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&RPPXQLW\ 3HUFHSWLRQ RQ (QYLURQPHQWDO |,
OLQL@®&DVH 6WXG\ IURP FRPPXQH RI )RXURX G5HSE

$KPHG $PDUD '"REDMED % R XU D PPDEDQIDWRHG MQBGMD\GLW -DFN 'HPEpOp

/IDERUDWRLUH GH 5HFKHUFKH $SSOLTXpHON@ 'WRWWF BX S FHVHXW GHAWL B R@ QBN fi RAR QHD GH % RN
'PSDUWHPHRWIDBSERLNHUVLWp GHV 6FLHQFHYV 6RFLDOHY HW GH *HVWLRQ GH %DPDNR 5HSXEOLF

$UWLFOH ,QIR $EVWUDFW

S HEHLPE®REHU $UWLVDQDO JROG PLQLQJ $*0 LV RQH RI ODOL V PRVW V
SHFHLYHG LO sHYLvHG 1HdGLY DFWLYLW\ EHFRPH D VHULRXV HQYLURQPHQWDO FRQ
0DUFK IRU $*0 7KH DUWLVDQDO JROG SURFHVVLQJ PHWKRG XVH
$FFHSWISELO 7KH FSMLLRJ ZDVWH RIWHQ WR[LF E\ FKHPLFDO PHUFXU\ |
3XEOLVKHG#8QoDoH ZDWHUFRXUVHV 7KLV VWXG\ GHVFULEHV WKH PDLQ DFW

H[SORUDWLRQ H[WUDFWLRQ DQG SURFHVVLQJ Rl JROG E

SHUFHSWQRQURIQPHQWDO LPSDFWV 7KH PHWKRGRORJ\ DG

DQG REVHUYDWLRQV FRQGXFWHG DW WKH /ROOq DQG 6L
2, MP H PLQLQJ OHJLVODWLYH UXOWW ZXGIGBUBSEXOVWEPBW\L ORO PR
H\ZRUGV ORQJ WLPH $SDUKDLFXODU RUJDQL]DWLRQDO FKDUW WKDW
VKRZV WKDW $*0 FDQ FDXVH KHDOWK DQG HQYLURQPHQWD
(QYLURQPHQWDO LPSDRYVE K yp L FDOV FRQWDPLQDWLRQ RI ZDWHU UHVRXUFHV O

*ROG PLQHU IDXQD DQG IORBRD ZPAWHUWDPSOHV VKRZV WKDW WKH PHL
JROOG DQE VLOW) /JROOQ H[FHHGV WKH :+2 VWDQGDUG ZKLOH PRVW PHUFX!
. \ EHORZ WKLV VWDQGDUG 7KH JHRPRUSKRORJ\ Rl WKH VWX
HUFXUV FRQFHQWUDWIERRHp R NP ZLWK WROHUKRGGBRUWDSKLF QHWZRUN LQ /R

NP ZLWK ILYH RUGHUV LQ 6LQW\ :KLOH WKH VORSHV UDQ
WKH VWXG\ DUHDV DUH SUDFWLFDOO\ IODW 7KLV VWXG\
SRORBWHUV IRU LPSOHPH@QWLQJIPEBQRPUHRAQW VWUDWHJILH
WKDW PLQHUV FDQ XQGHUVWDQG DQG HYDOXDWH

,QWURGXFWLRQ

1RZDGD\V JROG LV LPSRUWD Q R/SIHY DAK HRAMV\M K QWWLRQRIWHQ LQIRU
VI\VWHP DQG WKH JHQHUDO HFR @ERFOR Z KHHYRIOV RH \BSHTFEMMQ-DED WLRQ >
RI DQ\ QDWLRQ SUHVHUYHV WK HKLWK® GUKWK CCDFG! \RW NMEXRT PEIEH H VR |
D FRXQWU\ ¥ @HDOWID QDO JROWKPLRHROWK DQG HQYLURQPHQWDO L
$*0 RU JROG SDQQLQJ LV SUDBW@PEHG QR U&KKNEW DG GI¢ L FMDRADHG
DQG DIIHFWV PLOOLRQV RI SHR®QAKIRDWGEERBGRFHD W®R UHO\ RQ LQ
ILIWHHQ PLOOLRQ SHRSOH DUH DQMWRDZMEH LRI WIQG/ PREQAHU@HNG DERX
LQ PRUH WKDQ > @MROBNSDYWQIHRQYLURQPHQWDO SUREOHPV DQG J
DOWKRXJK RIWHQ UXGLPHQWSRVLWLYG SBERHS®WZRRPWDRNGRD W X U H
PHFKDQL]JHG FRQWULEXWHYV VL JD®I@HDSKD UL FMELWER UWWDREPKW RI IRUPI
JROG PDUNHW UHSUHVHQWLQJJROWRPLQLRIJ RSRHEDWLRQYV RUJDQL]L!
SURGXFWLRQ > @ ,Q GHYHORSBDURXFRXFRRSHWDWIUWKHY DQG FRQWL
DFWLYLW\ LV DQ HVVHQWLDO WRI¥XKRHFRIO ID@FR PG XIFROUVLRQDO HIIRU
PLOOLBBRFRIH SURYLGLQJ MREV ODQGDWNSSWUWGEQWLRQDO PLQLQJ LV
WKH ILJKVS RYIIDUWVWQG UXUDO WPRE®XINOMH RBHUDWLRQ WKDW FRQVLYV
$UWLVDQDO PLQLQJ V¥ DGH LRLHGEDIVE FRREBQWUDWLQJ PLQHUDO VXEV\

4 &RUUHVSRQGN@D DWWKRW KSR RRQD W p



.RQ DMWY DO -RXUQDO RI(QOQURI@RIOQW 1R

DQG VHFRQGDU\ RXVWRKWREARRDILRY VK RQWH[W ZKHUH H[WUDFWLYH D
GHSRVLWYV DP®UNRARDHEDHYIS URGKXFEWYVRZVLLQVW LV FUXFLDO WR FRPPHQV
PDQXDO RU WUDGLWLRQDO PHNKRBW HBQRRPPUFRHHNWVIMHW WR SURPRWF
LQFOXGLQJ DUWLVD®@ DOFFRUG ISTPRQWRQJ SSUDFWLFHV WKDW UHVSHFW
+XVVHL@ WUDGLWLRQDO PLQLQSRIPNODMWEHRMVXVEMFK DQ DSSURDFK
ZRUOGZLGH LQ WKH HPDRDUDQKDU®RQPHR¥ORSPHQW WKDW EDODQFH
$IULFD PRVW RI WKH SREXOPNHFR QRPERYBIWWRXUFHYV ZLWK WKH SU}
DQG VXSSRUWV WKHPVHOYHV EQMWMLIRRIPMIQW DMH® EFERBRUGQEWM\ ZHOC
QDWXUDO UHVRXUFHV VXFK DV JRODG &DRPEE 3R QQH Q JR.QI AR PLRF LR
DFWLYLW\ RIWBIQFFRQ@\WIEHDKHEG HQWHWVLRLHBOG PLQLQJ DUHDV LQ WK
LQ UHFHQW GHPDGHY :MWWHBLIDFDDOL 7KHEUFDMMXO WKW WKH JRO
FUHDWLQJ VLJQLILFDQW FKDOOHQMNVIRWL WK HSRYYWULRERBQ® RBJDWE
,Q WKH .D\HV .RXOLNRUR 6LNDSRRBRX®DR/LRQGDQG DNMKH{HWER URQPHQV
DGPLQLVWUDWLYH UHJLRQV DUWRYBPIEOGA @ LU\PUVRDIQIRDBLIQHY LQ 0D
PXFK PRUH FRYHWHG WKDQ DJUKRKOMROWHPLWLOURPYWNOM\EH SURPRWH
PRUH WKDQ S HRASR Hi VIV PRBIBNYOWLYH LPSDFWV DQG UHGXFH LW
E\ WKH LQWHUQDWLRQDO 1*2 +XHIDRD/5DIXW\Q Y B W\W K J DMFHR® R\PKLHF VR F L
+5: ZLWK HPSOR@PHORZHKHYHU IFWXMHVY WKDW SXVKHG IDUPHUV WR D
GLIILFXOW WR JLYH H[DFW VW DW.LY WLFRXRIQRW K R R SXOMIN QR QDR W K H
JROG PLQHUV ZLWK WKH LQYROBHRBYWRRUHRM R B @LROBWRD @V |RU
QDWLR®BOSLNDVVR UHJLRQ UHPRRKI\Y DQDPOWHYH WKH QHJDWLYH D
VLWHV DFFRUGLQJ WR WKH PHDG BIL QR QUPHHSRAUDVO EN IWHKEW V R1 JROG SD
1IDWLRQDO 6HUYLFH RI *HRORJ\ COQQG ME QR H W QIGQ RO R GRIGHIOW | LL@G D R OV

LQ WKH FRPPXQHG@R I $RPRURL QUKWRHG WKDW JROG SDQQLQJ LV D EH
VWDWLVWLFV IURP WKH OLQLVWUHBKPBHQHHBEE R HHOMGDRIE PLIJUDWL
YHEUXD U\ WKH WRWDO SWRGKHIMAWRK RQ G FEGHOGUH@Y HGXFD)
SDQQLQJ LQ LQ 0DOL ZDV VWRGVH®QGKHWR®H RI DUWLVDQDO
H[SORLWHG RQ GU\ ODQG RU LQ BRPAXEHGRI| ,@ EROBEOBRWGRULQJ WK
ZDWHU DQG FKHPLFDOV UHJ M HD YWRUDMHA WAKRFKODSHULRG LQ 0DOL DQC
GDQJHURXV IRU KXPDQ DQLPDOS DA GQ DLAVRIRWOMODBY HIITHFW RQ
KHDOWK KLV SROOXWHG ZDWHWFRPR @ FIRBMEHVOW WKRLES WKH WUDXPD F
WKH VRXUEM RYKGEIFRU GRPHVW IPLQHU/XBWULQD WKHLU JROG SDQQLQ
DQG LUULJDWLRQ SXUSRVHYV (PHUJHQF\ 'HSDUWPHQW RI WKH *DE

8QFRQWUROOHG H[SORLWDWLRQ LRIHRIMQ M DOR U SRARDMAF 8¢ @ D O L
VXFK DV JROG FDQ OHDG WR VHNGDEFRLYGXCHHEROVY Q QVKHK B UWLVDQEL
QDWXUDO GUDLQDJH RI ZDWHUWRXUVKUYDDQRRPRMXQARYMORXURX FHU
SROOXWH JURXQGZDWHU ,W D QEBHYWD B HGLWHKD WWKHOGUHQ VWDUW
K\GURJUDSKLF QHWZRUN E\ WKHDSHH\QHREE HRJ B R (AR QINDURMERK\W H W R 1D
H[SORLWDW MRKH KERHEEAW7H 1 DUWLMD®RQYROYHG LQ DOO VWDJHV RI JR(
JROG SURFHVVLQJ PHWKRG UHTXIRMW RMKWK¥WH RWRGLHV IRFXVHG
VLIJQLILFDQW DPRXQW RI ZDWHUHFR®MRREHUDMBIDFWXD\WRWHIROG SDQQL
RIWHQ WR[LF E\ FKHPLFDO HOUMWKGQWV V¥KBPABVBH(OO\ XVHG VXUYH\
PHUFXU\ LV GLVFKDUJHG RPBLQAQDLMWEDVLEWRHYHU QR VWXG\ FI
ZDWHUFRXUVHV WKDW FD QWSH.Q HDAWVWYBIW W PIHGGV URIIDWIK W K PISDIFW R DUW L
WDEO®V $0 LV DQ DFWLYLW\ W KPW BKI XK ) DRRHMDIFRWP XQH RI )RXUR
DQG SURPRWHV ZDWHU HURVLWR&H UMESXEFEQQR RIDWBU ,W LV WKH VH
LQILOWUDWLRQ WKDW HQVXUHVRW®KGH SDIQRK LN HPFRWIHZ BWBBWLFHG 2
UHVHUYRQUV6HYHUDO VWXGLHV KODDVMWHEHMIQH .D@ V7IKHYLRWXG\ DLPV
FRQGXFWHG LQ 0DOL LQ JROG P MR QUQBIHHDAMWWD QG WKH SHUFHSWLRQ

@ 7KHVH VWXGLHV ZHUFRLBBDING \RQHWKPHS IDFAWWL RUWW KMLRIQ W |

LPSDFW Rl JROG PLQLQJ VSHFQYILARDPHEREY WKH NQRZOHGJIH SUR
HQYLURQPHQW ZDWHU VRLO PROUGMAOMW RQIL@®DEGHMRE DV WKH EDV
FUHDWLRQ LQ WKH FRXQWU\ 7KSRXXIFQHMIWRWSRERNWWWVORPIO FRPP X
PLQLQJ DQG LWV PRUELG@W\ ZDV DOVR VWXGLHG
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ODWHULDGIWERRGYV Rl )RXURX LV ORFDWHG LQ WKH FLU
SUHVHQWDWLRD RI VWXGLHG6DNBVVR UHJLRQ LQ ODOL ,W LV ORFL

7KH 5XUDO &RPPXQH RI )RXUR LH@@M’ Réﬁ QGLROR DW NP 1UR
& NP IURP 6LNDVVR
/IDZ 1R RI W FRPHV G AW Z H H
IRUPHU $UURQGLVVHPHQW R BURIHR| WK%
WHUULWRULDO GLYLVLRQ RI @ Dggl X OH RI VRS
LPSOHPHQWDWLRQ RI GHEHQWU %%} )%Lﬁ g Q )

V WKH VWXG\
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JLIXUH ORKBOL]DWLRQ RI WKH VWXGLHG DUHD

7KH FRPPXQH RRQRXWUMRA YLOOPRWWLGRU E\ KROGHUV RI DQ DUWL
DQG KDP@HWW KDV H[SHULHQFREWHKRKXDIMWLRQ 7KLV DXWKRUL]JDWLRC
SRSXODWLRQ LQFUHDVH LQ WKH WbVWV@HW—@@HRGRHR\Qﬁ FPRIRLQI SHUI
H[SORLWDWLRQ RI WKH 6\DPD JROQ;Q'TD @’YKeQszL\é’ LHV DUW 7KH
DQG JROG SDQQLQJ VLWHV EB\% \YVSDLV‘\}’FF‘;’&(B%E\?V?VR
HVWLPDWHG DW LQKDE'—WDQ ‘lIFLSURFLW\ WR 0DOLDC
PHQ DQG ZRPHQ DUQD(WW*‘Z*B’\OQ UDWLR RI WKLV SHUPLW LV WKL
>@ 7KH SRSXODWLRQ LV FRPRSR%H@LFRGV Hw K UHH \HDUV $UW
6HQXIR DQG 6DPRJKR HWKQLF JURUIEM EZWWKVNIRPXYYH RI H[SORVLYHV
PLQRULWLHV RI ODOLQNp )XODQL FYDFPLEDD DV EDLD@MNY LQFOXGLQJ F
6RQUKDwW 'RJRQ %R]R ORR@p .DVDWQTGQNPLBDQDM PUNLYI DFWLYLWLHV
> @ $W SUHVHQW JROG SDQQLQJﬂ_R/OWfKLI’HVSBHLFDID’M/H-WPW-HiHG VHBILQJ
Rl WKH HFRQRP\ SOXV DJULFXW)E’BWV fé)l{ NG WR FDUU\ RXV
EUHHGLQJ JDWKHULQJ ILVKLQJ éJﬁ'D% ZFLMV[KM)O’\%H?%WLVODWLRQ
VRFEOROWXUDO RUJDQL]DWLRQ LV WVEI’ODS%R\‘/’VRHFFLVSBF
WUDGLWLRQDO FKLHIWDLQ&\ LQ Q

JRUPDOO\ WKH PDQDJHPHQW RI DUW QJ RI

PLQHUDO VXEVWDQFHV IDOOV XQGHBUWW(HWXUEW;LR#W{@&Q RRQ WKH

ORFDO DXWKRULWLHV 7KH |Rod’h%(2\gy\ﬁ”*w \szv ORFDO DXWKR
OLQH DOOR WKH OXQLFLSDOLW\ WR F

DUWLVDQDO PLQLQJ FRQFHUQLQJ UDGLWLRQDO JROG SDQQ

/IDZ 1R Rl $XJIXVW RQ WKH P UHODWLQJ W

FRGH LQ WKH 5HSXEOLF RI 0DOL
PLQLQJ FRGH DUWLVDQDO JROG éé gg %‘gg}%@%m% HYRSK$S|\< BE\’
JROG SDQQLQJ LV FDUULHG RXW Z O'R
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KDUP WKH HQYLURQPHQW DQG WEHRGDOYHWV RWWKHRLYWRUIY HQG LQV
HQYLURQPHQW SHUIRUPHG ZLWK WKH JROG SDQQHUYV

7KH FRPPXQH RI )RXURX LV ZDXWHUXHEY WlyT XHVWLRQV ZHUH GH
%DJRp 5LYHU ZKLFK VHSDUDWHWRRERYRPRWEKRI[5RQRMHEH NRERWRROF
RI &{WH G ,YRLUH DID@®GKRUKHH % §%BSOH IURP /ROOp DQG 6LQW\
FRPPXQHV RI 7LRQJXL .RORQGLpPVY LE'F%'%WFQ/RL@UW%H LQWHUYLHZV [
.DGLROR FLUFOH DQG /RERXJRREDL B NBHARY FDYHORINNXUWKIVSLFLRS
7KH %DJRp 5LYHED.WH\MKFHK;BQ/[&@“@XHVWLRQQDLUHV ZHUH DGPLQLVWH
VRXWK RY @DIOH WZR ULYHUV %PIRPDYHE VWXGHQWV IURP WKH +LJK
%DQLILQJ DUH FRQIOXHQFHV RPQFPKHBGRY RI %RNp *XLQHD 7KH O
ORQJ ZKLFK LV WKH PDMRU wURLY¥ X WWIAUK L RERHZPVIMKH ORFDO OD
5LYHU LY @BRHVH ULYHUV KHOS 18HFLUOR D wRRQRGHRW ZDV  VRXJIKW
SURFHVVLQJ LQ WK®%DBRPPXNQYHUYRYSRQGHRWL ZBIQE &DQGIOHG IROOR
YHU\ WXUELG GXH WR WKH LQFUHDYHYLP wrRW B/ ¥ R WAHIEW LRFR_vHHIXODW
7KH PRVW LPSRUWDQ@WLSRQ®V DUH /RO0q
IDWRP )RXURMKHDOHFRQ@RRQH LV URXS GLVFEXVVLRQ

NP WR WKH 1RUWK (DVW $FFRUGRQYXY® WKH LGHD RI WKH J
GLVFXVVLRQ LV WR FRQIURQW WKH ¢
'DWD FROOHFWLRQ DFWRUV WR JDWKHU D ODUJH DPRXQW

,QWHUYHMEVFRQOBEBEWRIEVHUYD@WLRGWVLRQ FRQFHUQHGDQBQGRZQH!
ZHUH PDIGGH@WLI\ EHOLHIV YDOXHY JBEE RWREHB¥ DFWLYH LQ WKH JR
G\QDPLFV WKDW LQIOXH®&DPNLRRPXOH RN QY YUHE WR XQGHUVWDQG W
DQG DWWLWXGHY WRZDUG WKH f®YHY RIUWKIKWRE G jRHEQLQJ DFWL
PLQL®*D RIWHQ UHVXOWV LQ WKWHFKRQUIXHW L WH FRGQRORJI\ DQG WKHL
WKH HQYLURQPHQW ZDWHU UHVREKIBERWVY VR0 IRPEHWPRARKRI  WKH
DQI®/ FUXFLDO IRU ORFDO FRPPXHORWAAQWHUHG DQG WKH VROXWLRQV

'LUHFW REVHUYDWLRQV '‘DWD DQDO\VLYV

'XULQJ WKLV REVHUYDWLRQ WK HVIFON-3 WY Fp W\ B WLMMEFV ZHUH X3
IRFXV QRW RQO\ RQ D SHUVRQ VWAND WHbRHRQWAH E XWRFoWK R LITHUHQ
WKHLU EHMKBFWRREVHUYDWLRQV %?VW% (f@LVﬁLQHG ZHUH DQDO\]H
VLWHV PDGH LW SRVVLEOH WR Hg[ I'J'P§H7'6VLK\44 SRy LRBOFRPLWDWHG
WKH SRSXODWLRQ VWXGLHG LQDRBTG VYD, bIWY RRIY BloW KWRREWDLQ
LGHQWLI\ WKHLU EHKDYLRUVWRZ%WQ;Q/L@/?(W%SZM‘LWQP@@%\PZV IRU Pl
HQDBMRHWLVXDOL]H WKH DUWLYVD/QYDOEP by kW RV DW VD @k ARUH DFFEXUD
ZDWHUZD\V WKH IORUD DQG WKH VWDWH
GHJUDGDWLROQWRBEN HHUVW WKH GLIPHYKQWY DQ
WHFKQLTXHV DQG WHFKQRORJLHV D&$loP F\Y R VWRQG pEWRAWY RIIJROG
LQ WKWDOD®LH[SORLWBMMHROD RI JR PDLQ DFWRUV
SKRWRJUDSKV RGXBD®GJ PLRHUY URXWDOH DUWLWDOB® BDQE®IRQ OD
ZRUN GLJJLQJ UDLVLQJ VFUHEHROGR®JLZDONKLRIWRKRGODQG KHULWDJI
SURFHVVLQJ RI RUH ZHUH WDNHQ OODJH 7KH YLOODJH FKLHI RU OD(

WKLV DFWLYLW\ 'XULQJ WKH RSHQL
7TKH LQWHUYLHZV OHJLVODWLYH UXOHV XMUIH ®BSGLHG

7KH Q@RQHFWLYH LQWHUYLHZXVWRPDYYYXOHV H[LVWHGEVYRU D YH!
LQWHUYLHZ LV D TXDOLWDWLYRFWAXEY UHKHEH uRK PRWWKIFXODU  RU.
WKDW DOORZV GDWD WR EH FRODHEWHE Ev RRWRMMG HHRRRe WKy H DI
GHWDLOHG LQIRUPDWLRQ RQ D JHQHUDO VXEMHFW DQG DOORZ
DQ LQYHVWLJDWLRQ WR EH FDUULAMBLR®RIXR WAHL YRR H
LQWHUXHBIZ VFR QBRFOWPHWKIH JROG $FFRUGLQJ WR FKLHIWDLQF\ UXOHYV
SDQQLQJ VLWHV DQG WHKHLU WHAYROBRARWQMO WKH YLOODJH $FFRI
XQGHUVWDQG WKH WHFKQLTXH UHHKOORARDYV TJARINWEREKL WKH YLO
HQYLURQPHQWDO DVSHFWV D@KLHIRE@NHVXORWHYHRQAYH KLV SHUFH

RI VRLO
G 'LVFXVVLRQ
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PLQHG EXW EHQHILWYV IURP WKAH QMDY RIWHQRMAMH WKIWWW DFFHVV WR C
WLFNHWYVY VROG +H LPDMWKUWH DLWW MW NN VRIERWYH U Y HG ' ViKW W IOH

FRQVXOWLQJ ZLWK KLV FRXQFLOUUHSUHVHQWDWLYH Rl WKH ORFDO
DXWKRULWLKFDOW\VRARHPDIODIWY WKH Y

7KH YLOODJH HOGHUYV HOGHUV WR REWDLQ WKHLU VXSSRUYV

P Q Z~VHE V. HU D FD!L
KK YLoopaH HosHUY DUk UHESHIBY @%Exg LB B Qv -
NQRZOHGJH RI WKH DXWKRUVKL K h ESl_B HNOHGHEVHZLK
KLVWRU\ Rl JROG SDQQLQJ LQ VQ R lR%( H(\;USDOUWLIE
VS .

K
FXVWRPDU\ FKLHI D OHDGLQJ v\\;‘\?’KI_L[ RS HOLO

R
A IR A L e A T Y

JLIXUH 'DWD FROOHFWLRQ ZLWK VWDNHKROGHUV D 'LVRXKWEZRRHAQA WK WRMSPHQ \

PLQHUVY DQG UHVSHFWLQJ ORFDO WUI
7KH JRRG PDQDJRMLIXIDPD WKH HIWUDFWLRQ SURFHVV
7KHUH DUH JHQHUDOO\ WZR WR ILYH SHRSOH LQ FKDUJH
RI WKOHPOWLIJXKH JURXS LV PDGH XS RIXR@HUV 'RQVRV

LQGLYLGXDO ZKR LQYHVWV LQ WKH . \ W

FRVW RI WKH DFFHVV WLFNHW G%%Q/I ‘E\NE W %KHH :(('ES)O(SXVHH
UHQHZDEOH DQG ZKR DOVR HQ Y LQWHUPHG
RI IRRG IRU WKH PLQHUV 7KLV A 1 ';{E WKH

VKDUH ZKHQ WKH/ \§UREXWAM G U HQ
WKHUH DUH WZR WR IRXU SHRSO 8GWII:RU\£|6GX\HEHSHRSOH DQ

RUH XS IURP WKH VKDIW 7KHVH ZRU.NLHle_YUeD§lePDV\R”_Fr5D

WKH RQHV ILQDQFLQJ WKH RSHUDWLR
7TKHDUDVVBIQOED WKH SHRSOH UHVSRQ

$UWLVDQDO PLQLQJ SROLFHVLIZRRERWRIPOIPLQLQJ VKDIWY 7KHLU |

7TRPERORPDV RU DUWLVDQDO\IQI ﬁ
LQGLIJHQRXYV PHQ VHOHFWHG E\

g\%LDR%J R, W HOO XQWLO UH

i:mq])ﬁ‘«b@% XVLQJ D XQL™

KHDG RI WKH SROLFH NRXQOOHG&L 7 é\% \ H\'REFRXQWHU GL|
W

LV GHVLIJQDWHG E\ FRQVHQVXVF N \HUF\JJ—'—:I%/IBH VV\\//KVXSJXI\E/II:I\?V%V
EDVHG RQ FULWHULD VXFK DV g Ugv ERE@OHG D
GHGLFDWLRQ WR WKH FRPPX

7TRPEROR®@BOXGHY VHOOLQJ WL%

@% A RZ WKH GLUHF
H[WUDFWLRQ DUHDV PDLQWDLQIRJ: ;«&cﬁﬁ%zré\]k? y %gdo\\’vﬁmbé\ys



.RQ DMWY DO -RXUQDO RI(QOQURI@RIOQW 1R

YHQWLODWLRQ GHYLFHY DUH LQVWROEBHIUJRBRFMWKWRMH ZKR ZRUN

RXWVLGH WKH ZHOOV ‘XULQJ H
DODGMNEWMLUHH WUXQNV WR v&%ﬂ%%%fw& id‘% “Igsmzsgj\(/@KFLHQ\GV JVROO\
FOVH RI'ULVN RI'IDOO VSLWWHU ZDVKLQJ DQG PHUFXU\ UHF

SHVHDUFKHUYV 3SDSSDUHLOYV 7LJX§BE}QLQJ RU VLPSOH ZDVKLQJ
7KHVH DUH JROG PLQHUV ZKR XV F
L

H o H RP

GHYLFHV WR VHDUFK IRU JROG K’%é\g@ ?G/HJ 'Q%%E KFLHQVJVE(\NSEF
WKHPVHOYHV WR WKH VXUIDFH R];{‘% g&@ v \%Oﬁ@ 0,0 VKL
WKH GHYLFH GHWHFWV PHWDO R, §| R REM WK@ ) UquUFEjP UL
RU DW WKH HGJH ZDWHUFRXU
,MRXUR;\f\TDPDQFDKDUJH VKR% |R OFOHRIZALUQU QRWDWLRQDO PRY
RI WKH FDODEDVK FXUUHQWO\ UHSC

7KH\ DUH WKH SHRSOH ZKR SXOXUWEKH \ORIDGY FHRRVWIKIKIDO PRYHPH(
GHSWKV WR WKH VXUIDFH XVLQJPDEXFNGW DI FXFD BOQH® WD RD\ E\ WK
URSH XVLQJ D ZLQFK VI\VWHP RWERWNRPRI WKH FDODEDVK RQO\ JRO
LV DQ\ PL[HG ZLQWUPRPBNYJURQHUDOO\

&DUULHUV %WILQ FRORXU 7KLV FRQFHQWUDWH L

$V IRU WKHP WKH\ WUDQVSRUGRER Y HES VBPARYIRRUpK P QG WKH S
ZDVKLQJ EDVLQ ZLWK D PHWDOXRYENHWW BREYQCRAR PQRG WKH PL[WX

WKUKHHOHG PRWRUE\FOH EXVLQHVV FOLHQW $FFRUGLQJ WR R
%DWPHWEKRG LV YHU\ UXGLPHQWDU\ [
&DWHUHUV )DUDNRODZ KRZHYHU LW LV OHVV H[SHQVLYH

GDPDJLQJ WR WKH HQYLURQPHQW EH!
7KH\ DUH XVXDOO\ ZRPHQ ZKR®H HMKEKMBHFEDOV
VHGLPHQW WR REWDLQ WKH JROG XVLQJ JRXUGV DQG

UXEEHU FXSV 6WUDQJHUV FDQ DO Ve XIDARHK WoZIPD WPKHH W

VHGLPHQW ZLWK D VOLFH DQG VSI?SWWOH
FFRUGLEDQRRV®WKH VOXLFH LV D

%XVLQHVVHYV 'MDWLJXLzZ GHYLFH XVHG WR FRQANQRIND W@ JROC
RYHUYLHZ Rl JROG RUH VOXLFH SURFI
%XVLQHVVHV DUH SHRSOH ZKR/ BX¥\ LFOG QWERODQH FRYHUHG ZL\
DUWLVDQDO PLQHUV WR UHVHOO; kW R7U<|_§-I\LDUF1-LO@.|I13FIQW|@ ROWWKHD Q 6
VLWH RU LQ7WIKHWWEBSO RIHWKH DWW BRDDWROWKH VOXLFH 7KH JRO(
PLQLQJ SURFHVV LQYROYHV EULQJIWRH WIFRR RYV RY vl MQ VD Q BDW K
VXUIDFH 7KLV LV GRQH E\ W\LQ R HE RRNEHNY R VW W6 1MW SDUWLFOHYV
WRUBSH DQG WKHQ XVLQJ D ZLOQ®FK|HRAU SXEONMNWRISXRPN WR ZDVK LQ
WKH RUH XS *HQHUDOO\ WKLV WhYNoL VREMWMDYIH @ RWKHE\PXG FRQW
PHQ 7KH LQGLYLGXDOV UHVSRQEOH VR G WKW VWR WEWDY \Q1BKW H JF
DUH FDOOHG 'WRSHJBXORXWWHLI LW KH\ DGG PHUFXU\ WR FRQFHQWUDWH
DOVR SOD\ D UROH LQ VKDULQJ WKH SURILWV JHQHUDWHG LQ
WKH H[SORLWDWLRQ SURFHVV 2SHUDWUMIHY DQG WHFKQRORJ\ D
LQ WKH FRPPXQH RI )RXURX

7UDQVSRUWLQJ WKH RUH
$UWLVDQDO PLQLQJ LV FDUULHG RX\
W LV WKH WKLUG VWHS ZKUF&k PBRVLVWV  RI

WUDQVSRUWLQJ WKH RUH WR WKH ZDWHUFRXUVH RU WKH EDVLQ
VHW XS QHDU WKH ZHOOV 7KHVH EBYRQSHPWH Q/IXSSOLHG

ZLWK ZDWHU E\ WUDQVIHUULQJ RQG ZHOOV_WR WKH EDPVLQV
WKURXJK D SLSH DQG D PRWRU RUKEN PURY S5\ WVE K &7 vy DUWLVDC
IURP WHKHWRYWMKH EDVLQV ,Q WkHUVYRARWNIUFRYyWKDW RI WKH LQG
VKRRWHU VHQGV WKH RUH GLU@%§§W SV U WK fFRQVHQV:
EDVLQ ZKLFK LV FORVH WR WKH'EF BJ%WW@'WW@}W_ ERORPD
WKHLU WUDQVSRUW LVWEG@WB\ZQPLQ%W@@L}’HQUH GXJ LQ GLIIHUHGQ
PRWRUF\FOHRHV GR WKLV SURVSHFWLQJ 7KH SDUW R
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SURGXFH PRUH JROG ZLOO EH WKHBH@HWRD WHAHAOWRH BBFHWHUV IRU DO
H[SORLWHG E\ WKH BFHpHRXQLW\ FDHSRWVVEWY DQG WHQV RI PHWHUYV IRU |
FRPPXQH RI )RXURX DQ H[SORLWDWLI

'LJILQJ RU VLQNLQJ WR DW OHDVW WKUHH SHRSOH 7KHU}
W LV WKH YHU\ ILUVW DQG PRY{®PD \';) i Cﬂvﬁ\?\/\\v ¥V|\}§v|:|L\JN
DUWLVDQDO PLQLQJ 7KH KROH = b
Y, i R WZR SDUWV
KDPPHU VPDOO VKRYHO DQG of BRWRLVIRG 1M AR
SDUWV SLEKNBI[H )LJ sU U SXPS

SURVSHFWRU GLJV D YHUWLFD

U ORPQY 7KH
LSRR Wk JROG G
SLEND[H :KHQ KH ILQGV VLJIQV \%LW-I % g‘
RUH WKH JROG SURVSHFWRU IR Yo PLé \R{V VHQWH
RUH XVLQOD SOAKD[H %ﬁ% KCJV WLVI—?US-IDMOO DV
vV

DUy I GRS kWibV FYHE DV SDUW R

GLJJHU OHDYHV VRPH SDUWV
WUXQNV IRU VXSSRUW $IWHU WKH VX é K

HIKDXVWHG WKH GLJJHU JRHV WR \ﬁ‘éhgyé T@Eﬁ\%tﬁ-ﬂ;&%‘(gw

WRUFK DWWDFKHG WR KLV IRUHKHDG U 2K WAKOLRM KR BY )IDQ/ RYHUYLHZ F

OLJKWLQJ IRU WKRIKWRH KROHGMEMWKHMGLPHQW ULVLQJ IURP D ZHOO
GHSHQGLQJ RQ LWV RUH FRQWHQW ZKLFK UDQJHV IURP

7KHVH ZHOOV FDQ LQFOXGH KU DOES VR Q&J R TN
GHSHQGLQJ RQ WKH QDWXUH R OVE W 2Tk :
]

o

QNLQJ D ZHOO JLJIXUH 5HPRYDO RI VHGLPHQW IURP D

YLXU
7UDQVSRUWLQJ RUH

7KLV LV WKH WKLBBQWM/MSEY ZFKILF%(UH SURFHVVLQJ
WUDQVSRUWLQJ WKH RUH WR WK H7XBIWWHRJFKRXIUTMHHR BX WHRIHS@ @ TRHLGHY
VHW XS QHDU WKH ZHOOV 7KHWH H DD\ DQHVLRSOOGLH®VKLQJ VO
ZLWK ZDWHU E\ WUDQVIHUULQJ R®LGN WHQD BBWRH G KU E DVHAIF@RW H U\
WKURXJK D SLSH DQG D PRWRU RU E\ LUULJDWLQJ ZDWHU
IURP WKH ULYHU WR WHKKN EIDW LQNVW KHIWKHMHQ YV IRU VLPSOH ZDVKLQJ

VKRRWHU ZKR VHQGV WKH RUH Gl Uyl QR WAR WHKH B3I RV kL Qa E\ st
WKH EDVLQ ZKLFK LV FORVH WR/ %6\2'7' Q, §XOI§LF_IQLW_|Ki REHVVLOJ |

Y
VSLWWHU WKHLU WUDQVSRUW L4 GRRHGEX WIHS) BVESE DRV 0 D vKE
ZKHHOHG PRWRUF\FOHV KROH VXSSOLHG ZLWK ZDWHU IURP UL
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ZHOOV RU DW WKH HGJH ZDWHUFRXU&/CD-IX/LF'HKW\UI{WRI:I(QJN

RFFXUV IROORZLQJ QXPHURXV UR
Rl WKH FDODEDVK FXUUHQWO\ % Vy(YFH LV D GHY
'XULQJ WKHVH FHQWULIXJDO PR

I LFH SURFI
ERWWRP RADVKH FQODJROG UHP Q 0O FRYHUHG ZL\

LV DQ\ PL[HG ZLWK KHDY\ PLQH FZWWWS'HELEL'Q'“&VMF; \I,D\,E
3%0LQ FRORU 7KLV FRQFHQWUDWNH, JURRYHV R
ERZO RU D VPDOO JRXUG DQG HH FOHV DUH
XQWLO LW JRHV GRZQ DQG WKH Vv éHlD?H

\

4

X )LJI
PLQHUDOV DUH FDUULHG DZD\

WHU D |
EXVLQHVV RUGH@W VBRFRXU ILQ

%DWPPHHW KRG LV YHU\ UXGLPHQ MRNRLER\A,%V\?, \(VVGH\
KRZHYHU OHVV H[SHQVLYH DQG pHUFXU\ Wi
WKH HQYLURQPHQW EHFDXVH L

FKHP LF @0V

[ ’ n i 7
JLJXUH 3DQQLQJ RU VLPSOH WUHDWPHRQIXEN ZREBIQLFH WUHDWPHQW

6SLWWLQJ WUHDWPHQW PHWDO VSRRHD DRQIG DGGHG PHUFXU\

ey S i?y% ww;%megv GUILQJ WK]

JULQGLQJ DQG ZDVXUB Y KRV

RYHUYLHZ RI WKH SURFHVVLQ L\\/Niﬁll_JlleISDg\l/_i\?l-
ZLWK D VSLWWHU LQ WKH &RPPX Y SR IVE
SURFHVVHG E\ WKH VSLWWHU D LIRS
WKH GHYLFHV 7KH PL[WXUH R \ VANV
PXG WKDW FURVVHV D O@GHLRRV ég WKH ERPPXOU
WRZDUGV WKH EHG R ZDWHUZDg 0 IZR kh \j Hﬂ?v

FDUSHW LV OLI\WHGHD QG UBKWKHED'C Q

SDQQLQJ VLWHV RI WKH FRPPXQH RI JRXURX WKLYV

WHFKQLTXH LV JHQHAOWDNIQXEHG E\

IRUHLJQHUV )RU WRHE RE RBRRY W K H

WHFKQDTXB\ MWR FORVH WKH ROG ZHOOV +RZHYHU

LW FDQ DOVR REVWUXFW ZDWHUZD\V DQG PDNH WKH DUHD

XQFOHDQ ZLWK PXG DQG WKH HOHPHQWY DFFRPSDQ\LQJ
JROG

5SHFRYHU\ DQG VDOH RI RUH

$W WKH HQG RI WKH GDLO\ DFWLYLW\ WKH PL[WXUH RI
JROG DQG EODFN PHWDO LQ WKH VPDOO FRQWDLQHU LV
WUHDWHG ZLWK JUHDW FDUH WR UHGXHAHR XS X WBISWW KWV Q J KANHXP WP HQ W
LV SXW LDOWRDAKKHHK LV LQ WKH IRUP RI D
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D E F

J)LXUH 2UH UHFRYHU\ DQG D D(OHVF WIRLSHAQ W QG FEHIWMDUF ¥SRRWDQH JDV
IRU GU\LQJ JROG

7KH 3HUFHSWLRQ RI JROG RILQMHRUM DRXY WKH IROORZHG E\ % XU
LPSDFWV OLQNHG WR WKH DRWQMDWY RO@FRKVWKHSUHVHQWLQJ HTX

HQYLURQPHQW VWURQJ JURZWK RI IRUHLIJQHUV RQ W
*HQHUDO LQIRUPDWLRQ VIDERKXWQ WKH FRPPXQH RI )RXURX FI
UHVSRQGHQWYV E\ VHYHUDO IDFWRUV QDPHO\ WKH T)

HDAMVLYH FRQFHQWU

RUQDWBHWKH XVH RI Fl

R

7KH GIRODHFWHG RQ DUWLVDOQ :OJ %gL VAR

WKH FRPPXQH RI JRXURX SURYLCH \ja '

QDWLRQDOLW\ OHYHO RI HGXFD

JROG SDQQLQJ DQG LWV HIIHFW SUR, Qs
QDWLRQDOLWLHV RI WUDGLWLR L HB%’l \%\i%@% N

PLOLQJSQDHVLY RI WKLV WDEO R\{/J\l; VLY VEQW WKH DUULYE
SLYHOVLW\ R1QDWLRQDOLWLHV JRRH MK (UM E IR o6 pLonuv

7KH UHVXOWV LQGLFDWH WkDWYPQVRYVERG L dXFSRLTXH DQG WHI
DUH 0DOLDQV ,Q DGGLWLRQ ZH REVHUYH WKH SUHVHQFH

7TDEOH IDWLRQDOLW\ RI WUDGEDHRBPIDAIQRIGFHBXOBWYRQ RI WUDGLWLRQD

IDWLYH 3HUFH JHYHO RI  /DQJXDJH | 3HUFH
% X UNL ( .RUDQLF $UDE
*X L 6HFRQGD! YUH
,YRU\ 3ULPDU\ YUH
0D 8QLYHUVLW\ YUHQFK
1RWKLQJ 1IRWKLQJ

7KH DQDO\VLV RI 7DEOH UHYHWEV MRXYD G HYSODROQ WKLV VKDUS L
HGXFDWLRQ RI WUDGLWLRQDOKBRUBKROQGMUWSUDFWWKHQJ JROG SI

FRPPXQH RI )RXURX Rl JR® B QAULGHHUM G LMK H S ULYALDAN RHIF RIGRIP L F
QRW DWWHQG VFKRRO +RZHYIBRSXODWIROPD RAHEGKRUY @GFRPK DV
.RUDQLF HGXRDMKIHRIP RUH WKRDWHKH VDPH FRQFOXVLRQ 6HYHUDO

UHDFKHG WKH EDVLF OHYHO ZRIOGBH SDQQKRYHHDWKHU WHPSRUDUL
VHFRQGDU\ HGXFDWLRQ OHYHO ZL@B®OOLQJ DRI DROWBLO WKH QH[W |
PLQHUV KDYH D KLJKHU HGXFDWS R QPDHHAV O\
7DEOH SUHVHQWY WKH GLVWULEKWL R Q LK1 OXYWGIDMWHRQMNWKH LPSD
JROG PLQHUV DFFRUGLQJ WR WXKWBRIWKD WGELYVHD OV R WIRWEY IO LQJ DF\
WKH SDUWLFLSDWLRQ RI PHPEHUWRRPXQXHRU KRXWRK ROEDOLQHY VKRZ
JROG SDQQLQJ DFWLYLW\ LQ WK RARARPYRQHAXRN YWRORURHXG EHOLHYH WKD
7KH UHVXOWV VKRZ WKDW DWW P BRVILMA YEKLPSDFW RQ WKH GH
DU VLQJOH ,Q DGGLWLRQLOODJHRI2QKWDRE RWKHUWKLQN WKD!
KRXVHKROGYV KDYH PHPEHUV ZERSXUDWWREOHIURDEGK KDUPV WKH GH
SDQQLQJ 7KH GHYHORSPHQW RIY\LIOYOHDUBIO ,IR DG GIMQARIQ J RI UHVS]
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WKDW SRSXODWLRQ JURZWK FRXOG IGIRYEBRER WKHDFERPLWLROM +RZHYH

DQG QHJDWLYH LPSDFW RQ WK K H/SREGRISPHY) WKRVMWRRW WR DQVZH

YLOODJH )LQDOO\ RI UHVSRQGHQWY FKRVH QRW WR

JLYH WKHLU RSLQLRQ 3HUFHSWLRQ RI JROG PLQHUV RI
WKH DFWLYLW\ RQ WKH HQYLURQPHQW

Uy RaeiY  REXVEEREFKAPISDOMK RBACH LPSDFWYV RI JROG SDQ
QGHQ QDWXUDO UHVRXUFHV SDUWLFXODU:

7TDEOHKH IROORZLQJ SUHVHQWWQOKHORVIED RVUHH FXWWLQJ DQG VF
FKHPLFDOV LQ WKH SURFHVVLQBRMPIPXRGIGR G XRXQPRXIREXAWYH\V UHYHDC
SDQQLQJ DFWLYLWLHV LQ WKH RRBRXOGHPRRHRXURXW WRZQ WUHHV G
UHYHDOV WKDW RI UHVSRQGHQQLQX\IOE WH WKIBEFBHMOWKH LPSDFW $*0
LQFOXGLQJ PHUFXU\ LQ WKH JRR@ WURHHNMW®YW1LQ@URFHVYV
HVSHFLDOO\ GRDMQRQDPPOUWKHUPRUH

7DEOH 'LVWULEXWLRQ Rl WUDGLWLRQDO JROG PLQHUV RQGWKHAEHBDULW D
LQ JROG SDQQLQJ DFWLYLW\

0DULWD SHUFH +RXVHKROG S| SHUFH
0ODU!L *RCPLQLQJ KF
6LQ 1RJROG PLQHUV

7TDEOH 7KH LPSDFW RI GHPRJUDSKLF JURZWK GXH WR JROG SDQ
1DWXUH RI LPSDFW RTURRYW K HYBHOF¥HQWDJH

B3RVLWLYH LPS <tk
1HIJD'LPSDFW R <tk
1R SRVLWLYH RU <HV D¢(
IR L 1,.

7TDEOH &KHPLFEDOV DUH XVHG LO WKH SURFHVVLQJ RI JROG GXULQ.
8VH RI FKHPLFDODWXUH Rl SURGXFMQWDJIH

8VHU OHUF
1R XVHU 1RW
ITHXWUEL 1R L
7DEOH ,PSDFW RI JROG SDQQLQJ RQ QDWXUDO UHVRXUFH
IDWXUH RI LPSDFWAXDOLILFDWLRQ RI JROG BHOAMYVRMIHP SDFW
7UHH
"HIRUHVWDWLRQ FXWWUFWBHMWUHHV RU ZRRG
1HX

'"HVWUXFWLRQ mIDXQDigﬁgﬁ%m%%L

,UULJDWRU F

+RPH VKL

‘:DWHU VXSSO\ VRXUFH ,UULJDWH Z
20G ZHOOV
'L(QRW U
&KDQJH LQ Z

&RQWDPLQDWLRQ RI ZD¥XDWUWVRXUFHV
'LG QRW
,PSDFW RI DFWL

'"HJUDGDWLRQ RI VRLO FXEWIRLIEDW ODQG
'LG (UHV

5HIJDUGLQJ ZDWHU VXSSO\ WKHWHVYXQWY PMKRO WKDWKDG D QHJDW

JHW WKHLU VXSSOLHV E\ LWKLPWWEDWIGWHOOXDOLW\ KDV QR

I URP WKHLU KRPHYV I[URFPLE LRIWVWULEDUBR Y&RZYV WKH LPSDFW |
XVH HLWKHU ROG ZHOOV RU ¥'DODWHY ZDW H 4 RZHHWRDUU FH V

GLG QRW DQVZHU WKLV TXHYMIDRGLAQ WEKWHULPSDFW RQ WKH VI

TXDOLW\ I UHRSRQGHQWY EHOHWYRIQGWHK@W DIILUP WKDW JROG
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VLIQLILFDQWO\ GHJUDGHG RU HYHQHMSROZAW MECHYWH RYR § 80R IR
ZKLOH EHOLHYH WKDW WKHGWHWRUO GAVWYLRW DIIHFWHG
$GGLWLRQDOO\ GLG QRW DQVZHU WKLV TXHVWLRQ

JLXUH7KHPSDF®WO0 RQ WUHH FXWWLQLIXUHPSDFW RI $*0 RQ ZDWHU UHVRXUT

WKH UHGXFWLRQ Rl QXWULHQWYV GHF

ORVV Rl RUJDQLWKPDWR/IHY DV ZHOO
UHGXFLQJ ZDWH®*OLQM OWQBWDRQ\

ORFDWHG DORQJ ZDWHUFRXUVHV 7

PHFKDQLFDOO\ WUHDWLQJ PLQHUDOL

ZDVKLQJ WRROV VXFK DV VOXLFH RU

UHTXLUHV D SHUPDQHQW IORZ RI ZDW!|

RI JROG PLQHUV WR D QHZ PRUH SUF

DEBQQLQJ PDQ\ H[SORLWDWLRQ ZHOO

D SURFHVV RI LQWHQVLYH HURVLRQ

GHVWUXFWLRQ RI WKH VXUIDFH VRLO

FDXVHDROYGXY LDWLRQ RI WIRWIDOOH\V

RU OHVV SURIRXQG DVSK\[LDWLRQ 7K

JLXUH KRZV WKH LPSDFW RI $*0 R p¥RLAN LUUHYHUVLEOH DQG FDQ EHF
GHJUDGDWLRQ WKH VFDOH RI IHZ JHQHUDWLRQV

J)LQDOO\ UHJDUGLQJ WKH GH\@"!R wlylg%ﬁ 8\ DFFIEYPSD\?HLSEPE
IORUD Rl UHVSRQGHQWYV
GHFUHDVH LQ YHIJHWDWLRQ GX \g%%
PXOWLSOH JROG SDQQLQJ VL \ﬁH
GLG QRW QRWLFH WKLV FKD H

éj DQFH RI ULY|
HG DUH FUR\
RI WKH IDORDIDQBG H[SODLQHG Eggvg

KH PDLQ
LQ WKH QXPEHU RI DUWLVDQDO l%(%
WKH LQIOX[ RI IRUHLJQHUV LQWR ,@ﬁ

WHULVWLFV F
DW UVKHG IUR
KHG KDV D

DUULYDOV SXW SUHVVXUH RQ Qtﬂé( Hq S\\/(V'L“;
FRQWULEXWLQJ WR WKH GHWH%J B UR/KH PHUJHV
ZLOGOLIH UG WROH) BHVU: R Q@ WX G | E

§DW WKH VORSHV

PDGH RQ WKH GLIIHUHQW VLWH §"$$V,X"HKSUC
OHIW VXFK DV GLJJLQJ KROHV JRUER v RI E\ GLVY
DQG GHIRUHVWDWLRQ KDYH QHY o ODWHG E
TXDOLW\ RI WKH VRLO 7KHVH 9 DRIG OMIKMS
FRQWUMERXWWKG GHFUHDVH LQ HGD?U(,\HJUHHQ
ELRORJLFDO GLYHUVLW\ R

V I QVIKWM LJ
GHIJUDGDWLRQ LV PDQLIHVWHG \IZ—[ )

\
D HWZRUNV
KRUL]JRQ YHU\ PDUNHG ZDWHU DFQIG )ﬁ }%$I_L WKH YLOODJF

$FFRUGLQJ WR RXU VXUYH\V

S H
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/IROO(q W FDQ EKUWHWRDWQ WKBLOV VDQG\ VRLOV JUDYHOO\ VRL
K\GURJUDSKLF QHWZRUN RI /R ORXD WD VO RXY \RRLI®GHUD @&H URLID\ VD Q
ZKLOH WKDW RI 6LQW\ KDV ILYH DQ®BKBEWRIR® DUH R DMIORYODLIQH FWH G
REVHUYH WKH GLUHFWLRQ RI WRWMNRSOREZO WIRZG® HGYRVLQI WKH VD
VWUHDPV RU ULYHUV 7KLV LQIRMKRDRAWYLGWH FOXWLUDQIRW HIWUDFWL
XQGHUVWDQGLQJ WKH K\GURORJUKIFDED XK RRLFYWBQ GHVYRNMYRQ GXUL
HWVRRQ SURFHVVHV LQ WKH VWXG6L@®G UHJLRQ
7KH VRLO LQ WKH FRPPXQH RI )RXURX LV SRRU GXH
WR ZDWHU HURVLRQ 7KH FRPPXQH LQFOXGHV FOD\H\

7DEOH 6WDWLVWLFV RI /ROOq ZDWHUVKHG PDSYV
:DWHUFRXWWHYV BORSHV N P

9HU\ JHQW
/IRZ VORSHV
6WHHS

7DEOH 6WDWLVWLEFV RI 6LOW\ ZDWHUVKHG PDSV

:DWHUF N F 60OR N F
9HU\ JHQW
/IRZ VC
BWHHS
D E
JLXUH 7KH VORSHV RI WKH YLOODBEKHVVORSGEHLOWKFOEBVYRO®E DFFRUGLQJ WR \
> @
D E

JLXUH 7KH K\GURJUDSKLF QHWZRUN D 6LQW\ E /ROOq
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7KH ZDWHUVKHGV Rl WKH ULYHUMQERPH IRWORPQWHIBPLOLHY 7KH F
ZLWK WKH K\GURJUDSEDRVLYHRMZ\WE ¥ R YWH XVHG E\ JROG PLQHUV D
GLJLWDO WHUUDLQ PRGHO '7000@H BFEBRREUMIKWR WKH PLQLQJ FR
QHWZRUNV ZHUH FODVVLILHG DPRARD\GHQLIVWRR @\KIHG 6\W UQD KIRWXWLR QV
FODVVLIBF@®WKRY FODVVLILFDWYRQXWYRRM¥RQVLVW RI LQIRUPLQJ
YDOXHV WR HDFK Rl WKH EUDQFWHVWRHRKWE LQH VWRRBWND GEHUDLVLQJ WK
YDOXH RI LV DVVLIJQHG WR D@\ ®HBLDRRE BW DEIWL FHY RARWKLY DFW
WULEXWDULHV DQG D GUDLQ RI RIKGHWUWD WHR PW W KSR UWKHG E\ 1*2V
FRQIOXHQFH Rl WZR GUDLQV RI WRKH UDWHRRURU'PYHQRSPHQW LQ W
DGGLWLRQ LI MRQRYHL RKIWEHU BOGNY DEBIJH UROH LQ HQYLURQPHQ)
FRQIOXHQFH WKHQ LW LV WKH VYDQXHQRI MWAH KQHWU RQGHWUDLQLQJ
WKDW LV DWWULEXWHG WR WKHFRPPX®RH RI )RXURX
7KH FUHDWLRQ RI WXUELGLW\ DQG WKH FRQWDPLQDWLRQ

R

RI ZDWHU E\ VOXGJH FDQ OHDG W&RRQEOMERHULVKPHQW
RI DTXDWLF IDXQD :DWHUFRXUVHY, W
FRQWDPLQDWHG E\ KHDY\ PHWD el iy g E\E a5 QLS \,/QL(QWVT,XH'
*ROG PLQHUV XVH RI PHUFXU\ ER L MV DO DUWLVD
VLIQLILFDQW LPSDFW RQ KXPD YL UROEHINRY oS GDOJHL
KHDOWK DVW>P GOH QR XN WKH FKHP L o K XOB\OP B DGV
XVHG LQ WKH YDULRXV JROG PLQIQ, é/ %bﬁﬁg&V&EWGHYHOR‘
FRPPXQH RI )RXURX 6XUIDFH m b ' IROG UV ER
FROOHFWHG DW WKH 6LQW\ DQGg) gb v Ros RO Qe buh R
DW WKH $QDO\WLFDWDWRHP LR/ 14 DOG YLODGUHY E\ E
)DFXOW\ RI 6FLHQFH DQG 7HFEKQRARIG Ty % L v WKDW
0DOL UHYHDO D FRQVWDQW PHUBXIRREEH ol & BN R b b U\
VDPSOHV IURP /ROO( SSP H HILVWHG JBY 6 YHUL ORQ) WLPH
(Q FRPSDULVRQ 6LOW\ V PHUBIH) BWRSx0DU RUJIDQL]!
YDULHV EHWZHHQ DQG s 3 ; VW VKRZYV W
FRQFHQWUDWLRQ DW /ROOq LV Y[ YOUIUE Wk é%(u MvgﬁL ROPHO\
DW 6LQW\ LQGLFDWLQJ P v W VHW XS D PHF
PLQHUDOLIDWLRQ 7KH PHUFXU\ ! S%?/&’ﬂg@é@[g(? 21 WKH
SSP H[FHHGV VWO GPUG y URXIK PROLWRULQJ DOG
PJ/ ZKLOH PRVW PHUFXU\ FRQFS%&\&MQ%’@&@/VQWY&% \
DUH EHORZ WKLV VWDQGDUG ' | HU VDPSOHV VKR
/KH JROG SDQQLQJ VHFWRU, %Q%qﬁﬂg\@&& é Row. Q DW /ROO(
FXVWRPDU\ YLOODJH UXOHV HY@@ {5 O B0 oM IROCT
YDULRXV WH[WV WKDW DUH QRW; HhGDUG 7
WKH SRZHU RI WKH OLQLVWU\ RIBE-), Ry b D ZDWHUVEK
g/ SO0 VRl RY
5 RIGFEH

PLQLQJ LV FRQIHUUHG RQ ORF VRI WKH K\C

: Mg
PDQODJHP HYKMHDISSOLFDWLRQ R ‘
PD\RU RI WKH FRPPXQH WKLQNV K_ / ng k %&LYHHV FSJ%GQgEVI
> N
. H¥UuHDV DUH
1R % LP?DQ&%E DFFHV
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J
O
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VMYH\V DQG VWXGLHV FDUULHG_ = ﬁ?ﬁ e E?B%QH\\//VHSSEKL%
VXFK >DV @ LW HPHUJHV Wé

FRPPXQH E\ QDWLRQDOV DQG IR

DP O\ W XUH FRPPXQLWLH
DUWLVDQDO PLQLQJ VHFWRU F X YeH) HVF)?UUHQ\
HQYLURQPHQWDO SUREOHPV HV. %%R) & WKH LP¢
FKHPLFDOV +RZHYHU JROG SDQQ TOVR H ;



.RQ DMWY DO -RXUQDO RI(QOQURI@RIOQW 1R

SDQQLQJ RQ KHDOWK VRLOV DARCHWAW I BWR UD 6 R EHPDRHCH BR GHRIXY
VKRXOG EH HQFRXUDJHG
> @UDXMR & + ; 800ODK , 7TRPL * &K

&RQIOLFWV RI ,QWHUHVW LQ DUWLVD@FDO®HVRROG PLQLQJ SHUVSHFWI
WUDQVIRUPDWLRQV WR VXVWDL@DELOLW\

7KH DXWKRUV GHFODUH QR FRQ@UOIRRWQRO RQ KN W Bl MWD E ® BIVOLLEXD 1) J

> @RGH OLQLHU -RXUQDO RIILFLHO GH O
(WKLFDO 6WDWHPHQW 0DOL 6HFUpWDULDWBBXL*RXYHUQHPHQW

7KH DXWKRUV VWDWH WKDW> WKWHUGVHDUFK ZEDWHVVPHQW RI XUEDC

FRQGXFWHG DFFRUGLQJ WR HWKIKPROHY WD 813 Y B &/ PO HRQ G VOL ¥ 8 ID W H
LPDJHULHV )DFXOW\ RI 6FLHQFH DQG ,QIRL

+XQJDU\

)XQGLQJ %BRG\
> HORIR 2USDLOX®@ MHXBIXWDHNQDOHQFLHX]|
7KLV GRFKKPWHGEMHQ SURGXFHG(W%LsWK FWdKRH RDPRIDICHEW X VK OGIRFH H X [

ILQDQFLDO DVVLVWDQFH RI WKH,_ ( L%%'F\lDQ ?Q)LBQSDD*CSJBS%\A—/WLRQ 1DWLRQ

QR '&%19) WKURXJK W OT([WUDFWLRQ OLQLGUH $UWLVDQDOH H
$IULFDQ 5HVHDUFK ,QLWLDWLYXHoDOR kR@RUMMPWAWLIFOD &RQYHQWLRQ G|

([FHOOHQFH $5,6( WKH $IULFDHYF$FB@APL R

6FLHQFHV LPSOHPHQWV WKH SLOBMDRYIKI YDRk¥5@66 5DkPDQ 0% $VDI
ZLWKSRXNS/ IURP WKH (XURSHDQ (&RPFIMVLRQS$OIGHB/HVVPHQW RI +HDY\ OHWE
WKH $IULFDQ 8QLRQ &RPPLVVLR®OPK RQR Fty\ww‘gugg O()FRVé\gWHg'E\F/)H%VVQ/R
WKLV GRFXPHQW DUH WKH VROEWW%B{E O(é R ]
DXWKRU V 7KH\ FDQ XQGHU QRTNEYDF W hvg\ﬁHbQ RQDO -RXUQ

UHJDUGHG DV UHIOHFWLQJ WKH SHE\PRH BQ "RPIYRA ?:XL)J'RGS"H’D) /HJURV 6
5 ,PSDFW RI1 UWHF MW DUWLVI

0 ]
8QLRQ WKH $IULRD QF3HIGHiK Dﬁgé}v\gﬂbLQJ LQ 6HQHJDO OHUFXU\ DQG |
$IULFDQ 8QLRQ &RPPLVVLRQ FROQWDPLQDWLRQ RI WHUUHVWFWMRONBIQSE DTXD

+

SHIHUHQFHYV > @HPEHOH $ /fRUSDLOODJH OD SR
>@QMDQLEDRQD /fRUx 8Q SDWULPRLQH QMW ROPHPHIRW GDQV DDZ FGRRPWRH GH )i
PDLWULVH (WXGH IDLWH j WUDYHUV OF QXMRQWDQ\ DPEDWRPDQGLG\

IHUPH &RPPXQH $PEDWRODPS\ GLVWULF MLURDQRRDOGESN 1 WLWDV 7
OpPRLUH $QWDQDQDULYR ODGDJDVFDU&RQ\E)ESQDOHV '?FHQWUDOLV{oHv HW (*QRXYHLFJ)QDt
> @®QLWHG 1DWLRQV (QYLURQPHQW 3URFDAMY Hy/¥3/TH[HPSOH GH OTRU GDQV OH *D(
$QQXDO UKSRWSY ZZZ XQHS RUJ UHVRLNUPMR DBQ&DBOL =+

UHSRUW XR@GNBEOSRUW > @HLWD 6 BWXG\ RQ $FWOWDQDO DQ
> @8QLWHG 6WDWHV $JHQF\ ,QWHUQBWRIR®D d Q' HViPd R DOV DQG 6XVWDLQD
86%," "LUHFWLYH HQYLURQQHPH®WWDORUNHRYWRHEIHBOYIx ZZ2Z LLHG RUJ J
([SORLWDWLRQ PLQLQUH DUWLVDQDOH, H(%L\i/v%l—lkl\/&LVBH 8FKHRAOH &pvwLDX[ $ 7K
KWWS  ZZZ XVDLGJHPV RUJ VHFWRU*XLGHOLQHYSKMWRQ RI QHZ VRUJKXP YDULHWLHV |
> @RUOG +UDOWK 2UJDQL]DWLRQ :+2 SDUWIRR/SGEOWKRYBYWREQBREBFBLW\ 6ZLW]JHUODQC
VWDWLVWLFV PRQLWRULQJ KHDOWK IRU 6'*V 6XVWDLQDEOH
'HYHORSPHGEWWRBNOVFUHDWLYHFRPPRQY RY ) \PLFHQY HY, §\ SDPW SRUOCHOCHIBA WKL Q J
QWD LIR +RZ DUWLVDQDO PLQLQJ VXSSRUWHG UXUDO
> @RPLFLF & 9HUQH] ' %HOHP 7 DQE&PHHURERXENWIpANE W

+XPDQ PHUFXU\ H[SRVXUH DAFDROMH. DWEG glWHK \PDOO /H GpYHORSSHPHQW GH O

PLQLQJ LQ %XUQWQBUFEVRFFXS (QYLURQRFHPRIWEW HQYLURQQHPHQWHIOY HaX VDQLWE
* 6pQpJDOx  ([HPSOH GX VLWH DXULIqUH

> @ROHGR 2 = $UFH 0 ,QIRUPWY SYHIOBE KOLHIJH EHKWWSYV PDWKHR XOLI
,OOHJDO" 9DULHWLHV RI $UWLVDQDO, 05QL:Qdek Qo WKW ubFRMERS PLQLqUH DUWLVD
ERXVWRKIOG 3ROLWLEV SHWLWH pFKHOOH GH OfRU HW PRUELGLWp

> ®DQD $ 'H %URXZHU & .QrrPEGIH G H[HUFLFH GH PpGHFLQH JpQpUDOH )DFXOV
DQG SHUFHSWLRQV Rl KHDOWK DQG H%ZWM MYBRE YO RYMUHB BW RBLIWRFHY GHV
DUWLVDQDO JROG PLQLQJ E\ WKH DuwlHIMopo PHYHUV IBFERRPRIBHYPVR GH %D
D FURWAMWLRQBDQSWYBMG - KWWSV Z7ZZZ ELEOLRVDQWH PO KDQGOH

> @X\D $*OLNPD'QU RHQHBWLIMN 6RFLR > @LGLEH 0 $ + 0 &DPDRIDBW
HQYLURQPHQWDO SHUFHSWLRQV DQGVRBURRHUQRRER XHROQV RURYWPROODJIH GDQV O

HQJDJHPHQW DPRQJ \DADWH DIRIDG \FRIAQJ
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ODGBIHYXH ODOLHQQH GH 6FLHQFH##HW Gk 7TBDRERPRRIXH : * *RXUF\ / $ODVVDQH $
KWWSV ZZZ UHYXHV PO LQGH[ SKS URVWR[XUWL<FOH YIODPD )ORZ 3DWWHUQ DQG
*
> @HLWD 0 0 2ZXRU * DQG 2JHQG LHQFH 7LPZH RI URXQSZDWHU ZLWKLQ 9R
'"ULYHUV RI 3DUWLFLSDWLRQ LQ $UWLVDE)|_I5% R&é%W&L&nggq_m ArSew
RQ $JULFXOWX%US5,LRYDQDO RI $JULFX®OWEDRXD Q)G &DUDFWpULVDWLRQ K\GURJ
JRRG 6FLHQFHVKWWSV ZZZ MRXUQDOVKDGUWRI REKLPLTXH GHY QDSSHV VRXWHUUDLQ

> @RXUH + + (wxGH 6H oD suHVFHIWL RS AFgiEpEWWS OLE XOLHJIH EH

GDQV OH FDGUH GH OD PXWXDOLWp >GOGIVRREOPHQ@WUH GH VODQWPWpULVDWLRQ (
©0,3520%2 | %DPDNR 7KqVHV G H[HUFL¥RXMH BEDUPOQHKVHGRXHRARPEH OX ¥XESXEOLTXH
J)DFEXOWp GH 3KDUPDFLH 8QLYHUVLWH GRWQSRLEDPEHVHGHVp WHFRKGEHNMT XIHBHAXKLPLTXHYV H)
HW GHYV 7THFKQRORJLHYV G@HL %DOMROANR 6FL ODHEKQR®WWS ZZZ UHYLVW FL

KWWSV 222 ELEOLRVDQWH PO KDQGOH  aoypGuL 6  6DPEUGWERKHPLFDO 6WXG\

> @RQDWH )2 7UDRUH 6 <DWWDUDZLAK *HRFRODSDWLDO) $QDO\VLY RI *URXQGZDW
$QDO\VLV Rl &KLOG /DERU LQ $UWEYDQRP® (ERMEVRUQFOVIHCHWKBKHP  (QJ
5XUDO &RPPXQH RI )RXURX &HUFOH 'H tDGUIZR@R, AUNDVVR
SHITD, SME RO UERSR0, FXURPO K QRIBIOLFE Ospunsiie  pjoun
% )pOL[ . . 'RQJXL (Y¥DOXDWLRQ GH OD

> @ODQ GT$FWLRQ 1IDWLRQDO 3%$1 &RQWDBQQBM_HWQLFRQ(LPLTXH GHV (DX[ B6RXWHt
IDWLRQDO SRXU Of([WUDFWLRQ OLQL&§EW LMLWIpWDR@WKUR WL TXBYRRB®HXY GRXOD =RQ
eFKHOOH Gf2U DX 0DOL &RQIRUPpPHQ3NUijI-ODN&RQ\GHQ#\R.)REQQGFHXQLHQ(GZXHVW GH OD
OLQDPDWD VXU OH OHUFXUH

> @DLULH GH )RXURX 5DSSRUW BDQ@XHEpOp 0DGL 'UDLQDJH QHWZRUN
2Z2Z EPDOL RUJ JHRPRUSKRORJLFDO HYROXWLRQ RI WKH WKU
> @HUYLFH /RFDO GH OD SODQLILFDW,Q{E&\% Dé/,pwi\ﬁé&’\v{_ VPR TERORIV - &KLQD
O7,QIRUPDWLRQ GH OfT$PpQDJHPHQW HOOTWRLEM YW cH oD

3RSXODWLRQ 6/36,$3 GH .DGLROR > @NQDHKWHQY WsULPHVWULEDPLF EDVLV RI JHR
GH OTDFWLYLWp VWDWE,WWAOEH DX ODOYHE®O®RJLFDO 6RFLHW\ RI $BHULFD %XOOHWLQ
> @DQRJR < 6DPDNH ) .RQH $ 7UDR@OMPDQ ,00DWRX ( ) 2 ,PSDFWV GH

'LYHUVLWp GX SHXSOHPHQW LFKW\RORIWTGH G DL RXYWXWH %BURPD TXDOLWp GHV
%DVVLQ GX 1$JUHRQRPDH $IULFDLQH LGHQWLILFDWLRQ GHV KRWV VSRWV GHV SR

DQ HV WUDQVIHUWV GH FRQQDLVVDQF
> @ $%)1 ITPWDW GX IG<I-V\XWBV1LJTI-\|A}5|{{JB DBLBé
HDXDOL QHW ZS , DK/ QWL WD HFLRPH V , 0 7 eFROH

FRQWHQOW XSORDGV VLWHY 0o SRR B AL A s LR oS 1O,

Gl

i PLHQ - . . ORXVVD 6
> @QUDQNHQILHOG $ © )HUQDQGRSXOFQ @g %YGBS? W HQQYLURQQHPHQWDX[ oH

:DUG 0 ( DQG +DR / '"HYHOR AR
&RPSDUDWLYH (YDOXDWLRQ RI (QGRO UGR'TLQPV\HHJLRQ €oc %RXQNDQL

/IDEHOAMVHG 3URWHRPLF OHWKRAWHG +XPDQ L36&
IHXUBQDBO &KHP + > @+XLODPDQL $YDTORAD $ /IDQTXH

> @LVVp )% eWXGH GHV LPSDF T O\?XWLRQJ LgGZg\IZVQHLUQ
DUWLVDQDOH GH OfRU HQ UpSXEOLTXH ﬁg %ﬁmﬁ%%G DQG OL(i
p
8 E H

GH 6LJXLUL OpPRLUH ORQWUpPDO 4Xp

GX 4XpEHF j ORQWUpPDO ODVWULVH

O HQYLURQQHPHQW > @NSDQRZR 0% %HQVRQ 1 (NRQJ * % 8
- .

> @OLQH '6/ DQG 6RX]D 0 % ot ELrge(\é XV XI (”HFQV\\fVRF'“D;gNVb

DSUHVHQWDGRY QD XWLOL]DomR GD vv Q(Rb'[\gé %Q%m%éggw RLIHULD

UHYLVMR GH SBIYWWWDWBDNGH H "HVHQ, Vi (QYLURQPHQWDO 6FLHQFHV

+

> @DQRXVVL $ $(YDOXDWLRQ GHV LPSDFWV GH
OfH[SORLWDWLRQ DUWLVDQDOH GH OfRU VXU OH VLWH GYfRUSDLOODJH GH
.RPDEDQJRX /LSWDNR 1,*(5
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