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¢ÌÔÕÂÍÞÏÐÓÔÞ�� ­ÇÙÇÏÊÇ� Ê� ÑÒÐÖÊÍÂÌÔÊÌÂ� ×ÒÐÏÊÙÇÓÌÐÅÐ� ÅÇÏÇÒÂÍÊÉÐÄÂÏÏÐÅÐ� ÑÂÒÐÆÐÏÔÊÔÂ� �·¥±��

ÏÂÊÃÐÍÇÇ�ßÖÖÇÌÔÊÄÏÝ�Ä�ÑÐÆÒÐÓÔÌÐÄÐÎ�ÄÐÉÒÂÓÔÇ��¿ÔÐÔ�ßÔÂÑ�×ÂÒÂÌÔÇÒÊÉÕÇÔÓá�ÄÓÑÍÇÓÌÐÎ�ÐÃÎÇÏÏÝ×�
ÑÒÐØÇÓÓÐÄ��ÑÊÌÐÎ�ÑÒÊÒÐÓÔÂ�ÌÐÓÔÏÐË�ÎÂÓÓÝ��ÒÐÓÔÐÎ�ÉÂÃÐÍÇÄÂÇÎÐÓÔÊ�ÑÂÔÐÍÐÅÊÇË�ÌÐÓÔÏÐ�ÎÝÚÇÙÏÐË�
ÓÊÓÔÇÎÝ��¯ÂÕÙÏÝÇ� ÆÂÏÏÝÇ�Ð� ÄÍÊáÏÊÊ�ÑÂÔÐÍÐÅÊÊ�ÐÑÐÒÏÐÅÐ� ÓÌÇÍÇÔÂ� ÏÂ� ÙÇÍàÓÔÏÐ�ÍÊØÇÄÕà�ÐÃÍÂÓÔÞ�
ÑÐÉÄÐÍáàÔ�ÒÂÓÓÎÂÔÒÊÄÂÔÞ�ÆÐÒÓÐÑÂÔÊÊ�Ê�ÐÒÐÖÂØÊÂÍÞÏÝÇ�ÏÂÒÕÚÇÏÊá�ÌÂÌ�ÌÐÎÐÒÃÊÆÏÝÇ�ÓÐÓÔÐáÏÊá��
¸ÇÍÞ�x�ÑÐÄÝÚÇÏÊÇ�ßÖÖÇÌÔÊÄÏÐÓÔÊ�ÍÇÙÇÃÏÐ�ÑÒÐÖÊÍÂÌÔÊÙÇÓÌÊ×�ÎÇÒÐÑÒÊáÔÊË�·¥±�Õ�ÑÐÆÒÐÓÔÌÐÄ�ÓÐ�
ÓÌÐÍÊÐÉÐÎ��®ÂÔÇÒÊÂÍÝ�Ê�ÎÇÔÐÆÝ��±ÒÐÄÇÆÇÏÐ�ÓÔÐÎÂÔÐÍÐÅÊÙÇÓÌÐÇ�ÐÃÓÍÇÆÐÄÂÏÊÇ����ÑÐÆÒÐÓÔÌÐÄ����
���ÍÇÔ�Ó�ÆÊÂÅÏÐÉÐÎ��·¥±�ÍÇÅÌÐË�ÓÔÇÑÇÏÊ�ÔáÈÇÓÔÊ���±ÒÐÄÇÆÇÏÂ�ÕÍÞÔÒÂÉÄÕÌÐÄÂá�ÐÓÔÇÐÆÇÏÓÊÔÐÎÇÔÒÊá��
°ÑÒÇÆÇÍáÍÊ��ÓÌÐÒÐÓÔÞ�ÒÂÓÑÒÐÓÔÒÂÏÇÏÊá�ÕÍÞÔÒÂÉÄÕÌÂ��626���ÚÊÒÐÌÐÑÐÍÐÓÏÐÇ�ÐÓÍÂÃÍÇÏÊÇ�ÕÍÞÔÒÂÉÄÕÌÂ�
�%8$���ÊÏÆÇÌÓ�ÑÒÐÙÏÐÓÔÊ�ÌÐÓÔÏÐË�ÔÌÂÏÊ��67)���³ÖÐÒÎÊÒÐÄÂÏÝ�ÅÒÕÑÑÝ�ÏÂÃÍàÆÇÏÊá�x�ÓÒÂÄÏÇÏÊá��¥³��
Ê�ÐÓÏÐÄÏÂá� �°¥���Ä�ÌÐÔÐÒÝ×�ÍÇÙÊÍÊ�·¥±�ÑÐ�ÐÃÛÇÑÒÊÏáÔÐË�Ó×ÇÎÇ��¤�°¥�ÆÐÑÐÍÏÊÔÇÍÞÏÐ�ÏÂÉÏÂÙÂÍÊ�
ÂÏÔÊÅÐÎÐÔÐÌÓÊÙÇÓÌÊË�ÑÒÇÑÂÒÂÔ��°ÓÔÇÐÃÊÐÓ���*XQD��ªÔÂÍÊá���¬ÐÏÔÒÐÍÞÏÕà�ÅÒÕÑÑÕ��¬¥��ÓÐÓÔÂÄÊÍÊ�
ÉÆÐÒÐÄÝÇ� ÓÄÇÒÓÔÏÊÌÊ�� ²ÇÉÕÍÞÔÂÔÝ�� µ� ÑÐÆÒÐÓÔÌÐÄ� Ó� ·¥±� ÏÂ�ÖÐÏÇ� ÓÌÐÍÊÐÉÂ� ÆÐ� ÍÇÙÇÏÊá� ÐÔÎÇÙÇÏÐ�
ÓÏÊÈÇÏÊÇ�ÄÓÇ×�ÑÂÒÂÎÇÔÒÐÄ�ÆÇÏÓÊÔÐÎÇÔÒÊÊ� �Ò�����������±ÐÓÍÇ�ÍÇÙÇÏÊá�·¥±�ÑÒÐØÇÓÓ�ÑÇÒÇÓÔÒÐËÌÊ�
ÌÐÓÔÏÐË� ÔÌÂÏÊ� ÑÒÐÔÇÌÂÍ� ÑÐÉÊÔÊÄÏÐ� ÏÂ� ÖÐÏÇ� ÑÒÊÇÎÂ� �°ÓÔÇÐÃÊÐÓ��� ¤ÝáÄÍÇÏÐ� ÑÐÄÝÚÇÏÊÇ� 67)
Ä� ÓÒÂÄÏÇÏÊÊ� Ó� ¥³� ÏÂ� ������� ±ÐÌÂÉÂÔÇÍÞ� %8$� ÑÒÊÃÍÊÈÂÍÓá� Ì� ÑÐÅÒÂÏÊÙÏÐÎÕ� ÉÏÂÙÇÏÊà� ¬¥�� ÙÔÐ�
ÓÄÊÆÇÔÇÍÞÓÔÄÐÄÂÍÐ�Ð�ÔÇÏÆÇÏØÊÊ�Ì�ÕÄÇÍÊÙÇÏÊà�ÎÊÏÇÒÂÍÞÏÐË�ÑÍÐÔÏÐÓÔÊ�ÌÐÓÔÏÐË�ÔÌÂÏÊ��ªÉÎÇÏÇÏÊá�
626�ÃÝÍÊ�ÏÇÉÏÂÙÊÔÇÍÞÏÝ��²ÂÓÓÎÂÔÒÊÄÂá�626�ÄÐ�ÄÉÂÊÎÐÓÄáÉÊ�Ó�ÑÐÍÐÈÊÔÇÍÞÏÐË�ÆÊÏÂÎÊÌÐË�ÉÏÂÙÇÏÊË�
%8$�� ÄÐÉÎÐÈÏÐ� ÑÒÇÆÑÐÍÐÈÊÔÞ�� ÙÔÐ� ÑÒÊ� ÑÒÊÇÎÇ� �°ÓÔÇÐÃÊÐÓ�� ÔÒÂÃÇÌÕÍáÒÏÂá� ÂÒ×ÊÔÇÌÔÐÏÊÌÂ�
ÌÐÓÔÏÐË�ÔÌÂÏÊ�ÉÂ�ÌÐÒÐÔÌÊË�ÓÒÐÌ�ÕÓÑÇÄÂÇÔ�ÑÒÇÔÇÒÑÇÄÂÔÞ�ÊÉÎÇÏÇÏÊá��ÄÝÒÂÈÂàÛÊÇÓá�Ä������¤ÝÄÐÆÝ��
µ� ÑÐÆÒÐÓÔÌÐÄ�� ÓÔÒÂÆÂàÛÊ×� ÓÌÐÍÊÐÉÐÎ�� ÒÂÉÄÊÔÊÇ� ·¥±� ÍÇÅÌÐË� ÓÔÇÑÇÏÊ� ÔáÈÇÓÔÊ� ×ÂÒÂÌÔÇÒÊÉÕÇÔÓá�
ÓÔÒÕÌÔÕÒÏÐ�ÖÕÏÌØÊÐÏÂÍÞÏÝÎÊ� ÏÂÒÕÚÇÏÊáÎÊ� ÌÐÓÔÏÐË� ÔÌÂÏÊ�� ±ÒÊÇÎ� �°ÓÔÇÐÃÊÐÓ�� ÓÑÐÓÐÃÓÔÄÕÇÔ�
ÑÐÍÐÈÊÔÇÍÞÏÐË� ÆÊÏÂÎÊÌÇ� ÑÐÌÂÉÂÔÇÍÇË� ÐÓÔÇÐÆÇÏÓÊÔÐÎÇÔÒÊÊ� Ä� ÃÍÊÈÂËÚÊÇ� ÓÒÐÌÊ� ÏÂÃÍàÆÇÏÊá��
¤ÌÍàÙÇÏÊÇ� Ä� Ó×ÇÎÕ� ÍÇÙÇÏÊá� ·¥±� Õ� ÑÐÆÒÐÓÔÌÐÄ�� ÓÔÒÂÆÂàÛÊ×� ÓÌÐÍÊÐÉÐÎ�� �°ÓÔÇÐÃÊÐÓ�� ÑÐÉÄÐÍáÇÔ�
ÌÐÒÒÇÌÔÊÒÐÄÂÔÞ� ÓÔÒÕÌÔÕÒÏÐ�ÖÕÏÌØÊÐÏÂÍÞÏÐÇ� ÓÐÓÔÐáÏÊÇ� ÌÐÓÔÏÐË� ÔÌÂÏÊ�� ³� ØÇÍÞà� ÐÃÜÇÌÔÊÄÏÐË�
ÐØÇÏÌÊ�ßÖÖÇÌÔÊÄÏÐÓÔÊ�ÑÒÊÎÇÏÇÏÊá��°ÓÔÇÐÃÊÐÓ��ÂÌÔÕÂÍÞÏÐ�ÊÉÕÙÇÏÊÇ�ÑÐÌÂÉÂÔÇÍÇË�ÆÇÏÓÊÔÐÎÇÔÒÊÊ�Ä�
ÉÂÄÊÓÊÎÐÓÔÊ�ÐÔ�ÓÔÇÑÇÏÊ�ÊÓÌÒÊÄÍÇÏÊá�ÑÐÉÄÐÏÐÙÏÊÌÂ��̄ ÇÐÃ×ÐÆÊÎ�ÂÏÂÍÊÉ�ÑÐÌÂÉÂÔÇÍÇË�ÆÇÏÓÊÔÐÎÇÔÒÊÊ�
Ä�ÐÔÆÂÍÇÏÏÝÇ�ÓÒÐÌÊ�ÏÂÃÍàÆÇÏÊá�

¬ÍàÙÇÄÝÇ�ÓÍÐÄÂ��ÅÇÏÇÒÂÍÊÉÐÄÂÏÏÝË�ÑÂÒÐÆÐÏÔÊÔ��ÍÇÙÇÏÊÇ��ÑÐÆÒÐÓÔÌÊ��ÓÌÐÍÊÐÉ�

°ÓÏÐÄÏÝÇ�ÑÐÍÐÈÇÏÊá
�� µ�ÑÐÆÒÐÓÔÌÐÄ�ÓÐ�ÓÌÐÍÊÐÉÐÎ�ÒÂÉÄÊÔÊÇ�ÅÇÏÇÒÂÍÊÉÐÄÂÏÏÐÅÐ�ÑÂÒÐÆÐÏÔÊÔÂ�ÍÇÅÌÐË�ÓÔÇÑÇÏÊ�ÔáÈÇÓÔÊ�

×ÂÒÂÌÔÇÒÊÉÕÇÔÓá�ÓÔÒÕÌÔÕÒÏÐ�ÖÕÏÌØÊÐÏÂÍÞÏÝÎÊ�ÏÂÒÕÚÇÏÊáÎÊ�ÌÐÓÔÏÐË�ÔÌÂÏÊ�
�� ±ÒÊÇÎ�ÑÒÇÑÂÒÂÔÂ��°ÓÔÇÐÃÊÐÓ��ÑÐÆÒÐÓÔÌÂÎÊ�ÓÐ�ÓÌÐÍÊÐÉÐÎ��ÓÔÒÂÆÂàÛÊÎÊ�ÑÂÒÐÆÐÏÔÊÔÐÎ��ÑÐ�

ÉÄÐÍáÇÔ�ÌÐÒÒÇÌÔÊÒÐÄÂÔÞ�ÓÔÒÕÌÔÕÒÏÐ�ÖÕÏÌØÊÐÏÂÍÞÏÐÇ�ÓÐÓÔÐáÏÊÇ�ÌÐÓÔÏÐË�ÔÌÂÏÊ�
�� ¦Íá�ÐÃÜÇÌÔÊÄÏÐË�ÐØÇÏÌÊ�ÌÍÊÏÊÙÇÓÌÐË�ßÖÖÇÌÔÊÄÏÐÓÔÊ�ÑÒÇÑÂÒÂÔÂ��°ÓÔÇÐÃÊÐÓ��Õ�ÑÐÆÒÐÓÔÌÐÄ�

ÓÐ�ÓÌÐÍÊÐÉÐÎ��ÓÔÒÂÆÂàÛÊ×�ÑÂÒÐÆÐÏÔÊÔÐÎ��ÏÇÐÃ×ÐÆÊÎÐ�ÊÉÕÙÇÏÊÇ�ÑÐÌÂÉÂÔÇÍÇË�ÆÇÏÓÊÔÐÎÇÔÒÊÊ�Ä�ÉÂ�
ÄÊÓÊÎÐÓÔÊ�ÐÔ�ÓÔÇÑÇÏÊ�ÊÓÌÒÊÄÍÇÏÊá�ÑÐÉÄÐÏÐÙÏÊÌÂ��Â�ÔÂÌÈÇ�Ä�ÐÔÆÂÍÇÏÏÝÇ�ÓÒÐÌÊ�ÏÂÃÍàÆÇÏÊá�
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$EVWUDFW
5HOHYDQFH� 7KH WUHDWPHQW DQG SUHYHQWLRQ RI FKURQLF JHQHUDOL]HG PDUJLQDO SHULRGRQWLWLV� �&*03��DUH

PRVW HIIHFWLYH LQ DGROHVFHQFH��7KLV VWDJH LV FKDUDFWHUL]HG E\ D��VXUJH��RI PHWDEROLF SURFHVVHV��D SHDN LQ
WKH JURZWK RI ERQH PDVV��DQ LQFUHDVH LQ WKH LQFLGHQFH RI SDWKRORJ\ RI WKH PXVFXORVNHOHWDO V\VWHP��6FL�
HQWLILF HYLGHQFH RQ WKH LQIOXHQFH RI WKH SDWKRORJ\ RI WKH VXSSRUWLQJ VNHOHWRQ RQ WKH PD[LOORIDFLDO UHJLRQ
DOORZV XV WR FRQVLGHU GRUVRSDWKLHV DQG RURIDFLDO GLVRUGHUV DV FRPRUELG FRQGLWLRQV��$LP��7KH LQFUHDVLQJ RI
WKH HIIHFWLYHQHVV RI WUHDWPHQW DQG SURSK\ODFWLF PHDVXUHV RI &*03 LQ DGROHVFHQWV ZLWK VFROLRVLV��0DWHULDOV
DQG PHWKRGV��$ GHQWDO H[DPLQDWLRQ RI����DGROHVFHQWV RI�������\HDUV ROG ZLWK D GLDJQRVLV RI PLOG &*03
ZDV FRQGXFWHG��8OWUDVRXQG RVWHRGHQVLWRPHWU\ ZDV SHUIRUPHG��'HWHUPLQHG��XOWUDVRXQG SURSDJDWLRQ YH�
ORFLW\��626���EURDGEDQG XOWUDVRXQG DWWHQXDWLRQ��%8$���ERQH WLVVXH VWUHQJWK LQGH[��67)���7KH REVHUYDWLRQ
JURXSV ZHUH IRUPHG�x�FRPSDULVRQV��*&��DQG PDLQ��0*���LQ ZKLFK &*03 ZDV WUHDWHG LQ DFFRUGLQJ WR WKH
JHQHUDOO\ DFFHSWHG VFKHPH��$Q DQWLKRPRWR[LF GUXJ 2VWHRELRV��*XQD��,WDO\��ZDV DGGLWLRQDOO\ SUHVFULEHG
LQ WKH 0*��7KH FRQWURO JURXS��&*��FRQVLVWHG RI KHDOWK\ SHHUV��5HVXOWV��,Q DGROHVFHQWV &*03 RQ WKH EDFN�
JURXQG RI VFROLRVLV EHIRUH WUHDWPHQW��D GHFUHDVH LQ DOO SDUDPHWHUV RI GHQVLWRPHWU\ ZDV REVHUYHG��S���������
$IWHU WUHDWPHQW RI &*03��WKH SURFHVV RI ERQH UHPRGHOLQJ SURFHHGHG SRVLWLYHO\ RQ WKH EDFNJURXQG RI UH�
FHLYLQJ RI��2VWHRELRV���5HYHDOHG DQ LQFUHDVH RI 67) LQ FRPSDULVRQ ZLWK WKH *& DW��������7KH LQGLFDWRU
%8$ DSSURDFKHG WR WKH ERXQGDU\ YDOXH RI WKH &*��ZKLFK LQGLFDWHG D WHQGHQF\ RI WKH LQFUHDVLQJ LQ ERQH
PLQHUDO GHQVLW\��626 FKDQJHV ZHUH PLQRU��&RQVLGHULQJ 626 LQ UHODWLRQ WR WKH SRVLWLYH G\QDPLFV RI %8$
YDOXHV��LW LV SRVVLEOH WR DVVXPH WKDW ZKHQ UHFHLYLQJ��2VWHRELRV���WKH WUDEHFXODU DUFKLWHFWRQLFV RI ERQH WLV�
VXH LQ D VKRUW WLPH KDV WLPH WR XQGHUJR FKDQJHV��H[SUHVVHG LQ�u�v��&RQFOXVLRQV��,Q DGROHVFHQWV VXIIHULQJ
IURP VFROLRVLV��WKH GHYHORSPHQW RI PLOG &*03 LV FKDUDFWHUL]HG E\ VWUXFWXUDO DQG IXQFWLRQDO GLVRUGHUV RI
ERQH WLVVXH��5HFHLYLQJ RI�u2VWHRELRVv�UHFHSWLRQ FRQWULEXWHV WR WKH SRVLWLYH G\QDPLFV RI RVWHRGHQVLWRPHWU\
LQGLFDWRUV LQ WKH QHDU WHUP RI REVHUYDWLRQ��7KH LQFOXVLRQ LQ VFKHPH RI WUHDWPHQW &*03 LQ DGROHVFHQFH��
VXIIHULQJ IURP VFROLRVLV��u2VWHRELRVv�DOORZV WKH DGMXVWPHQW RI WKH VWUXFWXUDO DQG IXQFWLRQDO VWDWH RI WKH
ERQH WLVVXH��,Q RUGHU WR REMHFWLYHO\ DVVHVV RI WKH HIIHFWLYHQHVV RI WKH XVH RI��2VWHRELRV���LW LV DFWXDOO\ WR
VWXG\ WKH GHQVLWRPHWU\ LQGLFDWRUV LQ GHSHQGLQJ RQ WKH GHJUHH RI VSLQDO FXUYDWXUH��,W LV QHFHVVDU\ WR DQDO\]H
WKH GHQVLWRPHWU\ LQGLFDWRUV LQ WKH ORQJ�WHUP IROORZ�XS�

.H\ ZRUGV��PDUJLQDO SHULRGRQWLWLV��WUHDWPHQW��DGROHVFHQWV��VFROLRVLV�

+LJKOLJKWV
�� ,Q DGROHVFHQWV ZLWK VFROLRVLV�� WKH GHYHORSPHQW RI PLOG PDUJLQDO SHULRGRQWLWLV LV FKDUDFWHUL]HG E\

VWUXFWXUDO DQG IXQFWLRQDO GLVRUGHUV RI WKH ERQH WLVVXH�
�� 7KH DGPLVVLRQ RI WKH GUXJ��2VWHRELRV��E\ DGROHVFHQWV ZLWK VFROLRVLV��VXIIHULQJ IURP PDUJLQDO SHUL�

RGRQWLWLV��DOORZ WR DGMXVW WKH VWUXFWXUDO DQG IXQFWLRQDO VWDWH RI WKH ERQH WLVVXH�
�� )RU DQ REMHFWLYH DVVHVVPHQW RI WKH FOLQLFDO HIILFLHQF\ RI WKH��2VWHRELRV��GUXJ LQ DGROHVFHQWV ZLWK

VFROLRVLV VXIIHULQJ IURP PDUJLQDO SHULRGRQWLWLV��LW LV QHFHVVDU\ WR VWXG\ WKH GHQVLWRPHWU\ LQGLFDWRUV GHSHQG�
LQJ RQ WKH GHJUHH RI VSLQDO FXUYDWXUH��DV ZHOO DV LQ WKH ORQJ�WHUP IROORZ�XS�
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