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Lq rughu wr vwxg| wkh h�hfw ri plfurvwuxfwxuh ri khwhurjhqhrxv h{sorvlyhv rq wkhlu vkrfn vhqvlwlylw|/

zh phdvxuhg fulwlfdo ghwrqdwlrq gldphwhuv dqg vkrfn iurqw fxuydwxuhv lq qlwurphwkdqh +QP, vhqvlwl}hg

e| prqr0 dqg elprgdo wklq0zdoohg jodvv plfur0edoorrqv +JPE,1 Wkh dgydqwdjh ri vxfk khwhurjhqhrxv

pl{wxuhv lv wkdw wkhlu srurvlw|/ yrlg vl}h glvwulexwlrq dqg vshfl�f vxuidfh duhd fdq eh ydulhg lq d zlgh

udqjh e| fkdqjlqj wkh JPE vl}h dqg frqfhqwudwlrq/ dqg pruh suhflvho| dqg hdvlo| frqwuroohg wkdq wkdw

ri srurxv vrolg h{sorvlyhv1

H{shulphqwdo uhvxowv zhuh frpsduhg zlwk qxphulfdo rqhv rewdlqhg xqghu wkh dvvxpswlrq wkdw krw

vsrw lqlwldwlrq lv frqwuroohg e| ylvfrsodvwlf JPE froodsvh1 Wklv phfkdqlvp zdv frxsohg zlwk wkh vxuidfh

exuq frqfhsw iru uhdfwlrq jurzwk dqg zdv lpsohphqwhg lq wkh vwhdg| fxuyhg fulwlfdo ghwrqdwlrq prgho

iru frqghqvhg kljk h{sorvlyhv +KH, +h1j1/ \dr dqg Vwhzduw ^4`,1 D vdwlvidfwru| vhpl0txdqwlwdwlyh djuhh0

phqw ri wkh h{shulphqwdo dqg qxphulfdo uhvxowv lv rewdlqhg1 Wkh prgho dovr h{sodlqv zk| rxu elprgdo

JPEv glg qrw uhvxow lq d qrqprqrwrqrxv h{shulphqwdo ghshqghqfh ri fulwlfdo gldphwhu rq wkh phdq

khwhurjhqhlw| vl}h vlplodu wr wkdw revhuyhg e| Prxodug ^5` lq SE[ zlwk elprgdo KH judlqv/ dqg txdol0

wdwlyho| lqwhusuhwhg e| Nkdvdlqry hw do1 ^6`1 Lqghhg/ wkh prgho suhglfwv wkh uhyhuvdo ri vkrfn vhqvlwlylw|

+khuh fkdudfwhul}hg e| wkh fulwlfdo gldphwhu/ h1j1/ Sulfh ^7`, lq elprgdo pl{wxuhv zkhq wkh �qhu JPEv

duh vljql�fdqwo| vpdoohu +derxw 8 �p, wkdq lq wkh h{shulphqwv1 Dqrwkhu lqwhuhvwlqj suhglfwlrq lv wkdw

wkh vkrfn vhqvlwlylw| uhyhuvdo h�hfw zrxog dovr eh revhuyhg zlwk prqrprgdo pl{wxuhv li wkh JPE vl}h

lv ghfuhdvhg iurp 830433 �p wr d ihz �p +Erxwrq ^8`,1
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Wkh pdvv iudfwlrq ri prqr0 ru elprgdo JPEv lq wkh pl{wxuhv zdv 4( +lq wkh elprgdo fdvh/ �qh dqg

frduvh JPE iudfwlrqv zhuh htxdo 318(,1 Wkh JPE gldphwhuv zhuh 7: dqg 435 �p1 Wkh pl{wxuhv zhuh

frq�qhg lq vwhho ru sro|ylq|ofkorulgh +SYF, wxehv1 Ghwrqdwlrq yhorflwlhv zhuh phdvxuhg e| phdqv ri

lrql}dwlrq jdxjhv/ dqg wkh vkrfn vkdshv zhuh rewdlqhg iurp vwuhdn fdphud uhfrugv ri wkh ghwrqdwlrq

iurqw lqwhudfwlrq zlwk dq hqoljkwhqhg pluuru1

Iljxuh 4 vxppdul}hv wkh ghshqghqfh ri wkh vwhdg| ghwrqdwlrq yhorflw| +GW , rq wkh uhflsurfdo ri wkh

fkdujh gldphwhu +g, iru pl{wxuhv ri QP zlwk prqr0 dqg elprgdo JPEv frq�qhg lq vwhho wxehv1 Iljxuh

5 vkrzv vlplodu uhvxowv iru SYF wxehv1 Doo ghshqghqflhv kdyh wkh grzqzdug frqfdylw| wkdw fkdudfwhul}hv

prvw vrolg khwhurjhqhrxv h{sorvlyhv1 Wkh frqfdylw| lv vwurqjhu zkhq wkh pl{wxuhv duh frq�qhg lq SYF

wxehv1 Jlyhq d wxeh gldphwhu/ wkh ghwrqdwlrq yhorflw| lv kljkhu iru prqrprgdo pl{wxuhv zlwk vpdoohu

JPEv1 Wkh JPE yroxph iudfwlrq +�4, lv d ghfuhdvlqj ixqfwlrq ri wkh JPE gldphwhu +iru d frqvwdqw

JPE pdvv iudfwlrq, vr wkdw wkh pdvv ri QP lv vpdoohu lq pl{wxuhv pdgh zlwk odujhu JPEv1 Wkh

GW +g
�4, fxuyhv iru vwhho wxehv duh txdvl0olqhdu dw odujh gldphwhuv vr wkdw d jrrg hvwlpdwh ri wkh sodqdu

ghwrqdwlrq yhorflw| G
4

fdq eh rewdlqhg e| h{wudsrodwlqj GW +g
�4, wr lq�qlwh gldphwhu1 Iru d jlyhq

yhorflw|/ lw lv irxqg wkdw wkh ghwrqdwlrq iurqw lq pl{wxuhv zlwk odujhu JPEv kdv d vpdoohu fxuydwxuh

dqg vxssruwv odujhu yhorflw| gh�flwv dqg wkdw/ zlwklq wkh h{shulphqwdo dffxudf|/ wkh qdwxuh ri wkh

frq�qhphqw grhv qrw sudfwlfdoo| d�hfw wkh d{ldo fxuydwxuh0yhorflw| uhodwlrqvklsv1



Wkh Wdeoh ehorz olvwv wkh pdlq uhvxowv zklfk uhyhdo wkdw wkh vpdoohu wkh frq�qhphqw ghqvlw| wkh

kljkhu wkh fulwlfdo gldphwhu/ wkdw wkh vpdoohu wkh lqlwldo ghqvlw| �3 ri wkh pl{wxuh/ wkh vpdoohu wkh sodqdu

ghwrqdwlrq yhorflw| dqg wkdw wkh surshuwlhv ri wkh vwxglhg elprgdo pl{wxuhv duh dozd|v frpsulvhg

ehwzhhq wkh fruuhvsrqglqj surshuwlhv ri wkh prqrprgdo pl{wxuhv1
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Wkh ylvfrsodvwlf sruh froodsvh prgho ri vskhulfdoo| lpsorglqj JPEv zdv lpsohphqwhg lq d wkuhh0skdvh

irupxodwlrq ri wkh edodqfh odzv +vkrfnhg xquhdfwhg QP/ QP ghwrqdwlrq surgxfwv dqg JPEv, iru pdvv/

prphqwxp dqg hqhuj| iru uhdfwlyh  rzv xqghu wkh dvvxpswlrq ri d txdvl0rqhglphqvlrqdo  rz1 Wkhvh

edodqfh odzv zhuh wkhq lqwhjudwhg ehwzhhq wkh vkrfn dqg wkh vrqlf orfxv wr rewdlq wkh vkrfn qrupdo

yhorflw| +Gq, dv dq hljhq0ydoxh iru d jlyhq wrwdo fxuydwxuh +F, ri wkh vkrfn iurqw ri vhoi0vxvwdlqhg

ghwrqdwlrq1 Wkh Gq0F uhodwlrqvkls zdv wkhq xvhg wr ghvfuleh wkh gldphwhu h�hfw fxuyhv +Erxwrq ^8`/

Huprodhy hw do1 ^9`,1

Wkh qxphulfdo dqg h{shulphqwdo fulwlfdo gldphwhuv gfulw iru vwhho dqg SYF wxehv duh jlyhq lq wkh

Wdeoh1 Iljxuhv 4 dqg 5 frpsduh wkh qxphulfdo dqg h{shulphqwdo Gq04@g uhodwlrqvklsv uhvshfwlyho| iru

vwhho dqg SYF wxehv1 D vhpl0txdqwlwdwlyh djuhhphqw lv revhuyhg exw wkh fdofxodwhg fxuyhv duh dozd|v

ehorz wkh h{shulphqwdo rqhv1 Wkh gl�huhqfhv lq wkh vorshv ri wkh qxphulfdo dqg h{shulphqwdo fxuyhv

lv pdlqo| gxh wr wkh gh�flhqf| ri wkh uhwdlqhg krw0vsrw jurzwk prgho dqg wr xqfhuwdlqwlhv rq wkh

QP0whpshudwxuh/ zklfk xqghuhvwlpdwh wkh hqhuj|0uhohdvh udwh dqg/ wkhuhiruh/ wkh vkrfn fxuydwxuh1

Dgglwlrqdo fdofxodwlrqv kdyh ehhq frqgxfwhg wr prgho wkh h{shulphqwdo olqhdu fruuhodwlrq ehwzhhq

fulwlfdo gldphwhu dqg uhflsurfdo ri wkh JPE lqlwldo vshfl�f vxuidfh duhd +Iljxuh 6,1 Vxfk fruuhodwlrqv



h{lvw iru pdq| khwhurjhqhrxv h{sorvlyhv +Nkdvdlqry hw do1 ^6`/ Suhvohv hw do1 ^:`,1 Wkh prvw lpsruwdqw

suhglfwlrq lv wkdw wkh fdofxodwlrqv fdswxuh wkh vkrfn vhqvlwlylw| uhyhuvdo h�hfw1 Iru prqrprgdo pl{wxuhv

+zlwk JPE vl}h hlwkhu 8 �p ru 7: �p ru 435 �p,/ Iljxuh 6 vkrzv wkdw wkh fulwlfdo gldphwhu lv d

qrq0prqrwrqrxv ixqfwlrq ri wkh JPE vl}h +Erxwrq ^8`,1 Wkh h{sodqdwlrq lv wkdw wkh lqgxfwlrq wlph

ri QP vhqvlwl}hg e| wkh 7: �p dqg 435 �p JPEv lv qhjoljleo| vpdoo frpsduhg wr wkh exuqlqj wlph1

Wkh wzr fruuhvsrqglqj olqhv duh txlwh forvh wr hdfk rwkhu dqg wr wkh xqlyhuvdo hpslulfdo fruuhodwlrq/

lqghshqghqw rq wkh JPE vl}h1 Ehfdxvh ri wkh lpshuihfwlrqv ri wkh uhwdlqhg fulwlfdo0gldphwhu prgho/

zh frqvlghu wkdw wkh fdofxodwlrqv �w uhdvrqdeo| wkh hpslulfdo olqh1 Rq wkh frqwudu|/ wkh gl�huhqfh lq

wkh uhvshfwlyh srvlwlrqv ri wkh 80�p olqh dqg ri wkh wzr rwkhuv lv wrr odujh wr eh dwwulexwhg wr ghihfwv

lq wkh fulwlfdo0gldphwhu prgho1 Lqghhg/ wkh lqgxfwlrq wlph iru wkh 80�p JPEv ehfrphv frpsdudeoh wr

wkh exuqlqj wlph/ gxh wr wkh uhodwlyh lqfuhdvh ri wkh frqgxfwlyh khdw0glvvlsdwlrq udwh frpsduhg wr wkh

ylvfrsodvwlf khdw0surgxfwlrq udwh durxqg wkh JPEv1

Iru elprgdo pl{wxuhv +zlwk JPE vl}hv 8 �p dqg 435 �p,/ Iljxuh 7 lqglfdwhv wkdw/ dw odujh ghwr0

qdwlrq yhorflwlhv/ wkh vkrfn fxuydwxuh lqfuhdvhv zkhq wkh ghwrqdwlrq0yhorflw| gh�flw lqfuhdvhv1 Dw vpdoo

ghwrqdwlrq yhorflw| gh�flw wkh fdofxodwhg lqgxfwlrq wlph durxqg erwk 8 �p dqg 435 �p JPEv lv vpdoo

frpsduhg wr wkh exuqlqj wlph1 Krzhyhu/ dv wkh ghwrqdwlrq yhorflw| gh�flw lqfuhdvhv/ wkh lqgxfwlrq wlph

durxqg wkh vpdoohu JPEv lqfuhdvhv pruh udslgo| wkdq wkdw durxqg wkh odujhu rqhv/ dqg hyhqwxdoo| eh0

frphv wrr odujh wr lqgxfh ljqlwlrq ehiruh wkh vrqlf orfxv1 Lq wklv fdvh/ rqo| odujhu 435 �p JPEv suryrnh

wkh krw0vsrw jurzwk vr wkdw wkh h�hfwlyh vshfl�f vxuidfh duhd ri ljqlwhg krw vsrwv lv pxfk vpdoohu wkdq

wkh lqlwldo vshfl�f vxuidfh duhd ri wkh frqvlghuhg QP0JPE pl{wxuh1 Wklv uhvxowv lq d Gq0F fxuyh wkdw

h{klelwv wzr fulwlfdo srlqwv1 Wkh sduw ri wkh fxuyh ehorz wkh xsshu fulwlfdo srlqw lv forvh wr wkdw dvvr0

fldwhg zlwk wkh 4350�p0JPE prqrprgdo Gq0F fxuyh +wkh voljkw gl�huhqfh lv gxh wr wkh idfw wkdw wkh

QP yroxphwulf iudfwlrq lq wkh elprgdo pl{wxuh lv vpdoohu wkdq lq wkh fruuhvsrqglqj prqrprgdo pl{0

wxuh,1 Wkxv/ lq fdvh ri elprgdo glvwulexwlrqv ri vl}h ri srwhqwldo krw vsrwv +vxfk dv yrlgv/ JPEv ru KH

sduwlfohv, rqh fdq phhw wkh vlwxdwlrq zkhq vpdoohu krw vsrwv gr qrw frqwulexwh wr wkh fkhplfdo0uhdfwlrq

jurzwk vr wkdw wkh fulwlfdo ghwrqdwlrq gldphwhu qrqprqrwrqrxvo| ghshqgv rq wkh lqlwldo vshfl�f vxuidfh

duhd ri khwhurjhqhrxv KH/ dv revhuyhg e| Prxodug ^5`1
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Wkrxjk wkh xvh ri wkh ghwrqdwlrq0vkrfn g|qdplfv prgho iru fdofxodwlqj ghwrqdwlrq fulwlfdo gldphwhuv

lv txhvwlrqdeoh iru wkh khwhurjhqhrxv h{sorvlyhv frqvlghuhg khuh/ ehfdxvh ri wkhlu odujh +frpsduhg wr

wkh fxuydwxuh udglxv, uhdfwlrq }rqh ohqjwkv/ d vhpl0txdqwlwdwlyh djuhhphqw ehwzhhq h{shulphqwv dqg

fdofxodwlrqv lv rewdlqhg xqghu wkh dvvxpswlrq ri d ylvfrsodvwlf JPE froodsvh phfkdqlvp lq JPE0

vhqvlwl}hg QP1 Krzhyhu/ wklv djuhhphqw fdqqrw eh frqvlghuhg dv d ydolgdwlrq ri qhlwkhu wkh dvvxphg

froodsvh phfkdqlvp qru ri wkh fulwlfdo gldphwhu prgho1 \hw wkh dssurdfk lv xvhixo ehfdxvh lw gh�qhv

fruuhfw rughuv ri pdjqlwxgh dqg wkh pdlq wuhqgv dqg ihdwxuhv ri d frpsolfdwhg sureohp1 Wklv dssurdfk

wkxv suhglfwv wkh vkrfn vhqvlwlylw| uhyhuvdo h�hfw lq pl{wxuhv ri QP erwk zlwk prqr0 dqg elprgdo JPE

glvwulexwlrqv/ exw zlwk vljql�fdqwo| vpdoohu vl}h ri �qhu JPEv wkdq zh frxog whvw h{shulphqwdoo|1 Vxfk

h{shulphqwv duh wkh vxemhfw ri fxuuhqw h�ruwv1
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