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$EVWUDFW

%DFNJUR@QMBLQDO FRUG LQMXU\ UDGLFDO WUHDWPHQW LV
FOLQLFXDQWXG\ WIRPBEWHUPLQH WKH GLIIHUHQW KLVWRORJLF
FDXGDO VLWHV Rl FRPSUHVVHG VSLQDO FRUG DV D UHVXO
WUDQVS QRQWIMWHIQ DO DQERPHM[MRI®FWLRQ RI 1(6&V IXWX
H[WEWHG IURP PLFBIHMNERIORBY DQG FXOWXUHG (LJKW\ PDOH L
LQWR FRQWURO VKDP UDWV HDFK ZKLOH UDWV ZHUH
&6&, 6HYHQ GD\V DIWHU VSLQDO FRQWR.Q N RNSAYYD \BQ Zk U H
XQWUHDWHG DQG WUHDWHG ZLWK 1(6&V LQMHFWHG FUDQLDC
5DWV ZHUH VDFULILFHG ZHHNV DIWHU WUDQVSODQWDWLRQ)
DW WKH FHQWFDG®G F@MN@GRRO VIBQ@DO FRUG LQMXU\ ZHUH SUR
KDHPDWR[\OLQ HRVLQ RVPLF DFLG DQG ,PPXQRKLVWRFKHF
*Y$3 GHVXOMPWLRQV RI &6&, UHYHDOHG DUHDV RI KHRRAUBUKD J
E\ UHDFWLYH DVWURF\WRVLV ZLWK XSUHJXODWLRQ RI *)$3 |
PLWLJDWLRQ RI KLVWRSDWKRORJLFDO IHDWXUHV UHDFWLY
SURQRXQFHG LQ FUDQLDERWRORYILEEMIHNTDSO D WRYLRQ DPHC
SDWKRORJLFDO FKDQJHV SURPRWHG UHP\HOLQDWLRQ

'H\ ZRUGNXVI/®IP FRPOWVHWILHD @ FRYIBIHQ HUDW LR Q

 QWURGXFWLRQ

6SLQDO FRUG LQMXU\ 6&, RMIEN PO K \IWERREHE/ DY @V R
QHZ FDVHVHDHFERIBWKHGOVKH GHYHORSPHQW Rl QHZ DGYDQFHG '
UDWH RI| BRS KID&&,GOVP SR UIADXQW RI PR PW DD LG@EIRQ GHE X OW
L@ORVV RI PRW®WVDINQ GIQICHR QIMHHAFGH T X DA L MV \FSFOMVIEE H@DW
6DXGL $WBRELDYHUDJH GXUDWLRQ RI L Q/SIRW L8ESQ WHWHIKRPLR QW
RQH KXQGUHG DQG WZHQW\ ZHHNV RI KRVSLWDOL]DWLRQ 7K
D QWV R F LLWWWD J JH @ Q J

)X UWKHUPRQBIJHPHQW R 6%X ] SOMRIYHIGRVRR BMERHV B QBR U\
LPSDLUPHHRWHVXWIHQP RBRBLIBIRMVZRWKROXQWDU\ PRGWURO
GHIHF DW LR @ RVDRARIBIP DO V H [X D\ &0 HIYRE YRHOHIMOWRE O H P V
DQG FRPSOR¥DMIDROBWYH\! VWRQHV X U LMICHMSWDRBRWE Q DHF W |
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G\VIX Q¥R G UH VX @GHKWRBHVR P S O L F DRWDLIRGICO O H B HW GHHYXFAH D
PDNH UHKDELOLWDWLRQ PRUH GLIILFXOW 7KH WUHBDWWPHQW F

7KHXBUHQW W U H DWSKH QMR WHRILLFDHSA DOQVG \ M WU IR BAJKEXMD S \
WR HQWLUHO\ UBWW R UBHGE@AHWRNERDQ H Z DIOD BBKED S D EW®L W\
GLIIHUMQRNYBWBO ¥ HEIMWOHW \SHHOOV DUH WUDQVSODQWHKB WR VV
WUDQVSODRMEQBUL\GB@VDLR WKH GDPDJHGV WH.PLRE O DY GWR LK
ROLJRGHQGURF\WH SUHFXUVRUROWE NHIIPR X0 LQ\S\WM B D P B OHG
XVHG QEXWR HF V¥R GEWPDRVHRYW DFFRIWDEBOHIHIHQHUDWLRQ
W LVYKXURHF WR/GHR AH©SDE L | IG1W BD/EYD U L R X V GFHHDYERX W1 P
DQGFDR) EH XVHG IRU (PHIQNWB HYNMXDO W 0K D WHDOWRIDWD BN O O
7UDQV S OID\Q WHDQWLLRDQOEN VE RWKVHL IR O RVAKLHH @ FOVE IORR@/H U P QFHDHUGHV
UHPDLQ XQPR@I(GSABQLYHSHDW HED BUNKIDIH F\F GBRYU B QEBU Y H
QRUPDO NDU\RW\SH DQG Gl I@HKWHQMPL RW WRWERENIDHWWRD H
SRVVLEOH UHJH Q H (SRWRLQVHKHHVI R @ RBIFIHY UHVXOWLQJ IURP
LQMXU\ WR WK BDWOLPREGKRAUG LQ

ODWHULDOV DQG OHWKRGYV

$QLPBO®NG LQ WKLV VWXG\ ZHUH PLFH IRU SURGXFWLRQ RI QH
UDWRWBRQWUR®B&VIRRBEHO DQG UHFHLYHG%RWXQ V& PH ZINQHEG UD(\6/8
SXUFKDVWEHURPLPDO KRXVH RI .LQ J&HE\GLHW G ERDXD B H\ HBIDU VK L
DQG -HGORK L $UWHIFK @GEGH VR @FFRWB G QX LVGRI OLKEDQ R G WK
&RXQFLO RQ $QLPDO &DUH 7KH&DINWEHUH KRXNVHGVDAD UN SKR
UDWV ZHUH IHG D FRPPHUFLDO GLHW DQG JLYHQ ZDWHU DG OLI

, ([WUDFWQRPURNVRGHUPDO VWHP FHOOV

JRUMPDOH PLFH RNHM @RWMWGLYH Y ZHLUHD G H/@Y QWKVHHBD O H V
ZHUMHFDULILHG RQEEBWXVHYV ZHUH RXHERPDW RN XMWHQPE BDRRHG V
LQWR SKRVSKDW H) EX | BHKH] GHWXWVIHYH Z H ¥ € GBHHFIDSVMMFDW QG P LF U F
ZLWK D VFDOSHO PG %LIQHWR OFKISHIBWKZLISBKR VS KDW N EXLIH H G
DQG WU\SVLQ ZDRKMOGGEMNB ZDV GLJHYEWKG QROSRRVIBWDWH EXIIH L
VDOEREGWDLQLQJ GHR[\ULERQK PO KD WILYBXHD GEHGUHVXOW
DOLTXRWPG OQWWRVBLVKHY FRQWDLQLQJ PO R{VDPRGPL[WXU}
(DJWHPHGLXP DQG ) PHGLXP '0( ) VXSSOHPHQWH®@ ZLWK
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JLIXUH SKRWRJUDSK RI D VLQJOH XWHUDO KRUGQDRIOB HPHIQRQW P|
SKRWRJUDSGDRODB WRIXQVH HPEWWR YW HYWUQ@ FWLRQ

,,23ULPDU\ FXOWXUH RI HPEU\RQLF QHXURHFWRGHUPDO FHOOV

&HOOV IURP DSSUR[LPDQYF)ORDWHG RAJ KHOBW  f& LQ KXPLC
DLU 7KH PDMRULW)\ RI VLQJOH FHOOV VSUHDG DQG DWWDFK
VSLOQKDISHG ILEUREODVWY 2Q WKH RWKHU KDQG WKH VSKH
QHXUBRUMRHU FHOO SRSXODWLRQ SHUVLVWHG IORDWLQJ ,VR(
ROG PRXVH HPEU\RV ZHUH SHUPLWWHG WR VSUHDG DQG DWW
LQ WKH FXOWXUH PHGLXP 7KH ILEUREQDI W HP FH\WDYH PHRZA
SUROLIHUDWLRQ DPSOLILHG IURP>GIEHQRRXDW D IVGDUVLIQF FE
QHXUDO SUHFXUVRU FHOOV DSSHDUHG EULJKW ORRVHO\ D\
ILEUREODVWYV ZHKBHSDWWBRKHG DFER WL $ WKUHH GD\V DIW
QRWLFHG )LJ %

200 pm ’ 200 pm

A |B

JLIXUHBKRWRPLFURJUDSK VKRZLQJ LVRODWLRQ DQG LQLWLDWLRQ
I[URP DGORH@G PRXVH HPEU\R KHDG E\ VHNISDOY L\WDKWML R QL JKOVON HO RIR
1(6&VvY DIWHU WHQ KRXUV SODWH % VKRZV FOXVWHUV RI 1(6&V DI
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,,», )RUPDWLRQ RI WKH &6&, PRGHO

6L[WDQ@HLWH :LVWDU UDMW\JZHUBKYEHEDPDOVLZ@MURWH G
LQWUDSEBLWRPQHDIONHWDPLQH 3KRHQL[ 3KDUPDFHXWLFDO 6
[\ODJLQH 3KRHQL[ 3KDUPDFHXWLFDO 7KH GRUVDDQBUHD E
HIWHQGLQJ FP ELODWHDNOWKDIYVREG WKE &SV B@NMLFDRMEH Z LW

HWKDQRO VFUXEV $ PLGOLQH LQFLVLRQ H[SRVH® & KHKMS L
SDUDYHUWHEUDO PXVFOHV ZHUH GLVVHFWHG ELODWHUDOO\ |

$ DPLOWRAPP\ ZDV SHUIRUPHG DW L7Q MZXIWH SHSILIRDE HR X& L Q J
FRPSUHVVLR Q@ WWFKIGEH®KH VSLQDO FRUG ZDV H[SRRDIFE DQG
JURXS 6&, ZDV LQGXFHG XVLQJ D WHPSRUDU\ DQHXDSMIPQFOLS
IRU VHFRQGV 7KH GHHS DQG VXSHUILFLDOZPNORVH @& Z\HNK/
VWDLQWHN® ZRXQG FOLSV ,PPHGLDWHO\ DIWHU VXUJHU\ DC
DQG SURSK\ODFWLF %D\WULODZQRH RIV&/LRE .6 DDPRG BHKLQV
LVRWKHUPLF SDG X Q O\L@XIDIMHEH®S WAWEPBRE LDXH W DLFIHOEGB GO\ .
> @®QWLELRWLFV HQURIOR[DFLQ PJ NJ ZHWHGDLYHQ EHIR

9 7UDQVSODQWDWLRKXR RHPF BRIV FO @G L Q

BHYHQ GD\V DIWHU FRP S WZHAIRADY RZ bABNY @EGWEWE® B RWKH U
WZHQBW YV Z WG \EUMRLDQV S O D DM WSLRRSX @ DRINBRY L DIEW B L W \
ZHUH WUDQVSODQWHGF®GRYBEUMOBKBERYXSSUHVVLYH RQH GD
WZ&D\V DIWHU W 7 KGWYSFODGMWDHULR Q Q H VIMKG WYIK]H @ DR/L Q EF WHR
ZDV H[BRVHG $ —O +DPLOWRQ LOWRIIHSH®AP 19 FRIDWHDB VL
SXOOHG JODVV WLS ZDV OR ZIHU H &HLG)W R XW B 8 EVELLREDO/RRRSUHE) P
FHABVH LQMHFWHG DORQJ WKH PLGOLQH RI WKH VSLQDO FR
FUDQLDO W FS WK \@IPWLBRMBHRWHK HBP FDXGDO WR WKH OHVLRQ
YROXPH RI HLWKHU —0 FH® OYH HDG\O B @D W i HRRR Y-HG

$00 UDWV LQ FRQWURO VKDP &6&, DQG WUHDWHG ZLWK
6DPSOHYV ZHRUHW SMONHR FRUG WLVVXHV I[URP D@QG RADROGIDVO | WHRP
VLWH RI VERMXW\FRKE VSLQDO FRUQGDEQYVYXHNGZHRBIR QIDPOR IV
LOQWHQOG GWRWRHGUHREWKRXMYWORW R PRQRKLYVWRFKHRLFDO HY
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J)LIXUHM 3KRWRJUDSK RI D 6&, UDW PRGHO VKRZLQJ H[SRVHG VSLQTC
VKRZLQJ WUDRNSESOEQWDWERMHXURHFWRGHUPDO FHO-@V+DPWaWVH®,
VIULQJH

$ /LIKW PLFURVFRS\ VWXGLHV

6SHFLPHQV ZHUH IL[HG LQ IRUPDOLQ DQG SKHRFHVVHG
PWKLEFN VHFWLRQV ZHUH VWDLQHG ZH[WR LKQHFD @RLPSBIXY DQG
%: 7)OLJKW PLFURVFRSH 20\PSXV 7RN®R @DSDQ DQG SKRW

% ,PPXQRKLVWRFKHPLVWU\ RI JOLDO ILEULOODU\ DFLGLF SU

7KH WLVVXH VHFWLRQV ZHUH GHS D UDX I LFQUWHEE VIBQE Q&L S S
FROG PHWKRQRO DWLQ DQ G KPWSEHHIQHGYMBBUQRB WLPHV
WLVVXHV ZHUH WUHDWRGWRBHLPPUQ ZDQWKER®3 GDEKUWHA® QWL
LG KR VSEDIWHIH & VD OIGEHKE WLV VKHW EXEBWHG IRU K )RU FI
SULPDU\ DQWLERG\ ZDV RPLWWHG EHIRUH DGDBE DLW KH IVFKF &
GLOXWHGKRVSROWHIHGFRQOWDRALQJ ERYLQH VHUMXBI DOEXPI
DGGLQJ WKH SHWRJD @DNMHG IGQEKRWISEONHL D G RQWDQELQJI %6
IR U PLQ 7KH VOLGHV ZWKRWSKBIQHZ B GOMEBONMYQHHDWHG Z
GLDPLQREHQ]LGR@GMRDOOVHWKH VOLGHYV ZHUH ZDVKHG LQ G
IQ [\OHQH IPWYG PIRXQVBHG Z@&WK

& 4XDQWLWDWLYH DQDO\VLY RI JOLDO ILEULOODU\ DFLGLF SU

7KH VOLGHV ZHUH GLJLWL]JHG XVLQJ DQ 20\PSXV GLJLW
%; 7) PLFURVFRSH ZLWK D1 SKRWR DGDSWRU XVLQJ D i R
DQDO\]HG RQ DQEDPMWIBOFRRENWHU XVLQJ 9LGHRILIBHR TRIVSK R
6W 3HWHUVEXUJ 5XVVLDQ BLUWRK WDDVSIRELLIPFPERROWDLQLQJ D
PHDVXUHG WKH SHUFHQWRVHWDYMDH[BIUHY®LRQ 7KH VRIW
TXDQWLIL FIDA¥ RR@GIZQ®' W R
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2VPLF DFLG VWDLQLQJ

7KH VSLQDO FRUG VHFWLRQV FP ZHUH It[HE DLWK S

f& DQG GHK\GUDWHG ZLWK f&/ $FWRVHDRNGM QKHKWSHFLPHQYV
IURP SDUDIRUBRGGHKRKEHDV ULQVHG ZLWKXIIHUMRO VDK RS
PLQ 7KH\ ZHUH WUDQVIHUUHG WR WKWV BELGLWKU ~ WRR

SKRV SEKDWHJHGDQBOVYQWRUHG LQ HWKDQRO 7KLV ZDV IRO
GHE&UDWLRQ DQG HPEHX GORFNY SDUD FX® LQWR VHFWLRQV
PLFURWRPH /HLFD &0 / H L F9 DELDPIHAND  $44 UGP\DNOD U

6WDWLVWLFDO DQDO\VLV

7KH GDWD ZHUH VWDWLVWLFDOO\ DQDE\]NG UX\LIRGY 636663/
,QF &KLFDJR ,/ 86% IRU :LQGRZV 7KH UHVXOWV ZHUH SUHYV
EHWZHHQ WKH GDWD ZHAIH HDIOG\|HDGVRVIIDVY KRQHVHQWHG DV P
GHYLDWLRQV 6' 3~ ZOADORQVLGHUHG VLJQLIL

SHVXOWYV

W, TLVWRSDWKRORJLFDO HIDPLQDWLRQ
+ ( VWDLQHG VHFWLRQV LRW KRR 8 VAWUER ®D QJ HORURECHG

KLVWR O RILFEMX$UH KN KDP JURXS GLG QRW VKREZRPDWKHG GLI
FRQWWRWKHUHDZDYSRQE@BRWHDVH LQ WIKH6BHYBRFVWHWH U
&6& VHFWLRQV Rl WKH VSLQDRKDFRW G WILHRYE Y B HIGHREXIHEBBGARIQ J
ULP RI QXPHURX\W VDK VL QRMHYWYO\ DF DRSS & DU INF VA VRGO FQ )
J)LJ& 2WKHU VUIFWHBQNG ORFDOL]JHG DYHDV $RWHKHPR UUK
WUDQVSODQWDWLRQ RI QHXRRHERWR/G HQ K DQBN @ M A/ FRID\ONH V
FHQWUDO DQG F D X\GKDY MUKIRA KF UWLLQWHD @ |W RO @VGKHU B B V HRIQQ
ROLJRGHQGURF\WH\V$Z B XQ@RD/DOL FHRG W K HQ X P W HERRM&E-EY D W H
D[R@MUH REYHIRYHG
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JLIXUBHFWLRQV RI ZKLWH PDWWHU RI WKH VSLQDO FRUG DV VH
VWUXFWXUH 1$Q WKGIFERIQWHB G LVSHUVHG DVWURF\WH¥% &ODFN DU
ZKLWH PDWWHU RI WKH VSLQDO FRUG RI UDWV VHYHQUGRBRXWQDBHNGHU
E\ D GHPDUFDWLQJ ULP RI QXPHURXV DVWORMB\MHKR SED®KH G \DMRER
GDUN VKUXQNHQ QXFOHL QRWH WKH 'OBRYHVARWRW KRMHXW RO W KEHO YD
UDWV VHYHQ GD\V DIWHU WKH OHVLRQ VKRZLQJ DUHDVKRIQORFDO
WKH ILWWHGGRUURZY VPDOO VHQVRU\ QHXUR@®Y EODFN DUURZV

M
o _\
R

ol

JLIXUBHFWLRQV RI ZKLWH PDWWHU RI WKH VSLQDO FRUG DIWHU V
VWDLQLQJ $ FUDQLDO % FHQWUDIOQ RU HEDVHG D@ DWRWW R R\ WIHW H ERO
QRWLFHG DW VLWHY FHQWUDO DQG FDXGDO WR &6&, RAMRGHQG!
QXPHURXV GHIJHQHUDWH D[RQV GRWWHG EODFN DUURZ&% DUH YLV

P
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,Q LPPXQRVWDLQHG VAMWWLBRVWHWKRY)$ZQLFXOXV RI WK
VSLQDO FRUGWKHUDKD/N KRZXESBS S DU HQ W Q GFKIHH DOABWMWARHE UW B V
D¥RPSDUHG WR W KHb FBRIQY\S O ROWHBIDUHDYV RI UHDFWLYH DVWL
QXPHURXV DVWURF\WHV ZLWK WKLFN EQW R MBR®DGHN X B IISW RFE® \
*1$3 H[SUHYNIRGIWHU WUDQV SEKH@WDYRBPDRI GLVWULEXWL
DVWURBP\\WUDQEDXG B.6 &YW EVNWHQJI$ & ODUNWEDFWLYH DVWURF\W
WKLFN F\WSRANRNHHOY N W D @ DAVKOBUARVSD QFAHLEDRB@W) R JWKHKH SHUFHQWDJ

RI WKH PHDQ DUHD RI *)$3 H[SUHWGARED Q GFRWADYHEEWRKG YL ILF
FHQWR XBRY FRPSFROG WRO JDRFK)IAK D P

JLIXUH)$ALPPXQRVWDLQHG VHFWLRQV RI ZKLWH PDWWHU IURP WKH
QRUPDO GLVWULEXWLRQ RI DVWURHRQ MAKHS$ VBDDQRS JJRSTCEU HE W PIDVUWN

DVWURF\WRVLYV ZLWK WKLFN F\WRVNHOHWDO SURFHVWY & ZDV
s)
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JLIXUH*)$ALPPXQRVWDLQHG VHFWLRQV RI ZKLWH PDWWHU IURP Wt
1(6& VKRZLQJ QRUPDO GLVWULEXWLRQ RI WKH DVWURF\WHYVY FUDQ

DVWURF\WRVLV ZLWK WKLFN F\WRVNHOHWDO SURFHVVVED/UXDY QRW
& P

J)LIXUH EDU JUDSK WKRAH QW MNWKHRS WKH PHDQ DUHD RI *)$3 H[SUH\
&6&, JURXSYV DRQWBHDW&EG JURXSYV FHZIDN WD AR 16 K| YDWRIDHFH $1
ZDV XVHG GDWD DUH SUHVHQWHG DV PHDQV “ VWDQGDUG GHYLDW
37 FRPSOPHUOW Y RBQWYHDWHG JURXS DQG &6&,
37 FRPSDULVRQ BEWHMDHHHG1JBRXS DQG FRQWURO DQG VKDP .
37 FRPSDULVRQ EHWZHHQ &6&, DQG FRQWURO DQG VKDP JUF
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7TKWHFWLRQV RI WYW DULRLHD @ LMRIHE WDLOFH ® REDLUONHG L Q W I
P\HOLQ VKHDWKYVY UHIOHFWLQJ QR UPWNGHRQMQR® WL R Q LRI XGN
)LI$% 6HYHQ GD\VWKMW QW EBKR,ILEHUV ZHUH ORVW DX®IG WKH
ILEHUV DSSHDUHGLWR 7E4HD B VS OIS &VWH R Q ORIKHE JH@Q@ HUDW LR Q
QHZ P\HOLQDWHGFREQ\D ALEEBDGR. DIOKH VLWH RIJWKRH OHVLF
'"HIHQH UD WZAH3J B [@ RIVKIGFIHGBWE R/ IVRH VS LQDDIRRUG LQMXU\

JLIXUBHFWLRQV RI ZKLWH PDWWHU IURP WKH VSLQDO FRUG RI WK
VWDLQLQJ ZLWK RVPLF DFLG UHYHDOLQJ GDUNO\ VWDIHQOH&E HQWDF
ZHUH ORVW DQG WKH QXPEHHWURIDPSEBODQ B® MR BHHUR&EQILPPO &  VF
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JLIXUH 6HFWLRQV RI ZKLWH PDWWHU RI WKH VSLQDO FRUG DIWH
P\HOLQDWHG D[RQV UHG DUURZV LQ FUDQLDOO\ $ DG\G \FFOQOMU D C
EDUM S$ P

'LVFEFXVVLRQ

&HQWUD® QWUHRPK\UXFHKE @ UHVXOWYV SULPDWL@®G BERPG WU X F
ORVV RI IXQFWLRQ D G®D |8 DWXaRYXIWOQR SURSHU WUHDWPHQW
UHQHZHG DWW HDW MRR) LKID® G HGHHDOB ORRSP SOHWH V6B HDV@PHQW
DGGLWLRQ WR QHXURUHJH QQEIHMNIRRHS X QD XULRSIDFON N W IDYWHH
WUDQVSQBRQYDWBIHRUHG WKH PRV IQUWH B E ¥R XYW BILMISWE HQYD S \

1HXUDO UHJHQHUDWLRQ LV D SURPLRMXHRBUHW LFIDPOUAVF
QHXURVSDHW@RHEKBQUIR HIILFLHQW WUHDW P HEHWH QR G HYHHOURSH

$FFRUGLQJO\L QURA KM DODUHKE O R@HR UD OV WIHWP JFH.GXBNGD WR G H D O
DWWHQWLRQ LQ>PHG@FDO UHVHDUEFK

IHXUD FNQIBR\KDYH XQLTXGRME SGVMHYNVGNOQEKHDVH R |
FROOHFWLRQ HPW\FWEWE@EDIHMDG® VWRKQH YLDELOLWRRI DXWR
DIWIHU YDWBRLILFDWLRQ ZLWKRXW H QF RXQX\HDLOL QUAN BRP/K I G C
SO D Q \W D W IDFOQU HIDHGS RELHMIQG  WIRQEUHHIBIMBI R WY R KV V¥V V@6 R \L Q M X U L
DUH HPR/QOHFWHOQ/S®UWHG DIWMF& HGJ H LAMKOGLYHUYH@SHOLY |
ORUHRYHWDEEE&M UHQWLDWH LQWR DVWUR F\WH V@URP DHXQUR Q
UHVXOWYV DIMSIEY KQMH FESHREQ)Y WER-DQWD FRR W U R S KLFFOBGI\R M U\D @ C
KX P DXQ V@
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,Q WKH SUHVHQW VWXG\ WKH FRPSUHVVLRKWRHRGEKIHQ H R U
HIILFDF\ Rl QHXURHFWRW KWPHIDW\RSER P/ FRHD BRPISUHVVLRQ PR
VHOHFWHG WR PLPLF WKH IMH @ B XX FIRP F\OH DV E@ QYW L Q
FRPSUHVVLRQ DQG FRQWXVLRQ PRGHO® DUH PRUH FOLQLFDO

,Q WKH FXUUHQW VWXG\ MUNEQ KIDO\R BbDWHEQH3E BKE P IRQRIIKA
QHFURVLY ZHUH REVHUY HGF BMWP WK HKWPW H UKIDUGM XDNOWBH P LF |
PLFURFLUFXODWRU\ GLVWXUEDQFRE6RISH WNMRIUYGMFXABDVH DQ
IORZ RFFXUV LPPHGRWDWHMH OHMERIQDE L VWH K HVR 10D WIRHJ VIHWQV W 1|
KRXUVa38WHU D SHULRG RI LVFKHPLDZIB/OR R Q FIWHHIDHVHIGMURIGQ RIR
OHDG WR SDUBER[EBEPRYH@7KH GLVUXSWLRQ RI VPDOO EO
KHPRUUKDJH DIIHFWV ORRDMBKPDRF ORPIIBFBFNNBAHHROY WR D IDL
JOXWDIPPBWEWHG H[FLWRMWMRKXTLDWLRD@G DXWR

$GGLWLRQDOO\ VHYHUH V\WWHPLF K\SRWHQVLRQ LQFU}
HIDFHUEDWH@WKQWKRRPSDQLHG E\ R KMHD® A D WR R WX/ FHW K
WKH FHGIGR PR QBIWKRIWLEMX UHG V LWIHJ LRX WW LS HWWRDIJHP P X Q
LQFOXGLQJ QHXWURSKLOY QRGRPERKRFMMABRHMUR BE UNREIQ F\W R
DV WXPRU QHFURYWW UDMORURRMHIIOLFK OHDGV WR DSRSWR)
> @

SHDFWLYH DYWOURWHWEGRVHEHYHQ GDD@E®QWHIWP KRGEE\ WKH VLJIC
LQFUHDVH LQ WKH SHUFHQWDJH RI WK H P\H D& ORMATHRN L) B\ W
FDQ VXSSUHVV ROLJRGHQGURF\WH JHQHUDWLRQ DQG SUHYF
> @LPLODUO\ WUIRFWLHYAM IMWOICE DR Q UHJHQHUDW @RQ \UKWH U
RWKHUSKBIYGRX\@E WKDW U H DJFHW MEHCBWKMN R R FWMAHLMQ 1L O W U DW L
EORRWEOLQ EDUULHU DQG SUHVHYWEHRIRELD UG QWWRRQZD)
FRQVLVWHQW KLVWRSDRAKRLFRD E E B OV DWIDYDKIUEHWLIHFM/ RR QWK H O
GD\V DIWHU &6&,

,Q WBKUHH WHAQMBU D Q V'S O D Q WAIDVIAIGR BVURRI ID M(H BLFRQU DKUDHIH DQ G JRQH'
RI FDYLWOMWHRPLQBIG + ( VWD ZEHGPRNAWILRSR/UWDQW REVHUY
UHP\HOLQDW L RVQ VRKEHF X/ULWHD R IIVR W B @W SFEUIDMMD R @ @YOH/IRO H G
PLWLJDWLRQ Rl WKH SDWKRORJLFDO IHDWXUHV QRWHG LQ FLC
FRPSDUMIEHMDR LDO VHIPHQW GLGPGRWRYWHRRHDWD QG HRFQW@WR |1 W
DVWURF\WHYV N KSQUHYHB\GHENQ SHUFHQW D QHR \R H &/ oMV *WBBH VLW
OHVLRQ JW KW VZHEH DEOH WR GLIIHUHQWLDWH LQWR JOLDO
D SUHYLRZKLBMWRSRVHG WKDW DFWLYDWHG DVWURFDMHV KDY}
FDQ SURPRWH WKH SHUFHEQVWDD & H 6RYU FPWH DEGWUEGMIQH V WH G
WKDW WKH LQ FOUHYDHVOHV LEDW, /HF B QO WD/OD Q H 9 DR K R YRV WWW L P X O D
LQGXFWLRQDRGSURWHLQD G KHVMQRERIEXWLANY DSSHDUV WR EH L
UHP\HOLQD@VLRQ
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&RQFOXVLRQ

8QGHUVWD@HWDLWKE SDWKRRORAE RDFLER.WDWH PRUH
SURF HGX UKHWKKRIWH V H QUWKXERWE VWKIEWPDUNHG SDWKRORJLFDO
&6&, PRGEROSDALMEKDP DQG FRQWWURDVINERMBUHVKHG WKDW W
DOOHXLDMWRGRYEKDQJIJHY WKDW LQGXFRIBREHEH & ,HPHW KBDW L |
VWXGLHV DUH QHMH WE M ROVWYBVWUXFEWXUDO PIQIBQH MNVGIHQ ¥ B
RI UHP\OHPLQDWLRQ DQG UHVWRUDWLRQ Rl ORFRPRWRU IXQTF

$FNQRZOHBIJPHQW

7KLV VADXNGVXSERUMMHGS$SEGXOD]L] &LW\ IRU 6FLHQFH DQG 7HF
UHVHDUFK JUDQW 1R

&RQIOLFW RI ,QWHUHVW
7KH DXWKRUV GHFODUH WKDW WKH\ KDYH QR FRQIOLFWYV RI L

SHIHUHQFHV

X -+ 7KH PDQDJHPHQWGRHIUQBG RIMHIAIFWE CROGOL IH L
LOQMXU\ %-8 ,QW
%HFN .' 1JX\HQ + ; *DOYDQ 0' 6DOD]DU '/ :RRGU

AXDQWLWDWLYH DQDO\WLV RI FHOOXODU LQIODPPDYV
HYLGHRWFH PXOWLSKDVLF LQIODPPDWRU\ UHVSRQVH LQ

%UDLQ

$ODGLG 0 6 $ UHWURVSHFWLYH VWXG\ RQ WUDXPD'
UHKDELOLWDWLRQ XQLWDXGEH®\WUDHO 6DXGL $UDELD
7KHXV 0+ :HL / &XL / )UDQFLV . +X ; .HRJK & <X 63

SUHFRQGLWLRQLQJ RI HPEU\RQLF VWHP FHOOV DV D VYV
IXQFWLRQDO EHQHILWY DIWHU WUDQVSODQWDWERQ LQW

'ULJRWDLWH 1 .ULVF KIROMS/O LFDIWERIGM O FRWIQ G QMXU
W K HQ LD XRI@ FHKIH F W LRYIHIQKIVE/L OLMVGDLW LR D @. DX QD V

5HYLHZ OQLWKXD

5R\' 55 +DUNHPD 6 - (GJHUWRQ 9 5 ERNDNVGF FF
LOQWHUYHQWLRQV IRU LPSURYHG UHFRYHU\ RI PRWRU IX
RI SK\WLFDO PHGLFLQH DQG UHKDELOLWDWLRQ
3OHRHO.HRXJK 0% 'XQFDQ *- 6SDUOLQJ -6 <RQJ 9: 6
5HP\HOLQDWLRQ DIWHU VSLQDO FRIWRILQAMXURENRION D W
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)XUX\D 7 +DVKLPRWR 0 .RGD 0 2NDZD $ OXUDWD $ 7DI
<DPD]DNL 0 7UHDWPHQW RI UDW VSLQNIOQBRHG QR MXUNFZ
ERQH PDUURZ VWURPDO FHOO WUDQVSODQWDWLRQ %UEL

$VVLQFN 3 'XQFDQ * - +LOWRQ % - 30OHPH -
WUDQVSODQWDWSLLRO® WKRUBSLQRMU\ 1IDWXUH QHXURVFL
LWDQKEXUBDNDNXARPRRND < ,VRODWLRQ DQG FKDUDF)
PRXVH QHX UDFRH @ Q MFXIUPVIRUJQF X IGRMAXRDH % L RSO

%DNDU % .RVH ( $\YD 6 . HVGRWOH RHWAEBWHN VQRY LI
FRUG LQMXU\ LQ UDWV 7XUN - 7UDXPD (PHUJHQF\ 6XUJ
/JLX ; = HW DOURQDAHMG JOLDO DSRSWRVLV DIWHU W
- 1HXURVFL=%

%DQFURIW -' *DPEOH 0 +HPDWR[\OLQ DQG HRVL!

FDUERK\GUDWHV ,Q 7KHRU\ DQG SUDFWLFH LQOKLVWR
JLYLQIJVWRQH (GLOEXUJK 3S
)DXONQHHUGBPDQRR-(07DQVH\'RPQ 1¥RIURQLHZ 09

5HDF WY WH IS E\RVIMIY FIVMQSEU H V IEKWDYFHD LW/ W DR DG MX U\ -
1HXURVFL

:DNDVD 6 6KLL\D 1 7DFRDEMXR 7< 2RND$7VHPLTXDQWLWLE
RI UHDFWLYH DVWURJOLRVLV GHPRQVWUDWHYV LWV FRL
QHXURQV DIWHU WUDQVLHQW VSLQDO FRUG LVFKHPLD

'L 6FLSLR ) G5DLPRQGRQ® &RY 3 *H6LPSOH SURWRFRO
HPEHGGHG P\HOLQ VKHDWK VWDLQLQJ ZLWK RVPLXP WHW
OLFURVF 5HV 7HFK

&DUYDOKR . $ 9LDOOH (1 ORUHLUD * + &XQKD 5 &

*XDUGRMOD /& 20LYHLUD / =RFFKH / 20DQGRVNL 0 ) >
PDUURZ VWHP FHOOV &' & i DIWHU FHOO WKHUDS
:LVWDU UDWV 7UDQVSODQW 3URF

6XQ = :HQ < ODR 4 +X / :DQ3 '6XQ $GHG@RMISKRYVSKDW

SURPRWLQJ UHSDLU RI VSLQDO FRUG LQMXU\ E\ DEFWLYDW
WUDQVGXFHUV DQG DFWLYDWRUV RI WUDQVFULSWLRQ
&KRQJ -LDQ :DL .H £D =KD @KVH

%KDQJ 6 + /HH < ( &KR 6 : 6KLP -: /HH 6 + &KRL
% 6 %DVLF ILEUREODVW JURZWK IDFWRU SURPR!
WUDQVS ®BGWDWHE @QHXUDO UHJHQHUDWLRQ LQ WUDXPD
5HV &RPPXQt

+ZDQJ '+ B6KLQ +< .ZRQ 0- &KRL -< 5\X %< .LP %*
VWHP FHOO JUDIWV LQ WKH OHVLRQHG VSLQDO FRUG L
ORFRPRWRU WUD IOQINH MLDZ W& VXFAVORHXKIU RV EL +
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6KHQ /+ /L < *DR¥WKFQYDQMGE6 &KRSUBJIXODWEZRQ RI QH X
H[SUHVVLRQ LQ UHDFWLYH DVWURF\WHV SURPRWHV D]
QHXURUHVWRUDWLYH HIIHFWV RI ERQH PDUURZ VWURI
*OLD +

*LRUGDQR $ *DOGHULVL 8 ODULQR , 5 WR W)IR B DVKLH C
EHGVLGH DQ XSGDWH RQ FOLQLFDO -WUH.ADD ¢ KAVWKOP HV H

-RUL )3 1DSROLWDQR 0$ OHORQH 0$ &LSROODUR 0 &C
*LRUGDQR $ *DOGHULVL 8 OROHF X DWW LISD W K WDRAR
GLIIHUHQWLDWLRQ RI PDURRD WWURFRBPVWHP FHOOV

OD]]LQL / ODUHVFKL . )HUUHUR , 9DVVDOOR ( 20LYHUL

[/ )DJLROL ) 6WHP FHOO WUHDWPHQW- LIHPRRW UF
6FL +

2QLIHU 60 5DEFKHYVN\ $* 6FKHII 6: 5SDW PRGHOV RI
WR DVVHVV PRWRU UHFRYHU\ ,/$5 -

$OKRVHLQL 0 6 ORYDJKDU 9 5 2UWKRSHGLFV

SHKDELOLWDWLRQ BOLRPPODWILEGHIIWYDQ &RUG ,QMXU\ 7R
ERRN HGLWHG E\ <DQQLV 'LRQ\VVLRWLV ,6%1

7DWRU & + )JHKOLQJV 0 * 5HYLHZ Rl WKH VHFRQGDL
FRUG WUDXPD ZLWK HPSKDVLV RQRY IQMXDRDMX BBIFKD QL V|

2\LQER & $ BHFRQGDU\ LQMXU\ PHFKDQLVPV LQ W
QXJJHW RI WKLV PXOWLSO\ FDVEFDGH $FWD 1HXURELRO (
JHH 6 0 <XQH 7 < .LP 6 - 3DUN ': /HH <ODUNHROR®L\
x . 2K 7 + OLQRF\FOLQH UHGXFHV FHOO GHDWK DC
DIWHU WUDXPDWLF VSLQDO FRUG LQMXU\ LQ WKH UDW -
X *< +XJKHV 0* =KDQJ / &DLQ / OF$SRRDWLRQ R
JOXWDPDWH LQWR WKH VSLQDO FRUG DWL®MXULD FFHIOXONHO
IXQFWLRQDO LPSDLUPHQWY 1HXURVFLHQFH OHWWHUYV

%DUH\UH ) 0 6FKZDE 0 ( ' QIODPPDWLRQ GHJHQH!I
LOQMXVBLQDO FRUG LQVLJKWV IURP '1$ PLFURDUUD\V 7

+DPPRQG 75 *DGHD $ 'XSUHH2XPHUPLQRQSIXLDUW $ *LC
SVWURBHWLHN HG HQIGRKLEH®NVQUHP\HOLQDWLRQ WKUR?

1HXQR

OHQHW 9 3ULHWR 0 3ULYDW $ *LPHQH] \5LERWWD 0

UHFRYHU\ DIWHU VSLQDO FRUG LQMXU\ LQ PLFH GHILFLH

YLPHQWLQ 3URF 1DWO $£DG 6FL 86$%
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1DVK %RPVRQ & ( /LQLQJWRQ & $UWKXU $ 7 OF&OX!
%DUQHWW 6 & YXQFWLRQDO GXDOLW\ RI DVWURF\WH)

/ILEHUWR & 0 $OEUHFKW 3 - +HU[/ 0 <RQHXMHQHMDMWVR
SURBWLHVY RDFWLR®PMWGEHS DVWURF\WHYVY - 1HXURFKHP



