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Wklv sdshu h{soruhv wkh lpsdfw ri gl�huhqw w|shv ri g|qdplfdo olqndjhv +frxsolqj, ehwzhhq
wkh lqglfhv ri lqgxvwuldo surgxfwlrq iru wkh X1V1 dqg Fdqdgd1 Wkh R}dnl prgho surylghv dq
dssursuldwh hpslulfdo iudphzrun iru dqdo|}lqj wkh g|qdplf sdwk ri hdfk hfrqrp|*v surgxf0
wlyh dfwlylw| ehfdxvh lw surylghv dq h�hfwlyh dssur{lpdwlrq wr frqwlqxrxv wlph gl�huhqwldo
htxdwlrqv1 Zh h{dplqh d frpelqdwlrq ri vl{ gl�huhqw w|shv ri olqndjh ehwzhhq wkh lqglfhv
ri surgxfwlrq1 Pdmru txhvwlrqv zh vwxg| lqfoxgh zkhwkhu wkh olqndjhv lqfuhdvh ru ghfuhdvh
wkh vwdelolw| ri wkh htxloleulxp sdwkv/ zkhwkhu wkh olqndjhv hqfrxudjh ru glvfrxudjh exvlqhvv
f|foh rvfloodwlrqv/ dqg zkhwkhu wkh rvfloodwlrqv duh v|qfkurql}hg1

Wkh hpslulfdo dqdo|vlv uhyhdov wkdw iru hdfk frxqwu| wkh uhtxlvlwh odj vwuxfwxuh h{whqgv iru
xs wr vl{ |hduv dqg wkdw wkh frxsolqj olqndjhv duh ixqfwlrqv ri odjjhg fkdqjhv lq jurzwk udwhv1
Lqfrusrudwlqj wkhvh olqndjhv ohdgv wr dq lqfuhdvhg ghjuhh ri rvfloodwlrq lq wkh htxloleulxp
sdwkv/ d pdujlqdo lpsuryhphqw lq vwdelolw|/ dqg vrphzkdw juhdwhu v|qfkurql}dwlrq ehwzhhq
wkh wzr vhulhv1 Wkh rxw0ri0vdpsoh iruhfdvwv iru hdfk vhulhv duh lpsuryhg e| wkh frxsolqj1
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41 Lqwurgxfwlrq

Lw lv zlgho| vxvshfwhg wkdw hfrqrplf frqglwlrqv lq rqh frxqwu| fdq eh wudqvplwwhg wr rwkhu

frxqwulhv1 Wklv kdv ohg wr d frqfhuq wkdw wkh fxuuhqw sureohpv lq Dvld zloo eh wudqvplwwhg wr wkh

Xqlwhg Vwdwhv dqg hvshfldoo| wr Odwlq Dphulfd1 Vlploduo|/ wkhuh kdyh ehhq vxjjhvwlrqv wkdw dq

hfrqrplf froodsvh lq Uxvvld pljkw ohdg wr d udslg ghwhulrudwlrq lq Hxurshdq hfrqrplhv1 Zh khdu

pxfk derxw �lqwhuqdwlrqdo uhshufxvvlrqv� dqg wkhlu �frqvhtxhqfhv iru wkh joredo hfrqrp|�1

Vxfk wrslfv lqyroyh dq lpsolflw dvvxpswlrq wkdw olqnv wkurxjk wudgh dqg fdslwdo  rzv kdyh

vljql�fdqw lpsolfdwlrqv iru lqwhuqdwlrqdo hfrqrplf vwdelolw|/ dowkrxjk olwwoh lv dfwxdoo| nqrzq

derxw wkh g|qdplf surfhvvhv wkdw zrxog eh jhqhudwhg e| wkhvh vruwv ri olqndjhv1 Lw lv riwhq

wkrxjkw wkdw wudgh dqg �qdqfldo olqndjhv ohdg wr lqwhuqdwlrqdoo| v|qfkurql}hg exvlqhvv f|fohv/

exw zkhwkhu wkhvh olqndjhv gdpshq ru dffhqwxdwh wkh dpsolwxgh ri wkh f|fohv lv qrw fohdu1 Vrph

hfrqrplvwv eholhyh wkdw lqwhuqdwlrqdo olqndjhv pd| ohdg wr lqvwdelolw|> rwkhuv pdlqwdlq wkdw wkh

joredo hfrqrp| lv lqkhuhqwo| vwdeoh dqg wkdw lqwhuqdwlrqdo wudgh surprwhv wklv vwdelolw|1

Wkh txhvwlrq ri zkhwkhu furvv0frxqwu| wlhv frqwulexwh wrzdugv joredo vwdelolw| ru lqvwdelolw|

lv dq lqwhuhvwlqj rqh zklfk kdv qrw |hw uhfhlyhg pxfk dwwhqwlrq lq wkh olwhudwxuh1 Wzr uhohydqw

wkhruhwlfdo sdshuv lqfoxgh zrun e| Oruhq} ^55` dqg Sxx ^65`/ zkr h{soruh wkh uroh ri wudgh dv

d ghvwdelol}lqj olqnlqj phfkdqlvp iru rxwsxw g|qdplfv1 Krzhyhu/ xvxdoo| wkh wkhruhwlfdo zrun

rq lqwhuqdwlrqdo hfrqrplf olqndjhv kdv prghohg wkhvh olqndjhv lq d yhu| vlpsoh pdqqhu dqg kdv

qrw dgguhvvhg wkh lvvxhv ri krz gl�huhqw w|shv ri olqndjhv pljkw d�hfw wkh g|qdplfv ri wkh

joredo v|vwhp1 Vlploduo|/ pxfk ri wkh hpslulfdo zrun rq hfrqrplf olqndjhv kdv frqfhqwudwhg rq

qrq0g|qdplf lvvxhv/ vxfk dv wkh ghwhuplqdwlrq ri wkh uhodwlyh lpsruwdqfh ri rshqqhvv/ wudgh/

prqhwdu| srolf|/ whfkqrorj| vslooryhu ru frpprq vxsso| vkrfnv1

Zlwk uhvshfw wr wkh hpslulfdo zrun rq lqwhuqdwlrqdo lqwhudfwlrq wkdw h{solflwo| lqfrusrudwhv

g|qdplfv/ surmhfw OLQN +vhh wkh glvfxvvlrq lq ^53`,/ dqg vrph rwkhu dqdo|vhv edvhg rq yhfwru

dxwruhjuhvvlrqv duh wkh ehvw nqrzq1 Prvw ri wkh uhpdlqlqj hpslulfdo zrun rq lqwhuqdwlrqdo

lqwhudfwlrqv kdv dyrlghg g|qdplf lvvxhv e| irfxvlqj rqo| rq frqwhpsrudqhrxv fruuhodwlrqv lq

rxwsxw1 H{fhswlrqv lqfoxgh d vpdoo olwhudwxuh wkdw prghov wkh frpryhphqwv lq gl�huhqw frxqwulhv*

exvlqhvv f|fohv dv pxowlyduldwh v|vwhpv zlwk frpprq g|qdplf idfwruv +vhh ^<`/ ^4:`/ ru ^4`,/ dqg d

ihz sdshuv wkdw dvn zkhwkhu wkh yrodwlolw| ri rxwsxw lv d�hfwhg e| gl�huhqw h{fkdqjh udwh uhjlphv

+vhh ^47` ru ^6`,1 Wkh frpprq idfwru sdshuv lqfrusrudwh wkh qrwlrq wkdw gl�huhqw frxqwu| exvlqhvv

f|fohv duh v|qfkurql}hg/ exw qrqh ri wkhvh hpslulfdo uhvhdufk sdshuv kdyh h{solflwo| h{soruhg wkh

vwdelolw| surshuwlhv dvvrfldwhg zlwk olqnlqj wkh hfrqrplhv1

Wkh lvvxh ri krz hfrqrplf wlhv ehwzhhq gl�huhqw frxqwulhv d�hfw frpryhphqw lq rxwsxw dfurvv

frxqwulhv fdq eh uhfrjql}hg dv d vshfldo fdvh ri wkh pruh jhqhudo txhvwlrq ri krz lqwhughshqghq0
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flhv ehwzhhq pdunhwv pljkw lq xhqfh wkh mrlqw ehkdylru ri wkhvh pdunhwv1 Jrrgzlq ^48` vwxglhg

d yhuvlrq ri wklv sureohp lq d sdshu lq zklfk kh zdv wkh �uvw wr dsso| wkh lghd ri g|qdplf frx0

solqj wr hfrqrplfv1 Prgholqj wzr frqwlqxrxv wlph vhulhv ri lqwhuuhodwhg lqgxvwulhv dv d frxsohg

v|vwhp ri lqgxvwulhv/ kh irxqg wkdw wkh skdvh surshuwlhv ri wkh lqwhughshqghqw ru frxsohg v|vwhp

zhuh txlwh gl�huhqw iurp wkh skdvh surshuwlhv ri hdfk lqglylgxdo lqgxvwu|1 Kh dovr irxqg wkdw

wkh g|qdplf frxsolqj ri wzr pdunhwv frxog ghfuhdvh wkh vwdelolw| ri hdfk pdunhw1 Krzhyhu/ vlqfh

Jrrgzlq*v zrun/ wkh vwxg| ri frxsolqj lq hfrqrplf vhulhv kdv whqghg wr eh vsrudglf/ dqg kdv

ehhq prvwo| uhvwulfwhg wr zrun zklfk glvfxvvhv wkh srvvlelolw| ri fkdrwlf ehkdylru lq hfrqrplf

yduldeohv1 Vhh/ iru h{dpsoh/ wkh uhihuhqfhv lq ^45`/ ^46`/ dqg ^56`1

G|qdplf frxsolqj kdv dq h{whqvlyh olwhudwxuh lq pdwkhpdwlfv dqg sk|vlfv/ dqg vrphzkdw ohvv

lq elrorj|1 Lq wkhvh olwhudwxuhv/ lw lv uhfrjql}hg wkdw wkh g|qdplfv ri frxsohg +ru olqnhg, v|vwhpv

fdq eh yhu| gl�huhqw iurp wkh g|qdplfv ri wkh frqvwlwxhqw vxe0v|vwhpv1 Ixuwkhu/ wkh surshuwlhv

ri d frxsohg v|vwhp ghshqg rq wkh qdwxuh ri wkh frxsolqj phfkdqlvp1 Vrph w|shv ri frxsolqj

fdq ohdg wr fkdrv/ zkloh rwkhu w|shv fdq ohdg wr wkh v|qfkurql}dwlrq ri g|qdplfdo frpsrqhqwv1

Prgh orfnlqj +ru hqwudlqphqw,/ zklfk lv wkh vwdwh ri ehlqj orfnhg lqwr wkh iruflqj iuhtxhqf|/ fdq

vrphwlphv rffxu1 Jlyhq wkdw forvho| frqqhfwhg hfrqrplhv pljkw eh ylhzhg dv frxsohg v|vwhpv

dqg wkdw frxsolqj fdq ohdg wr pdq| gl�huhqw w|shv ri mrlqw g|qdplfdo ehkdylru/ lw lv fohdu wkdw

d xvhixo uhvhdufk wrslf zrxog eh wr h{soruh wkh olqnv ehwzhhq hfrqrplhv dqg wkh h�hfwv wkdw

wkhvh olqnv kdyh rq erwk vwdelolw| dqg frruglqdwlrq1 Txhvwlrqv wkdw ghvhuyh lpphgldwh dwwhqwlrq

lqfoxgh wkh w|shv ri olqndjhv wkdw rffxu dfurvv hfrqrplhv/ zkhwkhu ru qrw wkrvh olqndjhv hqkdqfh

vwdelolw|/ dqg xqghu zkdw flufxpvwdqfhv wkh olqndjhv pljkw ohdg wr v|qfkurql}dwlrq ri lqgxvwuldo

dfwlylw|1

Wkh glvfxvvlrq lq wklv duwlfoh vkrxog eh uhjdughg dv dq lqlwldo irud| lqwr dq lpsruwdqw/ exw

uhodwlyho| xqh{soruhg wrslf1 Zh dwwhpsw wr lqfrusrudwh f|folfdo qrqolqhdulwlhv lqwr d vwxg| ri

wkh lqwhudfwlrqv ehwzhhq wkh exvlqhvv f|fohv ri gl�huhqw frxqwulhv lq whupv ri d vlpsoh elyduldwh

prgho1 Wkh pdwkhpdwlfdo iudphzrun lv R}dnl*v +4<;8, yduldeoh dpsolwxgh frh!flhqw prgho/ vhh

^4;` dqg ^59`1 Zh dsso| wklv prgho wr vwxg| wkh lqwhudfwlrqv ehwzhhq lqgxvwuldo surgxfwlrq lq

Fdqdgd dqg wkh Xqlwhg Vwdwhv1 Wkh prgho vshfl�fdwlrq zklfk zh hvwlpdwh lqfoxghv wkh qrqolqhdu

g|qdplfv dqg d vhw ri �olqn� yduldeohv wkdw duh xvhg wr fdswxuh wkh lqwhudfwlrqv ehwzhhq wkhvh

wzr frxqwulhv1 Rxu pdmru wdvn lv wr glvfryhu hpslulfdoo| wkh w|sh ri olqndjh ru frxsolqj wkdw lv

lqyroyhg dqg wkhq wr ghulyh wkh lpsolfdwlrqv ri wkhvh olqndjhv iru v|qfkurql}dwlrq dqg lqvwdelolw|

zlwklq wkh olqnhg v|vwhp1

Wkh uhpdlqghu ri wklv sdshu lv lq irxu sduwv1 Rxu qh{w vhfwlrq zloo eulh | uhylhz wkh olwhu0

dwxuh dqg hoxflgdwh vrph ri wkh pdwkhpdwlfdo dujxphqwv xqghuo|lqj wkh lghd ri frxsolqj1 Wklv

glvfxvvlrq lv iroorzhg e| d uhylhz ri wkh prghoolqj vwuxfwxuh wkdw zh fkrrvh dv wkh pdwkhpdw0

lfdo iudphzrun iru rxu dqdo|vlv1 Wkh odujhvw vhfwlrq ri wkh sdshu lv ghyrwhg wr ghvfulelqj rxu

vwdwlvwlfdo dqg vlpxodwlrq uhvxowv1 Vlpxodwlrq lv dq lpsruwdqw wrro ehfdxvh wkh frpsoh{lw| ri wkh
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v|vwhpv suhfoxghv dq| phdqlqjixo dojheudlf dqdo|vlv1 Wkh sdshu hqgv zlwk wkh xvxdo vxppdu|

dqg frqfoxvlrqv1 Lq wkh frqfoxvlrq/ zh wu| wr lqglfdwh wkh eurdghu lpsolfdwlrqv iru rxu uhvhdufk/

dqg wr jlyh vrph jxlgdqfh frqfhuqlqj wkh h{whqvlrq dqg ghyhorsphqw ri wkh uhvhdufk lpsolfdwlrqv

vwlpxodwhg e| wkh lghd ri g|qdplf frxsolqj1

51 Wkh Frqfhsw ri G|qdplf Frxsolqj

Lq rughu wr looxvwudwh vrph ri wkh frqfhswv lqyroyhg zh frqvlghu dv dq h{dpsoh wkh g|qdplfv ri d

shqgxoxp/ zklfk fdq eh ghvfulehg e| d vlpsoh olqhdu xqirufhg vhfrqg rughu gl�huhqwldo htxdwlrq

jlyhq e|

p�{. u b{. v{ @ 3> +514,

zkhuh p uhsuhvhqwv �pdvv/� v wkh �vwl�qhvv� ri wkh shqgxoxp/ dqg u wkh ghjuhh ri �gdpshqlqj�

ri wkh shqgxoxp*v prwlrq1 Vhwwlqj wkh gdpshqlqj frh!flhqw u htxdo wr }hur +iru pdwkhpdwlfdo

vlpsolflw|,/ wkh qdwxudo iuhtxhqf| ri rvfloodwlrq lv jlyhq e| wkh sdudphwhu $ +zlwk $2 @ v@p,/

zklfk vxppdul}hv wkh h�hfwv ri judylw| dqg wkh sk|vlfdo surshuwlhv ri wkh shqgxoxp rq wkh

shqgxoxp*v prwlrq1

Qrz vxssrvh wkdw zh kdyh wzr vxfk shqgxod/ zlwk srvlwlrqv { dqg | ghvfulehg e| 514 +zlwk

u @ 3,/ dqg wkdw wkhvh shqgxod duh olqnhg e| d vsulqj zlwk vwl�qhvv/ �i�1 Wkh htxdwlrqv ri

prwlrq iru vpdoo rvfloodwlrqv lq wklv frxsohg v|vwhp duh jlyhq e|

�{ @ �$2{� i@p+{� |, +515,

�| @ �$2| . i@p+{� |,=

Hdfk shqgxoxp e| lwvhoi zloo rvfloodwh zlwk d iuhtxhqf| ri $/ exw wkh v|vwhp ri wzr shqgxod kdv

d pruh frpsoh{ prwlrq1 Zh lpphgldwho| uhfrjql}h wkdw wkh wzr shqgxod fdq pryh wrjhwkhu lq

skdvh/ lq zklfk fdvh wkhuh lv qr frpsuhvvlrq ru h{whqvlrq ri wkh vsulqj/ ru rxw ri skdvh/ lq zklfk

fdvh wkhuh lv dowhuqdwlqj frpsuhvvlrq dqg h{sdqvlrq ri wkh vsulqj1

Lq wklv vlpsoh prgho zh fdq ghfrpsrvh wkh rvfloodwlrqv ri wkh v|vwhp lqwr dq �lq skdvh�

frpsrqhqw dqg dq �rxw ri skdvh� frpsrqhqw e| d vlpsoh wudqvirupdwlrq1 Wr gr wklv/ zh gh�qh

qhz frruglqdwhv e|

[ @ {. | +516,

\ @ {� |

dqg wkhq ghulyh 517 e| dgglqj dqg vxewudfwlqj wkh frqvwlwxhqw htxdwlrqv lq htxdwlrq 515 wr rewdlq

�[ . $2[ @ 3 +517,

�\ . +$2 . 5i@p,\ @ 3=
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Htxdwlrq 517 vkrzv wkdw zh kdyh ehhq deoh wr �ghfrxsoh� wkh frxsohg v|vwhp lq wkh iroorzlqj

vhqvh1 Lq whupv ri wkh qhz frruglqdwhv/ zh fdq dqdo|}h wkh rvfloodwlrqv vhsdudwho|> pruh lpsru0

wdqwo| zh fdq dgg wkh hqhuj| ri hdfk prgh wr jhw wkh hqhuj| ri wkh v|vwhp dv d zkroh/ zklfk lv

frqvwdqw1 Wkhuh duh wzr �qrupdo� prghv ri yleudwlrq1 Rqh prgh/ [> rvfloodwhv dw d iuhtxhqf|

ri $ zkloh wkh rwkhu prgh/ \> rvfloodwhv dw d iuhtxhqf| ri
s
$2 . 5i@p @ $�/ zklfk lv d kljkhu

iuhtxhqf| wkdq wkh �uvw1 Wkh iruphu prgh [ lv whuphg wkh �lq skdvh� prgh/ zkloh wkh odwwhu

prgh \ lv whuphg wkh �rxw ri skdvh prgh1� Li \ lv dozd|v }hur/ wkhq wkh olqn zloo eh lqh�hfwlyh

vlqfh { @ | dw doo wlphv/ dqg wkhuh zloo eh qhlwkhu frpsuhvvlrq qru h{sdqvlrq lq wkh vsulqj> wkh

�rshudwlqj prgh� lv wkh �lq skdvh prgh1� Li [ lv dozd|v }hur/ wkhq wkh frxsolqj zloo eh h�hfwlyh/

vlqfh { @ �| dw doo wlphv/ dqg wkh vsulqj zloo h{sdqg zkhq | lv srvlwlyh dqg frqwudfw zkhq | lv

qhjdwlyh> wkh �rshudwlqj prgh� lv wkh �rxw ri skdvh prgh1� Wkh �rxw ri skdvh� prgh*v rvflood0

wlrq lqfuhdvhv zlwk dq lqfuhdvh lq vwl�qhvv/ ru d ghfuhdvh lq wkh frpprq pdvv1 Dv wkh vwl�qhvv

dssurdfkhv }hur/ wkh iuhtxhqflhv ri wkh qrupdo prghv frqyhujh1

Wr rewdlq d ehwwhu slfwxuh ri wkh lqfuhdvhg frpsoh{lw| ri wkh g|qdplfv zh qhhg wr h{dplqh

wkh g|qdplfdo ehkdylru ri wkh dfwxdo frruglqdwhv/ qrw wkdw ri wkh qrupdo prghv1 Iurp rxu

ghulydwlrq/ zh qrwh wkdw [ . \ @ 5{ dqg wkdw [ � \ @ 5|1 Iurp wkhvh uhodwlrqv zh fdq hdvlo|

ghulyh wkh vroxwlrq orfl iru hdfk ri { dqg | iurp d glvsodfhphqw ri vl}h �d�=

{ @ 5d frv

�
$� � $

5
w

�
vlq

�
$� . $

5
w

�
+518,

dqg | @ 5d frv

�
$� . $

5
w

�
vlq

�
$� � $

5
w

�
iurp zklfk zh vhh wkdw wkh hqyhorsh ehdw rvfloodwlrq jlyhq e| wkh gl�huhqfh lq iuhtxhqflhv iru wkh

wzr srvlwlrqv lv rxw ri skdvh e| �@5 udgldqv1 Iurp lqglylgxdo shqgxod rvfloodwlqj dw d kduprqlf

iuhtxhqf| ri $ hdfk/ zh qrz kdyh d sdlu ri shqgxod rvfloodwlqj dw d iuhtxhqf| ri +$� . $, @5

zlwklq dq hqyhorsh ehdw iuhtxhqf| ri +$� � $, @5=

Dq dowhuqdwlyh olqndjh phfkdqlvp pljkw eh d frxsolqj wkurxjk wkh frpprq pdvvhv> wklv

rffxuv lq qdwxuh zkhq hohfwulfdo rvfloodwruv frxsoh1 Lq wklv fdvh/ rqh fdq ghulyh wkh sdlu ri

iuhtxhqflhv dw zklfk wkh v|vwhp uhvrqdwhv1 Vrphwlphv wklv irup ri frxsolqj lqyroyhv d �irufhg

rvfloodwru�/ lq zklfk fdvh suhfhghqfh lv jlyhq wr rqh ri wkh rvfloodwruv dv d frqwuro dqg wklv frqwuro

wkhq ghwhuplqhv wkh iruflqj iuhtxhqf|1 Lw lv zhoo nqrzq wkdw/ dv wkh iruflqj iuhtxhqf| dssurdfkhv

wkh qdwxudo iuhtxhqf| ri wkh irufhg v|vwhp/ wkhuh lv uhvrqdqfh vr wkdw dw wkh frpprq iuhtxhqf|

wkh dpsolwxgh jurzv zlwkrxw erxqg1 Ixuwkhu/ dv kdv ehhq glvfxvvhg lq d qxpehu ri sdshuv/ +vhh

wkh uhihuhqfhv lq Jdqgroir ^46` iru h{dpsohv,/ wkh iruflqj ri qrqolqhdu gl�huhqwldo htxdwlrqv fdq

hdvlo| ohdg wr fkdrwlf wlph sdwkv1

Lq jhqhudo wkh g|qdplfv ri frxsohg v|vwhpv duh yhu| gl�huhqw iurp wkrvh ri wkh frqvwlwxhqw

vxe0v|vwhpv1 Wkhuh duh wzr srodu fdvhv> rqh lq zklfk wkhuh lv v|qfkurql}dwlrq ri ruelwv dqg

dqrwkhu lq zklfk wkhuh lv lqgxfhphqw ri fkdrv ru dw ohdvw wkh lqgxfhphqw ri kljko| frpsoh{
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g|qdplfdo ehkdylru1 Shfrud dqg Fduuroo +4<<3, ^63` ghprqvwudwh wkh frqglwlrqv xqghu zklfk

v|qfkurql}dwlrq rffxuv/ zkloh Jdqgroir/ ^46` iru h{dpsoh/ phqwlrqv wkh Odqgdx urxwh wr frp0

soh{lw| lq wkh frxsolqj ri pruh wkdq wzr glphqvlrqdo v|vwhpv1 Fkhuqlnry dqg Vfkplgw ^9` vkrz

wkdw zkhq frxsolqj lv wkurxjk wkh yhorflwlhv ri prwlrq v|qfkurql}dwlrq lq iuhtxhqf| dqg dp0

solwxgh lv hqkdqfhg zlwk d frqvhtxhqw uhgxfwlrq lq wkh h�hfwlyh glphqvlrq ri skdvh vsdfh1 Lq

frqwudvw/ Edhvhqv hw do1 ^5` �qg frqglwlrqv wkdw lpso| dq lqfuhdvlqj glphqvlrq ri skdvh vsdfh1

Wkhuh duh pdq| h{dpsohv ri v|qfkurql}hg v|vwhpv lq uhdo olih/ dv lv fohdu iurp wkh glvfxvvlrq

lq Pluroor dqg Vwurjdw} ^57`/ dqg Vwurjdw} dqg Vwhzduw ^68`1 H{dpsohv lqfoxgh forfnv dwwdfkhg

wr erdugv/ �uh lhv vljqdoolqj iru pdwhv/ dqlpdo jdwhv/ fdugldf uk|wkpv/ dqg vr rq1 Jlyhq wkdw

g|qdplfdo vxe0v|vwhpv lq hfrqrplfv duh qdwxudoo| olqnhg ehfdxvh ri wudgh/ fdslwdo  rzv/ whfkqro0

rj| vslooryhu dqg qxphurxv rwkhu uhdvrqv/ lw vhhpv ihdvleoh wkdw d vlplodu vruw ri frxsolqj dulvhv

lq g|qdplf v|vwhpv ri lqwhuuhodwhg hfrqrplhv1

Oruhq} ^55` kdv ghyhorshg d yhu| vlpsoh prgho zklfk h{soruhv wkh h�hfw ri hfrqrplf olqndjhv

rq wkh g|qdplfv ri dq djjuhjdwh hfrqrp|/ dqg wr looxvwudwh krz d frxsolqj ri hfrqrplf v|vwhpv

pljkw dulvh lq sudfwlfh zh rxwolqh wkh pdlq ihdwxuhv ri wklv prgho ehorz1 Oruhq} vwduwv zlwk

wkuhh g|qdplf dxwdufklf LV0OP hfrqrplhv ghvfulehg e|=

b\� @ ��^L�+\�> u�,� V�+\�> u�,`> +519,

bu� @ ��^O�+\�> u�,� �P�`>

l @ 4> 5> 6> ��> �� A 3>

zkhuh \� uhsuhvhqwv uhdo lqfrph lq frxqwu| l> L� lv uhdo lqyhvwphqw/ V� lv uhdo vdylqj/ O� wkh ghpdqg

iru prqh| edodqfhv/ �P� wkh h{rjhqrxvo| ghwhuplqhg prqh| vxsso|/ dqg u� lv wkh uhdo lqwhuhvw

udwh1 Sulfhv duh dvvxphg wr eh �{hg1 Zlwkrxw wudgh/ wkhuh duh wkuhh lqghshqghqw rvfloodwruv1

Zkhq wkh vroxwlrq ri hdfk htxdwlrq surgxfhv d vlqjoh iuhtxhqf|/ wkh prwlrq ri wkh zkroh v|vwhp

fdq eh ghvfulehg lq whupv ri wkhvh wkuhh iuhtxhqflhv1

Wudgh surylghv d frxsolqj ehwzhhq wkh hfrqrplhv1 Zlwk �{hg h{fkdqjh udwhv dqg qr fdslwdo

 rzv d wudgh0olqnhg prgho lv jlyhq e|

b\� @ ��^L�+\�> u�,� V�+\�> u�, .[�+\�> \&,� LPS�+\�,`>

bu� @ ��^O�+\�> u�,� �P�`> +51:,

LPS�+\�, @
�[

�'�

Lps��+\�,> m 9@ l> [�+\�> \&, @
�[

&'�

Lps�&+\�,> n 9@ l

l @ 4> 5> 6> ��> �� A 3>

zklfk qrz frqvlvwv ri wkuhh frxsohg rvfloodwruv1 Lps��+\�, uhsuhvhqwv wkh lpsruwv iurp frxqwulhv

m 9@ l wr frxqwu| l dqg [�+\�> \&, uhsuhvhqwv frxqwu| l*v h{sruwv wr wkh frxqwulhv k dqg n1 Wrwdo

h{sruwv dfurvv wkh wkuhh frxqwulhv htxdov wrwdo lpsruwv dfurvv wkh vdph wkuhh frxqwulhv/ dqg wkh

9



frxqwulhv duh olqnhg vroho| wkurxjk wudgh lpedodqfhv1 Wkh orqj whup h�hfwv ri dq lpedodqfh lq

wudgh duh ljqruhg1

Wkh pryhphqw lq wklv frxsohg v|vwhp 51: fdq eh txlwh gl�huhqw wr wkdw ri dq| frqvwlwxhqw

rvfloodwlrq lq 5191 Oruhq} vkrzv wkdw txdvl0shulrglf prwlrq dqg skdvh orfnlqj ehwzhhq wkh

frxqwulhv fdq rffxu1 Kh dovr vkrzv wkdw/ jlyhq fhuwdlq sdudphwhu ydoxhv/ wklv wudgh olqnhg prgho

fdq ohdg wr fkdrv1 Lw lv srvvleoh wr wudqvirup 51: lqwr wkuhh qrupdo prghv> d wudqvirupdwlrq lq

zklfk wkh wudgh  rzv gurs rxw frqvlvwv ri wkh vxp ri wkh uhdo lqfrphv lq wkh wkuhh frxqwulhv dqg

wkhq wkh lqwhuhvw udwh htxdwlrqv iru dq| wzr ri wkh frxqwulhv1

Qrwzlwkvwdqglqj wkhruhwlfdo ghyhorsphqwv vxfk dv wkh Oruhq} prgho/ wkhuh kdv ehhq yhu| olwwoh

lq wkh zd| ri hpslulfdo zrun wkdw frqfhqwudwhv rq wklv lvvxh/ h{fhsw lqflghqwdoo|1 Wkh forvhvw

hpslulfdo uhvhdufk lq wkh vslulw ri h{dplqlqj wkh olqndjhv ri g|qdplfdo v|vwhpv lv txrwhg rq sdjh

48: lq Judqjhu dqg Whuçvyluwd ^49`/ zkhuh elyduldwh OVWDU prghov ri lqgxvwuldo surgxfwlrq

duh hvwlpdwhg xvlqj txduwhuo| gdwd zlwk odjjhg ydoxhv ri rqh frxqwu|*v rxwsxw lq wkh OVWDU

prgho iru wkh rwkhu1 Wkh sdluv ri frxqwulhv zklfk duh h{dplqhg lqfoxgh wkh X1V1 dqg Fdqdgd/

Jhupdq| dqg Ehojlxp/ dqg wkh X1V1 dqg Mdsdq1 Judqjhu dqg Whuçvyluwd frqfoxgh wkdw wkhuh duh

vljql�fdqw olqnv ehwzhhq hdfk ri wkh frxqwulhv sdluv/ lq wkh vhqvh wkdw odjjhg ydoxhv ri rxwsxw ri

rqh frxqwu| duh vljql�fdqw lq wkh g|qdplf htxdwlrq iru dqrwkhu1 Uhodwhg wr wklv lv dqrwkhu sdshu

e| Dqghuvrq dqg Ydklg ^4`/ lq zklfk wkh| jhqhudol}h wkh lghd ri frpprq wuhqgv wr frpprq

qrqolqhdu frpsrqhqwv dqg �qg d frpprq qrqolqhdulw| lq lqgxvwuldo rxwsxw iru Fdqdgd dqg wkh

X1V1 Wkhvh wzr sdshuv hpskdvl}h frpprq hohphqwv lq rxwsxw/ exw wkh hpskdvlv lq wklv sdshu lv

pruh rq wkh olqndjhv wkhpvhoyhv dqg wkh uroh wkdw wkhvh olqndjhv sod| lq prgli|lqj wkh g|qdplfv

ri wkh frxsohg v|vwhpv1 V|vwhpv pd| kdyh frpprq frpsrqhqwv/ exw wkh| pd| eh olqnhg pruh

gluhfwo|/ vr wkdw zkdw dsshduv wr eh d frpprq frpsrqhqw lv lq idfw wkh rxwfrph ri g|qdplf

olqndjh1

Frqvhtxhqwo|/ wkh remhfwlyh lq wklv sdshu lv wr xvh wkh dydlodeoh lqglfhv ri lqgxvwuldo sur0

gxfwlrq lq rughu wr h{dplqh dowhuqdwlyh olqndjhv ehwzhhq d jhqhudo h{srqhqwldo dxwruhjuhvvlyh

prgho iru hdfk frxqwu|*v rxwsxw1 Lq sduw/ rqh fdq lqwhusuhw wkh hpslulfdo zrun lq wklv sdshu lq

whupv ri wkh Oruhq} prgho glvfxvvhg lq htxdwlrq 51:1 Li rqh zhuh wr jhqhudwh d uhgxfhg irup

uhodwlrqvkls iurp wkrvh sxusruwhg ehkdylrudo htxdwlrqv/ vr wkdw wkh g|qdplfv ri wkh vxev|vwhpv

frxog eh prghohg vwulfwo| lq whupv ri wkh rxwsxw wlph vhulhv/ dqg li zh vxppdul}hg wkh frp0

solfdwhg lqwhu0uhodwlrqvklsv ehwzhhq wkh wzr frxqwulhv lq whupv ri vlpsoh ixqfwlrqv ri grphvwlf

dqg iruhljq rxwsxw/ wkhq rxu h�ruwv wr eh glvfxvvhg ehorz surylgh dq dqdo|vlv ri d uhgxfhg irup

lpsohphqwdwlrq ri wkh Oruhq} prgholqj frqfhsw lqglfdwhg lq htxdwlrq 51:1 Wr wklv lvvxh zh qrz

wxuq1

:



61 Vshfl�fdwlrq ri d Prgho zlwk G|qdplf Olqndjhv

Rqh sureohp dvvrfldwhg zlwk xqghuwdnlqj dq hpslulfdo vwxg| ri lqwhuqdwlrqdo frpryhphqw lv

wkdw rxwsxw  xfwxdwlrqv duh qrw zhoo ghvfulehg dv olqhdu dxwruhjuhvvlyh ru DUPD surfhvvhv1

Exvlqhvv f|foh dv|pphwulhv/ srolf| uhjlph vkliwv dqg vwuxfwxudo fkdqjh uhvxowlqj iurp dgydqfhv

lq whfkqrorj| doo lpso| wkdw rxwsxw wlph vhulhv kdyh qrqolqhdu gdwd jhqhudwlqj surfhvvhv/ dqg

vxfk surfhvvhv fdq jhqhudwh yhu| frpsolfdwhg ehkdylrudo sdwwhuqv/ hyhq lq xqlyduldwh fdvhv1 Vhh

^4<`/ ^69`/ ^64` ^67`/ ^66`/ ^8` dqg dvvrfldwhg uhihuhqfhv iru dq lqwurgxfwlrq wr vrph ri wkh hp0

slulfdo olwhudwxuh rq qrqolqhdulwlhv lq exvlqhvv f|fohv1 H{whqvlrqv lq wkh gluhfwlrq ri qrqolqhdu

lqwhughshqghqflhv duh/ ri frxuvh/ pxfk pruh frpsolfdwhg wkdq wkh vwxg| ri xqlyduldwh qrqolqhdu

surfhvvhv/ dqg yhu| olwwoh zrun kdv ehhq grqh lq wklv duhd1 Vrph hpslulfdo h{dpsohv duh/ krzhyhu/

surylghg e| ^4`/ ^:`/ ^49`/ ^;` dqg ^43`1

Wkh edvlf prgholqj iudphzrun wkdw zh xvh lq wklv vwxg| lv wkh qrqolqhdu h{srqhqwldo dxwruh0

juhvvlyh prgho/ ruljlqdoo| sursrvhg e| Kdjjdq dqg R}dnl lq 4<;4 ^4;`/ dqg glvfxvvhg ixuwkhu lq

^59` dqg ^5:`1 Wklv prgho surylghv d yhu|  h{leoh irup wkdw fdq hqfrpsdvv glvfuhwh dssur{lpd0

wlrqv wr d zlgh ydulhw| ri qrqolqhdu frqwlqxrxv gl�huhqwldo htxdwlrqv/ dqg lq sduwlfxodu/ lw fdq

dffrxqw iru orfdo lqvwdelolwlhv zlwklq d joredoo| vwdeoh iudphzrun1 Wklv odvw frqvlghudwlrq lv lp0

sruwdqw/ jlyhq wkdw wkh sulpdu| dlp ri rxu hpslulfdo dqdo|vlv lv wr vwxg| wkh vwdelolw| surshuwlhv

ri xqlyduldwh dqg olqnhg v|vwhpv ri exvlqhvv f|foh lqglfdwruv1 Wkh vwdelolw| surshuwlhv lpsolhg

e| wkh R}dnl prgho ghshqg rq wkh vwdwh ri wkh v|vwhp dv zhoo dv rq wkh sdudphwhuv/ vr wkdw wkh

prgho fdq lpso| pdq| gl�huhqw sdwwhuqv ri g|qdplf ehkdylru1

Ghqrwlqj |�| dv rxu exvlqhvv f|foh lqglfdwru iru frxqwu| m/ wkh R}dnl prgho +zlwkrxw doorzlqj

iru olqndjh h�hfwv, lv jlyhq e|

|�| @ ��f .
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zlwk �� A 31 Wkh lqglfdwru |�| lv dvvxphg wr eh vwdwlrqdu| dqg wkh huuru surfhvv lv dvvxphg wr eh

d }hur phdq l1l1g1 surfhvv1 Lq wkh hpslulfdo zrun zklfk iroorzv/ |�| zloo eh d phdvxuh ri dqqxdo

jurzwk lq lqgxvwuldo surgxfwlrq +gh�qhg ehorz,/ zlwk wkh vxevfulswv m @ f dqg x uhvshfwlyho|

lqglfdwlqj wkh ydoxhv ri jurzwk revhuyhg lq Fdqdgd dqg wkh Xqlwhg Vwdwhv1 Wkh g|qdplf sdwk

ri wkh wzr xqghuo|lqj udz vhulhv +zklfk zh fdoo f| dqg x|, fdq eh ghgxfhg iurp wkh hvwlpdwhg

yhuvlrq ri htxdwlrq 614 e| xvlqj dssursuldwh lqwhjudwlrq whfkqltxhv1

Dw �uvw vljkw/ wkh htxdwlrq iru |�| dsshduv wr eh txlwh frpsoh{/ exw dfwxdoo| lw lv uhdvrqdeo|

vlpsoh1 Olqh 4 lqglfdwhv wkdw zh duh ghdolqj zlwk dq DU surfhvv/ exw zlwk frh!flhqwv wkdw duh

ixqfwlrqv ri wkh vwdwh vsdfh dvvrfldwhg zlwk |�|3_� = Wkh odj ri g� lq +|�|3_� , lqglfdwhv wkdw zh

;



doorz iru d ydulhw| ri dowhuqdwlyh ohqjwkv ri ghod| lq gh�qlqj wkh uhohydqw vwdwh vsdfh1 Olqh wzr

lqglfdwhv wkh qdwxuh ri wkh yduldwlrq lq wkh vwdwh ghshqghqw frh!flhqwv1 Wkh h{srqhqwldo whup

lv nh|/ lq wkdw lw doorzv wkh zhljkw ri wkh sro|qrpldo whupv lq olqh 6 wr ydu| iurp }hur +zkhq wkh

h{srqhqw lv dssurdfklqj lq�qlw|, wr d ixoo zhljkw ri rqh +zkhq wkh h{srqhqw lv }hur,1 Wkh xvh

ri d sro|qrpldo lq olqh 6 doorzv iru pdq| gl�huhqw w|shv ri qrqolqhdu ehkdylru dqg zkhq p A 4/

wkh prgho fdq fdswxuh qrqolqhdulwlhv lq wkh ruljlqdo gl�huhqwldo htxdwlrqv/ eh|rqg wkrvh zklfk

vlpso| uhvxow iurp d fkdqjh lq vwdwh1 Ohvv frpsoh{ yhuvlrqv ri R}dnl*v +4<;4, prgho kdyh ehhq

xvhg wr vwxg| dv|pphwulhv lq exvlqhvv f|fohv> vrph h{dpsohv lqfoxgh wkh HVWDU prgho xvhg

e| Whuçvyluwd dqg Dqghuvrq lq 4<<5/ +zklfk lpsrvhv wkh uhvwulfwlrq wkdw p @ 3,/ dqg wkh WDU

prgho xvhg e| Srwwhu lq 4<<8/ +lq zklfk p @ 3/ � $ 4> dqg wkh h{srqhqwldo whup lv d orjlvwlf

ixqfwlrq lq ��+ |�|3_� � f�, udwkhu wkdq h{s^���+ |�|3_� � f�,
2`,1 Khuh/ zh pdlqwdlq wkh pruh

jhqhudo irupdw ri wkh R}dnl irupxodwlrq/ vr wkdw rxu hpslulfdo prghov fdq fdswxuh qrqolqhdulwlhv

rwkhu wkdq vlpsoh vwdwh fkdqjhv1

6141 Dowhuqdwlyh Olqndjh Yduldeohv

Jlyhq wkdw htxdwlrq 614 lv vx!flhqwo|  h{leoh wr fdswxuh wkh xqlyduldwh ehkdylru ri hdfk exvlqhvv

f|foh lqglfdwru/ wkh qh{w wdvn lv wr vshfli| wkh frxsolqj ehwzhhq wkhvh lqglfdwruv1 Lw lv lpphgldwho|

fohdu wkdw wkhuh duh pdq| gl�huhqw zd|v lq zklfk olqndjhv ehwzhhq hfrqrplhv pljkw eh prghohg1

Yduldeohv phdvxulqj wudgh/ �qdqfldo  rzv ru vxsso| vkrfnv frxog eh lqfrusrudwhg lqwr d mrlqw

prgho ri wzr hfrqrplhv lq d olqhdu ru qrqolqhdu idvklrq/ zlwk ru zlwkrxw odjv1 Khuh/ ehfdxvh zh

zdqw wr uhpdlq zlwklq wkh iudphzrun ri d elyduldwh frxsolqj prgho/ dqg zh duh qrw irfxvvlqj rq

lghqwl�fdwlrq lvvxhv vxfk dv zkhwkhu wkh olqndjhv dulvh iurp wudgh ru fdslwdo  rzv/ zh dvvxph wkdw

doo olqndjhv d�hfwlqj |�| fdq eh uhsuhvhqwhg e| vlpsoh +g|qdplf, ixqfwlrqv zklfk lqfrusrudwh |�|
zlwk +l 9@ m, 1 Wklv dvvxpswlrq lv frqvlvwhqw zlwk pdq| hfrqrplf prghov ri olqndjhv1 Zh ghqrwh

rxu olqndjh ixqfwlrqv iru |�| e| O�oE|3_o� +zlwk wkh vxevfulsw u ehlqj xvhg wr gl�huhqwldwh ehwzhhq

gl�huhqw olqndjhv/ dqg wkh vxevfulsw w� gu lqglfdwlqj wkh wudqvplvvlrq odj,/ dqg zh dvvxph wkdw

hdfk ri wkhvh olqndjhv kdv d olqhdu h�hfw rq |�|= Rxu �olqnhg� qrqolqhdu dxwruhjuhvvlyh htxdwlrq

lv wkhq jlyhq e|

|�| @ ��f .
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��&+|�|3�_,|�|3& .
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)oO�oE|3_o� . %�|> +615,

zklfk vlpso| frpelqhv htxdwlrq 614 zlwk wkh olqn yduldeohv1

Ixuwkhu zrun lv uhtxluhg wr vshfli| wkh olqn yduldeohv/ dqg wr gr wklv/ zh zrun iurp d olvw

ri olqndjhv zklfk duh d0sulrul srwhqwldoo| xvhixo dv h{sodqdwru| yduldeohv lq 6151 Zh fxoo wklv

olvw odwhu lq Vhfwlrq 715/ xvlqj wkh gdwd wr jxlgh rxu ghflvlrqv1 Lqlwldoo|/ wkh srwhqwldo olqndjh

yduldeohv lqfoxgh d ydulhw| ri whupv phdqw wr uh hfw gl�huhqw zd|v lq zklfk wkh jurzwk udwh ri

<



wkh frpsdqlrq frxqwu| pljkw d�hfw jurzwk1 Iru Fdqdgd/ wkhvh srvvleoh olqndjh yduldeohv duh

|�| +616,

�|�|

�|S| ��|�|

�|S| ��|�|
|S| � |�|
|S| . |�|

dqg ydulrxv odjv ri hdfk duh frqvlghuhg1 Iru wkh X1V1 wkh olvw lv d pluuru lpdjh ri 616/ zlwk |S|

uhsodflqj |�| dqg ylfh0yhuvd1

Wkh �yh gh�qlwlrqv olvwhg lq htxdwlrq 616 uhsuhvhqw �yh dowhuqdwlyh lghdv iru olqnlqj Fdqdgldq

dqg X1V1 rxwsxw sur�ohv1 Wkh �uvw vxjjhvwhg yduldeoh iroorzv wkh ohdg lq Judqjhu dqg Whuçvyluwd

^49`/ lq wkdw sdvw jurzwk udwhv ri X1V1 surgxfwlrq duh lqfrusrudwhg lqwr wkh Fdqdgldq jurzwk

udwh htxdwlrq1 Wkh qh{w wkuhh vxjjhvwlrqv iru olqnlqj Fdqdgldq dqg X1V1 rxwsxw lqfrusrudwh wkh

lghd wkdw wkh olqn ghshqgv rq wkh fkdqjhv lq jurzwk +d vhfrqg rughu h�hfw zklfk fruuhvsrqgv

wr dq dffhohudwlrq lq wkh xqghuo|lqj ohyhov lq wkh rxwsxw vhulhv,> lw pljkw mxvw ghshqg rq jurzwk

fkdqjhv lq wkh rwkhu frxqwulhv/ wkh gl�huhqfh ehwzhhq wkh jurzwk fkdqjhv lq hdfk frxqwu|/ ru

lqwhudfwlrq ehwzhhq wkh wzr fkdqjhv lq jurzwk udwhv1 Wkh �iwk srvvlelolw| lv wkdw olqnv ghshqg

rq wkh uhodwlyh gl�huhqfh lq wkh jurzwk udwhv ehwzhhq wkh X1V1 dqg Fdqdgd1

Zh dovr frqvlghu wzr rwkhu yduldeohv/ odehohg solqnS| dqg qolqnS|/ wkdw doorz iru fdslwdo

xwlol}dwlrq1 Wkhvh yduldeohv duh vlplodu lq ghvljq wr wkh FGU +fxuuhqw ghswk ri uhfhvvlrq, yduldeohv

wkdw duh qrz srsxodu lq wkh pdfurhfrqrplf olwhudwxuh/ +vhh ^7` ru ^5<` iru vrph h{dpsohv,/ dqg

vlqfh wkhlu frqvwuxfwlrq lv txlwh frpsolfdwhg/ zh gh�qh wkhvh wzr yduldeohv lq Dsshqgl{ 41

Zkloh wkh suhflvh irupxodwlrq ri wkhvh olqnv pd| qrw eh fruuhfw/ wkh udqjh vkrxog surylgh

lqvljkw lqwr wkh jhqhulf w|sh ri olqndjh wkdw pd| dsso|1 Jlyhq wkdw vrph olqndjh dssolhv/ zh fdq

wkhq h{dplqh wkh g|qdplfdo lpsolfdwlrqv ri wkh olqndjhv1 Lq sduwlfxodu/ zh fdq hqtxluh zkhwkhu

wkh olqndjhv gr/ ru gr qrw/ ohdg wr juhdwhu vwdelolw|1 Lw lv olnho| wkdw wkh dqvzhu wr wklv txhvwlrq

ghshqgv rq wkh vwdwh ri wkh v|vwhp1 Lq dq| hyhqw zkdwhyhu wkh dqvzhuv pd| eh/ wkh vroxwlrq

ghshqgv rq wkh hpslulfdo hvwlpdwhv1 Wr wklv lvvxh zh qrz wxuq1

71 Hpslulfdo Prghov ri Olqnhg Dv|pphwulf Exvlqhvv F|fohv

Wkh gdwd xvhg lq wklv vwxg| frqvlvwhg ri 78; vhdvrqdoo| dgmxvwhg prqwko| revhuydwlrqv rq wkh

lqgxvwuldo surgxfwlrq lqglfhv iru Fdqdgd dqg wkh Xqlwhg Vwdwhv1 Wkh gdwd vrxufh zdv wkh LPI

�qdqfldo vhulhv gdwd edvh dqg wkh dydlodeoh vdpsoh fryhuhg wkh shulrg gdwlqj iurp Mdqxdu| 4<8:

xqwlo Iheuxdu| 4<<81 Wkh udz gdwd +ghqrwhg e| f| dqg x|, zhuh fohduo| qrq0vwdwlrqdu| dqg zhuh

wudqviruphg lqwr dssur{lpdwho| vwdwlrqdu| prqwko| vhulhv ri dqqxdo jurzwk udwhv e| wdnlqj wkh

wzhoiwk gl�huhqfhv ri qdwxudo orjdulwkpv1 Wklv ohiw 779 revhuydwlrqv iru wkh hpslulfdo dqdo|vlv1

43



Doo vxevhtxhqw zrun zdv edvhg rq wkh uhvxowlqj jurzwk udwh vhulhv/ |S| dqg |�|1 Wkh �uvw 6<9 ri

wkhvh revhuydwlrqv rq jurzwk udwhv zhuh xvhg iru ghyhorslqj dq dssursuldwh prgho ri wkh gdwd/

dqg wkh uhpdlqlqj 83 revhuydwlrqv zhuh uhwdlqhg iru rxw ri vdpsoh prgho hydoxdwlrq1

7141 Wkh Ghyhorsphqw ri Xqlyduldwh Prghov zlwk qr Olqndjhv

Vxppdu| vwdwlvwlfv iru wkh ixoo vdpsoh ri wudqviruphg gdwd duh suhvhqwhg lq Wdeoh 4 dqg sorwv

duh suhvhqwhg lq Iljxuh 41 Wkh sorwv lqglfdwh wkdw hdfk wudqviruphg gdwd vhulhv lv dssur{lpdwho|

vwdwlrqdu| durxqg d frqvwdqw dqg wkh dvvxpswlrq wkdw wkh wudqvirupdwlrq kdv uhqghuhg wkh gdwd

vwdwlrqdu| lv vxssruwhg e| wkh uhsruwhg Glfnh| Ixoohu whvw vwdwlvwlfv zklfk vwurqjo| uhmhfw wkh qxoo

k|srwkhvlv ri d xqlw urrw lq hlwkhu |S| ru |�|1 Wkh sorwv vkrz vrph fohdu gl�huhqfhv ehwzhhq wkh

g|qdplfv lq hdfk ri wkhvh wzr vhulhv/ exw wkh vdpsoh prphqwv uhsruwhg lq Wdeoh 4 duh uhpdundeo|

vlplodu1

Wkh odvw olqh ri Wdeoh 4 frqwdlqv s0ydoxhv iru Whuçvyluwd0w|sh OP whvwv ri wkh qxoo wkdw wkh gdwd

jhqhudwlqj surfhvvhv iru |S| dqg |�| duh olqhdu djdlqvw VWDU dowhuqdwlyhv1 Wkhvh whvwv duh edvhg rq

Whuçvyluwd*v +4<<7, revhuydwlrq wkdw d Wd|oru vhulhv dssur{lpdwlrq ri wkh VWDU+s, dowhuqdwlyh

lv d olqhdu frpelqdwlrq ri wkh 6 � s yduldeohv gh�qhg e| ||3&||3_> ||3&|
2
|3_ dqg ||3&|

�
|3_> iru

n @ 4> ===> s1 Wkxv wkh vwdwlvwlfdo vljql�fdqfh ri wkhvh 6� s yduldeohv lq dq dx{loldu| uhjuhvvlrq ri

wkh uhvlgxdov iurp dq DU+s, zloo vxssruw wkh VWDU+s, dowhuqdwlyh1 Ehfdxvh Kdjjdq dqg R}dnl*v

+4<;8, vshfl�fdwlrq vlpso| jhqhudol}hv wkh VWDU prgho/ lw iroorzv wkdw Whuçvyluwd*v whvw dovr kdv

srzhu djdlqvw wkh w|sh ri qrqolqhdulwlhv lqfrusrudwhg lq htxdwlrq 614 1 Zh wkhuhiruh lqwhusuhw d

uhmhfwlrq ri wkh qxoo k|srwkhvlv ri olqhdulw| dv vxssruw iru d yduldeoh dpsolwxgh frh!flhqw prgho1

Dv sursrvhg e| Whuçvyluwd lq ^6:`/ wkh uhsruwhg whvw vwdwlvwlf iru olqhdulw| lv wkh plqlpxp ri d

vhtxhqfh ri whvwv lq zklfk wkh odj g ri wkh wudqvlwlrq yduldeoh lq wkh dowhuqdwlyh lv ydulhg1 Lw

lv lqwhuhvwlqj wr qrwh wkdw iru erwk frxqwulhv wklv plqlpxp rffxuv zkhq g @ 41 Wkh revhuyhg

plqlpxp s0ydoxhv ri 313334 iru Fdqdgd dqg 31344; iru XVD surylgh vwurqj hylghqfh wkdw wkh

DU frh!flhqwv lq wkh xqlyduldwh uhsuhvhqwdwlrqv ri hdfk lqglfdwru |�| ydu| zlwk |�E|3��= Wkhvh

uhvxowv mxvwli| wkh xvh ri g� @ 4 lq wkh vxevhtxhqw prgho hvwlpdwlrq1

Iru �{hg jlyhq ydoxhv ri � dqg f/ wkh Kdjjdq dqg R}dnl vshfl�fdwlrq ghvfulehg e| htxdwlrq 614

froodsvhv wr d prgho wkdw lv olqhdu lq vlpsoh wudqvirupdwlrqv ri wkh h{sodqdwru| yduldeohv1 Jlyhq

wkh qxphulfdo dqdo|vlv gl!fxowlhv lqyroyhg lq mrlqwo| hvwlpdwlqj wkhvh wzr sdudphwhuv wrjhwkhu

zlwk wkh rwkhu sdudphwhuv lq wkh wudqvlwlrq ixqfwlrq dqg dovr wkh uhodwlyh lpsruwdqfh ri d qrq0

vlqjxodu uhjuhvvlrq pdwul{/ wkh h{srqhqwldo frpsrqhqw zdv �{hg dw h{s
k
�43+|2|3� � �+2

|3�
,
l
iru

hdfk ri wkh wzr frxqwulhv1 Wkh sdudphwhu �+2|3� lv wkh phdq ri |
2
|3� rewdlqhg iurp wkh udz vhfrqg

prphqwv uhsruwhg lq Wdeoh 4> wkhvh zhuh �+2
S|3�

@ 3=3374 dqg �+2
�|3�

@ 3=3375 iru Fdqdgd dqg wkh

XVD uhvshfwlyho|1 Wkh xvh ri �+2|3�dv d orfdwlrq sdudphwhu hqvxuhv wkdw wkh h{srqhqwldo ixqfwlrq

 xfwxdwhv durxqg rqh/ zkloh wkh vfdolqj sdudphwhu ri � @ 43 hqvxuhv wkdw wkhuh lv vx!flhqw

yduldwlrq lq wkh h{srqhqwldo ixqfwlrq vr dv wr dyrlg loo0frqglwlrqlqj lq wkh olnholkrrg1 Sorwv ri
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wkh uhvxowlqj h{srqhqwldo wudqvlwlrq ixqfwlrqv duh surylghg lq Iljxuh 5 dqg vxppdu| vwdwlvwlfv

iru wkhvh wudqvlwlrq ixqfwlrq duh surylghg lq Wdeoh 51

Dq h{dplqdwlrq ri wkh hljhqydoxhv iru wkh vtxduhg gdwd pdwul{ dvvrfldwhg zlwk

h{s
k
�43+|2�|3� � �+2

�|3�
,
l
�& + |�|3� , iru gl�huhqw srzhuv ri |�|3� lq ��& + |�|3� , ohg wr wkh vshf0

l�fdwlrq ri ��& + |�|3� , @ �&f . ��&�|�|3� iru hdfk frxqwu|1 Wklv fkrlfh ri p @ 4 zdv odwhu

vxssruwhg e| dssursuldwh vshfl�fdwlrq whvwv zklfk zhuh frqgxfwhg rqfh wkh prghov iru hdfk

frxqwu| kdg ehhq ghyhorshg dqg hvwlpdwhg1

Hvwlpdwlrq ri xqlyduldwh qrqolqhdu prghov iru hdfk frxqwu| +zlwk qr olqndjhv, uhyhdohg d

uhodwlyho| orqj phpru| ri dssur{lpdwho| �yh ru vl{ |hduv1 Krzhyhu/ dq lqvshfwlrq ri wkh w0

vwdwlvwlfv dvvrfldwhg zlwk wkh hvwlpdwhg frh!flhqwv ohg wr wkh frqfoxvlrq wkdw wkh vwdwlvwlfdoo|

vljql�fdqw frpsrqhqwv ri wkh odj vwuxfwxuh zhuh rqo| dvvrfldwhg zlwk �hqg ri |hdu� h�hfwv1

Vrph h{shulphqwdwlrq vkrzhg wkdw wkh g|qdplfv ri hdfk vhulhv frxog eh dghtxdwho| prghohg

xvlqj d vnhohwrq odj vwuxfwxuh zklfk lqfrusrudwhg ohvv wkdq rqh txduwhu ri wkh 54: sdudphwhuv

srwhqwldoo| lqyroyhg lq wkh prgho vshfl�hg e| htxdwlrq 614 zlwk s @ :5> p @ 4> dqg g vhw wr

41 Wkhvh jhqhudo uhvxowv zhuh vxssruwhg e| wkh xvh ri wkh WVPDUV dojrulwkp1 Wkh WVPDUV

dojrulwkp lv wkh wlph vhulhv h{whqvlrq ri Iulhgpdq*v pxowlyduldwh dgdswlyh uhjuhvvlrq vsolqhv/ vhh

^44` dqg ^54`1 Vxppdu| lqirupdwlrq uhodwlqj wr wkh fkrvhq vnhohwrq odj vwuxfwxuh wrjhwkhu zlwk

vrph vxssruwlqj vwdwlvwlfv duh surylghg lq Wdeoh 61 Ghwdlov rq doo wkh hvwlpdwhg frh!flhqwv dqg

wkhlu vwdqgdug huuruv duh vkrzq lq wkh Dsshqgl{ Wdeohv 5d dqg 5e1

Zh uhihu wr wkhvh prghov dv wkh qrqolqhdu dxwruhjuhvvlyh prghov dqg xvh wkh qrwdwlrq f|�| @
i���-+|�|3�> ===> |�|3R = e
�,>zkhuh e
� uhsuhvhqwv wkh yhfwru ri hvwlpdwhg frh!flhqwv iru m 5 if> xj1
Lq doo/ wkuhh prghov zhuh h{dplqhg lq wkh hpslulfdo zrun1 Wkh qrqolqhdu dxwruhjuhvvlyh prgho

wkdw zh kdyh mxvw phqwlrqhg dqg gh�qhg lq htxdwlrq 614/ wkh vdph prgho lqfoxglqj olqnv wkdw

zdv gh�qhg lq htxdwlrq 615/ dqg d olqhdu dxwruhjuhvvlyh prgho wr vhuyh dv d ehqfkpdun lq wkh

frpsdulvrq ri iruhfdvwlqj shuirupdqfh1 Wkh olqhdu dxwruhjuhvvlyh prgho zdv jlyhq h{dfwo| wkh

vdph odj vwuxfwxuh dv lwv qrqolqhdu frxqwhusduwv1

7151 Hvwlpdwlrq ri Wkh Prghov zlwk Olqnv

Suholplqdu| dqdo|vlv lqglfdwhg wkdw wkh jurzwk udwhv ri wkh wzr surgxfwlrq vhulhv kdyh d vwurqj

frqwhpsrudqhrxv fruuhodwlrq ri 31:;/ zklfk lv frqvlvwhqw zlwk wkh sulru wkdw wkhvh vhulhv duh

uhodwhg1 Judqjhu Fdxvdolw| whvwv edvhg rq d YDU zklfk lqfrusrudwhv wkh odj vwuxfwxuh jlyhq lq

htxdwlrq 614 idlohg wr �qg dq| hylghqfh wkdw wkh X1V1 surgxfwlrq jurzwk lqgh{ lv d jrrg olqhdu

suhglfwru ri wkh Fdqdgldq surgxfwlrq jurzwk lqgh{/ ru ylfh0yhuvd1 Krzhyhu/ dq h{dplqdwlrq ri

wkh furvv fruuhodwlrqv ehwzhhq Fdqdgd dqg wkh X1V1 vkrzv wkdw wkh furvv fruuhodwlrqv duh yhu|

vwurqj/ shuvlvwhqw/ dqg dv|pphwulf1 Wkh furvv fruuhodwlrqv vzlwfk vljq dw d odj ri wkluwhhq prqwkv

lq rqh gluhfwlrq dqg dw d odj ri hohyhq prqwkv lq wkh rwkhu gluhfwlrq/ vr wkdw wkh uhodwlrqvkls

ehwzhhq Fdqdgldq dqg X1V1 jurzwk lv qrw v|pphwulf1
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715141 Ghwhuplqlqj wkh Olqn Yduldeohv

Wkh �uvw yduldeoh wr eh lqyhvwljdwhg iru olqndjhv ehwzhhq wkh wzr frxqwulhv zdv wkh vlpsoh jurzwk

udwh iru wkh frpsdqlrq frxqwu|/ zklfk lv wkh �uvw yduldeoh wr dsshdu lq wkh olvw jlyhq lq htxdwlrq

6161 Xvlqj htxdwlrq 615/ dq lqlwldo vhulhv ri h{shulphqwv zklfk vlpso| dgghg |�|3& iru gl�huhqw

n rqh dw d wlph wr wkh prgho iru Fdqdgd dqg dqdorjrxv h{shulphqwv zklfk dgghg |S|3& wr wkh

prgho iru wkh X1V1/ lqglfdwhg vrph vlpsoh g|qdplfdo olqndjhv ehwzhhq wkh jurzwk udwhv lq wkhvh

wzr frxqwulhv1 Iru h{dpsoh/ |�|3� e| lwvhoi lv vwdwlvwlfdoo| vljql�fdqw iru Fdqdgd dqg hdfk ri

|S|3�> |S|32> |S|3�S dqg |S|3eH lv lqglylgxdoo| vljql�fdqw iru wkh X1V1 Vlploduo|/ �|S|32�W�|�|32�

dqg �|S|32eW�|�|32e dqg solqnS|3�. duh lqglylgxdoo| vljql�fdqw lq wkh Fdqdgldq htxdwlrq/ zkloh

�|S|3�S/ �|S|3�.> +|�|3� � |S|3�,@+|�|3� . |S|3�,> solqn�|32 dqg qolqn�|3�2 duh lqglylgxdoo| vlj0

ql�fdqw lq wkh XV htxdwlrq1

Zh uhfrjql}hg wkdw wkh olqndjh yduldeohv pljkw zhoo hqwhu lq jurxsv/ dw wkh yhu| ohdvw lq

sdluv/ vr zh lqyhvwljdwhg d ydulhw| ri frpelqdwlrqv ri olqn yduldeohv lq hdfk htxdwlrq1 Lq wklv �uvw

h{sorudwru| h{dplqdwlrq ri olqndjhv zh vrxjkw d frpelqdwlrq ri olqndjhv wkdw vhhphg wr surylgh

urexvw hvwlpdwhv/ jdyh qhduo|/ li qrw wkh yhu| odujhvw/ ydoxhv ri U2/ dqg surylghg vrph frqvlvwhqf|

ehwzhhq wkh Fdqdgldq dqg X1V1 uhvxowv1 Wkh frh!flhqw ydoxhv/ w0vwdwlvwlfv/ I whvw uhvxowv/ dqg wkh

fruuhvsrqglqj U2 iru wkh olqndjh frpelqdwlrq zklfk zh wkrxjkw ehvw vdwlv�hg wkhvh fulwhuld duh

olvwhg lq Wdeoh 71 Iru Fdqdgd/ zh vhh wkdw wkh nh| olqnv +�|�|32e dqg �|S|32eW�|�|32e, lqyroyh

erwk wkh fkdqjh lq wkh X1V1 jurzwk udwh dqg wkh surgxfw ri wkh X1V1 dqg Fdqdgldq fkdqjhv

lq jurzwk udwhv dw d odj ri wzhqw| irxu prqwkv1 Fruuhvsrqglqjo|/ wkh X1V1 prgho lqfrusrudwhv

wkh vdph wzr yduldeohv +�|S|3�S dqg �|�|3�SW�|S|3�S,/ exw dw d orqjhu odj ri wkluw| vl{ prqwkv1

Wklv gl�huhqfh lq odjjhg h�hfwv lv dq lqwhuhvwlqj dvshfw wr wkh dv|pphwu| ehwzhhq wkh X1V1 dqg

Fdqdgd1 Zlwk wkh lqfrusrudwlrq ri wkhvh wzr sdluv ri yduldeohv lq hdfk prgho/ wkh uhpdlqlqj

olqndjh yduldeohv zhuh glvfryhuhg wr eh vwdwlvwlfdoo| lqvljql�fdqw1

715151 Surshuwlhv ri wkh Olqnhg Prgho

Vxppdu| vwdwlvwlfv uhodwlqj wr wkh prghov zklfk lqfrusrudwh wkh olqndjhv duh suhvhqwhg lq Wdeoh 8

dqg d olvwlqj ri wkh hvwlpdwhg frh!flhqwv dqg wkh vwdqgdug huuruv duh surylghg lq wkh Dsshqgl{

Wdeohv 6d dqg 6e1 Wkh gldjqrvwlfv vxssruw wkh fkrlfh ri p @ 4/ zklfk vxjjhvwv wkdw wkh

qrqolqhdulw| lq hdfk vhulhv kdv ehhq dghtxdwho| prghohg1 Lq wkh Fdqdgldq fdvh/ wkhuh lv qr

hylghqfh ri plvvshfl�fdwlrq ri wkh hvwlpdwhg prgho1 Wkhuh lv vrph hylghqfh ri orz0rughu DUFK

lq wkh X1V1 uhvlgxdov wkdw lqglfdwhv d srvvleoh vshfl�fdwlrq sureohp/ exw dv lv glvfxvvhg ehorz/

wklv grhv qrw dsshdu wr d�hfw wkh iruhfdvwlqj delolw| ri wkh X1V1 htxdwlrq1 Ixuwkhu/ zkhq erwk

htxdwlrqv duh uh0hvwlpdwhg ryhu gl�huhqw vdpsohv> Pdufk 4<8; 0 Iheuxdu| 4<<4/ Mxo| 4<8; 0

Mxqh 4<<4/ dqg wkhq Pdufk 4<8< 0 Iheuxdu| 4<<5/ wkh hvwlpdwhg frh!flhqwv vhhp wr eh vwdeoh1

Wkh qhjdwlyh frh!flhqw rq �|�|32e lq wkh Fdqdgldq htxdwlrq dqg wkh srvlwlyh frh!flhqw rq
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�|S|3�S lq wkh X1V1 htxdwlrq lqlwldoo| vxjjhvwv wkdw Fdqdgldq jurzwk lv vwl hg zkhq wkh X1V1

hfrqrp| jurzv pruh udslgo|/ zkhuhdv X1V1 surgxfwlrq lv vwlpxodwhg e| d pruh udslgo| jurzlqj

Fdqdgldq hfrqrp|1 Krzhyhu/ wkh srvlwlyh frh!flhqwv rq �|�|32e1�|S|32e +iru Fdqdgd,/ dqg

�|S|3�S=�|�|3�S +iru wkh X1V1, vxjjhvw wkdw jurzwk lq hdfk frxqwu| ghshqgv rq wkh suhvhqfh ri

uhfhqw vlplodu jurzwk wuhqgv lq erwk frxqwulhv1 Lq wkh Fdqdgldq fdvh/ ri frxuvh/ wkh nh| lvvxh lv

wkh qhw h�hfw ri wkh wzr olqndjh yduldeohv1 Hydoxdwlqj wkh qhw h�hfw ri wkh vxp ri wzr yduldeohv

dw wkhlu uhvshfwlyh phdqv |lhogv dq h�hfw ri 31334/ ru 314( zklfk lqglfdwhv wkdw zkloh wkh h�hfw

ri wkh X1V1 rq Fdqdgd lv pdujlqdo/ lw lv qhyhuwkhohvv srvlwlyh rq dyhudjh1

Zkloh zh gr qrw fodlp wr kdyh glvfryhuhg wkh �wuxh� olqndjh/ qru hyhq wr kdyh vhohfwhg

iurp rxu sulru dowhuqdwlyhv wkh prvw vxlwdeoh frpelqdwlrq ri yduldeohv> zh kdyh ghprqvwudwhg

wkdw wkh olqndjhv duh pruh frpsoh{ wkdq phuho| lqvhuwlqj d odjjhg ydoxh ri wkh fruuhvsrqglqj

frxqwu|*v jurzwk udwh lqwr wkh prgho1 Ixuwkhu/ lw lv fohdu wkdw frqvlghudeo| orqjhu odjv wkdq kdyh

fxvwrpdulo| ehhq lqfoxghg vkrxog eh doorzhg iru lq wkh irupxodwlrq ri vxfk prghov1 Lw lv dovr

fohdu wkdw wkhuh pd| zhoo eh lqwhuhvwlqj dv|pphwulhv ehwzhhq wkh frxqwulhv lq wkh ohqjwk ri wkh

odjv wkdw duh lqyroyhg lq olqnlqj wkhp wrjhwkhu1 Xqiruwxqdwho|/ dw wklv wlph zh gr qrw nqrz zk|

wkh X1V1 d�hfwv Fdqdgd zlwk d odj ri rqo| wzhqw| irxu prqwkv/ zkhuhdv Fdqdgd d�hfwv wkh X1V1

zlwk d odj ri wkluw| vl{ prqwkv1 Wkh h{sodqdwlrq pd| olh lq wkh gl�huhqfh lq uhodwlyh vl}h ri wkh

lqgxvwuldo edvhv dqg lq d gl�huhqfh lq wkh frpsrvlwlrq ri lpsruwv lqwr hdfk frxqwu|1 Fdqdgd vwloo

h{sruwv wr wkh X1V1 d pxfk juhdwhu shufhqwdjh ri udz pdwhuldov uhodwlyh wr wkh X1V1*v h{sruwv wr

Fdqdgd1

Zh khqfhiruwk uhihu wr wklv olqnhg +elyduldwh, prgho dv �wkh olqnhg prgho�/ dqg xvh wkh

qrwdwlrq f|�| @ i�ug+|�|3�> ===> |�|3R> on��c on�2c = f��, iru m 5 if> xj/ wr ghvfuleh hdfk ri wkhvh wzr

htxdwlrqv1

7161 Hydoxdwlrq ri wkh Hvwlpdwhg Prghov

Wkh orqj uxq surshuwlhv ri wkh qrqolqhdu dxwruhjuhvvlyh prghov fdq eh vwxglhg e| udqgrpo|

fkrrvlqj vhwv ri frqvhfxwlyh vwduwlqj ydoxhv |f|3�> ===> |
f
|3R iurp wkh dydlodeoh vdpsoh/ vxevwlwxwlqj

wkhvh lqwr e|| @ i��-+||3�> ===> ||3R = e
, wr ehjlq wkh jhqhudwlrq ri suhglfwlrqv iru e||/ g||n�=== / dqg
wkhq iroorzlqj wkh hyroxwlrq ri wkh surfhvv dv w $ 41 Wklv w|sh ri g|qdplf vlpxodwlrq/ zklfk

grhv qrw dffrxqw iru lqqrydwlrqv zklfk pljkw d�hfw wkh surfhvv diwhu lw kdv vwduwhg/ surylghv

d xvhixo lqglfdwlrq ri wkh lqkhuhqw g|qdplfv lpsolhg e| wkh frh!flhqw hvwlpdwhv vxppdul}hg

lq e
1 R}dnl +4<;8, glvfxvvhv ydulrxv ehkdylrudo sdwwhuqv zklfk vxfk vlpxodwlrqv fdq jhqhudwh>

wkh vhulhv pljkw frqyhujh wr d vlqjoh srlqw/ glvsod| f|folfdo ehkdylru/ h{klelw fkdrwlf ehkdylru/

ru glyhujh1 Lq pdq| prghov wkh revhuyhg g|qdplfdo sdwwhuqv ghshqg rq wkh fkrvhq lqlwldo

frqglwlrqv1 Frqvhtxhqwo|/ vrph h{sorudwlrq ri wkh vwdwh vsdfh lv qhhghg wr rewdlq d uhdvrqdeo|

fohdu slfwxuh ri wkh g|qdplf surshuwlhv ri wkh sdwkv ri wkh wzr lqglylgxdo frxqwu| lqglfdwruv/

dqg wkdw ri wkh sdwk ri wkh mrlqw wzr frxqwu| v|vwhp1
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Zh dvvhvv wkh g|qdplf lpsolfdwlrqv ri wkh olqnv e| frpsdulqj vlpxodwlrqv ri i�ug wr wkrvh

ri i���-/ dqg e| frpsdulqj iruhfdvwv ri wkh wzr dowhuqdwlyhv xvlqj gdwd qrw lqfrusrudwhg lq wkh

hvwlpdwlrq surfhvv1 Lq d olplwhg pdqqhu/ zh fdq xvh wkhvh whfkqltxhv wr rewdlq vrph lghd ri

wkh h�hfw ri wkh olqnv rq wkh vwdelolw| ri wkh mrlqw prghov1 Ixuwkhu/ e| frpsdulqj wkh frkhuhqfh

ehwzhhq wkh wzr vlpxodwhg vhulhv zkhq olqnhg dqg zkhq xqolqnhg/ zh fdq rewdlq vrph lqvljkw

lqwr wkh h{whqw wr zklfk wkh olqndjh ohdgv wr v|qfkurql}dwlrq1 Jlyhq wkdw wkh olqnv lqyroyh wkh

�uvw ghulydwlyh lq wkh jurzwk yduldeoh/ wkhuh lv uhdvrq wr eholhyh wkdw wkh olqnv zloo idflolwdwh

v|qfkurql}dwlrq/ exw wklv lv dq lvvxh wkdw uhtxluhv pruh ghwdlohg dqdo|vlv1

Iluvw/ zh h{dplqhg wkh qrqolqhdu dxwruhjuhvvlyh prgho zlwkrxw olqnv/ i��-/ zlwkrxw lqfru0

srudwlqj lqqrydwlrqv1 Xvlqj d udqjh ri lqlwldo frqglwlrqv/ vlpxodwlrqv ri wkh hvwlpdwhg prgho

lqglfdwhg wkdw wkh Fdqdgldq yhuvlrq surgxfhv d wlph vhulhv zklfk  xfwxdwhv ehwzhhq 01447 dqg

143: zlwk d phdq ri 31338 dqg d vwdqgdug ghyldwlrq ri 31391 Wkh fruuhvsrqglqj X1V1 yhuvlrq ri

wkh prgho surgxfhg d vhulhv zklfk frqyhujhg wr d vwhdg| vwdwh jurzwk udwh ri 3136 ru 6134(1

Wkxv erwk prghov zlwkrxw olqndjhv dqg zlwkrxw lqqrydwlrqv dsshdu wr eh lqkhuhqwo| vwdeoh1 Wklv

uhvxow zdv rewdlqhg qrwzlwkvwdqglqj wkh idfw wkdw d fdofxodwlrq ri wkh plqlpxp dqg pd{lpxp

urrwv lpsolhg e| wkh vwdwh ghshqghqw frh!flhqwv lqglfdwhg joredo lqvwdelolw|1

Vrphzkdw gl�huhqw uhvxowv zhuh rewdlqhg zkhq zh dgghg lqqrydwlrqv wr wkh vlpxodwlrqv1

Wkh prgho xvhg wr surgxfh wkhvh vlpxodwlrqv zdv jlyhq e| ee|| @ i��-+||3�> ===> ||3R = e
, . �|
zkhuh �| � Q+3> �21,= Zh irxqg wkdw iru erwk frxqwulhv wklv prgho frxog surgxfh d glyhujlqj

vhulhv/ exw wkdw lw zloo jhqhudwh dq rvfloodwru| vhulhv prvw ri wkh wlph1 Wkh vshfl�f rxwfrph

ghshqgv rq wkh vwduwlqj ydoxhv/ rq �21 / dv zhoo dv rq wkh suhflvh vhtxhqfh �|/ �|n�> �|n2 111 ri

revhuyhg lqqrydwlrqv1 Iru h{dpsoh/ vhwwlqj �S1 @ 3=3458/ +wkh vwdqgdug huuru dvvrfldwhg zlwk

wkh Fdqdgldq prgho,/ dqg xvlqj iS��- wr suhglfw 93 shulrgv iruzdug iru Fdqdgd/ derxw 4( ri

wkh vlpxodwlrqv glyhujh1 Ri wkrvh suhglfwlrq vhulhv zklfk glyhujh/ pruh wkdq 426 kdyh vwduwlqj

ydoxhv zklfk lqfoxgh revhuydwlrqv iurp wkh 4<:7 ru 4<;5 uhfhvvlrq1 Wkh ydvw pdmrulw| ri sdwkv/

<<( ri wkhp/ rvfloodwh1 Wkh fruuhvsrqglqj X1V1 prgho h{klelwv vlplodu/ exw ohvv vwdeoh ehkdylru1

Vhwwlqj ��1 @ 3=33;4/ +wkh hpslulfdo vwdqgdug ghyldwlrq ri wkh X1V1 prgho uhvlgxdov,/ dqg xvlqj

i���- wr suhglfw 93 shulrgv iruzdug iru wkh X1V1/ derxw 53( ri wkh vlpxodwlrqv glyhujh1 Ri

wkrvh suhglfwlrq vhulhv zklfk glyhujh/ derxw kdoi ri wkhp kdyh vwduwlqj ydoxhv zklfk lqfoxgh

revhuydwlrqv iurp wkh 4<:7 ru 4<;5 uhfhvvlrqv1 Iru wkh X1V1/ wkh shufhqwdjh ri suhglfwhg vhulhv

wkdw rvfloodwh lv rqo| ;3(/ dv frpsduhg wr wkh Fdqdgldq uhvxow ri <<(1

Wkh prgho zklfk lqfrusrudwhv wkh olqndjhv dovr surgxfhv wkuhh w|shv ri rvfloodwlrq1 Dv lq

wkh sulru h{shulphqwv/ zh fdq vwxg| orqj0uxq surshuwlhv e| udqgrpo| fkrrvlqj vhwv ri lqlwldo

frqglwlrqv/ |fS|3�> ===> |
f
S|3R dqg |f�|3�> ===> |

f
�|3Riurp wkh dydlodeoh vdpsoh/ dqg wkhq vxevwlwxwlqj

wkhvh lqwr f|�| @ i�ug+|�|3�> ===> |�|3R> on��c on�2c = f��, iru m 5 if> xj lq rughu wr ehjlq wkh

jhqhudwlrq ri d vlpxodwhg wlph vhulhv iru wkh vhtxhqfh ri sdluv ~f|S|/ f|�|j ~ g|S|n�> g|�|n��==== 1 E|
iroorzlqj wkh hyroxwlrq ri wklv elyduldwh surfhvv dv w $ 4> wkh olplwlqj g|qdplfdo ehkdylru fdq
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eh dvfhuwdlqhg1 Krzhyhu/ xqolnh wkh vlpxodwlrqv edvhg rq wkh qrqolqhdu dxwruhjuhvvlyh prgho/ wkh

suhglfwhg vhulhv lq wklv h{shulphqw duh mrlqwo| jhqhudwhg dqg rqh fdqqrw dqdo|}h rqh frxqwu|*v

rxwsxw zlwkrxw wkdw ri wkh rwkhu1 Dv zlwk wkh suhylrxv prgho/ rqh fdq jhqhudwh wkh olqnhg prgho

zlwk dqg zlwkrxw lqqrydwlrqv1

Zkhq qr lqqrydwlrqv zhuh dgghg wr wkh olqnhg prgho/ wkuhh w|shv ri ehkdylru zhuh revhuyhg1

Wkh prvw xvxdo uhvxow zdv wkdw erwk vhulhv vkrzhg f|folfdo ehkdylru1 Wkh Fdqdgldq vhulhv

 xfwxdwhg rq dyhudjh ehwzhhq 03145; dqg 31435/ zlwk d phdq ri 31337 dqg d vwdqgdug ghyldwlrq

ri 3137:1 Wkh fruuhvsrqglqj X1V1 vhulhv  xfwxdwhg ehwzhhq 31337 dqg 3137: zlwk d phdq ri

3135: dqg d vwdqgdug ghyldwlrq ri 3133<1 F|folfdo ehkdylru zdv revhuyhg iru 636 rxw ri wkh

657 vhwv ri srvvleoh vwduwlqj ydoxhv zklfk zhuh frqvlghuhg1 Iru 4: rxw ri wkh 657 srvvleoh vhwv ri

vwduwlqj ydoxhv/ wkh wzr vhulhv frqyhujhg wr d vwhdg| vwdwh1 Lq wklv vwhdg| vwdwh/ Fdqdgldq jurzwk

uhpdlqhg frqvwdqw dw derxw 31395 +l1h1 915(,/ zkloh X1V1 jurzwk uhpdlqhg frqvwdqw dw 31356 +l1h1

516(,1 Irxu rxw ri wkh srvvleoh 657 vhwv ri vwduwlqj ydoxhv ohg wr vhulhv zklfk glyhujhg idluo|

txlfno|1 Lw lv uhpdundeoh wkdw doo irxu ri wkhvh lqvwdqfhv wkdw ohg wr glyhujhqfh zhuh rewdlqhg

iurp lqlwldo frqglwlrqv wkdw zhuh gudzq iurp wkh �uvw ihz prqwkv ri wkh 4<:7 uhfhvvlrq1

Ixuwkhu vlpxodwlrqv/ zklfk dgghg lqqrydwlrqv wr wkh wzr olqnhg prghov/ surgxfhg glyhuj0

lqj vhulhv pruh riwhq1 Vhwwlqj wkh yduldqfh2fryduldqfh pdwul{ ri wkh lqqrydwlrqv htxdo wr wkh

hpslulfdo yduldqfh2fryduldqfh pdwul{ ri wkh prgho uhvlgxdov/ l1h1

	��- @

#
4=7<� 433e 5=;7� 433D

5=;7� 433D 9=63� 433S

$
> +714,

dqg surmhfwlqj wkh vhulhv 93 shulrgv dkhdg dv zlwk wkh xqolqnhg prgho/ glyhujlqj vhulhv duh irxqg

derxw 4:( ri wkh wlph1 Dv ehiruh/ d odujh sursruwlrq ri wkh glyhujlqj vhulhv +73(, kdyh vwduwlqj

ydoxhv zklfk duh gudzq iurp rqh ri wkh wzr pdmru uhfhvvlrqv revhuyhg lq wkh vdpsoh1 Doo ri wkrvh

vlpxodwlrqv zklfk gr qrw glyhujh/ + ;6( ri wkh wrwdo,/ lqyroyh wkh rvfloodwlrq ri erwk surgxfwlrq

jurzwk lqglfhv1

Ryhudoo/ wkh vlpxodwlrqv lqglfdwh wkdw wkh olqnv pljkw eh plogo| vwdelol}lqj1 Zkloh wkh olqnhg

prgho glyhujhg d olwwoh pruh riwhq wkdq wkh lqglylgxdo frxqwu| prghov zkhq qr lqqrydwlrqv zhuh

dgghg wr wkh prghov/ wkhvh prghov glyhujhg voljkwo| ohvv riwhq rqfh lqqrydwlrqv zhuh wdnhq lqwr

dffrxqw1 Wklv vxjjhvwv wkdw wkh olqnv ehwzhhq wkh wzr hfrqrplhv pljkw doorz d �jrrg� vhtxhqfh

ri vkrfnv lq rqh hfrqrp| wr r�vhw wkh srwhqwldoo| ghvwdelol}lqj h�hfwv ri d �edg� vhtxhqfh ri

vkrfnv lq wkh rwkhu1

Wkh hylghqfh iru v|qfkurql}dwlrq lv prvw fohduo| vhhq lq whupv ri wkh vlpxodwlrqv qrw lqyroylqj

lqqrydwlrqv1 Zlwkrxw olqndjhv/ wkh vlpxodwhg vhulhv iru wkh wzr frxqwulhv duh qrw v|qfkurql}hg/

ehfdxvh wkh Fdqdgldq vlpxodwlrqv rvfloodwh/ zkloh wkh XV vlpxodwlrqv udslgo| vhwwoh grzq wr

d �{hg srlqw1 Krzhyhu/ li zh xvh h{dfwo| wkh vdph lqlwldo frqglwlrqv/ exw vlpxodwh rq wkh

olqnhg prgho udwkhu wkdq wkh wzr xqlyduldwh prghov/ wkhq erwk vhulhv ehfrph rvfloodwru|1 Wkh
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ghjuhh ri frkhuhqfh ehwzhhq wkh vshfwud ri wkh wzr olqnhg vhulhv lqfuhdvhv vxevwdqwldoo| ryhu wkh

vlpxodwlrq shulrg/ sduwlfxoduo| dw iuhtxhqflhv orzhu wkdq rqh |hdu1 Ixuwkhu/ wkh uhodwlrqvkls

ehwzhhq skdvh dqg iuhtxhqf| ehfrphv doprvw olqhdu/ zlwk d vorsh wkdw lqglfdwhv d frqvwdqw

ghod| ehwzhhq wkh wzr vhulhv ri dssur{lpdwho| hljkw| prqwkv1 Ilqdoo|/ lw lv lqwhuhvwlqj wr qrwh

wkdw lq wkh olqnhg prghov/ zlwk ru zlwkrxw lqqrydwlrqv/ zkhq wkhuh lv frqyhujhqfh/ rvfloodwlrq

ru glyhujhqfh/ wkh wzr frxqwulhv frqyhujh/ rvfloodwh ru glyhujh wrjhwkhu1 Wklv lv txlwh vwurqj

hylghqfh iru v|qfkurql}dwlrq1

Lq oljkw ri wkh iruhfdvwv wkdw duh suhvhqwhg ehorz/ lw lv lqwhuhvwlqj wr qrwh wkh uhvxowv rewdlqhg

zkhq wkh vwduwlqj ydoxhv iru wkh vlpxodwlrqv duh wdnhq iurp wkh yhu| odvw revhuydwlrqv lq wkh

vdpsoh dqg wkh lqqrydwlrqv duh lqfoxghg dv sduw ri wkh vlpxodwlrq surfhvv1 Iru wkh Fdqdgldq

qrq0olqhdu dxwruhjuhvvlyh/ xqolqnhg prgho/ wkh vhulhv glg qrw glyhujh1 Fruuhvsrqglqjo|/ wkh uhvxowv

iru wkh X1V1 xvlqj wkh xqolqnhg prgho surgxfhg d glyhujlqj vhulhv lq rqo| 6( ri wkh fdvhv1 Iru wkh

olqnhg prgho zlwk lqqrydwlrqv dqg xvlqj lqlwldo frqglwlrqv iurp wkh yhu| hqg ri wkh hvwlpdwlrq

shulrg/ zh glvfryhuhg wkdw wkh sdlu ri wlph vhulhv glyhujhg lq derxw <( ri wkh fdvhv1

7171 Iruhfdvw Frpsdulvrqv

Wkh vlpxodwlrq whfkqltxhv xvhg wr hydoxdwh wkh orqj0uxq surshuwlhv ri wkh prghov fdq eh xvhg

wr jhqhudwh iruhfdvwv1 Iru lqvwdqfh/ rqh fdq xvh wkh odvw :5 lq0vdpsoh revhuydwlrqv +zklfk uhodwh

wr Mdqxdu| 4<;8 0 Ghfhpehu 4<<3, dv wkh vwduwlqj ydoxhv lq f|�| @ i�ug+|�|3�> ===> |�|3R> on��c

on�2c = f��, iru m 5 if> xj> lq rughu wr suhglfw wkh sdluv ~f|S|/ f|�|j ~ g|S|n�> g|�|n��====> wkhvh duh wkh
iruhfdvwv iru Mdqxdu| 4<<4/ Iheuxdu| 4<<4/ hwf1 Wkh �uvw ri wkhvh suhglfwlrqv zrxog eh d rqh0vwhs

dkhdg iruhfdvw/ wkh vhfrqg d wzr vwhs dkhdg iruhfdvw/ dqg vr rq1 Zh fdoo wkhvh iruhfdvwv �g|qdplf

iruhfdvwv1� Qrwh wkdw wkhvh iruhfdvwv rqo| xvh lqirupdwlrq wkdw lv dydlodeoh dw wkh vlqjoh srlqw lq

wlph zkhq wkh vhulhv ri iruhfdvwv duh pdgh1 Wklv lv lq frqwudvw wr d vhtxhqfh ri iruhfdvwv lq zklfk

frqvwdqwo| xsgdwhg lqirupdwlrq lv xvhg1 Lq wkh g|qdplf iruhfdvwv wkh iruhfdvw krul}rq jurzv zlwk

hdfk iruhfdvw dqg wkh ruljlqdo lqirupdwlrq xvhg wr hvwlpdwh wkh frh!flhqwv lv qrw vxssohphqwhg1

Lq frqyhqwlrqdo sudfwlfh wkh lqirupdwlrq lv xsgdwhg hdfk iruhfdvw shulrg dqg vxevhtxhqw iruhfdvwv

kdyh wkh vdph iruhfdvw krul}rq1 Rqh sureohp lq hydoxdwlqj g|qdplf iruhfdvwv lv wkdw wkhlu

yduldqfh lqfuhdvhv zlwk wkh krul}rq k1 Wkxv/ xqohvv hdfk iruhfdvw lv dssursuldwho| zhljkwhg/

dyhudjh fdofxodwlrqv vxfk dv wkh urrw phdq vtxduhg huuru +UPVH, pd| eh plvohdglqj1

Dq dowhuqdwlyh zd| ri fdofxodwlqj iruhfdvwv lv wr vhw wkh iruhfdvw krul}rq k dw d jlyhq ydoxh

dqg jhqhudwh d vhulhv ri k0vwhs dkhdg iruhfdvwv1 Wkh �uvw ri wkhvh iruhfdvwv lv wkh kwk whup lq

wkh vhulhv fuhdwhg deryh l1h1 ~ g|S|nE�3��> g|�|nE�3���1 Wkh vhfrqg sdlu ri iruhfdvwv iroorzv wkh

�uvw surfhgxuh dqg slfnv r� wkh kwk whup lq wkh iruhfdvwhg vhulhv dv ehiruh/ exw wkh iruhfdvw

xvhv wkh vxevhtxhqw revhuydwlrqv/ iru h{dpsoh wkh :5 revhuydwlrqv iurp Iheuxdu| 4<;8 0 Mdqxdu|

4<<4 dv vwduwlqj revhuydwlrqv1 Wkh qh{w k0vwhs dkhdg iruhfdvw lv jhqhudwhg e| xvlqj wkh qh{w

vhw ri :5 revhuydwlrqv/ zklfk uhodwh wr Pdufk 4<;8 0 Iheuxdu| 4<<4 dv vwduwlqj ydoxhv/ dqg vr
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rq1 Wklv iruhfdvwlqj whfkqltxh uholhv rq wkh dydlodelolw| ri revhuydwlrqv uhodwlqj wr wkh shulrg

diwhu wkh hvwlpdwlrq vdpsoh1 Hvvhqwldoo|/ wkhvh iruhfdvwv uhsuhvhqw d vhtxhqfh ri �{hg krul}rq

iruhfdvwv xvlqj xsgdwhg lqirupdwlrq derxw wkh vwdwh ri wkh v|vwhp/ exw zlwkrxw xsgdwlqj wkh

sdudphwhu hvwlpdwhv1 Wkh pruh xvxdo fdvh iru surylglqj d vhtxhqfh ri iruhfdvwv lv wr xvh wkh

rxw0ri vdpsoh revhuydwlrqv wr uh0hvwlpdwh vxffhvvlyho| wkh iruhfdvw jhqhudwlqj htxdwlrq hdfk wlph

wkdw wkh vwduwlqj revhuydwlrqv duh pryhg iruzdug1 Lq wklv sdshu zh gr qrw h{dplqh iruhfdvwv

surgxfhg e| vxfk d uh0hvwlpdwlrq surfhgxuh1

Zh frpsduh iruhfdvwv surgxfhg e| wkh olqnhg prgho/ wkh wzr lqghshqghqw qrqolqhdu dxwruh0

juhvvlyh prghov/ dqg dq DU ehqfkpdun prgho zklfk zdv hvwlpdwhg xvlqj wkh vdph odj vwuxfwxuh

dv wkh rwkhu prghov1 Jlyhq wkdw zh kdg uhwdlqhg �iw| revhuydwlrqv iru prgho hydoxdwlrq/ +wkhvh

fryhuhg wkh shulrg iurp Mdqxdu| 4<<4 wr Iheuxdu| 4<<8,/ iruhfdvwv xs wr �iw| shulrgv dkhdg

frxog eh hydoxdwhg xvlqj rxw ri vdpsoh gdwd1

Vrph vxppdu| lqirupdwlrq rq wkh iruhfdvw huuruv dvvrfldwhg zlwk wkh g|qdplf iruhfdvwv

lv surylghg lq Wdeoh 91 Lq wklv wdeoh/ wkh iruhfdvw hqwulhv duh rxu g|qdplf iruhfdvwv/ exw lq

fdofxodwlqj wkh UPVH zh glg qrw zhljkw wkh ydulrxv iruhfdvwv e| wkh ohqjwk ri wkh iruhfdvw

krul}rq dv phqwlrqhg deryh1 Iru Fdqdgd/ wkh olqnhg prgho dsshduv wr rxw0shuirup wkh rwkhu

wzr prghov/ lq wkdw lw kdv wkh vpdoohvw UPVH/ dqg wkdw lw kdv wkh vpdoohvw iruhfdvw huuru +lq

devroxwh whupv, iru qhduo| kdoi ri wkh �iw| iruhfdvw krul}rqv1 Wkh pdlq iruhfdvwlqj dgydqwdjh

wkdw wkh olqnhg prgho kdv ryhu wkh rwkhu wzr prghov lv dvvrfldwhg zlwk orqj iruhfdvw krul}rqv1

Iru wkh X1V1 wkh olqnhg prgho kdv wkh vpdoohvw devroxwh iruhfdvw huuru iru 67 rxw ri wkh �iw|

krul}rqv1 Wklv uhvxow krogv ghvslwh wkh idfw wkdw lw grhv qrw kdyh wkh vpdoohvw UPVH/ exw rqh

wkdw lv vxevwdqwldoo| vpdoohu wkdq wkh UPVH iru wkh olqhdu prgho1 Dv lq wkh Fdqdgldq fdvh/ wkh

pdlq iruhfdvwlqj dgydqwdjh ri wkh X1V1 olqnhg prgho ryhu wkh rwkhu wzr prghov lv dvvrfldwhg zlwk

orqj iruhfdvw krul}rqv1

Vxppdu| vwdwlvwlfv uhodwlqj wr wkh k0vwhs dkhdg iruhfdvwv duh surylghg lq Wdeoh :1 Wkhvh

iruhfdvwv zhuh fuhdwhg e| wkh vhfrqg surfhgxuh wkdw zh glvfxvvhg> wkdw lv/ zh xvhg wkh qhz

lqirupdwlrq dydlodeoh dw hdfk vwdjh/ exw glg qrw uh0hvwlpdwh wkh prgho1 Lq wkh Fdqdgldq fdvh/

wkh olqhdu DU prgho dsshduv wr iruhfdvw ehvw ryhu vkruw dqg phglxp0uxq krul}rqv +k @ 4 wr

k @ 57,/ exw iru orqjhu krul}rqv wkh qrqolqhdu prghov +zlwk/ dqg zlwkrxw olqnv, vhhp wr eh d

olwwoh ehwwhu1 Rq edodqfh dqg hvshfldoo| iru orqj krul}rqv/ wkh olqnhg prgho lv pdujlqdoo| ehwwhu

wkdq wkh xqolqnhg prgho1 Lq wkh X1V1 fdvh wkh qrqolqhdu prghov frqvlvwhqwo| rxw0shuirup wkh

DU prgho lq doo exw wkh rqh0vwhs krul}rq/ dqg iru wkuhh ri wkh vl{ krul}rqv frqvlghuhg erwk wkh

qrqolqhdu dxwruhjuhvvlyh prgho dqg wkh olqnhg prgho surgxfh iruhfdvwv zklfk duh vwdwlvwlfdoo|

ehwwhu wkdq wkrvh surgxfhg e| wkh DU prgho1 Ixuwkhu/ wkh olqnhg prgho lv frqvlvwhqwo|/ exw

pdujlqdoo|/ ehwwhu wkdq wkh xqolqnhg prgho1
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81 Frqfoxvlrq

Wklv sdshu vwxglhv wkh frxsolqj ri lqglfhv ri lqgxvwuldo surgxfwlrq iru wkh Xqlwhg Vwdwhv dqg

Fdqdgd1 Vlqfh wkhuh fdq eh olwwoh grxew wkdw wkh rxwsxw vhulhv iru wkhvh wzr hfrqrplhv duh

frxsohg/ wkh pdlq txhvwlrqv wkdw zh dvn frqfhuq wkh ixqfwlrqdo irup ri wkh frxsolqj phfkdqlvp/

dqg krz wkh frxsolqj d�hfwv wkh mrlqw g|qdplfv ri rxwsxw lq wkhvh wzr frxqwulhv1 Sduwlfxodu

lvvxhv ri frqfhuq lqfoxgh zkhwkhu wkh frxsolqj frqwulexwhv wrzdugv vwdelolw|/ zkhwkhu rvfloodwlrqv

duh hqkdqfhg xqghu frxsolqj/ dqg zkhwkhu wkh frxsolqj whqgv wr v|qfkurql}h wkh g|qdplfv ri

wkh wzr frxqwulhv1

Zh surylgh d �uvw hpslulfdo dwwhpsw dw dqvzhulqj wkhvh txhvwlrqv e| hvwlpdwlqj dqg vwxg|lqj

vlpsoh dgdswdwlrqv ri R}dnl*v qrqolqhdu dxwruhjuhvvlyh prgho1 Wkh ihdwxuh ri wklv prgho wkdw

pdnhv lw dssursuldwh iru rxu sxusrvh lv wkdw lw lv deoh wr surylgh d yhu| h�hfwlyh dssur{lpdwlrq

wr d zlgh ydulhw| ri xqghuo|lqj frqwlqxrxv wlph gl�huhqwldo htxdwlrqv dqg ehfdxvh lwv frh!flhqwv

duh ixqfwlrqv ri wkh vwdwh vsdfh1 Ixuwkhu/ wkh R}dnl prgho lv uhodwlyho| hdv| wr hvwlpdwh1 Wkh

ixqfwlrqdo irup ri wkh frxsolqj phfkdqlvp lv ghwhuplqhg e| h{shulphqwlqj zlwk gl�huhqw w|shv

ri olqndjh yduldeohv> srwhqwldo olqndjh yduldeohv iru hdfk frxqwu| lqfoxgh wkh jurzwk udwh ri wkh

rwkhu frxqwu|/ uhodwlyh gl�huhqfhv lq jurzwk udwhv/ ixqfwlrqv ri fkdqjhv lq jurzwk udwhv lq wkh

rwkhu frxqwu|/ dqg ixqfwlrqv zklfk lqfrusrudwh fdsdflw| h�hfwv1 Doo olqndjh yduldeohv duh doorzhg

wr hqwhu wkh qrqolqhdu dxwruhjuhvvlyh vshfl�fdwlrq iru hdfk frxqwu| zlwk d odj ohqjwk ghwhuplqhg

e| wkh gdwd1

Rxu �uvw hpslulfdo uhvxow/ exwwuhvvhg e| dqdo|vlv xvlqj WVPDUV/ lv wkdw wkh dxwruhjuhvvlyh

odjv lqyroyhg lq wkh R}dnl htxdwlrqv iru hdfk frxqwu|*v lqgh{ ri surgxfwlrq duh dv orqj dv �yh

ru vl{ |hduv/ dqg wkdw �hqg ri |hdu h�hfwv� dsshdu wr eh lpsruwdqw1 Ixuwkhu/ wkh hpslulfdoo|

vhohfwhg olqndjhv/ zklfk iru hdfk frxqwu| lqyroyh wkh gl�huhqfhg jurzwk udwh iru wkh rwkhu frxqwu|

dqg wkh surgxfw ri fkdqjhv lq erwk frxqwulhv* jurzwk udwhv/ hqwhu wkh vshfl�fdwlrq zlwk odjv ri

wzr ru wkuhh |hduv1

Wkhvh hpslulfdo �qglqjv duh lqwhuhvwlqj lq wkdw wkh| hpskdvl}h wkh lpsruwdqfh ri orqj odjv/

erwk lq wkh irupxodwlrq ri wkh g|qdplfdo htxdwlrqv wkhpvhoyhv dqg lq whupv ri wkh olqndjhv1

Frqyhqwlrqdoo|/ wkh odjv hpsor|hg lq wkh prgholqj ri d prqwko| surfhvv duh vhogrp juhdwhu wkdq

wzhqw| irxu prqwkv/ dqg li g|qdplfdo olqndjhv duh hyhu frqvlghuhg/ wkhq wkh odjv dvvrfldwhg zlwk

wkhvh duh xvxdoo| qr pruh wkdq rqh ru wzr prqwkv1 Frqvhtxhqwo|/ rxu uhvxowv fdvw d qhz oljkw rq

wkh shulrgv wkdw duh uhohydqw iru wkh prgholqj ri g|qdplf pdfurhfrqrplf surfhvvhv1 Ixuwkhu/ wkh

idfw wkdw wkh fkrvhq olqndjhv lqfrusrudwh d gl�huhqfhg jurzwk udwh dqg wkh lqwhudfwlrq ehwzhhq

wkh gl�huhqfhg jurzwk udwhv iru hdfk frxqwu|/ vxjjhvwv wkdw wkh olqnv duh �vhfrqg rughu h�hfwv�1

Wkh dgglwlrq ri wkh lqwhudfwlrq whup lqglfdwhv wkdw wkh olqndjh phfkdqlvp lv hvvhqwldoo| qrqolqhdu1

Zh dvvhvvhg wkh g|qdplf lpsolfdwlrqv ri wkh olqnv e| frpsdulqj vlpxodwhg vhulhv edvhg rq

rxu hpslulfdo prgho ri wkh frxsohg hfrqrplhv zlwk vlpxodwhg vhulhv edvhg rq xqlyduldwh xqolqnhg
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prghov1 Wkhvh vlpxodwlrqv vkrzhg wkdw wkhuh zhuh wkuhh fodvvhv ri rxwfrphv ghshqglqj rq

lqlwldo frqglwlrqv dqg wkh vhtxhqfh ri lqqrydwlrqv> frqyhujhqfh/ glyhujhqfh/ dqg d frpsolfdwhg

rvfloodwlrq1 Dgglqj lqqrydwlrqv ohg wr juhdwhu hylghqfh ri rvfloodwlrqv lq wkh revhuyhg wlph sdwkv

dqg d kljkhu suredelolw| wkdw erwk wkh olqnhg dqg xqolqnhg vhulhv zrxog glyhujh1

Wkh hylghqfh ri wkh lpsdfw ri olqndjh rq vwdelolw| zdv erwk pl{hg dqg zhdn/ exw rq edodqfh

d fdvh pljkw eh pdgh iru hqkdqfhg vwdelolw|1 Rqh ri wkh prvw lqwhuhvwlqj vlpxodwlrq uhvxowv

lv wkdw d yhu| odujh iudfwlrq ri wkh glyhujhqw fdvhv duh jhqhudwhg zkhq wkh lqlwldo frqglwlrqv

lqfrusrudwh revhuydwlrqv iurp wkh *:7 dqg *;5 uhfhvvlrqv1 Wkhvh uhvxowv vxjjhvw wkdw wkhvh wzr

uhfhvvlrqv zhuh forvh wr xqvwdeoh duhdv ri wkh vwdwh vsdfh1 Zh pljkw vshfxodwh wkdw wkh uhdvrq

xqvwdeoh sdwkv zhuh qrw dfwxdoo| revhuyhg lv wkdw wkh ehkdylrudo odjv lq wkhvh surfhvvhv duh vr

orqj wkdw wkh lqqrydwlrqv eh|rqg wkhvh uhfhvvlrqv zhuh deoh wr pryh wkh surfhvvhv edfn lqwr pruh

vwdeoh duhdv ri wkh vwdwh vsdfh1 Dowhuqdwlyho| vwdwhg/ wkhvh hpslulfdo �qglqjv lqglfdwh wkdw kdg

wkh uhfhvvlrqdu| shulrgv ehhq orqjhu olyhg/ wkh uhvxow pd| zhoo kdyh ehhq d sdlu ri froodsvlqj

hfrqrplhv lq wkh devhqfh ri vwuhqxrxv �vfdo dqg prqhwdu| lqwhuyhqwlrq1

Wkh vlpxodwlrqv ohdg wr wzr uhvxowv zklfk vxssruw d k|srwkhvlv wkdw frxsolqj ohdgv wr lq0

fuhdvhg v|qfkurql}dwlrq ri wkh wzr exvlqhvv f|fohv1 Iru vlpxodwlrqv zklfk gr qrw lqfoxgh lq0

qrydwlrqv/ wkh orqj0 uxq ehkdylru lq Fdqdgldq dqg XV jurzwk udwhv lpsolhg e| wkh xqlyduldwh

prghov gl�hu1 Krzhyhu/ rqfh olqnv duh lqfrusrudwhg lqwr wkh vlpxodwlrqv/ wkhq erwk vhulhv h{0

klelw vlplodu rvfloodwru| ehkdylru1 Wkh ghjuhh ri frkhuhqfh ehwzhhq wkh vshfwud ri wkh wzr olqnhg

vhulhv lqfuhdvhv vxevwdqwldoo| ryhu wkh vlpxodwlrq shulrg/ sduwlfxoduo| dw iuhtxhqflhv orzhu wkdq

rqh |hdu1 Dovr/ uhjdugohvv ri zkhwkhu ru qrw wkh vlpxodwlrqv lqfrusrudwh lqqrydwlrqv/ zkhq wkhuh

lv frqyhujhqfh/ rvfloodwlrq ru glyhujhqfh lq wkh olqnhg prgho/ wkhq wkh wzr frxqwulhv frqyhujh/

rvfloodwh ru glyhujh wrjhwkhu1

Ilqdoo|/ lq whupv ri iruhfdvw dffxudf|/ d frpsdulvrq ri wkh olqnhg/ xqolqnhg/ dqg d ehqfkpdun

dxwruhjuhvvlyh prgho xvlqj wkh 83 revhuydwlrqv vhw dvlgh iru wklv sxusrvh/ lqglfdwhv wkdw wkh olqnhg

prgho surgxfhv lpsuryhg iruhfdvwv rq dyhudjh dqg wkdw wkh ehqh�wv ri xvlqj wkh olqnhg prgho duh

juhdwhu wkh ixuwkhu rxw rqh iruhfdvwv1 Dw rqh prqwk dkhdg/ wkhuh lv yhu| olwwoh gl�huhqfh ehwzhhq

dq| ri wkh iruhfdvw phfkdqlvpv> dw 69 wr 75 prqwkv dkhdg wkhuh zhuh vxevwdqwldo gl�huhqfhv1

Rxu uhvxowv vxjjhvw wkdw ixuwkhu h{sorudwlrq ri wkh h�hfwv ri frxsolqj rq wkh g|qdplfv ri

lqwhuuhodwhg hfrqrplhv pljkw eh zruwkzkloh1 Zh kdyh h{soruhg wkh h�hfwv ri mxvw rqh vhw ri

olqndjh phfkdqlvpv rq d vlqjoh wzr frxqwu| h{dpsoh1 Zkloh rxu phfkdqlvp vhhpv hpslulfdoo|

dssursuldwh iru wklv fdvh/ rwkhu phfkdqlvpv pd| zhoo �w wkh gdwd ehwwhu1 Lw zrxog eh lqwhuhvwlqj

wr vwxg| wkh frxsolqj phfkdqlvpv lqyroyhg lq rwkhu vhwv ri lqwhuuhodwhg hfrqrplhv/ sduwlfxoduo|

phpehuv ri wkh Hxurshdq Xqlrq ru rwkhu odujhu jurxslqjv ri hfrqrplhv1 Txhvwlrqv ri lqwhuhvw

lqfoxgh zkhwkhu wkh frxsolqj lq rwkhu h{dpsohv wdnh wkh vdph ixqfwlrqdo irup dv wkh frxsolqj

wkdw zh irxqg lq rxu XV2Fdqdgd h{dpsoh dqg zkhwkhu wkh frxsolqj ohdgv wr hqkdqfhg vwdelolw|

dqg juhdwhu v|qfkurql}dwlrq dv zh glvfryhuhg1
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Uhihuhqfhv

^4` Dqghuvrq/ K1 P1 dqg I1 Ydklg +4<<;,= �Whvwlqj Pxowlsoh Htxdwlrq V|vwhpv iru Frpprq

Qrqolqhdu Frpsrqhqwv/� Mrxuqdo ri Hfrqrphwulfv/ ;7/ 40691

^5` Edhvhqv F1/ Jxfnhqkhlphu M/ Nlp V1/ dqg U1V1 PdfNd| +4<<4,= �Wkh Frxsohg Rvfloodwruv=

Prgh Orfnlqj/ Joredo Elixufdwlrqv dqg Wrurlgdo Fkdrv�/ Sk|vlfd G 7</ 4<<4/ 6;:07:81

^6` Ed{whu/ P1 dqg D1 F1 Vwrfnpdq +4<;<,= �Exvlqhvv F|fohv dqg wkh H{fkdqjh0Udwh Uhjlph=

Vrph Lqwhuqdwlrqdo Hylghqfh�/ Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 56/ 6:: 0 7331

^7` Ehdxgu|/ S1 dqg J1 Nrrs +4<<6,= �Gr Uhfhvvlrqv Shupdqhqwo| D�hfw RxwsxwB�/ Mrxuqdo ri

Prqhwdu| Hfrqrplfv/ 63/ 47<04961

^8` Elgdunrwd/ S1 Y1 +4<<;,= �Dv|pphwulhv lq wkh Frqglwlrqdo Phdq G|qdplfv ri Uhdo JQS=

Urexvw Hylghqfh�/ Od Wureh Xqly1 Zrunlqj Sdshu/ Od Wureh Xqly1 Dxvwudold1

^9` Fkhuqlnry/ D1 D1 dqg J1 Vfkplgw +4<<8,= �Vhoi0V|qfkurql}dwlrq ri G|qdplfdo V|vwhpv�/

Sk|vlfv Zrunlqj sdshu/ Vwhyhqv Lqvwlwxwh ri Whfkqrorj|/ 4<<81

^:` Fklduhood/ Fduo +4<<3,= Wkh Hohphqwv ri d Qrqolqhdu Wkhru| ri Hfrqrplf G|qdplfv/

Vsulqjhu0Yhuodj/ Qhz \run1

^;` Fklduhood/ Fduo +4<<;,= �Kljk Rughu Glvhtxloleulxp Jurzwk G|qdplfv= Wkhruhwlfdo Dvshfwv

dqg Qxphulfdo Ihdwxuhv/� Xqly1 ri Whfkqrorj| V|gqh| Zrunlqj Sdshu/ V|gqh|/ Dxvwudold1

^<` Hqjoh/ U1 I1 dqg V1 Nr}lfnl +4<<6,= �Whvwlqj iru Frpprq Ihdwxuhv�/ Mrxuqdo ri Exvlqhvv

dqg Hfrqrplf Vwdwlvwlfv/ 441 69< 0 6:<1

^43` Ilodugr/ D1 M1 +4<<;,= �Xvlqj Qhdu0YDUv wr H{dplqh Skdvh0Ghshqghqw Prqhwdu| dqg Ilvfdo

Srolf|/� Ihghudo Uhvhuyh Zrunlqj Sdshu/ Ihghudo Uhvhuyh Edqn ri Ndqvdv Flw|1

^44` Iulhgpdq/ M1 K1 +4<<4,= �Pxowlyduldwh Dgdswlyh Uhjuhvvlrq Vsolqhv/� Dqqdov ri Vwdwlvwlfv/

4</ 404751

^45` Jdelvfk/ Jxqwhu dqg Kdqv0Zdowhu Oruhq}/ +4<;:,= Exvlqhvv F|foh Wkhru|/ VsulqjhubYhuodj/

Qhz \run1

^46` Jdqgroir/ J1 +4<<8,= Hfrqrplf G|qdplfv/ Vsulqjhu/ Qhz \run1

^47` Jhuodfk/ K1 P1 V1/ +4<;;,= �Zruog Exvlqhvv F|fohv xqghu Il{hg dqg Ioh{leoh H{fkdqjh

Udwhv�/ Mrxuqdo ri Prqh|/ Fuhglw dqg Edqnlqj/ 45/ 954 0 9651

^48` Jrrgzlq/ U1 +4<7:,= G|qdplfdo Frxsolqj zlwk Hvshfldo Uhihuhqfh wr Pdunhwv Kdylqj Sur0

gxfwlrq Odjv/ Hfrqrphwulfd 48/ 4;405371
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^49` Judqjhu/ F1 Z1 M1 dqg W1 Whuçvyluwd +4<<6,= Prgholqj Qrqolqhdu Hfrqrplf Uhodwlrqvklsv/

R{irug Xqly1 Suhvv/ R{irug1

^4:` Juhjru|/ D1 Z1/ Khdg/ D1F1 dqg M1 Ud|qdxog +4<<9,= Phdvxulqj Zruog Exvlqhvv F|fohv�/

plphr/ Txhhq*v Xqlyhuvlw|/ Fdqdgd1

^4;` Kdjjdq/ Y1 dqg W1 R}dnl +4<;4,= �Prghoolqj qrqolqhdu udqgrp yleudwlrqv xvlqj dq

dpsolwxgh0ghshqghqw dxwruhjuhvvlyh wlph vhulhv prgho�/ Elrphwulnd/ 9;/ 4;<04<91

^4<` Kdplowrq/ M1 G1 +4<;<,= � D Qhz Dssurdfk wr wkh Hfrqrphwulf Dqdo|vlv ri Qrq0Vwdwlrqdu|

Wlph 0Vhulhv dqg wkh Exvlqhvv F|foh/� Hfrqrphwulfd/ 8:/ 68:06;71

^53` Khoolzhoo/ M1 I1 dqg W1 Sdgpruh +4<;;,= �Pdfurhfrqrplf Lqwhughshqghqfh�/ lq Wkh Kdqg0

errn ri Lqwhuqdwlrqdo Hfrqrplfv/ hglwhg e| Nhhqdq dqg Mrqhv +Qruwk Kroodqg,/ 443; 0 44831

^54` Ohzlv/ S1 D1 Z1 dqg M1 J1 Vwhyhqv +4<<4,= �Qrqolqhdu Prgholqj ri Wlph Vhulhv xvlqj

Pxowlyduldwh Dgdswlyh Uhjuhvvlrq Vsolqhv/ +PDUV,/� Mrxuqdo ri wkh Dphulfdq Vwdwlvwlfdo

Dvvrfldwlrq/ ;:/ ;970;::1

^55` Oruhq}/ K1 Z1 +4<;:,= �Lqwhuqdwlrqdo Wudgh dqg wkh Srvvleoh Rffxuuhqfh ri Fkdrv�/ Hfr0

qrplf Ohwwhuv/ 7:/ 746074;1

^56` Oruhq}/ Kdqv0Zdowhu/ +4<;<,= Qrqolqhdu G|qdplfdo Hfrqrplfv dqg Fkdrwlf Prwlrq/

Vsulqjhu Yhuodj/ Qhz \run1

^57` Pluroor/ U1 H1 dqg V1 K1 Vwurjdw}+4<<3,= �V|qfkurql}dwlrq ri Sxovh0Frxsohg Elrorjlfdo

Rvfloodwruv�/ Vldp M1 ri Dssolhg Pdwk1/ yro 83/ 4978049951

^58` R}dnl/ W1 +4<;4,= �Qrq0olqhdu Wkuhvkrog Dxwruhjuhvvlyh Prghov iru Qrq0Olqhdu Udqgrp

Yleudwlrqv�/ M1 Dsso1 Sure1/ 4;/ 77607841

^59` R}dnl/ W1 +4<;8,= �Qrq0Olqhdu Wlph Vhulhv Prghov dqg G|qdplfdo V|vwhpv�/ Kdqgerrn ri

Vwdwlvwlfv/ H1M1 Kdqqdq/ S1U1 Nulvkqdldk/ P1P1 Udr/ hgwv1 yro 8/ Hovhylhu Vflhqfh Sxeo1 E1Y1

580;61

^5:` R}dnl/ W1 dqg Y1 R}dnl+4<;;,= �Vwdwlvwlfdo Lghqwl�fdwlrq ri Qrqolqhdu G|qdplfv lq Pdfur0

hfrqrplfv Xvlqj Qrqolqhdu Wlph Vhulhv Prghov�/ fkdsw155/ lq Vwdwlvwlfdo Dqdo|vlv dqg Iruh0

fdvwlqj ri Hfrqrplf dqg Vwuxfwxudo Fkdqjh/ hgw1 Shwhu Kdfno/ Vsulqjhu Yhuodj1

^5;` Sdqglw/ V1 P1 dqg V1 P1 Zx +4<:8,= �Xqltxh Hvwlpdwhv ri wkh Sdudphwhuv ri d Frqwlqxrxv

Vwdwlrqdu| Vwrfkdvwlf Surfhvv/� Elrphwulfd/ 95/ 7<:08341

^5<` Sdunhu/ U1 H1 dqg S1 Urwkpdq +4<<;,= �Wkh Fxuuhqw Ghswk ri Uhfhvvlrq dqg Xqhpsor|phqw

Udwh Iruhfdvwv�/ plphr/ Hdvw Fdurolqd Xqlyhuvlw|1
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^63` Shfrud/ O1 P1 dqg W1 O1 Fduuroo +4<<3,= �V|qfkurql}dwlrq lq Fkdrwlf V|vwhpv�/ Sk|vlfdo

Uhylhz Ohwwhuv/ 97/ Qr1 ;/ Ihe1 4<<3/ ;540;571

^64` Srwwhu +4<<8,= �D Qrqolqhdu Dssurdfk wr XV JQS/� Mrxuqdo ri Dssolhg Hfrqrphwulfv/ :/

V44<0V4691

^65` Sxx/ W1 +4<<6,= Qrqolqhdu Hfrqrplf G|qdplfv/ Vsulqjhu/ Qhz \run1

^66` Udpvh|/ M1 E1 dqg V1 Nhhqdq +4<<9,= �Pxowl0frxqwu| Whvwv iru wkh Rvfloodwru Prgho zlwk

Vorzo| Ydu|lqj Frh!flhqwv�/ Mrxuqdo ri Hfrqrplf Ehkdylru dqg Rujdql}dwlrq/ Yro1 63/ Qr1

6/ Vhswhpehu/ 6;6073;1

^67` Udpvh|/ M1 E1 dqg S1 Urwkpdq +4<<9,= �Wlph Luuhyhuvlelolw| dqg Exvlqhvv F|foh Dv|pph0

wu|/� Mrxuqdo ri Prqh|/ Fuhglw/ dqg Edqnlqj/ yro 5;/ Qr1 5/ 40541

^68` Vwurjdw}/ V1 K1 dqg L1 Vwhzduw +4<<6,= �Frxsohg Rvfloodwruv dqg Elrorjlfdo V|qfkurql}dwlrq�/

Vflhqwl�f Dphulfdq/ Ghf1 4<<6/ 435043<1

^69` Whuçvyluwd/ W1 dqg K1 P1 Dqghuvrq +4<<5,= �Fkdudfwhul}lqj Qrqolqhdulwlhv lq Exvlqhvv F|fohv

xvlqj Vprrwk Wudqvlwlrq Dxwruhjuhvvlyh Prghov�/ Mrxuqdo ri Dssolhg Hfrqrphwulfv/ :/ V44<0

V46<1

^6:` Whuçvyluwd/ W1 +4<<7,= �Vshfl�fdwlrq/ Hvwlpdwlrq/ dqg Hydoxdwlrq ri Vprrwk Wudqvlwlrq

Dxwruhjuhvvlyh Prghov/� Mrxuqdo ri wkh Dphulfdq Vwdwlvwlfdo Vrflhw|/ ;</ 53;054;1
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Dsshqgl{ 4

Wkh sdlu ri yduldeohv wkdw zh odehohg �solqnS|� dqg �qolqnS|� zhuh frqvwuxfwhg dv iroorzv1

Gh�qlqj f| dqg x| wr eh wkh orjdulwkpv ri wkh +prqwko|, lqglfhv ri lqgxvwuldo surgxfwlrq iru

Fdqdgd dqg wkh Xqlwhg Vwdwhv/ dqg |S| dqg |�| wr eh wkh wzhoiwk gl�huhqfhv ri wkh orjjhg vhulhv/

zh �uvw frqvwuxfwhg d yduldeoh zklfk phdvxuhg wkh Pd{lpxp Rxwsxw Wr Gdwh + PWG|, yld wkh

uhodwlrqvkls

PWG| @ pd{+if|3�> f|32> f|3�> f|3e> ===j,� f|=

Qh{w/ zh gh�qhg d �Urrp Wr Fdsdflw|� wkuhvkrog yduldeoh +UWF|, e|

UWF| @ 4> li PWG| A 3 +dqg,

UWF| @ 3> li PWG| � 3

dqg wzr jurzwk lqgh{ lqglfdwru yduldeohv jlyhq e|

JL| @ 4> li |�| A 3

JL| @ 3> li |�| � 3

QJL| @ 4�JL|=

Wkh jurzwk lqglfdwru JL| lv srvlwlyh zkhq wkhuh lv jurzwk lq wkh Xqlwhg Vwdwhv/ zkloh wkh qhjdwlyh

jurzwk lqglfdwru QJL| lghqwl�hv shulrgv ri qrq0srvlwlyh jurzwk lq wkh Xqlwhg Vwdwhv1

Iurp wkhvh frqvwlwxhqw yduldeohv zh frqvwuxfwhg solqnS| dqg qolqnS| dffruglqj wr

solqnS| @ UWF| �JL| � |�| +dqg,

qolqn?| @ QJL| � |�|=

Wkh lqwxlwlrq ehklqg solqnS| lv wkdw li wkh Fdqdgldq fxuuhqw rxwsxw lv ohvv wkdq lwv sdvw pd{lpxp

vr wkdw wkhuh lv vrph h{fhvv surgxfwlyh fdsdflw| lq Fdqdgldq surgxfwlrq dqg li wkh X1V1 hfrqrp|

lv jurzlqj/ wkhq wkhuh zloo eh d srvlwlyh h�hfw rq wkh Fdqdgldq hfrqrp|1 Iru qolqnS|/ wkh lqwxlwlrq

lv wkdw li wkh X1V1 surgxfwlrq lqgh{ lv ghfolqlqj/ wkhq wkhuh zloo eh d qhjdwlyh h�hfw rq Fdqdgd*v

surgxfwlrq1

Wkh gh�qlwlrqv ri solqn�| dqg qolqn�| duh dqdorjrxv wr wkh deryh/ zlwk wkh urohv ri f| dqg x|

uhyhuvhg/ dqg wkh urohv ri |�| dqg |S| dovr uhyhuvhg1
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Dsshqgl{ 5d1 Frh!flhqwv dqg Vwdqgdug Huuruv iru wkh Qrqolqhdu Dxwruhjuhvvlyh Prgho ri wkh

Jurzwk Udwh ri Fdqdgldq Lqgxvwuldo Surgxfwlrq +4<8;=4 0 4<<3=45,

Dxwruhjuhvvlyh Frh!flhqwv +zlwk vwdqgdug huuruv,

n *S& �S&f �S&�

Odj 4 3184< +41486, 315:: +41483, 51997 +41647,

Odj 5 041758 +4157:, 4187; +41566, 0318:5 +4135:,

Odj 44 71974 +41<84, 071:88 +41<36, 0314<8 +41:63,

Odj 45 071<96 +5173:, 71558 +51665, 31478 +51749,

Odj 46 031743 +5146:, 41489 +513:3, 41373 +41<8:,

Odj 56 814;6 +51:49, 081495 +51985, 041;65 +51485,

Odj 57 0:1493 +51873, 91959 +517:;, 4176: +51764,

Odj 58 51;6< +51:;7, 0515<; +51:34, 031;:9 +515:8,

Odj 68 ;173< +61433, 0;16;4 +61357, 071744 +517<5,

Odj 69 0;1486 +51;6;, ;135: +51::9, 5153< +51768,

Odj 6: 041693 +51759, 41674 +51689, 6178; +41<75,

Odj 7: ;137< +51675, 0:1:74 +515<;, 081<99 +51364,

Odj 7; 0;1793 +51557, ;1458 +514;6, 918<8 +41<95,

Odj 8< 81497 +51874, 081353 +517;5, 041;75 +51394,

Odj 93 081<49 +517;5, 81:3: +51763, 6144; +41<;6,

Odj :4 514;< +41;<9, 051439 +41;95, 041453 +41766,

Odj :5 061<3< +41<69, 61:97 +41;<8, 51897 +41798,

Rwkhu Frh!flhqw +zlwk vwdqgdug huuru,

Frqvwdqw 31335 +31336,

+4, Wkh sdudphwhuv *S&> �S&f dqg �S&� uhodwh wr wkh yduldeohv |S|3&> |S|3&= h{s^�43+|2S|3� � �+2S|3�,`

dqg |S|3&=|S|3� h{s^�43+|2S|3� � �+2
S|3�

,`1

+5, Wkh U2 iru wklv prgho zdv 31<7<5/ dqg wkh vwdqgdug huuru ri wkh uhjuhvvlrq zdv 3134581 Vhh Wdeoh 6

iru rwkhu gldjqrvwlf vwdwlvwlfv1

58



Dsshqgl{ 5e1 Frh!flhqwv dqg Vwdqgdug Huuruv iru wkh Qrqolqhdu Dxwruhjuhvvlyh Prgho ri wkh

Jurzwk Udwh ri X1V1 Lqgxvwuldo Surgxfwlrq +4<8;=4 0 4<<3=45,

Dxwruhjuhvvlyh Frh!flhqwv +zlwk vwdqgdug huuruv,

n *�& ��&f ��&�

Odj 4 51773 +41783, 041475 +41766, 061698 +41575,

Odj 5 0419:9 +417<:, 4176< +417:4, 61334 +413;<,

Odj 44 51:5; +41:99, 05189; +41:84, 051697 +41569,

Odj 45 05193< +519<4, 41947 +51985, 51898 +513<3,

Odj 46 031965 +41;33, 416;3 +41::4, 31:<6 +4175;,

Odj 56 814:8 +51894, 071;<5 +51853, 081446 +41<89,

Odj 57 071957 +616<9, 61;44 +61665, 51:3< +51:59,

Odj 58 03186; +41<68, 41379 +41<33, 517:4 +41894,

Odj 68 41;66 +51<75, 041993 +51;:<, 061<33 +51663,

Odj 69 31<68 +61988, 041577 +618::, 4184< +51;<3,

Odj 6: 041:66 +41<6<, 41;:: +41;<7, 41883 +4189:,

Odj 7: 03176: +515:9, 317<< +51567, 041<36 +41:77,

Odj 7; 41644 +5156:, 041674 +514<8, 4145< +41:84,

Odj 8< 71745 +41:96, 07147: +41:43, 081657 +41:38,

Odj 93 071537 +419<7, 61<89 +41973, 81339 +41957,

Rwkhu Frh!flhqw +zlwk vwdqgdug huuru,

Frqvwdqw 31335 +31336,

+4, Wkh sdudphwhuv *�&> ��&f dqg �xn4 uhodwh wr wkh yduldeohv |�|3&> |xw�n= h{s^�43+|5xw�4 � �|5
xw�4

,`

dqg |xw�n=|xw�4 h{s^�43+|5xw�4 � �|5
xw�4

,`1

+5, Wkh U5 iru wklv prgho zdv 31<::6 dqg wkh vwdqgdug huuru ri wkh uhjuhvvlrq zdv 3133;41 Vhh Wdeoh 6

iru rwkhu gldjqrvwlf vwdwlvwlfv1
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Dsshqgl{ 6d1 Frh!flhqwv dqg Vwdqgdug Huuruv iru wkh Qrqolqhdu Prgho ri wkh Jurzwk Udwh ri

Fdqdgldq Lqgxvwuldo Surgxfwlrq +4<8;=4 0 4<<3=45,

Dxwruhjuhvvlyh Frh!flhqwv +zlwk vwdqgdug huuruv,

n *S& �S&f �S&�

Odj 4 314;6 +41473, 31935 +41469, 51<93 +415<<,

Odj 5 031;43 +41573, 31<7< +41559, 041459 +41355,

Odj 44 61;67 +41<66, 061<5; +41;;:, 31443 +41:38,

Odj 45 0718;< +516:8, 61:<7 +51635, 31956 +516;3,

Odj 46 313:9 +5143;, 31:3: +51375, 31839 +41<5<,

Odj 56 717:< +519::, 071773 +51948, 041<83 +5144;,

Odj 57 0917<5 +51838, 81<:4 +51776, 41593 +516<4,

Odj 58 519;5 +51:69, 0514:3 +51987, 0317<3 +5156<,

Odj 68 ;1498 +6137<, 0;144< +51<:7, 071786 +5177<,

Odj 69 0;1496 +51:;<, :1<:< +51:5;, 61493 +51743,

Odj 6: 04144< +516;9, 4147: +5164:, 51833 +41<63,

Odj 7: ;17;4 +51639, 0;1477 +51595, 0918:4 +51339,

Odj 7; 0;1873 +514<7, ;14;7 +51485, :1347 +41<6<,

Odj 8< 81557 +51833, 08136: +51775, 051966 +5137;,

Odj 93 091358 +51779, 81::6 +516<6, 61;54 +41<9;,

Odj :4 51337 +41;97, 041<33 +41;64, 041838 +41748,

Odj :5 061;<7 +41<37, 61:5< +41;97, 51<98 +4177<,

Rwkhu Frh!flhqwv +zlwk vwdqgdug huuruv,

Frqvwdqw 31334 +31336,

�|�|32e 03148: +313:;,

�|�|32e=�|S|32e ;1;:4 +51;:3,

+4, Wkh sdudphwhuv *S&> �S&f dqg �fn4 uhodwh wr wkh yduldeohv |S|3&> |fw�n= h{s^�43+|5fw�4 ��|5
fw�4

,` dqg

|fw�n=|fw�4 h{s^�43+|5fw�4 � �|5
fw�4

,`1

+5, Wkh U5 iru wklv prgho zdv 31<846 dqg wkh vwdqgdug huuru ri wkh uhjuhvvlrq zdv 31344;1 Vhh Wdeoh 8

iru rwkhu gldjqrvwlf vwdwlvwlfv1
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Dsshqgl{ 6e1 Frh!flhqwv dqg Vwdqgdug Huuruv iru wkh Prgho ri wkh Jurzwk Udwh ri X1V1

Lqgxvwuldo Surgxfwlrq +4<8;=4 0 4<<3=45,

Dxwruhjuhvvlyh Frh!flhqwv +zlwk vwdqgdug huuruv,

n *�& ��&f ��&�

Odj 4 5193: +41765, 0415;: +4174:, 06193< +41559,

Odj 5 041:97 +417:8, 41835 +41783, 6157; +413:9,

Odj 44 51<6; +41:75, 051:<: +41:5;, 0516<5 +41555,

Odj 45 06144; +5198:, 5146< +5194<, 51;3; +513:5,

Odj 46 0316<8 +41::8, 4148; +41:79, 317;3 +41749,

Odj 56 81967 +51864, 08167< +517<4, 081467 +41<5;,

Odj 57 081383 +6167;, 71565 +615;8, 516<< +519;<,

Odj 58 031836 +41<48, 41333 +41;;3, 51<38 +41888,

Odj 68 41:4< +51;<;, 041877 +51;69, 061;;5 +515<8,

Odj 69 417:< +6194:, 041;65 +6186<, 413;4 +51;88,

Odj 6: 05146; +41<66, 51665 +41;;<, 41;:6 +4188<,

Odj 7: 03148: +51578, 31547 +51537, 041<95 +41:4<,

Odj 7; 31;<9 +5153<, 031<5: +5149;, 4164; +41:5:,

Odj 8< 7159< +41:6;, 071343 +419;8, 081466 +419;4,

Odj 93 071468 +419:3, 61;<4 +4194:, 71;73 +41934,

Rwkhu Frh!flhqwv +zlwk vwdqgdug huuruv,

Frqvwdqw 31335 +31336,

�|S|3�S 313:9 +3135:,

�|�|3�S=�|S|3�S 51::3 +4194<,

+4, Wkh sdudphwhuv *�&> ��&f dqg �xn4 uhodwh wr wkh yduldeohv |�|3&> |xw�n= h{s^�43+|5xw�4 � �|5
xw�4

,`

dqg |xw�n=|xw�4 h{s^�43+|5xw�4 � �|5
xw�4

,`1

+5, Wkh U5 iru wklv prgho zdv 31<:;5 dqg wkh vwdqgdug huuru ri wkh uhjuhvvlrq zdv 3133::1 Vhh Wdeoh 8

iru rwkhu gldjqrvwlf vwdwlvwlfv1
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Wdeoh 41 Vxppdu| Surshuwlhv ri Wkh Dqqxdo Jurzwk Udwhv ri Fdqdgldq dqg

X1V1 Lqglfhv ri Lqgxvwuldo Surgxfwlrq +4<8;=4 0 4<<8=5,

Fdqdgd +|S|, X1V1D1 +|�|,

Phdq 31368< 31365<

Phgldq 313764 313736

Pd{lpxp 314:74 314<6<

Plqlpxp 031496; 0314669

Vwdqgdug Ghyldwlrq 31385; 31388;

Vhfrqg Udz Prphqw 313374 313375

Vnhzqhvv 031:7:8 0318943

Nxuwrvlv 61:87< 619349

S0Ydoxh ri Xqlw Urrw Whvw ? 3134 ? 3134

S0Ydoxh ri Olqhdulw| Whvw 313334 31344;

+4, Vnhzqhvv lv gh�qhg e| V @
4

W

S
W

w@4
+|w�|,

6

a�6

+5, Nxuwrvlv lv gh�qhg e| N @
4

W

S
W

w@4
+|w�|,

7

a�7

+6, Wkh Xqlw Urrw Whvw lv dq Dxjphqwhg Glfnh|0Ixoohu �� whvw ri wkh qxoo k|srwkhvlv wkdw wkh jurzwk

udwh |w lv d xqlw urrw surfhvv djdlqvw wkh dowhuqdwlyh wkdw wklv jurzwk udwh lv vwdwlrqdu| durxqg d frqvwdqw1

Wkh whvw vwdwlvwlf lv wkh w0vwdwlvwlf dvvrfldwhg zlwk |w�4 lq wkh uhjuhvvlrq ri �|w rq d frqvwdqw/ |w�4 dqg

45 odjv ri �|w=

+7, Wkh Olqhdulw| Whvw lv d whvw ri wkh qxoo k|srwkhvlv wkdw wkh jurzwk udwh |w lv d olqhdu DU+s, surfhvv

djdlqvw wkh dowhuqdwlyh wkdw lw lv d VWDU+s, surfhvv lq zklfk wkh DU frh!flhqwv ydu| zlwk |lw�g= Wkh

whvw vwdwlvwlf lv wkh WU5 dvvrfldwhg zlwk dq dx{loldu| uhjuhvvlrq ri wkh uhvlgxdov ri dq DU+s, djdlqvw d

frqvwdqw/ s odjv ri |lw�n +n @ 4> ===> s,> s vhfrqg rughu furvv0surgxfw whupv |lw�g= |lw�n +n @ 4> ===> s,> s

wklug rughu furvv0surgxfw whupv |5lw�g= |lw�n +n @ 4> ===> s,> dqg s irxuwk rughu furvv0surgxfw whupv |6lw�g=

|lw�n +n @ 4> ===> s,> dqg xqghu wkh qxoo k|srwkhvlv lw kdv d "5
6s glvwulexwlrq1 Wkh odj ohqjwk s lv fkrvhq e|

DLF/ dqg wkh ghod| sdudphwhu g lv wkh g zklfk pd{lpl}hv wkh WU5 ryhu wkh vhulhv ri whvw uhjuhvvlrqv uxq

xvlqj g @ 4> ===> s= Vhh Whuçvyluwd +4<<7, iru ixuwkhu ghwdlov1 Wkh uhsruwhg s0ydoxhv vxssruw dq dowhuqdwlyh

k|srwkhvlv lq zklfk frh!flhqwv ri dq DU vshfl�fdwlrq ydu| zlwk |lw�41
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Wdeoh 51 Vxppdu| Surshuwlhv ri Wkh Wudqvlwlrq Yduldeohv xvhg iru Prgholqj

Wkh Jurzwk Udwhv ri Fdqdgldq dqg X1V1 Lqglfhv ri Lqgxvwuldo Surgxfwlrq

+4<8;=4 0 4<<8=5,

Fdqdgd +WS|, X1V1D1 +W�|,

Phdq 413343 413334

Phgldq 413464 413489

Pd{lpxp 413749 41375;

Plqlpxp 31:9<4 31:493

Vwdqgdug Ghyldwlrq 31375< 3137;3

Vnhzqhvv 041:4;7 05139;3

Nxuwrvlv :1468; <15::6

+4, Vnhzqhvv lv gh�qhg e| V @
4

W

S
W

w@4
+|w�|,

6

a�6

+5, Nxuwrvlv lv gh�qhg e| N @
4

W

S
W

w@4
+|w�|,

7

a�7

+6, Wkh wudqvlwlrq yduldeohv duh gh�qhg e| Wmw @ h{s^�43+|5mw � �|5
mw
,` iru m 5 if> x> j=
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Wdeoh 61 Vwdwlvwlfv Uhodwlqj wr wkh Vnhohwrq Odj Vwuxfwxuh xvhg wr Prgho wkh G|qdplfv

Fdqdgd +|S|, X1V1D1 +|�|,

S0Ydoxhv iru Jurxsv ri H{sodqdwru| Yduldeohv

Frqvwdqw +4, 317<88 316<96

Odjv 4 dqg 5 +9, 313333 313333

Odjv 44/ 45 dqg 46 +<, 313333 313333

Odjv 56/ 57 dqg 58 +<, 313333 313333

Odjv 68/ 69 dqg 6: +<, 313388 313337

Odjv 7: dqg 7; +9, 313377 318665

Odjv 8< dqg 93 +9, 314488 314377

Odjv :4 dqg :5 +9, 316386 0

Vhohfwhg Gldjqrvwlfv rq wkh deryh Odj Vwuxfwxuh +s0ydoxhv iru whvwv,

U2 31<7<5 31<::6

Vwdqgdug Huuru 313458 3133;4

Kf= Frh!flhqwv rq Odjv 6 dqg 7 duh }hur +9, 316863 315496

Kf= Frh!flhqwv rq Odjv 6 0 43 duh }hur +4;, 3138;: 318858

Kf= Frh!flhqwv rq Doo Rplwwhg Odjv duh }hur +49824:4,_ 316:6; 316;65

Kf= Qr 45wk rughu vhuldo fruuhodwlrq 31;;83 317445

Kf= Qr 57wk rughu vhuldo fruuhodwlrq 31<:9; 314::4

Kf= Qr 69wk rughu vhuldo fruuhodwlrq 31<4;9 314489

Kf= Qr 7;wk rughu vhuldo fruuhodwlrq 31;338 31498:

Kf= Qr 93wk rughu vhuldo fruuhodwlrq 31:774 3156:6

+4, Wkhuh duh wkuhh yduldeohv +|w�n> |w�n h{s^�43+|5w�4 � �|5
w�4

,` dqg |w�n |w�4 h{s^�43+|5w�4 � �|5
w�4

,` ,

iru hdfk odj n1 Vhh Dsshqgl{ 5 iru wkh hvwlpdwhg frh!flhqwv dqg wkhlu vwdqgdug huuruv1 Wkh wrs sruwlrq

ri wkh wdeoh olvwv wkh odjv zklfk zhuh xvhg wr prgho wkh g|qdplfv dqg surylghv whvwv ri wkh vwdwlvwlfdo

vljql�fdqfh ri ydulrxv vxejurxsv ri wkhvh odjv1 +Wkh qxpehuv jlyhq lq wkh eudfnhwv frxqw wkh qxpehu ri

uhvwulfwlrqv lqyroyhg lq wkh uhohydqw whvwv,1

+5, Wkh frh!flhqw whvw pdunhg zlwk wkh | vxshuvfulsw surylghv d whvw ri d prgho zlwk doo :5 odjv +54:

yduldeohv, djdlqvw wkh prgho jlyhq lq wkh wrs sruwlrq ri wkh wdeoh1 Wkh qxpehu ri uhvwulfwlrqv lqyroyhg lq

wklv whvw zdv 498 +iru Fdqdgd, dqg 4:4 +iru wkh X1V1,1
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Wdeoh 7d= Vwdwlvwlfv Uhodwlqj wr wkh Olqn Yduldeohv zklfk duh lqfoxghg lq wkh Prgho ri wkh

Jurzwk Udwh ri wkh Fdqdgldq Lqgh{ ri Lqgxvwuldo Surgxfwlrq

Olqn Yduldeoh I0vwdw S0Ydoxh iru U2 iru

�|�|32e �|S|32e=�|�|32e iru erwk H{foxglqj Prgho zlwk

Frhi w0vwdw Frhi w0vwdw Olqnv Erwk Olqnv Erwk Olqnv

03148: 05134 ;1;:4 613< 81;9 313365 31<846

Wdeoh 7e= Vwdwlvwlfv Uhodwlqj wr wkh Olqn Yduldeohv zklfk duh lqfoxghg lq wkh Prgho ri wkh

Jurzwk Udwh ri wkh X1V1 Lqgh{ ri Lqgxvwuldo Surgxfwlrq

Olqn Yduldeoh I0vwdw S0Ydoxh iru U2 iru

�|S|3�S �|�|3�S=�|S|3�S iru erwk H{foxglqj Prgho zlwk

Frhi w0vwdw Frhi w0vwdw Olqnv Erwk Olqnv Erwk Olqnv

313:9 51:< 51::3 41:4 8158 31338; 31<:;5
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Wdeoh 81 Prgho ri wkh Dqqxdo Jurzwk Udwhv ri Fdqdgldq dqg X1V1 Lqgxvwuldo Surgxfwlrq

+4<8;=4 0 4<<3=45,

Fdqdgd +|S|, X1V1D1 +|�|,

S0Ydoxhv iru Jurxsv ri H{sodqdwru| Yduldeohv

Frqvwdqw +4, 31:;:7 317959

Odjv 4 dqg 5 +9, 313333 313333

Odjv 44/ 45 dqg 46 +<, 313333 313333

Odjv 56/ 57 dqg 58 +<, 313333 313333

Odjv 68/ 69 dqg 6: +<, 313349 313344

Odjv 7: dqg 7; +9, 313353 3198<;

Odjv 8< dqg 93 +9, 313<44 314465

Odjv :4 dqg :5 +9, 314<:< 0

Olqnv +5, 313365 31338;

Vhohfwhg Gldjqrvwlfv iru wkh Prgho +s0ydoxhv iru wkh whvwv,

U2 31<846 31<:;5

Vwdqgdug Huuru 313455 3133:<

Kf= p @ 3 yv K@= p @ 4 313343 313333

Kf= p @ 4 yv K@= p @ 5 313983 3158::

Kf= Qrupdo Uhvlgxdov 318;<7 313333

Kf= Qr 45wk rughu vhuldo fruuhodwlrq 31<45; 3178:;

Kf= Qr 57wk rughu vhuldo fruuhodwlrq 31<<73 31589;

Kf= Qr 69wk rughu vhuldo fruuhodwlrq 31<;;8 3156:3

Kf= Qr 7;wk rughu vhuldo fruuhodwlrq 31<:5: 316548

Kf= Qr 93wk rughu vhuldo fruuhodwlrq 31<976 316;<;

Kf= Qr 4vw rughu DUFK 319;:: 313338

Kf= Qr 9wk rughu DUFK 31:77: 313869

Kf= Qr 45wk rughu DUFK 31;;39 316978

+4, Wkhuh duh wkuhh yduldeohv +|w�n> |w�n h{s^�43+|5w�4 � �|5
w�4

,` dqg |w�n |w�4 h{s^�43+|5w�4 � �|5
w�4

,` ,

iru hdfk odj1 Vhh Dsshqgl{ 6 iru wkh hvwlpdwhg frh!flhqwv dqg wkhlu vwdqgdug huuruv1

+5, Wkh whvw Kf= p @ 3 yv K@= p @ 4 lv d mrlqw whvw ri wkh vljql�fdqfh ri |w�n |w�4 h{s^�43+|5w�4 �
�|5

w�4
,` iru doo n1 Wkh whvw Kf= p @ 4 yv K@= p @ 5 lv d mrlqw whvw ri wkh vljql�fdqfh ri |w�n

|5w�4 h{s^43+|
5
w�4 � �|5

w�4
,` iru doo n1
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Wdeoh 9d= Frpsdulvrq ri G|qdplf Iruhfdvwv Ghulyhg iurp Gl�huhqw Prghov

ri wkh Jurzwk ri Fdqdgldq Lqgxvwuldo Surgxfwlrq +4<<4=4 0 4<<8=5,

Olqhdu Qrqolqhdu Olqnhg

Dxwruhjuhvvlyh Dxwruhjuhvvlyh Prgho

UPVH +xqzhljkwhg, 31367< 313674 3135:9

Iruhfdvw Udqnlqjv +qxpehu ri iruhfdvwv rxw ri 83,

Udqnhg Iluvw 4< ; 56

Udqnhg Vhfrqg < 55 4<

Udqnhg Wklug 55 53 ;

Wdeoh 9e= Frpsdulvrq ri G|qdplf Iruhfdvwv Ghulyhg iurp Gl�huhqw Prghov

ri wkh Jurzwk ri X1V1 Lqgxvwuldo Surgxfwlrq +4<<4=4 0 4<<8=5,

Olqhdu Qrqolqhdu Olqnhg

Dxwruhjuhvvlyh Dxwruhjuhvvlyh Prgho

UPVH +xqzhljkwhg, 313639 31353< 31356:

Iruhfdvw Udqnlqjv +qxpehu ri iruhfdvwv rxw ri 83,

Udqnhg Iluvw 45 7 67

Udqnhg Vhfrqg 58 4< 9

Udqnhg Wklug 46 5: 43

+4, Wkh wkuhh iruhfdvwv iru hdfk ri wkh 83 iruhfdvw krul}rqv duh udqnhg dffruglqj wr wkh devroxwh vl}h ri

wkh iruhfdvw huuru +wkh prgho zlwk wkh vpdoohvw devroxwh iruhfdvw huuru lv udqnhg �uvw,1

67



Wdeoh :d= Urrw Phdq Vtxduhg Huuruv iru k0vwhs Dkhdg Iruhfdvwv ri wkh Dqqxdo

Jurzwk Udwh ri wkh Fdqdgldq Lqgh{ ri Lqgxvwuldo Surgxfwlrq +4<<4=4 0 4<<8=5,

Iruhfdvw Krul}rq Qxpehu ri Olqhdu DU Qrqolqhdu DU Qrqolqhdu DU

+k, Iruhfdvwv +qr olqnv, +zlwk olqnv,

4 vwhs dkhdg 83 3133;9 3133<: 3133<8

45 vwhsv dkhdg 6< 3136;4 3137<4W 31377:

57 vwhsv dkhdg 5: 31358< 313639 3136<4W

63 vwhsv dkhdg 54 3135;4 313574 313678

69 vwhsv dkhdg 48 31368: 313736 313667

75 vwhsv dkhdg < 31378: 31373; 313767

Wdeoh :e= Urrw Phdq Vtxduhg Huuruv iru k0vwhs Dkhdg Iruhfdvwv ri wkh Dqqxdo

Jurzwk Udwh ri wkh X1V1 Lqgh{ ri Lqgxvwuldo Surgxfwlrq +4<<4=4 0 4<<8=5,

Iruhfdvw Krul}rq Qxpehu ri Olqhdu DU Qrqolqhdu DU Qrqolqhdu DU

+k, Iruhfdvwv +qr olqnv, +zlwk olqnv,

4 vwhs dkhdg 83 313393 313394 313395

45 vwhsv dkhdg 6< 313587 313556W 313535W

57 vwhsv dkhdg 5: 31358< 313579 31355:W

63 vwhsv dkhdg 54 31357< 313583 313567

69 vwhsv dkhdg 48 313537 31343;W 3133<:W

75 vwhsv dkhdg < 31357< 313448W 313443W

+4, Wkh vxshuvfulsw - lqglfdwhv wkdw wkh iruhfdvw ghulyhg iurp wkh qrqolqhdu prgho lv vwdwlvwlfdoo| gl�huhqw

iurp wkh iruhfdvw ghulyhg iurp wkh Olqhdu DU prgho dw wkh 8( ohyho ri vljql�fdqfh1 Vhh Judqjhu dqg

Qhzerog +sdjh 5:<, iru ghwdlov ri wkh iruhfdvw frpsdulvrq whvw1
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Figure 1a: Growth Rate of Canadian Industrial Production

Figure 1b: Growth Rate of U.S. Industrial Production
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Figure 2a: Transition Function for Canada
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Figure 2b: Transition Function for U.S.A.
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