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�$QJODGH�HW�DO���������+HUQDQGH]�(VWHEDQ�HW�DO���������DQG�HQKDQFLQJ�VRLO�FRYHU�SURWHFWLRQ��9DOOHERQD
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SORW� WULDO� ZDV� � GHVLJQHG� ZLWK� WKH� JRDO� RI� LQYHVWLJDWLQJ� WKH� HIIHFW� RI� UHGXFHG� OLJKW� DYDLODELOLW\� RQ
0HGLWHUUDQHDQ�OHJXPHV�DQG�JUDVVHV�IRUDJH�VSHFLHV��,Q�2FWREHU�������WKH�SORW�WULDO�ZDV�HVWDEOLVKHG�DW�WKH
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������(���RQ�D�FOD\�ORDP�VRLO�ZLWK�������Z�Z�RI�RUJDQLF�PDWWHU�FRQWHQW�LQ�WKH�WRSVRLO���
������P��DQG�����S+��%HIRUH�VRZLQJ��SHUIRUPHG�RQ�2FWREHU���VW������NJ�KD���RI�3�2��ZHUH�EURDGFDVW�DSSOLHG
DV�WULSOH�VXSHUSKRVSKDWH��7KH�VRZLQJ�ZDV�FDUULHG�RXW�RQ�2FWREHU���WK��7KH�H[SHULPHQWDO�OD\RXW�FRPSOLHV
ZLWK�D�WZR�IDFWRU�FRPSOHWHO\�UDQGRPL]HG�EORFN�ZLWK�IRXU�UHSOLFDWHV�����P��VL]LQJ�HDFK�SORW���2QH�IDFWRU
LQFOXGHV�ILYH�OHYHOV�DVVLJQHG�WR�ILYH�GLIIHUHQW�VZDUGV��L��VXOOD��FY��6LOYDQ���LL��U\HJUDVV��/ROLXP�PXOWLIORUXP�/�
FY� 7HDQQD����LLL��PL[�RI�VXOOD�FY��6LOYDQ�DQG�U\HJUDVV���������LY��PL[�RI�VXOOD�FY�6LOYDQ��VXOOD�FY��&KLDUD�6WHOOD
DQG�VXOOD�FY��$YRULR����������DQG��Y��DOIDOID�FY��0HVVH��6HFRQG�IDFWRU��KDV�WKUHH�LQFUHDVLQJ�VKDGLQJ�OHYHOV�
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DQG LW LV�LQGLFDWHG DV�RQH RI WKH IDUPLQJ V\VWHPV ZLWK WKH JUHDWHVW SRWHQWLDO�IRU FOLPDWH FKDQJH PLWLJDWLRQ
DQG DGDSWDWLRQ �.D\ HW DO� ������ ,Q ,WDO\��DJURIRUHVWU\ V\VWHPV�FRYHU DQ DUHD RI ��� PLOOLRQV KD�PDLQO\
EDVHG RQ�VLOYRDUDEOH�V\VWHP ZLWK KLJK YDOXH WUHHV DQG DJUR�VLOYR�SDVWRUDO�V\VWHPV �3DULV�HW DO���������� ,Q�
7XVFDQ\�� D W\SLFDO VLOYRDUDEOH V\VWHP FRQVLVWV� LQ VLOYRDUDEOH ROLYH JURYH LQWHUFURSSHG ZLWK D ORZ�
SURGXFWLYH QDWXUDO� SDVWXUH� XVXDOO\� QRW JUD]HG�� XQWLO WKH HDUO\�VXPPHU SHULRG ZKHQ VKDOORZ WLOODJH LV
SHUIRUPHG LQ RUGHU WR�GHFUHDVH�ZDWHU FRPSHWLWLRQ EHWZHHQ KHUEDFHRXV SODQWV�DQG WUHHV��0DQWLQR�HW
DO����������*URZLQJ OHJXPHV� DQG�LQ�SDUWLFXODU�SHUHQQLDOV�OHJXPHV��XQGHU WKH FDQRS\�RI�WUHH FURSV�FRXOG
EH�D SUDFWLFH WR�LPSURYH VXVWDLQDELOLW\�RI 0HGLWHUUDQHDQ $)�V\VWHPV PDLQO\�E\ LQFUHDVLQJ WKH 1LWURJHQ
�1� FRQWHQW LQ WKH VRLO� WKURXJK V\PELRWLF 1� IL[DWLRQ� WKXV UHGXFLQJ WKH� UHOLDQFH RQ PLQHUDO 1 IHUWLOLVHUV
�$QJODGH�HW DO�� ����� +HUQDQGH]�(VWHEDQ HW DO�������� DQG HQKDQFLQJ VRLO�FRYHU SURWHFWLRQ �9DOOHERQD
HW DO�� ������ 7KHPRVW LPSRUWDQW SHUHQQLDO OHJXPH FURS LQ 0HGLWHUUDQHDQ DUHD LV�DOIDOID �0HGLFDJR�VDWLYD
/����7KH�HIIHFW RI WUHH�SUHVHQFH�RQ OHJXPHV KDV EHHQ HYDOXDWHG E\ VHYHUDO�VWXGLHV��UHSRUWLQJ QHJDWLYH
HIIHFWV�RQ \LHOG��GXH�WR ORZHU ZDWHU DYDLODELOLW\��1DVLHOVNL�HW DO����������DQG UHGXFHG OLJKW DYDLODELOLW\��*HD�
,]TXLHUGR�HW�DO�������� 0RUHQR�HW�DO����������UHVSHFW WR�DQ�RSHQ�ILHOG��'HVSLWH WKLV��LW ZDV�UHSRUWHG�WKDW�WKH
DOIDOID�QXWULWLYH YDOXH LV�QRW QHJDWLYHO\ DIIHFWHG E\ WUHH SUHVHQFH �0DQWLQR�HW DO��������� ,Q 7XVFDQ\��WKH
ELHQQLDO� OHJXPH 6XOOD �+HG\VDUXP FRURQDULXP /�� FRXOG EH� LQWHUHVWLQJ IRU LWV� UXVWLFLW\��SURGXFWLYLW\��DQG
TXDOLW\�RI�WKH IRUDJH� 1HYHUWKHOHVV� WKHUH�LV VWLOO�D�ODFN�RI NQRZOHGJH�RQ KRZ WKH�UHGXFHG�OLJKW�DYDLODELOLW\
DIIHFWV�WKH GHYHORSPHQW� WKH ELRPDVV�DFFXPXODWLRQ�DQG TXDOLW\�RI IRUDJH VSHFLHV��7KHUHIRUH��D UDLQIHG
SORW WULDO� ZDV GHVLJQHG ZLWK WKH� JRDO RI LQYHVWLJDWLQJ WKH HIIHFW RI UHGXFHG OLJKW DYDLODELOLW\� RQ
0HGLWHUUDQHDQ�OHJXPHV DQG JUDVVHV IRUDJH VSHFLHV� ,Q 2FWREHU ������WKH SORW WULDO ZDV HVWDEOLVKHG DW�WKH
&HQWUH IRU�$JUR�(QYLURQPHQWDO�5HVHDUFK��(QULFR�$YDQ]L��RI�WKH�8QLYHUVLW\�RI�3LVD��6DQ 3LHUR�D�*UDGR��3LVD�
������
�����1������
������(���RQ�D FOD\�ORDP VRLO�ZLWK ��� ��Z�Z RI�RUJDQLF�PDWWHU FRQWHQW�LQ WKH WRSVRLO���
� ����P� DQG���� S+� %HIRUH VRZLQJ� SHUIRUPHG RQ�2FWREHU ��VW������NJ�KD�� RI�3�2��ZHUH EURDGFDVW DSSOLHG
DV�WULSOH�VXSHUSKRVSKDWH��7KH�VRZLQJ ZDV�FDUULHG�RXW�RQ�2FWREHU���WK��7KH�H[SHULPHQWDO�OD\RXW FRPSOLHV
ZLWK D�WZR�IDFWRU FRPSOHWHO\ UDQGRPL]HG EORFN ZLWK IRXU UHSOLFDWHV ��� P� VL]LQJ HDFK SORW�� 2QH IDFWRU
LQFOXGHV�ILYH OHYHOV DVVLJQHG WR ILYH GLIIHUHQW VZDUGV� L� VXOOD FY� 6LOYDQ� �LL� U\HJUDVV��/ROLXP PXOWLIORUXP /�
FY� 7HDQQD����LLL� PL[�RI VXOOD�FY��6LOYDQ DQG U\HJUDVV������� �LY��PL[�RI VXOOD FY 6LOYDQ��VXOOD FY��&KLDUD 6WHOOD
DQG VXOOD FY��$YRULR��������� DQG �Y� DOIDOID FY� 0HVVH� 6HFRQG IDFWRU KDV�WKUHH LQFUHDVLQJ VKDGLQJ OHYHOV�
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6���WKH�FRQWURO�UHSUHVHQWLQJ�IXOO�OLJKW�DYDLODELOLW\��6����DQG�6�����FRUUHVSRQGLQJ�WR�D�UHGXFWLRQ�RI�SRWHQWLDO�
OLJKW�DYDLODELOLW\�RI����DQG�����UHVSHFWLYHO\��6KDGLQJ�ZDV�SURYLGHG�E\�ZRRG\�VODWV��QRUWK�VRXWK�RULHQWHG��
����P�ORQJ�DQG������P�ZLGH��ZLWK�D�GLVWDQFH�EHWZHHQ�HDFK�VODWV�RI������P�IRU�6���DQG������P�IRU�6����
FRYHULQJ�D�WRWDO�VXUIDFH�RI���P���6ODWV�ZHUH�SODFHG�DW����FP�DERYH�JURXQG�OHYHO�DIWHU�WKH�VRZLQJ��)LJ�����
/LJKW�DYDLODELOLW\�RYHU�DQG�XQGHU�WKH�VZDUGV�FDQRS\�LV�PRQWKO\�PHDVXUHG�E\�PHDQV�RI�WKH�6XQ6FDQ��'HOWD�
7�'HYLFHV�/WG��&DPEULGJH��8.��PXOWLSUREH�VHQVRU��3UHOLPLQDU\�GDWD�VKRZHG�QR�VLJQLILFDQW�HIIHFW�RI�VKDGLQJ�
WUHDWPHQWV�RQ�VHHGOLQJ�HPHUJHQFH�IRU�DOO�WKH�HYDOXDWHG�VZDUGV��'DWD�DERXW�\LHOG�DQG�QXWULWLYH�YDOXH�RI�
KHUEDJH�ELRPDVV��EHORZ�JURXQG�ELRPDVV�DQG�1��IL[DWLRQ�ZLOO�EH�HYDOXDWHG�IRU�WKH�QH[W�WZR�\HDUV��7KLV�
VWXG\�UHFHLYHG�IXQGLQJ�IURP�WKH�7XVFDQ\�5HJLRQ�5XUDO�'HYHORSPHQW�3ODQ��3,1'$5,&2�SURMHFW���0HDVXUH�
�������������
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