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Devwudfw

Zh irupxodwh dqg whvw wkh uhodwlrqvkls ehwzhhq vwrfn dqg erqgv yrodwlolwlhv dqg fr0

yduldqfhv dqg pdunhw sduwlflsdqwv* xqfhuwdlqw| derxw ixwxuh lq dwlrq dqg hduqlqjv1

Xqfhuwdlqw| lv phdvxuhg hlwkhu xvlqj Vxuyh| gdwd/ dv wkh glvshuvlrq ri hfrqrplvwv*

srlqw iruhfdvwv ri ixwxuh ixqgdphqwdov/ ru/ e| �wwlqj d prgho iru lq dwlrq dqg hduq0

lqjv wkdw doorzv iru  xfwxdwlqj xqfhuwdlqw|1 Wkh odwwhu lv kljko| fruuhodwhg zlwk

Vxuyh|0edvhg phdvxuhv/ dqg fdq eh xsgdwhg iurp wudghg dvvhw sulfhv iuhtxhqwo|1

Vwrfn dqg vkruw2phglxp0whup erqg uhwxuq yrodwlolwlhv lqfuhdvh gxulqj shulrgv ri

kljk lq dwlrq dqg hduqlqjv xqfhuwdlqw|/ zkloh wkh yrodwlolw| ri orqjhu0whup erqgv

grhv qrw1 Lq dgglwlrq/ wkh fryduldqfh ehwzhhq vwrfn dqg erqgv uhwxuqv lv kljkhu

gxulqj shulrgv ri juhdwhu xqfhuwdlqw|/ zklfk zh lqwhusuhw lw lv gxh wr wkh kljkhu

yrodwlolw| ri wkh vwrfkdvwlf glvfrxqw idfwru lq wkhvh shulrgv1 Ilqdoo|/ zh �qg wkdw

wkh ixqgdphqwdo*v xqfhuwdlqw| sod|v d pruh surplqhqw uroh wkdq wkh yrodwlolw| ri

ixqgdphqwdov wr h{sodlq erwk uhwxuq yrodwlolwlhv dqg furvv0fryduldqfhv1 Wkh hvwl0

pdwhg prgho vkhgv oljkw rq wkh dowhuqdwlyh fkdqqhov wkurxjk zklfk lq dwlrq qhzv

d�hfwv dvvhw uhwxuqv dqg lpsuryhv yrodwlolw| iruhfdvwv1



� �������	�
��

Lw kdv ehhq �upo| hvwdeolvkhg wkdw dvvhw sulfh yrodwlolwlhv fkdqjh ryhu wlph/ dqg wkh pryhphqwv

duh dw ohdvw sduwo| suhglfwdeoh +vhh h1j1 Eroohuvohy hw do1 +4<<5, iru d vxuyh|,1 Wkh ydoxh ri

iruhfdvwlqj yrodwlolw| xvlqj wlph0vhulhv hfrqrphwulf prghov kdv ehhq jlyhq sulph dwwhqwlrq lq

�qdqfh/ zkhuh lw kdv ehhq nqrzq iru d zkloh wkdw wkh h{huflvh lv ri �uvw rughu lpsruwdqfh iru

prvw �qdqfldo ghflvlrq pdnlqj/ dqg iru wkh ydoxhv ri vhfxulwlhv/ erwk sulpdu| dqg ghulydwlyh1

Lq frqwudvw/ wkhuh lv vwloo d frqvlghudeoh ghedwh rq wkh uhdvrqv zk| dvvhw sulfhv* yrodwlolwlhv dqg

furvv0fryduldqfhv fkdqjh ryhu wlph1 Iurp d wkhruhwlfdo vwdqgsrlqw/ d qxpehu ri h{sodqdwlrqv

kdyh ehhq sxw iruzdug/ lqfoxglqj +l, vwrfkdvwlf yrodwlolw| ri ixqgdphqwdov/ vxfk dv glylghqgv/

frqvxpswlrq ru lq dwlrq +vhh h1j1 Jhqqrwwh dqg Pduvk +4<<6,,> +ll, ohyhudjh h�hfwv +Eodfn

+4<:9,,> +lll, fkdqjlqj ulvn dyhuvlrq ru glvfrxqw udwhv +Fdpsehoo dqg Frfkudqh +4<<<,/ Phkud

dqg Vdk +4<<;,,/ +ly, lqyhvwruv*  xfwxdwlqj xqfhuwdlqw| rq wkh ixwxuh ydoxhv ri ixqgdphqwdov

+Gdylg +4<<:, dqg Yhurqhvl +4<<</ 5333,,1 Iurp dq hpslulfdo vwdqgsrlqw/ Vfkzhuw +4<;<,

vkrzv wkdw rqfh uhfhvvlrq gxpplhv duh deoh wr sur{| iru doo wkhvh h�hfwv/ uhqghulqj hdfk ri

wkhp lqvljql�fdqw lq vlpsoh uhjuhvvlrqv1 Rwkhu hpslulfdo vwxglhv wkdw uhodwh wkh frqglwlrqdo

khwhurvnhgdvwlflw| ri dvvhw uhwxuqv wr pdfur0hfrqrplf hyhqwv lqfoxgh Elwwolqjpd|hu +4<<;,/

zkr �qgv wkdw srolwlfdo xqfhuwdlqw| d�hfwv vwrfn yrodwlolw|/ Mrqhv hw do1 +4<<;,/ zkr �qg wkdw

pdfur hfrqrplf dqqrxqfhphqwv d�hfw wkh yrodwlolw| ri erqg uhwxuqv exw vkrz qr shuvlvwhqfh

dw doo/ dqg/ Gdylg dqg Yhurqhvl +4<<<,/ zkr �qg wkdw dq xqfhuwdlqw| phdvxuh rewdlqhg iurp d

uhjlph0vzlwfklqj prgho ri uhdo hduqlqjv jurzwk lv uhodwhg wr rswlrqv* lpsolhg yrodwlolw|1

Lq wklv sdshu/ zh frqwulexwh wr wklv olwhudwxuh e| whvwlqj wkh uhodwlrqvkls ehwzhhq dvvhw

yrodwlolwlhv dqg furvv0fryduldqfhv dqg pdunhw sduwlflsdqwv* xqfhuwdlqw| derxw ixwxuh hduqlqjv

jurzwk dqg ixwxuh lq dwlrq1 Zh �qg wkdw lq dwlrq xqfhuwdlqw| khosv surylgh iruhfdvwv wkdw duh

vxshulru wr wkrvh wkdw fdq eh rewdlqhg iurp uhfhvvlrq gxpplhv dqg odjv ri yrodwlolw|1 Lq dwlrq

xqfhuwdlqw| dggv iruhfdvwlqj srzhu ehfdxvh lw suhfhghv hduqlqjv xqfhuwdlqw| dqg prvw X1V1

uhfhvvlrqv +iru wkh vljqdoolqj uroh ri lq dwlrq/ vhh dovr Idpd+4<;4,,1

Dv h{sodlqhg lq Gdylg +4<<:, dqg Yhurqhvl +4<<<,/ wkh lqwxlwlyh wkhruhwlfdo olqn ehwzhhq

ixqgdphqwdov dqg yrodwlolw| lv txlwh vwudljkwiruzdug= Wkh vlpsoh uxoh ri Ed|hvldq xsgdwlqj

vxjjhvwv wkdw xqfhuwdlqw| derxw hfrqrplf yduldeohv vkrxog d�hfw wkh �vshhg� dw zklfk h{shf0
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wdwlrqv uhdfw wr qhzv1 Wkdw lv/ zkhq lqyhvwruv duh udwkhu fhuwdlq derxw wkh ixwxuh ohyho ri

ixqgdphqwdov/ d jlyhq lqqrydwlrq grhv qrw vljql�fdqwo| d�hfw wkhlu srvwhulru eholhiv ehfdxvh

wkh xsgdwlqj ri eholhiv lv pdlqo| lq xhqfhg e| wkhlu sulru eholhiv1 Krzhyhu/ li lqyhvwruv duh

udwkhu xqfhuwdlq rq wkh ixwxuh ydoxh ri ixqgdphqwdov/ wkh vdph lqqrydwlrq pd| juhdwo| d�hfw

wkh srvwhulru glvwulexwlrq/ ohdglqj wr d vzliw fkdqjh lq h{shfwdwlrq dqg khqfh ri dvvhw sulfhv1

Qrwzlwkvwdqglqj wkh vlpsolflw| ri wkh dujxphqw/ wkh hpslulfdo whvwv duh qrw lpphgldwh

ehfdxvh zh gr qrw kdyh d wlph vhulhv ri pdunhw sduwlflsdqwv* �xqfhuwdlqw|� uhdglo| dydlodeoh1

Khqfh/ zh pxvw hvwlpdwh lw dqg zh gr vr lq wzr gl�huhqw zd|v= +4, Xvlqj Vxuyh| gdwd dv wkh

furvv0vhfwlrqdo glvshuvlrq ri hfrqrplvwv* iruhfdvwv> dqg +5, vshfli|lqj dq hfrqrplf prgho iru

wkh xqghuo|lqj ixqgdphqwdov wkdw doorzv iru fkdqjhv lq �xqfhuwdlqw|� ryhu ixwxuh ohyhov ri wkh

hfrqrplf yduldeohv dqg wkhq hvwlpdwh lw iurp gdwd1 Pruh vshfl�fdoo|/ zh xvh wkh Olylqjvwrq

Vxuyh| gdwd dqg wkh Vxuyh| ri Surihvvlrqdo Iruhfdvwhuv dqg frpsxwh d sur{| iru lqyhvwruv*

xqfhuwdlqw| e| wdnlqj wkh furvv0vhfwlrqdo vwdqgdug ghyldwlrq ri hfrqrplvwv srlqw hvwlpdwhv1

Wkh Olylqjvwrq vxuyh| gdwd kdyh wkh frqyhqlhqw ihdwxuh ri kdylqj d udwkhu orqj wlph vsdq/ iurp

4<8504<<</ dowkrxjk lw kdv rqo| vhpldqqxdo iuhtxhqf|1 Wkh Vxuyh| ri Surihvvlrqdo Iruhfdvwhuv

rq wkh rwkhu kdqg kdv txduwhuo| iuhtxhqf|/ exw rqo| iru wkh vpdoohu wlph vsdq 4<:404<<<1

Wkhvh odwwhu frpphqwv srlqw wr d olplwdwlrq ri wkh wlph0vhulhv ri xqfhuwdlqw| rewdlqhg xvlqj

vxuyh| gdwd/ qdpho| wkh odfn ri d frqvlvwhqw orqj wlph vsdq dqg kljk iuhtxhqf|1 Lq frqwudvw/

lw lv nqrzq wkdw pdq| ri wkh lqwhuhvwlqj g|qdplfv ri wlph0ydu|lqj yrodwlolw| duh dw kljkhu

iuhtxhqflhv/ vxfk dv gdlo| ru prqwko|/ dqg ryhu d uhodwlyho| orqj wlph vsdq1 Khqfh/ wkh vxuyh|0

edvhg phdvxuhv ri xqfhuwdlqw| fdq rqo| frqwdlq olplwhg lqirupdwlrq rq wkh uhodwlrqvkls ehwzhhq

hfrqrplf xqfhuwdlqw| dqg yrodwlolw|1 Wr ryhufrph wklv sureohp zh dovr frpsxwh d prgho0edvhg

phdvxuh ri xqfhuwdlqw| e| vshfli|lqj d uhjlph0vzlwfklqj prgho iru ixqgdphqwdov +l1h1 lq dwlrq

udwh dqg hduqlqjv jurzwk, zlwk xqrevhuydeoh vwdwhv1 Wklv prgho kdv wkh frqyhqlhqw ihdwxuh

ri jhqhudwlqj fkdqjhv lq xqfhuwdlqw| dv lqyhvwruv ohduq derxw wkh wuxh vwdwh ri wkh hfrqrp|1

Zh hvwlpdwh wkh prgho xvlqj lqirupdwlrq erwk iurp ixqgdphqwdo yduldeohv/ vxfk dv hduqlqjv

jurzwk dqg lq dwlrq/ dqg d vhw ri �qdqfldo yduldeohv/ vxfk dv sulfh0hduqlqjv udwlrv dqg |lhogv rq

}hur0frxsrq erqgv1 Iurp wkh �wwhg prgho/ iru hyhu| prqwk/ zh fdq frpsxwh wkh suredelolw|

glvwulexwlrq rq wkh ydulrxv lq dwlrq dqg hduqlqjv jurzwk vwdwhv1 Zh �qdoo| frpsxwh wkh
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�xqfhuwdlqw|� hpehgghg lq wklv glvwulexwlrq e| xvlqj wkh Urrw Phdq Vtxduh Huuru +ru UV0

UPVH iru vkruw, lpsolhg e| wkh srvwhulru suredelolw|1 Khqfh/ zh duh deoh wr rewdlq d wlph0

vhulhv ri xqfhuwdlqw| rq ixqgdphqwdov zlwk erwk d orqj wlph0vsdq +4<8:04<<<, dqg uhodwlyho|

kljk iuhtxhqf| +prqwko|,1 Zh fkhfn lwv frqvlvwhqf| zlwk wkh xqfhuwdlqw| phdvxuhv rewdlqhg

e| vxuyh| gdwd dqg lqghhg �qg wkdw wkh| duh kljko| fruuhodwhg1

Rxu hpslulfdo uhvxowv vwurqjo| vxjjhvw wkdw vwrfn dqg erqg prqwko| uhwxuq yrodwlolwlhv dqg

furvv0fryduldqfhv/ frpsxwhg iurp gdlo| gdwd/ duh d�hfwhg e| wkh xqfhuwdlqw| vxuurxqglqj ixwxuh

lq dwlrq dqg ixwxuh hduqlqjv jurzwk1 Wkh uhvxowv duh udwkhu frqvlvwhqw lqghshqghqwo| ri wkh

phwkrg xvhg wr frpsxwh wkh wlph vhulhv ri xqfhuwdlqw|/ exw zlwk wkh prgho0edvhg phdvxuh

jhqhudoo| shuiruplqj wkh ehvw1

Pruh suhflvho|/ vwrfn uhwxuq yrodwlolw| vhhpv wr eh pruh d�hfwhg e| lq dwlrq xqfhuwdlqw|

wkdq hduqlqjv xqfhuwdlqw|/ dowkrxjk erwk frph rxw dv vljql�fdqw uhjuhvvruv1 Vlploduo|/ zh �qg

vwurqj hylghqfh wkdw wkh yrodwlolw| ri vkruw dqg phglxp whup erqg uhwxuqv lv dovr d�hfwhg e|

pdunhw sduwlflsdqwv* xqfhuwdlqw| rq lq dwlrq1 Lqwhuhvwlqjo|/ wkrxjk/ zh �qg wkdw wklv grhv qrw

krog iru orqjhu whup erqg yrodwlolw|1

Zh dovr �qg wkdw xqfhuwdlqw| juhdwo| d�hfwv wkh fryduldqfh ehwzhhq vwrfn uhwxuqv dqg erqg

uhwxuqv= Shulrgv ri kljk xqfhuwdlqw| +ryhu erwk lq dwlrq dqg hduqlqjv jurzwk, duh fkdudfwhul}hg

e| d kljkhu fryduldqfh ehwzhhq erqg dqg vwrfn uhwxuqv1 Wkh �qglqj lv hfrqrplfdoo| vhqvleoh=

Gxulqj shulrgv ri kljk xqfhuwdlqw|/ wkh vwrfkdvwlf glvfrxqw idfwru whqgv wr fkdqjh pruh vzliwo|

wr qhzv1 Wklv jhqhudwhv d frpprq idfwru dfurvv vwrfn dqg erqg sulfhv/ zklfk sxvkhv xs wkhlu

fryduldqfh1

Zh dovr fkhfn wkh urexvwqhvv ri rxu �qglqj e| frqwuroolqj iru rwkhu pdfur0hfrqrplf ydul0

deohv1 Wkh prvw lqwxlwlyh yduldeohv duh wkh yrodwlolw| ohyhov ri ixqgdphqwdov wkhpvhoyhv= Lqghhg/

li wkhuh lv kljk yrodwlolw| ri hduqlqjv dqg2ru lq dwlrq/ lw lv lqwxlwlyh wkdw dovr vwrfn dqg erqg

uhwxuqv frxog eh kljko| yrodwloh1 Iru vwrfn yrodwlolw|/ zh �qg wkdw erwk yrodwlolw| ri hduqlqjv

dqg wkh yrodwlolw| ri lq dwlrq duh qrw vljql�fdqw uhjuhvvruv zkhq xqfhuwdlqw| rq hduqlqjv dqg

lq dwlrq duh dovr xvhg dv d uhjuhvvruv1 Lq frqwudvw/ iru erqg yrodwlolw| zh �qg wkdw lq dwlrq

xqfhuwdlqw| dqg lq dwlrq yrodwlolw| duh erwk vljql�fdqw uhjuhvvruv1 Wklv �qglqjv vxjjhvw wkdw

�xqfhuwdlqw|� rq wkh ixwxuh ydoxhv ri d ixqgdphqwdo yduldeoh dqg lwv fxuuhqw �yrodwlolw|� duh
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udwkhu gl�huhqw suhglfwruv dqg kdyh gl�huhqw urohv lq h{sodlq wkh yrodwlolw| ri dvvhw uhwxuqv1

Dowkrxjk lw lv lqwxlwlyh wkdw kljkhu yrodwlolw| ri ixqgdphqwdov whqgv wr jhqhudwh dovr kljkhu

xqfhuwdlqw| derxw wkhlu ixwxuh ydoxhv/ wkh odwwhu fdq dulvh dovr gxulqj shulrgv ri uhodwlyho| orz

yrodwlolw|1 Li/ iru h{dpsoh/ djhqwv eholhyh wkdw wuhqg euhdnv ru uhjlph vkliwv lq guliwv fkdudfwhu0

l}h wkh g|qdplfv ri ixqgdphqwdo yduldeohv/ wkhlu odfn ri nqrzohgjh ri zkhq wkh euhdnv rffxu

fdq jhqhudwh xqfhuwdlqw| zlwkrxw fruuhvsrqglqj fkdqjhv lq wkh yrodwlolw| ri wkh ixqgdphqwdov

wkhpvhoyhv1

Vlplodu frpphqwv dovr dsso| wr wkh wlph vhulhv ri wkh fryduldqfhv ehwzhhq vwrfnv dqg erqgv=

Lq dwlrq xqfhuwdlqw| vhhpv wr eh wkh vlqjoh prvw lpsruwdqw uhjuhvvru/ dowkrxjk zh �qg wkdw

erwk lq dwlrq yrodwlolw| dqg hduqlqjv yrodwlolw| sod| dq lpsruwdqw uroh1 Zh �qdoo| dovr frqwuro

iru rwkhu pdfurhfrqrplf yduldeohv/ vxfk dv d exvlqhvv f|foh lqgh{/ dqg �qg wkdw wkh| rqo| khos

h{sodlqlqj wkh yrodwlolw| ri vwrfn uhwxuqv/ exw qrw wkh yrodwlolw| ri erqg uhwxuqv +hlwkhu vkruw

ru orqj krul}rq, ru wkhlu fryduldqfh zlwk vwrfn uhwxuqv1

Wkh hvwlpdwlrq ri wkh prgho dovr doorzv xv wr gudz vrph frqfoxvlrqv derxw wkh fkdqqhov

wkrxjk zklfk qhzv rq lq dwlrq dqg2hduqlqjv d�hfw vwrfn dqg erqg sulfhv dqg r�hu d iuhvk ylhz

rq wkh ghedwh rq zkdw pryhv vwrfn dqg erqg sulfhv14 Zh �qg vwurqj hylghqfh wkdw lqfuhdvhv

lq lq dwlrq d�hfwv vwrfn sulfhv erwk gluhfwo|/ wkurxjk lwv srvlwlyh lpsdfw rq wkh uhdo vwrfkdvwlf

glvfrxqw idfwru/ dqg/ lqgluhfwo|/ gxh wr d kljkhu wudqvlwlrq suredelolw| iurp kljkhu lq dwlrq

wr orzhu hduqlqjv jurzwk vwdwhv wkdw orzhuv wkh h{shfwdwlrq ri ixwxuh hduqlqjv1 Vxusulvlqjo|/

wkh gluhfw h�hfw rq wkh vwrfkdvwlf glvfrxqw idfwru kdv d vljq rssrvlwh wr wkh rqh h{shfwhg1

Vshfl�fdoo|/ zh �qg wkdw dq lqfuhdvhv lq lq dwlrq ghfuhdvh wkh uhdo lqwhuhvw udwh/ zklfk vkrxog

eulqj derxw dq lqfuhdvh ri vwrfn sulfh uhodwlyh wr wkh glylghqg/ doo hovh htxdo1 Wkhuhiruh/ zh

dwwulexwh wkh ghfuhdvh lq sulfhv gxh wr lqfuhdvhv lq h{shfwhg lq dwlrq hqwluho| wr wkh idfw wkdw

kljkhu lq dwlrq suhglfwv orz ixwxuh uhdo jurzwk udwh ri hduqlqjv/ dv dgyrfdwhg e| Idpd +4<;4,1

Wkh sdshu ghyhorsv dv iroorzv= Wkh qh{w vhfwlrq ghvfulehv wkh frpsxwdwlrq ri vxuyh|0

edvhg dqg prgho0edvhg phdvxuhv ri xqfhuwdlqw|1 Wkh odwwhu kdv wr eh gh�qhg lq wkh frqwh{w

ri d vshfl�f prgho/ wkdw lv dovr ghvfulehg lq wklv vhfwlrq1 Vhfwlrq 6 ghvfulehv wkh hpslulfdo

4Wkh olwhudwxuh rq wklv wrslf lv ydvw1 Vhh Idpd +4<;4,/ Jhvnh dqg Uroo +4<;6,/ Gdqwklqh dqg Grqdogvrq

+4<;9,/ Vwxo} +4<;9,/ Pduvkdoo +4<<5,/ Fdpsehoo dqg Dpphu +4<<6,/ Erxgrxnk dqg Ulfkdugvrq +4<<6, dqg

Vkdush +4<<<, dqg wkh uhihuhqfhv wkhuhlq1
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phwkrgrorj| wr hvwlpdwh wkh prgho dqg rewdlqv sdudphwhu hvwlpdwhv1 Vhfwlrq 7 frqwdlqv

rxu pdlq �qglqjv= Lw frpsduhv wkh ydulrxv phdvxuhv ri xqfhuwdlqw| dqg wkhq shuirupv wkh

hpslulfdo whvwv rq wkh yrodwlolw| dqg wkh fryduldwlrq ri dvvhw uhwxuqv1 Lq vhfwlrq 8 zh glvfxvv wkh

lpsolfdwlrqv ri rxu hvwlpdwhv iru erqg dqg vwrfn sulfhv1 Vhfwlrq 9 frqwdlqv wkh frqfoxvlrqv1

� ����������� ��� ����������� �������� �� ��	����
���

Lq wklv vhfwlrq/ zh frpsxwh �phdvxuhv ri pdunhw sduwlflsdqw xqfhuwdlqw|� wkdw zh zloo xvh wr

whvw wkh ehkdylru ri vwrfn dqg erqg uhwxuqv1 Lq wkh �uvw vxevhfwlrq zh lqwurgxfh wkh Vxuyh|0

edvhg phdvxuhv ri xqfhuwdlqw|/ dqg lq wkh qh{w vxevhfwlrq / zh zloo lqwurgxfh d prgho0edvhg

phdvxuh ghulyhg iurp d vwuxfwxudo prgho ri lqyhvwruv ohduqlqj derxw ixqgdphqwdov1

��� ����������� �������� �� ��	����
���

Zh xvh wzr gl�huhqw Vxuyh| Gdwd vhwv/ wkh Olylqjvwrq Vxuyh| gdwd dqg wkh Vxuyh| ri Sur0

ihvvlrqdo Iruhfdvwhuv/ erwk dydlodeoh dw wkh Ihghudo Uhvhuyh ri Sklodghoskld1 Wkh Olylqjvwrq

Vxuyh| gdwd frqwdlqv iruhfdvwv derxw d qxpehu ri pdfur yduldeohv pdgh e| ydulrxv fdwhjrulhv

ri pdunhw sduwlflsdqwv1 Wkh wlph vsdq ydulhv ghshqglqj rq wkh yduldeoh/ exw iru wkh sulfh lqgh{

jrhv iurp 4<84 wr 4<<< zkloh iru frusrudwh sur�wv wkh wlph vsdq lv rqo| iurp 4<:404<<<1 Wkh

iuhtxhqf| lv vhpldqqxdo +Mxqh dqg Ghfhpehu,1 Iruhfdvwv duh pdgh iru � @ 9 dqg 45 prqwk

krul}rq1 Wkh Vxuyh| ri Surihvvlrqdo Iruhfdvwhuv kdv vpdoohu wlph0vsdq +4<9;04<<<,/ exw lw kdv

d kljkhu iuhtxhqf|1 Sulfh lqgh{ iruhfdvwv dqg frusrudwh sur�wv duh dydlodeoh iurp 4<9;04<<</

exw wkh �uvw ihz |hduv ri gdwd duh sduwlfxoduo| wurxeohvrph ehfdxvh pdq| orqj0whup iruhfdvwv

duh qrw dydlodeoh1 Zh wkhuhiruh uhvwulfwhg wkh vdpsoh iurp 4<:404<<<1 Iruhfdvw duh iru krul}rqv

ri � @ 3> 4> ==> 7 txduwhuv dkhdg/ zkhuh � @ 3 lqglfdwhv d iruhfdvw iru wkh fxuuhqw txduwhu/ zklfk

w|slfdoo| hqgv 418 prqwkv diwhu wkh ghdgolqh wr vxeplw wkh txhvwlrqqdluh edfn1 Wkh qxpehu ri

iruhfdvwhuv ydulhv ehwzhhq :8 dqg < +iru rqh txduwhu,/ exw wkh phdq qxpehu ri iruhfdvwhuv lv

derxw 671

Zh xvh wkh furvv0vhfwlrqdo glvshuvlrq ri wkh shufhqwdjh lq dwlrq dqg hduqlqjv jurzwk lqgl0

ylgxdo iruhfdvwv dv d phdvxuh ri xqfhuwdlqw|1 Vshfl�fdoo|/ iru hyhu| wlph w +txduwhu ru vhphvwhu,/

ohw IL� +w> �, eh wkh iruhfdvw ri lqglylgxdo l ri wkh sulfh lqgh{ ohyho dw wlph w. � zkhuh � lv wkh

8



krul}rq/ dqg ohw L +w, eh lwv fxuuhqw ohyho +dovr surylghg e| wkh vxuyh| dqg pdgh dydlodeoh wr

wkh iruhfdvwhu dw wkh wlph ri wkh vxuyh|,1 Li q| lv wkh qxpehu ri lqglylgxdov dw wlph w/ zh wkhq

gh�qh wkh wlph w �xqfhuwdlqw|� rq wkh lq dwlrq dw wlph w. � dv

XU +w> �, @

yxxw 4

q| � 4

?|[
�'�

#�
IL� +w> �,

L +w,

�
�

4

q|

?|[
�'�

�
IL� +w> �,

L +w,

�$2

+wr vdihjxdug xv djdlqvw w|srv dqg plvwdnhv/ zh ghohwhg revhuydwlrqv iru IL� +w> �, @L +w, wkdw

zhuh irxu vwdqgdug ghyldwlrqv dzd| iurp wkh phdq iruhfdvw,1

D vlplodu surfhgxuh lv xvhg iru wkh iruhfdvw ri uhdo ixwxuh frusrudwh sur�wv= ohw IG� +w> �,

eh wkh iruhfdvw ri lqglylgxdo l derxw wkh ohyho ri frusrudwh sur�wv dw wlph w. � dqg ohw G +w, eh

lwv fxuuhqw ohyho +djdlq/ surylghg e| wkh Olylqjvwrq Vxuyh| gdwd wr xv dqg wr wkh iruhfdvwhu,1

Zh wkhq gh�qh IUG� +w> �, @ IG� +w> �, @IL� +w> �, dv d phdvxuh ri wkh iruhfdvwhg uhdo ixwxuh

hduqlqjv e| lqglylgxdo l dqg UG +w, @ G +w, @L +w, dv wkh fxuuhqw uhdo hduqlqjv15 Wkhq/ wkh

hpslulfdo phdvxuh ri xqfhuwdlqw| iru sur�wv +hduqlqjv, jurzwk lv

XC +w> �, @

yxxw 4

q| � 4

?|[
�'�

#�
IUG� +w> �,

UG +w,

�
�

4

q|

?|[
�'�

�
IUG� +w> �,

UG +w,

�$2

>

zkhuh djdlq/ zh holplqdwhg wkh revhuydwlrqv ri lqglylgxdov wkdw zhuh pruh wkdq irxu vwdqgdug

ghyldwlrqv dzd| iurp wkh phdq1

Wdeoh 4 uhsruwv vxppdu| vwdwlvwlfv ri wkh wlph vhulhv ri X� +w> �, frpsxwhg iurp gdwd/ dorqj

zlwk wkh prgho0edvhg phdvxuh ri xqfhuwdlqw| ghvfulehg lq wkh qh{w vhfwlrq1 Iljxuh 4 sorwv wkh

wlph vhulhv ri lq dwlrq dqg frusrudwh sur�w xqfhuwdlqw| frpsxwhg xvlqj wkh Olylqjvwrq Gdwd

vxuyh|/ zkloh Iljxuh 5 sorwv wkh vdph wlph vhulhv frpsxwhg xvlqj wkh Vxuyh| ri Surihvvlrqdo

Iruhfdvwhuv1 Lqwhuhvwlqjo|/ wkh xqfhuwdlqw| vxuurxqglqj wkh uhdo frusrudwh sur�wv lv pxfk kljkhu

dqg yrodwloh wkdq wkh rqh vxuurxqglqj lq dwlrq1 Wklv lv wr eh h{shfwhg dqg zh zloo vhh wkdw d

vlplodu ihdwxuh dulvhv zkhq zh rewdlq �prgho0edvhg� phdvxuhv ri xqfhuwdlqw|1 Qrwlfh dovr wkh

5 Lw vkrxog eh qrwhg wkdw wkh phdvxuh ri iruhfdvwhg uhdo hduqlqjv gh�qhg dv 8-(� E|c �� ' 8(� E|c �� *8U� E|c ��

h�hfwlyho| xvhv wkh irupxod .| d( E|n ��o *.| dU E|n ��o zklfk lv eldvhg frpsduhg wr wkh fruuhfw phdvxuh

.| d( E|n �� *U E|n ��o gxh wr wkh Mhqvhq*v* lqhtxdolw|1 Krzhyhu/ vlqfh zh duh lqwhuhvwhg lq wkh furvv0vhfwlrqdo

vwdqgdug ghyldwlrq ri wkh iruhfdvwv/ li wkh eldv lv uhdvrqdeo| frqvwdqw dfurvv lqglylgxdo/ lw lv olnho| lw zloo d�hfw

wkh phdvxuhg �xqfhuwdlqw|� rqo| yhu| pdujlqdoo|1

9



fruuhodwlrq ehwzhhq wkh xqfhuwdlqw| phdvxuhv frpsxwhg zlwk wkh wzr gdwd vhwv duh txlwh kljk

rq wkh frpprq wlph lqwhuydo +4<:404<<<, dqg wkh frpprq iuhtxhqf| +vhpldqqxdo,= iurp 184

wr 1:41

Zh frqfoxgh wklv vhfwlrq zlwk dq lpsruwdqw uhpdun= Wkh wzr phdvxuhv XU +w> �, dqg XC +w> �,

lqwurgxfhg deryh duh uhdoo| phdvxuhv ri glvdjuhhphqw udwkhu wkdq xqfhuwdlqw|1 Krzhyhu/ wkhuh

lv dq d0sulrul uhdvrq wr eholhyh wkh wzr phdvxuhv vkrxog eh kljko| fruuhodwhg ehfdxvh li doo

iruhfdvwhuv duh xqfhuwdlq derxw wkh ixwxuh ydoxh ri d pdfurhfrqrplf yduldeoh/ wkhq lw lv dovr

olnho| wkdw wkhlu srlqw iruhfdvwv glvdjuhh pruh1 Zh krsh wr plwljdwh wkh sureohp e| dovr xvlqj

d �prgho� edvhg phdvxuh ri xqfhuwdlqw|/ dv ghvfulehg ehorz/ exw wkh uhdghu vkrxog nhhs lq

plqg wkdw wkh wdeohv frxog eh lqwhusuhwhg lq whupv ri glvdjuhhphqw dv zhoo1

��� ����������� �������� �� ��	����
���

Rqh xqdwwudfwlyh surshuw| ri wkh wlph0vhulhv ri xqfhuwdlqw| rewdlqhg xvlqj vxuyh| gdwd lv lwv odfn

ri orqj0wlph vsdq dqg kljk iuhtxhqf|= Dv phqwlrqhg deryh/ zh fdq rewdlq dw prvw txduwhuo|

hvwlpdwhv dqg lq wklv fdvh rqo| iurp 4<:404<<<1 Wr ryhufrph wklv sureohp/ zh qrz lqwurgxfh

d vlpsoh prgho iru hduqlqjv dqg lq dwlrq wkdw lv deoh wr jhqhudwh fkdqjhv lq xqfhuwdlqw| ryhu

wlph1 Zh zloo hvwlpdwh wkh prgho dqg khqfh surylgh d wlph0vhulhv iru xqfhuwdlqw| rq ixwxuh

lq dwlrq dqg hduqlqjv wkdw kdv orqjhu wlph0vsdq +4<8:04<<<, dqg kljkhu iuhtxhqf| +prqwko|,1

Wkh kljkhu iuhtxhqf| lv sduwlfxoduo| lpsruwdqw iru wklv surmhfw/ vlqfh lw lv nqrzq wkdw wkh

g|qdplf surshuwlhv ri uhwxuq yrodwlolwlhv dqg fryduldqfhv duh vwurqjhu dw vkruw krul}rqv1 Wkh

prgho lv ixoo| ghvfulehg lq dvvxpswlrqv 4071

Dvvxpswlrq 4= Uhdo glylghqgv G +w, hyroyh dffruglqj wr wkh orj qrupdo surfhvv

�g +w. 4, @ � +w, �
4

5
�2( . �( % +w. 4, > +4,

zkhuh g +w, @ orj +G +w,, > �( lv d 4 � 5 frqvwdqw yhfwru/ % +w. 4, kdv d elyduldwh vwdqgdug

qrupdo glvwulexwlrq dqg zh ghqrwh �2( @ �(�
�
(1

Dvvxpswlrq 5= Wkh sulfh ri wkh frqvxpswlrq jrrg T +w, hyroyhv dffruglqj wr wkh orj0

qrupdo surfhvv

�t +w. 4, @ � +w, �
4

5
�2^ . �^ % +w. 4, > +5,

:



zkhuh t +w, @ orj +T +w,, > �^ lv d 4� 5 frqvwdqw yhfwruv dqg djdlq zh ghqrwh �2^ @ �^�
�
^1

Dvvxpswlrq 6= Wkh sdlu � +w, @ +� +w, > � +w,, iroorzv d Q�vwdwh/ uhjlph vkliw prgho zlwk

wudqvlwlrq pdwul{ �1 Wkdw lv=

Su +� +w. 4, @ ��m� +w, @ ��, @ ���>

zlwk
S?

�'� ��� @ 41

Lq hvvhqfh/ wkh uhdo glylghqg jurzwk dqg wkh lq dwlrq udwh iroorz d mrlqw orj0qrupdo prgho

zlwk guliwv wkdw iroorz d uhjlph vkliw prgho16 Wkh qh{w dvvxpswlrq pdnhv lw srvvleoh wr rewdlq

 xfwxdwlqj xqfhuwdlqw|/ zklfk lv wkh remhfw ri wkh lqyhvwljdwlrq ri wkh suhvhqw sdshu1

Dvvxpswlrq 7= Lqyhvwruv gr qrw revhuyh wkh uhdol}dwlrqv ri y +w, exw nqrz doo wkh sdudph0

whuv ri wkh prgho/ lqfoxglqj �(> �^ dqg wkh wudqvlwlrq suredelolw| pdwul{ �1

Vlqfh lqyhvwruv gr qrw revhuyh � +w, +l1h1 wkh guliw udwhv ri wkh surfhvv,/ wkh| qhhg wr lqihu lw

iurp wkh revhuydwlrqv ri sdvw glylghqgv dqg lq dwlrq udwhv1 Wklv zloo jhqhudwh d glvwulexwlrq

rq wkh srvvleoh vwdwhv ��> ===> �? wkdw lq wxuq jhqhudwhv fkdqjhv lq �xqfhuwdlqw|� dv wkh| ohduq

derxw wkh fxuuhqw vwdwh1 Vshfl�fdoo|/ ohw lqyhvwruv* srvwhulru eholhiv rq wkh fxuuhqw vwdwh eh

�� +w, @ Su +� +w, @ ��mI +w, >�, >

zkhuh I +w, @ +g +�, > t +�,,|�'f duh wkh sdvw gdwd dqg � duh wkh sdudphwhuv ri wkh prgho gh0

vfulehg lq dvvxpswlrq 4061 Ohw dovr � +w, @ +�� +w, > ===> �? +w,, eh wkh urz yhfwru ri suredelolwlhv

dw wlph w1 D vwudljkwiruzdug dssolfdwlrq ri Ed|hv* odz surylghv d frqyhqlhqw xsgdwlqj uxoh iru

wkh srvwhulru glvwulexwlrq rq wkh vwdwh vsdfh � @ +��> ===> �� , +vhh Kdplowrq +4<;<,,=

�� +w, @
h3

�

2
E{%E|�3eD���EPP��3�E{%E|�3eD�� ^� +w� 4,�`�S?

�'� h
3�

2
E{%E|�3eD���EPP��3�E{%E|�3eD�� ^� +w� 4,�`�

> +6,

zkhuh { +w, @ +g +w, > t +w,, > 	 @
�
��(> �

�
^

��
dqg e�� @ �� �

�
2

�
�2(> �

2
^

��
1

Jlyhq wkh wlph vhulhv ri wkh glvwulexwlrq � +w,/ zh fdq frpsxwh d wlph vhulhv ri xqfhuwdlqw|1

Wklv lv ghvfulehg lq wkh qh{w vxevhfwlrq1
6Qrwlfh wkdw zh vxewudfw wkh Mhqvhq*v* whupv �

2
j2( dqg �

2
j2^ iurp wkh guliwv ri {B E|n �� dqg {^ E|n ��

vr wkdw w E|� lv wkh h{shfwhg frqwlqxrxvo| frpsrxqghg udwh ri jurzwk ri glylghqgv dqg sulfhv/ l1h1

. d( E|n �� �w E|� ' wo ' ( E|� ew dqg . d' E|n �� �K E|� ' Ko ' ' E|� eK1

;



51514 Urrw0PVH dv Prgho0edvhg Xqfhuwdlqw|

Jlyhq wkh glvwulexwlrq � @ +��> ===> �?, rq wkh vwdwhv ��> ===> �? zh fdq frpsxwh lwv pdujlqdo

glvwulexwlrq �C @
�
�C� > ===> �

C
?C

�
rq hduqlqjv vwdwhv ��> ==> �?C dqg lwv pdujlqdo glvwulexwlrq �U @�

�U�> ===> �
U
?U

�
rq lq dwlrq vwdwhv ��> ===> �?U 1 Zh fdq gh�qh wkh urrw phdq vtxduh huuru ri lqyhvwruv

fxuuhqw h{shfwdwlrq ri wkh hduqlqjv jurzwk udwh H| ^�` @ � +w, dqg ri wkh lq dwlrq vwdwh H| ^�` @

� +w,1 Wkhvh duh jlyhq e|

�C +w, @

yxxw ?C[
�'�

�C
�
+w,
�
�� � � +w,

�2
/ dqg/ �U +w, @

yxxw ?U[
�'�

�U
�
+w, +�� � � +w,,2

uhvshfwlyho|1 Lq djuhhphqw zlwk wkh suhylrxv vhfwlrq/ zh duh dovr lqwhuhvwhg lq wkh wlph0w eholhiv

glvwulexwlrq iru wkh uhjlph dw wlph w. � lq rughu wr rewdlq d phdvxuh ri xqfhuwdlqw| ryhu wkh

lq dwlrq ohyho ru hduqlqjv jurzwk lq wkh ixwxuh1 Khqfh/ ohw xv gh�qh

�� +w> �, @ Su +� +w. �, @ ��mI +w, >�, >

zkhuh djdlq I +w, lv lqyhvwruv* lqirupdwlrq vhw dw wlph w dqg � duh wkh sdudphwhuv ri wkh prgho1

Jlyhq wkh wudqvlwlrq pdwul{ �/ zh fdq hdvlo| frpsxwh wkhvh suredelolwlhv dv

� +w> �, @ � +w,��� =

Khqfh/ zh zloo ghqrwh �C +w> �, dqg �U +w> �, wkh wlph w xqfhuwdlqw| ohyho rq wkh vwdwh dw wlph

w . � 1 Lq wkh iroorzlqj/ zh vkdoo uhihu wr wkhp dv Uhjlph Vkliw/ Urrw Phdq Vtxduh Huuru

phdvxuhv ri xqfhuwdlqw|/ ru UV0UPVH phdvxuhv iru vkruw1

Lq rughu wr ghvfuleh wkh surshuwlhv ri wkh �wwhg vhulhv/ zh pxvw �uvw ghvfuleh rxu hpslulfdo

phwkrgrorj|/ wr zklfk zh qrz wxuq1

� ���
�
	�� �����������

Zh hvwlpdwh d prgho zlwk wkuhh uhjlphv iru lq dwlrq dqg wzr uhjlphv iru hduqlqjv jurzwk/

zklfk ohdg xv wr vl{ vwdwhv ryhudoo1 Xquhvwulfwhg/ d wudqvlwlrq pdwul{ � zlwk vl{ vwdwhv lpsolhv

wkluw| sdudphwhuv wr hvwlpdwh1 Wr uhgxfh wkh qxpehu zh lpsrvh wkh iroorzlqj vwuxfwxuh wr wkh

wudqvlwlrq suredelolw| pdwul{= Iru doo l dqg m zlwk l 9@ m ohw

�W�� @ h{s +�f . ���� . �2 �� . �� �� . �e ��, = +7,

<



Wkhq/ zh lpsrvh

��� @

;?=
bW��

�n
S

� �'� b
W
��

iru l 9@ m> dqg/

4�
S

� �'� ��� iru l @ m=
+8,

Lq rwkhu zrugv/ li vd| �� wxuqv rxw srvlwlyh/ wkh suredelolw| ri vzlwfklqj rxw ri dq lq dwlrq

vwdwh lqfuhdvhv zlwk lwv ydoxh1 Vlploduo|/ d srvlwlyh �e zrxog lpso| wkdw wkh suredelolw| wr

vzlwfk lqwr d jlyhq jurzwk vwdwh lqfuhdvhv zlwk lwv ydoxh1 Dowkrxjk wklv vshfl�fdwlrq uhvwulfwv

vrphzkdw wkh srvvleoh wudqvlwlrq pdwulfhv/ lw lv vwloo udwkhu  h{leoh dv zh zloo vhh odwhu zkloh

orrnlqj dw wkh uhvxowv1 Pruhryhu/ wkh qxpehu ri sdudphwhuv wr hvwlpdwh vkulqnv iurp 63 wr

81 Dq dgglwlrqdo dgydqwdjh ri wklv vshfl�fdwlrq lv wkdw wkh sdudphwhuv fdq eh dq|zkhuh rq

wkh uhdo olqh/ doorzlqj xv wr dyrlg erxqgdu| frqglwlrqv dw 3 ru 41 Wklv juhdwo| lpsuryhv wkh

h!flhqf| ri wkh qxphulfdo urxwlqhv1

D �qdo uhpdun derxw wkh fkrlfh ri wkh qxpehu ri vwdwhv lv lq rughu= Dv lv zhoo nqrzq/

frqyhqwlrqdo olnholkrrg0udwlr vwdwlvwlfv wr ghwhuplqh wkh qxpehu ri vwdwhv kdyh qrq0vwdqgdug

glvwulexwlrqv/ pdnlqj wkh lpsohphqwdwlrq ri whvwv gl!fxow wr shuirup1 Wkh lqwxlwlrq lv vlp0

so| wkdw xqghu wkh qxoo k|srwkhvlv ri d vlqjoh vwdwh/ wkh sdudphwhuv ri wkh wudqvlwlrq pdwul{

iru kljkhu vwdwh prghov duh xqlghqwl�hg1 Krzhyhu/ zh vwurqjo| uhmhfw vlqjoh vwdwh xqlyduldwh

prghov iru hduqlqjv jurzwk dqg lq dwlrq lq idyru ri wzr vwdwh prghov iru hdfk surfhvv/ e|

dsso|lqj wkh fulwlfdo ydoxhv lq Wdeoh 4D ri Jdufld +4<<;,/ zklfk duh vshfl�fdoo| fdofxodwhg

iru wkh fkrlfh ri rqh yhuvxv wzr vwdwhv lq wkh phdqv ri xqfruuhodwhg dqg krprvnhgdvwlf qrlvh

surfhvvhv +dvvxpswlrqv wkdw duh vdwlv�hg e| +4, dqg +5,,1 Ixuwkhu lqihuhqfh rq wkh qxpehu

ri vwdwhv lv shuiruphg zlwklq wkh fodvv ri wudqvlwlrq pdwulfhv � frqvwuxfwhg dv lq +7, dqg +8,1

Lqihuhqfh fdq eh fduulhg rxw lq wkh fodvvlfdo iudphzrun/ ehfdxvh lq wklv fdvh/ wkh sdudphwhuv

�f> ��> ===> �e ri wkh wudqvlwlrq pdwul{ uhpdlq lghqwl�hg dv orqj dv wkh qxpehu ri vwdwhv lq

hdfk surfhvv lv dw ohdvw wzr1 Lq wklv fdvh/ e| xvlqj vwdqgdug olnholkrrg udwlr whvwv iru wkh

fdvh zkhuh rqo| ixqgdphqwdov duh xvhg lq wkh hvwlpdwlrq +vhh Kdplowrq +4<<7,,/ zh �qg wkdw

zh fdq uhmhfw +qC> qU, @ +5> 5, lq idyru ri +qC> qU, @ +5> 6, exw zh fdqqrw uhmhfw wkh odwwhu

djdlqvw +qC> qU, @ +6> 6,1 Khqfh/ wzr vwdwhv iru hduqlqjv jurzwk vhhp dssursuldwh1 Rq wkh

rwkhu kdqg/ lw wxuqv rxw wkdw zh fdq dovr uhmhfw +qC> qU, @ +5> 6, lq idyru ri +qC> qU, @ +5> 7,/

zklfk zrxog fdoo iru hljkw vwdwhv ryhudoo1 Zh vhwwohg iru wkh wkuhh vwdwhv iru lq dwlrq dq|zd|

vlqfh wkh uhvxowv derxw xqfhuwdlqw| duh edvlfdoo| xqfkdqjhg dqg lw pdnhv lw pruh olnho| wkdw
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hdfk jurzwk0lq dwlrq uhjlph kdv ehhq ylvlwhg d vx!flhqw qxpehu ri wlphv gxulqj wkh vdpsoh

shulrg1 Lq idfw/ wkh dvvxpswlrq lv frqvhuydwlyh dqg doo wkh pdlq uhvxowv lq Wdeohv 70; vwuhqjwkhq

zkhq zh dvvxph irxu vwdwhv iru lq dwlrq1 Wkh uhdvrq lv wkdw zlwk pruh vwdwhv/ wkh prgho0edvhg

phdvxuh ri xqfhuwdlqw| UPVH lqfuhdvhv/ vlqfh lw lv kdughu wr ghwhfw wkh dfwxdo vwdwh1 Ilqdoo|/

lw lv qrw srvvleoh wr uhmhfw +qC> qU, @ +5> 7, lq idyru ri +qC> qU, @ +5> 8,1

��� �����	�
�� ��������
�� ���� ��� �� !�
	��

Wkh hvwlpdwlrq ri wkh sdudphwhuv ri wkh prgho ghvfulehg lq dvvxpswlrqv 4 wr 6 fdq hdvlo| eh

shuiruphg e| Pd{lpxp Olnholkrrg xvlqj wkh phwkrgrorj| odlg rxw lq Kdplowrq +4<;</4<<7,1

Krzhyhu/ wkh wlph vhulhv ri �wwhg suredelolwlhv � +w, dqg khqfh lwv hpehgghg xqfhuwdlqw| re0

wdlqhg iurp wklv surfhgxuh zrxog rqo| xvh ixqgdphqwdov vxfk dv lq dwlrq dqg hduqlqjv lq wkh

hvwlpdwlrq1 Vlqfh pdunhw sulfhv/ vxfk dv uhdol}hg sulfh0hduqlqj udwlrv dqg lqwhuhvw udwhv/ frqwdlq

lqirupdwlrq wkdw lv xvhixo wr hvwlpdwh wkh prgho iru ixqgdphqwdov/ lw lv ghvludeoh wr lqfrusrudwh

wklv lqirupdwlrq lq wkh hvwlpdwlrq urxwlqh17 Lq wklv vhfwlrq zh eulh | od| rxw d phwkrgrorj|

wr gr vr1

Iluvw/ zh pxvw rewdlq wkh sulflqj lpsolfdwlrqv ri wkh prgho ghulyhg lq vhfwlrq 5151 Lq rughu

wr gr vr/ zh qhhg wr vshfli| d vwrfkdvwlf glvfrxqw idfwru wr eh xvhg wr glvfrxqw uhdo sd|r�v1

Zh pdnh wkh iroorzlqj dvvxpswlrq=

Dvvxpswlrq 8= Wkhuh h{lvwv d uhdo sulflqj nhuqho p +w, wdnlqj wkh irup

�orj +p +w. 4,, @ �n +w,�
4

5
�26 . �6 % +w. 4, > +9,

zkhuh �6 lv dovr 4� 5 frqvwdqw/ �26 @ �6�
�
6 dqg zkhuh n +w, @ �f . ��� +w, . �2� +w,1

7D suhylrxv yhuvlrq ri wkh sdshu dovr uhsruwhg wkh hvwlpdwhv dqg wkh uhvxowv zkhq wkh prgho lv �wwhg wr

ixqgdphqwdov rqo|1 Wkh uhvxowv zhuh yhu| vlplodu dqg khqfh rplwwhg iru euhylw| +vhh Irrwqrwh : iru d vxppdu|

ri wkh uhjuhvvlrq uhvxowv lq wklv fdvh,1 Wkh xqfhuwdlqw| phdvxuhv vr rewdlqhg kdyh d fruuhodwlrq htxdo wr 19587 iru

lq dwlrq dqg 1654: iru hduqlqjv zlwk wkh rqhv rewdlqhg khuh zkhuh dovr �qdqfldo yduldeohv duh xvhg1 Lpsruwdqwo|/

krzhyhu/ lw wxuqhg rxw wkdw wkh xqfhuwdlqw| phdvxuhv rewdlqhg xvlqj dovr �qdqfldo yduldeohv glvsod| d pxfk kljkhu

fruuhodwlrq zlwk Vxuyh|0edvhg phdvxuhv/ wkdq gr wkh rqhv rewdlqhg e| �wwlqj ixqgdphqwdov rqo|1 Wklv vhuyhv dv

dq lqghshqghqw frqwuro wr fkhfn wkh uhdvrqdeohqhvv ri xvlqj dovr �qdqfldo gdwd lq wkh hvwlpdwlrq1
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Wkh uhdo sulflqj nhuqho p zloo eh d odwhqw yduldeoh lq rxu prgho dqg lw zloo eh xvhg wr

sulfh uhdo fodlpv1 Krzhyhu/ zh uhvwulfw wkh guliw udwh ri wkh uhdo sulflqj nhuqho wr eh d ixqfwlrq

n @ n +�> �, ri wkh wzr +klgghq, vwdwh yduldeohv ri wkh prgho1 Wklv kdv lwv wkhruhwlfdo edvlv

lq hfrqrplf prghov= Iru h{dpsoh/ lq d Oxfdv +4<:;, hfrqrp| zkhuh lqyhvwruv kdyh srzhu

xwlolw| X +F> w, @ h3�| �
�3�

�3� zh zrxog kdyh F @ G dqg khqfh n @ ! . �� . �
2� +4� �,�(�

�
(

dqg �6 @ ���(1 Lq wklv fdvh/ wkh uhdo sulflqj nhuqho lv qrw d�hfwhg e| wkh lq dwlrq guliw1

Krzhyhu/ wklv grhv qrw qhhg eh wkh fdvh li lq dwlrq d�hfwv wkh uhdo frvw ri eruurzlqj18

Jlyhq wkh sulflqj nhuqho +9,/ wkh uhdo glylghqg surfhvv +4, dqg wkh lq dwlrq surfhvv +5,/ zh

fdq rewdlq wkh uhdo sulfh ri vwrfn dqg wkh qrplqdo sulfh ri erqgv xvlqj iurp wkh xvxdo irupxodv

p +w, V +w, @ H|

%
"[
�'�

p +w. �, G +w. �,

&
> dqg/

p +w, E +w> w. �, @ T +w, H|

�
p +w. �,

4

T +w. �,

�
=

Zh rewdlq wkh iroorzlqj uhsuhvhqwdwlrqv iru wkh sulfh0glylghqg udwlr dqg wkh qrplqdo erqg

sulfh=

Sursrvlwlrq= +d, Wkh sulfh0glylghqg udwlr dw wlph w lv

V +w,

G +w,
@

�[
�'�

F� �� +w, > +:,

zkhuh wkh yhfwru F @ +F�> ==> F� , vdwlv�hv

h&Ew�cV��3 w�3j6 j�( �F� @ 4 .
�[
�'�

F� ���= +;,

+e, Wkh qrplqdo erqg sulfh lv jlyhq e|

E +w> �, @
�[
�'�

Y� +�, �� +w, > +<,

8Ehvlghv kdylqj d wkhruhwlfdo irxqgdwlrq +iru �e @ 3,/ xvlqj d frqwlqxrxv wlph dssurdfk/ rqh fdq

suryh wkdw d olqhdu ixqfwlrq iru n +�> ", lv qhfhvvdu| +dqg vx!flhqw, wr hqvxuh wkdw lqyhvwruv gr qrw rewdlq

dq| rwkhu lqirupdwlrq e| orrnlqj dw wkhlu rzq sulflqj nhuqho rwkhu wkdq wkh lqirupdwlrq frqwdlqhg lq

wkh revhuydwlrq ri G +w, dqg T +w,1
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zkhuh wkh yhfwru Y +�, @ +Y� +�, > ===> Y� +�,, lv jlyhq e|

Y +�, @ +gldj
�
h3��> ===> h3��

�
��� � 4� > +43,

dqg k� @ n +��> ��, . �� . �?�
�
^ dqg �? @ �6 � �^1

Surri = Vhh Dsshqgl{1 �

Lq +d, qrwlfh lq sduwlfxodu wkdw wkh irup ri wkh frqvwdqwv F�*v vxjjhvw wkdw= +l, li n +��> ��,���

lv ghfuhdvlqj lq ��/ kljkhu jurzwk udwh ri glylghqgv lpsolhv kljkhu sulfh0glylghqg udwlr> +ll, li

n +��> ��, lv lqfuhdvlqj lq �� d kljkhu lq dwlrq vwdwh dovr lpsolhv d orzhu sulfh glylghqg udwlr> +lll,

wkh sulfh0glylghqg udwlr lv dovr d�hfwhg e| wkh wudqvlwlrq suredelolwlhv ��� 1 Wkh h{dfw lq xhqfh

uhdoo| ghshqgv rq wkh vroxwlrq wr wkh Q0htxdwlrqv lq +;,1

Dv iru +e,/ vlplodu sulflqj uhodwlrqv duh glvfxvvhg lq \duhg +4<<<, dqg Yhurqhvl dqg \duhg

+4<<<,1 Wkh erqg sulfh lv d zhljkwhg dyhudjh ri wkh qrplqdo erqg sulfhv wkdw zrxog suhydlo lq

hdfk vwdwh ��1 Vlqfh lqyhvwruv gr qrw dfwxdoo| revhuyh wkh fxuuhqw vwdwh/ wkh| sulfh wkh erqg dv

d zhljkwhg dyhudjh1 Djdlq/ lq jhqhudo erwk kljkhu lq dwlrq dqg kljkhu jurzwk udwh ri hduqlqjv

ohdg wr orzhu orqj whup erqg sulfhv +dv orqj dv wkh glvfrxqw udwh n +�> �, lv lqfuhdvlqj lq erwk

� dqg e,1

Jlyhq wkh sulflqj htxdwlrqv +:, dqg +<, dqg d wlph vhulhv ri uhdol}hg sulfh glylghqg udwlrv

sh+w, dqg |lhogv | +w> �,/ zh fdq �qg d surfhgxuh wr rewdlq hvwlpdwhv iru wkh uhjlph vkliw prgho

rxwolqhg lq dvvxpswlrqv 4 dqg 5 wkdw surgxfhv d wlph0vhulhv iru �wwhg sulfh0hduqlqj udwlrv dqg

lqwhuhvw udwhv frqvlvwhqw zlwk gdwd1 Zh ohdyh wkhvh whfkqlfdo ghwdlov wr dsshqgl{ E iru wkh

lqwhuhvwhg uhdghu1

��� ���
���
�� "������ ��� ��� "��
�� ��
�� �����

Lq wklv vxevhfwlrq zh eulh | ghvfuleh wkh uhvxowv ri wkh hvwlpdwlrq ri wkh uhjlph vkliw prgho1 Wkh

V)S 833 hduqlqjv0shu0vkduh dqg sulfh0hduqlqj udwlr vhulhv iurp 4<8:04<<< duh iurp Vwdqgdug

dqg Srru1 Wkh wlph vhulhv ri qrplqdo hduqlqjv lv gh dwhg xvlqj wkh Frqvxphu Sulfh Lqgh{

vhulhv/ zklfk lv dovr xvhg wr frpsxwh wkh wlph vhulhv ri lq dwlrq ohyhov1 Wkh wlph vhulhv ri vkruw

dqg orqj krul}rq }hur frxsrq |lhogv duh iurp wkh Idpd0Eolvv gdwd vhw dydlodeoh lq wkh FUVS

wdshv dw wkh Xqlyhuvlw| ri Fklfdjr1
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Wdeoh 6 uhsruwv wkh hvwlpdwhv ri wkh prgho1 D ihz frpphqwv duh lq rughu= Iluvw/ wkh lq dwlrq

vwdwhv duh doo kljko| vljql�fdqw/ zkloh wkh hduqlqjv vwdwhv glvsod| pxfk ohvv suhflvh hvwlpdwhv1

E| orrnlqj dw Iljxuhv 6 dqg 7/ lw lv fohdu wkdw wkh lq dwlrq vhulhv lv pxfk ohvv qrlv| wkdq

wkh hduqlqjv vhulhv/ ohdglqj wr ehwwhu hvwlpdwhv iru wkh iruphu vhulhv1 Vhfrqg/ wkh wudqvlwlrq

suredelolw| hvwlpdwhv vkrz wkdw kljk lq dwlrq vwdwhv kdyh d kljkhu h{lw suredelolw| +�� AA 3,

dqg d kljkhu hqwu| suredelolw| +�2 A 3,/ dowkrxjk wkh odwwhu h�hfw lv qrw vljql�fdqw1 Vlploduo|/

wkh orz hduqlqjv vwdwh kdv d kljkhu h{lw suredelolw| +�� ? 3, dqg hqwhu| suredelolw| +�e ? 3,1

Wklug/ uhdo hduqlqjv dqg lq dwlrq duh qhjdwlyho| fruuhodwhg/ vr wkdw srvlwlyh vkrfnv wr lq dwlrq

duh fruuhodwhg zlwk frqwhpsrudqhrxv qhjdwlyh vkrfnv wr hduqlqjv1

Wkh hvwlpdwhv ri wkh sulflqj nhuqho dqg wkh �w ri wkh prgho iru �qdqfldo yduldeohv kdyh

lqghshqghqw lqwhuhvw/ dqg zh ohdyh wkh glvfxvvlrq ri wkhvh uhvxowv wr Vhfwlrq 81 Lqvwhdg/ zh

qrz wxuq wr wkh pdlq uhvxowv ri wkh sdshu1

# ��	����
��� ��� $���� %����
�
�
��

Wklv vhfwlrq frqwdlqv rxu pdlq uhvxowv1 Ehiruh glvfxvvlqj wkh phdvxuhphqw ri yrodwlolw| dqg

fryduldqfhv/ dqg wkhlu uhodwlrq wr xqfhuwdlqw|/ zh eulh | glvfxvv wkh frkhuhqfh ri wkh xqfhuwdlqw|

phdvxuhv rewdlqhg xvlqj Vxuyh| gdwd dqg wkh prgho ghvfulehg lq wkh suhylrxv vhfwlrq1 Iljxuh

9 sorwv wkh sur{lhv iru lq dwlrq dqg hduqlqjv xqfhuwdlqw| rewdlqhg xvlqj wkh uhjlph0vzlwfklqj

prgho wrjhwkhu zlwk wkh rqh rewdlqhg iurp wkh Olylqjvwrq gdwd vxuyh|1 Wkh dvvrfldwlrq ehwzhhq

wkh wzr sdluv ri vhulhv lv txlwh hylghqw1 Wklv fdq eh vhhq dovr lq Wdeoh 4/ zkhuh wkh fruuhodwlrq

dfurvv wkh ydulrxv phdvxuhv lv frpsxwhg1 Iurp wkdw wdeoh/ zh vhh wkdw wkh wzr vxuyh|0edvhg

phdvxuhv ri lq dwlrq xqfhuwdlqw| kdyh d fruuhodwlrq ri derxw 1:5/ zkloh wkh prgho edvhg UPVH

kdv derxw 19 fruuhodwlrq zlwk wkh Olylqjvwrq phdvxuh/ dqg derxw 18 zlwk wkh Surihvvlrqdo

Iruhfdvwhuv phdvxuh1 Furvv fruuhodwlrqv iru hduqlqjv xqfhuwdlqw| duh vrphzkdw orzhu= Wkh

wzr Vxuyh| phdvxuhv kdyh fruuhodwlrqv ri derxw 184/ zkloh wkh prgho0edvhg phdvxuh UPVH

kdv rqo| fruuhodwlrq 15; dqg 16< zlwk wkh Olylqjvwrq dqg wkh Surihvvlrqdo Iruhfdvwhuv phdvxuhv/

uhvshfwlyho|1 Dq lpsruwdqw fdyhdw lv wkdw wkh vxuyh|0edvhg phdvxuhv duh edvhg rq frusrudwh

sur�wv/ dv gh�qhg lq wkh qdwlrqdo dffrxqwv/ zkloh rxu prgho fdoleudwhv wr wkh hduqlqjv ri wkh

�upv lqfoxghg lq wkh V)S 833 lqgh{1 Vrph huuruv frxog eh vwhpplqj iurp wklv gl�huhqfh1
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Lq rughu wr whvw zkhwkhu xqfhuwdlqw| fdq h{sodlq vwrfn dqg erqg uhwxuq yrodwlolwlhv/ zh qhhg wr

rewdlq d phdvxuh ri wkh odwwhu/ vlqfh yrodwlolwlhv duh qrw revhuydeoh1 Zh iroorz Vfkzhuw +4<;<,

dqg xvh gdlo| uhwxuqv iru vwrfnv dqg erqgv wr frpsxwh wkhlu yrodwlolwlhv dqg furvv fryduldqfhv1

Zh xvh wkh gdlo| uhwxuq rq wkh V)S 833 lqgh{/ zklfk lv wkh lqgh{ fruuhvsrqglqj wr wkh hduqlqjv

vhulhv xvhg lq wkh suhylrxv vhfwlrq/ dqg gdlo| uhwxuqv rq erqgv zlwk rqh dqg whq |hdu krul}rq19

Wkh wlph vhulhv ri uhwxuqv rq vwrfn dqg frqvwdqw0pdwxulw| erqgv duh rewdlqhg iurp FUVS

wdshv dw wkh Xqlyhuvlw| ri Fklfdjr dqg duh dydlodeoh iurp Mxo| 4<95 wr Ghfhpehu 4<<<1 Vlqfh

wkh xqfhuwdlqw| yduldeohv kdyh gl�huhqw iuhtxhqf|/ zh frpsxwh wkh yrodwlolw| phdvxuhv dw wkh

prqwko|/ txduwhuo| dqg vhpldqqxdo iuhtxhqf|1

Vshfl�fdoo|/ iru hyhu| prqwk/ txduwhu ru vhphvwhu w/ ohw q| eh wkh qxpehu ri wudglqj gd|v

lq wkdw shulrg/ U�
| @ +U�

|c�> ===>U
�
|c?|, eh wkh +urz, yhfwru ri gdlo| uhwxuqv dqg [| @ +U�

| > ===>U
U
| ,

eh wkh pdwul{ zlwk wkh uhwxuqv iru hdfk dvvhw l @ 4> ==> L 1 Wkhq/ wkh wlph w yduldqfh0fryduldqfh

pdwul{ lv frpsxwhg e|

Y FRY| @ [|[
�
| �[|[

�
|q

2
| =

Wkh yhfwru ri yrodwlolw| ri uhwxuqv duh jlyhq e| Y| @
s
gldj +Y FRY|,1 Wdeoh 5 uhsruwv vrph

vxppdu| vwdwlvwlfv iru wkh wlph vhulhv ri vwrfn dqg erqg uhwxuqv yrodwlolwlhv dqg fryduldqfhv1

Lq wklv sdshu/ zh rqo| frqvlghu wkh fryduldqfh ehwzhhq V)S 833 uhwxuqv dqg wkh erqg uhwxuqv

dqg gr qrw orrn dw wkh surshuwlhv ri wkh fryduldqfhv dfurvv erqgv1

Dv lw fdq eh h{shfwhg/ vwrfn uhwxuq yrodwlolw| lv kljkhu wkdq erqg uhwxuq yrodwlolw|/ zklfk lq

wxuq lqfuhdvhv zlwk pdwxulw|1 Dovr wkh yrodwlolw| ri yrodwlolw| lqfuhdvhv zlwk pdwxulw|1 Vlploduo|/

wkh fryduldqfh ehwzhhq vwrfn dqg erqg uhwxuqv lv kljkhu wkh orqjhu wkh pdwxulw| ri wkh erqg1

Wkh wdeoh dovr vkrzv wkh shuvlvwhqfh ohyho ri wkh hvwlpdwhg vhulhv iru yrodwlolwlhv1 Dv lw lv zhoo

nqrzq/ yrodwlolw| lv txlwh shuvlvwhqw/ dowkrxjk zkhq lw lv hvwlpdwhg iurp gdlo| uhwxuqv/ wkh

shuvlvwhqfh lv qrw dv kljk dv wkh rqh wkdw zrxog eh rewdlqhg e| �wwlqj d JDUFK prgho/

iru h{dpsoh1 Wklv odvw surshuw| lv sduwlfxoduo| lpsruwdqw lq wkh frqwh{w ri wkh suhvhqw sdshu

9D suhylrxv yhuvlrq ri wkh sdshu lqfoxghg dovr uhvxowv iru wkh 8 |hdu dqg wkh 63 |hdu erqg1 Wkh uhvxowv

iru wkhvh erqgv duh yhu| vlplodu txdolwdwlyho| wr wkh uhvxowv iru wkh 4 |hdu dqg 43 |hdu erqg/ uhvshfwlyho|1 Iru

euhylw|/ zh rplw wkh uhvxowv rq wkhvh erqgv1
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ehfdxvh lw pdnhv wkh uhvxowv ri wkh uhjuhvvlrq dqdo|vlv xqghuwdnhq lq wkh qh{w ihz sdjhv pruh

urexvw wr wkh vsxulrxv uhjuhvvlrq sureohp zklfk dulvhv zlwk forvh0wr0xqlw0urrw vhulhv1

#�� ��	����
��� ��� ���	 "����� %����
�
��

Wdeoh 7 uhsruwv wkh uhvxowv ri wkh wlph vhulhv uhjuhvvlrqv

Yro +w, @ �f . ��Yro +w� 4, . �2Xqf +w, .q�[ +w, . % +w, >

zkhuh Yro+w, lv wkh vwrfn uhwxuq yrodwlolw| lq prqwk/ txduwhu ru vhphvwhu w/ Xqf+w, lv hlwkhu

lq dwlrq xqfhuwdlqw| +LqiXqf+w,, ru hduqlqjv jurzwk xqfhuwdlqw| +HduqXqf+w,, gxulqj prqwk/

txduwhu ru vhphvwhu w/ dv frpsxwhg e| Vxuyh|0gdwd ru �wwhg iurp wkh Uhjlph0Vzlwfklqj Prgho1

[ +w, frqwdlqv d yhfwru ri frqwurov/ vxfk dv wkh fxuuhqw yrodwlolw| ri lq dwlrq +LqiYro+w,, ru hduq0

lqjv +HduqYro+w,, frpsxwhg e| �wwlqj d JDUFK+4/4, prgho wr lq dwlrq ru hduqlqjv jurzwk/

d exvlqhvv f|foh gxpp| yduldeoh wdnlqj ydoxh 4 gxulqj h{sdqvlrqv/ dv gh�qhg e| wkh QEHU

+ExvLg{+w,,/ dqg wkh ohyho ri lq dwlrq +LqiOhy+w,,1

Wkh �uvw vhw ri uhjuhvvlrqv zkhuh q� @ 3 vkrz wkdw lq dwlrq xqfhuwdlqw| LqiXqf+w, lv d

vljql�fdqw uhjuhvvru lqghshqghqwo| ri wkh phdvxuh ri xqfhuwdlqw| xvhg1 Wkh vljq lv dovr wkh

fruuhfw rqh= Kljkhu xqfhuwdlqw| lv fruuhodwhg zlwk kljkhu yrodwlolw|1 Qrwlfh wkdw wklv uhvxowv

krogv zkhq zh douhdg| frqwuro iru sdvw yrodwlolw|/ zklfk lv nqrzq wr kdyh d kljk suhglfwlyh

srzhu iru yrodwlolw|1 Wkh vhfrqg vhw ri uhjuhvvlrqv lqvwhdg vkrz wkdw hduqlqjv xqfhuwdlqw| lv

pxfk ohvv vxffhvvixo lq h{sodlqlqj vwrfn uhwxuqv yrodwlolw|1 Wkh rqo| vljql�fdqw uhjuhvvru rqfh

rqh frqwurov iru sdvw yrodwlolw| lv iru wkh fdvh ri wkh prgho0edvhg UPVH1 Zh vkrxog qrwlfh/

krzhyhu/ wkdw wkh Vxuyh|0edvhg phdvxuhv duh edvhg rq �frusrudwh sur�wv� dv ghvfulehg e| wkh

Qdwlrqdo Dffrxqwv/ udwkhu wkdq hduqlqjv ri wkh V)S 833 �upv/ d gl�huhqfh wkdw fdq sduwo|

h{sodlq zk| wkh Vxuyh|0edvhg phdvxuhv duh vr xqvxffhvvixo1

Wkh qh{w wzr vhwv ri uhjuhvvlrqv lqyroyh dgglwlrqdo frqwurov wr fkhfn wkh urexvwqhvv ri

wkh uhvxowv1 Reylrxv frqwurov lqfoxgh wkh yrodwlolw| ri hduqlqjv dqg wkh yrodwlolw| ri lq dwlrq1

Lqghhg/ li ixqgdphqwdov duh kljko| yrodwloh/ rqh frxog uhdvrqdeo| h{shfw wkdw uhwxuqv zrxog eh

yrodwloh dv zhoo1 Lq wkh frqwh{w ri wkh prgho lq vhfwlrq 6/ iru h{dpsoh/ qrplqdo sulfhv zrxog

eh jlyhq e| V? +w, @ T +w,�G+w,� +
S?

�'�F� �� +w,,1 Fohduo|/ wkh yrodwlolw| ri qrplqdo uhwxuqv

lv wkh d�hfwhg e| wkh yrodwlolw| ri FSL/ T +w,/ ri glylghqgv +hduqlqjv,/ G +w, > dqg ri fkdqjhv lq
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suredelolwlhv +
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�'�F� �� +w,,1 Frqwuroolqj iru wkh iruphu wzr yrodwlolwlhv lv wkhq lpsruwdqw wr

jdxjh wkh h�hfw ri xqfhuwdlqw| rq wkh yrodwlolw| ri vwrfn uhwxuqv1 Wkh wklug vhw ri uhjuhvvlrqv

lq Wdeoh 7 frqwuro iru wkh frqwhpsrudqhrxv yrodwlolw| ri lq dwlrq ru hduqlqjv/ dv �wwhg iurp d

JDUFK+4/4, prgho1 Zh rqo| lqfoxgh lq dwlrq xqfhuwdlqw| LqiXqf+w, lq wkh uhjuhvvlrq/ vlqfh lw

grplqdwhv wkh hduqlqjv xqfhuwdlqw|1 Zh vhh krzhyhu wkdw lq dwlrq yrodwlolw| lv qrw vljql�fdqw

lq dq| ri wkh uhjuhvvlrqv/ dqg wkdw hduqlqjv yrodwlolw| dsshduv zlwk wkh zurqj vljq/ dowkrxjk

vljql�fdqw rqo| lq rqh lqvwdqfh1 Lq doo fdvhv/ wkh h�hfw lv wr pdnh lq dwlrq xqfhuwdlqw| ehfrph

ohvv vljql�fdqw lq wkh fdvh ri wkh prgho0edvhg UPVH phdvxuh/ dqg qrw vljql�fdqw lq wkh fdvh ri

wkh Vxuyh|0edvhg phdvxuhv1 Vlploduo|/ wkh lqwurgxfwlrq ri wkh dgglwlrqdo frqwurov vxfk dv wkh

exvlqhvv f|foh lqglfdwru/ dqg/ wkh lq dwlrq ohyho pdnhv lq dwlrq xqfhuwdlqw| ehfrph edvlfdoo|

lqvljql�fdqw lq doo fdvhv/ zlwk wkh h{fhswlrq ri wkh UPVH zklfk lv pdujlqdoo| vljql�fdqw dw wkh

43( ohyho1 Lqwhuhvwlqjo|/ wkh exvlqhvv f|foh lqglfdwru lv wkh rqo| kljko| vljql�fdqw uhjuhvvru/

zkhuh uhfhvvlrqv duh fkdudfwhul}hg e| kljkhu yrodwlolw|1 Wkh vdph uhvxow zdv irxqg lq Vfkzhuw

+4<;<, zkhuh kh zdv xvlqj ryhu 463 |hduv ri gdwd1

Ryhudoo/ wklv vhfwlrq grfxphqwv d uhodwlrqvkls ehwzhhq vwrfn uhwxuq yrodwlolw| dqg wkh xqfhu0

wdlqw| phdvxuhv/ zkhuh lq dwlrq xqfhuwdlqw| vhhpv wr pdwwhu pruh wkdq hduqlqjv xqfhuwdlqw|1

Lqghhg/ wkh wzr vhulhv kdyh kljk fruuhodwlrq dqg zkhq sxw wrjhwkhu lq d uhjuhvvlrq/ lq dwlrq

xqfhuwdlqw| grplqdwhv1 Iljxuh : sorwv wkh wlph vhulhv ri prqwko| vwrfn uhwxuq yrodwlolw| dqg

wkh prgho0edvhg UPVH phdvxuhv ri lq dwlrq dqg hduqlqjv xqfhuwdlqw|1:

:Iru frpsohwhqhvv/ wklv irrwqrwh uhsruwv wkh uhvxowv ri wkh uhjuhvvlrq khuh dqg lq wkh iroorzlqj vxevhfwlrqv

zkhq wkh prgho lv hvwlpdwhg xvlqj rqo| hduqlqjv dqg lq dwlrq exw qrw �qdqfldo yduldeohv1 Lq wklv fdvh/ wkh w0

vwdwlvwlfv iru LqiXqf+w, uhjuhvvru iru wkh fdvh zkhuh doo frqwurov duh xvhg htxdo 513533 iru uhwxuq yrodwlolw| +Wdeoh

7,/ 519<58 iru vkruw0whup erqg yrodwlolw| +Wdeoh 8,/ 41988< iru wkh orqj0whup erqg yrodwlolw| +Wdeoh 9,/ 41;;;7

iru wkh fryduldqfh ehwzhhq uhwxuqv dqg vkruw0whup erqgv +Wdeoh :, / dqg 517;8: iru wkh fryduldqfh ehwzhhq

uhwxuqv dqg orqj0whup erqgv +Wdeoh ;,1 Wkh w0vwdwlvwlfv ri HduqXqf+w, zkhuh htxdo wr 419;87/ 0157<</ dqg 1:673

lq Wdeoh 7/ :/ dqg ;/ uhvshfwlyho|1 Wkhuh uhvxowv duh frpsdudeoh zlwk wkh rqhv uhsruwhg lq wkh wdeohv +dqg dw

wlphv vwurqjhu,1
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Zh qrz wxuq wr wkh uhodwlrqvkls ehwzhhq xqfhuwdlqw| dqg erqg uhwxuq yrodwlolw|1 Zh uxq wkh

uhjuhvvlrqv

Yro +w> �, @ �f . ��Yro +w� 4> �, . �2 +w, LqiXqf+w, . q�[ +w, . % +w, >

zkhuh Yro+w> �, lv wkh yrodwlolw| ri erqg uhwxuqv zlwk pdwxulw| � / zlwk � @ 4> 8 |hduv/ LqiXqf+w,

lv wkh lq dwlrq xqfhuwdlqw| dv frpsxwhg lq Vhfwlrq 5/ dqg [+w, duh ghvfulehg lq wkh suhylrxv

vhfwlrq1 Wdeoh 8 uhsruwv wkh uhvxowv iru wkh 4 |hdu erqg dqg Wdeoh 9 uhsruwv wkh uhvxow iru wkh

43 |hdu erqg1

Wkh �uvw vhw ri uhjuhvvlrqv lq Wdeoh 8 vxjjhvwv d vwurqj uhodwlrqvkls ehwzhhq lq dwlrq xqfhu0

wdlqw| dqg wkh yrodwlolw| ri 40|hdu erqg uhwxuqv/ deryh dqg eh|rqg wkh rqh lpsolhg e| odjjhg

yrodwlolw| lwvhoi1 Wkh uhjuhvvru frh!flhqw �2 lv kljko| vljql�fdqw lq wklv fdvh/ lqghshqghqwo| ri

wkh sur{| iru xqfhuwdlqw| xvhg1 Wkh vhfrqg vhw ri uhjuhvvlrqv vkrzv wkdw wkh JDUFK yrodwlolw|

ri lq dwlrq grhv qrw gulyh rxw lq dwlrq xqfhuwdlqw| xqghu dq| phdvxuh/ dowkrxjk lw orzhuv lwv

w0vwdwlvwlfv1 Lq rwkhu zrugv/ dowkrxjk lw lv hfrqrplfdoo| vhqvleoh wkdw gxulqj shulrgv ri kljk

yrodwlolw| ri lq dwlrq dovr wkh xqfhuwdlqw| vxuurxqglqj lwv ixwxuh ydoxhv lqfuhdvh/ wkh odwwhu fdq

dulvh iru rwkhu uhdvrqv/ vxfk dv wuhqg euhdnv ru uhjlph vkliwv1 Wklv odwwhu �w|sh� ri xqfhuwdlqw|

fdqqrw eh fdswxuhg e| yrodwlolw| fkdqjhv/ exw lw d�hfwv wkh yrodwlolw| ri erqg sulfhv1 Lq idfw/ wkh

uhjuhvvlrq uhvxowv vkrz wkdw wkhvh wzr vrxufhv ri yduldwlrq kdyh glvwlqfw h�hfwv rq wkh yrodwlolw|

ri 40|hdu erqg uhwxuqv1 Wkh odwwhu frpphqw lv ixuwkhu vwuhqjwkhqhg e| wkh odvw vhw ri uhjuhv0

vlrqv/ zkhuh frqwurov iru wkh exvlqhvv f|foh lqglfdwru dqg wkh ohyho ri lq dwlrq duh lqfoxghg1 Lq

wklv fdvh/ zh vhh wkdw lq dwlrq xqfhuwdlqw| uhpdlqv d vwurqj uhjuhvvru wr h{sodlq vkruw0whup

erqg uhwxuq yrodwlolw|/ deryh dqg eh|rqg zkdw lv fdswxuhg e| doo wkh frqwurov lqfoxghg1

Wdeoh 9 uhsruwv wkh vdph vhwv ri uhjuhvvlrqv iru wkh 430|hdu erqg uhwxuq yrodwlolw|1 Lq

wklv fdvh zh vhh wkdw lq dwlrq xqfhuwdlqw| lv pxfk ohvv vljql�fdqw wkdq iru wkh 40|hdu erqg

fdvh/ zlwk wkh rqo| vljql�fdqw uhjuhvvru ehlqj wkh prgho0edvhg UPVH phdvxuh1 Hyhq pruh

lqwhuhvwlqjo|/ wkh JDUFK+4/4, yrodwlolw| ri lq dwlrq grhv qrw vhhp wr eh deoh wr h{sodlq wkh

yrodwlolw| ri orqj0whup erqg uhwxuqv hlwkhu/ lwv frh!flhqw ehlqj qrw vljql�fdqw lq doo lqvwdqfhv1

Wkh dgglwlrq ri rwkhu frqwurov grhv qrw vhhp wr khos hlwkhu/ pdnlqj lw dq lqwhuhvwlqj �qglqj

wkdw wkh yrodwlolw| ri orqj0whup erqgv fdqqrw eh h{sodlqhg e| dq| ri wkh ixqgdphqwdo yduldeohv
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xvhg +lq frqwudvw/ wkh vwrfn uhwxuq yrodwlolw| frxog eh h{sodlqhg sduwo| e| wkh exvlqhvv f|foh

lqglfdwru,1 Iljxuh ; sorwv wkh wlph vhulhv ri wkh yrodwlolw| ri wkh 40|hdu/ 80|hdu dqg 630|hdu erqg

uhwxuqv +udwkhu wkdq wkh 430|hdu xvhg lq wkh uhjuhvvlrq,1 Iurp wkh Iljxuh/ zh vhh wkdw zkloh

wkh 80|hdu erqg uhwxuq frxog vwloo eh sduwo| dvvrfldwhg zlwk wkh lq dwlrq xqfhuwdlqw| +dqg lw

grhv lq uhjuhvvlrqv qrw uhsruwhg,/ wkh 630|hdu erqg uhwxuq yrodwlolw| lv wrwdoo| gh0olqnhg iurp

xqfhuwdlqw|1 Lq dgglwlrq/ qrwklqj hovh vhhp wr eh deoh wr h{sodlq lwv wlph yduldwlrq1

Wr vxppdul}h/ wklv vhfwlrq vwurqjo| vxjjhvwv wkdw xqfhuwdlqw| rq wkh ixwxuh lq dwlrq lv

dq lpsruwdqw idfwru deoh wr h{sodlq wkh wlph vhulhv ri vkruw0 dqg phglxp whup erqg uhwxuq

yrodwlolw|1 Wkh yrodwlolw| ri orqj0whup erqg uhwxuqv vhhpv lqvwhdg wr eh xqd�hfwhg e| hyhqwv

uhodwlqj wr wkh lq dwlrq surfhvv lwvhoi1
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Lw lv nqrzq wkdw wkh fryduldqfh ehwzhhq vwrfn dqg erqg uhwxuqv fkdqjhv ryhu wlph1 Rqh

srwhqwldo h{sodqdwlrq lv wlph yduldwlrq lq xqfhuwdlqw| derxw ixqgdphqwdo yduldeohv= Lq idfw/

zkhq wkhuh lv kljk xqfhuwdlqw|/ wkh vwrfkdvwlf glvfrxqw idfwru +l1h1 wkh uhdo udwh, vkrxog uhdfw

pruh vwurqjo| wr qhzv1 Vlqfh wklv lv d frpprq idfwru iru erwk vwrfnv dqg erqgv/ wkh uhwxuqv ri

wkhvh vkrxog eh kljko| fruuhodwhg gxulqj shulrgv ri kljk xqfhuwdlqw|1 Iljxuh 45 sorwv wkh wlph

vhulhv ri wkh fryduldqfh ehwzhhq wkh uhwxuqv ri wkh vwrfn lqgh{ dqg wkh 40|hdu erqg uhwxuq/

dorqj zlwk wkh prgho0edvhg xqfhuwdlqw|1 Zh vhh wkdw wkhuh lv d fohdu dvvrfldwlrq ehwzhhq wkh

wzr vhulhv1 Wdeohv : dqg ; frq�up wkh odwwhu e| uxqqlqj wkh uhjuhvvlrqv

Fry +w> �, @ �f . ��Fry +w� 4> �, . �2Xqf +w, . q�[ +w, . % +w, >

zkhuh Fry+w> �, lv wkh fryduldqfh ehwzhhq wkh uhwxuqv rq vwrfn dqg wkh erqg ri pdwxulw|

� @ 4> 8 |hduv/ uhvshfwlyho|1 Doo rwkhu uhjuhvvruv kdyh ehhq glvfxvvhg douhdg| lq wkh suhylrxv

vhfwlrqv1

Wdeoh : vkrzv wkdw wkh fryduldqfh ehwzhhq uhwxuqv dqg vkruw0whup erqgv lv vwurqjo| uhodwhg

wr erwk lq dwlrq dqg hduqlqjv xqfhuwdlqw|1 D qrq0uhsruwhg uhjuhvvlrq/ krzhyhu/ vkrzv wkdw

wkh lqfoxvlrq ri erwk vrxufhv ri xqfhuwdlqw| uhvxowv lq hduqlqjv xqfhuwdlqw| ehlqj grplqdwhg e|

lq dwlrq xqfhuwdlqw|1 Wkh idfw wkdw wkh odwwhu kdv d kljkhu suhglfwlyh srzhu fdq dovr eh vhhq

e| frpsdulqj wkh U2*v lq wkh �uvw wzr vhwv ri uhjuhvvlrqv1 Zkloh lq dwlrq xqfhuwdlqw| ohdgv
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wr d udqjh ri U2 iurp :18( +UPVH, wr 63( +Olylqjvwrq,/ hduqlqjv xqfhuwdlqw| h{sodlqv rqo|

818( dqg 47(/ uhvshfwlyho|1

Lqfoxvlrq ri frqwuro yduldeohv grhv qrw d�hfw wkh uhvxowv= Iurp wkh wklug vhw ri uhjuhvvlrqv zh

vhh wkdw erwk lq dwlrq yrodwlolw| dqg hduqlqjv yrodwlolw| hqwhu dv vljql�fdqw uhjuhvvruv lq wzr ri

wkh wkuhh fdvhv1 Krzhyhu/ wkh lq dwlrq xqfhuwdlqw| uhpdlq d vwurqj suhglfwru lq doo fdvhv1 Wkh

dgglwlrq ri wkh exvlqhvv gxpp| ru wkh lq dwlrq ohyho grhv qrw fkdqjh wkh edvlf uhvxow= Lq dwlrq

xqfhuwdlqw| lv wkh vlqjoh prvw lpsruwdqw h{sodqdwru| yduldeoh iru wkh fryduldqfh ehwzhhq vwrfn

uhwxuqv dqg vkruw0whup erqg uhwxuqv1

Wdeoh ; vkrzv wkh vdph uhjuhvvlrqv iru wkh fryduldqfh ehwzhhq wkh uhwxuqv rq vwrfnv dqg

wkh 430|hdu erqg1 Lq wklv fdvh/ zh vhh wkdw rqo| wkh prgho0edvhg phdvxuh ri xqfhuwdlqw|

UPVH grhv d idluo| jrrg mre lq ghvfulelqj lwv wlph yduldwlrq1 Lqwhuhvwlqjo|/ wkrxjk/ zkhq zh

frqwuro iru doo wkh rwkhu yduldeohv zh rewdlq d vljql�fdqw uhjuhvvru dovr iru wkh Surihvvlrqdo

Iruhfdvwhuv*v xqfhuwdlqw| phdvxuh1 Dowkrxjk pxfk zhdnhu wkdq lq wkh fdvh ri wkh 40|hdu erqg/

wkhvh uhvxowv vwloo srlqw dw wkh uroh wkdw wkh ohyho ri lq dwlrq xqfhuwdlqw| pd| kdyh lq h{sodlqlqj

wkh wlph0yduldwlrq lq wkh fryduldqfh ehwzhhq vwrfnv dqg erqgv1

) *��� ���� ���	 � ��� �����+

Wkh hvwlpdwlrq ri wkh vwuxfwxudo prgho wkdw zh xvhg wr h{wudfw wkh prgho edvhg xqfhuwdlqw|

phdvxuhv doorzv xv dovr wr jlyh d iuhvk ylhz rq wkh ghedwh vxuurxqglqj zkdw d�hfwv vwrfnv

dqg erqgv1; Wkh erwwrp sduw ri sdqho D ri Wdeoh 6 uhsruwv wkh hvwlpdwhv ri wkh sulflqj

nhuqho frh!flhqwv1 Wkh frh!flhqw ri wkh jurzwk udwh ri hduqlqjv lv kljko| qhjdwlyh +doehlw

qrw vljql�fdqw, vxjjhvwlqj d frxqwhuf|folfdo uhdo udwh ri lqwhuhvw1 Lq dgglwlrq/ wkh lq dwlrq

vwdwh hqwhuv kljko| vljql�fdqw lq wkh uhdo sulflqj nhuqho htxdwlrq1 Wklv vxjjhvwv wkdw fkdqjhv

lq lq dwlrq udwh d�hfw wkh sulfh0hduqlqj udwlr e| d jrrg ghdo1 Wklv lv frq�uphg lq Sdqho E/

zklfk uhsruwv wkh lpsolflw sdudphwhuv iru wkh sulfh0glylghqg udwlrv dqg erqg sulfhv dfurvv wkh

vwdwhv +F� dqg Y� +�, lq wkh sulflqj irupxodv iru vwrfnv dqg erqgv +:, dqg +<,/ uhvshfwlyho|,1

;Wkh olwhudwxuh rq wklv wrslf lv ydvw1 Vhh Idpd +4<;4,/ Jhvnh dqg Uroo +4<;6,/ Gdqwklqh dqg Grqdogvrq

+4<;9,/ Vwxo} +4<;9,/ Pduvkdoo +4<<5,/ Fdpsehoo dqg Dpphu +4<<6,/ Erxgrxfn dqg Ulfkdugvrq +4<<6, dqg

Vkdush +4<<<, dqg wkh uhihuhqfhv wkhuhlq1
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Wkh �uvw qrwhzruwk| srlqw lv wkdw gxulqj errpv/ wkh F�*v duh yhu| gl�huhqw dfurvv gl�huhqw

lq dwlrq ohyhov1 Iru h{dpsoh/ d errp zlwk qr lq dwlrq kdv d wkhruhwlfdo sulfh0hduqlqjv udwlr

htxdo wr F� @ 53=46 zkloh d errp zlwk kljk lq dwlrq kdv d wkhruhwlfdo sulfh0hduqlqj udwlr htxdo

wr FD @ 43=:81 Wklv lv pxfk forvhu lq ydoxh wr wkh �uhfhvvlrq� w|sh ri sulfh0hduqlqj udwlr/ doo

durxqg F� @ 431 Wkh uhdvrq lv wkdw kljk lq dwlrq vwdwhv lpsolhv d pxfk kljkhu suredelolw| ri

vkliwlqj rxw ri wkhp +�� AA 3, dqg odqglqj zlwk kljk suredelolw| wr d orz hduqlqjv jurzwk

udwh +�e ?? 3,1 Zh vkrxog qrwlfh wkdw iurp wkh sulflqj nhuqho/ vlqfh �V ? 3 zh vkrxog kdyh

d frxqwhuedodqfh= Kljk lq dwlrq zrxog uhgxfh wkh uhdo udwh ri lqwhuhvw dqg khqfh lqfuhdvh wkh

sulfh0hduqlqj udwlr1 Wkh h�hfw wkurxjk wkh suredelolwlhv dsshduv vwurqjhu1

Ilqdoo|/ lw lv ri lqwhuhvw wr fkhfn zkdw lv wkh lq0vdpsoh �w ri wkh suhvhqw prgho erwk iru

ixqgdphqwdov dqg iru �qdqfldo yduldeohv1 Iljxuh 6 dqg 7 uhsruw wkh wlph vhulhv ri ixqgdphqwdov

zlwk wkhlu rqh0prqwk dkhdg iruhfdvwv dqg wkh wlph vhulhv ri �qdqfldo yduldeohv zlwk wkhlu �wwhg

ydoxhv1 Lq dgglwlrq/ Sdqho F ri Wdeoh 6 uhsruwv wkh lq0vdpsoh shuirupdqfh wr h{sodlq rqh0

prqwk dkhdg lq dwlrq dqg jurzwk udwh ri hduqlqjv/ dqg wkh frqwhpsrudqhrxv vkruw dqg orqj

lqwhuhvw udwhv dqg sulfh hduqlqjv udwlr1

Dv lw fdq eh vhhq/ wkh rqh0prqwk dkhdg suhglfwlrq ri ixwxuh lq dwlrq lv udwkhu kljk/ zlwk d

U2 @ 7:18(/ exw wkh rqh iru hduqlqjv jurzwk lv idluo| srru/ dw 814(1 Wklv lv qrw vxusulvlqj/ vlqfh

iurp Iljxuh 6 dqg 7 wkh hduqlqjv jurzwk vhulhv lv wkh prvw qrlv|1 Wkh �w iru �qdqfldo yduldeohv

lv udwkhu jrrg/ lqvwhdg1 Wkhlu U2 iru d frqwhpsrudqhrxv uhjuhvvlrqv ri uhdol}hg yhuvxv prgho

lpsolhg �qdqfldo yduldeohv duh 8:15(/ 87165( dqg 7<188( iru wkh vkruw lqwhuhvw udwh/ wkh orqj

lqwhuhvw udwh dqg wkh sulfh0hduqlqjv udwlr/ uhvshfwlyho|1 Rqh vkrxog nhhs lq plqg wkdw dowkrxjk

doo wkh gdwd iurp 4<8: wr 4<<< kdyh ehhq xvhg wr hvwlpdwh wkh sdudphwhuv ri wkh prgho/ dqg

khqfh dovr lqwhuhvw udwhv dqg sulfh hduqlqjv udwlr kdyh frqwulexwhg wr wkh hvwlpdwlrq ri wkh

sdudphwhuv ri wkh prgho/ wkh �wwhg ydoxh ri erwk vkruw dqg orqj lqwhuhvw udwhv dqg ri wkh

sulfh0hduqlqj udwlr dw dq| wlph wghshqg rqo| rq wkh suredelolwlhv � +w,/ zkrvh ydoxh lq wxuq

rqo| ghshqg rq sdvw uhdol}dwlrqv ri hduqlqjv dqg lq dwlrq1 Lq rwkhu zrugv/ wkh kljk U2 iru wkh

�qdqfldo yduldeohv lv rewdlqhg zlwkrxw kdylqj dq| odjjhg �qdqfldo yduldeoh rq wkh uljkw kdqg

vlgh ri wkh lpsolflw �wwhg uhjuhvvlrq1
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Wklv sdshu lqyhvwljdwhg zkhwkhu xqfhuwdlqw| rq ixwxuh lq dwlrq dqg2ru hduqlqjv jurzwk fdq

h{sodlq wkh sdwwhuq ri vwrfn uhwxuq yrodwlolw|/ wkh yrodwlolw| ri vkruw dqg orqj whup erqgv dqg

wkhlu furvv fryduldqfhv1 Wzr gl�huhqw phdvxuhv ri xqfhuwdlqw| kdyh ehhq xvhg/ rqh edvhg rq

Vxuyh| iruhfdvwv dqg dqrwkhu edvhg rq dq d uhjlph0vkliw prgho iru ixqgdphqwdov wkdw doorzv

iru � xfwxdwlqj xqfhuwdlqw|1� Zh �uvw vkrzhg wkdw wkh Vxuyh|0edvhg phdvxuhv ri xqfhuwdlqw| �

sur{lhg e| wkh furvv0vhfwlrqdo vwdqgdug ghyldwlrq ri srlqw iruhfdvwv � lv kljko| fruuhodwhg zlwk

wkh prgho0edvhg phdvxuhv ri xqfhuwdlqw| � wkh odwwhu ehlqj gh�qhg dv wkh Urrw Phdq Vtxduh

Huuru rewdlqhg iurp wkh srvwhulru glvwulexwlrq rq wkh uhjlphv1 Wklv lv hvshfldoo| wuxh iru wkh

xqfhuwdlqw| ryhu ixwxuh lq dwlrq udwhv1

Zh vkrz wkdw erwk phdvxuhv ri xqfhuwdlqw| fdq sduwo| h{sodlq wkh ohyho ri uhwxuq yrodwlolw|

iurp 4<95 wr 4<<<1 Zh �qg wkdw lq dwlrq xqfhuwdlqw| lv d vljql�fdqw h{sodqdwru| yduldeoh iru

wkh yrodwlolw| ri vwrfn uhwxuqv/ lqghshqghqwo| ri wkh phdvxuh xvhg wr frpsxwh �xqfhuwdlqw|1� Lq

frqwudvw/ zh �qg wkdw hduqlqjv xqfhuwdlqw| suhglfwv yrodwlolw| rqo| xqghu wkh prgho0edvhg phd0

vxuh ri xqfhuwdlqw|1 Zh dovr �qg wkdw ixqgdphqwdov* xqfhuwdlqw| lv pruh uhohydqw lq h{sodlqlqj

vwrfn uhwxuq yrodwlolw|/ wkdq wkh yrodwlolw| ri ixqgdphqwdov lwvhoi1 Lqghhg/ zkloh ixqgdphqwdov*

yrodwlolw| pd| jhqhudwh kljk xqfhuwdlqw| derxw wkhlu ixwxuh ydoxh/ wkh odwwhu fdq dulvh dovr iru

gl�huhqw uhdvrqv/ vxfk dv wkh srvvlelolw| ri d wuhqg euhdn ru d vkliw lq uhjlph1 Ilqdoo|/ lq djuhh0

phqw zlwk suhylrxv olwhudwxuh/ zh �qg wkdw wkh vlqjoh prvw lpsruwdqw h{sodqdwru| yduldeoh lv

d exvlqhvv f|foh gxpp|1

Vlploduo|/ zh �qg wkdw vkruw dqg phglxp whup erqg uhwxuq yrodwlolw| lv vwurqjo| d�hfwhg

e| lq dwlrq xqfhuwdlqw|/ lqghshqghqwo| rq wkh xqfhuwdlqw| phdvxuh xvhg/ dv lqwxlwlrq zrxog

vxjjhvw1 Lqwhuhvwlqjo|/ zh dovr �qg djdlq wkdw lq dwlrq xqfhuwdlqw| dqg lq dwlrq yrodwlolw| duh

gl�huhqw remhfwv/ erwk ehlqj vljql�fdqw uhjuhvvruv iru vkruw0 dqg phglxp0whup erqg uhwxuq

yrodwlolw|1 Orqj0whup erqg yrodwlolw| lqvwhdg grhv qrw vhhp wr eh d�hfwhg e| hlwkhu lq dwlrq

xqfhuwdlqw| ru lq dwlrq yrodwlolw|1

Krzhyhu/ hyhq pruh lqwhuhvwlqjo|/ zh �qg wkdw wkh fryduldqfh ehwzhhq vwrfn dqg erqg

uhwxuqv fkdqjhv ryhu wlph dqg lw lv fruuhodwhg zlwk lq dwlrq xqfhuwdlqw| dv zhoo1 Wklv frxog eh

h{shfwhg vlqfh kljkhu xqfhuwdlqw| lpsolhv d kljkhu vhqvlwlylw| ri wkh vwrfkdvwlf glvfrxqw idfwru
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wr qhzv/ zklfk d�hfwv erwk vwrfnv dqg erqgv lq wkh vdph gluhfwlrq1

- "������	��

Eduvn|/ Urehuw E1 +4<;<, �Zk| grq*w wkh sulfhv ri vwrfnv dqg erqgv pryh wrjhwkhuB� Dphulfdq

Hfrqrplf Uhylhz/ :</ 8/ 4465044781

Elwwolqjpd|hu J1/ +4<<;,/ �Rxwsxw/ vwrfn yrodwlolw| dqg srolwlfdo xqfhuwdlqw| lq d qdwxudo

h{shulphqw= Jhupdq|/ 4;;304<73/� Mrxuqdo ri Ilqdqfh/ 86/ 9/ 55760558:1

Eroohuvohy/ Wlp/ Ud| \1 Fkrx dqg Nurqhu N1I1 +4<<5, �DUFK prgholqj lq Ilqdqfh= D

uhylhz ri wkh wkhru| dqg hpslulfdo hylghqfh/� Mrxuqdo ri Hfrqrphwulfv/ 85/ 808<1

Erxgrxnk/ Mdfre dqg Pdwwkhz Ulfkdugvrq +4<<6, �Vwrfn uhwxuqv dqg lq dwlrq= D orqj

krul}rq shuvshfwlyh/� Dphulfdq Hfrqrplf Uhylhz/ ;6/ 8/ 4679046881

Fdpsehoo/ Mrkq \1 dqg Mrkq Dpphu +4<<6, �Zkdw pryhv wkh vwrfn dqg erqg pdunhwB D

yduldqfh ghfrpsrvlwlrq iru orqj whup dvvhw uhwxuqv� Mrxuqdo ri Ilqdqfh/ 7;/ 606:1

Fdpsehoo/ Mrkq \1 dqg Mrkq Frfkudqh +4<<<, �E| irufh ri kdelw= D frqvxpswlrq0edvhg

h{sodqdwlrq ri djjuhjdwh vwrfn pdunhw ehkdylru/� Mrxuqdo ri Srolwlfdo Hfrqrp|/ 43:/ 5/ 5380

5841

Gdqwklqh/ Mhdq0Slhuuh dqg Mrkq E1 Grqdogvrq +4<;9, �Lq dwlrq dqg dvvhw sulfhv lq dq

h{fkdqjh hfrqrp|/� Hfrqrphwulfd/ 87/ 8;809391

Gdylg/ Doh{dqghu +4<<:, �Ioxfwxdwlqj frq�ghqfh lq vwrfn pdunhwv= Lpsolfdwlrqv iru uhwxuqv

dqg yrodwlolw|/� Mrxuqdo ri Ilqdqfldo dqg Txdqwlwdwlyh Dqdo|vlv/ 65/ 7/ 75:07951

Gdylg/ Doh{dqghu dqg Slhwur Yhurqhvl +4<<<, �Rswlrq sulfhv zlwk xqfhuwdlq ixqgdphqwdov/�

FUVS Zrunlqj Sdshu/ Xqlyhuvlw| ri Fklfdjr1

Idpd/ Hxjhqh +4<;4, �Vwrfn uhwxuqv/ uhdo dfwlylw|/ lq dwlrq dqg prqh|/� Dphulfdq Hfr0

qrplf Uhylhz/ 87808981

Jdufld/ Uhqh +4<<;, �Dv|pswrwlf Qxoo Glvwulexwlrq ri wkh Olnholkrrg Udwlr Whvw lq Pdunry

Vzlwfklqj Prghov/� Lqwhudwlrqdo Hfrqrplf Uhylhz/ 6</ 6/:960:;;1

Jhqqrwwh Jhudug dqg Whuu| Pduvk +4<<6, �Yduldwlrq lq hfrqrplf xqfhuwdlqw| dqg ulvn

suhplxpv rq fdslwdo dvvhwv/� Hxurshdq Hfrqrplf Uhylhz/ 6:/ 8/ 43540741

Jhvnh/ Urehuw dqg Ulfkdug Uroo +4<;6, �Wkh �vfdo dqg prqhwdu| olqndjh ehwzhhq vwrfn
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uhwxuqv dqg lq dwlrq� Mrxuqdo ri Ilqdqfh/ 6;/ 4/ 40661

Kdplowrq/ Mdphv G1 +4<;<, �D qhz dssurdfk wr wkh hfrqrplf dqdo|vlv ri qrqvwdwlrqdu|

wlph vhulhv dqg wkh exvlqhvv f|foh� Hfrqrphwulfd/ 8:/ 5/ 68:06;71

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

Qhz Mhuvh|1

Mrqhv/ Fkduohv P1/ Rzhq Odprqw dqg Urelq O1 Oxpvgdlqh +4<<;, �Pdfurhfrqrplf qhzv

dqg erqg pdunhw yrodwlolw|/� Mrxuqdo ri Ilqdqfldo Hfrqrplfv/ 7:/ 648066:1

Oxfdv/ Urehuw H1 +4<:;, �Dvvhw sulfhv lq dq h{fkdqjh hfrqrp|/� Hfrqrphwulfd/ 79/ 475<0

47791

Pduvkdoo/ Gdylg D1 +4<<5, �Lq dwlrq dqg dvvhw uhwxuqv lq d prqhwdu| hfrqrp|/� Mrxuqdo ri

Ilqdqfh/ 7:/ 7/ 4648046751

Phkud Udmqhhvk/ dqg U1 Vdk +4<<;, �Fdq vpdoo  xfwxdwlrqv lq lqyhvwruv* vxemhfwlyh suhi0

huhqfhv lqgxfh odujh yrodwlolw| lq htxlw| sulfhvB� Zrunlqj sdshu/ Xqlyhuvlw| ri Fdoliruqld dw

Vdqwd Eduedud1

Vfkzhuw/ Zlooldp J1 +4<;<, �Zk| grhv vwrfn pdunhw yrodwlolw| fkdqjh ryhu wlphB� Mrxuqdo

ri Ilqdqfh/ 77/ 8/ 4448044861

Vkdush/ Vwhyhq D1 +4<<<, �Vwrfn sulfhv/ h{shfwhg uhwxuqv/ dqg lq dwlrq/� Zrunlqj Sdshu/

Ihghudo Uhvhuyh Erdug1

Vwxo}/ Uhqh* P1 +4<;9, �Dvvhw sulflqj dqg h{shfwhg lq dwlrq� Mrxuqdo ri Ilqdqfh/ 74/ 4/

53<05561

Yhurqhvl/ Slhwur +4<<<,/ �Vwrfn pdunhw ryhuuhdfwlrq wr edg qhzv lq jrrg wlphv= D udwlrqdo

h{shfwdwlrqv htxloleulxp prgho� Uhylhz ri Ilqdqfldo Vwxglhv/ 45/ 8/ <:80433:1

Yhurqhvl/ Slhwur dqg Iudqflv \duhg +4<<<,/ �Vkruw dqg orqj krul}rq lq dwlrq dqg whup

suhpld lq wkh XV whup vwuxfwxuh/� FUVS Zrunlqj Sdshu/ Xqlyhuvlw| ri Fklfdjr1

\duhg/ Iudqflv +4<<<, �Sdwk0ghshqghqf| lq h{shfwhg lq dwlrq= Hylghqfh iurp d qhz whup

vwuxfwxuh prgho� Sk1G1 glvvhuwdwlrq/ Xqlyhuvlw| ri Fklfdjr1

]duqrzlw} Ylfwru dqg Orxlv D1 Odpeurv +4<;:,/ �Frqvhqvxv dqg xqfhuwdlqw| lq hfrqrplf

suhglfwlrqv/� Mrxuqdo ri Srolwlfdo Hfrqrp|/ <8/ 6/ 8<409541
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Wklv frqfoxghv wkh surri1 �

/ Dsshqgl{ E= D Pd{lpxp Olnholkrrg Dssurdfk

Jlyhq wkh sulflqj irupxodv +:, dqg +<,/ lq wklv dsshqgl{/ zh ghvfuleh d phwkrgrorj| wr xvh
wkh lqirupdwlrq frqwdlqhg lq wkh wlph vhulhv ri sulfh0hduqlqj udwlrv dqg vkruw dqg orqj lqwhuhvw
udwhv wr hvwlpdwh wkh sdudphwhuv ri wkh uhjlph vkliw prgho1

Iluvw/ ohw � eh wkh vhw ri sdudphwhuv fkdudfwhul}lqj wkh uhjlph vkliw prgho/ dqg/ ohw [ +W , @
+�� +w, >�t +w,,A|'� eh wkh wlph vhulhv ri uhdol}hg glylghqg jurzwk dqg lq dwlrq udwhv1 Iurp
Kdplowrq +4<;<,/ wkh Olnholkrrg ixqfwlrq iru wkh uhjlph vkliw prgho lv wkhq jlyhq e|=

T� +�m[ +W ,, @
A[
|'�

orj i +�{ +w. 4, m[ +w, >�, > +45,

zkhuh

i +�{ +w. 4, m[ +w, >�, @
?[
�'�

^� +w,�`� � h3
�

2
E{%E|n��3e����EPP��3�E{%E|n��3e���>

zkhuh � +w, lv jlyhq e| htxdwlrq +6,/ dqg/ � +3, lv wdnhq wr eh wkh xqfrqglwlrqdo glvwulexwlrq
lpsolflw lq wkh pdwul{ �1

Wr lqfrusrudwh lqirupdwlrq iurp dvvhw sulfhv lq wkh hvwlpdwlrq surfhgxuh/ zh surfhhg dv
iroorzv= Iluvw/ iru jlyhq sdudphwhuv � ri wkh uhjlph vkliw prgho/ zh fdq phfkdqlfdoo| xvh +6, wr
frpsxwh d wlph vhulhv ri suredelolwlhv � +w, @ +�� +w, > ===> �? +w,, iurp wkh wlph vhulhv ri lq dwlrq
dqg hduqlqjv1 Iurp wkhvh/ zh fdq frpsxwh wkh wlph vhulhv ri prgho0lpsolhg sulfh0hduqlqj udwlrv
dqg erqg |lhogv/ xvlqj wkh irupxodv
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Zh qrwlfh wkdw iurp +;, dqg +43, wkh frqvwdqwv F�*v dqg wkh ixqfwlrqv Y� +�, ghshqg erwk rq
wkh sdudphwhuv ri wkh uhjlph vkliw prgho � dqg vrph dgglwlrqdo sdudphwhuv fkdudfwhul}lqj wkh
sulflqj nhuqho guliw/ n +�> e, > dqg wkh wzr frqvwdqwv/ �6( @ �6�

�
(> dqg/ �?^ @ �?�

�
^ +zkhuh

�? @ �6 � �^,1 Zh zdqw wr frqvwuxfw dq remhfwlyh ixqfwlrq wkdw dovr wdnhv lqwr dffrxqw wkh
glvwdqfh ehwzhhq wkhvh ��wwhg� sulfhv dqg lqwhuhvw udwhv iurp wkh rqhv dfwxdoo| revhuyhg lq wkh
pdunhw lq wkh vhdufk ri wkh sdudphwhuv ri wkh zkroh prgho +lqfoxglqj �,1

Vshfl�fdoo|/ zh dvvxph wkdw wkh guliw ri wkh sulflqj nhuqho lv jlyhq e|

n @ n +�> �, @ �f . �� � . �2 � +46,

vr wkdw n� @ n +��> ��,1
< Khqfh/ wkh sdudphwhuv wr eh hvwlpdwhg duh � @ +�f> ��> �2> �6(> �?^, =

Zh qrz dvvxph wkdw wkh gl�huhqfhv ehwzhhq revhuyhg sulfh hduqlqj udwlrv/ sh+w, > dqg/ lqwhuhvw
udwhv/ u +w> �, > dqg wkhlu prgho0jhqhudwhg frxqwhusduwv/ fsh +w, > dqg/ eu +w> �, > duh gxh wr l1l1g
qrupdo revhuydwlrq huuruv1 Khqfh/ ohw wkh sulflqj huuruv eh ghqrwhg

h +w, @ +fsh +w,� sh +w, > e| +w> ��,� | +w> ��, > e| +w> �2,� | +w> �2,, > zkhuh/ �� @ 6 prqwkv/ dqg/
�2 @ 8 |hduv1 Qrwlfh wkdw h +w, ghshqgv rq � +w,/ zklfk lq wxuq lv d frpsolfdwhg ixqfwlrq ri wkh
sdvw revhuydwlrqv [ +w, = Ohw xv ghqrwh H +w, @ +h +4, > ===> h +w,,1 Zh wkhq dvvxph wkdw

s +h +w, m[ +w, >H +w� 4, >�>�, @ s +h +w, m[ +w, >�>�, @ +5�,3
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Wkdw lv/ wkh sulflqj huuruv duh frqglwlrqdoo| qrupdoo| glvwulexwhg dqg xqfruuhodwhg ryhu wlph1
Lq wklv fdvh/

s +H +W , >[ +W ,, @ s +h +W , > { +W , mH +W � 4, >[ +W � 4,, s +H +W � 4, >[ +W � 4,,
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@ s +h +W , m[ +W ,, s +{ +W , m[ +W � 4,, s +H +W � 4, >[ +W � 4,, >

zkhuh/ s +{ +W , mH +W � 4, >[ +W � 4,, @ s +{ +W , m[ +W � 4,, > ehfdxvh sulflqj huuruv duh dv0
vxphg wr eh l=l=g1 Khqfh/ wkhvh huuruv frqwdlq qr lqirupdwlrq iru wkh ixwxuh uhjlph1 Uhshdwlqj
edfnzdug/ zh rewdlq
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4

5

A[
|'�

h� +w,	3�2 h +w,� W
6

5
orj +5�, .

4

5
ghw
�
	3�2

�
=

<Qrwlfh wkdw lq d Oxfdv +4<:;, sxuh h{fkdqjh hfrqrp|/ zh zrxog kdyh �e @ 3 dqg �� @ �/ zkhuh � lv
wkh frh!flhqw ri ulvn dyhuvlrq1 Ehvlghv kdylqj d wkhruhwlfdo irxqgdwlrq +iru �e @ 3,/ xvlqj d frqwlqxrxv
wlph dssurdfk/ rqh fdq suryh wkdw d olqhdu ixqfwlrq iru n +�> e, lv qhfhvvdu| +dqg vx!flhqw, wr hqvxuh
wkdw lqyhvwruv gr qrw rewdlq dq| rwkhu lqirupdwlrq e| orrnlqj dw wkhlu rzq sulflqj nhuqho rwkhu wkdq
wkh lqirupdwlrq frqwdlqhg lq wkh revhuydwlrq ri G +w, dqg t +w,1
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Qrwlfh/ wkdw li lqvwhdg ri pd{lpl}lqj T +�>�m[ +W , > H +W ,, > zh hvwlpdwh vhtxhqwldoo|/ �uvw
T� +�m[ +W ,, > dqg wkhq T2 +�mH +W , >[ +W , >�,/ zh rewdlq wkh hvwlpdwhv ri wkh sdudphwhuv
ri wkh vwrfkdvwlf glvfrxqw idfwru/ �> zkloh wdnlqj dv jlyhq/ wkh sdudphwhu hvwlpdwhv ri wkh
uhjlph vkliw prgho � hvwlpdwhg iurp ixqgdphqwdov rqo| dv lq d vwdqgdug POH dssurdfk +h1j1
Kdplowrq 4<;<,1 Khqfh/ lq wklv fdvh/ lw surylghv �wwhg vhulhv ri sulfh0hduqlqj udwlrv esh +w, dqgeu +w> �, dv lpsolhg e| wkh uhjlph0vkliw prgho xvlqj rqo| ixqgdphqwdov1

Zh hqg wklv vhfwlrq e| qrwlflqj wkh iroorzlqj fdyhdw derxw wkh lghqwl�delolw| ri wkh sdud0
phwhuv ri wkh vwrfkdvwlf glvfrxqw idfwru1 Qrwlfh wkdw iurp +:,/ +<, dqg +46, zh kdyh

e�� @ n� � �� � �6��( @ �f . �� �� . �2 �� � �� � �6 ��(

@ �Wf . �� �� . �2 �� � ��>

zkhuh/ �Wf @ �f � �6�
�
(1 Vlploduo|/

k� @ n� . �� . +�6 � �^, �
�
^ @ �f . �� �� . �2 �� . �� . +�6 � �^, �

�
^

@ �Wf . �� �� . �2�� . �� . +�6 � �^, �
�
^ . �6 ��(

@ �Wf . �� �� . �2 �� . �� . �U >

zkhuh/ �U @ �? �
�
^ . �6 ��( @ �6 ��^ . �6 ��( � �^ �

�
^1 Fohduo|/ wkh Pd{lpxp Olnholkrrg

hvwlpdwlrq doorzv xv wr hvwlpdwh �Wf dqg �U dv zhoo dv �( dqg �^1 Krzhyhu/ zh duh qrw deoh wkhq
wr lghqwli| �f1 Khqfh/ wkh sdudphwhuv zh fdq hvwlpdwh duh rqo| jlyhq e| � @ +�Wf> ��> �2> �U,1
Lq hfrqrplf whupv/ wkh ohyho ri wkh sulfh hduqlqj udwlr dqg ri wkh lqwhuhvw udwhv ghshqg rq wkh
frqvwdqw glvfrxqw udwh/ wkh uhdo ulvn0suhplxp dqg wkh qrplqdo ulvn suhplxp1 Lq wkh suhvhqw
prgho wkrvh duh doo frqvwdqw dqg dozd|v hqwhu dgglwlyho| lq doo irupxodv1 Khqfh/ zh duh qrw
deoh wr rewdlq dq hvwlpdwh iru wkhp1
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Wdeoh 4= Vxppdu| Vwdwlvwlfv ri Xqfhuwdlqw| Phdvxuhv

Sdqho D= Lq dwlrq
Vdpsoh Iuhtxhqf| Krul}rq Phdq +(, Vwg1 Ghy1+(, Ehwd ROV GI

Olylqjvwrq 4<8504<<< Vhpl Dqqxdo 9 Prqwk 31:58: 316636 31:77; 571:8
Suri1Iruhf 4<:404<<< Txduwhuo| 418 Prqwk 3159<9 31466 3186;: 861<9
UPVH 4<8:04<<< Prqwko| 4 Prqwk 31464: 313<:6 31<65: 6315;

Sdqho E= Hduqlqjv
Olylqjvwrq 4<:404<<< Vhpl Dqqxdo 9 Prqwk 91699: 517949 31747: 661<7
Suri1Iruhf 4<:404<<< Txduwhuo| 418 Prqwk 617:<5 41884 317885 961:7
UPVH 4<8:04<<< Prqwko| 4 Prqwk 314<38 3144;< 31;<6; 7:1;

Sdqho F= Fruuhodwlrqv
Lq dwlrq Hduqlqjv

Olylqjvwrq Suri1Iruhf UPVH Olylqjvwrq Suri1Iruhf UPVH

Olylqjvwrq 4
Lq dwlrq Suri1Iruhf 31:497 4

UPVH 318<99 3183:< 4
Olylqjvwrq 3183;4 31663: 317<59 4

Hduqlqjv Suri1Iruhf 3177:4 315<96 318843 3183;; 4
UPVH 317:96 3165<7 31:674 315::4 316<4 4

Wklv wdeoh uhsruwv vxppdu| vwdwlvwlfv iru wkh Vxuyh|0edvhg dqg wkh Prgho0edvhg phdvxuhv ri
lq dwlrq dqg hduqlqjv jurzwk xqfhuwdlqw|1 Wkh iruphu duh rewdlqhg iurp wkh Olylqjvwrq Vxuyh|
gdwd dqg Surihvvlrqdo Iruhfdvwhuv gdwd vhw/ dqg odwwhu lv rewdlqhg e| �wwlqj d uhjlph0vzlwfklqj
prgho wr lq dwlrq/ hduqlqjv jurzwk/ Sulfh0hduqlqjv udwlr/ 6 prqwk dqg 80|hdu ]hur Frxsrq
Wuhdvxu| \lhog +vhh Wdeoh 6,1

63



Wdeoh 5= Vxppdu| Vwdwlvwlfv ri Yrodwlolw| Phdvxuhv

Uhwxuq Yrodwlolw| Vkruw Whup Erqg Uhwxuq Yrodwlolw|
Prqwko| Txduwhuo| Vhpldqqxdo Prqwko| Txduwhuo| Vhpldqqxdo

Phdq +(, 618::; 81:365 ;17637 315;4: 317999 319<57
Vw1Ghy +(, 41;;8< 51:694 61:56< 3155;5 316469 317855
Ehwd ROV 318936 316;46 317; 3179<8 3178:: 3186<;

GI 4<:1;7 :41:9:8 6;1<<; 56;1:7 951<4 671849<

Orqj Whup Erqg Uhwxuq Yrodwlolw| Fryduldqfh Vwrfn dqg Vkruw Whup Erqg
Prqwko| Txduwhuo| Vhpldqqxdo Prqwko| Txduwhuo| Vhpldqqxdo

Phdq +(, 419:;< 519:6; 714439 31334: 31337; 313435
Vw1Ghy +(, 4159<; 417:<: 51856: 313385 3133<; 31349<
Ehwd ROV 317;79 31958; 317666 314;6: 314794 316667

GI 5641<5 7617359 7518356 69:167 <<1384 7<1<<87

Fryduldqfh Vwrfn dqg Orqj Whup Erqg
Prqwko| Txduwhuo| Vhpldqqxdo

Phdq +(, 3134<4 3137;< 31434;
Vw1Ghy +(, 313695 313988 31454:
Ehwd ROV 3163;7 3159<7 3173:8

GI 644157 ;71:87 77176:<

Wklv wdeoh uhsruwv vxppdu| vwdwlvwlfv iru wkh vhfrqg prphqwv ri dvvhw uhwxuqv1 Vshfl�fdoo|/
dvvhw yrodwlolwlhv dqg fryduldqfhv iru prqwk/ txduwhu ru vhphvwhu w duh frpsxwhg xvlqj gdlo|
uhwxuqv e| wkh irupxodv

Y FRY| @ [|[
�
| �[|[

�
|q

2
| >

zkhuh [| @ ^U�
| > ===> U

a
| ` dqg U�

| @ ^U�
|c�> ===>U

�
|c?|

`/ dqg zkhuh m ghqrwhv wkh m0wk dvvhw dqg q|
ghqrwhv wkh qxpehu ri wudglqj gd|v lq prqwk/ txduwhu ru vhphvwhu w= Yrodwlolw| phdvxuhv duh
wkh vtxduh urrw ri wkh gldjrqdo ri YFRY |=
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Wdeoh 6= POH Hvwlpdwhv ri Uhjlph Vzlwfklqj Prgho

Sdqho D= Hvwlpdwhv
Vwdwhv OJ KJ OL PL KL
Hvw1 �3=3398 3=334< 3=3348 3=3375 3=33<5

+�4=98;:,W +4=4;<8, +44=33:8,WWW +54=35<:,WWW +4:=4;34,WWW

Wudqv1 Sure1 �f �� �2 �� �e
Hvw1 �43=77 78;154 469157 �9<8=8: �897=879

+�7=<8:3,WWW +5=8;<7,WWW +3=:;45, +�4=7437, +�4=8997,

Yduldqfhv �(c� �^c� �^c2
Hvw1 313573 �5=57H � 37 31334<

+4;=96<<,WWW +�6=38::,WWW +53=4875,WWW

Sulflqj Nhuqho �Wf �� �2 �U
Hvw1 313384 �3=5947 �3=5;5< �3=3355

+5=34<;,WW +�3=<64<, +�5=55<4,WW +�4=53<<,

Sdqho E= Lpsolhg SH udwlrv dqg Erqg \lhogv Dfurvv Vwdwhv
+OL 0 OJ, +OL 0 KJ, +PL 0 OJ, +PL 0 KJ, +KL 0 OJ, +KL 0 KJ,

SH Udwlrv <1<9:6 53146: 431334 47194; 431358 431:86
60Prqwk Erqg 313;86 313743 313<:9 31397< 31439: 314395
80\hdu Erqg 313<47 31378; 313<4< 313:66 313<56 313<78

Sdqho F= Lq0Vdpsoh Ilw ri Vhulhv Xvhg
Lq dwlrq Hduqlqjv SH udwlr 6 Pr1 \lhog 8 \hdu \lhog

U2+(, 7:17; 8148 7<188 8:157 87165

POH hvwlpdwhv duh ri wkh iroorzlqj prgho iru uhdo orj hduqlqjv/ g|c dqg/ FSL/ t|=

�g +w. 4, @ � +w,�
4

5
�2( . �( % +w. 4, / �t +w. 4, @ � +w,�

4

5
�2^ . �^ % +w. 4,

zkhuh �( @ +�(c�> 3,/ �^ @ +�^�> �^2, dqg +�+w,> �+w,, iroorzv d mrlqw 90vwdwh uhjlph vkliw prgho
+wzr vwdwhv iru �+w, dqg wkuhh iru �+w,,1 Wkh wudqvlwlrq suredelolw| ��� ehwzhhq vwdwh +��> ��,

dqg vwdwh +��> ��, frpsxwhg dv ��� @
bW��

�n
S

� �'� b
W
��

iru l 9@ m dqg ��� @ 4 �
S

� �'� ��� iru l @ m>

zkhuh �W�� @ h{s +�f . �� �� . �2�� . �� �� . �e ��, = Wkh Uhdo dqg Qrplqdo Sulflqj Nhuqhov
duh jlyhq e|

p|n� @p| h
3&|n� n j6 0|n� > q|n� @p| h

3�|n� n j6 0|n� >

zkhuh n| @ �f .�� �| .�2 �|/ k| @ �U . n| . �| dqg �Wf @ �f� �6�
�
(1 Hvwlpdwhv duh rewdlqhg

e| Pd{lpxp Olnholkrrg e| gh�qlqj l1l1g1 sulflqj huuruv lq dgglwlrq wr wkh olnholkrrg ixqfwlrq
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jhqhudwhg e| wkh prgho iru g| dqg t|1 Sulflqj huuruv duh rewdlqhg e| wkh prgho0jhqhudwhg
sulfh0hduqlqjv udwlrv dqg |lhogv iurp wkh irupxodv

V +w,

G +w,
@

�[
�'�

F� �� +w, > dqg/ | +w> �, @ � orj

#
?[
�'�

Y� +�, �� +w,

$
@�>

zkhuh F� dqg Y� +�, duh dqdo|wlfdo ixqfwlrqv ri wkh sdudphwhuv/ jlyhq lq wkh wh{w1 Pruh ghwdlov
derxw wkh hvwlpdwlrq phwkrg duh frqwdlqhg lq Dsshqgl{ E1 W vwdwlvwlfv lq sduhqwkhvlv1 Wkh
v|perov ---/ -- dqg - ghqrwh vljql�fdqfh dw 4(/ 8( dqg 43( ohyhov uhvshfwlyho|1 Doo w0vwdwlvwlfv
duh dgmxvwhg iru khwhurvfhgdvwlflw| dqg dxwrfruuhodwlrq1
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Wdeoh 7= Vwrfn Uhwxuq Yrodwlolw|

Yro1+04, LqiXqf1 HduqXqf1 LqiYro1 HduqYro1 ExvLg{1 LqiOhy1 U2

Olylqjvwrq 3176:< 41<;4< 31578<
+8=<8<6,WWW +4=<794,W

Suri Iruhf 3168;: 6167:: 31493;
+6=;3<8,WWW +4=<569,W

UPVH 3185:3 5176<; 3165:4
+:=36<7,WWW +5=;:43,WWW

Olylqjvwrq 3175;3 �3=38;7 3148<7
+7=:47<,WWW +�3=78<:,

Suri Iruhf 316999 313;37 314694
+6=;68;,WWW +4=46;;,

UPVH 318789 4175:3 316536
+:=978<,WWW +5=5555,WW

Olylqjvwrq 317936 417835 4179;7 �4=<57: 315776
+:=4:75,WWW +4=4:46, +3=6937, +�4=8:;:,

Suri Iruhf 3165:< 51:<<; �3=855: �5=3:46 314:58
+7=648:,WWW +4=5639, +�3=4;78, +�5=3<7<,WW

UPVH 31856< 513846 317;44 �3=63<9 316597
+:=8744,WWW +4=;93;,W +3=8744, +�3=;934,

Olylqjvwrq 3177;6 415779 4194<8 �4=935; �3=35:5 �4=9479 315;43
+:=9543,WWW +3=<:;3, +3=6<:5, +�4=6466, +�6=4;83,WWW +�4=6544,

Suri Iruhf 315<65 519477 3189<6 �5=3575 �3=33;: �4=4:75 314;33
+8=3<9<,WWW +4=3489, +3=53;9, +�5=3:5<,WW +�4=765:, +�5=4338,WW

UPVH 31834: 41:4:8 313563 �3=5;35 �3=3398 �3=34<: 31666;
+w0vwdw, +:=983<,WWW +4=9<3;,W +3=356:, +�3=:87:, +�6=7;33,WW +�3=3:46,

Wklv wdeoh uhsruwv wkh wlph vhulhv uhjuhvvlrqv

Yro +w, @ �f . �� Yro +w� 4, . �2 Xqf +w, . q�[ +w, . % +w, >

zkhuh Yro+w, lv wkh vwrfn uhwxuq yrodwlolw| lq prqwk/ txduwhu ru vhphvwhu w/ Xqf+w, lv hlwkhu
Lq dwlrq Xqfhuwdlqw| +LqiXqf+w,, ru hduqlqjv jurzwk xqfhuwdlqw| +HduqXqf+w,, gxulqj prqwk/
txduwhu ru vhphvwhu w/ dv frpsxwhg e| Vxuyh|0gdwd ru �wwhg iurp wkh Uhjlph0Vzlwfklqj Prgho1
[ +w, frqwdlqv d yhfwru ri frqwurov= LqiYro+w, dqg HduqYro+w, duh wkh fxuuhqw yrodwlolw| ri lq d0
wlrq dqg hduqlqjv jurzwk/ uhvshfwlyho|/ frpsxwhg e| �wwlqj d JDUFK+4/4, prgho wr lq dwlrq
ru hduqlqjv jurzwk/ ExvLg{+w, lv dq exvlqhvv f|foh gxpp| yduldeoh wdnlqj ydoxh @ 4 gxu0
lqj h{sdqvlrqv/ dv gh�qhg e| wkh QEHU/ dqg LqiOhy+w, lv wkh ohyho ri lq dwlrq1 W vwdwlvwlfv
lq sduhqwkhvlv1 Wkh v|perov ---/ -- dqg - ghqrwh vljql�fdqfh dw 4(/ 8( dqg 43( ohyhov
uhvshfwlyho|1 Doo w0vwdwlvwlfv duh dgmxvwhg iru khwhurvnhgdvwlflw| dqg dxwrfruuhodwlrq1
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Wdeoh 8= Vkruw Whup Erqg Uhwxuq Yrodwlolw|

Yro+04, LqiXqf LqiYro ExvLg{ LqiOhy U2

Olylqjvwrq 3=686; 3=8:<: 3175:3
+6=366;,WWW +6=8<::,WWW

Suri Iruhf 3169;9 319::3 315:94
+5=56:8,WW +6=8:54,WWW

UPVH 316;76 3186<; 315977
+6=5:3;,WWW +6=9873,WWW

Olylqjvwrq 31668: 3179<: 319:89 31775<
+5=:3<:,WWW +5=:<75,WWW +4=;938,W

Suri Iruhf 315<88 317885 319434 316453
+4=:4:5,W +4=<4<4,W +5=6367,WW

UPVH 316836 316;35 3164<4 315;56
+6=4854,WWW +5=7:8:,WW +5=8785,WW

Olylqjvwrq 315<69 318375 31:663 �3=3353 �3=4;33 317845
+5=969;,WWW +5=7975,WW +4=;863,W +�4=93;;, +�4=47;9,

Suri Iruhf 3158<4 3169;< 319475 �3=3345 �3=3689 316457
+4=868:, +4=:3;3,W +5=4957,WW +�4=37;<, +�3=6;;3,

UPVH 3164:7 316635 315474 �3=333< 3=375; 315<7:
+5=:8<8,WWW +5=9::6,WWW +4=:96<,W +�4=95:3, +3=<<37,

Wklv wdeoh uhsruwv wkh wlph vhulhv uhjuhvvlrqv

Yro +w, @ �f . ��Yro +w� 4, . �2 LqiXqf +w, . q�[ +w, . % +w, >

zkhuh Yro+w, lv wkh 40|hdu erqg uhwxuq yrodwlolw| lq prqwk/ txduwhu ru vhphvwhu w/ LqiXqf+w,,
lv lq dwlrq xqfhuwdlqw| gxulqj prqwk/ txduwhu ru vhphvwhu w/ dv frpsxwhg e| Vxuyh|0gdwd ru
�wwhg iurp wkh Uhjlph0Vzlwfklqj Prgho1 [ +w, frqwdlqv d yhfwru ri frqwurov= LqiYro+w, lv wkh
fxuuhqw yrodwlolw| ri lq dwlrq frpsxwhg e| �wwlqj d JDUFK+4/4, prgho wr lq dwlrq/ ExvLg{+w,
lv dq exvlqhvv f|foh gxpp| yduldeoh wdnlqj ydoxh @ 4 gxulqj h{sdqvlrqv/ dv gh�qhg e| wkh
QEHU/ dqg LqiOhy+w, lv wkh ohyho ri lq dwlrq1 W vwdwlvwlfv lq sduhqwkhvlv1 Wkh v|perov ---/ --
dqg - ghqrwh vljql�fdqfh dw 4(/ 8( dqg 43( ohyhov uhvshfwlyho|1 Doo w0vwdwlvwlfv duh dgmxvwhg
iru khwhurvnhgdvwlflw| dqg dxwrfruuhodwlrq1
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Wdeoh 9= Orqj Whup Erqg Uhwxuq Yrodwlolw|

Yro+04, LqiXqf LqiYro ExvLg{ LqiOhy U2

Olylqjvwrq 316<35 41;;:6 316483
+5=5775,WW +4=9496,

Suri Iruhf 3194<< 418458 31739<
+:=;;<3,WWW +4=69:4,

UPVH 3177:< 41<<:3 31588:
+5=;653,WWW +5=3669,WW

Olylqjvwrq 316<6; 41869: 41<594 316469
+5=4;43,WW +4=5<;8, +3=8<87,

Suri Iruhf 318;73 31:43; 41;599 3174<7
+:=488;,WWW +3=84<;, +4=49<6,

UPVH 317775 41:78< 317768 315886
+5=;986,WWW +4=9749, +3=7398,

Olylqjvwrq 31695< 41;988 517745 �3=3458 �4=8957 316788
+5=3343,WW +4=9454, +3=9<34, +�4=;:98,W +�4=6564,

Suri Iruhf 318987 413:<3 519463 313347 �3=7<;9 31749;
+9=5636,WWW +3=;:3:, +4=977;,W +3=5<88, +�4=36;3,

UPVH 317697 419335 315:<3 �3=3358 �3=3567 315887
+w0vwdw, +5=:838,WWW +4=8:85, +3=5;33, +�4=39<;, +�3=3;54,

Wklv wdeoh uhsruwv wkh wlph vhulhv uhjuhvvlrqv

Yro +w, @ �f . ��Yro +w� 4, . �2 LqiXqf +w, . q�[ +w, . % +w, >

zkhuh Yro+w, lv wkh 430|hdu erqg uhwxuq yrodwlolw| lq prqwk/ txduwhu ru vhphvwhu w/ LqiXqf+w,,
lv lq dwlrq xqfhuwdlqw| gxulqj prqwk/ txduwhu ru vhphvwhu w/ dv frpsxwhg e| Vxuyh|0gdwd ru
�wwhg iurp wkh Uhjlph0Vzlwfklqj Prgho1 [ +w, frqwdlqv d yhfwru ri frqwurov= LqiYro+w, lv wkh
fxuuhqw yrodwlolw| ri lq dwlrq frpsxwhg e| �wwlqj d JDUFK+4/4, prgho wr lq dwlrq/ ExvLg{+w,
lv dq exvlqhvv f|foh gxpp| yduldeoh wdnlqj ydoxh @ 4 gxulqj h{sdqvlrqv/ dv gh�qhg e| wkh
QEHU/ dqg LqiOhy+w, lv wkh ohyho ri lq dwlrq1 W0 vwdwlvwlfv lq sduhqwkhvlv1 Wkh v|perov ---/ --
dqg - ghqrwh vljql�fdqfh dw 4(/ 8( dqg 43( ohyhov uhvshfwlyho|1 Doo w0vwdwlvwlfv duh dgmxvwhg
iru khwhurvnhgdvwlflw| dqg dxwrfruuhodwlrq1
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Wdeoh := Fryduldqfh Vwrfn dqg Vkruw Whup Erqg

Fry+04, LqiXqf HduqXqf LqiYro HduqYro ExvLg{ LqiOhy U2

Olylqjvwrq 313;78 31359< 3163;7
+3=8964, +7=;;8:,WWW

Suri Iruhf 313973 3135:8 314795
+3=<336, +6=4458,WWW

UPVH 31464; 313448 313:88
+4=<4:9,W +6=396;,WWW

Olylqjvwrq 315638 313353 314746
+4=5;:3, +5=58:8,WW

Suri Iruhf 313;7< 313347 313885
+3=<987, +5=8<:<,WWW

UPVH 314889 31339< 31388;
+5=6576,WW +5=5689,WW

Olylqjvwrq 313599 313547 3137:9 313477 316:<3
+3=4;;:, +7=83:5,WWW +5=:95;,WWW +5=9:::,WWW

Suri Iruhf 313454 313567 313478 313374 314874
+3=4699, +4=<<<4,WW +4=5784, +4=6;55,

UPVH 314337 3133;3 3133;6 31335: 313<;7
+4=64<7, +5=7633,WW +5=896;,WW +5=:677,WWW

Olylqjvwrq 31337: 31355: 313848 313494 �3=3334 �3=3433 31745;
+3=3634, +6=7:;3,WWW +6=6943,WWW +6=3657,WWW +�4=9;68,W +�3=<996,

Suri Iruhf 313458 313567 313486 313374 �3=3333 �3=333; 3146<4
+w0vwdw, +3=4746, +4=<:<7,WW +4=744;, +4=6<3;, +�3=45;7, +�3=5597,
UPVH 313;68 3133:3 313388 313359 �3=3333 31334; 314399
+w0vwdw, +4=3<5<, +5=6953,WW +4=<46:,W +6=3834,WWW +�3=<5:;, +4=69:3,

Wklv wdeoh uhsruwv wkh wlph vhulhv uhjuhvvlrqv

Fry +w, @ �f . ��Fry +w� 4, . �2Xqf +w, . q�[ +w, . % +w, >

zkhuh Fry+w, lv wkh fryduldqfh ehwzhhq vwrfn uhwxuqv dqg wkh 40|hdu erqg uhwxuqv lq prqwk/
txduwhu ru vhphvwhu w/ Xqf+w, lv hlwkhu Lq dwlrq Xqfhuwdlqw| +LqiXqf+w,, ru hduqlqjv jurzwk
xqfhuwdlqw| +HduqXqf+w,, gxulqj prqwk/ txduwhu ru vhphvwhu w/ dv frpsxwhg e| Vxuyh|0gdwd
ru �wwhg iurp wkh Uhjlph0Vzlwfklqj Prgho1 [ +w, frqwdlqv d yhfwru ri frqwurov= LqiYro+w, dqg
HduqYro+w, duh wkh fxuuhqw yrodwlolw| ri lq dwlrq dqg hduqlqjv jurzwk/ uhvshfwlyho|/ frpsxwhg
e| �wwlqj d JDUFK+4/4, prgho wr lq dwlrq ru hduqlqjv jurzwk/ ExvLg{+w, lv dq exvlqhvv f|foh
gxpp| yduldeoh wdnlqj ydoxh @ 4 gxulqj h{sdqvlrqv/ dv gh�qhg e| wkh QEHU/ dqg LqiOhy+w, lv
wkh ohyho ri lq dwlrq1 W0vwdwlvwlfv lq sduhqwkhvlv1 Wkh v|perov ---/ -- dqg - ghqrwh vljql�fdqfh
dw 4(/ 8( dqg 43( ohyhov uhvshfwlyho|1 Doo w0vwdwlvwlfv duh dgmxvwhg iru khwhurvfhgdvwlflw| dqg
dxwrfruuhodwlrq1

6:



Wdeoh ;= Fryduldqfh Vwrfn dqg Orqj Whup Erqg

Fry+04, LqiXqf HduqXqf LqiYro HduqYro ExvLg{ LqiOhy U2

Olylqjvwrq 316978 313968 314<43
+6=;678,WWW +4=8659,

Suri Iruhf 3158<3 313:5< 313;83
+6=4<::,WWW +4=659;,

UPVH 315:;4 313885 314474
+5=<6:3,WWW +5=4658,WW

Olylqjvwrq 316457 3133:8 314646
+5=<546,WWW +3=<758,

Suri Iruhf 315575 3133:; 313<94
+5=8455,WW +4=8838,

UPVH 315<;5 313599 314339
+6=466<,WWW +4=84;9,

Olylqjvwrq 316775 313958 313767 31377; 314:85
+6=3<<5,WWW +4=4<66, +3=6<8:, +3=<579,

Suri Iruhf 315966 313<:< �3=37<: 313396 313::7
+6=6766,WWW +4=9;<6,W +�3=<836, +3=593<,

UPVH 315964 31397: �3=3368 313494 3144;<
+5=:9<8,WWW +5=4937,WW +�3=4<83, +4=<344,W

Olylqjvwrq 315<99 313:86 313:5: 3139:4 �3=3345 �3=43;4 315;6;
+5=:8;4,WWW +4=479<, +3=:558, +4=9468, +�5=4635,WW +�4=6<43,

Suri Iruhf 315749 313;<6 �3=3585 3=3434 �3=3335 �3=35:< 313;:3
+6=8799,WWW +4=<548,WW +�3=7;8<, +3=7598, +�3=;45;, +�4=5693,

UPVH 315743 313893 �3=34:8 3=34:6 �3=3335 3=334: 314643
+w0vwdw, +5=8:74,WW +5=3;;:,WW +�3=<;4<, +5=5:3<,WW +�5=3354,WW +3=5444,

Wklv wdeoh uhsruwv wkh wlph vhulhv uhjuhvvlrqv

Fry +w, @ �f . ��Fry +w� 4, . �2Xqf +w, . q�[ +w, . % +w, >

zkhuh Fry+w, lv wkh fryduldqfh ehwzhhq vwrfn uhwxuqv dqg wkh 430|hdu erqg uhwxuqv lq prqwk/
txduwhu ru vhphvwhu w/ Xqf+w, lv hlwkhu Lq dwlrq Xqfhuwdlqw| +LqiXqf+w,, ru hduqlqjv jurzwk
xqfhuwdlqw| +HduqXqf+w,, gxulqj prqwk/ txduwhu ru vhphvwhu w/ dv frpsxwhg e| Vxuyh|0gdwd
ru �wwhg iurp wkh Uhjlph0Vzlwfklqj Prgho1 [ +w, frqwdlqv d yhfwru ri frqwurov= LqiYro+w, dqg
HduqYro+w, duh wkh fxuuhqw yrodwlolw| ri lq dwlrq dqg hduqlqjv jurzwk/ uhvshfwlyho|/ frpsxwhg
e| �wwlqj d JDUFK+4/4, prgho wr lq dwlrq ru hduqlqjv jurzwk/ ExvLg{+w, lv dq exvlqhvv f|foh
gxpp| yduldeoh wdnlqj ydoxh @ 4 gxulqj h{sdqvlrqv/ dv gh�qhg e| wkh QEHU/ dqg LqiOhy+w, lv
wkh ohyho ri lq dwlrq1 W0vwdwlvwlfv lq sduhqwkhvlv1 Wkh v|perov ---/ -- dqg - ghqrwh vljql�fdqfh
dw 4(/ 8( dqg 43( ohyhov uhvshfwlyho|1 Doo w0vwdwlvwlfv duh dgmxvwhg iru khwhurvfhgdvwlflw| dqg
dxwrfruuhodwlrq1

6;



Iljxuh 4= Xqfhuwdlqw| Phdvxuhv iurp Olylqjvwrq Vxuyh| Gdwd
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Uncertainty on Future Inflation
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Uncertainty on Future Corporate Profits

Wklv �jxuh uhsruwv sur{lhv iru xqfhuwdlqw| rq ixwxuh lq dwlrq ru ixwxuh frusrudwh
sur�wv rewdlqhg e| xvlqj wkh Olylqjvwrq Vxuyh| gdwd1 Vrolg olqh uhsuhvhqwv xqfhu0
wdlqw| rq 45 prqwk krul}rq dqg gdvk0grwwhg olqh uhsuhvhqwv xqfhuwdlqw| rq 9 prqwk
krul}rq1
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Iljxuh 5= Xqfhuwdlqw| Phdvxuhv iurp wkh Vxuyh| ri Surihvvlrqdo Iruhfdvwhuv
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1970 1975 1980 1985 1990 1995 2000
0

0.05

0.1

0.15
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Wklv �jxuh uhsruwv sur{lhv iru xqfhuwdlqw| rq ixwxuh lq dwlrq ru ixwxuh frusrudwh
sur�wv rewdlqhg e| xvlqj wkh Vxuyh| ri Surihvvlrqdo Iruhfdvwhuv gdwd1 Vrolg olqh
uhsuhvhqwv xqfhuwdlqw| rq 45 prqwk krul}rq/ gdvk0grwwhg olqh uhsuhvhqwv xqfhuwdlqw|
rq 9 prqwk krul}rq dqg grwwhg olqh uhsuhvhqwv xqfhuwdlqw| rq wkh fxuuhqw txduwhu1
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Iljxuh 6= Ilwwhg Lq dwlrq dqg Lqwhuhvw Udwhv

1955 1960 1965 1970 1975 1980 1985 1990 1995 2000
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Wklv �jxuh uhsruwv dfwxdo lq dwlrq/ vkruw0whup lqwhuhvw udwh dqg orqj whup |lhog
dorqj zlwk wkhlu iruhfdvwhg ydoxhv rewdlqhg iurp wkh prgho1 Wkh hvwlpdwlrq phwkrg
xvhv frqwhpsrudqhrxvo| ixqgdphqwdov +lq dwlrq dqg hduqlqjv jurzwk, dqg �qdqfldo
yduldeohv +orqj dqg vkruw whup |lhogv dqg sulfh0hduqlqj udwlr, wr frpsxwh erwk wkh
srvwhulru suredelolwlhv dqg wkh sdudphwhuv ri wkh vwrfkdvwlf glvfrxqw idfwru1 Gdvk0
grwwhg olqh uhsuhvhqwv dfwxdo revhuydwlrqv dqg vrolg olqh wkh �wwhg ydoxhv1
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Iljxuh 7= Ilwwhg Hduqlqjv Jurzwk dqg Sulfh0Hduqlqjv Udwlr
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Wklv �jxuh uhsruwv dfwxdo hduqlqjv jurzwk dqg sulfh0hduqlqjv udwlr dorqj zlwk wkhlu
iruhfdvwhg ydoxhv rewdlqhg iurp wkh prgho1 Wkh hvwlpdwlrq phwkrg xvhv frqwhp0
srudqhrxvo| ixqgdphqwdov +lq dwlrq dqg hduqlqjv jurzwk, dqg �qdqfldo yduldeohv
+orqj dqg vkruw whup |lhogv dqg sulfh0hduqlqj udwlr, wr frpsxwh erwk wkh srvwhulru
suredelolwlhv dqg wkh sdudphwhuv ri wkh vwrfkdvwlf glvfrxqw idfwru1 Gdvk0grwwhg olqh
uhsuhvhqwv dfwxdo revhuydwlrqv dqg vrolg olqh wkh �wwhg ydoxhv1
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Iljxuh 8= Xqfhuwdlqw| Phdvxuhv= UV0UPVH
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Wklv �jxuh sorwv wkh wlph vhulhv ri �wwhg �xqfhuwdlqw| ohyho� dv phdvxuhg e| wkh
UV0UPVH ri d glvwulexwlrq wkdw duh rewdlqhg zkhq wkh uhjlph0vkliw prgho lv hvwl0
pdwhg xvlqj erwk ixqgdphqwdo yduldeohv +l1h1 lq dwlrq dqg hduqlqjv, dqg �qdqfldo
yduldeohv +l1h1 orqj dqg vkruw whup |lhogv dqg sulfh0hduqlqj udwlrv,1
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Iljxuh 9= Hfrqrplvw Xqfhuwdlqw| dqg UV0UPVH
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Earnings Growth Uncertainty

Wklv �jxuh sorwv wkh xqfhuwdlqw| phdvxuhv rewdlqhg iurp wkh wkh Olylqjvwrq Vxuyh|
gdwd +vrolg olqh, dqg wkh prgho0edvhg Urrw PVH phdvxuh +gdvkhg0grwwhg olqh,1 Wkh
wzr phdvxuhv kdyh ehhq uhvfdohg1
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Iljxuh := Vwrfn Uhwxuq Yrodwlolw| dqg Xqfhuwdlqw| Phdvxuhv
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Wklv �jxuh sorwv wkh wlph vhulhv ri vwrfn uhwxuq yrodwlolw| +gdvkhg0grwwhg olqh, re0
wdlqhg iurp gdlo| uhwxuqv zlwk wkh wlph vhulhv ri prgho0edvhg lq dwlrq xqfhuwdlqw|
+vrolg olqh,1 Wkh odwwhu kdv ehhq uhvfdohg1
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Iljxuh ;= Yrodwlolw| ri Erqg Uhwxuqv dqg Xqfhuwdlqw| rq Ixwxuh Lq dwlrq
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Wklv �jxuh sorwv wkh wlph vhulhv ri wkh yrodwlolw| ri 4 dqg 43 |hdu erqg uhwxuqv
+gdvk0grwwhg olqhv, rewdlqhg iurp gdlo| uhwxuqv zlwk wkh wlph vhulhv ri prgho0edvhg
xqfhuwdlqw| ri ixwxuh lq dwlrq +vrolg olqh,1 Wkh odwwhu kdv ehhq uhvfdohg1
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Iljxuh <= Fryduldqfh Ehwzhhq Vwrfn dqg 40|hdu Erqg Uhwxuqv dqg 45 Prqwk Lq dwlrq
Xqfhuwdlqw|
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Wklv �jxuh sorwv wkh wlph vhulhv ri wkh fryduldqfh ehwzhhq vwrfn uhwxuqv dqg 4
|hdu erqg uhwxuqv +gdvkhg0grwwhg olqh, rewdlqhg iurp gdlo| uhwxuqv dorqj zlwk wkh
wlph vhulhv ri prgho0edvhg lq dwlrq xqfhuwdlqw| +vrolg olqh,1 Wkh odwwhu kdv ehhq
uhvfdohg1
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