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6WUXFWXUDO &RQWUROV RQ 2ZURJHQLUFDE®ROG OLC
OHWDPRUSKLF 5RENV ,QVLIJKWYV I[URP WKH 1DWK
ODODZL

-RVKXD &KLMDPEQDUG .D OHW ®H N DIBXADEKDO PREDODUWLQ .DPH]D

'"HSDUWPHQW RI 0LQLQJ (QJLQHHULQJ 0DODZL 8QLYHUVDWDRIL %XVLQHVV DQG $SSOLHG 6FLHQF
0DODZL 0LQLQJ ,QYHVWPHQW &RPSDQ\ 0$0,&2 /LORQJZH 0DODZL

$UWLFOH ,QIR $EVWUDFW

7KH 1DWKHIQLMI® LQ FHQWUDO 0DODZL KRVWYV VLJQLILF
LHLWKLQWKDGEKW PHWDPRUSKLF URFNV RI WKH OR]JDPELTX
XQGHUH[SORUHG GHVSLWH H[WHQVLYH DUWLVDQDO PLQL
SULPDU\ EHGURFN JR G WKIQH WDKCB GEHWRIRMKD PRUSKLF URT
UHPDLQ SRRUO\ XQGHUVWRRG OLPLWLQJ V\VWHPDWL
GHYHORSPHQW ‘H FRQGXFWHG LQWHJUDWHG ILHOG |
SHWURJUDSKLF H[DPLQDWLRQ DQG JHRFKRI®PGFDO VDPF

S5HFHLYKGH
SHFHLYHG LQ 5H-XIOMHG IR
$FFHSWS$DGI X VW
3XEOLVKHG RQANGH

) MP H PLQHUDOL]DWLRQ FRQWUROV LQ WKH 1DWKHQMH SURVSH
M ZRUGY PHDVXUHPHQWYV FRPELQHG ZLWK VWHUHRJUDSKLF DQD

SKDVHV ZLWK JROG PLQHUDOL]DWLRQ SUHGRPLQDQWO\
2URJHQLF JROG VWUXFWKUH DVVD\ UHVXOWYV GHPRQVWUDWH VLIQLILFDQ

6EWUXFWXUDO FROWURO J W $X LQ DEHDQR\UTIWBUW] YHLQV ZLWK WKH KLJKHV\

RFFXUULQJ DW VWUXFWXUDO FRPSOH[LW\ JRQHV 3HWUR

SDUWI#FORVLQWLPDWHO\ DVVRFLDWHG ZLWK DUVHQRS\U!

JROG KLQJIHV DQG ZLWKLQ PLFURIUDFWXUHV LQGLFDWLQJ FRXSOHG S|

0DODZL %DVHPHQW &RPIGHQWLI\ D KLHUDUFKLFDO VWUXFWXUDO FRQWURO V\V
WUHQGLQMHVKMRWPILRQRVFDOH VXOSKLGH ERXQGDULHV Z
MRJV DQG DFSBHKILERGRWMWDFWYV \LHOGLQJ FRQVLVWHQWC
JW $X WKDQ RWKHU VWUXFWXUDO VHWWLQJV 2XU UHV.
VWUXFWXUDRORRBHQHIRDOL]DWLRQ LQ FHQWUDO 0DODZL
SURYLGH VSHFLILF WDUJHWLQJ FULUWDHEH P HDV8 S PR BB K D
HOQYLURQPHQWYVY WKURXJKR

6KHDU JRQHV

,QWURGXFWLRQ

0DODZL V JHRORJ\ LV GRPG®DWHGLEM ®@WIK +RZHYHU WKH JHRORJLF
PHWDPRUSKLF URFNV RI WKH OFS|DPERTX H LHAM OLHBWLRQ IHHGLQJ -
WKH FRXQWU\ KDV QRW VHHQ GWHSRWLAWW HHPWILE $RBGBO\ XQGHUVWF
H[SORUDWLRQ RU SURGXFWLRQ(DG®AFXMWXGW HNE AR HYPI®EH RI DOO
QHLJKERXULQJ 7DQ]DQLD ORJRPEATXKH VBRWKHUQ DQG FHQWUDC
=LPEDEZ®*ROG PLQLQJ LQ ODEPZKDKNDMG WKH ODFN RI JHRORJLFDC«
WUDGLWLRQDOO\ EHHQ UHVWULEWHGWLR\ DQVELRF\DI\RXH@EREIAD O O
VFDOH DFWLYLWLHY WDUJHWLQHFHQWKYEDO FBQ G @IOX @D @UN @
GHSRVLWV ZLWK OLPLWHG FKDBDBWH WGHPRQRQY URDWSHIGE RN 8 GHV HQ F
EHGURFN>V@& XU F&KH @DWKHQMH JROHDPLQHUDOL]DWLRQ PHWDPRUSKLF
FHQWUDO 0DODZL KDV HPHUJHG 6D WD WQGQ QI FEDXFW LR AXVKHDU JRQHV
RI DUWLVDQDO JROG PLQLQJ LRDLWKDORFWOXPWRHD® IUDPHZRUN IR
VXFFHVVIXOO\ H[WUDFWLQJ JRBGLRUWRPKLYWRMWDNPKLIKORIKWHG WK

E&RUUHVSRQGLQJ DXWKRU MFKLVDPEL#PXEDV DF PZ - &KLVDPEL
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JROG ZLWKEWPOSRUGCIHYERWPWH 9HVEBURWHUR]JRLF EDVHPHQW DQG
HPSODFHG G$ULIQFID BDWHKAWRD®& XSUDFUXVWDO VHTXHQFHYV
HYHQWYV UDLVLQJ LPSRUWDQW BXHAMQYWRIHWRAKERQRORKHFDO VWXGL
VSHFLILF FRQWUROV RQ PLQHDDB®IDPWMLRQHIQRQWKBYH UHYHDOHG
SRWHQWLDO UHJLRQDO VLJQLILPHQWFMPRUSKLF KLVWRU\ IRU WKH OR]
7KH VFDUFLW\ Rl GHWDLOHG WH WKD UFXORVD S/OHU XEMDAUHMNO R1  GHIRL
FRQWUROV Rl JROG PLQHUDOL]IPMMRIP R Q SKHE Y RWBRQ 0®DWIZQJ KDV LG|
UHSUHVHQWY D FULWLFDO JDSHVRSUWRRWH UR RRHRI ISFIRGVIR OLRVUK D J
XQGHUVWDQGLQJ 7KLV JDS KDWDEDORFRWNHTRWAKRIQHLVVHV  VXJ
OLPLWLQJ HIIHFWLYH H[SORUDWHSRUHVBIQ® KUBBRUNBG FRPSRQHQ
GHYHORSPHQW PRIQBDODZVHWFWROHVREORWHUR]RLPE ,@XP:GE® %H@W
DUWLVDQDO PLQHUV VXFFHVVIX0Q0@ UHF@YHY 7@&R0%® DAJ@ P3 DD Q
VWUHDPV DURXQG 1DWKHQMH RHWDBRUBRUF HWEBQWNFNKDYH EHHQ G
VRXUFHV DQG WKH JHRORJLFDO VWD X AW X CBHNIMNNOQUMHU B 0 DYE J
WKHP UHPDLQ SRRUO\ GRFXPHQWHIN BE®BERW S KQIGAR JDHMEURJIJUD G H
WKHVH FRQWUROV ZRXOG QRWHRQ®R USHIGHR BRIUBHQERVRDJIJPDWLVP
VI\WRDWLF H[SORUDWLRQ EXW ZRX@G DOVR FRQWULEXWH
YDOXDEOH LQVLJKWV WR RXU NXRZOWEXFWKIUDROGDPHZRUN RI WK
PLQHUDOL]DWLRQDGAH) RHWIOPRWHRMF LQ 0DODZL LV FKDUDFWHUL]HC
HQYLURQPHQWY WKURXJKRXW WG® R UARKW I$ 1WRV@ R VAERH B®W W U X FW X U D
7KLV NQRZOHGJH KDV SUDFWLGHOLYHGQEV LFADAEW VIRWDU JRQHV IROL
0DODZL V HFRQRPLFVGWXHORSPHQRQIDWH JUDQLWRLG BEIHWHR QV
VHFWRU FXUUHQWO\ FRQWULE XW WW YXoFHAWX/U WK DO | ZHIRRN AVBRH VARKUKDHDOY
GHVSLWH WKH FRXQWU\V FRQRGWKDEDOW RPRRORHIVFDRQDO UHJILPF
SRWHQ@LDO@ > @ > @ GXULQJ WKH PDLQ$SKDNBIQR2 WRKIH QD Q
2XU VWXG\ DGGUHVVHV WKLV)NXRZHOHEHERZVDWKEH\ UHJLRQDO JHROR
LGHQWLI\LQJ DQG FKDUDFWHULMWAGW B HDH\ VWUXFWXUDO
FRQWUROV RQ JROG PLQHUDOL]DWLRQ LQ WKH 1DWKHQMH
DUHD 7KH UHVXOWV SURYLGH OHWKRRPGRGIRHQVLYH

VWUXFWXUDO PRGHO IRU JROG HY D G
HVWDEOLVK VSIHBH_WHUMDUWH(W\NQ?P N %G]\ WEBERrBREC Do LowHIuT

IXWXUH H[SORUDWLRQ HIIRUW Q/ %@%%%%UDWII;E?EQYPF?VSV?/:
XQGHUH[SORUHG BUHFDPEULDQ W L@NUROV RQ JROG PLQHUDOL]D

. DUHD 7KH PHWKRGRORJ\ ZDV GH'
HRORJLFDO 6HWWLQJ VIVWHPDWLFDOJ®\ WKBUDFMRORJILFDC
IDWKHQMH LQ /LORQJZH LV VILMDRBIWRIGN Z ZWWKQS IWKMLFEXODU HP SKI
VRXWKHUQ OR]DPELTXH %HOW HIOHTH QR \D GG UMKRLU UHODWLRQVK
WKH (DVW $IULFDQ 2URJHQ D POMEWHU®SURMNHURDBISFURDFK LQFRU
WR HDUO\ 3DODHR]RLF RURJHQR B FU\RNFHRS LG HMHH@RES IREVHUYDWLRQV
GXULQJ WKH DVVHPE ORI H* RQ\GIDM®ID \WLFDO WHFKQLTXHV WR GHYHO
$IULFDQ 2URJHQ H[WHQGV IRU DSSHRMWD®@GIOQJ RI WKH PLQHUDOL]L
NP [URP (J\SW LQ WKH QRUWK VPR O\RLBPEL VKB OHYG
ODGDJDVFDU LQ WKH VRXWK DQG UHSUHVHQWYV WKH VXWXUH
JROH EHWZHHOQ (DVW DQG@:HVYW@*RQGHIM®IG 0DSSLQJ DQG 6WUXFV
7KH OR]DPELTXH %HOW IRUPL(I}LDW)KU—I—W/IFR(XWKHUQ

SRUWLRQ RI WKH (DVW $IULFDQ 2U L
E\ KLIKWDGH PHWDPRUSKLF URFNV 09 jHQRIFEgSSIE\[NL'
LQWHQVH GHIRUPDWLRQ DQG PHW@N@% QMH 5LYHU

3D®IULFDQ 2URJHQ\ RAD
0DODZL WKH O%]—[ﬂP\HLII\XHGRPLQ Y QRZQ 'RU DFWLYH DUWLVDQL

DPSKLEROLWH WR JUDQXOLWH \dl \é[ KPDHUDDVFXVt/JI:IE
DPSKLEROLWHY DQG PDUEOHYV g

'DDWLFV R
PLJPDWL]BWRROILHOG *DUVR Lh% VXUHPHQWV ZHUH |
7KHVH URFNV  UHSUHVHQW 00 WR5 HN ®DOVLW ERPSDVV 2
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GHFOLQDWLRQ FRUUHFWLRQ DS®0QWKRORIN VIWRPN-WKISBIO WBYWDXUH |
SORWWH®OURR WVKDERIBIDIKKHULQJ VWUXFWXUDO HOHPI

ZHUH

SURMHFWLRQV XVLQJ 6W@UHR @OLQHYWILVRDD UMRLQWY IROGV DQG V

WR LGHQWLI\ GRPLQDQW VWUXFWHKUQ & KDWHEGN\H DIOGNS B W WAHRIE\K RO R J
IHDW XUH\

:KHUH SUHVHUYHG NLQHPDWLF D@®&L F B WRHU/DNORBK LILDWE R QJ

IROGV YHLQ ERXGLQDJH DV\PPHWWIHDWA WWURRW X GHY WILQREXWLRQ
PLQHUDO OLQHDWLRQV ZHUH FDPULKIKODOLFRWKRRQWXOGSWIRGHY LURQ

LOQIHU WKH VHQVH RI PRYHPHQMROGQG GHIRUPDWLRQ
KLVWRWOG REVHUYDWLRQV VA\VWHPDWLFDOO\ UHFRUGHG
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DVVRFLDWLRQV ZLWK SDUWLFXRDW LWRRIQD V. KV ORIQ6 R//GODUJHO\ WU
RFFXUUHQFHY DQG WKHLU WH[WEHDRUJFRQYWRIOQW UHOLFW )v LVRFOLQDO
DV LQWUDIROLDO VWUXFWXUHV ZLWK

*HRFKHPLFDO $QDO\VLV IROLDWLRQ 7KHVH HDUO\ VWUXFWXLU

6HYHQ UHSUHVEHFQ)NJD.WH\U—RHNQE)W D U F KL WRHIMVRIU W@ H LD PHY

ZHUH VHOHFWHG IRU ILUH DVVD F?W ﬁ%%BFIR\/P\%gég&LREVJ%%ZU%
AR

FRQFHQWUDWLRQV 7KH VDPSO '

OHDG FROOHFWLRQ ILUH DVVD\ i

8QLYHUVLW\ RI %XVLQHVV DQ g’&? %F

08%$6 OLQLQHHQUQ® ODERUDW Wew VKRZV DJ\(\F’{VUS'
FRQWURO PHDVXUHV LQFOXGHG 9/ VHUW? & Q}%\&% é ooQ\ v
UHIHUHQFH PDWHULDOV EODQNY fe oY 2 D S WH &)
RI LQ VDPSOHV 7KH GHWHF QH 0N

X
|4
DVVD\ PHWKRG ZDV JW $X % Wt e §
SUHFLVLRQFROQFH@®WUDWLRQV D PEWVETLHY ZSII;P-I%IHOLZVIEIISIE
7KHVH VDPSOHV ZHUH VWUDWHJY £ DI %*ﬁ;@% Q
GLIIHUHQW VWUXFWXUDO VHWWLUTY % )EP 5
%‘] L DW““LyRQ F

H
JRQHV GLODWLRQDO MRJV DQG ‘%N K %
BT BB LS P oo

DVVHVV WKH FRUUHODWLRQ EH }O%IE(@

VWUXFWXUDO THDWXUHV ]JRQHV .LQHPDWLF LQGL FDEMRIUFW LQFC
5HVXOWYV DQG 'LVFXVVLRQYV DV\PPHWULF SRUSK\URFODVWV DQG
LQGLFDWH SUHGR®IU@ID)OMW\U WRD
'H SUHVHQW WKH NH\ ILQGLQJ\R EWRACARSUPIRY'W H HOWBHIGRQJ WKHVH VI
LQYHVWLIJDWLRQ 7KH UHVXOWV VI\QWKHVL]H REVHUYDWLRQV
IURP ILHOG PDSSLQJ VWUXFWXUDQ@XBUWYXYHPHQWBHY 6XOSKLGH
SHWURJUDSKLF DQDO\VLV DQG$OMRFUCWLRDO GDWD WR

HVWDEOLVK WKH JHRORJLFDO IyIPllj’HHI—Z[RGULI\{/V\R_IQF]\BQJ%QHUDWLRQV RI

PLQHUDOL |DMMDRE) DQ RIKH EHHQ LGHQWLILHG LQ WKH 1DWKHQM
JLWKRORJLFDO JUDPHZRUN FK;?éJFE"FV\I’E'ULVWLF IHODV;/l)I;lIf\AI;I}(//LFN
CBLIDUNDLARADH
7KH 1DWKHQMH DUHDJUIRFH WS/3HVD UKbYKWKLQ ZKLWLVK WR WUDQ\
PHWDPRUSKLF URFNV Rl XSSHWKD®SKRERRL WHKHWRHILRQDO IDEULF
JUDQXOLWH IDFLHV GRPLQDWH® D) GELRRWMIFWPIHHYH LW K HALWW K HLQV GL\
DOWHUQDWHQG VISCDW MR EKEERWGMOH JKWO\ PLON\ DSSHDUDQFH ZLWK
VKRZLQJ PLIJPDWLW LV¥WWHYMWX JRIYMMPBRLBRIKGLQDJHG VWUXFWXUH UH
2WKHU XQLWYVSHWHING B FRKPL E R @ RW W SEODFrGHYWHQW GHIRUPDWLRQ 7K
DQG OHQVHV WKDW FRQWURO VWEDbWQvBDH®W LWPIDRYXD Q X OSHY B\HWIUDW Q
TXDUWDRGVSDWKLF  JQHLVV  HIRIOEIDMWMIRQ GHVYOHVEURZQYK LUHRQORZ|
GHIRUPDWLRQ DQG WKLQ GLVFR@AWLQXEXVFRPVPRIOWLIEHRMHNORSLQJI C
VFKLVW RFFXUULQJ SULPDULQ@WUP¥HWLWKR®@RIYHRYD L OH @HYIVO O
ERXQGDULHYV VXOSKLGH PLQHUDOL]DWLRQ FRPSDU
7KH VWUXFWXUDO DUFKLW HFVWWHWH DGEK URISWHVHQW WKH HDUOL
SURQRXQFHG WHFWRQLF JUDLQRALPWKYIDRA® URFN W\SHV
GLVSOD\LQJ D VWHESONUBEQSSLAIF\$ H VKHIXRVWEEB YHLBN
IROLDWLRQ EWUXFWXUDO  PDBKBILEN AKHHDORWUP PRUH VXEVWDQW
SRO\GHIRUPHG EDVHPHQW WHUUY P @:HWRKPAUOFR@OEM LG ®KHDU JRQHV
KLMWUDLQ IDEULFV DQBHRRASIMHHRPEHIWRI WKHVH YHLQV UHYHDO
JLIXUH LQFOXGLQJ PDVVLYH TXDUW] UDQJLQ.
EWUXFWXUDO PDSSLQJ DQG DWMMNYV LW DY HYHDKO DEKDIEH QW GDUN VX
VHTXHQWLDO GHIRUPDWLRQ SKDAHYIWEKRWY KDOIE A HFSSH®UDQFHY  Z
WKH 1DWKHQMH DUHD 7KH HIYOISHY WK BldERIFM JREIOM DQG EUHFFI
GHIRUPDWLRQ SURGXFHG LVRF@HPWRUHROEGRAVLEWEQDP RI DQJIJXODU

SHQHWUDWLYH IROLDWLRQ 6V FISKNG WH G EL VGBI AVBEOBMRB BBIO ) LJIX
WKLFNHQLQJ ZDWWKR FERRRMIGY HQMQ W
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7KH TXDUW] LQ WKHVH YHLQV ITABHXHQW®H GHMWEHOPUXVYRIDDO YHLQV |
GDUNHU JUD\ FRORUDWLRQ DVXRIFWBWWE& PILWK\ KIL¥FBKEWY] MDKADON. HRIU
VXOSKLGH FRQWHQW 'HIRUPDWL\WQXANDWXHWYHVZ MKKK MKMOUS ERXQGD
IROGHG EDQGLQJ DQG IUDFWXUWNG HF.FPHDQUWD QW KM VU RHIL®Y VKRZ PLC
HYLGHQFWHRAWR@QLF HPSODFHPH®RQ WHKIHMH OHLMOVOH YLVLEOH HYLGHQ
DUH SDUWLRRHIDVOORSHG DW GLODWHRE@WA WHREWXXI@IL DRQUE DMKSHDUDQFH
IROG KLQJHY DQG OLWKRORJLFDBSRRHYW D AWW KH VWO IBIWHVWHDYWDJIH RI D
JIRQHV WKH WUDQVLWLRQ IURP WUDQVSUHVYV

WHFWRQLFV

JLIXUHLHOG SKRWRJUDSKY LOOXVWUDWLQJ NH\ VWUXFWXUDO IBBDQMXQHV DVV
IROGLQJ LQ EDQGHG ELRWLWH JQHLVV VKRZLQJ WUDQVSRGHIG RPOIMDUNLRQ ¢
LQ TXDHGM\VSDU JQHLVNO G SAXDVWJUHIJDWLRQ DQG VWUDU® GRIPHQWWDWLF

)W IROG LQWHUIHUHQFH SDWWHUQV LQ PLIJPDWLWLE SW\JPD
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JLIXUBWHUHRJUDSKLF SURMHFWLRQV RI VWUXFWXUDO GDWD IQRP WKRZIDMWKHQMH DI

VWURQJ FOXVWHULQJ DURXQG f f6( % 3ROHV WR TXDOWYWHUY R H LOIQMNDVOLIR C
IR O L DS/DIFO@® N & HOQK RRQHI G YHLQV

6 XOSKLGH $VVHPEODJHYV EHWZHHQ YHLQV DQG KRVW URFNV UD

7KH VXOSKLGH DVVHPEODUJH GYLL'\'/{')%‘VLE G@DR civ ZFLQNDKQJYHL\YLL%OU

VSHFLPHQV LV GRPLQDWHG E\ % VAR %::ﬁ % vido
gfh GLVSC

)LIXUH  6RPH VSHFL P HQWORZQ Y

FKD O F R S FKIHW HD RIEWY WW R OBIOX L V BDWKLF JQHLVV ~VXJJ

RFFXUULQJ DV HLWKHU GLVVHPL Vv
hr 8 YABRSP WKDQ HTX
DUVHQRS\ULWH FUHDWLQJ GL vﬁcﬁ* AR R #SF?UVBSR
JRQHV ZLWKLQ WKH TXDUW] 7K W'Fﬁ( PL 8 WO
VXOSKLGHV IROORZV VI\VWHPD, A ERUELSDW}
FRQFHQWUDWHG SDWFKHV LQ Eg ,Q?{ ‘e F ) UH E
\

DJJUHIJDWHYV SDUWLFXODUO\ S

JRQHV  DOLJOPHQW IDIRRI@D WY

IHDWXUHV JUHDWHU DEXQGDQF % th\b'lf NEQ %ch %?\JGXFEV\é

SRUWLRQV DQG FOXVWHUHG L Sg ‘%Qy H;FXS?Q@B

DSSHDU WR EH IROG KLQJHV RU % UPDWLRO
$OWHUBWWRQHY YLVLEOH LQ VR Wh SKW WR LVREO

LQFOXGH SURP L EH@EQ\ HARO RIZHY E?; A AV AL

EURZQ LURQ R[LGH VWDLQLQJ O J'-:\\]/W fﬁ&ngHUDOL]E

X 3 ﬁg
PLOQHUDOV UHSUHVHQWLQJ ZS% '\5 Uél Y Tgw(;(RUFHDVOL]FDUV
VXOSKLGHV DQG VHUYEDRED R L

IUDFWXUH VXUIDFHVY DQG V
PLQHUDOLJHG JRQHV 7KH FRQ @ SOWEFPPQIBL QI TOXLGY

JLIXUBKRWRJUDSKV Rl UHSUHVHQWDWLYH KDQG WRWRMLHPG X VKR Y IYGIL QNS AL
FKDUDFWHULVWLF VXOSKLGH PLQHUDOL]DWLRQ D +DQG YSHIHFQPHXD HYKILE LW
DQG GDUN VUXOBKR@HYV ZLWIO LY \DDEOWHRISWD&D RKRZLQJ FRQWDFW EHWZHH
FRORUHG TXDUW] DQG GHQVH GDUN PHWDOOLMVYXERRISGHLAMHQ BV DB P FIDMLIRIC
6DPSOH GLVSOD\LQJ SURPLQHQW GULLUFN JRPDQ QWR ZEDWIKE RXEDGISKILRES L Q W R
OLJKWHWIRRWMHDY G 6SHFLPHQ VKRZLQJ EUHFFLDWHG WH[WXUH ZLWK DC
ZKLWH TXDUW] DQQUGHK NRQHYSKHGHDQG VSHFLPHQ H[KLELWLQJ FRPSOH[ L
PLQHUDOV Z LMW X WH\L HD® GV V RERUR ZHYOIOIRZQ WRYLGH VWDLQLQJ DORQJ IUDFWXUH
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VKRZLQJ GHIQUWL QHGH/XOSKLGH PLQHUDOL]DWLRQ ZLWK FKDUDFWHULVWLF
TXDUW] YHLQLQJ

*ROG OLQHUDOL]DWLRQ D@E&V PROABRO\ ZLWK S\ULWH 7KH VS

3DUDJHQHVLV EHWZHHQ DUVHQRS\ULWH DQG JROG

*ROG 2FFXUUHQFH DQG 'LVWBURQRXRFHG ZLWK JROG SDUWLF(

*ROG PLQHUDOL]DWLRQ LQ WK Eb 5 Yﬁ*ﬁv W E%%’VS%UFLW\AV\SE
SUHGRPLQDQWO\ DVVRFLDWH K L
MRS
5HIOHFWHG OLJKW PLFURVFRS\ ! éé,ﬁ%ég\ﬂé@v%i\\\?;@n?c\;%g%m
EHDULQJ DVVHPEODJHV 1DWLY
SWHIQW LQ WKH DVVHPEODJH HPHQW 0

DVVHPEODJHY KRVWHG ZLWK WY JHQHWLF OLQN
PRGHV RI JROG RIEEGHUGDWHY HE o
{7&( B8 W%LVV%TXHQFH GHW
GLVFUHWH EULJKW \HO @RIV K DKW WFRWW U UnBbwirQVKLSV RE
'HWDLOHG SHWURJUDSKLE DQBHOGH F\gHVLfD W WHS/\QEKDUUS
WKDW JROG H[KLELWYV V\VWHPD gr( ) %3% W@%mxwu
UHODWLYH WR KRVW VXOSKLGHY/ t]J\(,I?./ WLELG ?%H IE/
FRY% BYY S R

SDUWLFXODUO\ WKHKRNSH G RIRSLGV IBMISRRQY L WL |
JLIXUH  DQG JROG DVVRFLDWHG,

H
UHIOHFWLYLW\ DQG FKDUDFW LY L%@elg': BRW PN RIS SE
GLVWLQJXLVKLQJ LW IURP RW WS\%S LELpEQ 8'35)’;’
LUUHJXODU JUDLQV LQWHUJURZ Q%—{,\GURWKHU

JLIXUH *ROG PLQHUDOLVDWLRQ LQ \HOORZ REVHUYHG LQ WK

OLQHUDO 3DUDJHQHVLV DQGL @ VR RWMKKHBIPGDVWLQFW VWDJHV EDV
(YROXWLRQ UHODWLRQVKLSY DQG RYHUSULQWLQJ

7TKH K\GURWKHUPDO HYROXW L R&GQW DIHSD WDV R\FLUWDRMNEG-DUADFAVH UL H G
PLQHUDO SDUDJHQHVLY DW 1DWKHQBMHWIOH IR FDWHRQURIHZELVVHPLQD
DOWHUHG ZDOO URFN DQG WKH C
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7\SH | R CELIDWADLARAH O TXDUW] YHIHQN/HDIMMRQDO WHFWRQLFYVY PHQW
PLQRU VXOSKLGH FRQWHQW 7 KIUWH MVRDIH SVUWHEBGOARWHMIDO IUDPHZRLU
WKH PDLQ JROG PLQHUDOL]D H \/é
WKH EDLQ IROG PLQHLD LQL% @36@%‘?@?@%&@% FowHY
DORQB—I[SLNM\/LQJ VWUXEWXUDO D A LL VKRZLQJ D VWURQJ \
6WDJH ,, 0DLQ OLQFAIQBCBMD(W:LLBQD(DRU DUVHQRS\ULWH 7KLY UHODWL
SKDVH RI HFRQRPLF PLQHUDOL]WWIDWQ DEBYVHRRG\ULWH SUHFLSLW!
E\ WKH IRUPDWLRQ WIFKDUVH@RX\FUDMVH UROH LQ WUWILRHULQJ Jl
DVVHPEODJHYV DQG FRQWHPSRIRD/QHRWYDOMWR WKURXJK PHFKDQL
VOLIJKWO\ ODWHU SUHFLSLWDWHRG  FRMURPWHRFHFDROGWWUDFWLRQ
7KLY VWDJH FRUUHVSRQGY WR WWHVERDS®SHOEBBPWHQWDFHYV RU GHYV
RI 7\SH VKI—NZR)\/V]/FH@H YHLQV DIRIEGDULQJ DTXHRXV FRPSOH[HV L
IHDWXUHYV W KH PRVW VLIQLM/IRDRXW Q JIRXIG CX L@ FKHPLVWU\
HQULFKPHQW SUHKH. SIPMRDWLRQ R
DUVHQRS\ULWH DQG JROG *HRFXHRMBNMGEDWD FWHULVWLFY O6WUXF

SK\VLFRFKHPLFDO FRQGLWERQWURDYRDPQDIDJIISORUDWLRQ ,PSOLF
VLPXOWDQHRXV GHSRVLWLRQ ®ULWHOIHVZORONYDQE 6WUXFWXUDO

PR VRTRS,)\S{(XV%H['J)EJFDF)‘;L%W@VV%*\ pBBO\WHV RI VHOHFWHG L
LU Q@ Y WKH 1DWKHQMH SURVSHFW FRC

6WDJH ,,, /DWH +\GUHRSVUKHHHRDIPHGG PLQHUDOL]DWLRQ ZLWK FRQFH
E\ WKH IRUPDWLRQ RI 7\SH HJRMHQVLW®DO VHUGWX 7DEOH 7KH K
ZLWK PLQLPDO VXOSKLGH FRUDMGCHYWD DKW GRRWMIWWHQWO\ DVVRFLI
PLQHUDOL]DWLRQ PRGLILFDUWWIFKQT XMIURHDWH.BIVDW JROQHV RI VWL
VXOSKLGH DVVHPEODJHV 7KERRSNODH[HWWHISARBEWY AXIOHDUO\ IROG K
WUDQVLWLRQ IURP W UD@VBIWHDQR LW KRWRILFDO FRQWDFWYV

7TDEOH *ROG ILUH bDvvD\ UHVXOWV IRU VHOHFWHG URFN VDPSOH\

6DPSOH ,° 5RFN 7\SH $X J W "HVFULSWLRQ BWUXFWXUDO 6HWWLQJ
17- 4¢ 4XDUW 6KHDUHG TXDUW] YHLQ ZI B6KHDL
17+49 4XDUW] 9HLQ ODVVLYH PLON\ TXDUW] ZLW KL 9 DW.IERRGDOXMB KL GHV
17+49 4XDUW] 9HLQ %RXGLYBLAGLQ DPSKLEROLWRO L DS/DIUR@® O HO
17++=5 $OWHUHG +RVW 5RFN B6HULFK@RULWH DOWHUHG VFKI\QWPDUJLQ
17+49 4XDUW] 9HLQ 6XOSKILGEK TXDUW] QHDU IRO)® ®GQIHQ JH
17++=5 $OWHUHG *QHLVYV ‘HDNO\ DOWHUHG ELRWLWH JQHIF® DOWHUDWLRQ
17+49 AXDWBWBUERQDWH 9HLQ %UHFFLDWHG YHLQ ZLWK LURQWKRORQLEIO FRQWDF

7KH KLJKHVW JROG JUDGH FRQV I2ADVHRBERVFEIHRKE DOJKDOR HIIHFW

IURP D VXIASKLGHDUW] YHLQ ORBSRWH® \WMDO OPMWEAHUDO GLVSHUVLRQ L
KLQJH JRQH 6BBSOHKLIKOLIJKWLQJIKMIQHFDWHJIRUL]JHG E\ YHLQ W\SH 7
VWURQJ VWUXFWXUDO FRQW UR QRRBRF/MDHHG DIGLL]Q W LFRR® V2WWHIQ WO\ \L
QRWDEOH UHVXOWVY LQFOXGH JROM $D OXRIR DPADQVLYH W $X EDVHG
PLON\ WXDAHLQ ZLWK YLVLEOH IMXOSREGHV DW MRQILUPLQJ WKHLU
GLODWLRQDIO MRIQG7+ J W $X IVRPQRILFDQFH 7\SIHUDOROHMDWHRQV VK
EUHFFLDWHIBUERQDWH YHLQ DW PR ®HWKWR B RIRG\BOHMHDLFKPH J W $X

FRQWDFW9 17#OWHUHG KRVW URRNOHLWOGHGAHG ZDOO URFNV FRQ)

ORZHU EXW VWLOO VLIJQLILWDQWQRPOXOHRKY JROG YDOXHV PHDQ J
7TDEOHROG *UDGHV YV 6WUXFWXUDO 6HWWLQJV
BWUXFWXUDO 6HWID/RROH ,$X J WOHLQ 7\SH .H\ 2EVHUYDWLRQV
JROG +LQJH 17+49 7\SH +LJKHVW JUDGHFKXXSKIWSHY HL Q
'LODWLRQDO -RJ 6KHDWY48RQH 7\SH ODVVLYH TXDUW] ZLWK YLVLEOH VXOSKL
/ILWKRORJLFDO &RQWIYRW9 7\SH %QUHFFLDWHG YHLU@ BMW D FRIQVERBW W H
6 KHDU =R QH 3 PRO®ICOOMLIRQ@ 9 7\SH 6KHDUHG YHLQ ZLWK S\ULWH

'LVWDO $OWHUDWLR@7++=5 1% ‘HDNO\ DOWHUHG ELRWLWH JQHLVV
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GWUXFWXUDO $UFKLWHFWXUHGRG B OES P\ SowKkz DY 7KH VSDY
'LVWULEXWLRQ
EHWZHHQURGIHK JROG VDPSOHV DQG

6SDWLDO DQDO\WVLV RI JROG \DNVROEWKIWD IHDWRWOWY FRQILUPV W]
VI\IVWHPDWLF SDWWHUQV RI JROGEWGPYYMHUBRWIDRMLRQ UHODWLRQ
WR VWUXFW XAKHO KIHIKWM X WHYROG JUDGHV !
J W $X DUH FRQVLVWHQWO\ DVVRHFIIRDUIWPBHG/ I RAWKLFXQUWDRG *ROG
YHLQVY ORFDWHG DW VWUXFW X001 UPFROASDWLURM) JRQHV

SDUWLFXODUO\ IROG KLQJHV DQG O%/ M DQR?
VKHDU J]RQHV ORGHUDWHWIRRG ~J VMV\I}-\?C??-%OWE%GVWXGL%XE\gé(gLDS

RFFXU SUHGRPLQDQW®RVWE@GV D ORZ WR FRQVWUDLQ
YH WR WKH
QWLDO RFI

IROLBWUR@OHO YHLQV ZKLOH
S% D-I\MIDRQ LQ YHLQV ZLWK RUL

$ X FKDUDFWHUL]H DOWHUHG ZFPI
JRQHV
&lg\ll\j)‘ JROG HPfSE
% gﬁyﬁ@% Lo luDoN
ﬁﬁ; Gl E(%é{dm’\ﬁ WQ]RQHV

FRUUHODWLRQ EHWZHHQ JROGP
VWUXFWXUDO VHWWLQJYVY SURYL
IRU VWURQJ VWUXFWXUDO FRQ@
WKH 1DWKHQMH DUHD
%ULBXFOWH.OH VKHDU JRQHYV F@D é
ZLGH SOD\ D FHQWUDO
PLQHUDOL]DWLRQ 7KHVH ]JRQH
NLQHPDWLF LOQGLFDWRUYV LQ
ERXGLQV GUDJ IROAHMOGNQD
VHIJUHIJDWLRQ VWUXFW XJUHVW HKR
GHIRUPDWLRQDO KLVWRU\ .LQH
6 & IDEULFV URWDWHG SRU\/%5

\ LQV 7KHVH Y
\ @PSODFHP|

g DQG UL

DV\PPHWULF IROG SDWWHUQV L E % L][%Xt'& ﬁé\\%b%FFV)\(/LTBHWG

7KLV SDWWHUQ RP ZJRW® GLY
RQ SOD

YDOXHV LQ YHLQV DQG GHFUHD
\G RWKHUPDO IOXLG IC
q: IRU JROG GHSRYV
W JHQHUDWLRC

ZDOO AUIRFNWASLFDO RI VWUXFW
RURJHQLF JROG @/ \VWHPHY FOH

WXG\ VKRZ YD
KHV OG JUDGHV FRQ

D

VLQLVWUYDOQ S/ W BIRIEHS LPIKHH P H Q KDV H
1(6: WUHQGLQJ VKHDU ]JRQHYV I-Yl\é)lz% WKH H
WDQVSUHVVLRQDO GHIRUPDWLRQD B% 99{/%

RI WKIBI®DEDQ 2URJHQ\ F’LQLPD

*ROEBHDULQJ TXDUW] YHLQV é%ﬁfl IHI§ |)~|IJ_QV 7\SH PL(SaSEIEDDL
ORFDOL]JHG DW VWUXFWXUDOO\ LL[J o\/Lsﬁ( dN\d%Fq(WEhV WKH '
'LODWLRQDO MRJV DBREHB YRAPBVHJRIAHY 7 KLW FRIOPUQYWIHQW ZLWK WKH

GHYHORSHG GXULQJ IDXOW PRHFRAMRWLFFYUDWHRRUN FRUUHVSRQG
ORFOOIS DULDY RL HIWHOVL KR GOUVNREREBARASREOD VWDIHV Rl

PLJUDWH DQG SUHFLSLWDWH PL$Q 825 2URJHQ\ LQ WKLV SDUW RI W
JROG KLQJHV SDU W 7RO IOLUI\H Vet hivd VR O G V

JROG JUDGH JW ZDV IRXQG LQ D VDPSOH IURP

D IROG KLQJH JRQH KLJKOLJKWLQJIWKKIVG RRWEFRDRONERIBIRBWROV DQG )OX
SUHPLXP WDUJHWYV ,QWHUDFWLRQ

/LWKRORJLFDO ERXQGDULHV EHWZHHSHFRAIIHENRVGBEC HDWXUHY FOHI
LQFRPSHWHESHRQR WO\ FRQWDF, ﬁ%)ZHH HURQLILQD 10X LoV
DPSKLEROLWH DQG ELRWLWH J éﬁ §\}Y Ejﬁléksl_ % OLWKRORJLEF
FRQWUDVW IRFXVHG VWUDLQ D (}ngS('I?'_ LRQ 7KH VIVWHPDWLF RI
=RQHV Rl IROLDWLRQ GH|OHEW©@QJLD[Q@HWVDW/\DLFQ?QWDFWV EHWZHH
ORFDOLJDWDRQZKHUH WKH UHJLE{QE@)@HIDJFSMEVL\N 6 DP S OHY/G 1T #+
GLVUXSWHG E\ ODWHU GHIRUPD)LRQ HYRQWYV pog 1 W $X UHVSHI
7KHVH VLWHV DUH RIWHQ DVV R KXUDMMMEY Z LWHKD WO WEKPWERQ LQWHU
IHDWXUHV DQG YHLQ WKLFNHQLQJ LQGLEDWLYH RI IOXLG
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K\GURWKHUPDO I0OXLGV DQG ZIPOOV DFRFANSK [SOWHH MDPHY 7KH DVVRF
LPSRUWDQW UROH LQ JROG GHSRWIDQMSYHVVLRQDO VWUXFWXUHV H
7KH LQWLPDWH VSDWLDO UHOBMWILR @O SR BISWAHHG VI REBUDO OHOV ¢
DQG DUVHQRS\ULWH DW 1DW KH QMHWKHI OXSFDV VR IX®IE B @FMBENVRO R [ IMQKLHD
JHRFKHPLFDO SURFHVVHV GXUL® I PREWDHE ZR UL DONRE WKHBDOHRSURWH
FKHPLFDO LQIOXHQFH LV IXUW KN DIQYLIG Bh®IBM@L B\ * WIXGID
PRUH LQWHQVLYH VXOSKLGH GHYRQRBAHQWHKREYBWKH®MH PLQHUDC
ZKHUH YHL@V DFRSXWPROLWH FRRKRPUMBQWRURJIHQLF JROBJBEHBRVLWYV
TXDUWDRGVSDWKLF  JQHLVV FKWDPRUSKHE KRVW URFNV XSSHU
FRQFHQWUDWLRMDURQJ LIPRQHUDODBQX@LWH IDFLHV DQG WKH LPSRU
DPSKLEROLWH OLNHO\ SURPRW H&SDWXNOLIKLLREGIL © U HEFH\8 Z WDV ERQ W UD V W |

WK UR X JKREDIOLGD W H U D F WELHRIDU Z QWK B X O ERAMHB RUW FORVHO\ UHVHPEOH J
K\GURWKHUPDO IOXLGV FR®EHTDH @I GW URLK WHDLPLRQIS KR F WHUUDQH V
GHSRVLWLRQ *ROG GHSRVLWLRQQ @ KB WHUHIOH WHDM RODRHIYRXWWKA U Q
GULYHQ E\ VXOILGDWLRQ URDMKIROXELZRQHUKHLIEDG LQ 6XGDQ
DUVHQRS\ULWH FU\WWDOOL]DWLRQ FRQVXPHG UHGXFHG
VXOSKXU GHVWDELOLJLQJ ®&X +6 wW{SPRRDOMH[RY ,PSOLFDWLRQV DQG *
7KLV SURFHVV ZDV HQKDQFHG DWHBREMPERDLWH FRQWDFWV
ZKHUH )H8p IWRPN ZDOWHUDWLRQ RP
DUVHQRS\ULW KD 7HIR ZUWHKV X OW D Q 7X \\//ﬁlﬁﬁHPLZDO DD%G t/(\sVJUXFF&NL)fA
DUVHQRS\ULWH DVVRFLDWLRQ Pé/\(@é a; Fg(g R %gﬂj L KHVH
VIVWHP@UHLQIRUFLQJ 1DWKHQMEGL<D glhf Fg,Ur;'f LRO VKRXOG IR
DV D VKHIORNVRIQE GHSRVLW
*ROG LV SULPDULO\ WUDQVSRUWHG WOHERURIHOLLRQV SDUWLFXODUC
VIVWHRW D¥ wgq ELVXOSKLGH FRP&QWHYWHFW ZLWK FRPSHWHQW DPSKL
PRGHUDWHO\ UHGXFHE. G@FHXIWHDO 6WUXFWXUDO FRPSOH[LW\ JRQHV VXFI
FRPSOH[HV UHPDLQ VWDEO#H DW W HRSHE DOMOXWLIRY DRI MRJV DORQJ VKHDL
f& DQG ORZ R[\JHQ IXJDFLW\ W\
FUXVWDO VKHDU JRQHV $UVHQRS\Ué&@ﬁﬁfﬁﬁ\kf%b%QF%F\DSWP[\)NFHWVFHEHl\ﬂNstHHHF(
GXDO UROH LQ JROG SUHFLSLWDWLRQS KUY REMLIROEL RW KW 30 HL vy
EHDULQJ KRVW URFNV HJ DPSKLEROLWH WOLIIHUN o
VXIGADWLRQ FRQVXPLQJ UHGXFHG vﬁ#@&‘kﬁmﬁﬁﬁﬁﬁgvﬁm HOKDOFHG St
WKH IOXLG OHWZRUNV
JH2 -~ LQ URFN w6 10XLG 73| VHOyWUXFWXUDO IUDPHZRUN
S\WULWH DUVHQRS\ULWH  +W2 p| oHyUpOL]DWLRQ LQ WKH 1DWKHQMH
7KLV WKHQ UHGXFHV VXOSK XU ZDFWKL WK\ F&BW\R BWHMLN\WILFV RI RUR
$X +6 wq DQG IRUFLQJ>JR®G SUMONVHIKHWHRIQQ WKH (DVW $IULFDQ 2UF
$UVHQRS\ULWHYV VHPLFROQGXFWRBIVW BRSHOWRWVIXWXUH H[SORU
FUHDWH ORFDOL]JHG UHGR[ JUDGLHQWYV $X +6 wq
FRPSOH[HV DGVRUE RQWR DUVHQRRQUEMWH VKQYDFHV DQG

UHGXFH WR QD& LY¥H@ROG 7KLV VWXG\ HOXFLGDWHV WKH IXQG
$X +6 wg )HAp LQ DUVHQRS\ULR® RURIHQLEhIROG PLQHUDOL]DWLRQ
YH3p JUDGH PHWDPRUSKLF URFNV RI WKH 1

JK PXOWLVEDOH VWUXFWXUDC

7KLV LQWHUSUHWDWLRQ LV §\y{ﬁ(,H IWER HG DSSURD
REVHUYHG VSDWLDO DVVRFLDW, \ VWHG KLE
VXOSKLGH PLQHUDOV LQ WKH S [ QRYLRQURP UHJILI

ER RUY, PLFURVFDOH VXOSKLG
&RPSDULVRQ ZLWK 5HILRQDO 28I RBLE “ghE
S\ W H B 2L ki KEGHHAVVQ HUDOL]DWLRQ XS

$X VIV\VWHPDWLFDOO\ DVVRFLDWHG
TKNWUXFWXUDO FRQWUROV RYWERBXBWRXUQHUBROR$DW [IRD\

REVHUYHG LQ WKH 1DWKHQMH DWHD W\HFEBWRHU DVCHYINDPBIZRUN HVWDE
VLPLODULWLHYV ZLWK RWKHU RGRBRQYW URWKEBY VIWKWDMPVIROG HPSOD
ZRUOGZLGH SDUWLFXODUWDH K RBWKH LRU PW & RQDRIKQLLIK 'w WUDQVSUH
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GHIRUPDWLRQ DV HYLGHQFHG SEVHWHQFEUHIHUHQWLDO

RULHQWDWLRMGR | WHURY VOLJIK o XH WR

WKH UHJLRQDO IROLDWLRQ DQV\é 5§§$ VVLWMW&D”@ 'K;SESES
EULGXFWLOH VKHDU JRQHYV 7KLW L SRYLMDQ (D U
SODFHV PLQHUDOL]DWLRQ GXUL@@{]_HWM#Q\,QODWH §§OOLVLRQ@;Q

VWDJ R WEKIH I3BI)Q 2 U R HQ@\D M MDIUHDUVFL

FRQVLVWHQW ZLWK JOREDO SDW\@QHHQLVEWEBURJWQbFG‘iﬁJogH\GHQ %
IRUPDWLRQ ULPDU\ JROG PLOHUDOLIDWLRO LQ WKH ¢

6LJQLILFDQWO\ RXU UHVXOW\NLLU‘NYUIB’QJNVW\%W\{(WHQ% &B LORXUQDO
DQG FKHPLFDO FRQWUROV RSHURBKORINAOQHUJIQRW LFBEO\ W&

ORFDOL]H JROG SUHFLSLWDWLRQ KIA/(D)NIJWUDQVSUHVVLRQDO
VWUXFWXUHV SURYLGHG WKH SU@PI% G _SDWKZPAY ;  7vrRNROR
OLWKRORJLPDSD UWRIGPAXODWWY DPS VWUXEWXUHY DVVRFELDMW

JQHLVQWBRWYKDQFHG PHWDO EB\/@LR WKH .LUN 5DQJH C
WKURXJK VXOILGDWLRQ UHDFWd_[RﬂJ\@B N\RVG%FV&DEL@Q-]HGSS
JREGDULQJ K\GURWKHUPDO FRPSOH[&IRNL 7KH JHR

LQWLPDWH VSDWLDO DVVRFLDWLRQ H\W HQ QDWWV\FJ G H\GHO
DQG DUVHQRS\ULWH UHIOHFW YV >§‘ L 86 ([SORUD

SURFHVVHV W\SLFDO RYWRHPR/AJ K @Fﬂg@@ LRQVX PSURYHG DG
ZKHUHLQ DUVHQRS\ULWH FU\VWD USLL BEEH G

VDWXUDWLRQ WKURXJK UHGR] Dmrst)E;@\HULsfsEAANLRQV

7KHVH ILQGLQJV HVWDEOLVK

UHSUHVHQWDWLYH H[DPSOH RI § WQ%M&IQ% WM%F&E%%\ SUHD
RURJHQLF JROG PLQHU\DIDLC}EW/{T HIV\QQ? RYHUQPHOW 3ULQWHU -
PHWDPRUSKLF WHUUDQHV DOQGyooeRyLoH

H[SORUDWLRQ IUDPHZRUN DSSO@FDEOH WKURXJKR*XW

FHQWUDO 0DODZL V XQ®HWDR[S d lE HRF*BHRPFLNFD*OH&[S’SJF
EDVHPHQW  7KH KLHUDUFKLFD@O )6vl§ &Eg’ ll_lT|\O/(’R| 000DZL X0
GHYHORSH® HDM.]LQJ WKH LQWROVE

UHJLRQDO VKHDU |JRQHV ZLWK FRPSHWHQW OLWKRORJLFDO

XQLWV DW VLWHV RI ¥RIUKBW XUB o0& HRPEEIH [ YRQ GHU +H\GHQ %

VSHFLILF WDUJHWLQJ FULWHU%\E gg QBE %‘d‘mﬂﬁl‘ﬁwwﬁ‘ﬁ%ﬂé%w

0DODZL V HFROQWW EGMUDDUJHO\ X
SRWHQWLDO ORUH EURDGO\ \/\lylfl_q':F)I(-I\MI-P\/RWR GRL

RXU XQGHUVWDQGLQJ RI RURJHQLF JROG V\VWHPV LQ

KLJIMDGH PHWDPRUSKLF HQYLU® &*HQ( YRQ GHU +H\GHQ %
GHPRQVWUDWHY KRZ GHWDLOHG W)@@ g g’%ﬁg&ﬁ BW 0DQR
UHYHDO WKH IXQGDPHQ(W]DBU?HU_FE JR6$( FDQ™-RXUQDO
IRUPDWLRQ LQ FRPSOH[ SRO\GHI WHUUDQHV 7KH

VI\VWHPDWLF FRUUHODWLRQ EHW@H}&QLVPE)FG’- JUDOMRGH BBV +H\GHQ %
VSHFLILF \OW WXRWXRUDPBD O VHWWL \qﬁHQIBJ%?_{JQL%%FL]%?NSLSRLQQ‘LKRDIUEDDFVV\ll-iHPLIJ-II
LQVLJKWYV DSSOLFBEQOLH V@R W HRIE®B
WKURXJKRXW WKH (DVW $IUL ,@g #ﬁw%%owzwgoo "RXUQDO R
FRPSDUDEDBUD ®H PHWDPRUSKL
JOREDOO\

7KLV VWXG\ V LQWHUSUHWDWLRO@/@L%@CFLRQNWU[M\'(BQBP@\ZU * *KDPI
UHODWLYHO\ VPDOO VDPSOH VL{N QGIB%\’LI'—UI\T' PSOHQVDPEDD $
ILUH DVVD\V DQG OLPLWHG vs%%f KF) BRI 'I#WV RI6PL
IDWKHQMH SURVSHFW )XWXUH 8
H[SDQG WRVBHOHR®DRPSOLQJ DFURVV HQWUD
ODODZAHADVHPHQW WHUUDQHV WR> V@H‘%’WV\FJR'ﬂL EUR@G(QQL 7 *KDPEL 6

DSSOLFDELOLW\ RI WKHVH VWU XRXNXJPHWHK AP UHWDWLRQ RI DHU
UDGLRPHWUL GDWD WR GHOLQHDWH

K\GURWKHUPDO DOWHUDWLRQ JRQHV DVV]
%DVH PHWDO OLQHUDOL]DWLRQ LQ &KLW
0DODZQWHUQDWLRQDO -RXUQDO RI OLQL
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(QILQHHUXQO QR *BRIGZBOBFDPEULDQ YSRIY H D UFKS
-0%( GRL M SUHFDPUHV
> @ 'HOYDX[ HW DO /IDWH> @ 5LQJ 8 .URQQHU $ ]JRQH 6KHDU

1HRSURWHURHIRIFDG@D WHDFWLYDW SRGMV HQQ W KH) BL HWVF OFRUWWPRUSKLVP LQ
OHVRSURWHUR]RQRRDUDBEOW .$% ORJDPEXTXH EHOW RI QRUMHKQMWQDODODZI
5'& 5ZDQGD DQG %XUXQGL FKURG@GROIRFIDLFD OPISOPHYRIURQY IRU WKH DVVHP
DQG SDOHRVW UMKV, Q WHOQ® D W.IQR Q D @ UHFDPREJLLYIYO5 HV +S S

[0)

%HOJLFD PHHWLQJ > @ &DUGRJR 1  $OOPHQGLQJHU 5

> @ JULWHW DO -RXUQDO RI $IULBBRH(WILADIO SURMHEW LR ®R PBXMKX 216 ;6 W H L
6FLHQFHV 2URJHQ VW\OHV LQ WKH OIDGW $IHRFBOHZFRIYHQ x  $ GRL
UHYLHZ RI WKH 1HRSURWHUR]RLF WR &DEBDUHRQ WHEWRQLF
HYROXWKEQDO RI SIULFDQY®UWK GFLHQEH 061 0JHu

2, 5 BWHUHR

SS * GRL M MDIUHDUVFL 7 W EXWLRO

> @ 6WHUQ 5 - &UXVWDO HYROXW a%%Ki(Dmy vHY SUR.

$'RUC')‘FDQ&§URJHQX D QHRG\PLXP L?lg ErLRR S ROV EOYLQJ 10 XLG DQ
WKURXJHKLWEKRMRO +SS GRL

> @ %ORRPILHOG . *DUVRQ O M 7QKIHW K R V

*HRORJ\ RI WKH /UMM BIH B O O H\ >$U D)

&b | *URYHV 2UR.
OLQLVWU\ RI 1DWXUDO 5HVRXUFH%\ﬁ£EFB|f &lﬁ%’tf% Sﬁa)ﬁume}QOYLQJ 0 XLG DO

! 0,
:HRSPDEUDWZII-Dlg\é)VZ L/om&anw@l U@PHQW CW KRR O ios GRL
M OLWKRV

> @ .URQHU $ &ROOLQV $ 7K X L
$IULFDQ 2URJHQ 1HZ =LUFRQ DQG @ g"j% Y gé U'_‘SYHV ILE \?VESESOD
'PSOLEDWLRQV IRU 5RGLQLD DQG *é ﬁi* % 6 FRAWIGRER

JRUPDWLRQ D Q'R OLOZIHLDY BEYRID U F

Ss ¢ > @ $OL\DUL ) 5DVWDG ( *ROGIDUE
> @ 6RPPHU + $U|QHU sawkp SEGROODKL - *HRFKHPLVWU\ RI K
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