLQVHQRVLGHV� LQ� GLIIHUHQW� DJHG� JLQVHQJ� DQG�
DQWLR[LGDQW�DFWLYLW\�RI�JLQVHQJ�OHDI��0ROHFXOHV�����������������������������

��� /LX�=���:DQJ�&��=���=KX�;��<���:DQ�-��<���=KDQJ�-���/L�:���5XDQ�&��&���<XDQ�&��6���
'\QDPLF�FKDQJHV�LQ�QHXWUDO�DQG�DFLGLF�JLQVHQRVLGHV�ZLWK�GLIIHUHQW�FXOWLYDWLRQ�DJHV�
DQG�KDUYHVW�VHDVRQV�� ,GHQWLILFDWLRQ�RI�FKHPLFDO�FKDUDFWHULVWLFV� IRU�SDQD[�JLQVHQJ�
TXDOLW\�FRQWURO��0ROHFXOHV�������������������

��� 7DOODULGD� 5�� -��� 0XUUD\� 5�� %��� 'XQFDQ� 0XOWLSOH� 5DQJH� 7HVW�� ,Q�� 0DQXDO� RI�
3KDUPDFRORJLF�&DOFXODWLRQV��1HZ�<RUN��6SULQJHU�1HZ�<RUN��������S�����������
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3DQD[�YLHWQDPHQVLV�YDU��IXVFLGLVFXV��FDOOHG�³/DL�&KDX�JLQVHQJ´�LQ�9LHWQDP��LV�D�
QHZ� YDULHW\� RI� 3�� YLHWQDPHQVLV�� ZKLFK� ZDV� ILUVW� IRXQG� LQ� /DL� &KDX� SURYLQFH�� WKH�
QRUWKZHVW� UHJLRQ� RI� 9LHWQDP�� 7KH� REMHFWLYH� RI� WKLV� VWXG\� ZDV� WR� LQYHVWLJDWH� WKH�
HIIHFWV�RI�OLJKW�FRQGLWLRQ��OLJKW�VRXUFH��LQWHQVLW\�DQG�SKRWRSHULRG��RQ�WKH�JURZWK�RI�
3��YLHWQDPHQVLV�YDU�� IXVFLGLVFXV�LQ�D�SODQW�IDFWRU\��DFWLYHO\�FRQWUROOHG�IDFWRUV�VXFK�DV�
WHPSHUDWXUH�� OLJKW��KXPLGLW\��QXWULWLRQ��HWF����2QH�\HDU�ROG� VHHGOLQJV�ZHUH� WUDQVSODQWHG�
WR� D� FRQWUROOHG�HQYLURQPHQWDO� LQ� D� SODQW� IDFWRU\�� 7KH� HIIHFWV� RI� WKUHH� GLIIHUHQW� OLJKW�
VRXUFHV�:KLWH���%OXH���89��:%8���ZKLWH�/('��\HOORZ�/('��WKUHH�OHYHOV�RI�LQWHQVLW\�
������� ������ ����� OX[�� DQG� WKUHH� OHYHOV� RI� SKRWRSHULRG� ������� ������ DQG� ����� KRXUV��
ZHUH�HYDOXDWHG�RQ�WKH�JURZWK�RI�JLQVHQJ�VHHGOLQJV��7KH�VDPSOH�ZDV�FROOHFWHG�DIWHU����
GD\V� RI� WUDQVSODQWLQJ�� 5HVXOWV� VKRZHG� WKDW� WKH� PDLQ� URRW� RI� 3�� YLHWQDPHQVLV� YDU��
IXVFLGLVFXV� ZDV� IRUPDWWHG� XQGHU� :%8� OLJKW� VRXUFH� ZLWK� LQWHQVLW\� RI� ����� OX[� DQG�
SKRWRSHULRG�RI������ KRXUV��(IIHFWV�RI� OLJKW� FRQGLWLRQ�RQ� IXQFWLRQDO�FRPSRQHQWV� RI�3��
YLHWQDPHQVLV�YDU��IXVFLGLVFXV�VKRXOG�EH�LQYHVWLJDWHG�LQ�IXWXUH�ZRUN��

.H\ZRUGV�� /LJKW� FRQGLWLRQ�� OLJKW� LQWHQVLW\�� OLJKW� SKRWRSHULRG�� /DL� &KDX�
JLQVHQJ��iQK�ViQJ��F˱ͥQJ�ÿ͡�ViQJ��WKͥL�JLDQ�FKL͇X�ViQJ��VkP�/DL�&KkX�

1K̵Q�EjL�QJj\����WKiQJ���QăP������

3K̫Q�EL͏Q�[RQJ�QJj\����WKiQJ����QăP������

+RjQ�WKL͏Q�QJj\����WKiQJ����QăP������

����&HQWHU�IRU�5HVHDUFK�DQG�7HFKQRORJ\�7UDQVIHU��9LHWQDP�$FDGHP\�RI�6FLHQFH�
DQG�7HFKQRORJ\��+DQRL��9LHWQDP�

����)DFXOW\�RI�3KDUPDF\��7RQ�'XF�7KDQJ�8QLYHUVLW\��+R�&KL�0LQK�&LW\��9LHWQDP�
����,QVWLWXWH�RI�7HFKQRORJ\��9LHWQDP�'LUHFWRUDWH�RI�'HIHQVH�,QGXVWU\��+DQRL��9LHWQDP�

/LrQ�K͏��1J{�9L͏W�ĈͱF

7UXQJ� WkP�1JKLrQ� FӭX� Yj� &KX\ӇQ� JLDR� &{QJ� QJKӋ�� 9LӋQ�+jQ� OkP�
.+	&1�9LӋW�1DP�

6ӕ����+RjQJ�4XӕF�9LӋW��1JKƭD�Ĉ{��&ҫX�*Lҩ\��+j�1ӝL�

ĈLӋQ�WKRҥL����������������(PDLO��QJRYLHWGXF�FUHWHFK#JPDLO�FRP


