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������6HD�/HYHO�5LVH

6HD�OHYHO�ULVH��6/5��LV�D�ZLGHVSUHDG�LPSDFW�RI�JOREDO�ZDUPLQJ�WKUHDWHQLQJ�ZDWHU

UHVRXUFHV�LQ�+DZDLµL��7KH�PHOWLQJ�RI�JODFLHUV�DQG�LFH�VKHHWV�LQ�*UHHQODQG�DQG�$QWDUFWLFD

LV�WKH�SULPDU\�FDXVH�RI�ULVLQJ�VHD�OHYHOV��6FLHQWLILF�UHVHDUFK�DQG�VWXGLHV�VKRZ�WKDW�WKH

PDMRULW\�RI�FRXQWULHV�DOO�DURXQG�WKH�ZRUOG�FDQ�H[SHFW�WR�H[SHULHQFH�6/5��LQFOXGLQJ

+DZDLµL��12$$���������7KH�,3&&�SURMHFWV�WKH�JOREDO�VHD�OHYHO�WR�LQFUHDVH�E\����������

PHWHUV�E\�������JLYHQ�D�
EXVLQHVV�DV�XVXDO�VFHQDULR��&KXUFK�HW�DO����������6LPLODU�WR�WKH

UHVW�RI�WKH�ZRUOG��WKH�VHD�OHYHO�LQ�+DZDLµL�ZLOO�FRQWLQXH�WR�LQFUHDVH�LQ�WKH�IXWXUH��)LJXUH��

VKRZV�WKH�6/5�H[SRVXUH�DUHD�RQ�2µDKX�XQGHU�PLOG���P��DQG�H[WUHPH�VFHQDULRV���P��LQ

������7KHUH�LV�D�FOHDU�SDWWHUQ�WKDW�DUHDV�QHDU�WKH�FRDVWOLQH�ZLOO�H[SHULHQFH�VLJQLILFDQW

LPSDFWV�RI�6/5��)LJXUH���LOOXVWUDWHV�WKH�UDWH�DW�ZKLFK�6/5�LQFUHDVHV�RQ�2µDKX�WKURXJK

WLPH�VHULHV�WUHQG�DQDO\VLV�IURP�YDULRXV�GDWD�VRXUFHV�DW�WKH�02.8��.ƗQH
RKH�DQG�+212

�+RQROXOX��VWDWLRQV��<DQJ�DQG�)UDQFLV���������)URP�WKH�ILJXUH��WKH�FOHDU�WUHQG�LV�WKDW�6/5

LV�LQFUHDVLQJ��:KLOH�HDFK�ILJXUH�LPSOLHV�WKDW�6/5�ZLOO�RFFXU�DW�GLIIHUHQW�UDWHV��LW�LV�D�YDOLG

LQWHUSUHWDWLRQ�WR�FRQFOXGH�WKDW�6/5�ZLOO�FDXVH�DGYHUVH�LPSDFWV�RQ�DOO�,VODQGV�RI�+DZDLµL�

��



)LJXUH���0DS�RI�6/5�H[SRVXUH�DUHD�RQ�2µDKX�XQGHU PLOG�DQG�H[WUHPH�VFHQDULRV�LQ

������7KH�EOXH�FRORU�LQGLFDWHG�UHJLRQV�WKDW�ZLOO�H[SHULHQFH�IORRGLQJ��&RDVWDO�DUHDV

DURXQG�WKH�LVODQG�DUH�OLNHO\�WR�EH�LPSDFWHG�WR�YDULRXV�GHJUHHV��(DUWK�RUJ��������

��



)LJXUH��� 5HSUHVHQWDWLRQ�RI�6/5�WUHQGV�RQ�2µDKX�IURP ����WKH�02.8�VWDWLRQ������WKH

+212�VWDWLRQ��DQG�����WKH�GLIIHUHQFH�EHWZHHQ�WKH�VWDWLRQV��D��VKRZV�VHD�OHYHO�WUHQGV�IURP

WLGH�JDXJH�GDWD��E��IURP�VDWHOOLWH�DOWLPHWU\��F��RFHDQ�PDVV�IURP�*5$&(��DQG�G��WUHQGV

IURP�VDOLQLW\�DQG�WHPSHUDWXUH�GDWD��<DQJ�DQG�)UDQFLV��������

7KH�GLUHFW�HIIHFWV�RI�6/5�RQ�ZDWHU�UHVRXUFHV�LQ�+DZDLµL�DUH�PDLQO\�WKURXJK

VDOWZDWHU�LQWUXVLRQ�FDXVHG�E\�DQ�LQFUHDVH�LQ�WKH�JURXQGZDWHU�WDEOH��6DOWZDWHU�LQWUXVLRQ

��



LQYROYHV�FRQWDPLQDWLRQ�RI�SRWDEOH�JURXQGZDWHU�LQ�DTXLIHUV�WKDW�UHVXOWV�LQ�GHFUHDVHG

IUHVKZDWHU�VWRUDJH��5RW]ROO�DQG�)OHWFKHU���������8OWLPDWHO\��VDOWZDWHU�LQWUXVLRQ�GHFUHDVHV

ZDWHU�TXDOLW\�ZKLOH�UHGXFLQJ�IUHVKZDWHU�DYDLODELOLW\�LQ�WKH�DTXLIHUV��86*6���������2Q�WKH

RWKHU�KDQG��LQFUHDVLQJ�VHD�OHYHOV�LQFUHDVH�WKH�JURXQGZDWHU�WDEOH��7KH�ZDWHU�WDEOH�OHYHO

GHSHQGV�PDMRUO\�RQ�SUHFLSLWDWLRQ��+RZHYHU��6/5�FDQ�FDXVH�D�QDWXUDO�LQFUHDVH�LQ�WKH�ZDWHU

WDEOH�EH\RQG�WKH�QDWXUDO�IOXFWXDWLRQV��$V�D�UHVXOW��DUHDV�EHFRPH�PRUH�HDVLO\�IORRGHG

GXULQJ�KHDY\�SUHFLSLWDWLRQ�HYHQWV�DQG�GDPDJH�ORZ�O\LQJ�DUHDV�DQG�LQIUDVWUXFWXUH�

������)ORRGLQJ

)ORRGLQJ�LV�DQRWKHU�HIIHFW�RI�FOLPDWH�FKDQJH�WKDW�LQYROYHV�ZDWHU�RYHUIORZ�WR

VXEPHUJH�ODQG�DQG�FDXVH�H[FHVVLYH�ZDWHU�SROOXWLRQ��)ORRGLQJ�LV�D�FRPPRQ�SKHQRPHQRQ

RFFXUULQJ�GXULQJ�KHDY\�UDLQIDOO�HYHQWV��+RZHYHU��IORRGLQJ�FDQ�PRUH�HDVLO\�KDSSHQ�XQGHU

KLJK�ZDWHU�WDEOH�FRQGLWLRQV��+DZDLµL�H[SHULHQFHV�IUHTXHQW�IORRGLQJ�HYHQWV��FDXVLQJ

VWUHHWV��KRXVHV��DQG�H[FHVVLYH�LQIUDVWUXFWXUH�WR�VXEPHUJH��)ORRGLQJ�EH\RQG�QDWXUDO�OHYHOV

KDV�VHYHUDO�DGYHUVH�HIIHFWV�RQ�SHRSOH��VXFK�DV�GHVWUXFWLRQ�RI�SURSHUW\��WKH�ULVN�RI

GURZQLQJ��DQG�HFRV\VWHP�GHJUDGDWLRQ��)ORRGLQJ�FDXVHV�H[FHVVLYH�VWRUPZDWHU�WR

FRQWDPLQDWH�ERGLHV�RI�ZDWHU��LPSHGH�UXQRII��DQG�GHVWUR\�FURSV��DPRQJ�RWKHUV��:HOOV�DQG

RWKHU�ZDWHU�VXSSO\�LQIUDVWUXFWXUH�FDQ�EH�GDPDJHG�GXULQJ�IORRGLQJ�HYHQWV�DQG�GHFUHDVH

ZDWHU�TXDOLW\�WKURXJK�FRQWDPLQDWLRQ��2YHUDOO��IORRGLQJ�FDQ�KDYH�VHYHUDO�KHDOWK�LPSDFWV

DQG�FDXVH�LVVXHV�WR�ZDWHU�UHVRXUFHV�

��



������([WUHPH�:HDWKHU�(YHQWV

([WUHPH�ZHDWKHU�HYHQWV�SRVH�VLJQLILFDQW�WKUHDWV�WR�ZDWHU�UHVRXUFHV�LQ�+DZDLµL��([WUHPH

ZHDWKHU�HYHQWV�DUH�WKH�SULPDU\�GULYHU�RI�IORRGLQJ��KDUPLQJ�VRFLDO��HFRQRPLF��DQG

HQYLURQPHQWDO�FRQGLWLRQV��7KH�IRUPDWLRQ�RI�VWRUPV�DQG�KXUULFDQHV�LV�GLUHFWO\�OLQNHG�WR�DLU

WHPSHUDWXUH��,QFUHDVLQJ�WHPSHUDWXUHV�ZDUP�RFHDQ�ZDWHUV�DQG�FRQWULEXWH�WR�D�PRUH

XQVWDEOH�DWPRVSKHUH��FUHDWLQJ�IDYRUDEOH�FRQGLWLRQV�IRU�KXUULFDQH�IRUPDWLRQ��'HIIRUJH�DQG

0HUOLV�IRXQG�WKDW�VHD�VXUIDFH�WHPSHUDWXUHV��667��KDYH�LQFUHDVHG�LQ�DUHDV�RI�WURSLFDO

F\FORQH�JHQHVLV��VXJJHVWLQJ�D�FRQQHFWLRQ�ZLWK�VWUHQJWKHQHG�VWRUPLQHVV��������

)XUWKHUPRUH��FKDQJHV�LQ�WURSLFDO�F\FORQH�LQWHQVLW\�RYHU�WKH�SDVW����\HDUV�KDYH

DFFHOHUDWHG�RQ�D�JOREDO�VFDOH��.RVVLQ�HW�DO����������'XULQJ�(O�1LxR�FRQGLWLRQV��667

LQFUHDVHV�LQ�WKH�HDVWHUQ�3DFLILF�FRQWULEXWH�WR�PRUH�LQWHQVH�DQG�IUHTXHQW�KXUULFDQHV�DQG

VWRUPV��%HOO�DQG�&KHOOLDK��������0XUDNDPL���������0RUH�IUHTXHQW�DQG�H[WUHPH�ZHDWKHU

HYHQWV�GULYH�WKH�RYHUIORZ�RI�ZDWHU�LQ�VWUHDPV�DQG�UXQRII�WKDW�SROOXWHV�ODUJH�ERGLHV�RI

ZDWHU��KDUPLQJ�PDULQH�ZLOGOLIH��(XWURSKLFDWLRQ�DQG�DOJDO�JURZWK�DUH�WZR�GLUHFW�UHVXOWV�RI

H[WUHPH�ZHDWKHU�HYHQWV�FUHDWLQJ�DQR[LF�FRQGLWLRQV�LQ�PDULQH�HQYLURQPHQWV��RYHUDOO

UHGXFLQJ�ZDWHU�TXDOLW\�

������&KDQJLQJ�:HDWKHU�3DWWHUQV

&KDQJLQJ�ZHDWKHU�SDWWHUQV�GXH�WR�FOLPDWH�FKDQJH�OHDGV�WR�GHFUHDVHG�UDLQIDOO�LQ�WKH

+DZDLLDQ�,VODQGV��:HDWKHU�SDWWHUQV�LQ�+DZDLµL�DUH�PDLQO\�FRQWUROOHG�E\�WKH�HTXDWRULDO

WUDGH�ZLQGV�DQG�PRXQWDLQV�WKDW�FUHDWH�D�ZLQGZDUG�DQG�OHHZDUG�VLGH��2Q�2µDKX��WKH

ZLQGZDUG�VLGH�RI�.DLOXD�DQG�.DQHRKH�UHFHLYHV�VLJQLILFDQWO\�PRUH�UDLQIDOO�FRPSDUHG�WR

WKH�OHHZDUG�VLGH�RI�.DSROHL�DQG�:DLDQDH��(162�FLUFXODWLRQ�DOVR�DIIHFWV�ZHDWKHU�SDWWHUQV�

��



ZLWK�PRUH�SUHFLSLWDWLRQ�GXULQJ�FRROLQJ�HYHQWV�LQ�WKH�PLG�HDVWHUQ�HTXDWRULDO��/D�1LxD�

WKDQ�ZDUPLQJ�HYHQWV��(O�1LxR���2Q�DYHUDJH��IXWXUH�UDLQIDOO�FKDQJHV�LQ�WKH�+DZDLLDQ

,VODQGV�VKRZ�D�QHJDWLYH�SUHFLSLWDWLRQ�WUHQG��3RZHU�HW�DO����������7KH�FRQWUDVW�EHWZHHQ�WKH

ZHW�DQG�GU\�UHJLRQV�LQ�WKH�+DZDLLDQ�,VODQGV�ZLOO�LQFUHDVH��7LPP�HW�DO����������)LJXUH��

LOOXVWUDWHV�WKH�FKDQJHV�LQ�UDLQIDOO�LQ�WKH�+DZDLLDQ�,VODQGV��FRPSDULQJ�PRGHOV�IURP

UHSUHVHQWDWLYH�FRQFHQWUDWLRQ�SDWKZD\V��5&3������DQG�5&3�����VFHQDULRV�GXULQJ�ZHW�DQG

GU\�VHDVRQV��7KH�VLPXODWLRQV�UHYHDO�WKDW�WKH�ZHW�VHDVRQV�ZLOO�KDYH�ORZHU�SUHFLSLWDWLRQ��2Q

WKH�RWKHU�KDQG��WKH�PRGHOV�VXJJHVW�D�PRUH�VLJQLILFDQW�GU\LQJ�WUHQG�GXULQJ�GU\�VHDVRQV�RQ

WKH�OHHZDUG�VLGHV�RI�WKH�LVODQGV�

��



)LJXUH���0RGHO�VLPXODWLRQV�5&3�����DQG�����VFHQDULRV�SUHGLFWLQJ�IXWXUH�UDLQIDOO�SDWWHUQV

LQ�WKH�+DZDLLDQ�,VODQGV�IURP������WR�������7KH�ILJXUH�FRPSDUHV�WKH�ZHW�DQG�GU\�VHDVRQ

WUHQGV�WR�FRQYH\�SUHFLSLWDWLRQ�DQRPDOLHV�LQ�HDFK�VFHQDULR��,Q�ERWK�SURMHFWLRQV��WKH�5&3

����VKRZV�PRUH�VLJQLILFDQW�DQRPDOLHV�LQ�WKH�ZHW�DQG�GU\�VHDVRQV�WKDQ�5&3������7KH

PRGHO�DOVR�VXJJHVWV�WKDW�WKH�OHHZDUG�VLGHV�RI�HDFK�LVODQG�ZLOO�EHFRPH�GULHU�ZKLOH

SUHFLSLWDWLRQ�VOLJKWO\�LQFUHDVHV�RQ�WKH�ZLQGZDUG�VLGH��7LPP�HW�DO���������

'HFUHDVHG�UDLQIDOO�LQ�+DZDLµL�LV�VWURQJO\�FRUUHODWHG�WR�D�UHGXFWLRQ�LQ�VWUHDP

GLVFKDUJH�DQG�IORZ��/HWD�HW�DO����������&KDQJLQJ�ZHDWKHU�SDWWHUQV�FDXVHV�WKH�+DZDLLDQ

,VODQGV�WR�EHFRPH�GULHU��'ULHU�FRQGLWLRQV�ZLOO�LQFUHDVH�ZDWHU�GHPDQG�ZKLOH�OLPLWLQJ�ZDWHU

VXSSO\�WKURXJK�UHGXFHG�VWUHDPIORZ�DQG�GLVFKDUJH��$TXLIHU�UHFKDUJH�UDWHV�GHFOLQH�XQGHU

GURXJKW�FRQGLWLRQV��LQFUHDVLQJ�WKH�OLNHOLKRRG�RI�ZDWHU�VKRUWDJHV��/HWD�HW�DO���������

'XULQJ�ZHW�VHDVRQV��SUHFLSLWDWLRQ�OHYHOV�ZLOO�LQFUHDVH�UHFKDUJH�UDWHV��+RZHYHU��WKH�RYHUDOO

WUHQG�HPSKDVL]HV�WKDW�ZDWHU�VFDUFLW\�ZLOO�EHFRPH�D�UHDOLW\�LQ�WKH�IXWXUH�

����:DWHU�&RQVXPSWLRQ�RQ�2µDKX

$�VLJQLILFDQW�GULYHU�RI�WKH�HYROYLQJ�ZDWHU�FULVLV�RQ�2µDKX�LV�URRWHG�LQ�WKH

RYHUFRQVXPSWLRQ�RI�ZDWHU��:DWHU�VFDUFLW\�GHVFULEHV�WKH�OHYHO�DW�ZKLFK�ZDWHU�VXSSO\

FDQQRW�PHHW�WKH�GHPDQG��ZKLFK�LV�D�FRPPRQ�SXEOLF�KHDOWK�FULVLV�LQ�PDQ\�SODFHV

ZRUOGZLGH��:DWHU�VKRUWDJHV�VWHP�IURP�ERWK�D�GLVHTXLOLEULXP�EHWZHHQ�ZDWHU�VXSSO\�DQG

GHPDQG��7KH�+DZDLµL�HFRQRP\�UHOLHV�RQ�WRXULVP��FRQVWLWXWLQJ�����RI�WKH�VWDWH
V

HFRQRP\��.LSURS���������'HVSLWH�HIIRUWV�WR�GLYHUVLI\�WKH�HFRQRP\��WRXULVP�ZLOO�FRQWLQXH

WR�EH�WKH�SULPDU\�VRXUFH�RI�LQFRPH�LQ�WKH�IXWXUH��6LPXOWDQHRXVO\��WKH�WRXULVP�LQGXVWU\�LV

��



DPRQJ�WKH�PRVW�VLJQLILFDQW�ZDWHU�XVHUV��7KH�ODUJHVW�ZDWHU�FRQVXPHUV�LQ�+RQROXOX�LQ�����

DUH�OLVWHG�LQ�ILJXUH���

)LJXUH��� 7KH�ILJXUH�VKRZV�WKH�PRVW�SURPLQHQW�ZDWHU FRQVXPHUV�LQ�+RQROXOX�LQ������

+LOWRQ�SURSHUWLHV�XVH�WKH�PRVW�ZDWHU��FORVHO\�IROORZHG�E\�WKH�8QLYHUVLW\�RI�+DZDLL�DW

0DQRD��2YHUDOO��WKH�WRXULVP�LQGXVWU\�XVHV�WKH�PRVW�ZDWHU�RQ�2µDKX��-HGUD��������

+LOWRQ�SURSHUWLHV�ZHUH�WKH�ODUJHVW�FRQVXPHU�RI�ZDWHU�LQ�������XVLQJ�RYHU����

PLOOLRQ�JDOORQV�RI�:DWHU��-HGUD���������,QWHUHVWLQJO\��WKH�8QLYHUVLW\�RI�+DZDLL�DW�0DQRD

IROORZHG�FORVHO\��FRQVXPLQJ�DERXW�����PLOOLRQ�JDOORQV�RI�ZDWHU�WKURXJKRXW�WKH�VDPH�\HDU

�-HGUD���������7KH�H[WHQVLYH�ZDWHU�XVDJH�DPRQJ�LQGXVWU\�DQG�LQVWLWXWLRQV�VKRZ�WKDW�ZDWHU

VKRUWDJHV�DUH�HPHUJLQJ��,Q�0DUFK�������WKH�%RDUG�RI�:DWHU�6XSSO\��%:6��DVNHG�ZDWHU

FXVWRPHUV�WR�UHGXFH�WKHLU�FRQVXPSWLRQ�E\�����GXH�WR�WKH�IHDU�RI�ZDWHU�VKRUWDJHV�GULYHQ

E\�ORZ�SUHFLSLWDWLRQ�DQG�WKH�VKXWGRZQ�RI�WKH�+DODZD�VKDIW�IURP�ZDWHU�FRQWDPLQDWLRQ

�-HGUD���������7KH�FXUUHQW�WUHQG�RI�ZDWHU�XVDJH�VWUHVVHV�+DZDLL
V�ZDWHU�UHVRXUFHV��PDMRUO\

E\�WRXULVP��DQG�XUJHV�ILQGLQJ�HIILFLHQW�ZD\V�WR�SURPRWH�WKH�XVH�RI�UHF\FOHG�ZDWHU��%\

��



SURYLGLQJ�LQVLJKWV�LQWR�KRZ�ZDWHU�LV�FRQVXPHG�RQ�2µDKX��VWDWLVWLFV�RQ�ZDWHU�VXSSO\�DQG

GHPDQG�UHYHDO�WKH�ZHDNQHVVHV�LQ�WKH�ZDWHU�V\VWHP�

����2µDKX
V�&XUUHQW�:DWHU�,QIUDVWUXFWXUH

,Q�������WKH�6WDWH�RI�+DZDLµL�SDVVHG�OHJLVODWLRQ�WRZDUGV�SURWHFWLQJ�DQG�SUHVHUYLQJ

ZDWHU�UHVRXUFHV�DFURVV�WKH�LVODQG�FKDLQ��7KH�6WDWH�:DWHU�&RGH�VWDWHV���WKH�ZDWHUV�RI�WKH

6WDWH�DUH�KHOG�IRU�WKH�EHQHILW�RI�WKH�FLWL]HQV�RI�WKH�6WDWH�ZKR�KDYH�D�ULJKW�WR�KDYH

SURWHFWHG�ZDWHUV�IRU�WKHLU�XVH���+56�&KDSWHU����&���7KURXJK�WKH�6WDWH�:DWHU�&RGH��WKH

6WDWH�RI�+DZDLµL�UHFRJQL]HV�WKH�QHHG�IRU�LPSOHPHQWLQJ�D�VWDWHZLGH�SURJUDP�DGGUHVVLQJ

WKH�LVVXHV�DQG�FKDOOHQJHV�IDFLQJ�ZDWHU�UHVRXUFHV�

&RQYHQWLRQDO�ZDWHU�PDQDJHPHQW�LQ�WKH�+DZDLLDQ�,VODQGV�LV��E\�GHVLJQ��GLVMRLQWHG

DQG�FRPSOH[��:DWHU�LV�PDQDJHG�WKURXJK�DQ�H[WHQVLYH�QHWZRUN�RI�DJHQFLHV�WKDW�IROORZ

ORFDO��VWDWH��DQG�IHGHUDO�UHJXODWLRQV��DV�LOOXVWUDWHG�LQ�ILJXUH����7KHUH�DUH�PDQ\�HQWLWLHV

DIILOLDWHG�ZLWK�ZDWHU�PDQDJHPHQW�DW�D�&LW\�DQG�&RXQW\�OHYHO��%RDUGV�DQG�GHSDUWPHQWV

SOD\�D�SLYRWDO�UROH�LQ�FRQWUROOLQJ�ZDWHU�IOX[HV�LQ�WKH�V\VWHP�WR�FRPSO\�ZLWK�SXEOLF�KHDOWK

VWDQGDUGV�DQG�GHOLYHU�TXDOLW\�VHUYLFH�WR�WKH�FRPPXQLW\��)RU�LQVWDQFH��WKH�+RQROXOX�%:6

PDQDJHV�PXQLFLSDO�ZDWHU�UHVRXUFHV�DQG�IXQFWLRQV�DV�D�GLVWULEXWLRQDO�SRZHU�SURYLGLQJ

UHVLGHQWV�ZLWK�GULQNLQJ�ZDWHU��$QRWKHU�NH\�DJHQF\�LV�WKH�&RPPLVVLRQ�RQ�:DWHU�5HVRXUFH

0DQDJHPHQW��&:50���ZKLFK�DGPLQLVWHUV�WKH�6WDWHU�:DWHU�&RGH�WKURXJK�SODQQLQJ�

UHJXODWLQJ��DQG�PRQLWRULQJ�ZDWHU�UHVRXUFHV�LQ�+DZDLµL���'/15��Q�G���2YHUDOO��WKH

LQIUDVWUXFWXUH�LV�VWUXFWXUDOO\�LQWHUWZLQHG�ZLWK�RYHUDUFKLQJ�UHVSRQVLELOLWLHV�DPRQJ�NH\

DJHQFLHV��ERDUGV��DQG�GHSDUWPHQWV�WR�PDQDJH�+DZDLµL
V�ZDWHUV�XOWLPDWHO\�

��



)LJXUH��� 1HWZRUN�'LDJUDP�RI�+RQROXOX
V�ZDWHU�PDQDJHPHQW V\VWHP��7KH�ILJXUH�VKRZV

WKH�UHVSRQVLELOLWLHV��IXQFWLRQV��DQG�UROHV�HDFK�DJHQF\�FRQWUROV��2QH�:RUOG�2QH�:DWHU�

������

����7KH�2QH�:DWHU�$SSURDFK

7KH�2QH�:DWHU�DSSURDFK�LV�D�SURSRVHG�SODQQLQJ�IUDPHZRUN�ZLWKLQ�WKH�ILHOG�RI

ZDWHU�PDQDJHPHQW�GHVLJQHG�WR�PHHW�WKH�IXWXUH�FKDOOHQJHV�SRVLQJ�ZDWHU�UHVRXUFHV��2:

WDNHV�D�KROLVWLF�DSSURDFK�WR�ZDWHU�UHVRXUFHV�PDQDJHPHQW��LQWHJUDWLQJ�DOO�W\SHV�RI�ZDWHU�

LQFOXGLQJ�VWRUPZDWHU��JURXQGZDWHU��JUH\ZDWHU��IUHVKZDWHU��VHDZDWHU��DQG�UHF\FOHG�ZDWHU

�86�:DWHU�$OOLDQFH��Q�G����,Q�GHYHORSLQJ�2QH�:DWHU��SODQQHUV�UHGHILQHG�ZDWHU

VXVWDLQDELOLW\�E\�DWWHPSWLQJ�WR�LQWHJUDWH�WKH�PDQDJHPHQW�RI�WKH�RYHUDOO�ZDWHU�VHFWRU

ZLWKLQ�RQH�SODQQLQJ�IUDPHZRUN��3ROLF\PDNHUV�DQG�SODQQHUV�UHFRJQL]H�WKH

��



VRFLR�HFRQRPLF�DQG�HQYLURQPHQWDO�QHHG�IRU�LPSURYHG�ZDWHU�SODQQLQJ�WKDW�DGGUHVVHV

FOLPDWLF�DQG�QRQ�FOLPDWLF�GULYHUV�RI�ZDWHU�UHVRXUFHV�ZKLOH�HIILFLHQWO\�PDQDJLQJ�WKH

SXEOLF
V�ZDWHU�VXVWDLQDELOLW\�JRDOV��(JDQ���������7KH�PDQDJHPHQW�SODQ�VHHNV�WR�PDQDJH

ILQLWH�ZDWHU�UHVRXUFHV�ZKLOH�FRQVLGHULQJ�ORQJ�WHUP�UHVLOLHQFH��UHOLDELOLW\��DQG�WKH�QHHGV�RI

ERWK�WKH�FRPPXQLW\�DQG�WKH�HQYLURQPHQW��86�:DWHU�$OOLDQFH��Q�G����7KH�DSSURDFK�LV

PHDQW�WR�VHUYH�DV�D�PRUH�LQFOXVLYH�DQG�FROODERUDWLYH�DSSURDFK�WR�ZDWHU�UHVRXUFHV

PDQDJHPHQW�E\�EXUVWLQJ�WKURXJK�LQVWLWXWLRQDO�WXQQHO�YLVLRQ�PDQDJHPHQW��NQRZQ�DV�VLORV�

7KH�JRDO�RI�2QH�:DWHU�LV�WR�HQFRXUDJH�FROODERUDWLRQ�DFURVV�VHFWRUV�DQG�DJHQFLHV�WR

DFKLHYH�PXOWLSOH�EHQHILWV�IURP�SODQQLQJ��SURJUDPV��DQG�SURMHFWV�WKDW�HPSKDVL]H�WKDW�DOO

ZDWHU�KDV�YDOXH�

����2QH�:DWHU�2µDKX

,Q�������IRUPHU�0D\RU�RI�+RQROXOX��.LUN�&DOGZHOO��SURFODLPHG�WR�SRVLWLRQ

+RQROXOX�WR�EXLOG�FOLPDWH�UHVLOLHQF\�WKURXJK�HVWDEOLVKLQJ�D�2QH�:DWHU�RUGLQDQFH��2QH

:RUOG�2QH�:DWHU�SUHSDUHG�D�ZKLWH�SDSHU�VWDWLQJ�WKH�QHHG�IRU�LPSOHPHQWLQJ�2QH�:DWHU�LQ

WKH�IDFH�RI�FOLPDWH�FKDQJH�IRU�WKH�&LW\�DQG�&RXQW\�RI�+RQROXOX�FOLPDWH�FKDQJH�LQ�-XQH

������$V�GLVFXVVHG��FOLPDWH�FKDQJH�SUHVHQWV�VLJQLILFDQW�WKUHDWV�WR�ZDWHU�UHVRXUFHV�E\

6/5��H[WUHPH�ZHDWKHU��IORRGLQJ��DQG�FKDQJLQJ�ZHDWKHU�SDWWHUQV�OHDGLQJ�WR�GHFUHDVHG

SUHFLSLWDWLRQ��HWF��7R�FRPEDW�WKH�FKDOOHQJHV�WR�ZDWHU�TXDQWLW\�DQG�TXDOLW\�GHULYLQJ�IURP

FOLPDWH�FKDQJH��OLPLWHG�EXGJHWV��DQG�DJLQJ�LQIUDVWUXFWXUH��D�2QH�:DWHU�IUDPHZRUN�PD\

KHOS�UHDFK�ZDWHU�VHFXULW\��7KH�2:�IUDPHZRUN�ZLOO�EH�VWUXFWXUDOO\�LQWHJUDWHG�LQWR

+RQROXOX
V�FXUUHQW�ZDWHU�PDQDJHPHQW�V\VWHP��DV�LOOXVWUDWHG�LQ�ILJXUH����:KLOH�LWV

LQWHJUDWLRQ�SRLQW�LV�XQFHUWDLQ��LW�LV�FOHDU�WKDW�2QH�:DWHU�UHTXLUHV�V\VWHPLF�FKDQJH�IRU

��



DGRSWLRQ�SXUSRVHV��3XVKLQJ�IRU�D�2QH�:DWHU�IUDPHZRUN�HQWDLOV�FROODERUDWLRQ�DW�WKH

SODQQLQJ��SURJUDP��DQG�SURMHFW�GHYHORSPHQW�OHYHOV��8OWLPDWHO\��UHDOL]LQJ�WKH�EHQHILWV�RI

WKH�2QH�:DWHU�DSSURDFK�GHPDQGV�VWUXFWXUDO�FKDQJH�DW�WKH�EXUHDXFUDWLF�OHYHOV�IRU

LPSOHPHQWDWLRQ�

)LJXUH��� 7KH�SURSRVHG�DGRSWLRQ�RI�2QH�:DWHU�WR�+RQROXOX
V ZDWHU�PDQDJHPHQW

LQIUDVWUXFWXUH��$�2QH�:DWHU�3DQHO�ZLOO�EH�LQWHJUDWHG�LQWR�WKH�V\VWHP��IXQFWLRQLQJ�DV�DQ

DUHQD�IRU�RYHUODSSLQJ�UHVSRQVLELOLWLHV�WKURXJK�FROODERUDWLYH�SODQQLQJ��EXGJHWLQJ��DQG

EXLOGLQJ�RSHUDWLRQ�DQG�PDLQWHQDQFH��2QH�:RUOG�2QH�:DWHU��������

2µDKX
V�2QH�:DWHU�FROODERUDWLRQ�IUDPHZRUN�LV�GHVLJQHG�WR�H[SORUH�HIILFLHQFLHV�LQ

WKH�ZDWHU�PDQDJHPHQW�V\VWHP�DFURVV�VHFWRUV�DQG�GLVFLSOLQHV��7KHUH�DUH�PDQ\�RYHUDUFKLQJ

UHVSRQVLELOLWLHV�LQ�WKH�EXUHDXFUDWLF�VWUXFWXUHV�WR�PDQDJH�ZDWHU��DQG�2:�2µDKX�VHHNV�WR

��



VLPSOLI\�WKH�FXUUHQWO\�FRPSOH[�ZDWHU�PDQDJHPHQW�LQIUDVWUXFWXUH�DQG�GHYHORS�FOLPDWH

UHVLOLHQF\��7KH�JRDOV�DQG�REMHFWLYHV�RI�2:�2µDKX�DUH�GHVFULEHG�LQ�WDEOH����$OO�JRDOV�DQG

REMHFWLYHV�HPSKDVL]H�D�QHHG�IRU�LQFUHDVHG�LQYHVWPHQWV�LQ�WKH�ZDWHU�VHFWRU��VLPLODU�WR

LQWHJUDWHG�ZDWHU�UHVRXUFHV�PDQDJHPHQW��,:50���(VSHFLDOO\�SURMHFWV�LQYROYLQJ�XVLQJ

UHF\FOHG�ZDWHU��VWRUPZDWHU��DQG�ZDVWHZDWHU�IRU�PXOWLSOH�SXUSRVHV��VXFK�DV�WKH�)UHVKZDWHU

,QLWLDWLYH�ODXQFKHG�LQ�������)RU�FXUUHQW�SURJUHVV��D�2QH�:DWHU�3DQHO�KDV�EHHQ�HVWDEOLVKHG

WR�PRYH�IRUZDUG�ZLWK�LPSOHPHQWDWLRQ�HIIRUWV�DQG�EXLOG�FROOHFWLYH�FDSDFLW\�WRZDUG�FOLPDWH

FKDQJH�DGDSWDWLRQ��2QH�:RUOG��2QH�:DWHU��������

7DEOH��� 7KH�WDEOH�VKRZV�2µDKX
V�JRDOV�DQG�REMHFWLYHV IRU�D�2QH�:DWHU�IUDPHZRUN��7KH

JRDOV�DLP�WR�LGHQWLI\�KRZ�ZDWHU�FDQ�EH�PDQDJHG�PRUH�HIIHFWLYHO\�WKURXJK�UHF\FOLQJ

:DWHU��GHYHORSLQJ�FOLPDWH�UHVLOLHQF\��DQG�WKH�UHVSRQVLELOLWLHV�IRU�VWDNHKROGHUV��7KH

REMHFWLYHV�LOOXVWUDWH�WKH�SURSRVHG�DFWLRQV�WRZDUG�LQWHJUDWLQJ�2QH�:DWHU��2QH�:RUOG��2QH

:DWHU��������

$V�WKH�2QH�:DWHU�DSSURDFK�DLPV�WR�EH�DGRSWHG�LQ�VHYHUDO�VWDWHV�QDWLRQZLGH�

LQFOXGLQJ�2µDKX��EDUULHUV�FDQ�EH�OLQNHG�WR�LWV�LPSOHPHQWDWLRQ��3UHYLRXV�UHVHDUFK�VXJJHVWV

FOHDU�LQVWLWXWLRQDO�EDUULHUV�WR�VKLIWLQJ�WRZDUGV�D�2QH�:DWHU�DSSURDFK��0XNKHLELU�HW�DO��

��



�������6HYHUDO�FKDOOHQJHV�SRVH�WKH�LPSOHPHQWDWLRQ�RI�2QH�:DWHU�RQ�D�QDWLRQDO�VFDOH��)RU

LQVWDQFH��D�ODFN�RI�V\VWHPV�WKLQNLQJ��SROLWLFDO�ZLOO�	�OHDGHUVKLS��DQG�VLORHG�V\VWHPV�DUH

FKDOOHQJHV�WR�2QH�:DWHU��0XNKHLELU�HW�DO����������6LPLODUO\��HIIRUWV�WR�DGRSW�,:50�KDYH

SUHFHGLQJ�EDUULHUV�WKDW�DUH�FORVHO\�UHODWHG�WR�2QH�:DWHU��VXFK�DV�D�ODFN�RI�FOHDU�GLUHFWLRQ�

IXQGLQJ��DQG�FRPSOH[LW\��<XVRI�DQG�+DDG��������

)XUWKHUPRUH��IUDJPHQWDWLRQ�LQ�XUEDQ�ZDWHU�V\VWHPV�WKURXJK�LVRODWLRQ�FDQ�FUHDWH

GLVFRQQHFWLRQV�WKDW�HQKDQFH�WKH�QDWXUH�RI�VLORHG�V\VWHPV��0XNKHLELU�HW�DO����������2WKHU

VWXGLHV�IRXQG�D�VWULFW�LQYHVWPHQW�JDS�LQ�ZDWHU�LQIUDVWUXFWXUH�DW�����ELOOLRQ�LQ�DQQXDO

LQYHVWPHQWV�FRPSDUHG�WR�LWV�QHHGV��,06���������:KLOH�WKH�EHQHILWV�RI�LQYHVWLQJ�LQ�ZDWHU

LQIUDVWUXFWXUH�DUH�HQRUPRXV��WKH�DFWXDO�LQYHVWPHQWV�IURP�GHFLVLRQ�PDNHUV�WR�UHDOL]H

SURMHFWV�UHIOHFW�DQ�XQGHUPLQLQJ�PLQGVHW�WRZDUGV�ZDWHU�UHVRXUFHV��2YHUDOO��D�2QH�:DWHU

DSSURDFK�IDFHV�FKDOOHQJHV�UHODWHG�WR�FRVWV�DQG�LQVWLWXWLRQDO�EDUULHUV�ZLWKLQ�WKH�ZDWHU

VHFWRU�WR�EH�LPSOHPHQWHG��%UHDNLQJ�GRZQ�WKH�EDUULHUV�ZLOO�EH�QHFHVVDU\�IRU�2QH�:DWHU�WR

EH�LQWHJUDWHG�RQ�2µDKX�WR�XOWLPDWHO\�VXVWDLQ�2µDKX¶V�ZDWHU�UHVRXUFHV�

7KH�UHVHDUFK�LQYROYHG�DFWLYHO\�LQWHUYHQLQJ�LQ�WKH�SODQQLQJ�SURFHVV�RI�WKH�2:

LPSOHPHQWDWLRQ�RQ�2µDKX��7KH�WKHVLV�SURMHFW�DLPV�WR�H[SORUH�WKH�YDOXH�RI�DQ�2:

DSSURDFK�RQ�WKH�LVODQG�WR�ZDWHU�UHVRXUFHV�PDQDJHPHQW�DQG�LGHQWLI\�EDUULHUV�WKDW�OLPLW�WKH

SODQQLQJ�LPSOHPHQWDWLRQ��7KH�PHWKRGV�LQYROYHG�HQJDJLQJ�ZLWK�VWDNHKROGHUV�WR�OHDUQ�KRZ

SURIHVVLRQDOV�ZLWKLQ�ZDWHU�PDQDJHPHQW�UHFRJQL]H�DQG�XQGHUVWDQG�2QH�:DWHU�

5HVHDUFKLQJ�2QH�:DWHU�LQ�+RQROXOX�FDQ�SURYLGH�YDOXH�WR�GHYHORS�IXUWKHU�SODQQLQJ�HIIRUWV

WR�RYHUFRPH�WKHP�DQG�VXFFHVVIXOO\�VKLIW�WR�D�2QH�:DWHU�DSSURDFK�ORFDOO\�DQG�VWDWHZLGH�

8OWLPDWHO\��WKH�UHVHDUFK�FRQWULEXWHV�WR�IDFLOLWDWLQJ�SODQQLQJ�DV�DQ�HIIHFWLYH�WRRO�WR�FRPEDW

��



WKH�IXWXUH�FKDOOHQJHV�WR�ZDWHU�UHVRXUFHV�GULYHQ�E\�HQYLURQPHQWDO��VRFLDO��DQG�HFRQRPLF

VWUHVVRUV�

����6WDNHKROGHU�%ULHI

,Q�DGRSWLQJ�QHZO\�GHYHORSHG�ZDWHU�PDQDJHPHQW�SODQV��VWDNHKROGHUV�SOD\�D�FUXFLDO

UROH�LQ�HQVXULQJ�D�VXFFHVVIXO�LPSOHPHQWDWLRQ��)RFKW�DQG�7UDFKWHQEHUJ��������%URRNV�

������/DQH���������6WDNHKROGHUV�UHSUHVHQW�FRPPXQLW\�DQG�EXVLQHVV�OHDGHUV�

SROLF\PDNHUV��DJHQFLHV��LQVWLWXWLRQV�LQ�WKH�SXEOLF�DQG�SULYDWH�VHFWRUV��DQG�1*2V�

6WDNHKROGHUV�JUHDWO\�LQIOXHQFH�WKH�IRXQGDWLRQ�RI�SODQQLQJ�IUDPHZRUNV�E\�KRZ�WKH\�DUH

GHVLJQHG��DGRSWHG��DQG�PRQLWRUHG��)RFKW�DQG�7UDFKWHQEHUJ���������,Q�WKH�SODQQLQJ

SURFHVV��VWDNHKROGHUV�SURYLGH�LQSXW�WR�SODQQLQJ�HIIRUWV�WKDW�FDQ�EH�SRRUO\�XQGHUVWRRG�DQG

DFFRXQWHG�IRU�LQ�GHFLVLRQ�PDNLQJ��+DQGPDNHU�HW�DO���������

([SORULQJ�YDOXH�LQIRUPDWLRQ�DPRQJ�VWDNHKROGHUV�DFURVV�GLIIHUHQW�VHFWRUV�FDQ

SURYLGH�HVVHQWLDO�LQVLJKWV�DQG�NQRZOHGJH�WR�GHYHORS�HIIHFWLYH�SODQQLQJ�IUDPHZRUNV

�7D\ORU�HW�DO����������%\�H[DPLQLQJ�WKH�DFFHSWDQFH�RI�SODQQLQJ�HIIRUWV�DPRQJ

VWDNHKROGHUV��GDWD�FDQ�EH�XWLOL]HG�O�LQ�GHFLVLRQ�PDNLQJ�SURFHVVHV�WRZDUG�IXOO�VFDOH

LPSOHPHQWDWLRQ��+DQGPDNHU�HW�DO����������8OWLPDWHO\��UHFRJQL]LQJ�VWDNHKROGHU�YDOXH

LQIRUPDWLRQ�LQ�SODQQLQJ�HIIRUWV�DOORZV�GHFLVLRQ�PDNHUV�DQG�SODQQLQJ�SUDFWLWLRQHUV�WR

GHVLJQ�IUDPHZRUNV�WKDW�UHIOHFW�VRFLR�HFRQRPLF�DQG�HQYLURQPHQWDO�FRQFHUQV�PRUH

FROODERUDWLYHO\�

��



����0(7+2'6

����6WXG\�6LWH�DQG�6FRSH

7KH�WKHVLV�ZRUN�IROORZHG�D�TXDOLWDWLYH�UHVHDUFK�GHVLJQ�7KH�VHOHFWHG�UHVHDUFK

VWXG\�VLWH�ZDV�2µDKX�DQG�WKH�&LW\�DQG�&RXQW\�RI�+RQROXOX��,Q�������WKH�&LW\�DQG�&RXQW\

RI�+RQROXOX�H[SUHVVHG�WKHLU�LQWHQW�WR�LQWHJUDWH�D�2:�DSSURDFK�LQWR�WKHLU�ZDWHU

PDQDJHPHQW�V\VWHP��7KHUHIRUH��GDWD�FROOHFWLRQ�LQYROYHG�LQWHUYLHZLQJ�NH\�VWDNHKROGHUV

ZKR�KDG�SURIHVVLRQDO�H[SHULHQFH�ZRUNLQJ�ZLWK�ZDWHU�UHVRXUFHV�PDQDJHPHQW�RQ�WKH

LVODQG��7KH�VHOHFWHG�VWXG\�JURXS�ZDV�OLPLWHG�WR�SURIHVVLRQDO�ZDWHU�PDQDJHUV�IURP�WKH

SXEOLF��SULYDWH��DQG�1*2�VHFWRUV��LQFOXGLQJ�SODQQLQJ�SUDFWLWLRQHUV��HQJLQHHUV��SURMHFW

GLUHFWRUV��HWF�7KH�UDWLRQDOH�IRU�WKH�VHOHFWHG�VWXG\�SRSXODWLRQ�ZDV�WR�FROOHFW�LQIRUPDWLRQ

DQG�LQVLJKWV�RQ�WKH�2:�IURP�PXOWLSOH�SHUVSHFWLYHV�FRQWULEXWLQJ�WR�WKH�SURMHFW
V�VFRSH�

'HVSLWH�2:�EHFRPLQJ�D�QDWLRQZLGH�DSSURDFK�WR�ZDWHU�UHVRXUFHV�PDQDJHPHQW�

PDLQWDLQLQJ�DQG�GHYHORSLQJ�D�ORFDO�SHUVSHFWLYH�RQ�LPSOHPHQWLQJ�WKH�SODQ�ZLWKLQ�WKH�VWDWH

ERXQGDULHV�ZDV�DQ�LQWHJUDO�SDUW�RI�WKH�GDWD�FROOHFWLRQ�SURFHVV�

�����'DWD�&ROOHFWLRQ���4XDOLWDWLYH�,QWHUYLHZV�ZLWK�.H\�6WDNHKROGHUV

4XDOLWDWLYH�LQWHUYLHZV�ZHUH�WKH�SULPDU\�VRXUFH�RI�GDWD�FRQWULEXWLQJ�WR�WKH

UHVHDUFK��:H�FROOHFWHG�GDWD�WKURXJK�TXDOLWDWLYH�LQWHUYLHZV�ZLWK�NH\�VWDNHKROGHUV�IURP�WKH

VWXG\�VLWH
V�SXEOLF��SULYDWH��DQG�1*2�VHFWRUV��7KH�VWDNHKROGHUV�UHSUHVHQW�WKHLU�UHVSHFWLYH

DJHQFLHV�DQG�HQWLWLHV�IURP�WKH�ORFDO��FRXQW\��DQG�VWDWH�OHYHOV��,QWHUYLHZV�ZHUH�KHOG�XSRQ

FRPSOHWLQJ�WKH�,5%�SURWRFRO�IURP�-DQXDU\�WLOO�0DUFK�RI�������:H�DSSURDFKHG

LQWHUYLHZHHV�WKURXJK�IRUPDO�LQYLWDWLRQV�RYHU�HPDLO���2QFH�WKH�LQWHUYLHZHHV�DJUHHG�WR

SDUWLFLSDWH��ZH�REWDLQHG�FRQVHQW��DQG�YLGHR�FRQIHUHQFHV�WKURXJK�=RRP�ZHUH�VFKHGXOHG

��



IRU�DQ�LQWHUYLHZ�RI�������PLQXWHV��2YHUDOO�D�WRWDO�RI����LQWHUYLHZV�ZHUH�FRQGXFWHG�WR

PDLQWDLQ�D�TXDOLWDWLYH�UHVHDUFK�VW\OH��7KH�VWXG\�JURXS�ZDV�QRW�GHOLEHUDWHO\�OLPLWHG�WR���

SUDFWLWLRQHUV��KRZHYHU��LW�UHSUHVHQWHG�PDQ\�2µDKX
V�FXUUHQW�ZDWHU�PDQDJHPHQW

SUDFWLWLRQHUV���$�FRPSOHWH�VWDNHKROGHU�LQWHUYLHZ�OLVW�LV�GLVFORVHG�LQ�$SSHQGL[�$��7KH�OLVW

JLYHV�DQ�RYHUYLHZ�RI�WKH�ORFDO��FRXQW\��DQG�VWDWH�DJHQFLHV�ZH�LQWHUYLHZHG�IRU�WKH

UHVHDUFK�

$�VWDQGDUGL]HG�VHW�RI�TXHVWLRQV�ZDV�LQWHQGHG�WR�JXLGH�D�VHPL�VWUXFWXUHG�LQWHUYLHZ

ZLWK�WKH�DOORZDQFH�RI�IROORZ�XS�TXHVWLRQV��$OO�TXHVWLRQV�ZHUH�UHODWHG�WR�WKH�LQWHUYLHZHHV


SURIHVVLRQDO�SUDFWLFH��7KH�TXHVWLRQQDLUH�FRQVLVWHG�RI�IRXU�VHFWLRQV��LQFOXGLQJ�����DQ

LQWURGXFWLRQ������RSHQ�HQGHG�EDFNJURXQG�TXHVWLRQV������D�VHW�RI�TXHVWLRQV�GLUHFWO\�UHODWHG

WR�2QH�:DWHU��DQG�����IROORZ�XS�TXHVWLRQV��$�WDON�VWRU\�JXLGH�ZDV�GHVLJQHG�WR�SURYLGH�D

URDGPDS�IRU�WKH�LQWHUYLHZ�SURFHGXUH���7KH�WDON�VWRU\�JXLGH�LQFOXGHV�GHVLUHG�RXWFRPHV

DQG�REMHFWLYHV�WKDW�ZH�WUDFNHG�DFURVV�WKH�LQWHUYLHZV�DQG�D�OLVW�RI�TXHVWLRQV�LQ�WKH

LQWHUYLHZ��7KH�FRPSOHWH�VWDNHKROGHU�OLVW�LV�HQFORVHG�LQ�$SSHQGL[�%��7KH�SXUSRVH�RI�WKH

WDON�VWRU\�JXLGH�LV�WR�SURYLGH�LQVLJKW�LQWR�WKH�GDWD�FROOHFWLRQ�DQG�LQWHUYLHZ�SURFHVV�:H

DVNHG�WKH�VDPH�TXHVWLRQV�WR�DOO�WKH�LQWHUYLHZHHV�LQGHSHQGHQW�RI�WKHLU�SURIHVVLRQDO

EDFNJURXQG�LQ�PDQDJLQJ�ZDWHU�UHVRXUFHV�LQ�+DZDLµL��/DVWO\��WKH�UHVHDUFKHUV�IROORZHG�WKH

LQWHUYLHZ�SURWRFRO�WR�HQVXUH�WKH�LQWHUYLHZV�ZHUH�FRQGXFWHG�SURIHVVLRQDOO\��$OO�LQWHUYLHZV

ZHUH�DXGLR�UHFRUGHG�WKURXJK�2WWHU�DL��DQ�RSHQ�DFFHVV�OLYH�WUDQVFULSWLRQ�VRIWZDUH�

�����'DWD�$QDO\VLV

7KH�GDWD�DQDO\VLV�LQYROYHG�FRQGXFWLQJ�D�TXDOLWDWLYH�WH[WXDO�LQWHUSUHWDWLRQ�RI�WKH

FROOHFWHG�GDWD�LQ�VWDJHV��7KH�ILUVW�VWHS�ZDV�WR�GR�D�FORVH�UHDGLQJ�RI�HDFK�LQWHUYLHZ

��



WUDQVFULSW�LQGHSHQGHQWO\��VXPPDUL]H�WKHP��DQG�GUDIW�NH\�SRLQWV�H[SUHVVHG�PRPHQWDULO\

XSRQ�WKH�FRPSOHWLRQ�RI�WKH�LQWHUYLHZ��5HYLHZLQJ�LQWHUYLHZV�ZDV�GRQH�LQ�WKH�RQOLQH

DSSOLFDWLRQ�2WWHU�DL�DQG�TXDOLW\�SURRIHG�WR�HQVXUH�WKH�YDOLGLW\�RI�WKH�GDWD�VRXUFH�IRU�WKH

UHVHDUFK�7KH�UHFRUGLQJV�ZHUH�GHVWUR\HG�DIWHU�WKH�WUDQVFULSWV�ZHUH�FRGHG�FRUUHFWO\��7KH

DQRQ\PL]HG�WUDQVFULSWV�ZHUH�DQDO\]HG�WR�DQVZHU�WKH�UHVHDUFK�TXHVWLRQV�DQG�GUDIW

SUHOLPLQDU\�UHVXOWV�

:H�DQDO\]HG�LQIRUPDWLRQ�DQG�LQVLJKWV�FDUHIXOO\�WR�FRQWULEXWH�WR�WKH�UHVXOWV�DQG

GLVFXVVLRQ�SRUWLRQ�RI�WKH�VWXG\���$IWHU�FRPSOHWLQJ�D�VXIILFLHQW�QXPEHU�RI�LQWHUYLHZV

UHSUHVHQWLQJ�WKH�EDVHOLQH�GDWD�FROOHFWLRQ��UHVXOWV�ZHUH�GUDIWHG�DQG�RUJDQL]HG���,Q�WKH

VHFRQG�VWHS�RI�WKH�DQDO\VLV�VHFWLRQ��LQWHUYLHZV�ZHUH�FRPSDUHG�DQG�FRQWUDVWHG���7KH�JRDO

RI�WKH�SUHOLPLQDU\�UHVXOWV�GUDIWLQJ�ZDV�WR�GUDZ�VLPLODULWLHV�DQG�GLIIHUHQFHV�LQ�WKH

NQRZOHGJH�GHOLYHUHG�E\�VWDNHKROGHUV�UHODWHG�WR�WKH�2QH�:DWHU�DSSURDFK�DQG�ZDWHU

UHVRXUFHV�PDQDJHPHQW�ZLWKLQ�WKH�VWXG\�VLWH��6LPLODU�LGHDV�DFURVV�LQWHUYLHZ�WUDQVFULSWV

ZHUH�JURXSHG�DFFRUGLQJ�WR�WKH�WRSLF�DQG�LGHDV��)XUWKHUPRUH��ZH�LQGXFWLYHO\�GUHZ

FRPPRQ�WKHPHV�DFURVV�DOO�LQWHUYLHZV�WR�GHYHORS�TXDOLWDWLYH�FKDUDFWHUL]DWLRQV�RI�WKH

GLVFXVVLRQV��8OWLPDWHO\��WKH�EDUULHUV�WR�WKH�2:�DSSURDFK�H[SUHVVHG�E\�WKH�VWDNHKROGHU

JURXSV�ZLWKLQ�HDFK�VHFWRU�ZHUH�LGHQWLILHG��GUDIWHG��DQG�GLVFXVVHG�

����5(68/76

(YLGHQFH�IURP�WKH�LQWHUYLHZV�VXJJHVWV�WKDW�VHYHUDO�EDUULHUV�DUH�OLQNHG�WR�WKH

LPSOHPHQWDWLRQ�RI�2QH�:DWHU�RQ�2µDKX��7KH�LGHQWLILHG�EDUULHUV�DUH�LQGXFWLYH��PHDQLQJ

WKH\�GHULYH�VWULFWO\�IURP�WKH�LQWHUYLHZV��7KH�ILQGLQJV�DUH�LOOXVWUDWHG�LQ�ILJXUH����:H�IRXQG

WKDW�WKHUH�DUH�IRXU�XQGHUO\LQJ�EDUULHUV�WR�WKH�LPSOHPHQWDWLRQ�RI�2QH�:DWHU�RQ�2µDKX�����

��



6LORHG�V\VWHPV������IXQGLQJ�DQG�EXGJHW�FRQVWUDLQWV������SROLWLFDO�DQG�VRFLDO�EX\�LQ��DQG����

VRFLR�FXOWXUDO�XQGHUVWDQGLQJ��$OWRJHWKHU��WKH�LGHQWLILHG�EDUULHUV�RI�2QH�:DWHU�DUH�XQLTXH

WR�WKH�UHVHDUFK�VWXG\�DQG�ZHUH�GUDZQ�IURP�WKH�YDULRXV�UHVSRQVHV�IURP�WKH�LQWHUYLHZV�

$GGLWLRQDOO\��WKH�UHVXOWV�DUH�XQLTXH�WR�WKH�VHWWLQJ�RI�2µDKX�DQG�WKH�+DZDLLDQ�LVODQGV�DQG

FDQ�EH�GLIIHUHQW�LQ�FRPSDULVRQ�WR�RWKHU�VWDWHV�LQ�WKH�86�

)LJXUH��� 7KH�EDUULHUV�WR�LPSOHPHQWLQJ�2QH�:DWHU�RQ 2µDKX��%\�DQDO\]LQJ�WKH�FROOHFWHG

GDWD��WKHUH�ZHUH�IRXU�FRQVLVWHQW�DFURVV�DOO�WKH�LQWHUYLHZV�

����6LORHG�6\VWHPV

6LORHG�ZDWHU�PDQDJHPHQW�V\VWHPV�DUH�D�FOHDU�EDUULHU�WR�WKH�LPSOHPHQWDWLRQ�RI�D

2QH�:DWHU�DSSURDFK��6LORHG�V\VWHPV�UHIHU�WR�KRZ�WKH�YDULRXV�HOHPHQWV�RI�WKH�JRYHUQDQFH

��



ODQGVFDSH�DUH�GLVFRQQHFWHG�GXH�WR�WKH�LQGLYLGXDO�PDQDJHPHQW�RI�ZDWHU��VWULFWO\�OLPLWLQJ

FURVV�VHFWRU�FROODERUDWLRQ��,QWHUYLHZHHV�UHIOHFWHG�RQ�VLORHG�V\VWHPV�LQ�WKH�FXUUHQW�ZDWHU

PDQDJHPHQW�UHJLPH�DQG�QRWHG�KRZ�WKH\�ZRXOG�PDNH�LW�GLIILFXOW�IRU�2QH�:DWHU�WR�EH

LPSOHPHQWHG��)RU�H[DPSOH��RQH�UHVSRQGHQW�QRWHG�

�'HSDUWPHQWV�WHQG�QRW�WR�ZRUN�ZLWK�HDFK�RWKHU����WKH\
UH�DOO�YHU\�EXV\�ZLWK

ZKDWHYHU�WKH\
UH�GRLQJ��

7KLV�WHQGHQF\�UHGXFHV�WKH�DPRXQW�RI�FURVV�VHFWRU�DQG�LQWHU�DJHQF\�FROODERUDWLRQ�

$JHQFLHV��LQVWLWXWLRQV��DQG�RUJDQL]DWLRQV�ZRUN�VSHFLILFDOO\�WRZDUGV�WKHLU�WDVNV��JRDOV��DQG

REMHFWLYHV��:KLOH�WKHUH�LV�DQ�LQFHQWLYH�WR�FROODERUDWH�DQG�VKDUH�NQRZOHGJH�DFURVV�VNLOOV

DQG�GLVFLSOLQHV��WKLV�WHQGV�WR�EH�RYHUORRNHG��7KH�TXHVWLRQ�LV��ZK\�LV�WKDW�WKH�FDVH"

,QWHUYLHZHHV�VXJJHVWHG�WKUHH�DQVZHUV�WR�WKLV�TXHVWLRQ��)LUVW��D�URRW�FDXVH�RI�WKH

GHYHORSPHQW�RI�VLORHG�V\VWHPV�IRU�ZDWHU�PDQDJHPHQW�FDQ�EH�UHODWHG�WR�FRVWV�DQG

DFFRXQWLQJ��7R�KLJKOLJKW�WKLV�LVVXH��D�UHVSRQGHQW�VDLG�

�:DWHU�EUDQFKHV�DUH�VHSDUDWH«KDYH�VHSDUDWH�SULRULWLHV��DQG�WKRVH

SULRULWLHV�GR�QRW�DOZD\V�DOLJQ�ZHOO«DQG�WKH\�DUH�DOO�RSHUDWLQJ�DQG

FRPSHWLQJ�DJDLQVW�HDFK�RWKHU�IRU�GROODUV�IRU�WKHLU�LQGLYLGXDO�DQG�VHSDUDWH

SURMHFWV��

6HFRQGO\��ZKLOH�ZDWHU�DFFHVV�WKURXJK�SHUPLWV�LV�JDLQHG��FRPSHWLQJ�IRU�IXQGLQJ

LQGXFHV�EDUULHUV�WKDW�HQKDQFH�WKH�QDWXUH�RI�VLORHG�V\VWHPV��$�PDUNHW�GULYHQ�DSSURDFK

ZKHUH�EUDQFKHV�FRPSHWH�IRU�WKHLU�SURMHFWV�WHQGV�WR�FUHDWH�ZDWHU�PDQDJHPHQW�VHSDUDWLRQV

E\�OLPLWLQJ�FROODERUDWLRQ�

��



�7R�KHOS�OHYHUDJH�WKHVH�SURMHFWV�ZKHUH�IRU�WKH�JRYHUQPHQW�RU�SULYDWH

VHFWRU���WKH\�MXVW�FDQ
W�TXLWH�IXQG�LW��HYHQ�WKRXJK�WKH�RYHUDOO�EHQHILW�WR

VRFLHW\�ZRXOG�EH�YHU\�EHQHILFLDO��

7KLUG��VWDNHKROGHUV�H[SODLQHG�KRZ�WKH�HPHUJHQFH�RI�VLORHG�V\VWHPV�LV�LQGXFHG�E\

WKH�HGXFDWLRQ�V\VWHP��LQ�ZKLFK�ZH�DUH�WUDLQHG�DQG�HGXFDWHG�WR�ZRUN�LQGLYLGXDOO\��$

UHVSRQGHQW�GLVFXVVHG�WKH�RFFXUUHQFH�RI�VLORV�

�$JHQFLHV�GR�QRW�JURZ�LQ�VLORHG�IRUPV���DW�D�XQLYHUVLW\�OHYHO��ZH�WUDLQ

WKHP�WR�EH�VLORHG��

6HYHUDO�LQWHUYLHZHHV�UHODWHG�VLORHG�V\VWHPV�WR�V\VWHPV�WKLQNLQJ��$FFRUGLQJ�WR�WKH

UHVSRQGHQWV��VWXGHQWV�DW�WKH�XQLYHUVLW\�OHYHO�ZHUH�HGXFDWHG�WR�EHFRPH�NQRZOHGJHDEOH

ZLWKLQ�WKHLU�VLJQLILFDQW�DQG�VSHFLILF�ILHOG�RI�LQWHUHVW��HQKDQFLQJ�WXQQHO�YLVLRQ�WRZDUGV

IXWXUH�ZRUN��7XQQHO�YLVLRQ�LV�DQRWKHU�ZD\�WR�YLHZ�VLORV�E\�H[WHQVLYHO\�RYHUORRNLQJ�WKH

EURDGHU�SLFWXUH��7UDLQLQJ�WR�XQGHUVWDQG�ZDWHU�V\VWHPV�UHYHDOV�ZDWHU�LQIUDVWUXFWXUH

YXOQHUDELOLW\��HVSHFLDOO\�IRU�SURIHVVLRQDO�DUHDV�ZKHUH�ZDWHU�FRQFHUQV�IDFH�LQWHJUDWLRQ��7R

HPSKDVL]H�WKH�LVVXH��D�UHVSRQGHQW�VDLG�WKH�IROORZLQJ�

�$W�WKH�FLW\�OHYHO��WR�D�FHUWDLQ�GHJUHH����ZDVWHZDWHU��IUHVKZDWHU��DQG�RWKHU

DJHQFLHV�RSHUDWH�LQ�VHSDUDWH�VLORV�DQG�GR�QRW�WKLQN�RI�WKHPVHOYHV�DV

LQWHJUDWHG��

'LVFRQQHFWLRQV�ZLWKLQ�WKH�GHVLJQ�RI�EXUHDXFUDWLF�LQIUDVWUXFWXUH�LQ�WKH�IRUP�RI

VLORV�DUH�UHODWHG�WR�VNLOOV�DQG�H[SHUWLVH��VLPLODU�WR�DFDGHPLF�GLVFLSOLQHV��7KHUH�PD\�EH

PRUH�VXEWOH�SUDFWLFDO�PRWLYDWLRQV�WR�WKLV�SLFWXUH�DV�ZHOO��:RUNLQJ�LQ�VLORV�HQFRXUDJHV

LQGLYLGXDO�GHFLVLRQ�PDNLQJ�WKDW�HPEUDFHV�WKH�SROLWLFDO�SRZHU�RI�HQWLWLHV��)RU�LQVWDQFH��DQ

LQWHUYLHZHH�QRWHG�

��



�3ROLWLFDOO\��SHRSOH�HQMR\�WKHLU�VLORV�DQG�IUHHGRPV��

6LORV�DUH�D�IRUP�RI�SROLWLFDO�VSDFH�IRU�ZDWHU�PDQDJHPHQW�ZLWK�D�ORW�RI�LQVWLWXWLRQDO

LQHUWLD��,QVWLWXWLRQDO�VLORV�FUHDWH�ORRSKROHV�IRU�FRRUGLQDWLRQ�DQG�NQRZOHGJH�VKDULQJ

LQWHUQDOO\�DQG�EHWZHHQ�DJHQFLHV��$V�RQH�UHVSRQGHQW�QRWHG�

�:KDW�,
P�VHHLQJ«LV�WKDW�DW�WKH�VWDWH��FRXQW\��DQG�IHGHUDO

OHYHOV«HYHU\RQH�ZDQWV�WR�FUHDWH�WKHLU�RZQ�OLWWOH�VSDFHV�WR�VKDUH

NQRZOHGJH��EXW�WKHUH�LV�QR�OLQH�IRU�KRZ�ZH�DUH�FRRUGLQDWLQJ�DFURVV

DJHQFLHV�DQG�DFURVV�VHFWRUV�WR�VKDUH�GDWD�DQG�LQIRUPDWLRQ�WR�XVH�LW

FROOHFWLYHO\��

,Q�DGGLWLRQ�WR�ILQDQFLDO�LQFHQWLYHV��VLORV�DOVR�FUHDWH�VSDFHV�LQ�ZKLFK�SUDFWLWLRQHUV

EHFRPH�FRPIRUWDEOH��7KH�VLORV�DUH�WLJKW�VSDFHV�WKDW�KDYH�ZRUNHG�IRU�SUDFWLWLRQHUV��VR�ZK\

ERWKHU�FKDQJLQJ�WKHP"�+RZHYHU��ZLWKLQ�WKH�2QH�:DWHU�IUDPHZRUN��WKH�SODQ�LV�WR

HOLPLQDWH�VLORV�WR�IDFLOLWDWH�FURVV�VHFWRU�DQG�LQWHU�DJHQF\�FROODERUDWLRQ��ZKLFK�ZLOO�UHTXLUH

ZDWHU�SUDFWLWLRQHUV�WR�UHZRUN�RU�UHZLUH�LQVWLWXWLRQDO�UHODWLRQVKLSV��RU�DV�RQH�LQWHUYLHZHH

SXW�LW�

�,I�ZH�DUH�JRLQJ�WR�WDNH�WKLV�2QH�:DWHU�DSSURDFK«DQG�EH�RQH�LQWHJUDWHG

XQLW�UHODWHG�WR�ZDWHU«WKHQ�LI�ZH�DUH�WR�NHHS�RXU�VLORV�RU�NHHS�RXU

RUJDQL]DWLRQV«WKHUH�QHHG�WR�EH�UHDOO\�WLJKW�ZD\V�WKDW�ZH�UHODWH�DQG�UHO\

RQ�RQH�DQRWKHU�IRU�GHFLVLRQ�PDNLQJ��

,I�WKH�H[LVWLQJ�ZDWHU�PDQDJHPHQW�LQIUDVWUXFWXUH�FDQ�VXFFHVVIXOO\�LQWHJUDWH�D�2QH

:DWHU�DSSURDFK�ZLOO�VWDQG�DV�XQNQRZQ�LQ�WKH�HTXDWLRQ��'HVSLWH�WKLV��VRPH�SDUWLFLSDQWV

VDZ�2QH�:DWHU�WR�HYDOXDWH�WKH�FXUUHQW�V\VWHP�DQG�H[SORUH�HIILFLHQFLHV�LQ�ZDWHU

PDQDJHPHQW�

��



�2QH�:DWHU�PD\�EH�KHOSIXO�WR�HYDOXDWH�ZKHWKHU�WKH�H[LVWLQJ�V\VWHP�LV�DV

VXIILFLHQW�DV�LW�VKRXOG�EH����RU�FDQ�ZH�FUHDWH�D�QHZ�V\VWHP�YLD�WKDW

HYDOXDWLRQ���WKDW�LV�PRUH�HIILFLHQW�DQG�EHQHILFLDO�WR�WKH�FROOHFWLYH�VRFLHW\"�

6LPXOWDQHRXVO\��WKHUH�ZHUH�RSSRVLQJ�YLHZV�LQ�ZKLFK�WKH�LPSOHPHQWDWLRQ�RI�2:

PLJKW�LQWURGXFH�LWVHOI��7KH�IXQGDPHQWDO�TXHVWLRQ�PXOWLSOH�LQWHUYLHZHHV�UHYROYH�WKHLU

SRLQWV�DURXQG�LV�UHODWHG�WR�WKH�GHJUHH�RI�ILWQHVV�LQ�WKH�FXUUHQW�V\VWHP�

�:KHUH�,�VHH�D�ORW�RI�SXVKEDFN«�LW
V�OLNH�WKH�V\VWHP�GRHV�QRW�ZDQW�WR

LQFRUSRUDWH�WKH�QHZ�IUDPHZRUN���DQG�VR�WKHQ�\RX�KDYH�WR�FUHDWH�D�QHZ

V\VWHP�VR�WKDW�ZH�IUDPHZRUN�FDQ�WKULYH�KROLVWLFDOO\�DV�LWV�LQWHQWLRQ��

$�2:�DSSURDFK�PLJKW�IXQFWLRQ�DV�D�GRXEOH�HGJHG�VZRUG��:KLOH�WKH�DOUHDG\

H[LVWLQJ�ZDWHU�PDQDJHPHQW�V\VWHP�LV�GHVLJQHG�WR�EH�VLORHG��2:�FDQ�KHOS�DOOHYLDWH�WKH

SUREOHP��EXW�LW�FDQ�DOVR�GLVUXSW�WKH�FXUUHQW�ZDWHU�PDQDJHPHQW�SUDFWLFH�

�<RX�DUH�JRLQJ�WR�VDFULILFH�VRPH�RI�WKH�DOWUXLVWLF�YDOXHV�RI�2QH�:DWHU

DSSURDFK�LQ�RUGHU�WR�PHHW�DQG�ILW�LQWR�D�V\VWHP�WKDW
V�DOUHDG\�H[LVWLQJ«

WKDW
V�ZKHUH�,�VHH�WKH�WHQVLRQ�SOD\LQJ�RXW�LQ�WKH�2QH�:DWHU�IUDPHZRUN

DSSURDFK��

6XFFHVVIXOO\�LPSOHPHQWLQJ�D�2:�DSSURDFK�RQ�2µDKX�UHTXLUHV�WKDW�NH\�ZDWHU

PDQDJHPHQW�SURIHVVLRQDOV�DQG�GHFLVLRQ�PDNLQJ�ERGLHV�DUH�ZLOOLQJ�WR�VWHS�RXW�RI�WKHLU

VLORV�DQG�ZRUN�LQ�D�PRUH�FROOHFWLYH�RULHQWHG�PDQQHU��,QWHUYLHZHHV�EURXJKW�XS�WKH

LPSRUWDQFH�RI�2:�WR�IDFLOLWDWH�FROODERUDWLRQ�DQG�EULGJLQJ�RI�VNLOOV�DQG�H[SHUWLVH�

,QQRYDWLYH�LGHDV�DQG�SURMHFWV�FDQ�EH�PRUH�HDVLO\�GHVLJQHG��LPSOHPHQWHG��PRQLWRUHG��DQG

HYDOXDWHG�XQGHU�D�2:�IUDPHZRUN��)RU�LQVWDQFH��D�UHVSRQGHQW�VDLG�

��



�,�WKLQN�WKH�EHQHILW�RI�WKH�2QH�:DWHU�IUDPHZRUN�LV�FRPLQJ�XS�ZLWK�QHZ

VROXWLRQV�WR�ZDWHU�PDQDJHPHQW�WKDW�\RX�ZRXOG�QRW�WKLQN�RI�ZLWKLQ�\RXU

LQGLYLGXDO�VLORV�
�

6WDNHKROGHUV�H[SUHVVHG�WKHLU�LQWHUHVW�LQ�VHHLQJ�KRZ�2:�FDQ�EH�LQWHJUDWHG�LQWR

ORFDO�DQG�VWDWHZLGH�ZDWHU�SURMHFWV��)RU�LQVWDQFH��WKH�5HG�+LOO�FDVH�KLJKOLJKWV�WKH�IUDJLOLW\

RI�FXUUHQW�ZDWHU�PDQDJHPHQW��,GHQWLI\LQJ�ZD\V�2:�FDQ�DFWLYHO\�VROYH�ORFDO�ZDWHU

FKDOOHQJHV�FDQ�KHOS�EXLOG�SXEOLF�WUXVW�DQG�XQGHUVWDQGLQJ�RI�2QH�:DWHU¶V�LQWHQWLRQ�

�5HG�+LOO�GHPRQVWUDWHV�WKH�VWUHQJWK�DQG�ZHDNQHVV�RI�RXU�ZDWHU�JRYHUQLQJ�ERGLHV���DQG

ZH
UH�VHHLQJ�D�ORW�RI�GLVFRQQHFW����LW
V�D�FKDOOHQJH«EXW�DOVR�DQ�RSSRUWXQLW\��

2YHUDOO��WKH�VLORHG�QDWXUH�RI�FXUUHQW�ZDWHU�PDQDJHPHQW�SRVHV�FKDOOHQJHV�WR�WKH

LPSOHPHQWDWLRQ�RI�2:�RQ�2µDKX��2:�FDQ�EH�D�SUDFWLFDO�DSSURDFK�WR�EXUVW�WKURXJK�WKH

VLORV��RU�LW�FDQ��DV�H[SUHVVHG�E\�VWDNHKROGHUV��FUHDWH�IXUWKHU�GLVFRQQHFWLRQV�LQ�WKH�ZDWHU

V\VWHP��,QWHUYLHZHHV�UHIOHFW�RQ�2:�WR�SUHVHQW�LWVHOI�DV�DQ�RSSRUWXQLW\�LQ�ZKLFK

EXUHDXFUDWLF�VWUXFWXUHV�DUH�IRUFHG�WR�ZRUN�FROODERUDWLYHO\�ZLWKLQ�WKHLU�SURMHFWV�DQG�UROHV

WRZDUGV�ZDWHU�JRYHUQDQFH��7KH�PDMRULW\�RI�UHVSRQGHQWV�YLHZ�VLORHG�V\VWHPV�DV�WKH�PDLQ

EDUULHU�IDFLQJ�WKH�LPSOHPHQWDWLRQ�RI�2QH�:DWHU��DQG�WKLV�LV�WKH�FRPPRQ�WKHPH�DURXQG

ZKLFK�WKH�IROORZLQJ�EDUULHUV�FRQVLGHU�

����)XQGLQJ�DQG�%XGJHW�&RQVWUDLQWV

6WDNHKROGHUV�UHSRUWHG�IXQGLQJ�WR�EH�D�FRUH�EDUULHU�WR�LPSOHPHQWLQJ�2QH�:DWHU�RQ

2µDKX��)XQGLQJ�LV�D�QHFHVVLW\�LQ�UHDOL]LQJ�SODQV�DQG�SURMHFWV�LQ�WKH�FRPPXQLW\��3URMHFWV

IURP�WKH�SXEOLF�DQG�SULYDWH�VHFWRUV�UHTXLUH�VXEVWDQWLDO�IXQGLQJ�DQG�VXIILFLHQW�UHVRXUFHV�

��



�7R�KHOS�OHYHUDJH�WKHVH�SURMHFWV�IRU�WKH�JRYHUQPHQW�RU�SULYDWH�VHFWRU���WKH\

MXVW�FDQ
W�TXLWH�IXQG�LW��HYHQ�WKRXJK�WKH�RYHUDOO�EHQHILW�WR�VRFLHW\�ZRXOG�EH

YHU\�EHQHILFLDO��

,QWHUYLHZHHV�H[SUHVVHG�IXQGLQJ�WR�EH�D�VLJQLILFDQW�EDUULHU�WR�LPSOHPHQWLQJ�SODQV�

SURJUDPV��DQG�SURMHFWV�LQ�WKH�VWDWH�RI�+DZDLµL��$�ODFN�RI�ILQDQFLDO�UHVRXUFHV�IRU�FXUUHQW

ZDWHU�PDQDJHPHQW�SRVHV�FKDOOHQJHV�WR�2QH�:DWHU�WR�EH�LPSOHPHQWHG�DV�LW�FDQ�EH�YLHZHG

DV�DQ�DGGLWLRQDO�HQWLW\�DQG�LQLWLDWLYH�WR�VXSSRUW�WKH�ZDWHU�PDQDJHPHQW�LQIUDVWUXFWXUH��+RZ

GHFLVLRQ�PDNHUV�ZLOO�SULRULWL]H�IXQGLQJ�XQGHU�D�2QH�:DWHU�IUDPHZRUN�LV�DQRWKHU�TXHVWLRQ

VHYHUDO�VWDNHKROGHUV�UHSRUW��)RU�LQVWDQFH��D�SDUWLFLSDQW�VDLG�

�8QGHU�D�2QH�:DWHU�$SSURDFK«�GR�ZH�LQYHVW�LQ�WKRVH�FRPPXQLWLHV�WKDW

DUH�PRVW�YXOQHUDEOH"�����$QG�SXW�WKH�PRQH\�WKHUH�WR�FUHDWH�D�PRUH�KROLVWLF

ZDWHU�VSDFH�IRU�WKHP"�

(TXLW\�LV�D�UHSHDWHG�WKHPH�WKURXJKRXW�WKH�LQWHUYLHZV�DQG�VRPHWKLQJ�VWDNHKROGHUV

EHOLHYH�2QH�:DWHU�VKRXOG�H[SOLFLWO\�VWULYH�WR�VHHN��(QVXULQJ�WKDW�HYHU\RQH�LQ�WKH

FRPPXQLW\�LV�JLYHQ�HTXDO�RSSRUWXQLW\�DQG�EHQHILW�XQGHU�D�2:�DSSURDFK�LV�HVVHQWLDO�WR

VHYHUDO�UHVSRQGHQWV�DQG�QHHGV�WR�EH�DGGUHVVHG�XQGHU�D�SRWHQWLDO�2:�DGRSWLRQ�DW�D

EURDGHU�UDQJH�WKDQ�WKH�FRXQW\�OHYHO�

�+RZ�\RX�SD\�IRU�LPSOHPHQWLQJ�2QH�:DWHU�ZLOO�EH�FULWLFDO���DQG�KRZ�GR

\RX�HQVXUH�WKDW�LW�LV�HTXLWDEOH"��

:LWK�WKH�SUH�H[LVWLQJ�VLORV�LQ�WKH�VSKHUH�RI�ZDWHU�PDQDJHPHQW��VLORV�PD\�HQKDQFH

WKLV�LVVXH��$V�DJHQFLHV�DQG�RUJDQL]DWLRQV�SXVK�IRU�WKHLU�LQGLYLGXDO�SURMHFWV�WR�UHFHLYH

IXQGLQJ�DOUHDG\�LQ�D�V\VWHP�WKDW�UHFHLYHV�PLQLPDO�JUDQWV��D�UHVSRQGHQW�DGGUHVVHG�WKH

IROORZLQJ�

��



�:H�GRQ
W�KDYH�DV�PXFK�WLPH�DV�RWKHU�SODFHV�WR�LPSOHPHQW�2QH�:DWHU«

VR�,�WKLQN�HQYLURQPHQWDOO\�ZLWK�FOLPDWH��WKH�FOLPDWH�FULVLV��VHD�OHYHO�ULVH�

HWF����LW
V�JRLQJ�WR�EH�FKDOOHQJLQJ�WR�GR�LW��DQG�D�ORW�RI�LW�ZLOO�EH

PRQH\�GULYHQ��FRVW�GULYHQ��

:KHUH�WKH�IXQGV�ZLOO�FRPH�IURP�LV�D�OHDGLQJ�TXHVWLRQ��DQG�KRZ�DJHQFLHV�RSHUDWH

WR�LQWHJUDWH�D�2:�DSSURDFK�EHFRPHV�D�TXHVWLRQ�PDUN�LQ�WKH�FRQWH[W�RI�ZDWHU�UHVRXUFHV

PDQDJHPHQW��,Q�+DZDLµL��PRVW�IXQGLQJ�IRU�ZDWHU�LV�SURYLGHG�E\�UDWHSD\HUV�DQG�QRW�IURP

IHGHUDO�JUDQWV�

'HFLVLRQ�PDNLQJ�LV�SULPDULO\�FRQWUROOHG�DW�D�KLJKHU�VWDWH�RU�JRYHUQPHQWDO�OHYHO

EXW�FDQ�EH�HQFRXUDJHG�IURP�ORZHU�FRPPXQLW\�OHYHOV��7KH�PDMRULW\�RI�WKH�LQWHUYLHZHHV

PHQWLRQ�IXQGLQJ�WR�OLPLW�2QH�:DWHU�IURP�EHLQJ�LPSOHPHQWHG�DQG�DV�D�VWDWHZLGH�FRQFHUQ

WR�ZDWHU�UHVRXUFHV�PDQDJHPHQW��)XUWKHUPRUH��VHYHUDO�VWDNHKROGHUV�H[SUHVVHG�WKH�YDULRXV

TXHVWLRQV�DERXW�WKH�ILQDQFLQJ�RI�2QH�:DWHU�E\�TXHVWLRQLQJ�

�+RZ�ZLOO�IXQGLQJ�EH�SULRULWL]HG�LQ�D�2QH�:DWHU�DSSURDFK"�:KDW�ZLOO�WKH

EXGJHW�ORRN�OLNH"�+RZ�ZLOO�SURMHFWV�EH�LPSOHPHQWHG�DQG�GLUHFWHG"��

6WDNHKROGHUV�UHSRUWHG�WKH�SUHVHQFH�RI�VHYHUDO�TXHVWLRQV�WKDW�UHPDLQ�XQDQVZHUHG

IURP�DQ�HFRQRPLF�SRLQW�RI�YLHZ��JLYHQ�WKHLU�NQRZOHGJH�RI�2QH�:DWHU��%XGJHW�FRQVWUDLQWV

DUH�D�EDUULHU�WKDW�QHHGV�WR�EH�RYHUFRPH�WR�LPSOHPHQW�2:�RQ�2µDKX�VXFFHVVIXOO\�

$OWRJHWKHU��LGHQWLI\LQJ�WKH�FRVWV�RI�2QH�:DWHU�WR�EH�LQWHJUDWHG�LQWR�ZDWHU�PDQDJHPHQW

SUDFWLFHV�FDQ�KHOS�DOOHYLDWH�WKH�LVVXH�RI�ILQDQFLQJ�WKH�SODQQLQJ�IUDPHZRUN��DV

FRPPXQLFDWHG�E\�UHOHYDQW�VWDNHKROGHUV�

��



����3ROLWLFDO�DQG�6RFLDO�%X\�LQ

5HVSRQGHQWV�GHVFULEHG�WKH�EXGJHW�FRQVWUDLQWV�RI�LPSOHPHQWLQJ�2:�WR�EH�DOLJQHG

ZLWK�WKH�GHJUHH�RI�SROLWLFDO�EX\�LQ�WR�ZDWHU�UHVRXUFHV��7KH�GHJUHH�WR�ZKLFK

GHFLVLRQ�PDNHUV�DUH�RQ�ERDUG�ZLWK�VWHSSLQJ�WRZDUGV�LQYHVWLQJ�LQ�ZDWHU�UHVRXUFHV

PDQDJHPHQW�DQG�WKH�2:�DSSURDFK�LV�ODFNLQJ��$�UHVSRQGHQW�UHIOHFWHG�RQ�SROLWLFDO�ZLOO

DQG�OHDGHUVKLS�WR�OLPLW�WKH�SODQ�LPSOHPHQWDWLRQ�RI�2:�E\�DVNLQJ�

�$UH�ZH�SUHSDUHG�WR�WDNH�WKDW�IXQGLQJ�IRU�2QH�:DWHU�RQFH��RU�LI�

JLYHQ«DQG�XVH�LW�LQ�WKH�EHVW�SRVVLEOH�ZD\"�

:KLOH�D�2:�IUDPHZRUN�LQ�WKH�&LW\�DQG�&RXQW\�RI�+RQROXOX�WR�SURDFWLYHO\

DGGUHVV�FOLPDWH�FKDQJH�LPSDFWV�RQ�ZDWHU�UHVRXUFHV��GHFLVLRQ�PDNHUV�QHHG�WR�EH�DZDUH�RI

WKH�VFDOH�RI�LPSDFW��/HDUQLQJ�KRZ�DQ�2:�DSSURDFK�FDQ�KHOS�VROYH�FOLPDWH�FKDQJH�E\

EXLOGLQJ�UHVLOLHQFH�DQG�DGDSWDWLRQ�LQ�WKH�FRPPXQLW\�LV�D�FRPPRQ�WKHPH�H[SUHVVHG

WKURXJKRXW�LQWHUYLHZV��DVNLQJ���:KDW�LV�WKH�YDOXH�RI�D�2QH�:DWHU�$SSURDFK"��

)XUWKHUPRUH��UHVSRQGHQWV�GHVFULEHG�WKH�SROLWLFDO�EX\�LQ�RI�LPSOHPHQWLQJ�2:�DV

UHODWHG�WR�PLQGVHWV�DQG�ZD\V�RI�WKLQNLQJ��,Q�PDQ\�LQWHUYLHZV��VWDNHKROGHUV�UHSRUWHG�WKDW

GHFLVLRQ�PDNHUV�PD\�EH�DZDUH�EXW�DUH�QRW�DFWLYHO\�LQWHJUDWLQJ�FOLPDWH�VFLHQFH�

�,W��ZDWHU�PDQDJHPHQW��KDV�OLPLWHG�UHVRXUFHV«DQG�WKH�ZD\�SHRSOH�WKLQN

DERXW�FOLPDWH�FKDQJH�UHIOHFWV�WKDW�LW
V�D�PLQGVHW�LVVXH�RI�WRPRUURZ
V

SUREOHP��

7KH�FRPPRQ�WKHPH�LV�D�ODFN�RI�XUJHQF\�WRZDUG�PDQDJLQJ�ZDWHU�LQ�UHVSRQVH�WR

FOLPDWH�FKDQJH��6HYHUDO�LQWHUYLHZHHV�SRLQWHG�RXW�WKH�&LW\�DQG�&RXQW\�RI�+RQROXOX�WR�EH�D

OHDGHU�LQ�DGGUHVVLQJ�WKHVH�LVVXHV��KRZHYHU��RQ�D�VWDWHZLGH�VFDOH��LW
V�QRW�KDSSHQLQJ�

0XOWLSOH�VWDNHKROGHUV�HPSKDVL]HG�WKDW�WR�LPSOHPHQW�2:��WKHUH�KDV�WR�EH�D�VKDUHG

��



DZDUHQHVV�DQG�XQGHUVWDQGLQJ�RI�ZKDW�WKH�IXWXUH�ORRNV�OLNH�WR�WDFNOH�ZDWHU�FKDOOHQJHV�LQ�D

KROLVWLF�DSSURDFK��%XLOGLQJ�OHDGHUVKLS�LQ�WKH�KLJKHU�SROLWLFDO�GHFLVLRQ�PDNLQJ�ERGLHV�DQG

WKH�ORZHU�FRPPXQLW\�OHYHOV�LV�D�EDUULHU�DQG�DQ�RSSRUWXQLW\�WKDW�VWDNHKROGHUV�IUHTXHQWO\

H[SUHVVHG�LQ�WKH�LQWHUYLHZV�

5HVSRQGHQWV�WDONHG�DERXW�WKH�LPSRUWDQFH�RI�KDYLQJ�FRPPXQLW\�OHDGHUV�DGYRFDWH

IRU�KROLVWLF�ZDWHU�PDQDJHPHQW�SUDFWLFHV�VXFK�DV�2QH�:DWHU�DQG�IRU�SHRSOH�WR�XQGHUVWDQG

ZKDW�D�2:�DSSURDFK�PHDQV�IRU�WKHP�

�:H�QHHG�MXVW�WR�JHW�SHRSOH�PRUH�HQJDJHG�DQG�XQGHUVWDQG�KRZ�WKH\�DUH

SDUW�RI�WKDW�LQWHJUDWHG��ZDWHU��V\VWHP«��ZKDW�LV�WKH�UROH�WKDW�\RX

LQGLYLGXDOO\�SOD\�\RX�DQG�\RXU�IDPLO\�SOD\�\RXU�IDPLO\�DQG�\RXU

FRPPXQLW\�SOD\«��LQ�WKLV�ODUJHU�IUDPHZRUN�RI�ZDWHU�UHVRXUFHV

PDQDJHPHQW�DQG�2QH�:DWHU"�

6WDNHKROGHUV�DOVR�UHSRUWHG�WKH�XQGHUYDOXH�RI�ZDWHU�LQ�WKH�FRPPXQLW\�DQG

OHJLVODWLYH�ERGLHV�WR�EH�WKH�PDLQ�FKDOOHQJH��:KLOH�+DZDLµL�KDV�HVWDEOLVKHG�ZDWHU�DV�D

SXEOLF�WUXVW��IHZ�UHVRXUFHV�DUH�DOORFDWHG�WR�EULGJH�VNLOOV�DQG�H[SHUWLVH�ZLWKLQ�WKH�VLORV�DQG

WKH�FRPPXQLW\��)RU�LQVWDQFH��D�UHVSRQGHQW�VDLG�

�%XLOGLQJ�WUXVW«�LV�UHDOO\�DERXW�HGXFDWLQJ�RWKHUV�DERXW�ZKDW�LW�PHDQV�OLNH

ZKDW�LV�2QH�:DWHU�DQG�LQ�D�YHU\�FOHDU��VXFFLQFW�ZD\��ULJKW��ILQGLQJ�ZD\V�WR

PDNH�LW�UHOHYDQW�WR�SHRSOH��

7KH�SROLWLFDO�DQG�VRFLDO�EX\�LQ�WR�LPSOHPHQWLQJ�D�2QH�:DWHU�IUDPHZRUN�SUHVHQWV

LWVHOI�DV�D�FKDOOHQJH��GULYHQ�E\�WKH�VLORV�WKDW�WKH�EXUHDXFUDWLF�VWUXFWXUHV�LQ�ZDWHU

PDQDJHPHQW�DUH�GHVLJQHG�WRGD\��)LQDOO\��D�UHVSRQGHQW�GLVFXVVHG�KRZ�

��



�0DNLQJ�VXUH�WKDW�WKH�ERDUG�DQG�FRPPLVVLRQ�PHPEHUV�RI�WKH�NH\�GHFLVLRQ�PDNLQJ�ERGLHV

DFWXDOO\�KDYH�VRPHERG\�RQ�LW�ZLWK�ZDWHU�H[SHUWLVH��

����6RFLR�&XOWXUDO�8QGHUVWDQGLQJ

$�ILQDO�EDUULHU�WR�WKH�LPSOHPHQWDWLRQ�RI�D�2:�DSSURDFK�RQ�2µDKX�GHULYLQJ�IURP

VLORHG�V\VWHPV�LV�UHODWHG�WR�WKH�VRFLR�FXOWXUDO�XQGHUVWDQGLQJ�RI�ZDWHU�LQ�+DZDLµL�

6WDNHKROGHUV�WR�ZDWHU�UHVRXUFHV�UHSRUWHG�KRZ�

�7KHUH�LV�D�KLVWRU\�LQ�+DZDLµL�RI�ZDWHU�EHLQJ�WDNHQ�DZD\�IURP�SHRSOH��DQG

QDWLYH�XVHV���DQG�PRYH�WR�VXSSRUW�WKH�HFRQRPLF�EHQHILW�RI�WKH�IHZ���WKDW�LV

DQ�HOHSKDQW�LQ�WKH�URRP�WKDW�LV�VWLOO�WKHUH��

&RPEDWLQJ�WKH�VRFLR�FXOWXUDO�EDUULHUV�WR�2:�LPSOLHV�LQWHJUDWLQJ�1DWLYH�+DZDLLDQ

NQRZOHGJH�RI�ZDWHU�PDQDJHPHQW��7KH�DKXSXDµD�ZDV�WKH WUDGLWLRQDO�IRUP�RI�ZDWHU

PDQDJHPHQW�WKDW�HPSKDVL]HV�WKH�V\VWHP
V�LQWHUFRQQHFWHGQHVV�IURP�HFRORJLFDO��VRFLDO��DQG

FXOWXUDO�YDOXHV��&RQQHFWLQJ�WKLV�WR�2QH�:DWHU��VRPH�VWDNHKROGHUV�HPSKDVL]HG�WKH

SRWHQWLDO�FRQIOLFW�ZLWK�ORFDO�YDOXHV�E\�LQWURGXFLQJ�D�ZHVWHUQ�IUDPHZRUN�WR�ZDWHU

PDQDJHPHQW�

�$�2QH�:DWHU�DSSURDFK�PLJKW�EH�QHZ�DFURVV�WKH�FRXQWU\«�KRZHYHU��LQ

+DZDLµL«WUDGLWLRQDOO\��D�KROLVWLF�DSSURDFK�WR�ZDWHU�PDQDJHPHQW�KDV�EHHQ

D�SDUW�RI�+DZDLµL
V�LGHQWLW\�DQG�UHODWLRQVKLS�ZLWK�ZDWHU��WKURXJK�WKH

DKXSXDµD��

7KHUHIRUH��VWDNHKROGHUV�UHSRUWHG�WKH�LVVXHV�WKDW�2QH�:DWHU�PD\�LQGXFH�DULVH�IURP

D�VRFLR�FXOWXUDO�ODQGVFDSH��7U\LQJ�WR�LPSOHPHQW�D�QHZ�IUDPHZRUN�IRU�ZDWHU�UHVRXUFHV

PDQDJHPHQW�ZLWKRXW�XQGHUVWDQGLQJ�WKH�SODFH�RI�+DZDLµL�LV�D�SULPDU\�FRQFHUQ�RI�VRPH

��



UHVSRQGHQWV��8OWLPDWHO\��D�2QH�:DWHU�IUDPHZRUN�ZLOO�KDYH�WR�ILQG�LWV�ZD\�DURXQG�WKHVH

EDUULHUV�WR�EH�HIIHFWLYHO\�LPSOHPHQWHG�

����',6&866,21

����%XUVWLQJ�7KURXJK�WKH�6LORV

%DVHG�RQ�WKH�LQWHUYLHZV�ZLWK�VWDNHKROGHUV�WR�ZDWHU�PDQDJHPHQW�RQ�2µDKX��WKHUH

DUH�FOHDU�EDUULHUV�WR�LPSOHPHQWLQJ�2QH�:DWHU��7KH�QDWXUH�RI�WKH�FXUUHQW�ZDWHU

PDQDJHPHQW�LQIUDVWUXFWXUH�LQ�+DZDLµL�DSSHDUV�WR�EH�WKH�GRPLQDQW�EDUULHU�WR

LPSOHPHQWLQJ�2:��.QRZOHGJH�VKDULQJ�DQG�FRPPXQLFDWLRQ�DW�GLIIHUHQW�OHYHOV��IURP�ORFDO

WR�FRXQW\��VWDWH��DQG�IHGHUDO�OHYHOV��DUH�OLPLWHG�GXH�WR�WKH�QDWXUH�RI�VLORV�ZLWKLQ�ZDWHU

PDQDJHPHQW��$�VXJJHVWHG�LPSOLFDWLRQ�RI�WKH�ILQGLQJ�RI�VLORHG�V\VWHPV�LV�KRZ�VLORHG

V\VWHPV�FDQ�FUHDWH�IXUWKHU�GLVFRQQHFWLRQV�LQ�WKH�LQVWLWXWLRQDO�ODQGVFDSH�WR�ZDWHU

PDQDJHPHQW��$V�UHSRUWHG�LQ�PDQ\�LQWHUYLHZV��LQWHJUDWLQJ�D�2QH�:DWHU�DSSURDFK�HQWDLOV

LQFRUSRUDWLQJ�DQRWKHU�HQWLW\�LQWR�WKH�ZDWHU�PDQDJHPHQW��VHUYLQJ�FRPPRQ�JRDOV�ZLWK

WKHRUHWLFDO�DQG�SUDFWLFDO�LPSOLFDWLRQV��7KH�UHDVRQ�ZK\�2:�FDQ�HQKDQFH�GLVFRQQHFWLRQV�LV

E\�KRZ�WKH�ZRUN�RI�SURIHVVLRQDO�ZDWHU�PDQDJHUV�FDQ�SRWHQWLDOO\�FKDQJH�XQGHU�WKH

IUDPHZRUN��3UHVHQWHG�LQ�WKH�UHVXOWV�VHFWLRQ��ZDWHU�PDQDJHUV�RIWHQ�ZRUN�RQ�WKHLU�SURMHFWV

ZLWKLQ�WKHLU�RUJDQL]DWLRQ��8QGHU�D�2QH�:DWHU�DSSURDFK��ZDWHU�PDQDJHPHQW�SUDFWLWLRQHUV

FDQ�KDYH�DGGLWLRQDO�RYHUDUFKLQJ�UROHV�DQG�UHVSRQVLELOLWLHV�WR�HQVXUH�WKDW�D�FROODERUDWLYH

IUDPHZRUN�LV�PDLQWDLQHG��7KHUHIRUH��WKH�DGGHG�WDVNV�LQ�WKH�SURIHVVLRQDO�ZRUNVSDFH

UHVXOWLQJ�IURP�2QH�:DWHU�LQWHJUDWLRQ�FDQ�EH�RYHUZKHOPLQJ�IRU�WKH�SUDFWLWLRQHUV�DQG

UHGXFH�HIIRUWV�DQG�PRWLYDWLRQ�IRU�WKHLU�UROH�LQ�PDQDJLQJ�ZDWHUV�FROOHFWLYHO\�

��



$V�SUHVHQWHG�LQ�WKH�UHVXOWV�VHFWLRQ��D�ODFN�RI�V\VWHP�WKLQNLQJ�DPRQJ

GHFLVLRQ�PDNHUV�DQG�ZDWHU�PDQDJHUV�LV�WKH�SULPDU\�GULYHU�RI�WKH�FXUUHQW�VLORV��3HRSOH

RSHUDWLQJ�ZLWKLQ�WKHLU�VLORV�UHSUHVHQW�DQ�LQVWLWXWLRQDO�EDUULHU�WKDW�PRVW�SURIHVVLRQDOV�DUH

XQDZDUH�RI��7KH�SUH�H[LVWLQJ�VLORV�FDXVH�FRQIOLFW�ZLWK�ZKDW�2QH�:DWHU�DWWHPSWV�WR

DFKLHYH��ZKLFK�LV�WR�EXUVW�WKURXJK�WKH�VLORV��,W�UHPDLQV�D�FKDOOHQJH�WR�IRUFH�SHRSOH�DFURVV

GLVFLSOLQHV�DQG�VHFWRUV�WR�VWHS�RXW�RI�WKHLU�VLORV�DQG�ZRUN�DV�D�FROOHFWLYH�XQLW��$�ODFN�RI

V\VWHPV�WKLQNLQJ�VWHPV�IURP�WKH�HGXFDWLRQDO�V\VWHP��LQ�ZKLFK�SHRSOH�DUH�WUDLQHG�WR

EHFRPH�H[SHUWV�ZLWKLQ�WKHLU�ILHOG�DQG�EHFRPH�WXQQHO�YLVLRQHG�E\�WUDLQLQJ��8QGHUVWDQGLQJ

ZDWHU
V�HFRORJLFDO��HQYLURQPHQWDO��VRFLDO��SROLWLFDO��HWKLFDO��DQG�WHFKQRORJLFDO�GLPHQVLRQV

EHFRPH�FUXFLDO�WR�FUHDWLQJ�DQ�RSHQ�PLQGHG�HQYLURQPHQW�IRU�SHRSOH�WR�ZRUN�WRJHWKHU

VXFFHVVIXOO\�

5RRWHG�IURP�WKH�EXUHDXFUDWLF�VLORV��IXQGLQJ�DQG�EXGJHW�FRQVWUDLQWV�VKRZ�WR�EH

DQRWKHU�VLJQLILFDQW�EDUULHU�WR�LPSOHPHQWLQJ�2QH�:DWHU��*DLQLQJ�IXQGLQJ�DQG�IHGHUDO

JUDQWV�IRU�PDQDJLQJ�ZDWHU�UHVRXUFHV�KDYH�EHHQ�D�FRPPRQ�LVVXH�IRU�GHFDGHV��DQG�VKLIWLQJ

WR�D�2QH�:DWHU�DSSURDFK�GRHV�QRW�PDNH�LW�DQ\�HDVLHU��7KH�SUREOHP�LV�WKDW�ZDWHU�LV

XQGHUYDOXHG��WKHUHE\�UHFHLYLQJ�OHVV�DWWHQWLRQ�LQ�JUDQWV�DQG�ILQDQFLDO�VXSSRUW��$�NQRZQ

EDUULHU�WR�LPSOHPHQWLQJ�,:50�LV�UHODWHG�WR�WKH�SULFLQJ�RI�ZDWHU��<XVRI�DQG�6DDG��������

,Q�+DZDLµL��SHRSOH�DUH�JHQHUDOO\�XQDZDUH�RI�WKH�DFWXDO�FRVW�RI�FDSWXULQJ��WUHDWLQJ��DQG

GHOLYHULQJ�FOHDQ�ZDWHU�IRU�WKHLU�XVHV��+DZDLL&RPPXQLW\)RXQGDWLRQ�RUJ��Q�G����$�ODFN�RI

LQYHVWPHQWV�LQ�WKH�ZDWHU�VHFWRU�DQG�WKH�DELOLW\�WR�KROG�DQG�SULRULWL]H�IXQGV�LQ�GHSDUWPHQWV

KDYH�OHIW�LQIUDVWUXFWXUH�LQ�GHVSDLU��+DZDLL&RPPXQLW\)RXQGDWLRQ�RUJ��Q�G����7KLV�ILQGLQJ

DJUHHV�FOHDUO\�ZLWK�WKH�VLJQLILFDQW�LQYHVWPHQW�JDS�LQ�WKH�ZDWHU�VHFWRU�WR�VXSSRUW

LPSURYHPHQWV�LQ�WKH�LQIUDVWUXFWXUH��,Q�������WKHUH�ZDV�DQ�����ELOOLRQ�LQYHVWPHQW�JDS�LQ

��



WKH�ZDWHU�VHFWRU��LPSO\LQJ�LPEDODQFHV�LQ�JRYHUQPHQW�VSHQGLQJ�RQ�ZDWHU�SURMHFWV�DQG

LQIUDVWUXFWXUH��,06��������

,Q�WKH�OLJKW�RI�WKH�HYLGHQW�JDSV�LQ�JDLQLQJ�IXQGLQJ�DQG�JUDQWV�ZLWKLQ�WKH�ZDWHU

VHFWRU��SXVKLQJ�IRU�D�2QH�:DWHU�DSSURDFK�EHFRPHV�WRXJK�DV�VHYHUDO�DJHQFLHV�DOUHDG\

FRPSHWH�IRU�ILQDQFLQJ�IRU�WKHLU�SURMHFWV��3ULRULWL]LQJ�IXQGLQJ�LV�DQ�H[LVWLQJ�FKDOOHQJH�WR

,:50��<XVRI�DQG�6DDG��������0XNKHLELU�HW�DO����������$V�UHSRUWHG�LQ�WKH�UHVXOWV�VHFWLRQ�

VWDNHKROGHUV�DVNHG�WKHPVHOYHV�VHYHUDO�TXHVWLRQV�DERXW�KRZ�WKH�VWDWH�ZLOO�SULRULWL]H

IXQGLQJ�XQGHU�D�2:�IUDPHZRUN�DQG�KRZ�LW�FDQ�EH�HTXLWDEOH��7KH�JRYHUQPHQW�IDFWRUV�LQWR

WKH�ZDWHU�UHVRXUFHV�PDQDJHPHQW�WKURXJK�UHJXODWLRQ�DQG�SROLF\�DFWLRQV��7KH�ILQGLQJ�RI

IXQGLQJ�DQG�EXGJHW�FRQVWUDLQWV�WR�LPSOHPHQWLQJ�2QH�:DWHU�LV�UHODWHG�WR�KRZ�UDWHSD\HUV

DUH�WKH�GRPLQDQW�ILQDQFLDO�VWUXFWXUH�RI�ZDWHU�PDQDJHPHQW��7KH�IL[HG�IHH�GHWHUPLQHG�E\

WKH�JRYHUQPHQW�SURYLGHV�DQ�HFRQRPLFDO�V\VWHP�IRU�ZDWHU�LQIUDVWUXFWXUH�VHUYLFHV�DQG

PDLQWHQDQFH�FRVWV�7KHUH�LV�QR�FOHDU�DQVZHU�WR�ZK\�WKH�JRYHUQPHQW�GRHV�QRW�VXEVLGL]H�WKH

ZDWHU�VHFWRU�WR�D�JUHDWHU�H[WHQW��KRZHYHU��ZDWHU�XVHUV��PHDQLQJ�WKH�JHQHUDO�SXEOLF��VKRXOG

XQGHUVWDQG�WKH�LPSRUWDQFH�RI�SUHVHUYLQJ�ZDWHU�UHVRXUFHV�DQG�EH�HQFRXUDJHG�E\�KLJKHU

OHJLVODWLYH�VWUXFWXUHV�WR�VXSSRUW�WKH�WUDQVLWLRQ�WRZDUGV�2:�DV�WKH\�UHSUHVHQW�WKH�PDLQ

HFRQRPLF�VWUXFWXUHV�

)XUWKHUPRUH��WR�JDLQ�IXQGLQJ�IRU�2QH�:DWHU��HGXFDWLQJ�SHRSOH�DERXW�WKH�YDOXH�RI

2QH�:DWHU�FDQ�KDYH�D�SRVLWLYH�LPSDFW��:KLOH�LQWXLWLYHO\��DQ�LQWHJUDWHG�DSSURDFK�WR�ZDWHU

PDQDJHPHQW�VRXQGV�JUHDW��SHRSOH�QHHG�WR�XQGHUVWDQG�KRZ�WKH\�DUH�D�SDUW�RI�WKHLU�V\VWHP

WR�FUHDWH�UHODWLRQVKLSV�ZLWK�2QH�:DWHU��:LWKRXW�HQJDJLQJ�ZLWK�WKH�FRPPXQLW\�RQ�WKLV

PDWWHU��2QH�:DWHU�ZLOO�UHPDLQ�XQNQRZQ�WR�WKH�EURDGHU�FRPPXQLW\��7KH�+DZDLµL

&RPPXQLW\�)RXQGDWLRQ�HPSKDVL]HV�WKH�LPSRUWDQFH�RI�HGXFDWLRQ�WR�LPSOHPHQW�WKH�)UHVK

��



:DWHU�,QLWLDWLYH�WR�LPSURYH�FRQVXPHU�DZDUHQHVV�RI�WKH�QHHG�WR�FRQVHUYH�WKH�UHVRXUFH

�Q�G����(GXFDWLRQ�FDQ�EUHDN�VHYHUDO�EDUULHUV�WR�LPSOHPHQWLQJ�,:50��VXFK�DV�V\VWHP

UHVLOLHQFH��,Q�DQ�DJLQJ�ZDWHU�LQIUDVWUXFWXUH��HGXFDWLRQ�FDQ�HQVXUH�WKDW�IXWXUH�JHQHUDWLRQV

XQGHUVWDQG�WKH�YDOXH�RI�ZDWHU�DQG�KRZ�FOLPDWH�FKDQJH�DOWHUV�WKH�ZDWHU�F\FOH�WR�XSJUDGH

IDFLOLWLHV�DQG�H[SDQG�LQIUDVWUXFWXUH��2YHUDOO��DV�2QH�:DWHU�+RQROXOX�ZDQWV�WR�HVWDEOLVK

LWVHOI�DV�D�VROXWLRQ�WR�ZDWHU�VHFXULW\��UDLVLQJ�DZDUHQHVV�RI�FOLPDWH�FKDQJH�LQ�WKH

FRPPXQLW\�FDQ�SURYLGH�YDOXH�WR�LPSOHPHQWLQJ�WKH�SODQ��7KHUHIRUH��SROLWLFDO�DQG�VRFLDO

EX\�LQ�FDQ�EH�WDLORUHG�WR�WKLV�SLFWXUH�

)RU�PRVW�SODQV�DQG�SURJUDPV�WR�WKULYH��WKHUH�QHHGV�WR�EH�OHDGHUVKLS��$V�IRU�2QH

:DWHU��WKHUH�LV�D�FDOO�IRU�FRPPXQLW\�DQG�SROLWLFDO�OHDGHUVKLS�WR�DGYRFDWH�IRU�WKH�DSSURDFK�

%XLOGLQJ�FOLPDWH�UHVLOLHQF\�DQG�ZDWHU�VHFXULW\�WKURXJK�2QH�:DWHU�UHTXLUHV�FRRUGLQDWLRQ

IURP�NH\�VWDNHKROGHUV�DQG�DJHQFLHV��0XNKHLELU�HW�DO����������7R�SURPRWH�V\VWHPLF

FKDQJH�LQ�D�V\VWHP��OHDGHUVKLS�QHHGV�WR�EH�SUHVHQW��$�SUHFHGLQJ�EDUULHU�WR�,:50

IUDPHZRUNV��VLPLODU�WR�2QH�:DWHU��XVLQJ�WKH�(8
V�:DWHU�IUDPHZRUN�H[DPSOH��ZDV�D�ODFN

RI�GLUHFWLRQ��<XVXI�DQG�6DDG��������7KH�DXWKRUV�DOVR�GLVFXVV�KRZ�LQWURGXFHG�IUDPHZRUNV

RIWHQ�LQYROYH�LQQRYDWLYH�LGHDV�PHDQW�WR�LPSURYH�WKH�V\VWHP�DQG�FDQ�EH�PLVXQGHUVWRRG

�<XVXI�DQG�6DDG���������,Q�DGRSWLQJ�FRPSOH[�ZDWHU�IUDPHZRUNV��OHDGHUVKLS�FDQ�KHOS

LQYROYHG�JURXSV�JDLQ�FODULW\�RQ�ZKLFK�SDWKV�WR�LPSOHPHQWDWLRQ�RI�ZKLFK�WKH�SODQ�ZLOO

WDNH��7KHUHIRUH��FOHDU�JXLGHOLQHV�DQG�DFWLRQ�SODQV�IRU�D�2:�IUDPHZRUN�GHPDQG

VSHDUKHDGLQJ�E\�D�OHDGLQJ�DJHQF\��8OWLPDWHO\��ILQGLQJ�OHDGHUV�LQ�WKH�FRPPXQLW\�DQG

KLJKHU�GHFLVLRQ�PDNLQJ�ERGLHV�PXVW�VXFFHVVIXOO\�LPSOHPHQW�DQ�2:�DSSURDFK�DQG�RWKHU

,5:0�IUDPHZRUNV�

��



,QVLJKWV�JDLQHG�RQ�WKH�LPSOHPHQWDWLRQ�RI�2:�LQ�+DZDLµL�LOOXVWUDWH�WKH�LPSRUWDQFH

RI�XQGHUVWDQGLQJ�WKH�VRFLR�FXOWXUDO�ODQGVFDSH�RI�WKH�HQYLURQPHQW��7UDGLWLRQDOO\��KROLVWLF

DSSURDFKHV�WR�ZDWHU�PDQDJHPHQW�DUH�QRW�QHZ�LQ�+DZDLµL��DQG�DWWHPSWLQJ�WR�LQWURGXFH�D

PRUH�ZHVWHUQ�IUDPHZRUN�FDQ�FUHDWH�FRQIOLFW�LQ�WKH�FRPPXQLW\��(TXLW\�LV�D�IXQGDPHQWDO

REMHFWLYH�RI�WKH�SODQQLQJ�SURFHVV��DQG�ZKLOH�ZDWHU�LV�SXEOLF�WUXVW�LQ�+DZDLµL��WKHUH�DUH

JDSV�LQ�KRZ�2:�FDQ�EH�HTXLWDEOH�RXWVLGH�WKH�&LW\�DQG�&RXQW\�RI�+RQROXOX��3XEOLF�WUXVW

HQWDLOV�KRZ�WKH�SHRSOH�KDYH�WKH�ULJKW�WR�KDYH�ZDWHU�SURWHFWHG�IRU�WKHLU�XVHV��LQFOXGLQJ

DFFHVV�WR�HQRXJK�ZDWHU�DQG�FOHDQ�ZDWHU��(IIRUWV�VXFK�DV�WKH�)UHVK�:DWHU�,QLWLDWLYH

UHFRJQL]H�ZDWHU
V�VRFLR�FXOWXUDO�YDOXH�WR�LWV�XVHUV�E\�SURPRWLQJ�ZDWHUVKHG��DKXSXDµD�

SURWHFWLRQ��+DZDLL&RPPXQLW\)RXQGDWLRQ�RUJ��Q�G����7KH�SHRSOH�RI�+DZDLµL�DUH�HQJDJLQJ

RQ�ORFDO�ZDWHU�LVVXHV��DV�VHHQ�WKURXJK�WKH�5HG�+LOO�FRQIOLFW��'HYHORSLQJ�ZD\V�LQ�ZKLFK

2:�FDQ�RYHUFRPH�WKH�VRFLR�FXOWXUDO�EDUULHUV�ZLOO�EH�NH\�WR�LWV�LPSOHPHQWDWLRQ�

8OWLPDWHO\��HQVXULQJ�WKDW�ORFDO�YRLFHV�DUH�KHDUG�DQG�DFFRXQWHG�IRU�WKURXJK�SDUWLFLSDWRU\

SODQQLQJ�DQG�VWDNHKROGHU�HQJDJHPHQW�VKRXOG�EH�LQWHJUDWHG�LQWR�WKH�2:�IUDPHZRUN�

����7KHRUHWLFDO�DQG�3UDFWLFDO�,PSOLFDWLRQV

$GRSWLQJ�D�2QH�:DWHU�DSSURDFK�FDOOV�IRU�VWUXFWXUDO�UHIRUPV�LQ�ZDWHU�UHVRXUFHV

PDQDJHPHQW��7KH�VWXG\�FRQILUPV�KRZ�LQVWLWXWLRQDO�EDUULHUV�FRQVWLWXWH�D�VLJQLILFDQW

FKDOOHQJH�IRU�2QH�:DWHU��*LYHQ�KRZ�VLORHG�V\VWHPV�RFFXU�WR�EH�D�FRPPRQ�WKHPH�LQ

ZDWHU�PDQDJHPHQW�DQG�WKH�LVVXHV�RI�LQWHU�DJHQF\�DQG�FURVV�VHFWRU�FROODERUDWLRQ�WKLV

LQGXFHV��V\VWHPDWLF�FKDQJH�LV�UHTXLUHG��7KH�WKHRUHWLFDO�LPSOLFDWLRQV�RI�2QH�:DWHU�UHYROYH

DURXQG�WKH�VWUXFWXUDO�FKDQJHV�WKDW�QHHG�WR�KDSSHQ�LQ�WKH�ZDWHU�JRYHUQDQFH�ERGLHV��6HYHUDO

SDUWLFLSDQWV�DIILUPHG�WKH�FKDOOHQJHV�WR�2QH�:DWHU�E\�KRZ��VWUXFWXUDOO\��2QH�:DWHU�LV

OLNHO\�WR�EH�XQILW�IRU�WKH�FXUUHQW�V\VWHP�GXH�WR�FRPSOH[LW\��6LPLODU�WR�2QH�:DWHU�

��



FRPSOH[LW\�KDV�EHHQ�LGHQWLILHG�WR�EH�D�VLJQLILFDQW�EDUULHU�WR�LPSOHPHQWLQJ�,:50��<XVRI

DQG�+DDG�GLVFXVV�KRZ�RYHUVWDWHG�IUDPHZRUNV�OHDG�WR�WKH�LQDELOLW\�WR�XQGHUVWDQG�ZDWHU

UHVRXUFH�LVVXHV
�WHFKQLFDO�DQG�PDQDJHPHQW�FRPSOH[LW\���������$V�D�UHVXOW��WKH

FRPSOH[LW\�FDQ�FRQWULEXWH�WR�SRRU�PDQDJHPHQW�DQG�PRQLWRULQJ�RI�WKH�IUDPHZRUN��2QH

:DWHU�DOLJQV�ZLWK�WKLV�LQLWLDO�ILQGLQJ�WR�,:50��7KH�2:�DSSURDFK�UHSUHVHQWV�DQ

RYHUVWDWHG�IUDPHZRUN�WKDW�IDFHV�DFFHSWDQFH�LVVXHV�DPRQJ�VWDNHKROGHUV�GXH�WR�LWV�FRPSOH[

VWUXFWXUH��$V�GLVFXVVHG��2QH�:DWHU�FDQ�SURYLGH�PHDQV�WR�HYDOXDWH�WKH�FXUUHQW�V\VWHP�WR

SURPRWH�KROLVWLF�DSSURDFKHV�WR�PDQDJLQJ�ZDWHU�UHVRXUFHV��,Q�FRQFOXVLRQ��2QH�:DWHU�FDQ

FKDOOHQJH�WKH�FXUUHQW�ZDWHU�PDQDJHPHQW�V\VWHP�E\�OHDGLQJ�D�VWUXFWXUDO�UHIRUP�LQ�WKH

ODQGVFDSH�RI�LQVWLWXWLRQDO�JRYHUQDQFH�RI�ZDWHU�UHVRXUFHV�

7KH�SUDFWLFDO�LPSOLFDWLRQV�GLJ�LQWR�WKH�EHKDYLRU�DQG�KDELWV�RI�ZDWHU�PDQDJHPHQW

SUDFWLWLRQHUV�DQG�GHFLVLRQ�PDNHUV��$V�2QH�:DWHU�FDOOV�IRU�D�V\VWHPDWLF�FKDQJH�RI�WKH

EXUHDXFUDWLF�VWUXFWXUHV��SURIHVVLRQDOV�ZLWKLQ�WKH�ZDWHU�PDQDJHPHQW�ILHOG�VLPXOWDQHRXVO\

KDYH�WR�DGMXVW�WR�D�2QH�:DWHU�IUDPHZRUN��7KH�PRVW�DSSDUHQW�SUDFWLFDO�LPSOLFDWLRQ�ZLOO�EH

WKURXJK�ZLOOLQJQHVV�DQG�FRPPLWPHQW�WR�ZRUN�PRUH�FROODERUDWLYHO\��,Q�WKH�2QH�:DWHU

IUDPHZRUN��VWDNHKROGHUV�KDYH�WR�ZRUN�DFURVV�VHFWRUV�DQG�DJHQFLHV��VKDULQJ�LQQRYDWLYH

LGHDV��LQIRUPDWLRQ��DQG�NQRZOHGJH�WR�HPSKDVL]H�WKH�YDOXHV�RI�2QH�:DWHU��:LWK�WKLV�

SUDFWLWLRQHUV�KDYH�WR�VHH�WKHPVHOYHV�GHGLFDWLQJ�WLPH�WR�FROODERUDWH��FRRUGLQDWH

GDLO\�ZHHNO\�PRQWKO\�PHHWLQJV��DQG�ILQG�ZD\V�WR�GR�2QH�:DWHU�HIIHFWLYHO\��*LYHQ�WKH

FRQVWUDLQWV�WR�WKH�2QH�:DWHU�DSSURDFK�DQG�KRZ�GLIILFXOW�LW�LV�WR�UH�RUJDQL]H�ZRUNVSDFHV�LQ

WKH�ILHOG��WKH�SUDFWLFDO�LPSOLFDWLRQV�PXVW�EH�IXUWKHU�H[SORUHG�DQG�IDFWRUHG�LQWR�WKH�2:

IUDPHZRUN��+RZHYHU��ZKDW�LV�FOHDU�LV�WKDW�ERWK�WKH�DGGUHVVHG�WKHRUHWLFDO�DQG�SUDFWLFDO

LPSOLFDWLRQV�DUH�OLNHO\�WR�LPSDFW�WKH�IXOO�LPSOHPHQWDWLRQ�RI�2QH�:DWHU�

��



����6WXG\�/LPLWDWLRQV

4XDOLWDWLYH�LQWHUYLHZV�ZLWK�VWDNHKROGHUV�RQ�ZDWHU�PDQDJHPHQW�SURYLGHG

VLJQLILFDQW�LQVLJKWV�LQWR�WKH�EDUULHUV�WR�D�2:�DSSURDFK��+RZHYHU��WKHUH�DUH�VRPH�FOHDU

OLPLWDWLRQV�RI�WKH�VWXG\�ZRUWK�WR�EH�QRWHG��$QDO\]LQJ�LQWHUYLHZ�GDWD�UHTXLUHG�TXDOLWDWLYH

LQWHUSUHWDWLRQ��DQG�LW�ZDV�FKDOOHQJLQJ�WR�GUDZ�SDWWHUQV�DFURVV�LQWHUYLHZV�LQ�D�GHVFULSWLYH

DQG�RUJDQL]HG�PDQQHU��:LWKLQ�WKH�GDWD�DQDO\VLV�IUDPHZRUN��WKH�TXDOLW\�RI�GDWD�YDULHG

VLJQLILFDQWO\�DPRQJ�WKH�LQWHUYLHZV��0DLQWDLQLQJ�DQG�FROOHFWLQJ�REMHFWLYH�REVHUYDWLRQV

DQG�LQVLJKWV�WR�D�2:�DSSURDFK�FRXOG�SRWHQWLDOO\�OLPLW�WKH�TXDOLW\�RI�WKH�VWXG\��)RU

LQVWDQFH��VKRUW�DQVZHUV�FDQ�OHDG�WR�D�ODFN�RI�FRPSOHWH�XQGHUVWDQGLQJ��DQG�D�OHQJWK\

H[SODQDWLRQ�FDQ�OHDG�WR�PLVVLQJ�WKH�PDLQ�SRLQW�RI�WKH�UHVSRQVH�DQG�UHGXFH�WKH�TXDOLW\�RI

WKH�TXDOLWDWLYH�LQWHUSUHWDWLRQ�

)XUWKHUPRUH��WKH�VWXG\�LQFOXGHG�D�VPDOOHU�VDPSOH�VL]H�WKDQ�PD\�EH�UHTXLUHG�WR

PDNH�D�WKRXJKWIXO�FRQFOXVLRQ�IRU�WKH�VFRSH�RI�WKH�VWXG\��+RZHYHU�����LQWHUYLHZHHV

UHSUHVHQWHG�D�ODUJH�TXDQWLW\�RI�SUDFWLWLRQHUV��HPSKDVL]LQJ�WKH�PLQLPDO�UHVRXUFHV�LQ�WKH

ILHOG�RI�ZDWHU�PDQDJHPHQW��:KLOH�WKH�JRDO�ZDV�WR�FRQGXFW����PLQXWH�LQWHUYLHZV��VRPH

LQWHUYLHZV�ZHQW�DV�IDU�DV����PLQXWHV�ORQJHU�WKDQ�DQWLFLSDWHG��ZKLFK�PDGH�WKH

WUDQVFULSWLRQ�DQG�DQDO\VLV�WLPH�FRQVXPLQJ��$QRWKHU�OLPLWDWLRQ�RI�WKH�VWXG\�LV�WKH�QDWXUH

RI�FRQGXFWLQJ�LQWHUYLHZV��ZKLFK�UHTXLUHV�FRRUGLQDWLRQ�DQG�VFKHGXOLQJ�RYHU�HPDLO��ZKLFK

ZDV�D�SURFHVV�WKDW�H[WHQGHG�WKH�GXUDWLRQ�RI�GDWD�FROOHFWLRQ��7KHUHIRUH��VXFFHVVIXOO\

VFKHGXOLQJ�LQWHUYLHZV�FRXOG�WDNH�ZHHNV�WR�DFFRPSOLVK�

��



����)XUWKHU�5HVHDUFK

(QJDJLQJ�ZLWK�VWDNHKROGHUV�WR�LGHQWLI\�WKH�FXUUHQW�DQG�SUHGLFWHG�EDUULHUV�WR�D�2QH

:DWHU�DSSURDFK�FDQ�VLJQLILFDQWO\�EHQHILW�LWV�LPSOHPHQWDWLRQ��2YHUFRPLQJ�WKH�GLVFXVVHG

FKDOOHQJHV�FDQ�DOORZ�D�VPRRWKHU�WUDQVLWLRQ�WR�D�2QH�:DWHU�IUDPHZRUN�DW�WKH�ORFDO�OHYHO

DQG�VWDWH�ZLGH��*DLQLQJ�LQVLJKWV�LQWR�KRZ�VWDNHKROGHUV�OHDUQ�WR�UHFRJQL]H�WKH�YDOXH�RI�D

2QH�:DWHU�DSSURDFK�VKRZV�KRZ�IDU�WKH�SODQQLQJ�LPSOHPHQWDWLRQ�KDV�FRPH��LWV

FKDOOHQJHV��DQG�ZKDW�QHHGV�WR�EH�GRQH�WR�RSHUDWH�DV�GHVLUHG�

7KHUH�LV�SRWHQWLDO�WR�H[SDQG�WKH�VWXG\�RQ�2QH�:DWHU�DQG�FRQGXFW�IXUWKHU�UHVHDUFK�

)RU�WKH�VFRSH�RI�WKH�UHVHDUFK�VWXG\��ZH�IRFXVHG�RQ�WKH�2:�LPSOHPHQWDWLRQ�LQ�2µDKX�DQG

WKH�&LW\�DQG�&RXQW\�RI�+RQROXOX�VSHFLILFDOO\��+RZHYHU��LW�FRXOG�EULQJ�YDOXH�WR�H[SORULQJ

WKH�VWDWHZLGH�XQGHUVWDQGLQJ�RI�2:�LQ�WKH�SRWHQWLDO�FDVH�RI�VWDWHZLGH�LPSOHPHQWDWLRQ��$V

2:�VHHNV�WR�PDQDJH�ZDWHU�KROLVWLFDOO\�DQG�HQFRXUDJH�FURVV�GLVFLSOLQH�DQG�VHFWRU

FROODERUDWLRQ��PDQ\�DJHQFLHV�RSHUDWH�RQ�D�EURDGHU�SLFWXUH�WKDQ�WKH�&RXQW\�OHYHO�WKDW

ZRXOG�EH�PHDQLQJIXO�WR�HQJDJH��:KLOH�WKH�JRDO�RI�2:�LV�WR�GHYHORS�ZDWHU�PDQDJHPHQW

SUDFWLFHV�WKDW�DFWLYHO\�DGGUHVV�FOLPDWH�FKDQJH�DQG�WDFNOH�IXWXUH�ZDWHU�FKDOOHQJHV��LW�FRXOG

EH�EHQHILFLDO�WR�HQJDJH�ZLWK�VWDNHKROGHUV�EH\RQG�ZDWHU�PDQDJHPHQW�DQG�HYHQ�DFURVV

LVODQGV��8OWLPDWHO\��WKH�SODQ�LV�WR�DGRSW�D�2:�DSSURDFK�DFURVV�WKH�VWDWH��VR�KHDG�VWDUWLQJ

WKH�SODQQLQJ�SURFHVV�WR�XQGHUVWDQG�WKH�VHWWLQJ�IRU�D�2:�LPSOHPHQWDWLRQ�RQ�0DXL�

+DZDLµL�,VODQG��.DXD
L��HWF���ZRXOG�EH�WKH�GHVLUHG�REMHFWLYH�IRU�IXWXUH�VWXGLHV�

����7KH�3DWK�)RUZDUG�IRU�2QH�:DWHU

7KH�FXUUHQW�VLORV�DOLJQHG�ZLWK�IXQGLQJ��SROLWLFDO�	�VRFLDO�EX\�LQ��DQG

VRFLR�FXOWXUDO�NQRZOHGJH�DUH�WKH�PDLQ�EDUULHUV�WR�2QH�:DWHU��:KLOH�WKH�JRDO�RI�2:�LV�WR

��



EUHDN�WKURXJK�WKH�VLORV�WR�VXSSRUW�D�KROLVWLF�DSSURDFK�WR�ZDWHU�PDQDJHPHQW��WKH�IRXQG

EDUULHUV�OLPLW�WKH�LPSOHPHQWDWLRQ�DQG�PXVW�EH�RYHUFRPH�IRU�2QH�:DWHU�WR�EH�DGRSWHG�

7KH�FKDOOHQJHV�DUH�URRWHG�LQ�KRZ�SHRSOH�WKLQN�DERXW�ZDWHU�LQ�WKH�FRPPXQLW\��,Q�PDQ\

ZD\V��WKH�ZD\�ZDWHU�LV�XQGHUYDOXHG�LQ�VRFLHW\�UHVXOWV�IURP�WKH�HGXFDWLRQ�V\VWHP�LWVHOI��$V

GLVFXVVHG��VLORV�DUH�IRUJHG�LQ�WKH�HGXFDWLRQDO�V\VWHP�E\�WUDLQLQJ�VNLOOV�DQG�GLVFLSOLQHV�

$GGLWLRQDOO\��WKH�FOLPDWH�FKDQJH�LPSDFWV�RQ�ZDWHU�UHVRXUFHV�KDYH�WR�EH

FRPPXQLFDWHG�HIIHFWLYHO\�WR�ZDWHU�XVHUV��L�H���WKH�JHQHUDO�SXEOLF��&RPPXQLFDWLQJ�WKH

VLJQLILFDQFH�RI�FOLPDWH�FKDQJH�DQG�LWV�DGYHUVH�HIIHFWV�RQ�ZDWHU�UHVRXUFHV�FDQ�HQVXUH�WKDW

IXWXUH�JHQHUDWLRQV�XQGHUVWDQG�WKH�V\VWHP�WKH\�DUH�D�SDUW�RI��'HYHORSLQJ�D�XQLILHG�YLVLRQ

DPRQJ�VWDNHKROGHUV�HQWDLOV�WKDW�UHVRXUFHV�KDYH�WR�EH�SULRULWL]HG�WR�WUDLQ�VWXGHQWV�WR�EH

V\VWHPV�WKLQNHUV�DQG�XQGHUVWDQG�WKHLU�UROHV�DQG�UHVSRQVLELOLW\�LQ�WKH�FRPPXQLW\��7KH�LGHD

RI�NXOHDQD��D�1DWLYH�+DZDLLDQ�WHUP�XVHG�WR�GHVFULEH�RQH
V�UHVSRQVLELOLW\�LQ�WKH

FRPPXQLW\�WKH\�OLYH�LQ��KDV�WR�EH�HVWDEOLVKHG�IRU�2QH�:DWHU�WR�IXQFWLRQ�DV�LQWHQGHG�EXW

FDQ�WDNH�GHFDGHV�WR�DFKLHYH�7KH�LPSOHPHQWDWLRQ�RI�2QH�:DWHU�IROORZV�WKH�VDPH�OLQHV�

6KLIWLQJ�WRZDUGV�2QH�:DWHU�UHTXLUHV�EHWWHU�HGXFDWLRQ�RQ�ZDWHU�V\VWHPV�DQG�UDLVLQJ

DZDUHQHVV�RI�ZKDW�2QH�:DWHU�PHDQV�IRU�WKH�SXEOLF��SULYDWH��1*2V��DQG�WKH�JHQHUDO

SXEOLF��2YHUFRPLQJ�WKH�EDUULHUV�WR�D�2QH�:DWHU�DSSURDFK�HQWDLOV�EULGJLQJ�WKH�JDSV�LQ

VNLOOV�DQG�H[SHUWLVH�ZLWKLQ�GLVFLSOLQHV�DQG�DJUHHLQJ�WR�D�XQLILHG�YLVLRQ�WR�FRPEDW�IXWXUH

ZDWHU�FKDOOHQJHV��&OLPDWH�FKDQJH�SRVHV�VLJQLILFDQW�VWUHVVRUV�WR�ZDWHU�V\VWHPV�LQ�+DZDLµL�

DQG�ZLWKRXW�UHFRJQL]LQJ�KRZ�2QH�:DWHU�DWWHPSWV�WR�DGGUHVV�WKHVH�LVVXHV��LW�ZLOO�EH

FKDOOHQJLQJ�WR�LQWHJUDWH�WKH�DSSURDFK�

8OWLPDWHO\��VKLIWLQJ�WR�D�2QH�:DWHU�DSSURDFK�HQFRXUDJHV�D�PLQGVHW�FKDQJH�LQ�KRZ

VWDWH��FRXQW\��DQG�ORFDO�HQWLWLHV�PDQDJH�ZDWHU�UHVRXUFHV��6LORHG�V\VWHPV�SUHVHQW

��



WKHPVHOYHV�DV�WKH�PDLQ�EDUULHU�WR�LPSOHPHQWLQJ�2QH�:DWHU��+RZHYHU��WKH�EHQHILWV�RI�D

2QH�:DWHU�E\�FROODERUDWLQJ�FDQ�KDYH�LPPHQVH�YDOXH�WRZDUGV�VXVWDLQDEOH�ZDWHU

PDQDJHPHQW��2QH�:DWHU�IDFHV�FKDOOHQJHV�UHODWHG�WR�WKH�VRFLDO��WHFKQRORJLFDO��HFRORJLFDO�

HFRQRPLF��DQG�SROLWLFDO�GLPHQVLRQV��(YHQ�WKRXJK�WKH�SDWK�WR�DFKLHYLQJ�V\VWHPLF�FKDQJH

WKURXJK�LQWHJUDWLQJ�D�2QH�:DWHU�DSSURDFK�LV�D�FKDOOHQJH��+RZHYHU��E\�WKHRU\��LW�LV�QRW

LPSRVVLEOH�

����&21&/86,21

&OLPDWH�FKDQJH�KDV�GHWULPHQWDO�LPSDFWV�RQ�+DZDLµL
V�ZDWHU�UHVRXUFHV��7KURXJK

6/5��H[WUHPH�ZHDWKHU�HYHQWV��DQG�GHFUHDVHG�UDLQIDOO��LW�LV�XQHTXLYRFDO�WKDW�WKHUH�ZLOO�EH

FKDQJHV�ERWK�LQ�ZDWHU�TXDQWLW\�DQG�TXDOLW\��,Q�WKH�SODQQLQJ�SURFHVV�WRZDUG�D�2QH�:DWHU

IUDPHZRUN��WKH�VWXG\�DWWHPSWV�WR�JDLQ�LQVLJKWV�LQWR�KRZ�VWDNHKROGHUV�XQGHUVWDQG�2:�DQG

LGHQWLI\�WKH�EDUULHUV�WR�LWV�LPSOHPHQWDWLRQ��2YHUDOO��WKH�VWXG\�VXFFHVVIXOO\�LGHQWLILHG�IRXU

NH\�EDUULHUV�WR�WKH�LPSOHPHQWDWLRQ�RI�2QH�:DWHU�WKURXJK�TXDOLWDWLYH�LQWHUYLHZV�ZLWK

VWDNHKROGHUV�

7KH��QDWXUH�RI�VLORHG�V\VWHPV��GHULYHG�IURP�JDSV�EHWZHHQ�VNLOOV�DQG�H[SHUWLVH�LQ

ZDWHU�PDQDJHPHQW��LV�WKH�GRPLQDQW�EDUULHU�H[SUHVVHG�E\�VWDNHKROGHUV��6LORHG�V\VWHPV

FUHDWH�GLVFRQQHFWLRQV�WKDW�OLPLW�FURVV�VHFWRU�DQG�GLVFLSOLQH�FROODERUDWLRQ�DQG�DUH�DOUHDG\

D�FKDOOHQJH�LQ�ZDWHU�PDQDJHPHQW��2QH�:DWHU�SUHVHQWV�LWVHOI�WR�EH�D�VLOR�EXUVWLQJ�LQLWLDWLYH

SURPRWLQJ�FRPPXQLFDWLRQ��NQRZOHGJH�VKDULQJ��DQG�FROODERUDWLRQ�EHWZHHQ�ORFDO��VWDWH�

DQG�IHGHUDO�HQWLWLHV��+RZHYHU��ZH�DOVR�IRXQG�WKDW�2:�FDQ�HQKDQFH�WKH�SUH�H[LVLWQJ�VLORV

E\�KRZ�LW�FDQ�EH�YLHZHG�DV�DQRWKHU�LQLWLDWLYH�WKDW�LQHIIHFWLYHO\�GHYHORSV�FOLPDWH

UHVLOLHQF\�DQG�WKH�FXUUHQW�ZDWHU�SUDFWLFH�RI�ZDWHU�PDQDJHPHQW�

��



)XUWKHUPRUH��IXQGLQJ�DQG�EXGJHW�FRQVWUDLQWV�DUH�RWKHU�NH\�EDUULHUV�WR�2QH�:DWHU�

$�ODFN�RI�IHGHUDO�JUDQWV�DQG�ILQDQFLDO�VXSSRUW�WR�VKLIW�WR�D�2QH�:DWHU�DSSURDFK�FDQ�GHOD\

WKH�SODQ
V�LPSOHPHQWDWLRQ�WLPH��UHGXFH�LWV�HIILFLHQF\��RU�OHDG�WR�GHFLVLRQ�PDNHUV

QHJOHFWLQJ�2QH�:DWHU��&RPPXQLFDWLQJ�WKH�YDOXH�RI�D�2QH�:DWHU�DSSURDFK�ZLWK�WKH�SXEOLF

DQG�NH\�GHFLVLRQ�PDNHUV�FDQ�VROYH�PDQ\�FKDOOHQJHV�SRVHG�IURP�WKH�SROLWLFDO�DQG�VRFLDO

EX\�LQ��$OVR��HQVXULQJ�WKDW�2QH�:DWHU�DOLJQV�ZLWK�WKH�VRFLR�FXOWXUDO�LPSRUWDQFH�RI�ZDWHU

LQ�+DZDLµL�PXVW�DOVR�EH�RYHUFRPH��:DWHU�LV�SXEOLF�WUXVW�LQ�WKH�+DZDLLDQ�,VODQGV�DQG�KDV�D

XQLTXH�PHDQLQJ�WR�WKH�WUDGLWLRQDO�ZD\�RI�ZDWHUVKHG�PDQDJHPHQW�LQ�WKH�IRUP�RI�WKH

DKXSXDµD��5HLQWURGXFLQJ�KROLVWLF�ZDWHU�PDQDJHPHQW�WKURXJK�2QH�:DWHU�UHTXLUHV�SHRSOH

LQ�WKH�FRPPXQLW\�WR�HQJDJH�LQ�LWV�YDOXH�DQG�SXUSRVH��ZKLFK�SRVHV�FKDOOHQJHV�

6KLIWLQJ�WR�D�2QH�:DWHU�DSSURDFK�FDQ�EH�WKH�VWHS�LQ�WKH�ULJKW�GLUHFWLRQ�WRZDUGV

ZDWHU�VHFXULW\�DQG�SURDFWLYHO\�DGGUHVV�FOLPDWH�FKDQJH�LPSDFWV�RQ�+DZDLµL
V�ZDWHU

UHVRXUFHV��2YHUFRPLQJ�WKH�EDUULHUV�IDFLQJ�2QH�:DWHU�RQ�2µDKX�VKRXOG�EH�D�NH\�HPSKDVLV

LQ�WKH�IXWXUH�SODQQLQJ�ZRUN�RI�WKH�SURJUDP�WRZDUGV�LWV�LPSOHPHQWDWLRQ��2QH�:DWHU�FDQ�EH

D�SLRQHHU�HIIRUW�WR�DGGUHVV�FOLPDWH�FKDQJH�LPSDFWV�RQ�ZDWHU�UHVRXUFHV�LQ�VXVWDLQLQJ

+DZDLµL
V�ZDWHU�UHVRXUFHV�

$QRWKHU�GLVFXVVHG�DVSHFW�RI�2QH�:DWHU�LV�KRZ�LW�FKDOOHQJHV�WKH�FXUUHQW�ZDWHU

PDQDJHPHQW�V\VWHP�DQG�SURPRWHV�V\VWHPDWLF�FKDQJH�LQ�WKH�ILHOG�RI�ZDWHU�UHVRXUFHV

PDQDJHPHQW�RQ�2µDKX��7DNLQJ�D�KROLVWLF�DSSURDFK�WR�ZDWHU�PDQDJHPHQW�WKURXJK�2QH

:DWHU�FDQ�SURYH�WR�EH�WKH�VROXWLRQ�WR�VROYH�ZDWHU�FKDOOHQJHV�LI�LPSOHPHQWHG�DQG�RSHUDWHG

VXFFHVVIXOO\�LQ�WKH�IDFH�RI�FOLPDWH�FKDQJH��8OWLPDWHO\��2:�FDQ�XQORFN�WKH�SRWHQWLDO�WR

GHYHORS�FOLPDWH�DQG�ZDWHU�UHVLOLHQF\��+RZHYHU��LI�2QH�:DWHU�LV�WKH�VROXWLRQ�WR�DFKLHYH

ZDWHU�VHFXULW\�LQ�+DZDLµL�UHPDLQV�WR�EH�VHHQ�

��



2YHUDOO��WKH�WKHVLV�UHVHDUFK�VWXG\�FRQILUPV�KRZ�WKHUH�DUH�FOHDU�EDUULHUV�WR�WKH

LPSOHPHQWDWLRQ�RI�D�2QH�:DWHU�DSSURDFK�RQ�2µDKX�DQG�SURYLGHV�D�EULHI�URDGPDS�RQ�KRZ

WR�DSSURDFK�WKH�LGHQWLILHG�FKDOOHQJHV��8OWLPDWHO\��WKURXJK�IXUWKHU�SODQQLQJ��WKH�EDUULHUV

KDYH�WR�EH�RYHUFRPH�IRU�2QH�:DWHU�WR�VXFFHHG�DQG�DFKLHYH�LWV�JRDOV�LQ�VXVWDLQLQJ

+DZDLµL
V�ZDWHUV�

��
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$SSHQGL[�$��6WDNHKROGHU�/LVW

6WDNHKROGHU 6HFWRU

'/15��&RPPLVLRQ�RI�:DWHU�5HVRXUFH

0DQDJHPHQW

3XEOLF���6WDWH

+DZDLµL�&RPPXQLW\�)RXQGDWLRQ 3XEOLF����1RQ�SURILW

+DZDLµL�6WDWH�/DQG�8VH�&RPPLVVLRQ 3XEOLF���6WDWH

6HD�*UDQW�&ROOHJH�3URJUDP

�8QLYHUVLW\�RI�+DZDLދL�

3XEOLF��(GXFDWLRQ

+RQROXOX�%RDUG�RI�:DWHU�6XSSO\ 3XEOLF���&RXQW\

2QH�:RUOG�2QH�:DWHU 3ULYDWH

��



$SSHQGL[�%��7DON�6WRU\�*XLGH

6WDNHKROGHU�7DON�6WRU\�*XLGH

'HVLUHG�2XWFRPHV�

�� /HDUQ�KRZ�VWDNHKROGHUV�FRPH�WR�XQGHUVWDQG�WKH�YDOXH�RI�2QH�:DWHU

WRZDUGV�FOLPDWH�UHVLOLHQF\�RQ�2µDKX

�� ([SORUH�WKH�ZD\V�LQ�ZKLFK�FOLPDWH�VFLHQFH�FDQ�ZRUN�KDQG�LQ�KDQG�ZLWK

SODQQLQJ�DQG�SROLF\�GHVLJQ

�� ,GHQWLI\�WKH�PDLQ�EDUULHUV�WRZDUGV�WKH�LPSOHPHQWDWLRQ�RI�WKH�2QH�:DWHU

$SSURDFK�RQ�2µDKX�DQG�SURSRVH�DFWLRQV�WR�RYHUFRPH�WKH�FKDOOHQJHV

4XHVWLRQV�

�� ,Q�UHJDUGV�WR�\RXU�SURIHVVLRQDO�H[SHULHQFH�LQ�PDQDJLQJ�ZDWHU�UHVRXUFHV�

ZKDW�DUH�VRPH�FKDOOHQJHV�\RX�KDYH�IDFHG�WKURXJK�FURVV�VHFWRU�DQG

LQWHUGLVFLSOLQDU\�FROODERUDWLRQ"

�� +RZ�ZHOO�GR�\RX�WKLQN�FXUUHQW�ZDWHU�PDQDJHPHQW�LQWHJUDWHV�FOLPDWH

FKDQJH�LPSDFWV�WR�ZDWHU�UHVRXUFHV"

�� 7KLQNLQJ�DERXW�ZDWHU�PDQDJHPHQW�RQ�2µDKX��KRZ�PLJKW�ZDWHU�UHVRXUFHV

SODQQLQJ�DQG�PDQDJHPHQW�EH�LPSURYHG�E\�XVLQJ�D�µ¶2QH�:DWHU¶¶�DSSURDFK"

�� :KDW�FKDOOHQJHV�RU�EDUULHUV�GR�\RX�WKLQN�PLJKW�H[LVW�IRU�LPSOHPHQWLQJ�D

µ¶2QH�:DWHU¶¶�DSSURDFK�RQ�2µDKX"

�� +RZ�ZRXOG�\RX�OLNH�WR�VHH�RUJDQL]DWLRQV�DQG�DJHQFLHV�ZRUN�GLIIHUHQWO\

XQGHU�D�µ¶2QH�:DWHU¶¶�DSSURDFK"

5HFRPPHQGDWLRQV�

��



� 'R�\RX�KDYH�DQ\�VXJJHVWLRQV�IRU�ZKR�ZH�VKRXOG�FRQWDFW�IRU�WKH�SXUSRVH�RI

WKH�VWXG\"

��
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$9$.RQRKLNL�RUJ���Q�G��� 2ұDKX��5HWULHYHG�)HEUXDU\ ����������IURP

KWWS���ZZZ�DYDNRQRKLNL�RUJ�R���DKX�KWPO

%HOO��*��'���DQG�0��&KHOOLDK��������/HDGLQJ�WURSLFDO�PRGHV�DVVRFLDWHG�ZLWK�LQWHUDQQXDO

DQG�PXOWL�GHFDGDO�IOXFWXDWLRQV�LQ�1RUWK�$WODQWLF�KXUULFDQH�DFWLYLW\��-��&OLPDWH�����

��������

%URRNV��0LFKDHO���������3ODQQLQJ�7KHRU\�IRU�3UDFWLWLRQHUV��&KLFDJR��$3$�3ODQQHUV

3UHVV��>³7KH�)HHGEDFN�6WUDWHJ\�RI�3XEOLF�3ODQQLQJ�´@

&DPSEHOO��+��9���	�&DPSEHOO��$��0����������&RPPXQLW\�EDVHG�ZDWHUVKHG�UHVWRUDWLRQ�LQ

KHµHLD��KHµHLD�DKXSXDµD���2µDKX��+DZDLLDQ�,VODQGV� &DVH�6WXGLHV�LQ�WKH�(QYLURQPHQW�

�������±���KWWSV���GRL�RUJ���������FVH������VF�������

&KXUFK�HW�DO����������6HD�/HYHO�&KDQJH��,Q��&OLPDWH�&KDQJH�������7KH�3K\VLFDO�6FLHQFH

%DVLV��&RQWULEXWLRQ�RI�:RUNLQJ�*URXS�,�WR�WKH�)LIWK�$VVHVVPHQW�5HSRUW�RI�WKH

,QWHUJRYHUQPHQWDO�3DQHO�RQ�&OLPDWH�&KDQJH�>6WRFNHU��7�)���'��4LQ��*��.��3ODWWQHU��0�

7LJQRU��6�.��$OOHQ��-��%RVFKXQJ��$��1DXHOV��<��;LD��9��%H[�DQG�3�0��0LGJOH\��HGV��@�

&DPEULGJH�8QLYHUVLW\�3UHVV��&DPEULGJH��8QLWHG�.LQJGRP�DQG�1HZ�<RUN��1<��86$�

'HIIRUJH��&��/���	�0HUOLV��7��0����������2EVHUYHG�ZDUPLQJ�WUHQG�LQ�VHD�VXUIDFH

WHPSHUDWXUH�DW�WURSLFDO�F\FORQH�JHQHVLV��*HRSK\VLFDO�5HVHDUFK�/HWWHUV�������������±�����

��



'/15��������6HSWHPEHU���� +DZDLL�ZDWHU�SODQ��&RPPLVVLRQ�RQ�:DWHU�5HVRXUFH

0DQDJHPHQW��5HWULHYHG�'HFHPEHU�����������IURP

KWWSV���GOQU�KDZDLL�JRY�FZUP�SODQQLQJ�KLZDWHUSODQ�

(DUWK��2UJ�������� 6HD�OHYHO�ULVH�SURMHFWLRQ�PDS�� KRQROXOX��(DUWK�RUJ���SDVW��3UHVHQW�

)XWXUH��(DUWK�2UJ���3DVW�_�3UHVHQW�_�)XWXUH��5HWULHYHG )HEUXDU\�����������IURP

KWWSV���HDUWK�RUJ�GDWDBYLVXDOL]DWLRQ�VHD�OHYHO�ULVH�E\������KRQROXOX���a�WH[W 7KH���PLG

��'UDQJH���VFHQDULR���SURMHFWHG�RI�����P���6/5���DW��������

(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\�����������(3$��5HWULHYHG�0DUFK�����������IURP

KWWSV���ZZZ�HSD�JRY�ZDWHUVHQVH�KRZ�ZH�XVH�ZDWHU

)RFKW��:LOO��DQG�=HY�7UDFKWHQEHUJ��������³$�7UXVW�%DVHG�*XLGH�WR�6WDNHKROGHU

3DUWLFLSDWLRQ�´�,Q�6ZLPPLQJ�8SVWUHDP��&ROODERUDWLYH�$SSURDFKHV�WR�:DWHUVKHG

0DQDJHPHQW��HG��3DXO�6DEDWLHU��&DPEULGJH��0,7�3UHVV�

+DGGRXW��6���3UL\D��.��/���&DVLOD��-��&���+RJXDQH��$��0���	�/MXEHQNRY��,����������9DOXLQJ

ZDWHU��FHOHEUDWH�:RUOG�:DWHU�'D\���������:KDW�LW�LV�DQG�ZK\�LW¶V�LPSRUWDQW� 6FLHQFH�	

7HFKQRORJ\�/LEUDULHV� ����������±�����KWWSV���GRL�RUJ����������������[�������������

+DQGPDNHU��2���.HHOHU��%��/���	�0LO]��'����������:KDW�W\SH�RI�YDOXH�LQIRUPDWLRQ�LV�PRVW

YDOXDEOH�WR�VWDNHKROGHUV"�PXOWL�VHFWRU�SHUVSHFWLYHV�RQ�WKH�XWLOLW\�DQG�UHOHYDQFH�RI�ZDWHU

YDOXDWLRQ�LQIRUPDWLRQ� (QYLURQPHQWDO�6FLHQFH�	�3ROLF\� �������±���

KWWSV���GRL�RUJ���������M�HQYVFL������������

+DULJ��&����������7KH�LQFUHDVLQJ�UDWH�RI�JOREDO�PHDQ�VHD�OHYHO�ULVH�GXULQJ�����±�����

1DWXUH�&OLPDWH�&KDQJH�����������±���� KWWSV���GRL�RUJ���������QFOLPDWH����

��

https://earth.org/data_visualization/sea-level-rise-by-2100-honolulu/#:~:text=The%20mid%2Drange%20scenario%20projected,of%2010m%20SLR%20at%202300
https://earth.org/data_visualization/sea-level-rise-by-2100-honolulu/#:~:text=The%20mid%2Drange%20scenario%20projected,of%2010m%20SLR%20at%202300
https://doi.org/10.1038/nclimate3325


+DZDLL��JRY�� &KDSWHU����&�VWDWH�ZDWHU�FRGH���KDZDLL� �Q�G����5HWULHYHG�'HFHPEHU����

������IURP�KWWSV���ILOHV�KDZDLL�JRY�GOQU�FZUP�UHJXODWLRQV�&RGH���&�SGI

+DZDLL&RPPXQLW\)RXQGDWLRQ�RUJ��Q�G����$�%OXHSULQW�IRU�$FWLRQ��)UHVKZDWHU�,QLWDWLYH�

5HWULHYHG��0D\�����������IURP

KWWSV���ZZZ�KDZDLLFRPPXQLW\IRXQGDWLRQ�RUJ�ILOH�FDW�)UHVKB:DWHUB%OXHSULQWB),1$/B��

����BVPDOO�SGI

-HGUD��&��������� *UHHQ�/DZQV�DQG�SRROV��+RQROXOX
V ELJJHVW�ZDWHU�XVHUV�VWUXJJOH�WR

FRQVHUYH��+RQROXOX�&LYLO�%HDW��5HWULHYHG�0D\���������� IURP

KWWSV���ZZZ�FLYLOEHDW�RUJ���������JUHHQ�ODZQV�DQG�SRROV�KRQROXOXV�ELJJHVW�ZDWHU�XVHUV�

VWUXJJOH�WR�FRQVHUYH�

.LSURS��9��������� :KDW�DUH�WKH�ELJJHVW�LQGXVWULHV LQ�+DZDLL":RUOG$WODV��5HWULHYHG

0D\�����������IURP

KWWSV���ZZZ�ZRUOGDWODV�FRP�DUWLFOHV�ZKDW�DUH�WKH�ELJJHVW�LQGXVWULHV�LQ�KDZDLL�KWPO��a�WH

[W 7RXULVP���LV���WKH���ODUJHVW���HFRQRPLF�PLOG���ZHDWKHU���RI���WKH���LVO

DQGV�

.RVVLQ��-��3���.QDSS��.��5���2ODQGHU��7��/���	�9HOGHQ��&��6����������*OREDO�LQFUHDVH�LQ

PDMRU�WURSLFDO�F\FORQH�H[FHHGDQFH�SUREDELOLW\�RYHU�WKH�SDVW�IRXU�GHFDGHV� 3URFHHGLQJV�RI

WKH�1DWLRQDO�$FDGHP\�RI�6FLHQFHV� ��������������±������

KWWSV���GRL�RUJ���������SQDV�����������

��

https://www.hawaiicommunityfoundation.org/file/cat/Fresh_Water_Blueprint_FINAL_062215_small.pdf
https://www.hawaiicommunityfoundation.org/file/cat/Fresh_Water_Blueprint_FINAL_062215_small.pdf
https://www.civilbeat.org/2022/04/green-lawns-and-pools-honolulus-biggest-water-users-struggle-to-conserve/
https://www.civilbeat.org/2022/04/green-lawns-and-pools-honolulus-biggest-water-users-struggle-to-conserve/
https://www.worldatlas.com/articles/what-are-the-biggest-industries-in-hawaii.html#:~:text=Tourism%20is%20the%20largest%20economic,mild%20weather%20of%20the%20islands
https://www.worldatlas.com/articles/what-are-the-biggest-industries-in-hawaii.html#:~:text=Tourism%20is%20the%20largest%20economic,mild%20weather%20of%20the%20islands
https://www.worldatlas.com/articles/what-are-the-biggest-industries-in-hawaii.html#:~:text=Tourism%20is%20the%20largest%20economic,mild%20weather%20of%20the%20islands


/DQH��0DUFXV�%��������3XEOLF�SDUWLFLSDWLRQ�LQ�SODQQLQJ��DQ�LQWHOOHFWXDO�KLVWRU\��$XVWUDOLDQ

*HRJUDSKHU�����������±���� KWWS���GRL�RUJ��������������������������

/HWD��2��7���(O�.DGL��$��,���	�'XODL��+����������,PSOLFDWLRQV�RI�FOLPDWH�FKDQJH�RQ�ZDWHU

EXGJHWV�DQG�UHVHUYRLU�ZDWHU�KDUYHVWLQJ�RI�1XXDQX�DUHD�ZDWHUVKHGV��2µDKX��+DZDLL�

-RXUQDO�RI�:DWHU�5HVRXUFHV�3ODQQLQJ�DQG�0DQDJHPHQW� ������������������

KWWSV���GRL�RUJ����������DVFH�ZU������������������

0XHOOHU�'RPERLV��'����������7KH�+DZDLLDQ�DKXSXDµD�/DQG�8VH�6\VWHP��,WV�%LRORJLFDO

5HVRXUFH�=RQHV�DQG�WKH�&KDOOHQJH�IRU�6LOYLFXOWXUDO�5HVWRUDWLRQ��%LRORJ\�RI�+DZDLLDQ

6WUHDPV�DQG�(VWXDULHV��(GLWHG�E\�1�/��(YHQKXLV�	�-�0��)LW]VLPRQV��%LVKRS�0XVHXP

%XOOHWLQ�LQ�&XOWXUDO�DQG�(QYLURQPHQWDO�6WXGLHV������±��

0XNKHLELU��3���+RZH��&���DQG�*DOOHW��'����������³:KDW¶V�*HWWLQJ�LQ�WKH�:D\�RI�D�µ2QH

:DWHU¶�$SSURDFK�WR�:DWHU�6HUYLFHV�3ODQQLQJ�DQG�0DQDJHPHQW"´�:DWHU�������0D\��

��±���

0XUDNDPL��+���:DQJ��%���/L��7���	�.LWRK��$����������3URMHFWHG�LQFUHDVH�LQ�WURSLFDO

F\FORQHV�QHDU�+DZDLL� 1DWXUH�&OLPDWH�&KDQJH� ����� ���±����

KWWSV���GRL�RUJ���������QFOLPDWH����

2QH�:RUOG�2QH�:DWHU��������� 2QH�:DWHU�)RU�&OLPDWH 5HVLOLHQF\� 3UHSDUHG�IRU�WKH�&LW\

DQG�&RXQW\�RI�+RQROXOX�&OLPDWH�&KDQJH�&RPPLVVLRQ�

��

http://doi.org/10.1080/00049180500325694


3RZHU��6��%���)��'HODJH��5��&ROPDQG��DQG�$�0RLVH���������&RQVHQVXV�RQ�WZHQW\�ILUVW

FHQWXU\�UDLQIDOO�SURMHFWLRQV�LQ�FOLPDWH�PRGHOV�PRUH�ZLGHVSUHDG�WKDQ�SUHYLRXVO\�WKRXJKW�

-�&OLP���������������������

5RW]ROO��.��DQG�&�+��)OHWFKHU���������$VVHVVPHQW�RI�JURXQGZDWHU�LQXQGDWLRQ�DV�D

FRQVHTXHQFH�RI�VHD�OHYHO�ULVH��1DWXUH�&OLPDWH�&KDQJH�����������

5LFKDUGVRQ��0���������� 1DY\�ILJKWV�VWDWH�RUGHU�WR VKXW�GRZQ�DQG�HPSW\�5HG�+LOO�)XHO

7DQNV��5HWULHYHG�'HFHPEHU�����������IURP

KWWSV���ZZZ�KDZDLLQHZVQRZ�FRP������������QDY\�ILJKWV�VWDWH�RUGHU�VKXW�GRZQ�GHIXHO�U

HG�KLOO�WDQNV�

6DUJHQ��0���������6HSWHPEHU����� %LRORJLFDO�UROHV RI�ZDWHU��:K\�LV�ZDWHU�QHFHVVDU\�IRU

OLIH" 6FLHQFH�LQ�WKH�1HZV��5HWULHYHG�0DUFK���������� IURP

KWWSV���VLWQ�KPV�KDUYDUG�HGX�XQFDWHJRUL]HG������ELRORJLFDO�UROHV�RI�ZDWHU�ZK\�LV�ZDWHU�Q

HFHVVDU\�IRU�OLIH���a�WH[W :DWHU
V���H[WHQVLYH���FDSDELOLW\���WR���GLVVROYH�VXEVWDQ

FHV���OLNH���R[\JHQ���RU���QXWULHQWV�

7D\ORU��$���$UULsQV��:��7���	�/DLQJ��0����������8QGHUVWDQGLQJ�VL[�ZDWHU�OHDGHUVKLS�UROHV�

$�)UDPHZRUN�WR�KHOS�EXLOG�OHDGHUVKLS�FDSDFLW\� 1HZ :DWHU�3ROLF\�DQG�3UDFWLFH� �����

KWWSV���GRL�RUJ����������QZSS������

7LPP��2��(���*LDPEHOOXFD��7��:���	�'LD]��+��)����������6WDWLVWLFDO�GRZQVFDOLQJ�RI�UDLQIDOO

FKDQJHV�LQ�+DZDLµL�EDVHG�RQ�WKH�&0,3��*OREDO�0RGHO�3URMHFWLRQV� -RXUQDO�RI

*HRSK\VLFDO�5HVHDUFK��$WPRVSKHUHV� ����������±����

KWWSV���GRL�RUJ�������������MG������

��



8�6��*HRORJLFDO�6XUYH\���������0DUFK�����6DOWZDWHU�,QWUXVLRQ��5HWULHYHG�)HEUXDU\����

������IURP

KWWSV���ZZZ�XVJV�JRY�PLVVLRQ�DUHDV�ZDWHU�UHVRXUFHV�VFLHQFH�VDOWZDWHU�LQWUXVLRQ�RYHUYLH

Z

86�:DWHU�$OOLDQFH��2QH�:DWHU �Q�G����5HWULHYHG�)HEUXDU\ ����������IURP

KWWS���XVZDWHUDOOLDQFH�RUJ�

<DQJ��/���	�)UDQFLV��2��3����������6HD�OHYHO�ULVH�DQG�YHUWLFDO�ODQG�PRWLRQ�RQ�WKH�LVODQGV�RI

2µDKX�DQG�+DZDLL��+DZDLL� $GYDQFHV�LQ�6SDFH�5HVHDUFK� ������������±�����

KWWSV���GRL�RUJ���������M�DVU������������

<XVRI��=���	�6DDG��1��$����������&KDOOHQJHV�WR�HIIHFWLYH�,QWHJUDWHG�:DWHU�5HVRXUFHV

0DQDJHPHQW��$�5HYLHZ� ,17(51$7,21$/�-2851$/�2)�&,9,/ (1*,1((5,1*�$1'

7(&+12/2*<��,-&,(7�� �������KWWSV���GRL�RUJ����������LMFLHW��������������

��


