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(QKDQFLQJ�(IILFLHQF\�RI�:DWHU�3URYLVLRQ7KHRU\�DQG�3UDFWLFH�RI�,QWHJUDWHG�:DWHU�0DQDJHPHQW3ULQFLSOHV
-DVSHU�'DOKXLVHQ�DQG�3HWHU�1LMNDPS'HSDUWPHQW�RI�6SDWLDO�(FRQRPLFV)UHH�8QLYHUVLW\�$PVWHUGDP'H�%RHOHODDQ����������+9�$PVWHUGDP7KH�1HWKHUODQGV7HO��������������������)D[��������������������(�PDLO��MGDOKXLVHQ#IHZHE�YX�QO��SQLMNDPS#IHZHE�YX�QO

$EVWUDFW2QH� RI� WKH� SROLF\� RSWLRQV� WR� LQFUHDVH� WKH� HIILFLHQF\� LQ� WKH� SURYLVLRQ� RIVFDUFH�ZDWHU�UHVRXUFHV�LV�D�UHGXFWLRQ� LQ� WUDQVDFWLRQ�FRVWV�LQ�ZDWHU�FKDLQVE\� GHYHORSLQJ� LQWHJUDWHG� IRUPV� RI� ZDWHU� PDQDJHPHQW�� ,QWHJUDWHG� ZDWHUPDQDJHPHQW� LQ� FDVH� RI� ULYHU� EDVLQ� DUHDV� PD\� FRPSULVH� LQWHU� DOLD�� ���LQFUHDVLQJ� FR�RSHUDWLRQ� DW� WKH� ULYHU� EDVLQ� VFDOH�� ���� HVWDEOLVKPHQW� RI� DULYHU�EDVLQ�DXWKRULW\� IRU�DQ�HIILFLHQW�FR�RUGLQDWLRQ�RI�SROLF\�PHDVXUHV� LQWKH� UHOHYDQW� DUHD�� ����GHYHORSLQJ� D� FRKHUHQW�SROLF\� DGGUHVVLQJ� WKH� HQWLUHZDWHU� FKDLQ�� ���� LQWHJUDWHG� VWUDWHJLHV� UHJDUGLQJ� DOO� ZDWHU� IXQFWLRQV� LQUHODWLRQ� WR� RWKHU� UHOHYDQW� VSDWLDO� DQG� HQYLURQPHQWDO� IXQFWLRQV�� DQG� ���µZDWHU�DV�RUGHULQJ�SULQFLSOH¶�� ZKHUH� ZDWHU� IXQFWLRQV� DUH� WKH� ELQGLQJFRQVWUDLQWV�IRU�DQ\�RWKHU�FRPSHWLQJ�VSDWLDO�IXQFWLRQ�LQ�D�ULYHU�EDVLQ�DUHD�,Q� WKLV� SDSHU� ZH� GLVFXVV� WKH� GLIIHUHQW� LQWHJUDWHG� ZDWHU� PDQDJHPHQWFRQFHSWV�IURP�D�WKHRUHWLFDO�DQG�SUDFWLFDO�SRLQW�RI�YLHZ��0RUHRYHU��ZH�ZLOOH[SORUH�WKH�SRWHQWLDO�RI�HIILFLHQW�LQWHJUDWLRQ�RQ�WKH�EDVLV�RI�ILYH�(XURSHDQSURMHFWV� DGGUHVVLQJ� ULYHU� EDVLQ� DUHDV��:H� DUJXH� WKDW� WKH� DERYH� FRQFHSWVDUH� IURP� DQ� HFRQRPLF� SHUVSHFWLYH� SURPLVLQJ�� EXW� WKDW� H[WHUQDOFLUFXPVWDQFHV� FUHDWH� EDUULHUV� IRU� PHHWLQJ� WKH� REMHFWLYHV� RI� LQWHJUDWHGZDWHU�PDQDJHPHQW�
-(/�FRGHV��4����4��.H\ZRUGV�� LQWHJUDWHG� ZDWHU� PDQDJHPHQW�� WUDQVDFWLRQ� FRVWV�� ULYHU� EDVLQDXWKRULWLHV
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��,QWURGXFWLRQ:DWHU�LV�QRW�MXVW�D�FKHPLFDO�SK\VLFDO�VXEVWDQFH��EXW�D�FULWLFDO�SDUW�RI�RXUHFRV\VWHPV�� ,W� LV�� WKHUHIRUH�� QR� VXUSULVH� WKDW� LQ� ERWK� WKH� OLWHUDWXUH� RQUHVRXUFH�HFRQRPLFV�DQG�LQ�UHVRXUFH�SROLF\�ZDWHU�KDV�REWDLQHG�D�SURPLQHQWUROH��:DWHU�LV�RI�YLWDO�LPSRUWDQFH�IRU�KXPDQ�H[LVWHQFH��$URXQG�WKH�ZRUOGZH�ZLWQHVV�PDQ\�SUREOHPV�ZLWK�ZDWHU��2I�DOO�WKHVH�SUREOHPV��VKRUWDJH�RIZDWHU�LV�WKH�PRVW�IUHTXHQW��$W�PDQ\�ORFDWLRQV�DURXQG�WKH�ZRUOG�WKHUH�LV�DWWKH�VDPH�WLPH�DQ�DEXQGDQFH�RI�ZDWHU��EXW�LWV�TXDOLW\�LV�LQVXIILFLHQW�WR�FDUU\RXW�FHUWDLQ�XVDJH�IXQFWLRQV��)XUWKHUPRUH�� WRR�PXFK�ZDWHU� �H�J�� IORRGLQJ�PD\�WKUHDWHQ��HFRQRPLF��DFWLYLWLHV��3URWHFWLRQ�IURP�DQ�RYHUDEXQGDQFH�RIZDWHU�LV�WKH�SUREOHP�LQ�WKLV�VLWXDWLRQ�7KURXJKRXW�KLVWRU\��WKH�DOORFDWLRQ�RI�ZDWHU�UHVRXUFHV�KDV�EHHQ�WKHVXEMHFW�RI�PDQ\�GLVSXWHV�EHWZHHQ��IRU�H[DPSOH��FRXQWULHV�RU�YDULRXV�XVHUJURXSV��$�FRQVLGHUDEOH�QXPEHU�RI�WKHVH�ZDWHU�GLVSXWHV�RU�SUREOHPV�ZLWKZDWHU�DUH�FOHDUO\�YLVLEOH�LQ�PDQ\�GHYHORSLQJ�FRXQWULHV��+RZHYHU��DOVR� LQGHYHORSHG�FRXQWULHV�KXJH�HIIRUWV�DUH�UHTXLUHG�WR�VDWLVI\�EDVLF�QHHGV��5DSLGSRSXODWLRQ�JURZWK� LQFUHDVHV� WKH�QHHG� IRU�JUHDWHU�HIILFLHQF\�RI�ZDWHU�XVHIRU�FRQVXPSWLYH�DQG�SURGXFWLRQ�SXUSRVHV��7KH�VLWXDWLRQ�RI�ZDWHU�VFDUFLW\LOOXVWUDWHV�WKH�FRQVWDQW�QHHG�IRU�D�EDODQFHG�VXSSO\�RI�ZDWHU��ZKLFK�SRVHVVHYHUDO� SUREOHPV�� 7KHVH� SUREOHPV� FDOO� IRU� LQYHVWPHQWV� LQ� LQIUDVWUXFWXUHWKDW�HQDEOH�XV�WR�VWRUH�DQG�UHJXODWH�WKH�VXSSO\�RI�ZDWHU��7KH�VWRFKDVWLFDOO\GHWHUPLQHG�UDWH�RI�ZDWHU�VXSSO\�UHVXOWV�LQ�DQ�XQHYHQ�GLVWULEXWLRQ�RI�ZDWHURYHU�FHUWDLQ� UHJLRQV� LQ� WKH�ZRUOG�� ,W� LV�� WKHUHIRUH��QR�VXUSULVH� WKDW�SXEOLFSROLF\�KDV�WUDGLWLRQDOO\�KDG�FRQVLGHUDEOH�LQIOXHQFH�RQ�WKH��GULQNLQJ��ZDWHUVHFWRU��JRYHUQPHQWV�SOD\�GHOLEHUDWHO\�DQ�LPSRUWDQW�UROH�LQ�WKH�SURGXFWLRQRI��GULQNLQJ��ZDWHU�LQ�PRVW�FRXQWULHV��+RZHYHU��LQ�UHFHQW�GHFDGHV��WKH�UROHRI�JRYHUQPHQWV�LQ�ZDWHU�SURYLVLRQ�KDV�EHHQ�FKDQJLQJ�GUDVWLFDOO\��2Q�WKHRQH�KDQG��ZH�FDQ�REVHUYH�JRYHUQPHQWV� WKDW�DUH� VWLOO� KHDYLO\� LQYROYHG� LQWKH� ZDWHU� VHFWRU�� ZKLOH�� RQ� WKH� RWKHU� KDQG�� ZH� REVHUYH� JRYHUQPHQWVJUDGXDOO\�ZLWKGUDZLQJ�IURP�ZDWHU�SURYLVLRQ�(VSHFLDOO\�LQ�WKH�ODVW�GHFDGH��WKHUH�KDV�EHHQ�DQ�LQFUHDVLQJ�LQWHUHVWLQ�ZDWHU�LVVXHV��6RPH�NH\�LVVXHV�WKDW�KDYH�EHHQ�GHEDWHG�DUH�UHODWHG�WR�WKHJRYHUQDQFH� VWUXFWXUHV� �WKH� IUDPHZRUN� RI� LQVWLWXWLRQV�� RI� GULQNLQJ� ZDWHUSURYLVLRQ� DQG� SRVVLEOH� WD[HV� RQ� ZDWHU� XVH�� 5HFHQW� \HDUV� DUH� DOVRFKDUDFWHULVHG�E\�DQ�LPSRUWDQW�FKDQJH�LQ�WKH�SHUFHSWLRQ�RI�ZDWHU��6WDUWLQJZLWK�WKH�'XEOLQ�'HFODUDWLRQ�LQ������ �,QWHUQDWLRQDO�&RQIHUHQFH�RQ�:DWHUDQG�WKH�(QYLURQPHQW���������ZDWHU� LV� LQFUHDVLQJO\�EHLQJ�FRQVLGHUHG�DV�DQRUPDO�HFRQRPLF�JRRG�WKDW�LV�VXEMHFW�WR�WKH�RUGLQDU\��EDVLF�DQG�JHQHUDOO\DSSOLFDEOH� ODZV� RI� VXSSO\� DQG� GHPDQG�� 7KH� GHEDWH� DOVR� PDUNV� DQLPSRUWDQW� VKLIW� DZD\� IURP� WKH� WUDGLWLRQDO� DSSURDFK�� LQ� ZKLFK� WKHVDWLVIDFWLRQ� RI� DQ\ OHYHO� RI� GHPDQG� ZDV� FRQVLGHUHG� WR� EH� WKH� SULPDU\REMHFWLYH� RI� SXEOLF� DFWRUV�� 7KHVH� GHEDWHV� WHQG� WR� ODFN� D� ZHOO�VWUXFWXUHGHFRQRPLF� DQDO\VLV�RI�ZDWHU�PDQDJHPHQW� DQG� UHODWHG� GHFLVLRQV��7KHUH� LVVWLOO�D�IDLU�DPRXQW�RI�VFHSWLFLVP�DERXW�WKH�XVH�RI�LQVLJKWV�IURP�HFRQRPLFVIRU� D� SROLF\� DQDO\VLV� RI� WKH� ZDWHU� VHFWRU�� +RZHYHU�� HFRQRPLVWV� SURYLGHVHYHUDO� RSWLRQV� IRU� HFRQRPLF� LQVWUXPHQWV�� VXFK� DV� WKH� XVH� RI� SULFH
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LQVWUXPHQWV�DQG�HFRQRPLF�SROLF\�PHDVXUHV�VXFK�DV�FKDQJLQJ�JRYHUQDQFHLVVXHV�RI�WKH�ZDWHU�SURYLVLRQ��IRU�H[DPSOH��SULYDWLVDWLRQ�DQG�OLEHUDOLVDWLRQ�,Q� WKLV� SDSHU� ZH� GLVFXVV� WKH� GLIIHUHQW� LQWHJUDWHG� ZDWHU� FRQFHSWV� IURP� DWKHRUHWLFDO� DQG�SUDFWLFDO� SRLQW� RI� YLHZ��0RUHRYHU��ZH� WU\� WR� JLYH� D� ILUVWJODQFH�RI�WKH�H[WHQW�RI�LQWHJUDWLRQ�ZLWK�WKH�KHOS�RI�ILYH�(XURSHDQ�SURMHFWVRQ�ULYHU�EDVLQ�DUHDV�7KLV�SDSHU� LV�RUJDQLVHG�DV� IROORZV�� ,Q�6HFWLRQ���ZH�GHVFULEH� WKHGLIIHUHQW� ZDWHU� IXQFWLRQV� DQG� WKH� YDULRXV� GHILQLWLRQV� WKDW� GHDO� ZLWK� WKHLQWHJUDWLRQ� RI� ZDWHU� UHVRXUFHV� RU� ZDWHU� IXQFWLRQV��:H� WKHQ� GLVFXVV� WKHGHYHORSPHQW�RI�SDVW�DWWHPSWV�WR�LQWHJUDWH�ZDWHU�PDQDJHPHQW��PDLQO\�IURPD� SHUVSHFWLYH� RI� GULQNLQJ�ZDWHU� SURYLVLRQ�� 6HFWLRQ� �� GLVFXVVHV� WKH� SURVDQG�FRQV�RI�LQWHJUDWHG�ZDWHU�FKDLQ�PDQDJHPHQW��ZKLOH�6HFWLRQ���H[WHQGVWKH�FRQFHSW�RI� LQWHJUDWHG�ZDWHU�PDQDJHPHQW� WR� LQFOXGH� VSDWLDO�SODQQLQJ�7KH� ZLGHVW� H[SUHVVLRQ� RI� LQWHJUDWHG� ZDWHU� PDQDJHPHQW�� WKH� µZDWHU�DV�RUGHULQJ�SULQFLSOH¶�� LV� H[SODLQHG� LQ� 6HFWLRQ� ��� 7KHQ�� LQ� 6HFWLRQ� �� ZHDQDO\VH� ZLWK� WKH� KHOS� RI� ILYH� GLIIHUHQW� ULYHU� EDVLQ� SURMHFWV� WKH� FULWLFDOIDFWRUV� H[SODLQLQJ� WKH� SRVVLELOLWLHV� IRU� LQWHJUDWHG� ZDWHU� PDQDJHPHQW�%DVHG�RQ�SULQFLSOHV�IURP�DUWLILFLDO�LQWHOOLJHQFH��D�URXJK�VHW�DQDO\VLV�LV�WKHQSHUIRUPHG�LQ�RUGHU�WR�LGHQWLI\�WKH�H[WHQW�WR�ZKLFK�WKH�SURMHFWV�VDWLVI\�WKHGHILQLWLRQV� RI� LQWHJUDWLRQ� LQ� SROLF\� PHDVXUHV�� :H� RIIHU� LQ� 6HFWLRQ� �FRQFOXVLRQV� DQG� SROLF\� UHFRPPHQGDWLRQV� RQ� WKH� SRVVLELOLWLHV� RI� XVLQJLQWHJUDWHG�ZDWHU�PDQDJHPHQW�DV�D�WRRO�WR�DFKLHYH�VXVWDLQDEOH�ZDWHU�XVH�
��:DWHU�)XQFWLRQV�DQG�'HILQLWLRQV�RI�,QWHJUDWLRQ:DWHU� SURYLGHV� DQ� LQWHUHVWLQJ� UDQJH� RI� GLIIHUHQW� XVHU�SRVVLELOLWLHV� DQGWKHUHIRUH� GLIIHUHQW� IXQFWLRQV�� +XHWLQJ� ������� GLVWLQJXLVKHV�� IRU� H[DPSOH�GULQNLQJ� ZDWHU�� ZDWHU� IRU� LQGXVWU\�� ZDWHU� IRU� DJULFXOWXUH� DQG� ZDWHU� IRUUHFUHDWLRQ�IXQFWLRQ��DV�VKRZQ�LQ�7DEOH����%HFDXVH�RI�VRFLDO�GHYHORSPHQWVVXFK�DV�SRSXODWLRQ�JURZWK�DQG�LQFUHDVLQJ�TXDQWLWLHV�RI�JRRGV�DQG�VHUYLFHVUHTXLUHG�SHU�KHDG�RI�WKH�SRSXODWLRQ��WKHVH�GLIIHUHQW�IXQFWLRQV�RIWHQ�IDLO�WRPHHW�JURZLQJ�QHHGV��6RPH�RI�WKHVH�IXQFWLRQV�DUH�HVVHQWLDO�WR�KXPDQ�OLIH�RWKHUV� DUH� OHVV� VLJQLILFDQW�� 7R� XVH� WKHVH� IXQFWLRQV�� IRU� H[DPSOH�� LQFRPELQDWLRQ� ZLWK� LQWHJUDWHG� ZDWHU� PDQDJHPHQW�� WKH\� KDYH� WR� EHFDWHJRULVHG��$Q�LPSRUWDQW�UHDVRQ�IRU�FDWHJRULVDWLRQ�LV�WKDW�PRVW�IXQFWLRQVSURYLGH� IRU�GLIIHUHQW�QHHGV�DQG� UHTXLUH� GLIIHUHQW� TXDOLWLHV� RI�ZDWHU��7KLVFDWHJRULVDWLRQ��GHYHORSHG�E\�+XHWLQJ���������LV�VKRZQ�LQ�7DEOH���
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7DEOH����7KH�GLIIHUHQW�IXQFWLRQV�RI�ZDWHU:DWHU�IXQFWLRQV� GULQNLQJ�ZDWHU� ZDWHU�IRU�LQGXVWU\� ZDWHU�IRU�DJULFXOWXUH� ZDWHU�IRU�UHFUHDWLRQ� ZDWHU�LQ�WKH�QDWXUDO�HQYLURQPHQW� WUDQVSRUWDWLRQ�ZDWHU��VKLSSLQJ�� ZDWHU�LQ�WKH�UHVLGHQWLDO�HQYLURQPHQW� ZDWHU�IRU�FRQVWUXFWLRQ� ZDWHU�IRU�GLVSRVDO
%HFDXVH� RI� JURZLQJ� XVH� DQG� SUHVVXUH� RQ� ZDWHU� IXQFWLRQV�� WKHUH� LV� DFRPSHWLWLYH�UHODWLRQ�EHWZHHQ�WKH�IXQFWLRQV��7KLV�FDQ�EH�VHHQ�DV�D�ORVV�RIIXQFWLRQV�LQ�WKDW�WKH�XVH�RI�RQH�IXQFWLRQ�KDV�D�QHJDWLYH�HIIHFW�RQ�DQRWKHU�)RU� H[DPSOH�� WKH� XVH� RI�ZDWHU� IRU� GLVSRVDO� KDV� D� QHJDWLYH� HIIHFW� RQ� WKHIXQFWLRQ� RI� GULQNLQJ� ZDWHU�� 7KH� HIIHFW� FDQ� EH� EDVHG� RQ� WKH� TXDQWLW\� RUTXDOLW\� RI� WKDW� IXQFWLRQ�� 4XDQWLWDWLYH FRPSHWLWLRQ� RFFXUV� ZKHQ� RQHIXQFWLRQ�FRPSOHWHO\�H[FOXGHV�DQRWKHU�IXQFWLRQ��H�J��GULQNLQJ�ZDWHU�FDQQRWEH�XVHG�IRU�DJULFXOWXUDO�SXUSRVHV�DIWHU�LW�KDV�EHHQ�FRQVXPHG��4XDOLWDWLYHFRPSHWLWLRQ�RFFXUV�ZKHQ�RQH�IXQFWLRQ�UHGXFHV�WKH�XVHIXOQHVV�RI�ZDWHU�IRUDQRWKHU�IXQFWLRQ��:DWHU�XVHG�IRU�DJULFXOWXUH�PD\�EH�XVHOHVV�DV�ZDWHU�IRUWKH�QDWXUDO�HQYLURQPHQW�EHFDXVH�RI��IRU�H[DPSOH��WKH�SRVVLEOH�SUHVHQFH�RIWR[LQV� 'HFUHDVLQJ� ZDWHU� \LHOGV� FDOO� IRU� D� PRUH� V\VWHPDWLF� LQWHJUDWLRQDSSURDFK�WR�WKH�SUREOHPV�RQ�D�ULYHU�EDVLQ�VFDOH��$FWLRQV�VKRXOG�IRFXV�RQERWK�WKH�GHPDQG�VLGH�DQG�WKH�VXSSO\�VLGH�RI�ZDWHU��7KH� OLWHUDWXUH�RQ� WKHHFRQRPLFV� RI� ULYHU� EDVLQ� DUHDV� KLJKOLJKWV� WKUHH� GLIIHUHQW� LVVXHV� ZKLFKVKRXOG�EH�WDFNOHG�LQ�WKH�LQWHJUDWHG�DSSURDFK��$OFDPR�HW�DO���������$VNDULHW� DO��� ������ %DNNHU� HW� DO��� ����� DQG� &KDNUDYRUW\� HW� DO��� ������� ���UHGXFWLRQ�RI�ORVVHV�VKRXOG�EH�VWULYHG�IRU��/DUJH�HQJLQHHULQJ�ZRUNV�VXFK�DVDUWLILFLDO�UHVHUYRLUV�GR�QRW�LQFUHDVH�WKH�EDVLQ�\LHOG��6DYHQLMH������������D�E��UHIHUV�WR�WKH�HYDSRUDWLRQ�ORVVHV�GXULQJ�WKH�GU\�VHDVRQV������ZDWHU�\LHOGVKRXOG�LQFUHDVH�� ,Q� WKLV�FDVH�WKHUH�VKRXOG�EH�LQWHQVLYH�HIIRUWV�WR� LQFUHDVHWKH� HIILFLHQF\� RI� ZDWHU� XVH� IURP� UDLQIDOO� DQG�� ���� D� GHFUHDVH� LQ� ZDWHUGHPDQG��IRU�LQVWDQFH��E\�PHDQV�RI�D�PRUH�HIILFLHQW�XVH�RI��UDLQ�ZDWHU�IRUDJULFXOWXUDO�SURGXFWLRQ�� LV�QHFHVVDU\�� ,Q�DGGLWLRQ� WR�WKH� ODVW�DFWLRQ��ZDWHUGHPDQG�SROLF\�RQ� WKH�YDULRXV�SROLF\� OHYHOV� RI� UHOHYDQW� ULYHU�EDVLQ� DUHDVVKRXOG�EH�GHYHORSHG�LQ�RUGHU�WR�LQIOXHQFH�ZDWHU�GHPDQG�$�ZLGH� UDQJH� RI� DFWRUV� DQG� DFWLYLWLHV� FRQWLQXRXVO\� DIIHFWV�ZDWHUUHVRXUFHV��3ULVFROL� �������FDOOV� IRU�D�KLJK� OHYHO�RI�SXEOLF� LQYROYHPHQW� LQGLVSXWHV� RQ�ZDWHU� UHVRXUFHV��7KH� FODVVLFDO� H[DPSOH� LQ� HFRQRPLF� WKHRU\�GHVFULELQJ� WKH� HVVHQFH� RI� WKH� SUREOHP�� FRQFHUQV� WKH� IDFW� WKDW� XSVWUHDPSROOXWLQJ� DFWLYLWLHV� DORQJ� D� ULYHU� KDYH� IDU�UHDFKLQJ� FRQVHTXHQFHV� IRU� WKHDFWLYLWLHV� DQG� IXQFWLRQV� GRZQVWUHDP�� 6XFK� HIIHFWV� DUH� GHVFULEHG� LQ� D
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FODVVLF�DUWLFOH�E\�&RDVH���������&RDVH�DUJXHV�WKDW�LI�WKH�WUDQVDFWLRQ�FRVWVEHWZHHQ� WKH� DIIHFWHG� DQG� WKH� DIIHFWLQJ� SDUWLHV� DORQJ� WKH� ULYHU� �XSVWUHDPDQG� GRZQVWUHDP�� DUH� QHJOLJLEOH� DQG� EDUJDLQLQJ� FDQ� WDNH� SODFH� IUHHO\�HIILFLHQW� µSROOXWLQJ¶� RXWFRPHV� ZLOO� EH� DFKLHYHG� E\�� IRU� H[DPSOH�FRPSHQVDWLRQ�IRU�SROOXWLQJ�DFWLYLWLHV��+RZHYHU��WUDQVDFWLRQ�FRVWV�LQ�UHDOLW\DUH�QRW�QHJOLJLEOH��VHH��H�J���:LOOLDPVRQ���������7KH�LQWHJUDWLRQ�RI�YDULRXVDFWLYLWLHV� DQG� H[SHULHQFHV� RQ� LQWHUQDWLRQDO� FR�RSHUDWLRQ� LQ� D� ULYHU� EDVLQDUHD�DUH�H[WHQVLYHO\�GHVFULEHG�E\�YDULRXV�DXWKRUV�LQ�D�QXPEHU�RI�VHWWLQJV�,QWHUHVWLQJ�H[SHULHQFHV�RQ�LQWHUQDWLRQDO�FR�RSHUDWLRQ�LQ�D�(XURSHDQ�VHWWLQJFDQ�EH�IRXQG�LQ�SDSHUV�E\�+XLVPDQ�HW�DO����������'H�-RQJ�HW�DO���������DQG0RVWHUW� �������� � ([SHULHQFHV� RI� ULYHU� EDVLQ� PDQDJHPHQW� SODQQLQJ� LQ(QJODQG�DQG�:DOHV�DUH�ZHOO�GHVFULEHG�LQ�D�SDSHU�E\�:RROKRXVH��������$� VROXWLRQ� WR� FRSH� ZLWK� GRZQVWUHDP� SROOXWLRQ� LI� EDUJDLQLQJVROXWLRQV�GR�QRW�ZRUN�FRXOG�EH�WKH�LQWURGXFWLRQ�RI�D�5LYHU�%DVLQ�$XWKRULW\�5%$�� WKDW� FR�RUGLQDWHV� WKH� DFWLYLWLHV� DORQJ� WKH� HQWLUH� ULYHU�� $GGLWLRQDOUHDVRQV� IRU� WKH� HVWDEOLVKPHQW� RI� DQ� 5%$� DUH� JLYHQ� E\� 6DYHQLMH� HW� DO�������� DQG� 'H� -RQJ� �������� 7KH\� DUJXH� WKDW� VRXQG� UHDVRQV� IRU� WKHHVWDEOLVKPHQW� RI� DQ� 5%$�PLJKW� EH� WKDW�� ���� WKH� VFDOH� RI� �LQWHUQDWLRQDO�ULYHU� EDVLQV� LV� FRQVLGHUDEOH� DQG� WKHUH� LV� OLPLWHG� NQRZOHGJH� RQ� V\VWHPLQWHUDFWLRQV�� ���� WKHUH�PD\�EH�GLIIHUHQW� LQWHUHVWV�ZLWKLQ�DQ� �LQWHUQDWLRQDO�ULYHU�EDVLQ�ZKLFK�DUH�QRW�FRPSDWLEOH������WKHUH�PD\�EH�D�FRQVLGHUDEOH�JDSEHWZHHQ� SROLFLHV�� SODQV� DQG� SUDFWLFHV�� DQG� ���� QHZ� GHYHORSPHQWV� PD\UHTXLUH�HQWLUHO\�QHZ�UHJXODWLRQV��7KH�HVWDEOLVKPHQW�RI�DQ�5%$�PLJKW�EH�DXVHIXO�LQVWUXPHQW�IRU�WKH�FRRUGLQDWLRQ�DQG�GHYHORSPHQW�RI�ZDWHU�SROLF\�LQD�ULYHU�EDVLQ��2QH�FRRUGLQDWLQJ�5%$�FDQ�FRQVLGHUDEO\�HQKDQFH�HIILFLHQF\LQ�WKH�FRRUGLQDWLRQ�RI�DFWLYLWLHV�RI�VWDNHKROGHUV�WKDW�DUH�LQYROYHG�LQ�ZDWHUPDQDJHPHQW��,QFUHDVLQJ�LQWHJUDWLRQ�RI�DQG�VWLPXODWLQJ�FRRSHUDWLRQ�DPRQJWKH�VWDNHKROGHUV�PD\�EH�D�XVHIXO�LQVWUXPHQW��)URP�DQ�HFRQRPLF�SRLQW�RIYLHZ�� WKH� HVWDEOLVKPHQW� RI� DQ� 5%$� PD\� UHGXFH� WUDQVDFWLRQ� FRVWV� DQGLQFUHDVH�WKH�HIILFLHQF\�RI�ZDWHU�PDQDJHPHQW�,Q� WKH� 1HWKHUODQGV�� LQWHJUDWHG� ZDWHU�FKDLQ� PDQDJHPHQW� LV� WKHUHVXOW� RI� D� VWUHQJWKHQLQJ� RI� D� JHQHUDO� WUHQG� WRZDUGV� WKH� LQWHJUDWLRQ� RIGLIIHUHQW�SROLF\� ILHOGV�� ,Q� WKLV�ZD\�JUHDWHU�HIILFLHQF\��PRUH� WUDQVSDUHQF\DQG�D�EHWWHU�FRRUGLQDWLRQ�FDQ�EH�DFKLHYHG�WKURXJK�D�:DWHU�%RDUG��ZKLFKPLJKW�OHDG��DPRQJ�RWKHUV��WR�DQ�µLQWHJUDWHG�ZDWHU�ELOO¶��DV�LV�XVHG�LQ�VRPHFRXQWULHV� �IRU� H[DPSOH� LQ� 'HQPDUN��� $V� ZHOO� DV� WKH� QHHG� IRU� WKHLQWHJUDWLRQ� RI� WKH� GLIIHUHQW� SROLF\� ILHOGV� FRQFHUQLQJ� ZDWHU� PDQDJHPHQW�WKHUH� DSSHDUV� WR� EH� D QHHG� IRU� LPSURYHG� FRRSHUDWLRQ EHWZHHQ� ZDWHUPDQDJHPHQW� DXWKRULWLHV�� PXQLFLSDOLWLHV� DQG� SURYLQFHV� WR� HQVXUH� JUHDWHUFRRUGLQDWLRQ�EHWZHHQ�WKH�GLIIHUHQW�W\SHV�RI�SODQV��7KH�UHVXOW�RI�WKLV�FORVHUFRRSHUDWLRQ�EHWZHHQ�PXQLFLSDOLWLHV�DQG� ORFDO�:DWHU�&RQWURO�%RDUGV�ZLOOEH�DQ�LQFUHDVH�LQ�RSSRUWXQLWLHV�WR�UHLQIRUFH�WKH�YDULRXV�IXQFWLRQV�RI�ZDWHULQ� WKH� XUEDQ� DUHD� �H�J�� E\� XVLQJ� JUH\� ZDWHU� WR� FUHDWH� SRQGV� LQ� SXEOLFJDUGHQV��DQG�UHGXFH�DQ\�DGYHUVH�HIIHFWV�RQ�WKH�VXUURXQGLQJ�DUHD�7KH� 'XWFK� 0LQLVWU\� RI� +RXVLQJ�� 6SDWLDO� 3ODQQLQJ� DQG� WKH(QYLURQPHQW��+63(��KDV�SURSRVHG�WR�JR�RQH�VWHS�IXUWKHU�WKDQ�WKH�QDWLRQDOLQWHJUDWHG�ZDWHU�PDQDJHPHQW�SROLF\��,W�DGYRFDWHV�µLQWHJUDWHG�ZDWHU�FKDLQ



�

PDQDJHPHQW¶��D�FRKHUHQW�PDQDJHPHQW�RI�DOO�HOHPHQWV�LQ�WKH�ZDWHU�FKDLQIURP�VRXUFH�WR�VHZDJH�LQ�RUGHU�WR�LQFUHDVH�HIILFLHQF\�LQ�WZR�ZD\V��)LUVW�WKH�ZDWHU� FKDLQ� FDQ�EH�PDQDJHG�DV� D�ZKROH�� DQG�ZDWHU� SROLF\�PHDVXUHVFDQ�EH�LPSOHPHQWHG�UDSLGO\��EHFDXVH�WKH�LPSOHPHQWDWLRQ�LV�FDUULHG�RXW�E\RQH� DXWKRULW\�� ZKLFK� DOVR� GHFUHDVHV� WKH� WUDQVDFWLRQ� FRVWV�� 6HFRQG�LQWHJUDWLRQ�RIIHUV�WKH�SRVVLELOLW\�WR�PDNH�XVHUV�DZDUH�RI�WKH�ZDWHU�FKDLQ�2QH� LQWHJUDWHG� ZDWHU� ELOO�� H�J�� OLQNLQJ� ZDWHU� XVH� ZLWK� ZDVWH� ZDWHUSURGXFWLRQ�� FDQ� PDNH� XVHUV� DZDUH� RI� WKHVH� LQWHUFRQQHFWLRQV�� +RZHYHU�UHJDUGLQJ�WKH�SUDFWLFDO�LPSOHPHQWDWLRQ�RI�LQWHJUDWHG�FKDLQ�PDQDJHPHQW�LQ$PVWHUGDP�� VHYHUDO� FULWLFDO� UHPDUNV� FDQ� EH� PDGH� �5RGHQEXUJ� HW� DO��������� )LUVW�� WKH� VHZDJH� DQG� WKH� GULQNLQJ� ZDWHU� V\VWHPV� DUH� FXUUHQWO\FRPSOHWHO\�VHSDUDWHG��,QWHJUDWLRQ�DQG�FR�RSHUDWLRQ�EHWZHHQ�WKH�V\VWHPV�LVHQYLVDJHG�WR�EH�D�OHQJWK\�SURFHVV�ZLWK�PDQ\�REVWDFOHV��UDQJLQJ�IURP�YHU\SUDFWLFDO� RQHV� WR� UH�RUJDQLVDWLRQDO� GLIILFXOWLHV� FDXVHG� E\� WKH� RIWHQ� YHU\GLIIHUHQW� FXOWXUHV� DQG� RUJDQLVDWLRQ� PRGHV� LQ� WKH� GLIIHUHQW� FRPSDQLHV� LQFKDUJH� RI� ZDWHU�PDQDJHPHQW� DQG� VXSSO\�� 6HFRQG�� RSHUDWLRQDO� SUREOHPVH[LVW�GXH� WR� WKH� DEVHQFH�RI�ZDWHU�PHWHULQJ��7KLV�PDNHV� LW� LPSRVVLEOH� WRFKDUJH�SHRSOH�LQ�UHODWLRQ�WR�WKHLU�DFWXDO�XVH��)RU�WKHVH�UHDVRQV��WKH�FRQFHSWRI� LQWHJUDWHG�FKDLQ�PDQDJHPHQW� LV�VWLOO� WKH�VXEMHFW�RI�GHEDWH�DQG�QRW�\HWLPSOHPHQWHG�7KH� FRQFHSW� RI� LQFUHDVLQJ� LQWHJUDWLRQ� FDQ� EH� LPSOHPHQWHG� DWYDULRXV� LQWHQVLWLHV�� UDQJLQJ� IURP� RQO\� DQ� LQWHJUDWHG� PDQDJHPHQW� RIGLIIHUHQW�ZDWHU� IXQFWLRQV�� VXFK� DV� WKH� GULQNLQJ�ZDWHU� IXQFWLRQ� DQG�ZDWHUIRU� UHFUHDWLRQ WR LQWHJUDWLRQ� RI� ZDWHU� IXQFWLRQV� ZLWK� VSDWLDO� SODQQLQJIXQFWLRQV RU� HYHQ� ZDWHU� FRQVWUDLQWV� DV� ELQGLQJ� SULQFLSOHV� IRU� RWKHUIXQFWLRQV�� 7KLV� LV� RIWHQ� GHVFULEHG� DV� WKH� µZDWHU�DV�RUGHULQJ�SULQFLSOH¶�9DON�DQG�:ROVLQN���������6XFK�LQFUHDVLQJ�LQWHQVLWLHV�RI�LQWHJUDWLRQ�DOVROHDG� WR� FKDQJHV� LQ� WKH� ZDWHU� VXSSO\� FKDLQ�� 0RVW� OLNHO\�� FHUWDLQRUJDQLVDWLRQV�ZLOO�MRLQ�IRUFHV�DQG�VWDUW�WR�MRLQWO\�FRQWURO�WKH�ZDWHU�TXDOLW\�7KH�GHJUHH�WR�ZKLFK�WKLV�ZLOO�KDSSHQ�GHSHQGV�SDUWO\�RQ�WKH�UHVXOWV�RI�WKHFXUUHQW� SROLWLFDO� GLVFXVVLRQ� RQ� SULYDWLVDWLRQ�� ,I� WKH� ZDWHU� FRPSDQLHV� DUHSULYDWLVHG� �KRUL]RQWDOO\��� LQWHJUDWLRQ� ZLWK� RWKHU� VHFWRUV� �H�J�� HOHFWULFLW\�FDEOH�DQG�WHOHSKRQH��ZLOO�SUREDEO\�WDNH�SODFH�ILUVW�
��$�3UDFWLFDO�([DPSOH�RI�WKH�,GHD�RI�D�5LYHU�%DVLQ�$JHQF\$OWKRXJK�ZDWHU�TXDQWLW\�SHU�Vp LV�QRW�D�UHDO�SUREOHP�LQ�$PVWHUGDP��WKHUHDUH�DOZD\V�FRQFHUQV�DERXW�ZDWHU�TXDOLW\��7KH�5LYHU�5KLQH��ZKLFK�LV�XVHGDV� D� GULQNLQJ�ZDWHU� VRXUFH� IRU� WKH�$PVWHUGDP�:DWHU� 6XSSO\�&RPSDQ\�VXIIHUV� IURP� SROOXWLRQ�� 7KH� SROOXWLRQ� LQ� WKH� 5KLQH� ODUJHO\� GHULYHV� IURPH[WHUQDO� VRXUFHV� �SDUWO\� IURP� RWKHU� FRXQWULHV� WKURXJK� ZKLFK� LW� IORZVEHIRUH� HQWHULQJ� WKH� 1HWKHUODQGV��� +LJK� FRQFHQWUDWLRQV� RI� FKHPLFDOVXEVWDQFHV� �KLJK� FRQFHQWUDWLRQ� RI� QHWD]RQ� DQG� DWUD]LQH�� HPLWWHG� E\IDFWRULHV�ORFDWHG�LQ�6ZLW]HUODQG�DQG�*HUPDQ\�KDYH�IUHTXHQWO\�UHVXOWHG�LQWKH� VLWXDWLRQ� WKDW� LQWDNH�RI�ZDWHU� IURP� WKH�5KLQH�KDV�KDG� WR�EH�VWRSSHG�$IWHU� D� ORQJ� SHULRG� RI� OREE\LQJ� DQG� SROLF\� SUHVVXUH� E\� HQYLURQPHQWDO
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RUJDQLVDWLRQV�DQG�WKH�$PVWHUGDP�:DWHU�6XSSO\�&RPSDQ\��SROLF\�PDNHUVGHYHORSHG� SURJUDPPHV� DQG� DFWLRQV� WR� LPSURYH� WKH� ZDWHU� TXDOLW\� RI� WKH5KLQH� $Q�H[DPSOH�RI�VXFK�D�SURJUDPPH�LV�D�FRPSUHKHQVLYH�SURJUDPPHZLWK� WKH� WLWOH� µ5KLQH� $FWLRQ� 3URJUDPPH¶�� ZKLFK� ZDV� DSSURYHG� E\� WKH5KLQH� FRXQWULHV� LQ� ������ 7KH� SURJUDPPH� ZDV� GHVLJQHG� WR� YROXQWDULO\GHFUHDVH� WKH� SROOXWLRQ� RI� WKH� 5KLQH�� ZLWK� D� JHQHUDO� IRFXV� RQ� WKH� ELJSROOXWHUV��7KH�WDUJHWV�RI�WKH�SURJUDPPH��IRU�WKH�\HDU�������ZHUH������WKHUHWXUQ� RI� KLJKHU� RUJDQLVPV� �H�J�� ZDWHU�TXDOLW\�VHQVLWLYH� VDOPRQ�� LQ� WKHULYHU������WKH�VHGLPHQW�RI�WKH�5KLQH�VKRXOG�EH�XVDEOH�IRU�PDQ\�SXUSRVHV�DQG�����WKH�5KLQH�VKRXOG�EH�D UHOLDEOH�GULQNLQJ�ZDWHU�VRXUFH��'DOKXLVHQ�HWDO���������2YHU�UHFHQW�GHFDGHV��WKH�DFWLRQ�SODQV�KDYH�VLJQLILFDQWO\�LPSURYHGWKH� TXDOLW\� RI� WKH� 5KLQH�� VXEVWDQWLDOO\� UHGXFLQJ� WKH� RFFXUUHQFH� RIHPHUJHQF\� VLWXDWLRQV� LQ� ZKLFK� WKH� ZDWHU� LQWDNH� IRU� GULQNLQJ� ZDWHUSXUSRVHV� IURP� WKH� 5KLQH� 5LYHU� KDG� WR� EH� VWRSSHG�� +RZHYHU�� VHULRXVSUREOHPV�VWLOO�H[LVW��7KHVH�SUREOHPV�HVSHFLDOO\�DULVH�IURP�WKH�SUHVHQFH�RIVPDOO� SROOXWHUV�� 5HFHQW� SROLF\� SURSRVDOV� KDYH� DLPHG� DW� VROYLQJ� WKHVHSUREOHPV�E\�IRFXVLQJ�RQ�D�VWULFWHU�GLVFKDUJH�SROLF\�IRU�SHVWLFLGHV�WRJHWKHUZLWK� LQVWUXPHQWV� WR� H[WHQG� WKLV� SROLF\� LQ� RUGHU� WR� VKRZ� WKH� LPSDFWV� RISHVWLFLGH� SROOXWLRQ� WR� WKH� XVHUV�� 7KURXJK� HIIRUWV� DLPHG� DW� LQFUHDVLQJDZDUHQHVV�DPRQJ�VPDOO� �GLIIXVH��SROOXWHUV�� WKH�JRYHUQPHQW� LV�DWWHPSWLQJWR� EULQJ� D� KDOW� WR� WKH� SROOXWLRQ� RI� WKH� 5KLQH�� 7KHVH� SDVW� GHYHORSPHQWVIROORZ��DOWKRXJK�QRW�IXOO\�� WKH�OLQH�RI�WKH�PDQGDWRU\�UHTXLUHPHQWV�RI� WKH:DWHU�)UDPHZRUN�'LUHFWLYH�RI� WKH�(XURSHDQ�8QLRQ� IRU� LQWHJUDWHG�ZDWHUPDQDJHPHQW� DQG� LQWHJUDWHG� ZDWHU� UHVRXUFH� PDQDJHPHQW� DW� D� FDWFKPHQWVFDOH�
��,QWHJUDWHG�:DWHU�&KDLQ�0DQDJHPHQW,QWHJUDWHG� ZDWHU�FKDLQ� PDQDJHPHQW� LV� PDQDJLQJ� WKH� ZDWHU� FKDLQ� DV� DZKROH��)URP�DQ�HQYLURQPHQWDO�SRLQW�RI�YLHZ�WKHUH�DUH�YDULRXV�DGYDQWDJHV�7KH� PDLQ� DGYDQWDJH� LV� WKH� IDFW� WKDW� FRQVXPHUV� UHFRJQLVH� D� OLQNDJHEHWZHHQ�ZDWHU� FRQVXPSWLRQ� DQG�ZDVWHZDWHU�� EHFDXVH� WKHLU� ZDWHU� ELOO� LVDOVR�GHSHQGHQW�RQ�WKH�OHYHO�RI�ZDVWH�ZDWHU��)XUWKHUPRUH��FRQVXPHUV�PD\EHFRPH� XOWLPDWHO\� DZDUH� RI� D�PRUH� FRKHUHQW� YLVLRQ� RI� WKH� HQWLUH� ZDWHUFKDLQ��EHFDXVH�E\�PHDQV�RI� WKHLU�ZDWHU�ELOO� WKH\� OLQN�ZDWHU�FRQVXPSWLRQZLWK�ZDVWH�ZDWHU�$V� VWDWHG� HDUOLHU�� WKHUH� DUH� YDULRXV� GLVDGYDQWDJHV� RI� FKDQJLQJZDWHU� SURYLVLRQ� DORQJ� WKH� OLQHV� RI� RQH�ZDWHU� FKDLQ��$V� GLVFXVVHG� LQ� WKHOLWHUDWXUH�RQ�WKH�HFRQRPLFV�RI�ZDWHU�UHVRXUFHV��WKH�FDSLWDO�LQWHQVLW\�RI�WKHZDWHU�LQGXVWU\�LV�FRQVLGHUDEOH��VHH�DOVR�%DXPDQ�HW�DO����������7KH�FRVWV�WRPRYH� IURP� WKH�FXUUHQW� VLWXDWLRQ� WR� WKH� LQWHJUDWHG�FKDLQ�VLWXDWLRQ�PD\�EHFRQVLGHUDEOH�� ZKLOH� WKH� DGYDQWDJHV� DUH� VLJQLILFDQWO\� ORZHU�� 7KHSUREDELOLWLHV� WKDW� WKH� HOHPHQWV� RI� WKH� ZDWHU� FKDLQ� DUH� JHRJUDSKLFDOO\ORFDWHG�IDU�IURP�HDFK�RWKHU�DUH�YHU\�KLJK��0RYLQJ�WKH�HOHPHQWV�FORVHU�WR
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HDFK� RWKHU� PD\� LQYROYH� KLJK� FRVWV�� )XUWKHUPRUH�� WKH� LQFHQWLYHV� RIRUJDQLVDWLRQV�LQ�WKH�ZDWHU�FKDLQ�PD\�YDU\�DV�ZHOO��$�ZDWHU�FRPSDQ\�PD\EH� D� SXEOLF� RQH� RU� SDUW� RI� WKH� ORFDO� DXWKRULW\�� OLNH� LQ� WKH� FDVH� RI$PVWHUGDP��ZKLOH�WKH�VHZDJH�FRPSDQ\�PD\�EH�RUJDQLVHG�SULYDWHO\��7KHLQFHQWLYHV�RI�ERWK�RUJDQLVDWLRQV�DUH�GLIIHUHQW��IRU�H[DPSOH��SURILW�PDNLQJYHUVXV�PD[LPLVDWLRQ�RI�WKH�SXEOLF�XWLOLW\�%DKUL��������JRHV�RQH�VWHS�IXUWKHU�LQ�KLV�DUWLFOH�RQ�XUEDQ�DQG�SHUL�XUEDQ�ZDWHU�UHODWHG�UHODWLRQVKLSV��7KH�DXWKRU�DUJXHV�IRU�FORVLQJ�WKH�ZDWHUORRSV�� $JULFXOWXUDO� V\VWHPV� VKRXOG� EH� LQWHJUDWHG� LQ� WKH� ZDWHU� FKDLQ� IRUUHVLGHQWLDO�XVHUV��HVSHFLDOO\�WKH�VDQLWDU\�V\VWHPV�WKDW�PLJKW�EH�XVHG�IRU�WKHDJULFXOWXUDO�V\VWHPV�DV�D�ZD\�IRU�QXWULHQW�UHF\FOLQJ��7KLV�FRXOG�XOWLPDWHO\UHVXOW� LQ� D� PRUH� VRXQGO\�EDVHG� XUEDQ� DQG� SHUL�XUEDQ� HQYLURQPHQW�+RZHYHU��YDULRXV�DJHQWV�XVLQJ�WKRVH�V\VWHPV�VKRXOG�HVWDEOLVK�DOO�NLQGV�RISDUWQHUVKLSV�DQG�WKHLU�HFRQRPLF�LQFHQWLYHV�VKRXOG�QRW�GLIIHU�WRR�PXFK�+RZHYHU�� WKH�FRQFHSW�RI�LQWHJUDWHG�ZDWHU�FKDLQ�PDQDJHPHQW�KDVYDULRXV�GUDZEDFNV��)LUVW�� LQ�SUDFWLFH�� WKH�HOHPHQWV�RI� WKH�FKDLQ�DUH�RIWHQORFDWHG� IDU� DZD\� IURP� HDFK� RWKHU�� 6HFRQG�� WKHUH� LV� QR� FRQQHFWLRQ� ZLWKRWKHU� GLIIHUHQW� VSDWLDO� IXQFWLRQV�� VXFK� DV� DJULFXOWXUH� DQG�RWKHU� HFRQRPLFDFWLYLWLHV�� 1HYHUWKHOHVV�� WKHUH� LV� VXIILFLHQW� UHDVRQ� WR� LQWHJUDWH� WKH� ZDWHUFKDLQ��LI�WKH�PDLQ�SROLF\�JRDO�LV�WR�PDNH�WKH�XVHU�DZDUH�RI�WKH�H[LVWHQFH�RIWKH�ZDWHU�FKDLQ�
��,QWHJUDWHG�:DWHU�0DQDJHPHQW�DQG�6SDWLDO�3ODQQLQJ6SDWLDO� SODQQLQJ� DGGUHVVHV� WKH� FR�RUGLQDWLRQ� RI� D� UDQJH� RI� VSDWLDOIXQFWLRQV� RI� ZKLFK� RQH� JURXS� DUH� WKH� ZDWHU� IXQFWLRQV�� ,Q� DQ� LQWHJUDODSSURDFK��ZDWHU�IXQFWLRQV�FDQ�EH�PDQDJHG�E\�IRFXVVLQJ�DOVR�RQ�WKH�UDQJHRI�RWKHU�IXQFWLRQV�2QH�LQWHUHVWLQJ�VWXG\�LV�WKH�VWXG\�RI�%RXZHU���������ZKR�FDOOV�IRUWKH�FRRUGLQDWLRQ�RI�ZDWHU�IXQFWLRQV�ZLWK�WKH�RYHUDOO�ZDWHU�PDQDJHPHQW�RIWKH� UHJLRQ� XQGHU� FRQVLGHUDWLRQ�� 6XVWDLQDELOLW\�� SXEOLF� KHDOWK� DQGHQYLURQPHQWDO�SURWHFWLRQ�DUH�NH\�IDFWRUV�LQ�KLV�DUWLFOH�DQG�DUH�WKH�OHDGLQJSULQFLSOHV� IRU� WKH� LQWHJUDWLRQ� RI� WKH� GLIIHUHQW� ZDWHU� V\VWHPV�� ,I� FHUWDLQIXQFWLRQV�FDQQRW�EH�FDUULHG�RXW�SURSHUO\�EHFDXVH�RI�ZDWHU�VKRUWDJHV��ZDWHUPD\�EH�REWDLQHG�IURP�ZDWHU�VWRFNV��,Q�SHULRGV�RI�D�VXUSOXV�RI�ZDWHU��ZDWHUPXVW�EH�VWRUHG�DQG�FDQ�WKHQ�EH�XVHG�LQ�SHULRGV�RI�VKRUWDJH��2U�ZKHQ�VSDFHIRU�VWRUDJH�RI�ZDWHU�LV�ODFNLQJ�RU�WKHUH�LV�D�FRQWLQXRXV�VKRUWDJH�RI�ZDWHU�FRXQWULHV�FDQ�VDYH�ZDWHU�E\�LPSRUWLQJ�LW�IURP�RWKHU�FRXQWULHV�LQ�WKH�IRUPRI�SURGXFWV�ZKHUH�ZDWHU� LV�D�PDMRU� LQSXW� �VXFK�DV�DJULFXOWXUDO�FURSV��� ,QWKH� VDPH�ZD\�0DVVDUXWWR� ������� GHVFULEHV� WKH� OLQN� EHWZHHQ� DJULFXOWXUHDQG� ZDWHU� UHVRXUFHV� LQ� SDUWLFXODU� ZLWK� UHVSHFW� WR� WKH� ,WDOLDQ� ZDWHU� DQGDJULFXOWXUDO�V\VWHPV��$�PRUH�PDUNHW�RULHQWHG�DSSURDFK�WR�WKH�DJULFXOWXUDOVHFWRU� SURYLGHV� D� JRRG� RSSRUWXQLW\� IRU� UHFRQGXFLQJ� DFWXDO� SDWWHUQV� RILPSDFW� RI� WKH� DJULFXOWXUDO� VHFWRU� RQ� ZDWHU� UHVRXUFHV�²� DQG� DTXLIHUV� LQSDUWLFXODU��²�WR�VXVWDLQDELOLW\�
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,QWHJUDWHG�ZDWHU�PDQDJHPHQW�LV�D�FRQFHSW�WKDW�VHHPV�D�SURSHU�ZD\�WR�GHDOZLWK� WKH� LQWHUFRQQHFWLRQ� EHWZHHQ� ZDWHU� IXQFWLRQV� DQG� RWKHU� VSDWLDOIXQFWLRQV�� +RZHYHU�� WKHUH� LV� SUREDEO\� D� KLHUDUFKLF� RUGHULQJ� RI� VSDWLDOIXQFWLRQV��:DWHU�IXQFWLRQV�DUH�RIWHQ�WDNHQ�LQWR�DFFRXQW�LQ�WKH�ODVW�SKDVHVRI� WKH� VSDWLDO� SODQQLQJ� SURFHVV� �9DQ� =DOLQJH�� ������� $V� D� UHVXOW� RI� WKHVSDWLDO�SODQQLQJ�SURFHVV�ZDWHU�SUREOHPV� RFFXU�EHFDXVH��IURP�WKH�SURSHUZDWHU� PDQDJHPHQW� SRLQW� RI� YLHZ�� WKH� VSDWLDO� SODQQLQJ� SURFHVV� PD\� EHIODZHG�
��7KH�µ:DWHU�$V�2UGHULQJ�3ULQFLSOH¶,Q� WKH� SURFHVV� RI� VSDWLDO� SODQQLQJ� �H�J�� WKH� FRQVWUXFWLRQ� RI� D� UHVLGHQWLDODUHD�RU�YDULRXV�LQIUDVWUXFWXUH�SURMHFWV���ZDWHU�IXQFWLRQV�RU�SUREDELOLWLHV�RIIORRGV� DUH�RIWHQ�QRW� WDNHQ� LQWR� DFFRXQW� LQ� WKH� SODQQLQJ� SURFHVV� RU� WDNHQLQWR� DFFRXQW� RQO\� DW� WKH� ODVW� VWDJH� RI� WKH� SODQQLQJ� SURFHVV�� 6SDWLDOSODQQLQJ�ZLWKRXW�D�SURSHU�DQDO\VLV�RI�WKH�LPSDFW�RI�WKH�SODQQLQJ�GHFLVLRQIURP�D�ZDWHU�PDQDJHPHQW�SHUVSHFWLYH�KDV�RIWHQ� UHVXOWHG� LQ�D�QXPEHU�RIZDWHU�UHODWHG�SUREOHPV��VXFK�DV�IORRGV�RU�GHVLFFDWLRQ��YDQ�=DOLQJH��������7R� LGHQWLI\� WKHVH� SUREOHPV�� ZDWHU� PDQDJHUV� KDYH� VRPHWLPHVFUHDWHG�D�PDS��OLNH�WKH�VR�FDOOHG�µZDWHUNDQVHQ�NDDUW¶ LQ�WKH�1HWKHUODQGV��VKRZLQJ� WKH� SRVVLELOLWLHV� IRU� D� ZKROH� UDQJH� RI� ZDWHU� DQG� YDULRXV� RWKHUVSDWLDO� IXQFWLRQV�� :DWHU� IXQFWLRQV� DUH� WKH� ELQGLQJ� SULQFLSOH� IRU� HYHU\VSDWLDO� SODQQLQJ� SULQFLSOH�� 1RZDGD\V�� ZDWHU� PDQDJHUV� DUH� RIWHQ� RQO\LQYROYHG� LQ� VSDWLDO� SODQQLQJ� GHFLVLRQV� DW� WKH� ODVW� VWDJH� RI� WKH� SODQQLQJSURFHVV�� 7KH� VWXG\� RI� 9DQ� =DOLQJH� ������� RQ� WKH� LQWHJUDWLRQ� RI� VSDWLDOSODQQLQJ�DQG�ZDWHU�PDQDJHPHQW�GHFLVLRQV�PDSV�DW� WKH�GLYHUVH�SUREOHPVDVVRFLDWHG�ZLWK�WKLV�LQWHJUDWLRQ��7KH�DXWKRU�JLYHV�WKUHH�PDLQ�UHDVRQV�IRU�DSUREOHPDWLF� LQWHJUDWLRQ� RI� VSDWLDO� SODQQLQJ� DQG�ZDWHU�PDQDJHPHQW�� 7KHILUVW�RI�WKHVH�UHDVRQV�FRQFHUQV�WKH�GLIIHUHQFHV�LQ�FXOWXUH��:DWHU�PDQDJHUVDQG�VSDWLDO�SODQQHUV�GLIIHU�LQ�WHUPV�RI�ODQJXDJH�DQG�SODQQLQJ�FXOWXUH��H�J�WKH� FRQWHQWV� RI� WKHLU� MRE���$� VHFRQG� LVVXH� LV� WKH� GLIIHUHQFH� LQ� JRDOV� DQGLQWHUHVWV� WKDW� UHVXOWV� LQ� GLIIHUHQW� SUHIHUHQFHV� IRU� WKH� VROXWLRQ� IRU� WKHRUGHULQJ�RI�D� VSDWLDO�DUHD��7KH� WKLUG�DVSHFW� WKDW�PDNHV� WKH� FR�RUGLQDWLRQGLIILFXOW� LV� WKH�GLIIHUHQFH�LQ�NQRZOHGJH��%HWWHU�FR�RUGLQDWLRQ�RI�SODQQLQJGHFLVLRQV� DQG� WKH� ELQGLQJ� FRQVWUDLQWV� RI� ZDWHU� IXQFWLRQV� ZLOO� JLYHRSSRUWXQLWLHV�IRU�WKH�VSDWLDO�SODQQLQJ�SURFHVV�DQG�GHFUHDVH�WKH�RFFXUUHQFHRI�ZDWHU�UHODWHG�SUREOHPV�
��$VVHVVLQJ�WKH�([WHQW�RI�,QWHJUDWLRQ��$Q�([SHULPHQW
����,QWURGXFWLRQ$�QXPEHU�RI�SRVVLEOH�LGHDV�RQ�LQWHJUDWLRQ�KDYH�EHHQ�SURSRVHG�LQ�YDULRXVSROLF\� GRFXPHQWV� DQG� ZDWHU� SURMHFWV� KDYH� EHHQ� SODQQHG� IRU� VHYHUDOUHDVRQV� EXW� LQWHJUDWLRQ� LV� IHDVLEOH� WR� GLIIHUHQW� H[WHQWV� LQ� WKHVH� SURMHFWV�)XUWKHUPRUH�� LQ� WKH� OLWHUDWXUH� OLWWOH� HPSLULFDO� HYLGHQFH�KDV�EHHQ� UHSRUWHG



�

RQ�WKH�H[WHQW�WR�ZKLFK�LQWHJUDWLRQ�LV�VDWLVILHG��,Q�WKLV�VHFWLRQ��ZH�FDUU\�RXWD� VPDOO� H[SHULPHQW�� D� URXJK� VHW� DQDO\VLV�� EDVHG� RQ� ILYH� SURMHFWV� LQ� ULYHUEDVLQ�DUHDV� LQ�(XURSH���:LWKRXW�FODLPLQJ�FRPSOHWHQHVV��ZH� WU\� WR�GHWHFWWKH� LPSRUWDQFH� WKH� EDFNJURXQG� FKDUDFWHULVWLFV� RI� WKH� ILYH� FDVHV�� 7KHVHFKDUDFWHULVWLFV� DUH� RIWHQ� PHQWLRQHG� LQ� WKH� OLWHUDWXUH� RQ� WKH� ZDWHUPDQDJHPHQW� DQG�ZLOO� OLNHO\� KDYH� DQ� LPSDFW� RQ� WKH� H[WHQW� WR�ZKLFK� WKHGHILQLWLRQV� RI� LQWHJUDWHG�ZDWHU�PDQDJHPHQW� DUH� DFKLHYHG��0RUHRYHU��ZHWU\� WR� ILQG�SDWWHUQV�EHWZHHQ� FKDUDFWHULVWLFV� DQG� WKH� OHYHOV� RI� LQWHJUDWLRQ�7KH�VHFWLRQ�LV�RUJDQLVHG�DV�IROORZV��)LUVW��ZH�ZLOO�LQWURGXFH�WKH�ILYH�FDVHV�6HFRQG��WKH�WHFKQLTXH�RI�URXJK�VHW�DQDO\VLV�ZLOO�EH�RXWOLQHG��:H�FRQFOXGHZLWK�UHVXOWV�DQG�LQWHUSUHWDWLRQ�RI�WKH�URXJK�VHW�DQDO\VLV�
����,QWURGXFWLRQ�RI�WKH�)LYH�&DVHV7KH�ILYH�(XURSHDQ�ULYHU�EDVLQ�SURMHFWV�FDQ�EH�FKDUDFWHULVHG�RQ�WKH�EDVLV�RIDWWHPSWV� WR� LQFUHDVH� WKH� SHUIRUPDQFH� RI� ZDWHU� IXQFWLRQV�� 7KH� OHYHO� RILQWHJUDWLRQ�� DV� GHVFULEHG� LQ� WKH� SUHYLRXV� VHFWLRQV�� PD\� KRZHYHU�� EHFRQVLGHUDEO\�GLIIHUHQW�7KUHH�SURMHFWV�LQ�RXU�H[SHULPHQW�DUH�FKDUDFWHULVHG�E\�PRYHPHQWRI� ZDWHU� IURP� RQH� SODFH� WR� DQRWKHU� SODFH�� 7KHUH� LV� QR� FRQFHSW� RILQWHJUDWLRQ� LQFOXGHG�� EHFDXVH� DQ� LQFUHDVH� RI� ZDWHU� IXQFWLRQV� LVRYHUVKDGRZHG� E\� D� ORVV� LQ� ZDWHU� IXQFWLRQV� LQ� WKH� DUHD� RI� WKH� RULJLQDOVRXUFH�� ,Q� D� IRXUWK� SURMHFW�� GHFUHDVLQJ� IORRG� SUREDELOLWLHV� E\� LQFUHDVLQJVSDFH� IRU� WKH� ULYHU� FDQ� EH� VHHQ� DV� DQ� DWWHPSW� WR� VDWLVI\� WKH� µZDWHU�DV�RUGHULQJ�SULQFLSOH¶��7KH�ILIWK�RI�WKHVH�SURMHFWV�LV�FKDUDFWHULVHG�E\�DWWHPSWVWR�LQWHJUDWH�GLIIHUHQW�ZDWHU�IXQFWLRQV��VR�WKLV�FDQ�EH�VHHQ�DV�VDWLVI\LQJ�WKHLQWHJUDWHG� ZDWHU� PDQDJHPHQW� SULQFLSOH�� :H� ZLOO� RIIHU� KHUH� D� FRQFLVHUHYLHZ�RI�RXU�ILYH�FDVHV�
���$OTXHYD�'DP��3RUWXJDO7KH�XVH�RI�$OTXHYD�'DP�LV�PDLQO\�IRU�WKH�SXUSRVHV�RI�LUULJDWLRQ��DQ�DUHDRI� �������� KD�� DQG� DOVR� XUEDQ� VXSSO\�� $� WKLUG� SXUSRVH� IRU� WKH� GDP� LVHOHFWULFLW\�SURGXFWLRQ��7KH�$OTXHYD�GDP�ZLOO�EH�RQH�RI�WKH�ELJJHVW�GDPVLQ� WKH� ,EHULDQ� 3HQLQVXOD� DQG� ZLOO� UHVXOW� LQ� WKH� ODUJHVW� DUWLILFDO� ODNH� LQ(XURSH�ZLWK�DQ�DUHD�RI�����NP� DQG�D�FDSDFLW\�IRU������KP� RI�ZDWHU��7KH$OTXHYD�LV�SODQQHG�WR�EH�D�ODUJH�GDP�ZLWK����P�RI�PD[LPXP�ZDWHU�OHYHO�
���5LYHU�(YLQRV�5HVHUYRLU��*UHHFH7KH�UHVHUYRLU�XQGHU�FRQVWUXFWLRQ�DW�$JLRV�'LPLWULRV�LQ�WKH�YDOOH\�RI�5LYHU(YLQRV�GUDZV�IURP�D�FDWFKPHQW�RI�����NP� RI�D�WRWDO�ULYHU�EDVLQ�RI������NP���7KH�PD[LPXP�GHVLJQ�YROXPH�FDSDFLW\�RI�WKH�5LYHU�(YLQRV�5HVHUYRLULV�����+P���+RZHYHU�� WKHUH� LV� DOVR� DQ� H[WHQVLYH� VHGLPHQWDWLRQ� EXLOG�XSIURP�WKH�(YLQRV��DERXW���������WRQQHV�\U��DQG�D�YROXPH�RI�XS�WR����+P�LV� H[SHFWHG� WR�EH� ORVW��7KH� VXUIDFH�DUHD�RI� WKH� UHVHUYRLU� LV� ���� NP���7KHSURMHFW�GHVLJQ�VWXG\�HVWLPDWHV�DQ�DQQXDO�UXQ�RII�WR�WKH�UHVHUYRLU�RI�DERXW�����P��V������+P����0RUH�UHFHQW�UHYLVHG�K\GURORJLF�PHDVXUHPHQWV�KDYHHVWLPDWHG�D�ZDWHU� LQIORZ�RI� ����P��V� �DERXW� ����+P��\HDU���$QDO\VLV�RI
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K\GURORJLF�GDWD�GXULQJ�D�UHFHQW�SHULRG�RI�GURXJKW�GHFUHDVHV�WKH�HVWLPDWHVWR�DQ�DQQXDO�VDIH�\LHOG�RI�DERXW�����+P��
���5LYHU�(EUR�,QWHUEDVLQ�:DWHU�7UDQVIHU��6SDLQ7KH� ZDWHU� WUDQVIHUUHG� ZLOO� EH� DSSOLHG� WR� LUULJDWLRQ�� XUEDQ� VXSSO\� DQGHQYLURQPHQW� UHVWRUDWLRQ�� :DWHU� ZLOO� EH� WUDQVIHUUHG� IURP� WKH� (EUR� ULYHUEDVLQ�WR�WKH�0HGLWHUUDQHDQ�FRDVW��IURP�%DUFHORQD�WR�$OPHULD���7KH�SURMHFWLV� WKH� FHQWUDO� LVVXH� LQ� WKH� 6SDQLVK� 1DWLRQDO� +\GURORJLFDO� 3ODQ�� 7KHSURMHFW¶V�JRDO�LV�WR�UHDFK�D�JHQHUDO�ZDWHU�EDODQFH�LQ�6SDLQ��7KH�SURMHFW�LV�DODUJH�VFDOH�SURMHFW�DQG�LQFOXGHV�WZR�FDQDOV�ZLWK�D�WRWDO�OHQJWK�RI�����NPDQG�D�ZDWHU�WUDQVIHU�RI�������KP��\HDU�
���5LYHU�0HXVH��WKH�1HWKHUODQGV7KH�ZDWHU�SURMHFW�FRQFHUQV�SURWHFWLRQ�DJDLQVW� IORRGLQJ�� WKH�GHYHORSPHQWRI�D� ODUJH�QDWXUDO�DUHD� ������KD��DQG� WKH�FRPPHUFLDO�ZLQQLQJ�RI�JUDYHO�7KH� SURMHFW� IROORZV� WKH�0HXVH�5LYHU� DW� D� OHQJWK� RI� ��� NP� EHWZHHQ� WKHSODFHV�0DDVWULFKW� DQG� 5RRVWHUHQ� LQ� WKH� SURYLQFHV� RI� /LPEXUJ�� 7KHUH� LVDOVR�FRRSHUDWLRQ�ZLWK� WKH�%HOJLXP�DXWKRULWLHV�� ,W�VWDUWHG�LQ������ZLWK�DQLQWHQWLRQ�GHFODUDWLRQ�EHWZHHQ�SURYLQFH�RI�/LPEXUJ��0LQLVWU\�RI�+RXVLQJ�6SDWLDO� 3ODQQLQJ� DQG� WKH� (QYLURQPHQW�� 0LQLVWU\� RI� $JULFXOWXUH�� 1DWXUH0DQDJHPHQW�DQG�)LVKHULHV� DQG� WKH�0LQLVWU\�RI�7UDQVSRUW��3XEOLF�:RUNVDQG�:DWHU�0DQDJHPHQW��9	:��DQG�ZLOO�HQG�LQ�������7KH�SURMHFW�VWDUWHGZLWK�DQ�H[SHULPHQWDO�SURMHFW�QHDU�0HHUV�
���5LYHU�<WKDQ�1LWUDWH�9XOQHUDEOH�=RQH��6FRWODQG7KH� <WKDQ� HVWXDU\� LV� D� ELUG� UHVHUYH� RI� LQWHUQDWLRQDO� FRQVHUYDWLRQLPSRUWDQFH��7KH�HVWXDU\� LV�FODVVLILHG�DV�D�6SHFLDO�3URWHFWLRQ�$UHD��63$�XQGHU�WKH�(&�%LUGV�'LUHFWLYH� ��������((&��DQG�GHVLJQDWHG�DV�D� 5DPVDUVLWH�XQGHU� WKH�&RQYHQWLRQ�RQ�:HWODQGV�RI� ,QWHUQDWLRQDO� ,PSRUWDQFH��7KHFRQVHUYDWLRQ� TXDOLW\� RI� WKH� VLWH� LV� XQGHU� WKUHDW� GXH� WR� WKH� QLWUDWH�UHODWHGHXWURSKLFDWLRQ�OHDGLQJ�WR�19=�GHVLJQDWLRQ�LQ�OLQH�ZLWK�WKH�FULWHULD�VHW�RXWDW�$QQH[�,$�����RI�WKH�(&�1LWUDWHV�'LUHFWLYH��L�H��WKH�HVWXDU\�LV� HXWURSKLFRU� LQ� WKH� QHDU� IXWXUH� PD\� EHFRPH� HXWURSKLF�� +LJK� QLWUDWH� OHYHOV� ZHUHDWWULEXWHG� WR� LQFUHDVHG�DPRXQWV� RI� IHUWLOLVHU� DQG� DQLPDO�PDQXUHV� DSSOLHGDQQXDOO\�RQ�IDUPV�LQ�WKH�FDWFKPHQW�
����,QWURGXFWLRQ�WR�5RXJK�6HW�$QDO\VLV5RXJK� VHW� DQDO\VLV� LV� D� UHFHQWO\� GHYHORSHG� QRQSDUDPHWULF� VWDWLVWLFDOPHWKRG�� )RU� DQ� H[WHQVLYH� WKHRUHWLFDO� GHVFULSWLRQ� ZH� UHIHU� WR� 3DZODN������� DQG� 6ORZLQVNL� �������� ([DPSOHV� RI� DSSOLFDWLRQV� RI� URXJK� VHWDQDO\VLV�WR�HQYLURQPHQWDO�HFRQRPLF�LVVXHV�FDQ�EH�IRXQG�LQ�9DQ�GHQ�%HUJKHW� DO�� �������� 1LMNDPS� �����D�� E�� DQG� 0DVXUHO� HW� DO�� �������� 7KHVHDSSOLFDWLRQV�UHODWH�LQWHU�DOLD WR�SHVWLFLGH�XVH�LQ�DJULFXOWXUH��XUEDQ�ODQG�XVHSROLF\��WUDQVSRUWDWLRQ�SROLF\�DQG�SHUIRUPDQFH�RI�HWKQLF�HQWUHSUHQHXUV�$�VHW�IRU�ZKLFK�WKH�FODVVLILFDWLRQ�RI�D�JURXS�RI�FHUWDLQ�REMHFWV�LVXQFHUWDLQ� FDQ� EH� FKDUDFWHULVHG� DV� D� URXJK� VHW�� 7KH� FODVVLILFDWLRQ� RIFDWHJRULFDO� LQIRUPDWLRQ� LV� WKHQ�GHSHQGHQW�RQ� WKH�GHJUHH�RI� µJUDQXODULW\¶�



��

,Q�WKH�WKHRU\�RI�URXJK�VHWV��ZH�DVVXPH�WKH�H[LVWHQFH�RI�D�FHUWDLQ�ILQLWH�VHWRI� REMHFWV� WR� EH� FODVVLILHG�� 7KH� LQIRUPDWLRQ� LV� JDWKHUHG� LQ� WHUPV� RI� WKHDVVLJQPHQW� RI� UHOHYDQW� DWWULEXWHV� RI� WKH� ULYHU� EDVLQ� SURMHFWV� WR� GLVWLQFWFODVVHV� �H�J�� NLQG� RI� ZDWHU� SUREOHPV� REVHUYHG�� RU� LQ� WHUPV� RI� IDFWXDONQRZOHGJH� �H�J�� WKH� WLPH� VFDOH��� $Q� DWWULEXWH� DQG� D� FRGHG� YDOXH� RI� WKLVDWWULEXWH� FDQ�H[SUHVV� HDFK� RI� WKHVH� SURSHUWLHV�� 6LQFH� WKH� FODVVLILFDWLRQ� LVQRW�VWUDLJKWIRUZDUG��ZH�KDYH�D�FDVH�RI�URXJK�VHWV��7KH�H[WHQW�WR�ZKLFK�WKHGHILQLWLRQV�RI�LQWHJUDWHG�ZDWHU�PDQDJHPHQW�DUH�DFKLHYHG�FDQ�EH�GHVFULEHGDV�D�VHW�' �
`;^' Q �

ZLWK� Q WKH�SURMHFW�XQGHU�FRQVLGHUDWLRQ�DQG� ; WKH�EHORQJLQJ�EDFNJURXQGFKDUDFWHULVWLFV��7KH� UHDVRQV� IRU� ±DQG� WKH� H[WHQW� RI�²� WKH� LQWHJUDWLRQ� RIZDWHU�PDQDJHPHQW�DUH�LQFRUSRUDWHG�LQ�WKH�GHFLVLRQ�YDULDEOH��'���DQG�WKHUHDUH�WKUHH�GLIIHUHQW�FDWHJRULHV��7DEOH���VKRZV�DOO�WKH�YDULDEOHV�XVHG�LQ�WKLVURXJK�VHW�DQDO\VLV�DQG�WKHLU�FRUUHVSRQGLQJ�FRGHG�YDULDEOHV��DV�ZHOO�DV�WKHFDWHJRULHV�RI�WKH�GHFLVLRQ�YDULDEOH�
7DEOH����&DWHJRULVDWLRQ�RI�EDFNJURXQG�IDFWRUV�WR�H[SODLQ�WKH�H[WHQW�RI�LQWHJUDWLRQ&DWHJRULHV $WWULEXWH�9DOXHV/HYHOV�LQYROYHG��/H� ���(XURSHDQ�DQG�QDWLRQDO���1DWLRQDO�DQG�ORFDO/RFDWLRQ��/R� ���1RUWK�(XURSH���6RXWK�(XURSH6FDOH��6� ���/DUJH���0HGLXP���6PDOO3K\VLFDOFKDUDFWHULVWLFV� RI� WKHSURMHFW��3�

���'DP��FKDQQHOV�DQG�UHVHUYRLUV���1RQ�DUWLILFLDO�FKDQJHV
:DWHU�SUREOHPV��:� ���4XDOLW\�RULHQWHG�SUREOHPV���4XDQWLW\�RULHQWHG�SUREOHPV7LPH�VFDOH��7� ���/RQJ�WHUP���6KRUW�WHUP'HFLVLRQ�YDULDEOH��'� ���0RYHPHQW�RI�ZDWHU���$WWHPSWV�WR�VDWLVI\µZDWHU�DV�DQ�RUGHULQJ�SULQFLSOH¶���,QWHJUDWLRQ�RI�ZDWHU�IXQFWLRQV

)RU�HDFK�DWWULEXWH�ZH�KDYH�WKH�UHOHYDQW�VHWV�ZLWK�WKH�FRUUHVSRQGLQJ�VFRUHVRU�FRGHV�RI�WKHVH�DWWULEXWHV��$Q�LPSRUWDQW�YDULDEOH�WR�FODVVLI\�WKH�GHJUHH�RIVDWLVI\LQJ� WKH� YDULRXV�ZDWHU�PDQDJHPHQW� OHYHOV� LV� WKH� SURMHFW� VFDOH�� ZHPD\�KDYH�D�VHW� 9 RI�YDOXHV�RI�WKHVH�DWWULEXWHV��7KH�FKDUDFWHULVWLF�VHW�PD\
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EH� ^ `�����9V  ��ZKHUH�9V UHIHUV�WR�WKH�DWWULEXWH�µSURMHFW�VFDOH��6�¶��ZKLFKFDQ�EH�UHSUHVHQWHG�E\�WKUHH�YDOXHV��µODUJH¶��FRGH����RU�µPHGLXP¶��FRGH���RU� µVPDOO¶� �FRGH� ����2WKHU� UHOHYDQW� VHWV�PD\�EH� ^ `���9/H  ��ZKHUH�9/HUHIHUV�WR�WKH�DWWULEXWH�µ/HYHOV�LQYROYHG��/H�¶��ZKLFK�FDQ�EH�UHSUHVHQWHG�E\WZR� YDOXHV�� µ(XURSHDQ� DQG� 1DWLRQDO¶� �FRGH� ��� RU� µ1DWLRQDO� DQG� /RFDO¶�FRGH� ��� DQG� ^ `���97  �� ZKHUH� 97 UHIHUV� WR� WKH� DWWULEXWH� µ7LPH� VFDOH�7�¶��ZKLFK�FDQ�DV�ZHOO�EH�UHSUHVHQWHG�E\�WZR�YDOXHV��µ/RQJ�7HUP¶��FRGH���RU�µ6KRUW�7HUP¶��FRGH����$V� VKRZQ� LQ� 7DEOH� ��� WKHUH� DUH� YDULRXV� RWKHU� LPSRUWDQW�H[SODLQLQJ�� DWWULEXWHV�� 7KH� OHYHOV� LQYROYHG� �/H�� PLJKW� EH� LPSRUWDQW�EHFDXVH�WKH\�VKRZ�D�SROLF\�RULHQWDWLRQ�WRZDUGV�D�PRUH�LQWHJUDWHG�FRQFHSWRI�ZDWHU�PDQDJHPHQW��7KH�ORFDWLRQ��/R��LV�LQFOXGHG��EHFDXVH�SODFHV�LQ�WKHVRXWK�RI�(XURSH�PD\�EH�� LQ� JHQHUDO�� SODFHV� KDYLQJ�SUREOHPV�ZLWK�ZDWHUTXDQWLW\�� VR� WKHUH� PLJKW� EH� LQFUHDVLQJ� LQFHQWLYHV� IRU� DUWLILFLDO� ZDWHUUHVHUYRLUV�RU�PRYHPHQW�RI�ZDWHU��7KH�VFDOH��6��LV�RI�XWPRVW� LPSRUWDQFH�EHFDXVH�VPDOO�VFDOH�SURMHFWV�PD\�UHVXOW�LQ�OHVV�HIIRUWV�EHLQJ�PDGH�IRU�WKHLQWHJUDWLRQ�RI�ZDWHU�PDQDJHPHQW��7KH�ULYHU�EDVLQ�VFDOH�LV�LQ�WKH�VWXG\�E\*LOEHUW� HW� DO�� ������� PHQWLRQHG� DV� DQ� LPSRUWDQW� HOHPHQW� IRU� D� PRUHLQWHJUDWHG� DSSURDFK� RI� ZDWHU� UHVRXUFHV�� 7KH� SK\VLFDO� �3�� YDULDEOH� LVLQFOXGHG�EHFDXVH�RI�WKH�IDFW�WKDW�ZLWK�DUWLILFLDO�VROXWLRQV��H�J��GDPV���LW�LVGLIILFXOW� WR�DFKLHYH�D�GHJUHH�RI� LQWHJUDWLRQ��ZKLOH� WKLV� LV�QRW� WKH� FDVH�E\FKDQJLQJ� SDUWV� RI� WKH� ODQGVFDSH� DQG� JLYLQJ�PRUH� VSDFH� WR� ULYHUV��:DWHUSUREOHPV� �:�� DUH� LQFOXGHG� EHFDXVH� RI� WKH� SDUWLFXODU� QDWXUH� RI� WKHSUREOHPV�� ,Q�6FRWODQG� WKH�SUREOHP� LV� TXDOLWDWLYH� DQG� LQ� WKH� RWKHU� SODFHVTXDQWLWDWLYH�� $� WLPH�VFDOH� YDULDEOH� �7�� LV� LQFOXGHG� EHFDXVH� RI� WKHG\QDPLFV�RI� WKH�SUREOHPV��7DEOH��� VKRZV� WKH� FRGHG�GDWD�PDWUL[� IRU� WKHILYH� SURMHFWV�� EDVHG� RQ� WKH� LQIRUPDWLRQ� RI� WKH� ILYH� FDVHV� DQG� WKHFDWHJRULVDWLRQ�RI�EDFNJURXQG�IDFWRUV��VHH�7DEOH����
7DEOH����7KH�FRGHG�GDWD�PDWUL[�IRU�WKH�ILYH�SURMHFWV&RXQWU\ &DVH /H /R 6 3 : 7 '1/ � � � � � � � �8. � � � � � � � �*5 � � � � � � � �3 � � � � � � � �(63 � � � � � � � �127(��1/��WKH�1HWKHUODQGV���²�8.��8QLWHG�.LQJGRP�²�*5��*UHHFH��²�3��3RUWXJDO�²(63��6SDLQ

7KH�DWWULEXWHV�PD\�EH�XVHG�WR�GHILQH��DQ�HTXLYDOHQFH�UHODWLRQVKLS��76�/H�3' ��o �7KLV� FDQ� EH� LQWHUSUHWHG� DV� IROORZV�� WKH� OHYHO� RI� VDWLVI\LQJ� WKH� YDULRXVGHILQLWLRQV� RI� LQWHJUDWHG� ZDWHU� PDQDJHPHQW� GHSHQGV� RQ� YDULRXVLQVWLWXWLRQDO� DWWULEXWHV�� VXFK� DV� WKH� OHYHO� LQYROYHG� LQ� WKH� SURMHFW�� VSDWLDOVFDOH� DWWULEXWHV� DQG� WLPH� VFDOH� DWWULEXWHV��2EMHFWV� EHORQJLQJ� WR� WKH� VDPH
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HTXLYDOHQFH�FODVVHV��EDVHG�RQ�WKH�IHDWXUHV�FRQFHUQHG��DUH�LQGLVFHUQLEOH��,QWKH�FDVH�RI�PXOWLSOH�DWWULEXWHV�� WKH�LQWHUVHFWLRQ�RI� WKH�DWWULEXWHV�UHVXOWV� LQHTXLYDOHQFH�UHODWLRQVKLSV�WKDW�OHDG�WR�D�PRUH�SUHFLVH�FODVVLILFDWLRQ�WKDQ�LQFDVH�RI�D�VLQJOH�HTXLYDOHQFH�UHODWLRQVKLS��7KH�UHGXFW�LV�WKHQ�D�VXEVHW�RI�DOODWWULEXWHV��$GGLQJ�RWKHU�DWWULEXWHV�WR�WKH� UHGXFW�GRHV�QRW�UHVXOW�LQ�D�PRUHSUHFLVH�FODVVLILFDWLRQ�DQG�GHOHWLQJ�DQ�DWWULEXWH�RI�WKH�UHGXFW�ZLOO�UHVXOW�LQ�DOHVV� SUHFLVH� FODVVLILFDWLRQ�RI� WKH� REMHFWV� XQGHU� FRQVLGHUDWLRQ�� 6RPHWLPHVZH�ILQG�DQ�DWWULEXWH�EHORQJLQJ�WR�WKH�FRUH�RI�D�VHW��7KH�FRUH�LV�WKH�FODVV�RIDOO� LQGLVFHUQLEOH�HTXLYDOHQFH�UHODWLRQVKLSV��7KH�FRPELQDWLRQ�RI�DWWULEXWHVDQG�FODVVHV�RI�SURMHFWV�FDQ�EH�UHJDUGHG�DV�D�GHFLVLRQ�WDEOH�1H[W��RQ�WKH�EDVLV�RI�WKH�DERYH�LQIRUPDWLRQ�WDEOH�ZLWK�FRQGLWLRQV�FRPSULVLQJ� YDULDEOHV� VXFK� DV�� LQ� RXU� FDVH�� WKH� FKDUDFWHULVWLFV� RI� WKHSURMHFWV�� DQG� WKH� GHFLVLRQ� DWWULEXWHV� �RU� FODVVHV� RI� VDWLVI\LQJ� YDULRXVGHILQLWLRQV� RI� LQWHJUDWHG� ZDWHU� PDQDJHPHQW��� ZH� DUH� DEOH� WR� FRQVWUXFWGHFLVLRQ� UXOHV� �RI� DQ� µLI«WKHQ¶� QDWXUH��� ZKLFK� UHSUHVHQW� DQ� LPSOLFLWUHODWLRQVKLS�EHWZHHQ� WKH�EDFNJURXQG�YDULDEOHV�RI�SURMHFWV�DQG�FODVVHV�RIVDWLVI\LQJ�GHILQLWLRQV�RI�LQWHJUDWHG�ZDWHU�PDQDJHPHQW��7KH�VWUHQJWK�RI�WKHLQGLFDWRU� PLJKW� EH� H[SODLQHG� ZLWK� WKH� KHOS� RI� WKH� IUHTXHQF\� RI� WKHLQGLFDWRU� RU� DWWULEXWH� LQ� HDFK� GHFLVLRQ� UXOH�� ,I� FHUWDLQ� DWWULEXWHV� RFFXUIUHTXHQWO\�LQ�WKH�VDPH�GHFLVLRQ�UXOHV��WKH\�KDYH�D�FRQVLGHUDEOH�LPSDFW�RQWKH�SHUIRUPDQFH�LQGLFDWRU�FKDUDFWHULVLQJ�WKH�ZDWHU�SROLF\�RI�WKH�FDVH�FLW\DQG�FDQ�KHQFH�EH�FRQVLGHUHG�DV�D�FULWLFDO�IDFWRU�7KH�URXJK�VHW�DQDO\VLV�LV�FDUULHG�RXW�ZLWK�WKH�KHOS�RI�WKH�FRPSXWHUSURJUDP� 5RXJK� 6HW� 'DWD� ([SORUHU� �526(��� 7KH� DOJRULWKP� RI� WKLVSURJUDPPH� FRQVWUXFWV� WKH� EHVW� SRVVLEOH� GHFLVLRQ� UXOHV� WR� FODVVLI\� WKHVDWLVIDFWLRQ� RI� GLIIHUHQW� LQWHJUDWHG� ZDWHU� PDQDJHPHQW� GHILQLWLRQV�� 7KHGHFLVLRQ�UXOHV�DUH�RI�DQ��LI«WKHQ��QDWXUH�DQG�DUH�FRQVWUXFWHG�RQ�WKH�EDVLVRI� WKH� DWWULEXWHV� JLYHQ�� )RU� IXUWKHU� GHWDLOV�RQ� URXJK� VHW� DQDO\VLV� DQG� WKHVRIWZDUH�XVHG�ZH�UHIHU�WR�WKH�UHIHUHQFHV�JLYHQ�DERYH�
����5HVXOWV�DQG�,QWHUSUHWDWLRQ7DEOH���VKRZV�WKH�PLQLPXP�VHWV�RI�WKH�URXJK�VHW�DQDO\VLV�FDUULHG�RXW�LQRXU�VWXG\��$OWKRXJK�WKLV� LV�D�VPDOO�H[SHULPHQW�� WKHUH�DUH�WKUHH�SDUWLFXODUYDULDEOHV� ZKLFK� DUH� LPSRUWDQW� LQ� WKH� FODVVLILFDWLRQ�� 7KH� ORFDWLRQ� LV� DYDULDEOH� WKDW� DSSHDUV� LQ� ��� SHUFHQW� RI� WKH�PLQLPXP� VHWV� DQG� SRLQWV� IRUKDQGOLQJ� WKH� LQWHJUDWLRQ� RI� ZDWHU� PDQDJHPHQW� LVVXHV�� 7KH� SK\VLFDOFKDUDFWHULVWLFV� RI� D� SURMHFW� LV� RI� HTXDO� LPSRUWDQFH� DQG� VR� LV� WKH� WLPHSHULRG��7KHUH�LV�RQO\�D�PRYHPHQW�RI�ZDWHU�IURP�RQH�SODFH�WR�DQRWKHU��7KHVFDOH� RI� WKH� SURMHFW� LV� D� VHFRQG� LPSRUWDQW� YDULDEOH�� /DUJH�VFDOH� SURMHFWVPDNHV� DQ� LQWHJUDWHG� FRQFHSW� GLIILFXOW�� DV� LV� VKRZQ� LQ� WKH� WKLUG� GHFLVLRQUXOH��/RFDO�DQG�QDWLRQDO�SROLF\�OHYHOV�DUH�LQYROYHG��DQG�LI�WKH�ULYHU�EDVLQ�LVORFDWHG�LQ�WKH�1RUWKHUQ�SDUW�RI�(XURSH�� WKLV�PDNHV�VDWLVI\LQJ� WKH�µZDWHU�DV�DQ�RUGHULQJ¶�SULQFLSOH�SRVVLEOH��6XIILFLHQW�ZDWHU�LV�DQ�LPSRUWDQW�DVSHFW�ZKHQ� SROLF\� PDNHUV� ZDQW� WR� VDWLVI\� D� OHYHO� RI� LQWHJUDWHG� ZDWHUPDQDJHPHQW�
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7DEOH����0LQLPXP�VHWV�DQG�IUHTXHQFLHV�RI�DWWULEXWHV0LQLPXP�6HW 9DULDEOH )UHTXHQF\�SHUFHQWDJH�� ^/H��/R` /H ������� ^/R��6` /R ������� ^/H��3` 6 ������� ^6��3` 3 ������� ^/R��:` : ������� ^3��:` 7 ������� ^/H��:��7`� ^/R��7`� ^6��7`�� ^3��7`
7DEOH����'HFLVLRQ�UXOHVUXOH�����/R� ���� !��'� ���UXOH�����/H� ����	��/R� ���� !��'� ���UXOH�����6� ���� !��'� ���

7DEOH���SUHVHQWV�WKH�GHFLVLRQ�UXOHV�RI�RXU�URXJK�VHW�DQDO\VLV��7KH�GHFLVLRQUXOHV� VKRZ� VRPH� LQWHUHVWLQJ� IHDWXUHV�� 7KH� ORFDWLRQ� LV� RI� FRQVLGHUDEOHLPSRUWDQFH�� ,Q� WKH� 6RXWKHUQ� SDUW� RI� (XURSH�� WKHUH� LV� JHQHUDO� ORZ� ZDWHUDYDLODELOLW\��DQG�SRVVLELOLWLHV�IRU�DQ�LQWHJUDWHG�DSSURDFK�FDQ�EH�GHWHFWHG�LQWKH� GHFLVLRQ� UXOHV��7KH� VHFRQG� GHFLVLRQ� UXOH� VKRZV� WKDW� FR�RSHUDWLRQ� RQWZR� GLIIHUHQW� OHYHOV� LQ� 1RUWKHUQ� (XURSH� PLJKW� UHVXOW� LQ� VDWLVI\LQJ� WR� DFHUWDLQ� H[WHQW� µZDWHU�DV�DQ�RUGHULQJ�SULQFLSOH¶�� 7KH� WKLUG� GHFLVLRQ� UXOHVKRZV� WKDW� VPDOO� VFDOH� SURMHFWV�PDNHV� DQ� LQWHJUDWLRQ� RI�ZDWHU� IXQFWLRQVHDVLHU�EHFDXVH�RI�D�ORZ�QXPEHU�RI�ZDWHU�IXQFWLRQV��7KHVH�ILQGLQJV�DSSHDUWR� FRQILUP� RXU� WKHRUHWLFDO�FRQFHSWXDO� QRWLRQV� RQ� LQWHJUDWHG� ZDWHUPDQDJHPHQW�
��&RQFOXVLRQV�DQG�3ROLF\�5HFRPPHQGDWLRQV,QWHUQDWLRQDO� YROXQWDU\� FRRSHUDWLRQ�� ZLWK� SROOXWHUV�� DV� LQ� WKH� FDVH� RI$PVWHUGDP�� KDV� UHVXOWHG� LQ�ZDWHU� RI� LQFUHDVLQJ� TXDOLW\��:H� DUJXHG� WKDWFRRSHUDWLRQ�ZDV�D�IDYRXUDEOH�GHYHORSPHQW�IRU�$PVWHUGDP�WR�LPSURYH�WKHZDWHU�TXDOLW\�RI�WKH�5KLQH��7KH� LQWURGXFWLRQ�RI�DQ�5%$��ZLWK� OHJLVODWLYHDQG� FRQWUROOLQJ� SRZHU�� FRXOG� EH� DQ� LPSRUWDQW� QH[W� VWHS� WR� LQFUHDVH� WKHZDWHU�TXDOLW\�RI�WKH�5KLQH�5LYHU��EHFDXVH�LW�GHFUHDVHV�WKH�WUDQVDFWLRQ�FRVWVRI�YDULRXV�DJHQWV�LQYROYHG�ZLWK�ZDWHU�SROLF\�LQ�WKH�ULYHU�EDVLQ�DUHD��$W�DQDWLRQDO� OHYHO�� LQWHJUDWHG� ZDWHU� FKDLQ� PDQDJHPHQW� KDV� VRPH� SURPLVLQJSRWHQWLDO�LQ�WHUPV�RI�GHFUHDVLQJ�WUDQVDFWLRQ�FRVWV�DQG�LQFUHDVLQJ�FRQVXPHUDZDUHQHVV�ZLWK�UHVSHFW�WR�WKH�ZDWHU�FKDLQ��5HOHYDQW�SUDFWLFDO�SUREOHPV�DUHDVVRFLDWHG� ZLWK� WKH� GLYHUVH� JRYHUQDQFH� VWUXFWXUHV� WKDW� FKDUDFWHULVH� WKHH[LVWLQJ�SDUWLHV�ZKLFK�DUH�LQYROYHG��)XUWKHUPRUH��LQWHJUDWLRQ�VHHPV�WR�EHLQFRPSDWLEOH� ZLWK� DQ� DOWHUQDWLYH� GLVFXVVLRQ� DQG� WUHQG� IDYRXULQJ
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SULYDWLVDWLRQ�� 'LIIHUHQW� RZQHUVKLS�VWUXFWXUHV� �H�J�� SXEOLF� YHUVXV� SULYDWH�PDNH�LQWHJUDWLRQ�LQ�WKH�ZDWHU�FKDLQ�GLIILFXOW��EHFDXVH�HDFK�RI�WKH�HOHPHQWVDUH�JXLGHG�E\�GLIIHUHQW�LQFHQWLYHV��H�J��SURILW�PDNLQJ�YHUVXV�D�QRQ�SURILW�PDNLQJ�LQFHQWLYHV��,QWHJUDWHG�ZDWHU�PDQDJHPHQW�LV�D�SURPLVLQJ�LGHD��EXW�WKH�SK\VLFDODQG� LQVWLWXWLRQDO� FLUFXPVWDQFHV� PD\� UDLVH� FRQVLGHUDEOH� EDUULHUV� IRU� WKHH[HFXWLRQ� RI� WKH� LGHD�� &RXQWULHV� ZLWK� D� PRUH� IDYRXUDEOH� SK\VLFDO� DQGK\GURORJLFDO�FLUFXPVWDQFHV�FDQ��XS�WR�D�FHUWDLQ�VFDOH��PRUH�HDVLO\�VDWLVI\WKH� LQWHJUDWHG� ZDWHU� PDQDJHPHQW� RU� µZDWHU�DV�DQ� RUGHULQJ�SULQFLSOH¶FRQFHSW�
5()(5(1&(6
$OFDPR�� -��� 7�� +HQULFKV�� DQG� 7�� 5RVFK� ������� ³:RUOG� :DWHU� LQ� �����´�.DVVHO� :RUOG:DWHU� 6HULHV�� 1R�� ���.DVVHO�� 8QLYHUVLW\� RI�.DVVHO� �� &HQWHU� IRU� (QYLURQPHQWDO� 6\VWHPV5HVHDUFK�
$VNDUL��+��DQG�&��%URZQ��������³:DWHU�0DQDJHPHQW��0LGGOH�(DVW�3HDFH�DQG�D�5ROH�IRUWKH�:RUOG�%DQN�´�%DQFD�1D]LRQDOL�'HO�/DYRUR��4XDUWHUO\�5HYLHZ�������������
%DKUL��$���������³8UEDQ�DQG�3HUL�XUEDQ�:DWHU�UHODWHG�5HODWLRQVKLSV��&ORVLQJ�WKH�/RRSV�´(QYLURQPHQWDO�0DQDJHPHQW�DQG�+HDOWK��� ������������
%DNNHU�� .��� (�� &URRN�� 7�� 'RZQLQJ�� -�� +DQGPHU�� DQG� -�� 3HQQLQJ�5RZVHOO� ������³+\GURORJLFDO� 5LVN� LQ� WKH� 7KDPHV� 9DOOH\�� %DFNJURXQG� 0RQRJUDSK� IRU� WKH� 6,5&+3URMHFW�´�6,5&+�:RUNLQJ�3DSHU�6HULHV��1R����0LGGOHVH[��)ORRG�+D]DUG�5HVHDUFK�&HQWUH�
%DXPDQQ�� '�� '��� -�� -�� %ROODQG�� DQG� :�� 0�� +DQHPDQQ� ������� ³8UEDQ� :DWHU� 'HPDQG0DQDJHPHQW�DQG�3ODQQLQJ�´�1HZ�<RUN��0F*UDZ�+LOO�
%RXZHU�� +�� ������� ³,QWHJUDWHG� :DWHU� 0DQDJHPHQW�� (PHUJLQJ� ,VVXHV� DQG� &KDOOHQJHV�´$JULFXOWXUH�:DWHU�0DQDJHPHQW������������
&KDNUDYRUW\��8��DQG�&��8PHWVX��������³%DVLQZLGH�:DWHU�0DQDJHPHQW��D�6SDWLDO�0RGHO�´�127$�',�/$9252��1R����������0LODQR��)RQGD]LRQH�(QL�(QULFR�0DWWHL�
&RDVH��5���������³7KH�3UREOHP�RI�6RFLDO�&RVW�´�-RXUQDO�RI�/DZ�DQG�(FRQRPLFV����������
'DOKXLVHQ�� -�� 0��� &�� $�� 5RGHQEXUJ�� +�� /�� )�� GH� *URRW� DQG� 3�� 1LMNDPS� ������³0HWURSROLWDQ�$UHDV�DQG�6XVWDLQDEOH�8VH�RI�:DWHU��WKH�&DVH�RI�$PVWHUGDP��)LQDO�5HSRUW��0(7521� 3URMHFW�� 3KDVH� ��´�� $PVWHUGDP�� (FRQRPLF� DQG� 6RFLDO� ,QVWLWXWH�� 9ULMH8QLYHUVLWHLW�'DOKXLVHQ��-�0��DQG�3��1LMNDPS��������³&ULWLFDO�)DFWRUV�IRU�$FKLHYLQJ�0XOWLSOH�*RDOVZLWK� :DWHU� 7DULII� 6\VWHPV�� &RPELQLQJ� /LPLWHG� 'DWD� 6RXUFHV� DQG� ([SHUW� 7HVWLPRQ\́ �:DWHU�5HVRXUFHV�5HVHDUFK��IRUWKFRPLQJ�
*LOEHUW��$���+��*RRVHQ�DQG�5�6�-��7RO��������³:DWHU�DQG�WKH�(QYLURQPHQW��6FRSLQJ�6WXG\IRU�WKH�(XURSHDQ�)RUXP�IRU�,QWHJUDWHG�(QYLURQPHQWDO�$VVHVVPHQW�´�$PVWHUGDP��,QVWLWXWHIRU�(QYLURQPHQWDO�6WXGLHV��9ULMH�8QLYHUVLWHLW�
,QWHUQDWLRQDO� &RQIHUHQFH� RQ�:DWHU� DQG� WKH� (QYLURQPHQW� ������� ³7KH� 'XEOLQ� 6WDWHPHQWDQG�5HSRUW�RI�WKH�&RQIHUHQFH�´�*HQHYD��6ZLW]HUODQG��:RUOG�0HWHRURORJLFDO�2UJDQLVDWLRQ�



��

+XHWLQJ��5��������1LHXZH�6FKDDUVWH�HQ�(FRQRPLVFKH�*URHL��$PVWHUGDP��$JRQ�(OVHYLHU�
+XLVPDQ��3���'H�-RQJ�� -�� DQG�.��:LHULNV� ������� ³7UDQVERXQGDU\�&RRSHUDWLRQ� LQ�6KDUHG5LYHU�%DVLQV��([SHULHQFHV�IURP�5KLQH��0HXVH�DQG�1RUWK�6HD�´�,Q��+�+�*��6DYHQLMH�DQG�3�YDQ�GHU�=DDJ� �(GV���7KH�0DQDJHPHQW� RI� 6KDUHG�5LYHU�%DVLQV�� )RFXV�RQ�'HYHORSPHQWV�7KH�+DJXH��0LQLVWU\�RI�)RUHLJQ�$IIDLUV��SS����������
'H� -RQJ�� -�� DQG� +�� 6PLW� ������� ³7KH� 5KLQH�� 7ZR� &HQWXULHV� RI� ,QWHUQDWLRQDO� 5LYHU0DQDJHPHQW�´�� ,Q�� :�'�� 9HUZH\� �(G��� 1DWXUH� 0DQDJHPHQW� DQG� 6XVWDLQDEOH'HYHORSPHQW��$PVWHUGDP��,26�3UHVV��SS����������
0DVXUHO��(���3��1LMNDPS��0��7DVWDQ�DQG�*��9LQGLJQL��������³0RWLYDWLRQV�DQG�3HUIRUPDQFH&RQGLWLRQV� IRU� (WKQLF� (QWUHSUHQHXUVKLS´� 7,� 'LVFXVVLRQ� 3DSHU�� 1R������������$PVWHUGDP�5RWWHUGDP��7LQEHUJHQ�,QVWLWXWH�
0RVWHUW��(���������³&RQIOLFW�5HVROXWLRQ�LQ�5LYHU�%DVLQ�0DQDJHPHQW�´��3DSHU�IRU�7(0386&RXUVH�RQ�5LYHU�%DVLQ�0DQDJHPHQW��%XGDSHVW������-XQH�
1LMNDPS��3���������³0HWD�$QDO\VLV��D�0HWKRGRORJ\�IRU�5HVHDUFK�6\QWKHVLV�´�'HSDUWPHQWRI�6SDWLDO�(FRQRPLFV��9ULMH�8QLYHUVLWHLW�$PVWHUGDP�
1LMNDPS�� 3��� 3�� 5LHWYHOG� DQG� /�� 6SLHUGLMN� ������� ³&ODVVLILFDWLRQ� 7HFKQLTXHV� LQ4XDQWLWDWLYH�&RPSDUDWLYH� 5HVHDUFK�� D�0HWD�&RPSDULVRQ�´� ,Q�� $��5HJJLDQL� �HG���6SDWLDO(FRQRPLF�6FLHQFH��1HZ�)URQWLHUV�LQ�7KHRU\�DQG�0HWKRGRORJ\��%HUOLQ��6SULQJHU�� SS����������
3DZODN��=���������³5RXJK�6HWV�´�'RUGUHFKW��.OXZHU�
3ULVFROL��-�'���������³3XEOLF�,QYROYHPHQW��&RQIOLFW�0DQDJHPHQW��DQG�'LVSXWH�5HVROXWLRQLQ�:DWHU�5HVRXUFHV�DQG�(QYLURQPHQWDO�'HFLVLRQ�0DNLQJ�´��,:5�:RUNLQJ�3DSHU����$'5�:3����86�$UP\�&RUSV�RI�(QJLQHHUV�,QVWLWXWH�IRU�:DWHU�5HVRXUFHV��)RUW�%HOYRLU��9$�
5RGHQEXUJ�� &�� $��� +�� /�� )�� GH� *URRW�� -��0�� 'DOKXLVHQ� DQG� 3�� 1LMNDPS� ������� ³:DWHU0DQDJHPHQW� LQ� $PVWHUGDP�� 6WUDWHJLF� 5HSRUW�´�� $PVWHUGDP�� (FRQRPLF� DQG� 6RFLDO,QVWLWXWH��9ULMH�8QLYHUVLWHLW�
6DYHQLMH��+��+��*���������³1HZ�'HILQLWLRQV�IRU�0RLVWXUH�5HF\FOLQJ�DQG�WKH�5HODWLRQ�ZLWK/DQG�8VH�&KDQJHV�LQ�WKH�6DKHO�´�-RXUQDO�RI�+\GURORJ\������������
6DYHQLMH�� +�� +�� *�� �����D�� ³'RHV� 0RLVWXUH� )HHGEDFN� $IIHFW� 5DLQIDOO� 6LJQLILFDQWO\"´3K\VLFV�DQG�&KHPLVWU\�RI�WKH�(DUWK�����������������
6DYHQLMH��+��+��*�������E��³7KH�5XQRII�&RHIILFLHQW�DV�7KH�.H\�WR�0RLVWXUH�5HF\FOLQJ�´-RXUQDO�RI�+\GURORJ\�������������
6DYHQLMH�� +�� +�� *�� DQG� 3�� 9DQ� GHU� =DDJ� ������� ³&RQFHSWXDO� )UDPHZRUN� IRU� WKH0DQDJHPHQW� RI� 6KDUHG� 5LYHU� %DVLQV�� :LWK� 6SHFLDO� 5HIHUHQFH� WR� WKH� 6$'&� DQG� (8�´:DWHU�3ROLF\���������
6ORZLQVNL�� 5�� ������� ³,QWHOOLJHQW� 'HFLVLRQ� 6XSSRUW�� +DQGERRN� RI� $SSOLFDWLRQV� DQG$GYDQFHV�RI�5RXJK�6HW�7KHRU\�´�'RUGUHFKW��.OXZHU�
9DON��'��DQG�0��:ROVLQN��������³:DWHU�$OV�2UGHQHQGH�)DFWRU�´�5RRLOLMQ��7LMGVFKULIW�9RRU:HWHQVFKDS�HQ�%HOHLG�LQ�'H�5XLPWHOLMNH�2UGHQLQJ������������
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9DQ� GHQ� %HUJK�� -�� &�� -�� 0��� .�� %XWWRQ�� 3�� 1LMNDPS� DQG� *�� &�� 3HSSLQJ� �������0HWD�$QDO\VLV�LQ�(QYLURQPHQWDO�(FRQRPLFV��'RUGUHFKW��.OXZHU�$FDGHPLF�3XEOLVKHUV�
:LOOLDPVRQ�� 2�� (�� ������� ³7KH� (FRQRPLF� ,QVWLWXWLRQV� RI� &DSLWDOLVP�´� 1HZ� <RUN�� )UHH3UHVV�
:RROKRXVH�� &�� ������� ³/HDUQLQJ� IURP� ([SHULHQFH� �� 7KH� (YROXWLRQ� RI� 5LYHU� %DVLQ0DQDJHPHQW�3ODQQLQJ�LQ�(QJODQG�DQG�:DOHV�RYHU�WKH�/DVW����<HDUV�´�3DSHU�SUHVHQWHG�DWWKH�VHPLQDU�,PSOHPHQWLQJ�WKH�(8�:DWHU�)UDPHZRUN�'LUHFWLYH��%UXVVHOV�0D\�������
=DOLQJH�� .�� YDQ� �������'H� ,QWHJUDWLH� YDQ� 5XLPWHOLMNH� 2UGHQLQJ� HQ� :DWHUEHKHHU�� 'HOIW�7HFKQLVFKH�8QLYHUVLWHLW�
�7KLV� VKRZV� D� UHFRJQLWLRQ� RI� WKH� LPSRUWDQFH� RI� GU\ODQG� DJULFXOWXUH� FRPSDUHG� ZLWKLUULJDWLRQ�
�,Q� WKLV� FRQWH[W� ZH�PD\� DOVR� UHIHU� WR� µIXQFWLRQDO� ]RQLQJ¶� RI� ODQG�XVH�� /DQG� XVH� ]RQLQJEHFDPH�D�SRSXODU�WRRO�WR�VHSDUDWH�GLIIHUHQW�IXQFWLRQV��VXFK�DV�WKH�UHVLGHQWLDO�IXQFWLRQ�IURPWKH� LQGXVWULDO� IXQFWLRQ�� ZKHUH� WKH� IXQFWLRQV� DUH� LQFRPSDWDLEOH� �+DXJKWRQ� DQG� +XQWHU�������
�6XFK� DV� LQFUHDVLQJ� WKH� SUREDELOLWLHV� RI� WKH� RFFXUUHQFH� RI� IORRGV�� GHK\GUDWLRQ� RUGHVLFFDWLRQ�
�7KH� ILYH� SURMHFWV� DUH� VXEMHFWV� RI� FDVH� VWXGLHV� WKDW� DUH� SDUW� RI� WKH� $'9,625�SURMHFWVSRQVRUHG�E\� WKH�(8��7KH� SXUSRVH� RI�$'9,625� LV� WR� GHYHORS� DQ� LQWHJUDWHG� HYDOXDWLRQPHWKRGRORJ\�IRU�VXVWDLQDEOH�ULYHU�EDVLQ�JRYHUQDQFH�
� )RU�PRUH�LQIRUPDWLRQ��KWWS���ZZZ�LGVV�FV�SXW�SR]QDQ�SO�URVH�

http://www-idss.cs.put.poznan.pl/rose/
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