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Devwudfw

Wkh sdshu dqdo|}hv zkhwkhu dffrxqwlqj iru olplwhg vwrfn pdunhw sduwlflsdwlrq lpsuryhv wkh

shuirupdqfh ri wkh frqvxpswlrq fdslwdo dvvhw sulflqj prgho dqg wkxv khosv uhvroyh wkh htxlw|

suhplxp sx}}oh1 D vlpsoh frqglwlrq lv jlyhq xqghu zklfk wkh htxlw| suhplxp suhglfwhg e|

wkh vwdqgdug FFDSP lv rqo| d iudfwlrq � ri wkh wuxh htxlw| suhplxp jhqhudwhg e| wkh surfhvv

iru frqvxpswlrq/ zkhuh � lv wkh iudfwlrq ri vwrfnkroghuv lq wkh srsxodwlrq1 Fruuhvsrqglqjo|/

hvwlpdwlqj Hxohu htxdwlrqv lqyroylqj vwrfn uhwxuqv zlwkrxw h{foxglqj qrqvwrfnkroghuv zloo uhvxow

lq dq hvwlpdwh ri uhodwlyh ulvn dyhuvlrq zklfk lv wrr kljk e| idfwru 42�= Zlwk dq dyhudjh ydoxh ri

� ri derxw 53 shufhqw lq srvwzdu XV gdwd/ wklv vxjjhvwv olplwhg vwrfn pdunhw sduwlflsdwlrq dv d

sodxvleoh h{sodqdwlrq ri wkh htxlw| suhplxp sx}}oh1 L whvw wklv k|srwkhvlv xvlqj plfur frqvxps0

wlrq dqg dvvhw kroglqj gdwd iurp wkh Frqvxphu H{shqglwxuh Vxuyh|1 Wkh hpslulfdo uhvxowv vkrz

wkdw dffrxqwlqj iru gl�huhqfhv lq frqvxpswlrq sdwwhuqv ri vwrfnkroghuv dqg qrqvwrfnkroghuv

vkrxog eh frqvlghuhg d pdmru sduw ri wkh vroxwlrq wr wkh sx}}oh1



4 Lqwurgxfwlrq

Hpslulfdo whvwv ri wkh frqvxpswlrq fdslwdo dvvhw sulflqj prgho zlwk frqvwdqw uhodwlyh ulvn dyhu0

vlrq kdyh uhmhfwhg wkh prgho lq vhyhudo zd|v1 Lq d jhqhudo htxloleulxp prgho Phkud dqg Suhvfrww

+4<;8, vkrzhg wkdw wkh fryduldqfh ri XV shu fdslwd frqvxpswlrq jurzwk dqg vwrfn uhwxuqv lv

wrr orz wr h{sodlq wkh revhuyhg htxlw| suhplxp xqohvv ulvn dyhuvlrq lv dvvxphg wr eh lpsodx0

vleo| kljk1 Kdqvhq dqg Mdjdqqdwkdq +4<<4, ghulyhg d orzhu erxqg iru wkh vwdqgdug ghyldwlrq

ri dq| ydolg vwrfkdvwlf glvfrxqw idfwru dqg irxqg wkdw wkh vwrfkdvwlf glvfrxqw idfwru lpsolhg

e| wkh FFDSP rqo| vdwlv�hv wkh erxqg li ulvn dyhuvlrq lv yhu| odujh1 Kdqvhq dqg Vlqjohwrq

+4<;6, irxqg wkdw zkhq wkh orjolqhdul}hg frqglwlrqdo Hxohu htxdwlrq iru dq dvvxphg uhsuhvhqwd0

wlyh djhqw zdv hvwlpdwhg iru wkh qrplqdoo| ulvniuhh udwh ru mrlqwo| iru dq djjuhjdwh vwrfn uhwxuq

dqg d qrplqdoo| ulvniuhh udwh/ wkh ryhulghqwli|lqj uhvwulfwlrqv vwurqjo| uhmhfwhg wkh prgho1 Wklv

lqglfdwhv suhglfwdeoh ghyldwlrqv iurp wkh Hxohu htxdwlrqv1 Wkh| ixuwkhupruh irxqg wkdw hvwl0

pdwhv edvhg rq xqfrqglwlrqdo Hxohu htxdwlrqv ohdg wr odujh ulvn dyhuvlrq hvwlpdwhv/ frqvlvwhqw

zlwk Phkud dqg Suhvfrww*v uhvxowv1 Kdqvhq dqg Vlqjohwrq +4<;5,/ +4<;7, irxqg wkdw ulvn dyhuvlrq

hvwlpdwhv iurp JPP hvwlpdwlrq ri qrqolqhdu frqglwlrqdo Hxohu htxdwlrqv zhuh qhjdwlyh lq pdq|

ri wkh fdvhv frqvlghuhg1

Phkud dqg Suhvfrww*v �qglqj lv wkh zhoo nqrzq htxlw| suhplxp sx}}oh1 Dv Zhlo +4<;<,

hpskdvl}hg lw lpsolhv d ulvn iuhh udwh sx}}oh1 Li frqvxphuv zlwk FUUD xwlolw| duh yhu| dyhuvh wr

gl�huhqfhv lq frqvxpswlrq dfurvv vwdwhv/ wkh| duh dovr yhu| dyhuvh wr gl�huhqfhv lq frqvxpswlrq

dfurvv wlph1 Vlqfh wkh orz revhuyhg ulvniuhh udwh r�huv olwwoh lqfhqwlyh wr vdyh/ wkh revhuyhg dyhu0

djh jurzwk udwh ri shu fdslwd frqvxpswlrq lv lqfrqvlvwhqw zlwk wkh odujh hvwlpdwh ri ulvn dyhuvlrq

xqohvv wkh uhsuhvhqwdwlyh djhqw kdv d qhjdwlyh glvfrxqw udwh1 Lq Kdqvhq dqg Mdjdqqdwkdq*v whvw

wklv sx}}oh wdnhv wkh irup ri wkh FFDSP vwrfkdvwlf glvfrxqw idfwru hqwhulqj wkh erxqg dw d

phdq lpso|lqj d yhu| odujh ulvniuhh udwh1

Wklv sdshu sursrvhv olplwhg vwrfn pdunhw sduwlflsdwlrq dv d xql�hg iudphzrun iru h{sodlq0

lqj wkhvh uhmhfwlrqv ri wkh prgho1 Li wkh frqvxpswlrq jurzwk ri qrqvwrfnkroghuv frydulhv ohvv

zlwk vwrfn uhwxuqv wkdq wkdw ri vwrfnkroghuv/ lqfoxglqj wkh frqvxpswlrq ri qrqvwrfnkroghuv lq

wkh frqvxpswlrq phdvxuh xvhg wr whvw wkh FFDSP zloo ohdg wr dq xszdug eldvhg hvwlpdwh ri

ulvn dyhuvlrq1 Ixuwkhupruh/ vlqfh Hxohu htxdwlrqv lqyroylqj vwrfn uhwxuqv zloo qrw krog iru qrq0

vwrfnkroghuv/ olplwhg vwrfn pdunhw sduwlflsdwlrq kdv wkh srwhqwldo ri h{sodlqlqj wkh uhmhfwlrqv
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ri wkh prgho edvhg rq whvwv ri ryhulghqwli|lqj uhvwulfwlrqv1 Ilqdoo|/ wkh idfw wkdw d iudfwlrq ri

krxvhkrogv krog doo vwrfn pdunhw ulvn frxog hqgrjhqrxvo| fdxvh wkhlu frqvxpswlrq jurzwk dqg

wkxv wkhlu vwrfkdvwlf glvfrxqw idfwru wr eh pruh yrodwloh wkdq wkdw ri qrqvwrfnkroghuv1

Wkh �uvw vhfwlrq ri wkh sdshu frqwdlqv d wkhruhwlfdo dqdo|vlv ri wkh h�hfw ri olplwhg vwrfn

pdunhw sduwlflsdwlrq rq Hxohu htxdwlrq hvwlpdwlrq1 Li qrqvwrfnkroghu frqvxpswlrq jurzwk lv

lqghshqghqw ri vwrfn uhwxuqv/ wkh htxlw| suhplxp suhglfwhg e| wkh vwdqgdug FFDSP lv rqo| d

iudfwlrq � ri wkh wuxh htxlw| suhplxp jhqhudwhg e| wkh surfhvv iru frqvxpswlrq1 � lv wkh iudfwlrq

ri vwrfnkroghuv lq wkh srsxodwlrq1 Fruuhvsrqglqjo|/ hvwlpdwlqj Hxohu htxdwlrqv lqyroylqj wkh

vwrfn uhwxuq zlwkrxw h{foxglqj qrqvwrfnkroghuv zloo uhvxow lq dq hvwlpdwh ri uhodwlyh ulvn dyhuvlrq

zklfk lv wrr kljk e| idfwru 4@�= Wkh ghulydwlrqv ri wkhvh uhvxowv duh edvhg rq djjuhjdwlrq ri

Hxohu htxdwlrqv zlwkrxw lpsrvlqj dq| jhqhudo htxloleulxp vwuxfwxuh1 Wklv lv zk| wkh frqglwlrq

iru wkhp wr krog wdnhv wkh irup ri d frqglwlrq gluhfwo| rq wkh frqvxpswlrq ri qrqvwrfnkroghuv1

Pdqnlz dqg ]hoghv +4<<4, �uvw hpskdvl}hg wkdw qrqvwrfnkroghuv vkrxog eh h{foxghg lq whvwv

ri wkh FFDSP/ dqg hvwlpdwhg Hxohu htxdwlrqv iru vwrfnkroghuv dqg qrqvwrfnkroghuv vhsdudwho|

xvlqj gdwd iurp wkh Sdqho Vwxg| ri Lqfrph G|qdplfv1 Edvhg rq xqfrqglwlrqdo Hxohu htxdwlrqv/

wkh| irxqg odujh gl�huhqfhv ehwzhhq wkh wzr jurxsv exw wkh hvwlpdwh ri uhodwlyh ulvn dyhuvlrq

uhpdlqhg dv kljk dv 6815 iru wkh ulfkhvw jurxs ri vwrfnkroghuv1 Krzhyhu/ wkh SVLG rqo| frqwdlqv

gdwd rq irrg frqvxpswlrq1 Li suhihuhqfhv duh qrw vhsdudeoh lq irrg dqg qrq0irrg frpsrqhqwv

wklv lv sureohpdwlf1 L wkhuhiruh xvh gdwd rq frqvxpswlrq ri qrqgxudeohv dqg vhuylfhv iurp wkh

Frqvxphu H{shqglwxuh Vxuyh| wr whvw wkh olplwhg vwrfn pdunhw sduwlflsdwlrq wkhru|1 Eudy dqg

Jhf}| +4<<9, +dqg wkh xsgdwhg dqg h{whqghg yhuvlrq e| Eudy/ Frqvwdqwlqlghv dqg Jhf}| +4<<<,

frq�up Pdqnlz dqg ]hoghv* �qglqjv iru xqfrqglwlrqdo Hxohu htxdwlrqv xvlqj FH[ gdwd1 Wkh|

vkrz wkdw ulvn dyhuvlrq hvwlpdwhv duh pxfk odujhu iru dvvhwkroghuv wkdq iru qrqdvvhwkroghuv/ dqg

wkdw ulvn dyhuvlrq hvwlpdwhv ghfolqh dv wkh| orrn dw vwloo zhdowklhu od|huv ri dvvhwkroghuv1 Wkh|

hvwlpdwh ulvn dyhuvlrq wr eh 45 iru wkh ulfkhvw dvvhwkroghuv14 Pdqnlz dqg ]hoghv +4<<4, dqg

Eudy/ Frqvwdqwlqlghv dqg Jhf}| +4<<<, gr qrw surylgh vwdqgdug huuruv iru wkhlu hvwlpdwhv1 L

xvh errwvwuds phwkrgv wr vkrz wkdw wkh vwdqgdug huuruv ri ulvn dyhuvlrq hvwlpdwhv edvhg rq

xqfrqglwlrqdo Hxohu htxdwlrqv duh h{wuhpho| odujh1 Wklv vxjjhvwv wkdw dgglqj lqirupdwlrq derxw

4Wkh dvvhw phdvxuh xvhg e| Eudy/ Frqvwdqwlqlghv dqg Jhf}| +4<<<, lv dvvhwv lq vdylqjv dffrxqwv soxv dvvhwv

lq vwrfnv/ erqgv dqg pxwxdo ixqgv1 Wkh| uhihu wr krxvhkrogv zlwk srvlwlyh kroglqjv ri hlwkhu dv dvvhwkroghuv1 Lq

p| vwxg| L irfxv rq zkhwkhu krxvhkrogv kdyh dvvhwv lq vwrfnv/ erqgv ru pxwxdo ixqgv wr +sduwldoo|, eh deoh wr

vhsdudwh rxw vwrfnkroghuv1 Wklv zloo eh glvfxvvhg lq ghwdlo lq wkh gdwd vhfwlrq1
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suhglfwdeoh pryhphqwv lq h{shfwhg frqvxpswlrq jurzwk udwhv dqg h{shfwhg dvvhw uhwxuqv lv

ydoxdeoh1 L wkhuhiruh hvwlpdwh ulvn dyhuvlrq edvhg rq frqglwlrqdo Hxohu htxdwlrqv dv zhoo1 P|

hvwlpdwhv ri 4@� iru vwrfnkroghuv duh vljql�fdqwo| odujhu wkdq }hur1 Wkh srlqw hvwlpdwhv lpso|

ydoxhv ri � lq wkh udqjh 4 wr :1 Wklv lv gulyhq e| orz ulvn dyhuvlrq hvwlpdwhv iru ulfkhu od|huv ri

vwrfnkroghuv1 Iru qrqvwrfnkroghuv rq wkh rwkhu kdqg wkh hvwlpdwhv ri 4@� duh w|slfdoo| forvh wr

}hur1 Zkloh wkh uhvxowv duh vrphzkdw vhqvlwlyh wr fkrlfh ri gdwd iuhtxhqf| dqg lqvwuxphqwdo ydul0

deohv/ wkh| duh ryhudoo vxssruwlyh ri wkh olplwhg vwrfn pdunhw sduwlflsdwlrq wkhru|1 Wkh �qglqj

ri vljql�fdqw gl�huhqfhv lq ulvn dyhuvlrq hvwlpdwlrqv ehwzhhq vwrfnkroghuv dqg qrqvwrfnkroghuv

edvhg rq frqglwlrqdo Hxohu htxdwlrqv frqwudvw zlwk wkh �qglqjv ri Mdfrev +4<<:, edvhg rq irrg

frqvxpswlrq gdwd iurp wkh SVLG1 Lqwhuhvwlqjo|/ d frqwhpsrudqhrxv sdshu rq XN gdwd e| Dw0

wdqdvlr/ Edqnv/ dqg Wdqqhu +4<<;, dovr �qgv vxssruw iru wkh olplwhg vwrfn pdunhw sduwlflsdwlrq

wkhru|1 Wkh| xvh d frqvxpswlrq gh�qlwlrq vlplodu wr plqh1 Dq lpsruwdqw qhjdwlyh �qglqj lq p|

uhvxowv lv wkdw wkhuh lv qr fohdu whqghqf| iru wkh whvwv ri ryhulghqwli|lqj uhvwulfwlrqv wr uhmhfw iru

qrqvwrfnkroghuv1 Dwwdqdvlr/ Edqnv dqg Wdqqhu +4<<;, gr �qg d vxfk sdwwhuq lq wkh XN gdwd1

Lq wkh Kdqvhq0Mdjdqqdwkdq erxqg dqdo|vlv/ L djdlq �qg wkh glvwlqfwlrq ehwzhhq vwrfnkrog0

huv dqg qrqvwrfnkroghuv wr eh lpsruwdqw1 Iru qrqvwrfnkroghuv/ wkh vwrfkdvwlf glvfrxqw idfwru

grhv qrw hqwhu wkh erxqgv iru dq| ydoxh ri ulvn dyhuvlrq1 Iru vwrfnkroghuv/ wkh vwrfkdvwlf glv0

frxqw idfwru hqwhuv wkh erxqg iru ydoxhv ri ulvn dyhuvlrq durxqg 4315 Wkh KM erxqg dqdo|vlv

ixuwkhupruh vkrzv wkdw lw lv lpsruwdqw wr dffrxqw iru frkruw h�hfwv lq djjuhjdwh frqvxpswlrq

jurzwk lq rughu wr uhfrqfloh wkh �qglqjv edvhg rq wkh FH[ dqg wkh �qglqjv rq XV shu fdslwd

frqvxpswlrq gdwd1

Phdvxuhphqw huuru lv d vhulrxv sureohp iru dq| vwxg| xvlqj plfurgdwd iru frqvxpswlrq1

Xqghu uhvwulfwlyh +exw qrw xquhdolvwlf, frqglwlrqv rq wkh qdwxuh ri wkh phdvxuhphqw huuruv/ L

vkrz wkhruhwlfdoo| krz phdvxuhphqw huuru d�hfwv wkh hpslulfdo �qglqjv1 Wkh phdvxuhphqw huuru

uhvxowv duh ydolg dv wkh qxpehu ri krxvhkrogv lq wkh furvv vhfwlrqv jrhv wr lq�qlw|1 Wr dqdo|}h

wkh h�hfw ri kdylqj d �qlwh dqg idluo| vpdoo qxpehu ri krxvhkrogv lq wkh furvv vhfwlrq L frqgxfw

d Prqwh Fduor vwxg|1 Wkh pdlq frqfoxvlrqv duh wkdw orj0olqhdul}lqj Hxohu htxdwlrqv lv suhihudeoh

wr hvwlpdwlqj qrqolqhdu Hxohu htxdwlrqv zkhq wkh vwdqgdug ghyldwlrq ri wkh phdvxuhphqw huuru

lv odujh1 Phwkrg ri prphqwv hvwlpdwlrq edvhg rq qrqolqhdu Hxohu htxdwlrqv pd| qrw kdyh d

5Vhyhudo dgmxvwphqwv pxvw eh pdgh wr wkh vwdqgdug KM dqdo|vlv gxh wr wkh xvh ri plfur gdwd1 Wkh qxpehu 43

grhv qrw dffrxqw iru lglrv|qfudwlf ulvn1
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xqltxh vroxwlrq iru ulvn dyhuvlrq1 Ixuwkhupruh/ zkhq lw grhv ohdg wr d xqltxh hvwlpdwh/ wklv kdv

srruhu surshuwlhv wkdq wkdw edvhg rq orj0olqhdul}hg Hxohu htxdwlrqv1 Wklv prwlydwhv wkh irfxv

rq orj0olqhdul}hg Hxohu htxdwlrqv lq wkh hpslulfdo sduw ri wkh sdshu1 Wkh Prqwh0Fduor dqdo|vlv

dovr frqvlghuv wkh h�hfw ri phdvxuhphqw huuru rq wkh Kdqvhq0Mdjdqqdwkdq erxqg dqdo|vlv1

Zlwk olplwhg vwrfn pdunhw sduwlflsdwlrq/ pdunhwv duh lqfrpsohwh lq wkh h{wuhph vhqvh ri

rqh jurxs ri shrsoh qrw wudglqj lq wkh vwrfn pdunhw dw doo1 Lq jhqhudo htxloleulxp wkh idfw

wkdw d iudfwlrq ri wkh srsxodwlrq pxvw krog doo vwrfn pdunhw ulvn hqgrjhqrxvo| fdxvhv wkhlu

frqvxpswlrq wr kdyh d kljkhu fruuhodwlrq zlwk glylghqgv wkdq lw zrxog kdyh li doo djhqwv vkduhg

wkh ulvn1 Dv d uhvxow/ wkh htxloleulxp pdunhw sulfh ri ulvn lv lqfuhdvhg1 Lq d uhfhqw sdshu/

Edvdn dqg Fxrfr +4<<:, exloglqj rq zrun e| Vdlwr +4<<5,/ hohjdqwo| ghulyh wklv h�hfw lq d

frqwlqxrxv wlph prgho1 D gudzedfn ri wkhlu sdshu lv wkdw wkh vhsdudwlrq ehwzhhq vwrfnkroghuv

dqg qrqvwrfnkroghuv lv h{rjhqrxv1 Lw lv fohdu wkdw wkh uhdvrq iru qrqsduwlflsdwlrq pdwwhuv iru

wkh jhqhudo htxloleulxp h�hfwv ri olplwhg vwrfn pdunhw sduwlflsdwlrq1 Vxssrvh iru h{dpsoh wkdw

vwrfnkroghuv kdyh pxfk orzhu ulvn dyhuvlrq wkdq qrqvwrfnkroghuv1 Wkhq dv pruh djhqwv hqwhu/

wkh *dyhudjh* ulvn dyhuvlrq ri vwrfnkroghuv lqfuhdvh dqg lw lv qrw d sulrul fohdu zkhwkhu lqfuhdvhg

sduwlflsdwlrq vkrxog ghfuhdvh wkh pdunhw sulfh ri ulvn dqg wkh htxlw| suhplxp1 Lq jhqhudo/ wkh

htxloleulxp dqdo|vlv ri olplwhg vwrfn pdunhw sduwlflsdwlrq lv vwloo dw dq hduo| vwdjh1 Lw lv wrr

hduo| wr vd| li dgglqj wklv ihdwxuh wr vwdqgdug jhqhudo htxloleulxp prghov fdq jhqhudwh dq htxlw|

suhplxp forvh wr wkdw revhuyhg16 Xqghuvwdqglqj wkh jhqhudo htxloleulxp h�hfwv ri olplwhg vwrfn

pdunhw sduwlflsdwlrq lv lpsruwdqw qrw rqo| iru frq�uplqj wkdw wklv w|sh ri prgho fdq jhqhudwh

d kljkhu htxlw| suhplxp1 Wkhuh kdv ehhq d gudpdwlf lqfuhdvh lq sduwlflsdwlrq dqg ulvn vkdulqj

lq wkh XV vlqfh wkh 4<83v1 Jhqhudo htxloleulxp prghov ri olplwhg sduwlflsdwlrq duh qhhghg iru

hydoxdwlqj krz wklv pd| kdyh frqwulexwhg wr wkh sdwk ri dvvhw sulfhv dqg uhwxuqv zklfk kdv ehhq

revhuyhg/ dqg wr frqvlghu wkh srwhqwldo h�hfwv ri frqwlqxhg hqwu| lq wkh ixwxuh1

5 Hxohu htxdwlrqv dqg olplwhg vwrfn pdunhw sduwlflsdwlrq

Vxssrvh wkh revhuyhg frqvxpswlrq dqg dvvhw uhwxuq gdwd duh jhqhudwhg e| dq hfrqrp| fkdudf0

whul}hg e| olplwhg vwrfn pdunhw sduwlflsdwlrq1 Jlyhq wkh frqvxpswlrq gdwd/ krz pxfk vpdoohu

lv wkh htxlw| suhplxp suhglfwhg e| wkh prgho zklfk ljqruhv olplwhg sduwlflsdwlrq frpsduhg wr

6Iru d vlpsol�hg h{dpsoh ri jhqhudo htxloleulxp dqdo|vlv zlwk olplwhg vwrfn pdunhw sduwlflsdwlrq/ vhh Fkdswhu

6 ri Ylvvlqj0Mûujhqvhq +4<<;,1

7



wkh htxlw| suhplxp suhglfwhg xvlqj rqo| wkh frqvxpswlrq ri vwrfnkroghuvB Lq dgglwlrq/ krz

gl�huhqw lv wkh hvwlpdwh ri uhodwlyh ulvn dyhuvlrq zklfk lv rewdlqhg edvhg rq hdfk ri wkh prg0

hovB Wkhvh duh wkh txhvwlrqv lq irfxv lq wkh dqdo|vlv zklfk iroorzv1 Wkh dqdo|vlv lv edvhg rq

djjuhjdwlrq ri Hxohu htxdwlrqv zlwk qr jhqhudo htxloleulxp vwuxfwxuh h{solflwo| lpsrvhg1 Wklv

lv wkh prvw uhohydqw vhwxs li wkh sxusrvh lv wr ghulyh wkh eldv lq ulvn dyhuvlrq hvwlpdwhv iurp

hvwlpdwlrqv ri Hxohu htxdwlrqv zklfk gr qrw dffrxqw iru olplwhg vwrfn pdunhw sduwlflsdwlrq1 Lw

grhv/ krzhyhu/ lpso| wkdw wkh frqglwlrq qhhghg iru wkh uhvxowv pxvw eh vwdwhg gluhfwo| dv d

frqglwlrq rq wkh frqvxpswlrq ri qrqvwrfnkroghuv dqg qrw dv frqglwlrqv rq wkh xqghuo|lqj ixq0

gdphqwdov1 Vxfk pruh ixqgdphqwdo frqglwlrqv fdq rqo| eh ghulyhg e| lpsrvlqj pruh vwuxfwxuh

rq wkh sureohp1 Lw lv fohdu wkdw gl�huhqfhv lq frqvxpswlrq sdwwhuqv ehwzhhq vwrfnkroghuv dqg

qrqvwrfnkroghuv ghshqg lq wkh uhdvrq zk| qrqsduwlflsdqwv kdyh fkrvhq wr vwd| rxw ri wkh vwrfn

pdunhw1 L zloo uhwxuq wr wklv lvvxh diwhu ghulylqj wkh frqglwlrq rq qrqvwrfnkroghu frqvxpswlrq

zklfk lv qhhghg iru olplwhg vwrfn pdunhw sduwlflsdwlrq wr eh wkh h{sodqdwlrq ri lpsodxvleoh ulvn

dyhuvlrq hvwlpdwhv edvhg rq djjuhjdwh gdwd1

514 Xszdug eldvhg ulvn dyhuvlrq hvwlpdwhv

Wr vhsdudwh wkh h�hfwv ri olplwhg sduwlflsdwlrq iurp wkrvh ri lqfrpsohwh pdunhwv glvfxvvhg e| h1j1

Frqvwdqwlqlghv dqg Gx!h +4<<9,/ wklv vhfwlrq zloo irfxv rq Hxohu htxdwlrqv zklfk wdnh furvv0

vhfwlrqdo khwhurjhqhlw| lq frqvxpswlrq lqwr dffrxqw1 Wkh uhvxowv duh vlplodu li rqh dvvxphv d

uhsuhvhqwdwlyh djhqw zlwklq hdfk ri wkh jurxsv ri djhqwv lq irfxv/ dv orqj dv wkh furvv0vhfwlrqdo

yduldqfh ri frqvxpswlrq jurzwk lv xqfruuhodwhg zlwk dvvhw uhwxuqv1

Dq dqdo|vlv zklfk ljqruhv olplwhg vwrfn pdunhw sduwlflsdwlrq zloo dvvxph wkdw Hxohu htxd0

wlrqv iru vwrfnv dqg erqgv krog iru doo krxvhkrogv71 Zlwk FUUD suhihuhqfhv wklv ohdgv wr dq

djjuhjdwhg Hxohu htxdwlrq ri wkh irup

H|

�
PA

|n�U�c|n�

�
@ 4> PA

|n� � H�

%
�

#
F�
|n�

F�
|

$
3�&

= +4,

U�c|n� ghqrwhv wkh jurvv uhwxuq wr kroglqj dvvhw l iurp gdwh w wr w.41 l@v zloo eh xvhg wr uhihu wr

vwrfnv/ dqg l@i wr uhihu wr rqh shulrg ulvnohvv erqgv1 H� ghqrwhv wkh furvv0vhfwlrqdo phdq dfurvv
7Wkh Hxohu htxdwlrqv duh wkh �uvw rughu frqglwlrqv iru lqwhuwhpsrudo rswlpl}dwlrq1 L dvvxph devhqfh ri pdunhw

iulfwlrqv wkurxjkrxw wkh sdshu1 Wkhuhiruh wkh Hxohu htxdwlrqv krog zlwk htxdolw| iru krxvhkrogv zkr duh dw dq

lqwhulru vroxwlrq zlwk uhvshfw wr wkh dvvhw lq irfxv1

8



krxvhkrogv dw wlph w1 H| uhihuv wr wkh frqglwlrqdo h{shfwdwlrq jlyhq doo lqirupdwlrq nqrzq dw

wlph w1 Wkh sdudphwhu � lv wkh glvfrxqw idfwru htxdo wr �
�nq zkhuh � lv wkh glvfrxqw udwh1 � lv wkh

frh!flhqw ri uhodwlyh ulvn dyhuvlrq1 Suhihuhqfhv duh dvvxphg lghqwlfdo iru doo djhqwv1 W ghqrwhv

wkdw wkh wrwdo vhw ri krxvhkrogv duh xvhg1 L zloo xvh *v* wr uhihu wr vwrfnkroghuv dqg *qv* wr uhihu

wr qrqvwrfnkroghuv1 Iru vwrfnv +4, lv qrw ydolg xqghu olplwhg vwrfn pdunhw sduwlflsdwlrq/ vlqfh

qrqvwrfnkroghuv duh lqfoxghg1 Lq rwkhu zrugv/ PA
|n�lv qrw d ydolg vwrfkdvwlf glvfrxqw idfwru iru

sulflqj vwrfnv/ vlqfh qrqvwrfnkroghuv duh dw d fruqhu1 Wkxv wkhlu frqvxpswlrq grhv qrw vdwlvi|

wkh Hxohu htxdwlrq iru Urc|n�1 PA
|n� lv d ydolg vwrfkdvwlf glvfrxqw idfwru iru sulflqj ulvnohvv dvvhwv

xqghu wkh pdlqwdlqhg dvvxpswlrq wkdw doo krxvhkrogv duh dw dq lqwhulru vroxwlrq zlwk uhvshfw wr

ulvnohvv dvvhwv +eruurzlqj lv doorzhg,1

Wkh wuxh djjuhjdwhg Hxohu htxdwlrq iru wkh vwrfn uhwxuq rqo| lqfoxghv vwrfnkroghuv lq wkh

furvv0vhfwlrqdo djjuhjdwlrq

H|

�
Pr

|n�Urc|n�

�
@ 4> Pr

|n� � H�cr

%
�

#
F�cr
|n�

F�cr
|

$
3�&

= +5,

Wkh vwrfkdvwlf glvfrxqw idfwru PA
|n� fdq eh uhzulwwhq dv

PA
|n� � H�

%
�

#
F�
|n�

F�
|

$
3�&

+6,

@

#
�H�cr

%
�

#
F�cr
|n�

F�cr
|

$
3�&

. +4� �,H�c?r

%
�

#
F�c?r
|n�

F�c?r
|

$
3�&$

@
�
�Pr

|n� . +4� �,P?r
|n�

�
= +7,

� lv wkh sursruwlrq ri vwrfnkroghuv lq wkh srsxodwlrq1 Dv PA
|n�>P

?r
|n� lv qrw d ydolg vwrfkdvwlf

glvfrxqw idfwru iru sulflqj vwrfnv1 Xvlqj +4, iru vwrfnv dqg erqgv zh rewdlq wkh htxlw| suhplxp

suhglfwhg e| wkh prgho zklfk ljqruhv olplwhg sduwlflsdwlrq

+H|Urc|n� �Usc|n�,
A @ �fry|

�
Urc|n�> �P r

|n� . +4� �,P?r
|n�

�
H|

�
�Pr

|n� . +4� �,P?r
|n�

� +8,

@ �Usc|n�fry|
�
Urc|n�> �P

r
|n� . +4� �,P?r

|n�

�
= +9,

Xvlqj +5, zh jhw wkh htxlw| suhplxp zklfk zrxog lq idfw eh frqvlvwhqw zlwk wkh frqvxpswlrq

surfhvvhv revhuyhg 81 Li wkh FFDSP krogv iru wkh vhw ri vwrfnkroghuv wklv zloo htxdo wkh revhuyhg

8Zh frxog htxlydohqwo| xvh wkh vwrfkdvwlf glvfrxqw idfwru edvhg rq wkh frqvxpswlrq ri dq| ri wkh vwrfnkroghuv

lq wklv uhodwlrq1 Zlwk wkh Hxohu htxdwlrq iru wkh vwrfn uhwxuq kroglqj iru hdfk vwrfnkroghu/ wkh fryduldqfh ri

9



htxlw| suhplxp

H|Urc|n� �Usc|n� @ �fry|
�
Urc|n�>P

r
|n�

�
H|

�
Pr

|n�

� @ �Usc|n�fry|
�
Urc|n�>P

r
|n�

�
= +:,

Iru olplwhg vwrfn pdunhw sduwlflsdwlrq wr h{sodlq wkh htxlw| suhplxp sx}}oh lw pxvw eh wkh

fdvh wkdw +H|Urc|n� �Usc|n�,
A ? H|Urc|n��Usc|n�= Idfhg zlwk dfwxdo dvvhw uhwxuqv/ hvwlpdwlrqv

edvhg rq wkh wrwdo vhw ri krxvhkrogv zloo wkhq ohdg wr dq xszdug eldvhg hvwlpdwh ri ulvn dyhuvlrq91

Frpsdulqj +9, dqg +:, zh lpphgldwho| jhw wkh iroorzlqj uhvxow1

UHVXOW 4=

d, fry|
�
Urc|n�>P

?r
|n� �Pr

|n�

�
@ 3 , +H|Urc|n� �Usc|n�,

A @ H|Urc|n� �Usc|n�

e, fry|
�
Urc|n�>P

?r
|n�

�
@ 3 , +H|Urc|n� �Usc|n�,

A @ � +H|Urc|n� �Usc|n�, =

Surri= Wkh uhvxow iroorzv gluhfwo| iurp frpsdulqj +9, dqg +:,1

Lq zrugv/ li wkh dvvxphg vwrfkdvwlf glvfrxqw idfwru gl�huv iurp wkh wuxh rqh rqo| e| d txdq0

wlw| zklfk lv xqfruuhodwhg zlwk wkh vwrfn uhwxuq/ wkh wzr prghov zloo suhglfw wkh vdph htxlw|

suhplxp1 Wkh lqwxlwlrq lv wkdw xqghu wklv frqglwlrq wkh frqvxpswlrq jurzwk ri qrqvwrfnkrog0

huv frydulhv zlwk wkh vwrfn uhwxuq lq wkh vdph zd| dv wkh frqvxpswlrq jurzwk ri vwrfnkroghuv1

Wkhuhiruh/ lqfoxglqj qrqvwrfnkroghu frqvxpswlrq lq wkh vwrfkdvwlf glvfrxqw idfwru zloo qrw ohdg

wr d gl�huhqw suhglfwlrq iru wkh htxlw| suhplxp1 Krzhyhu/ dv glvfxvvhg lq pruh ghwdlo ehorz/ zh

zrxog h{shfw frqvxpswlrq jurzwk ri qrqvwrfnkroghuv wr eh ohvv fruuhodwhg zlwk vwrfn uhwxuqv

wkdq wkdw ri vwrfnkroghuv1 Uhvxow 4e, vkrzv wkdw li wkh vwrfkdvwlf glvfrxqw idfwru edvhg rq qrq0

vwrfnkroghu frqvxpswlrq grhv qrw frydu| zlwk wkh vwrfn uhwxuq wkhq lqfoxglqj qrqvwrfnkroghuv

lq wkh FFDSP zloo ohdg wr d suhglfwhg htxlw| suhplxp zklfk lv wrr orz e| idfwru �=: Wkxv li

rqo| 53 shufhqw ri wkh srsxodwlrq duh vwrfnkroghuv dqg wkh wuxh htxlw| suhplxp lv

9 shufhqw/ wkh FFDSP zlwk qrqvwrfnkroghuv lqfoxghg lq wkh frqvxpswlrq phdvxuh

zloo suhglfw dq htxlw| suhplxp ri rqo| 415 shufhqw;1

vwrfn uhwxuqv zlwk wkh frqvxpswlrq jurzwk ri hdfk vwrfnkroghu lv lghqwlfdo +iru lghqwlfdo vwrfnkroghu suhihuhqfhv

dv dvvxphg khuh,1 Qrwh wkdw wklv/ dorqj zlwk wkh uhvwulfwlrq rq frqvxpswlrq jurzwk iru hdfk djhqw lpsolhg e|

wkh Hxohu htxdwlrq iru wkh ulvnohvv dvvhw/ grhv qrw lpso| d ghjhqhudwh furvv0vhfwlrqdo glvwulexwlrq ri frqvxpswlrq

jurzwk iru vwrfnkroghuv dv orqj dv pdunhwv duh lqfrpsohwh1 Rqo| zlwk frpsohwh pdunhwv zloo wkh frqvxpswlrq

jurzwk udwhv ri dq| wzr vwrfnkroghuv eh htxdol}hg vwdwh e| vwdwh1
9Wklv zloo eh ghulyhg h{solflwo| ehorz1
:Wkh frqglwlrq lq uhvxow 4e, zloo eh vdwlv�hg li qrqvwrfnkroghu frqvxpswlrq jurzwk lv lqghshqghqw ri wkh vwrfn

uhwxuq1
;Wkh iudfwlrq ri vwrfnkroghuv lq wkh dgxow XV srsxodwlrq zdv durxqg 90; shufhqw lq wkh 4<83v1 Lw kdv ehhq

:



Uhvxow 4 lv txlwh jhqhudo1 Doo wkdw kdv ehhq dvvxphg lv wkdw wkh Hxohu htxdwlrqv iru vwrfnv

dqg erqgv krog iru vwrfnkroghuv dqg wkh Hxohu htxdwlrq iru erqgv krog iru qrqvwrfnkroghuv1 Qr

vshfl�f glvwulexwlrqdo dvvxpswlrqv kdyh ehhq lpsrvhg/ qhlwkhu furvv0vhfwlrqdoo| qru lq wkh wlph

vhulhv glphqvlrq1 Qrwh dovr wkdw zkloh wkh dyhudjh +dfurvv qrqvwrfnkroghuv, ri wkh fryduldqfhv

ri
�
�
�c?r
|n�

�
�c?r
|

�
3�

dqg Urc|n� pxvw htxdo }hur/ wkh fryduldqfh iru hdfk qrq0vwrfnkroghu qhhg qrw eh

}hur1

Krz grhv wkh gl�huhqfh lq wkh suhglfwhg htxlw| suhplxp wudqvodwh lqwr eldv lq hvwlpdwhv ri

wkh frh!flhqw ri uhodwlyh ulvn dyhuvlrq zkhq wkh prgho ljqrulqj olplwhg sduwlflsdwlrq lv hvwlpdwhg

rq d vhw ri frqvxpswlrq dqg dvvhw uhwxuq gdwdB Wr jhw d forvhg irup dqvzhu wr wklv txhvwlrq

pruh vwuxfwxuh pxvw eh lpsrvhg1 Ohw Lr ghqrwh wkh vhw ri vwrfnkroghuv dqg L?r wkh vhw ri

qrqvwrfnkroghuv1 L pdnh wkh iroorzlqj glvwulexwlrqdo dvvxpswlrqv=

DVVXPSWLRQ=
d,

�
�cr
|n�

�
�cr
|

/ Urc|n� � mrlqw orj0qrupdo/ ;k5 Lr> frqglwlrqdo rq lqirupdwlrq nqrzq dw w

e,
�
�c?r
|n�

�
�c?r
|

/ Urc|n� � mrlqw orj0qrupdo/ ;k5 L?r> frqglwlrqdo rq lqirupdwlrq nqrzq dw w1

Iru vwrfnkroghuv wkh Hxohu htxdwlrq iru vwrfnv lpsrvhv wkdw wkh fryduldqfh ri oq
�
�cr
|n�

�
�cr
|

dqg oqUrc|n�

pxvw eh wkh vdph iru doo vwrfnkroghuv/ exw wklv qhhg qrw eh wkh fdvh iru qrqvwrfnkroghuv1

Xvlqj wklv dvvxpswlrq wkh Hxohu htxdwlrq iru hdfk k 5 Lr fdq eh orj0olqhdul}hg dv vkrzq e|

Kdqvhq dqg Vlqjohwrq +4<;6,
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Vxpplqj +;, ryhu vwrfnkroghuv lpsolhv
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Vlploduo| iru wkh ulvnohvv udwh
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judgxdoo| lqfuhdvlqj vlqfh wkhq1 Wkh odwhvw dydlodeoh hvwlpdwh lv 74 shufhqw lq wkh 4<<8 Vxuyh| ri Frqvxphu

Ilqdqfhv1 Vhh Ylvvlqj0Mûujhqvhq +4<<;, iru d ghvfulswlrq ri wkh wuhqgv1

;



Xqghu dssursuldwh frqglwlrqv iru fkdqjlqj wkh rughu ri lqwhjudwlrq/ wkh furvv0vhfwlrqdo h{shf0

wdwlrq fdq eh pryhg lqvlgh H| +�, dqg fry| +�,1 Rqh phwkrg ri hvwlpdwlqj � dqg � lv wkhq wr

uhsodfh h{shfwdwlrqv e| dfwxdo ydoxhv soxv dq h{shfwdwlrqdo huuru/ lvrodwh hlwkhu wkh frqvxpswlrq

phdvxuh ru wkh lqwhuhvw udwh dv wkh ghshqghqw yduldeoh dqg dq lqvwuxphqwdo yduldeohv hvwlpdwlrq

phwkrg<431 +43, dqg +44, fdq eh hvwlpdwhg vhsdudwho| ru mrlqwo|1 Dowhuqdwlyho|/ rqh fdq vxewudfw

+44, iurp +43,/ dvvxph frqvwdqw frqglwlrqdo yduldqfhv dqg fryduldqfhv dqg xvh wkh odz ri lwhu0

dwhg h{shfwdwlrqv wr gr d vlpsoh phwkrg ri prphqwv hvwlpdwlrq olnh wkdw ri Pdqnlz dqg ]hoghv

+4<<4,

� @
H +oqUrc|n� � oqUsc|n�, .

�
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fry

�
oqUrc|n�> H�cr oq
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�� = +45,

Wkh fruuhvsrqglqj dssurdfk zklfk ljqruhv olplwhg vwrfn pdunhw sduwlflsdwlrq zloo lqfoxgh doo

krxvhkrogv lq wkh vxppdwlrqv1 Ohwwlqj �W ghqrwh wkh hvwlpdwh ri uhodwlyh ulvn dyhuvlrq zkhq

qrqvwrfnkroghuv duh lqfoxghg wklv zrxog uhvxow lq

�W @
H +oqUrc|n� � oqUsc|n�, .

�
2Y oqUrc|n�

fry
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oqUrc|n�>H� oq

�
��
|n�

��
|

�� = +46,

Zkhq qrqvwrfnkroghu frqvxpswlrq jurzwk kdyh d orzhu fryduldqfh zlwk vwrfn uhwxuqv wkdq

vwrfnkroghu frqvxpswlrq jurzwk/ �W lv dq xszdug eldvhg hvwlpdwh ri �= Wkh frqwulexwlrq ri wklv

vhfwlrq lv wr txdqwli| wkh eldv1
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Surri= Uhzulwh wkh ghqrplqdwru ri +46,
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Xqghu wkh frqglwlrq dvvxphg/ wkh vhfrqg whup lv }hur1 Frpsdulqj +45, dqg +46, wkhq lpsolhv
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<Ruglqdu| ohdvw vtxduhv zrxog ohdg wr lqfrqvlvwhqw hvwlpdwhv1 Wkh h{shfwdwlrqdo huuruv hqwhu wkh huuru whup

fdxvlqj wkh uhjuhvvru wr eh fruuhodwhg zlwk wkh huuru whup1
43 Lw pxvw eh dvvxphg wkdw frqglwlrqdo yduldqfhv dqg fryduldqfhv duh frqvwdqw ryhu wlph ru xqfruuhodwhg zlwk

ohiw kdqg vlgh yduldeohv +dqg lqvwuxphqwv,1

<



Wkh uhvxow iroorzv e| uhduudqjhphqw1

Wkh hvwlpdwhv ri � edvhg rq lqvwuxphqwdo yduldeohv hvwlpdwlrq zloo eh uhodwhg e| wkh vdph irupxod

xqghu wkh dgglwlrqdo dvvxpswlrq wkdwH�c?r oq

�
�
�c?r
|n�

�
�c?r
|

�
eh xqfruuhodwhg zlwk doo lqvwuxphqwv xvhg1

Uhvxow 5 vd|v wkdw li wkh frqvxpswlrq jurzwk ri qrqvwrfnkroghuv lv xqfruuhodwhg zlwk vwrfn

uhwxuqv wkhq dq hvwlpdwlrq edvhg rq wkh FFDSP exw lqfoxglqj wkh frqvxpswlrq ri qrqvwrfn0

kroghuv lq wkh frqvxpswlrq phdvxuh/ zloo ohdg wr dq xszdug eldvhg hvwlpdwh ri ulvn dyhuvlrq1

Wkh idfwru ghwhuplqlqj wkh eldv lv djdlq �> wkh sursruwlrq ri vwrfnkroghuv lq wkh srsxodwlrq1

Wkxv li rqo| 53 shufhqw ri wkh srsxodwlrq duh vwrfnkroghuv dqg wkh wuxh frh!flhqw

ri uhodwlyh ulvn dyhuvlrq lv 7/ wkh FFDSP zlwk qrqvwrfnkroghuv lqfoxghg lq wkh

frqvxpswlrq phdvxuh zloo uhvxow lq dq hvwlpdwh ri 531 Iru � dv orz dv lq wkh 4<83v/ l1h1

durxqg : shufhqw/ �W zloo eh eldvhg xszdug e| d idfwru ri 471 Lw lv lpsruwdqw wr qrwh wkdw lw lv wkh

iudfwlrq ri wkh srsxodwlrq zkr duh vwrfnkroghuv zklfk pdwwhu iru wkh eldv dqg qrw wkh iudfwlrq ri

frqvxpswlrq dffrxqwhg iru e| vwrfnkroghuv1 Wklv lv gxh wr wkh idfw wkdw L kdyh djjuhjdwhg wdnlqj

wkh furvv0vhfwlrqdo khwhurjhqhlw| lq frqvxpswlrq jurzwk udwhv lqwr dffrxqw1 Li vrph krxvhkrogv

kdyh kljkhu ohyhov ri frqvxpswlrq wkdq rwkhuv/ wkh| gr qrw jhw d kljkhu *zhljkw* lq wkh fdofx0

odwlrqv vlqfh zkdw pdwwhuv lv frqvxpswlrq jurzwk udwhv1 Kdg L dvvxphg d uhsuhvhqwdwlyh djhqw

dqg wkxv xvhg wkh jurzwk udwh ri dyhudjh frqvxpswlrq/ wkh eldv lq wkh hvwlpdwh ri � zrxog eh

ghwhuplqhg e| wkh iudfwlrq ri frqvxpswlrq dffrxqwhg iru e| qrqvwrfnkroghuv1 Wklv iudfwlrq lv

vpdoohu wkdq 4� � exw vwloo odujh1

Wkh frqglwlrq lq Uhvxow 5 lv wkh vdph dv wkh rqh lq Uhvxow 4e exw zlwk wkh orj0qrupdolw|

dvvxpswlrqv lpsrvhg1 Lw lv zulwwhq khuh dv dq xqfrqglwlrqdo fryduldqfh/ exw wkh ghulydwlrq ri

+45, uholhv rq frqvwdqw frqglwlrqdo yduldqfhv dqg fryduldqfhv +frqglwlrqdo rq lqirupdwlrq nqrzq

dw wlph w,1 Wkxv wkh frqglwlrq iru Uhvxow 5 lv lq idfw wkh vlplodu wr wkdw iru Uhvxow 4e144 Dowhuqd0

wlyho| rqh frxog doorz wlph0yduldwlrq lq yduldqfhv dqg fryduldqfhv dqg lpsrvh xqfrqglwlrqdo mrlqw

orjqrupdolw| ri vwrfn uhwxuqv/ erqg uhwxuqv dqg frqvxpswlrq jurzwk udwhv +iru hdfk krxvhkrog

k,1 Wkh qxphudwru ri +45, dqg +46, zrxog wkhq eh prgl�hg e| d whup lqyroylqj wkh xqfrqgl0

wlrqdo yduldqfh ri wkh erqg udwh/ dqg wkh fryduldqfh ri frqvxpswlrq jurzwk dqg wkh erqg udwh

zrxog hqwhu wkh ghqrplqdwru1 Erwk ri wkhvh h{wud whupv duh vpdoo iru djjuhjdwh frqvxpswlrq

44Wkh frqglwlrq lq Uhvxow 4e, uhtxluhv qrqvwrfnkroghu frqvxpswlrq jurzwk wr eh lqghshqghqw ri wkh vwrfn

uhwxuq1 Wkh frqglwlrq lq Uhvxow 5 uhtxluhv wkh orj frqvxpswlrq jurzwk udwh ri qrqvwrfnkroghuv wr eh xqfruuhodwhg

zlwk wkh vwrfn uhwxuq1
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gdwd dqg iru doo jurxsv ri krxvhkrogv lq wkh FH[ zklfk zh frqvlghu1 Wkhuhiruh/ hpslulfdoo|/

wkh dvvxpswlrqv ri frqglwlrqdo mrlqw orj0qrupdolw| dqg xqfrqglwlrqdo mrlqw orj0qrupdolw| ohdg wr

vlplodu uhvxowv1

Vxpplqj xs/ wklv vhfwlrq kdv vkrzq wkdw wkh frqglwlrq wkdw qrqvwrfnkroghu frqvxpswlrq

jurzwk eh lqghshqghqw ri vwrfn uhwxuqv lpsolhv wzr uhvxowv1 Iluvwo|/ iru jlyhq frqvxpswlrq

surfhvvhv wkh htxlw| suhplxp suhglfwhg e| d uhodwlrq zklfk ljqruhv olplwhg vwrfn pdunhw sduwlf0

lsdwlrq lv rqo| d iudfwlrq � ri wkh wuxh htxlw| suhplxp jhqhudwhg e| wkrvh frqvxpswlrq surfhvvhv/

zkhuh � lv wkh iudfwlrq ri vwrfnkroghuv lq wkh srsxodwlrq1 Vhfrqgo|/ hvwlpdwlqj Hxohu htxdwlrqv

lqyroylqj wkh vwrfn uhwxuq zlwkrxw wdnlqj olplwhg vwrfn pdunhw sduwlflsdwlrq lqwr dffrxqw zloo

uhvxow lq dq xszdug eldvhg hvwlpdwh ri wkh frh!flhqw ri uhodwlyh ulvn dyhuvlrq �= Wkh eldv fdq eh

odujh dv wkh h{dpsohv vkrzhg1

515 Sodxvlelolw| ri wkh frqglwlrq rq qrqvwrfnkroghu frqvxpswlrq jurzwk

Zkhwkhu olplwhg sduwlflsdwlrq edvhg rq wkhvh uhvxowv vkrxog eh frqvlghuhg d surplvlqj h{sodqd0

wlrq ri wkh htxlw| suhplxp sx}}oh reylrxvo| ghshqgv rq wkh sodxvlelolw| ri wkh frqglwlrq rq qrq0

vwrfnkroghu frqvxpswlrq jurzwk1 Vxssrvh/ dv dq h{wuhph fdvh ri wkh olwhudwxuh rq xqlqvxudeoh

lglrv|qfudwlf lqfrph vkrfnv/ wkdw qrqsduwlflsdqwv kdyh fkrvhq wr vwd| rxw ri wkh vwrfn pdunhw

ehfdxvh wkhlu lglrv|qfudwlf oderu lqfrph lv vwurqjo| srvlwlyho| fruuhodwhg zlwk vwrfn uhwxuqv dqg

wkh| idfh d vkruw vdohv frqvwudlqw rq vwrfnv451 Wkhq frqvxpswlrq jurzwk ri qrqvwrfnkroghuv

frxog kdyh d kljkhu fryduldqfh zlwk vwrfn uhwxuqv wkdq frqvxpswlrq jurzwk ri vwrfnkroghuv1

Vlqfh L �qg wkdw wkh fryduldqfh ri frqvxpswlrq jurzwk zlwk vwrfn uhwxuqv lv pxfk orzhu iru

qrqvwrfnkroghuv wkdq iru vwrfnkroghuv lq wkh FH[/ oderu lqfrph vkrfnv ri wkh deryh w|sh duh

xqolnho| wr eh wkh pdlq uhdvrq iru qrqsduwlflsdwlrq1

Vhyhudo hpslulfdo sdshuv gluhfwo| dqdo|}h uhdvrqv iru qrqsduwlflsdwlrq lq wkh vwrfn pdunhw1

Lq Ylvvlqj0Mûujhqvhq +4<<<, L xvh lqfrph dqg sruwirolr gdwd iurp wkh SVLG wr surylgh d gluhfw

whvw ri zkhwkhu qrq�qdqfldo lqfrph d�hfwv sruwirolr fkrlfh dv suhglfwhg e| wkhru|1 L �qg rqo|

zhdn hylghqfh ri d qhjdwlyh h�hfw ri wkh fryduldqfh ri qrq�qdqfldo lqfrph zlwk vwrfn uhwxuqv rq

wkh suredelolw| ri ehlqj d vwrfnkroghu dqg wkh rswlpdo sursruwlrq ri �qdqfldo zhdowk lqyhvwhg

45E| gh�qlwlrq/ wkh lglrv|qfudwlf ulvn ri doo djhqwv fdqqrw eh fruuhodwhg zlwk vwrfn uhwxuqv1 Lw lv srvvleoh/

krzhyhu/ wkdw wkh fruuhodwlrq lv srvlwlyh iru rqh vhw ri djhqwv/ dqg fruuhvsrqglqjo| qhjdwlyh iru dqrwkhu vhw ri

djhqwv1
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lq vwrfnv frqglwlrqdo rq sduwlflsdwlrq1 Vwurqj h�hfwv ri wkh phdq dqg yduldqfh ri qrq�qdqfldo

lqfrph duh irxqg/ exw wkhvh h�hfwv gr qrw lqydolgdwh wkh k|srwkhvlv ri d orz fryduldqfh ri

qrqvwrfnkroghu frqvxpswlrq jurzwk zlwk vwrfn uhwxuqv146 Vrxohohv +4<<<, grhv �qg wkdw wkh

fryduldqfh ri frqvxpswlrq ulvn zlwk wkh h{fhvv uhwxuq rq vwrfnv hqwhuv vljql�fdqwo| lq d prgho

ri vwrfn sxufkdvhv1

Prvw hpslulfdo sdshuv rq wkh ghwhuplqdqwv ri vwrfnrzqhuvkls �qg wkdw wkh suredelolw| ri

vwrfnrzqhuvkls lv lqfuhdvlqj lq zhdowk dqg hgxfdwlrq471 Wkh ghshqghqfh rq zhdowk lv frqvlvwhqw

zlwk d �{hg hqwu| frvw ru d shu shulrg sduwlflsdwlrq frvw zklfk lv glvwulexwhg lghqwlfdoo| dfurvv

djhqwv1 D kljkhu suredelolw| ri vwrfnrzqhuvkls iru pruh hgxfdwhg lqglylgxdov lv frqvlvwhqw zlwk

hgxfdwlrq orzhulqj wkh frvw1 Ylvvlqj0Mûujhqvhq +4<<<, frqwdlqv d pruh ghwdlohg hpslulfdo dqdo|vlv

ri wkh vwuxfwxuh dqg groodu dprxqwv ri vwrfn pdunhw sduwlflsdwlrq frvwv1

Wkh uhvxowv ri Eoxph dqg ]hoghv +4<<7, dqg Ehuwdxw dqg Kdoldvvrv +4<<8, vkrz wkdw shrsoh

zkr lqglfdwh d zloolqjqhvv wr wdnh dyhudjh ru deryh dyhudjh ulvn duh pruh olnho| wr eh vwrfnkroghuv1

Wklv srlqwv wrzdug khwhurjhqhrxv ulvn dyhuvlrq dv dqrwkhu glphqvlrq ri khwhurjhqhlw| zklfk

fdxvhv vrph exw qrw rwkhuv wr hqwhu wkh vwrfn pdunhw +d �{hg hqwu| frvw vwloo qhhgv wr eh suhvhqw

wr h{sodlq }hur dqg qrw mxvw vpdoo vwrfnkroglqjv,1 Ixuwkhupruh/ wkh vljql�fdqfh ri zhdowk pd|

eh d uh hfwlrq ri gl�huhqw glvfrxqw udwhv wr wkh h{whqw wkdw pruh sdwlhqw lqglylgxdov zloo whqg

wr kdyh kljkhu zhdowk dw d jlyhq djh1

Qhlwkhu ri wkhvh dgglwlrqdo idfwruv +khwhurjhqhlw| lq zhdowk/ ulvn dyhuvlrq ru glvfrxqw udwhv/

hdfk frpelqhg zlwk wkh suhvhqfh ri d �{hg frvw ri hqwu|, lqydolgdwh wkh fodlp wkdw qrqvwrfnkroghu

frqvxpswlrq jurzwk lv olnho| wr kdyh d orz frqglwlrqdo fryduldqfh zlwk vwrfn uhwxuqv1 Lq dq|

hfrqrp| lq zklfk vwrfn pdunhw ulvn lv wkh rqo| w|sh ri xqfhuwdlqw| dqg lq zklfk wklv ulvn lv qrw

vkduhg e| oderu/ frqvxpswlrq jurzwk ri krxvhkrogv kroglqj rqo| ulvnohvv erqgv lv frqglwlrqdoo|

ulvnohvv1 Lw wkhuhiruh kdv d frqglwlrqdo fryduldqfh zlwk vwrfn uhwxuqv ri }hur/ dv qhhghg iru

Uhvxow 4e dqg 51 Iru qrqvwrfnkroghu frqvxpswlrq jurzwk wr kdyh d srvlwlyh fruuhodwlrq zlwk

vwrfn uhwxuqv/ lw pxvw eh wkh fdvh wkdw oderu lqfrph +ru exvlqhvv lqfrph, ri qrqvwrfnkroghuv lv

srvlwlyho| fruuhodwhg zlwk wkh vwrfn pdunhw dqg wkdw qrqvwrfnkroghuv idfh d vkruw0vdohv frqvwudlqw

iru vwrfnv/ dv glvfxvvhg deryh1 Dowhuqdwlyho|/ dgglwlrqdo vrxufhv ri xqfhuwdlqw| pxvw eh suhvhqw1

Ehiruh wxuqlqj wr wkh hpslulfdo vhfwlrq/ L vkrxog dgguhvv wkh txhvwlrq ri zkhwkhu wkh uhd0

46P| �qglqjv duh frqvlvwhqw zlwk wkrvh ri Khdwrq dqg Oxfdv +4<<<, dqg Jxlvr hw do1 +4<<9,1
47Dgglwlrqdo uhihuhqfhv lqfoxgh Pdqnlz dqg ]hoghv +4<<4,/ Eoxph dqg ]hoghv +4<<7, dqg Ehuwdxw dqg Kdoldvvrv

+4<<8,1
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vrq iru qrqsduwlflsdwlrq pdwwhuv iru wkh ydolglw| ri Hxohu htxdwlrq hvwlpdwlrqv iru vwrfnkroghuv

dqg qrqvwrfnkroghuv1 Iru qrqvwrfnkroghuv wkh Hxohu htxdwlrq lqyroylqj wkh vwrfn uhwxuq lv e|

dvvxpswlrq qrw ydolg1 Wkh lvvxh ri ydolglw| frqfhuqv/ iru vwrfnkroghuv/ wkh Hxohu htxdwlrqv iru

vwrfnv dqg iru wkh ulvnohvv dvvhw/ dqg iru qrqvwrfnkroghuv wkh Hxohu htxdwlrq iru wkh ulvnohvv dvvhw1

Iluvwo|/ frqglwlrqdo rq sduwlflsdwlrq/ wkh Hxohu htxdwlrqv krog iru dq| surfhvv iru qrq�qdqfldo

lqfrph1 Rqh ri wkh dwwudfwlyh ihdwxuhv ri hvwlpdwlqj Hxohu htxdwlrqv lv suhflvho| wkdw rqh grhv

qrw qhhg lqirupdwlrq derxw lqfrph ru zhdowk1 Vhfrqgo|/ lq wkh suhvhqfh ri �{hg hqwu| ru shu

shulrg sduwlflsdwlrq frvwv/ wkh Hxohu htxdwlrq iru vwrfnv +dv zhoo dv doo Hxohu htxdwlrqv lqyroylqj

wkh ulvnohvv udwh, vwloo krogv zlwk htxdolw| iru djhqwv zkr duh vwrfnkroghuv1 Wudglqj frvwv frxog

fdxvh ylrodwlrq ri wkh Hxohu htxdwlrqv lq shulrgv zkhuh wkh krxvhkrog grhv qrw fkdqjh lwv dvvhw

kroglqjv1 Wklugo|/ li khwhurjhqhlw| lq glvfrxqw udwhv lv lpsruwdqw/ hvwlpdwhv ri uhodwlyh ulvn

dyhuvlrq edvhg rq wkh orj0olqhdul}hg prgho duh vwloo ydolg1 Hvwlpdwhv ri ulvn dyhuvlrq edvhg rq

wkh vlpsoh fdoleudwlrqv lq +45, dqg +46, gr qrw lqyroyh hvwlpdwlrq ri glvfrxqw udwhv dqg duh wkxv

xqd�hfwhg e| khwhurjhqhlw| lq glvfrxqw udwhv1 Lqvwuxphqwdo yduldeohv hvwlpdwlrq ri � edvhg rq

htxdwlrqv +43, dqg +44, lv dovr hvvhqwldoo| xqd�hfwhg e| khwhurjhqhlw| lq glvfrxqw udwhv1 Wklv

lv ehfdxvh wkh glvfrxqw idfwru lv lvrodwhg lq wkh frqvwdqw whup1 Zkhq lqglylgxdo orj0olqhdul}hg

Hxohu htxdwlrqv duh vxpphg dfurvv djhqwv/ dv vkrzq lq +43, dqg +44, iru wkh vhw ri vwrfnkroghuv/

wkh whup oq � lv uhsodfhg e| dq dyhudjh ri djhqwv* orj glvfrxqw idfwruv1 Wklv grhv qrw d�hfw

hvwlpdwhv ri �1

Li ulvn dyhuvlrq lv khwhurjhqhrxv/ lpso|lqj wkdw lw zloo eh krxvhkrogv zlwk orz ulvn dyhuvlrq

zkr sd| wkh �{hg frvw dqg hqwhu wkh vwrfn pdunhw/ wkhq frpsolfdwlrqv dulvh1 Li orqj wlph vhulhv ri

gdwd zhuh dydlodeoh iru hdfk djhqw/ Hxohu htxdwlrqv frxog eh hvwlpdwhg iru hdfk vwrfnkroghu dqg

hdfk qrqvwrfnkroghu wr jhw frqvlvwhqw hvwlpdwhv ri hdfk djhqw*v frh!flhqw ri uhodwlyh ulvn dyhuvlrq1

Krzhyhu/ lq wkh Frqvxphu H{shqglwxuh Vxuyh|/ hdfk krxvhkrog lv qrw revhuyhg iru d vx!flhqwo|

orqj shulrg iru wklv wr eh ihdvleoh1 Dv zloo eh h{sodlqhg ehorz/ d vlpsoh frkruw whfkqltxh pxvw

eh dssolhg1 Wklv lqyroyhv xvlqj frqvxpswlrq jurzwk revhuydwlrqv iru vlplodu djhqwv iurp hduolhu

dqg odwhu shulrgv wr rewdlq dq hvwlpdwh ri ulvn dyhuvlrq iru d jlyhq w|sh ri djhqwv1 Li ulvn dyhuvlrq

gl�huv zlwklq wkh vhw ri djhqwv/ wkh uhvxowlqj hvwlpdwh zloo eh d +frpsolfdwhg, ixqfwlrq ri wkh

ulvn dyhuvlrq frh!flhqwv ri wkh djhqwv lqyroyhg1 Wklv lpsolhv wkdw wr jhw d suhflvh hvwlpdwh

ri ulvn dyhuvlrq/ lw lv ghvludeoh wr eh deoh wr lghqwli| jurxsv ri djhqwv zlwk vlplodu ydoxhv ri

ulvn dyhuvlrq1 Vsolwwlqj djhqwv lqwr vwrfnkroghuv dqg qrqvwrfnkroghuv e| lwvhoi jrhv vrph zd|
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wrzdugv vroylqj wklv sureohp1 Lq dgglwlrq/ L vsolw wkh vhw ri vwrfnkroghuv lqwr wkuhh od|huv e| vl}h

ri vwrfnkroglqjv1 Dvlgh iurp surylglqj pruh suhflvh hvwlpdwhv ri ulvn dyhuvlrq lq wkh suhvhqfh ri

ulvn dyhuvlrq khwhurjhqhlw|/ wklv lv ri lqwhuhvw zlwk uhvshfw wr wkh lvvxh ri glyhuvl�fdwlrq1 Vxssrvh

ulvn dyhuvlrq lv krprjhqhrxv exw wkdw dq Hxohu htxdwlrq lqyroylqj wkh uhwxuq rq dq djjuhjdwh

vwrfn pdunhw lqgh{ lv hvwlpdwhg iru vwrfnkroghuv zkrvh vwrfn sruwirolr lv qrw dv glyhuvl�hg dv

wkh lqgh{1 Wkh uhvxow lv olnho| wr eh dq xszdug eldvhg hvwlpdwh ri ulvn dyhuvlrq1 Wr wkh h{whqw

wkdw zhdowklhu vwrfnkroghuv duh pruh glyhuvl�hg wkdq ohvv zhdowk| vwrfnkroghuv/ ulvn dyhuvlrq

hvwlpdwhv zloo eh ohvv eldvhg iru ulfkhu od|huv ri vwrfnkroghuv481

6 Hpslulfdo uhvxowv edvhg rq wkh Frqvxphu H{shqglwxuh Vxuyh|

614 Hpslulfdo vwudwhj|

Wkh hpslulfdo dqdo|vlv frqwdlqv wkuhh sduwv1 Iluvw/ d vlpsoh hvwlpdwlrq fruuhvsrqglqj wr htxdwlrq

+45,1 Vhfrqg/ hvwlpdwlrq ri wkh orjolqhdul}hg frqglwlrqdo Hxohu htxdwlrqv lq +43, dqg +44,/ xvlqj

d olqhdu JPP hvwlpdwlrq dssurdfk +l1h1 dq lqvwuxphqwdo yduldeohv dssurdfk,1 Wklug/ d Kdqvhq0

Mdjdqqdwkdq erxqg dqdo|vlv1 Hdfk ri wkhvh sduwv hpskdvl}hv gl�huhqw ihdwxuhv ri wkh gdwd1

Wkh hvwlpdwlrq ri htxdwlrq +45, grhv qrw xvh frqglwlrqlqj lqirupdwlrq1 Lqvwuxphqwdo yduldeohv

hvwlpdwlrq xvhv lqirupdwlrq derxw wlph0yduldwlrq lq h{shfwhg frqvxpswlrq jurzwk dqg dvvhw

uhwxuqv1 Wkh Kdqvhq0Mdjdqqdwkdq dqdo|vlv irfxvhv rq wkh yrodwlolw| ri wkh vwrfkdvwlf glvfrxqw

idfwru sursrvhg e| wkh FFDSP1 Wkh qxoo k|srwkhvlv lv wkdw wkh FFDSP lv d vdwlvidfwru|

ghvfulswlrq ri wkh htxloleulxp uhodwlrq ehwzhhq frqvxpswlrq dqg dvvhw uhwxuq gdwd rqfh zh

irfxv rq wkh frqvxpswlrq ri vwrfnkroghuv1 Xqghu wklv k|srwkhvlv/ wkh ulvn dyhuvlrq hvwlpdwhv

iru vwrfnkroghuv rewdlqhg iurp hdfk sduw vkrxog eh lghqwlfdo1 Iru hdfk ri wkh wkuhh sduwv/ wkh

prgho lv hvwlpdwhg2whvwhg �uvw iru wkh vhw ri doo krxvhkrogv lq wkh vdpsoh/ wkhq iru vwrfnkroghuv

dqg qrqvwrfnkroghuv vhsdudwho| dqg �qdoo| iru wkh erwwrp/ plggoh dqg wrs od|hu ri vwrfnkroghuv

udqnhg e| vl}h ri vwrfnkroglqjv1 L zloo uhwxuq wr wkh lvvxh ri djjuhjdwlrq zlwklq jurxsv ehorz1

615 Gdwd

Wkh FH[ gdwd dydlodeoh fryhu wkh shulrg 4<;3=404<<9=41 Lq hdfk txduwhu dssur{lpdwho| 8333

krxvhkrogv duh lqwhuylhzhg1 Hdfk krxvhkrog lv lqwhuylhzhg �yh wlphv/ wkh �uvw wlph lv sudfwlfh

48Wkh qxpehu ri gl�huhqw vwrfnv khog lv vwurqjo| uhodwhg wr zhdowk lq wkh Vxuyh| ri Frqvxphu Ilqdqfhv1
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dqg wkh uhvxowv duh qrw lq wkh gdwd �ohv1 Wkh lqwhuylhzv duh wkuhh prqwkv dsduw dqg zkhq

lqwhuylhzhg krxvhkrogv duh dvnhg wr uhsruw frqvxpswlrq iru wkh suhylrxv wkuhh prqwkv vhsdudwho|1

Lqirupdwlrq derxw rwkhu yduldeohv lv uhsruwhg rq d txduwhuo| edvlv1 Ilqdqfldo lqirupdwlrq lv

jdwkhuhg lq wkh �iwk txduwhu rqo|1 Dvlgh iurp dwwulwlrq/ wkh vdpsoh lv uhsuhvhqwdwlyh ri wkh XV

srsxodwlrq1 Dwwulwlrq lv txlwh vxevwdqwldo zlwk rqo| derxw kdoi wkh krxvhkrogv pdnlqj lw wkurxjk

doo �yh txduwhuv1

Wkh FH[ grhv qrw doorz d shuihfw vhsdudwlrq ri krxvhkrogv lqwr vwrfnkroghuv dqg qrqvwrfn0

kroghuv1 Krxvhkrogv duh dvnhg iru kroglqjv ri �vwrfnv/ erqgv/ pxwxdo ixqgv dqg rwkhu vxfk

vhfxulwlhv�149 Vlqfh pdq| krxvhkrogv zkr gr qrw krog vwrfnv pd| krog srvlwlyh dprxqwv ri

erqgv dqg qrq0htxlw| pxwxdo ixqgv/ vrph qrqvwrfnkroghuv zloo xqdyrlgdeo| eh fodvvl�hg dv

vwrfnkroghuv1 Lq jhqhudo/ lqdelolw| wr shuihfwo| lghqwli| vwrfnkroghuv dqg qrqvwrfnkroghuv eldvhv

djdlqvw �qglqj gl�huhqfhv lq ulvn dyhuvlrq hvwlpdwhv iru wkh wzr jurxsv1 Ehorz L zloo uhihu wr

wkh dqvzhu uhsruwhg iru wkh deryh dvvhw fdwhjru| dv vwrfnkroglqjv1

Wr dyrlg srwhqwldo vdpsoh vhohfwlrq sureohpv/ vwrfnkroglqj vwdwxv pxvw eh gh�qhg edvhg rq

vwrfnkroglqjv dw wkh ehjlqqlqj ri shulrg w +zkhq frqvlghulqj �oqF|n�,1 Wzr dgglwlrqdo FH[

yduldeohv duh xvhg iru wklv sxusrvh1 Wkh �uvw rqh uhsruwv zkhwkhu wkh krxvhkrog krogv wkh vdph

dprxqw ru pruh ru ohvv ri wkh deryh dvvhw fdwhjru|1 Wkh vhfrqg rqh uhsruwv wkh �groodu gl�huhqfh

lq wkh hvwlpdwhg pdunhw ydoxh ri doo vwrfnv/ erqgv/ pxwxdo ixqgv dqg rwkhu vxfk vhfxulwlhv khog

e| FX odvw prqwk frpsduhg zlwk wkh ydoxh ri doo vhfxulwlhv khog d |hdu djr odvw prqwk�1 D

krxvhkrog zdv gh�qhg dv d vwrfnkroghu li lw hlwkhu uhsruwhg kdylqj ghfuhdvhg lwv vwrfnkroglqjv

ru nhsw wkhp frqvwdqw/ ru kdg lqfuhdvhg lwv vwrfnkroglqjv exw e| d groodu dprxqw ohvv wkdq wkh

fxuuhqw uhsruwhg vwrfn14:

Lw lv nqrzq iurp h1j1 wkh Vxuyh| ri Frqvxphu Ilqdqfhv wkdw pdq| krxvhkrogv krog vwrfnv

rqo| lq wkhlu shqvlrq sodq1 Zkhwkhu wkhvh vkrxog eh frqvlghuhg vwrfnkroghuv ru qrw ghshqgv rq

wkh w|sh ri shqvlrq sodq1 Lq d gh�qhg frqwulexwlrq shqvlrq sodq krxvhkrogv fdq dgmxvw wkhlu

frqwulexwlrqv dqg wkxv hqvxuh wkdw wkh Hxohu htxdwlrq iru wkh vwrfn uhwxuq lv vdwlv�hg1 Lq d

gh�qhg ehqh�w sodq wkh ehduhuv ri wkh vwrfn pdunhw ulvn lv qrw wkh hpsor|hhv exw wkh rzqhuv

49Wkh rwkhu frpsrqhqw ri �qdqfldo dvvhwv lq wkh FH[ lv dprxqwv lq �vdylqjv dffrxqwv lq edqnv/ vdylqjv dqg

ordqv/ fuhglw xqlrqv/ hwf1�1
4:D vpdoo qxpehu ri krxvhkrogv uhsruwhg lqfuhdvlqj wkhlu vwrfnkroglqjv e| pruh wkdq wkh ydoxh ri wkh uhsruwhg

hqg ri shulrg vwrfn1 Vlqfh lw fdqqrw eh ghwhuplqhg li wkh| zhuh vwrfnkroghuv lqlwldoo|/ wkhvh krxvhkrogv zhuh

fdwhjrul}hg dv qrqvwrfnkroghuv1
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ri wkh frpsdq| zklfk surylghv wkhvh ehqh�wv1 Wkxv krxvhkrogv zlwk gh�qhg ehqh�w sodqv lq

h�hfw krog d ulvnohvv dvvhw1 Xqiruwxqdwho|/ lw lv qrw srvvleoh wr ghwhuplqh zkhwkhu krxvhkrogv

zlwk gh�qhg frqwulexwlrq sodqv uhsruw wkhlu vwrfnkroglqjv lq wkhvh sodqv zkhq dqvzhulqj wkh

FH[ txhvwlrqv1 Wkh shufhqw ri vwrfnkroghuv lq wkh FH[ lv vpdoohu wkdq lq rwkhu vrxufhv +lw lv

derxw 55 shufhqw/ vhh ehorz,14; Wklv pd| lqglfdwh wkdw pdq| krxvhkrogv zlwk vwrfnkroglqjv

lq gh�qhg frqwulexwlrq sodqv gr qrw uhsruw wkhvh1 Wklv zloo ohdg wkhp wr eh plvvshfl�hg dv

qrqvwrfnkroghuv1 Djdlq/ wklv vkrxog eldv djdlqvw �qglqj gl�huhqfhv ehwzhhq wkh wzr jurxsv1

Ehfdxvh wkh �qdqfldo lqirupdwlrq lv uhsruwhg lq lqwhuylhz �yh/ dqg ehfdxvh L zlvk wr fdo0

fxodwh frqvxpswlrq jurzwk ydoxh e| krxvhkrogv/ krxvhkrogv pxvw eh pdwfkhg dfurvv txduwhuv1

Wkhuhiruh/ L gurs krxvhkrogv iru zklfk dq| ri lqwhuylhz wzr wr �yh duh plvvlqj1 Pdwfklqj

krxvhkrogv dfurvv lqwhuylhzv fuhdwhv sureohpv durxqg 4<;80;9 vlqfh vdpsoh ghvljq dqg krxvh0

krog lghqwl�fdwlrq qxpehuv zhuh fkdqjhg/ zlwk qr uhfrugv ehlqj nhsw ri zklfk qhz krxvhkrog

lghqwl�fdwlrq qxpehuv fruuhvsrqg wr zklfk rog rqhv1 L lqlwldoo| dwwhpswhg wr xvh rwkhu yduldeohv

wkdq krxvhkrog LG wr pdwfk krxvhkrogv iru wkh txduwhuv d�hfwhg e| wklv sureohp1 Krzhyhu/

qrw hqrxjk krxvhkrogv frxog eh xqltxho| pdwfkhg iru wklv wr eh xvhixo1 Udwkhu/ L fkrvh wr

h{foxgh krxvhkrogv zkr glg qrw �qlvk wkhlu lqwhuylhzv ehiruh wkh LG fkdqjh1 Wklv lpsolhv wkdw

qr revhuydwlrqv duh dydlodeoh iru vrph prqwk durxqg wkh LG fkdqjh +43 prqwkv zkhq frqvlghu0

lqj txduwhuo| frqvxpswlrq jurzwk udwhv/ 49 prqwkv zkhq frqvlghulqj vhpldqqxdo frqvxpswlrq

jurzwk udwhv,1 Wklv lv wdnhq lqwr dffrxqw zkhq surjudpplqj fruuhfwlrqv iru dxwrfruuhodwlrq dqg

zkhq grlqj errwvwudsslqj1

Lq dgglwlrq wr wkh vsolw ehwzhhq vwrfnkroghuv dqg qrqvwrfnkroghuv/ wkh vhw ri vwrfnkroghuv

lv vsolw lqwr wkuhh od|huv ri dssur{lpdwho| htxdo vl}h edvhg rq groodu dprxqwv uhsruwhg1 Frqvlv0

whqw zlwk wkh gh�qlwlrq ri vwrfnkroglqj vwdwxv edvhg rq vwrfnkroglqjv dw wkh ehjlqqlqj ri wkh

krxvhkrog*v sduwlflsdwlrq lq wkh vwxg|/ wklv zdv grqh edvhg rq lqlwldo vwrfnkroglqjv1 Wkhvh zhuh

fdofxodwhg dv fxuuhqw kroglqjv plqxv wkh lqfuhdvh lq dprxqw lq wkh fxuuhqw shulrg +zklfk fdq

eh qhjdwlyh,1 Wkh erwwrp od|hu frqvlvwv ri wkrvh uhsruwlqj lqlwldo vwrfnkroglqjv ri '50'6833 lq

uhdo 4<;504<;7 grooduv/ xvlqj wkh FSL wr gh dwh wkh qrplqdo ydoxhv1 Wkh plggoh dqg wrs od|huv

duh wkrvh zlwk uhdo lqlwldo vwrfnkroglqjv ri '68330'53333 dqg deryh '53333/ uhvshfwlyho|1 Iru

lqwhuylhzv frqgxfwhg iurp 4<<4 rqzdugv/ derxw 8 shufhqw ri krxvhkrogv uhsruw vwrfnkroglqjv ri

'41 L frqwdfwhg wkh EOV wr dvn li wklv zdv d frglqj huuru/ exw wkh| zhuh qrw vxuh krz wr lqwhusuhw

4;Wklv lv wkh fdvh zkhwkhu xvlqj wkh FH[ zhljkwv ru qrw1
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wkh '4 dqvzhuv1 Vlqfh wkhvh krxvhkrogv wkhuhiruh fdqqrw eh fodvvl�hg e| od|hu ri vwrfnkroglqj/ L

fkrvh wr fodvvli| wkhp dv qrqvwrfnkroghuv iru wkh sxusrvh ri gh�qlqj od|huv ri vwrfnkroghuv1 Wkxv

wkh wrwdo qxpehu ri vwrfnkroghuv xvhg zkhq gh�qlqj od|huv lv vpdoohu wkdq wkh wrwdo dprxqw ri

vwrfnkroghuv zkhq qrw grlqj wklv vsolw1

Wkh frqvxpswlrq phdvxuh xvhg lv qrqgxudeohv dqg vrph vhuylfhv djjuhjdwhg dv fduhixoo| dv

srvvleoh iurp wkh glvdjjuhjdwh FH[ frqvxpswlrq fdwhjrulhv wr pdwfk wkh gh�qlwlrqv ri qrq0

gxudeohv dqg vhuylfhv lq wkh QLSD1 Wkh vhuylfh fdwhjrulhv h{foxghg duh krxvlqj h{shqvhv +exw

qrw frvwv ri krxvhkrog rshudwlrqv,/ phglfdo fduh frvwv/ dqg hgxfdwlrq frvwv1 Wklv zdv grqh vlqfh

pdq| ri wkhvh wkuhh w|shv ri frvwv kdyh d vxevwdqwldo gxudeoh frpsrqhqw1 Dwwdqdvlr dqg Zhehu

+4<<8, xvhg d vlplodu gh�qlwlrq ri frqvxpswlrq1 Lq ohdylqj rxw gxudeohv/ lw lv lpsolflwo| dvvxphg

wkdw xwlolw| lv vhsdudeoh lq gxudeohv dqg qrqgxudeohv2vhuylfhv1 Qrplqdo frqvxpswlrq ydoxhv duh

gh dwhg e| wkh EOV gh dwru iru qrqgxudeohv1

Iroorzlqj G|qduvnl dqg Juxehu +4<<:, dqg ]hoghv +4<;<, h{wuhph rxwolhuv duh gursshg xqghu

wkh dvvxpswlrq wkdw wkhvh uh hfw uhsruwlqj ru frglqj huuruv1 Vshfl�fdoo|/ L gurs revhuydwlrqv

iru zklfk F|n�@F| ?315 ru F|n�@F| A81 Lq dgglwlrq/ qrqxuedq krxvhkrogv +plvvlqj iru sduw

ri wkh vdpsoh, dqg krxvhkrogv uhvlglqj lq vwxghqw krxvlqj duh gursshg dv duh krxvhkrogv zlwk

lqfrpsohwh lqfrph uhvsrqvhv1 Ixuwkhupruh/ L gurs krxvhkrogv zkr uhsruw d fkdqjh lq djh ri

krxvhkrog khdg ehwzhhq dq| wzr txduwhuv gl�huhqw iurp 3 ru 4 |hdu1 Wkhvh h{foxvlrqv duh

vwdqgdug1 Pruh gudvwlfdoo|/ L gurs doo frqvxpswlrq revhuydwlrqv iru krxvhkrogv lqwhuylhzhg

lq 4<;3 dqg 4<;4/ vlqfh vhyhudo phdvxuhv lqglfdwhg orz gdwd txdolw| lq wklv �uvw sduw ri wkh

vxuyh|1 Iru h{dpsoh/ wkh udwlr ri wrwdo dqqxdo idplo| frqvxpswlrq wr idplo| lqfrph diwhu wd{

lv 717 shufhqw kljkhu iru krxvhkrogv lqwhuylhzhg lq 4<;3 ru 4<;4 wkdq wkh vxevhtxhqw |hduv14<

Dwwdqdvlr dqg Zhehu +4<<8, vkrz wkdw wkh vkduh ri irrg lq qrqgxudeoh frqvxpswlrq zdv pxfk

kljkhu lq 4<;3 dqg 4<;4 wkdq vxevhtxhqwo|1

Wkh �qdo vdpsoh frqvlvwv ri 63868 vhpldqqxdo frqvxpswlrq jurzwk revhuydwlrqv/ dqg <8495

txduwhuo| frqvxpswlrq jurzwk revhuydwlrqv +pruh rq wkh fkrlfh ri gdwd iuhtxhqflhv ehorz,1 Wkh

sursruwlrq ri vwrfnkroghuv lv 551: iru wkh vhpldqqxdo gdwd/ dqg 5517 iru wkh txduwhuo| gdwd1

Frqvlvwhqw zlwk gdwd iurp rwkhu vrxufhv/ wkh sursruwlrq ri vwrfnkroghuv lv xszdug wuhqglqj1

Wdeoh 4 jlyhv wkh dyhudjh qxpehu ri revhuydwlrqv shu prqwk iru wkh ydulrxv krxvhkrog jurxsv/

4<Edvhg rq phgldq ydoxhv ri wklv yduldeoh dfurvv krxvhkrogv dqg h{foxglqj uxudo krxvhkrogv iru frpsdudelolw|

dfurvv |hduv1
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dorqj zlwk wkh phdq dqg vwdqgdug ghyldwlrq ri wkhlu orj frqvxpswlrq jurzwk +qrw dqqxdol}hg,1

Iru wkh vhpldqqxdo fdvh/ wkh dyhudjh qxpehu ri revhuydwlrqv iru vwrfnkroghuv shu prqwk lv 83/

zkloh wkh dyhudjh qxpehu ri revhuydwlrqv iru qrqvwrfnkroghuv lv 49;1 Wkh uhvwulfwhg vdpsoh

frqvlvwlqj ri vlqjoh lqglylgxdo krxvhkrogv rqo|/ kdv vxevwdqwldoo| ihzhu revhuydwlrqv1 Wkhuhiruh

lw lv qrw srvvleoh wr frqvlghu od|huv ri vwrfnkroghuv lq wklv fdvh iru wkh vhpldqqxdo gdwd1 Iru wkh

txduwhuo| gdwd wkh dyhudjh qxpehu ri revhuydwlrqv shu vwrfnkroghu od|hu lv yhu| vpdoo iru wklv

fdvh/ exw qrqh ri wkh uhvxowv uhsruwhg ehorz iru wklv fdvh duh gulyhq e| rqh ru d ihz rxwolhuv153Wkh

vxppdu| vwdwlvwlfv rq frqvxpswlrq lq Wdeoh 4 vkrz wkdw orj frqvxpswlrq jurzwk lv kljkhu iru

vwrfnkroghuv wkdq iru qrqvwrfnkroghuv1 Vlqfh wkh phdvxuh ri frqvxpswlrq jurzwk lv wkh furvv

vhfwlrqdo vxp ri �oqF�
|n�> lwv vwdqgdug ghyldwlrqv ghshqgv rq wkh qxpehu ri krxvhkrogv lq

wkh jlyhq fdwhjru|1 Lq wkh Prqwh Fduor vlpxodwlrqv glvfxvvhg ehorz L dqdo|}h wkh h�hfw ri wkh

qxpehu ri krxvhkrogv iru wkh ydulrxv hvwlpdwlrqv1

Prqwko| Q\VH ydoxh zhljkwhg uhwxuqv duh xvhg dv wkh vwrfn uhwxuq phdvxuh dqg prqwko|

W0eloo uhwxuqv dv wkh phdvxuh ri qrplqdoo| ulvnohvv uhwxuqv1 Wkh FSL iru wrwdo xuedq frqvxpswlrq

lv xvhg wr fdofxodwh uhdo uhwxuqv1 Txduwhuo| dqg vhpldqqxdo uhwxuqv duh djjuhjdwhg xs iurp wkh

uhdo prqwko| uhwxuqv1 Dv lqvwuxphqwv iru wkh orj vwrfn uhwxuq dqg wkh orj W0eloo uhwxuq L xvh wkh

glylghqg sulfh udwlr/ wkh odjjhg uhdo ydoxh zhljkwhg Q\VH uhwxuq/ wkh odjjhg uhdo W0eloo uhwxuq/

wkh jryhuqphqw erqg krul}rq suhplxp/ dqg wkh erqg ghidxow suhplxp +lq dgglwlrq wr vhdvrqdo

gxpplhv dqg idplo| vl}h frqwurov,1 Wkh glylghqg sulfh udwlr/ wkh erqg krul}rq suhplxp dqg wkh

erqg ghidxow suhplxp duh edvhg rq gdwd iurp Leerwvrq +4<<:,1 Wkh glylghqg sulfh udwlr xvhg

lv wkh udwlr ri glylghqgv ryhu wkh suhylrxv 45 prqwkv wr wkh fxuuhqw sulfh +wkh V)S833 Lqgh{,1

Wkh erqg krul}rq suhplxp lv gh�qhg dv
�n-orqj whup jryw1 erqgv

sc|

�n-vkruw whup jryw1 erqgv

sc|

> zkhuh *orqj whup* phdqv 53 |hduv

wr pdwxulw| dqg *vkruw whup* phdqv dssur{lpdwho| 4 prqwk wr pdwxulw|1 Wkh erqg ghidxow

suhplxp lv gh�qhg dv
�n-orqj whup frus 1 erqgv

sc|

�n-orqj whup jryw1 erqgv

sc|

zkhuh orqj whup djdlq phdqv 53 |hduv wr pdwxulw|1

Wkh prqwko| ydoxhv duh djjuhjdwhg pxowlsolfdwlyho| wr txduwhuo| dqg vhpldqqxdo ydoxhv1

Iru uhihuhqfh/ gdwd iru uhdo XV shu fdslwd frqvxpswlrq ri qrqgxudeohv dqg vhuylfhv zloo eh

qhhghg1 L xvh qrplqdo frqvxpswlrq dqg sulfh gh dwruv iru qrqgxudeohv dqg vhuylfhv iurp wkh

Exuhdx ri Hfrqrplf Dqdo|vlv/ dqg srsxodwlrq gdwd iurp wkh X1V1 Fhqvxv Exuhdx1

53Iru wzr ri wkh vwrfnkroghu od|huv wkhuh zdv rqh prqwk zlwk qr revhuydwlrqv iru wkh vlqjoh lqglylgxdo krxvhkrogv1
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616 Hfrqrphwulf lvvxhv

61614 Phdvxuhphqw huuru

Dv lq doo vwxglhv edvhg rq plfur gdwd wkh lvvxh ri phdvxuhphqw huuru dulvhv1 Dowkrxjk/ wr p|

nqrzohgjh/ qr ydolgdwlrq vwxg| kdv ehhq grqh iru wkh Frqvxphu H{shqglwxuh Vxuyh| zh nqrz

iurp wkh SVLG ydolgdwlrq vwxg| wkdw phdvxuhphqw huuruv lq plfur gdwd fdq eh odujh1 Gxqfdq dqg

Kloo +4<;8, �qg wkdw 48 wr 63 shufhqw ri wkh furvv0vhfwlrqdo yduldwlrq lq hduqlqjv lv phdvxuhphqw

huuru1 Lw lv olnho| wkdw shrsoh uhphpehu wkhlu hduqlqjv pruh dffxudwho| wkdq wkhlu frqvxpswlrq

uhvxowlqj lq pxfk odujhu phdvxuhphqw huuru iru frqvxpswlrq1 Djdlq iru wkh SVLG/ Uxqnoh +4<<4,

hvwlpdwhv wkdw :8 shufhqw ri wkh sduw ri frqvxpswlrq jurzwk yduldwlrq zklfk lv xqh{sodlqhg e|

idplo| vshfl�f lqwhuhvw udwhv lv qrlvh1

Wkh frqglwlrqv rq phdvxuhphqw huuru xqghu zklfk frqvlvwhqw hvwlpdwhv ri uhodwlyh ulvn dyhu0

vlrq fdq eh rewdlqhg edvhg rq hvwlpdwlrq ri Hxohu htxdwlrqv duh vwulfw1 Wkh phdvxuhphqw huuru

lq lqglylgxdo frqvxpswlrq pxvw eh pxowlsolfdwlyh dqg lqghshqghqw ri wkh wuxh frqvxpswlrq

ohyho dqg dvvhw uhwxuqv54/551 Wklv lv wkh fdvh zkhwkhu wkh Hxohu htxdwlrqv duh orj0olqhdul}hg ru

hvwlpdwhg lq wkh ruljlqdo qrqolqhdu irup1 Wr eh vshfl�f/ vxssrvh zh kdg d orqj wlph vhulhv ri

frqvxpswlrq revhuydwlrqv iru dq djhqw k dqg zlvkhg wr whvw wkh FFDSP1 Ohw F�cW
| eh wkh wuxh

frqvxpswlrq ri djhqw k dw w dqg dvvxph revhuyhg frqvxpswlrq lv jlyhq e| F�
| @ F�cW

| %�| > zkhuh

%�| lv wkh phdvxuhphqw huuru1 Wkh wuxh Hxohu htxdwlrq lv
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Krzhyhu/ rxu hvwlpdwhv
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Dv dq h{dpsoh/ lq wkh fdvh ri JPP hvwlpdwlrq zlwk wzr lqwhuhvw udwhv dqg wzr lqvwuxphqwv/ rqh

ri zklfk lv d froxpq ri rqhv/ rxu hvwlpdwhv
	
� dqg

	
� vdwlvi| wkh vdpsoh htxlydohqwv ri wkh deryh

54Iruwxqdwho|/ lqwurvshfwlrq vxjjhvw wkdw pxowlsolfdwlyh phdvxuhphqw huuruv duh pruh sodxvleoh wkdq dgglwlyh/

vlqfh shrsoh duh pruh olnho| wr plvuhsruw wkhlu frqvxpswlrq e| vrph +vwrfkdvwlf, iudfwlrq wkdq wr plvuhsruw lw e|

wkh vdph groodu dprxqw qr pdwwhu krz odujh wkh wuxh ohyho lv1
55Iru orj0olqhdul}hg Hxohu htxdwlrqv phdvxuhphqw huuruv pxvw eh xqfruuhodwhg zlwk wkh wuxh ohyho ri frqvxps0

wlrq/ qrw qhfhvvdulo| lqghshqghqw ri wkh ohyho1
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htxdwlrq zlwk htxdolw|1 Li %�|n� dqg %�| duh frqglwlrqdoo| lqghshqghqw ri F�
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%�| dqg %�|n� duh xqrevhuydeoh dqg wkxv qrw lqfoxghg lq wkh wlph w lqirupdwlrq vhw1

Li H|

57�0�|n�
0�|

�
3

	
�
68 lv frqvwdqw ryhu wlph dv zrxog eh wkh fdvh zlwk l1l1g1 phdvxuhphqw huuruv1 Lw

iroorzv wkdw wkh hvwlpdwru ri � zloo eh lqfrqvlvwhqw e| wklv idfwru/ zkhuhdv � zloo eh frqvlvwhqwo|

hvwlpdwhg1 %�|n� dqg %�| duh erxqghg iurp ehorz e| }hur xqghu wkh uhdvrqdeoh dvvxpswlrq wkdw

qr krxvhkrogv uhsruwv qhjdwlyh frqvxpswlrq1 Wkxv H|

57�0�|n�
0�|

�
3

	
�
68 lv srvlwlyh1 Li phdvxuhphqw

huuruv duh orjqrupdo/ oq %�| � Q
�
�0> �

2
0

� ;w> wkh hvwlpdwh ri � zloo eh lqfrqvlvwhqw e| wkh idfwru

4

H|

%�
0�|n�
0�|

�
3�

& @
4

h{s +�2 +�20 � �0c0,,
+4:,

zkhuh �0c0 lv wkh fryduldqfh ri oq%�|n� dqg oq%�| = Vlploduo|/ oq � lq wkh orj0olqhdul}hg prgho zloo eh

lqfrqvlvwhqw e| wkh txdqwlw| ��2+�20��0c0,1 Li zh gr qrw kdyh d orqj wlph vhulhv ri frqvxpswlrq

iru hdfk djhqw dqg lqvwhdg djjuhjdwh ryhu frqvxphuv zlwklq hdfk shulrg dv lq +5, wkh lqfrq0

vlvwhqf| lq � zrxog uhpdlq wkh vdph li zh kdg lq�qlwho| pdq| krxvhkrogv lq wkh furvv vhfwlrq1

Wr vhh wklv/ vxssrvh wkdw dw ohdvw wzr revhuydwlrqv duh dydlodeoh iru hdfk krxvhkrog vxfk wkdw

F�
|n�@F

�
| fdq eh fdofxodwhg1 Zkhq hvwlpdwlqj � dqg � xvlqj d wlph vhulhv ri furvv vhfwlrqv ri

F�
|n�@F

�
| revhuydwlrqv/ e� dqg e� zloo eh edvhg rq wkh vdpsoh htxlydohqw ri
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Xqghu wkh lqghshqghqfh dvvxpswlrqv vwdwhg deryh dqg dvvxplqj wkh vdph glvwulexwlrq ri phd0

vxuhphqw huuruv lq wkh furvv vhfwlrq dw hdfk gdwh dv iru rqh lqglylgxdo ryhu wlph/ wklv lpsolhv
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Wkxv li zh kdg lq�qlwho| pdq| krxvhkrogv lq wkh furvv vhfwlrq/ wkh hvwlpdwh e� zrxog eh lqfrq0

vlvwhqw e| wkh vdph idfwru dv deryh dqg e� zrxog djdlq eh frqvlvwhqw1 Vlploduo|/ li wkh Hxohu

htxdwlrq lqyroylqj wkh h{fhvv uhwxuq rq vwrfnv Urc|n� � Usc|n� lv hvwlpdwhg/ wkh hvwlpdwh ri �

zrxog eh frqvlvwhqw xqghu wkh lqghshqghqfh dvvxpswlrqv vwdwhg +� fdqfhov lq wklv fdvh,156

Vlplodu frpphqwv dsso| iru wkh dqdo|vlv ri vwrfkdvwlf glvfrxqw idfwruv iru wkh Kdqvhq0

Mdjdqqdwkdq erxqg dqdo|vlv1 Wkh wuxh vwrfkdvwlf glvfrxqw idfwru lv � �
M
	�

%�
�
�cW
|n�

�
�cW
|

�
3�

&
ru dv

K $ 4> �H�
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&
= Zlwk phdvxuhphqw huuru/ lw lv rqo| srvvleoh wr revhuyh
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Wkxv erwk wkh phdq dqg wkh vwdqgdug ghyldwlrq ri wkh vwrfkdvwlf glvfrxqw idfwru zloo eh eldvhg e|

wkh idfwru h{s
�
�2

�
�20 � �0c0

��
= Krzhyhu/ li rqh dvvxph d uhsuhvhqwdwlyh djhqw +zlwklq jurxsv,/

phdvxuhphqw huuru kdv qr h�hfw dv K $ 4> vlqfh
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dvvxplqj wkdw wkh glvwulexwlrq ri phdvxuhphqw huuruv lv vwdwlrqdu| ryhu wlph1 Eudy/ Frqvwdq0

wlqlghv dqg Jhf}| +4<<<, frqfoxgh wkdw whvwv ri wkh uhsuhvhqwdwlyh djhqw +frpsohwh lqvxudqfh,

prgho djdlqvw wkh qrquhsuhvhqwdwlyh djhqw +lqfrpsohwh lqvxudqfh, prgho kdyh yhu| orz srzhu1

Wkhlu uhvxowv duh edvhg rq d Prqwh Fduor vlpxodwlrq ghvljqhg wr fdswxuh wkh pdlq ihdwxuhv ri

56Qrwh wkdw frqvlvwhqf| khuh frqfhuqv wkh suredelolw| olplw ri wkh hvwlpdwru dv A < "�
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wkh FH[ gdwd vhw1 Jlyhq wklv dqg jlyhq wkh urexvwqhvv ri wkh vwrfkdvwlf glvfrxqw idfwru wr

phdvxuhphqw huuru zkhq d uhsuhvhqwdwlyh djhqw lv dvvxphg/ L fkrvh wr pdnh wkh uhsuhvhqwdwlyh

djhqw dvvxpswlrq lq wkh hpslulfdo Kdqvhq0Mdjdqqdwkdq erxqg dqdo|vlv1

Wkh deryh ghulydwlrqv dvvxphg K $ 4= Lw uhpdlqv wr ghwhuplqh zkdw kdsshqv iru hpslul0

fdoo| uhohydqw ydoxhv ri K= Krz odujh d ydoxh ri K lv qhhghg wr hqvxuh wkdw phdvxuhphqw huuru

kdv rqo| qhjoljleoh h�hfwv rq wkh surshuwlhv ri wkh ulvn dyhuvlrq hvwlpdwhB Lqwxlwlyho|/ wklv vkrxog

ghshqg rq krz odujh wkh vwdqgdug ghyldwlrq ri wkh phdvxuhphqw huuru lv uhodwlyh wr wkh vwdqgdug

ghyldwlrq ri wkh wuxh ydoxh ri frqvxpswlrq1 Lw pd| dovr ghshqg rq zkhwkhu wkh Hxohu htxdwlrqv

duh orj0olqhdul}hg ru qrw +orj0olqhdul}dwlrq lv qrw dq lvvxh iru wkh Kdqvhq0Mdjdqqdwkdq erxqg

dqdo|vlv, dqg rq zkhwkhu d uhsuhvhqwdwlyh djhqw lv dvvxphg zlwklq wkh jurxs ri vwrfnkroghuv

dqg zlwklq wkh jurxs ri qrqvwrfnkroghuv1

Wr dgguhvv wklv lvvxh/ Dsshqgl{ D frqwdlqv d vpdoo vfdoh Prqwh Fduor vwxg| ri wkh surshu0

wlhv ri ulvn dyhuvlrq hvwlpdwruv edvhg rq wkh ruljlqdo qrqolqhdu Hxohu htxdwlrqv dqg ulvn dyhuvlrq

hvwlpdwruv edvhg rq wkh orj0olqhdul}hg Hxohu htxdwlrqv1 Wkh vlpxodwlrq dovr dgguhvvhv wkh lp0

sruwdqfh ri phdvxuhphqw huuru iru wkh surshuwlhv ri vwrfkdvwlf glvfrxqw idfwruv/ uhohydqw iru wkh

Kdqvhq0Mdjdqqdwkdq erxqg dqdo|vlv1 Wkh uhvxowv duh suhvhqwhg lq Wdeoh 5 dqg Iljxuhv 4 dqg 51

L gudz wkuhh frqfoxvlrqv edvhg rq wkh �qglqjv ri wkh Prqwh Fduor vwxg|1

Iluvwo|/ iru ydoxhv riK dqg �20 lq wkh hpslulfdoo| uhohydqw udqjh/ wkh surshuwlhv ri ulvn dyhuvlrq

hvwlpdwruv edvhg rq orj0olqhdul}hg Hxohu htxdwlrqv duh uhdvrqdeo| forvh wr wkh surshuwlhv ri

hvwlpdwruv lq wkh fdvh zlwkrxw phdvxuhphqw huuru1 Wklv frqfoxvlrq grhv qrw ghshqg rq zkhwkhu

d uhsuhvhqwdwlyh djhqw lv dvvxphg1

Vhfrqgo|/ wklv lv qrw wkh fdvh iru ulvn dyhuvlrq hvwlpdwruv edvhg rq phwkrg ri prphqwv

hvwlpdwlrq ri qrqolqhdu Hxohu htxdwlrqv1 Wkh qrqolqhdu Hxohu htxdwlrq dqdo|}hg uhsuhvhqwv rqh

prphqw lq rqh xqnqrzq +zkhq xvlqj wkh htxlw| suhplxp Urc|n��Usc|n� vxfk wkdw � gursv rxw,1

Krzhyhu/ ghshqglqj rq wkh sduwlfxodu gudz ri wkh gdwd/ wkhuh pd| eh }hur/ rqh ru vhyhudo ydoxhv

ri � zklfk vhwv wkh prphqw htxdo wr }hur1 Wkh sursruwlrq ri fdvhv lq zklfk wkhuh lv qrw d xqltxh

vroxwlrq lv vxevwdqwldo iru hpslulfdoo| uhohydqw ydoxhv ri K dqg �201 Wkhuhiruh/ wklv hvwlpdwru pd|

qrw eh dssolfdeoh lq d sduwlfxodu vdpsoh/ dqg hyhq li dssolfdeoh lv vkrzq wr jhqhudoo| kdyh srruhu

surshuwlhv wkdq hvwlpdwruv edvhg rq orj0olqhdul}hg Hxohu htxdwlrqv1 Wklv prwlydwhv wkh irfxv rq

orj0olqhdul}hg Hxohu htxdwlrqv lq wkh hpslulfdo sduw ri wkh sdshu1

Wklugo|/ zkhq sorwwlqj Vwg +P, djdlqvw H +P, iru ydulrxv ydoxhv ri �> wkh vkdsh ri wkh fxuyh
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lv odujho| xqd�hfwhg e| phdvxuhphqw huuru li d uhsuhvhqwdwlyh djhqw lv dvvxphg1 Wkh ydoxh ri

ulvn dyhuvlrq fruuhvsrqglqj wr d jlyhq srlqw rq wkh fxuyh lv orzhu wkdq wkh wuxh ydoxh gxh wr

phdvxuhphqw huuru1 Dv h{shfwhg wklv h�hfw lv vwurqjhu wkh orzhu K lv1

61615 Pdwfklqj

Zlwk pxowlsoh frqvxpswlrq revhuydwlrqv shu krxvhkrog/ krxvhkrog lghqwl�fdwlrq qxpehuv fdq eh

xvhg wr pdwfk krxvhkrogv dfurvv lqwhuylhzv wkxv h{sorlwlqj wkh sdqho glphqvlrq ri wkh FH[1 Wklv

lv qhfhvvdu| iru hvwlpdwlqj qrqolqhdu Hxohu htxdwlrqv zlwkrxw d uhsuhvhqwdwlyh djhqw dvvxpswlrq

dv glvfxvvhg deryh1 Iru hvwlpdwlqj orj0olqhdul}hg Hxohu htxdwlrqv rqh frxog frqvlghu qrw pdwfk0

lqj/ dqg xvlqj dv frqvxpswlrq phdvxuh
k

�
M|n�

SM|n�

�'� oqF�
|n�

l
�
k

�
M|

SM|

�'� oqF
�
|

l
= Krzhyhu/ zlwk

58 shufhqw ri wkh vdpsoh ehlqj uhsodfhg hdfk txduwhu/ pdwfklqj lv lpsruwdqw1 Zlwkrxw pdwfk0

lqj/ wkh h{whqw wr zklfk wkh frqvxpswlrq ohyho ri wkh qhz krxvhkrogv gl�huv iurp wkdw ri wkrvh

zkr duh qr orqjhu lq wkh vdpsoh hqwhuv wkh hvwlpdwlrq dv dq dgglwlrqdo hohphqw ri qrlvh157

Iru wkh Kdqvhq0Mdjdqqdwkdq erxqg dqdo|vlv/ pdwfklqj lv lpsruwdqw zkhwkhu d uhsuhvhqwdwlyh

djhqw lv dvvxphg ru qrw1 Frqvlghu dq ryhuodsslqj jhqhudwlrqv vhwwlqj1 Qhz jhqhudwlrqv duh eruq

zlwk kljkhu olihwlph uhvrxufhv wkdq h{lvwlqj jhqhudwlrqv gxh wr surgxfwlylw| jurzwk1 Lq sulqflsoh

hdfk lqglylgxdo fdq kdyh d  dw frqvxpswlrq sur�oh gxulqj khu olihwlph +dvlgh iurp vkrfnv, dw wkh

vdph wlph dv shu fdslwd frqvxpswlrq jurzwk lv srvlwlyh1 Wkh uhdvrq lv wkdw wkh frqvxpswlrq ri

wkh roghvw krxvhkrogv dw w lv uhsodfhg e| wkh frqvxpswlrq ri |rxqj ulfkhu krxvhkrogv dw w . 4=

Wkhq zlwk pdwfklqj wkh jurzwk udwh ri dyhudjh frqvxpswlrq

�
M|

SM|

�'�F
�
|n�

�
M|

SM|

�'�F
�
|

� 4

zloo eh forvh wr }hur rq dyhudjh1 Krzhyhu/ wkh jurzwk udwh ri dyhudjh frqvxpswlrq zlwkrxw

pdwfklqj

FA
|n�

FA
|

� 4 @

�
M|n�

SM|n�

�'� F�
|n�

�
M|

SM|

�'�F
�
|

� 4

zloo eh srvlwlyh rq dyhudjh1 Wklv srlqw zloo eh fhqwudo zkhq uhfrqflolqj wkh Kdqvhq0Mdjdqqdwkdq

erxqg dqdo|vlv edvhg rq wkh +pdwfkhg, FH[ gdwd zlwk wkh �qglqjv lq wkh olwhudwxuh edvhg rq

djjuhjdwh +dqg wkxv qrw pdwfkhg, gdwd1

57 Lq dq| fdvh/ lq wkh FH[ pdwfklqj dfurvv lqwhuylhzv lv qhfhvvdu| iru gh�qlqj vwrfnkroghu vwdwxv dv glvfxvvhg

lq wkh gdwd vhfwlrq1
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61616 Wlplqj

Wkh idfw wkdw krxvhkrogv duh lqwhuylhzhg hyhu| wkuhh prqwkv iru d |hdu/ dqg lq hdfk lqwhuylhz

uhsruw frqvxpswlrq iru wkh suhylrxv wkuhh prqwkv vhsdudwho| ohdyhv rshq d fkrlfh ri gdwd iuh0

txhqf| iru gh�qlqj frqvxpswlrq jurzwk udwhv1 Ohw vxevfulsw w uhihu wr prqwk w= L frqvlghu wzr

dowhuqdwlyhv1

d, Vhpldqqxdo frqvxpswlrq jurzwk udwhv= �|nSn�|n.n�|nHn�|nbn�|n�fn�|n��
�|n�|n�n�|n2n�|n�n�|nen�|nD

e, Txduwhuo| frqvxpswlrq jurzwk udwhv= �|n�n�|nen�|nD
�|n�|n�n�|n2

=

Xvlqj vhpldqqxdo frqvxpswlrq jurzwk udwhv uhvxowv lq rqh frqvxpswlrq jurzwk revhuydwlrq shu

krxvhkrog/ frpsduhg wr wkuhh jurzwk udwh revhuydwlrqv shu krxvhkrog zkhq xvlqj txduwhuo|

jurzwk udwhv1 Zkloh lw zrxog eh srvvleoh wr fdofxodwh prqwk wr prqwk frqvxpswlrq jurzwk

udwhv/ wklv lv olnho| wr eh ohvv uholdeoh1 D vxevwdqwldo qxpehu ri krxvhkrogv uhsruw lghqwlfdo

h{shqglwxuhv dfurvv wkh wkuhh uhihuhqfh prqwkv iru pdq| frqvxpswlrq fdwhjrulhv1 Zkloh vrph

ri wkhvh uhsruwv pd| eh fruuhfw/ pdq| duh olnho| wr eh gxh wr krxvhkrogv vlpso| dyhudjlqj wkhlu

txduwhuo| h{shqglwxuhv dfurvv prqwkv dqg uhsruwlqj wkh dyhudjh iru hdfk prqwk1 Vhh Vrxohohv

+4<<8, iru ghwdlov derxw wklv sureohp1

Zkloh hdfk krxvhkrog lv lqwhuylhzhg wkuhh prqwkv dsduw/ wkh lqwhuylhzv duh vsuhdg rxw ryhu

wkh txduwhu lpso|lqj wkdw wkhuh zloo eh krxvhkrogv lqwhuylhzhg lq hdfk prqwk ri wkh vdpsoh1

Wkxv wkh gdwd iuhtxhqf| iru erwk d, dqg e, lv prqwko|1 Wklv lpsolhv wkdw frqvxpswlrq jurzwk

revhuydwlrqv iru dgmdfhqw prqwkv zloo lqyroyh sduwldoo| ryhuodsslqj wlph shulrgv dqg wkxv sdu0

wldoo| ryhuodsslqj h{shfwdwlrqdo huuruv1 Dv d frqvhtxhqfh wkh huuru whup lq wkh orj0olqhdul}hg

prgho zloo kdyh dq PD+8, frpsrqhqw zkhq xvlqj vhpldqqxdo frqvxpswlrq jurzwk revhuydwlrqv/

dqg dq PD+5, frpsrqhqw zkhq xvlqj txduwhuo| frqvxpswlrq jurzwk revhuydwlrqv1 Lq dgglwlrq/

phdvxuhphqw huuru lq frqvxpswlrq jhqhudwhv dq PD+6, frpsrqhqw iru fdvh e,/ vlqfh vrph ri

wkh krxvhkrogv lqwhuylhzhg lq prqwk w zloo dovr kdyh ehhq lqwhuylhzhg lq prqwk w� 6=

Wkh vhfrqg lvvxh uhjduglqj wlplqj lv wkh wlplqj ri lqwhuhvw udwhv1 Iru wkh vhpldqqxdo gdwd/ lv

wkh uhohydqw lqwhuhvw udwh +4 .U|, +4 .U|n�, === +4 .U|nD, ru +4 .U|nS, +4 .U|n., === +4 .U|n��,

ru vrphwklqj hovhB Vxssrvh frqvxphuv vhoo wkhlu dvvhwv +vwrfnv ru erqgv, dw wkh ehjlqqlqj ri wkh

prqwk lq zklfk wkh| zrxog olnh wr frqvxph1 Wkhq vkliwlqj frqvxpswlrq iurp shulrg w wr w. 9

zrxog lpso| d jurvv uhwxuq ri +4 .U|, +4 .U|n�, ===== +4 .U|nD, > zkhuhdv vkliwlqj frqvxps0

wlrq iurp shulrg w . 8 wr w . 44 zrxog |lhog d uhwxuq ri +4 .U|nD, +4 .U|nS, === +4 .U|n�f, =

Wkxv wkh uhohydqw lqwhuhvw udwh zrxog eh d zhljkwhg dyhudjh ri doo +4 .U|, > +4 .U|n�, > ===>
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+4 .U|n�f, = Iru vlpsolflw| L fkrvh wr xvh wkh plggoh vl{ prqwkv ri uhohydqw lqwhuhvw udwhv

+4 .U|n2, +4 .U|n�, === +4 .U|n., =
58 Vlplodu frqvlghudwlrqv ohdg wr wkh fkrlfh ri

+4 .U|n�, +4 .U|n2, +4 .U|n�, zkhq xvlqj txduwhuo| frqvxpswlrq jurzwk udwhv1

Dxwrfruuhodwlrq udlvhv wkh txhvwlrq ri zklfk odjv ri lqwhuhvw udwhv dqg rwkhu yduldeohv duh

ydolg lqvwuxphqwv1 Wkh huuru whup kdv dq h{shfwdwlrqdo huuru frpsrqhqw dqg d phdvxuhphqw

huuru frpsrqhqw1 Vlqfh lqwhuhvw udwhv duh olnho| wr eh xqfruuhodwhg zlwk wkh phdvxuhphqw huuru

frpsrqhqw ri wkh huuru whup/ dxwrfruuhodwlrq gxh wr phdvxuhphqw huuru grhv qrw lqydolgdwh

odjv ri lqwhuhvw udwhv dv lqvwuxphqwv1 Lw grhv kdyh dq h�hfw rq zklfk odjv ri frqvxpswlrq

zrxog eh ydolg lqvwuxphqwv exw vlqfh odjjhg uhdo frqvxpswlrq jurzwk udwhv kdg orz fruuhodwlrq

zlwk wkh uhdo vwrfn uhwxuq dqg wkh uhdo W0eloo uhwxuq wkh| zhuh qrw xvhg1 Dxwrfruuhodwlrq lq

wkh huuru whup gxh wr ryhuodsslqj h{shfwdwlrqdo huuruv lpso| wkdw lqwhuhvw udwh odjv vl{ dqg

ixuwkhu edfn duh ydolg lqvwuxphqwv iru wkh vhpldqqxdo gdwd dqg wkdw lqwhuhvw udwhv odj wkuhh

dqg eh|rqg duh ydolg lqvwuxphqwv iru wkh txduwhuo| gdwd1 Gxh wr wkh idfw wkdw U| dqg U|n� iru

wkh vhpldqqxdo fdvh/ dqg U| lq wkh txduwhuo| fdvh pd| eh sduwo| uhohydqw dv uljkw kdqg vlgh

yduldeohv dv glvfxvvhg deryh/ wkh lqwhuhvw udwh lqvwuxphqwv xvhg duh odjjhg ixuwkhu vr wkdw wkhuh

lv qr ryhuods1 Wkxv +4 .U|3S, +4 .U|3D, ===== +4 .U|3�, lv xvhg dv lqvwuxphqw iru vhpldqqxdo

gdwd dqg +4 .U|3�, +4 .U|32, +4 .U|3�, iru txduwhuo| gdwd1 Dv iru wkh vshfl�f lqwhuhvw udwhv

xvhg/ L zloo uhwxuq wr zkhq vwrfn uhwxuqv dqg W0eloov uhwxuqv duh xvhg zkhq glvfxvvlqj wkh uhvxowv1

Vlplodu frqvlghudwlrqv ohdg wr xvlqj wkh glylghqg sulfh udwlr dw wkh ehjlqqlqj ri shulrg w dv dq

lqvwuxphqw/ dqg wkh erqg krul}rq suhplxp dqg erqg ghidxow suhplxp ryhu wkh shulrg w� 9 wr

w� 4 iru vhpldqqxdo gdwd dqg wkh shulrg w� 6 wr w� 4 iru txduwhuo| gdwd1

61617 Idplo| vl}h frqwurov

Iroorzlqj d vhulhv ri sdshuv lq wkh frqvxpswlrq olwhudwxuh L dvvxph wkdw idplo| vl}h hqwhuv wkh

xwlolw| ixqfwlrq pxowlsolfdwlyho|/ dqg wkxv lqfoxgh �oq +idplol| vl}h, lq wkh orj0olqhdul}hg Hxohu

htxdwlrqv1 Lw lv krzhyhu qrw fohdu wkdw vxfk d vlpsoh fruuhfwlrq dffxudwho| fdswxuhv idplo| vl}h

h�hfwv1 Wkh olwhudwxuh rq htxlydohqfh vfdohv frqvlghuv wklv lvvxh lq ghwdlo1 Khuh/ L fkrrvh wr

uhshdw wkh hvwlpdwlrqv xvlqj krxvhkrogv frqvlvwlqj ri rqo| d vlqjoh lqglylgxdo dw erwk w dqg w.4

wr vhh li wklv d�hfwv wkh uhvxowv1
58Uhvxowv duh vlplodu zkhq xvlqj E� n-|n�� E� n-|ne� ��� E� n-|nH�1
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61618 Vhdvrqdolw|

L dvvxph wkdw vhdvrqdolw| hqwhuv dv d pxowlsolfdwlyh idfwru lq wkh xwlolw| ixqfwlrq/ vxfk wkdw/

X
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|
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@ �

�3k

�
F�
|n�V6E|n��

��3k
zkhuh V6E|n�� lv wkh vhdvrqdo idfwru dqg p +w. 4, lv wkh prqwk

dw w.4 lv1 Xqghu wklv dvvxpswlrq vhdvrqdo dgmxvwphqw e| gxpplhv lv ydolg lq wkh orj0olqhdul}hg

prgho1 L wkhuhiruh lqfoxgh 45 prqwko| gxpplhv lq wkh lqvwuxphqwdo yduldeohv hvwlpdwlrqv1 Iru

wkh Kdqvhq0Mdjdqqdwkdq erxqg dqdo|vlv +zklfk lv qrw edvhg rq orj0olqhdul}dwlrq,/ L xvh dv wkh

dgmxvwhg frqvxpswlrq udwlr wkh h{srqhqwldo ri wkh dyhudjh ri �oqF|n� soxv wkh uhvlgxdo iurp d

uhjuhvvlrq ri �oqF|n� rq 45 prqwko| gxpplhv1 Lq wkh hvwlpdwlrqv edvhg rq wkh xqfrqglwlrqdo

Hxohu htxdwlrq iru wkh htxlw| suhplxp/ wkh vhdvrqdo idfwru gursv rxw li wkh htxdwlrq lv ghulyhg

edvhg rq frqglwlrqdo mrlqw orj qrupdolw| +exw qrw li wkh htxdwlrq lv ghulyhg iurp xqfrqglwlrqdo

mrlqw orj qrupdolw|,1 Iru frpsdulvrq zlwk hduolhu uhvxowv/ L vhdvrqdoo| dgmxvw �oqF|n� iru wklv

fdvh dv zhoo159

61619 Vxppdu|= Hvwlpdwhg uhodwlrqv

Wkh ulvn dyhuvlrq hvwlpdwh edvhg rq wkh htxlw| suhplxp dqg xqfrqglwlrqdo Hxohu htxdwlrqv lv/

zlwk wkh uhodwlrq iru vwrfnkroghuv dv wkh h{dpsoh
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Wkh orj0olqhdul}hg frqglwlrqdo Hxohu htxdwlrqv duh/ zlwk wkh vwrfnkroghuv* Hxohu htxdwlrq iru

vwrfn uhwxuqv dv dq h{dpsoh
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59Ihuvrq dqg Kduyh| +4<<5, frqvlghuv wkh vhdvrqdo dgmxvwphqw lvvxh lq ghwdlo1 Wkh| hpskdvl}h wkdw prvw ri wkh

hpslulfdo sdshuv lq wkh htxlw| suhplxp sx}}oh olwhudwxuh xvh djjuhjdwh frqvxpswlrq gdwd zklfk duh vhdvrqdoo|

dgmxvwhg xvlqj wkh [044 vhdvrqdo dgmxvwphqw surjudp ru d vlplodu phwkrg1 Vlqfh gdwd dgmxvwhg e| wkh [044

phwkrg duh zhljkwhg dyhudjhv ri sdvw dqg/ lq uhylvhg gdwd/ ixwxuh h{shqglwxuhv/ wklv w|sh ri vhdvrqdo dgmxvwphqw

fdq lqgxfh vsxulrxv fruuhodwlrq ehwzhhq wkh huuru whupv ri d prgho dqg odjjhg ydoxhv ri wkh yduldeohv +h1j1

vsxulrxv uhmhfwlrq ri d prgho edvhg rq whvwv ri ryhulghqwli|lqj uhvwulfwlrqv zkhq wkh lqvwuxphqwv lqfoxgh odjjhg

frqvxpswlrq ydoxhv,1 Lq dgglwlrq wkh [044 phwkrg fkdqjhv wkh phdq ri wkh jurzwk udwh ri d vhulhv zklfk lq wkh

suhvhqw frqwh{w zrxog fdxvh eldvhv lq phdqv ri vwrfkdvwlf glvfrxqw idfwruv1
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Li wkh frqglwlrqdo yduldqfhv dqg fryduldqfhv lq wkh h{suhvvlrq iru wkh +vhdvrqdo, frqvwdqw whup

duh qrw frqvwdqw/ wkh vwrfkdvwlf frpsrqhqwv hqwhu wkh huuru whup1 Wklv grhv qrw fdxvh sureohpv

iru wkh hvwlpdwlrq dv orqj dv wkhvh frpsrqhqwv duh xqfruuhodwhg zlwk wkh dvvhw uhwxuqv dqg wkh

lqvwuxphqwv xvhg1

Iru hdfk jurxs ri krxvhkrogv/ wkh Hxohu htxdwlrq iru wkh vwrfn uhwxuq dqg wkh Hxohu htxdwlrq

iru wkh erqg uhwxuq duh �uvw hvwlpdwhg vhsdudwho|1 Wkh hvwlpdwlrq phwkrg xvhg lv olqhdu JPP

hvwlpdwlrq/ ru lq rwkhu zrugv 5VOV prgl�hg wr dffrxqw iru dxwrfruuhodwhg huuru whupv ri wkh

PD+6, irup iru txduwhuo| gdwd dqg wkh PD+8, irup iru vhpldqqxdo gdwd +frpprqo| uhihuuhg

wr dv rswlpdo LY hvwlpdwlrq,1 Ixuwkhupruh/ L fruuhfw iru khwhurvfhgdvwlflw| ri duelwudu| irup1

Khwhurvfhgdvwlflw| lv olnho| wr eh suhvhqw ehfdxvh ri d ydu|lqj qxpehu ri revhuydwlrqv shu txduwhu1

Lqvwuxphqwdo yduldeohv hvwlpdwlrq lv xvhg udwkhu wkdq ROV ehfdxvh ri hqgrjhqhlw| ri dvvhw uhwxuqv

gxh wr wkh h{shfwdwlrqdo huuru ehlqj lqfoxghg lq wkh huuru whup1

Wkh Hxohu htxdwlrqv iru vwrfn dqg erqg uhwxuqv duh wkhq hvwlpdwhg mrlqwo|/ djdlq xvlqj olqhdu

JPP hvwlpdwlrq1 Mrlqw hvwlpdwlrq lv xvhg wr jdlq h!flhqf| iurp h{sorlwlqj furvv0htxdwlrq

fruuhodwlrq lq huuru whupv fdxvhg e| fruuhodwhg h{shfwdwlrqdo huuruv1 Ixuwkhupruh/ lw pdnhv lw

srvvleoh wr lpsrvh lghqwlfdo ydoxhv iru 4@� dqg wkh frh!flhqw rq �oq+idplo| vl}h, dqg ghwhuplqh

li wklv ohdgv wr uhmhfwlrq ri wkh prgho dffruglqj wr ryhulghqwl�fdwlrq whvwv1 Lq wkh mrlqw hvwlpdwlrq/

wkh frh!flhqwv rq wkh vhdvrqdo gxpplhv duh doorzhg wr gl�hu iru wkh vwrfn dqg wkh erqg htxdwlrq

vlqfh wklv lv lpsolhg e| wkh prgho zkhq wkh wzr uhwxuqv kdyh gl�huhqw yduldqfhv ru gl�huhqw

fryduldqfhv zlwk orj frqvxpswlrq jurzwk1

Iru wkh Kdqvhq0Mdjdqqdwkdq erxqg dqdo|vlv wkh vwrfkdvwlf glvfrxqw idfwru edvhg rq d uhs0

uhvhqwdwlyh djhqw dvvxpswlrq zlwklq jurxsv lv
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djdlq zlwk vwrfnkroghuv dv dq h{dpsoh1

617 Uhvxowv

61714 Xqfrqglwlrqdo Hxohu htxdwlrqv

Wdeohv 7 dqg 8 vkrz wkh ulvn dyhuvlrq hvwlpdwhv edvhg rq xqfrqglwlrqdo orj0olqhdul}hg Hxohu

htxdwlrqv/ fruuhvsrqglqj wr htxdwlrqv +45, dqg +46,1 Iru uhihuhqfh wkh uhvxowv iru XV shu fdslwd

frqvxpswlrq gdwd duh jlyhq lq Wdeoh 6 iru txduwhuo| dqg dqqxdo gdwd1

Wkh uhvxowv vkrz odujh gl�huhqfhv lq uhodwlyh ulvn dyhuvlrq hvwlpdwhv ehwzhhq vwrfnkroghuv

dqg qrqvwrfnkroghuv/ exw wkh frq�ghqfh lqwhuydov duh yhu| zlgh1 Iru txduwhuo| FH[ gdwd/

zlwk qr uhsuhvhqwdwlyh djhqw dvvxpswlrq/ wkh ulvn dyhuvlrq hvwlpdwh iru vwrfnkroghuv lv 8817/

frpsduhg wr 06331: iru qrqvwrfnkroghuv1 Wkh orzhu hvwlpdwh iru vwrfnkroghuv lv gulyhq e| d

ydoxh ri 451: iru wkh wrs od|hu ri vwrfnkroghuv1 Zkhq irfxvlqj rq vlqjoh lqglylgxdo krxvhkrogv/

wkh ulvn dyhuvlrq hvwlpdwh iru vwrfnkroghuv ghfuhdvhv wr 4<1:/ gulyhq e| d ydoxh ri 718 iru wkh wrs

od|hu ri vwrfnkroghuv1 Wkh uhvxowv iru vhpldqqxdo gdwd dovr jhqhudoo| vkrz odujh gl�huhqfhv lq

ulvn dyhuvlrq hvwlpdwhv iru vwrfnkroghuv dqg qrqvwrfnkroghuv/ exw zlwk pruh pl{hg uhvxowv iru

vlqjoh lqglylgxdo krxvhkrogv1 Wkh �qglqj ri orzhu ulvn dyhuvlrq hvwlpdwhv iru ulfkhu vwrfnkroghuv

duh lq olqh zlwk wkh �qglqjv ri Eudy/ Jhf}|/ dqg Frqvwdqwlqlghv +4<<<, dovr xvlqj txduwhuo|

FH[ gdwd1 Dv iru wkh qhjdwlyh ulvn dyhuvlrq hvwlpdwh iru qrqvwrfnkroghuv/ wklv lv frqvlvwhqw zlwk

uhvxowv ri Srwhued dqg Vdpzlfn +4<<8, edvhg rq wkh SVLG/ xvlqj wkh Vnlqqhu frqvxpswlrq lqgh{

lqvwhdg ri rqo| irrg frqvxpswlrq1

Vlqfh wkhvh hvwlpdwhv duh edvhg rq rqo| rqh prphqw uhvwulfwlrq/ odujh vwdqgdug huuruv duh

wr eh h{shfwhg +dv zdv vhhq lq wkh Prqwh Fduor dqdo|vlv,1 Pdqnlz dqg ]hoghv +4<<4, dqg

Eudy/ Jhf}| dqg Frqvwdqwlqlghv +4<<<, gr qrw uhsruw vwdqgdug huuruv iru wkhlu hvwlpdwhv1 Wkh

odvw wzr froxpqv ri Wdeohv 7 dqg 8 jlyh <8 shufhqw errwvwuds frq�ghqfh lqwhuydov iru wkh ulvn

dyhuvlrq hvwlpdwhv1 Hyhq li frqvxpswlrq jurzwk/ wkh vwrfn uhwxuq dqg wkh W0eloo uhwxuq duh

mrlqw orjqrupdo/ wkh �qlwh vdpsoh glvwulexwlrq ri wkh ulvn dyhuvlrq hvwlpdwh frqvlghuhg khuh lv

gl!fxow wr ghulyh dqdo|wlfdoo|1 Wkh dv|pswrwlf glvwulexwlrq fdq eh irxqg xvlqj wkh ghowd phwkrg1

Krzhyhu/ wkh dv|pswrwlf glvwulexwlrq zklfk lv d qrupdo glvwulexwlrq grhv qrw vhhp wr eh d forvh

dssur{lpdwlrq wr wkh �qlwh vdpsoh glvwulexwlrq zklfk kdv d orqjhu wdlo wr wkh uljkw +wklv zdv

frq�uphg erwk iurp wkh hvwlpdwhv lq wkh Prqwh Fduor vlpxodwlrq dqg e| errwvwudsslqj iurp wkh

dfwxdo FH[ gdwd,1 Wklv lv wkh uhdvrq iru xvlqj errwvwuds vlpxodwlrq1 Wkh uhvxowv lq froxpq 7
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dvvxph wkdw wkh gdwd duh lqghshqghqw ryhu wlph/ zkhuhdv wkh uhvxowv lq froxpq 8 doorz iru wklug

rughu dxwrfruuhodwlrq iru wkh txduwhuo| gdwd dqg vl{wk rughu dxwrfruuhodwlrq iru wkh vhpldqqxdo

gdwd1 Dffrxqwlqj iru dxwrfruuhodwlrq lv grqh e| uhvdpsolqj eorfnv ri gdwd udwkhu wkdq lqglylgxdo

gdwd srlqwv1 Iru d ghvfulswlrq ri wkh eorfn errwvwuds vhh Krurzlw} +4<<;,1 Edvhg rq wkh

suhvxpswlrq ri wklug dqg vl{wk rughu dxwrfruuhodwlrq/ wkh errwvwuds xvhv eorfnv ri ohqjwk wkuhh

prqwkv iru wkh txduwhuo| gdwd dqg ohqjwk vl{ prqwkv iru wkh vhpldqqxdo gdwd1 Qrqryhuodsslqj

eorfnv duh xvhg1 Iru hdfk ulvn dyhuvlrq hvwlpdwh wzr errwvwuds frq�ghqfh lqwhuydov duh jlyhq

lq hdfk ri froxpq 7 dqg 81 Wkh �uvw lv wkh <8 shufhqw shufhqwloh lqwhuydo ^�f�f2D> �f�b.D`> zkhuh

�k ghqrwhv wkh �wk shufhqwloh ri wkh errwvwuds glvwulexwlrq1 Wkh vhfrqg lv wkh <8 shufhqw eldv0

fruuhfwhg shufhqwloh lqwhuydo dv ghvfulehg lq Hiurq dqg Wlevkludql +4<<6,1 Wklv dssurdfk fruuhfwv

iru srvvleoh eldv lq wkh hvwlpdwru e| xvlqj gl�huhqw shufhqwlohv ri wkh errwvwuds glvwulexwlrq1 Wkh

uhvxowv vkrzq duh edvhg rq 53333 errwvwuds gudzv1

Wkh errwvwuds frq�ghqfh lqwhuydov duh h{wuhpho| zlgh/ pruh vr iru qrqvwrfnkroghuv wkdq iru

vwrfnkroghuv1 Rqo| iru wkh wrs od|hu ri vwrfnkroghuv lv ulvn dyhuvlrq hvwlpdwhg vrphzkdw pruh

suhflvho|1 Wkh frq�ghqfh lqwhuydo iru wkh wrs od|hu/ zkhq xvlqj txduwhuo| gdwd dqg qrw dvvxplqj

d uhsuhvhqwdwlyh djhqw zlwklq wkh jurxs lv ^415/ 8919` zkhq dxwrfruuhodwlrq lv dffrxqwhg iru1

Iru vlqjoh lqglylgxdo krxvhkrogv wkh fruuhvsrqglqj lqwhuydo lv ^317/ 4715`1 Wkh zlgh frq�ghqfh

lqwhuydov duh frqvlvwhqw zlwk wkh odujh vwdqgdug huuruv iru wkh fruuhodwlrq ri vwrfn uhwxuqv dqg

frqvxpswlrq jurzwk udwhv uhsruwhg e| Srwhued dqg Vdpzlfn +4<<8,1 Wkh uhvxowv duh olwwoh

d�hfwhg e| dvvxplqj d uhsuhvhqwdwlyh djhqw1 Wklv lv frqvlvwhqw zlwk wkh Prqwh0Fduor hylghqfh

ri Eudy/ Frqvwdqwlqlghv dqg Jhf}| +4<<<, phqwlrqhg deryh1

Ryhudoo wkh uhvxowv iurp wkh fdoleudwlrq vkrz vrph hylghqfh ri gl�huhqfhv lq ulvn dyhuvlrq

hvwlpdwhv ehwzhhq vwrfnkroghuv dqg qrqvwrfnkroghuv1 Wkh errwvwuds frq�ghqfh lqwhuydov lqgl0

fdwh wkdw rqh prphqw lv wrr olwwoh wr rewdlq suhflvh hvwlpdwhv/ dowkrxjk wkh errwvwuds frq�ghqfh

lqwhuydov iru wkh wrs od|hu ri vwrfnkroghuv duh vrphzkdw qduurzhu1

61715 Frqglwlrqdo Hxohu htxdwlrqv

Wkh uhvxowv ri wkh lqvwuxphqwdo yduldeohv hvwlpdwlrqv ri wkh orj0olqhdul}hg prgho lq htxdwlrq

+4;, duh vkrzq lq Wdeohv 9�441 Hdfk wdeoh vkrzv wkuhh vhwv ri hvwlpdwlrqv fruuhvsrqglqj

wr wkuhh gl�huhqw vhwv ri lqvwuxphqwv1 Doo lqvwuxphqw vhwv lqfoxgh 45 vhdvrqdo gxpplhv dqg

�oq +idplo| vl}h,|n� = Lq dgglwlrq lqvwuxphqw vhw 4 lqfoxghv wkh orj glylghqg sulfh udwlr1 Lq0
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vwuxphqw vhw 5 lqfoxghv wkh orj glylghqg sulfh udwlr/ wkh odjjhg orj uhdo vwrfn uhwxuq dqg wkh

odjjhg orj uhdo W0eloo uhwxuqv1 Lqvwuxphqw vhw 6 lqfoxghv wkh orj glylghqg sulfh udwlr/ wkh erqg

krul}rq suhplxp dqg wkh erqg ghidxow suhplxp1 Vhh vhfwlrq 61616 iru wkh suhflvh wlplqj ri

wkhvh yduldeohv1 Pdq| suhylrxv vwxglhv kdyh xvhg odjjhg vwrfn dqg erqg uhwxuqv dv lqvwuxphqwv1

Wkh glylghqg sulfh udwlr lv zhoo nqrzq wr eh deoh wr iruhfdvw uhdo vwrfn uhwxuqv1 Wkh xvh ri

wkh erqg krul}rq suhplxp dqg wkh erqg ghidxow suhplxp lv prwlydwhg e| wkh �qglqjv ri Idpd

dqg Iuhqfk +4<;<, wkdw wkhvh kdyh suhglfwlyh srzhu iru vwrfn uhwxuqv1 Lq p| vdpsoh/ wkh orj

glylghqg sulfh udwlr zdv wkh vwurqjhvw suhglfwru ri erwk wkh uhdo vwrfn uhwxuq dqg wkh uhdo W0eloo

uhwxuq1 Ohdylqj rxw wkh idplo| vl}h yduldeoh/ wkh U2 iurp uhjuhvvlqj wkh orj uhdo vwrfn uhwxuq

rq wkh yduldeohv lq wkh wkuhh lqvwuxphqw vhwv zdv 3146;/ 31488/ 31533 iru vhpldqqxdo gdwd/ dqg

31445/ 31539/ 31479 iru txduwhuo| gdwd1 Wkh fruuhvsrqglqj U2 ydoxhv iru wkh orj uhdo W0eloo uhwxuq

duh 31:3:/ 31:3:/ 31:95 iru vhpldqqxdo gdwd/ dqg 318:;/ 31939/ 318;8 iru txduwhuo| gdwd1

Zkloh rwkhu yduldeohv lq wkh lqirupdwlrq vhw vkrxog eh xqfruuhodwhg zlwk wkh huuru whupv lq

wkh orj0olqhdul}hg Hxohu htxdwlrqv dffruglqj wr hfrqrplf wkhru|/ wkh surshuwlhv ri wkh hvwlpdwruv

pd| ghwhulrudwh li zhdn lqvwuxphqwv duh lqfoxghg1 Lw lv nqrzq wkdw wkh 5VOV hvwlpdwru whqgv wr

eh eldvhg wrzdugv wkh eldvhg dqg lqfrqvlvwhqw ROV hvwlpdwru1 Li wkh h{sodqdwru| srzhu ri wkh

�uvw vwdjh lv �{hg zkloh pruh lqvwuxphqwv duh dgghg/ wkh eldv ehfrphv surjuhvvlyho| zruvh15:

Wklv prwlydwhv wkh xvh ri d vpdoo vhw ri lqvwuxphqwv +dgglqj lq pruh lqvwuxphqwv whqghg wr sxvk

wkh hvwlpdwhv ri 4@� forvhu wr 3 iru doo jurxsv,1

Wkh uhvxowv lqWdeohv 9044 duh idyrudeoh wr wkh olplwhg sduwlflsdwlrq wkhru|1 Wdeoh 9 vkrzv

wkh mrlqw hvwlpdwlrq iru vhpldqqxdo gdwd xvlqj erwk wkh Hxohu htxdwlrq iru wkh vwrfn uhwxuq dqg

wkh rqh iru wkh erqg uhwxuq1 Iru lqvwuxphqw vhw 4/ 4@� lv hvwlpdwhg wr eh 31668 iru vwrfnkroghuv

lpso|lqj dq hvwlpdwh ri � durxqg 61 Wkh hvwlpdwh ri 4@� lv vljql�fdqw dw wkh 8 shufhqw ohyho1 Iru

qrqvwrfnkroghuv/ krzhyhu/ wkh hvwlpdwh ri 4@� lv forvh wr }hur1 Wklv lpsolhv d yhu| odujh hvwlpdwh

ri �> exw vkrxog udwkhu eh lqwhusuhwhg dv hylghqfh wkdw wkh Hxohu htxdwlrq iru rqh ru erwk dvvhwv

grhv qrw krog iru qrqvwrfnkroghuv1 Wkh gl�huhqfh ehwzhhq vwrfnkroghuv dqg qrqvwrfnkroghuv

lv hyhq odujhu iru vlqjoh lqglylgxdo krxvhkrogv1 Zkhq dgglqj pruh lqvwuxphqwv wkh txdolwdwlyh

sdwwhuqv uhpdlq wkh vdph/ exw wkh hvwlpdwhv ri 4@� iru vwrfnkroghuv whqg wr ghfuhdvh1 Wklv frxog

eh d uhvxow ri dgglqj zhdn lqvwuxphqwv1

5:Vhh h1j1 Erxqg/ Mdhjhu/ dqg Ednhu +4<<8, dqg Grqdog dqg Qhzh| +4<<:, iru xvhixo glvfxvvlrqv ri wkh olwhudwxuh

rq wklv1
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Wkh odujhu hvwlpdwhv ri 4@� iru vwrfnkroghuv duh gulyhq e| odujhu hvwlpdwhv iru wkh ulfkhvw

od|hu ru wkh wzr ulfkhvw od|huv ri vwrfnkroghuv1 Dv phqwlrqhg hduolhu/ wklv frxog eh lqwhusuhwhg

hlwkhu dv orzhu ulvn dyhuvlrq iru ulfkhu vwrfnkroghuv ru dv d uhvxow ri ulfkhu vwrfnkroghuv kdylqj

ehwwhu glyhuvl�hg sruwirolrv wkdq ohvv zhdowk| vwrfnkroghuv1 Wkh hvwlpdwhv lq Wdeoh ; edvhg rqo|

rq wkh Hxohu htxdwlrq iru wkh W0eloo uhwxuq vkrz wkh vdph sdwwhuq ri kljkhu hvwlpdwhv ri 4@� iru

wkh ulfkhvw vwrfnkroghuv wkxv idyrulqj wkh khwhurjhqhrxv ulvn dyhuvlrq lqwhusuhwdwlrq1

Wkh hvwlpdwlrqv lq Wdeoh : dqg ; xvlqj wkh vwrfn uhwxuq dqg wkh W0eloo uhwxuq vhsdudwho| erwk

vkrz odujhu hvwlpdwhv ri 4@� iru vwrfnkroghuv wkdq iru qrqvwrfnkroghuv1 Iru qrqvwrfnkroghuv wkh

hvwlpdwh ri 4@� lv srvlwlyh exw lqvljql�fdqwo| gl�huhqw iurp }hur hyhq zkhq hvwlpdwlqj wkh Hxohu

htxdwlrq iru wkh W0eloo uhwxuq1 Rqh lqwhusuhwdwlrq ri wklv �qglqj lv wkdw qrqvwrfnkroghuv kdyh

d orz hodvwlflw| ri lqwhuwhpsrudo vxevwlwxwlrq +dqg wkxv d kljk ulvn dyhuvlrq jlyhq wkh FUUD

suhihuhqfh dvvxpswlrq,1 Dqrwkhu srvvlelolw| lv wkdw wkh| idfh iuhtxhqwo| elqglqj eruurzlqj

frqvwudlqwv vxfk wkdw qrw hyhq wkh Hxohu htxdwlrq iru wkh W0eloo uhwxuq krog lq doo shulrgv1

Gl�huhqfhv ehwzhhq vwrfnkroghuv dqg qrqvwrfnkroghuv duh dovr suhvhqw iru txduwhuo| gdwd/

exw zlwk orzhu ohyhov ri vljql�fdqfh dqg zlwk wkh h{fhswlrq ri lqvwuxphqw vhw 51 Lq wklv fdvh

gl�huhqfhv ehwzhhq vwrfnkroghuv dqg qrqvwrfnkroghuv uhpdlq zkhq irfxvlqj rq vlqjohv dqg wkh

sdwwhuq ri kljkhu hvwlpdwhv ri 4@� iru ulfkhu vwrfnkroghuv uhpdlqv1

Wkh frh!flhqwv rq �oq +idplo| vl}h,|n� iru wkh hvwlpdwlrqv xvlqj doo krxvhkrog vl}hv lqgl0

fdwh wkdw wkh vhpldqqxdo hvwlpdwlrqv pd| eh pruh uholdeoh wkdq wkh txduwhuo| hvwlpdwlrq1 Iru

vhpldqqxdo gdwd wkh frh!flhqw rq �oq +idplo| vl}h,|n� +qrw vkrzq lq wkh wdeohv, lv jhqhudoo|

durxqg 317 iru vwrfnkroghuv/ dqg vljql�fdqw iru wkh vhw ri doo vwrfnkroghuv ru iru wkh wzr wrs

od|huv ri vwrfnkroghuv1 Iru qrqvwrfnkroghuv wkh frh!flhqw rq �oq +idplo| vl}h,|n� lv vpdoohu dqg

w|slfdoo| lqvljql�fdqw1 Iru txduwhuo| gdwd/ wkh idplo| vl}h yduldeoh prvw riwhq hqwhuv zlwk d

qhjdwlyh frh!flhqw iru erwk w|shv ri krxvhkrogv1

Dq lpsruwdqw qhjdwlyh �qglqj edvhg rq wkh lqvwuxphqwdo yduldeohv hvwlpdwlrqv lv wkdw wkhuh

lv qr fohdu whqghqf| iru wkh whvwv ri ryhulghqwli|lqj uhvwulfwlrqv wr uhmhfw iru qrqvwrfnkroghuv exw

qrw iru vwrfnkroghuv1

Doo hvwlpdwlrqv lq Wdeohv 8043 zhuh uhshdwhg xqghu wkh uhsuhvhqwdwlyh djhqw dvvxpswlrq

zlwk uhvxowv idluo| vlplodu wr wkh uhvxowv wdnlqj furvv0vhfwlrqdo frqvxpswlrq jurzwk khwhurjhqhlw|

lqwr dffrxqw1 Ixuwkhupruh/ olplwhg lqirupdwlrq pd{lpxp olnholkrrg hvwlpdwlrqv +iru vlpsolflw|

zlwkrxw fruuhfwlrqv iru khwhurvfhgdvwlflw| dqg dxwrfruuhodwlrq, jdyh vlplodu uhvxowv1 Xqolnh wkh
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olqhdu JPP hvwlpdwlrq/ wkh OLPO hvwlpdwhv duh qrw d�hfwhg e| zkhwkhu �oqF|n� lv uhjuhvvhg

rq oq +4 . u�c|n�, ru wkh rwkhu zd| durxqg +dvvxplqj wkh vdph vhw ri lqvwuxphqwv duh xvhg,1 Wkh

hvwlpdwh ri � iurp wkh odwwhu uhjuhvvlrq zloo eh wkh lqyhuvh ri wkh hvwlpdwh ri 4@� iurp wkh �uvw

uhjuhvvlrq1

Ryhudoo wkh lqvwuxphqwdo yduldeohv uhvxowv vxssruw wkh k|srwkhvlv wkdw irfxvlqj rq vwrfnkrog0

huv ohdg wr pxfk pruh uhdvrqdeoh ulvn dyhuvlrq hvwlpdwhv dqg wkxv wkdw olplwhg vwrfn pdunhw

sduwlflsdwlrq lv dq lpsruwdqw sduw ri wkh vroxwlrq wr wkh htxlw| suhplxp sx}}oh1 Wkh lpsuryh0

phqw lq uhvxowv frpsduhg wr wkh xqfrqglwlrqdo Hxohu htxdwlrq hvwlpdwlrqv lv olnho| wr eh gxh

wr h{sorlwlqj wkh wlph0yduldwlrq lq h{shfwhg frqvxpswlrq jurzwk dqg h{shfwhg dvvhw uhwxuqv wr

hvwlpdwh wkh sdudphwhuv1

61716 Kdqvhq0Mdjdqqdwkdq erxqg dqdo|vlv

Iru uhihuhqfh/ wkh zhoo nqrzq KM erxqgv dqg vwrfkdvwlf glvfrxqw idfwru srlqwv iru XV shu fdslwd

gdwd duh uhsurgxfhg lq Iljxuhv 6 dqg 7 iru dqqxdo dqg txduwhuo| gdwd uhvshfwlyho|1 Edvhg rq

wkh hvwlpdwhv lq Jrxulqfkdv dqg Sdunhu +4<<<,/ wkh ydoxh ri wkh glvfrxqw udwh lv vhw wr 7 shufhqw

shu |hdu1 Lw lv vhhq wkdw wkh phdq0vwdqgdug ghyldwlrq srlqwv iru wkh vwrfkdvwlf glvfrxqw idfwru

rqo| hqwhu wkh erxqg iru odujh dqg lpsodxvleoh ydoxhv ri ulvn dyhuvlrq15;

Krzhyhu/ dv glvfxvvhg lq vhfwlrq 61615 rq wkh lpsruwdqfh ri pdwfklqj/ wkh jurzwk udwh ri

shu fdslwd frqvxpswlrq lv wrr odujh vlqfh lw lqfoxghv wkh h�hfw ri uhsodflqj wkh roghvw frkruw

qr orqjhu dolyh dw w . 4 zlwk d |rxqjhu ulfkhu frkruw1 Fdpsehoo +4<<5, srlqwhg wklv rxw dv d

srwhqwldo sureohp iru Kdqvhq0Mdjdqqdwkdq erxqg dqdo|vlv exw glg qrw ghulyh wkh suhflvh h�hfw1

Li djjuhjdwh frqvxpswlrq lv orjqrupdo/ �oqFA
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Wkxv uhgxflqj � dprxqwv wr uhvfdolqj H +P|, dqg
s
Y +P|, e| wkh vdph idfwru1 Lw wkhuhiruh

pryhv wkh srlqw lq wkh KM gldjudp fruuhvsrqglqj wr d jlyhq ydoxh ri � dorqj d olqh iurp wkh

5;Dq lqwhuhvwlqj uhfhqw sdshu rq Kdqvhq0Mdjdqqdwkdq erxqg dqdo|vlv lv Oxwwphu +4<<9,1 Kh vkrzv wkdw wkhuh

lv olwwoh hylghqfh djdlqvw srzhu xwlolw| vshfl�fdwlrqv zlwk d orz ulvn0dyhuvlrq sdudphwhu zkhq sursruwlrqdo wudqv0

dfwlrqv frvwv duh doorzhg iru1 Lw uhpdlqv wr eh ghwhuplqhg li dfwxdo wudqvdfwlrqv frvwv duh prvwo| sursruwlrqdo dqg

vx!flhqwo| odujh1
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ruljlqdo srlqw wr +3> 3, =

Wkh frqvxpswlrq olwhudwxuh grfxphqwv kxps vkdshg frqvxpswlrq sur�ohv ryhu wkh olihwlph/

zlwk olwwoh gl�huhqfh ehwzhhq frqvxpswlrq zkhq rog dqg zkhq |rxqj/ vhh h1j1 Jrxulqfkdv dqg

Sdunhu +4<<<,1 Wkhuhiruh/ wkh frkruw dgmxvwphqw dprxqwv +dssur{lpdwho|, wr dgmxvwlqj � grzq

e| wkh udwh ri whfkqrorjlfdo surjuhvv j=5< Hvwlpdwhv ri wkh udwh ri whfkqrorjlfdo surjuhvv duh

derxw 5 shufhqw shu |hdu iru wkh shulrg lq irfxv/ vhh iru h{dpsoh Eodqfkdug dqg Ilvfkhu +4<;<,/

Fkdswhu 41 Edvhg rq wklv/ wkh vhfrqg fxuyh ri srlqwv lq Iljxuhv 6 dqg 7 vkrzv wkh ydoxhv ri

H +P|, dqg
s
Y +P|, zkhq dgmxvwlqj wkh XV shu fdslwd frqvxpswlrq jurzwk udwh e| wkh idfwru

�
��f2 iru wkh dqqxdo gdwd dqg �

��ffD iru wkh txduwhuo| gdwd1 Qrz/ wkh vwrfkdvwlf glvfrxqw idfwruv

sdvv forvh xqghu wkh erxqg iru pxfk vpdoohu ydoxhv ri ulvn dyhuvlrq/ durxqg 45 iru dqqxdo gdwd

dqg durxqg 63 iru txduwhuo| gdwd1 Wkxv/ wkh frkruw dgmxvwphqw ixqgdphqwdoo| fkdqjhv wkh

uhvxowv1

Wkhuh lv vwloo d fhqwudo uroh iru wkh vwrfnkroghu0qrqvwrfnkroghu glvwlqfwlrq1 Wklv lv fohdu iurp

wkh FH[ uhvxowv vkrzq lq Iljxuhv 8 wr ;1 Zkhq xvlqj doo krxvhkrogv/ wkh vwrfkdvwlf glvfrxqw

idfwru iru vwrfnkroghuv hqwhuv wkh erxqg dw � @ 43 iru vhpldqqxdo gdwd/ dqg � @ 44 iru txduwhuo|

gdwd163 Wkhvh hvwlpdwhv vkrxog eh dgmxvwhg xs d elw gxh wr wkh grzqzdug eldv grfxphqwhg lq

wkh Prqwh Fduor vwxg|1 Wkxv wkh ulvn dyhuvlrq hvwlpdwh iru vwrfnkroghuv edvhg rq KM dqdo|vlv

lv d elw deryh 43 ru 44 zkhq xvlqj d uhsuhvhqwdwlyh djhqw dvvxpswlrq1 Wkh vwrfkdvwlf glvfrxqw

idfwruv iru qrqvwrfnkroghuv gr qrw hqwhu wkh erxqg dw dq| ydoxh ri �= Qrwlfh ixuwkhupruh krz

wkh srlqwv fruuhvsrqglqj wr wkh vhw ri doo krxvhkrogv +exw pdwfkhg dfurvv shulrgv wr dyrlg wkh

frkruw sureohp, orrn vlplodu wr wkh srlqwv edvhg rq wkh frkruw dgmxvwhg djjuhjdwh gdwd1

Iru vlqjoh lqglylgxdo krxvhkrogv wkh vwrfnkroghu0qrqvwrfnkroghu glvwlqfwlrq uhpdlqv lpsru0

wdqw1 Qrqh ri wkh srlqwv hqwhu wkh erxqg gxh wr orzhu frqvxpswlrq jurzwk iru vlqjoh idplo|

krxvhkrogv1 Krzhyhu/ wkh srlqwv iru vwrfnkroghuv frph yhu| forvh wr wkh erxqg iru � @ 5 iru

erwk wkh vhpldqqxdo dqg wkh txduwhuo| gdwd1 Djdlq/ wkhvh ydoxhv vkrxog eh vhhq dv orzhu erxqgv

5<Vxssrvh lqglylgxdov olyh hfrqrplfdoo| lqghshqghqw ri wkhlu sduhqwv iurp djh 53 wr ;31 Ghqrwh wkh frqvxpswlrq

ohyho ri d 53 |hdu rog lq shulrg | e| �1 Wkhq zlwk  dw frqvxpswlrq sur�ohv ryhu wkh olihwlph ri hdfk lqglylgxdo

+dqg dvlgh iurp vkrfnv,
�W

w.4

�W

w

'
�EE�n}�n���nE�n}�94�

�E�nE�n}�n���nE�n}�93�
' � n }� Wkxv { *?�A

|n� ' *? E� n }� s }c zkhuhdv

.
�
{ *?��

|n�

�
' f iru hdfk lqglylgxdo �� Wkh dgmxvwphqw lv ri vlplodu pdjqlwxgh zlwk kxps vkdshg olihwlph

frqvxpswlrq sur�ohv1
63 Lqfoxglqj {*?+idplo| vl}h, dorqj zlwk wkh vhdvrqdo gxpplhv lq wkh frqvwuxfwlrq ri wkh vhdvrqdoo| dgmxvwhg

frqvxpswlrq gdwd iru wkh KM erxqg dqdo|vlv pdgh olwwoh gl�huhqfh1
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iru ulvn dyhuvlrq edvhg rq wkh uhvxowv ri wkh Prqwh Fduor vwxg|1

Lw uhpdlqv wr frqvlghu wkh uroh ri lglrv|qfudwlf ulvn1 Dv glvfxvvhg hduolhu/ phdvxuhphqw

huuru pdnhv lw gl!fxow wr xvh wkh plfur gdwd iru wklv sxusrvh1 Krzhyhu/ xqghu orjqrupdolw|

dvvxpswlrqv rqh fdvh dw ohdvw wkhruhwlfdoo| ghulyh wkh uroh ri lglrv|qfudwlf ulvn e| jhqhudol}lqj

wkh uhvxowv ri Frqvwdqwlqlghv dqg Gx!h +4<<9,1 Dsshqgl{ E jlyhv wkh ghulydwlrq1 Lw lv d voljkw

jhqhudol}dwlrq ri whdfklqj pdwhuldo iurp Mrkq Fdpsehoo*v dvvhw sulflqj fodvv dw Kduydug +doo

huuruv duh plqh,1 Wkh rqo| fkdqjh lv wkdw L doorz iru frqvxpswlrq jurzwk udwhv zklfk duh qrw

lqghshqghqw ryhu wlph1 Wkh ghulydwlrq vkrzv wkdw
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lv wkh vwrfkdvwlf glvfrxqw idfwru edvhg rq furvv0vhfwlrqdo vxppd0

wlrq ri wkh vwrfkdvwlf glvfrxqw idfwruv iru d jurxs ri krxvhkrogv1 Li doo krxvhkrogv lq wkh jurxs

sduwlflsdwh lq wkh dvvhw pdunhw lq irfxv1 P-�
|n� � �
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.�c|n�^��

|n�`
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lv wkh vwrfkdvwlf glvfrxqw

idfwru iru wklv jurxs ri krxvhkrogv zkhq d uhsuhvhqwdwlyh djhqw zlwklq wkh jurxs lv dvvxphg1 Lw lv

dvvxphg wkdw wkh furvv0vhfwlrqdo glvwulexwlrq ri frqvxpswlrq lv orjqrupdo dw hdfk gdwh1 Wkh iru0

pxod vkrzv wkdw li Y�c|n�
�
�orjF�

|n�

�
dqg fry�c|n�

�
orjF�

| >�orjF�
|n�

�
duh +dssur{lpdwho|, frq0

vwdqw ryhu wlph/ dffrxqwlqj iru lglrv|qfudwlf ulvn dprxqwv wr dgmxvwlqj H+P-�, dqg
s
Y +P-�,

e| wkh idfwru h{s
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1 Frqvwdqwlqlghv dqg

Gx!h +4<<9, dvvxph l1l1g1 frqvxpswlrq jurzwk udwhv dqg wkhlu uhvxowv wkhuhiruh gr qrw kdyh wkh

fryduldqfh frpsrqhqw1 Dv iru wkh frkruw dgmxvwphqw ghulyhg hduolhu/ wkh dgmxvwphqw wr dffrxqw

iru lglrv|qfudwlf ulvn dprxqwv wr prylqj wkh srlqw iru d jlyhq ydoxh ri � dorqj d olqh iurp wkh

ruljlqdo srlqw wr +3> 3, = L guhz lq rqh ri wkhvh olqhv lq hdfk ri Iljxuhv 60;1 Wkh olqh vkrzq lv

wkh rqh vxfk wkdw dgmxvwphqw dorqj wkh olqh iru wklv ydoxh ri � zrxog pdnh wkh srlqw hqwhu wkh

erwwrp ri wkh KM erxqg +iru wkh uljkw dprxqw ri dgmxvwphqw,1 Lq Iljxuhv 80; wkh dgmxvwphqw

olqh gudzq lv iru wkh vwrfkdvwlf glvfrxqw idfwru srlqwv iru vwrfnkroghuv164

Lw lv qrw fohdu zkhwkhu wkh srlqwv vkrxog eh pryhg ohiw ru uljkw dorqj wkhvh olqhv1

Y�c|n�
�
�orjF�

|n�

�
lv srvlwlyh/ exw fry�c|n�

�
orjF�

| >�orjF�
|n�

�
lv qhjdwlyh li frqvxpswlrq jurzwk

udwhv duh phdq uhyhuwlqj1 Phdvxuhphqw huuru pdnhv lw yhu| gl!fxow wr hvwlpdwh hlwkhu ri

Y�c|n�
�
�orjF�

|n�

�
dqg fry�c|n�

�
orjF�

| >�orjF�
|n�

�
edvhg rq plfur gdwd dqg L glg qrw dwwhpsw

64Ohwwdx +4<<;, dovr frqvlghu wkh h�hfw ri lglrv|qfudwlf ulvn rq wkh vwrfkdvwlf glvfrxqw idfwruv1 Krzhyhu/ kh

irfxvhv rq wkh udwlr
I
T E�w�

.E�w�
zklfk xqghu wkh deryh dvvxpswlrqv lv xqd�hfwhg e| lglrv|qfudwlf ulvn1
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vxfk dq hvwlpdwlrq1

Lq vxp/ wkh KM dqdo|vlv vkrzv wkdw zkhq dvvxplqj d uhsuhvhqwdwlyh djhqw zlwklq jurxsv/ wkh

vwrfkdvwlf glvfrxqw idfwru iru vwrfnkroghuv hqwhuv wkh KM erxqg ru frph forvh wr wkh KM erxqg iru

pxfk vpdoohu ydoxhv ri ulvn dyhuvlrq wkdq zdv wkh fdvh iru wkh +xqdgmxvwhg, djjuhjdwh XV1 Wklv lv

qrw wkh fdvh iru qrqvwrfnkroghuv1 Xqiruwxqdwho|/ phdvxuhphqw huuru pdnhv lw gl!fxow wr dgmxvw

iru lglrv|qfudwlf ulvn zlwklq jurxsv/ exw lw zdv vkrzq wkhruhwlfdoo| wkdw vxfk dq dgmxvwphqw frxog

pryh wkh srlqwv hlwkhu ohiw ru uljkw1 Jlyhq wkh gl!fxowlhv zlwk lpsohphqwlqj wklv dgmxvwphqw L

glg qrw dwwhpsw wr fdofxodwh vwdqgdug huuruv iru wkh vwrfkdvwlf glvfrxqw idfwru srlqwv1 Oxwwphu

+4<<9, jlyhv vwdqgdug huuruv iru wkh erxqg1

7 Frqfoxvlrq

L frqfoxgh wkdw olplwhg vwrfn pdunhw sduwlflsdwlrq vkrxog eh frqvlghuhg dq lpsruwdqw sduw ri wkh

vroxwlrq wr wkh htxlw| suhplxp sx}}oh1 Wkh wkhruhwlfdo vhfwlrq vkrzhg wkdw xqghu wkh frqglwlrq

wkdw wkh frqglwlrqdo fruuhodwlrq ri qrqvwrfnkroghu frqvxpswlrq jurzwk zlwk vwrfn uhwxuqv lv

}hur/ hvwlpdwlrq ri Hxohu htxdwlrqv lqyroylqj vwrfn uhwxuqv zlwkrxw h{foxglqj qrqvwrfnkroghuv

zloo uhvxow lq dq xszdug eldvhg hvwlpdwh ri uhodwlyh ulvn dyhuvlrq1 Wkh eldv lv jlyhq e| wkh idfwru

4@�> zkhuh � lv wkh iudfwlrq ri vwrfnkroghuv lq wkh srsxodwlrq1

Wklv k|srwkhvlv zdv whvwhg xvlqj plfur frqvxpswlrq gdwd iurp wkh Frqvxphu H{shqglwxuh

Vxuyh|1 Gl�huhqfhv lq ulvn dyhuvlrq hvwlpdwhv iru vwrfnkroghuv dqg qrqvwrfnkroghuv duh odujh/

dowkrxjk wkh uhvxowv gl�hu vrphzkdw dfurvv gdwd iuhtxhqflhv dqg lqvwuxphqw vhwv1 Wkh hpslulfdo

vhfwlrq ixuwkhupruh vkrzhg wkdw wkh glvwlqfwlrq ehwzhhq vwrfnkroghuv dqg qrqvwrfnkroghuv lv

lpsruwdqw iru Kdqvhq0Mdjdqqdwkdq erxqg dqdo|vlv1 D qhjdwlyh �qglqj lq wkh hpslulfdo dqdo|vlv

zdv wkdw whvwv ri ryhulghqwli|lqj uhvwulfwlrqv rq wkh Hxohu htxdwlrqv gr qrw frqvlvwhqwo| uhmhfw

iru qrqvwrfnkroghuv1
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Uhihuhqfhv

^4` Doohq/ I1 dqg G1 Jdoh/ 4<<7/ �Olplwhg Pdunhw Sduwlflsdwlrq dqg Yrodwlolw| ri Dvvhw Sulfhv�/

Dphulfdq Hfrqrplf Uhylhz/ ;7/ 7/ <660<881

^5` Dwwdqdvlr/ R1/ M1 Edqnv/ dqg V1 Wdqqhu/ 4<<;/ �Dvvhw Kroglqj dqg Frqvxpswlrq Yrodwlolw|�/

QEHU Zrunlqj Sdshu Qr1 989:1

^6` Dwwdqdvlr/ R1S1 dqg J1 Zhehu/ 4<<8/ �Lv Frqvxpswlrq Jurzwk Frqvlvwhqw zlwk Lqwhuwhpsr0

udo Rswlpl}dwlrqB Hylghqfh iurp wkh Frqvxphu H{shqglwxuh Vxuyh|�/ Mrxuqdo ri Srolwlfdo

Hfrqrp|/ 436/ 9/ 44540448:1

^7` Erxqg/ M1/ G1 D1 Mdhjhu/ dqg U1 P1 Ednhu/ 4<<8/ �Sureohpv Zlwk Lqvwuxphqwdo Yduldeohv

Hvwlpdwlrq Zkhq wkh Fruuhodwlrq Ehwzhhq wkh Lqvwuxphqwv dqg wkh Hqgrjhqrxv H{sodqd0

wru| yduldeoh Lv Zhdn�/ Mrxuqdo ri wkh Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq/ Yro1 <3/ Qr1 7631

^8` Edvdn/ V1 dqg G1 Fxrfr/ 4<<:/ �Dq Htxloleulxp Prgho zlwk Uhvwulfwhg Vwrfn Pdunhw

Sduwlflsdwlrq�/ Urgqh| O1 Zklwh Fhqwhu iru Ilqdqfldo Uhvhdufk/ Zrunlqj Sdshu 3340<:1

^9` Eoxph/ P1 H1 dqg V1 S1 ]hoghv/ 4<<7/ �Krxvhkrog Vwrfnrzqhuvkls Sdwwhuqv dqg Djjuhjdwh

Dvvhw Sulflqj Wkhrulhv�/ zrunlqj sdshu/ Zkduwrq1

^:` Eudy/ D1 dqg F1 Jhf}|/ 4<<9/ �Dq Hpslulfdo Uhvxuuhfwlrq ri wkh Vlpsoh Frqvxpswlrq

FDSP zlwk Srzhu Xwlolw|�/ zrunlqj sdshu/ Xqlyhuvlw| ri Fklfdjr1

^;` Eudy/ D1/ J1 P1 Frqvwdqwlqlghv/ dqg F1 Jh}f|/ 4<<</ �Dvvhw Sulflqj zlwk Khwhurjhqhrxv

Frqvxphuv dqg Olplwhg Sduwlflsdwlrq= Hpslulfdo Hylghqfh�/ zrunlqj sdshu/ Xqlyhuvlw| ri

Fklfdjr1

^<` Fdpsehoo/ M1\1/ 4<<5/ Frpphqw rq �Dvvhw Sulflqj H{sorudwlrqv iru Pdfurhfrqrplfv� e|

M1 K1 Frfkudqh dqg O1 S1 Kdqvhq/ QEHU Pdfurhfrqrplfv Dqqxdo/ 498049<1

^43` Fdpsehoo/ M1\1/ 4<<:/ �Dvvhw Sulfhv/ Frqvxpswlrq dqg wkh Exvlqhvv F|foh�/ sdshu suhsduhg

iurp wkh Kdqgerrn rq Pdfurhfrqrplfv/ hglwhg e| M1E1 Wd|oru dqg P1 Zrrgirug1

^44` Fdpsehoo/ M1\1 dqg M1K1 Frfkudqh/ 4<<8/ �E| Irufh ri Kdelw= D Frqvxpswlrq0Edvhg H{0

sodqdwlrq ri Djjuhjdwh Vwrfn Pdunhw Ehkdylru�/ QEHU Zrunlqj Sdshu Qr1 7<<81
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^45` Fdpsehoo/ M1\1/ D1Z1 Or/ dqg D1F1 PdfNlqod|/ 4<<:/ Wkh Hfrqrphwulfv ri Ilqdqfldo Pdu0

nhwv/ Sulqfhwrq Xqlyhuvlw| Suhvv/ Qhz Mhuvh|1

^46` Frqvwdqwlqlghv J1P1 dqg G1 Gx!h/ 4<<9/ �Dvvhw sulflqj zlwk Khwhurjhqhrxv Frqvxphuv/

Mrxuqdo ri Srolwlfdo Hfrqrp|/ 437/ 54<05731

^47` Grqdog/ V1 J1 dqg Z1 N1 Qhzh|/ 4<<:/ �Fkrrvlqj wkh Qxpehu ri Lqvwuxphqwv�/ zrunlqj

sdshu/ PLW1

^48` Gxqfdq/ J1 M1/ dqg G1 K1 Kloo/ 4<;8/ �Dq Lqyhvwljdwlrq ri wkh H{whqw dqg Frqvhtxhqfhv ri

Phdvxuhphqw Huuru lq Oderu0hfrqrplf Vxuyh| Gdwd�/ Mrxuqdo ri Oderu Hfrqrplfv/ 6/ 7/

83;0651

^49` G|qduvnl/ V1 dqg M1 Juxehu/ 4<<:/ �Fdq Idplolhv Vprrwk Yduldeoh HduqlqjvB�/ Eurrnlqjv

Sdshuv rq Hfrqrplf Dfwlylw|/ 4<<:=4/ 55<06361

^4:` Hiurq / E1 dqg U1 M1 Wlevkludql/ 4<<6/ �Dq Lqwurgxfwlrq wr wkh Errwvwuds�/ Fkdspdq )

Kdoo1

^4;` Idpd/ H1 I1 dqg N1 U1 Iuhqfk/ 4<;</ �Exvlqhvv Frqglwlrqv dqg H{shfwhg Uhwxuqv rq Vwrfnv

dqg Erqgv�/ Mrxuqdo ri Ilqdqfldo Hfrqrplfv/ 58/ 5607<1

^4<` Ihuvrq/ Z1H1 dqg F1 U1 Kduyh|/ 4<<5/ �Vhdvrqdolw| dqg Frqvxpswlrq0Edvhg Dvvhw Sulflqj�/

Mrxuqdo ri Ilqdqfh/ Yro [OYLL/ 5/ 84408851

^53` Jrxulqfkdv/ S1 R1 dqg M1 D1 Sdunhu/ 4<<</ �Frqvxpswlrq ryhu wkh Olih F|foh�/ QEHU

Zrunlqj Sdshu Qr1 :5:41

^54` Jxlvr/ O1/ W1 Mdsshool/ dqg G1 Whuol}}hvh/ 4<<9/ �Lqfrph Ulvn/ Eruurzlqj Frqvwudlqwv/ dqg

Sruwirolr Fkrlfh�/ Dphulfdq Hfrqrplf Uhylhz/ ;9/ 4/ 48;04:51

^55` Kdoldvvrv/ P1 dqg F1F1 Ehuwdxw/ 4<<8/ �Zk| gr vr ihz krog vwrfnvB�/ Hfrqrplf Mrxuqdo/

44430445<1

^56` Kdqvhq/ O1S1 dqg N1M1 Vlqjohwrq/ 4<;5/ �Jhqhudol}hg Lqvwuxphqwdo Yduldeohv Hvwlpdwlrq ri

Qrqolqhdu Udwlrqdo H{shfwdwlrqv Prghov�/ Hfrqrphwulfd/ 83/ 8/ 459<045;91

^57` Kdqvhq/ O1S1 dqg N1M1 Vlqjohwrq/ 4<;7/ Huudwd wr wkh deryh sdshu/ Hfrqrphwulfd/ 85/ 4/

59:059;1
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^58` Kdqvhq/ O1S1 dqg N1M1 Vlqjohwrq/ 4<;6/ �Vwrfkdvwlf Frqvxpswlrq/ Ulvn Dyhuvlrq/ dqg wkh

Whpsrudo Ehkdylru ri Dvvhw Uhwxuqv�/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ <4/ 5/ 57<05981

^59` Khdwrq/ M1 dqg G1 Oxfdv/ 4<<</ �Sruwirolr Fkrlfh dqg Dvvhw Sulfhv= Wkh Lpsruwdqfh ri

Hqwuhsuhqhxuldo Ulvn�/ Iruwkfrplqj lq Mrxuqdo ri Ilqdqfh1

^5:` Krurzlw}/ M1 O1/ 4<<;/ �Wkh Errwvwuds�/ Fkdswhu suhsduhg iru Kdqgerrn ri Hfrqrphwulfv/

Yro1 81

^5;` U1 J1 Leerwvrq Dvvrfldwhv/ 4<<:/ �Vwrfnv/ erqgv/ eloov/ dqg lq dwlrq�/ \hduerrn 4<<:1

^5<` Mdfrev/ N1/ 4<<</ �Lqfrpsohwh Pdunhwv dqg Vhfxulw| Sulfhv= Gr Dvvhw0Sulflqj Sx}}ohv Uhvxow

iurp Djjuhjdwlrq SureohpvB�/ Mrxuqdo ri Ilqdqfh/ 87/ 4/ 45604991

^63` Nhqqlfnhoo/ D1 E1/ P1 Vwduu0PfFoxhu/ dqg D1 H1 Vxqghq/ 4<<:/ �Idplo| Ilqdqfhv lq wkh

X1V1= Uhfhqw Hylghqfh iurp wkh Vxuyh| ri Frqvxphu Ilqdqfhv�/ Ihghudo Uhvhuyh Exoohwlq/

Mdqxdu|/ 40571

^64` Nrfkhuodnrwd/ Q1U1/ 4<<3/ �Rq whvwv ri uhsuhvhqwdwlyh frqvxphu dvvhw sulflqj prghov�/

Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 59/ 5;806371

^65` Nrfkhuodnrwd/ Q1U1/ 4<<9/ �Wkh Htxlw| Suhplxp= Lw*v Vwloo d Sx}}oh�/ Mrxuqdo ri Hfrqrplf

Olwhudwxuh/ Yro1 [[LY/ 750:41

^66` Ohwwdx/ P1/ 4<<;/ �Lglrv|qfudwlf Ulvn dqg Yrodwlolw| Erxqgv/ ru/ fdq Prghov zlwk Lglrv|q0

fudwlf Ulvn Vroyh wkh Htxlw| Suhplxp Sx}}ohB�/ FHSU Glvfxvvlrq Sdshu/ Qr1 4:<81

^67` Oxwwphu/ H1/ 4<<9/ �Dvvhw Sulflqj lq Hfrqrplhv zlwk Iulfwlrqv�/ Hfrqrphwulfd/ Yro1 97/ Qr1

9/ 476<09:1

^68` Pdqnlz/ Q1 J1/ 4<;9/ �Wkh Htxlw| Suhplxp Sx}}oh dqg wkh Frqfhqwudwlrq ri Djjuhjdwh

Vkrfnv�/ Mrxuqdo ri Ilqdqfldo Hfrqrplfv/ 4:/ 544054<1

^69` Pdqnlz/ Q1J1 dqg V1 ]hoghv/ 4<<4/ �Wkh frqvxpswlrq ri Vwrfnkroghuv dqg Qrq0

Vwrfnkroghuv/� Mrxuqdo ri Ilqdqfldo Hfrqrplfv/ 4:/ 544054<1

^6:` Phkud/ U1 dqg H1 Suhvfrww/ 4<;8/ �Wkh Htxlw| Suhplxp= D Sx}}oh/� Mrxuqdo ri Prqhwdu|

Hfrqrplfv/ 48/ 47804941
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^6;` Srwhued/ M1 P dqg D1 D1 Vdpzlfn/ 4<<8/ �Vwrfn Rzqhuvkls Sdwwhuqv/ Vwrfn Pdunhw Ioxf0

wxdwlrqv/ dqg Frqvxpswlrq�/ Eurrnlqjv Sdshuv rq Hfrqrplf Dfwlylw|/ 4<<8=5/ 5<806:51

^6<` Uxqnoh/ G1H1/ 4<<4/�Oltxlglw| frqvwudlqwv dqg wkh shupdqhqw0lqfrph k|srwkhvlv= Hylghqfh

iurp sdqho gdwd�/ Mrxqdo ri Prqhwdu| Hfrqrplfv/ 5:/ :60<;1

^73` Vdlwr/ P1/ 4<<5/ �Hvvd|v rq wkh Ulvn Suhplxp lq X1V1 Ilqdqfldo Pdunhw�/ PLW Wkhvlv1

^74` Vrxohohv/ Q1 V1/ 4<<8/ �Wkh Uhodwlrqvkls ri Krxvhkrog Frqvxpswlrq dqg Vdylqj wr Lqfrph�/

PLW Wkhvlv1

^75` Vrxohohv/ Q1 V1/ 4<<</ �Krxvhkrog Vhfxulwlhv Sxufkdvhv/ Wudqvdfwlrqv Frvwv/ dqg Khgjlqj

Prwlyhv�/ zrunlqj sdshu/ Zkduwrq1

^76` Ylvvlqj0Mûujhqvhq/ D1/ 4<<;/ �Olplwhg Vwrfn Pdunhw Sduwlflsdwlrq�/ Sk1 G1 Wkhvlv/ Ghsduw0

phqw ri Hfrqrplfv/ PLW1

^77` Ylvvlqj0Mûujhqvhq/ D1/ 4<<</ �Wrzdugv dq h{sodqdwlrq ri krxvhkrog sruwirolr fkrlfh khwhur0

jhqhlw|= Qrq�qdqfldo lqfrph dqg sduwlflsdwlrq frvw vwuxfwxuhv�/ zrunlqj sdshu/ Xqlyhuvlw|

ri Fklfdjr1

^78` Zhlo/ S1/ 4<;</ �Wkh Htxlw| Suhplxp Sx}}oh dqg wkh Ulvn0Iuhh Udwh Sx}}oh�/ Mrxuqdo ri

Prqhwdu| Hfrqrplfv/ 57/ 73407541

^79` ]hoghv/ V1S1/ 4<;</ �Frqvxpswlrq dqg oltxlglw| frqvwudlqwv= dq hpslulfdo lqyhvwljdwlrq�/

Mrxuqdo ri Srolwlfdo Hfrqrp|/ 437/ 5:80<;1
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8 Dsshqgl{ D1 Prqwh Fduor vwxg| ri wkh h�hfwv ri phdvxuhphqw

huuru

814 Sduw 41 Wkh ehqh�wv ri orj0olqhdul}dwlrq iru Hxohu htxdwlrq hvwlpdwlrq

Wdeoh 5 vkrzv wkh uhvxowv ri d vpdoo vfdoh Prqwh Fduor vlpxodwlrq ri wkh surshuwlhv ri irxu gl�huhqw

ulvn dyhuvlrq hvwlpdwruv1 W lv nhsw �{hg dqg wkh vlpxodwlrq vkrzv wkh h�hfw ri lqfuhdvlqj K rq

wkh vpdoo vdpsoh surshuwlhv ri wkh irxu hvwlpdwruv1 Wklv lv grqh iru vhyhudo gl�huhqw ydoxhv ri

wkh vwdqgdug ghyldwlrq ri wkh phdvxuhphqw huuru lq frqvxpswlrq1

Doo irxu ulvn dyhuvlrq hvwlpdwruv duh edvhg rq wkh Hxohu htxdwlrq iru wkh h{fhvv uhwxuq rq

vwrfnv ryhu W0eloov1 Wkxv wkh Hxohu htxdwlrq frqwdlqv rqo| rqh suhihuhqfh sdudphwhu �= Iru

vlpsolflw| L gr qrw frqvlghu vlwxdwlrqv lq zklfk lqvwuxphqwv duh dydlodeoh +wkh edvlf srlqwv vkrxog

fduu| ryhu wr wklv fdvh,1 Wkh irxu hvwlpdwruv gl�hu lq zkhwkhu wkh| duh edvhg rq orj0olqhdul}hg

Hxohu htxdwlrqv ru qrw/ dqg lq zkhwkhu wkh Hxohu htxdwlrq dvvxphv d uhsuhvhqwdwlyh djhqw ru

qrw1

41 Qrqolqhdu Hxohu htxdwlrq/ qr uhsuhvhqwdwlyh djhqw dvvxpswlrq1 e� vroyhv
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zlwk wkh vwdqgdug hvwlpdwruv ri yduldqfh dqg fryduldqfh1

61 Qrqolqhdu Hxohu htxdwlrq/ uhsuhvhqwdwlyh djhqw dvvxpswlrq1 e� vroyhv
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Wkh Prqwh Fduor vlpxodwlrq frqvlvwv ri uhshdwlqj wkh iroorzlqj vwhsv d odujh qxpehu ri

wlphv lq rughu wr eh deoh wr fkdudfwhul}h wkh glvwulexwlrq ri wkh hdfk hvwlpdwru1 Hdfk ri wkh irxu

hvwlpdwruv duh phwkrg ri prphqwv hvwlpdwruv1

Vwhs 41 Gudz d wlph vhulhv iru hdfk ri wkh wkuhh djjuhjdwh yduldeohv/ �oqF|n�> oq +4 .Urc|n�,/

dqg oq +4 .Usc|n�,1 Wkhvh duh dvvxphg mrlqw orjqrupdo zlwk phdqv dqg yduldqfh0fryduldqfh

pdwul{ dv lq wkh dqqxdo XV gdwd iru wkh shulrg 4<6304<<91 Wkh vshfl�f gdwd vhulhv duh dv

ghvfulehg lq wkh gdwd vhfwlrq1

Vwhs 51 Iru hdfk w/ K lglrv|qfudwlf vkrfnv %�|n� duh wkhq gudzq1 Wkhvh duh dvvxphg orjqru0

pdo/ oq %�| � Q
�
3> �2*? 0

�
dqg lqghshqghqw ryhu wlph1 Wkhvh vkrfnv uhsuhvhqw erwk jhqxlqh furvv

vhfwlrqdo yduldwlrq lq frqvxpswlrq jurzwk udwhv/ dv zhoo dv phdvxuhphqw huuru1 Wkh furvv vhf0

wlrqdo yduldwlrq lq frqvxpswlrq jurzwk udwhv lv dvvxphg lqghshqghqw ri wkh djjuhjdwh yduldeohv1

Lglrv|qfudwlf frqvxpswlrq ulvn wkhuhiruh hqwhuv wkh htxdwlrqv lq wkh vdph zd| dv phdvxuhphqw

huuru165 Wkh ydoxh ri �2*? 0 lv fkrvhq edvhg rq wkh FH[ gdwd1 Iru txduwhuo| gdwd wkh furvv0

vhfwlrqdo vwdqgdug ghyldwlrq ri frqvxpswlrq jurzwk
t
Y�

�
�oqF�

|

�
htxdov 3=67 iru txduwhuo|

gdwd vhdvrqdoo| dgmxvwhg xvlqj prqwko| gxpplhv166 Wkh vwdqgdug ghyldwlrq ri XV txduwhuo|

qrqgxudeohv dqg vhuylfhv shu fdslwd frqvxpswlrq jurzwk iru wkh vdph shulrg +4<;504<<8, lvs
Y +� oqFW

| , @ 3=37167 Wklv lpsolhv
s
Y +� oq %|n�, @

s
3=672 � 3=372 @ 3=66;= Wkxv wkh vwdq0

gdug ghyldwlrq ri �oq %�|n� lv ; wr < wlphv odujhu wkdq wkdw ri �oqF|n� lq wkh txduwhuo| gdwd1

Dvvxplqj wkh vdph udwlr iru wkh dqqxdo gdwd lpsolhv d ydoxh ri �{*? 0 @ < � 3=356 @ 3=53:

iru wkh dqqxdo gdwd168 Zlwk lqghshqghqw phdvxuhphqw huuruv ryhu wlph �2{ *? 0 @ 5�2*? 0/ vr

5�2*? 0 @ 3=53:2 ru �2*? 0 @ 3=354= Vlqfh wklv lv rqo| d urxjk fdoleudwlrq/ wkh vhqvlwlylw| ri wkh

uhvxowv wr ydulrxv ydoxhv ri wklv sdudphwhu lv frqvlghuhg1 Wdeoh 5 jlyhv wkh sdudphwhu fkrlfhv lq

65E| gh�qlwlrq lglrv|qfudwlf frqvxpswlrq vkrfnv duh qrw fruuhodwhg zlwk wkh vwrfn ru wkh erqg uhwxuq1 Wkxv

iru wkh suhvhqw sxusrvhv/ lglrv|qfudwlf frqvxpswlrq vkrfnv kdyh wkh vdph h�hfw rq wkh surshuwlhv ri ulvn dyhuvlrq

hvwlpdwruv dv phdvxuhphqw huuuru1
66Wklv lv wkh dyhudjh ydoxh ri wkh vwdqgdug ghyldwlrq dfurvv shulrgv/ wkh ydoxhv iru hdfk shulrg ydu| durxqg wklv

ydoxh1 Wkh fdofxodwlrqv duh edvhg rq p| FH[ vdpsoh zklfk h{foxghv revhuydwlrqv iru zklfk ��
|n�*�

�
| lv deryh 8

ru ohvv wkdq 51
67Wkh XV gdwd duh vhdvrqdoo| dgmxvwhg e| wkh EHD xvlqj d ydulhw| ri wkh [44 phwkrg1 Xqdgmxvwhg XV gdwd

zhuh qrw dydlodeoh1

Wkh frqvxpswlrq phdvxuh xvhg lv XV shu fdslwd orj frqvxpswlrq jurzwk ri qrqgxudeohv dqg vhuylfhv/ 4<630<91

L xvh wkh *-* qrwdwlrq khuh vlqfh L dvvxph wkdw djjuhjdwh frqvxpswlrq lv qrw phdvxuhg zlwk huuru1
6831356 lv wkh vwdqgdug ghyldwlrq ri dqqxdo XV shu fdslwd orj frqvxpswlrq jurzwk ri qrqgxudeohv dqg vhuylfhv/

4<630<91
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whupv ri �{ *? 0 vlqfh wklv lv hdvlhu wr lqwhusuhw1

Vwhs 61 Fdofxodwh wkh ydoxh ri hdfk ri wkh irxu hvwlpdwruv1 Wklv vwhs lv wlph frqvxplqj vlqfh

wkh ydoxhv ri wkh wzr ulvn dyhuvlrq hvwlpdwruv edvhg rq wkh qrqolqhdu Hxohu htxdwlrqv pxvw eh

fdofxodwhg xvlqj julg vhdufk1 Wklv lv qhfhvvdu| ehfdxvh wkhuh duh qr/ rqh ru vhyhudo ydoxhv ri �

zklfk vhwv wkh prphqw htxdo wr }hur/ ghshqglqj rq wkh gudz ri wkh gdwd1 Zlwkrxw phdvxuhphqw

huuru/ wkh prphqw lv d prqrwrqlf grzqzdug vorslqj ixqfwlrq ri � iru erwk hvwlpdwru 4 dqg 6

zlwk d xqltxh ydoxh ri � vhwwwlqj lw htxdo wr }hur1 Zlwk phdvxuhphqw huuru wklv qrw dozd|v wkh

fdvh1 Wkhvh ihdwxuhv ri wkh vroxwlrq zhuh ghwhuplqhg e| sorwwlqj wkh prphqwv djdlqvw � iru

pdq| gl�huhqw gudzv ri wkh gdwd1 L irfxv rq wkh fdvhv zkhuh wkh prphqw lv srvlwlyh dw yhu|

orz ydoxhv ri �> qhjdwlyh dw yhu| srvlwlyh ydoxhv/ dqg kdv d xqltxh ydoxh ri � wkdw vhwv lw htxdo

wr }hur1 Wkhvh duh uhihuuhg wr dv fdvhv iru zklfk wkh hvwlpdwru kdv d *ydolg* vroxwlrq1 Wkh julg

vhdufk zdv grqh ryhu wkh lqwhuydo �483 dqg 483 zlwk 634 julg srlqwv1 Iru wkh fdvhv zlwk d ydolg

vroxwlrq wkh hvwlpdwh irxqg e| julg vhdufk lv fkrvhq wr eh wkh srlqw kdoi zd| ehwzhhq wkh wzr

uhohydqw julg srlqwv/ dqg zloo wkxv e| dw prvw 318 dzd| iurp wkh h{dfw ydoxh ri � zklfk vhwv wkh

prphqw htxdo wr }hur1

Wkh fxuuhqw uhvxowv duh edvhg rq 4833 Prqwh Fduor lwhudwlrqv1 Wklv lv vx!flhqw wr looxvwudwh

wkh pdlq ihdwxuhv ri wkh uhvxowv1 Pruh lwhudwlrqv duh qhhghg wr fdofxodwh wkh suhflvh phdqv/

phgldqv/ dqg shufhqwlohv ri wkh hvwlpdwruv dqg zloo eh surylghg iru wkh qh{w gudiw ri wkh sdshu1

Iljxuh 4 looxvwudwhv wkh uhvxowv iru �{*? 0 @ 3=48= Hdfk judsk kdv 4833 srlqwv fruuhvsrqglqj

wr wkh 4833 Prqwh Fduor lwhudwlrqv1 Rq wkh krul}rqwdo d{lv/ wkh hvwlpdwh edvhg rq wkh orj0

olqhdul}hg prgho iru wkh fdvh zlwk qr phdvxuhphqw huuru lv sorwwhg +zlwkrxw phdvxuhphqw huuru/

dqg zlwk wkh gdwd ehlqj mrlqw orjqrupdo/ lw kdv yhu| olwwoh h�hfw zkhwkhu wkh Hxohu htxdwlrq lv

orj0olqhdul}hg ru qrw,1 Rq wkh yhuwlfdo d{lv lq wkh wrs wkuhh slfwxuhv/ wkh ydoxhv ri hvwlpdwruv 4

dqg 5 duh sorwwhg1 Lq wkh erwwrp wkuhh slfwxuhv wkh ydoxhv ri hvwlpdwruv 6 dqg 7 duh vkrzq1 Li

d jlyhq hvwlpdwlrq surfhgxuh zdv olwwoh d�hfwhg e| phdvxuhphqw huuru lq frqvxpswlrq/ wkhq doo

wkh srlqwv vkrxog olh forvh wr wkh 78 ghjuhh olqh1 Iru odujh K> K @ 4333> wklv lv zkdw lv irxqg

iru hvwlpdwru 5 dqg 7 edvhg rq orj0olqhdul}hg Hxohu htxdwlrqv1 Wkh orzhu K> wkh pruh vfdwwhuhg

wkh srlqwv duh durxqg wkh 78 ghjuhh olqh1 Iru hvwlpdwruv 4 dqg 6 edvhg rq wkh qrqolqhdu Hxohu

htxdwlrqv/ wkh fdvhv iru zklfk d ydolg vroxwlrq iru wkh hvwlpdwru lv qrw dydlodeoh duh sorwwhg

dv }hurv1 Wkh shufhqw ri fdvhv iru zklfk d ydolg vroxwlrq lv dydlodeoh lv durxqg 73 shufhqw iru

hvwlpdwru 4 dqg 83 shufhqw iru hvwlpdwru 51 Wkh judsk fohduo| vkrzv wkdw hyhq zkhq d ydolg
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vroxwlrq lv dydlodeoh lw pd| eh idu iurp wkh vroxwlrq iru wkh fdvh zlwk qr phdvxuhphqw huuru

+dqg wkh vdph gudz ri wkh djjuhjdwh yduldeohv,1 Wdeoh 5 surylghv ghwdlohg vwdwlvwlfv iurp wkh

vlpxodwlrq iru ydulrxv ydoxhv ri K dqg �{ *? 01 Qrwlfh wkdw hyhq iru �{ *? 0 @ 3=38> vxevwdqwldoo|

vpdoohu wkdq zkdw wkh FH[ gdwd vxjjhvw/ wkh sureohp ri qr ydolg vroxwlrq iru wkh qrqolqhdu

Hxohu htxdwlrqv vwloo rffxuv txlwh iuhtxhqwo|1 Lw vhhpv idlu wr frqfoxgh wkdw zlwk phdvxuhphqw

huuru/ orj0olqhdul}dwlrq lv suhihudeoh1 Ixuwkhupruh/ h{fhsw iru K @ 58> hvwlpdwruv 5 dqg 7 edvhg

rq wkh orj0olqhdul}hg Hxohu htxdwlrq duh w|slfdoo| forvh wr wkh hvwlpdwruv iru wkh fdvh zlwk qr

phdvxuhphqw huuruv1 Wkh| duh forvh wr phgldq xqeldvhg dqg kdyh <8 shufhqw frq�ghqfh lqwhuydov

forvh wr wkrvh zkhq qr phdvxuhphqw huuuruv duh suhvhqw/ fi1 Wdeoh 51 Wkh frq�ghqfh lqwhuydov

duh zlgh +dv lv wkh fdvh lq wkh fruuhvsrqglqj hvwlpdwlrq edvhg rq dfwxdo gdwd,/ vxjjhvwlqj wkdw

pruh prphqwv vkrxog eh xvhg1 Wkh pdlq srlqw wkdw orj0olqhdul}dwlrq lv ehqh�fdo vkrxog fduu|

ryhu wr wklv fdvh1

Wkh iroorzlqj vlpsoh fdofxodwlrq surylghv vrph lqwxwlrq iru wkh srruhu vpdoo vdpsoh surshu0

wlhv ri hvwlpdwhv edvhg rq wkh qrqolqhdu Hxohu htxdwlrqv1 Lq wkh orj0olqhdul}hg prgho/ frqvxps0

wlrq hqwhuv dv
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Vxssrvh wkdw �0 @ <� dv vxjjhvwhg deryh1 Wkhq n @ ;4= Lq dgglwlrq/ vxssrvh � @ 3 dqg

�2 @ 3=3562 @ 3=33385<1 Wkhq iru � @ 4> Y2 @ ;9> exw iru � @ 8> Y2 @ 748 dqg iru kljkhu �/ Y2

lv yhu| odujh1 Wkxv/ xqohvv ulvn dyhuvlrq lv yhu| orz/ wkh yduldwlrq lq wkh frqvxpswlrq whup zklfk
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hqwhuv wkh Hxohu htxdwlrq zloo eh vxevwdqwldoo| pruh grplqdwhg e| yduldwlrq lq wkh phdvxuhphqw

huuru sduw lq wkh qrqolqhdu Hxohu htxdwlrq wkdq lq wkh orj0olqhdul}hg Hxohu htxdwlrq1 Wkxv

rqh zrxog h{shfw srruhu surshuwlhv ri ulvn dyhuvlrq hvwlpdwruv edvhg rq wkh qrqolqhdu Hxohu

htxdwlrqv1

815 Sduw 51 Wkh h�hfw ri phdvxuhphqw huuru rq vwrfkdvwlf glvfrxqw idfwruv

Iljxuh 5 vkrzv wkh Prqwh Fduor vlpxodwlrq iru wkh vwrfkdvwlf glvfrxqw idfwruv xqghu d uhsuhvhq0

wdwlyh djhqw dvvxpswlrq1 Wkh gdwd jhqhudwlqj surfhvv lv dv iru wkh deryh Prqwh Fduor h{huflvh1

Iru d jlyhq �> wkh ydoxhv sorwwhg duh wkh phgldqv ri Vwg +P, dqg H +P, dfurvv wkh 4833 Prqwh

Fduor gudzv1 Wkh wrs ohiw slfwxuh vkrzv wkh ehqfkpdun fdvh ri qr phdvxuhphqw huuru ru lg0

lrv|qfudwlf vkrfnv1 Wkh rwkhu wkuhh slfwxuhv fruuhvsrqg wr gl�huhqw ydoxhv ri K= Wkh vkdsh ri

wkh fxuyhv duh vhhq wr eh odujho| xqd�hfwhg e| wkh suhvhqfh ri phdvxuhphqw huuru +gxh wr wkh

uhsuhvhqwdwlyh djhqw dvvxpswlrq,1 Krzhyhu/ iru K @ 58 / wkh ydoxh ri � fruuhvsrqglqj wr d

jlyhq srlqw rq wkh fxuyh lv rqo| derxw kdoi wkh ydoxh dw wkh fruuhvsrqglqj judsk edvhg rq qr

phdvxuhphqw huuru1 Wklv sureohp glplqlvkhv zlwk odujhu K1

77



9 Dsshqgl{ E1 Ghulydwlrq ri djjuhjdwlrq fruuhfwlrq iru vwrfkdv0

wlf glvfrxqw idfwru
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+: gam, log-linearized, o: gam, nonlinear, both with meas. error
H=1000, no representative agent assumption

gam, log-lin., no meas. error
0 25 50 75 100

0

25

50

75

100

125

150

H=250, no representative agent assumption

gam, log-lin., no meas. error
0 25 50 75 100

0

25

50

75

100

125

150

H=25, no representative agent assumption
3 points not shown
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Iljxuh 41 Prqwh Fduor vlpxodwlrq ri surshuwlhv ri ulvn dyhuvlrq hvwlpdwhv edvhg rq

orj0olqhdul}hg Hxohu htxdwlrqv yhuvxv qrqolqhdu Hxohu htxdwlrqv/ mxvw lghqwl�hg fdvh/ 4833

Prqwh Fduor lwhudwlrqv/ �{ *? 0 @ 3=481 Srlqwv dorqj wkh krul}rqwdo d{lv uhsuhvhqw fdvhv zkhuh

wkh qrqolqhdu Hxohu htxdwlrq glg qrw kdyh d *ydolg* vroxwlrq +vhh wh{w iru gh�qlwlrq ri *ydolg*,
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Iljxuh 51 Prqwh Fduor vlpxodwlrq ri surshuwlhv ri vwrfkdvwlf glvfrxqw idfwruv zkhq

frqvxpswlrq lv phdvxuhg zlwk huuru1 4833 Prqwh Fduor lwhudwlrqv/ �{*? 0 @ 3=48> phgldq ri

vwdqgdug ghyldwlrq ri vwrfkdvwlf glvfrxqw idfwru sorwwhg djdlqvw phgldq ri phdq ri vwrfkdvwlf

glvfrxqw idfwru/ uhsuhvhqwdwlyh djhqw dvvxpswlrq/ glvfrxqw udwh 7 shufhqw s1d1/ � @ 4> ===> 53=

7:
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Iljxuh 61 Kdqvhq0Mdjdqqdwkdq erxqg1 Dqqxdo XV shu fdslwd gdwd/ qrqgxudeohv dqg vhuylfhv

frqvxpswlrq/ Q\VH ydoxh zhljkwhg dqg W0eloo uhwxuqv/ 4<5<04<<9/ glvfrxqw udwh 7 shufhqw s1d1/

� @ 3> 4> ===> 83
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Iljxuh 71 Kdqvhq0Mdjdqqdwkdq erxqg1 Txduwhuo| XV shu fdslwdo gdwd/ qrqgxudeohv dqg

vhuylfhv frqvxpswlrq +vhdvrqdoo| dgmxvwhg e| wkh EHD,/ Q\VH ydoxh zhljkwhg dqg W0eloo

uhwxuqv/ 4<79=404<<9=7/ glvfrxqw udwh 7 shufhqw s1d1/ � @ 3> 43> 53> ===> 633
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Iljxuh 81 Kdqvhq0Mdjdqqdwkdq erxqg1 Vhpldqqxdo FH[ gdwd/ doo krxvhkrog vl}hv/ qrqgxudeohv

dqg vhuylfhv frqvxpswlrq +vhdvrqdoo| dgmxvwhg xvlqj vhdvrqdo gxpplhv,/ Q\VH ydoxh zhljkwhg

dqg W0eloo uhwxuqv/ 4<;5 +�uvw kdoi,04<<8 +�uvw kdoi,/ glvfrxqw udwh 7 shufhqw s1d1/

� @ 3> 4> 5> ===> 63
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Iljxuh 91 Kdqvhq0Mdjdqqdwkdq erxqg1 Vhpldqqxdo FH[ gdwd/ vlqjoh lqglylgxdov/ qrqgxudeohv

dqg vhuylfhv frqvxpswlrq +vhdvrqdoo| dgmxvwhg xvlqj vhdvrqdo gxpplhv,/ Q\VH ydoxh zhljkwhg

dqg W0eloo uhwxuqv/ 4<;5 +�uvw kdoi,04<<8 +�uvw kdoi,/ glvfrxqw udwh 7 shufhqw s1d1/

� @ 3> 4> 5> ===> 63
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Iljxuh :1 Kdqvhq0Mdjdqqdwkdq erxqg1 Txduwhuo| FH[ gdwd/ doo krxvhkrog vl}hv/ qrqgxudeohv

dqg vhuylfhv frqvxpswlrq +vhdvrqdoo| dgmxvwhg xvlqj vhdvrqdo gxpplhv,/ Q\VH ydoxh zhljkwhg
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Data Group Mean number Mean of Standard deviation

of observations �Ht

h=1� lnCh
t+1 of �Ht

h=1� lnCh
t+1

per month over the sample over the sample
Semiannual, All 218 0.003 0.025

all household sizes Stockholders 50 0.013 0.043
Nonstockholders 168 0.0005 0.028
Bottom layer 11 0.022 0.085
Middle layer 11 0.002 0.098
Top layer 11 0.011 0.102

Semiannual, All 55 0.002 0.046
single individual Stockholders 11 0.015 0.099

households Nonstockholders 44 -0.0002 0.053

Quarterly, All 639 0.0003 0.022
all household sizes Stockholders 143 0.007 0.032

Nonstockholders 496 -0.002 0.024
Bottom layer 31 0.008 0.061
Middle layer 32 0.005 0.056
Top layer 32 0.010 0.080

Quarterly, All 150 -0.001 0.038
single individual Stockholders 30 0.009 0.075

households Nonstockholders 120 -0.004 0.042
Bottom layer 6 -0.005 0.172
Middle layer 7 0.013 0.165
Top layer 7 0.007 0.215

Note: �Ht

h=1� lnCt+1 is seasonally adjusted using seasonal dummies. The seasonally adjusted value is the
mean of the series plus the residual from a regression on 12 dummies.

Table 1: Summary statistics, CEX data, 1982-1995



Pct of cases Median(b
) E(b
) [ b
0:025, b
0:975 ] Std.(b
) Corr(b
,
with unique b
log-lin., no meas. error)

'valid' solution
No idiosyncratic risk/measurement error

Log-linearized 100.0 25.9 27.3 [ 9.1, 51.2 ] 10.9
Nonlinear 100.0 23.7 25.3 [ 8.2, 50.8 ] 11.4

Idiosyncratic risk/measurement error, no representative agent assumption
�� ln " = 0:05
Log-linearized H=25 100.0 25.7 27.1 [ 8.8, 53.7 ] 11.1 0.97

H=250 100.0 25.5 27.1 [ 9.7, 52.9 ] 11.1 1.00
H=1000 100.0 25.7 26.8 [ 8.1, 51.1 ] 11.0 1.00

Nonlinear H=25 75.5 22.5 24.3 [ 7.5, 55.5 ] 11.6 0.38
H=250 84.7 22.5 24.3 [ 8.5, 49.5 ] 11.3 0.52
H=1000 86.7 22.5 24.2 [ 6.5, 47.5 ] 11.7 0.55

�� ln " = 0:15
Log-linearized H=25 100.0 26.1 26.5 [ 10.7, 57.9 ] 94.8 -0.02

H=250 100.0 25.4 26.5 [ 10.2, 46.5 ] 11.3 0.97
H=1000 100.0 26.1 27.3 [ 11.5, 33.7 ] 11.0 0.99

Nonlinear H=25 40.7 16.5 23.3 [ 5.5, 85.5 ] 20.3 0.10
H=250 42.1 18.5 23.7 [ 7.5, 76.5 ] 17.9 0.13
H=1000 43.1 20.5 26.3 [ 6.5, 96.5 ] 20.6 0.14

�� ln " = 0:30
Log-linearized H=25 100.0 24.2 41.8 [ -67.8, 183.0 ] 458.7 0.09

H=250 100.0 25.6 27.5 [ 8.8, 59.8 ] 13.0 0.87
H=1000 100.0 25.9 27.4 [ 8.8, 52.4 ] 11.3 0.97

Nonlinear H=25 30.6 10.5 16.8 [ 5.5, 49.5 ] 17.2 0.03
H=250 29.9 12.5 17.7 [ 6.5, 45.5 ] 17.3 0.05
H=1000 33.3 13.5 19.4 [ 7.5, 52.5 ] 18.8 0.07

Idiosyncratic risk/measurement error, representative agent assumption
�� ln " = 0:05
Log-linearized H=25 100.0 25.8 27.1 [ 8.6, 53.0 ] 11.5 0.97

H=250 100.0 26.0 27.3 [ 8.1, 51.5 ] 11.0 1.00
H=1000 100.0 25.5 27.0 [ 8.4, 53.1 ] 11.4 1.00

Nonlinear H=25 83.7 22.5 24.4 [ 7.5, 52.5 ] 12.0 0.48
H=250 91.2 23.5 24.3 [ 7.5, 47.5 ] 10.8 0.58
H=1000 93.0 22.5 24.2 [ 7.5, 50.5 ] 10.9 0.66

�� ln " = 0:15
Log-linearized H=25 100.0 25.9 29.0 [ 10.5, 61.7 ] 32.8 0.34

H=250 100.0 25.5 27.1 [ 11.2, 48.3 ] 12.0 0.97
H=1000 100.0 25.3 26.9 [ 10.9, 46.2 ] 10.9 0.99

Nonlinear H=25 43.9 18.5 23.9 [ 7.5, 80.5 ] 18.1 0.12
H=250 50.5 20.5 27.5 [ 7.5, 106.5 ] 22.6 0.24
H=1000 55.1 20.5 24.2 [ 7.5, 75.5 ] 15.6 0.21

�� ln " = 0:30
Log-linearized H=25 100.0 24.7 54.0 [ -82.8, 159.1 ] 488.8 0.03

H=250 100.0 26.2 28.3 [ 8.2, 59.2 ] 15.1 0.83
H=1000 100.0 25.6 27.1 [ 8.6, 55.7 ] 11.6 0.97

Nonlinear H=25 33.9 13.5 19.8 [ 5.5, 83.5 ] 19.8 0.00
H=250 35.5 15.5 21.6 [ 7.5, 82.5 ] 17.8 0.06
H=1000 37.4 16.5 23.9 [ 7.5, 87.5 ] 23.9 0.11

Note: The statistics shown in the last 6 columns are for the cases where a valid solution for the estimator is
found. The true value of risk aversion in the simulation is 25.3. See text for calibration of parameters.

Table 2: Monte Carlo simulation of properties of risk aversion estimates based on log-
linearized Euler equations versus nonlinear Euler equations, just identi�ed case,
1500 Monte Carlo iterations.



Data b
 95 pct bootstrap con�dence
interval, data assumed i.i.d.

[percentile]
[bias-corrected]

US annual, 1930-96
Using Rt 195.0 [ -1587.9, 1729.2 ]

[ 37.7, 152697.2 ]
Using Rt�1 25.3 [ 7.3, 70.5 ]

[ 6.2, 65.4 ]
US quarterly, 1947:2-1996:4

Using Rt 358.2 [ 107.1, 1915.9 ]
[ 109.8, 1959.3 ]

Using Rt�1 253.2 [ 111.9, 634.9 ]
[ 107.3, 608.2 ]

Table 3: Calibration of 
 based on log linearized Euler equations, US per capita data,
nondurables and services



Data Group b
 95 pct bootstrap con�dence 95 pct bootstrap con�dence
interval, data assumed i.i.d. interval, nonoverlapping blocks

[percentile] [percentile]
[bias-corrected] [bias-corrected]

CEX semiannual, All -2150.8 [ -2192.9, 2230.3 ] [ -1400, 1571 ]
No representative [ -3225788, -2112.4 ] [ -384773, -3287 ]
agent assumption Stockholders 51.4 [ -225.8, 408.1 ] [ -350.5, 481.6 ]

[ -98.3, 621.4 ] [ -198.1, 672.4 ]
Nonstockholders -147.1 [ -1574.3, 1412.3 ] [ -1207, 1200 ]

[ -28773.5, 103.3 ] [ -47613 -21.4 ]
Bottom layer 2020.7 [ -796.1, 809.2 ] [ -971.5, 1046.9 ]

[ 5809.3, 250055.6 ] [ 3791, 211073 ]
Middle layer 107.1 [ -612.9, 554.2 ] [ -525.6, 487.1 ]

[ 32.8, 112487.3 ] [ 33.0, 164295 ]
Top layer 45.4 [ -413.3, 449.4 ] [ -391.3, 431.6 ]

[ -39.4, 6111.4 ] [ -23.9, 6109 ]
CEX semiannual, All 240.9 [ -1761.1867.1 ] [ -1339, 1313 ]
Representative [ 66.0, 380215.4 ] [ 79.3, 489245 ]

agent assumption Stockholders 35.6 [ 5.6, 220.5 ] [ -116.6, 255.6 ]
[ 9.1, 253.2 ] [ -67.3, 286.3 ]

Nonstockholders -169.6 [ -1525.4, 1482.1 ] [ -1062, 1027 ]
[ -153848.2, -23.4 ] [ -188299, -32.8 ]

Bottom layer 56.3 [ -498.8, 611.1 ] [ -614.4, 666.9 ]
[ -43.9, 11449.0 ] [ -94.9, 4698 ]

Middle layer 108.1 [ -608.5, 610.4 ] [ -560.5, 622.6 ]
[ 31.8, 577093.2 ] [ 29.2, 158756 ]

Top layer 42.7 [ -373.2, 405.9 ] [ -352.8, 362.9 ]
[ -16.3, 6880.1 ] [ 0.5, 14195 ]

CEX quarterly, All 814.8 [ -1378.1, 1552.6 ] [ -1244.8, 1392.5 ]
No representative [ 472.6, 8245345 ] [ 501.6, 774952.3 ]
agent assumption Stockholders 55.4 [ -287.7, 458.5 ] [ -402.8, 650.8 ]

[ -189.8, 531.0 ] [ -294.9, 791.1 ]
Nonstockholders -300.7 [ -1204.8, 1350.2 ] [ -1050.9, 1041.0 ]

[ -2993930, -93.0 ] [ -3734607, -105.6 ]
Bottom layer -29.3 [ -187.6, -5.3 ] [ -161.0, 0.6 ]

[ -206.9, -6.6 ] [ -173.9, -0.8 ]
Middle layer 22.3 [ 5.8, 109.9 ] [ -0.7, 163.7 ]

[ 5.6, 106.2 ] [ -2.2, 146.8 ]
Top layer 12.7 [ 4.0, 41.7 ] [ 1.2, 52.6 ]

[ 3.6, 37.4 ] [ 0.1, 43.9 ]
CEX quarterly, All 226.8 [ -1435.3, 1461.1 ] [ -1427.4, 1437.6 ]
Representative [ 66.0, 334013 ] [ 56.6, 357406.6 ]

agent assumption Stockholders 51.2 [ -398.6, 540.9 ] [ -484.3, 585.6 ]
[ -209.7, 929.8 ] [ -205.6, 1210.6 ]

Nonstockholders -260.6 [ -1490.1, 1488.0 ] [ -1365.6, 1255.9 ]
[ -1855291, -72.5 ] [ -500145.2, -71.1 ]

Bottom layer -37.0 [ -328.8, 275.6 ] [ -302.8, 250.7 ]
[ -907.4, 82.5 ] [ -860.1, 58.2 ]

Middle layer 24.0 [ 2.1, 154.4 ] [ -27.7, 186.7 ]
[ 4.33, 175.3 ] [ -7.1, 199.5 ]

Top layer 13.2 [ 3.1, 72.4 ] [ -35.5, 98.2 ]
[ 2.0, 60.5 ] [ -39.8, 95.0 ]

Note: The stock return used is the real value weighted NYSE return. The bond return is the real return on
T-bills. 20000 bootstrap iterations. See text for bootstrap methodology

Table 4: Calibration of 
 based on log linearized Euler equations, CEX data, all household
sizes, 1982-1995



Data Group b
 95 pct bootstrap con�dence 95 pct bootstrap con�dence
interval, data assumed i.i.d. interval, nonoverlapping blocks

[percentile] [percentile]
[bias-corrected] [bias-corrected]

CEX semiannual, All -45.8 [ -412.9, 277.3 ] [ -602.5, 494.1 ]
No representative [ -744.7, 121.9 ] [ -2289.4, 129.2 ]
agent assumption Stockholders 64.2 [ -495.8, 498.5 ] [ -442.9, 463.4 ]

[ 16.5, 30107.1 ] [ 15.5, 27868 ]
Nonstockholders -30.8 [ -185.2, -8.5 ] [ -277.5, 177.6 ]

[ -194.2, -8.8 ] [ -356.8, 107.3 ]
CEX semiannual, All -57.4 [ -618.1, 553.0 ] [ -620.9, 559.9 ]
Representative [ -4643.2, 553.0 ] [ -12387, 40.0 ]

agent assumption Stockholders -54.8 [ -437.2, 420.0 ] [ -431.9, 420.3 ]
[ -128754.7, -13.5 ] [ -37460, -9.6 ]

Nonstockholders -58.4 [ -685.4, 540.6 ] [ -774.4, 666.8 ]
[ -3138.1, 98.0 ] [ -8600, 68.5 ]

CEX quarterly, All -660.5 [ -940.2, 1026.9 ] [ -840.4, 845.2 ]
No representative [ -530768.9, -469.2 ] [ -801918.0, -557.2 ]
agent assumption Stockholders 19.7 [ -101.7, 166.2 ] [ -70.9, 168.6 ]

[ -61.9, 204.5 ] [ -66.8, 168.6 ]
Nonstockholders -73.0 [ -735.7, 740.8 ] [ -736.6, 679.8 ]

[ -25594.9, 740.8 ] [ -67121.2, -1.0 ]
Bottom layer -16.7 [ -181.3, 160.4 ] [ 99.7, 178.1 ]

[ -765.0, 33.4 ] [ -196.2, 182.7 ]
Middle layer 15.6 [ -139.5, 168.8 ] [ -820.3, 46.2 ]

[ -35.7, 168.8 ] [ -46.9, 298.3 ]
Top layer 4.5 [ 1.4, 12.7 ] [ 0.4, 14.2 ]

[ 1.3, 11.9 ] [ 0.2, 13.0 ]
CEX quarterly, All 48.2 [ -369.4, 472.3 ] [ -381.4, 485.0 ]
Representative [ -62.6, 2456.3 ] [ -75.9, 1662.3 ]

agent assumption Stockholders 12.6 [ 2.4, 77.2 ] [ 0.9, 62.8 ]
[ 2.4, 77.2 ] [ 0.3, 54.0 ]

Nonstockholders -102.1 [ -835.9, 870.4 ] [ -834.9, 818.8 ]
[ -55918.8, -14.6 ] [ -366409.3, -13.7 ]

Bottom layer -17.7 [ -180.6, 168.3 ] [ -206.5, 182.6 ]
[ -1434.1, 22.7 ] [ -1833.6, 21.2 ]

Middle layer 13.1 [ -111.7, 141.2 ] [ -70.3, 120.6 ]
[ 36.3, 357.6 ] [ -35.4, 166.7 ]

Top layer 3.8 [ 1.2, 11.0 ] [ 0.4, 11.9 ]
[ 1.1, 10.5 ] [ 0.2, 11.2 ]

Note: The stock return used is the real value weighted NYSE return. The bond return is the real return on
T-bills. 20000 bootstrap iterations. See text for bootstrap methodology

Table 5: Calibration of 
 based on log linearized Euler equations, CEX data, single indi-
viduals households, 1982-1995



Instrument set 1 Instrument set 2 Instrument set 3

b1



Test of overid., b1



Test of overid., b1



Test of overid.,

(std. error) df=1, p-value (std. error) df=5, p-value (std. error) df=5, p-value
All household sizes

All 0.027 0.030 0.018
(0.038) 0.153 (0.030) 0.427 (0.033) 0.688

Stockholders 0.335 0.284 0.184
(0.112) 0.187 (0.094) 0.675 (0.064) 0.271

Nonstockholders 0.003 0.010 0.000
(0.023) 0.401 (0.012) 0.495 (0.022) 0.919

Bottom layer 0.140 0.054 0.045
(0.147) 0.119 (0.101) 0.565 (0.048) 0.713

Middle layer 0.016 0.107 0.033
(0.090) 0.661 (0.129) 0.764 (0.028) 0.530

Top layer 0.748 0.602 0.402
(0.303) 0.055 (0.254) 0.382 (0.167) 0.095

Single individual households
All 0.141 0.041 0.135

(0.150) 0.250 (0.059) 0.300 (0.093) 0.414
Stockholders 0.838 0.445 0.414

(0.369) 0.136 (0.259) 0.161 (0.182) 0.529
Nonstockholders 0.009 -0.008 0.028

(0.067) 0.630 (0.017) 0.487 (0.068) 0.572
Note: 12 monthly dummies included as explanatory variables and instruments. The estimations for all household
sizes furthermore include � ln(family size) as explanatory variable and instrument. In addition the instrument
sets include the following variables. Instrument set 1: dividend price ratio. Instrument set 2: dividend price
ratio, lagged log real value weighted NYSE return, lagged log real T-bill return. Instrument set 3: dividend
price ratio, default premium, bond horizon premium.

Table 6: GMM estimation of log linearized Euler equation. Joint estimation using real
value weighted NYSE return and real T-bill return. No representative agent
assumption. CEX, 1982-1995. Semiannual data.



Instrument set 1 Instrument set 2 Instrument set 3

b1



b1



Test of overid., b1



Test of overid.,

(std. error) (std. error) df=2, p-value (std. error) df=2, p-value
All household sizes

All 0.092 0.062 0.071
(0.069) (0.061) 0.159 (0.059) 0.521

Stockholders 0.253 0.227 0.183
(0.104) (0.085) 0.426 (0.067) 0.184

Nonstockholders 0.059 0.021 0.049
(0.077) (0.068) 0.144 (0.067) 0.673

Bottom layer 0.214 0.117 0.129
(0.168) (0.121) 0.302 (0.099) 0.514

Middle layer 0.117 0.260 0.159
(0.277) (0.202) 0.673 (0.245) 0.195

Top layer 0.552 0.521 0.326
(0.346) (0.268) 0.251 (0.193) 0.037

Single individual households
All 0.173 0.011 0.239

(0.138) (0.101) 0.049 (0.107) 0.583
Stockholders 0.601 0.366 0.517

(0.339) (0.217) 0.027 (0.202) 0.931
Nonstockholders 0.062 -0.070 0.133

(0.128) (0.114) 0.133 (0.114) 0.325
Note: 12 monthly dummies included as explanatory variables and instruments. The estimations for all household
sizes furthermore include � ln(family size) as explanatory variable and instrument. In addition the instrument
sets include the following variables. Instrument set 1: dividend price ratio. Instrument set 2: dividend price
ratio, lagged log real value weighted NYSE return, lagged log real T-bill return. Instrument set 3: dividend
price ratio, default premium, bond horizon premium.

Table 7: GMM estimation of log linearized Euler equation. Real value weighted NYSE
return. No representative agent assumption. CEX, 1982-1995. Semiannual data.



Instrument set 1 Instrument set 2 Instrument set 3

b1



b1



Test of overid., b1



Test of overid.,

(std. error) (std. error) df=2, p-value (std. error) df=2, p-value
All household sizes

All 0.382 0.368 0.254
(0.245) (0.237) 0.226 (0.231) 0.348

Stockholders 0.967 0.976 0.932
(0.440) (0.420) 0.667 (0.442) 0.308

Nonstockholders 0.240 0.210 0.087
(0.281) (0.268) 0.159 (0.244) 0.511

Bottom layer 0.803 0.695 0.773
(0.456) (0.448) 0.388 (0.450) 0.861

Middle layer 0.444 0.598 1.012
(1.152) (1.131) 0.385 (0.962) 0.294

Top layer 2.103 1.980 1.889
(0.692) (0.684) 0.500 (0.680) 0.060

Single individual households
All 0.659 0.538 0.225

(0.460) (0.458) 0.047 (0.422) 0.091
Stockholders 2.288 2.179 1.800

(0.913) (0.868) 0.076 (0.878) 0.263
Nonstockholders 0.237 0.166 -0.147

(0.479) (0.474) 0.128 (0.423) 0.166
Note: 12 monthly dummies included as explanatory variables and instruments. The estimations for all household
sizes furthermore include � ln(family size) as explanatory variable and instrument. In addition the instrument
sets include the following variables. Instrument set 1: dividend price ratio. Instrument set 2: dividend price
ratio, lagged log real value weighted NYSE return, lagged log real T-bill return. Instrument set 3: dividend
price ratio, default premium, bond horizon premium.

Table 8: GMM estimation of log linearized Euler equation. Real T-bill return. No repre-
sentative agent assumption. CEX, 1982-1995. Semiannual data.



Instrument set 1 Instrument set 2 Instrument set 3

b1



Test of overid., b1



Test of overid., b1



Test of overid.,

(std. error) df=1, p-value (std. error) df=5, p-value (std. error) df=5, p-value
All household sizes

All 0.025 0.125 0.006
(0.079) 0.274 (0.059) 0.084 (0.027) 0.896

Stockholders 0.225 0.131 0.060
(0.181) 0.154 (0.079) 0.284 (0.050) 0.177

Nonstockholders 0.014 0.120 0.003
(0.067) 0.417 (0.059) 0.078 (0.022) 0.972

Bottom layer -0.000 -0.000 0.005
(0.055) 0.713 (0.009) 0.992 (0.010) 0.895

Middle layer 0.463 0.092 0.100
(0.296) 0.235 (0.094) 0.597 (0.115) 0.576

Top layer 0.481 0.553 0.274
(0.316) 0.219 (0.231) 0.274 (0.171) 0.407

Single individual households
All 0.002 0.197 0.009

(0.050) 0.827 (0.101) 0.045 (0.029) 0.879
Stockholders 0.817 0.609 0.118

(0.483) 0.118 (0.180) 0.100 (0.137) 0.151
Nonstockholders -0.000 0.089 -0.000

(0.078) 0.777 (0.078) 0.118 (0.003) 0.998
Note: 12 monthly dummies included as explanatory variables and instruments. The estimations for all household
sizes furthermore include � ln(family size) as explanatory variable and instrument. In addition the instrument
sets include the following variables. Instrument set 1: dividend price ratio. Instrument set 2: dividend price
ratio, lagged log real value weighted NYSE return, lagged log real T-bill return. Instrument set 3: dividend
price ratio, default premium, bond horizon premium.

Table 9: GMM estimation of log linearized Euler equation. Joint estimation using real
value weighted NYSE return and real T-bill return. No representative agent
assumption. CEX, 1982-1995. Quarterly data.



Instrument set 1 Instrument set 2 Instrument set 3

b1



b1



Test of overid., b1



Test of overid.,

(std. error) (std. error) df=2, p-value (std. error) df=2, p-value
All household sizes

All 0.147 0.230 0.072
(0.144) (0.080) 0.440 (0.098) 0.641

Stockholders 0.256 0.203 0.143
(0.172) (0.087) 0.908 (0.109) 0.074

Nonstockholders 0.119 0.231 0.049
(0.153) (0.084) 0.332 (0.104) 0.720

Bottom layer 0.088 -0.037 0.018
(0.253) (0.139) 0.814 (0.182) 0.507

Middle layer 0.442 0.242 0.247
(0.271) (0.141) 0.513 (0.194) 0.265

Top layer 0.548 0.656 0.374
(0.320) (0.258) 0.766 (0.226) 0.210

Single individual households
All 0.043 0.330 0.092

(0.196) (0.114) 0.291 (0.135) 0.540
Stockholders 0.603 0.545 0.300

(0.433) (0.183) 0.682 (0.221) 0.046
Nonstockholders -0.066 0.251 0.019

(0.240) (0.106) 0.192 (0.148) 0.894
Note: 12 monthly dummies included as explanatory variables and instruments. The estimations for all household
sizes furthermore include � ln(family size) as explanatory variable and instrument. In addition the instrument
sets include the following variables. Instrument set 1: dividend price ratio. Instrument set 2: dividend price
ratio, lagged log real value weighted NYSE return, lagged log real T-bill return. Instrument set 3: dividend
price ratio, default premium, bond horizon premium.

Table 10: GMM estimation of log linearized Euler equation. Real value weighted NYSE
return. No representative agent assumption. CEX, 1982-1995. Quarterly data.



Instrument set 1 Instrument set 2 Instrument set 3

b1



b1



Test of overid., b1



Test of overid.,

(std. error) (std. error) df=2, p-value (std. error) df=2, p-value
All household sizes

All 0.558 1.059 0.551
(0.508) (0.384) 0.040 (0.503) 0.789

Stockholders 0.995 0.966 1.326
(0.590) (0.507) 0.119 (0.566) 0.097

Nonstockholders 0.436 1.039 0.397
(0.528) (0.407) 0.031 (0.519) 0.887

Bottom layer 0.347 0.307 0.251
(0.952) (0.916) 0.833 (0.935) 0.518

Middle layer 1.689 1.548 1.747
(1.041) (0.987) 0.712 (1.025) 0.939

Top layer 2.072 2.292 2.217
(1.372) (1.327) 0.069 (1.284) 0.320

Single individual households
All 0.165 1.111 0.332

(0.749) (0.687) 0.007 (0.709) 0.495
Stockholders 2.283 2.447 1.960

(1.093) (1.062) 0.026 (1.025) 0.100
Nonstockholders -0.249 0.932 -0.097

(0.879) (0.773) 0.022 (0.816) 0.892
Note: 12 monthly dummies included as explanatory variables and instruments. The estimations for all household
sizes furthermore include � ln(family size) as explanatory variable and instrument. In addition the instrument
sets include the following variables. Instrument set 1: dividend price ratio. Instrument set 2: dividend price
ratio, lagged log real value weighted NYSE return, lagged log real T-bill return. Instrument set 3: dividend
price ratio, default premium, bond horizon premium.

Table 11: GMM estimation of log linearized Euler equation. Real T-bill return. No rep-
resentative agent assumption. CEX, 1982-1995. Quarterly data.


