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�������&XUUHQW�/DQG�8VH

$V�DQ�LPSRUWDQW�DJULFXOWXUDO�UHJLRQ�IRU�ERWK�&DOLIRUQLD�DQG�WKH�8QLWHG�6WDWHV��WKH�&HQWUDO
9DOOH\�LV�SUHGRPLQDQWO\�UXUDO��DQG�DJULFXOWXUH�LV�WKH�SULPDU\�ODQG�XVH��&URSV�LQFOXGH
SDVWXUHV��RUFKDUGV�DQG�YLQH\DUGV��YHJHWDEOHV��FRWWRQ��JUDLQV��DQG�ULFH��3DVWXUHV��RUFKDUGV�
DQG�YLQH\DUGV�DUH�WKH�PRVW�DEXQGDQW�FURSODQGV�LQ�WKH�UHJLRQ���1LQHW\�SHUFHQW�RI�LUULJDEOH
ODQG�LV�LQ�LUULJDWHG�FURS�SURGXFWLRQ�DW�DQ\�RQH�WLPH��6-9'3�����D��

7KH�'HPRQVWUDWLRQ�3URMHFW�ODQGV�FRQVLGHUHG�IRU�WKLV�DFWLRQ�DUH�FXUUHQWO\�XQGHU�LUULJDWHG
DJULFXOWXUDO�SURGXFWLRQ��HLWKHU�DFWLYH�FXOWLYDWLRQ�RU�URWDWLRQDO�IDOORZ�F\FOH����$QDO\VLV�RI�ODQG
XVH�PDSV�SXEOLVKHG�E\�WKH�&DOLIRUQLD�'HSDUWPHQW�RI�:DWHU�5HVRXUFHV�DQG�DHULDO
SKRWRJUDSKV�IRU�WKH�SURMHFW�DUHD�LQGLFDWH�WKDW�ODQGV�LQ�WKH�VWXG\�DUHD�KDYH�EHHQ�XQGHU
LUULJDWHG�DJULFXOWXUDO�ODQG�XVH�VLQFH�WKH�����
V��%6.�DQG�$VVRFLDWHV����������&URSSLQJ
SDWWHUQV�RQ�WKHVH�ODQGV�DUH�W\SLFDO�RI�WKRVH�IRXQG�WKURXJKRXW�WKH�6DQ�-RDTXLQ�9DOOH\�DQG
LQFOXGH�FRWWRQ��DOIDOID��VXJDU�EHHWV��ZKHDW��EDUOH\��PHORQV�DQG�WRPDWRHV���<LHOGV�RI�FRWWRQ
DQG�DOIDOID�LQ�WKH�$OSDXJK�VWXG\�DUHD�KDYH�DYHUDJHG�DERXW������EDOHV�RI�OLQW�SHU�DFUH�RI
FRWWRQ�DQG�����WRQV�RI�DOIDOID�KD\�DW�����PRLVWXUH�SHU�DFUH��.HOOHU�DQG�:HJOH\���������
7KHVH�FURSV�DUH�JHQHUDOO\�LUULJDWHG�XWLOL]LQJ�IXUURZ�RU�FRPELQDWLRQ�VSULQNOHU�IXUURZ�V\VWHPV��
6WDQGDUG�IDUPLQJ�SUDFWLFHV�LQFOXGLQJ�WKH�DSSOLFDWLRQ�RI�SHVWLFLGHV�DQG�KHUELFLGHV�IRU�ZHHG
DQG�SHVW�FRQWURO�KDYH�EHHQ�XWLOL]HG�RQ�WKHVH�ODQGV���7ZR�HYDSRUDWLRQ�EDVLQV�ZHUH
FRQVWUXFWHG�RQ�WKH�$OSDXJK�SURSHUWLHV�DQG�KDYH�EHHQ�XVHG�LQ�WKH�SDVW�WR�GLVSRVH�RI
VXEVXUIDFH�DJULFXOWXUDO�GUDLQDJH�ZDWHU���2QH�RI�WKHVH�SRQGV�ZDV�XVHG�RQO\�IRU�D�OLPLWHG�WLPH
SHULRG�DQG�KDV�EHHQ�SHUPDQHQWO\�FORVHG��ZKLOH�WKH�RWKHU�LV�XQGHU�LQWHULP�FORVXUH�UHJXODWRU\
VWDWXV�DQG�FRXOG�EH�XVHG�IRU�GUDLQDJH�GLVSRVDO�LQ�WKH�IXWXUH�LI�WKH�ODQG�LV�NHSW�LQ�
SURGXFWLRQ��

�������&DOLIRUQLD�:DWHU�5LJKWV�DQG�&93�:DWHU�$OORFDWLRQV

7KH�6WDWH�:DWHU�5HVRXUFHV�&RQWURO�%RDUG�FDSWXUHV�WKH�KLVWRU\�DQG�GHILQLWLRQ�RI�WKH�YDULRXV
&DOLIRUQLD�:DWHU�5LJKWV�LQ�3XEOLFDWLRQ����������XSRQ�ZKLFK�WKLV�VHFWLRQ�LV�EDVHG����$�ZDWHU
ULJKW�LV�D�OHJDO�HQWLWOHPHQW�DXWKRUL]LQJ�ZDWHU�WR�EH�GLYHUWHG�IURP�D�VSHFLILHG�VRXUFH�DQG�SXW
WR�EHQHILFLDO�XVH���:DWHU�ULJKWV�DUH�SURSHUW\�ULJKWV��EXW�WKHLU�KROGHUV�GR�QRW�RZQ�WKH�ZDWHU
LWVHOI��WKH\�SRVVHVV�WKH�ULJKW�WR�XVH�LW���7KH�H[HUFLVH�RI�VRPH�ZDWHU�ULJKWV�UHTXLUHV�D�SHUPLW
RU�OLFHQVH�IURP�WKH�6WDWH�:DWHU�5HVRXUFHV�&RQWURO�%RDUG��ZKRVH�REMHFWLYH�LV�WR�HQVXUH�WKDW
WKH�6WDWH¶V�ZDWHUV�DUH�SXW�WR�WKH�EHVW�SRVVLEOH�XVH�DQG�WKDW�WKH�SXEOLF�LQWHUHVW�LV�VHUYHG�

:DWHU�ULJKW�ODZ�LQ�&DOLIRUQLD�DQG�WKH�UHVW�RI�WKH�:HVW�LV�PDUNHGO\�GLIIHUHQW�IURP�ODZV
JRYHUQLQJ�ZDWHU�XVH�LQ�WKH�HDVWHUQ�8QLWHG�6WDWHV���6HDVRQDO��JHRJUDSKLF��DQG�TXDQWLWDWLYH
GLIIHUHQFHV�LQ�SUHFLSLWDWLRQ�FDXVHG�&DOLIRUQLD¶V�V\VWHP�WR�GHYHORS�LQWR�D�XQLTXH�EOHQG�RI�WZR
YHU\�GLIIHUHQW�NLQGV�RI�ULJKWV��ULSDULDQ�DQG�DSSURSULDWLYH���2WKHU�W\SHV�RI�ULJKWV�H[LVW�LQ
&DOLIRUQLD�DV�ZHOO��DPRQJ�WKHP�UHVHUYHG�ULJKWV��ZDWHU�VHW�DVLGH�E\�WKH�IHGHUDO�JRYHUQPHQW
ZKHQ�LW�UHVHUYHV�ODQG�IRU�WKH�SXEOLF�GRPDLQ��DQG�SXHEOR�ULJKWV��D�PXQLFLSDO�ULJKW�EDVHG�RQ
6SDQLVK�DQG�0H[LFDQ�ODZ����

5LSDULDQ�ULJKWV�XVXDOO\�FRPH�ZLWK�RZQLQJ�D�SDUFHO�RI�ODQG�WKDW�LV�DGMDFHQW�WR�D�VRXUFH�RI
ZDWHU�DQG�HQWLWOHV�WKH�ODQGRZQHU�WR�XVH�D�FRUUHODWLYH�VKDUH�RI�WKH�ZDWHU�IORZLQJ�SDVW�KLV�RU
KHU�SURSHUW\���1R�SHUPLWV��OLFHQVHV��RU�JRYHUQPHQW�DSSURYDO�DUH�UHTXLUHG�WR�H[HUFLVH�WKHVH
ULJKWV��5LSDULDQ�ULJKWV�DSSO\�RQO\�WR�WKH�ZDWHU�ZKLFK�ZRXOG�QDWXUDOO\�IORZ�LQ�WKH�VWUHDP��DQG
GR�QRW�HQWLWOH�D�ZDWHU�XVHU�WR�GLYHUW�ZDWHU�WR�VWRUDJH�LQ�D�UHVHUYRLU�IRU�XVH�LQ�WKH�GU\�VHDVRQ
RU�WR�XVH�ZDWHU�RQ�ODQG�RXWVLGH�RI�WKH�ZDWHUVKHG���5LSDULDQ�ULJKWV�UHPDLQ�ZLWK�WKH�SURSHUW\
ZKHQ�LW�FKDQJHV�RZQHUVKLS��DOWKRXJK�SDUFHOV�VHYHUHG�IURP�WKH�DGMDFHQW�ZDWHU�VRXUFH�
XVXDOO\�WKURXJK�VXEGLYLVLRQ�RI�WKH�SDUFHO��JHQHUDOO\�ORVH�WKHLU�ULJKW�WR�WKH�ZDWHU��
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'XULQJ�WKH������*ROG�5XVK��ZDWHU�GHYHORSPHQW�SURFHHGHG�RQ�D�VFDOH�QHYHU�EHIRUH
ZLWQHVVHG�LQ�WKH�8QLWHG�6WDWHV�DV�WKHVH�³IRUW\�QLQHUV´�EXLOW�H[WHQVLYH�QHWZRUNV�RI�IOXPHV
DQG�ZDWHUZD\V�WKDW�FDUULHG�ZDWHU�IDU�IURP�WKH�RULJLQDO�VWUHDP�LQ�RUGHU�WR�ZRUN�WKHLU�FODLPV��
7KHVH�VHOI�JRYHUQLQJ��PDYHULFN�PLQHUV�DSSOLHG�WKH�VDPH�³ILQGHUV�NHHSHUV´�UXOH�WR�ZDWHU�WKDW
WKH\�GLG�WR�WKHLU�PLQLQJ�FODLPV���LW�EHORQJHG�WR�WKH�ILUVW�PLQHU�WR�DVVHUW�RZQHUVKLS���7R�VWDNH
WKHLU�ZDWHU�FODLPV��WKH�PLQHUV�GHYHORSHG�D�V\VWHP�RI�³SRVWLQJ�QRWLFH´�ZKLFK�VLJQDOHG�WKH
ELUWK�RI�WRGD\¶V�DSSURSULDWLYH�ULJKW�V\VWHP���,W�DOORZHG�RWKHUV�WR�GLYHUW�DYDLODEOH�ZDWHU�IURP
WKH�VDPH�ULYHU�RU�VWUHDP��EXW�WKHLU�ULJKWV�H[LVWHG�ZLWKLQ�D�KLHUDUFK\�RI�SULRULWLHV���7KLV�³ILUVW
LQ�WLPH��ILUVW�LQ�ULJKW´�SULQFLSOH�EHFDPH�DQ�LPSRUWDQW�IHDWXUH�RI�PRGHUQ�ZHVWHUQ�ZDWHU�ULJKW
ODZ�

:KHQ�&DOLIRUQLD�HQWHUHG�WKH�8QLRQ�LQ�������RQH�RI�WKH�ILUVW�DFWLRQV�WDNHQ�E\�LWV�ODZPDNHUV
ZDV�WR�DGRSW�WKH�FRPPRQ�ODZ�GRFWULQH�RI�ULSDULDQ�ULJKWV���2QH�\HDU�ODWHU��WKH�/HJLVODWXUH
UHFRJQL]HG�WKH�DSSURSULDWLYH�ULJKW�V\VWHP�DV�KDYLQJ�WKH�IRUFH�RI�ODZ���7KH�DSSURSULDWLYH
ULJKW�V\VWHP�FRQWLQXHG�WR�LQFUHDVH�LQ�XVH�DV�DJULFXOWXUH�DQG�SRSXODWLRQ�FHQWHUV�EORVVRPHG
DQG�RZQHUVKLS�RI�ODQG�ZDV�WUDQVIHUUHG�LQWR�SULYDWH�KDQGV�

7KH�FRQIOLFWLQJ�QDWXUH�RI�&DOLIRUQLD¶V�GXDO�ZDWHU�ULJKW�V\VWHP�SURPSWHG�QXPHURXV�OHJDO
GLVSXWHV���8QOLNH�DSSURSULDWLYH�XVHUV��ULSDULDQ�ULJKW�KROGHUV�ZHUH�QRW�UHTXLUHG�WR�SXW�ZDWHU
WR�UHDVRQDEOH�DQG�EHQHILFLDO�XVH���7KLV�FODVK�RI�ULJKWV�HYHQWXDOO\�UHVXOWHG�LQ�D�FRQVWLWXWLRQDO
DPHQGPHQW��$UWLFOH�;��6HFWLRQ���RI�WKH�&DOLIRUQLD�&RQVWLWXWLRQ��WKDW�UHTXLUHV�DOO�XVH�RI�ZDWHU
EH�³UHDVRQDEOH�DQG�EHQHILFLDO´���7KDW�LV��RQH�FDQQRW�VLPSO\�SXPS�ZDWHU�WR�DYRLG�ORVLQJ�D
ZDWHU�ULJKW�ZLWKRXW�SXWWLQJ�LW�WR�VRPH�XVH��VXFK�DV��PXQLFLSDO�DQG�LQGXVWULDO�XVHV��LUULJDWLRQ�
K\GURHOHFWULF�JHQHUDWLRQ�DQG�OLYHVWRFN�ZDWHULQJ���0RUH�UHFHQWO\��WKH�FRQFHSW�KDV�EHHQ
EURDGHQHG�WR�LQFOXGH�UHFUHDWLRQDO�XVH��ILVK�DQG�ZLOGOLIH�SURWHFWLRQ�DQG�HQKDQFHPHQW�DQG
DHVWKHWLF�HQMR\PHQW���7KLV�GRFWULQH�RI�SXEOLF�WUXVW�KDV�UHFHQWO\�EHFRPH�H[WUHPHO\�LPSRUWDQW�
DV�ERWK�D�UHVXOW�RI�FKDQJLQJ�DWWLWXGHV�DQG�YDOXHV��DQG�DOVR�GXH�LQ�ODUJH�SDUW�WR�WKH
UHTXLUHPHQWV�RI�WKH�(QGDQJHUHG�6SHFLHV�$FW���7KH�FRXUWV�KDYH�KHOG�LW�LV�WKH�VWDWH¶V
UHVSRQVLELOLW\�WR�ZHLJK�WKH�SRWHQWLDO�YDOXH�WR�VRFLHW\�RI�D�SURSRVHG�RU�H[LVWLQJ�GLYHUVLRQ
DJDLQVW�LWV�LPSDFWV�RQ�WUXVW�UHVRXUFHV���&RQVHTXHQWO\��QRW�RQO\�OHJDO�ULJKWV�RI�KXPDQV�DUH�WR
EH�FRQVLGHUHG��EXW�DOVR�WKH�UHTXLUHPHQWV�RI�WKH�HQYLURQPHQW��

8S�WR�WKH�HDUO\�����
V���DSSURSULDWRUV����PRVW�RI�WKH�PLQHUV�DQG�QRQULSDULDQ�IDUPHUV����KDG
VLPSO\�WDNHQ�FRQWURO�RI�DQG�XVHG�ZKDW�ZDWHU�WKH\�ZDQWHG���6RPHWLPHV�QRWLFH�ZDV�ILOHG�ZLWK
WKH�FRXQW\�UHFRUGHU��EXW�QR�IRUPDO�SHUPLVVLRQ�ZDV�UHTXLUHG�IURP�DQ\�DGPLQLVWUDWLYH�RU
MXGLFLDO�ERG\���7KH�:DWHU�&RPPLVVLRQ�$FW�RI������HVWDEOLVKHG�WRGD\¶V�SHUPLW�SURFHVV����7KH
$FW�FUHDWHG�WKH�DJHQF\�WKDW�ODWHU�HYROYHG�LQWR�WKH�6WDWH�%RDUG�DQG�JUDQWHG�LW�WKH�DXWKRULW\
WR�DGPLQLVWHU�SHUPLWV�DQG�OLFHQVHV�IRU�&DOLIRUQLD¶V�VXUIDFH�ZDWHU���7KH�DFW�ZDV�WKH
SUHGHFHVVRU�WR�WRGD\¶V�:DWHU�&RGH�SURYLVLRQV�JRYHUQLQJ�DSSURSULDWLRQ�

7KHVH�SRVW������DSSURSULDWLYH�ULJKWV�DUH�JRYHUQHG�E\�WKH�DIRUHPHQWLRQHG�KLHUDUFK\�RI
SULRULWLHV�GHYHORSHG�E\�WKH�IRUW\�QLQHUV���$Q�DSSURSULDWLYH�ZDWHU�ULJKW�LV�DQ�H[FOXVLYH�ULJKW�WR
WDNH�D�VSHFLILF�DPRXQW�RI�ZDWHU��IURP�D�VSHFLILF�VRXUFH��IRU�D�VSHFLILF�XVH��DW�D�VSHFLILF
ORFDWLRQ�GXULQJ�D�VSHFLILF�SHULRG�RI�WLPH���,Q�WLPHV�RI�VKRUWDJH�WKH�PRVW�UHFHQW��³MXQLRU´�
ULJKW�KROGHU�PXVW�EH�WKH�ILUVW�WR�GLVFRQWLQXH�XVH��HDFK�ULJKW¶V�SULRULW\�GDWHV�WR�WKH�WLPH�WKH
SHUPLW�DSSOLFDWLRQ�ZDV�ILOHG�ZLWK�WKH�6WDWH�%RDUG���$OWKRXJK�SUH�DQG�SRVW������ULJKWV�DUH
VLPLODU��SRVW������ULJKWV�DUH�VXEMHFW�WR�D�PXFK�JUHDWHU�GHJUHH�RI�VFUXWLQ\�DQG�UHJXODWLRQ�E\
WKH�%RDUG���5LSDULDQ�ULJKWV�VWLOO�KDYH�D�KLJKHU�SULRULW\�WKDQ�DSSURSULDWLYH�ULJKWV���7KH
SULRULWLHV�RI�ULSDULDQ�ULJKW�KROGHUV�JHQHUDOO\�FDUU\�HTXDO�ZHLJKW��GXULQJ�D�GURXJKW�DOO�VKDUH
WKH�VKRUWDJH�DPRQJ�WKHPVHOYHV�
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���������&93�:DWHU�$OORFDWLRQV

7KH�&HQWUDO�9DOOH\�3URMHFW�LV�D�PDVVLYH�V\VWHP�RI����GDPV�DQG�UHVHUYRLUV�DV�ZHOO�DV�FDQDOV�
SRZHUSODQWV��DQG�RWKHU�IDFLOLWLHV���7KH�&93�SURYLGHV�LUULJDWLRQ�DQG�XUEDQ�ZDWHU��SURGXFHV
FRPPHUFLDO�SRZHU�DQG�SURYLGHV�IORRG�SURWHFWLRQ��QDYLJDWLRQ��ILVK�DQG�ZLOGOLIH��ZDWHUIRZO�
UHFUHDWLRQ�DQG�ZDWHU�TXDOLW\�EHQHILWV���3URMHFW�IDFLOLWLHV�H[WHQG�IURP�WKH�&DVFDGH�5DQJH�QHDU
5HGGLQJ�WR�WKH�7HKDFKDSLV�DQG�%DNHUVILHOG�DUHD�LQ�WKH�VRXWKHUQ�SDUW�RI�WKH�&HQWUDO�9DOOH\�

&93�³3URMHFW�:DWHU´�UHIHUV�WR�DOO�ZDWHU�WKDW�LV�GHYHORSHG��GLYHUWHG��VWRUHG�RU�GHOLYHUHG�E\
WKH�8QLWHG�6WDWHV�LQ�DFFRUGDQFH�ZLWK�WKH�VWDWXWHV�DXWKRUL]LQJ�WKH�3URMHFW�DQG�LQ�DFFRUGDQFH
ZLWK�WKH�WHUPV�DQG�FRQGLWLRQV�RI�DSSOLFDEOH�ZDWHU�ULJKWV�SHUPLWV�DQG�OLFHQVHV�DFTXLUHG�E\
DQG�RU�LVVXHG�WR�WKH�8QLWHG�6WDWHV��%XUHDX�RI�5HFODPDWLRQ��SXUVXDQW�WR�&DOLIRUQLD�ODZ���7KH
86%5�LV�WKH�KROGHU�RI�WKH�DFWXDO�ZDWHU�³ULJKW´�DFFRUGLQJ�WR�VWDWH�ODZ���7KH�GLVWULFWV�RU�ZDWHU
XVHUV�ZLWK�ZKRP�LW�FRQWUDFWV�WR�VHOO�SURMHFW�ZDWHU�KROG�DQ�³DOORFDWLRQ´�WR�D�FHUWDLQ�DPRXQW�RI
SURMHFW�ZDWHU�DV�VSHFLILHG�LQ�HDFK�SXUFKDVHU¶V�LQGLYLGXDO�&93�FRQWUDFW���7KH�&RQWUDFWRU�PXVW
PDNH�UHDVRQDEOH�DQG�EHQHILFLDO�XVH�RI�3URMHFW�:DWHU�RU�RWKHU�ZDWHU�IXUQLVKHG�SXUVXDQW�WR
&93�FRQWUDFWV���8QGHUJURXQGZDWHU�UHFKDUJH�ZKLFK�LV�FRQVLVWHQW�ZLWK�DSSOLFDEOH�6WDWH�ODZ�LV
FRQVLGHUHG�D�UHDVRQDEOH�DQG�EHQHILFLDO�XVH���6WDWH�:DWHU�5HVRXUFHV�&RQWURO�%RDUG�������

7KH�UHODWLRQVKLS�EHWZHHQ�WKH�GLVWULFW�RU�ZDWHU�DJHQF\�DQG�LWV�ODQGRZQHUV�LV�DOVR�FRQWUDFWXDO�
WKHUHIRUH�LQGLYLGXDO�ODQGRZQHUV�GR�QRW�KROG�DQ\�WUXH�ZDWHU�³ULJKWV´��DV�GHILQHG�XQGHU�VWDWH
ODZ���7KH�&93�ZDWHU�DOORFDWLRQ�LV�WLHG�WR�WKH�ODQG��VR�LI�WKH�ODQG�LV�VROG�WKH�DOORFDWLRQ�JRHV
ZLWK�LW��+RZHYHU��HLWKHU�D�GLVWULFW�RU�DQ�LQGLYLGXDO�PD\�WUDQVIHU��VHOO�RU�H[FKDQJH�WKHLU�&93
ZDWHU�DOORFDWLRQ�WR�RWKHUV�IRU�EHQHILFLDO�XVHV�ZLWKLQ�WKH�6WDWH�RI�&DOLIRUQLD�LI�VXFK�VDOH�
WUDQVIHU�RU�H[FKDQJH�LV�DXWKRUL]HG�E\�DSSOLFDEOH�IHGHUDO�DQG�VWDWH�ODZV��JXLGHOLQHV�RU
UHJXODWLRQV����:KLOH�LW�ZDV�WKH�LQWHQW�RI�&93,$�WR�HQFRXUDJH�DQG�IDFLOLWDWH�ORQJ�WHUP�ZDWHU
WUDQVIHUV�RXWVLGH�WKH�ZDWHU�GLVWULFWV��WKHVH�DUUDQJHPHQWV�DUH�XVXDOO\�PDGH�RQ�D�WHPSRUDU\�
DQQXDO�EDVLV�GXH��LQ�ODUJH�SDUW��WR�WKH�SROLWLFV�VXUURXQGLQJ�ORQJ�WHUP�RXW�RI�GLVWULFW�WUDQVIHUV
DQG�WKH�OLPLWDWLRQV�XQGHU�WKH�&93,$�:DWHU�7UDQVIHU�*XLGHOLQHV�

7KH�&93�ZDWHU�FRQWUDFWV�VWLSXODWH�SURYLVLRQV�XQGHU�ZKLFK�D�ZDWHU�VXSSO\�LV�SURYLGHG�WR
ZDWHU�GLVWULFWV���7KH�GLVWULFWV�JHQHUDWH�UHYHQXH�E\�VHOOLQJ�&93�ZDWHU�WR�LQGLYLGXDO�XVHUV�DW
UDWHV�VXIILFLHQW�WR�UHSD\�WKH�DSSURSULDWH�VKDUH�RI�FDSLWDO�FRVWV�DQG�RSHUDWLRQ�DQG
PDLQWHQDQFH�FRVWV���7ZR�W\SHV�RI�ZDWHU�VHUYLFH�FRQWUDFWV�DUH�XVHG�E\�WKH�&93���ORQJ�WHUP
FRQWUDFWV�IRU�PRUH�WKDQ����\HDUV��DQG�WHPSRUDU\�FRQWUDFWV�IRU�RQH�\HDU���7KH�5HFODPDWLRQ
$FW�RI������SURYLGHG�IRU�FRQWUDFW�UHQHZDOV�RI�ORQJ�WHUP�����\HDUV��FRQWUDFWV�WR�DJULFXOWXUDO
XVHUV���7KH�&93�FRQWUDFWV�VWLSXODWH�WKDW�WKH�86%5�LV�REOLJDWHG�WR�SURYLGH�ZDWHU�WR�LWV
FRQWUDFWRUV�VXEMHFW�WR�WKH�DYDLODEOH�ZDWHU�VXSSO\�DQG�EDVHG�RQ�WKH�DVVXPSWLRQ�WKDW�WKH
86%5�ZLOO�XVH�DOO�UHDVRQDEOH�PHDQV�WR�SURWHFW�WKH�&93�IURP�VKRUWDJHV���:KHQ�WKHVH�ORQJ�
WHUP�FRQWUDFWV�DUH�UHQHZHG�XQGHU�WKH������&HQWUDO�9DOOH\�3URMHFW�,PSURYHPHQW�$FW�WKH�QHZ
FRQWUDFW�WHUP�ZLOO�EH����\HDUV���$W�WKH�WLPH�RI�FRQWUDFW�UHQHZDO�WKH�DPRXQW�RI�ZDWHU�DOORWWHG
WR�D�GLVWULFW�LV�XSGDWHG�EDVHG�RQ�D�UHDVVHVVPHQW�RI�WKH�UHDVRQDEOH�DQG�EHQHILFLDO�XVH�RI�WKH
ZDWHU�ZLWKLQ�WKH�GLVWULFW��FURS�ZDWHU�³1HHGV´�DVVHVVPHQW��

���������&93�:DWHU�$OORFDWLRQV�IRU�::'

8QOLNH�PRVW�ZDWHU�DJHQFLHV��::'�PXVW�UDWLRQ�ZDWHU�WR�LWV�IDUPHUV�HYHQ�LQ�ZHW�\HDUV���,WV
DQQXDO�FRQWUDFW�HQWLWOHPHQW�IURP�WKH�86%5¶V�&93�LV�����������DFUH�IHHW��$)����7KH�VDIH
\LHOG�RI�WKH�XQGHUJURXQG�DTXLIHU�DGGV�RQO\�DQRWKHU���������$)���7KH�WRWDO�LV�DERXW���
SHUFHQW�RU���������$)�VKRUW�RI�WKH�����PLOOLRQ�$)�UHTXLUHG�IRU�D�QRUPDO�FURSSLQJ�\HDU���7KH
VXUIDFH�ZDWHU�VXSSO\�LV�DOORFDWHG�EDVHG�RQ�SDUFHO�ORFDWLRQ�DQG�DPRXQW�RI�LUULJDEOH�DFUHV�

7KH���������DFUH�::'�HQWHUHG�LQWR�D����\HDU�ZDWHU�VXSSO\�FRQWUDFW�ZLWK�WKH�86%5�LQ
������WKDW�SURYLGHG�IRU�WKH�GHOLYHU\�RI���������$)�DQQXDOO\���,Q�������DW�WKH�86%5¶V�XUJLQJ�
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::'��PHUJHG�ZLWK�LWV�ZHVWHUQ�QHLJKERU��:HVWSODLQV�:DWHU�6WRUDJH�'LVWULFW��:HVWSODLQV�
ZKLFK�DGGHG���������DFUHV�WR�::'���6LQFH�:HVWSODLQV�GLG�QRW�KDYH�D�ZDWHU�FRQWUDFW��WKH
86%5�FRPPLWWHG�DQ�DGGLWLRQDO���������$)�IRU�WKLV�DGGHG�DUHD���$Q�DGGLWLRQDO��������DFUHV
ZDV�DQQH[HG�WR�WKH�::'�DIWHU�WKH�PHUJHU�ZLWK�:HVWSODLQV��EULQJLQJ�WKH�::'¶V�WRWDO
DFUHDJH�WR�DSSUR[LPDWHO\���������DFUHV�

::'¶V���������DFUHV�LV�GLYLGHG�LQWR���3ULRULW\�$OORFDWLRQ�$UHDV��EDVHG�XSRQ�ZKHQ�HDFK�DUHD
ZDV�LQFRUSRUDWHG�LQWR�WKH�GLVWULFW��ZLWK�WKH�PDMRULW\�RI�WKH�RULJLQDO�::'�GLVWULFW�ODQGV�EHLQJ
GHVLJQDWHG�3ULRULW\�,���7KH���������$)�GHOLYHUHG�XQGHU�WKH������&RQWUDFW��LV�DOORFDWHG�WR
DERXW���������DFUHV�LQ�WKH�::'��3ULRULW\�$UHD�,���ZKLFK�SURYLGHV�DSSUR[LPDWHO\�����$)�SHU
DFUH���7KH�DGGLWLRQDO���������$)�SURYLGHV�DSSUR[LPDWHO\�����$)�IRU�HDFK�RI�WKH��������
DFUHV�LQ�WKH�IRUPHU�:HVWSODLQV�DUHD��$UHD�,,����7KH�3ULRULW\�,,,�$UHD�ODQGV��ZKLFK�ZHUH
DQQH[HG�ODVW��GR�QRW�UHFHLYH�DQ\�DOORFDWLRQ�RI�&93�ZDWHU�XQWLO�WKH�QHHGV�LQ�ERWK�$UHD�,�DQG
,,�KDYH�EHHQ�PHW���6HH�)LJXUH����

6LQFH�WKH�����������ZDWHU�\HDU��::'¶V�ZDWHU�VXSSO\�KDV�EHHQ�JUHDWO\�UHGXFHG���$�ILYH�
\HDU�GURXJKW��ZKLFK�EHJDQ�LQ�������UHVXOWHG�LQ�D�UHGXFHG�ZDWHU�VXSSO\�IRU�PXFK�RI�WKH
VWDWH��VSHFLILFDOO\�GLVWULFWV�OLNH�::'�ZKLFK�H[SRUW�ZDWHU�IURP�WKH�6DFUDPHQWR�6DQ�-RDTXLQ
5LYHU�'HOWD���)XUWKHU�UHGXFWLRQV�KDYH�RFFXUUHG�IURP�WKH�OLVWLQJ�RI�QDWLYH�ILVK�VSHFLHV�XQGHU
WKH�IHGHUDO�(QGDQJHUHG�6SHFLHV�$FW��PRUH�VWULQJHQW�'HOWD�ZDWHU�TXDOLW\�VWDQGDUGV��DQG�WKH
&93,$�UHDOORFDWLRQ�RI���������$)�RI�&93¶V�ZDWHU�VXSSO\�IRU�HQYLURQPHQWDO�SXUSRVHV���'XULQJ
WKLV�WLPH��&93�ZDWHU�VXSSOLHV�IRU�::'�ZHUH�VRPH�RI�WKH�ORZHVW�RQ�UHFRUG�����WR����SHUFHQW
RI�FRQWUDFW�VXSSO\���)DUPHUV�KDG�WR�UHO\�RQ�JURXQGZDWHU�DQG�ZDWHU�WUDQVIHUV�WR�KHOS�PHHW
FURS�ZDWHU�QHHGV���,Q�������DOPRVW���������DFUHV�RU����SHUFHQW�RI�WKH�::'�JURVV�DUHD
ZHUH�LGOHG���6LQFH������������::'�KDV�SXUFKDVHG�RYHU�����PLOOLRQ�$)�RI�VKRUW�WHUP
WUDQVIHU�ZDWHU���7R�VXSSOHPHQW�WKLV�UHGXFHG�FRQWUDFW�ZDWHU�VXSSO\���::'�LV�SURYLGLQJ�
DVVLVWDQFH�WR�IDUPHUV�WR�LPSURYH�RQ�IDUP�ZDWHU�PDQDJHPHQW�DQG�LV�DJJUHVVLYHO\�SXUVXLQJ
RWKHU�VRXUFHV�RI�ZDWHU�LQFOXGLQJ�ZDWHU�WUDQVIHUV�IURP�RWKHU�GLVWULFWV�DQG�LQVWLWXWLQJ�D�ODQG
UHWLUHPHQW�SURJUDP�RI�LWV�RZQ�

�������3K\VLFDO�6HWWLQJ

���������&OLPDWH

7KH�FOLPDWH�LQ�WKH�VWXG\�DUHD�LV�FKDUDFWHUL]HG�E\�KRW��GU\�VXPPHUV�ZLWK�PD[LPXP
WHPSHUDWXUHV�LQ�H[FHVV�RI����GHJUHHV�&��DQG�FRRO��PRLVW��IRJJ\�ZLQWHUV�ZLWK�WHPSHUDWXUHV
VHOGRP�EHORZ���GHJUHHV�&���7RWDO�SUHFLSLWDWLRQ�DYHUDJHV���WR���LQFKHV�SHU�\HDU��ZLWK�PRVW
IDOOLQJ�EHWZHHQ�2FWREHU�DQG�$SULO��3UHVWRQ����������+RXUO\�SUHFLSLWDWLRQ��WHPSHUDWXUH��ZLQG�
DQG�UHODWLYH�KXPLGLW\�GDWD�DUH�FROOHFWHG�E\�&DOLIRUQLD�,UULJDWLRQ�0DQDJHPHQW�,QIRUPDWLRQ
6\VWHP��&,0,6��ZHDWKHU�VWDWLRQV�LQ�WKH�SURMHFW�YLFLQLW\���7KH�&,0,6�ZHDWKHU�VWDWLRQV�DUH
RSHUDWHG�DQG�PDLQWDLQHG�E\�WKH�&DOLIRUQLD�'HSDUWPHQW�RI�:DWHU�5HVRXUFHV��':5��DQG�DUH
XVHG�E\�ORFDO�JURZHUV�WR�JXLGH�LUULJDWLRQ�VFKHGXOLQJ���7KH�&,0,6�ZHDWKHU�VWDWLRQV�DUH
ORFDWHG�ZLWKLQ�WKH�:HVWODQGV�VWXG\�DUHD�ERXQGDU\�DQG�DSSUR[LPDWHO\����PLOHV�ZHVW�RI�WKH
$OSDXJK�VWXG\�DUHD�UHVSHFWLYHO\��DQG�ZLOO�SURYLGH�UHOLDEOH�FOLPDWLF�GDWD�IRU�WKH
'HPRQVWUDWLRQ�3URMHFW��

���������&93�:DWHU�'HOLYHULHV

7KH�6DQ�/XLV�&DQDO��&DOLIRUQLD�$TXHGXFW��DQG�'HOWD�0HQGRWD�&DQDO�VXSSO\�&93�ZDWHU�WR�WKH
::'���:LWK�DQ�DOORFDWLRQ�RI�������WDI�\U��WKRXVDQG�DFUH�IHHW�SHU�\HDU��::'�LV�WKH�&93¶V
ODUJHVW�FRQWUDFWRU���::'�VXSSOLHV�SULPDULO\�DJULFXOWXUDO�XVHUV��KRZHYHU��DERXW�����WDI�\U�LV
VXSSOLHG�WR�XUEDQ�XVHUV�VXFK�DV�/HPRRUH�1DYDO�$LU�6WDWLRQ���:DWHU�DOORFDWLRQV�DUH�EDVHG�RQ
WKH�DPRXQW�DQG�ORFDWLRQ�RI�ODQG�RZQHG�ZLWKLQ�WKH�ZDWHU�GLVWULFW�DQG�WKH�DYDLODELOLW\�RI�ZDWHU
LQ�D�JLYHQ�\HDU���::'�3ULRULW\���ODQGV�DUH�WKRVH�ZLWKLQ�WKH�RULJLQDO�ZDWHU�GLVWULFW�DQG�DUH
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HOLJLEOH�IRU�D�ODUJHU�SRUWLRQ�RI�WKH�DYDLODEOH�ZDWHU�DOORWPHQW��RU�����DFUH�IHHW�SHU�DFUH�XQGHU
D�IXOO�VXSSO\��3ULRULW\���ODQGV�ZHUH�DQQH[HG�DW�D�ODWHU�GDWH�DQG�WKXV�UHFHLYH�D�OHVVHU
DOORFDWLRQ�RI�XS�WR�����DFUH�IHHW�SHU�DFUH�XQGHU�D�IXOO�VXSSO\���6HH�)LJXUH�������(YHQ�ZKHQ
::'�UHFHLYHV�WKHLU�IXOO�&93�ZDWHU�DOORFDWLRQ��WKH�GLVWULFW�VWLOO�SXUFKDVHV�DERXW�����WDI�\U
IURP�RWKHU�VRXUFHV�WR�PHHW�LWV�JURZHUV¶�QRUPDO�FURS�QHHGV�

7KH�)ULDQW�.HUQ�&DQDO�FRQYH\V�&93�VXSSO\�WR����ORQJ�WHUP�FRQWUDFWRUV�LQ�WKH�7XODUH�/DNH
5HJLRQ���$PRQJ�WKH�ODUJHVW�FRQWUDFWRUV�IRU�)ULDQW�.HUQ�VXSSO\�DUH�$UYLQ�(GLVRQ�:DWHU
6WRUDJH�'LVWULFW��/RZHU�7XOH�5LYHU�,UULJDWLRQ�'LVWULFW��DQG�'HODQR�(DUOLPDUW�,UULJDWLRQ�'LVWULFW��
7KH�&URVV�9DOOH\�:DWHU�'LVWULFWV�DQG�.HUQ�&RXQW\�:DWHU�$JHQF\��.&:$��HQWHUHG�LQWR
DJUHHPHQWV�LQ������IRU�SDUWLFLSDWLRQ�LQ�WKH�&URVV�9DOOH\�&DQDO����$UYLQ�(GLVRQ�:DWHU�6WRUDJH
'LVWULFW��$(:6'��HQWHUHG�LQWR�ZDWHU�H[FKDQJH�DJUHHPHQWV�ZLWK�WHQ�DJHQFLHV�LQ�WKH�)ULDQW�
.HUQ�&DQDO�VHUYLFH�DUHD���7KH�H[FKDQJH�ZDWHU�LV�GHOLYHUHG�WKURXJK�WKH�&DOLIRUQLD�$TXHGXFW
DQG�WKH�&URVV�9DOOH\�&DQDO�WR�$(:6'�IDFLOLWLHV���$(:6'�UHFHLYHV�����WDI�DQQXDOO\�RI
H[FKDQJH�ZDWHU�DQG�PDNHV�DYDLODEOH�WR�H[FKDQJH�HQWLWLHV�WKH�ILUVW�����WDI�RI�LWV�&ODVV�,�DQG
&ODVV�,,�&93�HQWLWOHPHQWV�IURP�WKH�)ULDQW�.HUQ�&DQDO�

$�VPDOO�SRUWLRQ�RI�WKH�$OSDXJK�SURSHUWLHV��DSSUR[������DFUHV��DUH�LQ�WKH�$OSDXJK�,UULJDWLRQ
'LVWULFW��$,'��WRWDO�VL]H��������DFUHV��DQG�DSSUR[LPDWHO\������DFUHV�OLH�ZLWKLQ�WKH�$WZHOO
,VODQG�:DWHU�'LVWULFW��$,:'��WRWDO�VL]H�DSSUR[�������DFUHV���ZLWK�DQ�DGGLWLRQDO�����DFUHV
RXWVLGH�RI�ERWK�GLVWULFWV���$OO�RI�WKH�SURSHUWLHV�KDYH�EHHQ�LUULJDWHG�LQ�WKH�SDVW��KRZHYHU��RQO\
DERXW�������DFUHV�DUH�FXUUHQWO\�LUULJDWHG�LQ�$,'�DQG�DSSUR[LPDWHO\�������DFUHV�DUH�FXUUHQWO\
LUULJDWHG�LQ�$,:'���SUHGRPLQDQWO\�IRU�FRWWRQ�DQG�DOIDOID�

�����������$OSDXJK�,UULJDWLRQ�'LVWULFW

7KH�$OSDXJK�,UULJDWLRQ�'LVWULFW��$,'���DV�GHVFULEHG�LQ�WKH�$,'�:DWHU�&RQVHUYDWLRQ�3ODQ
�6XPPHUV�(QJLQHHULQJ��������ZDV�RUJDQL]HG�RQ�0DUFK������������,Q������WKH�$,'�EHJDQ
UHFHLYLQJ�D�VXUIDFH�VXSSO\�RI�IHGHUDO�ZDWHU�WKURXJK�D�VHULHV�RI�WHPSRUDU\�ZDWHU�VHUYLFH
FRQWUDFWV�ZLWK�WKH�86%5���2Q�2FWREHU����������WKH�$,'�HQWHUHG�LQWR�D�FRQWUDFW�ZLWK�WKH
&RXQW\�RI�7XODUH�DV�D�VXEFRQWUDFWRU�IRU�&93�ZDWHU���7KLV�FRQWUDFW�LQFOXGHG�DQ�DJUHHPHQW
ZLWK�WKH�$UYLQ�(GLVRQ�:DWHU�6WRUDJH�'LVWULFW�IRU�WKH�H[FKDQJH�RI�&93�ZDWHU�XWLOL]LQJ�WKH
)ULDQW�.HUQ�DQG�&URVV�9DOOH\�&DQDOV���7KH�$,'�FXUUHQW�FRQWUDFW�SURYLGHV�IRU�D�PD[LPXP�RI
����DFUH�IHHW�RI�ZDWHU�WR�EH�WUDQVSRUWHG�DQQXDOO\�WKURXJK�6WDWH�:DWHU�3URMHFW�IDFLOLWLHV�WR
WKH�&URVV�9DOOH\�&DQDO���%\�H[FKDQJH�WKH�$UYLQ�(GLVRQ�:DWHU�6WRUDJH�'LVWULFW�WDNHV�GHOLYHU\
RI�$OSDXJK¶V�&URVV�9DOOH\�&DQDO�ZDWHU�DQG�DOORZV�LWV�)ULDQW�.HUQ�&DQDO�VXSSO\�WR�EH
GHOLYHUHG�WR�$OSDXJK�,UULJDWLRQ�'LVWULFW�

$,'�UHFHLYHV�LWV�&93�ZDWHU�VXSSO\�E\�PHDQV�RI�'HHU�&UHHN���:DWHU�IURP�WKH�)ULDQW�.HUQ
&DQDO�LV�GLYHUWHG�LQWR�'HHU�&UHHN�DQG�IORZV�DSSUR[LPDWHO\����PLOHV�WR�WKH�'HHU�&UHHN�FKHFN
VWUXFWXUH�ORFDWHG�RQ�WKH�ZHVWHUO\�VLGH�RI�+LJKZD\����DW�WKH�QRUWKHDVWHUO\�FRUQHU�RI�WKH
'LVWULFW���.HOOHU��SHUV��FRPP�������

3ULRU�WR������$,'¶V�RQO\�VRXUFH�RI�ZDWHU�ZDV�JURXQGZDWHU���&93�FRQWUDFWV�KDYH�DOORZHG�WKH
'LVWULFW�WR�UHGXFH�WKH�JURXQGZDWHU�SXPSLQJ�ZKHQ�VXSSOLHV�DUH�DYDLODEOH���7\SLFDOO\�VXUIDFH
VXSSOLHV�KDYH�RQO\�EHHQ�DYDLODEOH�LQ�ZHW�\HDUV�RU�\HDUV�ZKHQ�H[FHVV�VXSSOLHV�DUH�DYDLODEOH
DQG�FDQ�EH�SXUFKDVHG�E\�WKH�'LVWULFW���.HOOHU��SHUV�FRPP��������8VLQJ�GHHS�ZHOOV��WKH
'LVWULFW�VXSSOLHV��SRWDEOH�ZDWHU�WR�WKH�FRPPXQLW\�RI�$OSDXJK�DQG�LWV�UHVLGHQWV�HOVHZKHUH
ZLWKLQ�WKH�GLVWULFW�

$,'�OLHV�DW�WKH�VRXWKHDVWHUO\�HGJH�RI�WKH�ROG�7XODUH�/DNH�EHG���7KH�WRSRJUDSK\�LV�EDVLFDOO\
OHYHO�ZLWK�JURXQG�HOHYDWLRQV�UDQJLQJ�IURP���������IHHW�DFURVV�WKH�GLVWULFW���7KUHH�ERRVWHU
SXPSV�DUH�UHTXLUHG�WR�OLIW�WKH�ZDWHU�LQ�WKH�PDLQ�FDQDO�IURP�WKH�VRXWKHUO\�WR�QRUWKHUO\�HQG�RI
WKH�'LVWULFW���7KH�ERRVWHU�SXPSV�LPSDFW�WKH�IOH[LELOLW\�DQG�FRVW�RI�ZDWHU�GHOLYHULHV��ZKLFK
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UDQJH�IURP�����SHU�DFUH�IRRW�WR�����SHU�DFUH�IRRW��GHSHQGLQJ�XSRQ�DYDLODEOH�VXUIDFH�ZDWHU
VXSSO\���7KHVH�ZDWHU�UDWHV�DUH�EDVHG�RQ�RSHUDWLRQ�DQG�PDLQWHQDQFH�H[SHQVHV��
*URXQGZDWHU�SXPSLQJ�LV�VWLOO�WKH�'LVWULFW¶V�SULPDU\�VRXUFH�RI�ZDWHU�DQG�LV�HQHUJ\�LQWHQVLYH��
'XULQJ�ZHW�\HDUV��$,'�KDV�EHHQ�DEOH�WR�XWLOL]H�H[FHVV�ZDWHUV�DYDLODEOH�LQ�WKH�+RPHODQG
&DQDO�ORFDWHG�RQ�WKH�ZHVWHUQ�VLGH�RI�WKH�'LVWULFW��ZKLFK�LI�QRW�XVHG��ZRXOG�IORZ�LQWR�WKH
KLVWRULF�7XODUH�/DNH���.HOOHU��SHUV��FRPP�������

$OO�VXUIDFH�GUDLQDJH�ZLWKLQ�WKH�$,'�UHPDLQV�ZLWKLQ�WKH�'LVWULFW��0DQ\�RI�WKH�ZDWHU�XVHUV
KDYH�LQVWDOOHG�WDLOZDWHU�UHWXUQ�V\VWHPV�ZKLFK�SXPS�WDLOZDWHU�EDFN�LQWR�WKH�H[LVWLQJ�GHOLYHU\
V\VWHP���$W�RWKHU�ORFDWLRQV��VXUIDFH�GUDLQDJH�IORZV�E\�JUDYLW\�EDFN�LQWR�WKH�'LVWULFW¶V�RSHQ
GLWFK�GHOLYHU\�V\VWHP���1R�UHWXUQ�IORZ�ZDWHU�OHDYHV�WKH�'LVWULFW�VHUYLFH�DUHD���$,'�:DWHU
&RQVHUYDWLRQ�3ODQ��6XPPHUV�(QJLQHHULQJ��,QF�������

�����������$WZHOO�,VODQG�:DWHU�'LVWULFW

7KH�$WZHOO�,VODQG�:DWHU�'LVWULFW��$,:'��ZDV�HVWDEOLVKHG�LQ������$WZHOO�,VODQG�:DWHU
&RQVHUYDWLRQ�3ODQ����������,WV�FXUUHQW�VL]H�LV�DSSUR[LPDWHO\�������DFUHV��ZLWK�DSSUR[LPDWHO\
������DFUHV�FXUUHQWO\�EHLQJ�LUULJDWHG��PRVWO\�LQ�FRWWRQ�DQG�EDUOH\���$,:'�DV�D�VXE�
FRQWUDFWRU�RI�7XODUH�&RXQW\��ZKLFK�KDV�D�FRQWUDFW�ZLWK�WKH�86%5��VWDUWHG�UHFHLYLQJ�&93
ZDWHU�LQ�-XQH�RI���������7KH�7XODUH�&RXQW\�FRQWUDFW�LQFOXGHV�DQ�H[FKDQJH�DJUHHPHQW�ZLWK
WKH�$UYLQ�(GLVRQ�:DWHU�6WRUDJH�'LVWULFW��VLPLODU�WR�WKH�$,'�DUUDQJHPHQW����$,:'¶V�FRQWUDFW
SURYLGHV�IRU�D�PD[LPXP�RI�������DFUH�IHHW�RI�ZDWHU�WR�EH�WUDQVSRUWHG�DQQXDOO\�WKURXJK�WKH
6WDWH�:DWHU�3URMHFW�IDFLOLWLHV��6DQ�/XLV�&DQDO��WR�WKH�&URVV�9DOOH\�&DQDO���7KH�$UYLQ�(GLVRQ
:DWHU�6WRUDJH�'LVWULFW�WKHQ�WDNHV�GHOLYHU\�RI�$,:'¶V�FRQWUDFW�ZDWHU�DQG�DOORZV�$,:'�WR�WDNH
GHOLYHU\�RI�$UYLQ�(GLVRQ¶V�)ULDQW�.HUQ�&DQDO�ZDWHU�IURP�WKH�'HHU�&UHHN�WXUQRXW�WKURXJK�D
ZKHHOLQJ�DUUDQJHPHQW�ZLWK�$OSDXJK�,UULJDWLRQ�'LVWULFW�

,Q�-XQH�RI������$,:'��DORQJ�ZLWK�+LOOV�9DOOH\�,UULJDWLRQ�'LVWULFW��HQWHUHG�LQWR�D�FRQWUDFW�IRU
&URVV�9DOOH\�&DQDO�ZDWHU��QRQ�&93�ZDWHU��ZLWK�WKH�&RXQW\�RI�7XODUH���%RWK�GLVWULFWV�DFTXLUHG
DQ�DGGLWLRQDO�����DFUH�IHHW�RI�VXUIDFH�ZDWHU�VXSSO\���,Q������$,:'�VROG�������DFUH�IHHW�RI
FDSDFLW\�DQG�DVVLJQHG�D�OLNH�DPRXQW�RI�FRQWUDFW�VXSSO\�WR�+LOOV�9DOOH\�IRU������SHU�DFUH�IRRW�
RU�DURXQG������������$,:'�FDUULHG�WKH�ILQDQFLQJ�DW����IRU�VHYHQ�\HDUV�DQG�WKHUH�LV�DQ
RXWVWDQGLQJ�EDODQFH�RI�DSSUR[LPDWHO\������������7KLV�EDODQFH�FDQ�QRW�EH�WUDQVIHUUHG�WR
LQGLYLGXDO�RZQHUV�ZLWKLQ�WKH�GLVWULFW�EHFDXVH�RI�UHVWULFWLRQV�RQ�SXEOLF�DVVHWV�EHLQJ
WUDQVIHUUHG�WR�SULYDWH�SDUWLHV���$,:'�LV�FRQVLGHUHG�WR�EH�D�SXEOLF�HQWLW\�

$,:'�JHWV�LWV�LUULJDWLRQ�ZDWHU�WKURXJK�D�ZKHHOLQJ�DUUDQJHPHQW�ZLWK�$OSDXJK�,UULJDWLRQ
'LVWULFW���$,'�FKDUJHV�$,:'�������SHU�DFUH�IRRW�IRU�ZKHHOLQJ�ZLWK�ERRVWHU�FKDUJHV�SHU�OLIW
EHLQJ�������WR�������SHU�DFUH�IRRW���2QH�OLIW�LV�UHTXLUHG�IRU�WKH�SURSHUWLHV�EHWZHHQ�WKH�0DLQ
&DQDO�DQG�(DVW��UG�ZLWK�WKH�UHPDLQGHU�QHHGLQJ�WZR�OLIWV���7KH�VLQJOH�OLIW�DUHD�LQFOXGHV�WKH
VRXWK�ò�RI�6HFWLRQ�����WKH�6:�����RI�6HFWLRQ����DQG�DOO�RI�6HFWLRQV����DQG����LQ�7XODUH
&RXQW\���7KH�UHVW�RI�WKH�'LVWULFW�UHTXLUHV�WZR�OLIWV���7KHUH�LV�D�����ORVV�EHWZHHQ�WKH�'HHU
&UHHN�WXUQRXW�DQG�GHOLYHU\�WR�$,'¶V�UHVHUYRLUV��DQG�DQ�DGGLWLRQDO������ORVV�EHIRUH�WKH�ZDWHU
JHWV�WR�WKH�JURZHUV���.HOOHU��SHUVRQDO�FRPPXQLFDWLRQ����7KHUHIRUH��WKH�ZDWHU�FRVW�WR�WKH
JURZHUV�LV���������SHU�DFUH�IRRW�IRU�&93�ZDWHU��LQ�DGGLWLRQ�WR�WKH�OLIW�DQG�ZKHHOLQJ�FRVWV
FKDUJHG�E\�$,'���7KLV�HVWLPDWH�LV�IRU�D�FRPELQDWLRQ�RI�&ODVV���DQG�&ODVV���ZDWHU��.HOOHU�
SHUV�FRPP����������&ODVV���DQG�&ODVV���ZDWHU�UHIHUV�RQO\�WR�ZDWHU�ZLWKLQ�WKH�)ULDQW
'LYLVLRQ���&ODVV���ZDWHU�LV�D�GHSHQGDEOH�VXSSO\�RI�ZDWHU�VWRUHG�LQ�RU�IORZLQJ�WKURXJK
0LOOHUWRQ�/DNH���&ODVV���ZDWHU�LV�XQGHSHQGDEOH�DV�WR�DYDLODELOLW\�DQG�WLPH�RI�RFFXUUHQFH���,W
LV�DYDLODEOH�RQO\�DIWHU�RWKHU�FRQWUDFWXDO�FRQWLQJHQFLHV�DUH�PHW����-RQ�$QGHUVRQ��SHUV��FRPP�
������

,I�&ODVV���ZDWHU�LV�DYDLODEOH��ZKLFK�KDSSHQV�ZKHQ�EHWZHHQ���������DQG�����PLOOLRQ�DFUH�
IHHW�RI�ZDWHU�LV�DYDLODEOH�IRU�GHOLYHU\�IURP�WKH�)ULDQW�.HUQ�V\VWHP��WKHQ�LW�FDQ�EH�SXUFKDVHG
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IURP�'HODQR�(DUOLPDUW�DQG�GLYHUWHG�LQWR�'HHU�&UHHN���7KH�FXUUHQW�FRVW�RI�WKLV�ZDWHU�LV
�������DW�WKH�'HHU�&UHHN�WXUQRXW���$IWHU�ZDWHU�ORVV�FRQVLGHUDWLRQV��WKH�FRVW�WR�WKH�JURZHUV
ZRXOG�EH�����WR�����SHU�DFUH�IRRW���7KH�DYDLODELOLW\�RI�&ODVV���ZDWHU�LV�XQFHUWDLQ��2WKHU
VRXUFHV�RI�WHPSRUDU\�ZDWHU�DUH�RIWHQ�DYDLODEOH�IURP�WKH�+RPHODQG�&DQDO�RU�IORRG�IORZV�IURP
'HHU�&UHHN�

$,:'�KDV�D�����DFUH�JURXQGZDWHU�ZHOO�ILHOG���,Q�DGGLWLRQ��'LVWULFW�IDUPHUV�KDYH�SULYDWHO\�
RZQHG�JURXQGZDWHU�ZHOOV�WR�VXVWDLQ�LUULJDWLRQ�GXULQJ�SHULRGV�ZKHQ�WKH�'LVWULFW�GRHV�QRW
KDYH�VXUIDFH�RU�JURXQGZDWHU�DYDLODEOH���7KH�GHHS�JURXQGZDWHU�LV�XVHG�IRU�LUULJDWLRQ��WKH
VKDOORZ�JURXQGZDWHU�LV�XQVXLWDEOH�IRU�LUULJDWLRQ�GXH�WR�LWV�KLJK�VDOLQLW\�FRQWHQW���7KHUH�LV�QR
ORFDO�UHFKDUJH�IRU�WKLV�JURXQGZDWHU�H[FOXGLQJ�WKH�VDOLQH�GUDLQDJH�ZDWHU���7KH�PDLQ�VRXUFH�RI
WKH�GHHS�JURXQGZDWHU�LV�WKH�6LHUUD�1HYDGD�PRXQWDLQV�DSSUR[LPDWHO\����PLOHV�WR�WKH�HDVW��
7KH�GHSWK�RI�WKH�XVDEOH�JURXQGZDWHU�WDEOH�W\SLFDOO\�UDQJHV�EHWZHHQ���������IHHW���7KH
HQHUJ\�FRVWV�RI�H[WUDFWLQJ�WKLV�ZDWHU�DUH�KLJK��.HOOHU��SHUV�FRPP��������

7KH�HOHYDWLRQ�ZLWKLQ�WKH�$,:'�UDQJHV�IURP�D�ORZ�RI�DERXW�����IHHW�WR�D�KLJK�RI�����IHHW���$OO
VXUIDFH�GUDLQDJH�UHPDLQV�ZLWKLQ�WKH�'LVWULFW���0DQ\�RI�WKH�ZDWHU�XVHUV�KDYH�LQVWDOOHG
WDLOZDWHU�UHWXUQ�V\VWHPV�ZKLFK�SXPS�WDLOZDWHU�EDFN�LQWR�WKH�H[LVWLQJ�GHOLYHU\�V\VWHP���1R
UHWXUQ�IORZ�ZDWHU�OHDYHV�WKH�$,:'�VHUYLFH�DUHD���.HOOHU��SHUV�FRPP���������7KHUH�LV�RQH
HYDSRUDWLRQ�SRQG�ZLWKLQ�WKH�GLVWULFW��KRZHYHU�LW�LV�LQ�³LQWHULP�FORVXUH´�VWDWXV�DQG�KDV�QRW
EHHQ�XVHG�LQ�WKH�SDVW�WZR�\HDUV���7KHUH�LV�RQH�RWKHU�HYDSRUDWLRQ�SRQG�DGMDFHQW�WR�$,:'
WKDW�LV�SURSRVHG�IRU�DFTXLVLWLRQ���7KLV�SRQG�ZDV�ILOOHG�RQO\�RQH�WLPH�DQG�ZDV�FHUWLILHG�DV
FORVHG�E\�WKH�5HJLRQDO�:DWHU�4XDOLW\�&RQWURO�%RDUG�LQ������

���������5HJLRQDO�*HRORJ\

7KH�:HVWODQGV�'HPRQVWUDWLRQ�SURMHFW�VLWH�LV�ORFDWHG�LQ�WKH�ZHVWHUQ�6DQ�-RDTXLQ�9DOOH\��DQ
DV\PPHWULFDO�EDVLQ�ERXQGHG�E\�WKH�&RDVW�5DQJHV�RQ�WKH�ZHVW��WKH�7HKDFKDSL�0RXQWDLQV�RQ
WKH�VRXWK��WKH�6LHUUD�1HYDGD�RQ�WKH�HDVW�DQG�WKH�GHOWD�RI�WKH�6DQ�-RDTXLQ�DQG�6DFUDPHQWR
5LYHUV�RQ�WKH�QRUWK���7KH�D[LV�RI�WKH�YDOOH\�WURXJK�LV�FORVHU�WR�WKH�&RDVW�5DQJHV�WKDQ�WR�WKH
6LHUUD�1HYDGD���7KH�EDVLQ�LV�ILOOHG�ZLWK�DOOXYLXP�RYHUO\LQJ�ROGHU�0HVR]RLF�DQG�&HQR]RLF
PDULQH�DQG�FRQWLQHQWDO�VHGLPHQWV���7KH�DOOXYLDO�GHSRVLWV�XQGHUO\LQJ�WKH�FHQWUDO�6DQ�-RDTXLQ
9DOOH\�ZHUH�VKHG�IURP�WKH�DGMDFHQW�&RDVWDO�DQG�WKH�6LHUUD�1HYDGD�UDQJHV�DQG�YDU\�LQ
WKLFNQHVV�IURP�����WR�������IHHW��0LOOHU�HW�DO�������������7KH�6LHUUD�1HYDGD�FRQVLVWV�PDLQO\
RI�JUDQLWLF�DQG�PHWDPRUSKLF�URFNV�RI�SUH�7HUWLDU\�DJH�ZKLOH�WKH�&RDVW�5DQJHV�DUH�FRPSRVHG
SULPDULO\�RI�IROGHG�DQG�IDXOWHG�EHGV�RI�&UHWDFHRXV�DJH�PDULQH�VKDOH�DQG�VDQGVWRQH�LQ�WKH
QRUWK�DQG�&HQR]RLF�DJH�VDQGVWRQH�DQG�VKDOH�LQ�WKH�VRXWK��3URNRSRYLFK���������%XOO������D
DQG�E���LGHQWLILHG�D�VHULHV�RI�DOOXYLDO�IDQV�GHULYHG�IURP�VHGLPHQWV�IURP�WKH�FRDVWDO�UDQJHV
WKDW�IRUP�WKH�ZHVWHUQ�PDUJLQ�RI�WKH�6DQ�-RDTXLQ�9DOOH\�LQ�WKH�VWXG\�DUHD�

7KH�$OSDXJK�GHPRQVWUDWLRQ�VLWH�OLHV�ZLWKLQ�WKH�7XODUH�%DVLQ���7KH�7XODUH�EDVLQ�LV�D
VXEVLGHQFH�EDVLQ�FKDUDFWHUL]HG�E\�D�EURDG�VWUXFWXUDO�WURXJK�RQ�LWV�ZHVW�DQG�VRXWK�VLGHV��
7KH�7XODUH�EDVLQ�LV�ILOOHG�ZLWK�VHGLPHQWV�GHULYHG�IURP�WKH�&RDVW�5DQJHV�DQG�WKH�6LHUUD
1HYDGD���7KH�7HKDFKDSL�0RXQWDLQV�IRUP�WKH�VRXWKHUQ�EDVLQ�ERXQGDU\��ZKLOH�FRDOHVFLQJ
DOOXYLDO�IDQV�IURP�/RV�*DWRV�&UHHN�DQG�WKH�.LQJV�5LYHU�IRUP�WKH�QRUWKHUQ�EDVLQ�ERXQGDU\��
7KH�7XODUH�/DNH�EHG�LV�WKH�GRPLQDQW�JHRORJLF�IHDWXUH�LQ�WKH�XSSHU�������IHHW�RI�EDVLQ�ILOO
PDWHULDOV��)XMLL�DQG�6ZDLQ����������/DNH�VHGLPHQWV�LQ�H[FHVV�RI�������IHHW�WKLFN��3DJH
������UHVW�RQ�3OLRFHQH�DJH�VHGLPHQWV��PDNLQJ�WKH�KLVWRULF�7XODUH�/DNH�EHG�PRUH�WKDQ
����������\HDUV�ROG���7XODUH�/DNH�KDV�IOXFWXDWHG�LQ�VL]H�WKURXJKRXW�LWV�KLVWRU\�LQWR�UHFHQW
JHRORJLF�WLPHV��DQG��DW�RQH�WLPH�RFFXSLHG�PRVW�RI�WKH�6DQ�-RDTXLQ�9DOOH\��)XMLL�DQG�6ZDLQ�
��������7KH�&RUFRUDQ�&OD\�0HPEHU�RI�WKH�7XODUH�)RUPDWLRQ�XQGHUOLHV�PRVW�RI�WKH�ZHVWHUQ
DQG�FHQWUDO�6DQ�-RDTXLQ�9DOOH\��3DJH���������7KH�&RUFRUDQ�FOD\�LV�D�ILQH�JUDLQHG�ODFXVWULQH
�ODNH�EHG��GHSRVLW�WKDW�VHUYHV�DV�D�UHJLRQDO�DTXLWDUG��H[HUWLQJ�D�VWURQJ�LQIOXHQFH�RQ�WKH
UHJLRQDO�IORZ�RI�JURXQGZDWHU�
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�����������6LWH�*HRORJ\��:HVWODQGV�6LWH

7KH�:HVWODQGV�GHPRQVWUDWLRQ�VLWH�LV�ORFDWHG�LQ�WKH�WURXJK�RI�WKH�6DQ�-RDTXLQ�YDOOH\�LQ
:HVWHUQ�)UHVQR�&RXQW\���$�JHQHUDOL]HG�JHRORJLF�FURVV�VHFWLRQ�IRU�WKH�SURMHFW�YLFLQLW\�LV
VKRZQ�LQ�)LJXUH�����7KH�VLWH�LV�XQGHUODLQ�GLUHFWO\�E\�IORRG�EDVLQ�GHSRVLWV�GHULYHG�IURP
RYHUEDQN�GHSRVLWLRQ�IURP�WKH�6DQ�-RDTXLQ�5LYHU�DQG�)UHVQR�6ORXJK���7KH�IORRG�EDVLQ
GHSRVLWV�FRQVLVW�RI�ILQH�WH[WXUHG��PRGHUDWHO\�WR�GHQVHO\�FRPSDFWHG�FOD\V�WKDW�UDQJH�LQ
WKLFNQHVV�IURP���WR����IHHW��%HOLW]�DQG�+HLPHV����������7KH�EDVLQ�FOD\V�KDYH�ORZ
SHUPHDELOLW\�DQG�JUHDWO\�LPSHGH�WKH�GRZQZDUG�PRYHPHQW�RI�ZDWHU���7KH�IORRG�EDVLQ
GHSRVLWV�DW�WKH�VLWH�UHVW�XSRQ�ZHOO�VRUWHG�PLFDFHRXV�VDQG�GHULYHG�IURP�WKH�6LHUUD�1HYDGD��
7KH�6LHUUDQ�VDQGV�DUH�KLJKO\�SHUPHDEOH��UHGXFHG�LQ�R[LGDWLRQ�VWDWH��DQG�YDU\�LQ�WKLFNQHVV
EHWZHHQ�����WR�����IHHW�LQ�WKH�SURMHFW�YLFLQLW\���7KH�&RUFRUDQ�FOD\�XQGHUOLHV�WKH�VLWH�DW�D
GHSWK�RI�DSSUR[LPDWHO\�����IHHW���

�����������6LWH�*HRORJ\���$OSDXJK�6LWH

7KH�$OSDXJK�GHPRQVWUDWLRQ�VLWH�LV�ORFDWHG�RQ�WKH�VRXWKHUQ�PDUJLQ�RI�WKH�DQFHVWUDO�7XODUH
ODNH�EHG�LQ�.LQJV�DQG�7XODUH�&RXQWLHV���$�JHQHUDOL]HG�JHRORJLF�FURVV�VHFWLRQ�LQ�WKH�SURMHFW
YLFLQLW\�LV�VKRZQ�LQ�)LJXUH�����7KH�VWXG\�DUHD�LV�XQGHUODLQ�E\�ODFXVWULQH��ODNH�EHG��DQG�PDUVK
GHSRVLWV�RI�WKH�7XODUH�/DNH�WKDW�FRQVLVW�RI�FOD\��VLOW�DQG�VRPH�VDQG�ZLWK�D�WKLFNQHVV�RI��XS�WR
������IHHW���7KHVH�ODNHEHG�VHGLPHQWV�DUH�RIWHQ�UHGXFHG�LQ�R[LGDWLRQ�VWDWH�UHIOHFWLQJ
GHSRVLWLRQDO�HQYLURQPHQWV�WKDW�UHPDLQHG�XQGHU�ZDWHU�IRU�ORQJ�SHULRGV�RI�WLPH�VXFK�DV�ODNHV�
PDUVKHV�RU�ORZ�O\LQJ�IORRG�SODLQV�ZLWK�DEXQGDQW�RUJDQLF�PDWWHU���7KH�&RUFRUDQ�FOD\
XQGHUOLHV�WKH�VLWH�DW�D�GHSWK�RI�DERXW�����IHHW���7KH�SUHGRPLQDQW�VXUILFLDO�JHRORJLFDO�IHDWXUH
DW�WKH�VLWH�LV�DQ�HORQJDWH�VDQG�ULGJH�WKDW�ZDV�IRUPHG�E\�HROLDQ��ZLQG�GHSRVLWHG��SURFHVVHV
DV�WKH�OHYHO�RI�WKH�DQFHVWUDO�7XODUH�/DNH�IOXFWXDWHG���7KH�VDQG�ULGJH�WUDYHUVHV�WKH�VLWH�IURP
HDVW�WR�ZHVW�DQG�UHSUHVHQWV�WKH�ERXQGDU\�RI�DQ�DQFLHQW�VKRUHOLQH�RI�WKH�7XODUH�/DNH���7KH
VDQG�GXQH�FRQVLVWV�RI�ZHOO�VRUWHG��ILQH�JUDLQHG�VDQG�ZLWK�D�WKLFNQHVV�RI�DERXW����IHHW�

���������7UDFH�(OHPHQWV

7R[LF�DQG�SRWHQWLDOO\�WR[LF�WUDFH�HOHPHQWV�RFFXU�QDWXUDOO\�LQ�VRPH�VRLOV�RQ�WKH�ZHVWHUQ�VLGH
RI�WKH�6DQ�-RDTXLQ�9DOOH\�DQG�LQ�WKH�7XODUH�/DNH�%DVLQ����7KHVH�HOHPHQWV��RULJLQDOO\�IRXQG�LQ
WKH�JHRORJLF�IRUPDWLRQV�RI�WKH�&RDVW�5DQJHV��KDYH�EHHQ�PRELOL]HG��WUDQVSRUWHG��DQG
FRQFHQWUDWHG�LQ�LUULJDWLRQ�GUDLQDJH�ZDWHU�DV�ZHOO�DV�VKDOORZ�JURXQGZDWHU�LQ�WKH�VWXG\�DUHD��
7KH�)LQDO�5HSRUW�RI�WKH�6DQ�-RDTXLQ�9DOOH\�'UDLQDJH�3URJUDP�LGHQWLILHV�ILYH�VXEVWDQFHV�RI
³SULPDU\�FRQFHUQ´�IRU�WKH�6DQ�-RDTXLQ�9DOOH\��6-9'3�����D����7KH��WUDFH�HOHPHQWV�LGHQWLILHG
LQFOXGH�VHOHQLXP��ERURQ��PRO\EGHQXP��DQG�DUVHQLF��DOO�RI�ZKLFK�RFFXU�QDWXUDOO\�LQ�ZHVWVLGH
VRLOV���6DOW�ZDV�WKH�ILIWK�VXEVWDQFH�RI�FRQFHUQ�LGHQWLILHG�E\�WKH�6-9'3�

6HOHQLXP�LV�RI�SULPDU\�FRQFHUQ�EHFDXVH�LW�LV�ZLGHO\�GLVWULEXWHG�WKURXJKRXW�WKH�VWXG\�DUHD
DQG�LW�KDV�SURYHQ�WR�EH�WR[LF�WR�FHUWDLQ�YHUWHEUDWH�VSHFLHV��HVSHFLDOO\�LQ�DTXDWLF�KDELWDWV��
3UHVVHU�DQG�RWKHUV��������LGHQWLILHG�WKH�VRXUFHV�DQG�IDWH�DQG�WUDQVSRUW�PHFKDQLVPV�IRU
VHOHQLXP�LQ�WKH�YLFLQLW\�RI�WKH�:HVWODQGV�VWXG\�DUHD����:DWHU�DQG�PXGIORZV�KDYH�WUDQVSRUWHG
WKH�VHOHQLXP�WR�WKH�YDOOH\�LQ�SDUWLFXODWH�DQG�GLVVROYHG�IRUPV�GHULYHG�IURP�WKH�ZHDWKHULQJ
DQG�HURVLRQ�RI�VRXUFH�URFNV���'HFDGHV�RI�LUULJDWLRQ�KDYH�WUDQVIHUUHG�VROXEOH�VHOHQLXP�IURP
WKH�XSSHU�VRLOV�WR�WKH�VKDOORZ�JURXQGZDWHU��ZKHUH�LWV�KLJKHVW�FRQFHQWUDWLRQV�RFFXU�JHQHUDOO\
DORQJ�WKH�HGJH�RI�WKH�YDOOH\�WURXJK�LQ�WKH�ORZHU�SDUWV�RI�WKH�FRDVW�UDQJH�DOOXYLDO�IDQV��
7LGEDOO�DQG�RWKHUV��������SXEOLVKHG�D�UHJLRQDO�VFDOH�PDS�VKRZLQJ�WRWDO�VHOHQLXP
FRQFHQWUDWLRQV�LQ�WKH�XSSHU����LQFKHV�RI�VRLO�UDQJLQJ�IURP�OHVV�WKDQ������PJ�NJ�LQ�WKH
$OSDXJK�VWXG\�DUHD��DQG��XS�WR������PJ�NJ�LQ�WKH�:HVWODQGV�VWXG\�DUHD��5HJLRQDO�VFDOH
JURXQGZDWHU�TXDOLW\�PDSV�SXEOLVKHG�E\�WKH�6-9'3�VKRZ�VHOHQLXP�FRQFHQWUDWLRQV�LQ�WKH
VKDOORZ�JURXQGZDWHU��OHVV�WKDQ����IHHW�IURP�WKH�ODQG�VXUIDFH��UDQJLQJ�IURP����WR�!����J�O
DW�WKH�:HVWODQGV�VLWH��DQG����WR�����XJ�O�DW�WKH�$OSDXJK�VLWH��)LJXUHV���DQG������&XUUHQW�
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VLWH�VSHFLILF�GDWD�IRU�WUDFH�HOHPHQW�FRQFHQWUDWLRQV�LQ�SURMHFW�VRLO�DQG�VKDOORZ�JURXQGZDWHU
DUH�QRW�DYDLODEOH���0RQLWRULQJ�RI�VHOHQLXP�DQG�ERURQ�FRQFHQWUDWLRQV�LQ�VRLO��HSKHPHUDO
VXUIDFH�ZDWHU��VKDOORZ�JURXQGZDWHU��DQG�ELRWD�ZLOO�EH�DQ�LQWHJUDO�SDUW�RI�WKH�'HPRQVWUDWLRQ
3URMHFW���$�JHQHUDO�PRQLWRULQJ�SODQ�IRU�VXUIDFH�ZDWHU��JURXQGZDWHU�DQG�VRLO�LV�FRQWDLQHG�LQ
$SSHQGL[���

���������6RLOV

$�EXLOGXS�RI�VDOWV�LQ�WKH�VRLO�FDQ�DGYHUVHO\�DIIHFW�DJULFXOWXUDO�SURGXFWLYLW\���7KH�DULG�VRLOV�RQ
WKH�ZHVWVLGH�RI�WKH�6DQ�-RDTXLQ�9DOOH\�DQG�WKH�7XODUH�%DVLQ�FRQWDLQ�VXEVWDQWLDO�DPRXQWV�RI
QDWXUDOO\�RFFXUULQJ�VROXEOH�VDOWV���*URZHUV�KDYH�WUDGLWLRQDOO\�PDQDJHG�WKHVH�VDOWV�E\
DSSO\LQJ�D�OHDFKLQJ�IUDFWLRQ�RI�LUULJDWLRQ�ZDWHU�LQ�H[FHVV�RI�FURS�UHTXLUHPHQWV���7KH�OHDFKLQJ
IUDFWLRQ�WUDQVSRUWV�VDOW�IURP�WKH�FURS�URRW�]RQH�LQWR�WKH�VKDOORZ�JURXQGZDWHU�V\VWHP�RU�LQWR
D�VXEVXUIDFH�GUDLQDJH�V\VWHP���'XH�WR�WKH�HQYLURQPHQWDO�SUREOHPV�DVVRFLDWHG�ZLWK
VHOHQLXP�FRQFHQWUDWLRQV�LQ�GUDLQZDWHU��VXEVXUIDFH�GUDLQDJH�V\VWHPV�DUH�QR�ORQJHU�D
PDQDJHPHQW�RSWLRQ�LQ�WKH�:HVWODQGV�VWXG\�DUHD���$ERXW�KDOI�WKH�VROXEOH�VDOWV�LQ�WKH�FURS
URRW�]RQH�DUH�GHULYHG�IURP�WKH�VRLO��&+�0�+LOO���������$�ODUJH�TXDQWLW\�RI�VDOW�LV�DOVR�DGGHG
WR�WKH�VRLO�IURP�WKH�LPSRUWHG�LUULJDWLRQ�ZDWHU�WKDW�LV�DSSOLHG���'LVVROYHG�VROLGV��VDOW�
FRQFHQWUDWLRQV�LQ�WKH�&93�ZDWHU�GHOLYHUHG�WR�WKH�ZHVWHUQ�6DQ�-RDTXLQ�9DOOH\�YLD�WKH�'HOWD�
0HQGRWD�&DQDO�KDYH�DYHUDJHG�DERXW�����PJ�O�VLQFH�������86%5���������:KHQ�FURSV
FRQVXPH�WKH�DSSOLHG�LUULJDWLRQ�ZDWHU��WKH�VDOWV�DUH�OHIW�EHKLQG�LQ�WKH�VRLO���7KH�6-9'3
HVWLPDWHG�WKDW�VDOW�DFFXPXODWHV�DW�D�UDWH�RI��DSSUR[LPDWHO\�����WRQV�DFUH�\HDU�DQG�����WRQV
�DFUH�\HDU�LQ�WKH�VRLOV�LQ�WKH�:HVWODQGV�DQG�7XODUH�6XEDUHDV��UHVSHFWLYHO\��6-9'3�����E���
7KHUHIRUH��DSSUR[LPDWHO\������WRQV�\HDU�DQG��������WRQV�\HDU�RI�VDOW�DUH�GHSRVLWHG�RQ�WKH
ODQGV�FRPSULVLQJ�WKH������DFUH�'HPRQVWUDWLRQ�3URMHFW�LQ�WKH�:HVWODQGV�VWXG\�DUHD��DQG�WKH
������DFUH�$OSDXJK�'HPRQVWUDWLRQ�DUHD��UHVSHFWLYHO\�

0XFK�KLJKHU�FRQFHQWUDWLRQV�RI�VDOW�DUH�IRXQG�LQ�LUULJDWLRQ�ZDWHU�WKDW�LV�SXPSHG�IURP�WKH
FRQILQHG�DTXLIHU�LQ�WKH�UHJLRQ���7KH�VDOW�FRQWDLQHG�LQ�WKH�VKDOORZ�JURXQGZDWHU�EHQHDWK�WKH
UHWLUHG�SDUFHOV�LV�DQRWKHU�SRWHQWLDO�VRXUFH�RI�VDOW�WR�WKH�VRLO�SURILOH���,I�WKH�ZDWHU�WDEOH�LV
FORVH�HQRXJK�WR�WKH�ODQG�VXUIDFH��JURXQGZDWHU�FDQ�EH�GLUHFWO\�HYDSRUDWHG�IURP�WKH�ZDWHU
WDEOH�WR�WKH�DWPRVSKHUH���7KLV�SURFHVV�LV�UHIHUUHG�WR�DV�³EDUH�VRLO�HYDSRUDWLRQ´���%HOLW]�DQG
3KLOOLSV��������HVWLPDWHG�WKDW�EDUH�VRLO�HYDSRUDWLRQ�RFFXUV�LQ�WKH�:HVWODQGV�VWXG\�VLWH�IRU
DUHDV�XQGHUODLQ�E\�3DQRFKH�FOD\�ORDP��&DOID[��VRLOV�ZKHQ�WKH�GHSWK�WR�WKH�ZDWHU�WDEOH�LV
OHVV�WKDQ�VHYHQ�IHHW�IURP�WKH�ODQG�VXUIDFH���:KHQ�WKH�ZDWHU�WDEOH�GURSV�EHORZ�WKLV�GHSWK�
EDUH�VRLO�HYDSRUDWLRQ�FHDVHV��

�����������6RLOV���:HVWODQGV�6LWH

6RLOV�LQ�WKH�:HVWODQGV�VWXG\�DUHD�FRQVLVW�RI�FOD\V�DQG�ORDPV�ZKLFK�IRUPHG�LQ�DOOXYLXP
GHULYHG�IURP�LJQHRXV�DQG�VHGLPHQWDU\�URFN���,QGLYLGXDO�VRLO�PDSSLQJ�XQLWV�LQ�RUGHU�RI
DEXQGDQFH�LQ�WKH�SURMHFW�DUHD�LQFOXGH�WKH�7UDQTXLOOLW\�FOD\��&DOID[�FOD\�ORDP��/HWKHQW�6LOW
/RDP��/LOOLV�&OD\��3RVRFKDQHW�VLOW�ORDP�DQG�&LHUYR�&OD\���7KH�7UDQTXLOOLW\�DQG�&DOID[�PDSSLQJ
XQLWV�DUH�WKH�SUHGRPLQDQW�VRLO�W\SHV�LQ�WKH�VWXG\�DUHD�DQG�FRYHU�JUHDWHU�WKDQ�����RI�WKH
SURSRVHG�'HPRQVWUDWLRQ�3URMHFW�ODQGV���7KH�7UDQTXLOOLW\�FOD\�LV�D�YHU\�GHHS��SRRUO\�WR
PRGHUDWHO\�GUDLQHG�VDOLQH�VRGLF�VRLO�IRXQG�RQ�ORZ�O\LQJ�DOOXYLDO�IDQV�DQG�IORRG�SODLQV�ZLWK
VORSHV�EHWZHHQ���DQG�����7KH�SHUPHDELOLW\�RI�WKLV�VRLO�LV�VORZ�DQG�WKH�XQLW�LV�VXLWHG�WR
JURZLQJ�LUULJDWHG�VDOW�WROHUDQW�FURSV��RU�IRU�ZLOGOLIH�KDELWDW��86'$���������5XQRII�LV�ORZ��DQG
WKH�KD]DUG�RI�ZDWHU�HURVLRQ�LV�VOLJKW���(IIHFWLYH�URRWLQJ�GHSWK�IRU�FURSV�LV�OLPLWHG�E\�D
WUDQVLHQW�KLJK�ZDWHU�WDEOH�WKDW�RFFXUV�DW�D�GHSWK�RI���WR���IHHW���7KH�KLJK�ZDWHU�WDEOH�LV
LQIOXHQFHG�E\�LUULJDWLRQ�DV�ZHOO�DV�WKH�RULHQWDWLRQ�RI�VXUIDFH�GUDLQDJH�IHDWXUHV�DQG�WKH
WH[WXUH�RI�VRLO�OD\HUV���7KH�GHSWK�WR�WKH�ZDWHU�WDEOH�YDULHV�DQG�LV�FRPPRQO\�KLJKHVW�GXULQJ
LUULJDWLRQ�DSSOLFDWLRQV�LQ�WKH�ZLQWHU�DQG�HDUO\�VSULQJ���7KHVH�VRLOV�JHQHUDOO\�UHTXLUH�LQWHQVLYH
PDQDJHPHQW�WR�UHGXFH�VDOLQLW\�DQG�PDLQWDLQ�DJULFXOWXUDO�SURGXFWLYLW\���7KH�&DOID[�FOD\�ORDP
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PDSSLQJ�XQLW�FRYHUV�DERXW������RI�WKH�VWXG\�DUHD���7KHVH�VRLOV�DUH�VDOLQH��DONDOLQH��GHHS�
ZHOO�GUDLQHG�DQG�IRXQG�W\SLFDOO\�RQ�ORZ�O\LQJ�DOOXYLDO�IDQV���3HUPHDELOLW\�RI�WKH�&DOID[�VRLO�LV
PRGHUDWHO\�VORZ���(IIHFWLYH�URRWLQJ�GHSWKV�RI�WKH�FURSV�JURZQ�RQ�WKHVH�VRLOV�LV�OLPLWHG�E\�D
KLJK�ZDWHU�WDEOH�WKDW�RFFXUV�DW�D�GHSWK�RI���WR���IHHW���6XUIDFH�ZDWHU�UXQRII�LV�ORZ�DQG�WKH
KD]DUG�RI�ZDWHU�HURVLRQ�LV�VOLJKW����86'$������

�����������6RLOV���$OSDXJK�6LWH

6RLOV�LQ�WKH�$OSDXJK�VWXG\�DUHD�FRQVLVW�RI�VLOW�DQG�VDQG�ORDPV�WKDW�DUH�IRUPHG�LQ�DOOXYLXP
GHULYHG�IURP�LJQHRXV�DQG�VHGLPHQWDU\�URFNV���,QGLYLGXDO�VRLO�PDSSLQJ�XQLWV�IRXQG�LQ�WKH
VWXG\�DUHD�LQ�WKH�RUGHU�RI�DEXQGDQFH�LQFOXGH�WKH�3RVRFKDQHW�VLOW�ORDP��1DKUXPE�VLOW�ORDP�
WKH�:HVWFDPS�VLOW�ORDP��([FHOVLRU�ILQH�VDQG\�ORDP��DQG�/HWKHQW�ILQH�VDQG\�ORDP���7KH
3RVRFKDQHW�VRLOV�RFFXU�SULPDULO\�LQ�WKH�FHQWUDO�SRUWLRQ�RI�WKH�VLWH�DQG�FRYHU�DERXW�����RI
WKH�WRWDO�VWXG\�DUHD���7KHVH�VRLOV�DUH�VDOLQH��DONDOLQH��YHU\�GHHS��PRGHUDWHO\�ZHOO�GUDLQHG
ZLWK�VORZ�SHUPHDELOLW\���6DOLQLW\�UDQJHV�IURP���WR���GHFL�6LHPHQV�PHWHU��GV�P��LQ�WKH�XSSHU
SRUWLRQ�DQG���WR����GV�P�LQ�WKH�ORZHU�SRUWLRQ���6XUIDFH�UXQRII�LV�JHQHUDOO\�VORZ��ZLWK�D�ORZ
KD]DUG�RI�ZDWHU�HURVLRQ���1DKUXPE�VLOW�ORDP�RFFXUV�RQ�EDVLQ�ULPV�DQG�FRQVLVWV�RI�PL[HG
DOOXYLXP�IURP�JUDQLWLF�URFNV���1DKUXPE�VRLOV�FRYHU�DERXW�����RI�WKH�WRWDO�VXUIDFH�DUHD�LQ
WKH�VRXWKHDVW�SDUW�RI�WKH�VLWH���7KHVH�VRLOV�DUH�YHU\�GHHS��VRPHZKDW�SRRUO\�GUDLQHG��ZLWK
YHU\�VORZ�SHUPHDELOLW\���6DOLQLW\�UDQJHV�IURP������GV�P�LQ�WKH�XSSHU�SDUW�WR������GV�P�LQ
WKH�ORZHU�SDUW���6XUIDFH�UXQRII�LV�YHU\�VORZ�ZLWK�ORZ�VXUIDFH�HURVLRQ�KD]DUG���:HVWFDPS�VLOW
ORDP�VRLOV�FRYHU�WKH�QRUWKZHVW�FRUQHU�RI�WKH�VWXG\�DUHD���7KH�:HVWFDPS�VRLOV�DUH�VDOLQH�
DONDOLQH�VRLOV�WKDW�KDYH�D�SHUFKHG�ZDWHU�WDEOH���7KHVH�VRLOV�DUH�YHU\�GHHS��VRPHZKDW�SRRUO\
GUDLQHG��ZLWK�YHU\�VORZ�SHUPHDELOLW\���$�WUDQVLHQW�KLJK�ZDWHU�WDEOH�RFFXUV�DW�D�GHSWK�RI����
IHHW���6DOLQLW\�UDQJHV�IURP�DERXW������GV�P���([FHOVLRU�ILQH�VDQG\�ORDP�VRLOV�DUH�IRXQG�RQ
WKH�VDQG�ULGJH�WKDW�WUDYHUVHV�WKH�VLWH�IURP�QRUWKHDVW�WR�VRXWKZHVW���7KH�VDQG�ULGJH�FRYHUV
DERXW������RI�WKH�WRWDO�VWXG\�DUHD���7KH�([FHOVLRU�VRLOV�DUH�YHU\�GHHS��VRPHZKDW�H[FHVVLYHO\
GUDLQHG�DONDOLQH�VRLOV���3HUPHDELOLW\�RI�WKH�VDQG�ULGJH�VRLO�LV�PRGHUDWHO\�UDSLG��UXQRII�LV�YHU\
VORZ�DQG�KD]DUG�RI�ZDWHU�HURVLRQ�LV�VOLJKW��KRZHYHU�WKH�SRWHQWLDO�IRU�ZLQG�HURVLRQ�LV�KLJK
ZKHQ�YHJHWDWLRQ�LV�VSDUVH���6DOLQLW\�UDQJHV�IURP�����GV�P�LQ�WKH�XSSHU�SDUW�DQG������LQ�WKH
ORZHU�SDUW���7KH�/HWKHQW�ILQH�VDQG\�ORDP�RFFXUV�LQ�D�VPDOO�DUHD�LQ�WKH�VRXWKZHVW�SDUW�RI�WKH
VWXG\�DUHD���7KLV�VRLO�LV�VDOLQH��DONDOLQH���YHU\�GHHS��DQG�PRGHUDWHO\�ZHOO�GUDLQHG��
3HUPHDELOLW\�LV�YHU\�VORZ�DQG�WKH�KD]DUG�RI�ZDWHU�HURVLRQ�LV�VOLJKW����86'$������������

���������+\GURORJ\

�����������+\GURORJ\���:HVWODQGV�6LWH

7KH�QDWXUDO�GUDLQDJH�LQ�WKH�::'�VWXG\�DUHD�LV�WR�WKH�HDVW�DQG�QRUWKHDVW�ZLWK�JURXQG
VXUIDFH�HOHYDWLRQV�UDQJLQJ�IURP�����IHHW�DERYH�PHDQ�VHD�OHYHO��$06/���8�6��*HRORJLFDO
6XUYH\��86*6��GDWXP��LQ�WKH�VRXWKHDVW�SRUWLRQ�RI�WKH�VLWH�WR�DERXW�����IHHW�$06/�LQ�WKH
QRUWKZHVW�SRUWLRQ�RI�WKH�VLWH���7KH�ODQG�VXUIDFH�LQ�PRVW�RI�WKH�VWXG\�DUHD�KDV�EHHQ�ODVHU
OHYHOHG�WR�IDFLOLWDWH�LUULJDWLRQ�RI�URZ�FURSV���7KHUH�DUH�QR�SHUHQQLDO�VXUIDFH�ZDWHU�ERGLHV�RQ
WKH�::'�VWXG\�DUHD�SURSHUWLHV���6KDOORZ�HSKHPHUDO�VXUIDFH�ZDWHU�SRQGV�PD\�IRUP�RQ�ORZ
O\LQJ�SRUWLRQV�RI�WKH�VWXG\�DUHD�GXH�WR�ORFDOL]HG�VKHHW�IORZ�UXQRII�GXULQJ�SURORQJHG�ZLQWHU
VWRUP�HYHQWV��6XUIDFH�ZDWHU�FRXUVHV�ZLWKLQ�WKH�DUHD�FRQVLVW�SULQFLSDOO\�RI�LUULJDWLRQ�VXSSO\
FDQDOV��DQG�LUULJDWLRQ�UHWXUQ�IORZ�GLWFKHV���)UHVQR�6ORXJK��ZKLFK�LV�ORFDWHG�DSSUR[LPDWHO\
RQH�PLOH�HDVW�RI�WKH�VWXG\�DUHD���LV�WKH�ODUJHVW�SHUHQQLDO�VXUIDFH�ZDWHU�ERG\�LQ�WKH�YLFLQLW\�RI
WKH�SURMHFW���)UHVQR�6ORXJK�UHFHLYHV�IORRG�IORZ�UHOHDVHV�IURP�WKH�1RUWK�)RUN�RI�WKH�.LQJV
5LYHU�DQG�VHUYHV�DV�D�VWRUDJH�UHVHUYRLU�IRU�IHGHUDO�LUULJDWLRQ�ZDWHU�IURP�WKH�'HOWD�0HQGRWD
&DQDO���)UHVQR�6ORXJK�DOVR�RFFDVLRQDOO\�UHFHLYHV�IORRG�IORZV�IURP�3DQRFKH�&UHHN��ZKLFK�ULVHV
LQ�WKH�&RDVW�5DQJHV�WR�WKH�ZHVW��DQG�IORZV�RXW�RQWR�WKH�3DQRFKH�)DQ�GXULQJ�ZLQWHU�VWRUP
HYHQWV�
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�����������+\GURORJ\���$OSDXJK�6LWH

7KH�QDWXUDO�GUDLQDJH�LQ�WKH�$OSDXJK�VWXG\�DUHD�LV�WR�WKH�QRUWK�QRUWKZHVW�ZLWK�JURXQG
VXUIDFH�HOHYDWLRQV�UDQJLQJ�IURP�DERXW�����IHHW�$06/��LQ�WKH�VRXWKHDVW�SRUWLRQ�RI�WKH�VLWH�WR
DERXW�����IHHW�$06/�LQ�WKH�QRUWKHDVWHUQ�SRUWLRQ�RI�WKH�VLWH����$�SURQRXQFHG�VDQG�ULGJH
WUDYHUVHV�WKH�QRUWKHUQ�ERXQGDU\�RI�WKH�VLWH�LQ�D�QRUWKHDVWHUO\�GLUHFWLRQ���7KH�VDQG�ULGJH�ZDV
IRUPHG�IURP�ZLQGEORZQ�VDQG�GHSRVLWHG�DORQJ�WKH�VRXWKHUQ�VKRUH�RI�WKH�7XODUH�ODNHEHG���
6XUIDFH�ZDWHU�FRXUVHV�ZLWKLQ�WKH�$OSDXJK�DUHD�DOVR�FRQVLVW�SULPDULO\�RI�LUULJDWLRQ�VXSSO\
FDQDOV�DQG�LUULJDWLRQ�UHWXUQ�IORZ�GLWFKHV��DOWKRXJK�WKH�VLWH�KDV�DQ�DUWLILFLDOO\�FRQVWUXFWHG���
DFUH�ZHWODQG�WKDW�LV�ILOOHG�IURP�VXUIDFH�LUULJDWLRQ�ZDWHU�VXSSOLHV��6KDOORZ�HSKHPHUDO�VXUIDFH
ZDWHU�SRQGV�PD\�IRUP�RQ�ORZ�O\LQJ�SRUWLRQV�RI�WKH�VLWH�GXH�WR�ORFDOL]HG�VKHHW�IORZ�UXQRII
GXULQJ�ZLQWHU�VWRUP�HYHQWV���7KH�VXUURXQGLQJ�DUHDV�LQ�WKH�YLFLQLW\�RI�WKH�$OSDXJK�VLWH
UHFHLYH�SHULRGLF�XQUHJXODWHG�ZLQWHU�VWRUP�IORZV�IURP�'HHU�&UHHN��3RVR�&UHHN��DQG�WKH�:KLWH
5LYHU���7KH�VWXG\�DUHD�SDUFHOV�XQGHU�FRQVLGHUDWLRQ�DUH�JHQHUDOO\�QRW�VXEMHFW�WR�ORQJ�WHUP
IORRGLQJ�GXH�WR�LWV�KLJKHU�WRSRJUDSKLF�SRVLWLRQ�ZLWK�UHVSHFW�WR�WKH�DGMDFHQW�ORZHU�O\LQJ
ODQGV�

���������5HJLRQDO�*URXQGZDWHU�6\VWHP

7KH�JURXQGZDWHU�IORZ�V\VWHP�RQ�WKH�ZHVW�VLGH�RI�WKH�6DQ�-RDTXLQ�9DOOH\�DQG�WKH�7XODUH
%DVLQ�LV�VWURQJO\�LQIOXHQFHG�E\�D�ILQH�WH[WXUHG��ORZ�SHUPHDELOLW\�FOD\�OD\HU�NQRZQ�DV�WKH
&RUFRUDQ�&OD\�PHPEHU�RI�WKH�7XODUH�)RUPDWLRQ���7KH�&RUFRUDQ�&OD\�LV�D�WKLFN�ODNH�EHG
GHSRVLW�WKDW�GLYLGHV�WKH�JURXQGZDWHU�IORZ�V\VWHP�LQWR�DQ�XSSHU�VHPL�FRQILQHG�DTXLIHU�DQG�D
ORZHU�FRQILQHG�DTXLIHU���7KH�VHPL�FRQILQHG�DTXLIHU�XQGHUO\LQJ�WKH�ZHVW�VLGH�RI�WKH�6DQ
-RDTXLQ�JURXQGZDWHU�EDVLQ�FRQVLVWV�RI�WKUHH�GLVWLQFW�K\GURJHRORJLF�XQLWV���&RDVW�5DQJHV
DOOXYLXP��6LHUUDQ�6DQG�DQG�IORRG�EDVLQ�GHSRVLWV��)LJXUH�������7KH�VHPL�FRQILQHG�DTXLIHU�LQ
WKH�7XODUH�EDVLQ�FRQWDLQV�WKHVH��VDPH�EDVLF�K\GURJHRORJLF�XQLWV��ZLWK�WKH�DGGLWLRQ�RI�7XODUH
/DNH�EHG�GHSRVLWV�LQ�WKH�FHQWHU�RI�WKH�EDVLQ��)LJXUH������7KHVH�XQLWV�DOO�GLIIHU�LQ�WH[WXUH�
K\GURORJLF�SURSHUWLHV�DQG�R[LGDWLRQ�VWDWH���7KH�IORZ�V\VWHP�KDV�XQGHUJRQH�FRQVLGHUDEOH
FKDQJH�VLQFH�WKH�GHYHORSPHQW�RI�LUULJDWHG�DJULFXOWXUH�LQ�WKH�UHJLRQ����8QGHU�QDWXUDO
FRQGLWLRQV�UHFKDUJH�WR�WKH�XSSHU�DTXLIHU�ZDV�SULPDULO\�IURP�LQILOWUDWLRQ�RI�VWUHDP�ZDWHU�IURP
LQWHUPLWWHQW�VWUHDPV�IORZLQJ�IURP�WKH�&RDVW�5DQJHV���$FFRUGLQJ�WR�'DYLV�DQG�3RODQG�������
DQG�%HOLW]�DQG�+HLPHV����������UDLQIDOO�ZDV�DQ�LQVLJQLILFDQW�PHFKDQLVP�IRU�UHFKDUJLQJ�WKH
DTXLIHU�V\VWHP���'LVFKDUJH�IURP�WKH�DTXLIHU�V\VWHP�XQGHU�QDWXUDO�FRQGLWLRQV�ZDV�SULPDULO\
IURP�HYDSRWUDQVSLUDWLRQ�DQG�WR�VWUHDPV�DORQJ�WKH�YDOOH\�WURXJK��7KH�IROORZLQJ�WZR
SDUDJUDSKV�DUH�H[FHUSWV�IURP�%HOLW]�DQG�+HLPHV���������DQG�SURYLGH�DQ�H[FHOOHQW
GHVFULSWLRQ�RI�WKH�KLVWRU\�RI�JURXQGZDWHU�GHYHORSPHQW�RQ�WKH�ZHVW�VLGH�RI�WKH�FHQWUDO�6DQ
-RDTXLQ�9DOOH\��6-9��

$JULFXOWXUDO�DFWLYLW\�LQ�WKH�DUHD�DQG�WKH�JURXQGZDWHU�IORZ�V\VWHP�UHVSRQVH�RQ�WKH�ZHVW�VLGH
RI�WKH�6-9�EHJDQ�DV�HDUO\�DV�WKH�����V��EXW�ODUJH�VFDOH�IDUPLQJ�DQG�LUULJDWLRQ�GLG�QRW�RFFXU
XQWLO�WKH�)LUVW�:RUOG�:DU���,UULJDWLRQ�ZLWK�JURXQGZDWHU�H[SDQGHG�UDSLGO\�LQ�WKH�����V�DQG
VWHDGLO\�LQFUHDVHG�XQWLO�:RUOG�:DU�,,��$IWHU�:RUOG�:DU�,,��WKH�SULFH�RI�FRPPRGLWLHV
VWLPXODWHG�LQFUHDVHG�DJULFXOWXUDO�JURZWK�DQG�E\�WKH�HDUO\�����V�QHDUO\�RQH�PLOOLRQ�DFUH�IHHW
RI�ZDWHU�ZDV�EHLQJ�SXPSHG�IURP�WKH�DTXLIHU�V\VWHP�ZLWKLQ�::'���0RVW�RI�WKH�ZDWHU�ZDV
SXPSHG�IURP�EHQHDWK�WKH�&RUFRUDQ�&OD\�PHPEHU�RI�WKH�7XODUH�)RUPDWLRQ���7KH�LQFUHDVH�LQ
LUULJDWHG�DFUHDJH�DQG�LQ�SXPSDJH�VLJQLILFDQWO\�DOWHUHG�WKH�JURXQGZDWHU�IORZ�V\VWHP��
3HUFRODWLRQ�RI�LUULJDWLRQ�ZDWHU�SDVW�FURS�URRWV�JUHDWO\�H[FHHGHG�LQILOWUDWLRQ�RI�LQWHUPLWWHQW
VWUHDP�ZDWHU�DQG�UHSODFHG�WKH�ODWWHU�DV�WKH�SULPDU\�PHFKDQLVP�RI�UHFKDUJH���'LVFKDUJH�RI
ZDWHU�WKURXJK�ZHOOV�DQG�HYDSRWUDQVSLUDWLRQ�IURP�FURSV�UHSODFHG�QDWXUDO�HYDSRWUDQVSLUDWLRQ
DV�WKH�SULPDU\�PHFKDQLVP�RI�GLVFKDUJH���3RVW�GHYHORSPHQW�UHFKDUJH�GXULQJ���������ZDV
PRUH�WKDQ����WLPHV�JUHDWHU�WKDQ�WKH�HVWLPDWHG�SUH�GHYHORSPHQW�YDOXHV�IRU�WKH�&HQWUDO
9DOOH\���3XPSLQJ�RI�JURXQGZDWHU�DIIHFWHG�WKH�K\GUDXOLF�KHDG�DQG�WKH�GLUHFWLRQ�RI�IORZ�LQ�WKH
V\VWHP���7KH�PRVW�SURQRXQFHG�FKDQJHV�RFFXUUHG�LQ�WKH�ORZHU�FRQILQHG�]RQH���%\�������WKH
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SRWHQWLRPHWULF�VXUIDFH�RI�WKH�FRQILQHG�]RQH�ZDV�GUDZQ�GRZQ�����WR�����IHHW�IURP�WKH
SUHVXPHG�SUHGHYHORSPHQW�DOWLWXGH���$JULFXOWXUDO�SXPSDJH�LQ�H[FHVV�RI�UHFKDUJH�FRQWLQXHG
IRU�PRUH�WKDQ�D�GHFDGH�DIWHU������DQG�OHG�WR�IXUWKHU�ORZHULQJ�RI�WKH�SRWHQWLRPHWULF�VXUIDFH
RI�WKH�FRQILQHG�]RQH���%\�������WKH�SRWHQWLRPHWULF�VXUIDFH�KDG�EHHQ�ORZHUHG�E\�KXQGUHGV�RI
IHHW�RYHU�PXFK�RI�WKH�ZHVWHUQ�YDOOH\���3XPSLQJ�OLIWV�H[FHHGHG�����IHHW�RYHU�SDUWV�RI�WKH
DUHD��DQG�ODQG�VXEVLGHQFH�RI�PRUH�WKDQ���IHHW�RFFXUUHG�WKURXJKRXW�WKH�DUHD��ZLWK�ORFDO
VXEVLGHQFH�UHDFKLQJ�DV�PXFK�DV����IHHW���

$V�D�UHVXOW�RI�ODQG�VXEVLGHQFH��LQFUHDVHG�SXPSLQJ�OLIWV��DQG�ZDWHU�TXDOLW\�OLPLWDWLRQV�
VXUIDFH�ZDWHU�ZDV�LPSRUWHG�WR�WKH�ZHVWHUQ�YDOOH\�LQ�RUGHU�WR�GHFUHDVH�SXPSDJH���%HJLQQLQJ
LQ�������VXUIDFH�ZDWHU�LPSRUWHG�YLD�WKH�&DOLIRUQLD�$TXHGXFW�EHJDQ�WR�UHSODFH�JURXQGZDWHU
DV�WKH�SULPDU\�VRXUFH�RI�LUULJDWLRQ�VXSSO\�LQ�WKH�DUHD�VRXWK�RI�0HQGRWD���7KH�DYDLODELOLW\�RI
VXUIDFH�ZDWHU�OHG�WR�DQ�LQFUHDVH�LQ�WKH�WRWDO�TXDQWLW\�RI�ZDWHU�DSSOLHG��ZKHUHDV�WKH�TXDQWLW\
RI�ZDWHU�UHPRYHG�IURP�WKH�V\VWHP�E\�ZHOOV�GHFUHDVHG���7KH�PDUNHG�GHFUHDVH�LQ�SXPSDJH
KDV�DOORZHG�D�UHFRYHU\�LQ�K\GUDXOLF�KHDG���7KH�ULVH�LQ�WKH�SRWHQWLRPHWULF�VXUIDFH�IURP�����
WR������ZDV�QHDUO\�RQH�KDOI�WKH�GUDZGRZQ�WKDW�RFFXUUHG�IURP�SUHGHYHORSPHQW�FRQGLWLRQV�WR
�������7KH�SRWHQWLRPHWULF�VXUIDFH�LV�GHILQHG�DV�WKH�OHYHO�WKDW�ZDWHU�IURP�WKH�FRQILQHG
DTXLIHU�ZRXOG�ULVH�WR�LQ�D�WLJKWO\�FDVHG�ZHOO�FRPSOHWHG�LQ�WKH�FRQILQHG�DTXLIHU���$JULFXOWXUDO
GHYHORSPHQW�DOVR�KDV�DIIHFWHG�WKH�VHPL�FRQILQHG�]RQH���,QFUHDVHG�UDWHV�RI�UHFKDUJH
UHVXOWLQJ�IURP�SHUFRODWLRQ�RI�LUULJDWLRQ�ZDWHU��FRPELQHG�ZLWK�WKH�UDSLG�SRVW������GHFUHDVH
LQ�SXPSDJH��FDXVHG�D�ULVH�LQ�WKH�DOWLWXGH�RI�WKH�ZDWHU�WDEOH�RYHU�PXFK�RI�WKH�ZHVWHUQ�YDOOH\�
�%HOLW]�DQG�+HLPHV�������

$�UHJLRQDO�WLOH�GUDLQ�FROOHFWRU�V\VWHP��ZKLFK�ZDV�LQVWDOOHG�GXULQJ����������DOVR�KDV�KDG
DSSUHFLDEOH�HIIHFWV�RQ�WKH�JURXQGZDWHU�IORZ�V\VWHP���7KLV�V\VWHP�XQGHUOLHV�DERXW�������
DFUHV�RI�ODQG�ZHVW�DQG�VRXWKZHVW�RI�0HQGRWD���'XULQJ����������WKH�GUDLQV�FROOHFWHG�DQ
DYHUDJH�RI�������DFUH�IHHW�SHU�\HDU���%\�ORZHULQJ�ZDWHU�OHYHOV���WR���IHHW�LQ�WKH�GUDLQHG
DUHD��WKH�WLOH�GUDLQ�FROOHFWRU�V\VWHP�ZDV�HIIHFWLYH�LQ�GHFUHDVLQJ�WKH�WRWDO�DUHD�FKDUDFWHUL]HG
E\�D�ZDWHU�WDEOH�ZLWKLQ���IHHW�RI�WKH�ODQG�VXUIDFH���0DSV�RI�GHSWK�WR�ZDWHU�WDEOH�LQGLFDWH�WKDW
LQ�$SULO������DERXW����SHUFHQW�RI�WKH�DUHD�ODWHU�VHUYLFHG�E\�GUDLQV�KDG�D�ZDWHU�WDEOH�ZLWKLQ
��IHHW�RI�WKH�ODQG�VXUIDFH��%\�$SULO�������WKH�VL]H�RI�WKLV�DUHD�KDG�GHFUHDVHG�WR���SHUFHQW�RI
WKH�GUDLQHG�DUHD���,Q�FRQWUDVW��LQ�DQ�DUHD�RI�HTXLYDOHQW�VL]H��WRSRJUDSKLF�UHOLHI��DQG
JHRPRUSKLF�FKDUDFWHU��EXW�QRW�XQGHUODLQ�E\�UHJLRQDO�WLOH�GUDLQV��WKH�VL]H�RI�WKH�DUHD
XQGHUODLQ�E\�D�ZDWHU�WDEOH�ZLWKLQ���IHHW�RI�WKH�ODQG�VXUIDFH�LQFUHDVHG�IURP���VTXDUH�PLOHV�LQ
�����WR����VTXDUH�PLOHV�LQ���������%HOLW]�DQG�+HLPHV�������

7KH�VHPL�FRQILQHG�DTXLIHU�DERYH�WKH�&RUFRUDQ�&OD\�LV�QRZ�QHDUO\�IXOO\�VDWXUDWHG�LQ�PXFK�RI
WKH�ZHVWHUQ�6DQ�-RDTXLQ�9DOOH\���:DWHU�WDEOHV�FRQWLQXH�WR�ULVH��DQG�WKH�ZDWHUORJJHG�DUHD�LV
H[SDQGLQJ���)URP������WR�������WKH�DUHD�XQGHUODLQ�E\�D�ZDWHU�WDEOH�ZLWKLQ���IHHW�RI�WKH
ODQG�VXUIDFH�LQ�::'�H[SDQGHG�IURP��������DFUHV�WR���������DFUHV���6LPLODU�WUHQGV�KDYH
EHHQ�REVHUYHG�LQ�WKH�7XODUH�%DVLQ��ZLWK�WKH�DUHD�XQGHUODLQ�E\�D�ZDWHU�WDEOH�ZLWKLQ���IHHW�RI
WKH�ODQG�VXUIDFH�H[SDQGLQJ�IURP���������DFUHV�LQ������WR���������DFUHV�LQ�������&':5
��������7KH�FRQFHSW�RI�PLWLJDWLQJ�WKH�GUDLQDJH�SUREOHP�E\�UHWLULQJ�WKH�ODQG�IURP�LUULJDWHG
DJULFXOWXUH�LV�VWUDLJKWIRUZDUG���7KH�KLJK�ZDWHU�WDEOH�UHVXOWV�IURP�DQ�LPEDODQFH�LQ�WKH�ZDWHU
EXGJHW�DV�ZDWHU�LV�EHLQJ�DSSOLHG�DW�WKH�ODQG�VXUIDFH�DW�D�UDWH�WKDW�H[FHHGV�WKH�FDUU\LQJ
FDSDFLW\�RI�WKH�JURXQGZDWHU�V\VWHP��UHVXOWLQJ�LQ�KLJK�JURXQGZDWHU�OHYHOV���%\�FHDVLQJ
LUULJDWLRQ��WKH�SULPDU\�VRXUFH�RI�UHFKDUJH�WR�WKH�VKDOORZ�DTXLIHU�V\VWHP�LV�WHUPLQDWHG��DQG
VKRXOG�UHVXOW�LQ�ZDWHU�WDEOH�GHFOLQHV����%HOLW]�DQG�+HLPHV�������

9HUWLFDO�JURXQGZDWHU�IORZ�LV�VXEVWDQWLDO�LQ�WKH�ZHVWHUQ�6DQ�-RDTXLQ�9DOOH\���$FFRUGLQJ�WR
%HOLW]�DQG�+HLPHV����������WKH�FRPELQHG�HIIHFW�RI�SXPSLQJ�IURP�EHORZ�WKH�&RUFRUDQ�&OD\
DQG�SHUFRODWLRQ�RI�LUULJDWLRQ�ZDWHU�IURP�DERYH�WKH�ZDWHU�WDEOH�KDV�EHHQ�WKH�GHYHORSPHQW�RI
D�ODUJH�GRZQZDUG�IORZ�JUDGLHQW�LQ�WKH�VHPL�FRQILQHG�DTXLIHU�DQG�D�JURXQGZDWHU�IORZ�GLYLGH
LQ�WKH�ZHVWHUQ�SDUW�RI�WKH�YDOOH\��)LJXUHV���DQG�����
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�����������*URXQGZDWHU�0RGHOLQJ

'XULQJ�WKH�ODWH�����
V�DQG�HDUO\�����
V�D�JURXS�RI�8�6��*HRORJLFDO�6XUYH\��86*6�
UHVHDUFKHUV�FROOHFWHG�DQG�SURFHVVHG�GDWD�VSHFLILFDOO\�IRU�WKH�FUHDWLRQ�RI�D�IXOO\�WKUHH�
GLPHQVLRQDO��FDOLEUDWHG�JURXQGZDWHU�PRGHO�FRYHULQJ�����VTXDUH�PLOHV�LQ�WKH�ZHVW�FHQWUDO
6-9���7KH�:HVWODQGV�/DQG�5HWLUHPHQW�'HPRQVWUDWLRQ�VWXG\�DUHD�IDOOV�ZLWKLQ�WKH�PRGHO
GRPDLQ���5HVXOWV�IURP�WKHVH�HIIRUWV�DUH�SXEOLVKHG�LQ�D�VHULHV�RI�SXEOLFDWLRQV��%HOLW]�DQG
+HLPHV�������*URQEHUJ�DQG�%HOLW]�������%HOLW]�DQG�3KLOOLSV���������7KH�%HOLW]�DQG�3KLOOLSV
HIIRUW�FRQVWLWXWHV�WKH�PRVW�FRPSUHKHQVLYH�VWXG\�RI�WKH�JURXQGZDWHU�IORZ�V\VWHP�RI�WKH�ZHVW
VLGH�6DQ�-RDTXLQ�9DOOH\�WR�GDWH���7KH�REMHFWLYH�RI�WKH�PRGHO�VWXGLHV�ZDV�WR�HYDOXDWH�WKH
HIIHFWV�RI�IRXU�DOWHUQDWLYH�GUDLQDJH�PDQDJHPHQW�RSWLRQV�RQ�UHJLRQDO��ORQJ�WHUP�JURXQGZDWHU
WDEOH�EHKDYLRU���/DQG�UHWLUHPHQW�ZDV�RQH�RI�WKH�PDQDJHPHQW�RSWLRQV�VWXGLHG���7KH
PDQDJHPHQW�KRUL]RQ�RI�WKH�JURXQGZDWHU�PRGHO�ZDV�������������7KH�VWXG\�DUHD�ZDV
GLYLGHG�LQWR����VXEDUHDV�FKDUDFWHUL]HG�E\�GLIIHUHQW�ORQJ�WHUP�UHFKDUJH�DQG�SXPSLQJ�UDWHV
GXH�WR�VXUIDFH�ZDWHU�DOORFDWLRQV�DQG�ODQG�XVH�FKDUDFWHULVWLFV���7KH�PRGHO�DOVR�GLVWLQJXLVKHG
EHWZHHQ�DUHDV�ZLWK�RQ�IDUP�GUDLQV��UHJLRQDO�GUDLQV��RU�QR�GUDLQV���&KDQJHV�LQ�DQQXDO
UHFKDUJH�DQG�SXPSDJH�GXH�WR�FOLPDWLF�YDULDWLRQV�ZHUH�QRW�FRQVLGHUHG��EHFDXVH�RI�WKH�ORQJ
WHUP�PDQDJHPHQW�KRUL]RQ�RI�WKH�PRGHO���0RGHO�SUHGLFWLRQV�ZLWK�UHVSHFW�WR�ZDWHU�WDEOH
FRQGLWLRQV�ZHUH�LQWHUSUHWHG�DV�UHSUHVHQWDWLYH�RI�ORQJ�WHUP�DYHUDJH�FRQGLWLRQV�IRU�WKH�HQWLUH
UHJLRQ���7KH�PRGHO�FRQVLGHUHG�WKH�IROORZLQJ�PDMRU�HOHPHQWV�RI�WKH�VXEVXUIDFH�K\GURORJ\�
JURXQGZDWHU�UHFKDUJH�IURP�LUULJDWLRQ��JURXQGZDWHU�SXPSLQJ��GLVFKDUJH�WR�GUDLQV��EDUH�VRLO
HYDSRUDWLRQ��DTXLIHU�VWRUDJH�LQ�WKH�VHPL�FRQILQHG�]RQH��DQG�JURXQGZDWHU�PRYHPHQW
EHWZHHQ�WKH�VHPL�FRQILQHG�]RQH��WKH�FRQILQLQJ�OD\HUV��DQG�WKH�GHHS�FRQILQHG�]RQH���7KH
VWXG\�FRQFOXGHG�WKDW�ODQG�UHWLUHPHQW�OHDGV�WR�D�GHFOLQLQJ�ZDWHU�WDEOH�DQG�WKH�HOLPLQDWLRQ�RI
EDUH�VRLO�HYDSRUDWLRQ�EHQHDWK�WKH�UHWLUHG�ODQGV��EXW�KDV�OLWWOH�HIIHFW�RQ�WKH�ZDWHU�WDEOH
RXWVLGH�WKH�UHWLUHG�DUHDV�

)LR��������UHFHQWO\�FRQGXFWHG�D�SRVW�DXGLW�VWXG\�RI�WKH�%HOLW]�PRGHO�DQG�XWLOL]HG�WKH�PRGHO
WR�DQDO\]H�ZDWHU�WDEOH�UHVSRQVH�WR�ODQG�UHWLUHPHQW�DW�WKH�:HVWODQGV�'HPRQVWUDWLRQ�3URMHFW
VLWH���7KH�PRGHO�FRQVLGHUV�WKH�VDPH�HOHPHQWV�RI�VXEVXUIDFH�K\GURORJ\�DV�WKH�%HOLW]�PRGHO�
QDPHO\��JURXQGZDWHU�UHFKDUJH�IURP�LUULJDWLRQ��JURXQGZDWHU�SXPSLQJ��GLVFKDUJH�WR�GUDLQV�
EDUH�VRLO�HYDSRUDWLRQ��DTXLIHU�VWRUDJH�LQ�WKH�VHPL�FRQILQHG�]RQH��DQG�JURXQGZDWHU
PRYHPHQW�EHWZHHQ�WKH�VHPL�FRQILQHG�]RQH��WKH�FRQILQLQJ�OD\HUV��DQG�WKH�GHHS�FRQILQHG
]RQH���7KH�PRGHO�GRHV�QRW�FRQVLGHU�WUDQVSRUW�RI�VROXWHV�LQ�WKH�JURXQGZDWHU�V\VWHP���6OLJKW
PRGLILFDWLRQV�ZHUH�PDGH�WR�WKH�LQSXW�SDUDPHWHUV�XVHG�E\�%HOLW]�HW�DO����������IRU
JURXQGZDWHU�UHFKDUJH�DQG�SXPSDJH��HYDSRUDWLRQ��DQG�GUDLQIORZ�DV�D�UHVXOW�RI�WKH�SRVW�
DXGLW�DQDO\VLV���7KH�WLPH�GRPDLQ�IRU�WKH�VLPXODWLRQV�LV������������$Q�DUHD�RI��������DFUHV
ZDV�VLPXODWHG�IRU�ODQG�UHWLUHPHQW���

�����������6LWH�*URXQGZDWHU�&RQGLWLRQV

'HSWKV�WR�WKH�ZDWHU�WDEOH�LQ�VWXG\�DUHD�YDU\�VHDVRQDOO\�ZLWK�WKH�KLJKHVW�ZDWHU�OHYHOV
JHQHUDOO\�FRUUHVSRQGLQJ�WR�WKH�LUULJDWLRQ�VHDVRQ�LQ�WKH�ZLQWHU�DQG�VSULQJ��DQG�WKH�ORZHVW
ZDWHU�OHYHOV�RFFXUULQJ�LQ�WKH�VXPPHU�DQG�IDOO���7KH�86%5�DQG�::'�FROOHFW�ZDWHU�OHYHO�GDWD
IRU�QXPHURXV�PRQLWRULQJ�ZHOOV�LQ�WKH�:HVWODQGV�VWXG\�DUHD�RQ�D�TXDUWHUO\�EDVLV���7KH�86*6
DQG�WKH�&DOLIRUQLD�':5�KDYH�FRQVWUXFWHG�VHYHUDO�ZHOOV�WR�PRQLWRU�JURXQGZDWHU�FRQGLWLRQV�LQ
WKH�$OSDXJK�VWXG\�DUHD���7KH�ZHOOV�DUH�JHQHUDOO\�FRQVWUXFWHG�WR�PRQLWRU�WKH�JURXQGZDWHU
OHYHOV�LQ�WKH�XSSHU�����IHHW�RI�WKH�VHPL�FRQILQHG�DTXLIHU���:HOO�FRQVWUXFWLRQ�DQG�ORFDWLRQ
LQIRUPDWLRQ�IRU�H[LVWLQJ�PRQLWRU�ZHOOV�LQ�WKH�VWXG\�DUHD�LV�LQFOXGHG�LQ�$SSHQGL[���

7KH�GHSWK�WR�WKH�JURXQGZDWHU�WDEOH�EHQHDWK�UHWLUHG�SDUFHOV�RI�ODQG�LV�DQ�LPSRUWDQW
FRQVLGHUDWLRQ���'LUHFW�HYDSRUDWLRQ�RI�JURXQGZDWHU�IURP�D�VKDOORZ�ZDWHU�WDEOH�FDQ�UHVXOW�LQ
LQFUHDVLQJ�VRLO�VDOLQLW\�DQG�LQFUHDVLQJ�FRQFHQWUDWLRQV�RI�WR[LF�WUDFH�HOHPHQWV�RQ�RU�QHDU�WKH
ODQG�VXUIDFH���7KH�FRQFHSWXDO�PRGHO�IRU�ODQG�UHWLUHPHQW�DVVXPHV�WKDW�WKH�KLJK�ZDWHU�WDEOH
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FRQGLWLRQV�H[LVWV�GXH�WR�SHUFRODWLRQ�RI�LUULJDWLRQ�ZDWHU�DSSOLHG�RQ�VLWH����:KHQ�WKH�ODQG�LV
UHWLUHG���LUULJDWLRQ�FHDVHV��DQG�WKHUHIRUH�WKH�VRXUFH�RI�UHFKDUJH�WR�WKH�KLJK�ZDWHU�WDEOH�LV�FXW
RII��UHVXOWLQJ�LQ�D�GHFOLQLQJ�ZDWHU�WDEOH���7KLV�FRQFHSWXDO��PRGHO�DVVXPHV�WKDW�ODWHUDO�LQIORZ
IURP�³XS�VORSH´�ODQGV�WKDW�FRQWLQXH�WR�EH�LUULJDWHG�LV�VPDOO��DQG�WKDW�WKH�SUHGRPLQDQW
GLUHFWLRQ�RI�JURXQGZDWHU�IORZ�LQ�WKH�XSSHU�DTXLIHU�V\VWHP�LV�GRZQZDUG���,W�LV�QRW�NQRZQ�WKDW
WKLV�LV�D�YDOLG�FRQFHSWXDO�PRGHO�IRU�GRZQ�VORSH�UHWLUHG�ODQGV�LQ�WKH�::'���+RZHYHU�
JURXQGZDWHU�PRQLWRULQJ�DW�D�UHWLUHG�SDUFHO�RI�ODQG�LQ�WKH�:HVWODQGV�VWXG\��DUHD�VXSSRUWV
WKLV�FRQFHSWXDO�PRGHO�RI�ODQG�UHWLUHPHQW���7KH�SDUFHO�ZDV�UHWLUHG�IURP�LUULJDWHG�DJULFXOWXUH
LQ������DQG�WKH�VKDOORZ�ZDWHU�WDEOH�EHQHDWK�WKH�SDUFHO�KDV�GHFOLQHG�WR�D�GHSWK�UDQJLQJ
IURP�DERXW����WR����IHHW�EHORZ�ODQG�VXUIDFH��)LJXUH�������*URXQGZDWHU�PRQLWRULQJ�IRU�WKLV
'HPRQVWUDWLRQ�3URMHFW�ZLOO�EH�XVHG�WR�YDOLGDWH�RU�UHIXWH�WKH�FRQFHSWXDO�DQG�QXPHULFDO
JURXQGZDWHU�PRGHOV�DQG�JXLGH�IXWXUH�GHFLVLRQV�IRU�WKH�/DQG�5HWLUHPHQW�3URJUDP��

�����������*URXQGZDWHU�/HYHOV���:HVWODQGV�6LWH

7KH�:HVWODQGV�VWXG\�DUHD�LV�ORFDWHG�LQ�WKH�9DOOH\�WURXJK�DQG�LV�XQGHUODLQ�E\�D�IORRG�EDVLQ
FOD\�GHSRVLW�ZLWK�D�WKLFNQHVV�RI�DERXW����IHHW�WKDW�UHVWV�GLUHFWO\�XSRQ�FRDUVHU�6LHUUDQ�6DQG
GHSRVLWV���*URXQGZDWHU�PRQLWRULQJ�GDWD�LQGLFDWH�WKDW�SHUFKHG�ZDWHU�WDEOH�FRQGLWLRQV�H[LVW�DW
WKH�VLWH���%HOLW]�DQG�+HLPHV��������QRWHG�SHUFKHG�FRQGLWLRQV�LQ�WKH�VWXG\�DUHD���$FFRUGLQJ
WR�WKH�DXWKRUV��³3XPSLQJ�IURP�WKH�6LHUUDQ�GHSRVLWV�KDV�ORZHUHG�JURXQGZDWHU�OHYHOV�LQ�WKH
6LHUUDQ�6DQG�EHORZ�WKH�LQWHUIDFH�EHWZHHQ�WKH�RYHUO\LQJ�IORRG�EDVLQ�GHSRVLWV�DQG�WKH�6LHUUDQ
VDQGV��SURGXFLQJ�DQ�XQVDWXUDWHG�]RQH�³��EHWZHHQ�WKH�WZR�XQLWV����³7KH�ORZ�GLIIXVLYLW\�RI�WKH
FOD\V�LQ�WKH�IORRG�EDVLQ�GHSRVLWV�KDV�DOORZHG�WKHVH�GHSRVLWV�WR�UHPDLQ�VDWXUDWHG�DV�WKH
ZDWHU�WDEOH�LQ�WKH�VHPL�FRQILQHG�]RQH�GHFOLQHG�EHORZ�WKH�LQWHUIDFH´��9HUWLFDO�JURXQGZDWHU
IORZ�JUDGLHQWV�H[FHHGLQJ�RQH�DUH�FRPPRQ�LQ�WKH�VWXG\�DUHD�DQG�SURYLGH�HYLGHQFH�WKDW
SHUFKHG�ZDWHU�WDEOH�FRQGLWLRQV�H[LVW�LQ�WKH�VKDOORZ�JURXQGZDWHU�V\VWHP���:DWHU�OHYHOV
PHDVXUHG�LQ�WKH�IORRG�EDVLQ�GHSRVLWV�UDQJH�IURP�OHVV�WKDQ����WR�JUHDWHU�WKDQ����IHHW�EHORZ
ODQG�VXUIDFH��ZKLOH�ZDWHU�OHYHOV�LQ�WKH�XQGHUO\LQJ�6LHUUDQ�6DQGV�UDQJH�IURP�DERXW����WR���
IHHW�EHORZ�ODQG�VXUIDFH���7KH�6-9'3�SXEOLVKHG�PDSV�VKRZLQJ�GHSWKV�WR�JURXQGZDWHU�UDQJLQJ
IURP�OHVV�WKDQ���WR����IHHW�IURP�ODQG�VXUIDFH�LQ�WKH�:HVWODQGV�VWXG\�DUHD�����)LJXUH�����

�����������*URXQGZDWHU�/HYHOV���$OSDXJK�6LWH

*URXQGZDWHU�FRQGLWLRQV�LQ�WKH�$OSDXJK�VWXG\�DUHD�KDYH�EHHQ�PRQLWRUHG�E\�WKH�86*6�DQG
WKH�&DOLIRUQLD�':5���*URXQGZDWHU�OHYHO�GDWD�LQ�WKH�'HPRQVWUDWLRQ�3URMHFW�DUHD�KDV�EHHQ
SXEOLVKHG�E\�)XMLL�DQG�6ZDLQ��������DQG�%HDUG�HW�DO������������7KHVH�GDWD�LQGLFDWH�WKDW
ZDWHU�OHYHOV�LQ�WKH�XSSHU�VHPL�FRQILQHG�DTXLIHU�EHQHDWK�WKH�VLWH�UDQJH�IURP�DERXW����WR���
IHHW�EHORZ�ODQG�VXUIDFH���7KH�6-9'3�SXEOLVKHG�PDSV�VKRZLQJ�GHSWKV�WR�JURXQGZDWHU�UDQJLQJ
IURP�OHVV�WKDQ���WR����IHHW�IURP�ODQG�VXUIDFH�LQ�WKH�$OSDXJK�6WXG\�DUHD����)LJXUH������

���������*URXQGZDWHU�4XDOLW\

'HFDGHV�RI�LUULJDWLRQ�KDYH�GHJUDGHG�WKH�VKDOORZ�JURXQGZDWHU�TXDOLW\�LQ�WKH�VHPL�FRQILQHG
DTXLIHU�LQ�WKH�VWXG\�DUHD���1DWXUDOO\�RFFXUULQJ�VDOWV�DQG�WUDFH�HOHPHQWV�KDYH�EHHQ�OHDFKHG
IURP�WKH�VRLO�SURILOH�DQG�PRELOL]HG�WR�WKH�VKDOORZ�JURXQGZDWHU�V\VWHP��'LUHFW�HYDSRUDWLRQ
DQG�WUDQVSLUDWLRQ�RI�FURSV�KDYH�FRQFHQWUDWHG�VDOWV�DQG�WUDFH�HOHPHQWV�ZKHUH�WKH�ZDWHU�WDEOH
LV�QHDU�WKH�ODQG�VXUIDFH���6DOW�LV�DOVR�EHLQJ�LPSRUWHG�LQWR�WKH�VWXG\�DUHD�WKURXJK�DSSOLFDWLRQ
RI�LUULJDWLRQ�ZDWHU�WKDW�KDV�SDVVHG�WKURXJK�WKH�6DQ�-RDTXLQ�5LYHU�'HOWD�RQ�LWV�ZD\�WR�WKH
6DQ�-RDTXLQ�9DOOH\���6DOW�EXLOG�XS�LQ�WKH�VRLO�KDV�WUDGLWLRQDOO\�EHHQ�PDQDJHG�E\�DSSO\LQJ�D
OHDFKLQJ�IUDFWLRQ�RI�LUULJDWLRQ�ZDWHU�WR�WUDQVSRUW�WKH�VDOWV�GRZQZDUG�LQ�WKH�VRLO�SURILOH���,Q
WKH�DEVHQFH�RI�D�VXEVXUIDFH�GUDLQDJH�V\VWHP��OHDFKLQJ�LV�QR�ORQJHU�D�IHDVLEOH�VDOW
PDQDJHPHQW�RSWLRQ�IRU�PDQ\�JURZHUV�LQ�GUDLQDJH�LPSDFWHG�DUHDV�
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7KH�VKDOORZ�JURXQGZDWHU�XQGHUO\LQJ�WKH�VWXG\�DUHD�LV�JHQHUDOO\�DONDOLQH��ZLWK�KLJK
FRQFHQWUDWLRQV�RI�GLVVROYHG�PLQHUDOV�DQG�WUDFH�HOHPHQWV���7DEOH���VKRZV�WKH�JURXQGZDWHU
TXDOLW\�GDWD�DYDLODEOH�IRU�:HVWODQGV�DQG�$OSDXJK�VWXG\�DUHD��(OHFWULFDO�&RQGXFWLYLW\��(&��LV�
XVHG�WR�HVWLPDWH�WKH�VDOLQLW\�RI�JURXQGZDWHU�VDPSOHV���7KH�6-9'3�PDSV�VKRZ�WKH
JURXQGZDWHU�DW�WKH�:HVWODQGV�6WXG\�DUHD�UDQJHV�LQ�(&�IURP���WR�JUHDWHU�WKDQ����'6�P��
�6HDZDWHU�KDV�DQ�(&�RI�DERXW����'6�P�����7KH�6-9'3�UHSRUWHG�VHOHQLXP�FRQFHQWUDWLRQV
UDQJLQJ��IURP����WR�JUHDWHU�WKDQ������J�O���7KH�IUHVKZDWHU�DTXDWLF�FULWHULD�IRU�VHOHQLXP
FRQFHQWUDWLRQV�LQ�ZDWHU�VHW�E\�WKH�8�6��(3$�LV����J�O��

7DEOH������/DQG�5HWLUHPHQW�'HPRQVWUDWLRQ�3URMHFW��*URXQGZDWHU�4XDOLW\

:HVWODQGV�6LWH

(&��'6�P� 6H��XJ�O� %��PJ�O� $V��XJ�O� 0R��XJ�O�� 'DWD�6RXUFH

����!�� �����!��� ����!�� ���� �����!���� 6-9'3

$OSDXJK�6LWH

(&��'6�P� 6H��XJ�O� %��XJ�O� $V��XJ�O� 0R��XJ�O� 'DWD�6RXUFH

�������� ����!����� ����������� ������ ����������� )XMLL�DQG�����
6ZDLQ������

�������&XOWXUDO�5HVRXUFHV

���������3UHKLVWRULF�3HULRG

7KH�SURMHFW�DUHD�KDV�D�ORQJ�DQG�FRPSOH[��EXW�SRRUO\�GHILQHG�FXOWXUDO�KLVWRU\�ZLWK�GLVWLQFW
ORFDO�SDWWHUQV�WKDW�H[WHQG�EDFN�PRUH�WKDQ��������\HDUV���7KH�ILUVW�JHQHUDOO\�DJUHHG�XSRQ
HYLGHQFH�IRU�WKH�SUHVHQFH�RI�SUHKLVWRULF�SHRSOHV�LQ�WKH�UHJLRQ�LV�UHSUHVHQWHG�E\�WKH
GLVWLQFWLYH�IOXWHG�VSHDU�SRLQWV�WHUPHG�&ORYLV�3RLQWV�IRXQG�RQ�WKH�PDUJLQ�RI�7XODUH�/DNH��
&ORYLV�3RLQWV�DUH�IRXQG�RQ�WKH�VDPH�VXUIDFH�ZLWK�WKH�ERQHV�RI�H[WLQFW�DQLPDOV�VXFK�DV
PDPPRWKV��VORWKV��DQG�FDPHOV��:DOODFH�DQG�5LGGHOO���������%DVHG�RQ�HYLGHQFH�IURP
HOVHZKHUH��WKH�DQFLHQW�KXQWHUV�ZKR�XVHG�WKHVH�VSHDU�SRLQWV�H[LVWHG�GXULQJ�D�QDUURZ�WLPH
UDQJH�RI��������%�3��WR��������%�3����%�3��PHDQV�%HIRUH�3UHVHQW�EDVHG�RQ�UDGLRFDUERQ
DJHV��

7KH�QH[W�FXOWXUDO�SHULRG�UHSUHVHQWHG��WKRXJKW�E\�PRVW�WR�EH�VXEVHTXHQW�WR�WKH�&ORYLV
SHULRG��LV�DQRWKHU�ZLGHVSUHDG�FRPSOH[�WKDW�LV�FKDUDFWHUL]HG�E\�FKLSSHG�VWRQH�VWHPPHG
VSHDU�SRLQWV�DQG�FUHVFHQWV���7HUPHG�WKH�:HVWHUQ�3OXYLDO�/DNHV�7UDGLWLRQ�WKLV�SRRUO\�GHILQHG
HDUO\�FXOWXUDO�WUDGLWLRQ�LV�NQRZQ�IURP�D�ODUJH�QXPEHU�RI��DSSDUHQWO\��LVRODWHG�VXUIDFH�ILQGV�LQ
WKH�SURMHFW�DUHD��SULPDULO\�LQ�WKH�7XODUH�/DNH�EDVLQ���7KH�FXOWXUDO�WUDGLWLRQ�LV�WKRXJKW�WR�GDWH
WR�EHWZHHQ�������DQG��������\HDUV�DJR�DQG�LWV�SUDFWLWLRQHUV�PD\�EH�WKH�SUHFXUVRUV�WR�WKH
VXEVHTXHQW�FXOWXUDO�SDWWHUQ�

$ERXW�������\HDUV�DJR�PDQ\�&DOLIRUQLD�FXOWXUHV�VKLIWHG�WKH�PDLQ�IRFXV�RI�WKHLU�VXEVLVWHQFH
VWUDWHJLHV�IURP�KXQWLQJ�WR�VHHG�JDWKHULQJ�DV�HYLGHQFHG�E\�WKH�LQFUHDVH�LQ�IRRG�JULQGLQJ
LPSOHPHQWV�IRXQG�LQ�DUFKHRORJLFDO�VLWHV�GDWLQJ�WR�WKLV�SHULRG���7KLV�FXOWXUDO�SDWWHUQ�LV�EHVW
NQRZQ�IRU�VRXWKHUQ�&DOLIRUQLD��ZKHUH�LW�KDV�EHHQ�WHUPHG�WKH�0LOOLQJ�6WRQH�+RUL]RQ��:DOODFH
�������������EXW�VXEVHTXHQW�VWXGLHV�VXJJHVW�WKDW�WKH�KRUL]RQ�PD\�EH�PRUH�ZLGHVSUHDG
WKDQ�RULJLQDOO\�GHVFULEHG��6RPH�RI�WKH�QXPHURXV�PDQRV�DQG�PHWDWHV�IRXQG�ZLWKLQ�WKH
SURMHFW�DUHD�PD\�GDWH�WR�WKLV�SHULRG��5DGLRFDUERQ�GDWHV�DVVRFLDWHG�ZLWK�WKLV�SHULRG�YDU\
EHWZHHQ�������DQG�������%�3���DOWKRXJK�PRVW�FOXVWHU�LQ�WKH�������WR�������%�3��UDQJH
�%DVJDOO�DQG�7UXH��������
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&XOWXUDO�SDWWHUQV�DV�UHIOHFWHG�LQ�WKH�DUFKHRORJLFDO�UHFRUG��SDUWLFXODUO\�VSHFLDOL]HG�VXEVLVWHQFH
SUDFWLFHV��EHFDPH�FRGLILHG�ZLWKLQ�WKH�ODVW�������WR�������\HDUV���7KH�DUFKHRORJLFDO�UHFRUG
EHFRPHV�PRUH�FRPSOH[��DV�VSHFLDOL]HG�DGDSWDWLRQV�WR�ORFDOO\�DYDLODEOH�UHVRXUFHV�GHYHORSHG
DQG�SRSXODWLRQV�H[SDQGHG���0DQ\�VLWHV�RI�WKLV�WLPH�SHULRG�FRQWDLQ�VWRQH�PRUWDUV�DQG�SHVWOHV
LPSO\LQJ�WKH�LQWHQVH�H[SORLWDWLRQ�RI�WKH�DFRUQ���7KH�UDQJH�RI�VXEVLVWHQFH�UHVRXUFHV�XWLOL]HG
DQG�H[FKDQJH�V\VWHPV�H[SDQGHG�JUHDWO\�IURP�WKH�SUHYLRXV�SHULRG���(YLGHQFH�RI�VRFLDO
VWUDWLILFDWLRQ�DQG�FUDIW�VSHFLDOL]DWLRQ��DQG�WUDGH�LV�LQGLFDWHG�E\�ZHOO�PDGH�DUWLIDFWV�VXFK�DV
FKDUPVWRUQHV�DQG�EHDGV��RIWHQ�IRXQG�DV�PRUWXDU\�LWHPV���<RNXW�HWKQRJUDSKLF�OLIHZD\V�VHUYH
DV�JRRG�DQDORJV�IRU�WKLV�DUFKHRORJLFDO�SHULRG��6HYHUDO�<RNXW�HWKQRJUDSKLF�YLOODJHV�DORQJ
ODNHVKRUHV�DQG�GUDLQDJHV�ZLWKLQ�WKH�UHJLRQ�DSSHDU�WR�KDYH�KDG�ODUJH�SRSXODWLRQV��VRPH�WKDW
PD\�KDYH�H[FHHGHG�������SHRSOH����:KLOH�QR�VLWHV�KDYH�EHHQ�UHFRUGHG�IRU�WKH�SURMHFW�DUHD�
PDQ\�DUWLIDFWV�IURP�WKLV�SHULRG�KDYH�EHHQ�FROOHFWHG�IURP�WKH�VXUIDFH�

���������+LVWRULF�3HULRG

7KH�DUULYDO�RI�QRQ�QDWLYH�SHRSOHV�LQWR�WKH�UHJLRQ�KDG�GUDVWLF�DIIHFWV�RQ��QDWLYH�SRSXODWLRQV��
,QWURGXFHG�GLVHDVHV�YLUWXDOO\�ZLSHG�RXW�HQWLUH�YLOODJHV�DQG�WKH�RYHUDOO�QDWLYH�SRSXODWLRQ�ZDV
UHGXFHG�E\����SHUFHQW�RU�PRUH�RI�WKHLU�ODWH�SUHKLVWRULF�OHYHOV���7KH�6SDQLVK�PDGH�D�QXPEHU
RI�LQFXUVLRQV�LQWR�WKH�DUHD�WR�UHFRYHU�PLVVLRQ�UXQ�DZD\V�DQG�VWROHQ�KRUVHV��EXW�QR
SHUPDQHQW�VHWWOHPHQWV�ZHUH�HVWDEOLVKHG���7KH\�GHVWUR\HG�VHYHUDO�<RNXW�YLOODJHV�WR�JDLQ
FRQWURO�RI�WKH�QDWLYH�SHRSOHV�

7KH�DUHD�ZDV�VSDUVHO\�SRSXODWHG�E\�(XUR�$PHULFDQV�GXULQJ�WKH�0H[LFDQ�3HULRG�EXW�ODUJH
KHUGV�RI�VHPL�ZLOG�KRUVHV�DQG�FDWWOH�ZHUH�FRPPRQ���0H[LFDQ�H[SHGLWLRQV�ZHUH�PRVWO\
PLOLWDU\�RQHV�VHQW�WR�FRQWURO�WKH�<RNXWV�DQG�JHW�UHYHQJH�IRU�WKHLU�UDLGV�RQ�0H[LFDQ
UHVRXUFHV���7ZR�0H[LFDQ�ODQG�JUDQWV�ZHUH�PDGH��RQH�EHWZHHQ�WKH�.LQJV�5LYHU�DQG�&URVV
&UHHN��WKH�RWKHU�RQ�WKH�QRUWK�EDQN�RI�WKH�.LQJV�5LYHU���2QO\�WKH�ODWWHU��0DQXHO�&DVWUR¶V
5DQFKR�/DJXQD�GH�7DFKH��ZDV�RFFXSLHG��3UHVWRQ�������

7KH�*ROG�5XVK�FKDQJHG�WKH�UHJLRQ�PDUNHGO\���7KH�QHHG�IRU�PHDW�OHG�WR�WKH�HVWDEOLVKPHQW�RI
FDWWOH�UDQFKHV�DQG�PDUNHW�KXQWLQJ�RI�WXOH�HON�DQG�ZDWHUIRZO���7KH�7XODUH�/DNH�EDVLQ�EHFDPH
D�PDMRU�VWRFN�UDLVLQJ�DUHD�VHUYLQJ�WKH�PLQLQJ�WRZQV�RI�WKH�6LHUUDV�DQG�FLWLHV�RI�6WRFNWRQ�
6DFUDPHQWR�DQG�6DQ�)UDQFLVFR��+RJV�ZHUH�WDNHQ�WR�WKH�WXOHV�WR�URRW�LQ�WKH�VXPPHUWLPH�DQG
GULYHQ�LQWR�WKH�IRRWKLOOV�LQ�WKH�IDOO�WR�IDWWHQ�XS�RQ�RDN�DFRUQV���7KH�ODWWHU�KDG�D�GLUHFW
QHJDWLYH�LPSDFW�RQ�RQH�RI�WKH�<RNXWV�PDLQ�IRRG�UHVRXUFHV���$V�WKH�*ROG�5XVK�IDGHG��WKH
PLQHUV�VKLIWHG�WR�QHZ�SXUVXLWV�DQG�DJULFXOWXUH�H[SDQGHG��

0RGHUQ�SDWWHUQV�RI�ODQG�XVH�IRU�WKH�UHJLRQ�ZHUH�HVWDEOLVKHG�EHWZHHQ������������3UHVWRQ
��������'XULQJ�WKLV�WLPH�WKHUH�ZDV�D�VKLIW�LQ�HPSKDVLV�IURP�OLYHVWRFN�WR�JURZLQJ�FURSV
IDFLOLWDWHG�E\�GUDLQDJH�DQG�LUULJDWLRQ��+RZHYHU��GU\�IDUPLQJ�RI�JUDLQ�ZDV�WKH�PDMRU�FURS�RQ
WKH�DOOXYLDO�ODQGV���'URXJKWV�DQG�IORRGV�GXULQJ�WKH�SHULRG�KDVWHQHG�WKLV�FKDQJH���7KRXVDQGV
RI�FDWWOH�HLWKHU�VWDUYHG�RU�ZHUH�GURZQHG�E\�IORRG�ZDWHUV���6RPH�RI�WKH�ILUVW�HIIRUWV�DW�PDMRU
FURSV�RI�FRWWRQ�WRRN�SODFH�LQ�WKH�����V�EXW�LW�GLG�QRW�EHFRPH�LPSRUWDQW�XQWLO�WKH�����
V
�7XUQHU���������7XODUH�/DNH�ZDV�LQFUHPHQWDOO\�UHGXFHG�LQ�VL]H�E\�GUDLQDJH�DQG�GLYHUVLRQ��
%\������WKH�ODNH�ZDV�DOPRVW�FRPSOHWHO\�GLNHG�DQG�UHGXFHG�WR�D�VPDOO�IUDFWLRQ�RI�LWV�IRUPHU
VL]H���$OVR�EHJLQQLQJ�DERXW�WKLV�WLPH�ZDV�WKH�ULVH�RI�DJULEXVLQHVV��VPDOO�IDUPV�GHFOLQHG�DQG
FRUSRUDWH�IDUPV�LQFUHDVHG���7KH�*UHDW�'HSUHVVLRQ�RI�WKH�����V�DOVR�EURXJKW�LQ�ZDYHV�RI
'XVW�%RZO�PLJUDQWV�DQG�PDQ\�RI�WKH�SUHVHQW�UHVLGHQWV�FDQ�WUDFH�WKHLU�DQFHVWU\�WR�WKHVH
SHRSOH���

1HZ�IDUPLQJ�WHFKQLTXHV�DOORZHG�IRU�OHYHOLQJ�IRU�LUULJDWLRQ�RQ�D�VFDOH�QHYHU�EHIRUH�SRVVLEOH��
7KHVH�SUDFWLFHV�KDG�GHYDVWDWLQJ�UHVXOWV�WR�WKH�UHJLRQV�SUHKLVWRULF�VLWHV�DQG�YHU\�IHZ�UHPDLQ
XQGLVWXUEHG���,W�LV�WKHVH�FRQGLWLRQV�WKDW�FKDUDFWHUL]H�WKH�SURMHFW�DUHDV�WRGD\���$UWLIDFWV�
PDQ\�ZLWK�SORZ�DQG�VFUDSHU�VFDUV��DUH�ZLGHO\�GLVSHUVHG�IURP�WKHLU�RULJLQDO�SURYHQLHQFHV���$V
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D�UHVXOW�PXFK�RI�WKH�VFLHQWLILF�YDOXH�RI�WKH�SUHKLVWRULF�LWHPV�KDV�EHHQ�ORVW�IRUHYHU�H[FHSW�RQ
WKH�PRVW�JHQHUDO�OHYHO�RI�DQDO\VLV���1RQHWKHOHVV��WKHUH�DUH�VPDOO�LVRODWHG�DUHDV�ZLWKLQ�WKH
SURMHFW�DUHDV�WKDW�PD\�FRQWDLQ�XQGLVWXUEHG�SUHKLVWRULF�GHSRVLWV���+RZHYHU���EULHI
UHFRQQDLVVDQFHV�RI�6DQG�5LGJH��RQH�RI�WKH�IHZ�XQOHYHOHG�DUHDV��DQG�IRUPHUO\�IDUPHG�SDUFHOV
QHDU�0HQGRWD�IDLOHG�WR�ILQG�DQ\�DUFKHRORJLFDO�VLWHV�RU�LQWDFW�SUHKLVWRULF�RU�KLVWRULF�DUWLIDFWV��
%HFDXVH�RI�WKH�UHJLRQ¶V�KLJK�VHGLPHQWDWLRQ�UDWHV�XQGLVWXUEHG�DUFKHRORJLFDO�VLWHV�PD\�EH
SUHVHQW�HYHQ�LQ�OHYHOHG�DUHDV�EXW�UHPDLQ�GHHSO\�EXULHG�E\�VHGLPHQWV�

7KH�DUWLIDFW�FROOHFWLRQV�IURP�WKH�SURMHFW�DUHDV�KDYH�ERWK�VFLHQWLILF�DQG�DHVWKHWLF�YDOXHV��
0RVW�RI�WKH�VFLHQWLILF�YDOXH�RI�WKHVH�UHPDLQV�LV�FRQWDLQHG�ZLWKLQ�WKH�DUWLIDFWV�WKHPVHOYHV
VLQFH��ZLWK�OLWWOH�H[FHSWLRQ��SURYHQLHQFH�GDWD�LV�DW�WKH�PRVW�JHQHUDO�OHYHO���)XUWKHU���PXFK�RI
WKLV�ORFDWLRQDO�GDWD�RQ�WKHVH�LWHPV�UHVLGHV�LQ�WKH�PHPRU\�RI�WKH�FROOHFWRUV���6XFK
LQIRUPDWLRQ�QHHGV�WR�EH�JDWKHUHG�TXLFNO\�VLQFH�HYHQ�WKLV�UXGLPHQWDU\�GDWD�ZLOO�EH�ORVW�
IXUWKHU�UHGXFLQJ�WKHLU�VFLHQWLILF�YDOXH���7KH�DHVWKHWLF�YDOXHV�RI�WKH�FROOHFWLRQV�DUH�KLJK�DQG
UHIOHFW�VRPH�RI�WKH�EHVW�FKLSSHG�DQG�JURXQG�VWRQH�WHFKQRORJ\�NQRZQ�IRU�SUHKLVWRULF
&DOLIRUQLD������

�������(FRQRPLF�6HWWLQJ

7KH�WZR�DUHDV�SRWHQWLDOO\�DIIHFWHG�E\�WKH�UHWLUHPHQW�RI�SURGXFWLYH�DJULFXOWXUDO�ODQG�KDYH
ERWK�H[SHULHQFHG�UDSLG�SRSXODWLRQ�JURZWK�LQ�UHFHQW�\HDUV�DQG�KDYH�HFRQRPLHV�EDVHG
SUHGRPLQDQWO\�RQ�DJULFXOWXUDO�SURGXFWLRQ���7KH�LPSRUWDQFH�RI�DJULFXOWXUH�LQ�WKH�UHJLRQ�KDV
UHVXOWHG�LQ�D�ODUJH�QXPEHU�RI�PLJUDQW�ZRUNHUV�LQ�WKH�DUHD��ZKLFK�FRPSOLFDWHV�WKH�HVWLPDWLRQ
RI�SRSXODWLRQ�DQG�LQFRPH�OHYHOV�LQ�WKH�UHJLRQ���+RZHYHU��FRPELQLQJ�8�6��%XUHDX�RI�WKH
&HQVXV�GDWD�ZLWK�6WDWH�RI�&DOLIRUQLD�DQG�ORFDO�VFKRRO�GLVWULFW�GDWD�KHOSV�WR�HYDOXDWH�WKH
VRFLDO�DQG�HFRQRPLF�FKDUDFWHULVWLFV�RI�WKH�UHJLRQ�

'DWD�DUH�SUHVHQWHG�DW�WKH�FRXQW\�OHYHO�WR�VKRZ�JHQHUDO�WUHQGV�DQG�SURMHFWLRQV�LQ�WKH�WZR
DUHDV���/RFDO�HVWLPDWHV�IRU�LQGLYLGXDO�SODFHV�DUH�SUHVHQWHG�ZKHUH�GDWD�DUH�DYDLODEOH���7KH
ODQG�WDUJHWHG�IRU�UHWLUHPHQW�LV�ORFDWHG�SULPDULO\�LQ�)UHVQR�DQG�7XODUH�&RXQWLHV�ZLWK�D�VPDOO
SRUWLRQ�LQ�.LQJV�&RXQW\���'HPRJUDSKLF�DQG�HFRQRPLF�LQIRUPDWLRQ�LV�SUHVHQWHG�IRU�DOO�WKUHH
FRXQWLHV�

���������3RSXODWLRQ

7KH�SRSXODWLRQ�RI�WKH�WZR�ODQG�UHWLUHPHQW�DUHDV�KDV�JURZQ�UDSLGO\�RYHU�WKH�ODVW�WZR
GHFDGHV���)UHVQR�&RXQW\�KDV�JURZQ�DW�D������SHUFHQW�DQQXDO�UDWH�IURP������WR�������.LQJV
&RXQW\�KDV�JURZQ�DW�D������SHUFHQW�DQQXDO�UDWH�RYHU�WKH�VDPH�SHULRG��DQG�7XODUH�&RXQW\
KDV�JURZQ�DW�D������SHUFHQW�UDWH���+LVWRULFDO�SRSXODWLRQ�HVWLPDWHV�DUH�SUHVHQWHG�IRU�HDFK
FRXQW\�LQ�7DEOH�����3RSXODWLRQ�GDWD�ZHUH�REWDLQHG�IURP�WKH�6WDWH�RI�&DOLIRUQLD��'HSDUWPHQW
RI�)LQDQFH�DQG�IURP�WKH�8�6��%XUHDX�RI�WKH�&HQVXV���

7DEOH������+LVWRULFDO�6WXG\�$UHD�3RSXODWLRQ

&RXQW\ ���� ���� ���� ���� ����

)UHVQR ������� ������� ������� ������� �������
.LQJV ������� ������� ������� ������� �������
7XODUH ������� ������� ������� ������� �������

7KH������&HQVXV�HVWLPDWHG�WKDW�DERXW����SHUFHQW�RI�WKH�)UHVQR�&RXQW\�SRSXODWLRQ�ZDV
ZKLWH��QRW�RI�+LVSDQLF�RULJLQ�����SHUFHQW�ZHUH�+LVSDQLF��DQG�DERXW���SHUFHQW�ZHUH�$VLDQ��
.LQJV�&RXQW\�KDG�D�VLPLODU�EUHDNGRZQ��ZLWK����SHUFHQW�ZKLWH�����SHUFHQW�+LVSDQLF��DQG��
SHUFHQW�$VLDQ���7XODUH�&RXQW\�KDG����SHUFHQW�ZKLWH�����SHUFHQW�+LVSDQLF��DQG���SHUFHQW
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$VLDQ���7KH�&DOLIRUQLD�'HSDUWPHQW�RI�)LQDQFH�SRSXODWLRQ�SURMHFWLRQV�LQGLFDWH�WKDW�E\�WKH�\HDU
�����HDFK�RI�WKHVH�FRXQWLHV�ZLOO�H[SHULHQFH�D���WR���SHUFHQW�GHFOLQH�LQ�WKH�ZKLWH�SRSXODWLRQ
DQG�D���WR���SHUFHQW�LQFUHDVH�LQ�+LVSDQLF�SRSXODWLRQ���7KH�ODUJH�+LVSDQLF�SRSXODWLRQ�LV
SULPDULO\�D�UHVXOW�RI�DJULFXOWXUDO�SURGXFWLRQ�LQ�WKH�DUHD�DQG�PLJUDQW�ODERU�QHHGHG�WR�SHUIRUP
PDQ\�IDUP�RSHUDWLRQV��

�����������$OSDXJK��3RSXODWLRQ

3RSXODWLRQ�HVWLPDWHV�DUH�QRW�VSHFLILFDOO\�DYDLODEOH�IRU�$OSDXJK�EHFDXVH�LW�LV�QRW�DQ
LQFRUSRUDWHG�SODFH���7KHUHIRUH��SRSXODWLRQ�HVWLPDWHV�ZHUH�REWDLQHG�IRU�WKH�&HQVXV�%ORFN
*URXS�ZKLFK�LQFOXGHV�$OSDXJK�DORQJ�ZLWK�$QJLROD��$OOHQVZRUWK��DQG�DQ\�RWKHU�UHVLGHQFHV
EHWZHHQ�WKH�7XODUH�&RXQW\�OLQH�RQ�WKH�ZHVW�DQG�KLJKZD\����WR�WKH�HDVW��$OSDXJK�%ORFN
*URXS����,Q������WKHUH�ZHUH�������SHUVRQV�LQ�WKH�$OSDXJK�%ORFN�*URXS�DQG�WKH�DYHUDJH
KRXVHKROG�VL]H�ZDV������SHUVRQV�SHU�KRXVHKROG���$SSUR[LPDWHO\����SHUFHQW�RI�WKH�UHSRUWHG
&HQVXV�SRSXODWLRQ�LQ�WKH�$OSDXJK�%ORFN�*URXS�ZDV�RI�+LVSDQLF�2ULJLQ�DQG����SHUFHQW�RI
WKRVH�ILYH�\HDUV�RI�DJH�DQG�ROGHU�VSHDN�6SDQLVK�DW�KRPH���7KHVH�DUH�LQGLFDWRUV�RI�WKH�ODUJH
SHUFHQWDJH�RI�PLJUDQW�ODERUHUV�ZKR�OLYH�LQ�WKH�DUHD���+RZHYHU��WKH�&HQVXV�QXPEHUV�DUH
OLNHO\�WR�XQGHUHVWLPDWH�WKH�DFWXDO�QXPEHU�RI�+LVSDQLF�UHVLGHQWV�GXH�WR�WKH�KHVLWDQF\�RI
PLJUDQWV�WR�UHSRUW�WKHLU�ELUWK�SODFH�DQG�GXH�WR�ELDV�DVVRFLDWHG�ZLWK�FHQVXV�QXPEHUV�LQ
XQGHUFRXQWLQJ�WKH�SRSXODWLRQ�RI�UXUDO�DUHDV�ZLWK�PLJUDQW�ODERU�

7KH�$OSDXJK�:DWHU�'LVWULFW�KDV�DFFRXQWV�IRU�DQ�HVWLPDWHG�����KRRNXSV�LQ�WKH�$OSDXJK
8QLILHG�6FKRRO�'LVWULFW�DUHD�DQG�����KRRNXSV�LQ�ZLWKLQ�$OSDXJK���8VLQJ�WKH�SURSRUWLRQ�RI
KRRNXSV�LQ�$OSDXJK�DQG�WKH�HVWLPDWHG�6FKRRO�'LVWULFW�SRSXODWLRQ��WKHUH�DUH�DERXW����
SHRSOH�LQ�$OSDXJK���$GMXVWLQJ�WKH�8�6��%XUHDX�RI�WKH�&HQVXV�VFKRRO�GLVWULFW�HVWLPDWH�XVLQJ
WKH�&DOLIRUQLD�%DVLF�(GXFDWLRQDO�'DWD�6\VWHP��&%('6��HQUROOPHQW�HVWLPDWH�UHVXOWV�LQ�DQ
HVWLPDWHG�����SHRSOH�LQ�$OSDXJK���7KH�&%('6�GDWD�HVWLPDWH�WKDW������SHUFHQW�RI�WKH
$OSDXJK�8QLILHG�6FKRRO�'LVWULFW�VWXGHQWV�DUH�+LVSDQLF��ZKLFK�LV�VXEVWDQWLDOO\�KLJKHU�WKDQ�WKH
�����&HQVXV�HVWLPDWHV�

�����������0HQGRWD�3RSXODWLRQ

7KH�SRSXODWLRQ�RI�0HQGRWD�ZDV�������SHRSOH�LQ������EDVHG�RQ�WKH������&HQVXV�DQG�DV�RI
-DQXDU\������WKH�SRSXODWLRQ�RI�0HQGRWD�ZDV�HVWLPDWHG�E\�WKH�&DOLIRUQLD�'HSDUWPHQW�RI
)LQDQFH�WR�EH�������SHRSOH���7KH�DYHUDJH�KRXVHKROG�VL]H�ZDV�DERXW�����SHRSOH�SHU
KRXVHKROG�LQ��������$ERXW����SHUFHQW�RI�WKH�UHSRUWHG�&HQVXV�SRSXODWLRQ�LV�RI�+LVSDQLF
2ULJLQ�DQG����SHUFHQW�RI�WKRVH�ILYH�\HDUV�RI�DJH�DQG�ROGHU�VSHDN�6SDQLVK�DW�KRPH�

7KH�SRSXODWLRQ�RI�WKH�0HQGRWD�8QLILHG�6FKRRO�'LVWULFW�ZDV�HVWLPDWHG�E\�WKH�8�6��%XUHDX�RI
WKH�&HQVXV�WR�EH�������SHRSOH�LQ������ZLWK�DQ�HVWLPDWHG�������FKLOGUHQ�RI�DJHV���WR���
\HDUV���7KH�&%('6�GDWD�HVWLPDWHV�WKHUH�ZHUH�������VWXGHQWV�HQUROOHG�LQ�0HQGRWD�8QLILHG
6FKRRO�'LVWULFW�6FKRROV�LQ�������LQGLFDWLQJ�WKDW�WKH�8�6��%XUHDX�RI�WKH�&HQVXV�HVWLPDWHV
PD\�EH�IDLUO\�DFFXUDWH�IRU�0HQGRWD���7KH�&%('6�GDWD�DOVR�LQGLFDWHV������SHUFHQW�RI�WKRVH
HQUROOHG�LQ�0HQGRWD�8QLILHG�6FKRRO�'LVWULFW�VFKRROV�DUH�+LVSDQLF�

�����������7UDQTXLOOLW\�3RSXODWLRQ

6LPLODU�WR�$OSDXJK��SRSXODWLRQ�HVWLPDWHV�DUH�QRW�VSHFLILFDOO\�DYDLODEOH�IRU�7UDQTXLOOLW\��
3RSXODWLRQ�HVWLPDWHV�ZHUH�REWDLQHG�IRU�D�&HQVXV�%ORFN�*URXS�ZKLFK�LQFOXGHV�RQO\�WKH�VPDOO
DUHD�RI�7UDQTXLOOLW\��7UDQTXLOOLW\�%ORFN�*URXS����7KHUHIRUH��WKH�EORFN�QXPEHUV�DUH�OLNHO\�WR�EH
D�JRRG�UHSUHVHQWDWLRQ�IRU�7UDQTXLOOLW\���,Q������WKHUH�ZHUH�����SHUVRQV�LQ�7UDQTXLOOLW\�DQG
WKH�DYHUDJH�KRXVHKROG�VL]H�ZDV������SHUVRQV�SHU�KRXVHKROG���$SSUR[LPDWHO\����SHUFHQW�RI
WKH�UHSRUWHG�&HQVXV�SRSXODWLRQ�LV�RI�+LVSDQLF�2ULJLQ�DQG����SHUFHQW�RI�WKRVH�ILYH�\HDUV�RI
DJH�DQG�ROGHU�VSHDN�6SDQLVK�DW�KRPH�
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7UDQTXLOOLW\�LV�VHUYHG�E\�WKH�*ROGHQ�3ODLQV�8QLILHG�6FKRRO�'LVWULFW���7KH�SRSXODWLRQ�RI�WKH
*ROGHQ�3ODLQV�8QLILHG�6FKRRO�'LVWULFW�ZDV�HVWLPDWHG�E\�WKH�8�6��%XUHDX�RI�WKH�&HQVXV�WR�EH
������SHRSOH�LQ������ZLWK�������FKLOGUHQ�RI�DJHV���WR����\HDUV���7KH�&%('6�GDWD�LQGLFDWH
WKHUH�ZHUH�������VWXGHQWV�HQUROOHG�LQ�*ROGHQ�3ODLQV�VFKRROV�LQ�������ZKLFK�VXSSRUWV�WKH
8�6��%XUHDX�RI�WKH�&HQVXV�SRSXODWLRQ�HVWLPDWHV�

�����������3RSXODWLRQ�3URMHFWLRQV

7KH�&DOLIRUQLD�'HSDUWPHQW�RI�)LQDQFH�GHYHORSV�SRSXODWLRQ�SURMHFWLRQV�DW�WKH�FRXQW\�OHYHO��
7KHVH�SURMHFWLRQV�FDQ�EH�XVHG�DV�D�JHQHUDO�LQGLFDWRU�RI�WKH�PDJQLWXGH�DQG�ORFDWLRQ�RI
H[SHFWHG�JURZWK�LQ�WKH�IXWXUH���3URMHFWLRQV�IRU�HDFK�RI�WKH�VWXG\�DUHD�FRXQWLHV�LV�SUHVHQWHG
LQ�7DEOH���

7DEOH�����6WXG\�$UHD�3RSXODWLRQ�3URMHFWLRQV

&RXQW\ ���� ���� ���� ���� ����

)UHVQR ������� ������� ��������� ��������� ���������
.LQJV ������� ������� ��������� ��������� ���������
7XODUH ������� ������� ��������� ��������� ���������

7KH�FRXQW\�OHYHO�SRSXODWLRQ�SURMHFWLRQV�LQGLFDWH�SDVW�SRSXODWLRQ�JURZWK�LQ�WKH�DUHD�LV�JRLQJ
WR�GHFUHDVH�LQ�WKH�IXWXUH���*URZWK�IURP������WR������LV�SURMHFWHG�WR�EH�DERXW������SHUFHQW
DQQXDOO\�LQ�)UHVQR�&RXQW\�������SHUFHQW�DQQXDOO\�LQ�.LQJV�&RXQW\��DQG������SHUFHQW
DQQXDOO\�LQ�7XODUH�&RXQW\���7KH�SHUFHQWDJH�RI�WKH�WRWDO�SRSXODWLRQ�WKDW�LV�+LVSDQLF�LV
SURMHFWHG�WR�JURZ�VWHDGLO\�RYHU�WKH�QH[W����\HDUV���%\�WKH�\HDU�������WKH�+LVSDQLF
SRSXODWLRQ�LV�SURMHFWHG�WR�DFFRXQW�IRU�PRUH�WKDQ����SHUFHQW�RI�WKH�WRWDO�SRSXODWLRQ�IRU�DOO
WKUHH�FRXQWLHV�

���������(FRQRPLF�%DVH

7KH�WZR�VWXG\�DUHDV�LQFOXGHG�LQ�WKH�DQDO\VLV�KDYH�ORZHU�WKDQ�DYHUDJH�OHYHOV�RI�LQFRPH
FRPSDUHG�WR�DOO�RI�&DOLIRUQLD��KDYH�H[SHULHQFHG�KLJKHU�WKDQ�DYHUDJH�XQHPSOR\PHQW��DQG
KDYH�D�UHODWLYHO\�KLJK�SHUFHQWDJH�RI�ODUJH�SHUFHQWDJH�RI�HDUQLQJV�DQG�HPSOR\PHQW�LQ�WKH
DJULFXOWXUDO�VHFWRU���,Q�DGGLWLRQ��WKH�VWXG\�DUHDV�KDYH�ORZHU�WKDQ�DYHUDJH�OHYHOV�RI�HGXFDWLRQ
ZKLFK�PD\�EH�D�KLQGUDQFH�WR�IXWXUH�JURZWK�LQ�HPSOR\PHQW�DQG�LQFRPH�

3HU�FDSLWD�LQFRPH�VWDWLVWLFV�DUH�DYDLODEOH�IURP�WKH�8�6��%XUHDX�RI�WKH�&HQVXV�DQG�IURP�WKH
%XUHDX�RI�(FRQRPLF�$QDO\VLV���7KH�8�6��%XUHDX�RI�WKH�&HQVXV�SHU�FDSLWD�LQFRPH�HVWLPDWHV
DUH�EDVHG�RQ�LQFRPH�DQG�KRXVHKROG�VL]HV�DFWXDOO\�UHSRUWHG�E\�KRXVHKROGV�LQ�WKH�����
&HQVXV�IRU������LQFRPH���3HU�FDSLWD�LQFRPH�UHSRUWHG�E\�WKH�%XUHDX�RI�(FRQRPLF�$QDO\VLV
DUH�EDVHG�RQ�HVWLPDWHV�RI�SHUVRQDO�LQFRPH�IRU��������7KH�8�6��%XUHDX�RI�WKH�&HQVXV�DOVR
SURYLGHV������HVWLPDWHV�RI�PHGLDQ�KRXVHKROG�LQFRPH�DQG�WKH�SHUFHQWDJH�RI�KRXVHKROGV
OLYLQJ�LQ�SRYHUW\���7KHVH�HVWLPDWHV�DUH�EDVHG�RQ�PRGHOLQJ�UHVXOWV�XVLQJ�WKH������&HQVXV
GDWD�DQG�XSGDWLQJ�WR��������3HU�FDSLWD�DQG�KRXVHKROG�LQFRPH�HVWLPDWHV�IRU�WKH�VWXG\�DUHD
FRXQWLHV�DQG�IRU�&DOLIRUQLD�DUH�SUHVHQWHG�LQ�7DEOH���
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7DEOH�����,QFRPH�DQG�3RYHUW\�(VWLPDWHV�IRU�WKH�6WXG\�$UHDV�DQG�IRU�&DOLIRUQLD

$UHD HVWLPDWHV HVWLPDWHV HVWLPDWH SRYHUW\�HVWLPDWH

�����8�6� �����%XUHDX %XUHDX�RI�WKH %XUHDX�RI�WKH
%XUHDX�RI�WKH RI�(FRQRPLF &HQVXV�PHGLDQ &HQVXV
&HQVXV�SHU $QDO\VLV�SHU KRXVHKROG SHUFHQWDJH�RI�

FDSLWD�LQFRPH FDSLWD�LQFRPH LQFRPH KRXVHKROGV�LQ

�����8�6� �����8�6�

)UHVQR�&RXQW\ ������� ������� ������� ����
.LQJV�&RXQW\ ������� ������� ������� ����
7XODUH�&RXQW\ ������� ������� ������� ����
&DOLIRUQLD ������� ������� ������� ����

7KH�8�6��%XUHDX�RI�/DERU�6WDWLVWLFV�HVWLPDWHG�WKH������XQHPSOR\PHQW�UDWH�LQ�&DOLIRUQLD�WR
EH�����SHUFHQW��FRPSDUHG�WR������SHUFHQW�IRU�)UHVQR�&RXQW\�������SHUFHQW�IRU�.LQJV�&RXQW\�
DQG������SHUFHQW�LQ�7XODUH�&RXQW\���,Q�DGGLWLRQ��HGXFDWLRQDO�DWWDLQPHQW�OHYHOV�LQ�WKH�WZR
VWXG\�DUHDV�ZHUH�VLJQLILFDQWO\�ORZHU�WKDQ�IRU�WKH�6WDWH�RI�&DOLIRUQLD�EDVHG�RQ������&HQVXV
GDWD���2I�WKH�SRSXODWLRQ����\HDUV�RI�DJH�RU�ROGHU�������SHUFHQW�RI�WKH�&DOLIRUQLD�SRSXODWLRQ
ZHUH�KLJK�VFKRRO�JUDGXDWHV�DQG������SHUFHQW�ZHUH�FROOHJH�JUDGXDWHV���7KH�UHVSHFWLYH
SHUFHQWDJHV�IRU�WKH�WKUHH�FRXQWLHV�LQ�WKH�VWXG\�DUHDV�ZHUH������SHUFHQW�KLJK�VFKRRO
JUDGXDWHV�DQG������SHUFHQW�FROOHJH�JUDGXDWHV�IRU�)UHVQR�&RXQW\�������SHUFHQW�KLJK�VFKRRO
JUDGXDWHV�DQG�����SHUFHQW�FROOHJH�JUDGXDWHV�IRU�.LQJV�&RXQW\��DQG������SHUFHQW�KLJK�VFKRRO
JUDGXDWHV�DQG������SHUFHQW�FROOHJH�JUDGXDWHV�IRU�7XODUH�&RXQW\�

2QH�PHDVXUH�RI�WKH�LPSRUWDQFH�RI�YDULRXV�LQGXVWULHV�WR�D�UHJLRQ�LV�WKH�HDUQLQJV�DWWULEXWDEOH
WR�HDFK�LQGXVWU\���7DEOH���SUHVHQWV�WRWDO�HDUQLQJV�E\�LQGXVWU\�XVLQJ�%XUHDX�RI�(FRQRPLF
$QDO\VLV��5HJLRQDO�(FRQRPLF�,QIRUPDWLRQ�6\VWHP�IRU�GDWD�IRU������

7DEOH�����(DUQLQJV�E\�,QGXVWU\

6HFWRU )UHVQR�&RXQW\ .LQJV�&RXQW\ 7XODUH�&RXQW\

$JULFXOWXUDO�6HUYLFHV ������� ������ �������
0LQLQJ ������ �� �����
&RQVWUXFWLRQ ������� ������ �������
0DQXIDFWXULQJ ������� ������� �������
7UDQVSRUWDWLRQ�SXEOLF�XWLOLWLHV ������� ������ �������
:KROHVDOH�WUDGH ������� ������ �������
5HWDLO�WUDGH ������� ������� �������
)LQDQFH��LQVXUDQFH��UHDO�HVWDWH ������� ������ �������
6HUYLFHV ��������� ������� �������
*RYHUQPHQW ��������� ������� �������
1RQ�IDUP�LQFRPH ���������� ��������� ���������
)DUP�LQFRPH ������� ������� �������

�����������$OSDXJK�(FRQRP\

7KH�HFRQRPLF�GDWD�SUHVHQWHG�LQ�WKLV�VHFWLRQ�DUH�EDVHG�RQ�WKH������&HQVXV�DQG�WKH
SRSXODWLRQ�OLYLQJ�LQ�WKH�&HQVXV�%ORFN�*URXS�ZKLFK�LQFOXGHV�$OSDXJK���0RUH�UHFHQW�HFRQRPLF
GDWD�DUH�QRW�DYDLODEOH�IRU�GHWDLOHG�JHRJUDSKLF�DUHDV���$SSUR[LPDWHO\����SHUFHQW�RI�WKRVH
SHRSOH����\HDUV�RI�DJH�DQG�ROGHU�DQG�HPSOR\HG�ZRUN�LQ�WKH�DJULFXOWXUH��IRUHVWU\��DQG
ILVKHULHV�LQGXVWU\�DQG�DERXW����SHUFHQW�ZRUN�LQ�WKH�HGXFDWLRQ�RU�KHDOWK�LQGXVWULHV���$ERXW���
SHUFHQW�RI�HPSOR\HG�SHUVRQV����\HDUV�RI�DJH�RU�ROGHU�KDYH�D�IDUPLQJ�RFFXSDWLRQ�����SHUFHQW
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DUH�LQ�VHUYLFH�RFFXSDWLRQV�����SHUFHQW�DUH�LQ�DGPLQLVWUDWLYH�VXSSRUW��DQG����SHUFHQW�DUH
PDFKLQH�RSHUDWRUV�RU�QRQ�IDUP�ODERUHUV�

7KH�PHGLDQ�DQQXDO�KRXVHKROG�LQFRPH�LQ������ZDV����������DYHUDJH�KRXVHKROG�LQFRPH�IRU
DOO�KRXVHKROGV�ZDV���������SHU�\HDU��DQG�SHU�FDSLWD�LQFRPH�ZDV��������IRU�WKH�DUHD���7KLV
FRPSDUHV�WR������PHGLDQ�KRXVHKROG�LQFRPH�RI���������IRU�7XODUH�&RXQW\�DQG���������IRU
DOO�RI�&DOLIRUQLD���$YHUDJH�KRXVHKROG�LQFRPH�ZDV�DERXW���������IRU�DOO�RI�&DOLIRUQLD�DQG
��������IRU�KRXVHKROGV�LQ�7XODUH�&RXQW\�DQG�SHU�FDSLWD�LQFRPH�IRU�7XODUH�&RXQW\�ZDV
��������LQ������DQG���������IRU�DOO�RI�&DOLIRUQLD�

�����������0HQGRWD�(FRQRP\

$SSUR[LPDWHO\����SHUFHQW�RI�WKRVH����\HDUV�RI�DJH�DQG�ROGHU�DQG�HPSOR\HG�ZRUN�LQ�WKH
DJULFXOWXUH��IRUHVWU\��DQG�ILVKHULHV�LQGXVWU\��DERXW���SHUFHQW�ZRUN�LQ�UHWDLO�WUDGH����SHUFHQW
ZRUN�LQ�JHQHUDO�VHUYLFH�LQGXVWULHV��DQG���SHUFHQW�ZRUN�LQ�WKH�HGXFDWLRQ�RU�KHDOWK�LQGXVWULHV��
$ERXW����SHUFHQW�RI�HPSOR\HG�SHUVRQV����\HDUV�RI�DJH�RU�ROGHU�KDYH�D�IDUPLQJ�RFFXSDWLRQ�
���SHUFHQW�DUH�LQ�VDOHV�RU�DGPLQLVWUDWLYH�VXSSRUW�SRVLWLRQV��DQG����SHUFHQW�DUH�PDFKLQH
RSHUDWRUV�RU�QRQ�IDUP�ODERUHUV���7KH�PHGLDQ�DQQXDO�KRXVHKROG�LQFRPH�LQ������ZDV
���������DYHUDJH�KRXVHKROG�LQFRPH�IRU�DOO�KRXVHKROGV�ZDV���������SHU�\HDU��DQG�SHU�FDSLWD
LQFRPH�ZDV��������IRU�0HQGRWD���0HQGRWD�KDV�WKH�ORZHVW�OHYHO�RI�LQFRPH�DQG�ODUJHVW
SHUFHQWDJH�RI�DJULFXOWXUDO�ODERUHUV�RI�WKH�WKUHH�SODFHV�HYDOXDWHG�LQ�WKLV�DQDO\VLV��

�����������7UDQTXLOOLW\�(FRQRP\

7KH�LQIRUPDWLRQ�SUHVHQWHG�LQ�WKLV�VHFWLRQ�LV�EDVHG�RQ�WKH������&HQVXV�GDWD�IRU�WKH�&HQVXV
%ORFN�*URXS�ZKLFK�LQFOXGHV�7UDQTXLOOLW\���$SSUR[LPDWHO\����SHUFHQW�RI�WKRVH����\HDUV�RI�DJH
DQG�ROGHU�DQG�HPSOR\HG�ZRUN�LQ�WKH�DJULFXOWXUH��IRUHVWU\��DQG�ILVKHULHV�LQGXVWU\��DERXW���
SHUFHQW�ZRUN�LQ�UHWDLO�WUDGH��DQG����SHUFHQW�ZRUN�LQ�WKH�HGXFDWLRQ�RU�KHDOWK�LQGXVWULHV��
$ERXW����SHUFHQW�RI�HPSOR\HG�SHUVRQV����\HDUV�RI�DJH�RU�ROGHU�DUH�LQ�VDOHV�RU
DGPLQLVWUDWLYH�VXSSRUW�SRVLWLRQV�����SHUFHQW�KDYH�D�IDUPLQJ�RFFXSDWLRQ�����SHUFHQW�DUH
PDFKLQH�RSHUDWRUV�RU�QRQ�IDUP�ODERUHUV��DQG���SHUFHQW�DUH�LQ�VHUYLFH�RFFXSDWLRQV�

7KH�PHGLDQ�DQQXDO�KRXVHKROG�LQFRPH�LQ������ZDV����������DYHUDJH�KRXVHKROG�LQFRPH�IRU
DOO�KRXVHKROGV�ZDV���������SHU�\HDU��DQG�SHU�FDSLWD�LQFRPH�ZDV���������IRU�WKH�DUHD���$V
ZLWK�$OSDXJK��LQFRPH�LQ�7UDQTXLOOLW\�LV�ORZHU�WKDQ�IRU�WKH�UHVW�RI�WKH�FRXQW\�DQG�&DOLIRUQLD��
0HGLDQ������KRXVHKROG�LQFRPH�ZDV���������IRU�)UHVQR�&RXQW\�DQG���������IRU�DOO�RI
&DOLIRUQLD���$YHUDJH�KRXVHKROG�LQFRPH�ZDV�DERXW���������IRU�DOO�RI�&DOLIRUQLD�DQG��������
IRU�KRXVHKROGV�LQ�)UHVQR�&RXQW\�DQG�SHU�FDSLWD�LQFRPH�IRU�)UHVQR�&RXQW\�ZDV���������LQ
�����DQG���������IRU�DOO�RI�&DOLIRUQLD�

���������$JULFXOWXUDO�(FRQRP\

7KH������&HQVXV�RI�$JULFXOWXUH�SURYLGHV�UHFHQW�LQIRUPDWLRQ�RQ�FURSSLQJ�SDWWHUQV��IDUP
LQFRPH��DQG�IDUP�H[SHQVHV�DW�WKH�FRXQW\�OHYHO���,Q�DGGLWLRQ��WKH������GDWD�FDQ�EH
FRPSDUHG�WR�WKH������GDWD�WR�GHWHUPLQH�LI�WKHUH�DUH�DQ\�WUHQGV�LQ�WKH�W\SHV�RI�FURSV�JURZQ
DQG�SURGXFWLRQ�LQSXWV�XVHG�LQ�WKH�DUHD���7KHVH�GDWD�DUH�SUHVHQWHG�LQ�7DEOH���
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7DEOH����������DQG������&URS�$FUHDJH�IURP�WKH�&HQVXV�RI�$JULFXOWXUH

&URS ���� ���� ���� ���� ���� ����

)UHVQR�&RXQW\ .LQJV�&RXQW\ 7XODUH�&RXQW\

:KHDW ������ ������ ������ ������ ������ ������
%DUOH\ ����� ������ ������ ������ ����� ������
5LFH ����� ����� � � � �
&RWWRQ ������� ������� ������� ������� ������ �������
+D\ ������ ������ ������ ������ ������� �������
9HJHWDEOHV ������� ������� ������ ����� ����� �����
2UFKDUGV ������� ������� ������ ������ ������� �������

%RWK�FURSV�DQG�OLYHVWRFN�FRQWULEXWH�VLJQLILFDQWO\�WR�WKH�ORFDO�HFRQRP\���&URS�SURGXFWLRQ
DFFRXQWHG�IRU����SHUFHQW�RI�WRWDO�JURVV�IDUP�UHFHLSWV�LQ�)UHVQR�&RXQW\�LQ�������DERXW���
SHUFHQW�RI�JURVV�IDUP�UHFHLSWV�LQ�.LQJV�&RXQW\��DQG����SHUFHQW�RI�JURVV�IDUP�UHFHLSWV�LQ
7XODUH�&RXQW\���1HW�IDUP�LQFRPH�UDQJHG�IURP����SHUFHQW�WR����SHUFHQW�RI�JURVV�HDUQLQJV
DQG�KLUHG�ODERU�UHSUHVHQWHG�WKH�VLQJOH�KLJKHVW�H[SHQVH�FDWHJRU\�RI�IDUP�SURGXFWLRQ
H[SHQVHV���

&RWWRQ��RUFKDUGV��KD\��DQG�YHJHWDEOHV�DUH�WKH�GRPLQDQW�FURSV�JURZQ�LQ�WKH�UHJLRQ���6PDOO
JUDLQV�DUH�DOVR�JURZQ��EXW�PRVWO\�DV�D�URWDWLRQDO�UHTXLUHPHQW�ZLWK�RWKHU�URZ�FURSV��
2UFKDUGV�DQG�YHJHWDEOHV�JHQHUDOO\�UHTXLUH�EHWWHU�VRLOV�WKDQ�FRWWRQ�DQG�KD\���$V�D�UHVXOW�
ODQG�LQ�DUHDV�ZLWK�SRRU�GUDLQDJH�WKDW�DUH�PRUH�OLNHO\�WR�EH�UHWLUHG�DUH�SUHGRPLQDQWO\�FRWWRQ�
KD\��RU�QRQ�SURGXFWLYH�ODQG�

%XUHDX�RI�5HFODPDWLRQ�FURS�SURGXFWLRQ�UHSRUWV�IRU�::'��$OSDXJK�,UULJDWLRQ�'LVWULFW��$,'��
DQG�WKH�$WZHOO�,VODQG�:DWHU�'LVWULFW��$,:'��LQGLFDWH�DERXW����SHUFHQW�RI�::'�DQG�$,'
LUULJDWHG�ODQG�LV�LQ�FRWWRQ�DQG�DERXW�RQH�WKLUG�RI�$,:'�ODQG�LV�LQ�FRWWRQ���$ERXW�RQH�WKLUG�RI
$,'�LV�LQ�DOIDOID�DQG����SHUFHQW�RI�$,:'�ODQG�LV�LQ�DOIDOID���$�VPDOO�SHUFHQWDJH�RI�::'�ODQG
LV�LQ�DOIDOID�DOWKRXJK�KD\�DFUHDJH�KDV�EHHQ�LQFUHDVLQJ�GXH�WR�ORZ�FRWWRQ�SULFHV�

���������5HFUHDWLRQ

5HFUHDWLRQDO�XVHV�LQ�WKH�'HPRQVWUDWLRQ�3URMHFW�DUHD�LQFOXGH�OLPLWHG�KXQWLQJ�RSSRUWXQLWLHV�RQ
QHDUE\�IHGHUDO�DQG�VWDWH�ZLOGOLIH�UHIXJHV��SULPDULO\�IRU�ZDWHUIRZO���$W�FHUWDLQ�WLPHV�RI�WKH
\HDU��VRPH�DJULFXOWXUDO�ODQG�LV�RSHQ�WR�KXQWLQJ���$FFHVV�LV�OLPLWHG�DV�PRVW�RI�WKH�ODQGV�DUH�LQ
SULYDWH�RZQHUVKLS���$V�PRVW�RI�WKH�DUHD�LV�LQWHQVLYHO\�IDUPHG��WKHUH�LV�YHU\�OLWWOH�RSSRUWXQLW\
IRU�ZLOGIORZHU�RU�ZLOGOLIH�YLHZLQJ�DFWLYLWLHV�

�������%LRORJLFDO�5HVRXUFHV

���������+LVWRULFDO�'LVWULEXWLRQ�RI�1DWLYH�+DELWDWV��)ORUD�DQG�)DXQD

3ULRU�WR�WKH�����V��WKH�ODQGVFDSH�RI�WKH�VWXG\�DUHD�FRQVLVWHG�RI�RSHQ�JUDVVODQGV�DQG
VFDWWHUHG�RDN�ZRRGODQGV��DV�ZHOO�DV�ZHWODQGV��YHUQDO�SRROV��ULSDULDQ�DUHDV�DQG�WKH�7XODUH
/DNH�VKRUHOLQH��+XPDQ�VHWWOHPHQW�ZDV�VSDUVH��FRQFHQWUDWHG�PRVWO\�LQ�)UHVQR�DQG�0RGHVWR��
5DSLG�DJULFXOWXUDO�GHYHORSPHQW�DQG�LQFUHDVHG�KXPDQ�VHWWOHPHQW�GUDVWLFDOO\�FKDQJHG�WKH
YLVXDO�ODQGVFDSH�E\�UHSODFLQJ�JUDVVODQGV�ZLWK�LUULJDWHG�FURSODQG�DQG�UHGXFLQJ�H[WHQVLYH
ZHWODQG��YHUQDO�SRRO��DQG�ULSDULDQ�DUHDV�WR�VFDWWHUHG�VHJPHQWV��0RVW�RI�WKH�ODQG�LQ�WKH�VWXG\
DUHD�LV�GHGLFDWHG�WR�DJULFXOWXUDO�XVH���7KH�'HPRQVWUDWLRQ�3URMHFW�SDUFHOV�DUH�SULPDULO\
LUULJDWHG�DJULFXOWXUDO�ILHOGV�ZLWK�VRPH�LGOHG�ODQG��7KHVH�ODQGV�DUH�UXUDO�LQ�FKDUDFWHU�ZLWK
VFDWWHUHG�KRXVHV�DQG�RXWEXLOGLQJV�
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+LVWRULFDOO\�WKH�KDELWDW�W\SHV�WKDW�RFFXUUHG�ZLWKLQ�WKH�DUHDV�SURSRVHG�IRU�/DQG�5HWLUHPHQW
ZHUH�VDOWEXVK�VFUXE��QRQQDWLYH�LQWURGXFHG�JUDVVODQG��DONDOL�VLQN�DQG�VDFDWRQ�EXQFK�JUDVV��
5LSDULDQ�DQG�PDUVKODQG�KDELWDWV�ZHUH�DOVR�LQ�DEXQGDQFH���$OWKRXJK�RQO\�JHQHUDO
GHVFULSWLRQV�DUH�DYDLODEOH�WR�FRUUHODWH�KDELWDW�W\SHV�ZLWK�VRLO�DQG�K\GURORJLF�GDWD��WKH\�GR
RFFXU�RQ�DONDOLQH��SRRUO\�GUDLQHG�VRLOV���7KH�PDMRU�QDWXUDO�SODQW�FRPPXQLWLHV�LQ�WKH�6DQ
-RDTXLQ�9DOOH\�LQFOXGHG�KHUEDFHRXV��JUDVVODQGV��YHUQDO�SRROV�DQG�PDUVKHV���VKUXEODQGV�
ZRRGODQGV�DQG�ULSDULDQ�IRUHVWV���*UDVVODQGV�LQFOXGHG�VHYHUDO�FRPPXQLWLHV��QRQQDWLYH
JUDVVODQG��SLQH�EOXHJUDVV�JUDVVODQG��UHOLFWXDO�LQWHULRU�GXQH�JUDVVODQG��YDOOH\�QHHGOHJUDVV
JUDVVODQG�DQG�YDOOH\�VDFDWRQ�JUDVVODQG��$IWHU�.XFKOHU������LQ�86):6���������9DOOH\�VDOW
VFUXE��GRPLQDWHG�E\�9DOOH\�VDOWEXVK��$WULSOH[�SRO\FDUSD����RFFXSLHG�WKH�YDOOH\�IORRU�LQ
VDQG\��QRQ�DONDOLQH�VRLOV����6HH�$SSHQGL[���IRU�VSHFLHV�OLVW����2WKHU�VSHFLHV�ZHUH�GHVHUW
LVRFRPD��JROGILHOGV��ELUG¶V�H\H�JLOLD��DQG�FUHDPFXSV�DQG�LQFOXGHG�EOXQW�QRVHG�OHRSDUG�OL]DUG�
6DQ�-RDTXLQ�NLW�IR[��GHVHUW�VSLQ\�OL]DUG��FRDVW�KRUQHG�OL]DUG�DQG�JUHDWHU�URDGUXQQHU��
�+DUYH\�������

6-9�VKUXEODQGV�ZHUH�GRPLQDWHG�E\�VKUXEV�OHVV�WKDQ�VL[�IHHW�WDOO��*UDVVHV�DQG�IRUEV�W\SLFDO�RI
JUDVVODQG�FRPPXQLWLHV�FRYHUHG�WKH�JURXQG�EHWZHHQ�DQG�XQGHU�VKUXEV���6KUXEV�RFFXUUHG�LQ
DONDOL�VLQNV��RQ�DOOXYLDO�IDQV��RQ�GXQH�UHPQDQWV��LQ�ULSDULDQ�DUHDV�DQG�LQ�DULG�XSODQGV���$ONDOL
SOD\DV�ZHUH�RIWHQ�LQWHUVSHUVHG�ZLWKLQ�WKLV�KDELWDW�W\SH��7KH�GRPLQDQW�SODQW�VSHFLHV�ZDV
LRGLQH�EXVK���2WKHU�SODQWV�ZHUH�EXVK�VHHSZHHG��DONDOL�KHDWK��VDOWJUDVV��GHVHUW�LVRFRPD�
MDFNDVV�FORYHU��DQG�JROGILHOGV���/RFDWHG�QHDU�ZHWODQGV��WKHVH�XSODQG�KDELWDWV�SURYLGHG
IRUDJLQJ�KDELWDW�IRU�ZDWHUIRZO�DQG�VKRUHELUGV�GXULQJ�ZHW�PRQWKV���,Q�VXPPHU�PRQWKV��LI�WKH
HSKHPHUDO�SRROV�UHPDLQHG��EODFN�QHFNHG�VWLOWV�DQG�$PHULFDQ�DYRFHWV�FRXOG�ILQG�IRUDJLQJ�DQG
QHVWLQJ�KDELWDW���2WKHU�VSHFLHV�RI�ELUGV�XWLOL]LQJ�WKLV�KDELWDW�ZHUH�UDYHQ��ZHVWHUQ
PHDGRZODUN��KRUQHG�ODUN��$PHULFDQ�SLSLWV��OHVVHU�QLJKWKDZN�DQG�VDJH�VSDUURZ���0DPPDOV�LQ
WKH�YDOOH\�VLQN�VFUXE�LQFOXGHG�EODFNWDLOHG�KDUH��7LSWRQ�NDQJDURR�UDW��DQG�6DQ�-RDTXLQ�NLW�IR[��
5HSWLOLDQ�VSHFLHV�LQFOXGHG�EOXQW�QRVHG�OL]DUG��VLGH�EORWFKHG�OL]DUG��ZHVWHUQ�ZKLSWDLO�
NLQJVQDNH�DQG�ZHVWHUQ�UDWWOHVQDNH��+DUYH\�������

$ONDOL�VLQNV�ZHUH�GUDLQDJH�EDVLQV�ZLWK�KLJKO\�VROXEOH�VDOWV�WKDW�FRXOG�KDYH�EHHQ�DONDOLQH�
+DORSK\WHV��SODQWV�WKDW�WROHUDWH�DONDOLQH�DQG�VDOLQH�VRLOV��GRPLQDWHG��3OD\DV��VKDOORZ�
WHPSRUDU\�ODNHV�IRUPHG�LQ�DONDOL�VLQNV�GXULQJ�SHULRGV�RI�KHDY\�UDLQIDOO��$ONDOL�VLQNV
VXSSRUWHG�VFUXE�SODQW�FRPPXQLWLHV�VXFK�DV�DONDOL�SOD\D��KDSORSDSSXV�VKUXEODQG��DQG�YDOOH\
VLQN�VFUXE���$OOXYLDO�IDQV�ZHUH�IDQ�VKDSHG�DUHDV�RI�VRLO�GHSRVLWHG�E\�PRXQWDLQ�VWUHDPV
ZKHUH�WKH\�HQWHUHG�YDOOH\V�RU�SODLQV���7\SLFDOO\�WKHVH�VXSSRUWHG�VDOWEXVK�VFUXE�GRPLQDWHG
E\�FRPPRQ�VDOWEXVK�RU�VSLQ\�VDOWEXVK���6DQG\�GHSRVLWV�VXUURXQGLQJ�KLVWRULFDO�ODNH�EHGV�DUH
WHUPHG�5HOLFWXDO�,QWHULRU�'XQHV�FRPPXQLW\���&KHQRSRG�VFUXE�RU�JRRVHIRRW�IDPLO\�ZHUH�WKH
GRPLQDWH�SODQWV�ZKLFK�LQFOXGHV�WKH�YDULRXV�VDOWEXVK�VFUXEV��DONDOL�SOD\D�DQG�YDOOH\�VLQN
VFUXE��86):6�������

���������&XUUHQW�8SODQG�+DELWDW�&RQGLWLRQV�DQG�/LVWHG�6SHFLHV

9DOOH\�6LQN�VFUXE�RFFXUUHG�LQ�ERWK�DUHDV�SURSRVHG�IRU�WKH�H[SDQGHG�'HPRQVWUDWLRQ�3URMHFW��
&XUUHQWO\�WKH�ODQGV�SURSRVHG�IRU�UHWLUHPHQW�IURP�LUULJDWHG�DJULFXOWXUH�KDYH�EHHQ
SUHGRPLQDQWO\�ODVHU�OHYHOHG�URZ�FURSODQGV��SODQWHG�PRVWO\�WR�FRWWRQ���VHHG�DOIDOID��JUDLQ
FURSV��WRPDWRHV��DQG�VXJDU�EHHWV���7KH�ODQGV�JHQHUDOO\�KDYH�EHHQ�LQ�DJULFXOWXUDO�SURGXFWLRQ
IRU�GHFDGHV���3HULRGLFDOO\�WKH�ODQGV�ZHUH�LQ�DFWLYH�FXOWLYDWLRQ��WKHQ�IDOORZHG�DQG�GLVFHG�WR
FRQWURO�XQZDQWHG�ZHHG\�YHJHWDWLRQ�

3ODQW�VSHFLHV�VXSSRUWHG�E\�IDOORZ�ILHOGV�LQFOXGH�DQQXDO�JUDVVHV�VXFK�DV�VRIW�FKHVV��ULSJXW�
ZLOG�RDWV��0HGLWHUUDQHDQ�EDUOH\��ILYH�KRRN�EDVVLD��VLOYHUVFDOH��FURZQVFDOH��SDUU\¶V�WDUZHHG
DQG�UXVVLDQ�WKLVWOH���*HQHUDOO\�DJULFXOWXUDO�ODQGV�LQ�WKH�6DQ�-RDTXLQ�9DOOH\�KDYH�ORZ�ZLOGOLIH
YDOXHV��VRPH�RI�ZKLFK�DUH�LQWHUPLWWHQW���&URSODQGV�FDQ�SURYLGH�D�FRQFHQWUDWHG�IRUDJLQJ
RSSRUWXQLW\�IRU�VHYHUDO�ELUG�VSHFLHV��%UHZHU¶V�EODFNELUG��ZHVWHUQ�PHDGRZODUN��PRXUQLQJ
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GRYH��KRUQHG�ODUN��DQG�$PHULFDQ�FURZ���,QWHUPLWWHQWO\�KDELWDW�LV�SURYLGHG�IRU�ZHVWHUQ
NLQJELUG��$PHULFDQ�SLSLW��PRXQWDLQ�SORYHU��QRUWKHUQ�KDUULHU��EXUURZLQJ�RZO��&DOLIRUQLD
KRUQHG�ODUN�DQG�ORJJHUKHDG�VKULNH��+DUYH\�������

0DQ\�HQGHPLF�VSHFLHV��VSHFLHV�UHVWULFWHG�LQ�RFFXUUHQFH��RFFXU�LQ�WKH�6-9�DQG�DUH�DVVRFLDWHG
ZLWK�H[WUHPH�DULGLW\���,Q�WKH�&HQWUDO�9DOOH\�WKHUH�DUH����HQGHPLF�SODQWV�����RI�ZKLFK�DUH
IRXQG�VROHO\�LQ�WKH�6-9��DQG�RI�����VSHFLHV�DQG�VXEVSHFLHV�RI�HQGHPLF�DQLPDOV�����DUH
DVVRFLDWHG�ZLWK�6-9�DULG�JUDVVODQG�DQG�VKUXEODQG�FRPPXQLWLHV���0RUH�HQGHPLF�YHUWHEUDWH
VSHFLHV�FR�RFFXU�LQ�WKH�6-9�WKDQ�DQ\ZKHUH�FRPSDUDEOH�LQ�WKH�FRQWLQHQWDO�8QLWHG�6WDWHV
�86):6�������

/\LQJ�ZLWKLQ�WKH�VRXWKHUQ�KDOI�RI�&DOLIRUQLD¶V�&HQWUDO�9DOOH\��WKH�6-9�KDV�DSSUR[LPDWHO\����
PLOOLRQ�DFUHV��ZLWK�IHZHU�WKDQ���������DFUHV�UHPDLQLQJ�XQFXOWLYDWHG���)HZ�RI�WKHVH�DFUHV
LQFOXGH�WKH�DULG�VKUXEODQGV�DQG�JUDVVODQG�FRPPXQLWLHV�ZKLFK�FDQ�SURYLGH�XSODQG�KDELWDW��
)RU�WKH�HQWLUH�6-9��JHQHUDOO\�OHVV�WKDQ�ILYH�SHUFHQW�RI�KLVWRULFDO�QDWXUDO�FRPPXQLWLHV�UHPDLQ
DQG�WKRVH�WKDW�GR�DUH�KLJKO\�IUDJPHQWHG����1DWXUDO�FRPPXQLWLHV�KDYH�EHHQ�DOWHUHG
SHUPDQHQWO\�E\�WKH�LQWURGXFWLRQ�RI�QRQQDWLYH�SODQWV��ZKLFK�QRZ�GRPLQDWH�LQ�PDQ\�RI�WKH
UHPDLQLQJ�XQGHYHORSHG�DUHDV���7KH�PDMRULW\�RI�WKH�OLVWHG�VSHFLHV�DQG�VSHFLHV�RI�FRQFHUQ
RFFXU�LQ�DULG�JUDVVODQGV�DQG�VFUXE�ODQGV�RI�WKH�YDOOH\�DQG�DGMDFHQW�IRRWKLOOV���86):6�������

���������%LRORJLFDO�5HVRXUFHV���:HVWODQGV�6LWH

$�EDVHOLQH�ELRORJLFDO�VXUYH\�ZDV�FRQGXFWHG�WR�LGHQWLI\�VSHFLHV�SUHVHQFH�DQG�WR�KHOS�GLUHFW
LQLWLDO�'HPRQVWUDWLRQ�3URMHFW�SULRU�WR�DQ\�PDQLSXODWLRQ���7KLV�VXUYH\�JLYHV�DQ�LQGLFDWLRQ�RI
WKH�OHYHO�DQG�W\SH�RI�VSHFLHV�XVH��HVSHFLDOO\�E\�WKUHDWHQHG�DQG�HQGDQJHUHG�VSHFLHV�DQG
LQGLFDWHV�WKHLU��SRVVLEOH�SUHVHQFH�RQ�RWKHU�VXUURXQGLQJ�VLPLODU�::'�SDUFHOV�

)HZ�SODQW�VSHFLHV�JHQHUDOO\�ZHUH�IRXQG�RQ�ILHOG�SHULSKHULHV��DQG�QR�DQLPDO�VLJQ�ZDV�IRXQG��
7KH�SDUFHO�ZKLFK�ZDV�RXW�RI�SURGXFWLRQ�IRU�DERXW�ILYH�\HDUV�KDG�WKH�JUHDWHVW�GLYHUVLW\�RI
SODQWV�DQG�DQLPDOV���*UDVVHV�DQG�DQQXDO�SODQWV�FRORQL]HG�WKH�SDUFHO���SURYLGLQJ�D�VHHG
VRXUFH�IRU�ELUGV�DQG�VPDOO�PDPPDOV��&RPPRQ�LQKDELWDQWV�RI�WKH�SDUFHO�ZHUH�KRXVH�PLFH
DQG�&DOLIRUQLD�YROHV���7KH�RQO\�VHQVLWLYH�VSHFLHV�IRXQG�ZDV�D�VPDOO�IORFN�RI�IO\LQJ�PRXQWDLQ
SORYHU��D�IHGHUDO�FDQGLGDWH�DQG�VWDWH�VSHFLHV�RI�FRQFHUQ���$UHDV�ZLWK�UHFHQW�FXOWLYDWLRQ
ZLWKLQ�WKH�SDVW�\HDU�KDG�VXEVWDQWLDOO\�ORZHU�QXPEHUV�RI�ERWK�SODQW�DQG�DQLPDO�VSHFLHV��
(OHYHQ�SODQW�VSHFLHV�RXW�RI������LGHQWLILHG�ZHUH�QDWLYH���$OVR�REVHUYHG�ZHUH����ELUG�VSHFLHV
DQG���PDPPDO�VSHFLHV�RQ�WKH�SURMHFW�DUHD���1R�OLVWHG�IDXQDO�VSHFLHV�ZHUH�REVHUYHG�ZLWKLQ
RU�DGMDFHQW�WR�WKH�SURMHFW�DUHD���:LOGOLIH�VSHFLHV�REVHUYHG�ZHUH�FRPPRQ�ELUG�VSHFLHV
LQFOXGLQJ�FURZV��PHDGRZODUNV�DQG�QRUWKHUQ�KDUULHUV���%XUURZLQJ�RZOV�GR�LQKDELW�WKH�6DQ
/XLV�'UDLQ�ULJKW�RI�ZD\���1R�OLVWHG�IORUDO�VSHFLHV�ZHUH�REVHUYHG�ZLWKLQ�RU�DGMDFHQW�WR�WKH
SURMHFW�DUHD���(653����������6HH�$SSHQGL[����

���������%LRORJLFDO�5HVRXUFHV���$OSDXJK�6LWH

7KH������DFUHV�LQ�WKH�$OSDXJK�DUHD�DUH�VLPLODU�WR�ODQGV�GHVFULEHG�IRU�:HVWODQGV�LQ�WKDW�WKH
PDMRULW\�DUH�ODVHU�OHYHOHG�DJULFXOWXUDO�ILHOGV���7KHVH�DUH�ORFDWHG�RQ�WKH�VRXWKHUQ�H[WUHPH�RI
WKH�KLVWRULF�7XODUH�/DNH�IUHVKZDWHU�PDUVK��7KH�ODQG�LV�WUDYHUVHG�E\�D�ULGJH�RI�VDQG�DW�����WR
����IHHW�HOHYDWLRQ��WKDW�SUREDEO\�VWRRG�RXW�DV�DQ�LVODQG�DW�WLPHV��DQG�IRUPHG�WKH�VRXWKHUQ
VKRUH�RI�WKH�ODNH��GHSHQGLQJ�XSRQ�WKH�ODNH¶V�IOXFWXDWLRQ�OHYHO����$�IHZ�SDUFHOV�KDYH
LQFOXVLRQV��XS�WR�����DFUHV��RI�QDWLYH�ODQGV�WKDW�KDYH�QHYHU��EHHQ�FXOWLYDWHG�RU�OHYHOHG��
6RPH�SDUFHOV�KDYH�EHHQ�LGOH�ZLWKRXW�DQ\�DFWLYLW\�RWKHU�WKDQ�JUD]LQJ�ZLWKLQ�WKH�SDVW�WHQ
\HDUV���$SSUR[LPDWHO\������DFUHV�RI�RQH�SDUFHO�ZDV�HQUROOHG�LQ�WKH�&RQVHUYDWLRQ�5HVHUYH
3URJUDP�LQ������DQG�LGOHG�IRU����\HDUV���3UHYLRXVO\�WKLV�ODQG��OLNH�PRVW�RI�WKH�RWKHUV�LQ�WKH
DUHD��ZDV�FXOWLYDWHG�ZLWK�DOIDOID�DQG�FRWWRQ���8QLTXH�WR�WKLV�SDUFHO�LV�WKDW�LW�ZDV�QRW�OHYHOHG��
7KH�ODQGV�ZHUH�JUD]HG�E\�VKHHS�LQ�VSULQJ���������6XUYH\V�ZHUH�GRQH�RQ�WKHVH�DUHDV�WR
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GHVFULEH�FXUUHQW�KDELWDW�FRQGLWLRQV��GHWHUPLQH�RFFXUUHQFH�RI�VHQVLWLYH�VSHFLHV��HYDOXDWH�VLWH
UHFRYHU\�VLQFH�FXOWLYDWLRQ�DQG�LWV�LPSRUWDQFH�WR�WKH�FRQVHUYDWLRQ�RI�VHQVLWLYH�VSHFLHV���
�8SWDLQ��HW�DO��������

7KH�YHJHWDWLRQ�LQ�SDUWV�RI�WKH�DUHD�SURYLGHG�D�VSDUVH�KDELWDW�RI�ILYH�KRRN�EDVVLD�DQG
VDOWJUDVV��,Q�SDVW�IORRGHG�DUHDV�DORQJ�3RVR�&DQDO�D�KHDY\�FRYHU�RI�WXOHV��ILYH�KRRN�EDVVLD�
VXQIORZHU�DQG�WDPDULVN�JUHZ���7KH�VDQG�ULGJH�DUHD�KDG�WKH�PRVW�GLYHUVH�H[LVWLQJ�KDELWDW��
7KH�SODQW�FRPPXQLW\�LV�EHVW�GHVFULEHG�DV�EHLQJ�LQ�D�VXFFHVVLRQDO�VWDJH�EHWZHHQ�UXGHUDO�DQG
QRQ�QDWLYH�DQQXDO�JUDVVODQG��+ROODQG������LQ�8SWDLQ�HW�DO���������7KH�VDQG�ULGJH�LV
GRPLQDWHG�E\�ZLUH�OHWWXFH��ZHVWHUQ�UDJZHHG��EXVKVHHSZHHG��DQG�VSLNHZHHG���/RZ�DQJOH
VORSHV�DQG�VLOWLHU�DONDOLQH�DUHDV�KDUERU�VSLNHZHHG��ZLOGRDWV��ULSJXW��SULFNO\�OHWWXFH�DQG
IR[WDLO�FKHVV���1RUWK�IDFLQJ�VORSHV�KDG�SDWFKHV�RI�VDOWJUDVV�LQ�WKH�ORZHU�DUHDV���*ROGHQEXVK
ZDV�LQ�ORZ�GHQVLW\�WKURXJKRXW�WKH�VHFWLRQ���7KH�WRWDOV�IRU�DQLPDO�VSHFLHV�REVHUYHG�ZDV�����
ELUGV�����PDPPDOV����UHSWLOHV�DQG���DPSKLELDQV���(LJKW�VSHFLHV�RI�VHQVLWLYH�ZLOGOLIH�ZHUH
REVHUYHG��ZKLWH�IDFHG�LELV��WUL�FRORUHG�EODFNELUG��EXUURZLQJ�RZOV��KRUQHG�ODUNV��6DQ�-RDTXLQ
SRFNHW�PRXVH�DQG�$PHULFDQ�EDGJHU��FRDFKZKLS��DQG�ZHVWHUQ�VSDGHIRRW�WRDG���6HQVLWLYH
VSHFLHV�NQRZQ�WR�WKH�VLWH��EXW�QRW�REVHUYHG�GXULQJ�WKH�VXUYH\�WLPH�DUH��EOXQW�QRVHG�OHRSDUG
OL]DUG��ODVW�VLJKWHG�E\�WKH�RZQHU�LQ�������DQG�EXUURZLQJ�RZO���8SWDLQ�HW�DO��������

7KH�SRWHQWLDO�IRU�VHQVLWLYH�ZLOGOLIH�VSHFLHV�KDELWDW�RQ�WKH�SURSHUW\��HVSHFLDOO\�RQ�WKH�VDQG
ULGJH��ZDV�QRWHG�IRU�6DQ�-RDTXLQ�NLW�IR[��7LSWRQ�NDQJDURR�UDW��$PHULFDQ�EDGJHU��6DQ�-RDTXLQ
SRFNHW�PRXVH��FRDFKZKLS��ZHVWHUQ�VSDGHIRRW�WRDG��EOXQW�QRVHG�OHRSDUG�OL]DUGV�DQG�FRDVW
KRUQHG�OL]DUG���$OWKRXJK�QR�VHQVLWLYH�SODQW�VSHFLHV�ZHUH�REVHUYHG�LQ�DQ\�DUHDV���KDELWDW
DORQJ�VDQG�ULGJH�LV�VXLWDEOH�IRU�6DQ�-RDTXLQ�VDOWEXVK��+RRYHU¶V�ZRROO\�VWDU��DQG�6DQ�-RDTXLQ
:RROO\�WKUHDGV���1RQ�LQXQGDWHG�ORZODQGV�FKDUDFWHUL]HG�E\�FOD\H\��DONDOLQH�VRLOV�KDYH
SRWHQWLDO�IRU�UHFXUYHG�ODUNVSXU�DQG�DONDOL�0DULSRVD�OLO\���8SWDLQ�HW�DO��������

���������/LQNDJHV�RI�8SODQG�+DELWDW�IRU�6HQVLWLYH�6SHFLHV

:LWK�RQO\�DERXW�ILYH�SHUFHQW�RI�KLVWRULFDO�QDWXUDO�FRPPXQLWLHV�UHPDLQLQJ�LQ�WKH�6DQ�-RDTXLQ
9DOOH\�DQG�WKRVH�OHIW�EHLQJ��KLJKO\�IUDJPHQWHG��WKH�QHHG�WR�HVWDEOLVK�OLQNDJHV�LV�HVVHQWLDO�WR
VSHFLHV�UHFRYHU\���/LQNDJHV�DUH�FRUULGRUV�RI�DW�OHDVW�PDUJLQDO�KDELWDW�WKDW�FDQ�SURYLGH�FRYHU
IRU�VSHFLHV�DV�WKH\�WUDYHO�EHWZHHQ�EORFNV�RI�KDELWDW�WKDW�VXSSRUW�VSHFLHV�OLIH�UHTXLUHPHQWV���
7KH�LQWURGXFWLRQ�RI�QRQQDWLYH�SODQWV�SHUPDQHQWO\�DOWHUHG�DOO�YDOOH\�KDELWDWV���7KH�PDMRULW\�RI
WKH�OLVWHG�VSHFLHV�DQG�VSHFLHV�RI�FRQFHUQ�RFFXU�LQ�DULG�JUDVVODQGV�DQG�VFUXE�ODQGV�RI�WKH�6DQ
-RDTXLQ�9DOOH\�DQG�WKH�DGMDFHQW�IRRWKLOOV�DQG�YDOOH\V���([FHSWLRQV�DUH�WKH�ULSDULDQ�ZRRGUDW
DQG�EUXVK�UDEELW�ZKLFK�LQKDELW�IRUHVWHG�ULYHU�FRUULGRUV�RI�WKH�HDVWHUQ�6DQ�-RDTXLQ�9DOOH\��
&DWDVWURSKLF�HYHQWV�VXFK�DV�GURXJKW�RU�IORRGV�DUH�VHULRXV�WKUHDWV�WR�VSHFLHV�VXUYLYLQJ�VROHO\
LQ�WKHVH�KDELWDW�IUDJPHQWV���86):6�������

7KH�FORVHVW�EORFN�RI�QDWLYH�KDELWDW�IRU�DQ\�RI�WKH�VSHFLHV�LQ�WKH�::'�LV�WKH�$ONDOL�6LQN
(FRORJLFDO�5HVHUYH��(5���WKH�0HQGRWD�:LOGOLIH�$UHD��:$���DQG�WKH�.HUPDQ�(5���7KH�$ONDOL
6LQN�(5�LV�D�����DFUH�WUDFW�RI�ODQG�VSHFLILFDOO\�SXUFKDVHG�E\�WKH�VWDWH�DV�KDELWDW�IRU�)UHVQR
NDQJDURR�UDWV�DQG�RWKHU�DONDOL�VLQN�FRPPXQLW\�VSHFLHV���.HUPDQ�(5�LV�D������DFUH�WUDFW
QHDU�$ONDOL�6LQN�(5�WKDW�ZDV�DOVR�SXUFKDVHG�E\�WKH�VWDWH�WDUJHWLQJ�VLPLODU�VSHFLHV�KDELWDW�LQ
DGGLWLRQ�WR�%DNHUVILHOG�VPDOO�VFDOH�DQG�/RVW�+LOOV�VDOWEUXVK��0HQGRWD�:$�LV�VLWXDWHG�RQ�WKH
VRXWK�VLGH�RI�6WDWH�+LJKZD\�����LPPHGLDWHO\�VRXWK�RI�$ONDOL�6LQN�(5���$ERXW�������DFUHV�RI
WKH�0HQGRWD�:$�ODQGV�DUH�PDQDJHG�DV�VHDVRQDOO\�IORRGHG�ZHWODQGV������DFUHV�DV�VHPL�
SHUPDQHQW�ZHWODQGV��DQG�������DFUHV�DV�SHUPDQHQW�ZHWODQG���$OO�WKHVH�UHVHUYHV�DUH�ZLWKLQ
RQH�WR�WHQ�PLOHV�RI�WKH�SURSRVHG�'HPRQVWUDWLRQ�3URMHFW�SDUFHOV�

,Q�WKH�$OSDXJK�$UHD��WKH�H[LVWLQJ�KDELWDW�DUHDV�IRU�WKH�EOXQW�QRVHG�OHRSDUG�OL]DUG��6DQ
-RDTXLQ�NLW�IR[�DQG�7LSWRQ�NDQJDURR�UDW�DUH�IRXQG�PDLQO\�RQ�.HUQ�1DWLRQDO�:LOGOLIH�5HIXJH
�1:5���3L[OH\�1:5�DQG�$OOHQVZRUWK�(5���.HUQ�1:5�IRUPV�WKH�ZHVWHUQ�HQG�RI�D�OLQNDJH
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EHWZHHQ�LW�DQG�WKH�6LHUUD�IRRWKLOOV�RQ�WKH�HDVW���3ULPDULO\�D�ZLQWHULQJ�DUHD�IRU�PLJUDWRU\
ZDWHUIRZO��VKRUHELUGV��PDUVK�DQG�ZDWHUELUGV�LQ�WKH�VRXWKHUQ�6DQ�-RDTXLQ�9DOOH\��WKH�UHIXJH
DOVR�SURYLGHV�KDELWDW�IRU�VHQVLWLYH�VSHFLHV��7KH�UHIXJH�FRQVLVWV�RI��������DFUHV��ZKLFK
LQFOXGHV�ERWK�QDWXUDO�YDOOH\�JUDVVODQGV�DQG�GHYHORSHG�PDUVK���0DUVK�KDELWDW�DFUHDJH�YDULHV
IURP�\HDU�WR�\HDU�EHFDXVH�RI�OLPLWHG�ZDWHU�VXSSO\���3L[OH\�1:5��DSSUR[LPDWHO\����PLOHV
QRUWKHDVW�RI�.HUQ�1:5���SURYLGHV��QDWLYH�9DOOH\�6LQN�6FUXE�DQG�9DOOH\�6DOWEXVK�6FUXE
KDELWDW��,Q�DGGLWLRQ��WKH�UHIXJH�SURYLGHV�D�ZLQWHULQJ�DUHD�IRU�PLJUDWRU\�ZDWHUIRZO���+DELWDW
RQ�WKLV�UHIXJH�LQFOXGHV�������DFUHV�RI�QDWLYH�YDOOH\�JUDVVODQGV�DQG�GHYHORSHG�PDUVK�KDELWDW��
$GGLWLRQDO�QDWLYH�KDELWDW�LV�IRXQG�VRXWK�RI�3L[OH\�LQ�WKH�������DFUHV�WKDW�FRPSULVH
$OOHQVZRUWK�(5��RZQHG�DQG�PDQDJHG�E\�&DOLIRUQLD�'HSDUWPHQW�)LVK�DQG�*DPH���$V�VKRZQ�LQ
)LJXUH����WKH������DFUHV�RI�WKH�'HPRQVWUDWLRQ�3URMHFW�ZRXOG�SURYLGH�D�OLQNDJH�DPRQJ�WKH
KDELWDWV�RQ��WKHVH�SXEOLF�ODQGV��

���������(QYLURQPHQWDO�&RQWDPLQDQWV

&RPPRQ�HQYLURQPHQWDO�FRQWDPLQDQWV�WKDW�PD\�RFFXU�RQ�WKH�ODQG�UHWLUHPHQW�SDUFHOV�IDOO
LQWR�D�UDQJH�RI�SRVVLELOLWLHV�DVVRFLDWHG�ZLWK�DJULFXOWXUDO�DFWLYLWLHV���7KHVH�FRXOG�LQFOXGH��EXW
DUH�QRW�OLPLWHG�WR��SUREOHPV�ZLWK�OHDNLQJ�XQGHUJURXQG�VWRUDJH�WDQNV��FRQWDPLQDWHG�VRLO�IURP
VSLOOHG�SHVWLFLGHV��IXHO�RU�RWKHU�SHWUROHXP�SURGXFWV��DVEHVWRV�LQ�ROG�IDUP�VWUXFWXUHV�
IDUP\DUG�WUDVK��IDUP�GXPSV��DJULFXOWXUDO�GUDLQDJH��SHVWLFLGH�XVH�RQ�DQG�DGMDFHQW�WR�WKH
SURSHUW\��KD]DUGRXV�ZDVWH�VLWHV��JURXQGZDWHU�FRQWDPLQDWLRQ�IURP�YDULRXV�VRXUFHV��PLQLQJ
GLVFKDUJHV��DLUVWULSV�DQG�PXQLFLSDO�DQG�LQGXVWULDO�GLVFKDUJHV��7KHVH�W\SHV�RI�HQYLURQPHQWDO
FRQWDPLQDQWV�DUH�WKH�VXEMHFW�RI�WKH�3KDVH�,�VXUYH\V���7KHVH�VXUYH\V�GR�QRW�LQFOXGH
XQUHJXODWHG��QDWXUDOO\�RFFXUULQJ�VHOHQLXP�WKDW�KDV�OHDFKHG�IURP�SURMHFW�VRLOV�LQWR�WKH
JURXQGZDWHU��

6HOHQLXP�LV�D�VHPL�PHWDOOLF�WUDFH�HOHPHQW�ZKLFK�KDV�ELRFKHPLFDO�SURSHUWLHV�VLPLODU�WR�WKRVH
RI�VXOIXU���7KH�FRPPRQ�IRUPV�DUH�DV�D�SXUH�HOHPHQW��JUD\�WULJRQDO�FU\VWDOV��DQG�DV�VHOHQLXP
FRPSRXQGV�LQ�ZDWHUV�LQ�WKH�IRUP�RI�VHOHQLWH�DQG�VHOHQDWH���&HUWDLQ�PHWDO�DQG�RUJDQLF
VHOHQLGHV�DUH�FRPPRQ�LQ�ERWWRP�VHGLPHQWV��86',���������6HOHQLXP�FKHPLVWU\�LV�FRPSOH[�LQ
WKDW�LW�FDQ�WDNH�PDQ\�IRUPV�LQ�VRLOV�DQG�ZDWHU���$V�ZLWK�VXOIXU��VHOHQLXP�FDQ�IRUP�JDVHRXV
R[LGHV��FRPPRQO\�VHOHQLXP�GLR[LGH�ZKLFK�KDV�D�FKDUDFWHULVWLF�³JDUOLF�RGRU´���7KH�VHOHQLXP
F\FOH�LQYROYHV�VROLG��OLTXLG��DQG�JDVHRXV�IRUPV�DQG�LV�XQXVXDO�LQ�WKDW�WKH�JDVHRXV�SKDVH
RFFXUV�LQ�ZLQWHU��WKH�RSSRVLWH�RI�PRVW�RWKHU�F\FOHV���6HOHQLXP�LV�PRELOL]HG�IURP�GU\�VRLOV�E\
ULVLQJ�JURXQGZDWHU�RU�VWUHDPEDQN�HURVLRQ�VR�ORQJ�DV�WKH�ZDWHU�LV�R[\JHQDWHG�RU�SROOXWHG
ZLWK�QLWUDWH��'U��$OH[�+RUQH��LQ�1RUWK�6WDWH�5HVRXUFHV�6WHWVRQ�(QJLQHHUV���������

7KH�QRUPDO�SDWK�RI�VHOHQLXP�ELR�XSWDNH�LV�YLD�WKH�IRRG�FKDLQ��SODQWV�WR�VPDOO�LQYHUWHEUDWHV
WR�ODUJHU�LQYHUWHEUDWHV�WR�PDPPDOV�DQG�ELUGV����6ROLG�IRUPV�DUH�KDUPOHVV�XQOHVV�LQJHVWHG
GLUHFWO\��EXW�WKH\�FDQ�EH�FRQYHUWHG�WR�VROXEOH�IRUPV�XQGHU�R[LGL]LQJ�FRQGLWLRQV�VXFK�DV
IORRGLQJ���6ROXEOH�VHOHQLXP�OHDFKHG�IURP�WKH�VRLO�LV�WDNHQ�XS�E\�DOJDH�DQG�WKH�URRWV�RI
KLJKHU�SODQWV���+HUELYRUHV�HDWLQJ�WKH�SODQWV�RU�DOJDH�DQG�SUHGDWRUV�ZLOO�DFTXLUH�VHOHQLXP
WKURXJK�WKHLU�IRRG���6HOHQDWH��VHOHQLGH�DQG�RWKHU�IRUPV�RI�VHOHQLXP�FDQ�EH�WDNHQ�XS�GLUHFWO\
YLD�WKH�JXW�RU�SRVVLEO\�JLOOV���,Q�PRVW�DTXDWLF�HFRV\VWHPV�WKH�VROXEOH�IRUP�LV�UDSLGO\�UHGXFHG
E\�DOJDH��DQG�UHWDLQHG�E\�PDQ\�DTXDWLF�ELRWD���,Q�GU\ODQGV��VHOHQLXP�SDVVHV�WR�VHOHQLXP�
DFFXPXODWRU�SODQWV���6HOHQLXP�WR[LFLW\�LQ�SODQWV�DQG�VPDOOHU�LQYHUWHEUDWHV�HLWKHU�GRHV�QRW
RFFXU�RQ�D�SRSXODWLRQ�OHYHO�RU�LV�OHVV�REYLRXV�WKDQ�HIIHFWV�DW�KLJKHU�WURSKLF�OHYHOV���,Q
SDUWLFXODU��VHOHQLXP�DFFXPXODWHV�LQ�DULG�UHJLRQV�ZKHUH�RWKHU�SRWHQWLDOO\�WR[LF�VDOWV�DOVR
LQFUHDVH���2QO\�D�VSHFLDOL]HG�IORUD�DQG�IDXQD�LQKDELW�VXFK�VDOLQH�UHJLRQV�XQGHU�QDWXUDO
FRQGLWLRQV�DQG�VRPH�WROHUDQFHV�WR�VHOHQLXP�DQG�RWKHU�SRWHQWLDO�WR[LQV�PD\�KDYH�HYROYHG��
6HOHQLXP�ELR�XSWDNH�LV�XQGHVLUDEOH�DV�WKH�VHOHQLXP�PLPLFV�VXOIXU�DQG�UHSODFHV�LW�LQ�VXOIXU�
SURWHLQV�VXFK�DV�F\VWLQH�DQG�PHWKLRQLQH���:KHQ�WKHVH�SURWHLQV�DUH�DVVHPEOHG�LQWR�HQ]\PHV�
WKH�PROHFXODU�DQG�HOHFWURVWDWLF�ILW�EHWZHHQ�WKH�HQ]\PH�DQG�LWV�VXEVWUDWH�DUH�LQFRUUHFW�LI
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VHOHQLXP�KDV�UHSODFHG�VXOIXU���7KH�HQ]\PH�WKXV�GRHV�QRW�IXQFWLRQ�SURSHUO\��'U��$OH[�+RUQH
LQ�1RUWK�6WDWH�5HVRXUFHV�6WHWVRQ�(QJLQHHUV�������

,Q�SHUPDQHQWO\�IORRGHG�ZHWODQGV���VHOHQLXP�LV�VRRQ�VHTXHVWHUHG�LQ�WKH�VHGLPHQWV���$V
VHOHQLXP�SDVVHV�WKURXJK�WR�WKH�VHGLPHQWV��KRZHYHU����WR[LFLW\�FDQ�RFFXU�ZKHQ
ELRDFFXPXODWHG�E\�RUJDQLVPV�WKURXJK�SDWKZD\V�LQ�WKH�ZDWHU�DQG�VHGLPHQWV����,Q�VHDVRQDO
ZHWODQGV���WR[LFLW\�LV�LQFUHDVHG�DV�VHOHQLXP�VHTXHVWHUHG�LQ�WKH�ZHW�VHGLPHQWV�LV�R[LGL]HG�LQ
WKH�GU\�SHULRG�DQG�UHOHDVHG�DV�VROXEOH�VHOHQLXP�ZKHQ�WKH�ZHW�VHDVRQ�UHWXUQV���'U��$OH[
+RUQH��SHUV��FRPPXQLFDWLRQ��������

�����������7KH�.HVWHUVRQ�5HVHUYRLU�&DVH�6WXG\

$JULFXOWXUDO�GUDLQDJH�ZDWHU�LQ�WKH�6-9�FRQWDLQV�KLJK�FRQFHQWUDWLRQV�RI�VDOW�DQG�WUDFH
HOHPHQWV���$ZDUHQHVV�RI�WKH�HIIHFWV�RI�WKH�GUDLQDJH�ZDWHU�VHOHQLXP�FRQFHQWUDWLRQV�LQ�WKH
6DQ�-RDTXLQ�9DOOH\�IROORZHG�WKH�HYHQWV�DW�.HVWHUVRQ�5HVHUYRLU����/RFDWHG�ZLWKLQ�WKH
*UDVVODQGV�DUHD�RI�QRUWKHUQ�0HUFHG�&RXQW\���.HVWHUVRQ�5HVHUYRLU�RFFXSLHG������DFUHV��XSRQ
ZKLFK������DFUHV�KDG����HYDSRUDWLRQ�SRQGV�FRQVWUXFWHG�WR�UHFHLYH�GUDLQDJH�ZDWHU�YLD�WKH
6DQ�/XLV�'UDLQ���6XEVXUIDFH�GUDLQDJH�EHJDQ�WR�IORZ�LQWR�WKH�5HVHUYRLU�LQ������DQG�LQFUHDVHG
GUDPDWLFDOO\�E\��������$ERXW��������DFUH�IHHW�RI�VXEVXUIDFH�GUDLQDJH�ZDWHU�ZDV�WUDQVSRUWHG
DQQXDOO\��=DKP�������2KOHQGRUI�DQG�6DQWROR���������,Q������WKH�SUHVHQFH�RI�VHOHQLXP�LQ
DTXDWLF�ELUGV�DW�.HVWHUVRQ�5HVHUYRLU�ZDV�GRFXPHQWHG�LQ�WKH�IRUP�RI�HPEU\R�GHIRUPLWLHV�DQG
PRUWDOLW\��D�WUHQG�RI�ERG\�ZHLJKW�ORVV�LQ�DGXOW�ELUGV��GHDWK�RI�DGXOW�ELUGV��WUHQG�RI
LQFUHDVLQJ�VHOHQLXP�FRQFHQWUDWLRQV�LQ�ELUG�VDPSOHV��HOHYDWHG�OHYHOV�RI�VHOHQLXP�LQ�IRRG
FKDLQ�RUJDQLVPV��DQG�QHVWLQJ�IDLOXUHV���=DKP�������

86%5�KDOWHG�WKH�LQIORZ�RI�GUDLQDJH�ZDWHU�WR�.HVWHUVRQ�LQ�������EXW�FRQWDPLQDQWV�KDG
DFFXPXODWHG�LQ�WKH�VRLO�DQG�ELRWD���,Q������86%5�GHZDWHUHG�WKH�UHVHUYRLU�DQG�ILOOHG�DOO�DUHDV
VR�WKH\�ZHUH�DERYH�DYHUDJH�ZLQWHU�JURXQGZDWHU�OHYHOV��7KLV�DFWLRQ�HIIHFWLYHO\�FRQYHUWHG
.HVWHUVRQ�5HVHUYRLU�IURP�DQ�DTXDWLF�WR�D�WHUUHVWULDO�XSODQG�HFRV\VWHP���7KH�XSODQG�KDELWDW
FRQVLVWHG�RI�WKUHH�KDELWDW�W\SHV���*UDVVODQG�KDELWDW�������FRQVLVWHG�RI�PRVWO\�SHUHQQLDO
JUDVVHV�GRPLQDWHG�E\�GHQVH�PDWV�RI�VDOW�JUDVV�ZLWK�VRPH�DUHDV�RI�DONDOL�VFUXE�GRPLQDWHG�E\
LRGLQH�EXVK��7KHVH�ZHUH�LQ�WKH�KLJKHU�HOHYDWLRQ��XSODQG�DUHD�WKDW�H[LVWHG�DW�WKH�UHVHUYRLU
EHIRUH�LW�ZDV�GULHG�DQG�ILOOHG���7KH�ILOOHG�KDELWDW�������LQFOXGHG�IRUPHUO\�ORZ�O\LQJ�DUHDV
ILOOHG�ZLWK�VRLO�WR�SUHYHQW�WKH�RFFXUUHQFH�RI�VHDVRQDO�ZHWODQGV���7KHVH�IRUPHU�ZHWODQGV
EHFDPH�GRPLQDWHG�E\�DQQXDO�SODQW�VSHFLHV�FKDUDFWHULVWLF�RI�DQQXDO�JUDVVODQG�KDELWDWV�ZLWK
VRPH�DUHDV�RI�DONDOL�VFUXE���2SHQ�KDELWDW�������ZDV�IRUPHU�FDWWDLO�DUHDV�WKDW�ZHUH�QRW
ILOOHG��EXW�ZHUH�GLVFHG�WR�SUHYHQW�XVH�E\�WUL�FRORUHG�EODFNELUGV�DQG�ZHUH�QRZ�VSDUVHO\
YHJHWDWHG�ZLWK�DQQXDO�VSHFLHV�VXFK�DV�EDVVLD��SULFNO\�OHWWXFH�DQG�FORYHU���2KOHQGRUI�DQG
6DQWROR��������

$�ELRORJLFDO�PRQLWRULQJ�SURJUDP�DW�.HVWHUVRQ�EHJDQ�LQ������WR�GRFXPHQW�KDELWDW�DQG�IDXQDO
FKDQJHV�DQG�VHOHQLXP�FRQFHQWUDWLRQV�DPRQJ�VHOHFWHG�SODQWV�DQG�DQLPDOV���/DWHU�LQ������
IRFXVHG�VWXGLHV�ZHUH�LQLWLDWHG�WR�DVVHVV�ULVNV�WR�ORFDO�DQG�PLJUDWRU\�DQLPDOV�H[SRVHG�WR
VHOHQLXP�OHYHOV�LQ�VRLO�DQG�ELRWD��SURYLGH�D�EDVLV�IRU�DGMXVWLQJ�PDQDJHPHQW��YHULI\
HIIHFWLYHQHVV�RI�FOHDQXS�DFWLRQV��DQG�SURYLGH�D�EDVLV�IRU�PRGLI\LQJ�IXWXUH�ELRORJLFDO
PRQLWRULQJ���)RU�VWXGLHV��HJJV�DUH�FRQVLGHUHG�WKH�PRVW�VHQVLWLYH�LQGLFDWRU�RI�H[SRVXUH�IRU
HYDOXDWLQJ�SRWHQWLDO�HIIHFWV��EXW�FDQ�RQO\�EH�FROOHFWHG�IRU�D�VKRUW�WLPH�SHULRG�DQG�PD\�EH
GLIILFXOW�WR�FROOHFW�IRU�VSHFLHV�VXFK�DV�WKH�PHDGRZODUN��0RVW�EDFNJURXQG�LQIRUPDWLRQ�RQ
VHOHQLXP�LQ�ELUGV�LV�IURP�OLYHU�FRQFHQWUDWLRQV����&+�0+LOO����������

7KH�PRQLWRULQJ�SURJUDP�IRFXVHG�RQ�WKH�DUHDV�WKDW�SRVH�D�KLJKHU�ULVN�RU�QHZ�FRQGLWLRQV�WR
ZLOGOLIH�VXFK�DV�SHUHQQLDO�YHJHWDWLRQ��GHWULWXV�DQG�VHOHQLXP�LQYHQWRU\�LQ�WKH�IRRG�ZHE�
HVSHFLDOO\�XSSHU�WURSKLF�OHYHO�FRQVXPHUV�DQG�VPDOO�PDPPDOV���*HQHUDOO\�WKH�SODQWV�
LQYHUWHEUDWHV��PDPPDOV�DQG�ELUGV�VDPSOHG�ZHUH�DERYH�WKUHVKROG�OHYHOV�IRU�FRQFHUQ���������
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SSP���GU\�ZW�EDVLV����0DQ\�ZHUH�DERYH�WKH�VXJJHVWHG�WR[LF�WKUHVKROG�IRU�DGYHUVH�HIIHFWV
�����SSP�RU�JUHDWHU����1XPHURXV�VDPSOHV�ZHUH�DW�OHYHOV�H[SHFWHG�WR�FDXVH�FKURQLF�RU
UHSURGXFWLYH�WR[LFLW\�LQ�ELUGV�DQG�PDPPDOV��EXW�QR�HIIHFWV�KDYH�EHHQ�REVHUYHG�GXULQJ
ELRORJLFDO�PRQLWRULQJ�VLQFH�WKH�UHVHUYRLU�ZDV�ILOOHG��&+�0+LOO���������$OWKRXJK�QR
REVHUYDWLRQV�GXULQJ�WKH�PRQLWRULQJ�ZHUH�PDGH�RI�VHOHQR�WR[LF�DIIHFWV��WKH�VDPSOH�VL]HV�ZHUH
LQVXIILFLHQW�WR�FRQFOXGH�D�³QR�HIIHFW´�GHWHUPLQDWLRQ�DW��VWDWLVWLFDO�FRQILGHQFH�OLPLWV�QRUPDOO\
XVHG���������SRZHU����/RZ�OHYHO�DGYHUVH�VHOHQLXP�HIIHFWV�DUH�VWLOO�RFFXUULQJ�DW�.HVWHUVRQ
DV�VKRZQ�E\�ZRUN�GRQH�ZLWK�DUWLILFLDOO\�LQFXEDWHG�HJJV�FROOHFWHG�IURP�.HVWHUVRQ�LQ������DW
WKH�8QLYHUVLW\�RI�&DOLIRUQLD��'DYLV��'U��-RVHSK�3��6NRUXSD��SHUV��FRPPXQLFDWLRQ�������

7KH�SRWHQWLDO�IRU�VHOHQLXP�LQGXFHG�UHSURGXFWLYH�SUREOHPV�FRQWLQXHV�WR�H[LVW�LQ�VHQVLWLYH
VSHFLHV�ZKRVH�FOXWFKHV�KDYH�HOHYDWHG�HJJ�VHOHQLXP�OHYHOV���)RU�EODFN�QHFNHG�VWLOWV�
UHSURGXFWLYH�HIIHFWV�EHJLQ�LQ�HJJV�H[FHHGLQJ���SSP��6NRUXSD��������IRU�GXFNV��UHSURGXFWLYH
HIIHFWV�EHJLQ�LQ�HJJV�H[FHHGLQJ����SSP��+HLQ]�������+HQQ\�,Q�3UHVV����%\�FRQWUDVW�
UHSURGXFWLYH�HIIHFWV�IRU�$PHULFDQ�$YRFHWV�GR�QRW�EHJLQ�XQWLO�HJJV�H[FHHG�DERXW����SSP
�86',���������$W�.HVWHUVRQ��PDOODUG��UHG�WDLOHG�KDZN�DQG�VRPH�NLOOGHHU�QHVWV�ZHUH
XQVXFFHVVIXO�LQ������GXH�WR�SUHGDWLRQ��DEDQGRQPHQW��PDQDJHPHQW�DFWLYLWLHV�DQG�KLJK
ZLQGV��7HUUHVWULDO�VSHFLHV��PHDGRZODUNV�DQG�EDUQ�VZDOORZV�LQKDELWLQJ�.HVWHUVRQ��KDYH
VKRZQ�QR�VLJQV�RI�UHSURGXFWLRQ�SUREOHPV��EXW�VDPSOH�VL]HV��ZHUH�WRR�VPDOO�WR�UXOH�RXW
XQGHWHFWHG�ORZ�OHYHO�UHSURGXFWLYH�HIIHFWV�WKDW�FRXOG�EH�RFFXUULQJ���3ULRU�DYLDQ�PRQLWRULQJ
LQGLFDWHG�WKDW�ELUGV�QHVWLQJ�DW�WKH�VLWH�GLG�QRW�H[KLELW�LPSDLUHG�UHSURGXFWLRQ���:KDW�LV�QRW
NQRZQ��KRZHYHU��LV�ZKHWKHU�WKLV�LV�GXH�WR�VHOHQLXP�LQJHVWLRQ�EHLQJ�UHODWLYHO\�ORZ�EHFDXVH�RI�
SDUWLDO�RII�VLWH�IRUDJLQJ��VHOHFWLYH�IRUDJLQJ�RQ�GLHWDU\�LWHPV�ORZ�LQ�VHOHQLXP�DQG��RU�UHGXFHG
VSHFLHV�VSHFLILF�VHQVLWLYLW\�WR�VHOHQLXP��&+�0+LOO�������

7KH�UHSURGXFWLYH�HIIHFWV�RI�VHOHQLXP�RQ�WHUUHVWULDO�ELUGV�PD\�GLIIHU�VXEVWDQWLDOO\�IURP
DTXDWLF�VSHFLHV��LQ�SDUW�GXH�WR�VSHFLHV�GLIIHUHQFHV�DQG�RU�GLIIHUHQFHV�LQ�VHOHQLXP�DYDLODELOLW\
LQ�WHUUHVWULDO�YHUVXV�DTXDWLF�HQYLURQPHQWV���8QIRUWXQDWHO\�QR�ILHOG�WHVWV�KDYH�EHHQ�GRQH�RQ
WHUUHVWULDO�VSHFLHV���/DERUDWRU\�IHHGLQJ�VWXGLHV�RQ�FKLFNHQV�DQG�TXDLO��VXPPDUL]HG�E\�+HLQ]
�������GHPRQVWUDWHG�WKDW�WKHVH�WZR�WHUUHVWULDO�VSHFLHV�ZHUH�DW�OHDVW��DQG�SRVVLEO\�PRUH��
VHQVLWLYH�WR�VHOHQLXP�WKDQ�PDOODUGV���6HOHQLXP�JXLGHOLQHV�HVWDEOLVKHG�WR�SURWHFW�DTXDWLF
ELUGV�ZRXOG�WKHQ�DOVR�SURWHFW�WHUUHVWULDO�ELUGV�WR�VHOHQLXP�H[SRVXUH���+RZHYHU��LQ�WKH�WZR
HQYLURQPHQWV�WKH�VHOHQLXP�H[SRVXUH�LV�YHU\�GLIIHUHQW�LQ�WKH�VXVFHSWLELOLW\�SUHVHQWHG�WR
VSHFLHV���6HOHQLXP�LQ�D�GU\�XSODQG�KDELWDW�LV�OHVV�ELRDYDLODEOH�WKDQ�WKH�VDPH�DPRXQW�RI
VHOHQLXP�LQ�DQ�DTXDWLF�KDELWDW���7KH�ULVN�WR�WHUUHVWULDO�VSHFLHV�ZRXOG�EH�H[SHFWHG�WR�EH
ORZHU��HYHQ�LI�WKH�WHUUHVWULDO�VSHFLHV�VHQVLWLYLW\�WR�VHOHQLXP�ZDV�WKH�VDPH�RU�JUHDWHU�WKDQ
WKH�DTXDWLF�VSHFLHV�

1R�ZHOO�GRFXPHQWHG�FDVHV�DUH�NQRZQ�RI�ZLGHVSUHDG�VHOHQRVLV�DPRQJ�ZLOG�PDPPDOV
FRPSDUDEOH�WR�WKH�PXOWLSOH�H[DPSOHV�DYDLODEOH�IRU�ILVK�DQG�ELUGV��6NRUXSD����������6WXGLHV
GRQH�WR�FROOHFW�VHOHQLXP�LQ�D�ZLGH�UDQJH�RI�PDPPDOLDQ�VSHFLHV�VXJJHVW�WKDW�WKH�QRUPDO
FRQFHQWUDWLRQ�RI�VHOHQLXP�LQ�LQGLYLGXDO�VDPSOHV�RI�KDLU�LV�OHVV�WKDQ���PJ�NJ���3RSXODWLRQ
DYHUDJHV�QRUPDOO\�UDQJH�IURP�DERXW�����WR�����PJ�6H�NJ���'HILFLHQF\�VHHPV�WR�EH�PRUH
FRPPRQ�WKDQ�H[FHVVLYH�H[SRVXUH���86',���������$W�.HVWHUVRQ�WKH�PHDQ�VHOHQLXP
FRQFHQWUDWLRQV�LQ�WKH�GLHWV�RI�PLFH�DUH�H[SHFWHG�WR�EH�ORZHU�WKDQ�����J�J���$OWKRXJK�VDPSOH
VL]HV�ZHUH�VPDOO��QHLWKHU�ERG\�FRQGLWLRQ�RU�OLYHU�ZHLJKWV�RI�VPDOO�PDPPDOV�REVHUYHG�GXULQJ
�����LQGLFDWHG�HIIHFWV�IURP�VHOHQLXP�ZKHQ�FRQFHQWUDWLRQV�ZHUH�KLJKHU�WKDQ�WKRVH�H[SHFWHG
LQ�WKH�QH[W����\HDUV���:KROH�ERG\�DQDO\VHV�IRU�VSHFLHV�HYDOXDWHG�DYHUDJHG�DERXW�����J�J��
6HOHQLXP�FRQFHQWUDWLRQV�LQ�VPDOO�PDPPDOV�DUH�H[SHFWHG�WR�UHPDLQ�EHORZ�WKRVH�PHDVXUHG
LQ���������&+�0+LOO�������
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�����������6HOHQLXP�([SRVXUH�3DWKZD\V

7KH�.HVWHUVRQ�H[DPSOH�LGHQWLILHG�WZR�PDMRU�H[SRVXUH�SDWKZD\V�WR�HOHYDWHG�VHOHQLXP
FRQFHQWUDWLRQV���WKH�GHWULWXV�SDWKZD\�DQG�HSKHPHUDO�SRROV���$�GHWULWXV�SDWKZD\�LQFOXGHV�WKH
SODQW�OLWWHU��PXVKURRPV�DQG�LQYHUWHEUDWHV�IHHGLQJ�RQ�GHFD\LQJ�RUJDQLF�PDWHULDOV���
2UJDQLVPV�IHHGLQJ�SULPDULO\�RQ�GHWULWXV��KDYH�KLJKHU�VHOHQLXP�FRQFHQWUDWLRQV�WKDQ
KHUELYRUHV��RPQLYRUHV��DQG�FDUQLYRUHV���'HWULWXV�VHOHQLXP�VDPSOHV�ZHUH�VLJQLILFDQWO\�ORZHU
LQ������DQG������WKDQ�LQ��������'HWULWXV�IURP�WKH�RSHQ�KDELWDW�W\SH���ZKHUH�FDWWDLOV�ZHUH
FXW�DQG�OHIW�WR�GHFRPSRVH��KDG�KLJKHU�FRQFHQWUDWLRQV�

$�VHFRQG�VHOHQLXP�H[SRVXUH�SDWKZD\�GHVFULEHG�DW�.HVWHUVRQ�ZDV�HSKHPHUDO�SRROV�WKDW�IRUP
ODUJHO\�DV�D�UHVXOW�RI�UDLQIDOO�DFFXPXODWLRQ���UDWKHU�WKDQ�IURP�ULVLQJ�JURXQGZDWHU���3RROV����
���FP�GHHS�PD\�RFFXU�RYHU�PRVW�RI�WKH�UHVHUYRLU�LI�UDLQIDOO�LV�D�����\HDU�HYHQW���6XUIDFH
ZDWHU�VHOHQLXP�FRQFHQWUDWLRQV�LQ�VRPH�SRROV�FDQ�H[FHHG�WKH�UHFRPPHQGHG�OHYHOV�RI����J�O
WR�SURWHFW�ZHWODQG�UHVRXUFHV���3RROV�IRUPHG�E\�ULVLQJ�JURXQGZDWHU�ZRXOG�FRQWDLQ�VHOHQLXP
DW�FRQFHQWUDWLRQV�DERXW�RQH�WR�WZR�RUGHUV�RI�PDJQLWXGH�KLJKHU�WKDQ�WKRVH�REVHUYHG�LQ�SRROV
IRUPHG�IURP�UDLQZDWHU���7KH�JHRPHWULF�PHDQ�VHOHQLXP�FRQFHQWUDWLRQ�IRU�WKH�VXUIDFH�ZDWHU
SRROV�ZDV�������J�O��LQGLFDWLQJ�WKDW�WKH�KLJKHVW�YDOXHV�ZHUH�YHU\�DW\SLFDO���7KDW�FRQGXFWLYLW\
ZDV�UHODWLYHO\�ORZ��OHVV�WKDQ�����G6�P�LQ�PRVW�SRROV��DOVR�LQGLFDWHG�WKDW�WKH�ZDWHU�ZDV
PDLQO\�UDLQIDOO�UDWKHU�WKDQ�ULVLQJ�JURXQGZDWHU���2KOHQGRUI�DQG�6DQWROR�������

:DWHUERUQH�VHOHQLXP�FRQFHQWUDWLRQV�WKDW�PD\�RFFXU�LQ�VXUIDFH�ZDWHU�SRROV�FDQ�UHVXOW�LQ
DSSUHFLDEOH�ELRDFFXPXODWLRQ�RI�VHOHQLXP�E\�DTXDWLF�ELUGV���(SKHPHUDO��UDLQZDWHU�SRROV�DW
.HVWHUVRQ�5HVHUYRLU�WKDW�SHUVLVWHG�IRU�JUHDWHU�WKDQ�RQH�PRQWK�GXULQJ�WKH�ZLQWHU�VHDVRQ
ZHUH�REVHUYHG�WR�KDUERU�DEXQGDQW�SRSXODWLRQV�RI�DOJDH��DTXDWLF�LQVHFWV��DQG�FUXVWDFHDQV��
6KRUHELUGV�LQ�WKH�DUHD�SUH\�RQ�WKHVH�IDXQD�LQ�WKHVH�VPDOO�SRQGV���,I�WKH�VXUIDFH�ZDWHU�SRROV
SHUVLVWHG�WKURXJKRXW�WKH�QHVWLQJ�VHDVRQ��WKH�VHOHQLXP�FRQFHQWUDWLRQV�FRXOG�EH�KLJK�HQRXJK
WR�UHGXFH�HJJ�KDWFKDELOLW\�RU�FDXVH�WHUDWRJHQHVLV�LQ�ELUG�HPEU\RV���7KH�OLNHOLKRRG�RI�WKHVH
HIIHFWV�LV�GLIILFXOW�WR�SUHGLFW�EHFDXVH�RI�WKH�XQFHUWDLQW\�LQ�HVWLPDWLQJ�ZDWHUERUQH�VHOHQLXP�LQ
HSKHPHUDO�SRROV�DQG�LQ�DVVHVVLQJ�ELRORJLFDO�HIIHFWV�RQ�WKH�EDVLV�RI�ZDWHUERUQH�VHOHQLXP
FRQFHQWUDWLRQV���2KOHQGRUI�DQG�6DQWROR�������

7KH�H[WHQVLYH�UDLQZDWHU�SRROV�IRUPHG�DW�.HVWHUVRQ�GXULQJ�WKH�ZLQWHU�RI������FRQWUDVWHG
ZLWK�SUHYLRXV�\HDUV¶�PHDVXUHPHQWV���7KH�����������(O�1LQR�ZLQWHU�FUHDWHG�H[WHQVLYH
UDLQZDWHU�SRROV�WKDW�SHUVLVWHG�IRU�PXFK�RI�WKH�ZLQWHU�DQG�LQWR�ODWH�VSULQJ�DQG�YDULHG�LQ
GHSWK�IURP�LQFKHV�WR�WKUHH�IHHW�����FP���FRYHULQJ�ODUJH�DUHDV�RI�WHUUHVWULDO�KDELWDWV���:DWHU
VDPSOHV�UDQJHG�IURP�����WR����SSE�WRWDO�VHOHQLXP�ZLWK�D�JHRPHWULF�PHDQ�RI�����SSE�6H��
:KROH�ERG\�VHOHQLXP��GU\�ZHLJKW�EDVLV��LQ�DTXDWLF�LQYHUWHEUDWHV�IURP�WKHVH�SRROV�UDQJHG
IURP�����WR����SSP�ZLWK�D�PHDQ�RI����SSP�VHOHQLXP���7KH�VHOHQLXP�FRQWDPLQDWLRQ�IROORZHG
D�SDWWHUQ�SUHYLRXVO\�HVWDEOLVKHG�LQ�WKH�SRROV�DW�.HVWHUVRQ���$OO������ZDWHU�VDPSOHV�ZHUH
ORZHU�LQ�VHOHQLXP�FRQFHQWUDWLRQ�WKDQ�WKH������VDPSOHV�IURP�FRPSDUDEOH�SRROV��7KH�HJJ
GDWD�IRU�VWLOWV�DQG�NLOOGHHU�FROOHFWHG�LQ������H[KLELWHG�D�OHYHO�RI�VHOHQLXP�H[SRVXUH�VXIILFLHQW
WR�H[SHFW�VHOHQLXP�LQGXFHG�HPEU\R�WR[LFLW\��EXW�RQO\�DW�D�ORZ�LQFLGHQFH���&+�0+LOO�������

6RLO�VHOHQLXP�FRQFHQWUDWLRQV�LQ�WKH�WRS����FP�DUH�VWURQJO\�LQIOXHQFHG�E\�UDLQIDOO�LQILOWUDWLRQ��
6HOHQDWH��LQ�SDUWLFXODU��LV�UHDGLO\�OHDFKHG�GHHSHU�LQWR�WKH�VRLO�SURILOH�ZLWK�ZLQWHU�UDLQV��7KLV
WHQGV�WR�GHFUHDVH�WKH�LQYHQWRU\�RI�VROXEOH�VHOHQLXP�DYDLODEOH�IRU�GLVVROXWLRQ�LQ�UDLQZDWHU
SRROV���$ERXW�����RI�WKH�WRWDO�VHOHQLXP�LQYHQWRU\�LQ�.HVWHUVRQ�VXUIDFH�VRLOV�LV�ZDWHU�
H[WUDFWDEOH��LQGLFDWLQJ�WKDW�RQO\�D�OLPLWHG�DPRXQW�RI�WKH�VHOHQLXP�LV�FXUUHQWO\�PRELOH�DQG
DYDLODEOH�IRU�SODQW�XSWDNH�RU�GLVVROXWLRQ�LQWR�UDLQZDWHU�SRROV����2KOHQGRUI�DQG�6DQWROR
������

,Q�WKH�7XODUH�%DVLQ��ZDWHUERUQH�VHOHQLXP�FRQFHQWUDWLRQV�RI�����J�O�ZHUH�DVVRFLDWHG�ZLWK
DYHUDJH�HJJ�FRQFHQWUDWLRQV�RI����J�J�DQG�ZLWK�KDWFKDELOLW\�HIIHFWV�LQ�HYDSRUDWLRQ�SRQGV��
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:DWHUERUQH�FRQFHQWUDWLRQV�RI����WR�����J�O�DVVRFLDWHG�ZLWK�DYHUDJH�HJJ�VHOHQLXP
FRQFHQWUDWLRQV�XS�WR�����J�J�DQG�WHUDWRJHQLF�HIIHFWV��6LPLODUO\��ZDWHUERUQH�VHOHQLXP
FRQFHQWUDWLRQV�LQ�WKH�UDQJHV�WKDW�KDYH�EHHQ�SUHGLFWHG�IRU�UDLQIDOO�SRQGLQJ�ZLWKLQ�.HVWHUVRQ
DUH�RI�FRQFHUQ�IRU�DQ\�DTXDWLF�ELUGV�WKDW�PD\�QHVW�WKHUH����86',������

���������$JURIRUHVWU\�DQG�(YDSRUDWLRQ�3RQGV

$JURIRUHVWU\�LV�D�ODQG�XVH�V\VWHP�WKDW�LQYROYHV�GHOLEHUDWH�UHWHQWLRQ��LQWURGXFWLRQ�RU�PL[WXUH
RI�WUHHV�RU�RWKHU�ZRRG\�SHUHQQLDOV�LQ�FURS�DQG�DQLPDO�SURGXFWLRQ�V\VWHPV�WR�WDNH�DGYDQWDJH
RI�HFRQRPLF�RU�HFRORJLFDO�LQWHUDFWLRQV�DPRQJ�WKH�FRPSRQHQWV��6��-RVLDK�DQG�-��.HPSHUPDQ
�������$PRQJ�WKH�DJURIRUHVWU\�SUDFWLFHV�XWLOL]HG�LQ�WKH�6-9�DUH�ZLQGEUHDNV�DQG�D
FRPELQDWLRQ�RI�VDOW�WROHUDQW���KDORSK\WLF��JUDVVHV��VKUXEV�DQG�WUHHV�GHVLJQHG�WR�UHGXFH�WKH
YROXPH�RI�KLJKO\�VDOLQH�DJULFXOWXUDO�ZDVWHZDWHU����6HOHQLXP�FRQFHQWUDWLRQV�LQ�GUDLQDJH�ZDWHU
DSSOLHG�WR�DJURIRUHVWU\�SORWV�FRPSDUHG�WR�VHOHQLXP�LQ�ZDWHU�GUDLQHG�IURP�WKH�WKHP�ZDV
����������0RUH�VWXGLHV�DUH�QHHGHG�WR�GHWHUPLQH�WKH�UROH�RI�YRODWLOL]DWLRQ�RI�VHOHQLXP�E\
WUHHV�DQG�KDORSK\WHV����&HUYLQND���������

$JURIRUHVWU\�SORWV�WKDW�XWLOL]H�RSHQ�IXUURZ�LUULJDWLRQ�V\VWHPV�KDYH�EHHQ�VKRZQ�WR�DWWUDFW
VKRUHELUGV���0HDVXUHPHQWV�RI�VHOHQR�WR[LFLW\�GHIRUPLWLHV�LQ�WKHVH�DQLPDOV�ZHUH�IRXQG�WR�EH
WKH�KLJKHVW�RI�DQ\�VHHQ�LQ�WKH�ILHOG��86',���������1R�VWXGLHV�H[DPLQLQJ�DOWHUQDWLYH�LUULJDWLRQ
V\VWHPV�IRU�GUDLQDJH�ZDWHU�DSSOLFDWLRQ�DQG�WKHLU�H[SRVXUH�ULVNV�DUH�NQRZQ���1R�DJURIRUHVWU\
SORWV�H[LVW�RQ�DQ\�RI�WKH�SURSRVHG�SDUFHOV��DOWKRXJK�WKHUH�DUH�SORWV�RQ�ODQGV�ZLWKLQ�RQH�PLOH
RI�RQH�SDUFHO�LQ�::'����1R�DJURIRUHVWU\�SORWV�RFFXU�LQ�WKH�$OSDXJK�DUHD�

(YDSRUDWLRQ�SRQGV�FDQ�EH�WKH�HQGSRLQW�IRU�ZDWHU�GLVSRVDO�LQ�WKH�DJURIRUHVWU\�SORWV��EXW�FDQ
DOVR�VWDQG�DORQH�LQ�RSHUDWLRQ���,UULJDWLRQ�GUDLQDJH�ZDWHU�FRQWDLQLQJ�IURP����WR�!�����
PLFURJUDPV�VHOHQLXP�SHU�OLWHU�LV�HPSWLHG�LQWR�SRQGV�UDQJLQJ�LQ�VL]H�IURP����WR�������DFUHV��
,PSDLUPHQW�RI�DYLDQ�UHSURGXFWLRQ�LQ�WKH�IRUP�RI�HPEU\R�WHUDWRJHQHVLV�ZDV�GRFXPHQWHG�DW
DERXW�KDOI�RI�WKH�HYDSRUDWLRQ�SRQGV���([SRVXUH�UHVSRQVH�GDWD�IRU�DGXOW�VWLOWV�VKRZHG�D�ORVV
RI�ERG\�ZHLJKW��EXW�QR�IDWDO�SRLVRQLQJ�RI�DGXOWV�RU�DORSHFLD�ZDV�GRFXPHQWHG�IRU�DQ\�ELUG
VSHFLHV���)XMLL�������6-9'3�������6NRUXSD�DQG�2KOHQGRUI�������&+�0+LOO�HW�DO�������
2KOHQGRUI�HW�DO��������&+�0+LOO������LQ�86',�������

1R�HYDSRUDWLRQ�SRQGV�DUH�RQ�DQ\�RI�WKH�SURSRVHG�SDUFHOV�LQ�WKH�::'�DUHD���,Q�WKH�$OSDXJK
DUHD��WKHUH�DUH�WZR�SRQGV���2QH�SRQG�ZDV�XVHG�RQH�WLPH�LQ������DQG�WKHQ�FORVHG�WR�WKH
5HJLRQDO�:DWHU�4XDOLW\�&RQWURO�%RDUG�VWDQGDUGV���7KH�DUHD�UHYHJHWDWHG�DQG�ZDV�SDUW�RI�WKH
DUHD�VXUYH\HG�E\�8SWDLQ��HW�DO��������$�VHFRQG����DFUH�HYDSRUDWLRQ�SRQG�LV�FXUUHQWO\�LQ
LQWHUPLWWHQW�FORVXUH���0HDVXUHV�H[HFXWHG�E\�WKH�ODQGRZQHU�H[FHHGHG�UHTXLUHPHQWV�IRU
LQWHUPLWWHQW�FORVXUH�IRU�WKLV�SRQG���'LVFKDUJHV�WR�WKLV�SRQG�FHDVHG�LQ��������7KH�VHOHQLXP
OHYHO�IRU�WKH�VRLOV�WHVWHG�LQ������IURP�WKH�HYDSRUDWLRQ�SRQG�ZHUH�EHORZ�WKH�GHWHFWLRQ�OLPLW
IRU�UHSRUWLQJ�SXUSRVHV���3URSHU�FORVXUH�SURFHGXUHV�ZRXOG�EH�UHTXLUHG�DV�SDUW�RI�DQ\
DFTXLVLWLRQ�

���������&RQVXOWDWLRQ�&RRUGLQDWLRQ�IRU�(QGDQJHUHG�6SHFLHV�$FW�&RPSOLDQFH

,QIRUPDO�&RQVXOWDWLRQ�IRU�WKH�'HPRQVWUDWLRQ�3URMHFW�ZDV�UHFRPPHQGHG�E\�WKH�6DFUDPHQWR
(FRORJLFDO�6HUYLFHV�(QGDQJHUHG�6SHFLHV�'LYLVLRQ�&KLHI�DQG�ZDV�LQLWLDWHG�LQ�0D\������DQG�LV
RQJRLQJ���3UHYLRXV�FRQVXOWDWLRQV�IRU�ODQGV�DVVRFLDWHG�ZLWK�WKH�'HPRQVWUDWLRQ�3URMHFW�LQ�WKH
$OSDXJK�DUHD�JDYH�FOHDUDQFH�IRU�WKH�DFTXLVLWLRQ�RI�ODQGV��EXW�UHTXLUHG�VHSDUDWH�FRQVXOWDWLRQ
IRU�RWKHU�SDUFHOV�DQG�IRU�PDQDJHPHQW���7KH�UHTXHVW�VHQW�WR�WKH�):6�LQ�0D\�ZRXOG�FRYHU
WKHVH�DGGLWLRQDO�DFWLRQV�WR�DFFRPSOLVK�(QGDQJHUHG�6SHFLHV�$FW�FRPSOLDQFH�
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���������5LVN�RI�6HOHQLXP�([SRVXUH�IRU�+XPDQV�DQG�/LYHVWRFN

6HOHQLXP�WR[LFLW\�DQG�GHILFLHQF\�V\QGURPHV�KDYH�EHHQ�QRWHG�LQ�IUHH�OLYLQJ�DQLPDOV��$V�HDUO\
DV�������0DUFR�3ROR�QRWHG�WKDW�EHDVWV�RI�EXUGHQ�KDG�IRRW�SUREOHPV�ZKHQ�WKH�DQLPDOV
FRQVXPHG�D�SDUWLFXODU�SODQW�WKDW�JUHZ�QHDU�7LEHW���,Q�������WKH�KDLU�LQ�KRUVHV�PDQHV�DQG
WDLOV�RI�&LYLO�:DU�FDOYDU\�H[KLELWHG�H[IROLDWLRQ�QHDU�)RUW�5DQGDOO��6RXWK�'DNRWD���7KH
SUREOHPV�FHDVHG�DIWHU�RWKHU�IRUDJH�ZDV�SURYLGHG���$ONDOL�GLVHDVH�RU�EOLQG�VWDJJHUV�ZHUH
WHUPV�XVHG�WR�GHVFULEH�DQLPDOV�JUD]LQJ�RQ�VHOHQLIHURXV�IRUDJH����7HUDWRJHQLF�HIIHFWV�RI
VHOHQLXP�LQ�DYLDQ�VSHFLHV�ZHUH�UHSRUWHG�DV�HDUO\�DV������ZKHQ�GHIRUPHG�FKLFNV�KDWFKHG
IURP�KHQV�IHG�JUDLQV�YHU\�KLJK�LQ�VHOHQLXP���'HVSLWH�FRQYLQFLQJ�HYLGHQFH�WKDW�VHOHQLXP
WR[LFLW\�LQ�IDUP�DQLPDOV�FDQ�RFFXU��VHOHQLXP�GHILFLHQF\�LV�D�JUHDWHU�SUREOHP�LQ�OLYHVWRFN�WKDQ
LV�H[FHVVLYH�LQWDNH��:LOEXU������LQ�.ODVLQJ�DQG�6FKHQNHU���������6HOHQLXP�WDNHQ�LQ�OHYHOV�LQ
H[FHVV�RI�QXWULWLRQDO�UHTXLUHPHQWV�ZDV�UHSRUWHG�WR�RIIHU�VRPH�SURWHFWLRQ�DJDLQVW�FHUWDLQ
W\SHV�RI�FDQFHU�DQG�FDUGLRYDVFXODU�GLVHDVH��&RPEV�DQG�&RPEV������LQ�.ODVLQJ�DQG
6FKHQNHU�������

7KH�86�SRSXODWLRQ�JHWV�YDU\LQJ�VHOHQLXP�DPRXQWV�LQ�LWV�GDLO\�GLHW���(YLGHQFH�LQ�KXPDQV�RI
DFXWH�VHOHQLXP�WR[LFLW\�LV�UDUH�DQG�WR�GDWH�LV�DV�D�FRQVHTXHQFH�RI�VHOI�PHGLFDWLRQ�
DFFLGHQWDO��VXLFLGDO�RU�RFFXSDWLRQDO�H[SRVXUHV���&KURQLF�WR[LFLW\�IURP�LQWHUPHGLDWH�OHYHOV�RI
VHOHQLXP�H[SRVXUH�LV�GLIILFXOW�WR�GHPRQVWUDWH�LQ�WKH�KXPDQ�SRSXODWLRQ��&RPSOH[�LQWHUDFWLRQV
EHWZHHQ�VHOHQLXP�DQG�QXPHURXV�H[WUDQHRXV�IDFWRUV�PD\�DOWHU�HIIHFWLYH�VRLO��SODQW��RU
DQLPDO�FRQFHQWUDWLRQV�RI�D�VSHFLILF�VHOHQLXP�IRUP���+LJK�VHOHQLXP�VRLOV��IRU�H[DPSOH�PD\
SURGXFH�SODQWV�WKDW�DUH�OHVV�WR[LF�WKDQ�VRLOV�RI�ORZHU�VHOHQLXP�FRQWHQW�EHFDXVH�RI�GLIIHUHQFHV
LQ�WKH�FKHPLFDO�IRUP�RI�VHOHQLXP��VRLO�S+��SODQW�VSHFLHV�DQG�WKH�SUHVHQFH�RI�RWKHU�HOHPHQWV
WKDW�ELQG�VHOHQLXP��+XPDQ�QXWULWLRQDO�ELRDYDLODELOLW\�PD\�GHSHQG�RQ�WKH�VRXUFH�RI�VHOHQLXP�
QXWULWLRQDO�VWDWXV�DQG�JURZWK�UDWH�RI�WKH�LQGLYLGXDO��.ODVLQJ�DQG�6FKHQNHU����������

2WKHU�ZRUOG�DUHDV�KDYH�H[SHULHQFH�LQ�WKH�WUDQVIHU�RI�WR[LF�OHYHOV�RI�VHOHQLXP�LQWR�DQLPDO
IRRGV���6XFK�DUHDV�JHQHUDOO\�RFFXU�LQ�UHJLRQV�RI�ORZ�UDLQIDOO�ZKHUH�VRLOV�KDYH�GHYHORSHG�IURP
VKDOHV�WKDW�DUH�KLJK�LQ�VHOHQLXP���7KH�ZHVW�VLGH�RI�WKH�6-9�SURGXFHV�D�ZLGH�YDULHW\�RI�FURSV�
LQFOXGLQJ�VHYHUDO�YHJHWDEOHV��IUXLWV��PHDW�DQG�GDLU\�SURGXFWV�IRU�KXPDQ�FRQVXPSWLRQ��
'LHWDU\�VHOHQLXP�DVVHVVPHQW�IRU�KXPDQ�KHDOWK�ZDV�SHUIRUPHG�RQ�D�VL[�DJULFXOWXUDO�FURSV
XQGHU�FRQWUDFWV�ZLWK�WKH�8&�6DOLQLW\�'UDLQDJH�7DVN�)RUFH���7KH�FDOFXODWHG�VHOHQLXP�LQWDNHV
RI����WR������J�SHU�GD\�IURP�LQGLYLGXDO�FURSV�DUH�QRW�FRQVLGHUHG�DQ�LPPHGLDWH�SXEOLF�KHDOWK
FRQFHUQ���6HOHQLXP�UHVLGXH�VWXGLHV�XQGHU�ILHOG�FRQGLWLRQV�DUH�OLPLWHG���$�KHDOWK�ZDUQLQJ
EDVHG�RQ�WKH�FXUUHQW�GDWD�ZDV�QRW�DSSURSULDWH��)DQ�DQG�-DFNVRQ����������$Q�HYDOXDWLRQ�ZDV
GRQH�RI�WKH�SRWHQWLDO�LPSDFWV�RI�VHOHQLXP�LQ�DQLPDO�SURGXFWV�UDLVHG�QHDU�WKH�.HVWHUVRQ
1DWLRQDO�:LOGOLIH�5HIXJH��.1:5��VKRZHG�WKDW�DGXOWV�PLJKW�LQFUHDVH�GDLO\�VHOHQLXP�LQJHVWLRQ
E\���WR�����J�GD\�DQG�FKLOGUHQ�����WR�����J�GD\���1DWLRQDO�GDWD�IRU�VHOHQLXP�OHYHOV�IRU�IRRGV
SURGXFHG�RXWVLGH�RI�DUHDV�OLNH�WKH�.HVWHUVRQ�1:5�IRU�SHUVRQV�ZHLJKLQJ����NJ�ZHUH
HVWLPDWHG�WR�EH����WR������J�RI�VHOHQLXP�FRQVXPHG�SHU�GD\���7KH�FRQVXPSWLRQ�UDWHV�RI�WKH
VWXG\�WKHQ�DUH�ZLWKLQ�DFFHSWHG�UDQJHV�IRU�WKH�GDLO\�LQWDNH�RI�VHOHQLXP��)DQ�DQG�1RUPDQ
��������7KH�VHOHQLXP�OHYHOV�LQ�EORRG�IURP�EHHI�FRZV�LQ����KHUGV�LQ�WKH�.1:5�DUHD�KDG
OHYHOV�WKDW�VKRZHG�QR�HYLGHQFH�RU�VXVSLFLRQ�RI�VHOHQLXP�WR[LFLW\�LQ�DQ\�RI�WKH�GRPHVWLF
DQLPDOV���'XQEDU��1RUPDQ�DQG�2OLYHU�������

�������$LU�4XDOLW\

���������([LVWLQJ�$LU�4XDOLW\�&RQGLWLRQV

%RWK�WKH�IHGHUDO�JRYHUQPHQW�DQG�WKH�VWDWH�RI�&DOLIRUQLD�KDYH�HVWDEOLVKHG�DPELHQW�DLU�TXDOLW\
VWDQGDUGV�WR�SURWHFW�SXEOLF�KHDOWK�DQG�ZHOIDUH��)HGHUDO�DPELHQW�DLU�TXDOLW\�VWDQGDUGV�DUH
EDVHG�RQ�HYLGHQFH�RI�DFXWH�DQG�FKURQLF�KHDOWK�HIIHFWV���0RVW�VWDWH�DPELHQW�DLU�TXDOLW\
VWDQGDUGV�DUH�EDVHG�SULPDULO\�RQ�KHDOWK�HIIHFWV�GDWD�EXW�FDQ�UHIOHFW�RWKHU�FRQVLGHUDWLRQV�
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VXFK�DV�SURWHFWLRQ�RI�FURSV��SURWHFWLRQ�RI�PDWHULDOV��RU�DYRLGDQFH�RI�QXLVDQFH�FRQGLWLRQV��
6WDQGDUGV�KDYH�EHHQ�DGRSWHG�IRU�VL[�FULWHULD�SROOXWDQWV���R]RQH��FDUERQ�PRQR[LGH��QLWURJHQ
GLR[LGH��VXOIXU�GLR[LGH��SDUWLFXODWH�PDWWHU��30���DQG�30������DQG�DLUERUQH�OHDG���$UHDV�WKDW
YLRODWH�D�IHGHUDO�DLU�TXDOLW\�VWDQGDUG�DUH�GHVLJQDWHG�DV�QRQDWWDLQPHQW�DUHDV��
1RQDWWDLQPHQW�GHVLJQDWLRQV�IRU�R]RQH��FDUERQ�PRQR[LGH��DQG�30���LQFOXGH�VXEFDWHJRULHV
LQGLFDWLQJ�WKH�VHYHULW\�RI�WKH�DLU�TXDOLW\�SUREOHP��$UHDV�WKDW�FRPSO\�ZLWK�IHGHUDO�DLU�TXDOLW\
VWDQGDUGV�DUH�GHVLJQDWHG�DV�DWWDLQPHQW�DUHDV���$UHDV�WKDW�KDYH�EHHQ�UHFODVVLILHG�IURP
QRQDWWDLQPHQW�WR�DWWDLQPHQW�DUH�GHVLJQDWHG�DV�DWWDLQPHQW�PDLQWHQDQFH�DUHDV���$UHDV�WKDW
ODFN�PRQLWRULQJ�GDWD�WR�GHPRQVWUDWH�QRQDWWDLQPHQW�VWDWXV�DUH�GHVLJQDWHG�DV�XQFODVVLILHG
DUHDV�DQG�DUH�WUHDWHG�DV�DWWDLQPHQW�DUHDV�IRU�UHJXODWRU\�SXUSRVHV����7KH�SURSRVHG
'HPRQVWUDWLRQ�3URMHFW�ODQGV�DUH�ORFDWHG�LQ�)UHVQR��.LQJV�DQG�7XODUH�&RXQWLHV��ZKLFK�DUH
GHVLJQDWHG�VHULRXV�QRQ�DWWDLQPHQW�DUHDV�IRU�2]RQH�DQG�30�������&)5�3DUW�����

���������([LVWLQJ�$LU�(PLVVLRQV

/DQGV�WKDW�ZLOO�EH�UHWLUHG�XQGHU�WKLV�DFWLRQ�DUH�LUULJDWHG�IDUPODQGV�DW�YDU\LQJ�OHYHOV�RI
SURGXFWLRQ��WKRXJK�VRPH�KDYH�EHHQ�IDOORZ�IRU�D�SHULRG�RI�WLPH���$FWLYHO\�IDUPHG�ODQGV�DQG
IDOORZHG�ODQGV�FDQ�VHUYH�DV�D�VRXUFH�RI�IXJLWLYH�GXVW�HPLVVLRQV��SDUWLFXODWH�HPLVVLRQV��DQG�RI
PLQLPDO�HPLVVLRQV�IURP�IDUP�HTXLSPHQW�HQJLQHV�

���������$LU�4XDOLW\�3ODQQLQJ

7KH�IHGHUDO�&OHDQ�$LU�$FW��&$$�����86&��������HW�VHT����DV�DPHQGHG��UHTXLUHV�HDFK�VWDWH�WR
GHYHORS��DGRSW��DQG�LPSOHPHQW�D�VWDWH�LPSOHPHQWDWLRQ�SODQ��6,3��WR�DFKLHYH��PDLQWDLQ��DQG
HQIRUFH�IHGHUDO�DLU�TXDOLW\�VWDQGDUGV�WKURXJKRXW�WKH�VWDWH���'HDGOLQHV�IRU�DFKLHYLQJ�WKH
IHGHUDO�DLU�TXDOLW\�VWDQGDUGV�YDU\�DFFRUGLQJ�WR�DLU�SROOXWDQW�DQG�WKH�VHYHULW\�RI�H[LVWLQJ�DLU
TXDOLW\�SUREOHPV��6,3�GRFXPHQWV�DUH�GHYHORSHG�RQ�D�SROOXWDQW�E\�SROOXWDQW�EDVLV�ZKHQHYHU
RQH�RU�PRUH�DLU�TXDOLW\�VWDQGDUGV�DUH�EHLQJ�YLRODWHG�DQG�PXVW�EH�VXEPLWWHG�WR�DQG�DSSURYHG
E\�(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��(3$����,Q�&DOLIRUQLD��WKH�6,3�FRQVLVWV�RI�VHSDUDWH
GRFXPHQWV�IRU�GLIIHUHQW�SROOXWDQWV�LQ�GLIIHUHQW�UHJLRQV�RI�WKH�VWDWH��/RFDO�FRXQFLOV�RI
JRYHUQPHQWV�DQG�DLU�SROOXWLRQ�FRQWURO�GLVWULFWV�KDYH�KDG�WKH�SULPDU\�UHVSRQVLELOLW\�IRU
GHYHORSLQJ�DQG�DGRSWLQJ�WKH�UHJLRQDO�HOHPHQWV�RI�WKH�&DOLIRUQLD�6,3��

6HFWLRQ�����F��RI�WKH�&OHDQ�$LU�$FW��&$$���������F������86&��������HW�VHT���DV�DPHQGHG�
UHTXLUHV�IHGHUDO�DJHQFLHV�WR�HQVXUH�WKDW�DFWLRQV�XQGHUWDNHQ�LQ�QRQDWWDLQPHQW�RU
PDLQWHQDQFH�DUHDV�DUH�FRQVLVWHQW�ZLWK�WKH�&$$�DQG�ZLWK�IHGHUDOO\�HQIRUFHDEOH�DLU�TXDOLW\
PDQDJHPHQW�SODQV��)HGHUDO�DJHQFLHV�DUH�UHTXLUHG�WR�HYDOXDWH�WKHLU�SURSRVHG�DFWLRQV�WR
PDNH�VXUH�WKDW�WKH\�ZLOO�QRW�FDXVH�RU�FRQWULEXWH�WR�QHZ�YLRODWLRQV�RI�DQ\�IHGHUDO�DPELHQW�DLU
TXDOLW\�VWDQGDUGV��WKDW�WKH\�ZLOO�QRW�LQFUHDVH�WKH�IUHTXHQF\�RU�VHYHULW\�RI�DQ\�H[LVWLQJ
YLRODWLRQV�RI�IHGHUDO�DPELHQW�DLU�TXDOLW\�VWDQGDUGV��DQG�WKDW�WKH\�ZLOO�QRW�GHOD\�WKH�WLPHO\
DWWDLQPHQW�RI�IHGHUDO�DPELHQW�DLU�TXDOLW\�VWDQGDUGV���(3$�KDV�SURPXOJDWHG�VHSDUDWH�UXOHV
WKDW�HVWDEOLVK�FRQIRUPLW\�DQDO\VLV�SURFHGXUHV�IRU�WUDQVSRUWDWLRQ�UHODWHG�DFWLRQV�DQG�IRU�RWKHU
�JHQHUDO��IHGHUDO�DJHQF\�DFWLRQV���7KH�(3$�UHTXLUHV�D�IRUPDO�FRQIRUPLW\�GHWHUPLQDWLRQ
GRFXPHQW�IRU�IHGHUDOO\�VSRQVRUHG�RU�IXQGHG�DFWLRQV�LQ�QRQDWWDLQPHQW�DUHDV�RU�LQ�FHUWDLQ
GHVLJQDWHG�PDLQWHQDQFH�DUHDV�ZKHQ�WKH�WRWDO�GLUHFW�DQG�LQGLUHFW�QHW�HPLVVLRQV�RI
QRQDWWDLQPHQW�SROOXWDQWV��RU�WKHLU�SUHFXUVRUV��H[FHHG�VSHFLILHG�WKUHVKROGV���$SSOLFDEOH
WKUHVKROG�OHYHOV�IRU�IHGHUDO�DFWLRQV�LQ�)UHVQR��.LQJV�DQG�7XODUH�&RXQWLHV�DUH����WRQV�\HDU�IRU
R]RQH��DQG����WRQV�\HDU�IRU�30 �����&)5�3DUW�����

��

7KH�&DOLIRUQLD�&OHDQ�$LU�$FW��&&$$��RI����������&DOLIRUQLD�+HDOWK�DQG�6DIHW\�&RGH��&+	6&�
�������HW�VHT����UHTXLUHV�DLU�SROOXWLRQ�FRQWURO�GLVWULFWV�DQG�DLU�TXDOLW\�PDQDJHPHQW�GLVWULFWV
WR�GHYHORS�DLU�TXDOLW\�PDQDJHPHQW�SODQV�WR�PHHW�VWDWH�DPELHQW�DLU�TXDOLW\�VWDQGDUGV�IRU
R]RQH��FDUERQ�PRQR[LGH��VXOIXU�GLR[LGH��DQG�QLWURJHQ�GLR[LGH���7KH�&DOLIRUQLD�$LU�5HVRXUFHV
%RDUG�LV�UHVSRQVLEOH�IRU�GHYHORSLQJ�D�SODQ�IRU�PHHWLQJ�VWDWH�30 �VWDQGDUGV���7KH�&&$$����

��
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&+	6&���������HW�VHT���GRHV�QRW�VHW�VSHFLILF�GHDGOLQHV�IRU�DFKLHYLQJ�VWDWH�DLU�TXDOLW\
VWDQGDUGV��,QVWHDG��DWWDLQPHQW�LV�UHTXLUHG�³DV�H[SHGLWLRXVO\�DV�SUDFWLFDEOH�´�ZLWK�YDULRXV
HPLVVLRQ�FRQWURO�SURJUDP�UHTXLUHPHQWV�EDVHG�RQ�WKH�DWWDLQPHQW�VWDWXV�IRU�R]RQH�DQG
FDUERQ�PRQR[LGH�VWDQGDUGV��


