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SHEHLDOBG 7UDGLWLRQDO JHRVWDWLVWLFDO PHWKRGV VXFK DV NLU
SHEHLYHG LO 5HKORHG IR[Q;LQHDU DQG V\PPHWULF GHSHQGHQFLHV ZKLFK FDQ OHI

ORVV RI ORFDO YDULDELOLW\ 7R DGGUHVV WKHVH LVV)>
FRSXODMWRQ *XPEHO DQG )UDQN IRU WKH HVWLPDWLF
GHSRVLW ORFDWHG LQ 3HUX $ WRWDO RI FRPSRVLW
REWDLQHG IURP  GLDPRQG GULOO KROHV 7KH GDWD ZF
WR DOORXORULARWLQJ 'HSHQGHQFH VWUXFWXUHV ZHUH F

$FFHSWHSWHPEHU
SXEOLVKHG RQWHRHEHU

" ek WKH GHSHQGHQFH SDUDP BWBUH HL V&\R B &Y RALLIAV | L DRIG
T IRUGY GLPHQVLRQDO FRQGLWLRQDO HVWLPDWLRQ ZDV LPSOHPFH
NULJLQJ \LHOGHG ®BH(® ( 5 DQG D FRUUHODWLRQ
$UFKLPHGHDQ FRSXODV 7KH & OD\WRQ FRSXOD VOLJKWO\ LPSURYHG WKHVH PHWU
*HRVWDWLVWLFDO HVWLPDWLRQ 5 ZKLOH WKH *XPEHO FRSXOD FDSWXUHG
506( 0$( 5 5 7KH )UDQN FRSXOD DFKL
6SDWLDO GHSHQGHQFH \\ i i EHVW SHUIRUPDQFH ZLWK 506( 0$( 5

,Q FRQFOXVLRQ $UFKLPHGHDQ FRSXODV VLJQLILFDQWO\
E\ EHWWHU FDSWXULQJ VSDWLDNMW ®DIWHQUEHQFHY HR WHRU E (
JHRVWDWLVWLFDO PHWKRGV

,QWURGXFWLRQ

,Q JHRVWDWLVWLFV D IXQGDPWQWDQ FIXQWO BQBHWILWMVRIQQ RI NULJ
XVLQJ D OLPLWHG VHW RI VSDW LHD\ONREDMWLRMWLRQM W RHSUWH G RIEW S H Q C
WKH YDOXH RI D YDULDEOH DW X@WODXRHS/O H/&K MW FLIDW LLRHBWO DRIUQJ DQ HI\
GHFDGHV NULJLQJ KDV EHHQ WRIQHF FQRNEWLVRR VKM RRDQVERRHV QRW
DGGUHVV WKLV SUREOHP SURWVWLEDWRRQXQEWDNMRH ZKLFK PD\ Ul
HWDWH RI WKH ZHLJKWHG DY H WDELHWERN WAEK WVIDWBOHVYHIOHFW WKH W
> @Q WKLV WHFKQLTXH WKH ZHWKHN\S KOH/YR BIFBE PHR \HORFFKW FRPLQJV
VDPSOH DUH GHWHUPLQHG E\SUPRRSIWHIGEQWKM KHDUFK IRU DOWHUC
HVWLPDWLRQ YDULDQFH ZKLFK FRDSDHEDGY RRQPWKH WSHWIWIYHO\ UHSL
FRQILIJXUDWLRQ RI WKH VDPSO K\H DHIEG WEFH FRYDUWWDBXEDUO\ ZKHQ
PRGHO WKDW GHVFULEHV WK HLQFFROVERL® WGHH EHRQGH QFKH VDPSOHG
VWUXFWXUH RH SW@&HRYBUYHDEOBASDWLDO UHODWLRQVKLSYV
UHSUHVHQWLQJ WKLV GHSHQGHG®FRZWROHD D OWKILROQIWLYH WR WUDC
FRYDULDQFH IXQFWLRQ NULJEQYHGQRRIREXFBWHIFFRSXODV IXQFWL
RYHUVLPSOLILFDWLRQ WKDW PBR@EHNVURPWHRIDRVHIRRQW GLVWULEX
QDWXUDO SKHQRPHQD FKDUDFWHUL]JHGD 8\ GIRPBOHE XRULRQV WUDQVIR
QRQOLQHDU VSDWI@ER UWHRYKMIWKDHM EOHV RYHU WKH > @ LQWHUY

i) &RUUHVSRQGEBRWXMKRW X Q L \WRW IHEM BE R
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JDLQHG ZLGHVSUHDG DFFHSWDQFH) LRL GLYFLSWKHOMVH/ RFKFRSXODV KI
DV ILQDQFH FLYLO HQJLQHHUL QUL .JINQGL R DRWR GRR IS K@ IR GIER HW DC
WKHLU DELOLW\ WR FDSWXUH QRQQHQHRR BX®HI/H QVGRH GEIHOL PVWY GFRS S H |
DV\PPHWULF WDLO EHKD¥tRUV EHNWGZAHHHF W D WHDEDIHY) @XNVBIGD YHW DO
9DULRXV IDPLOLHV RI WKHRUHWUBRUY |RFRBX® FRSHKQANW LQ FRPELQDYV
LQFOXGLQJ HOOLSWLFDO FRSXOWL\W X¥XBW LIRQ WKW ODWKRDRQLFDO FOD'
DQG 6WXGHQW %V GWDRRSXOMKRLPHGHBRVLW LQ ,QGLD 6RKUMELDQ DQ
FRSXODV D SDUWLFXODUO\ DWVBURBWV¥IG PO GNOMIMSCGHKWLEQ PH
PDWKHPDWLFDO VLPSOLFLW\ DE&DBVMWXHRQ FREXDAWIRWRGHSRVLWYV Z
PRGHO DV\PPHWULP GHS&B®&GMQWFEB¥LQJ DQG LQ VXE@WKHQW ZRL
FODVV LQFOXGHRXWEBHBUBRPOHNWR GHPRQVWUDWHG WKH HIIHFWLYHQH)
> @$OLNKBDD® @)UDON@DQG -RHFRSXODV RYHU WUDGLWLRQDO WHF
> ®RSXODV DOO Rl ZKLFK DUH RR&NMWWK FWHG LQ R P>MH® Q BIDGH|GHW D
JHQHUDWRU IXQFWLRQ NQRZQ PRSX\XHY WK KNLRH GIWMQLPDWLRQ RI PH\
JHQHUDWERIDUVKDOO BQ@&VZONLRVLQJ FRQGLWLRQDO TXDQWLOH UHJL
LQYHUVH /DSODFH WUDQVIRUPDWLR®G MORH 6 RWY K W UDERD RPKHFVMDO X H R
JHQHUDWRUV DQG *H®H®WWDHQUELONYHDWFRQVLGHULQJ ORFDO YDULDEI
H[SDQGHG WKH WKHRUHWLFDO |¥DPHZRUEQ B\U R G ® RH BB H ¥REXOW
PRUH JHQHUDO FRQGLWLRQV IRRUPREIHXLEPISERCEFWQR® )XUWKHUF
JHQHUDWRUV 7KH DSSOLFDWLR®Y @B F®RISK® DDV KHDVU EFHRIKELQDWLRQV
HIWHQGHG WR WKH ILHOG RI JHRREDODLY WEBE QRWHD\EWDLPLWH FRSSH
WKH VSDWLDO FRSXOD SUFRSRVHGG ENBDUE RKB\UBBBRD WMUD®HG WK
ZKLFK PDUNHG D PLOHVWRQH E\WKMHORZH RI £§RMKKL BSHREBDWQ FRSXODV LG
GLVWDQFHV DQG VDPSOH YDOHW RZR GL QRUXBQFHHBM(HU QXPEHU R
HVWLPDWLRQ ZHLJKWV $GGLWLRIMDQA |ILEHEXPORBBHOWAHUYHY FRPSD
LQFOXGHT XAKUHG PFREXIIARBXOD RUGLQDU\ NULJLQJ 5HFHQW HIIRUWYV
FRQVWUXEWE QM QVIRUPHG@ RSKQDYGGUHVVLQJ VSDWLDOFKQFHUWTE
DQG FRQYH[ FRPELQDWLRQV RI FWOAKL\PIH GHDWLRRASEQOWLQH GHVLJIQ ¢
> @ HPSOR\HG VHTXHQWLDO *DXVVLDQ
7KH LQFRUSRUDWLRQ RI FRSX®DG HIQMW R XIGI® WWDRASIH VDR R XW RSWLF
KDV EHHQ H[SORUHG LQ YDUMRKDW VIWRKERXQYWEZQWKIRU JUDGH XQ
SURPLVLQJ UHVXOWV> . BDRDQNDGDE@EBRWLRQ VLIQLILFDRMNAQHQKDQF!
FRSXODV IRU WKH VSDWLDO L QURHEXYRODINDRIQHI KROLPDU\ @ SURS
YDULDEOHY RYHUFRPLQJ NULJSQREDEQDRVMWRWLRP@®GHAY IRU LPSL
UHSUHVHQWLQJ XQFHUWDLQW\ UZRRPKLQQDWIKRY EGMBWLI\LQJ V\VW
GHSHQGV QRW RQO\ RQ WKH VSRQREBDOWPR QW LXWD BN RSQ IERKDW\ GULYHL
DOVR RQ WKH REVHUYHG Y @QXH ¥ WWKHPVH BIYMM. PDWHG DQG DFWXDO J
UHFHQW \HDUV PXOWLSOH DXWKRDVKLI)MWH 8 HIOUQE. MG DDBESURDFKHYV
UHILQHG WKH DSSOLFDWLRQ RI PFEBSRQBNGN R UWRRERNIFDWL FIOD V VL IL
SUREOHPV 6RKIFDEESRQHG WKH PRGHALQJ )DUKDGL HW DO > @ HYD
FRQYH[ FRPELQDWLRQV RI $UFRRBHONDWQXFKRBXODVDFNLQJ& DQG $GTLC
LQVWHDG RI ELYDULDWH *DXVVLROWMXWPWGRQY WERDVA/IURFMWLRQ SHU
VSDWLDO L QW HIUERBDWVRI)G FDIWRFRKUIPAFOOL GDWDO)DW KD LQWURG X
LQIRUPDWLRQ DQG VHFRQGDU\ K\EWDGL@®BBURDPKVFRPELQLQJ H[WU
FRSXOD LQWHUSRODWLRQ PRGH®DFX3QHYGDWQR JSIRXQIGADIVHWEIDUP RSW
PRQLWRY¥L@IHYHORSHG EDVHRSROBLHYHG KLJKO\ DFFXUDWH JUDGH
PXOWLE®H DWRU NULJFQXWPRILEHD QRUQQR®QLDQ LURQ RUH GHSRVLW
VSDWLDO GDWD '>Q @Y DM SMHDMMKIEK\VLFDO GDWD LD VR RI/WRWHIQV W |
HIILFLHQF\ RD¥RSXLPXODWLRQ\E HQHUHFLROUBHIDO HW DO > @ XVHG
HVWLPDWLRQ VKRZLQJ DGYDQWIDIWP RQY HWR FELLNMMIMIFRNL YHWK GULOO]
DQG PXOWLJDXVVLDQ NULJIL@J NUJLDIQYND DG BHOJHVVLRQ PRGHOV G
DSSOLHG FRSXODV LQ HQYLURQBHDMWMDOVRRQWWDRWL@D WARLPSURYHV
PRGHO WKH SUREDELOLW\ RI| DEHHBGRFHYUEWUABROH UHTXLUHP]
WKUHVKROGYV VWXGLHV KDYH VKRZQ WKDW XVLQJ D
VXFK DV PDJQHWLF VNV EHISQUL B RQGL W\
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FRILPXODWLRQ FDQ UHGXFH HWDIURDWORQZ IMIK FFX PXQ®W(EYH GLVW U

LPSURYH FODVVLILFDWLRQ UH O LDV ON WD QN VRRIP\DMULYRHG W R W KO LIRUP

'DUUHIKDUDW LURQ GHIROGMVEREKRY LQ $T @

FRPELQDWLRQ RI GULOOLQJ fw .. ZLWK LQGXFHG

SRODUL]DWLRQ ,3 DQG HOHFWULFDOSUHVLVWLYLW\ 5V GDWD

ZDV XVHG WR HVWLPDWH JUDGHV DRGHRL® KUY Qv UB Y RMEEYWLRQ WK |

DW WKH $EDVVDEDG FRSSHU PLQ@HNVNRUUBHN>W®H GHSHQGHQFH VWUXF
6LPXOBEWVRG WHFKQLTXHV KD Y FEIHHED HWUWKHBRXJK WKH UHODWLRQ

H[SORUHG E\ ORQMH]L HW DO > @ ZKR FRPSDUHG

6*6 DQG 2. DQG IRXQG WKDW FRQGLWLRODO YLPXODWLRQ

EHWWHU UHSURGXFHG WKH WUXH ‘9bbei 6Tv'WwOLEXWLRQ

\LHOGLQJ PRUH UHDOLVWLF PLQkI@}E b, ¥ B Q@ FROW PSR XV UDQGRP Y

HFRQRPLF RXWBRMHND G 7BIRH D Q. p KHLU PDUJL DQ GLVWULEXWI
FRQILUPHG WKDW LQFRUSRUDW@ gj(gg{ YDULDEOF
WKURXJK VLPXODWLRQ UHGXFHYV = DEOHV W
SLW SODQQLQJ ,Q WKH ILHOG R}F/& QlHQ YDL
*KDVHPLWDEDU HW DO > LPDWLRQ DV

VLPXODWLRQ IUDPHZRUNNH(N’[LQJ] E‘ZB
DOJRULWKPV DQG JUDGLHQW ERRV L D‘DcF%LHYLQJ RYHU
DFFXUDF\ LQ RUH EORFN sbHoct %’FWZKLOH

UHGXFLQJ H[SORUDWRU\ FRVWYV

'"HVSLWH WKH JURZLQJ LQWHUHAKHER RKHY DSISHD FRERMFILAMGE RQDO GHQ
Rl FRSXODV LQ JHRVWDWLVWLE#VY BRSO ILYLWKH WRYW-DO GHULYDW
UHPDLQV D ODFN RI FRPSDUDWL ¥R SHADDGE IHW @VUYHSAY IHyNAMRDAF K DOORZ!
WKH SHUIRUPDQFH RI GLIIHUHQWRGHRLRHGRbEHREREGHWRFH UHODWL!
IRU RUH JUDGH HVWARPDLWG PH WX RESBAMHB0OLQHDU RU *DXVVLDQ DVVX
GHSRVQ®LWRRQV ,W KDV QRW RHHG RPLQRURKKGH, OLPLWDWLRQV RI
GRFXPHQWHG ZKHWKHU FRSXO0 O\RWDXUED HRE LR\ MER Q
JUDQN DQG *XPEHO RIIHU FRQFUHWH VWDWLVWLFDO
DGYDQWDJHV RYHU RUGLQDU\ NUGSP®WJ}IDQ@QDwWRHOPRDWERQ RI WKH FRE

HVWLPDWLRQ DFFXUDF\ DQG WKH Dﬁ/lKQ.|LW|\3d/W:\H WP RW XM K<y VWX G\

QRQOLQHDU VSDWLDO 'HfRfHQGtHQaﬁJﬂvH FRSSHU JUDGH UH
HYLGHQFH OLPLWV WKH DGRSW{ROWIpW |3\s/|i-| QVZLWKLO WKH G
PLQLQJ SUDFWLFH ,Q UHVSRQMGWESU(%/\%/U\H_\IS)H@ W}BQN’KR\UIP@XSH
DSSOLHV DQG FRPSDUHV RUH J HNHM k PM&WQ_ M-OWYV HPSLULFI
WKUHH FODVVLFDO $UFKLPHGHD®| ERSX% L@ 6XEVHTX
NULJLQJ LQ D FRSSHU GHSRVLW |7qa73+[btg,>ﬁ j—lH [p ,@@M@Mmmg(?vmupk
SHRIWPDQFH WKURXJK TXDQW LWL l.b ®HWOKRIF PDVORB |
SURYLGLQJ HPSLULFDO HYLGHQEHM\Y\é Qw % BHVIKERULQJ ¢

RI $UFKLPHGHDQ FRSXODV LQ PLQ IR

7KH UHPDLQGHU RI WKLV DUWLEIQU [YFDP(W)%&FSW BHLGV PMYVWHG WR G
IROORZV 6HFWLRQ GHVFUIGEH-E\{_'Q WKH WUDQVIF

PHWKRGRORJ\ 6HFWLRQ SUHVH \,
@M\/ (%Iﬁhdgygm 0 GHQVLW\ |

GLVFXVVLRQ EDVHG RQ WKH FD
GHSRVLW LQ 3HUX )LQDOO\ 6HFWLRQ SURYLGHYV
FRQFOXVLRQV DQG VUHERPPHDGDIIZRQC [;

UHVHDUFK 7KLV GHQVLW\ UHSUHVHQWY WKH

REVHWYD@W D WDUJHW OREDWLRQ JLY
OglgVSKXROGDR(I)XRQJ(\BDPHQWDOV NQRZQ DW DQ DGMDFHQW ORFDWLR

GLVWDQWHHUHE\ FDSWXULQJ WKH V\

&RSXODV DUH PDWKHPDWLFDOFIKQE W RRY DWKDSAD W QDEE G-HSHQ G H Q F }

WKH PRGHOLQJ RI GHSHQGHQFH EHWZHHO UDQGRP

YDULDEOHV LQOGHSHQGHQWO\ RI WKHLU PDUJLQDO
GLVWULEXWLRQW DPREFP@WIOOXIRXY UDQGRP
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6HOHFWLRQ RI $UFKLPHGHDQ EQG}QSBQGHQFH ®DQG HEDYWIHO X W\ RQ J |

$UFKLPHGHDQ FRSXODV IRUP EL%%H B 7KLV FF'?S',\TS
IDPLO\ IRU VSDWLDO DSSOLFDW sxop L
FROVWUXFWLRQ XVLQJ XQLYDU SO
DQG WKHLU DELOLW\ WR QEFHH

UD
S%L@v HQFF)RLIJ KLIK Y
CD;\A\IES';\(’;VUDLVF VGKHRSZ%QLGQH((@(MVDU K H SDUBIEIHiWLl—QJ\/ s LQGHSHQGHQ!
LQFUHDVHV ZLWK GHSHQGHQFH VWUF

9:C Cei LT25IT0G ET G PRGHO WRZBU GHSHQGHQFH PDNL
VIPPHWULF LQ WKH RSSRVLWH GLUH
ZKHUHLY D VWULFWO\ GHFUH@WDQ@, K Y & FRSXOD LV RQH R

IXQFWLRQLVQGNYV JHQHUDOL]IHG kQN kUG HB OVKRY X 0DV WKDW LV V\PP
VWXG\ WKUHH ZLGHO\ VWXGLHG&WFIGJ-PHIE R FRREYRPW DOXHY PDN
ZHUH VHOHFWHG IRU WKHLU DEyOWWHWRR 88 GRA UH WRUHEYS HQ G HQF
SDWWHUQV RI VSDWLDO FRQWLQ\)“X\QSUF&L@ DERRVVXEFEHSY DOXH UDQJ!
DQG )uDQN@ FPRGHO ERWK SRVLWLYH DOQ

7KH &0D\WRQ FRSXOD LV ZHOQ;MéH\@ AdRH BREHBEROI R® WKH VL.
VWURQJWORDHWBHSHQGHQFH PHRQRLEH\ RSMUWLHV RI WKH $UFKLF

HIHEWLYH DW EDSWXULQI WKH ML WoRE kXY Umidh BHERHKPPDULIHC
YDOXHV |, WY FROUDPRIGAH W KH VWUHQJWK RI WKL

GHSHQGH@FH WKXKH FRSXOD DSSURDFKHYV

7TDEOBURSHUWLHYV RI WKH $UFKLPHGHDQ FRSXODV XVHG

&RS E;:¢ / &RSXOD l.c;:o¢ >¢; /, 1.
&OD\WRO:I? F¢; ZET o 9:¢ (i L:G? EC? Fe?t 7 r
C
*XPEHO :FZI; FEie»; 9:C (o LESFFCFH G E:FH G 1 rotEE
. 17 SFc¢ . < b4? & Fechs? & F <
JUDQNFZ F ( ZE9Ur: 9:C (o LF-HFE ¢ r r
(4

/1?7 Fs /1?7 Fs
ZKHHHJHSUHVHQWYV WKH OR¢Z WKH BEGCHGH 9/ID@ GHEHREM QG WQ<HH UDQJH RI WKH GHSH
SDUDPH'T :I;LV WKH JHQH!I

$OWKRXJIK RWKHU $UFKLPHGHDFE3 FRS % VXEK, D
JLQ DO GDWD WR WKH
"RH DQGLB@BDRD DUH WKHRUHWLFDOG é% \% q REVHUYH&FURSSHU JUDC

RSWLRQV WKH\ ZHUH H[FOXGHG IURfDV\/K\}VMD Rl VYR O] LWV

RQ ERWK FRQFHSWXDO DQG SUDFWHEQQJLFFR)Q)VL VWP ERWIVRQ  IXQF W
7KH -RH FRSXOD OLNH *XPEHO FDSWX%HV RQO\ XSSHU

WDLO GHSHGQGGH@KI®GD KDYH LQW

UHGXQGDQF\ ZLWKRXW RIIHULQJ g4H(§£R23DqJQRIB\ﬁV&wWCXEW®GPWLRQOHU[;,

EHQHILWV ,Q FR)QWIKJB)WWVFNVSW—OH)OL FUHPHOWY ZLVBKPD YRRIOMDBIQFH R

KDV D OLPLWHG UDQJH GHS@%?“@(E VBR&O D SDURIVPDWH O\
GHPRQVWUDWHG QXPHULFDO LQWW@BU@WW&EGWHD@%HVWDQFHZHU
SUHOLPLQDU\ FDOLEUDWLRQ WHVW

7KHUHIRUH WKH VHOHFWLRQ RlLézb Lb |§ K*\JR/F t%v)f/gDV '*Fj(‘é,EHHDOFK
JUDQN FRSXODV ZDV PDGH WR FRYH M tl e X?,LQJ PD[LP:
GHSHQGHQFH VWW R EQ XBBISH ORIE U o1 powirg 7KL G h e GHOFH SD
VIPPHWULE HQVXULQJ PDWKHPDWLEBO MALPLFM REObYWS DQWHUSRODW!
DOLJQPHQW ZLWK WKH JHRVWDWLVVEIHED QHF KR O DFAMHB GV WURE XFILoJ D

W IGHD W D IXQF WDRRU HDFK FRSXOD

LY &RPSXWH WKH FRQGLWLRQDO GHQ
SUHGLFWLRQ VWHSYV HVWLPDWLRQ SRLQW TLYHKHD WDUJ
$IWHU FRQGXFWLQJ D VWDWLVWLED®QBDOWHMW LQHRIKWKWHY ZHUH LGH(¢

RULJLQDO GDWDEDVH> ER® 9'RKHL W H VIDIPFKORARU WKH FRQGLWLRQDO GHQV

IROORZLQJ VWHSV ZHUH FDUULHG RXWYDOXDWHG XVLQR:D/ DR G QWKHUSROD
VSHFLILF FRSXOD IRUPXOD
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Y ,QWHJUDWH WKH GHQVLW\ WR REWRPGLOYKE XYEBBWHEZHQYKWWIE GLVW
YDOXH 7KH FRQGLWLRQDO GHQVLW) YZDUD QK PBIV MKORZ@\ LQ (T
LQWHJUDWHG RYHU WRH XQLIRUP GRPDLQ

rarrsad{{{; 8VLQJ WKH LQYHUVH_ Hl ﬁ_ PILF®
TXDQWLOH (1XQFWWRE8 FRQGLWLRQDO les =
H[SHFWDWLRQ RI FRSSHU JUDGH IURP HDFK QHLJK

ZDV FDOFXODWHG DV VKRZQ LQ (KH ILQDO HVWLPDWHG YDOXH ZD
WUDQVIRUPHG WR WKH RULJLQDO GD\
WKH HPSLULFDO GLVWULEXWLRQ VWU

JUDGHV LQ WKH GHSRVLW

&\, ¢ A
4 ~ /(

{ c [
<s- L

VoL, (7RG UEG G

7 U R I WKH PHWKRGRORJ)\
YL (VWLPDWH WKH ILQDO YDOXHLé\)%y é\@) 'Elﬂ({ I%V\/RH
DYHUDJH 7KH FRQ GfgWIHRHD O D
Preparation and Estimation and
transformation reconstruction
— —  —_— T - - -
| 1 .
: Exploratory Data : Comp u_t ation of Spatial estimation
'l Analysis (EDA) | ! condinonal using copulas
: 1 densities
1
! 1
N s e N R S ;
1 Pl 1
: Transformationto | 1 : Interpolation of : Back- : Final statistical :
| Uniform Scale : | dependence : transformation to 1 internretation :
: (ECDF) 1 : parameters 0 I original scale : P 1
1 I 1
1 ! [ 1 |
e N N e vl A B
! o o
1
: Definition of F}ttmg : : Cross-validation g c 1
| . archimedean Comparison with |,
spatial lags and b and accuracy . ..
! .. copulas by lag I ordinary kriging | !
1| pairing of samples i I assessment 1
| 1stance I |
e e . 'y __________ - .-\ -4 |
Spatial modeling Validation and
and fitting comparison
JLIXUBHVHDUFK ZRUNIORZ
5HVXOWYV RFFEXUV DV GLVVHPLQDWLRQV YHLQC

6WXG\ DUHD DQG JHRORJLFDOVKRPOQMEHHWHSODFHPHQWY FRQWUROO

7KH FRSSHU GHsSRVLW DQDO\]RBWLEG MWK IRR GvPREP Py WUXFWXUDO
ORFDWHG LQ WKH FHQWUDO KLJK

GV, R
DYHUDJH HOHYDWLRQ RI DSSUR[LP%@(/%I(%UHéDWLH%&/ID%% WUDQVIRL
DERYH VHD OHYHO 7KH JHRORJLFIXOMUDPHEZRUONVRARQIGKFWHG LQ D F
DUHD LV FRPSOH[ FRPSULVLQIHSRYHWGRREDWBO® LQ WKH FHQWUDO
OLWKRORJLFD® LXWH WW D PRJQH DS G RRIVALIWHH O\ PHWHUV DERYH \
GDFLWLF SRUSK\U\ FDOFDUHRXWWXB & DRHHE@WHI YL ELRVWN FRPSOH[ JHROF
DQG YROFDQLF IRUPDWLRQV 7EHIIPMHQRDDQIJDWKRQRUVFDO XQLWV J
SULPDULO\ FRPSRVHG RI FRSSHSREXU\DPPRREWQMHG VNDUQ FDOFDU
LQ SODFHV E\ PRO\EGHWQGM PRSSHQIK YROFDQLF XQLWV 7KH SULPDU\
JRQHV DUH SUHGRPLQDQWO\ KROVHGWYLRMKERSIWHK &X DQG PRO\
PDJQHWLWH VNDUQ DQG JUDQR GURIGIRPH QIQAWE\ KRVWHH®E KHQ WKH J
GDFLWLF SRUSK\U\ FDOFDUHRXNJQH/GLWH QWD U QD @B E HH RDKH KOLUK F
YROFDQLF URFNV H[KLELW P R G HRFDQFH QNVRUO RVAHR) RORIPYSHEDMIRY GLDPF
PLQHUDOL]DWLRQ 7KH GHSRVLWGEHHORQKROMN DGIRWSKXHGB\RQ DQ DYHI
VNDUQ PHWDOORJHQLF V\VWHP PENHIHN PLQG UDHDFBRWQR@® PD[LPXP G
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PHWHUV )URP WKHVH GULOO KBBWVDWLRMERWDO RI D YDULDQFH RI
FRPSRVLWH VDPSOHV HDFK PNWHUNWV O RQJ ZHUH
JHQHUDWHG DV VKRZQ LQ )LIJXUH7R HQDEOH WKH DSSOIEADMIGRQ RI V
7KH KLVWRJUDP Rl FRSSHU JWDBGHRDFAX J)ERSSHU JUDGH GDWD ZHUF
VKRZV D SRVLWLYHO\ VNHZHG @LXWUIRBXPVGROWUKERWLRQ RQ WKH LQ
W\SLFDO RI JHRFKHPLFDO GDWMMRRUUPER® U DX ERMWHQOW GLVWULE
> @KLV DV\PPHWU\ UHIOHFW V(&)X HDSUWWIBHQHHG RE\ 6 N@RUNVHVKHR U
PXOWLSOH JHRORJLFDO SRSXODWRPEYUHQFOKXGLRUILJRQBHY &X GLVWU
ZKHUH PLQHUDOL]DWLRQ LV FR@EHOWWHWWHRUP® GQRYOURLUP GLVWULE
KLIKUDGH ERGLHV D SDWWHUQUBRQNRYWBWQWR ZLMWOLPLQDWHY VNH:
SRUSKW\IOH GHS®RVLWYV WKH GDWD PHHW WKH XQLIRUPLW\
7DEOH VXPPDUL]JHV WKH GHVERISX\WDYPRGMDWOYWLFV RI
WKH PDLQ YDULDEOHV 7KH PHDQ FRSSHU JUDGH LV

ZLWK D PD[LPXP RI D VWDQGDUG
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7DEOHHVFULSWLYH VWDWLVWLFV IRU P FRPSRVLWHYV
YHDV (DVW 1RUW  (OHYDW &RSSH!
&R>
OHI
6W G
OLQLF

OD[LP
9D UL
6NHZ

6SDWLDO PRGHOOLQJ DQG ILV\X/W\K‘NHPDWLF @Ii[IEWHKD‘GH:lVRVIDQFH ZKL

7KH DQDO\VLV RI VSDWLDO G I&H E :th:gUzgg\N/l-
JUDGHV EHJDQ ZLWK WKH FR O\QRPLDOV :

/£
RPQLGLUHFWLRQDO H[SHULPHQ % R D OLON WK UHH

ODJ VWUXFWXUH RI  LQWHUYD

PHWHUV LQ OHQJWK ZLWK D WRD VLJ Lv‘ggg\’g&g\)i??
7KH SDUDP HWMWWHRSI RRGHO DUH " va % ; JHVWLQJ s
7JDEOH )LJXUH VKRZV WKH PR Y

WKH H[SHULPHQWDO YDOXHYV E% @W § H\P&E‘ LBHSWXUHG E\

WKDW PRVW RI WKH VSDWLDO YDULI?EIJ:_(Q)_ILW I:'g EB@LFIQ_'J%WIJJQB\U_‘Z)%HWHU

ZLWKLQ WKH ILUVW PHWHUYV =
7KUBHPHQVLRQDO GLVWDQFHV EHW . S,

SRLQWY ZHUH FDOFXODWHG XVLQJ —fy3< DQG-=

FRRUGLQDWHY /DJV ZHUH GHILQHG I§RP WR

PHWHUV LQ P LQFUHPHQWYV ZLWK D WROHUDQFH RI “

PHWHUV )RU HDFK ODJ VFDWWHU SORWY RI SDLUHG YDOXHV

ZHUH JHQHUDWHG$WLYXRUW ODJV WR:
P D FOHDU GHSHQGHQFH LV REVHU |\_| E\
WKH VORSH DQG FOXVWHULQJ RI SRL GV WR

GLPLQLVK ZLWK LQFUHDVLQJ GLVWRQRSHy SUREDELOLVWLF LQWHUSL

RXW WKURXJK WKH HVWLPDWLRQ RI
010 GHQVLW)\ BX@® RAL.RM)WDOXDWHG IRU ILJI
——t ey YDORHWaWsravd ¥ wDFURVYV GLIIHUHQW C
GLVWDQFHV )RU WKH *XPEHO FRSXO
GLVWLQFW SDWDNIOURHBHROSIHIUFH LV H
7KH GHQVLW\ FXUYHV KRD XHIWDW IRL
H J WKHUH LV D KLJKHU FRQGLV
Rl DOVR REVBUNDLADXIHK/L JKKLY EHKDYLR
FRQVLVWHQW ZLWK VSDWLD®H FRQWL
]JRQHV DQG DOLJQV ZLWK WKH JHRORJ
002 Rl WKH GHSRVLW U LZKH U/H FRARRSISW UD U |
S VWUXFWXUDOO\ FOXVWHUHG ZLWKLQ
— Fitted model $V WKH ODJ LQFUHDWHVRI WKL VLQW
0000 100 200 300 400 500 600 GHSHQGHQFH GHFUHDVHV JUDGXDOO\
Separation distance (m) UHPDLQV YLVLEOH XS WR DW OHDVW

JLIXUHSHULPHQWDO &X VHPLYDULBW\PPD§§@E#'DELOLW\ WR FRQYHQWLR
GRWV ZLWK ILWWHG PRGHO Vﬁﬁ@ﬁ
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TR TXDQWLI\ WKLYV GHSHQGHQ Q
DQG )UDQN FRSXODV ZHUH ILWW
SDLUV 7KH HPSLULFDOO\ RE ﬁ
SDUDPHMBYBUM VKRZQ LQ )LIJXUH Y

%XOD JLIXUH

LQ WK
Higﬁg&m PRUH

- SW ORZ YDOXH
XVWHWDICH REBGHQF
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7KH )JUDQN FRSXOD )LJXUH RU JREHELWDHFNLQJ D GRPLQDQW VSDW
VI\PPHWULF GHSHQGHQFH VWUXFWRRBRQ TIOHIARORKHVFDROO\ KHWHURJHC
GLIIHQFQWXHYVY GR QRW VKRZ D BOBDU DB BIHIWHQRBPWLRQ JRQHV $V VX!
IRU XSSHU RU ORZHU WIBIHOV(EXGDP GR UHY KBQUDRQRMNMOFARSXOD LV SDUWLF
SUREDELOLVWLF LQWHUDFWLRQIRIKIGH ER\KIDW LTRWH DN Z@HAOBWHWHUD O
LQWR JUHDWHU IOH[LELOLW\ WRDRRGHLD &R RRWK VODFQ VEWLHRRWNVLR QD O

UCu

Lag distance = 60 m

¥ S XL A T ™

UCu UCu

Lag distance = 80 m
'—g. ll,‘..'i" %D v

JLIXUHDJIJHG VFDWWHU SORWYVY RI &X DW GLIITHUHQW GLVWDQT
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2UH JUDGH HVWLPDWLRQ HVWLPDWHY SURYLGH D PRUH DFEXUD!
7KH FRPSDULVRQ EHWzHHQ &R W’L O 7K|_I|W/\*D\),{(_F8DEI|I_|LO LFVE
HVWLPDWLRQ WHEKQLTXHYV y &OD\WRQQ |
GLIIHUHQFHYV LQ KRZ SDWWHU ¢ | QHBY Rz
JHRORJLEDO KHWHURJHQHLW\ d@ﬁ\lr
UHSUHVHQWHG :KLOH RUGLQD @%é

WLOH
H[FHVVLYHO\ VPRRWRIBRWHK KRQ .
GV A RSO BWER Vs owL o

oD URYLGHV D V
GXH WR LWV OLQHDU QDWXUH
FRYDULDQFH NVWUX@WK G 7TKHVH GLIITHUHQFHV XQGHUVFRUH W]
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FRSEODNMHG DSSURDFK IRU HQKDWQSD\Q I DMANONL EKDWAIGR GDWDVHW KHOSV
DFFXUDF\ LQ PLQHUDO GHSRVLWMIHAM )LIXUH TKLV
ILJXUH FRUUHVSRQGV WRFIV KRQY 7]RkH WHY XFOWRW VRD OW & B WRRRV \D Q D O\
HIWUDFWHG DW D IL[HG 1RUWKIQEOAR R UWXIRYZDWKID VE DWKHHG) BB WK FF®R S X
P VHOHFWHG EHFDXVH LGWHQDQYWHULIN MAWHY ERQWVRYHUDOO SHUI
RI FROQWUMPYWHUDOL]DWLRQ D QMKH KWKRO/RY IFRHOILFLHQW RI GHWHU
FRPSOH[LW\ W SURYLGHV D UHSQUHVWQRWDWHWYW FLAERADRJI FRUUHODWL
KRZ HDFK PHWKRG FDSWXUHV O RARO-D OYDAH\DVE IRHDV) DR VERFOKKVH HUURU
KLIBQG ORIXGH DUHDV URRW PHDQ VTXDUH HUURU 506(
UHVXOWYVY VXJJHVW WKDW WKH )J)UDQN
9DOLGDWLRQ RI UHVXOWYV DEGOEWR IR PWGHO V\PPHWULF GHSH
DQRDO\VLYV VKWHG WR WKH VSDWLDO VW@XFWXUH

7R DVVHVV WKH UREXVWQHVVQ® ERWWNDN\Y‘%/JDWD%W\ NSE%LDQ\/&L%t
PHWKRGYV R QROXMD Y HDROVAG D W L

/2289 SURFHGXUH ZDV HPSOR RQ[‘) %PLQJ LWV OHLLg\&FV\é%V;(’é%C
VDPSOH WKH YDOXH ZDV WHPS SYRSEo2
HVWLPDWHG XVLQJ WKH UHPDL IB APITIRN
FRUUHVSRQGLQJ LQWHRBRIOD

NULJLQJ REDWFRS&XODKLYV HQVXU DODQFH EHWZTJHI'SUOP%ZE
SUHGLFWLRQ LV PDGH LQGHSH E %ﬁ %{?J\N\H% FRS%('
YDOXH RIIHULQJ D UHOLDEOH Fbg

SHUIRUPDQFH $OWKRXJK /22&9Y F\L HGLFWLRQ TXDO

DFFRXQW IRU VSDWLDO DXWRF HIQV\;% %% ?@@%%LH)??XL

JLIXUHRPSDULVRQ RI HYWLPDWHG FRSSHU JUD G HWHER WLQRXQ GAL WU H.Q MG P HRAUK/
FRRUGLQDWH < P
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7TDEOSDOLGDWLRQ PHWULFV IRU HVWLPDWLRQV
0OHW 2. &0OD) *XPE )U D

%L

6WG GHYLD
506

0$¢(

5

&RUUF

JLIXUKKRSSHU JUDGH HVWLPDWLRQ YDOLGDWLRQ $ 2UGLQDU\N NULJLQJ % «
JUDQN FRSXOD

$ FRPSDUDWLYH DQDO\VLV XVLQIKEHRPISDRWRFOQAXUIHJLDQFH SURYLG
VKRZV WKDW RUGLQDU\ NULKHDOH VRWWHKRIBWYFDXEQOLW\ WR FDS
XQGHUHVWLPDWHYV PD[LPXP YDOXHVHDQGHBRRR SV HWVKHV *XPEHO FRSXO
GLVSHUVLRQ D FRPPRQ HIIHAWKHV@RZPHDPVORFDO YDULDQFH
SVPRRWELDI® ,Q FRQWUDVW W IOH VAKX RPHRRWKLQJ DQG EHWWHU SUHV
FRSXOD EHWWHU SUHVHUYHV YOULWELEXW\LHIYS NBRIBPRGHNOLQJ KL.
LQFOXGLQJ H[WUHPH YDOXHV JFRIH \PLBE WD @ L KY LIBVFWK D WIKFYS-SHWY
DIILQLW)\ |RWD LXOS SHHWSH Q@B HIQGHF H > @ FRQWUDVW RUGLQDU\ NULJLC
&OD\WRQ FRSXOD PDLQWDLQV D RUDIN FPRY¥OWR W KR ZHGV OIRAHU YDUL
DQG ORZHU YDULDELOLW\ ZKLFK LV RQBIXO LQ UHAMSHFWLYHO\ ZLW
FRQWURO RU FODVVLILFDWLRQ FROWH[WKH7RRV)WDRRQVREXOWLYH 7K
SURYLGHWHD WHOEBG DQG EDODQ MHD WL\ ZWUQEXWPEBO PD\ EH PRUH H[S
VXSSRUWLQJ LWV UREXVWQHV\P XV FERHG EQXMIKPH/HHEV LWLY LW\ WR
GHSHQGHQFH> SDW@MHUYV EHKDY2ZYRHUDOO WKH DQDO\VLV FRQILUPV V
FRQILUPV WKH DELOLW\ RI $UFHUPB®HLQI FRIEQDOVWWRQ FRQWUROOL
DGDSW HVWLPDWLRQ WR YDU\LQWSDWIDWL DOQ FHHBMRIGHP\FHFRPSDUHG
VWUXFWXUHV FRYDUED®HAB PHWKRGV VHH )LJXUH
7DEOH
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JLIXUHKRPSDULVRQ RI RUH JUDGH HVWLPDWRUV YHUVXV UHDO |

JLIXUHRRPSDULVRQ RI ORFDO YDULDQFH LQ FRSSHU JUDGH HVW

7DEOHHVFULSWLYH VWDWLVWLFV Rl ORFDO YDULDQFH VXPPD
ORG OHL BWG OLQLP 4 OHGI 4 OD[LP
2.
&0D
*XPEHO
JUDQN

6WDWLVWLFDO YDOLGDWLRQ RI7HRV UKIUPDKAHIR @ [DRYREWWKH GLITHUHQ
7R DVVHVV ZKHWKHU WKH GI\_)\.i\/ %?'%'[ﬂ, ‘;VR$F§§SFDRUPHS[‘§V1
EHWZHHQ VEKH & SHOML P DW LR Q WEL \ LEDOW GLIIH:
NULJLQJ DUH VWDWLVWLFDOO} 9] Y BUP QW St
VWDWLVWLEDO WHVWV ZHUH FROY F QFF\)'J gLL MY 506 )U
YDULDQFH $129% ZDV DSSOLHG WR v & H UHVXOWV YDO
HVWLPDWLRQ FKURWWKRG HRODW vV ALHOG HVWLPD\
*XPEHO DQG )UDQN FRSXODV XY Q}?,f 5%? l‘Lﬁ HQW GLVSH
DV D UHIHUHQFH 7KH UHVXOWYV
foriky \WR RUGLQD
vwi A QRHE XAKE Q R V

GLITHUHQFHY LQ PHDQ HUURU §L
v E %g \EESURYHPHQWV LQ
\'D VSDWLDO KHWHURJ

VLIJQLILFDQW DW WKH OHYHO L
LQGLFDWLQJ WKDWROW g
VLIJQLILFDQWO\ GLIIHUV IURP WK
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7TDEOBHVXOWYV RI $129% IRU DEVROXWH HVWLPDWLRQ HUURUYV

3DUDP 9D C
7H $120¢
*URXSV F| *XPEHO &OD)
) VWD

<YD

6LJQLI. <F

TDEOH VKHUMNWWYV IRU YDULDQFH FRPSDULVRQ ZLWK RUGLQDU\ N

&RPSDL 9DULD 9DULDQF ) VV $YD( 6LJQLIL
*XPEHO <F
&OD\WR! <F
JUDQN Y 2. <HV

,PSURYHPHQWY LQ RUH JUDGHHNWN PNV IRROQRA WV REISHU JUDGHYV VLJQ
FRSXODV SUHGLFWLRQ TXDOLW\ FRPSDUHG WR
X,0,D KLHYHG WKH

7KH LOFRUSRUDWLROQ R|$UFKL|;P@-VIF [3@ gztsgi ,Q/V\)'!g

WKH JHRVWDWLVWLFDO HVWLP 5 LFS 5}56( RIRXW‘
HQDEOHG D PRUH UHDOLVWLF U H v R |
pUR

VSDWLDO VWUXFWXUH RI WKH RV R EWDLQHG
RUGLQDU\ NULJLQJ :KHUHDV W Ol H
VLQJOH V\PPBIMDULFH FIRQFWLR QP> E 081 OWikY PEHO DQG &

iy \FRVE{ OWRHBH U
DV\PPHWULF UHODWLRQVKLSYV 3 \ WL\\(/'JS'(S\WLSD%H
'35 WKHU VKRZ!
6w L W VSDWLDO

JUDQN SU

RITHU WKH DGYDQWDJH RI FDSW)%

SRLQWWVSHFLDOO\ YDOXDEOH I¥
ZLWK KLJK OLWKRORJLFDO KH
SUHVHQFH RI H[W U H PKL V UTDG/HH Y §3 : )
XVH Rl $UFKLPHGHDQ FRSXODV 5 %H KdﬁQbRBQE§\|§$ LROWIH 7

LPSURYHPHQWV VXSSRUW WKH XVH RI FRSXODV DV H
L &RSXODV DOORZ PRGHOLQJ PRGHOGRBIOBRQOLQHDU VSDWLDO VWU
UHODWLRQVKLSYV EHWZHHQ VDRSPH §BRWNM WWKDMN \GR RRWSOH[ OLWKRC
OO Lay HUER S, L VRN EREIHYIBER ot vy Lex i moy
V] UR! DG EDQYWBJIHV I
FDSWXULQJ>HIITHRGVLYHO\ DSSURDFKHV UHTXLUH JUHDWHU FRP
LLBQOLNH NULJLQJ ZKLFK WHQGW WRFLRRR VS WIKPIHGDMMD ILWWLQJ IRU HI
FRSXODV EHWWHU SUHVHUYH HYWBHEBH WP ROHWRRG WKHG RYHUILWWI
HPSLULFDO VKDSH RI WKH GLVWIREYWORQZLWK OLPLWHG GDWD DYDL(
LLARZHU HUURUV 506( DQG 0$( zWUH \bPKW M QG EEXDVHGDWH FRSXODV L
ZLWK FRBX®® PHWKRGV HVSHFHPWBQYLRR WKRXOG EH WR H[SORUF
JUDQN FRSXOD GHPRQVWUDWGHISEHQGHREWLWBMIXYFWXUHV XVLQJ Y
LPSURYHPHQW LQ SUHGLFWLRQKIFAGUBHU FRQGLWLRQDO FRSXODV )

LY7KH DELOLWDWIRPHWHUV E\ GLVRKEFH BDOER HYDOXDWH WKH LQWHJUL
FRSXOD W\SH DOORZV IRU PRURWRDYWRMAKDY YL DOWXOPMQAWQV L
YDULDWLRQ PRGHOLQJ RYHUFERQW MM 0ZKIMUWLRYAMHUGHSHQGHQF
RI D VLQJOH YDBWL&JUDP PRGHODUH FULWLFDO IRU LQIRUPHG LQW

Y &RSXODV VXFK DV *XPEHO DQG %%Bkw%%%YMXERQVLGHULQJ WKDW
RQ XSSHU RWDLORBHBEHQGHQFHFRRQWRLPY PRUH WKDQ RQH HFRQRPL
XVHIXO LQ GLIIHUHQW>JHRORJLHOBO RHQWD YK DV PRO\VEGHQXP ZKL

@ PHOQWLIKOAMHXAH ZRUN FRXOG H[SORUH F
HIWHQVLRQV RI WKH FRSXOD IUDPHZF
&RQFOXVLRQV VXFK DV YLQH FRSXODV RU FRQGLWLI

7KLV VWXG\ GHPRQVWUDWHVI%%P@%{W%&%SZL{%E%DHEVOEHWEES%|I:
$UFKLPHGHDQ FRSXODV LQ \Ag HvPlf VA7 b QWHJUDWHG U
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PRGHOLQJ DOORZLQJ VLPXOWDQWRXWFHYNMLIPDWLRQ RI ,QWURGXF
FRUUHODWHG DWWULEXWHV VXERSEFRRUQLDDB! 6 RGCUPKPOH (QJILQHHULQJ
SUHVHUYLQJ WKHLU GLVWLQFW BDHIL@PVYHEGLVWHLEXWLREY RQWURGX]
FDSWXULQJ FRPSOH[ LQWHUGHREQGHNRERHNW EHWRQG

OLQHDU FRUUHODWLRQ > @ +RXJDDUG 3 $ FODVV RI PXOW

SHIHUHQFHYV WLPH GL VWl RPXWLLRQ\D

> OD\WRQ ' * $ PRGHO IRU DV
>@ &UHVVLH 1 X NS RUéB‘r@BM&LD H OLIH WDEOHV DQG LWV
NULJEQWKHPDWLFDO *HRORJ HSLGHPLRORJLEDO VWXGLHV RI IDPLOLDO
> @ /OR\G & SWNLQVRQ 3  GLVHBVWHYUAREHMWE HN D

XQFHUWDLQW\ LQ HVWLPDWHV ZLWK RUS4QDH\oDQf QG PWRY  .pT o ¢
NULJ&RBSXWHUV *HRVFLHQFHV ¢ ropyy RI ELYDULDWH GLVWULEXWLRQV

> @ *UIOHU % BHEHVPDFRSXOD ORKHMWWQDO RI OXOWLYDULDWH $QDO\V
FRQVWUXFWLRQ IRU VSDWLDO GDWD $ QHZ DSSURDFK WR PRGHO

VSDWLDO  GHERFMBHOF\ (QYLURQPHOWRQoN o - 20 WKH VLPXC
6FLHQFHYV DVVRFLDWLYLW\ RI ) [ $HDQIWLR®HV\

> @ 'D 5RFKD 0 <DPDPRWR - 0 D VRKRHPPS W)L VIR

EHWZHHQ NULJLQJ YDULDQFH DQG LQWH LRQ Y.RULDQFH DV
XQFHUWDLQW\ PHDVXUHPHQWV LQ 5 %@ﬁh%%ﬂ%%wwﬂxwﬂfpu
6WDWH RI 0LQDV 1BWXIWMD O%UWYREFEMN vwLrDo SVVRFLDWLRO

5HVHDUFK
> @, $0]DL $OKDGODT : $ Ql

>@ /L ' =KDQJ / 7DQJ ; =KRXpj FK P_%'?i F IDAW L7FK HDRDOV R

& 3KRRQ . %LYDULDWH GLVW LEhDQ) Egﬁ%ﬁ?

VWUHQJWK SDUDPHWHUV XVLQJ FRSXODV DQG LWV LPSDFW RQ

JHRWHFKQLFDO  V\VARHE X WHHOW D E2@@W\0DUVKDOO $ 20NLQ )L

*HRWHFKQLFV PXOWLYDULDWHRBGUQWOLRXWALRBV$SPHULF
6 V FDO $VVRFLDWLR

>@ *XR 1 :DQJ ) <DQJ - RWEUN YRS $ Q

FRPSRVLWH %HUQVWHLQ FRSXOD DOGAWMWRSHYWL.F®WLRQDWRDAUBGL-W 8

ULVN DQDWVXVID\WQFH ODWKHPDWRLBKRKLPPGGHQQHYV HW IDPLOOHV GH ORL\

(FRQRPLFV GRQW OHV PDUJH¥DOMGWDGERE®XIHYDO RI
6WDWLYV FV

> @ /RXUPH $ ODXUHU ) PHVWL\%H WKH

*DXVVLDQ DQG 6WXGHQWIIV W FRSXODE L®i DGURMWMN FD QDD WiP & RISWFOOND WLV W L

IUDPHZ(RBRRPLF ORGHOOLQJ PRGHOV IRU JURXQGZDWHWWHKWDOLW\ S|

*HQHUDWLRQ RI PXAWUMDDMHGHI HRRWE KAXNHWDWWO. - ) S5LYHVW / 3 7TRXSLQ
UDQGRP&RROGEBWHUY DQG *HRWHFKQRRGORHIMW WHVWYV IRU WKH IDPLO\ RI PXC
VIXDUH FRERROPWDWLRQDO G6WDWLVWLF\

> @RQJ < &KHQ 4 /ILPPU[HG GDW, .
VDPSOLQJ FRSXOD PRGme@L\ﬁQHO\JV#v\?XUQ

GHSHQGHQFH LQ VWRFN (FR®&HR[P DEWX U VYU RMH W V 7 &RRNH 5 0 9LC
ORGHOOLQJ JUDSKLFDO PRGHO IRU GH SHQIETHIW UDQG
> @QUDKP * -XQNHU O 6]LPD\HI?JI 6$WDWLVWL£V

(OOLSWLFDO FRSXODV $SSOLFOE IS®MW\. EIDGR & JULJHVVL § 9

OLPLWPWDWQVWLFY 3UREDELOLW\ /HWW HUNMRE XOD FROQVWUXFWLRQV R
GHSHQGR®YRHDQFH ODWKHPDWLFV DQG (I

> @ /L ' 3HQJ / R I L ¥\R RVGHQYAIW YR U

WDLO FRSXODV PRGHOHGWBWHO W/ILFW LEDHCERSXOXKDQGD ( . OHWFDOIH

BUREDELOLW\ /HWWHUV 6SDWLIF& SSOCO.) PRGHO RI JUDGH IRU DQ |
JROG G WLFDO *HRVELHQFHV

> @ +DVKRUYD ( -DZRUVNL 3 *%?(W& Q

DSSUR[LPDWLRQ RI FRQGLYWRXRIIDIMHOOLSWLFDO FRSXODV

Rl OXOWLYDULDWH $QDO\VLYV > @ 'LQGD . 6DPDQWEDXX¥VLDQ 1RQ
F P X WLR IRU HVWLPDWLR R

LPDJH UHWULHYDO EDVHG RQ *DX L\%UJZ'-_R P Eﬁ%w &J|

*DERU ZDYDIWWWWVQ 5SHFRIJQLWLRQ B



0 &RWUHRWHMD B O -RXUQDO RI OLQLQJI9RQYLURRPHQW

> @ *UIOHU % ORGHOOLQJY> V@ HZXHG VSBWLDPO ++XBEHRISXO®RGHO
UDQGRP ILHOGV WKURXJK G\SOW VBOWUD @ RY B @R GPRFSXX ORIDQWHUDIDY 5HVRXUFHV
BWDWLVWLFV SHVHDUFK %

> @ 6RKUDELDQ % *HR VW DW @VO/RIKFIDE LDUH G LBORKRER PIMDIQ L 6
WKURXJK FRQYH[ FRPELQDWLRQ RI3RNXUAIPHGHBEQ 5FR S X0 DNHRYMDWLVWLFDO
6SDWLDO 6WDWLVWLFV HYDOXDWLRQ RI D SRUSK\U\ FRSSHU GHS|
> @ .DJLDQND + 3LO] - ALYV vspwipo

PRGHOLQJ DQG LQWH U SSRPBWUWRIQY X ¥L @) BRSOV *KDUDODBKIDUQI $EGROODK
*HRVFLHQFHV+ BRKUDELDQ % &ODVVLILFDWLRQ

i 6XQJ L G RQ $UFKLPHGHDQ FR
> @ -RXUQHO 3 SODEHUW ;{.BVQD( 'z5 X
GDWD H[SDQVLRQ LQ7WHKHDORWE VI1$LUI-P(JJ:' 520@%\% RI*HRVFLHQFHV

+ 6RWRXGHK $WDHL 0 .DNDL

LPLDQ < $SSOLFDWLRQ |
;SS@OL-'I;E[))\\;V?_DRXQHI;JI IfLRS3XQé)LSVHL-RQ1.DH(gIV QGLWLRQDO VLPXODWLRQ LG
+ *HRVWDWLVWLFV IRU (QYLSBQPH U@%WEB{%@Q@GWMDQQWJ DQC

+ 6SULQJIHU

. N DU $WDHL O ORDUHI
> @ *QDQQ 6 $OOPHQGLQJ'<'FLE’|E% 6%&3#&’ *UDGH XQFHUWDLQW)\ D¢
-
OWHUSRODWLRQ ZHSDNYL B RaWeDb DGH UHFRQFLOLDWLRQ EHWZHHQ W
WFHKLYHV Rl OLQLQJ 6ELHQFHV

+
3DUKLINDU % $WDHL © ORDUHI

> @ $JDUZDO * 6XQ < -DQJ UREDELOLVWLF PRG

f‘DRXSV)@V LD'DHGU DP XGOE\!NF\I/_L?IS)K:O@IMQD(\;/VLLFVDVYIVLRFg I}QHE‘?—LL%JL DWHR& %?9 HVWLPDWHG DQG DF
Q UDG® LOLRUDELDQ -RXUQDO RI *HRVFLHQFHV

> @ .D]JLDQND + 3LO] EDVHG &RSXOD

JHRVWDWLVWLFDO PRGHOLQJ RI FRQWQD(@G %%&%%\HHGGD%DUL 0

LQFOXGLQJ FRWREKDWWYF (QYLUR WLOJ 6BWDFENLOJ& DOG HOVHPE

SHVHDUFK DQG 5LVN $VVHVVPHQW | 0K pDQFHG OLWKRORJLEDO FODVVLILED\
> @ $GGR ( OHWFDOIH $ 9 RESHIEAEWXUQDO RI *HRFKHPLFDO ([SORUD
6HSXOYHGD GROWKLEH\ $GHOL $

BUHGLFWLRQ RI FRSSHU UHFRYHU\_ | P H YD OQ F
GDWD XVYLQH 'FRRXWMDO RI WKH 6R (S PREDSEL

H[WUHPH OHDUQLQJ PDFK
$IULFDQ ,QVWLWXWH RI 0LQLQJ DQG Qyh lUSJéH [VZDUP RSWLPQI_]E?WLRQ‘
+

= JUDGRXUQDO RI OLQLQJ DQG (@YLURQPHOQ\
> @ 'LQGD . 6DPDQWD % &KDNUDYDUW\
$ YWUDQVIRUPEGVHBSXD®XODWLRQ _P

OLWKRORJLFDO FODVVLILFDWLRQ L&W%Gipé Ig%%—'&u &HH\%%gLED&H FOD<VDV\1_‘

6FLHQWLILF SHSRUWYV XVLQJ JHRVWDWLVWLFDO DQG IUDFWDO V
> @ 6RKUDELDQ % 7JHUEDYH$ 'DJIKL&REXSRIUSK\U\ GHSRUYLYHUDQUDQ
GDWDLYHQ FXRQWWS U HP X O Do/EIDRQL IPGI W KR G

EWDWLVWLFV > @ 6DODULDQ 6 2VNRRL % ORVWDID}
> @ 6RKUDELDQ % 7HUFDQ 8 PSR LQJ WKH UHVRXUFH PRGHFH
HVWLPDWLRQ WKURXJK WKH *DXVV IXVQ ER HXOLOL 08U F DADH VWOV LQ HVWLPD
_RXUQDO RI 0LQLQJ DQG #QYLURQP HGW KFOGM K 6FLHQFH ,QIRUPDWLFV

> @ +HUQIQGHPLHUD'tmM $OEHUGL @( ORVWDIDHL . 5DPD]L + (
2\DUE+XGHLOODJD $ *RWL $UHVRXUFH HVWLPDWLRQ XVLQJ D FRPELQ
OHWDOOXUJLFDO FRSSHU UHFRYHB83V SGUHGED FMIWRIQ VXWOWUVWLFDO DQG FF
FRQGLWLRQDO TXDQWLOH UHJUHVV®WRKQ@ EBWHQ RRQ DVKRISXOQHRRDEH G HVHDUFEK
OLQHUDOV +

> @ .U\WD = 3DFWZD . :R]JQLDN> -@ ORQMN]L0 0 5DMDEDOL]DGHK .DVKD

8VLQJ FRSXODV LQ WKH HVWLPDWLRQ BRI RIS HERWRPHFVWXG\ EHWZHH
SURMHFW YDOXH LQ WKH PLQLQJIDX\O\GLOQVUXLPX@POWAR®IDQG NULJILQJ
JHRORJLFDO ,2B U&MEIHUMOFH 6HULPRRGHDU®XK SIQWRBHEUQRELDQ -RXUQDO RI
DQG (QYLURQPHQWDO 6FLHQFH *HRVFLHQFHY

$ +HPDW



0 &RWUHRWHMD B O -RXUQDO RI OLQLQJI9RQYLURRPHQW

> @ 7DKHUQHMDG 0 .KDORNDNDRIHQHSD O LSWDDARSQOZEVMURSEEHGLQJIV RI WK
$QDO\]LQJ WKH HIIHFW RI RUH QUDGQWEBQDWDRRQWOLERQJUHVV RQ O

RSHQ SLW PLQH SODQQLQJ $ FDVH LWPXOB®\WRIR H JorD @REDRI@ $X\EWUDOLD

PLQH ,QWGIUQDWLRQDO -RXUQDO RI OLQLQJ DQG *HR

(QJLQHHULQZ

> @RXUQHO $ *HRVWDWLVWLFV OR

> @ *KDVHPLWDEDU + $OLPRUDGRUS$W K#H PDW NDRKRREIDQAHFDO *HRORJ\

+ YDWKL 0 ,QWHOOLJHQW ERUHKROH VLPXODWLRQ

(Zé-vaKUS(\QVgE'SS\tSURXUQEL@J 0LQLQ) BR™ LoDFTXD 0 $OYDUDGR ( &
&DUULOOR & $ IHHE®SD®WQDOWR

> @ ODUTXLQD - &RWULQD 0 OCFRBXOD ZIRWK HO®SQLFDWLRQ WR ERXQC

9HJD - &UX] - &RSSHURRUBDDURGHXOWLYDULDWH $QDO\VLV

SUHGLFWLRQ XVLQJ PDFKLQH OHDU WF'J-I |_|_(3'XI-_’I_V LQ DZU@LQDU\ NUL
FRSSHE CREBEDW RI O0LQLQJ DQG g? F%%UL HS SHR VWEBWLQWHBY % HUOLQ
- +HLGHOEHUJ

> @ &RWULQD 0 ODUTXLQD - 0D L, -
$SSOLFDWLRQ RI DUWLILFLDO QH QHB'Q W\;?@U \Pul'ﬁg 5{ $F§P§Bgfw
FDWHJRUL]DWLRQ RI PLQHUDO UHV £\ E)th ELHHR%%'A ] HQ\PWKH e QF
LQ SHRIXOG -RXUQDO RI (QILQHHULGY \/\ ONXUHK GHSRVDELDE -BEQQDO RI
> @ &RWULQD 0 ODUTXLQD - ODFABRQELHQBWW®QJR 6
&FDWDPD\R - *RQ]JDOH] - 'RQDLUH &DOOD 0

&DWHJRUL]DWLRQ RI PLQHU 3% B WV Y LTI—?WWLI-ITISKRLTRXUHGI_RQC
5DQGRP )RUHVW PRGHO LQ D FRS Pl ok Q
_RXUQDO RI 0LQLQJ DQG (@YLURQP EXQILI?BWIE(&I@ORJ\ _gi;&R?XUQDO RQ .QlI
> @ ODWIADR - 7THRWIARDO - &YXlnonpyp ¢ 1HIXULWVD ' 0D]DUL 0

*DOYH] - 4R®DEJD  *RIHIOOH] W. %@%% PR %QJ E\ WKH RUC
L XUFHV RQ
%‘Hﬁg RO TV RRE Y (DUWK

$SSOLFDWLRQ RI DXWRHQFRGHf
QPHOWDO 6FLHQFH

I1/R
PHDQV FOXVWHULQJ IRU WKH GHI éf
L

HVWLPDWLRQODRKRIDRDWLFDO ORG
(QJLQHHULQJ 3URE@HPV
>

> @RWUHQWLQOR 0 $SUDXWMR QD @ XJPDQ 6
SLTXHOPH E&RPSDULVRQ RI PDFKLQH OHDUQLQJ
WHFKQLTXHV IRU PLQHUDO UHVRX3} F@%RDORVIMUIEDWLRQ *HQVIDWLVWLFEDO
FRSSHU GHSRWDMWXUQBBHXRXUFHV 5 IQWHDUSO DW L R DWW GHFREMBIDW 5HV HD L

> @6LQFODLU $ %ODFNZHOO *
5HVRXUFH UHVHUYH FODVVLILFDWLRQ@ QUG R\KWH\ TXD O I+H|LHE. GH U/ RQ "HILQL
&, 0 % XOOHWLQ= VSDWLDEDARBXCGBPISHQGHQFH XVLQJ D IDPI

> @GGR ( &KDQGD ( OHWFDC};H-{X\’ﬁ/LDQ HVSD.\éVLDO:DUV\D-QBRSH-IVIFK}GKDIGI-\N
(VWLPDWLRQ RI GLUHFWLRQ RI tlé{ BHBGH R1¥ JROG

&R S 0O LHIFHH VV LR Q
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