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7KLY GRFXPHQW LV WKH GHOLYHUDEOH IRU WDVN Rl WKH 75
LQYROYHG WKH 36HW XS RI D K\GURG\QDPLF PRGHO IRU 3ROLVK
VXPPDUL]HV WKH UHVXOWYV RI WKH VHW XS RI WKH FURVV ERUG
FRYHUV PXOWL DTXLIHU VA\VWHP RI 4XDWHUQDU\ VHGLPHQWYV ZLW
,Q WKH IUDPHZRUN RI DIRUHPHQWLRQHG WDVN ZH FDOLEUDWHC
PRGHO DQG LQWHUSUHWHG WKH PRGHO VLPXODWLRQV $V WK
GLUHFWLRQV LQ WKH FURVVY ERUGHU DUHD ZHUH HVWDEOLVKHG
HOHYDWLRQ RI JURXQGZDWHU OHYHO RU K\GUR LVRK\SVHV LQ W
FRUUHVSRQGV ZLWK GLVWLQJXLVKHG 4XDWHUQDU\ DTXLIHUV OR!
LQ HDFK LQGLYLGXDO DTXLIHU UHODWHG WR HDFK PRGHO OD\I
DQG /ILWKXDQLD ZzDV HYDOXDWHG

,Q WKH WDVN RI WKH ZRUN SDFNDJH ZH SUHSDUHG D KDU]I
WUDQVERXQGDU\ XVH 7KH GDWD VHW ZDV WKHQ LPSRUWHG WR \
,Q WKLV UHSRUW WKH DVVXPSWLRQV DQG VFRSH RI WDVN DL
WDVN ZHUH FRQVLGHUHG DQG GLVFXVVHG GXULQJ *URXQGZDW
ZRUNLQJ PHHWLQJ WKDW ZDV KROG LQ '"HFHPEHU

3DJH RI 75%$16)/8;, GHOLYHUDEOH YLFDO YHUVLRQ 2FWREH!



:25.)/2:

*HQHUDO LGHD DQG DLPV RI WKH :3 SURMHFEFW

7KH JHQHUDO LGHD EHKLQG WKH ZRUN SDFENDJH 75816YBRXQGZDW
+DUPRQL]DWLRQ RI GDWD PRQLWRULQJ DQG PRGHOUWIRQ &G HWYHORW U
QXPHULFDO K\GURG\QDPLF PRGHO IRU WKH /LWKXDQLDQ 3ROLVK F
4XDWHUQDU\ PXOWL DTXLIHU VA\VWHP IRU WKH VHOHFWHG SDUWYV RI

7KH REMHFW Rl WKH SURMHFW LV WR YHULI\ DQG GHWHUPLQH WKH W
WKH FURVV ERUGHU DUHD DQG WR HVWLPDWH WKH YROXPH RI JURXQ
EHWZHHQ 3RODQG DQG /LWKXDQLD 7KH FUXFLDO SDUW RI WKH SURI
PRGHO GHYHORSPHQW ZDV SUHFHGHG E\ WKH FRPSDULVRQ RI WKH

HDFK LQVWLWXWLRQ LQYROYHG LQ WKH :3 DQG FDQ EH XVHG IRU K\C
ERUGHU DUHDV 7DWNRPSRULBRQ DQG XQLILFDWLRQ RI PHWKRGV IRU
LQ 3RODQG DQGLMWKRXNEBGDWR WKH WDVN DQG LWYYDV IFQG ULHG

WKH HQG RI 'HFHPEHU 7KH GHOLYHUDEOH IRU WDVN FRYHUF
UHYLHZ WKDW FDQ EH XVHG IRU JURXQGZDWHU K\GURG\QDPLF QXP}I
ZHUH GHYHORSHG DQG SURYLGHG E\ DOO LQVWLWXWLRQV SDUWLFLS
1IDWLRQDO 5HVHDUFK ,QVWLWXWH 3,* 3,% /LWKXDQLDQ *HRORJLF
8NUDLQH 7KH FRPSDUDWLYH WDEOHV DOORZHG WR UHDOL]H WKH VL
ZRUN DLPHG DW GHYHORSPHQW RI QXPHULFDO K\GURG\QDPLF PRGHC
LQ WKLV SDUW Rl (XURSH 6RPH PDWHULDOV QHHGHG IXUWKHU F
FRRSHUDWRUV DV ZHOO DV VRPH GDWD QHHGHG WR EH VWDQGDUGL

3DJH RI 75%$16)/8;, GHOLYHUDEOH )LFDO YHUVLRQ 2FWREHU



02'(//,1* $5($

$FFRUGLQJ WR WKH SK\VLFR JHRJUDSKLFDO UHJLRQDOL]DWLRQ
6]HV]XSD aH&XSj LQ /LWKXDQLD &]DUQD +D F]D -XRGRML $Qp
3RODQG ZHUH LQFOXGHG LQ WZR PDFURUHJLRQV WKH /LWKXDQLI
'LWKLQ WKH /LWKXDQLDQ /DNH 'LVWULFW WKHUH LV D ODUJHL
PHVRUHJLRQV ZHUH GLVWLQJXLVKHG LQ WKLV SDUW LQ WKH QR
VRXWK $XJXVWyZ 30DLQ :LWKLQ VPDOOHU VRXWKHUQ SDUW RI
PHVDUHJLRQV ZHUH GLVWLQJXLVKHG %LHEU]D %DVLQ DQG 6R
K\GURJUDSKLF GLYLVLRQ WKH PRGHOOLQJ FURVV ERUGHU DUHEL
7KH 1HPXQDV LV D ULYHU LQ (XURSH WKDW ULVHV LQ FHQWUDO %
WKH QRUWKHUQ ERUGHU RI .DOLQLQJUDG 2EODVW 5XVVLD V ZHV
(DVWHUQ (XURSHDQ ULYHU

7KH 1HPXQDV LV ODUJHVW ULYHU LQ /LWKXDQLD 7KH WRWD
LWV HQWLUH OHQJWK NP IORZV LQ /LWKXDQLD 7KH RWKHU FI
WKH DUHD DUH DOVR aH&XS; %DOWRML $QpLD .LUVQD DQG VR
3ULHJOLXV 3UHJRO\D .,/.86 6721(9,y,86
7KH FDWFKPHQWY RI WKH 6]HV]XSD 5LYHU &]DUQD +D F]D 5LYHU
QRUWK HDVWHUQ SDUW RI 3RODQG LQ WKH 3RGODVNLH 9RLYRGC
&]DUQD +D F]D 5LYHU DQG ODU\FKD 5LYHU DFFRUGLQJ WR WK
3DF]\ VNL DUH SDUW RI WKH ODVXULDQ 3RGODVLH UHJLRQ
PDLQO\ LQ WKH 4XDWHUQDU\ IRUPDWLRQV ,Q WHUPV RI WKH GL"
WKH FDWFKPHQW DUHD RI WKH 6]HV]XSD 5LYHU ODU\FKD 5LYHU L
WKH DUHD RI JURXQGZDWHU ERG\ QR ,Q WKH 6]HV]XSD &]DU
ZHUH GLVWLQJXLVKHG WKH :LJU\ 1IDWLRQDO 3DUN ZLWK D FRP S
3DUN VLWXDWHG LQ WKH 6]HV]XSD &aH3XS; GHSUHVVLRQ

3DJH RI 75%$16)/8;, GHOLYHUDEOH YLFDO YHUVLRQ 2FWREH!



)LJ &DWFKPHQWY RI ULYHUV LQ WKH FURVV ERUGHU DUHDV RI 3BRODQG D

7KH FDWFKPHQWY RI DIRUHPHQWLRQHG ULYHUY KDYH KLJK QDWXUDC
LQ WKH *UHHQ /XQJV RI (XURSH 7KH *UHHQ /XQJV RI (XURSH ZLW
NP LQFOXGHV WKH PRVW YDOXDEOH QDWXUDO DUHDV LQ QRUWK HI
.DOLQLQJUDG 2EODVW DQG SDUWO\ 1RZRJURG 3VNRY DQG 7YHU
2EODVW 5RZLH VNL 2EODVW )\WRPLHUVNL DQG .LMRZVNL DQG WKl
/ILWKXDQLD DQG /DWYLD 7KHUH DUH DUHDV RI RXWVWDQGLQJ QDW)
SDUwW RI WKH UHJLRQ WKHUH DUH QDWXUDO V\VWHPV FORVH WR WKt
7KH FDWFKPHQWY RI WKH 6]HV]XSD &]DUQD +D F]D DQG ODU\FKD UL
ILWKXDQLDQ /DNH 'LVWULFW 7KHVH LQFOXGH (DVW 6XZDAaNL /DNH 'l

LQ WKH VRXWK ORUSKRORJ\ RI QRUWKHUQ SDUW RI WKH PRGHO DU
'LVWULFW LV XQGXODWHG DQG YDULHG WRSRJUDSKLFDOO\ 7KH ILQ
WKH 6]HV]XSD JODFLDWLRQ GXULQJ WKH /HV]QR 3RPHUDQLDQ *UIGD
7KH DUHD RI WKH (DVW 6XzZDaNL /DNH 'LVWULFW LV XSODQG ,W JUD
VRXWK 7KH KLOO\ PRUDLQLF SODWHDX ZLWK KLIJKHVW FXOPLQDWLF
VHD OHYHO DUH IRXQG LQ WKH QRUWK HDVWHUQ SDUW RI WKH ODN
DUHD RI WKH 3RPRU]JH /DNH P DERYH VHD OHYHO 7KHUH DUH D
ODQGVFDSH 6RXWK RI WKH (DVW 6XZD&NL /DNH 'LVWULFW WKH $XJ
DUHD PHOWZDWHU FROOHFWHG IURP WKH ORE RI 6]HV]XSD FUHDW
1RUWK 3ROLVK /RZODQG

3DJH RI 75%$16)/8;, GHOLYHUDEOH )LFDO YHUVLRQ 2FWREHU



7KH VXUIDFH RI WKH SODLQ ZDV VKDSHG DV D UHVXOW RI WK
IOXYLRJODFLDO ZDWHUV ZKLOH WKH DFFXPXODWLRQ KDG VPDOO
WKH DFWLYLW\ RI IOXYLRJODFLDO DFFXPXODWLRQ LQ WKH IRUP |
RI WKH $XJXVWyZ 30DLQ WKHUH LV D QDUURZ EHOW RI SHDW SOD
FUHDWHG LQ WKH SHULRG SUHFHGLQJ WKH ODVW JODFLDWLRQ ¢
7KH /LWKXDQLD SDUW RI WKH DUHD LV PRVWO\ FRPSRVHG RI
JODFLDWLRQ SHULRG %DOWLMD SKDVH LQ WKH ZHVWHUQ QRU
PDLQ JHRPRUSKRORJLFDO VXE GLVWULFWYV DUH 9Law\wLVv WKH
XSODQGYVY DQG .DOYDULMD SODWHDXV VRPH QRUWKHUQ SDUW
VR FDOOHG 6RXWK HDVWHUQ JODFLRIOXYLDO SODLQ 'DLQDYD
YDOOH\ 7KH ODWWHU SODLQ LV PRVWO\ IRUPHG GXULQJ *UIGD |/
*URXQGZDWHU ERG\ *:% 1R ZDV GHOLQHDWHG LQ WKH QRUWE
*:% ERUGHUV FRLQFLGHV ZLWKYRKIG ADVRH WKHH & ] RUQYBEHD F]D 5LY
DQG HDVWHUQ ERUGHUV FRQWLQXH DORQJ WKH 3ROLVK ERUGHU
WKH VWDWH ERUGHU ZLWK %HODUXYVY 7KH ZHVWHUQ SDUW RI WK
WKH ILUVW RUGHU VXUIDFH ZDWHUVKHG RI WKH 1HPXQDV 5LYHU
PRGHOOLQJ DUHD RQ WKH 3ROLVK VLGH FRYHUVY HDVWHUQ SDUW

*URXQGZDWHU ERGLHV 1R /7 17 DQG /7 F
DQG LQ VKRUW DUH ORFDWHG LQ J/LWKXDQLDC
KWWSV 777 OJW OW HSDVODXJIRY ERISGMO DRI :PKWRO DSS

FRLQFLGHYV ZLWK WKH ERUGHU RI WKH 6RXWK HDVWHUQ /LWKXDQC
B3ROLVK WHUULWRU\ LQ WKH ZHVW ZLWK %HODUXV LQ WKH VRXW
RI WKH DUHD LQ WKH HDVW 7KH DUHD RI *:% 1R LYV DOPRVW
HIFHSW VRPH QRUWKHUQ SDUW LV FRXSOHG WR .DOYDULMD SOD
QRUWKHUQ SDUW RI WKH DUHD

3DJH RI 75%$16)/8;, GHOLYHUDEOH YLFDO YHUVLRQ 2FWREH!



)LJ *URXQGZDWHU ERGLHV *:%fV LQ WKH FURVYV ERUGHU DUHDV RI /LWK

'XH WR WKH K\GURJUDSKLF GLYLVLRQ WKH PRGHOOLQJ DUHD LV OR
RUGHU FDWFKPHQW ZKLFK LV GLYLGHG IURP WKH 9LVWXOD 5LYHU [
,Q WKH *:% 1R WKH FDWFKPHQWYV Rl WKH VHFRQG RUGHU ZHUH GL
+D F]D 5LYHU ZLWK WKH FDWFKPHQW RI WKH WKLUG RUGHU RI WK
ERXQGDU\ ]JRQH DQG %LDAaD +D F]D $Q LPSRUWDQW HOHPHQW RI WK
JXWWHU PHOWLQJ DQG GDP ODNHYV

7KH *:% 1R LQ /LWKXDQLD SDUWO\ LQFOXGHYSRWKGHRDWFKF
%DOWRML $QpLBOUGEHODUDXPHURXY ODNHV IRUP DOVR LPSRUWDQW
VIVWHPV WKHUH 7KH *:% 1R FRYHUV WKH SDUWV RI WKH FDWI
AHAXS]; 3UIGR XSHOLV DQG 3UHJRO\D 7KH *:% 1R LV RQO\ UH«
FDWFKPHQW LQ WKH VWXG\ DUHD
7KH WHUUDLQ UHOLHI LQ WKH (DVW 6XZDANL /DNH 'LVWULFW WKDW
GLYHUVLILHG ,Q WKH QRUWKHUQ SDUW RFFXUV D PRUDLQH SODWHD
WKH KLIJKHVW FXOPLQDWLRQ LQ WKH 6XZDANL UHJLRQ B5RZHOVND
PRUDLQH SODWHDX LV FXW E\ D VHULHV RI JODFLDO JXWWHUV LQ :
ULYHUV DQG VWUHDPV LQ GHHS GHSUHVVLRQV 7KH UHOLHI YDULD\
UHDFKHV XS WR P

7KH ORZHU DUH VLWXDWHG WKH WHUUDFHV RI WKH 6]J]HV]XSD 5LYHL
FRPPRQ LQ WKH YDOOH\V RI WKH ULYHUV PHQWLRQHG DERYH 7KH |

3DJH RI 75%$16)/8;, GHOLYHUDEOH )LFDO YHUVLRQ 2FWREHU



IDNH 'LVWULFW PHVRUHJLRQ LQFOXGHV WKH 6]F]HV]XSD 'HSUHVYV
WKH 6]XUSL4\ DQG WKH .UJHPLDQND 8SODQGYV DQG WKH -HOHQLH
QXPHURXV ULYHU YDOOH\V DQG VPHOWLQJV RI LFH EORFNYV

7TKH VRXWKHUQ ERUGHU RI SRVWJODFLDO SODWHDX ZLWK WKH
RYHUODSVY WKH UDQJH RI WKH IURQWDO PRUDLQHV RI WKH OREF
'LHUH QLH /DNH *LE\ % HU*QLNL ODUNLV]NL OLQH ORUDLQHV RI W
GLUHFWLRQ IURP QRUWK ZHVW WR VRXWK HDVW DQG FRQWLQXH
DQG XQGXODWHG ,W LV FXW E\ YDOOH\V RI JODFLDO ZDWHU R X\
ULYHUV DQG PHOWLQJ GHSUHVVLRQV SDUWO\ DGDSWHG E\ ODN
RQ WKH $XJXVWyZ 30DLQ 6DQGU RI WKH XSSHU OHYHO RI WKH $X
Rl ULYHUV YLVLEOH LQ WKH PRUSKRORJ\ RI WKH DUHD
7KH VRXWKHUQ SDUW RI WKH VWXG\ DUHD LV ORFDWHG ZLWKLQ
WR WKH 1RUWK 3ROLVK 30DLQ PDFURUHJLRQ 7KH YDOOH\ ZDV IF
XSSHU OHYHO DQG WKH HOHYDWLRQV RI DHROLDQ RULJLQ .21'59
7KH 6 XZDONL XSODQG LQ 3RODQG SDVVHV WR WKH /LWKXDQL
RI aH&XSj GLYLGHV WKH XSODQG LQWR WZR GLIIHUHQW SDUWYV
P DERYH VHD OHYHO DQG DQ HDVWHUQ RQH ZLWK D KHLJKW RI
7KH ODUJHVW SDUW RI WKH XSODQG LV FRPSRVHG RI JODFLDO W
PRUDLQHV LQ WKH FHQWUDO SDUW RI WKH 6IGXYD XSODQGV WR
UHJLRQ 6RPH JODFLRODFXVWULQH NDPH WHUUDFHY DQG IOXYL
SDUW RI 4H&XSj YDOOH\ 7KH VRXWKHUQ SDUW RI 'DLQDYD I10XY
IOXYLRJODFLDO WHUUDFH FRXSOHG WR WKH 1HPXQDV YDOOH\ |,
ZLWK IRUHVWY LQ WKH SODLQ %LJ VZDPSV DUH PRVWO\ ORFDW
aH&aXSj YDOOH\ DUHD KRZHYHU D ORW RI VPDOO SHDW\ ORZOD
H[FHSW IRU WKH KLJKHVW SDUWYV RI 6IGXYD XSODQGV *82%<7

3DJH RI 75%$16)/8;, GHOLYHUDEOH YLFDO YHUVLRQ 2FWREH!
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,Q WHUPV RI ODQG XVH WKH VWXG\ DUHD LV D W\SLFDO DJULFXOWX
D ORZ GHJUHH RI LQGXVWULDOL]DWLRQ ORVW RI WKH DUHD LV XVH
DQG ORFDOO\ IRUHVWY 7KH 3ROLVK ERUGHU DUHDV ZLWK /LWKXDQL
SRVH D WKUHDW WR WKH VRLO DQG ZDWHU HQYLURQPHQW DUH XVXD
LQ WKH GLUHFW ERUGHU ]JRQH 7KH JRQHV LQ WKH ERUGHU RI 3ROD
DUHD RI 3WKH *UHHQ /XQJV RI (XURSH" %RUGHUV RI WKLV XQLW LQF
QRUWK HDVWHUQ SDUW RI 3RODQG /LWKXDQLD /DWYLD (VWRQLD ¢
7KH PDMRULW\ RI WKH DUHD LQ /LWKXDQLD LV DQ DJULFXOWXUDO U
WKH 'DLQDYD IOXYLRJODFLDO SODLQ LQ VRXWKHUQ SDUW RI WKH D
PHQWLRQHG JODFLRIOXYLDO WHUUDFH ZKLFK LV ORFDWHG LQ
Z2Z2Z JHRSRUWDO OW PDS

(QYLURQPHQWDO SURWHFWHG DUHDYV

7KH UHJLRQDO SDUN 29L&W\pLR UHJLRQLQLY SDUNDV" LV ORFDYV
ERUGHU DUHD ZLWK WKH QRUWKHUQ SDUW RI WKH 6XZDaNL 5HIJLRQ
ORFDWHG FORVH WKH 3ROLVK ERUGHU L QKWRWSNK HY\NOWSD O WY RO WV ®
WHULWRULMX VLVWHPD UHJLRQLQLDL SDUNDL

,Q WKH ERUGHU ]RQH RI WKH PRGHOOLQJ DUHD LQ WKH IUDPHZRU
1$785% KDV EHHQ HVWDEOLVKHG WKH VSHFLDO DUHD RI KDELWD
DQG DUHD RI VSHFLDO SURWHFWLRQ RI KDELWDWV RI ELUGYV 1$785%

)LJ 1DWXUD 6SHFLDO $UHDV RI &RQVHUYDWLRQ 6%$& DQG 1DWXUD

3DJH R 75%$16)/8, GHOLYHUDEOH )LYDO YHUVLRQ 2FWREHU



WKH 3ROLVK DQG /LWKXDQLDQ FURVV ERUGHU DUHDV

3DJH R 75%$16)/8, GHOLYHUDEOH )LYDO YHUVLRQ 2FWREH!



*(2/2*,&%/ 6758&785(

,Q WHUPV RI WKH GLYLVLRQ LQWR JHRORJLFDO DQG VWUXFWXUDO X
6XZDANL (OHYDWLRQ ZKLFK LV D SDUW RI WKH (DVW (XURSHDQ 3
FRPSRVHG RI LIQHRXY DQG PHWDPRUSKLF URFNV LQWHUVHFWHG E\

I[URP PEJO LQ WKHUHJLRQ RI 8GU\ WR DERXW PEJO LQW
DUHD 7KH GHSWK WR WKH EDVHPHQW URFNYV LV P DQG HYHQ
PRUH WKDQ PLQ WKH $O\WDXV 8SODQG LQ FHQWUDO /LWKXDQ

LQ WKH 'DLQDYD 30DLQ DUHD WUDQVLWLRQ WR WKH %HODVXV 0D]X
7KH ROGHVW URFNV IRXQG LQ WKH VWXG\ DUHD DUH 3UHFDPEUL
JUDQLWRLGYV QRULWY DQG DQRUWKRVLWHV ,Q WKH 3ROLVK ERUGHL
LV DSSUR[LPDWHO\ P *QHLVVHV JUDQLWRJQHLVVHV DQG DPSKLE
ILWKXDQLD 0278=$
7KH FU\WWDOLQH EDVHPHQW LV RYHUODLQ E\ WKH /RZHU DQG OLG!
VKDOHV /RZHU DQG OLGGOH 2UGRYLFLDQ VDQGVWRQHV 8SSHU 2L
6LOXULDQ FOD\VWRQHV DQG PDUOV 3HUPLDQ OLPHVWRQHV /RZHI
FOD\WWRQHV VDQGVWRQHV OLPHVWRQHV RROLWLF PDUOV DV
VDQGVWRQHV DQG PXGVWRQHV 8SSHU -XUDVVLF OLPHVWRQHV D¢
VDQGVWRQHV DQG PXGVWRQHV 8SSHU &UHWDFHRXV FKDON PDUOV
DQG VDQGYV DQG VDQGVWRQHV DQG PDUOV LQ WKH /LWKXDQLDQ SDU
VDQGVWRQHV Rl ORFDO RFFXUUHQFH 7KH WRWDO WKLFNQHVV RI W
LV DERXW P 6=(:&=<.- *,'=, 6.,7 *(17.%" y<a,(1 (7 $/
7KH WRSPRVW &UHWDFHRXV LV FRPSRVHG Rl JODXFRQLWH VDQG
VHULHV 7KH 3DOHRJHQH GHSRVLWY DUH UHSUHVHQWHG E\ PDUO\ P)

4XDWHUQDU\ VHGLPHQWYV

S3OHLVWRFHQH

7KH UHVXOW RI JODFLDO HURVLRQ DQG H[HUWLRQ LQ WKH 6XZDANL |
RI WKH SUH 3OHLVWRFHQH GHSRVLWVY /RFDOO\ 3DOHRJHQH 1HRJH
UHPRYHG 7KH IRUPDWLRQ RI WKH VXE 4XDWHUQDU\ EHGURFN VXU
QHRWHFWRQLF SURFHVVHVY UHODWHG WR WKH SURORQJDWLRQ RI $0O
DFWLYDWLRQ RI FUDFNV LQ WKH URFNV RI GHHSHU EDVHPHQW &RPS
NQRZQ SULPDULO\ IURP PDSSLQJ ERUHKROHY GULOOHG GXULQJ WKH
*HRORJLFDO 0ODS RI 3RODQG 7KH WKLFNQHVYVY RI WKH 4XDWH
WKH VXE 4XDWHUQDU\ VXUIDFH UHOLHI

7KH YDULDEOH WKLFNQHVV RI WKH 4XDWHUQDU\ IRUPDWLRQV LV DO\
UHOLHI RI VXE 4XDWHUQDU\ URFNV 7KH JUHDWHVW WRWDO WKLFN
UHDFKLQJ XS WR P zZzDV UHSRUWHG IURP WKH QRUWKHUQ SDUW K
RI WKH VXE 4XDWHUQDU\ GHSUHVVLRQV 7KH UHOLHI RI WKH QRUWKE
LV D SRVWJODFLDO SODWHDX JRQH 7KH VXUIDFH RI WKH 30HLVWRF
DGYDQFH VWDJQDWLRQ DQG UHWUHDW RI WKH LFH VKHHW IURQW RI
JODFLRWHFWRQLFY DQG QHRWHFWRQLF SKHQRPHQD

3DJH R 75%$16)/8, GHOLYHUDEOH )LYDO YHUVLRQ 2FWREHU



,Q WKH VRXWKHUQ SDUW RI WKH *:% 1R LQ WKH 6HMQ\ UHJLR
+RORFHQH GHSRVLWYVY GHFUHDVHV WR P

,Q WKH PRGHO VWXG\ bUHD WKHUH DUH VHYHUDO OHYHOV RI W
JODFLRODFXVWULQH IRUPDWLRQV *ODFLRWHFWRQLF GHJODFL
GLVWXUELQJ WKH WRS OD\HUV RI WKH 30HLVWRFHQH FRPSOH[ U
JODFLDWLRQ GHSRVLWYV

3DUWLFXODUO\ VWURQJ HURVLRQDO SURFHVVHV RFFXUUHG LQ
YDOOH\ 6XUIDFH VHGLPHQWY LQ WKH VWXG\ DUHD DUH UHSUH
1XPHURXV WHUUDLQ GHSUHVVLRQV ZLWKLQ WKH KLOO\ PRUDLQH
DQG PXGV DQG SHDWV

,Q WKH /LWKXDQLDQ SDUW RI WKH PRGHO DUHD WKH JUHDWHVW

P 1RUY\GDL ERUHKROH * LV UHFRUGHG LQ WKH 9L&W\WLYV 8
$W WKH UHPDLQLQJ VLWHV RI WKH XSODQG WKH WKLFNQHVV RI
UDQJH RI WKH 3OHLVWRFHQH FRPSOH[ LV FD P LQ WKH $0\

PLQ WKH .DOYDULMD 30DLQ 7KH WKLFNQHVV RI SOHLVWRFHQ
YDULDEOH UDQJLQJ IURP WR P +RZHYHU WKHVH GHSRVLW)\
WKH JODFLRIOXYLDO WHUUDFH LQ WKH VRXWKHUQ SDUW RI WKH
5LYHU YDOOH\ HURVLRQDO WUDQVIRUPDWLRQV WRRN SODFH ZK
DVVRFLDWHG ZLWK WKH PDUJLQDO VLWHV RI WKH YDOOH\ FUHD)
*82%<7 *82%<7 ,Q WHUPV RI VWUDWLJUDSK\ WKH 30OHLVWR
EHGV RI JODFLDO WLOOV VHSDUDWHG E\ JODFLRIOXYLDO VHGLPF
GHSRVLWY WKH GHSRVLWLRQ RI ZKLFK WRRN SODFH GXULQJ VXI

3DJH R 75%$16)/8, GHOLYHUDEOH )LYDO YHUVLRQ 2FWREH!



+<'52*(2/2*,&%/ &21',7,216

,Q WHUPV RI WKH VXEGLYLVLRR<LOQWR ZDWHKWH BROULRFEVSBUW RI WKH
DUHD LV LQFOXGHG LQ WKH 1DUHZ 3UHJR&abD DQG 1LHPHQ UHJLRQ 5¢

WDNHV SODFH WRZDUGV WKH 1HPXQDV 5LYHU WKH &]DUQD +D F]D
+D F]D 5LYHU WKH ODU\FKD 5LYHU DQG WKH 3UHJRAD 5LYHU YDOOH
DUHD LV FKDUDFWHULVHG E\ KLJK GLYHUVLW\ RI K\GURJHRORJLFDO
DTXLIHUV DUH SRRUO\ HISORUHG DQG DUH PRQLWRUHG E\ REVHUYDW
VWDWLRQ DW 6LGRUYZND 7KH &UHWDFHRXY DQG -XUDVVLF DTXLIHU

7KH WRS RI ZDWHU EHDULQJ GHSRVLWV RI WKH &UHWDFHRXYV DTXLI}
PEJO 7KH DTXLIHU LV FRPSRVHG RI PDUOV 7KH WRS RI WKH 8SSH
R P 7KH DTXLIHU LV UHSUHVHQWHG E\ OLPHVWRQHV 7KH DTXLI
DTXLIHU IRUPDWLRQ UHSUHVHQWHG E\ OLRFHQH DQG 20LJRFHQH Vi
LQ WKH ZDWHU VXSSO\ SURFHVV 2Q WKH 3ROLVK /LWKXDQLDQ ERL
1HRJHQH DTXLIHUV DUH ORFDOO\ RI XVDEOH VLJQLILFDQFH *5%$1,&=:

4XDWHUQDU\ VHGLPHQWYV

3OHLVWRFHQH

+\GURJHRORJLFDO NQRZOHGJH RI WKH FURVV ERUGHU DUHD LV QRW
ILUVW DQG VHFRQG SURGXFWLYH DTXLIHUV ZKLFK DUH FRPSRVHG RI
DTXLIHUV DUH H[SORLWHG E\ GULOOHG ZHOOV $TXLIHUV HVSHFLD!
WKLFNQHVVHYVY YDULDEOH OLWKRORJLFDO VWUXFWXUH DQG JUDLQ \
ORFDOO\ WKHUH LV QR FRQWLQXLW\ RI DTXLIHUV ZKLFK LV FRQII
GLVWULEXWLRQ RI ILOWUDWLRQ FRHIILFLHQW LQ HDFK ZDWHU EHD
YDULDELOLW\ DQG KRPRIJHQHLW\ 7KH 4XDWHUQDU\ GHSRVLWYV IRUP
RI WKH PRGHOOLQJ VWXGLHV )LIXUHV DQG
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)LJ 7RS RI HOHYDWLRQ RI WKH ILUVW VKDOORZ DTXLIHU

)LJ %YRWWRP RI HOHYDWLRQ RI WKH ILUVW VKDOORZ DTXLIHU
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)LJ 'LVWULEXWLRQ RI K\GUDXOLF FRQGXFWLYLW\ LQ WKH ILUVW DTXLIHU

,Q WKH QRUWKHUQ SDUW RI WKH UHVHDUFK DUHD FRQVLGHUDEOH
ULYHU YDOOH\V H J 6]HV]XSD 5LYHU YDOOH\ DQG GHSUHVVLRQV FX
RI QXPHURXV VSULQJY DQG VSULQJ DUHDYVY GUDLQLQJ WKH DTXLIHUV

7KH UHFKDUJH RI VXE VXUIDFH DTXLIHUV PRVWO\ WDNHV SODFH DV
7KH GHHSHU VHDWHG DTXLIHUV DUH UHFKDUJHG GXH WR LQILOWULI
DTXLIHUV WKURXJK VHPL SHUPHDEOH VHGLPHQWY DQG DV D UHVXOV
DUHDV RI K\GURJHRORJLFDO ZLQGRZV ZKLFK KDYH HURVLYH RU VH(
6]JHV]XSD &4H&XSj DQG .LUVQD YDOOH\V JURXQGZDWHU RI WKH GHHS
KLIJK SLHIRPHWULF SUHVVXUH ORFDOO\ VKRZLQJ WKH DUWHVLDQ W\

TKLFENQHVYVY YDULDWLRQV RI WKH DTXLIHUV RYHU VKRUW RIWHQ VHY
D FKDQJH RI GLUHFWLRQV RI JURXQGZDWHU ILOWUDWLRQ ,Q WKH ¢
XVXDOO\ WZR WR WKUHH PDLQ DTXLIHUY VHSDUDWHG E\ VHPL SHUP
DTXLWDUGYV 7KH WRS VXUIDFH RI WKH ILUVW XVDEOH 4XDWHUQDU
XVDEOH DTXLIHU LQ WKH VWXG\ DUHD LV XVXDOO\ DW D GHSWK UL
GHSWK RI P LQ WKH XSODQGV RI WKH 6XZDaNL /DNH 'LVWI
3a2&+1,(:6.,

'XH WR WKH FRPSOLFDWHG JHRORJLFDO VWUXFWXUH RI WKH ERUGH
UHFKDUJLQJ WKH GHHSHU 4XDWHUQDU\ DTXLIHUV LV SOD\HG E\ GLUFE
DTXLIHUV ,Q DTXLIHUV WKDW DUH FKDUDFWHULVHG E\ FRQVLGHU
K\GUDXOLF ZLQGRZV WKHUH LV D JURXQGZDWHU IORZ ZLWK D GRPLC
RI ODWHUDO JURXQGZDWHU IORZ LQ WKH GHHSHU DTXLIHUV LV GL

3DJH R 75%$16)/8, GHOLYHUDEOH )LYDO YHUVLRQ 2FWREHU



UHODWLRQVKLS ZLWK WKH JURXQG VXUIDFH UHOLHI DQG ZLWK
0,75 *$ *URXQGZDWHU IORZ GLUHFWLRQV LQ LQGLYLGXDC
UHODWLRQV ZLWK WKH WRSRJUDSK\ DQG WKH\ GLIIHU IURP H
3$&=< 6., 3a2&+1,(:6., ,QWHQVH UHFKDUJH PD\ RFFXU L
VWUXFWXUHV IRXQG DW D GHSWK RI PHWUHV 7KH\ EHORQJ
ZLWK D JRQH RI LQWHQVH GUDLQDJH UHDFKLQJ P *58$1,&=1<
EHDULQJ VWUXFWXUHV WKDW RFFXU DW JUHDWHU GHSWKV RI

JUDGLHQW DQG DUH LQFOXGHG LQ WKH UHJLRQDO JURXQGZDWHL
3$&+/$ *URXQGZDWHU RI WKH DTXLIHUV RFFXUULQJ DW D G
WKH UHJLRQDO FLUFXODWLRQ V\VWHP 7KH\ UHFKDUJH WKH ERW)
VI\VWHP DQG LV SDUWO\ LQFOXGHG LQ WKH ODWHUDO ILOWUDWLF

7KH WKLFENQHVV RI WKH DFWLYH JRQH RI ITUHVKZDWHU H[FKDQJF
YDULDEOH ORFDOO\ IURP LWV DEVHQFH LQ VRPH SDUWV RI WI
ILWKXDQLD XS WR DPRQJ RWKHUV LQ WKH VRXWKHUQ SDUW R
HGV

7KH 4XDWHUQDU\ XVDEOH DTXLIHUV DUH UHSUHVHQWHG E\ VDQG
4XDWHUQDU\ PXOWL DTXLIHU VA\VWHP XVXDOO\ FRQWDLQV DTXIL
WKH VKDOORZ ILUVW DTXLIHU ZKLFK DUH VHSDUDWHG E\ VHPL !
DTXLIHU VA\VWHP RI WKH VWXG\ DUHD HQFRPSDVVHYV VHYHUDO VD

9 6XE VXUIDFH ILUVW DTXLIHU , VHH )LIXUHYV
9 8SSHU LQWHUPRUDLQH DTXLIHU ,, VHH )LIXUHV
9 /RZHU LQWHUPRUDLQH DTXLIHU ,,, VHH )LIXUHYV

,Q WKH DUHD XQGHU FRQVLGHUDWLRQ WKH PDMRULW\ RI GULOC
EHDULQJ KRUL]JRQV RI XSSHU LQWHU PRUDLQH DTXLIHU 7KLV
SUHGRPLQDQWO\ LQ WKH QRUWKHUQ DQG FHQWUDO SDUWV RI Wi/
$TXLIHUV KDYH EHHQ GLVWLQJXLVKHG LQ WKH QRUWKHUQ DQG F
VXE VXUIDFH JRQH $TXLIHUV KDYH DOVR GHYHORSHG LQ DOOXYL
FRQWHPSRUDU\ ULYHUYV

6XE VXUIDFH DTXLIHUV DUH JHQHUDOO\ RI QR LPSRUWDQFH IRU
VDOH *URXQGZDWHU IURP WKLV DTXLIHU LV PDLQO\ DEVWUDFW
DQG LV XVHG IRU WKH QHHGV RI IDUPV ,Q WKH VRXWKHUQ 3ROL\
vDQGU WKH ILUVW DTXLIHU LV UHSUHVHQWHG E\ IOXYLRJODFLLEL
3ROLVK JODFLDWLRQV *HQHUDOO\ LW LV FKDUDFWHULVHG E\ W
DQG ORZ SHUPHDEOH VHGLPHQWYV 7KH JURXQGZDWHU WDEOH LV
FRQOQHFWLRQ ZLWK WKH XSSHU LQWHUPRUDLQH DTXLIHU WKDW
7KH GHJUHH RI YXOQHUDELOLW\ WR FRQWDPLQDWLRQ RI WKH V
RYHUEXUGHQ RI OD\HUV FRPSRVHG RI VHPL SHUPHDEOH VHGLF
$XIXVWyZ 30DLQ DUHD LV RI XVDEOH VLIJQLILFDQFH DQG WKH Jl
GULOOHG ZHOOV RI UXUDO ZDWHU LQWDNHY DQG UHFUHDWLRQ F

*URXQGZDWHU DEVWUDFWLRQ IURP WKH VXE VXUIDFH DTXLIHU
ILWKXDQLDQ SDUW RI WKH PRGHO DUHD ZLWK WKH H[FHSWLRQ R
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LQ WKH ZHVW 9LAW\WLV 8SODQG DQG WKH DERYH PHQWLRQHG IRU|
SDUW Rl WKH PRGHO DUHD 5$'=(9,y,(1 (7 $/

)LJ 7RS RI HOHYDWLRQ RI WKH VHFRQG 8SSHU ,QWHUPRUDLQH DTXLIHU

)LJ %YRWWRP RI HOHYDWLRQ RI WKH VHFRQG 8SSHU ,LQWHUPRUDLQH DT

3DJH R 75%$16)/8, GHOLYHUDEOH )LYDO YHUVLRQ 2FWREHU



)LJ 'LVWULEXWLRQ RI K\GUDXOLF FRQGXFWLYLW\ LQ WKH VHFRQG 8¢

7KH 4XDWHUQDU\ LQWHUPRUDLQH 8SSHU LOQWHUPRUDLQH DQG /F
SURGXFWLYH DTXLIHUV LQ WKLV UHJLRQ 7ZR LQWHUPRUDLQH
, QWHUPRUDLQH DTXLIHU )LIJXUHYV DQG WKH /RZHU LQWHUPRU
LQFOXGHV VHYHUDO OD\HUV RI VDQG\ DQG JUDYHO VHGLPHQWYV
DTXLWDUGV RI D VPDOO WKLFNQHVYV

7KH PRVW ZLGHVSUHDGXDRG BRRPIRHQOLQ WKLY DUHD LV WKH XS:
7TKHVH GHSRVLWYV IRUP D ZLGHVSUHDG ZDWHU EHDULQJ IRUPDW
DTXLIHU LV XVHG IRU ORFDO SXUSRVHV DQG LV DEVWUDFWHG E
LQWDNHYVY W LV DVVRFLDWHG ZLWK VHGLPHQWY RI YDULRXV RU
FRQWLQXRXV VHULHV RI IOXYLRJODFLDO JUDYHOV DQG VDQGYV
LOWHUPRUDLQH DTXLIHU ZDV IRUPHG LQ WKH IOXYLRJODFLDO Vt
WKH 1RUWK 3ROLVK *ODFLDWLRQ :DWHU EHDULQJ EHGV RI WKI
IRUPDWLRQ RQ D UHJLRQDO VFDOH

7KH WKLFNQHVYV RI DTXLIHUV RI WKH XSSHU LQWHUPRUDLQH DT XI
I[URP VHYHUDO WR PRUH WKDQ PHWHUV ZLWKLQ WKH VXEJODF
3RODQG 7KH JURXQGZDWHU WDEOH XVXDOO\ LV FRQILQHG

,Q WKH VRXWKHUQ SDUW RI WKH VWXG\ DUHD WKH XSSHU LQWHL
WKH VWXG\ DUHD SDVVHV LQWR WKH ILUVW DN KHIHAR QWIIAW R @
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$XIXVWyZ 6DQGU WKH JURXQGZDWHU WDEOH LV XQFRQILQHG ,Q W
LQWHUPRUDLQH DTXLIHU KDV FRQWLQXRXV H[WHQW ZLWK D WKLFN
JURXQGZDWHU WDEOH LV XQFRQILQHG KHUH 7KH GHJUHH Rl JURXC
SROOXWLRQ KDV EHHQ DVVHVVHG DV ORZ

7KH WUDQVPLVVLYLW\ RI WKH 8SSHU ,QWHUPRU DL @H ® TOQHAH H DMH V
VLIJQLILFDQWO\ LQ WKH QRUWKHUQ SDKW,QZKNHKWHH 3IRWRSND DQG 6RF
GHSUHVVLRQV WKH XSSHU LQWHUPRUDLQH DTXLIHU RFFXUV DERYH
SUHVHQFH RI QXPHURXV VSULQJV RQ WKH VORSHV DQG LQ WKH C
0,(7%$ 6., /

,Q WKH QRUWKHUQ SDUW RI *:% 1R WKH 6]HV]XSD 5LYHU LV WKF
LOQWHUPRUDLQH DTXLIHU 7KH 8SSHU ,QWHUPRUDLQH DTXLIHU LV Ul
UHVXOW RI UDLQZDWHU LQILOWUDWLRQ LQ WKH $XJIJXVWyZ VDQGU D!
WR WKH JURXQGZDWHU SHUFRODWLRQ LQWR WKH XVDEOH DTXLIHU
RYHUEXUGHQ ZKLFK DUH FRPSRVHG RI WLOOV DQG RWKHU SRRUQO
DTXLIHUV

)LJ 7RS RI HOHYDWLRQ RI WKH WKLUG VHFRQG /RZHU ,QWHUPRUDLQH LC
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)LJ %RWWRP RI HOHYDWLRQ RI WKH WKLUG /RZHU ,QWHUPRUDLQH |

)LJ 'LVWULEXWLRQ RI K\GUDXOLF FRQGXFWLYLW\ LQ WKH WKLUG /R.

7KH XSSHU LOWHUPRUDLQH DTXLIHU DQG WKH ORZHU LOQWHUPRUL
'LWKLQ WKH DUHD RI EXULHG YDOOH\V DQG VXEJODFLDO WXQQHC
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3ROLVK *ODFLDWLRQ HJ LQ WKH 6HMQ\ UHJLRQ WKH FRQQHFWHG

DTXLIHU WKH WKLFNQHVV RI ZKLFK UHDFKHV P LQ WKH YLFLQLW\

DUH VHSDUDWHG E\ D GLVFRQWLQXRXV OD\HU RI JODFLDO WLOOV D

DWWDLQLQJ D WKLFNQHVV RI VHYHUDO PHWUHYV 7UDQVPLVVLYLW\ R
P K

7KH XSSHU LQWHUPRUDLQH DTXLIHU LV ORFDOO\ DEVHQW LQ WKH /L
ZHVWHUQ SDUW RI WKH 9LAW\WLV 8SODQG LQ WKH 6]HV]XSD DQG
SURFHVVHV DQG DOVR LQ VRPH UHJLRQV Rl WKH HDVWHUQ SDUW
LQWHUPRUDLQH DTXLIHU VSUHDGV WKURXJKRXW WKH DUHD H[FHS
FDWFKPHQWY DQG 1HPXQDV YDOOH\ DV ZHOO 5%$'=(9,y,(1 (7 $/

7KH ORZHU LQWHUPRUDLQH DTXLIHU LV UHSUHVHQWHG E\ D VHULHV
OLGGOH 3ROLVK DQG 6RXWK 3ROLVK JODFLDWLRQV 7KH ZDWHU EHD
VWXG\ DUHD LQ WKH 6]HV]XSD GHSUHVVLRQ DUH RYHUODLQ E\ JOI
FRPPRQO\ FKDUDFWHULVHG E\ DQ FRQILQHG JURXQGZDWHU VXUIDFH
E\ D VHULHV RI VHPL SHUPHDEOH GHSRVLWYV FOD\V PXGV DQG WLO
0OXGV DQG VLOW\N VDQGV RFFXU ORFDOO\ LQ WKH XSSHU SDUWV RI W
JODFLR WHFWRQLFDOO\ GLVWXUEHG )(/7(5

7KH RWKHU LQWHUPRUDLQH DTXLIHU JHQHUDOO\ RFFXUV WKURXJKR?
RI WKH 6]HV]XSD DQG .LUVQD FDWFKPHQW DUHDV DQG ORFDOO\ LQ V
5$'=(9,y.(1 (7 $/ 7KH ORZHU LQWHUPRUDLQH DTXLIHU LV UHFKDU
IURP WKH XSSHU LOQWHUPRUDLQH DTXLIHU WKURXJK SRRUO\ SHUPHLEL
DUHD RI K\GURJHRORJLFDO ZLQGRZV
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7KH JURXQGZDWHU FLUFXODWLRQ LQ WKH VXE VXUIDFH DTXLIHU
7KH DTXLIHU LV UHFKDUJHG LQ WKH UHVXOW RI UDLQZDWHU LQI
WRSRJUDSKLF GHSUHVVLRQV DQG YDOOH\V RI PLQRU ULYHUV )L.

yLJ *URXQGZDWHU OHYHO FRQWRXUV RI WKH ILUVW VKDOORZ D
PRGHOOLQJ

,Q WKH QRUWKHUQ DQG FHQWUDO SDUW RI *:% 1R JURXQGZD
IORZV IURP WKH QRUWK ZHVW WR WKH VRXWK HDVW WRZDUGYV '
'LJUD DQG 6]XUSLAYyZND 7KH 6]HV]XSD 5LYHU ZKLFK LV WKH PDL
LQWR WKH 1HPXQDV 5LYHU RQ WKH WHUULWRU\ RI /LWKXDQLD D
6]HV]XSD FDWFKPHQW WKH GUDLQDJH HIIHFW RI WKH 6]HOPHO(
4XDWHUQDU\ DTXLIHUV LV YLVLEOH )LJXUHV DQG 7KH 6]HC
6]HOHPQW :LHONL /DNH WKHQ LW IORZV QRUWKZDUGV WKURXJK \
LQWR WKH 6]HV]XSD 5LYHU ,Q WKH DUHD RI 3X VN :LGXJLHU\ 6H
DUW RI VWXG\ DUHD JURXQGZDWHU RI WKH 4XDWHUQDU\ DTXLIH!
LWV WULEXWDULHV

,Q WKH /LWKXDQLDQ SDUW LQ WKH *:% 1R JURXQGZDWHU
.LUvQD 5DLaXSLV 5LYHUV 'LUHFWLRQV RI JURXQGZDWHU IORZ
VRXWKZHVW GLUHFWLRQV ZKLFK DUH FKDUDFWHULVWLF IRU W
GLUHFWLRQV IRU WKH .LUVQD 5DL&XSLV 5LYHU 7KH JURXQGZ
FKDUDFWHUL]HG DV UDGLDO IORZ EHFDXVH VRPH WHUUDLQ HOH
*1% 1R JURXQGZDWHU IORZ GLUHFWLRQV DUH IURP QRUWKZH
YDOOH\ ZLWK VRPH H[FHSWLRQV UHODWHG WR WKH ORFDO HOH

3DJH R 75%$16)/8, GHOLYHUDEOH )LYDO YHUVLRQ 2FWREH!



'"HWDLOHG PDSV RI WKH LVRK\SVHV RI JURXQGZDWHU KHDGV LQ WKH

)LJ *URXQGZDWHU OHYHO FRQWRXUV RI WKH VHFRQG XSSHU LQWHUPR
QXPHULFDO PRGHOOLQJ

)LJ *URXQGZDWHU OHYHO FRQWRXUV RI WKH WKLUG ORZHU LQWHUPR
QXPHULFDO PRGHOLQJ
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7KH ILUVW ZRUNVKRS RI WKH :3 ZDV KROG DW WKH 6LGRUYZNL
*HRORJLFDO ,QVWLWXWH 1DWLRQDO 5M¥HDURX WXWLW LRAHHWH R |
UHSUHVHQWDWLYHV RI WKH 3ROLVK *HRORJLFDO ,QVWLWXWH 1
ILWKXDQLDQ *HRORJLFDO 6XUYH\ [*7 $W WKH ZRUNLQJ PHHWL
SUHVHQWHG ZLWK ERXQGDU\ FRQGLWLRQV IRU WKH PRGHOOLQJ
ERUGHU ]RQH 'LVFXVVLRQV DOVR DLPHG DW WKH LVVXHV UHOD
PRGHO OD\HUV W ZDV GHFLGHG WKDW WKH QXPHULFDO PRGHC
VRIWZDUH RSHUDWLQJ LQ WKH OLFURVRIW LQGRZV HQYLURQP
FDOFXODWLRQ SURFHVYVY *: 9LVWDV LV DQ LOQWHUIDFH RQ WKH 0
WKH PHHWLQJ LQ 6LGRUYyZND H[SHULHQFHVY UHIHUULQJ WR DOUH
S3RODQG DQG LQ /LWKXDQLD ZHUH FRPSDUHG

7TDVN RI ;@WHJUDWHG HYDOXDWLRQ DQG KDUPRQL]DWLRQ RI
PRGHOOLQJ SZXW\SFRWG XFWHG VLQFH -DQXDU\ SDUWLFLSDQW
SURYLGHG JHRORJLFDO K\GURJHRORJLFDO DQG RWKHU GDWD X
WKLV VWDJH RI WKH SURMHFW FRRSHUDWLQJ SDUWLHV RI WKH
WKDW DUH SDUWO\ DYDLODEOH LQ DQDORJ IRUP RU LQ SGI ILOFH
ubz Gbwb ZHUH SURFHVVHG WR WKH FRPPRQ SURMHFWLRQ LQ
JHRJUDSKLF FRRUGLQDWH V\VWHP XVHG LV 38:* 6\VWHP :*6€
EHWZHHQ WKH FRRSHUDWLQJ SDUWLHYV

7TDVN S8QLILFDWLRQ DQG KDUPRQL]DWLRQ WRZDUGV D K\G!
SDUDPHWHUV DQG OD\HUV IRU WKH PXOWL DTXLIHU VA\VWHP”" DLP
SUHSDUH WKH *,6 OD\HUV IRU PRGHOOLQJ SXUSRVHV G6RPH OD\}+
DQG JDSV RI GDWD ZHUH ILOOHG ZLWK QHFHVVDU\ LQIRUPDWLRQ
Gbwb WKDW SUHVHQWHG VFKHPDWLF K\GURJHRORJLFDO FRQGL
REWDLQHG

B8QLILFDWLRQ DQG KDUPRQL]DWLRQ RI GDWD

7DVN S8QLILFDWLRQ DQG KDUPRQL]DWLRQ WRZDUGV D K\GH
SDUDPHWHUV DQG OD\HUV IRU WKH PXOWL DTXLIHU VA\VWHP" LQF

f "HWHUPLQDWLRQ RI WKH QXPEHU RFFXUUHQFH DQG VSDWLD
WKH FURVV ERUGHU DUHD

f '"HYHORSPHQW RI PRGHO OD\HUV LQ *,6

f OHUJLQJ WKH PRGHO OD\HUV DW WKH ERUGHU ILOOLQJ WKH

f 'LVWULEXWLRQ RI WKH K\GURJHRORJLFDO SDUDPHWHUV

FRHIILFLHQW N WUDQVPLVVLYLW\N\ 7 LQ PRGHO OD\HUV
SDUWQHUV RI WKH FRQVRUWLXP IURP WKH /LWKXDQLDQ *HRORJLF
I1DWLRQDO 5HVHDUFK ,QVWLWXWH SUHSDUHG PRGHO OD\HUV L
VRIWZDUH

,Q WKH IUDPHZRUN RI WDVN WKH K\GURJHRORJLFDO GDWDVH
DQG WKH ERWWRP RI PRGHO OD\HUV RI WKH PXOWL DTXLIHU V\VW
ZHUH XQLILHG DQG KDUPRQL]JHG ORUHRYHU WKH VSDWLDO H[W]
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DQG GHWHUPLQHG 7KH JHRPHWU\ RI WUDQVERXQGDU\ ZDWHUFRXUV
WDEOH LQ ULYHUV ZHUH XQLILHG LQ WKLV DSSURDFK

7KH WHDP RI :3 ZRUNHG RQ LPSRUW RI WKH SUHSDUHG *,6 OD\H
*URXQGZDWHU 9LVWDV '"HYHORSHG DQG PHUJHG PRGHO OD\HUV C
K\GURJHRORJLFDO FRQGLWLRQV IRU WKH WUDQVERXQGDU\ DUHD 6|
ZLWKLQ WKH FURVV ERUGHU DUHD EHWZHHQ 3RODQG DQG /LWKXDQL
LQ WKHVH SDUWYV
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'‘DWD FROOHFWLRQ VWUXFWXUH

$ MRLQW GDWD VHW ZDV GHYHORSHG LQ WKH *,6 HQYLURQPH
PDQDIJHPHQW RI WKH DUFKLYH K\GURJHRORJLFDO GDWD DQG UHYV
WKH IROORZLQJ UDZ GDWD RI WKH 3ROLVK *HRORJLFDO ,QVWI
ILWKXDQLDQ *HRORJLFDO 6XUYH\ ZHUH FROOHFWHG

x OLWKR VWUDWLJUDSKLF SURILOHV Rl K\GURJHRORJLFDO
SLHIRPHWHUYV DQG GULOOLQJ ZHOOV

x GDWD UHODWHG WR K\GURJHRORJLFDO SDUDPHWHUV RI DTX

WKH SXPSLQJ WHVWYV DFFHVVLEOH LQ WKH &HQWUDO +\GUR

OD\HUV RI WKH *HRORJLFDO 0ODS RI 3RODQG RlI 4XDWF

OD\HUV RI WKH +\GURJHRORJLFDO 0ODS RI 3RODQG

K\GURPHWHRURORJLFDO GDWD

'LJLWDO ORGHO 7HUUDLQ OD\HUV

RWKHU YDULRXV GDWD HVVHQWLDO IRU WKH SURMHFW QHH(

X X X X X

$00 WKH GDWD PHQWLRQHG DERYH ZHUH SURFHVVHG WUDQVIRI
ZHUH LPSRUWHG LQ WKH PRGHOOLQJ VRIWZDUH LQ WKH IUDPH?:
K\GURG\QDPLF PRGHO IRU 3ROLVK /LWKXDQLDQ FURVV ERUGHU L
IRU WKH PDQDJHPHQW RI WKH ILHOG ZRUNV GDWD DV ZHOO DV
GDWD 7KH VWUXFWXUH RI UHVXOWLQJ GDWD VHW LV LOOXVWUD!'
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)LJ 6FKHPH RI GDWD VHW RI WKH 3ROLVK *HRORJLFDO ,QVWLWXYV
IRU QXPHULFDO PRGHOOLQJ ZLWKLQ WKH 3ROLVK /LWKXDQLDQ FURYV
7
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,Q WKH WDVN S, QWHIJUDWHG HYDOXDWLRQ DQG KDUPRQL]DWLR
SXUSRVHVY" ZHUH PHQWLRQHG GLIIHUHQW H[DPSOHV WKDW ZHU
ObD\HUV WKDW ZHUH GHYHORSHG DQG SURYLGHG E\ ERWK SDUW|
*HRORJLFDO ,QVWLWXWH == 1DWLRQDO 5HVHDUFK ,QVWLWXWH 2
6XUYH\ [*7 7KH GDWD DQG *,6 OD\HUV ZHUH XQLILHG KDUPRC
S8QLILFDWLRQ DQG KDUPRQL]DWLRQ WRZDUGV D K\GURJHRORJLF
OD\HUV IRU WKH PXOWL DTXLIHU VA\VWHP~ %HQHILFLDO LQ WKH
OD\HUV zZzDV DFFHVV WR WKH QHZ K\GURJHRORJLFDO GDWD IURP
7KH *,6 OD\HUV ZHUH XQLILHG DQG KDUPRQL]JHG XVLQJ DFFHVVLI

JHRORJLFDO ERUHKROHV K\GURJHRORJLFDO ZHOOV DQG SLH]RP

,Q b FDVH ZKHUH ZH LGHQWLILHG GLIIHUHQFHYVY LQ WKH WKLFNC
VXUIDFH D GHFLVLRQ zZzDV PDGH WR XVH DYHUDJH YDOXHV RI W
7TKLENQHVYV RI LQGLYLGXDO OD\HU DTXLIHU K\GUDXOLF SURSHU\
GLIITHU LQ VRPH SDUWV RI WKH PRGHOOLQJ DUHD 7KH *,6 OD\HU\
PHOQWLRQHG DERYH XVLQJ UHOLDEOH GDWD IURP SURILOHV RI H
IURP WKH WHUULWRU\ RI DQRWKHU FRXQWU\ ZDV D XQLTXH RS
LQIRUPDWLRQ LQ WKH FURVYVY ERUGHU VFDOH &ORVH WR WKH ER
HDFK SDUW\ LV QRW VXIILFLHQW GDWD ZHUH UHSURFHVVHG XVL

,Q -XQH JURXQGZDWHU WDEOHV ZHUH PHDVXUHG LQ VHOHF
K\GURJHRORJLFDO ERUHKROHYV ZLWKLQ WKH 3ROLVK SDUW RI WK
I[lURP DXWRPDWLF GDWD ORJJHUV WKDW ZHUH LQVWDOOHG LQ VI

7KH SULQFLSDO FDOLEUDWIBR® KSLRIHD LKRQ URGWIDHALF PRGHO IR
FURVV ERUGHADVDWRDPLQLPL]H WKH GLIIHUHQFH EHWZHHQ WKH JL
LQ WKH ILHOG DQG FDOFXODWHG LQ VHOHFWHG REVHUYDWLRQ Z
VHOHFWHG OD\HUV RI WKH PRGHO RU WKHLU SDUWV ZHUH PRGLII
WKH VROXWLRQ RI DQ LQYHUVH WDVN

3DJH R 75%$16)/8, GHOLYHUDEOH )LYDO YHUVLRQ 2FWREH!



6&23( 2) 7$6.

7TDVN RI WKH 75$16)/8; YHRWXEFWIZDWEIGURG\QDPLF PRGHO IRU 3
FURVV ERUGHU DUHD

,Q WKH WDVN IROORZLQJ DFWLYLWLHV ZHUH GLVWLQJXLVKHG
6HW XS RI WKH FURVYVY ERUGHU QXPHULFDO JURXQGZDWHU IORZ
&DOLEUDWLRQ DQG YHULILFDWLRQ RI WKH QXPHULFDO PRGHO
'"HWHUPLQDWLRQ RI WKH WUDQVERXQGDU\ JURXQGZDWHU IORZ
*URXQGZDWHU FRQWRXU OHYHO HOHYDWLRQ K\GURL]RK\SVH\
ZHUH SUHVHQWHG LQ HQFORVXUHYV DQG

f $VVHVVPHQW RI WKH YROXPH RI JURXQGZDWHU WKDW IORZV \

3RODQG DQG /LWKXDQLD LQ HDFK PRGHO OD\HU LQ HDFK LQG

$V WKH ILQDO UHVXOW RI WKH QXPHULFDO PRGHO VLPXODWLRQV Z
HDFK DTXLIHU WKDW ZHUH GLVWLQJXLVKHG LQ WKH PRGHO VWUXFW

~h ~h —~h —h

*URXQGZDWHU QXPHULFDO PRGHO

+\GURJHRORJLFDO LQIRUPDWLRQ FRPSLOHG DQG DQDO\JHG GXULQJ
XVHG WR GHYHORS D QXPHULFDO K\GURG\QDPLF PRGHO IRU 4XDWH|
DUHD )RU WKH SXUSRVH RI WKH PRGHO WKH VWXG\ DUHD ZDV GLVF
WKH PRGHO ERXQGDULHYV ZHUH GHILQHG DQG WKH ERXQGDU\ FRQGL
RI WKH SURMHFW ZKLFK IRFXVHG RQ WKH QXPHULFDO PRGHO GHYH(
SURFHVVLQJ RI DYDLODEOH JHRORJLFDO K\GURJHRORJLFDO DQG RW
SXUSRVHV 'DWD ZDV SUHSDUHG LQ *,6 OD\HUV WKDW UHSUHVHQW I
FRPSRVHG RI 4XDWHUQDU\ VHGLPHQWYV

*URXQGZDWHU 9LVWDV VRIWZDUH RSHUDWLQJ LQ WKH OLFURVR
IRU PRGHO GHYHORSPHQW *: 9LVWDV LV DQ LQWHUIDFH RI WKH 02")/
SURJUDP LV XVHG WR VROYH WKH ILOWUDWLRQ HTXDWLRQ XVLQJ WK
Rl *: 9LVWDV LV WKH XVH RI D JUDSKLFDO LQWHUIDFH WR HQWHU |
DQDO\]H UHVXOWY DQG FRPPXQLFDWH ZLWK RWKHU DSSOLFDWLRQV

7KH FDOFXODWLRQ DOJRULWKP LV EDVHG RQ WKH DSSUR[LPDW|
HTXLOLEULXP IORZV UHVXOWLQJ IURP WKH JHQHUDO GLIITHUHQWLI
JURXQGZDWHU LQ WKUHH GLPHQVLRQDO VSDFH LQ D SRURXV HQYLU

G & G & & . &
qN[q GZN\G N]q ' 66@
Nt N N K\GUDXOLF FRQGXFWLYLW\ @ORQJ WKH [ \ ] D[LV >/"
K K\GURVWDWLF SUHVVXUH >/@
UHFKDU@H >7

66 + VWRUDJH PR@IILFLHQW
WWLPH >7@

e
~ e

7KH *URXQGZDWHU 9LVWDV SURJUDP LPSOHPHQWY D IXOO\ VSDWLDC
SUHVXSSRVHV D VWULFW MHTEKWHICFDHO RADOBFXYODWLRQV DUH VXEMHFV
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GLITHUHQW HTXDWLRQ LQ ZKLFK WKH K\GUDXOLF KHLJKWV DUH
FDOLEUDWHG PRGHO JURXQGZDWHU OHYHOV LQ WKH PRGHOHG I

7KH VWUXFWXUH Rl WKH FRQFHSWXDO PRGHO ZDV DFFRPSOLVKH
7KH GLVWLQJXLVKHG DTXLIHUV KDG WR EH RI FRPPRQ RFFXUU
$TXLIHUV ZHUH DJJUHJDWHG LI WKH\ KDYH JRRG K\GUDXOLF
%\ DJJUHJDWLQJ RI DTXLIHUV WKH K\GURJHRORJLFDO SDUD
WKHLU ZDWHU SHUPHDELOLW\ ZHUH WDNHQ LQWR DFFRXQW
7KH GHYHORSHG FRQFHSWXDO PRGHO UHIHUV WR WKH GLYLV
7KUHH PDLQ DTXLIHUV LQ WKH 4XDWHUQDU\ IRUPDWLRQ ZHUH
'LVWLQJXLVKHG VHSDUDWLQJ OD\HUV Rl VHPL SHUPHDEOH D¢
FRQVLGHUDEOH WKLFNQHVYV DQG FRQWLQXRXV H[WHQW LQ WK

ORGHO ERXQGDULHYV DQG JULG GLVFUHWL]DWL

7R FDUU\ RXW PRGHOOLQJ LQYHVWLJIJDWLRQV WKH VWXG\ DUHD
GHILQHG DQG WKH ERXQGDU\ FRQGLWLRQV ZHUH GHWHUPLQHG

PDLQO\ DV D &RVIORZERXQGDU\'SWOSSHDBRRQGDU\ DORQJ ULYHUYV
VPDOO SDUWV RI PRGHO ERUG®MING HZ HURIQ BWDLQWGKBPG ERXQGD
JURXQGZDWHU UHFKDUJH DQG ZHOO SXPSRQW\SPVERX QEDY\ GIRIQ
7KH VTXDUH RI PRGHO FHOO LV P E\ P 2Q WKH EDVH RI WK
VWXG\ DUHD ZHUH GLVWLQJXLVKHG WKUHH SURGXFWLYH DTXLIHL
JURXQG VXUIDFH LV XQFRQILQHG DQG ORFDOO\ FRQILQHG FRPSF
30OHLVWRFHQH DJH 7KH VHFRQG DTXLIHU LV WKH PDLQ XVDEOH I

7KH K\GURJHRORJLFDO VFKHPH ZDV VXSSOHPHQWHG E\ WKH IROC
X %RWWRP RI WKH WKLUG DTXLIHU LV QRQ SHUPHDEOH
x )ORZ ILHOG LV VWHDG\ VWDWH
X 9HUWLFDO JURXQGZDWHU IORZ LV QH