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S HEHLYMGVREHU 6ORSH VWDELOLW\ DQG EHQFIKWVPLOWYV LE [AHR/Q RUE R
FRPSUHKHQVLYHO\ DQDO\VHG LQ WKLV UHVHDUFK 7R HYD

5HFHLYHG LQ 5HYKONG
LGHQWLI\ DUHDVY DW ULVN WKH VWXG\ LQWHJUDWHYV FRPS

$FFHSWHGVREHU WHVWLQJ DQG DGYDQFHG VORSH VWDELOLW\ PRGHOOLQ.
3XEOLVKHG RFMRLEXU VDIHW\ )26 Rl YDULRXV PLQLQJ VHFWLRQV YDULHG IURI
HTXLOLEULXP DQDO\WLV ZLWK 60LGH 7KLV VLIJQLILHV

VOHRG WKDW UHTXLUH FHUWDLQ VWDELOLVDWLRQ PHDVXU
UHVHDUFK FRQVLGHUV KRZ VLJQLILFDQW HQYLURQPHQWI
2, MPH VSHHG UDLQIDOO DQG VRLO PRLVWXUH LQIOXHQFH V

.H\ZRUGYV JHRWHFEKQDPDWLY 5DLQIDOO DQG VRLO PRLVWXUH ZHUH

VWDWLVWLFDOO\ VLIJQLILFDQW SRVLWLYH FRUUHODWLRQ
2SHRLW PLQOH VWDELOLW#SO\LQJ WKDW DQ LQFUHDVH LQ UDLQIDOO UHVXOWYV LQ |
%HQFK RSWLPLVDWLRQW XU GWVIMVKH EHKDYLRXU Rl VORSHV $OVR D PRGHUDWH
60RSH VWDELOLW\ DoDMMWEZHHQ WHPSHUDWXUH DQG ZLQG VSHHG ZDSV UHYHDOH
S XVWDLODEOH PLOLGY PHDQLQJ WKDW VPDOOHU ZLQG VSHHGV DUH FKDU
LQFUHDVH®WXHWMHSH 7KHVH ILQGLQJV KLJKOLJKW WKH LF
/LPLW HTXLOLEULXP DQPRYLWRULQJ RI WKH HSLYVY LPRQMHRWHUQWRLSHIY DQG WKH
FRQVLGHULQJ HQYLURQPHQWDO IDFWRUV ZKHQ DVVHVVL:
FROOHFWHG LQ WKLY W\RPGG SBERYGEMLRQ IRU GHYHOI
UHFRPPHQGDWLRQV LQWHQGHG WR HQKDQFH VDIHW\ EHW
OR@HUP GHYHORSPHQW RI PLQLQJ DFWLYLWLHV LQ WKH U

,QWURGXFWLRQ

, QW KAFR Q WRHW V L Q& X VGAHPLID@G V ODUJH VL]H GLIIHUHQW URFN W\SHV
RSHQMW RUPLQISOMFUXFULROB VORSH $D@OXUH
IXO|LO®&BRDBGRUDEZDW H LR RN 'KHQ PLQHV JR G RHSMHH G/ QRS B M
VW MHPRRHO®R W IGHHP D QIGQ®@X¥ VW UL\HWHHSHU GXH WZRK IORLHEDLFVW HAVE VNS B ¥ H
<HWVKLHP SHU DWRL[BIO BUIH SIQWRKH ULRNORBHOX@YFHQDIWWKRVWRULFDO
HDU WK XW\WWFFHYXYWEBHBR$RWMY SUHFHRBBEDBIRDW DV WXW & B KV
VL J Q L AKDQWHRDIHMMW U OGSBDELOLWRXERS®HF DDEED L QW HIGID QF MY
DFRUQH RWDRMDIEQ Y L UR Q /HRYW B 0% ® D V W LRKDIY D BVQ 8 R X WDLEQVH. YFIDVQL H V
PLQLSQUDFW L@EKWHVHOMBKGWRH [ XUWKDHNH VORSH V>0 KN D\VDRID E O H
FRPSGHJPDPRIFQKD EH@HBUDPHWHUXVWDLPDEOUDFWLY¥HVURZLQJ
ZLW B RS QW RQRL QLHD DK D U DV K WHIBS K D VW KoHD BVERD O PQ P Q JV DI MAK \
,QGLD 7KH VWXG\ ZLWKXKRHEUHXO® R FDUALWRU WX @ KW XEB S RHW W
DQDODVRNRXQGDWRARBDVMLPL]HV PWEHY E\ FRPELQLQJ FDUHIXO PLQH GH
GHV L@V K$X U VRIMB IHU VX ®/ DL QDEWB E L O L WK RAKRBNEIKW H AKVQX. B D BV
H[FDYDWURPWLBAKHLQWULRDFLHNUXFBION L JD IWDNQBEQ V XOR@IHU P
RSWLPRBHQPY QBH Q FIXBIN GXH WR RALIQHHL U:D I@K\B\U H WWHHY\W B R © & XORW H G

E &RUUHVSRQGQQUBYXKMNGFPWD UNDWDUL\DD#WIPDIL\D® FRP
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WKHRQBLQHWDKDUDMKGNIDDP W® &DP 3KD 4XDQJ 1LQK @WIHVEQBN ZHUH
GHVIDI@SY D OWBWRW HRMHDHSHQLQUVKH REMHFWEXH WRK HUHHYHDWLQJ VW XG
PLQEHQFKHKVY OHQ VX WH[QYWL@RSH RXW LQYHVWLIJDWLRQV RQ WKH SK\VL
VWDBL@VWWHS E\ VWO GRBWRG URFN FKDQJH XQGHU GLIIHUHQW ZHW

% )LHOBWEROOHFWMRCGRURMMH F\FOHYV XVLQJ ERWK ODE WHVWV

LOYHVWERDWHR®WHG JHRORJILFER PHROPBWLREH UHVXOWV RI WKH \
URFN VDPSOHV DQG GHWDLOV HEWWIL @k HOXG U BHWLRIo FWF OHKVH JUHD
OD\RX& SK\VLFDO SURSHUWLHV DQG SHUPHDE

. ERUOwINL0) Tk sxiviroo QUi BYRBIEDT eL e EnawL o
SURSHUWKHVFRD O HNBW BBHWYWR F N

WH\\QHBR QW ORGE 8 wawrwAQJv w¥ Kb &UY JRQH LQVLGH WKH VORSH JF

RXW WKHLU VWUHQJWK DQG VWBEENWRkSHWWERIHRREW U\LQJ FIFO
FRQGLWIL@&QV ,Q RSHQ SLW H[FDYDWLRQ UHJLRQV

URXQG FRQGLWLRQV OLNH KRZ GHH
% 60RBWDEBQDW\YGYDQ¥RGNVZDU WXQUDO VQORSH SQG 2KHUH IDXOW
60LGHZD\WVHI®WLPHWXLOLEUL P

DD ONRED O XD WHORSE®A 0@ QHGP LQHV VDIH DQG SODQ IRU ODQG L
PRGLILFDWLROW® RI VORSHY &RUSRUDWLRQ RI *UHHN 3XEOLF 3R

UHVHDUFK SUBBUOPW\IWHREOMPY KDS ¢
7KIDQD MVRWRG H BRWHOQWAROHR o WKH VRXWK VLGH RSILWKPL QBIYWU@RS L.
PRGBQBVVHN MBI S BHVEK® QJHV QRUWKZHVW ODFHGRQOLD *HRWHFKQ
ZRXOG RERPQDO\WKBHVXWMKWW yKRZHG VWHHS URFN OD\HUV DQG W
UHVHDUARH Y FORHSUIWMAR PPHQ GDWLRIRW L JKWLQJ WKH QHHG IRU GHWD
IRVDIMORSH GHVLJIQVBDE®BEVA®R Gpp) o) WR SODQ IRU UXWKUW VWD
SUDFWL@WMWH[SHFWHGHQRLHOV ~ SsyyUVHYHUDQFH D 3HBBK\GRBMHOWRN X G
SRWHQQ@VLWOELWKIMQY FXUUHQW Y[ HR/X P Z WKH VFKLVW EDVH P}
VXJIJHVW FKDQJHV WAR@DNH WKHPL¥PPH{HOWY DQG OLPHVWRQH DERYH L
) XUWKHUPRUYHXZWKR VY HVWLIKID Wk 4 KLIJK GLVVLPLODULW\ RI HOHF)
UREBVYWLQD/WHH P DQIGRERWIRULQJIppRQJ VFKLVWVY DQG OLPHVWRQHV
KHOS NHHS VO R®W\HVERREDAMHE WD VG | || HUHQFHY LQ VRXQG SURSHUWLHYV
DQ&®HDG6WDFH\ /HYHUDDLQJWKHLVPLF PHWKRGYV DQG (57 HOHFWU
GDWDL YHIQVKR GRQBBHO WHIBDWL RfRPRJUDSK\ WHFKQLTXHV ZHUH FDLU
S URYSHU® F WLKIHW UHQMWNEBRREDUW 7k XVHIXOQHVYV RI WKHVH VHLVPLF P
XVHLQY LD RBWAW L RIKREORBB IHW\ £\ FyyDWLQJ FRPSXWHU PRGHOV RI KR

DQRDLQWHQD/@RISHYV DV WK @\ JR @y kW RXIK WKH JURXQG LQ WKLV
%\ DFWLYHOGUHVSRWHB QUWLDBLOLWYKH PDJQLILFHQW VXSHU VHULHV RI

FKDOOBIQUERSWHQIROVUDEBHFK jyRp WKH \HDULV PRYHG RXW &XUUHGQ
PDQDJHPWWQWDWHIGMWKLWHVHDUF{/KH PLQLQJ LQGXVWU\ KDV IDFHG PD
FRQWUWBRXGAHR) RIMW WDEBRQOEQ@H syRGXFWLRQ LQ UHFHQW \HDUV 7R
SUDFWILRHR/IQE 1D @8 OWLPDWMWKLON syRGXFWLRQ LPSDFWLQJ IDFWRUV W
UHVHDIREKY KRZ PLQLQJ FDQ EH GR@IE YEWIQ PR G PSRUWDQW IDFWRU!

UHVSRQVLEO\ KHOSLQJ PRYH WygklpylpQa VMWD MRRZADUSFRGH VIVWHP 1
PRUH VXVWDLQD EDHY HXWXHKSH V\R x 0 G IDFWRUV IURP SDVW VWXGI

VW XGEDOUBG DGLVAXKN. PLWDWLROVOLRQV DQG FKHENHG WKHP XV
DVVRFLDWHG XIOWSH QRWEMIKHG FRPSRQHQW DQDO\VLV 3DVPDU\ LOQI
HOHYDWBNGU HQW UBRBWHREGLWLRQYDWKHUHG VBMRURMIJKLRHUW VFDOH IUR
> @/IRQVBWKRURXGKUVWDQGLQJ RSH@VW PLQHV LQ ,QGLD $GGLWLRQI
XSRQ WKH ORDGLQJ IHDWXUHV RI TX

/JLWHUDWXUH SHYLHZ FDWHJRUL]DWLRQ V\VWHP ZDV XVHG \
$PRQJVW WKH VORSH YXOQHDBWR&YMNDWW BBXWHEPSRUWDQW 7K
WKURXJK UDLQIDOO QRW DOO RYHKRKENPNREY SHRO 8 XUHFRORDIGRDQ KHO
WKH FRXUVH RI VWRUP GLVDVWRBXVDRG WKH PRYVWEWPRRUWDQW LVV
ZHWYBLQIQJ F\FOHV RQ WKH SURPBHNVN\D WL ROYEPWOHIILFLHQW 7KH DV
HYDSRUDWLRQ 7KLV LV D VLIQLIREDBWFEKHDYRIOWMRY DRIYRGERRWHG ZLW
VORSHELQVWA\D ,Q WKH >H[@WKHQ + QM REPWLRQ VKRZV WKDW SULRULWI
VORSHV Rl ZDVWHSEXP ERD@ RMEHBEYFWLYLW LQGXFL@XBWWUDREXW
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D FRORXU FRGLILFDWLRQ VWUXFRQEHW 2B6 Y D WH IRMH @ E-RUHON RU\ W
DGPLQLVWUDWLRQ RI PLQLQJ DUMKHDBRBQG MMGEDHVVOWRRFSUHVVLRQ
SURGXFWLRQ IHDWXUHV LQ D PRBANHRBFW XDPWRFBUWIKHV OLNH FRKH
LQQRYDWLRQ OLHV LQ DUUDQDRQ® H@KMH GHUR GKKEMANRQ VDIHW\ XQGF
LQIOXHQFLQJ IHDWXUHV JURXQ@ERSRQVIODSHYRMQ®W\URFN FRQGLWLR
FRORXUWRGXRWXUH $SSOLFDWLRIREHWXQYVOMHWHKISGVK DQG IHDWXUF
FRXOG WUDQVIRUP RSHUDWLYH IUWQ\DW DJ LHHRWL DD HOMY BWEZBYHU WK F
RSH@VW PLQLQJ DUHQD ZHDNQHVVHV WKDW QHHG DGGUHVVL
OLQLQJ DGLRSHQOFDYDWLRQ ZLHOR 0JK WIHHISA FKDWDQ PDNH JHRORJL
DQJOH ZKLOH NHHSLQJ ERWK S SRIGGEWWRA @P\Q G HADM HDFFXQDWH  XVLC
PLQG LV D PDMRU FKDOOHQJH GRETM[LPROMLEG HH VAKDWRKHY LQ URFN ¢
> @URSRVHG D SODQ IRU GHVLJSDQLUQUORGRIXJKQDW WBQIHLRQ WR HQYL
RSHQ SRWH WPRQH ZLWK FRPSOH[LODHRORSH BKH/LJQ $GGUHVVLQJ WKHYV
IHDWXUHV Rl WKH PLQH ZHUH PIRYS B EK LDHYE QUEDNEN SM@IANQD SOBFWLFHV
ZHUH GRQH WR XQGHUVWDQG WEBOWRANM SHRRSGRIRLIFHY LDEHOLW\ ZLW]
NLQHPDWLF H[DPLQDWLRQ RI WKHVISRQ\L BIORSH GHVLJIQ
GLVSOD\HVKMSHG IDLOXUHV LQ WSKAH VEKIK) BERBOYIJDQM FRDOILHOG LQ :H'
7R IL[ WKLV WKHVWVWNOHG ZH G JEHH (PRIOBRUHA/X FWHG DQ LQQRYDWLYH VWXG
DQG FKRVH WKH EHVW SLW GHVLRQQE\ GKP S MIQ 8 W\KEHLWKRHWKH PLQH
DQJOH DQG SLW ORFDWLRQ ,WL¥DW Q ROQMGH WKDOV SID UMQ RO RSHUDWL|
VORSH DQJOH RI DERXW f ZLWXLDELWUWSSRWY.JReSDAQLR) RRSHUDWLRQV
DERXW WHKBYEHVW VDIHW\ DQG WHVHDHFARK JHQHWNMEBEWLRIQ K WKUH
7KH EHVW ZD\ WR H[WUDFW UHGRRHBNYREROH N HHPRISHDXP R E\
VORSHVY VWDEOH KDV EHHQ D MPIS® RYRGLFXQE@DRL@HL@JIJDHULDO YHKL
HQJLQHHULQJ O0DQ\ VWXGLHV KIDYBERHQS$HBFERSDWYHPDSSLQJ DQG
KRZ ZH XQGHUVWDQG DQG DSSOGXPRSRUPWDIEHOLWXG\ LGHQWLILHG S
1IRWDEO\ UHVHDUFK KDV HKIQWKWDEKWHSG\ MWXHNVKH GXPSV HPSOF
LPSRUWDQFH RI LQWHJUDWLQJ RRGPODE RSWQBLDWLRQPLW HTXLOL
PHWKRGYV WKDW DFFRXQW IRU X@EBUWD LFRRHWRWLURFNHPYYHMU DQG
VWUHQJWK DOORZLQJ IRU GLIIHHVORULPVDIDGY VRO® SRI GEXPSQW DI HW\
DFURVV YDULRXV PR@TKLRI ADRHYBPHZRUN DOVR SURYLGHG UHFRPPH
GHFLPDRQQJ PRUH IOH[LEOH DRRO/WRBIWLPD® GXPS JHRPHWU\ LQ WK
DQRWKHU VWXG\ IRFXVHG RQ WHKHJR@DVEWNXOWILR® TKHLN DSSURDFK
DSSOLFDWLRIQW R(TXLOLEULXP GHWKERGAWHQHVV RI LQRRGENOOIL@U DG
/(0 DQBLQLWH (OHPHQW OHWKRGG 8B WHFKQRORJ\ IRU SUHYHQWLY
GHPRQVWUDWHG WKDW DGMXVWQGJKNDRISH P D\W8 DBWRLIRIHYQ RSHQ
JUHDWO\ LP$DRWRUWKH 6DIHW\ )26H SUHYDLO Q@ SSMXEG JHQHWLF
XQGHUVFRULQJ WKH QHHG IRU D/OI1RRIWMHIGP VOWSH DIGBALHYV WKH SU!
EDVHG RQ ORFDO JHRCRW@AFDOQWVWRDBLWLMMQNVQ KLIJKO\ MRLQWHG UR
YXUWKHUPRUH LQY HWNWFIDIDW VOGRS H QMR BDWHK *ROELQL -DMDUP EC
VWDELOLW\ HPSKDVL]H WKH JHRP®ROREZDRQJVWJWHQXUMHDQEHOG DQC
JURXQGZDWHU DUH VLJQLILFDQWQLYQG \P\U L DIWDLLRQ QURVPKRBHNFWHUL]H L
VDIH DV PLQHV JHW GHHSHU 7RHIHM@&RBOQRGLWX® RRGH ZDV GHYHOR
QXPHULFDO PRGHOOLQJ DQG WIUTSEUWILIR® OL VKW S ERLFOWWRG DV WKH
DQDO\VKRGRHMDY EHHQ IRXQG WK HP DIND U O\RISIHH W\ IDFWRU ZDV IR
DVVHVVPHQWY PRUH UHOLDEOHLWNSEBEWRLY®O\IMHIWRRI RUGHQWLI\LQJ
PLQHV ZKHUH ERWK VDIHW\ DQGVKLQKI ISRIRBX FYDOLLRSQ VIXWHD FHY  6HQVL)
LPSRUWDQW 2YHUDOO WKHYVH GRS WGEHLCH W RANSBREDD OPRIWHUV  7KU
VIVWHPDWLF DSSURDFK WKDW \X\WRWH PR KB G HPRXGOHRI ZHDN JRQH)
DGYDQFHG PRGHOOLMIDIHPGH QOWNEESOH PQJOH RI GHJUHHV ZDV D
PLQH UHVRXUFHV VD*H@ DQG HIUHHMWF&E\ VKRZV KRZ HIIHFWLYH
W LQWHJUDWHV ILHOG GDWDFRPBKRUDMR®D WHNVKMOLTRBE DUH LQ
VWDELOLW\ DQDO\VLV XVLQJ 60D®H VORSWZIOUNIWR REWQRL]DWLRQ
EHQFK SDUDPHWHUV IRU VXVWDILA®EXOH PLQLQJ SUDFWLFHYV
> @LHOG GDWD SURYLGHV LQVLJKWV LQWR JHRORJLFDO
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%\ LQWHJUDWLQJ IX]]\ VHW MPSHRMNLQLWERRWHKNWDELOLW)\ DVVHV\
5RPDQD 605 B60RSH 0DVV 5DWLQRSKQVWLIFIDWB\VGLRXPHULFDO PRGHC
V\VWHP@®DGH JUHDW OHDSV LQ WWH W.IHIIG RQ GJ RIFINO G GDWBH G LRVK VS|
VORSH VWDELOLW\ HYDOXDWLW&H BRORJRILH@YLURRQPHQWDO FRQGI
OLPLWDWLRQV RI WUDGLWLRQD® SSWRWRK RWY\ &/HRVERSH & MWW BWKIG JH |
LQKHUHQW XQFHUWDLQWLHV RI BOYXYH JVDRFY PHYYHYR QAKHQWDOO\
VWXG\ GHYHORSHG D ODPGDQL ISUD DURHM WKP ZLWK

LWKHQ UX®HNK]]\ 605 VIVWHP ZDV
XWLOL]JHGILWY RIS®I® VORSHV ZKHUBHWHVKRKZ HGS V

KLJKHU DFFXUDF\ DQG UHOLDELOTL,V\;\(H_%F% \él—Ft,nyLqDJSMHgHWLRQV Rl H
VWDELOLW\ FRQGLWLRQV $ PRUHwWHAEWWROAKDRIDOORW EH FRPS!

VRSKLVWLFDWHG DVVHVVPHQW RI \ﬁ@ﬁe[s@mwppe@mwmi@ﬂ/p\ EHQHDW|
IDFLOLWDWHG E\ WKH ODRIQEFDWLR®»%»BEIXFILQ FHUWDLQ LQVWDQFHYV
SDUWLFXODUO\ XQGHU FRQGLWLROMWHKRQWHQWRRE®IQFDWXG\ LV UHVW
LQIRUPDWLRQ PD\ EH YDJXH RU QRWQRHRRXYPK XU \8 HW\RBRBSUL VL
$EEDV V UHVHDUFK XQGHUVFRUHV WKWKYHHORPIMRIQRHKRYDO ULFK ,QGL
DGYDQFHG FRPSXWDWLRQDO LQWHQRYIHIOVWL8HEBNREOFHERQWHPSODW
JHRWHFKQLFDO HQJLQHHULQJ DERXW DOO WKH JHRORJLFDO FRQGL

7KH H[LVWEQ W®WXKEG\DW OLQH 1R FRQVLGHUHG IDLOXUH DQDO\VLV PH
*ROJRKDU 6LUMDQ H[DPLQHG WKHILWLYSQOLFIWYWOQR@EM IRU DGRSWLQJ
EHQFKLQJ WR H[SDQG ZDVWH GXPYROX§DIROQWRHPD®YEUHYV WR RYHUFRPH
PDLQWDLQ VWDELOLW\ WR KDQGOH R#FRHRIPHRTE®Y LVVXH RI
OLPLWHG VSDFH IRU ZDVWH GLVSRMMOG\BKHLE HYIHMPWNKRI HQYLURQPH
HPSOR\HG ORQWH &DUOR VIFPXODWLR®LNRUWSIBBEDEWRUNWALQG VSHHG S
DQDO\VLY DQG WKH OLPLW HTXLOLEVRK® PRUWW/WRGKWRQLFIQDPLF GXPS
60LGH ' VRIWZDUH 7KH FDSDFLW)\ RWDWKHMH VWH\PEH HOWBIO QRW FRPSOHYV
UHIXVH WLS ZDV VLJQLILFDQWO\ HGRPRDERRY EWHSG HW KH WEBL O L W\
EHQFKHVY DQG VDIHW\ IDFWRUV EDVHIRYRVRW ¢5WHPHIBEXRIRQ JHRPI
-DQEX DQG %LVKRS OHWKRGV DOO SURDFKHG RU
H[FHHGHGD FWORWLY OHYHOV  7KH ™RXMJIFRKPBUNLQJ DQG SUREDELOLVWL
LOQGLFDWHYV WKDW ZLWK FDXWLRXV NV@QED@EW\GDIQSDF)DQDVLWQGQG VDIt
VI\VWHPDWLF JHRPHWULF DGMXVWPHRWHQ PR B‘%W\V—YH LPSC
LQ H[WHQVLYH VXUIDFH PLQLQJ RIHURWLRRIPHED D%ﬁRQ WLRQV
HIIHFWLYHO\ UHVROYHG DQG VDIH GLVSRVDO. Rl ZDVWH
HOVXUHG OHWKRGRORJ\

7KH HYDOXDWLRQ DSGW RQ@URIOQRHRWHODWLRQ VFELXW LQRI® VR DK |
VORSH DQG GXPS VWDELOLW)\ DPUHHCGUVWXORWMO\ LQKLDW DQDVKWUD 6W
WRZDUGV WKH DGRSWLRQ RI DGYBRHFHGIWHF KARO PHARDORQRPDWLRQ W
FRPSXWDWLRQDO PHWKRGYV DVHLVYFYHO® RIRP HHWEHDEWLRQ DFURVYV
OLWHUDWXUH 6WXGLHV EDVHGRRQRYKU\ ORKHFEWDHIHHNW LW ERDVWYV D
DOJRULWEPNLOSWR/LF PRGHOOLQURBWMIRBIODSDFLW\ RI DSSUR[LPDW
EDVHG PDSSLQJ KDYH \LHOGH@WRBRWHY WIFEXRQWHWH FKDUDFWHUL]H
HIILFLHQW VBRBLIVEWWROXWLRQYD QMRQOPREHWZHHQ DGGLWLRQ WR W
VWDQGLQJ JHRWHFKQLFDO LVVNHPRVYEOVRI WHRKQIGTXHY ODNK WRQ:
KDYH IDFLOLWDWHG PRUH SUHPDWHUWL®OHQWIKIHFRWH R(IWRIDFWHG LV
LQVWDELOLW\ JRQHV VORSH O®ORMHV®XESF RGN \KRISMUR® WIQRQDO PD
RERWLPLIDWLRQ DQG PRUH DGY D QFHE OB LVNI DMV H VY PHEW W XDOLW\ VW
XQGHU D UDQJH Rl JHRORJLFIHISRQW DRISGHDBWURQDOQJ WKH GHPDQ
FRQGLWLRQV 'HVSLWH VXFK DGYDHHONV QWXHWH\UDWPDRADFHVVDU\ +L°
SUREOHPV SDUWLFXODUW®WLPHKRVPH ERIQRMH® OVERX HHD LWV ORZHU JU
PRQLWRULQJ KDQGOLQJ LQGHWHUPE QO W H FRILQ GRURRIRSXHRVHU RQ G H WK
GDWD DQXQWPSWR®HRI WKHVHSRRWKRWVFRRPHUFLDOO\ YLDEOH 7KF
GLIIHUHQW PLQLQJ HQYLURQPHWWVFUMXDWHG MVRREWBBBHKHOS WKH O
GHYHORSPHQWY WKH SUHVHQWPSWHRWHDUFK)IDDbRWUXWW XUH
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JLIXUHRFDWLRQ RI 6WXG\ $UHD /RFDO *HRORJLFDO OLQH &RQG

/JREDO *HRORJ\ Rl WKH ,URQ 2UHPHVERVYW%DVHPHQW 7KH VHTXHQFF
7KH LURQ RUH GHSRVLW VLWXMQEIE,%VL\%@W%W@ PgNLLVQJ C
OHDVH DUHD GHPRQVWUDWHYV D 2 1”dp v @
VRXWKHDVW RULHQWDWLRQ ZLW HO VLW
GLUHFWLRQ H[WHQGLQJ IURP 1 5'7%; OiH\B}(HB%QG (txL8pHQw
1RQHWKHOHVV VRPH ORFDO FKDOKHVPDOQH \DHBHRGS A VD IOP HRFSKHIQ L [ H G
FHUWDLQ VHFWRIY BBXNMELWLQPNWKRGRORJ\ IRU WKH HIIHFWLYH
DOLJOPHOW 7KH RUH ERG\ OHD P\ QWRZDONG WREBGRR UK BQVIW UD\ R K
DW DQJOHV UDQJLQJ IURP f WRXFK MV \H§PDYDWREGNS GXPSHUV ORD
GLUHFWLRQV IOXFWXDWLQJ EHWZRHY QR GWIKVD BT XQSBWRWDWWSODFH
6SDQQLQJ DSSUR[LPDWHO\ N LGORFO-ON QU VD DIOAT BB WD X WLHORIK Q LV D'
OHDVH DUHD WKBQGBISRYDWHI WKYRBORRWH FRQWUROOHG RSHUDWLR
YDU\LQJ IURP WR PHWHUV BRWYEQWEUHWKY DOMDVH DUHD HQI
SUHVHQW LQ WKH OHDVH V HD\REHUQ WLRRDOUS LIMOK VALV KW KH IRUHF
VWUXFWXUDO FKDQJHV DQG LJQRRKY GRENQVIZKQWKRKDYR E\ P DQG
EURNHOQO XS WKH RUH ERG\ 6XF&HBVRIORIURDO RHYWERWRKHY DUH PDGH
KDYH OLNHO\ UHVXOWBGNHY W& @ HRWRYWIIRIR BWIBUYV ZLGH LQ ERWK R
VLOOV EUHDNLQJ WKH RUH GHSRDNVW H/ DRIGWWNQ XMRV\KH RS LURMQK RUJIL
RUH GHSRVLW LV SDUW RI D E LIXWW KHWPRUME H IRQHURRNGY DUH FDUH
OD\HUV LQFOXGLQJ /DWHULWH EHK LV PW RSFURA L GW U DHDXPX UL QJ D
FKDUDFWHUL]JHG E\ ODWHULWH PDWKL\KNF NV VRHRY W\ SHIIADLAA\ 7 K H
UDQJLQJ EHWZHHQ KWORWLP HRWHBWLQFL SOH\RSHUMADRQY DUH VDIHW
3RVLWLRQHG EHQHDWK WKH O D RIHQUH WOHO O BRHUY HW K DW LVRAQU D WKKIPF K D L
FRQVLVWYV RI SK\OHWLF FOD\ DY.HQWOHJQDW HWRLQ PMKMHIODAORSH GHVLJ(
LQ WKLENQHVY ,URQ 2UH =RQH JHKRIORJLPBWURKRVFWKADYDWRUV DU
LURQ RUH ]ROH HQFRPSDVVHV WKHSORDRIGIFREH UXZ0 PDWHULDO DC
PHWHUV DQG EOXH PEXWHMWV RYHUEXUGHQ ZDVWH ZKLFR DUH WKI
/LPROQLWLF ODQJDQLIHURXV &O BV HBIHWKH UPRIQL/ YV SRVDO DUHDV RU
6LWXDWHG EHORZ WKH LURQ RQK YEQHHQLIOLVXQDWWU 7KHVH XQLW\
FRPSULVHY OLPRQLWLF PDQJDQRDISDRKW\ ROD\ WR[\GSHU KRXU SURF
ZLWK VEKLVWY ZLWK YDULDEOH WKRBRWHQYHUXYKPG DG VFUHHQH
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WKHP UHDG\ IRU VWRUDJH RU VKLSSUBPYDQLERBRABHBIVHGWK DH G
YDULHG UHTXLUHPHQWY RI XVHUV FARPHWY HXb Q\XUHIAH QR IKRIQ
FDUHIXOO\ VHSDUDWHG DQG VROG GJLHRWW'@W@WWWWHWV

WO IR UPYOOVEHRNDS X Q GHEWR UD W R U\

*HRWHFKQLFDO JUDPHZRUN DQG BQR/?%\QE%WP\WLQJ

7KLV UHVHDUFK H[DPLQHVLWKH VW HEI Oy @L'EEU@HQGJWK
PLQH EHQFKHV WKURXJK D FRPSUH ‘

VWDJH PHWKRGRORJ\ WKDW HQFRP $R\ Mt ¥rkhd ZDRQQNPV,\Q%G\,LVOLW\
ODERUDWRU\ WHVWLQJ DQG DGYDQFHG VORS WOELOL
DQDOAN@BFK SKDVH RI WKH VWXG\ALH N LWL ROY LR U
LOQVLIJKWY DERXW WKH JHRWHFKQLFR Q;;%@E
SRWHQWLDO LQVWDELOLW\ ULVNV I

/JHYHUDJLQJ HHQWDMFD VWUDWHJ\ W KH
LOQYHVWLIJDWLRQ IDFLOLWDWHYV VW@(MDElL@WW\}@W PPRIQGDWLRQV
RSWHBL PDQDJHPHQW SUDMWLFHYV )RR N CRQFEH RIS HFLILF

HQKDQFLQJ WWKHP ORYIWDLQDELOLW PRI R GRECHIQWK OGIKUDELOLWLHYV
PLQLQJ RSHUBWREQVLVXDO UH

HUH
JLIXUH VKRZV wkh 0D\RXwW R WG YADRSEORE U mIED )

EHQFKHYV
$FNQRZOHWKISQURIRAX®S D RW
JLHOG ,QYHVWLJIJDWLRQ J HR O RV WRIXGRWPHONAW D EW MLWVX G\

7KHRXQGD=WHLRQF\NQ‘KZBKVWDLQD>5 L F X DRXUND X GWNF WRWEHE G L Q J

P dahi s D A W R U D Qs S DT gD E LT
ILHO®YHVWLJBEWN R G MOARRKO HFW H

LPSRUWDQW JURXQG GDWD XVLIRWMPDQGDUG PHWKRGV DQG

QHZ WHFKQRORJ\ WR XQGHUVWD @G, OMIQM LIRFRIDFARYBEOGDWHG )DLOXUH
FXUUHQW FRQGLWLRQWRG®LKHQP L Q H5 EYMQSHRVAHY LRI J K W HRM G
PLOLHX F R O OFDESR/"RHH @WOWMRW U X FIWDX_WOA\AL H V

% 7D UJHOLWGE J DOWVILRO@VRIG U H WHL @ H
$ 7TRSRJUDSKE@¥WDYOH\BUHFLVLRQ OHDVXHWNO R SO FIONMSLIHRFQ | L F
ODSSLRWKHUUDLQ UHLQIRURHBHQWQDMIHHUY MWERWLRQV

8WLOLRMWR)@XHGHNH$KQRQRJLHVPLWL\JWW}QFWD(@J@'@Q‘]HV
LQFOXWRWIWDWLRAYVIHUH®I6LD O ¥ YXUWKGIYWHVWLDQ@R K QW RIUWLHIU

VAVWHIDW L O L QG U IRWHK RIK O\ hGug%\llzthl&ngw“im&maDuDFW\f\rgleJwLLF\R/\\/IY_l;v
DFFX WRSBIRJ U PDISRAD KIHX PSLWH V
ZTKHRBESHOSHG ZLWK DG G LW ER GDER\Q W LRBEARXWY DWLRQ

KURPIXGUHWNKNH@BH SLYRWDO FRPSRI
3
« sgnmonsmsspoucow LRe oL RC LIV KLRN SLUSHO0, TR e
ZLWWRMS XBYORSHYV VROLGR XQ G FRUWGM Y L VHLIQH F W IQYGH
VXVWDV®QDDORIBLIASA H S HDLLD KD
¥ TRSRJIJUDSKHPBWALNHV H VYV PHQW
' QVWDBLEUNWDPLODWLRODL QD J QZDY HFRIPPLWWRDMDWKWFRORJILFDO

SDW W HHURW LRRKD Q Q @GRWKHU Y WHZDUGVKLS

JHRPRUSKRIO®RH P HEFQW U L&RW L QJ
LQVWDELOLW\ /I DERUDTHR/WLQJ

% 2SWLPLPHI® FKVLIRQ®LWLIDWLRQ&RPSUHKHQVERH DWQRO\YHVH
6WUDWHPXOBWYR@PLHEWDR® SHUIRURBHE GRYD P BUWDHW UIIUHRWHK G
JHRP HWUQLER/SFOHQ WDRN VB BFLILFPLQHEHQFRAHRE HWHUPKBMHUIQLILFD QW
PLWLIDWHRQX WHDWIHWEQWLILEERWHF KW RO HXW HQ WRILDVOK H
WRSRIUDSBQFNO®ELOLWLHYV DVVHV\RHVI@MB\MDELOLW\DQWJC—PLFV
XL G RE@AHV LUDP H Z RKMMXGIY HVW LIDW LY H
% /LWKRORMHJSDLQ&HYHDOLQéURFHG&(JRMR(Q[R\WEQGNHUQDWLRQDO(
ODWHERBORVLWLRQ UHFRIJBUR® ZKRQWVWHJVBWERILF

Y2 6\VW HFRW ODHRAWVRIDRQUER WD P SO HV
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FRQVLGHOBWWRQ@RNOIMMMBMHRWHFKQLFRXOQWHUPHDVXUHYV

FKDUD FWVRHQGWDHLFRIWD L QV
7 RD V F H WW/BKIHKDPAU Q) IRAS KRIMMLHH V
%XON "HQVLW\ $VVHVVPHQW VRYVGHFLFRQ®O HFRWAHIBH OFHQ FKH YV
v, A/H / X i

SWLOL]LQJ VWDQGDUG FRPSDFR
WKH GHQVLW\ RI VRLO VSHFLPHAOY
GHQVLW\ HPHUJHV DV D FULW \
K\GURORJLFDO SHQHWUDWLRQ ’?E
PDVV GLVSODFHPHQW L SKHIYRIO %g{
XQGHUVWDQGLQJ RI VRLO GH
IRUHFDVWLOQRRIARDGORLQGXFHG
WKHUHE\ JXLGLQJ WKH GHYHORS

l.oading cap Normal load Porous plate
\ ,

from hanger / Carriage
[Loading yoke

Reaction [; l.oad from
Reaction [rom ' . |
a l;:l:l |I'1 i l "“ e Sample IJ" drive unir
T e { {comstant speed)
Shearbox | PP 00 i -+ e — |
Lower box 7 <
(@) [@) (OO ) (OO ) (@)
EAESTIIET T TS EEEIRATT AR TSN SRS
Machine bed / N Dorousplate
y,
Base plate /
JLIXUBFKHP BGWD FRRDIPU HFKWH DYV WILAP B ER U DX R \

7KH[SH U LPHRRAKGYLY SO DB & BH QRV U L F VROV IO P SO i®

V W U H\QD E O IO X D Q W L | LRA DA WRO@®

JHRW HFRIQWRDEAKVF R K HV & RIQ G 6ORSH VWDELOLW\ $QDO\VLV 4
L QW H U QMY R@HS D U D PIRGME X FLQYVYWDELOLW\

WKWR LOKWBLIS D BIORER H[WHQWIKRIQ 7 ¢ 1o | PH WK L O LEMWXRRES OHPHQWH G
VWDERCAVDBHQFKRQGHU GARBGV{ « yrexgKG HV R I W ZDWH P S O RWRG

FRQGLWLWBEQJIK DWI[SUHEWVHG ['0p vwiw D ER M OEH O FX 8 & H U

i €:7DQ YDULRPRDGERQGLWLRIQKLYZHOO

_ HV W D E O 5\BKIREVE KG HYOW HIGOV O R S H

QEE@}QF\QS/SKD%UVWXV v V W D EL\OVFWA\VCPQH® AL\O IHHBWDIOWK D W L R Q

SOGL WL F /D RQH RIS RW HIDW OBHF-K D QR QK HRS D F W
RQVWDE O @K H BWR S H IRWNDHL R X V

P S @B HQ O X V\QUKEVEIDG]

7KH WDEOH SUHVHQWY WKH JHRWH

RI YDULRXV VWUDWD W\SHV VSHFLILF

DOXHV LQ NLORSDVFDOV DQG DQJC

HIJUHHV '\NH &OD\ H[KLELWV WKH K

JLIXUH N3D DQG D PRGHUDWH DQJOH
QWK VW X @AKEIL U NRW VAW Y H LQGLFDWLQJ JRRG VWDELOLW\

DW
SVRH%(\;NXLLFQKW@ERUDWRUH“E“KAOHGFZ:g% VKRZV VOLJKWO\ ORZHU FRKHVI
Q. SAKRIFFPGEIDHHIAK L D UHGXFHG DQJOH RI IULFWLRG

YDU\YGIUWMWDBWVHY NJ FP3 *UDGH 2UH KDV D ORZHU FRKHVLRQ R

NJ FP3 NJ FABQGNJ FPERLPXODW
RWDEO\ KLJK DQJOH RI [ULFWLRQ DW

GLIIHOR Q®LFHO W MRMICH. Q K H

WKDW WKRDHQRW EH DV FRKHVLYH L\

P D[L P YA HIRW AHAF R G H G\QUHH V W V
D o o e o LY WYVOLGLQJI HITHFWLYHO\ GXH WR LWV IL
’ QEQ ODQJDQLIHURXV &OD\ DQG 6LOLFD %,

7KLVIRXQGDWN@RDOHEQIB HUSL QY
HIIHFVDMYHYVPBGW & HVRWWDR S H
VWD E E®OWH B WH 8 QUIDWA ROW L Q J
VD P SOBVK/D E R UDIWRIA X VMQWBKW H
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FRKHVLRQV N3D DQG N3DR U HYWISFHFMWRQY HON EXW LQGLFDWLQJ |
GLIIHU LQ IULFWLRQ DQJOHV AMWIKEBOOWRDGNYKEBZWRIORZHU FRKHVL)
KLIJKHU UHVLVWDQFH WR VOLGLGDWW KLJKO/IDMWWYLWHKH®DU\LQJ PHFF
SRVVHVVHVY D FRKHVLRQ RI R3 DVEBE EHDOWRIPIOMH RKLFK QUH FUXFLI
IULFWLRQ RI f ZKLOH /RWHUMWKH MW EREG&D RORW ZLKHWILQHHULQJ
ORZHVW FRKHVLRQ DW N3D B2OR SHKWWKDLE KGIVWA DQYBGINVPHQWV

7DEOG6KHBURSHBBDLWVBRERSOH YV
6/ 1R 6 W U WY WS &RKHV.BRQ$QJANULFWERD
"\N H O DRO W B \NHG
3K\O GIODL F
+L J¥U D GUIH
0DQJD QL&HDDR X V
6L 0 L%,
/D W H&QDW H
/DWHULWH

7KHQYHVWHR BWADMEBRLPHQV LR QPWH UJROUF HY i P S DREIM/[ W H LRIUDFG! V
' DQDO\WIUIIFPHZRQGBEODQWUDLQ VXFAXWHLVRYAQWEHDYDLQRROO
FRQ G LIWVQ RIDULQW D PGHMKR G RO R J L HVO RAMD EZDOAYD\O %D \@HR® VLGHULQJ
VORBWDEDRQV MNP HAPMWLDSSURDFK W K HSRW H @\W L DERIW @ RIDH. O XW H

L Q FR U S RUKBIN\DHPG Q RW E R QF XDDL\$ HVVHQWUBRKVLJ@IQEPSOHPHQWLQJ
VXUIDFRPPRQGHQWLQWHEDLOXUH HIIHFRUWHIDWUBWYHJILHV

PHFKDQRWRQEIXPSV @ GRQMXQFWLRQ, |,y /pREIGLISORGWH EARODYLRU
Z L WPKD W HRK.IDIOD F WDRAFIRUMRIURXG K ~ 1y v/ (1 k@ DU L @R B GLRHIO DR R V

HIKDXWOWERH DWR U\ HYDOXDWLRQVSUHG&RWHQW\K@GGHQWU_L[WLFDO

7KHDFWRBDIHWR6 VHU YOHE KH FRQG L WQRQWAGD BLOGHMN | HU HOQ W

SULQF LFSD/OULFFU HY D O X DWARBL O LW\, } D CHeis i rnd RIZ P R UBHR £ X v W
OMIFRHEBIW

LQFRU S FOGDMXLY R L TXH % QG HUV R 3@ G/IHIDW OBHFK D Q LV P V

JHROR LQFDOLED AVH@WLIQO GLDQ 2 2

PLOQLQDQGWFDBKWURXMKHHWLFEFXORXYV
D Q D ORWI K HMGHH P HAQKWHW XOBM S LWIRIY 2S W LP L] DRAVJORFQ H B W H GKMKW W X G\
D FKLHYML QW U XFEPGHU V WRDIMGK I J HISORSREH@EWRGD O FDVYWRE RQFK
JHR W H AXWQW PR @EWHEARIQWW\G H U D W LIRRQQ/I L J X WADR\RICRAW D H1L @QEQWWD E O H
SHUW MWDK Q FKWY B RQ BIL OH @ WKSR VYV LRILOQFAHBPH/GREK L IJKW V
TKHLQVLIKWYV [JIRRQ KDWY B O DbwWH/ IHDV 2EBOWH. P EHQEKVLY¥Q XFRDO
D QWL FWFD WIHIWYWIBHWIHQ HPIH B @/F K EDODQFESRQUDWILREGDBDWKORSH
GHVISDQUDPHWBWRIRHBBHUDWLRQNMWDEL G W\

L O A i LFP QG YDOFHG 0RBRIOOULIBAHVS HFLILF
Qs K@ QwWHe VRIW ZDH H U LG EHHYV U H PARRYHH GV H [W

DFNQRZQOWKBY RN G YD PREGHIO 0L QJ
BWDSFOPLSVV\HKHMWHDWLR@RSH WHFKQLWRHWLOD FRPSUHKHQVLYH
X QG HUV\R /@RS D YD @ BQIR U P
7 K LWW XHGA'S O ROPGO W L ID BB WRIBBFK UH V'S R @ B DIDO HP\W QDWW H@L H V

HOQANLYAY YA
WRRPSUHK D ERNG W Q H KPR P S UH KBHIRSALFEBRPIE L YOQ S H

EHQFKFHFWLQEH\RQ“GJDGLWWBQDOLMDEm@mMVMOWLlDWNWWAPHQWV

DQDOXKLD,SSURBQWLGEUHBXWRUVSURYIY(DIG)(XIDCE‘@LHJQWWI—WDRIWKW\

W KADIQ | O XWHIFESHK DY LR U PLQEHQFRKUVQR ZO B GEBX V HER
*HROR DIGERE® D UDFW HKBQWORV LG HY HORBSEDLY WG ERPPHQGIRWLRQV
L QW H I RMY HOXRIQHRIO RUHBWG U HR'SW L P L] H Gs HEVHLE BRI F W LWH J RW L R Q
DQG/ RLRKRPERW IR/ O R SM DELO L®RW H & VJICOUBEY/G O W L PRMGHVOWW RX W H
8Q G H U V WVIXGBGN. EJIS\S BRHHRGD R J L F VGV W DD QUEHEVOSHR B IV Q ESQUED FW L F H V

VW U X FINQGRIS R S HIUWY U K MIRDO
D F F X\ W W EN\OHA\EP HED W V 5HVXOWYV



.DWDWBMIDO -RXUQDO RI OLQLQJI9RQYLURRPHQW

$QDORAINYWhEQFNDELOLW. VXUIDBMVWDQGBRBEIRW LPXODWLQJ
7KLVHEWH[P® L QWKWW D EROAL KA S RW H DU DXEIFK D QILGFOR S HBB Q

H[LVWLQEHQFKWVDROLPHTKLOLEU L\%gmz%"L'ﬁﬁ&ﬁ%ﬁ%ﬁéﬁé@w WKH
DS S URIPRKO H P MEW RESIHKE L D/®IR S 6

W Q BL OB WK HWRQ & XY RIWR V
VW D E/IRO W\ Z B BNYHY H FV\I\L\RQDWHJL%I%(%%ML PXXPF H S YREE' H R U

;EEU\?L*%Q;%E%?D%D?\A?W'\%’R lRLc;\gSF QVXORQMHVW UXE QWD 0@ XD O
HRIG/ V RWVKED XWFRGHUY L QHPMIKEGHYERQFLVHO\

E AW ZHRED V MDY L WIRW ER @D O DJJUHIDWBHEOHUHYHDBQOWBUZBQ W

LlibgDoF)oVRmRAlemD I|DH2|§Z_\ED$IIVMVN : 8|m}$2 Y D O >OHA\U RWKAHH F W LG\ F Y Wwu QLIQ J
VW D EOLFOYLBROW D\EDR WOLIREH/O @ B U W K

FURMAR WIIRRQ/H W DX B Q WLKEBIOD QFH, o ¢ (b w1 o H F HV B 5\S D WHRIQMA. Q \

ES)V(VQZV\H-R){D-FFVIED m%w&?#ggﬁ;DKw CGXWWRKBLPLQLYE&KHKBO XHYVKOLIJKWLQJ
WKHRBLIV WRNSHFW)X®PYDOXHV

SUHFLBQWWWW\)@WGEQ@WHVREVHWIW\P W R LQWLPDWHV

KL J KW FADIU J BC M XV WPHIUBY G H WK RWHIREDWKSHUODGEDRIRXQG
ZLWRKMKHO D OWRFWFRPPRGIDNGHT X H
JHR O RER B BOSWLHRYDMOMI@MD LOQVWD EWRHRWABOY RONRLQBARLO
GLVSODFBE BWQKMD DWWGRERRPSDVVLQJ
(PSOR\WLPHWXLOLBSSXJRDFKF P SUHKEHQQFERHHPHQW 3 UFIMH Q WO\
UHFRIJQRIMWDBSE SOLFD®IOCRMOMID EL OL D MO D @\D JEHHW Z H W@ G H J UBIHW K

HYDOXDWKRDQDO\BUWHV XPWMBR
GLPHQVLRQWBFW DR U F XD0S$ EH(CSD}FIKLJIKJ/X‘FWKIBIWIZWHWHUV

[T

" T .

I

F  (OHIW G (OHIW

[ [

" |

s
JLIXUM26 RI H[LVWLQJ EHQFKHV DW 'LIIHUHQW B6HFWLRQV

V
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7DEOG6XPPDR)DFWRHBWD | HYW2\6 9DOXRYLVWAHRHIWLRQV
6 1F ([LVV6HF) OLQLP)R OD[LP:)R
(D /H
(DVWIW
(DVWIW
(DVWIW
1IRUWK

7KH WDEOH VXPPDUL]HV WKH IBQWEUVIR\I RDPRWYLILHG EHQFK VWD
J)R6 YDOXHV IRU YDULRXYV H[L Iq:%(\lz O VWDELOL

kR QY
LQGLFDWLQJ WKH VWDELOLW\ % F ﬁs IBFRQFHUQV
KDQFH VWI
i

FRQVLGHUDWLRQ 7KH OLQLPXP
ORZHVW VWDELOLW\ WKUHVKRO
VHFWLRQ H[KREVUWLBRULWKFDO F g ] OLPLWHG

VXJIHVWLQJ D VLIQLILFDQ %{&E Huw VQ//};(?KX%IK/TXYHD
FRQWUDVW WKH (DVW [HIW, Y_\(’\\é DEWLY LW\ DC
PLQLPXP )R6 RI ZKLFK ZKL 8—|
WKH VDIH WKUHVKROG RI LQ L R;:I{ QD%LYR%Q/\)L%TW%WUNH\ sSD

VWDELOLW\ WKD & WHK<H PD([[D_‘PWP/

YDOXHVY DFURVY DOO VHFWLRQV ‘}J(H KW %?X\%%WLDISSV Vg\l/?svl_:
1RUWK VHFWLRQ WR IRUL% W IRUPDW

VHFWLRQ GHPRQVWUDWLQJ WK WK RI
KDYH DFFHSWDEOH VWDELOLW\ I&G)O

RWKHUV PD\ UHTXLUHLR®PBHQGG ’-IHE{% é@lb LRQV DLPHG

UHPHGLDO PHDVXUHV WR HQKD HNQ PD[LP
SUHYHQW SRWHQWLDO VORSH H W 8':2 LQJ VORS
DQDO\VLV KLJKOLJKWV WKH YD H 15@
DFURVYV GLIIHUHQW VHFWLRQV =22 (Y o/,rrmmy
LPSRUWDQFH RI PRQLWRULQJ I \
ZLWK @RZDPOXHV \
$ V\VWHPDQDLFRILWVH[LVWLQJ F
SDUDPHWEHWER QG XFWHSEQ DO\VL L
LGHQWLILHG SRIG/OMALRA FEVNULHRL \
DQG HDMWWWYLGHRWHKE&RUZHU N S —
Y26 YDOXHIWEOH7KHWHHFWZBRQUWD Q\ L -\
IXUWKBYHVW DIDG&R R 8 @WWD ODW L \
V W U D VHRRIQLHVG Q@ BN DADRWUGADADR U
DQSRWHQWLRQHA\DM¥V. G IRUPHG)LIJXUHHZ PRGLILHG EHQFK SDUDPHWHUYV IF
GHFLVPDRQWRQVWUWHR QYHVRWDELOLW\
D QWD | RWMKPH. QRSHUD B W QDA HW\ 7R ULJRURXVO\ DVVHVV WKH HIIHFW
DSSURRBK WERKWSRDQGEOWDLQDEBEHVLIQHG EHQFKHYV OLPLW HTXLOL

PLQLSQUDF WKPN® L PHON L UR QRHQ WHBSOR\HG WSHMUDOL]HG VORSH VW
VDIKWWYNV VRIWZDUH )LIJXUHV YLVXDOO\ UHSUF

6DIHW\ )26 YDOXHV MHFWDRIQ PRGLILI
(DVW /HIW WR 1RUWK SURYLGL(
LOOXVWUDWLRQ RI WKHLU VWDELOLW
SURSBWHNGJQ
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H 1RUWK
JLIXUBIRGLILHG 6HFWLRQV

7KH OLPLW HTXLOLEULXP DQDADMIO/XBH WKKLVHGEHWQLIRHG DQ RYHUDC
EHQFKHV \LHOGHG PLQLPXP )26 WDAODEHL\O UWQ JIRQI PRRRV VHFWLRQV GXlI
WR DFURVV VHFWLRQV PRIGCOHLMAWOWVRIQYDOBHOH VXPPDUL]HV '
VXJIHVW WKH SRWHQWLDO IRU LFNROXWH)Z 6 VKIDO)XOHRZ IIRWWDEKORR/GLIL
LVVXHVY LQ FHUWDLQ DUHDIMNQGLN 19 WRIVFWGLRXQJVD FOIDW FRPSDULVRQ IRU
(DVW /HIW WKH PD[LPXP )R6 FDRX®Y UHHIDARKH® DEHQFK GHVLJQ
UHDVVXULQJ WR IRU FULWLFDO JRQHV SURQH WR

7DEOGXPPDU\ RI )26 9DOXHV IRU ORGLILHG %HQFK 6HFWLRQV
6AR ORGLIGHBWLRRQQLP XR6 OD[LPX)MR6
(D VWIW
(DVWIW
(DVWIW
(DVWIW
1RUWK

7KH WDEOH SUHVHQWY WKH IDG®W RDYLRXF DRBWLQRBFDWLQJ WKH Ul
IRU YDULRXV PRGLILHG VHFWLRQYGHQY 5 MOHRSHQWWPBEQGLWLRQV )RU
DQDO\WLV (DFK VHFWLRQ LV HYDDXWWHRBNZVY WKW RQQUIPWKBD PLQLPXP )F
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D PD[LPXP )R6 RI VXIIHVWLQGLWKEDRBRIWOHY LWHFRPPHQGHG
UHODWLYHO\ VWDEOH EXW FORVHKWRR QY KH XNIHSBEHNEERBIGL B WZ I D IGH W \
,Q FROQWUDVW WKH (DVW /HEWODIQP\WE SR @ BNFHKRZMNHW D E LODQ @V \

FRQFHUQLQJ PLQLPXP )R6 RI P D[EZKL]EHMRNWAHDF WIRFOR Q/H U P
EHORZ WKH FRPPRQO\ DFFHSWH @WIDH HBA Qi iR BHIWHLREIEWEHIWD L Q D J H

LQGLFBRWBAQWLDO LQVWDENOVW MR WKKEHRW KWW X F ZRDXLO O
VHFWLRQV VXFK DV (DVW /H IR\ WRLLEDRARFK I WR DV IR F IZID WAOBN H U
DQG (DVW /HIW PLQLPXPD)RBXR X OQ\EL\R X ZDWWRE RS HY
GHPRQVWUDWH DGHTXDWH VDIHW\ PDUJLQV ZKLOH WKH
1RUWK VHFWLRQ PDLQWDLQV D BOQ@ICRXPV)RRS RMKH &RUUHODWLRQ
2YHUDOO WKIH\HO LLIQW LYDWQROUURQPHQWDO IDFWRUV WKDW DIIH
OHYHOV RI VWDELOLW\ DFURVV RN PRGEMW HEEQLBMHLRQV ZLWK
SDUWLFXODU DWWHQWLRQ QHHGHELYRULPMH FRUNHWO DWIVRQ LV JHQH
VHFWLRQ GXH WR LWV LQVXIILFLIHQN FPQNWYT XBIWRUWKDW WZR RU P
% D VRIG W W LD ORWDIL\D W IIKHL QKDSSHQ DW WKH VDPH WLPH DQG K
X OW LPLDNYJOIHF ZLWKUWGHVLIQHG BNWYRELDWHG 7KLV WHVW LV DGRSW
SDUDP HAMHUKNMHW HUBWKPHWHUV FRUUHODWLRQ EHWZHHQ VRLO PRLVW

TDEOWLYDULDWH &RUUHODWLRQV

6RLO ORLVWXUH
6HDVRQ ZLVH GDWD

5DLQ

S3HDUVRQ &F
5DLQIDOO 6LJ WD
1

S3HDUVRQ &F
6RLO ORLVW 6LJ WD

6HDVRQ ZL\ 1
&RUUHODWLRQ LV VLIQWIDARD@W DW WKH OHYHO

7KH WDEOH SUHVHQWY WKHVEBQUNMROQ OMR U UHO®MW-IDRML QJ WKDW
DQDO\WLY EHWZHHQ UDLQIDOO DGIG®DMLROQFRKLBWXUKLEDTHBEQOLNHO\
RQ VHDVRQDO GDWD $ FRUUHODWWRQDFRBIPIEOG HRHQWHRIU ERWK YDULDE
LOGLFDWHY D VWURQJ SRVLWLYWKHMODWYRQWKLEQEBEHWXYHRQH WKH L
UDLQIDOO DQG VRLO PRLVWXUHLQVKQIJIGBXWQEUQW WIRWOKRRKMW XUH FRQ
UDLQNWD®DVRFLDWHG ZLWK LQFUHDDMRO VRKOQIRRILVWXYUGRI D UREXVW F
OHYHOV 7KH VLIJQLILFDQFH YD&KOHY¥RILPSOLFDWLRQV IRU DJULFXOW>
FRQILUPVY WKDW WKLV FRUUHQ@DWHRQU HVYRIMPWPHWRIN@DLFDOO\

5DLQIDE©-6RLO ORLVWXUH
6HDVRQ ZLVH GDWD

JLIXUH ORGHO IRU &RUUHODWLRQ EHWZHHQ 5DLQIDOO DQG 6R

7KH WDEOH DQG ILJXUH PHOQWLREBEY DERFXHDY UDLQIDOO DQG
GHPRQVWUDWH WKH FRUUHODW DVRHD WRIQHW RXWE RBLEEVBHQIR IS LV XD G D
PRGHO WR ®GHWHDPVYRHLDWLRQ SHDRIYR WHVRWUHODWLRQ RI UDL
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PRLVWXUH VKRZ D VWURQJ DQG &RUDUVHCOBDIFRO@DA VLIQLILFDQW

SRVLWLYH UHODWLRQVKLS $ R DMF‘\XI/ H
FRUUHODWLRQ PDWUL[ RQO\ UHI %}5\/\}& 6) Q%KL I_JI'FPSORHF;FS%
HDFK YDULDEOH LV UHODWHG W% I \ Y/ 3: N ‘]O@ LRQ Y
vVD\ DERXW WKH GHJUHH E/(RHX/KI.W HIW D. N\D U
UHODWH WR HDFK RWKHU 7KHV VW R MWHOD\
LGHD WKDW GXULQJ WKH VHDV D

L‘ﬁj I_'|7:|JlU RLS HG

JUHDWHU UDLQIDOO LV DVVRFL
PRLVWXUH

7DEOBDUWLDO &RUUHODWLRQV

THPSHUDWX :LQG 6SHHG
6HDVRQ ZL\ 6HDVRQ ZLVH GDWD

&RQWURO 9DULDEO

&RUUHODW
6LIJQLILFWDI
G
&RUUF
6LIJQLILFWDI
G

THPSHUDW?
6HDVRQ ZL

:LQG 6SHE
6HDVRQ ZL

7KH WDEOH SUHVHQWV WK HVRRUNWHODWIDROD \DWOIDQIML¥DQW LPSO\
EHWZHHQ WHPSHUDWXUH DQG IHDDWBSROGGKE®D VNG RMLNHO\ WR KDYt
VHDVRQDO GDWD $ FRUUHODWLRKH FERHIUHFHRA Q@I RHRHGWKH DQDO\VLV
LQGLFDWHVY D PRGHUDWH QH JDWAKLH K H\DXD5/8 RRIGWAK LV KEHH W RIEM@W Q HV V
WHPSHUDWXUH DQG ZLQG VS HHBL WKLIY MWKHL DR QWKIDW FIVWKH VDPSOF
WHPSHUDWXHV L@EQB VSHHG WWHMGN UMRXOWY KLJKOLJKW D QRYV
GHFUHDVH RU YLFH YHUVD 7KHJNODWLULRRNKEIS EBONZH HRQ WHPSHUDW

S LQGLFDWHV WKDW MX MVK A ROUQIH@\ DAG R'® DIWR Q V

'LQG 6SHHG == 7HPSHUDWXUH f&
6HDVRQ ZLVH GDBMHIDVRQ ZLVH GDWD

JLIXUH ORGHO IRU &RUUHODWLRQ EHWZHHQ WHPSHUDWXUH DQ

7KH WDEOH DQG ILJXUH PHOWIEZRAWE DERKBLH) MND U XEGDHWHV WKDW WHP!
WKH FRUUHODWLRQ WHVW UHVXOWHOGQDUMLVYRNBURRI®ONOUMMDWHG G
GHWHUPLQH WKH DWHPBSIHWDMROQMNEHINGAN) DQ REVHUYDWLRQ WKDW PD
ZLQG VHRIBIAXYBOXH RI WKHIFSWD WKHD®RLQLQJ SURFHVYV
FRUUHODWLRQ FRHIILFLHQW EHWZHHQ ZLQG VSHHG DQG
WHPSHUDWXUHKLY LQGLFDWHYV D HR/GMY MWD\

VLIQLILFDQW QHJDWLYH FRUUHO LR Q L V H
GHEUHDVHY DV WHPSHUDWXUH LoEnrh vk Yé‘;w R RS Lo oW
YDOXH RI KH RODWRQDO RI WK (]Ql | N DWLRQV
PDWUL] LQGLFDWHV WKH FRUU F t%ig) £G$%6Eé}élé{7]|

i %ﬁ%

ORSH VW
ZLWK LWVH®XHVGRHW QRW PD
DQDO\WLQJ FRUUHODWLRQV EH Bt WY o2 BRF O LW VEHC
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VHFWLRQV VKRZLQJ WKH GLIIHUWREHOLWKEVVISVWPRIEML\D L Q6REBE
XQGHUVFRUHV WKH XWLOLW\ RI DVPR® BEO\XKH G LVER B P \QW OPBIG/ HDV\ W
IRU DVVHVVLQJ DQG UHILQLQJ XWHH FYRIKRIRUD PRHW HXIVF WRKHFNV RI VDI
HQKDQFH WKH \@HH®HN RIQFLRSHYBRWHRIQY LWV UHOLDQFH RQ VHW IDLC
7KH DGRSWLRQ RI WKH UHFRPPHQ ®DWDRYN ZBURSRYVME LQ FRPSOH[ FI
KHUHLQLENSDWWG WR EROVWHUY (¥ @RSHVVIWHDMVOHW\YHUVDWLOLW\ E\
WKHUHE\ IDFLOLWDWLQJ FRQWL@XH®D PQQEHEBYHRRB SPLHMKR X SULRU
FRPSOLDQFH ZLWK SUHYDLOLQD LMW XZUV | VMDD QIEPRIWU\ HQDEOLQJ
YXUWKHU H[SORUDWLRQ RI VSHFDO\WLVYHRVMOHFKEWADURJIHQHRXV RL
DWWULEXWHY DQG HQYLURQPHGWQOLRARROVWLRDASIPDNM EHWV SUHFL
UHTXLVLWH |RWSMR ECCRSHOG. MR WIHRRPS XWDWLRQDOO\ LQWHQVLYH UH
7KH DWWDLQHG FRQVHTXHQFHW[BHWWHVH L\DWQIGQ PUW XIBRH FRQYHUJF
> @KRZHG WKDW FKDQJHV LQ WKNWRIQJI XKD \FIR\S SthU EH QIFKPLDUNL QJ 6
PLQH KDG WKH ELJJHVW HIIHFW) (R QUH\QHBQUFA KU V UFRIZWB HY HUDJH WK F
7KH HIITHFWV RQ HQYLURQPHWKRGV DQEOYRBHALDO IRU UDSLG ¢
IDFWRUV ZHUH DQG DYXWHEVPHQMWY DQG )($ IRU GHWDLOH
LPSDFWV ZHUH RQ WKLQJV OLNHHRURKEXBW DY EWO PQ DHGODRBSURDFK WR
FRVWV PLQHUDGYMQRMN FORVXWBEEGNW FWDFWLFHV
LQYHVWPHQW UHWXUQ DQG ODQXHX2NWFIRWPHY RIQWEH>S@HYDLOLQ
JLNHZLVH WKH UHVXOWV RI W R/ HFUHMVH®D W KOWXEKHD RSRUDWLRQV R
LQFOXGHG D FDUHIXO FKHFN RI ¥R PHHKQNMVEMDFXWDHYIDIVH ZLWK D F
7KLV IRXQG SRVVLEOH XQVWDEOH D UHDY KIYWHFMULRQWO O\ LPSURYHG
DQG (DVW /HIW ZRBEFKDOXGVDRB VRFLDO FLUFXPVWDQFHV ZKHQ K
7KHVH DUHDV QHHG PRUH WWXGWXD®BVI\RDWNQLEDLHD WML Q WKH HFRORJL
GHWDLOHG FDVH VWXG\ RQ VWHRMBNXUMGKREOHYMWKLF PRGHO UHIOHFW!
SDUDPHWHUSLMWQ LRRMQRUH PL@BQLPAV@/LF LPSDFWLQJ DVSHFWYV DQ
SURYLGH YDOXDEOH LQVLJKWNFARQQVDR H/ XWDMXIHQDROH WKH GLVWL
GHHSHQLQJ SUDFWLFHVY DQG WOR®HW L\OWEEQDOWWLQ)RIUQLQJ DFWLYL\
LQVWDQFH VSHFLILF VHFWLRQKH UKFKOWY RI WKH FXUUHQW VWXC
1IRUWK DQG (DVW /HIKH FDOWDEQGMWHBWRH@W WKDW LGHQWL
SUDFWLFDO LPSOLFDWLRQV RFRRO$FWUBV]LWKLE WG\ RSWLPL]HG EI
GHVLJIJQV %\ DGMXVWLQJ SDUBPKNG BN VOWINEH OLOWR DHO G UHVRXUFH
DQJOHV EHQFK ZLGWKV DQG KOHPLKMG R3HQDWIFRMDW LIBHHM G7KH T
LPSURYHPHQWY LQ )R6 YDOXHWREHQXEHT B A KEMDXMBHIGIHVQRV X EFR QW L
HQVXULQJ HQKDELRHG\ DQG RSKEKWWYR@PNQDEOH UDLQIDOO SDWWH
HITLFLHQF\ 9LVXDOVVMRWK RDDQG RWVYHFLILF VRLO SURSHUWLHV
GLDJUDPV RU FRPSDUDWLYH GRSWDLWIOEQHW MK RSDLUDIPHWHUV OLNH
FKDQJHV LQ )R6 YDOXHV EHIRGMWKDQGQOBIWHORSH DQJOHV 7KH
PRGLILFDWLRQV ZRXOG VW UH GFRQOQKHX UVDKH. FSQ\D FIWL FIEKAZR LQ )LJIXL
DVSHFW RI WKHVH ILQGLQJVW DIEDLELRD® ORY BDW K HILWKWD RAR Q V
LQFRUSRUDWL @GBKVWPHQWYV RMHAKWWRWHA GWMRK R  PHWHUV DQG L
JHRORJLFDO DQG JHRWHFKQLP QDO H\RAR GVIEMRRHQAD GOSHIFOIH f
WKHVH VHFWLRQV FDQ GHPRQWWHPWGL KFEDWIRFP\WO DJHPGIG WR DFKLH
LQWHUYHQWLRQV FRQWULEXWHRMRZRMBUBPD[@ FPLURGIVDHMWRXUFHV HJ
DQG VXVWDLQDELOLW\ 6XFK FPUHQWDXGLABY KQREB VMKDVE LO LW\
WKH LPSRUWDQFH RI LQWHJUDWAKH VBWRSHWWYWRE L\OKMA S@HYDLOLG
DQDO\VLV ZLWK VXVWDLQDEOH QGLVFOWHG WKDWDPMKHRPRVW VHULR
SUDFWLFHV WR PLWLJDWH ULVINRXIXM. QB BDRIRKRP®IRISHQUH ZRUNV]

SURGXFWLRQW\G NHIOHYOOWWU QDWDIHW\ ZLWK RFFXSDWLRQ ZLWK
IDFWROQBRWHQ@WDNQ HAMMIEIXLGH LQFRPH JHQHUDWLRQ ZLWK 6 XEV

LQIRUGPHELPDRQQAEQVWUWHR @ HUP IDFWRU V VFRUH RI VRFLDO LPSDFW Z
V W D EDL@MGDWIRWARPH (REHUDW LGRQV  WKH VFIGGIDUQRE® LQ WKH FRQYHQWLR

&RPSDULQJ 60OLGH V OLPLW VW OLEWM KA PBWERBRRDFK ZDV XVH
/(0 UHVXOWYV ZLWK ILQLWH HOHPRHRQWID'QBO\VLYLQ)WKH QRUWKZHVW
SURYLGHV D UREXVW YDOLGDWLRQQ UDIRKZRBR QRW FIVRISRIQ 7KH 6
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BRFBBYWDLQBELIRIWN\WKH 6&0 ZH®O DQG VWD\LQJ VPDINLGKH GHF
GHPRQVWUDWHG WR EH OHYW®DW RKRRVND WRSEOR\HG SULRULWL]HG |
RI VXVWDLQDELOLW\ /LNHZLVH MXB ¥XRQMHIX WOREWH RMWIDKEH OL W\ LQF
SUHVHQW UHVHDUFK DSSOLHG SWIKRD LR RRHW O DRV LRHR OWRBIVMD O FKDUD
RXWFRPH WR GHWHUPLQH WKH BRVA FLPORSIRR/Q VDIPREM D QWG VW U X FW X U D (
YDULDEOHV VXFK DV UDWKIDRUOHRYGURRPO PRRSWXRQGLWLRQV UHI
VHDYRQH GDWDY D0 YWHKRISFRUUHOERVIRHD BAMVRQYV EHWZHHQ UDLQIDOO
LV OHVV WKDQ DQG 3HDUVRQ FHRWHOD WR B Q HYCDDOXIHR QV DQG W
WKHQ WKH WHVW YDULDEOHV PRI GZNISFHKH &HFRBHHWBMILR GI[SOLFLW
FRUUHODWLRQ LV SRVLWLYH 7KHHRENDWEH RIS FUDLOKHHU ILFDU 2ZBKHQRW L Q
SUHVHQW YDULDEOHVWRI FXOQGHOMO WHWHRQFROLJQV ZLWK WKH VWX
3HDUVRQ FRUUHODWLRQ YDOXHHQKNDROMRVORSHQNMDEWOLW\ DQG R.
GHPRQVWUDWHY WKDW VDIHW\ |XPMRUM WLRRO YHE PQWLINVWYH ULVNV
DQG HQYLURQPHQWDO SDUDPHWMRNDOXFKGDVIDDQRUMVYO DWIGH VWXG\
VRLO PRLVWXUH DUH FRUUHODWMBLQWDLQLQJ RSWLPDO EHQFK
LPSOHPHQWLQJ UREXVW ZDWHU PDQD
([LVWb B QFWMDELOLW)\ DQG UHJXODUO\ PRQLWRULQJ FULW

% $ SUHFHYBOXBVWALIRXU UEIQREK SRWHQWLDO VORSH PRYHPHQW )XWX

FROILJX VOOV RRGAMDEL Ow ey H[SORUH WKH HFRQRPLF IHDVLELO
FHUWBLRH QW V PRGLILFDWLRQV DQG FRQVLGHU LQFR!

\

% BWLOL]LQJ 6oL MK Lo cxnowy LyS <P HULFDO. P HIWXRGY (O QW $QDO

W KM GGV FHUQRG DR oxHy J (0 RU LVEUHWH (OHPHQW OHWKRG
VSDOWIRR WR 1RWDEQAPHOWWRUH DFFXUDWH DVVHVVPHQWV %

VXK 1RUWK D@®WIWHILVWHUREFLVDRQQJ FULWHULD LQWR VORES

FULW LOFIDX26\YDOXHVDQG DVVHVVPHQWY WKLV VWXG\ FRQWULE
UHVSHFWLY g DK IPLIJI K WH. QRN G UHVSRQVLEOH PLQLQJ SUBIMWLFHYV WK
IDLOXUH ZKLOH RSWLPL]JLQJ UHVRXUFH H[WUD

% $OW KR/RPWHF WS RQVIHFEFHSWDESH QHILWLQJ ERWK LQGXVWUN VWDNE
)26 Y DO XHRE V H WDHGERIG L vDirHG TQYLURQPHQW
SRWH@®RWES HUDDRRPSUHKHQVLYH
EHQIPH CPHFHKDQLVPV SHIHUHQFHV

ORGLIYHFKUDP HDMHRSURYHPHQW @ 0 +DZOH\ DQG - *XDEHDLEQIHV IRU
PLQH ZDVWH GXPS DQG ¥WBENSLOH G
¥ ,QSXUWXHWKD /MHIEED QBWLFLHQWXEQOLVKLQJ

H[S O R LRID MALRXRIFQHM REUHRY LR Q ,
PRGLIIEH®F ZBVSURSRWHIBY XULQY @ 9 1DYDUUR 7RUUHV 5 'RFENHQGRUI

FRQ VL GWHQOW L RIQNMNR W pHWHuv6RWRPD\RU & &DVWUR $ - - R W 6 %
‘LGWKPHWBQYGLYEGRFRIJOIH DQG OHWDOOXUJ\ BUREDELOLW\ RI IDLO
f D QOBEQ Y H UWDACHIBHIFO! Hf VDIHW\ LQ WKH GHVLJQ RI LQWHUUDPS DC

LURQ RUHRRU@HWO RI WKH 6RXWKHUQ S$IULF
¥% 6XEVHTXORWIVYWMHOLGHVRIWZDUHR| OLQLQJ DQG YOROVDQR XUJSS
L O O X \PW U DMNVEDE IPG IR \Y HDAFRUQRRW V

W KHD MR BLWMWFL RY2W Y D O XHNWH

UHFDOLERDWMIBURP WR > @ 6 6HQJXSWD $ .ULVKQD DQG , - -
PLQLPO®G WR PD[LPXP 5R\ 60RSH IDLOXUH VXVFHSWLELOLW\
HYLGHQWVKW®WXIE VW BIQIWE ROW K H LQWHJUDWHG UHPRWH VHQVLQJ DQG *,6
UHGHVEH QRIUDPHWHUYV VWXG\ RYHU -KLQJXUGDK RSHQ SLW FRD

FRDOILHO®RX,WQ@ELO RI (DUWKYROWHP 6FLH

&RQFOXVLRQV S

S
,Q FRQFOXVLRQ WKLV JHRWHERO Loy PLQDWLR‘\?/(/SB'/M;%W;
VXFFHVVIXOO\ HYDOXDWHG WKH, gl b L%\Lzﬁwu Lw@%\ﬁ%@i
RSHQW PLQH EHQFKHV DW WKH ,URQ 2UH OCQH DQG

SURSRVHG RSWLPL]JHG SDUDPHW@AUY "R UWHIY /'po@ERULI ( (EHUKDUC
VXVWDLQDEOH PLQH GHHSHQLQYPPéH PSRYRP VYE IRY WMWLPDWLQJ 6C
SUREOHPV ZHUH I|RXIOGKLQRYH)R DELOLW\ /RQJHYLW\ IRU &ORVXUH

OHDGLQJ WR FOHDU VXJJHVWLR %%%WQQ\%;@'@'%yﬂ%%%@m%%o &RQIHUE
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>@ & $ 2 OLWPD 60ORSH 6WDELDLGWHHEO\VUSSRQJ ,UKRSD RRDOUBMV LQ
2SHQ 3LW OLQHV XQGHU *HRPHFKDQLFB6O8QB5H UsBDI*G (\6\6

OF*LOO 8QLYHUVLW\ &DQDGD > @6 :DQJ % &DR 5 %DL DQG * /LX
> @ * 'DV $ %XUPDQ $ %DUGKD@RSOWLRPDWLERQ GHWL JBL GHR RBEGIQU \

6 &KRXGKDU\ DQG 3 - $ - R VORBMXERQUMAHULQJ XQFHUWDLQW\ RI U
HVWLPDWLRQ RI VRLO VORWSBHIE VD &FE OH QW LI URASHIISRRI W V S

-RXUQDO RI *HRWOFIGHQFHS GRL v

>@ 7 $VVLV ) &RUGHLUR / - , 5 R® /( 6FBHPBRHXX ( 7 &KDOD 1 = -L

DQG (FRQRPLFV +RZ VWRFN PDUNHWKDUBREWY ORBRHV 2SWLPL]LQJ GHVI
HQYLURQPHQWDO GLVDVWHUV DQGRMXGIHFQDIL\EHFARERYVL QG FOVB\ FRDO PL
VWXG\ RI 0ODULDQDYV GDP FROOSHH 5SHBO %QR]LOS -DQ GRL

,QWHUQDWLRQDO 5HYLHZYRIO/I®Z DQG (FRQRPLFV

> @: 5 $EGHOODK & +LURKDPD $ 6DL
>@ $ <LOGL] ) *UDI & 5LFNOL BDQMRBIHHN- BQG 0 $ 0 $OL (VWLPDWLQ.
6SULQJPDQ 'HWHUPLQDWLRQ RI WRNHKBHOOLGDOESKD $ERBY RRQHYS HAL W K
URBMWUPHDWHG VR LO/\FDZLW G LDU HOFDAB DHKEDEL O L V VBISS @ RID G \&FR\BI QFRI V

DSSDURDMMWRD SS s >2Q00LQH@ $YDLOD
> @ - 0 'XQFDQ 6 * :ULJKW DQG YW NS\ypbeRrEESL FERP
6RLO VWUHQJWK DQBKOORSIHHWVWBEOUEW :DQJ = =KDQJ DQG & :DQJ 3UH

RI VWDELOLW\ F RSILL W FALLHQQHWV VIR SIHED V H G
> @' %DO\D G6WDELOLW)\ DVVHVVlgDﬁef)V Fg@%%%WLJHQFH GHHS OH
GXPS FDVH VWXG\ RSWLPD PLQHVDG iy WH G

> @6 . 6LQJK DQG "' - $ R 0 6 §‘ \(/B% KDQE;]RFI?\IQ:SIOVRSaDLQ%N
(IILFLHQW DQG 5HOLDEOH 3UHGL f o FH%%UHD s EDVH 6WXG
6WDELOLW\ LQ OLQHV XV L Q JGBISRKK I—LIEE) QOR cét URQREVO S S

JHDWXUH ,PSRUW DEUFHK LYQHD/O \R/IL \0 L S

6FLHQFRO/ SS
0, *
> @0 .RRSLDOLSRRU 3 * $VV\Q4 KDR % +X 7 <LQ &KHQ

ORKDPPHG ' ( $OH[DNLV $ ODPRX 7K'@’"'H/@'VLRQDO 6LPXODWLRQ 6\

* $UPDJKDQOL ,QWURGXFLQJ VWDE o' §RP SQf’ggéULgﬁ%
DSSURDFKHV IRU WKH SUHGLEWLR Lgl% E?z pegl 20
7UDQVSRUWDWLRROHRWHEKQLFV
> @2 %D]DOXN 2 $QLVLPRY LN
/RI\QVN\L 2 $NLPRY DQG / - DQG5 RQHBOXUQHW]HRUQQHDE)G
'"HWHUPLQLQJ WKH VDIH GLVWDQF 'gfg%ég OVEURQ
RSHUDWLRQ ZKHQ IRUPLQJ DQ LQW H BER®
SLWXVWDLQROLGRV\ S

JKWDVEL 0 $WDHL DQG 5 .DG
> @9 6 %BWIDDKH ,QIOXHQFH RI@E%B GLILFDWLRQ g RSHQQSLW oS

f

DQG (YDSRUDWURIQD JHENWQBY RQ W é_'g V,é VRXWKHUO 2D0O RI W
x3 @@46 BIOORI WKH 6RXWKHUQ

3LW &RDO OLQH 'XPSV LQ &DP 3KD
,QVWLWXWH RI 0L Q LYQRIOD QBROHWB SO OXUJ\

RI 9LHWSESPOLHG 6FRBIQBRYV S

> @1 $QGUROMNDGHRNSK\VLFDO 5HYH

RQ DQ 2SHQ 3LW OLQH IRU *HRWHI—? >\? \% EWS'SIIQ&\/OORSiWE)/\TVLDE?gE’\A
JXWXUH /DQG 5HFODPDWLRQ $ &D §6 PSDV%LQJ $EEE0 L WG/ VB IRPW

ODFHGRQLD 6XWHHIFIHQYIREDL OQ RV \ S &RPSXWR@J QR

6 5H]D|_:\]L 5 5DILHH 0 $WDHL DQG

> @ 3 & OLVKUD 0 . ORKDQW\ ?
bt b Romuowlie W ol B RRRRRST A ARG 1 o
SURGXFWLYLW\ LQ, QWHH@FQ[D\W\LFPQQ RNUQDO RITOLOLQJ DOG (QYLUS

RI % XVLQHVVYROH@RHQFSIS YRO OR

> @ 6 1DQGD 6 &KRXGKXU\ D% I3%[1) Vg
é# DORGHOLQJ UHVLOLHQW PRG
$VVHVVPHQW REBQYWXNRWRBDBOBDRS X)gj_g) LOV XVLQJ /6690 RSWLPL]H



.DWDWBMIDO -RXUQDO RI OLQLQJI9RQYLURRPHQW

LQWHOOLJHQFaF DHOQWULWRPVISRRIWVYV> @ : 3DEW DOORSH VWDELOLW\ RI LQF

S KHLJKW DQG H[SDQGLQJ FDSDFLW\ RI VRX
R PLQH QIV HADQY/MW V RVXOBO
> @5 - ( $]1DbP 6KHDU )DLOXUH ?? éé)
&ROQOVWDQW O9ROXPH 5LQJ 6KHDU 7 @E I§|—|\§V g QDHSS?HFKQRORJ\
&OD\H\ RUODQHHWRLD DR SS

6KRPH 6 &KDNUDERUW\ DQG 6
HYHORSPHQW RI D

, K
> @6 (SLJD DQG 6 5XSSUHFKW 6 OLQLQJ 5H.
FRQVLGHUDWLRQV IRU VKDOORZ RS QVWLWXW
DW ODPDWZDQ PLQH 1RUWKHUQ & LHV. '

>

$IULFD,650Q3IULSRFN OHFKDQLFV
,650 SS 3$65052&. KDWUL 1DLQHJDOL 5 6DUND

7KH (IITHFW RI D ORYLQJ %RXQGD }% X7 LQ VLWX DQG

6WUHQJWK RI *UDQXODU ODWHULDO é LPSLrb%A%(FWLRQ

6\PPHWROD QR s
> @6 OKDVNH , .DSRRU . 3DWKD L\SK OLVKUD 65 OGHLK(;JUK ° Q

60RSH VWDELOLW\ DQDO\VLV RI s ¥
PHJKDKDWXEXUX LURQ RUH PLQHV \(’f\ ES\)/(L]S(KWVVXYL\JNR[:
,QGLD 3URFHHGLQJV RI WKH DRCHU LD O LIWR G D\
([SORUDWLRQ DQG HYHORSPHQW d’zﬁws
6SULQJHU SS

> @$ 5RVKDQIHNU DQG ' - OODK & R oL $(VE\5/\I/:)LL|
+\GUDXOLF EHKDYLRU RI SURJUHV%LL&[E%’LE 8@@%4%633& CBEIHON FLIWAS H C

ZDVWH GRPSMIDO RI +\GUDXO®ORB (Q VVBISE G DIDG \GFRB QFR V

OR S

> @6 . +D@®ERHUDO H[SORUDWLRQ UL U HEBN¥vkDo . 6KDKULDU 6 $IU
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