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$TXDFXOWXUH�XVLQJ�VDOLQH�JURXQGZDWHU�PD\�SURYLGH�D�SURGXFWLYH�XVH�IRU�VDOW�DIIHFWHG�ODQG�WKDW�FDQ
QR�ORQJHU�VXSSRUW�WUDGLWLRQDO�DJULFXOWXUDO�HQWHUSULVHV��DQG�PD\�DOVR�EH�XVHG�WR�GHIUD\�SDUW�RI�WKH
FRVW�RI�H[LVWLQJ�VXUIDFH�DQG�VXEVXUIDFH�ZDWHU�PDQDJHPHQW�V\VWHPV���$TXDFXOWXUH�PD\�DOVR�
KRZHYHU��KDYH�LWV�RZQ�HQYLURQPHQWDO�LPSDFWV��DQG�WKHVH�PXVW�EH�PDQDJHG�LI�DQ�LQODQG�VDOLQH
DTXDFXOWXUH�LQGXVWU\�LV�WR�GHYHORS���:H�VXUYH\HG�IDUPHUV�DQG�UHVRXUFH�PDQDJHUV��DQG�PRQLWRUHG
ZDWHU�TXDOLW\�SDUDPHWHUV�IURP�GLIIHUHQW�FXOWXUH�V\VWHPV��WR�GHWHUPLQH�SRWHQWLDO�HQYLURQPHQWDO
LPSDFWV�IURP�WKH�FXOWXUH�RI�UDLQERZ�WURXW�RQ�VDOW�DIIHFWHG�IDUPV�LQ�:HVWHUQ�$XVWUDOLD���)RXU�W\SHV
RI�FXOWXUH�XQLWV�KDYH�EHHQ�XVHG�WR�JURZ�WURXW��IDUP�GDPV������RI�WRWDO�XQLWV���FRQVWUXFWHG�SRQGV
�������QDWXUDO�ODNHV������DQG�WDQNV��������&RPSDULVRQ�RI�ZDWHU�IORZ�FKDUDFWHULVWLFV�DPRQJ�WKHVH
GLIIHUHQW�FXOWXUH�XQLWV�VKRZHG�WKDW�WKH\�DUH�OLNHO\�WR�SURGXFH�VLPLODU�HQYLURQPHQWDO�LPSDFWV�
3RWHQWLDO�HQYLURQPHQWDO�LPSDFWV�IURP�LQODQG�WURXW�IDUPLQJ�DUH��FKDQJHV�LQ�ZDWHU�TXDOLW\�ZLWKLQ
WKH�SURGXFWLRQ�V\VWHP��GXH�WR�WKH�DFFXPXODWLRQ�RI�QXWULHQWV�RU�RWKHU�FKHPLFDOV��GLVFKDUJHV�RI
QXWULHQWV�DQG�RWKHU�FKHPLFDOV�LQWR�QDWXUDO�ZDWHUZD\V��WKH�LPSDFW�RI�ILVK�RQ�DTXDWLF�FRPPXQLWLHV
LQ�WKH�SURGXFWLRQ�V\VWHP��HVFDSH�RI�ILVK�LQWR�QDWXUDO�ZDWHUZD\V��FOHDULQJ�RI�YHJHWDWLRQ��XVH�RI
JURXQGZDWHU��GLVSRVDO�RI�JURXQGZDWHU���7KH�UHJXODWLRQ�RI�HQYLURQPHQWDO�LPSDFWV�LQ�LQODQG�VDOLQH
DTXDFXOWXUH�LV�FRPSOLFDWHG�E\�WKH�QXPEHU�RI�GLIIHUHQW�JRYHUQPHQW�DJHQFLHV�LQYROYHG�DQG�E\�WKH
VPDOO�VFDOH�RI�WKH�LQGXVWU\���7KLV�VXJJHVWV�WKDW�HFRQRPLF�LQVWUXPHQWV��IDFLOLWDWHG�E\�WKH�YROXQWDU\
GHYHORSPHQW�DQG�DSSOLFDWLRQ�RI�DQ�HQYLURQPHQWDO�PDQDJHPHQW�V\VWHP��PLJKW�EH�D�EHWWHU
PDQDJHPHQW�WRRO�WKDQ�UHJXODWLRQ���:H�XVH�D�PRGHO�RI�QXWULHQW�F\FOLQJ�LQ�LQODQG�WURXW�IDUPV�WR
GHPRQVWUDWH�WKH�EHQHILWV�WR�IDUPHUV�RI�PDQDJLQJ�QXWULHQW�ZDVWHV���'HPRQVWUDWLQJ�WKH�EHQHILWV�RI
PDQDJLQJ�RWKHU�HQYLURQPHQWDO�LPSDFWV�UHTXLUHV�IXUWKHU�UHVHDUFK�WR�TXDQWLI\�WKH�PDUNHWLQJ
DGYDQWDJHV�RI�DQ�HQYLURQPHQWDO�PDQDJHPHQW�V\VWHP�
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6HFRQGDU\�VDOLQLVDWLRQ��FDXVHG�E\�ULVLQJ�ZDWHU�WDEOHV�DV�D�FRQVHTXHQFH�RI�LUULJDWLRQ�RU�ODQG
FOHDULQJ��LV�D�PDMRU�SUREOHP�WKURXJKRXW�WKH�DULG�DQG�VHPL�DULG�UHJLRQV�RI�WKH�ZRUOG���,Q�:HVWHUQ
$XVWUDOLD��ZKHUH�GU\ODQG��UDWKHU�WKDQ�LUULJDWLRQ��VDOLQLW\�LV�PRVW�HYLGHQW��PDQDJHPHQW�VWUDWHJLHV
IDOO�LQWR�WKUHH�FDWHJRULHV��3DQQHOO�������

x� /LPLWLQJ�JURXQGZDWHU�UHFKDUJH�WKURXJK�SODQWLQJ�GHHS�URRWHG�SHUHQQLDO�SODQWV��DQG�SURWHFWLQJ
UHPQDQW�QDWLYH�YHJHWDWLRQ��DYRLGLQJ�IXUWKHU�VDOLQLVDWLRQ��

x� 3UHYHQWLQJ�JURXQGZDWHU�GLVFKDUJH�WKURXJK�HQJLQHHULQJ�VROXWLRQV��VXFK�DV�SXPSV�DQG�GUDLQV
�UHSDLULQJ�H[LVWLQJ�VDOLQLVDWLRQ��

x� 'HYHORSLQJ�QHZ�SURGXFWLYH�XVHV�IRU�VDOLQLVHG�ODQG��OLYLQJ�ZLWK�VDOLQLVDWLRQ��

$TXDFXOWXUH�LQ�SXPSHG�RU�LQWHUFHSWHG�VDOLQH�JURXQGZDWHU�LV�UHFHLYLQJ�LQFUHDVLQJ�DWWHQWLRQ�LQ
$XVWUDOLD�DQG�RWKHU�SDUWV�RI�WKH�ZRUOG��)RUVEHUJ�HW�DO��������6DPRFKD�HW�DO��������6PLWK�DQG



%DUORZ���������7KH�LPSRUWDQFH�RI�LQODQG�VDOLQH�DTXDFXOWXUH�LV�WKDW�LW�PD\�QRW�RQO\�SURYLGH�D
SURGXFWLYH�XVH�IRU�VDOLQLVHG�ODQG�WKDW�FDQ�QR�ORQJHU�VXSSRUW�WUDGLWLRQDO�DJULFXOWXUDO�HQWHUSULVHV��EXW
LW�LV�DOVR�FDSDEOH�RI�EHLQJ�LQWHJUDWHG�LQWR�VXUIDFH�DQG�VXEVXUIDFH�HQJLQHHULQJ�VROXWLRQV��WKHUHE\
GHIUD\LQJ�DW�OHDVW�SDUW�RI�WKH�FRVW�RI�VXFK�VFKHPHV�

7KH�ORQJ�WHUP�RXWORRN�IRU�DTXDFXOWXUH�SURGXFWV�LV�EULJKW���$TXDFXOWXUH�KDV�EHHQ�WKH�ZRUOG©V
IDVWHVW�JURZLQJ�IRRG�SURGXFWLRQ�V\VWHP�IRU�WKH�SDVW�GHFDGH��ZLWK�DQ�DYHUDJH�FRPSRXQG�JURZWK
UDWH�RI������SHU�\HDU�VLQFH�������FRPSDUHG�ZLWK�D�JURZWK�RI������IRU�WHUUHVWULDO�OLYHVWRFN�PHDW
SURGXFWLRQ�DQG������IRU�FDSWXUH�ILVKHULHV�SURGXFWLRQ��7DFRQ���������$XVWUDOLD�KDV�PLUURUHG�WKLV
JOREDO�WUHQG���6LQFH�������WKH�JURVV�YDOXH�RI�DTXDFXOWXUH�SURGXFWLRQ�LQ�$XVWUDOLD�KDV�JURZQ�IURP
���P�WR�DURXQG�����P��ZLWK�D�FXUUHQW�DQQXDO�JURZWK�UDWH�RI�DERXW������%URZQ�HW�DO��������
7KLV�VSHFWDFXODU�JURZWK�KDV�EHHQ�IXHOOHG�E\�DQ�LQFUHDVLQJ�GHPDQG�IRU�VHDIRRG�DQG�D�OHYHOOLQJ�RI
SURGXFWLRQ�IURP�FDSWXUH�ILVKHULHV�WKURXJKRXW�WKH�ZRUOG�

:KLOH�WKH�SURGXFWLYH�XVH�RI�VDOLQH�JURXQGZDWHU�KDV�EHHQ�UHJDUGHG�DV�DQ�LPSRUWDQW�FRPSRQHQW�RI
DQ�LQWHJUDWHG��KROLVWLF�DSSURDFK�WR�VDOLQLW\�PDQDJHPHQW��6WDWH�6DOLQLW\�&RXQFLO��������DTXDFXOWXUH
PD\�KDYH�LWV�RZQ�HQYLURQPHQWDO�LPSDFWV���7KHVH�LPSDFWV�QHHG�WR�EH�FRQVLGHUHG�LQ�DQ\�ORQJ�WHUP
VWUDWHJ\�IRU�LQGXVWU\�GHYHORSPHQW���7KH�FRPSHWLWLYH�DGYDQWDJH�IRU�$XVWUDOLDQ�DTXDFXOWXUH�OLHV�LQ
RXU�DELOLW\�WR�VXSSO\�TXDOLW\�SURGXFWV�E\�DYRLGLQJ�WKH�GLVHDVH�SUREOHPV�DQG�HQYLURQPHQWDO
PDQDJHPHQW�LVVXHV�WKDW�KDYH�SODJXHG�IDUPHUV�LQ�RWKHU�SDUWV�RI�WKH�ZRUOG��'RXSp�HW�DO��������
7KLV�PHDQV�FDUHIXO�VLWH�VHOHFWLRQ��SURSHU�UHVRXUFH�PDQDJHPHQW��DQG�V\VWHPV�IRU�GLVHDVH
SUHYHQWLRQ�DQG�FRQWURO���,Q�WKLV�SDSHU��ZH�H[DPLQH�WKH�PDQDJHPHQW�RI�SRWHQWLDO�HQYLURQPHQWDO
LPSDFWV�IURP�LQODQG�VDOLQH�DTXDFXOWXUH��XVLQJ�DV�DQ�H[DPSOH�WKH�SURGXFWLRQ�RI�UDLQERZ�WURXW�
2QFRUK\QFKXV�P\NLVV��:DOEDXP���LQ�WKH�ZKHDWEHOW�RI�:HVWHUQ�$XVWUDOLD�
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,Q�������WKH�:HVWHUQ�$XVWUDOLDQ�'HSDUWPHQWV�RI�)LVKHULHV�DQG�$JULFXOWXUH�LQLWLDWHG�D�MRLQW�SURMHFW
WR�DVVHVV�WKH�IHDVLELOLW\�RI�XVLQJ�LQODQG�VDOLQH�ZDWHU�IRU�DTXDFXOWXUH���5DLQERZ�WURXW�ZHUH�FKRVHQ
DV�D�WULDO�DTXDFXOWXUH�VSHFLHV�EHFDXVH�RI�WKHLU�PDUNHW�DFFHSWDQFH��UHDG\�DYDLODELOLW\��SURGXFWLRQ
KLVWRU\�DQG�WROHUDQFH�RI�D�ZLGH�UDQJH�RI�VDOLQLWLHV���/LNH�DOO�VDOPRQLGV��UDLQERZ�WURXW�SUHIHU�ZDWHU
WHPSHUDWXUHV�EHORZ����&��DOWKRXJK�:HVWHUQ�$XVWUDOLDQ�VWUDLQV�DSSHDU�WR�EH�PRUH�UHVLVWDQW�WR
KLJKHU�WHPSHUDWXUHV��0RUULVV\���������7KHUH�LV�HYLGHQFH�WKDW�JURZWK�DQG�VXUYLYDO�RI�WURXW�LQ
ZDUPHU�ZDWHUV�LV�LPSURYHG�DW�KLJKHU�VDOLQLWLHV��7DWXP�������7HVNHUHG]LF�HW�DO��������

$IWHU�VXUYH\LQJ�UHVRXUFHV�RQ���WHVW�IDUPV�LQ�������WURXW�ZHUH�VXFFHVVIXOO\�JURZQ�RXW�RYHU�ZLQWHU
RQ���IDUPV�LQ��������,Q������������DQG������D�ODUJH�QXPEHU�RI�IDUPHUV�SXUFKDVHG�WURXW�IRU�WULDOV
WR�GHWHUPLQH�SURGXFWLRQ�FDSDELOLWLHV�XQGHU�D�ZLGH�UDQJH�RI�FRQGLWLRQV��DQG�WR�SURYLGH�D
SUHOLPLQDU\�DVVHVVPHQW�RI�SURGXFW�TXDOLW\�DQG�FRQVXPHU�DFFHSWDQFH���,W�ZDV�IRXQG�WKDW�RYHU�D
ZLGH�DUHD�RI�WKH�ZKHDWEHOW��ILVK�VWRFNHG�LQ�0D\�-XQH�DW�DERXW���J�FRXOG�UHDFK�ZHLJKWV�RI�XS�WR
�������J�E\�2FWREHU�1RYHPEHU��DOWKRXJK�WKHUH�ZDV�JUHDW�YDULDELOLW\�LQ�JURZWK�UDWHV�
3UHOLPLQDU\�PDUNHW�WHVWLQJ�RI�GLIIHUHQW�W\SHV�RI�SURGXFW��IUHVK�ZKROH�ILVK��IUR]HQ�ILOOHWV��VPRNHG
ILOOHWV�DQG�FDQQHG�ILOOHWV��SURGXFHG�HQFRXUDJLQJ�UHVSRQVHV�IURP�FRQVXPHUV���$V�D�FRQVHTXHQFH��D
SURGXFHUV©�FRRSHUDWLYH��:HVWHUQ�,QODQG�)LVKHULHV�&R�RSHUDWLYH�/WG���DQG�D�VWUDWHJLF�DOOLDQFH�RI
SURGXFHUV�DQG�SURFHVVRUV��6DOWZDWHU�7URXW�$OOLDQFH�,QF���ZHUH�IRUPHG�WR�SURJUHVV�LQGXVWU\
GHYHORSPHQW��DQG�D�QXPEHU�RI�VWXGLHV�KDYH�EHHQ�FRPPLVVLRQHG�WR�DVVHVV�WKH�PDUNHW�SRWHQWLDO�DQG
ILQDQFLDO�IHDVLELOLW\�RI�DQ�LQODQG�VDOWZDWHU�WURXW�LQGXVWU\��5RELQVRQ�������$QRQ��������



7R�GHWHUPLQH�WKH�YDULHW\�RI�SURGXFWLRQ�V\VWHPV�XVHG�WR�IDUP�WURXW�LQ�WKH�ZKHDWEHOW��ZH�VXUYH\HG
IDUPHUV�IURP�����SURSHUWLHV��ZKR�KDG�VWRFNHG�UDLQERZ�WURXW�EHWZHHQ������DQG��������6HYHQW\�VL[
UHVSRQVHV�ZHUH�UHFHLYHG���$SSUR[LPDWHO\��������UDLQERZ�WURXW�KDYH�EHHQ�VWRFNHG�RQ�IDUPV�IURP
0RRUD�LQ�WKH�QRUWK�WR�$OEDQ\�LQ�WKH�VRXWK�DQG�(VSHUDQFH�LQ�WKH�HDVW�RI�:HVWHUQ�$XVWUDOLD���7KH
����VHSDUDWH�FXOWXUH�XQLWV�XVHG�E\�UHVSRQGHQWV��PHDQ�RI�����XQLWV�SHU�SURSHUW\��WR�VWRFN�WURXW�FDQ
EH�JURXSHG�LQWR�IRXU�FDWHJRULHV��H[LVWLQJ�IDUP�GDPV��FRQVWUXFWHG�LQLWLDOO\�IRU�ZDWHULQJ�OLYHVWRFN
�������SRQGV�FRQVWUXFWHG�VSHFLILFDOO\�IRU�ILVK�SURGXFWLRQ��������QDWXUDO��VHDVRQDO�VDOW�ODNHV������
DQG�WDQNV��������/DNHV�FRQVWLWXWH�D�W\SLFDO�H[WHQVLYH�SURGXFWLRQ�V\VWHP��ZLWK�D�YHU\�ORZ�PHDQ
VWRFNLQJ�GHQVLW\�������ILVK�P���DQG�QR�VXSSOHPHQWDU\�IHHGLQJ��WKH�ILVK�EHLQJ�WRWDOO\�UHOLDQW�RQ
QDWXUDO�IHHG�DYDLODEOH�ZLWKLQ�WKH�ODNHV���0HDQ�VWRFNLQJ�GHQVLW\�ZDV�KLJKHU�LQ�GDPV�DQG�SRQGV
������ILVK�P����DQG�����RI�WKHVH�XQLWV�ZHUH�SURYLGHG�ZLWK�VXSSOHPHQWDU\�IHHG�LQ�WKH�IRUP�RI�WURXW
SHOOHWV���7DQNV�DUH�PRUH�RI�DQ�LQWHQVLYH�SURGXFWLRQ�V\VWHP��ZLWK�D�PHDQ�VWRFNLQJ�GHQVLW\�RI�����
ILVK�P���DQG�WURXW�SHOOHWV�WKH�RQO\�VRXUFH�RI�IHHG�

'HVSLWH�WKHLU�GLIIHUHQFHV�LQ�SK\VLFDO�VWUXFWXUH��ELRPDVV�DQG�IHHGLQJ�SUDFWLFHV��WKH�IRXU�GLIIHUHQW
FDWHJRULHV�RI�FXOWXUH�XQLWV�KDG�PDQ\�VLPLODULWLHV�LQ�WKHLU�ZDWHU�IORZ�FKDUDFWHULVWLFV���$OO�RI�WKH
XQLWV�UHFHLYHG�ZDWHU�IURP�ERWK�VXUIDFH�IORZV�DQG�JURXQGZDWHU�LQWHUFHSWLRQ��ZLWK�VXUIDFH�IORZV
SURYLGLQJ�WKH�SUHGRPLQDQW�ZDWHU�VRXUFH�LQ�����RI�GDPV������RI�SRQGV������RI�ODNHV�DQG�����RI
WDQNV���:KLOH�VRPH�ODNHV��GDPV�DQG�SRQGV�FRXOG�EH�UHJDUGHG�DV�VWDWLF�V\VWHPV��ZLWK�PLQLPDO
LQIORZ�DQG�RXWIORZ��PDQ\�ZHUH�IHG�E\�VDOLQH�VWUHDPV�DQG�DUH�PRUH�DSSURSULDWHO\�UHJDUGHG�DV
SDUWLDO�IORZ�WKURXJK�V\VWHPV���$OO�WDQNV�SXPSHG�DQG�UH�XVHG�WUHDWHG�ZDWHU��EXW�WKH\�DOVR
XQGHUWRRN�UHJXODU�SDUWLDO�RU�FRPSOHWH�ZDWHU�H[FKDQJHV��DQG�VR�FRXOG�DOVR�EH�UHJDUGHG�DV�SDUWLDO
IORZ�WKURXJK�V\VWHPV�
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1DWXUDO�HFRV\VWHPV�SURYLGH�VHUYLFHV�WKDW�DUH�HVVHQWLDO�IRU�WKH�KHDOWK�DQG�HFRQRPLF�ZHOO�EHLQJ�RI
KXPDQ�FRPPXQLWLHV��SULQFLSDO�DPRQJ�WKHVH�HFRV\VWHP�VHUYLFHV�DUH�WKH�VXSSO\�RI�QDWXUDO
UHVRXUFHV�DQG�WKH�DVVLPLODWLRQ�RI�ZDVWH�SURGXFWV���$TXDFXOWXUH�SURGXFWLRQ�V\VWHPV�FDQ�WKHUHIRUH
SRWHQWLDOO\�LPSDFW�XSRQ�WKH�HQYLURQPHQW�WKURXJK�WKH�FRQVXPSWLRQ�RI�UHVRXUFHV��VXFK�DV�ODQG�
ZDWHU��VHHGVWRFN�DQG�IHHG��DQG�WKURXJK�WKH�SURGXFWLRQ�RI�ZDVWHV��VXFK�DV�XQHDWHQ�DQG�H[FUHWHG
QXWULHQWV��FKHPLFDOV��SDWKRJHQV�DQG�IHUDO�ILVK���7KHVH�LPSDFWV�FDQ�RFFXU�ERWK�LQWHUQDOO\��L�H�
ZLWKLQ�WKH�SURGXFWLRQ�V\VWHP��DQG�H[WHUQDOO\��RXWVLGH�WKH�SURGXFWLRQ�V\VWHP��

)URP�RXU�TXHVWLRQQDLUH�VXUYH\�RI�IDUPHUV�ZKR�KDG�VWRFNHG�UDLQERZ�WURXW��ZH�REWDLQHG
LQIRUPDWLRQ�RQ�WKH�XVH�RI�SHVWLFLGHV��IHUWLOLVHUV�DQG�RWKHU�FKHPLFDOV�QHDU�ILVK�FXOWXUH�XQLWV��WKH
DFFHVV�RI�OLYHVWRFN�WR�FXOWXUH�XQLWV��WKH�H[WHQW�RI�YHJHWDWLRQ�FOHDULQJ��RXWIORZ�SURWHFWLRQ�PHDVXUHV
DQG�ILVK�HVFDSHV���)URP�WKLV�LQIRUPDWLRQ��ZH�ZHUH�DEOH�WR�LGHQWLI\�WKH�SRWHQWLDO�HQYLURQPHQWDO
LPSDFWV�OLVWHG�LQ�7DEOH�����:H�XVHG�UHVSRQVHV�IURP�WKH�TXHVWLRQQDLUH�VXUYH\�RI�IDUPHUV��DQG�IURP
D�IRFXV�JURXS�LQWHUYLHZ�ZLWK�UHVRXUFH�PDQDJHUV�IURP�JRYHUQPHQW�DJHQFLHV�LQ�:HVWHUQ�$XVWUDOLD�
WR�GHWHUPLQH�WKH�UHODWLYH�LPSRUWDQFH�RI�WKHVH�SRWHQWLDO�HQYLURQPHQWDO�LPSDFWV���$PRQJ�IDUPHUV�
WKH�PRVW�KLJKO\�UDQNHG�LPSDFWV�ZHUH�WKH�LQWHUQDO�HIIHFWV�RI�QXWULHQWV�DQG�RWKHU�FKHPLFDOV�LQ�WKH
FXOWXUH�V\VWHP��ZKLOH�DPRQJ�UHVRXUFH�PDQDJHUV�WKH�PRVW�KLJKO\�UDQNHG�LPSDFWV�ZKHUH�WKH
H[WHUQDO�HIIHFWV�RI�QXWULHQWV�HQWHULQJ�WKH�UHFHLYLQJ�V\VWHP�DQG�WURXW�LQ�ODNHV�FRQVXPLQJ�QDWXUDO
IHHG�



7DEOH����3RWHQWLDO�HQYLURQPHQWDO�LPSDFWV�IURP�LQODQG�VDOLQH�DTXDFXOWXUH�RI�UDLQERZ�WURXW�LQ�:HVWHUQ�$XVWUDOLD�

(QYLURQPHQWDO�LPSDFW 'HVFULSWLRQ�RI�LPSDFW ([WHQW

5HVRXUFH�FRQVXPSWLRQ

'LVSODFHPHQW�RI�YHJHWDWLRQ 7KH�FRQVWUXFWLRQ�RI�FXOWXUH�V\VWHPV�PD\�UHTXLUH�WKH�FOHDULQJ�RI�QDWXUDO�YHJHWDWLRQ�

�

([WHUQDO

8VH�RI�ZDWHU $EVWUDFWLRQ�RI�VXUIDFH�RU�JURXQGZDWHU�PD\�FDXVH�ORVV�RU�IUDJPHQWDWLRQ�RI�KDELWDW�IRU�DTXDWLF�FRPPXQLWLHV� ([WHUQDO

&RQVXPSWLRQ�RI�QDWXUDO�IHHG 7KH�VDOLQH�ZDWHU�IDXQD�RI�:HVWHUQ�$XVWUDOLD�FRQWDLQV�D�QXPEHU�RI�HQGHPLF�VSHFLHV���:KHUH�WKH�FXOWXUH�V\VWHP�LV�D

QDWXUDOO\�RFFXUULQJ�ODNH��FXOWXUHG�ILVK�PD\�KDYH�HFRORJLFDO�HIIHFWV�XSRQ�DTXDWLF�FRPPXQLWLHV�WKURXJK�SUHGDWLRQ�

,QWHUQDO

&RQVXPSWLRQ�RI�DUWLILFLDO

IHHG

&RPPHUFLDO�VDOPRQLG�GLHWV�DUH�EDVHG�RQ�XS�WR�����ILVKPHDO��DQG�LW�LV�HVWLPDWHG�WKDW��W�RI�ILVK�DUH�UHTXLUHG�SHU��W

RI�ILVKPHDO���$Q\�FRQWULEXWLRQ�WR�WKH�JOREDO�GHPDQG�IRU�ILVKPHDO�DOVR�FRQWULEXWHV�WR�WKH�JOREDO�GHFOLQH�LQ�RFHDQ

ILVKHULHV��WKH�VRXUFH�RI�ILVKPHDO�

([WHUQDO

:DVWH�SURGXFWLRQ

1XWULHQWV�LQ�FXOWXUH�V\VWHP 1XWULHQWV�DUH�SULQFLSDOO\�QLWURJHQ�DQG�SKRVSKRURXV�GHULYHG�IURP�XQHDWHQ�IHHG��XQGLJHVWHG�VROLGV�DQG�H[FUHWLRQ�

7KLV�PD\�OHDG�WR�HXWURSKLFDWLRQ��ZLWK�KDUPIXO�HIIHFWV�RQ�FXOWXUHG�ILVK�RU�RWKHU�RUJDQLVPV�LQ�WKH�V\VWHP�

,QWHUQDO

1XWULHQWV�LQ�UHFHLYLQJ

V\VWHP

1XWULHQWV�WKDW�DUH�GLVFKDUJHG�DV�HIIOXHQW�IURP�WKH�FXOWXUH�V\VWHP�WR�QDWXUDO�ZDWHUZD\V�PD\�KDYH�KDUPIXO�HIIHFWV

RQ�DTXDWLF�FRPPXQLWLHV�

([WHUQDO

2WKHU�FKHPLFDOV�LQ�WKH

FXOWXUH�V\VWHP

&KHPLFDOV�XVHG�LQ�RWKHU�IDUPLQJ�DFWLYLWLHV��VXFK�DV�KHUELFLGHV�RU�SHVWLFLGHV��PD\�HQWHU�WKH�FXOWXUH�V\VWHP�DQG

KDYH�KDUPIXO�HIIHFWV�RQ�ILVK�RU�RWKHU�RUJDQLVPV�LQ�WKH�V\VWHP�

,QWHUQDO

2WKHU�FKHPLFDOV�LQ

UHFHLYLQJ�V\VWHP

&KHPLFDOV�IURP�ILVK�FXOWXUH�RU�RWKHU�IDUPLQJ�DFWLYLWLHV�WKDW�DUH�GLVFKDUJHG�DV�HIIOXHQW�IURP�WKH�FXOWXUH�V\VWHP�WR

QDWXUDO�ZDWHUZD\V�PD\�KDYH�KDUPIXO�HIIHFWV�RQ�DTXDWLF�FRPPXQLWLHV�

([WHUQDO

)LVK�LQ�UHFHLYLQJ�V\VWHP )LVK�WKDW�HVFDSH�IURP�FXOWXUH�V\VWHPV�LQWR�QDWXUDO�ZDWHUZD\V�PD\�KDYH�KDUPIXO�HFRORJLFDO�HIIHFWV�XSRQ�H[LVWLQJ

DTXDWLF�FRPPXQLWLHV�WKURXJK�SUHGDWLRQ��FRPSHWLWLRQ��KDELWDW�GLVUXSWLRQ�RU�DV�YHFWRUV�IRU�SDUDVLWHV�RU�GLVHDVHV�

([WHUQDO

'LVSRVDO�RI�VDOLQH�ZDWHU 6DOLQH�JURXQGZDWHU�PD\�EH�GLVFKDUJHG�IURP�FXOWXUH�V\VWHPV�LQWR�QDWXUDO�ZDWHUZD\V��WKHUHE\�LQFUHDVLQJ�VDOLQLW\� ([WHUQDO
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7KH�PDQDJHPHQW�RI�HQYLURQPHQWDO�LPSDFWV�LQ�DTXDFXOWXUH�KDV�WUDGLWLRQDOO\�RFFXUUHG�WKURXJK�WKH

XVH�RI�UHJXODWRU\�LQVWUXPHQWV��VXFK�DV�OLFHQVLQJ���,Q�:HVWHUQ�$XVWUDOLD��OLFHQVLQJ�DQG�DVVHVVPHQW

SROLFLHV�IRU�LQODQG�DTXDFXOWXUH�DUH�FRPSOLFDWHG�E\�WKH�LQYROYHPHQW�RI�PDQ\�GLIIHUHQW�JRYHUQPHQW

DJHQFLHV�DQG�WKHLU�UHVWULFWLRQ�WR�FRPPHUFLDO�VFDOH�SURGXFWLRQ��'RXSp�HW�DO����������,QODQG�VDOLQH

DTXDFXOWXUH�RSHUDWLRQV�W\SLFDOO\�VWDUW�RXW�DV�VPDOO�YHQWXUHV��LQWHJUDWHG�LQWR�H[LVWLQJ�IDUP

HQWHUSULVHV��DQG�WKHUHIRUH�ODUJHO\�RXWVLGH�WKH�VFRSH�RI�FXUUHQW�JRYHUQPHQW�UHJXODWLRQV�

,W�PD\�EH�PRUH�DSSURSULDWH�IRU�WKH�HQYLURQPHQWDO�LPSDFWV�RI�LQODQG�VDOLQH�DTXDFXOWXUH�LQ�:HVWHUQ

$XVWUDOLD�WR�EH�PDQDJHG�WKURXJK�WKH�XVH�RI�HFRQRPLF�LQVWUXPHQWV��ZKLFK�HQFRXUDJH�IDUPHUV�WR

FRQVLGHU�WKH�VRFLHWDO�FRVWV�RI�WKHLU�SURGXFWLRQ���7KLV�PD\�EH�EHVW�DFKLHYHG�E\�WKH�YROXQWDU\

GHYHORSPHQW�RI�DQ�HQYLURQPHQWDO�PDQDJHPHQW�V\VWHP�E\�WKH�LQGXVWU\���(QYLURQPHQWDO

PDQDJHPHQW�V\VWHPV�DUH�EHLQJ�LQFUHDVLQJO\�DGRSWHG�E\�DTXDFXOWXUH�LQGXVWULHV�WR�PHHW�OHJDO

REOLJDWLRQV�DQG�FRQVXPHU�DVSLUDWLRQV�IRU�VXVWDLQDEOH�UHVRXUFH�XVH���(QYLURQPHQWDO�PDQDJHPHQW

V\VWHPV�UHTXLUH�WKH�GHYHORSPHQW�RI�HQYLURQPHQWDO�TXDOLW\�REMHFWLYHV��WKH�IRUPXODWLRQ�RI

HQYLURQPHQWDO�TXDOLW\�VWDQGDUGV�WR�PHHW�WKH�REMHFWLYHV��WKH�DGRSWLRQ�RI�EHVW�PDQDJHPHQW

SUDFWLFHV�WR�FRPSO\�ZLWK�WKH�VWDQGDUGV��D�V\VWHP�RI�PRQLWRULQJ�WR�HQVXUH�FRPSOLDQFH�DQG�D�PHDQV

RI�FRUUHFWLRQ�IRU�QRQ�FRPSOLDQFH��%R\G�DQG�6FKPLWWRX�������)HUQDQGHV�HW�DO��������

)URP�WKH�SRLQW�RI�YLHZ�RI�WKH�IDUPHU��HQYLURQPHQWDO�LPSDFWV�DUH�H[WHUQDO�FRVWV��DQG�WKH�LQFHQWLYH

WR�PDQDJH�LPSDFWV�WKURXJK�WKH�GHYHORSPHQW�RI�DQ�HQYLURQPHQWDO�PDQDJHPHQW�V\VWHP�VKRXOG�EH

SRVLWLYHO\�UHODWHG�WR�WKH�H[WHQW�WKDW�WKH\�FDQ�EH�LQWHUQDOLVHG���,Q�RXU�VWXG\��WKLV�LV�VHHQ�PRVW�FOHDUO\

LQ�WKH�OLQN�EHWZHHQ�WKH�LQWHUQDO�DQG�H[WHUQDO�HIIHFWV�RI�QXWULHQWV�IURP�WURXW�IDUPLQJ���)DUPHUV�ZHUH

PRVW�FRQFHUQHG�DERXW�WKH�LPSDFW�RI�QXWULHQW�ZDVWHV�RQ�WKH�ZDWHU�TXDOLW\�RI�WKHLU�FXOWXUH�V\VWHP�

SUHVXPDEO\�EHFDXVH�WKLV�ZLOO�GLUHFWO\�DIIHFW�SURILWDELOLW\�WKURXJK�UHGXFHG�ILVK�SURGXFWLRQ���7KLV

UHSUHVHQWV�DQ�LQWHUQDOLVDWLRQ�RI�WKH�LPSDFW�RI�PRVW�FRQFHUQ�WR�UHVRXUFH�PDQDJHUV��ZKLFK�ZDV�WKH

HIIHFW�RI�QXWULHQW�ZDVWHV�IORZLQJ�WR�WKH�H[WHUQDO�HQYLURQPHQW���(FRQRPLF�LQFHQWLYHV�IRU�IDUPHUV�WR

LPSURYH�IHHG�TXDOLW\��UHGXFH�IHHG�ZDVWDJH�DQG�FRQWURO�QXWULHQWV�IURP�RWKHU�VRXUFHV��VXFK�DV

IHUWLOLVHUV�DQG�OLYHVWRFN�H[FUHPHQW��VKRXOG�OHDG�WR�D�UHGXFWLRQ�RI�WKH�LPSDFW�RQ�ERWK�LQWHUQDO�DQG

H[WHUQDO�HQYLURQPHQWV���'HPRQVWUDWLQJ�WKH�HFRQRPLF�DGYDQWDJHV�RI�PDQDJLQJ�QXWULHQW�ZDVWHV�LV

FRPSOLFDWHG��KRZHYHU��E\�WKH�VPDOO�VFDOH�RI�WKH�LQGXVWU\��E\�WKH�GLYHUVH�UDQJH�RI�SURGXFWLRQ

V\VWHPV�EHLQJ�XVHG��DQG�E\�WKH�ZLGH�JHRJUDSKLFDO�DUHD�RYHU�ZKLFK�SURGXFWLRQ�LV�RFFXUULQJ���:H

EHOLHYH�WKDW�PDWKHPDWLFDO�PRGHOOLQJ�RI�WKH�LPSDFWV�IURP�QXWULHQW�ZDVWHV�FDQ�KHOS�WR�RYHUFRPH

VRPH�RI�WKHVH�FRPSOLFDWLRQV�DQG�DVVLVW�LQ�WKH�GHYHORSPHQW�RI�DQ�HQYLURQPHQWDO�PDQDJHPHQW

V\VWHP�
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8VLQJ�D�PHFKDQLVWLF�PRGHOOLQJ�DSSURDFK��ZH�SURGXFHG�D�VLPXODWLRQ�PRGHO�RI�WKH�LQSXWV��QXWULHQW

F\FOLQJ�DQG�RXWSXWV�WKDW�FDQ�EH�DSSOLHG�WR�LQODQG�WURXW�IDUPLQJ�LQ�:HVWHUQ�$XVWUDOLD���7KH�PRGHO

ZDV�GHYHORSHG�DFFRUGLQJ�WR�WKH�FULWLFDO�SURFHVVHV�WKDW�DIIHFW�QXWULHQW�F\FOLQJ�ZLWKLQ�ILYH�PDMRU

VHFWRUV�RI�DQ�DTXDFXOWXUH�V\VWHP��LQIORZ��ILVK��ZDWHU�FROXPQ��ZDWHU�VHGLPHQW�LQWHUIDFH��DQG

RXWIORZ��)LJXUH������7KH�PRGHO�ZDV�GHVLJQHG�XVLQJ�PDVV�EDODQFH�PHWKRGV�DQG�SURFHVVHV

GHVFULEHG�LQ�SUHYLRXV�VWXGLHV��H�J��.UDIW�������&KDSHOOH�������YDQ�5LMQ�������+DUJUHDYHV������

������6DQ]�5XV�HW�DO��������/HIHEYUH�HW�DO��������0RQWR\D�HW�DO���������DQG�FDOLEUDWHG�XVLQJ

SUHOLPLQDU\�GDWD�IURP�DQ�RQ�JRLQJ�VWXG\�RI�ZDWHU�TXDOLW\�SDUDPHWHUV�LQ�GLIIHUHQW�WURXW�IDUPLQJ

V\VWHPV�LQ�WKH�:HVWHUQ�$XVWUDOLDQ�ZKHDWEHOW�



)LJXUH����6FKHPDWLF�RXWOLQH�RI�PRGHO�RI�QXWULHQW�F\FOLQJ�LQ�LQODQG�WURXW�DTXDFXOWXUH��VKRZLQJ

FULWLFDO�SURFHVVHV�DIIHFWLQJ�QXWULHQW�EDODQFH�LQ�ILYH�PDMRU�VHFWRUV�RI�DQ�DTXDFXOWXUH�V\VWHP�

7KH�PDLQ�PHDVXUDEOH�VRXUFHV�RI�QXWULHQWV�WR�WKH�V\VWHP�DUH�GHWHUPLQHG�IURP�WKH�LQIORZ�ZDWHU��WKH

DGGLWLRQ�RI�ILVK�DQG�IRUPXODWHG�IHHGLQJ���%LRHQHUJHWLFV�PRGHOOLQJ�FDOFXODWHV�WKH�UHWHQWLRQ�DQG

H[FUHWLRQ�RI�QXWULHQWV�E\�WKH�FXOWXUH�DQLPDOV���7KH�PRGHO�SUHGLFWV�WKH�H[WHQW�WR�ZKLFK�QXWULHQWV�DUH

UHWDLQHG�ZLWKLQ�WKH�FXOWXUH�XQLW��LQ�HLWKHU�WKH�ZDWHU�FROXPQ�RU�WKH�VHGLPHQW���,W�DOVR�SUHGLFWV�WKH

H[WHQW�WR�ZKLFK�QXWULHQWV�DUH�ORVW�IURP�WKH�V\VWHP�LQ�WKH�RXWIORZ��RU�UHWDLQHG�E\�WKH�ILVK�DV

JURZWK���7KH�FRPSDULVRQ�RI�LQIORZ�DQG�RXWIORZ�ORDGV�SURYLGHV�DQ�HVWLPDWH�RI�WKH�PDQDJHPHQW

LQWHUYHQWLRQ�UHTXLUHG�WR�SUHYHQW�GRZQVWUHDP�HQYLURQPHQWDO�LPSDFWV���7KH�FRPSDULVRQ�RI�LQIORZ�

ZDWHU�FROXPQ�DQG�VHGLPHQW�ORDGV�FDQ�EH�XVHG�WR�SUHGLFW�WKH�SURGXFWLYH�OLIHVSDQ�RI�WKH�V\VWHP�DW

FXUUHQW�PDQDJHPHQW�RI�QXWULHQW�DVVLPLODWLRQ�

$�VLPSOH�VXPPDU\��XVLQJ�SUHOLPLQDU\�GDWD�IURP�D�IORZ�WKRXJK�FDJH�V\VWHP��GHPRQVWUDWHV�WKH

SRWHQWLDO�IRU�QXWULHQW�UHWHQWLRQ�ZLWKLQ�D�FXOWXUH�XQLW���)RU��������ILQJHUOLQJV�VWRFNHG�DW�DQ�DYHUDJH

ZHLJKW�RI�����J�WR�DFKLHYH�����J�JURZWK��DVVXPLQJ�FRQVWDQW�JURZWK�UDWH�RYHU�D�����GD\�JURZ�RXW

VHDVRQ��HDFK�LQGLYLGXDO�PXVW�JURZ������J�SHU�GD\���7R�DFKLHYH�WKLV�JURZWK�UDWH��WKH�ILVK�DUH�IHG���

NJ�RI�FRPPHUFLDO�SHOOHWV�SHU�GD\�ZLWK����QLWURJHQ��1��FRQVWLWXWLRQ�DW�D�IHHG�FRQYHUVLRQ�UDWLR�RI



������$FFRUGLQJ�WR�PRGHO�SUHGLFWLRQV������NJ�RI�IHHG�1�DUH�DGGHG�WR�WKH�FXOWXUH�XQLW�GXULQJ�WKH

JURZ�RXW�SKDVH�����NJ�1�RI�ZKLFK�LV�LQFRUSRUDWHG�LQWR�ILVK�ELRPDVV��ZLWK�WKH�UHPDLQLQJ����NJ�1

UHOHDVHG�DV�ZDVWH���,QLWLDO�HVWLPDWHV�IURP�WKH�PRGHO�LQGLFDWH�WKDW�WKH�QXWULHQW�ORDG�WR�WKH�V\VWHP

IURP�LQIORZ�ZDWHU�LV�DSSUR[LPDWHO\�����XJ�1�O�DW�������NLOROLWUHV�\U��RU����NJ�1�\U���7KH�RXWIORZ

LV�HVWLPDWHG�WR�UHOHDVH�DSSUR[LPDWHO\����NJ�1�\U��D�QHW�GRZQVWUHDP�ORDG�LQFUHDVH�RI����NJ�1�

&RQFXUUHQWO\��WKH�V\VWHP�LV�UHWDLQLQJ�D�IXUWKHU����NJ�1�\U��ORFNHG�XS�LQ�WKH�ZDWHU�FROXPQ��

VHGLPHQW�QXWULHQW�F\FOH���7KLV�UHSUHVHQWV�DQ�DSSUR[LPDWH�FRQFHQWUDWLRQ�LQFUHDVH�RI�����PJ�O�\U

WKDW�UHTXLUHV�DVVLPLODWLRQ�E\�WKH�V\VWHP�RU�WUHDWPHQW�YLD�LQFRUSRUDWLRQ�RI�ZDVWH�PDQDJHPHQW�
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:H�EHOLHYH�WKDW�RXU�PRGHO�RI�QXWULHQW�F\FOLQJ�LQ�LQODQG�WURXW�DTXDFXOWXUH�V\VWHPV�FDQ�DVVLVW�LQ�WKH

IRUPXODWLRQ�RI�HQYLURQPHQWDO�TXDOLW\�REMHFWLYHV�DQG�VWDQGDUGV�WR�PLQLPLVH�WKH�HQYLURQPHQWDO

LPSDFW�RI�QXWULHQW�HIIOXHQW��E\�FODULI\LQJ�WKH�OLQNV�EHWZHHQ�ZDWHU�TXDOLW\��SURGXFWLRQ�HIILFLHQF\

DQG�QXWULHQW�RXWIORZ���+RZHYHU��RWKHU�SRWHQWLDO�H[WHUQDO�HQYLURQPHQWDO�LPSDFWV��VXFK�DV

LQFUHDVLQJ�GHPDQG�IRU�ILVKPHDO�DQG�GLVFKDUJLQJ�VDOLQH�JURXQGZDWHU��7DEOH�����DUH�QRW�VR�UHDGLO\

LQWHUQDOLVHG�DV�ZDWHU�TXDOLW\��EHFDXVH�WKH\�GR�QRW�KDYH�DQ\�VKRUW��WHUP�LPSDFWV�RQ�SURILWDELOLW\�

7KH�FKDOOHQJH�LV�WR�GHPRQVWUDWH�WR�SURGXFHUV�WKDW�H[WHUQDO�HQYLURQPHQWDO�LPSDFWV�GR�LQIOXHQFH

HLWKHU�FRVWV�RI�SURGXFWLRQ�RU�UHWXUQV�UHFHLYHG�IURP�DTXDFXOWXUH�SURGXFWV�

&OHDUO\��WKHUH�DUH�VRFLHWDO�FRVWV�WR�H[WHUQDO�HQYLURQPHQWDO�LPSDFWV���,W�PD\�EH�SRVVLEOH�WR�IDFWRU

WKHVH�VRFLHWDO�FRVWV�LQWR�FRVWV�RI�SURGXFWLRQ�WKURXJK�HFRQRPLF�LQFHQWLYHV�RU�GLVLQFHQWLYHV��EXW�WKLV

UHTXLUHV�D�UHDVRQDEO\�SUHFLVH�YDOXDWLRQ�RI�WKH�HQYLURQPHQWDO�JRRGV�DQG�VHUYLFHV�WKDW�DUH�DIIHFWHG

�0XLU�HW�DO����������$Q�DOWHUQDWLYH��RU�FRPSOHPHQWDU\��VWUDWHJ\�LV�WR�DWWHPSW�WR�REWDLQ�D�PDUNHWLQJ

DGYDQWDJH�IURP�HQYLURQPHQWDO�PDQDJHPHQW��E\�SUHVHQWLQJ�WKH�SRVLWLYH�HQYLURQPHQWDO�DWWULEXWHV

RI�WKH�SURGXFW��<RXQJ�HW�DO����������:KLOH�WKLV�VRXQGV�JRRG�LQ�WKHRU\��LQ�SUDFWLFH�WKH�DGYDQWDJHV

QHHG�WR�EH�LGHQWLILHG�DQG�WHVWHG�WKURXJK�PDUNHW�UHVHDUFK�EHIRUH�WKH\�ZLOO�SURYLGH�DQ�HFRQRPLF

LQFHQWLYH�IRU�IDUPHUV�WR�VSHQG�PRQH\�LQ�PLWLJDWLQJ�H[WHUQDO�HQYLURQPHQWDO�LPSDFWV���7KLV�LV�WKH

QH[W�FKDOOHQJH�LQ�WKH�GHYHORSPHQW�RI�DQ�HQYLURQPHQWDO�PDQDJHPHQW�V\VWHP�IRU�LQODQG�WURXW

IDUPLQJ�LQ�:HVWHUQ�$XVWUDOLD�

$&.12:/('*(0(176

2XU�ZRUN�LQ�WKH�HQYLURQPHQWDO�PDQDJHPHQW�RI�LQODQG�VDOLQH�DTXDFXOWXUH�LV�VXSSRUWHG�E\�WKH

5XUDO�,QGXVWULHV�5HVHDUFK�DQG�'HYHORSPHQW�&RUSRUDWLRQ��DQG�WKH�6DOWZDWHU�7URXW�$OOLDQFH�,QF�

5()(5(1&(6

$QRQ���������,QODQG�VDOWZDWHU�WURXW�IDUPLQJ�LQ�:$��3HUWK��&ROPDU�%UXQWRQ�*URXS�

%R\G��&�(���6FKPLWWRX��+�5���������$FKLHYHPHQW�RI�VXVWDLQDEOH�DTXDFXOWXUH�WKURXJK

HQYLURQPHQWDO�PDQDJHPHQW��$TXDFXOWXUH�(FRQRPLFV�DQG�0DQDJHPHQW�����������

%URZQ��'���9DQ�/DQGHJKHP��.���6FKXHOH��0���������$XVWUDOLDQ�DTXDFXOWXUH��LQGXVWU\�SURILOHV�IRU

VHOHFWHG�VSHFLHV��$%$5(�5HVHDUFK�5HSRUW�������&DQEHUUD�



&KDSHOOH��$���������$�SUHOLPLQDU\�PRGHO�RI�QXWULHQW�F\FOLQJ�LQ�VHGLPHQWV�RI�D�0HGLWHUUDQHDQ

ODJRRQ��(FRORJLFDO�0RGHOOLQJ��������������

'RXSp��5�*���$OGHU��-���/\PEHU\��$�-���������(QYLURQPHQWDO�DQG�SURGXFW�TXDOLW\�LQ�ILQILVK

DTXDFXOWXUH��DQ�H[DPSOH�IURP�LQODQG�:HVWHUQ�$XVWUDOLD��$TXDFXOWXUH�5HVHDUFK����������

)HUQDQGHV��7�)���(OHIWKHULRX��$���$FNHIRUV��+���(OHIWKHULRX��0���(UYLN��$���6DQFKH]�0DWD��$��

6FDQORQ��7���:KLWH��3���&RFKUDQH��6���3HDUVRQ��7�+���5HDG��3�$���������7KH�VFLHQWLILF�SULQFLSOHV

XQGHUO\LQJ�WKH�PRQLWRULQJ�RI�WKH�HQYLURQPHQWDO�LPSDFWV�RI�DTXDFXOWXUH��-RXUQDO�RI�$SSOLHG

,FKWK\RORJ\��������������

)RUVEHUJ��-�$���'RUVHWW��3�:���1HLOO��:�+���������6XUYLYDO�DQG�JURZWK�RI�UHG�GUXP�6FLDHQRSV

RFHOODWXV�LQ�VDOLQH�JURXQGZDWHUV�RI�:HVW�7H[DV��86$��-RXUQDO�RI�WKH�:RUOG�$TXDFXOWXUH�6RFLHW\�

������������

+DUJUHDYHV��-�$���������$�VLPXODWLRQ�PRGHO�RI�DPPRQLD�G\QDPLFV�LQ�FRPPHUFLDO�FDWILVK�SRQGV

LQ�WKH�VRXWKHDVWHUQ�8QLWHG�6WDWHV��$TXDFXOWXUDO�(QJLQHHULQJ������������

.UDIW��&�(���������(VWLPDWHV�RI�SKRVSKRURXV�DQG�QLWURJHQ�F\FOLQJ�E\�ILVK�XVLQJ�D�ELRHQHUJHWLFV

DSSURDFK��&DQDGLDQ�-RXUQDO�RI�)LVK�$TXDWLF�6FLHQFH����������������

/HIHEYUH��6���%DFKHU��&���0HXUHW��$���+XVVHQRW��-���������0RGHOOLQJ�DSSURDFK�RI�QLWURJHQ�DQG

SKRVSKRUXV�H[FKDQJHV�DW�WKH�VHGLPHQW�ZDWHU�LQWHUIDFH�RI�DQ�LQWHQVLYH�ILVKSRQG�V\VWHP�

$TXDFXOWXUH���������������

0RQWR\D��5�$���/DZUHQFH��$�/���*UDQW��:�(���9HODVFR��0���������6LPXODWLRQ�RI�LQRUJDQLF

QLWURJHQ�G\QDPLFV�DQG�VKULPS�VXUYLYDO�LQ�DQ�LQWHQVLYH�VKULPS�FXOWXUH�V\VWHP��$TXDFXOWXUH

5HVHDUFK������������

0RUULVV\��1�0���������&RPSDULVRQ�RI�VWUDLQV�RI�6DOPR�JDLUGQHUL�5LFKDUGVRQ�IURP�1HZ�6RXWK

:DOHV��9LFWRULD�DQG�:HVWHUQ�$XVWUDOLD��$XVWUDOLDQ�6RFLHW\�IRU�/LPQRORJ\�%XOOHWLQ�����������

0XLU��-�)���%UXJHUH��&���<RXQJ��-�$���6WHZDUW��-�$���������7KH�VROXWLRQ�WR�SROOXWLRQ"�7KH�YDOXH

DQG�OLPLWDWLRQV�RI�HQYLURQPHQWDO�HFRQRPLFV�LQ�JXLGLQJ�DTXDFXOWXUH�GHYHORSPHQW��$TXDFXOWXUH

(FRQRPLFV�DQG�0DQDJHPHQW�����������

3DQQHOO��'�-���������&RXQWLQJ�WKH�FRVWV��HFRQRPLF�DVSHFWV�RI�VDOLQLW\�LQ�ZKHDWEHOW�YDOOH\V�RI

:HVWHUQ�$XVWUDOLD��3URFHHGLQJV�RI�WKH�:KHDWEHOW�9DOOH\V�&RQIHUHQFH�

KWWS���ZZZ�DYRQLFP�RUJ�DX�DYRQLFP�ZEHOWYDOOH\V��>$FFHVVHG����-XQH�����@�

5RELQVRQ��%�7���������$�ILQDQFLDO�DQDO\VLV�RI�RSWLRQV�IRU�SURGXFHUV�RI�LQODQG�VDOWZDWHU�WURXW�

5RELQVRQ�5XUDO�&RQVXOWLQJ��$OEDQ\����SS�
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