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$V�DWPRVSKHULF�WHPSHUDWXUHV�JR�XS��ZDWHU�WHPSHUDWXUHV�KDYH�EHHQ�LQFUHDVLQJ�LQ�WKH�&KHVDSHDNH�
%D\�WLGDO�ZDWHUV�DQG�LQ�VWUHDPV�DQG�ULYHUV�DFURVV�WKH�%D\¶V�ZDWHUVKHG��:DWHU�WHPSHUDWXUHV�DUH�
H[SHFWHG�WR�FRQWLQXH�ULVLQJ��EDVHG�RQ�FOLPDWH�FKDQJH�SURMHFWLRQV���

,QFUHDVHV�LQ�ZDWHU�WHPSHUDWXUH�KDYH�VLJQLILFDQW�HFRORJLFDO�LPSOLFDWLRQV�IRU�%D\�DQG�ZDWHUVKHG�
QDWXUDO�UHVRXUFHV�DQG�FRXOG�XQGHUPLQH�SURJUHVV�WRZDUG�&KHVDSHDNH�%D\�3URJUDP��&%3��
SDUWQHUVKLS�JRDOV�IRU�ILVKHULHV�PDQDJHPHQW��KDELWDW�UHVWRUDWLRQ��ZDWHU�TXDOLW\�LPSURYHPHQWV��DQG�
SURWHFWLQJ�KHDOWK\�ZDWHUVKHGV��7KLV�67$&�ZRUNVKRS�H[DPLQHG�FXUUHQW�LQIRUPDWLRQ�RQ�GULYHUV�
DQG�HIIHFWV�RI�ULVLQJ�ZDWHU�WHPSHUDWXUHV�DQG�VRXJKW�DQVZHUV�WR�D�FULWLFDO�TXHVWLRQ��ZKDW�PLJKW�WKH�
&%3�SDUWQHUVKLS�GR�QRZ±ZLWKLQ�WKH�VFRSH�RI�LWV�FXUUHQW�JRDOV��SROLFLHV�DQG�SURJUDPV±WR�DFWLYHO\�
SUHYHQW��PLWLJDWH�RU�DGDSW�WR�VRPH�RI�WKH�DGYHUVH�FRQVHTXHQFHV���$GDSWLQJ�WR�QHZ�ZDWHU�
WHPSHUDWXUH�FRQGLWLRQV�ZLOO�KDYH�HIIHFWV�DFURVV�WKH�SDUWQHUVKLS��

:RUNVKRS�SUHSDUDWLRQ�VKRZHG��IURP�WKH�RXWVHW��WKDW�WKH�GULYHUV��HIIHFWV�DQG�OLNHO\�PDQDJHPHQW�
LPSOLFDWLRQV�RI�ZDWHU�WHPSHUDWXUH�LQFUHDVHV�DUH�TXLWH�GLIIHUHQW�EHWZHHQ�WKH�%D\�DQG�WKH�
ZDWHUVKHG���7KHUHIRUH��ERWK�ZRUNVKRS�GD\V�IHDWXUHG�FRQFXUUHQW�ZDWHUVKHG�DQG�WLGDO�VHVVLRQV��DQG�
WKH�ILQGLQJV�DQG�UHFRPPHQGDWLRQV�LQ�WKH�67$&�UHSRUW�DUH�RUJDQL]HG�LQ�WKH�VDPH�ZD\��

5LVLQJ�:DWHU�7HPSHUDWXUHV�LQ�WKH�&KHVDSHDNH�%D\�:DWHUVKHG�


 :DWHU�WHPSHUDWXUHV�KDYH�EHHQ�LQFUHDVLQJ�LQ�VWUHDPV�DQG�ULYHUV�RI�WKH�&KHVDSHDNH�%D\
ZDWHUVKHG�RYHU�WKH�SDVW�VHYHUDO�GHFDGHV±HYHQ�PRUH�WKDQ�LQ�WKH�%D\¶V�WLGDO�ZDWHUV��,Q�PDQ\�DUHDV�
ZDWHU�WHPSHUDWXUHV�LQFUHDVHG�PRUH�WKDQ�DLU�WHPSHUDWXUHV��GHPRQVWUDWLQJ�WKDW�DLU�WHPSHUDWXUH�LV
QRW�DOZD\V�WKH�SULPDU\�GULYHU�RI�ZDWHU�WHPSHUDWXUH�LQ�QRQ�WLGDO�ZDWHUV�


 /DQG�XVH�KDV�D�VLJQLILFDQW�LPSDFW�RQ�WHPSHUDWXUHV�RI�VWUHDP�IORZ�DQG�SUHFLSLWDWLRQ�
LQGXFHG�UXQRII�IURP�ODQG�VXUIDFHV�������7UHHV�DQG�ULSDULDQ�IRUHVWV�SOD\�D�FHQWUDO�UROH�LQ�VWUHDP
WHPSHUDWXUH�PRGHUDWLRQ��WKURXJK�VKDGLQJ��HYDSRWUDQVSLUDWLRQ�DQG�IDFLOLWDWLQJ�LQILOWUDWLRQ�
&RQYHUVHO\��PRUH�GHYHORSHG�DUHDV�ZLWK�LPSHUYLRXV�VXUIDFHV�FRQWULEXWH�KHDWHG�UXQRII�WR�VWUHDPV�
2WKHU�ODQGVFDSH�IDFWRUV��OLNH�JURXQGZDWHU�LQSXWV��PD\�KHOS�LGHQWLI\�SODFHV�WKDW�DUH�PRUH�UHVLOLHQW
WR�FOLPDWH�FKDQJH�WR�WDUJHW�IRU�FRQVHUYDWLRQ��LQFOXGLQJ�KHDOWK\�ZDWHUVKHGV�


 :DUPHU�ZDWHU�WHPSHUDWXUHV��LQFOXGLQJ�VKRUWHU�WHUP�H[WUHPH�KHDW�HYHQWV��ZLOO�QHJDWLYHO\
LPSDFW�DTXDWLF�KDELWDWV�DQG�WKUHDWHQ�PDQ\�HFRORJLFDOO\�DQG�HFRQRPLFDOO\�LPSRUWDQW�DTXDWLF
VSHFLHV��6WUHDP�WHPSHUDWXUH�KDV�GLUHFW�DQG�LQGLUHFW�HIIHFWV�RQ�PDQ\�ELRORJLFDO��SK\VLFDO�DQG
FKHPLFDO�SURFHVVHV�LQ�WKH�IUHVKZDWHU�HQYLURQPHQW��5LVLQJ�ZDWHU�WHPSHUDWXUHV�PD\�LQFUHDVH�WKH
RFFXUUHQFH�RU�FR�RFFXUUHQFH�RI�NQRZQ�VWUHVVRUV��VXFK�DV�KDUPIXO�DOJDO�EORRPV��WKDW�QHJDWLYHO\
LPSDFW�DTXDWLF�VSHFLHV�DQG�KDELWDWV�


 ³&RROLQJ´�EHVW�PDQDJHPHQW�SUDFWLFHV��%03V��VXFK�DV�ULSDULDQ�IRUHVW�EXIIHUV��XUEDQ�WUHH
FDQRS\�DQG�VWRUPZDWHU�LQILOWUDWLRQ�KDYH�WKH�SRWHQWLDO�WR�PLWLJDWH�ULVLQJ�ZDWHU�WHPSHUDWXUHV�EXW
RYHUDOO��VXEVWDQWLDOO\�PRUH�³KHDWLQJ´�%03V�KDYH�EHHQ�LQVWDOOHG�LQ�WKH�ZDWHUVKHG���7KLV�VXJJHVWV

(0
%$
5*
2(
'



ii 

WKDW�VRPH�SUDFWLFHV�LPSOHPHQWHG�WR�LPSURYH�ZDWHU�TXDOLW\�PD\�EH�KDYLQJ�XQLQWHQGHG�
FRQVHTXHQFHV�IRU�ZDWHU�WHPSHUDWXUH���

7KHVH�ILQGLQJV�DQG�PDQDJHPHQW�LPSOLFDWLRQV�OHG�WR�WKH�GHYHORSPHQW�RI�WKH�IROORZLQJ�
UHFRPPHQGDWLRQV�DSSOLFDEOH�WR�WKH�ODQGV�ZLWKLQ�WKH�%D\¶V�ZDWHUVKHG�DQG�LWV�VWUHDPV�DQG�ULYHUV��

Coldwater Fisheries and Habitats��&KHVDSHDNH�%D\�3URJUDP�SDUWQHUV�QHHG�WR�DFFHOHUDWH�
FRQVHUYDWLRQ�WR�SURWHFW�WKH�FROGZDWHU�VWUHDPV�QRZ�VXSSRUWLQJ�KHDOWK\�DTXDWLF�OLIH��HVSHFLDOO\�
QDWLYH�EURRN�WURXW��ZKLFK�DUH�H[WUHPHO\�VHQVLWLYH�WR�ULVLQJ�ZDWHU�WHPSHUDWXUHV��DQG�FRQWLQXH�
UHVLOLHQF\�DQDO\VHV�DQG�PDSSLQJ�WR�IRFXV�RQ�FROGZDWHU�KDELWDW�UHVWRUDWLRQ�HIIRUWV��

Rural Waters and Habitats��,Q�UXUDO�DUHDV��&%3�SDUWQHUV�VKRXOG�ZRUN�WR�VWUDWHJLFDOO\�UHVWRUH�
IRUHVWV�DQG�DTXDWLF�KDELWDWV�ZKLOH�SURPRWLQJ�JRRG�DJULFXOWXUDO�VWHZDUGVKLS�SUDFWLFHV�WKDW�FDQ�
UHGXFH�WKH�DPRXQW�RI�KHDWHG�UXQRII�EHLQJ�JHQHUDWHG�E\�IDUPV��

Urban Waters and Habitats��,Q�XUEDQ�DUHDV��&%3�SDUWQHUV�VKRXOG�LQFUHDVH�WUHH�FDQRS\��
YHJHWDWLRQ�DQG�SUDFWLFHV�IDYRULQJ�LQILOWUDWLRQ�WR�UHGXFH�WKH�DPRXQW�RI�KHDWHG�UXQRII�HQWHULQJ�
ZDWHUZD\V��SD\LQJ�DWWHQWLRQ�WR�XQGHU�VHUYHG�XUEDQ�DUHDV�ZKLFK�KLVWRULFDOO\�VXIIHU�WKH�ZRUVW�
KHDWLQJ�DQG�KXPDQ�KHDOWK�RXWFRPHV��

Best Management Practices (BMPs)��7KH�&%3�SDUWQHUV�VKRXOG�ZRUN�WR�PLQLPL]H�WKH�H[WHQW�WR�
ZKLFK�ZDWHU�TXDOLW\�%03V�DUH�IXUWKHU�KHDWLQJ�ZDWHUZD\V��DQG�VWUDWHJLFDOO\�XVH�FRROLQJ�%03V�WR�
FRXQWHUDFW�WKH�ZDUPLQJ�HIIHFWV�RI�FOLPDWH�FKDQJH�DQG�ODQG�XVH�ZKHUH�SRVVLEOH��

State Temperature Water Quality Standards��*LYHQ�WKH�YLWDO�UROH�RI�&OHDQ�:DWHU�$FW�ZDWHU�
TXDOLW\�VWDQGDUGV��:46��LQ�IRFXVLQJ�IHGHUDO��VWDWH��ORFDO�DQG�SULYDWH�DFWLRQV�WR�SURWHFW�ZDWHU�
TXDOLW\�DQG�DTXDWLF�OLIH��7KH�%D\�VWDWHV�DQG�(3$�VKRXOG�UHYLHZ�DQG�PRGHUQL]H�WKH�FRPSRQHQWV�
RI�FXUUHQW�:46�V\VWHPV�WKDW�ZRXOG�VWUHQJWKHQ�WKHLU�FDSDELOLW\�WR�DGGUHVV�FOLPDWH�UHODWHG�ULVLQJ�
ZDWHU�WHPSHUDWXUHV�DQG�GULYH�DUHD�WDUJHWHG�SURWHFWLRQ�DQG�UHVWRUDWLRQ�VWUDWHJLHV��

,PSOHPHQWDWLRQ�DFWLRQV�DQG�VFLHQFH�QHHGV�DUH�VXJJHVWHG�LQ�WKH�UHSRUW�IRU�HDFK�RI�WKHVH�
UHFRPPHQGDWLRQV��

5LVLQJ�&KHVDSHDNH�%D\�7LGDO�:DWHUV�7HPSHUDWXUH�


 2YHU�WKH�SDVW�WKUHH�GHFDGHV��WKH�WLGDO�ZDWHU�WHPSHUDWXUHV�LQ�WKH�&KHVDSHDNH�%D\�KDYH
EHHQ�LQFUHDVLQJ��7KHVH�FKDQJHV�LQ�WLGDO�ZDWHU�WHPSHUDWXUHV�DUH�SULPDULO\�GULYHQ�E\�JOREDO
DWPRVSKHULF�IRUFLQJ��H�J���LQFUHDVLQJ�VXUIDFH�DLU�WHPSHUDWXUHV��DQG�WKH�ZDUPLQJ�RFHDQ�ERXQGDU\�


 5LVLQJ�ZDWHU�WHPSHUDWXUH�LQ�WKH�&KHVDSHDNH�%D\�LV�DOUHDG\�KDYLQJ�DQ�LPSDFW�RQ�PDQ\
VSHFLHV�DQG�FRQWULEXWLQJ�WR�HFRV\VWHP�UHJLPH�VKLIWV��&OLPDWH�YXOQHUDELOLW\�VFRUHV�DQG�ED\�
VSHFLILF�UHVHDUFK�VKRZ�D�UDQJH�RI�SRVLWLYH�DQG�QHJDWLYH�UHVSRQVHV�RI�OLYLQJ�UHVRXUFHV�WR
WHPSHUDWXUH�DQG�RWKHU�FOLPDWH�FKDQJH�UHODWHG�IDFWRUV�


 3RVLWLYH�LPSDFWV�DUH�OLNHO\�IRU�EOXH�FUDE�DQG�VRPH�IRUDJH�VSHFLHV��H�J��ED\�DQFKRY\�DQG
PHQKDGHQ���DV�ZDUPHU�WHPSHUDWXUHV�VXSSRUW�KLJKHU�SURGXFWLYLW\�DQG�LQFUHDVHG�KDELWDW�UDQJH�DV
VSHFLHV�PRYH�QRUWKZDUG��+RZHYHU��VKLIWV�LQ�SUHGDWRU�GLVWULEXWLRQV�DQG�GLPLQLVKLQJ�VHDJUDVV
KDELWDW�FDQ�KDYH�QHJDWLYH�LQGLUHFW�HIIHFWV�RQ�SRSXODWLRQV�



iii 


 1HJDWLYH�LPSDFWV�DUH�SUHGLFWHG�IRU�R\VWHUV�GXH�WR�WKHLU�DOUHDG\�GHSUHVVHG�SRSXODWLRQV�DV�D
UHVXOW�RI�GLVHDVH��RYHUILVKLQJ��DQG�KDELWDW�ORVV��:KLOH�WKH\�FDQ�WKULYH�LQ�ZDUPHU�WHPSHUDWXUHV�
WKH\�DUH�KLJKO\�YXOQHUDEOH�WR�WKHVH�VWUHVVRUV�DORQJ�ZLWK�RWKHU�FOLPDWH�GULYHQ�VWUHVVRUV��VXFK�DV
RFHDQ�DFLGLILFDWLRQ�DQG�FKDQJHV�LQ�VDOLQLW\�GULYHQ�E\�SUHFLSLWDWLRQ�


 6WULSHG�EDVV�PD\�H[SHULHQFH�ERWK�QHJDWLYH�DQG�SRVLWLYH�HIIHFWV�IURP�ULVLQJ�ZDWHU
WHPSHUDWXUHV�DW�GLIIHUHQW�OLIH�VWDJHV��ODUYDO�WR�DGXOW��DQG�KDELWDW�XVH��ULYHUV�DQG�HVWXDULHV�WR
PDULQH���:KLOH�JUDGXDOO\�ULVLQJ�ZDWHU�WHPSHUDWXUHV�DUH�LPSRUWDQW��RWKHU�VWUHVVRUV��H�J���ORZ�ZDWHU
FROXPQ�GLVVROYHG�R[\JHQ�WKDW�UHGXFHV�WKH�DUHD�RI�VXLWDEOH�KDELWDW��DQG�FOLPDWH�FKDQJH
FRQVHTXHQFHV�WKDW�H[DFHUEDWH�WKH�H[SRVXUH�RI�VSHFLHV�WR�KHLJKWHQHG�PXOWLSOH�VWUHVVRUV��H�J��
LQFUHDVHV�LQ�SUHFLSLWDWLRQ�DIIHFWLQJ�QXWULHQW�ORDGLQJV�UHVXOWLQJ�LQ�IXUWKHU�GHFUHDVHV�LQ�GLVVROYHG
R[\JHQ��VDOLQLW\�IOXFWXDWLRQV��DQG�H[WUHPH�HYHQWV��H�J���LQFUHDVHV�LQ�PDULQH�KHDW�ZDYHV���DUH�RI
JUHDW�FRQFHUQ�IRU�PDLQWDLQLQJ�SRSXODWLRQV�LQ�&KHVDSHDNH�%D\�


 :LWKRXW�GUDVWLF�LPSURYHPHQWV�LQ�ZDWHU�FODULW\�RU�D�UHYHUVDO�RI�ZDUPLQJ�WUHQGV��YLDEOH
SRSXODWLRQV�RI�HHOJUDVV�ZLOO�OLNHO\�EH�H[WLUSDWHG�IURP�&KHVDSHDNH�%D\�


 1RUWKZDUG�VKLIWV�LQ�VSHFLHV�UDQJHV�DUH�EHLQJ�GRFXPHQWHG�IRU�VHYHUDO�VSHFLHV��7KLV�LV
UHVXOWLQJ�LQ�VRPH�%D\�VSHFLHV�VKLIWLQJ�SRSXODWLRQV�QRUWK�ZKLOH�RWKHU�VSHFLHV�IURP�WKH�VRXWK�DUH
EHFRPLQJ�PRUH�SUHYDOHQW�LQ�WKH�%D\��7KHVH�VKLIWV�FDQ�UHVXOW�LQ�FKDQJHV�WR�VSHFLHV�DEXQGDQFH�DQG
GLVWULEXWLRQV��IRRG�ZHE�G\QDPLFV��ILVKLQJ�EHKDYLRU�DQG�WKH�LQWURGXFWLRQ�RI�QHZ�ILVKHULHV�


 /LNHZLVH��KDELWDWV�UHTXLUHG�E\�ILVK�DQG�VKHOOILVK�VSHFLHV�DUH�VKLIWLQJ�LQ�UDQJH�DQG
H[SHULHQFLQJ�LPSDFWV�WKDW�OHDG�WR�FKDQJHV�LQ�ILVK�DEXQGDQFH��GLVWULEXWLRQ�DQG�UHSURGXFWLRQ
VXFFHVV�


 +DUGHQLQJ�RI�VKRUHOLQHV��XVH�RI�EXONKHDGV�DQG�ULS�UDS��LQ�UHVSRQVH�WR�VKRUHOLQH�HURVLRQ
KDV�QHJDWLYH�LPSDFWV�RQ�ILVK�FRPPXQLWLHV�DQG�KDELWDW��VXEPHUJHG�DTXDWLF�YHJHWDWLRQ��6$9��
ZDWHUIRZO��DQG�ZDWHU�TXDOLW\��1DWXUDO�LQIUDVWUXFWXUH�SURYLGHV�HFRV\VWHP�VHUYLFHV�LQ�WKH�IDFH�RI
FOLPDWH�FKDQJH��LQFOXGLQJ�VKRUHOLQH�HURVLRQ�SURWHFWLRQ��UHIXJH�RI�VSHFLHV�IURP�PXOWLSOH�VWUHVVRUV�
LQFOXGLQJ�ZDUPHU�WHPSHUDWXUHV��VHGLPHQWDWLRQ�PLWLJDWLRQ��DQG�LPSURYHG�ZDWHU�TXDOLW\�

7KHVH�ILQGLQJV�DQG�PDQDJHPHQW�LPSOLFDWLRQV�OHG�WR�WKH�GHYHORSPHQW�RI�WKH�IROORZLQJ�
UHFRPPHQGDWLRQV�DSSOLFDEOH�WR�WKH�%D\¶V�WLGDO�ZDWHUV��

Ecosystem-Based Management and New Temperature Regime��

භ (VWDEOLVK�&KHVDSHDNH�%D\�ZLGH�VWULSHG�EDVV�ILVKLQJ�JXLGDQFH�EDVHG�RQ�WHPSHUDWXUH�DQG
GLVVROYHG�R[\JHQ�WKUHVKROGV�WR�UHGXFH�FDWFK�DQG�UHOHDVH�PRUWDOLW\��&RQVLGHU�GHYHORSLQJ
KDELWDW�FRQGLWLRQ�WKUHVKROGV�DQG�ILVKLQJ�JXLGDQFH�IRU�RWKHU�UHFUHDWLRQDOO\�WDUJHWHG�VSHFLHV
DW�ULVN�GXULQJ�SHULRGV�RI�SRRU�KDELWDW�FRQGLWLRQV�

භ 'HYHORS�DQG�LPSOHPHQW�D�VWUDWHJ\�WR�LPSURYH�FRPPXQLFDWLRQV�EHWZHHQ�OLYLQJ�UHVRXUFH
PDQDJHUV��VFLHQWLVWV�DQG�VWDNHKROGHUV�RQ�WKH�QHZ�WHPSHUDWXUH�UHJLPH��WKH�LPSDFWV�DQG
PDQDJHPHQW�UHVSRQVH�DGDSWDWLRQ�VWUDWHJLHV�



iv 

x +ROG�D�ZRUNVKRS�ZLWK�PXOWLSOH�ILVKHU\�VWDNHKROGHUV�WR�H[SORUH�VWUDWHJLF��ORQJ�WHUP�ZD\V
WR�DGYDQFH�HFRV\VWHP�DSSURDFKHV�WR�ILVKHU\�PDQDJHPHQW�LQ�WKH�%D\�WKDW�LQFRUSRUDWH
FOLPDWH�FKDQJH�

Multiple Stressors��$Q�LQWHUGLVFLSOLQDU\�WHDP�RI�VFLHQWLVWV��UHVRXUFH�PDQDJHUV��PHWHRURORJLVWV��
DQG�FRPPXQLFDWRUV�VKRXOG�FROODERUDWH�WR�GHVLJQ�DQG�FUHDWH�D�SXEOLFO\�DYDLODEOH�PDULQH�KHDW�
ZDYH�DOHUW�V\VWHP��&RQVLGHU�D�PDULQH�KHDW�ZDYH�LQGLFDWRU�WKDW�LQFRUSRUDWHV�GLVVROYHG�R[\JHQ�DQG�
OLQNV�WR�KDELWDW�SUHIHUHQFHV�RI�NH\�VSHFLHV�VXFK�DV�VWULSHG�EDVV��EOXH�FUDEV��R\VWHUV��DQG�6$9���

Nearshore Habitat��&KHVDSHDNH�%D\�3URJUDP�SDUWQHUV�VKRXOG�GHYHORS�FRPPRQ�FULWHULD�DQG�
PHWULFV�WR�KHOS�WDUJHW��VLWH��GHVLJQ�DQG�LPSOHPHQW�WLGDO�QDWXUDO�LQIUDVWUXFWXUH�SURMHFWV�LQ�WKH�
QHDUVKRUH�ZKHUH�HFRORJLFDO�DQG�FOLPDWH�UHVLOLHQFH�EHQHILWV�DUH�KLJKHVW��

,PSOHPHQWDWLRQ�DFWLRQV�DQG�VFLHQFH�QHHGV�DUH�VXJJHVWHG�LQ�WKH�UHSRUW�IRU�HDFK�RI�WKHVH�
UHFRPPHQGDWLRQV��

$FURVV�WKH�&KHVDSHDNH�%D\�:DWHUVKHG�DQG�WKH�%D\¶V�7LGDO�:DWHUV«�

7KHUH�DUH�VLJQLILFDQW�JDSV�LQ�XQGHUVWDQGLQJ�WR�EH�ILOOHG���7KH�PDQDJHPHQW�UHFRPPHQGDWLRQV�DUH�
WKXV�SDLUHG�ZLWK�UHFRPPHQGDWLRQV�IRU�UHVHDUFK��PRQLWRULQJ��PRGHOLQJ��DQG�GDWD�DQDO\VLV�DQG�
LQWHUSUHWDWLRQ���'XULQJ�WKH�FRQFXUUHQW�ZDWHUVKHG�DQG�WLGDO�VHVVLRQV��WKH�IROORZLQJ�FRPPRQ�
WKHPHV�DQG�OLQNDJHV�ZHUH�LGHQWLILHG��

x 0RGHOLQJ�WRRO�LPSURYHPHQWV��PRGHOLQJ�DW�D�ILQHU�VFDOH��LQFRUSRUDWLQJ�WHPSHUDWXUH
FKDQJH�LQ�RXU�PRGHOLQJ�V\VWHPV��DQG�LPSURYLQJ�WKH�FRQQHFWLRQV�EHWZHHQ�PRGHOV�DQG
PRQLWRULQJ�RI�OLYLQJ�UHVRXUFHV�LV�QHHGHG�WR�EHWWHU�UHVSRQG�WR�ULVLQJ�ZDWHU�WHPSHUDWXUHV�

x ([SDQGHG�PRQLWRULQJ��H[SDQGLQJ�PRQLWRULQJ�QHWZRUNV�WR�SODFH�PRUH�HPSKDVLV�RQ
WUDFNLQJ�DQG�EHWWHU�XQGHUVWDQGLQJ�ZDWHU�WHPSHUDWXUH�FKDQJH��DQG�D�IRFXV�RQ�VPDOOHU
VWUHDPV��DUH�QHFHVVDU\�HQKDQFHPHQWV�WR�WKH�SDUWQHUVKLS¶V�H[LVWLQJ�ZDWHUVKHG�PRQLWRULQJ
QHWZRUN�

x 3DLUHG�ZDWHU�DQG�DLU�WHPSHUDWXUH�PHDVXUHPHQWV��LPSURYLQJ�WKH�DELOLW\�WR�SDLU�LQIRUPDWLRQ
DERXW�WUHQGV�LQ�ZDWHU�WHPSHUDWXUH�ZLWK�WUHQGV�LQ�DLU�WHPSHUDWXUH�DW�WKH�DSSURSULDWH�VFDOH
ZLOO�JUHDWO\�LPSURYH�XQGHUVWDQGLQJ�RI�WKH�IRUFHV�GULYLQJ�ULVLQJ�ZDWHU�WHPSHUDWXUHV�DQG
VXSSRUW�PDQDJHPHQW�GHFLVLRQV�

x 1HDUVKRUH�UHVHDUFK��LPSURYLQJ�XQGHUVWDQGLQJ�LV�QHHGHG�RQ�KRZ�DQG�WR�ZKDW�GHJUHH
ZDWHUVKHG�%03V�FDQ�PLQLPL]H�ZDUPLQJ�IRU�QHDUVKRUH�KDELWDWV�RI�WLGDO�WULEXWDULHV�LQ�VKRUW
WR�PLG�WHUP�WLPHIUDPHV�UHODWHG�WR�FRROLQJ�EHQHILWV�IRU�6$9�DQG�ILVK�

x 7KUHVKROGV��XQGHUVWDQGLQJ�WKUHVKROG�WROHUDQFH�OLPLWV�DQG�FRPPXQLFDWLQJ�DERXW�WKH
LPSOLFDWLRQV�RI�WKUHVKROGV�WR�GHFLVLRQ�PDNHUV�DQG�WKH�SXEOLF�WR�LPSURYH�XQGHUVWDQGLQJ�RI
ZK\�PDQDJHPHQW�WRROV�DQG�DFWLRQV�DUH�QHHGHG�WR�UHVSRQG�WR�ULVLQJ�ZDWHU�WHPSHUDWXUHV�



v 

x &RPPXQLFDWLRQ��FRPPXQLFDWLRQ�ZLWK�HDFK�RWKHU��ZLWK�GHFLVLRQ�PDNHUV��DQG�ZLWK�WKH
SXEOLF�LV�NH\�WR�HQVXULQJ�WKDW�WKH�LPSOLFDWLRQV�RI�ULVLQJ�ZDWHU�WHPSHUDWXUHV�DUH�FRQVLGHUHG
LQ�GHFLVLRQ�PDNLQJ�

7KH�&%3¶V�PDQDJHPHQW�VWUDWHJLHV�DQG�DFWLRQ�SODQV�IRU�PHHWLQJ�WKH�3URJUDP¶V�JRDOV�LQ�WKH������
:DWHUVKHG�$JUHHPHQW�QHHG�WR�WDNH�DFFRXQW�RI�WKH�IDFW�WKDW�D�FULWLFDO��EDVLF�FRQGLWLRQ²ZDWHU�
WHPSHUDWXUH²KDV�EHHQ�FKDQJLQJ�DQG�ZLOO�FRQWLQXH�WR�GR�VR��7KLV�67$&�ZRUNVKRS�ZDV�
VWUXFWXUHG�WR�LQLWLDWH�WKH�IXOO�FRQVLGHUDWLRQ�RI�ULVLQJ�ZDWHU�WHPSHUDWXUHV�LQ�QHDUO\�HYHU\�
UHVWRUDWLRQ��FRQVHUYDWLRQ��HGXFDWLRQ�DQG�SXEOLF�FRPPXQLFDWLRQ�GHFLVLRQ²PDGH�LQGLYLGXDOO\�DV�
ZHOO�DV�FROOHFWLYHO\²E\�WKH�&KHVDSHDNH�%D\�3URJUDP�SDUWQHUV���7KH�UHFRPPHQGDWLRQV������
LQFOXGH�PDQ\�DFWLRQV�ZKLFK�FDQ�EH�LQLWLDWHG�LQ�WKH�QHDU�IXWXUH��DV�ZHOO�DV�DFWLRQV�LQ�VFLHQFH��
PRQLWRULQJ��PRGHOLQJ�DQG�SURJUDP�LPSOHPHQWDWLRQ�ZKLFK�ZLOO�KHOS�JXLGH�WKH�3URJUDP�LQ�VHWWLQJ�
IXWXUH�JRDOV��
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����:RUNVKRS�*RDOV��2EMHFWLYHV�DQG�$SSURDFK�
:DWHU�WHPSHUDWXUH�LQFUHDVHV�DUH�RFFXUULQJ�LQ�&KHVDSHDNH�%D\�WLGDO�ZDWHUV�DQG�LQ�VWUHDPV�DQG�
ULYHUV�DFURVV�WKH�%D\¶V�ZDWHUVKHG��DQG�DUH�H[SHFWHG�WR�FRQWLQXH�EDVHG�RQ�FOLPDWH�FKDQJH�
SURMHFWLRQV��:DWHU�WHPSHUDWXUH�LQFUHDVHV�KDYH�VLJQLILFDQW�HFRORJLFDO�LPSOLFDWLRQV�IRU�%D\�DQG�
ZDWHUVKHG�QDWXUDO�UHVRXUFHV��DQG�FRXOG�XQGHUPLQH�SURJUHVV�WRZDUG�&KHVDSHDNH�%D\�3URJUDP�
SDUWQHUVKLS�JRDOV�IRU�ILVKHULHV�PDQDJHPHQW��KDELWDW�UHVWRUDWLRQ��ZDWHU�TXDOLW\�LPSURYHPHQWV��DQG�
SURWHFWLQJ�KHDOWK\�ZDWHUVKHGV��7KHUH�LV�D�FULWLFDO�QHHG�IRU�LQVLJKWV�LQWR�ZKDW�WKH�&%3�SDUWQHUVKLS�
PLJKW�GR�QRZ±ZLWKLQ�WKH�VFRSH�RI�LWV�FXUUHQW�JRDOV��SROLFLHV�DQG�SURJUDPV±WR�SUHYHQW��PLWLJDWH�
RU�DGDSW�WR�VRPH�RI�WKH�DGYHUVH�FRQVHTXHQFHV��7KLV�67$&�ZRUNVKRS�ZDV�VWUXFWXUHG�WR�KHOS�PHHW�
WKHVH�QHHGV�WKURXJK�WZR�SULPDU\�REMHFWLYHV���

භ 6XPPDUL]H�PDMRU�ILQGLQJV�RQ�WKH�HFRORJLFDO�LPSDFWV�RI�ULVLQJ�ZDWHU�WHPSHUDWXUHV�
LQFOXGLQJ�VFLHQFH�EDVHG�OLQNDJHV�EHWZHHQ�FDXVHV�DQG�HIIHFWV��RQ�WLGDO�DQG�ZDWHUVKHG
OLYLQJ�UHVRXUFHV��DQG

භ 'HYHORS�UHFRPPHQGDWLRQV�RQ�KRZ�WR�PLWLJDWH�WKHVH�LPSDFWV�WKURXJK�H[LVWLQJ
PDQDJHPHQW�LQVWUXPHQWV��UDQJLQJ�IURP�LGHQWLI\LQJ�EHVW�PDQDJHPHQW�SUDFWLFHV�WR
DGDSWLQJ�SROLFLHV�DQG�DQDO\WLFDO�DSSURDFKHV�

����0DQDJHPHQW�5HOHYDQFH��8UJHQF\�DQG�2XWFRPHV�
7KH�LPSDFW�RI�FOLPDWH�FKDQJH�RQ�WKH�UHVWRUDWLRQ�DQG�SURWHFWLRQ�RI�&KHVDSHDNH�%D\�DQG�LWV�
ZDWHUVKHG�LV�EHLQJ�PRQLWRUHG��PRGHOHG�DQG�VWXGLHG��DQG�QHZ�NQRZOHGJH�LV�EHLQJ�JDLQHG��7KLV�
ZRUNVKRS�WRRN�DGYDQWDJH�RI�DYDLODEOH�NQRZOHGJH�WR�GHWHUPLQH�KRZ�WR�EHWWHU�GLUHFW�RU�UHGLUHFW�
&%3�SDUWQHUVKLS�PDQDJHPHQW�LQVWUXPHQWV�WR�KHOS�SUHYHQW��PLWLJDWH�RU�DGDSW�WR�KDUPIXO�HIIHFWV�
IURP�ZDWHU�WHPSHUDWXUH�LQFUHDVHV��([DPSOHV�RI�WKHVH�PDQDJHPHQW�LQVWUXPHQWV�LQFOXGH������
LGHQWLILFDWLRQ�DQG�EHWWHU�TXDQWLILFDWLRQ�RI�WKH�EHQHILWV�IURP�WHPSHUDWXUH�ORZHULQJ�EHVW�%03V�IRU�
WDUJHWHG�LPSOHPHQWDWLRQ�LQ�WKH�VWDWHV¶�3KDVH�,,,�:DWHUVKHG�,PSOHPHQWDWLRQ�3ODQV��:,3V�������
FKDQJHV�WR�KDELWDW�UHVWRUDWLRQ�VWUDWHJLHV�WR�PLWLJDWH�RU�DGDSW�WR�ULVLQJ�ZDWHU�WHPSHUDWXUHV������
DGDSWDWLRQ�RI�SDUWQHUVKLS�DQG�VWDWHV�WR�SURDFWLYHO\�UHVSRQG�WR�ILVKHULHV�LPSDFWV�DVVRFLDWHG�ZLWK�
SURMHFWHG�LQFUHDVHV�LQ�ZDWHUVKHG�DQG�%D\�WLGDO�ZDWHU�WHPSHUDWXUHV��DQG�����HQKDQFLQJ�WKH�
SDUWQHUVKLS¶V�PDSSLQJ�DQG�PRGHOLQJ�WRROV�WR�EHWWHU�HYDOXDWH�ZKHUH�ZDWHUVKHGV�PD\�EH�PRUH�
YXOQHUDEOH�RU�UHVLOLHQW�WR�VWUHDP�WHPSHUDWXUH�FKDQJHV��

3UHYLRXV�67$&�VSRQVRUHG�DQG�RWKHU�VFLHQWLILF�UHVHDUFK�DQG�PRQLWRULQJ�HIIRUWV�KDYH�GRFXPHQWHG�
WKDW�ZDWHU�WHPSHUDWXUHV�DUH�ULVLQJ�DQG�GLVFXVVHG�WKHLU�SRWHQWLDO�HIIHFWV�RQ�WKH�%D\�DQG�LWV�
ZDWHUVKHG��IRU�H[DPSOH��1DMMDU�HW�DO����������+RZHYHU��IRU�QHDUO\�IRXU�GHFDGHV��WKH�&%3�
SDUWQHUVKLS�KDV�ODUJHO\�EDVHG�LWV�UHVWRUDWLRQ�DQG�SURWHFWLRQ�JRDOV�DQG�GHFLVLRQV�RQ�DVVXPSWLRQV�RI�
FRQVWDQW�DLU�DQG�ZDWHU�WHPSHUDWXUH�UHJLPHV��)XUWKHU��WKH�SDUWQHUVKLS�KDV�IRFXVHG�RQ�QLWURJHQ��
SKRVSKRUXV�DQG�VHGLPHQW�SROOXWDQW�ORDG�UHGXFWLRQV�DV�WKH�PHDQV�WR�UHVWRUH�ZDWHU�TXDOLW\�DQG�
DTXDWLF�HFRORJLFDO�LQWHJULW\��ZLWK�OLPLWHG�FRQVLGHUDWLRQ�RI�ZDWHU�WHPSHUDWXUH��5HFHQWO\��WKH�
SDUWQHUVKLS�KDV�SODFHG�HPSKDVLV�RQ�SRVVLEOH�LPSDFWV�RI�FOLPDWH�UHODWHG�FKDQJHV��VXFK�DV�KRZ�
%03V�PLJKW�IXQFWLRQ�LQ�OLJKW�RI�FKDQJLQJ�SUHFLSLWDWLRQ�SDWWHUQV��EXW�QRW�LQFUHDVLQJ�ZDWHU�
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WHPSHUDWXUHV��6R��WKHUH�ZDV�D�FULWLFDO�QHHG�IRU�D�67$&�ZRUNVKRS�RQ�EHWWHU�XQGHUVWDQGLQJ�WKH�
SRWHQWLDO�HIIHFWV�RI�ULVLQJ�ZDWHU�WHPSHUDWXUHV�DQG�GHYHORSLQJ�RSWLRQV�WR�PLWLJDWH�WKHVH�HIIHFWV��

7KLV�67$&�ZRUNVKRS�SURYLGHG�WKH�LGHDO�IRUXP�IRU������XSGDWLQJ�LQIRUPDWLRQ�RQ�WKH�SRWHQWLDO�
HIIHFWV�RI�ULVLQJ�WHPSHUDWXUHV������LPSURYLQJ�XQGHUVWDQGLQJ�RI�WKH�VFLHQFH�EDVHG�OLQNDJHV�
EHWZHHQ�FDXVHV�DQG�HIIHFWV��DQG�����XVLQJ�WKH�HQKDQFHG�VFLHQWLILF�DQG�WHFKQLFDO�IRXQGDWLRQV�IRU�
UHFRPPHQGLQJ�FKDQJHV�LQ�SDUWQHUVKLS�SULRULWLHV��SROLFLHV��DQG�PDQDJHPHQW�GHFLVLRQ�VXSSRUW�
V\VWHPV�DQG�WRROV��7KH�ILQGLQJV�DQG�UHFRPPHQGDWLRQV�IURP�WKLV�67$&�ZRUNVKRS�KDYH�SURYLGHG�
WKH�QHHGHG�FUHGLELOLW\�IRU�WKH�SDUWQHUVKLS�WR�IXOO\�IDFWRU�LQFUHDVLQJ�ZDWHU�WHPSHUDWXUHV�LQWR�LWV�
GHFLVLRQ�PDNLQJ�IRU�DFKLHYLQJ�WKH�SDUWQHUVKLS¶V�VKDUHG�ILVKHULHV��KDELWDW��ZDWHU�TXDOLW\�DQG�
KHDOWK\�ZDWHUVKHGV�JRDOV��7R�LQIOXHQFH�WKH�VWDWHV¶�LPSOHPHQWDWLRQ�RI�WKH�3KDVH�,,,�:,3V�WKURXJK�
������VWURQJHU�OLQNDJHV�EHWZHHQ�ULVLQJ�ZDWHU�WHPSHUDWXUHV�DQG�GHFLVLRQV�DERXW�WKH�VHOHFWLRQ�DQG�
SODFHPHQW�RI�%03V�PXVW�EH�IRUJHG�QRZ�WR�FKDQJH�EDVLQZLGH��UHJLRQDO�DQG�ORFDO�GHFLVLRQ�
PDNLQJ�LQ�����������DQG�EH\RQG��

6HYHUDO�SDUWLFLSDQWV�LQ�WKH�ZRUNVKRS�DVNHG�DERXW�LQFOXGLQJ�KXPDQ�KHDOWK�LPSDFWV�WKDW�PLJKW�EH�
DVVRFLDWHG�ZLWK�ZDWHU�WHPSHUDWXUH�ULVHV����LVVXHV�VXFK�DV�WKH�LPSDFW�RI�KHDW�SURPRWHG�KDUPIXO�
DOJDO�EORRPV�RQ�UHFUHDWLRQDO�XVH�RI�WLGDO�DQG�QRQ�WLGDO�ZDWHU��RU�HIIHFWV�RQ�GULQNLQJ�ZDWHU�VRXUFH�
VXSSOLHV���4XHVWLRQV�DERXW�KRZ�ZDWHU�WHPSHUDWXUH�LQFUHDVHV�FRXOG�DIIHFW�KXPDQ�KHDOWK�UHODWHG��
ZDWHU�XVHV�DUH�FOHDUO\�LPSRUWDQW�WR�FLWL]HQV��ORFDO�JRYHUQPHQWV��RUJDQL]DWLRQV�DQG�DJHQFLHV��EXW�
WKH\�ZHUH�EH\RQG�WKH�VFRSH�RI�WKLV�67$&�ZRUNVKRS��

����:RUNVKRS�3UHSDUDWLRQ�DQG�3ODQQLQJ��
:H�DGGUHVVHG�WKH�ZRUNVKRS�RXWFRPHV�LQ�WKUHH�VHTXHQWLDO�SKDVHV��OHDGLQJ�WR�SURGXFWLRQ�RI�WKH�
ILQDO�ZRUNVKRS�UHSRUW��

3KDVH���7KLV�ZRUNVKRS�SUHSDUDWLRQ�SKDVH�EHJDQ�ZLWK�LQ�GHSWK�FRPSLODWLRQV�RI�WKH�&%3�SDUWQHUV¶�
DQG�VWDNHKROGHUV¶�FXUUHQW�XQGHUVWDQGLQJ�DERXW�%D\�ZDWHUVKHG�DQG�WLGDO�ZDWHU�WHPSHUDWXUH�
LQFUHDVHV��WKHLU�HFRORJLFDO�LPSOLFDWLRQV��DQ\�UHFRJQL]HG�WHPSHUDWXUH�FKDQJH�WKUHVKROGV��DQG�
FXUUHQW�XQGHUVWDQGLQJ�RI�DFWLRQV�EHLQJ�WDNHQ�WR�DFWLYHO\�SUHYHQW��PLWLJDWH�RU�DGDSW�WR�ULVLQJ�ZDWHU�
WHPSHUDWXUHV��7KH�ZRUNVKRS¶V�VSRQVRULQJ�FRPPLWWHHV��JRDO�LPSOHPHQWDWLRQ�WHDPV��*,7V���DQG�
ZRUNJURXSV�ZHUH�DOVR�FKDOOHQJHG�WR�LQLWLDWH�ZRUN�RQ�LGHQWLI\LQJ�D�UDQJH�RI�SRVVLEOH�DFWLRQDEOH�
UHFRPPHQGDWLRQV�WR�EH�FRQVLGHUHG�DQG�GLVFXVVHG�DW�WKH�ZRUNVKRSV��)RU�WKH�ILUVW�VWHS�LQ�
SUHSDUDWLRQ�IRU�WKH�WZR�RQH�GD\�67$&�ZRUNVKRSV��D�VHULHV�RI�QLQH�V\QWKHVLV�SDSHUV�DQG�DQ�
DGGHQGXP�ZHUH�SUHSDUHG�E\�WHDPV�RI�FR�DXWKRUV�GRFXPHQWLQJ�WKH�FXUUHQW�VWDWH�RI�NQRZOHGJH�RI�
HDFK�RI�WKH�WRSLF�DUHDV�WR�EH�DGGUHVVHG�LQ�WKH�ZRUNVKRSV��VHH�$SSHQGLFHV�'�0���,Q�DGGLWLRQ��WKH�
&%3�&OLPDWH�5HVLOLHQF\�:RUNJURXS�KRVWHG�D�RQH�GD\�ZRUNLQJ�VHVVLRQ�LQ�-XQH������GHYRWHG�WR�D�
FURVV�ZRUNJURXS�UHYLHZ�RI�RXU�FXUUHQW�OHYHO�RI�XQGHUVWDQGLQJ�DERXW�ULVLQJ�ZDWHUVKHG�DQG�%D\�
ZDWHU�WHPSHUDWXUHV��VHH�$SSHQGL[�8���

3KDVH���7KH�ILUVW�ZRUNVKRS�ZDV�D�RQH�IXOO�GD\�YLUWXDO�PHHWLQJ�KHOG�RQ�-DQXDU\�����������
&RQFXUUHQW�WUDFNV�ZHUH�GHVLJQHG�WR�LGHQWLI\�WKH�HFRORJLFDO�LPSDFWV�DQG�PDQDJHPHQW�LPSOLFDWLRQV�
RI�ULVLQJ�ZDWHU�WHPSHUDWXUHV�RQ�WKH�ZDWHUVKHG�DQG�WLGDO�ZDWHUV��UHVSHFWLYHO\��7KLV�ILUVW�ZRUNVKRS�
IRFXVHG�RQ�EXLOGLQJ�D�PRUH�FRPSOHWH�SLFWXUH�RI�LQWHUUHODWLRQVKLSV�EHWZHHQ�WKH�FDXVHV�RI�
LQFUHDVLQJ�ZDWHU�WHPSHUDWXUH��WKH�UHVXOWDQW�HFRORJLFDO�LPSDFWV��WKH�UDQJH�RI�PDQDJHPHQW�
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LPSOLFDWLRQV��DQG�WKH�UHODWLYH�VFDOHV�RI�WKHVH�FDXVHV�DQG�HIIHFWV��)RU�'D\���SOHQDU\�SUHVHQWDWLRQV��
VHH�$SSHQGL[�4��IRU�OLQNV�WR�UHFRUGLQJV�IURP�'D\����VHH�$SSHQGL[�5���

3KDVH���7KH�WKLUG�SKDVH�VWDUWHG�ZLWK�WKH�67$&�:RUNVKRS�6WHHULQJ�&RPPLWWHH�ZRUNLQJ�IURP�D�
V\QWKHVLV�RI�WKH�ILUVW�ZRUNVKRS�WR�UHILQH�ILQGLQJV�RQ�WKH�LQWHUUHODWLRQVKLSV�DQG�WR�GHYHORS�GUDIW�
UHFRPPHQGDWLRQV�IRU�PRUH�HIIHFWLYH�XVH�RI�WKH�SDUWQHUVKLS¶V�PDQDJHPHQW�LQVWUXPHQWV��7KH�
VHFRQG�ZRUNVKRS��RQH�IXOO�GD\�YLUWXDO�PHHWLQJ�KHOG�RQ�0DUFK�����������IRFXVHG�RQ�LQ�GHSWK�
GLVFXVVLRQV�WR�EXLOG�FRQVHQVXV�RQ�WKH�ILUVW�ZRUNVKRS¶V�ILQGLQJV�DQG�SURYLGH�LQSXW�RQ�DFWLRQV�WKDW�
WKH�&%3�SDUWQHUVKLS�FRXOG�WDNH�WR�DGGUHVV�WKH�LPSDFWV�RI�ULVLQJ�ZDWHU�WHPSHUDWXUHV��FDSSHG�RII�
E\�D�SDQHO�GLVFXVVLRQ�DPRQJ�PDQDJHUV�IURP�DFURVV�WKH�SDUWQHUVKLS��'D\���SOHQDU\�SUHVHQWDWLRQV�
DQG�OLQNV�WR�VHVVLRQ�UHFRUGLQJV�FDQ�EH�IRXQG�LQ�$SSHQGL[�4�DQG�$SSHQGL[�5��UHVSHFWLYHO\���

����:RUNVKRS�4XHVWLRQV��
7KH�IROORZLQJ�TXHVWLRQV�GURYH�WKH�DJHQGDV�IRU�HDFK�RI�WKH�RQH�GD\�ZRUNVKRSV�EDVHG�RQ�SDUDOOHO�
VHVVLRQV�IRFXVHG�RQ�WKH�ZDWHUVKHG�DQG�WKH�WLGDO�ZDWHUV�LVVXHV��UHVSHFWLYHO\����

:DWHUVKHG�4XHVWLRQV�

Ɣ :KDW�GR�ZH�NQRZ�DERXW�ZKDW�LV�GULYLQJ�ULVLQJ�ZDWHU�WHPSHUDWXUHV�DQG�ZKDW�NQRZOHGJH
JDSV�GR�ZH�QHHG�WR�ILOO�EHIRUH�PDNLQJ�PDQDJHPHQW�UHFRPPHQGDWLRQV"

Ɣ :KDW�VSHFLHV�DQG�KDELWDWV�DUH�PRVW�YXOQHUDEOH�WR�WKH�GLUHFW�DQG�LQGLUHFW�HIIHFWV�RI�ULVLQJ
ZDWHU�WHPSHUDWXUHV�DQG�ZKDW�NQRZOHGJH�JDSV�GR�ZH�QHHG�WR�ILOO�EHIRUH�PDNLQJ
PDQDJHPHQW�UHFRPPHQGDWLRQV"

Ɣ :KDW�PDQDJHPHQW�DFWLRQV�DUH�QHHGHG�WR�DGGUHVV�WKH�NQRZQ�GULYHUV�DQG�HFRORJLFDO
LPSDFWV�RI�ULVLQJ�ZDWHU�WHPSHUDWXUHV�LQ�FROGZDWHU��UXUDO�ZDUPZDWHU��DQG�XUEDQ
ZDUPZDWHU�KDELWDWV�DFURVV�WKH�ZDWHUVKHG"

Ɣ +RZ�FDQ�VWDWH�ZDWHU�TXDOLW\�VWDQGDUGV�EH�XSGDWHG�WR�EHWWHU�DGGUHVV�ULVLQJ�ZDWHU
WHPSHUDWXUHV�GULYHQ�E\�ODQG�XVH�DQG�FOLPDWH"

Ɣ :KHUH�DUH�RSSRUWXQLWLHV�WR�EHWWHU�XVH�RU�LPSURYH�WKH�%D\�3URJUDP
V�H[LVWLQJ�PRQLWRULQJ
SURJUDPV�DQG�PRGHOLQJ�WRROV�WR�LQIRUP�PDQDJHPHQW�GHFLVLRQV�WR�DGGUHVV�ULVLQJ�ZDWHU
WHPSHUDWXUHV"

7LGDO�4XHVWLRQV�
Ɣ :KDW�DUH�WKH�GLUHFW�DQG�LQGLUHFW�SRVLWLYH�DQG�QHJDWLYH�HIIHFWV�RI�ULVLQJ�ZDWHU�WHPSHUDWXUHV

RQ�WKH�ILVKHU\�DQG�6$9�UHVRXUFHV"

Ɣ $UH�WKHUH�FHUWDLQ�HIIHFWV�PRUH�FRQFHUQLQJ�WKDQ�RWKHUV�IURP�D�UHVRXUFH�PDQDJHPHQW
VWDQGSRLQW"

Ɣ :KDW�DUH�WKH�NH\�IDFWRUV�WR�FRQVLGHU�IRU�WKH�ILVKHU\�6$9�UHVRXUFHV�WR�LQIRUP
PDQDJHPHQW�DFWLRQ�DURXQG�WKHVH�HIIHFWV"
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Ɣ +RZ�FHUWDLQ�LV�RXU�NQRZOHGJH�RI�WHPSHUDWXUH�VHQVLWLYLWLHV�RQ�WKH�ILVKHU\�6$9�UHVRXUFHV"

Ɣ :KDW�UHVHDUFK�JDSV�GR�ZH�VWLOO�QHHG�WR�ILOO�WR�LQIRUP�PDQDJHPHQW�DFWLRQ�DURXQG
WHPSHUDWXUH�VHQVLWLYLWLHV��H�J���HVWDEOLVKLQJ�WHPSHUDWXUH�WKUHVKROGV�"

Ɣ :KDW�WHPSHUDWXUH�VSHFLILF�DQDO\VHV�ZRXOG�EH�PRVW�XVHIXO�IRU�LQIRUPLQJ�PDQDJHPHQW
DFWLRQV�IRU�WKH�ILVKHU\�6$9�UHVRXUFH"

Ɣ /RRNLQJ�DW�WKH�HFRORJLFDO�HIIHFWV��NH\�IDFWRUV�WR�FRQVLGHU��DQG�VHQVLWLYLWLHV�UHODWHG�WR
ULVLQJ�ZDWHU�WHPSHUDWXUHV�LGHQWLILHG�WRGD\��ZKDW�DUH�WKH�PDQDJHPHQW�LPSOLFDWLRQV�IRU�WKH
ILVKHU\�6$9�UHVRXUFHV"

Ɣ :KDW�PDQDJHPHQW�DFWLRQV�DUH�DJHQFLHV�WDNLQJ�QRZ�RU�SODQQLQJ�WR�DGGUHVV�%D\�ZDWHU
WHPSHUDWXUH�FKDQJH�WR�WKH�ILVKHU\�6$9�UHVRXUFHV"

����:RUNVKRS�5HSRUW�
7KLV�ZRUNVKRS�UHSRUW�LV�VWUXFWXUHG�E\�IRFXVLQJ�ILUVW�RQ�WKH�HIIHFWV�RI�ULVLQJ�ZDWHU�WHPSHUDWXUHV�XS�
LQ�&KHVDSHDNH�%D\¶V�ZDWHUVKHG�IROORZHG�E\�HIIHFWV�LQ�&KHVDSHDNH�%D\�WLGDO�ZDWHUV��:LWKLQ�WKLV�
ZRUNVKRS�UHSRUW��UHIHUHQFHV�WR�³ZDWHUVKHG´�PHDQV�DOO�WKH�ODQGV�ZKLFK�XOWLPDWHO\�GUDLQ�WR�
&KHVDSHDNH�%D\�DQG�LWV�WLGDO�WULEXWDULHV�DQG�HPED\PHQW�DV�ZHOO�DV�IUHH�IORZLQJ�ULYHUV�DQG�
VWUHDPV���5HIHUHQFHV�WR�³WLGDO´�PHDQ�DOO�WLGDOO\�LQIOXHQFHG�ZDWHUV�ZLWKLQ�WKH�&KHVDSHDNH�%D\�DQG�
LWV�WLGDO�WULEXWDULHV�DQG�HPED\PHQWV�DQG�WKH�DGMDFHQW�VKRUHOLQHV��7KH�VHSDUDWH�IRFXV�RQ�ZDWHUVKHG�
DQG�WKHQ�WLGDO�ZDWHUV�UHIOHFWV�WKH�YHU\�GLIIHUHQW�QDWXUH�RI�WKH�GULYHUV�EHKLQG�WKH�REVHUYHG�
LQFUHDVLQJ�ZDWHU�WHPSHUDWXUHV�DV�ZHOO�DV�WKH�UHVXOWLQJ�HIIHFWV�RQ�WKH�OLYLQJ�UHVRXUFHV�ZKLFK�
GHSHQG�RQ�WKHVH�IUHH�IORZLQJ�DQG�WLGDOO\�LQIOXHQFHG�DTXDWLF�DQG�HVWXDULQH�HFRV\VWHPV��
UHVSHFWLYHO\��7KHVH�WZR�VHSDUDWH�VHWV�RI�VWRU\OLQHV��PDQDJHPHQW�LPSOLFDWLRQV�DQG�
UHFRPPHQGDWLRQV�DUH�WKHQ�EURXJKW�WRJHWKHU�LQ�WKH�FRQWH[W�RI�D�PDQDJHPHQW�SHUVSHFWLYH�DQG�D�
GUDZLQJ�RXW�RI�FRPPRQDOLWLHV�EHWZHHQ�WKHVH�WZR�GLIIHUHQW�HFRV\VWHPV��
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�� :$7(56+('�5,6,1*�:$7(5�7(03(5$785(6
����:KDW�:H�.QRZ��:DWHUVKHG�6WRU\OLQH

:DWHU�WHPSHUDWXUHV�KDYH�EHHQ�
LQFUHDVLQJ�LQ�VWUHDPV�DQG�ULYHUV�RI�WKH�
&KHVDSHDNH�%D\�ZDWHUVKHG�±�HYHQ�
PRUH�WKDQ�LQ�WKH�%D\¶V�WLGDO�ZDWHUV��
)XUWKHUPRUH��LQ�PDQ\�DUHDV��ZDWHU�
WHPSHUDWXUHV�LQFUHDVHG�PRUH�WKDQ�DLU�
WHPSHUDWXUHV�IURP������WR������LQ�WKH�
&KHVDSHDNH�%D\�ZDWHUVKHG��5LFH�DQG�
-DVWUDP��������6\QWKHVLV�(OHPHQW���
3DSHU��$SSHQGL[�,���7KLV�GHPRQVWUDWHV�
WKDW�DLU�WHPSHUDWXUH�LV�QRW�DOZD\V�WKH�
SULPDU\�GULYHU�RI�ZDWHU�WHPSHUDWXUH�LQ�
QRQ�WLGDO�DUHDV��)LJXUH�����$LU�WR�ZDWHU�
WHPSHUDWXUH�UDWLRV�DW�VLWHV�VKRZ�ZKHUH�
ODQG�XVH�RU�RWKHU�IDFWRUV�DUH�GULYLQJ�RU�
EXIIHULQJ�FKDQJHV�LQ�ZDWHU�WHPSHUDWXUH��

5LVLQJ�ZDWHU�WHPSHUDWXUHV�FDQ�KDYH�
PDMRU�LPSOLFDWLRQV�IRU�VWUHDP�
HFRV\VWHPV��ORFDO�FRPPXQLWLHV��DV�ZHOO�
DV�ODQG�DQG�ZDWHU�PDQDJHPHQW��,PSDFWV�
RQ�YXOQHUDEOH�FROGZDWHU�VSHFLHV��VXFK�DV�
WKH�HDVWHUQ�EURRN�WURXW��DUH�RI�SDUWLFXODU�
FRQFHUQ��

0RUH�UREXVW�GDWD�VHWV�DQG�PHWKRGV�
VKRXOG�VRRQ�EH�DYDLODEOH�IRU�HYDOXDWLQJ�
DQQXDO�DQG�VHDVRQDO�VWUHDP�WHPSHUDWXUH�
WUHQGV��VHH�IRU�H[DPSOH�:DJQHU�HW�DO��

��������6WUHDP�HFRV\VWHPV�ZLOO�OLNHO\�EH�DIIHFWHG�QRW�RQO\�E\�ORQJHU�WHUP�VWUHDP�ZDUPLQJ�
WUHQGV��EXW�DOVR�E\�VKRUWHU�WHUP�WHPSHUDWXUH�HYHQWV��LQFOXGLQJ�SXOVHG�KHDW�ZDYHV��VHH�7DVVRQH�HW�
DO���������

'ULYHUV�RI�&KDQJHV�LQ�:DWHU�7HPSHUDWXUH�

&KDQJHV�LQ�VWUHDP�DQG�ULYHU�WHPSHUDWXUHV�FDQ�EH�GULYHQ�E\�ULVLQJ�DLU�WHPSHUDWXUHV��EXW�
RWKHU�GULYHUV�DOVR�KDYH�D�VWURQJ�LQIOXHQFH��7KH�ZRUNVKRS�WHDP�GHYHORSHG�D�FRQFHSWXDO�PRGHO�
VXPPDUL]LQJ�WKH�PHFKDQLVWLF�GULYHUV�RI�QRQ�WLGDO�ZDWHU�WHPSHUDWXUH�DQG�WKHLU�GLUHFWLRQ�RI�
LQIOXHQFH��)LJXUH�����1HJDWLYH�DUURZV�LQGLFDWH�GULYHUV�WKDW�FDQ�UHGXFH�ZDWHU�WHPSHUDWXUHV�RU�
SURYLGH�D�EXIIHU�DJDLQVW�ZDUPLQJ�ZDWHU�WHPSHUDWXUHV��3RVLWLYH�DUURZV�LQGLFDWH�GULYHUV�WKDW�FDQ�
IXUWKHU�H[DFHUEDWH�ULVLQJ�ZDWHU�WHPSHUDWXUHV��0DQ\�RWKHU�LQWHUDFWLQJ�IDFWRUV�LQIOXHQFH�WKHVH�
EURDGHU�GULYHUV��$�PRUH�GHWDLOHG�FRQFHSWXDO�PRGHO�LV�SURYLGHG�LQ�WKH�6\QWKHVLV�(OHPHQW�����
3DSHU��$SSHQGL[�.��/DQG�XVH��IRU�H[DPSOH��KDV�D�VLJQLILFDQW�LPSDFW�RQ�VWUHDP�IORZ�DQG�UXQRII�

)LJXUH����&KDQJHV�LQ�ZDWHU�WHPSHUDWXUHV�LQ�VWUHDPV�DQG�
ULYHUV�RI�WKH�&KHVDSHDNH�%D\�ZDWHUVKHG��6RXUFH��
KWWSV���ZZZ�HSD�JRY�FOLPDWH�LQGLFDWRUV�FOLPDWH�FKDQJH�
LQGLFDWRUV�VWUHDP�WHPSHUDWXUH��EDVHG�RQ�GDWD�IURP�-DVWUDP�
DQG�5LFH������ 

)LJXUH ���&KDQJHV�LQ�ZDWHU�WHPSHUDWXUHV�LQ�VWUHDPV�DQG�
ULYHUV�RI�WKH�&KHVDSHDNH�%D\ ZDWHUVKHG��6RXUFH�
KWWSV���ZZZ�HSD�JRY�FOLPDWH�LQGLFDWRUV�FOLPDWH�FKDQJH�
LQGLFDWRUV�VWUHDP�WHPSHUDWXUH��EDVHG�RQ�GDWD�IURP�-DVWUDP
DQG�5LFH������

https://www.epa.gov/climate-indicators/climate-change-indicators-stream-temperature
https://www.epa.gov/climate-indicators/climate-change-indicators-stream-temperature
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WHPSHUDWXUH��ZLWK�ULSDULDQ�IRUHVW�VKDGH�JHQHUDOO\�FRROLQJ�VWUHDPV�UHODWLYH�WR�DLU�WHPSHUDWXUH��
ZKLOH�WHPSHUDWXUHV�LQ�VWUHDPV�UHFHLYLQJ�XUEDQ�UXQRII�IURP�VWUHHWV�DQG�RWKHU�LPSHUYLRXV�VXUIDFHV�
PD\�EH�KLJKHU�WKDQ�DLU�WHPSHUDWXUH���

7KH�UHODWLYH�LPSRUWDQFH�RI�HDFK�GULYHU�ZLOO�YDU\�GHSHQGLQJ�RQ�WKH�ORFDO�ODQGVFDSH�DQG�WKH�VSDWLDO�
DQG�WHPSRUDO�VFDOH�RI�LQWHUHVW��&HUWDLQ�GULYHUV�ZLOO�KDYH�D�VWURQJHU�LQIOXHQFH�HLWKHU�LQ�WKH�VKRUW�RU�
WKH�ORQJ�WHUP��DQG�FHUWDLQ�GULYHUV�ZLOO�KDYH�D�PRUH�ORFDOL]HG�LQIOXHQFH�RQ�ZDWHU�WHPSHUDWXUHV�
�L�H���FKDQQHO�EXIIHULQJ�FDSDFLW\���ZKLOH�RWKHUV�PD\�KDYH�D�EURDGHU�LQIOXHQFH�RQ�ZDWHU�
WHPSHUDWXUH�DFURVV�WKH�ODQGVFDSH��L�H���XSVWUHDP�ODQG�XVH���$GGLWLRQDO�ZRUN�DQG�VLWH�VWXGLHV�DUH�
QHHGHG�WR�FRQQHFW�WKHVH�PHFKDQLVWLF�GULYHUV�ZLWK�DSSURSULDWH�VLWH��DQG�DUHD�VSHFLILF�LQIRUPDWLRQ�
WR�LQIRUP�PDQDJHPHQW�DQG�ODQG�XVH�GHFLVLRQV���

)LJXUH����0DMRU�GULYHUV�RI�QRQ�WLGDO�ZDWHU�WHPSHUDWXUH�DQG�WKH�GLUHFWLRQ�RI�WKHLU�LQIOXHQFH��6RXUFH��6\QWKHVLV�
(OHPHQW�3DSHU������$SSHQGL[�.��

'XULQJ�'D\���RI�WKH�ZRUNVKRS��SDUWLFLSDQWV�ZHUH�DVNHG�WR�UDQN�WKH�SULPDU\�GULYHUV�LQ�WHUPV�RI�
WKHLU�UHODWLYH�LQIOXHQFH�RQ�ZDWHU�WHPSHUDWXUH�DQG�DELOLW\�WR�LQIOXHQFH�WKH�GULYHU��0RVW�RI�WKH�
GULYHUV�UDQNHG�KLJKO\�LQ�WHUPV�RI�WKHLU�LQIOXHQFH�RQ�ZDWHU�WHPSHUDWXUH��)LJXUH�����5XQRII�
WHPSHUDWXUH��VWUHDP�IORZ�DQG�FKDQQHO�EXIIHULQJ�FDSDFLW\�ZHUH�DOVR�LGHQWLILHG�DV�GULYHUV�WKDW�FDQ�
EH�LQIOXHQFHG�WKURXJK�PDQDJHPHQW��2WKHU�GULYHUV��OLNH�JURXQGZDWHU�LQSXWV��PD\�QRQHWKHOHVV�EH�
LPSRUWDQW�WR�FRQVLGHU�ZKHQ�LGHQWLI\LQJ�SODFHV�DQG�KDELWDWV�WKDW�PD\�EH�PRUH�UHVLOLHQW�WR�FOLPDWH�
FKDQJH�ZKHQ�WDUJHWLQJ�IRU�FRQVHUYDWLRQ���
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)LJXUH����/HIW��5DQNLQJV�IURP�:RUNVKRS���SDUWLFLSDQWV��Q ����RQ�WKH�UHODWLYH�LQIOXHQFH�RI�HDFK�LGHQWLILHG�GULYHU�RQ�
ZDWHU�WHPSHUDWXUH��5DQNLQJV�DUH�RQ�D�VFDOH�IURP����QR�LQIOXHQFH��WR����YHU\�VWURQJ�LQIOXHQFH����
5LJKW��5DQNLQJV�IURP�:RUNVKRS���SDUWLFLSDQWV��Q ����RQ�RXU�UHODWLYH�DELOLW\�WR�LQIOXHQFH�HDFK�GULYHU�WKURXJK�
PDQDJHPHQW��5DQNLQJV�DUH�RQ�D�VFDOH�IURP����QR�DELOLW\�WR�LQIOXHQFH��WR����YHU\�VWURQJ�DELOLW\�WR�LQIOXHQFH����
)RU�ERWK�ILJXUHV��&LUFOHV�UHSUHVHQW�WKH�DYHUDJH�UDQNLQJ�DQG�WKH�FXUYHV�DERYH�HDFK�GULYHU�VKRZ�WKH�GLVWULEXWLRQ�RI�
UDQNLQJV��

'ULYHUV�RI�5LVLQJ�:DWHU�7HPSHUDWXUHV��3ULRULW\�LQIRUPDWLRQ�QHHGV�

$�NH\�XQFHUWDLQW\�LV�WKH�GHJUHH�WR�ZKLFK�YDULRXV�GULYHUV�DQG�LQWHUDFWLRQV�EHWZHHQ�GULYHUV�
LQIOXHQFH�ZDWHU�WHPSHUDWXUH�LQ�VSHFLILF�VXE�ZDWHUVKHGV��7KHUH�LV�D�QHHG�WR�LQYHVW�LQ�D�
VWUDWHJLFDOO\�GHVLJQHG�VWUHDP�WHPSHUDWXUH�PRQLWRULQJ�QHWZRUN�WKDW�FDQ�DQVZHU�WKH�PDMRU�
TXHVWLRQV�DERXW�FOLPDWH�HIIHFWV�DQG�RWKHU�DFWLRQV�WKDW�LQIOXHQFH�ZDWHU�WHPSHUDWXUHV��*UHDWHU�KLJK�
IUHTXHQF\�RU�FRQWLQXRXV�ZDWHU�WHPSHUDWXUH�PRQLWRULQJ�LV�QHHGHG�WR�EHWWHU�XQGHUVWDQG�WKH�UHODWLYH�
ORFDO�ZDWHUVKHG�VXE�ZDWHUVKHG�LQIOXHQFH�RI�YDULRXV�GULYHUV�DV�ZHOO�DV�ZDWHU�WHPSHUDWXUH�WUHQGV�
�LQFOXGLQJ�VHDVRQDO�HIIHFWV���6WDWH�ZDWHU�TXDOLW\�VWDQGDUGV�PRQLWRULQJ�VWUDWHJLHV�WKDW�IRFXV�RQ�
SRLQW�VRXUFH�LPSDFWV�PD\�QRW�EH�DV�XVHIXO�IRU�PRQLWRULQJ�EURDGHU�VSDWLDO�DQG�WHPSRUDO�WUHQGV��
$GGLWLRQDO�PRQLWRULQJ�LV�DOVR�QHHGHG�DW�WKH�DLU�ZDWHU�LQWHUIDFH�WR�LGHQWLI\�KRWVSRWV�ZKHUH�GULYHUV�
DUH�KDYLQJ�D�SDUWLFXODUO\�ODUJH�LPSDFW�RQ�ZDWHU�WHPSHUDWXUH�DV�D�ZD\�WR�WDUJHW�PDQDJHPHQW��
)LQDOO\��LPSURYHG�XQGHUVWDQGLQJ�RI�JURXQGZDWHU�LQSXWV�LV�QHHGHG��6SHFLILF�QHHGV�LQFOXGH�EHWWHU�
UHJLRQDO�VXE�ZDWHUVKHG�PRGHOV��PRUH�ORFDOL]HG�LQIRUPDWLRQ�DERXW�JURXQGZDWHU�LQSXWV��DQG�D�
EHWWHU�XQGHUVWDQGLQJ�RI�KRZ�FOLPDWH�FKDQJH�FRXOG�LPSDFW�JURXQGZDWHU�LQSXWV���

(FRORJLFDO�,PSOLFDWLRQV�RI�5LVLQJ�:DWHU�7HPSHUDWXUHV�

7KH�ZRUNVKRS�WHDP�DGDSWHG�D�KLJK�OHYHO�FRQFHSWXDO�PRGHO�RI�IUHVKZDWHU�UHVRXUFH�YXOQHUDELOLW\�
IURP�)RGHQ�HW�DO����������)LJXUH�����7KLV�ELRSK\VLFDO�PRGHO�GRHV�QRW�LQFOXGH�UHVRXUFH�
PDQDJHPHQW�FRQVLGHUDWLRQV��VXFK�DV�WKH�FRVWV�DVVRFLDWHG�ZLWK�SURWHFWLQJ�VSHFLHV�RU�KDELWDWV��7KH�
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PRGHO�LQWHJUDWHV�D�VSHFLHV�RU�D�KDELWDW
V�
YXOQHUDELOLW\�EDVHG�RQ�LWV�H[SRVXUH�WR�
ULVLQJ�ZDWHU�WHPSHUDWXUH��LWV�VHQVLWLYLW\��DV�
ZHOO�DV�LWV�DGDSWLYH�FDSDFLW\���

:DUPHU�ZDWHU�WHPSHUDWXUHV�ZLOO�
QHJDWLYHO\�LPSDFW�DTXDWLF�KDELWDWV�DQG�
WKUHDWHQ�PDQ\�HFRORJLFDOO\�DQG�
HFRQRPLFDOO\�LPSRUWDQW�VSHFLHV��6WUHDP�
WHPSHUDWXUH�KDV�GLUHFW�DQG�LQGLUHFW�HIIHFWV
RQ�PDQ\�ELRORJLFDO��SK\VLFDO�DQG�FKHPLFDO�

SURFHVVHV�LQ�WKH�IUHVKZDWHU�HQYLURQPHQW��
LQFOXGLQJ�VLJQLILFDQW�LPSDFWV�RQ�ILVK�PHWDEROLVP��SK\VLRORJ\�DQG�EHKDYLRU��DV�UHIHUHQFHG�LQ�WKH�
QRQ�WLGDO�ILVKHULHV�DQG�VWUHDP�KHDOWK�SDSHU��6\QWKHVLV�(OHPHQW��3DSHU��$SSHQGL[�'���,W�LV�
H[SHFWHG�WKDW�WKH�VWURQJHVW�QHJDWLYH�VSHFLHV�OHYHO�LPSDFWV�ZLOO�EH�RQ�FROGZDWHU�VSHFLHV��H�J���
HDVWHUQ�EURRN�WURXW�6DOYHOLQXV�IRQWLQDOLV��GXH�WR�WKHLU�H[SRVXUH�DQG�VHQVLWLYLW\�WR�ULVLQJ�ZDWHU�
WHPSHUDWXUH��+RZHYHU��ZDWHUVKHG�ZLGH��ZDUPZDWHU�DTXDWLF�VSHFLHV�DUH�PRVW�FRPPRQ��$OWKRXJK�
PRUH�WROHUDQW�WR�WHPSHUDWXUH�LQFUHDVHV��WKH\�DUH�VHQVLWLYH�WR�H[WUHPH�WHPSHUDWXUHV��VHH�
256$1&2�7HPSHUDWXUH�&ULWHULD�5H�HYDOXDWLRQ������LQ�6\QWKHVLV�(OHPHQW���$GGHQGXP��
$SSHQGL[�(��DQG�WR�LQGLUHFW�HIIHFWV�RI�KLJKHU�WHPSHUDWXUHV��VXFK�DV�ORZHU�GLVVROYHG�R[\JHQ�
FRQFHQWUDWLRQ�DQG�FRPSHWLWLRQ�ZLWK�QRQ�QDWLYH�VSHFLHV���

:RUNVKRS�SDUWLFLSDQWV�ZHUH�DVNHG�WR�UDQN�HLJKW�VSHFLHV�LQ�WHUPV�RI�WKHLU�UHODWLYH�H[SRVXUH�DQG�
VHQVLWLYLW\�WR�ULVLQJ�ZDWHU�WHPSHUDWXUH��3DUWLFLSDQWV�SHUFHLYHG�D�SRVLWLYH�UHODWLRQVKLS�EHWZHHQ�D�
VSHFLHV¶�SHUFHLYHG�H[SRVXUH�WR�ULVLQJ�WHPSHUDWXUH�DQG�D�VSHFLHV¶�VHQVLWLYLW\�WR�ULVLQJ�WHPSHUDWXUH��
%URRN�WURXW�DQG�FKHFNHUHG�VFXOSLQ��FROGZDWHU�VSHFLHV��ZHUH�UDQNHG�WKH�PRVW�H[SRVHG�DQG�
VHQVLWLYH�WR�ULVLQJ�ZDWHU�WHPSHUDWXUH��

%URRN�WURXW�DUH�DQ�HVVHQWLDO�SDUW�RI�WKH�KHDGZDWHU�VWUHDP�HFRV\VWHP��DQ�LPSRUWDQW�SDUW�RI�WKH�
XSSHU�ZDWHUVKHG¶V�KHULWDJH��WKH�IUHVKZDWHU�VWDWH�ILVK�RI�9LUJLQLD��:HVW�9LUJLQLD��3HQQV\OYDQLD�
DQG�1HZ�<RUN���DQG�D�KLJKO\�SUL]HG�UHFUHDWLRQDO�UHVRXUFH��6\QWKHVLV�(OHPHQW���UHYLHZV�PRGHOV�
GHYHORSHG�WR�SUHGLFW�VWUHDP�WHPSHUDWXUHV�DQG�EURRN�WURXW�RFFXSDQF\��DQG�ILUVW�FXW�SUHGLFWLRQV�DUH�
GLUH�IRU�RFFXSDQF\�LPSDFW�DV�ZDWHU�WHPSHUDWXUHV�ULVH��$SSHQGL[�'���+RZHYHU��WKH�SDSHU�SRLQWV�
RXW�IDFWRUV�WKDW�FDQ�PLWLJDWH�WKH�LPSDFW�DQG�UHVSRQVH�RI�VWUHDPV�WR�LQFUHDVHV�LQ�DLU�WHPSHUDWXUH��
VXFK�DV�ODQG�XVH��ODQGIRUP�IHDWXUHV�DQG�ILQH�VFDOHG�JURXQGZDWHU�LQSXWV��&ROG�JURXQGZDWHU�LQSXW�
LQFUHDVHV�D�VWUHDP¶V�FDSDFLW\�IRU�VXSSRUWLQJ�FROGZDWHU�ILVKHULHV���

)LQH�VFDOH�DQDO\VLV�LV�UHTXLUHG�WR�LGHQWLI\�SDWFK�FDWFKPHQW�FKDUDFWHULVWLFV�DQG�WKHLU�LQWHUDFWLRQV�
RQ�WKHUPDO�UHVLOLHQF\��6LWH�VSHFLILF�GDWD�DUH�QHHGHG�RQ�ORFDO�JURXQGZDWHU�LQSXWV�WR�LGHQWLI\�
VWUHDPV�WKDW�PD\�EH�SDUWLFXODUO\�YXOQHUDEOH�RU�UHVLOLHQW�WR�ZDUPLQJ�VXUIDFH�ZDWHU�WHPSHUDWXUHV��
3URWHFWLQJ�QDWLYH�EURRN�WURXW�KDELWDW�DQG�WKH�FRQWULEXWLQJ�ZDWHUVKHGV�VXE�ZDWHUVKHGV�WKXV�
UHTXLUHV�SURWHFWLRQ�UHVWRUDWLRQ�VWUDWHJLHV�DW�WKH�SDWFK�VFDOH��

)LJXUH��:��&RQFHSWXDO�PRGHO�RI�IUHVKZDWHU�UHVRXUFHV�
YXOQHUDELOLW\��6RXUFH��)RGHQ�HW�DO���������
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6SDWLDO�FKDUDFWHULVWLFV�DOVR�LQIOXHQFH�H[SRVXUH�WR�ULVLQJ�ZDWHU�WHPSHUDWXUHV���7KHVH�LQFOXGH�
FURVV�VHFWLRQDO�IHDWXUHV�RI�WKH�VWUHDP�FKDQQHO��DTXDWLF�FRQQHFWLYLW\��DQG�ODQGVFDSH�IHDWXUHV��DQG�
ZKHWKHU�WKHUH�DUH�DFFHVVLEOH�WKHUPDO�UHIXJLD�GXULQJ�
H[WUHPH�KHDW�HYHQWV��FDQ�DOVR�LQIOXHQFH�H[SRVXUH�WR�ULVLQJ�
ZDWHU�WHPSHUDWXUHV��,Q�JHQHUDO��ZDWHUZD\V�ZLWK�ORZ�
IRUHVWHG�ZDWHUVKHG�FRYHU��VSDUVH�ULSDULDQ�FRYHU��DQG�KHDWHG�
XUEDQ�UXQRII�DUH�SDUWLFXODUO\�YXOQHUDEOH�WR�ZDUPLQJ��

7KH�HFRORJLFDO�LPSDFWV�RI�ULVLQJ�ZDWHU�WHPSHUDWXUH�DUH�
LQIOXHQFHG�E\�VSHFLILF�ZD\V�LQ�ZKLFK�WHPSHUDWXUH�LV�
ZDUPLQJ��6KLIWV�LQ�VHDVRQDOLW\��H�J���ZDUPHU�ZLQWHUV��VKLIW�
LQ�VHDVRQ�OHQJWK��PD\�LPSDFW�VSDZQLQJ�WLPLQJ�RU�
PLJUDWLRQ�ZKLFK�FRXOG�LQIOXHQFH�H[SRVXUH�WR�ULVLQJ�ZDWHU�
WHPSHUDWXUH��3XOVHG�H[WUHPH�ZDUPZDWHU�HYHQWV��L�H���
KHDWZDYHV��KDYH�D�GLVSURSRUWLRQDWH�LPSDFW�RQ�WKH�
HQYLURQPHQW�UHODWLYH�WR�ORQJ�WHUP�FKDQJHV�LQ�PHDQ�ZDWHU�
WHPSHUDWXUH��)LJXUH�����$VSHFWV�RI�DTXDWLF�KHDW�ZDYHV�WKDW�
DUH�OLNHO\�WR�DIIHFW�YXOQHUDEOH�VSHFLHV�LQFOXGH�KHDW�ZDYH�IUHTXHQF\��L�H���WKH�QXPEHU�RI�
KHDWZDYHV�SHU�XQLW�WLPH���GXUDWLRQ��L�H���WKH�DPRXQW�RI�WLPH�D�KHDWZDYH�ODVWV���LQWHQVLW\��L�H���KRZ�
KRW�D�KHDWZDYH�JHWV���DQG�RQVHW�UDWH��L�H���KRZ�TXLFNO\�WHPSHUDWXUH�UHDFKHV�SHDN�LQWHQVLW\���

5LVLQJ�ZDWHU�WHPSHUDWXUHV�PD\�LQFUHDVH�WKH�RFFXUUHQFH�RU�FR�RFFXUUHQFH�RI�NQRZQ�
VWUHVVRUV�WKDW�QHJDWLYHO\�LPSDFW�DTXDWLF�VSHFLHV�DQG�KDELWDWV��:DWHU�WHPSHUDWXUH�LV�D�FDWDO\VW�
IRU�ELRFKHPLFDO�UHDFWLRQV�WKDW�QHJDWLYHO\�LPSDFW�KDELWDW�TXDOLW\�DW�KLJK�ZDWHU�WHPSHUDWXUHV��6RPH�
NQRZQ�VWUHVVRUV�WKDW�RFFXU�DV�WHPSHUDWXUH�LQFUHDVHV�LQFOXGH��

x /RZ�GLVVROYHG�R[\JHQ��JDV�VROXELOLW\�GHFUHDVHV�ZLWK�LQFUHDVLQJ�ZDWHU�WHPSHUDWXUH��ZDUP
ZDWHU�KROGV�OHVV�R[\JHQ�WKDQ�FRROHU�ZDWHU��

x ,QYDVLYH�VSHFLHV��ZDUPZDWHU�VSHFLHV�KDYH�D�ORQJHU�WLPH�SHULRG�LQ�ZKLFK�WR�H[SDQG�WR
LQKDELW�QHZ�KDELWDWV�WR�ZKLFK�WKH\�DUH�QRW�QDWLYH�

x $OJDO�EORRPV��F\DQREDFWHULD�DUH�NQRZQ�WR�SHUIRUP�ZHOO�ZLWK�HOHYDWHG�ZDWHU�WHPSHUDWXUHV
DQG�FDQ�GHYHORS�LQWR�KDUPIXO�DOJDO�EORRPV�SURGXFLQJ�WR[LQV�

x %DFWHULDO�YLUDO�RXWEUHDNV��ZDUP�ZDWHU�LQFUHDVHV�SK\VLRORJLFDO�VWUHVV�PDNLQJ�LW�KDUGHU�IRU
VSHFLHV�WR�ILJKW�RII�LQIHFWLRQ�

x 'LVWULEXWLRQ�DQG�WR[LFLW\�RI�RWKHU�SROOXWDQWV��H�J���KHDY\�PHWDOV��SHVWLFLGHV��DPPRQLD�
HWF����ULVLQJ�ZDWHU�WHPSHUDWXUH�PRELOL]HV�DQG�LQFUHDVHV�WKH�WR[LFLW\�RI�RWKHU�SROOXWDQWV�

,QFUHDVLQJ�ZDWHU�WHPSHUDWXUHV�ZLOO�OLNHO\�DOWHU�HFRV\VWHP�VWUXFWXUH�DQG�IXQFWLRQ��)RU�H[DPSOH��
DTXDWLF�HFRV\VWHPV�PD\�PRYH�IURP�GLDWRP�GRPLQDWHG�WR�JUHHQ�DOJDH�RU�F\DQREDFWHULD�
GRPLQDWHG��7KLV�DOWHUDWLRQ�ZRXOG�UHSUHVHQW�D�VKLIW�WRZDUGV�OHVV�QXWULWLRXV�IRRG�VRXUFHV��,Q�
KHDGZDWHU�VWUHDPV��PDFURLQYHUWHEUDWHV�PD\�DOVR�VKLIW�IURP�FROGZDWHU�VHQVLWLYH�IDXQD�WR�PRUH�
WROHUDQW�WD[D�DQG�IRUFH�FKDQJHV�LQ�IRUDJLQJ�EHKDYLRU�RI�ILVKHV�WKDW�UHO\�RQ�WKHVH�FRPPXQLWLHV�DV�
SULPDU\�IRRG�VRXUFHV���

)LJXUH����&KDUDFWHULVWLFV�RI�DTXDWLF�KHDWZDYHV���
6RXUFH��+REGD\�DQG�RWKHUV�������
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,QFUHDVLQJ�ZDWHU�WHPSHUDWXUH�ZLOO�IXUWKHU�LVRODWH�FROGZDWHU�SRSXODWLRQV�ZKLOH�H[SDQGLQJ�WKH�
UDQJH�RI�ZDUPZDWHU�DQG�QRQ�QDWLYH�VSHFLHV��$V�QRYHO�FRPPXQLWLHV�LQWHUDFW��WKHUH�ZLOO�EH�VKLIWV�
LQ�SUHGDWRU�SUH\�LQWHUDFWLRQV�WKDW�DUH�OLNHO\�WR�DOWHU�HQHUJ\�DQG�QXWULHQW�IORZ��

3ULRULW\�LQIRUPDWLRQ�QHHGV�

7HPSHUDWXUH�HIIHFWV�RQ�IUHVKZDWHU�ILVK�KDYH�EHHQ�VWXGLHG�RYHU�PDQ\�\HDUV��DFURVV�D�UDQJH�RI�
GLIIHUHQW�DVSHFWV��H�J���OHWKDOLW\��UHSURGXFWLRQ��SK\VLRORJ\���DQG�WKHVH�VWXGLHV�KDYH�EHHQ�XVHG�WR�
GHYHORS�IHGHUDO�WHPSHUDWXUH�FULWHULD�XVHG�LQ�VWDWH�ZDWHU�TXDOLW\�VWDQGDUGV��(YHQ�VR��WKHUH�LV�PRUH�
WR�VWXG\�RQ�LPSDFWV�RI�HOHYDWHG�WHPSHUDWXUH��HVSHFLDOO\�WR�QRQ�WURXW�VSHFLHV��LQFOXGLQJ�ORZHU�
SDUWV�RI�WKH�IRRG�ZHE�VXFK�DV�DOJDH��ELRILOPV��]RRSODQNWRQ��DQG�PDFURLQYHUWHEUDWHV��0DQDJHPHQW�
VWUDWHJLHV�ZRXOG�EHQHILW�IURP�JUHDWHU�LQIRUPDWLRQ�RQ�LPSDFWV�RI�HOHYDWHG�WHPSHUDWXUH�RQ�VSHFLHV�
OLIH�VWDJHV��SUHGDWRU�SUH\�LQWHUDFWLRQV��DQG�KRZ�WKHVH�LQWHUDFW�ZLWK�PXOWLSOH�VWUHVVRUV��+LJK�
IUHTXHQF\��VXE�GDLO\��PRQLWRULQJ�LV�QHHGHG�WR�XQGHUVWDQG�ZKLFK�SODFHV�DUH�PRVW�H[SRVHG�DQG�
VHQVLWLYH�WR�SXOVHG�KHDWLQJ�HYHQWV�VXFK�DV�KHDWZDYHV���

����0DQDJHPHQW�,PSOLFDWLRQV�RI�5LVLQJ�:DWHU�7HPSHUDWXUHV�
0XOWLSOH�SROLFLHV�DQG�SUDFWLFHV�FRXOG�EH�FRQVLGHUHG�WR�DGGUHVV�WKH�GULYHUV�RI�ULVLQJ�ZDWHU�
WHPSHUDWXUH�DQG�HFRORJLFDO�LPSOLFDWLRQV��7KHVH�LQFOXGH�SROLFLHV�WKDW�SURPRWH�WKH�SURWHFWLRQ�
DQG�PDLQWHQDQFH�RI�QDWXUDO�ODQGV�WKDW�SURYLGH�FRROLQJ�EHQHILWV��LQFOXGLQJ�IRUHVWV��ZHWODQGV�DQG�
KHDOWK\�ZDWHUVKHGV��7KH\�DOVR�LQFOXGH�%03V�LQFOXGHG�LQ�MXULVGLFWLRQV¶�:DWHUVKHG�
,PSOHPHQWDWLRQ�3ODQV��:,3V��DQG�KDELWDW�UHVWRUDWLRQ�VWUDWHJLHV���

7UHHV�PDWWHU��%\�VKDGLQJ��FRROLQJ��HYDSRWUDQVSLUDWLRQ��DQG�IDFLOLWDWLQJ�LQILOWUDWLRQ�RI�UDLQZDWHU��
IRUHVWV��ULSDULDQ�IRUHVW�EXIIHUV�DQG�XUEDQ�WUHH�FDQRSLHV�SOD\�D�FHQWUDO�UROH�LQ�PRGHUDWLQJ�WKH�
HFRORJLFDO�ULVNV�RI�ULVLQJ�WHPSHUDWXUHV��&%3�JRDOV�DQG�SUDFWLFHV�IRU�LQFUHDVLQJ�ULSDULDQ�IRUHVW�
EXIIHUV��XUEDQ�WUHH�FDQRS\�DQG�IRUHVW�FRQVHUYDWLRQ�DUH�DOO�UHOHYDQW�DQG�FRXOG�EH�UHLQIRUFHG���

&RQVHUYLQJ�H[LVWLQJ�KHDOWK\�ZDWHUVKHGV�FDQ�KHOS�SURPRWH�UHVLOLHQF\�WR�ULVLQJ�ZDWHU�
WHPSHUDWXUHV��.H\�IDFWRUV�RI�KHDOWK\�ZDWHUVKHGV�WKDW�PD\�PRGHUDWH�ULVLQJ�WHPSHUDWXUHV�LQFOXGH��

x /DQG�XVH�ODQG�FRYHU��SHUFHQW�IRUHVW�FRYHU��FDWFKPHQW�DQG�ULSDULDQ���SHUFHQW�QDWXUDO�ODQG
FRYHU�

x +\GURORJ\�IORZ�DOWHUDWLRQ��LQFOXGLQJ�LQILOWUDWLRQ�UDWHV�RI�ODQG�XVH�ODQG�FRYHU�W\SHV�
x 8QGHUO\LQJ�JHRORJ\�JURXQGZDWHU�LQWHUDFWLRQ�

3URPRWLQJ�SUDFWLFHV�WKDW�PDLQWDLQ�RU�LQFUHDVH�IRUHVW�DQG�QDWXUDO�ODQG�FRYHU�W\SHV��UHGXFH�IORZ�
DOWHUDWLRQ�RI�VWUHDPV��DQG�DUH�VWUDWHJLFDOO\�VLWHG�EDVHG�RQ�DQ�XQGHUVWDQGLQJ�RI�XQGHUO\LQJ�JHRORJ\�
DQG�JURXQGZDWHU�UHFKDUJH�FDQ�LQFUHDVH�UHVLOLHQF\�WR�ULVLQJ�ZDWHU�WHPSHUDWXUHV��:DWHUVKHG�
FKDUDFWHULVWLFV�DQG�ODQGVFDSH�IDFWRUV�WKDW�LQIOXHQFH�YXOQHUDELOLW\�DQG�UHVLOLHQFH�WR�ULVLQJ�
WHPSHUDWXUHV�DUH�UHYLHZHG�LQ�WKH�ZDWHUVKHG�KHDOWK�SDSHU��6\QWKHVLV�(OHPHQW����$SSHQGL[�+����

6RPH�%03V�KDYH�WKH�SRWHQWLDO�WR�PLWLJDWH�ULVLQJ�ZDWHU�WHPSHUDWXUHV��EXW�ZDWHUVKHG�ZLGH��
WKHUH�KDV�EHHQ�VXEVWDQWLDOO\�JUHDWHU�LPSOHPHQWDWLRQ�RI�³KHDWHU´�%03V�DV�FRPSDUHG�ZLWK�
³FRROHU´�%03V��%03V�FDQ�LQIOXHQFH�ZDWHU�WHPSHUDWXUH�E\�LPSDFWLQJ�PXOWLSOH�GULYHUV�RI�ZDWHU�
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WHPSHUDWXUH�LGHQWLILHG�LQ�WKH�FRQFHSWXDO�PRGHO��7KH�ZRUNVKRS�WHDP�FRQGXFWHG�D�V\QWKHVLV�HIIRUW�
HYDOXDWLQJ�WKH�WHPSHUDWXUH�LPSDFWV�RI�%D\�3URJUDP�%03V�DQG�JURXSHG�%03V�EDVHG�RQ�WKH�
VWUHQJWK�DQG�GLUHFWLRQ�RI�WKHLU�LPSDFW�RQ�ZDWHU�WHPSHUDWXUH��³+HDWHUV´�LQFOXGH�VWRUPZDWHU�
UHWHQWLRQ�SRQGV��IORDWLQJ�WUHDWPHQW�ZHWODQGV�DQG�YHJHWDWHG�RSHQ�FKDQQHOV��³&RROHUV´�LQFOXGH�
ULSDULDQ�IRUHVW�EXIIHUV��XSVWUHDP�WUHH�SODQWLQJ��XUEDQ�VWRUPZDWHU�LQILOWUDWLRQ��DQG�ZHWODQGV�
UHVWRUDWLRQ��HQKDQFHPHQW�DQG�UHKDELOLWDWLRQ��0DQ\�%03V�ZHUH�FODVVLILHG�DV�HLWKHU�³XQFHUWDLQ´�RU�
³WKHUPDOO\�QHXWUDO´���

,Q�PDQ\�\HDUV��WKHUH�KDYH�EHHQ�DSSUR[LPDWHO\�WKUHH�WLPHV���[��DV�PDQ\�KHDWHU�%03V�DV�WKHUH�
ZHUH�FRROHU�%03V�LPSOHPHQWHG��VXJJHVWLQJ�WKDW�VRPH�RI�WKH�SUDFWLFHV�EHLQJ�LPSOHPHQWHG�WR�
LPSURYH�ZDWHU�TXDOLW\�PD\�EH�KDYLQJ�DGYHUVH��XQLQWHQGHG�FRQVHTXHQFHV�IRU�ZDWHU�WHPSHUDWXUH�
�)LJXUH������

2.3 Management Recommendations 

,QLWLDO�PDQDJHPHQW�UHFRPPHQGDWLRQV�ZHUH�GUDIWHG�E\�WKH�:RUNVKRS�6WHHULQJ�&RPPLWWHH¶V�
ZDWHUVKHG�SURMHFW�WHDP�VXEJURXS�EDVHG�RQ�WKH�6\QWKHVLV�3DSHUV�DQG�LQSXW�UHFHLYHG�GXULQJ�
:RUNVKRS����7KHVH�LQLWLDO�UHFRPPHQGDWLRQV�ZHUH�SUHVHQWHG�WR�:RUNVKRS���SDUWLFLSDQWV�IRU�
GLVFXVVLRQ��DQG�WKHLU�LQSXW�ZDV�VROLFLWHG�GXULQJ�EUHDNRXW�JURXSV��7KH�ZDWHUVKHG�SURMHFW�WHDP�
WKHQ�IXUWKHU�UHILQHG�WKH�PDQDJHPHQW�UHFRPPHQGDWLRQV�EDVHG�RQ�WKH�LQSXW�UHFHLYHG�GXULQJ�
:RUNVKRS�����

7KH�PDQDJHPHQW�UHFRPPHQGDWLRQV��LPSOHPHQWLQJ�DFWLRQV�DQG�VFLHQFH�QHHGV�EHORZ�DUH�JURXSHG�
LQWR�WKUHH�ILVKHULHV�DQG�KDELWDW�FDWHJRULHV²&ROGZDWHU��5XUDO�DQG�8UEDQ��DQG�WZR�FURVV�FXWWLQJ�
VXEMHFWV²%HVW�0DQDJHPHQW�3UDFWLFHV�DQG�:DWHU�4XDOLW\�6WDQGDUGV���:K\�VHSDUDWH�&ROGZDWHU�
IURP�RWKHU�5XUDO�ILVKHULHV�DQG�KDELWDWV"��,W�LV�WR�VLJQDO�WKH�GLIIHUHQFHV�LQ�WKH�W\SHV�DQG�LQWHQVLW\�
RI�PHDVXUHV�UHTXLUHG�WR�VXVWDLQ�WKH�KLJKO\�WHPSHUDWXUH�VHQVLWLYH��DQG�WUHDVXUHG��FROGZDWHU�
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VSHFLHV�VXFK�DV�EURRN�WURXW���5XUDO�DQG�8UEDQ�KDELWDWV�KDYH�WKHLU�RZQ�GLVWLQFWLYH�FKDOOHQJHV�DQG�
RSSRUWXQLWLHV�WR�DGGUHVV�WKH�DTXDWLF�HFRV\VWHP�HIIHFWV�RI�ULVLQJ�WHPSHUDWXUHV����

&ROGZDWHU�)LVKHULHV�DQG�+DELWDWV�5HFRPPHQGDWLRQ�

5HFRPPHQGDWLRQ����&KHVDSHDNH�%D\�3URJUDP�SDUWQHUV�QHHG�WR�DFFHOHUDWH�FRQVHUYDWLRQ�WR�
SURWHFW�WKH�FROGZDWHU�VWUHDPV�QRZ�VXSSRUWLQJ�KHDOWK\�DTXDWLF�OLIH��HVSHFLDOO\�QDWLYH�EURRN�WURXW��
ZKLFK�DUH�H[WUHPHO\�VHQVLWLYH�WR�ULVLQJ�ZDWHU�WHPSHUDWXUHV��DQG�FRQWLQXH�UHVLOLHQF\�DQDO\VHV�DQG�

PDSSLQJ�WR�IRFXV�FROGZDWHU�KDELWDW�UHVWRUDWLRQ�HIIRUWV�

5DWLRQDOH��(YHQ�WKRXJK�WKH�&%3�SDUWQHUVKLS�LV�FRPPLWWHG�WR�EURRN�WURXW�VWUHDP�SURWHFWLRQ�DQG�
UHVWRUDWLRQ��VXLWDEOH�EURRN�WURXW�KDELWDW�LV�VWLOO�GLPLQLVKLQJ��GXH�WR�GHYHORSPHQW�LPSDFWV�VXFK�DV�
KHDWHG�VWRUPZDWHU�UXQRII�DQG�HVSHFLDOO\�ORVV�RI�ULSDULDQ�IRUHVW��6WUHDP�WHPSHUDWXUH�ZDUPLQJ�
LQFUHDVHV�WKH�XUJHQF\�WR�LGHQWLI\�WKH�EHVW�KDELWDW�IRU�ODQG�FRQVHUYDWLRQ�DQG�RWKHU�UHVWRUDWLRQ�
DFWLRQV��DQG�WKHUH�DUH�H[FHOOHQW�PDSSLQJ�WRROV�IRU�KDELWDW�LGHQWLILFDWLRQ���0RUH�GDWD�DUH�QHHGHG�RQ�
ORFDO�JURXQGZDWHU�LQSXWV�WR�LGHQWLI\�VWUHDPV�WKDW�PD\�EH�SDUWLFXODUO\�YXOQHUDEOH�RU�UHVLOLHQW�WR�
ZDUPLQJ�VXUIDFH�ZDWHU�WHPSHUDWXUHV���

:RUNVKRS�SDUWLFLSDQWV�ZHUH�EULHIHG�RQ�0DU\ODQG¶V�³&RQVHUYDWLRQ�)UDPHZRUN�IRU�,QFUHDVLQJ�
5HVLOLHQF\�IRU�0DU\ODQG¶V�%URRN�7URXW´��6XFFHVV�IDFWRUV�LQ�WKH�VWUDWHJLF�IUDPHZRUN�LQFOXGHG������
XVH�RI�VFLHQWLILFDOO\�YDOLG��VWDQGDUGL]HG�VXUYH\�DQG�DVVHVVPHQW�WHFKQLTXHV�VWDWHZLGH������
FKRRVLQJ�ZDWHUVKHGV�IRU�UHVLOLHQF\�DQG�GLUHFWLQJ�SURWHFWLRQ�DQG�UHVWRUDWLRQ�SURMHFWV�WR�WKRVH�WKDW�
SURYLGH�WKH�JUHDWHVW�RSSRUWXQLW\�IRU�EURRN�WURXW�SHUVLVWHQFH�LQWR�WKH�IXWXUH��LQFOXGLQJ�JHQHWLF�
GLYHUVLW\���DQG�����ZRUNLQJ�FORVHO\�ZLWK�SDUWQHUV�WR�UHYLHZ�VWRUPZDWHU�LQIUDVWUXFWXUH��
FRQVWUXFWLRQ�DQG�KDELWDW�SURMHFWV�WKDW�PLJKW�LPSDFW�FROGZDWHU�UHVRXUFHV��*RHW]����������

:RUNVKRS�SDUWLFLSDQWV�GLVFXVVHG�RSSRUWXQLWLHV�WR�XVH�FRQVHUYDWLRQ��UHVWRUDWLRQ�DQG�%03V�WR�
PLQLPL]H�VWUHDP�ZDUPLQJ�LQ�WKHVH�LPSRUWDQW�KDELWDWV��)RU�H[DPSOH��ZKHUH�WKHUH�DUH�IDUPV�LQ�
WKHVH�ZDWHUVKHGV��SDUWQHUV�VKRXOG�SULRULWL]H�ZRUNLQJ�ZLWK�DJULFXOWXUDO�SURGXFHUV�WR�PLQLPL]H�WKH�
SRWHQWLDOO\�DGYHUVH�LPSDFWV�RI�DJULFXOWXUDO�SUDFWLFHV�WR�VWUHDP�WHPSHUDWXUHV��/LNHZLVH��
QRQSURGXFWLYH�DJULFXOWXUDO�ODQGV�DQG�IRUPHU�PLQHODQGV�FDQ�EH�UHIRUHVWHG�WR�LQFUHDVH�JURXQGZDWHU�
LQILOWUDWLRQ�DQG�IRUHVWHG�FRYHU�LQ�SULRULW\�ZDWHUVKHGV��

%DVHG�RQ�\HDUV�RI�VWXG\�DQG�FRRUGLQDWLRQ��H�J���WKURXJK�WKH�&%3�%URRN�7URXW�:RUNJURXS��
SDUWQHU�ELRORJLVWV�DQG�SURJUDP�OHDGHUV�NQRZ�ZKDW�QHHGV�WR�EH�GRQH�DQG�LQ�ZKDW�ORFDWLRQV�WR�
SURWHFW�FROGZDWHU�KDELWDWV���5LVLQJ�WHPSHUDWXUHV�LQFUHDVH�WKH�XUJHQF\�RI�FRQQHFWLQJ�WKH�VFLHQFH�WR�
WKH�GHFLVLRQ�PDNHUV�DW�WKH�IHGHUDO��VWDWH�DQG�ORFDO�OHYHOV�VR�WKDW�HIIHFWLYH�FRQVHUYDWLRQ�DQG�
UHVWRUDWLRQ�VWUDWHJLHV�FDQ�EH�FRRUGLQDWHG�DFURVV�WKH�UHOHYDQW�HQWLWLHV��DGHTXDWHO\�IXQGHG��DQG�
LPSOHPHQWHG����

,PSOHPHQWDWLRQ�$FWLRQV��

�� 3DUWQHUV�VKRXOG�SULRULWL]H�SURWHFWLQJ�FXUUHQWO\�IRUHVWHG�ZDWHUVKHGV�FRQWDLQLQJ�KLJK�TXDOLW\
FROGZDWHU�KDELWDW��ZLWK�ODQG�FRQVHUYDWLRQ�SUDFWLFHV��L�H���IHH�VLPSOH�SXUFKDVH�
FRQVHUYDWLRQ�HDVHPHQWV��RSHQ�VSDFH�SURJUDPV��HWF���
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�� 5LSDULDQ�IRUHVW�EXIIHUV�VKRXOG�EH�PD[LPL]HG�LQ�DOO�FROGZDWHU�ZDWHUVKHGV���&%3�SDUWQHUV
VKRXOG�EXLOG�RQ�DQG�LQWHQVLI\�WKHLU�H[LVWLQJ�VWUDWHJLHV�IRU�FRQVHUYDWLRQ�DQG�ULSDULDQ�IRUHVW
EXIIHU�UHVWRUDWLRQ�DQG�ILQG�QHZ�SXEOLF�SULYDWH�IXQGLQJ�

�� (DFK�VWDWH�VKRXOG�GHYHORS�D�VWUDWHJ\�WKDW�SXOOV�IHGHUDO��VWDWH��H�J���GHSDUWPHQWV�RI
HQYLURQPHQW��WUDQVSRUWDWLRQ���SULYDWH��QRQ�JRYHUQPHQWDO�RUJDQL]DWLRQ��1*2���DQG
ODQGRZQHU�UHVRXUFHV�WRJHWKHU�IRU�FROGZDWHU�FRQVHUYDWLRQ�SDUWQHUVKLSV��6WDWH�IUDPHZRUNV
OLNH�0DU\ODQG¶V�PLJKW�EH�XVHG�WR�LGHQWLI\�³EHVW�RI�WKH�EHVW´�ZDWHUVKHGV�DQG�LQFHQWLYHV
JLYHQ�WR�ORFDO�JRYHUQPHQWV�WR�SURPRWH�DQG�PDLQWDLQ�WKHVH�ZDWHUVKHGV�DV�D�KLVWRULF��VFHQLF
DQG�UHFUHDWLRQDO�SULRULW\�

�� 3URPRWH�JRRG�DJULFXOWXUDO�VWHZDUGVKLS��WR�LQFOXGH�LQFUHDVHG�XVH�RI�FRROLQJ�%03V��WR
PLQLPL]H�WKH�LPSDFWV�RI�DJULFXOWXUDO�ODQG�XVH�LQ�ZDWHUVKHGV�ZLWK�KLJK�TXDOLW\�FROGZDWHU
KDELWDW��(QOLVW�WKH�IHGHUDO�DQG�VWDWH�SDUWQHUV�LQ�WKH�&%3¶V�$JULFXOWXUH�DQG�)RUHVWU\
:RUNJURXSV�

�� ,Q�SULRULW\�FROGZDWHU�KDELWDW�DUHDV�IRU�FRQVHUYDWLRQ�DQG�UHVWRUDWLRQ�
D� 'HYHORS�VWURQJHU�HQJDJHPHQW�ZLWK�SULYDWH�ODQGRZQHUV��LQFOXGLQJ�ZRUNLQJ�ZLWK

DJULFXOWXUDO�DJHQFLHV�WR�SURPRWH�FRROLQJ�SUDFWLFHV��DQG�LPSURYLQJ�FRQVHUYDWLRQ
HDVHPHQW�SURJUDPV�DQG�LQFHQWLYHV�

E� :RUN�ZLWK�ORFDO�JRYHUQPHQWV�WR�LPSURYH�ODQG�XVH�SODQQLQJ�DQG�HYDOXDWLRQ�RI
GHYHORSPHQW�SURMHFWV�LQ�KLJK�TXDOLW\�KDELWDW�DUHDV�DQG�WR�EHWWHU�XWLOL]H�QHZ�DQG
H[LVWLQJ�SURJUDPV�IRU�SURWHFWLQJ�WKHLU�FROGZDWHU�ILVKHULHV�

�� :LWKLQ�WKH�VWUDWHJLF�IUDPHZRUN�IRU�LGHQWLI\LQJ�SRWHQWLDOO\�UHVLOLHQW�VWUHDPV�IRU�UHVWRULQJ
FROGZDWHU�KDELWDW��LPSOHPHQW�KDELWDW�UHVWRUDWLRQ�LQ�GHJUDGHG�ODQGVFDSHV��LQFOXGLQJ�WKH
UHIRUHVWDWLRQ�RI�DEDQGRQHG�PLQHODQGV�DQG�WKH�UHVWRUDWLRQ�RI�GHJUDGHG�VWUHDPV�WR�LPSURYH
FRQQHFWLYLW\�DQG�H[SDQG�DYDLODEOH�KDELWDW��ZKLOH�PLQLPL]LQJ�WKH�ORVV�RI�PDWXUH�ULSDULDQ
WUHHV

6FLHQFH�1HHGV�WR�6XSSRUW�,PSOHPHQWDWLRQ��,QFUHDVHG�FRQWLQXRXV��KLJK�IUHTXHQF\�VXUIDFH�
ZDWHU�WHPSHUDWXUH�PRQLWRULQJ�LQ�KHDGZDWHU��L�H���FROGZDWHU��VWUHDPV�ZLOO�KHOS�WR�LGHQWLI\�DQG�
SULRULWL]H�ZDWHUZD\V�IRU�UHVWRUDWLRQ�DQG�FRQVHUYDWLRQ��/LNHZLVH��LPSOHPHQWLQJ�VHGLPHQW�EHQWKLF�
WHPSHUDWXUH�PRQLWRULQJ�DORQJ�ZLWK�JURXQGZDWHU�PDSSLQJ�ZLOO�KHOS�GHWHUPLQH�ZKLFK�ZDWHUZD\V�
DUH�PRVW�UHVLOLHQW�WR�ZDUPLQJ�DQG�SURYLGH�WKH�JUHDWHVW�RSSRUWXQLW\�IRU�EURRN�WURXW�SHUVLVWHQFH�LQ�
WKH�IXWXUH��/DVWO\��ORQJHU�WHUP�WHPSHUDWXUH�DQG�EURRN�WURXW�PRQLWRULQJ�ZLOO�SURYLGH�ULFKHU�
LQVLJKWV�LQWR�IDFWRUV�FRQWULEXWLQJ�WR�UHVWRUDWLRQ�DQG�ZDWHUVKHG�FRQVHUYDWLRQ�VXFFHVV����

5XUDO�:DWHUV�DQG�+DELWDWV�5HFRPPHQGDWLRQ�

5HFRPPHQGDWLRQ����,Q�UXUDO�DUHDV��&%3�SDUWQHUV�VKRXOG�ZRUN�WR�VWUDWHJLFDOO\�UHVWRUH�IRUHVWV�
DQG�DTXDWLF�KDELWDWV�ZKLOH�SURPRWLQJ�JRRG�DJULFXOWXUDO�VWHZDUGVKLS�SUDFWLFHV�WKDW�FDQ�UHGXFH�

WKH�DPRXQW�RI�KHDWHG�UXQRII�EHLQJ�JHQHUDWHG�E\�IDUPV���

5DWLRQDOH��5XUDO�ODQGVFDSHV�DUH�KLJKO\�YDULDEOH��SURYLGLQJ�LPSRUWDQW�ODQGV�DQG�ZDWHUV�IRU�
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DJULFXOWXUDO�SURGXFWLRQ��KDELWDW�DQG�FRPPXQLWLHV��*LYHQ�WKLV�YDULDELOLW\��DQ�HTXDO�OHYHO�RI�HIIRUW�
ZRQ¶W�DOZD\V�OHDG�WR�HTXDO�RXWFRPHV�IRU�VWUHDP�WHPSHUDWXUH�LQ�GLIIHUHQW�ODQGVFDSHV��$�VWUDWHJLF�
DSSURDFK�WR�FRQVHUYLQJ�DQG�UHVWRULQJ�IRUHVWV�DQG�DTXDWLF�KDELWDWV�ZLOO�HQVXUH�WKDW�UHVRXUFHV�DUH�
VSHQW�LQ�WKH�SODFHV�DQG�RQ�WKH�SUDFWLFHV�WKDW�ZLOO�KDYH�WKH�JUHDWHVW�EHQHILWV�IRU�FRROLQJ�ZDWHUZD\V��
5LSDULDQ�IRUHVW�EXIIHUV�DUH�HVVHQWLDO�IRU�FRROLQJ�ZDWHUZD\V��+RZHYHU��FRQVLGHULQJ�WKH�ZLGWK�RI�
DIIHFWHG�VWUHDPV�DQG�ULYHUV�DQG�WKH�SRWHQWLDO�IRU�KHDWHG�ZDWHU�IORZV�WR�E\SDVV�EXIIHUV��ULSDULDQ�
EXIIHUV�ZLOO�RQO\�DFFRPSOLVK�VR�PXFK��DQG�RWKHU�XSVWUHDP�SUDFWLFHV�DUH�QHHGHG�WR�PLQLPL]H�
VWUHDP�ZDUPLQJ��

2Q�DJULFXOWXUDO�ODQGV��WKH�&%3�SDUWQHUV�KDYH�JHQHUDOO\�IRFXVHG�RQ�SUDFWLFHV�WKDW�UHGXFH�QXWULHQW�
DQG�VHGLPHQW�ORDGV��8QIRUWXQDWHO\��VRPH�PDQDJHPHQW�SUDFWLFHV�VXFK�DV�IDUP�SRQGV�FDQ�
FRQWULEXWH�WR�VWUHDP�ZDUPLQJ��:RUNVKRS�SDUWLFLSDQWV�GLVFXVVHG�GLIILFXOWLHV�WKDW�IDUPHUV�PLJKW�
KDYH�DYRLGLQJ�DOO�XVH�RI�SUDFWLFHV�WKDW�DGG�WR�KHDWHG�UXQRII��DQG�FRQFOXGHG�WKDW�VWUDWHJLF�ZKROH�
IDUP�SODQQLQJ�FRXOG�KHOS�HQVXUH�WKDW�VXIILFLHQW�FRROLQJ�SUDFWLFHV�DUH�XWLOL]HG�WR�PLQLPL]H�WUDGH�
RIIV�EHWZHHQ�ZDWHU�TXDOLW\�DQG�ZDWHU�WHPSHUDWXUH��

$W�WKH�VDPH�WLPH��WKH�&%3�SDUWQHUV�VKRXOG�ZRUN�WR�VWUDWHJLFDOO\�UHVWRUH�DTXDWLF�KDELWDWV�WR�
PLQLPL]H�WKH�LPSDFWV�RI�ZDUPLQJ�WHPSHUDWXUHV�RQ�DTXDWLF�ELRWD�DQG�HFRV\VWHPV��)RU�H[DPSOH��
WKHUH�DUH�RSSRUWXQLWLHV�WR�LPSURYH�DTXDWLF�FRQQHFWLYLW\�EHWZHHQ�VXLWDEOH�KDELWDW�SDWFKHV�WKDW�
FRXOG�LPSURYH�DFFHVV�WR�WKHUPDO�UHIXJLD�GXULQJ�SHDN�VXPPHU�ZDWHU�WHPSHUDWXUHV���:RUNVKRS�
SDUWLFLSDQWV�ZHUH�VKRZQ�DQ�H[DPSOH�RI�D�YHU\�³UHVWRUDEOH´�VWUHDP�UHDFK�LQ�3HQQV\OYDQLD��MXVW�
GRZQVWUHDP�IURP�D�IRUHVW�EXIIHUHG�FRROZDWHU�VWUHDP�DUHD��ZKHUH�LQVWDOOLQJ�IRUHVW�EXIIHUV�FRXOG�
H[WHQG�WKH�KHDOWK\�DTXDWLF�KDELWDW�FRQGLWLRQV��1RWH�WKDW�WKH�DTXDWLF�KDELWDW�UHVWRUDWLRQ�FRQFHSWV�
GLVFXVVHG�LQ�WKLV�SDUW�RI�WKH�ZRUNVKRS�ZHUH�PHDVXUHV�WR�SUHYHQW�DQG�RIIVHW�WKHUPDO�LPSDFWV�RQ�
DTXDWLF�ELRWD���3DUWLFLSDQWV�FRPPHQWHG�DW�VHYHUDO�SRLQWV�RI�WKH�ZRUNVKRS�RQ�WKH�QHHG�IRU�VXFK�
PHDVXUHV��H�J���ULSDULDQ�VKDGLQJ��WKHUPDO�UHIXJLD��WR�EH�LQFRUSRUDWHG�LQWR�VWUHDP�UHVWRUDWLRQ�
%03V�QRZ�EHLQJ�LPSOHPHQWHG�E\�WKH�&%3�SDUWQHUV�IRU�QXWULHQW�DQG�VHGLPHQW�UHGXFWLRQ��

,PSOHPHQWDWLRQ�$FWLRQV��

�� ,PSURYH�DQG�FRQVHUYH�IRUHVW�FRYHU�WKURXJKRXW�WKH�ODQGVFDSH��HQVXULQJ�ULYHUV�DQG�VWUHDPV
DUH�ZHOO�EXIIHUHG��,PSURYLQJ�IRUHVW�FRYHU�LQFOXGHV�ERWK�UHIRUHVWLQJ�XSODQG�DUHDV�DV�ZHOO
DV�LPSURYLQJ�PDQDJHPHQW�RI�H[LVWLQJ�IRUHVWV�WR�HQFRXUDJH�EHWWHU�LQILOWUDWLRQ�DQG�LPSURYH
IRUHVW�UHVLOLHQF\��IRU�H[DPSOH��E\�LQFUHDVLQJ�IRUHVW�DJH�FODVV�GLYHUVLW\���$�VWUDWHJLF
DSSURDFK�FRXOG�SULRULWL]H�DUHDV�ZKHUH�WKHUH�LV�WKH�JUHDWHVW�RSSRUWXQLW\�IRU�FRQVHUYDWLRQ
VXFK�DV�KHDOWK\�FRROZDWHU�VWUHDPV��DUHDV�GRZQVWUHDP�RI�LQWDFW�FROGZDWHU�KDELWDWV��DQG
VWUHDPV�WKDW�KDYH�D�VLJQLILFDQW�RSSRUWXQLW\�IRU�HFRV\VWHP�UHFRYHU\�EDVHG�RQ�UHVWRUDWLRQ
HIIRUWV��7KH�)RUHVWU\�:RUNJURXS�FRXOG�ZRUN�ZLWK�WKH�&KHVDSHDNH�&RQVHUYDWLRQ
3DUWQHUVKLS��WKH�&KHVDSHDNH�%D\�3URJUDP�2IILFH��&%32��*,6�WHDP�DQG�RU�FRQWUDFWRUV�WR
LGHQWLI\�ORFDWLRQV�LQ�QHHG�RI�UHIRUHVWDWLRQ�RU�LPSURYHG�IRUHVW�PDQDJHPHQW�WR�FRRO
ZDWHUZD\V�

�� 8VH�WKH�LPSURYHG�%D\�ZDWHUVKHG�PDSSLQJ�FDSDELOLW\�WR�SULRULWL]H�VSHFLILF�VWUHDP�UHDFKHV
ZKHUH�ULSDULDQ�EXIIHU�SODQWLQJV�FDQ�H[HUW�WKH�JUHDWHVW�FRROLQJ�LPSDFW�LQ�UXUDO�ZDWHUVKHGV�
7KH�)RUHVWU\�:RUNJURXS�FRXOG�ZRUN�ZLWK�WKH�&%32�*,6�WHDP�DQG�RU�FRQWUDFWRUV�WR
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GHYHORS�D�5)%�SULRULW\�PDS�IRU�VWUHDP�FRROLQJ���7KH�&%3�SURPRWHV�5)%V�HYHU\ZKHUH�LQ�
WKH�ZDWHUVKHG�EHFDXVH�RI�WKHLU�QXWULHQW�DQG�VHGLPHQW�UHGXFWLRQ�EHQHILWV��6WUHDP�
WHPSHUDWXUH�UHJXODWLRQ�LV�DQ�DGGLWLRQDO�KLJK�YDOXH�EHQHILW��

�� 8VH�DTXDWLF�KDELWDW�UHVWRUDWLRQ�WR�LPSURYH�FRQQHFWLYLW\�EHWZHHQ�VXLWDEOH�KDELWDW�SDWFKHV
DQG�LPSURYH�DFFHVV�WR�WKHUPDO�UHIXJLD��7KH�6WUHDP�+HDOWK�:RUNJURXS�FRXOG�KHOS
GHYHORS�GHVLJQ�JXLGDQFH�IRU�UHVWRUDWLRQ�SUDFWLWLRQHUV�WKDW�ZRXOG�LPSURYH�WKH�EHQHILWV�RI
UHVWRUDWLRQ�IRU�EXIIHULQJ�DTXDWLF�ELRWD�IURP�WKH�LPSDFWV�RI�DTXDWLF�KHDWZDYHV�

�� ,PSURYH�WHFKQLFDO�DVVLVWDQFH�DQG�SURJUDPV�DYDLODEOH�WR�SULYDWH�ODQGRZQHUV�WR�VXSSRUW
IRUHVW�ODQG�FRQVHUYDWLRQ��WUHH�SODQWLQJ��DQG�EHWWHU�ZKROH�IDUP�SODQQLQJ��LQFOXGLQJ�D�IRFXV
RQ�DJURIRUHVWU\��LPSURYLQJ�VRLO�KHDOWK�DQG�LQILOWUDWLRQ�DV�ZHOO�DV�RWKHU�SUDFWLFHV�WKDW
SUHYHQW�KHDWHG�UXQRII�IURP�UHDFKLQJ�WKH�ULSDULDQ�FRUULGRU��1DWXUDO�5HVRXUFHV
&RQVHUYDWLRQ�6HUYLFH��15&6��DQG�WKH�$JULFXOWXUH�:RUNJURXS�FRXOG�KHOS�VXSSRUW�HIIRUWV
WR�LQWHJUDWH�FRQVLGHUDWLRQV�RI�ULVLQJ�ZDWHU�WHPSHUDWXUHV�LQWR�86'$¶V�ZRUN�WR�VXSSRUW
IDUPHUV�LQ�LPSOHPHQWLQJ�FOLPDWH�UHVLOLHQW�IDUPLQJ�SUDFWLFHV�

�� ,QFRUSRUDWH�ULVLQJ�ZDWHU�WHPSHUDWXUHV�LQ�&%3�SDUWQHU�VWUDWHJLHV�IRU�ZRUNLQJ�ZLWK�ORFDO
JRYHUQPHQWV�²IRU�H[DPSOH��PRGLILFDWLRQ�RI�FRGHV�DQG�ODZV�ZKHUH�DSSURSULDWH�WR
HQFRXUDJH�FRQVHUYDWLRQ�%03V�DQG�FRROLQJ�SUDFWLFHV�DQG�WKH�OHVVHQLQJ�RI�LPSHUYLRXV
VXUIDFHV�ZKHUH�GHYHORSPHQW�RI�UXUDO�DUHDV�LV�SURSRVHG��7KH�/RFDO�/HDGHUVKLS�DQG
&RPPXQLFDWLRQV�:RUNJURXSV�DW�&%3�FRXOG�KHOS�GHYHORS�WDLORUHG�FRPPXQLFDWLRQV
PDWHULDOV�IRU�ORFDO�JRYHUQPHQWV�WR�KHOS�LPSURYH�XQGHUVWDQGLQJ�RI�WKH�LPSOLFDWLRQV�RI
ULVLQJ�VWUHDP�WHPSHUDWXUHV�DQG�H[DPSOHV�RI�HIIHFWLYH�ORFDO�DFWLRQV�WKDW�FRXOG�KHOS
PLWLJDWH�WKHVH�LPSDFWV�

6FLHQFH�1HHGV�WR�6XSSRUW�,PSOHPHQWDWLRQ��,Q�UXUDO�DUHDV��WKHUH�LV�D�QHHG�IRU�WDUJHWHG�UHVHDUFK�
LQ�VPDOO�DJULFXOWXUDO�ZDWHUVKHGV�WR�PHDVXUH�WHPSHUDWXUH�LPSDFWV�RI�DJULFXOWXUDO�ODQG�DQG�ZDWHU�
PDQDJHPHQW�SUDFWLFHV��LQFOXGLQJ�LQILOWUDWLRQ�SUDFWLFHV��ZKHQ�LPSOHPHQWHG�RQ�D�ODUJH�VFDOH��7KHUH�
DUH�DOVR�RSSRUWXQLWLHV�WR�IXUWKHU�LQYHVWLJDWH�WKH�HIILFDF\�RI�RWKHU�FRROLQJ�PLWLJDWLRQ�VWUDWHJLHV��
LQFOXGLQJ�ZHWODQG�FUHDWLRQ��GDP�SRQG�UHPRYDO��IORRGSODLQ�UHVWRUDWLRQ��EHDYHU�DQDORJXH�SURMHFWV��
DQG�LPSURYHG�URDGVLGH�GLWFK�PDQDJHPHQW��)LQDOO\��WKH�&%3�SDUWQHUV�FRXOG�XVH�WKH�QHZ�KLJK�
UHVROXWLRQ�ODQG�XVH�GDWD�WR�GHWHUPLQH�WKH�PD[LPXP�UXUDO�VWUHDP�PLOHDJH�DYDLODEOH�IRU�IRUHVWDWLRQ�
DQG�GHYHORS�PRGHOV�WR�GHWHUPLQH�ZKHWKHU�WKH�LQVWDOODWLRQ�RI�IXWXUH�VWUHDP�³FRROHU´�DQG�³VKDGHU´�
SUDFWLFHV�ZLOO�PLWLJDWH�ZDWHUVKHG�ZDUPLQJ�IDFWRUV��

8UEDQ�:DWHUV�DQG�+DELWDWV�5HFRPPHQGDWLRQ�

5HFRPPHQGDWLRQ����,Q�XUEDQ�DUHDV��&%3�SDUWQHUV�VKRXOG�LQFUHDVH�WUHH�FDQRS\��YHJHWDWLRQ�DQG�
SUDFWLFHV�IDYRULQJ�LQILOWUDWLRQ�WR�UHGXFH�WKH�DPRXQW�RI�KHDWHG�UXQRII�HQWHULQJ�ZDWHUZD\V��SD\LQJ�
DWWHQWLRQ�WR�XQGHU�VHUYHG�XUEDQ�DUHDV�ZKLFK�KLVWRULFDOO\�VXIIHU�WKH�ZRUVW�KHDWLQJ�DQG�KXPDQ�

KHDOWK�RXWFRPHV���

5DWLRQDOH��8UEDQ�ULYHUV�DQG�VWUHDPV�WHQG�WR�EH�SDUWLFXODUO\�YXOQHUDEOH�WR�WKH�HIIHFWV�RI�VWUHDP�
ZDUPLQJ��DV�WKH�ORVV�RI�QDWXUDO�FRYHU�DQG�SUHYDOHQFH�RI�LPSHUYLRXV�VXUIDFHV�LQFUHDVHV�WKH�
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YROXPH�DQG�WHPSHUDWXUH�RI�UXQRII�HQWHULQJ�ZDWHUZD\V��$W�WKH�VHFRQG�ZRUNVKRS��SDUWLFLSDQWV�
PHQWLRQHG�VHYHUDO�VWXGLHV�WKDW�GRFXPHQWHG�LQFUHDVHV�LQ�XUEDQ�VWUHDP�WHPSHUDWXUHV��2QH�VWXG\±
1HOVRQ�DQG�3DOPHU�������±VKRZHG�WKDW�DIWHU�VXPPHU�UDLQVWRUPV�LQ�WKH�$QDFRVWLD�ZDWHUVKHG��
XUEDQ�UXQRII�UHVXOWHG�LQ�LQFUHDVLQJ�VWUHDP�ZDWHU�WHPSHUDWXUHV�E\�DERXW�����GHJUHHV�&HOVLXV��7KH�
SXOVHV�RI�ZDUPHU�ZDWHU�ODVWHG�DERXW�WKUHH�KRXUV�LQ�WKH�UHFHLYLQJ�VWUHDP�V\VWHP��6\QWKHVLV�
(OHPHQW�����3DSHU��$SSHQGL[�.����

:RUNVKRS�SDUWLFLSDQWV�DJUHHG�WKDW�VLJQLILFDQW�XUEDQ�ZDWHU�WHPSHUDWXUH�LQFUHDVHV�DQG�LPSDFWV�RQ�
VWUHDP�ELRWD�DUH�D�SUHGLFWDEOH�RXWFRPH�RI�REVHUYHG�LQFUHDVHV�LQ�XUEDQ�KHDWLQJ��EXW�DV�PRQLWRULQJ�
ZDWHU�WHPSHUDWXUH�KDV�QRW�EHHQ�D�UHFHQW�SULRULW\��VLWH�VSHFLILF�LQIRUPDWLRQ�LV�ODFNLQJ���

+HDWHG�LPSHUYLRXV�VXUIDFHV�SOD\�WKH�SULPDU\�UROH�LQ�KHDWLQJ�VWRUPZDWHU�UXQRII��EXW�VRPH�RI�WKH�
%03V�XVHG�WR�UHGXFH�QXWULHQW�DQG�VHGLPHQW�ORDGV�LQ�XUEDQ�DUHDV��VXFK�DV�VWRUPZDWHU�GHWHQWLRQ�
SRQGV��FDQ�DOVR�ZDUP�VXUIDFH�UXQRII��7R�PLQLPL]H�WKHVH�WUDGH�RIIV�EHWZHHQ�ZDWHU�TXDOLW\�%03V�
DQG�ZDWHU�WHPSHUDWXUH��WKH�&%3�SDUWQHUV�VKRXOG�LGHQWLI\�RSSRUWXQLWLHV�WR�IXUWKHU�LQFHQWLYL]H�WKH�
XVH�RI�%03V�WKDW�SURYLGH�FRROLQJ�EHQHILWV�RYHU�WKH�XVH�RI�%03V�WKDW�DGG�KHDW�WR�ZDWHUZD\V���

³&RROLQJ´�%03V�LQFOXGH�WUHH�SODQWLQJ�WR�LQFUHDVH�XUEDQ�WUHH�FDQRS\��ODZQ�FRQYHUVLRQ�DQG�IRUHVW�
EXIIHUV�DORQJ�XUEDQ�ZDWHUZD\V��6WRUPZDWHU�PDQDJHPHQW�SUDFWLFHV�WKDW�IDFLOLWDWH�LQILOWUDWLRQ�RI�
UDLQZDWHU�LQWR�VRLO��ELRUHWHQWLRQ��SRURXV�SDYHPHQW��DQG�LQILOWUDWLRQ�SUDFWLFHV�ZLWKRXW�XQGHUGUDLQV��
DUH�DOVR�FRROLQJ�%03V�DV�LQILOWUDWHG�VWRUPZDWHU�LV�QRW�IXUWKHU�KHDWHG�E\�LPSHUYLRXV�VXUIDFHV��
6WRUPZDWHU�LQILOWUDWLRQ�%03V�DUH�HQFRXUDJHG�E\�(3$�DQG�WKH�MXULVGLFWLRQV��DQG�LQFUHDVLQJO\�
DGRSWHG��'LVWULFW�RI�&ROXPELD�SDUWLFLSDQWV�LQ�WKH�ZRUNVKRS�SRLQWHG�WR��OLPLWHG��UHVHDUFK�WKDW�KDV�
PHDVXUHG�VWRUPZDWHU�FRROLQJ�LQ�ELRUHWHQWLRQ�LQVWDOODWLRQV��

6WRUPZDWHU�LQILOWUDWLRQ�%03V�DUH�QRW�³UHIULJHUDWRUV�´�DQG�JHQHUDOO\�FDQQRW�FRPSHQVDWH�IRU�WKH�
HIIHFW�RI�LPSHUYLRXV�VXUIDFHV�RQ�VWUHDP�WHPSHUDWXUHV��%RWK�VWRUPZDWHU�PDQDJHPHQW�LQILOWUDWLRQ�
SUDFWLFHV�DQG�H[SDQGHG�XUEDQ�WUHH�FDQRS\�KDYH�EHHQ�SURPRWHG�E\�WKH�&%3�SDUWQHUV�IRU�QXWULHQW�
DQG�VHGLPHQW�UHGXFWLRQ��DQG�LW�PDNHV�VHQVH�WR�FRXSOH�WKHVH�PHDVXUHV�IRU�XUEDQ�FRROLQJ�DV�ZHOO��

3UDFWLFHV�WKDW�LQFUHDVH�XUEDQ�WUHH�FDQRS\�DOVR�SURYLGH�P\ULDG�RWKHU�EHQHILWV�WR�XUEDQ�
FRPPXQLWLHV��LQFOXGLQJ�FRROLQJ�DLU�WHPSHUDWXUHV�DQG�LPSURYLQJ�DLU�TXDOLW\��:KHUH�SRVVLEOH��%D\�
3URJUDP�SDUWQHUV�VKRXOG�XVH�H[LVWLQJ�HQYLURQPHQWDO�MXVWLFH�DQG�HTXLW\�PDSSLQJ�WRROV�WR�LGHQWLI\�
ORFDWLRQV�ZKHUH�LPSOHPHQWLQJ�WKHVH�SUDFWLFHV�FRXOG�EH�SDUWLFXODUO\�EHQHILFLDO�WR�KLVWRULFDOO\�
XQGHU�VHUYHG�SRSXODWLRQV��%D\�ZDWHUVKHG�FLWLHV�KDYH�DOUHDG\�EHJXQ�³WUHH�HTXLW\´�LQLWLDWLYHV�WR�
FRRO�KRW�QHLJKERUKRRGV��DQG�WKHVH�FRXOG�EH�OLQNHG�WR�VWUHDP�FRROLQJ�PHDVXUHV��

7KHUH�LV�WUHPHQGRXV�YDULDELOLW\�DFURVV�GHYHORSHG�DUHDV�LQ�WKH�&KHVDSHDNH�%D\�ZDWHUVKHG��
UDQJLQJ�IURP�VPDOO�WRZQVKLSV�WR�ODUJH�PHWURSROLWDQ�DUHDV�ZLWK�YDU\LQJ�K\GURORJ\��VRLO�
FRQGLWLRQV��DQG�SURSRUWLRQV�RU�W\SHV�RI�LPSHUYLRXV�DQG�SHUYLRXV�FRYHU��)RU�XUEDQ�DUHDV�DGMDFHQW�
WR�ZLGHU�ULYHUV�DQG�ZDWHUZD\V��LW�PD\�EH�PRUH�GLIILFXOW�WR�GLUHFWO\�FRRO�WKHVH�ZDWHUZD\V�ZLWK�
IRUHVW�EXIIHUV��,Q�WKHVH�SODFHV��SDUWQHUV�FRXOG�LGHQWLI\�RSSRUWXQLWLHV�WR�FUHDWH�WKHUPDO�UHIXJLD�RU�
LPSURYH�DFFHVV�WR�WKHUPDO�UHIXJLD�WKURXJK�LQ�VWUHDP�DQG�ULSDULDQ�KDELWDW�UHVWRUDWLRQ�ZRUN���
:KHUH�VWUHDP�UHVWRUDWLRQ�%03V�DUH�LQVWDOOHG�IRU�VHGLPHQW�DQG�QXWULHQW�UHPRYDO��EDQN�DQG�
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LQVWUHDP�PRGLILFDWLRQV���SDUWLFLSDQWV�VDLG�WKDW�UHPRYDO�RI�H[LVWLQJ�ULSDULDQ�FDQRS\�FRYHUDJH�
VKRXOG�EH�PLQLPL]HG�VR�DV�WR�PDLQWDLQ�FRROLQJ�EHQHILWV�DOUHDG\�SUHVHQW��

6WRUPZDWHU�UXQRII�IRU�VRPH�DUHDV�ZLOO�EH�FDSWXUHG�E\�FRPELQHG�VWRUPZDWHU�DQG�VHZDJH�V\VWHPV��
ZKLOH�PRVW�DUHDV�KDYH�VHSDUDWH�VWRUP�VHZHUV�DQG�VDQLWDU\�VHZDJH�OLQHV��7KH�FRROLQJ�RU�KHDWLQJ�
LPSDFW�RI�FRPELQHG�YHUVXV�VHSDUDWH�VDQLWDU\�VHZHU�V\VWHPV�ZDV�QRW�VWXGLHG�EXW�LV�ZRUWK�IXUWKHU�
H[SORUDWLRQ��,Q�DUHDV�ZLWK�FRPELQHG�VHZHU�V\VWHPV��WKHUH�DUH�RIWHQ�LQLWLDWLYHV�WR�SURPRWH�JUHHQ�
VWRUPZDWHU�LQIUDVWUXFWXUH�WKDW�FDQ�ORZHU�WKH�YROXPH�DQG�WHPSHUDWXUH�RI�UXQRII�WKDW�HQWHUV�WKH�
V\VWHP���

$QRWKHU�LPSRUWDQW�IDFWRU�WKDW�DURVH�LQ�ZRUNVKRS�GLVFXVVLRQV�ZDV�WKH�LQWHUVHFWLRQ�RI�KXPDQ�
KHDOWK�LPSDFWV�DQG�ULVLQJ�ZDWHU�WHPSHUDWXUHV��8UEDQL]HG�DUHDV�RIWHQ�KDYH�DUHDV�ZLWK�OHJDFLHV�RI�
WR[LF�SROOXWLRQ�IURP�LQGXVWULDO�RU�RWKHU�VRXUFHV��DQG�WKHVH�OHJDFLHV�FDQ�KDYH�ODVWLQJ�LPSDFWV�RQ�
ORFDO�VRLOV�RU�ZDWHUZD\V�GHSHQGLQJ�RQ�WKH�SROOXWDQW�DQG�LWV�HFRWR[LFLW\�SDWKZD\V��%DFWHULD�DQG�
KDUPIXO�DOJDO�EORRPV�DUH�DOVR�UHOHYDQW�KXPDQ�KHDOWK�FRQFHUQV�IRU�QXPHURXV�ZDWHUZD\V��:DWHU�
WHPSHUDWXUH�FDQ�LQIOXHQFH�WKHVH�SROOXWDQWV��KRZ�WKH\�PRYH�WKURXJK�WKH�HFRV\VWHP��DQG�KRZ�WKH\�
XOWLPDWHO\�LPSDFW�DTXDWLF�ELRWD�DQG�KXPDQ�KHDOWK��7KHVH�KXPDQ�KHDOWK�FRQFHUQV�DUH�GRXEO\�
LPSRUWDQW�ZKHQ�FRQVLGHULQJ�WKH�GLVSURSRUWLRQDWH�KLVWRULFDO�DQG�FRQWLQXHG�LPSDFW�RI�SROOXWLRQ�RQ�
XQGHU�VHUYHG�FRPPXQLWLHV�RI�FRORU��

5LVLQJ�DLU�DQG�ZDWHU�WHPSHUDWXUHV�LQFUHDVH�WKH�XUJHQF\�RI�EURDGO\�LPSOHPHQWLQJ�VHYHUDO�JRDOV�
DQG�SURJUDPV�ZKLFK�WKH�&%3�SDUWQHUV�KDYH�DGRSWHG�±�XVH�RI�³JUHHQ�WHFKQRORJ\´�LQILOWUDWLRQ�
PHWKRGV�IRU�FRQWUROOLQJ�VWRUPZDWHU�IURP�GHYHORSHG�ODQG�XVHV��DFKLHYLQJ�D�QHW�JDLQ�LQ�XUEDQ�WUHH�
FDQRS\��DQG�SURPRWLQJ�³%D\�IULHQGO\´�DQG�QDWLYH�ODQGVFDSH�SODQWLQJ�LQ�XUEDQ�DQG�VXEXUEDQ�
DUHDV��

,PSOHPHQWDWLRQ�$FWLRQV��

�� 'HFUHDVH�WKH�DPRXQW�RI�WXUI�LQ�XUEDQ�DQG�VXEXUEDQ�DUHDV��XVLQJ�ODZQ�FRQYHUVLRQ
SURJUDPV�WR�LQFUHDVH�UDLQZDWHU�LQILOWUDWLRQ�FDSDFLW\��VKDGLQJ�WUHHV�DQG�VKUXEV��DQG�XVH�RI
QDWLYH�SODQWV�

�� (QFRXUDJH�WKH�UHWHQWLRQ�DQG�H[SDQVLRQ�RI�XUEDQ�WUHH�FRYHU��ERWK�LQ�WKH�ULSDULDQ�]RQH�DQG
XSVWUHDP���HVSHFLDOO\�LQ�XQGHU�VHUYHG�XUEDQ�DUHDV�ZKLFK�KLVWRULFDOO\�VXIIHU�WKH�ZRUVW
KHDWLQJ�DQG�KXPDQ�KHDOWK�RXWFRPHV��6WUHQJWKHQ�LPSOHPHQWDWLRQ�RI�WKH�&%3¶V�8UEDQ�7UHH
&DQRS\�VWUDWHJ\�

�� 8VH�DTXDWLF�KDELWDW�UHVWRUDWLRQ�WR�LPSURYH�FRQQHFWLYLW\�EHWZHHQ�VXLWDEOH�KDELWDW�SDWFKHV
DQG�LPSURYH�DFFHVV�WR�WKHUPDO�UHIXJLD��7KH�&%3�8UEDQ�6WRUPZDWHU�:RUNJURXS�FRXOG
DGG�JXLGDQFH�RQ�KRZ�WR�FRQVLGHU�ZDWHU�WHPSHUDWXUH�HIIHFWV�DQG�WKHUPDO�UHIXJLD�WR�LWV
VWUHDP�UHVWRUDWLRQ�%03�SURWRFROV�

�� (PSKDVL]H�WKH�PXOWLSOH�EHQHILWV�RI�FRROLQJ�%03V�VXFK�DV�XUEDQ�WUHHV��H�J���DLU�TXDOLW\�
SXEOLF�KHDOWK��XUEDQ�OLYDELOLW\��WR�EHWWHU�FRPPXQLFDWH�DERXW�WKHVH�SUDFWLFHV�ZLWK�UHVLGHQWV
DQG�ORFDO�JRYHUQPHQWV�DQG�WR�DFFHVV�DGGLWLRQDO�VRXUFHV�RI�IXQGLQJ�
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6FLHQFH�1HHGV�WR�6XSSRUW�,PSOHPHQWDWLRQ��)RU�XUEDQ�DUHDV��WKH�PRVW�VLJQLILFDQW�VFLHQFH�QHHGV�
DUH�WR�EHWWHU�XQGHUVWDQG�KRZ�ULVLQJ�ZDWHU�WHPSHUDWXUHV�LQWHUIDFH�ZLWK�VRFLDO�VFLHQFH�RU�SXEOLF�
KHDOWK�LVVXHV��HVSHFLDOO\�DPRQJ�XQGHU�VHUYHG�UHVLGHQWV��([DPSOHV�LQFOXGH�HYDOXDWLQJ�WKH�LPSDFWV�
RI�KHDWHG�UXQRII�DQG�SROOXWLRQ�FRQFHUQV�VWHPPLQJ�IURP�GLUHFW�RU�LQGLUHFW�HIIHFWV�RI�HOHYDWHG�
ZDWHU�WHPSHUDWXUH��$Q�HPSKDVLV�RQ�LPSURYHG�XQGHUVWDQGLQJ�RI�ORFDOO\�UHOHYDQW�FR�EHQHILWV�IRU�
%03V�DQG�UHVWRUDWLRQ�SURMHFWV�LV�DOVR�D�SULRULW\�VFLHQFH�QHHG��

%HVW�0DQDJHPHQW�3UDFWLFHV��%03V��5HFRPPHQGDWLRQ�

5HFRPPHQGDWLRQ����7KH�&%3�SDUWQHUV�VKRXOG�ZRUN�WR�PLQLPL]H�WKH�H[WHQW�WR�ZKLFK�ZDWHU�
TXDOLW\�%03V�DUH�IXUWKHU�KHDWLQJ�ZDWHUZD\V�DQG�VWUDWHJLFDOO\�XVH�FRROLQJ�%03V�WR�FRXQWHUDFW�

WKH�ZDUPLQJ�HIIHFWV�RI�FOLPDWH�FKDQJH�DQG�ODQG�XVH�ZKHUH�SRVVLEOH���

5DWLRQDOH��&HUWDLQ�ZDWHU�TXDOLW\�%03V�DUH�NQRZQ�WR�ZDUP�VXUIDFH�ZDWHU�WHPSHUDWXUH��LQFOXGLQJ�
ZHW�SRQGV��GHWHQWLRQ�SRQGV��IDUP�SRQGV�DQG�FRQILQHG�DQLPDO�IHHGLQJ�RSHUDWLRQ��&$)2��ODJRRQV��
:KLOH�WKHVH�SUDFWLFHV�PD\�EH�YHU\�HIIHFWLYH�DQG�QHFHVVDU\�WR�DFKLHYH�QXWULHQW�DQG�VHGLPHQW�ORDG�
UHGXFWLRQV��WKH\�PD\�EH�KDYLQJ�XQLQWHQGHG�FRQVHTXHQFHV�IRU�ZDWHU�WHPSHUDWXUHV�DQG�VWUHDP�
HFRV\VWHPV��7KHUH�DUH�RWKHU�%03V�WKDW�FDQ�HLWKHU�GLUHFWO\�FRRO�ZDWHUZD\V��L�H���ULSDULDQ�IRUHVW�
EXIIHUV��RU�FDQ�KHOS�PLQLPL]H�IXUWKHU�VWUHDP�ZDUPLQJ��L�H���LQILOWUDWLRQ�DQG�ELRUHWHQWLRQ�
SUDFWLFHV����

7KH�JUHDWHU�XVH�RI�KHDWLQJ�%03V�RYHU�FRROLQJ�%03V�LQ�WKH�%D\�ZDWHUVKHG�VXJJHVWV�D�QHHG�WR�
IRFXV�RQ�LQFRUSRUDWLQJ�WHPSHUDWXUH�FRQVLGHUDWLRQV�LQWR�%03�VHOHFWLRQ�DQG�GHVLJQ���

7KH�IROORZLQJ�DFWLRQV�DUH�DGGUHVVHG�WR�WKH�&%3�*RDO�,PSOHPHQWDWLRQ�7HDPV�DQG�ZRUNJURXSV�
UHVSRQVLEOH�IRU�SURYLGLQJ�JXLGDQFH�RQ�%03V��DQG�WR�WKH�PXOWLWXGH�RI�ORFDO��UHJLRQDO��VWDWH�DQG�
IHGHUDO�DJHQFLHV�DQG�SDUWQHUV�LPSOHPHQWLQJ�WKHP�WKURXJK�WKH�MXULVGLFWLRQV¶�:,3V��

,PSOHPHQWDWLRQ�$FWLRQV��

�� :RUN�ZLWK�ORFDO�JRYHUQPHQWV�WR�DYRLG�XVLQJ��KHDWHU��%03V�QHDU�VWUHDPV�DQG�LGHQWLI\
RSSRUWXQLWLHV�WR�LQFHQWLYL]H�VWDFNLQJ�PXOWLSOH�VWRUPZDWHU�³FRROHU´�%03V�RYHU�³KHDWHU´
%03V��&ROGZDWHU�KDELWDWV�DUH�SDUWLFXODUO\�VHQVLWLYH�DQG�ZDUUDQW�H[WUD�SURWHFWLRQ�

�� )RU�SUDFWLFHV�ZLWK�WKH�SRWHQWLDO�WR�H[DFHUEDWH�VWUHDP�ZDUPLQJ��GHYHORS�VSHFLILF�GHVLJQ
UHFRPPHQGDWLRQV�DQG�FULWHULD��WDNLQJ�ODQGVFDSH�FKDUDFWHULVWLFV�LQWR�DFFRXQW��WR�PLQLPL]H
ZDUPLQJ�LPSDFWV�

�� 5HOHYDQW�UHJXODWRU\�DQG�VWRUPZDWHU�SHUPLWWLQJ�DJHQFLHV�VKRXOG�FROODERUDWH�WR�UHYLHZ
H[LVWLQJ�GHVLJQ�FULWHULD�IRU�QHZ�VWRUPZDWHU�DQG�UHVWRUDWLRQ�SUDFWLFHV�LQVWDOOHG�LQ�FROG�DQG
FRRO�ZDWHU�ZDWHUVKHGV�WR�DYRLG�IXUWKHU�VWUHDP�ZDUPLQJ�

�� )RU�FRROLQJ�SUDFWLFHV�ZKRVH�HIILFDF\�LV�OLNHO\�WR�EH�LPSDFWHG�E\�FOLPDWH�FKDQJH��SURYLGH
GHVLJQ�UHFRPPHQGDWLRQV�WR�HQVXUH�WKHVH�SUDFWLFHV�ZLOO�UHPDLQ�UHVLOLHQW�WR�OLNHO\�IXWXUH
FOLPDWH�VFHQDULRV��7KLV�FRXOG�LQFOXGH�XSGDWLQJ�IRUHVWU\�%03�SODQW�OLVWV�WR�PDNH�VXUH�WKH
DSSURSULDWH�VSHFLHV�DUH�EHLQJ�SODQWHG��DFFRXQWLQJ�IRU�ORFDO�FRQGLWLRQV��VSHFLHV
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FKDUDFWHULVWLFV��DQG�IXWXUH�KDUGLQHVV�]RQHV�LQ�WKH�ZDUPLQJ�ZDWHUVKHG��DQG�HQFRXUDJLQJ�
GLYHUVLW\�LQ�SODQW�VHOHFWLRQ�WR�KHGJH�DJDLQVW�SRWHQWLDO�ORVVHV�WR�LQYDVLYH�SHVWV�DQG�SODQWV��

�� :KHUH�KHDWLQJ�%03V�DUH�QHHGHG�WR�HIIHFWLYHO\�DGGUHVV�ZDWHU�TXDOLW\�FRQFHUQV��QR
VXLWDEOH�FRROLQJ�%03�DOWHUQDWLYHV�DUH�DYDLODEOH���WDNH�D�ZKROH�IDUP��ZKROH�SURSHUW\�RU
ZKROH�ODQGVFDSH�DSSURDFK�WR�HQVXUH�WKDW�HQRXJK�FRROLQJ�%03V�DUH�LPSOHPHQWHG�WR�RIIVHW
DQ\�ZDUPLQJ�DWWULEXWDEOH�WR�KHDWLQJ�%03V��7UHDWPHQW�WUDLQV�VKRXOG�EH�XVHG�ZKHUH
SRVVLEOH�WR�PD[LPL]H�LQILOWUDWLRQ�DQG�PLQLPL]H�KHDWLQJ�

6FLHQFH�1HHGV�WR�6XSSRUW�,PSOHPHQWDWLRQ��:KLOH�WKH�WHPSHUDWXUH�HIIHFWV�RI�FHUWDLQ�%03V�DUH�
ZHOO�XQGHUVWRRG��DW�OHDVW�LQ�JHQHUDO�WHUPV��WKHUH�DUH�PDQ\�%03V�ZKHUH�WKH�&%3�SDUWQHUV�GR�QRW�
FXUUHQWO\�KDYH�D�JRRG�XQGHUVWDQGLQJ�RI�WHPSHUDWXUH�HIIHFWV��IRU�H[DPSOH��VWUHDP�UHVWRUDWLRQ��
DJULFXOWXUDO�%03V�DQG�ZHWODQGV�%03V���7KHUH�LV�D�QHHG�IRU�D�PRUH�UREXVW�DVVHVVPHQW�RI�ZKLFK�
%03V�DUH�KHDWHUV�DQG�FRROHUV�DQG�WR�ZKDW�H[WHQW��7KLV�FRXOG�LQYROYH�XVLQJ�D�V\VWHPDWLF�H[SHUW�
HOLFLWDWLRQ�SURFHVV�WR�EHWWHU�LGHQWLI\�WKH�%03V�OLNHO\�WR�LQIOXHQFH�ZDWHU�WHPSHUDWXUH�DV�ZHOO�DV�
WKH�GLUHFWLRQ�DQG�PDJQLWXGH�RI�WKH�WHPSHUDWXUH�LPSDFW��7DUJHWHG�UHVHDUFK�HIIRUWV�VKRXOG�DOVR�
IXUWKHU�HYDOXDWH�KRZ�YDULRXV�ODQGVFDSH�FKDUDFWHULVWLFV��LQFOXGLQJ�JURXQGZDWHU��JURXQGZDWHU�
VXUIDFH�ZDWHU�LQWHUDFWLRQV��VRLO�FKDUDFWHULVWLFV²ERWK�SK\VLFDO�DQG�FKHPLFDO²XQGHUO\LQJ�JHRORJ\�
DQG�ODQG�FRYHU��PHGLDWH�WKH�WHPSHUDWXUH�HIIHFWV�RI�%03V�DQG�WKH�VFDOH�DW�ZKLFK�YDULRXV�%03V�
QHHG�WR�EH�LPSOHPHQWHG�WR�KDYH�D�PHDVXUDEOH�LPSDFW�RQ�ZDWHU�WHPSHUDWXUH���

6WDWH�7HPSHUDWXUH�:DWHU�4XDOLW\�6WDQGDUGV�5HFRPPHQGDWLRQ�

5HFRPPHQGDWLRQ����*LYHQ�WKH�YLWDO�UROH�RI�&OHDQ�:DWHU�$FW�ZDWHU�TXDOLW\�VWDQGDUGV��:46��LQ�
IRFXVLQJ�IHGHUDO��VWDWH��ORFDO�DQG�SULYDWH�DFWLRQV�WR�SURWHFW�ZDWHU�TXDOLW\�DQG�DTXDWLF�OLIH��WKH�

VWDWHV�DQG�(3$�VKRXOG�UHYLHZ�DQG�PRGHUQL]H�WKH�FRPSRQHQWV�RI�FXUUHQW�:46�V\VWHPV�WKDW�ZRXOG�
VWUHQJWKHQ�WKHLU�FDSDELOLW\�WR�DGGUHVV�FOLPDWH�UHODWHG�ULVLQJ�ZDWHU�WHPSHUDWXUHV�DQG�GULYH�

WDUJHWHG�SURWHFWLRQ�DQG�UHVWRUDWLRQ�VWUDWHJLHV��

5DWLRQDOH��$OO�&%3�MXULVGLFWLRQV�KDYH�D�³ZDWHU�WHPSHUDWXUH�SROLF\´�LQ�WKHLU�WHPSHUDWXUH�:46��
EXW�LW�QHHGV�WR�EH�XSGDWHG�WR�GHDO�ZLWK�FOLPDWH�UHODWHG�ZDWHU�ZDUPLQJ��$GGHQGXP��$SSHQGL[�(���
)RU�GHFDGHV��WKH�VWDQGDUGV��WHPSHUDWXUH�FULWHULD��PRQLWRULQJ�VFKHPHV��KDYH�SURWHFWHG�DTXDWLF�OLIH�
DQG�RWKHU�ZDWHU�XVHV�IURP�KHDWHG�GLVFKDUJHV��H�J���SRZHU�SODQWV���0DU\ODQG�RIILFLDOV�VKRZHG�WKH�
VHFRQG�ZRUNVKRS�SDUWLFLSDQWV�KRZ�WKH\�LQWHQG�WR�XVH�WHPSHUDWXUH�:46�WR�GULYH�EHWWHU�SURWHFWLRQ�
RI�WURXW�VWUHDPV�IURP�LPSDLUPHQWV�FDXVHG�E\�FOLPDWH�DQG�ODQG�XVH�LPSDFWV��7KH�VWDWH�DGGHG�D�
IRUHVW�EXIIHU��VKDGLQJ��SURYLVLRQ�WR�LWV�WHPSHUDWXUH�FULWHULD�DQG�LV�ZRUNLQJ�RQ�70'/�RSWLRQV��
:RUNVKRS�SDUWLFLSDQWV�QRWHG�H[SHUW�DGYLFH�WKDW�FXUUHQW�WHPSHUDWXUH�FULWHULD�WR�SURWHFW�DTXDWLF�OLIH�
IURP�KHDW�GLVFKDUJHV��³GRWV�RQ�WKH�ODQGVFDSH´��PD\�QRW�EH�SURWHFWLYH�IRU�FOLPDWH�UHODWHG�KHDWLQJ��
&XUUHQW�PRQLWRULQJ�UHJLPHV�WR�GHWHFW�LPSDFWV�RI�GLVFUHWH�SRLQW�VRXUFHV�QHHG�WR�EH�UH�GHVLJQHG�IRU�
FOLPDWH�UHODWHG�KHDWLQJ��3DUWLFLSDQWV�KDG�LGHDV�IRU�KRZ�WR�JHW�VWDUWHG�RQ�WKH�:46�PRGHUQL]DWLRQ�
SURFHVV��-XVW�DV�WKH�VWDWHV¶�&KHVDSHDNH�%D\�:46�IRFXVHG�UHVWRUDWLRQ�DFWLRQ�WKURXJK�WKH�
&KHVDSHDNH�%D\�70'/�DQG�VWDWH�:,3V��WKH�VWDWHV�DQG�(3$�FDQ�ZRUN�WRJHWKHU�WR�XSGDWH�WKH�
:46�PHFKDQLVPV�UHODWHG�WR�WHPSHUDWXUH��WDNLQJ�DGYDQWDJH�RI�D�ODUJH�ERG\�RI�WHPSHUDWXUH�
UHODWHG�ILVKHULHV�UHVHDUFK�DQG�DGYLFH�IURP�H[SHUWV�WKURXJKRXW�WKH�86��
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,PSOHPHQWDWLRQ�$FWLRQV��

�� &RQYHQH�(3$�DQG�MXULVGLFWLRQ�:46�DQG�����G��SUDFWLWLRQHUV�WR�H[SORUH�KRZ�WR�PDNH
&KHVDSHDNH�%D\�ZDWHUVKHG�:46�HIIHFWLYH�WR�FRPEDW�ULVLQJ�ZDWHU�WHPSHUDWXUHV��(YDOXDWH
DFFXUDF\�RI�DTXDWLF�XVH�]RQHV��H�J���FROGZDWHU��FRROZDWHU��ZDUPZDWHU�ILVKHULHV��
UHILQHPHQW�RI�WHPSHUDWXUH�FULWHULD�IRU�ILVKHULHV��H�J���WR�SURWHFW�JURZWK�DQG�UHSURGXFWLRQ�
DQG�FRUUHVSRQGLQJ�ELRORJLFDO�FULWHULD��PRQLWRULQJ�DQDO\VLV�PHWKRGV�DQG�VWUDWHJLHV�DGDSWHG
WR�FOLPDWH�UHODWHG�WHPSHUDWXUH�FKDQJHV��WDNLQJ�LQWR�DFFRXQW�ODQG�XVH�LQIOXHQFHV�DQG
JURXQGZDWHU�LQSXWV��(YDOXDWH�70'/�RSWLRQV�WR�VSXU�UHVWRUDWLRQ�RI�WHPSHUDWXUH�LPSDLUHG
ZDWHU�XVHV��&DQ�DQWL�GHJUDGDWLRQ�SROLFLHV�EH�OHYHUDJHG�WR�LQFUHDVH�SURWHFWLRQ�RI�FXUUHQW
KLJK�TXDOLW\�ZDWHUV��HVSHFLDOO\�KHDOWK\�QDWLYH�WURXW�VWUHDPV"�$LP�WR�FRPSOHWH�WKLV
HYDOXDWLRQ�LQ����PRQWKV��EXLOGLQJ�LQ�DGYLFH�IURP�H[SHULHQFHV�HOVHZKHUH�LQ�WKH�8�6�

�� %DVHG�RQ�WKLV�HYDOXDWLRQ��GHYHORS�D�SODQ�WR�³PRGHUQL]H´�WKHVH�&OHDQ�:DWHU�$FW�WRROV�WR
LPSURYH�MXULVGLFWLRQV¶�FDSDELOLW\�WR�SURWHFW�LQGLJHQRXV��DQG�QDWXUDOL]HG��SRSXODWLRQV�RI
FROGZDWHU��FRROZDWHU�DQG�ZDUPZDWHU�DTXDWLF�OLIH�IURP�FOLPDWH�UHODWHG�ZDWHU�WHPSHUDWXUH
LQFUHDVHV��7KH�WLPLQJ�IRU�PDNLQJ�UHJXODWRU\�FKDQJHV�FRXOG�EH�EDVHG�RQ�WKH�UHJXODWRU\
:46�WULHQQLDO�UHYLHZ�SURFHVV�

�� ,PSURYH�LQWHUVWDWH�FRRSHUDWLRQ�DQG�HIIHFWLYHQHVV�E\�OHYHUDJLQJ�WKH�&%3�WR�SURPRWH
LQIRUPDWLRQ�VKDULQJ��SUREOHP�VROYLQJ��DQG�PRQLWRULQJ�VXSSRUW�

�� 6WURQJHU�DQWL�GHJUDGDWLRQ�PHDVXUHV�FRXOG�LPSURYH�SURWHFWLRQ�RI�WHPSHUDWXUH�WKUHDWHQHG
KLJK�TXDOLW\�ZDWHUV��H�J���QDWLYH�WURXW�VWUHDPV�

6FLHQFH�1HHGV�WR�6XSSRUW�,PSOHPHQWDWLRQ��$V�GHPRQVWUDWHG�E\�WKH�256$1&2�FRPSLODWLRQ�
RI�WHPSHUDWXUH�FULWHULD���������WKHUH�LV�D�FRQVLGHUDEOH�ERG\�RI�UHVHDUFK�LQIRUPDWLRQ�RQ�
WHPSHUDWXUH�HIIHFWV�RQ�ILVKHULHV��DQG�DYDLODEOH�LQIRUPDWLRQ�PLJKW�VXSSRUW�DGRSWLRQ�RI�SURWHFWLYH�
WHPSHUDWXUH�FULWHULD��KRZHYHU��LQIRUPDWLRQ�LV�PRUH�OLPLWHG�RQ�JURZWK�UHSURGXFWLRQ�WKDQ�OHWKDOLW\��
0DU\ODQG¶V�H[DPSOHV�VKRZ�WKH�W\SHV�RI�DQDO\VLV�DQG�PRGHOLQJ�DVVRFLDWHG�ZLWK�LGHQWLI\LQJ�WKRVH�
FROGZDWHU�VWUHDP�DUHDV�WKDW�DUH�PRVW�DPHQDEOH�WR�FRQVHUYDWLRQ�DQG�UHVWRUDWLRQ�DFWLRQV��$Q\�
DFWLRQ�VWUDWHJLHV�ZLOO�UHTXLUH�VLWH�VSHFLILF�LQIRUPDWLRQ��H�J��VSHFLHV��EHQWKLF�FRPPXQLW\��FKDQQHO�
FRQGLWLRQV��JURXQGZDWHU�LQSXWV���7KH�KLJKHVW�SULRULW\�LV�QHHGHG�RQ�EXLOGLQJ�NQRZOHGJH�RI�ZKHUH�
DQG�ZK\�ZDWHU�WHPSHUDWXUHV�DUH�ULVLQJ�LQ�WKH�&KHVDSHDNH�%D\�ZDWHUVKHG��DQG�HIIHFWV�RQ�ILVKHU\�
XVHV��WKURXJK�FRVW�HIIHFWLYH�PRQLWRULQJ�VWUDWHJLHV��

����6FLHQWLILF��$VVHVVPHQW�DQG�0RQLWRULQJ�1HHGV�DQG�5HFRPPHQGDWLRQV�
2YHUDUFKLQJ�5HVHDUFK��0RQLWRULQJ��DQG�0RGHOLQJ�1HHGV�

7KHUH�ZHUH�VSHFLILF�VFLHQFH�QHHGV�UHODWHG�WR�WKH�UHFRPPHQGDWLRQV�LQ�WKH�SUHYLRXV�VHFWLRQ��7KH�
VFLHQFH�UHFRPPHQGDWLRQV�WR�DGGUHVV�WKHVH�QHHGV�DUH�JURXSHG�XQGHU�WKUHH�WRSLFV��UHVHDUFK��
PRQLWRULQJ�DQG�PRGHOLQJ��(DFK�WRSLF�KDV�DQ�RYHUDUFKLQJ�UHFRPPHQGDWLRQ��UDWLRQDOH��DQG�
SURSRVHG�DFWLRQV�IRU�WKH�&%3�SDUWQHUV�WR�FRQVLGHU�WR�DGGUHVV�WKH�UHFRPPHQGDWLRQ��7KH�WRSLFV�DUH�
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LQWHUUHODWHG�DQG�D�FRRUGLQDWHG�DQG�LQWHQVLYH�HIIRUW�ZLOO�EH�QHHGHG�E\�WKH�&%3�SDUWQHUV�WR�FDUU\�
RXW�WKH�DFWLRQV�QHHGHG�WR�DGGUHVV�WKH�UHFRPPHQGDWLRQV���

5HVHDUFK�

5HFRPPHQGDWLRQ����7KH�&%3�SDUWQHUV�VKRXOG�HQKDQFH�DQG�IDFLOLWDWH�SDUWQHUVKLS�HIIRUWV�WR�
FROOHFW�GDWD�DQG�GHYHORS�WRROV�QHHGHG�WR�ILOO�FULWLFDO�NQRZOHGJH�JDSV��LPSURYH�XQGHUVWDQGLQJ�RI�
WKH�LPSDFWV�RI�ULVLQJ�WHPSHUDWXUHV�RQ�DTXDWLF�HFRV\VWHPV��DQG�LQIRUP�PDQDJHPHQW�GHFLVLRQV��

5DWLRQDOH��7KH�ZRUNVKRS�SDUWLFLSDQWV�DJUHHG�WKDW�WKHUH�DUH�FULWLFDO�NQRZOHGJH�JDSV�DQG�VFLHQFH�
QHHGV�OLPLWLQJ�RXU�XQGHUVWDQGLQJ�RI�WKH�HFRORJLFDO�LPSDFWV�RI�ULVLQJ�ZDWHU�WHPSHUDWXUHV��OLQNDJHV�
EHWZHHQ�FDXVHV�DQG�HIIHFWV��LQWHUDFWLRQV�ZLWK�RWKHU�VWUHVVRUV��DQG�KRZ�EHVW�WR�PLWLJDWH�
GHWULPHQWDO�LPSDFWV��&ROGZDWHU�DQG�FRROZDWHU�ILVKHULHV�DUH�DW�KLJK�ULVN�IRU�KDELWDW�GHJUDGDWLRQ�
DQG�ORVV�JLYHQ�WKHLU�VSHFLILF�WHPSHUDWXUH�WKUHVKROGV��KRZHYHU��JURXQGZDWHU�LQSXWV�ZHUH�
UHFRJQL]HG�DV�DQ�LPSRUWDQW�FRPSRQHQW�WKDW�FDQ�PLWLJDWH�WHPSHUDWXUH�LQFUHDVHV�DQG�SURYLGH�
WKHUPDO�UHIXJLD��,QIRUPDWLRQ�RQ�FROGZDWHU�VSHFLHV�RWKHU�WKDQ�EURRN�WURXW�LV�TXLWH�OLPLWHG��*LYHQ�
WKH�PDQ\�YDULDEOHV�DIIHFWLQJ�WKH�ORFDWLRQ�DQG�LPSDFW�RI�JURXQGZDWHU�LQSXWV�WR�VWUHDPV��6Q\GHU�HW�
DO��������-RKQVRQ�HW�DO��������%ULJJV�HW�DO���������DGGLWLRQDO�UHVHDUFK�LV�QHHGHG�WR�DVVLVW�WKH�&%3�
SDUWQHUV�DQG�UHOHYDQW�VWDNHKROGHUV�LQ�LGHQWLI\LQJ�VWUHDPV�ZLWK�JURXQGZDWHU�LQSXWV�DQG�SURYLGLQJ�
WKH�GDWD�QHFHVVDU\�WR�LPSURYH�H[LVWLQJ�PRGHOV�DQG�GHYHORS�QHZ�PRGHOV��VHH�0RGHOLQJ�
UHFRPPHQGDWLRQV���:KLOH�QRW�DV�YXOQHUDEOH�DV�FROGZDWHU�ILVKHULHV�WR�ULVLQJ�WHPSHUDWXUHV��
ZDUPZDWHU�ILVK�VSHFLHV�DUH�PRUH�ZLGHVSUHDG�WKURXJKRXW�WKH�ZDWHUVKHG��DQG�WKHUH�LV�OLWWOH�
LQIRUPDWLRQ�RQ�ERWK�WKH�GLUHFW�DQG�LQGLUHFW�HIIHFWV�KLJKHU�WHPSHUDWXUHV�DUH�KDYLQJ�RQ�WKHVH�
VSHFLHV���

3URSRVHG�DFWLRQV�WR�DGGUHVV�WKH�UHVHDUFK�UHFRPPHQGDWLRQ��

�� &RQGXFW�FOLPDWH�YXOQHUDELOLW\�DVVHVVPHQWV�WR�EHWWHU�XQGHUVWDQG�ERWK�WKH�H[SRVXUH�DQG
VHQVLWLYLW\�RI�VSHFLHV�KDELWDWV�WR�ULVLQJ�WHPSHUDWXUHV��LQFOXGLQJ�LQGLUHFW�HIIHFWV��H�J��
LQYDVLYH�VSHFLHV���WR�EHWWHU�XQGHUVWDQG�RYHUDOO�YXOQHUDELOLW\���7KH�DVVHVVPHQWV�ZRXOG
FRQVLGHU�YDULRXV�IRUHFDVWV�RI�ODQG�XVH��FOLPDWH�DQG�K\GURJHRORJ\�LQ�HVWLPDWLQJ�H[SRVXUH�
7KH�UHVXOWV�ZRXOG�EH�XVHIXO�LQ�XQGHUVWDQGLQJ�WKH�LPSOLFDWLRQV�RI�UHVWRUDWLRQ�DQG
SURWHFWLRQ�SODQV�DQG�LQ�WDUJHWLQJ�RI�UHVRXUFHV���)HGHUDO�DJHQFLHV�FRXOG�FRQFHQWUDWH�RQ
UHJLRQDO�DVVHVVPHQWV��ZKLOH�VWDWH�DJHQFLHV��ORFDO�JRYHUQPHQWV��QRQ�JRYHUQPHQWDO
RUJDQL]DWLRQV��XQLYHUVLWLHV�DQG�XWLOLWLHV�FRXOG�FRQGXFW�PRUH�ORFDO�DVVHVVPHQWV�

�� &ROOHFW�DGGLWLRQDO�GDWD�RQ�WKH�H[WHQW�RI�GHHS�DQG�VKDOORZ�JURXQGZDWHU�WR�LPSURYH
WHPSHUDWXUH�EDVHG�HVWLPDWHV�RI�FOLPDWH�UHIXJLD�ORFDWLRQV�DW�ILQHU�VSDWLDO�VFDOHV�

�� 'HWHUPLQH�KRZ�LQWHUDFWLRQV�EHWZHHQ�FOLPDWH�FKDQJH�DQG�ODQG�XVH�ZLOO�DIIHFW�EURRN�WURXW
DQG�PXVVHO�SRSXODWLRQV�LQFOXGLQJ�FXPXODWLYH�LPSDFWV�

�� ,GHQWLI\�JHQHWLF�PHWULFV�QHFHVVDU\�WR�GHWHUPLQH�EURRN�WURXW�DQG�PXVVHO�SRSXODWLRQ
UHVLOLHQF\�WR�ULVLQJ�WHPSHUDWXUHV�LQFOXGLQJ�DGDSWLYH�YDULDWLRQ�WR�KLJKHU�WHPSHUDWXUHV�
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�� &RQGXFW�WDUJHWHG�UHVHDUFK�LQ�VPDOOHU�ZDWHUVKHGV�WR�LPSURYH�XQGHUVWDQGLQJ�RI�WHPSHUDWXUH
LPSDFWV�RI�ODQG�XVH�DQG�ZDWHU�PDQDJHPHQW�SUDFWLFH��DOVR�UHVHDUFK�WKH�HIILFDF\�RI�%03V
WR�PLWLJDWH�WHPSHUDWXUH�UHODWHG�LPSDFWV�LQ�OLQH�ZLWK�WKH�VFLHQFH�QHHGV�DV�RXWOLQHG�LQ�WKH
%HVW�0DQDJHPHQW�3UDFWLFHV�VHFWLRQ�DERYH�

�� 8VH�DQ�LQWHJUDWLYH�DSSURDFK�FRPELQLQJ�LQIRUPDWLRQ�RQ�IORZV��VWUHDP�SRZHU�
FRQQHFWLYLW\��DQG�DGDSWLYH�FDSDFLW\�WR�SURYLGH�D�PRUH�FRPSUHKHQVLYH�DSSURDFK�IRU
LGHQWLI\LQJ�FOLPDWH�UHIXJLD�

0RQLWRULQJ�DQG�$QDO\VLV�

5HFRPPHQGDWLRQ����7KH�&%3�SDUWQHUV�VKRXOG�LQFUHDVH�PRQLWRULQJ�RI�ZDWHU�WHPSHUDWXUH�LQ�
VPDOOHU�VWUHDPV�DQG�IXUWKHU�DQDO\]H�H[LVWLQJ�GDWD�IURP�ODUJHU�VWUHDPV�DQG�ULYHUV�WR�LPSURYH�
XQGHUVWDQGLQJ�RI�WKH�HIIHFWLYHQHVV�RI�UHVWRUDWLRQ�DQG�FRQVHUYDWLRQ�RI�VWUHDP�FRPPXQLWLHV�DQG�

ILVKHULHV�LQ�WKH�IDFH�RI�ODQG�XVH�DQG�FOLPDWH�FKDQJH��

5DWLRQDOH��,QIRUPDWLRQ�RQ�FXUUHQW�WHPSHUDWXUH�PRQLWRULQJ�ZDV�GHVFULEHG�LQ�6\QWKHVLV�(OHPHQW�
3DSHU�����$SSHQGL[�0���$�ZLGH�DUUD\�RI�PRQLWRULQJ�QHHGV�ZHUH�LGHQWLILHG�GXULQJ�WKH�ZRUNVKRS�
DQG�LQ�WKH�SUHYLRXV�VHFWLRQ��&ROOHFWLYHO\�WKH\�DGGUHVV�VHYHUDO�WRSLFV�DV�GHVFULEHG�EHORZ��

2QH�LV�VWUHDP�WHPSHUDWXUH�PRQLWRULQJ�WR�DVVHVV�LI�ZDWHU�WHPSHUDWXUHV�DUH�EHLQJ�VXVWDLQHG�RU�
HFRORJLFDO�WKUHVKROGV�H[FHHGHG�IRU�VHQVLWLYH�SRSXODWLRQV�RI�ILVK�DQG�VWUHDP�FRPPXQLWLHV��+LJK�
IUHTXHQF\��VXE�GDLO\��PRQLWRULQJ�LV�QHHGHG�WR�XQGHUVWDQG�ZKLFK�SODFHV�DUH�PRVW�H[SRVHG�DQG�
VHQVLWLYH�WR�SXOVHG�KHDWLQJ�HYHQWV�VXFK�DV�KHDWZDYHV��$GGLWLRQDO�PRQLWRULQJ�LV�DOVR�QHHGHG�WR�
VXSSRUW�VWDWH�ZDWHU�TXDOLW\�WHPSHUDWXUH�VWDQGDUGV��

'RFXPHQWLQJ�HIIHFWV�RI�GLIIHUHQW�VWUHVVRUV�RQ�ORFDO�VWUHDP�WHPSHUDWXUHV�LV�DQRWKHU�NH\�WRSLF��
+LJKHU�IUHTXHQF\�RU�FRQWLQXRXV�ZDWHU�WHPSHUDWXUH�PRQLWRULQJ�LV�QHHGHG�WR�EHWWHU�XQGHUVWDQG�WKH�
UHODWLYH�ORFDO�LQIOXHQFH�RI�YDULRXV�GULYHUV�DV�ZHOO�DV�ZDWHU�WHPSHUDWXUH�WUHQGV��LQFOXGLQJ�VHDVRQDO�
HIIHFWV���$GGLWLRQDOO\��D�QHHG�ZDV�LGHQWLILHG�IRU�PRQLWRULQJ�WR�TXDQWLI\�WKH�UHODWLRQVKLS�EHWZHHQ�
ULVLQJ�WHPSHUDWXUHV�DQG�RWKHU�ZDWHU�TXDOLW\�FRQVWLWXHQWV��LQFOXGLQJ�EDFWHULD�LQ�XUEDQ�DUHDV���

$�WKLUG�WRSLF�LV�WR�LPSURYH�DQG�LQFUHDVH�PRQLWRULQJ�GDWD�WR�EHWWHU�WDUJHW�ORFDWLRQV�IRU�UHVWRUDWLRQ�
DQG�FRQVHUYDWLRQ�DFWLYLWLHV�LQ�WKH�WKUHH�SULPDU\�ODQGVFDSHV��FROGZDWHU��UXUDO�DQG�XUEDQ���
0RQLWRULQJ�GDWD�DUH�LQVXIILFLHQW�IRU�DVVHVVLQJ�WHPSHUDWXUHV�LQ�VWUHDPV�GUDLQLQJ�DOO�ODQGVFDSH�
DUHDV��6PDOOHU�VWUHDPV�JHQHUDOO\�ODFN�FRQVLVWHQW�PRQLWRULQJ�IRU�WHPSHUDWXUH�DQG�QHZ�WHPSHUDWXUH�
PRQLWRULQJ�LV�QHHGHG�LQ�VPDOOHU�VWUHDPV�LPSRUWDQW�IRU�FROGZDWHU�ILVKHULHV��$GGLWLRQDO�PRQLWRULQJ�
LV�DOVR�QHHGHG�DW�WKH�DLU�ZDWHU�LQWHUIDFH�WR�LGHQWLI\�KRWVSRWV�ZKHUH�GULYHUV�DUH�KDYLQJ�D�
SDUWLFXODUO\�ODUJH�LPSDFW�RQ�ZDWHU�WHPSHUDWXUH�WR�WDUJHW�PDQDJHPHQW���

)LQDOO\��WKHUH�LV�D�QHHG�WR�DVVHVV�WKH�HIIHFWV�RI�VHOHFWHG�PDQDJHPHQW�DFWLRQV�RQ�VWUHDP�
WHPSHUDWXUH��7KH�HIIHFWV�RI�VHOHFWHG�%036�RQ�VWUHDP�WHPSHUDWXUH�LV�ODFNLQJ�DQG�PRQLWRULQJ�LV�
QHHGHG�WR�GRFXPHQW�WKHVH�FKDQJHV��

3URSRVHG�DFWLRQV�WR�DGGUHVV�WKH�PRQLWRULQJ�DQG�DQDO\VLV�UHFRPPHQGDWLRQ��
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�� 8VH�PRQLWRULQJ�GDWD�WR�DVVHVV�FKDQJHV�DQG�IDFWRUV�DIIHFWLQJ�VWUHDP�WHPSHUDWXUHV��6WDWXV�
WUHQGV��DQG�FRUUHODWLRQV�ZLWK�ODQG�XVH�W\SHV�DQG�FKDQJHV�LQ�DLU�WHPSHUDWXUH�VKRXOG�EH
LQYHVWLJDWHG��)RU�H[DPSOH��WKH�86*6�FRXOG�FRQVLGHU�XSGDWLQJ�LWV�DQDO\VHV�RI�FKDQJHV�LQ
VWUHDP�DQG�DLU�WHPSHUDWXUH��SXEOLVKHG�E\�5LFH�DQG�-DVWUDP��������ZLWK�QHZHU�DQG�PRUH
H[SDQVLYH�WHPSHUDWXUH�GDWD�IURP�WKH�ZDWHUVKHG�

�� (YDOXDWH�PRQLWRULQJ�DSSURDFKHV�WKDW�KDYH�EHHQ�SUHYLRXVO\�XVHG�WR�DVVHVV�LPSRUWDQW
HFRORJLFDO�WKUHVKROGV�DQG�WHPSHUDWXUH�FULWHULD�WR�SURWHFW�ILVKHULHV���1HZ�DSSURDFKHV�IRU
WHPSHUDWXUH�PRQLWRULQJ�DUH�QHHGHG�WR�DGGUHVV�ZDWHUVKHG�ZLGH�HIIHFWV�RI�FOLPDWH�DQG�ODQG
FKDQJH��7KH�H[LVWLQJ�GDWD�VKRXOG�DOVR�EH�H[SORUHG�IRU�FRQVLGHULQJ�XSGDWHG�WHPSHUDWXUH
VWDQGDUGV�IRU�FROGZDWHU��DQG�SRVVLEO\�FRRO��DQG�ZDUPZDWHU��ILVKHULHV�E\�WKH�MXULVGLFWLRQV�
VLPLODU�WR�WKH�HIIRUW�E\�WKH�0DU\ODQG�'HSDUWPHQW�RI�WKH�(QYLURQPHQW��7KH�GDWD�FROOHFWHG
E\�WKH�MXULVGLFWLRQV�FRXOG�EH�VXSSOHPHQWHG�E\�DQ�LQYHQWRU\�RI�WHPSHUDWXUH�GDWD�FRPSLOHG
E\�WKH�86*6��7KH�86*6�DQG�WKH�MXULVGLFWLRQV�FRXOG�FROODERUDWH�WR�H[DPLQH�LI�PXOWLSOH
W\SHV�RI�VWUHDP�WHPSHUDWXUH�GDWD�FRXOG�EH�XVHG�WR�LGHQWLI\�LPSRUWDQW�HFRORJLFDO
WKUHVKROGV�DQG�EH�FRQVLGHUHG�IRU�LPSURYLQJ�ZDWHU�TXDOLW\�FULWHULD�WR�SURWHFW�ILVKHULHV�

�� (VWDEOLVK�D�PRQLWRULQJ�QHWZRUN�RI�QHVWHG�ZDWHUVKHG��ODUJH�WR�VPDOOHU�VWUHDPV��DQG
ODQGVFDSH�VHWWLQJV�LPSRUWDQW�IRU�ELRORJLFDO�FRPPXQLWLHV�DQG�FROGZDWHU�ILVKHULHV��7KH
&%3�6FLHQWLILF��7HFKQLFDO��$VVHVVPHQW��DQG�5HSRUWLQJ��67$5��WHDP�FRXOG�ZRUN�ZLWK�WKH
&OLPDWH�5HVLOLHQF\�:RUNJURXS��&5:*��WR�GHVLJQ�DQG�LPSOHPHQW�D�PRQLWRULQJ�QHWZRUN
WR�DVVHVV�IDFWRUV�DIIHFWLQJ�VWUHDP�WHPSHUDWXUHV�LQ�WKUHH�ODQGVFDSH�DUHDV��FROGZDWHU��UXUDO�
DQG�XUEDQ���2QH�RSSRUWXQLW\�ZRXOG�EH�WR�H[SDQG�WKH�86(3$�5HJLRQDO�0RQLWRULQJ
1HWZRUNV�WR�GHWHFW�FKDQJLQJ�EDVHOLQHV�LQ�IUHVKZDWHU�ZDGDEOH�VWUHDPV��7KH�QHZ�86*6
PRQLWRULQJ�HIIRUW�LQ�WKH�'HODZDUH�5LYHU�%DVLQ�VKRXOG�EH�H[DPLQHG�DV�DQ�DSSURDFK�IRU
&KHVDSHDNH�%D\�ZDWHUVKHG�PRQLWRULQJ�DQG�SRWHQWLDO�FROODERUDWLRQ�

�� 8VH�PRQLWRULQJ�DQG�ODQGVFDSH�LQIRUPDWLRQ�WR�KHOS�WDUJHW�ORFDWLRQV�IRU�UHVWRUDWLRQ�DQG
SURWHFWLRQ�RI�DUHDV�IURP�ULVLQJ�VWUHDP�WHPSHUDWXUHV��,QIRUPDWLRQ�IURP�WKH�KHDOWK\
ZDWHUVKHGV�DVVHVVPHQW�FRXOG�EH�FRXSOHG�ZLWK�UHPRWH�VHQVLQJ�WR�GHWHFW�JURXQGZDWHU
GLVFKDUJH�DUHDV�LPSRUWDQW�IRU�VXVWDLQLQJ�FROGZDWHU�VWUHDPV��3DUWQHUV�FRXOG�LQFOXGH�WKH
+HDOWK\�:DWHUVKHGV�*,7��86*6��DQG�1$6$�

�� 8QGHUVWDQG�WHPSHUDWXUH�DQG�ELRORJLFDO�UHVSRQVH�WR�%03V�LQ�WKH�WKUHH�KDELWDW�VHWWLQJV�RI
WKH�ZDWHUVKHG��FROGZDWHU��UXUDO�DQG�XUEDQ��:KHUH�SRVVLEOH��WDNH�DGYDQWDJH�RI�RQ�JRLQJ
VWXGLHV�RI�%03�HIIHFWLYHQHVV�WR�DVVHVV�FKDQJHV�WR�VWUHDP�WHPSHUDWXUH��7KLV�H[SDQGHG
DQDO\VLV�FRXOG�EH�GRQH�E\�DFDGHPLF�LQVWLWXWLRQV�DQG�RWKHU�SDUWQHUV�FRQGXFWLQJ�VPDOO
ZDWHUVKHG�VWXGLHV�

:DWHUVKHG�0RGHOLQJ�

5HFRPPHQGDWLRQ����7KH�&%3�SDUWQHUVKLS�VKRXOG�GHYHORS�QHZ�PRGHOLQJ�WRROV�DQG�H[SDQG�WKH�
XVH�RI�&$67�DQG�WKH�&KHVDSHDNH�+HDOWK\�:DWHUVKHG�$VVHVVPHQW�WR�EHWWHU�LQIRUP�WKH�

PDQDJHPHQW�RI�ZDWHUVKHG�ILVKHULHV�DQG�HFRV\VWHPV��
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5DWLRQDOH��&XUUHQW�PRGHOLQJ�WRROV�XVHG�E\�WKH�&%3�SDUWQHUVKLS�DUH�QRW�VXIILFLHQW�WR�PHHW�WKH�
QHHGV�RI�IUHVKZDWHU�ILVKHULHV�PDQDJHUV���7KH�PRVW�ZLGHO\�XVHG�&%3�WRROV�VXFK�DV�&KHVDSHDNH�
$QDO\VLV�DQG�6FHQDULR�7RRO��&$67��DQG�WKH�&KHVDSHDNH�+HDOWK\�:DWHUVKHG�$VVHVVPHQW�
�&+:$��DUH�EXLOW�WR�LQIRUP�PDQDJHUV�RQ�QXWULHQWV�DQG�VHGLPHQW��DQG�JHQHUDO�ZDWHUVKHG�KHDOWK��
UHVSHFWLYHO\��DW�WKH�ODUJH�VFDOH��7KH\�GR�QRW�SURYLGH�WKH�W\SHV�RI�LQIRUPDWLRQ�QRU�DUH�WKH\�DW�DQ�
DSSURSULDWH�VFDOH�QHHGHG�E\�ILVKHULHV�PDQDJHUV�PDNLQJ�KDELWDW�SURWHFWLRQ�DQG�VWRFNLQJ�GHFLVLRQV��
1HZ�WRROV�DW�WKH�ILQH�VFDOH�VKRXOG�EH�GHYHORSHG�LQ�VHOHFWHG�DUHDV�IRU�ORFDO�PDQDJHPHQW���1HZ�
IXQFWLRQDOLW\�VKRXOG�EH�DGGHG�WR�H[LVWLQJ�WRROV�WR�LQGLFDWH�KRZ�ODUJHU�VFDOH�ODQG�XVH�DQG�ODQG�
PDQDJHPHQW�GHFLVLRQV�ZRXOG�DIIHFW�KDELWDW��

3URSRVHG�DFWLRQV�WR�DGGUHVV�WKH�ZDWHUVKHG�PRGHOLQJ�UHFRPPHQGDWLRQ��

�� 'HYHORS�ILQH�VFDOH��SURFHVV�EDVHG�ORFDO�PRGHOV�LQ�VHOHFWHG�DUHDV�WKDW�EHWWHU�VLPXODWH�WKH
LQIOXHQFH�RI�ODQG�XVH�DQG�JURXQGZDWHU�RQ�ORFDO�VWHDP�WHPSHUDWXUHV��7KH�PRGHO�UHVXOWV
ZRXOG�EH�XVHIXO�WR�ILVKHU\�PDQDJHUV�LQ�LGHQWLI\LQJ�DUHDV�WKDW�DUH�LQ�GDQJHU�RI�H[FHHGLQJ
WHPSHUDWXUH�WKUHVKROGV�LPSRUWDQW�IRU�FROGZDWHU�VSHFLHV��,PSURYHG�JURXQGZDWHU�VLPXODWLRQ
ZLOO�EH�FUXFLDO��6LPLODU�HIIRUWV�E\�86*6�LQ�WKH�'HODZDUH�5LYHU�%DVLQ�KDYH�GHYHORSHG
SURPLVLQJ�QHZ�PHWKRGV��86*6�DQG�RWKHU�&%3�SDUWQHUV�PD\�EH�DEOH�WR�LGHQWLI\�UHVRXUFHV
WR�SXUVXH�GHYHORSPHQW�RI�ILQH�VFDOH�PRGHOV�

�� 7KH�+HDOWK\�:DWHUVKHGV�*,7�VKRXOG�EHWWHU�LQWHJUDWH�WKH�&KHVDSHDNH�+HDOWK\�:DWHUVKHGV
$VVHVVPHQW�ZLWK�UHJLRQDO�PDQDJHPHQW�PRGHOV�DQG�ZLWK�ORFDO�KDELWDW�PRGHOV��/RFDO
PRGHOV�PD\�EHQHILW�IURP�YXOQHUDELOLW\�LQGLFDWRUV�LQ�WKH�&+:$�VXFK�DV�SURMHFWHG�IXWXUH
GHYHORSPHQW��ZLOGILUH�ULVN��DQG�FOLPDWH�FKDQJH�PHWULFV��)LQGLQJV�IURP�ORFDO�KDELWDW
PRGHOV�FDQ�EH�XVHG�WR�LPSURYH�WKH�XQGHUVWDQGLQJ�RI�WKH�OLQNDJH�EHWZHHQ�YXOQHUDELOLW\�DQG
KDELWDW�LQGLFDWRUV�LQ�WKH�&+:$��5HJLRQDO�PRGHOV�FDQ�VKDUH�FRPPRQ�GDWD�VHWV�ZLWK�WKH
&+:$�DQG�FDQ�SURYLGH�LW�ZLWK�SUHGLFWLRQV�VXFK�DV�VWUHDP�WHPSHUDWXUH�HIIHFWV�RI�FOLPDWH
FKDQJH��7KH�&+:$�VKRXOG�EH�H[SDQGHG�WR�LQFOXGH�VWUHDP�WHPSHUDWXUH�DV�D�PHWULF�

�� 7KH�&KHVDSHDNH�%D\�3URJUDP�2IILFH¶V�&$67�WHDP�VKRXOG�GHYHORS�VFHQDULR�RXWSXWV
UHODWHG�WR�WHPSHUDWXUH��ILVKHULHV��DQG�ELRWD�WR�LQIRUP�PDQDJHUV�RQ�WKH�DJJUHJDWH�HIIHFWV�RI
WKHLU�ODQG�XVH�DQG�ODQG�PDQDJHPHQW�GHFLVLRQV�UHODWHG�WR�WKH�&KHVDSHDNH�70'/��7KLV�ZLOO
UHTXLUH�WKH�86*6�DQG�DFDGHPLF�SDUWQHUV�WR�DGDSW�KDELWDW�PRGHOV�WR�EH�UHVSRQVLYH�WR�LQSXWV
RU�RXWSXWV�DYDLODEOH�LQ�&$67�
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�� 7,'$/�5,6,1*�:$7(5�7(03(5$785(6
����:KDW�:H�.QRZ�1RZ��7LGDO�6WRU\OLQH

2YHU�WKH�SDVW�WKUHH�GHFDGHV��WKH�WLGDO�ZDWHU�
WHPSHUDWXUHV�LQ�WKH�&KHVDSHDNH�%D\�KDYH�EHHQ�
LQFUHDVLQJ��)LJXUH�����7KHVH�FKDQJHV�LQ�WLGDO�ZDWHU�
WHPSHUDWXUHV�DUH�SULPDULO\�GULYHQ�E\�JOREDO�
DWPRVSKHULF�IRUFLQJV��H�J���LQFUHDVLQJ�VXUIDFH�DLU�
WHPSHUDWXUHV��DQG�WKH�ZDUPLQJ�RFHDQ�ERXQGDU\�
�+LQVRQ�HW�DO���������:DWHU�WHPSHUDWXUH�LV�D�NH\�
IDFWRU�LQIOXHQFLQJ�EDVLF�ELRORJLFDO�DQG�HFRORJLFDO�
IXQFWLRQV�LQFOXGLQJ�WKH�GLVWULEXWLRQ�DQG�DEXQGDQFH�RI�
ILVKHU\�UHVRXUFHV��VXFK�DV�VWULSHG�EDVV��0RURQH�
VD[DWLOLV���EOXH�FUDE��&DOOLQHFWHV�VDSLGXV���DQG�WKH�
HDVWHUQ�R\VWHU��&UDVVRVWUHD�YLUJLQLFD��DQG�WKHLU�
KDELWDWV��LQFOXGLQJ�PDUVKHV��VXEPHUJHG�DTXDWLF�
YHJHWDWLRQ��6$9��EHGV��DQG�R\VWHU�UHHIV���

5LVLQJ�ZDWHU�WHPSHUDWXUH�LQ�WKH�&KHVDSHDNH�%D\�LV�
DOUHDG\�KDYLQJ�DQ�LPSDFW�RQ�PDQ\�VSHFLHV�DQG�
FRQWULEXWLQJ�WR�HFRV\VWHP�UHJLPH�VKLIWV��6RPH�
H[DPSOHV�RI�WKHVH�VKLIWV�DUH�GHFOLQLQJ�HHOJUDVV�
�=RVWHUD�PDULQD��WKURXJKRXW�WKH�SRO\KDOLQH�VRXWKHUQ�
UHJLRQ�RI�WKH�%D\��VXE�RSWLPDO�VXPPHU�WHPSHUDWXUHV�
IRU�VWULSHG�EDVV��IHZHU�VXPPHU�IORXQGHU��3DUDOLFKWK\V�
GHQWDWXV��DQG�LQFUHDVHV�LQ�VSHFLHV�VXFK�DV�UHG�GUXP�
�6FLDHQRSV�RFHOODWXV��DQG�ZKLWH�VKULPS��/LWRSHQDHXV�
VHWLIHUXV����

7KHVH�UHJLPH�VKLIWV�DUH�D�UHVXOW�RI�PXOWLSOH�V\VWHP�
GULYHUV��H�J���SK\VLFDO��FKHPLFDO��ELRORJLFDO��DQG�
DQWKURSRJHQLF�IDFWRUV��FDXVLQJ�VLJQLILFDQW�DQG�
SHUVLVWHQW�FKDQJHV�LQ�WKH�VWUXFWXUH��IXQFWLRQ��DQG�
VHUYLFHV�RI�WKH�HFRV\VWHP��1DWLRQDO�0DULQH�
)LVKHULHV�6HUYLFH���������7KHUH�LV�DQ�LQFUHDVHG�
XUJHQF\�IRU�WKH�VFLHQWLILF�DQG�PDQDJHPHQW�
FRPPXQLW\�WR�UHVSRQG�WR�WKHVH�VKLIWV�E\�SURYLGLQJ�WKH�LQIRUPDWLRQ�DQG�WRROV�WR�HYDOXDWH�WKH�ULVNV�
DQG�WUDGHRIIV�DQG�WR�GHYHORS�SROLFLHV�DQG�IUDPHZRUNV�WR�PDQDJH�DGDSWLYHO\��+DYLQJ�WKH�ULJKW�
PRQLWRULQJ�DQG�WLGDO�ZDWHU�WHPSHUDWXUH�FKDQJH�DQDO\VHV�LQ�SODFH�WR�FROOHFW�DQG�RUJDQL]H�GDWD�LQ�
UHVSRQVH�WR�PDQDJHPHQW�QHHGV�ZLOO�EH�FULWLFDO�WR�LQIRUP�LPSURYHG�GHFLVLRQ�PDNLQJ�XQGHU�
FKDQJLQJ�FOLPDWH�FRQGLWLRQV���

)LJXUH����/RQJ�WHUP�WUHQGV�LQ�VXUIDFH�ZDWHU�WHPSHUDWXUHV�DW�
WKH�&KHVDSHDNH�%D\�0DLQVWHP�DQG�7LGDO�7ULEXWDU\�:DWHU�
4XDOLW\ 0RQLWRULQJ�3URJUDP�VWDWLRQV�IURP�D�VWDUW�GDWH�RI������
RU������WR�DQ�HQG�GDWH�RI�������6RXUFH��&KHVDSHDNH�%D\�
3URJUDP�,QWHJUDWHG�7UHQGV�$QDO\VLV�7HDP� 
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'ULYHUV�%HKLQG�:DUPLQJ�7LGDO�:DWHUV�

$YHUDJH�DQQXDO�WLGDO�ZDWHU�WHPSHUDWXUHV�LQ�WKH�%D\�DUH�HVWLPDWHG�WR�LQFUHDVH�E\����&�IURP������
WR������DV�D�UHVXOW�RI�FOLPDWH�FKDQJH��6KHQN�HW�DO���������6\QWKHVLV�(OHPHQW�3DSHU����$SSHQGL[�
-���'XULQJ�WKLV�FHQWXU\��%D\�ZDWHUV�DUH�SUHGLFWHG�WR�ZDUP�E\���WR����&��PLUURULQJ�VLPLODU�RFHDQ�
VXUIDFH�ZDWHU�WHPSHUDWXUHV�DQG�JOREDO�DLU�WHPSHUDWXUHV��ZKLFK�DUH�SUHGLFWHG�WR�LQFUHDVH�E\�����WR�
�����&�DQG���WR����&��UHVSHFWLYHO\��/HYLWXV�HW�DO��������0HHKO�HW�DO��������,QWHUJRYHUQPHQWDO�
3DQHO�RQ�&OLPDWH�&KDQJH�>,3&&@�������������6\QWKHVLV�(OHPHQW���3DSHU��$SSHQGL[�*���+LQVRQ�
HW�DO���������FDUULHG�RXW�D�FRPSUHKHQVLYH�HYDOXDWLRQ�RI�WKH�H[WHQW�DQG�FDXVHV�RI�ZDWHU�
WHPSHUDWXUH�FKDQJH�LQ�WKH�&KHVDSHDNH�%D\�RYHU�D����\HDU�WLPHIUDPH��ODWH�����V�ODWH�����V���
0DMRU�ILQGLQJV�IURP�+LQVRQ�HW�DO���������DUH�VXPPDUL]HG�EHORZ���

,Q�RUGHU�RI�JUHDWHVW�LQIOXHQFH��DWPRVSKHULF�IRUFLQJV��WKH�ZDUPLQJ�RFHDQ�ERXQGDU\��VHD�OHYHO�ULVH��
DQG�LQFUHDVLQJ�ULYHU�WHPSHUDWXUHV�ZHUH�
LGHQWLILHG�DV�IRXU�SULQFLSDO�PHFKDQLVPV�GULYLQJ�
FKDQJHV�LQ�WKH�REVHUYHG�WLGDO�ZDWHU�
WHPSHUDWXUHV�LQ�&KHVDSHDNH�%D\��)LJXUH�����
$WPRVSKHULF�IRUFLQJV�RI�LQFUHDVLQJ�VXUIDFH�DLU�
WHPSHUDWXUHV�DQG�GRZQZHOOLQJ�ORQJZDYH�
UDGLDWLRQ�ZHUH�GHWHUPLQHG�WR�EH�WKH�PDLQ�
GULYHUV�RI�ULVLQJ�ZDWHU�WHPSHUDWXUHV�WKURXJKRXW�
WKH�%D\¶V�VXUIDFH�DQG�ERWWRP�ZDWHUV��)RU�
LQVWDQFH��DWPRVSKHULF�ZDUPLQJ�FRQWULEXWHG�WR�
DERXW�����RI�WKH�WRWDO�FKDQJH�LQ�ERWWRP�
&KHVDSHDNH�%D\�ZDWHU�WHPSHUDWXUHV�REVHUYHG�
IURP�0D\�WKURXJK�2FWREHU�GXULQJ�WKH����\HDU�
WLPHIUDPH�FRPELQHG��HTXDO�WR�DERXW�D�����&�
FKDQJH��)LJXUH�����+LQVRQ�HW�DO��������

6\QWKHVLV�(OHPHQW���3DSHU��$SSHQGL[�,���7KH�
UROH�RI�DWPRVSKHULF�ZDUPLQJ�RQ�WKH�ZDWHU�
WHPSHUDWXUHV�LQ�WKH�&KHVDSHDNH�%D\�LV�DOVR�VXSSRUWHG�E\�WKH�WUHQGV�RI�LQFUHDVLQJ�DLU�DQG�
FRUUHVSRQGLQJ�VXUIDFH�ZDWHU�WHPSHUDWXUHV�DFURVV�a�����RI�WKH�&KHVDSHDNH�%D\�EDVHG�RQ�PRUH�
WKDQ����\HDUV�RI�GDWD�������������UHSRUWHG�E\�'LQJ�DQG�(OPRUH����������

7KH�ZDUPLQJ�RI�WKH�DGMDFHQW�$WODQWLF�2FHDQ�ZDV�LGHQWLILHG�DV�D�VHFRQGDU\�PDMRU�GULYHU�WKDW�
FRQWULEXWHV�WR�LQFUHDVLQJ�%D\�ZDWHU�WHPSHUDWXUHV��ZLWK�DERXW�D�����FRQWULEXWLRQ�WR�WKH�RYHUDOO�
FKDQJHV�LQ�FRPELQHG�ERWWRP�ZDWHU�WHPSHUDWXUHV�IURP�0D\�WKURXJK�2FWREHU��)LJXUH����GXULQJ�
WKH����\U�WLPHIUDPH��5HJLRQDO�DQG�VHDVRQDO�GLIIHUHQFHV�ZHUH�REVHUYHG�ZLWK�WKH�ZDUPLQJ�RFHDQ�
ERXQGDU\�ZKHUH�ZDWHU�WHPSHUDWXUH�LQFUHDVHV�RFFXUUHG�DW�WKH�VRXWKHUQ�SDUW�RI�WKH�%D\�QHDU�WKH�
PRXWK�WKH�PRVW��DFFRXQWLQJ�IRU�PRUH�WKDQ�KDOI�RI�WKH�FRPELQHG�VXPPHU�ZDUPLQJ��-XQH�2FWREHU��
RYHU�WKH����\U�WLPHIUDPH��)RU�WKH�UHPDLQLQJ�PRQWKV��WKH�ZDUPLQJ�RFHDQ�ERXQGDU\�KDG�D�VPDOO�
RYHUDOO�HIIHFW�RQ�ZDWHU�WHPSHUDWXUHV��+LQVRQ�HW�DO����������

2YHUDOO��VHD�OHYHO�ULVH�ZDV�HVWLPDWHG�WR�VOLJKWO\�FRRO�%D\�WHPSHUDWXUHV�DFURVV�WKH�WLGDO�ZDWHUV��
UHVXOWLQJ�LQ�D����FRROLQJ�FRQWULEXWLRQ�WR�WKH�RYHUDOO�%D\�ERWWRP�WHPSHUDWXUHV�RYHU�WKH����\U�

)LJXUH����,OOXVWUDWLRQ�RI�WKH�IRXU�PDMRU�PHFKDQLVPV�GULYLQJ�
FKDQJHV�LQ�ZDWHU�WHPSHUDWXUH�WKURXJKRXW�WKH�&KHVDSHDNH�%D\¶V�
PDLQVWHP��WLGDO�WULEXWDULHV�DQG�HPED\PHQWV���
6RXUFH��+LQVRQ�HW�DO�������
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WLPHIUDPH��DERXW�����&�GLIIHUHQFH�
�)LJXUH�����+LQVRQ�HW�DO��������
6\QWKHVLV�(OHPHQW���3DSHU��$SSHQGL[�
,���6HDVRQDO�GLIIHUHQFHV�UHODWHG�WR�VHD�
OHYHO�ULVH�LQFOXGHG�DQ�HVWLPDWHG�RYHUDOO�
FRROLQJ�LQ�WKH�%D\¶V�PDLQVWHP�IURP�
$SULO�WKURXJK�6HSWHPEHU�DQG�VOLJKW�
ZDUPLQJ�LQ�WKH�ZLQWHU�PRQWKV�
�1RYHPEHU�WKURXJK�)HEUXDU\����

%RWK�VXUIDFH�DQG�ERWWRP�ZDWHUV�RI�WKH�
%D\�DQG�WLGDO�WULEXWDULHV�H[KLELWHG�
VLPLODU�WHPSHUDWXUH�FKDQJHV�RYHU�WKH�
���\HDU�WLPHIUDPH��+LQVRQ�HW�DO��������
6RPH�UHJLRQDO�GLIIHUHQFHV�LQ�WHPSHUDWXUH
FKDQJHV�ZHUH�UHSRUWHG��ZLWK�KLJKHU
WHPSHUDWXUH�FKDQJHV�HVWLPDWHG�IRU�WKH
6XVTXHKDQQD�)ODWV�DQG�DGMRLQLQJ�XSSHU�%D\

PDLQVWHP��WKH�ORZHU�%D\�DQG�PRXWK�RI�WKH�
%D\��DQG�WKH�WLGDO�IUHVK�UHDFKHV�RI�WKH�PDMRU�WLGDO�WULEXWDULHV��7KH�LQIOXHQFH�RI�LQFUHDVLQJ�ULYHU�
WHPSHUDWXUHV�RQ�WKH�ZDUPLQJ�RI�WLGDO�ZDWHUV�KDV�D�VPDOO�UROH�LQ�WKH�XSSHU�WLGDO�IUHVK�UHDFK�RI�
WKH�PDMRU�WLGDO�WULEXWDULHV��H�J���6XVTXHKDQQD��3RWRPDF��DQG�-DPHV��DQG�WKH�XSSHU�&KHVDSHDNH�
%D\²6XVTXHKDQQD�)ODWV�DQG�WKH�XSSHU�%D\�PDLQVWHP�UHDFK�GRZQ�WR�DERXW�%DFN�5LYHU�RQ�WKH�
ZHVWHUQ�VKRUH��+LQVRQ�HW�DO��������6\QWKHVLV�(OHPHQW���3DSHU��$SSHQGL[�,���'LQJ�DQG�(OPRUH�
�������DOVR�IRXQG�ORFDO�VSDWLDO�SDWWHUQV�RI�PRUH�UDSLG�ZDUPLQJ�RI�VXUIDFH�ZDWHU�WHPSHUDWXUHV�
RI�ZHVWHUQ�WLGDO�WULEXWDULHV��L�H���3DWDSVFR��3DWX[HQW��DQG�3RWRPDF��FRPSDUHG�WR�WKH�HDVWHUQ�
WULEXWDULHV�DQG�SRUWLRQV�RI�WKH�%D\¶V�PDLQVWHP��&DWFKPHQWV�LQIOXHQFHG�E\�KLJK�LPSHUYLRXV�
DUHDV�LQ�WKH�ZDWHUVKHG��L�H���XUEDQ�KHDW�FHQWHUV��DUH�SDUWLFXODUO\�YXOQHUDEOH�WR�WKHUPDO�SROOXWLRQ�
OLQNHG�WR�ULYHULQH�GLVFKDUJH��%RRPHU�HW�DO���������

(FRORJLFDO�,PSOLFDWLRQV�RI�5LVLQJ�:DWHU�7HPSHUDWXUHV�

7R�LGHQWLI\�WKH�HFRORJLFDO�LPSOLFDWLRQV�RI�ULVLQJ�ZDWHU�WHPSHUDWXUHV�RQ�WLGDO�UHVRXUFHV��WKH�
67$&�:RUNVKRS�6WHHULQJ�&RPPLWWHH�GHFLGHG�RQ�D�WZR�IROG�DSSURDFK�����UHFUXLW�H[SHUWV�WR�
GHYHORS�V\QWKHVLV�SDSHUV�WKDW�VXPPDUL]HV�ZKDW�LV�NQRZQ�UHJDUGLQJ�WKH�HIIHFWV�RI�ULVLQJ�ZDWHU�
WHPSHUDWXUHV�RQ�ILVKHULHV��6\QWKHVLV�(OHPHQW���3DSHU��$SSHQGL[�)��DQG�6$9��6\QWKHVLV�
(OHPHQW���3DSHU��$SSHQGL[�*��UHVRXUFHV��DQG����JHW�ZRUNVKRS�SDUWLFLSDQWV¶�LQSXW�RQ�WKH�
LQIOXHQFLQJ�IDFWRUV�DQG�VHQVLWLYLWLHV�RI�WKHVH�UHVRXUFHV�WR�ULVLQJ�ZDWHU�WHPSHUDWXUHV�GXULQJ�'D\�
��RI�WKH�ZRUNVKRS��7R�VXSSRUW�WKH�GHYHORSPHQW�RI�WKH�V\QWKHVLV�SDSHUV��WKH�&%3¶V�&OLPDWH�
5HVLOLHQF\�:RUNJURXS�KHOG�D�VSHFLDO�PHHWLQJ�RQ�-XQH����������WR�JHW�IHHGEDFN�RQ�LQLWLDO�
ILQGLQJV�DERXW�H[LVWLQJ�NQRZOHGJH�RQ�WKH�HIIHFWV�RI�ULVLQJ�ZDWHU�WHPSHUDWXUHV�RQ�KDELWDWV�DQG�
OLYLQJ�UHVRXUFHV��7KH�DJHQGD�DQG�PHHWLQJ�SUHVHQWDWLRQV�FDQ�EH�IRXQG�LQ�$SSHQGL[�$�DQG�
$SSHQGL[�*��UHVSHFWLYHO\��7R�H[SDQG�RQ�WKH�ILQGLQJV�LQ�WKH�V\QWKHVLV�SDSHUV�DQG�IXUWKHU�
LGHQWLI\�HFRORJLFDO�

)LJXUH����3HUFHQW�FRQWULEXWLRQ�WR�WKH�WRWDO�FKDQJH�LQ�PDLQ�VWHP�
ERWWRP�WHPSHUDWXUHV�IURP�HDFK�VHQVLWLYLW\�H[SHULPHQW�IRU��D��
DWPRVSKHULF�WHPSHUDWXUH���E��RFHDQ�WHPSHUDWXUH���F��VHD�OHYHO��DQG�
�G� ULYHU�WHPSHUDWXUH�0D\�WKURXJK�2FWREHU�EDVHG�RQ�D����\HDU
WLPHIUDPH��ODWH�����V�ODWH�����V���$YHUDJH�PDLQ�VWHP�SHUFHQW
FRQWULEXWLRQV�WR�WRWDO�WHPSHUDWXUH�FKDQJH�DUH�GHQRWHG�EHQHDWK�HDFK
SDQHO��6RXUFH��+LQVRQ�HW�DO�������
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LPSOLFDWLRQV�RI�ULVLQJ�ZDWHU�WHPSHUDWXUHV��'D\���RI�WKH�ZRUNVKRS�ZDV�RUJDQL]HG�LQWR�WKH�
IROORZLQJ�VHVVLRQV��'D\���DJHQGD��$SSHQGL[�%���

Ɣ 6HVVLRQ����,GHQWLI\�NH\�IDFWRUV�WR�FRQVLGHU�WR�DVVHVV�PDQDJHPHQW�LPSOLFDWLRQV�UHODWHG�WR
ULVLQJ�ZDWHU�WHPSHUDWXUHV�DQG�HFRORJLFDO�LPSDFWV

ż :KDW�DUH�WKH�GLUHFW�DQG�LQGLUHFW�SRVLWLYH�DQG�QHJDWLYH�HIIHFWV�RI�ULVLQJ�ZDWHU
WHPSHUDWXUHV�RQ�WKH�ILVKHU\�RU�6$9�UHVRXUFH"

ż :KDW�DUH�NH\�IDFWRUV�WR�FRQVLGHU�IRU�WKH�ILVKHU\�RU�6$9�UHVRXUFH�WR�LQIRUP
PDQDJHPHQW�DFWLRQ�DURXQG�WKHVH�HIIHFWV"

Ɣ 6HVVLRQ����'LVFXVV�HFRORJLFDO�VHQVLWLYLWLHV�WR�ULVLQJ�ZDWHU�WHPSHUDWXUHV�DQG�FHUWDLQW\�RI
LQIRUPDWLRQ

ż :KDW�GR�ZH�NQRZ�RI�WHPSHUDWXUH�VHQVLWLYLWLHV�RQ�WKH�ILVKHU\�RU�6$9�UHVRXUFH"
:KDW�DUH�WKH�UHVHDUFK�JDSV"

ż :KDW�WHPSHUDWXUH�VSHFLILF�DQDO\VHV�ZRXOG�EH�PRVW�XVHIXO�IRU�LQIRUPLQJ
PDQDJHPHQW�IRU�WKH�UHVRXUFH��LQFOXGLQJ�WHPSRUDO�DQG�VSDWLDO�VFDOHV"

)RU�HDFK�VHVVLRQ��WKH�WLGDO�ZRUNVKRS�SDUWLFLSDQWV�ZHUH�GLYLGHG�LQWR�UHVRXUFH�VSHFLILF�EUHDNRXW�
JURXSV��6$9��H�J���IUHVKZDWHU�ROLJRKDOLQH��PHVRKDOLQH��DQG�SRO\KDOLQH�VSHFLHV���R\VWHUV��EOXH�
FUDEV��IRUDJH��H�J���ED\�DQFKRY\��PHQKDGHQ��EHQWKLF�RUJDQLVPV���DQG�ILQILVK�SUHGDWRUV��H�J���
VWULSHG�EDVV��VXPPHU�IORXQGHU���0DMRU�ILQGLQJV�IURP�WKH�V\QWKHVLV�SDSHUV�DQG�'D\���ZRUNVKRS�
GLVFXVVLRQV�DUH�GHVFULEHG�EHORZ��'HWDLOV�RI�WKH�'D\���ZRUNVKRS�SDUWLFLSDQWV¶�LQSXW�FDQ�EH�IRXQG�
LQ�WKH�WLGDO�EULHILQJ�SDSHU��$SSHQGL[�3����

7LGDO�)LVKHULHV�,PSOLFDWLRQV�RI�5LVLQJ�:DWHU�7HPSHUDWXUHV�

7KH�HIIHFWV�RI�ULVLQJ�&KHVDSHDNH�%D\�ZDWHU�WHPSHUDWXUHV�RQ�OLYLQJ�UHVRXUFHV�ZHUH�GLVFXVVHG�IRU�
ILYH�NH\�ILVKHULHV�VSHFLHV�FKRVHQ�RQ�WKH�EDVLV�RI�WKHLU�HFRQRPLF��HFRORJLFDO��DQG�FXOWXUDO�
LPSRUWDQFH��EOXH�FUDE��R\VWHUV��VXPPHU�IORXQGHU��VWULSHG�EDVV��DQG�IRUDJH�VSHFLHV��L�H���ED\�
DQFKRY\�DQG�PHQKDGHQ���&OLPDWH�YXOQHUDELOLW\�VFRUHV�DQG�ED\�VSHFLILF�UHVHDUFK��VKRZ�D�UDQJH�RI�
SRVLWLYH�DQG�QHJDWLYH�UHVSRQVHV�RI�OLYLQJ�UHVRXUFHV�WR�WHPSHUDWXUH�DQG�RWKHU�FOLPDWH�FKDQJH�
UHODWHG�IDFWRUV��3RVLWLYH�LPSDFWV�DUH�OLNHO\�IRU�EOXH�FUDE�DQG�VRPH�IRUDJH�VSHFLHV��H�J���ED\�
DQFKRY\�DQG�PHQKDGHQ���DV�ZDUPHU�WHPSHUDWXUHV�VXSSRUW�KLJKHU�SURGXFWLYLW\�DQG�LQFUHDVHG�
KDELWDW�UDQJH�DV�VSHFLHV�PRYH�QRUWKZDUG��6\QWKHVLV�(OHPHQW���3DSHU��$SSHQGL[�)���1HJDWLYH�
LPSDFWV�DUH�SUHGLFWHG�IRU�R\VWHUV�GXH�WR�WKHLU�DOUHDG\�GHSUHVVHG�SRSXODWLRQV�DV�D�UHVXOW�RI�GLVHDVH��
RYHUILVKLQJ��DQG�KDELWDW�ORVV���
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:KLOH�R\VWHUV�FDQ�WKULYH�LQ�KLJKHU�WHPSHUDWXUH�
UHJLPHV�DQG�PD\�H[SHULHQFH�DQ�LQFUHDVH�LQ�KDELWDW�
UDQJH��WKH\�DUH�KLJKO\�YXOQHUDEOH�WR�RWKHU�FOLPDWLF�
LPSDFWV�VXFK�DV�RFHDQ�DFLGLILFDWLRQ�DQG�FKDQJHV�LQ�
VDOLQLW\�GULYHQ�E\�SUHFLSLWDWLRQ��6WULSHG�EDVV�DQG�
VXPPHU�IORXQGHU�PD\�H[SHULHQFH�ERWK�QHJDWLYH�DQG�
SRVLWLYH�LPSDFWV�DW�GLIIHUHQW�VWDJHV�RI�OLIH��ODUYDO�WR�
DGXOW��DQG�KDELWDW�XVH��ULYHUV�DQG�HVWXDULHV�WR�
PDULQH���7KH�UDQJH�RI�UHVSRQVHV�DQG�SRWHQWLDO�IRU�
ORFDOL]HG�LPSDFWV��H�J���FKDQJHV�LQ�KDELWDW�TXDOLW\�
DQG�UHSURGXFWLYH�VXFFHVV�ZLWKLQ�VSHFLILF�WULEXWDULHV��
OHDG�WR�KLJKHU�XQFHUWDLQW\�LQ�HYDOXDWLQJ�VWULSHG�EDVV�
DQG�VXPPHU�IORXQGHU�YXOQHUDELOLW\���

:RUNVKRS�SDUWLFLSDQWV�KLJKOLJKWHG�KRZ�ULVLQJ�
ZDWHU�WHPSHUDWXUHV�FUHDWH�D�VHDVRQDO�³KDELWDW�
VTXHH]H´�ZKHUH�VWULSHG�EDVV�FDQ�RQO\�WKULYH�LQ�
FHUWDLQ�UHJLRQV�RI�WKH�ZDWHU�FROXPQ��DV�WKH�KLJKHU�
SRUWLRQV�RI�WKH�ZDWHU�FROXPQ�DUH�WRR�ZDUP��DQG�WKH�ORZHU�SRUWLRQV�KDYH�ORZ�GLVVROYHG�R[\JHQ��'2��
OHYHOV��FRPSUHVVLQJ�VXLWDEOH�KDELWDW�WR�WKH�FHQWHU��)LJXUH������%RHVFK���������7KH\�DOVR�
LGHQWLILHG�WKH�SRVVLELOLW\�RI�SUHGDWRU�SUH\�PLVPDWFKHV�ZKHUH�ULVLQJ�ZDWHU�WHPSHUDWXUHV�DQG�
VHDVRQDO�VKLIWV�FRXOG�FDXVH�XQIDYRUDEOH�FKDQJHV�LQ�VSULQJ�WLPH�VSDZQLQJ�RI�VWULSHG�EDVV�DQG�
DYDLODELOLW\�RI�IRRG�UHVRXUFHV��H�J���]RRSODQNWRQ����

1RUWKZDUG�VKLIWV�LQ�VSHFLHV¶�UDQJHV�DUH�EHLQJ�GRFXPHQWHG�IRU�VHYHUDO�VSHFLHV��7KLV�LV�UHVXOWLQJ�LQ�
VRPH�%D\�VSHFLHV�VKLIWLQJ�SRSXODWLRQV�QRUWK�ZKLOH�RWKHU�VSHFLHV�IURP�WKH�VRXWK�DUH�EHFRPLQJ�
PRUH�SUHYDOHQW�LQ�WKH�%D\��7KHVH�VKLIWV�FDQ�UHVXOW�LQ�FKDQJHV�WR�VSHFLHV�DEXQGDQFH�DQG�
GLVWULEXWLRQV��IRRG�ZHE�G\QDPLFV��ILVKLQJ�EHKDYLRU�DQG�WKH�LQWURGXFWLRQ�RI�QHZ�ILVKHULHV��
/LNHZLVH��KDELWDWV�UHTXLUHG�E\�ILVK�DQG�VKHOOILVK�VSHFLHV�DUH�VKLIWLQJ�LQ�UDQJH�DQG�H[SHULHQFLQJ�
LPSDFWV�WKDW�OHDG�WR�FKDQJHV�LQ�ILVK�DEXQGDQFH��GLVWULEXWLRQ�DQG�UHSURGXFWLRQ�VXFFHVV���

:KLOH�ULVLQJ�WHPSHUDWXUHV�DUH�LPSRUWDQW�DQG�GR�DIIHFW�VSHFLHV��RWKHU�FOLPDWH�IDFWRUV�DUH�HTXDOO\��
LI�QRW��PRUH�LPSRUWDQW��([LVWLQJ�ILVKHU\�PDQDJHPHQW�DSSURDFKHV�ZLOO�QHHG�WR�DGDSW�E\�EHWWHU�
LQFRUSRUDWLQJ�FOLPDWH�FKDQJH�LPSDFWV�LQWR�WKHLU�GHFLVLRQ�PDNLQJ�IRU�FXUUHQWO\�PDQDJHG�%D\�
VSHFLHV�DV�ZHOO�DV�DGGLWLRQDO�VSHFLHV�WKDW�DUH�PRYLQJ�QRUWK�LQWR�WKH�ED\�DQG�LQFUHDVLQJ�LQ�
DEXQGDQFH��VXFK�DV�EURZQ�VKULPS���

6XEPHUJHG�$TXDWLF�9HJHWDWLRQ�,PSOLFDWLRQV�RI�5LVLQJ�:DWHU�7HPSHUDWXUHV�

7KHUH�DUH�WKUHH�SULPDU\�V\PSWRPV�RI�FOLPDWH�FKDQJH�WKDW�ZLOO�GLUHFWO\�DIIHFW�&KHVDSHDNH�%D\�
6$9��ULVLQJ�ZDWHU�WHPSHUDWXUHV��LQFUHDVHG�FDUERQ�GLR[LGH��&2���FRQFHQWUDWLRQV��DQG�VHD�OHYHO�
ULVH��6\QWKHVLV�(OHPHQW���3DSHU��$SSHQGL[�*���5LVLQJ�ZDWHU�WHPSHUDWXUHV�ZLOO�OLNHO\�LPSDFW�
6$9�VSHFLHV�WKURXJKRXW�WKH�%D\�LQ�P\ULDG�ZD\V��DQG�DORQJ�ZLWK�RWKHU�FOLPDWH�FKDQJH�VWUHVVRUV�

)LJXUH�����&RQFHSWXDO�GLDJUDP�LOOXVWUDWLQJ�WKH�FRPSUHVVHG�
KDELWDW�RI�WKH�VWULSHG�EDVV�IURP�WKH�ORZ�R[\JHQ�OHYHOV�IURP�WKH�
ERWWRP��DQG�WKH�XQVXLWDEOH�WHPSHUDWXUHV�IURP�WKH�VXUIDFH��
'LDJUDP�FRXUWHV\�RI�WKH�,QWHJUDWLRQ�DQG�$SSOLFDWLRQ�1HWZRUN�
�LDQ�XPFHV�HGX���8QLYHUVLW\�RI�0DU\ODQG�&HQWHU�IRU�
(QYLURQPHQWDO�6FLHQFH��6RXUFH��%RHVFK�������



30 

ZLOO�FRPSOLFDWH�UHVWRUDWLRQ�HIIRUWV��,Q�DGGLWLRQ�WR�ULVLQJ�ZDWHU�WHPSHUDWXUHV��&2��FRQFHQWUDWLRQV�
DUH�SUHGLFWHG�WR�LQFUHDVH�E\���������DQG�VHD�OHYHOV�DUH�SUHGLFWHG�WR�ULVH�E\��������P���

7HPSHUDWXUH�LPSDFWV�WR�HHOJUDVV��=RVWHUD�PDULQD��DUH�ZHOO�XQGHUVWRRG��ZDUPLQJ�DORQH�LV�VKRZQ�
WR�QHJDWLYHO\�LPSDFW�HHOJUDVV��D�GRPLQDQW�6$9�VSHFLHV�LQ�WKH�ORZHU�%D\��&KURQLF�KLJK�VXPPHU�
WHPSHUDWXUHV�DQG�LVRODWHG�KHDW�HYHQWV�DUH�DVVRFLDWHG�ZLWK�PDVV�GLH�RIIV��WKH�%D\�WHPSHUDWXUHV�DUH�
DOUHDG\�DW�WKH�XSSHU�WKHUPDO�OLPLWV�IRU�WKLV�FRRO�ZDWHU�VSHFLHV��:LWKRXW�GUDVWLF�LPSURYHPHQWV�LQ�
ZDWHU�FODULW\�RU�D�UHYHUVDO�RI�ZDUPLQJ�WUHQGV��YLDEOH�SRSXODWLRQV�RI�HHOJUDVV�ZLOO�OLNHO\�EH�
H[WLUSDWHG�IURP�&KHVDSHDNH�%D\��7KH�%D\¶V�PRVW�HFRQRPLFDOO\�VLJQLILFDQW�ILVKHU\±EOXH�FUDEV�
�&DOOLQHFWXV�VDSLGXV�±LV�GLUHFWO\�OLQNHG�WR�HHOJUDVV�DQG�WKH�KDELWDW�LW�SURYLGHV���

7HPSHUDWXUH¶V�LPSDFWV�WR�RWKHU�&KHVDSHDNH�%D\�6$9�VSHFLHV�DUH�QRW�DV�ZHOO�VWXGLHG�EXW��EDVHG�
RQ�DYDLODEOH�GDWD��DSSHDU�WR�EH�OHVV�GUDPDWLF�WKDQ�WKRVH�WR�HHOJUDVV��:LWK�WKDW�VDLG��FXUUHQW�
UHVHDUFK�DQG�SUHOLPLQDU\�UHVXOWV�VXJJHVW�WKDW�LQFUHDVLQJ�WHPSHUDWXUHV�GR�QHJDWLYHO\�LPSDFW�DOO�
&KHVDSHDNH�%D\�6$9�FRPPXQLWLHV�WR�VRPH�H[WHQW��7KH�ZDUPLQJ�%D\�WHPSHUDWXUHV�DUH�OLNHO\�WR�
IDYRU�PRUH�KHDW�WROHUDQW�VSHFLHV��LQFOXGLQJ�ZLGJHRQ�JUDVV��5XSSLD�PDULWLPD���FHUWDLQ�HFRW\SHV�RI�
IUHVKZDWHU�6$9��DQG�SRVVLEO\�RWKHU�VXEWURSLFDO�VHDJUDVVHV��7KH�LQFUHDVLQJ�&2��UHVXOWV�LQ�D�&2�

IHUWLOL]DWLRQ�HIIHFW�WKDW�PD\�FRXQWHUEDODQFH�VRPH�RI�WKH�LPSDFWV�IURP�ZDUPLQJ��EXW�XQNQRZQV�
DVVRFLDWHG�ZLWK�LQYDVLYH�VSHFLHV��SDWKRJHQV��F\DQREDFWHULD��HWF��PD\�VHW�WKDW�EDODQFH�DZU\��
)LQDOO\��VHD�OHYHO�ULVH�DIIHFWV�6$9�E\�LQFUHDVLQJ�WKH�ZDWHU�FROXPQ�GHSWK�LQ�ZKLFK�6$9�JURZV��
GHFUHDVLQJ�WKH�OLJKW�DYDLODEOH�DW�6$9�OHDI�EODGHV��6WUHVV�IURP�ORZ�OLJKW�FRQGLWLRQV�FDQ�EH�
DOOHYLDWHG�E\�WKH�VKRUHZDUG�PLJUDWLRQ�RI�6$9�LQ�DSSURSULDWH�VHGLPHQW�DQG�QHDUVKRUH�FRQGLWLRQV�
EXW�KDUGHQLQJ�DORQJ�PXFK�RI�WKH�%D\
V�VKRUHOLQH�ZLOO�SUHYHQW�WKDW�VKRUHZDUG�PLJUDWLRQ��

0DQDJHPHQW�HIIRUWV��L�H���WKH�&KHVDSHDNH�%D\�70'/��WKDW�KDYH�UHGXFHG�QLWURJHQ�DQG�
SKRVSKRUXV�LQ�WKH�&KHVDSHDNH�%D\�KDYH�IDFLOLWDWHG�UHFRYHU\�RI�6$9��DQG�6$9�DUH�PRUH�UHVLOLHQW�
WR�DOO�FOLPDWH�VWUHVVRUV��H�J���WHPSHUDWXUH��&2��FRQFHQWUDWLRQV��DQG�VHD�OHYHO�ULVH��LI�ZDWHU�FODULW\�
LV�PD[LPL]HG��7KH�VLQJOH�PRVW�HIIHFWLYH�DFWLRQ�WR�SURWHFW�&KHVDSHDNH�%D\�6$9�LV�WR�VXVWDLQ�DQG�
DFFHOHUDWH�LPSURYHPHQWV�LQ�ZDWHU�TXDOLW\�DQG�FODULW\�WKURXJK�QLWURJHQ��SKRVSKRUXV�DQG�WRWDO�
VXVSHQGHG�VROLGV�ORDG�UHGXFWLRQV��$GGLWLRQDOO\��6$9�UHVWRUDWLRQ�HIIRUWV�IRU�GLYHUVH�VSHFLHV�PD\�
PLWLJDWH�VRPH�RI�WKH�ORVV�RI�6$9�IURP�DUHDV�XQDEOH�WR�UHFRYHU�ZLWKRXW�D�VHHG�VRXUFH��7KH������
*,7�IXQGHG�FOLPDWH�DQG�6$9�PRGHOLQJ�SURMHFW�ZLOO�EH�LQVWUXPHQWDO�LQ�DQVZHULQJ�PDQ\�RI�RXU�
TXHVWLRQV�ZKHQ�FRPSOHWH��

����0DQDJHPHQW�,PSOLFDWLRQV�RI�5LVLQJ�:DWHU�7HPSHUDWXUHV�
7R�LGHQWLI\�WKH�FRUUHVSRQGLQJ�PDQDJHPHQW�LPSOLFDWLRQV�RI�ULVLQJ�ZDWHU�WHPSHUDWXUHV�RQ�ILVKHULHV�
DQG�6$9��'D\���RI�WKH�ZRUNVKRS�ZDV�RUJDQL]HG�LQWR�WKH�IROORZLQJ�VHVVLRQV��

Ɣ 6HVVLRQ����,GHQWLI\�PDQDJHPHQW�LPSOLFDWLRQV
ż /RRNLQJ�DW�WKH�HFRORJLFDO�HIIHFWV��NH\�IDFWRUV�WR�FRQVLGHU��DQG�VHQVLWLYLWLHV�UHODWHG

WR�ULVLQJ�ZDWHU�WHPSHUDWXUHV�LGHQWLILHG�WRGD\��ZKDW�DUH�WKH�PDQDJHPHQW
LPSOLFDWLRQV�IRU�WKH�ILVKHU\�6$9�UHVRXUFH�UHODWHG�WR�ULVLQJ�ZDWHU�WHPSHUDWXUHV�DQG
ZKHQ�DFWLRQ�LV�OLNHO\�QHHGHG��H�J���ZLWKLQ���\HDUV�����\HDUV�����\HDUV�����\HDUV�
HWF��"
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7R�LGHQWLI\�FRPPRQDOLWLHV�DQG�JXLGH�GLVFXVVLRQV�RQ�UHFRPPHQGDWLRQV�IRU�'D\���RI�WKH�
ZRUNVKRS��WKH�LGHQWLILHG�UHVRXUFH�VSHFLILF�PDQDJHPHQW�LPSOLFDWLRQV�UHODWHG�WR�ULVLQJ�ZDWHU�
WHPSHUDWXUHV�ZHUH�RUJDQL]HG�XQGHU�IRXU�PDLQ�HFRORJLFDO�WKHPHV��HFRV\VWHP�EDVHG�PDQDJHPHQW��
QHZ�WHPSHUDWXUH�UHJLPH��PXOWLSOH�VWUHVVRUV��DQG�QHDUVKRUH�KDELWDWV��IXUWKHU�GHVFULEHG�EHORZ���

Ɣ (FRV\VWHP�EDVHG�PDQDJHPHQW�VWUDWHJLHV�DLPHG�WR�IRFXV�RQ�FKDQJHV�LQ�UHVWRUDWLRQ
ORFDWLRQV�DQG�WHFKQLTXHV��IDFWRULQJ�LQ�ULVLQJ�ZDWHU�WHPSHUDWXUHV�LQ�UHFUXLWPHQW�HVWLPDWHV�
LQFRUSRUDWLQJ�HQYLURQPHQWDO�FRQGLWLRQV�LQ�ILVKHULHV�PDQDJHPHQW�IUDPHZRUNV��HIILFDF\�RI
FXUUHQW�VWRFN�VXUYH\V��DQG�XVLQJ�QRZFDVW�DQG�IRUHFDVW�PRGHOV�IRU�IRUDJH�VSHFLHV�WR
PDQDJH�SUHGDWRU�VWRFNV�DFFRUGLQJO\�

Ɣ 1HZ�WHPSHUDWXUH�UHJLPH�PDQDJHPHQW�VWUDWHJLHV�DLPHG�WR�IRFXV�RQ�FKDQJHV�LQ�VSDZQLQJ
VXFFHVV��UHFUXLWPHQW��DQG�DGXOW�PRUWDOLWLHV��PRQLWRULQJ�WKUHDWV�IURP�VKLIWLQJ�SUHGDWRU
GLVWULEXWLRQV�DQG�QHZ�WURSLFDO�SDUDVLWHV��DQG�WHPSHUDWXUH�GULYHQ�FKDQJHV�RQ�R\VWHU�%03
HIIHFWLYHQHVV�

Ɣ 0XOWLSOH�VWUHVVRUV�PDQDJHPHQW�VWUDWHJLHV�IRFXVHG�RQ�PD[LPL]LQJ�LPSURYHPHQWV�LQ�ZDWHU
TXDOLW\�DQG�FODULW\�WR�EXLOG�UHVLOLHQFH��LQFRUSRUDWLQJ�KDELWDW�VTXHH]H�FRQVLGHUDWLRQV�LQ
ILVKHULHV�PDQDJHPHQW�GHFLVLRQV��LQFOXGLQJ�VKRUHOLQH�GHYHORSPHQW�DQG�RWKHU�FOLPDWH
VWUHVVRU�HIIHFWV�ZKHQ�DVVHVVLQJ�6$9�UHFRYHU\��DQG�EXLOGLQJ�LQ�EXIIHUV�IRU�HFRV\VWHP
XQFHUWDLQW\�LQ�FDWFK�TXRWDV�

Ɣ 1HDUVKRUH�KDELWDW�PDQDJHPHQW�VWUDWHJLHV�IRFXVHG�RQ�FR�ORFDWLQJ�R\VWHUV�DQG�6$9�ZLWK
RQH�DQRWKHU�DQG�RU�ULSDULDQ�IRUHVW�EXIIHUV��OLPLWLQJ�XVH�RI�KDUGHQHG�VKRUHOLQHV�WKDW
QHJDWLYHO\�DIIHFW�QHDUVKRUH�UHVRXUFHV��DQG�SURPRWLQJ�JUHHQ�LQIUDVWUXFWXUH�VROXWLRQV�IRU
VKRUHOLQH�SURWHFWLRQ�DQG�KDELWDW�

7KH�PDQDJHPHQW�DQG�SROLF\�LPSOLFDWLRQV�RI�ULVLQJ�ZDWHU�WHPSHUDWXUHV�IRU�WKH�ILVKHULHV�DQG�6$9�
UHVRXUFHV�WKDW�ZHUH�LGHQWLILHG�E\�WKH�WLGDO�SDUWLFLSDQWV�GXULQJ�'D\���RI�WKH�ZRUNVKRS�DUH�
VXPPDUL]HG�EHORZ�XQGHU�WKH�FRPPRQ�WKHPHV���

�� (FRV\VWHP�%DVHG�0DQDJHPHQW��&RQVLGHUDWLRQV�UHODWHG�WR�VHDVRQDO�VKLIWV��SUH\�DYDLODELOLW\�
DQG�KDELWDW�FKDQJH�DQG�VXLWDELOLW\�

0DQDJHPHQW�3ROLF\�,PSOLFDWLRQV�

භ 6$9�
ඵ /RVV�RI�HHOJUDVV�LQ�ORZHU�%D\�PD\�LPSDFW�%D\�ZLGH�UHVWRUDWLRQ�JRDOV��ZKLOH

ZLGJHRQ�JUDVV�PD\�ILOO�WKH�QLFKH�LQ�PRVW�DUHDV��WKHUH�ZLOO�EH�HFRORJLFDO
FRQVHTXHQFHV��H�J���WLPLQJ�RI�HPHUJHQFH�RI�VSULQJ�KDELWDW�IRU�FUDEV�DQG�ILVK��

භ 2\VWHUV�
ඵ 5HVWRUDWLRQ�ORFDWLRQV�DQG�WHFKQLTXHV�PD\�QHHG�WR�FKDQJH�WR�DFFRXQW�IRU

ULVLQJ�WHPSHUDWXUHV�DQG�LPSDFWV�RI�RWKHU�VWUHVVRUV�
ඵ 7HPSHUDWXUH�DQG�VHDVRQDO�FKDQJHV�PD\�DIIHFW�JURZWK�UDWHV�DQG�UHSURGXFWLRQ

ZKLFK�LQ�WXUQ�FRXOG�UHTXLUH�DGMXVWPHQWV�WR�KDUYHVW�RSHQLQJV�DQG�OLPLWV�
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භ %OXH�FUDE�
ඵ 3RVVLEOH�QHHG�IRU�QHZ�KDUYHVW�VFKHGXOHV�DQG�UHYLVHG�IHPDOH�VSHFLILF

PDQDJHPHQW�WR�DFFRXQW�IRU�WHPSHUDWXUH�FKDQJH�LPSDFWV��DVVHVV�FKDQJH�LQ
HIILFDF\�RI�FXUUHQW�ZLQWHU�VXUYH\V�DQG�VWRFN�DVVHVVPHQW�VWUDWHJLHV�

ඵ ,QFRUSRUDWH�HQYLURQPHQWDO�FRQGLWLRQV�OLNH�WHPSHUDWXUH�DQG�KDELWDW�ZKHQ
PDQDJLQJ�ILVKHU\��LQFOXGH�PRQLWRULQJ�RI�FULWLFDO�SDUDPHWHUV�LQIOXHQFLQJ�EOXH
FUDE�SRSXODWLRQV�

භ )RUDJH�
ඵ 6XSSRUW�PRUH�UHVHDUFK�WR�HYDOXDWH�WKH�IRUDJH�EDVH�DQG�XQGHUVWXGLHG�VSHFLHV�

DLP�IRU�VWDQGDUGL]DWLRQ�RI�VDPSOLQJ�PHWKRGV�DQG�UHJLRQDO�GHILQLWLRQV�IRU
PHDVXULQJ�UHVWRUDWLRQ�VXFFHVV�

ඵ 6XSSRUW�GHYHORSPHQW�RI�QRZFDVW�DQG�IRUHFDVW�PRGHOV�IRU�IRUDJH�VSHFLHV�DQG
HVWDEOLVKPHQW�RI�IRUDJH�LQGLFDWRUV�DQG�WKUHVKROGV�IRU�VXLWDEOH�KDELWDWV�±
PDQDJH�SUHGDWRU�VWRFNV�DFFRUGLQJO\�

ඵ 0LQLPL]H�PDUVK�DQG�6$9�KDELWDW�ORVV�IRU�IRUDJH�SRSXODWLRQV�LQ�FRQVHUYDWLRQ
VWUDWHJLHV�

ඵ &RQVLGHU�FKDQJHV�LQ�IRUDJH�FRPSRVLWLRQ�DQG�DEXQGDQFH�GXH�WR�ZDUPLQJ
WHPSV�

භ 6WULSHG�EDVV�
ඵ &ROOHFW�PRUH�ORQJ�WHUP�ILVK�DQG�SUH\�GDWD�WR�PRGHO�FDUU\LQJ�FDSDFLW\�RI

&KHVDSHDNH�%D\�LQ�UHODWLRQ�WR�WHPSHUDWXUH�DQG�'2�FRQGLWLRQV�WR�LPSURYH
PRGHO�

ඵ )DFWRU�LQ�ULVLQJ�ZDWHU�WHPSHUDWXUHV�LQ�UHFUXLWPHQW�HVWLPDWHV�XQGHU�FXUUHQW
PDQDJHPHQW�IRUPXOD�

ඵ 4XDQWLI\�HIIHFWV�RI�HFRV\VWHP�EDVHG�IDFWRUV��H�J���FKDQJH�LQ�IRRG�ZHE
VWUXFWXUHV�DQG�KDELWDW�DYDLODELOLW\��RQ�VWULSHG�EDVV�SRSXODWLRQV�DQG�EXLOG�LQWR
PDQDJHPHQW�VWUDWHJLHV�

ඵ ,QFRUSRUDWH�FRQVLGHUDWLRQV�RI�VHDVRQDO�FKDQJH�HIIHFWV�RQ�VSDZQLQJ�DQG
PLJUDWLRQ�WLPLQJ�GXUDWLRQ�±�SRVVLEOH�SUHGDWRU�SUH\�PLVPDWFK�VFHQDULRV�PD\
RFFXU�

�� 1HZ�7HPSHUDWXUH�5HJLPH��&RQVLGHUDWLRQV�RI�WKH�SURV�DQG�FRQV�RI�DQ�HFRV\VWHP�VKLIW�WR�D
QHZ�WHPSHUDWXUH�UHJLPH�LQ�&KHVDSHDNH�%D\��H�J���FKDQJHV�LQ�VSHFLHV�GLVWULEXWLRQV��QHZ
VSHFLHV�PRYLQJ�LQ��QHZ�SDWKRJHQV��%03�HIIHFWLYHQHVV��

0DQDJHPHQW�3ROLF\�,PSOLFDWLRQV��

භ 6$9��ZKHWKHU�WR�IRFXV�RQ�VSHFLHV�RU�JHQRW\SHV�WKDW�FDQ�WKULYH�LQ�IXWXUH�FRQGLWLRQV
�H�J���ZLGJHRQ�JUDVV��KHDW�DGDSWHG�HHOJUDVV��RU�QHZ�VXE�WURSLFDO�VSHFLHV��WKDW�DOVR
SURYLGH�HFRV\VWHP�EHQHILWV�

භ 2\VWHUV��FRQVLGHUDWLRQ�RI�WHPS�GULYHQ�FKDQJHV�RQ�HIIHFWLYHQHVV�RI�R\VWHU�%03V�WR
UHPRYH�QXWULHQWV�
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භ %OXH�FUDE��LQFUHDVH�PRQLWRULQJ�IRU�WKUHDWV�IURP�VKLIWLQJ�SUHGDWRU�GLVWULEXWLRQV�DQG
WURSLFDO�SDUDVLWHV�

භ )RUDJH��FRQVLGHU�SRWHQWLDO�FRPSHWLWLRQ�IRU�UHVRXUFHV�IURP�LQYDVLYHV�DQG�QHZ�VSHFLHV
PRYLQJ�LQWR�WKH�&KHVDSHDNH�%D\�

භ 6WULSHG�EDVV��FRQVLGHU�FKDQJHV�LQ�VSDZQLQJ�VXFFHVV��UHFUXLWPHQW�DQG�DGXOW
PRUWDOLWLHV�DVVRFLDWHG�ZLWK�WHPSHUDWXUH�FKDQJHV�

�� 0XOWLSOH�6WUHVVRUV��&RQVLGHUDWLRQV�UHODWHG�WR�FR�RFFXUULQJ�VWUHVVRUV��KLJK�WHPSHUDWXUHV�
ORZ�GLVVROYHG�R[\JHQ��VDOLQLW\�IOXFWXDWLRQV��LQFUHDVHG�GLVHDVH�SUHYDOHQFH��HWF���DQG�H[WUHPH
HYHQWV��H�J���PDULQH�KHDW�ZDYHV��LQFUHDVHG�SUHFLSLWDWLRQ��

0DQDJHPHQW�3ROLF\�,PSOLFDWLRQV�

භ 6$9�
ඵ PD[LPL]LQJ�ZDWHU�FODULW\�LV�NH\��6$9�VXEVWDQWLDOO\�PRUH�UHVLOLHQW�WR

WHPSHUDWXUH�VWUHVV�LQ�FOHDU�ZDWHU��VXVWDLQLQJ�DQG�DFFHOHUDWLQJ�LPSURYHPHQWV
LQ�ZDWHU�TXDOLW\�DQG�FODULW\�WKURXJK�1��3��DQG�766�ORDG�UHGXFWLRQV�DQG
DSSURSULDWH�%03�LPSOHPHQWDWLRQ�ZLOO�EH�YLWDO

ඵ VKRUHOLQH�GHYHORSPHQW�DQG�RWKHU�FOLPDWH�VWUHVVRUV��H�J���VHD�OHYHO�ULVH��ZLOO
DIIHFW�6$9�UHFRYHU\�±�VKRUHOLQH�KDUGHQLQJ�QHJDWLYHO\�DIIHFWV�QHDUVKRUH�6$9
DQG�OLPLWV�VKRUHZDUG�PLJUDWLRQ

භ 2\VWHUV�
ඵ ILVKHU\��PD\�QHHG�PRUH�PRQLWRULQJ�PDQDJHPHQW�RI�GLVHDVHV
ඵ DTXDFXOWXUH��PRUH�ODERU�PD\�EH�UHTXLUHG�GXH�WR�LQFUHDVHG�IRXOLQJ�RQ�FDJHV�

IDVWHU�R\VWHU�JURZWK�UDWHV��DQG�ORQJHU�JURZLQJ�VHDVRQ��LQFUHDVHG�PRYHPHQW
RI�R\VWHUV�DZD\�IURP�DUHDV�ZLWK�SRRU�ZDWHU�TXDOLW\

භ )RUDJH�
ඵ FRQWLQXH�WR�VXSSRUW�ZDWHU�TXDOLW\�LPSURYHPHQWV�DV�VRIW�ERWWRP�PXG�LV�WKH

SUHGRPLQDQW�KDELWDW�IRU�PDQ\�EHQWKLF�IRUDJH�VSHFLHV

භ 6WULSHG�EDVV�
ඵ FRQVLGHU�KDELWDW�³VTXHH]H´�FRPSUHVVLRQ��ORZ�ERWWRP�'2�DQG�ZDUP�VXUIDFH

ZDWHU�WHPSHUDWXUHV��ZKHQ�PDNLQJ�PDQDJHPHQW�GHFLVLRQV��H�J���UHFUHDWLRQDO
ILVKLQJ�

ඵ EXLOG�LQ�EXIIHUV�IRU�HFRV\VWHP�XQFHUWDLQW\�LQ�FDWFK�TXRWDV�±�ULVLQJ
WHPSHUDWXUHV�DQG�LQFUHDVHV�LQ�RWKHU�VWUHVVRUV�FRXOG�H[DFHUEDWH�DOUHDG\�KLJK
PRUWDOLW\�UDWHV�IRU�VWULSHG�EDVV

�� 1HDUVKRUH�+DELWDWV��&RQVLGHUDWLRQV�UHODWHG�WR�VWUDWHJLFDOO\�FR�ORFDWLQJ�FHUWDLQ�UHVWRUDWLRQ
HIIRUWV�RU�ZDWHUVKHG�%03V�WR�PD[LPL]H�UHVLOLHQFH�RI�QHDUVKRUH�KDELWDWV�
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0DQDJHPHQW�3ROLF\�,PSOLFDWLRQV��

භ 2\VWHUV�DQG�6$9�
ඵ &RQVLGHU�FR�ORFDWLQJ�R\VWHUV�IUHVKZDWHU�PXVVHOV�ZLWK�6$9��DQG�RU�ULSDULDQ

IRUHVW�EXIIHUV�
ඵ 6WUDWHJLF�VLWLQJ�IRU�VKRUHOLQH�DQG�IORRG�SURWHFWLRQ�

භ 6WULSHG�EDVV�
ඵ &RQVLGHU�ODQG�EDVHG�%03V��FRQVHUYDWLRQ�PHDVXUHV�DQG�QHDUVKRUH�UHVWRUDWLRQ

WR�LQFUHDVH�UHVLOLHQFH�RI�NH\�VSDZQLQJ�DUHDV��H�J���6XVTXHKDQQD�)ODWV�
&KRSWDQN�5LYHU��DQG�3RWRPDF�5LYHU��

භ 6$9�DQG�)RUDJH�
ඵ /LPLW�XVH�RI�KDUGHQHG�VKRUHOLQHV�ZKLFK�QHJDWLYHO\�DIIHFW�QHDUVKRUH�UHVRXUFHV

DQG�SURPRWH�JUHHQ�LQIUDVWUXFWXUH�VROXWLRQV�WKDW�SURYLGH�VKRUHOLQH�SURWHFWLRQ
DQG�KDELWDW�

����0DQDJHPHQW�5HFRPPHQGDWLRQV�
7KH�REMHFWLYHV�IRU�'D\���RI�WKH�ZRUNVKRS�ZHUH�WR�����LGHQWLI\�PDQDJHPHQW�DQG�SROLF\�
UHFRPPHQGDWLRQV��DQG����LGHQWLI\�WKH�UHVHDUFK��PRQLWRULQJ��RU�DQDO\VLV�QHHGV�WR�VXSSRUW�WKHVH�
UHFRPPHQGDWLRQV��'D\���DJHQGD��$SSHQGL[�%���7KH�PDQDJHPHQW�LPSOLFDWLRQV�IRU�WKH�ILVKHULHV�
DQG�6$9�UHVRXUFHV�WKDW�ZHUH�LGHQWLILHG�GXULQJ�'D\���RI�WKH�ZRUNVKRS�ZHUH�XVHG�WR�LQIRUP�WKH�
'D\���GLVFXVVLRQV�EDVHG�RQ�IRXU�PDLQ�WKHPHV��HFRV\VWHP�EDVHG�PDQDJHPHQW��QHZ�WHPSHUDWXUH�
UHJLPH��PXOWLSOH�VWUHVVRUV��QHDUVKRUH�KDELWDWV��'D\���RI�WKH�ZRUNVKRS�DLPHG�WR�DQVZHU�WZR�PDLQ�
TXHVWLRQV�����KRZ�FRXOG�FXUUHQW�PDQDJHPHQW�RU�SROLF\�DFWLRQV�EH�DGDSWHG�WR�DGGUHVV�ULVLQJ�ZDWHU�
WHPSHUDWXUHV��DQG�DUH�WKHUH�HQWLUHO\�QHZ�PDQDJHPHQW�RSWLRQV�WKDW�VKRXOG�EH�FRQVLGHUHG�DQG����
ZKDW�DGGLWLRQDO�VFLHQFH�DQG�RU�LQIRUPDWLRQ�ZRXOG�\RX�QHHG�WR�LPSOHPHQW�WKH�PDQDJHPHQW�
UHFRPPHQGDWLRQV"�

7KH�WLGDO�SDUWLFLSDQWV�ZHUH�UDQGRPO\�GLYLGHG�DPRQJVW�WKUHH�EUHDNRXW�JURXSV�GXULQJ�IRXU�VHVVLRQV�
EDVHG�RQ�RQH�RI�WKH�IRXU�PDLQ�WKHPHV�WR�GLVFXVV�PDQDJHPHQW�UHFRPPHQGDWLRQV�DQG�
FRUUHVSRQGLQJ�VFLHQFH�QHHGV��7KH�JRDO�ZDV�WR�GHYHORS�����PDQDJHPHQW�UHFRPPHQGDWLRQV�SHU�
JURXS�SHU�VHVVLRQ�DQG�LGHQWLI\�VFLHQFH�QHHGV�IRU�WKRVH�UHFRPPHQGDWLRQV��$W�WKH�HQG�RI�WKH�
VHVVLRQV��WKH�WLGDO�VHVVLRQ�ZRUNVKRS�OHDGHUVKLS�FRQYHQHG�WR�FRQVROLGDWH�WKH�UHFRPPHQGDWLRQV��VR�
WKDW�VLPLODU�UHFRPPHQGDWLRQV�ZHUH�FRPELQHG�WR�FUHDWH�RQH�V\QWKHVL]HG�UHFRPPHQGDWLRQ�DQG�WR�
VRUW�RXW�WKRVH�UHFRPPHQGDWLRQV�WKDW�ZHUH�QRW�DV�GHYHORSHG��7KH�WLGDO�VHVVLRQ�ZRUNVKRS�
OHDGHUVKLS�SUHVHQWHG�WKH�ILQDO�OLVW�RI�UHFRPPHQGDWLRQV�WR�WKH�WLGDO�SURMHFW�WHDP�VXEJURXS��ZKHUH�
UHFRPPHQGDWLRQV�ZHUH�UHYLHZHG�DQG�DVVHVVHG�IRU�IHDVLELOLW\�WR�LPSOHPHQW�ZLWKLQ�WKH�QH[W���
\HDUV�DQG�WKHLU�LPSDFW�RQ�PLWLJDWLRQ�DQG�RU�UHVLOLHQFH��7KH�EUHDNRXW�JURXS¶V�LQGLYLGXDO�
PDQDJHPHQW�UHFRPPHQGDWLRQV�IRU�HDFK�WKHPH��WKH�FRQVROLGDWHG�UHFRPPHQGDWLRQV��DQG�WKH�
IHDVLELOLW\�DQG�LPSDFW�LQSXW�FDQ�EH�IRXQG�LQ�$SSHQGL[�5�����
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3RVW�ZRUNVKRS��WKH�WLGDO�VHVVLRQ�ZRUNVKRS�OHDGHUVKLS�WHDP�VHOHFWHG�ILYH�UHFRPPHQGDWLRQV�WKDW�
JHQHUDWHG�WKH�PRVW�LQWHUHVW�IURP�WKH�WLGDO�SDUWLFLSDQWV�EDVHG�RQ�WKHLU�IHDVLELOLW\�DQG�LPSDFW�DQG�
ZHUH�WKH�PRVW�GHYHORSHG�GXULQJ�WKH�ZRUNVKRS�VHVVLRQV��:KLOH�'D\���RI�WKH�ZRUNVKRS�KDG�
VHSDUDWH�VHVVLRQV�IRU�WKH�HFRV\VWHP�EDVHG�PDQDJHPHQW�DQG�WKH�QHZ�WHPSHUDWXUH�UHJLPH�WKHPHV��
WKH�UHFRPPHQGDWLRQV�IRU�WKHVH�WZR�WKHPHV�ZHUH�JURXSHG�WRJHWKHU�VLQFH�WKH�HFRV\VWHP�EDVHG�
PDQDJHPHQW�GLVFXVVLRQV�FDUULHG�RYHU�LQWR�WKH�QHZ�WHPSHUDWXUH�UHJLPH�VHVVLRQ�UHVXOWLQJ�LQ�WKH�
RYHUODS�RI�LGHDV��$V�D�UHVXOW��UHFRPPHQGDWLRQV�������DQG���DGGUHVV�ERWK�WKHVH�WKHPHV��
5HFRPPHQGDWLRQ���HPHUJHG�IURP�WKH�0XOWLSOH�6WUHVVRUV�VHVVLRQ�DQG�UHFRPPHQGDWLRQ���HPHUJHG�
IURP�WKH�1HDUVKRUH�+DELWDWV�VHVVLRQ��7KH�ILYH�PDQDJHPHQW�UHFRPPHQGDWLRQV�DQG�WKH�WKHPHV�
WKDW�JXLGHG�WKHLU�GHYHORSPHQW�DUH�GHVFULEHG�EHORZ���

(FRV\VWHP�%DVHG�0DQDJHPHQW�DQG�1HZ�7HPSHUDWXUH�5HJLPH�5HFRPPHQGDWLRQV�

5HFRPPHQGDWLRQ��:�(VWDEOLVK�&KHVDSHDNH�%D\�ZLGH�VWULSHG�EDVV�ILVKLQJ�JXLGDQFH�EDVHG�RQ�
WHPSHUDWXUH�DQG�GLVVROYHG�R[\JHQ�WKUHVKROGV�WR�UHGXFH�FDWFK�DQG�UHOHDVH�PRUWDOLW\��&RQVLGHU�
GHYHORSLQJ�KDELWDW�FRQGLWLRQ�WKUHVKROGV�DQG�ILVKLQJ�JXLGDQFH�IRU�RWKHU�UHFUHDWLRQDOO\�WDUJHWHG�

VSHFLHV�DW�ULVN�GXULQJ�SHULRGV�RI�SRRU�KDELWDW�FRQGLWLRQV��

5DWLRQDOH��:DUP�VXUIDFH�ZDWHUV�DQG�ORZ�GLVVROYHG�R[\JHQ�ERWWRP�ZDWHUV�RXWVLGH�WKH�RSWLPDO�
UDQJHV�IRU�ILVK�VXUYLYDO�PLQLPL]HV�XVDEOH�KDELWDW��FRPPRQO\�UHIHUUHG�WR�DV�D�³KDELWDW�VTXHH]H�´�
)LVK�H[SHULHQFLQJ�WKLV�KDELWDW�VTXHH]H�DUH�XQGHU�VWUHVV�DQG�DUH�PRUH�VXVFHSWLEOH�WR�PRUWDOLW\�
DVVRFLDWHG�ZLWK�FDWFK�DQG�UHOHDVH�UHFUHDWLRQDO�ILVKLQJ��7KLV�VWUHVV�FDQ�EH�PLQLPL]HG�E\�QRWLI\LQJ�
DQJOHUV�RI�GD\V�ZKHQ�KDELWDW�FRQGLWLRQV�DUH�SRRU�DQG�GLVFRXUDJH�ILVKLQJ�WKDW�FRXOG�UHVXOW�LQ�FDWFK�
DQG�UHOHDVH�PRUWDOLW\���

,PSOHPHQWDWLRQ�$FWLRQV��

�� +RVW�IRFXVHG�PHHWLQJV�ZLWK�WKH�MRLQW�6XVWDLQDEOH�)LVKHULHV�DQG�+DELWDW�*,7V��DQG�WKH�)LVK
+DELWDW�$FWLRQ�7HDP��)+$7���WR�UHYLHZ�H[LVWLQJ�VFLHQFH�RQ�WHPSHUDWXUH�DQG�R[\JHQ
WKUHVKROGV��DSSOLFDWLRQ�RI�WKH�VFLHQFH�WR�GHYHORS�ED\�ZLGH�WKUHVKROGV�DQG�JXLGDQFH���7KH
GHVLUHG�RXWFRPH�RI�WKHVH�PHHWLQJV�LV�WR�HVWDEOLVK�WHPSHUDWXUH�DQG�R[\JHQ�WKUHVKROGV�IRU
VWULSHG�EDVV�DQG�RWKHU�NH\�VSHFLHV�EDVHG�RQ�EHVW�DYDLODEOH�VFLHQFH��H�J���QXPEHU�RI�GD\V
DERYH�D�FHUWDLQ�WHPSHUDWXUH�LQ�FRPELQDWLRQ�ZLWK�K\SR[LF�FRQGLWLRQV�WR�LQIRUP�JXLGDQFH
VHQW�WR�DQJOHUV�DQG�SRVVLEO\�RWKHU�ILVKLQJ�UHVWULFWLRQV��

�� &RQYHQH�GLVFXVVLRQV�DW�WKH�6XVWDLQDEOH�)LVKHULHV�*,7��6)*,7��ZLWK�PDQDJHUV�DQG�LQYLWHG
DQJOHUV�WR�D��FRQVLGHU�WKH�WHPSHUDWXUH�DQG�R[\JHQ�WKUHVKROGV�ILQGLQJV�RI�WKH�)+$7�DQG
GHYHORS�DQG�FRPPXQLFDWH�JXLGDQFH�WR�DQJOHUV�RQ�WKH�HQYLURQPHQWDO�WKUHVKROGV�DQG�ZD\V
WR�PRGLI\�ILVKLQJ�SUDFWLFHV�WR�UHGXFH�PRUWDOLW\�ZKHQ�ILVK�DUH�PRVW�YXOQHUDEOH��E��FRQVLGHU
ILVKLQJ�UHVWULFWLRQV�LQ�DUHDV�ZKHUH�FRQGLWLRQV�H[FHHG�WKUHVKROGV�WR�UHGXFH�ILVKLQJ
PRUWDOLW\��DQG�F��GHYHORS�RSWLRQV�IRU�KRZ�WKH�WKUHVKROGV�FRXOG�EH�EXLOW�LQWR�ILVKHU\
PDQDJHPHQW�SODQV�DW�VWDWH�DQG�UHJLRQDO��$WODQWLF�6WDWHV�0DULQH�)LVKHULHV�&RPPLVVLRQ�
OHYHOV�
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7KHUH�DUH�FXUUHQW�H[DPSOHV�WKDW�DSSO\�WKUHVKROG�FRQFHSWV�DQG�FRXOG�EH�H[SDQGHG�%D\�ZLGH��)RU�
LQVWDQFH��WKH�0DU\ODQG�'HSDUWPHQW�RI�1DWXUDO�5HVRXUFHV¶�&OLFN�%HIRUH�<RX�&DVW�VLPSOH�\HW�
LQIRUPDWLYH�DSSURDFK�WR�GHVFULELQJ�FRQGLWLRQV�IRU�ILVKLQJ�FRXOG�EH�PHUJHG�ZLWK�D�WHPSHUDWXUH�
DGYLVRU\�V\VWHP�VLPLODU�WR�0DU\ODQG�'15¶V�V\VWHP�IRU�DQJOHUV�ILVKLQJ�VWULSHG�EDVV��0DU\ODQG�
'15¶V�DGYLVRU\�V\VWHP�XVHV�D�VWRSOLJKW�DSSURDFK�EDVHG�RQ�WHPSHUDWXUH�WKUHVKROGV�WR�LQIRUP�
ILVKLQJ�EHKDYLRUV�WKDW�PLQLPL]H�VWUHVV�WR�VWULSHG�EDVV��JUHHQ� �ILVKLQJ�FRQGLWLRQV�DUH�QRUPDO��
\HOORZ� �IRUHFDVWHG�WHPSHUDWXUHV�LQGLFDWH�H[WUHPH�FDUH�HQFRXUDJHG�±�NHHS�FDXJKW�ILVK�IRU�ODWHU�
UHOHDVH�LQ�ZDWHU��UHG� �IRUHFDVWHG�WHPSHUDWXUHV�LQGLFDWH�QRW�WR�ILVK�IRU�WKDW�VSHFLHV�DIWHU�D�FHUWDLQ�
WLPH�LQ�WKH�PRUQLQJ�RU�ILVK�RWKHU�OHVV�YXOQHUDEOH�VSHFLHV���0'�'15������6LPLODU�DSSOLFDWLRQV�
FRXOG�EH�SXW�LQ�SODFH�IRU�9LUJLQLD�DQG�3RWRPDF�WLGDO�ILVKHU\�SURJUDPV��$GGLWLRQDOO\��HVWDEOLVKHG�
WKUHVKROGV�FRXOG�EH�XVHG�WR�LQIRUP�ILVKLQJ�GHFLVLRQV��SDUWLFXODUO\�LQ�WKH�VXPPHU��ZKHQ�
WHPSHUDWXUHV�DUH�KLJK�HQRXJK�WKDW�ZRXOG�VXEVWDQWLDOO\��QHJDWLYHO\�DIIHFW�WKH�ILVK���

6FLHQFH�1HHGV�WR�6XSSRUW�,PSOHPHQWDWLRQ��

�� 6\QWKHVL]H�H[LVWLQJ�VFLHQFH�WR�GHWHUPLQH�WHPSHUDWXUH�DQG�'2�KDELWDW�FRQGLWLRQ�WKUHVKROGV
IRU�VWULSHG�EDVV�DQG�RWKHU�NH\�VSHFLHV��7KHUH�PD\�EH�D�QHHG�IRU�PRUH�LQIRUPDWLRQ�RQ�KRZ
DLU�DQG�ZDWHU�WHPSHUDWXUHV�LQWHUDFW�DQG�LWV�HIIHFW�RQ�VSHFLHV�VSHFLILF�PRUWDOLW\�ULVN�WKDW
UHTXLUHV�ODE�DQG�ILHOG�VWXGLHV��+RZHYHU��VHYHUDO�VWXGLHV�KDYH�EHHQ�FRQGXFWHG�RQ�VWULSHG
EDVV�DQG�WKHVH�VKRXOG�VHUYH�DV�WKH�VWDUWLQJ�SRLQW�

�� &RQGXFW�LQYHVWLJDWLRQV�WR�EHWWHU�XQGHUVWDQG�EHKDYLRU�RI�DQJOHUV�RQ�WKH�ZDWHU��L�H��
WKURZLQJ�EDFN�DOO�ILVK��NHHSLQJ�VRPH�ILVK���7KLV�FRXOG�LQFOXGH�JDWKHULQJ�DGGLWLRQDO
LQIRUPDWLRQ�DERXW�EHKDYLRU�RI�WKH�ILVKHUV�ZKHQ�WKH\�DUH�RXW�RQ�WKH�ZDWHU�VXFK�DV�DUH�WKH\
MXVW�JRLQJ�RXW�WR�FDWFK�DQG�UHOHDVH��GR�WKH\�FDWFK�WKHLU�OLPLW�DQG�KHDG�EDFN�WR�VKRUH��RU�GR
WKH\�FDWFK�WKHLU�OLPLW�DQG�FRQWLQXH�WR�ILVK�DQG�FDWFK�DQG�UHOHDVH�

�� 'HYHORS�KDELWDW�VXLWDELOLW\�PRGHOV�DQG�LQGLFDWRUV�IRU�NH\�ILVKHU\�UHVRXUFHV��)RU�H[DPSOH�
12$$�DQG�WKH�&%3�KDYH�IXQGHG�VHYHUDO�SURMHFWV�TXDQWLI\LQJ�WKH�LPSDFWV�RI�WHPSHUDWXUH
DQG�RWKHU�HFRV\VWHP�GULYHUV�RQ�IRUDJH��)DEUL]LR�HW�DO��������:RRGODQG�HW�DO��������
VWULSHG�EDVV��'L[RQ�HW�DO��������DQG�VXPPHU�IORXQGHU��)DEUL]LR�HW�DO��������6FKRQIHOG�HW
DO��������

�����5HFRPPHQGDWLRQ��:�'HYHORS�DQG�LPSOHPHQW�D�VWUDWHJ\�WR�LPSURYH�FRPPXQLFDWLRQV�EHWZHHQ�
OLYLQJ�UHVRXUFH�PDQDJHUV��VFLHQWLVWV�DQG�VWDNHKROGHUV�RQ�WKH�QHZ�WHPSHUDWXUH�UHJLPH��WKH�

LPSDFWV�DQG�PDQDJHPHQW�UHVSRQVH�DGDSWDWLRQ�VWUDWHJLHV��

5DWLRQDOH��,W�LV�FOHDU�WKH�&KHVDSHDNH�%D\�LV�XQGHUJRLQJ�DQ�HFRV\VWHP�UHJLPH�VKLIW�GULYHQ�E\�
FOLPDWH�FKDQJH�DQG�RWKHU�IDFWRUV��1HZ�VSHFLHV�DQG�QHZ�ILVKHULHV�DUH�HPHUJLQJ�LQ�WKH�%D\��DQG�
H[LVWLQJ�VSHFLHV�DQG�ILVKHULHV�DUH�XQGHUJRLQJ�FKDQJH��6RPH�VSHFLHV�DQG�ILVKHULHV�ZLOO�EH�ORVW�
IURP�WKH�%D\�HQWLUHO\��7KHUH�LV�D�QHHG�WR�EHWWHU�FRPPXQLFDWH�WKH�LPSDFWV�RI�ULVLQJ�ZDWHU�
WHPSHUDWXUHV�WR�PDQDJH�WKH�SXEOLF¶V�H[SHFWDWLRQV�RI�ZKDW�WKH�%D\�ZLOO�ORRN�OLNH��

,PSOHPHQWDWLRQ�$FWLRQV��

https://eyesonthebay.dnr.maryland.gov/eyesonthebay/clickbeforecast.cfm
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�� 6XVWDLQDEOH�)LVKHULHV�DQG�+DELWDW�*,7�UHSUHVHQWDWLYHV�PHHW�ZLWK�WKH�&%3
FRPPXQLFDWLRQV�WHDP�WR�VFRSH�RXW�D�FRPPXQLFDWLRQV�VWUDWHJ\�FRQYH\LQJ�WKDW�WKH�VKLIW�WR
D�QHZ�WHPSHUDWXUH�UHJLPH�LQ�WKH�%D\�LV�DOUHDG\�XQGHUZD\��&KDQJH�KDV�DOUHDG\�RFFXUUHG
LQ�WKH�%D\¶V�HFRV\VWHP��SRWHQWLDOO\�EULQJLQJ�QHZ�VSHFLHV�DQG�ILVKHULHV��DV�ZHOO�DV
LPSDFWLQJ�FXUUHQW�VSHFLHV�DQG�ILVKHULHV��7KLV�VWUDWHJ\�VKRXOG�EH�WDLORUHG�WR�IRFXV�RQ
YDULRXV�DXGLHQFHV±SROLF\�PDNHUV��PDQDJHUV��DQG�UHVLGHQWV��DV�HDFK�VWDNHKROGHU�JURXS�KDV
WKHLU�RZQ�XQLTXH�SHUVSHFWLYHV�ZLWK�UHJDUG�WR�WKLV�FKDQJLQJ�V\VWHP�

6FLHQFH�1HHGV�WR�6XSSRUW�,PSOHPHQWDWLRQ��

�� 8QGHUVWDQG�ZKHUH�WKH�JDSV�DUH�LQ�RXU�FXUUHQW�FRPPXQLFDWLRQ�VWUDWHJLHV
D� 5HVHDUFK�FRPPXQLFDWLRQ�VWUDWHJLHV�WR�WDUJHW�VSHFLILF�DXGLHQFHV

�� 6RFLDO�VFLHQFH�UHVHDUFK�WR�KHOS�XQGHUVWDQG�GHFLVLRQ�PDNLQJ��H�J���XQGHUVWDQGLQJ�EHKDYLRU
RI�DQJOHUV�RQ�WKH�ZDWHU�ZKHQ�WKURZLQJ�EDFN�RU�NHHSLQJ�FDWFKHV��XQGHUVWDQGLQJ�SURSHUW\
RZQHUV¶�FKRLFH�LQ�6$9�DQG�VKRUHOLQH�SURWHFWLRQ�

�� 'HYHORSPHQW�RI�FRPPXQLFDWLRQ�VWUDWHJLHV�IRU�VSHFLILF�DXGLHQFHV��H�J���SROLF\�PDNHUV�
PDQDJHUV��UHVLGHQWV��ORFDO�SDUWQHUV�

D� ([DPSOHV��FRPPXQLFDWLRQ�UHJDUGLQJ�VKRUHOLQH�SURWHFWLRQ�GHFLVLRQ�PDNLQJ��SXEOLF
KHDOWK�FRQFHUQV�UHJDUGLQJ�PDULQH�KHDW�ZDYHV�DQG�VWDWH�RI�WKH�ILVKHULHV��WKH�HIIHFW
WKDW�WKH�ORVV�RI�HHOJUDVV�ZLOO�SRWHQWLDOO\�KDYH�RQ�WKH�EOXH�FUDE�LQGXVWU\�

5HFRPPHQGDWLRQ��:�+ROG�D�ZRUNVKRS�ZLWK�PXOWLSOH�ILVKHU\�VWDNHKROGHUV�WR�H[SORUH�VWUDWHJLF��
ORQJ�WHUP�ZD\V�WR�DGYDQFH�HFRV\VWHP�DSSURDFKHV�WR�ILVKHU\�PDQDJHPHQW�LQ�WKH�%D\�WKDW�
LQFRUSRUDWH�FOLPDWH�FKDQJH��7KHVH�DSSURDFKHV�ZRXOG�QHHG�WR�DGGUHVV�FXUUHQW�ILVKHULHV�

PDQDJHPHQW�SUDFWLFHV�WKDW�QHHG�WR�EH�UHDVVHVVHG�EDVHG�RQ�FXUUHQW�FOLPDWH�PRGHOLQJ��DV�ZHOO�DV�
GHYHORSLQJ�QHZ�ILVKHULHV�PDQDJHPHQW�SUDFWLFHV�WKDW�ZLOO�DGGUHVV�WKH�QHZ��SRWHQWLDO�ILVKHULHV�WKDW�
ZLOO�GHYHORS�DV�VRXWKHUQ�VSHFLHV�PRYH�LQWR�WKH�%D\��7R�EHWWHU�LQIRUP�GHFLVLRQ�PDNHUV��WKHUH�LV�D�
QHHG�WR�GHYHORS�FOLPDWH�VFHQDULRV�DQG�DVVHVV�WKH�ULVNV�RI�HQYLURQPHQWDO�GULYHUV�RQ�ILVKHU\�

VSHFLHV�DQG�WKHLU�KDELWDWV�WR�LQIRUP�ILVKHU\�PDQDJHPHQW�SODQQLQJ�DQG�GHFLVLRQV��

5DWLRQDOH��,QFUHDVLQJ�DLU�DQG�ZDWHU�WHPSHUDWXUHV�DORQJ�ZLWK�RWKHU�FOLPDWH�FKDQJH�GULYHUV�DUH�
DOUHDG\�OHDGLQJ�WR�FKDQJHV�LQ�WKH�DEXQGDQFH�DQG�GLVWULEXWLRQ�RI�FRDVWDO�DQG�&KHVDSHDNH�%D\�
ILVKHULHV�DV�ZHOO�DV�WKHLU�KDELWDW��$W�WKH�VDPH�WLPH��VRXWKHUQ�VSHFLHV�DUH�PRYLQJ�QRUWKZDUG�DQG�
VKRZLQJ�XS�LQ�JUHDWHU�DEXQGDQFHV�LQ�WKH�&KHVDSHDNH�%D\�DQG�LQ�VRPH�FDVHV�FUHDWLQJ�QHZ�ILVKHU\�
RSSRUWXQLWLHV��7KH�FXUUHQW�ILVKHU\�PDQDJHPHQW�IUDPHZRUN�LV�QRW�FRQVLGHULQJ�WKHVH�FKDQJHV�LQ�D�
VWUDWHJLF��V\VWHPDWLF��FRRUGLQDWHG�ZD\��

,PSOHPHQWDWLRQ�$FWLRQV��

�� +ROG�D�IRFXVHG�6XVWDLQDEOH�)LVKHULHV�*,7�IRUXP�WR�LGHQWLI\�WKH�FKDQJHV�WKDW�DUH
RFFXUULQJ�DQG�GHYHORS�VFHQDULRV�IRU�KRZ�WKH�%D\�DQG�ILVKHULHV�ZLOO�FKDQJH�RYHU�WKH�QH[W
���\HDUV�

https://apps-st.fisheries.noaa.gov/dismap/
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�� &RQYHQH�ILVKHU\�VXUYH\�H[SHUWV�WR�GLVFXVV�LI�FKDQJHV�DUH�QHHGHG�RQ�KRZ�ZH�FRQGXFW�ILVK
VWRFN�VXUYH\V�XQGHU�FKDQJLQJ�FOLPDWH�FRQGLWLRQV��([DPSOHV�DUH�

D� %OXH�FUDE�ZLQWHU�GUHGJH�VXUYH\�FDWFKDELOLW\�HVWLPDWHV�
E� 6WRFN�DVVHVVPHQW�VXUYH\V�WR�EHWWHU�FDSWXUH�VKLIWV�LQ�WHPSHUDWXUH�UDQJHV�VHDVRQV

DQG�UHVSRQVH�WR�HPHUJLQJ�ILVKHULHV�

6FLHQFH�1HHGV�WR�6XSSRUW�,PSOHPHQWDWLRQ��

�� ,PSURYH�HQYLURQPHQWDO�PRQLWRULQJ�RI�VXUIDFH�DQG�ERWWRP�WHPSHUDWXUH��GLVVROYHG�R[\JHQ
DQG�ILVK�KDELWDW�FRQGLWLRQ��3DLU�ILVKHU\�VXUYH\�GDWD�DQG�WHOHPHWU\�ILVK�WDJ�GHWHFWLRQV�ZLWK
GDWD�RQ�FKDQJLQJ�HQYLURQPHQWDO�FRQGLWLRQV�WR�EHWWHU�XQGHUVWDQG�LPSDFWV�RQ�ILVKHU\
UHVRXUFHV�DW�WHPSRUDO�DQG�VSDWLDO�VFDOHV�WKDW�FDQ�EH�XVHG�E\�PDQDJHUV�

�� ([SORUH�D�VWDWH�RI�HFRV\VWHP�UHSRUW�OHYHO�V\QWKHVLV�IRU�WKH�&KHVDSHDNH�%D\�WR�WUDFN�KRZ
FOLPDWH�FKDQJH�LV�SURJUHVVLQJ�DQG�IRU�XVH�E\�PDQDJHUV�WR�DGDSW�DFWLRQV�DGGUHVVLQJ�WKH
FKDQJHV�DSSURSULDWHO\��'HWHUPLQH�WKH�DSSURSULDWH�WLPH�IUDPH�IRU�WKLV�UHSRUW�RQ�DQ�DQQXDO�
��\HDU����\HDU��RU�RWKHU�EDVLV�

�� %HWWHU�XQGHUVWDQGLQJ�RI�SK\VLRORJLFDO�UHVSRQVH�RI�FHUWDLQ�VSHFLHV��H�J���ORZHU�WURSKLF
RUJDQLVPV��QHHG�LQ�VLWX�PRQLWRULQJ�WR�EHWWHU�DVVHVV�FKDQJH��

�� ([SORUH�DVVHVVPHQWV�IRU�HPHUJLQJ�ILVKHULHV�WR�IDFLOLWDWH�PDQDJHPHQW�DV�FOLPDWH�FKDQJH
FUHDWHV�FRQGLWLRQV�IRU�WKHVH�ILVKHULHV�WR�EH�HFRQRPLFDOO\�YLDEOH�

�� &RQVLGHU�HVWDEOLVKLQJ�PRQLWRULQJ�VWDWLRQV�ZKHUH�WKHUH�DUH�VLJQLILFDQW�ILVKHULHV�KDELWDW�DQG
VSDZQLQJ�JURXQGV��ORQJ�WHUP�PRQLWRULQJ�FXUUHQWO\�LV�PRUH�VHW�XS�WR�FKDUDFWHUL]H�ODUJH
ED\�VHJPHQWV���7KHUH�DUH�FHUWDLQ�VHQWLQHO�VLWHV�ZLWK�FRQWLQXRXV�PRQLWRULQJ�VLWHV�WKDW
FRXOG�EH�FRQVLGHUHG��H�J���WKH�1DWLRQDO�(VWXDULQH�5HVHDUFK�5HVHUYH�6\VWHP��

�� (YDOXDWH�QHHG�IRU�]RRSODQNWRQ�PRQLWRULQJ�DW�VSDZQLQJ�DQG�QXUVHU\�DUHDV�
D� 7KH�&KHVDSHDNH�%D\�LV�FKDQJLQJ��:KLOH�LW�LV�H[SHFWHG�WKDW�LPSURYHPHQWV�LQ

KDELWDW�GXH�WR�QXWULHQW�UHGXFWLRQV�DQG�UHGXFHG�ILVKLQJ�PRUWDOLW\�UDWHV�ZLOO�GULYH
LPSURYHPHQW�LQ�WKH�%D\¶V�OLYLQJ�UHVRXUFHV�DQG�ILVKHULHV��SDVW�PRQLWRULQJ�������
�����DQG�������LQGLFDWHG�PDMRU�QHJDWLYH�VKLIWV�LQ�SK\WRSODQNWRQ��]RRSODQNWRQ�
ILVK��DQG�VKHOOILVK�LQFRQVLVWHQW�ZLWK�H[SHFWDWLRQV�IURP�WKH�%D\�FOHDQXS�
=RRSODQNWRQ�DUH�DQ�LPSRUWDQW�OLQN�LQ�WKH�IRRG�FKDLQ�WKDW�WUDQVIRUP�QXWULHQWV�WR
ILVK�SURGXFWLRQ�E\�IHHGLQJ�ILVK�ODUYDH�RI�PDQ\�VSHFLHV�DQG�SURYLGLQJ�IRUDJH�IRU
IRUDJH�ILVK��=RRSODQNWRQ�PRQLWRULQJ�FDQ�EH�XVHIXO�IRU�XQGHUVWDQGLQJ�HFRV\VWHP
FKDQJHV�DVVRFLDWHG�ZLWK�ODUJH�VFDOH�HIIRUWV�WR�LPSURYH�ZDWHU�TXDOLW\�LQ
&KHVDSHDNH�%D\�DQG�LV�FXUUHQWO\�D�PLVVLQJ�EXLOGLQJ�EORFN�RI�WKH�IUDPHZRUN�IRU
HFRV\VWHP�EDVHG�ILVKHULHV�PDQDJHPHQW�LQ�WKH�%D\�

�� ,PSURYH�LQIRUPDWLRQ�RQ�GULYHUV�RI�QDWXUDO�PRUWDOLW\�DQG�UHFUXLWPHQW�VXFFHVV�IRU�NH\
ILVKHU\�VSHFLHV�DQG�EXLOG�WKRVH�GULYHUV�LQWR�HFRV\VWHP�PRGHOV��7KHVH�LPSURYHG�PRGHOV
ZLOO�WKHQ�SURYLGH�EHWWHU�LQIRUPDWLRQ�RQ�KRZ�FOLPDWH�FKDQJH�ZLOO�DIIHFW�ILVKHULHV��&RQGXFW
UHVHDUFK�RQ�DQG�HQKDQFH�WKH�H[LVWLQJ�HFRV\VWHP�PRGHOV�WR�EHWWHU�FDSWXUH�FOLPDWH�FKDQJH
GULYHUV�DQG�LPSDFWV�
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�� %HWWHU�XQGHUVWDQGLQJ�RI�KRZ�WKH�ORVV�RI�ODWH�ZLQWHU�VSULQJ�HHOJUDVV�KDELWDW�LQ�WKH
SRO\KDOLQH�UHJLRQ�RI�WKH�%D\�KDV�DQG�ZLOO�FRQWLQXH�WR�LPSDFW�WKH�EOXH�FUDE�ILVKHU\�

0XOWLSOH�6WUHVVRUV�5HFRPPHQGDWLRQ�

5HFRPPHQGDWLRQ��:�$Q�LQWHUGLVFLSOLQDU\�WHDP�RI�VFLHQWLVWV��UHVRXUFH�PDQDJHUV��PHWHRURORJLVWV��
DQG�FRPPXQLFDWRUV�VKRXOG�FROODERUDWH�WR�GHVLJQ�DQG�FUHDWH�D�SXEOLFO\�DYDLODEOH�PDULQH�KHDW�

ZDYH�DOHUW�V\VWHP�DQG�H[SORUH�RSWLRQV�WR�LQFRUSRUDWH�LQIRUPDWLRQ�RQ�PXOWLSOH�VWUHVVRUV��H�J���ORZ�
GLVVROYHG�R[\JHQ���7KH�V\VWHP�ZRXOG�GHILQH�HVWXDULQH�PDULQH�KHDW�ZDYH�FRQGLWLRQV�DQG�VHQG�

SXVK�QRWLILFDWLRQV�WR�VWDNHKROGHUV�DERXW�VDIHW\�DQG�KRZ�WR�PLWLJDWH�LPSDFWV�RQ�KXPDQ�KHDOWK�DQG�
OLYLQJ�UHVRXUFHV���

5DWLRQDOH� 0DULQH�KHDWZDYHV�DUH�GHILQHG�DV�D�VKRUW�SHULRG�RI�DQRPDORXV�KLJKHU�RFHDQ�
WHPSHUDWXUHV�DQG�FDQ�EH�FDXVHG�E\�RFHDQ�FXUUHQWV��DLU�VHD�KHDW�IOX[��DQG�ZDUPLQJ�WKURXJK�WKH�
RFHDQ�VXUIDFH��0DULQH�KHDW�ZDYHV�LQ�WKH�&KHVDSHDNH�%D\�DUH�LQFUHDVLQJ�LQ�IUHTXHQF\��QXPEHU�RI�
GD\V�SHU�\HDU�DQG�\HDUO\�FXPXODWLYH�LQWHQVLW\��0D]]LQL�DQG�3LDQFD���������,I�WUHQGV�SHUVLVW��E\�
�����WKH�&KHVDSHDNH�%D\�ZLOO�UHDFK�D�VHPL�SHUPDQHQW�PDULQH�KHDW�ZDYH�VWDWH��0DULQH�KHDW�
ZDYHV�GLUHFWO\�DQG�LQGLUHFWO\�QHJDWLYHO\�LPSDFW�KDELWDW��OLYLQJ�UHVRXUFHV��DQG�KXPDQ�
FRPPXQLWLHV��0DULQH�KHDW�ZDYHV�DUH�DVVRFLDWHG�ZLWK�KDUPIXO�DOJDO�EORRPV��LQFUHDVH�LQ�EDFWHULD�
VXFK�DV�YLEULR��PRUWDOLW\�RI�6$9�DQG�RWKHU�RUJDQLVPV��IXUWKHU�GHFUHDVHV�LQ�ERWWRP�GLVVROYHG�
R[\JHQ��VKLIWV�LQ�VSHFLHV�FRPSRVLWLRQ��LQFUHDVHG�ULVN�GXULQJ�UHFUHDWLRQDO�DFWLYLWLHV�DQG�LPSDFWV�WR�
ILVKLQJ�DQG�DTXDFXOWXUH��'XULQJ�D�PDULQH�KHDW�ZDYH��LW�LV�LPSRUWDQW�WR�FKDQJH�KRZ�ZKHQ�ZKHUH�
ILVKLQJ�DQG�DTXDWLF�UHFUHDWLRQ�DUH�RFFXUULQJ�WR�PLQLPL]H�LPSDFW�RQ�ERWK�SHRSOH�DQG�DTXDWLF�OLIH� 

,PSOHPHQWDWLRQ�$FWLRQV��

�� 7KH�6FLHQWLILF�DQG�7HFKQLFDO�$GYLVRU\�&RPPLWWHH��67$&��DQG�RU�6FLHQWLILF��7HFKQLFDO�
$VVHVVPHQW�DQG�5HSRUWLQJ��67$5��WHDP�FRQYHQH�&%3�SDUWQHUV�DQG�RWKHU�UHOHYDQW
H[SHUWV�VXFK�DV�12$$¶V�ZHDWKHU�VHUYLFH�DQG�&OLPDWH�3URJUDP�2IILFH�WR�UHYLHZ�WKH�VWDWH
RI�WKH�VFLHQFH�DQG�VFRSH�RXW�D�FRQFHSWXDO�GHVLJQ�IRU�D�KHDWZDYH�DOHUW�V\VWHP��'XULQJ�WKLV
ZRUNVKRS��SDUWLFLSDQWV�ZLOO�FRQVLGHU�WKH�GHJUHH�RI�IRFXV�RQ�KXPDQ�KHDOWK�DQG�RU�OLYLQJ
UHVRXUFH�ULVN��WKH�VFDOH��H�J��MXULVGLFWLRQDO��%D\�ZLGH��RU�WULEXWDU\�VSHFLILF���DOHUWV�EDVHG
RQ�UHDO�WLPH�PRQLWRULQJ�GDWD��UHWURVSHFWLYH��YV��IRUHFDVW�PRGHOV��SURVSHFWLYH���DQG�ZKLFK
DJHQF\�ZRXOG�LVVXH�DOHUWV��H�J���0'�'15�9$'(4��1:6��HWF���

�� 5HYLHZ�WKH�IROORZLQJ�WRSLFV�DQG�LVVXHV�LQ�SODQQLQJ�IRU�WKH�UHFRPPHQGHG
ZRUNVKRS�PHHWLQJ�

D� ,QFRUSRUDWH�KXPDQ�KHDOWK�ULVNV�DVVRFLDWHG�ZLWK�PDULQH�KHDW�ZDYHV�DQG�JXLGDQFH
RQ�PLWLJDWLQJ�LPSDFWV�

E� 'HVLJQ�DQG�GHYHORS�D�PRELOH�DSSOLFDWLRQ�RU�LQFRUSRUDWH�LQWR�DQ�H[LVWLQJ
DSSOLFDWLRQ��VXFK�DV�(\HV�RQ�WKH�%D\���LQFOXGLQJ�WKH�LPSDFW�DQG�ZKDW�WKH�SXEOLF
VKRXOG�GR�WR�OLPLW�WKHLU�LPSDFW��L�H���GRQ
W�WDNH�ILVK�RXW�RI�WKH�ZDWHU��

F� 7HVW�WR�HQVXUH�XVHU�LQWHUIDFH�LV�HDV\�DQG�VWUDLJKWIRUZDUG�IRU�HQG�XVHUV�
G� 3DUWQHU�ZLWK�WKH�PHWHRURORJLFDO�FRPPXQLW\�DQG�WKH�PHGLD�WR�LQFRUSRUDWH�LQWR

ZHDWKHU�IRUHFDVWV�DQG�ZDUQLQJV�DV�D�UHDO�WLPH�SXVK�QRWLILFDWLRQ�

https://www.frontiersin.org/articles/10.3389/fmars.2021.750265/full
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H� ([DPSOHV�RI�VLPLODU�H[LVWLQJ�DOHUW�V\VWHPV�LQFOXGH�
L� 1&&26�GHYHORSHG�D�*XOI�RI�0H[LFR�+DUPIXO�$OJDO�%ORRP��+$%�

)RUHFDVW�V\VWHP�IRU�7H[DV�DQG�)ORULGD��HQG�XVHUV�FDQ�VLJQ�XS�IRU�+$%
DOHUWV�WKURXJK�WKLV�WRRO��ZKLFK�FDQ�KHOS�LQIRUP�DQ\�EHKDYLRU�ZKHQ
LQWHUDFWLQJ�ZLWK�WKH�*XOI�

LL� 1&&26�GHYHORSHG�D�&KHVDSHDNH�%D\�9LEULR�YXOQLILFXV�)RUHFDVW�V\VWHP
ZLWK�PRGHOLQJ�IRU�WKH�SUHYLRXV�VL[�GD\V��FXUUHQW�GD\��DQG�WKH�QH[W�GD\�
(QG�XVHUV�FDQ�RSW�WR�UHFHLYH�IRUHFDVW�XSGDWHV�DQG�EUHDNLQJ�QHZV�RQ
9LEULR�

�� ,I�H[SHUWV�DQG�VWDNHKROGHUV�DJUHH�WKDW�VXFK�D�SURGXFW�ZRXOG�EH�YDOXDEOH�WR�UHGXFLQJ�ULVN
WR�SHRSOH�DQG�OLYLQJ�UHVRXUFHV�DQG�KDYH�GHYHORSHG�D�FRQFHSWXDO�GHVLJQ��WKHQ�FRQVLGHU
*,7�IXQGLQJ�IRU�SURGXFW�GHYHORSPHQW�

6FLHQFH�1HHGV�WR�6XSSRUW�,PSOHPHQWDWLRQ��

�� 5HYLHZ�FXUUHQW�GHILQLWLRQV�RI�PDULQH�KHDW�ZDYHV��H�J��+REGD\�HW�DO��������0D]]LQL�DQG
3LDQFD��������DQG�FRQGXFW�UHVHDUFK�WR�GHWHUPLQH�DQ�DSSURSULDWH�GHILQLWLRQ�IRU
&KHVDSHDNH�%D\��RU�WULEXWDULHV�DV�DSSURSULDWH��

�� ([SORUH�UHDO�WLPH�PRQLWRULQJ�RI�PDULQH�KHDW�ZDYHV�DQG�QHHG�IRU�IRUHFDVW�SURGXFWV�

�� &RQVLGHU�D�PDULQH�KHDW�ZDYH�LQGLFDWRU�WKDW�FRQQHFWV�ZLWK�OLYLQJ�UHVRXUFH�PDQDJHPHQW
DQG�JXLGDQFH�WR�WKH�SXEOLF�

D� /LQN�PDULQH�KHDW�ZDYHV�WR�OLYLQJ�UHVRXUFHV�E\�DQDO\]LQJ�PDULQH�KHDW�ZDYHV�DQG
ILVKHU\�VXUYH\�GDWD�VXFK�DV�&KHV00$3�

E� ,QFRUSRUDWH�GLVVROYHG�R[\JHQ�DQG�OLQNV�WR�KDELWDW�SUHIHUHQFHV�RI�NH\�VSHFLHV�VXFK
DV�VWULSHG�EDVV��EOXH�FUDEV��R\VWHU��DQG�6$9�

F� 6\QWKHVLV�(OHPHQW���3DSHU��$SSHQGL[�/��SURYLGHV�FRQFHSWXDO�LGHDV�DQG�SRWHQWLDO
H[LVWLQJ�GDWD�VRXUFHV�WKDW�FRXOG�LQIRUP�D�ILVKHULHV�PDULQH�KHDW�ZDYH�LQGLFDWRU�

�� 'HYHORSPHQW�RI�WKH�ZDUQLQJ�V\VWHP�

�� 2XWUHDFK�WR�WKH�SXEOLF�DQG�WR�SDUWQHUV�GXULQJ�GHYHORSPHQW�WR�LQFRUSRUDWH�VWDNHKROGHU
QHHGV�

1HDUVKRUH�+DELWDW�5HFRPPHQGDWLRQ�

5HFRPPHQGDWLRQ��: &KHVDSHDNH�%D\�3URJUDP�SDUWQHUV�VKRXOG�GHYHORS�FRPPRQ�FULWHULD�DQG�
PHWULFV�WR�KHOS�WDUJHW��VLWH��GHVLJQ�DQG�LPSOHPHQW�WLGDO�QDWXUDO�LQIUDVWUXFWXUH�SURMHFWV�LQ�WKH�
QHDUVKRUH�ZKHUH�HFRORJLFDO�DQG�FOLPDWH�UHVLOLHQFH�EHQHILWV�DUH�KLJKHVW� $�SULRULW\�VKRXOG�EH�

SODFHG�RQ�WKH�XVH�RI�QDWXUDO�LQIUDVWUXFWXUH�E\�FRQVHUYLQJ�QDWXUDO�VKRUHOLQHV�LQFOXGLQJ�PDUVKHV��
ZHWODQGV��R\VWHU�UHHIV��DQG�6$9�DQG�FUHDWLQJ�OLYLQJ�VKRUHOLQHV�LQ�DUHDV�WKDW�LQFRUSRUDWH�PXOWLSOH�
KDELWDW�W\SHV��)ROORZLQJ�WDUJHWLQJ�DQG�SULRULWL]DWLRQ�RI�SURMHFWV��HPSKDVLV�VKRXOG�EH�SODFHG�RQ�

https://coastalscience.noaa.gov/science-areas/stressor-impacts-mitigation/hab-forecasts/gulf-of-mexico/
https://coastalscience.noaa.gov/science-areas/stressor-impacts-mitigation/hab-forecasts/gulf-of-mexico/
https://products.coastalscience.noaa.gov/vibrioforecast/vulnificus/chesapeake/default.aspx
about:blank
https://products.coastalscience.noaa.gov/vibrioforecast/vulnificus/chesapeake/default.aspx
https://products.coastalscience.noaa.gov/vibrioforecast/vulnificus/chesapeake/default.aspx
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DFFHOHUDWLQJ�SUHIHUUHG�GHVLJQV��SURYLGLQJ�LQIRUPDWLRQ�RQ�IXQGLQJ�RSSRUWXQLWLHV�DQG�SURYLGLQJ�
WHFKQLFDO�GUDIWLQJ�DVVLVWDQFH�IRU�LPSOHPHQWDWLRQ�SURSRVDOV��

5DWLRQDOH� 6KRUHOLQH�KDUGHQLQJ�DORQJ�WKH�FRDVWOLQHV�RI�WKH�%D\�FRQWLQXHV�GHVSLWH�UHJXODWLRQV�LQ�
0DU\ODQG�DQG�9LUJLQLD�WR�SURPRWH�QDWXUDO�LQIUDVWUXFWXUH��LQFOXGLQJ�OLYLQJ�VKRUHOLQHV��WLGDO�
ZHWODQGV��DQG�RWKHU�QHDUVKRUH�QDWXUH�EDVHG�IHDWXUH��ZKHUH�IHDVLEOH�DQG�EHQHILFLDO��H�J��7KH�
/LYLQJ�6KRUHOLQH�3URWHFWLRQ�$FW�LQ�0DU\ODQG�DQG�9LUJLQLD¶V�/LYLQJ�6KRUHOLQH�5HTXLUHPHQW�LQ�
6%������+DUGHQHG�VKRUHOLQHV�DGYHUVHO\�LPSDFW�RUJDQLVPV�DQG�HFRV\VWHPV�LQFOXGLQJ�ILVK�KDELWDW��
6$9��ZDWHU�IRZO��DQG�ZDWHU�TXDOLW\��1DWXUDO�LQIUDVWUXFWXUH�SURYLGHV�HFRV\VWHP�VHUYLFHV�LQ�WKH�
IDFH�RI�D�FKDQJLQJ�FOLPDWH��LQFOXGLQJ�VKRUHOLQH�HURVLRQ�SURWHFWLRQ��UHIXJH�IRU�PDQ\�ILVK�DQG�
VKHOOILVK�VSHFLHV�IURP�PXOWLSOH�VWUHVVRUV��SURWHFWLRQ�IURP�ULVLQJ�ZDWHU�WHPSHUDWXUHV��
VHGLPHQWDWLRQ�PLWLJDWLRQ��DQG�LPSURYHG�ZDWHU�TXDOLW\��1DWXUDO�LQIUDVWUXFWXUH�LV�DQ�RSSRUWXQLW\�WR�
FUHDWH�D�OLQN�EHWZHHQ�SURWHFWLQJ�FRPPXQLWLHV�IURP�IORRGLQJ�KD]DUGV�ZKLOH�DOVR�HQKDQFLQJ�KDELWDW�
WR�EHQHILW�OLYLQJ�UHVRXUFHV�DQG�UHFUHDWLRQDO�DFWLYLWLHV��(YLGHQFH�VKRZV�QDWXUDO�LQIUDVWUXFWXUH�
SURYLGHV�PXOWLSOH�FOLPDWH��HFRORJLFDO�DQG�VRFLDO�EHQHILWV��6XWWRQ�*ULHU�HW�DO��������DQG�LV�D�
VKRUHOLQH�SURWHFWLRQ�RSWLRQ�WKDW�SURYLGHV�ORQJHU�WHUP�UHVLOLHQFH�ZKHQ�FRPSDUHG�WR�WKH�KDUGHQHG�
RSWLRQV��&XUULQ�������12$$�GHILQHV�³QDWXUDO�LQIUDVWUXFWXUH´�DV�KHDOWK\�HFRV\VWHPV±H�J���IRUHVWV��
ZHWODQGV��IORRGSODLQV��GXQH�V\VWHPV��VXEPHUJHG�DTXDWLF�YHJHWDWLRQ��DQG�UHHIV���7KHVH�EHQHILWV�
DQG�HFRV\VWHP�VHUYLFHV�LQFOXGH�VWRUP�SURWHFWLRQ�WKURXJK�ZDYH�DWWHQXDWLRQ�RU�IORRG�VWRUDJH�
FDSDFLW\��HQKDQFHG�ZDWHU�VHUYLFHV�DQG�VHFXULW\��LQFUHDVHG�KDELWDW�IRU�YHUWHEUDWH�DQG�LQYHUWHEUDWH�
VSHFLHV��LPSURYHG�ZDWHU�TXDOLW\��DQG�SURWHFWLRQ�IURP�VKRUHOLQH�HURVLRQ��:KLOH�PDQ\�WHUPV�H[LVW�
IRU�WKLV�LQIUDVWUXFWXUH��H�J���OLYLQJ�VKRUHOLQHV��QDWXUH�EDVHG�LQIUDVWUXFWXUH��JUHHQ�LQIUDVWUXFWXUH��
DQG�QDWXUDO�QDWXUH�EDVHG�IHDWXUHV���IRU�WKH�SXUSRVH�RI�WKLV�UHSRUW��QDWXUDO�LQIUDVWUXFWXUH�FRYHUV�DOO�
WKHVH�WHUPV�� 

,PSOHPHQWDWLRQ�$FWLRQV��

�� 'HYHORS�VLWLQJ�FULWHULD�DQG�WDUJHWLQJ�WRROV�WR�IDFLOLWDWH�GHYHORSPHQW�RI�PRUH�SURMHFW
GHVLJQV�DQG�SURMHFW�LPSOHPHQWDWLRQ�SURSRVDOV�

D� &RQYHQH�D�PHHWLQJ�WKURXJK�6FLHQWLILF��7HFKQLFDO�$VVHVVPHQW�DQG�5HSRUWLQJ
�67$5��WHDP�WKDW�LQFOXGHV�NH\�&%3�H[SHUWV�DQG�VWDNHKROGHUV�ZRUNLQJ�RQ
QHDUVKRUH�UHVWRUDWLRQ��ZHWODQGV��OLYLQJ�VKRUHOLQHV��R\VWHUV��6$9��WR�FRPSLOH
H[LVWLQJ�FULWHULD�DQG�WDUJHWLQJ�WRROV�DQG�ORRN�IRU�ZD\V�WR�LQWHJUDWH�LQIRUPDWLRQ�LQWR
WKH�*,6�WHDP¶V�&URVV�*,7�PDSSLQJ�SODWIRUP��7ZR�FXUUHQW�*,7�IXQGHG�SURMHFWV
ZLOO�DLG�LQ�WDUJHWLQJ�SRWHQWLDO�QDWXUDO�LQIUDVWUXFWXUH�SURMHFWV�DQG�KHOS�LGHQWLI\
UHJLRQDO�SDUWQHUV�DQG�IXQGLQJ�VRXUFHV��³6\QWKHVLV�RI�6KRUHOLQH��6HD�/HYHO�5LVH�
DQG�0DUVK�0LJUDWLRQ�'DWD�IRU�:HWODQG�5HVWRUDWLRQ�7DUJHWLQJ´�DQG�³3DUWQHUVKLS�
%XLOGLQJ�DQG�,GHQWLILFDWLRQ�RI�&ROODERUDWLYH�7LGDO�0DUVK�$GDSWDWLRQ�3URMHFWV�´�$
WKLUG�*,7�IXQGHG�SURMHFW�DVVHVVLQJ�WKH�LPSDFWV�RI�FOLPDWH�VWUHVVRUV�RQ�6$9�PD\
DOVR�SURYLGH�VLWLQJ�LQIRUPDWLRQ�IRU�6$9�UHVWRUDWLRQ�DQG�QDWXUDO�LQIUDVWUXFWXUH
VROXWLRQV�

E� 8VH�)HGHUDO�(PHUJHQF\�0DQDJHPHQW�$JHQF\��)(0$��KD]DUG�PLWLJDWLRQ�SODQV�DW
FRPPXQLW\�OHYHO�IRU�WDUJHWLQJ��7KH�SODQV�DUH�D�JRRG�LQIRUPDWLRQ�VRXUFH�RQ�KD]DUG
LQIRUPDWLRQ�DQG�IORRG�LPSDFWV�ZKLFK�FDQ�EH�OLQNHG�WR�KDELWDW�SURWHFWLRQ�JRDOV�

https://dnr.maryland.gov/ccs/Documents/ls/2008_LSPA.pdf
https://dnr.maryland.gov/ccs/Documents/ls/2008_LSPA.pdf
https://lis.virginia.gov/cgi-bin/legp604.exe?201+ful+CHAP0809
https://www.fema.gov/emergency-managers/risk-management/hazard-mitigation-planning
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�� &RQGXFW�RXWUHDFK�WR�KRPHRZQHUV��5HYLHZ�FXUUHQW�VWXGLHV�RQ�EHKDYLRUDO�GULYHUV�EHKLQG
VKRUHOLQH�KDUGHQLQJ�GHFLVLRQV�DQG�VXPPDUL]H�ILQGLQJV�WR�GHYHORS�HIIHFWLYH
FRPPXQLFDWLRQ�VWUDWHJLHV�IRU�KRPHRZQHUV�WR�LQFUHDVH�WKH�XVH�RI�OLYLQJ�VKRUHOLQHV�RYHU
KDUGHQHG�VWUXFWXUHV��:RUN�ZLWK�UHJLRQDO�SDUWQHUV��H�J���5LYHUNHHSHU��WR�FRPPXQLFDWH
ZLWK�UHVLGHQWV�

D� ([SORUH�UHFHQW�HIIRUWV�VXFK�DV�0'�'HSDUWPHQW�RI�1DWXUDO�5HVRXUFHV¶��'15�
6RFLDO�0DUNHWLQJ�WR�,PSURYH�6KRUHOLQH�0DQDJHPHQW�3URMHFW��9LUJLQLD�,QVWLWXWH�RI
0DULQH�6FLHQFH¶V��9,06��6KRUHOLQH�3URSHUW\�2ZQHU�0RWLYDWLRQV��3HUFHSWLRQV�
DQG�'ULYHUV�3URMHFW��DQG�WKH�&%3�6$9�DQG�&RPPXQLFDWLRQ�:RUNJURXS¶V�6RFLDO
0DUNHWLQJ�3URMHFW�RQ�6$9��%DUULHUV�DQG�%HQHILWV�ZLWK�UHJDUG�WR�VKRUHOLQH
SURSHUW\�RZQHUV��DQG�LGHQWLI\�JDSV�LQ�FXUUHQW�FRPPXQLFDWLRQ�VWUDWHJLHV�

�� 'HYHORS�D�&KHVDSHDNH�%D\�VSHFLILF�JXLGH�IRU�KRPHRZQHUV��FLW\�DQG�WRZQ�SODQQHUV��DQG
GHYHORSHUV�ZLWK�D�PHQX�RI�OLYLQJ�VKRUHOLQH�RSWLRQV��ZKHUH�WKH\�ZRUN�EHVW�DQG�KRZ�WR
LQWHJUDWH�RWKHU�KDELWDWV��6$9��R\VWHUV��HWF���

�� +ROG�GLVFXVVLRQ�ZLWK�PHPEHUV�RI�WKH�6$9�:RUNJURXS�DQG�)+$7�WR�H[SORUH
GHYHORSPHQW�RI�D�IXQGLQJ�SURSRVDO�IRU�D�SURRI�RI�FRQFHSW�SURMHFW�WKDW�LQWHJUDWHV�6$9�DQG
R\VWHUV�

6FLHQFH�1HHGV�WR�6XSSRUW�,PSOHPHQWDWLRQ��

�� 'HWDLOHG�DQDO\VLV�RI�FRVWV�RI�QDWXUDO�LQIUDVWUXFWXUH�YHUVXV�KDUGHQHG�LQIUDVWUXFWXUH��H�J��
EXONKHDG��ULS�UDS��LQFOXGLQJ�ORQJ�WHUP�PDLQWHQDQFH�FRVWV�

�� 7KUHVKROG�DQDO\VLV�WR�GHWHUPLQH�ZKHQ�HFRORJLFDO�LPSDFWV�RU�EHQHILWV�RFFXU�IURP�QDWXUDO
LQIUDVWUXFWXUH�LPSOHPHQWDWLRQ�

�� 'HYHORSPHQW�RI�FULWHULD�IRU�WDUJHWLQJ�ZKHUH�PXOWLSOH�EHQHILWV�DQG�HFRV\VWHP�VHUYLFHV�FDQ
EH�RSWLPL]HG�

�� 8VH�RI�PRGHOV�WR�LQFUHDVH�XQGHUVWDQGLQJ�RI�KDELWDW�FKDQJH�IURP�VHD�OHYHO�ULVH�DV�WR
OHYHUDJH�FKDQJH�IRU�GLIIHUHQW�UHVWRUDWLRQ�HIIRUWV��VXEWLGDO�R\VWHUV�YHUVXV�LQWHUWLGDO��

�� 'HYHORSPHQW�RI�SLORW�VWXGLHV�FR�ORFDWLQJ�6$9�DQG�R\VWHUV�WR�LQFUHDVH�XQGHUVWDQGLQJ�RI
WKH�V\QHUJLVWLF�EHQHILWV��VXFK�DV�WKH�EXIIHULQJ�FDSDFLW\�RI�6$9�EHGV�WR�PLQLPL]H�WKH
HIIHFWV�RI�FRDVWDO�RFHDQ�DFLGLILFDWLRQ�RQ�QHDUE\�YXOQHUDEOH�VKHOOHG�RUJDQLVPV��H�J��
R\VWHUV���&RDVWDO�RFHDQ�DFLGLILFDWLRQ�UHIHUV�WR�LQFUHDVHV�LQ�FDUERQ�GLR[LGH�LQ�WKH�ZDWHU
FROXPQ�DEVRUEHG�IURP�WKH�DWPRVSKHUH�UHVXOWLQJ�LQ�GHFUHDVHV�LQ�S+�DQG�FDUERQDWH
DYDLODELOLW\��7KLV�ZRUN�ZRXOG�EXLOG�RQ�WKH�FXUUHQW�VWXG\�E\�5LYHVW�HW�DO���9,06�DQG�2OG
'RPLQLRQ�8QLYHUVLW\��DVVHVVLQJ�RFHDQ�DFLGLILFDWLRQ�WKUHVKROGV�LQ�&KHVDSHDNH�%D\�

�����6FLHQWLILF��$VVHVVPHQW�DQG�0RQLWRULQJ�1HHGV�DQG�5HFRPPHQGDWLRQV�
2YHUDUFKLQJ�5HVHDUFK��0RQLWRULQJ��DQG�0RGHOLQJ�1HHGV�

https://d18lev1ok5leia.cloudfront.net/chesapeakebay/documents/hunt_shorelinescommunicationproject.pdf
https://d18lev1ok5leia.cloudfront.net/chesapeakebay/documents/guthrie_shorelinepropowners_wwg.pdf
https://d18lev1ok5leia.cloudfront.net/chesapeakebay/documents/guthrie_shorelinepropowners_wwg.pdf


43 

7KURXJKRXW�WKLV�67$&�ZRUNVKRS�HIIRUW��D�PXOWLWXGH�RI�PDQDJHPHQW�UHFRPPHQGDWLRQV�DQG�
DVVRFLDWHG�VFLHQFH�QHHGV�ZHUH�LGHQWLILHG��0DQ\�RI�WKHVH�VFLHQFH�QHHGV�DUH�FURVV�FXWWLQJ�DQG�
UHOHYDQW�WR�PRUH�WKDQ�RQH�PDQDJHPHQW�UHFRPPHQGDWLRQ�DERYH��7R�PDNH�RYHUDOO�SURJUHVV�RQ�
DGGUHVVLQJ�ULVLQJ�ZDWHU�WHPSHUDWXUHV�RQ�OLYLQJ�UHVRXUFHV��D�FRRUGLQDWHG�HIIRUW�ZLOO�EH�QHHGHG�E\�
&%3�SDUWQHUV�RQ�FURVV�FXWWLQJ�VFLHQFH�QHHGV��7KH�RYHUDUFKLQJ�UHVHDUFK��PRQLWRULQJ��DQG�
PRGHOLQJ�QHHGV�DUH�GHVFULEHG�EHORZ���

5HVHDUFK�

7KH�&%3�SDUWQHUV�VKRXOG�IRFXV�RQ�UHYLHZLQJ�DQG�FRPSLOLQJ�FXUUHQW�UHVHDUFK�UHODWHG�WR�VRFLDO�
VFLHQFH�DQG�XQGHUVWDQGLQJ�WKH�EHKDYLRU�RI�VWDNHKROGHUV�LQWHUDFWLQJ�ZLWK�WKH�&KHVDSHDNH�%D\��
VSHFLILFDOO\�DV�LW�SHUWDLQV�WR�VKRUHOLQH�SURWHFWLRQ�DQG�KDUGHQLQJ��ILVKLQJ�DFWLYLW\��DQG�
FRPPXQLFDWLRQ�DERXW�FXUUHQW�DQG�IXWXUH�%D\�HFRV\VWHP�VWDWXV��7KH�&%3�VKRXOG�WKHQ�LGHQWLI\�
DQG�DGGUHVV�JDSV�LQ�FXUUHQW�NQRZOHGJH�DERXW�WKHVH�WRSLFV��$GGLWLRQDOO\��WKHUH�LV�D�QHHG�IRU�
UHVHDUFK�WR�EHWWHU�XQGHUVWDQG�KRZ�DQG�WR�ZKDW�GHJUHH�FRXOG�ZDWHUVKHG�%03V�PLQLPL]H�ZDUPLQJ�
IRU�QHDUVKRUH�KDELWDWV�ZLWKLQ�WLGDO�WULEXWDULHV�LQ�VKRUW�WR�PLG�WHUP�WLPHIUDPHV�UHODWHG�WR�FRROLQJ�
EHQHILWV�IRU�6$9�DQG�ILVK���

0RQLWRULQJ�DQG�$QDO\VLV�

7KH�&%3�SDUWQHUV�VKRXOG�IRFXV�RQ�LPSURYHPHQWV�WR�ORQJ�WHUP�PRQLWRULQJ�QHWZRUNV�VXUURXQGLQJ�
ZDWHU�WHPSHUDWXUH��K\SR[LD��VDOLQLW\��QXWULHQWV��DQG�ZDWHU�FODULW\�WR�KHOS�EHWWHU�DVVHVV�FKDQJH�LQ�
KDELWDW�FRQGLWLRQV�IRU�6$9�DQG�ILVKHULHV��7KH�LQFOXVLRQ�RI�LQ�VLWX�ILVK�DQG�SODQNWRQ�PRQLWRULQJ�
ZRXOG�DOORZ�IRU�EHWWHU�DVVHVVPHQW�RI�VHDVRQDO�VKLIWV�LQ�WHPSHUDWXUHV�DQG�ZKHWKHU�UHFUXLWPHQW�LV�
DIIHFWHG�GXH�WR�XQIDYRUDEOH�FKDQJHV�LQ�VSDZQLQJ�WLPLQJ�DQG�SUH\�UHVRXUFHV��)XUWKHUPRUH��PRUH�
KDELWDW�PRQLWRULQJ�LV�QHHGHG�WR�EHWWHU�XQGHUVWDQG�KRZ�6$9�FRPPXQLW\�FKDQJHV�IURP�VHDVRQDO�
WHPSHUDWXUH�VKLIWV�DQG�WKH�WLPLQJ�GLIIHUHQWLDO�RI�HHOJUDVV�DQG�ZLGJHRQ�JUDVV�ZLOO�DIIHFW�KDELWDW�
XVH�DQG�SURGXFWLYLW\�RI�EOXH�FUDEV�DQG�RWKHU�ILVKHULHV���

0RGHOLQJ 

7KH�QHHG�H[LVWV�IRU�FXUUHQW�PRGHOLQJ�WR�DLG�LQ�GHFLVLRQ�PDNLQJ�DV�LW�UHODWHV�WR�ULVLQJ�ZDWHU�
WHPSHUDWXUHV�LQ�WKH�&KHVDSHDNH�%D\��7KH�&%3�DQG�SDUWQHUV�VKRXOG�IRFXV�HIIRUWV�RQ�PRGHOLQJ�
LPSURYHPHQWV�WR�KHOS�FDUU\�RXW�WKH�DERYH�LGHQWLILHG�LPSOHPHQWDWLRQ�DFWLRQV��,Q�JHQHUDO��WKHUH�LV�D�
QHHG�IRU�JUHDWHU�KDELWDW�VXLWDELOLW\�PRGHOLQJ�WKDW�LQWHJUDWHV�PXOWLSOH�FOLPDWH�VWUHVVRUV�RQ�6$9�
DQG�ILVKHULHV��XQGHUVWDQGLQJ�DQG�PRGHOLQJ�RI�WKH�OLQNDJHV�EHWZHHQ�HQYLURQPHQWDO�FKDQJH�DQG�LWV�
LPSDFWV�RQ�OLYLQJ�UHVRXUFHV��DQG�VSDWLDO�DQDO\VHV�DQG�PRGHOLQJ�WR�KHOS�LQ�QHDUVKRUH�SURMHFW�
SULRULWL]DWLRQ��7R�DFFRPSOLVK�WKHVH�JRDOV��PRGHO�LPSURYHPHQWV�DUH�QHHGHG�LQ�VLPXODWLQJ�VKDOORZ�
ZDWHU�SDUDPHWHUV��H�J���GLVVROYHG�R[\JHQ��DW�ILQHU�VFDOHV�DQG�LQFRUSRUDWLQJ�XQVWUXFWXUHG�PRGHO�
JULGV�WR�ILW�FRPSOLFDWHG�VKRUHOLQHV��$GGLWLRQDOO\��IRUHFDVWLQJ�PRGHOV�WKDW�SURMHFW�KDELWDW��H�J���
6$9��WLGDO�ZHWODQGV��PLJUDWLRQ�SRWHQWLDO�ZLWK�VHD�OHYHO�ULVH�DQG�VKRUWHU�WHUP�FKDQJHV����YHUVXV���
���\HDUV��WR�VXSSRUW�ILVKHULHV�UHODWHG�GHFLVLRQ�PDNLQJ�DUH�RI�LQWHUHVW�WR�YDULRXV�VWDNHKROGHUV���
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7KURXJK�SUHVHQWDWLRQV�DQG�GLVFXVVLRQV�KHOG�GXULQJ�WKH�SOHQDU\�VHVVLRQV�FRPELQLQJ�SDUWLFLSDQWV
IURP�WKH�FRQFXUUHQW�ZDWHUVKHG�DQG�WLGDO�VHVVLRQV��WKH�IROORZLQJ�FRPPRQ�WKHPHV�DQG�OLQNDJHV
ZHUH�LGHQWLILHG�

භ 0RGHOLQJ�WRRO�LPSURYHPHQWV��PRGHOLQJ�DW�D�ILQHU�VFDOH��LQFRUSRUDWLQJ�WHPSHUDWXUH
FKDQJH�LQ�RXU�PRGHOLQJ�V\VWHPV��DQG�LPSURYLQJ�WKH�FRQQHFWLRQV�EHWZHHQ�WKH�PRGHOV�ZH
XVH�DQG�PRQLWRULQJ�RI�OLYLQJ�UHVRXUFHV��DUH�QHHGHG�WR�HQDEOH�XV�WR�EHWWHU�UHVSRQG�WR
ULVLQJ�ZDWHU�WHPSHUDWXUHV�

භ ([SDQGHG�PRQLWRULQJ��H[SDQGLQJ�WKH�H[LVWLQJ�PRQLWRULQJ�QHWZRUNV�WR�SODFH�PRUH
HPSKDVLV�RQ�FROOHFWLQJ�WKH�GDWD�QHFHVVDU\�WR�WUDFN�DQG�EHWWHU�XQGHUVWDQG�ZDWHU
WHPSHUDWXUH�FKDQJH��DQG�D�IRFXV�RQ�VPDOOHU�VWUHDPV��DUH�QHFHVVDU\�HQKDQFHPHQW�WR�WKH
SDUWQHUVKLS¶V�H[LVWLQJ�ZDWHUVKHG�DQG�WLGDO�PRQLWRULQJ�QHWZRUNV�

භ 3DLUHG�ZDWHU�DQG�DLU�WHPSHUDWXUH�PHDVXUHPHQWV��LPSURYLQJ�RXU�DELOLW\�WR�SDLU
LQIRUPDWLRQ�DERXW�WUHQGV�LQ�ZDWHU�WHPSHUDWXUH�ZLWK�WUHQGV�LQ�DLU�WHPSHUDWXUH�DW�WKH
DSSURSULDWH�VFDOH�ZLOO�JUHDWO\�LPSURYH�RXU�XQGHUVWDQGLQJ�RI�WKH�IRUFHV�GULYLQJ�WKH
REVHUYHG�ZDWHUVKHG�DQG�WLGDO�ULVLQJ�ZDWHU�WHPSHUDWXUHV�DQG�VXSSRUW�PDQDJHPHQW
GHFLVLRQV�

භ 7DUJHWLQJ��LQFRUSRUDWLQJ�FRQVLGHUDWLRQ�RI�ZDWHU�WHPSHUDWXUHV�LQWR�WDUJHWHG
LPSOHPHQWDWLRQ�RI�SUDFWLFHV�DQG�WKH�FR�ORFDWLRQ�RI�SUDFWLFHV��LQFOXGLQJ�GLIIHUHQW
FRPELQDWLRQV�RI�KDELWDW�UHVWRUDWLRQ�DQG�ODQG�FRQVHUYDWLRQ�DFWLYLWLHV��LV�DEVROXWHO\
QHFHVVDU\�WR�HQVXUH�IXWXUH�LPSOHPHQWDWLRQ�HIIRUWV�DFFRXQW�IRU�FRQWLQXHG�ULVLQJ�ZDWHU
WHPSHUDWXUHV�

භ /DQG�XVH�SODQQLQJ��PDNLQJ�VXUH�WKDW�SODQQHUV�DQG�RWKHU�SHRSOH�ZKR�PDNH�ODQG�XVH
GHFLVLRQV�DUH�DUPHG�ZLWK�HVVHQWLDO�LQIRUPDWLRQ�DQG�VFLHQFH�DERXW�WKH�LPSDFWV�RI�WKHLU
GHFLVLRQV�RQ�ULVLQJ�ZDWHU�WHPSHUDWXUHV�LV�NH\�WR�PLWLJDWLQJ�IXWXUH�ULVHV�LQ�ZDWHU
WHPSHUDWXUHV�LQ�WKH�ZDWHUVKHG�DQG�QHDUVKRUH�WLGDO�HQYLURQPHQWV��,W�LV�LPSRUWDQW�WR
FRQVLGHU�QDWXUDO�LQIUDVWUXFWXUH�VWUDWHJLHV�WR�PD[LPL]H�ZDWHU�TXDOLW\��KDELWDW��DQG�OLYLQJ
UHVRXUFHV�EHQHILWV�WKDW�DOVR�EXLOG�UHVLOLHQFH�WR�ZDUPLQJ�ZDWHU�WHPSHUDWXUHV�DQG�RWKHU
FOLPDWH�FKDQJH�FRQGLWLRQV��H�J���LQFUHDVHG�SUHFLSLWDWLRQ��VHD�OHYHO�ULVH���:KLOH�JUD\
LQIUDVWUXFWXUH�DQG�KDUGHQHG�VKRUHOLQHV�DUH�XVHG�WR�PLQLPL]H�FOLPDWH�FKDQJH�LPSDFWV
UHODWHG�WR�ZDWHUVKHG�DQG�FRDVWDO�IORRGLQJ�DQG�VKRUHOLQH�HURVLRQ��WKH\�DOVR�QHJDWLYHO\
DIIHFW�ZDWHU�WHPSHUDWXUH�DQG�QDWXUDO�UHVRXUFHV��6XSSRUWLQJ�UHVHDUFK�DQG�HQKDQFLQJ
NQRZOHGJH�RQ�KRZ�EHVW�WR�LPSOHPHQW�ODQG�XVH�VWUDWHJLHV�WKDW�PD[LPL]H�FOLPDWH
UHVLOLHQFH��ZDWHU�TXDOLW\��KDELWDW��DQG�OLYLQJ�UHVRXUFHV�EHQHILWV�ZLOO�DOORZ�IRU�EHWWHU
RYHUDOO�DGDSWDWLRQ�WR�IXWXUH�FOLPDWH�FRQGLWLRQV�

භ 7KUHVKROGV��XQGHUVWDQGLQJ�WKUHVKROGV�DQG�FRPPXQLFDWLQJ�DERXW�WKH�LPSOLFDWLRQV�RI
WKUHVKROGV�WR�GHFLVLRQ�PDNHUV�DQG�WKH�SXEOLF�ZRXOG�LPSURYH�XQGHUVWDQGLQJ�RI�ZK\
PDQDJHPHQW�WRROV�DQG�DFWLRQV�DUH�QHHGHG�WR�UHVSRQG�WR�ULVLQJ�ZDWHU�WHPSHUDWXUHV�
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භ 1DWXUH�EDVHG�IHDWXUHV��UHVWRUDWLRQ�XVLQJ�QDWXUDO�UHVRXUFHV�ERWK�RQ�WKH�ODQG�DQG�LQ�WKH
ZDWHU�LV�QHFHVVDU\�WR�KHOS�ZLWK�PLWLJDWLRQ�RU�WR�EXLOG�DGGLWLRQDO�UHVLOLHQFH�WR�ULVLQJ�ZDWHU
WHPSHUDWXUHV��1DWXUH�EDVHG�SUDFWLFHV��VXFK�DV�IRUHVW�EXIIHUV��ZHWODQG�UHVWRUDWLRQ��OLYLQJ
VKRUHOLQHV��DQG�6$9�UHVWRUDWLRQ�SURYLGH�PXOWLSOH�HFRORJLFDO�DQG�FOLPDWH�UHVLOLHQFH
EHQHILWV�LQ�DGGLWLRQ�WR�VHTXHVWHULQJ�FDUERQ�IURP�WKH�DWPRVSKHUH��4XDQWLILFDWLRQ�RI�WKHVH
EHQHILWV�DQG�LQFUHDVHG�XQGHUVWDQGLQJ�RQ�WKH�VSDWLDO�DQG�WHPSRUDO�VKLIWV�WR�QDWXUH�EDVHG
IHDWXUHV�ZLOO�EH�LPSRUWDQW�IRU�HIIHFWLYH�QDWXUDO�UHVRXUFH�PDQDJHPHQW�XQGHU�IXWXUH
FOLPDWH�FRQGLWLRQV�

භ &RXQW\�FRPSUHKHQVLYH�SODQV��EXLOGLQJ�WLJKWHU�OLQNDJHV�EHWZHHQ�WKH�JURZLQJ�VFLHQWLILF
XQGHUVWDQGLQJ�RI�ULVLQJ�ZDWHU�WHPSHUDWXUHV�DQG�XSGDWLQJ�DQG�LPSOHPHQWLQJ�FRXQW\
FRPSUHKHQVLYH�SODQV�DUH�HVVHQWLDO�WR�IXWXUH�SODQQLQJ�WR�PLWLJDWH�DQG�DGDSW�WR�ULVLQJ
ZDWHU�WHPSHUDWXUHV�

භ &RPPXQLFDWLRQ��FRPPXQLFDWLRQ�ZLWK�HDFK�RWKHU��FRPPXQLFDWLRQ�ZLWK�GHFLVLRQ�
PDNHUV��DQG�FRPPXQLFDWLRQ�ZLWK�WKH�SXEOLF�LV�NH\�WR�HQVXULQJ�ZH�DOO�VWDUW�WR�GLUHFWO\
FRQVLGHU�WKH�LPSOLFDWLRQ�RI�ULVLQJ�ZDWHU�WHPSHUDWXUHV�LQ�RXU�GD\�WR�GD\�PDQDJHPHQW
GHFLVLRQ�PDNLQJ�
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$�SDQHO�GLVFXVVLRQ�DPRQJ�PDQDJHUV�GUDZQ�IURP�DFURVV�WKH�SDUWQHUVKLS�ZDV�VFKHGXOHG�QHDU�WKH�
HQG�RI�WKH�VHFRQG�ZRUNVKRS�KHOG�RQ�0DUFK������������3DQHO�PHPEHUV�SURYLGHG�WKH�IROORZLQJ�
VHULHV�RI�LQVLJKWV�IRU�FRQVLGHULQJ�ULVLQJ�ZDWHU�WHPSHUDWXUHV�ZLWKLQ�WKH�SDUWQHUVKLS¶V�VKDUHG�
GHFLVLRQ�PDNLQJ�HIIRUWV��

6WD\�IRFXVHG��:H�QHHG�WR�UHFRJQL]H�WKDW�SURWHFWLQJ�H[LVWLQJ�IRUHVW��SURPRWLQJ�ULSDULDQ�EXIIHUV�
DQG�SURPRWLQJ�VPDUW�%03V�±�WKDW�LV��VWD\LQJ�IRFXVHG�RQ�LPSOHPHQWDWLRQ�RI�WKH�&KHVDSHDNH�%D\�
70'/�±�ZLOO�KHOS�JLYH�WKH�%D\�DQG�ZDWHUVKHG�HFRV\VWHPV�WKH�UHVLOLHQFH�WKH\�QHHG�WR�VWD\�WKH�
FRXUVH�LQ�UDSLGO\�FKDQJLQJ�WHPSHUDWXUH�UHJLPHV��5HFRJQL]LQJ�WKDW�PDQ\�SDUWQHUV�DUH�IHHOLQJ�
RYHUZKHOPHG�E\�WDNLQJ�RQ�QHZ�WKLQJV��ZH�QHHG�WR�NHHS�IRFXVHG�RQ�LQFRUSRUDWLQJ�FRQVLGHUDWLRQ�
RI�ULVLQJ�VWUHDP�WHPSHUDWXUH�LQ�WKH�FRQWH[W�RI�ZKDW�WKH�&KHVDSHDNH�%D\�3URJUDP�SDUWQHUVKLS�KDV�
DOUHDG\�FRPPLWWHG�WR�DQG�KDV�H[LVWLQJ�JRDOV�LQ�SODFH�WR�DFKLHYH���

.HHS�SRVLWLYH��:H�KHDUG�D�ORW�DERXW�RQJRLQJ�FKDQJHV�DQG�SURMHFWHG�IXWXUH�FKDQJHV�WR�WKH�
ZDWHUVKHG�DQG�WKH�%D\�HFRV\VWHP�GXH�WR�ULVLQJ�ZDWHU�WHPSHUDWXUHV��+RZ�GR�ZH�WHOO�D�FRPSHOOLQJ�
VWRU\�ZKLFK�UHIOHFWV�VXFK�FKDQJHV"�:H�DUH�DOUHDG\�ZLWQHVVLQJ�FKDQJHV�LQ�RXU�%D\�ILVKHULHV�GXH��
LQ�SDUW��WR�LQFUHDVLQJ�ZDWHU�WHPSHUDWXUHV�WKURXJKRXW�WKH�%D\��:H�QHHG�WR�EH�WHOOLQJ�WKRVH�VWRULHV��
UHDOL]LQJ�WKDW�FRQWLQXHG�FKDQJHV�DUH�LQHYLWDEOH��DQG�ZH�ZLOO�QHHG�WR�DGDSW�WR�WKRVH�FKDQJHV�
WKURXJK�WLPH��

3XW�0RUH�$WWHQWLRQ�RQ�6PDUW�%03V��%03V�DQG�QDWXUDO�LQIUDVWUXFWXUH�DUH�DOO�UHDOO\�LPSRUWDQW�
LQ�WKLV�VLWXDWLRQ��:H¶YH�EHHQ�IRFXVHG�RQ�ZDWHU�TXDOLW\��EXW�LI�WKHUH�DUH�ZDWHU�TXDOLW\�%03V�WKDW�
DUH�IXUWKHU�KHDWLQJ�ZDWHUZD\V��ZH�QHHG�WR�LGHQWLI\�DOWHUQDWLYHV�WKDW�FRXOG�EH�LPSOHPHQWHG�LQ�
PXOWLSOH�ODQGVFDSH�FRQWH[WV��$OWKRXJK�LW�LV�QRW�DOZD\V�SRVVLEOH�WR�HOLPLQDWH�WKH�XVH�RI�KHDWLQJ�
%03V��ZH�FDQ�VWULYH�WR�XVH�RXU�FRQWLQXLQJ�WHFKQRORJLFDO�DGYDQFHV�WR�UHGXFH�WKH�KHDWLQJ�RI�UXQRII�
IURP�FLWLHV��IDUPV�DQG�IRUHVWV��

,QFUHDVHG�LQWHJUDWLRQ�RI�PRQLWRULQJ��2XU�PRQLWRULQJ�SURJUDPV�QHHG�WR�EHWWHU�LQWHJUDWH�
FRQVLGHUDWLRQV�RI�VPDOOHU�VWUHDPV��JURXQGZDWHU��OLYLQJ�UHVRXUFHV�DQG�DLU�WHPSHUDWXUHV�LQ�WKH�
FRQWH[W�RI�ULVLQJ�ZDWHU�WHPSHUDWXUHV��:H�DOVR�QHHG�QHZ�PRQLWRULQJ�DSSURDFKHV�ZKLFK�ZLOO�
HQDEOH�XV�WR�GRFXPHQW�WKH�GXUDWLRQ�DQG�LPSDFW�RI�WHPSHUDWXUH�VKRFNV�WR�UHFHLYLQJ�XUEDQ�VWUHDPV��

&RPPXQLFDWH�EHWWHU�DQG�PRUH�RIWHQ��7R�VXFFHVVIXOO\�FDXVH�EHKDYLRU�PRGLILFDWLRQ��SHRSOH�
QHHG�WR�EHWWHU�XQGHUVWDQG�WKH�UHODWLRQVKLS�EHWZHHQ�ULVLQJ�WHPSHUDWXUH�DQG�ZKDW�WKH\�FDQ�GR�WR�
FRUUHFW�LW��7KLV�VWUDWHJLF�FRPPXQLFDWLRQ�LV�QHHGHG�DURXQG�D�YDULHW\�RI�WRSLFV��LQFOXGLQJ�ILVKHULHV�
DQG�SURSHUW\�PDLQWHQDQFH��&RPPXQLFDWLQJ�DERXW�ULVLQJ�ZDWHU�WHPSHUDWXUHV�SURYLGHV�XV�ZLWK�DQ�
DGGLWLRQDO�PHDQV�IRU�FRPPXQLFDWLQJ�ZK\�WDNLQJ�WKHVH�DFWLRQV�DUH�VR�LPSRUWDQW��

,W
V�DERXW�VDYLQJ�WUHHV��QRW�MXVW�UHSODQWLQJ�QHZ�RQHV��:H�QHHG�WR�TXDQWLI\�ZKDW�ZH�DUH�ORVLQJ�
ZKHQ�ZH�FXW�GRZQ�PDWXUH�WUHHV�DQG�IRUHVWV�DQG�SXW�WKHVH�YDOXHV�LQ�FRQWH[W�ZLWK�ZKDW�ZH�JDLQ�
ZKHQ�ZH�SODQW�VHHGOLQJV��7KH�FRVW�RI�ORVLQJ�PDWXUH�IRUHVW�QHHGV�WR�EH�EHWWHU�FRPPXQLFDWHG���

5HWKLQNLQJ�ZDWHU�TXDOLW\�VWDQGDUGV��:H�QHHG�WR�FKDOOHQJH�RXUVHOYHV�WR�XSGDWH�RXU�VWDWHV¶�
ZDWHU�WHPSHUDWXUH�VWDQGDUGV�DQG�DUWLFXODWH�ZKDW�D�VWDWH�RI�WKH�DUW�VWDQGDUG�PLJKW�ORRN�OLNH�DW�WKH�
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ORFDO�VFDOH��
�
)LVKHULHV�PDQDJHPHQW�ZLOO�EH�GLIIHUHQW�ZLWK�ULVLQJ�ZDWHU�WHPSHUDWXUHV��6WD\�IRFXVHG��NHHS�
SRVLWLYH��DQG�UHFRJQL]H�%D\�ILVKHULHV�DUH�FKDQJLQJ�DQG�ZLOO�FRQWLQXH�WR�FKDQJH��:H�ZLOO�OLNHO\�
KDYH�FRPSOHWHO\�QHZ�ILVKHULHV�LQ�WKH�IXWXUH�DQG�ORVH�ILVKHULHV�ZKLFK�KDYH�EHHQ�DVVRFLDWHG�ZLWK�
&KHVDSHDNH�%D\�IRU�GHFDGHV�RYHU�WLPH��:H�PXVW�FRQWLQXH�WR�PDQDJH�RXU�ILVKHULHV�NHHSLQJ�LQ�
PLQG�WKH�HQWLUH�OLIH�F\FOH�RI�HDFK�ILVKHU\�SRSXODWLRQ��SDUWLFXODUO\�IRU�WKLV�VSHFLHV�ZKLFK�VSHQW�SDUW�
RI�WKHLU�OLYHV�RXWVLGH�RI�&KHVDSHDNH�%D\��:H�UHDOO\�QHHG�WR�PDNH�VXUH��EHIRUH�ZH�DSSURDFK�RXU�
YDVW�DUUD\�RI�ILVKHU\�VWDNHKROGHUV�ZLWK�QHZ�PDQDJHPHQW�DSSURDFKHV��WKDW�ZH�DUH�FRQQHFWLQJ�WKH�
GRWV�RI�ZKDW�LV�KDSSHQLQJ�LQVLGH�DQG�RXWVLGH�RI�WKH�%D\��:H�QHHG�WR�WDNH�IXOO�DGYDQWDJH�RI�WKH�
FOLPDWH�VFHQDULR�SODQQLQJ�LQLWLDWLYH�EHWZHHQ�WKH�$WODQWLF�6WDWHV�0DULQH�)LVKHULHV�&RPPLVVLRQ�
DQG�WKH�0LG�$WODQWLF�)LVKHU\�0DQDJHPHQW�&RXQFLO��
�
8VH�WDUJHWLQJ�WR�DFW�VPDUWHU��QRW�GHOD\��:H�KDYH�D�ORW�RI�WDUJHWLQJ�WRROV�WKDW�FDQ�KHOS�XV�
LGHQWLI\�ZKLFK�ODQGV�WR�FRQVHUYH�DQG�ZKHUH�WR�SODFH�WKH�PRVW�HIIHFWLYH�%03��:H�FRXOG�XVH�WKHVH�
WRROV�PRUH�HIIHFWLYHO\�WR�IDFWRU�LQ�FRQVLGHUDWLRQ�RI�ULVLQJ�ZDWHU�WHPSHUDWXUHV�ZKHQ�LGHQWLI\LQJ�
ZKLFK�SUDFWLFHV�VKRXOG�EH�LPSOHPHQWHG�ZKHUH��+RZHYHU��ZH�VKRXOGQ¶W�GHOD\�LPSOHPHQWDWLRQ�RI�
DFWLRQV�ZH�NQRZ�DUH�QHHGHG�QRZ�LQ�WKH�LQWHUHVW�RI�IXUWKHU�LPSURYLQJ�RXU�H[LVWLQJ�WDUJHWLQJ�WRROV��
�
7KHUH�DUH�RSSRUWXQLWLHV�DW�WKH�ODQG�ZDWHU�LQWHUIDFH��:LWK�QHZ�IHGHUDO�IXQGLQJ�RSSRUWXQLWLHV��
ZH�QHHG�WR�WKLQN�WKURXJK�KRZ�ZH�FDQ�EHVW�SRVLWLRQ�RXUVHOYHV�LQ�WKH�&KHVDSHDNH�%D\�WR�EHWWHU�
DGGUHVV�VWUDWHJLHV�WR�PDLQWDLQ�WKH�QDWXUDO�V\VWHPV�ZH�KDYH�DORQJ�WKH�VKRUHOLQH��:H�QHHG�WR�FDUU\�
RXW�PRUH�UHVWRUDWLRQ�DQG�PRUH�KDELWDW�SURWHFWLRQ�DW�WKDW�QHDU�VKRUH�LQWHUIDFH�WR�SURYLGH�UHIXJH�WR�
D�QXPEHU�RI�VSHFLHV��VXFK�DV�EOXH�FUDEV��R\VWHUV��DQG�IRUDJH�VSHFLHV�LQ�WKH�IDFH�RI�ULVLQJ�ZDWHU�
WHPSHUDWXUHV��
�
�
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