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(QYLURQPHQWDO�SUREOHPV�LQWHUUHODWHG�ZLWK�PDQ\�SROLWLFDO�PDWWHUV�DQG�DUH�RIWHQ�FDXVHG�E\�XQVXLWDEOH�PRGHV�RI�GHYHORSPHQW��7KHUHIRUH��ZH�FDQQRW�GHILQH�WKH�IUDPHZRUN�RI�HQYLURQ�PHQWDO�PHDVXUHV�DQG�JRDOV�ZLWKRXW�DOVR�FRQVLGHULQJ�WKH�GHYHORSPHQW�VHFWRUV�DQG�SROLFLHV�IURP�ZKLFK�WKH\�GHULYH�WKHLU�URRWV�,Q�OLJKW�RI�WKLV�EDFNJURXQG��LW�LV�QHFHVVDU\�WR�GHILQH D�ZRUN�SODQ�IRU�HQYLURQPHQW�LQ�6\ULD�LQ� JHQHUDO�� DQG� LQ�'DPDVFXV� LQ� SDUWLFXODU�� 7KH�PRVW� LPSRUWDQW� UHFRPPHQGDWLRQV� LQ� WKLV�SODQ� UHODWH� WR� HQYLURQPHQWDO� HYDOXDWLRQ� �VXUYH\LQJ�� UHVHDUFKLQJ��PRQLWRULQJ�� LQIRUPDWLRQ�H[FKDQJH�� HQYLURQPHQWDO� PDQDJHPHQW�� VXSSRUW PHDVXUHV�� WUDLQLQJ�� SXEOLF� DZDUHQHVV�� IL�QDQFLQJ��WHFKQLFDO�FR�RSHUDWLRQ��7KH�HQYLURQPHQW�KDV� DOZD\V�EHHQ�RQH�RI� WKH�PDLQ� LQWHUHVWV�RI�DOO�SHRSOH�DQG�YLHZV�DQG�DWWLWXGHV�WRZDUGV�HQYLURQPHQWDO�PDWWHUV�KDYH�GHYHORSHG�WKURXJKRXW�WKH�FHQWXULHV�$W�WKH�EHJLQQLQJ�RI�WKH�����FHQWXU\��WKH�HQYLURQPHQWDO�PRYHPHQW�ZDV�D�V\QRQ\PRXV�ZLWK�ZLOG�OLIH�SUHVHUYDWLRQ�DQG�LW�ZDV�RQO\�RI�LQWHUHVW�WR�D�IHZ�RI�SHRSOH��6LQFH�WKH�EHJLQQLQJ�RI�WKH�����V� WKH�HQYLURQPHQWDO�PRYHPHQW�KDV�EHFRPH�D�PRYHPHQW�ZLWK�YHU\�ZLGH� LQWHUHVW�DQG� VXSSRUW�� *URZLQJ� SXEOLF� SUHVVXUH� DW� WKH� HQG� RI� WKH� ����V� DQG� WKH� EHJLQQLQJ� RI� WKH�����V� VXSSRUWHG� E\� VFLHQWLILF� UHVXOWV� FRQFHUQLQJ� WKH� HIIHFWV� RI� GLIIHUHQW� SROOXWDQWV� DQG�HQYLURQPHQWDO�GHWHULRUDWLRQ�FDXVHG�WKH�QHFHVVDU\�SROLWLFDO�LQWHUHVW��$OVR�WKH�GLVFXVVLRQV�LQ�WKH�EHJLQQLQJ� RI� WKH�����V�ZKLFK� IRFXVHG�RQ�ZDWHU�DQG� DLU� SROOXWLRQ�� VXSSRUWHG� WKH� IDFW�WKDW�HQYLURQPHQWDO�GHWHULRUDWLRQ�LV�QRW�RQO\�WKH�UHVXOW�RI�LQGXVWULDOLVDWLRQ�EXW�DOVR�RI�SRY�HUW\� DQG� WKH� ODFN�RI�GHYHORSPHQW��7KH�HQYLURQPHQWDO�PRYHPHQW�EHJDQ� WR� LQFOXGH�DOO� DV�SHFWV� RI� WKH� QDWXUDO� HQYLURQPHQW�� HDUWK�� ZDWHU�� DLU� �DWPRVSKHUH��� FOLPDWH�� OLIH� SURFHVVHV��SRODU�DQG�LFH�ULYHUV��RFHDQ�GHSWK��DQG�RXWHU�VSDFH��,Q�DGGLWLRQ� WKH�HQYLURQPHQWDO�PRYHPHQW�KDV� VWRSSHG� ORRNLQJ�DW� WKH�QDWXUDO�HQYLURQPHQW�LQGHSHQGHQWO\ RI� RWKHU� IDFWRUV� DQG� KDV� VWDUWHG� WR� H[DPLQH� LWV� LQWHUUHODWLRQV�ZLWK� KXPDQV�DQG� WKHLU� ZHOIDUH�� ,QWHUQDWLRQDO� HFRQRPLF� FR�RSHUDWLRQ�� LQFOXGLQJ� PDWWHUV� RI� GHEWV� DQG�RWKHU�PDWWHUV�ZKLFK�FDQQRW�EH�PHQWLRQHG�KHUH��KDYH�DOVR�VWDUWHG�WR�EH�FRQVLGHUHG�7KH�DLU�SROOXWLRQ�SUREOHP��HVSHFLDOO\�LQ�WKH�PDMRU�FLWLHV��FDQ�EH�FRQVLGHUHG�RQH�RI�WKH�PRVW�LPSRUWDQW�SUREOHPV�IDFLQJ�KXPDQ�VHWWOHPHQWV�LQ�UHFHQW�FHQWXULHV�'DPDVFXV�FLW\�LV�FRQVLGHUHG�WR�EH�RQH�RI�WKH�PDLQ�FLWLHV�LQ�WKH�$UDE�+RPHODQG�DQG�HDVW�RI�WKH�0HGLWHUUDQHDQ�� ,W�KDV�KDG�D� ODUJH�SRSXODWLRQ�LQFUHDVH� LQ� WKH�ODVW� WZR�GHFDGHV�DQG�KDV�UHDFKHG�D�SRSXODWLRQ�RI�DSSUR[LPDWHO\�IRXU�PLOOLRQ�$V�D�UHVXOW�RI�WKLV�SRSXODWLRQ�LQFUHDVH��DOO�IDFLOLWLHV�LQFUHDVHG�DQG�DOO�LQGXVWULDO�SURGXFWLRQ�VHFWRUV�JUHZ��7KHUHIRUH�LW�LV�QHFHVVDU\�WR�LQYHVWLJDWH� WKH�DLU�SROOXWLRQ�SUREOHP�LQ�'DPDV�FXV��LQ�RUGHU�WR�ILQG�WKH�FDXVH�RI�WKH�SROOXWLRQ�DQG�ILQG�SRVVLEOH�ZD\V�RI�WUHDWLQJ�WKH�SURE�OHP�,Q�WKH�ODVW�WZR�GHFDGHV��WKHUH�ZHUH�PDQ\�WULDOV�WKDW�VWXGLHV�DLU�SROOXWLRQ�LQ�'DPDVFXV��EXW�WKHVH�WULDOV�ZHUH�LUUHJXODU�DQG�LQFRQWLQXRXV��7KH�ODVW�PRQLWRULQJ�RI�DLU�SROOXWLRQ�LQ�'DPDV�FXV�ZDV�DW�WKH�HQG�RI�WKH�����V�DQG�WKH�EHJLQQLQJ�RI�WKH�����V��)RU�WKLV�UHDVRQ�LW�ZDV�QHF�HVVDU\� WR� FDUU\� RXW� D�PRGHUQ� VWXG\� DFFRUGLQJ� WR� LQWHUQDWLRQDO� VFLHQWLILF� SULQFLSOHV��0RWL�YDWHG� E\� WKHVH� FRQFHUQV�� WKH� (QYLURQPHQWDO� 	� 6FLHQWLILF� 5HVHDUFK� &HQWHU� FDUULHG� RXW� D�
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6XPPDU\
7KH�ELODWHUDO�SURMHFW�RI�FR�RSHUDWLRQ�EHWZHHQ�6\ULD�DQG�*HUPDQ\��QDPHO\�WKH�³3UHSDUDWLRQ�RI�DQ�DLU�TXDOLW\�PRQLWRULQJ�SURJUDP�'DPDVFXV´�EHJDQ�LQ�������7KH�PDLQ�REMHFWLYH�RI�WKH�SUR�MHFW� ZDV� WKH� ILUVW� FRQVLVWHQW� HYDOXDWLRQ� RI� WKH� DLU� TXDOLW\� LQ� 'DPDVFXV�� 7KH� UHVXOWV� RI� WKLV�HYDOXDWLRQ�DUH�LQWHQGHG�WR�EH�XVHG�WR�GUDIW�D�IXWXUH�SURJUDPPH�IRU�PRQLWRULQJ�WKH�DLU�TXDOLW\�LQ�'DPDVFXV�
7R�DFKLHYH� WKH�PHQWLRQHG�REMHFWLYH��D�SLORW�DLU�TXDOLW\ PRQLWRULQJ�SURJUDPPH�ZDV�GHVLJQHG�DQG�FDUULHG�RXW�LQ�WKH�FLW\�RI�'DPDVFXV�IURP�2FWREHU������WR�1RYHPEHU�������$�ILUVW�FRDUVH�HPLVVLRQ�LQYHQWRU\�FRQFHQWUDWLQJ�RQ�WKUHH�UHSUHVHQWDWLYH�UHJLRQV�RI�WKH�FLW\�RI�'DPDVFXV�ZDV�HVWDEOLVKHG� IRU� WKH� UHIHUHQFH� \HDU� ����� LQ� RUGHU� WR� VXSSRUW� WKH� DLU� TXDOLW\� HYDOXDWLRQ�� 7KH�LQYHQWRU\� ZDV� HODERUDWHG� IRU� WZR� SROOXWDQWV�� VXOSKXU� GLR[LGH� �62��� DQG� FDUERQ� PRQR[LGH��&2��DQG�ZDV�VHSDUDWHG�LQWR�WKH�ILHOGV�RI�WKH�WUDQVSRUW��UHVLGHQWLDO�DQG�FRPPHUFLDO�LQGXVWULDO�VHFWRU�
%DVHG�RQ�WKH�DYDLODEOH�GDWD�RI�YHKLFOHV��WKH�LQYHQWRU\�FRQFHUQLQJ�WKH�WUDQVSRUW�VHFWRU�FRYHUHG�WKH�ZKROH�'DPDVFXV�UHJLRQ��,Q�WRWDO�DQ�DQQXDO�HPLVVLRQ�RI�����NW�62� DQG�������NW�&2�ZDV�HVWLPDWHG�IRU������
)RU� WKH� HPLVVLRQ� LQYHQWRU\� IRU� WKH� UHVLGHQWLDO� DQG� FRPPHUFLDO�LQGXVWULDO� VHFWRU�� VXUYH\V� RI�IXHO� FRQVXPSWLRQ�ZHUH� XQGHUWDNHQ� LQ���TXDUWHUV�RI��� UHJLRQV� LQ�'DPDVFXV��6DUXMD��8NDLED��$NVVDE��%LODO��'DXPQH�.DUDXQH��0DVKUR�'XPPDU��7KH� UHVXOWV� RI� WKH� HVWLPDWH�RI� WKH� HPLV�VLRQV�IRU�WKHVH�DUHDV�ZHUH������NW�D�62� DQG�����NW�D &2���7KH�SLORW�DLU�TXDOLW\�SURJUDPPH�ZDV�H[HFXWHG�E\�XVLQJ�DGYDQFHG�WHFKQRORJLHV�RI�PRQLWRULQJ��7KH�PDLQ�SDUW�RI�WKH�PRQLWRULQJ�ZDV�GRQH�E\�XVLQJ�DXWRPDWLF�DQDO\VHUV�ZKLFK�ZHUH�LQVWDOOHG�LQ�D�FRQWDLQHU�RQ�D�WUXFN��0RELOH�8QLW���7KLV�ZD\��LW�ZDV�HDVLO\�SRVVLEOH�WR�UHORFDWH�WKH�PRQL�WRULQJ�HTXLSPHQW� LQ�YDULRXV�VLWHV� WKURXJKRXW�'DPDVFXV�� ,Q�VRPH� ORFDWLRQV�ZKHUH� LW�ZDV�QRW�SRVVLEOH�WR�VHW�XS�WKH�0RELOH�8QLW��HOHFWURQLF�FRQWUROOHG�JDV�VDPSOLQJ�V\VWHPV�ZHUH�LQVWDOOHG��,Q�WKHVH�FDVHV�WKH�VDPSOHG�SROOXWDQWV�ZHUH�DQDO\VHG�ODWHU�LQ�WKH�(65&�ODERUDWRU\�
,Q�RUGHU� WR�REWDLQ�ZLGHVSUHDG� LQIRUPDWLRQ�DERXW� WKH�DLU�TXDOLW\� LQ�'DPDVFXV����PRQLWRULQJ�VLWHV� ZHUH� VHOHFWHG�� 7KHVH� VLWHV� DUH� UHSUHVHQWDWLYH� RI� GLIIHUHQW� DUHDV� LQ� 'DPDVFXV�� )LYH� DLU�SROOXWDQWV�ZHUH�VHOHFWHG�WR�EH�PRQLWRUHG��WRWDO�VXVSHQGHG�SDUWLFXODWHV��763���VXOSKXU�GLR[LGH��62����QLWURJHQ�PRQR[LGH��12���QLWURJHQ�GLR[LGH��12���DQG�FDUERQ�PRQR[LGH��&2���%HVLGHV�WKH�DQDO\VHUV�IRU�FRQFHQWUDWLRQ�PHDVXUHPHQWV��WKH�0RELOH�8QLW�LV�DOVR�HTXLSSHG�ZLWK�PRQLWRUV�IRU�ZLQG�GLUHFWLRQ�DQG�ZLQG�YHORFLW\��$�WRWDO�QXPEHU�RI�������YDOLG�FRQFHQWUDWLRQ�YDOXHV�DQG�PHWHRURORJLFDO�GDWD�ZDV�REWDLQHG��7KLV�GDWD�ZDV�XVHG�IRU�IXUWKHU�SURFHVVLQJ�DQG�HYDOXDWLRQ��



$LU�4XDOLW\�LQ�'DPDVFXV�

7RWDO�VXVSHQGHG�SDUWLFXODWHV��763�
$W�PRVW�RI� WKH�PRQLWRULQJ�VLWHV�WKH�DYHUDJH�FRQFHQWUDWLRQ�RI�763�ZDV�LQ� WKH�UDQJH�EHWZHHQ������J�P� DQG������J�P���7KH�KLJKHVW�DYHUDJH�FRQFHQWUDWLRQ� ������J�P���ZDV�REVHUYHG�DW�WKH�PRQLWRULQJ�VLWH�%7��DW�WKH�%DE�7XPD�6TXDUH��$W�WKH�VDPH�VLWH�WKH�KLJKHVW����K�YDOXH�ZDV�DOVR�PHDVXUHG��7KH�ORZHVW�DYHUDJH�FRQFHQWUDWLRQ������J�P���ZDV�REWDLQHG�DW�WKH�PRQLWRULQJ�VLWH�0-��DW�WKH�.KRUVKLG�6TXDUH�LQ�0XKDMULQ��7KH�ORZHVW����K�FRQFHQWUDWLRQ�YDOXH�ZDV�DOVR�PHDVXUHG�DW�WKH�0-��VLWH��
7KH�763� DYHUDJH� FRQFHQWUDWLRQV� REWDLQHG� DW� ���PRQLWRULQJ� VLWHV� H[FHHGHG� WKH� DQQXDO� VWDQ�GDUGV�HVWDEOLVKHG�LQ�WKH�6\ULDQ�3URSRVDO�IRU�$LU�4XDOLW\�6WDQGDUGV������J�P���DQG�LQ�WKH�*HU�PDQ�UHJXODWLRQV�������J�P����2QO\�DW�WKH�0-��PRQLWRULQJ�VLWH�WKH�DYHUDJH�FRQFHQWUDWLRQ������J�P���ZDV�EHORZ�WKH�VWDQGDUGV��
7KH����KRXUV�VWDQGDUG�LQ�WKH�6\ULDQ�3URSRVDO�������J�P���ZDV�DOVR�H[FHHGHG�DW�DOO�PRQLWRULQJ�VLWHV�ZLWK�WKH�H[FOXVLRQ�RI�0-���$W���RI�WKH�PRQLWRULQJ�VLWHV�HYHQ�WKH�PLQLPXP����K�DYHUDJH�FRQFHQWUDWLRQ�ZDV�KLJKHU�WKDQ�WKLV�VWDQGDUG��,Q�WRWDO�������RI�WKH�PHDVXUHG����K�FRQFHQWUDWLRQ�H[FHHGHG�WKLV�VWDQGDUG�
,Q� JHQHUDO� WKHUH� ZDV� QR� VLJQLILFDQW� GLIIHUHQFH� EHWZHHQ� WKH� 763� FRQFHQWUDWLRQ� REWDLQHG� DW�PRQLWRULQJ�VLWHV�LQ�WKH�VWUHHWV�DQG�LQVLGH�UHVLGHQWLDO�DUHDV��&RQFHUQLQJ�WKH�FRPSRVLWLRQ�RI�WKH�SDUWLFOHV� VDPSOHG� DW� WKH� GLIIHUHQW� VLWHV�� DQ� HYLGHQW� GLIIHUHQFH� FRXOG� EH� REVHUYHG� GXULQJ� WKH�PRQLWRULQJ� DOWKRXJK�DQ� DQDO\VLV� RI� WKH� FRPSRQHQWV�ZDV�QRW� XQGHUWDNHQ��7KH�SDUWLFOHV� VDP�SOHG�LQ�WKH�VWUHHWV�ZHUH�EODFN�DQG�ILQH��$W�WKH�RWKHU�PRQLWRULQJ�VLWHV�WKH�SDUWLFOHV�ZHUH�QRW�VR�GDUN�� VRPH�ZHUH� HYHQ� OLJKW� EURZQ� DQG� FRDUVH� DW� WKRVH� VLWHV�ZKLFK�ZHUH� QRW� LQIOXHQFHG� E\�KHDY\�WUDIILF��7KH�PRVW�LPSRUWDQW�RULJLQ�RI�WKH�ILQH�EODFN�SDUWLFOHV�LQ�WKH�VWUHHWV�DUH�WKH�YHKL�FOHV�� IXHO�� HVSHFLDOO\� GLHVHO�� FRPEXVWLRQ� DQG� WKH� ORVV�RI� UXEEHU� IURP� WKH�ZKHHOV��7KH�EULJKW�VDQG�FRORXUHG�SDUWLFOHV�ZKLFK�ZHUH�WKH�PDLQ�SDUWLFOHV�DW�WKH�PRQLWRULQJ�VLWHV�DZD\�IURP�WKH�VWUHHWV�DUH�SUHVXPDEO\�RI�QDWXUDO�RULJLQ�RU�IURP�FRQVWUXFWLRQ�VLWHV�
6XOSKXU�GLR[LGH��62��
7KH�DYHUDJH�FRQFHQWUDWLRQ�RI�62� DW�PRVW�RI�WKH�PRQLWRULQJ�VLWHV�OD\�EHWZHHQ�����J�P� DQG�����J�P���7KH�KLJKHVW�DYHUDJHV�ZHUH�REWDLQHG�DW�WKH�PRQLWRULQJ�VLWHV�%7��DW�WKH�%DE�7XPD�VTXDUH�DQG�0-��DQG�0-�� LQ�0XKDMULQ��7KHVH�KLJK�FRQFHQWUDWLRQV�ZHUH�REVHUYHG�GXULQJ� WKH�PRQLWRULQJ� LQ�2FWREHU� DQG�1RYHPEHU� ������ 7KH� ORZHVW� DYHUDJH� FRQFHQWUDWLRQ� RI� 62� ZDV�PHDVXUHG�DW�WKH�PRQLWRULQJ�VLWH�'80�LQ�'XPPDU��
7KH�DYHUDJH�FRQFHQWUDWLRQ�RI�62� GHWHUPLQHG�DW�WKH�PRQLWRULQJ�VLWH�DW�%DE�7XPD�VTXDUH�H[�FHHGHG�WKH�DQQXDO�VWDQGDUG�RI�WKH�6\ULDQ�3URSRVDO�������P����7KH�DQQXDO�VWDQGDUG�HVWDEOLVKHG�E\�WKH�:RUOG�+HDOWK�2UJDQLVDWLRQ�:+2�������P���ZDV�H[FHHGHG�DW�%DE�7XPD�VTXDUH�DQG�DW�WKH�WZR�PRQLWRULQJ�VLWHV�LQ�0XKDMULQ��$W�WKH�RWKHU�PRQLWRULQJ�VLWHV�WKH�FRQFHQWUDWLRQ�UHDFKHG�EHWZHHQ������DQG������RI�WKHVH�VWDQGDUGV��
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7KH���K�VWDQGDUG�HVWDEOLVKHG�LQ�WKH�6\ULDQ�3URSRVDO�DQG�(XURSHDQ�GLUHFWLYHV�������J�P���ZDV�H[FHHGHG�WZLFH�DW�WKH�PRQLWRULQJ�VLWH�DW�%DE�7XPD�VTXDUH��7KH���K�YDOXHV�GHWHUPLQHG�DW�WKH�RWKHU�PRQLWRULQJ�VLWHV�ZHUH�EHWZHHQ������DQG������RI�WKLV�VWDQGDUG��
7KH�HVWDEOLVKHG����±K�VWDQGDUG�������J�P���IRU�62� ZDV�H[FHHGHG�E\������RI�WKH�YDOXHV�DW�WKH�PRQLWRULQJ� VLWH� DW� %DE�7XPD� VTXDUH��$W� WKH�PRQLWRULQJ� VLWH� LQ� 7LMDUD� WKH� KLJKHVW� ���K�YDOXHV�UHDFKHG������RI�WKLV�VWDQGDUG��$W�DOO�RWKHU�VLWHV�WKH�KLJKHVW����K�FRQFHQWUDWLRQ�OD\�LQ�D�UDQJH�RI������WR������RI�WKH�VWDQGDUG�
1LWURJHQ�GLR[LGH��12��
7KH� KLJKHVW� DYHUDJH� FRQFHQWUDWLRQV� RI� 12� ���� �J�P� WR� ��� �J�P��� ZHUH� REWDLQHG� DW� WKH�PRQLWRULQJ� VLWHV�ZKLFK�VXIIHU� IURP�KHDY\� WUDIILF��<RXVHI�$O�$]PHK�VTXDUH��%DUDPLNHK�DQG�%DE�7XPD�VTXDUH��%7����$W�WKH�RWKHU�PRQLWRULQJ�VLWHV�WKH�DYHUDJH�FRQFHQWUDWLRQV�OD\�EHWZHHQ�����J�P� DQG� ����J�P���7KH� ORZHVW� YDOXH� �����J�P���ZDV� REVHUYHG� DW� WKH�PRQLWRULQJ� VLWH�'80�LQ�'XPPDU��
7KH�DQQXDO�VWDQGDUG�IRU�12� FRQFHQWUDWLRQV�HVWDEOLVKHG� LQ� WKH�6\ULDQ�3URSRVDO� ������J�P���ZDV�QRW�H[FHHGHG��7KH�VWDQGDUG�IRU�DQQXDO�DYHUDJHV�HVWDEOLVKHG�E\�WKH�:+2�DQG�WKH�(XUR�SHDQ� 8QLRQ� ���� �J�P��� ZDV� H[FHHGHG� DW� DOO� PRQLWRULQJ� VLWH� ZLWK� WKH� H[FHSWLRQ� RI�0LGDQ��'XPPDU�DQG�'ZHOOD��
7KH�VWDQGDUG�IRU���K�FRQFHQWUDWLRQ�LQ�WKH�6\ULDQ�3URSRVDO�������J�P���ZDV�QRW�H[FHHGHG��7KH�(XURSHDQ� DQG�:+2� VWDQGDUG� RI� ���� �J�P� ZDV� H[FHHGHG� DW� <RXVHI� $O�$]PHK� VTXDUH� ���YDOXHV��DQG�'XPPDU����YDOXH���
7KH�VWDQGDUG�IRU����K�FRQFHQWUDWLRQ�HVWDEOLVKHG� LQ� WKH�6\ULDQ�3URSRVDO�������J�P���ZDV�QRW�H[FHHGHG�
&DUERQ�PRQR[LGH��&2�
7KH� ORZHVW� DYHUDJH� FRQFHQWUDWLRQV�RI�&2� �����PJ�P� DQG�����PJ�P���ZHUH�REWDLQHG�DW� WKH�PRQLWRULQJ�VLWHV�LQ�'XPPDU�DQG�'ZHOOD��DQG�WKH�KLJKHVW�FRQFHQWUDWLRQ�������PJ�P���DW�%DE�7XPD�VTXDUH��$W�WKH�RWKHU�VLWHV�WKH�DYHUDJH�FRQFHQWUDWLRQ�OD\�EHWZHHQ���PJ�P� DQG���PJ�P���$W�DOPRVW� DOO�PRQLWRULQJ� VLWHV� WKH�PLQLPXP���K�DYHUDJHV�ZHUH�EHORZ� WKH�GHWHFWLRQ� OLPLW�RI�WKH�DQDO\VHU� �����PJ�P����2QO\� DW� WKH�<RXVHI�$O�$]PHK�VTXDUH�DQG�%DE�7XPD�VTXDUH�HYHQ�WKH�ORZHVW�YDOXHV�ZHUH�KLJKHU�WKDQ�WKH�RYHUDOO�DYHUDJHV�DW�VRPH�RI�WKH�RWKHUV�VLWHV�
7KH���K�VWDQGDUG�RI����PJ�P� ZDV�QRW�H[FHHGHG��7KH�GHWHUPLQHG���K�FRQFHQWUDWLRQV�UHDFKHG������WR������RI�WKLV�VWDQGDUG��
7KH� ��K� VWDQGDUG� HVWDEOLVKHG� LQ� WKH�6\ULDQ�3URSRVDO� DQG� E\� WKH�:+2� ����PJ�P���ZDV� H[�FHHGHG�DW�WKH�PRQLWRULQJ�VLWHV�DW�%DE�7XPD�VTXDUH�DQG�LQ�7LMDUD��,Q�UHJDUG�WR�WKH�FDOFXODWHG���K�DYHUDJH�FRQFHQWUDWLRQV�������RI�WKH�UHVXOWV�H[FHHGHG�WKH�VWDQGDUG�DW�%7��DQG�����DW�7,-��$W�DOO�RWKHU�VLWHV�WKH���K�DYHUDJH�FRQFHQWUDWLRQV�OD\�EHWZHHQ������DQG������RI�WKH�VWDQGDUG�
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*HQHUDO
,Q�RUGHU� WR�JHW�DQ�DYHUDJH�FRQFHQWUDWLRQ�YDOXH� IRU�WKH�FRPSOHWH�PRQLWRUHG�DUHD�� WKH�DYHUDJH�FRQFHQWUDWLRQ�RI�SROOXWDQW�RI�DOO�PRQLWRULQJ�VLWHV�ZDV�FDOFXODWHG��7KHVH�RYHUDOO�DYHUDJHV�DUH�VKRZQ�LQ�WKH�IROORZLQJ�ILJXUH��7KH�RYHUDOO�DYHUDJH�RI�763�ZDV������J�P���RI�62� ����J�P���RI�12� �� �J�P� DQG�RI�&2�����PJ�P��

���

�� ��
���

763 62� 12� &2

�J�P�

�J�P� �J�P�
PJ�P�

)LJXUH� $YHUDJH�FRQFHQWUDWLRQV�RI�WRWDO�VXVSHQGHG�SDUWLFXODWHV��763���VXOSKXU�GLR[LGH��62����QLWURJHQ�GLR[LGH��12���DQG�FDUERQ�PRQR[LGH��&2��LQ�'DPDVFXV�LQ������
7KH�PRQLWRULQJ�SUHVHQWHG�ZDV�PDLQO\�H[HFXWHG�GXULQJ�VXPPHU��7KH�FRQWULEXWLRQ�RI�HPLVVLRQV�E\�KHDWLQJ��ZKLFK�LV�RQH�RI�WKH�PDLQ�VRXUFHV�RI�DLU�SROOXWLRQ�LQ�'DPDVFXV�FRXOG�WKHUHIRUH�QRW�EH�FRQVLGHUHG��)RU�WKLV�UHDVRQ��LW�FDQ�EH�DVVXPHG�WKDW�WKH�FRQFHQWUDWLRQV�RI�WKH�PRQLWRUHG�DLU�SROOXWDQWV�ZLOO�SUREDEO\�EH�KLJKHU�LQ�ZLQWHU��7KLV�ZLOO�DOVR�LQFUHDVH�DOVR�WKH�ORQJ�WHUP�DYHU�DJHV�
$OO�GLXUQDO�YDULDWLRQV�RI� WKH�JDVHRXV�SROOXWDQWV�VKRZHG�FRPSDUDEOH�VKDSHV��RQH�SHDN� LQ� WKH�PRUQLQJ� DQG� RQH� LQ� WKH� HYHQLQJ��7KLV� FRUUHVSRQGV� WR� WKH� LQFUHDVH� LQ� WUDIILF� DW� WKHVH� WLPHV��'XULQJ� WKH�GD\� WKH� FRQFHQWUDWLRQ� VWD\HG�RI� D� UHODWLYHO\� FRQVWDQW� OHYHO��ZKLFK�ZDV�KLJKHU� DW�WUDIILF�LQIOXHQFHG�PRQLWRULQJ�VLWHV�WKDQ�DW�VLWHV�LQ�UHVLGHQWLDO�DUHDV��$OO�WKLV�LQGLFDWHV�WUDIILF�DV�WKH�PDLQ�VRXUFH�RI�WKH�DLU�SROOXWLRQ�GHWHFWHG�GXULQJ�WKH�PRQLWRULQJ�
,Q�ZLQWHUWLPH�D�JURXQG�EDVHG�WKHUPDO�LQYHUVLRQ�FDQ�EH�REVHUYHG�LQ�'DPDVFXV��,Q�WKH�PRUQLQJ��DW� VXQULVH�� WKH�JURXQG�DLU� OD\HUV� DUH�ZDUPHG�XS� ODWHU� WKDQ� WKH�KLJKHU� OHYHOV� DQG� WKH�YHUWLFDO�H[FKDQJH�RI�DLU�LV�VXSSUHVVHG�7KHUHIRUH�DQ�LQYHUVLRQ�OD\HU�ZLWK�D�VWDEOH�PHWHRURORJLFDO�FRQGL�WLRQ�FDQ�EH�REVHUYHG��,Q�VXFK�DQ�LQYHUVLRQ�OD\HU�WKH�SROOXWDQWV�DUH�WUDSSHG�DQG�WKH�GLVSHUVLRQ�LV�FRQVWUDLQHG�
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7KH�PRQLWRULQJ�VLWHV�LQ�0XKDMULQ�ZHUH�VLWXDWHG�DW�WKH�EHJLQQLQJ�RI�WKH�LQFOLQH�RI�WKH�&DV\RXQ�0RXQWDLQV��DQG�ZHUH�DERYH�WKH�OHYHO�RI�WKH�RWKHU�PRQLWRULQJ�VLWHV��,Q�WKH�PRUQLQJ�KRXUV�ZKHQ�WKH�LQYHUVLRQ�OD\HU�UDLVHG��WKH�SROOXWDQWV��ZKLFK�ZHUH�HPLWWHG�LQ�WKH�FLW\�DQG�NHSW�ZLWKLQ�WKH�LQYHUVLRQ� OD\HU��ZHUH� WUDQVSRUWHG� WR� KLJKHU� OHYHOV� DQG� UHDFKHG� WKH�PRQLWRULQJ VLWHV� ORFDWHG�KLJKHU��7KHUHIRUH��WKLV�WUDQVSRUWHG�SROOXWLRQ�FRXOG�FRQWULEXWH�WR�WKH�PRQLWRUHG�FRQFHQWUDWLRQV�DW�WKRVH�KLJKHU�PRQLWRULQJ�VLWHV��7KH�KLJK�FRQFHQWUDWLRQ�SHDNV�DW�WKHVH�VLWHV�ODVWLQJ�IRU�DERXW���KRXU�LQ�WKH�HDUO\�PRUQLQJ�VXSSRUW�WKLV�DVVXPSWLRQ�
,Q�RUGHU�WR�JHW�D�VXPPDULVHG�YLHZ�RI�DLU�SROOXWLRQ�WKH�DYHUDJH�FRQFHQWUDWLRQV�RI�WKH�SROOXWDQWV�DW�HDFK�PRQLWRULQJ�VLWH�ZHUH�DGGHG��7KH�PRQLWRULQJ�VLWH�DW�%DE�7XPD�VTXDUH�ZDV�LGHQWLILHG�DV�WKH�PRVW� SROOXWHG� RQH�� IROORZHG� E\� WKH� VLWHV� LQ�0XKDMULQ� DQG� WKH µWUDIILF� VLWHV¶�<RXVHI�$O�$]PHK�VTXDUH�DQG�%DUDPLNHK�
%DVHG� RQ� WKH� UHVXOWV� RI� WKH� HPLVVLRQ� LQYHQWRU\� DQG� WKH� DLU� TXDOLW\�PRQLWRULQJ� LQ� ����� DQG�������DQG�FRQVLGHULQJ�IRUPHU�DLU�TXDOLW\�LQIRUPDWLRQ��EDVLF�UHFRPPHQGDWLRQV�IRU�DQ�DLU�TXDO�LW\�PDQDJHPHQW�SURJUDPPH�LQ�'DPDVFXV�ZHUH�HVWDEOLVKHG�
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/LVW�RI�WDEOHV 3DJH
7DEOH��� 1DWXUDO�FRPSRVLWLRQ�RI�DLU ��7DEOH��� $LU�TXDOLW\�JXLGHOLQHV�DQG�VWDQGDUGV ��7DEOH��� &KDUDFWHULVWLFV�RI�WKH�VHOHFWHG�UHJLRQV�DQG�DUHDV�LQ������LQ�WKH�HPLVVLRQ�LQYHQWRU\ ��
7DEOH��� 1XPEHU�DQG�W\SH�RI�YHKLFOHV�LQ�'DPDVFXV�&LW\�DQG�'DPDVFXV�5HJLRQ�LQ����� ��
7DEOH��� &KDUDFWHULVWLFV�RI�VXOSKXU�GLR[LGH��62���DQG�FDUERQ�PRQR[LGH��&2�� ��7DEOH��� &KDUDFWHULVWLFV�RI�JDVROLQH�DQG�GLHVHO�IXHO ��7DEOH��� 'LVWULEXWLRQ�RI�'LHVHO�XVH�LQ�6\ULD ��7DEOH��� *DVROLQH�DQG�'LHVHO�FRQVXPSWLRQ�E\�WKH�WUDQVSRUW�VHFWRU�LQ����� ��7DEOH��� 'LHVHO�FRQVXPSWLRQ�E\�WKH�UHVLGHQWLDO�VHFWRU�LQ����� ��7DEOH���� 'LHVHO�FRQVXPSWLRQ�E\�WKH�FRPPHUFLDO�LQGXVWULDO�VHFWRU�LQ����� ��7DEOH���� (PLVVLRQ�IDFWRUV�IRU�FDUERQ�PRQR[LGH��&2��XVHG�IRU�WKH�HPLVVLRQ�LQYHQ�WRU\ ��
7DEOH���� (VWLPDWHG�DQQXDO�HPLVVLRQV�RI�FDUERQ�PRQR[LGH��&2��DQG�VXOSKXU�GLR[LGH��62���LQ�'DPDVFXV�&LW\�DQG�'DPDVFXV�5HJLRQ�LQ����� ��
7DEOH���� (VWLPDWHG�DQQXDO�HPLVVLRQV�RI�FDUERQ�PRQR[LGH��&2��DQG�VXOSKXU�GLR[LGH��62���E\�UHVLGHQWLDO�KHDWLQJ�LQ�'DPDVFXV�&LW\�DQG�'DPDVFXV�5HJLRQ�LQ�����

��
7DEOH���� (VWLPDWHG�DQQXDO�HPLVVLRQV�RI�FDUERQ�PRQR[LGH��&2��DQG�VXOSKXU�GLR[LGH��62���IURP�FRPPHUFLDO�DQG�LQGXVWULDO�ILULQJV�LQ�'DPDVFXV�&LW\�DQG�'D�PDVFXV�5HJLRQ�LQ�����

��
7DEOH���� /RFDWLRQ�DQG�EULHI�GHVFULSWLRQ�RI�PRQLWRULQJ�VLWHV ��7DEOH���� 0RQLWRULQJ�SHULRGV�DQG�PRQLWRUHG�SROOXWDQWV�DW�WKH����PRQLWRULQJ�VLWHV ��7DEOH���� $YHUDJH�FRQFHQWUDWLRQV�RI�763�IRU�WKH�FRPSOHWH�PDQXDO�PRQLWRULQJ�SH�ULRG�DW�HDFK PRQLWRULQJ�VLWH��EDVHG�RQ�WKH�UHJLVWHUHG����K�FRQFHQWUDWLRQ�YDOXHV

��
7DEOH���� $YHUDJH�FRQFHQWUDWLRQV�RI�62� IRU�WKH�FRPSOHWH�PDQXDO�PRQLWRULQJ�SHULRG�DW�HDFK�PRQLWRULQJ�VLWH��EDVHG�RQ�WKH�UHJLVWHUHG����K�FRQFHQWUDWLRQ�YDOXHV ��
7DEOH���� $YHUDJH�FRQFHQWUDWLRQV�RI�62� IRU�WKH�FRQWLQXRXV�PRQLWRULQJ�SHULRGV�DW�HDFK�PRQLWRULQJ�VLWH��EDVHG�RQ�WKH���K�FRQFHQWUDWLRQ�YDOXHV��PLQLPXP�DQG�PD[LPXP���K�DYHUDJHV�DQG����SHUFHQWLOHV�RI�WKH�UHJLVWHUHG����PLQ�YDOXHV

��
7DEOH���� 0HDQ��PLQLPXP�DQG�PD[LPXP�RI����±K�DYHUDJH�FRQFHQWUDWLRQV�RI�62�IRU�WKH�FRQWLQXRXV�PRQLWRULQJ�SHULRGV�DW�HDFK�PRQLWRULQJ�VLWH ��
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3DJH
7DEOH���� $YHUDJH�FRQFHQWUDWLRQV�RI�12� IRU�WKH�FRPSOHWH�PDQXDO�PRQLWRULQJ�SH�ULRG�DW�HDFK�PRQLWRULQJ�VLWH��EDVHG�RQ�WKH�UHJLVWHUHG����K�FRQFHQWUDWLRQ�YDOXHV

��
7DEOH���� $YHUDJH�FRQFHQWUDWLRQV�RI�12� IRU�WKH�FRQWLQXRXV�PRQLWRULQJ�SHULRGV�DW�HDFK�PRQLWRULQJ�VLWH��EDVHG�RQ�WKH���K�FRQFHQWUDWLRQ�YDOXHV��PLQLPXP�DQG�PD[LPXP���K�DYHUDJHV�DQG����SHUFHQWLOHV�RI�WKH�UHJLVWHUHG����PLQ�YDOXHV

��
7DEOH��� 0HDQ��PD[LPXP�DQG�PLQLPXP�RI����±K�DYHUDJH�FRQFHQWUDWLRQV�RI�12�IRU�WKH�FRQWLQXRXV�PRQLWRULQJ�SHULRGV�DW�HDFK�PRQLWRULQJ�VLWH ��
7DEOH���� $YHUDJH�FRQFHQWUDWLRQV�RI�12�IRU�WKH�FRQWLQXRXV�PRQLWRULQJ�SHULRGV�DW�HDFK�PRQLWRULQJ�VLWH��EDVHG�RQ�WKH���K�FRQFHQWUDWLRQ�YDOXHV��PD[LPXP�DQG�PLQLPXP���K�DYHUDJHV�DQG����SHUFHQWLOHV�RI�WKH�UHJLVWHUHG����PLQ�YDOXHV

��
7DEOH���� $YHUDJH�FRQFHQWUDWLRQV�RI�&2�IRU�WKH�FRQWLQXRXV�PRQLWRULQJ�SHULRGV�DW�HDFK�PRQLWRULQJ�VLWH��EDVHG�RQ�WKH���K�FRQFHQWUDWLRQ�YDOXHV��PLQLPXP�DQG�PD[LPXP���K DYHUDJHV�DQG����SHUFHQWLOHV� RI�WKH�UHJLVWHUHG����PLQ�YDOXHV

��
7DEOH���� $YHUDJH���K�FRQFHQWUDWLRQV�DQG�PD[LPXP���K�FRQFHQWUDWLRQV�RI�&2�IRU�WKH�FRQWLQXRXV�PRQLWRULQJ�SHULRGV�DW�HDFK�PRQLWRULQJ ��
7DEOH���� 0RQWKO\�DYHUDJHV�RI�DLU�WHPSHUDWXUH�DQG�UHODWLYH�KXPLGLW\ ��7DEOH���� 'D\V�PRQLWRUHG�DQG�TXDQWLW\�RI�SUHFLSLWDWLRQ�GXULQJ�WKH�DLU�TXDOLW\�PRQL�WRULQJ�LQ�'DPDVFXV ��
7DEOH���� $YHUDJH�DQG�PD[LPXP�ZLQG�YHORFLWLHV�PHDVXUHG�DW�WKH�PRQLWRULQJ�VLWHV�GXULQJ�WKH�PRQLWRULQJ�SHULRGV ��
7DEOH�$� ��K�DYHUDJH�FRQFHQWUDWLRQV�DW�PRQLWRULQJ�VLWH�0+= $��7DEOH�%� ��K�DYHUDJH�FRQFHQWUDWLRQV�DW�PRQLWRULQJ�VLWH�%$0 $��7DEOH�&� ��K�DYHUDJH�FRQFHQWUDWLRQV�DW�PRQLWRULQJ�VLWH�7,- $���7DEOH�'� ��K�DYHUDJH�FRQFHQWUDWLRQV�DW�PRQLWRULQJ�VLWH�0,' $���7DEOH�(� ��K�DYHUDJH�FRQFHQWUDWLRQV�DW�PRQLWRULQJ�VLWH�'80 $���7DEOH�)� ��K�DYHUDJH�FRQFHQWUDWLRQV�DW�PRQLWRULQJ�VLWH�':� $���7DEOH�*� ��K�DYHUDJH�FRQFHQWUDWLRQV�DW�PRQLWRULQJ�VLWH�%7� $���7DEOH�+� ��K�DYHUDJH�FRQFHQWUDWLRQV�DW�PRQLWRULQJ�VLWH�-2� $���7DEOH�,� ��K�DYHUDJH�FRQFHQWUDWLRQV�DW�PRQLWRULQJ�VLWH�0-� $���7DEOH�-� ��K�DYHUDJH�FRQFHQWUDWLRQV�DW�PRQLWRULQJ�VLWH�0-� $���7DEOH�.� ��K�DYHUDJH�FRQFHQWUDWLRQV�DW�PRQLWRULQJ�VLWH�%6+ $���



$LU�4XDOLW\�LQ�'DPDVFXV��

/LVW�RI�ILJXUHV 3DJH)LJXUH��� 0DS�RI�'DPDVFXV�DQG�WKH�VHOHFWHG�UHJLRQV�DQG�TXDUWHUV ��)LJXUH��� 6LPSOH�RYHQ�XVHG�IRU�UHVLGHQWLDO�KHDWLQJ ��)LJXUH��� (VWLPDWHG�DQQXDO�HPLVVLRQV��NW�D��RI�FDUERQ�PRQR[LGH��&2��DQG�VXOSKXU�GLR[LGH��62���IURP�YHKLFOHV�LQ�'DPDVFXV�&LW\�DQG�'DPDVFXV�5HJLRQ�LQ�����
��

)LJXUH��� 62� HPLVVLRQV�IURP�UHVLGHQWLDO�KHDWLQJ�LQ�WKH���VHOHFWHG�DUHDV�LQ�'DPDV�FXV�LQ����� ��
)LJXUH���� &2�HPLVVLRQV�IURP�UHVLGHQWLDO�KHDWLQJ�LQ�WKH���VHOHFWHG�DUHDV�LQ�'DPDVFXV�LQ����� ��
)LJXUH���� 62� HPLVVLRQV�IURP�FRPPHUFLDO�LQGXVWULDO�ILULQJV�LQ�WKH���VHOHFWHG�DUHDV�LQ�'DPDVFXV�LQ����� ��
)LJXUH��� &2�HPLVVLRQV�IURP�FRPPHUFLDO�LQGXVWULDO�ILULQJV�LQ�WKH���VHOHFWHG�DUHDV�LQ�'DPDVFXV�LQ����� ��
)LJXUH��� 7RWDO�62� DQG�&2�HPLVVLRQV�LQ�WKH�TXDUWHUV�RI�WKH�UHJLRQV�6DUXMD��$O�6KDJRXU�DQG�'XPPDU�LQ����� ��
)LJXUH���� 7RWDO HPLVVLRQ�RI�62� LQ�WKH�VHOHFWHG�UHJLRQV�RI�'DPDVFXV�LQ����� ��)LJXUH���� 7RWDO�HPLVVLRQ�RI�&2�LQ�WKH�VHOHFWHG�UHJLRQV�RI�'DPDVFXV�LQ����� ��)LJXUH���� 6FKHPDWLF�GLDJUDP�RI�D�+LJK�9ROXPH�6DPSOHU��+96��DV�XVHG�IRU�WKH�SLORW�PRQLWRULQJ�LQ�'DPDVFXV ��
)LJXUH���� 7KH�+LJK�9ROXPH�6DPSOHU��+96��DV�XVHG�IRU�WKH�SLORW�PRQLWRULQJ�LQ�'DPDVFXV ��
)LJXUH���� 6FKHPDWLF�GLDJUDP�RI�D�JDV�VDPSOLQJ�GHYLFH�DV�XVHG�IRU�WKH�SLORW�PRQLWRU�LQJ�LQ�'DPDVFXV ��
)LJXUH���� 0RELOH�8QLW�IRU�DLU�TXDOLW\�PRQLWRULQJ�LQ�'DPDVFXV ��)LJXUH���� $XWRPDWLF�DQDO\VHUV�DQG�WKH�FRQWURO�FRPSXWHU�LQ�WKH�0RELOH�8QLW� ��)LJXUH���� ���DLU�TXDOLW\�PRQLWRULQJ�VLWHV�LQ�'DPDVFXV ��)LJXUH���� $YHUDJH�FRQFHQWUDWLRQV�RI�763�DQG�UDQJH�RI����K�FRQFHQWUDWLRQV�DW�WKH�PRQLWRULQJ�VLWHV�LQ�'DPDVFXV ��
)LJXUH���� $YHUDJH�763�FRQFHQWUDWLRQV���J�P���DW�WKH�PRQLWRULQJ�VLWHV�LQ�'DPDVFXV�LQ���������� ��
)LJXUH���� $YHUDJH�62� FRQFHQWUDWLRQV���J�P���DW�WKH�PRQLWRULQJ�VLWHV�LQ�'DPDVFXV�LQ���������� ��
)LJXUH���� 0HDQ�DQG�UDQJH�RI����K�DYHUDJH�62� FRQFHQWUDWLRQV ��J�P���DW�WKH�PRQL�WRULQJ�VLWHV�LQ�'DPDVFXV�LQ���������� ��
)LJXUH����� 'LXUQDO�YDULDWLRQV�RI�62��FRQFHQWUDWLRQ�DW�%$0��'80�DQG�%7� ��
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3DJH)LJXUH���� $YHUDJH�12� FRQFHQWUDWLRQV���J�P���DW�WKH�PRQLWRULQJ�VLWHV�LQ�'DPDVFXV�LQ���������� ��
)LJXUH���� 0HDQ�DQG�UDQJH�RI����K�DYHUDJH�12� FRQFHQWUDWLRQV���J�P���DW�WKH�PRQL�WRULQJ�VLWHV�LQ�'DPDVFXV�LQ���������� ��
)LJXUH����� 'LXUQDO�YDULDWLRQV�RI�12��FRQFHQWUDWLRQ�DW�0+=�DQG�'80 ��)LJXUH���� $YHUDJH�12�FRQFHQWUDWLRQV���J�P���DW�WKH�PRQLWRULQJ�VLWHV�LQ�'DPDVFXV�LQ���������� ��
)LJXUH���� $YHUDJH�&2�FRQFHQWUDWLRQV��PJ�P���DW�WKH�PRQLWRULQJ�VLWHV�LQ�'DPDVFXV�LQ���������� ��
)LJXUH����� 'LXUQDO�YDULDWLRQV�RI�&2 FRQFHQWUDWLRQ�DW�'80��0,'�DQG�%7� ��)LJXUH���� 0D[LPXP���K�DYHUDJH�&2�FRQFHQWUDWLRQV��PJ�P���DW�WKH�PRQLWRULQJ�VLWHV�LQ�'DPDVFXV�LQ���������� ��
)LJXUH���� 'LXUQDO�YDULDWLRQV�RI�WKH�ZLQG�YHORFLW\�REWDLQHG�DW�IRXU�PRQLWRULQJ�VLWHV��%$0��%6+��0,'��0-�� ��
)LJXUH���� /RDGHG�ILOWHU�IURP�028+$)$=$�PRQLWRULQJ�VLWH��0+=��RQ������������DQG�'800$5�PRQLWRULQJ�VLWH��'80��RQ����������� ��
)LJXUH���� :LQG�DQG�12� SROOXWLRQ�URVHV�DW�7,-�DQG�%7� ��)LJXUH���� 9LHZ�RI�'DPDVFXV�IURP�&DV\RXQ�0RXQWDLQV�LQ�1RYHPEHU��������D��ZLWK�LQYHUVLRQ�OD\HU���E��ZLWKRXW�LQYHUVLRQ�OD\HU ��
)LJXUH���� 6XPPHG�SROOXWDQW�FRQFHQWUDWLRQ�DW�HDFK�PRQLWRULQJ�VLWH ��)LJXUH���� 763��62���12� DQG�&2�LQ�'DPDVFXV��9LHQQD���������$DFKHQ���������%HUOLQ���������6mR�3DXOR��������DQG�+DPEXUJ�������� ��
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� ,QWURGXFWLRQ
,Q������ WKH�ELODWHUDO�SURMHFW�EHWZHHQ�6\ULD�DQG�*HUPDQ\��WKH�³3UHSDUDWLRQ RI�DQ�DLU�TXDOLW\�PRQLWRULQJ�SURJUDPPH�'DPDVFXV´�VWDUWHG��,Q�6\ULD�WKH�(QYLURQPHQWDO�	�6FLHQWLILF�5HVHDUFK�&HQWHU��(65&���LQ�FROODERUDWLRQ�ZLWK�WKH�*RYHUQRUDWH�RI�'DPDVFXV��DQG�ZLWK�WKH�VXSSRUW�RI�WKH�6\ULDQ�$WRPLF�(QHUJ\�&RPPLVVLRQ��ZDV�UHVSRQVLEOH�IRU�WKH�H[HFXWLRQ�RI�WKH�SURMHFW�DF�WLYLWLHV��2Q� WKH�*HUPDQ� VLGH� WKH�*HUPDQ�6RFLHW\� IRU�7HFKQLFDO�&RRSHUDWLRQ� �*7=��ZDV� UH�VSRQVLEOH�IRU�WKH�H[HFXWLRQ�RI�WKH�SURMHFW��7KH�*7=�FRPPLVVLRQHG�WKH�'U��.UlW]LJ�,QJHQLHXU�JHVHOOVFKDIW�PE+��'U��.UlW]LJ�(QJLQHHUV�/WG���ZLWK WKH�UHDOLVDWLRQ�RI�WKH�GHILQHG�SURMHFW�DF�WLYLWLHV�
7KH�PDLQ�REMHFWLYH�ZDV�WR�SURGXFH�WKH�ILUVW�FRQVLVWHQW�HYDOXDWLRQ�RI�WKH�DLU�TXDOLW\�LQ�'DPDV�FXV�� 7KH� UHVXOWV� RI� WKLV� HYDOXDWLRQ� DUH� LQWHQGHG� WR� EH� XVHG� WR� GUDIW� D� IXWXUH� SURJUDPPH� IRU�PRQLWRULQJ�WKH�DLU�TXDOLW\�LQ�'DPDVFXV��%HVLGHV�WKLV�WHFKQLFDO�REMHFWLYH�WKH�GHILQHG�DFWLYLWLHV�LQFOXGHG� WKH� VXSSO\� RI� PRQLWRULQJ� HTXLSPHQW�� WKH� WUDQVIHU� RI� NQRZOHGJH� DERXW� DLU� TXDOLW\�PRQLWRULQJ��DQG�WKH�LPSOHPHQWDWLRQ�RI�DLU�TXDOLW\�PDQDJHPHQW�PHWKRGRORJLHV�
7R� DFKLHYH� WKH PHQWLRQHG� REMHFWLYH�� WKH� SURMHFW� SDUWQHUV� DJUHHG� XSRQ� DQ� RSHUDWLRQ� SODQ� LQ�ZKLFK�WKH�DFWLYLWLHV�WR�EH�H[HFXWHG�LQ�WKH�IUDPHZRUN�RI�WKH�SURMHFW�ZHUH�GHILQHG��7KH�PDMRULW\�RI� WKH� DFWLYLWLHV�ZHUH� FRQQHFWHG�ZLWK� WKH� GHVLJQLQJ�� H[HFXWLRQ� DQG� HYDOXDWLRQ� RI� D� SLORW� DLU�TXDOLW\�PRQLWRULQJ�SURJUDPPH�LQ�WKH�FLW\�RI�'DPDVFXV��7R�VXSSRUW�WKH�DLU�TXDOLW\�HYDOXDWLRQ��D�VHFRQG�VHW�RI�DFWLYLWLHV�ZDV�XQGHUWDNHQ��QDPHO\�DQ�HPLVVLRQ�LQYHQWRU\�
7KH�REMHFWLYH�RI� WKH�SLORW� DLU� TXDOLW\�PRQLWRULQJ�ZDV� WKH� VKRUW�WHUP� LQYHVWLJDWLRQ RI� WKH� DLU�SROOXWLRQ� LQ� GLIIHUHQW� UHSUHVHQWDWLYH� SDUWV� RI� WKH� FLW\�� )RU� WKH� H[HFXWLRQ� RI� WKH�PRQLWRULQJ��HTXLSPHQW�IRU�DLU�VDPSOLQJ��ODERUDWRU\�DQDO\VLV�DQG�GDWD�SURFHVVLQJ�ZHUH�SURYLGHG�DV�ZHOO�DV�D�0RELOH�8QLW��7KLV�XQLW�ZDV�HTXLSSHG�ZLWK�DXWRPDWLF�PHDVXULQJ�GHYLFHV�IRU�FRQWLQXRXV�DLU�TXDOLW\�PRQLWRULQJ��7KH�SLORW�PRQLWRULQJ�WRRN�SODFH�LQ�WKH�SHULRG�IURP�2FWREHU������WR�1R�YHPEHU�������7KH�PRQLWRULQJ��DQDO\VLV�DQG�HYDOXDWLRQ�ZHUH�XQGHUWDNHQ�E\�WKH�(65&�
7KH�HPLVVLRQ�LQYHQWRU\�VWXG\�FRQFHQWUDWHG�RQ�WKUHH�UHSUHVHQWDWLYH�UHJLRQV�RI�WKH�FLW\�RI�'D�PDVFXV�DQG�FRQVLGHUHG�WKH�PDLQ�REMHFWLYH�RI�WKLV�SDUW�RI�WKH�SURMHFW��WR�EH�WKH�LPSOHPHQWDWLRQ�RI�LQYHQWRU\�PHWKRGRORJLHV��7KH�UHVXOWV�RI�WKH�LQYHQWRU\�VKRXOG�VHUYH�WR�VXSSRUW�WKH�ILQGLQJV�RI� WKH�HYDOXDWLRQ�RI�DLU� TXDOLW\�EXW�DOVR�DV�D�EDVH� IRU� IXUWKHU� LQFUHDVHG�DQG�GHWDLOHG�VWXGLHV��7KH�HPLVVLRQ�LQYHQWRU\�ZDV�HODERUDWHG�E\�WKH�(65&�LQ�FR�RSHUDWLRQ�ZLWK�WKH�*RYHUQRUDWH�RI�'DPDVFXV�
7KH�SUHVHQW�UHSRUW�GHVFULEHV�WKH�PRQLWRULQJ�SURJUDPPH�DQG�WKH�HPLVVLRQ�LQYHQWRU\��GLVFXVVHV�WKH�REWDLQHG�UHVXOWV�DQG�SURSRVHV�IXUWKHU�DFWLYLWLHV�RI�DLU�TXDOLW\�PDQDJHPHQW�LQ�'DPDVFXV�
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� *HQHUDO�LQIRUPDWLRQ
,Q�WKH�IROORZLQJ�SDUDJUDSKV�VRPH�RI�WKH�EDVLF�WHUPV�ZLOO�EH�H[SODLQHG�WR�IDFLOLWDWH�WKH�XQGHU�VWDQGLQJ�RI�WKH�SUHVHQW�UHSRUW��
$LU�3ROOXWLRQ$LU�SROOXWLRQ�LV�FRPPRQO\�GHILQHG�DV�DQ\�FKDQJH�RI�WKH�QDWXUDO�FRPSRVLWLRQ�RI�DPELHQW�DLU�E\�LQFUHDVLQJ� RU�GHFUHDVLQJ� WKH�TXDQWLW\� RI�QDWXUDO� FRPSRXQGV�RU�E\� DGGLQJ� RWKHU� FRPSRQHQWV�OLNH�VPRNH��VRRW��JDVVHV��VWHDP�RU�RGRXUV��7KHVH�FKDQJHV�FRXOG�EH�FDXVHG E\�µQDWXUDO¶�SURF�HVVHV�OLNH�HPLVVLRQV�RI�SDUWLFOHV��VXOSKXU�GLR[LGH�DQG�PHUFXU\�RI�YROFDQLF�HUXSWLRQV�RU�GHVHUW�VWRUPV��0DLQ�DQWKURSRJHQLF�FDXVHV�RI�DLU�SROOXWLRQ�DUH�WUDIILF��ILULQJV�DQG�LQGXVWULDO�SURFHVVHV��7R�LGHQWLI\�DQ\�FKDQJH�RI�DLU�FRPSRVLWLRQ��LW LV�QHFHVVDU\�WR�NQRZ�WKH�µQDWXUDO¶�FRPSRVLWLRQ�RI�DLU��ZKLFK�LV�JLYHQ�LQ�WDEOH���
7DEOH��� 1DWXUDO�FRPSRVLWLRQ�RI�DLU�>��@�

1LWURJHQ��1�� ������2[\JHQ��2�� �������$UJRQ��$U� ��������&DUERQ�GLR[LGH��&2�� ������1HRQ��1H� ��������+HOLXP��+H� ��������.U\SWRQ��.U� ��������+\GURJHQ��+�� ���������;HQRQ��;H� ����������2]RQH��2����7URSRVSKHUH� ����������
$OO�VXEVWDQFHV�ZKLFK�DOWHUQDWH�WKH�PHQWLRQHG�FRPSRVLWLRQ�RI�DPELHQW�DLU�DUH�FDOOHG�µDLU�SRO�OXWDQWV¶��7\SLFDO�DLU�SROOXWDQWV�DUH�
± 6XOSKXU�GLR[LGH��62���± 1LWURJHQ�R[LGHV��12��12���± &DUERQ�PRQR[LGH��&2��± +\GURFDUERQV��+&�± 3DUWLFOHV�± 2]RQH��2���± %HQ]HQH�DQG± 6RRW�



$LU�4XDOLW\�LQ�'DPDVFXV��

(PLVVLRQ$Q\�ODXQFK�RI�PDWHULDO�RU�HQHUJ\�IURP�VRXUFHV�LQWR�WKH�HQYLURQPHQW�LV�FDOOHG�µHPLVVLRQ¶��L��H���JDVHV��SDUWLFOHV��KHDW��VRXQG�7KH�ORFDWLRQ�ZKHUH�WKH�HPLVVLRQ�DSSHDUV�IURP�LV�FDOOHG�µHPLVVLRQ�VRXUFH¶��8VXDOO\�WKH�VRXUFHV�DUH�GLYLGHG�LQWR�IRXU�FDWHJRULHV�
3RLQW�6RXUFH7KHVH�VRXUFHV�DOORZ�DQ�H[DFW�GHWHUPLQDWLRQ�RI�HPLVVLRQ�ORFDWLRQ��TXDOLW\�DQG�TXDQWLW\��$Q�H[DPSOH�LV�D�FKLPQH\�
$UHD�6RXUFH7KHVH�DUH�VRXUFHV�ZKLFK�FDQQRW�EH�UHVWULFWHG�WR�RQH�VLQJOH�GHILQHG�SRLQW��([DPSOHV�IRU�WKLV�NLQG�RI�VRXUFH�DUH�RSHQ�SLW�DUHDV�RU�VWRUDJH�DUHDV��$OVR�D�QXPEHU�RI�SRLQW�VRXUFHV�WRJHWKHU�FRXOG�IRUP�D�KXJH�DUHD�VRXUFH��IRU�H[DPSOH�XUEDQ�DUHDV�RU�SURGXFWLRQ�SODQWV�
/LQH�6RXUFH7KHVH�VRXUFHV�DUH�QHLWKHU�SRLQW�QRU�DUHD�VRXUFH��7KH�PRVW� LPSRUWDQW� OLQH�VRXUFH�LQ�DLU�TXDOLW\�VWXGLHV�DUH�WUDIILF�URDGV�
'LIIXVH�6RXUFH7KHVH�VRXUFHV�GR�QRW�KDYH�DQ�H[DFW� ORFDWLRQ�RU�GHILQHG�HPLVVLRQV��H[DPSOHV�DUH� OHDN�DJHV��RSHQ GRRUV�RU�JDVROLQH�VWDWLRQV�
$LU�4XDOLW\$LU� TXDOLW\� GHVFULEHV� WKH� W\SH� DQG� TXDQWLW\� RI� FRPSRQHQWV� LQ� DPELHQW� DLU��:KLOH� HPLVVLRQ�VWXGLHV�PRQLWRU� DQG� HYDOXDWH� WKH� DLU� SROOXWDQWV� DW� WKH� ORFDWLRQ� RI� ODXQFKLQJ�� WKH� DLU� TXDOLW\�VWXGLHV� LGHQWLI\� WKH� W\SH�DQG�TXDQWLW\�RI�FRPSRQHQWV� LQ�DPELHQW� DLU� LQ�RUGHU� WR�HYDOXDWH� WKH�LPSDFW�RI�DLU�SROOXWDQWV�RQ�WKH�UHFHSWRUV�OLNH�KXPDQ�EHLQJV��DQLPDOV�RU�SODQWV��$V�D�WRRO�IRU�DLU�TXDOLW\�HYDOXDWLRQ��VWDQGDUGV�DQG�JXLGHOLQHV�IRU�DLU�TXDOLW\�ZHUH�HVWDEOLVKHG��2QH�RI�WKH�HVVHQ�WLDO�FULWHULD� IRU� WKH�HVWDEOLVKPHQW�RI�DLU�TXDOLW\�VWDQGDUGV�DUH� WKH�HIIHFWV� WKDW� WKH�GLIIHUHQW�DLU�SROOXWDQWV�KDYH�RQ�WKH�KHDOWK�RI�SHRSOH�
(IIHFWV�RI�$LU�3ROOXWDQWV7KH�SROOXWDQWV�LQ�DPELHQW�DLU�FRXOG�EH�FODVVLILHG�LQWR�JDVHV�DQG�SDUWLFOHV�ZKLFK�LQFOXGH�VROLGV�DQG�OLTXLGV��7KH�HPLWWHG�JDVHV��SULPDU\�SROOXWDQWV��GLVSHUVH�LQ�DLU�OLNH�WKH�QDWXUDO�DLU�FRPSR�QHQWV��&RUUHVSRQGLQJ�WR�WKH�FKHPLFDO�UHDFWLYLW\�DQG�WKH�DPELHQW�FRQGLWLRQV��WKH�JDVHRXV�SRO�OXWDQWV�VRPHWLPHV�UHDFW�ZLWK�RQH�DQRWKHU�DQG�IRUP�QHZ�SROOXWDQWV��VHFRQGDU\�SROOXWDQWV��OLNH�R]RQH�7KH�SDUWLFXODWH�SROOXWDQWV�DUH�GLYLGHG�LQWR�µUHVSLUDEOH¶�SDUWLFOHV�ZLWK�GLDPHWHUV�EHORZ�����P��30����DQG� µQRQ�UHVSLUDEOH¶�SDUWLFOHV�ZLWK�GLDPHWHUV�DERYH�����P��7KH�ELJJHU�SDUWLFOHV�GH�
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SRVLW�IDVWHU�WKDQ�WKH�VPDOOHU�RQHV��DQG WKHLU�HIIHFWV�FDQ�WKHUHIRUH�EH�REVHUYHG�QHDU�WKH�HPLV�VLRQ�VRXUFHV��6PDOO�SDUWLFOHV�VRPHWLPHV�EHKDYH�OLNH�JDVHV�DQG�UHPDLQ�LQ�DLU�IRU�D�ORQJ�WLPH�
7RWDO�6XVSHQGHG�3DUWLFXODWHV��763�$OO�SDUWLFOHV�LQ�DLU�FRPELQHG�WRJHWKHU�DUH�FDOOHG�DV�WRWDO�VXVSHQGHG�SDUWLFXODWHV��&RQVLG�HULQJ� WKH� PHWKRGV� IRU� PHDVXULQJ� DSSOLHG�� DOO� SDUWLFOHV� GLDPHWHUV� XS� WR� ���� �P�ZHUH�PRQLWRUHG��7KHVH�SDUWLFOHV�KDYH�QR�XQLILHG�FKHPLFDO�FRPSRVLWLRQ��7KH\�GLIIHU�FRQFHUQ�LQJ�WKH�W\SH�RI�VROLG�QXFOHXV��&DUERQ��PLQHUDOV�HWF���DQG�DOVR�FRQFHUQLQJ�WKH�VXEVWDQFHV�DGVRUEHG�RQ�WKH�VROLG�QXFOHXV��(IIHFWV�RQ�KHDOWK�DUH�PDLQO\�FDXVHG�E\�WKH�UHVSLUDEOH�SDU�WLFOHV�ZKLFK�HQWHU�LQWR�WKH�EURQFKLWHV�DQG�OXQJ��7KH�PDLQ�HIIHFWV�DUH�

F 7KH�SDUWLFOHV�WKHPVHOYHV�HIIHFWLQJ�EUHDWKLQJ��
F FDQFHU�DQG�RWKHU�HIIHFWV�RQ�KHDOWK�FDXVHG�E\�WKH� WR[LF�VXEVWDQFHV�DEVRUEHG� WKURXJK�WKH�SDUWLFOHV�
F FDWDO\WLF�HIIHFWV�RQ�JDVHRXV�SROOXWDQWV�

6XOSKXU�GLR[LGH��62��6XOSKXU�GLR[LGH�FDQ�SURYRNH�DOO�NLQGV�RI�UHVSLUDWRU\�GLVHDVHV�OLNH�UHGXFWLRQ�LQ�WKH�PHDQ�IRUFHG�H[SLUDWRU\�YROXPH��ZKHH]LQJ�RU�VKRUWQHVV�RI�EUHDWK��WRWDO�UHVSLUDWRU\�FDXVHV�DQG�FKURQLF�SXOPRQDU\�GLVHDVH�8QGHU�FHUWDLQ�FRQGLWLRQV�62� LV�R[LGLVHG�WR�62� LQ�WKH�DWPRVSKHUH��62� FRPELQHV�ZLWK�WKH�DWPRVSKHULF�KXPLGLW\�WR�SURGXFH�VXOSKXULF�DFLG��+�62���ZKLFK�LV�D�VWURQJ�PLQHUDO�DFLG�DEOH�WR DWWDFN�HYHQ�VWRQHV�DQG�PHWDOV��7KLV�DFLG�LV�DOVR�RQH�RI�WKH�PDLQ�SROOXWDQWV�RXW�RI�ZKLFK�WKH�DFLG�UDLQ�LV�FRPSRVHG�
1LWURJHQ�2[LGHV��12[�7KH�PDLQ�VRXUFHV�RI�QLWURJHQ�R[LGHV�DUH�DQ\�NLQG�RI�ILULQJ��7KH�SULQFLSDOO\�HPLWWHG�SRO�OXWDQW�LV�QLWURJHQ�PRQR[LGH��12��ZKLFK�LV�UDSLGO\��LQ�WKH�VFDOH�RI�PLQXWHV��R[LGLVHG�WR�QLWURJHQ�GLR[LGH��12���DQG�RWKHU�KLJKO\�R[LGLVHG�QLWURJHQV��7KHUHIRUH��DLU�TXDOLW\�VWXG�LHV�RQO\�WDNH�12� LQWR�FRQVLGHUDWLRQ�12� FDXVHV�UHVSLUDWRU\�GLVHDVHV�DQG�FDQ�IRUP�QLWURVDPLQV�XQGHU�UHDFWLRQ�ZLWK�RUJDQLF�DPLQR�DFLGV��1LWURVDPLQV�DUH�KLJKO\�FDQFHURJHQLF�FRPSRQHQWV��:LWK�ZDWHU��12� IRUPV�QLWULF�DFLG��D�VWURQJ�PLQHUDO�DFLG�
&DUERQ�0RQR[LGH��&2�&DUERQ�PRQR[LGH� LV� RQH�RI� WKH� UHVSLUDWRU\� WR[LQV�� ,WV� KLJK�DIILQLW\� WR�KDHPRJORELQ� LQ�EORRG� FDXVHV� D� UDSLG� FRPELQDWLRQ� RI� &2� DQG� KDHPRJORELQ�� 'XH� WR� WKLV� FRPELQDWLRQ�KDHPRJORELQ�FDQQRW�WUDQVSRUW�R[\JHQ�DQG�VWRSV�WKH�R[\JHQ�VXSSO\�RI�WKH�RUJDQV�
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$LU�4XDOLW\�6WDQGDUGV�DQG�*XLGHOLQHV&RQVLGHULQJ�WKH�HIIHFWV�WKDW�DLU�SROOXWDQWV�KDYH�RQ�KHDOWK��WKH�VWDWH�RI�WKH�DUW�RI�HPLVVLRQ�FRQ�WURO�DQG�PRQLWRULQJ�WHFKQRORJLHV��YDULRXV�JRYHUQPHQWV�DQG�HQYLURQPHQWDO� LQVWLWXWLRQV�HVWDE�OLVKHG�JXLGHOLQHV� DQG� VWDQGDUGV� IRU� DLU� TXDOLW\� UHODWLQJ� WR� D� OLVW� RI� SULRULW\� SROOXWDQWV��7KHVH�JXLGHOLQHV�DQG�VWDQGDUGV�FDQ�EH�XVHG�WR�HYDOXDWH� WKH�DLU�TXDOLW\�EDVHG�RQ�PHDVXUHG�SROOXWDQW�FRQFHQWUDWLRQV�
,Q�WKH�SUHVHQW�UHSRUW��JXLGHOLQHV�DQG�VWDQGDUGV�SURSRVHG�E\�WKH�6\ULDQ�+LJK�&RPPLVVLRQ�IRU�(QYLURQPHQWDO�6DIHW\��HVWDEOLVKHG�E\� WKH�:RUOG�+HDOWK�2UJDQLVDWLRQ� �:+2��� WKH�(XURSHDQ�8QLRQ��(8��DQG�WKH *HUPDQ�*RYHUQPHQW�DUH�XVHG�IRU�FRPSDULVRQ�ZLWK�WKH�REWDLQHG�UHVXOWV�
6\ULDQ�3URSRVDO,Q������WKH�6\ULDQ�+LJK�&RPPLVVLRQ�IRU�(QYLURQPHQWDO�$IIDLUV� ODXQFKHG�D�³3URSRVDO�RI� 6\ULDQ�6WDQGDUGV� IRU� $LU� 3ROOXWDQWV� �DWPRVSKHUH�´>�@�� 7KLV� SURSRVDO� LQFOXGHV� VWDQ�GDUGV� IRU� VL[�DLU�SROOXWDQWV�� FDUERQ�PRQR[LGH��R]RQH��QLWURJHQ�R[LGHV�� VXOSKXU�R[LGHV��WRWDO� VXVSHQGHG� SDUWLFXODWHV� DQG� OHDG�� 7KH� VWDQGDUG� YDOXHV� GHILQHG� DUH� EDVHG� RQ� WKH�VWDQGDUGV� HVWDEOLVKHG� E\� WKH�:+2� DQG� WKH� ,QWHUQDWLRQDO� /DERXU� 2UJDQLVDWLRQ� �,/2���DQG�FRQVLGHU�ERWK�WKH�UHVXOWV�RI�PRQLWRULQJ�FDPSDLJQV�H[HFXWHG�LQ�VRPH�6\ULDQ�&LWLHV�LQ������E\�WKH�(&232/�FRPSDQ\�DQG�WKH�UHJLRQDO�FOLPDWH�FRQGLWLRQV�
(XURSHDQ�8QLRQ��(8�7KH�(XURSHDQ�8QLRQ�HVWDEOLVKHG�GLUHFWLYHV�GHILQLQJ�VWDQGDUGV�IRU�YDULRXV�DLU�SROOXWDQWV�LQ� RUGHU� WR� XQLI\� WKH� DLU� TXDOLW\� OHJLVODWLRQ� LQ� PHPEHU� FRXQWULHV�� 7KH� GLUHFWLYH��������(:*�GHILQHV�VWDQGDUGV�IRU�VXOSKXU�GLR[LGH��62���DQG�SDUWLFXODWH�PDWWHU��763���WKH�GLUHFWLYH��������(:*�IRU�QLWURJHQ�GLR[LGH��DQG�WKH�GLUHFWLYH������(:*�IRU�R]RQH�,Q������WKH�(8�VWDUWHG�WR�UHYLVH�WKHLU�DLU�TXDOLW\�VWDQGDUGV�DQG�LQ������WKH�ILUVW�UHYLVHG�GLUHFWLYH����������(*�RI�����$SULO������DERXW�WKH�FRQFHQWUDWLRQV�RI�VXOSKXU�GLR[LGH��QL�WURJHQ�GLR[LGH�DQG�QLWURJHQ�R[LGHV��SDUWLFOHV�DQG�OHDG�LQ�DLU��>�@�ZDV�ODXQFKHG�
:+2,Q������WKH�:+2�SXEOLVKHG�µ*XLGHOLQHV�IRU�$LU�4XDOLW\� LQ�(XURSH¶��$�UHYLVHG�HGLWLRQ�ZDV�ODXQFKHG�LQ������>�@��/LNH�WKH�DLU�TXDOLW\�VWDQGDUGV�RI�WKH�(8��WKH�:+2�JXLGHOLQHV�ZHUH� HVWDEOLVKHG� IRU� WKH� PLQLPLVDWLRQ� RU� DYRLGDQFH� RI� DQ\� HIIHFW� RI� DLU� SROOXWLRQ� RQ�KHDOWK�&RQFHUQLQJ�SDUWLFOHV��WKH�:+2�VWXGLHV�FRQFHQWUDWH�RQ�SDUWLFOHV�ZLWK�GLDPHWHUV�OHVV�WKDQ�����P��30�����'XH�WR�WKH�ODFN�RI�H[DFW�GDWD�DERXW�WKH�HIIHFW�RI�WKRVH�SDUWLFOHV�RQ�KHDOWK��WKH�:+2�KDV�XQWLO�QRZ�UHVLVWHG�HVWDEOLVKLQJ�QHZ�JXLGHOLQH�YDOXHV�IRU�WKLV�DLU�SROOXWDQW�
*HUPDQ�6WDQGDUGV,Q�*HUPDQ\� WKH� SULQFLSDO� DLU� TXDOLW\� VWDQGDUGV� FRQVLVWH� RI� WKUHH� OHJDO� UHJXODWLRQV�� WKH�µ7HFKQLFDO�,QVWUXFWLRQV�RQ�$LU�4XDOLW\�&RQWURO¶��7$�/XIW��>�@��WKH���QG DQG�WKH���UG 2U�GLQDQFH�RI�WKH�)HGHUDO�,PPLVVLRQ�&RQWURO�$FW������%,P6FK9������%,P6FK9��>���@�
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7KH�7$�/XIW�HVWDEOLVKHG�LQ������LQFOXGHV�DLU�TXDOLW\�VWDQGDUGV�IRU�WKH�HYDOXDWLRQ�RI�DLU�TXDOLW\� LQ� UHJDUG� WR� WKH� OLFHQVLQJ�SURFHGXUHV� IRU� LQGXVWULDO� LQVWDOODWLRQV��7KH� VWDQGDUGV�ZHUH�GHILQHG�WR�SURWHFW�KXPDQ�EHLQJV�DJDLQVW�WKH�LPSDFW�RI�SROOXWLRQ�FDXVHG�E\�LQGXV�WULDO�LQVWDOODWLRQV�7KH� ��QG %,P6FK9� LPSOHPHQWV� WKH� (XURSHDQ� VWDQGDUGV� IRU� 62� DQG� 763� �GLUHFWLYH��������(:*��� QLWURJHQ� GLR[LGH� �GLUHFWLYH� �������(:*�� DQG� R]RQH� �GLUHFWLYH������(:*���LQWR�*HUPDQ�OHJLVODWLRQ�7KH���UG %,P6FK9�HVWDEOLVKHG�DLU�TXDOLW\� VWDQGDUGV� IRU�QLWURJHQ�GLR[LGH��EHQ]HQH�DQG�VRRW�IRU�WKH�HYDOXDWLRQ�RI�DLU�TXDOLW\�PRQLWRULQJ�LQVLGH�URDGV�
%HFDXVH�DOO�RI�WKH�PHQWLRQHG�VWDQGDUG�DQG�JXLGHOLQH�UHJXODWLRQV�DUH�DGMXVWHG�WR�VWDWH�RI�WKH�DUW�WHFKQRORJLHV�DQG VFLHQWLILF�SURJUHVV��WKH�OLVWHG�YDOXHV�FDQ�EH�UHYLVHG��7KH�DFWXDO�VWDWXV�RI�VWDQGDUGV�DQG�JXLGHOLQHV�LV�JLYHQ�LQ�WDEOH���
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7DEOH��� $LU�TXDOLW\�JXLGHOLQHV�DQG�VWDQGDUGV�
3ROOXWDQW *XLGHOLQH��6WDQGDUG 5HIHUHQFH�J�P�
6XOSKXU�GLR[LGH��62����K�DYHUDJH ��� 6\ULDQ�SURSRVDO���K�DYHUDJH�� ��� 6\ULDQ�SURSRVDODQQXDO�DYHUDJH �� 6\ULDQ�SURSRVDODQQXDO�DYHUDJH�� ��� ,:� 7$�/XIW���SHUFHQWLOH�� ��� ,:� 7$�/XIW��K�DYHUDJH ��� (8���K�DYHUDJH ��� (8DQQXDO�DYHUDJH��YHJHWDWLRQ� �� (8��K�DYHUDJH ��� DOHUW (8���K�DYHUDJH ��� :+2DQQXDO�DYHUDJH �� :+27RWDO�VXVSHQGHG�SDUWLFOHV��763����K�DYHUDJH ��� 6\ULDQ�SURSRVDODQQXDO�DYHUDJH �� 6\ULDQ�SURSRVDODQQXDO�DYHUDJH ��� ,:� 7$�/XIW���SHUFHQWLOH�RI����K�DYHUDJHV ��� ,:� 7$�/XIWDQQXDO�DYHUDJH ��� ����%,P6FK9���SHUFHQWLOH ��� ����%,P6FK91LWURJHQ�GLR[LGH ��K�DYHUDJH ��� 6\ULDQ�SURSRVDO���K�DYHUDJH�� ��� 6\ULDQ�SURSRVDODQQXDO�DYHUDJH ��� 6\ULDQ�SURSRVDODQQXDO�DYHUDJH�� �� ,:� 7$�/XIW���SHUFHQWLOH�� ��� ,:� 7$�/XIW���SHUFHQWLOH ��� ����%,P6FK9���SHUFHQWLOH ��� ����%,P6FK9��K�DYHUDJH ��� (8DQQXDO�DYHUDJH �� (8��K�DYHUDJH ��� DOHUW (8��K�DYHUDJH ��� :+2DQQXDO�DYHUDJH �� :+2&DUERQ�PRQR[LGH��&2���K�DYHUDJH ����� 6\ULDQ�SURSRVDO��K�DYHUDJH ����� 6\ULDQ�SURSRVDODQQXDO�DYHUDJH�� ����� ,:� 7$�/XIW���SHUFHQWLOH�� ����� ,:� 7$�/XIW���PLQ�DYHUDJH ������ :+2���PLQ�DYHUDJH ����� :+2��K�DYHUDJH ����� :+2��K�DYHUDJH ����� :+2
QRWHV��� VKRXOG�EH�H[FHHGHG�RQO\�WKUHH�WLPHV�D�\HDU��� FKDUDFWHULVLQJ�ORQJ�WHUP�LPSDFW��� FKDUDFWHULVLQJ�VKRUW�WHUP�LPSDFW��� VKRXOG�EH�H[FHHGHG�RQO\�WZLFH�D�\HDU�
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� (PLVVLRQ�LQYHQWRU\
��� ,QWURGXFWLRQ
7KH�SXUSRVH�RI�DQ�HPLVVLRQ�LQYHQWRU\�LV�WKH�LGHQWLILFDWLRQ�DQG�GHVFULSWLRQ�RI�W\SH�DQG�TXDQWLW\�RI�HPLVVLRQV�LQ�D�GLVWLQFW�DUHD��7KH�PRVW�H[DFW�DQG�GHWDLOHG�DLU�HPLVVLRQ�GDWD�LV�REWDLQHG�E\�PHDVXUHPHQWV�RI�WKH�HPLWWHG�SROOXWDQWV�DW�WKH�HPLVVLRQ�VRXUFHV��'XH�WR�WKH�FRVW�DQG�WKH�WLPH�FRQVXPHG�E\�VXFK�FRPSUHKHQVLYH�PRQLWRULQJ�SURJUDPPHV�HYHQ�LQ�VPDOO�DUHDV��WKH�HPLVVLRQV�DUH�PRVWO\�HVWLPDWHG�E\�FDOFXODWLRQV�EDVHG�RQ�SLORW�PHDVXUHPHQWV��HPLVVLRQ�IDFWRUV�DQG�RWKHU�EDVLF�VXUYH\HG�GDWD�
7KH� HODERUDWLRQ�RI� WKH� ILUVW� FUXGH� HPLVVLRQ� LQYHQWRU\� LQ� WKH� IUDPHZRUN�RI� WKH� WHFKQLFDO� FR�RSHUDWLRQ� SURMHFW� ³3UHSDUDWLRQ� RI� DQ� $LU� 4XDOLW\� 0RQLWRULQJ� 3URJUDP� 'DPDVFXV´� ZLOO� QRW�SURYLGH� FRPSUHKHQVLYH� GDWD� DERXW� HPLVVLRQV�� EXW�ZLOO� LGHQWLI\� WKH� FRQWULEXWLRQ�RI� WKH�PDLQ�HPLVVLRQ� VRXUFHV� LQ� UHSUHVHQWDWLYH� UHJLRQV� RI� 'DPDVFXV� 7KH� PHWKRGRORJLHV� LPSOHPHQWHG�GXULQJ� WKLV� ILUVW� LQYHQWRU\� DSSURDFK� SURYLGH� WKH� EDVLV� RQ�ZKLFK�PRUH� GHWDLOHG� DLU� HPLVVLRQ�LQYHQWRULHV�FDQ��DQG�VKRXOG��EH�XQGHUWDNHQ�LQ�WKH�IXWXUH�
&DUERQ� PRQR[LGH� DQG� VXOSKXU� GLR[LGH� ZHUH� VHOHFWHG� DV� SDWWHUQ� SROOXWDQWV�� 7KH HVWLPDWLRQ�PHWKRGV�IRU�WKHVH�SROOXWDQWV�DUH�UHSUHVHQWDWLYH�IRU�WKH�SULQFLSDO�PHWKRGV�RI�HVWLPDWLRQ�SURFH�GXUH��DSSOLFDWLRQ�RI� µHPLVVLRQ� IDFWRU�FDOFXODWLRQV¶�DQG�µPDWHULDO�EDODQFH¶��%HVLGHV� WKLV��ERWK�SROOXWDQWV�DUH�HPLWWHG�E\�DOO�WKH�PDLQ�HPLVVLRQ�VRXUFHV�LQ�'DPDVFXV��ZKLFK�DOORZV�D�FRPSDUL�VRQ�RI�WKH�GLIIHUHQW�VRXUFH�W\SHV�
'DPDVFXV�&LW\� LQFOXGHV� UHVLGHQWLDO�� DGPLQLVWUDWLYH� DQG� FRPPHUFLDO� UHJLRQV��2QO\� VPDOO� LQ�GXVWULDO� LQVWDOODWLRQ�FDQ�EH�IRXQG� LQ�VRPH�DUHDV�RI� WKH�FLW\��7KH�PDMRU� LQGXVWULHV�DQG�SRZHU�JHQHUDWLRQ�SODQWV�DUH�ORFDWHG�RXWVLGH�WKH�FLW\�LQ�WKH�'DPDVFXV�5HJLRQ�
��� 'DWD�EDVH
7KH�SUHVHQW� HPLVVLRQ� LQYHQWRU\�ZLOO� VKRZ� WKH� FRQWULEXWLRQ�RI� WKH�PDLQ� HPLVVLRQ� VRXUFHV� LQ�'DPDVFXV� WR� WKH�DLU�SROOXWLRQ�SUREOHP��7KH�VRXUFHV�RI�FRQVLGHUDWLRQ�DUH�� WUDIILF�� UHVLGHQWLDO�KHDWLQJ�DQG�FRPPHUFLDO�LQGXVWULDO�XVH�RI�IXHOV�
'XH�WR�WKH�ODFN�RI�HPLVVLRQ�PHDVXUHPHQW�GDWD��DOO�HPLVVLRQV�ZHUH�FDOFXODWHG�XVLQJ�GLIIHUHQW�FDOFXODWLRQ�PHWKRGV��%HIRUH�WKH�FDOFXODWLRQV�FRXOG�EH�GRQH�WKH�GDWD�EDVH�DQG�FDOFXODWLRQ�SUR�FHGXUHV�KDG�WR�EH�GHILQHG��7KH�FDOFXODWLRQ�ZDV�EDVHG�RQ�LQIRUPDWLRQ�DERXW�WKH�VSHFLILF�DUHD��WKH�IXHO�FRQVXPSWLRQ��WKH�FRQWHQW�RI�SROOXWDQW�LQ�WKH�IXHO�DQG�RQ�DGHTXDWH�HPLVVLRQ�IDFWRUV�
7KH� PRVW� UHFHQW� \HDU� IRU� ZKLFK� DQ� DOPRVW� FRPSOHWH� VHW� RI� GDWD� ZDV� DYDLODEOH�� ZDV� ������7KHUHIRUH�WKLV�\HDU�ZDV�VHOHFWHG�DV�WKH�\HDU�IRU�WKH�HPLVVLRQ�LQYHQWRU\�
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,QYHQWRU\�$UHD�DQG�6RXUFHV'DPDVFXV�&LW\�FRYHUV�DQ�DUHD�RI�DERXW����NP���,Q����������PLOOLRQ�LQKDELWDQWV�ZHUH�FRXQWHG�LQ�WKLV�DUHD��7KH�FLW\�LV�GLYLGHG�E\����UHJLRQV��HDFK�RI�ZKLFK LV�VHSDUDWHG�LQWR���WR���TXDUWHUV��)RU�WKH�UHDOLVDWLRQ�RI�WKH�LQYHQWRU\���UHSUHVHQWDWLYH�UHJLRQV�ZLWK���TXDUWHUV�ZHUH�VHOHFWHG�
F 5HJLRQ�6DUXMD��VHOHFWHG�TXDUWHUV��6DUXMD��8NDLED�DQG�$NVVDE�F 5HJLRQ�$O�6KDJRXU��VHOHFWHG�TXDUWHUV��%LODO��'DXPQH�.DUDXQH�F 5HJLRQ�'XPPDU��VHOHFWHG�TXDUWHU��0DVKUR�'XPPDU��
7KH�UHJLRQ�6DUXMD� LV�VLWXDWHG� LQ� WKH�FHQWUH�RI�'DPDVFXV�DQG� LV�FKDUDFWHULVHG�E\�FRPPHUFLDO�DQG�DGPLQLVWUDWLYH�DFWLYLWLHV�DQG�UHVLGHQWLDO�DUHDV��$O�6KDJRXU�LV�D�FRPPHUFLDO�DQG�UHVLGHQWLDO�DUHD�ZKLFK�DOVR�KDV�VRPH�VPDOO�LQGXVWU\�LQVWDOODWLRQV��'XPPDU��VSHFLILFDOO\�0DVKUR�'XPPDU�LV� D�SXUH�PRGHUQ� UHVLGHQWLDO� DUHD�ZLWK� ORZ�FRPPHUFLDO� DFWLYLWLHV��)LJXUH��� VKRZV�D�PDS�RI�'DPDVFXV�DQG�LQGLFDWHV�WKH�ORFDWLRQ�RI�WKH�VHOHFWHG�DUHDV�

)LJXUH��� 0DS�RI�'DPDVFXV�DQG�WKH�VHOHFWHG�UHJLRQV�DQG�TXDUWHUV�
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7KH�HPLVVLRQ�LQYHQWRU\�FRYHUV�WKH�HPLVVLRQ�IURP�UHVLGHQWLDO�KHDWLQJ�DQG�IXHO�XVH�LQ�FRPPHU�FLDO� DQG� LQGXVWULDO� DFWLYLWLHV� LQ� WKH� LQGLFDWHG� DUHDV�� 7KH� QHFHVVDU\� GDWD� IRU� WKH� FDOFXODWLRQV�ZHUH�FRPSLOHG�E\�WKH�(QYLURQPHQWDO�'HSDUWPHQW RI�WKH�*RYHUQRUDWH�RI�'DPDVFXV��7KH�VXU�YH\HG�GDWD�ZDV� WKH�QXPEHU�RI�KRXVHKROGV�DQG� LQGXVWULHV�DQG� WKHLU�DYHUDJH�DQQXDO� IXHO�FRQ�VXPSWLRQ���,Q�WDEOH���WKH�PDLQ�FKDUDFWHULVWLFV�RI�WKH�VHOHFWHG�UHJLRQV�DQG�TXDUWHUV�DUH�OLVWHG�
7DEOH��� &KDUDFWHULVWLFV�RI�WKH�VHOHFWHG�UHJLRQV�DQG�DUHDV�LQ������LQ�WKH�HPLVVLRQ�LQYHQWRU\��VRXUFH�>�@��
5HJLRQ� 4XDUWHUV $UHD��KD� 1XPEHU�RI�KRXVHKROG 1XPEHU�RI�LQGXVWULHV6DUXMD ���� ���� ���8NDLED ���� ���� ���6DUXMD

$NVVDE ���� ���� ���%LODO ��� ���� ���$/�±6KDJRXU 'DXPQH�.DUDXQH ��� ���� ���'XPPDU 0DVKUR�'XPPDU ����� ����
%HVLGHV� UHVLGHQWLDO� KHDWLQJ� DQG� FRPPHUFLDO� DQG� LQGXVWULDO� XVH� RI� IXHOV�� WUDIILF� LV� WKH� PRVW�LPSRUWDQW� VRXUFH� RI� DLUERUQH� HPLVVLRQ� LQ�'DPDVFXV��'XH� WR� WKH� ODFN� RI� JHRJUDSKLFDOO\� GH�WDLOHG�GDWD�DERXW�WKH�WUDQVSRUW�VHFWRU�LQ�VSHFLILF�UHJLRQV�RU�TXDUWHUV�RI�'DPDVFXV��WKLV�SDUW�RI�WKH�HPLVVLRQ�LQYHQWRU\�ZDV�UHDOLVHG�IRU�WKH�ZKROH�DUHD�RI�'DPDVFXV�&LW\�DQG�'DPDVFXV�5H�JLRQ��7KH�UHJLRQ�FRYHUV�DQ�DUHD�RI�DERXW�������NP� DQG�KDV�DERXW�����PLOOLRQ�LQKDELWDQWV�LQ�������7KH�UHJLRQ�FRQVLVWV�RI�PDQ\�VPDOO�FRPPXQLWLHV�DQG�ODUJHO\�RI�GHVHUW��,Q�WKH�FRPPXQL�WLHV�DOO�NLQGV�RI�HFRQRPLF�DFWLYLWLHV�FDQ�EH�IRXQG��QRW�RQO\�ELJ�LQGXVWULDO�DQG�HQHUJ\�JHQHUD�WLRQ�SODQWV�
7KH�DYDLODEOH�GDWD�FRQFHUQLQJ� URDG� WUDIILF� DUH� WKH�QXPEHU�RI�YHKLFOHV�� WKH� W\SH�RI� IXHO� WKH\�XVH��DQG�WKH�WRWDO�FRQVXPSWLRQ�RI�IXHO�DV�JLYHQ�LQ�WDEOH����
7DEOH��� 1XPEHU� DQG� W\SH�RI� YHKLFOHV� LQ�'DPDVFXV�&LW\� DQG�'DPDVFXV�5HJLRQ� LQ� ������VRXUFH�>�@��

9HKLFOHV� 1XPEHU )XHO�W\SH3DVVHQJHU�&DUV ����� *DVROLQH%XVVHV ���� 'LHVHO0LQL�%DVVHV ���� 'LHVHO7UXFNV ����� 'LHVHO3LFN�XSV ����� *DVROLQH0RWRUF\FOHV ����� *DVROLQH2WKHUV ���� *DVROLQH
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8QWLO�QRZ�GHWDLOHG�GDWD�DERXW�WKH�PLOHDJH�RU�DYHUDJH�YHORFLW\�RI�HDFK�YHKLFOH�RU�YHKLFOH�W\SH�LV� QRW� DYDLODEOH� DQG� WKHUHIRUH�� WKH� H[DFW� FRQWULEXWLRQ� RI� WUDIILF� FDQQRW� EH� FDOFXODWHG�� ,Q� WKH�SUHVHQW�UHSRUW�D�FRDUVH�HVWLPDWLRQ�RI�WKH�WUDIILF�HPLVVLRQV�LV�LQWHJUDWHG�DV�ILUVW�DSSURDFK��
7KH�LQYHQWRU\�FRQFHQWUDWHV�RQ�WKH�HPLVVLRQV�FDXVHG�E\�WKH�XVH�RI�IXHO�DQG�H[DPLQHV�WKH�GLI�IHUHQW�VHFWRUV��WUDIILF��UHVLGHQWLDO�DQG�FRPPHUFLDO�LQGXVWULDO���7KH�IXHOV�XVHG�LQ�WKHVHV�VHFWRUV�DUH�JDVROLQH�DQG�GLHVHO�� ,Q�UHVLGHQFHV��GLHVHO� LV�XVHG�IRU�KHDWLQJ�XVLQJ�VLPSOH�RYHQV�ZLWKRXW�DQ\�HPLVVLRQ�FRQWURO�OLNH�WKH�RQH�VKRZQ�LQ�ILJXUH����7KLV�NLQG�RI�URRP�KHDWLQJ�GHYLFH�LV�XVHG�WKURXJKRXW�'DPDVFXV��,W�LV�RQO\�LQ�'XPPDU��D�PRGHUQ�SDWWHUQ�UHJLRQ��WKDW�WKH�KHDWLQJ�HQHUJ\�LV�JHQHUDWHG�LQ���FHQWUDO�WKHUPDO�VWDWLRQV��DQG�SURYLGHG�WR�WKH�KRXVHKROGV�E\�WXEHV�

)LJXUH��� 6LPSOH�RYHQ�XVHG�IRU�UHVLGHQWLDO�KHDWLQJ�
,QYHQWRU\�3ROOXWDQWV�DQG�)XHO7KH� HPLVVLRQ� LQYHQWRU\� GHDOV� ZLWK� VXOSKXU� GLR[LGH� �62��� FDUERQ�PRQR[LGH� �&2��� 7DEOH� ��JLYHV�WKH�PDLQ�FKDUDFWHULVWLFV�RI�WKHVH�SROOXWDQWV�UHODWHG�WR�WKH�LQYHQWRU\�
7DEOH��� &KDUDFWHULVWLFV�RI�VXOSKXU�GLR[LGH��62���DQG�FDUERQ�PRQR[LGH��&2��

3DUDPHWHU 62� &2PROHFXODU�ZHLJKW��J�PRO� �� ��PDLQ�VRXUFHV ILULQJV�RI�VXOSKXU�FRQWDLQLQJ�IXHOV ILULQJVRGRXU SXQJHQW QRQHERLOLQJ�SRLQW���&� ��� ������FRORXU QRQH QRQHWR[LF \HV \HVDJJUHJDWH JDV JDV
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,Q�WDEOH���WKH�UHOHYDQW�FKDUDFWHULVWLFV�RI�WKH�IXHOV�XVHG�DUH�OLVWHG��
7DEOH��� &KDUDFWHULVWLFV�RI�JDVROLQH�DQG�GLHVHO�IXHO��VRXUFH�>�������@��

)XHO 'HQVLW\���NJ�O�� 6XOSKXU±FRQWHQW�����'LHVHO ���� ���*DVROLQH ���� ����
7KHUH�LV�QR�DYDLODEOH�GDWD�DERXW�WKH�YDU\LQJ�FRQVXPSWLRQ�RI�JDVROLQH�DQG�GLHVHO�IXHO�RI�YHKL�FOHV��7KHUHIRUH�WKH�IROORZLQJ�DVVXPSWLRQV�ZHUH�PDGH�
F $OO�WKH�SURYLGHG�JDVROLQH�ZDV�FRQVXPHG�E\�JDVROLQH�YHKLFOHV�
F 7KH�SURYLGHG�GLHVHO�LV�FRQVXPHG�E\�YHKLFOHV�DQG�E\�WKH�UHVLGHQWLDO��HQHUJ\�DQG�FRPPHU�FLDO�LQGXVWULDO�VHFWRU��,Q�RUGHU�WR�LGHQWLI\�WKH�GLHVHO�FRQVXPSWLRQ�E\�YHKLFOHV�D�GLVWULEXWLRQ�RI�WKH�FRQVXPLQJ�VHFWRUV�DV�HVWDEOLVKHG�LQ�WKH�µ&RXQWU\�6WXG\�RQ�&OLPDWH�&KDQJHV�GXH�WR�*UHHQKRXVH�*DVHV¶�>��@�ZDV�XVHG��7KLV�LV�VKRZQ�LQ�WDEOH���
7DEOH��� 'LVWULEXWLRQ�RI�'LHVHO�XVH�LQ�6\ULD��VRXUFH�>��@��

7UDQVSRUW�VHFWRU ������(QHUJ\�VHFWRU �����5HVLGHQWLDO�VHFWRU ������,QGXVWULDO�FRPPHUFLDO�VHFWRU ������
7KLV�GLVWULEXWLRQ�PHDQV�WKDW�IRU�WKH�HVWLPDWLRQ�RI�WKH�FRQWULEXWLRQ�RI�GLHVHO�YHKLFOHV�WR�WKH�62�DQG�&2�HPLVVLRQV�LQ�'DPDVFXV���������RI�WKH�WRWDO�SURYLGHG�GLHVHO�IXHO�RI���������W�LQ������ZDV�XVHG��7KH� WRWDO�TXDQWLW\�RI�JDVROLQH�DQG�GLHVHO� VXSSOLHG� WR�'DPDVFXV�ZDV�JLYHQ�E\� WKH�QDWLRQDO�SHWUROHXP�FRPSDQ\�6$'.23�>��@�
%DVHG�RQ�WKLV�GDWD�DQG�FRQVLGHULQJ�WKH�DERYH�PHQWLRQHG�GLVWULEXWLRQ�RI�GLHVHO�FRQVXPSWLRQ��WKH�IROORZLQJ�FRQVXPSWLRQ�GDWD�ZDV�XVHG�IRU�WKH�LQYHQWRU\�DV�JLYHQ�LQ�WDEOH���
7DEOH��� *DVROLQH�DQG�'LHVHO�FRQVXPSWLRQ�E\�WKH�WUDQVSRUW�VHFWRU�LQ�������VRXUFH�>������@��

)XHO�W\SH $QQXDO�FRQVXPSWLRQ��W�D�� 1XPEHU�RI�FRQVXPLQJ�YHKLFOHV'LHVHO ������ �����*DVROLQH ������ ������
7KH�FRQVXPSWLRQ�RI�IXHO�IRU�UHVLGHQWLDO�KHDWLQJ�DQG�FRPPHUFLDO�LQGXVWULDO�XVH�ZDV�VXUYH\HG�E\�WKH�(65&�DQG�WKH�*RYHUQRUDWH�� ,Q� WKH���VHOHFWHG�TXDUWHUV� WKH�QXPEHU�RI�KRXVHKROGV�DQG�
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FRPPHUFLDO�RU�LQGXVWULDO�LQVWDOODWLRQV�ZDV�VXUYH\HG��%HVLGHV�WKH�VXUYH\�RI�WKHVH�QXPEHUV�WKH�(65&�DQG�WKH�*RYHUQRUDWH�GHYHORSHG�D�TXHVWLRQQDLUH�ZKLFK�ZDV�GLVWULEXWHG�LQ�UHSUHVHQWDWLYH�KRXVHKROGV�DQG�LQGXVWULHV�LQ�RUGHU�WR�LGHQWLI\�WKH�W\SH�DQG�DYHUDJH�FRQVXPSWLRQ�RI�IXHO�XVHG��%DVHG�RQ�WKHVH�UHVXOWV�WKH�WRWDO�FRQVXPSWLRQ�RI�IXHO�IRU�HDFK�TXDUWHU�ZDV�FDOFXODWHG��$V�D�ILUVW�UHVXOW�RI�WKLV�VXUYH\�LW�FDQ�EH�VWDWHG�WKDW�RQO\�GLHVHO�ZDV�XVHG�E\�WKH�VHOHFWHG�KRXVHKROGV�DQG�LQGXVWULHV�� 7KH� UHVXOWV� RI� WKH� VXUYH\� DQG� WKH� FDOFXODWHG� WRWDO� FRQVXPSWLRQ� RI� GLHVHO� IXHO� LQ������DUH�OLVWHG�LQ�WDEOHV���DQG����
$V�PHQWLRQHG�DERYH��WKH�KRXVHKROGV�WKH�TXDUWHU�µ0DVKUR�'XPPDU¶�KDYH�QR�UHVLGHQWLDO�KHDW�LQJ�GHYLFHV��7KHLU�KHDWLQJ�HQHUJ\�LV�SURYLGHG�E\���WKHUPDO�VWDWLRQV��7KH�GDWD�DERXW�WKH�GLHVHO�FRQVXPSWLRQ�RI�WKHVH�VWDWLRQV�LQ������ZDV�SURYLGHG�E\�WKH�ORFDO�RSHUDWLRQ�RUJDQLVDWLRQ�
7DEOH��� 'LHVHO�FRQVXPSWLRQ�E\�WKH�UHVLGHQWLDO�VHFWRU�LQ�������VRXUFH�>�@��
5HJLRQ 4XDUWHU 1XPEHU�RI�KRXVH�KROGV�VWDWLRQV 'LHVHO�FRQVXPSWLRQ�SHU�KRXVH�KROG�VWDWLRQ�O�D�

7RWDO�DQQXDO�FRQVXPSWLRQ�W�D��
6DUXMD 6DUXMD ���� ��� ���8NDLED ���� ��� ���$NVVDE ���� ��� ����$/�±6KDJRXU%LODO ���� ��� ����'DXPQH�.DUDXQH ���� ��� ���'XPPDU 0DVKUR�'XPPDU � ������� ����
7DEOH���� 'LHVHO�FRQVXPSWLRQ�E\�FRPPHUFLDO�LQGXVWULDO�VHFWRU�LQ�������VRXUFH�>�@��
5HJLRQ 4XDUWHU 1XPEHU�RI�FRPPHU�FLDO�LQGXVWULDO�LQVWDO�ODWLRQV

'LHVHO�FRQVXPSWLRQ�SHU�LQVWDOODWLRQ�O�D�
7RWDO�DQQXDO�FRQVXPSWLRQ�W�D��6DUXMD 6DUXMD ��� ����� ����8NDLED ��� ���� ���$NVVDE ��� ���� ����$/�±6KDJRXU%LODO ��� ����� ����'DXPQH�.DUDXQH ��� �� �'XPPDU 0DVKUR�'XPPDU �
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(PLVVLRQ�)DFWRUV&RQFHUQLQJ� FDUERQ�PRQR[LGH� �&2��� WKH� HPLVVLRQ� HVWLPDWH�ZDV�EDVHG� RQ� FDOFXODWLRQV� XVLQJ�HPLVVLRQ� IDFWRUV�� (PLVVLRQ� IDFWRUV� DUH�QXPEHUV�ZKLFK� JLYH� WKH� TXDQWLW\� RI� DQ� HPLWWHG� VXE�VWDQFH�LQ�UHODWLRQ�WR�D�FHUWDLQ�TXDQWLW\�RI�XVHG�IXHO��SURGXFWLRQ�RU�PLOHDJH��,Q�WKH�SUHVHQW�FDVH��HPLVVLRQ�IDFWRUV�IRU�&2�ZHUH�XVHG�WR�HVWLPDWH�WKH�&2�HPLVVLRQ�LQ�UHODWLRQ�WR�WKH�IXHO��JDVR�OLQH�RU�GLHVHO��XVHG�
&RQVLGHULQJ�WKDW�WKHUH�DUH�QRW�\HW�VSHFLILF�6\ULDQ�HPLVVLRQ�IDFWRUV��WKH�PRVW�DGHTXDWH�LQWHUQD�WLRQDO�IDFWRUV�DYDLODEOH�ZHUH�XVHG��
)RU�WKH�UHVLGHQWLDO�KHDWLQJ�RI�GLHVHO�IXHO��WKH�IDFWRUV�HVWDEOLVKHG�E\�WKH�*HUPDQ�)HGHUDO�(QYL�URQPHQWDO� $JHQF\� >��@� IRU� UHVLGHQWLDO� KHDWLQJ� ZLWK� XQFRQWUROOHG� RYHQV� EXUQLQJ� IXHO� RLO��+HL]|O�(/��ZHUH�XVHG��7KH�VDPH�IDFWRU�ZDV�DSSOLHG�WR�HVWLPDWH�WKH�&2�HPLVVLRQ�RI�FRPPHU�FLDO�ILULQJV��EHFDXVH�LQ�WKLV�VHFWRU�WKH�VDPH�NLQG�RI�ILULQJ�HTXLSPHQW�ZDV�XVHG��)RU�WKH�WKHUPDO�SODQWV LQ�0RVKUD�'XPPDU�D�GLIIHUHQW�HPLVVLRQ�IDFWRU��ZKLFK�ZDV�HVWDEOLVKHG�E\�WKH�86�(QYL�URQPHQWDO�3URWHFWLRQ�$JHQF\��(3$��IRU�LQWHUQDO�FRPEXVWLRQ��6&&�����������>��@��ZDV�XVHG�
&RQVLGHULQJ� WKH�YDULHW\� RI�HPLVVLRQ� IDFWRUV� IRU�YHKLFOHV�GHSHQGLQJ�RQ� WKH�QDWLRQDO�HPLVVLRQ�FRQWURO� WHFKQRORJLHV� DSSOLHG� LQ� WKH� GLIIHUHQW� FRXQWULHV�� WKH� IDFWRUV� HVWDEOLVKHG� E\� WKH� ,3&&�>��@�IRU�JHQHUDO�SXUSRVHV�ZHUH�XVHG��7KH� ,3&&� OLVWHG� LWV�HPLVVLRQ� IDFWRUV�VHSDUDWHG�E\� IXHO�DQG�YHKLFOH� W\SH� DQG�E\�$PHULFDQ� DQG�(XURSHDQ�YHKLFOHV��%HFDXVH PRVW�RI� WKH�YHKLFOHV� LQ�6\ULD�DUH�(XURSHDQ�RU�-DSDQHVH�PRGHOV��WKH�IDFWRUV�IRU�(XURSHDQ�YHKLFOHV�ZHUH�XVHG�
,Q� WKH� ,3&&�ZRUNERRN�>��@� IRXU� IDFWRUV� IRU�SDVVHQJHU�DQG� OLJKW�GXW\� JDVROLQH�FDUV�ZLWK�XQ�FRQWUROOHG�HPLVVLRQV�DUH�OLVWHG������J�NJ������J�NJ������J�NJ������J�NJ���7KH�DYHUDJH�RI�WKHVH�YDOXHV� LV� ���� J�&2�SHU� NJ� GLHVHO� EXUQHG�� )RU�PRWRUF\FOHV� WKH�ZRUNERRN� OLVWHG� �� HPLVVLRQ�IDFWRUV������J�NJ������J�NJ������J�NJ��ZLWK�WKH�DYHUDJH�EHLQJ�����J�NJ��%HFDXVH�WKHUH�LV�QR�GDWD�DYDLODEOH�ZKLFK�DOORZ�D�VHSDUDWH�GHWHUPLQDWLRQ�RI�WKH�JDVROLQH�FRQVXPSWLRQ�RI�PRWRUF\�FOHV�DQG�FDUV��LW�ZDV�QHFHVVDU\�WR�GHILQH�D�XQLTXH�&2�HPLVVLRQ�IDFWRU�IRU�DOO�JDVROLQH�FRQVXP�LQJ�YHKLFOHV��&RQVLGHULQJ�WKH�YHKLFOH�GLVWULEXWLRQ�DV�JLYHQ�LQ�WDEOH�����������RI�WKH�JDVROLQH�YHKLFOHV�ZHUH�PRWRUF\FOHV���������ZHUH�FDUV�� D�ZHLJKWHG�DYHUDJH�HPLVVLRQ� IDFWRU� �(I��ZDV�GHWHUPLQHG�XVLQJ�WKH�IROORZLQJ�IRUPXOD�(I�� �������
�����J�NJ���������
�����J�NJ� �����J�NJ�
)RU�(XURSHDQ�OLJKW�DQG�KHDY\�GXW\�YHKLFOHV�ZLWK�XQFRQWUROOHG�HPLVVLRQ��WKH�,3&&�ZRUNERRN�>��@�JLYHV�DQ�HPLVVLRQ�IDFWRU�RI������J�&2�SHU�NJ�GLHVHO��OLJKW�WUXFNV��DQG������J�&2�SHU�NJ�GLHVHO��KHDY\�WUXFNV���,Q�WKLV�FDVH�DYHUDJH�HPLVVLRQ�IDFWRUV�DOVR�KDG�WR�EH�DSSOLHG��7KHUHIRUH�WKH�IROORZLQJ�DVVXPSWLRQV�ZHUH�FRQVLGHUHG�
F 7KH�PLQLEXVVHV��OLJKW�GXW\�YHKLFOHV��ZHUH�UXQQLQJ�LQVLGH�WKH�FRPSOHWH�UHIHUHQFH�UHJLRQ�
F 7KH�EXVVHV��KHDY\�GXW\�YHKLFOHV��ZHUH�UXQQLQJ�LQVLGH�WKH�FRPSOHWH�UHIHUHQFH�UHJLRQ�
F 7KH�KHDY\�GXW\�WUXFNV�ZHUH�UXQQLQJ�RQO\�LQ�VPDOO�SDUWV�RI�WKH�UHIHUHQFH�UHJLRQ�
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&RQVLGHULQJ�WKH�YHKLFOH�GLVWULEXWLRQ�JLYHQ�LQ�WDEOH���LW�ZDV�HVWLPDWHG�WKDW�WKH�OLJKW�GXW\�YHKL�FOHV�FDXVHG������RI�WKH�GLHVHO�UHODWHG�WUDQVSRUW�HPLVVLRQV�DQG�WKH�KHDY\�GXW\�WUXFNV�FDXVHG�������8VLQJ�WKHVH�SHUFHQWDJHV��WKH�DYHUDJH�HPLVVLRQ�IDFWRU�ZDV�GHWHUPLQHG�E\�XVLQJ�WKH�IROORZ�LQJ�IRUPXOD�
(I� �����
������������
������ ������J�NJ�

7DEOH����JLYHV�DQ�RYHUYLHZ�RI�WKH�GHWHUPLQHG�DQG�DSSOLHG�HPLVVLRQ�IDFWRUV�IRU�FDUERQ�PRQR[�LGH�
7DEOH���� (PLVVLRQ� IDFWRUV� IRU� FDUERQ� PRQR[LGH� �&2�� XVHG� IRU� WKH� HPLVVLRQ� LQYHQWRU\��VRXUFH�>��������@��

6HFWRU J�&2�SHU�NJ�IXHOUHVLGHQWLDO GLHVHO�ILULQJ�IRU�KHDWLQJ ���WKHUPDO�VWDWLRQ�EXUQLQJ�GLHVHO ���FRPPHUFLDO�LQGXVWULDOGLHVHO�ILULQJ ���WUDQVSRUW JDVROLQH�YHKLFOHV ���GLHVHO�YHKLFOHV ����
&DOFXODWLRQ�SURFHGXUHV7KH� HPLVVLRQ� RI� VXOSKXU� GLR[LGH� �62���ZDV� FDOFXODWHG� XVLQJ� WKH�PHWKRGRORJ\� RI� µPDWHULDO�EDODQFH¶�� ,Q� WKLV�FDVH� LW� LV�DVVXPHG�WKDW�DOO�RI� WKH�VXOSKXU�FRQWDLQHG� LQ� WKH�IXHO� LV�FRQYHUWHG�LQWR�62��� �7KHUHIRUH� WKH�TXDQWLW\�RI�HPLWWHG�62� FRUUHVSRQGV� WR� WKH�TXDQWLW\�RI�EXUQHG�IXHO�PXOWLSOLHG�ZLWK�WKH�VXOSKXU�FRQWHQW�RI�WKH�IXHO�DQG�ZLWK�WKH�IDFWRU�RI�WKH�FRQYHUVLRQ�RI�VXOSKXU�LQWR�VXOSKXU�GLR[LGH��ZKLFK�LV�WKH�TXRWLHQW�RI�WKH�PROHFXODU�ZHLJKWV��7KH�UHVXOWLQJ�IRUPXOD�LV�

6
62662 0034( �� 

 

(62��� HPLVVLRQ�RI�62���W�D�4�� TXDQWLW\�RI�EXUQHG�IXHO��W�D�36�� FRQWHQW�RI�VXOSKXU�LQ�IXHO062��� PROHFXODU�ZHLJKW�RI�62� �J�PRO�06�� PROHFXODU�ZHLJKW�RI�6��J�PRO�
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7KH� FDUERQ�PRQR[LGH� HPLVVLRQV�ZHUH� GHWHUPLQHG� E\� DSSO\LQJ� WKH� HPLVVLRQ� IDFWRU� FDOFXOD�WLRQV�� ,Q� WKLV� FDVH� WKH� TXDQWLW\� RI� IXHO KDV� WR� EH�PXOWLSOLHG�ZLWK� WKH� HPLVVLRQ� IDFWRU� FRUUH�VSRQGLQJ�WR�WKH�XVHG�IXHO�
&2&2 (I4( 
 

(&2�� HPLVVLRQ�RI�&2��W�D�4�� TXDQWLW\�RI�EXUQHG�IXHO��W�D�(I&2�� HPLVVLRQ�IDFWRU�RI�&2��NJ�W�
7KH�IROORZLQJ�UHVXOWV�RI�WKH�HPLVVLRQ�LQYHQWRU\�ZHUH�GHWHUPLQHG�E\�WKH�XVH�RI�WKHVH�IRUPXODV�
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��� 5HVXOWV
7UDQVSRUW�VHFWRU
7KH�HVWLPDWHG�DQQXDO�HPLVVLRQV�RI�FDUERQ�PRQR[LGH��&2��DQG�VXOSKXU�GLR[LGH��62���LQ�WKH�UHIHUHQFH�UHJLRQ��'DPDVFXV�&LW\�DQG�'DPDVFXV�5HJLRQ��LQ�WKH�UHIHUHQFH�\HDU��������DUH�OLVWHG�LQ�WDEOH����DQG�VKRZQ�LQ�ILJXUH���
7DEOH���� (VWLPDWHG�DQQXDO�HPLVVLRQV�RI�FDUERQ�PRQR[LGH��&2��DQG�VXOSKXU�GLR[LGH��62���LQ�'DPDVFXV�&LW\�DQG�'DPDVFXV�5HJLRQ�LQ������

)XHO (PLVVLRQ��W�D�62� &2'LHVHO ������ ������*DVROLQH ����� ��������7RWDO ������ ��������
'XH�WR�GLHVHO�IXHO�KDYLQJ�D���WLPHV�KLJKHU�VXOSKXU�FRQWHQW�WKDQ�JDVROLQH��WKH�PDLQ�SDUW�RI�WKH�62� HPLVVLRQ�IURP�WKH�WUDQVSRUW�VHFWRU�FRPHV�IURP�WKH�GLHVHO�YHKLFOHV��7KH�WRWDO�HPLVVLRQ�RI�62� LQ�'DPDVFXV�&LW\�DQG�'DPDVFXV�5HJLRQ�LQ������ZDV�DSSUR[LPDWHO\�����NW�

)LJXUH��� (VWLPDWHG�DQQXDO�HPLVVLRQV��NW�D��RI�FDUERQ�PRQR[LGH��&2��DQG�VXOSKXU�GLR[LGH��62���IURP�YHKLFOHV�LQ�'DPDVFXV�&LW\�DQG�'DPDVFXV�5HJLRQ�LQ������
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'LHVHO *DVROLQH
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7KH�XQFRPSOHWHG�EXUQLQJ� RI� JDVROLQH� FDXVHV� D�KLJKHU� HPLVVLRQ�RI�&2� LQ�JDVROLQH�YHKLFOHV��7KH�WRWDO�HPLVVLRQ�RI�&2�IURP�WKH�WUDQVSRUW�VHFWRU�LQ�'DPDVFXV�&LW\�DQG�'DPDVFXV�5HJLRQ�ZDV�DERXW�������NW�ZKLFK�ZDV�DERXW����WLPHV�KLJKHU�WKDQ�WKH�62� HPLVVLRQ�
5HVLGHQWLDO�VHFWRU
7KH�WRWDO�HPLVVLRQ�RI�62� IURP�UHVLGHQWLDO�KHDWLQJ� LQ� WKH���VHOHFWHG DUHDV�RI�'DPDVFXV�ZDV�������W�LQ�������7KH�WRWDO�TXDQWLW\�RI�&2�HPLWWHG�ZDV��������W��7KH�HVWLPDWHG�HPLVVLRQV�IRU�HDFK�DUHD�DUH�OLVWHG�LQ�WDEOH����
7DEOH���� (VWLPDWHG�DQQXDO�HPLVVLRQV�RI�FDUERQ�PRQR[LGH��&2��DQG�VXOSKXU�GLR[LGH��62���E\�UHVLGHQWLDO�KHDWLQJ�LQ�'DPDVFXV�&LW\�DQG�'DPDVFXV�5HJLRQ�LQ������

(PLVVLRQ��W�D��5HJLRQ 4XDUWHU 62� &26DUXMD 6DUXMD ���� �����8NDLED ���� �����$NVVDE ���� �����$O�±6KDJRXU%LODO ���� �����'DXPQH�.DUDXQH ���� �����'XPPDU 0DVKUR�'XPPDU ���� �����7RWDO ����� ������
7KH�KLJKHVW�HPLVVLRQ�RI�62� IURP�UHVLGHQWLDO�KHDWLQJ�ZDV�IRXQG� LQ�0DVKUR�'XPPDU�ZKHUH�DERXW������KRXVHKROGV�ZHUH�VXSSOLHG�ZLWK�KHDWLQJ�HQHUJ\�E\��� WKHUPDO� VWDWLRQ��7KH�VHFRQG�KLJKHVW�HPLVVLRQ�ZDV�FDOFXODWHG�IRU�WKH�TXDUWHU�RI�%LODO�LQ�WKH�$O�6KDJRXU�UHJLRQ��7KLV�FRUUH�VSRQGV�WR�WKH�KLJK�QXPEHU�RI�KRXVHKROGV�LQ�WKLV�TXDUWHU�DQG�WKH�UHODWLYHO\�KLJK�FRQVXPSWLRQ�RI� IXHO� �WDEOH� ���� 7KH� ORZHVW� HPLVVLRQ� YDOXHV�ZHUH� GHWHUPLQHG� IRU� WKH� TXDUWHUV�8NDLED� DQG�'DXPQH�.DUDXQH��,Q�8NDLED�WKH�KRXVHKROGV�KDG�WKH�ORZHVW�DYHUDJH�FRQVXPSWLRQ�RI�IXHO�DQG�LQ�'DXPQH�.DUDXQH� WKH� ORZHVW�QXPEHU�RI�KRXVHKROGV�ZHUH�FRXQWHG��)RU�6DUXMD�� WKH� ODUJHVW�TXDUWHU��D�ORZ�HPLVVLRQ�UDWH�ZDV�DOVR�GHWHUPLQHG��GXH�WR�WKH�IDFW�WKDW�WKLV�DUHD�LV�GRPLQDWHG�E\�DGPLQLVWUDWLYH�DQG�FRPPHUFLDO�DFWLYLWLHV��)LJXUH���JLYHV� WKH�FRPSDULVRQ�RI�62� HPLVVLRQ� LQ�WKH�GLIIHUHQW�TXDUWHUV�
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)LJXUH��� 62� HPLVVLRQV� IURP� UHVLGHQWLDO� KHDWLQJ� LQ� WKH� �� VHOHFWHG� DUHDV� LQ� 'DPDVFXV� LQ������
&RQFHUQLQJ�&2��WKH�KLJKHVW�HPLVVLRQ�UDWH�ZDV�GHWHUPLQHG�IRU�%LODO�GXH�WR�WKH�KLJK�QXPEHU�RI�KRXVHKROGV�DQG�WKHLU�KLJK�FRQVXPSWLRQ�RI�IXHO��7KH�HPLVVLRQ�UDWHV�IRU�WKH�RWKHU�TXDUWHUV�UH�IOHFW�WKH�UHODWLRQ�RI�WKH�QXPEHU�RI�KRXVHKROGV�DQG�WKH�DYHUDJH�FRQVXPSWLRQ�RI�IXHO��7KH�ORZ�HVW�HPLVVLRQ�RI�&2�ZDV�GHWHUPLQHG�IRU�0DVKUR�'XPPDU��,Q�WKLV�FDVH��LW�ZDV�DVVXPHG�WKDW�WKH�FHQWUDO� WKHUPDO�VWDWLRQV�KDG�D�EHWWHU�W\SH�RI�ILULQJ�ZKLFK�UHVXOWHG�LQ�D� ORZHU�HPLVVLRQ�IDFWRU�IRU�&2��)LJXUH���VKRZV�D�FRPSDULVRQ�RI�WKH�&2�HPLVVLRQ�LQ�WKH�GLIIHUHQW�DUHDV�

)LJXUH��� &2�HPLVVLRQV�IURP�UHVLGHQWLDO�KHDWLQJ�LQ�WKH���VHOHFWHG�DUHDV�LQ�'DPDVFXV�LQ������
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&RPPHUFLDO�LQGXVWULDO�VHFWRU
,Q������WKH�WRWDO�TXDQWLW\�RI�62� HPLWWHG�E\�ILULQJV�IURP�WKH�FRPPHUFLDO�LQGXVWULDO�VHFWRU�ZDV�������W�DQG�RI�&2��������W��7DEOH����JLYHV�WKH�HPLVVLRQ�UDWHV�IRU�HDFK�DUHD�
7DEOH���� (VWLPDWHG�DQQXDO�HPLVVLRQV�RI�FDUERQ�PRQR[LGH��&2��DQG�VXOSKXU�GLR[LGH��62���IURP�FRPPHUFLDO�DQG� LQGXVWULDO� ILULQJV� LQ�'DPDVFXV�&LW\�DQG�'DPDVFXV�5HJLRQ�LQ������

(PLVVLRQ��W�D��5HJLRQ 4XDUWHU 62� &26DUXMD 6DUXMD ���� �����8NDLED ��� ����$NVVDE ���� �����$O�±6KDJRXU%LODO ���� �����'DXPQH�.DUDXQH ��� ���
7RWDO ����� ������

7KH�KLJKHVW�UDWHV�ZHUH�GHWHUPLQHG�IRU�%LODO�DQG�6DUXMD�EHFDXVH�RI�WKH�KLJKHVW�QXPEHU�RI�LQ�VWDOODWLRQV�DQG�WKH�KLJKHVW�DYHUDJH�FRQVXPSWLRQ�RI�GLHVHO�IXHO�LQ�WKH�DUHDV�
,Q�WKH�TXDUWHU�0DVKUR�'XPPDU�WKHUH�ZDV�QR�FRPPHUFLDO�RU�LQGXVWULDO�LQVWDOODWLRQ��WKHUHIRUH��QR�HPLVVLRQ�UDWH�RI�WKLV�VHFWRU�ZDV�GHWHUPLQHG�IRU�WKLV�DUHD�
7KH�ORZHVW�HPLVVLRQ�UDWH�ZDV�GHWHUPLQHG�IRU�WKH�TXDUWHU�'DXPQH�.DUDXQH�DOWKRXJK�WKHUH�ZDV�WKH�VHFRQG�KLJKHVW�QXPEHU�RI�LQVWDOODWLRQV�LQ�WKLV�TXDUWHU��7KH�PDMRULW\�RI�WKHVH�LQVWDOODWLRQV�ZHUH�VPDOO�VKRSV�DQG�ZRUNVKRSV�ZKLFK�FRQVXPHG�RQO\�D�YHU\�VPDOO�DPRXQW�RI�IXHO�� ,Q�ILJ�XUHV���DQG���WKH�DQQXDO�62� DQG�&2�HPLVVLRQV�DUH�JLYHQ�IRU�HDFK�DUHD�



$LU�4XDOLW\�LQ�'DPDVFXV��

)LJXUH���� 62� HPLVVLRQV� IURP� FRPPHUFLDO�LQGXVWULDO� ILULQJV� LQ� WKH� �� VHOHFWHG� DUHDV� LQ�'D�PDVFXV�LQ������

)LJXUH��� &2� HPLVVLRQV� IURP� FRPPHUFLDO�LQGXVWULDO� ILULQJV� LQ� WKH� �� VHOHFWHG� DUHDV� LQ�'D�PDVFXV�LQ������
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$LU�4XDOLW\�LQ�'DPDVFXV��

7KH�WRWDO�HPLVVLRQV�LQ�WKH�WKUHH�UHJLRQV�6DUXMD��$O�6KDJRXU�DQG�'XPPDU�DV�JLYHQ�LQ�ILJXUH���VKRZ�FRPSDUDEOH�TXDQWLWLHV� IRU�HDFK�UHJLRQ��7KH�KLJK�QXPEHU�RI�KRXVHKROGV� LQ�$O�6KDJRXU�FDXVHV�DSSUR[LPDWHO\�WKH�VDPH�TXDQWLW\�RI�HPLVVLRQV�IRU�62� DV�ZHOO�DV�IRU�&2�DV�WKH�KLJKHU�QXPEHU�RI�FRPPHUFLDO�DQG�LQGXVWULDO�LQVWDOODWLRQV�LQ�6DUXMD��

)LJXUH��� 7RWDO�62� DQG�&2�HPLVVLRQV�LQ�WKH�TXDUWHUV�RI�WKH�UHJLRQV�6DUXMD��$O�6KDJRXU�DQG�'XPPDU�LQ������
&RQFHUQLQJ� WKH�62� HPLVVLRQ�� WKH� UDWH�RI�FRPPHUFLDO�LQGXVWU\� VHFWRU�ZDV������KLJKHU� WKDQ�WKH�UDWH RI�WKH�UHVLGHQWLDO�VHFWRU�LQ�6DUXMD��,Q�$O�6KDJRXU�WKH�UHVLGHQWLDO�VHFWRU�HPLWWHG������PRUH�WKDQ�WKH�FRPPHUFLDO�LQGXVWULDO�VHFWRU��)LJXUH���VKRZV�WKH�WRWDO�HPLVVLRQ�RI�62� LQ�WKH�VHOHFWHG�UHJLRQV�
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��W�D�
UHVLGHQWDOLQGXVWU\�

)LJXUH���� 7RWDO�HPLVVLRQ�RI�62� LQ�WKH�VHOHFWHG�UHJLRQV�RI�'DPDVFXV�LQ������
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$LU�4XDOLW\�LQ�'DPDVFXV��

&RQFHUQLQJ�&2��DOPRVW�WKH�VDPH�UHODWLRQV�ZHUH�GHWHUPLQHG�IRU�WKH�GLIIHUHQW�UHJLRQV��,Q�6DUXMD�WKH�HPLVVLRQ�ZDV������KLJKHU�WKDQ�WKDW�RI�WKH�UHVLGHQWLDO�VHFWRU��LQ�$O�6KDJRXU�WKH�UHVLGHQWLDO�VHFWRU�HPLWWHG��� ��PRUH�WKDQ�WKH�FRPPHUFLDO�LQGXVWULDO�VHFWRU��7KLV�LV�VKRZQ�LQ�ILJXUH����

)LJXUH���� 7RWDO�HPLVVLRQ�RI�&2�LQ�WKH�VHOHFWHG�UHJLRQV�RI�'DPDVFXV�LQ������
7KH� UHVXOWV� SUHVHQWHG� LQ� WKH� ILUVW� FUXGH� HPLVVLRQ� LQYHQWRU\� VKRXOG� EH� XVHG� DV� D� KLQW� RI� WKH�PDLQ�DLU�SROOXWLRQ�VRXUFHV�LQ�'DPDVFXV��,Q�RUGHU�WR�HVWDEOLVK�D�GHWDLOHG�DQG�FRPSUHKHQVLYH�DLU�TXDOLW\� PDQDJHPHQW� SURJUDPPH�� WKH� HPLVVLRQ� LQYHQWRU\� VKRXOG� EH� UHYLVHG� E\� FRQVLGHULQJ�PRUH�GHWDLOHG�GDWD�DQG�WKH�FRPSOHWH�UHJLRQ�RI�'DPDVFXV�
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$LU�4XDOLW\�LQ�'DPDVFXV��

� $LU�TXDOLW\�PRQLWRULQJ
��� ,QWURGXFWLRQ
7KH�FHQWUDO�REMHFWLYH�RI� WKH� WHFKQLFDO�FR�RSHUDWLRQ�SURMHFW�ZDV�D�VWXG\�RI�DLU�TXDOLW\� LQ�'D�PDVFXV� LQ� RUGHU� WR� SUHSDUH� D� FRQVLVWHQW� DLU� TXDOLW\� PRQLWRULQJ� SURJUDPPH� IRU� WKH� IXWXUH��7KHUHIRUH��D�SLORW�PRQLWRULQJ�SURJUDPPH�ZDV�GHVLJQHG�DQG�UHDOLVHG�LQ������DQG������
7KH�SURJUDPPH�ZDV�H[HFXWHG�E\�XVLQJ� DGYDQFHG� WHFKQRORJLHV�RI�PRQLWRULQJ��6RSKLVWLFDWHG�HTXLSPHQW�ZDV�DGMXVWHG�WR�ORFDO�FRQGLWLRQV�DQG�XVHG�IRU�PHDVXULQJ�SROOXWDQW�FRQFHQWUDWLRQV��7KH�PDLQ�SDUW�RI�WKH�PRQLWRULQJ�ZDV�GRQH�E\�XVLQJ�VWDWH�RI�WKH�DUW�DXWRPDWLF�DQDO\VHUV�ZKLFK�ZHUH�PRXQWHG� LQ� D� FRQWDLQHU� RQ� D� WUXFN� �0RELOH�8QLW���7KLV�ZD\�� LW�ZDV� HDVLO\� SRVVLEOH� WR�UHORFDWH� WKH�PRQLWRULQJ� HTXLSPHQW� WR�YDULRXV� VLWHV� WKURXJKRXW�'DPDVFXV�� ,Q� VRPH� ORFDWLRQV�ZKHUH�LW�ZDV�QRW�SRVVLEOH�WR�VHW�XS�WKH 0RELOH�8QLW��HOHFWURQLF�FRQWUROOHG�JDV�VDPSOLQJ�V\V�WHPV�ZHUH�LQVWDOOHG��,Q�WKHVH�FDVHV�WKH�VDPSOHG�SROOXWDQWV�ZHUH�DQDO\VHG�ODWHU�LQ�WKH�ODERUDWRU\�RI�WKH�(65&�
,Q�RUGHU� WR�JHW�VXIILFLHQW� LQIRUPDWLRQ�DERXW� WKH�DLU�TXDOLW\� LQ�'DPDVFXV�����PRQLWRULQJ�VLWHV�ZHUH�VHOHFWHG��7KHVH�VLWHV�UHSUHVHQWHG�WKH�GLIIHUHQW�W\SHV�RI�DUHDV�LQ�'DPDVFXV�
,Q� WKH� IROORZLQJ� FKDSWHUV� WKH� PRQLWRULQJ� �SROOXWDQWV�� SHULRGV�� IUHTXHQF\�� VLWHV�� ZLOO� EH� GH�VFULEHG��DV�ZHOO�DV�WKH�UHVXOWV�REWDLQHG�
��� 0RQLWRULQJ�VWUDWHJ\
����� 3ROOXWDQWV
)RU�WKH�SLORW�PRQLWRULQJ�SURJUDPPH���DLU�SROOXWDQWV�ZHUH�VHOHFWHG�WR�EH�PRQLWRUHG�
F WRWDO�VXVSHQGHG�SDUWLFXODWHV��763�F VXOSKXU�GLR[LGH��62��F QLWURJHQ�PRQR[LGH��12�F QLWURJHQ�GLR[LGH��12���DQGF FDUERQ�PRQR[LGH��&2��
7KH�FRQFHQWUDWLRQV�RI�763��62� DQG�12� ZHUH�PHDVXUHG�DW�HDFK�RQH�RI�WKH�PRQLWRULQJ�VLWHV��WKH�FRQFHQWUDWLRQV�RI�12�DQG�&2�RQO\�DW�WKH�VLWHV�ZKHUH�LW�ZDV�SRVVLEOH�WR�LQEVWDOO�WKH�0RELOH�8QLW�
%HVLGHV� WKH� DQDO\VHUV� IRU� FRQFHQWUDWLRQ� PHDVXUHPHQWV�� WKH� 0RELOH� 8QLW� LV� HTXLSSHG� ZLWK�PRQLWRUV�IRU�ZLQG�GLUHFWLRQ DQG�ZLQG�YHORFLW\�



$LU�4XDOLW\�LQ�'DPDVFXV��

����� 0RQLWRULQJ�PHWKRGV
7RWDO�6XVSHQGHG�3DUWLFXODWHV��763�
7KH� FRQFHQWUDWLRQ� RI� SDUWLFOHV� LQ� DLU� ZHUH� PHDVXUHG� E\� µJUDYLPHWULF¶� PHWKRGV�� $� GHILQHG�YROXPH�RI�DPELHQW�DLU� LV�VXFNHG�WKURXJK�D�ILOWHU�ZKLFK�UHWDLQV�WKH�SDUWLFOHV��%HIRUH�WKH�VDP�SOLQJ� WKH�XQORDGHG� ILOWHU� LV�ZHLJKWHG��$IWHU� WKH� VDPSOLQJ� WKH� ORDGHG� ILOWHU� LV�ZHLJKWHG�DJDLQ�DQG�WKH�GLIIHUHQFH�LV�WKH�ZHLJKW�RI�WKH�VDPSOHG�SDUWLFOHV��7KH�FRQFHQWUDWLRQ�RI�763�LV�REWDLQHG�E\�GLYLGLQJ�RI� WKH�GHWHUPLQHG�ZHLJKW�RI�SDUWLFOHV�E\� WKH� WRWDO�YROXPH�RI�DLU� VXFNHG� WKURXJK�WKH�ILOWHU�
$� KLJK�YROXPH�VDPSOHU� �+96��ZDV� XVHG� IRU� WKH�PRQLWRULQJ�� )LJXUH� ��� VKRZV� D� VFKHPDWLF�GLDJUDP�RI�VXFK�D�+96��

)LJXUH���� 6FKHPDWLF�GLDJUDP�RI�D�+LJK�9ROXPH�6DPSOHU��+96��DV�XVHG�IRU�WKH�SLORW�PRQL�WRULQJ�LQ�'DPDVFXV�
'XULQJ� WKH�VDPSOLQJ� WKH�+96�UHJLVWHUV� WKH� IORZ�RI�DLU�� WKH�SHULRG�RI�VDPSOLQJ�DQG� WKH� WRWDO�YROXPH�RI�VDPSOHG�DLU��7KH�ILOWHU�SDUW�RI�WKH�+96�XVHG�LQ�'DPDVFXV�LV�VKRZQ�LQ�ILJXUH����



$LU�4XDOLW\�LQ�'DPDVFXV��

)LJXUH���� 7KH�+LJK�9ROXPH�6DPSOHU��+96��DV�XVHG�IRU�WKH�SLORW�PRQLWRULQJ�LQ�'DPDVFXV�
6XOSKXU�'LR[LGH��62��7KH�FRQFHQWUDWLRQ�RI�62� ZDV�PHDVXUHG�LQ�WZR�ZD\V��PDQXDO�DQG�DXWRPDWLF�7KH�PDQXDO�PHWKRG�FRQVLVWV�RI�DLU� VDPSOLQJ� IROORZHG�E\� ODERUDWRU\� DQDO\VLV��$Q�HOHFWURQLF�FRQWUROOHG�DLU�VDPSOLQJ�GHYLFH�ZDV�XVHG�WR�UHWDLQ�WKH�62� IURP�DPELHQW�DLU��ILJXUH����VKRZV�D�VFKHPDWLF�GLDJUDP�RI�WKLV�HTXLSPHQW�

)LJXUH���� 6FKHPDWLF�GLDJUDP�RI�D�JDV�VDPSOLQJ�GHYLFH�DV�XVHG�IRU�WKH�SLORW�PRQLWRULQJ�LQ�'DPDVFXV�



$LU�4XDOLW\�LQ�'DPDVFXV��

$PELHQW�DLU� LV�VXFNHG�E\�D�SXPS�WKURXJK�DQ�LPSLQJHU�ZKLFK�LV�ILOOHG�ZLWK�DQ�DEVRUELQJ�UH�DJHQW��7KLV�UHDJHQW�DEVRUEV�VHSDUDWHV�WKH�62� PROHFXOHV�IRUP�DLU��$IWHU�WKH�GHILQHG�VDPSOLQJ�WLPH�� WKH� 62� FRQWHQW� RI� WKH� VROXWLRQ� LV� DQDO\VHG� LQ� WKH� ODERUDWRU\� XVLQJ� WKH� 7&0�PHWKRG��7HWUDFKORURPHUFXUDWH�PHWKRG���,Q�WKH�DQDO\VLV�WKH�62� PROHFXOHV�UHDFW�ZLWK�WKH�RWKHU�FKHPL�FDOV�DQG�IRUP�D�FRORXUHG�FRPSOH[��7KH�LQWHQVLW\�RI�WKH�FRORXU�FRUUHVSRQGV�WR�WKH�TXDQWLW\�RI�62� LQ�WKH�VROXWLRQ�7KH�DXWRPDWLF�PHDVXUHPHQW�RI�62� FRQFHQWUDWLRQ�ZDV�GRQH�XVLQJ�DQ�89�IOXRUHVFHQFH�DQD�O\VHU��7KH�PHDVXULQJ�SULQFLSOH� LV�EDVHG�RQ�WKH�H[FLWDWLRQ�RI�62� PROHFXOHV�E\�89�UDGLDWLRQ�DQG�WKH�IROORZLQJ�IOXRUHVFHQFH�RI�62���7KH�DPELHQW�DLU�LV�VXFNHG�WKURXJK�D�PHDVXULQJ�FKDP�EHU�ZKHUH�89�UDGLDWLRQ�LV�HPLWWHG��7KH�62� UHDFWV�ZLWK�IOXRUHVFHQFH�DQG�WKH�LQWHQVLW\�RI�WKLV�IOXRUHVFHQFH�FRUUHVSRQGV�WR�WKH�FRQFHQWUDWLRQ�RI�62� LQ�DLU�7KH� DXWRPDWLF� 62� DQDO\VHU� DOORZV� D� FRQWLQXRXV� PHDVXUHPHQW� RI� WKH� FRQFHQWUDWLRQ�� 7KH�HTXLSPHQW�LV�PRXQWHG�WRJHWKHU�ZLWK�WKH�RWKHU�DXWRPDWLF�HTXLSPHQW�LQ�D�0RELOH�8QLW��ILJXUH�����

)LJXUH���� 0RELOH�8QLW�IRU�DLU�TXDOLW\�PRQLWRULQJ�LQ�'DPDVFXV�



$LU�4XDOLW\�LQ�'DPDVFXV��

1LWURJHQ�0RQR[LGH�'LR[LGH��12�12��7KH�FRQFHQWUDWLRQ�RI�12� ZDV�PHDVXUHG�LQ�WZR�ZD\V��PDQXDO�DQG�DXWRPDWLF7KH�PDQXDO�PHWKRG�FRQVLVWV�RI�DLU� VDPSOLQJ� IROORZHG�E\� ODERUDWRU\� DQDO\VLV��$Q�HOHFWURQLF�FRQWUROOHG�DLU�VDPSOLQJ�GHYLFH�ZDV�XVHG�WR�UHWDLQ�WKH�12� IURP�DPELHQW�DLU��ILJXUH����VKRZV�D�VFKHPDWLF�GLDJUDP�RI�WKLV�HTXLSPHQW�
$PELHQW�DLU� LV�VXFNHG�E\�D�SXPS�WKURXJK�DQ�LPSLQJHU�ZKLFK�LV�ILOOHG�ZLWK�DQ�DEVRUELQJ�UH�DJHQW��7KLV�UHDJHQW�DEVRUEV�VHSDUDWHV�WKH�12� PROHFXOHV�IURP�WKH�DLU��$IWHU�WKH�GHILQHG�VDP�SOLQJ�WLPH��WKH�12� FRQWHQW�RI�WKH�VROXWLRQ�LV�DQDO\VHG�LQ�WKH�ODERUDWRU\�XVLQJ�WKH�6DOW]PDQ�PHWKRG��7KH�12� PROHFXOHV� UHDFW�ZLWK� WKH� DEVRUELQJ� UHDJHQW� WR� IRUP� D� FRORXUHG� FRPSOH[��7KH�LQWHQVLW\�RI�WKH�FRORXU�FRUUHVSRQGV�WR�WKH�TXDQWLW\�RI�12� LQ�WKH�VROXWLRQ�7KH� DXWRPDWLF� PHDVXUHPHQW� RI� 12� FRQFHQWUDWLRQ� ZDV� GRQH� XVLQJ� DQ� FKHPLOXPLQHVFHQFH�DQDO\VHU��7KH�PHDVXULQJ�SULQFLSOH�LV�EDVHG�RQ�WKH�UHDFWLRQ�RI�12�ZLWK�R]RQH�XQGHU�WKH�HPLV�VLRQ�RI�IOXRUHVFHQFH�UDGLDWLRQ��,QVLGH�WKH�DQDO\VHU�WKH�12� LV�UHGXFHG�WR�12�ZKLFK�UHDFWV�ZLWK�WKH� LQWHUQDOO\� JHQHUDWHG� R]RQH�� 7KHUHIRUH�� WKH� DPELHQW� DLU� LV� VXFNHG� WKURXJK� D� UHGXFWLRQ�FKDPEHU�DQG�D�UDGLDWLRQ�FKDPEHU��$�SDUW�RI�WKH�DLU�GRHV�QRW�SDVV�WKURXJK�WKH�UHGXFWLRQ�FKDP�EHU�� EXW� RQO\� WKH� UDGLDWLRQ� FKDPEHU�� ,Q� WKLV� FDVH� WKH�12�FRQWHQW� RI� WKH� DPELHQW� DLU� FDQ� EH�PHDVXUHG��
7KH�DXWRPDWLF�12��12�DQDO\VHU�DOORZV�D�FRQWLQXRXV�PHDVXUHPHQW�RI�WKH�FRQFHQWUDWLRQV��7KH�HTXLSPHQW�LV�PRXQWHG�WRJHWKHU�ZLWK�WKH�RWKHU�DXWRPDWLF�HTXLSPHQW�LQ�D�0RELOH�8QLW��ILJXUH�����

)LJXUH���� $XWRPDWLF�DQDO\VHUV�DQG�WKH�FRQWURO�FRPSXWHU�LQ�WKH�0RELOH�8QLW�



$LU�4XDOLW\�LQ�'DPDVFXV��

&DUERQ�0RQR[LGH��&2�
7KH�FRQFHQWUDWLRQ�RI�&2�ZDV�PHDVXUHG�ZLWK�DQ�DXWRPDWLF�,5�DEVRUSWLRQ�DQDO\VHU��7KH�PHDV�XUHPHQW�XVHV�WKH�FDSDFLW\�RI�&2�PROHFXOHV�WR�DEVRUE�,5�UDGLDWLRQ��7KH�DPELHQW�DLU�LV�VXFNHG�WKURXJK�D�PHDVXULQJ� FKDPEHU�ZKHUH� ,5� UDGLDWLRQ� LV� HPLWWHG�� 7KH�&2� DEVRUEV� D� SDUW� RI� WKH�UDGLDWLRQ�DQG� WKH� UHGXFWLRQ�RI� UDGLDWLRQ� LQWHQVLW\� FRUUHVSRQGV� WR� WKH�FRQFHQWUDWLRQ�RI�&2� LQ�DLU�
����� 0RQLWRULQJ�6LWHV
)RU�WKH�SLORW�PRQLWRULQJ�LQ�'DPDVFXV����PRQLWRULQJ�VLWHV�ZHUH�FKRVHQ��7KHVH�VLWHV�DUH�UHSUH�VHQWDWLYH�RI�WKH�GLIIHUHQW�UHJLRQV�RI�'DPDVFXV��VXIIHULQJ�GLIIHUHQW�LPSDFWV�RI�DLU�SROOXWLRQ��$�EULHI�GHVFULSWLRQ�RI�WKH�VLWHV�DQG�WKHLU�ORFDWLRQ�LV�JLYHQ�LQ�WDEOH�����)LJXUH����VKRZV�WKH�ORFD�WLRQ�RI�WKH�VLWHV�LQ�WKH�FLW\�RI�'DPDVFXV�
7KH�VLWHV�0+=��%$0�DQG�%7��ZHUH�VHOHFWHG�DV� UHSUHVHQWDWLYH� IRU�DUHDV�ZLWK�D�KLJK�WUDIILF�LQIOXHQFH��ZKLFK�VXIIHU�SUHGRPLQDQWO\�IURP�KLJK�YHKLFOH�HPLVVLRQV��,Q�WKHVH�VLWHV�WKH�PRQLWRU�LQJ�HTXLSPHQW�ZDV�LQVWDOOHG�DW�WKH�VLGH�RI�WKH�VWUHHWV�LQ�RUGHU�WR�PHDVXUH�WKH�SROOXWDQW�FRQFHQ�WUDWLRQ�DW�WKH�VWUHHW�VLGH�
7KH� RWKHU� VLWHV�ZHUH� VHOHFWHG� WR�PRQLWRU� DLU� SROOXWLRQ� LQ� GLIIHUHQW� TXDUWHUV�ZLWKRXW� D� GLUHFW�LQIOXHQFH�RI�DQ\�VSHFLILF�HPLVVLRQ�VRXUFH��7KHUHIRUH��WKH�PHDVXULQJ�HTXLSPHQW�ZDV�LQVWDOOHG�LQ�ODWHUDO�URDGV�RU�FRXUW\DUGV�
$W�HDFK�VLWH�WKH�HTXLSPHQW�ZDV�LQVWDOOHG�LQ�RSHQ�SODFHV�ZLWK�D�IUHH�IORZ�RI�DLU��&ULWHULD�ZHUH�WKDW�ZLWKLQ� D� FLUFOH�RI� DW� OHDVW� ��P� WKHUH�ZHUH�QR� WUHHV��ZDOOV� RU� VLPLODU� REVWUXFWLRQV�ZKLFK�FRXOG�LQWHUIHUH�ZLWK�WKH�DLU�VDPSOLQJ�
7KH�WRWDO�VXVSHQGHG�SDUWLFXODWHV�ZHUH�VDPSOHG�DW�����P�DERYH�JURXQG�OHYHO��7KH�VDPSOH�LQOHW�RI�WKH�DLU�VDPSOLQJ�GHYLFH�IRU�WKH�ODERUDWRU\�DQDO\VLV�RI�WKH�62� DQG�12� FRQFHQWUDWLRQV�ZDV�PRXQWHG�EHWZHHQ���DQG���P�DERYH�WKH�JURXQG��7KH�VDPSOH�LQOHW�RI�WKH�0RELOH�8QLW�ZDV�IL[HG�RQ�WRS�RI�WKH�FRQWDLQHU�DW�����P�DERYH�JURXQG�OHYHO��7KH�ZLQG�VHQVRU�RI�WKH�0RELOH�8QLW�ZDV�LQVWDOOHG� RQ� D� WHOHVFRSH� PDVW�� 'XULQJ� WKH� PRQLWRULQJ� WKH�PDVW�ZDV� HOHYDWHG� WR� ��P� DERYH��JURXQG�OHYHO�WR�PHDVXUH�WKH�ZLQG�YHORFLW\�DQG�ZLQG�GLUHFWLRQ�



$LU�4XDOLW\�LQ�'DPDVFXV��

7DEOH���� /RFDWLRQ�DQG�EULHI�GHVFULSWLRQ�RI�PRQLWRULQJ�VLWHV�
1DPH $EUHYLDWLRQ /RFDWLRQ 'HVFULSWLRQ028+$)$=$ 0+= <RXVVHI�$O�$]PHK�6TXDUH��HQWUDQFH�RI�<RXVVHI�$O�$]PHK�6WUHHW��QH[W�WR�WKH�H[LVWLQJ�PRQLWRULQJ�VWDWLRQ�

,QQHUFLW\�VLWH��KLJK�PRYHPHQW�RI�SHRSOH�DQG�YHKLFOHV�GXULQJ�WKH�GD\�
%$5$0,.(. %$0 6RXWK�HQWUDQFH�RI�WKH�EXV�VWDWLRQ��%DUDPLNHK�3ODFH 5HVLGHQWLDO�DUHD�ZLWK�KLJK�WUDIILF�
7,-$5$ 7,- 3ODFH�EHWZHHQ�$]�=XEHLU�6WUHHW�DQG�-DEHU�,EQ�+D\\DQ�6WUHHW� 5HVLGHQWLDO�DUHD�
0,'$1 0,' $O�+DNODK�6WUHHW��EHWZHHQ�$O�7DXKHGL�6FKRRO�DQG�FHPHWHU\� 6RXWKHUQ�UHVLGHQWLDO�DUHD�
'800$5 '80 3ODFH�LQ�IURQW�RI�WKH�3RVW�2IILFH� 5HVLGHQWLDO�DUHD�LQ�QRUWK�ZHVW��UHIHUHQFH�':(//$� ':� $W�WKH�'ZHOOD�+RVSLWDO��RQ�WKH�HQWUDQFH�URRI� 5HVLGHQWLDO�DUHD�ZLWK�KLJK�WUDIILF�ORDG�LQ�VRXWKZHVW��GRZQZLQG�RI�WKH�FLW\�LQ�UHODWLRQ�WR�WKH�PDLQ�ZLQG�GLUHFWLRQ���XQSDYHG�URDGV�':(//$� ':� -UDPDQD��$O�<RXQLVLD��,EUDKLP�$O�.KDOLO�&RQYHQW� 5HVLGHQWLDO�DUHD��XQSDYHG�URDGV�
%$%�780$� %7� 0DNWDE�$PEDU�RIILFH��$W�WKH�WRS�RI�WKH�HQWUDQFH�EXLOGLQJ� 5HVLGHQWLDO�DUHD�LQ�WKH�ROG�FLW\�
%$%�780$� %7� %DE�7XPD�6TXDUH� 1H[W�WR�D�UHVLGHQWLDO�DUHD�RI�WKH�ROG�FLW\�ZLWK�KLJK�WUDIILF�LPSDFW�-2%$5� -2� $W�WKH�WRS�RI�WKH�HQWUDQFH�EXLOGLQJ�RI�WKH�$O�'MLKDG�6FKRRO�

(DVWHUQ�UHVLGHQWLDO�DUHD��XQSDYHG�URDGV
-2%$5� -2� 7LED (DVWHUQ�UHVLGHQWLDO�DUHD��XQSDYHG�URDGV�08+$-5,1� 0-� $W�WKH�WRS�RI�WKH�6DODKDGGLQ�$O�$\RXEL�6FKRRO� 1RWKHUQ�UHVLGHQWLDO�DUHD��DERYH�WKH�FLW\�OHYHO��XQSDYHG�URDGV�08+$-5,1� 0-� &HPHWDU\� 1RWKHUQ�UHVLGHQWLDO�DUHD��DERYH�WKH�FLW\�OHYHO�08+$-5,1� 0-� .KRUVKLG�6TXDUH 1RWKHUQ�UHVLGHQWLDO�DUHD��DERYH�WKH�FLW\�OHYHO�%$%�6+$5., %6+ $O�=DLWRQ�6TXDUH� ,QVLGH�D�UHVLGHQWLDO�DUHD�RI�WKH�ROG�FLW\��1R�WUDIILF�LPSDFW�
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����� 0RQLWRULQJ�3HULRGV�DQG�)UHTXHQFLHV
7KH�SLORW�DLU�TXDOLW\�PRQLWRULQJ�LQ�'DPDVFXV�ZDV�H[HFXWHG�IRUP�2FWREHU������WR�1RYHPEHU������
7KH�PRQLWRULQJ�SHULRGV�DW�HDFK�PRQLWRULQJ�VLWH�YDULHG�EHWZHHQ���DQG����GD\V��DW�PRVW�RI�WKH�VLWHV�WKH�PRQLWRULQJ�FRYHUHG�D�SHULRG�RI���GD\V��$W�HYHU\�VLWH�DW�OHDVW�WZR�SHULRGV�ZHUH�PRQL�WRUHG�LQ�RUGHU�WR�FRYHU�GLIIHUHQW�WLPHV�RI�WKH�\HDU�
7KH�DXWRPDWLF�HTXLSPHQW�LQ�WKH�0RELOH�8QLW�ZDV�UXQQLQJ�FRQWLQXRXVO\�GXULQJ�WKH�PRQLWRULQJ�SHULRG�DW�HDFK�VLWH��7KH�DQDO\VHUV�VDYHG�D�FRQFHQWUDWLRQ�YDOXH�HYHU\�WZR�VHFRQGV�LQ�DQ�LQWHUQDO�WHPSRUDU\�PHPRU\� ILOH��$IWHU����PLQXWHV� WKH� DQDO\VHU� FDOFXODWHG� D����PLQXWH�DYHUDJH�FRQ�FHQWUDWLRQ�YDOXH�ZKLFK�ZDV�WUDQVPLWWHG�WR�WKH�FRQWURO�FRPSXWHU�LQVLGH�WKH�0RELOH�8QLW��7KLV�FRPSXWHU�VWRUHG�WKH����PLQXWH�DYHUDJH�YDOXHV�IRU�IXUWKHU�SURFHVVLQJ�DQG�HYDOXDWLRQ�
7KH� DLU� VDPSOLQJ� GHYLFHV� IRU� WKH�PRQLWRULQJ� RI�763�� 62� DQG�12� UDQ� IRU� ��� KRXUV� HYHU\�VHFRQG�GD\��7KLV�ZD\� WKH�PDQXDO�PHWKRGV�SURYLGHG����KRXUV� DYHUDJH� FRQFHQWUDWLRQ�YDOXHV�IRU�WKUHH�GD\V D�ZHHN�
,Q�WDEOH����WKH�PRQLWRULQJ�SHULRGV�DQG�SROOXWDQWV�DW�HDFK�PRQLWRULQJ�VLWH�DUH�OLVWHG�
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7DEOH���� 0RQLWRULQJ�SHULRGV�DQG�PRQLWRUHG�SROOXWDQWV�DW�WKH����PRQLWRULQJ�VLWHV�
0RQLWRULQJ�VLWH 0RQLWRULQJ�SHULRG 3ROOXWDQWV
0+= ���������± �������������������± �����������������± �������������������± �������� 76362���12���12��&2�DXWRPDWLF%$0 ���������± �������������������± �������������������± �����������������± �������������������± �������������������± �������� 76362���12���12��&2�DXWRPDWLF7,- ���������± �������������������± �����������������± �������������������± �������� 76362���12���12��&2�DXWRPDWLF0,' ���������± �������������������± �����������������± �������������������± �������� 76362���12���12��&2�DXWRPDWLF'80 ���������± �������������������± �����������������± �������������������± �������� 76362���12���12��&2�DXWRPDWLF':� ���������± �����������������± �������� 62���12��PDQXDO763':� ���������± �����������������± �������� 76362���12���12��&2�DXWRPDWLF%7� ���������± �����������������± �������� 62���12��PDQXDO763%7� ���������± �����������������± �������� 76362���12���12��&2�DXWRPDWLF-2� ���������± �����������������± �������� 62���12��PDQXDO763-2� ���������± �����������������± �������� 76362���12���12��&2�DXWRPDWLF0-� ���������± �����������������± �������� 62���12��PDQXDO7630-� ���������± �����������������± �������� 76362���12���12��&2�DXWRPDWLF0-� ���������± �����������������± �������� 76362���12���12��&2�DXWRPDWLF%6+ ���������± �����������������± �������� 76362���12���12��&2�DXWRPDWLF
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��� 5HJLVWUDWLRQ�DQG�KDQGOLQJ�RI�PRQLWRULQJ�GDWD
,Q� WKH� 0RELOH� 8QLW� WKH� ���PLQXWH�DYHUDJH� FRQFHQWUDWLRQV� SURYLGHG� E\� WKH� DQDO\VHUV� ZHUH�VDYHG�LQ�D�GDWD�EDVH�ILOH�LQ�WKH�FRQWURO�FRPSXWHU�LQVLGH�WKH�8QLW��7KH�WUDQVPLVVLRQ��UHJLVWUDWLRQ�DQG�VDYLQJ�VRIWZDUH�ZDV�SURYLGHG�E\�WKH�PDQXIDFWXUHU�RI�WKH�0RELOH�8QLW��7KH�GDWD�EDVH�ILOH�ZDV� UHJXODUO\� FRSLHG�RQ�D�GLVN��$QRWKHU�FRS\�RI� WKH� ILOH�ZDV� LQVWDOOHG� LQ� WKH�(65&¶V�KLJK�WHFKQRORJ\�FRPSXWHU�IRU�IXUWKHU�HYDOXDWLRQ�DQG�SURFHVVLQJ RI�WKH�GDWD��
7KH�XVXDO�VWDWLVWLFDO�HYDOXDWLRQ�ZDV�GRQH�XVLQJ�WKH�HYDOXDWLRQ�VRIWZDUH�ZKLFK�ZDV�SDUW�RI�WKH�VRIWZDUH�SDFNDJH�RI�WKH�0RELOH�8QLW��7KH�PRUH�VRSKLVWLFDWHG�FDOFXODWLRQV�DQG�YLVXDOLVDWLRQV�ZHUH�UHDOLVHG�ZLWK�VWDQGDUG�FDOFXODWLRQ�DQG�YLVXDOLVDWLRQ�VRIWZDUH�SURJUDPPHV�
$IWHU�D�YHULILFDWLRQ�DQG�YDOLGDWLRQ�RI�WKH����PLQXWH�YDOXHV�REWDLQHG�WKH�IROORZLQJ�SDUDPHWHUV�ZHUH�FDOFXODWHG�
F ��KRXU�DYHUDJH�FRQFHQWUDWLRQV
F ���KRXU�DYHUDJH�FRQFHQWUDWLRQV
F PLQLPXP�DQG�PD[LPXP�RI�WKH���KRXU�DYHUDJH�FRQFHQWUDWLRQV
F ���SHUFHQWLOH�RI�WKH����PLQXWHV�DYHUDJH�FRQFHQWUDWLRQV
F DYHUDJH�FRQFHQWUDWLRQ�IRU�HDFK�PRQLWRULQJ�SHULRG�DQG�VLWH
F DYHUDJH�FRQFHQWUDWLRQ�IRU�HDFK�PRQLWRULQJ�VLWH
F GLXUQDO�YDULDWLRQV
F ZLQG�URVHV
F FRQFHQWUDWLRQ�URVHV�
7KH�PDQXDO�VDPSOHV�ZHUH�DFFRPSDQLHG�E\�VDPSOH�VKHHWV�ZKHUH�DOO�UHOHYDQW�GDWD�FRQFHUQLQJ�WKH�VDPSOH��GDWH��WLPH��YROXPH�RI�VDPSOHG�DLU��FRQFHQWUDWLRQ�HWF���ZDV�UHJLVWHUHG��7KLV�UHJLV�WHUHG�GDWD�ZDV�GLJLWLVHG� LQWR�DQ�GDWD�EDVH� ILOH�RQ� WKH�(65&¶V�HYDOXDWLRQ�FRPSXWHU��7KH�IRO�ORZLQJ�VWDWLVWLFDO�FDOFXODWLRQV�ZHUH�GRQH�XVLQJ�VWDQGDUG�FDOFXODWLRQ�VRIWZDUH�SURJUDPPHV�
F DYHUDJH�FRQFHQWUDWLRQ�IRU�HDFK�PRQLWRULQJ�SHULRG�DQG�VLWH
F DYHUDJH�FRQFHQWUDWLRQ�IRU�HDFK�PRQLWRULQJ�VLWH�



$LU�4XDOLW\�LQ�'DPDVFXV��

��� 5HVXOWV
����� 2YHUYLHZ
'XULQJ�WKH�SLORW�PRQLWRULQJ�SURJUDPPH�LQ�'DPDVFXV�EHWZHHQ�2FWREHU����� DQG�1RYHPEHU�������GLIIHUHQW�W\SHV�RI�FRQFHQWUDWLRQ�YDOXHV�± ���PLQXWH�YDOXHV�DQG����KRXU�YDOXHV�± ZHUH�UHJLVWHUHG�
$� WRWDO� QXPEHU� RI� ������ YDOLG� FRQFHQWUDWLRQ� YDOXHV� DQG�PHWHRURORJLFDO� GDWD�ZDV� REWDLQHG��7KLV�GDWD�ZDV�XVHG�IRU�IXUWKHU�SURFHVVLQJ�DQG�HYDOXDWLRQ��7KH�IROORZLQJ�QXPEHUV�ZHUH�UHJLV�WHUHG�
F �� ���K�DYHUDJH�FRQFHQWUDWLRQ�YDOXHV�RI�763
F ��� ���K�DYHUDJH�FRQFHQWUDWLRQ�YDOXHV�RI�62�
F ��� ���K�DYHUDJH�FRQFHQWUDWLRQ�YDOXHV�RI�12�
F ����� ���PLQ�DYHUDJH�FRQFHQWUDWLRQ�YDOXHV�RI�62�
F ����� ���PLQ�DYHUDJH�FRQFHQWUDWLRQ�YDOXHV�RI�12�
F ����� ���PLQ�DYHUDJH�FRQFHQWUDWLRQ�YDOXHV�RI�12
F ����� ���PLQ�DYHUDJH�FRQFHQWUDWLRQ�YDOXHV�RI�&2
F ����� ���PLQ�DYHUDJH�FRQFHQWUDWLRQ�YDOXHV�RI�ZLQG�GLUHFWLRQ
F ����� ���PLQ�DYHUDJH�FRQFHQWUDWLRQ�YDOXHV�RI�ZLQG�YHORFLW\�
����� 7RWDO�VXVSHQGHG�SDUWLFXODWHV
$W�PRVW�RI� WKH�PRQLWRULQJ�VLWHV�WKH�DYHUDJH�FRQFHQWUDWLRQ�RI�763�ZDV�LQ� WKH�UDQJH�EHWZHHQ������J�P� DQG������J�P���7KH�KLJKHVW�DYHUDJH�FRQFHQWUDWLRQ� ������J�P���ZDV�REVHUYHG�DW�WKH�PRQLWRULQJ�VLWH�%7��DW�WKH�%DE�7XPD�6TXDUH��$W�WKH�VDPH�VLWH�WKH�KLJKHVW����K�YDOXH�ZDV�DOVR�PHDVXUHG��7KH�ORZHVW�DYHUDJH�FRQFHQWUDWLRQ������J�P���ZDV�REWDLQHG�DW�WKH�PRQLWRULQJ�VLWH�0-��DW�WKH�.KRUVKLG�6TXDUH�LQ�0XKDMULQ��7KH�ORZHVW����K�FRQFHQWUDWLRQ�YDOXH�ZDV�DOVR�PHDVXUHG�DW�WKH�0-��VLWH��$OO�WKH�DYHUDJH�FRQFHQWUDWLRQV�RI�763�DV�ZHOO�DV�WKH�ORZHVW��PLQL�PXP��DQG�KLJKHVW��PD[LPXP�����K�FRQFHQWUDWLRQ�YDOXHV�DUH�OLVWHG�LQ�WDEOH����
7KH�UHVXOWV�REWDLQHG� IURP� WKH�PRQLWRULQJ�VLWH�-2��ZHUH�RPLWWHG�EHFDXVH�GXVW�DQG�VRLO�ZHUH�SXW�LQWR�WKH�VDPSOH�LQOHW�RQ�HDFK�VDPSOLQJ�GD\�
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7DEOH���� $YHUDJH� FRQFHQWUDWLRQV� RI� 763� IRU� WKH� FRPSOHWH� PDQXDO� PRQLWRULQJ� SHULRG� DW�HDFK�PRQLWRULQJ�VLWH��EDVHG�RQ�WKH�UHJLVWHUHG����K�FRQFHQWUDWLRQ�YDOXHV�
6LWH 3HULRG $YHUDJHFRQFHQWUDWLRQ��J�P��

0LQLPXP�RI�WKH����K�DYHUDJH�FRQFHQWUDWLRQV��J�P��
0D[LPXP�RI�WKH����K�DYHUDJH�FRQFHQWUDWLRQV��J�P��

0+= ���������± �������������������± �������� ��� ��� ���
%$0 ���������± �������������������± �������������������± �������� ��� ��� ���
7,- ���������± �������������������± �������� ��� ��� ���
0,' ���������± �������������������± �������� ��� ��� ���
'80 ���������± �������������������± �������� ��� ��� ���
':� ���������± �������� ��� ��� ���':� ���������± �������� ��� ��� ���%7� ���������± �������� ��� ��� ���%7� ���������± �������� ��� ��� ���-2� ���������± �������� ��� ��� ���-2� ���������± �������� � � �0-� ���������± �������� ��� ��� ���0-� ���������± �������� ��� ��� ���0-� ���������± �������� �� �� ���%6+ ���������± �������� ��� �� ���

$V�GHPRQVWUDWHG�LQ�ILJXUH�����WKH�YDULDWLRQ�RI�WKH�PHDVXUHG����K�FRQFHQWUDWLRQ�FRYHUV�D�UDQJH�IURP�����J�P� WR������J�P���7KH�KLJKHVW�YDULDWLRQ�YDOXHV�ZHUH�REVHUYHG�DW� WKH�PRQLWRULQJ�VLWHV�'80��':���':��DQG�%7���7KH�VPDOOHVW�YDULDWLRQ�ZDV�IRXQG�DW�0,'�DQG�0-��
,Q�RUGHU�WR�REWDLQ�DQ�DYHUDJH�FRQFHQWUDWLRQ�YDOXH�IRU�WKH�FRPSOHWH�PRQLWRUHG�DUHD��WKH�DYHUDJH�RI�WKH�DYHUDJH�FRQFHQWUDWLRQV�DW�HYHU\�PRQLWRULQJ�VLWH�ZDV�FDOFXODWHG��7KLV�FDOFXODWLRQ�JLYHV�DQ�DYHUDJH�763�FRQFHQWUDWLRQ�IRU�'DPDVFXV�RI������J�P��
)LJXUH����VKRZV�WKH�KLJKHVW�FRQFHQWUDWLRQV�LQ�WKH�HDVWHUQ�DQG�QRUWKHUQ�SDUW�RI�'DPDVFXV�DQG�DW�WKH�PRQLWRULQJ�VLWH��0+=��LQ�WKH�FHQWUH�
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0+= %$0 7,- 0,' '80 ':� ':� %7� %7� -2� -2� 0-� 0-� 0-� %6+

$YHUDJH�J�P�

)LJXUH���� $YHUDJH�FRQFHQWUDWLRQV�RI�763�DQG�UDQJH�RI����K�FRQFHQWUDWLRQV�DW�WKH�PRQLWRULQJ�VLWHV�LQ�'DPDVFXV

)LJXUH���� $YHUDJH�763�FRQFHQWUDWLRQV���J�P���DW�WKH�PRQLWRULQJ�VLWHV�LQ�'DPDVFXV�����������
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����� 6XOSKXU�GLR[LGH
7KH�DYHUDJH�FRQFHQWUDWLRQ�RI�62� DW�PRVW�RI�WKH�PRQLWRULQJ�VLWHV�OD\�EHWZHHQ�����J�P� DQG�����J�P���7KH�KLJKHVW�DYHUDJHV�ZHUH�REWDLQHG�DW�WKH�PRQLWRULQJ�VLWHV�%7� DW�WKH�%DE�7XPD�VTXDUH�DQG�0-��DQG�0-�� LQ�0XKDMULQ��7KHVH�KLJK�FRQFHQWUDWLRQV�ZHUH�REVHUYHG�GXULQJ� WKH�PRQLWRULQJ�SHULRG�LQ�2FWREHU�DQG�1RYHPEHU�������7KH�ORZHVW�DYHUDJH�FRQFHQWUDWLRQ�RI�62�ZDV�PHDVXUHG�DW�WKH�PRQLWRULQJ�VLWH�'80�LQ�'XPPDU��
,Q�RUGHU�WR�JHW�DQ�DYHUDJH�FRQFHQWUDWLRQ�YDOXH�IRU�WKH�FRPSOHWH�PRQLWRUHG�DUHD��WKH�DYHUDJH�RI�WKH�DYHUDJH�FRQFHQWUDWLRQV�DW�HDFK�PRQLWRULQJ�VLWH�ZDV�FDOFXODWHG��7KLV�FDOFXODWLRQ�JLYHV�DQ�DYHUDJH�62� FRQFHQWUDWLRQ�IRU�'DPDVFXV�RI�����J�P��
7KH�DYHUDJH�FRQFHQWUDWLRQV�RI�WKH�ILUVW�PHDVXUHPHQWV�XVLQJ�WKH�PDQXDO�PHWKRGV�DUH�OLVWHG�LQ�WDEOH� ���� 7DEOH� ��� JLYHV� WKH� DYHUDJH� FRQFHQWUDWLRQV� RI� WKH� FRQWLQXRXV�PRQLWRULQJ�ZLWK� WKH�0RELOH�8QLW��,Q�WKH�VDPH�WDEOH�WKH�KLJKHVW�DQG�WKH�ORZHVW���K�DYHUDJHV�DV�ZHOO�DV�WKH����SHU�FHQWLOH�RI WKH�UHJLVWHUHG����PLQXWH�DYHUDJH�FRQFHQWUDWLRQV�DUH�OLVWHG�
$V�LW�FDQ�EH�VHHQ�IURP�WDEOH�����WKH�UDQJH�RI�WKH�REWDLQHG���K�DYHUDJHV�YDULHG�IURP�EHORZ�WKH�GHWHFWLRQ� OLPLWV� RI� WKH� DQDO\VHUV� ��� �J�P��� DV� KLJK� DV� ���� �J�P��� 7KH� KLJKHVW� ��K� DYHUDJH�FRQFHQWUDWLRQ�ZDV�GHWHUPLQHG�DW�WKH�PRQLWRULQJ�VLWH�%7��������J�P����7KH�PD[LPXP�FRQFHQ�WUDWLRQV�RI�WKH�RWKHU�PRQLWRULQJ�VLWHV�YDULHG�EHWZHHQ������J�P� DQG������J�P���2QO\�LQ�WKH�PRQLWRULQJ�VLWHV�'80�DQG�0,'��HYHQ�WKH�PD[LPXP�FRQFHQWUDWLRQV�ZHUH�EHORZ������J�P��
7DEOH���� $YHUDJH�FRQFHQWUDWLRQV�RI�62� IRU�WKH�FRPSOHWH�PDQXDO�PRQLWRULQJ�SHULRG�DW�HDFK�PRQLWRULQJ�VLWH��EDVHG�RQ�WKH�UHJLVWHUHG����K�FRQFHQWUDWLRQ�YDOXHV�

6LWH 3HULRG $YHUDJH�FRQFHQWUDWLRQ��J�P��
%7� ���������± �������� ��-2� ���������± �������� ��':� ���������± �������� ��0-� ���������� �������� ��

6RPHWLPHV� WKH� PD[LPXP� FRQFHQWUDWLRQ� YDOXH� DW� D� PRQLWRULQJ� VLWH� GRHV� QRW� VKRZ� WKDW� WKH�RYHUDOO� VKRUW�WHUP�OHYHO�RI�SROOXWLRQ� LV�KLJK��EXW�RQO\� UHIOHFWV� RQH�XQLTXH�HYHQW�� ,Q�RUGHU� WR�DYRLG�WKH�FRQVLGHUDWLRQ�RI�VXFK�VLQJOH�RFFXUUHQFHV��WKH����SHUFHQWLOH�RI�WKH�PHDVXUHG����PLQ�XWHV�DYHUDJH�FRQFHQWUDWLRQV�LV�GHWHUPLQHG�
$����SHUFHQWLOH�LV�D�FRQFHQWUDWLRQ�YDOXH�ZKHUH������RI�WKH�PHDVXUHG�FRQFHQWUDWLRQV�DUH�EHORZ�WKLV�YDOXH�DQG�RQO\�����DUH�KLJKHU��$V�LW�FDQ�EH VHHQ�LQ�WDEOH�����WKH����SHUFHQWLOH�LV�DOZD\V�OHVV� WKDQ� RU� HTXDO� WR� WKH�PD[LPXP�YDOXH�� ,Q� WKH� FDVH� RI� WKH� SUHVHQW� SLORW�PRQLWRULQJ�� HDFK�SHULRG�FRYHUHG�DERXW���GD\V�DQG�DERXW�����FRQFHQWUDWLRQ�YDOXHV�ZHUH�REWDLQHG�� WKDW�PHDQV�DERXW���YDOXHV�ZHUH�KLJK�WKDQ WKH�LQGLFDWHG����SHUFHQWLOH�
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7DEOH���� $YHUDJH� FRQFHQWUDWLRQV� RI� 62� IRU� WKH� FRQWLQXRXV� PRQLWRULQJ� SHULRGV� DW� HDFK�PRQLWRULQJ�VLWH��EDVHG�RQ� WKH���K�FRQFHQWUDWLRQ�YDOXHV��PLQLPXP�DQG�PD[LPXP���K�DYHUDJHV�DQG����SHUFHQWLOHV� RI�WKH�UHJLVWHUHG����PLQ�YDOXHV
6LWH 3HULRG $YHUDJHFRQFHQWUDWLRQ��J�P��

0LQLPXP�RI�WKH���K�DYHUDJH�FRQFHQWUDWLRQV��J�P���
0D[LPXP�RI�WKH���K�DYHUDJH�FRQFHQWUDWLRQV��J�P��

���SHUFHQWLOH�RI����PLQ�FRQFHQ�WUDWLRQ�YDOXHV��J�P��
0+= ���������± �������������������± ��������WRWDO
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':� ���������± �������� �� ��� ��� ��%7� ���������± �������� ��� �� ��� ���-2� ���������± �������� �� � ��� ���0-� ���������± ��������� �� � ��� ���0-� ���������± �������� �� �� ��� ���%6+ ���������± �������� �� � ��� ����� �����RI�WKH�FRQFHQWUDWLRQ�YDOXHV�ZHUH�EHORZ�WKLV�FRQFHQWUDWLRQ��� LQ�FDVH�RI�YDOXHV�EHORZ�WKH�GHWHFWLRQ OLPLW�RI�WKH�DQDO\VHU����J�P����µ���¶�ZDV�LQGLFDWHG��
$W�WKH�PRQLWRULQJ�VLWHV�%7��DQG�0+=��IRU�H[DPSOH��WKHUH�LV�D�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�WKH�PD[LPXP�DQG�WKH����SHUFHQWLOH�YDOXH��7KLV�LQGLFDWHV�WKDW�RQO\�D�IHZ�YDOXHV�DUH�YHU\�KLJK�LQ�FRPSDULVRQ WR�WKH�PDMRULW\�RI�YDOXHV�
7KH� KLJKHVW� ��� SHUFHQWLOHV�ZHUH� GHWHUPLQHG� DW� WKRVH�PRQLWRULQJ� VLWHV�ZKLFK� VXIIHUHG� LQIOX�HQFHV�IURP�WUDIILF��0+=��%$0��DQG�GXULQJ�WKH�PRQLWRULQJ�LQ�2FWREHU�DQG�1RYHPEHU��0-���%7���
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)LJXUH����GHPRQVWUDWHV�WKH�DYHUDJH�62� FRQFHQWUDWLRQV�DW�WKH����PRQLWRULQJ�VLWHV�LQ�'DPDV�FXV� LQ������DQG�������$W� WKH�PRQLWRULQJ�VLWHV�ZLWK�QR�GLUHFW� LQIOXHQFHV�RI�FHUWDLQ�HPLVVLRQ�VRXUFHV��S��H[���0,'��-2���-2���':���'80��WKH�FRQFHQWUDWLRQV�ZHUH�ORZ��,Q�DUHDV�ZLWK�KLJK�WUDIILF�LPSDFW�RU�KLJK�SRSXODWLRQ�GHQVLW\�WKH�YDOXH�ZHUH�KLJKHU�

)LJXUH���� $YHUDJH�62� FRQFHQWUDWLRQV���J�P���DW�WKH�PRQLWRULQJ�VLWHV�LQ�'DPDVFXV�����������

%HVLGHV� WKH� ORQJ�WHUP� DQG� ��K� VWDQGDUGV� �WDEOH� ��� WKH� ���K� YDOXHV� DUH� XVHG� WR� HYDOXDWH� WKH�TXDOLW\� RI� DLU�� 7KHUHIRUH�� DW� HYHU\� PRQLWRULQJ� VLWH� WKH� ���K� FRQFHQWUDWLRQV� RI� 62� IRU� HDFK�
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PRQLWRULQJ�GD\��������± �������ZHUH�FDOFXODWHG��7KH�PHDQ��PD[LPXP�DQG�PLQLPXP�RI�WKHVH����K�DYHUDJHV�DUH�OLVWHG�LQ�WDEOH�����
7DEOH���� 0HDQ��PD[LPXP�DQG�PLQLPXP�RI� ��� ±K� DYHUDJH� FRQFHQWUDWLRQV� RI� 62� IRU� WKH�FRQWLQXRXV�PRQLWRULQJ�SHULRGV�DW�HDFK�PRQLWRULQJ�VLWH�
6LWH 3HULRG $YHUDJH���K�FRQFHQWUDWLRQ��J�P��

0LQLPXP�RI�WKH����K��FRQFHQWUD�WLRQV��J�P��
0D[LPXP�RI�WKH����KFRQFHQWUDWLRQV��J�P��
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/LNH�LQ�WKH�FDVH�RI�WKH�RYHUDOO�DYHUDJH�62� FRQFHQWUDWLRQV��WKH�KLJKHVW����K�YDOXHV�ZHUH�RE�WDLQHG�DW� WKH�PRQLWRULQJ� VLWH�%7���0-��DQG�0-���$W� WKH�PRQLWRULQJ�VLWHV�%7��DQG�0-�� WKH�UDQJH�RI� WKH� ���K� FRQFHQWUDWLRQ� LV� UHODWLYHO\� VPDOO�� DV� LW� LV� GHPRQVWUDWHG� LQ� ILJXUH� ����7KDW�PHDQV�WKDW�WKH����K�FRQFHQWUDWLRQ�GLIIHUV�RQO\�VOLJKWO\�
$V�ILJXUH����FOHDUO\�VKRZV��WKH����K�YDOXHV�DW�WKH�PRQLWRULQJ�VLWH�%7��ZHUH�RXW�RI�WKH�UDQJH�RI�WKH�RWKHU�VLWHV��ZKLFK�ZHUH�EHWZHHQ����DQG�����J�P��
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)LJXUH���� 0HDQ� DQG� UDQJH� RI� ���K� DYHUDJH� 62� FRQFHQWUDWLRQV� ��J�P��� DW� WKH�PRQLWRULQJ�VLWHV�LQ�'DPDVFXV�LQ�����������

2QH�ZD\�RI�JHWWLQJ�PRUH�LQIRUPDWLRQ�DERXW�WKH�VRXUFHV�RI�SROOXWLRQ�LV�WR�ORRN�DW�WKH�YDULDWLRQ�RI� SROOXWLRQ� GXULQJ� WKH� GD\��7KHUHIRUH� WKH� µGLXUQDO� YDULDWLRQ¶� RI� WKH� 62� FRQFHQWUDWLRQ�ZDV�GHWHUPLQHG��)RU�WKH�GLXUQDO�YDULDWLRQ��WKH�DYHUDJH�FRQFHQWUDWLRQ�IRU�HYHU\�KRXU�RI�WKH�GD\�ZDV�FDOFXODWHG� RXW� RI� WKH� KRXUO\�PHDVXUHG� FRQFHQWUDWLRQV� RI� DOO� GD\V� LQ� WKH� PRQLWRULQJ� SHULRG��7KLV�ZD\�����FRQFHQWUDWLRQ�YDOXHV�ZHUH�REWDLQHG�IRU�HDFK�PRQLWRULQJ�VLWH��ZKLFK�VKRZHG�WKH�FRQFHQWUDWLRQ�RI�62� DW�HYHU\�KRXU�RI�WKH�GD\��,Q�ILJXUH����WKH�GLXUQDO�YDULDWLRQV�DW�WKH�PRQL�WRULQJ�VLWHV�%$0��'80�DQG�%7��DUH�VKRZQ�
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$V�LW�LV�GHPRQVWUDWHG�LQ�ILJXUH�����WKHUH�ZDV�DQ�LQFUHDVH�LQ�WKH�62� FRQFHQWUDWLRQ�EHJLQQLQJ�EHWZHHQ���DP�DQG����DP�DW�%$0�DQG�%7��DQG�D�OLWWOH�ELW�ODWHU��DW����DP�LQ�'XPPDU��'80���$W�%$0�DQG�%7��WKH�FRQFHQWUDWLRQV�LQFUHDVHG�E\�DERXW�����J�P���DW�'80�RQO\�E\�DERXW�����J�P��
$W�WKH�PRQLWRULQJ�VLWH�%$0��%DUDPLNHK���ILJXUH���D��WKH�FRQFHQWUDWLRQ�LQFUHDVHG�XQWLO�DERXW����DP�DQG� WKHQ�GHFUHDVHG� VOLJKWO\��EXW� UHPDLQHG� DW� D�KLJKHU� OHYHO� WKDQ�GXULQJ� WKH�QLJKW��$W�DERXW���SP�WKH�FRQFHQWUDWLRQ�LQFUHDVHG�UDSLGO\�DJDLQ�DQG�WKHQ�GHFUHDVHG�GXULQJ�WKH�QLJKW�XQWLO�UHDFKLQJ�WKH�ORZHVW�YDOXHV�LQ�WKH�HDUO\�PRUQLQJ�
$W�WKH�PRQLWRULQJ�VLWH�'80��'XPPDU���ILJXUH���E���WKH�62� FRQFHQWUDWLRQ� LQFUHDVHG�RQO\�D�OLWWOH�GXULQJ�WKH�PRUQLQJ�XQWLO�DERXW����DP�DQG�GHFUHDVHG�GXULQJ�WKH�UHVW�RI�WKH�GD\�
$W�WKH�PRQLWRULQJ�VLWH�%7���%DE�7XPD���ILJXUH���F���WKH�GLXUQDO�YDULDWLRQ�RI�WKH�62� FRQFHQ�WUDWLRQV� VKRZHG� WKH� VDPH� VKDSH� DV� DW� %$0�� EXW� GXULQJ� WKH� GD\� WKH� GHFUHDVH� LQ� WKH� YDOXHV�UHDFKHG�WKH�OHYHO�RI�WKH�FRQFHQWUDWLRQV�GXULQJ�WKH�QLJKW��DQG�WKH�HYHQLQJ�LQFUHDVH�VWDUWHG�HDUO\�DQG�LQFUHDVHG�WR�D�KLJKHU�OHYHO�WKDQ�DW�%$0�
$W�WKH�RWKHU�PRQLWRULQJ�VLWHV�VLPLODU�GLXUQDO�YDULDWLRQV�ZHUH�LGHQWLILHG��ZKLFK�RQO\�GLIIHUHG�LQ�WKH�OHYHO�RI�FRQFHQWUDWLRQV�DQG�WKH�VKDSH�RI�WKH�SHDNV�
����� 1LWURJHQ�R[LGHV
7KH�KLJKHVW�DYHUDJH�FRQFHQWUDWLRQV�RI�12� ZHUH�REWDLQHG�DW�WKH�PRQLWRULQJ�VLWHV�ZKLFK�VXIIHU�KLJK� WUDIILF� LPSDFW�� ��� �J�P� �0+=��� ����J�P� �%$0�� DQG� ����J�P� �%7����$W� WKH� RWKHU�PRQLWRULQJ�VLWHV�WKH�DYHUDJH�FRQFHQWUDWLRQV�OD\�EHWZHHQ�����J�P� DQG�����J�P���7KH�ORZHVW�YDOXH� ���� �J�P���� ZDV� REVHUYHG� DW� WKH� PRQLWRULQJ� VLWH� '80� LQ� 'XPPDU�� 1HYHUWKHOHVV� DW�VRPH�RI�WKH�PRQLWRULQJ�VLWHV�ZLWK�ORZ�DYHUDJH�FRQFHQWUDWLRQV��KLJK���K�DYHUDJHV�ZHUH�PHDV�XUHG��)RU�H[DPSOH�DW�'80��ZKHUH�WKH�ORZHVW�DYHUDJH�FRQFHQWUDWLRQ�ZDV�PHDVXUHG��WKH�KLJK�HVW���K�YDOXH�ZDV�REVHUYHG�
����J�P� ZDV�GHWHUPLQHG�DV�WKH�RYHUDOO�DYHUDJHH�IRU�DOO�VLWHV�
7KH�DYHUDJH�FRQFHQWUDWLRQV�RI�WKH�ILUVW�PHDVXUHPHQWV�XVLQJ�WKH�PDQXDO�PHWKRGV�DUH�OLVWHG�LQ�WDEOH� ���� 7DEOH� ��� JLYHV� WKH� DYHUDJH� FRQFHQWUDWLRQV� RI� WKH� FRQWLQXRXV�PRQLWRULQJ�ZLWK� WKH�0RELOH�8QLW��,Q�WKH�VDPH�WDEOH�WKH�KLJKHVW�DQG�WKH�ORZHVW���K�DYHUDJHV�DV�ZHOO�DV�WKH����SHU�FHQWLOH�RI�WKH�UHJLVWHUHG����PLQXWHV�DYHUDJH�FRQFHQWUDWLRQV�DUH�OLVWHG�
$V�LW�FDQ�EH�VHHQ�IURP�WDEOH�����WKH�UDQJHV�RI�WKH�REWDLQHG���K�DYHUDJHV�YDULHG�IURP�EHORZ�WKH�GHWHFWLRQ�OLPLWV�RI�WKH�DQDO\VHUV�����J�P���DV�KLJK�DV������J�P��
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7DEOH���� $YHUDJH� FRQFHQWUDWLRQV� RI� 12� IRU� WKH� FRPSOHWH� PDQXDO� PRQLWRULQJ� SHULRG� DW�HDFK�PRQLWRULQJ�VLWH��EDVHG�RQ�WKH�UHJLVWHUHG����K�FRQFHQWUDWLRQ�YDOXHV�
6LWH 3HULRG $YHUDJH�FRQFHQWUDWLRQ��J�P��
%7� ���������± �������� ��-2� ���������± �������� ��':� ���������± �������� ��0-� ���������� �������� ��

7DEOH���� $YHUDJH� FRQFHQWUDWLRQV� RI� 12� IRU� WKH� FRQWLQXRXV� PRQLWRULQJ� SHULRGV� DW� HDFK�PRQLWRULQJ�VLWH��EDVHG�RQ� WKH���K�FRQFHQWUDWLRQ�YDOXHV��PD[LPXP�DQG�PLQLPXP���K�DYHUDJHV�DQG����SHUFHQWLOHV� RI�WKH�UHJLVWHUHG����PLQ�YDOXHV
6LWH 3HULRG $YHUDJHFRQFHQWUDWLRQ��J�P��

0LQLPXP�RI�WKH���K�DYHUDJH�FRQFHQWUDWLRQV��J�P���
0D[LPXP�RI�WKH���K�DYHUDJH�FRQFHQWUDWLRQV��J�P��

���SHUFHQWLOH�RI����PLQ�FRQFHQ�WUDWLRQ�YDOXHV��J�P��
0+= ���������± �������������������± ��������WRWDO
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)LJXUH���� 0HDQ� DQG� UDQJH�RI� ���K� DYHUDJH�12� FRQFHQWUDWLRQV� ��J�P��� DW� WKH�PRQLWRULQJ�VLWHV�LQ�'DPDVFXV�LQ�����������
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7KH�12�DYHUDJH�FRQFHQWUDWLRQV�DW�PRVW�RI� WKH�PRQLWRULQJ�VLWHV�ZHUH�EHWZHHQ�����J�P� DQG�����J�P���$W�WKH�0,'�PRQLWRULQJ�VLWH�LQ�0LGDQ�WKH�ORZHVW�DYHUDJH�����J�P���ZDV�REVHUYHG�DQG�DW�WKH�%7��VLWH�DW�WKH�%DE�7XPD�VTXDUH��WKH�KLJKHVW�DYHUDJH�FRQFHQWUDWLRQ�ZDV�REVHUYHG��1HYHUWKHOHVV�� HYHQ�DW�PRQLWRULQJ� VLWHV�ZLWK� ORZ�DYHUDJH�FRQFHQWUDWLRQ�YDOXHV� �S�� H[��'80��7,-��0-��� -2��� KLJK�PD[LPXP� ��K� DYHUDJHV� ZHUH� GHWHUPLQHG�� +RZHYHU� DV� FDQ� EHHQ� VHHQ�IURP�WKH����SHUFHQWLOHV�� WKH�KLJK�PD[LPXP�YDOXHV�UHSUHVHQW�RQO\�VRPH�VLQJOH�HYHQWV�GXULQJ�WKH�PRQLWRULQJ��)RU�H[DPSOH��DW�7,-�D���K�PD[LPXP�YDOXH�RI������J�P� ZDV�REWDLQHG��EXW������RI�WKH�YDOXHV�ZHUH�EHORZ������J�P��
����J�P� ZDV�GHWHUPLQHG�DV�WKH�RYHUDOO�DYHUDJH�IRU�DOO�VLWHV�
7DEOH����JLYHV�WKH�DYHUDJH�FRQFHQWUDWLRQV�RI�WKH�FRQWLQXRXV�PRQLWRULQJ�ZLWK�WKH�0RELOH�8QLW��,Q�WKH�VDPH�WDEOH�WKH�KLJKHVW�DQG�WKH�ORZHVW���K�DYHUDJHV�DV�ZHOO�DV�WKH����SHUFHQWLOH�RI�WKH�UHJLVWHUHG����PLQXWHV�DYHUDJH�FRQFHQWUDWLRQV�DUH�OLVWHG�
,Q�ILJXUH����WKH�DYHUDJH�12�FRQFHQWUDWLRQV�DW�WKH�PRQLWRULQJ�VLWHV�LQ�'DPDVFXV�DUH�GHPRQ�VWUDWHG�� ,W� LV� HYLGHQW� WKDW� WKRVH� VLWHV�ZKLFK�ZHUH� LQIOXHQFHG� E\� WUDIILF�PRYHPHQW� VKRZHG� D�KLJKHU� SROOXWLRQ� IURP�12� WKDQ� WKRVH� VLWHV� LQ� UHVLGHQWLDO� DUHDV�ZLWKRXW� DQ\� GLUHFW� LPSDFW� RI�KLJK�WUDIILF�OLNH�'80��0,'��':��RU�-2��
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7DEOH���� $YHUDJH� FRQFHQWUDWLRQV� RI� 12� IRU� WKH� FRQWLQXRXV� PRQLWRULQJ� SHULRGV� DW� HDFK�PRQLWRULQJ�VLWH��EDVHG�RQ� WKH���K�FRQFHQWUDWLRQ�YDOXHV��PD[LPXP�DQG�PLQLPXP���K�DYHUDJHV�DQG����SHUFHQWLOHV� RI�WKH�UHJLVWHUHG����PLQ�YDOXHV
6LWH 3HULRG $YHUDJHFRQFHQWUDWLRQ��J�P��

0LQLPXP�RI�WKH���K�DYHUDJH�FRQFHQWUDWLRQV��J�P���
0D[LPXP�RI�WKH���K�DYHUDJH�FRQFHQWUDWLRQV��J�P��
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)LJXUH���� $YHUDJH�12�FRQFHQWUDWLRQV���J�P���DW�WKH�PRQLWRULQJ�VLWHV�LQ�'DPDVFXV�LQ�����������

����� &DUERQ�PRQR[LGH
7KH� ORZHVW� DYHUDJH� FRQFHQWUDWLRQV�RI�&2� �����PJ�P� DQG�����PJ�P���ZHUH�REWDLQHG�DW� WKH�PRQLWRULQJ�VLWHV�'80�DQW�':���DQG�WKH�KLJKHVW�RQH�������PJ�P���DW�%7���$W�WKH�RWKHU�VLWHV�WKH�DYHUDJH�FRQFHQWUDWLRQ�OD\�EHWZHHQ���PJ�P� DQG���PJ�P�������PJ�P� ZDV�GHWHUPLQHG�DV�WKH�RYHUDOO�DYHUDJH�IRU�DOO�VLWHV�
$W�DOPRVW� DOO�PRQLWRULQJ� VLWHV� WKH�PLQLPXP���K�DYHUDJHV�ZHUH�EHORZ� WKH�GHWHFWLRQ� OLPLW�RI�WKH�DQDO\VHU������PJ�P����RQO\�DW�0+=�DQG�%7��HYHQ�WKH�ORZHVW�YDOXHV�DUH�KLJKHU� WKDQ�WKH�RYHUDOO�DYHUDJHV�DW�VRPH�RI�WKH�RWKHU�VLWHV�
7KH�PD[LPXP���K�DYHUDJH�FRQFHQWUDWLRQV�DW�PRVW�RI�WKH�VLWHV�OD\�DERYH����PJ�P� DV�ZHOO�DV�WKH����SHUFHQWLOH� RI� WKH�PHDVXUHG����PLQ�FRQFHQWUDWLRQ� �IRU� H[SODQDWLRQ� VHH� FKDSWHU���������
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7DEOH���� $YHUDJH� FRQFHQWUDWLRQV� RI� &2� IRU� WKH� FRQWLQXRXV� PRQLWRULQJ� SHULRGV� DW� HDFK�PRQLWRULQJ�VLWH��EDVHG�RQ� WKH���K�FRQFHQWUDWLRQ�YDOXHV��PD[LPXP�DQG�PLQLPXP���K�DYHUDJHV�DQG����SHUFHQWLOHV� RI�WKH�UHJLVWHUHG����PLQ�YDOXHV
6LWH 3HULRG $YHUDJHFRQFHQWUDWLRQ�PJ�P��

0LQLPXP�RI�WKH���K�DYHUDJH�FRQFHQWUDWLRQV�PJ�P���
0D[LPXP�RI�WKH���K�DYHUDJH�FRQFHQWUDWLRQV�PJ�P��
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)LJXUH���� $YHUDJH�&2�FRQFHQWUDWLRQV��PJ�P���DW�WKH�PRQLWRULQJ�VLWHV�LQ�'DPDVFXV�LQ�����������

$V� H[DPSOHV� IRU� WKH� GLXUQDO� YDULDWLRQ� RI� WKH�&2� FRQFHQWUDWLRQV� GXULQJ� WKH� GD\�� WKH� GLXUQDO�YDULDWLRQV�GHWHUPLQHG�DW�WKH�PRQLWRULQJ�VLWH�'0��0,'�DQG�%7��DUH�GHPRQVWUDWHG�LQ�ILJXUH����
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$V�VKRZQ�LQ�ILJXUH�����WKH�&2�FRQFHQWUDWLRQ�LQFUHDVHG�VOLJKWO\�LQ�WKH�PRUQLQJ�DQG�VWD\HG�RQ�WKLV�KLJKHU�OHYHO�XQWLO�PLGGD\��$�KLJKHU�LQFUHDVH�RI�WKH�FRQFHQWUDWLRQ�FRXOG�EH�REVHUYHG��GXU�LQJ�WKH�QLJKW�EHJLQQLQJ�DW�DERXW���SP��7KLV�SHDN�UHPDLQHG�XQWLO�WKH�HDUO\�PRUQLQJ�
$W� WKH�PRQLWRULQJ� VLWH� LQ�0LGDQ� �0,'�� WKH� GLXUQDO� YDULDWLRQ� VKRZHG� WKH� VDPH� VKDSH� DV� DW�'80�EXW�RQ�D�KLJKHU�OHYHO��7KH�PRUQLQJ�SHDN�ZDV�DOVR�PRUH�VLJQLILFDQW�
$W� WKH�PRQLWRULQJ�VLWH %7��DW� WKH�%DE�7XPD�VTXDUH� WKH�&2�FRQFHQWUDWLRQ� LQFUHDVHG� � LQ� WKH�HDUO\�PRUQLQJ� DQG� UHDFKHG� WKH� WRS� OHYHO� EHWZHHQ� �� DP� DQG� �� DP��'XULQJ� WKH�PRUQLQJ� DQG�HDUO\�DIWHUQRRQ�WKH�FRQFHQWUDWLRQ�VWDELOLVHG�WR�D�OHYHO�RI�DERXW���PJ�P� DQG�LQFUHDVHG�DJDLQ�DW�DERXW�� SP�WR�KLJK�FRQFHQWUDWLRQV�RI�DERXW����PJ�P��
2QH�RI�WKH�VWDQGDUGV�IRU�WKH�HYDOXDWLRQ�RI�DLU�SROOXWLRQ�E\�&2�LV�WKH���KRXU�DYHUDJH�FRQFHQWUD�WLRQ��7KHUHIRUH��WKH�UROOLQJ���K�DYHUDJHV�RI�WKH�PHDVXUHG�&2�FRQFHQWUDWLRQV�ZHUH�GHWHUPLQHG��7KLV� LQYROYHV� FDOFXODWLQJ� DQ� DYHUDJH� FRQFHQWUDWLRQ� IURP� WKH� EHJLQQLQJ� RI� WKH� PRQLWRULQJ�SHULRG�XQWLO�WKH�HQG�IRU�HDFK���KRXUV�LQWHUYDO�� ,Q�WDEOH����WKH�PD[LPXP�DQG�WKH�DYHUDJH���K�YDOXHV�DUH�OLVWHG�
7DEOH���� $YHUDJH���K�FRQFHQWUDWLRQV�DQG�PD[LPXP���K�FRQFHQWUDWLRQV�RI�&2�IRU�WKH�FRQ�WLQXRXV�PRQLWRULQJ�SHULRGV�DW�HDFK�PRQLWRULQJ�VLWH�
6LWH 3HULRG $YHUDJHRI�WKH���K�FRQFHQWUDWLRQV��PJ�P��

0D[LPXPRI�WKH���K�FRQFHQWUDWLRQV�PJ�P��
0+= ���������± �������������������± �������� ������ ������%$0 ���������± �������������������± �������������������± ��������

���������
���������7,- ���������± �������������������± �������� ������ �������0,' ���������± �������������������± �������� ������ ������'80 ���������± �������������������± �������� ������ ������':� ���������± �������� ��� ���%7� ���������± �������� ���� ����-2� ���������± �������� ��� ���0-� ���������± ��������� ��� ���0-� ���������± �������� ��� ���%6+ ���������± �������� ��� ���
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7KH�GLVWULEXWLRQ�RI�WKH���K�YDOXHV�LV�DOPRVW�WKH�VDPH�DV�IRU�WKH�DYHUDJH�FRQFHQWUDWLRQV�OLVWHG�LQ�WDEOH�����7KH�KLJKHVW�YDOXHV�ZHUH�REVHUYHG�DW�WKH�PRQLWRULQJ�VLWH�%7���2Q�HYHU\�GD\�GXU�LQJ�RI�WKH�PRQLWRULQJ�SHULRG�WKH���K�DYHUDJH�FRQFHQWUDWLRQV�ZHUH�DERYH����PJ�P���
$OWKRXJK� WKH� DYHUDJH� &2� FRQFHQWUDWLRQ� DW� WKH� PRQLWRULQJ� VLWH� 7,-� LV� UHODWLYHO\� ORZ� �����PJ�P����RQ�WZR�GD\V�WKH���K�DYHUDJHV�ZHUH�KLJKHU�WKDQ����PJ�P� LQ�WKH�HYHQLQJ�
)LJXUH����VKRZV�WKH�KLJKHVW���K�DYHUDJH�FRQFHQWUDWLRQ�RI�&2�DW�HYHU\�PRQLWRULQJ�VLWH�LQ�'D�PDVFXV�

)LJXUH���� 0D[LPXP���K�DYHUDJH�&2�FRQFHQWUDWLRQV��PJ�P���DW�WKH�PRQLWRULQJ�VLWHV�LQ�'D�PDVFXV�LQ�����������
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����� 0HWHRURORJLFDO�SDUDPHWHUV
7KH�PDLQ�PHWHRURORJLFDO�SDUDPHWHUV� LQIOXHQFLQJ� WKH�GLVSHUVLRQ�DQG�GLOXWLRQ�RI�SROOXWDQWV� LQ�DLU�DUH� WKH�ZLQG�YHORFLW\� DQG�ZLQG�GLUHFWLRQ��7KHUHIRUH�� WKH�0RELOH�8QLW�ZDV�HTXLSSHG�ZLWK�VHQVRUV�WR�PHDVXUH�WKH�ZLQG�YHORFLW\�DQG�ZLQG�GLUHFWLRQ�SDUDOOHO�WR�WKH�FRQFHQWUDWLRQ�RI�SRO�OXWDQW�� 7KH� DLU� WHPSHUDWXUH� DV�ZHOO� DV� WKH� UHODWLYH� DLU� KXPLGLW\� DQG� SUHFLSLWDWLRQ� GDWD�ZHUH�SURYLGHG�E\�WKH�*HQHUDO�'LUHFWRUDWH�RI�0HWHRURORJ\��'DPDVFXV��
,Q�WDEOH����WKH�PRQWKO\�DYHUDJH�YDOXHV�RI�DLU�WHPSHUDWXUH�DQG�UHODWLYH�KXPLGLW\�DUH�OLVWHG�IRU�WKH�PRQWKV�ZKHQ�WKH�PRQLWRULQJ�ZDV�H[HFXWHG�
7DEOH���� 0RQWKO\� DYHUDJHV�RI� DLU� WHPSHUDWXUH� DQG� UHODWLYH� KXPLGLW\� �VRXUFH��*HQHUDO�'L�UHFWRUDWH�RI�0HWHRURORJ\��
0RQWK DYHUDJH�WHPSHUDWXUH PLQLPXP�WHPSHUDWXUH PD[LPXPWHPSHUDWXUH UHODWLYH�KXPLGLW\�& �& �& �
2FWREHU����� �� ��1RYHPEHU����� �� ��0D\����� �� �� ��-XQH����� �� �� ��-XO\����� �� �� ��$XJXVW����� �� �� ��6HSWHPEHU����� �� �� ��2FWREHU����� �� �� ��1RYHPEHU������ �� �� ��
�� ���������± ��������
3UHFLSLWDWLRQ�ZDV�RQO\�PHDVXUHG�RQ���GD\V�GXULQJ�WKH�PRQLWRULQJ��DV�OLVWHG�LQ�WDEOH�����'XH�WR�WKH�ORZ�UDLQIDOO�QR�GRZQ�ZDVK�HIIHFW�FRXOG�EH�REVHUYHG�
7DEOH���� 'D\V�PRQLWRUHG�DQG�TXDQWLW\�RI�SUHFLSLWDWLRQ�GXULQJ�WKH�DLU�TXDOLW\�PRQLWRULQJ�LQ�'DPDVFXV��VRXUFH��0HWHRURORJLFDO�'HSDUWPHQW�>��@��

'D\ 3UHFLSLWDWLRQPP�������� ����������� ����������� ����������� ����������� ����������� ����������� ���
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7KH�DYHUDJH DQG�PD[LPXP�ZLQG�YHORFLWLHV�DV�PHDVXUHG�GXULQJ�WKH�PRQLWRULQJ�SHULRGV�DW�WKH�GLIIHUHQW�PRQLWRULQJ�VLWHV�DUH�OLVWHG�LQ�WDEOH����
7KH�PHWHRURORJLFDO�FRQGLWLRQV�GHVFULEHG�E\�WKH�DERYH�PHQWLRQHG�GDWD�ZHUH�LQ�WKH�UDQJH�RI�WKH�ORQJ�WHUP�PHWHRURORJLFDO� GDWD� UHJLVWHUHG� E\� WKH�0HWHRURORJLFDO�'HSDUWPHQW��'DPDVFXV�� IRU�WKH�ODVW����\HDUV�>��@��7KHUHIRUH��LW�FDQ�EH�DVVXPHG�WKDW�WKH�REWDLQHG�PRQLWRULQJ�GDWD�LV�UHSUH�VHQWDWLYH�IRU�WKH�PRQLWRULQJ�SHULRG�
7DEOH���� $YHUDJH� DQG�PD[LPXP�ZLQG�YHORFLWLHV�PHDVXUHG� DW� WKH�PRQLWRULQJ� VLWHV�GXULQJ�WKH�PRQLWRULQJ�SHULRGV�
6LWH 3HULRG $YHUDJHZLQG�YHORFLW\�P�V�

0D[LPXPZLQG�YHORFLW\�P�V�
0+= ���������± �������������������± �������� ������ ������%$0 ���������± �������������������± �������������������± ��������

���������
���������7,- ���������± �������������������± �������� ������ ������0,' ���������± �������������������± �������� ������ ������'80 ���������± �������������������± �������� ������ ������':� ���������± �������� ��� ���%7� ���������± �������� ��� ���-2� ���������± �������� ��� ���0-� ���������± ��������� ��� ���0-� ���������± �������� ��� ���%6+ ���������± �������� ��� ���

7KH�DYHUDJH�ZLQG�YHORFLWLHV�GR�QRW�GLIIHU�YHU\�PXFK��7KH�ORZ�DYHUDJH�DQG�PD[LPXP�YHORFL�WLHV�DW�WKH�PRQLWRULQJ�VLWH�%7� DUH�UHPDUNDEOH��DQG�FRXOG�EH�RQH�UHDVRQ�IRU�WKH�KLJK�FRQFHQ�WUDWLRQV�DW�WKLV�VLWH���$W�WKH�RWKHU�VLWHV�ZLWK�KLJK�FRQFHQWUDWLRQV��0+=��%$0��0-���UHODWLYHO\��KLJK�YHORFLWLHV�ZHUH�PHDVXUHG�
$W�DOO�PRQLWRULQJ�VLWHV�D�UHJXODU�FRXUVH�RI�ZLQG�YHORFLWLHV�GXULQJ�WKH�GD\�FRXOG�EH�REVHUYHG��,Q� ILJXUH� ��� WKH� GLXUQDO� YDULDWLRQV� RI� WKH� ZLQG� YHORFLW\� PHDVXUHG� DW� WKH� PRQLWRULQJ� VLWHV��%$0��%6+��0,'��0-���DUH�VKRZQ�
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)LJXUH���� 'LXUQDO�YDULDWLRQV�RI�WKH�ZLQG�YHORFLW\�REWDLQHG�DW�IRXU�PRQLWRULQJ�VLWHV��%$0��%6+��0,'��0-���
7KH�ZLQG� YHORFLW\� LQFUHDVHG� GXULQJ� WKH�PRUQLQJ� DQG� UHDFKHG� WKH� KLJKHVW� OHYHO� LQ� WKH� DIWHU�QRRQ��'XULQJ�WKH�QLJKW�WKH�ZLQG�FDOPHG�GRZQ�
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�
�
�

����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

%$0%6+0,'0-�

P�V
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��� &RQFOXVLRQV
7KH� HVVHQWLDO� FULWHULXP� IRU� WKH� HYDOXDWLRQ� RI� DLU� TXDOLW\� LV� WKH� FRPSDULVRQ� RI� WKH� REWDLQHG�FRQFHQWUDWLRQ�YDOXHV�ZLWK�WKH�HVWDEOLVKHG�DLU�TXDOLW\�VWDQGDUGV��WDEOH�����7KHUH�DUH�ORQJ�WHUP�VWDQGDUGV� �IRU� �� \HDU�� DQG� VKRUW�WHUP� VWDQGDUGV� IRU� ��� KRXUV� RU� VKRUWHU� SHULRGV��'XH� WR� WKH�OLPLWHG�SHULRG�RI�PRQLWRULQJ��WKH�REWDLQHG�GDWD�GRHV�QRW�FRUUHVSRQG�WR�DQQXDO�DYHUDJHV��1HY�HUWKHOHVV��LQ�RUGHU�WR�JHW�LQIRUPDWLRQ�DERXW�ORQJ�WHUP�SROOXWLRQ��WKH�DYHUDJHV�REWDLQHG�DW�HDFK�PRQLWRULQJ�VLWH�FDQ�EH�VHHQ�DV�WKH�ILUVW�VWHS�LQ�JHWWLQJ�ORQJ�WHUP�YDOXHV�
%HVLGHV�WKH�FRPSDULVRQ�RI�DLU�TXDOLW\�VWDQGDUGV��D�FRPSDULVRQ�DPRQJ�WKH�GLIIHUHQW�PRQLWRULQJ�VLWHV�DQG�ZLWK�RWKHU�FLWLHV�RU�DUHDV�FRXOG�HQKDQFH�WKH�HYDOXDWLRQ�RI�GDWD�REWDLQHG�DERXW�WKH�DLU�TXDOLW\�GXULQJ�WKH�SLORW�PRQLWRULQJ�
7RWDO�6XVSHQGHG�3DUWLFXODWHV��763�
F 7KH�FRPSDULVRQ�RI�WKH�763�DYHUDJH�FRQFHQWUDWLRQV�GHWHUPLQHG�DW����PRQLWRULQJ�VLWHV�H[�FHHGHG�WKH�DQQXDO�VWDQGDUGV�HVWDEOLVKHG�LQ�WKH�6\ULDQ�3URSRVDO�IRU�DLU�TXDOLW\�VWDQGDUGV������J�P���DQG� LQ� WKH�*HUPDQ� UHJXODWLRQV� ������J�P����2QO\� DW� WKH�0-��PRQLWRULQJ� VLWH� WKH�DYHUDJH�FRQFHQWUDWLRQ������J�P���ZDV�EHORZ�WKH�VWDQGDUGV�
F 7KH����KRXU�VWDQGDUG�RI�WKH�6\ULDQ�3URSRVDO�������J�P���ZDV�DOVR�H[FHHGHG�DW�DOO�PRQLWRU�LQJ�VLWHV�ZLWK�WKH�H[FOXVLRQ�RI�0-���$W���PRQLWRULQJ�VLWHV��0+=��%$0��7,-��0,'��':���%7���-2���0-��DQG�0-���HYHQ�WKH�PLQLPXP����K�DYHUDJH�FRQFHQWUDWLRQ�ZDV�KLJKHU�WKDQ�WKLV VWDQGDUG��,Q�WRWDO������RI�WKH�PHDVXUHG����K�FRQFHQWUDWLRQ�H[FHHGHG�WKLV�VWDQGDUG�
F ,Q�JHQHUDO� WKHUH�ZDV�QR�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�WKH�763�FRQFHQWUDWLRQ�REWDLQHG�DW�PRQLWRULQJ� VLWHV� LQ� WKH� VWUHHWV� DQG� PRQLWRULQJ� VLWHV� LQ� UHVLGHQWLDO� DUHDV�� &RQFHUQLQJ� WKH�FRPSRVLWLRQ�RI� WKH�SDUWLFOHV�VDPSOHG�DW� WKH�GLIIHUHQW�VLWHV��DQ�HYLGHQW�GLIIHUHQFH�FRXOG�EH�REVHUYHG�GXULQJ� WKH�PRQLWRULQJ�DOWKRXJK�DQ�DQDO\VLV�RI� WKH� FRPSRQHQWV�ZHUH�QRW�XQGHU�WDNHQ��7KH�SDUWLFOHV�VDPSOHG�LQ�WKH�VWUHHWV��S��H[���0+=��%$0��%7���ZHUH�EODFN�DQG�ILQH��$W� WKH� RWKHU�PRQLWRULQJ� VLWHV� WKH� SDUWLFOHV� ZHUH� QRW� VR� GDUN�� DQG� VRPH� ZHUH� HYHQ� OLJKW�EURZQ�DQG�FRDUVH�DW� WKRVH�VLWHV�ZKLFK�ZHUH�QRW� LQIOXHQFHG�E\�KLJK�WUDIILF��$V�H[DPSOHV��WZR�ILOWHUV�IURP�'80�DQG�0+=�UHSUHVHQWLQJ�KLJK�763�FRQFHQWUDWLRQV DUH�VKRZQ�LQ�ILJXUH����
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)LJXUH���� /RDGHG�ILOWHU�IURP�028+$)$=$�PRQLWRULQJ�VLWH��0+=��RQ������������DQG�'800$5�PRQLWRULQJ�VLWH��'80��RQ������������
7KH�PRVW� LPSRUWDQW�RULJLQ�RI� WKH� ILQH�EODFN�SDUWLFOHV� LQ� WKH�VWUHHWV�DUH� WKH�YHKLFOHV�� IXHO��HVSHFLDOO\�GLHVHO��FRPEXVWLRQ�DQG�WKH�ORVV�RI�UXEEHU�IURP�WKH�ZKHHOV��7KH�EULJKW�VDQG�FRO�RXUHG�SDUWLFOHV�ZKLFK�ZHUH�WKH�PDLQ�SDUWLFOHV�DW�WKH�PRQLWRULQJ�VLWHV�DZD\�IURP�WKH�VWUHHWV�DUH�SUHVXPDEO\�RI�QDWXUDO�RULJLQ�RU�IURP�FRQVWUXFWLRQ�VLWHV�

F 'XULQJ� WKH� SUHVHQWHG� SLORW� PRQLWRULQJ� WKH� FRQFHQWUDWLRQ� RI� WRWDO� VXVSHQGHG� PDWWHU� ZDV�PHDVXUHG��)RU� WKH�HYDOXDWLRQ�RI�HIIHFWV�RI�DLU�SROOXWLRQ�RQ�KHDOWK�� WKH�VWXG\�RI�WKH�UHVSLU�DEOH�SDUW�RI�WKH�SDUWLFOHV�ZLOO�JHW�PRUH�DQG�PRUH�LPSRUWDQW��,Q�RUGHU�WR�HVWLPDWH�WKH�SDUW�RI�VPDOO�SDUWLFOHV�ZLWK�GLDPHWHUV�EHORZ�����P��30�����D�IDFWRU�FDQ�EH�XVHG�ZKLFK�UHSUHVHQWV�WKH�FRQWULEXWLRQ�RI�30�� RQ�763��,Q������WKH�6\ULDQ�$WRPLF�(QHUJ\�&RPPLVVLRQ�H[HFXWHG�D�PRQLWRULQJ�SURJUDPPH�LQ�VRPH�6\ULDQ�FLWLHV�>��@�WR�VWXG\�WKH�SDUWLFOHV�DQG�WKHLU�FRPSR�QHQWV�LQ�DLU��2QH�RI�WKH�UHVXOWV�ZDV�D�UHODWLRQ�RI�763�FRQFHQWUDWLRQ�WR�30�� FRQFHQWUDWLRQ��,Q�'DPDVFXV��WKLV�UHODWLRQ��EDVHG�RQ�PHDVXUHPHQWV�DW�WKH�0+=�PRQLWRULQJ�VLWH��ZDV�������7KDW�PHDQV������RI�DOO�VDPSOHG�SDUWLFOHV�KDG�D�GLDPHWHU�OHVV�WKDQ�����P�
7DNLQJ WKLV�IDFWRU�DV�D�ILUVW�DWWHPSW�WR�HVWLPDWH�WKH�30���FRQFHQWUDWLRQV�DW�DOO�WKH�PRQLWRU�LQJ� VLWHV� LQ�'DPDVFXV�� WKH� UHVXOWLQJ� DYHUDJH� FRQFHQWUDWLRQV�ZRXOG� EH� EHWZHHQ� ����J�P�DQG� �����J�P��� WKH� UDQJH� RI� WKH� KLJKHVW� ���K� FRQFHQWUDWLRQV�ZRXOG� EH� ����J�P� WR� ����J�P���$OO�WKRVH�HVWLPDWHG�YDOXHV�H[FHHG�WKH�H[LVWLQJ�VWDQGDUGV�IRU�30���LQ�(XURSH��DQ�QXDO�DYHUDJH������J�P������K�DYHUDJH������J�P���

6XOSKXU�GLR[LGH��62��
F 7KH� DYHUDJH� FRQFHQWUDWLRQ� RI� 62� GHWHUPLQHG� DW� WKH� PRQLWRULQJ� VLWH� %7�� H[FHHGHG� WKH�DQQXDO�VWDQGDUG�RI�WKH�6\ULDQ�3URSRVDO�������P����7KH�DQQXDO�VWDQGDUG�HVWDEOLVKHG�E\�WKH�:+2� ������P���ZDV� H[FHHGHG� DW�%7���0-�� DQG�0-���$W� WKH�RWKHU�PRQLWRULQJ� VLWHV� WKH�FRQFHQWUDWLRQ�UHDFKHG�EHWZHHQ������DQG������RI�WKHVH�VWDQGDUGV�
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F 7KH���K�VWDQGDUG�HVWDEOLVKHG�LQ�WKH�6\ULDQ�3URSRVDO�DQG�(XURSHDQ�GLUHFWLYHV�������J�P���ZDV� H[FHHGHG� WZLFH� DW� WKH�PRQLWRULQJ� VLWH�%7��� 7KH� ��K� YDOXHV� GHWHUPLQHG� DW� WKH� RWKHU�PRQLWRULQJ�VLWHV�ZHUH�EHWZHHQ������DQG������RI�WKLV�VWDQGDUG�
F �����RI�WKH����K�DYHUDJH�FRQFHQWUDWLRQV�GHWHUPLQHG�DW�WKH�PRQLWRULQJ�VLWH�%7��H[FHHGHG�WKH�HVWDEOLVKHG����±K�VWDQGDUG�������J�P���IRU�62���$W�WKH�PRQLWRULQJ�VLWH�7,-�WKH�KLJKHVW����K�YDOXHV�UHDFKHG������RI�WKLV�VWDQGDUG��$W�DOO�RWKHU�VLWHV�WKH�KLJKHVW����K�FRQFHQWUDWLRQ�OD\�LQ�D�UDQJH�RI������WR������RI�WKH�VWDQGDUG�
F 7KH�*HUPDQ�VKRUW�WHUP�VWDQGDUG�IRU����SHUFHQWLOH�ZDV�QRW�H[FHHGHG�
F $�UHDVRQ�IRU�WKH�KLJK�FRQFHQWUDWLRQV�DW�WKH�PRQLWRULQJ�VLWH�%7��LQ�FRPSDULVRQ�WR�DOO�RWKHU�VLWHV�LV�WKH�V\QHUJ\�RI�YDULRXV�IDFWRUV�x D�VLWH�ZLWK�VWURQJ�WUDIILF�LQIOXHQFHx UHODWLYHO\�FORVHG�DUHD�ZLWK�EDG�GLVSHUVLRQ�FRQGLWLRQVx EHJLQQLQJ�RI�WKH�KHDWLQJ�SHULRG�LQ�WKH�UHVLGHQWLDO�DUHD��%DE�7XPD�x YHU\�ODUJH�QXPEHU�RI�YHKLFOHV�ZHUH�PLQLEXVVHV�DQG�D�EXV�VWRS�ZDV�ORFDWHG�LQ�WKH�QHLJK�ERXUKRRGx VFKRRO�EXVVHV�SDVVHG�WKURXJK�WKH�VLWH�WR�HQWHU�WKH�ROG�FLW\��
F 'XH� WR�PRGHUDWH� FDU� WUDIILF�� D� ORZ� IUHTXHQF\� RI�PLQLEXVVHV�� DQG� WKH� FHQWUDOLVHG� KHDWLQJ�VWDWLRQV��WKH�FRQFHQWUDWLRQ�RI�62� DW�WKH�PRQLWRULQJ�VLWH�'80�ZDV�FRPSDUDEO\�ORZ�
1LWURJHQ�GLR[LGH��12��
F 7KH�DQQXDO�VWDQGDUG�IRU�12� FRQFHQWUDWLRQV�HVWDEOLVKHG�LQ�WKH�6\ULDQ�3URSRVDO�������J�P���ZDV� QRW� H[FHHGHG�� 7KH� VWDQGDUG� IRU� DQQXDO� DYHUDJHV� HVWDEOLVKHG� E\� WKH� :+2� DQG� WKH�(XURSHDQ�8QLRQ� ���� �J�P���ZDV� H[FHHGHG� DW� DOO�PRQLWRULQJ� VLWHV�ZLWK� WKH� H[FHSWLRQ� RI�0LG��'80�DQG�':��
F 7KH�VWDQGDUG�IRU���K�FRQFHQWUDWLRQ�LQ�WKH�6\ULDQ�3URSRVDO�������J�P���ZDV�QRW�H[FHHGHG��7KH�(XURSHDQ�DQG�:+2�VWDQGDUG�RI������J�P� ZDV�H[FHHGHG�DW�0+=�DQG�'80��EXW�DW�0+=�RQO\���YDOXHV�DQG�DW�'80�RQO\���YDOXH�ZHUH�DERYH�WKH�VWDQGDUG�
F 7KH� VWDQGDUG� IRU� ���K� FRQFHQWUDWLRQ� HVWDEOLVKHG� LQ� WKH�6\ULDQ�3URSRVDO� ������J�P���ZDV�QRW�H[FHHGHG�E\�WKH����K�DYHUDJH�FRQFHQWUDWLRQV�GHWHUPLQHG��
&DUERQ�PRQR[LGH��&2�
F $� ORQJ�WHUP� VWDQGDUG� IRU� &2� FRQFHQWUDWLRQ�ZDV� HVWDEOLVKHG� RQO\� LQ� WKH�*HUPDQ� UHJXOD�WLRQV��7KLV�VWDQGDUG�����PJ�P���ZDV�H[FHHGHG�RQO\�DW�WKH�PRQLWRULQJ�VLWH�%7���$W�WKH�RWKHU�VLWHV�WKH�REWDLQHG�DYHUDJH�FRQFHQWUDWLRQ�OD\�EHWZHHQ�����DQG������RI�WKLV�VWDQGDUG�
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F 7KH� ��K� VWDQGDUG� RI� ��� PJ�P� ZDV� QRW� H[FHHGHG�� 7KH� GHWHUPLQHG� ��K� FRQFHQWUDWLRQV�UHDFKHG������WR������RI�WKLV�VWDQGDUG�
F 7KH� ��K� VWDQGDUG� HVWDEOLVKHG� LQ� WKH� 6\ULDQ� 3URSRVDO� DQG� E\� WKH�:+2� ���� PJ�P��� ZDV�H[FHHGHG�DW�WKH�PRQLWRULQJ�VLWHV�%7��DQG�7,-��&RQVLGHULQJ�WKH�UROOLQJ���K�DYHUDJH�FRQFHQ�WUDWLRQV�FDOFXODWHG�������RI�WKH�UHVXOWV�H[FHHGHG�WKH�VWDQGDUG�DW�%7��DQG�����DW�7,-��&RQ�VLGHULQJ� WKH� FRQVHFXWLYH� ��K� DYHUDJHV� �������������� ������������� �������������� ����� RI�WKH�YDOXHV�ZHUH�DERYH�WKH�VWDQGDUG�YDOXH�DW�%7��DQG�QRQH�DW�7,-��$W�DOO�RWKHU�VLWHV�WKH�GH�WHUPLQHG�UROOLQJ���K�DYHUDJH�FRQFHQWUDWLRQV�OD\�EHWZHHQ������DQG������RI�WKH�VWDQGDUG�
*HQHUDO
F 7KH� PRQLWRULQJ� SUHVHQWHG� ZDV� PDLQO\� FDUULHG� RXW� GXULQJ� VXPPHU�� 7KH� FRQWULEXWLRQ� RI�HPLVVLRQ�E\�KHDWLQJ��ZKLFK� LV� RQH�RI� WKH� HVVHQWLDO� VRXUFHV�RI� DLU� SROOXWLRQ� LQ�'DPDVFXV��FRXOG�QRW�EH�FRQVLGHUHG��7KHUHIRUH��LW�FDQ�EH�DVVXPHG�WKDW��SUREDEO\��WKH�FRQFHQWUDWLRQV�RI�WKH�PRQLWRUHG�DLU�SROOXWDQWV�ZLOO�EH�KLJKHU�DQG�WKLV�ZLOO�DOVR�LQFUHDVH�WKH�ORQJ�WHUP�DYHU�DJHV�
F $OO�GLXUQDO�YDULDWLRQV�RI�WKH�JDVHRXV�SROOXWDQWV�VKRZHG�FRPSDUDEOH�VKDSHV��RQH�SHDN�LQ�WKH�PRUQLQJ�DQG�RQH�LQ�WKH�HYHQLQJ��7KLV�FRUUHVSRQGV�WR�WKH�LQFUHDVH�LQ�WUDIILF�DW�WKHVH�WLPHV��'XULQJ�WKH�GD\�WKH�FRQFHQWUDWLRQ�VWD\HG�RQ�D�UHODWLYHO\�FRQVWDQW�OHYHO��ZKLFK�ZDV�KLJKHU�LQ�WUDIILF�LQIOXHQFHG�PRQLWRULQJ�VLWHV�WKDQ�LQ�VLWHV�LQ�UHVLGHQWLDO�DUHDV��$OO�WKLV�LQGLFDWHV��WUDI�ILF�DV�WKH�PDLQ�VRXUFH�RI�WKH�DLU�SROOXWLRQ�GHWHFWHG�GXULQJ�WKH�PRQLWRULQJ�
F $QRWKHU�KLQW�RI�WKH�SUREDEOH�VRXUFHV�RI�SROOXWLRQ�FDQ�EH�REWDLQHG�E\�VWXG\LQJ�WKH�SROOXWLRQ�URVHV��$�SROOXWLRQ�URVH�GHPRQVWUDWHV�WKH�DYHUDJH�FRQFHQWUDWLRQ�IRU�HYHU\�ZLQG�GLUHFWLRQ��,Q�ILJXUH�����WKH�SROOXWLRQ�FRPELQHG�ZLWK�WKH�ZLQG�URVHV�DW�WKH�PRQLWRULQJ�VLWHV�7,-�DQG�%7��DUH�VKRZQ�IRU�QLWURJHQ�GLR[LGH�

)LJXUH���� :LQG�DQG�12� SROOXWLRQ�URVHV�DW�7,-�DQG�%7��

7,- %7�
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7KH�SUHGRPLQDQW�ZLQG�GLUHFWLRQV�DW�WKH�PRQLWRULQJ�VLWH�7,-�ZHUH�6:�WR�1��OHVV�WKDQ�����RI�WKH�REVHUYHG�ZLQG�FDPH�IURP�GLUHFWLRQV�HDVW�WR�VRXWK��+RZHYHU��WKH�KLJKHVW�FRQFHQWUDWLRQV�RI�12� ZHUH�REWDLQHG�ZKHQ�WKH�ZLQG�FDPH�IURP�HDVW�WR�VRXWK��7KLV�LQGLFDWHV�DQ�LPSRUWDQW�VRXUFH�LQ�WKLV�GLUHFWLRQ��,Q�WKH�FDVH�RI�7,-�WKH�$EDV\HHQ�VTXDUH�± DQ�DUHD�ZLWK�KHDY\�WUDIILF�PRYHPHQW�± LV�VLWXDWHG�LQ�WKLV�GLUHFWLRQ�
$W�WKH�PRQLWRULQJ�VLWH�%7��WKH�PDLQ�ZLQG�GLUHFWLRQV�ZHUH�66:�WR�6:�DQG�1:�WR�11(��)RU� WKH�12� FRQFHQWUDWLRQ� QR� GRPLQDQW� GLUHFWLRQ� FRXOG� EH� LGHQWLILHG��'XH� WR� WKH� WXUEX�OHQFH��WKH�SROOXWLRQ�LV�GLVWULEXWHG�UHJXODUO\�LQ�WKH�ZKROH�DUHD�

F 8VXDOO\� DLU� WHPSHUDWXUH� GHFUHDVHV�ZLWK� LQFUHDVLQJ�KHLJKW�� ,Q� WKLV�FDVH� WKH�ZDUP�DLU� IURP�ORZ�OHYHOV� UDLVHV�DQG�VXSSRUWV� WKH�YHUWLFDO�GLVSHUVLRQ�RI�SROOXWDQWV��8QGHU�FHUWDLQ�FOLPDWH�FRQGLWLRQV�WKLV�WHPSHUDWXUH�JUDGLHQW�FDQ�EH�LQYHUWHG��WKH�WHPSHUDWXUH�RI�WKH�ORZHU�DLU�OD\HUV�LV�WKHQ�KLJKHU�WKDQ�WKDW�RI�WKH�KLJKHU�OD\HU��
,Q�ZLQWHUWLPH�D�JURXQG�EDVHG� WKHUPDO� LQYHUVLRQ�FDQ�EH�REVHUYHG�� ,Q� WKH�PRUQLQJ��GXULQJ�VXQULVH�� WKH�JURXQG�DLU� OD\HUV�DUH�ZDUPHG�XS� ODWHU� WKDQ� WKH�KLJKHU� OHYHOV�DQG� WKH�YHUWLFDO�H[FKDQJH�RI�DLU� LV�VXSSUHVVHG��$W� WKLV�SRLQW�DQ�LQYHUVLRQ�OD\HU�ZLWK�VWDEOH�PHWHRURORJLFDO�FRQGLWLRQ� FDQ� EH� REVHUYHG�� ,Q� VXFK� DQ� LQYHUVLRQ� OD\HU� WKH� SROOXWDQWV� DUH� WUDSSHG� DQG� WKH�GLVSHUVLRQ� LV� FRQVWUDLQHG�� ,Q� 'DPDVFXV� WKLV� W\SH� RI� LQYHUVLRQ� FDQ� EH� REVHUYHG� DV� LW� LV�VKRZQ�LQ�ILJXUH����

)LJXUH���� 9LHZ�RI�'DPDVFXV� IURP�&DV\RXQ�0RXQWDLQV�� LQ�1RYHPEHU�������D��ZLWK� LQ�YHUVLRQ�OD\HU���E��ZLWKRXW�LQYHUVLRQ�OD\HU�
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7KH�PRQLWRULQJ�VLWHV�0-��DQG�0-��ZHUH�VLWXDWHG�DW�WKH�EHJLQQLQJ�RI�WKH�LQFOLQH�RI�WKH�&D�V\RXQ�0RXQWDLQV� DERYH� WKH� OHYHO�RI� WKH�RWKHU�PRQLWRULQJ� VLWHV�� ,Q� WKH�PRUQLQJ�KRXUV�� DW�VXQULVH��ZKHQ�WKH�LQYHUVLRQ�OD\HU�UDLVHG��WKH�SROOXWDQWV��ZKLFK�ZHUH�HPLWWHG�LQ�WKH�FLW\�DQG�NHSW�ZLWKLQ� WKH� LQYHUVLRQ� OD\HU��ZHUH� WUDQVSRUWHG� WR�KLJKHU� OHYHOV� DQG� UHDFKHG� WKH�KLJKHU�ORFDWHG�PRQLWRULQJ�VLWHV��7KHUHIRUH��WKLV�WUDQVSRUWHG�SROOXWLRQ�FRXOG�FRQWULEXWH�WR�WKH�FRQ�FHQWUDWLRQV�PRQLWRUHG�DW�WKH�PRQLWRULQJ�VLWHV�0-��DQG�0-���7KH�KLJK�FRQFHQWUDWLRQ�SHDNV�ZKLFKH�ODVWHG�DERXW���KRXU�DW�WKHVH�VLWHV�LQ�WKH�HDUO\�PRUQLQJ�VXSSRUW�WKLV�DVVXPSWLRQ�
F ,Q�RUGHU�WR�JHW�D�VXPPDULVHG�YLHZ�RI�DLU�SROOXWLRQ��WKH�GHWHUPLQHG�DYHUDJH�FRQFHQWUDWLRQV�RI�WKH�SROOXWDQWV�IRU�HDFK�PRQLWRULQJ�VLWH�ZHUH�DGGHG��,Q�ILJXUH����VXPPHG�FRQFHQWUDWLRQV�DUH�LOOXVWUDWHG�
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0-�
%7�
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'80
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7,-
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0+= 76362�12�&2

)LJXUH�����6XPPHG�SROOXWDQW�FRQFHQWUDWLRQ�DW�HDFK�PRQLWRULQJ�VLWH�
$V�LW�FDQ�EH�VHHQ�LQ�ILJXUH����WKH�PRQLWRULQJ�VLWH�%7��ZDV�LGHQWLILHG�DV�WKH�PRVW�SROOXWHG�RQH��7KH�IROORZLQJ�ZHUH�0-��DQG�WKH�µWUDIILF�VLWHV¶�0+=�DQG�%$0�

F ,W�LV�GLIILFXOW�WR�FRPSDUH�WKH�DLU�PRQLWRULQJ�UHVXOWV�RI�'DPDVFXV�ZLWK�WKH�UHVXOWV�REWDLQHG�LQ�RWKHU� FLWLHV�� HVSHFLDOO\� LQ� GLIIHUHQW� JHRJUDSKLF� UHJLRQV�� 1HYHUWKHOHVV�� VXFK� D� FRPSDULVRQ�FDQ�EH�XVHIXO�WR�FODVVLI\�WKH�ORFDO�SROOXWLRQ�RQ�DQ�LQWHUQDWLRQDO�OHYHO�
F %HFDXVH�QR�FRPSDUDEOH�DLU�TXDOLW\�GDWD�RI�FLWLHV�LQ�WKH�VDPH�JHRJUDSKLF�UHJLRQ�ZDV�DYDLO�DEOH�� WKH�GDWD� RI�(XURSHDQ�DQG�6RXWK�$PHULFDQ� FLWLHV�ZDV�XVHG��7KH� DYHUDJH� FRQFHQWUD�WLRQV�RI�763��62���12� DQG�&2�IURP���IRUHLJQ�FLWLHV�DUH�FRPSDUHG�ZLWK�WKH�UHVXOWV�RI�'D�PDVFXV�LQ�ILJXUH������
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'DPDVFXV 9LHQQD $DFKHQ %HUOLQ 6DR�3DXOR +DPEXUJ �
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�

�76362�12�&2

763��62���12��J�P� &2PJ�P�

)LJXUH�����763��62���12� DQG�&2� LQ�'DPDVFXV��9LHQQD� ��������$DFKHQ� ��������%HUOLQ���������6mR�3DXOR��������DQG�+DPEXUJ���������VRXUFH��>��@�� >��@��>��@��>��@��>��@��
7KH�DYHUDJH�FRQFHQWUDWLRQ�RI�763�LV���WR���WLPHV�KLJKHU�LQ�'DPDVFXV�WKDQ�LQ�WKH�RWKHU�FLW�LHV��7KH�VSHFLILF�JHRJUDSKLFDO�DQG�FOLPDWLF�FRQGLWLRQV�LQ�'DPDVFXV�FRQWULEXWH�WR�WKLV�KLJK�OHYHO��
0DLQ�IDFWRUV�IRU�WKH�KLJK�OHYHO�RI�&2�DQG�62� FRQFHQWUDWLRQV�LQ�'DPDVFXV�LQ�FRPSDULVRQ�WR�WKH�FRQFHQWUDWLRQV�LQ�RWKHU�FLWLHV�DUH�WKH XQFRQWUROOHG�HPLVVLRQV�RI�IXHO�FRPEXVWLRQ�DQG�WKH�TXDOLW\�RI�IXHO�XVHG�
&RQFHUQLQJ� 12��� WKH� REWDLQHG� UHVXOWV� LQ� 'DPDVFXV� FRUUHVSRQG� WR� WKH� FRQFHQWUDWLRQV� LQ�RWKHU�ELJ�FLWLHV�



$LU�4XDOLW\�LQ�'DPDVFXV��

� 5HFRPPHQGDWLRQV
'XULQJ� WKH�GHVFULEHG�SLORW�DLU�TXDOLW\�PRQLWRULQJ��KLJK�FRQFHQWUDWLRQV�RI�DLU�SROOXWDQWV�ZHUH�UHFRUGHG� LQ�YDULRXV� DUHDV� RI�'DPDVFXV��(YHQ� LI� LQWHUQDWLRQDO� DLU� TXDOLW\� VWDQGDUGV�ZHUH� QRW�H[FHHGHG��WKH�OHYHO�RI�SROOXWLRQ�LV�FRPSDUDEO\�KLJK��,Q�RUGHU�WR�PDLQWDLQ�RU�UHJDLQ�D�TXDOLW\�RI�DPELHQW�DLU�WKDW�SURWHFWV�KXPDQ�KHDOWK�DQG�ZHOIDUH�LW�LV�QHFHVVDU\�WR�LPSOHPHQW�D�VXLWDEOH�DLU�TXDOLW\�PDQDJHPHQW�V\VWHP�ZKLFK�LQFOXGHV�DQ�DGHTXDWH�DLU�PRQLWRULQJ�SURJUDPPH�DV�ZHOO�DV�D�FDWDORJXH�RI�PHDVXUHV�WR�UHGXFH�RU�DYRLG�HPLVVLRQV�
$�IXUWKHU�DLU�TXDOLW\�PRQLWRULQJ�LV�QHHGHG�QRW�RQO\�WR UHJLVWHU�WKH�IXWXUH� WUHQGV�RI�DLU�SROOX�WLRQ��EXW�DOVR�DV�D�WRRO�IRU� WKH�GHILQLWLRQ�DQG�GHYHORSPHQW�RI�PHDVXUHV�IRU� WKH�UHGXFWLRQ�DQG�DYRLGDQFH�RI�HPLVVLRQV�DQG���ODVW�EXW�QRW�OHDVW��WR�FRQWURO�WKH�HIILFLHQF\�RI�LPSOHPHQWHG�HPLV�VLRQ� FRQWURO� PHDVXUHV�� ,Q� GHWDLO�� WKH� DLU� TXDOLW\� SURJUDPPH� VKRXOG� IRFXV� RQ� WKH� IROORZLQJ�SRLQWV�
F &RQWLQXDWLRQ�RI�WKH�FXUUHQW�DLU�TXDOLW\�PRQLWRULQJ�ZLWK�WKH�0RELOH�8QLW��LQ�RUGHU�WR�FRP�SOHWH�WKH�DOUHDG\�VDPSOHG�DLU�TXDOLW\�GDWD��E\�H[WHQGLQJ�WKH�PRQLWRULQJ�SHULRG�WR�WKH�ZLQ�WHUWLPH� �KHDWLQJ� SHULRG���&RQVLGHULQJ� WKH� UHVXOWV� RI� WKH� WHUPLQDWHG� SLORW�PRQLWRULQJ� SUR�JUDPPH��WKH�IXUWKHU�PRQLWRULQJ�VKRXOG�EH�DW�WKH�PRQLWRULQJ�VLWH�%7��DW�%DE�7XPD�VTXDUH��DV� WKH�KLJKHVW��0+=� LQ� WKH� FLW\� FHQWUH�� DV� D� WUDIILF� UHODWHG�PRQLWRULQJ� VLWH��7,-��7LMDUD���%6+��%DE�6KDUNL���0-���0XKDMULQ���':���'ZHOOD��DQG�0,'��0LGDQ���DV�UHVLGHQWLDO�DU�HDV��'80�LQ�'XPPDU�DV�WKH�UHIHUHQFH�DUHD�
F )RU�WKH�ORQJ�WHUP�DLU�TXDOLW\�PRQLWRULQJ�LQ�'DPDVFXV�WKH�LPSOHPHQWDWLRQ�RI�DQ�DLU�TXDOLW\�PRQLWRULQJ�QHWZRUN�LV�UHFRPPHQGHG��7KLV�QHWZRUN�VKRXOG�FRQVLVW�RI�D�QXPEHU�RI�VWDWLRQ�DU\�PRQLWRULQJ�XQLWV��7KH� ORFDWLRQ�RI� WKHVH�XQLWV� VKRXOG�EH� LQ�DUHDV�RI�KLJK�SROOXWLRQ�DV�ZHOO�DV�UHVLGHQWLDO��FRPPHUFLDO�DQG�LQGXVWULDO�DUHDV��&RQVLGHULQJ�WKH�EXLOG�XS�RI�D�QHFHV�VDU\� LQIUD�VWUXFWXUH�DQG�WKH�ILQDQFLQJ�RI�VXFK�D�QHWZRUN��WKH�LQVWDOODWLRQ�VKRXOG�EH�HVWDE�OLVKHG�VWHS�E\�VWHS��7KH�ILUVW�PRQLWRULQJ�VWDWLRQV�VKRXOG�EH�LQVWDOOHG�LQ�WKH�HDVWHUQ�SDUW�RI�WKH� ROG� FLW\�� LQ� DQ� DUHD� RI� VWURQJ� WUDIILF� LQIOXHQFH� �S�� H[��� <RXVHI� $O� $]PHK� VTXDUH� RU�%DUDPLNHK���DQG�LQ�D�UHVLGHQWLDO�DUHD�OLNH�0LGDQ��7LMDUD��0XKDMULQ�RU�'ZHOOD�
F 7KH�IXWXUH�ORQJ�WHUP�DLU�TXDOLW\�PRQLWRULQJ�VKRXOG�UHJLVWHU�ORQJ�WHUP�YDOXHV�OLNH�PRQWKO\�RU�DQQXDO�DYHUDJH�FRQFHQWUDWLRQV��EXW�DOVR�VKRUW�WHUP�YDOXHV����KRXU�RU����PLQXWH�DYHUDJH�FRQFHQWUDWLRQV��� LQ�RUGHU� WR� LGHQWLI\� FUXFLDO� VKRUW�WLPH�SROOXWLRQ�HSLVRGHV�DQG� WR�GHYHORS�VXLWDEOH�PHDVXUHV�WR�UHGXFH�RU�DYRLG�VXFK�VLWXDWLRQV��7R�REWDLQ�VXFK�GLIIHUHQW�W\SHV�RI�DLU�TXDOLW\�GDWD��WKH�QHWZRUN�VWDWLRQV�DUH�WR�EH�HTXLSSHG�ZLWK�DXWRPDWLF�FRQWLQXRXVO\�PHDVXU�LQJ� DQDO\VHUV� ZKLFK� ZLOO� EH� FRQWUROOHG� E\� D� FRPSXWHU� V\VWHP� IRU� WKH� UHJLVWUDWLRQ� DQG�HYDOXDWLRQ�RI�DLU�TXDOLW\�GDWD�
F 7KH�SLORW�DLU�TXDOLW\�PRQLWRULQJ�SURJUDPPH� IRU�'DPDVFXV� LQFOXGHG� WKH�PHDVXUHPHQW�RI�WKH�FRQFHQWUDWLRQ�RI�DOO�SDUWLFOHV�LQ�DLU��&RQFHUQLQJ�WKH�KHDOWK�HIIHFWV��WKH�PRVW�FULWLFDO�SDUW�RI� WKH� VXVSHQGHG� SDUWLFOHV� LV� WKH� IUDFWLRQ� RI� SDUWLFOHV� ZLWK� GLDPHWHUV� OHVV� WKDQ� ��� �P��30�����EHFDXVH�WKH\�FDQ�HQWHU�WKH�KXPDQ�UHVSLUDWRU\�RUJDQV��7KHUHIRUH��WKH�IXWXUH�PRQL�WRULQJ�VKRXOG�LQFOXGH�WKH�PRQLWRULQJ�RI WKRVH�ILQH�SDUWLFOHV�LQ�DLU�
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F ,Q�RUGHU�WR�HVWLPDWH� WKH�HIIHFWV�RI�SDUWLFOHV�LW� LV�QHFHVVDU\� WR�JHW�PRUH�LQIRUPDWLRQ�DERXW�WKH� LQJUHGLHQWV� RI� VXVSHQGHG� SDUWLFOHV�� 7KHUHIRUH�� VWXGLHV� DERXW� WKH� SDUWLFOH� FRPSRQHQWV�VKRXOG�EH�XQGHUWDNHQ��)LOWHUV�RI�763�VDPSOLQJ FDQ�EH�DQDO\VHG�LQ�FHUWDLQ�LQWHUYDOV��PRQWK��KDOI�\HDU� RU� VLPLODU�� DQG� ORZ�YROXPH� VDPSOHUV� FDQ�EH�XVHG� WR� VDPSOH� WKH� SDUWLFOHV�RYHU�ORQJHU�SHULRGV��7KH�ILUVW�DQDO\VLV�RI�FRPSRQHQWV�VKRXOG�FRYHU�D�ZLGH�UDQJH�RI�SROOXWDQWV��PHWDOV�� PLQHUDOV�� RUJDQLFV�� WR� LGHQWLI\� WKH� PDLQ� LQJUHGLHQWV� ZKLFK� VKRXOG� EH� DQDO\VHG�ODWHU�RQ�
F 7KH�FXUUHQW�DLU�TXDOLW\�PRQLWRULQJ�LQ�'DPDVFXV�LQFOXGHV�WKH�GHWHUPLQDWLRQ�RI�WKH�FRQFHQ�WUDWLRQ�RI�763��62���12� DQG�&2��7KH�IXWXUH�PRQLWRULQJ�QHWZRUN�VKRXOG�H[WHQG�WKH�PRQL�WRULQJ�WR�K\GURFDUERQV��ZKLFK�DUH�SUHVXPDEO\�HPLWWHG�LQ�FRQVLGHUDEOH�UDQJHV�E\�WKH�KLJK�QXPEHU� RI� XQFRQWUROOHG� ILULQJV� RI� IRVVLO� IXHOV�� 7KH� K\GURFDUERQ�PRQLWRULQJ� FDQ� EH� WKH�PHDVXULQJ�RI� WKH�WRWDO�K\GURFDUERQ��FRQWHQW� LQ�DPELHQW�DLU�XVLQJ�DXWRPDWLF�DQDO\VHUV��RU�WKH�PHDVXUHPHQW� RI� VSHFLILF� K\GURFDUERQV� �S�� H[�� EHQ]HQH�� SRO\F\FOLF� DURPDWLFV�� XVLQJ�JDV�VDPSOLQJ�GHYLFHV�DQG�ODERUDWRU\�DQDO\VLV�
F $OWKRXJK�VRPH� VSRW�PHDVXUHPHQWV� RI�R]RQH� LQ�6\ULD�JDYH� ORZ�FRQFHQWUDWLRQV�� LW� LV� UHF�RPPHQGHG�WR�LQFOXGH�R]RQH�PRQLWRULQJ�LQ�WKH�PRQLWRULQJ QHWZRUN�DW�RQH�VWDWLRQ�LQ�WKH�SH�ULSKHU\�RI�WKH�FLW\��S��H[��'XPPDU��0H]]DK��
F $V�WKH�UHVXOWV�RI�WKH�SLORW�DLU�TXDOLW\�PRQLWRULQJ�LQ�WKH�WUDIILF�LQIOXHQFHG�PRQLWRULQJ�VLWHV��VKRZHG�� WKH�PDLQ� SDUW� RI� SDUWLFOHV� VDPSOHG� DW� WKRVH� VLWHV�ZHUH� ILQH� DQG� EODFN� SDUWLFOHV�ZKLFK�ZHUH�SUHGRPLQDWHO\� HPLWWHG�DV� VRRW� IURP�GLHVHO� IXHOOHG�YHKLFOHV��&RQVLGHULQJ� WKH�VHULRXV�HIIHFWV�RI�VRRW�RQ�KHDOWK��LW�LV�QHFHVVDU\�WR�LQWHJUDWH�VRRW�PRQLWRULQJ�LQ�WKH�IXWXUH�DLU�TXDOLW\�PRQLWRULQJ�SURJUDPPH�LQ�PRQLWRULQJ�VLWHV�LQIOXHQFHG�E\�WUDIILF�
F ,Q�RUGHU�WR�FRYHU�DOO�PHQWLRQHG�DVSHFWV�DQG�H[WHQVLRQV�RI�D�IXWXUH�DLU�TXDOLW\�PDQDJHPHQW�V\VWHP�DQG�WR�HVWDEOLVK�D�FRQVLVWHQW�FRQFHSW�� WKH�HODERUDWLRQ�RI�DQ�µ$LU�4XDOLW\�0DQDJH�PHQW�&RQFHSW¶�LV�UHFRPPHQGHG��7KLV�FRQFHSW�VKRXOG�LQFOXGH�x PRQLWRULQJ�VLWHV��SROOXWDQWV��SHULRGV�DQG�IUHTXHQF\x UHJLVWUDWLRQ��SURFHVVLQJ�DQG�HYDOXDWLRQ�RI�GDWDx LQIUD�VWUXFWXUH�DQG�RUJDQLVDWLRQ�IRU�RSHUDWLRQ�RI�WKH�QHWZRUNx EXLOG�XS�RI�WKH�PRQLWRULQJ�QHWZRUN��WHFKQLFDO��ILQDQFLDO��RUJDQLVDWLRQDO��
$Q�DLU�TXDOLW\�PRQLWRULQJ�SURJUDPPH�FDQ�VXSSRUW�WKH�LGHQWLILFDWLRQ�RI�DLU�SROOXWLRQ�SUREOHPV�DQG�WKH�GHYHORSPHQW�RI�PHDVXUHV�WR�UHGXFH�DLU�SROOXWLRQ�DQG�WR�LPSURYH�WKH�DPELHQW�DLU�TXDO�LW\��%XW�LQ�RUGHU�WR�LPSURYH�WKH�DLU�TXDOLW\��PHDVXUHV�WR�UHGXFH�HPLVVLRQ�DQG�WR�SURPRWH�WKH�GLOXWLRQ�RU GHFRPSRVLWLRQ�RI�SROOXWDQWV�KDYH�WR�EH�GHYHORSHG�DQG�LPSOHPHQWHG��
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%DVHG�RQ�WKH�UHVXOWV�SUHVHQWHG�LQ�WKH�HPLVVLRQ�LQYHQWRU\�DQG�WKH�SLORW�DLU�TXDOLW\�PRQLWRULQJ�DQG� FRQVLGHULQJ� WKH� LQIRUPDWLRQ�RI� IRUPHU� DLU� TXDOLW\� VWXGLHV�� WKH� IROORZLQJ�EDVLF�PHDVXUHV�DUH�UHFRPPHQGHG�
F %HIRUH� VXLWDEOH�PHDVXUHV� WR� UHGXFH�RU�DYRLG� HPLVVLRQ�DQG� WR� LPSURYH�DLU�TXDOLW\� FDQ�EH�GHYHORSHG�� WKH� JRDOV� RI� DLU� TXDOLW\� PDQDJHPHQW� KDYH� WR� EH� GHILQHG�� 7HFKQLFDOO\� WKHVH�JRDOV�ZLOO��EH�H[SUHVVHG�LQ�DLU�TXDOLW\�DQG�HPLVVLRQ�VWDQGDUGV�ZKLFK KDYH�WR�EH�WR�REH\HG��7KH� HVWDEOLVKPHQW�RI� VXFK� VWDQGDUGV� VKRXOG� FRQVLGHU� LQWHUQDWLRQDO� H[SHULHQFHV� DQG� ORFDO�FRQGLWLRQV�DQG�UHTXLUHPHQWV��%HFDXVH�DLU�TXDOLW\�PDQDJHPHQW�LV�FRQQHFWHG�WR�VHYHUDO�DU�HDV��VXFK�DV� WUDQVSRUW��HQHUJ\��SODQQLQJ��GHYHORSPHQW�DQG�WKH�HQYLURQPHQW�� WKHVH�VHFWRUV�VKRXOG�EH�LQYROYHG�LQ�WKH�SURFHVV�RI�GHILQLQJ�JRDOV�DQG�VWDQGDUGV�
F ,Q�RUGHU�WR�UHGXFH�WKH�DLU�SROOXWLRQ�JHQHUDWHG�E\�YHKLFOH�WUDIILF��ZKLFK�ZDV�LGHQWLILHG�DV�WKH�PDLQ�FRQWULEXWRU�WR�DLU�SROOXWLRQ�LQ�'DPDVFXV��PHDVXUHV�WR�UHGXFH�WUDIILF�FDXVHG�HPLVVLRQV�VKRXOG�LQFOXGH�x LPSURYHPHQW�RI�IXHO�TXDOLW\��S��H[��UHGXFLQJ�WKH�VXOSKXU�FRQWHQW�LQ�GLHVHO�IXHOx UHJXODUO\�FRQWURO�RI�YHKLFOH�HPLVVLRQ�E\�PHDVXUHPHQW�RI�HYHU\�YHKLFOHx SURPRWLRQ�RI�WKH�XVH�RI�FDWDO\VW�YHKLFOHV��S��H[��ILQDQFLDO�DSSHDOV�
F 7KH�SXEOLF� WUDQVSRUW� VHFWRU� LQ�'DPDVFXV� LV�EDVHG�RQ� VR�FDOOHG� ³PLQL�EXVVHV´��ZKLFK�DUH�WKH� SULPDU\� VRXUFH� RI� WUDQVSRUW� FDXVHG� DLU� SROOXWLRQ� LQ� 'DPDVFXV� HVSHFLDOO\� GXULQJ� WKH�UXVK�KRXU�LQ�WKH�PRUQLQJ�DQG�WKH�HYHQLQJ��,Q�RUGHU�WR�UHGXFH�WKH�HPLVVLRQ�IURP�WKLV�VHFWRU�D�VXLWDEOH�SXEOLF�WUDQVSRUW�FRQFHSW�LV�QHFHVVDU\��7KLV�FRQFHSW�VKRXOG�LQFOXGH�DQ�DGHTXDWH�QHWZRUN�RI�OLQHV��UXQQLQJ�LQWHUYDOV��GHFHQWUDOLVDWLRQ�RI�WUDIILF��H[WHQVLRQ�RI�HOHFWULF�WUDLQV��WUDPV�HWF��IRU�UHJLRQDO�WUDQVSRUW�
F 7KH�SRVVLELOLW\�RI�UHGXFLQJ�XUEDQ�WUDIILF�E\�H[FOXGLQJ�YHKLFOHV�IURP�FHUWDLQ�DUHDV�VKRXOG�EH�VWXGLHG��)RU� H[DPSOH�� WKH�ROG�FLW\� RI�'DPDVFXV� LV�FKDUDFWHULVHG�E\�VPDOO�DQG�QDUURZ�VWUHHWV�DQG�DQFLHQW�DUFKLWHFWXUH��ZKLFK�FRQVWUDLQV� WKH�GLVSHUVLRQ�DQG�GLOXWLRQ�RI�SROOXWLRQ�JHQHUDWHG��7KHUHIRUH��WKH�DLU�SROOXWLRQ�FDXVHG�E\�YHKLFOHV�DQG�KRXVHKROG�KHDWLQJ�LQ�WKH�ROG�FLW\�VWD\V�LQVLGH�WKH�VPDOO�VWUHHWV�IRU�D�ORQJ�WLPH��$�UHGXFWLRQ�RU�DYRLGDQFH�RI�WUDIILF�LQ�WKLV�SDUW�RI�'DPDVFXV�ZRXOG�JUHDWO\�LPSURYH�WKH�DLU�TXDOLW\�
F ,Q�RUGHU�WR�UHGXFH WKH�HPLVVLRQV�E\�IXHO�FRPEXVWLRQ�LQ�KRXVHKROGV��FRPPHUFH�DQG�LQGXV�WU\��WKH�LPSOHPHQWDWLRQ�RI�PRGHUQ�FRPEXVWLRQ�WHFKQRORJLHV�IRU�RYHQV�DQG�IXUQDFHV�VKRXOG�EH�SURPRWHG�
F 7KH�SURPRWLRQ�RI� WKH�XVH�RI� UHJHQHUDWLYH�HQHUJLHV��S��H[��� VXQ�HQHUJ\�� IRU�GRPHVWLF�DQG�FRPPHUFLDO�XVH�LQVWHDG�RI�IRVVLO�IXHOV�FDQ�FRQWULEXWH�WR�WKH�UHGXFWLRQ�RI�IXHO�FRPEXVWLRQ�EDVHG�HPLVVLRQ�
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F $V�WKH�PHDVXUHPHQW�RI�ZLQG�SDUDPHWHUV�LQ�WKH�GLIIHUHQW�PRQLWRULQJ�VLWHV�VKRZHG��WKH�ZLQG�YHORFLW\�LQVLGH�WKH�WRZQ�ZDV�OHVV�WKDQ�LQ�WKH�VXUURXQGLQJV� +LJK�ZLQG�VSHHGV�FRQWULEXWH�WR�WKH�GLVSHUVLRQ�RI�SROOXWDQWV��WKHUHIRUH��D�SURPRWLRQ�RI�EHWWHU�ZLQG�ILHOGV�VKRXOG�EH�FRQVLG�HUHG�LQ�XUEDQ�SODQQLQJ��)RU�H[DPSOH��JUHHQ�DUHDV�DV�³FRROLQJ�LVODQGV´��FDQ�SURYRNH�DQ�LQ�FUHDVLQJ�WXUEXOHQFH��WKH�SODQQLQJ�RI�QHZ�EXLOGLQJ�DUHDV�VKRXOG�FRQVLGHU�WKH�LQWHJUDWLRQ�RI�JUHHQ�DUHDV�DQG�ZLQG�³FDQ\RQV´�WR�LPSURYH�WKH�LQQHU�XUEDQ�ZLQG�IORZ�
F $OO�WKH�PHQWLRQHG�PHDVXUHV�QHHG�WR�EH�DFFRPSDQLHG�E\�SURJUDPPHV�RI�SXEOLF�DZDUHQHVV�DQG�HQYLURQPHQWDO�HGXFDWLRQ��LQ�RUGHU�WR�JHQHUDWH�SXEOLF�FRQVFLRXVQHVV�RI�HQYLURQPHQWDO��HVSHFLDOO\�DLU�TXDOLW\�SUREOHPV�DQG�WKHLU�VROXWLRQV��(YHU\ERG\�FRQWULEXWHV�WR�DLU�SROOXWLRQ�DQG�HYHU\ERG\�FDQ�UHGXFH�KLV�RU�KHU�FRQWULEXWLRQ��S��H[���VZLWFK�RII�WKH�FDU�ZKLOH�SDUNLQJ��XVH�OHVV�IXHO�FRQVXPLQJ�YHKLFOHV��XVH�PRGHUQ�KHDWLQJ�WHFKQRORJLHV�
F $�GHWDLOHG�FDWDORJXH�RI� VXLWDEOH�PHDVXUHV�RI�HPLVVLRQ� UHGXFWLRQ� VKRXOG�EH�HODERUDWHG� LQ�FR�RSHUDWLRQ�RI�UHSUHVHQWDWLYHV�RI�DOO�LQYROYHG�DUHDV��WUDQVSRUW��SODQQLQJ��HQHUJ\��PHWHRU�RORJ\��UHVHDUFK�DQG�HQYLURQPHQW��DQG�VKRXOG�FRQVLGHU�LQWHUQDWLRQDO�H[SHULHQFHV�DQG�VWDQ�GDUGV�
7KH�DERYH�PHQWLRQHG�UHFRPPHQGDWLRQV�ZLOO�EH�GHWDLOHG�DQG�VWUXFWXUHG�LQ�DQ�DLU�TXDOLW\�PRQL�WRULQJ�SURJUDPPH�IRU�'DPDVFXV�
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5HIHUHQFHV>�@ 6\ULDQ�+LJK�&RPPLVVLRQ�IRU�(QYLURQPHQWDO�$IIDLUV��3URSRVDO�RI�6\ULD Q�6WDQGDUGV�IRU�$LU�3ROOXWDQWV��DWPRVSKHUH�´��'DPDVFXV������>�@ :RUOG�+HDOWK�2UJDQLVDWLRQ��*XLGHOLQHV�IRU�$LU�4XDOLW\��*HQHYD������>�@ )HGHUDO�0LQLVWU\�IRU�(QYLURQPHQW��1DWXUH�&RQVHUYDWLRQ�DQG�5HFWRU�6DIHW\�� 7HFKQLFDO�,QVWUXFWLRQV�RQ�$LU�4XDOLW\�&RQWURO� �7HFKQLVFKH�$QOHLWXQJ�]XU�5HLQKDOWXQJ�GHU�/XIW��7$�/XIW���%RQQ������>�@ ��QG 2UGLQDQFH�IRU�WKH�H[HFXWLRQ�RI�WKH�)HGHUDO�,PPVVLRQ�&RQWURO�$FW��2UGLQDQFH�DERXW�DLU�TXDOLW\�VWDQGDUGV������%,P6FK9��RI�����2FWREHU�������%*%O��,�6��������>�@ ��UG 2UGLQDQFH�IRU�WKH�H[HFXWLRQ�RI�WKH�)HGHUDO�,PPVVLRQ�&RQWURO�$FW��2UGLQDQFH�DERXW�WKH�GHILQLWLRQ�RI�DLU�TXDOLW\�VWDQGDUGV������%,P6FK9��RI�����'HFHPEHU�������%*%O��,�6��������>�@ (XURSHDQ�8QLRQ��'LUHFWLYH���������(*�RI�����$SULO������DERXW�FRQFHQWUDWLRQV�RI�VXOSKXU�GLR[LGH��QLWURJHQ�GLR[LGH�DQG�QLWURJHQ�R[LGHV��SDUWLFOHV�DQG�OHDG�LQ�DLU�>�@ *RYHUQRUDWH�RI�'DPDVFXV��6XUYH\������>�@ 6\ULDQ�$UDE�5HSXEOLF��2IILFH�RI�WKH�3ULPH�0LQLVWHU��&HQWUDO�%XUHDX�RI�6WDWLVWLFV��6WDWLVWLFDO�$EVWUDFW�������)LIW\�<HDU��'DPDVFXV������>�@ 6\ULDQ�1RUP����������'LHVHO�>��@ 6\ULDQ�1RUP�����������6XSHU�JDVROLQH�>��@ 6\ULDQ�1RUP�����������1RUPDO�JDVROLQH�>��@ (65&��6XPPDU\�RI�&RXQWU\�6WXG\�RQ�&OLPDWH�&KDQJHV�GXH�WR�JUHHQKRXVH�JDVHV�� 'DPDVFXV������>��@ 6DGNRS�LQIRUPDWLRQ�>��@ 8PZHOWEXQGHVDPW��(UPLWWOXQJ�GHU�PLWWOHUHQ�(PLVVLRQVIDNWRUHQ�]XU�'DUVWHOOXQJ�GHU�(PLVVLRQVHQWZLFNOXQJ�DXV�)HXHUXQJVDQODJHQ�LP�%HUHLFK�GHU�+DXVKDOWH�XQG�.OHLQYHUEUDXFKHU��7H[WH��������%HUOLQ������>��@ 8QLWHG�1DWLRQV�(QYLURQPHQW�3URJUDPPH��81(3���2UJDQLVDWLRQ�IRU�(FRQRPL F�&R�RSHUDWLRQ�DQG�'HYHORSPHQW��2(&'���,QWHUQDWLRQDO�(QHUJ\�$JHQF\��,($���,QWHUJRYHUQPHQWDO�3DQHO�RQ�&OLPDWH�&KDQJH��,3&&���*UHHQKRXVH�*DV�,QYHQWRU\��,3&&�*XLGHOLQHV�IRU�1DWLRQDO�*UHH Q�KRXVH�*DV�,QYHQWRULHV��/RQGRQ������>��@ 86�(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��)DFWRU�,QIRUPDWLRQ�5HWULHYDO�'DWD�6\VWHP��)LUH�������������>��@ %RXEHO��5LFKDUG�:��HW�DO��)XQGDPHQWDOV�RI�$LU�3ROOXWLRQ��$FDGHPLF�3UHVV��6DQ�'LHJR������>��@ 0LQLVWU\�RI�'HIHQFH��0HWHRURORJLFDO�'HSDUWPHQW��'DPDVFXV��0RQWKO\�DYHUDJHV�DQG�H [�WUHPHV������������'DPDVFXV�1HZ�$LUSRUW�>��@ 6\ULDQ�$WRPLF�(QHUJ\�&RPPLVVLRQ��6WXG\�RI�SDUWLFXODWHV�DQG�KHDY\�HOHPHQWV�LQ�DLU�RI�VRPH�6\ULDQ�FLWLHV��)LQDO�UHSRUW�RQ�VFLHQWLILF�UHVHDUFK��'DPDVFXV������>��@ )UHLH�XQG�+DQVHVWDGW�+DPEXUJ��/XIWUHLQKDOWXQJ�LQ�+DPEXUJ����� ELV�������+DPEXUJ������>��@ 6WDGW�$DFKHQ��8PZHOWEHULFKW������± /XIW��$DFKHQ�������>��@ 8PZHOWEXQGHVDPW��(QYLURQPHQWDO�'DWD�*HUPDQ\�������%HUOLQ�������>��@ 0DJLVWUDW�GHU�6WDGW�:LHQ��:LHQHU�8PZHOW �%HULFKW��%HLWUlJH�]XP�8PZHOWVFKXW]�������+HIW�����:LHQ�������>��@ &RPSDQKLD�GH�7HFQRORJLD�GH�6DQHDPHQWR�$PELHQWDO��5HODWyULR�GD�4XDOLGDGH�GR�$U�QR�(VWDGR�GH�6mR�3DXOR�������6mR�3DXOR�������
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*ORVVDU\%$0 0RQLWRULQJ�VLWH�LQ�'DPDVFXV��VHH�ILJXUH������%DUDPLNHK%*%/ %XQGHV�*HVHW]EODWW��2IILFLDO�'LDU\�IRU�SXEOLFDWLRQ�RI�*HUPD�OHJLVODWLRQ%,P6FK* %XQGHV�,PPLVVLRQVVFKXW]JHVHW]��*HUPDQ�)HGHUDO�,PPLVVLRQ�&RQWURO�$FW��*HUPDQ�$LU�4XDOLW\�/DZ�%,P6FK* %XQGHV�,PPLVVLRQVVFKXW]YHURUGQXQJ��*HUPDQ�2UGLQDQFHV�IRU�WKH�UHDOLVDWLRQ�RI�WKH�%,P6FK*%6+ 0RQLWRULQJ�VLWH�LQ�'DPDVFXV �VHH�ILJXUH������%DE�6KDUNL%7 0RQLWRULQJ�VLWH�LQ�'DPDVFXV��VHH�ILJXUH������%7�� 0DNWDE�$PEDU�2IILFH��%7��± %DE�7XPD�VTXDUH': 0RQLWRULQJ�VLWH�LQ�'DPDVFXV��VHH�ILJXUH������':�� 'ZHOOD�+RVSLWDO��':7��± -UDPDQD��,EUD�KLP�$O�.KDOLO�&RQYHQW'80 0RQLWRULQJ�VLWH�LQ�'DPDVFXV��VHH�ILJXUH������0DVKUR�'XPPDU(3$ (QYLURQPHQWDO�3URWHFWLRQ�$JHQF\�RI�WKH�8QLWHG�6WDWHV�RI�$PHULFD(65& (QYLURQPHQWDO�	�6FLHQWLILF�5HVHDUFK�&HQWUH�RI�WKH�6\ULDQ�$UDE�5HSXEOLF(:* (XURSlLVFKH�:LUWVFKDIWVJHPHLQVFKDIWIRUPHU�QDPH�RI�WKH�(8(8 (XURSHDQ�8QLRQ*7= 'HXWVFKH�*HVHOOVFKDIW�I�U�7HFKQLVFKH�=XVDPPHQDUEHLW��*7=��*PE+��*HUPDQ�6RFLHW\�IRU�WHFKQLFDO�FRRSHUDWLRQ+96 +LJK�9ROXPH�6DPSOHU�IRU�763�PRQLWRULQJ,($ ,QWHUQDWLRQDO�(QHUJ\�$JHQF\,/2 ,QWHUQDWLRQDO�/DERXU�2UJDQLVDWLRQ,3&& ,QWHUQDWLRQDO�3DQHO�RQ�&OLPDWH�&KDQJH-2 0RQLWRULQJ�VLWH�LQ�'DPDVFXV��VHH�ILJXUH������-2�� LQ�-REDU�DW�WKH�$O�'MLKDG�6FKRRO��-2��± LQ�-REDU�7LED0,' 0RQLWRULQJ�VLWH�LQ�'DPDVFXV��VHH�ILJXUH������0LGDQ0- 0RQLWRULQJ�VLWH�LQ�'DPDVFXV��VHH�ILJXUH������0-�� LQ�0XKDMULQ��6DODKDGGLQ�$O�$\RXEL�6FKRRO��0-��± LQ�0XKDMULQ��DW�FHPHWHU\��0-��± LQ�PXKDMULQ�DW�.KRUVKLG�VTXDUH0+= 0RQLWRULQJ�VLWH�LQ�'DPDVFXV��VHH�ILJXUH������<RXVHI�$O�$]PHK�VTXDUH2(&' 2UJDQLVDWLRQ�IRU�(FRQRPLF�&R�RSHUDWLRQ�DQG�'HYHORSPHQW30�� 3DUWLFXODWH�0DWWHU�ZLWK�GLDPHWHU�OHVV�WKDQ�����P7$�/XIW *HUPDQ�7HFKQLFDO�,QVWUXFWLRQV�RQ�$LU�4XDOLW\�&RQWURO��7&0 7HWUDFKORURPHUFXUDWH��D�FKHPLFDO�VXEVWDQFH�IRU�DQDO\VLV7,- 0RQLWRULQJ�VLWH�LQ�'DPDVFXV��VHH�ILJXUH������7LMDUD763 7RWDO�6XVSHQGHG�3DUWLFXODWHVDOO�SDUWLFOHV�VXVSHQGHG�LQ�DPELHQW�DLU81(3 8QLWHG�1DWLRQV�(QYLURQPHQWDO�3URJUDPPH:+2 :RUOG�+HDOWK�2UJDQLVDWLRQD DQR��\HDUKD KHFWDUH�� �������P��O OLWUHO�D OLWUH�SHU�\HDUNJ�O NLORJUDP�SHU�O��GHQVLW\�NW�D NLOR�WRQV�SHU�\HDUW�D WRQV�SHU�\HDUPJ PLOOLJUDP������WK JUDP� �������J� ����� J��J PLFURJUDP���������WK JUDP� ����������J� ������J�PJ�P� PLOOLJUDP�SHU�FXELF�PHWHU��FRQFHQWUDWLRQ�P�V PHWHU�SHU�VHFRQG��YHORFLW\��J�P� PLFURJUDP�SHU�FXELF�PHWHU��FRQFHQWUDWLRQ��P PLFURPHWHU���������WK PHWHU� ����������P� ����� P�
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$QQH[
7DEOH�$� ��K�DYHUDJH�FRQFHQWUDWLRQV�DW�PRQLWRULQJ�VLWH�0+=7DEOH�%� ��K�DYHUDJH�FRQFHQWUDWLRQV�DW�PRQLWRULQJ�VLWH�%$07DEOH�&� ��K�DYHUDJH�FRQFHQWUDWLRQV�DW�PRQLWRULQJ�VLWH�7,-7DEOH�'� ��K�DYHUDJH�FRQFHQWUDWLRQV DW�PRQLWRULQJ�VLWH�0,'7DEOH�(� ��K�DYHUDJH�FRQFHQWUDWLRQV�DW�PRQLWRULQJ�VLWH�'807DEOH�)� ��K�DYHUDJH�FRQFHQWUDWLRQV�DW�PRQLWRULQJ�VLWH�':�7DEOH�*� ��K�DYHUDJH�FRQFHQWUDWLRQV�DW�PRQLWRULQJ�VLWH�%7�7DEOH�+� ��K�DYHUDJH�FRQFHQWUDWLRQV�DW�PRQLWRULQJ�VLWH�-2�7DEOH�,� ��K�DYHUDJH�FRQFHQWUDWLRQV�DW�PRQLWRULQJ�VLWH�0-�7DEOH�-� ��K�DYHUDJH�FRQFHQWUDWLRQV�DW�PRQLWRULQJ�VLWH�0-�7DEOH�.� ��K�DYHUDJH�FRQFHQWUDWLRQV�DW�PRQLWRULQJ�VLWH�%6+
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