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,PSRUWDQFH� RI� WKH�1XWULWLRQDO�6WDWXV� IRU� WKH� ,QWHUSUHWDWLRQ�RI�1XFOHDU�0HGLFLQH�([DPLQDWLRQV
(JEHUWR�*DVSDU�GH�0RXUD�
 DQG��0DJQD�&RWWLQL�)RQVHFD�3DVVRV��� 'HSDUWDPHQWR� GH� &LrQFLDV� )LVLROyJLFDV�� ,QVWLWXWR� GH� %LRORJLD� 5REHUWR� $OFDQWDUD� *RPHV�� ��'HSDUWDPHQWR� GH�1XWULomR� $SOLFDGD�� ,QVWLWXWR� GH� 1XWULomR�� 8QLYHUVLGDGH� GR� (VWDGR� GR� 5LR� GH� -DQHLUR�� $Y� ��� GH� VHWHPEUR� ����HJPRXUD#XHUM�EU��5LR�GH�-DQHLUR�� 5-�� %UD]LO

$%675$&7
0DOQXWULWLRQ� LV� YHU\� SUHYDOHQW� LQ� WKH� 7KLUG� :RUOG�� EXW� VWLOO� LQ� GHYHORSLQJ� &RXQWULHV� DQG� LV� IRXQG� LQ� FHUWDLQ�FRPPXQLWLHV� LQ� GHYHORSHG� &RXQWULHV�� 6HYHUDO� ODERUDWRULHV� H[DPLQDWLRQV DUH� DIIHFWHG� E\� PDOQXWULWLRQ�� 5HFHQWO\��JHVWDWLRQDO� RU� QHRQDWDO� PDOQXWULWLRQ� ZHUH� FRQVLGHUHG� WR� FRQWULEXWH� WR� WKH� GHYHORSPHQW� RI� FKURQLF� GLVHDVHV� LQ�DGXOWKRRG��WKLV�SKHQRPHQD�ZDV�QDPHG�SURJUDPPLQJ�RU�PHWDEROLF�LPSULQWLQJ��6LPLODU�FRQVLGHUDWLRQ�ZHUH�VXJJHVWHG�IRU� 1XFOHDU� 0HGLFLQH� H[DPLQDWLRQV�� +HUH� ZH� UHYLHZ� WKH� OLWHUDWXUH� DERXW� WKLV� DVSHFW� DQG� SUHVHQW� RXU� RZQ� GDWD�VKRZLQJ� FKDQJHV� LQ� ELRGLVWULEXWLRQ� RI� � D� UDGLRSKDUPDFHXWLFDO� FRPSRXQG� LQ� GLIIHUHQW� DQLPDO� PRGHOV� RI� DGXOW�PDOQXWULWLRQ�RU�FDXVHG�E\�PDWHUQDO�PDOQXWULWLRQ��SURJUDPPLQJ�
.H\�ZRUGV��3URJUDPPLQJ��1XFOHDU�0HGLFLQH��PDOQXWULWLRQ��ELRGLVWULEXWLRQ��UDGLRSKDUPDFHXWLFDOV
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,Q� 7KLUG� :RUOG� DQG� GHYHORSLQJ� FRXQWULHV�HFRQRPLF� IDFWRUV�� IRRG� KDELWV� DQG� ODFN� RI�QXWULWLRQDO�JXLGDQFH�� OHDG� WR�D�KLJK�S UHYDOHQFH�RI�PDOQXWULWLRQ�� � 3URWHLQ� LV� WKH� PRVW� H[SHQVLYH�QXWULHQW� DQG� LWV� ODFN� LV� PRUH� FRPPRQ� WKDQ� WKH�GHSULYDWLRQ� RI� RWKHU� QXWULHQWV� �7HRGyVLR� HW� DO���������� ,Q� GHYHORSHG� FRXQWULHV�� RWKHU� IDFWRUV�FRQWULEXWHV� WR� WKH� LQFUHDVH� LQ� PDOQXWULWLRQ�VWDWLVWLFV�� VXFK� DV� DQRUH[LD� QHUYRVD�� YHJHWDULDQV�DQG�YHJDQV�GLHWV�� VHYHUH� �³IDG´�GLHWV��VSHFLDOO\� LQ�EXV\�� YHU\� ZHOO�SDLG� SURIHVVLRQDOV� �0DLUH� HW� DO���������6FKQHLGHU��������,V�YHU\�ZHOO� GRFXPHQWHG� WKDW�PDOQXWULWLRQ�DIIHFWV�WK\URLG� IXQFWLRQ�� 2QH� RI� WKH� PRVW� FRPPRQ�1XFOHDU�0HGLFLQH�H[DPLQDWLRQ�LV�WK\URLG�LRGLQH�RU�WHFKQHWLXP� XSWDNH� DQG� VFLQWLJUDSK\�� 7KHVH�

H[DPLQDWLRQV� DUH� DIIHFWHG� E\�PDOQXWULWLRQ�� DV�ZH�VKRZHG� LQ� IDVWHG� UDWV� RU� SURWHLQ� PDOQXWULWLRQ��0RXUD�HW�DO���������5DPRV�HW�DO����������5HFHQWO\��ZH� VKRZHG� �3DVVRV� HW DO��� ����D�� WKDW� PDWHUQDO�SURWHLQ� PDOQXWULWLRQ� GXULQJ� ODFWDWLRQ� SURJUDPV�WK\URLG� IXQFWLRQ� RI� WKH� DGXOW� RIIVSULQJV�� 7KH\�VKRZHG� KLJKHU� WK\URLG� KRUPRQHV� VHUXP�FRQFHQWUDWLRQV� DQG� WK\URLG� UDGLRLRGLQH� XSWDNH��ZKHQ� WKH\� ZHUH� �� PRQWKV�ROG�� 6R�� QRW� RQO\�PDOQXWULWLRQ� KDV� DQ� HIIHFW� GXULQJ� WKH� SHULRG� LQ�ZKLFK� LW� RFFXUUHG�� DV� ZHOO� DV� LW� KDV� ORQJ� DFWLQJ�HIIHFWV� WKDW� FRXOG� DSSHDUV� D� YHU\� ORQJ� WLPH� DIWHU�PDOQXWULWLRQ�KDV�KDSSHQHG��7KLV�SKHQRPHQRQ�ZDV�REVHUYHG� LQ�RWKHU�VLWXDWLRQV�DQG�LW�ZDV�DVVRFLDWHG�ZLWK� WKH� DSSHDUDQFH� RI� FKURQLF� GLVHDVHV� LQ�DGXOWKRRG��VXFK�DV�GLDEHWHV�PHOOLWXV��K\SHUWHQVLRQ��FRURQDU\�GLVHDVHV�DQG�REHVLW\��,W�KDV�EHHQ�WHUPHG�SURJUDPPLQJ� �/XFDV�� ������ RU� PHWDEROLF�



0RXUD��(��*��DQG�3DVVRV��0��&��)�

%UD]LOLDQ�$UFKLYHV�RI�%LRORJ\�DQG�7HFKQRORJ\

���
LPSULQWLQJ��:DWHUODQG�DQG�*DU]D��������DQG�LW�ZDV�GHILQHG� DV� DQ\� HYHQW� DSSOLHG� LQ� D� FULWLFDO SHULRG�WKDW�KDG�ORQJ�WHUP�HIIHFWV�LQ�DQRWKHU�SHULRG�RI�OLIH�&RQGLWLRQV� WKDW� FKDQJHV� WKH� ELRGLVWULEXWLRQ� RI�UDGLRSKDUPDFHXWLFDOV� PD\� SURGXFH� PLVOHDGLQJ�LQWHUSUHWDWLRQV� RI� QXFOHDU�PHGLFLQH� H[DPLQDWLRQV��GXH� WR� SRRU� RUJDQ� YLVXDOL]DWLRQ� RU� IDOVH� SRVLWLYH�UHVXOWV�� 7KLV� PD\� OHDG� WR� UHSHDW� H[DPLQDWLRQV��UHVXOWLQJ� LQ� XQQHFHVVDU\� LUUDGLDWLRQ� RI� WKH� RUJDQV��*RPHV�HW�DO���������$V�PDOQXWULWLRQ�LV�KLJKO\�SUHYDOHQW�LQ�WKH�ZRUOG��LW�LV� LPSRUWDQW� WR� GHILQH� WKH� ELRGLVWULEXWLRQ� RI�UDGLRSKDUPDFHXWLFODV� LQ� GLIIHUHQW� NLQG� R U� SHULRGV�RI� PDOQXWULWLRQ�� VXFK� DV� SURWHLQ� RU� HQHUJ\�GHILFLHQFLHV� DQG� HYDOXDWH� LI� WKRVH� QXWULWLRQDO�GLVWXUEDQFHV� LQ� FULWLFDO� SHULRGV� RI� OLIH�� FRXOG�SURJUDP�WKH�RUJDQV�LQ�FKDQJLQJ�WKHLU�XSWDNH�UDWHV�RI�WKH�GLIIHUHQW�UDGLRFRPSRXQGV�:H�VWXGLHG�DGXOWV� UDWV�VXEPLWWHG� WR�D�ORZ�SURWHLQ��/3� � ��� SURWHLQ�� RU� ORZ�HQHUJ\� �/(� �DSSUR[LPDWHO\� ���� HQHUJ\�UHVWULFWLRQ�� ����SURWHLQ��GLHW��GXULQJ����GD\V��3DVVRV�HW�DO����������$IWHU� WKLV�SHULRG�ZH�HYDOXDWHG� WKH�ELRGLVWULEXWLRQ�RI����P7F�2�1D�LQ�VHYHUDO�WLVVXHV��,Q�/3�UDWV�� WKHUH�ZDV� DQ� LQFUHDVH� LQ� VWRPDFK� ������� EUDLQ� �������DQG� KHDUW� ������ XSWDNH� DQG� GHFUHDVH� ������ LQ�WK\URLG�XSWDNH��7DEOH�����,Q�/(�JURXS��WKH�XSWDNH�ZDV�GHFUHDVHG�RQO\�LQ�WKH�ERQH��������7KH�KLJKHU�DYDLODELOLW\� RI� ��P7F�2�1D�� VLQFH� LW� ZDV� OHVV�XSWDNHG�E\� WKH� WK\URLG�FRXOG�H[SODLQ� WKH� LQFUHDVH�LQ� XSWDNH� E\� RWKHU� RUJDQV�� +RZHYHU�� � WKLV�H[SODQDWLRQ� LV� XQOLNHO\� VLQFH� WKH� WK\URLG�PDVV� LV�WRR�VPDOO�FRPSDUHG�WR�WKH�RWKHU�RUJDQV�
7DEOH���� %LRGLVWULEXWLRQ�RI����P7F�2�1D����,'�J����RI�FRQWURO�DQG�ORZ�SURWHLQ��/3��RU ORZ�HQHUJ\��/(��\RXQJ�DGXOW�UDWV� *URXSV2UJDQ &RQWURO� /3 /(7K\URLG ���r��� ��r��
 ���r��6WRPDFK ��r� ��r�
 ��r�+HDUW ���r��� ���r���
 ���r���%UDLQ ���r���� ���r���
 ���r����%RQH ���r��� ���r��� ���r��
�PHDQr6'�RI����DQLPDOV�LQ�HDFK�JURXS��
�S������RU�OHVV�DJDLQVW�FRQWURO
,W�LV�SRVVLEOH�WKDW�WLVVXH�RU�RUJDQ�VSHFLILF�FKDQJHV�LQ� ��P7F�2�1D� XSWDNH�PHFKDQLVPV� FRXOG� SOD\� DQ�

LPSRUWDQW� UROH� LQ� WKRVH�FKDQJHV��$OVR��FKDQJHV� LQ�WKH� SHUPHDELOLW\� RI� WKH� EORRG �EUDLQ� EDUULHU� FRXOG�H[SODLQ� WKH� LQFUHDVH� LQ�EUDLQ�XSWDNH� LQ�/3�JURXS��$V� WKLV� UDGLRSKDUPDFHXWLFDO� LV� XVHG� PDLQO\� WR�VWXG\�WKH�WK\URLG�DQG�FKRURLG�SOH[XV�RI�WKH�EUDLQ��ZH�PXVW� EH� FDXWLRXV� RQ� WKH� LQWHUSUHWDWLRQ� RI� WKH�UHVXOWV�LQ�PDOQRXULVKHG�SDWLHQWV�:H� DOVR� VKRZHG�� UHFHQWO\� �3DVVRV� HW� DO��� ����E��WKDW� WKH� ELRGLVWULEXWLRQ� RI� ��P7F�2�1D� � ZDV�SURJUDPPHG� E\� PDWHUQDO� SURWHLQ� RU� HQHUJ\�PDOQXWULWLRQ�GXULQJ�ODFWDWLRQ��6R��DGXOW�UDWV�ZKRVH�PRWKHU� ZHUH� VXEPLWWHG� WR� D� ORZ� SURWHLQ� GLHW��VKRZHG� WKH� VLPLODU� LQFUHDVH� LQ� VWRPDFK� XSWDNH������� DQG� GHFUHDVH� LQ� WK\URLG�XSWDNH� �������EXW�QR�FKDQJHV�LQ�EUDLQ�RU�KHDUW�XSWDNH��DV�REVHUYHG�LQ�DGXOW� UDWV�VXEPLWWHG� WR�/3�GLHW� �7DEOH����� �%\�WKH�FRQWUDU\�� WKH� IXUWKHU� FRQVHTXHQFHV� RI� PDWHUQDO�HQHUJ\�UHVWULFWLRQ� � RQ� WKH� RIIVSULQJ�V� ��P7F�2�1D��ELRGLVWULEXWLRQ�ZHUH�HYHQ�PRUH�PDU NHG�WKDQ�LQ�/(�WUHDWPHQW� LQ� DGXOW� UDWV�� :H� REVHUYHG� LQFUHDVH� LQ�VWRPDFK� ������� OLYHU� ������ DQG� WHVWHV� ������XSWDNH�LQ�WKLV�JURXS��ZKLOH�RQO\�ERQH�KDG�FKDQJHV�LQ�WKH�XSWDNH�ZKHQ�HQHUJ\�UHVWULFWLRQ�ZDV�DSSOLHG�LQ�WKH�DGXOWKRRG�
7DEOH���� %LRGLVWULEXWLRQ�RI� ��P7F�2�1D����,'�J����RI��DGXOW�UDWV�ZKRVH�PRWKHU�UHFHLYHG�GXULQJ�ODFWDWLRQ�WKH�IROORZLQJ�GLHWV��FRQWURO��ORZ�SURWHLQ��/3��RU�ORZ�HQHUJ\��/(��� *URXSV2UJDQ &RQWURO� /3 /(7K\URLG ���r��� ���r�� ���r���6WRPDFK ��r� ��r�
 ��r�
/LYHU ���r��� ���r��� ����r���
7HVWHV ���r��� ���r��� ���r���
��PHDQr6'�RI����DQLPDOV�LQ�HDFK�JURXS�
S������RU�OHVV�DJDLQVW�FRQWURO
7KH� WK\URLG� XSWDNH� GLIIHU� LQ� /3� JURXS� LI� WKH�UDGLRWUDFHU� ZDV� LRGLQH� RU� WHFKQHWLXP�� 7KH�GLIIHUHQFH�FRXOG�EH�GXH�WR�WKH�IDFW�WKDW�RQO\�LRGLQHLV� RUJDQLILHG�� 6R�� WKRVH� DQLPDOV� FRXOG� KDYH� D�GHFUHDVH�LQ�WKH�WUDQVSRUW�RI�LRGLQH��WKDW�LV�WKH�VDPH�IRU�WHFKQHWLXP��EXW�KDYH�DQ�LQFUHDVH�LQ�WKH�WK\URLG�KRUPRQH�ELRV\QWKHVLV�7KXV�� ODFWDWLRQ� FRXOG� EH� D� FULWLFDO� SHULRG� WKDW�GHWHUPLQHV�IXWXUH�FKDQJHV�LQ�WKH� ELRGLVWULEXWLRQ�RI�UDGLRSKDUPDFHXWLFDO� FRPSRXQGV� LQ� WKH� DGXOW�RIIVSULQJ�� � 7KHUHIRUH�� WKH� QXWULWLRQDO� VWDWXV� RI�PRWKHUV�GXULQJ�ODFWDWLRQ�PXVW�EH�FRQVLGHUHG�ZKHQ�
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QXFOHDU� PHGLFLQH� H[DPLQDWLRQV� DUH� LQGLFDWHG�EHFDXVH�WKLV�FRQGLWLRQ�PD\�SURGXFH�IDOVH�UHVXOWV�7KHUH� LV� VFDQW\� GDWD� RQ� WKLV� VXEMHFW�� WKXV� LW� LV�QHFHVVDU\� IXUWKHU� VWXGLHV� LQ� DQLPDOV� DQG�PDOQRXULVKHG�KXPDQV�WR�WHVW�WKH�ELRDYDLODELOLW\�RI�RWKHU� UDGLRSKDUPDFHXWLFDOV� DQG� IXQFWLRQDO� VWXGLHV�WR�HVWDEOLVK�WKH�PROHFXODU�EDVLV�RI�WKHVH�FKDQJHV��
5(6802
$� GHVQXWULomR� p� PXLWR� SUHYDOHQWH� HP� SDtVHV� GR�7HUFHLUR� 0XQGR�� PDV� DLQGD� R� p� HP� SDtVHV� HP�GHVHQYROYLPHQWR� H� HP� FHUWDV� FRPXQLGDGHV� GH�SDtVHV� GHVHQYROYLGRV�� 'LYHUVRV� H[DPHV�ODERUDWRULDLV� VmR� DIHWDGRV� SHOD� GHVQXWULomR��5HFHQWHPHQWH�� GHPRQVWURX�VH� TXH� D� GHVQXWULomR�QR�SHUtRGR�JHVWDFLRQDO�RX�QHRQDWDO�FRQWULEXL�SDUD�R�VXUJLPHQWR�GH�GRHQoDV�FU{QLFDV�QD�LGDGH�DGXOWD��(VWH�IHQ{PHQR�IRL�GHQRPLQDGR�GH�SURJUDPDomR�RX�LPSUHVVmR� PHWDEyOLFD�� � &RQVLGHUD �VH�� GH� IRUPD�VLPLODU�� TXH� RV� H[DPHV� GH� 0HGLFLQD� 1XFOHDU�SRGHULDP� VHU� DIHWDGRV� SHOD� GHVQXWULomR� RX�SURJUDPDomR��1HVWH�DUWLJR�UHYLVDPRV�D�OLWHUDWXUD�D�HVWH�UHVSHLWR��LQFOXLQGR�QRVVRV�SUySULRV�GDGRV�TXH�PRVWUDP� PRGLILFDo}HV� QD� ELRGLVWULEXLomR� GH� XP�UDGLRIDUPDFR� HP� GLIHUHQWHV� PRGHORV� DQLPDLV� GH�GHVQXWULomR� HP� DGXOWRV� RX� FDXVDGD� SRU�SURJUDPDomR�
5()(5(1&(6
*RPHV��0��/���6RX]D�%UDJD��$��&���0DWWRV��'��0��0���6RX]D� )UHLWDV�� 5��� %RDVTXHYLVTXH�� (�� DQG� %HUQDUGR�)LOKR��0�� �������� 7KH� HIIHFW� RI�PLWRP\VLQ�&� RQ� WKH�ELRGLVWULEXWLRQ� RI� ��7FP�0'3� LQ� %DOE�F� PLFH��1XFO��0HG��&RPPXQ�� ���������������/XFDV�� $�� �������� 5ROH� RI� QXWULWLRQDO� SURJUDPPLQJ� LQ�GHWHUPLQLQJ�DGXOW�PRUELWLGLW\�� �$UFK��'LV��&KLOG���������������0DLUH�� %��� /LRUHW�� 6��� *DUWQHU�� $�� DQG� 'HOSHXFK�� )����������1XWULWLRQDO� WUDQVLWLRQ� DQG� QRQ�FRPPXQLFDEOH�GLHW�UHODWHG�FKURQLF�GLVHDVHV� � LQ�GHYHORSLQJ�FRXQWULHV�6DQWH�������������0RXUD�� (�� *��� 5DPRV�� &�� )��� 1DVFLPHQWR�� &�� &�� $���5RVHQWKDO�� '�� DQG� %UHLWWHQEDFK�� 0�� 0�� '�� ��������7K\URLG� IXQFWLRQ� LQ� IDVWLQJ� UDWV�� YDULDWLRQV� LQ� ���,�XSWDNH� DQG� WUDQVLHQW� GHFUHDVH� LQ� SHUR[LGDVH� DFWLYLW\��%UD]��-� 0HG��%LRO��5HV�� ������������

3DVVRV�� 0�� &�� )��� 5DPRV�� &�� )��� %HUQDUGR�)LOKR�� 0���0DWWRV�� '�� 0�� 0�� DQG� 0RXUD�� (�� *�� �������� 7KH�HIIHFW� RI� SURWHLQ� RU� HQHUJ\� UHVWULFWLRQ� RQ� WKH�ELRGLVWULEXWLRQ� RI� 1D��7FP2� LQ� :LVWDU� UDWV�� 1XFO��0HG��&RPPXQ�� ��������������3DVVRV�� 0�� &�� )��� )RQWH� 5DPRV�� &��� 'XWUD�� 6�� &�� 3���0RXoR�� 7�� DQG� 0RXUD�� (�� *�� �����D��� /RQJ� WHUP�HIIHFWV�RI�PDOQXWULWLRQ�GXULQJ�ODFWDWLRQ�RQ�WKH�WK\URLG�IXQFWLRQ�RI�RIIVSULQJ��+RUP��0HWDE��5HV�������������3DVVRV�� 0�� &�� )��� 5DPRV�� &�� )��� 'XWUD�� 6�� &�� 3���%HUQDUGR�)LOKR�� 0�� DQG� 0RXUD�� (�� *�� �����E���%LRGLVWULEXWLRQ� RI� ��P7F�2�1D� FKDQJHV� LQ� DGXOW� UDWV�ZKRVH�PRWKHUV�ZHUH�PDOQRXULVKHG�GXULQJ�ODFWDWLRQ��-��1XFO��0HG�� ����������5DPRV��&��)���/LPD��$��3��6���7HL[HLUD��&��9���%ULWWR��3��'��DQG�0RXUD��(��*����������7K\URLG�IXQFWLRQ�LQ�SRVW�ZHDQLQJ� UDWV� ZKRVH� GDPV� ZHUH� IHG� D� ORZ�SURWHLQ���GLHW� GXULQJ� VXFNOLQJ�� %UD]�� -�� 0HG�� %LRO�� 5HV��� ������������6FKQHLGHU��'����������,QWHUQDWLRQDO�WUHQGV�LQ�DGROHVFHQW�QXWULWLRQ���6RF��6FL��0HG���������������7HRGyVLR�� 1�� 5�� /DJR�� (�� 6��� 5RPDQL�� 6�� $�� 0�� DQG�*XHGHV��5��&��$�� ��������$� UHJLRQDO�EDVLF�GLHW� IURP�QRUKWHDVW� %UD]LO� DV� D� GLHWDU\� PRGHO� RI� H[SHULPHQWDO�PDOQXWULWLRQ��$UFK��/DWLQRDPHU��1XWU�� ������������:DWHUODQG�� 5�� $�� DQG� *DU]D�� &�� �������� 3RWHQWLDO�PHFKDQLVPV� RI� PHWDEROLF� LPSULQWLQJ� WKDW� OHDG� WR�FKURQLF�GLVHDVH��$P��-��&OLQ��1XWU�� �������������
5HFHLYHG���-XO\����������5HYLVHG���-XO\����������$FFHSWHG���-XO\����������


