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$UWLFOH ,QIR $EVWUDFW

SHEHL$BGLO 7KLY VWXG\ HYDOXDWHYV URFN PDVV UDWLQJV URFN VWU
SHFHLYHG LQ 5HYKONG I\ﬁWPUXFWXUHV RI WKH GRPLQDQW URFN XQLWY DORQJVLC
SHUIRUPDQFH RI YDULRXV DQFKRU VA\VWHPV IRU HQKDQ
$FFHSWHKG X VW HIFDYDWILWRE DIRFRLQ WKH 6\QFOLQRULXP DUHD 7KLV U
3XEOLVKHG RQANV@H FRPSOH[] IROGHG DQG PLQHUDOL]JHG IRUPDWLRQV 7KH G
DUH FKDUDFWHULVHG E\ SRRU JURXQG FRQGLWLRQV IDXO
PLQLQJ DFWIMWH W MKHER/LWXDWLRQ 7KHVH IDFWRUV KDYH
VWDELOLW\ RI HHEDRRBEQYGR®2*)DICQFLGHQWY KDYH H[KLELWI
‘2, MPH LQFUHDVH RYHU WKH SDVW QLQH \HDUV 7KLV WUHQG QHF
.H\ZRUGV WKH IDFWRBEXWARQJIWVR LW 2XU UHVHDUFK HPSOR\HG HPSL
FODVVLILFDWLRQ VSHFLILFDOO\ XWLOLVLQJ %DUWRQTV 4
PDSSLQJ RI JHRORJLFDO VWUXFWXUHY DORQJ WKH FURVYV
([FDYDWLRQ VWDELOLWRQGXFWHH ERIJHRBR @®XQG XY WR HYDOXDWH WKH ZRU
*URXQG FRQWURO FDSDFLWLHV RI URFN EROW DQFKRUV GHSOR\HG LQ WKH
DQDO\WHG IRU JHRORJLFDO IRUPDWLRQV FRORXU DQG Jl
HIFDYDWLRQVLW® BW@&B&X4K URFN DQG VWRQH QHFHVVL
*HRORJLFDO VWUXFWXYUHMVHQVLYH URRI VXSSRUW WR VWDELOLVH WKH VXUURX
VWDQGLQJ WLPH $GGLWLRQDOO\ ZH LGHQWLILHG MRLQV
YDULRXV VWUHVVKMVURKRBEWQQJIJUWKNM RDVV LQ WKH FURV\
KLIJKOLJKWY WKH LPSRUWDQFH RI JHRORJLFDO GDWD LQ V
DQG VXSSRUW PH KW WMHNWPWVLAIFRQGXFWHG DW WKH OH
IDLOXUH UDWH LQ SW GBS\ WHYHHDWRSPRIRSHWHQW JURXQG

6\QFKOLQRULXP

$QFKRU V\VWHP

,QWURGXFWLRQ

INDQD XQGHUJURXQG OLQH K D\DWHIHIQ6IHE RSHQWW LIRWG 8SSHU 4XDUYV
VLQFH ZKHQ WKH ILUVW VKDRO D& ¥XWK DPBUWKH WKLFNQHVVH\
&HQWUDO 6KDIW 7KH DUHD RNQ HSUDHGARDPWQBRRBNRMW RLS/S HFRQFHQW U
FKDUDFWHULVHG E\ WKH 1NDQD D/OGROLWQKH 1R \RKHERE@HY W HULEE RI L
VWUXFWXUH RI WKH PLQH H[KLE IS®OX G RIPGD N\ QROGQA U ZXMW K KLFK IRUP
ERWK DQWLRFOQLQHD GIGWHQGLQ & KDRE4WROGDL RIGI> @ 7KH FRPSOH
WR QRUWK DORQJ D6\QNPLYRWULXBWXKH Rl WKH RUHERG\ DW DQ\ PL
UHIHUV WR WKH KLJKO\ IROGHGB6RREBUQRUIX® DEHDNDWHWKWK®JIXVH F
NHHO RI WKH 1INDQD 6\QFOLQH PHWHKR@W O\RHYWIHY GLIQH H[LVWLQJ VV
IURP VHFWLRQV BRXWK 62% GWRS]HWUROKRHHAWMIDE®KH KRVW URFNV
EHORZ IW /HYHO DWW 6/20% HDOQ BRPSOH[ IROGLQJ MRLQWLQJ DQG VK
&HQWUDO 6KDIW DV>VKRZQ LQ )LUXR¥XQG FRQWURO DQG URFN VXSSRU

7KH 6\QFOLQRULXP LV FKDUD FWHHW R KD (0H BR PLSWGH 6 B & WG LW R PRLLQA
JHRORJ\ ZLWK IRXU PDLQ OLWKRSIFPIDLBINVO\6 BXW KWRI MEBRGSURJUHVVLYH
62% 6KDOH +DQJLQJ :DOO $UJLOQEKWUHHWW OBMBOV LQ WKH URFN PC

i) &RUUHVSRQGYB I W XRKRUOQOW B P ER
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HIFDYDWLRQV DV WKH\ DUH H[S DMR&RGV MWEK WRXN FFLVOM. WKW K 1D W WHWH/ L C
$V PLQH GHYHORSPHQW SURFHHRGWU I/IRQ GHWHEW F KIDHOYOIHIOS/DWWHUQV Wi
WKH FKDOOHQJHV DVVRFLDWHGEHZKBYXLRXWL\RR LWKW\URBNHDVYV LQ UHV
LOWHQVLILHG 3HWHU > @ H[SODLWVHVNKDIWHWIGHY PBI@ KDWKHAWRDSH DQG
URFN VXSSRUW DUH FRPSOH|[ DQGOWKHKHHUDVWX®R RPREXNOH/G PRUH RQ
WKDWXPmQ HOXFLGDWH WKH LOQWHREBHRWWREVRRIYDRIERXWDWKHU WKDQ
VXSSRUW FRPSRQHQWYV ZLWKLQ IR WRIFN KRIQIVS B OWWN\VRUHMH QWDWLRQ D
'KHQ HYDOXDWLQJ WKH JURXQUGRPHNGIXP FHWHWHOLYDWLRQV VLIQLILI
IDFWRUV KDYH D VLIJQLILFDQW HIWIAEN RIQVW RH X\Q/GIHBEJUOQIRKQBIRSHQLQ
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JLIXUBHFWLRQ RI WKH 6\QFOLQRULXP WDNHQ DW 6

7KH HITHFWV RI MRLQWYV DQG WGXUWL VHIP RMKIDR ® XK HGIIR HHM QW URFN

LQ URFN PDVVHV QHDU H[FDYDWUR DQXLSBUNQ FHYWDLLPOWLR @ RH WKH LQlI
DEVHQFH RI VXSSRUW KDYH EHH® R RAVDH G W D@ Q3 WRKWRY HOWID ELOLW\ >

DQG 9LOQHU > @ HVWDEOLVKHGWRKQWVHRQRBJLWRPLDQ¥ FRAUH)J LQ
ORJJLQJ PHWKRGV VKRXOG EH XHRIRXREGQIZWPHQH H[FDYDWLRQV DC
GHVRULEWKH FRPSRVLWLRQ RIVWRENOPORREWKH@ S$FFRUGLQJ WR *
LQFOXGLQJ VKHDU JRQHV DQG IDHVOWW 7KHI@EH DQB DR WRFOIYWHW DO

VL[ PDMRU FRPSOH[) POED @QIHEHFR@MA BEXWLQJ WR JURXQG IDLOXUH
HFKHORQ IURP HDVW WR ZHVWWDWK WKHLWUSOXQJHMXQGZDWHU !
XQGXODWLQJ HUUDWLFDOO\ $ QRWUFNDEOH I'OHDMW\W R L 8 ) MOWK R QV KRH
SOXQJH RFFXHYQ UQ@SEDUHDV ZIGLAKFROUMLQXLWLHY WKH SUHVHQFFE
DVVRFLDWHG ZLWK EDVHPHQW \KWUK\FW XQ HAR QMKUD VW] HWKKDSH DQG
FRUUHVSRQGLQJ VWHHSHQLQJ RP MXH $ OHINH RV IREN WOGHGURXQGZDV
RII WKH IODQNV Rl WKH EDUUH®@KBHD SR FRKPDNRO G¥X DIOLW \VLWMXXQ QHO \
WLIJKWO\ FRPSUHVVHGHYHRRSIHBVQHVYHOOFRQWULEXWH WR GHIRUPD
DWWHQXDWLRQ RI &HRBEWL QRUS® BIgHNHOR/I \RIQ FAOKL) RUKIXPURFN PDVV L\
D[LDO SODQH FOHDYDJH DQG D[EFEKO USIDMAHU YK HALWEXQ INMWKHYQ DQG Pl
SUHVHQFH RI IDXOWV DQG VKHIGXROEVVHQVPLEOLWY IXUWKHU FRF
H[FDYDWLRQV DIIHFWV WKH VW D/EXLSSIRVUWR |, /FKUHH B VALD)JID ALQRH) G HS W K L
> @ 7KH H[FDYDWLRQV LQ WKHV2HDGHQRFHURX\DKR XDIGORKMH DQG GHIRL
VXSSRUWHG WR SUHYHQW KSUHPDWWX UWHV UREDXWH V 6X @ :KHQ SuU
VXSSRUW PDPHWINBAOMH GV > @VWBR@HNORI VXUIDFHV LQ WKH RSHQ
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PHWKRG OLNDHLO HW DO > @ DQIIBWG—N.D_LIDLOL/ BWGD(IDHWKI@GV

HPSKDVLVHG WKH QHHG WR LQFRUSR ({)/ L
SDUDPHWHUV WKDW LQFOXGH K \H 'J_E 6 \k, t'PSSRLLUQL\,l
QXPEHU DQG UHODWHG VWDELO FFU ) FRPSU
DIIHFWLQJ WXQQHO VWDEUGILW) RUAV vFpQol
QHWZRUNV URFN PDVV SURSHU\{ﬁ_lr ¥R 3(@ Y ERUHKRO

SUHVVXUH > @
3HWHU > @ H[SODLQV WKDW VRNV PdVv ibLoxuH LQ
HI[FDYDWLRQV RFFXUV ZKHQ LQGXFH
WKH SHDN VWUHQJWK RI WKH U'J_Rggl %@% F‘:@/ %%QQDF@WS’&\Y 'RU - URFI
VWUHVVHV DQG JHRORJLFDO HFW WKH
VWDELOLW\ RI H[FDYDWQRBRWNHG 7K@ U(RLFQNHPDVV FODVVLILFDWLRQ ZI
VHLVPLFLWP DWKI KW RUBKBVRY HHYIL@CDODWH WKH HVWLPDWHV IRU XQ
KLMWUHVY OHYHOV LQ WKH UR¥EXSEBVW V:UUMK® &IDWWRQTV 4 VIVWI
H[FDYDWLRQV 2YHU WKH SDVW BOCR¥WWHDENWAIRRSEYUBMW(\RQ LW LV D P
LQ WKMHFOL@RIHDXPURFN IDOOV KDSSURDPHE WKIBPW FRQVLGHUV WKH SK)
OHDGLQJ FDXVH RI IDWDO DFGLYHKG QW >@ K WESWHIHWRLQFRUSRUDW
OXWDPER DQG OXMEMWD EXU@WWWXIG5RFN 4XDOLW\ '"HVLIQDWLRQ 54°
IDLOXUHV LQ VHLVPLFDOO\ DFWANHHPRGHGI ERCRENY DPU@ WR TXDQW
HI[DFHUEDWHG E\ WKH SUHVHQAORQJIIBARWRIVEPBUDQGRWKHU IDFWRL
JHRWHFKQLFDO VWUXFWXUHV $WHMRUR XU K MKRLGHNU WR B OIQ ldVV  -D M
Rl URFN PDVV FODVVLILFDWLRQ ZDMRHIR S UHBEY XMMUBDBKYEBX UHG XFWLRQ |
DQG WKH JHQHUDO JHRWHFKQIEHOUHQDPMW RRVKOGE EMWXYHHEY WKH'
H/VHQWLDO IRUDGGUHVVLQJ WKHOFKRODNOHDONHG SQVIHEDEWMWRKH DQG
GHHSHU XQGHUJURXQG HQYL :
VIQFOLPRQHXPQG IRU HQKDQFL(C L =
LQ PLQH H[FDYDWLRQV 7KLV VW .._ . __
GHWDLOHG URFN PDVV UDWLQJV |Ru YDULRFXsVn-URIS:

<

IRUPDWLRGWR GHRMB UXFWXUHY DQG FR Q G XFW: T Ee% o

SXO00 WHVWYV RQ VXSSRUW V\VWH H\\g ARV WKW
UHTXLUH HQKDQEHG URFN vx aﬁLbGW %ﬁ WKHPMR L Qw

N
[

UHVHDUFK KDV EHHQ FRQGXF I‘Dlgv(%/:\L/JVGQS))(PLE/H\
JHRORJLFDO VWUXFWXUHV >

EHHQ OLPLWHG IRFXV RQ DVVHU\?L SK\VLFDO

SURSHUWLHY RI URFN W\SHYV DVVR G
IRUPDWLRQV > Q@%&Wﬂ% FORYYCILFDWLRQ
LW LV FUXFLDO WR VWUHQJWKHQ % KH QLW HEKQILLFDOWGRY DJEDNMW D 5F
DW WK H {QIP@MIDPRQHXB FRPSUHKBOWILYOHY 505 LQGLFDWLYH RI WKH TXE
XQGHUVWDQGLQJ RI URFN PDVW /WU XRWM X305 ERPEHQNWRIHRORJILF FK
HVWMWAMKH LQKHUHQW SURSHUW IRH VL Q | OXXKHHD EIR L) WBRVRVQH RYHUDOO FR
ZKLFK FDQ DLG LQ SUHGLFWLQJ BURMRFEE EPHRD/NY TRBO LMOHQQDEKNY W W >

XQGHUVWDQGLQJ DOORZV IRU > @ 5RFN 0DVV 5DWLQJ 505 YDO
LQVWDELOLW\ FRQGLWLRQV DQCREWDLQHG |URP QITKDWILG @ K H
URFN PDVV VXUURXQGLQJ XQGH' " 'mvA~ YIEDYDWLRQV

ODJUDHKOL H@& XDWVHG> D SUREDLOU .y whll

PHWKRGRORJ\ WR GHWHUPLQH WKH VWDWLVWLFV Rl URFN
PDVV VWUHQJWK DQG GHIRUPDWII:IRQRE‘JIDBDQI-G\N\/HLH\Q-EVDWHQGH[ *6,

RQ WKH #HYDAXWKH QUIVDELOLW\ RI;,WXRQ DV GHULYHG IURP HY

SDILHH HW DO > @ HVWDEOL\(/'WDQNN"'& V&LU WWEHRQVY VXUIDFHYV
VWDELOLW\ VKRXCHODQR@ [ H DEF RIEOR 9\ 81 WKH URFIMBRZG XVLQJ
VDIHW\ XQOHVV D SUREDELOLVWI §RB® WhVwHYURREOLHG @ W zDV +
LDJQRVLQJ EHKONMDRGU SRWHOQOWLBG o | ovsHEWL 3Rl PLQH HIFDYD
Hrp
ROy TRU

T

Qg W
=

IDLOXUH PHFKDQLVPV FDQ XOW{POWHSmanyl Bk O VWUHQJWHE
VHOHFWLRQ RI DSSURSULDWH GiWk{ 8 pRRROBAL YR

JURXQG VXSSRUW VA\VWHPV

=
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*6®4/4 ®4/4 = IRU £6, RU 5&5

*6®,0Q4 IRU *6,

‘L

4/4 UHSUHVHQWVY WKH 505 YDWRUHBE&®GLHRUHY ZHUH H[DPLQHG I
%LHQLDZVNL LQ ZLWK D PD[LIRUPDUVWRRQGZDMRHOR XU DQG JUDLQ V
UDWLQJ RI 4 AL PLDDWHOAH QW YV WMWUSOBW XUHY OLNH MRLQWY EHGGLC
YDOXHVY DSSOLHG E\ %LHQLDZVNLFK@QVWRVLW\ ZHUH DOVR ORJJHG &

:KHUM #RGLILHG URFN PDVV TXBOLWHUH DOVR HVWLPDWHG XVLQJ

PHDVXULQJ WIDSHWRQ & ®DP®»DVYVY :DWHU
0DSSLQJ RI JHRORJLFDO VWUXEWXVKWHUH XVHG IRU ZDVKLQJ WKH

7KH *HRORJLFDO 6RFLHW\ RI /FE ﬁ R>O V@Z H RIFHGRRAXM RI  E

QWHUQDWLRQDO 6RFLHW\ IRU 5R G RXWHU GLDPH

> @ KDYH SURSRVHG VWDQGD Zh%%LGPmNUHé

HQJLQHHULQJ JHRORJLFDO GDW R

JHRORJLFDO VWUXFWXUHV ZDVg 'ig/y RlFRNRvIszUDFz)Do\A
IHDWXUHYV WKW KEPI\G GIIRQ.D SODQH ¢ -

DQG IROGV 7KLV PDSSLQJ WRRN L?RG\/WQQ/H %4 DQG V
RU WXQQHO ZDOOV DW DQ HOH PHWHUY

*HRORJLFDO IHDWXUHV ZHUH MS{V Q/Q/m\]

VWUHWFRKHWHU WDSH ZLWK NQRZQ lJ-lo

VXUYH\ SHJV XVHG DV QHIXQWRRHKSREQWRZDEOH /RDG 7THVWLQJ $/7

FRPSDVW &®WARRO UXOHU ZHUH XPH®R\WA QYROYHG IL[LQJ D K\GUDXO
PHDVXUH WKH VWULNH DQG GIDQARKRWIPH) GBXORLIFDOW XQWLO LW I
FRQWDFWY DQG VWUXFWXUHV GKA MRRIQQH\G DWOH FROOH¥WHGHYHOV
IURP XQGHUJURXQG ZDV HQWHVUWGXEQWBHDOR FRWDODSVH $QFKRU 7
VSUHDGVKHHW FRPSDWLEOH ZLWKWHB6HVLR KWZR/ULRHWQZWWK WKH DYHUD
''36 VSUHDGVKHHW /EWR* UHGH DWWHDGKWHRY 8000 WHVW ZDV XVHG WR PH
9LHZ WKH GDWD LV RUJDQL]HG ERWNRLDIPDQRE® XRPOMNLPDWH FDSDFLWLHE
URZV DQG LQFOXGHV WKH |IRO®MRAKRIU FRRO PHOOWH WK WKH EROW UH
RULHQWDWLRQ FROXPQV D TXD@WVW\ ZRO XR@ L B DVDU D ¥BUBHHMHIGN K W D E
FROXPQ D GLVWDQFH FROXPQ VIORBMRMWYWUMR VHRVERDWY ZHUH XVH
FRRUGLQDWHY LQYWDQ& (GRHYNWOKMMHVR@PUFK WKH UHTXLUHG DQFKRUDJ
DORQJ ZLWK WKUHH DGGLWLRQDO WRQRMQYV 7KH ALQYBKRUWXWHG IRU S|
SODQHVY JUHDW FLUFOHV IRU DOGRXE®MBIDWSODWDVHY WKH H SNNVWHP |
ILOH WKH 6LGHEDU RSWLRQV RN EXROHGY WRQVHOYWW UR K\ KKIRXOWMLA
30DQHVY DQG *ULG 'DWD 30DQHMN P DxQ&EWLREMIWFDDPMH GKH K\GUDXOLF
VKRZ WKH JUHDW FLWFEGEHVFO(BWFEKRYHEG UDQJH RI PP 7KH ORDGLQ
UHSUHVHQWHG E\ GLS YHFWRUVDRBE@ QM KH | &W A MRKIDAW GAKLIFIKWHY E\ QR
LQGLFDWH WKH PD[LPXP GLS RUWKI)VWRWQURD[LRI Bl SMOMHHEARWGG XULQ.
DQG DUH RUWKRJRQDO WR WKH WROID ¥EXMKIH R IWRKPDMD SR®DK WKH ORI
7KH 'LSV VROWRIZHEB WKH UHVHDRFXHROWRSHGED®Y IVHG WR PHDVXL
DQDO\VH DEGVRLWYXDGDWPBROHW E WSOBOWHRHQW RI WKH URFN EROW

IHDWXUH DFFXUDF\ RI PP D UHVROXWLRQ |
DQG D UDQJH RI PP )RWILIHYHU\ G
%RUHKROH ORJJLQJ FDEOH EROWY LQVWDOOHG VKRXOG

H @H WD UJHW
*HRWHFKQLFDO FRUH ORJJLQ %ﬁ( V %YH @ %@
H[DPLQDWLRQ DQG GHVFULs,WLJI'Q@X?‘hY]IiI LR WKL §@DU":[KEOHGR)

REWDLQHG IURP ERUHKROHY RQWR ORJ VKHHWYV >
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EROWV ZHUH WHVWHG LQ WKH DRI FRQILGHQFH LQ WKH DYDQWDRBOH G
DQG UHTXLUHV FRQVLVOWVHQF\ LQ GDW!|

7KH XQLD[LDO FRPSUHVVLYH VWUHC

5HVXOWYV HDFK URFN IRUPDWLRQ KDG D OLQHDL
5RFN PDVV SDUDPHWHUV DQWKH JHRORJLFDO VWUHQJWK LQGH[ *

EHVXOWY RI WKH VWXG\ LQGLFKDG D QRWDEOH OLQHDU UHODWLRQV

%4 JRRW :DOO &RQJORPHUDV\

2UHERG)\ 6KDOH 62%6 DQG +DQ [DEAT \ VALEOLL L M LR
+:$ URFN IRUPDWLRQV FRPSIL Q Q

%DUWRQYYV 4 V\\IMMP H[G=H S\D QIR ?%%“GHWD‘L'OH UDWLQJV IRU LQ!

:DOO 6DQGVWRQH )6$1 ZKLFK %QVug(‘@’ LHIS &%G DQDO\]H
FKR 505 IRU Je$1 DW GLG QRWVWDWLVA\?VLAFFLDIOWD D(gB{\VLV RI PHDVXUH
4 VIVWHP 505 UDQUJHIRM VKRZV C Q

vV 1IN

7DEOH 9DOXHV RI URFNWNDWWQD SO WWQHP HWHUV
54’ ,56 505 505 4

SRFEN XQLW 5DQJH 5DQJH 5DQJH 'HVFULSWLREPQIH yyvruLswLRrO
%DVDO 4 “RF "R YHU\
JRZHEQJORPHUDWH 3RRDLU 3RR)DLU

) : "XDU )D *RI )D_*RF

62% 6 3R )D 3RI)D

+:$ 3R )D 3RI)D

7DEOH 6WDWLVWLFEDO DQDO\VLY RI PHDVXUHG URFN SDUDP

: %DVDO : 6RXWK 2UH
+:$UJLOO%W@GVWR@NDUMHLWH%JORPHU%WG\
) 9DOLG
OLVVLQJ
0HDOQ
OHGLDOQ
ORGH D D D D D
6WG 'HYLDWLRQ
6 X

DOXOWLSOH PRGH H[LVWV 7|

ODSSLQJ RI JHRORJLFDO VWUWBWXRWRUBRULXP DW WKH EDVH $V VHH

-RLQWV PDSSHG LQ WKH vwxe\é\’ I W GH VFLD‘QFHQXV‘\’/\V’U;D;DQURGU
OHYHOV LQ WKH FURVVFXWV \CSIR

DQG WKH EDVH RDOKH QV VKD L HQWUDWLI

ZLWK WKH MRLQW VHWYVY JHQHUD ]‘%lv WEH%%%%%WME%@S\?V\V

DW WKH DYHUQZXHOH SVRB MKIHQ

OHYGHG DW H RQ DYHUDJH % WKH H@JOHYHH%VL
ZLWK WKHLU FRQFHQWUDWLRQ |‘|| H DUH DVVRF
6WHUHRQNWHYV DQG VKRZ

6WHUHRIQHRWRVVEXWY LQ WKH 6 W KH
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Colour Density Concentrations
b 000 - 320
320 - 640
640 - 960
’ 060 - 1280
1280 - 1600
1600 - 1020
h 1920 - 2240
B — ; | 2240 - 1560
— :"“_'._'__— —y | 2560 - 2380
———— I 380 5200
T Mazimum Density 31.24%
Contour Data Pole Vectors
Contour Distortion
Contour Circle 10%%
Maximum Mode Pole Vectors
Vector Count 1111 Entries)
Hemisphere Lower
Projection Equal Angle
JLIXUH 6WHUHRQHW IKRURVYV /&DXWH O
Colour Density Concentrations
N 0.00 240
240 480
4.30 720
120 960
PR 60 - 1200
1200 - 1440
O 1440 - 1680
\ ol 1680 - 1920
N _ 1920 - 2160
e o — 260 - 2400
. Ny e Masimum Density 2364%
- —_—— Contour Data Pole Vectors
Contour Distortion
Contour Circle 10%
Maximum Mode Pole Vectors
Vector Count 14(14 Entries)
Hemisphere Lower
Projection Equal Angle
JLIXUBWHUHRQHW IRU &URMY HRXW
7TDEOH -RLQW VHW RULHQWDWLRQ GDWD IRU /

/

/

: "3

'LS 'LUHFWLRQ

"3

'LSLUHFWLRQ

DQG & U
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$ KDXODJH LQVSBRYLRKHADONYHOMMG OHDYLQJ PDMRU MRLQW VH
RI 6\QFOLQRULXP PLQH UHYHDOMGH DSINQ@HZOXNWLQJ ZDOO
H[FDYDWLRQ PHDQW IRU D ZDLWLQXBOBRH @RV RWIXHBWEDWLRQ DQG G
7KH KDQJLQJ ZDOO KDG WZR MRLREWL B WRQ MUY VKWRNRKLQUGIL QJ URFN F
DORQJ VWULNH DQG DFURVV VW DIQNGH HDAD @ KR IVH G QL 1L J XU H
$ KLJKO\ VWUHVVHG MRIUPEXMSS\RHW LLYVWDOOHG

m" ; s ‘ 2, < .

- .‘ . B

JLIXUH 7LPEHU SDFN XQGHU D WMRDQMH G $D08 WLV HRIVMBL QW SDWWHUQYV
URFN PDVV BREXMWFHH WDNHQ DWLQRDOQQDWLRQV 1INDQD 6\QFOLQRULXP

6\QFOLQRULXP XQGHUJURXC OH®

Fs

7KLV KHOSV LQ XQGHUVWDQG LSHU®HKGGE EXW D UE XWRL FOQ RREV ~ 'LDPRQ
IRUFHV DFWLQJ LQ D VWUHVVHG JHRFENR JLHFQPH PD 85 ISV VARG XFWHG D
VXSSRUW OLNH SURSV RU WL RHYWHDOMEDDMIFEMG\EBQG VPDOO ORF
HIITHFWLYHO\ DSSOLHG )LJXUH T7KKRZVIRQWM@WHIQRWLRQIO\ FKDUDFW
DQG VKHDUL GXWQPDR FHIRWWKURXDIO WRKHER WHKHDU GLVSODFHPHQWV D¢

VKDOHDOWUIRRQ DW OHYHO RI WKRZDUWGW O@KUDLMMR DQG VWUHVV Il
XQGHUJURXQG SHUSHQGLFXODU WR WKH OLPE )LJIXL
6KHDU GLVSODFHPHQW DQG VWWKHVVWRBBEBG VW RN IMQKHRIROGHG URFN
D VIQFOLQDO VWUXFWXUH LQ FURVYVHF XWVRRZWKIHHVK EODFN VKDO
OHYHO RI 6\QFOLQRULXP PLQH CBWOWDRNWGCDYD® @KYO) WRUHKH ILQH ODP
OHYHO
JRUFHVY DFWLQJ RQ WKH IROG OLPEV )LJXUH )V
6KHDU 'LVSODFHPHQWYV )Q 6WUHVYV |RUFHYV

JLJXUH  +LJKO\ IROGHG DQG VKt )LIJXUH +LJKO\ IROGHG DQG PLQHUDOL]H
INDQD 6\QFOLQRULXP XQGHUJURXQ&KDOHVYHOSRUWHG DW 1NDQD 6\QFOLQ
7KH DSSUR[LPDWH SRVLWLRQ Rl WKH IROGX BN UM BNXIOGH QWHGHYHO
E\ WKH \HOORZ DUURZ 7KH EOXH SHQ JLYHV WKH DSSUR[LPDWH
GLVWDQFH EHWZHHQ ZKLWH GRORPLWLF EDQGV
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JLIXUMLIKO\ IROGHG DQG ZHDWRKHUXEHPL QUKW IOBBLQDWHG DQG MRLQWHG
6KDOH :KLWH P )ROGRGODEVKDRBXDBUQFOLQRULXP XQGHUJURXQG /1
SLFWXUH LV OHQJWK RI WKH VDIHW\ .

(YDOXDWLRQ RI JURXQG VXSBRADN DWICRGRDGW PEMMHFWH8WVR SXC
6\QFOLQRULXP OLQH GDWD IRU HDFK VLWH DW ZKLFK WKH

3X00 7HVWLQJ zZDV GRQH L& HYyNSE \é% WHGHRS V‘alLliaSVKV\\//D
HIFDYDWLRQV WR SURYLGH D T 'E}B D v %Q/ W HH VWD
WKH UHODWLYH SHUIRUPDQFH >RIS HJWERD FRER Y WKHR WES |
VIVWHPV %\ VWDQGDUG HY%UCBF RS PEEQwW,

7DEOH 5HFRPPHQGHG JURXQG VXSSRUW WHVWLQJ IUHTXHQF\ DQ
@HTXLUHG DQFKRUDJH

(OHPHQW THYVWLQJ OHWKRGEWHOHPHQWY WR EWHHWXN QM

WRQV
“URXWDEOF __ 3XOCIX0O f RI LOVWI HHT
6501 3X0( IX00 SHU HHY
6KRW &XEH
J)ORZ
"HSWK 3HU DSS
3DQHO 7HVW 3HU SODFHG
QVLW
&DEOH HMNM%%%;#%FQEOH ERRWV L ovwpooHG EROWYV
7LPEHU JRDG LC
%DFENIL e

(04

JLIXUH VKRZV D SORW RI WKIFBRFKIOQGDRILIIDQW XRH VSOLW VHW \
ORDGV DJDLQVW LG R\XN\PS\ADH-HWV\H%IDJU[SF(WEDULVWLFV
FRQGXFWHG RQ OHYHO KDXODJH ZKLOH 7DEOH
VKRZV WKH GHWDLOHG SDROWH\ o
WHVW DQG FRUUHVSRQGLQJ UHF

6HYMRFN EROWV VSOLW VHW'
SXarnw WHVWLQJ ZLWK D WKUH'
WRQQHV )LYH ERUGHUOLQH FDV
D ORDG RI WRQQHY DQG WKH
ORDGV RI DQG WRQQHV UHVS

7TDEOH VKRZV D OD\RXW WRL

FDUULHG RXW RQ PDLQ KD 6DPSOH "
JLIXUH RXXWO®HVW JUDSK KDXODJH

>0 oo --0-_-
(]

DW

J)DLOXUH /RD
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7DEOH '"HWDLOHG SDUDRXW HAUHN YW H G HRXJOSW\O O

'LVWDOFH % ROV 'LVSODFH_ 7HVW/MRRC 5HPDUNYV

THYW o 31y IR DOO g yw PRQG T PP 3D )D

66 (D JULF 1R 31°
66 TH\ JULF 1R 31
66 (D JULF 1R 31
66 TH\ JULF 1R 31
66 TH\ JULF Pl )1
66 TH\ JULF 1R 31
66 (D JULF I Pl )1

31

:13DVV QR GLVSC )DLO QRWLFHI

7/DEOH RIMOWHVW SUHSDUDWLRQ

SURMHFEW /| BODLQ KDXODJH
3X00 \

$QFKRL 6SOLW VHW

5RFEN EROW Pl

+ROH Gl Pl

7XQQH P [

%DVHPHQW 6FKLVWRVH )DLU WR JRRG URFN PDVV ZLWK OLWYV
%HGGHG URFN PDVV SDUDOOHO WR H[FDYDWLRQ D[LV

5RFN PDVV FODVYROIWHDWIRXY H[SRVHG RQ WKH ZHVWHUQ VLGH ZDOO LQWHUVF
505 UDQJH RIIDLU URFN PDVYV
8&6 03

'DWH RI LC ]

'DWH F

SUHSDUDWLRRXWR W KXW O LAYPGHHGLQH RRHYWMIXDH) KDXODJH ZHUH C
XQGHUVWDQGLQJ WKH SURMHFWRWVIOREZVWWHARW\SHRORNVUIDRNDHG DQG |
SUHVHQW WKH W\SH DQG GLDPHWHNWRITURFNNUEROMWHR®& WKSDVYV UDW
VLIH Rl WKH WXQQHO )LJXUH UDWKRRIV WKH SODQ

LQGLFDWLQJ WKHRERFIYW YV RYVFRQSXG DIXG H WKH JUDSK LQGLFDWH)
RQ WKH LQ PKDXODJH DORQJRXWWWHWWKW IRU WHVW LQ UHG IRU
DVVRFLDWHG UHVXOWYV WRQQHV )LYH WHVWV SDVVHG DW WK
7KH UHVXOWYV IURP D SXOO WHVW SHUIRUPHG RQ

VHYHQ GRXEOH ULQJ VSOLW ¥HWV LQVWDOOHG DORQJ WKH

g

O

o - -0 0-0-—o--

o ¢}

I

o]

x

(@)

2

6DPSOH ,

JLIXUH RXXWOOHRKXWEOH 5LQJ 6SOLHWIBGHWY RIXXOW®HVW JUDSK /IHYHO
P1 /RDGHU 'ULYH 1RUWK

'"HWDLOHG SDUDPHWHRXWXWHGEWRIUXWHKH SRQG 7DEOH ) JXUNSHFWLYH
DW WKH VLWH DUH VKRZQ LQ WKWKREZSHI) G UPBRWRDNEBXO $ UHVXOWV FR
7KH IDLOHG WHVWV UHFRUGH®WHUH DWW&LEXWHG WR WKH
VSOLW VHW ULQJV 7KH OD\RXW |IROOWHKHJRBWIOWHE WV BHSWEMGIG LQ
RXW RQ OHYHO 1 /RRS /RDWGHUXEEHWVIXO 7KUHH Rl WKHV
LQFQXGHGRPPHQGDWLRQV IRU VFRIQGXMMWGVDW DRBGV RI  WRQQHV
URFN PDVV FKDVDKREQLVWWHKH $RPISQOGDRFH OLPLW 7KH UHPDLQLQJ
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UHVXOWY WKDW H[FRMN®HWSHVKLYV ZD0RL W WIHVONV SDVVHG WKH SXOO Wt
SHUIRUPHG DW WKH OHYHO WKHDVHMX®WDOYWHG/DROH KHQ WKH
WKH SODQ VKRZQ LQ )LIJXUH XQVXSSRUWHG WKH PD[LPXP GLVSOD

7TDEOH VKRZV WKH 7THNWXOWPR GRHOBXGOGULYHY UHDFKHG FP $IWI
FRQGXFWHG RQ & ,QxWBUYHPE EZROWHW WKH PD[LPXP GLVSODFHPHQW:'
7TDEOH VKRZV WKH RYHUDOO KPRXEHBI| RIKWWKAMIMHY W\ WHVWY FRQG)
FRQGXFWHG DQG WKH UDWLQJVY WKH WZR DQG WKUHH IDLOXUHYV

DQG UHVSHFWLYHO\

WRQQHV FRPSOLDQFH OLPLW

JLIXUBX®RXW WHVW UHVXQOMWXUH RIXOWHVW /RFDMERQ
,QWHUOLPE

7DEOH SDUDPHWHUV XVHG ZLWKW KHH ¥ ®WU UHN\ERQWY QJ SXOO0

THVW 1 S‘IEI\I/WSDH?]FOH ‘DOO %ROW /t %RQG 7 'LvﬁgDFHPHgg’rVW W?$ /7RQQ§||¥PDUNV
37 BRXWK P JULFWLRQ LRQH 3DVV
37 6R) JULF 1R 3D
37 6RXWK P JULFWLRQ 1RQH 3DVV
37 6RXWK P JULFWLRQ 1ROQH 3DVV
37 6RXWK P JULFWLRQ 1ROQH 3DVV
37 6RXWK P JULFWLRQ 1ROQH 3DVV
37 TRUWK P JULFWLRQ 1ROQH 3DVV
37 6RXWK P JULFWLRQ LRQH 3DVV
7TDEOH 1XPEHU RI WHVWV FRQGXFWHG DQG WKH UDWLQJV
JUHTXHQRHUFHQ¥DOLG 3HURX@WODWLYH 3HUFHQW
3D
9DOLG )DLO
7R\
'LVFXVVLRQ DQG FRUQHU FUXVKLQJ LQ GULYHV 71
*URXQG LQVWDELOLWLHYV )&21 DQG )6%$1 DUH RXWVLGH WKH DFFI

WKEH QHFHVVLW\ IR
2 B RLQH URFN P

% ROOHFWLR
FRUH ORJ
RVW Ul

\ RQ WKFE

V JHQHU
g&%esouw R
WL X L W
EHGGLQJ SOD
FDOO\ LG

RO Bl e R o

Q0 WKLV VWXG\ XQGHUVWDQGTLY
JURXQG LQVWDELOLW\ LQ WKH E %
HVVHOQWLDO IRU LPSOHPHQWLQ
VWUDWHJILHV 7KH IROORZLQJ L %
LGHQWLILHG DV SULPH IDFWRUV/IRBT
WKH 60@BQKP URFN PDVV SURSH
GLVFROQWLOXLWLHY DQG LQDGHTXD
UHLQIRUFHPHQW 7KLV VWXG\ K
EHWZHHRXQG LOVWDELOLWLHYV
URFN PDVV UDWLQJV VSHFLILFD
LQVWDELOLW\ LQ WKH H[FDYDWL
VLGH ZDOO DQG URRI VODEELQJ
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DQG H[WHQVLYH URRI VXSSRLJHQHUDOO\ H[KLELW D VRXWKZHVW GL
VXUURXQGLQJ URFN PDVV IRU LFRI WKH JUHDW FLUFOHV Rl WKH MRL
,Q DGGLWLRQ IDOOV Rl JURXQGGLUHFWLRQ ,W LV LPSRUWDQW WR
IRUP RI URFN VODEV EORFNV VKRZQ LQ WKH GHQVLW\ SDWWHUQV D
UHVXOWLQJ IURP WKH LQWHUVHWKH SHULKH\WWHUWRHRQHW DRIGQM UW K H
VHWVHRIMMSHO\ 7KLV VWXG\ KDFHQWHU ,Q FRQWUDVW WKH JUHDW F
QHHG WR VKDUH PXWXDOO\ EH(MRLQW SODQHV DUH ORFDWHG QHDUH
JHRWHFKQLFDO LQIRUPDWLRQ E6WHUHRQHW ZKHUH WKH GLS LV DS
PLQLQJ HQJLQHHUV LQ WKH I1INGHJUBBYH KVRRQ HQKH H[FDYDWLRQV

6\QFOLQRULXP DV D FDVH VWXG\WKDKEBDWHRHABUSURVAM.REXEELHV LW

Rl JHRORJLFDROQLRQRUPPOR JL FD G5 VAMUIXRMXANHRDS DQG DQDO\]H PDMRL
DQG MRLQWYV LV NH\ LQ DSSO\PQJ HIHPAWUYRXQURXQYB®ELOLW\ WR XC
FRQWURO DQG VXSSRUW PHFKDQLWRYH CSLORXIHY PLOVIDFWLFDO H[DPS
H[FDYDWLRQV )RU H[DPSOH L® KHJIXUHRORKMYMKODWHY D URFN PDV
LQIRUPDWLRQ RQ WKLQ DQG KLJKBY ZBD® KHHURHOR RUAHD GIEMAMS B B WH QW E
LQWHUVHFWEQ@W W K G URGRYWIRIWBD® FR D KDXODJH DW WKH 6\QFOLQ]
VKRZHG D JUHDWHU SRVVLELOLM[DRLQIDW WODE RO LWKLVQIMWKHH UHYHD
VDLG H[FDYDWLRQV *HRORJLVWAK HWIHK HLLWIRRIGW LSURYWIGH LQGLFDWI
HVVHQWLDO GDWD WKDW GULY HOWLQRF HXQIXIOQ J URRANZ FRG WIRRWKH OH
DQG H[FDYDWLRQ VXSSRUW V\VWHKRVV WK EUMEN \UR G/K B VI ¥V Q/H R Q 7\K K LI
JURXQG IDLOXUHV DQG FROODS\SHRWHQW @D O IDLOXUH SODQH LQFOXGH!

7KH XQLW WKDW PHHWV WKH VWD Lgl \%\WSR
WKH )RRWZDOO &RQJORPHUDWH z F \';2'8* W ng,:lWKH URFN

03D DQG DQ 505 RI %4 LV WK WLQJ DFUI
DOO WKH OLVWHG URFN W\SHV Z} 5 Q\/NAN\PMUNNﬁUYF%%M\/BdJ DOROS
03D DQG DQ 505 RI W FDQ yH)BH AWMU MRW DO IRUFH GXH WR 10Xl

VWDQ® RDQLMRU H[WHQGHG SHULRGVSZJHWNQ:WQZLFW)KQ_Q WKH URFN PDVV 1
VXSSRUW 1LQHW\ SHUFHQW RI WKH % 4

IRXQG LQ SULPDU\ GHYHORSPHQW\RK fﬁl@%k/wr%ﬁ{)@o'[%h%QVWDEOH HTX
DQG ZDWHU GUDLQDJH GULYHV gKH:(YPRSOHV LQ WKLV

VWXG\ ZHUH FODVVLILHG DFFRUG ﬁg R H D
8QFRQILQHG &RPSQHWKLYI—B&%WI H]UW LY %’V(;@ﬁw%?”SLE\/LVm%V\\/’VLRD'O'L

FODVVLILFDWLRQV E\ BQ&QBBa VN
s @ 7KH FRPSDULVROQV RU WKH VWDELOLW\ F
505V 7DEOH $ IRU WKH FRUH V (Wkgt
VWXG\ DQG %DUWRQIV 4 V\VW }% sISIUURLFLVgLstQHoT E
UHYHDOHG WKDW RQO\ WKH 505 [

ZLWKLQ WKH DFFHSWDEOH OLPL V&(\Mﬁ'ﬁm IJDVLV%XB
ZKLOH %4 )&28$0QDOO RXWVLGH (?F;,B GaQ

7KLV XQGHUVFRUHV WKH RQJRL J § KkHRORJLEDO
6\QFOLQRULXP PLQH URFN PDVV u\é WV%' k% QJ VWUXFWXU
UHJXODU XQGHUJURXQG PDSSL S\P I;S \D Hvb\l/(Vﬁ\HléLljaC
DQG FRUH ORXIGE QRI URFNS8LV X |
GHWHUP LQIDLD X WHK H FKDUDFWH B> D_—g’g‘(?'* ;’VHZURHF":JEF\{/\\//H';X

PHFKDQLFDO REHERFNRXKNQGHU '[') L8/ WKHLU KLIKHU GHQVLW\

ORDGLQJ FRQGLWLRQV >
Q Q Q WKHLU FHQWUDO ORFDWLRQ ZLWKLQ

QIOXHOFH Rl PDMRU MRLOWVLQGLQJ RQ WKH HIIHFW RI GLVFRQ\
VWDELOLW\ Rl HIEDYDWLRQV LV VXSS
7KH GLSSLQJ Rl PDMRU MRLQWY ZKLFK LV REOLTXH WR

WKH OLPEV DQG V\QFOLQH LQ WKH VWXG\ DUHDYV
VLIQLILFDQWO\ LPSDFWV WKH VWDEIOIWD WL RGWMH RD SXIODGWHVW UHYV
IROGHG DQG VKHDUHG JHRORJLFDO MWIIYEWY TIH\ 7K H

HOSWU ULJRURXYV WHVWLQJ WR GHWHUPLQH
GHQVLWA & EWW HU HVHQW |VH:UHOLDELOLW\ DQG VDIHW\ LQ XQGHUJ



0XWDPBERDO -RXUQDO RI OLQLQJ (QYLURQPHQW 3XEOLV

7KH IDLOXUH UDWH GDWD SURYLGHYOLWM VIKWN YEHIDN R QY BHWSTH IOWR D B
SHUIRUPDQFH DQG GXUDELOLW\ RQ MKKRHJ ¥D BVORH ER QW E XIQKHUVKHLU U
RSHUDWLRQDO FRQGLWLRQV 7 KH RDH\DXVDLVRG \K EMMEY.® M G\ LIWBRBHG XQVD
WKHVH WHVWV RIIHU D YDOXDEHBWXO@Q®LEEBEWLR®L@®I WWKHH LQWHJIJULW
DGKHUHQFH WR EHVW SUDFWLFHY DQGDWANDPBGDVHEWR@I WKRXQG 7Kl
LQVWBQGMFHGXUHV 2XW RI WERURR WLHAD B/Q W 6. VSOWRAMPHQWYV RI V
DQG FRQGXFWHG RQO\ WHBWW WILEWWHG HFR WXIEGWDQGDUG LQV\
SDVV UDWH IRU DOO DQFKRUWKIXEMWRKEHGHFRPIPHQGY FRQWLQXF
WRQQH ORDG 7HVW VLWHV DQ® KH HRRRMEHEK YZRDO DQG JHRORJLFI
WKUHH IDLOX UKW UBIVGXEW DWHBRWR WKH GHVLJQ RI H[FDYDWLRQ
FDQ EH DWWULEXWHG WR VXBEUWRQDWUGJ) UJRWOOG FRWGRYLRQV DL
SUDFWLFHV 7KLV DOLJQV ZLWK EHOWK IEFHHURUEG CL@GVWEWHIWWPWKH LQVWD
HW D0@ %DUVWR@RLPBWDDO@ V\VWHPV SWRONMIBEHYH YLQVLIKWYV LQV
ZKR HVWDEOLVKHG WKH LPSDFWQRIHBRRW LIRDV WD\ DIDMQ RMLQIRUFHP
SUDFWLFHVY RQ DQFKRU SHUIRVRDQRMNQDBQGJ EHPRN. QRIDVYV SDUWLFX(
FDSDFLW\ LQ GLIIHUHQW JURXQIURRQG LPRLYRIPWH QAW BQBOIR GXFHG VW L
WKH UHVXO VWKW I WHWNFXIOKOLJKMW DXODHFWWR WKDW [IXWXUH UHVHDU
FRQVLVWHQF\ DPRQJ WKH SHUVR®QZHBOGM WKGYSRBVNVQEWKHXVH RI $UW
LQWODMARQ RI FDEOH EROWV $GOQW LODFBEOQM LMDUQGQBOWHGUHGLFWI
FRPSURPLVHG LQVSHFWLRQ SURFHYMNHW[FDYDWLRQV DQG WKH VXUL
PHGLXP EDVHG RQ KLVWRULFDO JHF
&RQFOXVLRQV JHRORJLFDO GDWDEDVHYV

7KLV VWXG\ HYDOXDWHG %ngé\g(/vlé \IAW%
SDUDPHWHUV RI UREN PDVV WKHJH L Q'HWX%\MQWHPHQW
YDULRXV DQFKRU V\WVWHPV ZLWHK FOP SHWZ QWR HIQXD@AFLII LQWHUHVW)
JURXQG FRQWURO DQG VXSSRUWROPWQRQMRDSD WLKDQW ERXOG KDYH L
PDVV FODVVLILFDWLRQ SRLQW ORDG WHVWV WR GHWHUPLQH
WKH 8QLD[LDO FRPSUHVVLYH VWENQREZRHGBIBHRWNMRFN
JHRORJLFDO VWUXFWXUHWKER U
DOORBXB®HW HV W L 68 W A HAIKRHE W\ RI =DPELD B6FKRRO
WKDW WKH JURXQG LQVWDELOL v&% @%%%&Eg%ﬂw%ﬁ ;SLF
WKH LQWHUDFWLRQ EHWZHHQ X 1 URFN
MRLQW DQG EHGGLQJ SODQHV ywylﬁ\Q\sLQ)(bCEL\bl—Lw\PLFLW\
)XUWKHUPRUBIRIJWKBIO JMR UXFWXUHV ™~ VXFK
FRQWULEXWHG WR URFN LQVWDELOLW\ DURXQG XQGHUJURXQG
H[FDYDWLRQV LQ WKH 6\QFOLQRUIKPHQKHY vwXxG\ KDV
GLVFRQWLQXLWLHV DQG HIROGKAI*HKORH REZWEKN 1RUWKHUQ 5KRGHVI
PHFKDQLFDO URFN SURSHUWLH\DDZ[R\AZ&O\GWLH—Q@RV@K‘%SRI

l% 6RPH
OLQNHG WR JURXQG LQVWDELOH w3< %%65 \Qlﬂﬁﬁ%kﬁ/'& WKH S5RNI
XQGHUOLHV D VLIJQLILFDQW SRU,WFLBLQUgl WKIjLKRyMQLURfN (&Y  swuDV
DUHODWILYKH®WUH Q3K RZHY HU $WLFDQ *HRORJLFDO 6¥UYH\V 3DULV SS
LV DOVR PDUNHG E\ GLVFRQWL VI\AIII_]\I \/ VI v m\/ NA DI MNVAINT m
EHGGLQJ SODQHV QHFHVVLWDW OHWDOORJHQHVLV RIR WNDQD &
URRI VXSSRUW WR VWDELOL]H WgrXxwWK 2UHERGARXDPEQDRI $/YLFDQ (DU

RI WKH GRPLQDQ W KH BNRX © D\ ¥ HD RIGH DXWKRUV GHFODUH WKDW WKH)

WKH VIQFOLQRSLYPFDMKFOGY IRUWRKNRUN UHSRUWHG LQ WKLV SDSHU

VDPSOH FRUHV SYEQDOXLRHGHWHUP Q}_E UV 7 G OLNH WR DEL
@%@cﬁb‘én%é VXSSRUW FRYHL

IDLOXUH TS GHNGLQGLQJV RI W

VWUXFWXUH URFN PDVV VWUHQJ QG GLVFRQWLQXLWLHV

IROGYV DQWLFOLQHV VI\QFOLQHV DW[DYHLQQ_WLH_EP:@@W@DLODEOH RQ

IXUWKHU UHYHDOHG WKDW URF @Y . ffKOBBFWHULIHGNDID .0 OHQGHO

03D IRU 6KDOH DQG 03D IRU_$

FRSSHU PLQHUDOL]DWLRQ RQ WKHERRRWVY RO & IVLEM Hdglé;LﬁLty\l/\X/ 7HEWROQL

@ %UHPV ' OXFKHPR 30X%N 1ZH
IRU LPSURYHG VWDQGLQJ WLPH 6FLHOFHV
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> @ OXBKH] %UHPWOD®D &0OH\Q ZLWK HPSKDVLV RQ RSWLPL]DWLRQ RI

IDPPH® V% R\FH OX\QFN VIVWHPV DQG H[FDYDSMRRD OHFKOHQFNV
OXNXPED6LND]ZH 2 (YROXWLR®RI &XQG (QJLQYBHYHQJI ; 7 9ROXPH H[FDYDW
PLQHUDOL]LQJ IOXLGV DW 1NDQD VX&SR UM QDMUED ® RQUWRRDUQ QJ 7D\ORU DQ
&RSSHUEHOVRXUMMELRI $IULFDQ (DURKGEFQH®FHV 3

> @ 1RURR]JL 0 G5DILHH 5 1DMDIL
> @ -DQNRYLF 0 HW DO 0BQDEL PHMKBGDOIWWLY RI VXSSRUW V\VWFE
FRPSOH[ RUH OIGHSRDQAWSURFHVVLQO ')D@PRGHO &DVH VWXG\ D GLYHUVLR
(IWUDFWLYH OHWDOOXUJ\ S5HYLHRUHVWDQ GDP -RXWBDQUBQ 0LQLQJ DQC

KWWSV GRL RUJ (QYLURQPHQW
> @ 3RXOVHQ + OLQLQJ OHWKRGV5BKMP BEPSOHIKDK $ ORKG +DVKLP
2UH %ROGIQHUDOV (QJLQHHULQJ .KDQ 1 0 $OL : 6KDK . 6 $GHH

;H@I):KSS\IZVFHVUV).(SéRUOV\I;QVJ\V\?VHP XQG %%Qn%% D%VLgég(gHHggQRgV(/éIQESSSWﬁ
D NFRD lF%‘b (B¥LURQPHQW
>

-RXUQDO RI 5RFN OHFKDQLFV
(QJLQHHULQJ 5DKLPL % 6KDULIJDGHK 0 )HQJ

@
* E % DQDO\VLYV VXSSRUW
> @ +RHN ( %URZQ ( 7 (P ii/f? M@Héﬁ@%UDWHJLHV LQ GHHS
&ULWHULRQ IRU -BRREN DO VRIHYHR W QG LO HVW HUROX 8 'OV URDIGA RN PL

(QILQHHULQJ: OHFKDQLFV DQG *HRWHFKQLFDO (QJLQHHL
> @ %RIKGDG\ % < ORKDPHG ( +DUG 5RFN

: K .
HYDOXDWLRQ RI WKH (IIHFW RI 5RF_|_\ID hﬁ%ﬂég%ﬁ%%ﬁb%hﬂ\ &RQVXOWL

RI 8QGHUJURXQG 7XQQHOV -RXUQDE, Q.

> @ OXWDPER 9 .pQJzbp 6 )LVRQ® OLNDHLS,’ > SKDIILHH KQDV‘\],KH\(/D%HL%,B\Q/
0LQLQJ PHWKRG VHOHFWLRQ IRU HJ L bRG H Fy 1 WDELOLWL &
RUH ERG\ XVLQJ DQDO\WLFDO KLHU x%bz IO% t% Q\R,LFDO DOG 1
VXEHUWLFDO VERIWQWDEELMRHHUL QY \WKkRGY LO 0LOLOJ (QJLQHHDLQJ

2, DQP
> @ 3URWRVHQO\D $ S$OO\O-DMHAP HQW_RI

HIFDYDWLRQ LQWHUVHFWLRQVY VWBEL@OLWLS%%@@V(BI\&@(?DL%%Q&?lPLE%VVVE\ggr‘;'H%

SHWURGHXP (QILOHHULQY %860 HW)RCHH LI RARCHSSIG YWRSH vWDELOL W |
. $QDO\WLFDO DQG 1

2, uJQ OHWKRGV LQ OLQLQJ (QJLQHMULQJ

> @ 3DOPVWURP $ 6WLOOH + $10 5RFEN
(QILQHHULQJ,Q\QBLWEWLRQ RI &LYLO (QJ uv
IRoGRO B A LOGQILKHHYY  oxwDPER 9 )DF

,QIOXHQFLQJ 2UH 5HFRYHU\ DQG 8QSODQ

> @ 1HKULL 6 + 1HKULL 7 2 63EVMYHONDRSHQ $WRSHV &DVH 6WXG\ R
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