obu $SU
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KWW S ZZZ VMVW SVX

2ULJLQDO $UWLFOH

$VVHVVLQJ SDWKRJHQLFLW\ SRWHQWLDO RI
LVRODWHG IURP QGRQHVLDQ ZDWHUIRZO
5 6XVDQWL

'"HSDUWPHQW RI %LRORJ\ )DFXOW\ RI ODWKHPDWLFV DQG 1DWX
8QLYHUVLWDV 1HJHUL 6HPDUDQJ 6HNDUDQ .DPSXV *XQXQJSDWL G6HF

S5HFHLYHG 0D\ $FFHSWHG 6HSWHPEHU

$EVWUDFW

,Q ,QGRQHVLD WKH RXWEUHDNYVY RI KLIJIKO\ SDWKRJHQLF BDWIFD RXQ@IW
VLQFH ,Q WKLV VWXG\ WKH SDWKRJHQLFLW\ RI WZR DL & GDG®XFPN R3IDH |
, 3% 56 ZKLFK KDG EHHQ LVRODWHG IURP ZDWHUIRZOV FERVHBWVLRXWHGRL/
UHVXOWY ZHUH KLJK LQ FKLFNHQV 7KH YLUXV NLOOHGLWKWKRKIHFEN AQ M EZ X
YDOXH 7KH YLUXV DQWLJHQV ZHUH GHWHFWHG LQ FKLFINHD@D LVOMWHN QQ G E
ZDV SHUIRUPHG WR GHWHUPLQH WKH LQIHFWLRQ HIIHFWLYHAIQUN WK DIK® \S £
JHQLF DQG WKH YLUXVHV ZHUH GHWHFWHG LQ WKH PLFH FROH WRBJIDKYO
PDPPDOV ORUHRYHU WKH DYLDQ LQIOXHQ]D YLUXVHV ZHUH IRXQG JHQH!

.H\ZRUBYLDQ LQIOXHQ]D YLUXV + 1 SDWKRJHQLFLW\ ZDWHUIRZO

,QWURGXFWLRQ QXPEHUV RI ZDWHUIRZO GHIWWIOV 6W X
,Q DGGLWLRIQN ®ODNRGOFFHVVIXOO\ LVF

+LVWRULFDOO\ WKH OHWKDOLWS$ONXE® \BHSRXOWIRP HA/HGE LDLOODB Z
FKLFNHQ KDV EHHQ FRUUHODWHG ZRYKRWKB S 3XWWRHUPLRALAV\ WK B YLL\DRYD |
LQIOXHQ]D YLUXV $,9 6ZD\QH DQGS3BRWLRQGFPNEZRREDO QHXURORJILFDO
+LJKO\ SDWKRJHQLF DYLDQ LQIOGKENY GBS LYLUXNR FOXWHYRVW LQR
VA\VWHPLF GLVHDVHV DVVRFLDWHGIRKWE KQJHK DFFRURV D/OK M WHY & PR W LV V
ELGLW\ LQ FKLFNHQV DQG WXUNH\V 271KH FKDWDIFAMDHWL]DALURQ RI DYLDC
PRUWDOLW)\ LQ FKLFNHQV DQG RW KW VDBDIOHR DRHKLBBRV H® K RIFHQLF C
GRHVY QRW SURIRXQGO\ LQIOXHQFHLFDLWNWRY®V BRI\ GH HDMRL QR DFL
3DQWLQ -DFNZRRG 7KH ZDWHEFERZDYDUH VRYWL GO HEQS R EH 7K F
D QDWXUDO UHVHUYRLU IRU $,9 WRRPF $DIQVAPUPROBIEXROW VROW\SHIVROR
RI $,9 ZLWK OLWWOH RU QR LP SOV DR Q HFKIDIDW KMIDOKDK. THHHE VWHHTUXHQ FLQ J
7KH +3%, YLUXVHV KDYH UDUHOJHQIH WYRAXWE EHURRIZQWE E\ JHQH |
IRZO HYHQ RQ IDUPV H[SHULHQFLQVHB%HAQKM\E IRH DAHP DQJORXAVQH @ PM®H D
6ZD\QH DQG 6XDUH] +RZHYHU WK HRX\WBEURHDNY RMKH145(555..5 FOHE
LQ +RQJ .RQJ LOQ UHFRUGHG WAVKLDA® OWKDHUOMH R UGHH DWHKY HRU DSIR X O W U
DQG $VLDQ FRXQWULHW DO ;

6PLVWHKW DO 6 W HHY\H CDVO 7TKH SDWWEL
&RUUHVSRQGLQJ DXWKRU 45(655..5 ZDV W\SLFDO LQ + 1 WKDW FI
(PDLO DGWDHWYBWL#\DKRR FRP LQ ,QGRQHVLD IURP WR &'&
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WKH YLUXVHV ZHUH LVRODWHG IURPURRFWR HZ D\WBDIREE L B QGXW & MQREZ HFWKH F N
DQWLJHQLFDOO\DQG JHQHWLFDOOU X BDOWNFWH ULD)HE D 3 DOWVRLY @ R WHIRQ\ WH V
WKH LVRODWHG + 1 YLUXVHV ZDV L& BHD W.Q W HBGY EW H FSHIOL PHIRWSDHOU IRU P |
LQIHFWLRQ VWXGLHV LQ PLFH 7KHVBIURY HTKM Y H VY B O VB Y $SVZDWRDSY DO KHH® § QVWR
XQGHUVWDQG WKDW HYHQ WKRXJHKXSHWD\F UL RSWXA Q] D2 Y HUXW HSQ UHFAMAY V H \
ZDWHUIRZO DQG VKRZV DV\PSWR P CFPW DEIQNY HRODF W KRIQ U 5K FBE.6 WAK\V YWWM PL VOL U D
QHFHVVDU\ WR JLYH VRPH DZDUHWFHRRVGRQJWHRHW K H RHWXIREEVRQID\XQJS|
VWXG\ GHPRQVWUDWHG WKDW $,9 LVRODWHG IURP ZDWHUIRZO ZDV
FRQVLGHUHG DV KLJKO\ SDWKRJHQLEQD@GVERXRD GJSRWHOWILRXW\REH (,
WUDQVIHUUHG WR WKH PDPPDOLDQ ERG\

7KH GHWHUP L QDDVLRIQURRYPHG LQ WL

ODWHULDOV DQG OHWKRGYV YLUXV SURSDJDWLRQ LQ FKLFNHMRHPEU
(,' GRVH ZDV FDOFXODWHG EDVHG RC
ODWHULDOV DQG OXQFK :+2

7KH YLUXV LVRODWHV XVHG LQS$QXQWLWMRNGQWHDHHWHRRWD BOMWEKRJIHOQI
IURP WKH SUHYLRXNW \BRG\ EK I8 XWMDWHB U F K
ZDV FRQGXFWHG LQ WKH /DERUDWRUKHRI ZO-HOL RDG BKUWANH@WEZHUH LQF
%RJRU $JULFXOWXUDO ,QVWLWXWHYLB%V ,IQIBR@HIVKDHPIKH GXWERQVIK H+$ W
LVRODWHG XVLQJ 7UL]ROS/6 5HDJHQW, |LQGIHJ ZRYHED OFKI® YWIBEG DLRFRUGLQ.
UHDJHQW ZDV REWDLQHG IURP 7HPDVHN /DERUDWRU\ 6LQJDSRUH
7KH 57 3&5 ZDV FRQGXFWHG XVLQJ 6XSHUVFULSW70 ,,, 2QH
VWHS UHYHUVH WUDQVFULSWLRQ SR Q)8 HWUIDPH AMOIDL QQUHPWMWRR Q1 % DOE F P

6DPSOLQJ PHWKRG 5HIJDUGLQJ WKH KLJKO\ SDWKRJHQLF
ODWHV HDFK YLUXV ZDWX\Q RRXGRWX¥\G |
6DPSOHV ZDV WDNHQ LQ WKHRHGSUHY IRR XD PKWX G\ L VLRIO' DNZERVF RQ RFDXL Q |
GLVWULFWV RI :HVW -DYD ,QGRQH®DW HGDRWDO Q)RIGRW RD QBHENNROG IHPDO
EXPL 6XWDPQMA. $ WRWDO DPRXGWMWRIUPLQHRIWKH SRVVLELOLW\ RI YL
ZDWHUIRZO SRSXODWLRQ ZDV WDNPQUBRP \HDWFK DRQDLQRMOPSWHE PLFH Z
ZHUH IURP %RJRU DQG VDPSOHV DPHMHU URPHE X REXOD WUR® $V WKH FRQ\
WKH UHVXOW Rl SRO\EDVLF DPLQRDDVWHG COUDDMHVEDJHV ZBQ @\ RERODWWHVLRC
ZHUH VKRZQ KDYLQJ 45(555..5 ZKHGHDN RRQH EQRQDMDOKV® SWRPV DQG G
45(655..5 VHTXHQFHV LQ LWV KHP D H)OXKOL@L]GI & RDWEKHH WIKWGD\ RI SRVW L
7ZR RXW RI WZHQW\ VWUDLQV $ JRRVHU%RVMBRQJMQEBRW , I DUW DQG VS
56 DQG PO $ GXFN 3DUXQJ ,3% D50\ ZHUH UKPBGQLRUW PLFH ZHUH REVH
IXUWKHU DQDO\VLYV LQ WKH SUHVHGBDAWWXG®\ RUJDQV UHFHLYHG IURP GHDG
WR UHFRUG WKH SUHVHQFH RI WKH YLU
BFUHHQLQJ RI DYLDQ LQIOXHQ]D5VLIREVDXQGE QP RMKKIRKDWRBFKHPLVWU\ DQI
JOXWLQDWLRQ DQDO\VLYV QDVDO DQG DQDO VZDEV RI PLFH ZH
DQDO\WHG E\ SURSDJDWLRQ LQ WKH FKL
9LUXV SURSDJDWLRQ ZDV SHUIBWU® HOVEHKVNUQ FWHKG P& KRBV KHU SHUIR
HVWDEOLVKHG E\ WKH :RUOG +HDOWK 2UJDQL]DWLRQ :+2 7KH
DOODQWRLF IOXLG RI FKLFNHQ HPEU\RV WKDW GLHG RQ WKH IRXUWK
GD\ ZDV KDUYHVWHG IRU IXUWKHU VF9HBMM QGLR WU E XOVELRQWL Q@ P DFHORUJ
WLQDWH UHG EORRG FHOOV :+2 F R K PILYMWJUXAVDIQDROOBMMH Y ZH U H
LQYHVWLIDWHG IRU WKHLU SXULW\ DQG WKHLU SRVVLELOLW\ RI EDFWHULEL
FRQWDPLQDWLRQ XVLQJ EORRG DJDU &RDMNHQ BOW MLEBFRVWHDOQNOZAREA FX
WDPLQDWLRQ LQ WKH YLUXV FXOWOHOHW [EBVLGEOHDRHBD 8L Q LEXWVIHRDWLRQ
XVLQJ WKH —P XOWUDILOWUDW LTR(HPMREUWMKH\ ZHUH SURFHVVHG LQWR
LW ZDV FX®P LQKMR VHFWLRQV ZHUH D
,GHQWLILFDWLRQ RI LQIOXHQ]D YIHODMLMRO B RBIVWWXE \R EVH/F YWV 1QDVYV D Q
57 3&5 OPHWKRG :\ORO VROXWLRQV IRU PLQ /DWHU
DOFRKRO FRQFHQWUDWLRQV UDQJLQJ IL
+DHPDJJOXWLQDWLRQ WHVW ZDWVSHF\RUPHG\ WBRK EWMHR X MQMAO\ WKH VO
YLUXV LQIHFWLRQ B6XEVHTXHQWO\GWKML ®IOHIZ0 ZDMVE HAD VRH[WUBEQ HBOORZH
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PLQ 7KH VWDLQLQJ PHWKRG IURRH/NRPDXWN $DERGDWRWRXJK WKH YD
6LQJDSRUH ZDV DFFRPSOLVKHG W R/ IGVHWXHIF WOIRRL® M X Q FOWLHRI®)] DD @& HW K H (
VOLGHV ZHUH VXEMHFWHG WR WKH .XQ RE¥DMO R QQL Q GRER-GVRLIRMR Q\CKCH [ B QVHi \
ERGLHV XVLQJ + 1 $IWHU WKH XDV GH UVRWDPLHG QUR S/UHRIF WEXUWNT X H Q|
REVHUYDWLRQ ZDV PDGH WR SHUMHLIOMLG F OSHDMDHB PH. \RH RU R YLUXV

VWDLQHG DQWLJHQ HW DO $V UHYHDOHG E\ WKH SUHYLR
JOXWLQLQ SRO\EDVLF VHTXHQFH D
S5HVXOWY DQG 'LVFXVVLRQ DFWLYLWLHVY WKDW LV SHUIRUPHG I

SURSURWHLQ FRQYHUWDVH 3& LQ
,Q WKLV VWXG\ +3%, YLUXVHV EMRODWS$,G ZURR SRONEDURRFOHDYDJH
JHHVH $QVHULIRUPHV PLJKW GHWGILWWQHEWWHRRROB RFRXWE FIRZOH D |
DV D UHVHUYRLU RI $,9 7KLV UHVX®W DDV UHOLDEOH DFFRUGLQJ WR WKH
RWKHU VSHFLHV Rl ZDWHUIRZO $QVHKHISDWKRJIBQGFLAKDRIDSWLLVROTL
IRUPHV NQRZQ DV WKH UHVHUYRLUDRNHYNMHGI )DL REXODW VREFKILHDFK |
HW DO :HEWWHIDO ,W LV DOVR VX,3%RBWD® G\$WKHN 3DUXQJ ,3% 56 LQ
UHVHDUFK RI 3DQWLQ -DFNZRRG DQY®GBXBEWHRI WKBDVNVUXVYBWVNLOOHG
DQG &ROXPELIRUPHV KDYH GHPRQVAMAWLRIDGZ LIMCKH | BLI3F LYDOFX H R 7KL
FRQWDFW WUDQVPLVVLRQ DQG FRXWOGRDIAVR O WHWY HRIHW K R LYLL BRX W K K R\ QX
ZKLOH $QVHULIRUPHYV PLJKW DFW DJHD WAHWAUBRHQRW\SH +3%, 7KH +3:
9LUXV LVRODWLRQ DQG SURSDGBIWHEQ HIGH \LXQ0 PKL F/NHRQE HVBL WNKDHAW L H
KHPDJJOXWLQLQ +$ WLWHU ZHUH KSDIQEQHDX¥R ZWDHQIRDWM BDEIXOMD RI )
LH $JRRVH %RMRQJJHQWEQJ $3@XBERUH 6B6RPH JHQRW\SHV RI +3%, $,9
3DUXQJ ,3% 5#RZHYHU DIWHU WKH ZIVR Q.IVW € B WHRP LD O D Q LQ +RQJ .R
WRLF IOXLG LQRFXODWHG RQ EORRGVDKDY P HGLIX\PH U/ RO W EDWFWGQROL\D QQ R
VSHFLHV ZHUH GHWHFWEDGF LIDGBR FBD® DGGDWLRE WZR +3$, YLUXV LVROD!
7KH FRQWDPLQDWHG LVRODWHYV ZHBH J2®WHUHGHVRK WWRBYHD FRQIQEL

QDWLRQ XVLQJ —P XOWUDILOWHWWICRQ $MA\OUMWWHG7K® 2V XDGHORQH
(,/ Rl RQ WKHVH WZR LVRDDWBAVOZIHNVRODWHY WKDW KDYH WKH ,93, PRUFH
UHVSHFWLYHO\ 7DEOH +3%, $FFRUGLQJ WR :+2 $,9 LV FO

,Q WKH SUHVHQW VWXG\ WZBDWHRJHQLEVHIW XY ZRKRHDQ LQIHFWL
%RMRQJIJHQWHQJ ,3% 56 DQG $ GXFDXWDHNKQJ PRW WIBOZWUBLWKLQ HLIKW
FDWHJRUL]HG DV +3$, EDVHG RQ WKH 43K355.GHWMIFQR PGLRI WKH YLUX
VHTXHQFH RI KHPDJJOXWLQLQ FOHWDW D B MW WHIQ 7 KW KUHH \, 8 ®,W B RO ONKIHV |
SUHVHQW VWXG\ ZHUH LQ OLQH ZLWHKQWKIHR QH 8 YLLQR DVSUHWYH B X ¥ K/ WK SR UM
7ZR +3$, +1 YLUXVHV LVRODWHGQIORBP HKHDMKN KLIKHWVY MW HILQ/ RI1 YLUX
9LHWQDP SRXOWU\ PDUNHWYV ZHUHH WIDQ QL WRWWGH VKD XEIQ D VWKKH EUD
35,(555..5 VHTXHQFH DW WKH FOHDWKIHVV +\8$, ¥H M S\DWWW ARRQORS UHSOLF
DPLQR DFLG VHTXHQFHV 45(555..5 HINGRWKISOEDO FERON RV ZHOO DV LQ
GHDWK RI SRXOWU\ HJ WKH HYLGHRUFHMKQL VRQHDRRQ® WKBQBLUXV FRX
$VLDQ FRXQWULHV HW DO GRMHARMIIDMWHUQDO RUJDQV DQG EORRG YHVVH
DO *XBW DO $QRWKHU VWXG\ VKRZGEPRKNBWQWKWR WKH VWXG\DOH
YLUXV LVRODWH $ FKLFNHQ 7H[DV +B$, FDXVHGDRLFURVFRSLF OHVL
FDWHJRUL]JHG DV KDYLQJ ORZ SIPKKRNHQVFPDLDXOX EQVWEHRQ UDWWYHD
PLOG FOLQLFDO V\PSWRPV 7KH PROHF)OIOL QQRPHRXVY YRRAWE \W KBS YL
WKLV YLUXV KDG SRO\EDVLF DFLG DBTXHPRIHVDW LMWKV RDNRD DJ OXWW € P QF
FOHDYDJH VLWH ,Q DGGLWLRQ MWXBDPPWWRRQQOLELWAYRUDWOKYVVFHUR
LQFUHDVHG LQ YLWUR DV ZHOO DV AQUGLLYRY BV BX6GRL Q VWKNHP F L @R/ ZFHIO0
DW LWV KDHPDJJOXW LHQX @ 6 O H,0QY DDIBWWIZARRG/BR G 6ZD\QH

7TDEOMKH UHVXOW RI +$ WLWHU (,' DQG ,93, RI WZR LVRODWHYV
IURP ZDWHUIRZO

1R 9LUXV ,VRODWH +$ 7TLWHU,"' ,93,

$ JRRVH %RMRQJJHQWHQJ ,3% 56 + PO
$ GXFN 3DUXQJ ,3% 56 + 1 PO
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7TKDLODQG FDXVHG KLJK PRUWDOLW\ Z
DQG $, YLUDO DQWLJHQ LQ WKH QDVDO |
JODQG DQG SDQFUHDV ORUHRYHU $ 7KI
WKUHH RI WKH HLIJKW GXFNV KRZHYHU
ORJLFDO VLIJQV 3DQWLQ -DFNZRRG DQG
VWXG\ DOWKRXJK WKH + 1 LVRODWHYV 7
SDWKRJHQLF +3%, YLUXV EDVHG RQ PR
UHVXOWYV LQ IDFW WKH\ KDG ORZ SDW}!
LVRODWHY ZHUH REWDLQHG IURP KHDOW
IRZO KRZHYHU LW DOORZHG ZDWHUIRZ(
VSUHDGLQJ PHGLD RI +3%, YLUXV LQWR
FKDUDFWHULVWLF ZDV LQ OLQH ZLWK W
WKH ZDWHUIRZO DV D SRWHQWLDO Ut
VKRZQ E\ +1 YLUXV $VLDRWD®HDJH :H
3DQWLQ -DFNZRRG DQG 6ZD\QH -
OLQHDJH YLUXVHV GR QRW FDXVH WKH |
ZDWHUIRZO &DSXD DQG ODUDQJRQ

+ DQG + LQ WKH 8QLWHG 6WDWHYV DQG
WKH HYROXWLRQ RI /3%, YLUXVHV IRXQG

&OLQLFDO V\PSWRPV DSSHDULQJ LQ
ODWHG ZLWK —O YLUX W PWXD KB®R G B O
ZHDNQHVY DQG GLDUUKHD 8QWLO SR
PLFH GLHG +RZHYHU WKH YLUXV VSU
EORRG FLUFXODWLRQ WR WKH EUDLQ Q
YLUXV ZDV GHWHFWHG LQ WKH OLYHU E
DQG VSOHHQ )LJXUH LQGLFDWLQJ W

JLIXUH3$, + 1 YLUXV DQWLJIJHQ VWDLQHES=
SXOPRQDU\ DLU FDSLOODU\ % g
ODPLQD SURSULD FHOOV YDVFXOES = 0 & . ; :
GHEULVY WUDFKHD LQVHW & HSLWKHOLXP DQG IROOLFOH RI )DEUL
FLXV EXUVD " LQWHUVWLWLDO WLVVXH FHOOV DQG UHQDO WXEXOHYV
( /DQJHUKDQV LVOHW FHOOV DQG SDQFUHDWLF DFLQL FHOOV )
KHSDWRF\WHV DQG EORRG YHVVHOV RI WKH OLYHU HQGRWKHOLDO
FHOOV * EUDLQ QHXURQDO FHOOV

$OWKRXJIK ZDWHUIRZO VHUYH DV WKH UHVHUYRLU LW LV DOZD\V
QHFHVVDU\ WR EH FDXWLRXV DERXW WKH SRVVLELOLW\ Rl WKH HYROX
WLRQ RI WKH YLUXV WR EHFRPH SDWKRJHQLF LQ ZDWHUIRZO
$V PHQWLRQHG E\ 6ZD\QH DQG 3DQWLQ -DFNZRRG WK H
+3$, YLUXV RI $VLDQ OLQHDJH KDV HYROYHG DQG VRPH YLUXV
VWUDLQV KDYH FDXVHG LQFRQVLVWHQW UHVSLUDWRU\ LQIHFWLRQV LQ
GXFNV ,Q DGGLWLRQ WKH\ WHQGHG WR EH KLJKO\ SDWKRJHQLF LQ
WKH LQWHUQDO RUJDQV DQG WKH EUDLQ 6LPLODU UHVXOW UHSRUWHG WK
+3%, + 1 YLUXV LQIHFWLRQV LQ GXFN FDXVHG V\VWHPLF GDPDJH
7KH GDPDJH RFFXUUHG LQ WKH EUDLQ WUDFKHD OXQJ OLYHU
SDQFUHDV UHFWXP VSOHHQ EXUVD RI )DEULFLXV KHDUW DQG
NLGQH\ G6RQUVHOP 6HYHQ RI WKH)UH&-&"%:&'\;\;\/WLUXV DQWLJHQ VWDLQHG LQ ¢
3HNLQ 'XFN  ZHHNV ROG LQRFXODWHG ZLW&ydy (W Erioov % OX0J FHO

VKRZHG DFXWH GLVHDVH LQFOXGLRHWoHYHWRoRHXHRORILRDQLGQH f
G\WWIXQFWLRQ DQG GHDWK $ 9LHWQDP FHOOVDQG $ &URZ
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PDPPDOV %DOE F PLFH ZLWKRXW SADLRADD G DIBQV® WL RQRQ FRE K6HD O W K\R Q W
PLFH SODFHG DV VWDEOH PDWHV ZIDNVKDWKHIO@HF\WHGE® P QFHY ROYIRQ
VKRZHG WKH VDPH V\PSWRPV

7KHUH LV D VKRUWDJH RI LQIR&KHIQVHR Q' HOERXW HLRORJILBRO* /L <
DQG PROHFXODU FRPSRQHQWY LQYROYHE L€ WHEVWHIWXOHQ Q[ <X3$,
+1 LQ KXPDQV 7KH VWXG\ RQ PDPPDRUDQLP RGHIXH @ XF K IDWXVHV LQGXF1
QRQKXPDQ SULPDWHV IHUUHWYV DQG PURFHING UGITX RU MG M R DWHLYRHDIDO $
WKH YLUXOHQFH PHFKDQLVP RI +3%, + 18Q1RGIGXPWDWSHM RD$PHU LFD
ODFDFD IDVKIFKHOBEHHY UHSRUWHG SRQWQ PQ LIPDHDPRGHRBGIQWHU &'&
Rl +1 EXW LV QRW PXFK XVHG IRU SWRRWLIFD @ XPHMWR @GV DEKWIDEOH IURP
OHVV HWKLFDO DQG HFRQRPLFDOO\ FR¥WMID\ O0DL@HV 6TXLUUHO
6DLPLUL VFDROUEKXVHG DV D PRGHMRRFKHIHOXHQ]® YOXNXWYWHU 9 - .HDZFF
EHFDXVH WKH YLUXV PD\ GHYHORS LQ WKH XS DHUGU HUNH®WRU\ WU DEWR
+RZHYHU LQIOXHQ]D YLUXV LQIHFWLRQ@Q IlOX MXK]IDVIHQVT X DDWHRY GWR TR WG
FDXVH IHYHU DQG LOOQHVYV DIWHU WUDLQMHMDWMHYFKHDO LQIHFWLRQ =LW]R

HW DO *XDQ < 3RRQ //0 &KHXQJ & < (O

YHUUBXWAMW HOD BXURR WDLLKHY ZLGHO\ XVHEDIWRDQ $ 6 &KDQ . + 6WXUI
DQLPDO PRGHO RI 9%, SDWKRJHQLFLWKHXQJKEPDQNXRDPREBON <XHQ . <
ODLQW DO =LWHWZDO )HUUHWYV DUH ®HDMWXVDO 6 0 +1 LQIOXHQ]D

KRVWV Rl WKH KXPDQ LQIOXHQ]D YLUXGHP DR GVRUBIQ® WIKIREHMBDYBYV RI
UHVHPEOHG KXPDQ IOX WKXV WKHVH ®RLHDRHW RU HVKIHG $i@L WN 6 G\ B W H \
D PRGHO VWXG\ RI SDWKRJHQLFLW\ DQG LPPXQLW\ )HUUHWYV DUH
DOVR VHQVLWLYH WR WKH DYLDQ KRXLYRRWR #RZEEGHDZBRIOD KXPDQ ,QIC
DQG VZLQH YLUXVHV LQGXFH IHYHU SDYG/ GSLD®WRLFWW ZIVU QLW HILW |
UHSRUWHG WKDW IHUUHWYV DUH YHU\ HDWKW HY3H WLR{ 2\ D DFXWDRAEH RADIRKI\ Y L L
OHQFH RI WKH YLUXV DQG WHVW WIKH.MB[HW\ DR® PHN.FP B\ RIFE YOO HALQH
FDQGLGDWHW DOV ]RHDOE F PLFH DUH FRPPRQPV & 6 DQG *UHQIHOO % 7
DV DQ DQLPDO PRGHO RI YLUDO LQIHFMDUURQ HURPWRD MWL EQUIE Y LWRYV L
PDPPDOV 7KH UHVXOWV VKRZHG D EDODQFHG OHYHO RI YLUXOHQFH
Rl +1 LQ IHUUHWV DQG %DOE F PUFAM +&KZHYSHAD\[HUUHWV EKQWWHY $ -
UHIOHFW WKH LQFUHDVHG PRUWDOLWWRPBB]Y KXPDQ LVROINWHWKLIR®\ S
W R 0B WQDIY +1 $YLDQ LQIOXHQ]D RXWEUHDN
7KH KXPDQ JHHVH DQG FKLFNHQVRXUWDO IRV RQDRMRIFD Q
UHSOLFDWH HIILFLHQWO\ LQ WKH OBRQWWI7PLFHXZLWKRMM WBHTXL(GZQU C
SULRU DGDSWDWLRQ 1HXURWURSLF SBWHRUHXQLFIVHWH® QWY ZBHUMHWWRU
ODWHG IURP WKH EUDLQV RI PLFH DIWHKWD DD WIVXBXH SDVERIWWRIW@ELW
OXQJV 1HXURORJLFDO V\PSWRPV SDUDIX\WQ/ 'DISSHDUHG L7Q RURKHQ + +
KRZHYHU WKH\ GLG QRW DSSHDU LQ PRMBHWHKDW .[DIRF X0 DIKKBZLW I /
KXPDQ YLUXVHV 7KH PRUWDOLW\ UDWHR®@L\D EXPD&RLUXV .DQVPL-F®I 7XP.
ZDV ZKHUHDV LQ WKH DYLDQ YLUXV$MWQ LQ@RIUXHRY]BU +WKHYLUXVHV L
PRUELGLW)\ RI KXPDQ YLUXVHV ZDV DMVMR$VDWHG H[K\LKE LW AHIREMDVHG Y
GHFUHDVHG WR EHIRUH GHDWK ZRMUBDW® RVWHURRRBELGLW)\ RI
JRRVH YLUXV LQIHFWLRQ GHFUHDVHGL MR, Q WIHRD@REH B QD CD GHVS [SL]RRW |
UHFRYHU\ %RWK YLUXVHV ZHUH IRXQ G' UMBIR\AY WA DH VIVQV WDIQHE @R 6 B VQRH V
PLFH ZKHUHDV WKH KXPDQ YLUXV ZMYHG RLIEMU QWEHQQWWHRQDO
JRRVH YLUXV 7KHVH UHVXOWV LQGLFDWBGFHKI3® KXPDQ LVRODWHY ZHUHI
PRUH SDWKRJHQLF LQ PLFH VHKAD Q @D N.IFIHQL Q WRHUDQMAWL R\XID@ GHV (SL]RRW
$YLDQ ,QIOXHQ]D 9LUXVHV ,QFOXG
+1 IURP 3RXOWU\ LQ /LYH %LUC

S5HIHUHQFHYV 9LHWQDP LQ -RXUQDO RI 9LURO|
3DQWLQ -DFNZRRG 0 - DQG 6ZD\QH ' (
$OH[DQGHU ' - +LIJKO\ SDWKRIJHQLE DO SDWKREURGRD]RI DYLDQ LQIO

,Q 2,( 0ODQXDO RI 6WDQGDUGV IRU 'EDUGRVVBHN XH\6WNHMAMA ILTXH HW 7
IDFFLYMNG 21ILFH ,QWHUQDWLRMBKQ ISRV QS]RBWRNEHHZLURW 3 &K
3DULV )UDQFH SS ERRQOHUV $ _HDZFKDURHQ -



5 6XVvVDQWL 6RQIJNODQDNDULQ - 6FL 7HFKQRO

$PRQVLQ $ DQG 3RRYRUDZDQ6WXUP SAARLIWDH 6WHS (OOLV 7 %RXVILI
OXOWLSOH[ 5HYHUVH 7UDQVFULSWLMBQ B®D\PHEBKH &KDIB®RQ / *XDQ
5SHDFWLRQ 57 3&5 IRU ,QIOXHQ]D GG AHEXWHIXESWVASH S5HHPHUJLQJ +
+1 '"HWHFWLRQ 9LUDO ,PPXQRORJ\YLUXVHV LQ +RQJ .RQJ LQ DUH KL

6DNRGD < 6XJDU 6 %DWFKOXXQ GXFN(UBKQ®D2FRLOLURORJ\
2NDPDWVX 0 ,VRGD 1 7DNDANWADQWL 3VX6RBIMRHGRQR 5' ODKDUGL
<DPDPRWR 1 .HWKRGD&KDUDFWHUL]D7 DQG 6XKDUWRQR 0 7 ,GHC
WLRQ RI + 1 KLJKO\ SDWKRJHQLF DYRW Q RIMIQXHIQYD RILDXVDQ LQIOXHQ]
VWUDLQV LVRODWHG IURP PLJUDWRURED WBW HRZI® ZQV0 E@MOLRQ DPLQF
RQ WKH zZD\ EDFN IURP WKH VRR@QHKBYIIHVYDWWRKWKBLIOXWLQLQ
QRUWKHUQ WHUULWRU\ 9LURORJ\ -RXUQDO RI %LRWHFKQRORJ\

BHQQH ' $ $YLDQ LQIOXHQ]BXVYRQWRUWK @GORHMRHRXRWKR 5 ' ODKDU
$PHULFD $YLDQ 'LVHDVHV :LEDZDQ , :7 DQG 6XKDUWRQR 0 7

6KDQNDU % 3 *RZGD 516 3UDEKX ®HQFH SRWWEDDE ®WQIOXHQ]D YLUX
1DJDUDMDQ 6 3DWLO 6 6 DQGZDBWBE®KRIO 1+Q. :HVW -DYD , VR UQFH
$VVHVVPHQW RI 3DWKRJHQLF 3RWHQWLIRI)® OR+RXARQ DQGLPIQ,QIHFWLRX
+ 1 +LJKO\ 3DWKRJHQLF $YLDQ ,QIPNE®®W]D ILUXV ,VR
ODWHV E\ ,QWUDYHQRXV 3DWKRZBQLH LW\ G [3DQWWAL Q, QOIMWFHNZRRG 0
QDWLRQDO -RXUQDO RI 3RXOWU\ 6FRHQFHDQ LQIOXHQ]D YLUXVHV LQ SR>

6PLWK *'- 1DLSRVSRV 76 3 1JX\HQ %LRORRQBD\H 0 '
9LMDLNULVKQD ' 8VPDQ 7 % 6ZDVOHDQ (6 ®QGIGREQH] ' / +LJKO\ S
79 'DR 79 %XL 1% /HXQJ <, LQIOXKBXWDJIS5HYXH 6FLHQWLILTXH HV
& / 5D\QHU -0 =KDQJ -; =KDQJ /- 3RRQ
/170 /L .6 1JX\HQ 9& +LHQHEVWHWUUDU%HDQ :- *RUPDQ 2 7 &}

"HEVWHU 5 * &KHQ + 3HLULV - 6DZDPNHN: «&XDQ €YROXWLRQ DQG HFR
(YROXWLRQ DQG DGDSWDWLRRYRUXVHAV LQROMRHEQRORJILFDO 5HYLH
YLUXV LQ DYLDQ DQG KXPDQHERWWMY BQ ,QAOXYNVED HXOFH 3RVW 6

9LHWQDP 9LURORJ\ .0 (YROXWLRQ RI LQIOXHQ]D $
6RQJVHUP 7 -DP RQ 5 6DH +HQJ 1 BHHEDNRXUQPOVRI :LOGOLIH 'LVHDVI
3RVW ' - B6WXUP 5DPLUH] . 0:RUDG HENVOWK 268 FDQL]DWLRQ :+2
'RPHVWLF GXFNV DQG + 1 LQIOXHQKMHEPFLGHPLERVLY DQG 6XUYHLO
7KDLODQG (PHUJLQJ ,QIHFWLRXV 'L&B5DVE&H 5HY $YDLODEOH IU
BWHYHQV - %OL[W 2 7XPSH\ 70 ZDZXEKREMWHWYU-UHVRXUFHV SXEOL

3DXOVRQ - & DQG :LOVRQ , % ZKRWEXFWXQWURHY DQ®HY SGI >1RYHPE!
UHFHSWRU VSHFLILFLW\ RI WKHWKRZPDBIOEXRAH) LY O0BRRHRQ7 6KLHK
+ 1 LQIOXH@PELMDBEXV .DW] -0 SDWKRJHQHVLV RI DYL

+ 1 YLUXVHV LQ ITHUUHWY -RXUC



