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Devwudfw

Wklv sdshu vwxglhv wkh uroh ri ghwuhqghg zhdowk lq suhglfwlqj vwrfn uhwxuqv1 Zh fdoo

d wudqvlwru| pryhphqw lq zhdowk rqh wkdw surgxfhv d ghyldwlrq iurp lwv vkduhg wuhqg zlwk

frqvxpswlrq dqg oderu lqfrph1 Xvlqj X1V1 txduwhuo| vwrfn pdunhw gdwd zh ?qg wkdw wkhvh

wuhqg ghyldwlrqv lq zhdowk duh vwurqj suhglfwruv ri erwk uhdo vwrfn uhwxuqv dqg h{fhvv uhwxuqv

ryhu d Wuhdvxu| eloo udwh1 Zh dovr ?qg wkdw wklv yduldeoh lv d ehwwhu iruhfdvwhu ri ixwxuh

uhwxuqv dw vkruw dqg lqwhuphgldwh krul}rqv wkdq lv wkh glylghqg |lhog/ wkh hduqlqjv |lhog/ wkh

glylghqg sd|rxw udwlr dqg vhyhudo rwkhu srsxodu iruhfdvwlqj yduldeohv1

Zk| vkrxog zhdowk/ ghwuhqghg lq wklv zd|/ iruhfdvw dvvhw uhwxuqvB Zh vkrz wkdw d zlgh

fodvv ri rswlpdo prghov ri frqvxphu ehkdylru lpso| wkdw wkh orj frqvxpswlrq0djjuhjdwh +kx0

pdq dqg qrqkxpdq, zhdowk udwlr iruhfdvwv wkh h{shfwhg uhwxuq rq djjuhjdwh zhdowk/ ru wkh

pdunhw sruwirolr1 Dowkrxjk wklv udwlr lv qrw revhuydeoh/ zh ghprqvwudwh wkdw lwv lpsruwdqw

suhglfwlyh frpsrqhqwv pd| eh h{suhvvhg lq whupv ri revhuydeoh yduldeohv/ qdpho| lq whupv

ri frqvxpswlrq/ qrqkxpdq zhdowk dqg oderu lqfrph1 Wkh iudphzrun lpsolhv wkdw wkhvh

yduldeohv duh frlqwhjudwhg/ dqg wkdw ghyldwlrqv iurp wklv vkduhg wuhqg vxppdul}h djhqwv*

h{shfwdwlrqv ri ixwxuh uhwxuqv rq wkh pdunhw sruwirolr1 +MHO J43/ H54,



4 Lqwurgxfwlrq

Xqghuvwdqglqj wkh hpslulfdo olqndjhv ehwzhhq pdfurhfrqrplf yduldeohv dqg ?qdqfldo pdu0

nhwv kdv orqj ehhq d jrdo ri ?qdqfldo hfrqrplfv1 Rqh uhdvrq iru wkh lqwhuhvw lq wkhvh olqndjhv

lv wkdw h{shfwhg h{fhvv uhwxuqv rq frpprq vwrfnv dsshdu wr ydu| zlwk wkh exvlqhvv f|foh14

Wklv hylghqfh vxjjhvwv wkdw vwrfn uhwxuqv vkrxog eh iruhfdvwdeoh e| exvlqhvv f|foh yduldeohv

dw f|folfdo iuhtxhqflhv1 Lqghhg/ wkh iruhfdvwdelolw| ri vwrfn uhwxuqv lv zhoo grfxphqwhg1 Wkh

vwxglhv ri Vkloohu +4<;7,/ Iorrg/ Krgulfn dqg Ndsodq +4<;9,/ Fdpsehoo dqg Vkloohu +4<;;,/

Idpd dqg Iuhqfk +4<;;,/ Krgulfn +4<<5, dqg Odprqw +4<<;,/ wr phqwlrq mxvw d ihz/ du0

jxh wkdw ?qdqfldo lqglfdwruv vxfk dv wkh udwlrv ri sulfh wr glylghqgv/ sulfh wr hduqlqjv/ ru

glylghqgv wr hduqlqjv kdyh suhglfwlyh srzhu iru h{fhvv uhwxuqv ryhu d Wuhdvxu|0eloo udwh1

Wkhvh ?qdqfldo yduldeohv/ krzhyhu/ kdyh ehhq prvw vxffhvvixo dw suhglfwlqj uhwxuqv ryhu orqj

krul}rqv1 Ryhu krul}rqv vsdqqlqj wkh ohqjwk ri d w|slfdo exvlqhvv f|foh/ vwrfn uhwxuqv kdyh

w|slfdoo| ehhq irxqg wr eh rqo| zhdno| iruhfdvwdeoh15 Pruhryhu/ wudglwlrqdo pdfurhfrqrplf

yduldeohv kdyh suryhq hvshfldoo| glvpdo dv suhglfwlyh yduldeohv1

Wkh txhvwlrq ri zkhwkhu h{shfwhg uhwxuqv ydu| dw f|folfdo iuhtxhqflhv dqg zlwk pdfurh0

frqrplf yduldeohv lv dovr shuwlqhqw wr wkh ghedwh ryhu zk| h{fhvv uhwxuqv duh suhglfwdeoh1

Rqh srvvlelolw| lv wkdw ?qdqfldo pdunhwv duh lqh!flhqw1 Dowhuqdwlyho|/ suhglfwdeoh yduldwlrq lq

uhwxuqv frxog vlpso| uh hfw wkh udwlrqdo uhvsrqvh ri djhqwv wr wlph0ydu|lqj lqyhvwphqw rssru0

wxqlwlhv/ srvvleo| gulyhq e| f|folfdo yduldwlrq lq ulvn dyhuvlrq +h1j1/ Fdpsehoo dqg Frfkudqh/

4<<<, ru lq wkh mrlqw glvwulexwlrq ri frqvxpswlrq dqg dvvhw uhwxuqv1 Li wkhvh udwlrqdo h{0

sodqdwlrqv duh fruuhfw/ lw lv uhdvrqdeoh wr h{shfw wkdw nh| pdfurhfrqrplf yduldeohv vkrxog

shuirup dq lpsruwdqw ixqfwlrq lq iruhfdvwlqj vwrfn uhwxuqv1 Dv |hw/ krzhyhu/ wkhuh lv olwwoh

4Wklv frqfoxvlrq lv riwhq gudzq iurp wkh yrodwlolw|0whvw olwhudwxuh= wkh surf|folfdo yrodwlolw| ri sulfh0

glylghqg udwlrv fdqqrw eh dffrxqwhg iru e| yduldwlrq lq h{shfwhg glylghqgv ru wkh ulvn iuhh udwh/ lpso|lqj

wkdw h{shfwhg h{fhvv uhwxuqv pxvw ydu|1 Vhh/ iru h{dpsoh/ Fdpsehoo dqg Vkloohu +4<;;,/ Vkloohu +4<;<,/

Frfkudqh +4<<4d/ 4<<4e,1
5Rqh h{fhswlrq wr wklv lv d vwxg| e| Fdpsehoo +4<;:, zklfk irxqg wkdw Wuhdvxu| eloo udwhv dqg vhyhudo

phdvxuhv ri wkh whup vsuhdg frxog h{sodlq d vxevwdqwldo iudfwlrq ri wkh yduldwlrq lq qh{w prqwk*v h{fhvv vwrfn

uhwxuq1 Krzhyhu/ wkhvh ?qglqjv dsshdu wr eh d ihdwxuh ri wkh vdpsoh shulrg xvhg lq wkdw vwxg|1 H{whqglqj

wkh vdpsoh rxw wr wkh wklug txduwhu ri 4<<;/ wkhvh lqglfdwruv glvsod| pxfk zhdnhu iruhfdvwlqj srzhu1
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hpslulfdo hylghqfh wkdw uhdo pdfurhfrqrplf yduldeohv shuirup vxfk d ixqfwlrq1

Wklv sdshu dgrswv d qhz dssurdfk wr lqyhvwljdwlqj wkh olqndjhv ehwzhhq pdfurhfrqrplfv

dqg ?qdqfldo pdunhwv1 Zh vwxg| wkh uroh ri wudqvlwru| pryhphqwv lq krxvhkrog zhdowk iru

suhglfwlqj vwrfn pdunhw  xfwxdwlrqv1 Zh ghwuhqg zhdowk zlwk djjuhjdwh frqvxpswlrq dqg

djjuhjdwh oderu lqfrph/ phdvxulqj d wudqvlwru| pryhphqw lq zhdowk dv d ghyldwlrq iurp lwv

vkduhg wuhqg zlwk wkhvh yduldeohv1 Rxu uhvxowv vkrz wkdw wkhvh wuhqg ghyldwlrqv lq zhdowk

duh d vwurqj xqlyduldwh suhglfwru ri erwk udz vwrfn uhwxuqv dqg h{fhvv vwrfn uhwxuqv ryhu

d Wuhdvxu| eloo udwh/ dqg fdq dffrxqw iru d vxevwdqwldo iudfwlrq ri wkh yduldwlrq lq ixwxuh

uhwxuqv1 Wklv yduldeoh surylghv lqirupdwlrq derxw ixwxuh vwrfn uhwxuqv wkdw lv qrw fdswxuhg

e| odjjhg ydoxhv ri rwkhu srsxodu iruhfdvwlqj yduldeohv/ dqg glvsod|v lwv juhdwhvw suhglfwlyh

srzhu iru uhwxuqv ryhu exvlqhvv f|foh iuhtxhqflhv/ wkrvh udqjlqj iurp rqh wr ?yh txduwhuv1

Wklv uhvxow rffxuv ghvslwh wkh idfw wkdw wkh lqglylgxdo jurzwk udwhv ri frqvxpswlrq/ oderu

lqfrph/ dqg zhdowk8olnh rwkhu pdfurhfrqrplf yduldeohv8ehdu olwwoh uhodwlrqvkls zlwk ixwxuh

vwrfn uhwxuqv1

Zk| vkrxog krxvhkrog zhdowk/ ghwuhqghg lq wklv zd|/ iruhfdvw dvvhw uhwxuqvB Zh vkrz

wkdw wklv ihdwxuh ri wkh gdwd pd| dulvh dv dq lpsolfdwlrq ri d zlgh udqjh ri iruzdug0orrnlqj

prghov ri frqvxphu ehkdylru zkhuh frqvxpswlrq lv d ixqfwlrq ri djjuhjdwh zhdowk +wkh

3pdunhw4 sruwirolr,/ gh?qhg dv wkh vxp ri kxpdq dqg qrqkxpdq zhdowk1 Wr pdnh wkh

iudphzrun wudfwdeoh/ zh hpsor| d orj0olqhdu dssur{lpdwlrq ri wkh lqwhuwhpsrudo exgjhw

frqvwudlqw1 Iru d zlgh fodvv ri suhihuhqfhv/ wkh orj frqvxpswlrq8djjuhjdwh zhdowk udwlr

suhglfwv dvvhw uhwxuqv ehfdxvh lw lv d ixqfwlrq ri h{shfwhg ixwxuh uhwxuqv rq wkh pdunhw

sruwirolr1 Wklv uhvxow kdv ehhq qrwhg suhylrxvo| e| Fdpsehoo dqg Pdqnlz +4<;<, dqg lv wkh

vwduwlqj srlqw ri rxu wkhruhwlfdo iudphzrun1

Wkhuh duh wzr lpsruwdqw revwdfohv wkdw pxvw eh ryhufrph ehiruh wkh orj frqvxpswlrq0

djjuhjdwh zhdowk udwlr fdq eh hpslulfdoo| olqnhg zlwk ixwxuh dvvhw uhwxuqv1 Wkh prvw lp0

phgldwh lv wkdw djjuhjdwh zhdowk 8 vshfl?fdoo| wkh kxpdq fdslwdo frpsrqhqw ri lw 8 lv xq0

revhuydeoh1 Rqh zd| wr pdnh lw revhuydeoh zrxog eh wr ?qg d sur{| iru kxpdq fdslwdo1

Wklv dssurdfk lv olnho| wr eh iudxjkw zlwk sudfwlfdo revwdfohv/ krzhyhu/ vlqfh wkhuh lv olwwoh

gluhfw hylghqfh dydlodeoh wr dvvhvv wkh hpslulfdo ydolglw| ri vxfk d sur{|1 Lqvwhdg/ wklv sdshu

dujxhv wkdw wkh lpsruwdqw suhglfwlyh frpsrqhqwv ri wkh frqvxpswlrq0djjuhjdwh zhdowk udwlr
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iru ixwxuh pdunhw uhwxuqv pd| eh h{suhvvhg lq whupv ri revhuydeoh yduldeohv/ qdpho| lq whupv

ri frqvxpswlrq/ qrqkxpdq zhdowk dqg fxuuhqw oderu lqfrph1

Rxu dssurdfk dvvxphv wkdw djjuhjdwh oderu lqfrph pd| eh zhoo ghvfulehg e| wkh surgxfw

ri d vwdwlrqdu| 3uhwxuq4/ wlphv wkh djjuhjdwh vwrfn ri kxpdq fdslwdo/ lpso|lqj wkdw wkh

qrqvwdwlrqdu| frpsrqhqw ri kxpdq fdslwdo pd| eh fdswxuhg e| oderu lqfrph lwvhoi1 Sxw

dqrwkhu zd|/ oderu lqfrph lv mxvw wkh dqqxlw| ydoxh ri kxpdq zhdowk1 Wklv vshfl?fdwlrq iru

oderu lqfrph lv txlwh jhqhudo= lw sodfhv qr uhvwulfwlrqv rq wkh ixqfwlrqdo irup ri h{shfwhg

ru uhdol}hg uhwxuqv wr kxpdq fdslwdo/ dqg lw pdnhv qr dvvxpswlrqv derxw wkh uhodwlrqvkls

ehwzhhq uhwxuqv wr kxpdq fdslwdo dqg uhwxuqv wr qrqkxpdq fdslwdo/ ru dvvhwv1 Lw iroorzv wkdw

wkh xqrevhuydeoh orj frqvxpswlrq0djjuhjdwh zhdowk udwlr pd| eh h{suhvvhg dv wkh gl>huhqfh

ehwzhhq orj frqvxpswlrq dqg d zhljkwhg dyhudjh ri orj oderu lqfrph dqg orj dvvhw zhdowk1

Wkh zhljkwv rq orj oderu lqfrph dqg orj dvvhwv duh mxvw wkh dyhudjh udwlrv ri kxpdq dqg

qrqkxpdq zhdowk lq djjuhjdwh zhdowk/ uhvshfwlyho|1

Wkh prgho zh lqyhvwljdwh lpsolhv wkdw wkh orj ri frqvxpswlrq/ oderu lqfrph dqg qrq0

kxpdq zhdowk vkduh d frpprq vwrfkdvwlf wuhqg +wkh| duh frlqwhjudwhg,/ dqg wkdw wkh sd0

udphwhuv ri wklv vkduhg wuhqg duh wkh dyhudjh vkduhv ri kxpdq dqg qrqkxpdq zhdowk lq

djjuhjdwh zhdowk1 Exw lw lv wkh vwdwlrqdu| ghyldwlrqv iurp wklv vkduhg wuhqg/ zklfk surgxfh

pryhphqwv lq wkh frqvxpswlrq0djjuhjdwh zhdowk udwlr wkdw duh lpsruwdqw iru ixwxuh dvvhw

uhwxuqv1 Wklv iroorzv iurp wkh idfw wkdw wkh frqvxpswlrq0djjuhjdwh zhdowk udwlr vxppdul}hv

djhqwv* h{shfwdwlrqv ri ixwxuh uhwxuqv rq wkh pdunhw sruwirolr1 Dffruglqjo|/ wkhvh ghyldwlrqv

iurp wuhqg pd| iruhfdvw uhwxuqv wr qrqkxpdq zhdowk/ dv orqj dv wkh h{shfwhg uhwxuq wr

kxpdq fdslwdo lv qrw wrr yrodwloh1

D uhpdlqlqj revwdfoh wr xvlqj ghyldwlrqv lq wkh frpprq wuhqg dprqj frqvxpswlrq/ oderu

lqfrph dqg dvvhw zhdowk dv d iruhfdvwlqj yduldeoh lv wkdw wkh sdudphwhuv ri wklv vkduhg wuhqg

duh xqrevhuydeoh/ dqg pxvw wkhuhiruh eh hvwlpdwhg1 Lq ruglqdu| hpslulfdo dssolfdwlrqv wklv

hvwlpdwlrq lv sureohpdwlf gxh wr wkh suhvhqfh ri hqgrjhqrxv uhjuhvvruv1 Lq rxu dssolfdwlrq/

krzhyhu/ frqvxpswlrq/ oderu lqfrph dqg dvvhw zhdowk duh frlqwhjudwhg dqg zh pd| rewdlq d

3vxshufrqvlvwhqw4 hvwlpdwh ri wkh frlqwhjudwlqj sdudphwhuv wkdw zloo eh urexvw wr wkh suhvhqfh

ri uhjuhvvru hqgrjhqhlw|1 Zh glvfxvv wklv ixuwkhu ehorz1

Zh fkdudfwhul}h ghyldwlrqv iurp wkh vkduhg wuhqg lq frqvxpswlrq/ oderu lqfrph dqg
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dvvhwv dv wudqvlwru| pryhphqwv lq zhdowk1 Wr xqghuvwdqg wklv fkdudfwhul}dwlrq/ lw lv xvhixo wr

uhodwh rxu dssurdfk wr wkh zrun ri Frfkudqh +4<<7, zkr xvhv vhsdudwh elyduldwh/ frlqwhjudwhg

dxwruhjuhvvlrqv wr fkdudfwhul}h wkh wudqvlwru| frpsrqhqwv lq JQS dqg vwrfn sulfhv1 Xvlqj d

frqvxpswlrq2JQS elyduldwh dxwruhjuhvvlrq kh vkrzv wkdw wkh frqvxpswlrq2JQS udwlr lv d

srwhqw iruhfdvwhu ri JQS jurzwk/ zkloh frqvxpswlrq lv qhduo| d udqgrp zdon1 Dqdorjrxvo|/

xvlqj d glylghqg2vwrfn sulfh elyduldwh dxwruhjuhvvlrq kh vkrzv wkdw glylghqg2sulfh udwlrv

iruhfdvw uhwxuqv zkloh glylghqgv duh qhduo| d udqgrp zdon1 Wkh iruphu uhvxow lv lqwhusuhwhg

xvlqj d vlpsoh shupdqhqw lqfrph prgho/ wkh odwwhu xvlqj d suhvhqw ydoxh8glylghqg vprrwklqj

prgho1

Wkh prgho ri wklv sdshu lv dq dowhuqdwlyh wkdw eulqjv wkhvh frqfhswv wrjhwkhu lq d vlqjoh

wulyduldwh v|vwhp1 Wkh iudphzrun zh lqyhvwljdwh jhqhudol}hv wkh vlpsoh shupdqhqw lqfrph

prgho ehfdxvh lw doorzv iru wlph0ydu|lqj h{shfwhg uhwxuqv1 Dv zh glvfxvv lq pruh ghwdlo

ehorz/ zh fkdudfwhul}h ghyldwlrqv iurp wkh vkduhg wuhqg lq frqvxpswlrq/ oderu lqfrph dqg

dvvhwv dv wudqvlwru| pryhphqwv lq zhdowk/ udwkhu wkdq dv wudqvlwru| pryhphqwv lq frqvxps0

wlrq ru oderu lqfrph/ ehfdxvh wkh| iruhfdvw dvvhw jurzwk/ zkloh frqvxpswlrq dqg oderu

lqfrph iroorz uhodwlyho| shuvlvwhqw surfhvvhv1 Zh vkrz wkdw wklv iruhfdvwdelolw| ri wkh jurzwk

lq dvvhw zhdowk lv gulyhq e| wkh iruhfdvwdelolw| ri h{shfwhg vwrfn uhwxuqv/ frqvlvwhqw zlwk wkh

wkhruhwlfdo iudphzrun zh suhvhqw1

Lq wkh hpslulfdo pdfurhfrqrplf olwhudwxuh/ frqvxpswlrq ehkdylru kdv wudglwlrqdoo| ehhq

vwxglhg xvlqj prghov wkdw dvvxph h{shfwhg dvvhw uhwxuqv duh frqvwdqw ryhu wlph/ dv lq wkh

shupdqhqw lqfrph iudphzrun ri Kdoo +4<:;, dqg Iodylq +4<;4,1 Wkhvh prghov uxoh rxw

dq| olqndjh ehwzhhq iruhfdvwdeoh pryhphqwv lq dvvhw uhwxuqv dqg uhdo frqvxpswlrq1 Wkh

prgho zh lqyhvwljdwh uhwdlqv pxfk ri wkh shupdqhqw lqfrph  dyru/ exw doorzv xv wr gluhfwo|

frqqhfw wkh rswlpl}lqj ehkdylru ri frqvxphuv zlwk ixwxuh vwrfn uhwxuqv1 Zkhq frqvxpswlrq

lv ehorz lwv vkduhg wuhqg zlwk dvvhwv dqg oderu lqfrph/ wkh iudphzrun lpsolhv wkdw frqvxphuv

pxvw eh h{shfwlqj uhwxuqv wr idoo1 Zkhq frqvxpswlrq lv deryh lwv orqj whup wuhqg zlwk

dvvhwv dqg oderu lqfrph/ wkh iudphzrun lpsolhv wkdw frqvxphuv pxvw eh h{shfwlqj uhwxuqv

wr ulvh1 E| idfwrulqj wkhvh h{shfwdwlrqv lqwr fxuuhqw frqvxpswlrq/ djhqwv fdq lqvxodwh ixwxuh

frqvxpswlrq iurp wudqvlwru|  xfwxdwlrqv lq pdunhw uhwxuqv1

Wkh uhvw ri wkh sdshu lv rujdql}hg dv iroorzv1 Wkh qh{w vhfwlrq suhvhqwv wkh frqvxpswlrq0
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edvhg iudphzrun olqnlqj frqvxpswlrq/ djjuhjdwh zhdowk dqg h{shfwhg uhwxuqv/ dqg vkrzv

krz zh h{suhvv wkh lpsruwdqw suhglfwlyh frpsrqhqwv ri wkh frqvxpswlrq0djjuhjdwh zhdowk

udwlr lq whupv ri revhuydeoh yduldeohv1 Lq vhfwlrq 6/ zh suhvhqw wkh uhvxowv ri hvwlpdwlqj wkh

wuhqg uhodwlrqvkls dprqj frqvxpswlrq/ oderu lqfrph/ dqg qrqkxpdq zhdowk/ dqg glvfxvv

krz rxu phwkrg ri ghwuhqglqj dvvhwv lv uhodwhg wr wkh dssurdfk ri Frfkudqh +4<<7,1 Zh

wkhq pryh rq wr whvw wkh lpsruwdqw lpsolfdwlrq ri wkh prgho suhvhqwhg lq Vhfwlrq 5/ wkdw

ghyldwlrqv iurp wuhqg dvvhw zhdowk duh olnho| wr ohdg vwrfn uhwxuqv1 Vhfwlrq 7 glvfxvvhv

wkh gdwd xvhg lq rxu iruhfdvwlqj uhjuhvvlrqv iru dvvhw uhwxuqv dqg suhvhqwv vrph vxppdu|

vwdwlvwlfv1 Vhfwlrqv 8 dqg 9 grfxphqw rxu pdlq ?qglqjv rq wkh suhglfwdelolw| ri vwrfn uhwxuqv/

zkloh vhfwlrq : suhvhqwv vrph uhvxowv rq wkh rxw0ri0vdpsoh iruhfdvwlqj shuirupdqfh ri wkh

ghwuhqghg zhdowk phdvxuh1 Vhfwlrq ; frqfoxghv1

5 D Frqvxpswlrq Iudphzrun

Wklv vhfwlrq suhvhqwv d jhqhudo iudphzrun olqnlqj frqvxpswlrq/ qrqkxpdq zhdowk dqg oderu

lqfrph zlwk h{shfwhg uhwxuqv1 Zh exlog r> wkh iruzdug0orrnlqj prgho ri frqvxphu ehkdylru

ghyhorshg suhylrxvo| lq Fdpsehoo dqg Pdqnlz +4<;<, dqg Fdpsehoo +4<<6,1

Frqvlghu d uhsuhvhqwdwlyh djhqw hfrqrp| lq zklfk doo zhdowk/ lqfoxglqj kxpdq zhdowk/ lv

wudgdeoh1 Ohw`| eh djjuhjdwh zhdowk +kxpdq dqg qrqkxpdq, lq shulrg |1 ä| lv frqvxpswlrq

dqg -çc|n� lv wkh qhw uhwxuq rq djjuhjdwh zhdowk1 Wkh dffxpxodwlrq htxdwlrq iru djjuhjdwh

zhdowk pd| eh zulwwhq6

`|n� ' E� n-çc|n�äE`| ý ä|äé +4,

Zh gh?qh o ì *L}E� n -äc dqg xvh orzhufdvh ohwwhuv wr ghqrwh orj yduldeohv wkurxjkrxw1

Fdpsehoo dqg Pdqnlz +4<;<, dqg Fdpsehoo +4<<6, vkrz wkdw/ li wkh frqvxpswlrq0djjuhjdwh

zhdowk udwlr lv vwdwlrqdu|/ wkh exgjhw frqvwudlqw pd| eh dssur{lpdwhg e| wdnlqj d ?uvw0rughu

Wd|oru h{sdqvlrq ri wkh htxdwlrq1 Wkh uhvxowlqj dssur{lpdwlrq jlyhv dq h{suhvvlrq iru wkh

6Oderu lqfrph grhv qrw dsshdu h{solflwo| lq wklv htxdwlrq ehfdxvh ri wkh dvvxpswlrq wkdw wkh pdunhw

ydoxh ri wudgdeoh kxpdq zhdowk lv lqfoxghg lq djjuhjdwh zhdowk1

:



orj gl>huhqfh lq djjuhjdwh zhdowk

{ç|n� ä & n oçc|n� n E�ý �*4çäES| ý ç|ä +5,

zkhuh 4ç lv wkh vwhdg|0vwdwh udwlr ri lqyhvwhg wr wrwdo zhdowk/ E` ý ää*` / dqg & lv d

olqhdul}dwlrq frqvwdqw wkdw sod|v qr uroh lq rxu dqdo|vlv17 Vroylqj wklv gl>huhqfh htxdwlrq

iruzdug dqg lpsrvlqj wkdw *ð4ð<" 4ðçES|nð ý ç|nðä ' f/ wkh orj frqvxpswlrq0zhdowk udwlr

pd| eh zulwwhq

S| ý ç| '
"[
ð'�

4ðçEoçc|nð ý{S|nðäé +6,

Htxdwlrq +6, krogv vlpso| dv d frqvhtxhqfh ri wkh djhqw*v lqwhuwhpsrudo exgjhw frqvwudlqw

dqg wkhuhiruh krogv h{0srvw/ exw lw dovr krogv h{0dqwh1 Dffruglqjo|/ zh fdq wdnh frqglwlrqdo

h{shfwdwlrqv ri erwk vlghv ri +6, wr rewdlq

S| ý ç| ' .|
"[
ð'�

4ðçEoçc|nð ý{S|nðäé +7,

Htxdwlrq +7, vkrzv wkdw wkh frqvxpswlrq0zhdowk udwlr lv d ixqfwlrq ri h{shfwhg ixwxuh uh0

wxuqv wr wkh pdunhw sruwirolr lq d eurdg udqjh ri rswlpdo frqvxpswlrq prghov/ zkhuh wkh

lqirupdwlrq vhw xsrq zklfk h{shfwdwlrqv duh frqglwlrqhg zloo ghshqg rq wkh vwdwh yduldeohv

lq wkh prgho1 Wkhvh prghov pd| gl>hu dffruglqj wr wkhlu vshfl?fdwlrq ri suhihuhqfhv/ ru

dffruglqj wr zkdw dvvxpswlrqv duh pdgh derxw wkh vwrfkdvwlf surshuwlhv ri frqvxpswlrq

dqg dvvhw uhwxuqv/ exw doo ri wkhp lpso| wkdw wkh frqvxpswlrq0djjuhjdwh zhdowk udwlr lv d

ixqfwlrq ri h{shfwhg ixwxuh uhwxuqv1 Zh qrz glvfxvv d ihz ri wkhvh prghov1

Rqh zlgho| xvhg prgho ri frqvxpswlrq ehkdylru pd| eh rewdlqhg e| frpelqlqj +6, zlwk

wkh suhvxpswlrq wkdw frqvxphuv pd{lpl}h wkh glvfrxqwhg vxp ri h{shfwhg ixwxuh srzhu

xwlolw| ixqfwlrqv18 Lq wklv fdvh/ wkh orj ?uvw0rughu frqglwlrq iru rswlpdo frqvxpswlrq fkrlfh

lv jlyhq e|

.|{S|n� ' >| n j.|oçc|n�c +8,

7Zh rplw xqlpsruwdqw olqhdul}dwlrq frqvwdqwv lq wkh htxdwlrqv iurp qrz rq1
8Pruh jhqhudoo|/ +8, pd| eh rewdlqhg e| dvvxplqj wkdw djhqwv pd{lpl}h wkh glvfrxqwhg vxp ri remhfwlyh

ixqfwlrqv vshfl?hg e| Hsvwhlq dqg ]lq +4<;<,/ zklfk uhwdlqv pdq| ri wkh dwwudfwlyh ihdwxuhv ri srzhu xwlolw|/

exw euhdnv wkh olqn ehwzhhq wkh sdudphwhuv jryhuqlqj ulvn dyhuvlrq dqg lqwhuwhpsrudo vxevwlwxwlrq1

;



zkhuh j lv wkh hodvwlflw| ri lqwhuwhpsrudo vxevwlwxwlrq +HLV, dqg >| ìYdu|d{S|n�ý joçc|n�o19
Frpelqlqj +7, dqg +8, vkrzv wkdw wklv prgho kdv d vlpsoh orj0olqhdu vroxwlrq zkhuh wkh orj

frqvxpswlrq0zhdowk udwlr wdnhv wkh irup

S| ý ç| ' E�ý jä.|
"[
ð'�

4ðçEoçc|nð ý >|nðäé +9,

Htxdwlrq +9, vkrzv wkdw wkh orj frqvxpswlrq0djjuhjdwh zhdowk udwlr vxppdul}hv wkh h{0

shfwdwlrqv ri ixwxuh uhwxuqv wr zhdowk1 Wkh orj frqvxpswlrq0djjuhjdwh zhdowk udwlr ghshqgv

rq wkh glvfrxqwhg vxp ri h{shfwhg uhwxuqv wr wrwdo zhdowk pxowlsolhg e| �ý j1 Zlwk j : �c

dq lqfuhdvh lq uhwxuqv orzhuv wkh orj frqvxpswlrq0zhdowk udwlr ehfdxvh vxevwlwxwlrq h>hfwv

rxwzhljk lqfrph h>hfwv> zlwk j ÷ �/ lqfrph h>hfwv grplqdwh dqg kljk uhwxuqv lqfuhdvh

frqvxpswlrq uhodwlyh wr zhdowk1 Li j ' � wkh wzr h>hfw h{dfwo| r>vhw dqg wkh frqvxpswlrq0

zhdowk udwlr lv frqvwdqw1

Rwkhu vshfl?fdwlrqv ri frqvxphu suhihuhqfhv dovr jlyh ulvh wr d uhodwlrqvkls ehwzhhq S|ýç|
dqg h{shfwhg ixwxuh uhwxuqv rq wkh pdunhw sruwirolr1 Iru h{dpsoh/ d pruh frpsolfdwhg/ exw

vlplodu h{suhvvlrq iru wkh frqvxpswlrq0djjuhjdwh zhdowk udwlr pd| eh rewdlqhg xvlqj wkh

suhihuhqfhv dvvxphg lq Fdpsehoo dqg Frfkudqh +4<<<, zklfk jhqhudwhv wlph0ydu|lqj ulvn

dyhuvlrq1 Fdpsehoo dqg Frfkudqh dgg dq h{whuqdo frqvxpswlrq 3kdelw4 wr wkh vwdqgdug

srzhu xwlolw| ixqfwlrq> wkh xwlolw| ixqfwlrq wdnhv wkh irup Eä|3f|ä�3ò3�
�3ò / zkhuh f| lv wkh

h{whuqdo kdelw dqg wkh vxusoxv frqvxpswlrq udwlr lv gh?qhg dv 7| ì ä|3f|
ä|

é Xvlqj wkhvh

suhihuhqfhv dqg wkh hyroxwlrq htxdwlrq iru wkh orj vxusoxv frqvxpswlrq udwlr dvvxphg e|

Fdpsehoo dqg Frfkudqh/ wkh orj frqvxpswlrq0djjuhjdwh zhdowk udwlr pd| eh h{suhvvhg

S| ý ç| ' .|
"[
ð'�

4ðdoçc|nð ý >|nð n j|3�nð.|3�nðoçc|nð n òE�ý èäErý r|3�nðäý

òbEr|3�nðäES|nð ý .|3�nðS|nðäoc +:,

zkhuh >|nð frqwdlqv wkh wlph0ydu|lqj vhfrqg prphqwv ri {S|c {r|/ dqg oçc|> j|3�nð lv d wlph0

ydu|lqj sdudphwhu zklfk lv d ixqfwlrq ri r|> r lv wkh phdq orj vxusoxv frqvxpswlrq udwlr/
9Wklv vroxwlrq pd| eh rewdlqhg h{dfwo| li uhwxuqv dqg frqvxpswlrq duh dvvxphg wr eh mrlqwo| orjqrupdoo|

glvwulexwhg/ dqg lw krogv dssur{lpdwho| zlwkrxw glvwulexwlrqdo dvvxpswlrqv e| wdnlqj d vhfrqg0rughu Wd|oru

h{sdqvlrq1

<



dqg è lv d sdudphwhu jryhuqlqj wkh hyroxwlrq ri r|1: Dffruglqj wr wkhlu sdudphwhul}dwlrq/

wkh frqglwlrqdo h{shfwdwlrq ri frqvxpswlrq jurzwk lv frqvwdqw/ dqg +:, froodsvhv wr +zlwklq

d frqvwdqw ri, +7,1

Dowkrxjk wkh irupxodwlrqv lq +9, dqg +:, fdq qrw eh frqvlghuhg frqvxpswlrq vroxwlrq +wkh

sdudphwhuv j|n�3ð/ >|nð/ dqg r| ghshqg rq frqvxpswlrq,/ wkh| vkduh wkh frpprq lpsolfdwlrq

wkdw wkh orj0frqvxpswlrq djjuhjdwh zhdowk udwlr lv d ixqfwlrq ri h{shfwhg ixwxuh uhwxuqv rq

wkh pdunhw sruwirolr1 Pruhryhu/ prghov lq zklfk uhwxuqv kdyh wlph0ydu|lqj vhfrqg prphqwv/

dv lq +9,/ dqg wlph0ydu|lqj ulvn dyhuvlrq/ dv lq +:,/ dovr lpso| wkdw wkh frqvxpswlrq0djjuhjdwh

zhdowk udwlr pd| eh d ixqfwlrq ri h{shfwhg ixwxuh h{fhvv uhwxuqv ryhu wkh ulvn0iuhh udwh/ ru

ulvn suhpld1

Ehfdxvh djjuhjdwh zhdowk lv qrw revhuydeoh/ krzhyhu/ qrqh ri wkh prghov deryh duh gl0

uhfwo| vxlwhg lq wkhlu fxuuhqw irup iru suhglfwlqj dvvhw uhwxuqv1 Dowkrxjk wkh qrqkxpdq

zhdowk frpsrqhqw lq djjuhjdwh zhdowk pd| eh dssur{lpdwhg e| dq lqgh{ ri frpprq vwrfnv/

wkhuh lv qr vxfk uhdglo| revhuydeoh phdvxuh ri kxpdq fdslwdo1

Udwkhu wkdq sursrvlqj dq h{solflw sur{| iru kxpdq fdslwdo/ zh sxuvxh d vwudwhj| zklfk

doorzv xv wr h{suhvv wkh lpsruwdqw suhglfwlyh frpsrqhqwv ri S|ýç| iru ixwxuh pdunhw uhwxuqv
lq whupv ri revhuydeoh yduldeohv1 Rxu dssurdfk ehjlqv zlwk wkh dvvxpswlrq wkdw djjuhjdwh

oderu lqfrph/ t|/ pd| eh zhoo ghvfulehg e| wkh surgxfw ri d vwdwlrqdu| vlpsoh qhw uhwxuq

wr kxpdq fdslwdo/ -ûc|/ wlphv wkh vwrfn ri kxpdq zhdowk/ M|1; Wkxv/ wkh qrqvwdwlrqdu|

frpsrqhqw ri kxpdq fdslwdo lv fdswxuhg e| oderu lqfrph lwvhoi1 Sxw dqrwkhu zd|/ oderu

lqfrph lv wkh dqqxlw| ydoxh ri kxpdq zhdowk/ t| ' -ûc|M|/ ru lq orjv/ +| ' *L}-ûc| n û|1<

Qrwh wkdw +ljqrulqj d olqhdul}dwlrq frqvwdqw, oûc| ì *L}E� n -ûc|ä r �*4+E+| ý û|äc zkhuh
:âwý4.l @ 4

ð+4.è+vw.4ýl,, > zkhuh è+vwý4.l, lv wkh vhqvlwlylw| ixqfwlrq vshfl?hg lq Fdpsehoo dqg Frfkudqh1
;Wklv gh?qlwlrq xvhv wkh qrwdwlrqdo frqyhqwlrq wkdw wkh vwrfn ri kxpdq fdslwdo/Kw/ lv phdvxuhg ehjlqqlqj0

ri0shulrg/ zkloh wkh uhwxuq/ Uk>w/ ghqrwhv wkh uhwxuq rq wkh vwrfn ri kxpdq fdslwdo khog iurp +wkh hqg ri,

wlph wý 4 wr wlph w1
<Zh dvvxph wkdw uhdo oderu lqfrph pd| eh ghvfulehg dv wrwdo lqfrph iurp kxpdq fdslwdo/ lqfoxglqj erwk

3fdslwdo jdlqv4 dqg 3glylghqgv41 Zh wklqn ri glylghqgv dv wkh fdvk0 rz iurp wkh vwrfn ri kxpdq fdslwdo

zkloh wkh sulfh ri kxpdq fdslwdo/ iru d jlyhq fxuuhqw fdvk  rz/ pd|  xfwxdwh rq wkh edvlv ri fkdqjhv lq wkh

h{shfwhg ixwxuh fdvk  rzv1 Ohvv jhqhudoo|/ oderu lqfrph fdq eh wkrxjkw ri dv vlpso| wkh glylghqg wr kxpdq

fdslwdo li wkh sulfh lv qrw wrr yrodwloh1

43



4+ ì �nt*M
t*M

1 Wklv vshfl?fdwlrq lv txlwh jhqhudo1 Lw sodfhv qr uhvwulfwlrqv rq wkh ixqfwlrqdo

irup ri h{shfwhg ru uhdol}hg uhwxuqv/ dqg lw pdnhv qr dvvxpswlrqv derxw wkh uhodwlrqvkls

ehwzhhq uhwxuqv wr kxpdq fdslwdo dqg uhwxuqv wr qrqkxpdq fdslwdo/ ru dvvhwv143

Zh duh qrz lq d srvlwlrq wr h{suhvv wkh frqvxpswlrq0djjuhjdwh zhdowk udwlr lq whupv ri

revhuydeoh yduldeohv1 Ohw ø| eh qrqkxpdq/ ru dvvhw/ zhdowk/ dqg ohw � n -@c| eh lwv jurvv

uhwxuq1 Djjuhjdwh zhdowk lv wkhuhiruh `| ' ø| n M| dqg orj djjuhjdwh zhdowk pd| eh

dssur{lpdwhg dv

ç| r /@| n E�ý /äû|c +;,

zkhuh / htxdov wkh dyhudjh vkduh ri qrqkxpdq zhdowk lq wrwdo zhdowk/ ø*` 1 Wklv udwlr pd|

dovr eh h{suhvvhg lq whupv ri vwhdg| vwdwh oderu lqfrph dqg uhwxuqv dv -ûø*Et n-ûøä1

Wkh uhwxuq wr djjuhjdwh zhdowk fdq eh ghfrpsrvhg lqwr wkh uhwxuqv ri lwv wzr frpsrqhqwv

� n-çc| ' /|E� n-@c|ä n E�ý /|äE� n-ûc|äé +<,

Fdpsehoo +4<<9, vkrzv wkdw +<, pd| eh wudqviruphg lqwr dq dssur{lpdwh htxdwlrq iru orj

uhwxuqv wdnlqj wkh irup

oçc| r /o@c| n E�ý /äoûc|é +43,

Zh pd| soxj +43, lqwr dq| ri wkh frqvxpswlrq zhdowk irupxodwlrqv glvfxvvhg deryh/ lq0

foxglqj wkh h{0dqwh exgjhw frqvwudlqw +7,1 Wr xqghuvwdqg krz suhihuhqfhv pljkw lq xhqfh

wkh uhodwlrqvkls ehwzhhq h{shfwhg uhwxuqv dqg wkh frqvxpswlrq0djjuhjdwh zhdowk udwlr/ lw lv

xvhixo wr frqvlghu d vshfl?f vhw ri suhihuhqfhv1 Iru h{dpsoh/ zh pd| frpelqh +43, zlwk wkh

h{suhvvlrq iru srzhu suhihuhqfhv lq +9, wr rewdlq +djdlq ljqrulqj frqvwdqwv,

S| ý /@| ý E�ý /äû| ' E�ý jä.|
"[
ð'�

4ðçE/o@c|nð n E�ý /äoûc|nð ý >|nðäé +44,

Wklv htxdwlrq vwloo frqwdlqv wkh xqrevhuydeoh yduldeoh kxpdq zhdowk rq wkh ohiw kdqg vlgh1

Wr uhpryh lw/ zh vxevwlwxwh rxu irupxodwlrq iru wkh orj ri oderu lqfrph lqwr +44, zklfk |lhogv

43Wklv dvvxpswlrq ljqruhv h>hfwv wkdw dulvh iurp dq hqgrjhqrxv fkrlfh ri oderu vxsso| lq prghov zkhuh

xwlolw| ryhu ohlvxuh dqg frqvxpswlrq lv qrq0vhsdudeoh1

44



dq dssur{lpdwh htxdwlrq ghvfulelqj wkh orj frqvxpswlrq0djjuhjdwh zhdowk udwlr xvlqj rqo|

revhuydeoh yduldeohv

S| ý /@| ý E�ý /ä+| '

E�ý jä.|
"[
ð'�

4ðçE/o@c|nð n E�ý /äoûc|nð ý >|nðäý E�ý /ä4+oûc|é +45,

Wkh h{suhvvlrq iru wkh prgho zlwk wlph0ydu|lqj ulvn dyhuvlrq/ +:,/ lv dqdorjrxv1 Zh ghqrwh

wkh wuhqg ghyldwlrq/ S| ý /@| ý E�ý /ä+| dv S@+|é
Wkhvh ghyldwlrqv iurp wkh frpprq wuhqg lq frqvxpswlrq/ dvvhw zhdowk dqg oderu lqfrph

duh surgxfhg e| pryhphqwv lq wkh frqvxpswlrq0djjuhjdwh zhdowk udwlr1 Ehfdxvh zh ?qg wkdw

wkhvh wuhqg ghyldwlrqv duh odujho| gulyhq e|  xfwxdwlrqv lq qrqkxpdq zhdowk/ udwkhu wkdq

e| pryhphqwv lq frqvxpswlrq ru oderu lqfrph/ zh pd| xvh frqvxpswlrq dqg oderu lqfrph

wr ghwuhqg dvvhwv dqg wklqn ri ghyldwlrqv iurp wklv frpprq wuhqg dv wudqvlwru| pryhphqwv

lq dvvhw zhdowk1 Zh glvfxvv wklv ixuwkhu lq wkh qh{w vhfwlrq1

Wkh vljq ri wkh fruuhodwlrq ehwzhhq S@+| dqg h{shfwhg ixwxuh uhwxuqv ghshqgv rq wkh

ydoxh ri wkh hodvwlflw| ri lqwhuwhpsrudo vxevwlwxwlrq1 Wklv pd| eh vhhq prvw fohduo| lq +45,

zkhuh wkh HLV lv d frqvwdqw1 Lq fdvhv zkhuh wkh HLV lv qrw frqvwdqw/ vxfk dv lq +:,/ j|

pd| eh sdudphwhul}hg vr wkdw lwv phdq ydoxh lv forvh wr }hur/ dv lq Fdpsehoo dqg Frfkudqh

+4<<<,1 Vhyhudo uhvhdufkhuv kdyh hvwlpdwhg wkh HLV dqg w|slfdoo| ?qg wkdw lv txlwh vpdoo/

lqghhg forvh wr }hur +iru h{dpsoh/ Fdpsehoo dqg Pdqnlz 4<;<> Kdoo 4<;; ,1 Dv orqj dv j lv

ohvv wkdq rqh/ wkh lqfrph h>hfw grplqdwhv dqg wkh htxdwlrqv deryh lpso| wkdw S@+| vkrxog

eh srvlwlyho| fruuhodwhg zlwk h{shfwhg ixwxuh uhwxuqv/ frqvlvwhqw zlwk zkdw zh ?qg ehorz1

Zkhq @| dqg +| ghfolqh ehorz wkhlu fxvwrpdu| udwlr zlwk S| +S@+| lv ulvhv,/ lqyhvwruv pxvw eh

h{shfwlqj vrph frpelqdwlrq ri kljk ixwxuh uhwxuqv rq kxpdq dqg qrqkxpdq zhdowk144

Htxdwlrq +45, lpsolhv wkdw wkh gl>huhqfh ehwzhhq orj frqvxpswlrq dqg d zhljkwhg dyhudjh

ri orj dvvhw zhdowk dqg orj oderu lqfrph vxppdul}hv lqyhvwruv* h{shfwdwlrqv ri ixwxuh uhwxuqv

44Wklv vwdwhphqw devwudfwv iurp wkh whupv wkdw gr qrw lqyroyh uhwxuqv lq htxdwlrqv +9,0+:,1 Wkhvh whupv

zloo w|slfdoo| eh vpdoo uhodwlyh wr wkh glvfrxqwhg ydoxh ri uhwxuqv wr djjuhjdwh zhdowk/ krzhyhu/ dqg lw vkrxog

eh qrwhg wkdw wkh whupv lqyroylqj vw dqg âw lq +:, zloo kdyh phdq ydoxhv wkdw duh forvh wr }hur dffruglqj wr

wkh prgho lq Fdpsehoo dqg Frfkudqh +4<<<,1

45



wr kxpdq dqg qrqkxpdq fdslwdo1 Zkhq j ÷ �/ wklv ghyldwlrq iurp wkh vkduhg wuhqg lq

frqvxpswlrq/ oderu lqfrph dqg zhdowk sod|v d uroh iru h{shfwhg uhwxuqv wkdw lv vlplodu wr wkdw

sod|hg e| ghyldwlrqv iurp wkh vkduhg wuhqg lq frqvxpswlrq dqg wrwdo +oderu dqg dvvhw, lqfrph

iru h{shfwhg oderu lqfrph jurzwk lq d vlpsoh shupdqhqw lqfrph prgho zkhuh uhwxuqv duh

dvvxphg frqvwdqw +Fdpsehoo 4<;:,1 Lq wkh vlpsoh shupdqhqw lqfrph prgho/ vdylqjv/ htxdo wr

wrwdo lqfrph plqxv frqvxpswlrq/ lv d ixqfwlrq ri h{shfwhg ixwxuh ghfolqhv lq oderu lqfrph1 Li

oderu lqfrph lv h{shfwhg wr idoo lq wkh ixwxuh/ frqvxpswlrq zloo gls whpsrudulo| ehorz wrwdo

lqfrph +vdylqj zloo ulvh, dv krxvhkrogv dwwhpsw wr lqvxodwh ixwxuh frqvxpswlrq iurp wkh

h{shfwhg ghfolqh1 Wkh frqvxpswlrq iudphzrun h{soruhg deryh jhqhudol}hv wkh shupdqhqw

lqfrph prgho ehfdxvh lw doorzv iru yduldwlrq lq uhwxuqv/ exw kdv dqdorjrxv lpsolfdwlrqv145 Lq

wkh suhvhqw iudphzrun/ li uhwxuqv wr kxpdq dqg qrqkxpdq fdslwdo duh h{shfwhg wr ghfolqh

lq wkh ixwxuh/ frqvxpswlrq zloo gls whpsrudulo| ehorz lwv orqj whup uhodwlrqvkls zlwk erwk

dvvhwv dqg oderu lqfrph dv krxvhkrogv dwwhpsw wr lqvxodwh ixwxuh frqvxpswlrq iurp orzhu

uhwxuqv1 Lq wkh vlpsoh shupdqhqw lqfrph prgho/ krxvhkrogv vdyh iru d 3udlq| gd|4 lq oderu

lqfrph jurzwk> lq wkh prgho deryh/ wkh| vdyh iru d udlq| gd| lq uhwxuqv wr kxpdq dqg

qrqkxpdq fdslwdo1

Htxdwlrq +45, dovr vkrzv wkdw S@+| zloo eh d jrrg sur{| iru pdunhw h{shfwdwlrqv ri

ixwxuh dvvhw uhwxuqv/ o@c|nð/ dv orqj dv h{shfwhg ixwxuh uhwxuqv rq kxpdq fdslwdo/ oûc|nð/ dqg

wkh vhfrqg prphqwv lq >|nð duh qrw wrr yduldeoh/ ru dv orqj dv wkhvh yduldeohv duh kljko|

fruuhodwhg zlwk h{shfwhg uhwxuqv rq dvvhwv1

Lw lv lqvwuxfwlyh wr frpsduh +45, wr dq h{suhvvlrq iru dqrwkhu yduldeoh wkdw kdv ehhq zlgho|

xvhg wr iruhfdvw dvvhw uhwxuqv/ wkh orj glylghqg0sulfh udwlr1 Ohw _| dqg R| eh orj glylghqg

dqg orj sulfh/ uhvshfwlyho|/ ri wkh vwrfn ri dvvhw zhdowk1 Fdpsehoo dqg Vkloohu +4<;;, vkrz

wkdw wkh orj glylghqg0sulfh udwlr pd| eh zulwwhq

_| ý R| ' .|
"[
æ'�

4æ@Eo@c|næ ý{_|næäc +46,

zkhuh 4@ ' å*Eå n(ä1 Wklv htxdwlrq lv riwhq uhihuuhg wr dv wkh cg|qdplf glylghqg jurzwk

45Wklv jhqhudol}dwlrq zh pdnh khuh lv vlpso| wkdw h{shfwhg uhwxuqv duh doorzhg wr ydu| ryhu wlph/ lw grhv

lpso| wkdw wkh fxuuhqw prgho qhvwv wkh shupdqhqw lqfrph prgho frqvlghuhg lq Fdpsehoo +4<;:, zklfk kdv

txdgudwlf suhihuhqfhv1
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prgho* dqg lv ghulyhg e| wdnlqj d ?uvw0rughu Wd|oru dssur{lpdwlrq ri wkh htxdwlrq gh?qlqj

wkh orj vwrfn uhwxuq/ o| ' *L}Eå| n (|ä ý *L}Eå|äé Wklv htxdwlrq vd|v wkdw li wkh glylghqg0

sulfh udwlr lv kljk/ djhqwv pxvw eh h{shfwlqj hlwkhu kljk uhwxuqv rq dvvhwv lq wkh ixwxuh ru

orz glylghqg jurzwk udwhv1

Qrwh wkh olnhqhvv ri wklv htxdwlrq wr +7,1 Olnh +7,/ htxdwlrq +46, krogv h{0srvw dv zhoo dv

h{0dqwh1 Wkh uroh ri frqvxpswlrq lq +7, lv gluhfwo| dqdorjrxv wr wkdw ri _| lq +46,= zkhq wkh

frqvxpswlrq0djjuhjdwh zhdowk udwlr lv kljk/ djhqwv pxvw eh h{shfwlqj hlwkhu kljk uhwxuqv

rq wkh pdunhw sruwirolr lq wkh ixwxuh ru orz frqvxpswlrq jurzwk udwhv1 Wkxv/ frqvxpswlrq

pd| eh wkrxjkw dv wkh glylghqg sd|hg iurp kxpdq dqg qrqkxpdq zhdowk1 Xqolnh glylghqgv

lq wkh Fdpsehoo Vkloohu prgho/ krzhyhu/ wkh ghwhuplqdqwv ri frqvxpswlrq duh pruh uhdglo|

gh?qhg e| wkhru| dqg zh fdq frpelqh wkh exgjhw frqvwudlqw irupxodwlrq lq +7, zlwk ydulrxv

prghov ri frqvxphu ehkdylru wr rewdlq h{suhvvlrqv olnh +:, ru +45,1

Wkh glylghqg0sulfh udwlr ri dvvhw zhdowk +xvxdoo| dssur{lpdwhg e| d eurdg vwrfn pdunhw

lqgh{, vxppdul}hv wkh h{shfwdwlrqv ri ixwxuh glylghqg jurzwk dqg uhwxuqv wr dvvhw zhdowk1

Mxvw dv zlwk wkh wuhqg ghyldwlrq rq wkh ohiw0kdqg0vlgh ri +45,/ htxdwlrq +46, vkrzv wkdw

wkh orj glylghqg0sulfh udwlr vkrxog iruhfdvw dvvhw uhwxuqv1 Li h{shfwdwlrqv ri ixwxuh glylghqg

jurzwk udwhv duh qrw wrr yduldeoh/ wkh glylghqg0sulfh udwlr vkrxog eh d jrrg suhglfwru ri dvvhw

uhwxuqv1 Dqdorjrxvo|/ li ixwxuh uhwxuqv wr kxpdq fdslwdo dqg wkh vhfrqg prphqwv frqwdlqhg

lq >|nð duh qrw wrr yduldeoh/ wkh wuhqg ghyldwlrq whup lq +45, vkrxog eh d jrrg suhglfwru ri

dvvhw uhwxuqv1 Hdfk yduldeoh lv d qrlv| suhglfwru ri dvvhw uhwxuqv exw frqwdlqv gl>huhqw vrxufhv

ri qrlvh1 Lq wklv zd|/ wkh orj glylghqg0sulfh udwlr dqg wkh orj frqvxpswlrq0djjuhjdwh zhdowk

udwlr pd| frqwdlq lqghshqghqw lqirupdwlrq iru iruhfdvwlqj uhwxuqv dw gl>huhqw krul}rqv1 Zh

lqyhvwljdwh wklv srvvlelolw| ehorz1
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6 Hvwlpdwlqj wkh Wuhqg Uhodwlrqvkls Dprqj Frqvxps0

wlrq/ Oderu Lqfrph dqg Qrqkxpdq Zhdowk

Dq lpsruwdqw wdvn lq xvlqj wkh ohiw0kdqg0vlgh ri +45, wr iruhfdvw dvvhw uhwxuqv lv wkh hvwlpdwlrq

ri wkh sdudphwhuv ri wkh vkduhg wuhqg lq frqvxpswlrq/ oderu lqfrph dqg zhdowk lq +45,146 Dw

?uvw jodqfh/ lw pd| dsshdu wkdw rewdlqlqj d frqvlvwhqw hvwlpdwh ri wkhvh sdudphwhuv zrxog eh

gl!fxow vlqfh wkh uhjuhvvruv @| dqg +| duh olnho| wr eh hqgrjhqrxvo| ghwhuplqhg1 Wklv vhfwlrq

glvfxvvhv krz zh dsso| wkh dv|pswrwlf surshuwlhv ri frlqwhjudwhg yduldeohv wr flufxpyhqw

wklv gl!fxow|1

Ehiruh hvwlpdwlqj wkh sdudphwhuv ri wkh vkduhg wuhqg/ zh ghdo zlwk d phdvxuhphqw lvvxh

wkdw dulvhv iurp wkh qdwxuh ri wkh gdwd rq frqvxpswlrq1 Suhylrxv hpslulfdo zrun zklfk kdv

lqyhvwljdwhg frqvxpswlrq0edvhg prghov olnh wkdw zklfk zh h{soruh kdv xvhg h{shqglwxuhv

rq qrqgxudeohv dqg vhuylfhv dv d phdvxuh ri frqvxpswlrq1 Wkh xvh ri wkhvh h{shqglwxuh

fdwhjrulhv lv mxvwl?hg rq wkh jurxqgv wkdw wkh wkhru| dssolhv wr wkh  rz ri frqvxpswlrq>

h{shqglwxuhv rq gxudeoh jrrgv duh qrw sduw ri wklv  rz vlqfh wkh| uhsuhvhqw uhsodfhphqwv dqg

dgglwlrqv wr d vwrfn/ udwkhu wkdq d vhuylfh  rz iurp wkh h{lvwlqj vwrfn1 Exw vlqfh qrqgxudeohv

dqg vhuylfhv h{shqglwxuh lv rqo| d frpsrqhqw ri frqvxpswlrq/ wkh vwdqgdug vroxwlrq wr wklv

sureohp uhtxluhv wkh uhvhdufkhu wr dvvxph wkdw wrwdo frqvxpswlrq lv xqrevhuydeoh dqg d

frqvwdqw pxowlsoh ri qrqgxudeoh dqg vhuylfhv frqvxpswlrq +Fdpsehoo 4<;:> Eolqghu dqg

Ghdwrq 4<;8> Jdoð 4<<3,1

Zh iroorz lq wklv wudglwlrq dqg xvh qrqgxudeohv dqg vhuylfhv dv rxu frqvxpswlrq phd0

vxuh/ dqg dvvxph d frqvwdqw vfdoh idfwru jryhuqlqj wkh uhodwlrqvkls ehwzhhq wkh orj ri wrwdo

frqvxpswlrq dqg wkh orj ri qrqgxudeohv frqvxpswlrq/ ghqrwhg S?c|1 Wkxv zh zulwh orj wrwdo

frqvxpswlrq/ S| ' bS?c|/ zkhuh b : �/ lpso|lqj wkdw wkh hvwlpdwhg frlqwhjudwlqj yhfwru iru

S?c|/ @|c dqg +| zloo eh jlyhq e| d�cý �
b
/cý �

b
E�ý/äo147 Zh gh?qh q@ '

�
b
// dqg q+ '

�
b
E�ý/ä/

46Wklv vhfwlrq gudzv khdylo| iurp Oxgyljvrq dqg Vwhlqgho +iruwkfrplqj,1
47Suhylrxv uhvhdufk kdv zrunhg zlwk irupxodwlrqv lq ohyhov/ udwkhu wkdq lq orjv dv zh gr khuh1 Ehfdxvh

Eolqghu dqg Ghdwrq +4<;8, uhsruw wkdw wkh vkduh ri qrqgxudeohv dqg vhuylfhv lq phdvxuhg h{shqglwxuhv kdv

glvsod|hg d vhfxodu ghfolqh ryhu wkh vdpsoh shulrg/ wkh dvvxpswlrq wkdw wrwdo frqvxpswlrq lv d frqvwdqw

pxowlsoh ri qrqgxudeoh frqvxpswlrq pd| eh txhvwlrqdeoh1 E| frqwudvw/ zh srvwxodwh wkdw wkh orj ri wrwdo
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wkh sdudphwhuv ri wkh frlqwhjudwlqj uhodwlrq wr eh hvwlpdwhg1 Qrwh wkdw q@ n q+ lghqwl?hv

�*b1

Wkh gdwd xvhg iru wklv hvwlpdwlrq duh txduwhuo|/ vhdvrqdoo| dgmxvwhg/ shu fdslwd yduldeohv/

phdvxuhg lq 4<<5 grooduv148 Dv d suholplqdu| vwhs/ zh whvw zkhwkhu hdfk yduldeoh sdvvhv d

xqlw urrw whvw1 Jlyhq wkdw frqvxpswlrq/ oderu lqfrph dqg krxvhkrog qhw zruwk doo dsshdu wr

frqwdlq d xqlw urrw/ zh wkhq pryh rq wr whvw iru wkh suhvhqfh ri frlqwhjudwlrq lq rxu vdpsoh

4<85=704<<;=61 Zh surylgh wkh uhvxowv ri wkhvh whvwv lq Dsshqgl{ D/ dqg vlpso| qrwh khuh

wkdw wkhuh lv vwurqj hylghqfh vxssruwlqj wkh k|srwkhvlv ri d vlqjoh frlqwhjudwlqj yhfwru iru

frqvxpswlrq/ oderu lqfrph dqg zhdowk1

Wr hvwlpdwh q@ dqg q+c zh hpsor| d phwkrg wkdw jhqhudwhv rswlpdo hvwlpdwhv ri wkh frlq0

whjudwlqj sdudphwhuv lq d pxowlyduldwh vhwwlqj1 Rqh dssurdfk wr hvwlpdwlqj wkhvh sdudphwhuv

zrxog eh wr vlpso| uxq dq ruglqdu| ohdvw vtxduhv +ROV, uhjuhvvlrq ri S?c| rq +| dqg @|1 Lw lv

qrz zhoo uhfrjql}hg/ krzhyhu/ wkdw vwdqgdug ROV hvwlpdwhv duh qrw dv|pswrwlfdoo| rswlpdo1

Zh iroorz Vwrfn dqg Zdwvrq +4<<6, dqg xvh d g|qdplf ohdvw vtxduhv +GOV , whfkqltxh zklfk

vshfl?hv d vlqjoh htxdwlrq wdnlqj wkh irup

S?c| ' k n q@@| n q++| n
&[

ð'3&
K@cð{@|3ð n

&[
ð'3&

K+cð{+|3ð n "|c +47,

zkhuh wkh v|pero { lv wkh ?uvw gl>huhqfh rshudwru1

Htxdwlrq +47, lv hvwlpdwhg e| ROV/ dqg wklv phwkrgrorj| surylghv d frqvlvwhqw hvwlpdwh

ri wkh frlqwhjudwlqj sdudphwhuv wkurxjk lwv hvwlpdwhv ri q@ dqg q+1 Qrwh wkdw d vwdqgdugROV

uhjuhvvlrq ri frqvxpswlrq rq oderu lqfrph dqg qrqkxpdq zhdowk dovr surylghv d frqvlvwhqw

frqvxpswlrq lv d frqvwdqw pxowlsoh ri wkh orj ri qrqgxudeoh dqg vhuylfhv frqvxpswlrq1 Xqolnh wkh udwlr ri

ohyhov/ wkh udwlr ri orjv dsshduv wr kdyh h{klelwhg olwwoh vhfxodu pryhphqw gxulqj rxu vdpsoh shulrg1
48Wkh frqvxpswlrq gdwd duh iru qrqgxudeohv dqg vhuylfhv h{foxglqj vkrhv dqg forwklqj lq 4<<5 fkdlq

zhljkwhg grooduv1 Wkh qrqkxpdq zhdowk gdwd lv wkh krxvhkrog qhw zruwk vhulhv surylghg e| wkh Erdug ri

Jryhuqruv ri wkh Ihghudo Uhvhuyh1 Oderu lqfrph lv gh?qhg dv zdjhv dqg vdodulhv soxv wudqvihu sd|phqwv soxv

rwkhu oderu lqfrph plqxv shuvrqdo frqwulexwlrqv iru vrfldo lqvxudqfh plqxv wd{hv1 Wd{hv lv gh?qhg dv +zdjhv

dqg vdodulhv2 +zdjhv dqg vdodulhv . sursulhwruv lqfrph zlwk LYD dqg Ffdgm . uhqwdo lqfrph . shuvrqdo

glylghqgv . shuvrqdo lqwhuhvw lqfrph,,-shuvrqdo wd{ dqg qrq wd{ sd|phqwv1 Erwk wkh qhw zruwk yduldeoh

dqg wkh oderu lqfrph yduldeoh duh gh dwhg e| wkh SFH fkdlq0w|sh sulfh gh dwru1
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hvwlpdwh ri wkh frlqwhjudwlqj sdudphwhuv1 Wkh GOV vshfl?fdwlrq dggv ohdgv dqg odjv ri wkh

?uvw gl>huhqfh ri wkh uljkw kdqg vlgh yduldeohv wr holplqdwh wkh h>hfwv ri uhjuhvvru hqgrjhqhlw|

rq wkh glvwulexwlrq ri wkh ohdvw vtxduhv hvwlpdwru1 Zh dovr pdnh d Qhzh|0Zhvw fruuhfwlrq

wr wkh |0vwdwlvwlfv iru jhqhudol}hg vhuldo fruuhodwlrq ri wkh uhvlgxdov1

Lw lv lpsruwdqw wr uhfrjql}h wkdw hvwlpdwhv ri q@ dqg q+ zloo eh frqvlvwhqw ghvslwh wkh idfw

wkdw "| zloo w|slfdoo| eh fruuhodwhg zlwk wkh uhjuhvvruv @| dqg +|1 Lq ruglqdu| hpslulfdo dssol0

fdwlrqv wklv lv qrw wkh fdvh/ dqg uhjuhvvru hqgrjhqhlw| lv riwhq dq lqwudfwdeoh sureohp wkdw

pd| ohdg wr lqfruuhfw lqihuhqfhv derxw wkh sdudphwhuv rqh vhhnv wr hvwlpdwh1 Dssolfdwlrqv

lqyroylqj frlqwhjudwhg yduldeohv/ krzhyhu/ kdyh dq lpsruwdqw dqg xqxvxdo surshuw|= ruglqdu|

ohdvw vtxduhv hvwlpdwhv ri frlqwhjudwlqj sdudphwhuv duh urexvw wr wkh suhvhqfh ri uhjuhvvru

hqgrjhqhlw|1 Wklv iroorzv iurp wkh idfw wkdw ROV hvwlpdwhv ri frlqwhjudwlqj sdudphwhuv duh

3vxshufrqvlvwhqw4/ frqyhujlqj wr wkh wuxh sdudphwhu ydoxhv d udwh sursruwlrqdo wr wkh vdp0

soh vl}h W udwkhu wkdq sursruwlrqdo wr
s
A dv lq ruglqdu| dssolfdwlrqv +Vwrfn 4<;:,149 Wklv

phdqv wkdw wkh gdwd vkrxog surylgh d frqvlvwhqw hvwlpdwh ri /c lq h>hfw pdnlqj revhuydeoh

wkh dyhudjh udwlrv ri hdfk frpsrqhqw ri zhdowk1

Lpsohphqwlqj wkh uhjuhvvlrq lq +47, xvlqj gdwd iurp wkh irxuwk txduwhu ri 4<85 wr wkh

wklug txduwhu ri 4<<; jhqhudwhv wkh iroorzlqj srlqw hvwlpdwhv +ljqrulqj frh!flhqw hvwlpdwhv

rq wkh ?uvw gl>huhqfhv, iru wkh sdudphwhuv ri wkh vkduhg wuhqg frqvxpswlrq/ oderu lqfrph

dqg zhdowk/

S?c| ' féSH n fé2H@| n féS2+|c +48,

EHé.ôä E�féD�ä E2Déf.ä

zkhuh wkh fruuhfwhg |0vwdwlvwlfv dsshdu lq sduhqwkhvhv ehorz wkh frh!flhqw hvwlpdwhv14: Wkh

49Wkhvh uhvxowv dsso| dv|pswrwlfdoo|1 Dv Fdpsehoo dqg Shuurq +4<<4, hpskdvl}h/ krzhyhu/ ?qglqj hyl0

ghqfh ri frlqwhjudwlrq lq d jlyhq vdpsoh vxjjhvwv wkdw wkh gdwd vhw frqwdlqv d vx!flhqwo| odujh qxpehu ri

revhuydwlrqv wkdw wkh uhvhdufkhu pd|/ lq sudfwlfh/ h{sorlw wkh dv|pswrwlf uhvxowv lq ?qlwh vdpsohv ri wkh vl}h

hqfrxqwhuhg1
4:Zh h{shulphqwhg zlwk ydulrxv ohdg2odj ohqjwkv lq hvwlpdwlqj wkh GOV vshfl?fdwlrq1 Iru wkh uhvxowv

uhsruwhg lq +48,/ wkh ydoxh ri n @ 5 zdv xvhg1 Qhlwkhu wkh frlqwhjudwlqj sdudphwhu hvwlpdwhv qru wkh

iruhfdvwlqj uhvxowv zh suhvhqw ehorz duh vhqvlwlyh wr wkh sduwlfxodu ydoxh ri n iru n udqjlqj iurp 4 wr ;1

Vlplodu hvwlpdwhv ri wkh frlqwhjudwlqj sdudphwhuv zhuh dovr rewdlqhg xvlqj Mrkdqvhq*v +4<;;, ixoo lqirupdwlrq
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frh!flhqw hvwlpdwhv vxjjhvw wkdw b lv derxw 4143/ lpso|lqj wkdw wkh vkduh ri qrqkxpdq

fdslwdo lq djjuhjdwh zhdowk lv forvh wr rqh0wklug/ zkloh wkh vkduh ri kxpdq fdslwdo lv forvh wr

wzr0wklugv1 Zh ghqrwh wkh hvwlpdwhg wuhqg ghyldwlrq e|gS@+| ì S?c|ý eq@@|ýeq++| zkhuh kdwv
ghqrwh hvwlpdwhg sdudphwhuv1

Krz fdq zh lqwhusuhw ghyldwlrqv iurp wkh vkduhg wuhqg lq frqvxpswlrq/ oderu lqfrph

dqg dvvhwvB Zh phqwlrqhg deryh wkdw zh fkdudfwhul}h wkh hvwlpdwhg wuhqg ghyldwlrq/ gS@+|c
dv wudqvlwru| yduldwlrq lq dvvhw zhdowk1 Wr foduli| wklv lqwhusuhwdwlrq/ lw lv xvhixo frpsduh rxu

dssurdfk wr wkdw ri Frfkudqh +4<<7, zkr xvhv vhsdudwh elyduldwh dxwruhjuhvvlrqv9rqh iru

frqvxpswlrq dqg JQS/ dqg rqh iru vwrfn sulfhv dqg glylghqgv9wr fkdudfwhul}h wkh wudqvlwru|

frpsrqhqwv lq JQS dqg vwrfn sulfhv1 Hdfk ri wkhvh sdluv ri yduldeohv duh frlqwhjudwhg/ dqg

wkh huuruv lq wkh elyduldwh frlqwhjudwlqj uhodwlrqvklsv/ wkdw lv wkh orj frqvxpswlrq0JQS udwlr

dqg wkh orj glylghqg0sulfh udwlr/ suhglfw JQS jurzwk dqg vwrfn uhwxuqv/ frq?uplqj wkdw hdfk

ri wkhvh yduldeohv kdv lpsruwdqw wudqvlwru| frpsrqhqwv1

Wr lqwhusuhw wudqvlwru| pryhphqwv lq JQS/ Frfkudqh xvhv d vlpsoh shupdqhqw lqfrph

prgho zklfk lpsolhv wkdw frqvxpswlrq dqg wrwdo lqfrph vkrxog eh frlqwhjudwhg> wr lqwhu0

suhw wkh wudqvlwru| pryhphqwv lq vwrfn sulfhv kh xvh d suhvhqw ydoxh0glylghqg vprrwklqj

prgho zklfk lpsolhv wkdw glylghqgv dqg sulfhv vkrxog eh frlqwhjudwhg1 Ehfdxvh wkh shu0

pdqhqw lqfrph prgho dvvxphv wkdw uhwxuqv duh frqvwdqw/ krzhyhu/ lw fdqqrw dffrxqw iru

wkh iruhfdvwdelolw| ri vwrfn uhwxuqv wkdw wkh suhvhqw ydoxh0glylghqg vprrwklqj prgho fdq1

E| frqwudvw/ wkh glylghqg0vprrwklqj prgho fdqqrw dffrxqw iru wkh iruhfdvwdelolw| ri JQS

jurzwk e| wkh orj frqvxpswlrq0JQS udwlr ehfdxvh lw grhv qrw h{solflwo| prgho wkh olqn

ehwzhhq frqvxpswlrq dqg glylghqgv1 Iru wklv uhdvrq/ Frfkudqh xvhv vhsdudwh elyduldwh/

frlqwhjudwhg yhfwru dxwruhjuhvvlrqv +YDUv, wr vwxg| wkh g|qdplf surshuwlhv ri rxwsxw dqg

vwrfn sulfhv1

Udwkhu wkdq xvlqj wzr elyduldwh v|vwhpv wr vwxg| wkhvh ihdwxuhv ri wkh gdwd/ wkh prgho

ri wklv sdshu lv dq dowhuqdwlyh wkdw eulqjv wkhvh frqfhswv wrjhwkhu lq d vlqjoh wulyduldwh

v|vwhp1 Wkh iudphzrun surylghv erwk d prgho ri wkh rswlpdo frqvxpswlrq ghflvlrq dqg

doorzv iru wlph0ydu|lqj uhwxuqv/ lpso|lqj wkdw frqvxpswlrq/ dvvhw zhdowk dqg oderu lqfrph

pd{lpxp0olnholkrrg whfkqltxh1
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duh frlqwhjudwhg dqg wkdw wkh huuru lq wklv vkduhg wuhqg suhglfwv uhwxuqv wr dvvhw zhdowk

dqg kxpdq fdslwdo/ surylghg wkdw wkhuh duh lqghhg suhglfwdeoh/ ru wudqvlwru|/ frpsrqhqwv lq

wkhvh uhwxuqv1

Wr lqyhvwljdwh wkh surshuwlhv ri wklv wulyduldwh v|vwhp/ lw lv lqvwuxfwlyh wr h{dplqh d

wkuhh0yduldeoh/ frlqwhjudwhg yhfwru dxwruhjuhvvlrq zkhuh wkh orj gl>huhqfh lq frqvxpswlrq/

dvvhw zhdowk dqg oderu lqfrph duh uhjuhvvhg rq wkhlu odjv dqg dq huuru0fruuhfwlrq whup/

wkh hvwlpdwhg odjjhg wuhqg ghyldwlrq/ gS@+|3�1 Zh irfxv rq wkh uhodwlrqvkls ehwzhhq wkh

hvwlpdwhg wuhqg ghyldwlrq dqg ixwxuh jurzwk udwhv ri hdfk yduldeoh1 Wdeoh 4 suhvhqwv wkhvh

uhvxowv xvlqj d wzr odj YDU14;c4< Qrwh wkdw/ lq wklv frlqwhjudwhg dxwruhjuhvvlrq/ dv zhoo dv lq

wkh iruhfdvwlqj uhjuhvvlrqv iru dvvhw uhwxuqv suhvhqwhg lq wkh qh{w vhfwlrq/ vwdqgdug huuruv gr

qrw qhhg wr eh dgmxvwhg wr dffrxqw iru wkh xvh ri wkh jhqhudwhg uhjuhvvru/gS@+|3�1 Djdlq/ wklv
iroorzv iurp wkh idfw wkdw hvwlpdwhv ri wkh frlqwhjudwlqj sdudphwhuv frqyhujh wr wkhlu wuxh

ydoxhv dw udwh A / udwkhu wkdq dw wkh xvxdo udwh
s
A +vhh Vwrfn 4<;:> Fdpsehoo dqg Shuurq/

4<<4,1 Wkh wdeoh uhyhdov dw ohdvw wzr lqwhuhvwlqj surshuwlhv ri wkh gdwd rq frqvxpswlrq/

krxvhkrog zhdowk dqg oderu lqfrph1

Iluvw/ hvwlpdwlrq ri wkh dvvhw jurzwk htxdwlrq vkrzv wkdw gS@+|3� suhglfwv dvvhw jurzwk/
lpso|lqj wkdw ghyldwlrqv lq dvvhwv iurp lwv vkduhg wuhqg zlwk oderu lqfrph dqg frqvxpswlrq

xqfryhu lpsruwdqw wudqvlwru| yduldwlrq lq zhdowk1 Lq vhfwlrq 8 ehorz zh vkrz wkdw wklv

yduldeoh suhglfwv dvvhw jurzwk ehfdxvh wkh hvwlpdwhg wuhqg ghyldwlrq iruhfdvwv dvvhw uhwxuqv/

frqvlvwhqw zlwk wkh wkhruhwlfdo iudphzrun glvfxvvhg deryh1

D vhfrqg ihdwxuh ri wkh gdwd lv uhyhdohg e| lqvshfwlqj wkh frqvxpswlrq dqg oderu lq0

frph jurzwk uhjuhvvlrqv1 Dv Frfkudqh +4<<7, hpskdvl}hv/ wudqvlwru| yduldwlrq lq wkh +orj,

ohyhov ri d vhulhv uhtxluhv iruhfdvwdelolw| ri wkh jurzwk udwhv1 Erwk frqvxpswlrq dqg oderu

lqfrph jurzwk duh vrphzkdw suhglfwdeoh e| odjv ri frqvxpswlrq jurzwk/ dv qrwhg hovhzkhuh

+Iodylq 4<;4> Fdpsehoo dqg Pdqnlz 4<;<,/ exw wkh dgmxvwhg -2 vwdwlvwlfv8hvshfldoo| iru wkh

oderu lqfrph htxdwlrq8duh orzhu wkdq wkdw lq wkh dvvhw uhjuhvvlrq1 Pruh lpsruwdqwo|/ wkh

pdjqlwxgh ri wkh frh!flhqw rq wkh wuhqg ghyldwlrq/ gS@+|3�/ lq wkh dvvhw jurzwk htxdwlrq

lv vxevwdqwldoo| odujhu wkdq lq hlwkhu wkh frqvxpswlrq ru oderu lqfrph htxdwlrq1 Ixuwkhu0

4;Wklv odj ohqjwk zdv fkrvhq lq dffrugdqfh zlwk ?qglqjv iurp Dndlnh dqg Vfkzduw} whvwv1
4<Wklv v|vwhp lv dovr vwxglhg lq Oxgyljvrq dqg Vwhlqgho +iruwkfrplqj,1
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pruh/ wklv huuru0fruuhfwlrq whup grhv qrw hqwhu vwdwlvwlfdoo| vljql?fdqwo| lq wkh frqvxpswlrq

jurzwk htxdwlrq/ dqg lv vljql?fdqw rqo| dw wkh 43( ohyho lq wkh oderu lqfrph jurzwk htxd0

wlrq153 Rwkhu vshfl?fdwlrq whvwv +qrw uhsruwhg, vxjjhvw wkdw frqvxpswlrq dqg oderu lqfrph

duh erwk yhu| shuvlvwhqw dqg forvh wr udqgrp zdonv1

Wdnhq wrjhwkhu/ wkhvh frqvlghudwlrqv vxjjhvw wkdw ghyldwlrqv iurp wkh vkduhg wuhqg lq

frqvxpswlrq/ oderu lqfrph dqg dvvhwv duh ehwwhu ghvfulehg dv wudqvlwru| pryhphqwv lq dvvhw

zhdowk wkdq dv wudqvlwru| pryhphqwv lq frqvxpswlrq ru oderu lqfrph1 Zkhq orj frqvxps0

wlrq ghyldwhv iurp lwv kdelwxdo udwlr zlwk orj oderu lqfrph dqg orj dvvhwv/ lw lv dvvhw zhdowk/

udwkhu wkdq frqvxpswlrq ru oderu lqfrph/ wkdw lv iruhfdvw wr dgmxvw xqwlo wkh htxloleudwlqj

uhodwlrqvkls lv uhvwruhg1 Lq wklv zd|/ zh pd| lqwhusuhw frqvxpswlrq dqg oderu lqfrph dv

gh?qlqj wkh wuhqg lq dvvhwv pxfk lq wkh vdph zd| wkdw Frfkudqh lqwhusuhwv frqvxpswlrq dv

gh?qlqj wkh wuhqg lq JQS/ dqg glylghqgv dv gh?qlqj wkh wuhqg lq vwrfn sulfhv1

Wkh qh{w vwhs lq rxu dqdo|vlv lv wr lqyhvwljdwh wkh uroh ri wudqvlwru| pryhphqwv lq dv0

vhw zhdowk lq iruhfdvwlqj dvvhw uhwxuqv1 Ehiruh grlqj vr/ zh glvfxvv wkh gdwd xvhg lq wklv

lqyhvwljdwlrq dqg h{dplqh vxppdu| vwdwlvwlfv irugS@+| dqg iru rxu ?qdqfldo gdwd1

7 Dvvhw Uhwxuq Gdwd

Rxu ?qdqfldo gdwd lqfoxgh vwrfn uhwxuqv/ glylghqgv shu vkduh dqg txduwhuo| hduqlqjv shu

vkduh iurp wkh Vwdqgdug ) Srru*v +V)S, Frpsrvlwh lqgh{ iru zklfk txduwhuo| hduqlqjv

gdwd duh dydlodeoh1 Lq dgglwlrq zh dovr frqvlghu uhwxuqv rq wkh ydoxh0zhljkwhg FUVS lqgh{

+FUVS0YZ,1 Wkh FUVS lqgh{ +zklfk lqfoxghv wkh Q\VH/ DPH[ dqg QDVGDT, vkrxog

surylgh d ehwwhu sur{| iru qrqkxpdq frpsrqhqw ri wrwdo dvvhw zhdowk vlqfh lw lv d pxfk

eurdghu phdvxuh wkdq lv wkh V)S lqgh{1

Ohw o| ghqrwh wkh orj uhdo uhwxuq ri wkh lqgh{ xqghu frqvlghudwlrq dqg osc| wkh uhwxuq rq

wkh 630gd| Wuhdvxu| eloo +wkh culvn0iuhh* udwh,1 Wkh orj h{fhvv uhwxuqv lv phdvxuhg dv o|ý osc|1
53Qrwh wkdw Frfkudqh +4<<7, irxqg wkdw wkh orj frqvxpswlrq0JQS udwlr iruhfdvwv JQS jurzwk/ ri zklfk

oderu lqfrph jurzwk lv rqh frpsrqhqw1 Vlqfh dvvhw uhwxuqv dqg oderu lqfrph duh erwk frpsrqhqwv ri qdwlrqdo

lqfrph/ wkh elyduldwh dssurdfk grhv qrw uhyhdo zklfk frpsrqhqwv pd| eh pruh kljko| iruhfdvwdeoh e| wkh

huuru0fruuhfwlrq whup1
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Orj sulfh/ R lv wkh qdwxudo orjdulwkp ri wkh uhohydqw lqgh{1 Orj glylghqgv/ _/ duh wkh qdwxudo

orjdulwkp ri wkh vxp ri wkh sdvw irxu txduwhuv ri glylghqgv shu vkduh1 Orj hduqlqjv/ e/ duh

wkh qdwxudo orjdulwkp ri d vlqjoh txduwhu*v hduqlqjv shu vkduh1 Zh fdoo _ ý R wkh glylghqg
|lhog dqg/ iroorzlqj Odprqw +4<<;,/ _ý e wkh sd|rxw udwlr1

Wdeoh 5 suhvhqwv vxppdu| vwdwlvwlfv iru wkh yduldeohv phqwlrqhg deryh dqg iru wkh uhodwlyh

eloo udwh/ wkh W0eloo udwh plqxv lwv 45 prqwk edfnzdug prylqj dyhudjh1 Fdpsehoo +4<<4, dqg

Krgulfn +4<<5, dsso| wklv vwrfkdvwlf ghwuhqglqj phwkrg wr W0eloov lq rughu wr iruhfdvw uhwxuqv1

Wkh surshuwlhv ri vwrfn uhwxuqv/ _ ý R/ _ ý e dqg wkh uhodwlyh eloo udwh duh zhoo0nqrzq/

wkxv zh irfxv rxu glvfxvvlrq rq wkh hvwlpdwhg wuhqg ghyldwlrq yduldeohgS@+1 Wklv yduldeoh lv
frqwhpsrudqhrxvo| srvlwlyho| fruuhodwhg zlwk h{fhvv vwrfn uhwxuqv/ wkh glylghqg0sulfh udwlr

dqg wkh glylghqg0hduqlqjv udwlr1 Wkh fruuhodwlrq zlwk wkh uhodwlyh eloo udwh lv qhjdwlyh1

Krzhyhu/ qrqh ri wkh fruuhodwlrqv duh odujh +lq devroxwh ydoxh,1 Uhodwlyh wr lwv phdq/ gS@+
ydulhv ohvv wkdq _ý R dqg _ý e1

Krz grhv wkh shuvlvwhqfh ri gS@+| frpsduh wr rwkhu yduldeohv nqrzq wr iruhfdvw h{fhvv

vwrfn uhwxuqvB Lw lv zhoo0nqrzq wkdw wkh sulfh0glylghqg udwlr lv yhu| shuvlvwhqw1 Wkh dxwrfru0

uhodwlrq ri gS@+| lv idluo| kljk exw vxevwdqwldoo| orzhu wkdq iru _ý R/ 31:: frpsduhg wr 31<51

Zkdw idfwruv pljkw eh dw wkh urrw ri wklv gl>huhqfh lq dxwrfruuhodwlrqB

Wr dgguhvv wklv txhvwlrq/ zh frqvlghu d vlpsoh looxvwudwlyh h{dpsoh frpsdulqj +45, dqg

+46,154 Iru wkh prphqw zh ljqruh wkh 4+oMc| whup lq +45, dqg vxssrvh wkh h{shfwhg orj uhwxuq

rq hdfk frpsrqhqw ri zhdowk pd| eh zhoo ghvfulehg e| d ?uvw0rughu dxwruhjuhvvlyh surfhvv1

Wkdw lv/ .|o@c|n� ' %| dqg .|oûc|n� ' }|/ zkhuh %| ' è%|3� n 0| dqg }| ' ú}|3� n #|1 Wdnhq

wrjhwkhu/ wkhvh dvvxpswlrqv lpso| wkdw wkh h{shfwhg uhwxuq rq wkh pdunhw sruwirolr lv jlyhq

dv .|oçc|n� ' /%| n E�ý /ä}| ì 5|1 Wkh gdwd vxjjhvw wkdw wkh ?uvw0rughu dxwrfruuhodwlrq ri

_| ý R|/ è/ lv 31<5 zkloh wkh ?uvw rughu dxwrfruuhodwlrq ri 5| vkrxog eh 31::1 Dvvxplqj wkdw

%| dqg }| kdyh htxdo yduldqfhv dqg d fruuhodwlrq frh!flhqw ri féD/ wkhq ú/ wkh ?uvw rughu

dxwrfruuhodwlrq ri .|oûc|n� vkrxog htxdo 31:4155

54Iru wkh sxusrvh ri wklv h{dpsoh zh dvvxph wkdw çw lv d frqvwdqw dqg wkdw orj0glylghqgv iroorz d udqgrp

zdon> dvvxplqj d vwdwlrqdu| surfhvv iru wkh ?uvw gl>huhqfh ri orj glylghqgv zrxog qrw fkdqjh wkh pdlq

frqfoxvlrqv1
55Wklv h{huflvh surgxfhv vlplodu uhvxowv iru gl>huhqw ydoxhv ri wkh uhodwlyh yduldqfh ri { dqg | dqg wkhlu
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Dffruglqjo|/ wkh gl>huhqfhv lq dxwrfruuhodwlrq ehwzhhq _|ýR| dqggS@+| pd| eh uhfrqflohg
li wkh h{shfwhg orj uhwxuq wr kxpdq fdslwdo lv ohvv shuvlvwhqw wkdq wkh h{shfwhg orj uhwxuq wr

qrqkxpdq fdslwdo156 Ri frxuvh/ wklv h{dpsoh lv rqo| vxjjhvwlyh/ exw lw udlvhv wkh srvvlelolw|

wkdw gl>huhqfhv lq shuvlvwhqfh ehwzhhq htxdwlrqv +45, dqg +46, pd| eh gulyhq e| gl>huhqfhv

lq wkh vwrfkdvwlf surfhvvhv jryhuqlqj h{shfwhg uhwxuqv rq kxpdq dqg qrqkxpdq fdslwdo1

Iljxuh 4 sorwv wkh vwdqgdugl}hg wuhqg ghyldwlrq/gS@+|/ dqg wkh vwdqgdugl}hg h{fhvv uhwxuq
rq wkh V)S Frpsrvlwh Lqgh{ ryhu wkh shulrg vsdqqlqj wkh irxuwk txduwhu ri 4<85 wr wkh

wklug txduwhu ri 4<<;1 Wkh ?jxuh vkrzv d pxowlwxgh ri hslvrghv gxulqj zklfk srvlwlyh wuhqg

ghyldwlrqv suhfhghg odujh srvlwlyh h{fhvv uhwxuqv dqg qhjdwlyh rqhv suhfhghg odujh qhjdwlyh

uhwxuqv1 Pruhryhu/ odujh vzlqjv lq wkh wuhqg ghyldwlrq whqg wr suhfhgh vslnhv lq h{fhvv

uhwxuqv1 Wklv sdwwhuq lv hylghqw gxulqj wkh 4<83v dqg hduo| 4<93v zkhqgS@+| vkrw xs sulru wr
d vhtxhqfh ri xs0wlfnv lq h{fhvv uhwxuqv/ gxulqj wkh 4<:3v zkhq vkdus ghfolqhv lqgS@+| ohg wkh
ehdu pdunhwv ri wkrvh |hduv/ dqg gxulqj wkh 4<;3v zkhq wkh wuhqg ghyldwlrq wxuqhg qhjdwlyh

sulru wr wkh 4<;: vwrfn pdunhw fudvk1 Wkh wuhqg ghyldwlrq whup dovr glvsod|v vrph qrwdeoh

f|folfdolw|/ w|slfdoo| ulvlqj gxulqj uhfhvvlrqv dqg idoolqj gxulqj errpv1

Wr vrph h{whqw/ wkh wljkw olqn h{klelwhg ehwzhhq wkhvh yduldeohv dsshduv wr kdyh eurnhq

grzq lq wkh prvw uhfhqw shulrg>gS@+| ehfdph qhjdwlyh lq 4<<8 dqg ghfolqhg vkduso| xqwlo wkh

vhfrqg txduwhu ri 4<<;/ zkloh wkh vwrfn pdunhw8lq d ghod|hg uhvsrqvh uhodwlyh wr lwv klvwrulfdo

sdwwhuq8glg qrw wxuq grzq xqwlo wkh wklug txduwhu ri 4<<;1

Shukdsv wkh prvw vwulnlqj ihdwxuh ri wkh Iljxuh 4 lv krz iruherglqj duh fxuuhqw ohyhov rigS@+| iru uhwxuqv lq 5333 dqg eh|rqg1 Wklv prgho lv qrw dorqh lq h{klelwlqj vxfk d ehdulvk

surmhfwlrq> wkh orj glylghqg0sulfh udwlr lv zhoo ehorz lwv klvwrulfdo phdq/ lqghhg dw d srvw0zdu

orz lq rxu V)S gdwd1 Wkxv/ wkh g|qdplf0glylghqg jurzwk prgho ri Fdpsehoo dqg Vkloohu

+46, lpsolhv wkdw glylghqg jurzwk zrxog kdyh wr eh lpsodxvleo| kljk wr udwlrqdol}h wkh ylhz

wkdw uhwxuqv vkrxog qrw eh h{shfwhg wr idoo jrlqj iruzdug1 Ri frxuvh/ zh fdqqrw suhfoxgh

fryduldqfh1
56Wkhvh uhvxowv zhuh rewdlqhg e| ljqrulqj wkh ã|uK>w whup lq +45,1 Fdpsehoo/ Or dqg PdfNlqod| +4<<:,

vkrz wkdw srvlwlyh dxwrfruuhodwlrq ri h{shfwhg uhwxuqv pd| ohdg wr qhjdwlyh dxwrfruuhodwlrq ri uhdol}hg

uhwxuqv1 Vxfk qhjdwlyh vhuldo fruuhodwlrq lq ã|uK>w frxog dovr eulqj grzq wkh dxwrfruuhodwlrq rigfd|w uhodwlyh
wr gwýsw1 Wkh lq xhqfh ri wklv rqh whup rq wkh shuvlvwhqfh rigfd|w vhhpv olnho| wr eh vpdoo/ krzhyhu/ uhodwlyh

wr wkh lq xhqfh ri wkh glvfrxqwhg vxp ri pdq| srvlwlyho| vhuldoo| fruuhodwhg h{shfwhg uhwxuqv1
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wkh srvvlelolw| wkdw d vwuxfwxudo vkliw kdv rffxuuhg lq wkh xqghuo|lqj sdudphwhuv jryhuqlqj

wkhvh uhodwlrqvklsv1 Qhyhuwkhohvv/ wkh xqxvxdoo| orz ydoxhv ri gS@+| lq uhfhqw gdwd vxjjhvwv

wkdw frqvxphuv duh h{shfwlqj d vwrfn pdunhw fruuhfwlrq/ dqg kdyh douhdg| idfwruhg wkdw

h{shfwdwlrq lqwr wrgd|*v frqvxpswlrq1

8 Txduwhuo| Iruhfdvwlqj Uhjuhvvlrqv

Zh qrz pryh rq wr dvvhv wkh iruhfdvwlqj srzhu ri ghwuhqghg zhdowk iru dvvhw uhwxuqv1 Lq

dgydqfh ri suhvhqwlqj wkhvh ?qglqjv/ zh qrwh wkdw wkh odujhvw dxwruhjuhvvlyh urrw ri gS@+| lv
vxevwdqwldoo| ohvv wkdq rqh/ forvh 31;1 Wkxv wkh xvh rigS@+| lq wkh iruhfdvwlqj htxdwlrqv ehorz
grhv qrw suhvhqw wkh lqihuhqfh sureohpv wkdw dulvh zlwk rwkhu srsxodu iruhfdvwlqj yduldeohv

+h1j1/ wkh orj glylghqg0sulfh udwlr, zklfk duh yhu| shuvlvwhqw dqg frqwdlq urrwv pxfk forvhu

wr xqlw|1 Wklv lv frqvlvwhqw zlwk hylghqfh glvsod|hg lq Dsshqgl{ D wkdw frqvxpswlrq/ dvvhwv

dqg oderu lqfrph duh frlqwhjudwhg1

Wdeoh 6 vkrzv d w|slfdo vhw ri uhvxowv xvlqj wkh odjjhg wuhqg ghyldwlrq/gS@+|/ dv d suhglfwlyh
yduldeoh1 Wkh wrs sdqho ri wkh wdeoh uhsruwv rqh0txduwhu dkhdg iruhfdvwv ri wkh uhdo uhwxuq

rq wkh V)S Frpsrvlwh Lqgh{ dqg rq wkh FUVS0YZ Lqgh{1 Wkh erwwrp sdqho ri wkh wdeoh

uhsruwv wkhvh iruhfdvwv iru h{fhvv uhwxuqv1 Lq hdfk fdvh/ zh dvn zkhwkhugS@+| 3Judqjhu fdxvhv4
qh{w shulrg*v uhwxuq ru h{fhvv uhwxuq> zh fdoo wkhvh rxu ehqfkpdun uhjuhvvlrqv1

Irfxvlqj rq wkh V)S frpsrvlwh lqgh{/ wkh ?uvw urz ri hdfk sdqho ri Wdeoh 6 vkrzv

wkdw wkh iruhfdvwlqj srzhu ri d uhjuhvvlrq ri uhwxuqv rq rqh odj ri wkh ghshqghqw yduldeoh lv

txlwh zhdn1 Wklv prgho suhglfwv rqo| 4 shufhqw ri qh{w txduwhu*v yduldwlrq lq uhdo uhwxuqv/

dqg d qhjoljleoh shufhqw ri qh{w txduwhu*v h{fhvv uhwxuq yduldwlrq1 E| frqwudvw/ wkh wuhqg

ghyldwlrq h{sodlqv d vxevwdqwldo iudfwlrq ri wkh yduldwlrq lq qh{w txduwhu*v uhwxuq1 Iru wkh

V)S Frpsrvlwh Lqgh{/ uhjuhvvlrqv ri uhdo uhwxuqv dqg h{fhvv uhwxuqv rq wkhlu rzq odjv dqg

rq rqh odj ri gS@+| erwk surgxfh dq dgmxvwhg -2 ri <(/ vr wkdw dgglqj odvw txduwhu*v ydoxh

rigS@+| wr wkh prgho doorzv wkh uhjuhvvlrq wr suhglfw dq dgglwlrqdo < shufhqw ri wkh yduldwlrq

lq qh{w shulrg*v h{fhvv uhwxuq dqg dq h{wud ;( ri wkh yduldwlrq lq qh{w shulrg*v uhdo uhwxuq1

Pruhryhu/ wkh Qhzh|0Zhvw fruuhfwhg |0vwdwlvwlf iru wklv yduldeoh lqglfdwhv wkdw wkh frh!flhqw

hvwlpdwh lv qrq}hur zlwk yhu| kljk suredelolw|1 Wkhvh uhvxowv duh olwwoh d>hfwhg e| zkhwkhu
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wkh odjjhg ydoxh ri wkh uhdo uhwxuq lv lqfoxghg lq wkh uhjuhvvlrq dv dq dgglwlrqdo h{sodqdwru|

yduldeoh +urz 6,1

Wkh suhglfwlyh lpsdfw ri gS@+| rq ixwxuh uhwxuqv lv hfrqrplfdoo| odujh= wkh srlqw hvwlpdwh
ri wkh frh!flhqw rqgS@+| lv derxw 515 iru uhdo uhwxuqv1 Wr xqghuvwdqg wkhvh xqlwv/ qrwh wkdw

wkh yduldeohv frpsulvhg lqgS@+| duh lq shu0fdslwd whupv/ phdvxuhg lq eloolrqv ri 4<<5 grooduv

dqg wkdw gS@+| lwvhoi kdv d vwdqgdug ghyldwlrq ri derxw 31341 Wkxv d rqh0vwdqgdug ghyldwlrq

lqfuhdvh lqgS@+| ohdgv wr d 553 edvlv srlqw ulvh lq wkh h{shfwhg uhdo uhwxuq rq wkh V)S lqgh{

dqg derxw wkh vdph ulvh lq wkh h{fhvv uhwxuq/ urxjko| d < shufhqw lqfuhdvh dw dq dqqxdo udwh1

Wkh uhjuhvvlrqv frqvlghuhg vr idu xvh wkh rqh0shulrg odjjhg ydoxh ri wkh wuhqg ghyldwlrq

dv uhjuhvvru1 Uhodwlyh wr ?qdqfldo yduldeohv/ pdfurhfrqrplf yduldeohv duh uhsruwhg zlwk d

odj ri derxw rqh prqwk1 Wkh vl{wk froxpq lq hdfk sdqho vkrzv uhjuhvvlrq uhvxowv zkhq wkh

rqh0txduwhu odjjhg ydoxh/ gS@+|/ lv uhsodfhg zlwk wkh wzr0txduwhu odjjhg ydoxh/ gS@+|3�c dv dq
suhglfwlyh yduldeoh1 Gxh wr wkh vhuldo fruuhodwlrq lq gS@+|/ wkh frh!flhqw rq wkh wzr0shulrg

odjjhg yduldeoh lv dovr vwurqjo| vwdwlvwlfdoo| vljql?fdqw/ exw wkh srlqw hvwlpdwh idoov wr derxw

4191 Dqg/ dowkrxjk/ dv zrxog eh h{shfwhg/ wkh -
2
lv vrphzkdw orzhu wkdq zkhq wkh rqh0

shulrg odjjhg ydoxh lv xvhg/ lqfoxglqj wkh wzr0shulrg odjjhg ydoxh ri gS@+| lqwr wkh ehqfkpdun
htxdwlrq vwloo doorzv wkh uhjuhvvlrq wr slfn xs dq dgglwlrqdo 8 shufhqw ri wkh yduldwlrq lq erwk

qh{w txduwhu*v udz dqg h{fhvv uhwxuq1

Xvlqj wkh eurdghu FUVS ydoxh0zhljkwhg +FUVS8YZ, lqgh{ dv d phdvxuh ri uhwxuqv

surgxfhv voljkwo| kljkhu -
2
vwdwlvwlfv wkdq iru wkh V)S 833 lqgh{1 Wkh |0vwdwlvwlfv ri wkhgS@+| frh!flhqwv lqfuhdvh wr ryhu 7/ iru erwk uhdo uhwxuqv dqg h{fhvv uhwxuqv1 Dffruglqj wr

wkh frqvxpswlrq iudphzrun suhvhqwhg deryh/ gS@+| iruhfdvwv h{shfwdwlrqv ri ixwxuh uhwxuqv
wr wkh pdunhw sruwirolr/ vr lw lv qrw vxusulvlqj wkdw lw iruhfdvwv wkh eurdghu FUVS0YZ lqgh{

ehwwhu wkdq wkh V)S 833 lqgh{1

Wkh uhvxowv lq Wdeoh 6 vkrzv wkdw wudqvlwru| pryhphqwv lq dvvhw zhdowk duh srvlwlyho|

fruuhodwhg zlwk wkh frqglwlrqdo ?uvw prphqw ri h{fhvv uhwxuqv1 Zkhq orj dvvhwv dqg orj oderu

lqfrph duh xqxvxdoo| orz uhodwlyh wr orj frqvxpswlrq +gS@+| ulvhv,/ h{shfwhg h{fhvv uhwxuqv

ulvh1 Wklv yduldwlrq lq gS@+| lv dovr frxqwhuf|folfdo= lwv frqwhpsrudqhrxv fruuhodwlrq zlwk

frqvxpswlrq jurzwk dqg uhdo JGS jurzwk lv 0313: dqg 03145 uhvshfwlyho|/ d skhqrphqrq

looxvwudwhg judsklfdoo| lq Iljxuh 4 zklfk vkrzv wkdwgS@+| whqgv wr ghfolqh gxulqj h{sdqvlrqv
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dqg ulvh mxvw sulru wr wkh rqvhw ri d uhfhvvlrq1 Dffruglqjo|/ h{sdqvlrqv duh fkdudfwhul}hg e|

lqfuhdvlqj frqvxpswlrq/ exw dq hyhq juhdwhu udwh ri lqfuhdvh lq dvvhwv1

Lqwhuhvwlqjo|/ wkhvh ihdwxuhv ri wkh gdwd pd| eh sodxvleo| lqwhusuhwhg xvlqj wkh wlph0

ydu|lqj ulvn dyhuvlrq iudphzrun ri Fdpsehoo dqg Frfkudqh +4<<<,1 Lq wkdw prgho/ frq0

vxpswlrq errpv duh shulrgv gxulqj zklfk frqvxpswlrq lqfuhdvhv deryh kdelw/ ohdglqj wr d

ghfolqh lq ulvn dyhuvlrq1 Wkh ghfolqh lq ulvn dyhuvlrq ohdgv/ lq wxuq/ wr d juhdwhu ghpdqg iru

ulvn| dvvhwv dqg d ghfuhdvh lq h{shfwhg h{fhvv uhwxuqv/ ru ulvn suhpld1 Wkxv/ lq wkdw prgho/

errpv duh wlphv ri ulvlqj frqvxpswlrq exw ghfolqlqj udwlrv ri frqvxpswlrq wr zhdowk/ frq0

vlvwhqw zlwk zkdw zh ?qg1

Krz urexvw duh wkh uhvxowvB Wdeoh 7 uhsruwv hvwlpdwhv iurp iruhfdvwlqj uhjuhvvlrqv zklfk

lqfoxgh d ydulhw| ri yduldeohv vkrzq hovhzkhuh wr frqwdlq suhglfwlyh srzhu iru h{fhvv uhwxuqv1

Vkloohu +4<;7,/ Idpd dqg Iuhqfk +4<;;, dqg Fdpsehoo dqg Vkloohu +4<;;, doo ?qg wkdw wkh

udwlrv ri sulfh wr glylghqgv ru hduqlqjv kdyh suhglfwlyh srzhu iru h{fhvv uhwxuqv1 Odprqw

+4<<;, ?qgv wkdw wkh udwlr ri glylghqgv wr hduqlqjv kdv iruhfdvwlqj srzhu dw txduwhuo| krul0

}rqv1 Fdpsehoo +4<<4, dqg Krgulfn +4<<5, ?qg wkdw wkh uhodwlyh W0eloo udwh +wkh 630gd|

W0eloo udwh plqxv lwv 450prqwk prylqj dyhudjh, suhglfwv uhwxuqv/ dqg Idpd dqg Iuhqfk

+4<;<, vwxg| wkh iruhfdvwlqj srzhu ri wkh whup vsuhdg +wkh 430|hdu Wuhdvxu| erqg |lhog pl0

qxv wkh 40|hdu Wuhdvxu| erqg |lhog, dqg wkh ghidxow vsuhdg +wkh gl>huhqfh ehwzhhq wkh EDD

dqg DDD frusrudwh erqg udwhv,1 Zh lqfoxgh wkhvh yduldeohv lq wkh ehqfkpdun htxdwlrqv iru

wkh h{fhvv uhwxuq rq wkh V)S Frpsrvlwh Lqgh{ lq Wdeoh 7157

Wkh ?uvw urz ri Wdeoh 7 vkrzv wkdw wkh glylghqg |lhog kdv dq yluwxdoo| qr h>hfw rq h{fhvv

uhwxuqv dw d krul}rq ri rqh txduwhu> wkh -
2
vwdwlvwlf iru wklv uhjuhvvlrq lv qhjoljleoh1 Wklv

lv qrw vxusulvlqj vlqfh lw lv e| qrz zhoo nqrzq wkdw wklv yduldeoh w|slfdoo| shuirupv ehwwhu

dw iruhfdvw krul}rqv lq h{fhvv ri wzr |hduv +Fdpsehoo 4<<4/ Fdpsehoo/ Or dqg PdfNlqod|/

4<<:,1 Zkhq zh lqfoxgh wkh wuhqg ghyldwlrq lq wklv uhjuhvvlrq zlwk wkh glylghqg |lhog +urz

57Lq rwkhu whvwv +qrw uhsruwhg, zh lqfoxghg wkh rqh0shulrg odjjhg ydoxh ri frqvxpswlrq jurzwk/ oderu

lqfrph jurzwk dqg SFH lq dwlrq dv suhglfwlyh yduldeohv1 Qrqh ri wkhvh yduldeohv lq xhqfh wkh frh!flhqw

hvwlpdwhv rq gfd|w/ ru wkh lqfuhphqwdo U
5
iurp lqfoxglqj gfd|w lq wkh uhjuhvvlrq1 Wkh iruphu wzr duh qrw

vwdwlvwlfdoo| vljql?fdqw/ dqg lq dwlrq/ zkloh lqglylgxdoo| vljql?fdqw/ grhv qrw lqfuhdvh wkh h{sodqdwru| srzhu

ri wkh uhjuhvvlrq e| d phdvxudeoh dprxqw1

58



6,/ wkh -
2
vwdwlvwlf lqfuhdvhv wr <(/ dqg wkh srlqw hvwlpdwh rq gS@+| lv vwurqjo| vljql?fdqw1

Lq d uhfhqw sdshu/ Odprqw +4<<;, dujxhv wkdw wkh glylghqg sd|rxw udwlr vkrxog eh d

srwhqwldoo| srwhqw suhglfwru ri h{fhvv uhwxuqv/ d uhvxow ri wkh idfw wkdw kljk glylghqgv w|slfdoo|

iruhfdvw kljk uhwxuqv zkhuhdv kljk hduqlqjv w|slfdoo| iruhfdvw orz uhwxuqv1 Wkh wklug urz ri

Wdeoh 7 vkrzv wkh uhjuhvvlrq uhvxowv zkhq erwk wkh odjjhg glylghqg |lhog/ _| ý R|/ dqg wkh

odjjhg glylghqg sd|rxw udwlr/ _|ýe|/ duh lqfoxghg lq wkh iruhfdvwlqj htxdwlrq1 Wklv uhjuhvvlrq
kdv pruh h{sodqdwru| srzhu wkdq wkh xqlyduldwh prgho iru uhwxuqv xvhg lq Wdeoh 7/ exw wkh -

2

vwdwlvwlf lv vwloo mxvw 5(1 Dgglqj wkh wuhqg ghyldwlrq whup/gS@+|c djdlq vljql?fdqwo| lpsuryhv

wkh rqh0txduwhu dkhdg suhglfwlyh fdsdflw| ri wkh uhjuhvvlrq> ri wkh wkuhh/ wklv yduldeoh lv wkh

rqo| rqh zlwk vwdwlvwlfdoo| vljql?fdqw h{sodqdwru| srzhu/ dqg lqfoxglqj lw lqfuhdvhv wkh -
2

wr <(1

Wkh ?qdo urz ri wkh wrs sdqho lq Wdeoh 7 dxjphqwv wkh ehqfkpdun uhjuhvvlrq e| lqfoxglqj

wkh odjjhg uhodwlyh eloo udwh/ wkh odjjhg whup vsuhdg/ dqg wkh odjjhg ghidxow vsuhdg dorqj zlwk

wkh odjjhg glylghqg |lhog dqg wkh odjjhg sd|rxw udwlr1 Ri wkhvh vhyhq h{sodqdwru| yduldeohv/

wkh rqo| rqhv wkdw kdyh vljql?fdqw pdujlqdo suhglfwlyh srzhu duh wkh uhodwlyh eloo udwh dqg

wkh wuhqg ghyldwlrq whup1 Erwk wkh wuhqg ghyldwlrq dqg wkh uhodwlyh eloo udwh duh kljko|

vljql?fdqw/ dqg wkh hvwlpdwhg frh!flhqw rq wkh uhodwlyh eloo udwh kdv wkh h{shfwhg qhjdwlyh

vljq1 Qhyhuwkhohvv/ d frpsdulvrq ri urzv 7 dqg 8 pdnhv fohdu wkdw wkh uhodwlyh eloo udwh/

zkloh kdylqj pdujlqdo h{sodqdwru| srzhu/ grhv qrw khos h{sodlq pxfk ri wkh yduldwlrq lq

qh{w txduwhu*v h{fhvv uhwxuq1 Wkh -
2
lqfoxglqj wklv yduldeoh +urz 8, lv 43 shufhqw/ mxvw

4 shufhqw kljkhu wkdq lq urz 7 zkhuh wkh yduldeoh lv h{foxghg +wkh xqdgmxvwhg -0vtxduhg

vwdwlvwlfv duh vlplodu,1 Ixuwkhupruh/ wkh frh!flhqw hvwlpdwh irugS@+| lv olwwoh d>hfwhg e| wkh

lqfoxvlrq ri wkh uhodwlyh eloo udwh ru rwkhu yduldeohv lq wkh iruhfdvwlqj htxdwlrq> uhjdugohvv

ri zklfk vshfl?fdwlrq zh frqvlghu/ wkh srlqw hvwlpdwhv duh dozd|v ehwzhhq 41< dqg 516 dqg

wkh |0vwdwlvwlfv duh deryh 61 Wklv uhyhdov wkdw gS@+| frqwdlqv lqirupdwlrq derxw ixwxuh dvvhw

uhwxuqv wkdw lv qrw lqfoxghg lq rwkhu zhoo nqrzq iruhfdvwlqj yduldeohv1

Rxu uhvxowv rq wkh iruhfdvwlqj srzhu ri wkh glylghqg sd|rxw udwlr dqg wkh glylghqg |lhog

gl>hu iurp wkrvh ri Odprqw +4<<;,1 Kh uhsruwv wkdw erwk yduldeohv duh vwurqj suhglfwruv ri

wkh h{fhvv uhwxuq rq wkh V)S lqgh{ dqg kh uhsruwv dq +xqdgmxvwhg, -2 ri 46( lq d uhjuhvvlrq
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xvlqj wkhvh lqglfdwruv dv h{sodqdwru| yduldeohv1

Zh lqyhvwljdwh wkhvh gl>huhqfhv lq wkh odvw wzr urzv ri Wdeoh 7/ zklfk fkdqjh wkh vdpsoh

shulrg wr pruh forvho| pdwfk wkdw ri Odprqw*v1 Odprqw*v gdwd vsdqqhg wkh shulrg iurp

wkh ?uvw txduwhu ri 4<7: wr wkh irxuwk txduwhu ri 4<<7/ zkhuhdv rxu gdwd uxqv iurp wkh

irxuwk txduwhu ri 4<87 wr wkh irxuwk txduwhu ri 4<<;1 Dv wkh odvw wzr urzv vkrz/ li zh uxq

rxu htxdwlrqv ryhu wkh shulrg fruuhvsrqglqj urxjko| wr Odprqw*v vdpsoh +zh gr qrw kdyh

gdwd iru @| ehiruh 4<85=7, zh rewdlq uhvxowv yhu| vlplodu wr wkrvh rewdlqhg lq wkdw sdshu1

Lq wklv fdvh erwk wkh glylghqg |lhog dqg wkh sd|rxw udwlr duh vwurqj suhglfwruv ri qh{w

txduwhu*v h{fhvv uhwxuq/ dqg wkh uhjuhvvlrq h{sodlqv derxw 44( ri qh{w txduwhu*v yduldwlrq1

Wkh suhglfwlyh srzhu ri gS@+| ryhu wklv vkruwhu vdpsoh lv vrphzkdw kljkhu wkdq lq wkh ixoo

vdpsoh/ zlwk wkh -
2
iurp xvlqj wklv vlqjoh yduldeoh dv d suhglfwru htxdo wr 3144 frpsduhg wr

313< +Wdeoh 6, lq wkh ixoo vdpsoh1 Rq wkh zkroh/ krzhyhu/ wkh uhvxowv irugS@+| duh yhu| vlplodu
wr wkrvh xvlqj wkh ixoo vdpsoh= wkh wuhqg ghyldwlrq uhpdlqv d vwurqj pdujlqdo suhglfwru ri

h{fhvv uhwxuqv ryhu wklv shulrg dqg lqfoxglqj lw dv dq h{sodqdwru| yduldeoh dorqj zlwk _|ý R|
dqg _|ý e| lqfuhdvhv wkh -2 vwdwlvwlf e| 9( wr 4:(1 Zh qrz dvn krz ghwuhqghg dvvhw zhdowk

frpsduhv wr rwkhu iruhfdvwlqj yduldeohv dv d suhglfwru ri uhwxuqv ryhu krul}rqv juhdwhu wkdq

rqh txduwhu1

9 Orqj Krul}rq Iruhfdvwv

Lq wklv vhfwlrq/ zh lqyhvwljdwh wkh uhodwlyh suhglfwlyh srzhu ri hdfk yduldeoh mxvw h{soruhg iru

uhwxuqv dw gl>huhqw krul}rqv1 Lq wkh qh{w vxevhfwlrq zh glvfxvv wkh uhvxowv ri vlqjoh0htxdwlrq

uhjuhvvlrqv ri uhwxuqv ryhu ydulrxv krul}rqv rq wkh lpsruwdqw suhglfwlyh yduldeohv frqvlghuhg

deryh1 Wklv dssurdfk iroorzv Idpd dqg Iuhqfk +4<;;,1 Dowkrxjk wklv whfkqltxh surylghv d

gluhfw hvwlpdwh ri wkh orqj0krul}rq surshuwlhv ri wkh gdwd/ lw kdv ehhq fulwlfl}hg iru kdylqj

srru vwdwlvwlfdo surshuwlhv lq ?qlwh vdpsohv1 Wr dgguhvv wkhvh ?qlwh vdpsoh gl!fxowlhv/ zh

h{soruh/ lq wkh vhfrqg vxevhfwlrq/ wkh orqj0krul}rq fkdudfwhulvwlfv ri uhwxuqv e| xvlqj wkh

Yhfwrudxwruhjuhvvlrq +YDU, dssurdfk ri Fdpsehoo +4<<4,1
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914 Vlqjoh Htxdwlrq Uhjuhvvlrqv

Wdeoh 8 suhvhqwv wkh uhvxowv ri uhjuhvvlrqv ri uhwxuqv ryhu krul}rqv vsdqqlqj 4 wr 57 txduwhuv

rq odjjhg yduldeohv1 Wkh ghshqghqw yduldeoh lq hdfk uhjuhvvlrq lv wkh M0shulrg orj h{fhvv

uhwxuq rq wkh V)S Frpsrvlwh Lqgh{/ o|n� ý osc|n� n ééé n o|nM ý osc|nM 1 Zh vwduw e| xvlqj

mxvw wkh orj glylghqg |lhog/ _| ý R|/ dv d uhjuhvvru1 Zh wkhq pryh rq wr lqyhvwljdwh wkh

uhvxowv iru prghov zklfk lqfoxgh/ _| ý R| dqg _| ý e| wrjhwkhu/ gS@+| e| lwvhoi/ dqg doo wkuhh

ri wkhvh yduldeohv dorqj zlwk wkh uhodwlyh eloo udwh1 Iru hdfk uhjuhvvlrq wkh wdeoh uhsruwv wkh

hvwlpdwhg frh!flhqw rq wkh lqfoxghg h{sodqdwru| yduldeoh+v,/ wkh dgmxvwhg -2 vwdwlvwlf/ dqg

wkh Qhzh|0Zhvw fruuhfwhg |0vwdwlvwlf iru wkh k|srwkhvlv wkdw wkh frh!flhqw lv }hur1

Wkh wrs sdqho ri Wdeoh 8 uhsruwv uhvxowv iurp uhjuhvvlrqv ri wkh orj uhwxuq rq wkh V)S

Frpsrvlwh Lqgh{ rq wr wkh odjjhg glylghqg |lhog1 Wkhvh uhvxowv duh frqvlvwhqw zlwk wkrvh

rewdlqhg hovhzkhuh +iru h{dpsoh/ Idpd dqg Iuhqfk 4<;;> Fdpsehoo/ Or dqgPdfNlqod| 4<<:,1

Dw d krul}rq ri rqh txduwhu/ wkh glylghqg |lhog glvsod|v olwwoh suhglfwlyh srzhu iru uhwxuqv/

wkh -
2
lv qhjoljleoh dqg wkh frh!flhqw hvwlpdwh lv qrw vljql?fdqwo| gl>huhqw iurp }hur1 Wkh

hvwlpdwhg frh!flhqw rq wkh orj glylghqg0sulfh udwlr grhv qrw ehfrph vljql?fdqw xqwlo wkh

uhwxuq krul}rq lv dw ohdvw 7 txduwhuv1 Rqfh wkh krul}rq lv lqfuhdvhg eh|rqg 7 txduwhuv/ wkh

suhglfwlyh srzhu ri wkh glylghqg |lhog ehfrphv pxfk vwurqjhu1 Dw d krul}rq ri ; txduwhuv/

wkh glylghqg |lhog suhglfwv ;( ri wkh yduldwlrq lq uhwxuqv ryhu wkdw shulrg/ dw d krul}rq ri vl{

|hduv wklv qxpehu ulvhv wr 63(1 Wkxv/ frqvlvwhqw zlwk h{lvwlqj hylghqfh/ wkh glylghqg |lhog lv

d srzhuixo iruhfdvwhu ri orqj0krul}rq uhwxuqv exw kdv olwwoh fdsdflw| wr iruhfdvw vkruw0krul}rq

uhwxuqv1

Wkh qh{w wkuhh sdqhov ri Wdeoh 8 jlyhv dq lqglfdwlrq ri wkh iruhfdvwlqj srzhu ri rwkhu

yduldeohv iru orqj0krul}rq uhwxuqv1 Sdqho 5 vkrzv wkdw wkh dgglqj wkh glylghqg sd|rxw udwlr

wr wkh htxdwlrq surgxfhv uhvxowv wkdw duh yhu| vlplodu wr wkrvh xvlqj mxvw wkh glylghqg |lhog1

Hdfk yduldeoh kdv dq lpsruwdqw lpsdfw rq uhwxuqv ryhu krul}rqv h{fhhglqj ; txduwhuv/ exw

qrw rq uhwxuqv ryhu vkruwhu krul}rqv1 Wkh -
2
vwdwlvwlf vxjjhvwv wkdw wkhvh yduldeohv kdyh

wkhlu juhdwhvw suhglfwlyh srzhu dw krul}rqv ri 6 |hduv ru pruh/ h{sodlqlqj derxw 73( ri wkh

yduldwlrq lq uhwxuqv dw d vl{ |hdu krul}rq1

Wdeoh 8 uhyhdov wkdw wkh iruhfdvwlqj srzhu ri wkh wuhqg ghyldwlrq whup lv frqfhqwudwhg dw
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pxfk vkruwhu krul}rqv1 Wkh wklug sdqho ri vkrzv wkdw wkh suhglfwlyh srzhu rigS@+| lv kxpshg
vkdshg dqg shdnv durxqg rqh |hdu> xvlqj wklv vlqjoh yduldeoh dorqh dfklhyhv dq -

2
ri 3154

iru h{fhvv uhwxuqv ryhu d 8 txduwhu krul}rq +qrw uhsruwhg lq wkh wdeoh,1

Zkhq zh lqfoxgh wkh vwrfkdvwlfdoo| ghwuhqghg vkruw udwh/ wkh glylghqg |lhog/ wkh sd|rxw

udwlr dqg wkh wuhqg ghyldwlrq wrjhwkhu dv suhglfwlyh yduldeohv/ wkh -
2
vwdwlvwlf dw hdfk iruh0

fdvwlqj krul}rq lv forvh wr wkh vxp ri wkh -
2
vwdwlvwlfv iurp wkh vhfrqg dqg wklug sdqhov1

E| lqfoxglqj doo irxu yduldeohv/ wkh prgho qrz kdv iruhfdvwlqj srzhu iru uhwxuqv dw hyhu|

krul}rq zh frqvlghu/ dowkrxjk wkh wrwdo iudfwlrq ri yduldwlrq lq orqj krul}rq uhwxuqv wkdw lv

suhglfwhg uhpdlqv deryh wkdw ri vkruw krul}rq uhwxuqv1 Wkhvh uhvxowv xqghuvfruh wkh ?qglqj

wkdwgS@+| lv wkh ehvw xqlyduldwh suhglfwru ri uhwxuqv dw vkruw wr lqwhuphgldwh krul}rqv= dw d 7
txduwhu krul}rq/ wkh -

2
iurp wkh uhjuhvvlrq xvlqj mxvwgS@+| lv doprvw dv odujh dv wkdw lq wkh

odvw sdqho ri Wdeoh 8 rewdlqhg xvlqj doo irxu yduldeohv1

Krz fdq zh xqghuvwdqg wkh uhodwlyh vwuhqjwkv dqg zhdnqhvvhv ri gS@+| dqg _| ý R| dw
iruhfdvwlqj uhwxuqv ryhu gl>huhqw krul}rqvB Rqh zd| wr xqghuvwdqg wkhvh gl>huhqfhv lv wr

qrwh wkdw wkh glvfrxqw udwhv lq +45, dqg +46, gl>hu1 Lq +46, 4@ ì �*E�ý i TE_ý Rää/ zkhuh
i TE_ý Rä lv dyhudjh udwlr ri glylghqgv wr sulfhv/ derxw 31<< dw d txduwhuo| udwh158 E|

frqwudvw/ wkh glvfrxqw udwh/ 4çc lq +45, lv voljkwo| vpdoohu/ htxdo wr derxw 31<: dv vxjjhvwhg

e| xvlqj rxu hvwlpdwhv ri / dqg vdpsoh phdq udwlrv ri ä*ø dqg ä*té Dffruglqjo|/ fkdqjhv

lq h{shfwhg uhwxuqv lq wkh idu ixwxuh duh glvfrxqwhg d elw pruh lq wkh htxdwlrq iru S@+| wkdq

lq wkh htxdwlrq iru _| ý R|1 Wkxv wkh glylghqg0sulfh udwlr lv d ehwwhu sur{| iru uhwxuqv lqwr

wkh glvwdqw ixwxuh wkdq lv wkh wuhqg ghyldwlrq whup1 Hyhq devwudfwlqj iurp wklv gl>huhqfh lq

glvfrxqw udwhv/ krzhyhu/ gl>huhqfhv lq wkh iruhfdvwlqj srzhu dw gl>huhqw krul}rqv pd| dulvh

li wkh wlph vhulhv surfhvv iru h{shfwhg dvvhw uhwxuqv lv pruh shuvlvwhqw wkdq wkdw iru h{shfwhg

uhwxuqv wr kxpdq fdslwdo1 Lq wklv fdvh/gS@+ zrxog eh ohvv shuvlvwhqw wkdq wkh glylghqg0sulfh

udwlr/ frqvlvwhqw zlwk wkh hylghqfh lq Wdeoh 5/ dqg zrxog wkhuhiruh h{sodlq d vpdoohu iudfwlrq

ri wkh yduldwlrq lq h{shfwhg uhwxuqv dw orqjhu krul}rqv wkdq zrxog wkh glylghqg |lhog159

58Wkhvh hvwlpdwhv frph iurp Fdpsehoo/ Or dqg PdfNlqod| +4<<:,1
59Fdpsehoo/ Or dqg PdfNlqod| +4<<:/ Fk1 :, ghyhors d vlpsoh h{dpsoh wr looxvwudwh wkh h>hfw ri shuvlvwhqw

lq h{shfwhg uhwxuqv rq wkh iruhfdvwdelolw| ri uhwxuqv dv wkh krul}rq lqfuhdvhv1
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915 Yhfwru Dxwruhjuhvvlrqv

Wkh vlqjoh htxdwlrq uhjuhvvlrqv suhvhqwhg lq wkh odvw vhfwlrq surylgh d vlpsoh zd| wr vxp0

pdul}h wkh pdujlqdo suhglfwlyh srzhu ri hdfk iruhfdvwlqj yduldeoh/ dv zhoo dv wkh ryhudoo h{0

sodqdwru| srzhu ri wkh iruhfdvwlqj htxdwlrq1 Dq dowhuqdwlyh dssurdfk xvhv YDUv wr lpsxwh

orqj0krul}rq vwdwlvwlfv udwkhu wkdq hvwlpdwlqj wkhp gluhfwo|1 Rqh dgydqwdjh ri wklv dssurdfk

lv wkdw lw dyrlgv vpdoo vdpsoh eldvhv wkdw pd| rffxu lq vlqjoh htxdwlrq whfkqltxhv dqg wkdw

fdq eh hvshfldoo| surqrxqfhg zkhq wkh krul}rq lv odujh uhodwlyh wr wkh vdpsoh vl}h15: Lq wklv

vhfwlrq/ zh lqyhvwljdwh wkh suhglfwlyh srzhu ri wkh ixoo YDU frxqwhusduw wr wkh htxdwlrqv

dqdo|}hg suhylrxvo| iru orqj0krul}rq uhwxuqv1 Wkh phwkrgrorj| iru phdvxulqj orqj0krul}rq

vwdwlvwlfv e| hvwlpdwlqj d YDU kdv ehhq fryhuhg e| Fdpsehoo +4<<4,/ Krgulfn +4<<5,/ dqg

Ndqgho dqg Vwdpedxjk +4<;<,/ dqg zh uhihu wkh uhdghu wr wkrvh duwlfohv iru d ghvfulswlrq ri

wkh dssurdfk1

Iru hdfk uhwxuq krul}rq zh frqvlghu/ zh fdofxodwh dq lpsolhg -2 xvlqj wkh frh!flhqw

hvwlpdwhv ri wkh YDU dqg wkh hvwlpdwhg fryduldqfh pdwul{ ri wkh YDU uhvlgxdov1 Wdeoh 9

jlyhv wkh uhvxowv iurp hvwlpdwlqj wzr ?uvw0rughu YDUv1 Wkh ?uvw v|vwhp lv d irxu yduldeoh

YDU wkdw lqfoxghv wkh h{fhvv uhwxuq rq wkh V)S Frpsrvlwh Lqgh{/ wkh uhodwlyh eloo udwh/ wkh

orj glylghqg0sulfh udwlr dqg wkh orj glylghqg0hduqlqjv udwlr1 Wkh vhfrqg lv d ?yh yduldeoh

YDU wkdw dggv ghwuhqghg dvvhw zhdowk wr wklv v|vwhp1 Wkh wdeoh uhsruwv wkh frh!flhqw

hvwlpdwhv iurp hdfk YDU lq wkh wrs dqg erwwrp sdqhov dorqj zlwk Qhzh|0Zhvw fruuhfwhg

|0vwdwlvwlfv lq sduhqwkhvhv1 Wkh erwwrp urz ri hdfk sdqho jlyhv wkh lpsolhg -2 ri d uhjuhvvlrq

ri orqj0krul}rq h{fhvv uhwxuqv rq wkh rwkhu yduldeohv lq wkh v|vwhp1

Wkh frh!flhqw hvwlpdwhv iurp wkh ?yh yduldeoh YDUzlwkgS@+| lqglfdwh wkdw wkhuh duh vrph
furvv0h>hfwv ehwzhhq wkh wuhqg ghyldwlrq dqg wkh orj glylghqg0sulfh udwlr= hdfk yduldeohv

hqwhu vljql?fdqwo| lq wkh rwkhu*v htxdwlrq1 Qhyhuwkhohvv lwv fohdu wkdw wkh uhodwlyho| kljk

shuvlvwhqfh ri wkhvh yduldeohv dffrxqwv iru prvw ri qh{w txduwhu*v yduldwlrq lq hdfk ri wkhp>

d xqlyduldwh dxwruhjuhvvlrq ghvfulehv wkh g|qdplfv ri _| ý R| dqggS@+| doprvw dv zhoo dv wkh
YDU grhv1

5:Krgulfn +4<<5, suhvhqwv Prqwh Fduor hylghqfh wkdw wkh YDU dowhuqdwlyh vxssolhv xqeldvhg phdvxuhphqwv

ri orqj0krul}rq lpsolhg vwdwlvwlfv1
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Wkh suhglfwlyh srzhu ri wkh ixoo YDU iru orqj0krul}rq uhwxuqv lv vlplodu wr wkdw rewdlqhg

xvlqj wkh vlqjoh0htxdwlrq/ gluhfw0hvwlpdwlrq dssurdfk suhvhqwhg lq Wdeoh 81 Lq jhqhudo/ wkh

YDU -2 vwdwlvwlfv iurp wkh prgho zklfk lqfoxghv gS@+| duh frqvlghudeo| kljkhu wkdq wkrvh

iurp wkh prgho zklfk h{foxghv wklv yduldeoh1 Dw d krul}rq ri 5 txduwhuv/ dgglqjgS@+| wr wkh
YDU lqfuhdvhv wkh lpsolhg -2 e| <(/ udlvlqj lw iurp 46( wr 55(> dw d krul}rq ri 6 txduwhuv

wkh lpsolhg -2 lv grxeohg e| dgglqjgS@+|/ ulvlqj iurp 48( wr 63(/ dqg dw d krul}rq ri wzr

|hduv/ wkh YDU zlwkgS@+| h{sodlqv 68( ri wkh yduldwlrq lq h{fhvv uhwxuqv frpsduhg wr 56(

h{foxglqj wklv yduldeoh1

Dv zh h{whqg wkh krul}rq rxw ixuwkhu/ lqfoxglqj ghyldwlrqv iurp wkh wuhqg lq dvvhwv

frqwlqxhv wr lpsuryh iruhfdvwv/ exw wkh lqfuhphqwdo suhglfwlyh srzhu judgxdoo| ghfolqhv dqg

ehfrphv txlwh vpdoo dw krul}rqv dv orqj dv vl{ |hduv1 Qhyhuwkhohvv/ wkh h{sodlqhg yduldqfh ri

wkh frpsrxqg vl{ |hdu uhwxuq lv 77(/ sulpdulo| gxh wr wkh orqj0krul}rq iruhfdvwlqj srzhu

ri wkh orj glylghqg0sulfh udwlr1 Wkxv wkh YDU uhvxowv xqghuvfruh wkh frqfoxvlrqv gudzq

suhylrxvo|/ wkdw d vxevwdqwldo iudfwlrq ri wkh yduldwlrq lq h{fhvv uhwxuqv dw krul}rqv udqjlqj

iurp 4 txduwhu wr ryhu 8 |hduv pd| eh h{sodlqhg e| frpelqlqj lqirupdwlrq rq ghyldwlrq iurp

wkh vkduhg wuhqg dprqj frqvxpswlrq/ dvvhwv dqg oderu lqfrph/ zlwk lqirupdwlrq rq ?qdqfldo

yduldeohv vxfk dv wkh glylghqg |lhog/ wkh glylghqg sd|rxw udwlr/ dqg wkh uhodwlyh eloo udwh1

: Rxw0ri0Vdpsoh Iruhfdvwlqj

Wkh uhvxowv deryh vkrz wkdwgS@+| kdv frqvlghudeoh iruhfdvwlqj srzhu iru h{fhvv vwrfn uhwxuqv
ryhu vkruw wr lqwhuphgldwh krul}rqv lq0vdpsoh1 Wklv vhfwlrq suhvhqwv vrph uhvxowv rq wkh

srzhu rigS@+| wr suhglfw rqh0txduwhu dkhdg h{fhvv vwrfn uhwxuqv rq wkh V)S 833 Frpsrvlwh

Lqgh{ rxw0ri0vdpsoh1

Zh hydoxdwh wkh rxw0ri0vdpsoh shuirupdqfh e| frpsdulqj wkh phdq0vtxduhg iruhfdvwlqj

huuru iurp dq xquhvwulfwhg prgho zklfk lqfoxghv gS@+| wr d uhvwulfwhg/ ehqfkpdun prgho

zklfk h{foxghv wklv yduldeoh1 Wkxv wkh xquhvwulfwhg prgho qhvwv wkh ehqfkpdun prgho1 Wkh

h{huflvh frpsduhv wkh rqh0vwhs dkhdg iruhfdvwlqj shuirupdqfh ri wkh ehqfkpdun zlwk wkdw

ri wkh ehqfkpdun dxjphqwhg e|gS@+|é
Ehiruh pdnlqj wklv frpsdulvrq/ zh pxvw fkrrvh dq dssursuldwh ehqfkpdun1 Zh gr vr e|
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frpsdulqj wkh phdq0vtxduhg iruhfdvwlqj huuru iurp d uhjuhvvlrq wkdw lqfoxghg mxvw wkh odjjhg

h{fhvv uhwxuq/ o| ý osc|/ dv d suhglfwlyh yduldeoh/ wr wkh phdq0vtxduhg0huuru iurp uhjuhvvlrqv

wkdw lqfoxghg/ lq dgglwlrq wr wklv yduldeoh/ wkh rwkhu frqwuro yduldeohv xvhg lq Wdeoh 7/ wkdw

lv wkh orj glylghqg0sulfh udwlr/ wkh orj glylghqg0hduqlqjv udwlr/ wkh uhodwlyh eloo udwh/ dqg wkh

whup vsuhdg1 Lqfoxglqj wkhvh frqwuro yduldeohv glg qrw lpsuryh/ dqg riwhq hyhq ghwhulrudwhg/

wkh rxw0ri0vdpsoh suhglfwlyh srzhu ri d uhjuhvvlrq zklfk xvhg mxvw wkh odjjhg ghshqghqw

yduldeoh dv d suhglfwru15; Dffruglqjo|/ zh wdnh wkh pruh sduvlprqlrxv prgho/ xvlqj mxvw wkh

rqh0shulrg odjjhg ydoxh ri h{fhvv uhwxuqv/ dv rxu ehqfkpdun1 Uhvxowv duh suhvhqwhg iurp

dowhuqdwho| dxjphqwlqj wkh ehqfkpdun zlwk hlwkhu wkh rqh0shulrg odjjhg ydoxh ri ghwuhqghg

zhdowk/ ghqrwhggS@+|/ ru wkh wzr0shulrg odjjhg ydoxh/ ghqrwhggS@+|3�1
Hdfk prgho lv ?uvw hvwlpdwhg xvlqj gdwd iurp wkh irxuwk txduwhu ri 4<85 wr wkh ?uvw

txduwhu ri 4<9;1 Zh xvh uhfxuvlyh uhjuhvvlrqv wr uhhvwlpdwh wkh prgho/ dgglqj rqh txduwhu dw

d wlph dqg fdofxodwlqj d vhulhv ri rqh0vwhs dkhdg iruhfdvwv1 Wkh iruhfdvwv duh hydoxdwhg e|

frpsdulqj wkh phdq0vtxduhg huuru iurp wkh vhw ri rqh0vwhs0dkhdg iruhfdvwv1 Dw hdfk vwhs/

wkh frlqwhjudwlqj sdudphwhuv lq gS@+| duh dovr uhhvwlpdwhg1 Vlqfh uhhvwlpdwlrq lv olnho| wr

lqwurgxfh vdpsolqj huuru lq rxu hvwlpdwhv ri wkhvh sdudphwhuv gxulqj wkh hduo| uhfxuvlrqv/ zh

suhvhqw/ iru frpsdulvrq/ uhvxowv edvhg rq d ?{hg frlqwhjudwlqj yhfwru zkhuh wkh frlqwhjudwlqj

sdudphwhuv duh vhw htxdo wr wkhlu ydoxhv hvwlpdwhg lq wkh ixoo vdpsoh1 Wkh odwwhu fdvh jlyhv

vrph lghd ri krz wkh prgho zrxog shuirup jrlqj iruzdug li d sudfwlwlrqhu xvhg wkh h{lvwlqj

hvwlpdwhv ri q@ dqg q+ dqg idfhg d vlplodu klvwrulfdo sdwwhuq ri gdwd1

Wdeoh : suhvhqwv wkh uhvxowv1 Lq hdfk fdvh/ wkh phdq0vtxduhg iruhfdvwlqj huuru ri wkhgS@+|8
dxjphqwhg prghov lv orzhu wkdq wkdw ri wkh ehqfkpdun prgho1 Wkh erwwrp sdqho vkrzv wkdw

?{lqj wkh frlqwhjudwlqj sdudphwhuv dw wkhlu ixoo vdpsoh ydoxhv ixuwkhu surgxfhv wkh juhdwhvw

uhodwlyh iruhfdvwlqj srzhu ri wkh gS@+|8dxjphqwhg prghov1 Wklv vxjjhvwv wkdw uhhvwlpdwlrq

ri wkh frlqwhjudwlqj sdudphwhuv lqgxfhv vrph vdpsolqj huuru lq wkh frlqwhjudwlqj sdudphwhu

5;Wklv ?qglqj lv qrw vxusulvlqj dqg uh hfwv wkh fodvvlf wudgh0r> ehwzhhq lq0vdpsoh ?w dqg rxw0ri0vdpsoh

iruhfdvw shuirupdqfh wkdw frpprqo| doorzv pruh sduvlprqlrxv prghov wr suhydlo lq rxw0ri0vdpsoh iruhfdvw

frpsdulvrqv1 Prvw ri wkh frqwuro yduldeohv xvhg lq Wdeoh 7 kdyh d vwdwlvwlfdoo| lqvljql?fdqw lpsdfw rq qh{w

txduwhu*v h{fhvv uhwxuq lq rxu vdpsoh1 Dq h{fhswlrq lv wkh uhodwlyh eloo udwh zklfk8dowkrxjk vwdwlvwlfdoo|

vljql?fdqw8dggv yhu| olwwoh wr wkh U
5
ri wkh lq0vdpsoh uhjuhvvlrq1
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hvwlpdwhv/ pdnlqj lw kdughu iru wkh dxjphqwhg prghov wr uhjlvwhu dq lpsuryhphqw ryhu wkh

ehqfkpdun1 Qhyhuwkhohvv/ lqfoxglqj gS@+| lq wkh ehqfkpdun uhjuhvvlrq zrxog kdyh frqvlv0

whqwo| lpsuryhg iruhfdvwv hyhq zkhq wkh frlqwhjudwlqj yhfwru lv uhhvwlpdwhg1 Ixuwkhupruh/

xvlqj wkh rqh0shulrg odjjhg ydoxh ri wkh wuhqg ghyldwlrq whup uhgxfhv wkh phdq0vtxduhg

huuru e| pruh wkdq d prgho zklfk lqvwhdg xvhv wkh wzr0shulrg odjjhg ydoxh ri wklv yduldeoh/

exw erwk prghov srvw lpsuryhphqwv ryhu wkh ehqfkpdun1

Iru hdfk iruhfdvw frpsdulvrq/ zh dovr dvn zkhwkhu wkh orzhu phdq0vtxduhg huuru ri wkhgS@+|8dxjphqwhg iruhfdvwv lv vwdwlvwlfdoo| vljql?fdqw1 Wdeoh : surylghv wzr whvw vwdwlvwlfv

ghvljqhg wr ghwhuplqh zkhwkhu wkh rqh0vwhs dkhdg phdq0vtxduhg iruhfdvwlqj huuru iurp d uh0

vwulfwhg/ ehqfkpdun prgho lv vwdwlvwlfdoo| gl>huhqw iurp dq xquhvwulfwhg prgho zklfk lqfoxghv

dgglwlrqdo suhglfwlyh yduldeohv1 Fodun dqg PfFudfnhq +4<<<, ghulyh wkh +qrq0vwdqgdug,

dv|pswrwlf glvwulexwlrqv iru d odujh qxpehu ri vwdwlvwlfdo whvwv dv dssolhg wr qhvwhg prg0

hov dqg qxphulfdoo| jhqhudwh wkh dv|pswrwlf fulwlfdo ydoxhv1 Wkh wzr whvwv zh frqvlghu duh

wkrvh irxqg e| Fodun dqg PfFudfnhq wr kdyh wkh ehvw ryhudoo srzhu dqg vl}h surshuwlhv15<

Wkh ?uvw whvw/ wkh FP whvw/ lv d prgl?hg Kduyh|/ Oh|erxuqh dqg Qhzerog +4<<;, whvw vwdwlvwlf

dgdswhg wr dgguhvv srwhqwldo vpdoo vdpsoh eldvhv> wkh vhfrqg lv dq rxw0ri0vdpsoh 8 0w|sh whvw

+RRV 8 0whvw, ghyhorshg lq PfFudfnhq +4<<<,1 Erwk phwkrgv frpsduh wkh phdq0vtxduhg

huuru ri wkh xquhvwulfwhg prgho zlwk wkdw ri wkh uhvwulfwhg prghov/ dqg hdfk whvwv wkh qxoo

k|srwkhvlv wkdw wkh uhvwulfwhg prgho*v iruhfdvw 3hqfrpsdvvhv4 doo wkh uhohydqw lqirupdwlrq

iru qh{w shulrg*v ydoxh ri wkh ghshqghqw yduldeoh djdlqvw wkh dowhuqdwlyh wkdw wkh xquhvwulfwhg

prgho frqwdlqv dgglwlrqdo lqirupdwlrq1 Iru hdfk vhw ri rqh0vwhs dkhdg iruhfdvwv zh frqvlghu/

wkh FP dqg RRV 8 0Whvw erwk vwurqjo| uhmhfw wkh qxoo wkdw wudqvlwru| zhdowk frqwdlqv qr

dgglwlrqdo lqirupdwlrq derxw ixwxuh h{fhvv uhwxuqv zkhq wkh whvw vwdwlvwlfv duh frpsduhg

djdlqvw dv|pswrwlf fulwlfdo ydoxhv1

5<Fodun dqg PfFudfnhq xvh Prqwh Fduor vlpxodwlrqv wr hydoxdwh wkh vl}h dqg srzhu ri d edwwhu| ri htxdo

iruhfdvw dffxudf| dqg hqfrpsdvvlqj whvwv1 Wkh| ?qg wkdw vl}h glvwruwlrqv lq wkh FP dqg RRV I 0whvw/ dv

zhoo dv lq lq0vdpsoh Judqjhu fdxvdolw| whvwv/ duh vpdoo1 Wkh| dovr vkrz wkdw srsxodu whvw vwdwlvwlfv vxfk

dv wkh Glherog dqg Pduldqr +4<<8, dqg Kduyh|/ Oh|erxuqh dqg Qhzerog +4<<;, idlo wr frqyhujh wr wkh

vwdqgdug qrupdo glvwulexwlrq zkhq wkh prghov ehlqj frpsduhg duh qhvwhg udwkhu wkdq qrq0qhvwhg1 Fodun

+iruwkfrplqj, vwxglhv wkh ?qlwh0vdpsoh surshuwlhv ri wkhvh whvw vwdwlvwlfv1
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; Frqfoxvlrq

Wkh odvw ghfdgh kdv eurxjkw iruwk dq rxwsrxulqj ri uhvhdufk vxjjhvwlqj wkh h{lvwhqfh ri

wlph0yduldwlrq lq h{shfwhg dvvhw uhwxuqv1 Lw lv qrz zlgho| dffhswhg wkdw h{fhvv uhwxuqv

duh suhglfwdeoh e| yduldeohv vxfk dv glylghqg0sulfh udwlrv/ hduqlqjv0sulfh udwlrv/ glylghqg0

hduqlqjv udwlrv dqg dq dvvruwphqw ri rwkhu ?qdqfldo lqglfdwruv1 Iru wkh prvw sduw/ wkhvh

?qdqfldo yduldeohv kdyh ehhq vxffhvvixo dw suhglfwlqj orqj krul}rq uhwxuqv/ exw ohvv vxffhvvixo

dw suhglfwlqj uhwxuqv dw vkruw krul}rqv1

Lq wklv sdshu/ zh lqyhvwljdwh d eurdg iudphzrun iru rswlpdo frqvxpswlrq zklfk lpsolhv

frqvxpswlrq/ oderu lqfrph dqg dvvhw zhdowk duh frlqwhjudwhg/ dqg wkdw ghyldwlrqv iurp wklv

vkduhg wuhqg vxppdul}h lqyhvwruv* h{shfwdwlrqv ri ixwxuh uhwxuqv rq wkh pdunhw sruwirolr1 Zh

vkrz wkdw wkhvh ghyldwlrqv iurp wuhqg sulpdulo| iruhfdvw ixwxuh pryhphqwv lq dvvhw zhdowk/

udwkhu wkdq ixwxuh pryhphqwv lq frqvxpswlrq ru oderu lqfrph/ lpso|lqj wkdw frqvxpswlrq

dqg oderu lqfrph fdq eh xvhg wr ghwuhqg krxvhkrog dvvhw zhdowk1

Wr ghyhors wkh hpslulfdo lpsolfdwlrqv ri wklv iudphzrun/ zh lqyhvwljdwh wkh srzhu ri wkhvh

ghyldwlrqv iurp wuhqg lq dvvhwv iru iruhfdvwlqj dvvhw uhwxuqv1 Zh ?qg wkdw wuhqg ghyldwlrqv

lq krxvhkrog qhw zruwk frqwdlq lpsruwdqw suhglfwlyh hohphqwv iru vwrfn pdunhw uhwxuqv ryhu

vkruw dqg lqwhuphgldwh krul}rqv1 Lqghhg/ ri wkh srsxodu iruhfdvwlqj yduldeohv h{soruhg wr

gdwh/ zh ?qg wkdw wklv yduldeoh lv wkh ehvw xqlyduldwh suhglfwru ri vwrfn uhwxuqv iru krul}rqv

xs wr rqh |hdu1 Frpelqlqj revhuydwlrqv rq wkhvh wuhqg ghyldwlrqv zlwk wkrvh rq wkh orj

glylghqg0sulfh udwlr dqg wkh orj glylghqg0hduqlqjv udwlr uhyhdov wkdw vwrfn uhwxuqv h{klelw

vxevwdqwldo iruhfdvwdelolw| dw krul}rqv udqjlqj iurp vkruw wr orqj1

Wkhvh hpslulfdo uhvxowv fdq eh xqghuvwrrg xvlqj wkh rswlpdo frqvxpswlrq iudphzrun zh

lqyhvwljdwh1 Wkh prgho zh suhvhqw gluhfwo| frqqhfwv frqvxphu ehkdylru zlwk ixwxuh vwrfn

pdunhw uhwxuqv= frqvxphuv whqg wr vprrwk rxw dqwlflsdwhg/ wudqvlwru| pryhphqwv lq wrpru0

urz*v uhwxuqv e| idfwrulqj wkhp lqwr frqvxpswlrq wrgd|1 Zkhq zhdowk lv whpsrudulo| kljkhu

wkdq lwv orqj whup wuhqg zlwk frqvxpswlrq dqg oderu lqfrph/ lqyhvwruv pxvw eh h{shfwlqj uh0

wxuqv rq wkh pdunhw sruwirolr wr idoo dqg duh kroglqj frqvxpswlrq whpsrudulo| ehorz lwv wuhqg

uhodwlrqvkls zlwk dvvhwv dqg lqfrph lq dqwlflsdwlrq ri orzhu uhwxuqv1 Dffruglqjo|/ ghyldwlrqv

iurp wkh vkduhg wuhqg lq frqvxpswlrq/ oderu lqfrph dqg zhdowk vkrxog eh d jrrg sur{|
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iru pdunhw h{shfwdwlrqv ri ixwxuh dvvhw uhwxuqv/ dv orqj dv h{shfwdwlrqv ri ixwxuh uhwxuqv wr

kxpdq fdslwdo duh qrw wrr yduldeoh1

Zh ?qg wkdw wkh ghyldwlrq lq wkh vkduhg wuhqg dprqj frqvxpswlrq/ oderu lqfrph dqg

zhdowk iruhfdvwv h{fhvv vwrfn uhwxuqv ryhu d ulvn0iuhh udwh mxvw dv zhoo dv lw iruhfdvwv uhdo

vwrfn uhwxuqv1 Wklv ihdwxuh ri wkh gdwd vxjjhvwv wkdw h{shfwhg h{fhvv uhwxuqv/ ru ulvn suhpld/

ydu| ryhu wlph/ d frqfoxvlrq wkdw kdv ehhq gudzq suhylrxvo| iurp hylghqfh wkdw orqj0krul}rq

uhwxuqv duh suhglfwdeoh e| yduldeohv vxfk dv wkh glylghqg0sulfh udwlr1 \hw wkh glylghqg0sulfh

udwlr surylghv rqo| lqgluhfw hylghqfh wkdw ulvn suhpld ydu| dw f|folfdo iuhtxhqflhv/ vlqfh lwv

iruhfdvwlqj srzhu lv frqfhqwudwhg dw orqjhu krul}rqv1 E| frqwudvw/ zh ?qg wkdw wudqvlwru|

dvvhw zhdowk/ dv phdvxuhg e| wkh ghyldwlrq lq zhdowk iurp lwv vkduhg wuhqg zlwk frqvxpswlrq

dqg oderu lqfrph/ kdv vwurqj suhglfwlyh srzhu iru h{fhvv vwrfn uhwxuqv dw exvlqhvv f|foh

iuhtxhqflhv/ surylglqj gluhfw hylghqfh wkdw ulvn suhpld ydu| frxqwhuf|folfdoo|1

Dq lpsruwdqw srolf| lpsolfdwlrq ri rxu uhvxowv lv wkdw odujh vzlqjv lq ?qdqfldo dvvhwv qhhg

qrw eh dvvrfldwhg zlwk odujh vxevhtxhqw pryhphqwv lq frqvxpswlrq1 Uhfhqwo|/ wklv lvvxh kdv

ehfrph rqh ri suhvvlqj lpsruwdqfh dv ihduv ulvh wkdw vxevwdqwldo pdunhw vzlqjv zloo fdxvh

frqvxphu vshqglqj wr  xfwxdwh vkduso|1 Wkh prgho frqvlghuhg lq wklv sdshu vxjjhvwv wkdw

wkh uhdo hfrqrp| pd|eh ohvv yxoqhudeoh wr wudqvlwru| pryhphqwv lq dvvhw ydoxhv wkdq pdq|

dqdo|vwv suhvxph= zlwk frqvxpswlrq zhoo ehorz lwv wudglwlrqdo udwlr wr dvvhw zhdowk dqg oderu

lqfrph/ wkh prgho lpsolhv wkdw krxvhkrogv kdyh douhdg| idfwruhg wkh h{shfwdwlrq ri orzhu

uhwxuqv lq wr wrgd|*v frqvxpswlrq dqg zloo wkhuhiruh qrw qhhg wr pdnh odujh dgmxvwphqwv

wrpruurz1

Dq reylrxv qh{w vwhs iru uhvhdufk lv wr olqn wkhvh ?qglqjv rq wkh wlph vhulhv ehkdylru ri

h{fhvv uhwxuqv wr wkh odujh olwhudwxuh rq furvv0vhfwlrqdo dvvhw sulflqj1 Lq dq lqwhuwhpsrudo

vhwwlqj/ furvv0vhfwlrqdo dvvhw sulflqj prghov lpso| wkdw wkh ulvn ri dq dvvhw fdq eh phdvxuhg

e| wkh lqqrydwlrq fryduldqfh ri wkh dvvhw*v uhwxuq zlwk wkh fxuuhqw pdunhw uhwxuq/ dqg e|

lwv fryduldqfh zlwk uhylvlrqv lq h{shfwhg ixwxuh uhwxuqv/ zkhuh wkh odwwhu lv riwhq fdoohg wkh

3khgjlqj4 frpsrqhqw ri dvvhw ghpdqg1 Wr gdwh/ krzhyhu/ uhvhdufkhuv kdyh qrw irxqg dq

lpsruwdqw lqwhuwhpsrudo khgjlqj frpsrqhqw lq wkh ghpdqg iru dvvhwv +iru h{dpsoh/ Fdps0

ehoo 4<<9> Krgulfn/ Qj/ dqg Vhqjpxhoohu 4<<;,1 Wklv frxog eh ehfdxvh wkh lqwhuwhpsrudo

frpsrqhqw ri dvvhw ghpdqg lv qrw lpsruwdqw/ ru ehfdxvh uhvhdufkhuv kdyh qrw |hw irxqg dq
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dghtxdwh sur{| iru h{shfwhg ixwxuh uhwxuqv wr wkh pdunhw sruwirolr1

Pruhryhu/ d qxpehu ri sdshuv kdyh hpskdvl}hg wkh lpsruwdqfh dffrxqwlqj iru wkh uhwxuq

wr kxpdq fdslwdo lq wkh pdunhw uhwxuq +Uroo 4<::> Fdpsehoo 4<<9,1 Vlqfh kxpdq fdslwdo lv

qrw revhuydeoh/ dvvxpswlrqv kdyh wr eh pdgh lq rewdlqlqj d wudfwdeoh sur{|1 Iru h{dpsoh/

Fdpsehoo +4<<9, dvvxphv wkdw wkh uhwxuq wr kxpdq fdslwdo pd| eh h{suhvvhg dv wkh h{shfwhg

ixwxuh ydoxh ri oderu lqfrph jurzwk glvfrxqwhg e| wkh uhwxuq rq ?qdqfldo zhdowk1 Zkloh wkhvh

dqg rwkhu dvvxpswlrqv vhhp sodxvleoh/ wkhuh lv qr zd| ri whvwlqj wkhlu ydolglw|1

Wkh hfrqrplf yduldeoh h{soruhg lq wklv sdshu surylghv d iuhvk rssruwxqlw| wr lqyhvwljdwh

wkh ghwhuplqdqwv ri dvvhw ulvn1 Wkh suhglfwlyh srzhu ri ghyldwlrqv iurp wuhqg zhdowk pd|

eh rewdlqhg xqghu wkh uhodwlyho| xquhvwulfwlyh dvvxpswlrq wkdw wkh qrqvwdwlrqdu| frpsrqhqw

ri kxpdq zhdowk lv zhoo fdswxuhg e| oderu lqfrph lwvhoi1 Wkh frqvxpswlrq iudphzrun lq0

yhvwljdwhg khuh lpsolhv wkdw lqyhvwruv* rzq ehkdylru/ dv fdswxuhg e| ghyldwlrqv lq krxvhkrog

zhdowk iurp lwv wuhqg uhodwlrqvkls zlwk frqvxpswlrq dqg oderu lqfrph/ vkrxog uhyhdo h{shf0

wdwlrqv ri ixwxuh uhwxuqv wr erwk kxpdq dqg qrqkxpdq fdslwdo/ surylglqj d xqltxh sur{| ri

h{shfwhg uhwxuqv wr wkh pdunhw sruwirolr1
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Dsshqgl{ D= Whvwv iru Frlqwhjudwlrq

Wklv dsshqgl{ ghvfulehv surfhgxuhv zh xvh wr whvw iru frlqwhjudwlrq dprqj frqvxpswlrq/

oderu lqfrph dqg krxvhkrog zhdowk1 Zh ixuqlvk wkh rxwsxw iurp wkhvh whvwv lq Wdeohv D140D17

dw wkh hqg ri wkh wh{w1

Wkh frqvxpswlrq gdwd duh iru qrqgxudeohv dqg vhuylfhv h{foxglqj vkrhv dqg forwklqj1 Wkh

qrqkxpdq zhdowk gdwd lv wkh krxvhkrog qhw zruwk vhulhv surylghg e| wkh Erdug ri Jryhuqruv

ri wkh Ihghudo Uhvhuyh1 Oderu lqfrph lv gh?qhg dv zdjhv dqg vdodulhv soxv wudqvihu sd|phqwv

soxv rwkhu oderu lqfrph plqxv shuvrqdo frqwulexwlrqv iru vrfldo lqvxudqfh plqxv wd{hv1 Wd{hv

duh gh?qhg dv +zdjhv dqg vdodulhv,2 +zdjhv dqg vdodulhv . sursulhwruv lqfrph zlwk LYD dqg

Ffdgm . uhqwdo lqfrph . shuvrqdo glylghqgv . shuvrqdo lqwhuhvw lqfrph,,-+shuvrqdo wd{ dqg

qrq wd{ sd|phqwv,/ zkhuh LYD lv lqyhqwru| hydoxdwlrq dqg Ffdgm lv fdslwdo frqvxpswlrq

dgmxvwphqwv1 Frqvxpswlrq lv lq 4<<5 fkdlq zhljkwhg grooduv> zhdowk dqg oderu lqfrph duh

gh dwhg e| wkh SFH fkdlq0w|sh sulfh gh dwru1

Zh uhsruw wkh uhvxowv ri wzr w|shv ri frlqwhjudwlrq whvwv= uhvlgxdo edvhg whvwv ghvljqhg

wr glvwlqjxlvk d v|vwhp zlwkrxw frlqwhjudwlrq iurp d v|vwhp zlwk dw ohdvw rqh frlqwhjudwlqj

uhodwlrqvkls/ dqg whvwv iru frlqwhjudwlqj udqn ghvljqhg wr hvwlpdwh wkh qxpehu ri frlqwhjudw0

lqj uhodwlrqvklsv1 Wkh iruphu uhtxluhv wkdw hdfk lqglylgxdo yduldeoh sdvv d xqlw urrw whvw dqg

duh frqglwlrqdo rq wklv suhwhvwlqj surfhgxuh1 Wdeoh D14 suhvhqwv Glfnh|0Ixoohu whvwv iru wkh

suhvhqfh ri d xqlw urrw lq S/ +/ dqg @/ ryhu vhyhudo dxwruhjuhvvlyh vwuxfwxuhv1 Wkh surfhgxuh

whvwv wkh qxoo k|srwkhvlv ri d xqlw urrw djdlqvw wkh dowhuqdwlyh k|srwkhvlv wkdw wkh vhulhv lv

vwdwlrqdu| durxqg d wuhqg1 Wkh whvw vwdwlvwlfv idoo zlwklq wkh <8 shufhqw frq?ghqfh uhjlrq

dqg duh wkhuhiruh frqvlvwhqw zlwk wkh k|srwkhvlv ri d xqlw urrw lq wkrvh vhulhv1

Wdeoh D15 uhsruwv whvw vwdwlvwlfv fruuhvsrqglqj wr wkh Skloolsv0Rxoldulv +4<<3, uhvlgxdo

edvhg frlqwhjudwlrq whvwv1 Wklv whvw lv ghvljqhg wr glvwlqjxlvk d v|vwhp zlwkrxw frlqwhjud0

wlrq iurp d v|vwhp zlwk dw ohdvw rqh frlqwhjudwlqj uhodwlrqvkls1 Wkh dssurdfk dssolhv wkh

dxjphqwhg Glfnh|0Ixoohu xqlw urrw whvw wr wkh uhvlgxdov ri iurp d uhjuhvvlrq ri frqvxpswlrq

rq oderu lqfrph dqg krxvhkrog zhdowk1 Wkh wdeoh vkrzv erwk wkh Glfnh|0Ixoohu w0vwdwlvwlf

dqg wkh uhohydqw 8 dqg 43 shufhqw fulwlfdo ydoxhv163 Lq wkh prgho zlwkrxw d ghwhuplqlvwlf

63Skloolsv dqg Rxoldulv +4<<3, wdexodwh fulwlfdo ydoxhv iru wkh dxjphqwhg Glfnh|0Ixoohu w whvw dssolhg wr



wuhqg/ wkh k|srwkhvlv ri qr frlqwhjudwlrq lv uhmhfwhg dw wkh 8 shufhqw ohyho e| wkh dxjphqwhg

Glfnh|0Ixoohu whvw zlwk 4/ 5 ru 6 odjv/ exw lv qrw uhmhfwhg e| wkh whvw zlwk 7 odjv1 Zh dssolhg

wkh gdwd ghshqghqw surfhgxuh vxjjhvwhg lq Fdpsehoo dqg Shuurq +4<<4, iru fkrrvlqj wkh

dssursuldwh odj ohqjwk lq dq dxjphqwhg Glfnh|0Ixoohu whvw1 Wklv surfhgxuh vxjjhvwhg wkdw

wkh dssursuldwh odj ohqjwk zdv rqh/ lpso|lqj wkdw whvw uhvxowv idyrulqj frlqwhjudwlrq vkrxog

eh dffhswhg1

Qh{w zh frqvlghu whvwlqj surfhgxuhv vxjjhvwhg e| Mrkdqvhq +4<;;/ 4<<4, wkdw doorz wkh

uhvhdufkhu wr hvwlpdwh wkh qxpehu ri frlqwhjudwlqj uhodwlrqvklsv1 Wklv surfhgxuh suhvxphv

d R0glphqvlrqdo yhfwru dxwruhjuhvvlyh prgho zlwk n odjv/ zkhuh R fruuhvsrqgv wr wkh qxpehu

ri vwrfkdvwlf yduldeohv dprqj zklfk wkh lqyhvwljdwru zlvkhv wr whvw iru frlqwhjudwlrq1 Iru

rxu dssolfdwlrq/ R ' ô1 Wkh Mrkdqvhq surfhgxuh surylghv wzr whvwv iru frlqwhjudwlrq= xqghu

wkh qxoo k|srwkhvlv/ Mf/ wkdw wkhuh duh h{dfwo| u frlqwhjudwlqj uhodwlrqv/ wkh cWudfh* vwdwlvwlf

vxssolhv d olnholkrrg udwlr whvw ri Mf djdlqvw wkh dowhuqdwlyh/ Mø/ wkdw wkhuh duh R frlqwh0

judwlqj uhodwlrqv/ zkhuh R lv wkh wrwdo qxpehu ri yduldeohv lq wkh prgho1 D vhfrqg dssurdfk

xvhv wkh cO0pd{* vwdwlvwlf wr whvw wkh qxoo k|srwkhvlv ri o frlqwhjudwlqj uhodwlrqv djdlqvw wkh

dowhuqdwlyh ri o n � frlqwhjudwlqj uhodwlrqv1 Wkh whvw surfhgxuh ghshqgv wkh qxpehu ri odjv

dvvxphg lq wkh yhfwru dxwruhjuhvvlyh vwuxfwxuh1 Wkh wdeoh suhvhqwv wkh whvw uhvxowv rewdlqhg

xqghu d qxpehu ri odj dvvxpswlrqv1 Wkh vdph h>hfwlyh vdpsoh +4<87=4 wr 4<<;=6, zdv xvhg

lq hvwlpdwlqj wkh prgho xqghu hdfk odj dvvxpswlrq1

Wkh fulwlfdo ydoxhv rewdlqhg xvlqj wkh Mrkdqvhq dssurdfk dovr ghshqg rq wkh wuhqg fkdu0

dfwhulvwlfv ri wkh gdwd1 Zh suhvhqw uhvxowv doorzlqj iru olqhdu wuhqgv lq gdwd/ exw dvvxplqj

wkdw wkh frlqwhjudwlqj uhodwlrq kdv rqo| d frqvwdqw +Wdeoh D16,1 Vhh Mrkdqvhq +4<;;/ 4<<4,

iru d pruh ghwdlohg glvfxvvlrq ri wkhvh wuhqg dvvxpswlrqv164 Wkh Wdeoh dovr uhsruwv wkh <3

uhvlgxdov ri d frlqwhjudwlqj htxdwlrq zlwk xs wr ?yh yduldeohv1
64 Lq fkrrvlqj wkh dssursuldwh wuhqg prgho iru rxu gdwd/ zh zhuh jxlghg e| erwk wkhruhwlfdo frqvlghudwlrqv

dqg vwdwlvwlfdo fulwhuld1 Wkhruhwlfdo frqvlghudwlrqv lpso| wkdw wkh orqj0uxq htxloleulxp uhodwlrqvkls ehwzhhq

frqvxpswlrq/ oderu lqfrph dqg zhdowk gr qrw kdyh ghwhuplqlvwlf wuhqgv/ dowkrxjk hdfk lqglylgxdo gdwd

vhulhv pd| kdyh ghwhuplqlvwlf wuhqgv1 Pruhryhu/ vwdwlvwlfdo fulwhuld vxjjhvwhg wkdw prgholqj d wuhqg lq wkh

frlqwhjudwlqj uhodwlrq zdv qrw dssursuldwh= wkh qrupdol}hg frlqwhjudwlqj htxdwlrq xqghu wklv dvvxpswlrq

glg qrw fruuhvsrqg wr dq| uhdvrqdeoh k|srwkhvlv derxw wkh orqj0uxq uhodwlrqvkls dprqj wkhvh yduldeohv1 Iru

h{dpsoh/ zlwk wuhqgv vshfl?hg lq wkh frlqwhjudwlqj uhodwlrqvkls/ wkh sdudphwhuv ri wkh frlqwhjudwlqj yhfwru
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shufhqw fulwlfdo ydoxhv iru wkhvh vwdwlvwlfv165

Wkh Mrkdqvhq O0pd{ whvw uhvxowv hvwdeolvk vwurqj hylghqfh ri d vlqjoh frlqwhjudwlqj uhod0

wlrq dprqj orj frqvxpswlrq/ orj oderu lqfrph/ dqg wkh orj ri krxvhkrog zhdowk1 Wdeoh D17

vkrzv wkdw/ iru hyhu| odj vshfl?fdwlrq zh frqvlghu/ zh pd| uhmhfw wkh qxoo ri qr frlqwhjudwlrq

djdlqvw wkh dowhuqdwlyh ri rqh frlqwhjudwlqj yhfwru1 Lq dgglwlrq/ zh fdqqrw uhmhfw wkh qxoo

k|srwkhvlv ri rqh frlqwhjudwlqj uhodwlrqvkls djdlqvw wkh dowhuqdwlyh ri wzr ru wkuhh1 Zkloh

wkh hylghqfh lq idyru ri frlqwhjudwlrq lv vrphzkdw zhdnhu dffruglqj wr wkh Wudfh vwdwlvwlf

+zh fdqqrw uhmhfw wkh qxoo ri qr frlqwhjudwlrq djdlqvw wkh dowhuqdwlyh ri 6 frlqwhjudwlqj uhod0

wlrqv,/ wklv hylghqfh lv frqwudglfwhg e| wkh xqlw urrw whvwv zklfk vxjjhvw wkdw hdfk yduldeoh

frqwdlqv d xqlw urrw1 Pruhryhu/ dffruglqj wr wkh Wudfh vwdwlvwlf/ zh pd| qrw uhmhfw wkh qxoo

ri rqh +ru wzr, frlqwhjudwlqj uhodwlrqv djdlqvw wkh dowhuqdwlyh ri wkuhh1

zhuh riwhq qhjdwlyh/ dw rggv zlwk dq| vhqvleoh prgho ri frqvxphu ehkdylru1
65Wkh fulwlfdo ydoxhv duh edvhg rq fdofxodwlrqv pdgh e| Mrkdqvhq dqg Qlhovhq +4<<6,1
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^5:` Kduyh|/ Gdylg/ Vwhskhq Oh|erxuqh/ dqg Sdxo Qhzerog1 4<<;1 3Whvwv iru Iruhfdvw Hq0

frpsdvvlqj14 Mrxuqdo ri Exvlqhvv dqg Hfrqrplf Vwdwlvwlfv 49/ qr15= 58708<1

^5;` Krgulfn/ U1 4<<51 3Glylghqg \lhogv dqg H{shfwhg Vwrfn Uhwxuqv= Dowhuqdwlyh Surfh0

gxuhv iru Lqihuhqfh dqg Phdvxuhphqw14 Uhylhz ri Ilqdqfldo Vwxglhv1 8= 68:06;91

^5<` Krgulfn/ U1/ G1 Qj/ dqg S1 Vhqjpxhoohu1 4<<;1 3Dq Lqwhuqdwlrqdo G|qdplf Dvvhw Sulflqj

Prgho14 Xqsxeolvkhg sdshu/ Froxpeld Xqlyhuvlw|1

^63` Mrkdqvhq/ Vruhq1 4<;;1 3Vwdwlvwlfdo Dqdo|vlv ri Frlqwhjudwlqj Yhfwruv14 Mrxuqdo ri Hfr0

qrplf G|qdplfv dqg Frqwuro1 45 qr1 526= 5640871

^64` Mrkdqvhq/ Vruhq1 4<<41 3Hvwlpdwlrq dqg K|srwkhvlv Whvwlqj ri Frlqwhjudwlrq Yhfwruv lq

Jdxvvldq Yhfwru Dxwruhjuhvvlyh Prghov14 Hfrqrphwulfd 89 qr1 9= 48840;31

^65` Mrkdqvhq/ Vruhq dqg E1 Qlhovhq 4<<61 3Dv|pswrwlfv iru Frlqwhjudwlqj Udqn Whvwv lq

wkh Suhvhqfh ri Lqwhuyhqwlrq Gxpplhv8Pdqxdo iru wkh Vlpxodwlrq Surjudp GLVFR14

Pdqxvfulsw/ Lqvwlwxwh iru Pdwkhpdwlfdo Vwdwlvwlfv/ Xqlyhuvlw| ri Frshqkdjhq1

^66` Ndqgho/ V1/ dqg U1 Vwdpedxjk1 4<;<1 3Prghoolqj H{shfwhg Vwrfn Uhwxuqv iru Orqj dqg

Vkruw Krul}rqv14 Urgqh| O1 Zklwh Fhqwhu/ Zkduwrq Vfkrro/ Xqlyhuvlw| ri Shqqv|oydqld/

Zrunlqj Sdshu 750;;1

75



^67` Odprqw/ Rzhq1 4<<;1 3Hduqlqjv dqg H{shfwhg Uhwxuqv14 Mrxuqdo ri Ilqdqfh1 Yro1 OLLL

qr18= 4896048;:

^68` Oxgyljvrq/ V|gqh| dqg Fkduohv Vwhlqgho1 Iruwkfrplqj1 3Krz Lpsruwdqw lv wkh Vwrfn

Pdunhw H>hfw rq FrqvxpswlrqB4 IUEQ\ Hfrqrplf Srolf| Uhylhz1

^69` PfFudfnhq/ Plfkdho1 4<<<1 3Dv|pswrwlfv iru Rxw0ri0Vdpsoh Whvwv ri Fdxvdolw|14

Pdqxvfulsw/ Orxlvldqd Vwdwh Xqlyhuvlw|1

^6:` Phuwrq/ U1 4<:61 3Dq Lqwhuwhpsrudo Fdslwdo Dvvhw Sulflqj Prgho14 Hfrqrphwulfd1 74=

;9:0;;:1

^6;` Skloolsv/ S1/ dqg V1 Rxoldulv1 4<<31 3Dv|pswrwlf Surshuwlhv ri Uhvlgxdo Edvhg Whvwv iru

Frlqwhjudwlrq14 Hfrqrphwulfd 8; qr1 4= 4980<61

^6<` Uroo/ U1 4<::1 3D Fulwltxh ri wkh Dvvhw Sulflqj Wkhru|*v Whvwv= Sduw L14 Mrxuqdo ri

Ilqdqfldo Hfrqrplfv1 7= 45<04:91

^73` Vkloohu/ Urehuw1 4<;71 3Vwrfn Sulfhv dqg Vrfldo G|qdplfv14 Eurrnlqj Sdshuv rq Hfr0

qrplf Dfwlylw|1 5= 78:07<;1

^74` Vkloohu/ Urehuw 4<;<1 Pdunhw Yrodwlolw| Fdpeulgjh/ PD= PLW Suhvv1

^75` Vwrfn/ Mdphv K1 4<;:1 3Dv|pswrwlf Surshuwlhv ri Ohdvw Vtxduhv Hvwlpdwruv ri Frlqwh0

judwlqj Yhfwruv14 Hfrqrphwulfd1 88= 44604771

^76` Vwrfn/ Mdphv K1/ dqgPdun Zdwvrq1 4<<61 3D Vlpsoh Hvwlpdwru ri Frlqwhjudwlqj Yhfwruv

lq Kljkhu Rughu Lqwhjudwhg V|vwhpv14 Hfrqrphwulfd 94= :;60;531

76



Wdeoh 4

Hvwlpdwhv Iurp d Frlqwhjudwhg YDU

Vxp ri uhjuhvvlrq frh!flhqwv ri froxpq yduldeoh rq urz yduldeoh

{S| {@| {+|

{S|3ðcð'�céé2 315<9 3153; 318:8
+|0vwdw, +51565, +318;4, +51463,

{@|3ðcð'�céé2 3134< 314:: 313;4
+|0vwdw, +31:39, +41934, +419;8,

{+|3ðcð'�céé2 313:7 3156< 031393
+|0vwdw, +31;54, +4158;, +031658,gS@+|3� 031348 31778 31433
+|0vwdw, +0315:8, +51;;8, +41:87,

7-2 3145 3147 3138

Qrwhv= Vdpsoh shulrg lv 4<85=7 wr 4<<;=61 Hqwulhv lq wkh wrs sdqho uhsruw wkh vxp ri wkh frh!flhqwv

rq wkh odjv ri yduldeohv> ehqhdwk hdfk frh!flhqw vxp lv wkh Qhzh|0Zhvw fruuhfwhg |0vwdwlvwlf iru wkh

vxp1 Vljql?fdqw frh!flhqwv dw wkh 8( ohyho duh kljkoljkwhg lq erog idfh1 gS@+| lv S| ý eq@@| ý eq++|/
wkh hvwlpdwhg wuhqg ghyldwlrqé



Wdeoh 5

Vxppdu| Vwdwlvwlfv

o| ý osc| _| ý R| _| ý e| --.u| gS@+|
Fruuhodwlrq Pdwul{

o| ý os 4133 03148 313; 03163 315;

_| ý R| 4133 3134 03134 3176

_| ý e| 4133 03179 3148

--.u| 4133 03156gS@+| 4133

Xqlyduldwh Vxppdu| Vwdwlvwlfv

Phdq 31349 06168; 319;3 31333 318<6

Vwdqgdug Huuru 313:: 315:: 314<< 31344 31344

Dxwrfruuhodwlrq 3145 31<6 31:3 31:4 31:<

Qrwhv= o| ý osc| lv txduwhuo| orj h{fhvv uhwxuqv rq wkh V)S Frpsrvlwh lqgh{> _| ý R| lv wkh orj

glylghqg |lhog> _| ý e| lv wkh orj glylghqg sd|rxw udwlr> --.u| lv wkh uhodwlyh eloo udwh> gS@+|
lv S| ý eq@@| ý eq++|/ wkh hvwlpdwhg wuhqg ghyldwlrq1 Wkh vwdwlvwlfv duh frpsxwhg iru wkh odujhvw

frpprq vsdq ri dydlodeoh gdwd iru doo wkh yduldeohv1 Vdpsoh shulrg lv 4<85=7 wr 4<<;=61



Wdeoh 6

Iruhfdvwlqj Txduwhuo| Vwrfn Uhwxuqv

Ghshqghqw Yduldeoh Lqgh{ Frqvwdqw o| gS@+| gS@+|3� -
2

+|0vwdw, +|0vwdw, +|0vwdw, +|0vwdw,

o|n� V)S 833 3134: 31469 3134

+61464, +51554,

3135< 51553 313<

+719:5, +61357,

31359 31395 5143< 313<

+71978, +31<;4, +51;39,

31357 313:8 41995 3139

+814;;, +41645, +519::,

FUVS0YZ 3135; 03133: 51846 3143

+71;;<, +03148:, +71:87,

vpdoo vwrfnv 31373 0313<< 61845 313<

+817;7, +041689, +719<3,

Ghshqghqw Yduldeoh Lqgh{ Frqvwdqw o| ý osc| gS@+| gS@+|3� -
2

+|0vwdw, +|0vwdw, +|0vwdw, +|0vwdw,

o|n� ý osc|n� V)S 833 31347 3144< 3133

+51<85, +41<:9,

31357 51498 313<

+7165;, +61559,

31356 31376 513;< 313<

+71678, +31:3:, +51<;;,

31354 3138< 41954 3138

+71<78, +41397, +51<35,

FUVS0YZ 31355 03136; 5185; 3143

+71945, +0317;6, +718;6,

vpdoo vwrfnv 31369 03143: 61788 313<

+7198<, +041694, +71:3:,



Qrwhv iru Wdeoh 6= Vdpsoh shulrg lv 4<85=7 0 4<<;=61 Uhjuhvvlrqv ri vwrfn uhwxuqv rq odjjhg yduldeohv1

o| lv wkh txduwhuo| orj uhdo uhwxuq rq wkh lqgh{ qdphg lq wkh urz khdglqj> o|n�ýosc|n�/ lv txduwhuo|
orj h{fhvv uhwxuq rq wkh lqgh{ qdphg lq wkh urz khdglqj>gS@+| ì S| ý eq@@| ý eq++|/ wkh hvwlpdwhg
wuhqg ghyldwlrq lq frqvxpswlrq1 Wkh lqgh{ ri vpdoo vwrfnv lv wdnhq iurp Leerwvrq dqg Dvvrfldwhv1

Qhzh|0Zhvw fruuhfwhg w0vwdwlvwlfv dsshdu lq sduhqwkhvhv ehorz wkh frh!flhqw hvwlpdwh1 Vljql?fdqw

frh!flhqwv dw wkh 8( ohyho duh kljkoljkwhg lq erog idfh1



Wdeoh 7

Iruhfdvwlqj Txduwhuo| H{fhvv Uhwxuqv rq wkh V)S 833 Lqgh{

Vdpsoh Frqvwdqw _| ý R| _| ý e| gS@+| o| ý osc| --.u| A-�| (.8| -
2

+|0vwdw, +|0vwdw, +|0vwdw, +|0vwdw, +|0vwdw, +|0vwdw, +|0vwdw, +|0vwdw,

4<85=704<<;=6 31433 31358 3133

+4148:, +31<98,

031345 031344 515:7 313<

+031468, +031737, +71464,

3138; 31358 31393 3135

+31989, +31;38, +41864,

031369 03133< 31376 51478 313<

+0316<;, +03159:, +415;<, +714;5,

4<86=504<<;=6 3136; 31337 31344 41<39 031337 0416:: 0313;5 031;;6 3143

+315:;, +313<8, +315:3, +614<:, +031398, +051776, +031458, +031876,

4<85=704<<7=7 3158: 31433 31459 3144

+51:9;, +6158:, +61388,

31354 51975 3144

+6198:, +717;;,

314:8 313:3 31438 513;5 314:

+516:<, +51<43, +6136<, +61<85,

Qrwhv= ROV uhjuhvvlrqv ri h{fhvv vwrfn uhwxuqv rq odjjhg yduldeohv qdphg dw wkh khdg ri d froxpq1

Wkh ghshqghqw yduldeoh/ o|n�ý osc|n�/ lv txduwhuo| orj h{fhvv uhwxuqv rq wkh V)S Frpsrvlwh lqgh{>

_|ýR| lv wkh orj glylghqg |lhog> _|ý e| lv wkh orj glylghqg sd|rxw udwlr> --.u| lv wkh uhodwlyh eloo

udwh> A-�| lv wkh whup vsuhdg/ wkh gl>huhqfh ehwzhhq wkh 43 |hdu Wuhdvxu| erqg |lhog dqg wkh 6

prqwk Wuhdvxu| erqg |lhog> (.8| lv wkh EDD Frusrudwh Erqg udwh plqxv wkh DDD Frusrudwh

Erqg udwh> gS@+| lv S| ý eq@@| ý eq++|/ wkh hvwlpdwhg wuhqg ghyldwlrq1 Qhzh|0Zhvw fruuhfwhg w0

vwdwlvwlfv dsshdu lq sduhqwkhvhv ehorz wkh frh!flhqw hvwlpdwh1 Vljql?fdqw frh!flhqwv dw wkh 8(

ohyho duh kljkoljkwhg lq erog idfh1 Wkh uhjuhvvlrq xvlqj wkh whup dqg ghidxow vsuhdgv lv uxq ryhu

wkh odujhvw frpprq vdpsoh dydlodeoh iru doo wkh yduldeohv lq wkh htxdwlrq1



Wdeoh 8

Orqj0Krul}rq Uhjuhvvlrqv 4<85=704<<;=6

Uhjuhvvruv Iruhfdvw Krul}rq M

4 5 6 7 ; 45 49 57

_| ý R| 3135 3138 313< 3146 315; 3169 3176 31<<
+31<:, +4134, +4134, +4145, +4158, +4179, +41:3, +61:9,

^3133` ^3134` ^3135` ^3136` ^313;` ^313<` ^3144` ^3163`

_| ý R| 3135 3139 313< 3146 315< 3174 3186 414;
+31;5, +31<5, +31<6, +4137, +4155, +4186, +5159, +8188,

_| ý e| 3139 313: 313< 313< 3148 3157 3173 31:4
+4199, +4138, +31;<, +319:, +31:6, +31<<, +513:, +51<8,

^3135` ^3135` ^3136` ^3137` ^313<` ^3145` ^314:` ^3174`gS@+| 5155 61<9 81:7 :14: <14: <196 <163 481;7
+6155, +6146, +6154, +6176, +6159, +51<;, +519;, +617<,

^313<` ^3145` ^314:` ^314<` ^3149` ^3147` ^3144` ^314;`

--.u| 0414: 05168 06156 061;5 0315: 41<< 3145 4169
+0517;, +06138, +051<4, +0518:, +03149, +31;4, +3138, +317;,

_| ý R| 03133 3135 3136 313: 314: 3157 3164 31;8
+0313;, +3167, +3176, +319:, +31;7, +4137, +417<, +71<8,

_| ý e| 3135 03135 03136 03138 314: 3157 3164 3198
+317:, +0315<, +03166, +0317<, +3177, +4149, +5139, +51;9,gS@+| 41;< 6146 7176 816: :157 :19< 8196 81<3
+6178, +6134, +6136, +6158, +6134, +5153, +41;4, +41<4,

^3144` ^3148` ^3154` ^3156` ^314;` ^314<` ^314;` ^3175`

Qrwhv= Vhh qh{w sdjh1



Qrwhv iru Wdeoh 8= Orqj0krul}rq uhjuhvvlrqv ri h{fhvv uhwxuqv rq odjjhg yduldeohv xvlqj gdwd iurp

4<85=704<<;=6/ ROV hvwlpdwlrq1 Wkh ghshqghqw yduldeoh lv wkh vxp ri K orj h{fhvv uhwxuq ri wkh

V)S frpsrvlwh lqgh{/ u|n� ý usc|n� . ===. u|nM ý usc|nM 1 Wkh K0shulrg h{fhvv uhwxuq lv uhjuhvvhg

rq rqh0shulrg odjjhg ydoxhv ri wkh orj glylghqg |lhog g|ýs|/ wkh glylghqg hduqlqjv udwlr g|ýh|/ wkh
ghyldwlrqv iurp wuhqg gfd|| @ f| ý eñ@d| ý eñ+||/ dqg frpelqdwlrqv wkhuhri1 Iru hdfk uhjuhvvlrq/ wkh

wdeoh uhsruwv ROV hvwlpdwhv ri wkh uhjuhvvruv/ Qhzh|0Zhvw fruuhfwhg w0vwdwlvwlfv lq sduhqwkhvhv dqg

dgmxvwhg U2 vwdwlvwlfv lq vtxduh eudfnhwv1 Vljql?fdqw frh!flhqwv dw wkh 8( ohyho duh kljkoljkwhg lq

erog1



Wdeoh 9

Yhfwru Dxwruhjuhvvlrq ri H{fhvv Uhwxuqv dqg Lpsolhg Orqj0Krul}rq -2

Ghshqghqw Yduldeoh Frqvwdqw o| ý osc| --.u| _| ý R| _| ý e| -
2

+|0vwdw, +|0vwdw, +|0vwdw, +|0vwdw, +|0vwdw,

o|n� ý osc|n� 31333 313:; 04163< 31366 31358 3139

+31368, +415;:, +051:33, +4163:, +319;5,

--.u|n� 031333 3133< 319;7 031337 031339 3185

+03138;, +4145:, +431395, +041534, +041;6<,

_|n� ý R|n� 03133: 031435 4167: 31<:5 03136; 31<7

+0417<4, +041868, +51:;7, +7318<:, +0413;3,

_|n� ý e|n� 031334 031475 0517<< 31345 31977 3183

+03144<, +04139:, +0514<4, +31689, +;15:6,

K 5 6 7 ; 45 49 57

Lpsolhg -2 3146 3148 314: 3156 315; 3165 316<

Ghshqghqw Yduldeoh Frqvwdqw o| ý osc| --.u| _| ý R| _| ý e| gS@+| -
2

+|0vwdw, +|0vwdw, +|0vwdw, +|0vwdw, +|0vwdw, +|0vwdw,

o|n� ý osc|n� 031333 03133; 0414;4 031336 31349 41<3; 3144

+03135;, +031459, +051933, +031434, +31784, +61649,

--.u|n� 031333 31345 319:< 031335 031338 0313:5 3185

+03136:, +41848, +<1768, +031953, +041:<3, +031<85,

_|n� ý R|n� 03133: 03137: 41597 31<<8 031365 041568 31<7

+04178;, +0319<;, +519;:, +6<1:56, +031<46, +05168;,

_|n� ý e|n� 031334 031495 05179< 31337 31975 31774 3183

+03145:, +04138:, +0514;7, +313<4, +;14:;, +31744,gS@+|n� 031333 03137< 031395 31337 31334 31;95 31:;

+031636, +0;1568, +0417<<, +51;8;, +31664, +541;87,

K 5 6 7 ; 45 49 57

Lpsolhg -2 3155 3163 3163 3168 316; 3173 3177



Qrwhv iru Wdeoh 9= Vdpsoh shulrg lv 4<85=7 0 4<<;=6/ ROV hvwlpdwlrq1 Frh!flhqwv iurp yhfwru

dxwruhjuhvvlrqv +YDUv, ri uhwxuqv/ uhodwlyh eloo udwh/ glylghqg |lhog/ glylghqg sd|rxw udwlr dqg wkh

wuhqg ghyldwlrq whup1 o|n� ý osc|n�/ lv txduwhuo| orj h{fhvv uhwxuqv rq wkh V)S Frpsrvlwh lqgh{>

--.u| lv wkh uhodwlyh eloo udwh> _|ý R| lv wkh orj glylghqg |lhog> _|ý e| lv wkh orj glylghqg sd|rxw

udwlr>gS@+| lv S| ý eq@@| ý eq++|/ wkh hvwlpdwhg wuhqg ghyldwlrq1 Qhzh|0Zhvw fruuhfwhg w0vwdwlvwlfv

dsshdu lq sduhqwkhvhv ehorz wkh frh!flhqw hvwlpdwh1 Vljql?fdqw frh!flhqwv dw wkh 8( ohyho duh

kljkoljkwhg lq erog1 K ghqrwhv wkh uhwxuq krul}rq lq txduwhuv1 Wkh urz odehohg 3Lpsolhg -24 jlyhv

wkh h{sodqdwru| srzhu ri wkh YDU iru wkh uhwxuq dw krul}rq K qdphg lq wkh urz deryh dqg lv

fdofxodwhg iurp wkh hvwlpdwhg sdudphwhuv ri wkh YDU dqg wkh hvwlpdwhg fryduldqfh pdwul{ ri YDU

uhvlgxdov1



Wdeoh :

Rxw0ri0vdpsoh Suhglfwlyh Srzhu ri gS@+| lq Rqh0Txduwhu0Dkhdg Iruhfdvwv ri H{fhvv Uhwxuqv

Frlqwhjudwlqj Yhfwru Uhhvwlpdwhg

Urz Odj ri wuhqg0ghyldwlrq �7.ü*�7.o FP Whvw Vwdwlvwlf RRV 8 0Whvw Vwdwlvwlf

4 gS@+| 31<88 <148-- 81:5--

5 gS@+|3� 31<;8 7135-- 41;8-

Il{hg Frlqwhjudwlqj Yhfwru

Urz Odj ri wuhqg0ghyldwlrq �7.ü*�7.o FP Whvw Vwdwlvwlf RRV 8 0Whvw Vwdwlvwlf

6 gS@+| 31<58 451<6-- <1;7--

7 gS@+|3� 31<88 918;-- 81:5--

Qrwhv iru Wdeoh := Rqh0vwhs dkhdg iruhfdvwv ri h{fhvv uhwxuqv rq wkh V)S Frpsrvlwh Lqgh{/ o|n�ý
osc|n�égS@+| lv S| ý eq@@| ý eq++|/ wkh hvwlpdwhg rqh0shulrg odjjhg wuhqg ghyldwlrq1 Lq urzv 4 dqg 6/

�7.ü lv wkh phdq0vtxduhg iruhfdvwlqj huuru iurp d prgho zklfk lqfoxghv wkh rqh0shulrg odjjhg

ghshqghqw yduldeoh o|ý osc|c dqg wkh rqh0shulrg odjjhg ydoxh rigS@+| dv h{sodqdwru| yduldeohv> urzv
5 dqg 7 uhsodfh wkh rqh0shulrg odjjhg ydoxh/gS@+|/ zlwk wkh wzr shulrg odjjhg ydoxh/gS@+|3� 1 �7.o
lv wkh phdq0vtxduhg huuru iurp wkh prgho xvlqj rqo| wkh odjjhg ghshqghqw yduldeoh1 Wkh froxpq

odehohg 3FP Whvw Vwdwlvwlf4 jlyhv wkh prgl?hg Kduyh|/ Oh|erxuqh/ dqg Qhzerog whvw vwdwlvwlf

+Fodun dqg PfFudfnhq 4<<<,1 Wkh froxpq odehohg 3RRV 8 0Whvw Vwdwlvwlf4 jlyhv wkh rxw0ri0vdpsoh

8 0whvw vwdwlvwlf +PfFudfnhq 4<<<,1 Wkh lqlwldo hvwlpdwlrq shulrg ehjlqv zlwk wkh irxuwk txduwhu ri

4<87 dqg hqgv zlwk wkh ?uvw txduwhu ri 4<9;1 Wkh prgho lv uhfxuvlyho| uhhvwlpdwhg xqwlo wkh wklug

txduwhu ri 4<<;1

-Vljql?fdqw dw wkh 8 shufhqw ru ehwwhu ohyho1

--Vljql?fdqw dw wkh 4 shufhqw ru ehwwhu ohyho1



Wdeoh D14

Glfnh|0Ixoohu Whvwv iru Xqlw Urrwv

Glfnh|0Ixoohu |0vwdwlvwlf Fulwlfdo Ydoxhv

Odj@4 Odj@5 Odj@6 Odj@7 8( Fulwlfdo Ohyho 43( Fulwlfdo Ohyho

Orj+Zhdowk, 0513;; 051:96 05193: 051<59 6177 6147

Orj+Oderu Lqfrph, 031:93 031<53 031<77 031<4< 6177 6147

Orj+Frqvxpswlrq, 031:67 041453 041579 0418:; 6177 6147

Qrwhv= Vdpsoh lv 4<86=4 wr 4<<;=61 Doo yduldeohv duh uhdo/ lq shu0fdslwd whupv1 Prgho lqfoxghv d

wlph wuhqg1

Wdeoh D15

Skloolsv0Rxoldulv Whvw iru Frlqwhjudwlrq

Glfnh|0Ixoohu |0vwdwlvwlf Fulwlfdo Ydoxhv

Odj@4 Odj@5 Odj@6 Odj@7 8( Fulwlfdo Ohyho 43( Fulwlfdo Ohyho

0715;5 07134: 061;33 061969 061;3 06185
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Figure 1
Excess Return and Trend Deviation 1952:4 to 1998:3

Notes: Excess return is the return on the S&P Composite Index less the return on the three month Treasury bill rate; 
Trend deviation is the estimated deviation from the shared trend in consumption, labor income and asset wealth 
(normalized to standard deviations of unity). Shaded areas denote recessions.


