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/1,67 2) 7$%/(6WDEOHVY DUH ORFDWHG DW WKH SDJH QXPEHUV LQGLF

7DEOH 3ULRULWL]DWLRQ RUGHU IRU ZDWHU UHVRXUFHV VXSS
WDEOH OD[LPXP LQILOWUDWLRR U BBIWHIVF RR UD QGH @D BILR \E D WLRY
WDEOH 'LVWULEXWLRQ RI VXUIDFH ZDWHU RQ 2[QDUG 30DLQ |
WDEOH &RPSDULVRQ RI GLYHUVLRQ VFHQDULRYV

/,67 2) ),*85(6lILIXUHV DUH ORFDWHG IROORZLQJ WK IEHSRUMQF H\
JLIXUH *URXQGZDWHU EDVLQV 'LVWULFW ERXQGDU\ DQG PDI
JLIXUH 6XUIDFH JHRORJ\ DQG IDXOWYV

JLIXUH 6SULQJ JURXQGZDWHU HHOHWWDMPLEEB® O¥SSHU $TXLI
YLIXUH )DOO JURXQGZDWHU HOHYDWLRQV 8SSHU $TXLIHU
YJLIXUH 6SULQJ JURXQGZDWHU WHHOHWWDRMPLEEB®OMZHU $TXLIT
JLIXUH )DOO JURXQGZDWHU HOHYDWLRQV /RZHU $TXLIHU
JLIXUH 6HPL SHUFKHG DTXLIHU FKORULGH FRQFHQWUDWLRQV
YJLIXUH 2[QDUG DTXLIHU FKORULGH FRQFHQWUDWLRQV FRDVYV
JLIXUH 0XJX DTXLIHU FKORULGH PRYRHQWUIZWORYV | FRO VWD
JLIXUH +XHQHPH DTXLIHU FKORULGH FRQFHQWUDWLRQV FRD
YJLIXUH JR[ &DQ\RQ DTXLIHU FKORWD®HPRRQ MR QDI HRQWY FB
JLIXUH *ULPHV &DQ\RQ DTXLIHU FRDRWD®HPRRQMRUL QD VZ HROQ
JLIXUH OD[LPXP UHFRUGHG QLWUDWHDIUQ ZHOOV FDOHQG
JLIXUH 5HFRUGHG QLWUDWH FRQHFGQW ULLWIKR DR QVDK @ BIHRE I8 K
YROXPHYV

)LIXUH ,JUULJDWLRQ GHPDQGYV IRUNHUHDYWQYWFID ®EH Y BRX QW k
YJLIXUH &XPXODWLYH YROXPHV DQQXDO RI PRGHOHG DQG DF
GHOLYHULHV IRU W R

YJLIXUH ORGHO FDOLEUDWLRQ K\GHRDUDISE \2 [[@LUGH BBIEMWH G [83
JRUHED\ DQG 30HDVDQW 9DOOH\ EDVLQV
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YLIXUH ORGHO FDOLEUDWLRQ K\GH®&OWDISK \2 [(RIUBGHDHFIWOH @ [/
JRUHED\ DQG 30HDVDQW 9DOOH\ EDVLQV

YLIXUH $YHUDJH DQQXDO GLYHUWIHRIDULRU HDAR R $RGHW LIRY!
SHULRG DQG \HDU SHULRG Rl UHFRUG

YLIXUH D 6XUIDFH ZDWHU GLVWUDRBXWALRIQ FHR ZIDRAKW GHD EDN U
VFHQDULR PRGHO \HDU

YLIXUH E 6XUIDFH ZDWHU GLVWUDRBXWLRIQ MHR ZDMFKWD GHD EDN U
VFHQDULR E PRGHO \HDU

YLIXUH F 6XUIDFH ZDWHU GLVW U REXWLRIQP MHR ZIDMFHKWD GHD EDM U (
VFHQDULR PRGHO \HDU

YLIXUH &RPSDULVRQ RI DYHUDJH D B @GHDNZ Bl b RX\DFEZ@MUHR W HR
PRGHO IRUHFDVWLQJ SHULRG

YLIXUH D 'LIITHUHQFH LQ UHFKDUJHFOW @Q®BLR EHWZHHQ VFHQL
YLIXUH E 'LIIHUHQFH LQ GHOLY HULHW\ WRHWPX/ UE B\ 2 B @ W/ HGQHED
DQG

YLIXUH JRUHFDVWHG K\GURJUDSKV IRU@HBDXMAHD Q ISDUW R 2
30DLQ EDVLQ

YLIXUH JRUHFDVWHG K\GURJUDSKV IRUQ/$DYMGIQQ SDUW BRI 2]
30DLQ EDVLQ

YLIXUH $UHDV ZKHUH JURXQGZDWHU HOHYDWLRQV LQ WKH 8%
EH EHORZ VHD OHYHO GXULQJ D W\SLFDO ZDWHU \HDU

YLIXUH $UHDV ZKHUH JURXQGZDWRY[ &D0OH RQWIDRQVS$TQE LIWHLI /3 E
IRUHFDVWHG WR EH EHORZ VHD OHYHO GXULQJ D W\SLFDO ZDWHU °
YLIXUH *UDSKLFDO FRPSDULVRQ RI HIITHFWV RI GLYHUVLRQ VF
WKH 8%$6

YLIXUH *UDSKLFDO FRPSDULVRQ RI HIITHFWV RI GLYHUVLRQ VF
WKH /$6
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(:(&87,9( 6800%$5< |

8QLWHG :DWHU &RQVHUYDWLRQ 'LVWU LLFSD H8 QS MALG VLYDEUWSDW KE
30DQ 06+&3 DV SDUW RI LWV DSSOLFDWDR® SBENYDRWW |RY IXQRLH

D % RI WKH IHGHUDO (QGDQJHUHG 6SHFRHW KFW&D04$R DQIGD
*DPH &RGH RU D FRQVLVWHQF\ GHWHUPL QD WLRY KRQBLHHUNVH F 8/Q RV
.73V IRU DFWLYLWLHV WKDW PD\ LQFLGHQWDOO\ UHVXOW LQ WD
UHIHUUHG WR LQ WKH 06+&3 DV 3FRYHUHI® WFMDL Y MMWMLHOKHD 6R XW |
FRYHUHG VSHFLHV DQG WKHVH ILVK UWTUXLDPH DY HAR ZQR XV URID PE
RSSRUWXQLWLHY 7KH SXUSRVH RI WKH XQGHUO\LQJ FRYHUHG |
JUHHPDQ 'LYHUVLRQ LV WR VXVWDLQ WKH UHOLDEOH VXSSO\ RI ZD
IRUHVHHDEOH FRPPXQLW\ GHPDQG IRU QUBX\W WILIR® QS RXBY F L BH
PDLQWHQDQFH RI JURXQGZDWHU OHYHOVDGLUHY B & WLIR®D WIL R Q RX(
GHOLYHULHV LQ OLHX RI SXPSLQJ LQ FBVYWDIOQ SODWHRV RB@® LWKHS §
'LYHUVLRQ DQG RWKHU DVVRFLDWHG IDFLOLWLHYV GLUHFWO\ DQG |
GULQNLQJ ZDWHU WR PXQLFLSDO FXVWRPHGV WIQHF GREMQ F XWHQH R
$JHQF\ DQG WKH 1DYDO %DVH 9HQWXU N RRX@INDWHQ ©[W X CRAWALRRX
IDFLOLWLHY DUH DOVR YLWDO WR JURXIQGZ\DRNPHID W HATKWD K U HW S WRK
XVH GXULQJ GURXJKW \HDUV DQG UHGXFLQJ DQG UHYHUVLQJ VH
2[QDUG 30DLQ

8QLWHG KDV GHYHORSHG D QXPEHU RI VXBI@PIFF® ZEMHW ICRW HUKR/D
YDULRXV LQVWUHDP IORZV IRU ILVK PLYHDWIRADR VW UWMBIR &D QWKIH
'LYHUVLRQ 7TKHVH VFHQDULRY UDQJHHW RIA XWH IRIU8 Q@ L WHHIGUILVR RO (
WKH &% 6WDWH :DWHU 5HVRXUFHV &RQAGEHR Q QWRDWHED PZKQRK UWTYT)
WR VFHQDULRYV SURSRVHG E\ WKH 10)6 LQ D ELRORJLFDO RSLQLRQ
LQ WR QR GLYHUVLRQ RI ZDWHU PSBEBEWW R$ R'UDDW LHRYXD/O & DYWHMW L
RQ FRQGLWLRQV LQ DTXLIHUV XQGHUO\LQJ WKH 2[QDUG FRDVWDO

'"HVSLWH ORQJ WHUP HIIRUWY WR FRQVWR YWAKEDWWW UL PSRDQG PRI
RI ORFDO UHVRXUFHV ZDWHU GHILF IKWWRHIK KWW @ OHQ X ¥ WHIW FRV DRJ
WKH VRXWKHUQ 2[QDUG 30DLQ EDVLQ MQG,QQVRKH SOBIBN\D QWK $DG
JURXQGZDWHU UHVHUYHV KDV WR GDWH MUPS/M®EOHV X0 WH®WIKQH
VLIJQLILFDQW ZDWHU TXDOLW\ SUREOHPR RBYIBLOHRQIVRBH R WLHU G
&DOLIRUQLD 'HSDUWPHQW RI :DWHU 5HVIRXNW FRHVEDNE B @ W QX ELMHHYRW
RYHUGUDIW ° 6RXWKHUQ &DOLIRUQLD KDV VL[ EDVLQV GHVLJQDW
2[QDUG 30DLQ DQG 30HDVDQW 9DOOH\ EDVLQV KDYH EHHQ DVVLJC
DQG 30HDVDQW 9DOOH\ EDVLQV DUH WKKHOR®A WZR FRDVWDO EDVI

8QLWHG VWDIlI XVHG D VXUIDFH ZDWHUHUB KWW QUEXRVGERQ@ WR BYUHM
ZDWHU XQGHU YDULRXV VXUIDFH ZDWHU GLYHUVLRQ VFHQDULRYV
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IXWXUH DTXLIHU FRQGLWLRQV DVVRFLDWKIE &LWHKUWKRQYDRH KRRV LR
LQFOXGH

X 6FHQDULR 1R 'L¥ BQVWRH@® GLYHUWYV QR ULYHU IORZ DW WKH |

y

WKDQ ZDWHU UHOHDVHG IURP 6DQWD )HOOFERQDR UG DU IORI QWKH

X 6FHQDULR :DWHU 5LJKW8IBHWHDAERQBXFWV RSHUDWLRQV DW
'LYHUVLRQ LQ DFFRUGDQFH ZLWK 6:5&% 3HUPLW

X 6FHQDULR ,QWHULP %\SDVV 2SHUDMNMRHY FRQGXFWYV RSHUDYV
JUHHPDQ 'LYHUVLRQ ODUJHO\ LQ DFFRUGWNQIPHR Z LS/OK @K H

x 6FHQDULR %LRORJLFOQLIH® IFR@ GXFWV GLYHUVLRQ RSH
DFFRUGDQFH ZLWK UHDVRQDEOH DQG SUXGHQW DOWHUQDWLY
WK H %LRORJLFDO 2SLQLRQ LVVXHG E\ 10)6

x 6FHQDULR OLPLF )ORZSHFIHVNGRRRQGXFWYV GLYHUVLRQ RSHU
JUHHPDQ 'LYHUVLRQ LQ D PDQQHU WKDW WKW HOIBMWW I/® EDRYD
UHFHVVLRQ WR EHQHILW VWHHOKHDG WURXW ZKLOH PLQLPL]L

X 6FHODULR 7KLV VFHQDULR DIVXIPGHNV G H U\ L RIY FD S DR Q@ LIVQL M/
VFHQDULR DUH OLPLWHG WR VXVSHQGHG VHGLPHQW OHYHOV L
LV WKH FXUUHQW OLPLW RQ GLYHUVILRQW KR W VHIGU P HB@RW HFQ W E
GLYHUVLRQV DUH DOVR UHMHFWHG ZKHQ WKH JURXQGZDWHU F

X 6FHODULR $% GHVFULEHG LQ VFHQDULR S8QUWHDBSIDEERUWHR\
GLYHUWLQJ LWV IXO0 ZDWHU ULJKW) G XH) WR \KW UK W X B 19 \F RS D
7KLV VFHQDULR LQFOXGHY PDMRU LQIUDVWUXFWXUH FKDQJHYV
VIVWHP DQG SHUFRODWLRQ EDVLQV RXD B UGHORVRY LEN JHD[IMOH Q.C
GXUDWLRQ RI E\SDVV IORZV 7KH DGRA.WLRBODWLQB TG VERY &\
WXUELGLW\ OHYHOV 766 XS WR A JVAV REPWL @QIQW KHHBAR A B
DGGLWLRQDO ZDWHU LQ QHZ IDFLOLWLHM W ZKHOQ UR RAKXOVAID V
PRXQGLQJ LV H[SHFWHG WR RFFXU

X 6FHQDULR ,QFUHDVHG 'LYHUVLR@GOWW WEHVYDWHROWLR 8QlI
LQFUHDVHV LWV LQWWRQWD@HRWWR ®LRBIN. DXPGRWKH WRWDO DC
GLYHUVLRQ OLPLW WR $) DV D FWHDR \EMERHRIW NWHHO®GE L
,PSRUWDQWO\ WKLV RSHUDWLRQDO VFHQDULR LV QRW FRYHU
SHUPLW 7KHUHIRUH WR LPSOHPHQW WKLV VFHQDULR 8QLWH
ULJKWV $GGLWLRQDOO\ WKH H[LVWLQJ LQIUDVWUXFWXUH RI
DVVRFLDWHG GRZQVWUHDP IDFLOLWLHV X@P®RHR W KLFFRPARO DI
ZRXOG QHHG WR EH PRGLILHG

7KH PRGHOLQJ UHVXOWYV LQGLFDWH VLJQLILFDQW DGYHUVH JUR)
6\WWHP /$6 DQG WKHUSBSHUHPT IS LQ WKMH Q[QRWUGEG BD\ 30HDVDQ
DQG WKH ORXQG JURXQGZDWHU EDVLQV XQGBUQWOOQGQY HUMURE
HOHYDWLRQV DERYH VHD OHYHO LV NHU W@&WUMWLHR@WD QG IRKW WHKW
TXDOLW\ SUREOHPV IURP RFFXUULQJ LQ WKH DTXLIHUV XQGHUO
DFKLHYLQJ VXVWDLQDEOH PDQDJHPHQW RI WKH 2[QDUG 30DLQ )R
UHTXLUHG E\ WKH 6WDWH RI &DOLIRUQLD XQGHU WKH 6XVWDLQD
UHVXOWYV RI WKLY HYDOXDWLRQ LQFOXGH

Xx 7KHUH LV D GLUHFW UHODWLRQVKLS EHWZHHQ DYHUDJH DQQX
JURXQGZDWHU HOHYDWLRQV DUH IRUHRR WWHG2\WMRDEBIG FRORNR XV D
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X ,Q ERWK WKH 8$6 DQG WKH /$6 JURXQGRD\VRIQUVABADDWR R @W K
IRUHFDVWHG WR EH VXEVWDQWLDOO\VQRDHVUFW R D Q DRYG MW RADKL
EHORZ VHD OHYHO DFURVV PRVW RI WKH 2[QDUG FRDVWDO SO
7KLV LOOXVWUDWHR/ W& HWMHPGRWU WDWE R G L\DXU IDHFAK BDWHU GHO
OLHX RI SXPSLQJ IRU SUHYHQWLQJ RU PLWLJDWLQJ XQGHVLUD
JURXQGZDWHU OHYHO GHFOLQHV LQ WKH DTXLIHUV XQGHUON\LC

X JRUHFDVWHG 8$6 JURXQGZDWHU HOHYDWHBQVSDQ VD RH DWK R | 2/Q
30DLQ EDVLQ VRXWKHUQ 30HDVDQW 9ROWHHEQVIQHDREQW®W HI
EDVLQ UHPDLQ EHORZ VHD OHYHO XQGHDUNBIGO G K WHURM\R R HURY
30DLQ DQG 30HDVDQW 9DOOH\ EDVLQ DUHD KDV KLVWRULFDOC
LV Rl SDUWLFXODU FRQFHUQ IRU DFKLHYLQJ VXVWDLQDEOH JU
WKH 8$6 EHORZ VHD OHYHO LV VPDOOHVW XQGHU GLYHUVLRQ
XQGHU VFHQDULRYV $ DQG % WR XQGIBEUWHWHQDHDR/ HU L
VXEVWDQWLDOO\ ODUJHU DFUHV PDQPRPSDODVPQD PRV R
HDVWHUQ 2[QDUG FRDVWDO SODLQ HDVWORI 2{QGHG DRMHQDRX R

X ,Q WKH /$6 JURXQGZDWHU HOHYDW LR QDN BHDERZ OFDR\QWDRIIHW R H |
UHPDLQ ZHOO EHORZ VHD OHYHO WK U RXJW RO V&K M HUL\PLFROD WE
6LPLODU WR WKH 8$6 WKH IRUHFDVW H® DWIHDOW EHORZ DUBD OR
HTXDO DUH VRPHZKDW ODUJHU XQGHU WFR QD ULRARUH V $J UMHDGV |
WKDQ XQGHU VFHQDULR DQG DUH VIXHEW WORGMLLD @ PR @DWLIRI U
ZLOO DOPRVW FHUWDLQO\ LQFUHDVH WKH UDWH DQG DUHDO H
WKH 2[QDUG 30DLQ DQG 30HDVDQW 9D GWKHH RO U $E QVR P @F KLRKX
VXVWDLQDEOH PDQDJHPHQW DV UHTXLUHG XQGHU WKH 6*0%

+LVWRULFDOO\ WKH )UHHPDQ 'LYH UV LRQ RIQBGWIXFMHXGIHA SQHHDY W F6)
EHHQ WKH VLQJOH PRVW HIIHFWLYH SERBHFMW VB8R RWKIE 2QQ DIW®R ¥ R GE
WKH 2[QDUG 30DLQ $Q\ UHGXFWLR @D\WQHARQ LWRPGW\K H B DQWWD S/RDGE I
GLUHFW LPSDFW RQ WKH VXVWDLQDEOHQW BPQG RVKW KHIWRMWHFRXICRIY |
YLDELOLW\ RI WKH GHSHQGHQW ZDWHU XVHV DQG DVVRFLDWHG HF
IRUHFDVWHG LPSDFWV RQ JURXQGZDW HREK OGLYYHHQW IGRHY F/UF IHEJ-DG) DFE R
WKLV DQDO\VLV 6FHQDULR ZKLFK UBHLO/KFIQL RSB D W XRQNFFHRDDA
ZRXOG DFFRPSOLVK WKH SXUSRVHV RI WRB DUHHPOWH UQDWWLYRQ| EF
RSHUDWLRQV WKDW GR QRW UHO\ RQ DGGLWLRQDO LQIUDVWUXFW X
LPSDFWV WR JURXQGZDWHU OHYHOV RLVEGPQDUHRWH D QKD Q WDH B Xi
VFHQDULRV LQFUHDVLQJ WKH SRWH QRMWIOHU | R Q GHAOLALDVE DB LUGIW X B\
GHYHORSHG 6FHQDULR WR DGGUHVV FHROKHHDGEY BMIIURDQVR E @ H FAR ZH
6FHQDULR $ ZRXOG KDYH D ODUJHU LPSDFW WR JURXQGZDWHU OH
GRHY QRW HYDOXDWH WKH IHDVLELONW\ZRDI\WHKRYW EEWNKHRWD VOREM G
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,1752'8&7,21 |

8QLWHG :DWHU &RQVHUYDWLRQ 'LVWU LLFSD H8 S MALG VL¥DEUWSDIW KE
30DQ 06+&3 DV SDUW RI LWV DSSOLFDWDR® SBEWDRWW |RY IXQFL

D % RI WKH IHGHUDO (QGDQJHUHG 6SHFRHW KFW&D04$R DQIGD
*DPH &RGH RU D FRQVLVWHQF\ GHWHUPL QB WL KQUBELHDUNWH F 8/Q RV
RSHUDWHVY DQG PDLQWDLQV ZDWHU (DFLQLWKHVDQVWDQXPEHD RLU YC
DQG 2[QDUG 30DLQ VRPH RI ZKLFK KD YD WHK R IS RIWGHHQMWD DDA  BVGRG UWW
VSHFLHV 7KH IHGHUDO ,73V ZRXOG DXWISRIELHV L@ \E HG WIVO WK [
HQGDQJHUHG XQGHU WKH )(6%$ RU WKH &DSFIWR &QAD RUCPRWKU WG 16
LQ WKH 06+&3 DV 3FRYHUHG VSHFLHV =~ $PRQU3RWKIBO® IEH KD QX HGF
WKH GHWHUPLQDWLRQ E\ 86 )LVK DQG :LDWORQDOHUYLE®H §6MVEHD!I
10)6 WKDW WKH 06+&3 PLQLPL]HV DQG PAMGIHQWB® WENHHRHRWK
VSHFLHV DXWKRUL]JHG E\ WKH ,73V ZLOO EH PLQLPL]HG DQG PLWL
)(6% DQG &(6%

8QLWHG VHHNV ,73V IRU DFWLYLWLHV WKDW PD\ LQFLGHQWDOO\ L
&DOLIRUQLD VWHHOKHDG LV RQH RI WKHVRRYHUMXICUN SHIFLHY |OR
XSVWUHDP DQG GRZQVWUHDP PLJUDWLRQ IRFERUWXQHWQHWJI 7Kl
DFWLYLWLHV LV WR VXVWDLQ WKH UHORDBOMHVURSBDVHRG RDWNQ
IRUHVHHDEOH FRPPXQLW\ GHPDQG IRU QXMW WILIR® QS RXBY F L BH
PDLQWHQDQFH RI JURXQGZDWHU OHYHOVDGLUWY B & WMLIR®D R/IL R Q RIXC
GHOLYHULHV LQ OLHX RI SXPSLQJ LQ FBVYWDIOQ SODWHRV RB@® LWKHS
'LYHUVLRQ DQG RWKHU DVVRFLDWHG IDFLOLWLHY GLUHFWO\ DQG
GULQNLQJ ZDWHU WR PXQLFLSDO FXVWRPHGY WIQF GREMQ F XWHQH R
$JHQF\ DQG WKH 1DYDO %DVH 9HQWXU N RRX@IDWHQ ® [W X ORAWARRI
IDFLOLWLHY DUH DOVR YLWDO WR JURXQGZ\DR\PHHD W HATKVD K J HW IS URK
XVH GXULQJ GURXJKW \HDUV DQG UHGXFLQJ DQG UHYHUVLQJ VH
2[QDUG 30DLQ

8QLWHG KDV GHYHORSHG D QXPEHU RI VIXRMDWKDZD\WHR YEGHHUD URF
IORZV IRU ILVK PLJUDWLRQ LQ WKH 6DQWRH&DIHHP BQYHY HAUR/ZQDV
VFHQDULRY UDQJH IURP XVH RI 8QLWNGRQM XODO CZLIFM BV HUIEL B WW KRH.
':DWHU 5HVRXUFHV &RQWURO %RDUG ZKARE UWTWXLOJHPHHRONKG HWV R (
SURSRVHG E\ WKH 10)6 LQ D ELRORJLF DX BB D LRIQ5HFDDH® WIRR O K
QR GLYHUVLRQ RI ZDWHU 7KLV UHSRUWLR XD OXDWHUW LR QH VIEMS;
FRQGLWLRQV LQ DTXLIHUV XQGHUO\LQJ WKH 2[QDUG FRDVWDO SOLC

8QLWHG LV SURSRVLQJ D FRQVHUYDWLRQRZWVR 1D W KHQEORGBL DQ W |
PLQLPL]JH DQG PLWLJDWH WKH HIIHFWV IRAXPQR[\EHQW D®U BVADMIHFE D\
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SXUSRVHV Rl DVVHVVLQJ LPSDFWV WR JUBXQGRPWOGKHWHG RWHF
HYDOXDWLRQVY DQG FRPSDULVRQV LQ WKLV UHSRUW

8QLWHG VWDII XVHG D VXUIDFH ZDWHUHUBKWAQUEXRGIR®Q W R CSYUH.\
ZDWHU XQGHU WKH YDULRXV VFHQDULRV DMRG | RUBER X Q/G ZXOWDHWF
FRQGLWLRQV DVVRFLDWHG ZLWK WKH YDHYR®W V ALHQGLEDRWH VAKI LE
JURXQGZDWHU FRQGLWLRQV LQ WKH /RZH2 GOTXGI ¥ B DV VD BPS 094 Q
GLYHUVLRQ VFHQDULRYV DQG WR WKH 8SSHU $TXLIHU 6\WVWHP 8%$6

'HVSLWH H[LVWLQJ ZDWHU FRQVHUYDWLR§WPHRMD PIVQ DZDGN HPW b
LQIUDVWUXFWXUH WKH H[LVWLQJ ZIDMKRXW HIR EUWR YLH/P M QI IR L FKQY
ZRXOG EH GHWULPHQWDO LPSDFWV WR H[LVWLQJ XVHUV UHOL
VXSSOHPHQWDO VRXUFHV RI ZDWHU DUH QRW UHDGLO\ DYDLODE
VRXUFHV FRXOG KDYH QHJDWLYH LPSDPRWK\HE QRBEUWW R QYVD QTKMBHF
VXUIDFH ZDWHU GLYHUVLRQV IURP WKHLEDQWDV &TOUIND KL DHU HD UHH
PDQDJHPHQW VWUDWHJ\ 8QLWHG LV GHYIREGRSL®KD Q\VBXRB A WL
.73V LQFOXGLQJ LQVWUHDP IORZV IRWVXWK QRIL WDV RQV B KHOWY
EHQHILW UHJLRQDO DTXLIHUV E\ EDODQIFLRP WHH /WDl & D UDF |
JURXQGZDWHU LQ D FRQMXQFWLYH PDQQHUDWR PRIUHNW MHTHE QH HXGJ
DJULFXOWXUDO ZDWHU XVHUV LQ WKH FRPPXQLW\

81,7(" :$7(5 &216(59%$7,21 ',675,&7

8QLWHG :DWHU &RQVHUYDWLRQ 'LVWULFW ®XN®L F8 D I WM VRKID WL ¥
QHDUO\ DFUHV Rl FHQWUDO DQG VRXWKHUQ 9HQWXUD &RXQW
9HQWXUD &RXQW\ SRUWLRQ RI WKH Y DD\ HZH QD VDR/HWSKHY /[ B.O® LB
'LVWULFW VHUYHV DV D VWHZDUG IRU PDQDJLQJ WKH VXUIDFH ZD
SRUWLRQV RI HLJKW LQWHUFRQQHFWHG JURXOGEZDW R YHUEED \EL
SHUVRQ ERDUG RI GLUHFWRUV HOHFWHGHG@EXHGLYRWPLBY R HEW U |
JURXQGZDWHU H[WUDFWLRQ SXPS FKDUMWV GHOEYHDW LFK® UHHA
GHYHORSHG DUHDV RI WKH 'LVWULFWEDQHDL PR Y RZ DA K LSKICPVA X HU [
VXSSRUWLQJ KLJK GROODU FURSV VXFK DV DYRFDGRV EHUULHYV
IORZHUV RUQDPHQWDO QXUVHU\ VWRFN DRMRSRE OBY%ISUR[WRD QY HA
ERXQGDULHV LQFOXGLQJ WKRVH OLW. GXHQHPKH FRQWBV3BRKQPQ DU
HDVWHUQ 9HQWXUD

7KH 'LVWULFW LV DXWKRUL]JHG XQGHU LWV SULQFLSDO DFW &DOL
H[HUFLVH PXOWLSOH SRZHUV 7TKHVH SRREHARQGRYFOXEGEBWWKHUE
LOQYHVWLIJDWLRQV DFTXLUH ZDWHU NQGKWHF KIDXLIHGZIDW HO L W RIQW WA
SLSHOLQHV IRU ZDWHU GHOLYHULHV FRPBH)XWVDEWERLDMWHQY RO
LOQWHUIHUHQFH ZLWK RU GLPLQXWLRQ RVWRFUBMWHGCGLYBWXORAVV
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VXSSO\ RI ZDWHU DQG WR DFTXLUH DOWGHRSHQDWRIQ QHFWHRQ LR
UHVHUYRLUV RU RWKHU 'LVWULFW ZRUNYV

8:&' 0,66,271$8(0(17 $1' *2%$/6

7KH 'LVWULFWITV PLVVLRQ VWDWHPHQW LV

United Water Conservation District shall manage, protect, conserve, and enhance
the water resources of the Santa Clara River, its tributaries and associated aquifers,
in the most cost-effective and environmentally balanced manner.

,Q RUGHU WR DFFRPSOLVK WKLV PLVVLRQ 8QLWHG :DWHU &RQV
SULQFLSOHYV

x &RQVWUXFW RSHUDWH DQG PDLQWDW®H DO KMOWLWAML WR GHKMGE ISF
LPSRUWHG ZDWHU UHVRXUFHV WR RSWLPXP EHQHILFLDO XVH

X 'HOLYHU VDIH DQG UHOLDEOH GULQNGQXVYRWH] i HADKODMK PVHAHDNOWC
FLWLHY DQG XUEDQ DUHDYV

X 3URYLGH DQ DGHTXDWH DQG HFRQRP L FIDICE @ Bl VWDHUG VSXUBRB®X PR
DJULEXOWXUDO VHEWRU

X )JLIKW RYHUGUDIW DQG VHDZDWHU LQWUXVLRQ DQG HQKDQFH
WKH XVH RI 'LVWULFW SURJUDPYV

X ORQLWRU ZDWHU FRQGLWLRQV WR GHW&BWRQGHSIRDWG VWKRY B
FRQGLWLRQV WR WKH SXEOLF

X 6HHN RSSRUWXQLWLHV WR GHYHORS FRIHIHUWBHHW LLYQH RSWRH U DWPR
PD[LPL]H XVH RI 'LVWULFW UHVRXUFHYV IDDQOG SSURRWHRRAWHY P XW X D O

X $FTXLUH DQG RSHUDWH KLJK TXDOLWWSERERODE HJ HIEFQ B RLLDROQD ¢
VXSSRUWLQJ

X %DODQFH 'LVWULEWKRBBYDWREPNQAN D H QWHHGR/| WV 1P DJ[H PILR Q 7\
UHVRXUFHV DQG

X &RQGXFW 'LVWULFW DIIDLUV LQ D EXVLQHVV OLNH PDQQHU WK
VRXQG ILQDQFLDO DXGLWYV DQG WKH XWPRVW LQ SURIHVVLRQI

7KH 'LVWULFW UHFRJQL]JHV WKDW PDQ\ Rl WKH SURMHFWY DQG DF)\
SULQFLSOHV KDYH ORQJ WLPHOLQHV IRQGGWXHORBWVPIHQMW H Q 8 SIDFI
SURMHFWYVY DQG DFWLYLWLHV PD\ EH UHDW EEJRIGY RY\W H QRAD @\L WHKD WA
PLVVLRQ WR SURYLGH IRU WKH ORQJ WHVPZKWRO® KVRH WKHV B D AW
PLVVLRQ WKH 'LVWULFW UHWDLQV WHFKQLFDO H[SHUWV LQ WKH
ZDWHU K\GURORJ\ HQYLURQPHQWDO VFLH®GRRSOLMRFRI\ DD QEBHC
DGPLQLVWUDWLYH SHUVRQQHO ZLWK WSHWLDOWLHY LQ DFFRXQWLC
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7KH RULJLQDO SUHGHFHVVRU HQWLW)\ |IRUWLRLAWH &D:\D W B O O8HRX) WHKU
5LYHU 3URWHFWLYH $VVRFLDWLRQ Y WWION IIRUPRIA IRQ WKMWRBQFE
IURP EHLQJ DSSURSULDWHG DQG H[SRUW G QRXI &IO®H BV KIHWZADUN &RJG
'LVWULFW 6DQWD &ODUD 'LVWULFW ZBEWY URODROMG RIQWKH WRV RXWU
SURWHFWLQJ ZDWHU ULJKWYV DQG FRQVHUYLQJ WKH ZDWHUV RI WI
6DQWD &ODUD 'LVWULFW EHJDQ D V\VWHRMWKP USIBRLIQDP RI SR
WKURXJK FROQVWUXFWLQJ UHFKDUJH EDVLGBWOQORIINWKEZHBDIP WR QL
WKH 6DQWD &ODUD 5LYHU QHDU 6DWLFR\ WR GLYHUW ULYHU ZDV
DUHDV

7KH GHPDQG DQG QHHG IRU JURXQGZDWHW®GREXQIBELSEROWXUD M [
QDWXUDO UHFKDUJH UHVXOWLQJ LQ RD\WMHG RYINU BROQ GW WICRRD V H DA
RQ WKH 2[QDUG 30DLQ ZHUH UHFRJQL]W®&DW WKH 6D W DW. @DV F OU
KDYH WKH ILQDQFLDO DELOLW\ WR UDILWHHNVRQH K NWR/ BB Q W\R UDRPRIE I
BURSRVHG IDFLOLWLHY LQFOXGHG GDP\&RQHER WK V6 K WBKIH &HIHHBIN FDIC
2[QDUG D QHZ GLVWULFW ZDV RUJDQL]JH@GVH® YDWXRGHUVWKH F\NW I
7KH QHZ GLVWULFW ZDV FDOOHG 8QLWHG :DWHU &RQVHUYDWLRG
DJULFXOWXUDO FRQFHUQV 6XEVWDQWLDO ERQG PHDVXUHV ZHUH
DOORZLQJ 8QLWHG WR FRQVWUXFW D QXPEMY RQEDWGEHUQERQVHUYD

X 6DQWD )HOLFLD 'DP WR FDSWXUH DQG VWRUH ZLQWHU UX
FRQWUROOHG DPRXQWYV GXULQJ WKH GR\ZDNDWHRWQLIJJKE WRIRR
W R DFUH IHHW $) LQ /DNH 3LUX REXMWQ VW IGH PUHQAMA IDYFRE X >

UHGXFHG VWRUDJH FDSDFLW\ WR DERXRZ ORFROWHGH;BAYMWY
D 6WDWH :DWHU B3URMHFW UHVHUYRLYWH HRWERLOHQQ WR A L' LR/AWALL
IORZV GRZQ PLGGOH 3LUX &UHHN ZLWKRXMW G\HCH. FR Q\V B/LUSHQA\LIC

X $ SLSHOLQH WR QHZ UHFKDUJH EDVLQV DW (O 5LR DQG

X OXQLFLSDO ZHOOV DW WKH (O 5LR UHBKIRWIW KB FA[QIDW\GW-KX ISQ
+ SLSHOLQH WKDW VXSSOLHV GJQQNGQ WEBIWHRW W R XAHQH
'DWHU $JHQF\ &LW\ RI 3RUW +XHQHPH 1RXDQ Q@HIVH 9BQWE X Ub
&RPPXQLW\ 6HUYLFHV 'LVWULFW DQG N GRPESBQRHWPDRID P %
VIVWHP VXSSOLHV ZDWHU IURP WKH 2[QDUG )RUHED\ EDVLQ W
30DLQ EDVLQ UDWKHU WKDQ SXPSLQHDQ GRU YW &N RQQDHIAE0 Y¥OLLX,
FRXOG DFFHOHUDWH VHDZDWHU LQWUXVLRQ

2YHUGUDIW FRQGLWLRQV DQG LQFUHDVRQO\L&MUNIWIVRIDG RG XMHBZID

SHULRG WKDW H[LVWHG IURP WKH ODWH V WKURXJK WKH PLG
IDFLOLWLHY WR LQFUHDVH UHFKDUJH WRURXGGCLHDWHYH UYX BRALG IV
DITHFWHG E\ WKH LQWUXVLRQ , Q BUSRIWOEZQW DRSS WHWIRGQ

GLYHUWHG VXUIDFH ZDWHU WR 30HDVD Q@WK LFHKODHH YSHRVX Q YW L:FDXNDHALX
WKH 30HDVDQW 9DOOH\ EDVLQ 7KH 308HVDQER IDAIO B\QPNGEL GO
VLIJQLILFDQW RYHUGUDIW LVVXHV E\ WKDW WLPH
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'HVSLWH WKH FRQVWUXFWLRQ RI 6DQWD )HOLFLD 'DP WKDW DOOR
ZDWHUVKHG 8QLWHG UHFRJQL]HG WKH XSSRAWRD DGRIMLIROROXD
LQGXVWU\ ZLWKLQ LWV GLVWULFW E RXIQR&M MWHR/ F REQLMUHG W R\ DR
6HVSH &UHHN 7KH RULJLQDO ERQG PHDWXYSH IXQHHI).D 6 RBWX @D B O
&UHHN ZDV QDUURZO\ GHIHDWHG LQ WKH SROOV LQ EXW D VPLC
SDVVHG LQ DQG IXQGHG FRQVWUXFWLRQ RUUW K&U B Bl QWDQ BH O IKF
IDFLOLWLHV LQ WKH 2[QDUG )RUHED\ GRWHF® WBHHEHDEG YWV HQIRUW
GDPV RQ WKH 6HVSH EXW WKHUH ZHUH ®WZDRDZB W HEYU RWRKH 6 M WS F
H[SRUW WR WKH &DOOHJXDV &UHHN ZDWHUVKHG DUHD /HQJWK\ C
8QLWHG WKHQ SDUWQHUHG ZLWK W®HRBU6D %KD WD ®RLVEH F @I
6HVSH &UHHN 3URMHFW D SURSRVDO ZKREK ZRSOXNRSE® BRRVARQ!
&UHHN DORQJ ZLWK D GLYHUVLRQ |DPIL@HWVW R HILWY WILA.ERRWHH BIQIK
ZDWHU WR D QXPEHU RI GRZQVWUHDP FLWDICHVDDQBGJ DRZ MKH SR
E\ D YHU\ QDUURZ PDUJLQ ,Q WKH PLG V 8QLWHG ZDV VYV
'LYHUVLRQ  QHDU )LOOPRUH WR GLYHUWHZDIWE O LW R B DEHD/ISHP 18 Q WH
WR GLVWULEXWH GLYHUWHG ZDWHU RXWFREYW SXYRMHEW ZDV QHY

327(17,$8B07 $'-8',8&%7,21

$ERYH DYHUDJH UDLHDPVODER® GLWL RRRMMHVEBEBWH W \HEDXW ZDWHU OH)
2[QDUG 30DLQ IHOO EHORZ VHD OHYHOWBKHMH 20V VDK@ HZDH®LV R GH

LOWUXVLRQ ,Q ODUEFK WKH &DOLIRUKSR@W&M DWH R IIDUNGH UG \W BV
'LYLVLRQ RI :DWHU 5LJKWV LVVXHG D VWDII UHSRUW GHWDLOLQJ J
6:5&% 7TKH 6WDWH %RDUG WKUHDWHRQWGR®@RRL ZDWLIHUNHLDK

2[QDUG 30DLQ XQOHVV ORFDO HQWLWLHY FRXOG GHPRQVWUDWH F
LQ WKH DTXLIHUV Rl WKH 8$6 21 SDUWLFXODU FRQFHUQ ZDV LQ V
2[QDUG DTXLIHU DQG WKH UHFRJQLWLRQ HDKDIK MKH WK 1B LPHD N\ RQUX
WKH 2[QDUG 30DLQ DUH PHUJHG YHUWLFDWOHUWURD® LQRZAVEH WS
DQG ZDWHU TXDOLW\ GHJUDGDWLRQ L@®YWAKLR GHE SEH UVKHX 6 WHUW H - %/
HITHFWLYH VROXWLRQ ZRXOG LQFOXG HD B XARPE MWFRD WH B ® FRIl SMHRIXIO]
DQG SK\VLFDO SURMHEWY WR LQFUHRZH QUHWKBUJIH WRWD E I [DVTKXRLH K
JURXQGZDWHU JUDGLHQWY LQ WKH 2[QDUG $TXLIHU

9HQWXUD &RXQW\ LQWHUHVWY UHVSRQGHBUWRFWKRQ6 WRWHK WRHL
9HQWXUD DQG 8QLWHG EHLQJ WKH PRVWWKHWS Y B QOULHXIF DIQ\G LLEBRX
RI SURJUDPV DQG SURMHFWVY WR DOLJQ JWRR¥XQGWHHKW HWR Q B PDIQEP I
DJHQF\ ZDV HQYLVLRQHG WR UHJXODWH SXPSIDWILRQ WIKM KHRDRW
*URXQGZDWHU ODQDJHPHQW $JHQF\ )&*0$ ZDR UM} \WK®RHLL WG DEN XW |
DQG WKH QHZ DJHQF\ FDPH LQWR H[LVWHQ®RE ERQ-®XQRDME VW XGIL
GHWHUPLQH WKH VDIH \LHOG RI WKH XWRXGGEZWWRIQ BmMA QRODLRZK
GHWHUPLQH EDVHOLQH SXPSLQJ DOORFDWLRQW HPDMNOLHP ARWW GV E
SXPSLQJ E\ DV PXFK DV DQG DWWH P SE\D /RQEWLQJ WKH EDVLQV L
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Q 8QLWHG DOUHDG\ KDG D SURSRVDLOY HQVKR Q GV WRIX PVMKXIUYU H k
VXSSRUW ZDV UHDOL]HG SUHVXPDEO\ LQ GDNMOERRBKKRGHKDY HD & Bl
FRQVHTXHQFHV IRU H[LVWLQJ XVHV 8®HWSHURDDG VO HH H M PHD\QW'LL
VWUXFWXUH LQFOXGLQJ WKH 3XPSLQJ ZRRXGKL RFIHHDNMHHWEHI DB H |
\LHOG RI WKH H[LVWLQJ 6DWLFR\ 'LYHUYLWRQHED EIRPIHN\ WR $GLYHY
DIWHU ODUJH IORZ HYHQWYV ZKHQ WKH BYH \EHOD DWW KB QR K WU FD(
QRW EH UHSDLUHG XQWLO IORZV VXEVLGHG LQ WKH 6DQWD &ODUL

8QLWHG HYHQWGEDD OCRRQMRHIXFWLR@® ORPR VRKH 8 6 %XUHD

5SHFODPDWLRQ DQG D ORDQ RI 0 IURP WKH 6WDWH Rl &DOLIRU
ZKLFK DOORZHG WKH SURMHEW WR EH EXLOW &RQVWUXFWLRQ R
DQG WKH GHVLOWLQJ EDVLQ ZDV LQLWLDWHG LQ DQG FRPSOH\

WKH JUHHPDQ 'LYHUVLRQ ZDV WKH VWDEQ@LPSBVMRUHORR BLYWKHE
FRUUHFWLQJ WKH ORQJ WHUP LQFLVLHRY RRI MPKFHK D QOHWD UNOYWE &P
6DWLFR\ DUHD

2WKHU SK\WLFDO SURMHFWV WR UHGXFB LRGY B B ®UW DX HR @ WV & R @] QADF
DQG FRQVWUXFW 8QLWHG SDUWQHUHG RRQWKUWRW SROHQ BVA3RIL QO H |
SLSHOLQH ZDV GHVLJQHG WR FRQYH\ WXYBDOWIXP SH Y M U @ DMKHU HDR
RI WKH 2[QDUG 30DLQ WKXV UHGXFLQJ M DRRXQYWLR | FULRKFEZX
FKURQLF SXPSLQJ GHSUHVVLRQ LQ WKW\2ZQNUIE MOMRIH & RQF MKQ V
VSHFLILFDOO\ LQ WKH 6WDWH %RDUGYV FDOO IRU DFWLRQ DV W
VDOLQH ZDWHU IURP WKH FRDVWDO DUH BYXUWIRF M KH V¥ H Q VGH.Y HRIW
JUHHPDQ 'LYHUVLRQ DQG GHOLYHUHG WR WKH 373 LV VXSSOHPHQ
/$6 $OWKRXJK SXPSLQJ WKH GHHS ZHO QW LZR X\KG H RO FDUERW HD R X
SURMHFW ZDV GHVLJQHG WR DGGUHVV WHKMHRRIUR YLHPPGIG MWW B QRR
VDOLQH LQWUXVLRQ LQ WKH 8$6 7KH G URMPEWDKDLQ E MHH \2X 0 P
SXPSLQJ GHSUHVVLRQ LQ WKH DUHD

5(&(17 *5281"'":$7(5 0SKL(7 $&7,216"%,5(&7,9(6

JROORZLQJ WKH FRQVWUXFWLRQ RI WKH )UHHPDQ 'LYHUVLRQ 8QL\

WR UHFKDUJH DGGLWLRQDO ZDWHW IGAXYGHWH GG MURR) W KHWJ IS¥
WKHQ FRQVWUXFWHG WKH 6DWLFR\ ZHOO ILHOG LQ WR SXPS GF
EHQHDWK WKH 6DWLFR\ UHFKDUJH |IDF LHOAKND\U GEX UABON HYH G HROG Y HRJIL
SXPSHG IURP WKH 6DWLFR\ ZHOO ILHOG LV GLVWULEXWHG WR DJl
3XPSLQJ 7URXJK 3LSHOLQHV LQ RUGHU WHDVHGXFHDX\P SURB WX NV
'"HSDUWPHQW RI :DWHU 5HVRXUFHV ":5 [IXQGHRG DHERAWLHOR!I DAKF
VXSSRUWLYH RI FRQMXQFWLYH XVH SURMHFWY WKDW PD[LPL]JH WK
,Q '"HFHPEHU 8QLWHG DFTXLUHG WKHURHW R LQ Q@ J5 BYW \E DRLIFQ'
2[QDUG )RUHED\ WKDW ZLOO EH XVHG IR DXWXYHWIHRXQGZDWH I
FRPSOHWHG D VKRUW FRQQHFWLRQ SLSHBLEH EQWZBIRGR@ WKH 3RY
FDQ QRZ EH XVHG IRU VXUIDFH ZDWHU QRFKIUDH W & XBWHKQW QX RVKF
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WKH )HUUR EDVLQ 7KH 'LVWULFW LV GHYHORSLQJ SODQV IRU |
LPSURYHPHQWYV

$V PHQWLRQHG LQ WKH SUHYLRXV VHFW LLR QD QX PRI[Q&D §J R Q PAUIRD
WKH DJHQF\ ZLWK SULPDU\ JURXQGZDWHU XVH UHJXODWRU\ DXWHE
30HDVDQW 9DOOH\ EDVLQV VLQFH V)IR CBORJZIRGE) WVQK M/ KOHD © I RADH/
)&*0$ UHTXLUHG D VHULHV RI SXPSLQJ UHGEKEW ILR/GIV \ HIDSISAU RWLRP
SXPSLQJ GHPDQGV ZLWKLQ LWV DUHD RDWHKWLX\GHEW LKRIG WK LI
GHPRQVWUDWLQJ HIILFLHQW LUULJDWLRQ SUDFWLFHV WKHUHE\
PDQGDWHG IRU WKH PXQLFLSDO SXPSHUV 7KH RULJLQDO JRDO RI
DOORFDWLRQ ZDV DFEKLHYHG LQ EXWLWKWNWY A MGRXPWQRBLID O
PDQ\ DJULFXOWXUDO SXPSHUV ZHUH GOIPR Q\HWISDW HQW KH U P SIDW PR
WKHVH YDULRXV PHDVXUHV WR UHGXFH S/XPFBKQR QIUR R WHKIHG BRIV \
SHUVLVW LQ WKH DTXLIHUV RI ERWK WKH 8$6 DQG WKH /$6 )&*0$

ORUH UHFHQWO\ WKH )&*0$ %RDUG DGRSWHKGUP® thwifggha.@@ GLQD Q|
7KLV RUGLQDQFH ZDV FUDIWHG LQ UHVSRQRMKQWR DWKIH) VFHRYQHAULMACL)
FRDVWDO EDVLQV IROORZLQJ WKH GDWI$ URLIQVXEV W D/GW 5B O DWD LKY[!
DOORFDWLRQV ZHUH DSSOLHG WR ZHOOV ZLWKLQ WKH )&*0$ HIII
DUHD ZHOOV $GGLWLRQDOO\ LQ )HEUXDU\ WKH &RXQW\ RI 9H
SURKLELWLQJ WKH FRQVWUXFWLRQ RNRGAVZ RHOBDYWQU IV KHR RQY W U GLL
EDVLQV ZLWKLQ WKH M XU L \htipt/FopiblR\@ork lorikpkiadgrp&ridvéiter-resources

5HSODFHPHQW ZHOOV FDQ VWLOO EH P®RVW DLQOHE) @H/G WK QRIURALWY |
RI JURXQGZDWHU XVH WKDQ WR OLPLWQISN WWLIW MYA\KH V RK G L&ROX,
HITHFW XQWLO *URXQGZDWHU 6XVWDLQHLEL OMKWH $DHQRXNVPBGH XIR
SULRULW\ EDVLQV DV SHU WKH 6XVWDLOPWOH*OBRXQGZDWHU 0DQL

7KH 6*0$ UHTXLUHV WKH IRUPDWLRQ RI *URXQGZDWHU 6XVWDLQDE
JURXQGZDWHU EDVLQV 6*0$ EHFDPH ODZ LBV -V \*UR X QA
6XVWDLQDELOLW\ 30DQV *63V EH GHRXQGBBW HER LE DV V LLIQ LWIKF
*63V DUH UHTXLUHG WR GHPRQVWUDWH KRZ VXVWDLQDEOH FRQG
WZHQW\ \HDUV  %DVLQV FRQVLGHUHG GNP IEWH PUOVEM HIFW RW R UF WLRN
FRQGLWLRQV E\ WKH \HDU %DVLQV GKPLSQDRRWIGWD\E XLU® VD
PDQDJHG VXVWDLQDEO\ E\ 7KH 2[QDUHBEDVQQVQBUMHOE BV DJIX
VXEMHFW WR FULWLFDO RYHUGUDIW RQW®KNHKEH[RWWHKE FEDRWQGOGZOW
KLJK RU PHGLXP SULRULW\ EDVLQV 7KH URXIIGZYD WHH EBYLIQRW Z
MXULVGLFWLRQ DQG KDV UHWDLQHG B6%/ HISP GRU IFIRAQ V B ® W B QM 8 HAF
FRPSOHWHG E\ VXPPHU

7KH IXWXUH *63 PD\ LQFOXGH VRPH OHY WQ I[RAVWILERGMV IERMD @8 YSNXP & L
EULQJ WKH 2[QDUG 30DLQ WR ORQJ WHULE Q URLNHIAD WARWR VXN TN
SURMHFWYV +LVWRULFDOO\ WKH )UHHRDIOR XLVY KBULY HRIY L @ G/ V8 Q X
6DWLFR\ KDYH EHHQ WKH VLQJOH PRVW HIIHFWLYH SURMHFW SUR
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YRUHED\ DQG WKH 2[QDUB GODMIQR QL Q VR WHGH VW EDOWMHW IURP WK
5LYHU KDV D GLUHFW LPSDFW RQ WKHXDGZADIMHID EOML\Q Y D® & | WKH
DQG FRQWLQXHG YLDELOLW\ Rl WKH G H8H® GIIFQ YRPLWW WD @ EHRVRD DX

)5((0%1 '",9(56,21 $17 ,&R< 5(&+$5*( )$&,/,7<

7KH J)UHHPDQ 'LYHUVLRQ LV ORFDWHG RQ WK&HD @ 3\DWSHDUWDI| 8 RPHL
DW WKH 3DFLILF 2FHDQ 7KH FRQFUHWIBSGHWHGVILRQ VWG WKBAa
SUHYLRXV GLYHUVLRQ PHWKRG RI EXLOGLE&LY MWMHPL.FRYU UWNND Q G HD
FDQDOV 7KH SULRU PHWKRG RI GLYHUMLQUYHLDWRHDIW BP WILKHR\6R |
SUDFWLFH VLQFH WKH \% 'LWK HDFIKIKNHYX FGRA ZO WVKKHS LRYW U |
WKH DELOLW\ WR GLYHUW ZDWHU XQWROXZRBRMVUWUWERKW LRI FUBH G Z
WR UHVWRUH WKH GLYHUVLRQ OHYHHV LYRIQVWRFKO\R QL (RAU WIK
FRQVHUYDWLRQ RI IORRG IORZV E\ LQ¥FR HPIRVUILH U MVKLHD ELOAWGJLLYFRUIW
IORRG IORZV LPPHGLDWHO\ IROORZLQJ ¥W®RIWP\ HRHQYWVYWYV 7RH WK
VWUXFWXUHY GLYHUVLRQ VWUXFWXUH ILVK SDVVDJH IDFLOLWLH
GHVLOWLQJ EDVLQ

7KH GLYHUVLRQ LV RSHUDWHG WR UHGLUHFW VXUIDFH ZDWHU IUR
UHFKDUJH IDFLOLW\ 6DWLFR\ 1REOH WHFXBRYH IBDEFEVDQW)\ DR (Wk
UHFKDUJLQJ WKH DTXLIHUV XQGHUO\LQJ GVRB D2[{Q D UTX HRWHEDL QOEF
GLYHUWHG ZDWHU LV GHOLYHUHG G DWHNWOLUW R JDWLLAEQ G PR DG \X
XVHUV SXPSLQJ JURXQGZDWHU 7KHVH GHKEHYBUR KQ GIZWDH 1B VA X,
DUHDV ZKHUH RYHUGUDIW FRQGLWLR QHVDHYG VWAH OVDXVF K GD ¥ DAKHHW H 0L
PRVW VXVFHSWLEOH WR VDOLQH ZDWHVYDIOQ\QHXZDLW & UD/Q G : DK H UX B B
IDNH 3LUX DQG D SRUWLRQ RI WKH QDWXUDGLYKQRDIUHJ R YW K MW
JUHHPDQ 'LYHUVLRQ

(;,67,1* :$7(5 5,*+76

'LYHUVLRQV DW WKH )UHHPDQ DUH SHUPRWAMHGHYRKNE HAD @ RIRW Q
ILFHQVH LVVXHG LQ DQG 3HUPLMG LQ RUDD®XSOGDWWG L
7KH SHUPLW ZDV LVVXHG IRU WKH DQWLFLSDWHG LQFUHDVH LQ GL
DQG WKH 373 VIVWHP 'HWDLOV Rl WKBWHWKHU FROVORHEZEG @QIFW LY LWLF

x /LFHQVH

X OD[LPXP GLYHUVLRQ UDWH FXELF IHHW SHU VHFRQG FI
X $QQXDO JURXQGZDWHU UHFKDUJH YROXPH $)
x $QQXDO VXUIDFH ZzDWHU UHFKDUJH YROXPH $)

X 1R UHTXLUHG ILVK E\SDVV IORZV
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X 3HUPLW

X OD[LPXP GLYHUVLRQ UDWH FIVWR JURXQGZDWHU UHFKL
GLUHFW GHOLYHULHYV

x $QQXDO JURXQGZDWHU UHFKDUJH YROXPH $)

x $QQXDO VXUIDFH ZzDWHU UHFKDUJH YROXPH $)

X %HWZHHQ )HEUXDU\ DQG 0D\ FIV WXHR XOGH BH VEK SCOVG/GH
ZKHQHYHU WKH IORZ LQ WKH ULYHU VXEVLGHV WR FIV 7

LQ WKLV PDQQHU VKRXOG QRW H[FHHGG $) RYHU D WHQ \|

385326( 2) )5((0%1 6,25 $1' 81,7('16 $57,),&,%$/
5(&+$5*( )$&,/,7,(6

$V QRWHG DERYH WKH )UHHPDQ 'LYH UV IQROQD G&LY BIUD B LATHW HIR UURLF
UHFKDUJH DQG GLUHFW GHOLYHU\ WRS\D)XS SRGWL Q GXIVRKDLVDXOU BDHD
ZDV LQWHQGHG VSHFLILFDOO\ WR SURRBEHDWH®AG W Q FHDVRYVRNU
JUHHPDQ 'LYHUVLRQ VWUXFWXUH FUHDWHB VD VGMXYGW VWRQV R URF®
VWDELOL]JHG WKH HOHYDWLRQ IURP ZHKIRK WKHIDEMHUDW HRIO DR Z3IQ
PLQLQJ RI DJJUHJDWH IURP WKH FKDQQHD VRKHW KR 18 E QW D U&®D UL
HOHYDWLRQV QHDU 6DWLFR\ KDG GURSSHBNE\ DEWR X VB FVR Xt QDA VIRIFHLY
ODUJH IORZ HYHQWY LQ WKH ULYHU D OQ\OR B ® S/DK B WH. YHYUHELH GD G W
DQG 8QLWHG ZDV UHSHDWHGO\ UHTXLUBGOWRDRMR R LIV WSKOHNL KRS\
FRPSOHWHG VWUXFWXUH KDV SUHYHQWHGHUX X\& KW U H®PZ @ | F W\K W/ L
H[SHFWHG DQG VRPH UHFRYHU\ Rl FKDQQ3DOX 6D HRYIHWINR Q § GE MWK BIH)
'LYHUVLRQ KDV EHHQ GRFXPHQWHG 6WL®EZDRAHIO 6 WILHRQF K Q

HOHYDWLRQ RI WKH JUHHPDQ GLYHUVLR{HBSWRL@W &K DWK B HIDG L\DW D/E (
WKH GLYHUVLRQ RI ULYHU IORZ VRRQ DIWHU ODUJH VWRUP HYHQW

'KHQ WKH )UHHPDQ 'LYHUVLRQ ZDV FR QMWW QX}kSWHAGU HWDKPH RU LW Kl BVYHAG
HOHYDWHG DERXW WHQ IHHW DQG PDWRMUWERIP Y HYHDNWHEH® RG KDL §
HOHYDWLRQV LQ DQ DUHD H[WHQGLQJ DBPBUR[LMVWEOM/HDFLOLWIYHHW

VWUXFWXUH H[WHQGV DERXW IHHW L@ W RE WEFK VRKIE®@RE | B R H PIHDE&
JRUPDWLRQ *URXQGZDWHU HOHYDWLRQW KM GLY HKSWIVRDH B W UDXRFD
IURP WKH FUHVW HOHYDWLRQ RI IHHRWJ IO WKDBXRRBADWHU PRYDLX

XS EHKLQG WKH )UHHPDQ VWUXFWXUH &RQYWWVYXRQYLRDV RE HW
JURXQGZDWHU HOHYDWLRQV LQ WKH 6DQVQEF L3I RQDREDWKE ULW HA
ORZHULQJ WKH GLVFKDUJH HOHYDWLRQ HRVLQKDPDW DU UHRWRGZD Q
UHVWRUHG LQ WKH DUHD XSVWUHDP RI WKH GLYHUVLRQ VWUXFWX|

7KH )UHHPDQ 'LYHUVLRQ ZDV FRPSOHWHG DW WKH HQG RI WKH
WKH V DQG V ZHW SHULRG 7KH DYHUDJH GLYHUVLRQV IURF
\HDU , Q WKH BUWWWHBERK BOGPLWYV QMW HQWVHW GG GIHYUHUWLQJ
UHFKDUJH DQG VXUIDFH ZDWHU GHOLYHR\WQ ZzZ@\Q FEX LVMOKH L)@ HHP DRY
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PLOOLRQ $) KDYH EHHQ GLYHUWHG DW WKH GLYHUVLRQ ZLWK F
JRUHED\ 7KH UHPDLQGHU RI WKH PRE® QIDRAH ) ZHH@QMWY WAIUR  VWAR/AIV M |
VLQFH GLYHUVLRQV IURP WKLV ORRRWLRQ KDYH H[FHHGHG P

1221 6%$7,&2< 5(&+$5*( )$&,/,7<

7KH 6DWLFR\ 5HFKDUJH )DFLOLW\ LV ORBGRYARHEWNHIDPR [RIPIMWKHO)U
'LYHUVLRQ 7KH IDFLOLW\ FRQWDLQV DHMHUPWHUHRRRDQUWFAW EG VI
V\VWHP DQG JDWHYV S8QLWHGYV SUHGHBRVURW LIHM QB \ VEKILD WH QHHF
ODWH \Y 7KH\ KDYH EHHQ UHFRQILJXUHG VHYHUDO WLPHV LQ
DGGLWLRQ RI DGGLWLRQDO EDVLQV

6$7,&2< %$6,16

7KH 6DWLFR\ EDVLQV LQFOXGH LQGLYLGXDO VXE EDVLQV FRYH
IDFLOLW\ ZDV EXLOW PXFK OLNH LWUDWWWRGR\MRPH RI BHKUHNRIO B DWL

REVHUYHG DW RYHU IHHW SHU GD\ GXH WR WKH IDYRUDEOH JHRC
WKH EDVLQV $YHUDJH DQQXDO GHOSNMHUREBYV WRNWKLV KDFIHOEWHN Q
$) 7KHVH EDVLQVY KDYH SHUFRODWHG XS WR $) LQ RQH \HD

6DWLFR\ %DVLQVY FDSDELOLW\ WR SHUFRODWH ZDWHU GLPLQLVI
IDFLOLW\ GXULQJ $HUHRIGWURHL QWM QDAHW KRN 6DWERR\GZHIOWOH DGGH
SXPS GRZQ WKH PRXQG XQGHU WKHVH EDXNV@EVVDW BWHBW\ RMRDIJHRQ |
IURP WKH 2[QDUG )RUHED\

12%/( %$6,16

7KH 1REOH EDVLQV DUH ROG JUDYHO PLQLQJ SLWV WKDW KDYH E
EDVLQV 7KH 1REOH EDVLQV ZHUH EXLCRW LQDFUH\WQG AKRHWHU DY L
DSSUR[LPDWHO\ IHHW GHHS PXFK GHHSHU WKDQ PRVW RWKHU U
'XH WR WKHLU GHSWK GXULQJ VXVWDLQKXGWUBBKPR B GHON IYRW
FRQGLWLRQV WKHVH EDVLQV EHFRPH RHAK EDHALD W IWVHKIDML YR BV R B €
JURXQGZDWHU OHYHOV DV 'LVWULFW YWBKH KNDYQ MHETXH SW R QI AM
PDLQWHQDQFH 'XULQJ ZHW FRQGLWLRQWGNEHOSRQ®W DAIDWQD
SHUFRODWLRQ UDWH 'XH WR WKH PDLQWHIM QFKHL VIVIXH \Q R U RDICH
SODFH WKDW WKH 'LVWULFW ZLOO VIHWQ BKHIWWKH &8 VH[TWS YL EQ W
HITHEFWLYHO\ UHPRYH DOO WKH VHGLPWE@W |WKM W RN W DWKHIUE LLGV ZKD
WKLV IDFLOLW\ WR SUHVHUYH WKH KLU®VSHYURBPDQRMHRRI W KWMKRW
EDVLQ V\WVWHP KDV UHFKDUJHG DQ DYHUDJH RI $) SHU \HDU

526( %$6,1

7KH 5RVH EDVLQ LV DQ DGMDFHQW JUDYBU P $QSL QHOWQMRF R/ & & HIFR/
1REOH EDVLQV ZDV EXLOW LQ 'XH WR WKH GU\ \HDU LQ W
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EDVLQ KDV WKH SRWHQWLDO WR SURYDGHDFE® DGEDWIRRQDEFKD D
DGGLQJ EHUPV WKDW ZLOO DOORZ ZDW HALNMRWHKMD 1R EIOH VERN LHOQNV
EDVLQ LV D GHHS EDVLQ DQG WKH RS®RUWRQP LW MR VWR L8 DV K\
JURXQGZDWHU PRXQGLQJ GRHV QRW H[LWW)EFIQMHDWK WKH 6DWLFR!

)(552 %$6,1

7KH )HUUR EDVLQ LV D DFUH UHFODLPHDVUOQ YYH/ODRL QP § B UM I/BI\
SURYLGHYVY DQ RSSRUWXQLW\ IRU IXWXUH 'LVWULFW RSHUDWLRQV
'LVWULFW FDQ VHFXUH D SHUPLW WR GHLJKUW PR FIR QNGKLIML R Q VF IV
&ODUD 5LYHU 7TKHVH EDVLQV ZRXO0OG HBUR¥YLGHJ W D& DAV DRKL JR H UV
DV WKH ODUJH VHGLPHQW ORDG DVVRFLOQRW GE Z LMXQ WXKH3/ H (K LW K
UHFKDUJH EDVLQV WKH 'LVWULFW RSHUWNVMWMRXO GIWHE@GLWR &HZF RDX
EULQJ WKLV IDFLOLW\ RQOLQH

1222 (/ 5,2 Y$&,/,7< 5(&+$5*( %$6,16 $1' 2:1$5" +8(1(0( :(//),(

7KH (O 5LR UHFKDUJH IDFLOLW\ LV ORFDWHG DW WKH WHUPLQXV F
DSSUR[LPDWHO\ WZR PLOHV VRXWKZHVW Rl WKH 6DWLFR\ UHFKDUJ
6DQWD &ODUD 5LWHHUWR [ MHW U HEXRM CEDSALR). PADRWHEDA LRD FVKH S X U
RI JURXQGZDWHU UHFKDUJH 8QLWHG EXLQW WKHNVR[PRYGE PXHOQH
JURXQGZDWHU H[WUDFWLRQ RQ WKH 2[QHDWGVXEMHF I 2D R IVUIREPZBR\D
7KH ZHOO ILHOG IRU WKH 2 + VIVWHP VXDVRRXY G B QK BDW HIL IS WRIG)
ZHOO ILHOG LV D EOHQG Rl UHFKDUJMW RDRMIK WHBWD K R M1 H1UO VDIDIGH
ODWHUDOO\ I[URP VXUURXQGLQJ DUHBV ERKH (0SSHR DHOOOREBG D
DOORZLQJ D EOHQGLQJ RI VRXUFHV |BWZPWLHAH T WKGILV$6 HOIRNV B
IUHTXHQWO\ DV WKH\X\DHG [$SWLEOWHWQDWLRWKEAMOONDYKHKLJIK
FRQFHQWUDWLRQV

'KHQ ZDWHU OHYHOV LQ WKH 2[QDUG )R WHEGIG WBHEEGRKLJIJ®LWVDGWF
VHFWLRQ $V D UHVXOW GXULQJ GU\HU FOLPDWLF SHULRGYV
LV SUHIHUHQWLDOO\ VHQW WR WKLVWPRBIFYODWNOLWUEZQOZHMWHUY &
WKH FRQYH\DQFH V\VWHP ZLOO DOORZXVIWHIWLED HVWR FIDJRX\QW K Bl \
ZKLFK FDQ UHGXFH WKH 'LVWULFWTTV SRWHE®W LR & H YIHQRH FQ ¥ HXO,
VA\VWHP LV OLPLWHG WR FIV $YHUDJH GHOLYHULHV IRU JURXQ
WKURXJIK KDYH EHHQ $) SHU \HDU

685)$&( :$7(5 '(/,9(5,(6

'"HOLYHULHV WR (O 5LR EDVLQV VKDUHKW D% RVUKRHL R Q SFSIOWRHQMDPE ¢
GHOLYHULHV WR WKH 3XPSLQJ 7URXJK 3L3WOOIDXOBE\VWBERYBIQE 6NV
DIJULFXOWXUDO LUULJDWLRQ 7TKHVH V\vQV WVAKWH DO B 8 ORALEXIV WHER VYV
7KH VXUIDFH ZDWHU GHOLYHULHV DUH FRHAWIGHUH® \RQWRRLPWI
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JURXQGZDWHU FRQGLWLRQV LQ WKH 2[R WBKER DMW\W BPSOBG® F H' FC
SXPSLQJ LQ WKLY DUHD WKHUHE\ LPSURYLQJ JURXQGZDWHU FRQG

1231 373 '(/,9(5< 6<67(0

7KH 3XPSLQJ 7URXJK 3LSHOLQH GHOLY HUAHY VWKW HIPF B DA/D @/HHUL J QRIS \
&0ODUD 5LYHU WR D SRUWLRQ RI WKH 2[0QRDG G8WHY EDYHG WRHE
RYHUGUDIW )LYH /$6 ZHOOV ZHUH FRQVWUXFWHG DORQJ WKH SL
SURYLGH DGGLWLRQDO ZDWHU WR WKH W\NW HRJ H KIHXD KTXDRHH :
GHPDQGV 7KH IRXU 8%$6 ZHOOV RI WKHH®WDRFR\ ZHOQ DGV SE
JURXQGZDWHU WR WKH DJULFXOWXUDO DSIBRQVY QUHIH ZKIHIK JUHRIXD @&
UHFKDUJH IDFLOLW\ 7KH DYHUDJH GHOLYHULHV WR WKH 373 V\VW
RI VXUIDFH ZDWHU SHU \HDU 7KH GHPDQGW KRQ GMIRID\Q & W R/IH W KaH
GHOLYHUV WR 7\SLFDOO\ LUULJDWLRQYKRHPDQGYIWHH BGREZQ BXH
SHDN GHPDQG LV GXULQJ WKH HVWDEOLVKPHQW RI WKH VWUDZE
'HPDQGV LQ 2FWREHU FDQ H[FHHG $) SHHUWRZDMKHU VKR BER X
DFUHV

1232 3/($6%$17 9$//(< '(/,9(5< 6<67(0

:DWHU GLYHUWHG IURP WKH 6DQWD & QHIDV BbRQYWH Y DLAVOG M G RKHUAHG: D
39&:'" YLD WKH 30OHDVDQW 9DOOH\ 3LSHOHQHOW 7KKHL WHSH VL BGIH 'Y
5HVHUYRLU ORFDWHG HDVW Rl WKH &DRDWPIDALR GRUSFLERW FMBY W
IURP WKH UHVHUYRLU DQG HOHYHQ /$6 AHDOOMWH\L.EDWKE ZWMR WHEKISQ C
DIJULFXOWXUDO FXVWRPHUVWHD ODLGNOQY WKH ZHOOV DQG WKH U
GLYHUWHG ULYHU ZDBMMHWWRSZ2P&1QJ ROM UQLWEWLIRUWKHDHOBQLWHG L
FRQWUDFW WR VXSSO\ RQ DQ DQQXDO BDHWVGLYHUWHGFB Q/WWKII
'LYHUVLRQ WR 39&:"' 8QLWHG KDV GHOLVYHRIHGXD D BN ZWDDMHURS H U
39&:" IURP WR 6LQFH 39&:" KDW DOIVEHJABDMIHWHGURI
&RQHMR &UHHN 'LYHUVLRQ RSHUDWHG E\6WHOWH WDRURQYD :DW3B&:"L
DOVR UHFHLYHG D VPDOO DPRXQW RI UHRWFOWEHG ZDWHU IURP WKH &

*5281':$7(5 %$6,16

7KH JURXQGZDWHU EDVLQV ZLWKLQ WSUR QXAMWILLRFQV DY@ \D EQ ONLKWH LW
UbDSLGO\ 7KH JURXQGZDWHU EDVLQVY GHWDLOHG KHUH DUH VXE EI
5LYHU 9DOOH\ &% ':5 +\GUDXOLF AR@ QOPWEBQLR M \ZWW KHEHW
ERXQGDULHYV 7KH )LOOPRUH EDVLQ UHPRPYWYKXHIBEWR WEIHV DY X0QXE3
3DXOD EDVLQ UHFHLYHV VLJQLILFDQW WHFRDWHK |IDRPRWEBRQH Q WPH
EHWZHHQ EDVLQV RFFXUV DV VXUIDFH ZDWHU DURXQG WKH EDVLQ
UHFKDUJH IURP WKH 6DQWD 3DXOD EDVBQIO\W ZAHDA 2§ O U B P) RMKHE R
DOWKRXJK KHDG GLITHUHQWLDOV DFUR®VEWX@ GLHMWHIHQ J&H@WVEA (3 |
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EHWZHHQ WKH RWKHU VXE EDVLQV Rl WKH 6DQWD &ODUD 5LYHU Y
UHFRJQL]JHG DV WKH SULPDU\ UHFKDUJHDDGHBRRUN D DXS CHUN L QOE
FRQILQLQJ FOD\V DUV HQW VI\ § WWKH RIDW® HD D) DEG® H3®W RU GLVFF
WKH 2[QDUG )RUHED\ EDVLQ FUHDWLQJHU Z&G&RLG® J UB G LHIQMK DT XH. |
JURXQGZDWHU HOHYDWLRQV LQ DQG QHDU WKH 2[QDUG )RUHED\ S
ORXQG DQG :HVW /DV 3RVDV EDVLQV 7K ROH LYW GW OO RP BDK
YRUHED\ EXW VWLOO UHFHLYHV GLUHAEW SHQBI\WWMLVR QWVR P @G LSN.IS 6 P\L ¢
FRQVWUXFWHG WR FRQYH\ LUULJDWLRQ ZDWHU GLUHFWO\ WR ZDW
2[QDUG 30DLQ

2:1$5' )25(% $<

%RWK 8$6 DQG /$6 DTXLIHUV DUH SUHVHQW? LD WX I8 @DQ Q UED YR QN
2[QDUG )RUHED\ PDLQWDLQV GLUHFW K@D POKXE AR QRIFWKR Q2 ALl
EDVLQ ZKLFK H[WHQGV VHYHUDO PLOHVWRHOUKRWHUFHGND/\WK WEH
DTXLIHU DUH LQ GLUHFW FRQWDFW ZLWK +XHDHPWMHDQ G, WD UHDIX
VXEPDULQH FDQ\RQV H[WHQG QHDUO\ VR WRKLFROVWOLEH LOKE LI
ZLWK VHDZDWHU D VKRUW GLVWDQFH RIIVKRUH

7KH JRUHED\ LV WKH PDLQ VRXUFH Rl UHFKDUJH WR WKH 2[QDUG
EHQHILWY RWKHU FRDVWDO EDVLQV ORXM@GOHMV\EXWVD3RNVDRU B |
UHFKDUJHG WR WKH )RUHED\ IORZV GRZQLINDG IR-H QWK MW R [WEHGFRQ
VKDOORZ VHGLPHQWYV RI WKH EDVLQ DU IBCRPLIQDW RG \E K H FODQUAHH/
&ODUD 5LYHU 7KH DEVHQFH RI ORZ SHHWHEBIHIQ) VWU IPE® I UHFKD O
DQG WKH XQGHUO\LQJ DTXLIHUV LQ WK K HRIUUWIEPK IDUWIGIRZQUW & HG) R
UHFKDUJH WR WKH )RUHED\ FRPHV |URP LS/HHWF RODFOAVL QU WL IEFQ VD L
8QLWHGYV UHFKDUJH IDFLOLWLHVY LUULJDWLRQ UHWXUQ IORZV S
RI XQGHUIORZ IURP WKH 6DQWD 3DXOD EDJYH QURPG6 R K WEWIIRXD WIRL
DUHD Rl WKH 2[QDUG )RUHED\ EHWZHHQ WXH |OF 5Q RWVMLGIT 6\DWH HB 6
XSOLIWHG DQG WUXQFDWHG DORQJ LWODWRRQWBFKD AW KURRHY&$) D
PD\ HQWHU ERWK WKH 8$6 DQG WKH XQGHEDOLXUS$H\ HWKWLP B WHIMW
RI WKH ZDWHU UHFKDUJHG WR WKL VKMUYBPDHQBKHV UWAKKDHE L Q.
,Q VRPH DUHDV Rl WKH )RUHED\ VLJQLILFDQW FOD\V DUH SUHVHQV

2;1$5" 3/%$,1

7KH 2[QDUG )RUHED\ LV K\GUDXOLEDO O\RFR\XJH EMOHE G L3O WX B DD/TL
RYHUODLQ E\ DQ H[WHQVLYH FRQILQLQVY UFIOMK DAUI\HH W R MKKN 2\WKHU &
LV IURP XQGHUIORZ IURP WKH 2[QDUG )SHHERODNWK® LR WEXKD\W HW Kt
VRXUFHV RQ WKH 2[QDUG 30DLQ 1DWXWRBP DQ® DA WRUIHEDOVHH FI
JURXQGZDWHU HOHYDWLRQV LQ WKLV X% HUDI®RZQ W\ \DWHD IRIU WKK
FRDVWDO SODLQ &KDQJHV LQ WKH YROX®HVRH JAJRBQ G Z)RWH E DL\Q
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WKH K\GURVWDWLF SUHVVXUH LQ WKHPFRRHLRBGIDQ X LRH UWWK H [ WRHJH
FRDVWDO DQG RIIVKRUH SRUWLRQV RI WKIHMH ZERNMHANL @XR XD \D TXQL |
JRUHED\ DUH GHVLUDEOH DV WKH\ DUH UHTXLUHG WR PDLQWDL
2[QDUG )RUHED\ WR FRDVWDO DUHDYV K LJAQUHR XMKGHZ B WA U FED)XOWP RIY W/
JRUHED\ LV IDLUO\ VORZ WKH SUHVVXUH UHVSRQVH LQ WKH FRC
JRUHED\ UHVSRQGVY PRUH UDSLGO\ WR VWKGIL)RRUMHEWD \ U H:KKIIU J H REXX
OHYHOV DUH EHORZ VHD OHYHO DORQJQNKIHF B WV WIARHS Z\M¥ MVHHWH L
VHDZDWHU IORZLQJ LQWR WKH DTXLIHUV

9HUWLFDO JUDGLHQWY DOVR FRPPRQO\WK HV2Y QCHVGZ BIGIRL QT XULH M X OX
GHJUHH Rl ZDWHU PRYHPHQW WKURXJK BRUZ §HWRZHBEL®RW W XRILW
DTXLIHUV  :KHQ /$6 ZDWHU OHYHOV DUH6VZPWHRQWHFBOV ORWH
GRZQZDUG JUDGLHQW WKHUH FDQ EH VXENWOQWWLWRHOMBNW KK R
YDULRXV DTXLWDUGV WKDW JHQHUDOOKLWHPRYBWHQWKR | DZIDX HHL
VLIJQLILFDQW LQ DUHDV ZKHUH WKH 8$6 L¥6LQ/IGNHWHFW FB QMRYR
SUHVVXUH JUDGLHQW FDQ H[LVW EHWZHH @ KWK B [ @BDRIG SHIUWAKHG DRI
LQ WKH VKDOORZ FRQILQHG 2[QDUG DTRRIHQWODWEN GBRKIUKME FRRIOK
ORFDOO\ E\ SXPSLQJ ZHOOV 7KH PRYHPRI®D W KH SRRU SKDOKMG P
WKH 2[QDUG DTXLIHU KDV EHHQ GREXPHQWHG LQ VRPH ORFDWL
FRQVWUXFWHG ZHOOV EHLQJ D QRWDEOH SIEWRED\ IRU GWKDRFR®RE

7KH KLJKO\ SHUPHDEOH GHSRVLWV RI\WXH BR6RYWHDSISO R W PDHMCH O

IHHW RI WKH 2[QDUG 30DLQ ,Q WKBGYRDWHK HRUW HXP Q\DLLPG CBIDW LT
DQG 0XJX DTXLIHUV EXW KHDGV LQ WKHOOXGX HSHW IHQ WKH FRII
VXUURXQGLQJ 0XJX /DJRRQ 'HSRVLWV Rl WKH /$6 DUH JHQHUD
GHIRUPHG E\ IROGLQJ DQG IDXOWLQJ LQUPBXQW LDRUH RV S RS X@H YBH
VWUXFWXUDO DQG VWUDWLJUDSKLF FKIQUH V XZ0W KIQQ YW K H HEGH B R D G
GHHS ZHOOV DFURVV WKH 2[QDUG 30DLQ DQG 30HDVDQW 9DOOH\ E
WKH XQGHUO\LQJ PDULQH GHSRVLWV QHDU 0XJX /DJRRQ WKH /$6
3DFLILF 2FHDQ LQ WKLV DUHD ,]JELFNL 1HDU +3RQWR @ XH\WQ HDFOH ERW
DQG WKH /$6 DUH H[SRVHG WR WKH RFHD@XEPWKHQHPDQXRRUH +X}

3/($6$17 9%$//(<

7KH 30HDVDQW 9DOOH)\ EDVLQ LV ERXQGRGLWER MRKH WRX WYX BN RVWH
WKH &DPDULOOR +L&OVEDW & HVR WDKHSZIDOHQ IDXOM UXQV DORQJI W
6DQWD ORQLFD ORXQWDLQV DQG WKH &DPDRL-OLAR VD WEWN B 6 RIR UW

7KH 30HDVDQW 9DOOH\ EDVLQ LV GLIITHUBQRDL\DMVOH G\ | D RPH Q/HKWD Q)|
SURGXFWLYH 8$6 DTXLIHUV 7XUQHU D VB XY & O L& HBRR/S. RWWH B Ef
WKLFN ,Q 30HDVDQW 9DOOH\ PXFK RI QWRNWH M8 HION LYGIW\JBRPOHG
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VXSSO\ 7XUQHU +DQVRQ HW DO 8$6 GHSRVLWV LQ \
FRPSULVHG RI VHGLPHQWY VRXUFLQJ IURPHEKB &RPIOHPIDO/O & U HG
WKDQ WKDW RI WKH 6DQWD &ODUD 5LYMLENLR® WHSRMOWHG B/GBILS

7KH /$6 LV FRPSRVHG Rl WKH +XHQHPH )R[ BRQQDRRLIBQG YWR MHE I
DERXW IHHW 7KH +XHQHPH DTXLIHQJ LO/DERE'S RV IV® @ G CDAVGH ILQ
GHSRVLWYV 7KH )R[ &DQ\RQ DQG *ULPHV &BG\RQ WRXENHVMTXHI |
UHODWLYHO\ XQLIRUP PDULQH VDQG 7RBMRY ZD@ARQ EHDXULQU K
EDVLQ

,Q 30HDVDQW 9DOOH\ WKH /$6 LV VXUURKRGHEODGBWHES RDODQA &
YROFDQLF URFNV ODULQH GHSRVLWYV DUH SUHVHQW LQ WKH &DP
6DQWD ORQLFD ORXQWDLQV QHDU WKH RRDRIWEDYRORDQ LFXBRBNNVQ
IORZV DQG GHEULV IORZV DUH SUHVHQ@W LIOW®H WE 8 WR XWRKHED (
YDOOH\ :HEHU HW DO 7KH X QG HU ®RAYFIDPD B LOQRIF I8 ¥ FRW KV ¥
FKORULGH ZDWHU

+LJK FKORULGH FRQFHQWUDWLRQV D UHRXUJHKRNQWNVIKH ZDW BV D Q RPC
HVSHFLDOO\ DORQJ WKH VRXWKHUQ HG JBXRIWWKHH 8D VL\Q HOHDLD W K
ZDWHU LQ WKLV DUHD PD\ KDYH EHHQ GUIQHOMHID W RG I&SIRNSL W § GK
FKORULGH ZDWHU RU EULQHV PD\ KDYH LHUAD GHRP GHHBU RXID\GH 2
XQGHUO\LQJ GHSRVLWYV DV D UHVXOW \RR XSXP5 LIDKID QI DI UG G H DX @R
DV ZDWHU OHYHOV ZLWKLQ WKH /RZHU $XPWHRI S&XMILR G HAOOYH
GXULQJ GU\ SHULRGV PD\ LQFUHDVH FKORULGH FRQFHQWUDWLRQ)\
SURSRUWLRQ RI KLJK FKORULGH ZDW HUUJ O\H Q & K5GH SARR/ MINK\H LZQHRIUOH\D
DO D &KORULGH FRQFHQWUDWLRQV LQ ZDWHU IURP GHHS Z}
LQFUHDVH GXULQJ GU\ SHULRGV ZKHQ JURXQRERADWHHY HBX P ALK
FRQFHQWUDWLRQV JHQHUDOO\ GHFUHDW H US)OM QY HZ M R/X\UHUH B HRU LLR X
DUH DYDLODEOH IURP VXUIDFH VXSSOLHV DQG JURXQGZDWHU SXP¢
VXUURXQGLQJ DQG XQGHUO\LQJ URFNV DLURRQWWLRRWHHWRURLJE
FRQFHQWUDWLRQV LQ GHHS ZHOOV WKDSW DRKW H DBWBQ W 6 U HHDRX
UHFKDUJH IURP $UUR\R /DV 3RVDV LQ WKH QRUWKHUQ SRUWLRQ F
DGGLWLRQDO VRXUFH RI VDOW LQ WKH EDVLQ

(67 /$6 326%6

7KH :HvwW /DV 3RVDV EDVLQ OLHVY DGMDFHQW WKH QRUWKHDVW 2
ORXQWDLQ DQG QRUWK RI WKH &DPDULG®RRWLWODWY RI17RHEBRDIGQ DI
VORSLQJ WR WKH VRXWK DQG LV GUDIRZNGZ BV W HDURNQOH W:IKDH/ & ZKI
2Q0\ WKH ZHVWHUQ SRUWLRQ RI WKH :@VaWQ U/DY¥Y GRW DIW WDV EQ/ EIRK
FURSVY DUH WKH GRPLQDQW ODQG XVH LQ RVKWYXLLKNJWDIUAOO WX UDHD
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JURXQGZDWHU LPSRUWYV IURP WKH 2[QDXGVVBRDDQ ERNEQQEXW WRE
GHHS ZHOOV QHDU %HDUGVOH\ :DVK DQGRRWKHIU @ HRRW KLAROQ/J WK

ORVW JURXQGZDWHU SURGXFWLRQ LQ WKHGHSYRVLDNW FRVWKHEB U
JRUPDWLRQ %HQHDWK PRVW RI WKH /DV3BRBVRV)BDEDW\LRQKFHRROYS
SHUPHDELOLW\ VHGLPHQWY ZLWK OHQVHDWH BB RIXEY B OHB PM K
$TXLIHU RQ WKH 2[QDUG 30DLQ ':5 IR SNBPBOVEHEH GHOD
LPSRUWDQW ZDWHU VRXUFHV 7KH ZDWHU EHDULQJ JRQHV LQ WK*
FRQQHFWHG 6RPH UHFKDUJH WR WKH GHRXHWEFEHRU&RP QR QQZDXLG H
IURP WKH XSSHU 6DQ 3HGURHRORDVWLR®H ODWWBRVDY %DVLQ DUH S
&DQ\RQ DTXLIHU PDNLQJ LW WKH SULQFLSDO ZDWHU EHDULQJ XQlL
LV H[SRVHG DOPRVW FRQWLQXRXVO\ DORQJ WKH VRXWKHUQ 10DQN
EHGV Rl WKH )R[ &DQ\RQ DTXLIHU GLS BHMGREZQWRHDY DB OIHA D R G DI
VIQFOLQHV *URXQGZDWHU LQ WKH )R[ RPQ@NRIH G THKR QHGLL W [ R\QW VE ]
YDOOH\ DQG XQFRQILQHG FRQGLWLRQV DW WKH YDOOH\ PDUJLQV
H[SRVHG DW WKH VXUIDFH OXFK Rl WKH JURXQGZDWHU UHFKDUJF
3RVDV EDVLQ LV EHOLHYHG WR VRXUFH IURP WKH 2[QDUG 30DLQ

OLNHO\ IURP LQILOWUDWLRQ RI SUHMR.SDWBWVYRQ DQG UXQRII LQ W

0281" %$6,1

7KH SULQFLSDO IUHVK ZDWHU EHDULQJ WWH D\8B HRJ XUXIHW VR X Q @& KeH
JRUPDWLRQ DQG RYHUO\LQJ 30HLVWRFH® W B HESR ¥ RW U H/OKDWL YCHU & |
DTXLIHU Rl WKH 2[QDUG 30DLQ EDVLQ 7@B\HU LR/ BQ HX S BHRUF HF
DSSUR[LPDWHO\ IHHW LQ WKLFNQHVWLOKW EQW RQWHNV R Q & K RUHY

7KH VHGLPHQWY RI WKH EDVLQ KDYH EHHQ ZDUSHG LQWR D V\QI
GLUHFWLRQ WKDW URXJKO\ IROORZV +RIXDMRQJ VWKWHI 2PBDW X5LA HG |
VRXWKHUQ SRUWLRQ RI WKH EDVLQ KDW DEXIDWRMVE RQ KRR QKIHG 610
\RXQJHU VHGLPHQWYV 7KLY GLVUXSWLRQ LV WKH FDXVH RI WKH W
Rl 9LFWRULD $YHQXH DQG 8 6 IRU ZKIZKK WRKEWDOMR) DYWQB!
WUDGLWLRQDOO\ EHHQ XVHG WR GHILQH WKH VRXWKHUQ H[WHQ
JHQHUDOO\ RIITVHW RQO\ WKH GHHSHU B® XQLMWY RTKWMKGHIZ®MDWHN C
RYHUOLH WKH IDXOWY DQG IROGY DORQJ WKH VRXWKHUQ PDUJL
GHSRVLWV FKDQJH DV WKH\ H[WHQG WR WK H HQRAMX DBIGF RIPQID I
8:&'

7KH OLPLWHG QXPEHU RI ZHOOV LQ WK H H RRIGN EBVQQK DHOS R F L\
FRPSOLFDWHV HIIRUWY WR DVFHUWDLE WRHWKWLEDVL @ RXWKHUH RJ L
FRPSRQHQW RI UHFKDUJH IURP SUHFLSWWWWDRQRMOOURS R WK KL
QRUWKHUQ PDUJLQ RI WKH ORXQG EDVLOI[DUWXWHR SURYEGW IQRLG!
RFFXUUHQFH 7KHUH LV JHQHUDO DJUHHPR® W HFKDWJW K H REPD WLKQ-
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JRUHED\ DQG 2[QDUG 30DLQ WR WKH VRXWIK KHMSHBMWHU0OBXHOQR
*7 & )XJUR 8:&" 7KH K\GURJHRO RILWKERBERBQG EDVLC
FRLQFLGHQW ZLWK WKH VWUXFWXUDEB ERXQOGDRORYLRIARIQH EPWLAQ
ORXQG EDVLQ DQG DGMRLQLQJ JURXQGZDWHU EDVLQV 8:&'
6DQWD 3DXOD EDVLQ WR WKH HDVW LV DOVR XQFOHDU EXW KLJK
EDVLQ VXJJHVWV VRPH GHJUHH Rl FRQQHFWYR®DJBQ\G HEH WKIDW KV K B
XQGHUIORZ IURP WKH 6DQWD 3DXOD EDVKQPRERHWKHE B RXQ G WEOBLLHY
PD\ EH VLIJQLILFDQW )XJUR 8:&'

*URXQGZDWHU IORZ LQ WKH ORXQG EDVGQVRXWHK QHWW 0Z WW RP R/& H \
JUDGLHQWYV HVSHFLDOO\ LQ WLPHV RIQGD@GJRWPLWHKB SRREHWLR!
ZDWHU OHYHO UHFRUGV FRPSOLFDWHV HORYIMWLREV FIRD WRKXU EIU
SHULRGV RI GURXJKW DQG LQFUHDVHG SXPBQRQJ IWE K P\BR QW KWHWRX
WKH EDVLQ WKDW VLJQLILFDQWO\ PRAIRKRQ'G ZD\R KQ GZOMYHDW LBDE LI
OHYHO LQ GU\ SHULRGV EXW VDOLQHSLIQVWKWLRRXRBVEQRWQEHHQ |

&855(17 *5281':$7(5 &21',7,216

'HVSLWH ORQJ WHUP HIIRUWV WR FRQVWR YWAKEDWWW UL P®RDQG PRI
RI ORFDO UHVRXUFHV ZDWHU GHILF KWWRXIKRWW. @ OHQ X ¥ BHIU FRV DR
WKH VRXWKHUQ 2[QDUG 30DLQ DQG LQ WAHRP I CSHICDHYW W R B OGHH SE
JURXQGZDWHU UHVHUYHV KDV VLPSO\ UHVXOWHG LQ ORZHUHG ZDV
TXDOLW\ SUREOHPV KDYH GHYHORSHG LQ UHVSRQVH WR FRQGLWL
WKH JUHHPDQ 'LYHUVLRQ DQG WKH 3XPSLIQIFUHDXNIKG3DEHOLYH WRQ
IURP WKH 6DQWD &ODUD 5LYHU IRU UHFKDUJH DQG GLUHFW GHOL
KHDOWK\ FRQGLWLRQV LQ WKH ODWH V DQG PLG V. 2YHUGUI
LQ WKH /$6 VLQFH FRQVWUXFWLRQ RI WHKG@W)UHBBDBQ SQYWHGLRQV
GLYHUVLRQ RSHUDWLRQV LQ RUGHU W& BH PRW H USHV/R\WDMAVDL Y HQ RD
DYDLODEOH IRU LQ OLHX GHOLYHULHY DQG DUWLILFLDO UHFKDUJH

7KH IROORZLQJ VHFWLRQV VXPPDUL]H FXUUHQW JURXQGZDWHU FR
B8QLWHGYV GLVWULFW ERXQGDULHYV 7IKH R Q WHHIVF RU ESDWVREXG KWK HR C
RYHUGUDIW LVVXHV WKDW H[LVW RQ WKHOPR[RDQGD FRIZDW WE® HIOND
5HVRXUFHV UHFHQWO\ UHYLVHG WKH DQVRWY RUGEDNIVY V &RKEWKHWQV
VL[ EDVLQV GHVLIJQDWHG DV VXEMHFW WR FULWLFDO RYHUGUDIW
EDVLQV KDYH EHHQ DVVLIJQHG WKLV GHVWI BOMHWDVRQ W 7KDHD O [H DRIBGV L
RQO\ WZR FRDVWDO EDVLQV RQ WKH OLVW

8$6 *5281':$7(5 (/(24B, 635,1* $1' )$//

$ FRQWLQXRXV SRWHQWLRPHWULF VXUIGF H [IQDWHR GR/UHEP WEWL Q
FRQILQHG 2[QDUG 30DLQ DQG 30HDVDQW WHBGOMKED&RRYW\6RIDIH C
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DQG RWKHU DJHQFLHV URXWLQHO\ PHDVXUHAHDDW HLQ OMRH QY H.[W M
30DLQ DUHD B8QLWHG FRPSLOHY DYDLEDHOHQWWVRRGV. QRIGYT&M D (
VSULQJ DQG IDOO RI WKH \HDU WKHQ GUDZV SRWHQWLRPHWULF \
WKH 2[QDUG FRDVWDO SODLQ *URXQGHDWH® mMAMHE HDAQWH IFXKH WHHQ'W O
UHFRUG ORZV LQ ERWK WKH 8%$6 DQG /$BLQWRB QU BQXGOWHR K W PH. QL
JURXQGZDWHU H[WUDFWLRQV VLQFH

*URXQGZDWHU HOHYDWLRQ FRQWRXUV IKRRIZQ KR US$6KHQ) RSHERY DQ
30DLQ LQ )LIXUH 7KHVH FRQG LILIVRIQ X HDDUGV I DQ PXER WI\SLEHEQ
YLUWXDOO\ DOO Rl WKH 2[QDUG 30DLQ EHORZ VHD OHYHO ,Q WKF
ZHUH DERYH VHD OHYHO DQG JUDGLHQWVJDRX® G/ADNMHEH UOW K DAL
LQWHUSUHWHG WR EH PRUH VRXWKHUGARW K DL/ )OUXDZAR ZI7WHKLQ DEI
WKH FRDVW DFURVV WKH HQWLUH 2[QDD® GODULE® FRDWMHDVOH D MQ
7KH SRWHQWLRPHWULF VXUIDFH LQ WRHLVQ@HMUAU | SR WW LZR@AK R
SXPSLQJ GHSUHVVLRQV LQGLFDWHG %HW ZHHIQH V]HWIRQBIOH Y D WG R\G
PRYHG DERXW WHQ PLOHV LQODQG IURP QHDU 0XJX ODJRRQ WR

WKH ORZHVW JURXQGZDWHU HOHYDWLRQV ZHUH UHFRUGHG L(
VRXWKHUQ PDUJLQ DV LV W\SLFDO

%\ IDOO 8$6 JURXQGZDWHU HOHYDWLRQV ZHUH ORZHU WKDQ |
GUDZQ QHDU WKH FRDVW DOO DORQJ WKH PDUJLQ RI WKH EDVLQ
LQWHULRU RI WKB & MWHDWU 2D VODW DG \UKKLORZ HDW RUQOHYHOV Z
WKH )RUHED\ QHDU 8QLWHGYV (O 5LR VSWUBEPGOQLHORBXQ/GIVQZR S UL
JURXQGZDWHU JUDGLHQWY H[LVW EHW ZHHD HYWHQ \U REIDWK R Q) FOUH3
KHDGV DV KLJK DV  IHHW ZHUH UHFRUGHG

,Q PDQ\ DUHDV RI WKH )RUHED\ DQG 2[QDUGLBQD LY WKRXQEXZD \NH
VLPLODU WR RU D IHZ IHHW ORZHU WKDQ WKRVH LQ WKH 2[QDUG T
PRVW QRWDEO\ LQ WKH DUHD VXUURXQGAIQWKRKJIXXOP JRRQ | FZD VP B
PXFK DV IHHW ORZHU WKDQ LQ WKH 2[@BDGWIRLVRPH TXIODT
+XHQHPH 5RDG DUH QHDUO\ DV GHHS DV /$B[®BIDG\DTXQHW HCH TG
UHSUHVHQW WKH 8%$6 E\ FRQYHQWLRQ & HWBIGVHDWKWR® RZHUODX ¥ X |

/$6 *5281':$7(5 (/(9%$7.,216 635,1* $1' )$//

YLIXUH GLVSOD\V JURXQGZDWHU HOHYDWLRQV IURP /RZHU $
JRUHED\ 2[QDUG 30DLQ DQG 30HDVDQW 9D/$6 HADB\DHAL @ HYRP W W1
VHD OHYHO IRU WKH HQWLUH 2[QDUG 30DLQ PRVW RI WKH )RUHEL
7KH KLJKHVW ZDWHU OHYHOV ZHUH UHFRQG H\GK HQQW ¥ W KHRUQN EBIH R
EDVLQV ZKLFK DUH UHFRJQL]JHG DUHDV FOIWWHHF IOBYHDV £UWKEA R ZI
SUHFHGLQJ \HDUV WKH RYHUDOO SDWRLIDWDQY R I$WSKHH ¥ ROMHRQXW VE U |
GHSUHVVLRQ LV FHQWHUHG RQ WKH 2[Q®@ ERXC@®LQ\3 @ KB VB QW 0D
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UHFRUGHG VSULQJ ZDWHU OHYHOV BDHWHOHDVWLYV SXRMHN (BJHGR Z
HIWHQGV WR WKH FRDVW QHDU WKH O0XJXVSYE®DULQHDAMDKUYROH YZHKA
&0 $ ZDV PHDVXUHG DW IHHW EHORZ VHD OHYHO

JLIXUH GLVSOD\V FRQWRXUV Rl JURXQGZDWHU HOHYDWLRQV U
OHYHOV LQ WKH )RUHED\ IHOO DERXWKHIPBDWQVESRPELWAH MSUHQ Y
HDVWZDUG LQWR WKH 30HDVDQW 9DOOH\ EDVLQ $Q DUHD RI PRUHI
HOHYDWLRQV GHHSHU WKDQ IHHW EHQ RW® KWH 2 DA DN O D O®W D Q/H
ORXQWDLQ DQG WKH 30HDVDQW 9DOOH\ K&D EIUR ERK Q GXP\S IWR] WKH
JURXQGZDWHU HOHYDWLRQV GHHSHU WKBQW H UHHW EEHGIDIV K HWD K
30DLQ 30HDVDQW 9DOOH\ EDVLQ ERXQGDWR HLWHWYGWRIQHBE W]
7KH ZDWHU OHYHO DW WKH FRDVW QHDU OXBXWDERR® ZZD W DP DBV X
SLH]JRPHWHUV VXUURXQGLQJ 3RUW +XHQHPH UHFRUGHG ZDWHU OF
VHD OHYHO LQ IDOO

JLIXUHV DQG VKRZ VWHHS JURX @RUDNWKHID \JW DX RIHDQWE V3 00 L
'HVW /DV 3RVDV EDVLQ ERXQGDU\ $ORQEHWKH @ RDW KHRND \& RAL
ERXQGDU\ WKH SURGXFWLRQ ZHOOV XWVH@GI RILR ZEDHV VUG H QMG R R QU
DTXLIHU 7R WKH VRXWK LQ WKH DUHD ZHVW RI WKH &DPDULOOR
JUDLQHG DQG LQWHUEHGGHG DQG PRVWEHGNOR | DAKH F)RE SSDHOVR G
ZKHUH KHDGV DUH ORZHU 7KHUH DUH VWHHH D V$® KN DFREKIDHDW W H
+XHQHPH DTXLIHU FKDQJHV EXW WKH DSBRPMHRWWRERGLEDWVGLU B
E\ WKH VKLIW WR GHHSHU ZHOO FRPSOHWLRQV WR WKH VRXWK 7
VSUHDGLQJ JURXQGVY UHFRUG ZDWHU OHYHOV VLPLODU WR WKH )F
FRQWRXULQJ ZDWHU OHYHOV IURP WKH GRM8IBUH[MEHH0 O Y H. G WKW
30DLQ 30HDVDQW 9DOOH\ SXPSLQJ GHSUME YV PR EGHWRQW RH JERXE
LQ WKH FRDVWDO EDVLQV VKRZV WKH /%6 @RT YIHFAMVYR| WLEGL2[EDQ
IURP WKH )RUHED\ EXW PXFK Rl WKH JURRYGDRW H @ OWKDHY 816 W ISHF L
2[QDUG 30DLQ WKHUH LV VLJQLILFDQWPGWE 8 ZT$6 GVRI RK®IG/BB WHIWS I
DUHDV ZKHUH ODUJH YHUWLFDO JUDGLHQWWKH[LNTXLDBGYV DO HW
GLVFRQWLQXRXV

6$/,1( :$7(5 ,17586,21

+LJK FKORULGH OHYHOV ZHUH ILUVW G HWKHF WIHFL QRIQV W R H VE KD ¥ )G
0XJX VXEPDULQH FDQ\RQV LQ WKH HDUO\ FDPHES V:IBULR X\DBRSQEH U
V. 'URXJKW FRQGLWLRQV LQ WKH PLG V UHVXOWHG LQ GHSO
DQRWKHU HSLVRGH RI VDOLQH LQWUXVLRERQWHKRO6WRWH G: DN UF I
HQRXJK WR WKUHDWHQ DGMXGLFDW LR RDRIWAIDW § O DULIQI KDWY/ GRLQ/ XK/
DERYH 7KLV WKUHDW VSXUUHG WXH7ERQVK 3BXSEWQRQHRD QWX AV |
'LYHUVLRQ DQG WKH FUHDWLRQ RI WKH HPH&QMQBSREFEHRXQGZDWHU
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(DUO\ PRQLWRULQJ SURJUDPV XVHG RQ@G WENQYERQ G REROOWLRY |
SRLQWV VDPSOLQJ RI WKHVH ZHOOV LQGLFDWHG WKDW WKHUH Z
FRQFHQWUDWLRQV LQ WKH +XHQHPH WR OXRRRJUADY 6XQYH\ LWKHK
5HIJLRQDO $TXLIHU 6\WWHP $QDO\VLV 5$6%LYWX\GWXGLHWREKNK ©
DJHQFLHV B8QLWHG &DOOHJIXDV OXQLRIKSH G UBWHBH'G WL UQE W ADIX
IRU YDULRXV 86*6 VWXGLHV ZLWKLQ W KBV JUHDXNHEZ B W CE B \DIDQ D
WKHVH VWXGLHV D VHULHV RI QH\WRWGE ZHOO W LL\Y ¥ W DDIOMIG VDKW
GULOOHG DQG FRPSOHWHG DW VSHFLIVEQGHBQKRRIUM WKH 2 [ DDNWHEU *
VDPSOHV IURP WKLV QHZ QHWZRUN RI BRIBVWDI® PIRODYRUQQZ ZE O
ERWK WKH H[WHQW RI VDOLQH LQWUXWVULIRRXV QS ERBNWDHV [EY HDKL F
LQWUXVLRQ RFFXUV 8QLWHG D

7KH LQVWDOODWLRQ RI D GHGLFDWHG PRIQRWDWLQH DGWEZR RN PR
IURP WKH QHZ ZHOOV DQG RWKHU ZHOOV \LHOGHG QHZ LQWHUSUF
RQ WKH 2[QDUG 30DLQ ,W LV QRZ NQRZ® WX 3WD\LRP B UMHUBBW RK
VHDZDWHU DQG LQVWHDG PD\ EH VXEVXUIDFH EULQH LQWUXGLQJ
IURP VXUURXQGLQJ DQG XQGHUO\LQJ IRW DWGRRWKHEVYFNL ,JELG
RWKHUV 86 *HRORJLFDO 6XUYH\ QWV RLWDRWOMH DL\QWHWX\PL
ODUJHO\ RQ FKORULGH DQG WRWDO GDWRR®BEFWRYILGM & DRUL
ZDWHU TXDOLW\ GHJUDGDWLRQ 7KH HYDOXDWLRQ RI PDMRU DQG
DQG VSHFLILF LVRWRSH FKHPLVWU\ |URP W.IAESHOW X H B 6’BHFH6 KB O/ \B X
OHG WR WKH FRQFOXVLRQ WKDW FKORODGA 08 G6U3CHIIR@OWL QDWW KR
UHODWHG WR IRXU VRXUFHV DQG SURPH\DWHV ,FELFNMDWH U D Q]ELF
VHDZDWHU LV PRVW FRPPRQ QHDU WKH +XHQHRRY ZEE UHX MH VXIE
HQWHUV FRQILQHG SURGXFWLRQ DTXLIHUW\WDX®LUHYDKBQWIDWWR O
VXEPDULQH FDQ\RQV FDQ VKRUWHQ WKH KEBRE FRW YWD O/ DT XD WY
WKH SRWHQWLDO IRU VHDZDWHU LQWUXVLRQ +DQVRQ HW DO

$QRWKHU VRXUFH Rl VDOLQH LQWUXVIR@®@WR DXGEWXFEHRRAH | BH V@ HZ I
IURP VXUURXQGLQJ DQG XQGHUO\LQJ IR WRRD WRW®VE H®@ZB\HBHBYGDZ
DTXLIHUV Rl WKH 2[QDUG 30DLQ DQG VDOLQH FRQQDWH ZDWHUV
FRPSDFW LQ UHVSRQVH WR SURORQJHG SMKH RGMW RR XARZL G U VKX
6DOLQH ZDWHU DOVR UHIHUUHG WR KHUH DV EULQH FDQ DOVR
ZKLFK PD\ EH GLVSODFHG E\ IDXOWLQJ WRWHISRVTLXURQVD GWD PE
XSZDUGV IURP JUHDWHU GHSWKV DORQJ IDXOW WUDFHV LQ UHVSF
,JELENL HW DO D

&URVV FRQWDPLQDWLRQ WKURXJK FRUURGHBGORU LG ¥ KRR FPHU\O \E FR
VDOLQH ZDWHU GHWHFWHG LQ DTXLIHUSYODQGHUOHDGY WMKH F[RMARX
LQ WKH 6HPL SHUFKHG DTXLIHU WKDQ &MOG & H SRHW EFURMANQWIG DURL(
EHHQ GRFXPHQWHG LQ WKH 6HPL SHUFKIRPGDDARREHQD/QB QP BRY U HW!
WKDW UHFKDUJHG WKH DTXLIHU WKUPXKGRLIYWRUMKRIXWFXUREY RU
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ZHWODQGV RU GXULQJ FRDVWDO IORRGIQGLVVROMMDBWH Q@ HFRMEW Q\
WKH HYDSRUDWLYH GLVFKDUJH RI JUR X @D WHIW COMU DWW QREQ VR U LI
IORZV ,]ELFNL F /IDUJH GLIIHUHQFHV LQ KHDG FDQ DOVR HJL
VLQJOH ORFDWLRQ :KHQ ORQJ VFUHHQ SURGXFWLRQ ZHOOV DU
GLIIHUHQWLDO KHDGV SDVVLYH IORZ ZLWKLQ WKHVH ZHOOV FDQ [
SRRU TXDOLW\ JURXQGZDWHU IURP RQQORXIOHQ WRUPRYHD\GH. VR |

,Q VXPPDU\ GHWDLOHG FKHPLFDO DQDOWDLO ARR QLDAPFRSIOLIHYI | DHRE® OW Kt
WKDW WKH VRXUFH RI WKH HOHYDWHG FKORULGH OHYHOV YDULH
JRXU PDMRU SURFHVVHV RI FKERHDGGERGEN PHQGVHEL RQ WEB

x /IDWHUDO 6HDZDWHNVKH WYXNQRBQPRYHPHQW RI VHDZDWHU XQG
ODQGZDUG K\GUDXOLF JUDGLHQW IURPLQUMBN ZXHQHPMTRRIG U
VXEPDULQH FDQ\RQV

X &URVV &RQWDPMWXHNILRWURGXFWLRQ RI SRRU TXD GILUW\RDOMHWH U
YLD H[ILVWLQJ ZHOOERUHV WKDW ZHUHHUBPS WGRHS/HUOR\ARQ RW U
FRUURGHG E\ SRRU TXDOLW\ ZDWHU LQ WKH 6HPL SHUFKHG ]R!

x &RPSDFWLRQ RI 6DOW /DGHQ KIP GHAD WEODWJ RI PDULQH FOD\\
ZLWKLQ WKH VDQG DQG JUDYHO ULFKWLTRQVHRIV F KIOHRQG G H IHIEU
ZDWHU 7KLV GHZDWHULQJ LV WKH UWKXODT RLIGKHFURDXNEGS 8
UHJLRQDO SXPSLQJ VWUHVVHYV

x IDWHUDO ORYHPHQW RI %ULQHV IURWKH WDWHU D B UPROYNHLFRHIW
ZDWIHHRP ROGHU JHRORJLF IRUPDWLRRBYVIIWKDWL QD WHREFRI\QL WE
WR \RXQJHU IUHVKZDWHU EHDULQJ IRUPRMAOBIRWR VNVKE BXWHHGE
IDXOW IDFH QHDU 3MAUWUXUZKURANY DUH LQ FRQWDFW ZLWK W

&KORULGH GHJUDGDWLRQ IURP HDFK RI GMKHHBWR FHNAVIDWEIIGY WR GZ
WKH EDVLQ 7KH ZDWHU EDODQFH RI WKH 2[QDUG 30DLQ DQG WK
LV D G\QDPLF UHODWLRQVKLS EHWZHHQ DWRXD GZWV WBHRWWURBKD Q G+
DTXLIHU VWRUDJH 7KH SULPDU\ VRXUFHB WKRURROQGCBEDNWADUL QY HER
EDVLQ LV WKH 2[QDUG )RUHED\ ZKHUH SBQRWIHWGHKHE UHEKD ZDAIVHDVQ
JRUHED\ H[HUW D SRVLWLYH SUHVVXUHKRQMWBH GRBQIDIQH GDRTGXELH
IURP WKH UHFKDUJH DUHDV WRZDUG WKHHWRDVWYV XU KMHF I3 URHV WX
DTXLIHU LV GLPLQLVKMH® E\RWEBDWHWUDRRPI MKHWAXWH KHDGV DW W
EHORZ VHD OHYHO WKH ODWHUDO LQWUXVLRQ RI VHDZDWHU ZLO
ZLWK VHDZDWHU GXH WR ODQGZDUG SUHKMVRU IP DDWIDEGEH HFQWD W ZT1IOH
KHDGV LQ WKH VXUURXQGLQJ VHGLPHQWY UHPDLQ EHORZ WKHL
DOORZLQJ IRUPHUO\ LPPRELOH VDOWYVJWR XHHU SF-DOMOHE. D Q W RO W K
LOQWR IUHVK DTXLIHUV DOVR UHVXOWWUVRPRO K12 USHGEH WARX KH VIWR WLk
8QLWHGYV UHFKDUJH DFWLYLWLHY DQG GHOLYHU\ RI VXUIDFH ZD
FRDVWDO SODLQ VHUYHV WR GLPLQLVK BRBSPEQW NWWHIYV B OROQ | VKP
LOQWUXVLRQ

,Q DGGLWLRQ WR EBRQWRULFRIZHWDOY 6* I6QFRQGWKWHG D WLPH
HOHFWURPDJQHWLF 7'(0 JHRSK\WLFDO VXUYH\ WR GHWHUPLQH V
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DUHDV 6WDPRV DQG RWKHUYV =RK GARDJNGLRW KFW H G W K DI'\W LW
DUHDV FRQVLVWHG RI WZR GLVWLQFW OREHNJRRHD U BIRVUKV UHKIIWM E
ZDWHU VHSDUDWLQJ WKH OREHV 8 6 *HRORH\FDOVRXUMMHDOHG W
DTXLIHU GHJUDGDWLRQ E\ VDOLQH ZDWHU YDULHV ZLWK GHSWK
ZLWK 7'(0 JHRSK\VLFV LQ 8:&' LW \OUDHH PR @ B M AWLRQ G
WKH 86*6 LQ D QXPEHU Rl WKH ZHOO ERUHXHIRAN WB & GF RIK\HW BIOV R B
DOVR ODWHU UHSHDWHG E\ 8QLWHG BMWXQ\GVFDMP WKBW MJKH O
REVHUYHG VDOLQH OREHV DUH UHODWLYHO\ GLVWLQFW ZLWK WK}
EHGV RI SHUPHDEOH VDQG DQG JUDYHOH £§GLOMW GXDIORBHER/Q DL
UHVXOWLQJ LQ LQFUHDVLQJ FKORULGH OHYHOV

YLIXUHV WKURXJK SORW UHFHQW FKORULGH FRQFHQWUD
VDPSOHG E\ 8QLWHG DQG XVH UHVXOW\W OURRUYQL\WHGDPVEDVHI HRB
GHQVLW\ DQG GLVWULEXWLRQ RI DW\DIRPE ORUPW®& HWIRIULIH YD R
2[QDUG 30DLQ EXW WKH 7'(0 ILQGLQJV QRW KD WKH\GD @ LQQ LDV \QIXWPHE M}
RWKHU DUHDV WKHUH LV SRRU DJUHHPHQMH B MW DMHQ YD DIAEH B URHK
PRGHOHG E\ WKH 7'(0 JHRSK\VLFDO PHWKRGWRULWKRZX\W ® G Q VW DF
GLIILFXOW WR DVFHUWDLQ ZKHWKHU KV BK HHBMLG) LEW \ WHH V WK/R U QY
LQWHUYDOV RI WKH PRQLWRULQJ ZHOOV RU LI WKH JHRSK\VLFDC
LQFOXGH DQ LQWHUSUHWHG OLQH VXJJHVWLQJ WKH FXUUHQW L
PHDVXUHG FRQFHQWUDWLRQV IURP PRQRWRWLED @ HOXQW H8 Q DW B GR]
VWXGLHV GHWDLOLQJ WKH H[WHQW RI WKH LQWUXVLRQ IURQW 6L
VHGLPHQWYV RU EULQH PLJUDWLRQ KDYHRDHPRUH DUDR GRM @RWW QL
UHSUHVHQWHG E\ D IURQWDO ERXQGDU\

$Q DGGLWLRQDO VRXUFH RI VDOLQH ZDWHH S WK H RUPTHOICR@V K
GRFXPHQWHG LQ D QXPEHU Rl SURGXFWHR @ DAH@O V $IGY KA BB €@ I
WRROV XVHG LQ VDPSOLQJ SXPSLQJ SURGXFWLRQ ZHOOV KDV DO
ZDWHU TXDOLW\ SURILOHV LQ ORQJ VHWHM® SUMG X FVEL R Q DAMID OWR |
DUHD ZHOOV LQGLFDWH WKDW SRRU ZDWHNU URP IDWD\L QW Z\DKWHZH I©C
IURP VSHFLILF DTXLIHU JRQHV UDWKHU WKDQ WKLFN SRUWLRQV R
PRVW FRPPRQO\ REVHUYHG LQ WKH GHHIS®IGMWF BRUWH RRQ RU IDQHN ORL
GHHSHU JRQHV WRZDUGYV D ZDWHU OHYHO BBIISWMGLRQO PRRZ SHHF
ZKHUH GHPDQG DQG SXPSLQJ H[FHHG UHFK®W\ H V DQRWXS$IZH OROLR)
LQWUXVLRQ DQG OLNH WKH FRPSDFWLRHDRH RYUQRW BQ B LW HGK MUR
JJELFNL $Q LQFUHDVH LQ WKH QXPEHU RI /$6 ZHOOV U
FRQFHQWUDWLRQV VXJJHVW DUHDV LPSFRWBGLBDY EPRYW QRWUDXE\
30HDVDQW 9DOOH\ EDVLQ

7KH VKDOORZ JURXQGZDWHU RI WKH 6HPL SHUFKHG DTXLIHU LV
UHODWLYHO\ OLWWOH ZDWHU TXDOHW\TEDW DWH[RV WAK HR&H WIK IS\H R
YDU\ GUDPDWLFDOO\ ZLWK WLPH DQG ORPRWHRQS8QDMHGHOVY IDRP I
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HYHQW GRFXPHQWHG FKORULGH FRQFHQWNQ@WORQWRP 6HPLOSHUB
OLWHU PJ O WR PJ O )LJIJXUH J URKKIG ZIRWMU +RIH QVHKR Y
FRQVLVWHQWO\ VDOLQH ZLWK FKORULGH PRR®@ AHQ WHO® ISR Q U HAR
FRQFHQWUDWLRQV DUH PXFK ORZHU HDVW RI 3RUW +XHQHPH ZLV
DQG IUHVK ZDWHU REVHUYHG LQ WKH 6:,)D MU L QRIDQ GF KEGIRWE
+XHQHPH DQG 3RLQW O0XJX FKORULGH FRQWVKIHM\VEEDVEHR@V DIWHK Y
FKORULGH FRQFHQWUDWLRQV REVHUYHG GOOHYDIWGE SKORBGWH )RI
ZDV UHFRUGHG LQ ZHOO 6&( LQ IDOOTXDOLW\HZDWBINDIJUR R IWSKRR 6
DTXLIHU FDQ GHJUDGH ZDWHU TXDOLW\ LQ WKH GHHSHU FRQILQ
FRQVWUXFWHG ZHOOV FDQ SURYLGH D SBWKZD\ IRU WKLV GRZQZD|

7KH 2[QDUG DTXLIHU LV WKH VKDOORZHVW 7RKRHU HQB G HD WXA.RH G LR/IW
NQRZQ VDOLQH LQWUXVLRQ LQ WKH 2[@DUGQGHDUXDIH® VRXKWHUHDYV/QA
+XHQHPH DQG LQ WKH DUHD VXUURXQGLQUJ161DIX IRURROXHQHPUHH F
FRQFHQWUDWLRQV KDYH EHHQ LQFUHDVLRI WKOFKDUERLD WKMKD L
UHFRUGHG LQ ZHOO $ LQ IDOO V I7AKQ VD VV REH D WHD® LA KV K. Q
GURXJKW FRQGLWLRQV &RQFHQWUDWHRNVI) RZIHWRHS KD U DREF KD |
VWDEOH DQG ZHUH PHDVXUHG DW PJ O LQ BRXWKHDVW RI
FKORULGH LV REVHUYHG DQG LQFOXGWH WOV H G RMD WILR® W R H FIRRDUV
ZHOOV 6: DQG 6:,)7 7KH KLJKHVW IDOO FKORULGH FRQFHQWUL

PJ O UHFRUGHG LQ ZHOO &0 DQG AHIOO 18Q ZH OKD ¥ 0K D C
QHDUO\ D WHQ IROG LQFUHDVH LQ FKORULGH ULVLQJ IURP P
ODUFK W LV LQWHUHVWLQJ WR GFOXN \WHUWDWEQ H D QB\ &R DE/RWDIC
ZHOOV VFUHHQHG LQ WKH 2[QDUG DTXLKBYH YRBR LR L FDIQHVO) IR XIWUH
FRQFHQWUDWLRQV LQ DQG WKH O MNK\HH U KKOGDRRIZLHAH ZIH/O O HF\R U
GHHSHU ZHOO DW &0 7R WKH VRXWKHDVW Rl ZHOO &0 WKH FRD
IDLUO\ VWDEOH FKORULGH 7KH PRUH RQGBEGQG ZHFEKIDRELOBGFRQFT
RI DQG PJ O UHVSHEWLYHO\

IRFDWHG RQ WKH FRDVW VRXWK Rl 0XJX /PDRRQHDRIEQ ORD U2 MKHJ G X
ZHOO &0 $ KDV KLVWRULFDOO\ KDG FWERW. GRH DHILY HDWHD S SUMR

PJ O LQ IDOO JLIXUH ITRWIMRKY. HA/DWW R U W K DW L&/R FL Q
UHPDLQV PRGHUDWHO\ GHJUDGHG PHDVXULEW WKHP'3 O & QIR ZH®H
2[QDUG DTXLIHU FKORULGH ZDV PHDVXURWLOMWO\ DQADOCJ O UHYV

7KH 0XJX DTXLIHU LV WKH GHHSHU DTXISBEWR/I DMKH GHEV ZKORWS
0XJX DTXLIHU WKDQ LQ WKH 2[QDUG DTXLIHU :HOO &0 ORFDW
FRDVW QHDU WKH +XHQHPH VXEPDULQH ADYHR QRQ FKPRWGEIBE DQVOH
PHDVXULQJ PJ O LQ YLIXUH "HOMMWO\BR ORFQ® HG QHI
+XHQHPH UHFRUG FKORULGH FRQFHQWUIHDIRRN VFRIP FOKQ XWIRT X DI
0XJX DTXLIHU ZHOOV ORFDWHG QRUWK DIPFER Q& UM K K HRKD RW LOGKH XY |
KDYH LQFUHDVHG IDLUO\ FRQVLVWHQM®\ YRQBH W KHK @R 0IO&HZFHRIGIF
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LQ ZHOOV &0 4 DQG 4 UDQJHG IURP WR PJ O
HOHYDWHG FKORULGH FRQFHQWUDWLR @\ WK H EIHICH\H YDHIGS VR VE HG |
VHDZDWHU LQWUXVLRQ 7KH UHPDLQLQDSLHRPH.WHIW \D @ & PCSROFDMH
WKH FRDVWDO DQG PRUH LQODQG DUHDV EHWZHHQ 3RUW +XHQHP
FKORULGH FRQFHQWUDWLRQV UDQJLQJ IURP DERXW WR PJ O

7KH /RZHU $TXLIHU 6\WWHP LV FRPSULVHG R) WG *XHQH/P KD QR
DTXLIHUV 5HODWLYHO\ IHZ FRDVWDO PRQLWRULQJ ZHOOV DUH FF
WKRVH DUH ORFDWHG LQ WKH DUHD VX®URXDGGQ03R UWO-REFDGHFGH
RI WKH SRUW GR QRW LQGLFDWH D@DFMAHQWIRUHK LYV W R ULKUFKIOR
+XHQHPH DTXLIHU ZHOOV ORFDWHG ZHVWYRI BRERW GXISQHOH Y X\R Ak
FRQFHQWUDWLRQV 7KH KLJKHVW FKORGA GH) RZRIQ@PH@W UD W DRI/
JHQHUDOO\ PHDVXUHG JUHDWHU WKDQQ LQFPHDVWLRF F KDBROLGH K
REVHUYHG VLQFH LQ ZHOO &0 UHFHQWO\ UHDFKLQJ PJ C
ZHOO UHDFKHG PJ O LQ EXW WHKLVROWRY HR ER HD \O R QW LS
GHFUHDVLQJ FKORULGH ODVWLQJ XQWD®FDWH GKORY WKH B O VF IO \&V
FKORULGH LPSDFWV KDYH QRW EHHQ REWHBREOEH@NVIDOQ RBQV KD ¥
LQFUHDVHG LQ ZHOO $ VLQFEH UB DLRK LEDACD KLJIJKLRI+XHBHPH
PRQLWRULQJ ZHOOV H[LVW LQ WKH DUHWKWX VHRX® B Q@ OW KX WDBE
+XHQHPH DTXLIHU DUH LQWHUSUHWHG \8R. & DNVKLE HHE IXBIONIVWHG D

(YLGHQFH Rl VDOLQH ZDWHU LQWUXVLR @ LKDIVRQ RHYL GWWGLF W R Q LB\
VFUHHQHG LQ WKH )R[ &DQ\RQ DTXLIHU QHIRDGRDW DXHOQNPWRDW& F
)R[ &DQ\RQ DTXLIHU ZHOOV VXUURXQGLQJPHQW MLIRR QL FKORAM ZHDW
GHJUDGDWLRQ )LJXUH "HOO 4 J X V/ DOIRRIW HDGY ® RADW B ORIV
VWHDG\ GHJUDGDWLRQ VLQFH WKH ZHOOVDP'$ CARQV RIUWKWW GZHQ Q

PJ O FKORULGH 1RUWKZHVW RI 0X¥XUMNRRQV EIQORHQG KR FRQF
DQ LQFUHDVLQJ WUHQG VLQFH PHDWXVUDBSOLQJIPHYHQW D :BIORK
KDV VKRZQ D GHFUHDVLQJ WUHQG LQ FKORIQIGHFPRGFISOWN DLWL R
UHFHQWO\ PHDVXULQJ PJ O FKORULGHHODKHR)RW KD Q3RO &V XIH
QRUWK RI &0 ZHOO FOXVWHU KDYH GKDW WHFRWEHG ®WQ L:@IFOUH D3V
WUHQG ULVLQJ IURP W R PJ O WRRRBRG&JKKX®HWAKHO SH'GL R GKR
PRUH VWDEOH FKORULGH WUHQG DYHUDHOGN FRQFRADWUDVDIFRQ RI
)XUWKHU LQODQG DQG QRUWK RI 0XJX /DJRRQ D VOLJKWO\ HOHYD!

UHFRUGHG LQ IDOO ZKLFK LV FRQPRWGY HRW ZHOMK *&/KH WHR[\&
DTXLIHU ZHOO *3 GRHV QRW VKRZ FKORULGH LPSDFWV QRU GR
QRUWK

7KHUH DUH QR *ULPHV &DQ\RQ DTXLIHU PRQLWRULQJ ZHOOV DW 31
&0 ORFDWHG QHDU WKH FRDVW WR RVRRW RXVREHBYMG RQ FHK R
LQWUXVLRQ )LJIXUH *ULPHV &DQ\RQ IHRRMV G\RX VKR X Q\GLLII
FKORULGH LPSDFWV $W WKH FRDVW QHDAHOMKK®$IX WOBP EHER
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VWHDGLO\ PRUH VDOLQH VLQFH LWV LQVWDOODWLRQ LQ ZLW
1IRUWK DQG QRUWKZHVW RI 0XJX /DJRRQ WG HW HWR RXMHQVRQGR D \Z DW
'3 ZHOO ORFDWLRQV &KORULGH FRQFH®WODIHRDWHRFHQWOD RG
ZHOOV 4 DQG 4 UHVSHFWLYHO\ 1RUWKZHVW RI WKDW ORFI
PJ O LQ ZHOO '3 LQ IDOO 7KH ULVLQJ FKORULGH FRQFHQWL
/IDJRRQ DUHD LV WKRXJKW WR EH DVVRFLDBWUWHHGF \ZH\G K ODWHYUHD/O Dl
VHDZDWHU

1,75%$7( ,1 7+( 2:1%$5"' )25(%$<

7KH 2[QDUG )RUHED\ LV YXOQHUDEOH \WRHQRW WEBW H/ B R B W B DL/RIW L
LV YDOXHG IRU ZDWHU UHVRXUFH SURMHBWY FRIPIR FE® DR/ MW DD XY
UDSLG YHUWLFDO WUDQVSRUW Rl ZDWHU IURP WKH QHDU VXUIDFF
UHJLRQDO ZDWHU WDEOH LV RIWHQ RYBUMHABVL®IWHKHWREHEDZ W
KLJKO\ VROXEOH DQG YHU\ PRELOH PDNLQJ LW VXVFHSWLEOH V
JURXQGZDWHU 8QLWHG PRQLWRUV ZDWOY TXDWKW\2[QDU®RRUW
SXEOLF VXSSO\ ZHOOV DQG LQ SULY D WIHOU RE B HFR G HRGW B\W WR.E
ORZ LQ ZHOOV QHDU WKH 6DQWD &ODUDFEDYHH PG GUHD\U MWK 18 DE
5LYHU ZDWHU FRQVLVWHQWO\ KDV ORZ QLW UB ®/®VFRRFHMNWNHDGV L R (
DOVR WHQG WR KDYH ORZ QLWUDWH FHEQRHFQW W\ WRGYDYV DHDHVRRE
WKH GRZQ JUDGLHQW SRUWLRQV RI WKHKEDRDLPXPLIWHFRRUGHG \Qq
FRQFHQWUDWLRQV IRU JRUHED\ ZHOOV LQ FDOHQGDU \HDU

8QLWHGYV (O 5LR IDFLOLW\ ZDV GHYHOWSRIGDLQUWXEBGEDWMU PDQ
VWUDWHJ\ WR PRYH JURXQGZDWHU SXPSDYW DU VRESOWMNHEL RIQNV KD ZU
FRDVWDO DUHDV WKDW ZHUH LQFUHDRIQQJ®@K H A®DFIVRHBHEK DD OH. Q B
ZHOO ILHOG DUH ORFDWHG LQ WKH GRBQRUBEDHQM SRUKH. R RU &
2 + 3LSHOLQH ZDV FRQVWUXFWHG WR FRQ WKHSRWHEDN WRRW®E
2[QDUG DQG WKH 3RUW +XHQHPH :DWHU $JHDFD %PV R | 93-RIUWX W B H
&KDQQHO ,VODQGVYV %HDFK &RPPXQLW\ 6HUYLFHV 'LVWULFW DQG \
VWUDWHJ\ UHPDLQ V HIIHFWLYH LQ PLWDYDWDIOQ D SKPE L\DX E MMSMF
LOQWUXVLRQ 1LWUDWH FRQFHQWUDWQ RO\ WHEIXNREHBHR ZHOWW Y
8QLWHG KDV WR PRQLWRU SURGXFWLRQ ZHOOV IUHTXHQWO\ DQG
QLWUDWH FRQFHQWUDWLRQV EHORZ UHDROXWRUD DG B JIOAW V $I
WKH PD[LPXP FRQWDPLQDWLRQ OHYHO W&DWR URQLW UDIWH IRIU QPY
$GKHUHQFH WR WKLV VWDQGDUG LV HQDRWHW G HEARW K AH&D &R QRAUDR
'LYLVLRQ RI 'ULQNLQJ :DWHU '': DV KLJK QLWUDWH FRQFHQWUDYV
RU SEOXH EDE\ VIQGURPH " D FRQGLWLA®Y HKIHWH \L @LAMKWW & HQE Q/R
FDUU\ R[\JHQ

:DWHU SURGXFHG E\ 8QLWHGYV (O 5LR DAVOHQUV W.KDIV PH-QW HWH RV KHJ E
GHSWKVY DORQJ WKH VFUHHQHG LQWHUVYHDOZRWWHWHVXKHDOO L V 6\DKRWHD (
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UHFKDUJH EDVLQV ORFDWHG DGMDFHQWLW®H WHOAG\O \P LD Q B WHR/L B
ZDWHU RIWHQ PDNHV XS D ODUJH SHUFHQWH I8 $/B51 AMIOHD ¥ DAAXXRIUW (BIJ B
DFWLYH UHFKDUJH RSHUDWLRQV ' KH Q@ \UHHFIXXDHNM R D W WWKIHI QQ IBER |
JURXQGZDWHU IORZ SDWKV IURP XS JUDGQRWOQWRXDOWHDRIEAFWHAH WKI
WKH ZHOOV *URXQGZDWHU WUDYHO WLPXW DRUW U®IWIH FIXIDQV WHR
JURXQGZDWHU RI WKH EDVLQ IRU \HDUV RU GHFDGHV EHIRUH DUL
VKDOORZ ZHOOV %R\OH HW DO

1LWUDWH OHYHOV LQ WKH (O 5LR DUHB WDFH |IDXWW XD WKV WL QH
FRPPRQO\ REVHUYHG GXULQJ DQG IROORPIMLYHGURRIK YL SVWUWDLVRKE \D +
UHFRUGHG GXULQJ ZHW SHULRGV 8:&' 8:&" VWD\ IUMOIDWH KDa
GXULQJ ZHW SHULRGV ZKHQ ORZ QLWUDWH 6DQWD &ODUD S5LYHU
UHFKDUJH EDVLQV DQG QDWXUDO UHFKD UWIRHZ NWRH W KHEK B Q VW® HLUWH
VXIILFLHQW ULYHU ZDWHU WR VSUHDG DW (O 5LR QLWUDWH OHYH
LQ WKH QRUWKHDVWHUQ XS JUDGLHIOWMA SRUWLRQ RI WKH UHFKDU.

ORQWKO\ UHFKDUJH WRWDOV DQG UHFRWBKIE (@LBILRD 846 ZRI@HQ WL
WR SUHVHQW DUH VKRZQ LQ )LJXUH 7KH ILIJXUH VKRZV D
UHFKDUJH YROXPHV DQG QLWUDWH FRQFHQWUDWLRQV LQ PDQ\ R
FRQVLVWHQWO\ ORZ IURP -DQXDU\ WKBRXZRWHDY ZDV ZKHQ OD
UHFKDUJH DW (O 5LR 1LWUDWH FRQFHQWVDRWLRPPHQFUHDEX\G UE
IDOO DQG LQ HDUO\ UHGXFHG QHORD WK H R F H Q WDUDIW ERX @/
1ILWUDWH FRQFHQWUDWLRQV LQ DOO VWK ZBOOVZKORUWRWHE Z0Q W
DFWLYLW\ B6LQFH WKDW WLPH QLW WFW HV KR QIF& QRADYYHWH. HRFR/P A RAR
VRPH RI WKH ZHOOV DQG WKH ZHOOV VUWWLRKQN GRPERR®Y O0Q LUDUDIWM
WR PJ O

%HJLQQLQJ LQ VSULQJ 8QLWHG EH35DR R$S6H UZHOLOQI LLQV W IGHH HS b
VRXUFH RI EOHQGLQJ ZDWHU WR PLWLYDWE@& RKLHEK QBLMEUZWIHKD ORQF
QLWUDWH WKH /$6 ZHOOV KDYH LURQ DHIGNPHRM B ZHDWHH B RTOFAHILW
FKDOOHQJHV IRU VRPH RI WKH 2 + FXVWRPHUV ,W LV D SDUWLFX
$JHQF\ DV WKH LURQ DQG PDQJDQHVH L@WRWILMUWWVZHR K W KRS
%HFDXVH RI WKLV 8QLWHG DQG LWV 2 + FXVWRPHUV DUH FRQW
PDQJDQHVH WUHDWPHQW V\VWHP DW (COBWR ZRR@Y W B XMWD& QURI L
PLOOLRQ DQG FRVW DERXW SHU DFFHGH BR R\ HW/ 6WZHHDAW Z D W H U
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7R LQIRUP WKH 06+&3 8QLWHG KDV GHYAGRS$HQUGVDR R/@ W SRH ULDQN MRWOHD
7TKH\ LQFOXGHG SURSRVHG IDFLOLWLHWF PRBNLLRED RILRVEWYW RBHOBW LL

6FHQDULR 1R 'L¥BQVMRHG GLYHUWYVY QR ULYHU IORZ DW WKH )l
ZDWHU UHOHDVHG IURP 6DQWD )HOLFLD 'DP GXULQJ WKH VXPPHL

6FHQDULR ‘DWHU 5LJKW BHUBDG ERQWGXFWVY RSHUDWLRQV DW
LQ DFFRUGDQFH ZLWK 6:5&% 3HUPLW L WBHGS I8 U YW K MW VOESH @VIRU
D GDLO\ EDVLV IRU GLVWULEXWLRQ WMR QURXNQ®AD WG IO KDL
IRU FRQVXPSWLYH XVH ZLWKLQ LWV VHUYQFGLDPHBDLR G KHR @B PL
FDOHQGDU \HDU EDVLV LV $) 'XULQWRNEBI\ SHULIRFEK )WE B M
6DQWD &ODUD 5LYHU IORZV UHFHGH WRD PLRIVP SR EWSIG/ WV X QW ZS
FIV IRU KRXUV 'XH WR YDULRXV OLPLWDWK RIDRW\DXOF K/ XDAS HHQ
766 OHYHOV 766 JUHDWHU WKDQ PJ I F LDOQGV LALVP LAAKHIG C
JURXQGZDWHU FRQGLWLRQV 8QLWHG RD® K\Q OHOZ DMK HGZ T WHW
FDOFXODWHG GLYHUVLRQV LQFOXGHG |UIRPXO\DKMLR G BRORHEF +
PRGHO GLVFXVVHG LQ WKH VHFWLRQ EH ORZ OIL@FRIYS RO DRVLID
PRGHO WR HVWLPDWH WKH GLYHUVLRQW BQ @& [EASWVIYWM O\RKZY YOG G
FDSDELOLWLHYV

6FHQDULR , QWHULP %\SDVV 2SHYDWHWRDQNHOQ DQG 8Q
FRQGXFWHG RSHUDWLRQV DW )UHHPDQ 'LAMHWK/ IMRKQH OD U JH OE\IS®
IORZ SODQ 7KLV VFHQDULR LQFOXGHW DQ FBDE\SDRY GRZALY W
IRU PLJUDWLRQ Rl VWHHOKHDG DGXOW V'E HAVBGH.MQ R Q Q R DWH V DU
GLYHUVLRQV GHSHQG XSRQ WXUQ LQ SURFHGXUHV 6PROW E\SI

WKWR ODYW 7KH 'LVWULFW UHVHUYHV WKH ULJKMWMK M R LGLHAH DWWV ¥
XSVWUHDP PLJUDWLRQ UHOHDVHV KDYH FEHDL\QHGUBIQG DVKIHG V PTG
IORZ DW WKH FULWLFDO ULIIOH GXUEQUWAKDW SHUILRG LW WK H IS
GRZQVWUHDP Rl WKH GLYHUVLRQ WKDW LV WKH PRVW GLIILFXO
FDQ PRYH ZLWKLQ WKH ULYHU DOWKRXKHK KPWHEO Y D\¥K B HHIQL \@ RF
WKH FRPSOLDQFH SRLQW IRU PDQ\ RI WKH E\SDVV IORZV GRZQV
DUH WR UHPDLQ DW FIV XQWLO DOMXMWERKHLIADWBO GQ YWKN LIRLO
PDLQWDLQ WKH WDUJHWHG IORZ 7 IRHE W WKDIW DA K IQHHIG/H & QWRD
VXUIDFH ZDWHU GHOLYHULHVY WR WKH 378 ® QWK BOQ&ER Q %W LSIXHV X ¢

8QLWHG UHOHDVHN yZHOWHW D VW AV KIHRE@DIQIW HVKIHU KDPG O PRQWKY WR UHFKDU.
6DQWD 3DXOD JURXQGZDWHU EDVLGV)DRIBPERQY HYWUVHRPLQLQJ IORZV DW
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ZDWHU LQ WKH ULYHU OHVV WKH FWQWWOIFEQ@O GLY IDWM RMWHLNUX QD E
WLPH D GD\ UDPS GRZQ PD\ FRPPHQFH WB GLYHUW WKH UHPDLC

6FHQDULR %LRORJLFBQLYSH G LRRQGXFWV GLYHUVLRQ RSHU
ZLWK UHDVRQDEOH DQG SUXGHQW DOWHDYIPRIQWDLQHESS LQD WE
%LRORJLFDO 2SLQLRQ LVVXHG E\ 10)6 BRGW UE VBIOMXY \DF HAQROA PR J
WKDW PDLQWDLQV D PLQLPXP FIV RYHU WKH LAUP\W L BBV LUQLH |
FULWLFDO ULIIOH WKH UHPDLQLQJ SURYLVLRQV DSSO\ :KHQ 8
ZKHQ WRWDO ULYHU IORZV DUH KLJKHUUWKRS® WR FIV S$QIEW D@/
UHPDLQLQJ IORZV WRWDO IORZ PLQXVVPLQQA® X®L EHIDA\R QOR ZP X
$W WRWDO ULYHU IORZV IURP WR R FISVHYFHQMG RR DV KGH. YUHHP\D
XS WR LWV IXO0 GLYHUVLRQ OLPLMMD QD QG FDW S/QRWB G BDYHL YER
SHUFHQW Rl WKH UHPDLQLQJ IORZ XS WR LWV IXO0O0 GLYHUVLRQ
XQWLO IORZV DW WKH FULWLFDO ULIIOH JR EHORZ FIV ZLWK
GLYHUWHG )JURP ODUFK WKURXJK 0D\ ZKHQ WRWDO ULYHU
WKH JUHHPDQ 'LYHUVLRQ LV VXIILFLH®W WRHP BDQWDLQOPR@QIHLA
GXULQJ WKH HPLJUDWLRQ VHDVRQ IRU MXYHQLOH VWHHOKHDG
HQVXUH YROLWLRQDO HPLJUDWLRQ RIUNMXY:H®IQO W RAWIHG QKN BIG
LPPHGLDWHO\ XSVWUHDP RI WKH )UHHPDQ WXGH DIRR Q RUHFHHLG AV
PDLQWDLQLQJ FRQQHFWLYLW\ ZLWK WKH 6DQWD &ODUD 5LYHU
ULYHU SDVVLQJ GRZQVWUHDP DQG QRQH ENIDVVGILORIAMVHGK 8 Q
%LRORJLFDO 2SLQLRQ ZDV EDVHG RQ &KQIWAHRBYN WK WALIGPIL W
GLYHUVLRQV LQ WKLV VFHQDULR ZHUN JfEBNSIBER Q LWK.H \H [ DWWAH
DQG

6FHQDULR <LHOG 1HXWUDO +* OLPLFK)IORVZVFERPHNRLRY QRW LQ
DQDO\VLV

6FHQDULR OLPLF )ORZ+58GHWMGRPRQGXFWY GLYHUVLRQ RSHUL
'LYHUVLRQ LQ D PDQQHU WKDW DWWHPSWXUDR EORD QR LWL
PLQLPL]LQJ QHW \LHOG ORVV FRPSDUHRS R UWIFMWBHYR DW DKPY G
WKH E\SDVV IORZV LQ VFHQDULR DV ZHQP WKXHDGBEWGRQD ® Ui
K\GURJUDSK DQG H[WHQG WKH RSHUDWWRQVUR® WHKHRILVEDIBVV
PLPLENLQJ Rl WKH UHEH®DL\QW QL BSR\ZVOEOH DQG

FIV IRU HDFK FRQVHFXWLYH GD\ DIWIHW KWMKH $ M DIND R X NKEH. H/Q\X
ULYHU WR PDLQWDLQ WKH WDUJHWH GS BE\SDW VR QAK I6® \BRULIVEME U 4
%\SDVV IORZV FRQWLQXH DW D PLQLPLXPORI |RUFIVGEDNVWX M U LWK
PLJUDWLRQ VWRUP DYDLODEOH IORZV BHWE@DWMR. QJO RFZYL WHWE KL
VXIILFLHQW ZDWHU LQ WKH ULYHU WORR PV WK DWK HP WP B J\W WHH & HDFGH
WKH K\GURJUDSK

X 6FHODULR7RLY VFHQDULR DMWXP®Y GLKHH BIYLRIQY HD SDE QU LWL M/
VFHQDULR DUH OLPLWHG WR VXVSHQGHG VHGLPHQW OHYHOV 1
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LV WKH FXUUHQW OLPLW RQ GLYHUVILRQW KR W VHIEUW P HBGRW HF QY E
GLYHUVLRQV DUH DOVR UHMHFWHG ZKHQ WKH JURXQGZDWHU F
.| WKLY VFHQDULR EHFRPHV WKH DFFHABWM ® DM UED AR ¥H W
RSHUDWLRQV XQWLO EFSQRPDHEH QWR KHYE@HFW VFHQDULR

X 6FHODULR$% GHVFULEHG LQ VFHQDULR SQNUWIHOSDEERUWHEBW
GLYHUWLQJ LWV IXO0 ZDWHU ULJKW G XH) WR KW UK WX Ul 1D \F RS D
7KLY VFHQDULR LQFOXGHY PDMRU LQIUDVWUXFWXUH FKDQJHYV
VIVWHP DQG SHUFRODWLRQ EDVLQV RXPD & UE3H O RVRV UEHN JHD[IMOH Q.(
GXUDWLRQ RI E\SDVV IORZV 7KH DGRGALWLRRADOYWLQBAGVYRYJIE\
WXUELGLW\ OHYHOV 766 XS WR AJVW RPYL PIQWKSHERRA W
DGGLWLRQDO ZDWHU LQ QHZ IDFLOLWLHAND U ZKHQ UR RXCMILZLD W
PRXQGLQJ LV H[SHFWHG WR RFFXU

6FHQDULR ,QFUHDVHG 'LYHUVLR@GQGOWWH WEHYDWHR@PWVLR 8QLW
LQVWDQWDQHRXYVY GLYHUVLRQ UDWH WR D PD[LPXP RI FIV DC

$) 8QGHU WKLV VFHQDULR 8QLWKGE YGHAOW WWVKEZDKRY BY ZLW
FXUUHQW PD[LPXP OHYHOV DUH DURXQGOHPHRBWE® D G IEWFHOLV D (
GHVFULEHG LQ VFHQDULR "KHQ VXVSHQGHG VHGLPHQW DQG
WKDW ZRXOG RYHUZKHOP WKH V\VWHP S8KRQUWHGJ W)OWHWU RXWYE
UHVXPH ZKHQ WKH 766 OHYHOV LQ WKH BQYWUH GD®IOY HHORZXS W|
WKH E\SDVV IORZV GHWDLOHG LQ VFHQDULGRLY BDWHLREGW D BI$ R0Q R
UDPSLQJ UDWH VFKHGXOHYV DV GHWDLOHERLYHESHQEL[ $PRIRWWK!
WKLY RSHUDWLRQDO VFHQDULR LV QRW ERWHWHGLIRWHDOQ&BQ L
7TKHUHIRUH WR LPSOHPHQW WKLYV VFHQDUDRDBGGQGLWHRBQDRXDGW
$GGLWLRQDOO\ WKH H[LVWLQJ LQIUDVWRQIFM)XUBLRN WRB PU
GRZQVWUHDP IDFLOLWLHY FDQQRW DFFRAHAHREIOMWMR RIKBUDRNBRE V
EH PRGLILHG ,Q PDQ\ QRUPDO DQG ZHM) \WMRH \6 D\QWRDU & OZDUNDH BIL &
RYHU FIVIRU VHYHUDO GD\V 1HZ LQIUDVWUXFWXUH DW WK
DOORZ IRU GLYHUVLRQV RI FIV GXUEZ®ILOWHKBVYV R YHIGIKMHU VIXOIRIZF E
IORZV IRU WKH PLJUDWLRQ RI VWHHO DG WIOREQODP\EHB\G DRYVAK
ZKHQ WKHUH LV HOQRXJK ZDWHU LQ WKHIORXWYW /R ®IDYLIQUWALIRD ¥ R
PDNH XS IRU WKH ZDWHU GHGLFDWHG IMRR) E\SDVV IORZV IRU ILVK

7KH IROORZLQJ VXEVHFWLRQV GHVFULEH WKH PRGHOV XVHG WR G
HDFK VLPXODWHG GLYHUVLRQ VFHQDULR RQ JURXQGZDWHU FRQGL

+<'52/2* &%/ 23(5$7.6208/$7,21 BK® +266

7KH +266 LV D K\GURORJ\ EDVHG RSHUDWQRQ VP P RGIHWVDX &K W Qv WPK
&ODUD 5LYHU GRZQVWUHDP RI WKH )UHHBPN g GLY$RY WRKH HXWB O42Hb6
EDVHG )UHHPDQ 2SHUDWLRQV ORGHO )20 P XCOHDWHKD RVKHHG)BEHBQ DW H
RSHUDWLRQVY HIITHFWV XSRQ 6DQWD &OWWKB S5LYHUVLRRZVDGQGRZBNV
VHYHUDO GHFDGHV RI KLVWRULFDO IORZ JDJH GDWD JURXQGZDW
IORZ UDWHYV 7KH +266 LV D PRUH XVHU IULHQGO\ RSHUDWLRQV
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*8, EXW VWLOO LQFRUSRUDWHY 8QLMWRGH® RPQLIL® DO K\GUKRDRIE
FDOFXODWHYV WKH PDIJQLWXGH RI IORZ DW ILYH ORFDWLRQV XVL(
VFHQDULRYV 7KH PDLQ RXWSXWV IURP WKH PRGHO DUH WKH PL
PDJQLWXGH RI IORZV ZLWKLQ WKH SHDIFW LIF\D @ KIHH DVFHKE W L RIQH RF UL K
5LYHU H[WHQGLQJ IURP DSSUR[LPDWHO\ WWHHPIPIKZB®\WKHE ¥ILIEKIAL
EULGIJH DQG LQFOXGHV WUDQVHFWYV IR BHDHXUHYV IR IR E UAKNDLUADFRON U

V. WKH +266 KDV EHHQ H[SDQGHG WR RQP@XGKHOMHGGHWNRROG |
EHWWHU UHSUHVHQW VXUIDFH DQG JURKQRU ZWWHO LIQACHAKD F WQ R
+266 SURFHVVHV WRWDO ULYHU IORZ HQWHULQIQV\WHKH )WHKHPR®HUWD
GHWHUPLQH WKH DPRXQW RI ZDWHU WKDWWHW GUKMHW WHHRE WW R M
GRZQVWUHDP RI WKH IDFLOLW\ DQG WKRUDIFROQHE RV RZ DURHPUJI W KD @y
FULWLFDO UHDFK

2:1$5"' 3/$,1 685)$BA(5 ',6758% 21 02'(/

7KH 2[QDUG 30DLQ 6XUIDFH :DWHU 'LVW\WUDEZWWRQY RIRXML QN PHR
VLPXODWHYV DPRXQWYV RI JURXQGZDWHU UHFKDUJH LQ 8QLWHGYV
ZDWHU GHOLYHU\ VIVWHPV EDVHG RQ DNLFHUQBSXWM DM XWWR VDO
GLYHUVLRQV DQG RSHUDWLRQDO DVVXPBWH R\ | REPO & RQH®DEDC
LQ ([FHO VRIWZDUH XVLQJ K\GURORJIHFRQGS XBNHW ZHRHRQ W B & XDHU L R (
'"HFHPEHU 7KH VXUIDFH ZDWHU GLVWULEXWLRQ PRGHO Z
FDOFXODWH UHFKDUJH DQG VXUIDFH Z'WRQD®HQENEDUHRMV ROKVHK |
DV LQSXWV IRU WKH JURXQGZDWHU PR G HD RAGMVHW MER ® DLV F&H W\ H R,
PRGHO VWUHVV SHULRGV 2[QDUG 30DL@RGMNOIRKKN SXWN UZHWH B RE
PRQWKO\ WRWDOV IRU WKH SHULRG EHWZHEHQ -DQXDU\ 7KH ZDMG
GLVWULEXWLRQ PRGHO ZDV DOVR XVHG \RR RIX®F 30 RXHG 3 B WHLLY J
SHULRG EDVHG RQ WKH GLIIHUHQFH EHWZHHQ VXUIDFH ZDWHU G
ZLWKLQ 8QLWHGYTV VHUYLFH DUHD

':DWHU UHVRXUFH LQSXWV WR WKH PRGHXP 3IQFD XIGRIP GALDW URR\R D H
&RQHMR &UHHN GLYHUVLRQV 2SHUDW LR Q DK HD VO/LAPVE WLLERXQWL FeH
UHVRXUFHV LV SULRULWL]HG DPRQJ UHFKDUJH EDVLQV DQG VXUID
VHDVRQV DQG K\GURORJLF FRQGLWLRQV GU\ RU ZHW \HDUV )
GLYHUVLRQV LW LV DVVXPHG WKDW @&EXKBUWH G X\DLVQINU DRIEQ VWOUS
GHOLYHU\ VI\VWHPV ZKLOH VXSSOLHV |WRRFWKIE DR/ VPR | ZFHID \D
SLSHOLQHVY DQG VXSSOLHV IURP &R QHMRH&U WHRNWXKLHY 30 WIDR/@\Q W |
VXUIDFH ZDWHU GHOLYHU\ SLSHOLQH )RQOAFFARQWVHRBY DVOLR G\ YU
GLYHUWHG DQG GHOLYHUHG WR WKH XPW5URH UNLFFKIDAUD W LERIWL @ H V
GDLO\ UHFKDUJH LQ HDFK EDVLQ DQG VXUIDFH ZDWHU GHOLYHULI
6DWLFR\ DQG (O 5LR EDVLQV DUH JUDGXDOO\ GHFUHDVHG EDV}
,QILOWUDWLRQ UDWHV LQ WKH ODWMWQ® E EVNVQLY D E B RO E HIEL MRVE D
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2.1.21

,13876 $1' $668037,216

:DWHU UHVRXUFH LQSXWY LQFOXGH

X

'LYHUVLRQV DW )UHHPDQ 'LYHUVLRQ 'DRO\DY® RBHUDBWYRQWDLC
VFHQDULRY 'LYHUVLRQV ZHUH FDOFXQDGMH® LRQWKH + 2BXW G K
UHGXFHG E\ IRU GDW/ 2RRQ@VEYFHIJH SURYLGHG WR DFFRXQW
GLYHUVLRQ RSHUDWLRQV GXH WR IOXWKRQ@V P RUQWFHI@QDREHR D (
HITLFLHQF\ ZDV DVVXPHG

6DWLFR\ :HOO )LHOG/XBEO\ DWRHRUBPDMO.GE RFIZHOGKHH6DWLFR\ ZF
LV XVHG WR SXPS GRZQ WKH JURXQGZDWHKUVKRIXGQIBNWYKRWJIE HK
EDVLQV ZLWK WKH FDSDFLW\ RI WKHSD@/I1IBRXQ2B82DWHKOHOE M
7KH ZHOO ILHOG GRHV QRW VXSSO\ ZDWHIG GR U LQJVBKIH IURHGK IR
EDVLQV :DWHU SXPSHG IURP WKH 6DWLFR\ ZHOO ILHOG LV GL
6XSSO\ LQSXW ZDV FDOFXODWHG DV 8RWH@NULIDEI \GHFD0Q G L HD
D FRUUHODWLRQ EHWZHHQ WKH DFWXDW® KH WHVHUKN HBOYURIGIXE
UDWH 7KH 6DWLFR\ ZHOO ILHOG ZRUO WRO\ EKRHQNVWEH] G PR Q
VXUIDFH ZDWHU GHOLYHULHV H[FHHGIWKH BSHRWHWOWLIRB &§X\E8&D
ILHOG LV QRW RSHUDWLRQDO XQGHU VFHQDULR

&RQHMR &UHHN 'LYHUMLRIHV G LDYIHJ VI R @QW HHRIPE& R@QHPMRVD :DW
'LVWULFW DQG GHOLYHUHG WR 30OHDVD @KH¥BO®IHNHIRARW YV : 1B W
VXSSO\ WKH 39 VXUIDFH ZDWHU GHOLYNVXKFMHGNVHRPQ VW DIQUW DR
EDVHG RQ GDWD IURP

:DWHU URXWLQJ SULRULWL]DWLRQ LQGLFDWHYV WKH RUGHU LQ ZKL
V\VWHPV UHFHLYH DYDLODEOH ZDWHURI)DRUOKMW KH\W RV WIHI@ WG AH E
Dv DOO ZzDWHU KDV EHHQ XVHG E\ KLJKHU SULRULW\ IDFLOLWLH\
VXPPDUL]HG LQ 7DEOH DQG GHSHQG RQ WKH IROORZLQJ IDFWI

X

X

3DJH _

:DWHU \HDU K\GURORJ\ LV GHILQHG DVGORYZ VRRIGIHDWPDMW IR R B DKILC
5 5HVRXUFH &RQVXOWDQWYV

BHDVRQ VXPPHU LV GHWM/RHGUNW -XIOAQLILFDQW VWRUP HYHQW
ILUVW WXUQ RXW RI VHDVRQ ZLQWHQILVXWRHW BPDDDD D BUE
FRQGLWLRQV WKH KLJKHVW SULRULW(GIGLURU3Z2WQREH3ZDWHU
SHUFHQWDJHV WR HDFK IDFLOLW)\ D WH QGHILIWOHHG \LHDD VIRE)O BIQ
VXPPHUV WKH KLJKHVW SULRULW\ LV VXUIDFH ZDWHU GHOLYH
39 IROORZHG E\ (O 5LR DQG WKHQ RWKHU UHFKDUJH EDVLQV

JRUHED\ DYDLODEOH VWRUDJH $) LV BWWH WY PEOMHWRR EUBIRKW B
JRUHED\ DQG LV FDOFXODWHG EDVHG RQ ZDWHU HOHYDWLRQ 1L
VWRUDJH ! $) LQGLFDWH GU\ FRQGRW LLRHF\K Z UWHK LDQ K(lQJ K LS

6XVSHQGHG VHGLPHQW FRQFHQWUDWLRRQULY:HWH [FHEGPHQW (
178V GLYHUVLRQV DUH URXWHG WR 1REJHR % B/\KIHQVIX. WNVF HWRD |
6DWLFR\ EDVLQV GXH WR DFFXPXODWLRQ RI VHGLPHQW 6HGL
HVWLPDWHG EDVHG RQ FRUUHODWLRQ EBDWEHHGDFHQWJIH GDL
FRQFHQWUDWLRQ
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7TDEOH SULRULWL]DWLRQ RUGHU MR ZOWWHHGYHMMREKUGHW L

6FHQDULRYV WR
6XPPHU 6XPPHU| J)RUHED\ VWRUDJH
J)DFLOLW\ORZ + PRGHUKRMWHK ZLQWHU $) 178 ! 6FHQDULR

(O 5LR EDVLQ
373 VIVWHP QD
39 VIVWHP Q D

6 0 W L F R
1REOH EDVLQ QD

5 i Vv i E
YJHUUR EDVLQ QD

IRWHV 37 LV WKHWLIXKING IDPFLRUMWGE H\5 IDQW LOF\D\OL F@ HRYWLIMIIHHA R WNKKHSSBU UHFHLY
HDFK IDFLOLW\ DUH LQFOXGHG LQ SDUHQWKHVHYV

,QVWDQWDQHRXV FRQ OHFLOAH | R)S\W R HVW\DKFH. OR &/Q R ¥ LHIU FIV IRU
FIV IRU 1REOH FIV IRU 5RVH FIV IRRIYVHBURV AHQFWWIDRVHG W R
5LR LQFUHDVHG WR FIV IRU VFHQDY VRVWHP ¥ IVQIRIY BEX DQG\ 3D
373 DQG 39 VIVWHPV FRPELQHG ,Q DGRQWIRRQVXI8RO DARLW K HJ B W
5LR EDVLQV ZHUH DSSOLHG IRU VFHQDULRY WR WR UHIOHFW UH
UHFKDUJH 7DEOH 7KHVH UDWH YV DRI® ORDBIFQMHE ZKRQ S\CKMAL ¥
RU (O 5LR $) ZHUH H[FHHGHG 1RWH WKDW WKH PRGHO DS
VXSSOLHV WR JHUUR EDVLQ XQGHU VA¥QIHILLRR/ EDVR Q $L VZ QIRO\H LLQD |
VFHQDULRY DQG DQ\ VXSSOLHV VKRXOG EHHEDSSQLHGRWRYWWH Pt
VXSSOLHV WR JHUUR EDVLQ DUH ORZ LFODWERQDURRVJURNRQ GZ DWIGL
WKH )RUHED\ DUH QHJOLJLEOH

7DEOH OD[LPXP LQILOWUDWLRQ URWHY IRU VFHQDL
6DWLFR\ DQG (O 5LR EDVLQV
&XPXODWLYH GLYHUVLURQ¥DWMR FERNVLQO 5LR
$) FIV FIV
*
*
*
!

5DWHV PDUNHG ZLWK D’VWWHD Y DN CDEOH ) RWRBP DV H HRD WEH G
EHORZ $) GXULQIWXKWHLRUGD\KH FRGHYOIDWERG EDWREVHUYHG

SHUFRODWLRQ UDWHV LQ ERWK IDFLOLWLHV

3XPSLQJ GHPDQGYV IRU WKH 373 DQG 39 VHUDIVFMW KOH KBDLVI FBIKW@IF HDI
WRWDO LUULIJDWLRQ GHPDQGY DQG VXUIDFH ZDWHU GHOLYHULHYV .
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VHW DW WKH OHYHO EXW DGMXVWH® LRRQSHKWLRWY K ERXHER RW
VHDVRQ DQG UDLQIDOO 7TRWDO GHPDQGV IRU SHULRGYV -DQXD

DQG $) IRU WKH 373 6\VWHP DQG IRUD@/&H 39 &)WWHEH
UHVSHFWLYHO\ $Q H[DPSOH RI PRQWK®AKBIGIWXVWRMHPWIR U Q GHRRD
LQ )LIXUH JRU VFHQDULRV WR LFXPSHPJIZADYV VEKN VB U3 B/AMIH C
373 /$6 DQG 8%6 ZHOOV EDVHG RQ KLVWRHNQRPVMKHWL\RW RP 6 XP RIUUQV FH
WKH UDWLRV RI SXPSLQJ IRU WKH \HDUDWHUZGW®LFKFHQYLMNYO AHKWH D>
SXUSRVH

2122 9%/,'$7,21

&RPSDULVRQ RI PRGHORG DRIG DFMQXDW PHDVXUHG PRQWKO\ VXS
DQG WKH 373 DQG 39 V\VWHPV IRU WKH SREGRBFFXUDF\LRIGWKHW
YLIXUH 7KH YDOLGDWLRQ VHUYRR/GBID DEBR R XK/ F KHPFSNR BRW DV W
H[LVW EHWZHHQ DFWXDO RSHUDWLRQV G W WWKH SWLIPRIQD Q G FRARGIHID
GLG QRW IXO0O\ PDWFK VFHQDULR GKPHUWLRDWL @D WBY WARKHZLKID
WKDQ DVVXPHG LQ WKH PRGHO DQG 5RVHHWWDR@ VHUYRFEDVLQV ZHU|

*5281':$7(5 02" (/

8QLWHG KDV GHYHORSHG D QXPHULFDO JURXHGGPBWHO |IRRYZ WRIG
XQGHUO\LQJ WKH 2[QRU®GRIPIWMW® QURCDD IRGJF6WKRIGHBILRQ +DQV
RWKHUV 7KH 8QLWHG PRGHO ZDV RGDLWH) RO QX KFHO BE)XQ HRCR G K
HYROYHG LQWR D GLVWLQFW QHZ PRGWH®WHIPW K Q6 YHR/XKGG DWL GF R
7KH 8QLWHG PRGHO LV VWLOO EHLQJ WHHARIFPE DY DB LODEDW H & RY\H Y,
RQ FDOLEUDWLRQ UHVXOWY WR GDWISD@HOLQWWILY ® WHYQHFL ED @\
RYHU SDVW JURXQGZDWHU PRGHOV RI WHKRO UHRILRY DD®BWINQ D R
JURXQGZDWHU FRQGLWLRQV XQGHU WKH 20®RPUGRRARDDMWD® SFED
RSHUDWLRQ RI WKH )UHHPDQ 'LYHUVLRQ

2131 '(9(/230(17

'"HYHORSPHQW RI WKH 8QLWHG PRGHO EHWR) UHYALK ZF P@QVE. GXHBUGDE
K\GURVWUDWLJUDSKLF FRQFHSWXDO PRGH®URBEDW K3HO B [BIMDUBN 3 DX
ORXQG JURXQGZDWHU EDVLQV ZLWK WKH JRDO RI H[SOLFLWO\ L
SUHVHQW LQ WKH VWXG\ DUHD 7KH K\RBGROWRD WK K DESIK\LIFQ N RO
EDVHG RQ UHYLHZ RI JHRSK\VLFDO DQGVORWKBORSIHNOROHABRMDC
ZHOOV LQ WKH VWXG\ DUHD UHVXOWLQJ LQ VLIJQLILFDQW DGMXV!'
NH\ DUHDV FRPSDUHG WR WKH 86*6 PRGH®RBKIOF IO F\RIQW DULKFIAGCH R
8$6 DQG WKH /%6 ,Q DGGLWLRQ WKH JHRRHGWUVZ RY VDEBRMXMYXG
FRQFHSWXDO PRGHO GXULQJ FRQVWUXIERQ\R G HRY HPOROSHLG ORHU QUAK HF E
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JROORZLQJ FRPSOHWLRQ RI WKH K\GUR VWU DWPHUDLFBIOF FFRRGH®! SM
GHYHORSHG XVLQJ 02')/2: 1:7 86*6 ZLWR JULGRRSD KIQQJIRD Q
OD\HUV UHSUHVHQWLQJ WKH VHYHQ UHFRJQL]HG DTXLIHUV DQG VL
FXUUHQW DFWLYH GRPDLQ RI WKH 8:&' PRIGHD LOFEOXE H Y[ WKHG 23 (
30HDVDQW 9DOOH\ DQG :HVW /DV 3RVDVDEDDLENV LSD UDWQ & | WKKH \f
RIIVKRUH RXWFURS DUHDV Rl WKH SH LVQKHS B OEDYXQM UV KWK D AW
GRPDLQ VSDQV DSSUR[LPDWHO\ VTXDUMTHXIDUHY PRO K LEX RQVK
VTIXDUH PLOHV LV RIIVKRUH

%RXQGDU\ FRQGLWLRQV YDU\ DURXQG WRHAWFWLYH PRGHO GRPDLC

x 7KH HDVWHUQ HGJH RI WKH DFWLYH PRGHW ERADYL Q GRSWKHD: k
ERXQGDU\ FRLQFLGHQW ZLWK WKH (DVWWRN &RQDWI BEDV/DY BRX
)DXOW

Xx 7KH HDVWHUQ HGJH RI WKH DFWLYH PRGHO GRPDLQ LQ WKH 3¢
ERXQGDU\ DVVXPLQJ QHJOLJLEOH JURXQ@DZBEWWHILQIOX[ IURP WK

x 7KH QRUWKHDVWHUQ ERXQGDU\ RI WK HWHWALYGHD RVRHG/HID X& RP DQ
6DQWD 3DXOD EDVLQ 7KLV ERXQGDU\ GVERRXFRXGODWHG DV D JH

X 7KH QRUWKHUQ HGJH RI WKH DFWLYH PRRRHON®G R WDR D 3FRLLQ/FNL R
+RORFHQH DOOXYLDO GHSRVLWV ZLWK MV &R WB\B QH3IHEG H B JHR RP DN
ORXQG EDVLQ G5HFKDUJH LQWR WKH 6DQ BHRURDRURQWLRQ A
DTXLIHUV LV VLPXODWHG IURP WKH 6PRG3HG BR XFQGWDFAURS QRU

Xx 7KH VRXWKHDVWHUQ HGJH RI WKH DFWLYH PRGHO GRPDLQ LV
FRQWDFW EHWZHHQ +RORFHQH DOOXWRK &IRMM /&R DRDLADD DR/
WKH IRRWKLOOV RI WKH 6DQWD ORQLAKDR X WIRL YK H WRIXPQ W5
DTXLIHU LV LPSOHPHQWHG LQ WKH PRGHO DGMDFHQW WR WKL

X 7TKH VRXWKZHVWHUQ HGJH RI WKH DFWLYH PRGHO GRPDLQ H[W
RXWFURS DUHDV RI WKH DTXLIHUV RIBRKH GDPQD U 3@E D@ EDQW
JHQHUDO KHDG ERXQGDU\ WR VLPXODWHVWHKHHMKXYBDWHRWILR @ T
WKDW RXWFURS XQGHU WKH VHD IORRU DQG VXEPDULQH FDQ\F

7KH VLPXODWLRQ SHULRG RI WKH 8:&' PR@DHIQ |R U WHWRXIKD WHRHLP
ZLWK PRQWKO\ VWUHVV SHULRGW ZDPIS LYQDIU UD BVHHY U HHKKID V|
SHULRG ZzDV VHOHFWHG EDVHG RQ WKH IROORZLQJ FRQVLGHUDWLR

x 7KH WLPHIUDPH IRU PRGHO KLVWRULRDSD @ D\CHYEHRIDMNWA. ROF2BV R
ZHW \HDUV VR WKDW WKH PRGHO FDQ EHGHHPRQYHVE D WWMIG® /\R L
FRQGLWLRQV 7KLV FDOLEUDWLRQ SGEV L RGFIOXEDX)G HMEKHWY HYUH
GURXJKW WKDW FXOPLQDWHG LQ DQG UHFRUG ORZ UDLQIEL

X 7KH PRGHO FDOLEUDWLRQ SHULRG DOV@® ZDR XD ®ZPWHU PDGR.
LQ 9HQWXUD &RXQW\ LQFOXGLQJ WKH HVWDEOLVKPHQW RI )R]
$JHQF\ DQG FRQVWUXFWLRQ RI D SLSHOLQH WR GHOLYHU ZDW
SXPSLQJ IURP 8%$6 ZHOOV LQ

X 5HSRUWLQJ RI YDULRXV GDWD LQFOXGLQJ JURXQGZDWHU OHY
EHFDPH PRUH GHWDLOHG DQG H[WHQVEGEYH VWDUWLQJ LQ WKH
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x $W WKH WLPH WKH FXUUHQW PRGHOLQJ HIIRUW FRPPHQFHG
RWKHU K\GURJHRORJLF GDWD WKURXJKOH ZHGBDWEBEBBYMMHG D
7TKHUHIRUH 'HFHPEHU ZDV VHOHFWHG DV WKH HQG SRLQW
FDOLEUDWLRQ SHULRG 7KH VLPXODWH®RGQHIHWIKRIR ZDKY '"MXEHVPIEH

$ QXPEHU RI DTXLIHU WHVWYVY DQG VOXJ WHXMWM UKD X ) GHHH3I LYH UWW
FRDVWDO SODLQ E\ 8QLWHG DQG WKH 86/N6UHYEKYOWAVZ IRQ GALKCHD W A XW KF
FRQGXFWLYLWLHV IRU WKH DTXLIHUV RI WWHR 8%$6 | MH 8L FSIHQWO G M\D (
K\GUDXOLF FRQGXFWLYLW\ RI WKH DTXHIHLURPLQ WKH /B6HWH GHUD®
LQIHUUHG K\GUDXOLF FRQGXFWLYLW\ YDOXHV IURP WKH DTXLI
LQIRUPDWLRQ UHJDUGLQJ K\GUDXOLF W DIURRHWHUM XRVMHG TWKRIMHW
LQLWLDO DTXLIHU SDUDPHWHUVY LQ WKH PRGHO 7TKH DTXLIHU SDU
GHVFULEHG EHORZ

2132 &%$/,%5%7,21
7KH JURXQGZDWHU IORZ PRGHO zZDV FDODPHMMWMHGE BH\QIr-®&MXGVYWILIQJ L

x K\GUDXOLF FRQGXFWLYLW\

X VSHFLILF \LHOG

VWRUDJH FRHIILFLHQW

VWUHDP FKDQQHO FRQGXFWDQFH

JHQHUDO KHDG ERXQGDU\ KHDG DQG FRQGXFWDQFH
KRULIRQWDO IORZ EDUULHU FRQGXFWDQFH
UHFKDUJH UDWHYV

PXOWL QRGH ZHOO FRQGXFWDQFH

X X X X X

x

%\ FRPSDULQJ VLPXODHWHOGHNYNHOMWMQGEEZWW PHDVXUHG JURXQGZDWHI
PRGHO LQSXW SDUDPHWHUV WR PLQLPL]H GGIMHW HRQFHNMOEBWIXWH
SDUDPHWHUV ZDV GHWHUPLQHG WR \LHO® (M @ RG W XR\DRCP D MWWH G2 OR\D
VLPXODWLRQV 7KH PRVW VHQVLWLYH SDUDPHWHU LQIOXHQFLQJ
ZDV K\GUDXOLF FRQGXFWLYLW\ WKLVESMMHEFENWN MWWRHW KIH JW \-5D.\W Bl @ @/\
XQFHUWDLQW\ 7TKHUHIRUH K\GUDXOLF HFVR QAMGRXH WILUYH.DWY H M RVP RGRHC
DGMXVWPHQW GXULQJ PRGHO FDOLEUDWLRIQVRWKRSNAHUWDMWLER Q. W RF
WKURXJK PRVW RI WKH 8QLWHG PRGHQOQVRWRRBYHIDWARHL@HW
UHSUHVHQWLQJ WKH DTXLIHUV RI WKH 8@6LVQ WKWR2UHBWGE VR Q WE
K\GUDXOLF FRPPXQLFDWLRQ EHWZHHQ OD\HUV LQ WKLV DUHD

SHVXOWY RI FDOLEUDWLRQ LQGLFDWH GV RADKW RXKIK RXR\G PG VIW R H @
JRUHED\ 2[QDUG 30DLQ DQG 30OHDVDQW QRGO BV EZIMNOL@ WV D OIKEHJ B R
ORXQG EDVLQ DQG WKH QRUWKHDVW PDUWIXL QKR EZ MWYKHHU 3 OVHKIHWIHQ /YU $
PLOQRU UHOHYDQFH IRU PRGHOLQJ WKHRHUHRAWNQRILS RWWIORVL RS H

3DJH _ 8:&' 2)5



JURXQGZDWHU OHYHOV DFURVV PRVW RI WKH 2[QDUG &RDVWDO 3C
FDOLEUDWLRQ K\GURJUDSKV FRPSDULQJ ZFDHDINX UHHGH WIRW VR BX O D R
8$6 DQG /$6 ZHOOV LQ WKH 2[QDUG 30DL@ DD\ BD® QRY HEDIML DWQ G 7
MXVW D IHZ H[DPSOHV IURP WKH KXQGUH®VHGE WROEE O DEWLIRW HK WKL

DUH

SURYLGHG LQ WKLV UHSRUW VLPSO\ WR LOOXVWUDWH WKH

HOHYDWLRQV DJUHH ZLWK PHDVXUHG JURXQGZDWHU HOHYDWLRQV

2.1.3.3

509, (:

JROORZLQJ LQLWLDO FDOLEUDWLRQ WKH PHROGWM G IZONCGHHIFOXKGEGLQ 4

X

X

7KH

'U 6RUDE 3DQGD\ RI *6, (QYLURQPHQWIX® P&F W FRH P @\ RH B
02')/2: 02')/2: 1: 7 DQG 02')/2: 86*

-LP 5XPEDXJK RI (QYLURQPHQWDO 6LPXQIDWMIRQ D, @ EG HRRU HOM
02')/2: SUH DQG SRVW SURFHVVRU DQG

-RKQ 3RUFHOOR RI *6, :DWHU ,QF D FRQVXOWDQW ZLWK H[W
PRGHOLQJ LQ JHQHUDO DQG VSHFLILF RARSHILLIQFEGIVZILG/ R HQ B/L
&RXQW\

H[SHUW SDQHO SURYLGHG *WKH IRGQRILWENRREGHOHVNILW QR

PRVW VXEVWDQWLYH VLPXODWLRQ FBIESDEHPRWLEAEXR Q3R SRHIOMA R L

X

3DJH _

37KH PRGHOYTV OD\HULQJ DQG FKRLFH BRERXIMED UR FR/QB XKW DR
YHU\ FRPSOH[ JHRORJLF DQG K\GURVWUDWLJUDSKLF FRQGLWL
30OHDVDQW 9DOOH\ JURXQGZDWHU E D \PLX®DW+ S/GHi FOLD LIF D B G \DW K
DTXLWDUGYV WKH PRGHUDWH WR VW URLQY FRPLS BIUW FEN Q BYOMW M
VLIJQLILFDQW ZHOO WR ZHOO YDULDEKQEW\DIUM WKHQGWISMKIN D
JURXQGZDWHU WR SURGXFWLRQ ZHOOW WQ RIQF K Q UCRMHQEFZD R/IH
PDQDJHG DTXLIHU UHFKDUJH SURJUDPV UWHFK HHOHY B DALRDW R
GLUHFWLRQV DQG WKH FRPSOH[ WKUHBIQGIL®WE& VLR O @D WW \
LQWHUDFWLRQ ZLWK HDFK VKDOORZ DAOVGH PR ® RALYKBURQH

7KH PRGHO SURYLGHYV DQ DFFRXQWLQJ RI JURXQGZDWHU EXG.
ODQG XVH DQG ZDWHU XVH FRQGLWLROQWKDKL X DYH EXE IQVRWE K |
GXULQJ WKH FXUUHQW GURXJKW ZKLFKOEEUDQVERKQ LSHUWKG B (
FRQWLQXHG WKURXJK WKH SHULRG EHLQJWKUWRBXUIKU PRGHO YH

7KH PRGHO LV ZHOO FDOLEUDWHG WRRKFKNOQWHY H QL QUFRXGGRD V
PXOWLSOH VHULHV RI GURXJKW \HDUV WKURXJK Wi
DQG DERYH QRUPDO UDLQIDOO \HDUV ZKLFK WRIJHWKHU
FRPSULVH D K\GURORJLF F\FOH FRPSRUHRQBI VW UKOWP YDORZ FRQ
$GGLWLRQDOO\ WKH FDOLEUDWLRQ WDLO HKISHWRRGFDOFR®WHD
ZHDWKHU EDVHIORZV WKDW RFFXUUHG W@ $UUWRWK URX 3R VADKVH | |

V ZKLFK KDV VXEVWDQWLDOO\ LQFUHDVHG WKH DQQXDO YF
S3OHDVDQW 9DOOH\ EDVLQ

8:&'" KDV LQYHVWHG FRQVLGHUDEOH WLPH DQG UHVRXUFHV LQ
K\GURVWUDWLJUDSKLF PRGHO FUHDWSQBH\DHQMDWREBROREIHWDIK
DQG DTXLWDUG DQG HVWLPDWLQJ WK HDGEMDULO@\H GGUHHFBKEHU WH.
SHULRG 7KLV HIITRUW KDV KDG D GDEHO®6WWA HRQ) HWIKFH. P @ GH CH PWR
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WKH KLVWRULFDO IOXFWXDWLRQV LQ JURXQGZDWHU OHYHOV \
VLPXODWHG K\GURJUDSKV Rl ZDWHU ORY RVX If KIDOUHY OB GHOF B
UHVLGXDOV WKH GLIITHUHQFHVY EHWZHHQ PLRGHG B &/ H QUK [PW DW E
LV VLPXODWLQJ WKH PRQWK E\ PRQWK P Q@& Y8R Q\E\ HDR) IDTOELY
QDWXUDO K\GURORJLF FRQGLWLRQV UDLQIDOO DQG VWUHDPI¢
PDQDJHG DTXLIHU UHFKDUJH TXLWH ZHOOQ RWK R & JW KLDQNDZ DHVE HI
UHFRYHU\ GXULQJ KLJK UDLQIDOO \HDUV LV XQGHU SUHGLEFWH

BHYHUDO PRGLILFDWLRQV ZHUH PDGH WR WKH PRGHO IROORZLQJ
FXUUHQWO\ LQ SUHSDUDWLRQ LQ UHVSRQVH WR UHFRPPHQGDWLF
SODQQLQJ WR FRPSOHWH WKH PRGHO G RFX FFHD@WDKNDLLRHQ VEK H DAQRAXF
ZLWK LQWHUHVWHG SDUWLHY DW WKDW WLPH

2134 $33/,&%7,21

7KH RYHUDOO DSSURDFK IRU DSSO\LQJ WXRHWBQMWALIDG PRIGH® W R
RSHUDWLRQV Rl WKH J)UHHPDQ 'LYHUVLRQ ZDV WR VLPXODWH D \
RI DERYH DQG EHORZ DYHUDJH QDWXUDO DQG DUWLILFLDO UHFKI
WKH ODUJH IOXFWXDWLRQV LQ K\GURORJLF FRQGLWLRQV REVHUY
WKURXJK '"HFHPEHU 7KLV ZDV D SNDUR®G BRLIOLWH DWKDUQ FIOD\P D W
REVHUYHG LQ WKH KLVWRULFDO UHFRDVGLDB GRIL W IOH NHIOQ JW RR E HX \
FRQGLWLRQV HYHQ LI WKH DYHUDJH \SWHFL SIHUDLWGRLQ BXKD QB WK
VRPH GHJUHH DV D UHVXOW RI ORQJ WHUP UHJLRQDO FOLPDWH F\
RU JOREDO FOLPDWH FKDQJH 7KH JURXQGZDWHU PRGHO ZDV WK
HIWHQW Rl JURXQGZDWHU HOHYDWLRQ FKDQJHV UHVXOWLQJ IURP
VFHQDULRY GHVFULEHG LQ DW WKH E NOMM\Q LQR PRY MPKLO/D BH.FRQL RQ H
VFHQDULR ZHUH HYDOXDWHG E\ FRPSDULQJ WKH H[WHQW RI WKH
IRUHFDVWHG WR EH EHORZ VHD OHYHO GRWHI \BDUH S UMKWH GWD |
EHWZHHQ VLPXODWLRQ UHVXOWV Rl HDFK GLYHUVLRQ VFHQDULR I
RI JURXQGZDWHU HOHYDWLRQV IRUHFDVWW® \EG HSH QREGH W FRIQ CFWD
RWKHU IDFWRUV WKDW DUH VXEMHFW WR VXEVWDQWLDO XQFHUW
PRGHOLQJ UHVXOWV LQ 6HFWLRQ | RRGVHOH 8@ QH AR FE 3/IVU RY RAX IR
VFHQDULRV H J 3**URXQGZDWHU HOHYDWHRIDMKGGW R E A HKQLK HR
XQGHU VFHQDULR °~ LQVWHDG RI WKHHYBHERILA IR UHFRXWEZRWHD
XQGHU VFHQDULR DUH IRUHFDVWHG WR EH IHHW DERYH PHDQ Vi

JRU HDFK GLYHUVLRQ VFHQDULR VLPXODVOH® LRQV ZIRW DPWQLAH G
DIJULFXOWXUDO XVH IURP WKH FRDVWD®XHURWQRXWWHIW EDLNWEW
YDULDWLRQ IURP \HDU WR \HDU LQ UHNVISR® WHD WHRVF KD LNVXIQW® 8 UW
WKH 6*0% D *URXQGZDWHU 6XVWDLQDELOLW\ 30DQ *63 PXVW EI
EDVLQV LQ WKH VWDWH %HFDXVH WKH 32[QDUG EDVLQ"™ GHILQH:
2[QDUG 30DLQ DQG )RWKBEHMFEDEFHQVSDHYLRXVO\ LQ WKLV UHSRUW
DUH FRQVLGHUHG WR EH LQ FULWLFDG R\QBHIWDIW3IVEKHD R XDW\ EH
WKH )&*0$%$ KDV WDNRQHVIKRH GHD/GI ORSLQIEDOVIMIMIU WKW VHY DO XDWLI
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LQFRUSRUDWH DVVXPSWLRQV UHJDUGLQJ IXWXUH ZDWHU VXSSO\
UHVXOW RI *63V IRU WKH 2[QDUG 30DLQ DW G \3 WHIFRD Q W] HH® G\CKHD\ W\
EHLQJ GHYHORSHG E\ WKH )&*0$ IRU WKH 2[QDUG 30DLQ DQG 30F
UHGXFWLRQV LQ SXPSLQJ IURP WKH 8%$6 DQG RU /$6 LQ WKH QHI
*XQGHVLUDEOH UHVXOWYV  UHODWHG WR GHFOLQLQJ JURXQGZDWH L

2135 $668037,216 $1' /,0,7%$7,216

(DFK RI WKH )UHHPDQ 'LYHUVLRQ RSHUD®LWRDWOW WHHQIDRJQ RAD \G H/
DVVXPLQJ

x D UHSHDW RI WKURXJK FOLPDWL K\BEQUR E R XIQFG B\WF\OHR Q@S

X DUWLILFLDO UHFKDUJH UDWHYV DW WKIR %Q@GAL PR)GCD QXGU(0 FFH. Z D)
GHOLYHULHV WR WKH 373 30HDVDQW 9DIMLAHYV FRG \2[QWH G W X2
GLYHUVLRQ VFHQDULR

X FRUUHVSRQGLQJ FKDQJHV LQ SXPSLQJ UDWHV DW ZHOOV WKD
ODQGV WKDW KLVWRULFDOO\ UHFHLYHERP WKW UR® ARD QV K HW
YLD WKH 373 30HDVDQW 9DOOH\ DQG 2[QPRUG SXPSHPH BLSMH C
ZHOOV ZKHQ D GLYHUVLRQ VFHQDULR WH&KOMMWH UB GJ HGRHE MG M
JUHHPDQ 'LYHUVLRQ

X PXQLFLSDO DQG LQGXVWULDO SXPSLQJ UDDW MVS URRSR HDER @B
PXQLFLSDO DQG LQGXVWULDO SXPSLQDWIQYW®H VDAMHEDO K DRHH U |
DQG
x DJULFXOWXUDO LUULJDWLRQ SURSRUWLRQDO WR UDWHV I
RQ UDLQIDOO DQG VXUIDFH ZDWHU GHOLYHU\ UDWHYV
$ OLPLWDWLRQ RI WKLV DSSURDFK L VU KRDIWF QWP D W\ X PFHR/Q B LIWHLSRQ
DUHD GXULQJ WKH SHULRG IURP W K IR XIHKY H U H Z&KU R K JKQWO R G B
DSDUW VHSDUDWHG E\ VHYHUDO RI VKKIHUZHWRWH GW UHQU W RI® UHW R
WKH H[WUHPH FOLP DRFIXRU FR®G IGWURQYHREKR W FHGW LBGOD W HSUHVHC
UDQJH RI IXWXUH FOLPDWLF FRQGLW LFROQWHZKKMQB R Q ¥ KG FKJ LLY.J DIQ@W
FDXVH DQ LQFUHDVH LQ YDULDELOLWXVRK FSWQ® RIDSAIW R WQ RI) DPRA\G X
WKDW WKLV DSSURDFK DVVXPHV QR VLJQLILFDQW ODQG XVH FlI
JRUHFDVWLQJ RI IXWXUH ORQJ WHUP DRBUDVH FIDLQJHB T A @ PRKH W
ZHUH EH\RQG WKH VFRSH RI WKLV HIIRUW EXW DUH Q Reltivd[SHFW|
HITHFWV Rl HDFK GLYHUVLRQ VFHQDULR RR@V | XVRPS$HD WILRX @ G BED MRH
DQRWKHU
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7KLV VHFWLRQ VXPPDUL]JHV UHVXOWYV R|2BKH W XRGHB LZDWHRQ B
HYDOXDWH ZDWHU UHVRXUFH LPSDFWV IRIWHRADWMRIDGVWRQD MY R OGH
BHFWLRQ

685)$&( :$7(5 ',675,%87,21 21 2;1%$5' 3/%$,1

$QQXDO DYHUDJH )UHHPDQ GLYHUVLRQ VL RRUDUKHSRIRG HQ WRIEHEQ \)\
6FHQDULR $ SUHVHQWYV D VLJQLILFDQWRYRYV RI $)HIHI RMBU VFHRC
WKH LQIUDVWUXFWXUH LPSURYHPHQW SVURMHBQ® SURZRGHBDNGEG)
PRVW RU DOO RI WKH \LHOG ORVV 6 PHREBVMWR DPRXRWK RH VD EM UD
GLYHUVLRQV DPRQJ VFHQDULRV ZLWK GLYBSSURR\WPDMEOXGLQJ $YF
WKDQ VFHQDULR ZKLFK UHSUHVHQWYV REBWUR® LFRHDN ZUWKRRW Y
EHWZHHQ WKH UHVWULFWLRQV LQ WK H @®HW M FHIRDKU RU L IXWHY O L'
FRQVHUYDWLRQ UHOHDVHV DQG DUH DSSURFIHRIDVUH A\ 1R$)HOW
FOLPDWH FRQGLWLRQV XQGHU WKH \ HIDWH PR HKE®IDDWILRUH-OAD X/ MM Q D
DQQXDO GLYHUVLRQV DUH EHWZHHQ DQG $) KLJKHU FR
FRQGLWLRQV IRU WKH \HDU SHULRG RI UHFRUG +RZH
VFHQDULRV DUH PRVWO\ VLPLODU IRU WKH WZR SHULRGYV

$ FRPSDULVRQ RI PRGHOHG VXUIDFH Z DEMDNUW QB \D\Q GLE X WIIDREQ! & R W
VI\VWHPV IRU VFHQDULRYV % DQG LV SURYLGHG IRU D UHSU
UDLQIDOO RQ )LIXUH DF 'XUUQDFH ZDSUH B UGIM/IWAWYL ERW VR Q
ZHUH LQ HIIHFW VSHFLILFDOO\ WKH KLJKHVW SULRULWLHV ZHUH
HIFHSW GXULQJ KLJK WXUELGLW\ HYHQADW HMH 1B HOEYOHU LHV  Z HBXHU IU
IRU DOO VFHQDULRV EXW XQGHU VFHQDWURLILBHBEKIDUJIHHE R FHG
-DQXDU\ WR 6HSWHPEHU SHULRG GXH WRHQMPL W B G\ LGILO/G] X\DLARH/ \
FRPSDUHG WR VFHQDULR % LQFOXGH PRUG )BIWEKRD BDW L\QR ZREQH
IORZV FDQ EH GLYHUWHG 6XUIDFH ZDADWU D& NMRW UD WX\EL R QWIKQ
FRQVHUYDWLRQ UHOHDVHV IURP 6DQWD HAXDOLEHWRZ HBIQGVBRR R QW

5HVXOWV PRGHOHG IRU DJUHH ZHO R GHW KI RWKHRE\DH WR.Q WEHUM R
DQQXDO UHFKDUJH WR (O 5LR DQG 6DWLFR\ EDVLQV ZDV VLJQLILFI
DOO RWKHU VFHQDULRV ZLWK GLYHUVLBRWIDRHXADIWHU GHODEVHUL!
DQG 39 VIVWHPV ZHUH URXJKO\ HTXDO DPR[FHYWHIQRIUDRVP D ®® UR
XQGHU VFHQDULR 8QGHU VFHQDULR WVVR I @IDIWHQ MU HK G LKIHHUF \
WKH 1REOH B5RVH DQG )HUUR EDVLQV FR®PGDUSHEC MR WK DRULR!
GLYHUVLRQV ZHUH GLUHFWHG WRZDUG WKH (O 5LR EDVLQV
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7TDEOH 'LVWULEXWLRQ RI VXUIDFHUZORMHOQD BOR2Z[QDIWRG 30LC

6FHQDULRYV
)DFLOL W\ $ %

(O 5LR

6DWLFR\

1REOH

5RVH

JHUUR

373

39

7TRWDO

1IRWHV
9DOXHV LQGLEDMHEBI®WHQXDO UDWHY LQ $) SHU \HDU
'"HOLYHULHV WR WKH 3V3RIM®G B9 AOXEH PGLY IHDUFW HZ® WWUWKH J)UHHPDQ 'LYHUVLRQ

8QGHU GLYHUVLRQ VFHQDQGRY WKHHXGIDIWHUZEWW URQ UHRGG MPDWODTRD QWLWLHYV
VXUIDFH ZDWHU IURP 1REOH EDVLQ WD YHUURWEDWD® LW ERK WYBQVWKWHYDVVXPSWL
VFHQDULR KRZHYHU TWERRBQ WWDLHKOHDUIEHER QAW VLIQ WLWBQWH\VXOMWRN RI WKH ZDW
UHVRXUFHY HYDOXDWLRQ SUHVHQWHG KHUHLQ

$ PRUH GHWDLOHG FRPSDULVRQ RI UHFKDHUHSW®LYMH BLR VD IRGA WEHI
LQGLFDWH WKDW IRU PDQ\ \HDUV WRWDEHWQ@RMXQ CD B &ERPUWPIHVHNR
$) OHVV IRU VFHQDULR EHFDXVH RI UHGXFHG UHFKDU.
J)LIXUH D DQG E 'XULQJ PRVW GU\ \HDUV ZKHQ WRWDO
VLPLODU EHWZHHQ WKH WZR VFHQDULRYV 6XUIDFH ZDWHU GHOLY'
IRU VFHQDULR GXULQJ KDOI RI WKHRWRKIHF DN WULY J VEKIK LRGIHYRIQ F
$) 6FHQDULRY $ DQG % FRPSDUH VWHKLOBVSMHRMNR W R HOQHDAKIRY J
DQG VXUIDFH ZDWHU GHOLYHULHYV

*5281':$7(5 02'(/

7KH 8QLWHG JURXQGZDWHU PRGHO ZDV XW/HMGDWRR®V HEDMIVFKURIX '@
XQGHUO\LQJ WKH 2[QDUG FRDVWDO SODXPSLQJUBSERQNHK/RI IF KD
GXULQJ WKH QH[W \HDUV XQGHU HDFK GRY6HHRW RRQV FH QPW HD BK
VFHQDULR WLPH VHULHV K\GURJUDSKV [ZWH H FSQGI\S DRI G O 8 ¥ VUWHID
FKDQJHV LQ JURXQGZDWHU HOHYDWLRQ RYHU WLPH ,Q DGGLW
JURXQGZDWHU FRQWRXU ZDV PDSSHG LQLWKHWX[Q B$6 DA MR &
PDLQ DTXLIHU UHSUHVHQWLQJ WKH /$6 GXULQJ D PRGHO VWUH
JURXQGZDWHU FRQGLWLRQV LQ WKH U HJUR® XEGAIW HIJ W \SH ¥ D W L\
IRUHFDVWHG WR EH DQRPDORXVO\ KLJK RU ORZ DV D UHVXOW RI
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SW\SLFDO® \HDU VHOHFWHG IRU FRQWRXWLGDWRI JBRXQIGH DWNLIP X C
JRUHFDVWHG JURXQGZDWHU HOHYDWLRQV LQYSWKBTOHIKUES$SEBEH DK C
LQVSHFWHG E\ 8QLWHG DQG ZHUH YHU\ WA PRLOQ®G U RY R MWKRQHDIX
UHVSHFWLYHO\ 7TKHUHIRUH IRUHFDVWKGVUHNIRUWWV [RUH WRIKXD 2 XK
&DQ\RQ PDLQ DTXLIHUV S5HYLHZ RI WKHKRYZIQP R Q/HIWHM ¥\G U R DR
LQGLFDWHYV WKDW IRUHFDVWHG JURXQGRDWHWH HQARXDWWRAQ BG%9
UHSUHVHQW W\SLFDO ORQJ WHUP FRQGDWVYR QW VEKKRIU QN KIDYH WIXIH
GURXJKWYV FXOPLQDWLQJ LQ \HDUYV D Q G) R U RW RALK/H HVWY IDROOCCDMVLIRRD
HOHYDWLRQV GXULQJ DYHUDJH WR ZHW FRRQY LKGBURG RRR VW RIG®L
PHDVXUHG DQG VLPXODWHG JURXQGZDWHU HOHYDWLRQV GXULQJ
UbSLGO\ EXW DUH QRW DV UHSUHVHQGLMWLRYH RI ORQJ WHUP DYHU

JLIXUHYV DQG VKRZ JURXQGZDWHU HOHYDWLRQV IRUHFDYV
VFHQDULR DW UHSUHVHQWDWLYH 8%$6 DQG /$6 ZHOOV 1
UHVSHFWLYHO\ ZLWK ORFDWLRQV VKRZQ RQ )LIJXUHYV DQG

QHDU WKH ERXQGDU\ ZLWK WKH 30OHDVDQHN RIDWORN BXWL®J WHHH
VLPXODWLRQ SHULRG WKDW JURXQGZDWHYUHHEH6Y DMAB QW D RU WKDH
EHORZ VHD OHYHO XQGHU HDFK GLYHUVLRQV VFHQDULR LV VXPPD

*URXQGZDWHU HOHYDWLRQV DUH FRQVLVWHQWO\ EHORZ VH
WKHUHIRUH WKH SHUFHQWDJH RI WLPHORERDWH D URKQHZ X\@ BB WDHD
LV QRW VKRZQ RQ )LJXUH

YLIXUH LQGLFDWHY WKDW XQGHU XRWGVE DAL bl UMVAHRYOD WH IR QN ULLG
ZHOO 1 : ' 6 DUH IRUHFDVWHG WR W\SLFDWRO\ |0WFRANXD WH{ FEHHSWZ
VHYHUH GURXJKWY QHDU WKH EHJLQQ LOPL QW B LKQ G JRJI URKKI) & Z B WOIL
DERYH VHD OHYHO LQ WKH 2[QDUG 30DLIL ©®Q & IBOHD\V B B W 19D &/QRH
IXUWKHU VHDZDWHU LQWUXVLRQ DQG RWKHU JURXQGZDWHU TXDC
XQGHUO\LQJ WKH 2[QDUG FRDVWDO SOBILIRUHBRX®YE BDWR E Hi G H O
VOLJKWO\ PRUH WKDQ SHUFHQW Rl WKH VLPXODWLRQ SHULRG Xt

SHUFHQW XQGHU VFHQDULRV $ DQG % ,W LV QRWDEOH W}
JURXQGZDWHU HOHYDWLRQV DW WK LVORZOOHDU®G HRHGI FDRANRKG KRR \
RI WKH VLPXODWLRQ LQGLFDWLQJ D VWURQJ SRWHQWLDO IRU LQ
FHQWUDO 2[QDUG 30DLQ

YLIXUH LQGLFDWHY WKDW IRUHFDVWHG JURXQGZDWHU HOHYD
W\SLFDOO\ IOXFWXDWH IURP W R WIKNM PAL® X O QWS HGH M B M H UGIX G
JURXQGZDWHU HOHYDWLRQV ZHUH WR DEF\OFZ U H IV HORHDYLHQO DI UWIK H
ORQJHU VHDZDWHU LQWUXVLRQ ZRXOG GRNHDQWL®YIQ FFHD PW. @J W
VXSSO\ ZHOOV WR EH VKXW GRZQ GXH W3RHSRRLP XOBWIUR DXDDV WX I
H[LVWLQJ ZHOOV ZLOO FRQWLQXH SXPSHQURW K R X HYRNXIW FARIQHV Y QKX
IURP SDUWV RI WKH /$6 PD\ QRW D F W X®LON\\ EHIF CHIDH\E OXHU M KAHDUN G )
LQWUXVLRQ
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,Q ERWK WKH 8$6 DQG WKH /$6 JURXQGXDW® U/ FHOGYDMRL R QWY KK QRS
EH VXEVWDQWLDOO\ ORZHU FRPSDUHG WR L\WQKCHFRWKBU WK¥WHURSI
VXUIDFH ZDWHU GLYHUVLRQV ZKLFK DUWLWRHUSBKPDUH \DRX® FGIH
VXUIDFH ZDWHU LQ OLHX RI SXPSLQJ QGHYUMDEQWLQOHVRO WV WL J|
OHYHO GHFOLQHV LQ WKH DTXLIHUV QGHUO\LQJ WKH 2[QDUG FRD'

6FHQDULR ZDV PRGHOHG IRU WKH VROH. FSRISRDEFRI RIO®XV VDB
GLYHUVLRQV IURP WKH 6DQWD &ODUD 5LYHY WKHJUR XIQRZ D WHIH
VXEVHTXHQW GLVFXVVLRQ RI IRUHFDVWNGRIQI NFRQD B L RWK BIHQHWIDR
LQFOXGH VFHQDULR 2LI LQFOXGHG VFHQRUMRKH ZBMNDWHD ®/Z B\N
JURXQGZDWHU OHYHOV DQG UHVXOWDQW TXHIMWWLY HH HI | M F\ ¥ DRACH U
7KH ODUJH GLIIHUHQFHV LQ WKH IRUHPDWWIHGBI JWUWRRQGZHDWDHIL R P SY
WKH RWKHU GLYHUVLRQ VFHQDULRYV LHOWODW MRUID W/IHW KKHR Z UNHXHFFDHQY VL )
VXVWDLQLQJ 8$6 JURXQGZDWHU HOHYDWLRG®DRBUR YR UWKDV \&[HX
JURXQGZDWHU HOHYDWLRQV LQ D W\SLPDO DY DVWRX\W GH B XFHIQOW LR
IROORZLQJ ILYH \HDUV Rl VXVWDLQHG GURXJKW :DWHU OHYHOV D
ZHOOV LQ ERWK WKH 8%$6 DQG /$6 DV D UHWDFGW R BKIRK KW YAR Q!
UHGXFHG 8QLWHGYTV DUWLILFLDO UHFKDUJH RSHUDWLRQV

$FURVV WKH 2[QDUG FRDVWDO SODLQ IRUHFDVWHG JURXQGZDWHU
8$6 DQG /$6 XQGHU GLYHUVLRQ VFHQDULRYV DQG ZLWK VRPHZ

XQGHU GLYHUVLRQ VFHQDULRYV $ DQG % )RUHFDVWHG JUR}
VFHQDULR DUH VLJQLILFDQWO\ ORZHU WKDQ JURXQGZDWHU HO}
VFHQDULR W\SLFDOO\ IHHW GHHSHU LQ WKH 8%$6 DQG IHH
VFHQDULRYV $ % DQG

7KH SXUSRVH RI LQFOXGLQJ WKH K\GURJUDSKV VKRZQ RQ )LJXUH
JHQHUDO WHPSRUDO WUHQGV LQ IRUHF DG/RVH G DIFKR XCQG HDW HRIQ HY
$OWKRXJK WKH WLPLQJ RI WKH XSZDUG DQG GRZQZDUG WUHQGV L
ILJXUHV ZRXOG EH FRQVLVWHQW WKURXDXB®W WXGOH\QPDGL QU D M
JURXQGZDWHU HOHYDWLRQ IRU D JLYHQ WLPRIUARBROWHGH SHRXQ ¢
HOHYDWLRQV DW ORFDWLRQV QHDU WWH YFHRD VAL JXQ G HIQQ/ IDWH BV A
DUH W\SLFDOO\ ORZHU WKDQ JURXQGZDWHL)\H®H WDRWH. EQV LMW WSIOI
DUHDV ZLWK IHZ SXPSLQJ ZHOOV

JLIXUHV DQG VKRZ WKH DUHDV ZKRIQW UQRXRIEZOJWHUGH
VHOHFWHG WR UHSUHVHQW WKH 8%$6 DQG WKH )R[ &DQ\RQ DTXLI
IRUHFDVWHG WR EH EHORZ VHD OHYHOGXQGRBU Bl DNVFWKS IGALD/G! Z D MRHQU |
RI WKH VLPXODWLRQ SHULRG $UHDV ZRHEHORZRX D ZDHAWHID GHYUH
WR ZHW \HDUV ZRXOG EH PRVW SURQH IV@GORWHKHKWD OJ WG DE BI\E HIL
TXDOLW\ SUREOHPV ZLWK WKH SRWHQW RDIOQ FRIH BX B RUR ®H FRQ Y H/
WKH DTXLIHU XQXVDEOH IRU \HDUV WR GHFDGHV 'HWDLOHG PR
H[WHQWV ZDV EH\RQG WKH VFRSH RI WKMVHH YIDOXDXWMIRRED K& 2ZMK H
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KLVWRULFDOO\ EHHQ GLUHFWO\ FRUUHODWHG ZLWK JURXQGZDWHL
WKH 2[QDUG 30DLQ DQG 30HDVDQW 9DGERBDEDRVQVDQ&EQ G HNK 8 LIY W
JURXQGZDWHU HOHYDWLRQV DUH IRUHFD\Q/GHB | IW R REH] EXHBRA WHK
2FHDQ VHDIORRU QHDU +XHQHPH 6XEPDULQHJXDGXE®DVEQD DIDR\
VFHQDULRV DQG 6XFK DQ RFFXUUHQFH ZRXOG OLNHO\ H[DFH
DV WKHVH VXEPDULQH FDQ\RQV DUH FRQDM GRIQWY GRWRV BB 20 KH $ UN
DTXLIHUV XQGHUO\LQJ WKH 2[QDUG FRDVWDO SODLQ

,QVSHFWLRQ RI )LIXUHYV DQG LOGLFDWHY WKH IROORZLQJ

X $00 Rl WKH PRGHOHG GLYHUVLRQ VFHQDULRY DUH IRUHEDVW
JURXQGZDWHU HOHYDWLRQV LQ WKH 8$pRD® G I'$ 63100 DWKIHQ 2\ (DD
DQG WKH ORXQG EDVLQV

X 'LYHUVLRQ VFHQDULRV DQG UHVXOW LQ WKH VPDOOHVW DU
8$6 DQG /$6 DUH IRUHFDVWHG WR EH EHOR X Q/GIDD WHIUH®O H,YOD W
IRUHFDVWHG WR EH EHORZ VHD OHYHO LQ D FLUFXODU DUHD V
30DLQ EDVLQ DQG LQ WKH VRXWKHUQ 30HDVDQW 9DOOH\ EDVL
VRXWKZHVWHUQ ORXQG DQG QRUWKHUQ /36 HDVRRWGIDWMHH\ ED
HOHYDWLRQV DUH IRUHFDVWHG WR EH EHORZ VHD OHYHO DFU
SODLQ 7KH IRUHFDVWHG RFFXUUHQFH RI JURXQGZDWHU HOH®
DUHDV GXULQJ DYHUDJH WR ZHW \HDUYQ ZRYW & HAHWH{BEBFWHG V
UHODWLYH WR WKH FXUUHQW H[WHQW VKRZQ ZLWK EODFN GR

X 7KH DUHDV ZKHUH JURXQGZDWHU HOHY DWHRIGRW H BDW WHH G $W FD €
EHORZ VHD OHYHO XQGHU GLYHUVLRQ VFHQDULRYV $ DQG 9
GLYHUVLRQ VFHQDULRV DQG

Xx 7KH DUHDV ZKHUH JURXQGZDWHU HOHYDWLRQV LQ WKH 8$6 DC
VHD OHYHO XQGHU GLYHUVLRQ VFHQDULR DUH VXEVWDQWLD
VFHQDULRV H[FHSW VFHQDULR ,Q SDUWLFXODU WKH DUHTC
HOHYDWLRQV DUH EHORZ VHD OHYHO UG R BH6 LDFPXTOE T
DVVRFLDWHG ZDWHU VXSSO\ ZHOOV LODWE&H RDVWBO G SBU® L\
&DPDULOOR DQG HDVW RI 2[QDUG

7KH DUHDV Rl IRUHFDVWHG 8%$6 DQG /$6 JURXBD ZOMMNHO HOHIHDW\
GLYHUVLRQ VFHQDULR GXULQJ D W\SLFDOUNMNDU DDEGVXPPDUTLKH
JUDSKV LQGLFDWH DUHDV RI WKH 8%6 DQG WKH /$6 IRUHFDVWHG
VFHQDULRYV $ % DQG UHODWLYH WWH VGIH QHDWH.®F H VT X Q QWPIS
TXDOLWDWLYHO\ DSSDUHQW RQ )LIJXUHV DQG YLIXUHV

x 7KHUH LV D GLUHFW UHODWLRQVKLS EHWZHHQ DYHUDJH DQQX
JURXQGZDWHU HOHYDWLRQV DUH EHORZ/VWHID GHYHQ EHORZ Wi

X 7KH IRUHFDVWHG DUHDV RI WKH 8%$6 DQWFH@DEH®R ZDWHD OHYH
DSSUR[LPDWHO\ HTXDO WR WKRVH XQGHU VFHQDULR

x 7KH IRUHFDVWHG DUHDV EHORZ VHD O8Y BOUDP@GEHUUWREMQDULR
DSSUR[LPDWHO\ W R DFUHV HW R/ H U WIKDQ X PGB Y W Fl
LQ WKH 8$6 DQG IURP W R DFUHV W R VTIXDUH Pl
VFHQDULR LQ WKH /$6
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Xx 7KH IRUHFDVWHG DUHD EHORZ VHD OHIYRMIDWH@GHU V AHQUHUL R
VTXDUH PLOHV JUHDWHU WKDQ XQGHU VAMHQMWLR WX IMKH RIS
JUHDWHU LQ WKH /$6

7DEOH FRPSDUHV PRGHOHG VXUIDFH EZDMIBU R®L YWHUHV DR@ XNIF®I (
YROXPH RI VXUIDFH ZDWHU DYDLODEOHR | RRQGLDVLHUN IRV H \7 KZH. WK
LQIRUPDWLRQ DQG RWKHU FRQVLGHUDWLRQV

7TDEOH &RPSDULVRQ RI GLYHUVLRQ VFHQDULR\

7RWDO $UHD
"KHUH
$YHUDJH *URXQGZDWHU
$QQXD (OHYDWLRQV $UH
(VWLPDWHBUHFDVWHG WR
6XUIDFH EH %HORZ 6HD
‘DWHU /HYHO 'XULQJ D
'LYHUVLRQMSLFDO <HDU
6FHQDULRB) SHU \HDU DFUHYV &RPPHQWYV

ORGHOHG VROHO\ WR LOOXVWUDWH WKH LF
ZDWHU GLYHUVLRQV IURP WKH 6DQWD &OD
JURXQGZDWHU FRO®IHMWILRQWREG WHQHUDOC

.Lf%tELRQ Z%S FRPSDUHG WR WKH RWKHU VFHQDULRV 6F
UHVXOWV LQ WKH JUHDWHVW GHFOLQHV LC
OLNHO\ QHIJDWLNMHR KQGEWWHRIQTXDOLW\ H

VHDZDWHU LQWUXVLRQ
+ :DWHU 896 5HSUHVHQWY RSHUDWLRQ DOORZHG XQGH L
5LIKWV 156 ULJKWV DQG ZLW KIROFW/ DN PRIGJIDVMD W LR Q
2SHUDWLRQ LQ HIITHFWV RQ JURXQGZDWHU UHVRXUFHV
+  QWHULP 'RXOG QRW UHTXLUH DGGLWLRQDO ZDWHU
%\SDVV 8%$6 LQIUDVWUXFWXUH PRGLILFDWLRQ KRZHYH
2SHUDWLRQV /$6 JURXQGZDWHU UHVRXUFHV DUH VLJQLILFD!

VFHQDULRYV % RU

+

- 8%6 OXFK JUHDWHU LPSDFWV WR JURXQGZDWHL
%LRORJLFDO
2SLOLRQ /$6 RWKHU VFHQDULRYV H[FHSW VFHQDULR
7KLY VFHQDULR DVWARHVGWKHUNV[LRQ FDSDE
D + OLPLF 8%6 W GRHV QRW UHTXRLY R IDWKRG'ILNVNWDWEW TV |
JORZ /$6 ZDWHU ULJKW  +R/ZHHG WP BFIDUFRMAD W R JUR X C
5HFHVVLRQ UHVRXUFHY DUH VLJQLILFDQWO\ JUHDWHU

RU
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7TDEOH &RPSDULVRQ RI GLYHUVLRQ VFHQDULR\

7RWDO $UHD
‘KHUH
$YHUDJH *URXQGZDWHU
$QQXD (OHYDWLRQV $UH
(VWLPDWHBUHFDVWHG WR
6XUIDFH EH %HORZ 6HD
':DWHU /HYHO 'XULQJ D
'LYHUVLRQMSLFDO <HDU
6FHQDULR) SHU \HDU DFUHYV &RPPHQWYV

7KLV VFHQD UL RUDYYRUIXFHWXU®I PRGLILFDWL
UHTXLUHG WR FDSWXUH VWRUP IORZV ZLW

GRHV QRW LQFOXGH DQ H[SDQVLRQ RI WKH

E + OLPLF 896 ZDWHU ULJKW |URPUWKH BWDRHY :®RVQW UR O
)ORZ 156 $OWKRXJK ILQDO LQUUD S VWXFEMAXHHVGBIWH (
5HFHVVLRQ DYDLODEOH LW MV FHRQWLVPDXFHGL R/ DFRV W V
LQIUDVWUXFW XU H LXK /& HH V DZQ THO RE H PL

DQG WKH PDLQWHQIUDRHVRIX PN RWHLZLOO K|

VLIQLILFDQW EXW DV \HW XQTXDQWLILHG

SHTXLUHV H[WHQV LWYH RLRGUDLADWIXRWX D Q C
QHZ ZDWHU ULJKVD WHRP56WBWHFHY &RQWU
%RDUG WR DOORZ KLJKHU LQVWDQWDQHRX
GLYHUVLRQ UDWHYQX®® IGILMHHIWLRQ TXDQ)

8%6 IHDVLELOLW\ QR W KLG/GWHYR/BIG LQ $OWKR X

/$6 LQIUDVWUXFWXUH GW \DILIK GGROW D FAMMIHY DL O |
HVWLPDWHG WKDW FRQVWUXFWLRQ FRVWYV
FKDQJHV ZLOO EH LQ WKH UDI@IG RKH P
LQIUDVWUXFWXUH ZDQW KDMWH VL ABIM X QT X
RSHUDWLRQDO FRVWYV

+
,QFUHDVHG
'LYHUVLRQ

5DWH
2SHUDWLRQV

5RXQGHG WR WKH QHDUHVW DFUH IHHW

7KHVH FRVWYV DUH LQ DGGLWLRQ WR IXQGV WKDW PD\ EH UHTXLUHG IRU FRQ
DVVRFLDWHG LQIUDVWUXFWXUH

7KH PRGHOLQJ UHVXOWY DOVR SURYLGH DQ LQGLFDWLRQ RI WKH |
OLHX RI SXPSLQJ JURXQGZDWHU IURP WKH G$30DQG RQ G $BOHD WDK
EDVLQV 7KH PDMRU GLIIHUHQFHV LQ JURXQGZDWHU HOHYDWLRQ
VHD OHYHO DQG WKH /$6 PRVW FRPPRQEK BHYRUZW.RD VHFUOPOD UKR (
D UHVXOW RI WKH UDWH Rl JURXQGZDWHU H[WUDFWLRQ IURP WKF
UHFKDUJH ZKLFK RFFXU SULPDULO\ LQ WKH 8%$6 LQ WKH )RUHED
1IDWXUDO DQG DUWLILFLDO UHFKDUJH HQBDHUWIQQ KDVKB §X&EW\WYDW
LPPHGLDWH HIIHFW RQ JURXQGZDWHU OBRNMIOUGLIODGM DSBHQWLBXE
8$6 S5HFKDUJH HQWHULQJ WKH 8%$6 LQ WKWHM WHEBL\D @D V LRX\D DI
GRZQZDUG WR PRUH GLVWDO ORFDWLRQM XIH@E W R RVJI K B X QOG X X & W
WKH /$6 LQ WKH HDVWHUQ 2[QDUG 30DLGQ PHY HOHBWDQ WHLD @O HAXE
WR WKHVH DUHDV DQG UHGXFLQJ SXPSLQGLIQR P MRKHQ W 6 \E \DDP RRIU
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H[SHGLHQW DQG HIIHFWLYH DSSURDFKWWRQOGPIFWLQH LR WKE ZH\E
WKH 2[QDUG 30DLQ DQG 30HDVDQW 9DOOH\ EDVLQV

$V QRWHG SUHYLRXVO\ LQ WKLV VHFWLRQ)&*63VPPM L@F GXF H CBRXPH
UHGXFWLRQV LQ SRUWLRQV RI WKH 8$6RDWDHDRD W $i6) RROWWA X/ \XIVAE® S §
PDLQWDLQ JURXQGZDWHU HOHYDWLRQV DERYH VHD OHYHO DV D
\LHOG LQ WKH 2[QDUG 30DLQ DQG 30HDMDQ\®\9IDQNDPR ED VIS L | L\FI
SXPSLQJ UHGXFWLRQV ZRXOG EH DFKLHYH®FEKDVOIGN ¥RV IRSW LRI
WR UHSODFH JURXQGZDWHU ZLWKGUDZDHW ZQWHVRRRBHVSRP ®IRFTL
8$6 UHGXFWLRQ LQ LUULJDWHG IDUPODQGFLRVL HQF UHDWWHIEG GRDW H
SXPSLQJ UHGXFWLRQV ZRXOG EH DFKLHWMEHGWHKHHG MVH B H GIPHWK I
VFHQDULR ZRXOG WHQG WR EH DFFHQWXKDW HG JE\RX QIS ZUDHW X O ViA DI
H[DPSOH )LJXUH LQGLFDWHY WKDW ZDLOMK RX WV 8 M P\SILIDX O D M/GX
VFHQDULRY UHVXOW LQ JURXQGZDWHUEHOR Y DWHLLR QYA YLH)O \DKRHU R$/6V V
2[QDUG FRDVWDO SODLQ HYHQ GXULQJSDQYHWHIHX PVRL RIQW YHHDBIVL P
WKDW UDLVHG JURXQGZDWHU HOHYDWLIRQVHDFORYW ® RWWHR WKH
DUWLILFLDO UHFKDUJH DQG VXUIDFH ZDWHU GHOLYHULHV LQ OL
GLYHUVLRQ VFHQDULR ZRXOG UHVXOW LQ JUHDWHU GLIIHUHQW
REMHFWLYHV VXFK DV DUHD DQG GXUDWER®HRYV H D RXHYGZ®D WHUG HO |
VHDZDUG YHUVXV ODQGZDUG K\GUDXOLBHW XSIGIOW\QJ WEKILW HIEQ 2
VXIILFLHQW LQIRUPDWLRQ LV UHOHDVHW®WHD Y&X\OW EDQOLELIOLWY SO B
VLPXODWH WKH OLNHO\ ORFDWLRQV DQRSPQJQLVEXFNW RQY$ElI RQFE
*63V

$OVR LW LV EH\RQG WKH VFRSH RI WLV RQDRWKIHU W R SDYFDAOVX DWR |
DQRG WKH UHJLRQ RI FXUWDLOPHQWY RHJIJURXRG HOHY HBX\WPSLQJ RU
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&218&/86,216 |

'HVSLWH ORQJ WHUP HIIRUWYV WR FRQWMR YWAKEHDWWW UL P ®RDQG PRI
RI ORFDO UHVRXUFHV ZDWHU GHILF KWWRXIKRWW. @ HQ X ¥ WHIU FRV DRJ
WKH VRXWKHUQ 2[QDUG 30DLQ DQG LQ WAKRP I CBHIDTHYW W R B OGH SE
JURXQGZDWHU UHVHUYHV KDV WR GDWH MUPS/MEOHV X0 WH ® W.IKQH
VLIJQLILFDQW ZDWHU TXDOLW\ SUREOHPR KRB LOHRIVRBH R YLHU G
&DOLIRUQLD 'HSDUWPHQW RI :DWHU 5HVIRXW FHVEDNE B QW © X ELMHYAW
RYHUGUDIW °~ 6RXWKHUQ &DOLIRUQLD KDV VL[ EDVLQV GHVLJQDW
2[QDUG 30DLQ DQG 30HDVDQW 9DOOH\ EDVLQV KDYH EHHQ DVVLJC(
DQG 30HDVDQW 9DOOH\ EDVLQV DUH WKKHCRQY®A WZR FRDVWDO EDVI

8VLQJ D FRPELQDWLRQ RI VXUIDFH ZDWHU LWGIG FRPSQPEHEBWBUY
DPRXQWYV DW WKH JUHHPDQ 'LYHUVLRQ DIMRBQ® W RU |DUFRIXDIBE B W HE
DW 8QLWHGYTV IDFLOLWLHV DQG UHYVXOWVDIVQ\R QN\R UHF DWKWH B[ D RE
30HDVDQW 9DOOH\ EDVLQV IRU SHUWLQHQW GLYHUVLRQ VFHQDUL
SURYLGHG ORZHU GLYHUVLRQ DPRXQWV IGHOUWMAKDHYHLDQGL N X UR

FRPSDUHG WR VFHQDULR :DWHU 5LJKWWR RISGHH\D \EL RDY W K&F DRI Y
RI DYHUDJH DQQXDO GLYHUVLRQV H[FGXBLQJ VBHNGHWLRHDU D0SBU
VFHQDULR DQG $) SHU \HDU OHVV WK F MFHQPW LRV V X PBSI

GLIIHUHQFHV LQ GLYHUVLRQV EHWZHHQ WAHQEBWRNG ZHU H5 LS HHK
JURXQGZDWHU UHFKDUJH WR 8QLWHG T\D YH WLRXVD OHF K BKID H JEDW RC
6DWLFR\ EDVLQV ZDV VLJQLILFDQWO\ ORZWRB ®PQO®HRWKHHD YBHR D UA
DSSUR[LPDWHO\ DQG $) SHU \BI@QWO\ KQJWXUQDPRXIQWN FRI
GLUHFWHG WRZDUGV WKH 1REOH 5RVH DRG FRPSR UFHG/ WO/ WRIE
VFHQDULRY EHWZHHQ DSSUR[LPDWHO\ DQG $) SHU \HDU
JURXQGZDWHU SXPSLQJ DUH OHVV VHQVLW[FHEWRRRIKDRIHY VX G
GHOLYHULHV DQG FRUUHVSRQGLQJ JURXKIE ZIW HUQ G X3S VO Y. QFFHU |
XQGHU VFHQDULR DSSUR[LPDWHO\ $)IISHHQFHDW LQ VRAHD A
GHOLYHULHV DQG JURXQGZDWHU SXPSLQGEDIQGGRBE ® XHWBRUWWHDWHU (

.H\ FRQFOXVLRQV RI WKH HYDOXDWLR@®ZDRVHUF DY WAIGGHPSDFWV W

X $00 RI WKH PRGHOHG GLYHUVLRQ VFHQDULRY DUH IRUHFDVWH#
JURXQGZDWHU HOHYDWLRQV LQ WKH 8$BRDE G D'$ 630 DWKIHQ 2\ (DD
DQG WKH ORXQG EDVLQV

X 8QGHU HDFK GLYHUVLRQ VFHQDULR JURBQG ZMWDHQ B QB YIOMLF
9DOOH\ EDVLQV DUH IRUHFDVWHG WR ULVH DQG GHFOLQH RYH
JURXQGZDWHU UHFKD WXU|DBPR ZHW H U RREEKWD LWOHHHEP DUR ALY HU VL R
DQG ZLWKGUDZDO SXPSLQJ UDWHV ODRQW DERLP VIHR O AL
WR SUHYHQWLQJ IXUWKHU VHDZDWHU TRNQXVLBQ REDH RW KUHRIJ
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RFFXUULQJ LQ WKH DTXLIHUV XQGHU®QG J RVK B FX QYL F RDXWW
PDQDJHPHQW Rl WKH 2[QDUG 30DLQ )RUWVE®Y DYQBIKDVIPQ® W
BWDWH XQGHU WKH 6*0$%

Xx 7KHUH LV D GLUHFW UHODWLRQVKLS EHWZHHQ DYHUDJH DQQX
JURXQGZDWHU HOHYDWLRQV DUH EHORZ/V WHID GHDYHQ@ EHORZ Wi

X ,Q ERWK WKH 8%6 DQG WKH /$6 JURXQGRADL\VRQUVAB 8 DDWR R QVXX
ZDWHU GLYHUVLRQV OLPLWHG WR WK R&BQIWD/ RHQ D MHG' Z B W B UL
IRUHFDVWHG WR EH VXEVWDQWLDOO\VORDHVFW R D Q DRYG KB RADKL
EHORZ VHD OHYHO DFURVV PRVW Rl WKH 2[QDUG FRDVWDO SO
7KLV LOOXVWUDWHR/ W@ HWMHPGRWU WDWERE L\DXOU LHAK BDWHU GHO
OLHX RI SXPSLQJ IRU SUHYHQWLQJ RU PLWLJDWLQJ XQGHVLUD
JURXQGZDWHU OHYHO GHFOLQHV LQ WKH DTXLIHUV XQGHUO\L

X 8QGHU WKH DVVXPSWLRQV DSSOLHG WR WKH JURXQGZDWHU P
JURXQGZDWHU HOHYDWLRQV LQ WKH 8%$6PXHFRDRIQWKERZHQDHD C
FRDVWDO SODLQ GXULQJ PRVW DYHUD DV WR GZ BIWR WHDAAD W-HRIZ H
HOHYDWLRQV LQ DUHDV Rl WKH VRXWKHDVWHUQ SDUW RI WKH
9DOOH\ EDVLQ ORXQG EDVLQ DQG QR UHPDH QQE BOIREZ \WHDNOIDYO-
XQGHU DOO VFHQDULRV )LJXUH DIKG! 3/RKDWKCHUMND 2D QDWIG
DUHD KDV KLVWRULFDOO\ EHHQ WKH DL W H SO UNHLDF2COMHUF R@W H
DFKLHYLQJ VXVWDLQDEOH JURXQGZDWHB8$BDEIDURIP WOIW ORNH A
VPDOOHVW XQGHU GLYHUVLRQ VFHQDWHRDULRQG $DDIP ® DWW JH
W R DFUHV JUHDWHU WKDQ XQGHU VFHQDULR DQG DUH \
HQFRPSDVVLQJ PRVW Rl WKH UHPDLQLQMUI@® BRODQYG Q G OVKH HH
2[QDUG DQG VRXWK Rl &DPDULOOR XQ GHWRWIH@DWA B Q F HY%6HHH\U
WKH VRXWKHDVWHUQ 2[QDUG 30DLQ DQG WKH DUWLILFLDO UH
FRQWLQXLQJ GLUHFW GHOLYHU\ Rl VXUIDFH ZDWHU WR IDUPV
OLNHO\ WR EH WKH PRVW HIIHFWLYH FRQWR Q@® IPLW 1 URW & GZDD
LQWUXVLRQ LQ WKLV DUHD

X ,Q WKH /$6 JURXQGZDWHU HOHYDWLR QDN BHD@R E OFDR\QVDRIHW R H |
UHPDLQ ZHOO EHORZ VHD OHYHO WK U RXJW RO V&K M HUL\PLFOD WE
6LPLODU WR WKH 8$6 WKH IRUHFDVW H® DWILFOW EMHORZ DUD OR
HTXDO DUH VRPHZKDW ODUJHU XQGHU WFR QD ULRRUH V $ UHDGV |
WKDQ XQGHU VFHQDULR DQG DUH VIXHEW WOGMLLD @ P @DWLIR U
ZLOO DOPRVW FHUWDLQO\ LQFUHDVH WKH UDWH DQG DUHDO H
WKH 2[QDUG 30DLQ DQG 30HDVDQW 9D GWKHH )BD U$ QVR P @G KLRKX
VXVWDLQDEOH PDQDJBPXH@GHD WUKHT&KIOSH 3R ZEHLHU G6HYHORSH
E\ WKH )&*0$ PD\ LQFOXGH SXPSLQJ UHG%BEWIRRQW \L)QV ERSWLRQ
VHDZDWHU LQWUXVLRQ DV D SRWHQWLDO DSSURDFK WR DVVL
8QLWHG ZLOO FRQVLGHU XSGDWLQJ RUKRDWLERI LWL Y HAKHHIV W G| |
GXULQJ LWV JURXQGZDWHU VXVWDL@WH GIRFDIQLRQYLDQJ G PRI
SRWHQWLDO /$6 RU 8$6 SXPSLQJ UHGXFWLRQV

+LVWRULFDOO\ WKHRQHPPBGQSQIYWHE JVVEROYVRXKBALXHHY QHDU ¢
EHHQ WKH VLQJOH PRVW HIIHFWLYH SURMHFW SURYLGLQJ JURXQG
WKH 2[QDUG 30DLQ $Q\ UHGXFWLRQ@ DWW HLD LWRFG WK B BIDOLWD & @ D
GLUHFW LPSDFW RQ WKH VXVWDLQDEOHQW PQG R KWM KSH/RWIHIFRXIQRIY |
YLDELOLW\ RI WKH GHSHQGHQW ZDW H U DQ/GI ¥ FORPX @ VW R IF I/ D VBHR® WAIE
IRUHFDVWHG LPSDFWV RQ JURXQG ZD W HEKOGLYYHOMW GRQY FAFIHEHIRU DE R-
WKDQDO\VLVY 6FHQDULR ZKLFK UHIOHFWV RSHUDWLRQV FRQVL\
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ZRXOG DFFRPSOLVK WKH SXUSRVHV RI WKKD QU DR DO W QD WR
RSHUDWLRQV WKDW GR QRW UHO\ RQ DGGLWLRQDO LQIUDVWUXFW)
LPSDFWV WR JURXQGZDWHU OHYHOV RI VEBQOWLURWDWBHQGWKDQ |
VFHQDULRYV LQFUHDVLQJ WKH SRWHQVRMDKH UR X Q\GHHVAM\Y H O HL QW U
GHYHORSHG 6FHQDULR WR DGGUHVV FRQWKHDYDWLROD \RER® FW+E
6FHQDULR $ ZRXOG KDYH D ODUJHU LPSDFW WR JURXQGZDWHU OH
GRHV QRW HYDOXDWH WKH IHDVLELONW\ZDI\WHKRNYW B EWNKHRWD VORHEM G
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5()(5(1&(6 |

$OYDUDGR - $ &RUFKR %DUEHFRW ) H3QXWWHKWMIUMD O510RZ LQP|
ZHOOV D FDVH VWXG\ LQ WKH J)RQWDLQHBGHRXHRIDRGV -IRDXULQHDW
S

%R\OH ' .LQJ $ .RXUDNRV * [/RFNKDUG . OD\]JHOOH 0 )R.
*URXQGZDWHU QLWUDWH RFFXUUHQ Rddressing Ritka@eL iR CralifosiaS R U W
drinking water with a focus on Tulare Lake basin and Salinas Valley groundwater. Report for
the State Water Resources Control Board, Report to the Legislature. &HQWHU IRU :DWHU
6FLHQFHY 8QLYHUVLW\ RI &DOLIRUQLD 'DYLV

&DOLIRUQLD 'HSDUWPHQW RI :DWHU 5HVRR@QFHMQDUG 63-OIAIN R U ¢
&RXQW\ %XOOHWLQ 1R S

&DOLIRUQLD 'HSDUWPHQW RI| :DWHU 5HVWKBRBYFDO LQRPISPDWWR @
WKH 9HQWXUD &RXQW\ FRRSHUDWLYH LQYHVWLJDWLRQ &DOLI

YROXPH
&DOLIRUQLD 'HSDUWPHQW RI :DWHU 5HVRXUFHV &DOLIRUQLE
GDWHG 2FWREHU S
'HQVPRUH - 1 /JLWKRORJLF DQG JUWRRUGE @D WHOOG DM WRH B
&DOOHJXDV JURXQG ZDWHU EDVLQ 9HQWX(8D6 & REKROWR J LML 16X
2SHQ )LOH 5HSRUW S
)R[ &DQ\RQ *URXQGZDWMUSUBIQBIHPHQ&DOHQGDU \HDU DQQXDO
)XJUR :HVW ,QF &DOHQGDU <HDU JSRRQAOG OZ D\ B R UB\D VA RX
&RXQW\ &DOLIRUQLD $ VXPPDU\ RI K\GURQRWLKH FRQQG LRV LRQW $
*HRWHFKQLFDO &RQVXOWDQWYV ,QF +\GURJHRORJLF LQYHVW|

IRU WKH &LW\ RI 6DQ % XHQDYHQWXUDJL&EDIQYRVYPLODODWUBIN K\GU

+DQVRQ 5 7 ODUWLQ 3 DQG .RFIRW JORXQGZPWPHKWBZWWRQ RXU
IORZ LQ WKH 6DQWD &ODUD &DOOHJXDV RIXXNQEG ZBWE Ul RADALL
*HRORJLFDO 6XUYH\ :DWHU 5HVRXUFHV ,QYBVWLJIJDWLRQ 5HSRUV

+DQVRQ 57 ,]JELENL -$ B5HLFKDUG @ *0 (GEZDUQ@V3 % ' /BEGPSD!

RI JURXQGZDWHU IORZ LQ 6RXWKHUQ RD®IK RAFQHI FFHR D QWDKH DXV

WKH VRXWKHUQ &DOLIRUQLD FRQWLQHBWD ® | ERAUHIH.FO DESH FLIDR
S

,JELFNL - $ &KORULGH VRXUFHV TXQ | B U& D GPIHRWLICHIDQ FERRDAVL\M I
(QILQHHUV V\PSRVLXP RQ JURXQG ZDWHWKQ WDKEIBLIDFXIQF 5LP
S

,JELENL - $ 6RXUFHV RI FKORULGH QQUBUREDGQZEWPBUIRU QUK
.5 DQG -RKQVRQ %, HGV B5HJLRQDO DTXLIHU VI\VWHPV RI WK
ZHVW $PHULFDQ :DWHU 5HVRXUFHV $VVRFLDWLRQ ORQRJUDSK 6

,JELENL - $ obuwLQ 3 '"HQVPRUH - 1:DDMHAU SXDOMWA $GDWD IRL
&ODUD &DOOHJXDV K\GURORJLF XQLW WREWXUD &RKQRXJ K DHDHRH
8 6 *HRORJLFDO 6XUYH\ 2SHQ )LOH 5HSRUW S
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,JELFENL - $ D 6RXUFH PRYHPHQW D Q@GFIRIHVWIDOUKXQIGIRDVQHD I
*HRORJLFDO 6XUYH\ )DFW 6KHHW S

JJELFNL - $ E 8VH RI 2 DQG + WRVGHIQQH VZRDWHK 1$QPNH.
&RQJUHVV $QDKHLP &DOLIRUQLD -XQH

,JELFNL - $ F 6HDZDWHU LQWUXY/  DRXLWEA W FRDBVWIRD R DICAHD R UX
6KHHW S

,JELFENL - $ &KULVWHQVHQ $OO0OHQ + 1HZKRXVH ODUN : 6PLW
,QRUIJDQLF LVRWRSLF DQG RUJDQLF FRRWHRVLWRIR ZHRDIOKNLIKR HI
VRXWKHUQ &DOLIRUQLD $SSOLHG *HRFK&SPLVWU\ 9 QR

,JELFNL - $ &KULVWHQVHQ $O0OHQ + *IHZKRNVH ODGN+D QFRIQN K
7 E 7HPSRUDO FKDQJHV LQ WKH YHD®QGFPBPKOR UV &K LIEX VEIHR
*URXQG :DWHU -RXUQDO RI WKH 6FLHQVRLVINDW DRRGD OQIUGN B GV
$VVRFLDWLRQ 9 QR S

0DQQ - ) -U $ SODQ IRU JURXQG EBWBWHW GRINVAHND WERK
5HSRUW WR 8QLWHG :DWHU &RQVHUYDWLRQ 'LVWULFW S

OXNDH OLNH *HQHUDO JHRORJ\ DQG 1WKXQGZDOWIHHI RF ¥ XOXWDH @
:DWHU 'LVWULFW VHUYLFH DUHD 3URRUHMWURSROWWIR) :DVEHH
6RXWKHUQ &DOLIRUQLD

I1DWLRQDO ODULQH )LVKHULHYVY 6HUYLFH 6RXWKZHVW 5HJLRQ )
RI SHFODPDWLRQYTY DSSURYDO RI 8QLWHNGS{DRASHRY & QWRH B8 B WD R/
JUHHPDQ 'LYHUVLRQ DQG ILVK SDVVDJH IDFLOLW\

3RUFHOOR - 3DQGD\ 6 DQG 5XPEDXJK DP HYDOXHULRG® YRHB
JURXQGZDWHU IORZ PRGHO IRU WKH 2[QD®& G GBHMD\LRQVZ[QD O G H)\R
9HQWXUD &RXQW\ &DOLIRUQLD >'UDIWX@WHULP OHPRUDQGXP @

5 5HVRXUFH &RQVXOBWDPRWMOH HIIHFWV DQDO\VLV RI )UHHPDQ 'LYI
VWHHOKHDG DQG 3DFLILF ODPSUH\ $WWDFKPHQW $ PRGHO GRF
:DWHU &RQVHUYDWLRQ 'LVWULFW 6HSWHPEHU

6DQWDXOD %DVLQ ([SHUWV *URXS , OYXHODN E DD/Mp @ p@d-HRorG6 D Q W
6DQWD 3DXOD %DVLQ 7THFKQLFDO $GYLVRU\ &RPPLWWHH GDWHG
6WDPRV & / SUHGPRUH ©6 . DQG =RKG\ & BHBHVLVWLYALWH RMR' PLC

JURXQG ZDWHU $PHULFDQ 6RFLHW\ Rl &LYLO (QJLQHHUV 1DWLI
%DOWLPRUH O0ODU\ODQG $XJIJXVW URFHHGLQJV S
6WDWH :DWHU 5HVRXUFHYVY &RQWURO %RDUG2['QPUGLBQDRIQ : DWRIXNQ E

VWXG\ £+ :DWHU &RGH 6HFWLRQ S
6WLOOZDWHU 6FLHQFHYV 6DQWD &ODUBVAWRUBDWEBQN ZHD VILAER

DVVHVVPHQW RI JHRPRUSKLF SURFHVVHV WRIW WKKIHG 6 DB ®\J X&®D D
$QJHOHV &RXQWLHV &DOLIRUQLD 3UHSRUHEBKH\ &DVLORZQ IMH
&RQVHUYDQF\

7TXUQHU -0 $TXLIHU GHOLQHDWLRQ LQ WKH 2[QDUG &DO(
&RPSLODWLRQ RI WHFKQLFDO LQIRUPDWLRQ UHFRUGV IRU WKH
&DOLIRUQLD '"HSDUWPHQW RI :DWHU 5HVRXUFHV S

8QLWHG :DWHU &RQVHUYDWLRQ 'LVWULFMQW UHSRUWW RRIP HONMHPD @
LPSURYHPHQW SURMHFW 3XEOLF /DZ 2FWREHU
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8QLWHG :DWHU &RQVHUYDWLRQ 'LVWUDF®UDFW LOARHG/L | QQW LDLHQ W X O
&DOOHJXDV &UHHN DQG 6DQWD &ODUD 5LYHU $XJIJXVW S

8QLWHG :DWHU &RQVHUYDWLRQ 'LVWULRWWKH 21QWWE® WRIURIEWDN WYL

8QLWHG :DWHU &RQVHUYDWLRQ 'LVWULFWLQ HOHRWURPBOQHW LV
VDOLQH LQWUXVLRQ 2SHQ )LOH 5HSRUW 2FWREHU

8QLWHG :DWHU &RQVHUYDWLRQ 'LVWULFWQW RI+WEUHRIRRQR JEP VY
:DWHU &RQVHUYDWLRQ 'LVWULFW 2SHQ )LOH 5HSRUW

8QLWHG :DWHU &RQVHUYDWLRQ 'LVWULPWH 2PQ DD 3QW LD \WQ BV
9DOOH\ EDVLQV 8QLWHG :DWHU &RQVHUYDWLRQ 'LVWULFW 2SHQ

8QLWHG :DWHU &RQVHUYDWLRQ 'LVWULFO WH CE : 33\ R U Q& K QNUHDUWAYLDYWA
PXOWLSOH VSHFLHY KDELWDW FRQVHUYDWLRQ SODQ 2FWREHU

8QLWHG 6WDWHYVY *HRORJLFDO 6XUYH\ 6HDZDWHU LQWUXVLR(
6KHHW S

8QLWHG 6WDWHYV *HRORX\WWINS 6 XDYWMHU XVJV JRY RJZ PRGIORZ QZW

86):6 DQG 10)6 8QLWHG 6WDWHV )LVK DQG LRQOOLDHD ULHIHY DEN K
6HUYLFH 'UDIW KDELWDW FRQVHBQYDLW HRSQ6 SVMMNCHIL CHIS B D VG
, QWHULRU )LVK DQG :LOGOLIH 6HUYLFHW RG &RPE WHGF H W DWMI
2FHDQLF DQG $WPRVSKHULF $GPLQLVWWHYWLHRWY LFMHW L:PY B O QQIDNUR

'HEHU ) + .LHVVOLQJ (: 6SURWWH (& -RKQVRQ -$ 6KHUEX

6HLVPLF KD]DUGV VWXG\ RI 9HQWXUDRERXDWWHSRDWPIRY

&RQVHUYDWLRQ &DOLIRUQLD 'LYLVLRQHRBEIWERHW DQG *HBORSD V
DQG %

=RKG\ $ $ 5 ODUWLQ 3HWHU DQG %LRIGRHDZBDWHU LQW WXWARQ
FXUUHQW VRXQGLQJV LQ WKH VRXWKHDWWRBURGQUI BR6*¥ KR H(
5SHSRUW S
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Figure 1.1-1. Groundwater basins, District boundary, and major recharge and conveyance
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Figure 1.1-1.  Groundwater basins, District boundary, and major recharge and conveyance facilities.  
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Oxnard Plain Basin

Figure 1.3-1. Surface geology and faults.
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Figure 1.3-1.  Surface geology and faults. 
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Groundwater Elevation Contour (10 feet msl) I
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Figure 1.4-1. Spring 2015 groundwater elevations, Upper Aquifer System wells.
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Figure 1.4-1.  Spring 2015 groundwater elevations, Upper Aquifer System wells.
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Figure 1.4-2. Fall 2015 groundwater elevations, Upper Aquifer System wells.
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Figure 1.4-2.  Fall 2015 groundwater elevations, Upper Aquifer System wells. 
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Figure 1.4-3. Spring 2015 groundwater elevations, Lower Aquifer System wells.
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Figure 1.4-3.  Spring 2015 groundwater elevations, Lower Aquifer System wells. 
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Figure 1.4-4. Fall 2015 groundwater elevations, Lower Aquifer System wells.
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Figure 1.4-4.  Fall 2015 groundwater elevations, Lower Aquifer System wells. 
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Figlre 3.2-3. Areas where groundwater elevations in the UAS (Oxnard Aquifer) are forecasted to be below sea level during a typical water year.
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Figlre 3.2-4. Areas where groundwater elevations in the LAS (Fox Canyon Main Aquifer) are forecasted to be below sea level during a typical water year.
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