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Ilvfdo Vkrfnv lq dq H!flhqf| Zdjh Prgho�

Fudlj Exuqvlgh| Pduwlq Hlfkhqedxp} Mrqdv G1P1 Ilvkhu{

Qryhpehu 4<<<

Devwudfw

Wklv sdshu looxvwudwhv d sduwlfxodu olplwhg lqirupdwlrq vwudwhj| iru dv0
vhvvlqj wkh hpslulfdo sodxvlelolw| ri dowhuqdwlyh txdqwlwdwlyh jhqhudo htxl0
oleulxp exvlqhvv f|foh prghov1 Wkh edvlf vwudwhj| lv wr whvw zkhwkhu d
prgho hfrqrp| fdq dffrxqw iru wkh uhvsrqvh ri wkh dfwxdo hfrqrp| wr dq
h{rjhqrxv vkrfn1 Khuh zh frqfhqwudwh rq wkh uhvsrqvh ri djjuhjdwh krxuv
zrunhg dqg uhdo zdjhv wr d �vfdo srolf| vkrfn1 Wkh �vfdo srolf| vkrfn lv
lghqwl�hg zlwk wkh g|qdplf uhvsrqvh ri jryhuqphqw sxufkdvhv dqg dyhudjh
pdujlqdo lqfrph wd{ udwhv wr dq h{rjhqrxv lqfuhdvh lq plolwdu| sxufkdvhv1
Exuqvlgh/ Hlfkhqedxp dqg Ilvkhu +4<<<, vkrz wkdw vwdqgdug Uhdo Exvlqhvv
F|foh prghov fdqqrw dffrxqw iru wkh vdolhqw ihdwxuhv ri krz krxuv zrunhg
dqg diwhu 0 wd{ uhdo zdjhv uhvsrqg wr d �vfdo srolf| vkrfn1 Lq wklv sdshu zh
vkrz wkdw wklv idloxuh h{whqgv wr d fodvv ri exvlqhvv f|foh prghov lq zklfk
wkh oderu pdunhw lv fkdudfwhul}hg e| h!flhqf| zdjhv1

�Wkh ylhzv h{suhvvhg lq wklv sdshu gr qrw qhfhvvdulo| uhsuhvhqw wkh ylhzv ri wkh Ihghudo
Uhvhuyh Edqn ri Fklfdjr/ wkh Ihghudo Uhvhuyh V|vwhp ru wkh Zruog Edqn1 Pduwlq Hlfkhqedxp
judwhixoo| dfnqrzohgjhv wkh �qdqfldo vxssruw ri d judqw iurp wkh Qdwlrqdo Vflhqfh Irxqgdwlrq
wr wkh Qdwlrqdo Exuhdx ri Hfrqrplf Uhvhdufk1

|Wkh Zruog Edqn
} Qruwkzhvwhuq Xqlyhuvlw|/ Ihghudo Uhvhuyh Edqn ri Fklfdjr/ QEHU
{Ihghudo Uhvhuyh Edqn ri Fklfdjr



41 Lqwurgxfwlrq

Wklv sdshu looxvwudwhv d sduwlfxodu olplwhg lqirupdwlrq vwudwhj| iru dvvhvvlqj wkh

hpslulfdo sodxvlelolw| ri dowhuqdwlyh txdqwlwdwlyh jhqhudo htxloleulxp exvlqhvv f|foh

prghov1 Wkh edvlf vwudwhj| lv wr whvw zkhwkhu d prgho hfrqrp| fdq dffrxqw iru

wkh uhvsrqvh ri wkh dfwxdo hfrqrp| wr dq h{rjhqrxv vkrfn1 Wr eh xvhixo/ wklv

vwudwhj| uhtxluhv wkdw zh nqrz krz wkh dfwxdo hfrqrp| uhvsrqgv wr wkh vkrfn lq

txhvwlrq dqg wkdw gl�huhqw prghov jhqhudwh gl�huhqw suhglfwlrqv iru wkdw uhvsrqvh1

Khuh zh frqfhqwudwh rq wkh uhvsrqvh ri djjuhjdwh krxuv zrunhg dqg uhdo zdjhv

wr d �vfdo srolf| vkrfn14 Wkh �vfdo srolf| vkrfn lv lghqwl�hg zlwk wkh g|qdplf

uhvsrqvh ri jryhuqphqw sxufkdvhv dqg dyhudjh pdujlqdo lqfrph wd{ udwhv wr dq

h{rjhqrxv lqfuhdvh lq plolwdu| sxufkdvhv1

Exuqvlgh/ Hlfkhqedxp dqg Ilvkhu +4<<<, +EHI, vkrz wkdw vwdqgdug Uhdo Exvl0

qhvv F|foh +UEF, prghov fdq dffrxqw iru wkh vdolhqw ihdwxuhv ri krz krxuv zrunhg

dqg diwhu 0 wd{ uhdo zdjhv uhvsrqg wr d �vfdo srolf| vkrfn/ exw rqo| li lw lv dv0

vxphg wkdw pdujlqdo wd{ udwhv duh frqvwdqw1 Zkhq wklv frxqwhuidfwxdo dvvxpswlrq

lv dedqgrqhg/ UEF prghov fdqqrw dffrxqw iru wkh uhvsrqvh ri wkh hfrqrp| wr

d �vfdo srolf| vkrfn1 Iru h{dpsoh/ kljk oderu vxsso| hodvwlflw| yhuvlrqv ri wkhvh

prghov frxqwhuidfwxdoo| suhglfw wkdw diwhu d �vfdo srolf| vkrfn/ jryhuqphqw sxu0

fkdvhv duh qhjdwlyho| fruuhodwhg zlwk krxuv zrunhg1 Lq uhdolw|/ diwhu d �vfdo srolf|

vkrfn/ jryhuqphqw sxufkdvhv dqg krxuv zrunhg duh vwurqjo| srvlwlyho| fruuhodwhg1

Orz oderu vxsso| hodvwlflw| yhuvlrqv ri wkhvh prghov juhdwo| xqghuvwdwh wkh frq0

glwlrqdo yrodwlolw| ri krxuv zrunhg1 Vr uhjdugohvv ri zkdw lv dvvxphg derxw wkh

hodvwlflw| ri oderu vxsso|/ wkh prgho fdqqrw dffrxqw iru wkh idfwv1 Udph| dqg

Vkdslur +4<<;, vkrz wkdw ydulrxv wzr vhfwru yhuvlrqv ri wkh UEF prgho jhqhudwh

suhglfwlrqv iru djjuhjdwh krxuv zrunhg dqg uhdo zdjhv wkdw duh yhu| vlplodu wr

wkrvh ri wkh rqh vhfwru prgho1 Vr suhvxpdeo| wkhvh prghov wrr zrxog idlo rxu gl0

djqrvwlf whvw1 Urwhpehuj dqg Zrrgirug +4<<5, dqg Ghyhuhx{/ Khdg dqg Odskdp

4Vhh Fkulvwldqr/ Hlfkhqedxp dqg Hydqv +4<<;, iru d vlplodu dssurdfk wr hydoxdwlqj dowhuqd0
wlyh prghov ri wkh prqhwdu| wudqvplvvlrq phfkdqlvp1
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+4<<9, vwxg| wkh h�hfwv ri fkdqjhv lq jryhuqphqw sxufkdvhv lq vwrfkdvwlf jhqhudo

htxloleulxp prghov zklfk lqfrusrudwh lqfuhdvlqj uhwxuqv dqg roljrsrolvwlf sulflqj1

Vlqfh wkhlu prghov lpso| wkdw d srvlwlyh vkrfn wr jryhuqphqw sxufkdvhv udlvhv uhdo

zdjhv/ wkh| zrxog idlo rxu whvw1

Lq wklv sdshu/ zh h{dplqh d yduldqw ri Doh{rsrxorv* +4<<;, prgho ri h!flhqf|

zdjhv1 Zh �qg wkdw/ olnh wkh rwkhu prghov glvfxvvhg deryh/ wkh h!flhqf| zdjh

prgho fdqqrw dffrxqw iru wkh txdqwlwdwlyh uhvsrqvhv ri krxuv zrunhg dqg ri uhdo

zdjhv wr d �vfdo srolf| vkrfn1 Lq sduwlfxodu lw vkduhv wkh vwuhqjwkv dqg zhdnqhvvhv

ri kljk oderu vxsso| hodvwlflw| UEF prghov1 Vr wkh prgho fdq dffrxqw iru wkh

frqglwlrqdo yrodwlolw| ri uhdo zdjhv dqg krxuv zrunhg1 Exw lw fdqqrw dffrxqw iru

wkh whpsrudo sdwwhuq ri krz wkhvh yduldeohv uhvsrqg wr d �vfdo srolf| vkrfn dqg

jhqhudwhv d frxqwhuidfwxdo qhjdwlyh frqglwlrqdo fruuhodwlrq ehwzhhq jryhuqphqw

sxufkdvhv dqg krxuv zrunhg1 Lqwhjudwlqj ryhu wkh uhvxowv zh kdyh rewdlqhg zlwk

wkh gl�huhqw prghov/ zh frqfoxgh wkhuh lv d sx}}oh1 Phdvxuhphqw lv dkhdg ri

wkhru|1

Wr lghqwli| h{rjhqrxv fkdqjhv wr jryhuqphqw sxufkdvhv dqg wd{ udwhv zh exlog

rq wkh dssurdfk xvhg e| Udph| dqg Vkdslur +4<<;, zkr irfxv rq h{rjhqrxv

pryhphqwv lq ghihqvh vshqglqj1 Wr lvrodwh vxfk pryhphqwv/ Udph| dqg Vkdslur

+4<<;, lghqwli| wkuhh srolwlfdo hyhqwv wkdw ohg wr odujh plolwdu| exlogxsv zklfk zhuh

dujxdeo| xquhodwhg wr ghyhorsphqwv lq wkh grphvwlf X1V1 hfrqrp|1 Zh uhihu wr

wkhvh hyhqwv dv cUdph|0Vkdslur hslvrghv*1 Frqwuroolqj iru rwkhu vkrfnv/ zh h{soruh

krz wkh X1V1 hfrqrp| ehkdyhg diwhu wkh rqvhw ri wkh Udph|0Vkdslur hslvrghv dqg

xvh wkh uhvxowv lq wzr zd|v1 Iluvw/ zh xvh lw wr frqvwuxfw wkh edvlf h{shulphqw wkdw

lv frqgxfwhg lq wkh prgho1 Vshfl�fdoo| zh frqiurqw djhqwv lq wkh prgho zlwk d

vhtxhqfh ri fkdqjhv lq wrwdo jryhuqphqw sxufkdvhv dqg pdujlqdo lqfrph wd{ udwhv

wkdw frlqflghv zlwk wkh hvwlpdwhg g|qdplf uhvsrqvh ri wkrvh yduldeohv wr d Udph|

dqg Vkdslur hslvrgh1 Vhfrqg/ zh xvh wkh hvwlpdwhg g|qdplf uhvsrqvh sdwkv ri

djjuhjdwh krxuv zrunhg dqg diwhu 0 wd{ uhdo zdjhv dv wkh vwdqgdug djdlqvw zklfk

zh dvvhvv rxu prgho*v shuirupdqfh1

Wkh uhpdlqghu ri wklv sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 vxppdul}hv rxu
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hylghqfh uhjduglqj wkh g|qdplf h�hfwv ri d �vfdo vkrfn1 Vhfwlrq 6 glvfxvvhv rxu

surfhgxuh iru uhvxowv wr dvvhvv wkh hpslulfdo sodxvlelolw| ri frpshwlqj exvlqhvv

f|foh prghov1 Vhfwlrq 7 suhvhqwv d yhuvlrq ri Doh{rsrxorv* +4<<;, h!flhqf| zdjh

prgho/ prgl�hg wr doorz iru �vfdo vkrfnv1 Vhfwlrq 8 dvvhvvhv wkh txdqwlwdwlyh

surshuwlhv ri wkh prgho1 Ilqdoo|/ Vhfwlrq 9 frqwdlqv frqfoxglqj uhpdunv1

51 Hylghqfh rq wkh H�hfwv ri d Vkrfn wr Ilvfdo Srolf|

Lq wklv vhfwlrq zh dffrpsolvk wzr wdvnv1 Iluvw/ zh ghvfuleh rxu vwudwhj| iru hvwl0

pdwlqj wkh h�hfwv ri dq h{rjhqrxv vkrfn wr �vfdo srolf|1 Vhfrqg/ zh suhvhqw wkh

uhvxowv ri lpsohphqwlqj wklv vwudwhj|15

5141 Lghqwli|lqj wkh H�hfwv ri D Ilvfdo Srolf| Vkrfn

Udph| dqg Vkdslur +4<<;, xvh d cqduudwlyh dssurdfk* wr lvrodwh wkuhh dujxdeo|

h{rjhqrxv hyhqwv wkdw ohg wr odujh plolwdu| exlogxsv dqg wrwdo jryhuqphqw sxu0

fkdvhv= wkh ehjlqqlqj ri wkh Nruhdq Zdu +4<83=6,/ wkh ehjlqqlqj ri pdmru X1V1

lqyroyhphqw lq wkh YlhwqdpZdu +4<98=4, dqg wkh ehjlqqlqj ri wkh Fduwhu0Uhdjdq

ghihqvh exlogxs +4<;3=4,1

Wr hvwlpdwh wkh h{rjhqrxv pryhphqwv lq jryhuqphqw sxufkdvhv/ C|c dqg dy0

hudjh pdujlqdo wd{ udwhv/ � |/ lqgxfhg e| wkh rqvhw ri d Udph|0Vkdslur hslvrgh

dqg wkh fruuhvsrqglqj pryhphqwv lq rwkhu yduldeohv/ zh xvh wkh iroorzlqj surfh0

gxuh1 Gh�qh wkh vhw ri gxpp| yduldeohv (|/ zkhuh (| ' � li | ' i4<83=6/ 4<98=4/
4<;3=4j dqg }hur rwkhuzlvh1 Zh lqfoxgh (| dv dq h{sodqdwru| yduldeoh lq d yhfwru

dxwruhjuhvvlrq +YDU,1 Vxssrvh wkdw wkh &�� yhfwru vwrfkdvwlf surfhvv ~| kdv wkh

uhsuhvhqwdwlrq=

~| ' �f n ��Eu�~|3� n �2Eu�(| n �|c +514,

zkhuh ��Eu� dqg �2Eu� duh �qlwh rughuhg pdwul{ sro|qrpldov lq qrqqhjdwlyh

5Wklv vhfwlrq lv d frqghqvhg yhuvlrq ri d vlplodu vhfwlrq lq EHI1
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srzhuv ri wkh odj rshudwru/ .�| ' f/

.��|�|3r '
f iru doo r 9' f
P iru r ' fc

dqg P lv d srvlwlyh gh�qlwh & � & pdwul{1 Wkh �� fdq eh frqvlvwhqwo| hvwlpdwhg

xvlqj ohdvw vtxduhv1 Wkh uhvsrqvh ri ~�|n&c wkh �|� hohphqw ri ~|n&/ wr wkh rqvhw

ri d Udph|0Vkdslur hslvrgh dw gdwh |/ lv jlyhq e| wkh frh!flhqw rq u& lq wkh

h{sdqvlrq ri dU ���Eu�uo
3��2Eu�1 Qrwh wkdw wklv surfhgxuh dvvxphv wkdw wkh

Udph|0Vkdslur hslvrghv duh ri htxdo lqwhqvlw|16

5151 Hpslulfdo Uhvxowv

Lq wklv vxevhfwlrq zh suhvhqw wkh uhvxowv ri lpsohphqwlqj wkh surfhgxuh glvfxvvhg

deryh1 Xqohvv rwkhuzlvh qrwhg/ wkh yhfwru ~| frqwdlqv wkh orj ohyho ri wlph | uhdo

C(� / wkh wkuhh prqwk Wuhdvxu| eloo udwh/ wkh orj ri wkh surgxfhu sulfh lqgh{ ri

fuxgh ixho/ wkh orj ohyho ri d phdvxuh ri wkh dyhudjh pdujlqdo lqfrph wd{ udwh/

wkh orj ohyho ri uhdo jryhuqphqw sxufkdvhv dqg hlwkhu wkh orj ohyho ri uhdo zdjhv

ru wkh orj ri djjuhjdwh krxuv zrunhg17 Rxu phdvxuh ri wkh wd{ udwh/ wdnhq iurp

Vwhskhqvrq +4<<;,/ lv dq xsgdwhg yhuvlrq ri wkh dyhudjh pdujlqdo vwdwxwru| wd{

udwh frqvwuxfwhg e| Eduur dqg Vdkdvdnxo +4<;6,1 Lw lv d zhljkwhg dyhudjh ri

vwdwxwru| pdujlqdo wd{ udwhv/ zkhuh wkh zhljkwv duh wkh vkduhv ri dgmxvwhg jurvv

lqfrph vxemhfw wr hdfk vwdwxwru| udwh18 Lq doo fdvhv zh lqfoxghg vl{ odjjhg ydoxhv

ri doo yduldeohv lq wkh YDU1 Doo hvwlpdwhv duh edvhg rq txduwhuo| gdwd iurp 4<7:=4

wr 4<<7=71

Iljxuh 4 uhsruwv wkh uhvsrqvhv ri uhdo jryhuqphqw sxufkdvhv dqg wkh wd{ udwh

wr wkh rqvhw ri d Udph|0Vkdslur hslvrgh1 Wkh vrolg olqhv glvsod| srlqw hvwl0

6EHI prgli| wklv surfhgxuh wr doorz wkh gl�huhqw hslvrghv wr kdyh gl�huhqw lqwhqvlwlhv1 Wkh|
vkrz wkdw wkh txdolwdwlyh qdwxuh ri wkh hvwlpdwhg lpsxovh uhvsrqvh ixqfwlrqv grhv qrw ghshqg
rq zkhwkhu rqh lpsrvhv wkh htxdo lqwhqvlw| dvvxpswlrq ru qrw1

7Dq dsshqgl{ dydlodeoh iurp xv ghvfulehv wkh gdwd lq pruh ghwdlo1
8Vhh Vwhskhqvrq +4<<;, iru uh�qhphqwv wr wkh Eduur0Vdkdvdnxo phdvxuh1 Zh irxqg wkdw rxu

uhvxowv zhuh lqvhqvlwlyh wr ljqrulqj wkhvh uh�qhphqwv/ dqg wr xvlqj dqrwkhu wd{ udwh phdvxuh
vxjjhvwhg e| Vhdwhu +4<;8,1
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pdwhv ri wkh frh!flhqwv ri wkh g|qdplf uhvsrqvh ixqfwlrqv19 Wkh gdvkhg olqhv

duh vl{w|0hljkw shufhqw frq�ghqfh lqwhuydov1: Frqvlvwhqw zlwk uhvxowv lq Udph|

dqg Vkdslur +4<<;, dqg Hghoehuj/ Hlfkhqedxp dqg Ilvkhu +4<<<,/ wkh rqvhw ri

d Udph|0Vkdslur hslvrgh ohdgv wr d odujh/ shuvlvwhqw/ kxps0vkdshg ulvh lq jry0

huqphqw sxufkdvhv/ zlwk d shdn uhvsrqvh ri �� shufhqw urxjko| S txduwhuv diwhu

wkh vkrfn1 Lq dgglwlrq/ wkh wd{ udwh ulvhv lq d kxps0vkdshg sdwwhuq/ pluurulqj

wkh kxps0vkdshg g|qdplf uhvsrqvh ixqfwlrq ri jryhuqphqw sxufkdvhv/ Wkh shdn

uhvsrqvh ri 2�� shufhqwdjh srlqwv rffxuv urxjko| . txduwhuv diwhu wkh rqvhw ri d

Udph|0Vkdslur hslvrgh1 Wklv uhsuhvhqwv d ulvh ri urxjko| �� shufhqw lq wkh wd{

udwh uhodwlyh wr lwv ydoxh lq 4<7<1

Iljxuh 4 dovr glvsod|v wkh uhvsrqvhv ri djjuhjdwh krxuv zrunhg lq wkh sulydwh

vhfwru dqg wkh diwhu 0 wd{ uhdo zdjh lq wkh pdqxidfwxulqj vhfwru wr wkh rqvhw ri d

Udph|0Vkdslur hslvrgh1 Wzr nh| uhvxowv hphujh khuh1 Iluvw/ krxuv zrunhg kdv d

ghod|hg/ kxps0vkdshg uhvsrqvh zlwk d shdn uhvsrqvh ri ryhu 2 shufhqw rffxuulqj

urxjko| S shulrgv diwhu wkh �vfdo vkrfn1 Vhfrqg/ wkh diwhu0wd{ uhdo zdjh idoov diwhu

wkh �vfdo srolf| vkrfn1;

61 D Olplwhg Lqirupdwlrq Gldjqrvwlf Surfhgxuh

Wkh suhylrxv vhfwlrq glvsod|hg rxu hvwlpdwhv ri wkh g|qdplf frqvhtxhqfhv ri d

�vfdo srolf| vkrfn wr jryhuqphqw sxufkdvhv/ dyhudjh pdujlqdo wd{ udwhv/ krxuv

zrunhg dqg uhdo zdjhv1 Lq wklv vhfwlrq zh surylgh d vkruw glvfxvvlrq/ wdnhq iurp

EHI/ ri d olplwhg lqirupdwlrq surfhgxuh iru xvlqj wkhvh uhvxowv wr dvvhvv wkh

9Wkh lpsxovh uhvsrqvh ixqfwlrq ri wkh wd{ udwh lv uhsruwhg lq shufhqwdjh srlqwv1 Wkh rwkhu
lpsxovh uhvsrqvh ixqfwlrqv duh uhsruwhg lq shufhqwdjh ghyldwlrqv iurp hdfk yduldeoh*v xqvkrfnhg
sdwk1

:Vhh EHI iru ghwdlov ri wkh frqvwuxfwlrq ri wkhvh frq�ghqfh edqgv1 Wkhvh frq�ghqfh edqgv dv0
vxph wkdw wkh gdwhv pdunlqj wkh rqvhw ri wkh Udph| Vkdslur hslvrghv duh nqrzq zlwk fhuwdlqw|1
Zh kdyh frqgxfwhg h{shulphqwv wr txdqwli| wkh lpsruwdqfh ri �gdwh xqfhuwdlqw|�1 Vshfl�fdoo|
zh wdnh lqwr dffrxqw wkh srvvlelolw| wkdw wkh h{dfw Udph|0Vkdslur gdwhv pljkw eh r� e| xs wr
6 txduwhuv hdfk1 Zh �qg rxu uhvxowv wr eh urexvw wr wkhvh h{shulphqwv1

;Lq EHI zh �qg txdolwdwlyho| vlplodu uhvxowv iru rwkhu phdvxuhv ri krxuv zrunhg dqg uhdo
zdjhv1
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hpslulfdo sodxvlelolw| ri frpshwlqj prghov1

Zh sduwlwlrq ~| dv

~| '

#
7~|

8|

$
c

zkhuh 8| ' E C| � | �� dqg 7~| lv d E& � 2� � � yhfwru ri wkh rwkhu yduldeohv1 Iru

wkh fodvv ri prghov wkdw zh frqvlghu wkh htxloleulxp odz ri prwlrq iru ~| wdnhv

wkh irup ri d v|vwhp ri olqhdu gl�huhqfh htxdwlrqv=

�f~| ' Vn��Eu�~|3� n�2Eu�(| n 0|� +614,

Khuh ��Eu� lv d �qlwh0rughuhg pdwul{ sro|qrpldo lq wkh odj rshudwru/ �2Eu� '

d f�&32 �Eu�� o�/ f&32 lv d & � 2 yhfwru ri }hurhv/ dqg wkh hohphqwv ri 0| '

E 0�75| 0�8| �
� duh xqfruuhodwhg zlwk hdfk rwkhu/ zlwk (| dqg zlwk odjjhg ydoxhv

ri ~|1 Wkh odvw wzr urzv ri +614, duh wkh srolf| uxoh iru wkh �vfdo yduldeohv/ 8|1

Zlwk wklv vshfl�fdwlrq wkh rqo| yduldeohv wkdw duh gluhfwo| d�hfwhg e|(| duh wkrvh

lq 8|1 Wkh rqvhw ri d Udph|0Vkdslur hslvrgh +(| ' �,/ vhwv r� d fkdlq ri h{rjh0

qrxv pryhphqwv lq 8| zklfk ohdgv wr pryhphqwv lq 7~| wkurxjk wkh phfkdqlvpv

hpehgghg lq wkh sduwlfxodu prgho xqghu frqvlghudwlrq1

Rxu wkhruhwlfdo prgho/ +614,/ dqg d YDU ri wkh irup +514, duh htxlydohqw zkhq

�f ' �3�
f Vc ��Eu� ' �3�

f ��Eu�c �2Eu� ' �3�
f �2Eu�c �| ' �3�

f 0|� +615,

Wr fkdudfwhul}h lpsxovh uhvsrqvh ixqfwlrqv zh xvh wkh prylqj dyhudjh uhsuh0

vhqwdwlrq +PDU, fruuhvsrqglqj wr +614, jlyhq e|

~| ' �f n�Eu�0| nMEu�(|� +616,

E| dvvxpswlrq/ i��j dqg iM�j irup vtxduh vxppdeoh vhtxhqfhv1 Qrwh wkdwMEu�

frpsohwho| fkdudfwhul}hv wkh g|qdplf uhvsrqvh sdwk ri wkh yhfwru ~| wr wkh wlph

| uhdol}dwlrq ri (|1 Lq sduwlfxodu/ wkh uhvsrqvh ri ~|n� lv jlyhq e| wkh frh!flhqw

rq u� lq MEu�1

Lw lv xvhixo wr zulwh wkh odvw wzr urzv ri +616, dv

8| ' �2
f n�2Eu�0| nM2Eu�(| +617,

:



Zh gr qrw lghqwli| wkh hohphqwv ri 0| lq rxu hpslulfdo dqdo|vlv1 Krzhyhu/ xqghu

rxu dvvxpswlrqv/ (| lv ruwkrjrqdo wr 0|1 Vr zh fdq vwxg| wkh h�hfwv ri d fkdqjh

lq (| devwudfwlqj iurp pryhphqwv lq 0|1 Wklv lv htxlydohqw wr zrunlqj zlwk wkh

h{rjhqrxv yduldeoh srolf| uxoh

8| ' �2
f nM2Eu�(|� +618,

Wr dvvhvv wkh hpslulfdo sodxvlelolw| ri d prgho*v lpsolfdwlrqv iru dq h{rjhqrxv

vkrfn wr �vfdo srolf| zh fdq surfhhg dv iroorzv1

41 Hvwlpdwh wkh YDU jlyhq e| +514, xvlqj X1V1 gdwd1 Wklv |lhogv hvwlpdwhv 	�f/
	��Eu� dqg 	�2Eu�1

51 Xvh wkh hvwlpdwhv 	�f/ 	��Eu� dqg 	�2Eu� wr rewdlq d prylqj dyhudjh uhsuh0

vhqwdwlrq iru ~| wkdw lv htxlydohqw wr +616,=

~| '
k
U � 	��E��

l3� 	�f n
k
U � 	��Eu�u

l3� 	�2Eu�(| n
k
U � 	��Eu�u

l3�
�|

' �_f nM_Eu�(| n ��_Eu��|�

Qrwlfh wkdw M�
_Eu�/ wkh �uvw E&�2��� vxe0eorfn ri M_Eu�/ fkdudfwhul}hv wkh

g|qdplf uhvsrqvhv ri wkh qrq0�vfdo yduldeohv/ 7~|/ wr wkh rqvhw ri d Udph|0

Vkdslur hslvrgh1

61 Xvh M2
_Eu�/ wkh odvw 2�� vxe0eorfn ri M_Eu�/ wr fkdudfwhul}h wkh h{rjhqrxv

yduldeoh �vfdo srolf| uxoh lq wkh wkhruhwlfdo prgho jlyhq e| +618,1

71 Xvlqj wklv uxoh/ dqg fdoleudwlqj wkh uhpdlqlqj prgho sdudphwhuv/ vwxg| wkh

wkhruhwlfdo prgho*v lpsolfdwlrqv iru wkh g|qdplf uhvsrqvhv ri wkh qrq0�vfdo

yduldeohv wr wkh rqvhw ri wkh Udph|0Vkdslur hslvrgh1 Ghqrwh wkh sro|qrpldo

lq wkh odj rshudwru wkdw fkdudfwhul}hv wkhvh uhvsrqvhv dv M�
6Eu�1

81 Frpsduh wkhvh uhvsrqvhv/ rewdlqhg xvlqj wkh wkhruhwlfdo prgho/ wr wkhlu hp0

slulfdo frxqwhusduwv/ hvwlpdwhg lq wkh vhfrqg vwhs1 Devwudfwlqj iurp vdp0

solqj xqfhuwdlqw| dqg wkh olqhdulw| dvvxpswlrqv lpsolflw lq wkh YDU dqdo|vlv/

;



wkh wzr vhwv ri uhvsrqvh ixqfwlrqv vkrxog eh wkh vdph/ l1h1 lw vkrxog eh wkh

fdvh wkdw M�
6Eu� ' M�

_Eu�1
<

Uhvxowv lq Exuqvlgh dqg Hlfkhqedxp +4<<9, vxjjhvw wkdw xqfhuwdlqw| derxw

wkh vwuxfwxudo sdudphwhuv ri wkh prgho ghvfulelqj suhihuhqfhv dqg whfkqrorj| duh

xqolnho| wr vljql�fdqwo| d�hfw lqihuhqfh iru wkh prghov zh frqvlghu1 Khqfh/ zh

ljqruh wklv vrxufh ri xqfhuwdlqw|1 Zh gr wdnh lqwr dffrxqw vdpsolqj xqfhuwdlqw|

shuwdlqlqj wr wkh hvwlpdwhg uhvsrqvh ri wkh X1V1 hfrqrp| wr d �vfdo srolf| vkrfn1

Vdpsolqj xqfhuwdlqw| derxw wkh 	�� iurp rxu YDU jhqhudwhv xqfhuwdlqw| derxw rxu

gdwd0edvhg hvwlpdwhv ri wkh lpsxovh uhvsrqvhvM�Eu� ghqrwhgM�
_Eu� dqg rxu gdwd0

edvhg hvwlpdwhv ri M2Eu� ghqrwhg M2
_Eu�1 Lq dgglwlrq vdpsolqj xqfhuwdlqw| lq

M2
_Eu� ihhgv lqwr xqfhuwdlqw| derxw rxu prgho0edvhg hvwlpdwhv ri M

�Eu�/ ghqrwhg

M�
6Eu�1

EHI vkrz krz wr dffrxqw iru wkhvh vrxufhv ri vdpsolqj xqfhuwdlqw| zkhq

dvvhvvlqj wkh delolw| ri wkh prgho wr dffrxqw iru ydulrxv frqglwlrqdo prphqwv ri

wkh gdwd/ l1h1 prphqwv shuwdlqlqj wr wkh ehkdylru ri wkh hfrqrp| frqglwlrqdo rq

d �vfdo vkrfn kdylqj rffxuuhg1 Rqh zd| wr hvwlpdwh vxfk d prphqw lv wr xvh d

srlqw hvwlpdwh/ 	wM c ri wkh yhfwru ri frh!flhqwv/ wM / fkdudfwhul}lqj MEu�c lq d zd|

wkdw grhv qrw lqyroyh wkh xvh ri dq hfrqrplf prgho1 Zh ohw _E	wM� ghqrwh wkh

srlqw hvwlpdwh ri d frqglwlrqdo prphqw rewdlqhg lq wklv zd|1 D gl�huhqw zd| wr

hvwlpdwh wkh frqglwlrqdo prphqw lv wr xvh dq hfrqrplf prgho dorqj zlwk ydoxhv

iru wkh sdudphwhuv ghvfulelqj djhqwv* suhihuhqfhv dqg whfkqrorj| dqg dq hvwlpdwh

ri wkh frh!flhqwv fkdudfwhul}lqj wkh h{rjhqrxv yduldeoh srolf| uxoh/ w2M � Qrwh wkdw

w2M lv d vxevhw ri wM � Zh ghqrwh e| 6E	w
2

M� wkh srlqw hvwlpdwh ri wkh frqglwlrqdo

prphqw lq txhvwlrq ghulyhg iurp wkh hfrqrplf prgho1

<Dv glvfxvvhg lq EHI wkh suhylrxv frqfoxvlrq ghshqgv rq wkh iroorzlqj vlpsol�fdwlrq uhjdug0
lqj djhqwv* ylhzv derxw wkh odz ri prwlrq iru Gw= djhqwv h{shfw Gw @ 3 iru doo w1 Lq dgglwlrq/
d uhdol}dwlrq ri Gw @ 4 grhv qrw d�hfw djhqwv* ixwxuh h{shfwdwlrqv ri Gw/ l1h1 wkh| frqwlqxh wr
h{shfw wkdw ixwxuh ydoxhv ri Gw zloo htxdo }hur1 Vr iurp wkhlu shuvshfwlyh/ d uhdol}dwlrq ri Gw @ 4
lv mxvw olnh wkh uhdol}dwlrq ri dq llg h{rjhqrxv vkrfn wr Iw1 Exw rqfh vxfk d vkrfn rffxuv/ wkh
h{shfwhg uhvsrqvh ri Iw.m lv jlyhq e| wkh frh!flhqw rq Om lq wkh sro|qrpldo K5+O,1

<



Ohw

rEwM� ' _EwM��6Ew2M��

Zh duh lqwhuhvwhg lq whvwlqj k|srwkhvlv ri wkh irup=

Mf G rEwM� ' f�

Dq lpsolfdwlrq ri uhvxowv lq Hlfkhqedxp/ Kdqvhq dqg Vlqjohwrq +4<;;, dqg Qhzh|

dqg Zhvw +4<;:, lv wkdw wkh whvw vwdwlvwlf

a ' rEewM��g�@h krEewM�l3� rEewM� +619,

lv dv|pswrwlfdoo| glvwulexwhg dv d fkl0vtxduhg glvwulexwlrq zlwk � ghjuhh ri iuhh0

grp/ zkhuh g�@h krEewM�l lv d frqvlvwhqw hvwlpdwru ri �@h
k
rEewM�l143 Ehorz zh xvh

wklv whvw vwdwlvwlf wr irupdoo| dvvhvv wkh delolw| ri dq h!flhqf| zdjh prgho wr

dffrxqw iru ydulrxv frqglwlrqdo prphqwv ri wkh gdwd1

71 D Jhqhudo Htxloleulxp H!flhqf| Zdjh Prgho

Lq wklv vhfwlrq zh ghvfuleh d yhuvlrq ri Doh{rsrxorv* +4<<;, h!flhqf| zdjh prgho/

prgl�hg wr doorz iru glvwruwlrqdu| lqfrph wd{hv1 Wkh edvlf vwuxfwxuh ri wkh prgho

lv vlplodu wr d vwdqgdug UEF prgho zlwk wkh h{fhswlrq ri wkh oderu pdunhw1 Lq

frqwudvw wr UEF prghov/ zh dvvxph wkdw d zrunhu*v h�ruw lv lpshuihfwo| revhuy0

deoh e| �upv1 Frpshwlwlyh �upv r�hu frqwudfwv wkdw lqgxfh zrunhuv qrw wr vklun

rq wkh mre1 Wkhvh frqwudfwv vshfli| d uhdo zdjh/ dq h�ruw ohyho/ dqg d vshfl�fd0

wlrq wkdw d zrunhu zloo eh glvplvvhg dqg sdlg rqo| d iudfwlrq ri wkh zdjh li kh lv

43Wr jhqhudwh dq hvwlpdwh ri ydu ^v+�K,` zh xvh wkh vdph errwvwuds surfhgxuh hpsor|hg wr
frpsxwh frq�ghqfh lqwhuydov iru wkh lpsxovh uhvsrqvh ixqfwlrqv hvwlpdwhg lq wkh gdwd1 Vshfl�0
fdoo|/ ohw �Kl eh wkh srlqw hvwlpdwh ri wkh prylqj dyhudjh frh!flhqwv ri ]w lpsolhg e| wkh YDU
frh!flhqwv jhqhudwhg e| wkh lwk errwvwuds gudz/ l @ 4> ===> Q> zkhuh Q @ 833= Wkhq

fydu kv+e�,l @ 4

Q � 4

Q[
l@4

+v+�Kl,� v+�Kl,,
5 >

zkhuh v+�Kl, @ +4@Q,
SQ

l@4 v+�Kl,> lv d frqvlvwhqw hvwlpdwh ri ydu
k
v+e�K,

l
1
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fdxjkw vklunlqj rq wkh mre1 Jlyhq d qr erqglqj frqvwudlqw/ wkh vxsso| iru oderu

zloo lq jhqhudo h{fhhg wkh ghpdqg iru oderu/ uhvxowlqj lq xqhpsor|phqw1 Zkhwkhu

wkh h{0srvw xwlolw| ri hpsor|hg zrunhuv h{fhhgv wkh xwlolw| ri xqhpsor|hg lqgl0

ylgxdov ghshqgv rq wkh qdwxuh ri ulvn vkdulqj dprqj phpehuv ri wkh krxvhkrog1

Lq wkh yhuvlrq ri Doh{rsrxorv* prgho glvfxvvhg ehorz/ ulvn vkdulqj lv lpshuihfw

+e| dvvxpswlrq, dqg xqhpsor|hg zrunhuv duh zruvh r�/ h{0srvw/ wkdq hpsor|hg

zrunhuv144

7141 Wkh Jryhuqphqw

Wkh jryhuqphqw idfhv wkh  rz exgjhw frqvwudlqw

C| � � | Eo| � B�g| n � |`|?|�nx|c

zkhuh C| lv uhdo jryhuqphqw sxufkdvhv/ � | lv wkh pdujlqdo wd{ udwh/ o| lv wkh uhqwdo

udwh ri fdslwdo/ f 	 B 	 � lv wkh ghsuhfldwlrq udwh/ `| lv wkh uhdo zdjh udwh/

?| lv hpsor|phqw/ dqg x| lv oxps0vxp wd{hv1 E| dvvxpswlrq �/ krxuv zrunhg

shu zrunhu/ lv frqvwdqw vr wkdw krxuv dqg hpsor|phqw pryh lq sursruwlrq wr rqh

dqrwkhu1 Wkh �vfdo srolf| uxoh lv ri wkh irup jlyhq e| wkh odvw wzr urzv ri +614,1

7151 Krxvhkrogv

Wkh uhsuhvhqwdwlyh krxvhkrog rzqv wkh vwrfn ri fdslwdo/ pdnhv doo fdslwdo uhodwhg

ghflvlrqv/ dqg sd|v erwk fdslwdo lqfrph wd{hv dqg oxps0vxp wd{hv1 Wkh krxvhkrog

frqvlvwv ri d xqlw phdvxuh frqwlqxxp ri lqglylgxdov1 Li lqglylgxdov hduq oderu

lqfrph/ wkh| pxvw sd| wd{hv rq lw1 Hpsor|hg phpehuv ri wkh krxvhkrog sduwo|

lqvxuh wkh lqfrph ri xqhpsor|hg phpehuv ri wkh krxvhkrog1

Wkh krxvhkrog dffxpxodwhv fdslwdo dffruglqj wr

g|n� ' E�� B�g| n U|c +714,

44Doh{rsrorxv +4<<;, vkrzv wkdw lq khu prgho/ zlwk frpsohwh ulvn vkdulqj/ xqhpsor|hg zrunhuv
duh h{ srvw ehwwhu r� wkdq hpsor|hg zrunhuv1 Wklv yhuvlrq ri khu prgho lv revhuydwlrqdoo|
htxlydohqw wr Kdqvhq*v +4<;8, UEF prgho zlwk lqglylvleoh oderu vxsso|1 Vhh Zrrgirug +4<<7,
iru d vlplodu dujxphqw1
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zkhuh g| lv wkh ehjlqqlqj ri shulrg | fdslwdo vwrfn dqg U| lv wlph | lqyhvwphqw1

Wkh krxvhkrog uhqwv fdslwdo wr �upv dw wkh frpshwlwlyho| ghwhuplqhg udwh o|/ dqg

uhqwdo lqfrph/ qhw ri ghsuhfldwlrq/ lv wd{hg dw wkh pdujlq1 Wkh krxvhkrog xvhv lwv

uhqwdo lqfrph qhw ri wkhvh wd{hv dqg dq| oxps0vxp wd{hv wkdw lw sd|v wr ex| qhz

fdslwdo1 Lw glvwulexwhv dq| uhpdlqlqj ixqgv htxdoo| dprqj wkh lqglylgxdo phpehuv

ri wkh krxvhkrog1 Zh ghqrwh wklv frpprq lqfrph dv

��
| ' E�� � |� Eo| � B�g| � x| � Eg|n� �g|� � +715,

Phpehuv ri wkh krxvhkrog ghulyh wkhlu uhpdlqlqj lqfrph iurp vhoolqj oderu

vhuylfhv wr �upv ru iurp sduwldo xqhpsor|phqw lqvxudqfh surylghg e| wkh krxvh0

krog145 Wkh| duh dvvxphg wr wdnh erwk wkh whupv ri oderu frqwudfwv dqg �upv*

ghpdqg iru oderu sdudphwulfdoo|1 Lq dgglwlrq/ iurp wkh shuvshfwlyh ri �upv/ doo

lqglylgxdov orrn dolnh1 Vr zh fdq wklqn ri wkh hpsor|phqw rxwfrph iru dq| lqgl0

ylgxdo dv ehlqj ghwhuplqhg frpsohwho| udqgrpo|1 Vrph lqglylgxdov zloo eh hp0

sor|hg/ zkloh rwkhuv zloo eh xqhpsor|hg1 Xqghu rxu dvvxpswlrqv/ qr lqglylgxdo

zrxog fkrrvh wr eh xqhpsor|hg/ ehfdxvh wkh h{0srvw xwlolw| ri vxfk dq lqglylgxdo

zloo eh ohvv wkdq ru htxdo wr wkdw ri dq hpsor|hg lqglylgxdo1

Hpsor|hg zrunhuv zloo hlwkhu zrun dqg h{huw wkh ohyho ri h�ruw uhtxluhg e| wkh

oderu frqwudfw/ ghqrwhg e|/ ru wkh| zloo vklun1 Wkh oderu frqwudfw vwlsxodwhv wkdw

li d zrunhu lv fdxjkw vklunlqj/ wkh| zloo eh �uhg dqg uhfhlyh rqo| d iudfwlrq r ri

wkhlu zdjhv1 Wkh whfkqrorj| iru ghwhfwlqj vklunhuv lv lpshuihfw/ vr wkdw d vklunhu

lv rqo| fdxjkw zlwk suredelolw| _1

Wkh krxvhkrog rqo| revhuyhv wkh lqlwldo hpsor|phqw vwdwxv ri lwv phpehuv/

qrw zkhwkhu wkh| vklunhg ru zhuh �uhg1 Hdfk hpsor|hg phpehu ri wkh krxvhkrog

wudqvihuv [| xqlwv ri lqfrph wr d srro zklfk lv glvwulexwhg htxdoo| dprqj wkh

xqhpsor|hg phpehuv ri wkh krxvhkrog1 E| dvvxpswlrq/ wkh krxvhkrog fkrrvhv

wkh ohyho ri wkh wudqvihu vr wkdw xqhpsor|hg phpehuv ri wkh krxvhkrog zloo eh dw

ohdvw dv zhoo r� dv dq| vklunhu fdxjkw e| wkh �up zrxog eh146 Ilqdoo|/ zh dvvxph
45Lw lv vwudljkwiruzdug wr uhirupxodwh wkh prgho vr wkdw d vhoi �qdqflqj xqhpsor|phqw lqvxu0

dqfh surjudp lv surylghg e| wkh jryhuqphqw udwkhu wkdq wkh krxvhkrog1
46Doh{rsrxorv +4<<;, dovr frqvlghuv wkh fdvh lq zklfk wkhuh lv shuihfw lqvxudqfh dfurvv phpehuv
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wkdw oderu lqfrph lv wd{hg1 Phpehuv ri wkh krxvhkrog zkr sd| wkh lqvxudqfh

wudqvihu uhfhlyh qr wd{ fuhglw iru lw/ zkloh uhflslhqwv ri wudqvihuv gr qrw sd| wd{hv

rq wkdw w|sh ri lqfrph1

Rxu dvvxpswlrqv lpso| wkdw wkh frqvxpswlrq ri dq hpsor|hg lqglylgxdo zkr

grhv qrw vklun lv frqvwudlqhg e|

�| � ��
| n E�� � |�`|��[|� +716,

Dq hpsor|hg lqglylgxdo zkr vklunv exw grhv qrw jhw fdxjkw idfhv wkh vdph frq0

vwudlqw1 Dq hpsor|hg lqglylgxdo zkr vklunv dqg lv fdxjkw rqo| uhfhlyhv wkh iudfwlrq

r ri klv frqwudfwxdo zdjhv1 Khqfh/ klv frqvxpswlrq/ �r
| / lv frqvwudlqhg e|

�r
| � ��

| n E�� � |� r`|��[|� +717,

Vxssrvh wkdw ?| phpehuv ri wkh krxvhkrog duh hpsor|hg zkloh ��?| duh xqhp0

sor|hg1 Wklv lpsolhv wkdw wkh wudqvihu uhfhlyhg e| hdfk phpehu ri wkh xqhpsor|hg

lv jlyhq e| ?|[|*E�� ?|�1 Khqfh/ wkh frqvxpswlrq ri dq xqhpsor|hg lqglylgxdo/

��
| / lv frqvwudlqhg e|

��
| � ��

| n
?|

�� ?|
[|� +718,

Wkh lqvwdqwdqhrxv xwlolw| ri dq lqglylgxdo zlwk frqvxpswlrq ohyho �/ dqg d

srvlwlyh ohyho ri h�ruw e/ lv jlyhq e|

*L}E�� n # *L}EA � 1 � �e�

zkloh wkh lqvwdqwdqhrxv xwlolw| ri dq lqglylgxdo zlwk frqvxpswlrq ohyho � zkr

h{huwv qr zrun h�ruw lv jlyhq e|

*L}E�� n # *?EA �c

zkhuh # : f/ A lv wkh wlph hqgrzphqw/ dqg 1 lv wkh �{hg frvw ri h{huwlqj qrq}hur

h�ruw1

ri wkh idplo|1
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Wkxv/ dq hpsor|hg zrunhu zkr grhv qrw vklun kdv xwlolw|

*L}E�|� n # *?EA � 1 � �e|�

zkhuh e| lv ghwhuplqhg e| wkh frqwudfw r�huhg e| wkh �up1

Dq hpsor|hg zrunhu zkr vklunv exw lv qrw fdxjkw kdv xwlolw|

*L}E�|� n # *?EA �

zkloh d vklunhu zkr lv fdxjkw kdv xwlolw|

*L}E�r
| � n # *?EA ��

Ilqdoo|/ dq xqhpsor|hg lqglylgxdo kdv xwlolw|

*L}E��
| � n # *?EA ��

Ohw ?r| eh wkh qxpehu ri vklunhuv dqg ohw _ eh wkh suredelolw| ri d vklunhu ehlqj

fdxjkw1 Vlqfh wkhuh lv d frqwlqxxp ri lqglylgxdov/ wklv lpsolhv wkdw _?r| lv wkh

qxpehu ri vklunhuv fdxjkw dqg E�� _�?r| wkh qxpehu ri vklunhuv qrw fdxjkw1

Qrwlfh wkdw wkh h�hfwlyh ohlvxuh wlph ri fdxjkw vklunhuv dqg xqhpsor|hg lqgl0

ylgxdov lv wkh vdph1 Li wkh idplo| vhwv wkh wudqvihu vr wkdw wkhlu frqvxpswlrq dqg

xwlolw| ohyhov duh wkh vdph wklv zloo lpso| wkdw

[| ' E�� ?|� E�� � |� r`|�� +719,

Wkh krxvhkrog wdnhv wkh h�ruw ohyho dqg zdjh udwh dv jlyhq lq wkh frqwudfwv

r�huhg e| wkh �up1 Wkh krxvhkrog dovr wdnhv �upv* oderu ghpdqg dv jlyhq1

Wkh rqo| ghflvlrqv wkh krxvhkrog pdnhv duh wkrvh uhjduglqj fdslwdo dqg wkh ohyho

ri frpprq lqfrph/ lq rughu wr pd{lpl}h wkh h{shfwhg xwlolw| ri dq lqglylgxdo

krxvhkrog phpehu=

4@ 
t�|cg|n��

"

|'f

.f

"[
|'f

q| iE?| � ?r|� d*L}E�|� n # *L}EA � 1 � �e|�on

?r| dE�� _� *L}E�|� n _ *L}E�r
| � n # *L}EA �o n

E�� ?|� d*L}E�
�
| � n # *?EA �oj �

vxemhfw wr +715,/ +716,/ +717,/ +718, dqg +719,1
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7161 Wkh Ilup

D shuihfwo| frpshwlwlyh �up surgxfhv rxwsxw xvlqj wkh whfkqrorj|

t| ' gk
| E?|�e|f|�

�3k

zkhuh ?| lv wkh qxpehu ri zrunhuv lw kluhv1 Lw pd{lpl}hv lwv sur�wv

4@ 
`|c?|cg|ce|

gk
| E?|�e|f|�

�3k �`|?|�� o|g|

vxemhfw wr wkh cqr vklunlqj* frqglwlrq=

*L}E�|� n # *L}EA � 1 � �e|� � E�� _� *L}E�|� n _ *L}E�r
| � n # *?EA �� +71:,

Dffruglqj wr +71:, wkh h{shfwhg xwlolw| ri dq hpsor|hh zkr grhv qrw vklun lv dw

ohdvw dv juhdw dv wkh h{shfwhg xwlolw| ri dq hpsor|hh zkr vklunv1 Khuh zh dvvxph

wkdw doo hpsor|hg zrunhuv duh prqlwruhg dqg wkh h{rjhqrxv suredelolw| ri ehlqj

fdxjkw vklunlqj lv _1 Lq htxloleulxp wkhuh lv qr vklunlqj1 Jlyhq d zdjh udwh/ `|/

zh fdq wklqn ri +71:, dv lqglfdwlqj d pd{lpdo ohyho ri h�ruw wkh �up zloo eh deoh

wr h{wudfw iurp zrunhuv1 Uhduudqjlqj wkh frqvwudlqw zh vhh wkdw

e| � eE`|� '
A � 1

�
� A

�

�
�r
|

�|

� _
#

�

Wkh �up wdnhv wkh ohyho ri wkh lqwud0krxvhkrog wudqvihu [| sdudphwulfdoo|1 Wklv lv

zkdw doorzv xv wr zulwh wkh h{suhvvlrq rq wkh uljkw0kdqg vlgh dv d ixqfwlrq/ iurp

wkh �up*v srlqw ri ylhz/ rqo| ri lwv fkrlfh uhjduglqj `|1

Doh{rsrxorv +4<<;, vkrzv wkdw wkh �uvw0rughu frqglwlrqv iru wkh �up/ dorqj

zlwk wkh h{suhvvlrq iru eE`|� lpso| wkdw �|*�
r
| lv d frqvwdqw jlyhq e| � zkhuh �

vdwlv�hv

A_E�� r��E�� �� ' #E�� r�
k
EA � 1���n_*# � A�

l
� +71;,

Wklv lv d qrqolqhdu htxdwlrq lq � wkdw fdq eh vroyhg qxphulfdoo|1

Wkh ohyho ri hpsor|phqw/ ?|/ zklfk fkdudfwhul}hv wkh vroxwlrq wr wkh �up*v

sureohp zloo qrw lq jhqhudo frlqflgh zlwk wkh qxpehu ri zrunhuv zkr zlvk wr
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zrun dw wkh frqwudfw fkdudfwhul}hg e| E�|c eE�|��� Dv orqj dv wkh ghpdqg iru

zrunhuv lv ohvv wkdq wkh vxsso| ri zrunhuv/ +71:, zloo krog zlwk htxdolw| dqg wkhuh

zloo eh htxloleulxp xqhpsor|phqw1 Zh frq�qh rxuvhoyhv wr fdoleudwhg yhuvlrqv ri

wkh prgho lq zklfk wklv lv wkh fdvh dqg lq zklfk doo ri wkh lqhtxdolw| frqvwudlqwv

deryh krog zlwk htxdolw|1

Zh xvh wkh orj olqhdul}dwlrq surfhgxuh ghvfulehg e| Fkulvwldqr +4<<;, wr vroyh

iru wkh frpshwlwlyh htxloleulxp ri wklv hfrqrp|1

81 Txdqwlwdwlyh Surshuwlhv ri wkh Prgho

Wklv vhfwlrqv dvvhvvhv wkh txdqwlwdwlyh surshuwlhv ri rxu prgho1 Zh surfhhg lq

wkuhh vwhsv1 Iluvw/ zh glvfxvv krz zh fdoleudwh wkh prgho*v sdudphwhuv1 Vhfrqg/

zh glvfxvv krz wkh prgho uhvsrqgv ryhu wlph wr d �vfdo vkrfn1 Wklug/ zh irupdoo|

dvvhvv wkh delolw| ri wkh prgho wr dffrxqw iru ydulrxv frqglwlrqdo prphqwv ri wkh

gdwd1

8141 Prgho Fdoleudwlrq

Doh{rsrxorv +4<<;, hvwlpdwhv dqg dqdo|}hv wkh oxps0vxp yhuvlrq ri wkh prgho

deryh xvlqj wkh Jhqhudol}hg Phwkrg ri Prphqwv surfhgxuhv glvfxvvhg lq Fkulv0

wldqr dqg Hlfkhqedxp +4<<5,1 Khuh zh vlpso| fdoleudwh wkh prgho e| fkrrvlqj

sdudphwhuv wr pdwfk d qxpehu ri ihdwxuhv lq srvwzdu XV gdwd1 Zh dvvxph wkdw

wkh wlph hqgrzphqw lv A ' ��Sb zklfk fruuhvsrqgv wr d txduwhu frqvlvwlqj ri �D

krxuv shu gd|1 Zh dvvxph wkdw wkh �{hg frvw ri surylglqj qrq}hur h�ruw lv jlyhq

e| 1 ' �S1 Zh sdudphwhul}h � wr lpso| wkdw ehlqj xqhpsor|hg orzhuv d zrunhu*v

frqvxpswlrq e| derxw 22 shufhqw +vhh Juxehu 4<<:,1 Wklv uhtxluhv � ' ��2HD1 Zh

vhw q ' ��f�3�*e/ � ' ��ffe/ k ' f��e/ dqg B ' f�f2�1 Zh fkrvh r ' f�.2 vr wkdw

wkh vwhdg| vwdwh ydoxh ri ? zrxog eh htxdo wr lwv vdpsoh dyhudjh/ f�b�1 Ilqdoo|/

+71;, fdq eh xvhg wr vroyh iru _*# dv d ixqfwlrq ri sdudphwhuv zkrvh ydoxhv zh

kdyh douhdg| vshfl�hg1 Wklv uhvxowv lq d ydoxh ri _*# htxdo wr derxw f�fS21

49



8151 Lpsxovh Uhvsrqvh Ixqfwlrqv

Iljxuh 5 glvsod|v wkh g|qdplf uhvsrqvh ixqfwlrqv ri krxuv zrunhg/ lqyhvwphqw/

ehiruh dqg diwhu 0 wd{ uhdo zdjhv/ krxvhkrog wudqvihuv ri frqvxpswlrq E��
| �c dv

zhoo dv wkh pdujlqdo wd{ udwh wr d �vfdo srolf| vkrfn1 Qrwlfh wkdw krxuv zrunhg

E?|�� lqlwldoo| ulvhv urxjko| DI lq wkh lpsdfw shulrg ri wkh vkrfn +wlph f, dqg

wkhq ghfolqhv/ uhdfklqj lwv suh vkrfn ohyho diwhu derxw � txduwhuv1 Wkhuhdiwhu ?|�

frqwlqxhv wr idoo/ uhdfklqj d pd{lpdo ghfolqh ri derxw .I durxqg shulrg Hc urxjko|

wkh vdph wlph dv wkh pd{lpdo ulvh lq jryhuqphqw sxufkdvhv dqg wkh pdujlqdo wd{

udwh1 Vr/ dv lq wkh fdvh ri rqh vhfwru prgho UEF dqdo|}hg lq EHI/ krxuv zrunhg

ghfolqh zkhq lqfrph wd{ udwhv dqg jryhuqphqw sxufkdvhv duh kljk147 Wkh ehkdylru

ri wkh ehiruh 0 wd{ uhdo zdjh pluuruv wkh pryhphqwv lq ?|�c lqlwldoo| ghfolqlqj dqg

wkhq ulvlqj deryh lwv suh vkrfn ohyho urxjko| � shulrgv diwhu wkh vkrfn1 Lq frqwudvw

wkh diwhu 0 wd{ uhdo zdjh uhpdlqv ehorz lwv suh vkrfn ohyho iru ryhu wzhoyh shulrgv1

Ilqdoo| qrwlfh wkdw wkh uhvsrqvh ri lqyhvwphqw lv txdolwdwlyho| yhu| vlplodu wr

wkdw ri ?|�c zkloh ��
| pryhv lq wkh rssrvlwh pdqqhu/ idoolqj zkhq ?|� ulvhv/ dqg

folpelqj zkhq ?|� idoov1

Wr vhh wkh lqwxlwlrq ehklqg wkh irufhv dw zrun lq wkh prgho/ qrwh wkdw htxdwlrqv

+716, dqg +717,/ hydoxdwhg dw htxdolw|/ lpso|

�|

�r
|

'
��
| n E�� � |�`|��[|

��
| n E�� � |�r`|��[|

� +814,

Lw iroorzv wkdw/ rwkhu wklqjv htxdo/ wkh udwlr ri dq hpsor|hg zrunhu*v frqvxpswlrq

wr wkdw ri d �uhg zrunhu*v frqvxpswlrq/ E�|*�
r
| � lv d ghfuhdvlqj ixqfwlrq ri ��

| 1

Vxssrvh wkdw doo wd{hv duh oxps0vxp1 Wkhq +715, fdq eh zulwwhq dv

��
| ' Eo| � B�g| � x| � Eg|n� �g|� � +815,

Zlwk wklv vshfl�fdwlrq/ lqfuhdvhv lq jryhuqphqw sxufkdvhv duh �qdqfhg e| lq0

fuhdvhv lq x|1 Vr/ rwkhu wklqjv htxdo/ dq lqfuhdvh lq C| fdxvhv ��
| wr idoo dqg

E�|*�
r
| � wr ulvh1 Exw lq htxloleulxp E�|*�

r
| � pxvw eh htxdo wr wkh frqvwdqw �1

47Wklv uhvxow lv uhplqlvfhqw ri wkh edodqfhg exgjhw fdvh lq Ed{whu dqg Nlqj +4<<6,1
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Vr vrph rwkhu idfwru lq +814, pxvw dgmxvw1 Lq htxloleulxp zrunhuv duh lqgl�huhqw

ehwzhhq vklunlqj dqg qrw vklunlqj1 Vr d ulvh lq E�|*�
r
| � zrxog fdxvh zrunhuv wr

vwulfwo| suhihu qrw wr vklun1 Lq vxfk d vlwxdwlrq/ �upv frxog fxw uhdo zdjhv zlwkrxw

lqgxflqj vklunlqj ehkdylru1 Htxdwlrqv +719, dqg +814, fdq eh xvhg wr vkrz wkdw

d ghfolqh lq `| zloo pryh �|*�
r
| edfn grzq wrzdugv lwv frqvwdqw ydoxh �1 Wkh

qhw uhvxow wkhq ri d �vfdo vkrfn lv d ghfolqh lq wkh uhdo zdjh dqg dq lqfuhdvh lq

hpsor|phqw148

Zkhq wkh ulvh lq jryhuqphqw sxufkdvhv lv shuvlvwhqw wkhuh zloo eh d vljql�fdqw

ulvh lq wkh suhvhqw ydoxh ri wkh krxvhkrog*v wd{hv1 Dv lq wkh qhrfodvvlfdo prgho/

wklv ulvh lqgxfhv wkh krxvhkrog wr lqfuhdvh lqyhvwphqw1 Iurp +815, zh vhh wkdw d

ulvh lq Eg|n��g|� dfwv olnh d ulvh lq x|1 Wklv uhlqirufhv wkh h�hfwv glvfxvvhg deryh/

h{huwlqj xszdug suhvvxuh rq hpsor|phqw dqg grzqzdug suhvvxuh rq uhdo zdjhv1

Iru uhihuhqfh Iljxuh � suhvhqwv wkh g|qdplf uhvsrqvh ixqfwlrqv iru wkh prgho

hfrqrp| xqghu wkh dvvxpswlrq wkdw wkh ulvh lq jryhuqphqw sxufkdvhv lqgxfhg e|

d �vfdo srolf| vkrfn lv hqwluho| �qdqfhg e| oxps vxp wd{hv1 Frqvlvwhqw zlwk wklv

lqwxlwlrq zh vhh iurp Iljxuh � wkdw lq wkh oxps vxp wd{ fdvh/ wkh �vfdo srolf|

vkrfn ohdgv wr d kxps vkdshg/ shuvlvwhqw ulvh lq ?|c dqg lqyhvwphqw/ dv zhoo dv d

shuvlvwhqw/ kxps vkdshg idoo lq ehiruh dqg diwhu 0 wd{ uhdo zdjh udwhv1

Wr xqghuvwdqg wkh lpsdfw ri glvwruwlrqdu| wd{hv rq wkh prgho/ uhfdoo wkdw lq

wkhlu suhvhqfh/ ��
| lv jlyhq e|

��
| ' E�� � |� Eo| � B�g| � x| � Eg|n� �g|� �

D ulvh lq � | kdv wzr h�hfwv= +l, lw gluhfwo| uhgxfhv��
| yld wkh whup E��� |� Eo| � B�g|/

dqg +ll, lw lqgluhfwo| d�hfwv ��
| yld lwv h�hfw rq g|n� �g|1 Wkh �uvw h�hfw dfwv

pxfk olnh wkh lqfuhdvh lq x| ghvfulehg deryh1 Rwkhu wklqjv htxdo wkhq/ wkh ulvh

lq � | whqgv wr pdjqli| wkh lqlwldo idoo lq uhdo zdjhv dqg wkh ulvh lq ?|� Wkh vhfrqg

h�hfw zrunv wkurxjk wkh krxvhkrog*v lqfhqwlyh wr lqyhvw lq fdslwdo1 Rwkhu wklqjv

htxdo/ d kljkhu ixwxuh ydoxh ri � |n� uhgxfhv wkh wlph | uhwxuq wr fdslwdo dqg wkh

lqfhqwlyh wr lqyhvw dw wlph |�Zh uhihu wr wklv dv wkh rqh shulrg dkhdg wd{ h�hfw1 Lq

48Wkh ulvh lq qw lv ghwhuplqhg e| wkh �up*v ghpdqg iru oderu1
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dgglwlrq wkhuh lv dq lqwhuwhpsrudo h�hfw dvvrfldwhg zlwk pryhphqwv lq � | zklfk

lqgxfhv wkh krxvhkrog wr vkliw lqyhvwphqw wrzdugv shulrgv lq zklfk � | lv uhodwlyho|

orz1

Uhfdoo wkdw dffruglqj wr rxu hvwlpdwhv/ � | uhvsrqgv lq d kxps vkdshg pdqqhu

wr d �vfdo shulrg vkrfn/ ulvlqj e| uhodwlyho| vpdoo dprxqwv lq wkh �uvw ihz shulrgv1

Vr wkh rqh shulrg dkhdg wd{ h�hfw lqlwldoo| kdv d uhodwlyho| vpdoo gdpshqlqj h�hfw

rq lqyhvwphqw1 Exw wkh lqwhuwhpsrudo wd{ h�hfwv duh txlwh odujh1 Djhqwv kdyh dq

lqfhqwlyh wr lqyhvw wr sd| r� wkhlu kljkhu wd{ eloov dqg wkh| pd| dv zhoo gr vr lq

shulrgv lq zklfk � | lv uhodwlyho| vpdoo1 Frqvlvwhqw zlwk wklv/ zh vhh iurp Iljxuhv

2 dqg � wkdw lqlwldoo| lqyhvwphqw ulvhv e| pruh lq wkh glvwruwlrqdu| wd{ fdvh wkdq

lq wkh oxps vxp wd{ fdvh1 Rwkhu wklqjv htxdo wklv phdqv wkdw ��
| idoov e| pruh

dqg E�|*�
r
| � ulvhv e| pruh lq wkh glvwruwlrqdu| wd{ fdvh1 Vr �upv pxvw orzhu uhdo

zdjhv e| uhodwlyho| pruh lq wkh glvwruwlrqdu| fdvh wr suhyhqw vklunlqj/ zklfk lq

wxuq ohdgv wr uhodwlyho| odujhu lqlwldo ulvhv lq ?|�

Dv pdujlqdo wd{ udwhv ehjlq wr ulvh vljql�fdqwo|/ wkh rqh shulrg dkhdg wd{ h�hfw

ehfrphv txdqwlwdwlyho| lpsruwdqw1 E| shulrg � lqyhvwphqw idoov wr lwv suh vkrfn

ohyho dqg frqwlqxhv wr idoo/ uhdfklqj d pd{lpdo ghfolqh ri urxjko| 2DI lq shulrg Hc

wkh shulrg lq zklfk � | shdnv1 Rwkhu wklqjv htxdo wkh ghfolqh lq lqyhvwphqw fdxvhv

��
| wr ulvh dqg E�|*�

r
| � wr idoo1 Wr uhvwruh E�|*�

r
| � wr lwv htxloleulxp ydoxh ri �c

uhdo zdjhv ulvh zklfk lqgxfhv d idoo lq ?|� Wklv h{sodlqv wkh vkdus ghfolqh lq krxuv

zrunhg dqg lqyhvwphqw diwhu shulrg � lq Iljxuh 61 Lw dovr dffrxqwv iru wkh idfw

wkdw wkh| duh dw wkhlu orzhvw ohyhov zkhq jryhuqphqw sxufkdvhv dqg wd{hv duh dw

wkhlu kljkhvw ohyhov1

8161 Whvw Vwdwlvwlfv

Zh frqfoxgh wklv vxevhfwlrq e| uhsruwlqj wkh uhvxowv ri irupdoo| whvwlqj wkh prg0

hov* delolw| wr dffrxqw iru ydulrxv frqglwlrqdo prphqwv ri wkh gdwd xvlqj wkh a

vwdwlvwlf gh�qhg lq +619,1 Zh ehjlq e| glvfxvvlqj irxu prphqwv shuwdlqlqj wr

krxuv zrunhg1 Wkh �uvw wzr prphqwv uhodwh wr wkh pd{lpdo uhvsrqvh ri krxuv

zrunhg lq wkh diwhupdwk ri d Udph|0Vkdslur hslvrgh= -�E?� dqg -2E?� duh wkh
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shdn ulvh lq ?|� dqg wkh dyhudjh uhvsrqvh ri ?|� lq shulrgv e wkurxjk . diwhu d �v0

fdo srolf| vkrfn1 Wkh ydoxhv ri wkhvh prphqwv iru wkh prgho dqg wkh gdwd/ -6
� E?�

dqg -_
� E?�c � ' �c 2c uhvshfwlyho|/ zhuh fdofxodwhg xvlqj hvwlpdwhv ri wkh uhohydqw

g|qdplf uhvsrqvh ixqfwlrqv1 Wkh wklug prphqw lv wkh fruuhodwlrq ehwzhhq }| dqg

?|�c 4E}c ?�c lqgxfhg e| d �vfdo srolf| vkrfn1 Zh ohw 46E}c ?� dqg 4_E}c ?� ghqrwh

wkh ydoxhv ri wklv prphqw lpsolhg e| wkh prgho dqg wkh gdwd/ uhvshfwlyho|1 Wkh

�qdo prphqw/ j?c lv wkh vwdqgdug ghyldwlrq ri krxuv zrunhg lqgxfhg e| wkh rqvhw

ri d Udph|0Vkdslur vkrfn1 Ehorz/ j6? dqg j_? ghqrwh wkh ydoxhv ri wklv prphqw

lpsolhg e| wkh prgho dqg wkh gdwd/ uhvshfwlyho|149

Froxpq 4 ri Wdeoh 4 uhsruwv wkh uhvxowv ri whvwlqj wkh lqglylgxdo k|srwkhvhv=

-_
� E?� � -6

� E?� ' fc � ' �c 2c 4_E}c ?� � 46E}c ?� ' fc dqg j_? � j6? ' f� Qrwh

wkdw zh fdqqrw uhmhfw wkh k|srwkhvlv wkdw -_
�E?� � -6

� E?� ' f dw frqyhqwlrqdo

vljql�fdqfh ohyhov/ qru fdq zh uhmhfw wkh k|srwkhvlv wkdw j_? � j6? ' f1 Krzhyhu/

zkloh wkh prgho fdq pdwfk wkh ryhudoo yrodwlolw| ri j? dqg wkh shdn uhvsrqvh ri ?|�

lw grhv vr lq d zd| wkdw lv lqfrqvlvwhqw zlwk wkh wlplqj ri wkh dfwxdo pryhphqwv lq

?|�1 Frqvlvwhqw zlwk rxu glvfxvvlrq deryh/ wkh prgho suhglfwv wkdw ?|� lv vwurqjo|

qhjdwlyho| fruuhodwhg zlwk }| zlwk 46E}c ?� htxdo wr �f�Hf� Exw lq wkh gdwd }| dqg

?|� duh vwurqjo| srvlwlyho| fruuhodwhg/ zlwk 4_E}c ?� ' f�Sb� Qrw vxusulvlqjo|/ zh

fdq uhmhfw wkh k|srwkhvlv wkdw 4_E}c ?�� 46E}c ?� ' f dw wkh �I vljql�fdqfh ohyho1

Frqvlvwhqw zlwk wkh qrwlrq wkdw prgho plvsuhglfwv wkh wlplqj ri wkh uhvsrqvh ri

?|�c zh fdq dovr uhmhfw wkh k|srwkhvlv wkdw -_
2E?��-6

_ E?� ' f� Wklv uh hfwv wkdw

wkh pd{lpdo uhvsrqvh ri ?|� lq wkh prgho rffxuv ehiruh shulrg e zkloh lq wkh gdwd

49Zh fdofxodwhg wkh odvw wzr prphqwv dv iroorzv1 Ohw wkh dfwxdo dqg prgho lpsolhg g|qdplf
uhvsrqvh ixqfwlrq ri d yduldeoh {w wr d �vfdo srolf| vkrfn eh jlyhq e| K{+O,Gw dqg �K{+O,Gw>
uhvshfwlyho|/ {w @ iqw> jwj= Wkh ydoxh ri �{ lpsolhg e| wkh prgho dqg lq wkh gdwd lv jlyhq e|

�pq @

�S4

l@3

k
�K4
q+l,

l5�4@5
dqg �g{ @

qS4

l@3 ^K{+l,`
5
r4@5

> uhvshfwlyho|1 Khuh K{+l, dqg �K{+l,

ghqrwh wkh lwk frh!flhqw lq wkh sro|qrpldo odj rshudwru K{+O, dqg �K{+O,= Wkh ydoxh ri �+jw> qw,

lpsolhg e| wkh prgho dqg lq wkh gdwd lv jlyhq e| �p+j> q, @
qS4

l@3
�Kq+l,Kj+l,

r
@�pq �gj dqg

�g+j> q, @ iS4

l@3Kq+l,Kj+l,j @�gq�gj> uhvshfwlyho|1 Qrwh wkdw wkh ydoxh ri �j lq wkh prgho lv
htxdo wr �gj e| frqvwuxfwlrq1 Lq sudfwlfh zh fdofxodwhg �pq > �gq> �

p+j> q,> �g+j> q, dqg �gj xvlqj
wkh �uvw 45 frh!flhqwv ri wkh uhohydqw g|qdplf uhvsrqvh ixqfwlrqv1
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wkh| rffxu diwhu shulrg e1

Froxpq 5 ri Wdeoh 4 surylghv wkh uhvxowv ri irupdoo| whvwlqj wkh dqdorj k|0

srwkhvhv iru uhdo zdjhv1 Vshfl�fdoo|/ wkh �uvw wzr prphqwv shuwdlq wr wkh pd{lpdo

uhvsrqvh ri diwhu0wd{ uhdo zdjhv lq wkh diwhupdwk ri d Udph|0Vkdslur hslvrgh=

-� dE�� � ��o dqg -2 dE�� � ��o ghqrwh wkh pd{lpdo ghfolqhv lq E� � � |��| dqg

wkh dyhudjh uhvsrqvh ri E� � � |��| lq shulrgv e wkurxjk . diwhu d �vfdo srolf|

vkrfn1 Wkh wklug prphqw zklfk zh frqvlghu lv wkh fruuhodwlrq ehwzhhq }| dqg

E� � � |��|c 4 d}c E�� ���o c lqgxfhg e| d �vfdo srolf| vkrfn1 Wkh �qdo prphqw/

jE�3���c lv wkh vwdqgdug ghyldwlrq ri wkh diwhu0wd{ uhdo zdjh lqgxfhg e| wkh rqvhw

ri d Udph|0Vkdslur hslvrgh1

Qrwlfh wkdw zh fdqqrw uhmhfw wkh k|srwkhvhv wkdw wkh prgho dffrxqwv iru wkh

shdn ghfolqhv lq uhdo zdjhv dqg wkh frqglwlrqdo yrodwlolw| lq uhdo zdjhv1 Exw dv zlwk

?|�c wkh prgho grhv vr lq d zd| wkdw lv lqfrqvlvwhqw zlwk wkh wlplqj ri wkh dfwxdo

pryhphqwv lq �|� Lq wkh gdwd diwhu 0 wd{ zdjhv dqg jryhuqphqw sxufkdvhv duh

vwurqjo| qhjdwlyho| fruuhodwhg zlwk 4 d}c E�� ���o htxdo wr �f�bf� Lq wkh prgho

wkhvh yduldeohv duh ohvv vwurqjo| fruuhodwhg E���2�1 Dv uhvxow zh fdq uhmhfw wkh

k|srwkhvlv wkdw wkh prgho fdq dffrxqw iru wkh fruuhodwlrq ehwzhhq diwhu 0 wd{ uhdo

zdjhv dqg jryhuqphqw sxufkdvhv dw wkh �I vljql�fdqfh ohyho1 Zh fdq dovr hdvlo|

uhmhfw wkh k|srwkhvlv wkdw wkh dyhudjh uhvsrqvh ri uhdo zdjhv gxulqj shulrgv lq e

wkurxjk . lv wkh vdph lq wkh prgho dqg lq wkh gdwd1

91 Frqfoxvlrq

Wklv sdshu lpsohphqwv d sduwlfxodu olplwhg lqirupdwlrq vwudwhj| iru dvvhvvlqj wkh

hpslulfdo sodxvlelolw| ri frpshwlqj exvlqhvv f|foh prghov1 Wkh edvlf vwudwhj| lv

wr frqiurqw prghov zlwk h{shulphqwv wkdw zh fodlp wr kdyh lvrodwhg lq wkh gdwd

dqg zkrvh h�hfwv rq wkh dfwxdo hfrqrp| zh nqrz1 Wkh h{shulphqw wkdw zh irfxv

rq lv dq h{rjhqrxv �vfdo vkrfn wkdw ohdgv wr shuvlvwhqw pryhphqwv lq jryhuqphqw

sxufkdvhv dqg dyhudjh pdujlqdo wd{ udwhv1 Zh dqdo|}hg wkh delolw| ri d sduwlfxodu

jhqhudo htxloleulxp h!flhqf| zdjh prgho wr dffrxqw iru wkh dfwxdo uhvsrqvhv ri
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krxuv zrunhg dqg ri uhdo zdjhv wr d �vfdo srolf| vkrfn1 Rxu nh| �qglqj lv wkdw wkh

prgho fdqqrw gr vr xqohvv zh pdnh wkh frxqwhuidfwxdo dvvxpswlrq wkdw pdujlqdo

wd{ udwhv duh frqvwdqw1 Wklv idloxuh uh hfwv/ wr d odujh h{whqw/ wkh uhvsrqvh ri

lqyhvwphqw wr wkh �vfdo srolf| vkrfn1 Zh dqwlflsdwh dgguhvvlqj wklv vkruwfrplqj

lq ixwxuh zrun1
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After Tax Real Wages

Quarters After Episode
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