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SHEHLYBBSWHPE HU I1DWXUDO KD]DUGY SDUWLFXODUO\ ODQGVOLGHYV KDYH
SHFHLYHG LQ 5HWISWH® I%UIJ?SOH EXLOGLQJV DQG WKH VXUURXQGLQJ HQYLURQF
SODQQLQJ IRU XUEDQ DQG UXUDO GHYHORSPHQW QHFF
$FFHSWBG LPSOHPHQWDWGRQ@WRVNDR®EMPDI PRGHOV 1XPHURXV PHWKR
3XEOLVKHGORQOLQH SURSRVHG IRUJHQHUDWLQJ ODQGVOLGH KD]DUG PDSV ZK|
IXWXUH O DUREMOIDAHDY 7KLV VWXG\ HPSOR\HG DQ LQWHI
FRPELQHV VWDWE WA MDOGBERNEWLIRMEL0 PHWKRGRORJLHV
JUHTXHQF\ 5DWLR )5 DQG $QDO\WLFDO +LHUDUFK\ 3URF

2, MPH NQRZOGGUWHQ DSSURDFKHY ZKLOH WKH 6XSSRUW 9HFWR
.H\ZRUGYV 5%) NHUQHO D ZLGHO\ UHFRJQLWK® PRBKLMSHSOHBG @M\QD B
IDQGVOLGH $QDO\WLFGULYHUQD PHWKRG 7HQ IDFWRUV LQIOXHQFLQJ ODQGVOLGH
ARy BO SOHYPYUSHFW DOWLWXGH JHRORJ\ ODQG XVH FOLPDW

IDXOWY DQG URDGV 7KH UHVEROMW \PRIMY FHLMEE PMDIEWD HO D
JUHTXHQF\ UDWLR VRXWKHUQ VRXWKZHVWHUQ DQG FHQWUDO UHJLRQV RI
6XSSRUW YHFWRU PDFIOYMHVVPHQW RI WKH GLIIHUHQBWRHH BXRGHNV XMV ®LIF 8 WHHEL K
XUGLVWDOQ 690 PHWKRG RXWSHUIRUPHG5 WXSSURBDBRIGVISEG® LGHQWLI

VXVFHSWLEOH DUHDV 7KH ILQGLQJV RI WKLV ZRUN FRXOG
SRWHQWLDO IXWXUH KD]D

,QWURGXFWLRQ

1DWXUDO KD]DUGV KDYH DOZDDGSRWNE VK HVHL KFDYWY DQG UHGXF
WKUHDW WR ERWK SHRSOH DQG ERIRIS MU\ HRRQIRE \ LTHYX BXPHQ OLYH\
LQ VXEVWDQWLDO GDPDJH WRWEXHQGDQFH DQGGWHHGH SUHSDUHG
HQYLURQPHQW $PRQJ HQYLURQPHIIQGLIFAOVURFNR IVXFRWBHYWLDO RFFXL
VWRUPV IORRGV DYDODQFKHV LIGHRWLIRIQF D\ GRW WXRTOKIDANK /DQGVO
HDUWK T X [DNDHQV\G W@QIGGHY FRQVWLWQYEWHQ WM \RD MKW XVFHSWLELOLW\ P
PRVW GHVWUXFWLYH FDWHJR U FH\ WRLIF M WSUHDOOL PLIDW\GWWHSV LQ
ZRUOGZL@®H&KDUDFWHUL]HG E\ VRUHHHFSD VW RG HWIQ\E KA. WLYNW DVVRFLDV
DQG ORRVH VRLO KLOO\ DQG PRXONW SBKORR®H@DE@RQV DUH

SDUWLFXODUO\ YXOQHUDEOH WR$ ODIRBEE\OQIGEHY YXIOQK UREHOLW\ PD
PDMRULW\ RI VXFK HYHQWYV RFFNUWLEDOZWRRIOQI RUKXMYEHUVWDQGLQ.
VSHFLILF WHUUDLQV ,W LV HV@DODBW®IGGMKDIW ZBQOVDY GHWLPL]LQ
FDXVH DSSUR[LPIXWHDQOQXMmO®DWPSDFWYVY 2YHU WKH SDVW WKUFL
BWXGLHV LQGLFDWH WKDW DW DEHMDWQFHPHE®W VDVDD OHRVIUAS KLF , QIR U
UHVXOWLQJ IURP QDWXUDO GL%6VI}EWHPBRWHEKBR@REIHY DORQJ
DWWULEXWDEOH WR OCD®@ G\RO L GHWK HR FFXKYHOGIRFPNQW DQG LPSOHPHQW

E &RUUHVSRQGUQKBMVOKEDY E#KW]B 6 HLVK
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VWUDWHJILHY WR DVVHVV ODQGWRFALHKDIDUG GDYEVOLEGEH VXVFHS)
VXVFHSWLELOLW\ KDYH PDG P RQJFKVKBNKIGHHWYLQJ 0/ PHWKRGYV
LQFUHDVLQJO\ SUDPW@FD>0O @QG VXN FKFVWIWVY HSUWLILFLDO 1HXUDO 1HW:?
> @ @ @ > @>> @®U LQVWDE¥F$SRUW 9HFWRU ODFKLQHV 690 D
%KDUGZDM DRG 6LQBRQGXFWHBBRWHVW 5) KDYH EHHQ UHFRJQL]HG I
FRPSUHKHQVLYH UHYLHZ RQ ODWGRVRFOLSMXVUKVFRBQIEL QRQOLQHDU U}t
DVVHVVPHQW XVLQJ WKHVH PHWKIRIKVP KQYK®QIKW GOW WK HWWY
JURZLQJ VLJQLILFDQFH LQ JHRYSQRWUB®HDQPIONUNVVKDYH XWLOL]HG
6LPLODUO\ 'KDNDO DHPBSDBRIKGRXYHU WKH \HDUV IRU SUHGLFWLQJ OD
JHRVSDWLDO DSSURDFK WR DNVYHO® DORWKHILFMWXGLHY UHODW:
VXVFHSWLELOLW\ LQ WKHDG6SLWRU H[BPLROIH ROLERUDGLLOW]BG WKLV
GHPRQVWUDWLQJ WKH DSSOLFPHEWBRSG\ BHPRYDQUIHGLQJ WKDW $
PDSSLQJ WHFKQLTXHV LQ GLYHWHRUWUNMRIYDEKEPROVLIQLILFDQWO\
VHWWLQJV DFFXUDF\ RI VKHDU ZDYH YHORFLW\ S|
'"HVSLWH WKH ZLGH DUUD\ RI VWBRKBH TPROWV MWGHUWH G DYHHITHFWLYH W]
EHHQ SURSRVHG DQG LQYHVWLJD@G CGHQW K@ H H ULL\Q JOXDIRG-RYVKGIW L R O/ G \
QR XQLYHUVDOO\ DFFHSWHG FRQUGXFWBQGBDWUGD]HERUDGIW KM DO
PHWKRGRORJ\ IRU HVWDEOLVYKVYADUFRBDQGN®OBEW XWEORY 1HXU
YXOQHUDELOLWA PR@ OWQHUDO1IHWZARUNY $11 WR VROYH PDJQHWI
PHWKRGYV DSSOLHG LQ WKLV ILH®GREDG FE\H PO DW IDILGIGQ Il ) BNV WZHHU G
TXDOLWDWLYH DQG TXDQWLWDWRLNXUPDWOHRZRWN ZX\NRLMWQOWEKMMWLF G
PHWKRGY DUH FKDUDFWHUL]JHGWR\ SWKIBILE W XERHH FRHSWAK R1 GLNHV
QDWXUH DQG H[SORUDWRU\ DSBERDFEFW R KHYDPKWWRGJIZDV DSSOLF
ODQGVOLGH ¥X@&F ABQWHEIDO/MV\T XIDWE VGDWIDY HURP WKH .HUPLDQ UHJLR
DSSURDFKHV HQFRPHSDNMIQIWE RWEKG BEOIWY ZHUH FRPSDUHG ZLWK UHD
VWDWLVWLFDO WHFKQLTXHV UHGHP® @XWH D WAL HP\WSKHH VIHRERUN V |
WR GHWHUPLQH WKH UHODWLRQNYXWS ¥ EWMWXZH KQ NFHR GMISRWKO LEEG LWLR
SDUDPHWHUV DQG ODQ@YO@GH RAFXQWH@MHAG\ E\ *KDVHPL 7DEDU HW
> @$ YDULHW\ RI TXDQWLWDW W/ FDHAFKKQHIGOHDIE BMDRMH O HD U QL QJ WHHF
EHHQ IUHTXHQWO\ XWLOL]HG DQQFDWKRI SORIUDWREQJ IRU LQWH
UHJUHVYL®Q > WLPRGDO VWDWIIPWODADIORQ 7KH\ XWLOL]JHG DOJRL
LQYHVWLIEWLRQR&XOWLYDULDWHS$ UMWRILFWRGE 1HXUDO 1HWZRUNV WR SLU
UHJUHY VE@RXQOWLYDULDEOH DG D SEARJEHXKHR OHJUGNYWDRQ LPBDRYQQJ GHF
VSOLOHE @GLVFULPLQDOW@DQBORFIHWVHY LQ PLQLQJ BBBUDWLRQ\
ZHLJKW Rl HY@GHDR@S HYLGHQW LDFRF EWDWHI SUHGLFWLRQV RI VXEVXL
IXQRQY. @ > QADGGLWLRGUNQRQOHIBNMUH V
0 X O8VIL W H U HIF L VOLIRM)L Q J 0&'0 YXUWKHUPRUH D FRPSDUDWLYH
PHWKRGV VXFK DV 7283@®Q®,.2RKDPPDGL DQG +H]DUNKDQL H[ S
$QDO\WLF +LHUDUFK\ 3URFHVV H#H3HFROLWH QBOVYR EHIERSSRUW 9HFWRU
ZLGHO\ DS@OLH@ > @ > @ > ©@Q6 S5MQGRP )RUHVW 5) PHWKRGV L
*LYHQ WKH JURZLQJ FRPSOH[LIVO\WB GDOULYRHU YRYH\RIXVLQJ UHPRWHO'
JHRVSDWLDO GDWD WKH FRRSQOGLYR®Y GRPRQ\NKMWEEWMHGRWRB®/ $)90 |
PHWKRGRORJLHYV EHFRPHV FUXFRDI® URQ G KWIHUWHRL QEGXWKH LQ LGHQV
PRVW HIIHFWLYH DSSURDFK LI@QBVHG@LFW\QXIOW QWKDW XQGHUVFR
PLWLJDWLQJ ODQGVOLGH ULVNVSRWHQWLDO Rl PDFKLQH OHDUQLQ
7R HQKDQFH WKH UREXVWQHMRVRIHOWGHGLRISOLFDWLRQV 6LPL
IUDPHZRUNV K\EULG VWUDWHDIOLY WKDMSSPRPELERWK $UWLILFLD
NQRZOEHBVHG DOGLEEHWDNVHFKQL THHVERDYH 1 DQG 6XSSRUW 9HFWRU (
JDLQHG SRSXODULW\ $PRQJ WKH6O®\WWR{ B VWKRDWHTREQERQDWH SRU
5DWLR )5 PHWKRG KDV EHHQ XVHGVR[LWHIDMBPHQOKKEXHVWXG\ GHPRQV
WR LWV VLPSOLFISMUIRQBD YMHPR@KLQH OHDUQLQJ WHFKQLTXHV FD
HVWLPDWLQJ WKH LQIOXHQFH RXVHIZXVOUN D¥HR XIWDFWHR VAKX ERQXUIDFH SUF
ODQGVOLGH>R@BFXUUB QFH® > @ XUWKHU KLIJKOHUKWDMQADWKHLY DGGU
ORUH UHFRHQW O\FWH®OLIJHQFHFRPSOH[ JHRORJLFDO DQG JHRSK\VLFI
EDVHG DSSURDFKHV KDYH EHFRPH LQFUHDVLQJO\
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.DY]RJOX HW DO FRPB3QE®HVGVDWERH DUHDV )LQDOO\ WKH ¢
SHUIRUPDQFH RI 690 ZLWK RW KMKU KB DVYSURDPAKHRUZDY HYDOXDWH
ODQGVOLGH VXVFHSWLELOLW)\ PXO/SRLIQ T XMaGR HWDQVEVWWW BWLGHQW LI\ \
690 \LHOGHG KLJKHU DFFXUDF\ DFRFXWPRWH WHIDA DHOHFLHQW PRGHO
UHVXOWV 6LPLODUO\ /HH HW D®XVFHSMEFQAIOHGV69PDBRLQJ 7KLV K\E
ODQGVOLGH VXUHABSQYLELQEWRBEOKGHKXWY WKH JURZLQJ SRWHQW
WKDW WKH DOJRULWKP RXWSHUODRDPIE QYL L @ QG RRVWWKHQWLILF DQDO\
WUDGLWLRQDO PHWKRGV GHPRQNOUDEDH) JWIRRY UREX VW EKOVDVVHV VI
LQ FDSWXULQJ GR®ISDU [UIQRDW LRQNVEQ § Q JL QRU® Q6 GWHDILLRH V
JHRVSDWLDO GDWD ,Q UHFHQW \HDUV 690 KDV DOVR
SURYHQ HIIHFWLYH LQ saaewamcy\axcmev IDYRU
PLQHUDOL]DWLRQ DV GHPRQVWU o) |

ZKR FRPELQHG 690 ZLWK EHE\)WQH%LESYVLVSEHVRDE
DOJRULWKPV IRU EHWWHR SEHG L EDWHG LO
PLQHUDOL]DWLRQ JRQHV T7KHVH, mWOHFWHG DL
690 FRQVLVWHQWO\ SURYLGHVE [Lpb HO\ NP3 H[\
YDULRXSDWRDO DQG JHRWHIFKQ GDVV\NLORPHWHl
ILQGLQJV VXJIJHVW WKDW WKH WLRO 7KLV Ul
]

LPSOHPHQWHG ZLWK D 5DGLDO ﬁQ
NHUQHO KDV QRWDEO\ GHPR d%?ﬁg ! WDLQRXV DQ

SHUIRUPDQFH LQ VSDWLDO S %é;

HLVSLWDWLRQ FRQWU
ULO\ WKURXJK VXUID

HITHFWLYHO\ WUDQVIRU®PLDQGW
LGHQWLI\LQJ RSWLPDOG6R®RHRIW

RIWHQ WKH PHWKRG RI FKRLFHO 6
FKDOOHQJLQJ JHRVSDWLDO DQG& %

Lz?r KN KIRSH® W LR Q
0\214% RSHV D
UHDIILUPLQJ LWV XWLOLW\ DQGpH ﬁm QW SRUV

‘ Qp BlLov DV zZt
UDQJH RI DSSOLFDWLRQV D OG HFXWL(\?H PRXO
XUGLVWDQ LV D PRXQWDLQF\§/ , ngR WKRORJ\ F
FRQWDLQV PDQ\ ERWK VWDEOH How D U\
SKHQRPHQRQ RI VLJQLILFDQW o
GRZQVORSH PRYHPHQW RI P H UPDWLRQ RI WKH

0DOBVOLGHY LQ FHUWDLQ SDU W Mﬁg@ﬁ@ﬁ%ﬁ UMD
WR GHYDVWDWLQX@.WS'IDWVOFE)@
xgﬁhfv&%%%tﬁm&e%ﬁ?néﬁ

QHWZRUNV DQG UHVLGHQWLDO
6DQDOHGDMYDQ  DQG + IBMDYDED By porjLFDO SHUVSHFWLYH WKH PDN
WUDQVSRUWDWLRQ D[HV vwv HWDFHRXV URFN XOL
$FFRUGLQJO\ WKH SULERUNR \/g UH ZL Gk
s

WUDVW
RFEFXUUHQFHY DQG WKHLU FRQ QQHDU W
FRPELQDWLRQ Rl WUDGLWLRQD G ﬁi HON
WHEKQLTXHV ,QLWADIOMGAQ WO
VXFK DV WKH $QDO\WLFDO +LHU {;: W i HUHWLOL]HG 'R
DQG GDWYHQ VWDWLVWLFDO D
JUHTXHQF\ 5DWLR )5 ZHUH DS
D

LV WR DVVHVV WKH UHODWLR
NHWR $FKH ,Ul
DQL]DWLRQ .X
WH ZLWK FF
SUHOLPLQDU\ VXVFHSWLELOLW\ V K QWUDO DQG
SUHGLFWLYH DFFXUDF\ DQG FB8 W b |§,< \g WKH ZHVWH
FRPSOH[LW\ODRQ B DQR DG QW UIPR Q

FDXVDWLYH YDULDEGHY  wkh 6 RISKPE BHRSEY D obEREQW PURXQE

690 DOJRULKP @ > @ > @ 6@ W &0 vV HMD DERCORCGELWLRQLQJ
> @DV HPSOR\HG DV DQ DUWLILFLE %WHOOLJ QFH
EDVHG PRGHO ,Q WKLV UHJDUGq4 DG %%H%B)!W\hu

YXQFWLRQ 5%) NHUQHO ZDV XWLOL H ZK FK HQDEOHYV

WKH 690 WR HIIHFWLYHO\ PDS L@EKRW GERHBMDD QIWHR LY UHIDUGHG DV
KLIJIKHWPHQVLRQDO IHDWXUH VSHBRHWKHHQORROPL\YLVERI@QNWR S 1 VOWOHE LRI
FDSDELOLW\ WERHWIZMWQQIBRRGK UG IPDQGVOLGH KD]DUG PRGHOLQJ LV
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SUDFWLFH GXH WR LWV VWURQJ D-MVFKF LB WMRG Y HW KD U DSDGMD IRGHIHR P F
RFFXUUHQFHYV 3UHYLRXV VWXGLIWHYD KIDNH IVKRQY GWHKHDAVIRU GDWD IUF
ODQGVOLGHV SUHGRPLQDQWO\ IRFRXANV RASE VBEHDBDINOL WRLVWXGLHY GXH W
VWHHS VORSHVY DQG ULGJHV ZKHDUWHDVZEGBOQVYHJHURQIW WBAGVOLGH
ORZHVW IUHTXHQF\ RI @DRGV@LEBOXHMOWY WKLV UHJIJDUG WKH SURS

,Q WKLV VWXG\ WKH VORSH (RO BLPD®S FRKD WOKHWHULVWLFV LV QH
LOYHVWLIJIDWLRQ DUHD ZDV JHQHKUDWHRBORVMLED @ PIDJEWRDIO WKH UHVH
(OHYDWLRQ ORGHO (0 DQG GUXHORBSHBPAOWKH *HRORJLFDO 6XUY
FODVVLILHG LQWR IRXU BULNWHQ EZWW AR IO BIHWEMDRBGCGHY LWKLQ D *HRJ
D ,QIRUPDWLRQ 6\WWHP */ 6 WR H[WUD

GDWD IRU WKHEXDED O\VLV
$VSHFW IDFWRU

$VSHFW KDV EHHQ UHFRJQL]HG PR BVRUPEWRYo
JHRPRUSKRORJLFDO SDUDPHWHU7KILYIOXHDHDQBK WARUN HPSOR\HG
RFFXUUHQFH RI ODQGVOLGHW DWHIRULKRWRRQKOWHFKQLTXH WR
GRFXPHOQWHG LQ OXP@URX® VW X®WNIRUL]H VL[] GLVWLQFW ODQG X\
> @/KH OLNHOLKRRG RI ODQGVBXGHE PDQEHKVHV DUH DV IROOR
LQIOXHQFHG E\ YDULRXV FOLPDWRB HN AW RV DQXF K5 D@ MRIIDAG 8UEDQ
UDGLDWLRQ SUHFLSLWDWLRQ DU GMHOYH WS S DERPWEBIQW IHDWXU
RULHOQWDWLRQ DQG PRUSKRORJWRIXGLRISHE L YOV EDEW LVX®EH SUHYDOF
WKH GHJUHH Rl KLOOVORSH VDWXUDWDLRE) D ANKSWH G IWIKIRR ODQG X'
KHDY\ UDLQJIDQO ADQWO\ JRYHUQHIHVED WEIRK) FRYHUDJH SOD\ D FUX
LQILOWUDWLRQ FDSDFLVD\GRI RKWWIDRISH WKRFK GRISHY > @ 7KH FRQ)
PXOWLSOH YDULDEOHV LQFOXG LIWHW R S\WRY B BEICF XOMBIGGEN \ SBRQGRD L G H
SHUPHDELOLW\ SRURVLW\ PRLWAWMNQW W ROMEHGW H@W VDR LFULWLFDO V
PDWWHU ODQG FRYHU DQG WHHHS WHYOQLQIEQD FFHO IRIDADREG XVH LQ
FRQGLWLRQV 7KHVH IDFWRUV FROQBNWLEHTY\ FEBMW BFREXWHFI® UHP R
YDULDWLRQV LQ WKH FD SKIOI®D DWREZOWWHKURXHKY XUBKZIHYDSRWUDQVS
VORSH PDWHULDOV UHGXFLQJ WKH LQIOXHQPW RDWRLO P

'Q WKH FXUUHQW VWXG\ DWKHSDHUHQFHWWRSEDWHU ZLWKLQ WK
FODVVLILFDWLRQ PDS RI WKH UMIKHR ® IZBFWGENHHORSMHEHWRUV LQ UHDI
H[SORUH WKH VSDWLDO UHODWRIQMKIUS QEHMZGIE Q0 VOREH,Q DGG LW
RULHQWDWLRQ DQG ODMGHOLGH V@Y VGHHE PWGERORQWLQXRXV URRW V\
7KH VORSH DVSHFWV ZHUH FDWHKBRRHFKG QLG VA VO DEQ OAMR SRIVW K H
FODVVHV QDPHO\ IODW QRUWK 1 VRXWK 6 ZHVW

HDVW ( VRXWKHDVW 6( VRXONRDAWHNIDEWR U

QRUWKHDVW 1( DQG QRUWKZHVW L spyppPHWHUV LQFOXGLQJ JHR

SOWLWXGH IDFWRU DOWLWXGH SUHFLSLWDWLRQ DQG K

$QRWKHU UHOHYDQW FRQWURSRPPBQOFWR QVERBHWIHEHUAGODQGVOLC
LQ WKLV ZRUN LV DOWLWXGH 7 RMK KK HUF W R H VD & VD WIX ® B MR K HJ R O H
PRUH VXVFHSWLEOH WKH DUHD W KER FSHKWH Q\RP I0ORG VOR GHR/XV VWX G LH
EHFDXVH DW KLJK DOWLWXGHV WRKFN @ LDOWRIP & BW GRHDWEKH/UHG DOVR LG
DQG WKH PHOWLQJ DQG IUHH]EQULP®KHQRRBQDH DUKLFK KDV D VLJIQL
SUHGRWLOD@ > @ 6LOFH DOWMWIGHHKDYQJIDODIOWED DQVWDELOLW\  $FF
HITHFW RQ WKH LOFLGHQFH RI QUBIYEVOEEHPRYW QDQGEHMHEGHY RFFXU
DSSOLHG E\ UHVHDUFKHUV W RF QL-ROHUHDW HZ KBIDEGVOD ¥RDOO SHUFH
VHOQVLWLYLW\ PRGHOV DURXQG MX HDUQ RE HIMWV@ REPEHG QRQ RQH RI
OLOH ZLWK WKLV WKH DOWLW X GHRPRS] ROLKIHPHWKRIGAVG WEHDUHVHD |
ZDV SUHSDWQH®O\PWHR LWV UHODWERRQVKLIS HZA WRWR IRXU GLVWLQFW F

ODQGVOLGH REKXFHUHQFHYV ZLWK VSHFLILF JHRPRUSKLF FKDUDFW
ERWK GLUHFW DQG LQGLUHFW HIIHI
ILWKRORJLFDO IDFWRU RFFXUUHDAHH

7KH OLWKRORJLFDO FRQGLWLRQ RI WKH ODQG SOD\V D
VLIJQLILFDQW UROH LQ WKH ODQGVOLGH SKHQRPHQRQ
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(URVLRQ IDFWRU PRUH SURQH WKH ODQG LV WR ODQGV
7KH HURVLRQ UDWH RI WKH By 'FS<Q Wﬁﬁr IR\ H LVSL;’SFGV\IQOV
DQRWKHU LQIOXHQWLDO IDFW L|: >KN Wg b
LOFLGHQFH RI ODQGVOLGHV $ R hp v
VWXGLHY HURVLRQ LV RQH RI W U\QO
G

PRVW VXEVWDQWLDO LPSDFW R

7KH KLIKHWUWKLRQ LQWHQVLW\ L DUHD WKH

716000 m

3960000 m

Geological
units

Quaternary
- .

N
Early.Cretaceous
i E

K

Bl cretaceous

B 1risssic-Cretaceons
I Late Cretaceous

B e Cretaceous-Paleocene
583000 m

0 4 8 16 Kilometers

3854000 m

JLIXUHD 7KH ORFDWLRQ DQG WKH JHRORJLPOGG PBW BRY VOK-H VWPO®LHEB DUH
ODQGVFDSH SLFWXUH RI WKH DUHD RI VWXG\
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'LVWDQFH WR ULYHUV IDFWRULQVWDELOLW\ DQG ODQGVOLGHV ,Q J

$Q HVVHQWLDO IDFWRU W i l@? L Bk LU DY
FRQVLVWHQWO\ D VORSH EHKDY 'g'éj v'fsﬂ Dvéghaﬁv;@é“gg‘g
!

RI WKH PDWHULDO FRPS@L\LQ® H

$QRWKHU LPSRUWDQW IDFWRU L R‘ 5 \éW&éFVghi
LQIUDVWUXFWXUH IRU GUDLQ A LPSDFW(E ]
VXVWDLQDELOLW\ 7KH HURVLR , bﬁw OH WKSL
VDWXUDWLRQ RI WKH ORZHU SU QN EHVVDUL |
DORQJ ZLWK WKH LQFUHDVLQJ W\éE g QJ O Wk

VWUHDPV PD\ DGWRWYMWKH@ WD L[!,
> @R DVVHVV WKH LPSDEW R V ﬁ@Exgﬁth?Pf\%\’KR' WKH G LV\

VORSH
GLIIHUHQW EXIIHYHLRQHXL\RK U CWA WIRM G UMWE QR BW M
LQWHUYDOV ZHUH JNQIXGDWE GD F} 5 R gy o i U DAV
JLIXWKH $ (XFOLGHDQ GLVWDQF X YR

LPSOHPHQWHG WR FRQGXFW D Vé R RER
HVWDEOLVK WKH FRUUHODWLRQ »{Wﬁg%Lﬂ}/ﬁ&M BRUREHVVY $

ULYHU DQG WKH IUHTXHQF\ Rl ODQ
YRU VROYLQJ PXOVWDRR®D QA BG\HFHLY L R
'LVWDQFH WR WKH IDXOWV |Dr$waRu @ LV D ZLGHO\ XVHG 0&'0 DSSL
)DXOW LV RQH RI WKH PRVW ot {/ﬂr] HF? 'XURV\(’)KRHJ\J C
SDUDPHWHUV WKDW FDXVHYV vo% H YL Wﬁfﬁﬁ%XWLRQ
IUDFWXUHV DQG GHWDFKPHQWV, LQJ WKH SUR
WKHP HDVLHU WR PRYH 7KH K Ly
WKHVH IUDFWXUHV WKH KLJKHU |§L|V DE K
WR YOULRUPV Rl HURVLRQ HVS . WKH VLIO!
> @HQHUDOO\ WKH JUHDWHU YAKMXE+3
IDXOW WKH ORZHU WKH OLNH L, DE RS Qj‘\’d. VL
RFFXUULQJ $ORQJ IDXOW SODQ H F ‘
HURVLRQ DQG ZDWHU IORZ FRQWH WY Ok 5ERDWKYHH SUI
RI ODQGWFFRWGLQJO\ LQ PRVW VO RSHD\QYVIIDE KOHWAUFKLFDO VWUXFW)
VWXGLHV WKH IDXOW IDFWRU LV Zg@i—“}h l#ﬁ,EgthLL\}Hg ngFlpLWHULD Do
VXEVWDQWLDO FRPSRQHQW DIIHFWL
UDWH RI ODQGVOLGHV ,Q WKLV FRQW WbGYLLQ/V‘k*ﬂ)JdJQ;VHW@FWLRQ
ZDV FRQGXFWHG WR GHWHUPLQﬂKHNKLFUVFV\RQJQgLU:VbLDWQN OHYHOV RI
EHWZHHQ I6XOWYGCYQLCHYV WKWREXKWWKH DUH UHODWHG WR WKH S;
DSSOLFDWLRQ RI WKH (XFOLGH®WQRHGbOWMHYRHD RISYBHW ROFEXFWXUH UH
7KH PDS GHSLFWLQJ WKH GLVWDG@GEGHOWH WR YIRE OWV UADWWHG WR WK
FUHDWHG E\ HPSOR\LQJ WKH URYRWWBGDIDXOWKLR @ HNWKKRG WKH HO|
JHRORJLFDO PDS )LJXUH L DVWHQWWMIH ¥DOVYHRI DFFRUGLQJ WR WKH
PHWHUYV 6DDW\ LQ 8VLQJ WKLV WDEOH
MXGJPHQWY FDQ EH FRQYHUWHG LQW|
'LVWDQFH WR URDGV IDFWRUDQG UDQN WKH FEUMMWHIW DD DEIGY W& ER
'LVWDQFH WR WKH H[LVWLQJ SRPE&L¥BFRBDOYRUPYIRIRW RI LPSRUWD
ODQGVOLGHV MXVW OLNH WKH @L‘N/'@VH%W&WWWWP{UVR'S\MS@@HFLVL
KDYH WKH DELOLW\ WR IXQFWLR QW i VhI\RK - $+3 KDY
IORZ D QHW VRXUFH RU DQ DLWHR HﬁUQ/\W(M\P\N'?HPW-L @QLRYyFDQFH RI HI
ZDWHU $OVR WKH\ DUH JHQHLB@OOQDQR‘EV‘\)QWJH&X KHySWLELOLW\
RULRBL@DQGVOLGHVY GHSHQGLQFP Wﬂ%B@WBhQ \%HUUHODWHG
WKH PRXQWDKBGHYHORSPHQW RIINVEREARWEQRIHQW XSRQ WKH GLVFU
VLGH VRLO HURVLRQ DUH VLJQPR®BBW FDXVHV RI VORSH



$NEMW. DO

716000 m

3960000 m

Slope angle
(degree)

5
g

F8541

B0
[ 2s-40
B o025
-

0510 20Kiometers
[ e

583000 m

716000 i

960000 m

1y

o
Alﬁmrl

(meter)

B - 1000

g (T 1o00- 1500
§ 115002000
K3 [ 2000 - 2500
< (I - 250
583000 m

G510 20 Kilometers
[E———

716000 mr

3960000 m

Landusc

I Agriculture
B rorest

| Tstand
[0 Rangetand
B veban
[T waterland
583000 m

DS 10 20Kiomaters
[ )

I854000 m

716000 ni

F9%60000 m

FErosion

v

o .

L [
v

0510 20 Kiometers
[ ——")

ISS4000 1

583000 m

716000 m

F960000 m

Distance to faults
(meter)
o - 1000
] 1000 - 2000

§ 2000 - 3000

3000 - 4000 .
b— 0510 20Kmeen
& - o0

583000 nr

-RXUQDO RI OLQLQJIR@YLURRPHQW

716000 m

Aspect

. e

w East
ﬁ Southeast

South 4,
SN North [ ] Southwest
S [ Norteasd N west
3
I Northwest

3960000 m

583000 m

16000

3960000 m

Geology
- M o "
Slome e
§ | v sl
Py | L 0 510 20Kiematers
s —_
583000 m

716000 m

Climate

Rl

3960000 m

b
0510 20 Kiometers
e G ]

716000 m

(meter)
I o- 500
[ s00-1000
[ 1000 - 1500
I 1500 - 2000
. - 2000

I854000 m

Distance to rivers

F960000 m

583000 m

Distance ta ro:

{meter)

-

2 |- 200

] 500- 1000
] 1000 - 1500

%-lm 2000

0510 20 Kiometers|
Lt

583000 m

JLIXUHDQGVOLGH FRQGLWLRQ IDFWRUYV

J (URVLRQ K

D 60RSH

'LVWDQFH WR ULYHUV L

E SVSHEWLPBWHO WLW XC(

'LVWDQFH WR IDXOWYV D(



$NEDIW DO -RXUQDO RI OLQLQJI9RQYLURRPHQW

JUHTXHB@MLR )5 SRSXODULW\ RYHU WKH SDVW WZHQV

%HFDXVH RI GHWHUPLQLQJ WK WQ% 9 qLRX@\v/&BWWULDDQngll
HDFK HOHPHQW WKDW LQIOXH QB g} GE iurEne o

ODQGVOLGHV WKH XWLOL]DW |
JQIRUPDWLRQ 6\WWHP *,6 KDV Q%P
7KLV LQYROYHV WKH LQWHJUD %%Pé%d:ﬁ@wGMRQOLQH
UHSUHVHQWLQJ HDFKWKM—DUEDE L7QLA
UHSUHVHQWLQJ WKH ODQGVOLGH: LQGLFHV %\ GRLQJ VR WKH
SURSRUWLRQ RI SL[HOV ZLWKLQ WKH UHVHDUFK UHJLRQ WKDW
H[KLELW ODQGVOLGHY DQG WKRVHKM KWWDGELQBWFADO¥HLQFOXGLQJ
FRPSXWHG )ROORZLQJ WKH HTX®DWLRQRGY \BSHF MW KHE DY P RI 690
IUHTXHQF\ UDWLR RO D@EMBRWM ARGR QRPJI LV LGHRWPHOMVLRODQ 1
ZDV REWDLQHG IRU YDULDEOH NGIDVYMBYWLQ QN KRX WO QHOW Q WZR
FROWH[W )5 VKRZV WKH IUHTXFAKQDYU DFMHRL ] D® & \WKHIHL UEPID[LP XP V.
FODVVLILFDWLRQ RI SL[HOV DV DDW& W D DIy ¥ TINDGEHOR WW G E\
WKH YDULDEOH $ ZKHUHDV WKH IUDFWLRQ RI SL[HOV
FDWHJRUL]GIGQBW QR@HV LV UHSUAKHQWHG E\ WKH
YDULDE@HWKH FRQWH[W Rl FRQOHFWLRQ DQDO\VLV
WKH UDWLR SHUWDLQV WR WKH SﬂFFEgRJ@WQR@VRIDWH"EJMQMH-@QHG Ol
DIIHEWHG E\ ODQGVOLGHV LQ UHODWLRQ WR WKH ZKROH
GLVWULFW XQGHU FRQVLGHUDWLRQ
&RQVHTXHQWO\ D YDOXH LQ FO [LPLW\ WR
VLJOLILHY DQ DYHUDJH YDOXH KH%@WMM‘W‘ WYBREOYELKI\SHUSOD
RYHU LQGLFDWH D VWURQJHU DV WRBIODNUL RO VEKKXYHQIDOXHM QJIH P X
EHORZ LQGLFDWH D ZHDNHU FRAHIHRDOWDR@RH FRP S)XGMDWIHRQ YDOXH F
7KH )5 WHFKQLTXH LV HPSOR\HG WR HOXFLGDWH WKH
UHODWLRQ DPRQJ WKH GLVWULE/XW"IZFQl R\ OPRGEOLGHV DQG
WKH SDUDPHWHUY @ |HFVWEL QJ \@KH P

'KHUHLV D /DJUDQJH PXOWLSOLHU
6XSSRMFWOMFKLQH 690
Q ZHLJKWV Rl K\SHUSODQH GHQRWHG

7KH 690 DOJRULWKP XVLQJ WKJHH§%H\N+QMDH=H© KW\ OLQHDU DUUDQJF
XWLOL]JHG WR DVVHVV WKH OLNH® %WH IDQGVPLGHV ZLWKLQ
WKH UHVHDUFK UHJLRQ 7KH UHVXO RE LQHG IURP WKLV
DQDO\VLV ZHUH VXEVHTXHQWO\ FRF%SHDU\& 7KH 690
KDV EHHQ XWLOL]JHG IRU ERWK ILEDWLRQ DQG

UHJUHVWYIVR KHDV¥ODVVLILFDWLRQ, PHWKRGRQCR 1)
A %, Vum’mnﬂa,apﬁ y

XWLOL]HG LQ WKLV PHWKRG LV G Y HC X RQFHSW
RI VWDWLVW:F@®O ©HIUBOGQRQ WKH
WKHRUHWLFDO IUDPHZRUN SURSRVH|Z| wy HUURU UDWH RI D

OHDUQLQJ PDFKLQH ZKHQ DSSOLHG WR XY} ODVVLILHG GDWD

FRXOG EH UHJDUGHG DV WKH JHQR®Y HGDWYDNWHIUBHB Y UR\WazHOO DV
7KH FRHIILFLHQWYV SUHVHQWHG KH UglihydHRUNoRZ HHEE W REXVVLDQ N
WKH WRWDO WUDLRQQ D W UKL REIBWRIAE /pIRR'Q WI\SHV RI NHUQHOV DS
RI' WKH OHYHO RI VRSKLVWLF DG RQV H KW WS WED v ¥ H

FODVVLILFDWLRQ DOJRULWKPV , 7R EGHY W R\ IHRWEHWKH LV VX
RFFXUUHQFH RI JHQHUDOL]JHG HUHRHBUEN NNS‘ODRS\R’UWBIQ)VWWRDQ NHUC
GHFUHDVH ERWK WKH GHJUHH R\NNVlEWL\/Qb@ AYHEHUDOE IWEH FDSDELC

OHYHO Rl VRSKLVWUVNDWIHRRQ RGHY K FYQ'@;HV VXSHULRU SUHGLFWLY
DSSURDFK WR DFKLHYH WKLV REYHGHOHGY WERRRSWERMIVLWKHPRGHOL
VHSDUDWLRQ PDUJLQ N H Oy Q PDQ\ VWXGLHVY DQG VLWXDW

,Q WXUQ WKLV PDFKLQH OHDQ@LQ@@@§@R@G@§§B@4NN @
WR EH DGYDQWDJHRXYV VLQFH WKH VHJUHJDWLRQ EXIIHU LV

XQDIIHFWHG E\ WKH GLPHQVLRQVNR] WKH[ H |RLQJ GDWD
7KH 690 DOJRULWKP ZKLFK KDV JDLQH VLIQLILFDQW
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5EHVXOWYVFXEVLRQ JHRVFLHQFH VWXGLHV KDYH XVHG WK
&ROOHFWILRGSDOBWLRQ RI FDOER®DWH WKH ZHLJKW RI WKH FUL'
HYLGHQFH OD\HUYV LQYHVWLJDWLRQ WKH $+3 PRGHO KD\
$V PHQWLRQM® EXHRHERS D LBﬂ DsﬁgRSULDWH ijVJE\gVLwl
JRQLQJ PRGHO LW LV HVVHQWL +L(J?P
SDUDPHWHUV LQIOXHQFLQJ WKHJ KDW e
"HWHUPLQLQJ WKHVH IHDWXUHVP KON KD
E\ GRPDLQ SURIHVVLRQDOV 7K Q’ EH o2 FR
60RSH DQJOH $—VS*I-HFRN)R$]®WD\QX% YDOXH RI
&OLPDWH (URVLRQ 'LVWDQFH HIT\LLH'é%\b%Q BEOH

URDGV 7R FDUU\ R RWNANKHE W
OD\HUV RI HYHU\ IDEWRU ZHUH
UHJLRQ ,Q RUGHU WR DFKLHYH
PDS DQG WKH URRGAHU®G WEW 0
WK H WRSRJUDSKLF PDS RI
XVLQJ $UF*.6 VRIWZDUH 7KH IDYH o bt
VLIQLILFDQW HIIHEW RQ ODQGYV <§ Fﬁﬁ JVP%-H@(QHRPQV .
GHULYHG IURP WKH JHRO

VWXGLHG DUHD 7KXW DOXW K@ O]R WA }%HLJKW RI HDFK FUL

SUHVHQW UHVHDUFK ZHUH DFT kﬂ Izgﬁgz%g \ﬂ? \z\gthg\éwoDDQQFg;t

HXVLQJ \
e E@@ﬁ@? {@%Hmm
% Ii'l FUHDWHG
HITHFWLYH IDF

l PEG FODVVHYV I

JHRORJLFDO PDSV RI WKH UHJ UHVSHEWLY

DYDLODEOH DW D VFDOH R ﬁ
EDVHG RQ GLVWLQFW JHRORJLFW%@%\%Wégwﬁj@%\a@%WEWHL
OLWKRORJLFDO JURXSV JURKS \F
ORUHRYHU FOLPDWH FRQGLWLRQV
JURXSV ZKLFK KDYH GLllHUHQéE%ﬁ?WR@W&&\yﬁUKWV EY
ODQGVOLGHV 7KLV PHWKRGRORJ\ RSHUDWHV
6HYHUDO SURFHVVHV ZHUH FDUXSSRVRXWWRRO GWKRWHQWRUWKFRPLQ
OD\HUV WKDW LQGLFDWH GLIIHBRQW HMWLFWL X Q GIiBE WR BV OIDY FXUUH
ODQGVOLGH VXVEHSWLELOLW\ XNV BB E®SUHEWKRWRH VREVHWYHG LQ SUH'
JLIXUH $SOWLWXGH LV D VLJQLIOPIGW OHGHMHQWKHQ IUHTXHQF\ UDW
UHJXODWLQJ WKH H[WHOW DQGHOBWIXGMWRN HWKH RQHODQ@DORQ DPR
KXPDQ DEWLYLWLHY KHQFH GL§VOXHXWIQRQ SWHWHUQ Rl ODQGVO
VXVFHSWLELOLW\ RI DQ DUHD WRDWHQRWIOH\G HRY S/OHHD PIHIWH HY WKDW
F $GGLWLRQDOO\ VORSH DQG PRI QBB VLD WHKEHBIQYHQ DUHD
HWUDFWHG |WRFPO'RG K \DLAG $VSHFMSWRROD FDOFXODWLRQ WR LGHQW
UHVSHEWLYHO\ LQ JURAB ¥RIWEZODWVHV DVVRFLDWHG ZLWK HDFK
/LWKRORJLFDOG CFIDQ.® DXWLHF O D\ 00 F2-OGHHWRRQVMWUDWHG E\ WKH HT XDV
WUDQVIRUPHG L QWRX (GE MW HU ¥KHO%HZKHUH )5 UHSUHVHQWY WKH [UHT
GLVWDQFH IURP IDXOWV ULYHUWKBQ6HUEBQW PO VRIHO®QGVOLGH
JHOHUDWHG XVLQJ OXBRIKE KD M GUNSWDHMHQ WYV W K HODHUGAHMVEH M SFRVOR
7KLV VWXG\ LOYROYHG WKH FDOFXO!
/IDQGVOLGH VXVFHSWLELOLW\IPW YSHFL IXWLOULQURQY Rl  HIIHEW
$+3)5 SURFHGXUH TXDQWLW\ RI ODQGVOLGHV ZLWKLQ
&DOFXODWLRQ RI FULWHULD \IXIBNJ-KQNVQ':WIE+IFFRXQW LJQRULQJ W

1RW DOO RI WKH FULWHULD > AP L Eg\éxgl\jvg/sau
RFFXUUHQFH KDYH WKH VDPH HF’l oA PRGH%
HDFK FULWHULRQ FDQ EH DVVLY )
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JLIXUHDQGVOLGH VXVFHSWLELOLW\ PDS EDVHG RQ )5 PRGHO

7R HOKDQFH WKH FRPSUHKHQVARWUROWYWHROQQGKQOW YDOXHYVY FORVH
YDOXHV Rl )5 ZHUH DGMXVWHG IKQGKWUDRKRUHHOB® LLRDQAV R

WKH UDQ¥&H RDEOH

,Q WKH DQDOFR¥RVY RLQNKWR 7DEOH

WKH RXWF

RXWFRPHV WKH )5 YDOXHV FORWKDW WIKMHGKEDRNHY WRZHIUDKWY FDOFXC
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Rl JHRORJLFDO IDFWRU EHORQJWDR/AMKXKRQHRIORILEBOOXIQLSWHWIWDLQLQ
RI 200URFHQH DQG (RFHQH DIJHV6QRWHK JBOHPOIRAMW LW FDQ EH VKRZQ \

R DQG UHVSHFWLYHO\ AKARWUH VOO DW WYLKWH G E\ FODVVHYV
DQG RI WKH ODQGVORGHHQWPMWYRRYYDQG DUHDV FKDUDF!
ZLWKLQ DQG RI WK JOHMHPHORZ GHJUHHV VSHFLILFI

UHVSHFWLXBORI7TWKH/ @DQG XVH IDFMW\RIH¥MRAZWVWOLQ B MFR WKH UHVXOW)
WKDW WKH KLJKHVW )5 YDOXIBOMMVWREPIXWHWSRURUHOHYPWLRQV EH
DJULFXOWXUDO ODQG FODVVHWYHS5WKH KAKKHWW )5 YDOXH )5

SUHGLFWHG Rl ODQGVOLGHY ZLWRIKOQQGVOIRGHY ZLWKLQ R

WKH DUHD 7KH VWXG\ Rl WKH FOLWPDLIVLERDAR WFRHINDHKRENG WIIQDRUPDWLRC

WKH KLIJKHVW )5 YDONHDVEHADW QI O/RWWM KHWIR IDFVWVREBX UWUWHQKHG@HALQ

VHEKIXPLG DQG KXPLG FOLPDWH DIDWIKEWXKHMBD GDHV ERI IRXQG LQ 7DEOH
DQG ZKLFK FRYHU DQG R

ODQGVOLGHYV ZLWKLQ DQG *PFRGQN\U@-I\NI]URIGDDR/I SYHBRBWDYH $+3

UHVSHFYRWY HQO\RVLRQ IDFWRU WK )

YDOXH LV ZKLFK FRYHUV I% HOLGH V\i(V\IiFHHSSS-:Af

ZLWKLQ RI WKH WRWDO DUH L{/\Il-l {%%QS/YQ ZJDEOF
ZKLOH WKH QH[W KLJKHVW YP IH UUHVSRQGLQJ =

FODVVHV DQG IRUHFDVWLQJ *
ODQGVOLGHY BRWKLQ Rl WKH K WKH KHOHSVRXIV?:UHFSW‘
UHVSHFWLYHO\ 7KH H[DPLQDWL %/\Q/% IRU ODQG
VXHER SUR[LPLW\ WR IDXOWYV Ul J 7K
UHYHDOHG WKDW WKH LQLWL gh%ﬁ V\)H&/Y( PRUH S

YDULDEOHV H[KLELW WKH é%
6SHFLILFDOO\ WKH REWDLQHG )5 hﬁg?%%g8LGHV
FDWHJRULHYVY DUH DQG UHVSHFWLYHO\

JLIXUHDQGVOLGH VXVFHSWLELQRWREBB® EDVHG RQ $+3
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7DEOH &RHIILEFLHOQW YDOXHV IRU IUHTXHQF\ UDWLR )5 FDOFXODWHG

)DFWRU &ODVV 1XPEHU RUHD RIHUFHQWBHRHFHQWDJ5H 1RUPDOLVHG
ODQGVOLFKEHON VRI GRPDLRI ODQGVYORGXHY5 YDOXHYV
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IDQGVOLGH VXVFHSWLELOLW\ PIHSBHIQODWXROOQRI SBHG PRWIHYCH 690

BQngj"&SDDOJng\J,t\éVSPRI WUDLOLOJ $\;\)/%HU WKH SUHSDUDWLRQ RI WUD
N5WU¥Do VHOHFWLRQ RI WKH 5%) NH!
O WARWNQ SW)UBBIVHG 690 VB90 WZR YDULDEOHV ODPHO\ & DQG
FDOOHG®%POGOWIDYHO PHWKRG ZBWRXSHEGOW R X QH @R UQY DVKIHR X HWHAMDW R |
GLVSOD\ UHJLRQV H[KLELWLQJ [R VIX@&W D @ MU ID OWGIVNHIBORRIRIGRX J K D
RI ODQGVOLGH UHFXUUHQFH 7XUHR AH\G\H UXQ G HAGK Q0D WUDLQHG PRG
PRGHO DSSOLHG LQ WKLV SDUW HDFEW K I FAW X GAKHIQ WIXIEQW TKARQW S KD
WASHV RI WUDLQ LDQ COMDA B VHORFTRPISKGM QJ WKH SUHFLVLRQ RI HDFK
ZKLFK DUH DVVLJQHG WKH YDOXHY HIQ G- B PP RODWILDQV R IVBKB QG 7UD
SUHVHQFH RI ODQGVOLGH RFF XQHIHO B HMO TRUE WK PQRIHTXLUHV D VSHI
ODQGVOLGH ORFDWLRQV ZKLFK DUNHQVE DI W K N @ RBR@HDND WWKRIVQ |
DQG UHIHU WR WKH DEVHQFH RISODWGNROBH ROMMDGIHE HWUDLQLQJ
7KH SURFHVV RQJGIDWBEUM[YUBFWDEDLVKHG ODOQQEYDEB H G 6 VOIRED
FKDUDFWHULVWLFV RI ODQG VO LTKHIV EIDO & @/FHD ILIK W KU DXP G HILO R | G D W
DUHDV ZKHUH WKHUH LV D OD UJHDFXNDROUN L @ \GRIWG-RIFXIPFGHGW HWEKH S HU IR
ODQGVOLGH HYHQWY 7KH DVVHYHWFEWRW ODREK HHWM EDXRIEDRIQ 1%
QRQDQGVOLGH FKDUDFWHULVWIGFIVWBRVY DSSYQIAGILWRQWYDOXDWH W
FKDOOHQJH )RU WKDYHS WKSRMHBOBRUDYKP DIWHU WKH OHDUQLQJ ¢
IDFWRUV WKDW QHFHVVLWDWH FRPYQBWHGBW §RQW KW NRWDRZVLW LV S
> @ ZKHWKHU WKH SURSRVHG DSSURDFK |

| ggggﬁg%u QRW )RU YDOLGD
7R LPSURYH WKH FODVVLILFDW |
EDODQFHG GDWDVHW ZLWK DQ EE%?%J%H& LRQ PDWuUL[ DQDO\V
1

ODQGVOLGDRGEOLRM LQVWDQPHWY LDKLY WHFKQLTXH LV D K
WUDWHJ\ IRU VROYLQJ ELQDU\ FOD

vV
W LV HVYVHQWLDO Q\MGRVBKB8 R VOHR 6 B '@, L:
b Y B B e BReER R BRI, ST
ODQGSORGQH DUHDYV
YDOXHV 7KH TXDQWLW\ RI FRUUHFW:(
IR@DQGVOLGH ORFDWLRQV KDED\WHIRRBRRBUGDWD LV VXPPHG DQC
DUELWUDU\ QDWXUH DV RSSRVEGWR CBRSIVRWAHKRZ WKH VXVFHSWLI
ORFDWLRQV ZKLFK JHQHUDOO\ G5Y RGP Wik e4EGBAMBY WKHUHE\ DIITHFW
RUJDQL]HG FKDUDFWHU FRUUHFW FODV\VFIODNYWIRRQQIXVKRQ PDW
7KLV VWXG\ SUHVHQWV WKH SGOHRWHGRSPBQRR RALDH RWPENWLDA! IF
SUHGLFWLYH SURVSHFWLYLW\ PREZEWGROMNEINVQW UWKH 6§30 GHPRQVWU
5%) DOJRULWKP 7KH PRGHO LQWRHSRFRFAWIBWV\VWRHQVKH\PRGHO LQ GHIL
IDFWRUV LQFOXGLQJ VORSH DQRGBW DRUSUHF WO WROWLWIXGH[KLELWLQ
JHRORJ\ ODQG XVH FOLPDWH YIMDORWGLRQ RG LW/HGHEYHSHER LYRIQVLWH YV
ULYHUV IDXOQOWDAZP\VQ,Q RUGHYDWIRMEWLNWH )3 ZKHUH WKH PRGHO
WKH LQWHQGHG REMHFWLYH D GDWGVFWVFRQRYSWAIO VR UBRWN DQC
SL[HO YDOXHV ZDV XWLOL]HG IRU WAKMUH QUK 8 XRISRN® VZURQJO\ DQW
7KHVH SL[HO YDOXHV ZHUH FD SHIKOIHFAKRVUHEIUUL®EDLQHG PRGHO
YDULRXV ORFDWLRQV HQFRPSDWOIDYN ERW R VOLIDR)G \SHUWG RUPO® FH FDQ
QRQDQGVOLGH MUWHDV WERWDDIRFEVRUPXODWHGADYV IROORZV
7KHUHIRUH WKH UHVXOWLQJ FRQIXVLRQ WUL[ FRQVLVWYV
RI  FROXPQV UHSUHVHQWLQJG\MQHLW&%«VWRUV DQG
RQH UHSUHVHQWLQJ WKH WDUJHW YDULDEOH $V SUHYLRXVO\
GHVFULEHG WKH WDUJHW YDULDEOH ZDV_DVVLJQHG D YDOXH

Rl IRU ODQGVOLIGRH ORRDEVDQGHEHEL | \
DUHDWH WUDLQLQJ GDWDVHW FRQVLVWV7RI): RI WKH
RYHUDOO GDWDVHW ZKLFK DPRXQWV WR GDWD SRLQWYV

7KH UHPDLQLQJ Rl WKH GDWD Ve WRMPOLQI  GDWD
SRLQWV LV GHV2%IDIW B G%D \G DXWD 737)!

7TKH 22% GDWD LV XWLOL]JHG IRU WKH SXUSRVH RI
YDOLGDWDOQUWWKSURKE XFHG
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73 71 LQGLFDWHV WKWWDWBERUGEWNWKP H[KLEL

$FFXUDBDR\ VXEVWDQWLDO SUHGLFWLYH FDSDFLV
7371 )3 ) ZKHQ HPSOR\HGRGRIWDLPKHRP ODQGVOlL
VXVFHSWLELOLW\ ZLWWKQLW&HDGHDLJ
) PHDVXYRHQVLWUYL\ 7DEOH DOVR SURYLGHV HVWLPDWH
6HQVLWUYLW SDUDPHWHUV RI WKH FRQIXVLRQ PDYV
7KIZRWHPSOR\HG D WRWDO Rl HY 690 \\(NDHOFXKHQVL-II-I;(S\\/NK,I\-IN
IRU ERWK WUDLQLQJ DQG 22% U ORI
RI WKH GDWDVHW LQFOXGLQJ QV Lﬁ ROFOXGLO
ZDV DOORFDWHG IRU WUDLQLQ HQ NH\ FUL
UHPDLQLQJ FRQVLVWLQJ RI HPSOR\HG DV WHA

UHVHUYHG IRVLY2%\D QRRYQ LQ
WKH WUDLQHG 690 PRGHO H[KLE 3}%25% WWRDFK XVLQ

UHVXOWLQJ LQ DQ HU U %%
7TDEOH &RQIXVLRQ PDWUL[] RI 690 PRGHO IRU WUDLQLQJ DQG 2%

73 71 )3 )I S$FFXUDFUURU

7UDLQLQJ GDWDVHW
22% GDWDVHW

JLIXUHDQGVOLGH VXVFHSWLELGMW\PRBCHEDVHG RQ 690

9DOLGDWLRQ DQG HYDOXDV\O_[R@G‘R(DLC(BD-IQ‘GX/CDQ_HLH[DVEHO:LW\YHS\UE{GUH;
VXVFHSWLELOLW\ PRGHOV SURGXHH&UH ,I WKH GHULYHG ODQG

\«lRQHV PDLQWDLQ D
7R DVVHVV WKH UHODWLYH Hllgéa&ﬁ%\gw gv ﬁh\% WKH VSDWLD

)5 DQG 6% DOJRULWKPV IRU
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GRFXPHQWHG ODQGVOLGHYDWHKH W HFWIOYWH O UHBQFWDRLRQ@VOLGH RFF>
FXUYH ZLOO EH SODFHG KLJKHU DW&GWHKX\D WABH PRGHO FDQ

EH FRQVLGHUHG HIILFLHQW , Q)XW KHWMHRDH G WRHKKHS UHVXOWYV UF
HYDOXDWLRQ Rb )DQ&+3H %0 SUREDELOLW\ RI ODQGVOLGHV LV KL.
PHWKRGYV ZDV SHUIRUPHGDWMLQURFHMHGUHAWRORQLFDO XQLWY DQG DW
FXUYHYXUH,W LV HYLGHQW WKDW DODQWKUHHPHRGHOW 7KLV LV OLNH
KDYH GHPRQVWUDWHG VDWLVIDERVWRUD\SHW IRUPBLBSHMWDRDWLRQ DQG VQ
GHWHFWLQJ DUHDVY SURQH WR OBRIQIKWHWL GBI &R Q/IK & IBMD KK WNNKUHD WHHSH WQ W L
JLIXUHV DQG $ QO WHK i XSUUWHBALFHVWDWMRIQR Q DQG PHOWLQJ ZKLFK LC
RI WKH DOJRULWKPV OLH DERYH) WWdH WHHIHIRHOY F&ERQYBHVHO\ ODQG
LOGLFDWLTXIHWHKIRW FDQ EH FRQBOMKGOIIBVWKIDWTXHQW DW DOWLWXGH\
DOO FUHDWHG PRGHOV H[KLELW D KRBKVBHYHOLIRNHOHAOGERELWRWNVNKH SU
LQ LGHQWLI\LQJ SRWHQWLDO D WHINV VSNIR@W QMWK R@ BIKIRIZEHXU HD V
WKXV PDNLQJ WKHP VXLWDEOH IRBGBEUWKRQDLQON\HVWKIBDWLR@QGLQJIV
DQG DQDO\WVLYV +RZHYHU DFFRWGLIQUIWHFDQ@WEOHNHQLKHRRG RI ODQGV
SUHGLFDWLRIGFRU WKH5H%G 9IDOJRULWKPYH H[SHULHQFHG VHYHUH HURVLRQ

ZLWK DQ $8& YDOXH RI LYRDLGQ L MKADQMODWWULEXWHG WR VOI
KLIJIKHU WKDQ WKRYH R BR&EHOVEZHWHVVLYH HURVLRQ DORQJ ZLWK
$8& YDOXHV RI DQG UHNVEBOIVWOXH®LFK UHVXOWY LQ VORSH

UHJLRQ 7KH PRGHOV JHQHUDWHG WR
7DEOH SHVXOWW RWBUHRBIBWLRQVXVFHSWLELOLW\ XVLQJ GLIIHUHQW

$+3)5 DQG )5 PRGHOV WKDW ODQGVOLGHV DUH PRUH FRPPR
ORGHO  $8& VRXWKZHVWHUQ DQG FWWQWGILHG UHJL
690 DUHD
$+3)5 ,Q FRQFOXVLRQ WKH NH\ ILQGLQJV
)5 XQGHUVFRUH WKH HIIHFWLYHQHVV RI

PHWKRGV WR LGHQWLI\ WKH PRVW VLJ
HYHQ IBKWRUV WKDW LQIOXHQFH

RFFXUUHQFHV %RBWKYNQREAWERRKGV

VXFK DV $+3 GDIQGHGDPMW KRGV VXFK D
JUHTXHQF\ 5DWLR )5 GHPRQVWUDWH
SUHGLFW QDR OUGEBY DFEFXUDWHO\

WKH XVH Rl DUWLIEBFYBEG PEWHKRGVYJH
SDUWLFXODUO\ WKH 6XSSRUW 9HFWR
ZLWK WKH 5DGLDO 38®)VLNHWQHWLRQ
SURYHG WR EH IDU PRUH VXFFHVVIXO
WKH RWKGEULYFHIMWIDQG ENDYRIZOHGJIH

PHWKRGV 7KLV VXFFHVV LV UHIOHFW
UDWH FXUYH D TXDQWLWDWLYH HYDO
JLIXUBUHGLFMWLR@FEXUYHV)BI )5 $43) WKLV VWXG\ ZKLFK FRQILUPHG

DQG 688) PRGHOV SHIRUPDQFH RI WKH 690 PRGHO LQ
VXVFHSWLELOLW\ PDSSLQJ 7KH ILQGL
&RQFOXVLRQV SRWHQWLDO RI 690 IRU SURYLGLQJ

7KH FXUUHQW LQYHVWLJDWLRYHGCEIHIWRQAVWGPINYQUDA® D YDOXDE
IDFWRUV SRWHQWLDOO\ DVVRBHMWHBG FELWXK ODQCBOOGEHULVN DVVH
RFFXUUHQFHV 7KH UHVXOWV ZBOW XYHE WRU @G ECHIRERE V
ODQGVOLGH ULVN PRGHO DSSO\%31O0OWKQHKSRIQWMKRIGYH ILQGLQJIV I]
$+3 $9F DQG 6% ZLWKLQ WKHWHOHUNYBXGLHG DUHD FRXOG IRFXV RQ
6DQDQGEDMVVYRE IVQWDXQUGSURYLQFRHMRUAKIPGYDQFHG PDFKLQH OHDUQLQJ
DVVLIJQPHQW Rl SURSHU ZHLJKWY WRHEDFHKDUOUQOQYVY BRUGHQVHPEOH PR
UHODWHG IDFWRU EDVHG RQ H[PHIMKRE L PP XKWL WKW KBUHGLFWL®
$+3 PHWKRG DQG WKH FDOFXOPWQRRY ORLBHHEVRUMWN SRRIGHOV LQ WKL)\
HDFK APUMXBVHULRQ XVLQJ WKH UBIIFRURFHEXWHLRQDOO\ WKMHLQFRUS
LQGLFDWHG WKDW GLVWDQRH IURPQUWRIIULR DGO WX HYKEKPIWSUHFLSL
IDFWRU KDG WKH JUHDWHVW DBYGYLVWHDVYWXQESOHIFWHO\ LPSURYH W
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DQG G\QDPLVP RI WKHVH PRGHORX@PWDNIUOW KB D PRAUMLY $ FDVH VWXG\
DGDSWDEOH WR WKH FKDQJIBYY "HBYVIRPHERABGHESRDORIN
FRQGLWLRQV )XUWKHUPRUH IXWXUH VWXGLHV FRXOG

H[SORUH WKH GHYHORSPHQW RIPRUSFKRFBDOLIME RRGHIXKVP 4 % 5HIK
WDLORUHG WEDVPQ® RWUXWED Q D5UH[$‘@KZLW7KL% /IDQGVOLGH VXVFHSWLEL
WKH =GDUDEQEBMVVYRV ZKHUH P g] UL LYEDVBW HP U ARIVEHYQIL F D O
ODQGVOLGH ULVNV LV FUXFL %‘@@/‘%}% JPFHL%V(‘D’FRH'VGRXWK
LQIUDVWUXFWXUH /DVWO\ LQY Fi'R

HFRQRPLF LPSDFWV RI ODQGvol@H@KF’L Fo%( YOLGH VXVFHS
UHODWHG WR GDPDJH DQG PLWL ﬁfm D@@MGQ WHFk
DUHD FRXOG SURYLGH YDOX IO{@W\y

SROLF\PDNHUV DQG XUEDQ SODQQ
@ $NEDUL 5DPD]L + $SSOLFD

$+36 27 DQG JHRSK\VLFDO PHWKRGYV WR
$FNQRZOHG‘]PHQWV UHDVRQDEQOH SODQQLQJ IRU =DJKHK WR
7KH DXWKRUV ZRXOG OLNH WRFRDLGN WBURR | H @ W-HERD R BAQOMD OR € D OW HRUXLLDG

(GLWBWKLHI DQG DQRQ\PRXV URNQAZHBYPHRWYDO 6FLHQFH
KDQGOLQJ WKLV PDQXVFULSW > @ $NEDUL 6 5DPD]JL + *KH]JHOEDVK 5
8VLQJ IUDFWDO DQG PXOWLIUDFWDO PH

SXWKROWULEXWLRQV JHRSK\VLFDO DQRPDOLHV LQ 6DUGRX\HK |
@UWK 6FLHQFH , IRUPDWLFV
$00 DXWKRUV FRQWULEXWHG W WKH VWXG\ FR %
KH]JHOEDVK 5

DQG GHVLJQ 'DWD FROOHFWLR 5 @E
SHUIRUPHG E\ 6DULQD $NEDUL§| E@% %%11 ?ERQV%BUNHE&RDLJ@LSQJ,\HE(EF&
+DPLGUH]D 5DPD]L DQG $EEDV*@|IEQ&KNFRLX:©b ([(BORUDWLRQ

ILUVW GUDIW RI WKH PDOXVFULSW Zp EégngijQ L 5\ 6DULQ<Q|
JHOEDVK 5
$NEDUL 300 @)XDRIGRDE SWHRDK HG éN f—lQ_| HO PHZRUN IRU RSWLPL]LQJ WKH S

PDQXVFULSW IDYRUDEOH WX BRQUBKDODL]DWLRQ FRPELQEL
DQW FRORQ\ DQG JULG VHDUFK RSWLPL]DW
'DWEYDLODELOLW\ VXSSRUW YHFWRW XRUIFX I5GIVR XUFHV 5HVHDU

1RW DSSOLFDEOH

> @ $NEDUL 6 5DPD]L + 5 *KHJHOEDVK

)XQGLQJ ODJKVRXGL $ *HRHOHFWULFDO LQWHJ

GHWHUPLQLQJ WKH JHRPHWU\ RI NDUVWL

7KH DXWKRUV GLG QRW UHFHLEPHUUIBBRA WUKHDRPHD\@®\RI ,UDQ FRPELQEL

RUJDQL]DWLRQ IRU WKH VXEPLW&/@HGU PEWNO PRGHO DQMR3GKEEULG  $+3
URFH&GEXWHRQDWHY DQG (YDSRULWHYV

&RQIOLFW RI QWHUHVW 6WDWHPH@QVWOHRWWL 3 $ ZDUQLQJ VA\VWHP |

, WKH FRUUHVSRQGLQJ waKh%GXSE'ﬁ/RV*%DH%%E?\'%W“HROR“

KDYH QR FRPPHUFLDO DVVRFLDWLR

FRQVXOWDQFLHV VWRFN RZQH O H Rg 5 /D
SDWRIAMQVLQJ DUUDQJHPHQWV%E@;% %M b Wi%@ﬁ%ﬁqaurﬁ&gé
SRVH D FRQIOLFW RI LQWHUHVW, g yQ_UFRRg@Q(bI\ﬁWLRQ ZLEWK

VXEPLWW HIGFBISWLBQ K6 LVFORVHG R

DWWDFKPHQW $00 IXQGLQJ VRX Q/LP %gégu%wwwg& F?WL(FEUQDJ((;E
ZRUN DQG DOO LQVWLWXWLRQDQ - BWH%'@LJQS W@W@WL!EQID%V?HR@NO 1THW.
RI PLQH DUH DFNQRZOHGJHG LQ-BXIRFOW RRWHDU 6XUIDFH *HRSK\VLFV ($*(

> @ $OLPRUDGL $ ORUDG]DGHK $ %DNK\
SHIHUHQFHYV $SSOLFDWLRQ RI $UWLILFLDO 1HXUD
> @ $EGR + * $VVHVVPHQW XNSBROWYVOHEWRU ODFKLQHV IRU &DUERQ
VXVFHSWLELOLW) JRQDWLRQ XVLQJ IUMWkREMLEOW UR B Q'G6 W \ORNFV\R WHD o RXUQD
LQGH[ D FDVH VYWXDBYU EDVIG®@ 7DUQWRXNRQPHQW

6\ULQWHUQDWLRQDO -RXUQDO RI(QY}U@%&L@\%BB@LFLgIQFGI—Pk@}Q\ﬁDYDQL + _DPNI
7THFKQRORJ\ 3UHGLFWLRQ RI 6KHDU :DYH 9H

> @ $EHOOD ( $ & 9DQ .HVWHQSQQGHUJURXQG /ID\HUV 8VLQJ 6$6: DQG $UW|
AXDOLWDWLYH ODQGVOLGH VXVFHSWLELOLW\ DVVHVVPHQW E\
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IHWZRUNV 7KH -RXUQDO RI (QJLQHHUL@ &FHE QWHILLF HBBWVIBODUFKDQGVOLGH VXV
3XEOLVKLQJ PRGHOOLQJ XMV KRG PPFKLQH OHDUQLQJ WH

> @ $\DOHZ |/ <DPDILVKL + IRU QJUHQ &RXQW\ -LDBGELHQFUHRRLQFH

DSSOLFDWIERYHRG QRILVWLF UHJUHV\W_}&b %%&&JéH&QPHQW
VXVFHSWLELOLW\ PDS®KQNR QRXHNVDBINAGRLDEDWWD / &DPLFL 6 %URFFD /

&HQWUDHRPRUG KRORJ\ 6WHOOXWL O %WHUQL 1 ORUDPDUFR 7 -
. @ sipubip 0 spubnp o stALe) e Lisesmo veegpmuay o
$WNLQVRQ 3 0 'HUDNKVKDQL 5 - U%(gF%%HDFifd: ‘Y P

EDVHG ODQGVOLGH VXV(FFHLS—VQIA/E[LI(]IE\E\ %SLQJ

UHSRUWV > @ &OHULFL $ 3HUHJR 6 7HOOLQL &
. @ %DL 6 % DQJ - /e * KR RFHGXUHFIRRQUG(BVI?/(SS(\?/I(D)IC;GH VXVDFQHt
6 6 X 6 1 EDVH6 ORJLVWLF UH m&\ﬁﬁ(ﬁ% g(
ODQGVOLGH VXVFHSWLELOLW\ PDSSL SARBL vharHow
LQ WKH 7KUHH *RUUHHR/PBUBK)R@.RJIQD> @ &RQRVFHQWL & &LDEBLRVO 1 &DUDED
yPH)}WLpUUH] E S5RWLJOLDQR ( $J
> @ %HGQDULN 0 ODJXORYi % HVV\E)HQWR'H\J/ﬁ‘éa\;,"f'/f\gD@m“LW\GWR*
Q DQG PXO\V
ODUVFKDONR = 0 /DQGVOLG § 's LL\% %L YCH £ DE/IHV R © WKHHVS/HH O I
DVVHVVPHQW RI+\WEMWRYDNEY DIONXOi4 \ﬁ SR
FDVH WBKXWA\FV DQG &KHPLVWU\ RI B oty
$ % & > @ &ULVWLDQLQL 7D\OR 6K D Z#D
> @ %HGQDULN 0 <LOPD] , D%%}%Ré%é Q W§ VXSSRUV\ggﬁgL\ijRGL{]Hp[))(FQy
/DQGVOLGH KD]DUG DQG ULVN D g #b ¥ HWHRGY
IURP WKH +60HRKRYHIDQGVOL@HDNWHD L@ 'DRXWKE& /[HH & ) 1JDL < <
60RYDBMXUDO KD]DUGV /IDQGVOLGH ULVN DVVHVVPHQW DQG PD
> @ %KDUGZDM 9 6LQJIK . RYBYEQRAQ(HULQI JHRORJ
6XVFHSWLELOLW\ $VVHVVPHQW XVLQJ> 5@PFONH 6HQVLQH DQG *,6L - : = X
D 5HYLHZ -RXUQDO RI OLQLQJ DQG (QYLURQPHNOMIVVPHQW Rl ODQGVOLGH VXVFH
QDWXUDO  WHUUDLQ RI /DQWDX ,VO
*
> @ %URHFEN[ - 9DQPDHUENH 0 'xPREFLDIRGPHQWDO *HRORJA
3RHVHQ - EDY HEDWDQGVOLGH VXVE@HIDWLEA OWWUNDU 6 _DQXQJR ' 3
PDS RI ${DUBBKLHQFH 5HYLHZV * 6EDVHG ODQGVOLGH VXVFHSWLELOLW\ JRQ
> @ %XUJHV & - $ WXWRULDO %%%\W/\}‘F K#\@RFBUFK\ SURFHVV.DﬁKASHHf
PDFKLQHV IRU SDWWHWIED PFULHARIQ O PLURQPHOWDO OROLWRULOQ}

NQRZOHGJH GLVFRYHU\ $VVHVVPHQW

> @ &DR < cHL )DQ : 1DQ < "
=KDQJ 6 /IDQGVOLGH VXVFHS %%%UDD V%V\PFKI—P NKL KH]JHOEDV

GVOLGH VXVFHSWLE
XVLQJ WKH :HLJKW Rl (YLGHQFH PH \bLILF\{_\BéGdH DO QHWZRUNV 690

' XQ\DQJ DUHDR&EKR @D H K\SHUSDUDPHWHUV WXQLQJ E\ JHQHWLF
> @ &DUUDQ]D ( - 0 9DQ 5XLWH@EHRN,IQWHPUGDWLRQDO -RXW @BOHRIFHQYLUR
+HENHU & YDQ GHU OHLMGH 0 ‘DIZQ@GHBK@I-RI-QRJ) '

. QR Z OHG &H GG G DYAHR HYLGHQWED LHI

PRGHOLQJ RI PLQHUDO SURVSHFWLYLW H WM W glgﬁd;_?m% RNIL]gé
6SDLQWHUQDWLRQDO -RXUQDO RI $ss\;3( \é/ AEVHHE ¥ B Wl WKH HDVWH_L

DQG *HRLQIRUPDWLRQ $QDWROLDQ )DXOW =RQH IMKIEIINHQFE\ OLNF

> @ &DVWIWKHO 5 /BOROUHWD UDWLR DQG DQDO\WLF KLHUWDMWXKDOSURFH\
%RQIHIOIRQIR 5 4XFHWDHD - ) &DKW]_EUDCRV

6DQWLDJR 0 E ORGHOLQJ VSD QGV016 “HRVSD
VXVFHSWLELOLW\ LQ YROFDQLF W \;<|5/HSWLELOLW
QHLJKERUKRRG VSDWLDO DQDO\VL G (QYLURQPH:
UHUHVVLRQ LQ /D &LpQHJD ZDWHUVKHG Fi

OH[LFI®ODWXUDO +D]DUGV

> @ &KDXKDQ 6 6KDUPD 0 $URUD @ RQ 3( /HH S~ /LQVEL\//PJFX%%JLV&E
1 . /IDQGVOLGH VXVFHSWLEL bRQ %MKULVWLFV RO WKH
UDWLQJV GHULYHG IURP JHUVKDO DOG ¥XQJWV

QHWZRWHUQDWLRQDO -RXUQDO

2EVHUYDWLRQ DQG *HRLQIRUPDWLRQ FWR\Q‘RSK\VLFV
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> @ 'RX - 7LHQ %XL ' 3 <XQXV $> -@D*INFHRQOX & $NVR\ + h 6 ( < @
; S5HYKDXJ =KX = 2SWLPLIDWGRQLBIH VXVFHSWLELOLW\ PDSSLQ
FDXVDWLYH IDFWRUV IRU ODQGVOLGHKN XVHWISGWLEQOVRLAONY BO XDKH.- RO QIHQ UF
XVLQJ UHPRWH VHQVLQJ DQG *,6 GDGWWHQ@ PIUW W LI YWMDBWDIO W\ DQDO\VHV D

-DSDQ 30R6 RQH H WHFKQIUIMXMHMMHULQJ *HRORJ\

> @ 'XPDQ 7 < &DQ 7 *RNFHRJ@X*X8WD 5 3 6DKD $ . S$URUD 0 .
1HIHVOLRJOX + $ 6RQPH] + $ $SSOLAFDWGRQLRBIH +D]DUG =RQDWLRQ LQ
ORJLVWLF UHJUHVVLRQ IRU ODQGVO®ED JVKDMKDWKEDMHW L PRQDI KNVLQJ LQWHFH
&HNPHFH $UHD ,VWEQEKXKORQPHKQUWHBRWHY,8Q¥LPDOD\DQ *HRORJ\

*

HRORJ\ > @ +HPDVLQJKH + 5DQJDOL 5 6 6 'HVK
> @ (UFDQRJOX 0 8 5 $ 7 *RNFHRJOX6BPIUODNRRQ / IDQGVOLGH VXV
%1 9DQ $VFK 7 / DRDEBBQNEHXVLQJ ORJLVWLF UHJUHVVLRQ PR

VXVFHSWLELOLW\ JRQLQJ QRUWK RI %BQXKPHDI1:LVWWNHW E&GUL /DQND SURFHGL
PXOWLYDULDWH VWDWXVUDICFBD]WHEKQLTXHYV

> @ +LOOPDQ $ / <X - S$EERWW 0 %
> @ (UFDQRJOX 0 *RNFHRJOX & $  %DAMH RI - BWHLQPDQ % $

IX]]\ UHODWLRQV WR SURGXFH ODQG\HILYGH R ®VP AKSWDICE LOKMQ JMD SSRUDQJ G\QDVW
ODQGVOLGH SURQH DUHD :HVW %O@FEDQ BHRY ILAMHDHRBKQRD\ 6 FLHQFH 5HYLHZ
7XUNHQJIJLQHHULQJ *HRORJ\

> @ )HOLFtVLPR E 0 &XDUWHUR $> ®HRPRQGR+- &KHQ : ;X & <RXVVHI $
AXLUYV ( 0DSSLQJ ODQGVOLGBUWOGKHSWUBELOLWHRDLWKL LQGXFHG5DLQID
ORJLVWLF UHJUHVVLRQ PXOWLSOH DGRSWODYB HUMXVHFWEMWRE L\OIO\QBIVVHVVPHQV
FODVVLILFDWLRQ DQG UHJUHVVLRQ W&EKLHOD DXWG QRD[URXRHFWURBALR FHUWDLQ)
PHWKRGV D FRP$DQOWARYGBHYWXG\ HQWURBFDUWR LQWHUQDWLRQDO

> @ )HUQIQGH] & , 'HO &DVWLOOR> 7@ )+ROQIPGRXQUDGKDQ % X & % X L
5 ( ORQWHUR - & OS9HULILFDWLRQ6 8D WDMG VIUKBEGEHLFWLRQ RI ODQGVOL(
VXVFHSWLELOLW\ PDSS(IDQUWKD 6 KDVDEEEHKWEXQ@Y DUHD &KLRXIDVXVNGUQHOR ORJILV\
BURFHVVHV DQG /DQGIRUPV 7KH -RMHQWHV\RIRW KD OAWHWQALYWLQIJ GHFLVLRQ WL
*HRPRUSKRORJLFDO 5HVHDUFK *URXSPDFKL&MHWHQD

> @ )UHVVDUG 0 7KLHU\ < ODTXDPL@H+XDQJ ) &KHQ - J/LX : +XDQJ - +F
KLFK GDWD IRU TXDQWLWDWLYH OREEQOLGH VXV-HHIWRIO®HERDWE QODQGVOLGH
PDSSLQJ DW RSHUDWLRQDO VFDOH"KODDMHGVIDAURLRD WEKWHGDRY ODQGVOLGH VX
G $XJH SODWHDX KLOOVORSBWXUBROPQRQGD JFULRQHHDO UVUBDRRRUGBERWRIHVKROG
+D]DUGYVY DQG (DUWK 6\VWHP 6FLHQFHV

> @ *KDVHPL 7DEDU + 5 $OLPRUDGL@%$-DPBDHPPDWSE 1DMDIL $ 3RXUJKDVHP

$KRRL + 5 )DWKL 0 ,QWH BIDJIIHHLLD/A) ER U HKIROW D BEBMHG IUHTXHQF\
VLPXODWLRQ ZLWK S\WKRQ SURJUDPPD@WLR-RXQ®DOQRBIH)LRLQBQWURS\ PRGHOV
DQG (QYLURQPHQW GRL MPH VXVFHSWLELOLW\ DVVHVVPHQW LQ WKH &D
> @ *KH]HOEDVK 5 0DJIKVRXGL L|J_|D,QWHU D\WLRQDO -RXUQDO RI (QYLURQPI
K\EULG9§+35 DSSURDFK IRU SURVSHFWTYERRBREHOoLG

RI SRUSK\U\ &X GHSRVLWV LQ WKH SDUPDIKDXQU LYWULFWDGKDQ % 7HKUDQ\
,UDSUDELDQ -RXUQDO RI *HRVFLHQFHV 8VLQJ $/26 3$/6$5 GHHVRIOEWIRE

> @ *KH]J]HOEDVK 5 '‘DYLUDQ O OIQSL?I—% VX—’;R HWRWW%%%%%&%?Q%ED}VM,,LXED)V(\:/)L
*KDHPLQHMDG + ILNQH]KDG O I% %H:% QQj

WKH JHQHWLF DQG ILUHIO\ RSWLPL]BWP D U KPV LQWR .

PHDQV FOXVWHULQJ PHWKRG IRU GHWIKFWALRDDR! SRWBI0WKLNU\E6DQG6KDILT 0
VNDUQHXDWHG JHRFKHPLFOEOAVMRRWEWDQYMWY QDQBDVONUGH VXVFHSWLELOLW\ PDSSL
.HUPDQ $3PDALHG *HRFKHPLVWU\ SDNLVWDOQ D FDVH VWXG\ RI 6KLJDU

> @ *KH]JHOEDVK 5 O0DJKVRXGL s ZPDHFRERBWHFV 1DWXUDO +DJDUGV DQG 5L

,PSOHPHQWDWBR® RQG)X]JK]]\
*$00$ DSSURDFKHV IRU GLVFRYHULQY @WK YJBROUSHFEWLWBRMDNHVISQ
DUHDV Rl $X PLQHUDOLJROHRRD QLFRPBDNKWRIQ Rl 690 DQG RWKHU FODVVLILHLU
GLVVBHNVNFWUFKHY LQ (DUWK 6FLHQFHWXVFHSWLELOLW\ PDSSLQJ (QYLURQPHQWD
v

> @ *KH]J]HOEDVK 5 ODJKVRXGL $ 6KDPHNKLKWWSV GRL RUJ

3UDGKDQ % ‘DYLUDQ O *HQHWLF DOJRULWKP WR

RSWLPL]H WKHBEDOQV@DIRULWKPV IRY P®S®PYQRIFOX 7 6DKLQ ( . &RONHVHQ
PLQHUDO SURNSUBIFW LY I BRPSXWLQJI/DQBY®LGH VXVFHSWLELEBDWH®@DPSSAWU XVL
$SSOLFDWLRQV
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FULWHULD GHFLVLRQ DQDO\WVLV VXSSRAWLYHFWRU PDEKRQEBYV =BQQJ < /L 4
ORJLVWLF IDHQEWHONEGRQ < $ PRGLILHG IUHTXHQF\ UDWLR PHWK

> @ .DY]J]RJOX 7 6DKLQ ( . &RON\{-|XV\{-IFd_|S,WLELOUWQG)WQ’HGIHPHQW
6HOHFWLQJ RSWLPDO FRQGLWLRQLRJ@ IDIFWRUMDGQP VKDGERRJI + 8]LHOOL

WUDQVODWLRQDO ODQGVOLGH VXVFH®WDENGLVE\ PDSSLOXDOQOMW DWW DWQMMW LFXOQH U
DOJRUIQNK@HHULQJ *HRORJ\ IRU VFH@MUIGR ODQGVORLQEYV BDGBWVGV

> @ .D\DVWKD 3 'KLWDO 0 5 'H 6PHGW )

$SSOLFDWLRQ RI WKH DQDO\W:F@O/IKLHWDUFKD QIURSFHVY  ([SORULQJ DV:
$+3 IRU ODQGVOLGH VXVFHSWLELO LDN\HEDMESLIQ W K$H FOMHG VRWXIEE FDSDFLW\ RI O
IURP WKH 7LQDX ZDWHERREBWHWHYVEDMHDORQ PDFKLQH OHDHRAMUWRVHFKQF
*HRVFLHQFHYV ,QWHUQDWLRQDO

> @ .HFPDQ 9 6 XSSRUWDYHFWRU@ DEKKLYDHAK ORKDPPDGL 1 +H]DUNKDC(
LOQOWURGXEXMIFRUW,QYHFWRU PDFKLQHV WXKHRBSOODUDGWLYH VWXG\ RI 690 DQG 5) |
DSSOLFBWLRQ&#SULQJHU %HUOLQ +HEGBWOEHUBDWLRQ RI DOWHUDWLRQ JRQHV >

> @ .HHIHU ' . :LOVRQ 5 & 0DUNCEBWD gREERPO RIOLQLQJI DQG (QYLURQPHC
( ( %URZQ : 0 (OOHQ 6 =DWN@QOBQ6DO % 0DQGDO 6 $QDC
5HDMLPH ODQGVOLGH ZDUQLQJ K&MUDQ@FK\ KHIRRHVV $+3 EDVHG ODQGVO
UDLQEPIOHQ FH PDSSLQJ RI /LVK ULYHU EDVLQ RI HDVW
> @ .KDQ + 6KDILTXH 0 .kpQ o ¢-PROPRBSGFIGREHV LQ 6SDFH SHVHDUFK
$ 6KDK 6 8 &DOOLJDULV & /IDQGVOLGH
VXVFHSWLELOLW\ DVVHVVPHQW XVLQJ @UWDXWO®RARYDLWLR D.RADDMHYLU O %DMI
VWXG\ RI QRUWRKHQ(J3ABWIL\DWD QR X UQYDEH RIOHN 9 /IDQGVOLGH VXVFHSWLE
5SHPRWH 6HQVLQJ DQG 6SDFH 6FLHQFMVLQJ 690 PDFKLQH OHDQILQMHH WLAURULW I
*

> @ .RUQHMDG\ $ +HLGDUL . 1BRRBYboL o

$VVHVVPHQW R|I ODQGVOLGH ¥X@FBBRALEYDLW\ \BODMGDPDQ $ 0 1

TXDQWLWDWLYH ULVN DQG PDQDJHPHQWRLQ W KR XOHPHEPPSERVIL@HY EDVHG RQ
,ODP (QFQURQPHQWDO 5HVRXUFHV SMNFHD@RGEEHWLQ Rl (QJLQHHULQJ *HRORJ
(QYLURQPHQW

> @ .RUQHMDG\ §$ 2ZQHJK O %DKUMHPFQGERSIOX ) *RNFHRJIOX & (UFDQRJOX

/IDQGVOLGH VXVFHSWLELOLWY\QDWVYRVWPIHRRWRPSVIH)PIPDVYV PRYHPHQW WUL
PD[LPXP HQWURS\ PRGHO ZLWK WZR GDLQUBQW ®GDMD/NDWWEBROGRQJIJURP 1: 7XUNH\
PHWK&GWHQD +

> @ /HH 6 $SSOLFDWLRQ RI OR3L\@GVRP WHIWHV VA R& =r]HUH - / &DWDOmMmM
PRGHO DQG LWV YDOLGDWLRQ IRU* ODQGVTKHEHR Q@ YWWHHESWILRIDRWSB6,06%5 LQW
PDSSLQJ XVLQJ *,6 DQG UHPRWH VHQVUDQLGOMEH ,QWD-|BHBRWH®RPLDHDOMANHG URFN
6HQV + DUHDWGVOLGHV

> @ /HH 6 &KRL - O0LQ . D 3UREQ@EBDENWVXBL $ . *XSWD 3 9 &KDQ !
ODQGVOLGH KD]DUG PDSSLQJ XVLQJ *,6 DUBQWGHRR\WWH RQVQQJLQ D SDUW RI '
GDWD DW %RXQ .RUHD ,QW - 5HPRW HLADOWOXNL.URQPHQWDO *HRORJ\

> @ /HH & + +VX 6 + /IDQ®YODNBDPDQ $ O ORRVDYL O
VXVFHSWLELOLW\ PDSSLQJ XVLQJ VXBESRDWHYWREXIKY HP\DVFDVYHVEPHQW RI QD WX
FDVH VWXG\ LQ WKH /XVKDQ 7DLZDQ PP XRNRBWUFVVHDBVGOWWWOHUQ UHFRJQLW

+D]DUGYV DQG 5LVN SURILEBD UHRRO RONW QL JERUQLN
KWWSV GRL RUJ
> @ /HH 6 6DPEDWK 7 *PD@GBONGBPDQ $ O ORRVDYL O

VXVFHSWLELOLW\ PDSSLQJ LQ WKHHWRURALOQDRRRQ RIUWDUIDFH URXJKQHVV RI
&DPERGLD XVLQJ IUHTXHQF\ UDWLR PURELORYLVWILER) U HIDHWQSRGEXHPFHQRQJ PHYV

PRGHQYLURQPHQWDO *HRORJ\ $SSOLHG OHFKDQLFV

> @ /HH 6 +RQJ 6 0 -XQJ + 6> @ 3D®YN 6 &KRL & .LP % LP -
VXSSRUW YHFWRU PDFKLQH IRU OMM&EWDLEH VXVFHSWLELOLW\ PDSSLQJ XVL
PDSSLQJ LQ *DQJZRQ SW@RYQQFHF KLHUDUFK\ SURFHVV ORJLVWLF L
.RUMXVWDLQDELOLW\ QHXUDO QHWZRUN PHWKRGV DW WKH
> @ /HRQDUGL * 3DODPDUD 5 g BPHRILYRQPHQWDO HDUWK VFLHQFHV

IDQGVOLGH VXVFHSWLELOLW\ PDSSLQ@ 3RXUQBEDWHPLX]H 5 .HUOH 1 51
DSSURDRKHGLD HQJLQHHULQJ IRUHVWY DQG HYLGHQBDMHEG EHIOQ GV OIXGEH \
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VXVFHSWLELOLW\ DVVHVVPHQW LQ> !HWMNWRRDPGRD]bQOPRPWMFKHD - &HQGU
SBURYLQFHQ Y,UDRQPHQWDO HDUWK VFLHQFH$ VWDWLVWLFDO DSSURDFK WR ODQGYV
EPDPVLQ VFDOH IURP ODQGVOLGH VXVFHSWL

> @ 3RXUJKDVHPL + 5 5RVVL
/IDQGVOLGH VXVFHSWLELOLW\ PRGHO PG Y Y @ LVEREBAPHEY suroH buHD
LQ 0D]DQGDUQ 3URYLQFH QRUWK Rl ,@FQII D OFRPSRINVRED . /IDQGVOL

EHWZHHQ */0 *$0 0$56 $+HB3QG WXVFHSWLELOLW\ DQDO\VLY ZLWK D KHXUL
PHWKRIGWVRUHWLFDO DQG $SSOLHG &OVROHURORISYV 9R UNHRPRHIBK REXFIWNULD

> @ 3RXUJKDVHPL + 5 *D\HQ $ 3®DUND &DDMWH 7& / +RZ WR PDNH D GHFL
/IHH 6 $VVHVVPIBSQWOQRH DDIBYDOQBMHLF KLHUQWHK\ BURFHVYV

DQG WKHLU ]JRQDWLRQ XVLQJ ORJLVWLF él—é‘bLkl-bVVS;LR.Q *95\}\)’DWESR%VW $%%%D 0

D
SggngEWD\:('\iv\(DLQDELOLW\ OWDBRLOY ¢ hyHG ODQGVOLGH KD]DUG ]RQDWLRQ L
*DQJD YDOOH\, QWRADQDWIVRQDO MRXUQDO F
> @ 3RXUJKDVHPL + 5 3UDGKDQ %HQWRNFHRJOX

& $SSOLFDWLRQ RI IX]]\ ORJLF %Q,BKBQEFO\WLF&/%@E’O%@ 6DUNDU , $U

KLHUDUFK\ SURFHVV $+3 WR oDQ>Gg bEERYIVVHP EDSUHRDFK IRU
PDSSLQJ DW +DUD] ZDMXUVE K® JDUBY, \\ b\ vwLFDO ODQGVOLEHWKXDFHABWHLELOL

VWXG\ LQ WK HD-LGA\DCDLIB B V
0, *
> @ 3UDGKDQ % D 5HPRWH VHQVL 9 G SNEDUL +DPLGUH]D 5DPDIL
EDVHG ODQGVOLGH KD]Y)IDJ@LBQWGIR/Q_% X | RS PR, QW KRG
PXOWLYDULDWH ORJLVWLF UHJUHVVLRDF : é@@&%éﬁd—m \@ééé%%Lqu KRG

ODODAVLD $GY 6SDFH SHV '"HVWLQDWLRQ &RQVLGHULQJ (QYL
> @ 3UDGKDQ % E EDMHRBI1XH\ OR&UEW,QWHUQDWLRQDO -RXUQDO RI (QYLURQ!
UHODWLRQV DQG LWV FURVV DSSOLFDWLRQ WR SURGXFH ODQGVOLGH
VXVFHSWLELOLW\ PDSV LQ WKUHH WHVW DUHDV EQ 0DOD\Y IR (QYLURQ

/IDQGV
(DUWK 6FL GRL v VXVFHSWLELOLW\ PEDBVH® NV WOMANWEFDO PF
> @ 3UDGKDQ % /DQGVOLGHD X BHPRWLIEVEDWLQJ GDWOFLE QWIIREEFDO +

PDSSLQJ RI D FDWFKPHQW DUHD XVLQHIBHWWQF\ UDWLR [IX]]\

ORJLF DQG PXOWLYDULDWH OR.]L@V%‘(FFP %HJUHV}SIV%(B
K + P O $KPDG % %
DSSURPDRKHRDO RI WKH ,QGLDQ 6REIH'_I!’ \NH'V k/'lq_glf\/EQGOD,QGVOLGH VXVFHS'

6HQVLQJ PDSSLQJ XVLQJ IUHTXHQF\ UDWLR ORJLVW
> @ 3UDGKDQ % $ FRPSDUDWLXH\VWRGLRQPWWKRGY DW WKH FHQWUD
SUHGLFWLYH DELOLW\ RI WKH GHFLVIDRRY WUWRHH H § WISR UDNW WK BWIRHQ F HV

PDFKLQH DXGIQPRRKGROV LQ ODQGVOLGH V@g(é/KF|5||§MVLLEI$OL$W\ 6SURVYV

: - -RKDQVVR
PDSSLQJ XVARRSXB/HUV HRVFLHQF/ﬁDVUVVRQ 6 /IDQGVOLGH VXVFHSWLELO
VRXWKZHVW 6ZHGHQ XVLQJ DUWLILF

> @ 3UDGKDQ % /HH 6 QB QERIDNE ED

VXVFHSWLELOLW\ DVVHVVPHQW DQG IBFW H IHF\BOD DOVWLV .o . g
EDFNSURSDIDWLRQ DUWLILFLDO QHXY U 2 WRR€§+ S bosvoLc
FRPSDULVRQ ZLWK IUHTXHQF\ UDWL SEY I% %‘60\/\5\1 E;(LOG(EQJ Lo
UHJUHVVLRQ (@R WDO  ORGHYEGBRIUHILRQUYRURQBHQW 'HYHORSPHQW

6RIWZDUH 6XVWDLQDELOLW\
> @ 5DL ' . LRQJ ' =KDR : =KDR ' $Q HYDOXDWLRQ

:ﬁ o

% 'DKDO 1 0 %DLJ 0 $ B %E{? D LQJ LQ ©
Rl ODQGVOLGH VXVFHSWLELOLW\ XV \H/F%)E 4 WL& BR Q&DQC?LU
VWDWLVWLFDO LQGH[ PHWKRGV UGVS 5 W%Q@)@é: I@MWQDO MRXUQDO |

*
IHSBELQHVH "HRJUDSKLFDO 6FLHQFHHDUWK REVHUYDWLRQ DQG JHRLQIRUPDWLR

> @ S5HLFKHQEDFK 3 5RVVL O oDOD )%& %. ' &RPSDULVRO
oLl IR ) *T s B LB RRR BRVERIA ., 0o SUIUNES
Ea\Y/EHGZVODQGVOLGH V X(DRAVERLL HRLFGH VFH%\Q\H}%YOLW\ DVVHVVPHQWYV 7TKH LQI

FRPSOH[LW\ DQG WURDMBQDGDWDVHW VL]

> @B5HLFKHQEDFK 3 %XVFD & ORQGLQL $ &
5RVVL 0 7KH LQIOXHQFH RI ODQ F Q
ODQGVOLGH VXVFHSWLELOLW\ JRQD W] R@ﬁygﬁ%ﬁggﬁgbﬁ%@Fﬁp%@\bwﬁWJ + &
VLWH OHVVL@XLUR@RHAQWDO PDQD! ﬁ w \L Q1 TKHRU]

' EBURRY rxDOWLWDWLYH PHWKRGV WR S
VXVFHSWLELOLW\ PDSV LQ 1DQFKHQ.
&KLQMQGVOLGHV
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> @9DQ 'HQ (HFNKDXW -0 +HBWIDWH @ <DOFLQ $ %XOXW ) /IDQG
Rl WKH DUW RI QDWLRQDO ODQGVOLGHXGVBPWHPWEDEHYLMQ (XRIRSFH.Q O G YWWKIHIU *,6
SRWHQWLDO IRU DVVHVVLQJ ODQ GV OL KRAWRIWUEHPFW MELICH. WH KKDQDTUXCHD QG FDVH \
ULYNRPRUSKRORJ\ 1(7XUNHDWXUDO +D]DUGV

> @9DQ :HVWHQ & - $0]DWH %RQLO@DXDR %; 7KDP /[ * 'DL ) &
ORXQWDLQ KD]DUG DQDBDWIHG XV6QD QIS VEL GH VXVFHSWLELOLW\ PDSSLQJ EDV
,QQWHUQDWLRQDO FRQJUHVV LQWHPRPKIQRQ DD FDVURFWXELR® RDWXUDO VOR
HQJLQHHULQJSBHRORJ\ &KL®BRPRUSKRORJ\

> @9DQ :HVWHQ & - 5HQJHUV 1> @RHWHDY 5 /IDQGVOLGH VXVFHSES

8VH Rl JHRPRUSKRORJLFDO LQIRMNFPIDVMPUR XWVIQ L QLBIUIHIHHHDYF\ UDWLR ORJL!

ODQGVOLGH VXVFHSMDLVEXODW\ KDYV HBVRHQW-LDO QHXUDO QHWZRUNV DQG WKH!|
VWXG\ IURP .DW ODQRXWNORRBHYXWRNBW

> @9DSQLN 9 17KH 1DWXUH RI 6WDHV\|/:2LV\):V{7|:||9I§(5|V
/HDUQLQJ THKERB®RWUN 6SULQJHU 9HUOI}J @ <LOPD] , &RPSDULVRQ RI ODC(
> @:DQJ /| - XR 0 6DZDGD FHSWLELOLW\ PDSSLQJ PHWKRGRORJLF

-KDQJ - /IDQGVOLGH VXVFHS FRBSS Ig ° Qi%szERDUENLVOLWSQGOF
OL]XQDPL &LW\ -DSDQ $ FRPSDULV E)?AFP UWK SEEBQEHY
H

UHJUHVVLRQ ELYDULDWH VWDWLVWL

DGDSWLYH UHJUHV\&IDFV\Q-IQBOLQH PRGHO\@<RXVVHI $ IWKﬂ-QJ\ 0 3UDGKDQ %

, /DQGVOLGH VXVFHSWLEL\OUH, PDSSLC
> @:DQJ = :DQJ *XR N IGD | UHVTDCHIQE 6 U D W L

5HJLRQDO ODQGVOLGH KD]DU %&l&\é@?@@ﬁ VRXUOD O
LQWHJUDWLQJ VXVFHSWLELOLW\ Q GHo
SURFHMWXUDO +D]DUGV
< -KDQJ . 6RQJ < -LDQJ : =

> @:LQG < 6DDW\ 7 ODU'@HV&&G EFRR/ODQGVOLGH VXVFHSWLELC
DSSOLFDWLRQV Rl WKH D@D@DWH FHQLLD U F H RO UDE W H BIALW ORV L 1LID FWR |
VFLHQFH UHSRUWV
> @ ;X & ‘DL ) X /HH < + 0
EDVHG VXSSRUW YHFWRU PDFKLQH B IélébWKTXé &KHEJUADWHLGQJI
WULJJHUHG ODQGVOLGH VXVFHSWLEL \%d_'_g) VD QB R Eé? L WHEW LR

ZDWHUVKHG RERILEKRORJ\ REVHUYDWLRQV DQGDSE6\SQLBE R IIVHWYV

> @<DOFLQ $ EDVHG ODQGVOLGH
VXVFHSWLELOLW\ PDSSLQJ XVLQJ DQDO LF'Q LH%R)%J&@ FHVV 6XS
DQG ELYDULDWH VWDWLVWLFV LQ $U@|_I|-| M'R\_QH ﬁfggv IRU PDSSL

RI'UHVXOWV DQGIMRRQUPDWLRQV SURVSH&WIESXWHUV *HRVFLHQFHYV
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