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7UDFN�GHQVLW\�ZDV�HVWLPDWHG�E\�FRXQWLQJ�WUDFNV�DORQJ�WUDQVHFWV�DW����ORFDWLRQVDFURVV�VL[�RI�WKH�VHYHQ�JUD]LQJ�JUDGLHQWV��7UDQVHFWV�ZHUH�ORFDWHG�DW�WKH�VWXG\VLWHV�DQG�DW�LQWHUPHGLDWH�VDPSOLQJ�ORFDWLRQV�HTXLGLVWDQW�EHWZHHQ�WKHP��7KHWUDQVHFWV�ZHUH�RULHQWDWHG�SHUSHQGLFXODU�WR�WKH�GLUHFWLRQ�RI�WKH�QHDUHVW�ZDWHULQJSRLQW��ZLWK�HDFK�WUDQVHFW�DSSUR[LPDWHO\���P�LQ�OHQJWK��$W�HDFK�VDPSOLQJORFDWLRQ�WKUHH�WUDQVHFWV�ZHUH�ZDONHG�LQ�HDFK�PDMRU�ODQG�XQLW�SUHVHQW��WZR�PXOJDSDGGRFNV�FRQWDLQHG�WZR�PDMRU�XQLWV��EXW�WUDFN�IUHTXHQFLHV�GLG�QRW�GLIIHUVLJQLILFDQWO\�EHWZHHQ�WKHP���2FFDVLRQDO�ORFDO�WRSRJUDSKLF�IHDWXUHV��H�J��ORZULVHV�RU�GUDLQDJH�IRFL���ZKLFK�FDQ�LQIOXHQFH�WUDFN�SDWWHUQV��/DQJH��������ZHUH



�

DYRLGHG��DQG�PLQRU��ORFDO�DQDVWRPRVHV�ZHUH�FRQVLGHUHG�VLQJOH�WUDFNV��2QO\WKRVH�WUDFNV�ZLWK�FOHDUO\�UHFRJQLVDEOH�FRXUVHV�ZHUH�FRXQWHG��7UDFN�FRXQWLQJZDV�FRQGXFWHG�LQ�1RYHPEHU�������7KH�SURFHGXUH�ZDV�UDSLG��ZLWK�HDFK�VLWHJHQHUDOO\�WDNLQJ�OHVV�WKDQ�WHQ�PLQXWHV�WR�FRPSOHWH�
7UDFN�GHQVLW\�GHFOLQHG�H[SRQHQWLDOO\�ZLWK�LQFUHDVLQJ�GLVWDQFH�IURP�ZDWHU��)LJ�����7KLV�LQGLFDWHV�H[WUHPHO\�LQWHQVH�DFWLYLW\��JUD]LQJ��WUDPSOLQJ��GHIHFDWLRQ�DQGVR�IRUWK��QHDU�ZDWHU�DQG�D UDSLG�GHFOLQH�LQ�DFWLYLW\�DZD\�IURP�ZDWHU��7UDFNGHILQLWLRQ�DOVR�GHFOLQHG�ZLWK�LQFUHDVLQJ�GLVWDQFH�IURP�ZDWHU��WUDFNV�EHFDPHVKDOORZHU�DQG�KDG OHVV�FOHDUO\�GHILQHG�PDUJLQV�
7KH�ORJLF�XQGHUO\LQJ�WUDFN�GHQVLW\�DV�D�VXUURJDWH�IRU�JUD]LQJ�EHKDYLRXU�LV�WKDWDUHDV�RI�KLJKHU�WUDFN�VKRXOG�UHIOHFW�DUHDV�WKDW�KDYH�EHHQ�XVHG�PRUH�KHDYLO\�DQGIRU�ORQJHU�SHULRGV�RI�WLPH�LQ�LQGLYLGXDO�SDGGRFNV��,Q�VRXWKHUQ�$XVWUDOLDQUDQJHODQGV��VKHHS�WUDFNV�EUDQFK�RXW�IURP�ZDWHU�DQG�EHFRPH�OHVV�GLVWLQFW�DVDQLPDOV�IDQ�RXW�WR�JUD]H��$UQROG�	�'XG]LQVNL��������$UHDV�RI�KLJK�WUDFN�GHQVLW\UHIOHFW�DUHDV�ZKHUH�JUD]LQJ�DFWLYLW\�LV�OLNHO\�WR�KDYH�EHHQ�KHDY\�LQ�WKH�SDVW��EXWPRUH�UHFHQW�JUD]LQJ�DFWLYLW\�PD\�EH�RFFXUULQJ�LQ�DUHDV�ZKHUH�ZHOO�GHILQHGWUDFNV�KDYH�QRW�\HW�GHYHORSHG��7KHUHIRUH��WUDFN�GHQVLW\�LV�DW�EHVW�D�UHODWLYH�UDWKHU�WKDQ�DQ�DEVROXWH�LQGLFDWLRQ�RI�ORQJ�WHUP�JUD]LQJ�DFWLYLW\��+RZHYHU��LW�KDVDGYDQWDJHV�RYHU�RWKHU�FRPPRQO\�XVHG�VXUURJDWHV��LQFOXGLQJ�DQLPDO�FRXQWV�GXQJ�DFFXPXODWLRQ�DQG�VZDUG�XWLOLVDWLRQ��&RPSDUHG�ZLWK�WKHVH�VXUURJDWHV�WUDFN�GHQVLW\�UHIOHFWV�D�PXFK�ORQJHU�WLPH�IUDPH��DQG�LW�LV�DOVR�TXLFNHU�DQG�HDVLHUWR�VDPSOH�
8QOLNH�YHJHWDWLRQ�FRYHU��WUDFN�GHQVLW\�LV�OHVV�OLNHO\�WR�EH�ERWK�D�FDXVH�DQG�DFRQVHTXHQFH�RI�JUD]LQJ�DFWLYLW\��+RZHYHU��DV�DOO�VWRFN�JUD]LQJ�SDWWHUQV�SDUWLDOO\UHIOHFW�SUHYLRXV�JUD]LQJ�LPSDFWV��H�J��IDYRXULQJ�RU�DYRLGLQJ�GHJUDGHG�DUHDV���DWRWDOO\�LQGHSHQGHQW�VXUURJDWH�PD\�EH�LOOXVRU\�
7KH�WUDFN�GHQVLW\�PHDVXUPHQWV�ZHUH�XVHG�WR�GHYHORS�D�GHQVLW\�EDVHG�PRGHO�RIJUD]LQJ�DFWLYLW\�WKDW�LQFRUSRUDWHG�SDGGRFN�SDUDPHWHUV�OLNHO\�WR�LQIOXHQFH�JUD]LQJEHKDYLRXU��7KH�FDQGLGDWH�YDULDEOHV�VHOHFWHG�IRU�PRGHOOLQJ�WUDFN�GHQVLW\�DQG�WKHUDWLRQDOH�IRU�WKHLU�VHOHFWLRQ�DUH�SUHVHQWHG�EHORZ�'� �GLVWDQFH�IURP�ZDWHU��FKRVHQ�EHFDXVH�RI�LWV�FULWLFDO�LPSRUWDQFH�LQ�DULGUDQJHODQGV�DV�GLVFXVVHG6� �VDOLQLW\�RI�ZDWHU��FKRVHQ�EHFDXVH�RI�LWV�SRWHQWLDO�WR�FRQVWUDLQ�WKHGLVWDQFH�VKHHS��WKH�SUHGRPLQDQW�OLYHVWRFN�LQ�WKLV�VWXG\��FDQ�WUDYHOEHWZHHQ�GULQNV$� �DJH�RI�ZDWHULQJ�SRLQW��FKRVHQ�EHFDXVH�RI�LWV�SRWHQWLDO�WR�LQIOXHQFHDFFXPXODWHG�LPSDFW�RQ�VSDWLDO�SDWWHUQV�RI�IRUDJH�DYDLODELOLW\�DQGWKHUHIRUH�GLVWDQFH�DQLPDOV�PXVW�WUDYHO�DORQJ�WUDFNV�EHIRUHVSUHDGLQJ�RXW�WR�JUD]H1� �DYHUDJH�QXPEHU�RI�VKHHS�XVLQJ�WKH�ZDWHULQJ�SRLQW��ZKLFK�ZDVFKRVHQ�IRU�WKH�VDPH�UHDVRQ�DV�DJH�
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7KH�PLQLPDO�PRGHO��VHQVX�&UDZOH\������ WKDW�EHVW�UHIOHFWHG�YDULDWLRQ�LQ�WUDFNIUHTXHQF\�ZLWKLQ�DQG�DPRQJ�SDGGRFNV�ZDV�/Q��7)�� �����±����'�±�����$��7KH�SHUFHQWDJH�RI�YDULDWLRQ�DFFRXQWHG�IRU�ZDV������DQG�DOO�WHUPV�ZHUH�KLJKO\VLJQLILFDQW��S��������
3UHGLFWHG�VKHHS�DFWLYLW\�GHULYHG�IURP�WKH�5$1*(3$&.�JUD]LQJ�DFWLYLW\�PRGHOZDV�WKH�VHFRQG�VXUURJDWH�XVHG�WR�PRGHO�JUD]LQJ�KLVWRU\��7KH�EDVLF�PRGHOLQSXWV�DUH�GLVWDQFH�IURP�ZDWHU��'���ZDWHU�VDOLQLW\��6��DQG�D�YDULDEOH�IRU�UHODWLYHJUD]LQJ�SUHIHUHQFHV�IRU�GLIIHUHQW�YHJHWDWLRQ�W\SHV��3���7KHVH�DUH�FRPELQHG�LQDQ�H[SRQHQWLDO�GHFD\�IXQFWLRQ�WR�SUHGLFW�UHODWLYH�JUD]LQJ�DFWLYLW\�DW�D�SRLQW�5*$��WKXV�5*$ H�&
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5$1*(3$&.�SUHGLFWHG�DFWLYLW\�DQG�PRGHOOHG�WUDFN�GHQVLW\�ZHUH�HDFK�XVHG�WRFDOFXODWH�DOWHUQDWH�HVWLPDWHV�RI�WRWDO�JUD]LQJ�KLVWRU\��VKHHS�\HDUV�SHU�KHFWDUH�IRU�WKH�VWXG\�VLWHV��XVLQJ�D�UDVWHU�EDVHG�*,6�DQG�WKH�IROORZLQJ�SURFHGXUH��)RUHDFK�KHFWDUH�SL[HO�ZLWKLQ�D�SDGGRFN��WKH�SURFHVV�LQYROYHG�x HVWLPDWLQJ�WKH�SURSRUWLRQ�RI�WKH�SDGGRFN¶V�WRWDO�JUD]LQJ�DFWLYLW\�WKDWKDG�RFFXUUHG�LQ�WKDW�SL[HO��XVLQJ�WKH�GHFD\�IXQFWLRQV�IURP�DOO�ZDWHULQJSRLQWV�DQG�UHJLRQDO�OLYHVWRFN�KDELWDW�SUHIHUHQFHV�EDVHG�RQSDVWRUDOLVWV¶�RSLQLRQV�RI�SDVWXUH�SURGXFWLYLW\��UDWLQJV�UDQJHG�IURP�]HURIRU�EDUH�VDOW�ODNHV�WR����IRU�EHVW�IDYRXUHG�ODQG�V\VWHPV��x PXOWLSO\LQJ�WKLV�YDOXH�E\�WKH�DYHUDJH�QXPEHU�RI�VKHHS�UXQ�SHU�\HDU�LQWKH�SDGGRFN�WR�HVWLPDWH�VWRFNLQJ�UDWH��VKHHS�SHU�KHFWDUH�SHU�\HDU��DQG
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x PXOWLSO\LQJ�WKH�VWRFNLQJ�UDWH�E\�QXPEHU�RI�\HDUV�RI�JUD]LQJ�WRHVWLPDWH�VWRFNLQJ�KLVWRU\��VKHHS�\HDUV�SHU�KHFWDUH��
5HODWLYH�WR�WKH�5$1*(3$&.�GHFD\�IXQFWLRQ��WKH�WUDFN�WKH�GHQVLW\�PRGHOUHVXOWHG�LQ�D�FRQVLGHUDEO\�PRUH�H[SRQHQWLDO�GHFOLQH�LQ�PRGHOOHG�JUD]LQJ�KLVWRU\DW�VXFFHVVLYH�VLWHV�RXW�IURP�ZDWHULQJ�SRLQWV�DW�HDFK�JUDGLHQW��)LJ������7KH5$1*(3$&.�DSSURDFK�DOVR�WHQGHG�WR�SUHGLFW�VOLJKWO\�KLJKHU�UHODWLYH�JUD]LQJDFWLYLW\�DW�JUHDWHU�GLVWDQFHV�IURP�ZDWHU��ZKLOH�WKH�WUDFN�GHQVLW\�PRGHO�SUHGLFWHGVXEVWDQWLDOO\�KLJKHU�UHODWLYH�JUD]LQJ�DFWLYLW\�QHDU�ZDWHU��7KH�WUDFN�EDVHGDSSURDFK�DSSHDU�WR�EHWWHU�UHIOHFW�ZKHUH�KLVWRULF�JUD]LQJ�KDV�EHHQ�FRQFHQWUDWHG�DV�RSSRVHG�WR�FXUUHQW�DFWLYLW\��5$1*(3$&.�SUREDEO\�XQGHUHVWLPDWHV�KLVWRULFDOLPSDFWV�QHDU�ZDWHULQJ�SRLQWV�EXW�SURYLGHV�D�PRUH�UHDOLVWLF�SLFWXUH�RI�FXUUHQWDFWLYLW\�IXUWKHU�IURP�ZDWHU���+RZHYHU��VWURQJ�DQHFGRWDO�HYLGHQFH�ZDV�JDWKHUHGIURP�SDVWRUDOLVWV�GXULQJ�WKH�VWXG\�WKDW�ERWK�PRGHOV�XQGHUHVWLPDWH�WKH�GLVWDQFHVDQLPDOV�JUD]H�DZD\�IURP�ZDWHULQJ�SRLQWV�
%RWK�WKH�WUDFN�EDVHG�DQG�5$1*(3$&.�PRGHOV�ZHUH�XVHG�WR�H[SORUHHFRV\VWHP�UHVSRQVHV�WR�PRGHOOHG�JUD]LQJ�KLVWRU\��*LYHQ�WKH�FRQWUDVW�LQ�GHFD\IXQFWLRQV�RI�JUD]LQJ�ZLWK�GLVWDQFH�IURP�ZDWHULQJ�SRLQWV��VRPH�LQWHUHVWLQJ�VSDWLDOLQWHUSUHWDWLRQV�RI�UHVSRQVHV�RI�YDULRXV�HFRV\VWHP�YDULDEOHV�ZHUH�SRVVLEOH�EHFDXVH�RQH�RU�RWKHU�PRGHO�JHQHUDOO\�DFFRXQWHG�IRU�PRUH�RI�WKH�YDULDWLRQ��L�H��DKLJKHU�5� YDOXH���7KHVH�GLIIHUHQFHV�DUH�VXPPDULVHG�LQ�7DEOH����7KH\�VXJJHVWWKDW�UHVSRQVHV�WR�JUD]LQJ�KLVWRU\�GHSHQG�VWURQJO\�RQ�WKH�FKRLFH�RI�HFRV\VWHPYDULDEOH�
7DEOH���QHDU�KHUH
7KH�VWXG\�DOVR�VXJJHVWHG�WKDW�UHVSRQVHV�RI�SDUWLFXODU�HFRV\VWHP�YDULDEOHVRIWHQ�FRQWUDVW�LQ�LQWHQVLW\��DQG�RFFDVLRQDOO\�LQ�GLUHFWLRQ��ZLWKLQ�GLIIHUHQWODQGVFDSH�XQLWV��H�J��PXOJD�JURYH�YHUVXV�LQWHU�JURYH��DQG�EHWZHHQ�ODQGVFDSHV�H�J��PXOJD�YHUVXV�FKHQRSRG�ODQGVFDSHV���3ULQJOH��������)RU�LQVWDQFH�SURIRXQG�GHJUDGDWLRQ�ZDV�REVHUYHG�QHDU�ZDWHULQJ�SRLQWV�LQ�FKHQRSRGODQGVFDSHV��VHFRQGDU\�VDOLQLW\��HURVLRQ��ODQGVFDSH�OHDNLQHVV��ORVV�RI�QXPHURXVGHFUHDVHU�DQW�DQG�SODQW�VSHFLHV���EXW�WKLV�LPSDFW�]RQH�ZDV�OLPLWHG�LQ�VSDWLDOH[WHQW��,Q�FRQWUDVW��WKH�LPSDFWV�RI�JUD]LQJ�RQ�PXOJD�ODQGVFDSHV�DSSHDUHG�WR�EHPRUH�GLIIXVH��EXW�DOVR�PRUH�IDU�UHDFKLQJ��SDUWLFXODUO\�ZLWK�UHVSHFW�WR�GHFUHDVHUSODQW�VSHFLHV��7KHVH�UHVXOWV���DOO�SHUYDVLYH�LPSDFWV�LQ�PXOJD�ODQGVFDSHV��DQGUHODWLYHO\�OLPLWHG�LPSDFWV�LQ�FKHQRSRG�ODQGVFDSHV���PD\�EH�UHJLRQDOO\�VSHFLILF�KRZHYHU�
&KHQRSRG�ODQGVFDSHV�DUH�OLNHO\�WR�EH�IDU�OHVV�UHVLOLHQW�LQ�WKH�UHJLRQ�WR�WKH�QRUWK�ZHVW�RI�WKH�VWXG\�UHJLRQ�ZKHUH�RQH�RI�XV��+3��LV�FXUUHQWO\�ZRUNLQJ��7KLV�LV�WKHUHJLRQ�HQFRPSDVVLQJ�WKH�*DVFR\QH�DQG�0XUFKLVRQ�5LYHU�FDWFKPHQWV��ZKHUHWKH�FKHQRSRG�ODQGVFDSHV�KDYH�KLJKHU�K\GUDXOLF�HQHUJ\��EHLQJ�RXWZDUG�IORZLQJDQG�LQFLVHG���DUH�PRUH�LQWHQVHO\�ZDWHUHG�DQG�KDYH�H[SHULHQFHG�FRQVLGHUDEO\JUHDWHU�JUD]LQJ�SUHVVXUH��:LOFR[�	�0F.LQQRQ��������+HQFH��DOWKRXJK�D�JHQHUDOXQGHUVWDQGLQJ�RI�SDVWRUDO�KLVWRU\�DQG�ODQGVFDSH�HFRORJ\�GHYHORSHG�LQ�RQH
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UHJLRQ�FDQ�KHOS�GHYHORS�OLNHO\�VFHQDULRV�DERXW�SUHVVXUHV�RQ�ELRGLYHUVLW\�LQDQRWKHU��WKHUH�LV�DOVR�D�QHHG�WR�WDNH�GLIIHUHQW�UHJLRQDO�QDUUDWLYHV�LQWR�DFFRXQW�
)$&7256�7+$7�&203/(0(17�',67$1&(�)520�:$7(5�,1'(9(/23,1*�5(*,21$/�1$55$7,9(6'LVWDQFH�IURP�ZDWHU�LV�XQGHQLDEO\�D�FULWLFDO�LQIOXHQFH�LQ�WKH�UHODWLRQVKLS�EHWZHHQSDVWRUDOLVP�DQG�UDQJHODQG�ELRGLYHUVLW\��:H�VXJJHVW�WKH�IROORZLQJFRPSOHPHQWDU\�IDFWRUV�DOVR�QHHG�WR�EH�FRQVLGHUHG�LQ�D�KROLVWLF��KLHUDUFKLFDODSSURDFK�WR�PRQLWRULQJ�LPSDFWV�RQ�ELRGLYHUVLW\�LQ�$XVWUDOLD¶V�UDQJHODQG�UHJLRQV��� :DWHULQJ�SRLQW�ORFDWLRQ�LQ�WKH�ODQGVFDSH�3HUVRQDO�REVHUYDWLRQV�E\�RQH�RI�XV�+3��GXULQJ�ORZ�OHYHO�DHULDO�WUDYHUVHV�RI�WKH�*DVFR\QH�DQG�0XUFKLVRQ�5LYHUFDWFKPHQWV�VXJJHVW�WKDW�PDQ\�RI�WKLV�UHJLRQ¶V�ZDWHULQJ�SRLQWV�DUH�LQORFDWLRQV�OLNHO\�WR�ORZHU�ORFDO�EDVH�OHYHOV�DQG�KHQFH�HQWUDLQ�ODQGVFDSHGHJUDGDWLRQ�SURFHVVHV��7KHVH�PD\�LQFOXGH�JXOO\�DQG�VKHHWHURVLRQ�SODQDWLRQ��JHQHUDO�ODQGVFDSH�GHVVLFDWLRQ��VFDOGLQJ�DQG�RU�VFUXEHQFURDFKPHQW��7LQOH\�������3ULQJOH�	�7LQOH\��������7KHVH�SURFHVVHV��DQGWKH�SDWWHUQV�WKH\�FDXVH��PD\�RFFXU�DW�VXFK�EURDG�VFDOHV�WKDW�WKH�VSDWLDOLPSDFWV�RI�ZDWHULQJ�SRLQWV�PD\�EH�QHVWHG�ZLWKLQ�WKHP��DQG�UHODWLYHO\�PLQRUE\�FRPSDULVRQ��� 2WKHU�ODQGVFDSH�VFDOH�FDXVHV�RI�DFFHOHUDWHG�DQG�RU�PRGLILHG�ODQGVXFFHVVLRQ��7KH�FRQVWUXFWLRQ�RI�WUDFNV�DQG�URDGV�KDV�KDG�SURIRXQG�LPSDFWVRQ�ODQGVFDSH�IXQFWLRQ�LQ�WKH�UDQJHODQGV��FUHDWLQJ�QHZ�GUDLQDJH�OLQHV�DQGFRQVHTXHQWO\�GHVVLFDWLQJ�ODQGVFDSHV�GHSULYHG�RI�UXQ�RQ��7UDFNV�DQG�URDGVDUH�DOVR�FRPPRQ�FDXVHV�RI�VHYHUH��ZLGHVSUHDG�JXOO\�KHDG�UHWUHDW�DQGODQGVFDSH�GHVVLFDWLRQ��)DQQLQJ�������3ULQJOH�����E���/DQGVFDSH�LQFLVLRQHIIHFWLYHO\�ORZHUV�ORFDO�EDVH�OHYHOV��ZKLFK�LQ�WXUQ�DFFHOHUDWH�RIWHQRYHUORRNHG�EXW�RQJRLQJ�SURFHVVHV�RI�JHRPRUSKLF�VXFFHVVLRQ�WKDW�KDYHSURIRXQG�HIIHFWV�RQ�YHJHWDWLRQ�SDWWHUQLQJ��&ROH�������7LQOH\��������7KHVHSHUYDVLYH�DQG�SURIRXQG�VXFFHVVLRQ�SURFHVVHV�SRWHQWLDOO\�FRQIRXQG�ZDWHU�UHPRWHQHVV�DV�DQ�LQGLFDWRU�RI�ODQGVFDSHV�PLQLPDOO\�DIIHFWHG�E\�KXPDQGLVWXUEDQFH��� &KDUDFWHULVWLF�ODQGVFDSHV�DQG�KDELWDWV��'HPRQVWUDWHG�SDWWHUQV�RIHFRV\VWHP�UHVSRQVHV�WR�GLVWDQFH�IURP�ZDWHU�DUH�XVXDOO\�OLPLWHG�WRZLGHVSUHDG�DQG�XQLIRUP��RU�UHJXODUO\�SDWWHUQHG��ODQGVFDSHV��SDUWO\�UHIOHFWLQJVWDWLVWLFDO�UHTXLUHPHQWV��6PDOO�DUHDV�RU�OLQHDU�IHDWXUHV��OLNH�WKRVH�RIWHQDVVRFLDWHG�ZLWK�GUDLQDJH�EDVLQV��WHQG�WR�EH�LJQRUHG�RU�H[FOXGHG�EHFDXVH�RIODFN�RI�UHJXODU�UHSUHVHQWDWLRQ��H�J��3ULQJOH��������<HW�WKHVH�GUDLQDJH�IRFL�ELOODERQJV��FOD\SDQV��UHPQDQW�GXULFUXVWV�DQG�VR�IRUWK�RIWHQ�VXSSRUW�WKH�PRVWGLVWLQFWLYH�DQG�UHVWULFWHG�DVSHFWV�RI�ORFDO�ELRGLYHUVLW\��3ULQJOH�����D��3ULQJOH����E��3ULQJOH�HW�DO� �������7KH\�DOVR�UHFHLYH�GLVSURSRUWLRQDWHO\�KHDY\JUD]LQJ�SUHVVXUH��0RUWRQ�HW�DO� �������6XFK�IRFXVVHG�LPSDFWV�RQ�UHJLRQDOO\LPSRUWDQW�KDELWDWV�DUH�SDUWLFXODUO\�SURQRXQFHG�LQ�WURSLFDO�UDQJHODQG�DUHDVWKDW�UHO\�RQ�QDWXUDO�VXUIDFH�ZDWHUV��DQG�ZKHUH�ORFDO�GDPDJH�WR�ULYHULQHKDELWDWV�PD\�KDYH�PDJQLILHG�GRZQVWUHDP�LPSDFWV��� )HUDO�DQLPDOV��7KH�QDWXUH�DQG�GLVWULEXWLRQ�RI�IHUDO�DQLPDO�LPSDFWV�YDU\PDUNHGO\�EHWZHHQ�VSHFLHV��5DEELWV DUH�QRW�GHSHQGHQW�RQ�VXUIDFH�ZDWHU�IRUVXUYLYDO�DQG�KHQFH�DUHDV�PD\�EH�GHYRLG�RI�ZDWHULQJ�SRLQWV�EXW�VWLOO�VHYHUHO\
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LPSDFWHG�E\�UDEELWV��H�J��0LWFKHOO�HW�DO���������)HUDO�JRDWV GHSHQG�RQVXUIDFH�ZDWHU�EXW�WKH\�XVH�WKH�VXUURXQGLQJ�FRXQWU\�GLIIHUHQWO\�WR�FDWWOH�DQGVKHHS��)RU�LQVWDQFH��WKH\�FDPS�RQ�UHPQDQW�GXULFUXVWV��H[WLUSDWLQJ�UDUH�IORUDXVXDOO\�LJQRUHG�E\�FRQYHQWLRQDO�OLYHVWRFN��3ULQJOH�����D��3ULQJOH�����E� DQGFDXVH�PDVVLYH�VWUXFWXUDO�GDPDJH�WR�ZHWODQG�YHJHWDWLRQ��SHUVRQDOREVHUYDWLRQV��+XJK�3ULQJOH���)HUDO�SLJV�DUH�PRUH�UHOLDQW�RQ�DFFHVV�WR�ZDWHUWKDQ�OLYHVWRFN�EXW�WKHLU�URRWLQJ�DFWLYLWLHV�FDXVH�VXEVWDQWLDO�SK\VLFDO�GDPDJHWR�WKHLU�SUHIHUUHG�IORRGSODLQ�DQG�VHDVRQDO�ZHWODQG�HQYLURQPHQWV��&KRTXHQRWHW�DO� ������
6<17+(6,67KH�UHODWLRQVKLSV�EHWZHHQ�JUD]LQJ�DFWLYLW\��GLVWDQFH�IURP�ZDWHU��DQG�RWKHUUHJLRQDOO\�VSHFLILF�IDFWRUV�KDYH�PDQ\�LPSOLFDWLRQV�IRU�PDQDJLQJ�DQG�PRQLWRULQJDVSHFWV�RI�ELRGLYHUVLW\��.H\�LPSOLFDWLRQV�LQFOXGH��� 6XFK�LV�WKH�FRPSOH[LW\�RI�SRWHQWLDO�UHVSRQVHV�RI�ELRGLYHUVLW\�WR�SRRUO\GRFXPHQWHG�JUD]LQJ�KLVWRULHV�WKDW�SUDJPDWLF�UHJLRQDO�IUDPHZRUNV�DUHQHHGHG�WR�SURYLGH�VWDUWLQJ�SRLQWV�IRU�PRQLWRULQJ��7KH\�VKRXOG�LQFOXGHLQQRYDWLYH�VSDWLDO�DQG�WHPSRUDO�SDWWHUQV�RI�H[SRVXUH�DQG�SURWHFWLRQ�IURPJUD]LQJ�WR�GHYHORS�WHQWDWLYH�³EHVW�ILW´�SDWWHUQV�RI�UDQJHODQG�REMHFWLYHV�DQGPDQDJHPHQW��XVLQJ�ZKDW�ZH�NQRZ�QRZ��0RUWRQ�HW�DO� ������3ULQJOH������-DPHV�HW�DO� ������/DQGVEHUJ�HW�DO� ������3ULQJOH��������� 7KH�OLPLWDWLRQV�RI�GLVWDQFH�IURP�ZDWHULQJ�SRLQWV�DV�D�VXUURJDWH�IRUELRGLYHUVLW\�QHHG�WR�EH�UHFRJQLVHG�DQG�DFFRPPRGDWHG�DW�SDGGRFN�WRUHJLRQDO�VFDOHV�LQ�RUGHU�WR�GHYHORS�VFDOH�LQWHJUDWHG�IUDPHZRUNV�IRUPRQLWRULQJ�JUD]LQJ�LPSDFWV��� 1HYHU�WKH�OHVV��VWXGLHV�RI�WKH�GHQVLW\�DQG�ORFDWLRQ�RI�ZDWHULQJ�SODFHV��DQGORFDO�LPSDFWV�DORQJ�ZDWHU�FHQWUHG�JUD]LQJ�JUDGLHQWV��SURYLGH�YDOXDEOHLQGLFDWLRQV�RI�WKH�GHJUHH�WR�ZKLFK�WKH�SUHVVXUHV�DVVRFLDWHG�ZLWK�JUD]LQJDFWLYLW\�SHUYDGH�D�UHJLRQ��9DOXH�FDQ�EH�DGGHG�LI�WKHUH�LV�D�FRQYLQFLQJUHJLRQDO�QDUUDWLYH�UHJDUGLQJ�WKH�UHODWLRQVKLSV�ZLWK�RWKHU�SRWHQWLDOO\�LPSRUWDQWLQIOXHQFHV��� 7KH�ORFDWLRQ�RI�JURXQG�EDVHG�PRQLWRULQJ�VLWHV�LQ�SDGGRFNV�QHHGV�WR�WDNHDFFRXQW�RI�JUD]LQJ�KLVWRU\��RU�D�VXUURJDWH�VXFK�DV�GLVWDQFH�IURP�ZDWHU��LQRUGHU�WR�EH�VHQVLWLYH�DQG�VSDWLDOO\�LQIRUPDWLYH�RI�FKDQJHV��VHQVX�/XGZLJ�HWDO� ��������)XUWKHUPRUH��DW�OHDVW�VRPH�PRQLWRULQJ�VLWHV�QHHG�WR�EH�ORFDWHG�LQWKH�G\QDPLF�SDUW�RI�WKH�VLJPRLGDO�UHVSRQVH�FXUYH��� 0RGHOV�RI�JUD]LQJ�LPSDFW��ERWK�WKHRUHWLFDOO\�EDVHG�RQHV�VXFK�DV5$1*(3$&.�DQG�HPSLULFDO�PRGHOV�EDVHG�RQ�WUDFN�GHQVLW\�RU�UHPRWHO\VHQVHG�GDWD��FDQ�SUHGLFW�RU�YHULI\�ZKHUH�WKLV�G\QDPLF�]RQH�LV�OLNHO\�WR�EH�LQGLIIHUHQW�SDGGRFNV�DQG�UHJLRQV��� 6LWHV�LQ�WKH�G\QDPLF�]RQH�DUH�QRW�VXIILFLHQW��KRZHYHU��:LWKRXW�EHQFKPDUNV�PRQLWRULQJ�LV�XQJURXQGHG��WDUJHWV�DUH�DUELWUDU\�DQG�SURJUHVV�LV�TXDQWLILHGZLWKRXW�ULJRXU��*HRPRUSKLFDOO\�DQG�ELRORJLFDO�LQWDFW�EHQFKPDUNV�DUH�FULWLFDOIRU�GHYHORSLQJ�DQG�LPSURYLQJ�UHJLRQDO�QDUUDWLYHV�DERXW�HFRORJLFDOO\VXVWDLQDEOH�UDQJHODQG�XVH��&DQGLGDWH�DUHDV�DUH�HDVLO\�LGHQWLILHG��EXW�QHHGWR�EH�FKHFNHG�UHPRWHO\��IRU�ODQGVFDSH�FRQWH[W��DQG�RQ�WKH�JURXQG��IRUELRORJLFDO�GHWDLO��7KH�IXWXUH�PDQDJHPHQW�RI�UHPQDQW�EHQFKPDUNV�VKRXOG�EH
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D�FRPPXQLW\�EDVHG�SULRULW\�VR�WKDW�WKRVH�ZKR�PDQDJH�ODQG�KDYH�D�FRQWH[WIRU�WUDFNLQJ�FKDQJH��� 0RQLWRULQJ�VLWHV�ORFDWHG�LQ�KHDYLO\�XVHG�DUHDV�FDQ�DOVR�EH�YDOXDEOH�IRUSURYLGLQJ�DQ�DOWHUQDWLYH�FRQWH[W�RI�³ZKDW�ZH�GRQ¶W�ZDQW�WR�VHH´��DOORZLQJLQIRUPDO�DVVHVVPHQWV�RI�KRZ�JRRG�EDG�WKH�VLWXDWLRQ�LV��� 7KHUH�LV�QR�XQLYHUVDO�UHVSRQVH�SDWKRORJ\��VHQVX 5DSSRUW�	�:KLWIRUG������IRU�WKH�LPSDFW�RI�JUD]LQJ�KLVWRU\�RQ�ELRGLYHUVLW\��'LIIHUHQW�HOHPHQWV�RIELRGLYHUVLW\�GR�QRW�DOZD\V�UHVSRQG�VLPLODUO\�ZLWKLQ��OHW�DORQH�DFURVV�W\SHV�RIODQGVFDSH��HYHQ�ZLWKLQ�D�UHJLRQ��DQG�WD[D�GR�QRW�DOZD\V�UHVSRQGFRQVLVWHQWO\��,W�LV�KLJKO\�OLNHO\�WKDW�WKH�PRVW�WKUHDWHQHG�WD[D�DQG�IXQFWLRQDOJURXSV�ZLOO�YDU\�EHWZHHQ�UDQJHODQG�UHJLRQV��7KXV�D�UHJLRQDO�DSSURDFK�LVQHHGHG�WKDW�UHFRJQLVHV�WKH�LPSOLFDWLRQV�RI�LQWHUQDO�KHWHURJHQHLW\�8QLYHUVDOLW\�FDQ�EH�H[SUHVVHG�LQ�WHUPV�RI�RYHUDUFKLQJ�REMHFWLYHV��UDWKHU�WKDQSUHVFULEHG�PRQLWRULQJ�SURWRFROV�
$&.12:/('*(0(1760XFK�RI�WKLV�ZRUN�ZDV�FRQGXFWHG�LQ�WKH�VHQLRU�DXWKRU¶V�3K'�VWXGLHV�DW�WKH5HVHDUFK�6FKRRO�RI�%LRORJLFDO�6FLHQFHV�DW�$18�DQG�&6,52�6XVWDLQDEOH(FRV\VWHPV��7KH�VXSSRUW�RI�PDQ\�DW�WKHVH�LQVWLWXWLRQV�LV�DSSUHFLDWHG��DV�LV�WKHVXSSRUW�RI�RWKHU�DGYLVHUV�DQG�WKH�IXQGLQJ�VXSSRUW�RI�/DQG�DQG�:DWHU�$XVWUDOLD�:0&�5HVRXUFHV�DQG�WKH�'HSDUWPHQW�RI�$JULFXOWXUH�:HVWHUQ�$XVWUDOLD��7KHSDUWLFXODU�VXSSRUW�LQ�WKLV�DVSHFW�RI�WKH�3K'�IURP�'U�6KDQH�&ULGODQG�(QYLURQPHQW�$XVWUDOLD���'U�5RQ�+DFNHU��1HZ�6RXWK�:DOHV�$JULFXOWXUH��3URIHVVRU�,DQ�1REOH�DQG�'U�0LNH�5RGHULFN��56%6��DQG�'U�0DUN�6WDIIRUG�6PLWK�&6,52��LV�DSSUHFLDWHG�
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5()(5(1&(6$QGUHZ�0��+��	�/DQJH�5��7���������'HYHORSPHQW�RI�D�QHZ�SLRVSKHUH�LQ�DULGFKHQRSRG�VKUXEODQG�JUD]HG�E\�VKHHS�����&KDQJHV�WR�WKH�VRLO�VXUIDFH�$XVWUDOLDQ�-RXUQDO�RI�(FRORJ\������������$QJHUPHLHU�3��/��	�.DUU�-��5���������%LRORJLFDO�LQWHJULW\�YHUVXV�ELRORJLFDOGLYHUVLW\�DV�SROLF\�GLUHFWLYHV��3URWHFWLQJ�ELRWLF�UHVRXUFHV��%LR6FLHQFH �����������$UQROG�*��:��	�'XG]LQVNL�0��/���������(WKRORJ\�RI�IUHH�UDQJLQJ�GRPHVWLFDQLPDOV��(OVHYLHU�6FLHQWLILF�3XEOLVKLQJ�&RPSDQ\��$PVWHUGDP�&KRTXHQRW�'���0F,OUR\�-���	�.RUQ�7���������0DQDJLQJ�YHUWHEUDWH�SHVWV��IHUDOSLJV� $XVWUDOLDQ�*RYHUQPHQW�3ULQWLQJ�6HUYLFH��&DQEHUUD�&ROH�0���������9HJHWDWLRQ�DQG�JHRPRUSKRORJ\�LQ�QRUWKHUQ�5KRGHVLD��$Q�DVSHFWRI�WKH�GLVWULEXWLRQ�RI�VDYDQQD�RI�&HQWUDO�$IULFD��*HRJUDSK\�-RXUQDO������������&RXJKHQRXU�0��%���������,QYLWHG�V\QWKHVLV�SDSHU��6SDWLDO�FRPSRQHQWV�RI�SODQW�KHUELYRUH�LQWHUDFWLRQV�LQ�SDVWRUDO��UDQFKLQJ�DQG�QDWLYH�XQJXODWHHFRV\VWHPV��-RXUQDO�RI�5DQJH�0DQDJHPHQW������������&UDZOH\�0��-���������*/,0�IRU�(FRORJLVWV�%ODFNZHOO�6FLHQWLILF�3XEOLFDWLRQV�2[IRUG��8�.�&ULGODQG�6��	�6WDIIRUG�6PLWK�0��'���������'HYHORSPHQW�DQG�GLVVHPLQDWLRQ�RIGHVLJQ�PHWKRGV�IRU�UDQJHODQG�SDGGRFNV�ZKLFK�PD[LPLVH�DQLPDOSURGXFWLRQ�DQG�PLQLPLVH�ODQG�GHJUDGDWLRQ�'HSDUWPHQW�RI�$JULFXOWXUH�:HVWHUQ�$XVWUDOLD�3HUWK�'\HU�5���-DFNO\Q�3���3DUWULGJH�,���5XVVHOO�6PLWK�-��	�:LOOLDPV�5���������6DYDQQD%XUQLQJ�8QGHUVWDQGLQJ�DQG�XVLQJ�ILUH�LQ�QRUWKHUQ�$XVWUDOLD�7URSLFDO6DYDQQDV�&5&��'DUZLQ��1�7�)DQQLQJ�3���������/RQJ�WHUP�FRQWHPSRUDU\�HURVLRQ�UDWHV�LQ�DQ�DULG�UDQJHODQGVHQYLURQPHQW�LQ�ZHVWHUQ�1HZ�6RXWK�:DOHV��$XVWUDOLD��-RXUQDO�RI�$ULG(QYLURQPHQWV ������������+DFNHU�5��%���������8VH�RI�ODUJH�VFDOH�DHULDO�SKRWRJUDSKV�IRU�HFRORJLFDO�VWXGLHVLQ�D�JUD]HG�DULG�HFRV\VWHP��7ZHOIWK�,QWHUQDWLRQDO�6\PSRVLXP�RQ�5HPRWH6HQVLQJ�RI�(QYLURQPHQW�������������(QYLURQPHQWDO�5HVHDUFK�,QVWLWXWH�RI0LFKLJDQ�
+XQW�/��3���������6SDWLDO�YDULDWLRQ�LQ�WKH�SRSXODWLRQ�G\QDPLFV�RI�$WULSOH[YHVLFDULD�XQGHU�VKHHS�JUD]LQJ�3K'�WKHVLV��8QLYHUVLW\�RI�$GHODLGH�-DPHV�&��'���/DQGVEHUJ�-���	�0RUWRQ�6��5���������3URYLVLRQ�RI�ZDWHULQJ�SRLQWV
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LQ�WKH�$XVWUDOLDQ�DULG�]RQH��D�UHYLHZ�RI�HIIHFWV�RQ�ELRWD��-RXUQDO�RI�$ULG(QYLURQPHQWV �����������-DPHV�&��'���6WDIIRUG�6PLWK�'��0���/DQGVEHUJ�-���)LVFKHU�$���7\QDQ�5��0DFRQRFKLH�-��	�:RLQDUVNL��-���������%LRJUD]H���PHOGLQJ�RII�UHVHUYHFRQVHUYDWLRQ�RI�QDWLYH�VSHFLHV�ZLWK�DQLPDO�SURGXFWLRQ�LQ�$XVWUDOLDQ5DQJHODQGV��,Q��1DWXUH�&RQVHUYDWLRQ����FRQVHUYDWLRQ�LQ�SURGXFWLRQHQYLURQPHQWV��PDQDJLQJ�WKH�PDWUL[��SS�����������6XUUH\�%HDWW\�	�6RQV3W\�/WG��&KLSSLQJ�1RUWRQ��16:�/DQGVEHUJ�-��	�*LOOLHVRQ�'���������/RRNLQJ�EH\RQG�WKH�SLRVSKHUHV�WR�ORFDWHELRGLYHUVLW\�UHIHUHQFH�DUHDV�LQ�$XVWUDOLD
V�UDQJHODQGV��5DQJHODQGV�LQ�D6XVWDLQDEOH�%LRVSKHUH���������������'HQYHU��&RORUDGR��6RFLHW\�IRU5DQJH�0DQDJHPHQW��3URFHHGLQJV�RI�WKH�)LIWK�,QWHUQDWLRQDO�5DQJHODQGV&RQJUHVV�/DQGVEHUJ�-���-DPHV�&��'���0DFRQRFKLH�-���1LFKROOV�$��2���6WRO�-���	�7\QDQ�5��������6FDOH�UHODWHG�HIIHFWV�RI�JUD]LQJ�RQ�QDWLYH�SODQW�FRPPXQLWLHV�LQ�DQDULG�UDQJHODQG�UHJLRQ�RI�6RXWK�$XVWUDOLD��-RXUQDO�RI�$SSOLHG�(FRORJ\�����������/DQGVEHUJ�-���-DPHV�&��'���0RUWRQ�6��5���+REEV�7��-���6WRO�-���'UHZ�$���	7RQJZD\�+���������7KH�(IIHFWV�RI�$UWLILFLDO�6RXUFHV�RI�:DWHU�RQ5DQJHODQG�%LRGLYHUVLW\��(QYLURQPHQW�$XVWUDOLD��&DQEHUUD�/DQJH�5��7���������7KH�SLRVSKHUH��VKHHS�WUDFN�DQG�GXQJ�SDWWHUQV��-RXUQDO�RI5DQJH�0DQDJHPHQW������������/XGZLJ�-��$���%DVWLQ�*��1���(DJHU�5��:���.DUIV�5���.HWQHU�3��	�3HDUFH��*��������0RQLWRULQJ�$XVWUDOLDQ�UDQJHODQG�VLWHV�XVLQJ�ODQGVFDSH�IXQFWLRQLQGLFDWRUV�DQG�JURXQG�DQG�UHPRWH�EDVHG�WHFKQLTXHV�� (QYLURQPHQWDO0RQLWRULQJ�DQG�$VVHVVPHQW������������0LWFKHOO�$��$���0F&DUWK\�5��	�+DFNHU�5��%���������$�5DQJH�,QYHQWRU\�DQG&RQGLWLRQ�6XUYH\�RI�3DUW�RI�WKH�:HVWHUQ�$XVWUDOLDQ�1XOODUERU�3ODLQ�������'HSDUWPHQW�RI�$JULFXOWXUH�:HVWHUQ�$XVWUDOLD��3HUWK�0RUWRQ�6��5���6WDIIRUG�6PLWK�'��0���)ULHGHO�0��+���*ULIILQ�*��)���	�3LFNXS�*��������7KH�6WHZDUGVKLS�RI�$ULG�$XVWUDOLD��(FRORJ\�DQG�/DQGVFDSH0DQDJHPHQW��-RXUQDO�RI�(QYLURQPHQWDO�0DQDJHPHQW������������3ULQJOH�+��	�7LQOH\�.���������(FRORJLFDO�VXVWDLQDELOLW\�IRU�SDVWRUDO�PDQDJHPHQW�-RXUQDO�RI�$JULFXOWXUH�:HVWHUQ�$XVWUDOLD�����������3ULQJOH�+��-��5�������D��(FRORJLFDO�$VVHVVPHQW��,Q��$Q�LQYHQWRU\�DQG�FRQGLWLRQVXUYH\�RI�WKH�QRUWK�HDVWHUQ�*ROGILHOGV��:HVWHUQ�$XVWUDOLD�(GV�+��-��5�3ULQJOH��$��0��(��9DQ�9UHHVZ\N�	�6��$��*LOOLJDQ���SS����������'HSDUWPHQW�RI�$JULFXOWXUH�:HVWHUQ�$XVWUDOLD��3HUWK�3ULQJOH�+��-��5�������E��3DVWRUDO�UHVRXUFHV�DQG�WKHLU�PDQDJHPHQW�LQ�WKH�QRUWK�
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HDVWHUQ�*ROGILHOGV��:HVWHUQ�$XVWUDOLD��'HSDUWPHQW�RI�$JULFXOWXUH�:HVWHUQ$XVWUDOLD��3HUWK��:HVWHUQ�$XVWUDOLD�3ULQJOH�+��-��5���������3DVWRUDOLVP��QDWXUH�FRQVHUYDWLRQ�DQG�HFRORJLFDOVXVWDLQDELOLW\�LQ�:HVWHUQ�$XVWUDOLD
V�VRXWKHUQ�VKUXEODQG�UDQJHODQGV�,QWHUQDWLRQDO�-RXUQDO�RI�6XVWDLQDEOH�'HYHORSPHQW�DQG�:RUOG�(FRORJ\��������3ULQJOH�+��-��5���������*UD]LQJ�LPSDFWV�LQ�UDQJHODQGV��$VVHVVPHQW�RI�WZRFRQWUDVWLQJ�ODQG�W\SHV�LQ�DULG�:HVWHUQ�$XVWUDOLD�IURP�GLIIHUHQW�ODQGPDQDJHPHQW�SHUVSHFWLYHV���3K'�7KHVLV��$XVWUDOLDQ�1DWLRQDO�8QLYHUVLW\�&DQEHUUD�3ULQJOH�+��-��5���9DQ�9UHHVZ\N�$��0��(��	�*LOOLJDQ��6��$���������$Q�LQYHQWRU\DQG�FRQGLWLRQ�VXUYH\�RI�WKH�QRUWK�HDVWHUQ�*ROGILHOGV��:HVWHUQ�$XVWUDOLD�'HSDUWPHQW�RI�$JULFXOWXUH�:HVWHUQ�$XVWUDOLD��3HUWK��:HVWHUQ�$XVWUDOLD�5DSSRUW�'��-��	�:KLWIRUG�:��*���������+RZ�(FRV\VWHPV�5HVSRQG�WR�6WUHVV�&RPPRQ�SURSHUWLHV�RI�DULG�DQG�DTXDWLF�V\VWHPV�� %LR6FLHQFH ������������6TXLUHV�9��5���������*UD]LQJ�GLVWULEXWLRQ�DQG�DFWLYLW\�SDWWHUQV�RI�PHULQR�VKHHSRQ�D�VDOWEXVK�FRPPXQLW\�LQ�6�(��$XVWUDOLD��$SSOLHG�$QLPDO�(WKRORJ\��������6WDIIRUG�6PLWK�'��0��	�)RUDQ�%��'���������5$1*(3$&.��WKH�SKLORVRSK\XQGHUO\LQJ�WKH�GHYHORSPHQW�RI�D�PLFUR�FRPSXWHU�EDVHG�GHFLVLRQ�VXSSRUWV\VWHP�IRU�SDVWRUDO�ODQG�PDQDJHPHQW��-RXUQDO�RI�%LRJHRJUDSK\������������7LQOH\�.��/���������7KH�LQIOXHQFH�RI�VRLO�PRLVWXUH�EDODQFH�RQ�HFRV\VWHPSDWWHUQV�LQ�VRXWKHUQ�$IULFD��,Q��(FRORJLFDO�6WXGLHV��9ROXPH�����(FRORJ\�RI7URSLFDO�6DYDQQDV���(GV�%��-��+XQWOH\�	�%��+��:DONHU��SS����������6SULQJHU�9HUODJ��1HZ�<RUN�9DOHQWLQH�.��$���������'LVWDQFH�IURP�ZDWHU�DV�D�IDFWRU�LQ�JUD]LQJ�FDSDFLW\�RIUDQJHODQGV��-RXUQDO�RI�)RUHVWU\��������:LOFR[�'��*��	�0F.LQQRQ�(��$���������$�5HSRUW�RQ�WKH�&RQGLWLRQ�RI�WKH*DVFR\QH�&DWFKPHQW��:HVWHUQ�$XVWUDOLD���'HSDUWPHQW�RI�$JULFXOWXUH:HVWHUQ�$XVWUDOLD��3HUWK�
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7DEOH��� ,PSRUWDQW�LQIOXHQFHV�RQ�WKH�GLVWULEXWLRQ�RI�OLYHVWRFN�DFWLYLW\�DQG�LPSDFWV��LQ�DGGLWLRQ�WR�GLVWDQFH�IURP�ZDWHULQJ�SODFHV�
)DFWRU ,PSRUWDQW�LQIOXHQFHV
6SHFLHV�RI�OLYHVWRFN &DWWOH�JHQHUDOO\�WUDYHO�PXFK�IXUWKHU�IURP�ZDWHU�WKDQ�JRDWV��ZKLFK�WUDYHO�IXUWKHU�WKDQ�VKHHS��'LIIHUHQW�VSHFLHV�DOVR�KDYH�GLIIHUHQW

JUD]LQJ�SUHIHUHQFHV�DQG�YHUWLFDO�OLPLWV�WR�GDPDJH�RQ�YHJHWDWLRQ��EURZVH�OLQHV���(YHQ�ZLWKLQ�VSHFLHV��FODVVHV��VH[��DJH�
UHSURGXFWLYH�VWDWXV��RI�OLYHVWRFN�PD\�GLIIHU�LQ�EHKDYLRXU�

6DOLQLW\�RI�ZDWHU 7KH�VDOWLHU�WKH�ZDWHU��WKH�PRUH�IUHTXHQWO\�VWRFN�QHHG�WR�UHWXUQ�WR�GULQN��KHQFH�VWRFN�DFWLYLW\�EHFRPHV�PRUH�FRQFHQWUDWHG�DURXQG
VDOW\�ZDWHU��DQG�DWWHQXDWHV�PRUH�TXLFNO\�DZD\�IURP�LW��6SHFLHV�RI�VWRFN�DOVR�VKRZ�GLIIHUHQW�VHQVLWLYLW\�WR�VDOLQLW\�RI�ZDWHU�

/DQGVFDSH
KHWHURJHQHLW\

3UHIHUHQWLDO�JUD]LQJ�LV�FRPPRQ�LQ�UDQJHODQGV�ZLWK�FRQWUDVWLQJ�ODQGVFDSHV��DQG�KHQFH�SDVWXUH�W\SHV��*UD]LQJ�DFWLYLW\�LV�RIWHQ
IRFXVVHG�RQ�PRUH�SURGXFWLYH��RIWHQ�ORZHU�O\LQJ�ODQGVFDSHV��:DWHULQJ�SRLQWV�VXFK�DV�HDUWK�GDPV��ZKLFK�UHO\�RQ�VXUIDFH�UXQ�RII�
DUH�RIWHQ�ORFDWHG�LQ�ORZHU�O\LQJ�ODQGVFDSHV�DOVR��H[DFHUEDWLQJ�WKH�LPSDFWV�RI�VWRFN�SUHIHUHQFHV�IRU�WKHVH�DUHDV�

6WRFNLQJ�KLVWRU\ ,I�ZDWHULQJ�SRLQWV�EHFRPH�VXUURXQGHG�E\�ODUJH�DUHDV�RI�GHJUDGHG�SDVWXUH�OLYHVWRFN�QHHG�WR�WUDYHO�IXUWKHU�IURP�ZDWHU�WR�JUD]H�
'HJUHH�RI�GHJUDGDWLRQ�LV�OLNHO\�WR�EH�LQIOXHQFHG�E\� SDGGRFN�DJH DQG�KLVWRULF�VWRFNLQJ�UDWHV�

3DGGRFN
FRQILJXUDWLRQ

7KH�VL]H�DQG�VKDSH�RI�SDGGRFNV�KDYH�VWURQJ�LQIOXHQFHV�RQ�JUD]LQJ�EHKDYLRXU��)RU�LQVWDQFH��ZDWHULQJ�SRLQWV�LQ�FRUQHUV�KDYH
RQO\����GHJUHHV�RI�DSSURDFK��OHDGLQJ�WR�PRUH�FRQFHQWUDWHG�DFWLYLW\�FORVH�WR�WKHP�DQG�FRQWUDVWLQJ�OLJKWO\�XVHG��³XQGHU�XWLOLVHG´�
DUHDV�LQ�WKH�FRUQHU�IXUWKHVW�DZD\��&HQWUDOO\�ORFDWHG�ZDWHULQJ�SRLQWV�KDYH�PRUH�DQJOHV�RI�DSSURDFK�DQG�VR�DUH�OHVV�KHDYLO\
LPSDFWHG�LQ�WKHLU�LPPHGLDWH�YLFLQLW\��EXW�DOORZ�JUHDWHU�GLVSHUVLRQ�RI�LPSDFW�WR�RWKHU�SDUWV�RI�WKH� SDGGRFN�

.DQJDURR
FRPSHWLWLRQ

&RPSHWLWLRQ�IURP�NDQJDURRV�VHUYHV�WR�DFFHQWXDWH�DQG�H[SDQG�]RQHV�RI�FRQFHQWUDWHG�DFWLYLW\�DURXQG�SUHIHUUHG�SDVWXUH�W\SHV
DQG�ZDWHULQJ�SRLQWV��%HFDXVH�WKH\�DUH�QRW�FRQVWUDLQHG�E\�VWRFN�SURRI�IHQFHV��NDQJDURRV�PD\�DOVR�QHJDWH�WKH�EHQHILWV�RI�UHVWLQJ



��

IURP�OLYHVWRFN�
)LUH�UHJLPHV $UHDV�UHJHQHUDWLQJ�DIWHU�ILUH�WHQG�WR�DWWUDFW�OLYHVWRFN�DQG�RWKHU�KHUELYRUHV��EXW�XQGHU�VRPH�ILUH�UHJLPHV��SDUWLFXODUO\�ILUH

H[FOXVLRQ��XQSDODWDEOH�ZRRG\�SODQWV�PD\�FRPH�WR�GRPLQDWH�DV�DQ�XQSDODWDEOH�VHPL�VWDEOH�VWDWH��'\HU� HW�DO� �������3DWFK
EXUQLQJ�ZLWKLQ�SDGGRFNV�FDQ�EH�XVHG�WR�URWDWH�JUD]LQJ�DQG�HQKDQFH�YHJHWDWLRQ�GLYHUVLW\��5HVWLQJ�IURP�JUD]LQJ�LV�XVXDOO\
UHTXLUHG�WR�DOORZ�DFFXPXODWLRQ�RI�VXIILFLHQW�JUDVV�ELRPDVV�WR�IXHO�D�SDGGRFN�ILUH�

*UD]LQJ
PDQDJHPHQW

(PHUJLQJ�PDQDJHPHQW�V\VWHPV��VXFK�DV�KLJKHU�JUD]LQJ�LQWHQVLWLHV�RYHU�VKRUWHU�JUD]LQJ�SHULRGV�RU�ZHW�VHDVRQ�VSHOOLQJ��PD\
DOWHU�IXQGDPHQWDOO\�OLYHVWRFN�EHKDYLRXU�DQG�HFRV\VWHP�UHVSRQVHV�

&RQILJXUDWLRQ�RI
ZDWHU�VRXUFH

:KLOH�SRLQW�ZDWHULQJ�SODFHV��VXFK�DV�WURXJKV��GDPV�DQG�WDQNV��SUHGRPLQDWH�LQ�PDQ\�UDQJHODQG�DUHDV��OLQHDU�IHDWXUHV�VXFK�DV
ERUH�GUDLQV�DQG�ULYHUV�SUHGRPLQDWH�LQ�UHJLRQV�VXFK�DV�WKH�PXOJDODQGV�RI�4XHHQVODQG��1REOH� HW�DO� �������(IIHFWV�RQ�JUD]LQJ
EHKDYLRXU�IROORZ�VLPLODU�SULQFLSOHV��EXW�ZLWK�VRPH�GLIIHUHQFHV�LQ�VSDWLDO�H[SUHVVLRQ��&URZOH\� HW�DO� �����

1DWXUDO�VXUIDFH
ZDWHU

(SKHPHUDO�VXUIDFH�ZDWHUV�DUH�FRPPRQ�LQ�PDQ\�UDQJHODQGV��7KH�ORVV��EUHDFKLQJ��RI�HSKHPHUDO�ZHWODQGV�LV�OLNHO\�WR�VLPSOLI\
JUD]LQJ�EHKDYLRXU��IRFXVLQJ�LW�RQ�SHUPDQHQW��PRVWO\�DUWLILFLDO��ZDWHULQJ�SRLQWV��/LYHVWRFN�WUDFNV�DUH�D�PDMRU�FDXVH�RI�EUHDFKLQJ�
1DWXUDO�VXUIDFH�ZDWHUV�DUH�DOVR�FRPPRQ�DFURVV�PXFK�RI�WKH�WURSLFDO�VDYDQQDV��DQG�DVVRFLDWHG�ULSDULDQ�DUHDV�DUH�SDUWLFXODUO\
YXOQHUDEOH�WR�SK\VLFDO�GHJUDGDWLRQ�GXH�WR�WUDPSOLQJ�DQG�ZHHG�LQYDVLRQ��LQ�DGGLWLRQ�WR�WKH�LPSDFWV�RI�SUHIHUHQWLDO�JUD]LQJ�

,QIUDVWUXFWXUH�GHFOLQH 0DQ\�VRXWKHUQ�DQG�FHQWUDO�UDQJHODQG�DUHDV�GHYHORSHG�VXEVWDQWLDO�LQIUDVWUXFWXUH�ZKHQ�SULFHV�ZHUH�KLJK��EXW�DUH�QRZ
H[SHULHQFLQJ�GHFOLQLQJ�WHUPV�RI�WUDGH��OHDGLQJ�WR�GHWHULRUDWLQJ�LQIUDVWUXFWXUH�DQG�D�WUDQVLWLRQ�WR�EURDGHU�VFDOHV�RI�VHOHFWLYH
JUD]LQJ�FRQVHTXHQW�RI�LQHIIHFWLYH�HQFORVXUH��5HVWLQJ�RI�VWUHVVHG�ODQGVFDSHV�LV�QRW�SRVVLEOH�ZLWKRXW�DGHTXDWH�FRQWURO�RI�JUD]LQJ
SUHVVXUH�
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,QIUDVWUXFWXUH
LQWHQVLILFDWLRQ

7UDGLWLRQDOO\��WKHUH�KDV�EHHQ�IDU�OHVV�LQIUDVWUXFWXUH�GHYHORSPHQW�LQ�QRUWKHUQ�$XVWUDOLD��EXW�WKULYLQJ�OLYH�FDWWOH�H[SRUW�PDUNHWV�LQ
$VLD�DUH�GULYLQJ�D�WUHQG�WRZDUG�LQIUDVWUXFWXUH�LQWHQVLILFDWLRQ�WR�PDNH�XVH�RI�SUHYLRXVO\�XQGHU�XWLOLVHG�FRXQWU\��7KH�LPSOLFDWLRQV�
ULVNV�DQG�RSSRUWXQLWLHV�IRU�ELRGLYHUVLW\�PDQDJHPHQW�DQG�PRQLWRULQJ�DUH�FRQVLGHUDEOH�
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7DEOH��� &ODVVLILFDWLRQ�RI�VSDWLDO�LPSDFW�RQ�YDULDEOHV�ZLWK�LQFUHDVLQJ�GLVWDQFH
IURP�ZDWHU��5HVSRQVH�VKDSH�ZDV�GHWHUPLQHG�E\�WKH�QDWXUH�RI�WKH�EHVW�ILW�PRGHO
�(� �([SRQHQWLDO��/� �/LQHDU���UHVSRQVH�GLUHFWLRQ�ZDV�GHWHUPLQHG�E\�YLVXDO
LQVSHFWLRQ��'� �GHFOLQLQJ�WUHQG�ZLWK�LQFUHDVLQJ�GLVWDQFH�IURP�ZDWHU��,� 
,QFUHDVLQJ�WUHQG��
3HUVSHFWLYH 5HVSRQVH�YDULDEOH 5HVSRQVH

GLUHFWLRQ
5HVSRQVH
VKDSH

3DVWRUDOLVP 5DQJH�FRQGLWLRQ�VFRUH��KLJK� �ZRUVH� ' /
6XVWDLQDEOH�&DUU\LQJ�&DSDFLW\ , /
3DVWRUDO�,QWHJULW\ , /

%LRGLYHUVLW\ 'HFUHDVHU�SODQW�VSHFLHV�ULFKQHVV , /
,QFUHDVHU�SODQW�VSHFLHV�ULFKQHVV ' /
$QW�VSHFLHV�ULFKQHVV ' (
'HFUHDVHU�DQW�VSHFLHV�ULFKQHVV ' (

(FRORJLFDO�LQWHJULW\ &KHQRSRG�VKUXE�FRYHU , (
6L]H�RI�RSHQ�DUHDV��FKHQRSRG ' (
3RWHQWLDOO\�PLQHUDOLVDEOH�QLWURJHQ��VDQG\
PXOJD

' /
$YDLODEOH�SKRVSKRUXV��PXOJD ' /
2UJDQLF�FDUERQ , (
(OHFWULFDO�FRQGXFWLYLW\��FKHQRSRG ' (
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)LJ����� /RFDWLRQ�RI�WKH�3K'�VWXG\�UHJLRQ�DQG�LWV�ODUJHVW�WRZQ��/HRQRUD�
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)LJ����,QIOXHQFH�RI�GLVWDQFH�IURP�ZDWHU�RQ�WUDFN�GHQVLW\
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7UDFN
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)LJ���� &RPSDULVRQ�RI�5$1*(3$&.�3DGGRFN��53��DQG�WUDFN�GHQVLW\�EDVHG��6+��PRGHOV�RI�VWRFNLQJ�KLVWRU\
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