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Devwudfw

Zh sursrvh dqg whvw d qryho hfrqrplf phfkdqlvp wkdw jhqhudwhv wlph ydu|lqj

h{shfwhg uhwxuqv1 Lq rxu prgho/ lqyhvwruv* lqfrph kdv wzr vrxufhv/ zdjhv dqg

glylghqgv/ wkdw jurz vwrfkdvwlfdoo| ryhu wlph1 Dv d frqvhtxhqfh/ wkh iudfwlrq

ri wrwdo lqfrph surgxfhg e| zdjhv fkdqjhv ryhu wlph ghshqglqj rq hfrqrplf

frqglwlrqv1 Zh vkrz wkdw dv wklv iudfwlrq  xfwxdwhv/ wkh ulvn suhplxp wkdw

lqyhvwruv uhtxluh wr krog vwrfnv ydulhv dv zhoo1

Whvwv ri wkh pdlq lpsolfdwlrqv ri wkh prgho duh vwurqjo| frq�uphg lq wkh

gdwd1 D uhjuhvvlrq ri vwrfn uhwxuqv rq odjjhg ydoxhv ri wkh oderu lqfrph wr

frqvxpswlrq udwlr surgxfhv vwdwlvwlfdoo| vljql�fdqw frh!flhqwv dqg dgmxvwhg

U2*v wkdw duh odujhu wkdq wkrvh jhqhudwhg zkhq xvlqj wkh glylghqg sulfh udwlr1

Zh dovr ghulyh dqg whvw wkh prgho*v lpsolfdwlrqv iru wkh furvv vhfwlrq1 Zh

�qg frqvlghudeoh lpsuryhphqwv rq wkh shuirupdqfh ri erwk wkh frqglwlrqdo

FDSP dqg FFDSP zkhq frpsduhg wr wkhlu xqfrqglwlrqdo frxqwhusduwv1



4 Lqwurgxfwlrq

Wkh vxevwdqwldo suhglfwdelolw| ri vwrfn uhwxuqv lv e| qrz zlgho| grfxphqwhg1 Wkh pdlq

�qglqj lv wkdw yduldeohv olnh wkh sulfh0glylghqg udwlr dqg whup suhpld fdq suhglfw yduld0

wlrq rq vwrfn uhwxuqv dw orqj krul}rqv14 Wklv hylghqfh kdv vxuylyhg d ghfdgh orqj h�ruw

wr wdfnoh pdq| ri wkh hfrqrphwulf lvvxhv wkdw duh uhohydqw iru hydoxdwlqj wkhvh h�hfwv

�dw uhdvrqdeoh li qrw ryhuzkhoplqj ohyhov ri vwdwlvwlfdo vljql�fdqfh/�+Fdpsehoo E2fff�/

sdjh <1, Ixuwkhupruh/ suhglfwdelolw| lv qrw xqltxh wr wkh vwdqgdug XV gdwd vhw/ exw lw

fdq eh irxqg lq pdq| rwkhu frxqwulhv dv zhoo +vhh Fdpsehoo E�bbb�/ Wdeoh 45/ sdqho E1,

H{wdqw hfrqrplf h{sodqdwlrqv iru wkh suhglfwdelolw| ri vwrfn uhwxuqv uho| hlwkhu rq

lqyhvwruv* ohduqlqj derxw vrph xqrevhuydeoh ixqgdphqwdo surfhvv +Wlpphupdq +4<<6/

4<<9, dqg Yhurqhvl +5333,, ru f|folfdo yduldwlrqv lq lqyhvwruv* ulvn dyhuvlrq +Fdpsehoo

dqg Frfkudqh +4<<<, dqg Eduehulv/ Kxdqj dqg Vdqwrv +5333,,1

Lq wklv sdshu/ zh sursrvh dqg whvw d gl�huhqw hfrqrplf phfkdqlvp wkdw jhqhudwhv

wlph ydu|lqj h{shfwhg uhwxuqv1 Lq rxu vhw xs lqyhvwruv* lqfrph kdv wzr vrxufhv/ zdjhv dqg

glylghqgv/ wkdw jurz vwrfkdvwlfdoo| ryhu wlph1 Dv d frqvhtxhqfh/ wkh iudfwlrq ri wrwdo lq0

frph surgxfhg e| zdjhv fkdqjhv ryhu wlph ghshqglqj rq hfrqrplf frqglwlrqv1 Lw lv wkhq

lqwxlwlyh wkdw dv wklv iudfwlrq  xfwxdwhv/ wkh ulvn suhplxp wkdw lqyhvwruv uhtxluh wr krog

vwrfnv ydulhv dv zhoo= Iru h{dpsoh/ zkhq lqyhvwruv* frqvxpswlrq lv pdlqo| �qdqfhg e|

zdjhv/ wkh uhodwlrqvkls ehwzhhq vwrfn uhwxuqv dqg frqvxpswlrq jurzwk zhdnhqv wkhuhe|

jhqhudwlqj d orzhu uhtxluhg ulvn suhplxp1

Zh irupdol}h wklv lqwxlwlrq e| ghvfulelqj d vlpsoh/ sxuh0h{fkdqjh Oxfdv +4<:;,

hfrqrp| zkhuh lqyhvwruv duh hqgrzhg zlwk d vwrfkdvwlf oderu lqfrph vwuhdp dorqj zlwk

wkhlu lqfrph iurp vwrfn pdunhw lqyhvwphqwv1 Xqghu plog dvvxpswlrqv rq wkh vwrfkdv0

wlf surfhvvhv iru glylghqgv dqg oderu lqfrph/ zh rewdlq forvhg irup vroxwlrqv iru wkh

htxloleulxp vwrfn pdunhw sulfh dqg vroyh iru vwrfn uhwxuqv1 Zh wkhq vkrz wkdw h{shfwhg

4D oxflg h{srvlwlrq ri wkh pdlq �qglqjv fdq eh irxqg lq Fdpsehoo/ Or/ dqg PdfNlqoh| +4<<:/

Fkdswhu :1, Vhh dovr Fdpsehoo +5333, dqg Frfkudqh +5333,1
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uhwxuqv ydu| ryhu wlph zlwk wkh udwlr ri oderu lqfrph wr frqvxpswlrq1 Zh dovr rewdlq

forvhg irup vroxwlrqv iru orqj0whup h{shfwhg uhwxuqv dqg suryh wkdw wkh| ghshqg rq

wkh fxuuhqw oderu0lqfrph wr frqvxpswlrq udwlr1 Lq dgglwlrq/ zh dovr ghprqvwudwh wkdw

h{shfwhg vwrfn uhwxuqv kdyh dq htxlydohqw uhsuhvhqwdwlrq dv d ixqfwlrq ri wkh glylghqg

|lhog1

Zh dovr ghyhors dqg whvw wkh furvv vhfwlrqdo lpsolfdwlrqv ri rxu prgho1 Lq sdu0

wlfxodu/ zh vkrz wkdw h{shfwhg uhwxuqv rq lqglylgxdo vhfxulwlhv kdyh d vwrfkdvwlf ehwd

uhsuhvhqwdwlrq/ zkhuh �ehwd� lv lwvhoi d ixqfwlrq ri wkh oderu0lqfrph wr frqvxpswlrq

udwlr1 Lqwxlwlyho|/ zkhq wkh oderu lqfrph wr frqvxpswlrq udwlr lqfuhdvhv/ wkh h{shfwhg

uhwxuqv iru wkh zkroh pdunhw ghfuhdvhv/ dv phqwlrqhg hduolhu1 Krzhyhu/ lw pd| ghfuhdvh

gl�huhqwo| dfurvv vhfxulwlhv wkhuhe| d�hfwlqj wkhlu �ehwd� zlwk uhvshfw wr wkh pdunhw

uhwxuqv1

Zh whvw wkh pdlq suhglfwlrqv ri wkh prgho e| uxqqlqj suhglfwlyh uhjuhvvlrqv xvlqj

dv h{sodqdwru| yduldeohv erwk wkh udwlr ri oderu lqfrph ryhu wrwdo frqvxpswlrq dqg2ru

wkh glylghqg sulfh udwlr/ zklfk duh sorwwhg lq Iljxuh 41 Rxu �uvw pdlq �qglqj lv wkdw iru

wkh ryhudoo vdpsoh 4<7904<<< wkh udwlr ri oderu lqfrph wr wrwdo frqvxpswlrq shuirupv

pxfk ehwwhu wkdq wkh +orj, glylghqg sulfh udwlr wr iruhfdvw ixwxuh uhwxuqv1 Iru h{dpsoh/

wkh U2 ri wkh rqh |hdu suhglfwlyh uhjuhvvlrq lv 914( +djdlqvw 61<( iru wkh orj glylghqg0

sulfh udwlr, dqg lw uhdfkhv 6719( iru wkh irxu |hdu dkhdg uhjuhvvlrq +djdlqvw 531:( iru wkh

glylghqg sulfh udwlr1, Vlqfh wklv uhvxow pd| eh gulyhq e| wkh lqfoxvlrq ri wkh 4<<804<<<

shulrg lq wkh gdwd vdpsoh +zklfk zlwqhvvhg d orz glylghqg sulfh udwlr dqg kljk uhwxuqv,/

zh dovr uxq uhjuhvvlrqv ryhu wkh pruh frqyhqwlrqdo 4<8504<<7 gdwd shulrg zkhuh lw lv

nqrzq wkdw wkh glylghqg sulfh udwlr lv zrunlqj zhoo +vhh h1j1 Fdpsehoo hw do1 +4<<:,,1 Lq

wklv fdvh wkh glylghqg sulfh udwlr lv shuiruplqj ehwwhu wkdq wkh zdjhv0wr0frqvxpswlrq

udwlr/ exw wkh odwwhu lv vwloo d vljql�fdqw uhjuhvvru dw orqj krul}rqv zkhuh lw vwloo surgxfhv

d jrrg iruhfdvwlqj srzhu= Wkh U2 lv 6( iru wkh rqh |hdu dkhdg uhjuhvvlrq exw lw uhdfkhv

5519( iru wkh 7 |hdu dkhdg uhjuhvvlrq1

Pruh lqwhuhvwlqjo|/ wkh lqfoxvlrq ri erwk uhjuhvvruv � hlwkhu olqhduo| ru lq d pxowl0
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solfdwlyh idvklrq � gudpdwlfdoo| lpsuryhv xsrq wkh suhglfwlyh srzhu ri wkh uhjuhvvlrq dw

hyhu| krul}rq1 Iru h{dpsoh/ vwloo lq wkh 4<8504<<7 vdpsoh wkh +dgmxvwhg, U2 udqjhv eh0

wzhhq 5814( dw wkh rqh |hdu krul}rq wr deryh 93( dw wkh irxu |hdu krul}rq1 Wklv �qglqj

lv lqghhg ixoo| frqvlvwhqw zlwk rxu prgho/ wkdw lpsolhv wkdw erwk h{shfwhg uhwxuqv dqg

wkh glylghqg |lhog duh qrq olqhdu ixqfwlrqv ri wkh oderu lqfrph wr frqvxpswlrq udwlr1 Lw

iroorzv wkdw wkh glylghqg |lhog pd| sur{| iru wkh qrq olqhdu uhodwlrq ehwzhhq h{shfwhg

uhwxuqv dqg wklv udwlr dqg lw lv wkhq qrw vxusulvlqj wkdw lw lpsuryhv wkh suhglfwdelolw|1

Zh qh{w whvw wkh furvv0vhfwlrqdo lpsolfdwlrqv ri wkh prgho/ wkdw lv/ wkh vwrfkdvwlf

ehwd uhsuhvhqwdwlrq iru wkh h{shfwhg uhwxuqv ri lqglylgxdo vhfxulwlhv/ zkhuh wkh ehwd ri

hdfk vhfxulw| lv lwvhoi d ixqfwlrq ri wkh oderu lqfrph wr frqvxpswlrq udwlr1 Zh whvw

zkhwkhu frqglwlrqlqj wkh FDSP dqg wkh FFDSP e| wkh vkduh ri oderu lqfrph wr

frqvxpswlrq lpsuryhv wkh �w rq wkh furvv vhfwlrq uhodwlyh wr wkhlu xqfrqglwlrqdo frxq0

whusduwv1

Wkh sruwirolrv zh xvh wr whvw wklv k|srwkhvlv duh wkh 58 Idpd dqg Iuhqfk +4<<6,

sruwirolrv/ zklfk duh sruwirolrv vruwhg e| vl}h dqg errn wr pdunhw1 Wkhvh sruwirolr doorz

xv wr whvw zkhwkhu rxu frqglwlrqlqj yduldeoh fdq h{sodlq wkh mxvwo| fhoheudwhg ydoxh

suhplxp xqfryhuhg e| Idpd dqg Iuhqfk1 Lq rxu vdpsoh/ zkhuhdv wkh xqfrqglwlrqdo

FDSP rqo| h{sodlqv durxqg 4( ri wkh furvv vhfwlrq/ lwv frqglwlrqdo yhuvlrq fdq h{sodlq

dv pxfk dv 76( ri wkh furvv vhfwlrq1 Vlplodu uhvxowv duh rewdlqhg iru wkh frqglwlrqdo

Frqvxpswlrq FDSP zkhuh wkh U2 mxpsv iurp 8( lq wkh xqfrqglwlrqdo yhuvlrq wr dq

dgmxvwhg U2 dv kljk dv 631:(1 Wkh uhvxowv wkhq vkrz wkdw frqglwlrqlqj e| wkh iudfwlrq ri

oderu lqfrph wr frqvxpswlrq frqvlghudeoh lpsuryhv wkh �w ri wkh FDSP dqg FFDSP

dqg ohqgv ixuwkhu vxssruw wr wkh hfrqrplf prgho surylghg lq wklv sdshu1

Fohduo| zh duh qrw wkh �uvw wr qrwh wkh lpsruwdqfh ri lqfrusrudwlqj oderu lqfrph

lq hpslulfdo dvvhw sulflqj prghov dqg uhihuhqfhv rq kxpdq fdslwdo dqg dvvhw uhwxuqv jr

dv idu edfn dv Pd|huv +4<:5, dqg Idpd dqg Vfkzhuw +4<::,1 Pruh uhfhqwo|/ dxwkruv

olnh Mdjdqqdwkdq dqg Zdqj +4<<9, dqg Fdpsehoo +4<<9, kdyh lqfoxghg kxpdq fdslwdo

uhwxuqv wr lpsuryh rq wkh gh�qlwlrq ri wkh pdunhw sruwirolr1 Iru lqvwdqfh/ lq whvwv
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ri wkh furvv vhfwlrq/ Mdjdqqdwkdq dqg Zdqj +4<<9, �qg wkdw wkh lqfoxvlrq ri kxpdq

fdslwdo lq wkh gh�qlwlrq ri wkh pdunhw sruwirolr frqvlghudeo| lpsuryhv wkh shuirupdqfh

ri wkh FDSP lq h{sodlqlqj wkh furvv vhfwlrq ri vwrfn uhwxuqv ri sruwirolrv vruwhg e| vl}h

dqg ehwd1 Uhfhqwo| Ohwwdx dqg Oxgyljvrq +5333e, lqwurgxfhg wkh udwlr ri frqvxpswlrq

wr wrwdo zhdowk dv dq lpsruwdqw h{sodqdwru| yduldeoh iru wkh frqglwlrqdo FDSP dqg

FFDSP1 Lq wkhlu sdshu/ wrwdo zhdowk frqwdlqv erwk �qdqfldo dqg kxpdq fdslwdo zhdowk1

Rxu zrun dovr uhodwhv wr wkh olwhudwxuh rq orqj krul}rq uhwxuq suhglfwdelolw|1 Wklv

olwhudwxuh grfxphqwv wkh iruhfdvwlqj srzhu ri sulfhv vfdohg e| glylghqgv ru hduqlqjv

+Fdpsehoo dqg Vkloohu +4<;;d dqg e,/ Idpd dqg Iuhqfk +4<;;d dqg e,/ Krgulfn +4<<5,/

Odprqw +4<<;,,1 Ohwwdx dqg Oxgyljvrq +5333d, dgg wr wklv olwhudwxuh e| vkrzlqj wkh

suhglfwlyh srzhu ri wkh diruhphqwlrqhg frqvxpswlrq wr wrwdo zhdowk udwlr1 Rwkhuv kdyh

vkrzq wkdw ydulrxv lqwhuhvw udwh phdvxuhv duh dovr jrrg iruhfdvwlqj yduldeohv +Fdpsehoo

+4<;:,/ Idpd dqg Iuhqfk +4<;<,/ Krgulfn +4<<5,/ dqg Nhlp dqg Vwdpedxjk +4<;9,,1

Dowkrxjk rxu sdshu fhuwdlqo| surylghv |hw pruh hylghqfh rq wkh suhglfwdelolw| ri

vwrfn uhwxuqv/ lw gl�huv iurp wkh rqhv deryh lq lwv irfxv ehfdxvh zh sursrvh dqg whvw d

qryho hfrqrplf phfkdqlvp wkdw lv deoh wr jhqhudwh wlph ydu|lqj h{shfwhg uhwxuqv1 Wkh

lpsolfdwlrq ri rxu prgho lv wkdw wkh iudfwlrq ri oderu lqfrph wr frqvxpswlrq vkrxog

khos suhglfw vwrfn uhwxuqv wkurxjk lwv lpsdfw rq wkh fryduldqfh ehwzhhq frqvxpswlrq

jurzwk dqg uhwxuqv1 Wr ohqg ixuwkhu vxssruw wr wkh prgho/ zh dovr whvw gluhfwo| wklv

odwwhu lpsolfdwlrq= Zh xvh d elyduldwh JDUFK+4/4, prgho wr rewdlq d �wwhg wlph vhulhv

ri fryduldqfhv ehwzhhq uhwxuqv dqg uhdo frqvxpswlrq jurzwk dqg wkhq fkhfn zkhwkhu

wkh odwwhu fdq eh suhglfwhg xvlqj wkh iudfwlrq ri oderu lqfrph wr wrwdo frqvxpswlrq1

Uhjuhvvlrq uhvxowv vwurqjo| frq�up rxu edvlf hfrqrplf phfkdqlvp dqg jlyh dovr vxssruw

wr wkh lqwxlwlrq wkdw wkh odvw ghfdgh vkrxog kdyh zlwqhvvhg dq lqfuhdvh lq wkh fryduldqfh

ehwzhhq uhwxuqv dqg frqvxpswlrq jurzwk gxh wr wkh lqfuhdvh ri wrwdo lqfrph surgxfhg

e| vwrfn pdunhw uhodwhg surfhhgv1

Dv d �qdo whvw ri wkh hfrqrplf vwru| sursrvhg lq wklv sdshu/ zh dovr orrn dw

wkh suhglfwlyh srzhu ri wkh udwlr ri oderu lqfrph wr wrwdo lqfrph1 Lqghhg/ lq d Oxfdv
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+4<:;, sxuh0h{fkdqjh hfrqrp| zh pxvw kdyh wkdw frqvxpswlrq htxdov wrwdo lqfrph lq

htxloleulxp dqg khqfh wkh lpsolfdwlrqv zh rewdlq iru wkh zdjhv0wr0frqvxpswlrq udwlr

vkrxog krog iru wkh zdjhv0wr0wrwdo lqfrph udwlr dv zhoo1 Zh vkrz wkdw wkh txdolwdwlyh

ehkdylru ri wkhvh wzr vhulhv duh yhu| vlplodu= Iru doo vxevdpsohv/ wkh oderu lqfrph wr

wrwdo lqfrph udwlr kdv d jrrg suhglfwlyh srzhu iru ixwxuh uhwxuqv dqg lw lv rqo| voljkwo|

zhdnhu iru vkruw krul}rqv1

Zh vkrxog srlqw rxw wkdw rxu iudphzrun grhv qrw dwwhpsw wr uhvroyh rwkhu orqj

vwdqglqj lvvxhv lq wkh �hog ri hpslulfdo dvvhw sulflqj/ vxfk dv wkh ulvn0suhplxp sx}}oh

ru wkh ulvn0iuhh sx}}oh1 Udwkhu/ lw pdnhv d jhqhudo srlqw derxw krz dowhuqdwlyh vrxufhv

ri lqfrph pd| hqwhu wkh dqdo|vlv wr surylgh dgglwlrqdo lqvljkwv lqwr wkh ehkdylru ri

uhwxuqv1 Iru wklv uhdvrq zh ghsduw iurp wkh uhfhqw wuhqg ri lqyhvwljdwlqj dowhuqdwlyh

suhihuhqfh vshfl�fdwlrqv wr gzhoo rq wkh zhoo nqrzq lvr0hodvwlf fdvh/ dqg lqvwhdg frqfhq0

wudwh rq zulwlqj d  h{leoh prgho wkdw doorzv xv wr sulfh wudghg dvvhwv zkhq djjuhjdwh

frqvxpswlrq kdv pxowlsoh vrxufhv1 Lqvwhdg ri prgholqj wkh dowhuqdwlyh vrxufhv ri lq0

frph +frqvxpswlrq, vhsdudwho| dqg wkhq lpsrvlqj vrph dgg xs frqvwudlqw zh prgho

wkh iudfwlrq ri hdfk vrxufh ryhu wkh djjuhjdwh dqg lpsrvh wkdw wkhvh iudfwlrqv vxp xs wr

rqh1 Wklv dssduhqwo| plqru wulfn kdv ghhs frqvhtxhqfhv lq rxu delolw| wr prgho pxowlsoh

vrxufhv ri frqvxpswlrq lq d wudfwdeoh pdqqhu1 Rxu iudphzrun zloo gholyhu forvhg irup

vroxwlrqv wr wkh sulflqj ri erwk wkh wrwdo vwrfn pdunhw dqg wkh lqglylgxdo vhfxulwlhv1

Wkh uhvw ri wkh sdshu surfhhgv dv iroorzv1 Vhfwlrq 5 frqwdlqv wkh prgho dqg

glvfxvvlrq ri wkh dvvxpswlrqv1 Vhfwlrq 6 surylghv wkh uhvxowv wkdw prwlydwh rxu hpslulfdo

vwudwhj|1 Gdwd ghvfulswlrq dqg wkh hpslulfdo uhvxowv duh uhsruwhg lq vhfwlrq 71 Vhfwlrq 8

frqfoxghv1 Doo surriv/ wdeohv/ dqg �jxuhv duh lq wkh dsshqgl{1

5 Wkh Prgho

Zh frqvlghu d vwdqgdug sxuh h{fkdqjh hfrqrp| srsxodwhg e| lghqwlfdo lqyhvwruv zlwk

wlph0vhsdudeoh suhihuhqfhv ryhu frqvxpswlrq ri d krprjhqhrxv jrrg1 Zh zloo dvvxph
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wkurxjkrxw wkdw lqyhvwruv duh hqgrzhg zlwk d orjdulwkplf xwlolw| ixqfwlrq/ dowkrxjk wklv

lv qrw qhfhvvdu| iru wkh uhvxowv=5 Wkdw lv/

LE�c |� ' e3�| *L} E�� +4,

zkhuh �E|� ghqrwhv lqyhvwruv* frqvxpswlrq dw wlph |1 Ohw wkhuh eh rqh ulvn| dvvhw dqg

rqh ulvn0iuhh dvvhw1 Wkh ulvn| dvvhw sd|v d frqwlqxrxv glylghqg udwh (E|� dqg lwv vxsso|

lv qrupdol}hg wr 41 Wkh ulvnohvv dvvhw sd|v d frqwlqxrxv udwh ri uhwxuq oE|� dqg lw lv }hur

qhw vxsso|1 Zh dovr dvvxph wkdw lqyhvwruv duh hqgrzhg zlwk d vwrfkdvwlf oderu lqfrph

+udwh, �E|�1

Zh dvvxph wkdw wkh glylghqg udwh dqg wkh zdjh udwh iroorz wkh mrlqw surfhvvhv

_� ' >� E(c�� _|n j� E(c�� _�

_( ' >( E(c�� _|n j(E(c��_�

zkhuh j� E(c�� lv d �� 2 yhfwru iru � ' (c�c dqg _� ' E_��c _�2�
� lv d 2� � yhfwru ri

lqghshqghqw Eurzqldq prwlrqv gh�qhg rq d �owhuhg vsdfh EI cScl�1 Wkh vshfl�f irupv

ri >� E(c�� dqg j� E(c�� duh glvfxvvhg ehorz1

Ohw � E|� ghqrwh wkh sulfh ri wkh ulvn| dvvhw dw wlph | dqg �E|� eh wkh qxpehu ri

vkduhv erxjkw ri wkh ulvn| dvvhw dw wlph | dqg ohw` E|� eh wkh wrwdo zhdowk ri wkh lqyhvwru

dw wlph |1 Lqyhvwruv vroyh wkh iroorzlqj +vwdqgdug, pd{lpl}dwlrq sureohp

4@ 
�E|�c�E|�

.f

�]
"

f

LE�Er�c r�_r

�
vxemhfw wr wkh g|qdplf exgjhw frqvwudlqw

_` E|� ' �E|� E_� E|� n(E|�_|� n E` E|��� E|�� E|�� oE|�_|n �E|�_|� �E|�_|

5Lq wkh dsshqgl{ zh dovr vroyh wkh prgho iru wkh fdvh zkhuh lqyhvwruv kdyh wkh vwdqgdug lvr0hodvwlf

xwlolw| ixqfwlrq1 Vlqfh wkh pdlq txdolwdwlyh �qglqjv duh lppxqh wr wkh ghjuhh ri ulvn dyhuvlrq/ zh fkrvh

wr suhvhqw wkh wkhruhwlfdo uhvxowv rqo| rq wklv fdvh ehfdxvh ri lwv dojheudlf vlpsolflw|1

9



Gh�qlwlrq= D Udwlrqdo H{shfwdwlrqv Htxloleulxp lv jlyhq e| d sulfh ixqfwlrq

� E|�/ dq doorfdwlrq surfhvv � E|� dqg frqvxpswlrq �E|� vxfk wkdw lqyhvwruv pd{lpl}h

wkhlu xwlolw| dqg pdunhwv fohdu/ wkdw lv

�E|� ' � +5,

�E|� ' (E|� n �E|� +6,

Lq rughu wr eh frqvlvwhqw zlwk wkh hpslulfdo hylghqfh zh prgho frqvxpswlrq jurzwk

dv d vprrwk surfhvv zlwk frqvwdqw yrodwlolw|=

_�

�
' >S_|n jS_� +7,

zkhuh >S lv d vfdodu surfhvv +srvvleo| frqvwdqw, dqg jS lv d � � 2 yhfwru ri frqvwdqwv1

Fohduo| Ee� lpsrvhv uhvwulfwlrqv rq wkh surfhvv iru zdjhv dqg glylghqgv1 Lq rughu wr

phhw wkrvh uhvwulfwlrqv lq d wudfwdeoh/ |hw  h{leoh/ pdqqhu zh dvvxph d fhuwdlq vwrfkdvwlf

vwuxfwxuh iru wkh udwlr ri oderu lqfrph wr frqvxpswlrq=6

r� '
�

�

Lq sduwlfxodu zh dvvxph wkdw r�E|� iroorzv dq dxwruhjuhvvlyh surfhvv=

_r� ' @ Er� � r�� _|n r� E�� r�� �_� +8,

zkhuh r� lv wkh orqj uxq vkduh ri frqvxpswlrq surgxfhg e| oderu lqfrph dqg @ lv wkh

vshhg dw zklfk wkh vkduh ri frqvxpswlrq phdq0uhyhuwv wr r�1 Wkh irup ri wkh gl�xvlrq

whup/ r� E�� r�� c hqvxuhv wkdw iru hyhu| | zh kdyh f 	 r� 	 �1 � lv d �� 2 yhfwru dqg

lw fdq eh fkrvhq wr rewdlq dq| fryduldqfh ehwzhhq wkh jurzwk ri wkh oderu vkduh dqg

frqvxpswlrq jurzwk1 Lq idfw

�J�

�
_r�c

_�

�

�
' r� E�� r�� �j

�

S

6Wklv vhwxs lv htxlydohqw wr prgholqj d surfhvv iru wkh djjuhjdwh lqfrph/ L +w,/ dqg lpsrvlqj wkh

vdph vwrfkdvwlf vwuxfwxuh rq wkh vkduhv ri wkh gl�huhqw vrxufhv ri lqfrph1 Lq htxloleulxp/ ri frxuvh/

F +w, @ L +w, =

:



Fohduo|/ dq| wlph r� jhwv forvh wr wkh erxqgdu| ri }hur ru rqh/ lw pxvw eh wkh

fdvh wkdw lw kdv +doprvw, }hur fryduldqfh zlwk frqvxpswlrq= lq wkh iruphu fdvh lw lv

vxfk d vpdoo iudfwlrq ri wrwdo frqvxpswlrq wkdw fkdqjhv lq wklv vkduh gr qrw d�hfw wkh

frqvxpswlrq jurzwk lwvhoi +zklfk lv gulyhq e| glylghqgv rqo|,1 Lq wkh odwwhu fdvh/ lw

lv douhdg| wkh fdvh wkdw wkh zkroh frqvxpswlrq lv jhqhudwhg e| zdjhv= dq lq�qlwhvlpdo

lqfuhphqw lq wkh vkduh +jhwwlqj hyhq forvhu wr rqh, grhv qrw d�hfw shu vh wkh frqvxpswlrq

jurzwk1

Wkh vshfl�f dvvxpswlrqv derxw wkh surfhvv iru frqvxpswlrq dqg iru wkh iudfwlrq ri

frqvxpswlrq surgxfhg e| oderu lqfrph jhqhudwh sduwlfxodu surfhvvhv iru glylghqgv dqg

zdjhv wkurxjk d vwudljkw dssolfdwlrq ri Lwr*v ohppd1 Lq rughu wr surylgh vrph hfrqrplf

lqwhusuhwdwlrq ri wkhvh surfhvvhv/ lw lv xvhixo wr jr �uvw wkurxjk d ihz lghqwlwlhv wkdw

krogv lq dq| prgho zkhuh � ' � n(�

Iluvw/ zh dozd|v kdyh

_�

�
'
��
�

� _�
�

n

�
(

�

�
_(

(
+9,

Wkdw lv/ wkh jurzwk udwh ri frqvxpswlrq lv dozd|v d zhljkwhg dyhudjh ri wkh jurzwk udwh

ri zdjhv dqg glylghqgv/ zhljkwhg e| wkhlu uhodwlyh frqwulexwlrq wr wkh wrwdo frqvxpswlrq1

Vhfrqg/ vlqfh zh dozd|v kdyh

� ' � �
��
�

�
zh pxvw dovr kdyh

_�

�
'
_�

�
n

�
�

�

�
�

�
_
��
�

�
n �J�

�
_�

�
c _
��
�

���
+:,

Vlqfh �*� : f/ htxdwlrq +:, vkrzv wkdw lq rughu wr kdyh d jurzwk udwh ri zdjhv juhdwhu

wkdq wkh frqvxpswlrq jurzwk zh pxvw hlwkhu kdyh dq h{shfwhg lqfuhdvh lq wkh iudfwlrq ri

frqvxpswlrq surgxfhg e| zdjhv ru d srvlwlyh fryduldqfh ehwzhhq frqvxpswlrq jurzwk

dqg wkh iudfwlrq ri frqvxpswlrq surgxfhg e| zdjhv1 Wklv lv mxvw dq dffrxqwlqj lghqwlw|1

D vlplodu lghqwlw| krogv iru wkh jurzwk udwh ri glylghqgv1

;



Wkhvh lghqwlwlhv dqg wkh dvvxpswlrq derxw r� gholyhu wkh iroorzlqj surfhvvhv iru

zdjhv dqg glylghqgv=

_� ' >� E(c�� _|n j� E(c�� _� +;,

_( ' >( E(c�� _|n j(E(c��_� +<,

zlwk

>� ' @ E� � �� n �>S n � E�� r�� �j
�

S +43,

>( ' @
�
( �(

�
n(>S �(r��j

�

S +44,

j� ' � EjS n E�� r�� �� +45,

j( ' ( EjS � r��� +46,

zkhuh � ' � � r� dqg ( ' � � r(�

Wkhvh irupxodv duh hdv| wr lqwhusuhw1 Frqvlghu �uvw >�/ zklfk kdv wkuhh frpsr0

qhqwv1 Wkh �uvw frpsrqhqw @ E� � �� lv dq dxwruhjuhvvlyh sduw lq wkh surfhvv iru zdjhv1

Wkh vhfrqg frpsrqhqw �>S pdnhv vxuh wkdw lq dyhudjh zdjhv jurz zlwk wkh hfrqrp|

+frqvxpswlrq,1 Wkh wklug sduw � E�� r�� �j
�

S lv d whup lqyroylqj wkh fryduldqfh ehwzhhq

frqvxpswlrq jurzwk dqg wkh fkdqjhv lq wkh iudfwlrq ri zdjhv dv h{sodlqhg lq htxdwlrq

+:,1

Lqvwhdg/ wkh yrodwlolw| ri zdjhv j� lv sursruwlrqdo wr erwk wkh yrodwlolw| ri frq0

vxpswlrq dqg wkh yrodwlolw| ri wkh iudfwlrq ri frqvxpswlrq surgxfhg e| zdjhv1 Fohduo|/

zkhq r� ' �/ wkhq �
�
j� ' jS/ wkdw lv frqvxpswlrq htxdo zdjhv dqg khqfh wkh| pxvw

kdyh wkh vdph yrodwlolw|1 Lqvwhdg/ wkhlu yrodwlolwlhv gl�hu zkhqhyhu wkh| duh qrw lghqwlfdo1

6 Htxloleulxp Sulfhv dqg Uhwxuqv

614 Sulfhv

Rxu prgholqj dvvxpswlrqv pdnh srvvleoh wr rewdlq forvhg irup vroxwlrqv iru wkh sulfhv

ri wkh wudghg dvvhwv1 Lq rxu vhw xs/ dv lq rwkhuv/ oderu lqfrph lv d wudgdeoh dvvhw dqg zh

<



devwudfw iurp dq| h�hfw wkdw pdunhw lqfrpsohwhqhvv pd| kdyh rq dvvhw sulfhv17 Jlyhq

wklv dvvxpswlrq/ wkh vwdqgdug sulflqj irupxod dssolhv=

� E|� ' .|

�]
"

|

LS E�Er�c r�

LS E�E|�c |�
( Er� _r

�
Dv wkh qh{w sursrvlwlrq vkrzv/ lw wxuqv rxw wkdw zh fdq frpsxwh wkh h{shfwdwlrq

gluhfwo| dqg surylgh d forvhg irup vroxwlrq iru wkh dvvhw sulfhv1 Ohw \ eh wkh pdwul{

gh�qhg e|

\ '

3C �b�2 b�2

b2� �b2�

4D
zkhuh b2� ' @� r� dqg b�2 ' @� b2� dqg zkhuh @ dqg r� duh wkh sdudphwhuv gh�qlqj

wkh r� surfhvv lq htxdwlrq +8,1

Sursrvlwlrq 4 Wkh vwrfn pdunhw sulfh lv

� ' �2�� n�22( +47,

zkhuh wkh frh!flhqwv ��� duh wkh �� hohphqwv ri wkh pdwul{ � jlyhq e|

� ' E�W� \��
3�

+48,

Wkh sulfh ri vwrfn lv qrw rqo| sursruwlrqdo wr glylghqgv/ dv lw lv jhqhudoo| wuxh lq

wkh xvxdo Oxfdv hfrqrp|/ exw lw kdv dovr d ordglqj rq wkh fxuuhqw zdjh udwh1 Wkh uhdvrq

zk| oderu lqfrph � dsshduv lq wkh sulflqj ixqfwlrq lv ehfdxvh lw khosv suhglfwlqj ixwxuh

glylghqgv1 Wr jlyh d qxphulfdo h{dpsoh/ d vlpsoh fdoleudwlrq ri wkh prgho hqwdlov wkdw8

� '

3C �e�S� 22�ef

D��S �.�Db

4D +49,

7Vhh Fdpsehoo +4<<9, iru h{dpsoh1 Iru d oxflg ghihqvh ri wklv dvvxpswlrq vhh Mdjdqqdwkdq dqg

Zdqj +4<<9/ sdjh 46,1
8Wkh sdudphwhuv iru wkh fdoleudwlrq zhuh hvwlpdwhg iurp gdwd dqg duh dv iroorzv= ! @ =358/ d @

3=38;9/ v
z
@ 3=;3/ y @ +3=4396> 3,/ �

f
@ 3=3648> �

f
@ +�3=3337> 3=3497,1 Doo �jxuhv ehorz duh sorwwhg

xvlqj wkhvh qxphulfdo ydoxhv1
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dqg khqfh d sulflqj htxdwlrq

� E|� ' D��S� � E|� n �.�Db�( E|� +4:,

Khqfh/ hyhq lq rxu prgho glylghqgv kdyh prvw ri wkh zhljkw1 Krzhyhu/ hyhq lq wkh

sdwkrorjlfdo fdvh zkhuh fxuuhqw glylghqgv duh }hur/ wkh sulfh ri wkh dvvhw lv qrw }hur

+dowkrxjk lw lv yhu| vpdoo, ehfdxvh lqyhvwruv iruhfdvw ixwxuh glylghqgv wr eh srvlwlyh1

Zh vkrxog srlqw rxw wkdw ehfdxvh ri wkh orj0xwlolw| dvvxpswlrqv wkh olqhdu sulflqj

irupxod +47, krogv xqghu dq| dvvxpswlrqv derxw wkh jurzwk udwh ri wrwdo frqvxpswlrq1

Wkh dsshqgl{ rewdlqv d vlplodu sulflqj irupxod iru kljkhu frh!flhqw ri ulvn dyhuvlrq

e| pdnlqj d plog dvvxpswlrq derxw >S1 Vlqfh wkh orj0xwlolw| fdvh lv vx!flhqw wr |lhog

wkh lqwxlwlrq ri wkh hpslulfdo lpsolfdwlrqv/ wkh uhvxowv derxw d kljkhu frh!flhqw ri ulvn

dyhuvlrq duh ohiw wr wkh dsshqgl{ wr dyrlg wkh lqwurgxfwlrq ri ixuwkhu qrwdwlrq khuh1

615 Vwrfn Uhwxuqv

Zh qrz rewdlq wkh surfhvv iru vwrfn uhwxuqv1 Ohw xv ghqrwh wkh h{fhvv uhwxuq ri wkh

dvvhw e|

_- '
_� n(_|

�
� o_|

zkhuh o lv wkh htxloleulxp lqvwdqwdqhrxv uhwxuq rq wkh ulvn iuhh erqg1 Zh wkhq kdyh wkh

iroorzlqj=

Sursrvlwlrq 5 +d, Wkh h{fhvv vwrfn uhwxuq lv jlyhq e|

_- ' >-_|n j-_� +4;,

zkhuh

>- Er�� ' j2S n
�r� E�� r�� �j

�

S

�r� n�22

+4<,

j- Er�� ' jS n
�r� E�� r�� �

�r� n�22

+53,
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dqg

� ' �2� � �22

+e, Wkh ulvnohvv udwh ri uhwxuq lv jlyhq e|=

o ' �n >S � j2S

Sursrvlwlrq 5 vkrzv wkdw wkh lqvwdqwdqhrxv h{shfwhg uhwxuq ghshqgv qrq0olqhduo|

rq wkh iudfwlrq ri frqvxpswlrq surgxfhg e| oderu lqfrph r� ' �*�1 Lwv ixqfwlrqdo

irup vkrzv wkdw h{shfwhg uhwxuqv duh htxdo wr j2S erwk zkhq r� ' f dqg zkhq r� ' �1

Wr xqghuvwdqg wklv uhvxow/ qrwlfh wkdw zkhq r� ' f/ wkhq � ' ( dqg khqfh zh duh lq

wkh xvxdo Oxfdv +4<:;, hfrqrp| zlwk qr rwkhu hqgrzphqw wkdq wkh ulvn| dvvhw1 Wkh

uhvxowv wkdw lq wkh orj xwlolw| fdvh >- ' j2S lv lqghhg vwdqgdug1 Pruh sx}}olqj dw �uvw lv

wkh uhvxow wkdw >- ' j2S zkhq r� ' �1 Lq wklv fdvh � ' � dqg ( ' f1 Krzhyhu/ uhfdoo

wkdw hyhq wkrxjk ( ' f zh vwloo kdyh � E|� ' �2��E|� ehfdxvh lqyhvwruv fdq h{shfw wkdw

glylghqgv zloo wxuq srvlwlyh lq wkh ixwxuh1 Khqfh/ wkhuh lv d shuihfw fruuhodwlrq ehwzhhq

uhwxuqv dqg frqvxpswlrq +uhfdoo djdlq � ' �, |lhoglqj wkh uhvxow1

Zkdw kdsshqv lq wkh pruh uhdolvwlf fdvh zkhuh r� 5 Efc ��B Lqghhg/ iurp Iljxuh

4 zh fdq jdxjh wkdw r� 5 Ef�.Dc f�b�1 Zh fdq vhh wkdw wkh ghqrplqdwru ri wkh vhf0

rqg whup ri >- lq h{suhvvlrq E�b� lv dozd|v srvlwlyh/ khqfh lwv ehkdylru ghshqgv rq

�r� E�� r�� �j
�

S1 Lqwxlwlyho|/ wkh sulfh ri vwrfn ghshqgv pdlqo| rq wkh glylghqg ohyho/

dqg khqfh zh pxvw kdyh � ' �2� � �22 	 f +vhh htxdwlrq +49, dqg +4:,,1 Wklv lpsolhv

wkdw wkh ehkdylru ri h{shfwhg uhwxuqv ghshqgv rq vljqE�j�S� 'vljqd�J� E_r�c _�*��o1 Li

�j�S 	 f/ wkhq zh kdyh wkdw >- : j2S zlwk wkh dgglwlrqdo lpsolfdwlrq wkdw h{shfwhg

uhwxuqv duh ghfuhdvlqj lq r� iru r� vx!flhqwo| kljk1 Wkh rssrvlwh lv wuxh zkhq �j�S : f1

Gdwd rq r� dqg frqvxpswlrq jurzwk vxjjhvw d qhjdwlyh uhodwlrqvkls ehwzhhq _r� dqg

_�*�1 Khqfh/ lqwxlwlyho| dv r� lqfuhdvhv/ frqvxpswlrq ehfrphv ixhohg e| oderu lqfrph

rqo|/ ghfuhdvlqj wkh fryduldqfh ehwzhhq frqvxpswlrq jurzwk dqg glylghqg jurzwk1 Wklv

lq wxuq wudqvodwhv lqwr d orzhu fryduldqfh ehwzhhq frqvxpswlrq jurzwk dqg uhwxuqv/ jhq0
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hudwlqj d orzhu ulvn suhplxp1 Iljxuhv 5 dqg 6 sorw >-Er�� dqg j- Er�� iru wkh hvwlpdwhg

ydoxhv1

Lqwhuhvwlqjo|/ iurp Iljxuh 6 zh vhh wkdw wkh yrodwlolw| ri uhwxuqv lv kljkhu wkdq erwk

wkh yrodwlolw| ri frqvxpswlrq +' �f�.S, dqg wkh +prgho, yrodwlolw| ri _r� zklfk udqjhv

ehwzhhq 3134 +iru kljk r�, dqg 3135 +iru orz r�,1 Wkh uhdvrq lv wkdw zh fdq uhzulwh wkh

sulfh ixqfwlrq dv

� E|� ' � E|�
�
�r� E|� n�22

�
Vlqfh � 	 f/ qhjdwlyh lqqrydwlrqv lq frqvxpswlrq kdyh d yhu| kljk h�hfw rq sulfhv

ehfdxvh wkh| duh qhjdwlyho| fruuhodwhg zlwk r�/ zklfk/ e| prylqj xs/ ghsuhvv wkh sulfh

ri vwrfn hyhq ixuwkhu1 Khqfh/ wklv frpelqhg h�hfw whqg wr jhqhudwh d kljk yrodwlolw| ri

uhwxuqv frpsduhg wr frqvxpswlrq1

Zh hqg wklv vhfwlrq e| qrwlflqj wkdw lq wklv prgho wkh glylghqg sulfh udwlr sur{lhv

iru r�1 Lq idfw/ zh fdq uhzulwh

(

�
'

�� r�

�2�r� n�22

+54,

Wklv lv d qrqolqhdu ghfuhdvlqj ixqfwlrq ri r�1 Dv lw fdq eh vhhq iurp Iljxuh 4/ wklv

qhjdwlyh uhodwlrqvkls khog txlwh zhoo xqwlo wkh plggoh ri wkh ;3*v/ zkhq wkhq erwk r�

dqg (*� ghfolqhg wrjhwkhu xs wr 4<<<1 Lqghhg/ d uhjuhvvlrq +qrw uhsruwhg, ri *L} E(*� �

rqwr r� surgxfhv qhjdwlyh frh!flhqwv/ dowkrxjk wkh| duh vwurqjo| vljql�fdqw rqo| iru

wkh vdpsoh 4<79 0 4<;91 Lq dq| hyhqw/ wklv uhvxow dovr lpsolhv wkdw wkh glylghqg sulfh

udwlr vkrxog eh d suhglfwru ri ixwxuh uhwxuqv1

616 Wkh Suhglfwdelolw| ri Orqj0Whup Vwrfn Uhwxuqv

Wkh suhfhglqj vxevhfwlrq vkrzv wkdw lqvwdqwdqhrxv uhwxuqv fdq eh h{suhvvhg dv d ixqf0

wlrq ri erwk wkh glylghqg sulfh udwlr dqg wkh zdjhv wr frqvxpswlrq udwlr1 Sursrvlwlrq 7

ehorz vkrzv wkdw wklv uhsuhvhqwdwlrq fduulhv ryhu wr orqj whup uhwxuqv1
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Ohw xv ghqrwh wkh h{shfwhg h{fhvv uhwxuq ryhu wkh shulrg | wr |n � e|

-e E|c |n �� ' .|

%
� E|n �� n

U |n�

|
e
U
�

r
oE��_�( Er� _r

� E|�

&
�

�

� E|c ��
c

zkhuh � E|c �� lv wkh sulfh ri d }hur frxsrq erqg pdwxulqj dw wlph |n � 1 Zh fdq hdvlo|

vroyh iru .| d� E|n ��o dqg.| d(Er�o1 Krzhyhu/ vlqfh >S frxog eh dvvxphg vwrfkdvwlf/ dovr

wkh uhdo lqwhuhvw udwh o Er� zrxog eh dqg khqfh vroylqj iru.
�
e
U
�

r
oE��_�( Er�

�
suhvhqwv vrph

gl!fxowlhv1 Zh dvvxph lq wklv vhfwlrq wkdw wkh jurzwk udwh ri frqvxpswlrq >S lv frqvwdqw1

Wklv dvvxpswlrq fdq eh hdvlo| mxvwl�hg rq hpslulfdo jurxqgv/ jlyhq wkh h{wuhpho| vpdoo

dxwrfruuhodwlrq ri frqvxpswlrq jurzwk1 Khqfh/ wklv lpsolhv wkdw o E�� ' o 1 Xqghu wklv

dvvxpswlrq/ zh rewdlq wkh iroorzlqj=

Sursrvlwlrq 6 Ohw >S eh frqvwdqw1 Wkhq wkh orqj whup h{shfwhg h{fhvv uhwxuqv duh jlyhq

e|

-e E|c |n �� ' 8 Er�c �� '
�� E�� r� E|� n��2 E��

�2�r� E|� n�22

� eo�

dqg �� E�� dqg ��2 E�� duh nqrzq ixqfwlrqv ri wlph wr pdwxulw| � vshfl�hg lq wkh ds0

shqgl{1

Rqfh djdlq/ wkh uhodwlrqvkls ehwzhhq orqj0whup h{shfwhg uhwxuqv -e E|c |n �� '

8 Er�c �� dqg r� ghshqgv rq wkh zkhwkhu _r� kdv srvlwlyh ru qhjdwlyh fruuhodwlrq zlwk

frqvxpswlrq jurzwk1 Dv phqwlrqhg lq wkh suhylrxv vhfwlrq/ gdwd vkrz _r� dqg _�*� duh

qhjdwlyho| fruuhodwhg/ jhqhudwlqj d qhjdwlyh uhodwlrq ehwzhhq h{shfwhg uhwxuqv dqg r� dw

vkruw krul}rqv1 Iru wkh fdoleudwhg prgho/ wklv uhodwlrqvkls fduulhv ryhu wr orqj krul}rqv1

Lqghhg/ Iljxuh 7 sorwv wkh lqvwdqwdqhrxv/ 4/5/6/ 7 |hdu dkhdg h{shfwhg uhwxuqv 8 Er�c ��

dqg wkh| doo duh qhjdwlyho| vorshg1 Vlqfh (*� lv dovr ghfuhdvlqj lq r�/ wkh prgho dovr

suhglfwv d +qrq0olqhdu, srvlwlyh uhodwlrqvkls ehwzhhq ixwxuh uhwxuqv dqg glylghqg0sulfh

udwlrv1
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617 Uhwxuqv wr Oderu

Lq wkh suhvhqw prgho oderu lqfrph lv d ixoo| wudgdeoh dvvhw dqg zh fdq phfkdqlfdoo|

frpsxwh wkh h{shfwhg glvfrxqwhg ydoxh ri ixwxuh zdjhv dv

��E|� ' .|

�]
"

f

L �E�c�E���

L �E|c �E|��
�E��_�

�
+55,

' ����E|� n��2(E|� +56,

Djdlq/ wklv txdqwlw| ghshqgv rq erwk glylghqgv dqg zdjhv1 Khqfh/ zh fdq dovr frpsxwh

wkh h{fhvv uhwxuqv wr oderu dv

_-� '
_�� n �_|

��
� o_|�

Dv lq sursrvlwlrq 5 zh fdq surylgh d forvhg irup h{suhvvlrq iru wkh uhwxuqv rq kxpdq

fdslwdo1

Sursrvlwlrq 7 H{fhvv uhwxuq rq kxpdq fdslwdo iroorz wkh surfhvv

_-� ' >-c�_|n j-c�_`

zkhuh

>-c� Er�� ' j2S n
��r� E�� r�� �j

�

S

��r� n��2

j-c� Er�� ' jS n
��r� E�� r�� �

��r� n��2

dqg

�� ' ��� ���2

Wkh lpsolfdwlrq ri wklv sursrvlwlrq lv wkdw d phdvxuh ri h{shfwhg uhwxuq wr oderu

vkrxog dovr eh deoh wr suhglfw ixwxuh uhwxuqv1 Lq idfw/ >-c� Er�� lv lqfuhdvlqj zlwk r�

+iru �j�S 	 f, iru r� vx!flhqwo| kljk1 Wklv lpsolhv wkdw kljk uhwxuqv wr oderu vkrxog eh

dvvrfldwhg zlwk kljk r� zklfk lq wxuq suhglfw orz ixwxuh h{shfwhg vwrfn uhwxuqv1 Wkh

xvh ri vrph sur{| iru uhwxuq wr oderu lqfrph lv lqghhg wkh dssurdfk wdnhq lq d qxpehu ri

48



uhfhqw duwlfohv/ vxfk dv Fdpsehoo +4<<9, dqg Ohwwdx dqg Oxgyljvrq +5333d,1 Wkh deryh

vhw xs irupdol}hv wkh uhodwlrqvkls ehwzhhq wkhvh txdqwlwlhv lq d udwkhu vwdqgdug jhqhudo

htxloleulxp vhw xs1

618 Wkh Furvv0Vhfwlrq ri Vwrfn Uhwxuqv

Wkh prgho suhvhqwhg lq wkh suhylrxv sdjhv fdq eh hdvlo| h{whqghg wr dq| qxpehu ri

dvvhwv1 Lq rughu wr gr vr/ rqh kdv wr prgho wkh mrlqw surfhvv iru wkh glylghqg wr frq0

vxpswlrq udwlr iru doo wkh vhfxulwlhv1 Vshfl�fdoo|/ gh�qh

r� '
�

�
dqg r� '

(�

�
iru � ' 2c ���c ?

dqg ohw r� iroorz wkh surfhvv

_r� ' dr\o� _|n r�j� Er� _� +57,

zkhuh

j� Er� '

#
D� �

?[
�'�

r�D�

$
dqg zkhuh \ lv d ? � ? pdwul{ zkrvh urzv vxp xs wr 3/ D� duh � � ? yhfwruv dqg

� E|� ' E�� E|� c ��c �? E|��
� duh ? lqghshqghqw Eurzqldq prwlrqv1 Zh fdq vhh wkdw wklv lv

d jhqhudol}dwlrq ri wkh prgho iru r� suhvhqwhg lq vhfwlrq 5 zkhuh zh vhw ? ' 21 Lq wklv

odwwhu fdvh/ zh vhh lpphgldwho| wkdw wdnlqj r� ' r� dqg r2 ' E�� r�� zh kdyh

_r� ' Er�E�b�2� n E�� r��b2�� _|n r� ED� � r�D� � E�� r�� D2� _�

' Eb�2 n b2��

�
b2�

b�2 n b2�
� r�

�
_|n r� E�� r�� ED� � D2� _�

E| gh�qlqj

@ ' b�2 n b2� > r� '
b2�

b�2 n b2�
> � ' D� � D2

zh rewdlq htxdwlrq +8, iru r�1 Lq rwkhu zrugv/ +57, lv wkh frqwlqxrxv wlph dqdorj ri d

vwdqgdug pxowlyduldwh dxwruhjuhvvlyh surfhvv iru wkh iudfwlrqv r�/ zlwk vrph uhvwulfwlrqv

rq \ dqg j� Er� wr pdnh vxuh wkdw
S?

�'� r� E|� ' � iru doo |1

Wkh jhqhudol}dwlrq wr sursrvlwlrq 4 dqg 5 lv wkh iroorzlqj
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Sursrvlwlrq 8 +d, Wkh vwrfn sulfh ri hdfk dvvhw lv

�� E|� ' ����E|� n
?[
�'2

���(� +58,

zkhuh wkh frh!flhqwv ��� duh wkh �� hohphqwv ri wkh pdwul{ � jlyhq e|

� ' E�W� \��
3�

+59,

+e, Wkh h{fhvv uhwxuq rq dvvhw � lv jlyhq e|

_-� ' >� Er� _|n j� Er� _�

zkhuh

>� Er� ' �J�|

�
_-�c

_�

�

�
' j� Er�j

�

S +5:,

dqg

j� Er� ' jS n

S?

�'����r� ED� �
S?

&'� r&D&�S?

�'����r�
+5;,

Htxdwlrqv +5:, dqg +5;, vkrz wkdw dvvhw � lqvwdqwdqhrxv h{shfwhg h{fhvv uhwxuq lv

d qrq0olqhdu ixqfwlrq ri r�/ 111/ r?1 Wkh lq xhqfh ri hdfk r� E|� rq .| d_-�o ghshqgv rq wkh

ydoxhv ri ��� dqg D�j
�

S1 Wr jdxjh wkh vl}hv ri ���*v dqg D�j
�

S lq d ixoo fdoleudwhg prgho

uhtxluhv wkh xvh ri odujh dprxqw ri gdwd dqg lw lv rxwvlgh wkh vfrsh ri wklv vhfwlrq1 Zh

rqo| srlqw rxw wkdw iru hdfk dvvhw �/ rqo| r� ' r� dqg r� duh olnho| wr sod| dq lpsruwdqw

uroh lq wkh furvv vhfwlrq1 Wkh iruphu/ r�/ ehfdxvh lw lv wkh odujhvw vkduh ri frqvxpswlrq

dprqj doo ri wkh r� +ehlqj htxdo e| lwvhoi wr derxw :8( ri wrwdo frqvxpswlrq, dqg khqfh

lwv pryhphqw ryhu wlph lv olnho| wr d�hfw doo wkh uhwxuqv/ dv d frpprq idfwru1 Wkh odwwhu/

r�/ ehfdxvh lw lv olnho| wr kdyh wkh odujhvw ordglqj ��� lq wkh sulflqj htxdwlrq1

Zh fdq rewdlq d �ehwd� uhodwlrqvkls iru rxu h{shfwhg uhwxuqv e| xvlqj nqrzq

uhvxowv lq dvvhw sulflqj +vhh h1j1 Gx!h +4<<9/ sj1 55<0563,,

.| d_-�o ' q� Er�.| d_-
Wo +5<,

4:



zkhuh

q� Er� '
j-c� Er� j

�

-W

j�-Wj�-W

+63,

dqg _-W lv d uhwxuq surfhvv ri d sruwirolr shuihfwo| fruuhodwhg zlwk wkh frqvxpswlrq

surfhvv1 Zh qrz vkrz wkdw wkh pdunhw sruwirolr dxjphqwhg e| kxpdq fdslwdo kdv wklv

surshuw|1 Dv lq wkh suhylrxv vhfwlrq/ ohw �� E|� ghqrwh wkh ydoxh ri kxpdq fdslwdo dqg

ohw � E|� ' (� E|� iru qrwdwlrqdo vlpsolflw|1 Wkhq/ wkh ydoxh ri wrwdo zhdowk lv dw wlph |

lv=

�A` E|� ' �� E|� n

?[
�'2

�� E|� '

?[
�'�

?[
�'�

���(� E|� ' �

?[
�'�

(� E|� ' �� E|� +64,

zkhuh wkh plggoh htxdolw| vwhpv iurp wkh idfw wkdw
S?

�'���� ' � ' �*� iru doo � +wklv

lv d surshuw| ri wkh orj fdvh,1 Frqvlghu qrz wkh uhwxuq rq wklv sruwirolr/ zklfk lqfoxghv

erwk �qdqfldo dqg kxpdq fdslwdo=

_-A` '
_�A` n E� n

S?

�'2(�� _|

�A`
� o_|

Iurp +64, lw iroorzv

_-A` '
_�

�
n E�� o� _| +65,

' >-cA`_|n j-cA`_�

zlwk

. d_-A` o ' >S_|n E�� o� _|

' jSj
�

S_|

j-cA` ' jS

Khqfh/ wklv sruwirolr vdwlv�hv wkh uhtxluhphqw iru wkh �ehwd� uhsuhvhqwdwlrq ehfdxvh lwv

uhwxuq lv shuihfwo| fruuhodwhg zlwk wkh frqvxpswlrq surfhvv1 Ohw �qdoo| �� '
S?

�'2 ��

eh wkh sruwirolr ri �qdqfldo dvvhwv1 Ohw -� dqg -� eh wkh h{fhvv uhwxuqv wr �� dqg ��/
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uhvshfwlyho|1 Wkhq/

_-A` '
_�� n �_|

�� n ��
n
_�� n(_|

�� n ��
� o_|

'
��

�� n ��
_-� n

��
�� n ��

_-�

'

#
?[
�'�

r�
���

�

$
_-� n

#
��

?[
�'�

r�
���

�

$
_-�

Qrz/ dvvxplqj wkdw doo ��� duh derxw ri wkh vdph rughu ri pdjqlwxgh/ wkh idfw

wkdw r� ' r� lv e| lwvhoi wkh odujhvw frpsrqhqw ri doo e| vhyhudo rughuv ri pdjqlwxgh/ zh

fdq pdnh wkh dssur{lpdwlrq9

_-A` � r�
���

�
_-� n

�
�� r�

���

�

�
_-�

Soxjjlqj wklv odvw h{suhvvlrq lq +5<, dqg uhfdoolqj wkdw -W ' -A` / zh rewdlq d uhsuh0

vhqwdwlrq ri wkh frqglwlrqdo FDSP

.| d_-�o ' q� Er�.| d_-A` o

' q� Er�.| d_-� o n hq� Er�.| dr�_-�o +66,

nhq� Er�.| dr�_-� o

zkhuh hq Er� ' q Er����*�1

Rxu prgho dovr gholyhuv whvwdeoh lpsolfdwlrqv iru wkh frqglwlrqdo Frqvxpswlrq

FDSP +FFDSP,1 Vxevwlwxwlqj E�2� lq E2b� dqg uhfdoolqj wkdw j-A` ' jS/ zh �qg=

.| d_-�o ' qS� Er�

�
.|

�
_�

�

�
n E�� o� _|

�
+67,

' qS� Er� E�� o� _|n qS� Er�.|

�
_�

�

�
+68,

zkhuh

qS� Er� '
j� Er� j

�

S

j�Sj
�

S

9Wklv dssur{lpdwlrq kdv wr eh frpsduhg zlwk wkh rqh rewdlqhg e| Fdpsehoo +4<<9/ htxdwlrq +43,,

wkrxjk hpslulfdo lpsohphqwdwlrq lq klv zrun uhtxluhv d irupxod zlwk frqvwdqw frh!flhqwv1
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Wdnlqj o_| lq +68, rq wkh ohiw kdqg vlgh/ zh �qdoo| rewdlq=

.|

�
_-C

�

�
' qS� Er��_|n qS� Er�.|

�
_�

�

�
+69,

zkhuh _-C
� ' E_�� n(�_|� *�� lv wkh uhwxuq wr dvvhw � +uhfdoo wkdw _-� zdv wkh h{fhvv

uhwxuq,1

Ehiruh frqfoxglqj wkh vhfwlrq/ lw lv zruwk hpskdvl}lqj djdlq wkh lqwxlwlrq ehklqg

wkh ehwd uhsuhvhqwdwlrq ri h{shfwhg uhwxuqv lq htxdwlrqv +5<, dqg +63,= Wkh lghd lv wkdw

zkhq wkh iudfwlrq ri wrwdo lqfrph surgxfhg e| zdjhv ghfuhdvhv/ h{shfwhg uhwxuqv iru

wkh zkroh pdunhw pxvw lqfuhdvh/ dv zh glvfxvvhg lq wkh suhylrxv vhfwlrqv1 Wklv lpsolhv

wkdw h{shfwhg uhwxuqv kdyh wr lqfuhdvh dovr iru doo wkh lqglylgxdo vhfxulwlhv +lq dyhudjh,1

Krzhyhu/ wkhuh lv qr jxdudqwhh wkdw wkh ulvn suhplxp lqfuhdvhv htxdoo| dfurvv lqglylgxdo

vhfxulwlhv= Wklv lv ehfdxvh hdfk vhfxulw| pd| kdyh d gl�huhqw vhqvlwlylw| wr �*�/ dv lw

fdq eh vhhq iurp wkh sulfh htxdwlrq +58,1 Dv dq h{wuhph h{dpsoh/ vxssrvh wkdw iru dq

dvvhw � zh kdyh b�� ' f iru � +wkdw lv/ r� lv qrw d�hfwhg e| dq| rwkhu r� iru � 9' �,/ wkhq

rqh rewdlqv ��� ' f iru doo � 9' �1 Lq wklv fdvh/ lwv ulvn suhplxp zloo eh gl�huhqw iurp

wkh rqh ri dq rwkhuzlvh lghqwlfdo vhfxulw| wkdw kdv vrph b�� 9' f1 Dqrwkhu zd| ri vhhlqj

wklv lv wr frqvlghu wkh surfhvv iru glylghqgv wkdw lw lv lpsolhg e| +57,1 Wklv lv jlyhq e|

_(� ' >(c� E(� _|n(�j(c� E(� _� +6:,

zkhuh

>(c� E(� ' (�>S n d(\o� n j�Er�j
�

S

j(c� E(� ' jS n j�Er�

Wkhvh irupxodv duh dqdorjrxv wr >( dqg j( rewdlqhg lq htxdwlrqv +44, dqg +46, lq

vhfwlrq 5 dqg wkh| fdq eh lqwhusuhwhg lq wkh vdph idvklrq= Wkh �uvw whup lq wkh guliw

vkrzv d frpprq frpsrqhqw/ vr wkdw hdfk glylghqg jurzv zlwk wkh hfrqrp|1 Wkh vhfrqg

frpsrqhqw vkrz wkh �lq xhqfh� wkdw hdfk glylghqg kdv rq hdfk rwkhu wkurxjk wkh pdwul{
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\1 Wklv lv d vruw ri d pxowlyduldwh dxwruhjuhvvlyh frpsrqhqw lq wkh glylghqg guliw dqg

lw fdq eh lqwhusuhwhg dv wkh frqwulexwlrq ri hdfk glylghqg � +dqg zdjhv/ iru � ' �, wr

wkh �surgxfwlrq� ri glylghqg �1: Wkh odvw frpsrqhqw lv d fryduldqfh whup wkdw pxvw

hqwhu lqwr wkh vshfl�fdwlrq/ dffruglqj wr wkh jhqhudo irupxod +:, zklfk zdv ghyhorshg

iru zdjh jurzwk exw zklfk fdq eh lqwhusuhwhg iru glylghqg jurzwk dv zhoo1 Dv lw fdq

eh vhhq lq >(c�/ wkh fxuuhqw zdjh � E|� ' (� E|� pd| kdyh d gl�huhqw lpsdfw rq wkh

glylghqgv ri lqglylgxdo vhfxulwlhv �*v ghshqglqj rq b��1 Dv srlqwhg rxw deryh/ wklv ohdgv

wr gl�huhqw vhqvlwlylwlhv ri sulfhv wr zdjhv dqg khqfh gl�huhqw fkdqjhv lq ulvn0suhpld dv

�*� fkdqjhv ryhu wlph1

7 Hpslulfdo Uhvxowv

714 Gdwd ghvfulswlrq

Wkh �qdqfldo gdwd zh xvh lv wkh xvxdo rqh1 Zh frqvlghu uhwxuqv rq wkh ydoxh zhljkwhg

FUVS lqgh{/ zklfk lqfoxghv Q\VH/ DPH[/ dqg QDVGDT/ dv rxu phdvxuh ri �qdqfldo

dvvhw uhwxuqv1 Glylghqg sulfh udwlrv duh dovr rewdlqhg iurp FUVS dqg wkh ulvn iuhh udwh

lv wkh <30gd| Wuhdvxu| eloo1

Iru erwk frqvxpswlrq dqg oderu lqfrph zh xvh gdwd iurp wkh Qdwlrqdo Lqfrph

dqg Surgxfw Dffrxqwv +QLSD,1 Iroorzlqj wkh olwhudwxuh/ zh gh�qh frqvxpswlrq dv qrq0

gxudeoh soxv vhuylfhv h{foxglqj vkrhv dqg forwklqj1 Wkh dujxphqw ehklqg wklv lghd lv

wkdw wkh wkhru| dssolhv wr wkh  rz ri frqvxpswlrq dqg lw vkrxog qrw lqfoxgh dgglwlrqv ru

uhsodfhphqwv wr wkh vwrfn ri gxudeoh jrrgv1 Dv lw lv dovr wudglwlrqdo zh dvvxph wkdw wrwdo

frqvxpswlrq lv sursruwlrqdo wr frqvxpswlrq ri qrq gxudeohv soxv vhuylfhv dqg zh fkrrvh

wkh frqvwdqw ri sursruwlrqdolw|/ bc wr eh wkh orqj whup udwlr ehwzhhq wrwdo frqvxpswlrq

:Lq fxuuhqw zrun/ Vdqwrv dqg Yhurqhvl +lq surjuhvv,/ zh h{soruh wklv lqwhusuhwdwlrq ri rxu prgho lq

juhdwhu ghswk1 Lq sduwlfxodu/ zh prgho wkh gl�huhqw vrxufhv ri frqvxpswlrq dv gl�huhqw vhfwruv ri wkh

hfrqrp| wr zklfk uhvrxufhv kdyh wr eh doorfdwhg iru surgxfwlrq1
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dqg frqvxpswlrq ri qrq gxudeohv soxv vhuylfhv1 Wklv udwlr lv hvwlpdwhg wr eh b ' ���D�

Dv iru wkh gh�qlwlrq ri oderu lqfrph lw lv frqvwuxfwhg e| dgglqj wr zdjhv dqg

vdodulhv/ wudqvihu sd|phqwv soxv rwkhu oderu lqfrph dqg vxevwudfwlqj shuvrqdo frqwulex0

wlrqv wr vrfldo lqvxudqfh dqg wd{hv1;

Iru wkh furvv vhfwlrqdo whvwv zh xvh wkh 58 sruwirolrv dv vruwhg e| Idpd dqg Iuhqfk

+4<<5/ 4<<6,1 Wkhvh sruwirolrv/ dv lw lv zhoo nqrzq e| qrz/ duh iruphg e| lqwhuvhfwlqj 8

sruwirolrv vruwhg e| vl}h/ zlwk rwkhu �yh sruwirolrv vruwhg e| errn0wr0pdunhw1 Zh frqyhuw

wkh uhwxuqv wr txduwhuo| gdwd surgxflqj d wlph vhulhv fryhulqj 4<96 wr 4<<<1

715 Iruhfdvwlqj uhjuhvvlrqv

Lq wklv vhfwlrq zh whvw wkh iruhfdvwlqj srzhu ri wkh udwlr ri oderu lqfrph wr frqvxpswlrq1

Wdeoh LL uhsruwv wkh pdlq hpslulfdo uhvxow ri wklv sdshu/ qdpho| wkh hvwlpdwhv ri wkh vhw

ri uhjuhvvlrqv

o|c|ng ' k� n q�Eg�r�c| n 0|n& +6;,

o|c|ng ' k2 n q2Eg� *L}

�
(|

�|

�
n 0|n& +6<,

o|c|ng ' k� n q�Eg� *L}

�
(|

�|

�
n qeEg�r�c| n 0|n& +73,

o|c|ng ' kD n qDEg�

�
r� � *L}

�
(|

�|

��
n 0|n& +74,

zkhuh o|c|ng lv wkh fxpxodwlyh orj uhwxuq ryhu g shulrgv1 Iru hdfk uhjuhvvlrq/ Wdeohv

LL0LY uhsruw wkh srlqw hvwlpdwh ri wkh lqfoxghg h{sodqdwru| yduldeoh/ wkh Qhzh|0Zhvw

fruuhfwhg |�vwdwlvwlf iru wkh qxoo k|srwkhvlv wkdw wkh frh!flhqwv duh }hur/ dqg wkh dg0

mxvwhg U21

Zh vwduw glvfxvvlqj rxu uhvxowv iru wkh zkroh vdpsoh shulrg dw rxu glvsrvdo/ 4<790

4<<<1 Wkh �uvw urz ri Wdeoh LL0D vkrzv wkdw wkh udwlr ri oderu lqfrph wr frqvxpswlrq

;Zh iroorz Ohwwdx dqg Oxgyljvrq +5333 d/ irrwqrwh 48, forvho| lq rxu gh�qlwlrq ri oderu lqfrph dqg

frqvxpswlrq1 Dv ri wkh zulwlqj ri wklv sdshu/ gdwd iurp 4<5< wr 4<78 zdv vwloo ehlqj uhylvhg e| wkh

Exuhdx ri Hfrqrplf Dqdo|vlv1 Iru dq xsgdwh ylvlw/ kwws=22zzz1ehd1grf1jry1 Vhh dovr irrwqrwh 431
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r� lv vwdwlvwlfdoo| vljql�fdqw dw dq| iruhfdvwlqj krul}rqv ehwzhhq rqh txduwhu dqg irxu

|hdu dkhdg1 Wkh vljq ri wkh uhjuhvvlrq frh!flhqw lv qhjdwlyh/ jlylqj vxssruw wr wkh

ylhz h{suhvvhg lq wkh suhylrxv vhfwlrq wkdw lqqrydwlrqv lq frqvxpswlrq jurzwk dqg lq

wkh zdjhv0wr0frqvxpswlrq udwlr duh qhjdwlyho| fruuhodwhg1 Wkh h{sodqdwru| srzhu lv dovr

kljk/ udqjlqj iurp 914( iru wkh rqh |hdu uhjuhvvlrq wr 6719( iru wkh irxu |hdu uhjuhvvlrq1

Wkhvh qxpehuv kdyh wr eh frpsduhg wr wkh dqdorjrxv hvwlpdwhv iru wkh +orj, glylghqg0

sulfh udwlr= Lq wklv fdvh/ wkh glylghqg sulfh udwlr lv qhyhu vljql�fdqw dw dq| krul}rqv dqg

wkh suhglfwlyh srzhu lv udwkhu orz/ udqjlqj iurp 61<( dw wkh rqh |hdu krul}rq wr 531:( dw

wkh irxu |hdu krul}rq1 Dv zh zloo vhh ehorz/ wklv srru shuirupdqfh ri wkh glylghqg0sulfh

udwlr wr iruhfdvw ixwxuh uhwxuqv lv sduwo| gxh wr wkh lqfoxvlrq ri wkh shulrg 4<<804<<< lq

wkh gdwd vdpsoh1 Lqghhg/ gxulqj wklv shulrg wkh glylghqg sulfh udwlr zdv h{wuhpho| orz

dqg |hw uhwxuqv kdyh ehhq uhfrug kljk1

Uhfdoo wkdw/ dv vkrzq lq htxdwlrq E2��/ wkh glylghqg sulfh udwlr lv d qrq olqhdu

ixqfwlrq ri r�� Lqfoxglqj wkh glylghqg sulfh udwlr wkhq pd| sur{| iru dq| qrq olqhdulwlhv

lq wkh uhodwlrq ehwzhhq uhwxuqv dqg r�1 Zkhq erwk udwlrv hqwhu olqhduo| +uhjuhvvlrq +73,,

erwk uhjuhvvruv duh vljql�fdqw dqg wkh suhglfwlyh srzhu udqjhv iurp dq dgmxvwhg U2 ri

4915( dw wkh rqh |hdu krul}rq wr dq U2 ri ryhu 94( dw wkh irxu |hdu krul}rq1 Lqwhuhvwlqjo|/

d vlplodu uhvxow rewdlqv zkhq zh rqo| xvh wkh lqwhudfwlrq idfwru r� � *L} E(*� � lq wkh

uhjuhvvlrq +uhjuhvvlrq +74,,1 Lq wklv fdvh djdlq wkh frh!flhqw lv kljko| vljql�fdqw dqg

wkh U2 udqjhv iurp 4617( dw wkh rqh |hdu krul}rq wr ryhu 83( dw wkh irxu |hdu krul}rq1

Dv vkrzq e| Iljxuh 4/ wkh �uvw wzr |hduv ri rxu vdpsoh/ 4<790:/ vkrzhg d uhpdun0

deoh gurs lq wkh udwlr ri oderu lqfrph wr frqvxpswlrq1 Wkh vshfldo flufxpvwdqfhv ri

wkrvh |hduv pd| dffrxqw iru wkdw hyhqw1 Zh uhudq wkh suhglfwdelolw| uhjuhvvlrq h{foxglqj

wkrvh hljkw lqlwldo gdwd srlqwv dqg zh uhsruw wkh uhvxowv lq Wdeoh LL0E1 Wkh vkruw whup

suhglfwdelolw| ri rxu yduldeoh lpsuryhv voljkwo| exw ryhudoo wkh hvwlpdwhv duh yhu| vlplodu1

Ehorz zh shuirup dqrwkhu gluhfw whvw ri rxu wkhru| dqg frq�up wkh rxwolhu qdwxuh ri

wkrvh lqlwldo wzr |hduv1
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Uhvhdufkhuv olnh Ohwwdx dqg Oxgyljvrq +5333d, frqfhqwudwh rq wkh shulrg vwduwlqj

lq 4<851 Lq rughu wr fkhfn wkh ydolglw| ri rxu hpslulfdo �qglqjv/ Wdeohv LLL dqg LY uhsruw

uhvxowv iru wzr vxevdpsohv ri wkh gdwd vwduwlqj lq 4<851< Wkh �uvw lv wkh vwdqgdug vdpsoh

4<85=3404<<7=37/ wkdw zloo hqdeoh xv wr frpsduh rxu uhvxowv wr rwkhuv lq wkh olwhudwxuh/

vxfk dv wkh rqhv lq Fdpsehoo/ Or dqg PdfNlqod| +4<<:/ sdjh 59</ Wdeoh :14,1 Lqghhg

wkh vhfrqg olqh lq Wdeoh LLL vkrzv wkdw gxulqj wklv shulrg wkh glylghqg sulfh udwlr zdv

grlqj h{wuhpho| zhoo lq suhglfwlqj ixwxuh uhwxuqv1 Rxu uhvxowv xvlqj txduwhuo| gdwd duh

frpsdudeoh wr wkh rqhv uhsruwhg lq Fdpsehoo hw do1 +4<<:, zkr lqvwhdg xvhg prqwko|

gdwd1 Iru lqvwdqfh/ iru wkh rqh |hdu dqg irxu |hdu krul}rqv wkh| rewdlq U2*v ri 4;1;(

dqg 741:( uhvshfwlyho|/ pdwfklqj rxu uhvxowv doprvw wr wkh srlqw1 Wkh xvh ri txduwhuo|

gdwd wkhq grhv qrw vhhp wr eh surgxflqj dq| sduwlfxodu eldv lq wkh uhvxowv1

Dv fdq eh vhhq lq wkh �uvw olqh ri Wdeoh LLL/ wkh udwlr ri oderu lqfrph wr frqvxpswlrq

lv qrz rqo| d vljql�fdqw suhglfwru dw krul}rqv ri wzr |hduv ru pruh1 Wkh U2 lv 6( iru wkh

rqh |hdu uhjuhvvlrq exw ulvhv wr 5519( iru wkh irxu |hdu uhjuhvvlrq1 Lqwhuhvwlqjo|/ krzhyhu/

zkhq erwk wkh glylghqg sulfh udwlr dqg wkh zdjhv0wr0frqvxpswlrq udwlr duh lqfoxghg �

hlwkhu lq olqhdu idvklrq dv lq uhjuhvvlrq +73, ru lq d qrqolqhdu rqh dv lq uhjuhvvlrq +74, �

wkh shuirupdqfh ri wkh suhglfwdelolw| uhjuhvvlrq lpsuryhv frqvlghudeo|/ zlwk U2 udqjlqj

ehwzhhq 5814( iru wkh rqh |hdu uhjuhvvlrq wr deryh 951:( iru wkh irxu |hdu uhjuhvvlrq1

Zh fdq frpsduh wkh uhvxowv lq Wdeoh LLL zlwk wkrvh lq Wdeoh LY/ zkhuh wkh vdph

h{huflvh lv fduulhg rxw iru wkh vdpsoh shulrg 4<85=3404<<<=371 Zh lqfoxgh wkhvh uhvxowv

wr vkrz wkh gudpdwlf ghfuhdvh lq wkh suhglfwlyh srzhu ri wkh glylghqg sulfh udwlr gxh

wr wkh lpsuhvvlyh vwrfn pdunhw vxujh ri wkh <3*v +vhh h1j1 Frfkudqh +4<<:, iru d vlplodu

srlqw, dqg wr vkrz krz wkh oderu lqfrph0wr0frqvxpswlrq udwlr vwloo zrunv zhoo1 Lqghhg/

<Zh srlqw rxw wkdw wkh pdlq uhvxow ri wklv sdshu +wkdw wkh oderu lqfrph wr frqvxpswlrq udwlr

iruhfdvw ixwxuh uhwxuqv, dfflghqwdoo| xqghuzhqw dq rxw0ri0vdpsoh whvw1 Xqwlo Dsulo 59wk/ 5333 gdwd rq

frpshqvdwlrq ri hpsor|hhv dqg rwkhu vhulhv iurp wkh Exuhdx ri Hfrqrplf Dqdo|vlv zhuh rqo| dydlodeoh

iru wkh shulrg 4<8<=3404<<<=371 Wkh EHD qhzv uhohdvh rq Dsulo 59wk/ 5333 dovr lqfoxghg wkh uhylvhg

gdwd iru wkh 4<79=34 0 4<8;=37 shulrg1 Rxu uhvxow khog zhoo dovr zkhq wkh �uvw shulrg zdv lqfoxghg1
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zh vhh wkdw ryhu wklv vdpsoh shulrg wkh glylghqg sulfh udwlr lv qhyhu vljql�fdqw dw dq|

krul}rq dqg wkh U2 ri wkh suhglfwlyh uhjuhvvlrqv grhv qrw jr deryh :( dw dq| krul}rq1

Lqvwhdg/ wkh zdjhv0wr0frqvxpswlrq udwlr lv shuiruplqj txlwh zhoo= Wkh frh!flhqwv duh

vwdwlvwlfdoo| vljql�fdqw dw doo krul}rqv dqg lwv suhglfwlyh srzhu udqjhv ehwzhhq :17( dw

wkh rqh |hdu krul}rq wr 6817( dw wkh irxu |hdu krul}rq1 Dv ehiruh/ xvlqj erwk udwlrv

juhdwo| lpsuryhv xsrq wkh suhglfwdelolw| uhjuhvvlrq= xvlqj uhjuhvvlrq +73, iru h{dpsoh

zh rewdlq U2 udqjlqj iurp 4<19( dw wkh rqh |hdu wr deryh 89( dw wkh irxu |hdu krul}rq1

Iljxuhv 8 dqg 9 hpskdvl}h wklv srlqw ixuwkhu e| sorwwlqj wkh wlph vhulhv ri zdjhv0

wr0frqvxpswlrq udwlr/ glylghqg sulfh udwlr dqg wkh irxu |hdu fxpxodwlyh vwrfn uhwxuq1

Dv lw fdq eh vhhq lq Iljxuh 8/ wkh glylghqg0sulfh udwlr dqg wkh fxpxodwlyh irxu |hdu

uhwxuq vwduwhg prylqj lq rssrvlwh gluhfwlrqv dw wkh hqg ri wkh ;3*v1 Krzhyhu/ iurp

Iljxuh 9 zh vhh wkdw wkh qhjdwlyh uhodwlrq ehwzhhq wkh fxpxodwlyh irxu |hdu uhwxuq dqg

wkh udwlr ri oderu lqfrph wr frqvxpswlrq khog zhoo hyhq lq wkh odvw sduw ri wkh vdpsoh1

Zh vkrxog qrwlfh wkdw wklv ehkdylru ri fxpxodwlyh uhwxuqv dqg zdjhv0wr0frqvxpswlrq

udwlr lv frqvlvwhqw zlwk wkh prgho suhvhqwhg lq vhfwlrq 5= D orzhu zdjhv0wr0frqvxpswlrq

udwlr vkrxog suhglfw kljkhu uhwxuqv ehfdxvh ri wkh lqfuhdvh lq wkh htxloleulxp fryduldqfh

ehwzhhq uhwxuqv dqg frqvxpswlrq jurzwk lwvhoi1

Wkh qhjdwlyh uhodwlrqvkls ehwzhhq wkh zdjhv0wr0frqvxpswlrq udwlr dqg wkh glylghqg0

sulfh udwlr grhv qr orqjhu krog zkhq pxowlsoh dvvhwv duh wudghg1 Lqghhg lw lv hdv| wr suryh

wkdw zkhq wkhuh duh pxowlsoh vwrfnv wkh glylghqg sulfh udwlr ri wkh pdunhw sruwirolr gh0

shqgv rq wkh hqwluh glvwulexwlrq ri glylghqg sd|phqwv dfurvv wkh pdunhw +xqohvv lqyhvwruv

kdyh orj xwlolw|1, Zh h{soruh wklv lvvxh lq juhdwhu ghswk lq fxuuhqw zrun +Vdqwrv dpg

Yhurqhvl +lq surjuhvv,,1

716 Furvv vhfwlrqdo Uhjuhvvlrqv

Lq wklv vhfwlrq zh whvw wkh lpsolfdwlrqv ri wkh prgho iru wkh furvv0vhfwlrq ri vwrfn uh0

wxuqv/ zklfk zdv ghyhorshg lq vhfwlrq 6181 Uhfdoo wkdw wkh prgho kdv suhglfwlrqv iru
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erwk wkh frqglwlrqdo FDSP dqg wkh frqglwlrqdo Frqvxpswlrq FDSP1 Iroorzlqj Md0

jdqqdwkdq dqg Zdqj +4<<9, dqg pruh uhfhqwo|/ Ohwwdx dqg Oxgyjlvrq +5333e,/ zh whvw

rxu frqglwlrqdo yhuvlrqv ri wkhvh dvvhw sulflqj prghov e| �frqglwlrqlqj grzq/� wkdw lv/

e| rewdlqlqj prgl�hg yhuvlrqv ri wkhlu xqfrqglwlrqdo frxqwhusduwv1

71614 Furvv0vhfwlrqdo Lpsolfdwlrqv

Wkh vwduwlqj srlqw ri rxu furvv vhfwlrqdo whvwv ri wkh frqglwlrqdo FDSP lv h{suhv0

vlrq E��� � Ohw*v gh�qh ��c| ' .| d_-� o/ �r�c| ' .| dr�_-� o/ ��c| ' .| dr�_-�o c

q� ' . dq� Er�o/ dqg hq� ' .
khq� Er�l � Dsso|lqj wkh xqfrqglwlrqdo h{shfwdwlrqv rshud0

wru zh rewdlq/

. d_-�o ' q�. d_-� o n hq�. dr�_-�o n hq�. dr�_-� o

nSJ�
�
q� Er� c ��c|

�
n SJ�

�hq� Er� c ��c|� +75,

nSJ�
�hq� Er� c �r�c|

�
Wkh fryduldqfh whupv glvwlqjxlvk wkh frqglwlrqdo yhuvlrq ri wkh FDSP iurp lwv xqfrq0

glwlrqdo frxqwhusduw1 Lwv lqwhusuhwdwlrq lv wkh xvxdo rqh1 Iru lqvwdqfh/ lq wkh fdvh ri

SJ�
�
q� Er� c ��c|

�
/ sruwirolrv zkrvh ehwdv duh kljk zkhq wkh pdunhw suhplxp lv kljk zloo

kdyh d odujhu suhplxp wkdq wkh rqh suhglfwhg e| wkh vwdqgdug xqfrqglwlrqdo FDSP1

Gluhfw whvwv ri h{suhvvlrq Ee2� duh w|slfdoo| suhyhqwhg e| wkh idfw wkdw zh gr qrw

revhuyh q� Er� c ��c|/ hq� Er� cdqg ��c|c xqohvv wkh| duh rewdlqhg iurp dq hfrqrplf prgho

dv lw lv wkh fdvh lq wklv sdshu1 Dv douhdg| phqwlrqhg ��c|/ �r�c| dqg ��c| duh pdlqo|

ixqfwlrqv ri r� dqg iru wudfwdelolw|/ zh dssur{lpdwh wkhp e| olqhdu ixqfwlrqv ri wklv

yduldeoh1 Dovr/ zh dujxhg lq vhfwlrq 618 wkdw q� Er� lv pdlqo| d ixqfwlrq ri r� dqg r�1

Wr vlpsoli|/ zh dssur{lpdwh wklv ixqfwlrq dovr e| d olqhdu ixqfwlrq ri wkhvh yduldeohv/

l1h1 zh vhw q� Er� ' @� n K�r� n S�r�1 Wklv |lhogv vlpsoh h{suhvvlrqv iru +75, wkdw fdq eh

gluhfwo| whvwhg1 Iru lqvwdqfh/ li zh ohw ��c| ' _�ne�r�/ wkh �uvw fryduldqfh whup ehfrphv

SJ�
�
q� Er� c ��c|

�
' K�e�T @o Er�� n S�e�SJ� Er�c r��
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Qrwlfh qrz wkdw zlwk pdq| dvvhwv/ r� lv vpdoo vr wkdw zh fdq zhoo dssur{lpdwh

SJ�
�
q� Er� c ��c|

�
� ��.

�
r2�
�

iru vrph ��/ rqfh zh qrwlfh wkdw wkh frqvwdqw lq wkh yduldqfh zloo qrw sod| dq lpsruwdqw

uroh1 Vlplodu fdofxodwlrqv |lhogv vlplodu h{suhvvlrqv iru wkh rwkhu fryduldqfh whupv lq

+75,/ vr wkdw ryhudoo zh fdq zulwh

. d_-�o � q�. d_-� o n hq�. dr�_-�o n hq�. dr�_-� o n k�.
�
r2�
�
� +76,

H{suhvvlrq Ee�� lv wkh remhfw ri rxu hpslulfdo whvwv1 Vlqfh zh �qg wkdw r2� dqg r� duh

h{wuhpho| kljko| fruuhodwhg/ zh zloo shuirup wkh whvwv xvlqj . dr�o udwkhu wkdq . dr2�o=

Wkh whvw uhvxowv duh doprvw ghqwlfdo exw wkh iruphu ohqgv lwvhoi ehwwhu wr frpsdulvrqv

zlwk rwkhu zrun1

Wkh vwduwlqj h{suhvvlrq iru rxu whvwv ri wkh frqglwlrqdo Frqvxpswlrq FDSP lv

E�S�1 Dv zlwk wkh frqglwlrqdo FDSP zh rewdlq whvwdeoh lpsolfdwlrqv e| �frqglwlrqlqj

grzq1� Ohw �Sc| ' .|

�
_�
�

�
� Dvvxplqj djdlq wkdw qS� Er� ' @� n K�r� n S�r� dqg dsso|lqj

wkh xqfrqglwlrqdo h{shfwdwlrqv rshudwru zh rewdlq/

.
�
_-C

�

�
' @� n K�. dr�o n S�. dr�o n @�.

�
_�

�

�
n K�.

�
r�
_�

�

�
n S�.

�
r�
_�

�

�
Li r� lv vpdoo/ zh fdq vhw wkh wklug dqg wkh odvw whup htxdo wr }hur wr �qg

.
�
_-C

�

�
' �@n �K�. dr�o n @�.

�
_�

�

�
n K�.

�
r�
_�

�

�
c +77,

dqg lw lv wklv odvw h{suhvvlrq wkdw zh whvw lq wkh hpslulfdo vhfwlrq1 Qrwlfh wkdw wklv

uhodwlrqvkls krogv iru vlpsoh uhwxuqv dqg qrw h{fhvv uhwxuqv1 Krzhyhu/ zh �qg qhjoljleoh

gl�huhqfhv lq wkh sdudphwhu hvwlpdwhv zkhq zh xvh h{fhvv uhwxuqv dv rssrvhg wr vlpsoh

uhwxuqv +zlwk wkh rqo| reylrxv h{fhswlrq ri wkh frqvwdqw,/ dqg khqfh zh uhsruw wkh

uhvxowv xvlqj h{fhvv uhwxuqv lqvwhdg1
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71615 Hpslulfdo Uhvxowv

Wkh 58 Idpd0Iuhqfk sruwirolrv kdyh ehfrph wkh whvw jurxqg iru dq| prgho ri wkh furvv

vhfwlrq dqg lw lv wr wklv vhw wkdw zh uhvwulfw rxu lqyhvwljdwlrqv1 Wkh ydoxh suhplxp/

wkh idfw wkdw �upv zlwk kljk errn wr pdunhw udwlrv kdyh kljkhu dyhudjh uhwxuqv wkdq

�upv zlwk orz errn wr pdunhwv/ kdv ehhq frqfoxvlyho| grfxphqwhg e| Idpd dqg Iuhqfk

+4<<5, lq wkh XV gdwd vhw1 Lqghhg wkh �ydoxh suhplxp lv shuydvlyh� lq wkh pdunhwv dfurvv

wkh zruog +vhh Idpd dqg Iuhqfk +4<<;,,143 Dv zh zloo vhh vkruwo|/ frqglwlrqlqj rq r�

uhvxowv lq frqvlghudeoh lpsuryhphqwv ri wkh FDSP dqg FFDSP ryhu wkh xqfrqglwlrqdo

yhuvlrqv1 Lq rughu wr frpsduh wkh gl�huhqw vshfl�fdwlrqv zh uhsruw wkh U2 lq wkh gl�huhqw

uhjuhvvlrqv/ exw wkh uhdghu vkrxog ehdu lq plqg wkdw zh kdyh rqo| 58 +furvv0vhfwlrqdo,

revhuydwlrqv1

D gluhfw whvw ri +76, uhtxluhv dq hvwlpdwh ri wkh uhwxuq wr kxpdq fdslwdo/ zklfk

lv qrw revhuydeoh1 Rxu prgho |lhogv d suhflvh phwkrg wr frpsxwh wkrvh uhwxuqv/ e|

xvlqj wkh irupxod iru wkh ydoxh ri kxpdq fdslwdo jlyhq lq +55, dqg +56,1 Vshfl�fdoo|/ zh

frpsxwh wkh uhwxuq wr kxpdq fdslwdo e|

-C
�c| '

��c| � ��c|3� n �|

��c|3�
+78,

'
r�c| � r�c|3�
r�c|3� n V�

n
r�c|

V2 � r�c|3� n��2

+79,

zkhuh V� ' ��2*V2 dqg V2 ' ��� ���21
44

Wdeoh Y uhsruwv wkh uhvxowv iru rxu whvw ri wkh frqglwlrqdo FDSP dv jlyhq e|

h{suhvvlrq +76,1 Wkh �uvw olqh vkrzv wkh glvpdo shuirupdqfh ri wkh xqfrqglwlrqdo FDSP1

43Wkh suhvhqfh ri wkh ydoxh suhplxp rq lqwhuqdwlrqdo gdwd suhvhqwhg e| Idpd dqg Iuhqfk +4<<;, lv

sduwlfxoduo| uhohydqw dv wkh| duh rxw ri vdpsoh whvwv ri �qglqjv wkdw zhuh ruljlqdoo| pdgh iru wkh XV

dqg Mdsdqhvh gdwd vhwv1 Iru wklv uhdvrq lw lv kdug wr dujxh wkdw wkh ydoxh suhplxp lv wkh uhvxow ri

gdwd plqlqj1 Lq idfw wkh XV ydoxh suhplxp lv qrw sduwlfxoduo| kljk zkhq frpsduhg wr wkdw ri rwkhu

frxqwulhv lq wkhlu lqwhuqdwlrqdo vdpsoh +vhh Wdeoh LLL ri Idpd dqg Iuhqfk +4<<;,/ sdjh 4<;31,
44Zh xvh wkh sdudphwhv rewdlqhg lq vhfwlrq 6141 Lw wxuqv rxw wkdw wkh fkrlfh ri �4 dqg �5 grhv qrw

d�hfw wkh furvv vhfwlrqdo uhvxowv ehorz +li dq|wklqj/ wkh rqh uhsruwhg lv wkh orzhu erxqg,1
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Wkh ehwd rq wkh ydoxh zhljkwhg uhwxuq lv qrw vwdwlvwlfdoo| vljql�fdqw/ hqwhuv zlwk wkh

zurqj vljq/ dqg wkh U2 lv d phuh 4(/ wkdw lv/ wkh xqfrqglwlrqdo FDSP rqo| h{sodlqv 4(

ri wkh furvv vhfwlrq ri vwrfn uhwxuqv1 Zkhq frqglwlrqlqj rq wkh vkduh ri oderu lqfrph wr

frqvxpswlrq erwk wkh frh!flhqwv rq wkh pdunhw dqg r� duh vljql�fdqw/ dqg wkh dgmxvwhg

U2 vxevwdqwldoo| lpsuryhv wr d pruh uhvshfwdeoh 66(1 Wkh shuirupdqfh ri wkh prgho

lpsuryhv zkhq zh frqglwlrq rq wkh vkduh dqg wkh vfdohg pdunhw uhwxuqv1 Lq rughu wr

dyrlg pxowlfroolqhdulw| lq wkh wlph vhulhv uhjuhvvlrq wkdw pd| frpsolfdwh wkh lqihuhqfh

zh ruwkrjrqdol}h wkh vfdohg yduldeoh uhjuhvvlqj lw rq pdunhw uhwxuqv1 Wkh dgmxvwhg U2 lv

qrz 6;( dqg doo yduldeohv duh vljql�fdqw1 Olqh 8 lqfoxghv doo wkh yduldeohv suhglfwhg e|

rxu wkhru|/ zkhuh oderu0lqfrph jurzwk lv xvhg dv d phdvxuh ri kxpdq fdslwdo uhwxuqv

+vhh h1j1 Mdjdqqdwkdq dqg Zdqj +4<<9,,1 Lq wklv fdvh/ doo wkh yduldeohv h{fhsw wkh vfdohg

uhwxuqv wr kxpdq fdslwdo duh vljql�fdqw exw wkhuh duh qr lpsuryhphqw lq wkh +dgmxvwhg,

U21 Wkh yhu| odvw olqh uhsruwv wkh vdph uhjuhvvlrq dv lq olqh 8 zlwk wkh rqo| gl�huhqfh

wkdw h{fhvv uhwxuqv wr kxpdq fdslwdo duh frpsxwhg xvlqj irupxod +79,1 Lq wklv fdvh/ doo

wkh yduldeohv duh vljql�fdqw dqg wkh �w lpsuryhv wr dq +dgmxvwhg, U2 ri 76(1

Wkdw frqglwlrqlqj mxglflrxvo| fdq lpsuryh wkh shuirupdqfh ri wkh FDSP kdv

ehhq qrwhg e| pdq|1 Iru lqvwdqfh Mdjdqqdwkdq dqg Zdqj +4<<9, whvw d frqglwlrqdo

yhuvlrq ri wkh FDSP/ zkhuh wkh yduldeoh xvhg wr frqglwlrq zdv dq lqwhuhvw udwh yduldeoh

wkdw suhglfwv ixwxuh exvlqhvv frqglwlrqv1 Zkhq frpsdulqj wkh xqfrqglwlrqdo yhuvxv

wkh frqglwlrqdo yhuvlrq wkh U2 jrhv iurp 4( wr dssur{lpdwho| 63(1 Mdjdqqdwkdq dqg

Zdqj +4<<9, jr rq wr surylgh d ehwwhu gh�qlwlrq ri wkh pdunhw sruwirolr wkdw lqfoxghv

oderu lqfrph jurzwk dv d sur{| iru uhwxuqv wr kxpdq fdslwdo +vhh htxdwlrq +63, lq sdjh

58 ri Mdjdqqdwkdq dqg Zdqj +4<<9,,1 Wklv ixuwkhu lpsuryhv wkh shuirupdqfh ri wkh

frqglwlrqdo FDSP wr 88154(1 Krzhyhu wkhvh dxwkruv lqyhvwljdwh wkh shuirupdqfh ri

wkh frqglwlrqdo FDSP rq wkh 433 sruwirolrv vruwhg e| vl}h dqg q dqg gr qrw dwwhpsw wr

h{sodlq wkh ydoxh suhplxp1 Wkh frpsdulvrq ehwzhhq wkhlu uhvxowv dqg wkrvh suhvhqwhg

lq wklv sdshu vkrxog eh wkhq pdgh zlwk vrph fdxwlrq1

Olqhv 6 dqg 7 ri Wdeoh Y fdq dovr eh frpsduhg zlwk olqhv 7/ 8/ dqg 9 lq Wdeoh 5
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ri Ohwwdx dqg Oxgyljvrq +5333e,1 Iru lqvwdqfh/ zkhq whvwlqj wkh frqglwlrqdo FDSP/

lqfoxglqj wkhlu frqglwlrqlqj yduldeoh dqg wkh vfdohg pdunhw dovr |lhogv dq +dgmxvwhg, U20

vtxduh ri 54( +vhh olqh 7 ri wkhlu Wdeoh 51, Djdlq wkhlu uhvxowv lpsuryh wr dq lpsuhvvlyh

:4( zkhq d phdvxuh ri kxpdq fdslwdo uhwxuqv lv lqfoxghg lq wkh uhjuhvvlrq +vhh olqh 91,

Wdeoh YL uhsruwv whvwv iru wkh xqfrqglwlrqdo dqg frqglwlrqdo FFDSP dv jlyhq

e| h{suhvvlrq Eee�1 Wkh xqfrqglwlrqdo FFDSP uhjuhvvlrq +olqh 4, kdv frqvxpswlrq

jurzwk dv d qrq vljql�fdqw uhjuhvvru wkrxjk lw h{sodlqv 4( ri wkh furvv vhfwlrq ri h{0

shfwhg uhwxuqv1 Dgglqj wkh vkduh ri oderu lqfrph wr frqvxpswlrq lpsuryhv wkh U2 rqo|

pdujlqdoo|1 Wkh frqglwlrqdo FFDSP zkhuh mxvw wkh vfdohg pdunhw phdvxuh dqg wkh

pdunhw lwvhoi duh lqfoxghg shuirupv pxfk ehwwhu1 Dv vkrzq lq olqh 6 ri Wdeoh YL/ erwk

yduldeohv duh vljql�fdqw dqg wkh U2 lv qrz d 4;197(1 Zkhq zh dovr lqfoxgh wkh zdjhv0wr0

frqvxpswlrq udwlr wkh U2 mxpsv wr 631:( dqg doo yduldeohv/ h{fhsw frqvxpswlrq jurzwk/

duh vljql�fdqw1

Iljxuh : jlyhv d txlfn ylvxdo lpsuhvvlrq ri wkh frqvlghudeoh lpsuryhphqw wkdw

iroorzv zkhq zh frqglwlrq erwk wkh FDSP dqg wkh FFDSP e| sorwwlqj uhdol}hg dyhudjh

uhwxuqv yhuvxv �wwhg uhwxuqv1

8 Urexvwqhvv

Wkh uhvxowv uhsruwhg lq wkh suhylrxv vhfwlrqv vkrz wkdw d ixoo| h{rjhqrxv hfrqrplf

yduldeoh 0 l1h1 wkh oderu lqfrph wr frqvxpswlrq udwlr 0 fdq suhglfw wkh wlph vhulhv ri

ixwxuh uhwxuqv dqg sduwo| h{sodlq wkh furvv0vhfwlrq ri uhwxuqv1 Lq wklv vhfwlrq zh shuirup

ydulrxv whvwv wr ehwwhu xqghuvwdqg wkh hfrqrplfv ehklqg wkh uhvxowv1

814 D Gluhfw Whvw ri wkh Hfrqrplf Prgho

Wkh hfrqrplf wkhru| wkdw prwlydwhg rxu hpslulfdo lqyhvwljdwlrq hqwdlov wkdw wkh frydul0

dqfh ehwzhhq uhwxuqv dqg frqvxpswlrq jurzwk pryhv ryhu wlph gxh wr wkh fkdqjh lq wkh
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udwlr ehwzhhq oderu lqfrph dqg wrwdo frqvxpswlrq1 Lq wklv vhfwlrq zh whvw zkhwkhu vxfk

d fr0pryhphqw dfwxdoo| h{lvwv1 Zh xvh djdlq wkh txduwhuo| gdwd rq frqvxpswlrq dqg

gh dwh wkhp xvlqj wkh FSL vhulhv wr rewdlq d wlph vhulhv ri uhdo frqvxpswlrq jurzwk1

Lq rughu wr whvw zkhwkhu wkh udwlr ehwzhhq oderu lqfrph dqg frqvxpswlrq suhglfw wkh

ohyho ri fryduldqfh ehwzhhq uhwxuqv dqg uhdo frqvxpswlrq jurzwk/ zh qhhg dq hvwlpdwh

ri wkh wlph vhulhv ri wkh odwwhu1 Zh �w wkh iroorzlqj el0yduldwh JDUFK+4/4, prgho wr

gdwd iurp 4<7904<<<= 3C -|

{S|

4D ' >n 0|

zkhuh > lv d 2� � yhfwru ri frqvwdqwv45 dqg 0| � Q EfcM|� zlwk

M| ' � n{M|3�{
� n�0|3�0

�

|3��
�

Wr hqvxuh wkdw M| lv srvlwlyh vhpl0gh�qlwh iru doo | zh dvvxph � ' �� � zkhuh � lv orzhu

wuldqjxodu1 Lq dgglwlrq/ zh dovr dvvxph wkdw { dqg � duh gldjrqdo pdwulfhv wr olplw wkh

qxpehu ri sdudphwhuv1

Wdeoh YLL uhsruwv wkh uhvxowv ri wkh El0yduldwh Jdufk Hvwlpdwhv dqg Iljxuh ; sorwv

wkh wlph vhulhv ri wkh �wwhg fryduldqfh ehwzhhq uhwxuqv dqg uhdo frqvxpswlrq jurzwk

+grwwhg olqh,1 Zh dovr sorw wkh qhjdwlyh ri wkh oderu0wr0frqvxpswlrq udwlr +vrolg olqh,/

uhvfdohg wr pdwfk wkh wlph vhulhv ri wkh fryduldqfh ehwzhhq frqvxpswlrq jurzwk dqg

uhwxuqv1 Li zh devwudfw iurp wkh �uvw wzr |hduv ri gdwd +4<7904<7:,/ zkhuh d elj lqlwldo

rxwolhu olnho| d�hfwhg wkh phdvxuh ri wkh fryduldqfh lq wkh iroorzlqj irxu0wr0vl{ txduwhuv/

wkh sorw vkrzv d lqwhuhvwlqj dvvrfldwlrq ehwzhhq wkh ohyho ri wkh �wwhg fryduldqfh ehwzhhq

uhwxuqv dqg frqvxpswlrq jurzwk dqg wkh qhjdwlyh ri wkh zdjhv0wr0frqvxpswlrq udwlr1

Wklv lv frq�uphg lq Wdeoh YLLL/ zkhuh zh uxq wkh iroorzlqj uhjuhvvlrqv

��T|n� ' k� n k2r�c| n k���T| n 0|n�

45Ri frxuvh/ h{shfwhg uhwxuqv � duh qrw frqvwdqw lq wklv prgho1 Zh pdnh wklv dvvxpswlrq wr hvwlpdwh

wkh fryduldqfh ehwzhhq uhwxuqv dqg frqvxpswlrq lq d v|vwhpdwlf zd|1 Wr eh ixoo| frqvlvwhqw/ zh vkrxog

dvvxph wkdw � ghshqgv rq wkh fryduldqfh lwvhoi1
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zkhuh��T| '
k eM|

l
�2
/ l1h wkh �wwhg fryduldqfh ehwzhhq frqvxpswlrq jurzwk dqg uhwxuqv/

r�c| ' �|*�| lv wkh zdjhv0wr0frqvxpswlrq udwlr1 Dv fdq eh vhhq lq wkh wdeoh zh dovr vwxg|

vshfl�fdwlrqv zkhuh k� lv vhw htxdo wr }hur1 Frq�uplqj wkh lqwxlwlrq ghyhorshg lq Iljxuh

;/ wkh xvh ri wkh zkroh vdpsoh 4<7904<<< uhvxowv lq d qrq vljql�fdqw frh!flhqw k2 iru

wkh zdjhv0wr0frqvxpswlrq udwlr/ gxh wr wkh odujh rxwolhu dw wkh yhu| ehjlqqlqj ri wkh

vdpsoh1 Li zh holplqdwh wkh �uvw ihz revhuydwlrqv iurp wkh uhjuhvvlrq wr doorz iru wkh

h�hfw ri wkh odujh lqlwldo rxwolhu wr idgh/ zh lqghhg �qg d vwurqj qhjdwlyh uhodwlrq ehwzhhq

wkh zdjhv0wr0frqvxpswlrq udwlr dqg wkh fryduldqfh ehwzhhq uhwxuqv dqg frqvxpswlrq

jurzwk1 Wklv uhodwlrqvkls krogv wuxh hyhq zkhq zh lqyhvwljdwh wkh rwkhu wzr uhohydqw

vxevdpsohv/ 4<8504<<</ dqg 4<8504<<71

815 Oderu Lqfrph/ Wrwdo Lqfrph dqg Frqvxpswlrq

Wkh uhvxowv lq wkh suhylrxv vhfwlrq uho| rq wkh pdfur yduldeoh �oderu lqfrph ryhu frq0

vxpswlrq udwlr1� Vwulfwo| vshdnlqj/ wkh prgho sursrvhg lq wklv sdshu dovr lpsolhv wkdw

wrwdo frqvxpswlrq htxdov wrwdo lqfrph lq htxloleulxp1 Dv d frqvhtxhqfh/ wkh vdph uhod0

wlrqvklsv wkdw krog iru wkh oderu lqfrph wr frqvxpswlrq udwlr vkrxog dovr krog iru wkh

oderu lqfrph wr wrwdo lqfrph udwlr1 Lq wklv vhfwlrq zh wdnh rq wklv srlqw dqg vkrz wkdw

wkhuh lv d vwulfw uhodwlrqvkls ehwzhhq oderu0lqfrph wr frqvxpswlrq udwlr dqg wkh oderu0

lqfrph wr wrwdo lqfrph udwlr1 Iru frkhuhqfh zlwk wkh oderu lqfrph vhulhv +zklfk lv qhw

ri wd{hv,/ zh wdnh wkh wrwdo glvsrvdeoh lqfrph dv d phdvxuh ri wrwdo lqfrph146 Iljxuh <

sorwv wkh wzr vhulhv iru rxu vdpsoh1 Dv lw fdq eh vhhq/ wkh jhqhudo txdolwdwlyh wlph vhulhv

ehkdylru ri wkhvh vhulhv duh yhu| vlplodu/ zlwk wkh oderu lqfrph wr wrwdo lqfrph ehlqj

voljkwo| vprrwkhu wkdq wkh rwkhu rqh1 Lq rughu wr whvw iru suhglfwdelolw|/ Wdeoh L[ vkrzv

46Lw lv zruwk uhplqglqj wkh uhodwlrqvkls ehwzhhq wrwdo lqfrph dqg glvsrvdeoh lqfrph lq wkh qdwlrqdo

dffrxqwv +QLSD wdeohv,1 Zh kdyh Wrwdo Shuvrqdo Lqfrph htxdov Frpshqvdwlrq ri Hpsor|hhv soxv

Sursulhwruv Lqfrph soxv Uhqwdo Lqfrph soxv Shuvrqdo Glylghqg Lqfrph soxv Shuvrqdo Lqwhuhvw Lqfrph

soxv Wudqvihu sd|phqwv wr shuvrqv ohvv Shuvrqdo Frqwulexwlrq wr Vrfldo Lqvxudqfh1 Ilqdoo|/ Glvsrvdeoh

Lqfrph htxdo Wrwdo Lqfrph ohvv Shuvrqdo Wd{hv1
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wkh suhglfwlyh uhjuhvvlrqv xvlqj wkh oderu lqfrph wr wrwdo lqfrph vhulhv dv suhglfwruv ryhu

wkh ydulrxv vdpsohv1 Dv lw fdq eh vhhq/ wkh oderu lqfrph wr glvsrvdeoh lqfrph udwlr kdv

d yhu| jrrg suhglfwlyh srzhu iru ixwxuh uhwxuqv lq doo vxevdpsohv/ dowkrxjk wkh uhvxowv

duh qrw vr vwurqj iru wkh rqh txduwhu dkhdg suhglfwlyh uhjuhvvlrq11

816 Vsxulrxv Uhjuhvvlrqv

Prvw vhulhv xvhg lq wklv sdshu duh forvh0wr0xqlw urrw vhulhv dqg khqfh wkhuh lv d mxvwl�hg

frqfhuq wkdw wkh uhvxowv derxw wkh wlph0vhulhv suhglfwdelolw| pd| eh gxh wr vsxulrxv

uhjuhvvlrqv +vhh h1j1 Wrurxv dqg \dq +4<<<, iru d uhfhqw zrun derxw vsxulrxv suhglfwlyh

uhjuhvvlrqv147, Wr vxppdul}h wkh sureohp/ vxssrvh wkdw zh kdyh wkh sdlu ri vhulhv

+|n� ' @n K%| n �|n� +7:,

%|n� ' kn �%| n �|n� +7;,

zkhuh +| ' *L} E-|� lv wkh orj uhwxuq dqg zkhuh 0| ' E�|c �|�
� lv d pduwlqjdoh gl�huhqfh

vhtxhqfh vxfk wkdw . d0|0
�

|m0|3�c 0|32���o ' P dqg vxfk wkdw �| dqg �| kdyh rqo| frqwhp0

srudqhrxv fruuhodwlrq 4 ' �Joo E�|c �|�1 Iroorzlqj Ulfkdugvrq dqg Vwrfn +4<;<,/ Wrxuxv

dqg \dq +4<<<, vwxg| wkh dv|pswrwlf glvwulexwlrq ri wkh ohdvw vtxduh hvwlpdwru rewdlqhg

e| uhjuhvvlqj wkh orqj0whup uhwxuq +|n� Eg� '
Sg

�'� +|n� rqwr wkh suhglfwlyh yduldeoh %|

xqghu wkh qxoo k|srwkhvlv wkdw wkhuh lv qr uhodwlrq ehwzhhq +| dqg %| exw wkurxjk wkh

frqwhpsrudqhrxv fruuhodwlrq ri wkh vhulhv1 Wkdw lv/ wkh qxoo0k|srwkhvlv lv Kf G K ' f1

Wkh| vkrz wkdw lqghhg wkh iru jlyhqg/ wkh hvwlpdwhg q Eg� lv frqvlvwhqw dv A $4/ exw

lwv Qhzh|0Zhvw dgmxvwhg |0vwdwlvwlf |qEg� kdv d qrq0vwdqgdug glvwulexwlrq zklfk ghshqgv

rq wkh fruuhodwlrq 4 ehwzhhq �| dqg �|1 Li 4 ' f/ wkhq |qEg� kdv lqghhg d vwdqgdug qrupdo

glvwulexwlrq1 Wkh| dovr vkrz wkdw li wkh qxpehu ri qrq0ryhuodsslqj lqwhuydov grhv qrw

jurz wr lq�qlw| zlwk A / wkdw lv li A*g $ S/ frqvwdqw/ wkhq q Eg� lv qr orqjhu frqvlvwhqw

dqg |qEg� kdv d qrq0vwdqgdug glvwulexwlrq wkdw ghshqgv rq erwk 4 dqg S1

47Dvlgh iurp wkh ruljlqdo duwlfoh e| Skloolsv +4<;9,/ wkh uhdghu lv uhihuuhg wr Fkds1 4;16 lq Kdplowrq

+4<<7, iru d oxflg h{srvlwlrq ri wkh vsxulrxv uhjuhvvlrq sureohp dqg iru rwkhu uhihuhqfhv1
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Lq rughu wr fkhfn wkh urexvwqhvv ri rxu uhvxowv/ zh wdnh wkh vxjjhvwlrqv frqwdlqhg

lq Wrurxv dqg \dq +4<<<, dqg rewdlq pruh urexvw frq�ghqfh lqwhuydov iru wkh frh!0

flhqw q Eg� lq rxu suhglfwlyh uhjuhvvlrqv e| phdqv ri Prqwh Fduor Vlpxodwlrqv1 Pruh

vshfl�fdoo|/ zh shuirup wkh iroorzlqj h{huflvh= Ohw %| lq htxdwlrq +7;, eh dq| ri wkh

uhjuhvvruv xvhg lq wkh iruhfdvwlqj uhjuhvvlrqv/ l1h1 wkh oderu0lqfrph wr frqvxpswlrq udwlr

r�c|/ wkh +orj, glylghqg sulfh udwlr *L} E(|*�|�/ erwk ri wkhp ru wkh lqwhudfwlrq whup

r�c| *L} E(|*�|�1 Iru hdfk ri wkhp/ zh �uvw frpsxwh wkh sdudphwhuv k dqg � lq htxdwlrq

+7;, iurp d wlph0vhulhv uhjuhvvlrq dqg wkh pdwul{ P ' . d0|0
�

|o wr wdnh lqwr dffrxqw wkh

fruuhodwlrq ehwzhhq �| dqg �| +uhfdoo wkdw li wkh fruuhodwlrq 4 ' f/ wkhq q Eg� lv lqghhg

frqvlvwhqw dv A $4 dqg |qEg� lv lqghhg glvwulexwhg dv d vwdqgdug qrupdo glvwulexwlrq1

Lq wklv fdvh doo wkh uhvxowv lq wkh suhylrxv vhfwlrq krog1, Jlyhq rxu vdpsoh vl}h A ' 2�S

iru wkh shulrg 4<7904<<</ zh vlpxodwh 43/333 sdwkv ri wkh v|vwhp +7:,0+7;, xqghu wkh

qxoo k|srwkhvlv wkdw K ' f1 Iru hdfk vdpsoh/ zh frpsxwh wkh suhglfwlyh uhjuhvvlrqv dv

lq htxdwlrqv +6;,0+74, dqg rewdlq d glvwulexwlrq iru q Eg�1 Wklv lv wdexodwhg lq Wdeoh

[1 Zh uhshdwhg wkh h{shulphqw xvlqj erwk wkh hvwlpdwlrqv ri wkh uhohydqw sdudphwhuv ri

+7:,0+7;, dqg wkh vdpsoh vl}hv fruuhvsrqglqj wr wkh shulrgv 4<8504<<< dqg 4<8504<<7 dqg

rewdlqhg h{wuhpho| vlplodu fxwr� ydoxhv iru q Eg�/ zklfk zh gr qrw uhsruw iru euhylw|1

Iru wkh vdpsoh shulrg 4<7904<<< wkh hvwlpdwhg frh!flhqwv uhsruwhg lq Wdeoh LL0D

duh h{wuhpho| forvh wr ehlqj vwdwlvwlfdoo| vljql�fdqw dw wkh 43( ohyho iru wkh rqh txduwhu/

rqh |hdu/ dqg wzr |hdu uhjuhvvlrq1 Iru h{dpsoh/ wkh rqh txduwhu dkhdg suhglfwlyh uhjuhv0

vlrq |lhogv d frh!flhqw q E�� ' ���fH zkloh iurp wkh vlpxodwlrqv/ wkh <3( frq�ghqfh

lqwhuydo lv d�f���Hc f��f2o1 Iru wkh wkuhh dqg irxu |hdu uhjuhvvlrq erwk frh!flhqwv duh

vwdwlvwlfdoo| vljql�fdqw dw wkh 43( ohyho1 Iru lqvwdqfh iru wkh irxu |hdu uhjuhvvlrq wkh

hvwlpdwhg frh!flhqw lv jlyhq e| q E�S� ' �e�bf2 zkloh wkh <3( frq�ghqfh lqwhuydo lv

d�e�D�ec e��beo1

Lq frqwudvw wkh glylghqg sulfh udwlr lv qhyhu vljql�fdqw dw wkh 43(1 Wklv lv

sduwo| gxh wr wkh idfw wkdw wkh fruuhodwlrq ehwzhhq uhwxuqv dqg glylghqg sulfh udwlr
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4 ' �Joo E�|c �|� lv pxfk kljkhu lq wklv fdvh +durxqg ��bS, wkdq lq wkh fdvh zkhuh wkh

suhglfwlyh yduldeoh lv wkh oderu lqfrph wr frqvxpswlrq udwlr +lq zklfk fdvh 4 � ��f2�1

Dv h{sodlqhg deryh/ d kljkhu fruuhodwlrq 4 pdnhv wkh glvwulexwlrq ri |qEg� hyhq pruh

�qrq0qrupdo�1 Iru h{dpsoh/ xvlqj wkh glylghqg sulfh udwlr iru wkh rqh txduwhu dqg

irxu |hdu uhjuhvvlrq zh rewdlq q E�� ' �f22 dqg q Eg� ' �e.D uhvshfwlyho| zkloh urexvw

frq�ghqfh lqwhuydov duh d�f�ffDc f�f�HHo dqg d�f�fbc f�DD�o uhvshfwlyho|1

Orrnlqj dw wkh uhjuhvvlrq zkhuh erwk wkh vkduh dqg wkh orj glylghqg sulfh udwlr

hqwhu olqhduo| wkh hvwlpdwhg frh!flhqw rq r� lv vljql�fdqw dw doo krul}rqv1 Iru lqvwdqfh/

iru wkh rqh txduwhu suhglfwdelolw| uhjuhvvlrq wkh hvwlpdwhg ydoxh ri wkh frh!flhqw lv

q E�� ' ��eS./ zkhuhdv wkh <3( frq�ghqfh lqwhuydo lv jlyhq e| d��e�Sc ��SDo � Rqfh

djdlq/ wkh glylghqg sulfh udwlr lv qhyhu vljql�fdqw dw wklv ohyho ri vwdwlvwlfdo vljql�fdqfh1

Wkh uhvxowv duh hyhq vwurqjhu zkhq wkh vdpsoh lv uhvwulfwhg wr wkh shulrg 4<7;04<<<

+vhh Wdeoh LL0E,148 Wkh hvwlpdwhg frh!flhqwv iru wkh xqlyduldwh uhjuhvvlrq zlwk r� duh doo

vljql�fdqw dw wkh 43( ohyho zlwk wkh h{fhswlrq ri wkh rqh |hdu dkhdg uhjuhvvlrq/ zklfk lv/

lq dq| fdvh/ h{wuhpho| forvh wr wkh fxw0r� ydoxh1 Doo ri wkhp duh vwdwlvwlfdoo| vljql�fdqw

lq wkh uhjuhvvlrq zkhuh wkh glylghqg sulfh udwlr hqwhuv olqhduo|1

Ryhudoo/ wklv vhfwlrq frq�upv iurp d vwdwlvwlfdo srlqw ri ylhz wkdw wkh suhglfwlyh

uhjuhvvlrq uhvxowv rewdlqhg lq vhfwlrq 715 duh xqolnho| wr eh vsxulrxv/ dqg lw ohqgv ixuwkhu

fuhghqfh wr wkh k|srwkhvlv ri dq hfrqrplf uhodwlrq olqnlqj uhwxuqv rq wkh djjuhjdwh

pdunhw sruwirolr dqg wkh vkduh ri oderu lqfrph wr frqvxpswlrq1

9 Frqfoxvlrq

Zh sursrvh d vlpsoh jhqhudo htxloleulxp prgho wr vkrz wkdw fkdqjhv lq h{shfwhg uhwxuqv

pd| eh jhqhudwhg e| fkdqjhv lq wkh uhodwlyh lpsruwdqfh ri ydulrxv vrxufhv ri lqfrph1

Lq rxu prgho/ wrwdo lqfrph lv ixqghg e| glylghqgv dqg oderu lqfrph wkdw jurz vwrfkdv0

48Wkh wdeoh ri wkh vlpxodwhg glvwulexwlrq iru wkh vdpsoh shulrg 4<7;04<<< lv h{wuhpho| forvh wr Wdeoh

[ zkhq wkh vlpxodwlrq duh grqh zlwk hljkw revhuydwlrqv ohvv1 Zh gr qrw uhsruw lw iru euhylw|1
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wlfdoo| ryhu wlph1 Zh vkrz wkdw htxloleulxp h{shfwhg uhwxuqv fkdqjh dv wkh iudfwlrq ri

wrwdo lqfrph ixqghg e| oderu lqfrph  xfwxdwhv ryhu wlph/ ehfdxvh wkh odwwhu d�hfw wkh

frqglwlrqdo fryduldqfh ehwzhhq htxloleulxp uhwxuqv dqg frqvxpswlrq jurzwk1 Zh wkhq

rewdlq d qhz dqg vlpsoh whvwdeoh lpsolfdwlrq/ qdpho|/ wkdw wkh udwlr ri oderu lqfrph

wr frqvxpswlrq vkrxog khos suhglfwv vwrfn uhwxuqv1 Wklv lv vwurqjo| frq�uphg lq wkh

gdwd1 Wkh uhjuhvvlrq ri vwrfn uhwxuqv rq odjjhg ydoxhv ri wklv udwlr surgxfhv vwdwlvwlfdoo|

vljql�fdqw frh!flhqwv dqg dgmxvwhg U2 wkdw duh odujhu wkdq wkrvh jhqhudwhg zkhq xvlqj

wkh glylghqg sulfh udwlr dv d vlqjoh h{sodqdwru| yduldeoh1 Qrwlfh wkdw gl�huhqwo| iurp wkh

glylghqg sulfh udwlr/ rxu yduldeoh lv d sxuh pdfurhfrqrplf yduldeoh wkdw lv frqvwuxfwhg

zlwk qr uhihuhqfh wr �qdqfldo yduldeohv dqg lw lv lq wklv vhqvh wkdw zh surylgh d srzhuixo

whvw ri rxu wkhru|1

Zh ghulyh dqg whvw d yhuvlrq ri wkh frqglwlrqdo FDSP dqg wkh frqglwlrqdo frq0

vxpswlrq FDSP/ zkhuh wkh yduldeoh zh xvh wr frqglwlrq lv wkh diruhphqwlrqhg udwlr1

Whvwv duh frqgxfwhg rq wkh mxvwo| fhoheudwhg 58 Idpd0Iuhqfk sruwirolrv1 Iru erwk wkh

FDSP dqg wkh FFDSP zh lqghhg �qg wkdw zkhq zh xvh rxu oderu0lqfrph wr frqvxps0

wlrq udwlr dv frqglwlrqlqj yduldeoh/ wkh �w lq wkh furvv vhfwlrq ri uhwxuqv lv vxevwdqwldoo|

lpsuryhg zkhq frpsduhg wr wkh xqfrqglwlrqdo yhuvlrq ri wkh prghov1 Zh lqwhusuhw wklv

�qglqj dv ohqglqj dgglwlrqdo vxssruw wr rxu frqglwlrqlqj yduldeoh1

Lq dgglwlrq wr wkh suhylrxv whvwv rq wkh wlph vhulhv dqg furvv vhfwlrq suhglfwdelolw|/

zh dovr surylgh d gluhfw whvw ri wkh pdlq phfkdqlvp wkdw surgxfhv fkdqjhv lq h{shfwhg

uhwxuqv lq rxu prgho/ qdpho|/ wkdw wkh fryduldqfh ehwzhhq uhwxuqv dqg frqvxpswlrq

jurzwk vkrxog eh suhglfwhg e| wkh udwlr ri oderu lqfrph wr wrwdo frqvxpswlrq1 Zh �qg

d vwurqj vxssruw dovr iru wklv uhodwlrqvkls lq wkh gdwd dqg qrwlfh wkdw wkh fryduldqfh

ehwzhhq uhwxuqv dqg frqvxpswlrq jurzwk lqfuhdvhg vwhdglo| iurp wkh ehjlqqlqj ri wkh

;3*v1

Lq frqfoxvlrq/ zh �qg d vxevwdqwldo vxssruw iru wkh hfrqrplf prgho sursrvhg lq

wklv sdshu/ wkdw lv/ wkdw wkh wlph yduldwlrq lq wkh uhodwlyh lpsruwdqfh ri wkh ydulrxv

vrxufhv ri lqfrph kdyh dq lpsruwdqw h�hfw rq wkh uhtxluhg h{shfwhg uhwxuq1 Zh vkrxog
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srlqw rxw wkdw rxu prgho lv dovr ixoo| frqvlvwhqw zlwk d uhfhqw erg| ri olwhudwxuh grfx0

phqwlqj wkdw f|folfdo yduldwlrq lq wkh frqvxpswlrq wr zhdowk udwlr d�hfw ixwxuh h{shfwhg

uhwxuqv1 Dowkrxjk rxu prgho lv fdvwhg lq wkh orj0xwlolw| fdvh iru vlpsolflw|/ zklfk lpsolhv

d frqvwdqw frqvxpswlrq wr zhdowk udwlr/ wkh vdph uhvxowv ri wklv sdshu fdq eh rewdlqhg

zlwk kljkhu ghjuhhv ri ulvn dyhuvlrqv dv vkrzq lq wkh dsshqgl{1 Lq wklv fdvh/ rqh fdq

vkrz wkdw wkh frqvxpswlrq wr zhdowk udwlr lv d qrq0olqhdu exw ghfuhdvlqj ixqfwlrq ri

wkh oderu lqfrph wr frqvxpswlrq udwlr1 Khqfh/ wklv prgho suhglfwv wkdw wkh frqvxps0

wlrq wr zhdowk udwlr vkrxog dovr eh d suhglfwru ri ixwxuh uhwxuqv/ d �qglqj wkdw lv zhoo

grfxphqwhg lq Ohwwdx dqg Oxgyljvrq +5333d,1

: Uhihuhqfhv

Eduehulv/ Qlfn/ Plqj Kxdqj dqg Wdqr Vdqwrv +5333,/ �Survshfw Wkhru|

dqg Dvvhw Sulfhv/� iruwkfrplqj/ Txduwhuo| Mrxuqdo ri Hfrqrplfv1

Fdpsehoo/ Mrkq \1 +4<;:,/ �Vwrfn Uhwxuqv dqg wkh Whup Vwuxfwxuh/� Mrxuqdo

ri Ilqdqfldo Hfrqrplfv/ 4;/ 6:606<<1

Fdpsehoo/ Mrkq \1 +4<<9,/ �Xqghuvwdqglqj Ulvn dqg Uhwxuq/� Mrxuqdo ri Sr0

olwlfdo Hfrqrp|/ 437/ 5<;06781

Fdpsehoo/ Mrkq \1 +4<<<,/ �Dvvhw Sulfhv/ Frqvxpswlrq/ dqg wkh Exvlqhvv F|0

foh/� lq Kdqgerrn ri Pdfurhfrqrplfv/ Mrkq E1 Wd|oru dqg Plfkdho Zrrgirug hglwruv1

Fdpsehoo/ Mrkq \1 +5333,/ �Dvvhw Sulflqj dw wkh Ploohqqlxp1� Iruwkfrplqj

Mrxuqdo ri Ilqdqfh/ Dxjxvw1

Fdpsehoo/ Mrkq \1 dqg Mrkq K1 Frfkudqh +4<<<,/ �E| Irufh ri Kdelw/�

Mrxuqdo ri Srolwlfdo Hfrqrp|1

Fdpsehoo/ Mrkq \1/ Dqguhz Z1 Or/ dqg D1 Fudlj PdfNlqod| +4<<:,/ Wkh

Hfrqrphwulfv ri Ilqdqfldo Pdunhwv1 Sulqfhwrq Xqlyhuvlw| Suhvv/ Sulqfhwrq/ Qhz Mhuvh|1

Fdpsehoo/ Mrkq \1 dqg Urehuw M1 Vkloohu +4<;; d,/ �Wkh Glylghqg Ssulfh Ud0
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wlrq dqg H{shfwdwlrqv ri Ixwxuh Glylghqgv dqg Glvfrxqw Idfwruv/� Uhylhz ri Ilqdqfldo

Vwxglhv/ 4/ 4<8055:1

Fdpsehoo/ Mrkq \1 dqg Urehuw M1 Vkloohu +4<;; e,/ �Vwrfn Sulfhv/ Hduqlqjv/

dqg H{shfwhg Glylghqgv/� Mrxuqdo ri Ilqdqfh/ 76/ 99409:91

Frfkudqh/ Mrkq K1 +4<<9,/ �D Furvv Vhfwlrqdo Whvw ri dq Lqyhvwphqw Edvhg

Dvvhw Sulflqj Prgho/� Mrxuqdo ri Srolwlfdo Hfrqrp|/ 437 +6,/ 8:509541

Frfkudqh/ Mrkq K1 +4<<:,/ �Zkhuh lv wkh Pdunhw JrlqjB Xqfhuwdlq Idfwv

dqg Qryho Wkhrulhv/� Hfrqrplf Shuvshfwlyhv/ Ihghudo Uhvhuyh ri Fklfdjr/ Qryhpehu0

Ghfhpehu11

Frfkudqh/ Mrkq K1 +5333,/ �Qhz Idfwv lq Ilqdqfh/� Hfrqrplf Shuvshfwlyhv1

Ihghudo Uhvhuyh Edqn ri Fklfdjr1

Frfkudqh/ Mrkq K1 +5333,/ Dvvhw Sulflqj/ Pdqxvfulsw/ Xqlyhuvlw| ri Fklfdjr1

Gx!h/ Gduuhoo +4<<9,/ G|qdplf Dvvhw Sulflqj Wkhru|/ Sulqfhwrq Xqlyhuvlw|

Suhvv/ Sulfhqwrq/ Qhz Mhuvh|1

Idpd/ Hxjhqh I1 dqg Mdphv G1 PdfEhwk +4<:5,/ �Ulvn/ Uhwxuq/ dqg Htxl0

oleulxp= Hpslulfdo Whvwv/� Mrxuqdo ri Srolwlfdo Hfrqrp|/ ;4/ 93:09691

Idpd/ Hxjhqh I1 dqg J1 Zlooldp Vfkzhuw +4<::,/ �Kxpdq Fdslwdo dqg

Fdslwdo Pdunhw Htxloleulxp/� Mrxuqdo ri Ilqdqfldo Hfrqrplfv/ 7/ 44804791

Idpd/ Hxjhqh I1 dqg Nhqqhwk U1 Iuhqfk +4<;; d,/ �Glylghqg \lhogv dqg

H{shfwhg Vwrfn Uhwxuqv/� Mrxuqdo ri Ilqdqfldo Hfrqrplfv/ 55/ 605:1

Idpd/ Hxjhqh I1 dqg Nhqqhwk U1 Iuhqfk +4<;; e,/ �Shupdqhqw dqg Whp0

srudu| Frpsrqhqwv ri Vwrfn Sulfhv/� Mrxuqdo ri Srolwlfdo Hfrqrp|/ <9/ 57905:61

Idpd/ Hxjhqh I1 dqg Nhqqhwk U1 Iuhqfk +4<;<,/ �Exvlqhvv Frqglwlrqv dqg

H{shfwhg Uhwxuqv rq Vwrfnv dqg Erqgv/� Mrxuqdo ri Ilqdqfldo Hfrqrplfv/ 58/ 5607<1

Idpd/ Hxjhqh I1 dqg Nhqqhwk U1 Iuhqfk +4<<5,/ �Wkh Furvv Vhfwlrq ri

H{shfwhg Uhwxuqv/� Mrxuqdo ri Ilqdqfh/ 7:/ 75:07981

Idpd/ Hxjhqh I1 dqg Nhqqhwk U1 Iuhqfk +4<<6,/ �Frpprq Ulvn Idfwruv lq

wkh Uhwxuqv ri Vwrfnv dqg Erqgv/� Mrxuqdo ri Ilqdqfldo Hfrqrplfv/ 66/ 60891
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Ihuvrq/ Zd|qh H1 dqg Fdpsehoo U1 Kduyh| +4<<<,/ �Frqglwlrqlqj Yduldeohv

dqg wkh Furvv Vhfwlrq ri Vwrfn Uhwxuqv/� Mrxuqdo ri Ilqdqfh/ 87/ 4658046941

Mdjdqqdwkdq/ U1 dqg ]khq|x Zdqj +4<<9,/ �Wkh Frqglwlrqdo FDSP dqg wkh

Furvv Vhfwlrq ri H{shfwhg Uhwxuqv/� Mrxuqdo ri Ilqdqfh/ 84/ 60871

Kdplowrq/ Mdphv G1 +4<<7,/ Wlph Vhulhv Dqdo|vlv/ Sulqfhwrq Xqlyhuvlw| Suhvv/

Sulqfhwrq/ Qhz Mhuvh|1

Krgulfn/ Urehuw +4<<5,/ �Glylghqg \lhogv dqg H{shfwhg Vwrfn Uhwxuqv= Do0

whuqdwlyh Surfhgxuhv iru Lqihuhqfh dqg Phdvxuhphqw/� Uhylhz ri Ilqdqfldo Vwxglhv/ 8/

68:06;91

Nhlp/ Grqdog E1 dqg Urehuw I1 Vwdpedxjk +4<;9,/ �Suhglfwlqj Vwrfn Uh0

wxuqv lq wkh Vwrfn dqg Erqg Pdunhwv/� Mrxuqdo ri Ilqdqfldo Hfrqrplfv/ 4:/ 68:06<31

Odprqw/ Rzhq +4<<;,/ �Hduqlqjv dqg H{shfwhg Uhwxuqv/� Mrxuqdo ri Ilqdqfh/

86/ 4896048;:1

Ohwwdx/ Pduwlq dqg V|gqh| Oxgyljvrq +5333d,/ �Frqvxpswlrq/ Djjuhjdwh

Zhdowk dqg H{shfwhg Vwrfn Uhwxuqv/� zrunlqj sdshu/ Ihghudo Uhvhuyh ri Qhz \run1

Ohwwdx/ Pduwlq dqg V|gqh| Oxgyljvrq +5333e,/ �Uhvxuuhfwlqj wkh +F,FDSP=

D Furvv0Vhfwlrqdo Whvw ri Olqhdu Idfwru Prghov Zkhq Ulvn Suhpld duh Wlph0Ydu|lqj/�

zrunlqj sdshu/ Ihghudo Uhvhuyh ri Qhz \run1

Olsvwhu/ U1 V1 dqg D1 Q1 Vklu|d|hy +4<::,/ Vwdwlvwlfv ri Udqgrp Surfhvv Yro1

4/ Vsulqjhu Yhuodj/ Ehuolq/ Khlghoehuj/ Qqhz \run1

Oxfdv/ Urehuw H1 +4<:;,/ �Dvvhw Sulfhv lq dq H{fkdqjh Hfrqrp|/� Hfrqrphwulfd

79/ 475<047781

Pd|huv/ Gdylg/ +4<:5, �Qrqpdunhwdeoh Dvvhwv dqg Fdslwdo Pdunhw Htxloleulxp

xqghu Xqfhuwdlqw|/� lq P1 Mhqvhq hg1= Vwxglhv lq wkh Wkhru| ri Fdslwdo Pdunhwv1 Sudhjhu/

Qhz \run/ 556057;1

Skloolsv/ Shwhu F1 E1 +4<;9,/ �Xqghuvwdqglqj Vsxulrxv Uhjuhvvlrqv lq Hfrqr0

phwulfv/� Mrxuqdo ri Hfrqrphwulfv/ 66/ 64406731

Ulfkdgvrq/ Pdwwkhz dqg Mdphv Vwrfn +4<;<,/ �Gudzlqj lqihuhqfhv iurp
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vwdwlvwlfv edvhg rq pxowl|hdu dvvhw uhwxuqv/� Mrxuqdo ri Ilqdqfldo Hfrqrplfv/ 58/ 6560

67;1

Vdqwrv/ Wdqr dqg Slhwur Yhurqhvl +lq surjuhvv,/ �Jhqhudo Htxloleulxp dqg

wkh Furvv Vhfwlrq ri Vwrfn Uhwxuqv/� Pdqxvfulsw/ Xqlyhuvlw| ri Fklfdjr1

Vkloohu/ Urehuw M1 +4<;4,/ �Gr sulfhv pryh wrr pxfk wr eh h{sodlqhg e| vxevh0

txhqw fkdqjhv lq glylghqgvB/� Dphulfdq Hfrqrplf Uhylhz/ :4/ 75407691

Wlpphupdq/ Doodq +4<<6,/ �Krz Ohduqlqj lq Ilqdqfldo Pdunhwv Jhqhudwhv H{0

fhvv Yrodwlolw| dqg Suhglfwdelolw| lq Vwrfn Sulfhv/� Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 43;/

4468044781

Wlpphupdq/ Doodq +4<<9,/ �H{fhvv Yrodwlolw| dqg Suhglfwdelolw| ri Vwrfn Uh0

wxuqv lq Dxwruhjuhvvlyh Glylghqg Prghov zlwk Ohduqlqj/� Uhylhz ri Hfrqrplf Vwxglhv/

4<<9/ 856088:1

Wrurxv/ Zdowhu dqg Vkx \dq +4<<<,/ �Suhglfwlyh Uhjuhvvlrqv Uhylvlwhg/� zrun0

lqj sdshu/ XFOD1

Yhurqhvl/ Slhwur +5333,/ �Krz Grhv Lqirupdwlrq Txdolw| D�hfw Vwrfn UhwxuqvB�

Mrxuqdo ri Ilqdqfh/ 88/ ;3:0;6:1

Ylvvlqj0Mûujhqvhq/ Dqqhwwh +4<<<,/ �Olplwhg vwrfn pdunhw sduwlflsdwlrq dqg

wkh htxlw| suhplxp sx}}oh� Zrunlqj sdshu/ Xqlyhuvlw| ri Fklfdjr1
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Dsshqgl{

H{lvwhqfh ri wkh vkduh surfhvv

Wr suryh wkh h{lvwhqfh ri wkh vkduh surfhvv zh lqwurgxfh vrph h{wud qrwdwlrq wkdw zloo

dovr eh qhhghg wr suryh vrph fodlpv derxw vwrfn sulfhv dqg vwrfn uhwxuqv1 Frqvlghu q vkduhv

v�> ===> v? vxfk wkdw
S?

�'� v� @ 41 Vxssrvh wkh| mrlqwo| iroorz wkh surfhvv

gv� @ ^v�`� gw. v��� +v,gE +7<,

@

3
C

?[
�'�

v����

4
Dgw. v��� +v,gE

iru doo l @ 4> 5> = = = > q zkhuh � lv d q� q pdwul{ jlyhq e|

� @

3
EEEEEEC

�
S

� �'� ��� ��� === ��?

�2� �
S

� �'2 �2� === �2?
111

111
1 1 1

111

�?� �?2 === �
S

� �'? �?�

4
FFFFFFD

+83,

dqg ��+v, lv d 4� q yhfwru jlyhq e|

��+v, @ �� �
?[

�'�

v��� +84,

Zh suryh khuh wkdw d vroxwlrq wr wkh v|vwhp +7<, h{lvwv dqg wkdw iru doo w/ zh kdyh

v� +w, A 3
?[
�'�

v+w,� @ 4

Vshfldol}dwlrq wr q @ 5 fryhuv wkh fdvh glvfxvvhg lq wkh wkhru| vhfwlrq ri wkh sdshu1

Wr suryh wkh fodlp deryh zh fdq dsshdo wr dq dqdorjrxv uhvxow rq rswlpdo �owhulqj

rewdlqhg e| Olswvhu dqg Vk|uldhy +4<::, zkhuh wkh v�+w, duh lqwhusuhwhg dv wkh suredelolw| wkdw

dq xqrevhuyhg yduldeoh }+w, lv lq vwdwh }� dw wlph w1 Vshfl�fdoo|/ ohw d q� 4 glphqvlrqdo vwdwh

yduldeoh }+w, iroorz d frqwlqxrxv wlph/ uhjlph vkliw prgho zlwk lq�qlwhvlpdo wudqvlwlrq pdwul{
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� dqg vwdwh l ehlqj jlyhq e| }� +dq q � 4 yhfwru,1 Ohw wkh revhuydwlrq surfhvv eh d q yhfwru

[+w, iroorzlqj wkh surfhvv

g[ @ }+w, . 	gEW

zkhuh 	 lv q� q1 Dovr/ ohw

v�+w, @ Su
�
}+w, @ }�m +[+�,,|�'f

�

wkhq d vlpsoh h{whqvlrq wr wkh pxowlyduldwh fdvh ri Wkhruhp <14/ sdjh 666/ lq Olswvhu dqg

Vk|uldhy +4<::, vkrzv wkdw

gv� @ ^v�`� gw. v�

3
C}� �

?[
�'�

v�}�

4
D

�

�
		�
�3 �

2 gE

zkhuh

gE @
�
		�
�3�

2 ig[ �H| +g[,j

lv d pxowlglphqvlrqdo Zlhqhu surfhvv zlwk uhvshfw wr wkh �owudwlrq jhqhudwhg e| +[+�,,|�'f1

Gh�qlqj

y� @ }�� �
�
		�
�3 �

2

zh rewdlq wkh v|vwhp +7<,1 H{lvwhqfh ri d xqltxh vroxwlrq dqg wkh rwkhu surshuwlhv duh suryhg lq

wkh deryh vhw0xs lq Wkhruhp <14/ sdjh 666/ dqg Ohppd <16/ sdjh 675 lq Olswvhu dqg Vklu|d|hy

+4<::,1 Lq rxu prgho/ zh rqo| xvh wkh vwuxfwxuh ri wkh surfhvv +7<, dqg qrw wkh ruljlqdo

lqwhusuhwdwlrq1

Surri ri sursrvlwlrqv 4

Lq wklv dsshqgl{ zh suryh wkdw d olqhdu sulflqj ixqfwlrq rewdlqv iru erwk wkh fdvh zkhuh

lqyhvwruv kdyh orj0xwlolw| dqg wkh fdvh zkhuh wkh| kdyh wkh lvr0hodvwlf xwlolw| ixqfwlrq

X +F> w, @ h3�|
F�3�

4� �

Vshfl�fdoo|/ zh suryh wkh iroorzlqj=

Sursrvlwlrq D4 Ohw hlwkhu ri wkh iroorzlqj dvvxpswlrqv krog=

41 Lqyhvwruv kdyh orj0xwlolw|= X+w> F, @ h3�| orj +F,1
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51 Lqyhvwruv kdyh srzhu xwlolw| +� 9@ 4, exw frqvxpswlrq jurzwk lv �S @ �S . v��� .

+4� v�, �(/ zkhuh �S lv frqvwdqw dqg �� dqg �( duh wzr frqvwdqw vdwlvi|lqj �� @

y��S . �(>

Wkhq wkh vwrfn pdunhw sulfh lv

S @ E2�z .E22G

zkhuh wkh frh!flhqwv E�� duh wkh lm hohphqwv ri wkh pdwul{ E jlyhq e|

E @
�
!L���

�
3�

lq fdvh +d,> dqg

E @
�e����

�
3�

zlwk e� @ gldj
�e��>e�(� zlwk e�� @ ! . +� � 4, +�S . ��, �

�

2
� +� � 4,�2S lq fdvh +e,/

uhvshfwlyho|1

Wr suryh wklv sursrvlwlrq lw lv frqyhqlhqw wr zrun zlwk wkh jhqhudo vhw ri surfhvvhv +7<,/

wkdw zlwk wkh vshfl�fdwlrq

gv� @ ^v�`� gw. v��� +v, gE +85,

zlwk

�� +v, @

3
C�� �

?[
�'�

v���

4
D

zkhuh lq wklv sdshu zh kdyh q @ 51 Lq wklv fdvh/ zh vhh lpphgldwho| wkdw wdnlqj v� @ v� dqg

v2 @ +4� v�, zh kdyh

gv� @ +v�+���2, . +4� v�,�2�,gw. v� +�� � v��� � +4� v�, �2, gE

@ +��2 . �2�,

�
�2�

��2 . �2�
� v�

�
gw. v� +4� v�, +�� � �2,gE

E| gh�qlqj

n @ ��2 . �2� > v� @
�2�

��2 . �2�
> y @ �� � �2
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zh rewdlq wkh vwrfkdvwlf gl�huhqwldo htxdwlrq +8,1 Lw wxuqv rxw wkdw lw lv vlpsohu wr xvh wkh

v|vwhp ri VGHv +85, udwkhu wkdq wkh vlqjoh VGH +8,1 Ri frxuvh/ wkh dssurdfkhv duh lghqwlfdo1 Lq

wklv fdvh/ krzhyhu/ zh pxvw uhirupxodwh wkh dvvxpswlrq derxw wkh jurzwk udwh ri frqvxpswlrq1

Vshfl�fdoo|/ zh dvvxph

�S @ �S .
2[
�'�

v���

zkhuh �� @ ���
�

S1 Zh vhh wkdw wklv lv wkh vdph dvvxpswlrq deryh lq sursrvlwlrq D4+e,/ ehfdxvh

zh kdyh

�� � �2 @ +�� � �2,�
�

S @ y��S

dv lw zdv dvvxphg1

Wkh surri ri wkhvh uhvxowv uho| vwurqjo| rq wkh iroorzlqj ohppd +zklfk krogv iru dq| q,1

Ohppd D5= Iru doo l @ 4> ==> q/ ohw �S @ �S .
S?

�'� v���/
e�� @ ! � � +�S . ��, �

�

2
� +� � 4,�2S dqg e� @ gldj

�e��> ===>e�?�1 Wkhq

H
k
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Surri ri Sursrvlwlrq 6= Zh vwduw e| frpsxwlqj wkh h{shfwhg ixwxuh sulfh1 Zh nqrz

wkdw S +w, @ E2�z +w, .E22G +w,1 Khqfh/

H| ^S +w. �,` @ E2�H| ^z +w. �,` .E22H| ^G +w. �,`

@ E2�H| ^v� +w. �,F +w. �,` .E22H| ^v2 +w. �,F +w. �,`
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Zh fdq qrz xvh wkh uhvxowv iurp Ohppd D5 zlwk � @ 4 wr rewdlq

H| ^v� +x,F +x,` @
2[

&'�

v& +w,F +w,
2[

�'�

z3�
�& z��h

/�E�3|�

@ z +w,
2[

�'�

z3�
�� z��h

/�E�3|� .G +w,
2[

�'�

z3�
�2 z��h

/�E�3|�

zkhuh z�� dqg $� duh wkh hljhqyhfwruv dqg hljhqydoxhv ri wkh pdwul{ �
�

@
�
�� . !L� e��/ zlwk

� @ 41 Khqfh/

H| ^S +w. �,` @ E2�H| ^v� +w. �,F +w. �,` .E22H| ^v2 +w. �,F +w. �,`

@ E2�

;?
=z +w,

2[
�'f

z3�
�� z��h

/�� .G +w,
2[

�'f

z3�
�2 z��h

/��

<@>
.E22

;?=z +w,
2[

�'f

z3��� z2�h
/�� .G +w,

2[
�'f

z3��2 z2�h
/��

<@>
@ z +w,D�� +� , .G +w,D�2 +�,

zkhuh

D�� +�, @ E2�

2[
�'f

z3��� z��h
/�� .E22

2[
�'f

z3��� z2�h
/��

D�2 +�, @ E2�

2[
�'f

z3��2 z��h
/�� .E22

2[
�'f

z3��2 z2�h
/��

Vlploduo|/ zh rewdlq wkh uhvxow iru wkh h{shfwhg ixwxuh glylghqg

H|

�] |n�

|

h
U |n�

r
oE��_�G +v, gv

�
@

] |n�

|

H|

k
h
U |n�

r
oE��_�v2 +v,F +v,

l
gv

Wklv lv gl!fxow wr hydoxdwh gxh wr wkh vwrfkdvwlf qdwxuh ri wkh lqwhuhvw udwh zkhq �S lv vwrfkdvwlf

dv lq sursrvlwlrq D4 +e,1 Li � @ 4 dqg �S lv d frqvwdqw/ wkhq u lv dovr d frqvwdqw dqg zh zrq*w

kdyh dq| wurxeohv1 Zkhq �S @ �S .
S2

�'� v���/ wkhq wkh lqwhuhvw udwh lv vwrfkdvwlf1 Krzhyhu/

hyhq lq wklv fdvh wkh lqwhuhvw udwh lv doprvw frqvwdqw1 Zh wkhq vroyh wkh h{shfwdwlrq xqghu

wkh dvvxpswlrq wkdw u +x, @ u vr wkdw
U |n�
r

u +x, gx @ u +w. � � v,1 Qrwlfh wkdw wklv wklv krogv

iru sursrvlwlrq 6 +orj0xwlolw|, dqg sursrvlwlrq D51 Zh fdq wdnh wkh lqwhuhvw udwh rxw ri wkh
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h{shfwdwlrq dqg wkhq xvh wkh uhvxowv ri Ohppd D5 wr �qg

H| ^v2 +x,F +x,` @
2[

&'�

v& +w,F +w,
2[

�'�

z3�
�&
z2�h

/�E�3|�

@ z +w,
2[

�'�

z3��� z2�h
/�E�3|� .G +w,

2[
�'�

z3��2 z2�h
/�E�3|�

zkhuh z�� dqg $� duh wkh hljhqyhfwruv dqg hljhqydoxhv ri wkh pdwul{ �
�

@
�
�� . !L� e��/ zlwk

� @ 41 Khqfh/

H|

�] |n�

|

hoE|n�3��G +x, gx

�
@

] |n�

|

hoE|n�3��H| ^v2 +x,F +x,` gx

@ z +w,
2[

�'�

z3�
�� z2�

] |n�

|

hoE|n�3��h/�E�3|�gx

.G +w,
2[

�'�

z3�
�2 z2�

] |n�

|

hoE|n�3��h/�E�3|�gx

@ z +w,
2[

�'�

z3�
�� z2�

] |n�

|

ho�hE/�3o�E�3|�gx

.G +w,
2[

�'�

z3�
�2 z2�

] |n�

|

ho�hE/�3o�E�3|�gx

@ z +w,
2[

�'f

z3�
�� z2�h

o� h
E/�3o��

� 4

$� � u
.G +w,

2[
�'f

z3�
�2 z2�h

o� h
E/�3o��

� 4

+$� � u,

@ z +w,D(� +�, .G +w,D(2 +�,

Khqfh/ zh �qdoo| kdyh

Ue +w> w. �, @ H

%
S +w. �, .

U |n�
|

hoE|n�3r�G +x,gx

S +w,

&
�

4

E +w> �,

@
4

S +w,
iE�� +�,z +w, .E�2 +�,G +w,j �

4

E +w> �,

@
E�� +�,z +w, .E�2 +�,G +w,

E2�z +w, .E22G +w,
�

4

E +w> �,

@
E�� +�, v� +w, .E�2 +�, +4� v� +w,,

E2�v� +w, .E22 +4� v� +w,,
�

4

v�D�� +�, . +4� v�,D�2 +�,

zkhuh

E�� +�, @ D�� +�, .D(� +�,
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E| gh�qlqj E� +�, @ E�� +�,�E�2 +�, wkh surri lv frpsohwhg1 �

Surri ri Sursrvlwlrq 7= Wklv surri lv dqdorjrxv wr wkh surri ri sursrvlwlrq 61 Wkh

rqo| gl�huhqfh lv wkdw E lv qrz E� @ E�� �E�21
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WDEOH L

Vxppdu| Vwdwlvwlfv= 4<79=34 0 4<<<=37

phdq +txduwhuo|, vw1ghy1 +txduwhuo|, 4vw1 Dxwfruuhodwlrq q ROV Glfnh| Ixoohu

Uhwxuqv f�f�.2 f�f.bH f�fee2 f�f2e 0

orjE(*� � ����S f��e f�b.eS f�bbH. ��2H�b

�*� f�H�f. f�f�.e f�b.D� f�bH.S �2�S.e

Fruuhodwlrq Pdwul{

Uhwxuqv orjE(*� � �*�

Uhwxuqv 4 0 0

orjE(*� � �f��2.� 4 0

�*� �f����H 317639 4

Vxppdu| vwdwlvwlfv ri wlph vhulhv gdwd1 Wkh odvw wzr froxpqv uhsruw wkh

ydoxh ri wkh uhjuhvvlrq frh!flhqw ri dq ROV uhjuhvvlrq rq rzq odjjhg ydul0

deoh1 Wkh Glfnh|0Ixoohu vwdwlvwlf lv dovr uhsruwhg1 Uhmhfwlrq ri xqlw0urrw

k|srwkhvlv dw 4(/ 8( dqg 43( ohyho lv iru vwdwlvwlfv ehorz ����S/ �H�f dqg

�D�./ uhvshfwlyho|�

8:



WDEOH LL D

Iruhfdvwlqj Ixwxuh Uhwxuqv

Vdpsoh= 4<79=34 0 4<<<=37

Iruhfdvwlqj Krul}rq

N 4 7 ; 45 49

�*� 03163; 041454 0515:8 0618;; 071<35

w0vwdw1 E�2��ef� E�2�ef.� E���f2b� E���.2�� E�e�f2H�

+dgm, U2 31349 31394 31476 31583 31679

,J}E(*� � 31355 31438 31546 3166; 317:8

w0vwdw1 E���be� E��SeH� E��eeD� E��Dbf� E��Hef�

+dgm, U2 31336 3136< 313;7 31475 3153:

�*� 03179: 041993 051<<8 07156: 081648

w0vwdw1 E�2�bDD� E�2�bSf� E���D2D� E�e��.�� E�e�.���

,J}E(*� � 31376 314:6 31645 31768 3186;

w0vwdw1 E2�Hff� E��ffH� E���Df� E��b��� Ee�22b�

+dgm, U2 3136; 31495 3164: 317;7 31946

�*� � ,J}E(*� � 3138< 31576 31789 31987 31;59

w0vwdw1 E2�bb2� E��fH�� E���DH� Ee�.Sb� ES�22��

+dgm, U2 3135; 31467 31597 316<; 3183<

Wkh wdeoh vkrzv wkh uhvxow ri wkh suhglfwlyh uhjuhvvlrq

o|c|ng ' kn q E&� | n 0|ng

zkhuh  | ' �|*�|> ru *L} E(|*�|� c ru erwk> zkhuhg lv wkh qxpehuv ri txduwhu

dkhdg dqg o|c|ng lv wkh fxpxodwlyh orj h{fhvv uhwxuq ryhug txduwhuv1 Qxpehu

lq sduhqwkhvlv vkrz Qhzh|0Zhvw dgmxvwhg w0vwdwlvwlfv1 Wkh vdpsoh lv 4<79=340

4<<<=371

8;



WDEOH LL E

Iruhfdvwlqj Ixwxuh Uhwxuqv

Vdpsoh= 4<7;=34 0 4<<<=37

Iruhfdvwlqj Krul}rq

N 4 7 ; 45 49

�*� 031675 041544 0517<6 061:94 071<53

w0vwdw1 E�2���D� E�2�DeH� E���2Hb� E���S.e� E���.S��

+dgm, U2 31353 313:4 31498 31599 31667

,J}E(*� � 31356 3143< 31556 31666 31789

w0vwdw1 E��e2D� E��SHb� E��eHS� E��DDf� E��.�S�

+dgm, U2 31337 31375 313<4 3146: 314<3

�*� 031885 041<4; 0617;8 0719:7 0818<;

w0vwdw1 E�����D� E����H�� E�e�Dff� E�e�b�S� E�e�.Hf�

,J}E(*� � 31383 314<; 3168< 3179< 3188:

w0vwdw1 E������ E��eHe� Ee�f..� Ee�S.S� Ee�.�.�

+dgm, U2 31384 314<9 316;8 3185< 3194:

�*� � ,J}E(*� � 31398 31599 31836 319;8 31;67

w0vwdw1 E����f� E���f�� E��.ee� Ee�Hee� ES�fS��

+dgm, U2 31367 31486 31636 31749 317<9

Wkh wdeoh vkrzv wkh uhvxow ri wkh suhglfwlyh uhjuhvvlrq

o|c|ng ' kn q E&� | n 0|ng

zkhuh  | ' �|*�|> ru *L} E(|*�|� c ru erwk> zkhuh g lv wkh qxpehuv ri txduwhu dkhdg

dqg o|c|ng lv wkh fxpxodwlyh orj h{fhvv uhwxuq ryhu g txduwhuv1 Qxpehu lq sduhqwkhvlv

vkrz Qhzh|0Zhvw dgmxvwhg w0vwdwlvwlfv1 Wkh vdpsoh lv 4<7;=3404<<<=371

8<



WDEOH LLL

Iruhfdvwlqj Ixwxuh Uhwxuqv

Vdpsoh= 4<85=34 0 4<<7=37

Iruhfdvwlqj Krul}rq

N 4 7 ; 45 49

�*� 0315<: 04136: 051457 061464 0715<4

w0vwdw1 E���e2D� E���eDb� E���b.b� E�2��ff� E�2�S�f�

+dgm, U2 3133: 31363 313;4 31478 31559

,J}E(*� � 313;8 3167: 318<: 31:63 31::<

w0vwdw1 E��fDD� E��..b� E��Df.� E��eDH� E��D..�

+dgm, U2 31376 314;; 31663 31737 31747

�*� 031763 04175; 051789 061576 07145;

w0vwdw1 E�2��e�� E�2�2Se� E���eDb� E�e�2Sf� E�e��22�

,J}E(*� � 313<; 316:: 31957 31:73 31:96

w0vwdw1 E��ebS� Ee�22�� Ee�D�b� Ee�D�2� ED�f�e�

+dgm, U2 31396 31584 31776 31897 3195:

�*� � ,J}E(*� � 31449 3176; 31:66 31;;; 31<99

w0vwdw1 E��H�S� Ee��fH� ED����� ES�ff.� E.�2f2�

+dgm, U2 3139: 31588 31784 31899 31949

Wkh wdeoh vkrzv wkh uhvxow ri wkh suhglfwlyh uhjuhvvlrq

o|c|ng ' kn q E&� | n 0|ng

zkhuh  | ' �|*�|> ru *L} E(|*�|� c ru erwk> zkhuhg lv wkh qxpehuv ri txduwhu

dkhdg dqg o|c|ng lv wkh fxpxodwlyh orj h{fhvv uhwxuq ryhug txduwhuv1 Qxpehu

lq sduhqwkhvlv vkrz Qhzh|0Zhvw dgmxvwhg w0vwdwlvwlfv1
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WDEOH LY

Iruhfdvwlqj Ixwxuh Uhwxuqv

Vdpsoh= 4<85=34 0 4<<<=37

Iruhfdvwlqj Krul}rq

N 4 7 ; 45 49

�*� 031678 04154; 0516:3 061875 0719;:

w0vwdw1 E�2��2e� E�2�D.D� E����.f� E���DbD� E���Hfb�

+dgm, U2 31354 313:7 31493 3158< 31687

,J}E(*� � 31349 313;9 314:: 31584 31643

w0vwdw1 Ef�H2�� E����.� Ef�be�� Ef�Hbe� Ef�b�D�

+dgm, U2 031335 3134; 31375 31389 31399

�*� 031954 0514:8 061:87 071;;: 081:;9

w0vwdw1 E���eS�� E���e��� E�e��ff� E�e�.2f� E�e�.eH�

,J}E(*� � 31394 3156; 3174< 31855 3188<

w0vwdw1 E2�HDS� E��fDb� E��2S�� E��e.D� E��SHb�

+dgm, U2 31383 314<9 31698 317;9 31898

�*� � ,J}E(*� � 313:7 3163< 318:; 31:8; 31;95

w0vwdw1 E2�SH�� E2�.bb� E��fb�� E��Hf�� Ee�S�.�

+dgm, U2 3135< 31473 315:8 3168< 316<<

Wkh wdeoh vkrzv wkh uhvxow ri wkh suhglfwlyh uhjuhvvlrq

o|c|ng ' kn q E&� | n 0|ng

zkhuh  | ' �|*�|> ru *L} E(|*�|� c ru erwk> zkhuhg lv wkh qxpehuv ri txduwhu

dkhdg dqg o|c|ng lv wkh fxpxodwlyh orj h{fhvv uhwxuq ryhug txduwhuv1 Qxpehu

lq sduhqwkhvlv vkrz Qhzh|0Zhvw dgmxvwhg w0vwdwlvwlfv1
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WDEOH Y

FDSP Idpd0PdfEhwk Uhjuhvvlrqv

FRQVW -� r� r� � -� r� �{*? E�� r� �-� U2 d�_� -2o

� 2�S� ���.b �I

w0vwdw1 E2�.�� E����� d��Io

2 D�eDD ���S.. e�DfS �bI

w0vwdw1 Ee��2� E�2�e.� E2�H� d��Io

� ��e2b ���2�D ���e 22I

w0vwdw E���H� E���f�� E���D� d�eIo

e D�De� ���.�f ��H.. ��bb eSI

w0vwdw Ee��e� E�2�eb� E2�DS� E2�SD� d�HIo

8 8163: 061778 61366 3158; 031739 7;(

w0vwdw Ee�f.� E�2��D� E2�fD� E��fH.� E���D.� d�.Io

9 81577 06186; 61;4: 31534 0318;9 86(

w0vwdw Ee�f��� E�2��b� E2�D��� E2�SSD� E���e2�� de�Io

Wklv wdeoh suhvhqwv hvwlpdwhv ri furvv0vhfwlrqdo Idpd0PdfEhwk Uhjuhvvlrqv

xvlqj wkh 58 Idpd0Iuhqfk sruwirolrv1 -� lv wkh h{fhvv uhwxuqv ri wkh ydoxh

zhljkwhg pdunhw sruwirolr/ r� lv wkh udwlr ri oderu lqfrph wr frqvxpswlrq/

r��-� ghqrwhv wkh uhvlgxdo ri d uhjuhvvlrq ri vfdohg h{fhvv uhwxuq rq h{fhvv
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uhwxuq wkhpvhoyhv/ -� ghqrwhv rxu phdvxuh ri kxpdq fdslwdo h{fhvv uhwxuq

dqg {*? E�� ghqrwhv uhdo oderu0lqfrph jurzwk1 U2 ghqrwhv wkh xqdgmxvwhg

U0vtxduh1
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WDEOH YL

FFDSP Idpd0PdfEhwk Uhjuhvvlrqv

FRQVW {S r� r� �{S U2 d�_� -2o

� 417:8 315375 D�2�I

E��bSH� E�SS.� d�Io

2 2�S2� 0�fSbb 51356; �2�2I

E���.2� E�f�2Hb� E��.S�� deIo

� 41:3:6 �Db�D ��f�Hb 2D�e2I

E2�22e� E2��D2e� E�2���.� d�H�SeIo

e 61743; �2.fS 2�bH�S ��f22D �b�eI

E��.HS.� E���De2� E2����S� E�2�D..�� d�f�.Io

Wklv wdeoh suhvhqwv hvwlpdwhv ri furvv0vhfwlrqdo Idpd0PdfEhwk Uhjuhvvlrqv

xvlqj wkh 58 Idpd0Iuhqfk sruwirolrv1 {S ghqrwhv frqvxpswlrq jurzwk/ r� lv

wkh vkduh ri oderu lqfrph wr frqvxpswlrq/ r� � {S ghqrwhv wkh uhvlgxdo ri

d uhjuhvvlrq ri vfdohg frqvxpswlrq jurzwk rq frqvxpswlrq jurzwk lwvhoi1 U2

ghqrwhv wkh xqdgmxvwhg U0vtxduh1
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Wdeoh YLL

Hvwlpdwhv ri Elyduldwh JDUFK+4/4, Prgho

��� �2� �22 {�� {22 ��� �22

Hvwlpdwh 313793 31333; 313348 031::6< 031<58: 3157<; 03159:9

w0vwdw E���e.� E���f.� E2�Hb�e� E�D�2�e� E��e��.D� E2��b�� E�e�b�bH�

Uhvxowv ri wkh hvwlpdwh ri Elyduldwh JDUFK+4/4, prgho3C -|

{S|

4D ' >n 0|

zkhuh > lv d 2� � yhfwru ri frqvwdqwv dqg 0| � Q Efc M|� zlwk

M| ' � n{M|3�{
� n�0|3�0

�

|3��
�c

� ' �� � zkhuh � lv orzhu wuldqjxodu dqg { dqg � duh gldjrqdo pdwulfhv1
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Wdeoh YLLL=

Suhglfwlqj wkh Uhwxuq 0 Frqvxpswlrq Jurzwk Fryduldqfh

Frqvwdqw �E|� ��*�E|� �� Fry+w04, +Dgm1, U2

4<7904<<<

Hvw 51::84h0337 051567h0337 1343

w0vwdw +413:<7, +031:68:,

Hvw 4143;3h0337 0<1846<h0338 31986: 317654

w0vwdw +415886, +031;<;3, +5418394,

4<7; wr 4<<<

Hvw 814773h0337 071<::3h0337 14358

w0vwdw +713943, +0614:3;,

Hvw 41;:3:h0337 041;6;<h0337 319964 318336

w0vwdw +614;57, +0519<63, +43176,

4<85 wr 4<<<

Hvw 815:::h0337 0814835h0337 1443;

w0vwdw +714974, +0615;57,

Hvw 41:556h0337 041:364h0337 319<53 3186;8

w0vwdw +614465, +051963;, +451<;49,

4<85 wr 4<<7

Hvw 81;94<h0337 081;68;h0337 313;:4

w0vwdw +614:::, +05195;4,

Hvw 41<:35h0337 041<<79h0337 319<56 318594

w0vwdw +518436, +0514<37, +45196;:,

Uhvxowv ri wkh uhjuhvvlrq ��T|n� ' k� n k2r�c| n k���T| n 0|n� zkhuh

��T| '
k eM|

l
�2

lv wkh �wwhg fryduldqfh ehwzhhq uhwxuqv dqg frqvxpswlrq

jurzwk dqg r�c| ' �|*�| lv wkh oderu lqfrph wr frqvxpswlrq udwlr1
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WDEOH L[

Iruhfdvwlqj Ixwxuh Uhwxuqv

Iruhfdvwlqj Krul}rq

4 7 ; 45 49

4<79 wr 4<<<

Oderu2Glvsrvdeoh 031687 0419<7 061;5: 081;4: 0;1384

w0vwdw1 E����2S� E���.�f� E�2��fb� E�2�bH2� E���H�S�

+dgm, U2 31336 31373 3145< 31563 31693

4<85 wr 4<<<

Oderu2Glvsrvdeoh 031:5< 051;<; 081;88 0:1<;6 0<1594

w0vwdw1 E���.2f� E�2��f.� E�2�bf�� E����HH� E�������

+dgm, U2 31346 3139< 314:; 31596 31638

4<85 wr 4<<7

Oderu2Glvsrvdeoh 031935 0517:3 081553 0:146; 0;1763

w0vwdw1 E����HS� E���be�� E�2�DbS� E�2�b�H� E�2�H.2�

+dgm, U2 3133: 31383 3147< 31574 31636

Wkh wdeoh vkrzv wkh uhvxow ri wkh suhglfwlyh uhjuhvvlrq o|c|ng ' knq E&� |n 0|ng

zkhuh  | lv oderu0lqfrph ryhu glvsrvdeoh lqfrph> g lv wkh qxpehuv ri txduwhuv dkhdg

dqg o|c|ng lv wkh fxpxodwlyh orj h{fhvv uhwxuq ryhu g txduwhuv1 Qxpehu lq sduhqwkhvlv

vkrz Qhzh|0Zhvw dgmxvwhg w0vwdwlvwlfv1

9:



WDEOH [

Vlpxodwhg Glvwulexwlrq ri Suhglfwlyh Uhjuhvvlrq Frh!flhqwv

Shufhqwlohv

N %| 4( 518( 8( 43( 83( <3( <8( <:18( <<(

4 r� 0317;9 0316<: 03164; 031574 03133: 31558 31635 316:4 317:6
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Wkh wdeoh vkrzv wkh glvwulexwlrq ri suhglfwlyh uhjuhvvlrq frh!flhqwv rewdlqhg iurp

43/333 vlpxodwlrqv ri wkh v|vwhp +| ' @n�|/ %| ' kn�%|3�n�| zkhuh iru hdfk vlpxodwlrq/

d g shulrg dkhdg ROV uhjuhvvlrq lv shuiruphg1 Wkdw lv/ +| Eg� '
Sg

�'� +|n� lv uhjuhvvhg

rq %|3�1 Wkh sdudphwhuv @/ k dqg � dv zhoo dv P ' . E0|c 0
�

|� zlwk 0| ' E�|c �|�
� duh jlyhq

e| wkhlu uhdo vdpsoh hvwlpdwhv iru hdfk uhjuhvvru %| dv lq wkh wdeoh1
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Iljxuh 4= Orj Glylghqg Sulfh Udwlr dqg Oderu Lqfrph wr Frqvxpswlrq

Udwlr
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Wkh wlph vhulhv ri wkh oderu lqfrph 0 wr 0 frqvxpswlrq udwlr +vrolg olqh, dqg

ri wkh orj glylghqg sulfh udwlr +gdvk0grwwhg olqh,1
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Iljxuh 5= Wkh Lqvwdqwdqhrxv H{shfwhg Uhwxuq
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µ R

Wkh lqvwdqwdqhrxv h{shfwhg h{fhvv vwrfn uhwxuq sorwwhg djdlqvw wkh zdjhv0

wr0frqvxpswlrq udwlr r� ' �*�1

:4



Iljxuh 6= Wkh Yrodwlolw| ri Uhwxuqv
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frqvxpswlrq udwlr r� ' �*�1
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Iljxuh 7= Orqj0Whup H{shfwhg Uhwxuqv
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Orqj whup h{shfwhg uhwxuqv djdlqvw zdjhv ryhu frqvxpswlrq r� iru lqvwdq0

wdqhrxv/ 4/ 5/ 6/ 7 |hdu krul}rqv1 Wrs olqhv duh iru vkruwhvw krul}rq1
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Iljxuh 8= Orqj0whup Uhwxuq dqg Orj Glylghqg Sulfh Udwlr
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Wklv �jxuh sorwv wkh 7 |hdu fxpxodwlyh uhwxuq +vrolg olqh, odjjhg e| 7 |hduv

dqg wkh fxuuhqw orj glylghqg sulfh udwlr +gdvk0grwwhg olqh,
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Iljxuh 9= Orqj0whup Uhwxuq dqg Oderu Lqfrph wr Frqvxpswlrq Udwlr
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Wklv �jxuh sorwv wkh 7 |hdu fxpxodwlyh uhwxuq +vrolg olqh, odjjhg e| 7 |hduv

dqg wkh fxuuhqw oderu lqfrph wr frqvxpswlrq udwlr +gdvk0grwwhg olqh,
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Iljxuh := Ilwwhg yhuvxv Dyhudjh Uhwxuqv
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Wkhvh irxu sorwv vkrz wkh uhdol}hg yhuvxv �wwhg uhwxuqv rq wkh 58 II sruwirolrv1

Sdqho D vkrzv wkh xqfrqglwlrqdo FDSP1 Sdqho E vkrzv wkh frqglwlrqdo FDSP/ frq0

glwlrqlqj e| erwk wkh vkduh/ r�c dqg wkh ruwkrjrqdol}hg lqwhudfwlrq idfwru/ -� � r��

Sdqho F vkrzv wkh xqfrqglwlrqdo FFDSP1 Sdqho G vkrzv wkh frqglwlrqdo FFDSP/

frqglwlrqlqj e| erwk wkh vkduh r�c dqg wkh ruwkrjrqdol}hg lqwhudfwlrq idfwru/ {S� r��
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Iljxuh ;= Fryduldqfh ehwzhhq Uhwxuqv dqg Frqvxpswlrq Jurzwk
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Rescaled Negative  Wages
to Consumption Ratio

Covariance between Returns and
Real Consumption Growth

Wklv �jxuh sorwv wkh wlph vhulhv ri wkh fryduldqfh ehwzhhq uhwxuqv dqg uhdo

frqvxpswlrq jurzwk +gdvk0grwwhg olqh, dorqj zlwk wkh qhjdwlyh ri wkh zdjhv

wr frqvxpswlrq udwlr/ uhvfdohg wr �w wkh �jxuh1
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Iljxuh <= Wlph Vhulhv ri Pdfur Hfrqrplf Udwlrv
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Wlph vhulhv ri Oderu0lqfrph wr Frqvxpswlrq udwlr +vrolg olqh, dqg Oderu

lqfrph wr Glvsrvdeoh lqfrph udwlr +gdvk0grwwhg olqh,1
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