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$%675$&7
%LRORJLFDO�GRVLPHWU\��ELRGRVLPHWU\��LV�EDVHG�RQ�LQYHVWLJDWLRQV�RI LQGXFHG�ELRORJLFDO�HIIHFWV��ELRPDUNHUV��LQ�RUGHU�WR�FRUUHODWH� WKHP� ZLWK� UDGLDWLRQ� GRVH�� $PRQJ� WKH� LQGLFDWRUV� HPSOR\HG� LQ� ELRGRVLPHWU\�� VFRULQJ� RI� FKURPRVRPH�DEHUUDWLRQV�LV�WKH�PRVW�UHOLDEOH�PHWKRG�WR�TXDQWLI\�LQGLYLGXDO�H[SRVXUH�WR�LRQL]LQJ�UDGLDWLRQ��7KH�WHFKQLTXH��DSSOLHG�WR�FLUFXODWLQJ�O\PSKRF\WHV��KDV�EHHQ�GHYHORSHG�LQWR�D�URXWLQH�SURFHGXUH�WR HYDOXDWH�WKH�GRVH�LQ�WKH�FDVH�RI�UHDO�RU�VXVSHFWHG� DFFLGHQWDO� H[SRVXUH�� &RQVLGHULQJ� WKH� UDGLRVHQVLWLYLW\� RI� O\PSKRF\WHV� LQ� YLWUR� DQG� LQ� YLYR� DV� EHLQJ� WKH�VDPH�� WKH�GRVH�HIIHFW� UHODWLRQVKLS�REWDLQHG�DIWHU� LQ�YLWUR� LUUDGLDWLRQ�RI�EORRG�KDV�EHHQ�ZLGHO\�XVHG��ZLWK�PHGLFR�OHJDO�YDOXH��IRU�HYDOXDWLQJ�LQGLYLGXDO�UDGLDWLRQ�H[SRVXUH��7KLV�UHSRUW�SUHVHQWV�DQ�RYHUYLHZ�RI�VWUHQJWKV��OLPLWDWLRQV�DQG�SHUVSHFWLYHV�RQ�ELRGRVLPHWU\��
.H\�ZRUGV��%LRGRVLPHWU\��SK\VLFDO�GRVLPHWU\��ELRPDUNHUV��FKURPRVRPH�DEHUUDWLRQV

 $XWKRU�IRU�FRUUHVSRQGHQFH

,1752'8&7,21
'HILQHG� DV� WKH� DPRXQW� RI HQHUJ\� LPSDUWHG� WR�PDWWHU�E\�LRQL]LQJ�UDGLDWLRQ��,5��SHU�XQLW�RI�PDVV��DEVRUEHG� GRVH LV� WKH� PRVW� LPSRUWDQW� SK\VLFDO�TXDQWLW\� WR� HYDOXDWH� SRWHQWLDO� ELRORJLFDO� UHVSRQVH�DV�D�UHVXOW�RI�H[SRVXUH�WR�UDGLDWLRQ��,Q�WKH�6\VWqPH�,QWHUQDWLRQDO��6,��WKH�XQLW�RI�GRVH LV�WKH�JUD\����*\� ���-�NJ�����,&58���������$OWKRXJK���*\�UDLVHV�WKH�WHPSHUDWXUH� RI� ZDWHU� E\� RQO\� �� [� �� �� �&�� LW�UHSUHVHQWV� D� YHU\� ODUJH� GRVH� WR� PDQ� GXH� WR� WKH�DELOLW\� RI� ,5� WR� GHOLYHU� LWV� HQHUJ\� GLUHFWO\� WR�LQGLYLGXDO�DWRPV�DQG�PROHFXOHV�7KH� FRQFHSW� RI DEVRUEHG� GRVH� KDV� VRPH�OLPLWDWLRQV� IRU� HYDOXDWLQJ� ELRORJLFDO� HIIHFWLYHQHVV�RI�UDGLDWLRQ�H[SRVXUH��)RU�H[DPSOH��WKH�SDWWHUQ�RI�HQHUJ\�GHSRVLWLRQ� LQ� OLYLQJ� WLVVXHV��DW� WKH�FHOOXODU�OHYHO�� YDULHV� DFFRUGLQJ� WR� WKH� W\SH� RI� ,5�� 7KH�

FRQFHSW� RI� OLQHDU� HQHUJ\� WUDQVIHU �/(7���LQWURGXFHG�E\�=LUFNOH��=LUNOH��������,&53���������DV� HQHUJ\� GHSRVLWHG� SHU� XQLW� RI� SDWK� OHQJWK� RI�UDGLDWLRQ��PHDQV� WKDW� WKH�VDPH�DEVRUEHG�GRVH�FDQ�EH�GHOLYHUHG�E\�GLIIHULQJ�WUDFN�LRQL]DWLRQ�GHQVLWLHV�RI� GLIIHUHQW� UDGLDWLRQV�� +HQFH�� HTXDO� DEVRUEH G�GRVHV� IURP�GLIIHUHQW� IRUPV� RI� UDGLDWLRQV� �VXFK�DV�;� DQG� J UD\V�� HOHFWURQV�� SURWRQV� QHXWURQV� DQG� DSDUWLFOHV��� GR� QRW� LPSO\� WKH� VDPH� OHYHO� RI�ELRORJLFDO�UHVSRQVH��,Q�RUGHU�WR�FRQWUDVW�ELRORJLFDO�HIIHFWLYHQHVV� DPRQJ� WKH� GLIIHUHQW� IRUPV� RI� ,5��UHODWLYH� ELRORJLFDO� HIIHFWLYHQHVV� �5%(�� ZDV�GHILQHG� DV� WKH� UDWLR� RI� FXPXODWLYH� GRVH� RI� D�UHIHUHQFH� UDGLDWLRQ� �JHQHUDOO\�� ���� N9S� ; �UD\V��ZLWK�UHVSHFW�WR�FXPXODWLYH�DEVRUEHG�GRVH�RI�D�WHVW�UDGLDWLRQ�WR�SURGXFH�D�VSHFLILF�ELRORJLFDO�HIIHFW��)RU� UDGLDWLRQ� SURWHFWLRQ� SXUSRVHV�� WKH�,QWHUQDWLRQDO� &RPPLVVLRQ� RQ� 5DGLRORJLFDO�
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3URWHFWLRQ��,&53���,&53��������FXUUHQWO\�VXJJHVWV�WKH� XVH� RI� WKH� TXDQWLW\� HTXLYDOHQW� GRVH �+7�� WR� D�SDUWLFXODU�WLVVXH��GHILQHG�DV�

+7  ¦5 Z5 '7�5 ���
ZLWK�Z5  �UDGLDWLRQ�ZHLJKWLQJ�IDFWRU IRU�D�W\SH�RI�UDGLDWLRQ 5�DQG�'7�5  �DEVRUEHG�GRVH�LQ�D�WLVVXH 7�DV�D�UHVXOW RI�H[SRVXUH WR�D�UDGLDWLRQ 5��(TXLYDOHQW�GRVH�KDV�WKH�VSHFLDO�XQLW�VLHYHUW��6Y��WR�GLVWLQJXLVK�LW IURP�DEVRUEHG�GRVH� LQ�JUD\��*\��$V� WLVVXHV� DQG� RUJDQV� LQ� WKH� ERG\� KDYH� GLIIHULQJ�VHQVLWLYLWLHV� IRU� SDUWLFXODU UDGLDWLRQ�LQGXFHG�HIIHFWV� �H�J� FDQFHU��� WKH� FRQFHSW�RI� HIIHFWLYH�GRVH�(�� ZDV� GHVLJQHG� WR� WDNH� LQWR� DFFRXQW� WKH�FRQWULEXWLRQ�RI�DOO�LUUDGLDWHG�WLVVXHV�DQG�RUJDQV�WR�WKH� KHDOWK� GHWULPHQW� �,&53� ������ ,&53�� ���� ���7KH�HIIHFWLYH�GRVH�LV�GHILQHG�DV�

(� ¦7 Z7 +7 ���
ZLWK� Z7  � WLVVXH� ZHLJKWLQJ� IDFWRU�� ZKLFK�UHSUHVHQWV�WKH�SURSRUWLRQDWH�FRQWULEXWLRQ�RI�WLVVXH�7 WR�WKH�ZKROH�ERG\�ULVN�.QRZOHGJH� RI� GRVH� OHYHOV� LQ� UDGLDWLRQ� SURWHFWLRQ�LV�DQ� LPSRUWDQW� VWHS� IRU� ULVN�DVVHVVPHQW��7KXV�� WR�UHVWULFW� WKH� H[SRVXUH� WR� LRQL]LQJ� UDGLDWLRQ��LQWHUQDWLRQDO� DXWKRULWLHV� RQ� UDGLDWLRQ� VDIHW\�UHFRPPHQG� GRVH� OLPLWV� WR� ZRUNHUV� DQG�PHPEHUV�RI� WKH� SXEOLF� �&1(1�� ������ ,$($�� ������ ,&53��������&(8���������+RZHYHU��LQ�PRVW�FDVHV�RI�UHDO�RU� VXVSHFWHG� DFFLGHQWDO� H[SRVXUH V� WR� ,5��SK\VLFDO�GRVLPHWU\� FDQQRW� EH� SHUIRUPHG� IRU� UHWURVSHFWLYH�HVWLPDWHV�� ,Q�VXFK�VLWXDWLRQV��ELRORJLFDO�LQGLFDWRUV��VR�FDOOHG� ELRPDUNHUV�� KDYH� EHHQ� SURSRVHG� DV� DQ�DOWHUQDWLYH �'RZQLQJ��������%RQDVVL�	�$X���������,Q�SDUWLFXODU��WKH�VFRULQJ�RI�LQGXFHG�FKURPRVRPDO�DEHUUDWLRQ� IURP� SHULSKHUDO� O\PSKRF\WHV� KDV� EHHQ�GHYHORSHG� LQWR� D� YDOXDEOH� GRVLPHWULF� WRRO� LQ�UDGLRORJLFDO�SURWHFWLRQ��,$($������� ��
%,20$5.(56� $1'� &+5202620(�$%(55$7,216
%LRPDUNHUV�FDQ�EH�GHILQHG�DV�ELRORJLFDO�HQGSRLQWV��VXFK� DV� FHOOXODU� DQG�PROHFXODU� FKDQJHV�� XVHG� WR�LQGLFDWH� DQ� H[SRVXUH� WR� ,5�� UHSUHVHQWLQJ� DQ� HDUO\�

HYHQW�WKDW�RFFXUV�DV�D�UHVXOW�RI�,5�LQWHUDFWLRQ�ZLWK�OLYLQJ� WLVVXHV� �+RUQHFN�� ������ $PXQGVRQ� HW� DO��������� %RQDVVL� 	� $X�� ������ 'DLQLDN�� �������&KURPRVRPH� DEHUUDWLRQV� �&$�� LQ� FLUFXODWLQJ�O\PSKRF\WHV� RI� KXPDQ� EORRG� LV� WKH� PRVW�H[WHQVLYHO\� VWXGLHG� V\VWHP �%HQGHU�� ������ ������/OR\G�HW�DO���������%HQGHU�HW�DO ���������$OEHUWLQL�HW�DO���������/OR\G�HW�DO���������<DPDGD�HW�DO ���������+DYLQJ� D� KDOI�OLIH� RI� DERXW� �� \HDUV�� EORRG�O\PSKRF\WHV� DUH� QRUPDOO\� IRXQG� DW� WKH TXLHVFHQW�*� SKDVH� RI� WKH� FHOO� F\FOH��ZKLFK�PDNHV� DQDO\VLV�SRVVLEOH� D� ORQJ� WLPH� DIWHU� D� UHDO� RU� VXVSHFWHG�H[SRVXUH� �5DPDOKR� HW� DO��� ������ 9RLVLQ�� ������7HVWDUG� 	� 6DEDWLHU�� ������� 6RPH� FKURPRVRPH�W\SH�DEHUUDWLRQV �VXFK�DV�GLFHQWULFV�DQG�ULQJV��DUH�JHQHUDOO\� FRQVLGHUHG� WR� EH VSHFLILF� WR� UDGLDWLRQ�H[SRVXUH��DOWKRXJK�LQ�FHUWDLQ�FLUFXPVWDQFHV�D�IHZFKHPLFDO� DJHQWV� FDQ� DOVR� LQGXFH� WKHP��&RQVLGHULQJ� GLIIHUHQW� SRSXODWLRQV�� WKH�VSRQWDQHRXV�IUHTXHQF\ RI�GLFHQWULFV�GRHV QRW�YDU\�VLJQLILFDQWO\�� EHLQJ� RI� WKH� RUGHU� RI� �� SHU� �����O\PSKRF\WHV��9RLVLQ��������%RQDVVL�	�$X���������6HYHUDO� VWXGLHV� KDYH� VKRZQ� QR� VLJQLILFDQWO\�GLIIHUHQFH� EHWZHHQ� LQ� YLYR ZLWK� LQ� YLWUR &$� LQ�EORRG� O\PSKRF\WHV� \LHOGV� D V� D UHVXOW� RI� H[SRVXUH�WR� ,5� �%XFNWRQ�HW�DO���������'RVVRX�HW�DO����������+HQFH�� WKH� GRVH�HIIHFW� UHODWLRQVKLS�REWDLQHG�DIWHU�LQ� YLWUR LUUDGLDWLRQ� RI� EORRG� FDQ� EH� XVHG� DV� D�FDOLEUDWLRQ� WR� HVWLPDWH� HIIHFWV� IURP�DQ� LUUDGLDWLRQ�LQ�YLYR �'ROR\�HW�DO����������7ZR� PHWKRGV� DUH� FRPPRQO\� XVHG�� VFRULQJ�XQVWDEOH� &$� �VXFK� D� GLFHQWULFV�� ULQJV� DQG�IUDJPHQWV�� DQG� WKH� ),6+� �IOXRUHVFHQFH� LQ� VLWXK\EULGL]DWLRQ��PHWKRG� WKDW� LV�EDVHG�RQ� WKH�XVH�RI�IOXRUHVFHQFH� SUREHV� WR� YLVXDOL]H� WUDQVORFDWLRQV�ZLWKRXW� WKH�QHHG� IRU� WLPH�FRQVXPLQJ�NDU\RW\SLQJ��6DYDJH��������3LQNHO�HW�DO���������'LFHQWULFV�� ULQJV� DQG� IUDJPHQWV� DUH� UHIHUUHG� WR�DV�XQVWDEOH�&$�EHFDXVH�WKHLU�SHUVLVWHQFH�LQ�WKH�ERG\�GHFOLQHV� ZLWK� FHOO� GLYLVLRQV� F\FOHV�� /\PSKRF\WH�FHOOV� VXVWDLQLQJ� XQVWDEOH� FKURPRVRPH V OHVLRQV�KDYH� D� SUREDELOLW\� RI� DERXW� ���� RI� VXUYLYLQJ� LQ�HDFK� PLWRVLV�� 2Q� WKH� RWKHU� KDQG�� VWDEOH�WUDQVORFDWLRQV� DUH� SUHVHUYHG� IRU� ORQJHU� EHFDXVH�WKH\� SDVV� WKURXJK� FHOO� GLYLVLRQV�� 7KXV��WUDQVORFDWLRQV� LV� D� EHWWHU� ELRPDUNHU� IRU�UHWURVSHFWLYH�GRVH�HYDOXDWLRQ�ZKHQ�WKHUH�KDV�EH HQ�D� ORQJ� GHOD\� EHWZHHQ� H[SRVXUH� DQG EORRG�VDPSOLQJ �6DYDJH�� ������ 5DPDOKR� HW� DO��� ������0FOHDQ�HW�DO���������3DOD�HW�DO���������
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'26(�())(&7�&859(��&$/,%5$7,21�&859(�
2EYLRXVO\�� LQ�RUGHU� WR� LQWHUSUHW� WKH� VFRUHG�&$� LQ�WHUPV� RI� UDGLDWLRQ� GRVH� D� FDOLEUDWL RQ� FXUYH� LV�QHFHVVDU\�� 7KLV� FDOLEUDWLRQ� FXUYH� VKRXOG� EH�FRQVWUXFWHG� ZLWK� UHVSHFW� WR� EDVLF� SK\VLFDO�SDUDPHWHUV��VXFK�DV�W\SH�RI�UDGLDWLRQ��ORZ�RU�KLJK �/(7���DQG�GRVH�UDWH�7KH� GRVH�UHVSRQVH� IRU� GLFHQWULFV DV� D� IXQFWLRQ� RI�ORZ�/(7� UDGLDWLRQ�� LV� JHQHUDOO\� ZHO O� ILWWHGE\� D�VHFRQG�GHJUHH�SRO\QRPLDO�FXUYH�

<  �& ��DD'��EE'� ���
ZKHUH��<�LV�WKH�GLFHQWULF�\LHOG��'�LV�GRVH��&�LV�WKH�FRQWURO� IUHTXHQF\� RI� GLFHQWULFV� DQG� DD DQG� EE DUH��ILWWHG�SDUDPHWHUV��7KLV�NLQG�RI� IXQFWLRQ� LV�ZLGHO\�NQRZQ�DV�WKH�³OLQHDU�TXDGUDWLF´�PRGHO�2Q�WKH�RWKHU�KDQG��ZLWK�PRVW KLJK�/(7�UDGLDWLRQV��&$�ILW�EHWWHU�WR�D OLQHDU�GRVH�UHVSRQVH��7HVWDUG�HW�DO���������9HQNDWDFKDODP�HW�DO���������)LJXUH� �� SUHVHQWV� WKH� JHQHUDO� FXUYHV¶IHDWXUHV� RI�IUHTXHQF\�RI�&$�YHUVXV�DEVRUEHG�GRVHV��DV�D�UHVXO W�RI�DQ�H[SRVXUH�WR�ORZ�RU�KLJK�/(7�UDGLDWLRQV�

)LJXUH���� 0RGHOV�RI�IUHTXHQF\�RI�DEHUUDWLRQV�YV�GRVH��&XUYH����OLQHDU�TXDGUDWLF�PRGHO��&XUYH����OLQHDU�PRGHO�
&RPSDULVRQV� EHWZHHQ� GRVH�UHVSRQVH� FXUYHV� IURP�GLIIHUHQW� ODERUDWRULHV� FDQ� EH�PDGH� DVVXPLQJ� WKD W�DOO� SK\VLFDO� DQG� ELRORJLFDO� SDUDPHWHUV� DUH� WKH�VDPH�� )RU� WKLV�� LW� LV� LPSRUWDQW� WR� HVWDEOLVK�UHSURGXFLEOH� VDPSOH� LUUDGLDWLRQ� FRQGLWLRQV��

7KHUHIRUH�� ,$($�� LQ� LWV� 7HFKQLFDO� 5HSRUW� 6HULHV�1R� ���� UHFRPPHQGV� WKDW� HDFK� ODERUDWRU\� VKRXOG�JHQHUDWH� LWV� RZQ� GRVH�UHVSRQVH� FXUYH� �,$($���������7KLV� LV� SDUWLFXODUO\�GLIILFXOW� LQ� WKH�FDVH�RI�LQWHUQDO�FRQWDPLQDWLRQ�,Q�WKLV�FRQWH[W��0RQWH�&DUOR�FDOFXODWLRQV�UHSUHVHQW�DQ� LPSRUWDQW� WRRO� IRU�PRUH�DFFXUDWH�HYDOXDWLRQ�RI�WKH� UHODWLRQVKLS� EHWZHHQ� GRVH� DQG� FKURPRVRPH�DEHUUDWLRQV LQ�LUUDGLDWHG�O\PSKRF\WHV��SDUWLFXODUO\�LQ�WKH�FDVH�RI�VWXGLHV�FRQFHUQLQJ�LQWHUQDO H[SRVXUH�WR� UDGLDWLRQ� �%ULHVPHLVWHU�� ������ $PDUDO� HW� DO��������� 2WWROHQJKL� HW� DO��� ������ 7KLHUHQV� HW� DO���������� 7KH� LQWHUHVW� LQ� WKH� XVH� RI� 0RQWH� &DUOR�FDOFXODWLRQV� WR� HVWLPDWH� GRVH� VWHPV� PDLQO\� IURP�WKH�SRVVLELOLW\�RI�XWLOL]LQJ�WKHRUHWLFDO�H[SHULPHQWV�LQ�1XFOHDU� 6FLHQFH�� LQ� RUGHU� WR� LQIHU� WKH� DYHUDJH�EHKDYLRU� RI� SDUWLFOHV�SKRWRQV� LQ� D� ELRORJLFDO�V\VWHP� E\� VLPXODWLQJ� WKHLU� LQWHUDFWLRQV� ZLWK�DEVRUELQJ� PHGLXP�� %DVHG� RQ� WKH� SK\ VLFDO�SULQFLSOHV� DQG� WUDQVSRUW� GDWD�� LW� LV� SRVVLEOH� WR�³IROORZ´�HDFK�RI�SDUWLFOHV�SKRWRQV�IURP�LWV�VRXUFH�WKURXJKRXW� WKH� PHGLXP�� UHFRUGLQJ� LQIRUPDWLRQ�VXFK�DV�WKH�HQHUJ\�GHSRVLWHG�LQ�D�ILQLWH�YROXPH��$V�DQ� H[DPSOH� RI� 0RQWH� &DUOR� VLPXODWLRQV�� DQ�DSSOLFDWLRQ LV� SUHVHQWHG� LQ� WKH� )LJXUH� ��� ZKLFK�VKRZV� GRVHV� FRUUHODWHG� ZLWK� FKURPRVRPDO�DEHUUDWLRQV�LQGXFHG�E\� LQ�YLWUR ��P7F�
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)LJXUH� �� � )UHTXHQF\� RI� XQVWDEOH� FKURPRVRPH�DEHUUDWLRQV�YHUVXV�FDOFXODWHG�DEVRUEHG�GRVH�� REVHUYHG�UHVXOWV� �VKRZLQJ� ���� XQFHUWDLQW\� LQWHUYDOV�� DQG� ILWWHG�IXQFWLRQ��$PDUDO�HW�DO���������
7KH� 0RQWH� &DUOR� DSSURDFK� UHSURGXFHV� LQ� YLWUR��P7F� LUUDGLDWLRQ� EORRG� FRQGLWLRQV�� DQG� WDNHV� LQWR�DFFRXQW� WKH� UHODWLRQVKLS� EHWZHHQ� DFWLYLWLHV�LQWURGXFHG� LQWR� EORRG� VDPSOHV� DQG� WKH� REVHUYHG�

$EVRUEHG�'RVH

)UHTX
HQF\

�RI�DE
HUUDW

LRQV�
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IUHTXHQFLHV� RI� &$�� $OWKRXJK� WKHVH� FDOFXODWLRQV�ZHUH� SHUIRUPHG� IRU� QXFOHDU� PHGLFLQH� SXUSRVHV��WKLV�H[DPSOH�SRLQWV�RXW� WKDW�E\�HPSOR\LQJ�0RQWH�&DUOR�VLPXODWLRQV�RQH�PD\�E\SDVV�VRPH�SUREOHPV�FRQFHUQLQJ� WKH� SUHFLVH� UHSURGXFWLRQ� RI� UDGLDWLRQ�FRQGLWLRQV�
/,0,7$7,216� $1'� 3(563(&7,9(6�21�%,2'26,0(75<
/LPLWDWLRQV� DQG� VWUHQJWKV� RQ� ELRGRVLPHWU\� KDYH�EHHQ� IXOO\� GLVFXVVHG� LQ� WKH� ,$($� 5HSRUW� �����,$($���������6RPH�H[DPSOHV�DUH�WKH�UHVSRQVH�WR�KLJK�UDGLDWLRQ�GRVHV��!���*\��ZKHUH�FHOO�GHDWK�LQ�LQWHUSKDVH� DQG� GHOD\V� LQ� SURJUHVVLRQ� WKURXJK� WKH�F\FOH�DV�FHOOV�DUH�FXOWXUHG�WR�PHWDSKDVH�UHSUHVHQWV�D� SLWIDOO� IRU� HVWLPDWLRQV� RI� DFXWH� LUUDGLDWLRQ�SDUWLFXODUO\� ZKHQ� QRQ�XQLIRUP� RU� SDUWLDO� ERG\�LUUDGLDWLRQV� KDYH� RFFXUUHG�� 7KH� PHWKRG� LV� WLPH�FRQVXPLQJ��ZKLFK� KDV� OHG� WR� FRQVLGHUDEOH� HIIRUWV�WRZDUGV� DXWRPDWLRQ� RI� VFRULQJ�&$� �/OR\G�� ������3UDVVDQD� HW� DO��� ������ +XEHU� HW� DO��� ������� $SDUW�IURP� SUHFLVH� GRVH� UHFRQVWUXFWLRQV� ELRGRVLPHWU\�FDQ� DOVR� EH� XVHG� LQ� WKH� LPPHGLDWH� UHVSR QVH� WR�DFFLGHQWV�� /OR\G� DQG� FRZRUNHUV� VXJJHVW� DQ�DSSURDFK�LQ�ZKLFK�RQO\����DQG����FHOOV�QHHG�WR�EH�VFRUHG� LQLWLDOO\�� IRU�PHGLFDO� WULDJH�RI�ZKROH�ERG\�DQG�SDUWLDO�ERG\�LUUDGLDWLRQ��UHVSHFWLYHO\��/OR\G�HW�DO��� ������� 7KLV� ZRXOG� SOD\� DQ� LPSRUWDQW� UROH� LQ�QDWLRQDO� HPHUJHQF\� UHVSRQVHV� WR� D� ODUJH �VFDOH�DFFLGHQW� ZKHUH� PDQ\� SHUVRQV� PD\� KDYH� EHHQ�H[SRVHG��6FRULQJ� RI� PLFURQXFOHL� KDV� EHHQ� SURSRVHG� DV� DQ�DOWHUQDWLYH� WR� FRQYHQWLRQDO� &$�� EHLQJ� PRUH�VHQVLWLYH� DQG� IDVWHU�� $� NLQG� RI� XQVWDEOH� &$¶V�E\SURGXFW�� PLFURQXFOHL� DUH F\WRSODVP� FKURPDWLQ�PDVVHV� WKDW� DULVH� IURP� FKURPRVRPH� IUDJPHQWV��7KH\�KDYH�WKH�DSSHDUDQFH�RI�VPDOO�QXFOHL��EHVLGHV�WKH� FHOO¶V� QXFOHXV�� $OWKRXJK� PLFURQXFOHL� PHWKRG�KDV� EHHQ� LPSURYHG�� LWV� XVH� DV� ELRPDUNHU� RI���KXPDQ� H[SRVXUH� WR� ,5� GHPDQGV� IXUWKHU� VWXGLHV��9RLVLQ��������,Q�PDQ\�FRXQWULHV��ELRGRVLPHWU\�KDV�PHGLFDO �OHJDO�UHFRJQLWLRQ�� +RZHYHU�� GLVFUHSDQFLHV� LQ� UHFHQW�LQWHU�FRPSDULVRQV�LQYROYLQJ�F\WRJHQHWLF GRVLPHWU\�KDYH� HPSKDVL]HG� WKH� QHHG� IRU� EHWWHU�VWDQGDUGL]DWLRQ��7XUDL��������9RLVLQ�HW�DO���������
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,Q� WKH� UHVSRQVH� WR� UDGLDWLRQ DFFLGHQWV�� UDSLG� DQG�UHOLDEOH� GRVH� HVWLPDWHV� DUH� FUXFLDO� IRU� ULVN�DVVHVVPHQWV�� DQG� DOVR� IRU� FOLQLFDO�SODQQLQJ�RI� WKH�WUHDWPHQW�RI�KLJKO\�H[SRVHG�YLFWLPV��+RZHYHU�� LQ�PDQ\� DFFLGHQW� VLWXDWLRQV� LQLWLDO� LQIRUPDWLRQ� LV�RIWHQ� VFDQW� DQG� FRQIXVHG� DQG� RQO\� EHFRPHV�DYDLODEOH� ODWHU� DIWHU� GHWDLOHG� FRPSOH[� GRVH�UHFRQVWUXFWLRQ� SURFHGXUHV�� 7KH� GHYHORSPHQW� RI�F\WRJHQHWLF� GRVLPHWU\� KDV�PDGH� SRVVLEOH� WKH� XVH�RI� FKURPRVRPH� DEHUUDWLRQV� LQ� O\PSKRF\WHV� DV�ELRPDUNHU�RI� H[SRVXUH� WR� LRQL]LQJ� UDGLD WLRQ��7KLV�LV�FRPSOHPHQWDU\�WR�SK\VLFDO�GRVLPHWU\��ZKHQ�LW�LV�DYDLODEOH�� DQG� WKXV� F\WRJHQHWLFV� KDV� PDGH� D�VLJQLILFDQW�FRQWULEXWLRQ�WR�WKH�UDGLDWLRQ�SURWHFWLRQ�SURJUDPV�RI�PDQ\�FRXQWULHV�
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$�GRVLPHWULD� ELROyJLFD� �ELRGRVLPHWULD�� p� EDVHDGD�QD� LQYHVWLJDomR� GH� HIHLWRV� ELROyJLFRV� LQGX]LGRV��ELRLQGLFDGRUHV�� REMHWLYDQGR� UHODFLRQi �ORV� FRP�GRVH� DEVRUYLGD� SHOD� H[SRVLomR� j� UDGLDomR�LRQL]DQWH�� (QWUH� RV� LQGLFDGRUHV� HPSUHJDGRV� QD�ELRGRVLPHWULD�� D� TXDQWLILFDomR� GH� DEHUUDo}HV�FURPRVV{PLFDV� p� R� PpWRGR� PDLV� FRQILiYHO QD�DYDOLDomR�GH�XPD�H[SRVLomR�j� UDGLDomR� LRQL]DQWH��$� WpFQLFD�� DSOLFDGD�SDUD� DQiOLVHV�GH� OLQIyFLWRV�GR�VDQJXH� SHULIpULFR�� WHP� VLGR� HPSUHJDGD� HP�SURFHGLPHQWRV� GH� URWLQD� SDUD� DYDOLDomR� GH� GRVH�HP�FDVR�GH�DFLGHQWHV�RX�GH�VXVSHLWD�GH�H[SRVLomR��&RQVLGHUDQGR� D UDGLRVHQVLELOLGDGH� GH� OLQIyFLWRV�FRPR�VHQGR�D�PHVPD�WDQWR� LQ�YLYR TXDQWR�LQ�YLWUR��D�UHODomR�GRVH�HIHLWR�REWLGD�DSyV�XPD�LUUDGLDomR� LQ�YLWUR GR� VDQJXH� WHP� VLGR� DPSODPHQWH� XWLOL]DGD��FRP� YDORU� PpGLFR�OHJDO�� SDUD� DYDOLDomR� GH�H[SRVLo}HV� GH� LQGLYtGXRV� j� UDGLDomR�� 1HVWH�FRQWH[WR�� HVWH� WUDEDOKR� DSUHVHQWD� XPD� EUHYH�UHYLVmR� GDV� SRWHQFLDOLGDGHV�� OLPLWDo}HV� H�SHUVSHFWLYDV�GD�ELRGRVLPHWULD�
5()(5(1&(6
$OEHUWLQL��5��-���$QGHUVRQ��'���'RXJODV��*��5���+DJPDU��/��� +HPPLQN�� .��� 0HUOR�� )��� 1DWDUDMDQ�� $�� 7���1RUSSD��+�� 6KXNHU��'��(���7LFH��5��5���:DWHUV��0��'��DQG� $LWLR�� $�� �������� ,3&6� JXLGHOLQHV� IRU� WKH�PRQLWRULQJ� RI� JHQRWR[LF� HIIHFWV� RI� FDUFLQRJHQV� LQ�KXPDQV�� ,QWHUQDWLRQDO� 3URJUDP� RQ� &KHPLFDO� 6DIHW\��0XWDW��5HV����������������
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,QWHUQDWLRQDO� $WRPLF� (QHUJ\� $JHQF\� � ,$($� ��������5HFRPPHQGDWLRQV� IRU� VDIH� XVH� DQG� UHJXODWLRQ� RI�UDGLDWLRQ�VRXUFHV�LQ�LQGXVWU\��PHGLFLQH��UHVHDUFK��DQG�WHDFKLQJ�� ,$($� 6DIHW\� 6HULHV�� Q�� ����� 9LHQQD��$XVWULD�,QWHUQDWLRQDO� $WRPLF� (QHUJ\� $JHQF\� � ,$($� �������&\WRJHQHWLF�$QDO\VLV�IRU�5DGLDWLRQ�'RVH $VVHVVPHQW��7HFKQLFDO� 5HSRUW� 6HULHV�� Q�� ����� ,$($�� 9LHQQD�������,QWHUQDWLRQDO� &RPPLVVLRQ� RQ� 5DGLDWLRQ� 8QLWV� DQG�0HDVXUHPHQWV�� ,&58���������4XDQWLWLHV�DQG�8QLWV�LQ�5DGLDWLRQ� 3URWHFWLRQ� 'RVLPHWU\�� 5HSRUW� ����0'�,5&8��%HWKHVGD�,QWHUQDWLRQDO�&RPPLVVLRQ�RQ�5DGLRORJLFDO�3URWHFWLRQ�±,&53� �������� 5HFRPPHQGDWLRQV� RI� WKH� ,QWHUQDWLRQDO�&RPPLVVLRQ� RQ� 5DGLRORJLFDO� 3URWHFWLRQ�� ,&53�����3HUJDPRQ�3UHVV��2[IRUG��8.�,QWHUQDWLRQDO�&RPPLVVLRQ�RQ�5DGLRORJLFDO�3URWHFWLRQ�±,&53� �������� 5HFRPPHQGDWLRQV� RI� WKH� ,QWHUQDWLRQDO�&RPPLVVLRQ� RQ� 5DGLRORJLFDO� 3URWHFWLRQ�� 8VHU¶V�(GLWLRQ��3HUJDPRQ�3UHVV��2[IRUG��8.�/OR\G�� '�� &�� �������� $Q� RYHUYLHZ� RI� UDGLDWLRQ�GRVLPHWU\� E\� FRQYHQWLRQDO� F\WRJHQHWLF� PHWKRGV�� ,Q�(LVHUW�� :�� *�� DQG� 0HQGHOVRKQ�� 0�� /�� �HGV����%LRORJLFDO� GRVLPHWU\� +HLGHOEHUJ�� 6SULQJHU�9HUODJ��SS�������/OR\G��'��&���(GZDUGV��$��$��DQG�3URVVHU��-��6����������&KURPRVRPH� DEHUUDWLRQ� LQGXFHG� LQ� KXPDQ�O\PSKRF\WHV� E\� LQ� YLWUR� DFXWH� [� JDPPD� UDGLDWLRQ��5DGLDW��3URW��'RVLP�������������/OR\G�� '�� &��� (GZDUGV�� $�� $��� 0RTXHW�� -�� (�� DQG�*XHUHUR�&DUEDMDO�� <�� &�� �������� 7KH� UROH� RI�F\WRJHQHWLFV� LQ� HDUO\� WULDJH� RI� UDGLDWLRQ� FDXVDOLWLHV��$SSO��5DG��,VRW�����������������0FOHDQ�� $�� 5�� DQG� 0LFKLH�� &�� $�� �������� ,Q� YLYR�HVWLPDWHV� RI� GLYLVLRQ� DQG� GHDWK� UDWHV� RI� KXPDQ� 7�O\PSKRF\WHV��,PPXQRO�����������������2WWROHQJKL�� $��� %DOODULQL�� )�� DQG� %LDJJL�� 0�� ��������0RGHOOLQJ� FKURPRVRPDO� DEHUUDWLRQ� LQGXFWLRQ� E\�LRQLVLQJ� UDGLDWLRQ�� WKH� LQIOXHQFH� RI� LQWHUSKDVH�FKURPRVRPH� DUFKLWHFWXUH��$GY�� 6SDFH� 5HV����� �� �������������
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3DOD��)��6���0RTXHW��-��(���(GZDUGV��$��$��DQG�/OR\G��'��&�� �������� ,Q� YLWUR� WUDQVPLVVLRQ� RI� FKURPRVRPDO�DEHUUDWLRQV� WKURXJK� PLWRVLV� LQ� KXPDQ� O\PSKRF\WHV��0XWDW��5HV����������������3LQNHO�� '��� 6WUDXPH�� 7�� DQG� *UD\�� -�� :�� ��������&\WRJHQHWLF� DQDO\VLV� XVLQJ� TXDQWLWDWLYH�� KLJK�VHQVLWLYLW\�� IOXRUHVFHQFH� K\EULGL]DWLRQ�� 3URF�� 1DWO��$FDG��6FL��86$�����������������3UDVVDQD�� 3�� *�� 6��� .RODQNR�� &�� -��� 5LSSHRQ�� 7�� /���/RDWV�� +��� 5HHYHV�� *�� ,� DQG� %ODNHO\�� :�� )����������������� 8VH� RI� WKH� SUHPDWXUH� FKURPRVRPH�FRQGHQVDWLRQ�ELRGRVLPHWU\�DSSOLFDWLRQV��,Q� &RXUW��/��DQG� /DOOHPDQG�� $�� �HGV���� /¶KRPPH� EOHVVp� 3DULV�����SS����������5DPDOKR�� $�� 7��� &XUDGR�� 0�� 3�� DQG� 1DWDUDMDQ�� $�� 7���������� /LIHVSDQ� RI� KXPDQ� O\PSKRF\WHV� HVWLPDWHG�GXULQJ�D�VL[�\HDU�F\WRJHQHWLF�IROORZ�XS�RI�LQGLYLGXDOV�DFFLGHQWDOO\�H[SRVHG�LQ�WKH������UDGLRORJLFDO�DFFLGHQW�LQ�%UD]LO��0XWDW��5HV��������������6DYDJH��-��5��.����������&ODVVLILFDWLRQ�DQG�UHODWLRQVKLSV�RI� LQGXFHG� FKURPRVRPH� VWUXFWXUDO� FKDQJHV�� -�� 0HG��*HQHW���������������7HVWDUG��,��DQG�6DEDWLHU��/����������%LRORJLFDO�GRVLPHWU\�IRU� DVWURQDXWV�� D� UHDO� FKDOOHQJH�� 0XWDW�� 5HV��� ��������������7HVWDUG�� ,��� 'XWULOODX[�� %�� DQG� 6DEDWLHU�� /�� ��������&KURPRVRPDO� DEHUUDWLRQ� LQGXFHG� LQ� KXPDQ�O\PSKRF\WHV� E\� KLJK�/(7� LUUDGLDWLRQ�� ,QW�� 5DGLDW��%LRO���������������7KLHUHQV�� +�� 0��� 0RQVLHXUV�� 0�� $��� %UDQV�� %��� 9DQ�'ULHVVFKH�� 7��� &KULVWLDHQV�� ,�� DQG� 'LHUFN[�� 5�� $����������'RVLPHWU\�IURP�RUJDQ�WR�FHOOXODU�GLPHQVLRQV��&RPS��0HG��,PDJ��*UDSK�� ������������7XUDL�� ,�� �������� 7KH� ,$($¶V� FR�RUGLQDWHG� UHVHDUFK�SURMHFW� RQ� ELRGRVLPHWU\�� ����������� $SSO�� 5DGLDW��,VRW�����������������9HQNDWDFKDODP�� 3��� 6RORPRQ�� )��'�� 3��� 3UDEKX��%��.���0RKDQNXPDU��0��1���*DMHQGLUDQ��1��DQG�-HHYDQUDP��

5�� .�� �������� (VWLPDWLRQ� RI� GRVH� LQ� FDQFHU� SDWLHQWV�WUHDWHG� ZLWK� IUDFWLRQDWHG� UDGLRWKHUDS\� XVLQJWUDQVORFDWLRQ��GLFHQWULFV�DQG�PLFURQXFOHL�IUHTXHQF\�LQ�SHULSKHUDO�EORRG�O\PSKRF\WHV��0XWDW��5HV�������������9RLVLQ�� 3�� �������� &KURPRVRPH� OHVLRQV� DV� VKRUW� DQG�PHGLXP� WHUP�ELRORJLFDO� LQGLFWRU�RI� DFXWH� LUUDGLDWLRQ��,Q�/¶KRPPH�EOHVVp�� HGV��/��&RXUW�DQG�$��/DOOHPDQG��3DULV��SS����������9RLVLQ�� 3��� %DUTXLQHUR�� )��� %ODNHO\�� %��� /LQGKROP��&���/OR\G�� '��� /XFFLRQL�� &��� 0LOOHU�� 6��� 3DOLWWL�� )���3UDVDQQD��3��*��6���6WHSKDQ��*���7KLHUHQV��+���7XUDL��,���:LONLQVRQ��'�� DQG�:RMFLN��$�� ��������7RZDUGV� D�VWDQGDUGL]DWLRQ� RI� ELRORJLFDO� GRVLPHWU\� E\�F\WRJHQHWLFV��&HOO��0RO��%LRO����� ���������������<DPDGD�� 6��� 'XUDQWH�� 0��� $QGR�� .��� )XUXVDZD�� <���.DZDWD�� 7��� 0DMLPD�� +�� DQG� 7VXMLL�� +�� ��������&RPSOH[�W\SH� FKURPRVRPDO� H[FKDQJHV� LQ� EORRG�O\PSKRF\WHV� GXULQJ� UDGLDWLRQ� WKHUDS\� FRUUHODWH� ZLWK�DFXWH�WR[LFLW\��&DQ��/HW����������������=LUNOH��5��(����������7KH�UDGLRELRORJLFDO�LPSRUWDQFH�RI�WKH�HQHUJ\�GLVWULEXWLRQ�DORQJ�LRQL]DWLRQ�WUDFNV��-��&HOO��3K\VLROROJ\����������
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