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+RXVHKROG�LQFRPH��(XURV�PRQWK� ����� ��� ����� ����� �����
8QHPSOR\PHQW��SHUFHQWDJH�RI�WKH�ODERXUIRUFH� ��� ��� ��� ���� ���
/LWUHV�SHU�KHDG�SHU�GD\��KRXVHKROGV� ��� ��� ��� ��� ���3RSXODWLRQ ������� ��������� ��������� ��������� �������6KDUH�RI�HWKQLF�JURXSV ���� � �� ���� �
$PVWHUGDP$PVWHUGDP��7KH�1HWKHUODQGV�� ORFDWHG�LQ� WKH� QRUWKZHVWHUQ�SDUW�RI�(XURSH��FDSWXUHV�DQDUHD�RI�����NP���7KH�SRSXODWLRQ�RI� WKH�$PVWHUGDP�PXQLFLSDOLW\� FRQVLVWV� RI� �������SHRSOH���7KH�$PVWHUGDP�:DWHU�6XSSO\�&RPSDQ\��$:6&��FDUULHV�RXW�ZDWHU�SURYLVLRQLQ�$PVWHUGDP��7KH�$:6&�LV�DQ�DGPLQLVWUDWLYH�SDUW�RI�WKH�PXQLFLSDOLW\�RI�$PVWHUGDP�LW� LV� VHSDUDWHG� IURP� VHZDJH� FRQWURO� DQG�ZDVWHZDWHU�PDQDJHPHQW�� 7KH� ZDWHU� VRXUFHVXVHG�LQ�$PVWHUGDP�DUH�WKH�ULYHU�5KLQH�DQG�WKH�%HWKXQH�3ROGHU��,W�LV�QRWHZRUWK\�WKDW�WKHXVH�RI�WKH�ULYHU�5KLQH�UHTXLUHV�D�FRQVLGHUDEOH�DPRXQW�RI�HIIRUWV�WR�SXULI\�ZDWHU��DERXWIRXU�WLPHV�WKH�VWDQGDUG�SXULILFDWLRQ�HIIRUWV�RI�D�ZDWHU�FRPSDQ\�WKDW�XVHV�JURXQG�ZDWHUVRXUFHV��� 7KH� SHUIRUPDQFHV� RI� WKH� QHWZRUN� DUH�� KRZHYHU�� RXWVWDQGLQJ� LQ� FRPSDULVRQZLWK� RWKHU� FLWLHV��:DWHU� XVH� LQ� $PVWHUGDP� LV� IRU� D� VXEVWDQWLDO� SDUW� QRW�PHWHUHG� DQGSD\PHQWV� IRU� ZDWHU� XVH� GHSHQG� RQ� KRXVLQJ� FKDUDFWHULVWLFV�� VXFK� DV� WKH� QXPEHU� RIURRPV��7KH�ORVVHV�RI�WKH�GLVWULEXWLRQ�QHWZRUN�DUH�HVWLPDWHG�DW������RI�WKH�WRWDO�LQSXWV�9(:,1�$QGHUVRQ�&RQVXOWLQJ�������
$WKHQV$WKHQV��*UHHFH��LV�ORFDWHG�LQ�WKH�VRXWKHDVWHUQ�SDUW�RI�(XURSH�DQG�FRQVLVWV�RI�DQ�DUHD�RI���� NP��� 7KH� QXPEHU� RI� LQKDELWDQWV� LQ� WKH� PHWURSROLWDQ� DUHD� LV� DURXQG� ���� PLOOLRQ
� 7KLV� LV� WKH� QXPEHU� RI� SHRSOH� LQ� WKH� DUHD� RI� WKH� FLW\� RI� $PVWHUGDP�� 7KH� GLVWULEXWLRQ� DUHD� RI� WKH$PVWHUGDP�:DWHU�6XSSO\�&RPSDQ\�LV�VRPHZKDW�ODUJHU�DQG�FRYHUV�WKH�DUHDV�RI�$PVWHUGDP��'LHPHQ�DQG0XLGHQ����������LQKDELWDQWV�LQ�WRWDO��
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SHRSOH��7KH�ZDWHU�FRPSDQ\�UHVSRQVLEOH�IRU�WKH�ZDWHU�VXSSO\�LQ�$WKHQV�LV�WKH�(<'$3�5HFHQWO\��UHJXODWRU\�GHFLVLRQV�GLYLGHG�WKH�ZDWHU�FRPSDQ\�LQWR�D�SXEOLF�VHFWRU�FRPSDQ\ZLWK� WKH� RZQHUVKLS� RI� WKH� UHVRXUFHV� DQG� (<'$3� 6�$�� ZLWK� WKH� RZQHUVKLS� RI� WKHQHWZRUN�DQG�VHZDJH�LQIUDVWUXFWXUH��,Q�WKH�QHZ�VLWXDWLRQ�XS�WR�����RI�WKH�DVVHWV�FDQ�EHILQDQFHG� ZLWK� SXEOLF� FDSLWDO�� 7KH� FDWFKPHQW� V\VWHP� FRQVLVWV� RI� WKH� 0RUQRV�� (YLQRVULYHU�DQG� WKH�%LRWLNRV�DTXLIHU�ZLWK� D� WRWDO� UHVRXUFH� DYDLODELOLW\�RI�����+P� SHU� \HDU�7KH�GLVWULEXWLRQ�ORVV�LV�HVWLPDWHG�WR�EH�DERXW�����RI�WKH�GLVWULEXWLRQ�LQSXW�
/RQGRQ/RQGRQ��8QLWHG�.LQJGRP�� ORFDWHG� LQ� WKH� QRUWKZHVWHUQ� SDUW� RI�(XURSH�� FRQVLVWV� RI� DQDUHD�RI������NP���7KH�QXPEHU�RI�LQKDELWDQWV�LQ�WKH�HQWLUH�*UHDWHU�/RQGRQ�DUHD�UHDFKHV����PLOOLRQ�SHRSOH��7KH�7KDPHV�:DWHU�&RPSDQ\�FDUULHV�RXW�D�FRQVLGHUDEOH�SDUW�RI�WKHZDWHU�VXSSO\�LQ�/RQGRQ��7KH�PDLQ�VRXUFH�WKH�FRPSDQ\�XVHV�LV�ZDWHU�IURP�WKH�7KDPHV5LYHU��7KH�7KDPHV�:DWHU�&RPSDQ\� LV�� OLNH� WKH� UHVW�RI� WKH�ZDWHU�VHFWRU� LQ� WKH�8QLWHG.LQJGRP��SULYDWHO\�RUJDQLVHG�DQG�LWV�VKDUHV�DUH�WUDGHG�DW�WKH�/RQGRQ�6WRFN�([FKDQJH0DUNHW�� 7KH� UHJXODWLQJ� LQVWLWXWHV� DUH� UHVSRQVLEOH� IRU� WKUHH� SDUDPHWHUV� FRQWUROOLQJ� WKHSULFHV�VWDQGDUGV�� HQYLURQPHQW� DQG� GULQNLQJ�ZDWHU� TXDOLW\�� 7KH� GLVWULEXWLRQ� ORVVHV� DUH������RI�WKH�GLVWULEXWLRQ�LQSXWV�
6HYLOOH6HYLOOH��6SDLQ��LV�VLWXDWHG�LQ�WKH�VRXWKZHVWHUQ�SDUW�RI�(XURSH�DQG�LWV�VXUIDFH�FRXQWV�IRU����NP���,WV�QXPEHU�RI�LQKDELWDQWV�UHDFKHV�DURXQG�����PLOOLRQ�SHRSOH��5HVSRQVLEOH�IRUWKH� ZDWHU� SURYLVLRQ� DQG� VHZDJH� FROOHFWLRQ� LV� (0$6(6$�� D� PXQLFLSDOLW\� RZQHGFRPSDQ\��7KH�DYDLODEOH�UHVRXUFHV�DUH�DURXQG�����FXELF�KHFWRPHWUHV�D�\HDU��6HYLOOH� LVFRPSOHWHO\�GHSHQGHQW�RQ�VXUIDFH�ZDWHU��7KH�PDLQ�VRXUFH�LV�WKH�*XDGDOTXLYLU�ULYHU��7KHGLVWULEXWLRQ�ORVVHV�RI�WKH�QHWZRUN�FRXQW�IRU�DSSUR[LPDWHO\�����RI�WKH�WRWDO�GLVWULEXWLRQLQSXWV�
7HO�$YLY7HO�$YLY�LV�WKH�VPDOOHVW�FLW\�LQ�RXU�VDPSOH��LW�LV�ORFDWHG�LQ�WKH�PLGGOH�HDVW�DQG�FDSWXUHVDQ�DUHD�RI����NP���7KH�QXPEHU�RI�LQKDELWDQWV�RI�7HO�$YLY�<DIR�UHDFKHV�����WKRXVDQGSHRSOH��0(.2527�� D� VWDWH�RZQHG� FRPSDQ\� LV� UHVSRQVLEOH� IRU�ZDWHU� SURGXFWLRQ� DQGSXULILFDWLRQ� IRU� WKH� ZKROH� FRXQWU\�� ZKLOH� WKH� PXQLFLSDOLW\� RI� 7HO� $YLY�<DIR� LVUHVSRQVLEOH� IRU� WKH� GLVWULEXWLRQ�� 7KH� :DWHU� FRPPLVVLRQHU�� ZKR� RSHUDWHV� XQGHU� WKHUHVSRQVLELOLW\�RI� WKH�0LQLVWU\�RI� ,QIUDVWUXFWXUH�� LV� UHVSRQVLEOH� IRU� DOO� DVSHFWV� RI�ZDWHUPDQDJHPHQW��5HVRXUFHV�DUH�HTXDOO\�VKDUHG�DOO�RYHU�WKH�FRXQWU\�DQG�EHWZHHQ�XVHUV��7KH
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PDLQ� UHVRXUFH� XVHG� E\� 0(.2527� ZDWHU� FRPSDQ\� LV� WKH� VHD� RI� *DOLOHH�� 7HO� $YLYVKDUHV�WKH�ZDWHU�UHVRXUFHV�ZLWK�DOO�SDUWV�RI�WKH�FRXQWU\�LQFOXGLQJ�WKH�VRXWKHUQ�GU\�DUHDVRI�,VUDHO��$URXQG������RI�WKH�GLVWULEXWLRQ�LQSXWV�FRXQWV�LQ�7HO�$YLY�IRU�ORVVHV�
7KH� ILYH� FLWLHV� RIIHU� DQ� LQWHUHVWLQJ� VSHFWUXP� RI� YDULRXV� PDQDJHPHQW� SULQFLSOHV� DQGJHRJUDSKLFDO� YDULDWLRQV� LQ�(XURSHDQ�ZDWHU� VXSSO\��'HVSLWH� WKH� GLYHUVLW\� DPRQJ� WKHVH(XURSHDQ�FLWLHV��WKHUH�PD\�DOVR�EH�LPSRUWDQW� FRPPRQDOLWLHV�VXFK�DV�WKH�GLPHQVLRQV�RIVFDUFLW\�DQG�KLJK�GLVWULEXWLRQ�ORVVHV��7KHVH�ZLOO�EH�IXUWKHU�GLVFXVVHG�LQ�D�WKHPDWLF�ZD\LQ�WKH�QH[W�VHFWLRQ�
���� 7KHRUHWLFDO�DQG�HPSLULFDO�DVSHFWV�RI�ZDWHU�WDULII�SULQFLSOHV7KH�SXUSRVH�RI�WKLV�VHFWLRQ�LV�WR�GLVFXVV�IRXU�SULQFLSOHV�IRU�DQ�RSWLPDO�WDULII�V\VWHP�IRUZDWHU� XVH� SUHVHQWHG� LQ� WKH� JHQHUDO� OLWHUDWXUH� RQ� WKH� HFRQRPLFV� RI� ZDWHU� XVH� DQG� WRLQWURGXFH�YDULDEOHV�WKDW�FDQ�EH�XVHG�WR�PHDVXUH�WKH�H[WHQW�WR�ZKLFK�WKH�SULQFLSOHV�FDQEH�PHW� �VHH�%DXPDQQ�HW� DO��������'DOKXLVHQ�HW� DO�� ������+DOO� HW� DO�� ������ 'DUU� HW� DO�������������<RXQJ�HW�DO���������&OHDUO\��EDFNJURXQG�IDFWRUV�RI�WKH�ZDWHU�SURYLVLRQ�DUHLPSRUWDQW�WR�H[SODLQ�WKH�H[WHQW�WR�ZKLFK�WKH�DERYH�SUHVHQWHG�SULQFLSOHV�DUH�UHDFKHG��EXWLQ�SUDFWLFH�WKHVH�SULQFLSOHV�PD\�RXWZHLJK�HDFK�RWKHU��$�FOHDU�H[DPSOH�LV�WKH�FDVH�ZKHUHWKH�HTXLW\�SULQFLSOH�LV�PHW��UHVXOWLQJ�LQ�DEXQGDQW�VXSSO\�DQG�XVH�RI�ZDWHU�EHFDXVH�RI�LWVORZ�VKDUH�LQ�WKH�KRXVHKROG
V�EXGJHW��EXW�ZKHUH�WKHQ�WKH�HFRQRPLF�HIILFLHQF\�SULQFLSOHLV� QRW�PHW� DW� DOO��:H� GLVFXVV� WKH� FRQGLWLRQV� RI� D� WDULII� V\VWHP� LQ� WKLV� VHFWLRQ� LQ� WKHIROORZLQJ� RUGHU�� ���� WKH� IXOO� FRVW� UHFRYHU\� SULQFLSOH�� ���� WKH� HFRQRPLF� HIILFLHQF\FRQGLWLRQ������WKH�HTXLW\�SULQFLSOH��DQG�����WKH�DGPLQLVWUDWLYH�IHDVLELOLW\�DQG�HIILFLHQF\FULWHULRQ�
3ULQFLSOH����)XOO�FRVW�UHFRYHU\7KH� ZDWHU� LQGXVWU\� LV� D� FDSLWDO�LQWHQVLYH� VHFWRU�� (TXLSPHQW� WR� SXULI\� DQG� WUDQVSRUWZDWHU�UHTXLUHV�FRQVLGHUDEOH�LQYHVWPHQWV��)RU�D�FRQWLQXLQJ�IXOILOPHQW�RI�ZDWHU�GHPDQG�DZDWHU�FRPSDQ\�VKRXOG�EH�DEOH� WR� FRYHU� DW� OHDVW� WKH�SURGXFWLRQ�DQG�GLVWULEXWLRQ�FRVWV�7KDW�PHDQV� WKDW� UHYHQXH� VWDELOLW\� LV� RI� XWPRVW� LPSRUWDQFH� IRU� QHZ� DQG�PDLQWHQDQFHLQYHVWPHQWV��+RZHYHU��UHYHQXH�VWDELOLW\�PD\�VRPHWLPHV�QRW�EH�UHDFKHG�LQ�D�QXPEHU�RIFRXQWULHV�EHFDXVH�RI�H[WHUQDO�FLUFXPVWDQFHV��H�J���FDODPLWLHV���,Q�FDVH�RI�D�SXEOLF�ZDWHUFRPSDQ\�WKH�GHILFLW�WR�ILOO�WKH�JDS�EHWZHHQ�FRVWV�DQG�UHYHQXHV�LV�XVXDOO\�FRYHUHG�WR�DODUJH�H[WHQW�E\�WD[SD\HUV��%UDDGEDDUW��������&RVW�UHFRYHU\�LV�KRZHYHU��D�PXOWL�IDFHWHGSKHQRPHQRQ��7KHUH� DUH� WKUHH� GHILQLWLRQV� RI� FRVW� UHFRYHU\��2SHUDWLRQDO� FRVW� UHFRYHU\PHDQV�WKDW� WKH�UHYHQXHV�DUH�DW� OHDVW�HTXDO� WR� WKH�RSHUDWLRQDO�FRVWV�RI�ZDWHU�SURYLVLRQ�
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:KHQ�FDSLWDO�FRVWV�DUH�LQFOXGHG�DQG�FRYHUHG�E\�WKH�UHYHQXHV�RI�ZDWHU�VHUYLFHV��WKHUH�LVD�VLWXDWLRQ�RI�IXOO�VHUYLFH�FRVW�UHFRYHU\��,Q�FDVH�HQYLURQPHQWDO�FRVWV�DQG�RWKHU�H[WHUQDOFRVWV� RI�ZDWHU� VHUYLFHV� DUH� LQFOXGHG� �VXFK� DV� WKH� FRVWV� RI� HQYLURQPHQWDO� GDPDJH��� DVLWXDWLRQ�RI�IXOO�ZDWHU�FRVW�UHFRYHU\ LV�UHDFKHG�)XOO� VHUYLFH� FRVW� UHFRYHU\� DQG� IXOO�ZDWHU� FRVW� UHFRYHU\� DUH� FRPSOH[� LVVXHV� LQZDWHU�PDQDJHPHQW�SUDFWLFH��,Q�FDVH�RI�IXOO�VHUYLFH�FRVW�UHFRYHU\��WKH�GHWHUPLQDWLRQ�RIFDSLWDO� FRVWV� GHSHQGV� KLJKO\� RQ� WKH� FKRVHQ� GHSUHFLDWLRQ� VFKHGXOH�� )XOO� ZDWHU� FRVWUHFRYHU\� LV� KLJKO\�GHWHUPLQHG�E\� H[WHUQDO� FRVWV� WKDW� DUH� GLIILFXOW� WR�PHDVXUH�� )RU� WKHDVVHVVPHQW� RI� HQYLURQPHQWDO� FRVWV� WKH� HQYLURQPHQWDO� HFRQRPLFV� OLWHUDWXUH� SURYLGHVYDULRXV�PHWKRGV��(DFK�RI�WKHVH�YDOXDWLRQ�PHWKRGV�UHVXOWV�LQ�GLIIHUHQW�HVWLPDWHV�RI�QRQ�PDUNHWDEOH� FRVWV� �VXFK� DV� HQYLURQPHQWDO� FRVWV��� )RU� DQ� H[WHQVLYH� RYHUYLHZ� RI� WKHVHPHWKRGV� ZH� UHIHU� WR� 9DQ� GHQ� %HUJK� �������� $� QRWHZRUWK\� DVSHFW� RI� WKH� IXOO� FRVWUHFRYHU\�SULQFLSOH�LV�WKH�PXOWL�JHQHUDWLRQDO�GLPHQVLRQ��:KHQ�GHWHUPLQLQJ�WKH�SULFH�RIZDWHU�IRU�UHVLGHQWLDO�XVH��WKH� LQWHUHVW�RI� IXWXUH�JHQHUDWLRQV�ZKLFK�FDQQRW� LQIOXHQFH�WKHFXUUHQW�QHHGV��VKRXOG�EH�WDNHQ�LQWR�DFFRXQW��LQ�RUGHU�WR�VXSSO\�WKHP�DW�OHDVW�ZLWK�D�IDLUDPRXQW�RI�ZDWHU�RI�D�VXIILFLHQW�TXDOLW\��7KLV�PHDQV�WKDW�SULFHV��DV�RQH�RI�WKH�PHDVXUHV�VKRXOG�EH�VHW�DW�D�OHYHO�WKDW�ZRXOG�HQVXUH�WKDW�WKH�VWRFN�RI�DYDLODEOH�ZDWHU�EH�DIIHFWHG�WRD�PLQLPXP�H[WHQW�WKURXJK�H[FHVVLYH�XVH��H�J���RYHUSXPSLQJ��DQG�H[FHVVLYH�SROOXWLRQ�)RU� WKH� VDNH� RI� HDVH� RI� PHDVXUHPHQW� ZH� ZLOO� XVH� KHUH� WKH� IXOO� VHUYLFH� FRVWUHFRYHU\ GHILQLWLRQ��2(&'�������3HUPDQQ�������+DQHPDQQ��������7KH�ILUVW�LQGLFDWRUHPSOR\HG�LV�WKH�SURILW��RU�ORVV��VLWXDWLRQ�RI�WKH�ZDWHU�FRPSDQ\��7KH�ZDWHU�FRPSDQLHV�RI6HYLOOH�DQG�$WKHQV�KDYH�RIWHQ�FRSHG�ZLWK�ORVVHV�LQ�FDVH�RI�GURXJKW�SHULRGV��L�H���SHULRGVLQ�ZKLFK�WKH�ZDWHU�DYDLODELOLW\�LV�ORZ��,I�IRU�D�ORQJ�SHULRG�WKH�ILQDQFLDO�FRVWV�UHFRYHU\SULQFLSOH��ZKLFK�LV�SDUW�RI�WKH�IXOO�VHUYLFH�FRVW�UHFRYHU\��LV�QRW�PHW��WKLV�PD\�UHVXOW�LQORZHU� UHOLDELOLW\�RI� WKH�ZDWHU� VXSSO\� DQG�RU� ILQDQFLDO� SUREOHPV�RI� WKH�ZDWHU� FRPSDQ\�.DOOLV�HW�DO��������0XULOOR�HW�DO��������&RQVWDQW� ORZ� ZDWHU� DYDLODELOLW\� IUHTXHQWO\� VKRZV� XS� LQ� FDVH� RI� WKH� ZDWHUSURYLVLRQ�RI�7HO�$YLY��7DO��������,Q�FDVH�RI�ORZ�ZDWHU�DYDLODELOLW\��SULFHV�ZRXOG�KDYHWR�EH�DGDSWHG�WR�WKH�FKDQJLQJ�FLUFXPVWDQFHV�LQ�GURXJKW�SHULRGV��L�H���SULFHV�ZLOO�KDYH�WRLQFUHDVH� LQ�RUGHU� WR�FRYHU�FRVWV� WR�JXDUDQWHH� IXWXUH�ZDWHU�GHPDQG��7KH�RSWLRQ��ZKLFKUHVXOWV�IRU�SROLF\�PDNHUV�LQ�FDVH�RI�D�SXEOLFO\�RZQHG�ZDWHU�FRPSDQ\��LV�VXEVLGLVLQJ�WKHZDWHU�FRPSDQ\��7KLV�FRXOG�EH�GRQH� LQ� VHYHUDO�ZD\V�� ILUVW�� VXEVLGLVLQJ� IRU� DQ� DPRXQWHTXDO� WR� WKH� ORVVHV�PDGH��LQ� WKH�FDVH�RI�6HYLOOH���RU�VHFRQG��VXEVLGLVLQJ�SDUW�V��RI� WKHQHWZRUN��WKH�FDVH�RI�7HO�$YLY���5HODWHG�ZDWHU� VXSSO\� VXEVLGLHV��EH� LW� D�PRUH� LQGLUHFWIRUP�RI�VXEVLGLHV��LV�WKH�VWUXFWXUDO�IXQGLQJ�E\�WKH�(XURSHDQ�8QLRQ��)RU�WKH�SXUSRVH�RIVRFLDO�FRKHVLRQ�RU�WR�HQKDQFH�HFRQRPLF�JURZWK�RI�D�FHUWDLQ�UHJLRQ��WKH�(XURSHDQ�8QLRQ



�

PD\� VXEVLGLVH� LQYHVWPHQWV� LQ� YDULRXV� VHFWRUV� �LQFOXGLQJ� WKH� ZDWHU� VHFWRU��� 7DULIIV\VWHPV�FDQ�EH�DGDSWHG�WR�GHFUHDVH�FDSLWDO�FRVWV��DQG�WKHQ�D�VLWXDWLRQ�RI�IXOO�RSHUDWLRQDODQG� VHUYLFH� FRVW� UHFRYHU\� LV� HDVLO\� UHDFKHG�� +RZHYHU�� WKH� DGGLWLRQDO� HQYLURQPHQWDOHIIHFWV�DQG�FRVWV�DUH�GLIILFXOW�WR�WUDFH�DQG�WKH�VXEVLGLHV�PLJKW�JLYH�WKH�ZDWHU�FRPSDQLHVOHVV�LQFHQWLYH�WR�LQYHVW�LQ�WKHLU�QHWZRUNV��%R\PDQQV�������$�QH[W�VWHS�WKDW�LV�LPSRUWDQW�WR�FRQVLGHU�DUH�WKH�WD[HV�WR�FRYHU�LQYHVWPHQW�FRVWVRU� HQYLURQPHQWDO� FRVWV�� $� QH[W� LPSRUWDQW� VWHS� LV� WKH� LQVWLWXWLRQDO� VHWWLQJ�� L�H��� WKHJRYHUQDQFH� VWUXFWXUH� RI� WKH� ZDWHU� FRPSDQ\�� 3XEOLF� FRPSDQLHV� GR� QRW� KDYH� KLJKSULRULWLHV� WR� JHQHUDWH� SURILWV� DQG� DUH� GULYHQ� E\� RWKHU� WDUJHWV� WKDQ� SULYDWH� FRPSDQLHVZKLFK�VKRXOG�JXDUDQWHH�D�FHUWDLQ�SURILW�IRU�WKHLU�VKDUHKROGHUV��FI��5X\V�HW�DO��������
3ULQFLSOH����(FRQRPLF�HIILFLHQF\)URP�WKH�SRLQW�RI�YLHZ�RI�HFRQRPLF�HIILFLHQF\��WKH�UDWH�VWUXFWXUH�VKRXOG�EH�VXFK�WKDW�� L�LW�SURYLGHV� LQFHQWLYHV� WR� WKH�XVHUV� WR�XVH�ZDWHU� HIILFLHQWO\� �ZKLFK� UHTXLUHV� WKDW� SULFHVVKRXOG� UHIOHFW�PDUJLQDO� FRVWV�� DQG� �LL�� LW� SURYLGHV�RSWLPDO� LQFHQWLYHV� WR� WKH�PDUNHW� WRHQJDJH�LQ�WKH�GHYHORSPHQW�RI�DQG�LQYHVWPHQW�LQ�ZDWHU�VDYLQJ�WHFKQRORJLHV�7KH�HFRQRPLF�HIILFLHQF\�SULQFLSOH�ERLOV�GRZQ�WR�WKH�FRQGLWLRQ�WKDW�SULFHV�VKRXOGHTXDO�ORQJ�UXQ�PDUJLQDO�VRFLDO�FRVWV��7ZR�LVVXHV�DULVH�KHUH��)LUVW��LW�LV�WKH�VRFLDO�LQVWHDGRI�SULYDWH�PDUJLQDO�FRVWV�RI�VXSSO\�WKDW�PDWWHUV��WKXV�LQFOXGLQJ�WKH�H[WHUQDO�FRVWV�VXFKDV� WKH� FRVWV� RI� GHSOHWLRQ� DQG� SROOXWLRQ�� 6HFRQG�� WKH� ORQJ�UXQ� FRVW� LV� YHU\� LPSRUWDQW�ZKLFK�LQFOXGHV�FDSLWDO�DQG�RSHUDWLQJ�FRVWV�DVVRFLDWHG�ZLWK�LQIUDVWUXFWXUH�IDFLOLWLHV��7KHXVH� RI� PDUJLQDO� FRVWV� KDV� IDU� UHDFKLQJ� FRQVHTXHQFHV� DQG� LPSOLHV�� IRU� H[DPSOH�� WKDWZDWHU�GXULQJ�SHDN�KRXUV�RU�GXULQJ�VXPPHU�PRQWKV�VKRXOG�EH�UHODWLYHO\�PRUH�H[SHQVLYHEHFDXVH�RI�KLJKHU�VXSSO\�FRVWV�2QH� LQWHUHVWLQJ� VWXG\� FRQFHUQLQJ� XQGHUO\LQJ� IDFWRUV�� VXFK� DV� WKH� ZDWHU� SULFH�LQIOXHQFLQJ�WKH�DGDSWDWLRQ�RI�ZDWHU�VDYLQJ�GHYLFHV� LV� WKH�VWXG\�RI� 5HQZLFN��������� ,QWKH� VWXG\� WKH� DXWKRU� HVWLPDWHV� D� VLPXOWDQHRXV� HTXDWLRQ�PRGHO�� ZLWK� WKH� KHOS� RI� GDWDGHULYHG�IURP�D�VXUYH\�RQ�ZDWHU�XVH�LQ�*ROHWD�DQG�6DQWD�%DUEDUD��LQ�WKH�ZHVWHUQ�SDUW�RIWKH�8QLWHG�6WDWHV���2QH�RI�WKH�VWDWLVWLFDO�PHWKRGV�GHSOR\HG�LV�D� ORJLW�PRGHO�WKDW�WULHV�WRGHULYH� WKH� IDFWRUV� H[SODLQLQJ� WKH� DGDSWDWLRQ� SURFHVV� RI�ZDWHU� VDYLQJ� GHYLFHV� VXFK� DVUHWUR�ILWWLQJ�� IRU� WKH�SXUSRVH�RI�ZDWHU�VDYLQJ�� ,Q� WKH�DQDO\VLV�KRZHYHU��ZH�GR�QRW� ILQGUDWH� GHVLJQ� YDULDEOHV� �VXFK� DV� DGDSWLQJ� EORFN� UDWHV�� ZKHUH� D� ILUVW� DPRXQW� RI� ZDWHUFRQVXPHG�LV�GLIIHUHQWO\�SULFHG�IURP�WKH�VXEVHTXHQW�DPRXQW�RI�ZDWHU�FRQVXPHG��DV�RQHRI�WKH�H[SODQDWRU\�YDULDEOHV�WR�DGDSW�ZDWHU�VDYLQJ�GHYLFHV�$Q�LPSRUWDQW�IHDWXUH�RI�WDULII�V\VWHPV�LQ�FDVH�RI�HFRQRPLF�HIILFLHQF\�LV�WKH�WDULIIVWUXFWXUH� �H�J��� D� IL[HG� IHH�� RU� DQ� LQFUHDVLQJ� EORFN� UDWH� VFKHGXOH� IRU� ZDWHU� XVH�� VHH
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EHORZ��DQG�WKH�SULFH�RI�HDFK�XQLW�RI�ZDWHU�FRQVXPHG��7KH�WDULII�VWUXFWXUH�RI�ZDWHU�LV��LQSULQFLSOH�� FRPSDUDEOH� WR� WKDW� RI� DQ\� RWKHU� SXEOLF� XWLOLW\�� VXFK� DV� JDV�� HOHFWULFLW\�WHOHFRPPXQLFDWLRQV�DQG�WKH�OLNH��7DULII�V\VWHPV�FDQ�JHQHUDOO\�EH�VXEGLYLGHG�LQWR�WKUHHPDLQ� FDWHJRULHV�� �L�� WKH� SULFH� SHU� XQLW� RI�ZDWHU� LV� FRQVWDQW�� �LL�� WKH� SULFH� RI�ZDWHU� LVFRQVWDQW� ZLWKLQ� GLVFUHWH� LQWHUYDOV� RI� ZDWHU� XVH�� EXW� LQFUHDVLQJ� EHWZHHQ� GLIIHUHQWLQWHUYDOV� �DQ� 
LQFUHDVLQJ� EORFN� UDWH� WDULII
��� �LLL�� DV� �LL��� EXW� ZLWK� GHFUHDVLQJ� SULFHVEHWZHHQ� LQWHUYDOV� �D� 
GHFUHDVLQJ� EORFN� UDWH� VWUXFWXUH
��� 7KH� H[LVWHQFH� RI� GLIIHUHQW� UDWHVWUXFWXUHV�LQIOXHQFHV�HIILFLHQW�ZDWHU�XVH��'HFUHDVLQJ�EORFN�UDWH�VWUXFWXUHV�GR�LQ�JHQHUDOQRW� FRQWULEXWH� WR� HIILFLHQW� ZDWHU� XVH�� EHFDXVH� H[SDQGLQJ� WKH� FRQVXPSWLRQ� ZLOO� LQJHQHUDO�UHVXOW�LQ�D�ORZHU�SULFH�SHU�XQLW�IRU�ZDWHU�XVH��$�UHODWHG�LVVXH��ZKLFK�LV�D�VHULRXVGUDZEDFN�WR�UHDFK�FRVW�UHFRYHU\�DQG�HFRQRPLF�HIILFLHQF\��LV�WKH�SUHVHQFH�RI�VXEVLGLHVIRU�LQGLYLGXDO�XVHUV��6XEVLGLHV�ZLOO�XVXDOO\�UHVXOW�LQ�FKDQJHV�LQ�WKH�LQFHQWLYH�VWUXFWXUHV�:H�H[SHFW�D�GHFUHDVH�LQ�WKH�DFKLHYHPHQW�RI�HFRQRPLF�HIILFLHQF\�ZKHQ�VXEVLGLHVDUH� SUHVHQW� �GH� 0RRU� ������� $� FRPSOHPHQWDU\� LVVXH� LV� WKH� OLQNDJH� EHWZHHQ� ZDWHUSD\PHQW�DQG�ZDWHU�XVDJH��ZKHQ�WKHUH�LV�QR�OLQN�EHWZHHQ�ZDWHU�XVH�DQG�ZDWHU�SD\PHQWV�WKH�WDULII�V\VWHP�LV�H[SHFWHG�WR�KDYH�D�ORZ�VFRUH�RQ�WKH�HFRQRPLF�HIILFLHQF\�SULQFLSOH�7KH�QH[W�LQGLFDWRU�WDNHQ�LQWR�DFFRXQW�LQ�RXU�DQDO\VLV�LV�WKH�ZDWHU�XVH�OHYHO��,I�WKH�ZDWHUXVH�OHYHOV�SHU�FDSLWD�DUH�KLJK��WKHUH�LV�URRP�IRU�VDYLQJ�ZDWHU��,I�ZDWHU�OHYHOV�SHU�FDSLWDDUH� ORZ�� WKH�PDQRHXYUH�VSDFH� IRU�VDYLQJ�ZDWHU� LV�PXFK� ORZHU��SUREDEO\�EHFDXVH� WKHQWKH�DFWXDO�ZDWHU�XVH� LV�FORVHO\� UHODWHG� WR� WKH�VXEVLVWHQFH� UHTXLUHPHQW� �%DXPDQQ�HW� DO������
3ULQFLSOH����(TXLW\:DWHU� LV� RI� YLWDO� LPSRUWDQFH� IRU� HYHU\� KXPDQ� EHLQJ�� (DFK� SHUVRQ� VKRXOG� EH� DEOH� WRDFTXLUH�DW�OHDVW�D�VXIILFLHQW�DPRXQW�RI�ZDWHU�LQ�RUGHU�WR�OLYH�LQ�KHDOWK\�FRQGLWLRQV�DQG�WRSDUWLFLSDWH� LQ� VRFLHWDO� OLIH��$� UHODWHG� HOHPHQW�RIWHQ� UHIHUUHG� WR� LQ� WKH� WKHRU\� RQ�ZDWHUXVH��LV�WKH�IDFW�WKDW�KRXVHKROG�SD\PHQWV�IRU�ZDWHU�VKRXOG�QRW�EH�D�GLVSURSRUWLRQDO�VKDUHRI�WKH�KRXVHKROG�EXGJHW�:KHQ�WKH�VRFLDO�DVSHFWV�RI�ZDWHU�XVH�DUH�FRQVLGHUHG�DV�LPSRUWDQW��WKLV�SULQFLSOHPLJKW� UHVXOW� LQ� SROLF\� PHDVXUHV� VXFK� DV� VXEVLGLVLQJ� LQ� SDUWLFXODU� ORZ�LQFRPHKRXVHKROGV��+HZLWW��������GLVFXVVHV�ZLWK�WKH�KHOS�RI�D�GDWD�VHW�RQ�UHVLGHQWLDO�ZDWHU�XVHLQ� 'HQWRQ� 7H[DV� �86$�� HIIHFWV� RI� SULFH� FKDQJHV� RI� UHVLGHQWLDO� ZDWHU� GHPDQG� IRUGLIIHUHQW�LQFRPH�JURXSV��,Q�WKH�DQDO\VLV��WKH�DXWKRU�IRXQG�WKDW�KLJK�LQFRPH�JURXSV�WXUQRXW�WR�EH�PRUH�UHVSRQVLYH�WR�FKDQJHV�LQ�SULFHV�� WKDW�PHDQV�WKDW� WKH\�DUH�DEOH� WR�EULQJWKHLU�ZDWHU�XVH�GRZQ�ZLWK�D�UHODWLYHO\�KLJK�SHUFHQWDJH��$�SRVVLEOH�UHDVRQ�IRU�WKLV�PLJKW
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EH�WKH�UHODWLYHO\�ORZ�ZDWHU�XVH�RI�ORZ�LQFRPH�JURXSV�WKDW�PLJKW�EH�FORVH� WR� WKH�EDVLFVXEVLVWHQFH�SULQFLSOH�RI�ZDWHU�7R�PHDVXUH�WKH�H[WHQW�WR�ZKLFK�WKH�HTXLW\�SULQFLSOH�LV�PHW��ZH�HPSOR\�KHUH�WZRLQGLFDWRUV��7KH�ILUVW� LQGLFDWRU� LV� WKH� OHYHO�RI� WKH�GLVSRVDEOH� LQFRPH� LQ� WKH�FLWLHV�XQGHUFRQVLGHUDWLRQ�� /RZ�LQFRPH� JURXSV� FRQVXPH� DQ� DPRXQW� RI� ZDWHU� FORVHU� WR� WKHVXEVLVWHQFH�OHYHO�WKDQ�KLJK�LQFRPH�JURXSV��$�EDODQFHG�LQFRPH�VWUXFWXUH�LQ�WHUPV�RI�DIDLU� VKDUH� RI� ORZ�LQFRPH�JURXSV� FRQWULEXWHV� WR� WKH� IXOILOPHQW� RI� WKH� HTXLW\� SULQFLSOH�7KH�VHFRQG�LQGLFDWRU�LV�UHODWHG�WR�WKH�ILUVW�LQGLFDWRU�DQG�LV� WKH� OHYHO�RI�XQHPSOR\PHQWZKLFK�PLJKW�OHDG�WR�VRFLDO�VXSSRUW�E\�WKH�JRYHUQPHQW�WKDW�LV�QHFHVVDU\�WR�FDUH�DW�OHDVWIRU�WKH�VXEVLVWHQFH�SULQFLSOHV��ZLWK�SUREDEO\�PHDVXUHV�WR�ORZHU�WKHLU�ZDWHU�ELOO�
3ULQFLSOH����$GPLQLVWUDWLYH�IHDVLELOLW\�DQG�HIILFLHQF\7KH�DERYH�PHQWLRQHG�SULQFLSOHV�RIWHQ�QHHG�YHU\�FRPSOH[�UDWH�VWUXFWXUHV�DQG�D�FRPSOH[UDPLILFDWLRQ� RI� DGPLQLVWUDWLYH� HIIRUWV�� $GPLQLVWUDWLYH� HIILFLHQF\� DQG� IHDVLELOLW\� LV� WKHH[WHQW� WR� ZKLFK� WKH� FRVW� UHFRYHU\� SULQFLSOH�� WKH� HTXLW\� SULQFLSOH� DQG� WKH� HFRQRPLFHIILFLHQF\� FRQGLWLRQ� RI� WKH� HPSOR\HG� WDULII� VWUXFWXUH� DUH� UHDFKHG� DW� PLQLPXP� FRVWV�7KHUH� DUH�� KRZHYHU�� DOVR�SUDFWLFDO� FRQVWUDLQWV� GHULYLQJ� IURP�DGPLQLVWUDWLYH� IHDVLELOLW\DQG�HIILFLHQF\�RI�WKH�WDULII�V\VWHP�IRU�ZDWHU�XVH��)LUVW��IRU�H[DPSOH��WR�PDNH�HIILFLHQF\SRVVLEOH�� ZDWHU� XVH� VKRXOG� EH� DGPLQLVWHUHG� DQG� PRQLWRUHG�� ,Q� RUGHU� WR� DFKLHYH� WKLV�PHWHUV�KDYH�WR�EH�LQVWDOOHG�DQG�WKHVH�VKRXOG�EH�UHDG�UHJXODUO\�)XUWKHUPRUH�� UHDFKLQJ�PDUJLQDO�SULFLQJ� UHTXLUHV�NQRZOHGJH� DERXW� WKH� H[WHUQDO�RIWHQ� QRQ�PHDVXUDEOH�� FRVWV�� ZKHUHDV� FRPSOH[� PHDVXULQJ� V\VWHPV� PD\� QRW� EHSUDFWLFDEOH��7KHQ��ZH�REYLRXVO\�IDFH�D�WUDGH�RII�EHWZHHQ�WKH�OHYHO�RI�WUDQVSDUHQF\�DQGWKH�IXOILOPHQW�RI�SULQFLSOHV�QHHGHG�IRU�WKH�WDULII�V\VWHP�7R� D� ODUJH� H[WHQW�� WKH� DGPLQLVWUDWLYH� IHDVLELOLW\� LV� GHSHQGHQW� RQ� WKH� PHWHULQJSHUFHQWDJH�DQG�WKH�WDULII�VWUXFWXUH�LQ�WKH�FLW\�XQGHU�FRQVLGHUDWLRQ��:KHQ�SD\PHQWV�IRUZDWHU� XVH� DUH� IL[HG�� ZH� H[SHFW� ORZHU� DGPLQLVWUDWLYH� HIIRUWV� DQG� KHQFH� D� KLJKHUFRQWULEXWLRQ�WR�WKH�DFKLHYHPHQW�RI�DGPLQLVWUDWLYH�HIILFLHQF\�RI�D�WDULII�V\VWHP��EHFDXVHQR�DGPLQLVWUDWLYH�HIIRUWV�DUH�QHHGHG�IRU�UHDGLQJ�ZDWHU�PHWHUV�7KH�QH[W�LQGLFDWRU�LV�SRSXODWLRQ�JURZWK��+LJK�SRSXODWLRQ�JURZWK�PD\�UHVXOW�LQDQ�H[WUD�GHPDQG�IRU�FRQQHFWLRQV�WR�WKH�SLSHOLQH�LQIUDVWUXFWXUH�WKDW�UHVXOWV�LQ�DGGLWLRQDODGPLQLVWUDWLYH� HIIRUWV�� $� KLJK� SHUFHQWDJH� RI� HWKQLF� PLQRULWLHV� ZLOO� LQFUHDVHDGPLQLVWUDWLYH� HIIRUWV�� ZKHQ� WKH\� QHHG� PRUH� LQIRUPDWLRQ� LQ� WKHLU� RZQ� ODQJXDJH� RU
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VSHFLILF� LQIRUPDWLRQ�DERXW� WKHLU�ZDWHU�XVH���$�FDVH�VWXG\�RQ�ZDWHU�XVH� LQ�$PVWHUGDPVKRZV� UHPDUNDEOH� GLIIHUHQFHV� LQ� ZDWHU� FRQVXPSWLRQ� EHWZHHQ� HWKQLF� DQG� QRQ�HWKQLFLQKDELWDQWV�RI�$PVWHUGDP��1,32������7KH�ODVW�LQGLFDWRU�LV�WKH�QXPEHU�RI�FRQQHFWLRQV�SHU�NP�QHWZRUN��$�KLJK�QXPEHURI� FRQQHFWLRQV� SHU� NP� QHWZRUN� UHVXOWV� LQ� D� KLJKHU� SUREDELOLW\� RI� LQFUHDVLQJDGPLQLVWUDWLYH� IHDVLELOLW\�� EHFDXVH� LW� LV� SRVVLEOH� WR� UHDG�PRUH�PHWHUV�ZLWKLQ� WKH� VDPHWLPH�
��� 6WUDWHJLF�LQIRUPDWLRQ�RQ�XUEDQ�ZDWHU�LVVXHV7R� FDUU\� RXW� DQ� HPSLULFDO� DQDO\VLV�� ZH� KDYH� GHYHORSHG� D� TXHVWLRQQDLUH� LQ�ZKLFK�ZHDVNHG�D�JURXS�RI�TXDOLILHG�H[SHUWV�LQ�HDFK�FLW\�WR�ZKLFK�H[WHQW�WKH�IRXU�SULQFLSOHV�RI�DQRSWLPDO� WDULII� V\VWHP� IRU� ZDWHU� XVH� ZHUH� PHW� LQ� WKHLU� FLW\�� %HFDXVH� RI� WKH� UHVXOWLQJOLPLWHG�DQG�TXDOLWDWLYH�GDWD�VHW��URXJK�VHW�DQDO\VLV� LV� WKHQ�D�VXLWDEOH�ZD\�RI�DQDO\]LQJWKH� EDFNJURXQG� IDFWRUV� UHVSRQVLEOH� IRU� WKH� H[WHQW� WR�ZKLFK� WKH� IXOILOPHQW� RI� WKH� IRXUSULQFLSOHV�RI�D�ZDWHU�WDULII�V\VWHP�GLIIHU�LQ�HDFK�FLW\�7KH�H[SHUWV�LQTXLUHG�ZHUH�KLJKO\�LQYROYHG�LQ�WKH�ZDWHU�PDQDJHPHQW�SUDFWLFHV�LQWKH� FLW\� FRQVLGHUHG�� 7KHVH� H[SHUWV�� PRVWO\� DFDGHPLF� UHVHDUFKHUV� ZKR� KDG� GRQH� DQH[WHQVLYH� UHVHDUFK�RQ� WKH�ZDWHU�SURYLVLRQ� LQ� WKHLU� FLW\�� MXGJHG� FDUHIXOO\� WKH� H[WHQW� WRZKLFK� WKH� SULQFLSOHV� RI� D� WDULII� VWUXFWXUH� ZHUH� IXOILOOHG� LQ� WKH� FLWLHV� FRQVLGHUHG�� 7KHTXHVWLRQQDLUH� �FRQVLVWHG� RI� D� QXPEHU� RI� VWDWHPHQWV� WR� EH� FRPPHQWHG� XSRQ� E\� WKHH[SHUWV��2QH�RI�WKH�VWDWHPHQWV�WR�EH�MXGJHG��IRU�LQVWDQFH�ZDV��WKH�WRWDO�ZDWHU�SD\PHQWVRI� WKH�KRXVHKROGV� UHFHLYHG�E\� WKH�ZDWHU� FRPSDQ\� LV�DW� D� OHYHO� WKDW� HQDEOHV� WKH�ZDWHUFRPSDQ\� WR� FRYHU� ZDWHU� FRVWV��:KHQ� WKH� H[SHUW� WRWDOO\� DJUHHG�ZLWK� WKH� VWDWHPHQW�� DVFRUH�RI���ZDV�LQFOXGHG�LQ�WKH�GDWD�PDWUL[��:KHQ�WKH�H[SHUW�WRWDOO\�GLVDJUHHG�ZLWK�WKHVWDWHPHQW��ZH�LQFOXGHG�D�VFRUH���LQ�WKH�GDWD�PDWUL[��7R�HQVXUH�VXIILFLHQW�YDULDWLRQ�LQ�WKHGDWD�WDEOH����LQWHUPHGLDWH�FODVVHV�ZHUH�DGGHG�EHWZHHQ�WKH�WZR�H[WUHPH�YDOXHV��7DEOH��VKRZV�WKH�VFRUHV�DQ�H[SHUW�PLJKW�JLYH�WR�WKH�H[WHQW�WR�ZKLFK�D�FHUWDLQ�SULQFLSOH�RI�WKHWDULII�V\VWHP�IRU�ZDWHU�XVH�LV�PHW�LQ�WKH�FLW\�FRQVLGHUHG��EDVHG�RQ�D���SRLQW�VFDOH�:KHQ� PRUH� WKDQ� RQH� H[SHUW� ZDV� FRQVXOWHG�� WKLV� ZDV� DOVR� LQFOXGHG� LQ� RXUGDWDEDVH��,Q�WKLV�FDVH��WKH�GLIIHUHQW�DQJOHV�LQFUHDVH�RXU�NQRZOHGJH�RQ�WKH�YDULRXV�WDULIIV\VWHPV�HPSOR\HG��7KH�VFRUHV�JLYHQ�IRU� WKH�H[WHQW� WR�ZKLFK� WKH� IRXU�SULQFLSOHV�RI�DQ
� )RU� OHDIOHWV� LQ� D� IRUHLJQ� ODQJXDJH� WKLV� LV� SUREDEO\� D� RQFH� LQ� WLPH� DGPLQLVWUDWLYH� HIIRUW�� +RZHYHU�UHJXODUO\� UHSHDWLQJ�ZDWHU� VDYLQJ� FDPSDLJQV� DQG� RWKHU� LQIRUPDWLRQ� UHJDUGLQJ�ZDWHU� XVH� DUH� OLNHO\� RQO\HIIHFWLYH�ZKHQ�LW�LV�DOVR�GRQH�LQ�WKH�ODQJXDJH�RI�WKH�XUEDQ�PLQRULWLHV�
� VHH�DSSHQGL[�$
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RSWLPDO� WDULII� V\VWHP� DUH� PHW� ZHUH� LQYHVWLJDWHG� LQ� RXU� DSSOLFDWLRQ� ZLWK� WKH� KHOS� RIURXJK�VHW�DQDO\VLV�$V�PHQWLRQHG�DERYH��URXJK�VHW�DQDO\VLV�LV�D�FODVVLILFDWLRQ�WHFKQLTXH�WKDW�LV�DEOHWR� KDQGOH� LQFRPSOHWH� DQG� LPSUHFLVH� �H�J��� VRIW� RU� FDWHJRULFDO� LQIRUPDWLRQ�� QRQ�VWRFKDVWLF�GDWD�RQ�WKH�EDVLV�RI�TXDOLWDWLYH�DWWULEXWHV��7KH�DWWULEXWHV� �FRGHG� LQ�7DEOH���DFW� DV� H[SODQDWRU\� YDULDEOHV�� DQG� WKH� H[SHUW� RSLQLRQV� RQ� DWWULEXWHV� DV� 
GHSHQGHQW
YDULDEOHV��1LMNDPS�HW�DO��������
7DEOH��� -XGJHPHQW�RSWLRQV�DYDLODEOH�IRU�WKH�H[SHUWV��� 7KH�SULQFLSOH�LV�WRWDOO\�PDWFKHG�ZLWK�WKH�WDULII�VWUXFWXUH�HPSOR\HG�IRU�ZDWHU�XVH��� 7KH�SULQFLSOH�LV�DOPRVW�PHW�� 7KH�SULQFLSOH�LV�PHW�WR�D�ODUJH�GHJUHH�� 7KH�SULQFLSOH�LV�QRW�FOHDUO\�PHW�QRU�XQPHW� 7KH�SULQFLSOH�LV�WR�D�ODUJH�GHJUHH�QRW�PHW��� 7KH�SULQFLSOH�LV�DOPRVW�XQPHW���� 7KH�SULQFLSOH�LV�QRW�PDWFKHG�DW�DOO�ZLWK�WKH�HPSOR\HG�WDULII�VWUXFWXUH�IRU�ZDWHU�XVH�

����5RXJK�VHW�DQDO\VLV��DQ�LQWURGXFWLRQ5RXJK� VHW� LV� D� UHFHQWO\�GHYHORSHG� QRQSDUDPHWULF� VWDWLVWLFDO�PHWKRG�� )RU� DQ� H[WHQVLYHWKHRUHWLFDO�GHVFULSWLRQ�ZH� UHIHU� WR� 3DZODN� �������DQG�6ORZLQVNL� ��������([DPSOHV�RIDSSOLFDWLRQV� RI� URXJK� VHW� DQDO\VLV� WR� HQYLURQPHQWDO� HFRQRPLF� LVVXHV� FDQ� EH� IRXQG� LQYDQ� GHQ� %HUJK� HW� DO�� �������� 1LMNDPS� ������� DQG� 0DVXUHO� HW� DO�� �������� 7KHVHDSSOLFDWLRQV� UHODWH� LQWHU�DOLD� WR�SHVWLFLGH�XVH� LQ�DJULFXOWXUH��XUEDQ� ODQG�XVH�SROLF\�DQGWUDQVSRUWDWLRQ�SROLF\�$� VHW� IRU� ZKLFK� LW� LV� XQFHUWDLQ� WR� FODVVLI\� D� JURXS� RI� FHUWDLQ� REMHFWVXQDPELJXRXVO\� FDQ� EH� FKDUDFWHULVHG� DV� D� URXJK� VHW�� ,Q� RXU� ZDWHU� PDQDJHPHQWDSSOLFDWLRQ��ZH�IRFXV�RQ�WKH�GLVWLQFW�H[SHUWV
�MXGJHPHQWV�FRQFHUQLQJ�WKH�H[WHQW�WR�ZKLFKWKH�IRXU�SULQFLSOHV�RI�DQ�RSWLPDO�ZDWHU�WDULII�DUH�PHW�7KH�FODVVLILFDWLRQ�RI�FDWHJRULFDO�LQIRUPDWLRQ�LV�WKHQ�GHSHQGHQW�RQ�WKH�GHJUHH�RI
JUDQXODULW\
��,Q�WKH�WKHRU\�RI�URXJK�VHWV�ZH�DVVXPH�WKH�H[LVWHQFH�RI�D�FHUWDLQ�ILQLWH�VHWRI� REMHFWV� WR� EH� FODVVLILHG�� 7KH� H[WHQW� WR� ZKLFK� LQ� RXU� VWXG\� WKH� IRXU� SULQFLSOHV� DUHIXOILOOHG� UHTXLUHV� D� FODVVLILFDWLRQ� RI� LWHPV� FKDUDFWHUL]LQJ� WKHVH� SULQFLSOHV� LQ� YDULRXVGLPHQVLRQV�� ,Q� WKH� VXEVHFWLRQ� ���� ZH� GHVFULEH� UHOHYDQW� EDFNJURXQG� IDFWRUV� WKDW� DUHRIWHQ�PHQWLRQHG�LQ�WKH�OLWHUDWXUH�RQ�WKH�HFRQRPLFV�RI�ZDWHU�XVH�DQG�WKDW�ZLOO�OLNHO\�KDYHDQ�LPSDFW�RQ�WKH�H[WHQW�WR�ZKLFK�WKH�RSWLPDO�WDULII�VWUXFWXUH�LV�UHDFKHG��7KH�LQIRUPDWLRQLV�JDWKHUHG�LQ�WHUPV�RI�DWWULWLRQ�RI�UHOHYDQW�DWWULEXWHV�RI�WKH�ZDWHU�PDQDJHPHQW�V\VWHPVWR�GLVWLQFW�FODVVHV��H�J���WKH�GLYHUVLILHG�JRYHUQDQFH�VWUXFWXUHV�RU�WKH�H[LVWHQFH�RI�YDULRXVNLQGV� RI� VXEVLGLHV�� RU� IDFWXDO� NQRZOHGJH� �H�J��� OHDNDJH� SHUFHQWDJH� RU� XUEDQXQHPSOR\PHQW�UDWH���$Q�DWWULEXWH�DQG�D�FRGHG�YDOXH�RI�WKLV�DWWULEXWH�FDQ�H[SUHVV�HDFK
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7DEOH����'HVFULSWLRQ�RI�WKH�DWWULEXWHV�DQG�WKHLU�FODVVHV���DUH�PDQDJHDEOH�IDFWRUV�$WWULEXWHG�YDOXHV &ODVVHV&RVW�5HFRYHU\�3ULQFLSOH&���3HUIRUPDQFH�RI�WKH�ZDWHU�FRPSDQ\ ���ORVVHV�LQ�SHULRGV�RI�GURXJKWV���ZDWHU�FRPSDQ\�LV�LQ�JHQHUDO�SURILWDEOH�RU�WKH�ZDWHU�FRPSDQ\�VXUYLYHV�ZLWK�VXEVLGLHV&���6XEVLGLHV�IRU�FRQVWUXFWLRQ�SXUSRVHV ���(8�VWUXFWXUDO�IXQGV�IRU�FRVW�FRYHUDJH�RI��SDUWV�RI��WKH�QHWZRUN���JRYHUQPHQW�VXEVLGLHV�IRU�FRVW�FRYHUDJH�RI��SDUWV�RI��WKH�QHWZRUN���FRPELQDWLRQ�RI�����DQG�������QR�VXEVLGLHV&���7D[HV�RQ�ZDWHU�XVH ���HQYLURQPHQWDO�WD[HV�IRU�WKH�SXUSRVH�RI�FRYHUDJH�RI�H[WHUQDO�FRVWV��H�J��HQYLURQPHQWDO�FRVWV����FRQVWUXFWLRQ�WD[HV��WD[HV�WR�ILQDQFH�FRQVWUXFWLRQ�IHHV���RWKHU�WD[HV&���,QVWLWXWLRQDO���FRPSDQ\�VWUXFWXUH ���SULYDWH�ZDWHU�FRPSDQ\���SXEOLFO\�RZQHG�ZDWHU�FRPSDQ\���FRPELQDWLRQ��L�H���SDUWV�RI�WKH�ZDWHU�SURYLVLRQ�LV�SXEOLF��H�J���WKH�QHWZRUN��DQG�SDUWV�RI�WKH�QHWZRUN�DUH�SULYDWH&���'LVWULEXWLRQ�ORVVHV OHDNDJH�SHUFHQWDJH�RI�WKH�GLVWULEXWLRQ�LQSXWV�WKURXJK�SRRU�QHWZRUN�FRQGLWLRQV&���3HUFHQWDJH�VXUIDFH�ZDWHU� SHUFHQWDJH�RI�WKH�VRXUFHV�ZKLFK�FDQ�EH�FODVVLILHG�DV�VXUIDFH�ZDWHU(FRQRPLF�(IILFLHQF\�3ULQFLSOH(F���7DULII�VWUXFWXUH�IRU�KRXVHKROGV ���D�XQLW�ZDWHU�SD\PHQW�V\VWHP��ZDWHU�SD\PHQWV�DUH�FDOFXODWHG�RQ�WKH�EDVLV�RI�QXPEHU�RI�URRPV��SUHVHQFH�RI�D�JDUGHQ��HWF�����IL[HG�V\VWHP��SD\PHQWV�DUH�LQGHSHQGHQW�RI�ZDWHU�XVH��SD\PHQWV�DUH��IRU�H[DPSOH��D�SHUFHQWDJH�RI�WKH�UHQW����D�FRQVWDQW�SULFH�SHU�XQLW�RI�ZDWHU�XVH���DQ�LQFUHDVLQJ�EORFN�UDWH�VFKHGXOH��WKH�ILUVW�DPRXQW�RI�ZDWHU�LV�SULFHG�ZLWK�D�ORZHU�WDULII�WKDQ�WKH�VXEVHTXHQW�DPRXQW�RI�ZDWHU���D�GHFUHDVLQJ�EORFN�UDWH�VFKHGXOH��WKH�ILUVW�DPRXQW�RI�ZDWHU�LV�SULFHG�ZLWK�D�KLJKHU�WDULII�WKDQ�WKH�VXEVHTXHQW�DPRXQW�RI�ZDWHU(F���6XEVLGLHV�IRU�LQGLYLGXDO�XVHUV ���LQGLYLGXDO�FRQVXPHUV�PD\�EH�VXEVLGLVHG���QR�VXEVLGLHV�IRU�LQGLYLGXDO�XVHUV�DYDLODEOH(F��� &RQQHFWLRQ� EHWZHHQ� SD\PHQW� DQG� ZDWHUXVH� ���ZDWHU�SD\PHQWV�GHSHQG�RQ�ZDWHU�XVH���QR�GLUHFW�FRQQHFWLRQ�EHWZHHQ�ZDWHU�SD\PHQWV�DQG�ZDWHU�XVH(F���5HVLGHQWLDO�ZDWHU�XVH UHVLGHQWLDO�ZDWHU�XVH��OLWUHV�SHU�KHDG�SHU�GD\�(TXLW\�3ULQFLSOH(���+RXVHKROG�LQFRPH�LQ�WKH�FLW\ GLVSRVDEOH�LQFRPH��LQ�(XURV�(���8QHPSOR\PHQW XQHPSOR\PHQW�UDWH��SHUFHQWDJH�RI�WKH�ODERXU�IRUFH�ZKLFK�LV�XQHPSOR\HG�$GPLQLVWUDWLYH�(IILFLHQF\�DQG�)HDVLELOLW\3ULQFLSOH$���0HWHULQJ�SHUFHQWDJH SHUFHQWDJH�RI�KRXVHKROGV�ZKRVH�ZDWHU�XVH�LV�PHWHUHG����� d PHWHULQJ�SHUFHQWDJH� d ����������PHWHULQJ�SHUFHQWDJH� d ����������PHWHULQJ�SHUFHQWDJH� d ����$���3RSXODWLRQ�JURZWK SRSXODWLRQ�JURZWK�LQ�WKH�FLW\�SHU�DQQXP��SHUFHQWDJH�$���3HUFHQWDJH�RI�HWKQLF�JURXSV SHUFHQWDJH�RI�HWKQLF�JURXSV������ d SHUFHQWDJH�HWKQLF�PLQRULWLHV� d ����������SHUFHQWDJH�HWKQLF�PLQRULWLHV�������SHUFHQWDJH�HWKQLF�PLQRULWLHV� t ���$���&RQQHFWLRQ�NP�QHWZRUN FRQQHFWLRQV�SHU�NP�QHWZRUN�FDOFXODWHG�DV�
�NP�QHWZRUNWKHRIOHQJWKWRWDO VFRQQHFWLRQRIQXPEHUWRWDO
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7DEOH����,QIRUPDWLRQ�WDEOH�RQ�WKH�HPSLULFDO�YDOXHV�RI�DWWULEXWHV�RI�WKH�SULQFLSOHV�IRU�WDULII�V\VWHPV�HPSOR\HG�LQ�WKH�FDVH�VWXGLHV�XQGHU�FRQVLGHUDWLRQ$WWULEXWHV ([SHUW���RQ$PVWHUGDP ([SHUW���RQ$PVWHUGDP ([SHUW���RQ$WKHQV ([SHUW���RQ/RQGRQ ([SHUW���RQ6HYLOOH ([SHUW���RQ6HYLOOH ([SHUW���RQ6HYLOOH ([SHUW���RQ7HO�$YLY&RVW�5HFRYHU\�3ULQFLSOH3HUIRUPDQFH�RI�WKH�:DWHU�&RPSDQ\��F�� � � � � � � � �6XEVLGLHV�IRU�&RQVWUXFWLRQ�3XUSRVHV��F�� � � � � � � � �7D[HV�RQ�:DWHU�8VH��F�� � � � � � � � �,QVWLWXWLRQDO���&RPSDQ\�6WUXFWXUH��F�� � � � � � � � �'LVWULEXWLRQ�/RVVHV��F�� ��� ��� ���� ���� �� �� �� ���3HUFHQWDJH�6XUIDFH�:DWHU��F�� ���� ���� ���� �� ��� ��� ��� ����6FRUH�JLYHQ�E\�H[SHUW � � � � � � � �(FRQRPLF�(IILFLHQF\�3ULQFLSOH7DULII�VWUXFWXUH�IRU�KRXVHKROGV��HF�� � � � � � � � �6XEVLGLHV�IRU�LQGLYLGXDO�XVHUV��HF�� � � � � � � � �&RQQHFWLRQ�EHWZHHQ�3D\PHQW�DQG�:DWHU8VH��HF�� � � � � � � � �5HVLGHQWLDO�ZDWHU�XVH��HF�� ��� ��� ��� ��� ��� ��� ��� ���6FRUH�JLYHQ�E\�H[SHUW � � � � � � � �(TXLW\�3ULQFLSOH+RXVHKROG�,QFRPH�LQ�WKH�FLW\��H�� ���� ���� ��� ���� ���� ���� ���� ����8QHPSOR\PHQW��H�� ��� ��� ��� ��� ���� ���� ���� ���6FRUH�JLYHQ�E\�H[SHUW � � � � � � � �$GPLQLVWUDWLYH�(IILFLHQF\�DQG)HDVLELOLW\�3ULQFLSOH0HWHULQJ�SHUFHQWDJH��D�� � � ��� �� �� �� �� ���3RSXODWLRQ�*URZWK��D�� ��� ���� ���� ���� ���� ���� ���� ����3HUFHQWDJH�RI�HWKQLF�PLQRULWLHV��D�� ���� ���� � �� ���� ���� ���� �&RQQHFWLRQ�NP�QHWZRUN��D�� ������ ������ ������ ������ ����� ����� ����� ������6FRUH�JLYHQ�E\�H[SHUW � � � � � � � �
6RXUFHV��&DVH�VWXGLHV�$PVWHUGDP��$WKHQV��/RQGRQ��6HYLOOH�DQG�7HO�$YLY�
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7DEOH����'HFLVLRQ�5XOHV�IRU�WKH�IRXU�SULQFLSOHV
)XOO�VHUYLFH�FRVW�UHFRYHU\
UXOH�����F�� ����	��F�� ���� !��G�� ���UXOH�����F�� ������� !��G�� ���UXOH�����F�� ������� !��G�� �����$SSUR[LPDWH�UXOHVUXOH�����F�� ������ !��G�� ����25��G�� ����25��G�� ���
(TXLW\
UXOH�����H�� ������� !��G�� ���UXOH�����H�� ������� !��G�� ���UXOH�����H�� ������ !��G�� ���UXOH�����H�� ������� !��G�� �����$SSUR[LPDWH�UXOHVUXOH�����H�� ������� !��G�� ����25��G�� ����25��G�� ���
(FRQRPLF�HIILFLHQF\
UXOH�����HF�� ������ !��G�� ���UXOH�����HF�� ������ !��G�� ���UXOH�����HF�� ���� !��G�� ���UXOH�����HF�� ���� !��G�� �����$SSUR[LPDWH�UXOHVUXOH�����HF�� ������ !��G�� ����25��G�� ����25��G�� ���
$GPLQLVWUDWLYH�HIILFLHQF\�IHDVLELOLW\
UXOH�����D�� ����� !��G�� ���UXOH�����D�� ������� !��G�� ���UXOH�����D�� ������� !��G�� �����$SSUR[LPDWH�UXOHVUXOH�����D�� ���� !��G�� ����25��G�� ���UXOH�����D�� ����� !��G�� ����25��G�� ���
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7DEOH����0LQLPDO�VHWV�� 7DEOH����)UHTXHQFLHV�RI�IDFWRUV�LQ�WKH�PLQLPDO�VHWV)XOO�&RVW�5HFRYHU\ $WWULEXWHV^ ` ^ ` ^ ` ^ `�F��F��F��F��F��F��F��F��F��F &RVW�5HFRYHU\�3ULQFLSOHF� ��������(FRQRPLF�(IILFLHQF\�3ULQFLSOH F� ������^ `�HF F� ������F� ������(TXLW\�3ULQFLSOH F� ������^ `�H��H F� ������(TXLW\�3ULQFLSOH$GPLQLVWUDWLYH�)HDVLELOLW\�DQG(IILFLHQF\�3ULQFLSOH H� ������^ `�D��D��D H� �������� 6HH�7DEOH���IRU�WKH�DEEUHYLDWLRQV (FRQRPLF�(IILFLHQF\�3ULQFLSOHRI�WKH�DWWULEXWHV HF� ��������$GPLQLVWUDWLYH�(IILFLHQF\�DQG)HDVLELOLW\�3ULQFLSOHD� ���������D� ���������D� ���������



$V�WR�WKH�QH[W�VWHS��7DEOH���VKRZV�WKH�IUHTXHQFLHV�RI�WKH�DWWULEXWHV�LQ�WKH�PLQLPDO�VHWV�RQ�WKHEDVLV�RI�WKH�FODVVHV�WKDW�DUH�UHSRUWHG�LQ�7DEOH����7KH�GHFLVLRQ�UXOHV�VKRZ�IRU�D�VXEVWDQWLDO�SDUWD�SDWWHUQ� DFFRUGLQJ� WR� WKH� OLQHV� VNHWFKHG� LQ� WKH� WKHRU\� DQG� WKH� VHFWLRQ� DERYH��:H� FDQ� QRZREVHUYH� D� FOHDU� SDWWHUQ� WKDW� ZDWHU� FRPSDQLHV� DUH� VHQVLWLYH� WR� HYHQWV� RI� ORZHU� ZDWHUDYDLODELOLW\�� &RQWLQXLQJ� ORZ�ZDWHU� DYDLODELOLW\� QHHGV� FRQWLQXLQJ� VXEVLGL]DWLRQ� WR� UHDFK� IXOOFRVW�UHFRYHU\��7HO�$YLY���(YHQWV�RI�GURXJKW�ZLOO�UHVXOW�LQ�ORVVHV�RI�WKH�ZDWHU�FRPSDQ\�ZKHQWKHUH�LV�QR�WHPSRUDU\�LQFUHDVH�LQ�WKH�ZDWHU�SULFH��,Q�WKLV�FDVH�IXOO�FRVW�UHFRYHU\�LV�QRW�PHW��7KHSHUIRUPDQFH� RI� WKH� ZDWHU� FRPSDQ\� �WKH� DWWULEXWH� DEEUHYLDWHG� DV� F��� DSSHDUV� LQ� DOO� RI� WKHPLQLPDO�VHWV�$QRWKHU� LPSRUWDQW� DWWULEXWH� WKDW� LV� FHQWUDO� LQ� WKH� GHEDWH� RQ� FKDQJHV� LQ� WKH� LQFHQWLYHVWUXFWXUH� WR� LPSURYH� WKH� TXDOLW\� RI� WKH� HQYLURQPHQW� LV� WKH� H[LVWHQFH� RI� YDULRXV� NLQGV� RIVXEVLGLHV��VHH�2(&'�������GH�0RRU��������/RRNLQJ�DW�WKH�HTXLW\�SULQFLSOH��KLJK�GLVSRVDEOHLQFRPH��WKH�DWWULEXWH�DEEUHYLDWHG�DV�H���PLJKW�EH�DQ�LQFHQWLYH�WR�GHVLJQ�D�WDULII�V\VWHP�LQ�VXFKD�ZD\�WKDW�WKH�HTXLW\�SULQFLSOH�LV�QRW�PHW��7KH�XQHPSOR\PHQW�UDWH�DQG�WKH�GLVSRVDEOH�LQFRPHRI�D�KRXVHKROG�LQ�D�FLW\�DUH�HTXDOO\�LPSRUWDQW�DWWULEXWHV�7KH�LQGLYLGXDO�ZDWHU�XVH��WKH�DWWULEXWH�DEEUHYLDWHG�DV�HF���LV�DQ�LPSRUWDQW�DWWULEXWH�WRH[SODLQ�WKH�VFRUHV�JLYHQ�E\�H[SHUWV�FRQFHUQLQJ�WKH�HFRQRPLF�HIILFLHQF\�SULQFLSOH��7KH�OHYHO�RIWKH�SHU�FDSLWD�ZDWHU�XVH�PD\�EH�H[SODLQHG�IURP�WKH�IDFW�WKDW�KLJKHU�ZDWHU�XVH�SURYLGHV�URRPIRU�ZDWHU�VDYLQJ�DQG�PD\� UHVXOW� LQ�D� ORZ�VFRUH� IRU�HFRQRPLF�HIILFLHQF\��/RZ�ZDWHU�XVH�SHUFDSLWD�SURYLGHV�KDUGO\�URRP�WR�VDYH�ZDWHU�DQG�UHVXOWV�LQ�D�KLJK�VFRUH�IRU�HFRQRPLF�HIILFLHQF\�/RZ�PHWHULQJ�SHUFHQWDJHV��L�H���WKHUH�DUH�IHZHU�PHWHUV�WR�UHDG��UHVXOW�LQ�IHZHU�HIIRUWVWR� DGPLQLVWHU� ZDWHU� XVH�� 7KHUHIRUH�� WKH� WDULII� V\VWHP� HPSOR\HG� GR� QRW� QHHG� FRQVLGHUDEOHHIIRUWV� WR� UHJLVWHU�ZDWHU� XVH��7KH� DGPLQLVWUDWLYH� IHDVLELOLW\� DQG� HIILFLHQF\� SULQFLSOH� LV�PRUHHDV\�WR�PHHW��&RQFHUQLQJ�DGPLQLVWUDWLYH�IHDVLELOLW\�DQG�HIILFLHQF\��WKUHH�RXW�RI�IRXU�SURSRVHGDWWULEXWHV� DSSHDU� WR� VKRZ� XS� LQ� WKH� PLQLPDO� VHWV�� 7KH� SRSXODWLRQ� JURZWK� LQ� WKH� FLW\�� WKHQXPEHU�RI�FRQQHFWLRQV�DQG�WKH�QXPEHU�RI�FRQQHFWLRQV�SHU�NP�QHWZRUN�DUH�HTXDOO\�LPSRUWDQWWR�H[SODLQ�WKH�VFRUHV�DQG�GHDO�ZLWK�DGGLWLRQDO�H[WUD�HIIRUWV�ZKLFK�KDYH�WR�EH�PDGH�WR�NHHS�XSZLWK�WKH�H[WUD�GHPDQG�IRU�LQIRUPDWLRQ�DQG�FRQQHFWLRQV�
� &RQFOXVLRQV7KLV� SDSHU� KDV� H[SORUHG� WKH� LPSRUWDQFH� RI� UHOHYDQW� EDFNJURXQG� IDFWRUV� RI� IRXU� SULQFLSOHVH[SODLQLQJ�WKH�H[WHQW�WR�ZKLFK�WDULIIV�IRU�UHVLGHQWLDO�ZDWHU�XVH�LQ�ILYH�FDVH�FLWLHV��$PVWHUGDP�$WKHQV��/RQGRQ�� 6HYLOOH� DQG�7HO�$YLY��PHHW� WKH� SULQFLSOHV� IRU� DQ� RSWLPDO� WDULII� V\VWHP� IRUUHVLGHQWLDO�ZDWHU�XVH��7KHVH�SULQFLSOHV�KDYH�EHHQ�GHYHORSHG�LQ�WKH�OLWHUDWXUH�RQ�WKH�HFRQRPLFVRI�ZDWHU� XVH� DQG� GHDO�ZLWK� �%DXPDQQ� HW� DO�� ������'DOKXLVHQ� HW� DO�� ������� �L�� WKH� H[WHQW� WRZKLFK�UHYHQXHV�RI�D�ZDWHU�GHPDQG�V\VWHP�DUH�HTXDO�WR�WKH�FRVWV�RI�WKH�ZDWHU�SURGXFWLRQ��IXOO
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ZDWHU�FRVW�UHFRYHU\�SULQFLSOH����LL��WKH�SRVVLELOLW\�IRU�SHRSOH�WR�DFTXLUH�DW�OHDVW�D�EDVLF�DPRXQWRI�ZDWHU�WR�VXUYLYH��LQ�RWKHU�ZRUGV��SD\PHQWV�IRU�ZDWHU�VKRXOG�QRW�EH�DQ�H[FHSWLRQDO�VKDUH�RIWKH� EXGJHW� RI� D� KRXVHKROG� �HTXLW\� SULQFLSOH��� �LLL�� WKH� ZD\� D� WDULII� V\VWHP� SURYLGHV� SURSHULQFHQWLYHV�WR�VDYH�ZDWHU�DQG�WR�LQYHVW�LQ�ZDWHU�VDYLQJ�GHYLFHV��HFRQRPLF�HIILFLHQF\�SULQFLSOH���LY��WKH�SRVVLELOLW\�RI�DQG�HIILFLHQF\�LQ�DGPLQLVWHULQJ�ZDWHU�XVH��DGPLQLVWUDWLYH�IHDVLELOLW\�DQGHIILFLHQF\��� )RU� WKLV� SXUSRVH� ZH� KDYH� GHYHORSHG� D� TXHVWLRQQDLUH� IRU� H[SHUWV� LQYROYHG� LQVWXG\LQJ�ZDWHU�PDQDJHPHQW�SUDFWLFHV�LQ�WKH�FDVH�FLWLHV��([SHUW�VFRUHV�RQ�WKH�H[WHQW�WR�ZKLFKSULQFLSOHV�DUH�PHW�ZHUH�QH[W�GHSOR\HG�LQ�D�URXJK�VHW�DQDO\VLV�$Q�LQYHVWLJDWLRQ�RI�WKH�PLQLPXP�VHW�WR�H[SODLQ�WKH�VFRUHV�RI�WKH�WDULII�V\VWHP�WHDFKHVXV�WKDW�DQ�REVHUYHG�SDWWHUQ�LQ�RXU�GDWD�VHW� LV� WKH�GLIILFXOW\� WR�UHDFK�IXOO�FRVW� UHFRYHU\� LQ� WKHFLWLHV� GHDOLQJ� ZLWK� UHJXODUO\� ORZ�ZDWHU� DYDLODELOLW\�� /RZ�ZDWHU� DYDLODELOLW\� RIWHQ� RFFXUV� LQSHULRGV� RI� GURXJKW�� 7KHQ� HQHUJ\� FRVWV� DUH� ULVLQJ�� EHFDXVH�ZDWHU� LV� REWDLQHG� IURP� ORFDWLRQVIXUWKHU�DZD\�IURP�WKH�FLWLHV�DQG�KDV�WR�EH�WUDQVSRUWHG�RYHU�D�ODUJHU�GLVWDQFH��VHH�.DOOLV�HW�DO������� 0XULOOR� HW� DO�� ������� 7KH� VHFRQG� ODUJHVW� DWWULEXWH� ZRUWK� PHQWLRQLQJ� KHUH�� LV� WKHH[LVWHQFH� RI� VXEVLGLHV�� 6XEVLGLHV� DUH� LQ� RXU� FDVH� FRQFHLYHG� RI� DV�� 
(8� VWUXFWXUDO� IXQGV
�
JRYHUQPHQWDO� VXEVLGLHV
�� DQG� 
D� FRPELQDWLRQ� RI� ERWK� FODVVHV
�� 6WUXFWXUDO� IXQGV� DUH� (8VXEVLGLHV�SURYLGHG�IRU�WKH�SXUSRVH�RI��IRU�H[DPSOH��VRFLDO�FRKHVLRQ�RU� UHJLRQDO�GHYHORSPHQWRU� RWKHU� GHYHORSPHQW� RSSRUWXQLWLHV� IRU� D� FHUWDLQ� UHJLRQ�� 7KH� RXWFRPHV� VXSSRUW� WKH� YLHZVEURXJKW� IRUZDUG� E\� HDUOLHU� UHVHDUFK� RQ� WKH� UROH� RI� VXEVLGLHV� LQ� SURYLGLQJ� LQFHQWLYHV� ZLWKHQYLURQPHQWDOO\�XQIULHQGO\� FRQVHTXHQFHV� �VHH� H�J��2(&'������� ������ DQG� GH�0RRU� ������7KLV�SURPSWV� WKH�QHHG�IRU�IXUWKHU� UHVHDUFK�RQ�WKH�HIIHFWV�RI�VWUXFWXUDO�IXQGV��,Q�WKH�FDVHV�RI$WKHQV� DQG� 6HYLOOH� VXEVLGLHV� IRU� WKH� FRQVWUXFWLRQ� RI� WKH� ZDWHU� WUDQVSRUWDWLRQ� QHWZRUN� DUHXVXDOO\�SURYLGHG��7KHVH�FLWLHV�VKRZ�D�QHJDWLYH�VFRUH�RQ�WKH�IXOO�ZDWHU�FRVW�UHFRYHU\�SULQFLSOH�%HFDXVH�RI�WKH�ODFN�RI�LQIRUPDWLRQ��DPRXQW�RI�VXEVLGLHV�DQG�RU�WKH�PL[WXUHV�ZLWK�DOO�NLQG�RIRWKHU�JRYHUQPHQWDO�VXEVLGLHV���ZH�RQO\�KDYH�OLPLWHG�NQRZOHGJH�RI�WKH�LPSDFW�RI�WKH�H[LVWHQFHRI�VXEVLGLHV��$GGLWLRQDO�LQIRUPDWLRQ�RQ�DPRXQWV�RI�(8�VWUXFWXUDO�IXQGLQJ�DQG�JRYHUQPHQWDOVXEVLGLHV�LV�QHFHVVDU\�&RQFHUQLQJ�WKH�HTXLW\�SULQFLSOH��DQ�LQWHUHVWLQJ�SDWWHUQ�REVHUYHG�LQ�WKH�FDVHV�HPSOR\HGLQ�RXU�DQDO\VLV�LV�SURYLGHG�E\�WKH�KLJK�IUHTXHQFLHV�RI�ORZ�LQFRPHV��3ROLF\�PDNHUV�ZLOO�RIWHQWHQG�WR�GHVLJQ�WDULIIV�IRU�ZDWHU�XVH�LQ�VXFK�D�ZD\��WKDW�LW�SURYLGHV�DW�OHDVW�D�EDVLF�DPRXQW�RIZDWHU� IRU� HDFK� FLWL]HQ�� $QRWKHU� REVHUYHG� SDWWHUQ� LV� WKH� FDVH� WKDW� D� KLJK� XQHPSOR\PHQWSHUFHQWDJH�UHVXOWV�LQ�D�KLJK�IUHTXHQF\�RI�ORZ�LQFRPHV��DVVXPLQJ�WKDW�JRYHUQPHQWV�VXSSRUW�DQXQHPSOR\HG�LQKDELWDQW�ZLWK�D�PLQLPXP�LQFRPH��DQG�LQ�WKLV�FDVH�WKH�WDULII�GHVLJQ�ZLOO�EH�VXFKWKDW�LW�SURYLGHV�WKH�SRRU�ZLWK�D�EDVLF�DPRXQW�RI�ZDWHU�DV�ZHOO�



��

7KH� SHU� FDSLWD� ZDWHU� XVH� PLJKW� EH� UHVSRQVLEOH� IRU� WKH� SRVVLELOLW\� WR� VDYH� ZDWHU� DQG� LVFRQQHFWHG�WKHUHIRUH�WR�WKH�VFRUH�RI�DQ�H[SHUW�RQ�WKH�HFRQRPLF�HIILFLHQF\�SULQFLSOH��/RZ�LQLWLDOOHYHOV�RI�SHU�FDSLWD�ZDWHU�GHPDQG�UHVXOWV�LQ�OLWWOH�URRP�WR�VDYH�ZDWHU�(IILFLHQW� XVH� RI� ZDWHU� RIWHQ� UHTXLUHV� DQ� H[WUD� QXPEHU� RI� DGPLQLVWUDWLYH� HIIRUWV� WRUHFRUG� DQG� LPSOHPHQW��$GGLWLRQDO� LQIRUPDWLRQ� DERXW�ZDWHU� XVH� LQ� WKH� ODQJXDJH� RI� GLIIHUHQWHWKQLF�PLQRULWLHV�DQG�WKH�H[WUD�GHPDQG�IRU�FRQQHFWLRQV�GHWHUPLQHG�E\�WKH�SRSXODWLRQ�JURZWKDQG� WKH� QXPEHU� RI� FRQQHFWLRQV� SHU� NP� QHWZRUN� UHTXLUH� DGPLQLVWUDWLYH� HIIRUWV� DQG� DUHUHVSRQVLEOH�IRU�H[SODLQLQJ�WKH�VFRUHV�RQ�WKH�DGPLQLVWUDWLYH�HIILFLHQF\�DQG�IHDVLELOLW\�SULQFLSOH�$Q� RSWLPDO� WDULII� VWUXFWXUH� PLJKW� EH� GLIILFXOW� WR� UHDFK� LQ� FDVH� RI� PXOWLSOH� SROLF\REMHFWLYHV�� DOWKRXJK� D� QXPEHU� RI� IDFWRUV� H[SODLQHG� LQ� WKLV� SDSHU� VKRXOG� EH� FRQVLGHUHG� DVFULWLFDO� LQ� WKH� GHVLJQ� RI� D� WDULII� V\VWHP�� 6RPH� RI� WKH� SULQFLSOHV� PD\� FRXQWHUDFW� WKH� RWKHUSULQFLSOHV��IRU�H[DPSOH��DQ�HIILFLHQW�WDULII�V\VWHP�IRU�ZDWHU�XVH�PD\�UHVXOW�LQ�DQ�LPSRVVLELOLW\RI� FHUWDLQ�JURXSV� WR� DFTXLUH� DW� OHDVW� D� EDVLF� DPRXQW� RI�ZDWHU��&OHDUO\�� WKH� DWWDLQPHQW� RI� DQRSWLPDO�WDULII�V\VWHP�IRU�ZDWHU�XVH�PD\�EH�FRPSOH[��EXW�WKH�GHVLJQ�RI�HIIHFWLYH�DQG�HIILFLHQWWDULII�V\VWHPV�VKRXOG�EH�EDVHG�RQ�FOHDU�SROLWLFDO�HFRQRPLF�JRDOV�
5HIHUHQFHV%DXPDQQ��'�'���-�-��%RODQG�DQG�:�0��+DQHPDQQ��������8UEDQ�:DWHU�'HPDQG�0DQDJHPHQWDQG�3ODQQLQJ��1HZ�<RUN��0F*UDZ�+LOO�
%HUJK��-�&�-�0��YDQ�GHQ��.�-��%XWWRQ��3��1LMNDPS�DQG�*�&��3HSSLQJ��������0HWD�$QDO\VLV�LQ(QYLURQPHQWDO�(FRQRPLFV��'RUGUHFKW��.OXZHU�$FDGHPLF�3XEOLVKHUV�
%HUJK��-�&�-�0��YDQ�GHQ��HG����������+DQGERRN�RI�(QYLURQPHQWDO�DQG�5HVRXUFH�(FRQRPLFV�&KHOWHQKDP��(GZDUG�(OJDU�3XEOLVKHUV�
%R\PDQQV��'��������(XURSHDQ�3ROLFLHV�DQG�6XVWDLQDEOH�8VH�RI�:DWHU�LQ�0HWURSROLWDQ�$UHDV�6HYLOOH��,QVWLWXWH�IRU�3URVSHFWLYH�7HFKQRORJLFDO�6WXGLHV�
%UDDGEDDUW��2���������3LSHG�:DWHU�VHUYLFHV�LQ�GHYHORSLQJ�FRXQWULHV��ZK\�ZH�NQRZ�VR�OLWWOHDERXW�XWLOLW\�SHUIRUPDQFH�GHWHUPLQDQWV�DQG�ZKHUH�WR�JR�IURP�KHUH���3DSHU�SUHVHQWHG�DW�WKH81(6&2�:2752�,QWHUQDWLRQDO�:RUNLQJ�&RQIHUHQFH�:DWHU�IRU�6RFLHW\
�1RYHPEHU������������'HOIW��,QVWLWXWH�IRU�,QIUDVWUXFWXUH��+\GUDXOLF��DQG�(QYLURQPHQWDO�(QJLQHHULQJ�
&DVWUR�� -�(��� (�� 6Z\QJHGRXZ� DQG�0�� .DLND�� ������&DVH� 6WXG\� �6XVWDLQDEOH�:DWHU� 8VH� LQ/RQGRQ�� 2[IRUG��6FKRRO�RI�*HRJUDSK\�DQG�WKH�(QYLURQPHQW��8QLYHUVLW\�RI�2[IRUG�
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&RRSHU��+��DQG�/�9��+HGJHV��HGV����������7KH�+DQGERRN�RI�5HVHDUFK�6\QWKHVLV��1HZ�<RUN�6DJH�3XEOLVKHUV�
'DUU�3��6�/��)HOGPDQ�DQG�&�6��.DPHQ�������� �6RFLR�HFRQRPLF�)DFWRUV�$IIHFWLQJ�'RPHVWLF:DWHU�'HPDQG�LQ�,VUDHO���:DWHU�5HVRXUFHV�5HVHDUFK� �������SS��������
²²²²²²²²²²²²²²²²�� ������ 7KH� 'HPDQG� IRU� 8UEDQ� :DWHU�� 6WXGLHV� LQ$SSOLHG�5HJLRQDO�6FLHQFH��/HLGHQ��0DUWLQXV�1LMKRII�'DOKXLVHQ��-�0���+�/�)��GH�*URRW�DQG�3��1LMNDPS���������7KH�(FRQRPLFV�RI�:DWHU��$�6XUYH\RI�,VVXHV���,QWHUQDWLRQDO�-RXUQDO�RI�'HYHORSPHQW�3ODQQLQJ�/LWHUDWXUH ���������
'DOKXLVHQ�� -�0��� &�$�� 5RGHQEXUJ�� +�/�)�� GH� *URRW� DQG� 3�� 1LMNDPS�� ������ &DVH� 6WXG\�6XVWDLQDEOH� :DWHU� 8VH� LQ� $PVWHUGDP��� $PVWHUGDP�� (FRQRPLF� DQG� 6RFLDO� ,QVWLWXWH�� 9ULMH8QLYHUVLWHLW�
'DOKXLVHQ��-�0���5�-�*�0��)ORUD[��+�/�)��GH�*URRW�DQG�3��1LMNDPS��������3ULFH�DQG�,QFRPH(ODVWLFLWLHV� RI� 5HVLGHQWLDO� :DWHU� 'HPDQG�� :K\� HPSLULFDO� HVWLPDWHV� GLIIHU�� 7LQEHUJHQ'LVFXVVLRQ�3DSHU��$PVWHUGDP�5RWWHUGDP��7LQEHUJHQ�,QVWLWXWH�
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