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5HVHDUFK &HQWHU IRU &KHPLVWU\ 1DWLRRRW 5 H D BUIMBENEIR GHQIIRYDWLRQ $JHQF\

5HVHDUFK &Y WHRIQIRHIQ W U B FIXQBHARMOLR QDO 5HVHDUFK D QX VK RY GIHIRIDYI HQER QHV LD
5HVHDUFK &HQWHU IRW OLQHUDO 7HFKQRORJ\ 1DWLRQD/®BSXGDURIGRQBV,IIQRYDWLRQ $JHQF\
1DWLRQDO 5HVHDUFK DQG ,QQRYDWLRQ $JHQF\ -DNDUWD ,QGRQHVLD

$UWLFOH ,QIR $EVWUDFW

S HEH L YO 'XH WR LWV ODUJH QLFNHO UHVHUYHV ,QGRQHVLD KDV
SHEHLYHG Lo sHexvrew AUPFNHO PLQLQJ VLWHV DQG SURGXFHUV 1LFNHO LV D PLG
YDOXH +RZHYHU LWV PLQLQJ DFWLYLW\ FDQ QHJDWLYH
$FFHSWRGHPEHU PDQDJRSHIUD\ 7KHUHIRUH PLWLJDWLRQ RI WKH LPSDFW |
3XEOLVKHGLRYBRBHU 7KLY UHVHDUFK KDV FRQGXFWHG HURVLRQ DQG LQILOWU
QLFNHO PLQLQJ VLWHV WR PLWLJDWH WKH HQYLURQPHQ
(URVLRWWZHUH SHUIRUPHG XVLQJ D UDLQIDOO VLPXODW
Pd GHPR SORW ,QILOWUDWLRQ WHMWY Z@ LD WREE MRWHHIG
2, MP H UHVXOW VKRZV WKDW VXUIDFH UXQRII FRHIILFLHQWYV IR
_H\ZRUGV TXDUWWVAMUH KLJKHU WKDQ WKRVH IRU YHJHWDWHG VL
SODQWDWLRQ DQG IRUHVW 7KH VDSUROLWH VLWH UHOH
P bobItipHow | ROFHOWRY KKRXWROORZHG E\ WKH OLPRQLWH DQG WKH SHSSHU
NJ KDRXUDQG NKRBUTKH KLIJKHVW &U 9, FRQFHQWUDWL
’F%';S‘ZVFUL%V&VRQ 6XUIDFH7 p \WARHRBOHDVHG IURP WKH GLVSRVDO VLWH IROORZHG E
SODQWDWLRQ VLWHV ZLWK FRQFHQWWHWWIHFQWLRHO\ 7KH
6HGLPHQW ORDG LQID®WRQ HTXDWLRQ REWDLQHG IURP HDFK VLWH VKRZV
&KURPLXP KH[DYDOHQW UHGXFH UXQRII 7KHUHIRUH UHYHJHWDWLRGIVKRXOG EF
SLSH WUHDWPHQW WR PLWLJDWH WKH LPSDFEW RI QLFNHC

,QWURGXFWLRQ

,QGRQHVLD V DEXQGDQW QLPRW®RZBOH ,JBXMWWHWO 3DUN DQG ,
SDUWLFXODUO\ LQ LVODQGV VXEHKGDV %X\O ZGRXMW2EROB@P&®N DUH DF
+DOPDKHUD KDYH SRVLWLRQHGQWKKHWFRXQMJILR @V Db\ RYHU
VWUDWHJILF GHVWLQDWLRQ IR UFRRBED/Q QUQNRIFSPHQIW ZBUH RSHUL
ODWHULWLF QLF®HXHFHQLYIODDBOBLWLRQDO XQGH@® GHYHORSPHQW
FKDUDFWHUL]HG E\ H[WHQVLYH XKOMVUDSED®LH[SPOG®UREONRI QLFNHO PL
IRUPDWLRQV KRVW WKH ODUJH VAR @DVGHHWLD/EIORH QW 6 N HOR®HPSHROWL.VY D Q
JOREDG@ULYHQ E\ WKH VXUJLQRRCHPRBOWVIRUWK ORFDO FRPPXQLWLH
HOHFWULF Y HXSBOW LEFDX\O M WML DWW KLEPQG HQFURDFKPHQW DQG H
EDWWHULHV ZLWK 10& QLFNHOG HWIDUDIGDWVRQ FREIDFKWHQFRPSDVVHV |
FDWRREHWHO KDV HPHUJHG DPR QI DFPUIQMDIWAIFOD ®RE VX BMQ GZDWHU
FRPPRGLW\ ,W KDV FDWDO\]HG SKEVDGORWLRPQ® DURZWKALPHQWDWLRQ
PLQLQJ DQG SURHMWVI/AQRVIFVIGRGWHBLIL QJ DFWLYLWLHV IUHTXHQWO\
HVSHFLDOO\ LQ 6XODZHVL DQ GIXIDWMPDKHUP D QDKIRNOWK DQG VDIHW
LQGXVWU\ SOD\HUV LQFOXGLQJHPRORIGKHQWDRGRWLAHOWN QLFNHO
DV LQGXVWULDO SDUNV VXFK PHWK®R,GS IRRBEQ@HYLDUHVXOWYV LQ YHJ

E &RUUHVSRQGDY B PXXWRRKP DWPDMP O DDH#POILY FRP
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WRSVRLO UHPRYDO DQG RYHUERGUGSRVBWUDBOWLRRDUKLFKLWHY WR
DOWHUV ODQG FRYHU DQG 4 QF URRDHMH\F VIXQWDFH @ MGRBIQGW & 0 FoD
@5DLQIDOO LQWHQVLW\ VORSH RDFE FKDRWHWRQY ORPGDUDPHWHUV
XVH LQIOXHQFHAaZUMWXRIKLIKHU GHYHOY RI VHGLPHQWDWLRQ DQG |
REVHUYHG LQ RSHQ RU GLVWXUESIEFDIWAD®\RPSG DDMGI WR QJ WKHLU
YHIHWDWHG UHOKR QWFUHDVHG IXQFWERQVY DQG PDLQWHQDQFH VFKH
UXQRIl OHDGV WR HURVLRQ VHGMRHQWHWBHNRWSRQW DUQBWWRHQWY |
PRELOL]DWLRQ RI KHDY\ PHWDWOLNL]BEQIVYRXEDBOWURPHWHUY ZHUF
KH[DYDOHQW FKURPLXP &U 9, V&R BVVRVUVJWEBWIDQNHU DEVRUSWLRQ
IURP WKH R[LGDW ERI® RU FK X8 WKW DHDFK VLWH 7KH LQILOWUDWLRQ
PLQHUDOV LV FKDUDW¥FWROLXHIGOENIMXWHEDWH ODQG K\GURORJLFDO
KLJK WR[LFLW\ DQG HQYLURQP HQWDMH GHIUQYL WKHQFBS DDKIHV\ IRU UDL
PRELOLW\ RI FKURPLXP LQ VXU | DFKHENKHITRA H QW SHIFIUHDO\H LQ VXUIDFH
LQ RIQLRQ IRUPV &U2ydq +&URLQGLRODWRIGq WKDW YHIJHWDWHG VL)
DORQJ ZLWK LWV FDUFLQRJH QIOH YIDOH GPKQRDHWMUBWLRQ UDWHYV D
SURSHUWLHYV UHQGHUV LW D VRILJLISRDRWLVBRDQEWDQWDROLF FRQ(
FRRQFHUQ @&KURPLXP 9, FRQFHQWRFPDWRRWW\VWHPV D®GA@RKHDQLF PD!
DUH RIWHQ LQFUHDVHG LQ UXQRNQIDRFF \Q IDANH G UPLFQID®I IRU K\GUROR
SDUWLFXODUO\ LQ VDSUROLWHGDRMWDWKHKHEHWROEBHQW RI HIIHF
FRQVLGHUDEOH VXUIDFH GLVWXDBDGQFRQWQJ ODQG UHKDELOLWDWLRQ
$ VIVWHPDWLF VWXG\ LV XUYMQWEO\HQWBEBGVKWR/ D FRPSUHKHQV
LQYHVWLIJDWH WKH K\GURORJLFHD@YUWRSRBYWD RO\YDHYBRQVLYH PLQ
ODQG FRYHU W\SHV IRFXVLQJLQR\GMIBDRNURQLRAD®HWULFV LQILOW
LQILOWUDWLRQ DVVHVVPHQWYV LIQD SRDO@XMD QWFRRBLPLLQIFURVV )
DUHD WR DQWLFLSDWH DQG PLKWLJDQGL QHXVY K URQPIHEWDWKH LPSRU!
LPSDFW ULVXNG\ ,(EHDKEE WWRVLRELWHVWYWLDWHG PDQDJHPHQW VWUI
XWLOL]LQJ D UDLQIDOO VLPXODWBHFHUH S®NQRU PRAHRGY BBURRKWD UDFWH U
VWUDWLILHG ODQG FRYHU VLWHRPRWLRDIXGAV/RIIDHLIRDEYW QLFNHO F
JUDVVODQG SHSSHU SODQWDWBSROQ¥WYBSVRQLYQH RQHAVRQLW H
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JLIXUH 7KH VWXG\ DUHD D DQG WKH VWXG\ DUHDYV JHRORJL
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ODWHULDOV DQG PHWKRGV WASLFDOO\ LQYROYHVY DGMXVWLQJ QR]

T
P

D)\

VWXG\ DUHD FRQWULEXWLQJ !

PRUSKROR@TKH VWXG\ DUHD SUHM
FRPSULVHY &UHWDFHRXV FRPS

HIWHQGLQJ QRUWKZHVWZDUG

ODVLNX DQG 7RNDOD )RUPDWLRC
FRPSOH[ FRPSULVHV YDULRXV UR
KDUJEXUJLWH OKHU]ROLWH %:g[:
VHUSHQWLQLWH GXQLWH GLDED
GHSRVLWV GHYHORS LQ XOWUDED
SHULGRWLWH DQG VHUSHQWLDQ

6WXG\ DUHD SUHVVXUH RU KHLJKW WR FRQWURO
7KLV UHVHDUFK ZDV FRQGXFW'TH RFNEWB/S &a HUV W\IjRD\LNoLglL?NXDF:
&HQWUDO 6XODZHVL 3URYLQFH gur—ﬁ " Kooy vl
6XODZHVL DQG 6RXWKHDVW 6X ver ¥ R LTS SUR[L P
VKRZQ LQ JLIXUH D 7KH VWXGU BYH &ﬁﬁ% DO GHDRFLWL
WKH (DVWHUQ 6XOD2H@r KISKER Deo o oD XUDO L P
FRPSULVHV PDILF DQG XOWUDP = (yL%ﬂﬁ\ﬁQ@YW\ S,
VHGLPHQWDU\ URFNV IRURLQJ % \ He UDLO 31
$GGLWLRQDOO\ 6XODZHVL H[KL V\ﬁ{%'l}{(wHQ[E;SI—WJLPHQWDO
LQFOXGLQJ WK H 600\8 D)DK G6W L @ ohy BXHU  WR V
v %Wﬁ%%@ oG PLOLS
v WRH'W HHQ. \§ K H U
! LQ DGYDQFH F
%m "UBLQ VHYHUDO K
S DOLJQ WHYV
%%DULRV WKHL
Vi
UDLQI
.
X0 |
SURFHY V@XKDUDFWHUL]DWLRQ g/ ) %KD
Q IRU GLUHFYV
QLFNHO SURILOHV DQHW KKID %
SUHYLRXVO\ FR@GKFWHGLQJ W WOt K\GURORJLF[DOHPR%HOOLGQL‘
ODWHULWLF QLFNHO GHSRVLWV RUTJI Wi kHE l; ]E%L\Q/JLLFW 00
DQG ZHEVWHULWH URFNV )LIXURC Ry L\}’L \}fHZDQ G on Wik
DUHDYV JHRORJLFDO PDS
H PD\ @LPLW P
%DKRGRSL H[SHULHQFHV D HEF W L\%p@ﬁ/ W
UHVXOWLQJ LQ GLVWLQFW UDLQ I ,ﬁ) V. L\LH \ LH‘:';pléo WH%P
RI RWKHU UHJLRQV LQ .QGRQHYV \ g P owWLO, Ve
VHDVRQ RFFXUV IURP $SULO WR \g A ﬁf RS
UHDFKLQJ XS WR PP SHU PRQ 5 \)gk/ boW UOWHY oL
GU\ VHISLRQOM\ VSDQV IURP $XJ v e oWt Pl oW H oL
ZLWK PLQLPXP PRQWKO\ UDLQID Sagge S L@ 5 @WX UDO
PP 7KH DYHUDJH DLU WHPSH LL'H H, PHOW FDO
WKH ORURZDOL VWDWLRQ UDQJ ﬁ\b Y LFL%L PV LI S
/LNH WKH VWXG\ DUHD UHJLRQWZE S/t S’(FH LH\?@’%\\QLIDOO\ ‘o
DUH FRQGXFLWH MRRSRCOGWERE Y H U
H HVH FRQVWUDL
ODWHULWLF QLFNHO IRUPHG |UF?P§£E8N\A}%%5F@VK§ lE%F\NF? %WFPW
t P L T W U LQJ UDLC
JHRJHQLF VRXUFH ®&@W9, LV W SEuy e Lo
KD]DUGRXV WR WKH HQYLURQP %I A% gW%W%QNR AN
VROXELOLW\ DQG WRI[LFLW\@WR “%
+HQFH FDUHIXO PLQLQJ SODK o %GLWLRQV WKHY GR
| P BIWOQHDLOR VLR DQ 1D O C
FROGXFWBPQQLSWHHURVLRQ VLP

HVVHQWLDO WR SUHYHQW HQYLU YH%%}%E\N AIUDGRWLRO Lo vy

7DEOH DQDO\]JHG XAML\Q XV&B IRU WKF

(URVLRQ WHVW HURVLRQ WHVW 7KH DUHD RI WKH Gt
7KH HURVLRQ WHVW ZDV FRQGXHFWHG R¥YLQKDFKXBIGEDHOOORSH UDQJI
VLPXODWRU ZLWK ILYH QR]JOH XGHYMHHYKHUHIOH$ENWASHI WKH QDWXU
ZLWK DGMXVWDEOH IORZ UDWH ¥ RFFRPRWDR Q @ HIGQ WKIH NP QPDOOQJ DU
LQWHQVLW\ 7KH FDOLEUDWLRQ \BQGWLIQLGHD»W SAQ | RY WIS @DBRG/O Z L W K
VLPXODWRUV DUH FULWLFDO WSD\HQ@WPSHLWKOY FORWRIOUV RI  H[S
UHSEBLEDWXUDO UDLQIDOO FRQGEWHBYYWRROGVSODRGXBHFRUGLQJV RI
UHOLDEOH GDWD LQ HURVLRQDQYG® X¥&UHYFH&ADONEU DWIQRQI IURP WKF
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FRQGXFWHG HYHU\ KRXU 7KLV G§HHUILFDQWRWHKSNKIUIDNVLRQ DOLJQV
ZDV EDVHG RQ ZLGHO\ DFFHSWBGDFWRWRY¥ RFEOBALIBAOXY AREL X DIOCD® VLP XO
HURVLRQ DQG K\GURORJLERBOUY WG GIVHVZ KM X HKP ©@WEK MK LEFKI
VLPXODWLRQV DUH QHFHVVDU\ GHP RFQ\SWYRED W RIYAK KEIOXWKRW HRQV DUH VX
SURJUHVVLRQ RI LQILOWUDWLR QN R XREMHUY HWERWK RQK ¥V WHHDDJ®\W\ DQG
VWDWH DQEE VHGLPHQW WUDQWSRUWFHH URBRHRVNVBVQDPLFV

7DEOH 7KH ZDWHU FKDUDFWHULVWLFV XVHG LQ HURVLRQ

& O DWW
6WDQGDUG 8QLW 5HVXOW

SDUDPHWHU

3K\WLFDO !
&R 3 &R 8
7RWDO GLV PJ

7RWDO VXV! PJ

S

OHW

&KURPLXP KH[DY| PJ

OHUFXU PJ
0DQJDQH PJ

%RUR PJ

L,URQ PJ

&REDO PJ

1ILFNH PJ

&RSSH PJ

=LQF =0Q PJ /
$UVHQI PJ

6HOHQL PJ
&DGPLXI PJ

%DULX PJ

/HDG PJ

‘DWHU TXDOLW\ VWDQGDUG UHIHUV WR $SSHQGL[ 9, Rl WKH *RYHUQPHQW
1R RI DERXW ,PSOHPHQWDWLRQ RI (QYLI!

7KHGD\ LQWHUYDO EHWZHHQ WHWWWBRDMUWHOHFWHG WR
DOORZ SDUWLDO UHFRYHU\ RI V R PRV X E Hy G
PLQLPL]H FEXPXODWLYH VDWXUDWLRQ HIIHFWV WKDW FRXOG
ELDV WKH LQILOWUDWLRQ DQG %NKVLERCEI EHREDYY ROXAHHIHQHUDWHG
VXEVHTXHQW WULDOV 7KLV DSSUR®RW PYPPROVLVWHQW ZLWK
ILQGLQJV B\ @QUAKLFK HPSKDVL]H5WIH QIDOO LQWHQVLW\ PP RU / P
LPSRUWDQFH RI UHFRYHU\ WLPH %lk\/gé%ksgb%@l&&vgupwmcg
HYHQWV WR ILHOWREBVBEDQH K\G L
FRQGLWLRQV $GGLWLRQDOO\ WKLV LOQWHUYDO IDFLOLWDWHYV WKH
ORJLVWLFDO SUHSDUDWLRQ RI HT QW DQG HQVXUHV
DFEXUDWH UHSHDQMWDEOMK URIQDVMDA
WHVW REVHUYDWLRQV DQG UHFRWGUIBUZHUH FRQGXFWHG
KRXUO\ FDSWXULQJ GDWD RQ UDLQIDOO LOWHQVLW\ DQG WKH
YROXPH RI VXUIDFH UXQRII JHQHU%Wﬁ&HPJ&ﬁ’Vv@%i'@?xHWﬂF%D
SORW 7KHVH GDWD ZHUH HVVHQWEWNGH RYUFDOHF XDW WU & OXXRH H[LWLQ
VXUIDFH UXQRIlI FRHIOFEREQWQ&HGHP HQW

DQDO\]LQJ &U 9, WUDQVSRUW ERRWIFRY vxX@EHEHG vROLGY PJ /
FRQWUROOHG UDLQIDOO FRQGLWL

RQV
7KH VXUIDFH UXQRII IURP WKH GSELFI%FE'%F%)E(WWDQ/UWP(HPQ
VDPSOHG WR DQDO\]H WKH WRW®®ML¥NVERQUGHG VROLGV
766 DQG &U 9, 7KH VXUIDFH UXQRII FRHIILFLHQW
DQG VHGLPHQW ORDG ZHUH FD O F X O,IWIHIBNX\DVOLIR(T XDHWLVR Q V

DQRG DV IROORZV 7KH LQILOWUDWLRQ FDSDFLW\ RI VF
9 ODQG FRYHU W\SHV ZDV HYD®XDWHG )
5 u$ LQILOWURPHWHU IROORZLQJ HVWDE
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GHVFULEHG EBQBHI@7KH DSSDUDWX&XVSHQGHG VROLG DQG &U 9, DQ

FRQVLVWHG Rl WZR FROQFHQWULF %P

KHLIJKW ZLWK GLDPHWHUV RI & L '#gj\yR lcg F‘?E\%S;{\QVZLZVBX FE

FP RXWHU ULQJ :DWHU ZDV D G S S DRILADOWE

LQWR ERWK ULQJV WR LVRODWHY VR WA fi e lHﬁ/% FEI:BW\I%E v

LOQQHU ULQJ E\ PLQJ_FPL]UQWHJDWQ l$ | AN
o) '@ PE@EIH%% EP&HSI—E(% PIGL QR S |

GHFOLOH LQ WKH LQQHU ULQJ
LQWHUYDOV PLQXWHYV KRPRJHQL]H DQG EUHDN GRZQ VRLO

0Qe FROWLOXHG xQwLo Wi Jdbtay oW el UoWRs1 s ioWow,

DSSURDFKHGWDWWHDG\ QGHG VDPS

7R VWDQGDUGL]H LQLWLDO PHQQDVXH QW R OSH pREBH SONHU Bl
PLOQLPL]H PHDVXUHPHQW YDULD WEYW Vv Lo

ZHUH HOVXUHG WR EH QHLWKHU %\EJL llth o+ DEK

GU\ 1H[W ULQJV ZHUH LQVHUW i % Lv boD

RI DSSUR[LPDWHO\ FP LOQWR WKH \INOK S é 5 W K P 7L WK GLV

IXL @HIYLRY UG @R DYRLG sumﬁ“g '
Q) Ve W%EV\{)LR RQGXF
r% %&%%@/%K 9B ﬂgcmé W F

ODWHUDO IORZ RU VXUIDFH F
WHVWLQJ VLWHV ZHUH FDUHIXO0OY
W\SLFD® ®YEURQPHQWY ZLWKLQ %
FODVV B30RWV ZLWK YLVLEOH F %F@@W%@'\F/{HLU@HV%ZTNESJQ
GHSUHVVLRQV RO GILMWX HE D® } S SOHY )XUY
H[FOXGHG WR UHGXFH VSDWLDQ.y \% % A
ROH SDFENHW
\X%F-é? V DGGHG 7KH I
WH[WXUH DQG VXUIDFH FRQG ?‘ ¢ \WF/' RDQO \éVL&gEXVV\\/’RZ'
TXDOLWDWLYHO\ IRU IXUWKHU L A W & orURou Pl
JQILOWUDWLRQ UDWH DQG F Vi oL L MTRVAYRE
GHSWK ZHUH VHTXHQWLDOO\ FD %(g W %Bt\kﬂ:éj V}g,lk| RYuho RO
DQG DV IROORZ VSHEFWURSKRWRPHWHU DW ZDYHOHOQ:
K GLVWLOOHG ZDWHU DV WKH EODQN

FROQGXFWHG RQ OHYHO JURXQG, IJ-§U
ZLWKLQ HDFK VLWH WR PLQLPL? H
HITHFWV RI WRSRJUDSKA Rd RLGO L 'f'

£

' /IDQG FRYHU FKDQJH PDSSLQJ DQ
:KHUH DUH FRHIILFLHQW UHFDOFXODWLRQ

FtWKH LQILOWUDWLRQ UDWH FP PLEAXWHR DOXDWH WKH K\GURORJLFDO
0K+ WKH ZDWHU GHFOLQH LQ WK DLI&H UV UDIIV RR UWPIDIWLRQ GXH WR QL
LQILOWURPHWHU FP ODQG FRYHU FKDQJH DQDO\VLV ZDV F
GWWKH WLPH LOWHUYDO PLQXWHYXEDWHUVKHG VFDOH 7KH LQLWLDO C

PLQLQJ DFWLYLWLHV ZDV HVWDEOLVH
g 1 LOQWHUQURWDINWWR OOLWH LPDJHV IUR
r (DUWK VXSSRUWHG E\ ILHOG REVHUY
"KHUH DUH GRFXPHQWDWLRQ 6 X@/DQG I IER¥BARUN

FODVVHV ZHUH FDWHJRUL]JHG LQWR |
& 2WKH FXPXODWLYH LQILOWUDWIRELpOMWPIMFLRD VDSUROLWH OLPRQLWI
0K+ WKH ZDWHU GHFOLQH LQ WKH HOGHUD X IBEKHB®MH EDVHG RQ YHJH
LQILOWURPHWHU FP VWUXFWXUH FRORU VLJQDWXUH L

F = W VVLILFE
6XEVHTXHQWO\ WKH UHVXOW LL%| % \5
DQG FXPXODWLYH GHSWK GDWdé by HLR 8 X W\GUROR
FKDUDFWHUL]H LQILOWUDWLRQ ) & B\Y/HlUR%LVWULE
Y'H
T LA Ay

WUHQGV DQG WKHQ FRPSDUHGéE\ﬁ V/E
VXFK DV WKH .RVWLDNRY HTXD %’ BWE VLPXODWLR
G PD IOHFWV WKH

GLVWXUEDQFH DVVRFDODWH®LQLYK I

DQDO\WVLV BPRRYJHODMP\SHV



0DMOHOAL\D O -RXUQDO RI OLQLQJI9RQYLURRPHQW

RSHUDWLRQV LQFOXGLQJ WKH WHIBEBPWVXRPQRRHVDGRRFIDMDHDQG RSHUI
H[WUDFWLRQ DUHDV DQG WKH S®WHHPGWW DFFIURYM UBXKIG HRLQLQJ FR
GLVSRVDO VLWHV 7KH VLPXODWHROMRBLVROHR U WIHNMW GFROHRAVY ZDV EDV
DQG KDUPRQL]HBLAQLVOK WES WBHARRDPEOHFODVVLILADWWRIG PODBPIHEFHC
SL[EGL[HO FRPSDULVREDVBIGGVDWWHOIDLWH LPDJHUYHUZKILAKG ZDIMV R U F
TXDQWLILFDWIGR FRRHUW WUDQV LW RRPWBX WKIHQJ REVHUYDWLRQV
UHVXOWLQJ FKDQJH PDWUL[ DOORRAK NGWGOWEDMW DRKIRR/GIQRIWR UHIOF
FULWLFDO VKLIWV LQ ODQG FRNROQGERRRRVRWWRK® ZHWEHBWLYH ODQ
HDFK ZDVEHUVKHG RI YHJHWDWLRQ GHQVLW\ VXUIDFH G

7R HVWLPDWH WKH K\GURORJIFO® FRRYYATWM QAR VYXRIRII IORZ SDWK
WKHVH ODQG FRYHU FKDQJHV UX@WRAURRHWVIKBWHQWN ZHDWXUHG UHVSI
UHFDOFXODWHG XVLQUZHDRJKWRPSRMIMIREODUHSUHVHQW WKH EURDGH!
PHWKRG (DFK ODQG FRYHU W\BHKDYVYRDVIJQMIGHDPLQLQJ ODQGVF
UHSUHVHQWDWLYH UXQRIlI FRHIMFRSQMQ Y DUDFHZRYNRWRBEH EHHQ DG
E\ ILEOCGHG QIUBYGR LQILOWUDWWRGLMNHYYWVLQLQJ DUHDV ZKHUH VW
FRQGXFWHG XVLQJ UDLQIDOO VERPXO®GWRPS OLQE GRKE®BVHV HFROR.
ULQJ LQILCOW@RPHNWHHYDOXHYV UDYSBWLDARR HQHU@OL]DWLRQ

IRU XQGLVWXUEHG IRUHVW WR IRU KLJKO\
FRPSDFWHG GLVSRVDO VLWHV e o M i - i
FRHIILFLHQWYV &UR D WRW WKDHFEX _..,,\/ + |
FRPSXWHG E\ PXOWLSO\LQJ WK

HDFK ODQG FRYHU FODVUKQRW
FRHIILFLHQW YDOXH ERWK EHI
7KLV DSSURDFK HQDEOHG D TX
RI UXQRII SRWHQWLDO DFURVYV \
LQVLJKW LQW R \KFRYO & D@IEYE DESLH :
WUDQVODWHV LQWR DQ HV¥ROD..._

p=2-a40"s

p=2-a50"s

5HVXOWY DQG GLVFXVVLRQ

7KLV VWXG\ SULPDULO\ FRQG,...
XVLQJ D UDLQIDOO VLPXODWRU
D GRYNEQH LQILOWURPHWHU ¢
SHUIRUPHG RQ VHYHQ GLVWLQ Legend
QDPHO\ IRUHVW JUDVVODQG A ooawity andinfiraten Tes
OLPRQLWH ©D$SRODWHDQG T
7KHVH FDWHJRULHV ZHUH VHOHFWHGKWR UHRKRWHR 6 @W GMIQH LIOVOUD W LR Q

River

Contour

J)LIXUH (URVLRQ DQG LQILOWUDWLRQ WHVW DFWLYLW\
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7KH FKRVHQ VLWHV FROOHFW UX®R I HQRFRPRSHD AR \EHR \WKRP I KRXLU
QDWXUDO HJ IRUHVW JUDVY&RQGLQBMWGLGLWMEXEHG LQILOWUDY
PLQLQJ VXUIDFHV HJ VDSUROQWNHONXPXVWHGLE\SRRDO VDWXUDWLR
FDSWXULQJ YDULDWLRQ LQ VRIE®RQVRHPGHFRE\RHU YWGULRFWKH GLVSRVI
VHDOLQJ DQG YHIHOMDWLURQ@KEREWUNKH TXDUU\ VLWH D VLPLODU W|
VLIQLILFDOWPN HURKLRQ DQG 7K@ LOVQRDIWARKIILFLHQW LQFUHDVHG
EHKDYLRU 7KLV VWUDWLILHG WMRHFWRRQGDUDPAZAROUNUDLQIDOO Gl
HQDEOHV D UREXVW LQWHUSUHWPWLRM@RR| KR 2 P KR& M RAKHEYWDQWLD
FKDQJHV LQGXFHG E\ PLQLQJ DIFQ\FLUYH.DWLHH Y QD UIXI@ RVI I VEKI SLWH UHGXF
K\GURORJLFDO UHVSRQVH 7KH WRPBMWPRQVRMDSM IRUWHMHWLRQ LQ WK
HURVLRQ DQG L QHLOKREZMWLGR QL WOMAMWBEIG LQILOWUDWLRQ LQWR WK
ZKLOH WKH WHVW DFWLYLWLHV BXBVXU0XVMWUPWHG LREVHYYBWLRQV
FUDFNV LQ WKH TXDUU\ URFNV ZKL
6XUIDX¥®RII FRHIILFLHQW VHSIWPBQW\ ORMFEOLWDWHG ZDWHU SHC
DQG &U 9, UHOHDVH RYHUDOO FRPSDFWLRQ

7KH HURVLRQ WHVW ZDV GHVE QFBE H WKH DYHL

WUDQVIRUPDWLRQ RI UDLQGURS B%‘F \GLJG%“/LFS
TXDQWLI\ WKH DVVRFLDWHG V

UDLQIDOO LQWHUDFWYV ZLWK HJ[ ﬁ&u 61 DOLJ(
PKUE:F;( PP KR

WKH ZDWHU LQILOWUDWHV ZKL
UXQRVKDW PRELOL]JHV VRLO SDU \9{99% WR Lo SUI

HURVLRQ DQG VHGLPHQW GHSRWR , %/FQ% UXORII ERHI
K\GURORJLFDO UHVSRQVH YDULH QKH LoEU
W\SHV LQIOXHQFLQJ WKH UDWH\P [g\| h W Q

DQG VHGLPHQW WUDQVSRUW WKH HOHY

7KH UDLQIDOO VLPXODWRU HFFW >&QLWH VLWH  (
XWLOL]HG ILYH QR]]JOH XQLWV %ngLQVéEVV\‘;LHS(
UDLQIDOO RYHU D PS5 WHYV

JUDGLH®WGRIJUHHY 7KH GHVLJ

VLPXODWRUV YDULHV IURP FRP %%’RHX\GLWHFRV}’JTJHH\E’SY;
LQFK VSWR DDHDHU V\VWHPYV FR FLHQW 2 ql 20 GD\

i PHWHW@HVSLWH GHVLJQ GLIIY N

SHUIRUPDQFH FULWHULD LQFOX H\E%jl ' F)%’ VRl& ,VX\F;SLWL
DGDSWDELOLW\ WR ILHOG LI

FDSDFLW\ WR GHOLYHU XQLIRUP ULS;L PP KRX
ZDWHU WXSB@M WKLV WHVW |

LQWHQVLWLHY ZHUH DSSOLHG (@gL § @i% %WHLOR\? D7SKSLl
KRXUV HDFK 6XUIDFH UXQRII

D VWHHO OLS HPEHGGHG DW WL}V/‘@ f Hr@W-OWUDWIL
SORW DQG FROOHFWHG LQ GUX Q’

HY
WDNHQ KRXUO\ WRB HG 'VIGWLIR HQW B SHSSHU S0OD

DQG &U 9, FRQFHQWUDWLRQV (é l;kl FHG 2Q GD\ Wi
VXEVHTXHQWO\ XVHG WR FDOEX® 'i'e ﬁ
DQG ZHUH LQWHJUDWHG ZLWK LQILO Q ﬂaLL\}VLRG

FURWMD/OLGDWLRQ P
FRHIILFLHC

fé LRQV WKD!

OWV RI W

$QDO\WVLV RI WKH HURVLRQ W H'
ODQG FRYHU W\SHV H[KLELWH
UXQRII FRHIILELHQWY WKDQ YHJ
WLRQVKLS

LQ 7DEOH WKH GLVSRVDO VL
FF-DWN:’DJN'VFDWHJI

UXQRII FRHIILFLHQW RI
P

WUD W

DWWULEXWHG WKLV LQFUHDVH A |5)<I?DW H %@EGELIRNHEFOHHQ LG

WR RQ GD\ 7KH DFFXPXODWLR
PP KRXQ@ GD\ WR g&fy
GD\  'HVSLWH ORZHU UDLQIDO PWkn YXRREc ERMIILFLHQWYV L

WA
é{\/ ﬁgé IBS/ISII(?V\{:RHIILFL
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SURSRUWLRQDO WKXV ODQG ZIHWMK FRVQIKYOHIAH SUIHYIHQWVDWKWLRDFH ZD\V
FDSDFLW\ SURGXFHV UHGXFHG UXQRNIIREVHUYDWLRQ KLJKOLJKWYVY WKH

1R VXUIDFH UXQRII ZDV REVHUWNHEHBW HEGK HODUWIIGMADBEIY LQ UHGXFL
VLWH RQ GD\ GHVSLWH UDLQIBPOKODNDRFKLQWKH MPMRGXULQJ HIIHF
KRXUqi 2Q GD\ DV WKH VRLO DISSBRBENMDGNVYR@ XHURVUMRQ )RUHVW HF

UXQRII LQFUHDVHG WR [/ KROOMIXKUB X BOGCERIQIRUY FE\ DEVRUELQJ
UXQRIlI FRHIILFLHQW RI G HDRLGN H UD CHDFUHIDWIWLHPW LRO O ORFDW
U D LAQO DW R PP KRXUqi 7KH SUHVFEBRGEHWI WHRVIRUHVW WKH UXQRII

JUDVV FRYHUV HQKDQFHG SRURVRVED\DQWRLELWLDPDLQO\ GXH WR
LQILOWUDWLRQ KRZHYHU SUROWRDWMNGDWDMWRQURWWKG VRY RO WKIGFK GLI
LQ GHOD\HG UXQRII IRUPDWLRQ FDSDFLW\ DQG HQKDQFHV \EXUIDFH UX
6XUIDFH UXQRII ZDV QRW REVSUNWEGQODW WKH FRITUOH@FEH RR HIXIUADH C
VLWH RQ HLWKHU GD\ GHVSLWH WHFRWG HREWDLQ HB OUBRRYHORVRRQ W
PP KRXUqgi DQG PP KRXUgD\ ([WEQVEYH
URRW QHWZRUNV FRQWULEXWH WR KLJK SRURVLW\ ZKLFK

7DEOH 7KH VXUIDFH UXQRIlI YROXPH DOQG VXUIDFH UXQRII FRHIILFLHQ

7LPH 5DLQIDO®XUIDFH UXXYRIUDJH RI VXVSHQGHG VROLG
KR XU P P /LWHU UHOHDVHG PJ /

/RFDWLRQ VDWHYV

'LVSRVDO

*UDVVODQG

4XDUU\

JRUHVW

/ILPRQLWH

3HSSHU SODQWDWLRQ

6DSUROLWH
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7KH VDSUROLWH VLWH UHFR U GHGG WKHHQKL TKRD/GV ADHVG GPIMVHWWHG LQ |V
ORDG IROORZHG E\ OLPRQLWHXQSHHIE HU UDD OMM@MOV LRAVHQV LW\ RI
TXDUU\ GLVSRVDO DQG JUDWWKYDNMDE QMGWIHRW WKWHH KRXUV RYHU
UHVSHFWLYH YDOXHV RI DSSUR[GBDWHOXRUWKHU GHPRQ@WBRWURD WK

DQG NJ KDgkFDSREL®LWN RI IRUHVW FRYHU 6HGLP]

7¥HVH ILIAHMBRGFRUWR UDLQIDWOKHQWHQVDLOWOHWKDW VWLPXODWH W

QJLQJ IURP WR PR)KRXWET F 1R

T

T
7 1
- | o = |[Em o
T | /REDWLRQ T | /REDWLRQ
@ 1 )JRUHVW E JRUHVW
o *UDVVODQG 3HSSHU SODQWDWLRQ
_ 3HSSHU SODQWDWLRQ = *UDVVODQG
= 4XDU U = 6DSUROLWH
o /JLPRQLWH ILPRQLWH
o 6DSUROLWH o 4XDU U\
< 'LVSRVDO < LVSRVDO
7o) Te]
= (
Q M 6HGLPHQ ORDG | /RFDWLRQ
o $ )RUHVW
(@) /IRFDWLRQ D % *UDVVODQG
= i $ )RUHVW < & 'LVSRVDO

2 % *UDVVODQG o ' 4XDUU\
oQ & 'LVSRVDO o ( 3HSSHU SODQWD
Tz © 4XDUU\ o ) JLPRQLWH
a ( 3HSSHU SODQWDWLRQ 6DSUROLWH
— - ) ILPRQLWH @
O o * GDSUROLWH o
T -
O

z o

JLIXUH 6XUIDFH UXQRII FRHIILFLHQW DW REVHUYDWLRUHOHWMMG QURP\ C
REVHUYDWLRQ VLWHVY F DQG UDLQIDOO SRXUHG GRZQ WR WKH F

/IDQG FRYHU zZDV D GRPLQDQWGID\WFRKDPW I IORAQ¥FKBYIYH VLWHY SRVHV
VHGLPHQW ORDG HYSHFLDOO\ZDWHWKHERBUHYW THJRUHVWDWLRQ
JubVVvODQG VLWHV +RZHYHU NVQJIJYLWHDQWFKUBDGXWK®J VHGLPHQW
SHSSHU SODQWDWLRQ UDLQIDWRH L QRVUHHYW. WALV B D\BIGG DVKRXOG E
JUHDWHU UROH 2WKHU FRQWULEXWHQU DBWHGR UL\WQ WRF BEBAHR Y RIFOVL Y H
VXUIDFH URX@KQRSN 3UDGAHRQW UHFODPDWLR @G OHRUQWR IRRFHQ G
FRPSRVEWLRADD QG WKH DPRXQW IR} VWMKXKWY BERNDVR Y MG VRXHFBRBEWDWLRQ DQG
UXQRII@LYHQ WKDW WKH VDSUR®SRYGEY OURRRDLY HVIAQWLDO IRU PLWL
SHSSHU SODQWDWLRQ VLWHNGLP HRWDWLE QWHGE NV
GLVSURSRUWLRQDWHO\ WR VHGLRHQRMQGOGNVBQVBRQW ORRBVHKH[DYDO
DUHDV VKRXOG EH SULRULWLIKRW 20 UASUHRBEWYWDGULWLFDO SR
PDQDJHPHQW SODQQLQJ SQPIXQWIHE X WIDGEHPHROWRII LQ QLFNHO PLQ
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LV JHQHUDWHG WKURXJK WKH RIQGDRRRY RIQEK FXIVIRI QXWULHQW
EHDULQJ PLQHUDOV LQ XOWUDHEDREW KURMNLE HMBRONLDSOW\E\ DTXDWI
ZKHQ H[SRVHG WR DLU DQG XOWRDYRGDWRW UDBEOWRRQILYBFHWQG VKU
IRUPHG &U 9, GLVVROYHV UHDGL®D EBXPD\U BW BEMY HO® QFRQVXPHUV L
EH WUDQVSRUWHG YLD VXUIDFHDIXQRILA GWRVVXWHRXQGQPOXGLQJ KX
ZDWRGLHY ,WV HQYLURQPHQWD®UD®D G WK DRIK KDEBIUBR/QVXPSWLRQ R
DUH VXEVWDQWLDO &U 9, LV KLUKIO\ZLR[K ELRDPWBXPRQBWLRQ ULVNV
DQG FDUFLQRJHQLF ZLWK WR[LWLWN OMYHEV OPROROGHU DTXDWLF
WLPHV JUHDWHU WKDQ WULYDGCHROWM FKYRPILQFURDV,HJSBRAUHQW LD C
> + @,WV SHUVLVWHQFH LQ WKHMVHQBGLQBRPHQWQGHUVFRUH WKH
EHFDXVH RIRQROUDGDEOH SURSHWWHPHQWRYHAY HIIHFWLYH &U 9,
OR®HUP ULVNV WR ERWK HFRWWWBMMHILGIE KFXROGENHO PLQLQJ UHJL
SRSXODW®@RQV

5HI > @LGHQWLILHG LQGXVWULDCDILI—OIWDO—MDMR\Q
FRQWDLOLQD®@A IRXQG LQJHVWL DOV UH
DEVRUSWLRQ DQG LQKDODWLRQ, w%lfw\,% O UDWH
KXPDQ H[SRVXUH WR &U 9, $OWK HIHWDWHG VLW
H[SRVXUH IURP PLQH UXQRII

H[SRVXUH WKURXJK FRQWDPLQD WLV %g&ﬁ&g;’sHDDUVHg“
IRU GULQNLQJ DQW ENVWKLRIWH
E%ﬁs éﬁ %@%V#QP OOWRY ZHUH |
%
%5@‘

(DFK H[SRVXUH SDWKZD\ KDV GL
ULVNV> 5HIQRWHG WKDW &U 9, % FWLQJ WKH 1
Q|
KH TXDU

'1$ GDPDJH LQ DOO URXWHV RI
IRUPDWLRQ RI IUHH UDGLFDOV

FP
BLQIX\V\S—RVDO

PDWHULDO ,QKDODWLRQ DQG L
H\}“Q9HJHWDWLRQ HQ

EHHQ OLONHG WR LQFUHDVHG Flg,lgg LX

VXUIDFH UXQRII IURP HURVLR > v

%DKRGRSL &HQWUDO 6XODZH eyt GJL'\ELXQOJN \éﬁLQ

FRQFHUQ $V LOOXVWUDWHG L VLo iﬁb‘ 9\/8\IKURXJK 0
\Qéﬁ‘/

7KH FRQFHQWUDWLRQV RI
&U 9, FRQFHQWUDWLRQ ZDV RE

VLWH PJ /qiENIRD®RRE GWH
/lgi OLPRQLWH DQG SHSSHU SODQWDWLRQ HDFK PJ
/lgi DQG TXDUU\ DQG JUDVVODQG HDFK PJ /qi

1R GHWHFWDEOH &U 9, UHOHDVH ZDV REVHUYHG DW WKH
IRUHVW VLWH 7KHVH ILQGLQJV VKRZ WKDW GLVWXUEHG
XQYHJHWDWHG VLWHNVDRH &UAPDU\ VRXU
SROOXWLRQ ZKHUHDV IRUHVWHG ODQGVFDSHV RIIHU
DGHTXDWH SURWHFWLRQ WKURXJK QDWXUDO ILOWUDWLRQ DQG
VWDELOL]DWLRQ SURFHVVHV

1RWDEO\ FRQFHQWUDWLRQV LQ WKH GLVSRVDO
VDSUROLWH OLPRQLWH DQG SHSSHU SODQWDWLRQ VLWHV
H[FHHG WKH :+2 GULQNLQJ ZDWHU WKUHVKROG RI
PJ /qi SRVLQJ SRWHQWLDO KHDOWK ULVNV IRU ORFDO
FRPPXQLWLHY WKDW ODFN ZDWHU WUHDWPHQW
LQIUDVWHUX@WXWH FRQWDPLQDWLRQ KDV
SURIRXQG LPSOLFDWLRQV IRU WKHMH-IXUMH I EUW, FAIRWKHHQ WVRREDAVLRQ UHOH
FKDLQ ,W FDQ EH B EODFEXPKG EWIS@DQWV REVHUYDWLRQ VLWHYV
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JLIXUH 7KH FKDQJHV LQ WKH LQILOWUDWLRQ UDWH D@ HS WK WEH GVWEK W LP H
FRUUHODWYRQMRR REWDLQ .RVWLDNRYJV HTXDWLRQ F ILWWHG LQILOWUDW

)LJXUH D DOVR GHPRQVWUDWHYHWKQMOWKBWILRRH UDWH LV FOF
UHTXLUHG WR DSSURDFK VRLO VAXWXODWLRE DY LVOKEHEWRNRIO GYHSWWKL
‘KLOH WKH IRUHVW DQG SHSSEUVSDQREOMW DMWDRQZYWWHWUDYHOV LQ
PDLQWDLQHG D UHODWLYHO\ FRGVOHRWMW LQKHO \WR BEWLLGRHG UDIWHF WV
WKURXJKRXW WKH WULDO SHULB® URNKIHWL QD IQCWUIMWRIWHE RQY HXU L Q J
IRU WKH TXIDRRQLWH VDSUROLWIGHFQEQADASRY DIDHY HWWHVQ WKH LQILOV
IODWWHQHG DV WKH\ DSSURDRKHG XDWXUVBWLRR HVMMLWPDWH WKH Y
SODWHDX VXJJHVWYV OLPLWHG LGHSWK DV ILRQWHS DIFLWN &LNGHOROLQH
GXH WR WKH SUHVHQFH RI VZH@OLQW UDOMLRRLQBGBDEWHSHU SHUFROTL
HVSHFLDOO\ LQ WKH OLPRQLWH LIDQ GOGMUBRYPQ FWXWHIW 6XBPKHUDWHG |
PLQHUDHG/HLPBWHU PRYHPHQW L\WWSRDW HHUISRIZQVRQO)LIXUH E SURYLG
OD\HUV )XUWKHUPRUH VRLO WHJ WKW 8 Q QW RDWKWHLWREDDYV ZDWHU
UROH UEBR\VRLOV UHWDLQ ZDWHNQGHRRYPU\LGQHODHMGE FRQGLWLRQV
VDWXUDWLRQ ZKHUHDV VDQG\ VRKID\SHBSEHOLDMNHVDDWVRKQUVLWH H]
SHUFRODWIBRQOV ZLWK KLJK FODJQRRIQAVDIQGWFEXPXODWLYH LQILOWUD
JHQHUDOO\ H[KLELW ORZHU@LQIDDW GDFVRLYRIQY MDSBIFLWKLY RXWFRPH L\
$GGLWLRQDOO\ REVHUYHG PHFKIRQKEDIO VARRRSBRWRRQWLQZKLFK IDFLO
WKH GLVSRVDO DUHD IXUWKHU UH/GKEWGE RIQQ DLQDGV BRWHRIQQBA ,Q DJUL
LQFUHDVLQJ VRLO EXON GHQWRWWLD®GYRLHF WHMODUH HQKDQFHV S
SRURY L@\ WKH VRLOYV FDSDFLW\ WR DEVRUE DC

DQG QXWULHQWY 6RLO SRURVLW\ LV
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LQILOWUDWLRQ GHSWK VDQG\ VRZ&W @BWHEK $IRMMHVV B DDUHULWWHG
SRUH VSDFHVY DOORZ ZDWHU WR GHOMRIIDMHR @ RUDAN @ HHRIDN DRMF FR U G
WKDQ FOD\H\ VRLOV ,W LV SODXV@BDPQIE WKPD WR BAMKBIL QX BWKRH OY DO X H V
OD\HU LQ WKH SHSSHU SODQWDWKRQ D/AWHHUE R @\ B ISP\ DREWKRIE@ 0 D Q
SURSRUWLRQ RI VDQG FRPSDUHGWWRQRRKHPHGYLYWR D QDWXUDO
FRWULEXWLQJ WR LWV VXSHWXDRMLRQQILOWUDWLRQ
SHUIRUPDQFH %HVLGHV SRURVLW VXEVXUIDFH
IUDFWXUHV RU YRLGV FDQ VLJQLILEBYH WO\ LQIOXHQFH ERWK
WKH LQILOWUDWLRQ UDWH DQG WKH FXPXODWLYH LQILOWUDWLRQ
GHSWK 0Q 0QQ

$W WKH TXDUU\ VLWH ILHOG RENHUMMVGRQV UHYHDOHG
PDQ\ ILQH FUDFNV ZLWKLQ WKH URFN PDWUIP[ 7KHVH <
IUDFWXUHV FRPELQHG ZLWK UHGWWT YEEXORPWKY Hy/pRYIEOWUDWLRQ GH:!
FRQWHQWURFE YRWEHY IDFLOLWDWH®KH QRWDLED®HLQILOWUDWLRQ UDWH
LQFUHDVH LQ ZDWHU LQILOWUDRROFEEQWLRQY REVPHOXWMEG

LQILOW UD@G RRX RYDG\DHN L Y H GHSWKV\BV{,LVMﬁI-L%WpUpdo PLOXWH
VLWH H[FHHGHG WKRVH LQ WKH VDSUROLWH

OLPR%LWH DgG
GLVSRVDO VLWHV YDOLGDWLQJ MWEH I ORBX N EpFR XU RENDELOLWY LG
SHUPHDELOLW\ DQG VWUXFW XU D O G WH RNV & L WL FOM. QH@®HUHJUHV V
WASLFDO FRQGLWLRQV XQIUDFWRQIGEXFUWRHFN WKLY D AMKHDYBWXUDO OF
OHVV SHUPHDED® WKDIHVWLQJ RWMDWNWXKH/ HTXDWLRQ SORWWLQJ
LQILOWUDWLRQ HQKDQFHPHQWV )LOXWHKLXW VLWKH WVOWSHWRIURRH UHV X
WKHVH SK\VLFDO DQRPDOLHYV SURYLGHVY WKH YDOXH RI WKH VRLO
2YHUDOO PXOWLSOH LQWHUUHQGWI[iZ &)L I0oH WKWV L QRWHIULFHEGY FRUUHYV
WKH PDJQLWXGH RI LQILOWUDWERQFHK QOW& HQJFRMHINDNEERIWR 0 WK
FRYHU VRLO WH[WXUH DQG SRURVIDWYIRDE BWIMVQS U RAVGIEFHMWKHHG SDU|
VXUIDFH URXJKQHVV RUJDQLF WPHWWHWL FROMHQWUDMIRQ HTXDWLR
PRLVWXUH @ANHONQGLQJIV XQGHBYVF¥BROXHWKKPPDUL]HG LQ 7DEOHXx 7
LPSRUWDQFH RI ERWK QDWXUD®@IDQWUD@WRIRBRIIHXLODQG FRYHU
IDFWRUV LQ VKDSLQJ LQILOWISKLRQOG\QRPBURYHQWHG LQ )LJXU
SDUWLFXODU®GLQLQJ SIR®& UHFODLPHG
ODQGVFDSHYV

7DEOH .RVWLDNRYJV HTXDWLRQ REWDLQHG IURP ILHOG LQILC

.RVWLDNRYT
Q (TXDWLRQ 5

/IRFEDWLRQ VEWHY

3HSSHU S
YRU

4XD
*UDV)
6DSU
/ILPRI
'LVSI

7KH YDULDELOLW\ RI 0 DQG Q FROODMHYW FURMQ NUWGI VFRP8RVLWLRQ
0 UDQJLQJ IURP WR DOGDRGURWUXFWRUDO LOWIKRIULW\ RU FRP
UHIOHFWYVY VXEVWDQWLDO GIMINMRQOHNQ DQIJXMRHLW D DQG E W
VWUXFWXUH DQG LQILOWUDWLRQ (I ODMLIRW L R Q HYHWHDW D QW LIRXPUX O D W
DUH SULPDULO\ LQIOXHQFHG E\ZHOARWRBVHUXHG DY WKIHOSHSSHU SOD
WHWXHWDWHRQ FRYHU RUJDQLV¥LMCHYW HAR VWIR LWWHKDOM DOVR H[KLELW|
OHYHOV DQG VXUIDFH FRPSDFWYBQXRANLWDREVAUQD WIKRIQSIRWLWLYH FF
FRQVLVWHQW ZLWK SULRU VWXGL DY G QBKDOHR Q KD\ DHLWKRDVQOWHUHVW
LQILOWUDWLRQ UDWHV DUH JRYBVHGKEHU BR\WKAFDOHSRBHO SODQWDW
SURSHUWLHV LQPOXGORRLWWNWIRWHYVYW VXIJIHVWLQJ D PRUH UDSLG
LQILOWUDWLRQ UDWH W PD\ EH DW
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VWDEOH VRLO VWUXFWXUH LQ DRX® WXFRY/DI\GLYHWOVLONKHMWMLRQ OL
ORRVHQLQJ PD\ WHGERFH QOLFOQMRLVOLRYWUXFWXUH UHVXOWLQJ IUR
VWDELOLW\ &ROOHFWLYHO\ W R QD IHPG QV Y DIDWKHW HR WKLY D PLQ
YHIJHWDWHG ODQGV VXSSRUW WHU IDRFHHURIQ R O (BB \F B/RM L E Q\HE IR FJOBX \
HQKDQFLQJ LQILOWUDWLRQ SURAHVEWWURKWWHQMQ GADQNNUPKVLRQ FI
XQGHUVFRUHKOHNIDQFH) RI HFR®RVREDO 7KH SUHVHQFH RI FOD\ L
UHKDELOLWDWLRQ LQ PLQLQJ UPSHR@WDEQOBWUWREKIODUQJ ZDWHU
LPSOHPHQWLQJ &RQFXUUHQW 0 LIQLLIXR IDQ/EX BHHF DPR@ 6 WL RR)Q V
&05 SUDFWLFHV KDV EHHQ VKRZ® WRQWH®&VEHWWXHUGLYVSRVDO VL\
HFRORJLFDO UHVWRUDWLRQ RXWRRPNW W KDIQO PRPOWHERQLERWE DQG F
3RVWWQLQJ 5SHFODPDWLRQ>3@ DSBBEWBFKARXSOHG ZLWK WKH KLJKHV
FRHIILFLHQW )LHOG REVHUYDWLRQV
7KH FRUUHODWLRQ RI VXUIDRH WX Q@I LFROHQW. ALRIQOVFRPSDFWLRQ D

DQG LQILOWUDWLRQ FRQWUL‘E/RWLHHGXFHG LQILOWUDWLRQ
7KH GDWD SUHVHQWHG LQ )LJ E; % Y EXON GHQV
LOYHUVH UHODWLRQVKLS EHWZ E%%JS'\*/‘;(E'
FXPXODWLYH LQILOWUDWLRQ
FRHIILEFLHQW $V LQILOWUDWLR VVW WKH V
FRUUHVSRQGLQJ UXQRII FRHIILF ﬁ LQ UHJX
WKH RBVHWDYQGG FRYHU W\SHV wgi/ E WEHOPBRGLC
SODQWDWLRQ VLWH H[KLELWHG KL WR LQILOWUDWLRQ UDWH

YLIXUH 6XUIDFH UXQRIlI FRHIILFLHQW LQILOWUDWLRQHUINWH HAXPWKICRDQN LY H
DQG LQILOWUDWLRQ VWXG\ UHVXOWYVY $ IRUHVW % SHSBOIIUWSODRWDWLR
OLPRQLWH DQG * GLVSRVDO

:DWHUWHRCHEEH FRDYGIE®@ FKDQJH YIDQGLQRJ ODQG FRYHU W\SHV H[WUL
UXQRII FRHIILFLHQW UHFDOFXODMWQRRIOQJY WR EURDGHU VSDWLDO FR(

8QGHUVWDQGLQJ WKH K\GUROR?YZ C Dk r&&% [\_9@) e Sih
GLVWXUEDQFH DW WKH ZDWHUV &L S OAA A
GHVLIQLQJ HIIHFWLYH HQYLU L\ w,ﬁﬁL eI PLQ
VW UDWHJ L HM |HE WK Q LWHILRQV

J EDHONGZ HH Q
EDVHG HURVLRQ DQG LQILOWU ﬁ,@iggg%@%\ﬁ &%IE@JV YLIXUH

ORFDOUKWWM.QYWR K\GURORJLFD, DQVIRUPDWLRQ S



0DMOHOAL\D O -RXUQDO RI OLQLQJI9RQYLURRPHQW

WKH FHQWUDO DQG VRXWKHUQ SYRLIW WRQWL R Q WIKGIGF R QFWWWDLMRIGE VXU IL
DUHD 1RWDEO\ ODUJH VZDWKNWRQVRUPDWLRQ GHIWNHFWY LQWHQV
JUHHQ ZHUH UHSODFHG E\ VDWBBOURW® WHMRMDOODMAMFLDWHG ZL\
EURZQ GLVSRVDO DUHDV RUDQBFWLYRQGHNXDUU\ VLWHYV
SLQN DOO Rl ZKLFK DUH FKDUDFWHUL]HG E\ UHGXFHG

JLIXUH /DQG FRYHPLRRYJ IDGWHE SRVW PLQLQJ

AXDQWLWDWLYH DVVHVVPHQW RI WRHWH VGRQEG&G LERYAUWK D FRQ
FKDQJHV IXUWKHU UHLQIRUFHV WRKUHHYMNVKQW RQWIBURKROHW BAWRICREID GLV SR
$V SUHVHQWHG LQ )LJIXUH IRDA @ Wo DKRMTHIMHE OVWONEEG VDZ &UR LQF
DFURVV DDWHUXEKHGYV ZLWK WKRI PRVIWQBHYHUHHVSHFWLYHO\ SULPD
GHFOLQH RFFXUULQJ EQWWHUH KBIBCBVEDQUMH B XELVSRVDO DQG TXDUU\ DF\

ZKHUH IRRMMHWVUIVIHOO E\ RYHU 'D®LSHLADmD U ADWXKIEUV KHG ZKLFK UHW]
VKUXEODQG DQG SODQWDWLR®SBURDMW DOHFDILQHIRUEHWVW FRYHU UH
DSSUR[LPDWHO\ DQG UHYV@HUFMOLWH O UG | HARVLQJ WKH K\GUR

FRQWUDVW DQWKURSRJHGLFDOOMN GV VWXLEHG ROID WK NW\BHWMD WR HY
SDUWLFXODUO\ VD SUROLKREZ D® G L&/MW)SRED@F MYW HV
VLIJQLILFDQW H[SDQVLRQ E\ 7KBIQE UHVXOWV X QGBLHUHVIFIR UHQ GV K H
UHVSHFWLYHO\ 7KHVH VKLIWV VEORZXD VWMWHPQBWRQEH HRDVWHGURORJLFI
LQ LPSHUYLRXVQHVV DFURVV W KR OBDW GKPMIH ZKIHFK QWHWRORWLRQ R
NQRZQ GULYHU RI HQKDQFHG WSDWEBO UWBIVRDI YQBUH ODQG FRYF
UHGXFHG LQILOWUDWLRQ JLIXUH DQG UXQRII FRHIILFLHQW
7R HYDOXDWH WKH K\GURORJLFD@®RIQPS/OWE /W VRWWDRY HYHQ PLQRU
WKHVH ODQG FRYHU PRGIKWHDOVHRHOVDWILWHHD FRYHU FDQ UHVXOW LQ
FRPSRVLWH UXQRIlI FRHIILFLHQOWAJH &QRUHEZWHW LQ VXUIDFH UXOQR
UHFDOFXODWHGGDI\RHUNBFHK \KVE FROLHORY WKDW ODQG FRQYHUVLRQ G
GHULYHG &UR YDOXHV IRU HLJKAMEWMWMNQQEDO OD QG LRRFYWHED DHHV ZI
FODVVHV $V VKRZQ OLQO )VMIXUWKESURORJLFDO® WWXMHWHIED EDLROS.ON I\LQJ
ZDWHUVKHGV H[SHULHQFHG D PDUMNG RQAURVVYRQ.QVEBRPHQW WUDQ"
IROORZLQJ PLQLQJ 7EBWPPDKNB®ID/ SAXEVLRQ WKURXJKRMWFWHIEH P
IRU LQVWDQFH IPLKQLIEQ W & GRDYDRBMW RK P HQW
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JLIXUH 7KH ODQG FRYHU DUHD SHUGHRRHDIHQEHWZHHQ SUH DQG
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YLIXUH 7KH FRPSDULVRQ RI YRKIQRUHFR® G LSRHWQ W@ LYAANOHCH PL QL Q J

IHYHUWKHOHVY UHO\LQJ VRGGHQAV RQDPEHIMONG®/ UBBMHUV 7KHVH VSH
FROQWDLOPHQW LV LQVXIILFLHOW WRH NXVGUEFEXDXN@EH YWDVRQDC
HOYLURQPHQWDO SURWHFWLROLQ%QBRWHIGLG\YMIURWYPBOWN JW\SLFD
ODQGWHDSHD VWUDWHJI\ HPSKDXHYWYDXEVWUHDBGLWLRQ WR &U 9,
LOWHUYHQWLRQV SDUWLFXODEODQWN YHRIGWDMEDRMOH VDR @ RZHULQJ V
UHIRUHVWDWLRQ 7WRVBVWARD RIMGDOYQKEY IFKkDO R[\JHQ GHPDQG &2
HOKDQFH VRLO SHUPHDELOLW)\ WHHIGX RH FUDQIR W KYHRWR-FERAD\H P HG LIDQWAL IR
DOG LQFUHDVH HYDSRWUDQVSUDPWEZRQNVFRMKOHKNWEFHOV RI SK\WF
FROQWULEXWLQJ WR WKH UHHVWREDYLNKPHHEHBIG\Q DRIDOX WDKH SUHF LV
K\GURORJLFDO EDODQFH LQ GLVSHFLENGDPILQOAE ZUWKVORFDO HFRC
> @KH UHYHJHWDWLRQ SURFHNYF®WXAIFPO @DBHIWL QY+ SROOXWDQW
ZLWK ODQGVFDSLQJ DQG WKH KOQFRRIGRUIDAVDIOR GDRNWHU@Y DQG VXO
DPHQGPHQWY (IIHEWLYH HUR VKRQV WDIQ/DH HIPFDOM\ FRPELQHG ZLWK
EHIRUH SODQWLQJ FURSY DORQBRQWHKRORLO DSIGWWRUHPW GIKDM RQ  +
HOKDQFH FKHPLFDO SK\VLFDOXQB®GREDBDOWYIDKD® UHVLOLHQFH RI
FRQGLWLRQV LV LFUXFLDO SRDWMHORVIRUPLQJ WKHP LQWR PXOWLIX
UHYHJHWDWLRQ 7KH VXEVHTXWEDNW SKDY HIL OQMRIO BIRO OXWDQWYV V)
SODQWLQJ FRYHU FURSY VXFHHJ)LWH¥HB@GRMBEDH Rl EURDGHU HF
SXEHVFHQV &DORSRJRQLXP PXHFXQERLHHY DQG
3XUDUHD MDYDQLFD 7KHVH FURS\2 YWHDSO U R\G WAHW WD MH. @R ME D W L D O
IURP HURVLRQ FDXVHG E\ UDL Q DIMMD \AHIVOALBMKRARMLOIFDO K\GUROR.
QLWURJBWLROQ[ WR HQKDQFH \DRAG® OIBMHWHGLWXQRII FRQWURO VWL
$GGLWLRQDOO\ FXOWLYDWLQJVELRQWHULFDUDOAVHRE OLWHDQG HFROF
OHWLYHULD JL]DQLRLGHV &\QRBRIU RDFKWWRRBD QDQGQJ WKH K\GURO
3DVSDOXP QRWDWXP FDQ IXUW KRQHBNRMIOW PREN B GHELLRMWR @OIH YEHRROV K V L\
5SHIRUHVWDWLRQ HIIRUWY PD\ LIUFRORKHGHY 13D U [DVGHY) . DFCQOMY KIHUNG WHHE D F W L F
IDOFDWDULD $QWKRFHKODDXVFRPBGHERADVLYHO\ WKLY KROLVWLF Il
VHQHJDOHQVLY DQG 6XODZHVL EHY WWILYDF WRLFPMYIRABHSRWAN DW LR Q D C
'LRVS\URV FHOHELFD LQ FRQMMQUPWHRYLARGRHYWBO UHVLOLHQFH
SODQWLQJ RI FDVK FURSV VXFEUBY HQXE DHUG FRO®DLRY XHHYY LQLRFQRHH
EUDVLOLHQVLY FRFRD 7KHREWR®L GDV¥RRX/OGFRPISOHPHQW DQ HQYL!L
&RIIHD VSS DQG FDVKHZ DVSBQDAMPHRUXP (,$ DSSURDFK WR
RFFLGHQWDOH VXVWDLQDELOLW\ 7R EH PRUH FRPSU|

$ FRPSOHPHQWDU\ DQG LQFUHIH ERDM XS WRIRL WMVADJ WKH PDWKHPD
VWUDWHJI\ LV SK\WRUHPHGLDW LR®D XKL Q R ®RD P@®E WG SW H G
DTXDWLF SODQWV $\>G@BRENVMMUDWHG E\ UH|
VXFK (DNVKKRUQLD RZDOWMLSHDFLQWRQFOXVLRQYV
DTXDWEBIHU VSLQDFK  HINHFWL RS Vd@% UHVHQWYV D FRPSUHKH

W o‘b\l/!r ?E R ‘%V& DO DQG JHRFKH
M Ru B Y[

&U 9, FRQFHQWUDWLRQV E\ RY Y v x NHO PLQLQJ DFV
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6XODZHVL ,QGRQHVLD 7KURXJKHWHKBUEEWHIGDQWYQRYDMLRQ $IJHQF\ ¢
ILHPBVHG HURVLRQ DQG LQILOWUDS/SRRIQV ARH DVEIULH PH Y WU F K

ZLWK VSDWLDO ODQG FRYHU FKDQJH DQDO\VLV DW WKH
ZDWHUVKHG VFDOH WKH ILQGLQINIIGHHR@BWW UDWH WKDW ODQG

FRYHU GLYWDUWDBXEDUO\ WKH H(E%SD)QWII:gQHBJILVVD@WBDPXQJD 0
VDSURQOQGH GIDVSRVDWOXEWWWERW DO O\ x jURKR 5 1ILFNHO DV D VWUDW

LQFUHDVHYV VXUIDFH UXQRII VHGLBHQMNO ORYEGCLWR G RWHDOVE D DRUMNKR X U |
PRELOL]DWLRQ 7KH GLVSRVDO .RQXDAHU\ VXK VIV RQ BWHIDIO RQGR QH
VLWHV H[KLELWHG WKH KLJKHVWSSXOQHRG! FRHFHLFQRQWY DQG
VHGLPHQW ORDGV FRQILUPLQJKWMISNU GRILWUFDO UROH LQ

DPSOLI\LQJ YFWEHVKHOGURORG FIHD GHU (QW 08 YBPDN®WDOSRR\ 0
YXOQHUDELOLW\ 0 - 7MRD $ 8OWUDPDILF QLFNHO
SHFDOFXODWLRQ RI FRPSRVLWHGRYARLID FRsEKIODDEHNQWVYDOPDKHUD 0
EHIRUH DQG DIWHU PLQLQJ UK\SHDOFHRXPYXDDQWMRUZDDIMWME RSSRUWXQLWL
LQFUHDVHYV DFYRWWUDRBGVYXELRXUQDKHRI *HRFKHPLFDO #[SORUDWLRQ
/IDPDVDUD DQG %DKRSHWXOD ZDWWWUYSYKHGRLHRYIBULHQ MLIU[SOR
WKH PRVW SURQRXQFHG K\GURORgGL kG WK QYORFPPWERKDI . o0oDPPD
7KHVH ILQGLIXIW MWIKIHKOLPSRUW:HQEHKDRIQWD + 5HVSRQVH RI ,QGR!
LOQWHJIJUDWSBLNIFWH HOG GDWDVXIMK WK DOWREDPD® UHQHZDEOH HQHUJ\ JI
PRGHOLQJ WR DVVHVV WKH FXPEKD\DHGELR® JWQ Y LW RDRPGFIMIEE URBRK LH U
HITHFWV RI PLQLQJ RSHUDWLRQV DFEXKEWWSHO\ GRL RUJ M JVI

7R PLWLIJDWH WKHVH LPSDFWV @VKLM WNED\ROX SSSRUWYV g0 HPSLULFD
WKH LPSOHPHQWDYWUR®Y HRIN DUG RBPMARWPHWH RI WKH ODQG IRRWSULQW RI
WKDW FRPERIQHIH HQBEHDXVFKH QW V¥ LQLQJ LQ ,QWROQOAWLNH ,QGXVWULHV DQC
VHGLPHQWDWLRQ SRQGYV BQG FKHPLRW@W SVHPEHRBILBWILRQ M H[LV

ZLWK LQW HJEIDWHIEG D DDURD FKHV, REBZIR b  sxamowved
UHYHJHWDWLRQRUBRIGG LIOKLRQ ¢ 5¢H 0.0 YLROHQFH DV. D VWUDWHJ\ |
DSSOLFDWLRQ RI QDWLYH DTXIgWppx LS/\HFUHVSR‘QWHK' W% QLFNHO PLQ
(LFKKRUQLD FUDVVLSHV KDV ¥KEREQDC @R®E b X LSFUNGRGH MR GX VW ULH\
UHGXFLQJ &U 9, DQG LPSURYLGRRADWMU TXDOLW\ LQ =

SRPWQLQJ ODQGVFDSHV 7KLV KWOBSVWIGRLDBEIURDFKM H[LV

RIIHUV D SDWKZD\ WRZDUG VXVWIRhRRESH PLG %‘-WERPL 2
SORLQQ UHVWRUDWLRQ RI ZDWHBEKKK @¢RORKRG QD QRWRSHQJ / <DKD
DQG OVHPIP HQYLURQPHQWDO UHMLIAXIGKGPH LQ WURSLHZORQ WKH LPSDF

PLQLQJ VLWHV PLQLQJ RSHUDWLRQ ORQLWRULQJ DV
PDQDJHPHHWXOWY LQ (QJLOHHULQJ
&RQIOLFWV RI LQWHUHVW KWWSV GRL RUJ M ULQHQJ
7KH DXWKRUV KDYH QR FRQ|0>LP@WN/DM LOWHDMYME LW RYWY (  .KDORN
FRXOG EH GHFODUHG UHOHYDQV\KQ/@FEEWKQ—R gww R WEg&HRL
DUWLEOH D Q W LANDWL UYR O DVVHVVPHQW D

VXVWDLQDELOLW\ OHYHO GHWHUPLQDWLR
PDWKHPDWLRX®E®BGHRO 0LQLQJ (QYLURQ!

)IXQGLQJ KWWSV GRL RUJ MPH
7KLV UHVHDUFK KDV UHFHLYHG @Lﬂﬁb%bﬂﬁﬁkﬂﬂs DWRDZDUD\D
/QGRQHVLD XQGHU WKH *UDQW DJUHHRHOIMSDAW RI QLENHO PLOLOQ.

SURSHUWLHY DQG JURZMXI RV U\RSR. F D ©WA U
VSHFIHWHUQDWLRQDO -RXUQDO RI JRUHVV
$FNQRZOHGJPHQWYV + KWWSV GRL RUJ

‘H VLQFHUHO\ WKDQN 9DOH ,Q@RQMVQDIDRUGIMAVK *RUDL $
JHQHURXV ILQDQFLDO VXSSRUW RI WKAXD QMMHRYPAKKH: 4PSDFWV RI RSH
ZRXOG DOVR OLNH WR WKDQN OVREQL NI BYBWLRR ®\Q@BPRPYRY RYHU HDVWH
ODKXPXG DQG OU (PLO IURP 9%$/(° VRN VDWHGBDWHLFGZDCWDVH‘
WKHLU VXSSRUW FRRSHUDWLRORUPHY FVDR\{JVLVWD(RAF
WKURXJKRXW W KK HLBOW KRy B O VE Wk DD HFRLQ'

WKH &HQWUH IRU 7THFKQRORJ\ 6HUYLFHV RI WKH 1DWLRQDO
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> @HOOLHU 9 1DYUDWLO®OQHQPPHEW@]HH] $1 'DVK6 6 *XPPDGIL 6

0 /HIgYUHYUDUG 2 5HFRQVWHMBWEQJ WKHIDEBRHGLDWLRQ RI WR[LF K
LPSDFW RI QLFNHO PLQLQJ DFWLYLWHWYD @ F R 8 @IDPHLQW WIXBSO¥ MR YDOHQW F
WKH ULYHUV DQG WKH ODJRRQ RI&ERRWWSEBEHLF ,VODQGV #

/HVVRQV OHDUQW IURP WKH 7KLR HKIVWB\VPLERDRVIWH 1MWMZFKHPRVSKHUH

&DOHGRQEBRPRUSKRORJ\ + > @XWKS $ .HOHEKLZLPRWX\ &NH

KWWSV  GRL RUJ M JHRPRUSKsppGL & $SSOLFDWLRQ RI .RVWLD
> @RUODQ\R6 $ -LDQJIHQJ / ,QILOWUDWLRQ ORGHO RQ WKH 6RLOV RI ¢
(YDOXDWLQJ WKH HQYLURQPHQWDOL IDGI® SFRQIRFFLE LPEOFE@MDRI RI  (QYLURC
PLQLQJ IRUQSR/WDQG UHVWRHDWLRQJDQBHWRQG +
UHYLRZXUQDO RI (QYLURQPHQWDO ORQYDVISMHGWL RUJ M DMHH
KWWSV GRL RUJ M MHQYPDQ @h6) o -KD@DO< . PSURYLOJ

> @DEXGD 20 6KRNR & 'XEH WKH +RUWRQ LQILOWUDWLRQ HTXDWLRQ
oD]YLPDYL ' $Q DQDO\VLV RP R KW XHI HH FFOMLEINOL RRQ +\G UROR J\

FKDQJHV LQ ODQG XVH DQG ODQG KWRWEY RQRUXRQRII LQ WKMK\GURO
IXYXYKX FDWFKPHQWSHEGRXWHK 63HQVE D _ , _
$SSOLFDWLRQV 6RFLHW\ D®G (Q?LL@&%@@WRGUDPPDSQOFT;H%%’DVF\TZKF?RSUHYDOHQV
KWWSV GRL RUJ M UVDVH
PRGHOV IRU GLVW XUGHRORUE 56 WHTLORK

> @IIHVVD *%HOHZ $ = 7HQDJDVKDZ ' + KWWSV GRL RUJ QK
7DPLUDW ' /DQG 8VH &RYHU &KDQJH .PSDE L
RQ+\GURORJ\ 8VLQJ 6:$7 ORGHO gqib °§ﬁlﬁi§%ﬂ?ﬂ&%ﬁo ‘;H'-%"O QYHHVLV‘(/VLQJ':)‘
‘DWHUVKHG (WIO\WRISUDRDWHWYDWL R '

( Q RRETESOFW RI LQLWLDO VRLO PRLVWXU

E\?v(\?vsv ((BQRJL"ISUHJHULQJV * LQILOWUDWLRQ E\ XVLQJ UDQJ DGDSW!
LQILOWWRBHWGIRIJLFDO 6FLHQFHV -RXUQTE

> @OLQD SHUFLOOD & 2WDNH 7 *BUFLD -

7DQ 0 ,WR $ &KURPLXP RFFXUWW8VH GRLDRUJ

QLF@EBWHULWH SURILOH DQG LWV LF;S%kFLRWlIJRggD%%yﬁ(a%E{(S(Q?LQJ

RK}M *
X@WgSH GRL RHUUJWDO ll;I/IRFOKRIt-IJF\’JHR (URGLELOLW\ DQG LQILOWUDWLRQ FKDUD
VRLOV Rl VRXW&KIZWWWD6SDH Q
> @LWFKH®O BV +*X\PHU | KWWSV GRL RUJ 6 ;

'LVVRQYHBQ 6XVSROGBE &RQFHQWUBWLERQ \Wwygo 6KDUSO -

>
SHODWLRQWKHKIS\BSSHU +><BEVHBLQ(3VW>(<\9 PDWHY RI QHW LOILOWUDWLRO LQ DU

&Q\,VYVb'g*{'fQV\gDRTXRUU%D.g v LPSDFWV RQ UHFKDUJH DQG VROXWH 10X]
WE [ ’ YHIHWDW LFRXBRDQJIRI +\GURORJ\
KWWSV GRL RUJ M MK\GURO
> @GKX o .XQ] - %UXQVRQ ( %DHQKDYW & | . opypND . +D\DVK

: .

HURZQ + OFOXUUD\ "6 GKERAHWN & S o +DUGZRRG PL[WXUH HQKDQ

JUDXWKDQJ % 6WHHYHQWQJ % A B AR
'PSDFWV Rl DFXWH DQG FKUR Q/‘%’&% el QRIFEER E

HI[SRVXUH RQ MXY H QL O6F LBIQFKZ R W VAPH *

S g JoYLURGPHOW o VAR RuUJ M IRUHFR

KWWSV GRL RUJ M VELWRWHOY @DQJJDEHDQ6XUYRQR 7HNWRQR

0 7
> @DMDOLV $FDNVRQR 1 1RYL\E/ ¥§£JNLLJL<JDIL /oDJLD)QJ(MDKED(E_iHBIIGGDDHVL

SHUPDWDVDUL 1 DQG 3HOWa@DK >
NURPLXP YL SDGD DLU OLPEDK SHU ESVPSEVDQg’Bb IEER/ILK QLI\[VIHJOVP JHRORJL ¥
PHQJIJXQDNDQ EHVL LL \DQJ GLSHUBRE@®K WEDU L+ BAODPQ QIDNVH@R 06 DOLKLQ /

_XUQDO 7HNQRORJL OLQHUDO #DQ 9% DSW)GELIZDW &KDUDFWHULVWLFV RI
JJOHRXV 5REN 2ILROLWH &RPSOH[ LQ $VHL
KWWSV GRL RUJ MWPE 9RO .RRDZH 5HIJHQF\ 6 RXWKHDVRXEXQDIDZHVL 3L
*HRVFELHOF JLOQHHULQJ YLUR
> @HU 0 $QDQG 8 7KLUXYHQND\§ e;ggﬁb@\%oﬂzx (QJILQ N Q (Q
+: 6 1DUD\DQDVDP\ $ JUDMWDISD *
*RSDODNULVKBRQWHPSL  ( BF?% WSy GRL RUJ MJHHW
%DUFHOy 9HOOLQJLUL % $ YHBOHZKRIDYL 1XJURKR ' 5DPDGKDQ 5
FKURPLXP &U HSLJHQHWLF WR[LFUWRWD GG KHDOW R QD XIWDWQ 7KH

6FLHQFH RI WKH 7RWDO £QYLURWHOQWDWLRQ RI /L&6%$6 IRU '"HIRUPDWLR
KWWSV GRL RUJ M VFLWRWH®NUHVD 6HJPHQW RI ODWDQR )DXOW &H
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,QGRQHWRXDUQDO RI *HRVFLHQFH >(Q@QUHMAKWHILQEODWRQ$KIPDG 8 6PDUWW

(QYLURQPHQW DQG THFKIQRORJS ' S5REHUWWVEXKU( ( 6RLO PRLVWXUH
KWWSV GRL RUJ MJIJHHW DQG SUREH FKDIVEHRWHULYWHBYLW\ DQG \
> @U]JRQ B5$EGXO0ODK % (W#HMVQ\%HM(XO@FVHQFH 6RFLHW\ RI $PHULF

PRELOL]DWLRQ GXULQJ ZHDWKHULQJ SUR‘FHVVWI-WS)YOMLPBPLF VDM

FRPSOH[ LQ 1RUWK .RQDZH 5HIJHQFY> VE&WKHKDVW 6 X0 DMAHVL =KRDHQJI* -

EDVHG RQ D SURIL@GiRQJFR\PL&QHWUQDO ROLOWUDWLRQ &KDUDFWHULVWLFV

*HRVFLHQFH + 3DUDPHWHUYVY LQ 5HVSRQVH WR 7RSRJUDS

KWWSV GRL RUJ LMRJ 6RLO 6XUIDFHV ([EHBRUVPEMDRVWUIMG RQ
&URSODQG JIXHPBRM RILQ 6RXWKZHVW &KL

> @XJUDKLQL $ +DQIODDDIMPWLD + $J;:LFXOWXUH §ZLWIHUODOQG

.DUDNWHULVWLN 3URILO 1L éQ/ HéJé_WREPPRN s DIJULEXOWXUH
'DHUDK 6LXPEDWX .HFDPDWDQ %DKRGRSL .DEXSDWHQ

ORURZDOL 3URYLQVL 63(L0)FD\ZL[—B/LLQJ>7H@‘U\DH<URL[ / $PRJ)®R2QVHTXHQFHV
1IDVLRQDO 7HNQRORJL ,QGXVWUL GBR OPIRGPKHVH ;BKDI@IKNQ RQ K\GURORJLF
5H7,, + L Q7 HISIHID% RRNMW SY  GRL RUJ

KWWS MRXUQDO LWQ\ DF LG LQGHL SgSiBitho 2 *RYHUV * /H %LVVROQD

> @XVSLWD 5 1LQDQOMMHWORKZ1 52RVW . 3RHWHDE\ -1 5DWHV DQG
&KDUDFWHULVWLFV RI 80WUDWPSODPWIL BRFXDNQBWMLRAMOR!I VRLO HURVLRC

IDWHULWH 'LVWULEXWLRQ LQ 6LXQIEBVHDG R® HPRQBR@MOBIYR GROM D

&HQWUDO BXWD@EBRVIHOHEH V+ KWWSV GRL RUJ M JHRPRUSK

KWWSV  GRL RUJ JHRFHOHEHY BhumioL] 0- %HIXHUtD 5& P HDR D O

> @KDUPD 3 BL@INUDNK 7RQJ < ( *RQ]OHGDOJR -/DRHQDXOW 1

: +HDOWK KD]DUGV RI KH[D Y DECHIOMAX K R P L XPQR@HWMAUE RI VRLO HURVLR
9, DQG LWV PLFURERBQJUBBNBEWGRBURVYV WKHH RFRRIBK RO R J\+

+ KWWSV GRL RUJ M JHRPRUSK
KWWSV  GRL RUJ > @ULVPHU 0 6WDQGDUGV YDU\ L
> @KULVWLWDQXGGLQ 7KH $ELOLWXWUQJ UDLQIDOO VLPXODSADRBUNQWER HY DO X
+H[DYDOHQ &KURPLXP &U 5HGXFRWURBWEKUWBDFWHULD +

, VRODWHG IURP 1LFNHO 3RVW O0IKWNWSV6RERL BWJ (DVWFD Y Q S

+DOPDKHRFHHGLQJV R1$)2FBZRLQW,
&ROIHUHQFH @XOLDQWRL@RGR 1R YLWD

KWwWSVvV zzZ UHVHDUFKJDWH QHW Sgémiwmw&$TQXD%VRL(ID?\({L)W[L)(QQWGXPHEVVH%L\J/FI;&JQLD\

> @EGRXUKBRKNOHE MRW*DUED = 3DNXVDUL 'BWWNDRW ,OPLDK 7(.12/2*,
ODUWLFRUHQD %HETIHWLW & ,PSBEW/$1,$1 +
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