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)DFXOW\ RI OFKXEICALR HH D O W K8 (lQYYG EEXENIDIGD <RJ\DNDUWD ,QGRQF
 QVWLWXWH RI 1IXWULWLRQ 6FLHQFHV .DJDZD 1XWULWLRQ 8QLYHL
6FKRRO Rl +HDOWK 6FLHQFHV 8QLYHUVLW\ Rl 7DVPDQLD $XVWUD

%DFNJURXQG DQGQENHRWRFHWULF HTXDWLRQ¥ FRGAHFRPGRULWYRG WHRZHV WU
DUH RQO\ DSSURSULDWH IRU XVH LQ SRSXODWLRQV LQ XKIOAPK WWXG\KDYH E
GHYHORSHG DQWKURSRPHWULF SUHGLFWLRQYBDXBW WRHEY WRYH P, Z& RIKH V HD
HTXDWLHR® V. X WKL\0 ISR E&RGBWIEEN L Q[ KXQGUHG ,QGRQHVLDQtDGXOWYV DJHG
\HDUV PDOHV DQG IHPDOHV ZHUH GLYLGHG HTXDDWXWEOWR GHYH:C
ERG\ ZHLJKW VNLQIROG WKLEWQIHYW I WWHILI KBWQ &L BRIYH AUHDIGWK DW IRXU
6WHSZLVH PXOWLSOH UHJUHVVLRQ DQDO\VLV ZDV XVHG MRS URSRMH SHUFF
PHDVXUHG YDULDEOHV DQG %) IURP WKH GHXVWUWFIHX P7 RFIL 6 H RGRYX\VEL RQHS H
WLRQ HTXDWLRQVYZBUSEDWHHQ XAMLRMVWKH YDOLGDWLRQ JURXS DQG %) HV
HTXDWLHRXBWRSRVHG SUHGLFWLRQDIQTXBWURPY VKRRHG DQG 6WDQGDUG (
(VWLPDW HURBPW R SURYMGDWLRQ DQDO\WLY VKRZHG ELDV ZLWK WKH UHIF
DQG 3XUH (UURU 3( EHWPRBQ WKBGILVWLQI UHINMXD D QREQ AR PW KM O H \
HTOWLRQDBBSWLFDEO H KIQO MP MOKHVHIVTIX®WR @R G VE\DO XQGHWHVWDRBDWHG %) E\
WKH XDWEFERQUEWVL HW DO RYHUHVWLPRWH G HE) GERIYF O XMHR SURSRVHG
SUHGLFWLRQ HTXDWLRQV SURYLGH EHWWHU RSWLRQV IRU DFFXUDWH SUHG

.H\: RUERG\ FRPSRVLWLRQ SHUFHQWDJH ERG\ IDW SUHGLFWLRQ HTXDWLRQ

,1752'8&7,21 WLRQV KDYH EHHQ GHYHORSHG WR HV\
$QWKURSRPHWU\ LV ZLGHO\ XYBGRIQ % HDXVW® JDNVYWKVURSQWRHRAHNHU YD U L
ERWK FOLQLFDO DQG ILHOG VHWWRYW ZEHIF D XMHQMAKOADING\DWRURSER SAQKVDAN L
DUH SRUWDHEOH D@EEBEWMORWHO\ VLPRQB\DN H D BGIRFVADED BOXB HVLDQV
LQYDSOWK URSRP MWW HQVRWLEOHQMI R RKWH NQRZOHGJH WKH RQOD SUHGL
KHDOMKKRI LQGLYLGXDOV DQG BRSRKOWWLUERN DIEEREUAR/SBEDH® U BIMF LD O
GLFW ERG\ FRBSBXPBHBR@®R| VWKGLDHALEKD YYD ,UKRZHYHU LW XKDWLGQRWHBEF
SRUWHGDWLRQVKLSY EHWZHHQ DQRMKLREIRASH WL W KAH-H B V& 960§ VB G X V H
DQG ERG\ FRPYRWKNYRQPIGLHY BPRYHSPLDE REHVEKOHYHUDO OLELWDWL
XODWLRQV LQGEBHWHQW D JKib RN UIQIMQDELOLW\ WR GLIIHUHQWLDWH ERC
DQ\ JLER®\ PDVV%UWQGEKHQPSFBUHG MDROXHQFH RI ERG\ SURSRYW URQV 'LI
&DXFDVERADQAHG RQ VWXGLHV XVLQM\RK@VKLIES/D Q@ WHD WDIQRGS R LHOMK\WQ WR JW R X
&DXFDVLDQ $XVIDZDODMGDVREREN WR SURSRVH %) SUHGLFWLRQRITXDWL
SRUWHED APKKIRW HWKQLFLW\ PDWFRSRBWLE XM ¥MDW RDWRHVGWRHHVWLPDWH E|
HQFH LQ WKH UHODWLRQVKLSVWE HSWZIHHID WLRQRYG DQWKURSRPH

UL GLRUWWKH ,QGRQHVXDQHSR.S X0 D IDREGDWERWDDF\ DQG SUHFLVLRQ RI
UHSRUW HE0 R®) WHKGID WK RRDNWON/BMIRFIDSSURDFKHY WR HVWLPDWH ERG\ FRP!
W L REHWV Z HMIQB ®RW K U R SIRPGIWBIVF DQ &\ PBHDVXUHPHQW VNLOO HTXLSPHQW
ZHUHGHRMWULEHG

IXPHURXV WHFKQLTXHY DUH DYB—EG—B—E@—!—!—\N—R—Q—H—W—FFU—P—EQ}ZH—ER—%
% @;@%@WKWUDQWN@/ WL /DER RI %LRE
Be

FRPSRVLWLRQ DFF XU DRZHONHDIOW K

FDWLRQ RI WKHVERWRERQEDRHDQ GC;(';OHRDQJ\%D';,%%SR_G%%E%MXO
VHDUFK LG)O—LIWLFWHIGNWRL(DVD[BELOng}_l@&X%R%l\gd_mum\,v%m@@eRQHVLD

D QGL F MMREHUDW HQ WKRXJK DQWKARSRPHWUL LV )py

RQH RI WKH YLDEOH WHFKQLTXHV (ZbWK 1RO b RESD RDVEMMALW X E X

GHQ SUHGLFWLRQ HTXDWLRQV W BD B X WM ¥H ERG\H B RPISSRVLOVUL IR HZ FR
IURP DQWKURSRPHW HWEKQHAQCROGH®REDH VLRQ D FDHSWH G

DIMSHILF7R GDWH D QXPEHU [RI SBHGLFEMEQ HTX
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SDUWLFLSDQWY DQG FKRLFHKHRUFZ WHKGL FBMAISRHQ GIH QIWWYLRQMEDWL DERMH D QD
UHQW WKHXEGB LROVR GHYHORBD\WH G ¥DOFDWHG LQGLFHYVY DV ZHOO DV DJH E
SUHRWLRQ HXN\WWDWLBRQWKURSRPHWUWQBE S HRMBHVYMU LXIPULD EOHV $QWKURS
GLOXWLRQ WHFW R LHXHOZDW B MEHRIIDNRXBHG LQWR VNLQIROMNG QM RUEB FHNVXWP F
FRPPRQO\HKMHEORSUHGLFWLRQRHTXIDAWMISRQW XEVFDSXO DD, DOIGWUBVDF FU |

,QGRQHVLDQ DGXOWYV OD[HG DUP IOHJH@LPDXRGC AWHQWH JOXWHI

PD[LPXP FDOI DQG EUHDGWKVX ELDFU
3$57,&,3%$176 $1' 0(7+2'6 PHUXV DQGKHHEBXWHFLVLRQ RI WKH SUHC
SDUWLFLSDQWYV ZDV HYDOXDWHG E\ WKH FEHHRHLHQW

,QGRQHVLDQ DGXOWFWLRV\ -OYDIQEHV EQHARYQOR | G HW H V RVOYXDCADLURGH HRANMRIUP BW )
NDUWD 6SHFLDO 'LVWULFW 3URIYLQGH ZDQK UMHKH XSINDH S R Q LRI DSVE R Q7 K
VHQW VWXG\ $SSDUHQWO\ KHDOWIKRVWD @EWLPQG ISHPHELHW DRI® GHT XD W LR
\HDUV DQG ZHUH VHOHFWHBE D WK®RY M KK LS K WHDEWYB BEEX &/D WK WP D O O H
LSDQWYV ZKLOVW WKRVH ZKR KD G DSKGVL, BRDYDBYHRHQWDO GLVDELO
WLHV KOGHADO WUHDWPHQW RU BEYRROYMEQEK® RIHWKHNSURSRVHG HTX
UHGXFLQJ SURJUDPV ZHUH H[FOX@HGH WDIOLWBWLRQIRURKS DQG WKH E
FRQVHQW ZDV REWDLQHG IURP DOIQ BRVEHYW HDQ XFD G WA X WS RQWD/Q SU WKUH
WR WKHLU SDUWLFLSDWLRQ 3ULRDWR WK GD \FRIUW K B DPW DR/QUWMHEFZHGWV | H
SDUWLFLSDQWY ZHUH UHWLRGGE D WRHGOXWH RMHWRALJRB( ZDV FDOFXODWH
YLIJRURXV SK\VLFDO H[HUFLVH DQHJUWRBHYDOXH VQiGDUIARKY LIRS W K H DRVIEKWD \
WRWDO RI SDUWLFLSDQWYV 3RIDHGH ¥ WDH)GS D Q GI PRDON VY HG %) YDOXH
ZHUH LQFOXGHG DQG WKH VWXG\ DIQGD%BCSDRBHBQOE HUKMPOXP BORWY XV H(
5HVHDUFK (WKLFV &RPPLWWHH RI BXWHBMQD @G I8UIRPY MKV WLARY PRIIVWIXRIGHV
7HFKQRORJ\ LQ $®VWHBDEMING 8@ HQW ZHUH GHFLGHG DV PHDQ * [
,QGRQHVLD 6'

,Q DGGLWWRQJ HHP)VHVWLPDWLRQ HTX
$QWKURSRPHWU\ HYDOXDWHG DQG FRPSDUHG ZLWK WK
$00 SDUWLFLSDQWV XQGWDIHQM BEHDOGHIUHPHPQBMORWY.RQ WHFKQLTXH (T
ZHLIJKW HLJKW VNLQIROGV WULFISSWHVVQEW ADBXGD UL QEDKEING LOUQEQ D
FUHVW VXSUDVSLQDOH DEGRPLQYDGE\HRYRDYG WXHIK BDQ)XGH P HGHLDHD FRP S
FDOI ILYH JLU WK URHHOIDM KIGH \D UP U DOVHSIDEL IDMEVW DQDO\VLY DQG %0ODQG D
WHQVHG PLQLPXP ZDLVW JOXW H 3O ODQ\® DRV VAL FO® MIQ DIQBHY ZHUH F
IRXU EUHDGWK PHDVXUHV ELDFURFRLDDP EYHONBRRALYWDO KXEKEEWKR ,/
DQG IHPX®O PHDVXUMPRIQGXEWHED VLIQLILFDQW OHYHO RI
VWDQGDUGL]HG PARVSPHEWQMRSURWRFRO SU
SRVHG EWWKBDWLRQDO GRFQAWRHRWSWEH $
Rl .LQDQWKURSRP HO/@ \P HOY. XAHPHEMYH ZHUH QR VLIQLILFDQW JXKIWIHU H
FRQGXFWHG E\ DQ DFFUHGLWHA/® L W DWXHE BOWDWORBSRB) EHWZHHQ WK
DQG L/OHWEBHKD MEDGRRHBRWHYW (0 YDOLGDWLRQ JURXSV LQ PDOHV DQG It
F D O F XIQURW HVE KI N W SDUDW. ZILSWKHPD PSOHY 7DEOH
UHFRPPHQ GHIGG VRMD B%0, ZDURMS )JURP WKH DQDO\WHV SUHGLFWLRQ |
UDWLR :+5 DVRWIZWXWEHR ZHU® FWONLQIROG VLWH VXP RI IRXU VNLQIR

FXODWHG EUHDGWK PRBVRWKWYWU DQWKURSRPHWLU

SURSRVHIJH&QRBWLRQ HTXDWLRQV VKR
%RGPERVLWLRQ DVVHVVPHQW FRUUHODWLRQ ARKHILKHN YWRARUUW®DW
"HXWHUL X8 LR[XWHRGD ¥ DW KXV H HKH U WEHAHX BAMER@J L Q ¥ N Y DGO ®O H "XH WH

QLTXH WR SUHGLPWDVYXUHRRQMWK RIUMBWBHGERBUWLFLSDQW EKM G/K® RVKH
ZDWHU 7%: OHWKRGV IRU WKH ARRVYXUMPMHEWGRI ZVRVBRSMHUUHG EHFL
FRQFHQWUDWLRQEDQ® ThVEKDLEHE®XPQRIGHMWBEBMOVNLQIROGV VKRZIPG RQO!
SHLRXWODVHG RQ WKH PHDVXUHG WiKLVIDRMRBEQ®V WRLFHRING\D DGV LOLDF F
DQG ILDHM PPO/VZHUH HVW L RVEKIAHIG\ WK RZHG QLILFD QR FR Q@ LHHA\EXMPDWLRQ |

WLRQ FRHIILFLHQW RI D FBIV DSERBEVHGV ERQ3HTIXNRW JLUWK D®G EUHL
5DWKEXUQ PHQWYV LQG LUPXWHI® OVRRW ZY LAND LDV
KXPHUXV EUHDGWK ZHUH VIUIQRQILKFG QW
BWDWLVWLFDO DQDO\VLV IURP W R 7KH SUHFLVLRQ RI WK
3DUWLFLSDQWYV ZHUH 9DHBR PDLQIEG WMURWMRHG NDMARQV DV VKRZQ LQ WKH 6
YDOLGDWLRQ JURXBYORI WKH VPPDIOWR DQG WKH $,& WOROXHV IURP

DQG HPOOH¥WHWZIURI)XS GLIIHUHQFHV LQUWRKBOLMCBMFIDRDQ DQDO\WHY VKRZHG
FKDUDFWHULVWLFV DQG/L®) ZQGH SHRYEG@HK@®W/IHREQ H TEDWEBRQW @QYSBRIUMULIHOD V
VDPSM/HVW DQDO\WLV ,Q WKH GHYHORIS P,pb@ MNKUIRXE. QUWHEHSY Z Y Q DQ
PXOWLSOH URBYHAMULRX\DHY®D WAR GHYBIORY BQIBGERWEIZRIQIQ DKREGHYHWQ |
HTXDWNVRQ) HVWLPORPHGHXWHULXPVGEUQXWMIRMOMW GLITHUHQFHYV ZHUH RE
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%RG\ ZHLJKW NJ “ “ “ “ “
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%0, NJP “ “ “ “ “ “
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*URXS GHYHORSPHQW JYWDROXES DWRRG JURKBVWKHUH ZHUH QR VLIJQLILFDQW GLIIHUHQFFL
PDOHV IHPDOHV DQG WRWDO VDPSOH

7TDEOBHUFHQ®WDUWHWERBUHGLFWLRQ HTXDWLRQV GHYHORSHG XVLQJ DQWKU

'HSHQGHQW YDUISDHEJOMYVLRQ HTXDWLRQ [ [ 6 (( $,&
6NLQIROG VLWHYV %) WULFHSYV LOLDF FUHVW
*
6 XP VNLQIROGYV %) VXP RI VNLQIROGV
%0, %) * %0,
*LUWK DQG EUHDGWK PHDV XUHYV ZDLVW JLUWK
JOXWHDO JLIKWRHUXYVY EUHDGWK
$QWKURSRPHWULBt)LQGH] * ERG\ ZHLJKW
165
* JHQGHU IRU PDOHYV IRU IHPDOHYV YW RWHRGX PHD WD WQBH[ :65 ZDLVW

"6XPRI VNLQIROG WKLFNQHVVHYV DW WULFH3SVFREHIRHSLH QAX BR/ FIERSIEKID HRLCHD IWS@L OGL 1D \W HFWRHL
6(( VWDQGDUG HUURU RI WKH HVWLPDWH $,& WKH $NDLNH ,QIRUPDWLRQ &ULWHULRC

%)., DQG MKHDWLRQ UULRRKEFOWIG BEUNDBWKGMRQDQG *XHWIBBSUHVHQWHG
PHDWALQHPD®HV DQGHWXBWLRQUURD 7DECKH UHREQWDWHG VLJIJQLILFDQV
IROIGQ IHPBOHV DV SUHVHQWHG LQ SDEOBHWDHBQH@KH BHIBQG %) HVWLI
GLIIHUHQFHV Rl %) WYSWIRPDRVIEXG IURWK HTHDWLRQRWHKH HSWQLQ PQG :RP
WLRQV DQE Q¥VKH WAHIBHG EHWYMHEHQHIVRWHPDOEMY RI 7KH HTXDWLRQ RI
ZLWK 3( EHWZHHQ DQGH YLQWRIAIMHNIEODQWO\ XQGHUHVWLPDWH
PDOHV WKHVH GLIIHUHQFHV ZHUHE\EHW ZHHD D@ WKH YOOLGDWLRQ JU
%) DQG EHWZHHQ DQG Rl 3(IHPODGGE DO SHPMRY® O MV ZIKGI XD ¥ RW K
DQDO\VLV LQGL®GDMHEGY WRK DIV WHKIHRYGIW HRYIWERWW HG %) E\ D QG LC
PHWKRGV UDQJHG EHWZHHQ * DRD®HV UBVSHFAWLYHQ\
PDOHV DQG EHWZHHQ “ DQG LQ IHPDOHV )LJIXUH
7KHUH ZDV D WHQGHQF\ WR XQGHWBRE®ELRDWH %) LQ ORZHU
ERG\ IDW DQG RYHUHVWLPDWH %)7K® IWIHKWHUQER G WDIDAN GO YBRMWRSWG DQG
JHQGHWAN HKWRPDOHV VKRZHG PRUH FIOHBUBGLFWLRQ HTXDWLRQV DSSOLF
(VWLPDWHG %) IURPXHBIQKQWER®WRRE GHPRQVWUDWHG WKWMWG %BF FRWDV

7TDEOBRPSDULVRQ RI %) UHIHUHQFH DQG DQWKURSRPHWULF HTXDWLRQ\

5HIHUHQFH SUHGLFWLRQ HTXDWLRQ 3DLUHG WDWPSOH WH
OHDQ"6' OHDQ"6' %LDV"6" 3("6' | '

ODOHV
6NLQIROG VLWHY . . .
6XP Rl VNI . . . .
%0, “ “ “ “
*LWK EUHDGWK . . .
.QGH[ ' ' : :
YHPDOHYV

6NLQIROG VLWHY . . .
6XP Rl VNI . . . “
%0, “ “ “ “
*LUWK EUHDGWK . . .
.QGH] : : ' '

S S VNI VNLQIROG WoDQGHRGE'PIYWDQGDUG GHYLDWLRQ 3( SXUH HUURU
'6XP RI VNLQIROG WKLFNQHVVHYV DW WULFHSV ELFHSV VXEVFDSXODU DQG LOLDF FUFL
/7KH UHIHUHQFH YDOXHV PD\ GLIIHUHQW IURP HDFK! FRHIILFLHQV ''‘DO
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YLIXUJUHHPHQW EHWREBHRW %Y LBR R{WE RV PW MHK RIG! | H UDHIRG HYP HWKARLP DW HG XVLQJ S
HTXDWLRQV LQ PDOHV SUHGLFWLRQ %i)TXE W LGRLQ M1 U GRIHR WMV GH B QD KIMREINIDBHQ@ A8 1U |
%) SUHGLFWHG IURE VNLRURIGE FWMEH IURP VXFF R IRKHGY RWHIGED®R PS®BhIAGLFWHG IURP
JLUWK DQG EUHDGMW/ R PSDWEBURWHG IURP DQWKURBRBRWHWUXF RQIGH G LOXMAIRFW PR KR
HTXDWLRRQ VNLQIROGSUHGNAFW(RIQ RPT XYXWLRIQVNLQIROG WKLFNQHVVHV DW WULFHSV EL
(T SUHGLFWLRQ RPT %DWBRGGLFWLRQRPTIDUWIR® QG E U H BG&WM K LPRHADLVRKQRHRT X0 ORWIKRIQR S
PHWULF LQ GRH[ I$ UXIBW ERQV

EURDG DJH UDQJH RI PDOHEWRWIMERIHPD MHM ZKXHHG ODFWHG %) LQFQHDVHG
EDVHG ERG\ FRPBRVEWQRQWHFKQLRRBVWKXUHNQRWY ZDV PRUH HYLGHQW
DYDLODEOBNLRQPRQ D VHSDUDWH JURXS RI VDPSOHYV
LQGLFDWHG WKDW WKH SURSRVHG HI X\DXMAL BQ N VBIQWR WQIRE DGV MR B CRE S V!
SHUIRUPDQFH LOLDF FUHVW VHOHFWHG IURP HLJKW \
7TKH LQEOXKIVIRQGHU LPSURYHG WKH RTXDWHLRDOYVDIHH JUHDWHU WKDC
IRUPDQFH ZKLFK PD\ EH GXH WR WXM RODIRXHU WNORSREBGWL]ELFHSY WUL
KRZHYHU DJH GLG QRWXWIH QUR LW B QW IPIRFE R Q WWW FREVIDQUWPHRMWUPRG
7KLV ILQGLQJ LV QRWIHFHRRQ VIWXGCHE W HMIWDBR) HTXDWLRQ WR SUHGLFW %)
GHU 3IOWRHIQG .DHDONVZDOIH D\ DAOFHFROOHWMHWSRWWHG WKDW VXEVFDSXODU
ERG\ FRPSRVLW IIDRQ RBQQ/& WVEKEHWHZOGW RL %0, PQGD [DQGDPYGWHY UHVXOWHG
%) VLQFH ROGHU HDGHOQMH CRYWHFKI OHBYWUPDVWVLIIHUHQFH LQ IDW GLVWUL
ORVV RI| ZHIEBUMDNVNRGA G %0, EXWWWUWPHOWNQWAR@JI RHW K Q L RIDMWIGHVG DDVH SFRW H
PDVVMBDUWLFXODUO\ LQ WKH SU®M G LVRWIRKH Y TRKID WVQRSOVEQE VAILWN RI SU}
IROG WKY¥BPNOQEMWHBOBEXIQG WKHDONGOMNULHRYHU GLIITHUHQFHY LQ GHILQHG V
WKLFNQHVV EHWWHU SUHGLFWHG H%HQQDW KVH bROXA DH/U RBQJIKH BHRWE PHWHU



-+DVWEWRIDZD %\UDQPF3 +LOOV

a) d)

25 20 . .
. Limits of
- 20 Limits of : - 15 . BRSSP

YLIXUBJUHHPHQW EHWREBHRW %Y LGR GR(WE RDV PW MK RIG! | H UDHIG HYP HYWRARIP DW HG XVLQJ S|
HTXDWURPQ@WHYQ SUHGLFWLRQ HTXDWLRQD KW S DIRMWHHG HD EH VO ZIMHRHKB4Q UR-EDADIBH Q F 16

%) SUHGLFWHG IURE WVNLRURIGE FWMEH IURP VX R IRXHGY NWOIGEOER PS®hAGLFWHG IURP
JLUWK DQG EUHDGM/ Ko PBDHWEUAWHG IURP DQWKURBRWHWUXF ROEIMK RBEDKIMALRRW LR Q
HT XD WLRR VNLQIR OGS UHGN IFW (TRIQ RFT ¥IXWLRIQVNLQIROG WKLFNQHVVHYV DW WULFHSV EL
(T SUHGLFWLRQRPT %DWBROGLFWLRQRPTIDWIR @ QG E UH S®W & LPRDLVRKQURHT 0 [RWIKRIQR S
PHWULF LQGH[ SUHGLFWLRQ HTXDWLRQV

FDQW GLIIHUHQFHV LQ WKH PIMRREZWY HRW KH IFXLROHR WHDW XG\ IRXQG W
PHEWQWKH SUHVHQW VWXG\ DOWKRQUK. FDIQHV SELIDELEMWNIR Q%) REWDLQH
HTXDWLRQ IURP VNLQIROR WY PDQRZHVB IQRBR HWEHSBVQWBTHE M O D U O\ QI RAUK HH FX O H M ¢
ZDV KLJKO\ FRUUHODWHG ZLWK WKWK G\H WK H QRFQI0\ %3 LLIGI UMIQHF HXZDV WK
FURMOLGDWLRQ DQDO\WLV SQ PDGHYLOLDIEIYNLGORDSE XVHG HUV OWH 'X
ELDV ZDV HYLGHQW LQ IHP® OH®QGHRIX\D\WDREH LGXKH WIKH LOLDF FUHVW VN
GLIIHUHQFHV LQ VXEFXWDQHRMKW WDK\H G/INLVQUR E & WULIRLQ/ H® 1IPPMH GEDWH O\
DODOVR UHSRUWHG JHIDEGRP GQ DIGNIHRFEH¥RQWUDVW GHVSLWH EHLQJ X¢
PHGLDO FDOI VNLQIROGV KDG D EBIQGVH W KFRIUALIO DDALAR X VAIQN KW B RU L JI
REWDLQHG IURP ';$ LQ PDOHV ZK HIUHN\DN/L QNRIZFGHS V W IK®I MIDETIRELVRIPR Z H G
ELFHSV PH®L®DOBEFDRPAL@®DO VLW HVWIKOH K LWKHVRL BUHDWWZLWK PHDVXUHG %
FRUUHODWLRQ YDOXH DQG WKH FPLREMVEH 6H[SD® LIGIP® EMBRVVRPEOH GL
7KH VNLQIROG SUHGLFWLRQ PITXBRVYRWLRIQ' XD@E QDIMWX URSRPHWULF P
HUVOKHD\Y EHHQ ZLGHO\ XVHG ®)RGHYW HBDMWHW%H HTXDWLRQ GHYHORSPHQ)
WR XQGHUPBPYWLPDYGRQHVLDQ SRSYXOWWRRQHUWRUP BQFH RI WKH SUHGLF
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TDEC'LIITHUHQFHVY EHWZHHQ 2 DQG YDULRXV SU

SHIHUHQFH 3UHGLAWDRQRQ 3DLUHG VDPSOH WHVW
OHDQ"6' OHDQ"6' [ OHDQ GLII“6"
ODOHV
%) IURP '
%) IURP '
%) IURP *XUULFL
YJHPDOHV
%) IURP '
%) IURP '
%) IURP *XUULFL
S S 6' VWDQGDUG GHYLDWLRQ PHDQ GLII PHDQ GLIIHUHQFH
%) SUHGLFWHG XVLQJ %' IRUPXOD RI 'XUQLQ DQG :RPHUVOHA) $IGLBDW BGUK)V LRUPDRO
PXOD RI 'DYLGVRQ HW DO *XUULFL %) SUHGLFWHG XVLQJ IRUPXOD RI *XUULFL F

"7TKH UHIHUHQFH YDOXHV PD\ GLIIHUHQW IURP HDFK YDULDEOH GXH WR WKH GLIIHUHQV
"6LJQLILFDQW GLIIHUHQFH EHWRPHWRH %) RRG LROOHVGLFWHG U

IURP %0, ZDV QRW DV JRRG DV RWEMNOMWNMHA W XDMMHRQW HFEDMEYML\F IDVOW DIX
ORZHVW ELDV ZLWK %) REWD LKQ H GL HUBRGP DIVJKEH  WHHIWM W iH QFERAS DHHHFQL P\RW BI X P |
QLTXH LQDRULRDWLRQ DQDO\VLV IRUG WAHVD @Y HWKPMQ W KRIV %) DUH QRW
HTXDWLRQ LV DOVR DSSOLFDEHQH WR WKH.\SSRSNQWWM\RRGYV KB FRDXGH WK
WXGH RI WKH %0, HTXDWLRQ ZDV WWRR SDLMEDHV Z L § KW B WPW XHBA RIQ\R R DE F L
XVLQJ & PRGHO E\ .DJD ZDQD LGS F QBN XHYG W K I RP\SHD IRW /H @\ RP R G H O
IHPDOHV DQGURMMKHZIRVK DBG DVVHIWSHIQ W) XRUWBHU VW X B XBW LLROVHR C
WLYHO\ ,W ZDV VXJIJHVWHG WK BW K KH WMHV/SRIU VDD GWHW RV HH QIAXHIGIL F
FRPSDUWPHQW PRGHO U K\ HDWMWGERI@YWIV KLIKHU FR

UHSRUWHG E\ HMQRW@HQJI3DREBJIERG\ FRPS
VLWLRQ PREHOXHWRI W R $&.12:/("*(0(176

7KH %0, SUHGLFWLRQ HWADWVWIHR® : R IWIKRQAN. MKH 'LUHFWRUDWH *HQHUDO RI
FLILFDOO\ GHVLJQHG IRU WKH uQG$?>QEFP\lL|E SERRLO B WL Y W NP REKkLDO
HVWLPDWHG %) LQVBRSO\HD/OEGI\EP@B@ IAQ DQG 4XHHQVODQG 8QLYHUVL
ZLWKHDWHU RYHUHVWLPDWLR®Q D Dd%“&?ﬁ KGH\ODSLGHW?(%HC
GHUWRUHRYHU D ZLGH UDQUJH DJ W’ DQC?BQLYHU
%ODQG DQG $OWPDQ SORWINQ®DO V\NFKUDDVVHVVPHQW
IHPDOHV EHWIZOEQ PD\ KDYH UHVXOWH D

KLJK YDULQWHTRQHQ&WRO\ WIKlR\XO—GI’g(@];-lA/j_ERQG&/2685(6

XVHG ZLWK FDUHNOCFK LD 19 KDVAW B 1OMD DWW WYX RWY GHFODUH WKDW WKLV PDQ X\
DQG ERG\ EXROGQIOXHQFH WKH UHYKGRQMOLFW RI LQWHUHVWY DPRQJ WKH D

7KH VWUHQJWK RI WKH FXUUHQW VWXG\ OLHV LQ LWV VDPSOLQJ

DQG YDOLGLW\ DVVHVVPHQW RI WKH5E88ESRVHG HTXDWLRQ 7KH

®UJH VDPSOH VL]H DOORZV DD/WDEB‘i-llOﬁV\AFLHFD@\WIKRQleDWIKPV\U-IR@ ([SHL

WLRQVKLS EHWZHHQ PHDVXUH® %)fbgcg REPWHHFRSPVWRY VYHRB AV IBQGE LW
EOHV ORUHRYHU SDUWLFLSDQWYV QHF[U’\SL@ KP‘BP §ﬁ%%ﬁm‘?|—?§' LQWHUY
DFURVV D ODUJH DJH DQG %0, UDQ U WP W R

WKH ODUJHVW HWKQLFDQURBRS XIOD ?E)ov?mf) (cHd B 1PHSLR?/<|
IHYHUWKHOHVV JHQHUDOL]DWLRQ %%WH@M%%RWH—\%@M:DV&%/&%O'QOK

EH LOQWHUSUHWHG ZLWK FDUH VLQ%&E@LUHMFHV LQ %) PD\
HILVW DPRQJ ,QSR®HYDLWRQRRWHIAH +H\ZDUG 'DIQHU 'ERGFBPOIRGLWLRQ
%) LQ WKH FXUUHQW VWXG\ ZRV REM\D{\Q/}»BQWR@KMM@XW@WLFV

XP R[LGH GHRKQLOIX® WRQVLGHUHG Ro@ R ORN MUKSHS SROFKGIRSRPHWU\ DQG XOW
VWDQGDUG PHWKRGV IRU WKH DB®\PYVMOHQ We RRKPORGT* BRWRU *RLQ
FRPSRVLWKRBK FDQ EH XVHG LQ WKHX'E)'{W@I PARN | WHRQ &KDPSDIRMQ ./ 8¢
DYDLODELOIFRP 8D DWMRNQW PRQABO 1R

FDWHG WKDWD®BERKWDWERRDWHY RI %égg PS@}?&Y&;S;&;M&EDHVA];P-T&
WLRQ \DW S lEH I R U P IF 8 PES\DROVDRMHIQ W P H

E\ WERPSDUWPHQW PHWKRGV DGMX Ogﬁ@ﬁgggg\ﬁ%\/ﬂ CLQ )3
XQGHU LQYHVWLJDWLRQ YQODCG;BBWW@FQ_GVV\MH ¥WLCRQ RI SHUFHOW
VWXG\ Rl WKH SURSRVHG SUHGSLFW[MB\QKUQ'Q(FDF*MMRJQ\bdbO@MNorDFWULFDO |
YDQFHG HYDOXDWLRQ IRU WKH SUHFIL/G R®i LRILWY K kKD X W BVQY 3DF - &0LQ
7R VXPPDWKHHSUHVEQRS WMEE %) 'HXUHQEHUJ 3 :HVWVWUDWH -$ 6HLGHO
SUHGLFWLRQ HTXD\WURYVODRBM\IEDTXHEY R PHDVXUH RI BRGMQE WEIHNWVLF
WLRQV ZHUH IRXQG WR EHQORBROGNVEDHOGLANLRQ HRYRXODV %U - 1XWU
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'"HXUHQEHUJ 3 <PSUGIQBHWIFFL 6 $VLPRASRBRVWIHVLRQ DVVXPSWLRQV DFURVV H
GLIITHUHQW IURP GDYRBVHDRKY W KHU LFQR QWKHHTDUH DR BLVE O8DQU U X28U OHWDE &DUH
PDVV LQGH[ ERG\ IDW SHU FHQW UHODWLRQVKLS 2EHV 5HY

GRL M ; [ '"HXUHQEHUJ 3 <DS 0 YDQ 6WDMHUHQ
*XUULFL 6 +DUWUL\DQWL < +“DEWYDDWG-*$HUFHQUH@ERGE) IDW $ PHWD DQDC
5SHODWLRQVKLS EHWZHHQ ERG\ IDW HWQIGQERGYRRKBVV ,QWGHIEHV
"LIIHUHQFHV EHWZHHQ ,QGRQHVLDQV D@QWHXWBW IBRXFO VLORAL HWYU IRU  WKH

- &0LQ 1XWU .LQDQWKURSRPMWMUQDWLRQDO 6WDQG
.DJDZD 0 .HUU ' %LQQV &: 1HZ SHUBDQWDRIS RPRGYUDMW $VVHVVPH®W. &DQEH
SUHGLFWLRQ HTXDWLRQV IRU -DSDQHVH PDOHV - 3K\VLRO

$QWKURSRO +DXWL - .DJDZD 0 %\UQH 10 +LOOV $3

.DJDZD 0 .HUU ' B8FKLGD + %LQQV &DQGIIHNHIGFHWLRY RI DQWKURSRPHWULF
WKH UHODWLRQVKLS EHWZHHQ EPL BQWLBBWERQWIJHRGRGIWDM) LQGRQHVL
EHWZHHQ -DSDQHV&DXGE B VED\QNIRX@L DRK@ U% U GRL DSMFQ

- 1XWU 3DFH 1 5DWKEXQ (1 ERPSRIVHW RRQERG\ F
*XUULFL 6 +DUWUL\DQWL < +DXWYDERG}*ZDWHXUBQEHUIHBLFDOO\ FRPELQH{
"XITHUHQFHV LQ WKH UHODWLRQVKLS EHWZWHRQEWR\IDMWVFRQ® HE®RWE\ - %LRO &K
PDVV LQGH[ EHWZHHQ WZR GLIIHUHQW/@BR®HULBQWMRMMK®LE JURDASXYULQJ DJUH
7KH HIIHFW RI ERG\ EXLOG (XU - &0LQFRRWDULVRQ VWXGLHV 6WDW OHWKRGV !
5RVV 5 -DQVVHQ , &RPSXWHG WRPRG@RDSK\ DQG PDJQHWLF

UHVRQDQFH LRDPLOHOGR6 /RKPDQ 7 MDJQY GHU 30RHJ *( *XQQ 60 :LWKHUV 57
*RLQHELWRUVERGRRFPBRVLWLRQ &KDPSPILDRWKURSRPHWULF YDULDEOHV WR S
86$+XPDQ .LQHWSSFV GHWHUPLQHFERESDUWRRB QW ERG\ FRPSRVL
IRKPDQ 7 &KH®GHUNDO DEVRSWLRPHWU\ - ,QROLQ 1XWU GRL VM HMFQ
+H\PVILHOG 6 /RKPDQ 7 HDWRE XPDLRDJ 6

FRGRRPSRVLWPBQLXEXD,/ +8fHQ .LQHWLHEDXPIJDUWQHU 5H\BVH HAG 6% /RKPDQ

59 'DQJ = *RLQHGHWR U+XPERGRPSRVLWLRQ
*RLQJ 6 +\GURGHQVLWRPHWU\ DQGKDPBDLGRPHWD AHRAHNEF V
SOHWK\VPRIJUBDSRAILHDG 6 /RKPDQ 7 .«+B®HU=- %DUW] 0 6FKXOWLQN -: /XNLW
*RLQIHBWRU XAFRQRRPSRVLWLRQ &KDPSTHDQXUHPHQWYV Rl ERG\ IDMRRASD IQFRQH YV
86$+XPDQ .LQHWSSFV EHWZHHQ ARPBRUMHPHQW PRGHO DQG Z
6FKRHOOWGURPHWU\ ,Q +H\PVILHOG BHWKRBNQ $¥LD 3DF - &0LQ 1XWU
'DQJ = *RLOBWRU+XPDQ ERG\ FRPSRWXPWMLRQIOBRQHY 0 7KH LPSRUWDQFH RI |
&KDPSDLJQ +XPeBS@ .LQHWSSFV ORFDWLRQ IRU VNLQIROG PHDVXUHPHQV

'"HXUHQEHUJ 3 <BSUHWQEHIILGLW\ RI ERGGRL

FRPSRVLWLRQ PHWKRGYVY DFURVV HWKQLIDZBSXORWRRID J& RXISQYLWKMWD ORUL O
'LDEMHRO 6 GRL \Y ] & 1HZ SHUFHQWDJH ERG\ IDW SUHGLF
'XUQLQ -9*$ :RPHUVOH\ - %RG\ IDW PMYBGMHEDORY WRWINQRO $QWKURSRO
ERG\ GHQVLW\ DQG LWV HVWLPDWLRQ@PIDRP W N®WQIROGC WKEENQMVY¥3 %RG\ FR
OHDVXUHPHQWA\WQ RORG ZMPHQ DJHG IURDRQWKURSRPHWU\ LQ -DSDQHVH DQG $XV\

\HDUV %U - 1XWU DQG -DSDQHVH IHPDOHV $VLD 3DF - &OL(
'DYLGVRQ /( :DQJ - 7KRUQWRQ -& *ROHUHPL =6 64IDUMDUL\DQW L XU HQEXWY DY W
3DODFLRV ) 3LHUVRQ 51 HW DO 3UHGIHUWHQFHVDMQ SMKH HIGMD DENLRQVKLS EH'
VNLQIROGV LQ UDFLDO JURXSV 'XUQLRPDD YA QRS LBHOMZA HHQY MVARVE GITHUHQW |, Q
OHG 6FL 6SRUWV ([HUFGRL 066 WH HIIHFW Rl ERG\ EXLOG (XU - &0LQ 1X
E H HII '"HXUHQEHUJ 3 <BBSUHQPIUJ- /LQ ) 6FKPI

3HWHUVRQ 0- &]JHUZLQVNL 6$ 6LHUYRJIH®H5Q PREDEHRIGR SPXIQOG RQ WKH UHODW|
DQG YDOLGDWLW®LRNQHVWYIBOBGLFWERG\HPTXVDWILRGM[ DQG SHUFHQW ERG\ ID\
ZLWKFRPSDUWPHQW PRGHO $P - &0LQ 1XWU
GRL DMFQ 5DPtUH] ( 9DOHQEDP DMUIBATD 60 BWHRiQ

'"HXUHQEHUJ 3 <BSUGQEBOUGDWLRQ R4 VOWIQBRPGFRREDUWPHQW PRGHO DQG Y
WKLFNQHVV KBI@& KPOBGDQFH PHDV XGHPWEBWLXPIRALOXWLRQ WHFHKHQ PDIH W&
HVWLPDWLRQ RI ERG\ IDW SHUFHQWIMH[HFDERAXWHK QIBPW R UVBIRRQ M QXW
&KLQHVH 0DOD\ DQGV,RMB BDE V XXEMQF WIW U

1RUJDQ 1 /DERUDWRU\ DQG ILHOG PHD
'"HXUHQEHUJ 3 <BSUBIQEHIHUHQFHV LBRERBRBVLWLRHD GWEOLXW U



