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$ UHYIRVHG Q EDURNKXWYIWOWXUDWHOG (P® IPIBWOLWIKWLRQ WR

3HUPLDQ PDJRXWAHFSRY WRMWKHUQ &HQWUDO $VLDQ 2URJ

<D+-LQUDRE .HW=KDQ@LRF 6WH S KHIUFQWp P HIQWUID tICDG D

,DFROIRU ] L'DOQ R K DHIOE DRQJIP H P 78KGIQ JKKD R

D H\ /DERUDWRU\ RI OLQHUDO 5HVRXUFHV ,QVWLWXWH RI
$FDGHP\ RI 6FLHQFHV %HLMLQJ &KLQD

E&6,52 OLQHUDO 5HVRXUFHV 3HUWK $XVWUDOLD

F 672 805 &156QLYHG\2HEIAS5*0 $ UXHHIMRODHULH

2D @WGH] )JUDQFH

S8QLYHUVLW)\ Rl &KLQHVH $FDGHP\ Rl 6FLHQFHV %HLMLQ.
H6WDWH /DERUDWRU\ RI *HRORJLFDO 3URFHVVHV DQG 0

8QLYHUVLW\ RI *HRMFLHQFRXKL®@HELM

OLQHUDOLXP "HSRVLWD

FRUUHVSRQG LOLUQDIXOMKRR PDFODMLQJI#PDLO LIJIJFDV DF FQ
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$SEVWUDFW

2[\JHQ IXJD®F INH\ SDUDPHWHU LQ FRQWUROOLQJ WKH S
XOWUDPDILF URFNV DQG R\IQHLUD D V MR¥ I RRIRHISVEIKEH DEDHD \
VHWWKQJIVWX@HXVBYWE YLEXFOLVKHG H[SHUR®HQWMHO GDV
VXOILGWRSDHWDWP BDW WH[ISUHVVLRQ IRU R[\JHQ EDURPHWU\ X\
FRHIILFLHODRW JH H[FKDQBIHEHRWEZYLQH DQG VXOILGH :H G
HISUHVIMD®RQ A& i . IHIL ZKHU4)0 GHQRWHYV
GLYHUJHQFH |U RRPDWXHTKDMNG L WKHIHBUR\WWHQ@ EDURPHWU\
KDV EHHQ D&SORHGP WRQ W BIP IBMISIRIMI WV KH &HQWUDO $
2URJHQLE: %BHKQ @R H +RIX GHSRWKWMVW QLRDRVWEKQ7LDQVKDQ
&HQWUDO 7LDQVKDWBRQQIGCHBHHEXDYH PLQHUDO V\VWHP Z
VSDWLDOOGMERDWEWW® -XQJJDU DUW NRIGWIUENHAG DV
7TKIBHSRRILWWH (DVW 7L B KVWRMWD QU0AQJISH RI R[\VJHQ IXJDFL
4)0+ W&)0 DQG 1L WHQRU PHMW®XURRQFHQYEMMDAVLRQ

ZW 7KH 3R\L DQG +XDQJVKDQQDQ GHSRVILWWH@RHDVW
VXOILGHV YDU\L@WIURPH UWRDWLYHO\ KRRIO )RQM OXHYV
1L FRQWHQWS/P ULUQ ROLYLQH RILWEKHVBWXKHHSRMIWN YL WHQR L
VXOILGHVY ZHUH VHJUHJDWHGLJARPD OMHMXK DANM R KHQW LDV
UHODWLYKH®R[\JHQ IXJDFLWTIKUEHPDLIMHEXI GHSRVLWY LQ HD
7LDQVKMMKH +XDQJVKDQGRQJ +XDQJVKDQ[L +XOX 7X(

;LDQJVKDQ]KRQ K BWHE RAHIWPYI G L VWAH ZW. W/HKGIR'BI VXOILGHV

2
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FRUUHVSRQ @ RHG MIKHHL JRVHPRXHVDQG 1L FRQWHQWYV
SSP LQ WKH FRH[LVWL QUKRKMHY ZE&H H LXMW DWW GQURP P
ORZHU FRQWHQWY WKRXJKW WRDERX@WH BHROLYWQRI D O
IUDFWLRQDWLKRHY B \R EHPDW KD BiP RIMHO UHG XWKDQ WKH
OHVV HYROYHG PDJPDW L¥4YKRZQ Y\DKEDW F X O DWKHHG IR U
GHSRVLWYV LQ HDVW 7LDQVKDQ GHFUHDVHV ZLWK WKH Gl
KRVW PDJPDV EHFDPH®XDGQADOIIROMNFEXRQ ZKLFK FDQ E|
SULPDRJLG\L]LQJ PDJPD SURJUWQEVXVNDIMODYWMLE LIOQW D L Q
UHGXFLQJ DJHQWYVY VXFK DV JUDSKLWH 7KHEWDOWWRQJN
FRQWDLQLQJ WKH ORZHVW W WHXEIR DR Z QRVXDOXGHWWVLQ R
PRO ZDV GHULYHG IURP UHODWLYHWKBRELEOQJ PD.
KDYH H[SHULHQFHG VLJQLILFDQW ROLYLQH SOXV FOLQRS
DWHSWKSURSRVH WK D W WK®X YIDFLLVDWL @A) 1\DKWHH BHRUWP L D Q
1&X GHSRVLWYV LLQWWHK HRABXBGKDOVDPLQ DWDRBRQDEQ B

GHJUHH RI IUDFWLRQDO FU\VWDOOL]DWLRQ

.H\ZRUGMWMJIJPDWLF VXOIRBBHHQHBRYBWOWESH LQH )H

HFKDQUHFNH O &MIQQWRID O $VLDQ 2URJHQLF %HOW

,QWURGXFWLRQ

6XOIXU VSHFLDWLR @ R@OWPREIDEE RGN 6V BRY J
3
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RI[LEBIDIPD BLYYROWHOSDDNWH UDWKHU WKDQ VIXQLLQEH -XJF
ULVH WR PXFK KLDKWHUV X0 FIRQMW HOWKHU WKDW WXOULDEB H/
PD\ EH FUQWREPERXIGHSRVLWY LQ FRQYHUUHQWWLH\WM®L Q.
R[LGLAKDBU RASMDHWWLDO PHOWWX SMPOEIGYHGV LRRP)RRN VP DQWOI
DQG OF&DPPRXPHWRPSHULRFMMWHRRDLEBYRQLPRBO SDUWLWLRC
EHWZRIBAIQY¥ LQH DQG X &G HLG R DAIPTDX 1Bk UFHRIDEIVNI IHRYXIDVQ
DQG &DFLDJIHHW DQG ODPFDMDQL DQG GHRRVWUDWH WK
WKH R[\JHQ IXJIRRLWRUHALYHO\ WKH UDWLR RI IHUULF WR
PDJPD IRUIZKVFB S8®&DP\V D UROH KR BSRVHWRIRDWQ RI ROL
DQG FRH[LVWLQJ7KNI@ILGH OLOXEGLXP EHWZHHQ VXOILGH
ROLYROWHQ H[SUHYNVKIQDM BRHIILFLHQW
7 1L6;)HBVXOKIGHKLIA 2 ;) H2ZROLYLQH

ZKHUHY HTXDO WR WKH PROHLLUD MKBR/@ RI ERMSRUHM
%UHQDQ DQG &DRXIBOODWYV.D IXQFWIERRDOMK € RWEBIW 1L
FR(DHQW DQG WKDW WHHRYGUHICDBW\LROWRRUDO VDPSOHV FD
WHUPV RI FKDQJH\W UQ FBRWHU W KORW MV.K HF IPQ@ HEvHN/W R B W MV® J H
XVLQJ WKH FRPSRVD Q@K@ W [EIR\E OR NAXIRH VHPEQDJH
QDWXUDO V\VWHPV DQG EH XVHG DV BQUQKBVYLADWRO RI W
%UHQDQ DQG &BRIZHMYAHWU H[SHULPHQWDO GDWD WKDW KD
R[LGL]LQJ DQG ORZ 1L WOHIHRU LQ VXOILGH DUH

7TKH PDIPDVX FCHISRVWRIHNQWUDO $VLDQE&IPRIHQLF %HOW
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&KLQD ZHUHZHW§ODE HRAJ R DHQ BIR&AM DG FWDRAHW D O

4LQ HW DERQJ HW B HW DOLQ FRQWUDVW WR WKH PR
LQWOBWBWRQ PDUJLER X HORWLQD ®RW PDJPDWORBLXDILGH G
DQG *URYHVHSRMQV FRQ YAHUHG@N R UR JK B HFH EHOWHG
LQFUHDWMQHIQWLRQ DIWHU WKH GLVHRKYGHS RV XWP H QV X E\
VHWWLQJV VXF KXV GMISHR LIRWETLU Q@ MEHBIB BVQLQ ZHVWHUQ $XV
ODLHU HW D@BKHDULKD®RX GIHSRVLW LQ 7LEHW BAODWHDX L
HW DO 7KH FOXV¥Y&XUGRISRIVLWYV LQ 1: &KLQD RIIHU D JUHI
VWXG\ WKH R[\JHQ IXJDFLW\ DQG LMX BRGCRVIROW LEJ VBRI
WHFEWRQ = VHREE&/QIXGLHY UHYHDO WKDW WKH PDMRULW)
&KLQD ZHUH GIPSMEIFHTZHUYPQDIW DOX HW DO 7KHVH
3HALD Qt&X. GHSRVLWV FRQWDLQ a OW UHVHUYHV DW DYl
DQG RXUHSUHVHQWLQJ RQH Rl WKH PRVW WPBSRUWDQW
HW DO $OWKRXJK WKHVH GHSRVLWYV RFRAXLUS UBQGHQWUHQ
GLUHQW DFFUHW LR GFROWLWBHQ@RAYLDLF IRV D& KH\ KDYH
VHYWUPDODULWLHY LQ WHUPV RI HPSODFHPHQW DJH JHR
FKDUDFWHQUVMWWA FMDR DQG =KRKQ HW D/@ HW DO
ODR HW D®DR HW DOLQ HW DERQJ DQG MBX HW DO
6XQ HW DODQJ BW DDQJ HW DXOH HW DOKDQJ HW DO
=KRX HW DOHYHUWKHOHVVH WHEHDIGI UHQHF BO PP RQJ WKHVH

VXFK DV KRVW URFNMD®QXO$IO®NW WHAW XYURXS HOHPHQWYV
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120

121

122

123

124

125

126

VXOILGHVY DQG ROLYDRHHWRPORY LHW @Y HW DO
7KH FORVH VSDWLDO DQG WHhi FAMB@IVA \BV VARIFNLIDW MRCH R [DW
VWXG\ IRU D VHULHV RI GHSRVLWYV |R WKDLYQLR Y BDEWERIHD VL
GHULYDWLRQ IURP D FRPPRQ PDQWOH VRXUFH EXW XQ
HPSODFHPHQW

,Q WKLVDVWHKGAVXBWY REXHQWHGI2I BH SHIQGHQFH RI WK
ROLYLQH VXOIEBWHIGI RQ D UHYLVHG FDOLEUDWLRQ XVLQ.
GDWKIBHUPLBS&X 1&H S R\DIMW 7L QMKPRQR VLGHUHG DV FRPSRQ
VLQJOH PLQHAKMHOUHYMHIRG HO KB @ KRR3 HY FOLDRNVEE SRV LWV
WKH WHFKQLTXH RI PLFURBMI/RWEW AIDSWIHQIRWRI WKH V
FRPSRQHWKWHWRH GHORHUWDWLQJ WKHVH GDWD ZLWK WK
FRPSRVLWLRQ ZR[\HM® UKD WK BQIBWILIR %W @RWKBYH GH.
DQG WKHLU FRQWUROOLQJ IDFWRUV 7KH PDMRU DLP RI
SURFHVVHV WKDW FRQWURO WKH YDUIQRAL @ L WAKRII ARD UPHDQ
18&X VIVWRPR LUEEDWWLQJ D FRPDBRDMLE GHSRVLWYV IRUF

RI' D VLQJOH PLQHUDO V\VWHP

2YHUYLHZ RI WKH 3HURRRGHBRFDWNFLOL1: &KLQD

(FRQRPEEX1IGHSBVYRMRY HUHL® WRHGR®29% DUH UHVWULFYV
VRXWKHUQ PDUJLQ LQFOXGLQJ WK&EKLtROQIDRGLW K H FE O XG\HV
1B&X GHSRVLWV LQ 1: &KLQD )LJ 7KH#RRVGHSRIRWWD Q

LQ 1: &KLGXDW KWK DMEROIDQIVKDQ[L GHSRVLWYV LQ WKH 1
6
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147

WKH .DODWRQJNH GHSR \7D\WE QED WIKE&H DVKWH : X Q ¥ JIDQG
=KDR :DQJ HW DOSXEVHTXMH@XGEHU RI RVOKHULD PDILF
LQWUXVLRQV ZHUH IRXQG WR KRVW PDJPDWLF VXOILGHV
7XGXIRG +XOX GHSRVQWNKHDEOH VRPHVBRGHWLLHRQ 2 & UGIL
PDGH VXFK DV WKH 7XODHUJHQ GHSRVI6WQ GW IO HDVW S
DQG WXHLRMAXQYUHQFH LQ WKH ZHVWLSBHWW ®JLIRUWK 7L

,Q DGGLWLR Q& MFEUBERBRHNY IKDG EHHID RR\W MLAGH G RIMK IW |
PDIFOWUDPDILF LQWUXVLRQV;LLBD HWMK H Q6HLH BB Q PLHDUQU D Q
HPSODFHPHQW DJH RI WKB QGXIKHDIEK DDORMIQZIRNM GHSRVL
ILLWBMWDEOLVKHG E\ +DQ HW DO D Q GRB3EKRXWHWY D O
7KRDUBDWRMRRH RABMISHRVLWY KDYH EHHQ UHYLHZHG E\ C
DQG /LJKWIRRMDPQBRRM @HWZHHRQG QXPHURXV FDVH
VWXGLHV LQFOXGLQJ SUHFLVH GDWLQJ ZKROH UREN J
PQHUDO FRPSRVLWLRQ DQG 3*( FRQFHQWUDWDRQV KDYH
GHSRYKINQJ HW DO 7DQJ HW B&Q HW DCHQJ W DO
ODR HW DO <IDQJ HW D®DR HW DXH HW DO

7KH #RIX GHSRVLWYV LQ 1: &KLQD W B UQ OWXRIY FoX VLKD QR X
&HQWUDO 7LDQVKDQ 1RUWK 7LDQVKDQ DQG (KWW -XQJJC
%HLVKDQ &HQWUDO 7LDQVKDQ DQG 1RUWK 7LDQVKDQ W
WKLV VEMKGHLVKDQ 7HUUDQH LV ORFDWHG LQ WKH QRUW

DGMDFHQW WR WKHHEHOYWREO QRLMWKKDQJ W LV PDLQ
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168

WKH 3UHFDPEULDQ FU\WWDOOLQH EDVHPHQW DQG RYH!
$UFKHDQVUE DQHLVY 3DOHRSURWHUR]RIKRDRBIRBER OLWH
PDUEOH RYHUODLQ E\ &DUERQLIHURXW YOSOFEEQLF DQG
0DJPDWLEEWOQRIIEHOWUDBMWUKVLRQYV VXFK DV WKH
3RVK+&XLGHSRVLIMVLDVKIDQ ;XDQZROLQJ DQG +RQJIVKLVK
ZLGHVSQHBIGH %HLVKDQ 7THUUDQH ORVW RI VPKRRK LQWU X
18&X PLQHUD O LQ BRI RIFBEHGWKKL JK SUR SR UMKLRW VDRI ROLYLQ
‘LD HW DOXH HOW D 20LY LWKN VIH) L @ W QXGV W AR QMY K U1KV H
JRYDOXHV DQG KLJK 1L FRQWHQWY VLJQLILFDQWO\ KLJKI
7KH &HQW UDTH 0 UD@RRIPG R V BE HADWEHWMD OOLQH EDVHP
LQFOXGLQJ WKH OHVRSURWHUR]FOZD EX@IRVYE] [ LIK HUR X S
*URXSV DUH GRRHID/WHEBLEWY PDUEOHN*0BD@BS5SK\OOLWHE
7KH 7LDQ\X DQG %DLVKLTXDQ DUH WZR PLQHUDOL]
7LOVKRRDL HW DODQJ HW DOKH 1RUWK 7LDQVKDQ 7HUUDQH
E\ ZHOWYHORSR@ERDQERQLIHURYY QUDIDEBD\WMEFOWUDPDILF
FRPSOH4HOS;8$5 7KH ORZHU 'HYRQLDQ WR ORZHU &DUE
PDLEAPSWVWDWHEVWRQH SHOLWLF VSO D YAMID VRDOBIAMWRROH P X
DQG OLPHVWRQH 7KH PLGGOH WRFRBSRVH&DBE RPQLLIFUR
LQWHUPHGLDWH YROFDQLF URFNV ZIKWdD DEQBEBOIQW FKH L
REFFXUUHQFHQ WRRFHWMWGSDUW RIQXIRIEHRRWKEFRQRFKD QL

&X GHSRVLWYV H J WKH +XDQJVKDQGRDRDQ 3XPDQ YKM®] L
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DOIXGBBSRVLWY RFEFXU LQ WKH FHQWUDO SDUW +XDQJVH
DQG +XOX GHSRWHRH HOARAXUSDQW )LJ 7KH ;LDQJVKI
UHSUHVHQWY WKH FHQWUDO SDUW Rl WKH ;LDQJVKDQ FRI
SDUWYV IURP ZHM\D QUR KEDMWP L YKBDOL]HG VHIPHQW :LDQJ
1&X UHBBYWHER W DKDGER BXQUMHQWO\ VXOILGH EDUUHQ VH.
-XQJJDU RURJHQLF EHOW FRPSULVHV VHYHUDO PHWDVHG
GRPLQDWHG E\ WKH 'HYR Q LFoDGD R DYXIR QFHRIYE VRDLULI R |
FODVWLF VHGLPHQWYV RY®IUEDRQYVEPDVUKIQHN FODMRLF
VXFFHVVWA*RO\B$5 7KH .DODWRQJNH PDILF LQWUXVLR
HEFRQRP&ER GIHSRVLW LQ WKH (DVW -XQJJDU PRIEF EXW D
XOWUDPWMURVLRAQXY BLQYKUIDOL]DW L RWYRFQIRINHHLWY R MMM REDOK
EHHQ GLVFRYHUHG LQ WKH V HJ WKH .HPRJLED\L LQW

7KH FRPPRQ IHDWXUHV+RX G KIS RRHWPLDQHLDV IROORZ
LQWUXVLRQV LQ VL]HWKDIGPVKRZIDBDH D UK OWMYXP Rl PRUS
LQF O XKRPERLBSHG [ XQYHO D VE\INGGY R\E DR @\ CFK@I\Q H O V
HW DO/LJKWIRRW DIRVIZRRGULQ HW DO 7KH LQWUXVLRQ
DUH ZLW KW QWaWDIDLWHIRQWHIVR QRG D UM RIRBFDRDHG ND\Y J
VWUXFWXUHV IRUPLQJ LQ RSHQ V\VIWIHKRWI FER VI X0OQ/GL SYODHQ K
IDPVZRRGODR HW DO LDBWUXVLRQV IURP WKH GLITHUHQ
ZHUH HPZOWRHQ D QDUNRZI WM JIJH WIR 4LQOBW DO

FRHYDO ZLWK WKH IORRG EMVDDHIOMMWL QOW K K H/ RY IEX U-WH QVHRHA
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210

RIK\GURKQHUDOV VXFK DV KRUQEORM@GWHR 8 KORIWR B XW HR g
WRJIHWKHU OLWK \WHK R FIKBP DFMNAIB VW L Q JPWD K PIDS/D IHIQKY D O
GHULYHG IURP D PDQWOH VRXUFH SGHYLR X\ GODGXHE DV R P
HW DO 6X HW DO FUXVWDO FRQWDFUQYPWKD®RGH UREL
FRQWDPLQDWLRQ LV WKH NH\ IDFWRLRLIQMWDIXHHULQJ V}
HW DO WKH VXOILGH DVVHPEODJH LV GRPLQDWHG E\
FKDOFRBQUWLWH FRQWHQWYV LQ WKOHRV HW YO@OLGH M VD IDHD O R Z

:XH HW D®DQJ HW DO

$SDUW |URP DVKEPBRYE KWEBYHODWLYHO\ KLJK 1L DQG &

+ ZW IRU 1L+DQ@® IRU &X  WEH RMBKRIML WY LQ 1: &KL
DUH RI ORZ 1L DQG &X JUDR&X P LDHLMHOL]DWKHR QLRI WKHV
RFFXUV LQ ERWK XOW U AR R OLLIFWWR FR\OL Y& R ® L IHE VAWKHU L W H
ROLYLQH JDEEURQRULWH SHESRM QRUUWE D \WHBE B/R PDH E
WERDYH KLJKHU VXOIXU \WKEROUHEODQHD/ WK DXQOWUDPDILF
PLQHUDOL]DWLRQ DVVRFLDWH®GXZH WKV X0KH) DHXDIQBV KR
XOWUDPDILF XQLW +XDQJVKDQ[L +XDQJVKDQQDQ DQG
DUH GRPLQDWHG E\ GLVVHPLQDWHG WH[WXUH VXOILGH F
Q HWH [ WIXQRBDS/ VLYH WH[WXUHV OHMY AFRIQMQUDVWLPLQHUDC
DVVRFLDWHG ZLWK WKH PDILF URFNV H J WKH +XDQJVK
GHSRVLWALGKID@JB RI VXOILGWHYWMRUXGHD Q GHMDVVLYH WH

WIGHRPLRDEY WKHVH GHSRVLWY ZKHUHDV WKH GLVVHPLQI

10
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)LJ

([SHULPHQWDIOPWIGRFHGXUHYV

([SHULPBHQ® D@D O\W LFABIOLPHWKBQYH EHWZHHQ ROLYLQH |

$ SLFULW IGRDHLERWRHRN LWXVLRQ ZDV XVHG DV VWDU
IRBEXU H[SHULPHQW 7KH URFN ZDV SRZGHUHG DQG PHOW
SUHVVXUH IRU KRXUV LQWRUBHKR®RVM QR KW LYLRFOHBDML
FRQGXFWHG LQ LQWHUQDOO\ KHDIWKHIS SLHMY XM H QA GHG
“ f& 08DGXULQJ WR KRX6V2DWUWRRH 1BBEO H
SRZGHUHG VWDUWLQJ JODVV ZDV ORDGHG LQWR 3W FDS)\
WIS GLRULRDW 2 PQG ZWKI6YDULHEHEHWZQG ORJ
X Q LUM\D D WMKHH AY® EXIIHU E\ DGDSWLQJ WKH SDUWLDO SU
YHVVHO 7NROAMBGRRU PHIEMRE@7DARRU HW IOV DOVR
HPSOR\HG W R2 F KHZFR SHDIHBMW RO PL[WXUHYV DQG &R2 ZH!
LQ D 3W FDSVXOH LQ WKH BQEVHAF B W IWHAHMDPH WLPH R
EXW IRUUD GXRIQIMGRQY LQ BRMOBHKW WWRH H THKRCRIEW KXIP
VHQVRU LV BWWKHUPRBSRVLWLRQ RI LWV PHWBOOH\W SKDV
DQG2WRIHHDFK FKDUJH WKHQ %RWFXO D®WHWGRMN 8 WRZQ Q
FRQVLGWKHLQBEWRYHWWV IRADWHG IRU HY HIZ \DAKHD B WH V& OAK®
LQ 7TDEOWHU\ FDSVXOH ZDV YHULILHG WR KDYH UHPDLQHG

11
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250

E\ FKHEFNLQJDIWAHZHAKKWIKSHH BDBNR@HYV ZH U B WHKHIQUE X W |
ORQJ D[LV PRXQWHG LQ HSR[\ UHVLQ DQG SROLVKHG IRU
20LYLQH FU\WWDOV D@ G IVKIO H[G H U CERHEQNY Bl B PRI ©$. PHHG
E\ VFDQQLQJ HOHFWURQ PLFURVFRS(0 W& MBBIOLQ FRPS
JUDQFH D@GIRQDMKHLU PDMRU HOHPHQW FRPSRVLWLRQ
PLFURSUREH &DPHFD &7PL Y)W DWF & 15BSHUDWLQJ FRQGLW
VXOILGH DQG ROLYLQH ZHUH Q% BEFRPROAXMUBHIDM YROW
FRXQWLQJ WLPH QRWU HDFHKSM/OHP IRU ROLYLQH V DQG
V $ IRFXVHG EHDP ZDV XVHG IRU ROLYLQH ZKHUHDV WKI
WKDW Rl WKH VXOILGH GURSOHW 6WD®GDYIQEGHYLDWLF
6 FRQFHQMQUMIMWERQOHVY WKDQ JRU 1L LQ VXOILGHV V
OHVV WKDEDPSERHQWDLQLQJ PRUH WKDQLFANMO FIRQW MR VI |
ROLYLQH VKRZV D PRUH LPSRUWDQW Y DWK B YWIRFRH¥EHW ZH
FORVH WRHWWHR®HOLPISWP L6KOIXU6IXZIDF EWOFXODWHG [U|
WKH H[SHULPHQWDO WH PSHCU DR WD HPHFRGAWHQW RI WK

XVLQJ WKH BXRDINQB ®QG %UHQDQ

$QDO\VOY YRIQBRH R Y/&TRPGIRWRW QR®' XUDO VDPSOHYV

20LYLQH DQDWKVYHEWWXBEWDLQHG IURP SROLVKHG WKI|
PLQHUDOL|HEXN FRPCGRY RWLRQQH IURP WKH ;LD@QVVKDQ]KR

REWDEQH®Y HQGIQIVHB VEY RSWREG\V LD XYA/QJ; $
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255

256

257
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260

261

262

263

264

265

266

267

268

269

270

HOHFWURQ SUREH DW WKH ,QVWLWXWH RI *HRORJ\ DQC
6FLHQFHYV 7KH RSHUDWLQJ FRQGLWLRQV ZHUH N9 DF
FXUUHOVEHDP VL]H BGERKQWLQJ WLPH 1LENHO DQG &D L
DQDO\]HG XVLQJ D EHDP FXUUHQW RI Q$ DQG D SHDN FR
OLPLW IRU 1L DQG &D XQGHU VXFK FRQGLWLRQV LV a
IURP WKH .DODWRQJNH DQG 7XGXQ GHSRVLWVY ZHUH DQD
&KIDD FWH WDLQBWL@IO\VLY 7KH 8QLYHUVLW\ Rl :HVWHUQ $
-:$ ) HOHFPWBBRSWIRENSSHG ZLWK ILYH WXQDEOH ZDYH(
VSHEWURPHWHUV 2SHUDWLQJ FRQGLQULARD VD ZEHHMP HGH LU
NHBEHOFXURHQWS$ DOSEDN FRXQWLQJ WLPH R V 7KH C
IRU 1L DQG &D XQGHU VXFK FRQGLWLRQV LV a SSP
ILFNH &R FRICASDOSINMMQOWODQGLWH ZHUH GHWHUPLQHG
PLFURNEAIRSHG HQHUJ\ GLVSHBMLYH VISW RVE LBRP BWUWK 6 (0
('6 DQDO\WHV ZHUH SHUWFRDMHG R ORFOLWEKRIG WKLQ VHFWLF
8OWMBOIXY ILHOG HPLVVLRQ JXQ )(* 6(0)FRXNIOHG HALWK L
GLVSHWVUDYH( GHWHEWRU IRU HOHPHIQWDORD@MDMIHW RY $
N9 DQG D EHDP FXUUHQW RI Q% ZHUH XVHG/HMHWQDO\
VHFRTKEV FRHIILFLHQW RI YDULDWLRQV RI )H 6 DQG
\LHOGHG IURP UHSHDWHG DQDO\VLV RQ MIX® VDPH SHQ!

ZKHUHDV WKH FRHIILFLHQW RI YDULDWLRQ RI &R FRQWHC
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272
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274

275

276

277

278

279

280

281

282

283

284

285

286

287

288

289

290

291

&DOFXODXMOURQHRFRPSRVLWLRQ XVLQJ ;5) LPDJHV

7KH LPDJHV RI VXOILGH EHDULQJ VDPSOHV XVHG IR
FDOFXODWLRQV ZHUH GRIBAMBARBN @ OX\RIUHV RHKQEH 0 7RUQ
LQVWUXPHQW DW &6,52 3HUWK HTIDSSWBEZL RWEKHD W RG.
N9 DQG Q% ZLWKRXW ILOWHUV RO\ G \W)OPWRE \0LDS
ZHUH FUHDWH®G XSR®J\VIL]H DY \WHWK GZHOO WLPHV RI P
SL[HO O0DSV DUH Ui XDIQWHQMHOGERNG XEERHBGSHDN KHLJIK
IRU. SHDNV IRU HDFK HOHPHQW VFDOHG OLQHDUO\ EHV
PHDVXUHG FRXQWY RYHU WKH VDPSOBH- PPHHVIWRRFHVVLC
ZDV XVHG WR DQDO\]H WKH PRGDO SURSRUWLRQV RI VXO
VLQJOH HOHPHQW R RD®IGUMISIUFXWAHICROL G6) WKH SURSRUWLF
FKDOF R B Q&Y O DUIHG/LSMIF W K WHDH LE KRONHMSMH QWO D QG LWH
FKDOFRS\ULWH DQGV3OUNWBRMWOBEXMDWHG EDVHG RQ WK
SURSRUWLRQV RI WKH VXOILGH PLQHUDOV DVVXPLQJ WK
DQG S\UDKRWLRAM J FDQG JURPV S H FTKLHAHD UHV X O W V
WRJIJHWKHU ZLWK SHQWODQGLWH DQG S\UUKRAWHUMH FRPS
XVHG WR HVW L P DHAUHNHRKHHY ZRIL IKW &XW KOH) G V)HHO LGS H
FRPSRVLWLRIQH FDOFXODWLRQ ZH XVHG D XQURRUP S\UUK
DOO FIHBRMLWYV DFFRBAOMIOMBIFMXPHG WKH &X LV GLVW
LQ VWDQGDUG IRUP XWX & KIEMF R SADHAMEE BOHREVHUYHG W

FKDOFRS\ULWH S\UUKR® DWBMH SIRE VSV QWODQGLWH
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297

298

299

300

301

302

303

304

305

306

307

308

309

310

311

312

%HIRUH DQXM]|ESQRSRUWLRQ RI SHQWODQGLWH DQG F
QHFHVVDU\ WR SUHFLVHO\ HVWLPDWH WKH VXOILGH ERFP
DSSO\MWXUB WRROMBQG 1L LPDJHV WR DEHFQBIO\VGHWIKYHG [UF
EHQHDWK WKH VDPSOH VXUIDFH D QRD RRIVW I H VEVDLFPNDIW R X G
WKH 1L DQGSOWWRRRURRVW RI WKH 1L DQG &X DUH FRQVL
6 VRPH 1L DQG &X RFNXOUKXWREQGHIRE WK UHVXOWLQJ |
1L DQG &X VLJQDO IURP VXOILGH EHQHDWK WKH VDPSOH
RWKH 6 IDPORG ZKLFKVERNQ VXWWKBRWHIEOG 1L LPDJHV \L}t
PRGLILHG &X DQG 1L WU R B WILKH XY WD I0EHBB WVRUHVHQDWH G
IURP WKH VDPSRBWXIWWEKRM 6 VLIQDO WKDW GHULYHV IU
6XEVHTXHQWO\ 6 LPDJH ZDV FRPELQHG ZLWK PRGLILHG &
WKHVH WKUHH HOHPH@®W®X FUH S UR ¥R D WERSMORWID QG LW H
DQBUUKRWLWH

7KH FDOFXODWH G X.G& RVQHQ RUIVQR V WIK®I[L GHSRVLWV XVLC
DW ERWKDRBQE BVHF WIKR QLY FDMDWHY FRQVLVWHQW ZLWK WK
FDOFX@®DWHGV XOILPGH VIR B® QA FRQFHQWUDWLRQV LQ Zk
ODR HW DO7KHBUURU Rl 1L WHQRU FDOFXODWHG XVLQJ

ZW IRU PRVW RI)MIKH JRPSWODHYILGHY IURP 1: &KLQD W|
1L WHQRU FDOFXOMWHBWEWS)QLRFBEFWLRQ VFDOHV DUH |
HVWLPDWHG E\ ZKROH URFN GDWD RI KDQG VDPSOH VL]H

VXOILGHY FDOFXODWHGVHE\FVS) R® D/JFD/O Bl WV WHRB/GWR) EH PRL
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317

318
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321

322
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324

325

326

327

328

329

330

331

332

WKHVH HVALDOWIYGHEH®YN ZHOO DV WKHVH E\ ZKIRIOH URFN |
E 7TKLVEFBDAH WR WKH PRELOLW\ RI &X DW ERWK ODWH |
VWDHRZHYHU WKH FDOFXODWHG &X FRQWHQWYV LQ VXOII
ZW ,Q DGGLWLRGKWKXHQ/ DRPBWHW FRPSDULVRQ KDYH VXC
I[JURP ZW WR ZW UHSUHVAHRAWDBBHYXH 1L WIKORXNOILGH
\LHOGHG IURP ;)3)JL PDUHH RIHWKDWRKXODWHG E\ ZKROH URF
GDWID 7KH DGYDQ@WOUDHGRIFRPSRYV LXWLLRYEX HH V 5\ L PDVIHR Q
FRPSDUHG WR WKH WUDGLWLRQDO FDOFXODWLRQ EDVH
SULPDWWMMHPRYHYV WKH ODUJH XQFHUWDLQW\ LQ WKH VLO
VDPSGHVYW ZKLFK LFDUKH/BXYUFH RI XQFHUWDLQW\ LQ WK

WHQRUV %DUQHV HW DO

SHVXOWYV

([SHULPHRWRDDOH,. H[FKDQJH EHWZHHQ ROLYLQH DQG VXOI

7KH H[SHULPHQWDO SURGXFW\FFRQWLOWEE RORDDVN\
)LJ DQG RPUQDV EXEEOH )LJ E UK WKOHQGH DI TR EXQC
VXOILGH PHIDWMJWWBW MHRP WKH SLFUHWKRFREWVY )LJ
FRPSRVRW DREHK D VADVE O HD W VW KM D L QHP FHXQLVD LEEIIWL X P
H[SHULPHQWG | R BRI DMIWI X JD F L WA E DWSHH Q
H[SOWKH PRVW R[LGRILYKFARQIGLWLERD H|[SHULFHHHMWD O GDV
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333

334

335

336

337

338

339

340

341

342

343

344

345

346

347

348

349

350

351

352

DQG ODF5DHOHWDQL DQG %URWYHDQ DQG &% BHIIIDQ
7KH VXGIWIGHYOMWHQRR WR  ZWLFKOREW ISDGYLRXYV GDWD
)LJ 7KHR)HIL HTXLOLEULXP EHWZHHQ VXWODIUG HURPG FRH

WR DQG DUH DOVR DPRQJ WKH ORZHVW YDOXHV RI WK

6 XOILGH PHOWRHRNPISIR \BIHAMB® € § RIM.L WV

&RPSRVLWLRQDO YDULDWLRQ RI SHQWODQGLWH
LW LV QHFHVVDU\ WR GHWHUPLQH WKH 1L FRRWHQW R
IWHBRWKH QDWXUEBEOWKB IRIGW KRIGTW N SIQLBIGCK HUAR QW H G
LQ SHQWODQGLWH WB®VH VEZL\VER O3 HSYRWDE O DIEXLW H IURP
.DODWRQJNH DQG 7XGXQ GHSRVLWV FRQWWLQ DMIH KLJIK
ORZHVW )H FRMHABWBOO+WKIBHERVLWY LQLWKEKLQB
UDWLRV YDU\LQJ IURP SW@W Ol DG 6 LRI WBLRD K/ BAQ W U X V L F
UHODWRYHXI\ FRQWHQXIWY DQIGLIJK )H FRQW H QAW
ZLWK 1L )H UDWLRV YDU\LQJ IURP W R 2WKHU GHSR
+XDQJVKDQGRQJ +XDQJVKD®ARKDYHQBHEDQRVKDQQG 1|
FROWHOWW DQ@G ZW UHVSHFWLYHO\ DG LD )H UDWL
SHQWODQGLWH ,Q DGGLWLR®RFRQWHQI/YGL QL SHRQQWOHDINE
VLIQLILFDQWWCR ZWRPDW WKH 3R\L DQ®WBWBINIKRPQQDQ G

WR ZW DW RWKHU GHSRVLWYV
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354

355

356

357

358

359

360

361

362

363

364

365

366

367

368

369

370

371

372

373

1ILFNHO DQG &X WHQRUV LQ VXOILGH PHOW

7KH 1L WHQRUV RI VXOILGHYV L @& WWKLH BR\H G5 HERRPV |3y LPO
DW ERWK WKLQ VHFWLRQ DQGYPNQ GURIPP S O HNVRFD MV ) K
LV VLIJQLILFDQWO\ KLJKHU WKDQ WKH HVWLPDWH DYHUD.
DQG VOLJKWO\ KLJKHU WKDQ WKH HVWLPDWH DYHUDJH Y
7KH 1L WHQRUV HVWLP D W HGEED W IEHRKU W K HIR ZREROWS X\GR_FHN/
FROQFHQWUDWLRQW\LTKH LL @FRQRAUL MIMHA@GHG URP WKHVH
SUREDEO\ GXH WR WHKFHRXQFHFWWRQORV\EDFNJURXQG 1L LC
XVLQJ WKH PHWKRG EDVHG RQ ZKFRQBWHF R I6QRUDDQ® WX
LQ WKH 3R\L GHSRVLW LV FKDUDFWHUL]HG E\ KLJK SURSR
VXOILGH ODUJH SURSRUWLRQ RI PLQHUDOL]DWLRQ FRQ\
HUURU VRH QRRDJO/FXODWHG E\ ZKROH URFN FRPE&RVLWLRQ
H[WUHPHO\ KLJK D% BSBQ® W HGV ARIWQE\ WR WKH IDFW WKDYV
VXOILGH SURSRUWLRQV ODUJH XQFHUWDLQWLHV LQ WKH
YHU\ ODUJH XQFHUWD L QW.HN ARP SIRKGHDXO RIGRQWHGWK DL Q
E\ WKH GLUHFW VXOILGH PRGH PHDV 2N HP HGW XYOMAK @L T X
WKH VRRPISRIY LWRR @K H 3 RXK REHKDRW MWK HVH VXOILGHY DUH
ZLWK WKH KLJK M. QVWERU+XRQ VKD QR DHW GIHBKRH L W
FRPSDULVRQ VXJIJHVWV WKDW WKH ;5) LPDJHV SRWHQWLL
1L WHR®GRRIZUDRBWHY DVVRFLDWHG ZLWK KLJK SURSRUWLRQ

7KH 1L WHQRUV RI VDPSOHV IURP RWKHU GHSRVLWYV DU
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375

376

377

378

379

380

381

382

383

384

385

386

387

388

389

390

391

392

393

GDWOFRDDWHG IURP ZKROH URFN ,PREEG® WDDW LVRR) W KZHD
WHQRU FKDUDFWHULVWLF RI WKH +XDQJVKDQQDQ DQG 3F
W R EXW ORZ )M QLUGBRWLRKHa-XDQJVKDQ[L +XDQJV
' LDQJEMNKIRQYIGXQLDQ\X +XOX D®RHSRNDWHUIHOHUPHGLDW F
WHQRUWZW 1L &X DQG )H ¥L UDWAKRIVVXOILGHVY IURP W]
.DODWRQJNH GHSRVLW DUH GRPLQDWHG E\ ORZ 1L a
WHQRUV ZDW@® JH RXUDWLRV YDU\LQJ IURP W R DQG
1R VIVWHPDWLF FRUUHODWLRQ LV REVHUYHG EHWZHHQ 1
LQ EXON VXOILGH EXW WKH 1L &R UDWLRV RI WKH 3R\L I
WHQRU VRRZIUBHCLIKHU WKDQ ZKHUHDV WKRVH IURP |

WHQRU DUH FRPPRQO\ OHVV WKDQ

20LYHARA SRV WRR 3HEXLOBRSIRVLWYV

20LYLQHV LQ VXOILGH ETRMLARXUHCSIOMIVR QKREWZHHQ )
DQG 1L IRMWREBE&IX GHSRVLWYV LQI1HE&HKD@MMPHROHUDOL]HG
VDPSOHV WHQ@® WP REWRZHODXNAKR @V WKH 3R\L +XDQJV}
'LDQJVKDQ]KRQJ +XDQJVKDQ[L DQGJ DDODWRQBENWLGHS
VLIQLILEDQW[PBKDQJH EHWZHHQ WX@QM G®H JIDAQGE YRD IERIUQHH C
DULVHV GXULYWHPRNVIKEOLEUDWLRQ ZKHUH PRVW RI WK
VXOILGH KHQFH DV WKH )H FRQWHQW RI WKH ROLYLQH

OLTXLG WKHQW. RR@KH ROLYLQH DOVRL LQFKBPRQVHYV. WR \
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395
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399

400

401

402
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404

405

406

407

408

409

410

411

412

413

414

IURP HTXDADWRYHY DQG 1DD GIWH VAV

IHYHUWKHOHVV WKHUH LV OLEBHMWZRIGBMUBBHWRH LQ )
VXO+E BBULRFN WEHREEH IVROHMKHUHQ URFNV )RU FODULW)\
DYHUDJH ROLYLQH HORRXS B R VWW RWRFARPBS DULVRE)  )LJ
*HQHUDOO\ WKH 3HUPLDQ GHSRVLWY KDYH )R7TKIHOXHV YO
+XDQJVKDQQDQ GHSRVLW LQ 3WKH GHRRRL WVIKIHQ VoKD @ KD Q!
7HUUDQH KDYH UHODWL Y GP\RIOL JKD)@GY RIOXH YL £FRQWHQ W

SSP VXJJHVWLQJ WKHVH GHSRXQWF WH BRI DRWHGH 8 DEI\P!
2Q WKH RWKHU KDQG WKH .DODWRQR}N FRQ WIDDLQJDREZC
YDOXHYV PRO DQG UHODWLYHO\#ORZS$SP FRQWNXQWYDWL
WKH SDUHQWDO PDJPDV RI WKHVH GHSRVILWRWEHH UHOD
+XDQJVKDQGRQJ +XDQJVKDQ[L 7XGXQ 7AKONDH B RDAV DX
PRGHUDWH )R YDEXWIWDULDEOH 1L FRQWHQWYV W R
IURP WKH +XOX DQG 7LDQ\X GHSRVLWY LQWHUPHGLDW
VLIJQLILFDQWO\ ORZHU LQ 1L DYHUDJH YDOGHRWRHU DQC
GHSRVLWYV

7KHUH LV D JRRG SRVLWLYH FRUUHODWLRQ EHWZHHQ
VXOI|LOMKHRKE RVLMHE WH + X D Q JV KDXODHE HBRE K MAK
FRQWBIODPWLYHO\WHWYRBY WKHVH KDYLQJIILPL®DU )R YD
SRVLWLYH FRUUHMYDIDGEERGZ HHVQ DOVRQ ROLYLQWKMMQG 1L L

.DODWRQJNH ORZ HHWHRROLAKWRYIIRKWVLHGH RI WKH PDI
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416
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418

419

420

421

422

423

424

425

426

427

428

429

430

431

432

433

434

&RPPRQO\ KLJK 1L WHQRU VXOILGHYV DUH DVVRFLDWHG ZL
DQG 1L FRQWHQWV ! SSP ,Q DGGLWLRQ WKH )H 1L U
KLJK 1L WHQRU GHSRVLWV DWR HUR B LWIKAD QRAZD D MD RZHHD\ &
WHQRU GHSRVLWV 7IKH &XJ1L UDWLRV LQ VXOILGH WHQG \
GHSRVLWV FRQVLVWLQJ RI ROLYLQH )R YDOXHV ORZHU
JHQHUDOO\ ORZHU WKDQ )RYDOMNSR VLMWK HUW WK BOQLY LK
7KH FDOMF{PIOMHG FRHRLPBHHQAI XLOLEULXP EHWZHHQ VX
FRH[LVWLQJ ROLYLQHEXRGCWHRRVAMMPLWR 11LJ  7KH

. YDOXHV RI WKH .DODWRQJNH +XDEHSR\DLQGREI 7XGXQ
VOLJKWO\ ORZHU WKDQ WKHVH IURP WKH +XDQJVKDQ[L 7)
7LDQ\X GHSRVLWKH ..DODWRQJNH GHSRVLW LQ WKH (DVW
ORZHVDM G 1L WHQRRDNQ GBK W BMHI\WIWHREWRWKHUW FRHYDO 1

&X GHSRVLWYV L Q7 BBy ®WQE) DD V KM

'LVFXVVLRQ

(PSLULFDO HHXOWMWRGNRWRHQ NXOHO@W REVIDMRUBDWHG

PDJPDV

7KH HTXLOLEULXP FRQVWDQW IRU WKH H[FKDQJH RI )H
DQG VXOILGH ODRDVXEBHQ LQYHVWLIJDWHG LQ D QXPEHU F
%UHQDQUHQDQ DQG &DFHIBWORQG O0DPIDMDQL DQG *URYH
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436

437

438

439

440

441

442

443

444

445

446

447

448

449

450

451

452

453

454

455

,Q WHUPV RI WKH V\VWHRD®LELGWB ARG KRQ@FHWXOILGH
DQGVR®H BDWHYHUDO HPSLULF RO &4 KPOYW LRHQH/QRSURSRVH
%DUQHV HW6/DBQDQ DQG &BFLBUOWMLQR HWUB@®DQ DQG
&DFLDJOL ODXNHCGH DLPHQWDO GDWDEDVH YUBBBWLYH W
DQ@DF5DH *DHWDQL DQG PORR¥QG WKH UHODWLRQVKLS E
DQG @QRMWR EH EHVW GHV4UDZEYEEDVDLERZ HADX\QLHMI HW DC
WKH VDPH H[SSHHDUWBPYMIEMD@& KH HTXDWLRQ PRUH DSSOLF
FDOFXODWQRONVQBE\ WKIHEIRJ 12 UHODWLYH WR\DMXIHWHXD UW
PDJQHWLWEXRHIH® GH YD GRIH GRPLDWHR Q W W@,
LQFOXGLQJ DDRXELF WKHWPHTXDWLRQ HRIWEKGHR[\WWWLPDYV
IXIJDFLW\ RI WKMH WP D)0 HEXDIWU ZKLRK KW MOHPHSSHIDGHQNM
5HFHQWO\ 6FLRUWH@GR HVE W DIDWHG WKH VDPH GDWD VHW X
IR& L EXW DOVR LQWURGXFLQJ D WHUP IRU

&.A > ORI 16 @i GARIZ 16 i
WKH UHYLVHG DI XHWIORPURIGWKW WEBHQWDO PDJPD EX!
DQ HVWLIBZWHFRILY GHSHQGHQW RQ WKH VLOLFDWH PHC
WHPSHWIMBX8HHVVXUH 7KLV IRUPXODW LIRIQDWHTRQ. WRHV D
WKHVH GHS HRUGGAHRF R H WRMPDDQI&Q W K HBUHIRFRMXHOW WR DFFHV
QDWXUDO) ¥UWKHRWVRUH I'DWRR BSIOWWRQWKH QHZ GDWD |
LI  ZK#BQV FDOFXODWHG XVLQJ WEE %HUXMWIORQ LQ 0XQ

‘HDGGHG VRPH QHZ H[3BBQOWR QWKOIHOF& D W BXDNWWD\VFRNE O L V
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457

458

459

460

461

462

463

464

465

466

467

468

469

470

471

472

473

474

%UHQD@UHQDQ DQG &DFHIPWORQG O0DPFDMDQL DQG *URYH
WR FDOLELUTHDRQIM)0 GHSHQGHQW HT2RWLRHZ IRU
H[SHULPHQWRO © 5P HEWRG UL WWDUW LWHSRBIWHQWD & KH

ORZHVW 1L WHQRUZW VXDQGMWKH PFRRQNG RWLERE) ¥ {0
+ WR 4)0 LQ GUXWMDEDEBHKH XRMIKX.DOXHV IFK ZKL
DUH FRPPRQO\ UKQDK I1Q F R@WHQW D QZ VXIBR WG IHQ F O XXGWH G
LQ RXU FDOLEUDW L RQLEUHFO R WH BRI VKIS SRR QRW LQIOXE
WKH DSSOLFDWLRW®YRDIJ AVIKWAL KH WX \RAB/M R\KRI U DUXAK\ R
FRSRVLWQR@WYKH UHODWRRQVKXGSI|LGH PHROWDNLAR Q V
FD O F X(@ PONAHIEY H Y D ORODOWHIGOE QIHDWHUHJUHVVLRQ DQDO\VL
E\
D AR FAI4)O0

,Q WKLV HTXDWDRA FR QW WIQEWKN ZKLFK HEEDO WR
UHVSHFWLYHO\ 7KH VWDQGDUG.\G HDYLVIOVEGRENQ & | WAKKHH V H F
FRPSDULVRQ RI BDOIGCHZWHHOZHHQ WKLV HTXDWMLRQ DQG
SUHVLIQQWJ 7KH D YHHIDDMIHYUHR U R1 SUHGNVEW I RHT XPW LR Q l
“ IRU DOO WKRLODWDWR WKDWRRI WKH RO EDGVO\RDQ
7KH DYHUDJH HUURUW4R0 SVHGL HTXPW LRIER J 08O W

IRU DOO WKH GDWD
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476

ar7

478

479

480

481

482
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484

485

486

487

488

489

490

491

492

493

494

495

$SSOLAFOVWNARRLHLFDO R[\JHQ I’'WW KHWHHRLDWHRQRVLWYV

LRXWKHUQ &HQWUDO $VLDQ 2URJHQLF %HOW

,Q WKH IROORZLIQH WKERXW PDE®BIW WR UHSUHVHQW WK|
WKEZBN LQLWLDOO\ HPSODRHGL YW 8 X DROEMH QRADBT AR Q
IUDFWLRQWWIL® QN KHVKQW WXKHULR (E H L QW KWH XY D B 6 O\ OW R
PDJPRVHG LQ SUH YLIRK W WWXDB RHWW D®XQ HW DO E
+HUH ZBSRUHQWD O/@DQWEH PRVW SULPLWLYHQURYVWH PDJP
VXHRM 3 X GHSRVLWV LQ 1: &KLQD L H WKHDIWD WK
IUDFWLRQDWLRQ DQG FRQWDPLQDWLRQ DIWHU OHDYLQJ "

7KH UHYHUVHVERWEZHBOQOWRRYDOXH DQG IURFRRQWHQW
PLQHUD ODHYOHY VKRZ WKDW HTXLOLEULXP RI )H DQG 1L
ROLYLQH DZHIUNDOFIKIGE IRU WE K GH S RMD/G & LR QOWKEH
FRPSRVLWLR® OQBWRDWIGH EHD WIDEDWIREO YD O X H
RI WKH KRVW PBURDWTWKDWE UL X P) IZL W K HUBHOWLGPHDWY H
XVLQJ HTXRP@QRQYDPSOHV ZLWK LQWHJUDWHG ROLYLQH DQ
XVHGE WKH HVWHPYWRBQHV ZXQBK WRWEHLILFDQW VXOIL
IUDFDWRRQ L H DQRPDO\ &X 1L UDWLR 7DEOH ZHUH +
IXJDFLW\ FDOFXODWLRQ )RU WKLIFRLIOMYK DA G @ WHX WEHEB R
DQG VXOILGH FR\WPKSHRVILYWLWRMM FRPSRVLWLRQ RI VXOILC
GLVVHPLQDWHGWRHGHRUHY Rl WKHVH GHSRVLWV ZHUH X

I XJDFAKW\ Y D WLDWR[RIHQ RXIJWRWEERH S RD/MUUMV Y XVWUDWHG DV H
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EDU ZKLFK LV UHVXOWHG IURP WKH YDULDWLRQ LQ FRPS!
GHSRVKWV3R\L +XDQJVKDQQDQ DQG .DODWRQJNH LQWL
DVVRFLDWHG ZLWK WKH PRVW R[LGLR[QH@OXBDVLMQ D:WS§
DURXQG 4)»Q WKH RWKHU KDQG WKH RWKHU GHSRVLWYV
7XODHUJHQQI/®® GXDGHSRVLWY DUH DVVRFLDWHG ZLWK
ZLM2KYDU\LQJ IURPNR)®)0 ,Q WKH &40 B WDRIXHVY YV
YDOXHV LOLROLWRQHGDWLRQ VWDWH RM KMKIRIKER WW VRD J P D
7LD Q VKIDEBIMDMW KH )R YDOXHV GHPRWKDWH R PPGEPBOWLQJ

EHFDPH JUDGXDGGB\XRRQH WHEBXHFYROXWLRQ

2ULJLQ RINWMHKHIXIDFLW\ YDULDWLRQ LQ WKH KRVW PDJPD

1RWH WKDW WKHR UDL@XHWREXDO GHSRVLW DUH FRPPR
XQLW 4)0 EXW WHKHLODQYKH RIXKIVEBHVKDQ[L GHSRVLW LV VL
YDU\LQBA)ORP WAR)0 + 7KH H[W UHBKE[LLQED W LRIDF RW 6 WE
LQ WKH VDPSOH4)x IV QRW FDXVHG E\ VXOILGH IUDFWLR
7KH KLJK 9 6F DQ®OQCGKXKKHWDWLRMIHQ LVRWRSH WRMLFKPHQ
VDPSOH UHODWRZ RH RWRKHU VDPSOHV LQ WKH +XDQJVKLE
HW DO LQ YWWHISOQUEDWWWRNGKD W[WUHPHO\ UHGXIEEFQQJ R[LGE
VDPSOH LWKH UHWLXIMW IIRE D QRLRIDWDL.REHWHLQJ ZDO O
URFN )XUWKHUPRDWMLYKY R[LGDWLRQ VWDWHLUBGBUGHG

+XDQJVKDEXG® SR VARQW MK RYW SULPLW)RMDRXHYLQH
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KLIJIKHU WKDQ VXJRRWKMDW WKH SULPLWLMH PIOUPWY BU HV |
FKDUDFWHWHQP® [EGILCARQIGLWXRIQ R[LGDWLRQ VWDWH RI
FRQVLVWHQDWERQHO SHULGRWLWHY RI WKH PDQWOH ZHGJ
ZKLFK KDYH R[\JHQ IXJDRMRV4)RI)URVW DQG 0OF&DPPRQ
3DUNLQVRQ DQG $URKMODMDMWW WKDW DOO RI WKHVH 3HU
FKDUDFWHUL]JHG E\ FRPEARIVR® [RQM RIIVGEW\ L H VLJIQLI
GHSOHWLRQ UHODWLYHO\ WR 7K DQBQD HSRDMMWHWH 3E DQ
DO ODR HW D®DR HW D®X HW DO/XJIJHVWV WKDW WKH PI
ZHUH GHULYHG NURRPW] WRIRDB/EMHPETS X F W PRQ@ WROQHV R X UFH V
ZKLFK PIDOW WRI OFWPL Y HP RJ PG VLIMWH R\Y BV D CPARIG B OV ILR D

RI WKKRWW PDJPDRRI DVEK® +XDQJVKD,QEDHNGHGRVLWVODR HYV
DO XY/Z® FWLPRZ *KQBUVRSUHG L FWR/HWKDAR|[ VWDWH
WKHKRPDIPDV GXULQJERDI YO BQRW LROFVYKRXEG/OLIKW
IURP 4)0 WR 4)0 DQG IURP AR 4)0 UHVSHFWLYHO\ DW
SUHVVXUH FRM) BREHRQQJ UHVXOWYV LQGLFDWH WKDW WK
RI WSKIHR JUHNANAXYFWLRQ IRU WKH IUDFWLRQDWHRXWKRVW PD
REVHWUHMEREZDUGY PRUH UHGXFHG PDJPDV ZLWKQ@QFUHDV
W KD VDKDRQ L Q WERXWOLAR @M WK H  URIQY XD KV VRK L Q\M B DBVAW H O\ |
FUXVWDO PKOHWBVYUYDPVODWLRQ RI VPDOO DPRXQWV RI RU.
PDIX®OWUDPDILF PDJPDV PD\ GUDPDWLFDOO)\DGEREOWRHDVH P

ODU]LD@R HW D )RU LQVWBEGFHXOILGH VDWXUDWLRQ RI W
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WR WKHMNROQDMKIF( GHSRWEHOMLHYHG WR KDYH EHHQ WL
FRQWDPLOIDWBEIHBRULQJ FRXQWU\ URENV DQG RUJDQLF PI
URFNULQHQNRL HW DADOGUHWINFRQB]LDQR HW7RE
DGGLWHRMSMIQFUHDVHG WKH VXOIDWH FRQWHQW RI WKH
LQSXW R| DHEBWEQHDVHG WKH R[\JHQ IXJDFLW\ Rl WKH PI
VXOIDWH WR PXFK OHVV VRO®EOHJIKAXORLGEHRWR D\GRON R
SHWURJUDS KRR K O®H@BN PDJPDW KFOY \W R HRO D

PRGHO RIWHDGRPWLRQ VQYRICOMPBREHRE LQJ FREKQWU\ URF
D UHODWLYHO\ R[LGLKDY %DBiIWQQ NSO GLDEIEN G7 K H
XELTXLWRXWH R B B DB HD BW ®DIQ GU D SHEIHD Y. QD\@H W K H
&DUERQLABORXVREN RI PRWAO WU DWKH LEDLKQM/RYWIKRQV LG
7LDQVKDQ DQG WHWWIDEMYIDU PD\ S U RNLERE WHCQHN V

WR WKH FKIODMVHQ[HH FROLWK RRHWHIDOO URFWKH
+XDQJVKDO@GR@IVKDQQDQ DQG +XDQDYEDM[DOLQWUXVLRC
V X JJ HVKDMD GAGKLHRIL RQUE R QD F H RWRWR IR DS/BMKFIPIDO O D W L F
VIVWRARXV+&IX. GHSRVLWYV LQ WKH 1RUWK 7LDQVKDQ DQG W
WKH UH/KOMW RWLRQ IURP UHODWL Y H @GEHR RHDIE QD CFAD\Q W O
PRUH BIBEXFLQIQMWKHHIDFWLRQ ZLWRKZWXHIU Z DEKERI | IDFEERNH Q
JUDSEHWHLQJ ZDOO URFNV LQ WKH LSOHMXMWWMBUIDWE IHY R N K D ¢
UHODWLYHO\ UHGXFHG |HDWXHLW RH UV WHKDILMDBEBOUQMH KRR V L

UHGIXHD QW O HRMIRKXWIAMUL RQ@ B HYWBPR [LE G D JPMW GHSWK
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7KH ODRMH/QIDW SRVVLEOH GXH W R DVKEHU 5D & VEHIDAHN RV KDUTHH V
&HQWUDO 7LDQVKDQ 7HUUDQH 7DEOH <DQJ

2XU REVHUYDWLRQV ZEKHWHK & B\ RKHRQGHER RV V
QHFHVVDU\ WR WULJJHU L PIPQ W EGDN-WIR FBL® @/ Hi 7K MW MUDLVQL]
12 U D GFIRIQ WAXFROOXU V DIFL BWQRB POOULRMPFRQWHQWY LQ WK
GXULQVERBAKOWLQJ DQG VXOILGH IEFRBAIM WH R HE WDW R M
PDJPDV JHQ WUWIBED 6 NIQUFG LVOD QG DIR VEWWQRZV
GHJWHRK SPHWLDO PHOWLRYLGYEIQFXNFDQW@OAHWH FRXOG Jt
VXOILGH XQGHI\PDMDX®BWHKGEGFK PD\ FRQWDLQ H[WUHPHO\
DV ZHOO DV PHWD G*fREMFIDXWN QRXFEKO®N.GH LQ WKH PDQV
WKH VRXUFH DQG PRVW 3*( ZLOIOH®LVXRIO Vi Q QW RYW R H FP[L
PDJPD DDMWKHWKDOORZ P PRWDHFEPAREBSL W URIQ X LUHHG
WR VHJUHJDWH VXOILGH UDWKH UL WKH@D VL R VEDRD DWRFG W
EVHQJ HW D®QEKDR HW DZKRURSRVHBGDWRDWIHPLODWLRQ
PDSOD\ D FULWLFDO UROH LQ FDXV+XJ G/HKDRVEGW W H QU H:J.
&KLORZHYKHWUMLY QR QHPNR Q@ QVR[V2UHRDO\ IKRLD KV K H
PDQWOH VRXUFH DV ZHOO DV WKH SU LIDWM LA P Bl GRW MQKH
VRK VRXRKBIBQHUDWHPDJRIEXW QR VLJQ RI 3*( ULFK PDJF
EHHQ REVHUYHG L QVK/H HR\GH RBVHIRW LWW UXH LQ WKDW WK
LQWUXVLRQV DSSHDU/WRVEH @*( GHSOKMMHGHW DO C

D ;XH HW DORUHRYHU HYHQ LQ WKH 3R\L LQWUXVLRQ
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WKPHRVW JRI®@GOPD RI WKH GHSRVLWYV LQ 1: &KVUQDOWKH R
ZLWKLQ WKH UDQJH ZIKEIUUWHY RRY WGR DW K PNIB O/ EDBNGH

UHGXFWLRQ DFFRPSDQ\LQJ WKH GLITHUHQWIRDHVLRWRI W
VHHP WR EH GXH WR IUDFWLRQDO FU\VWDOOL]DWLRQ DQ
JUDSRDRWHY XOIXU EHDULQJ FUXVWDO PDWHWLDBUWKDW D (

VXOILGH VDWXUDWLRQ

2ULJLQ RI WKHLY DUHORMWLRQ VIOILGH

7KH 1L FRQWHQW DQG WKH )R YDOXH LQ ROLYLQH DUt}
YDOXHV LQ WKH PDJPD IURP ZKLFK WKWWRRHYR@® HNQN\H F
ZKLFK KDY I HEWIHRH & W D O O.\L @ HKMMDU P QGH GRIRGG U H W W
5RHGHU DQG (PQGLWKHUHIRUH FB R PEHR YR/ KRWFRD 1 BDH U
7KH VSUHDG RI )R YDOXHV+#R® GBERVQW M UFPIW KH L1Q D
LOOXVWUDWH VLW KD MW PNVIR FAWDSRVG ZLWK PDIJPDV FRQW
UDWICRY/ 1L FROKVIABHR/QYVLVWHQW ZLWK WKH SUHYLRXV HVW
FRPSRWXWLRQ® )H 0J HTXLOLEULXP EHWZHHAQ R®LYVIOQH DC

ODR HW D®DR HW DOXH HW DO

2Q WKH EDVL3¥HW RGNS RYHWE FVWD Q \ZK@G HPSODFHG LQ |
VLPLODU FUXVWDO DUFKLWHFWXUH DQG GHULYHG IURP
UHODWLKQH WRMMMD HW DERQJ HW X HW DOZH WUHDW

WKH KRVW PDJPD RI WKH 3R\L LQWUXVLRQ ZKLFK KDV WK
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619

H[SHULHQFHG RQO\ ZHDN XYV W\N (D B QMKDHP SODWQRVD O P
WR PRGHO LWV IUDFWLRQDWR®IQYSQRFHRPAS R QLRWR @ LG HRI
HDFK VWHS XVH\OW D/EIOH VAKHIBO5RHGHU DQG (PVOLH L
0J )H- . EHWZHHQ ROLYLQH .DQQH2L 0L D YWH 2P 61.I2W ¢

7KH UH\DBEOR RPSR VZWUREPND W WGVELORMER PSRQHQW
LROLYLQH IURW DVK W7ESHEPIDH FRQWHQW LQ WKH UHVLGXDO
IURP WKH 5D\OHLJK IUDFWLRQDO FWW MWDIOROQL QW LY@ XIH X
EHWZ®HNQV |UDRW L RFOMIHBG P D JBBspbZDV HVWLPDWHG XVI
WKH FRPSRVLWLRQ EDVHG HTXDWICREDFKIIS/D UMW 5RSQE Y
YD®RH 1L EHWZHHQ ROLNR) MW BRI XK PIXKIPDIUDEFWLRQDWHG
DVVXPHG DV  IRU RO@G Y LRGURL®R RHH VXPP/DLUDQ®
5LSOH\ 7KH ROLYLQH FU\WWDOOL]JHG IURP PRUH UHGXFL
ID\DOLWH GXULWR YBHGIEPHR . QJ L Q G LAKODADHIRAQR! KD RVJ
X QR WD LRWRWWKH PDJPD ZLOO FDXWH AR FR®G EYILQUHD W LR ¢
ZKLEK HDVLO\ ZLWKLQ WKH UDQJH RI YDULDELOLW\ WKD
OLTXLG UHDRWDBGWG OF PXRGQ VI KXKHRAIHQ IXIDFLW\
RI WKH SDUHQWDO PDJPD DQG WKH UHVLGXDO PHOWYV GX
IRULPLE®W\KH ROLYLQH FRPSRVLWER G RS RPRMW RS ORKH/ 100
ROLYLQH IUDFWLRQDWLRHPRREWO DWR®J WKHLU KRVW PD.
E\ D YDULDEOH GHJUHH RI ROLYLQH IUDFWLRIKQDWLRQ LC

UHODWLYH ORZ 1L FRQWHQW LQ+ROQYVEBPGHFIRLB NG E\
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640

GHSRVLWYV FRXOG EH WK BWHR/X ®\W RRQ JVXIONVIKG O LQHHI | U
G HS™KKI R OFLR'R.RIV L WVIKRIQ\D 8 D W R Q QNW KGHH (EREM. WO@MP U
SORWWHG IRU FRPSDVIPRRQV DO MWMEGRXE KZLRIGIIHEO W V\VWH
FRXGBULYRP D GLIIHUHQWDSDPBOIOWD® FEBRPSRVLWLRQ |
_.DODWRQJNH GSSRWWHG U RO WKE VARR B HD\OIURIP OX QI W
IRU WKH WUDSSHBGJE LETXWG BIQ HHFHVWKH UHVXOW RI ROLYL
WKH EHJLGQLQBOXV VXEQW FOLQRSNSRDHNQRFODVH
IUDFWLRQDWLRE BWQFH 1L LV FRPSDWLEOH DQG &X LV LQ
ROLYLQH IUDFWLRQDWLRQ Rl WKH SDUHQWDO PDJPD GHF
&X 1L UDWLR LQ WKMW KXR & XBGHBDIWHIE IURP WKH PRUH IUI
PDJPD ZLOO EH GHSOHWHG LQ 1L DQG HQULFKHG LQ &X 1
IURP WKH OHVV IUDFWLR Q DREN/G! (S \DIMADAQID \RF B QRDV L @ KX
GHFUHDVHV ZLWK )R YDORKRX QIRODWLRHLQLYXOILGH LQF!I
GHFURDYR YDOXH )QJ RODYHQHRQVLVWHQW ZLWK DQ LQW
VXOILGHV [+8RP OMISRMILWY LQ 1: &KL QD \ZIHUHD I H JSITHU D @MW [
PDJPDV WKDW KDYH H[SHULRQIEWLG) ¥ D U BFEOW CHERBH |
XVLQJ WKH 1L FRQ FHOIMG ®\WQ RBD MED W KYNDEMBEVZE H Q
VXOILGH DQG VLOLFDWHVYHHRPD WHKHG H RIDADMRKIY R/l W K H V H
VXOIZEHM JUHIDWH® UDRBEXBU\LQJ IURR  )LJ

7DEOHWKH 3R\L GHSRVLW LV FKDUDFWHUL]JHBKEEKKLYK 5 Y

VLIQLILFDQWO\ KLIJIKHU WKDQ RR"WRHUF&ERABQWLWN 1L WHQ
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VXOILGH RI WKH +XDQJVKDQ §DWH O QW L7YXH8 BYHRUHR SMVGUIA YR V |
ZLWK VLPLODU )R YDOXMPDL @ R QUKH. @H VXOW RI H[WUD 1L V
ROLYLQH Y \DWRIPHEXIOHY BBILFDWH PHQWJ BTKD O REWL KXW

DO ODR HW DO,Q VXPPDYDUIMXMLRQ LQ 1L WHQRU LQ VX!
HDYMD QVIK#B® GHSRWRWWUROOHG ED ODHY RDEWGHP DJP D
FRPSRVLWLRQV WKDW KDYH EHHQ GHULYHG IURP WKH YL
EHIRUH WKH ILQ B6 GIP\S OPHE A RRBIK LD EXDO FIRGH HTXHQ F H

RHTXLOLEUWW REEYLLFHPDJIPDV

$ HOHWLF PRGRX RHISWKHWVY. LQ 1: &KLQD

$ JHQHWLF PRGHO R#&W IGHH SIRMDBAWY G LDQURXFWUDWHG L
)LJ 7KH ORZ DQG Y D URLD\E OBl OG R SWWBEEIXE W P R Q \WROGIH
JDYH ULVH WR WKH SULPDU\ PDJPDV ZKLFK KDYH KLJK
FRQFHQWUDWLRQROBYWEBH IUDFWLRQDWLRQ GXULQJ DVFt
HQWUDLQHG LPPLVFLEOH VXOILGH GXWDRRHWKOIQ GH DVVL
LD HW DOXH HW DEDQJ HW DXHWKOIQBBHGHG PRVDW
HPSODFIGE RQE BNHOHL. NH VWUXFWXUDO WUDSV LQ ZKLFK V
D YDULDEOH DPRXQW RI VLOLEDWH PHOWYV JLYLQJ ULVH )
VXOILGHV VXFK DV WKH +XDQJVK D) QKHY D PEKBRBY GHSR)\
UHODWLYHO\ XIDKLRMNJBMHIOHFWLQYEGXKWUBRQ JRQH PDQ

VRXUFH DQG LP SIQWMURIMPK WHIG XFHG FRRBAV BRI WREN V
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PDQ¥BHLYHG PDJPDV H[WDHPRYHINF HREG ROQAFUQH IUDFWLRQD
DW GHSWK UHGXFRWUDMWKHR QL EKXRWQ ZHWKRXW JUHDWO\
FRQFHQWUDWLRQV JLYLQJ ULVH WR PDJPDV ZLWK GHFU
GLIIHUHQWLDWHG PDJPD EHFRPLQJFIROAMBIDIZQIMKOR QHG
UHGXFHG SUKNWDSKIFR®QWU\ GXREMWFK LPPLVFLEOH VXO
VHIJUHIJDWHG IURPEWREHPBDVIPDLOBG LQ WKH PDJPD IORZ
ORDGHG PDJPDV JDYH ULVH WR G SR IUWD ZWWKH O N G
RILGDWLRQ ¥AYDWH MWXH IREPQRBIXLYD@®R QRO)LIWKYV

E 7KHVH PIRGWHDWHFRRSRVVWWKH +XDQJVKDQGRQJ +
'LDQJVKDQ]KRQJ 7XGXXHSRYEWXODHUJHQ

7KH .DODWRQ 1 RHMKHHS EOWLW - X QJJDU SUREDEO\ EHORQJ\
FRPSDUHG MR WHKSIRAVEAX UHDQWWKIHD QVKDQ 7KH UHODWLY}
QDWXUH RI WKH .DOWRLHRWQKNH PDWKDWKH ZEG B WBLUHVHQF
ZDOO URKNIBHIG HH RI FUXVW B ®JBR § W BB DB IRREH
SUREDEOZHQ®P\DQW VRXUHFYHQ PRUMGRKMRLZ 1L WHQRU LQ
VXIBHERXOWKEH UHMXQWI IRADQW ROLYLQH |UBENLRQEDMVR Q (
IUDFWLRQDWRRQYLQH FOLQRS\UR[HQH DQG SODJLRFOD
Z L W K\RXEN WODLQHELIED WH UL DO D G G PWQ BRQLGHIDHHIPIDW H G
a4)0 FRQWDUBOQWLYHO\ ORZ 1DQER QK HQWLLD WDRQ R V
(PSODFHPHQW RI WKHVH HYROYHG PDJPDMJREPHG WKH

ZKLFK KDV WKH KDX3RZ\H VAW HPHRURIUWEKOH GHSRVLWYV LQ 1:
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&KLBXEVHTXWQWPLILFDQW 066 IUDFWLRQDWLRQ GXULQJ
EDFNZDU@®DORHY HWDDYAH ULVH WR WKH VXOILGHV ZLWK Y
3*( WHQRUV LQ WKH .DODWR QDNH DXDERWNXD @BDLIOMQGRQJ F

HW DO6RQJ DQG /L

&RQFOXVLRQV

7KH H[FKDQJH RI )H DQG 1L EHWZHHQ FRH[LVWLQJ RO
VHUYHV DV D PRQLWRU RI R[\JHQ IXJDFLW\ ZKLFK FDQ E
HTXDWLRQVMWX®AKZKH FDOFXODWHG R[\JHQ IX&RFLW\ YDC
GHSRVLWV LQ WKH &$2% WIRUAK®W |URPRXDOG EH WKH UHV]
SURJUHVVLYH LQWHUDFWLRQ RI RULJLQDOO\ PLOGO\ RJL
DIJHQWY 'HVMWRS P LFBUREQLQJ LV D XVHIXO WRRO WR HV\
FRPSRVLWLRQ IR®XPBHBSRWLWMLHVSHFLDOO\ IRU VDPSOH
DQG D KLJK RUEDFNVIRFEBHUPLBEXAHSRVLWY LQ WKH &$:
H[KLELW D ZLGHAROMWHGOWRLQLVXAF\GR 2VWDDWIGH SRV LW
VEFDDKIYDULDWLRWHQRU LQ VXOILGH Rl WKHVH GHSRVLW
VHIJUHJIDWRRRIP ZVWO ULDEG®WHQRDIPDWERK MI\VWHP LQ
WKH (DVW 7LDQVED ®Z\DW PDUPB® WKDW H[SHULHQFHG D
ROLYLQH | UDWVWR FRDEW-AGR B LROUDMG RFEHXGIVR B WS HDSWKHKH
.DODW REOIBNRHAY. B VWQJZDUDR Z 1L FRQWHQW LQ VXOILGH

KLJK &X 1L UDWLR DDKNRMWPREBIPE WKDW H[SHULHQFHG
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723

HPSODFHPHQW ROLYLQH IUDFWLRQDWLRQ )UDFWLRQDO
SOD\HG LPSRUWDQW UROHV LQ JLYLQJ ULVH WR WKH YD

R\JHQ IXJDFLWXLGQHEBRNLIWKH &%$2%

$FNQRZOHGJHPHQWYV

7KLV VWXG\ KDV EHHQ ILQDQFLDOO\ VXSSRUWHG E\
5HVHDUFK DQG 'HYHORSPHQW 3URJUDP RI &KLQD <)
1IDWXUDO 6FLHQFH )RXQGDWLRQ RI &KLQDUHVHDUFKWKH
$15 SURMHEW -6 DQG &KLQD 3RVWGRFWRUDO 6FLH

0 <BLQJ ODR ;LQMLDQJ 1RQIHUURXV OHWDO ,QG
WKDQNHG IRU DERPHGW IRR/ MWKH L1Q # X @ KIDB % KH. H
<RQJ :DQJ QUQ*¥DOPQJ 5HQOLDRQYXR DBORQIX/LDQJ DUH
WKDQNHG IRU WKHLU VKDULQJ RI NQRZOHGJH RI WKH GHS
RI ,GD 'L &DUOR DQG BOWLRWLDL WK QRLYVW(0 DQG WKH HO'}
LQ 2UOpDQV LVGDPFX@RXOH&KMHQ 7RQJFKHQJ +DQ DQG
DFNQRZOHGJHG IRU M/MHED CKHEQ®S \R QROHMW W-K@ H[SHULP
ODR DFNQRZOHGJHY WKH IXQGLQJ Rl WKH &KLQD 6FKRODL
&6,52 DV D SRVWGRFWRIQRZAHGORYZ Ve-ISRUW IURP WKH &
30XV 6FLHQFH /HDGHU SURJUDP 9DOXDEOH FRPPHQWYV IL
+RQJ <DQJ DQG &KXVL /L LPSURYHG W BB LMGXWEUIL SW (C

/IHKPDMUWH DFNQRZOHGJHG IRUQWKB QG KIGQ WIKOLDXOJI KDY IO
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S5HIHUHQFHYV

$VLPRZ 3' *KLRUVR 06 $OJRULWKPLF PRGLILFDWLR
FDOFXODWH VXEVRO$R BRVQIKID/A UHODWLRQV

%DUQHV 6- 7KH HIIHFW Rl WUDSSHG OLTXLG FU\VW
FRPSRVLWLRQV LQ ORRIQWOGLE QWW.WMILIR®MV3HWU
GRL %)

%DUQHV 6- 1DOGUHWW $- 0* HREEAKGIPQ G W B H HRIl RA KWW K.
6WLOOZDWHU &RPSOH[ OLQQHDSROLV $GLW DUHD |,
ROLYLQH HIDRRQ *HRO  GRL JVHFRQJHR

%DUQHV 6- &UXGHQ $5 $UQGW 1 6DXPXU %0 TKH F
DSSOLHG WR #RR¥3PDWITESKL G H G S RROWSH Y
GRL KWWS G[ GRL RUJ M RUHJHRUHY

%DUQHV 6- *RGHO % *<UHU ' %UHQDQ -0 5REHUWVRQ -
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*DR)- =KRX 0 *HQHUDWLRQ DQG HYROXWLRQ RI VLOL!
EDVDOWLF PDJPDV LQ WKH IRUP DDMIGRQ R IL QWM X3H.URF
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,DFRIJRJ]LDQR *G*DIBEODOOHW % 3ROR]JRY $* ODUHFDO 9
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/IL & S5@AH\ (0 1DOGUHWW $- &RPSRVLWLRQDO YDULD
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ZLQGRZ PDIJPDWLVP" OLQHWSRHSRYLWD V
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ILJKWIRRW 3/@PYYRRG BWUXFWXUDO FRQWUROV
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ODLHU : *URYHV ' 7HPSRUDO DQG VSDWLDO FRQWURC
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ODR -: 3LUDMQR ) =KDQX UHMWHZ®L WKB KL GH GHSRVLW
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&KLQD 3UKLDEDSWE FLVRUWFVQDQSUREMYVVHY - $VLDQ

GRL M MVHDHYV

ODR < 4LQ./L & ;XH 6& 5LSOH\ (0 D 3HWURJHQHVLYV
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ODR =< 4L@.7DQJ ' BXHIDQ < )HQJ + E OXOWLSOH SKD\
HPSODFHPHQW DQG PLQHUDOL]DWLR® RO IHDN@/HUQ 7L
+XDQJVKDQ AHSSFEWMWIHWURO 6LQ

ODR < 4LQ=. /L & 7DRJ ' $ PRGLILHG JHQHWLF PRGHC
+XDQJVKDQGRQJ PDJPDWLF VXOILGH GHSRVLW LQ WK

'LQMLDQJ ZHVOLIQWEY &HKSRWDL WDR L v

ODR < 4LQ=. 7DQ0 ')HQ X +; X H&6 &UXVWDO FRQWDPLQDYV
VXOILGH LPPLVFLELOLW\ KLVWRU\ RI WKH&RHUPLDQ
VXOILGH GHSRVLW (DVW -7BVQN®&D@ UWK&KEIQD
GRAUWWS G[ GRL RUJ M MVHDHYV

ODR < 4LQ=. %DUQHV 60 7DI& '/H 9DLOODQW 0 *HQHYV
WKH +XDQJVKDRQDHQRUJRDIPDWLF VXOILGH GHSRVL
7LDQVKDQ QRUWKZHVW &KLQD FKRREOMWLEEDQQYY 2VRF
LVRWRBHVYHRO 5HY GRL KWWS G[ GRL RUJ M RL

0XQJDOO -( %UHQDQ -0 3DUWR WS RQAIQPRHR W 8 ODGVG
EHWZHHQ VXOILGH OLTXLG DQG EDMND/GW | DWW R € DRA
RI KM FKDOFRSKLOAHRW&HPHQRWPRFKLP $F
GRAWWS G[ GRL RUJ M JED

1IDOGUHWW $- ODJPDWLF 6XOILGH 'HSRVLWV *HR

([SORUDWLRQ 6SULQJHU
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3DUNLQVRQ ,- $UFXOXV 5- | VXEGHFWHBQ[[RYBWH QVLJIKV
SHULG R WHRV HIVR O

4LDQ == :DQJ -= -LDQJ &< -LDR -* <DQ +4 +H . 6XQ 7
FKDUDFWHUVJER$® MWOHPXR WV D REWKHY SWIRIKHYVFRRQ |
PLQHUDOL]DW L ROQ N.HD1&XNK M Q DLAGMHW®RH SRV L WFWIDQMLD Q J
3HWURO 6LQ

4LQ = 6X;%6DN\L 33 HW PDPV JLBERXHBRFKURQRO®RJ\ DQG 6|
LVRWRSHXERIDULQX@®@WILBPDILF LQWUXVLRQV LQ (DVW
%HLVKDQ LQ PRK UGIRPGVERYXQWYV LQ 7DULP EDVLQ 1:

RQ D &D OD PDQWOH SOXPH $FRGRL 6FFI

ALQ = 7DQO0 '6X ;% ODR-< ;XH&6 7KH WHFWRQLF VHWWL:
EDVLF IHDWXUH UHODWENBUHQRVHLRIMOBBWLRIE R Q
DQDO\VLYV RI PLQHUDIOLEBEWURQJ RIH &FOL\D QD PDIILF
FRPSOH[HV 1R UWIKRHU/QKZHMWIDYYI *HROR J\

5RHGHU 3/ (PVOLH 5) /LTXLQOUTYU@REOWINE OLQHUDO 3t

®RL 'RL % |

6DQ - 7LDQ % /HL - .DQJ ) 4LQ . ;X ; $ QHZ GLVI
PLQHUDOL]HG &X 1L VXOILGH GHSRVLWLQHAXD® JHQ
'"HSRVLWV

BFLRUWLQR 0 0XQJDOO -( OXLQRIQHRL-6XOILEHBQ B V$ORG
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3KDVHV 'XULQJ 6HUSHQWLQL]DWLRQ RI '0FRIOVH LQ W
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BRQJ ;< &KHQ /0 'HQJ <) :LH : 6\QFROOLVLRQDO W
LQGXFHG E\ DVWKHQ RZSIQH UMRXS2B 8 CAHWDFKPHQW D
PDUJLQ RI WKH &HQW UD ORKWLDIO 2RIR WHKGIL EHR B QWL F D

GRL 'RL -JV

6RQJ ;< /L ;5 *HRFKHPLVWU\ &X 3% KHV X000 D®/HR GHBHR Y L \
1: &KLQPSOLFDWLRQV IRU WKH IRUPDWLRQ RI PDJPD
LQ D SRVWFROOLVLRRO®U HEBRYRYPDHRRWL '2,

\Y [

6X % 4LQ=. 6DN\L 3$ HWa38 DJHV QW RWRSHV Rl JLUFRQV
/IDWH 3D6HRBMORMVUDPDILF XQLWYV LQ WKH VRXWKHUQ
%HOW 7HFWRQLF LPSOLFDW LRMW ML HPYOLEGW Q I HS ORKL
*RQGZDQD 5HVHDUBRL M JU

6X % 4LQ=. 7DQO '6DN\L 3$ 3/LEX® + 4KDR /DWH
3DOHR]REROCADUDPDILF LQWUXVLRQV LQ VRXWKHUQ &*F

1: &KLQD ,QVLIKW LBZEWR/ ROUPRDWNEBEQHUDOL]DWLRQ

VHWWLQJ 2UH *HRO 5HY
GRL KWWS G[ GRL RUJ M RUHJHRUHY
6XQ + IRWPLQJ PHFKDQLVP LQ FRBEIBXUWQ Y\SWRISH D Q¢

HYDOXDWLR&@&XORMUDFD LA FRPSOH[ LQ (DVWHUQ 7LELC
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$FDGHP\ Rl 6BLHQFHV

6XQ 7 4LDQL=& ;=D 8DQ¥ 6 D 3HWURJIHQHVLV DQG HF
SRWHQWLDO RI WK# QWKRGDIDF PDQWUXVLRQ LQ WKFE
2URJHQLF %HOW 1: &KLQD &RQVWUSBIEQWM IDRB ROL
+1 LVRWRSHV RI JLUFERG WM 6BOGLZRWRWKR V

GRL M OLWKRYV

6XQ 7 4LDQ == 'HQJ <) /L &6 6RQJ ;< 7DQJ 4< E 3*(
6UG3E &RQVWUDLQWY RQ WKH 2ULJLQ RI&XKH +XDQ.
6XOILGH '"HSRVLW LQ W EKHQ&F QUHIDO H\RIUDMRDBVWH U Q
*HRO GRL HFRQJHR

7DQJ ' 4LQ . /L & 4L/ 66X % 4X : +6HI-GVFRORBMRBHYJI -
DQG 3*( JHRFKHPLVWU\ RE H\DKH. @RIV B'KDIILG HQ W U X V
LQ WKGWEBBO $VLDQ 2URJHQLF/LMHK®RW 1: &KLQD
GRL M OLWKRYV

7DQJ ' 4LQ . 6X % HWJIPO VRXUFH DQG WHFWRQLFV RI WK
PDIBFOWUDPDILF LQWUXVLRQ LQ WKH &HQWUDO $VLI
WUDFHGHRMRMRBLFDO DQG LVRWRSL#FE VLIQDWXUHV |
GRL KWWS G[ GRL RUJ M OLWKRYV

7D\ORU -5 :DOO 9- 3RZQFHE\ 0, 7KH FDOLEUDWLRQ

UHGR[ VE®RVWRQWUDO
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'DQJ05 =KDR & .DODWRQUMK@MX.GH 1R 2UH 'HSRVLW LQ
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'DQJ 50 /LX '4 <LQ '7 7KH FRQGLWLRQV RILFRQWURO
VXOILGH RUH GHSRVLWYV DQG WIXRL R ULGHWOWVDDW L B R LRI
-RXUQDO RI OLQHUDORJ\ DQG 3HWURORJ\

'DQJ < =KDQJ = <RX 0 /L ; /L. :DQJ % &KURQRORIJI
FKDUFDWHULVWLFV&X GHKSRWDW[LQWDQWHUQ 7LDQVK

'LQMLDQJ DQG WKRUWXFPIMIHDMOLIRRQWLRQ *HRO &KL

LD & -LDQ@J/& & ;LD = &KDUDFWHULVWLFV RI D 1HZO\ 'L
&X 6XOILGH 'HSRVLW +RVWHG LQ WKH 3R\L 80OWUDPDI
&KLQPRQ *HRO GRL HRRQJ

'LDR :- :LQGOH\ %) +XDQJ %¥HHWLDQ7WRDPMYQAE WHUPLQDW
RI WKH DFFUHWLRQDU\ SURFHVVHV Rl WKH VRXWKH
JHRG\QDPLF HYROXWLRQ 3KDQHUR]JRLF FRQWLQHQW
&HQWWDD $QW - (DUWK 6FL *HRO 5XRIG\2FK
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=KDQJ =& ODR -: &KDL )0 <DQ 6+ &KHQ %/ 3LUDMQR )
WKH 3HUPLDQ .DODWRQJNH ODILF ,QWUXWKLR®Y 1RUW
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DQG WKLQ VHFWLRQ VFDOH OLQHUDOL]HG VDPSOHV IURP

DQG 7XGXQ WHIY G/MSEREM VKV HG IRU FRPSDULVRQ
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1025

1026 )LJ Y\DFFD\WWHUHG HOHFWURQ LPDJHV RI D W\A\SLFDO HIS
1027 *9 VKRZLQJ WKH FRH[LVWHQFH RI VLOLFDWH JODVV V
1028 GLIIHUHQW VL]HV LQ D DQG E ROLYLQH DQG JDV EXEEO
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1029
1030 )L 2SWLFDO D F DQG ;5) LPDJH E G RI OKHU]JROLW
1031 ;5) LPDJH LV VKERZRORVY NDKORVZH.-QJ WKH SURSRUWLRQ RI SHC

1032 DQG S\WUUKRWLWH LQ VXOILGH
1033

1034

55



1035

1036
1037
1038
1039
1040
1041
1042
1043
1044

)LJ  20LYLQH FRPSRVLWUDRGHSRAMLW\D WQRIQ &RQLDID D 20
FRPSRVLWLRQDO YDULDWLRQ LQ VDPSOHV IURP WKH .DOI
+XDQJVKDQ[L ;LDQJVKDQ]KRQJ +XDQJVKDQQDQ DQG 3R\
QHJDWLYH FRUUHODWLRQV EHWZHHQ 1L DQG )R YDOXH Z}
H[FKDQJH EHWZHHQ ROLYLQH DQG VXOILGH .' DQG )H 1L
OLVWHG LQ 7DEOHV DQG 2WKHU GHSRVLWYV DUH QRW ¢
FRPSRVLWLRQ IRU HDFK GMSRMUW DLOQURU 'BOVUNYIRXHUFHYV |
7DEOH DQG WKH SDUDPHWHUV XVHG LQ WKH PRGHO FDO
IRU WKH GHWDLOHG H[SODQDWLRQ Rl WKH PRGHOLQJ OLC
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1045

1046

1047
1048

)LJ 3ORWV RI ,U DQG 3G WHQRUV D DQG 3G ,U YV 11l

UDWLRV F LQ VXXX GHIBERPWWVKHQ1L: &KLQD
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1049

1050
1051
1052
1053
1054

)LJ &RUUHODWLRQEHWZHHQ)RYDOXHL&GRXOGHSRNDOYG 1LW

LQ 1: &KLQD

(UBIRAQ E B UW DL Q W\

7KH SDUDPHWHUV XVHG

FDOFXODWLRQ DUH OLVWHG LQ 7DEOH 6HH WH[W IRU W!

OLQHV
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1055

1056
1057
1058
1059
1060
1061

)LJ 3ORWV RI 1L WHQRU LQ VXOILGH YHUVXV 1L FRQWH
FFRUUHODWLRQEHWZHHQ &X 1L UDWLRVLQ VXOILGH DQG)
LQROLYLQH *UD\DUURZVLOOXVWUDWHWKDWWKHILWHQRU
FRQWHQW LQ ROLYLQH D DQG ZLWK WKH GHFUHDVH RI )
UDWLR LQ VXOILRNDQFHHDQVRIOLYVQH G& ¥ WEHIB\RIAL WAV LRU
1: &KLQD (UURUWUXEXFHW WODHQ W\

59



1062

1063

1064 )LJ 1L WHQRU LQ VXOILGH YHUVXV ." YDOXHV 7KH EDV|
1065 FDOFXODWHG XVLQJ WKH UHFDOLEUNMWHGVHHEXDWIORY RQ @
1066 +XOX GHSRMAOWHDWBLQW\ 7KH HUURU RI ." LQ WKH LQGL"
1067 DSSUR[LPDWHO\ *

1068

1069

1070

1071 )LJ &RPSDULVRQ RI SUHGLFWHG ." DQG REVHUYHG .'" H\

1072 HTXDWLRQV 6HH )LJ IRU WKH GDWD VRXUFH
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1073

1074

1075 )LJ 3ORW RI R[\JHQ IXJBFOWHUNRYQMYDOXHVLQ ROLYLC
1076 &XGHSRVLWVLQ1:&KLQD 7KHJUHHQDUURZVKERXZVWKDW WK}
1077 GHSRVLWYV LQ WKH (DVW 7LDQVKDQ LV EHFRPLQJ LQFUHD'
1078 GHFUHDVHW&E&OXRHKAWOVROXVWUDWH WKH R[LGDWLRQ VWD
1079 +XDQJVKDQQDQ KRVW PDJPDV ZKLFK VOLJKWO\ LQFUHDVF
1080 IUDFWLRQDWLRQ (UURU EDUV RI WKEFHDWDL QWG #KB X
1081 RIK4)0 LQ WKH LQGLYDGSDA[VPP®OI\LWI4)00ORJI XQLW RI
1082

1083
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1084

1085
1086
1087
1088
1089

1090
1091
1092
1093
1094

1095

1096

yLJ $ JHQHWLF PRHOHIRRVIWWMW LQ 1: &KLQD VKRZLQJ V
RI WKH 3HUPLDQ PDQWOH SDUWLD® P HIOMW YV HAD W K M HRR QONF
GHJUHH RI SDUWLD @ HOIDWILQHONMRIMGDMBG SULPDU\ PDJP
VXEVWDQWLDO 1L DQG &X EXW ORZ 3*( FRQFHQWUDWLRQ\
PDQWOH

UHVLGXH:HDN WR VLIJQLILFDQW IUDFWLRQDWLRQ DQG FRC(
UHGXFLQJ DIJHQWYV LQ VGKH VMDD NV® B GWDIEHHJ LIRWH WR PC
YDULDEOH R[\IJHQ DXQI®RALW\QB &X

FRQWHQWYVY G ZKHUHDV3*(FRQFHQWUDWLRQVZHUHQRWYVL.
HYROXWLRQ
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1097 7DEOH FDSWLRQV

1098 7DEOH &RPSLOHG |HDWXXHYHBIRW KW MG REPRME IO U D O

1099 $VLDQ 2URHIIW LF

1100

1101
1102 7DEOHKWXPPDU\ DQG UHVXOWVIRI HFRHDWHHEWW ZRHIHM ROLY

1108 VXOILGH
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1104
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1105 7DEOKRPSRVLWLRQV RI SHQWODQGLWH S\UUKRWLWH DQ

1106 +XDQJVKDXQ[QJVKDPLDDIY KD IXEQW G 3R\L GHSRVLWYV

1107
1108

1109
1110
1111

1112 7DEOH &RPSRVLWLRQV RI VXOILGH DQG ROLYLQH RI
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1113

1114

1115

1116

1117

1118

1119

1120

1121

+XDQJVKDQQDQ :LDQJVKDQ]JKRQJ 7XGXQ DQG 3R\L GHSR

7TDEOH

6XPPDYHRERWHS RVLWLRQV RXQRIQ GHL (RIXDMQIGH 1L
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1122

1123

1124

1125

1126

1127

1128

1129

1130

1131

GHSRVLWV LQ 1: &KLQD

TDEOHSRHIILFLHQWY DQG XQFHUWDLQW)\ RI
67

HTXDWLRQ



1132 PHDVXUHPHQW RI

1133
Kp=a+ by +c AQFM
Coefficient value 1
a 9.775 1.105
b 0.416 0.033
C -4.308 0.440
1134
1135
1136

1137 7DEOBRGHQIUHMXRWYYWVHRPH RVLWLRQ DQG 1L WHQRU LQ VX

1138 IUDFWLRQDWLRQ RI WKH SDUHQWDO PDJPD DQG SDUDPHMW

1139
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