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Xqghuvwdqglqj wkh H�hfwv ri d
Vkrfn wr Jryhuqphqw Sxufkdvhv�

Zhqg| Hghoehuj| Pduwlq Hlfkhqedxp} Mrqdv G1P1 Ilvkhu{

Dxjxvw 53/ 4<<;

Devwudfw

Wklv sdshu lqyhvwljdwhv wkh frqvhtxhqfhv ri dq h{rjhqrxv lqfuhdvh lq X1V1 jryhuqphqw

sxufkdvhv1 Zh �qg wkdw lq uhvsrqvh wr vxfk d vkrfn/ hpsor|phqw/ rxwsxw/ dqg qrquhvlghq0

wldo lqyhvwphqw ulvh/ zkloh uhdo zdjhv/ uhvlghqwldo lqyhvwphqw dqg frqvxpswlrq h{shqglwxuhv

idoo1 Wkh sdshu dujxhv wkdw d vlpsoh yduldqw ri wkh qhrfodvvlfdo jurzwk prgho zklfk glvwlq0

jxlvkhv ehwzhhq qrquhvlghqwldo dqg uhvlghqwldo lqyhvwphqw lv frqvlvwhqw zlwk wklv hylghqfh1

�Wkh ylhzv h{suhvvhg lq wklv sdshu gr qrw qhfhvvdulo| uhsuhvhqw wkh ylhzv ri wkh Ihghudo Uhvhuyh Edqn ri
Fklfdjr ru wkh Ihghudo Uhvhuyh V|vwhp1 Pduwlq Hlfkhqedxp judwhixoo| dfnqrzohgjhv wkh �qdqfldo vxssruw ri d
judqw iurp wkh Qdwlrqdo Vflhqfh Irxqgdwlrq wr wkh Qdwlrqdo Exuhdx ri Hfrqrplf Uhvhdufk1
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41 Lqwurgxfwlrq

Wklv sdshu lqyhvwljdwhv wkh frqvhtxhqfhv ri dq h{rjhqrxv lqfuhdvh lq X1V1 jryhuqphqw sxufkdvhv1

Frqvlvwhqw zlwk uhvxowv lq Udph| dqg Vkdslur +4<<:, zh �qg wkdw/ lq uhvsrqvh wr vxfk d vkrfn/

hpsor|phqw/ rxwsxw/ dqg qrquhvlghqwldo lqyhvwphqw ulvh/ zkloh uhdo zdjhv/ uhvlghqwldo lqyhvwphqw

dqg frqvxpswlrq h{shqglwxuhv idoo1 Zh dujxh wkdw d vlpsoh yduldqw ri wkh qhrfodvvlfdo jurzwk

prgho zklfk glvwlqjxlvkhv ehwzhhq qrquhvlghqwldo dqg uhvlghqwldo lqyhvwphqw lv frqvlvwhqw zlwk

wklv hylghqfh1

Wkhuh duh ydulrxv uhdvrqv wr eh lqwhuhvwhg lq zkdw kdsshqv wr wkh hfrqrp| diwhu dq h{rjhqrxv

lqfuhdvh lq jryhuqphqw sxufkdvhv1 Zh irfxv rq wklv txhvwlrq ehfdxvh wkh dqvzhu wr lw lv xvhixo

dv sduw ri d sduwlfxodu olplwhg lqirupdwlrq vwudwhj| iru dvvhvvlqj wkh hpslulfdo sodxvlelolw| ri

frpshwlqj exvlqhvv f|foh prghov1 Wkh hvvhqfh ri wklv vwudwhj| lv wr frpsduh wkh suhglfwlrqv ri

gl�huhqw prghov iru krz wkh hfrqrp| uhvsrqgv wr d sduwlfxodu vkrfn14

Wr eh d xvhixo sduw ri vxfk d gldjqrvwlf vwudwhj|/ d vkrfn pxvw vdwlvi| wkuhh fulwhuld1 Iluvw/

gl�huhqw prghov pxvw uhdfw gl�huhqwo| wr wkh vkrfn1 Vhfrqg/ zh pxvw xqghuvwdqg wkh qdwxuh ri

wkh h{shulphqw lqyroyhg1 Iru h{dpsoh/ grhv wkh fdqglgdwh vkrfn ohdg wr wudqvlwru| ru shuvlvwhqw

fkdqjhv lq wkh yduldeoh wkdw kdv ehhq vkrfnhgB Wklug/ zh pxvw nqrz krz wkh dfwxdo hfrqrp|

uhvsrqgv wr vxfk d vkrfn1

Vkrfnv wr jryhuqphqw sxufkdvhv fohduo| vdwlvi| wkh �uvw fulwhulrq15 Lw lv zhoo nqrzq wkdw gl�hu0

hqw prghov uhdfw gl�huhqwo| wr h{rjhqrxv fkdqjhv lq jryhuqphqw sxufkdvhv16 Lq wkh qhrfodvvlfdo

prghov dqdo|}hg e| Dl|djdul/ Fkulvwldqr dqg Hlfkhqedxp +4<<5,/ Fkulvwldqr dqg Hlfkhqedxp

+4<<5,/ Ed{whu dqg Nlqj +4<<6, dqg Exuqvlgh dqg Hlfkhqedxp +4<<9, dq h{rjhqrxv lqfuhdvh lq

jryhuqphqw sxufkdvhv/ �qdqfhg e| oxps vxp wd{hv/ udlvhv rxwsxw dqg wkh uhdo lqwhuhvw udwh exw

uhgxfhv frqvxpswlrq dqg uhdo zdjhv17 Lq wkh pxowlvhfwru prghov ri Skhodq dqg Wuhmrv +4<<9,

dqg Udph| dqg Vkdslur +4<<:,/ dq h{rjhqrxv lqfuhdvh lq jryhuqphqw sxufkdvhv fdq ohdg wr

4Vhh Fkulvwldqr/ Hlfkhqedxp dqg Hydqv +4<<:, dv zhoo dv wkh uhihuhqfhv wkhuhlq iru d glvfxvvlrq ri wklv vwudwhj|
dv dssolhg wr h{rjhqrxv prqhwdu| srolf| vkrfnv1

5Khuh dqg wkurxjkrxw wkh sdshu/ wkh whup jryhuqphqw sxufkdvhv uhihuv wr jryhuqphqw frqvxpswlrq/ l1h1
sxufkdvhv ri jrrgv dqg vhuylfhv wkdw duh qrw xvhg wr dxjphqw wkh vwrfn ri qrqplolwdu| fdslwdo1

6Vhh Udph| dqg Vkdslur +4<<:, iru d xvhixo vxppdu| ri wkh olwhudwxuh1
7Dl|djdul/ Fkulvwldqr dqg Hlfkhqedxp +4<<5, srlqw rxw wkdw wkh vljq ri wkh uhvsrqvh ri wkh lqwhuhvw udwh

ghshqgv rq wkh xwlolw| ixqfwlrq ri wkh uhsuhvhqwdwlyh frqvxphu1
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hlwkhu d ulvh ru d idoo lq uhdo zdjhv/ ghshqglqj rq krz wkh| duh phdvxuhg1 Lq dgglwlrq/ vhfwrudo

rxwsxw pd| ulvh ru idoo ghshqglqj rq wkh vhfwru lq txhvwlrq1 Urwhpehuj dqg Zrrgirug +4<<5,

vwxg| wkh h�hfwv ri fkdqjhv lq jryhuqphqw sxufkdvhv lq d prgho zklfk lqfrusrudwhv lqfuhdvlqj

uhwxuqv dqg roljrsrolvwlf sulflqj1 Lq vkdus frqwudvw wr wkh rqh vhfwru prghov deryh/ wkhlu prgho

lpsolhv wkdw d srvlwlyh vkrfn wr jryhuqphqw sxufkdvhv udlvhv uhdo zdjhv1 Vlploduo|/ lq Ghyhuhx{/

Khdg dqg Odskdp*v +4<<9, prgho/ zklfk dovr dvvxphv wkh suhvhqfh ri lqfuhdvlqj uhwxuqv dqg lp0

shuihfw frpshwlwlrq/ dq h{rjhqrxv lqfuhdvh lq jryhuqphqw sxufkdvhv udlvhv sulydwh frqvxpswlrq

dqg uhdo zdjhv1

Zkloh vkrfnv wr jryhuqphqw sxufkdvhv vdwlvi| wkh �uvw fulwhulrq/ lw lv ohvv fohdu wkdw wkh|

vdwlvi| wkh vhfrqg dqg wklug fulwhuld1 Dv Udph| dqg Vkdslur +4<<:, vwuhvv/ wkhuh kdv ehhq uho0

dwlyho| olwwoh zrun grqh rq lghqwli|lqj wkh h�hfwv ri h{rjhqrxv vkrfnv wr jryhuqphqw sxufkdvhv

rq wkh hfrqrp|1 Wkuhh lpsruwdqw h{fhswlrqv duh wkh vwxglhv e| Eodqfkdug dqg Shurwwl +4<<;,/

Urwhpehuj dqg Zrrgirug +4<<5, dqg Udph| dqg Vkdslur +4<<:,1 Eodqfkdug dqg Shurwwl +4<<;,

xvh lqvwlwxwlrqdo lqirupdwlrq derxw wkh wd{ dqg wudqvihu v|vwhpv lq gl�huhqw frxqwulhv wr frq0

vwuxfw dq h{dfwo| lghqwl�hg Yhfwru Dxwruhjuhvvlrq +YDU, iru uhdo rxwsxw/ wd{hv dqg jryhuqphqw

sxufkdvhv1 Wklv doorzv wkhp wr lghqwli| wkh h�hfwv ri �vfdo vkrfnv rq wrwdo rxwsxw1 Zkloh

fhuwdlqo| ri lqwhuhvw/ wkhlu vwxg| grhv qrw gluhfwo| khos wr glvfulplqdwh ehwzhhq wkh frpshwlqj

prghov glvfxvvhg deryh1 Wklv lv ehfdxvh doo ri wkrvh prghov suhglfw wkdw uhdo rxwsxw vkrxog ulvh

diwhu dq h{rjhqrxv lqfuhdvh lq jryhuqphqw sxufkdvhv1 Urwhpehuj dqg Zrrgirug +4<<5, lghqwli|

h{rjhqrxv pryhphqwv lq jryhuqphqw sxufkdvhv zlwk vwdwlvwlfdo lqqrydwlrqv wr ghihqvh sxufkdvhv

lq d YDU wkdw frqwdlqv d vpdoo olvw ri yduldeohv1 Lq frqwudvw/ Udph| dqg Vkdslur +4<<:, xvh wkh

cqduudwlyh dssurdfk* wr lvrodwh srolwlfdo hyhqwv wkdw ohg wr wkuhh odujh plolwdu| exlogxsv zklfk

zhuh dujxdeo| xquhodwhg wr ghyhorsphqwv lq wkh grphvwlf X1V1 hfrqrp|1 Wkurxjkrxw wklv sd0

shu zh uhihu wr wkhlu hvwlpdwhv ri wkh gdwhv dw zklfk wkhvh hyhqwv ehjdq dv wkh Udph|0Vkdslur

hslvrghv1 Wkh edvlf vwudwhj| xqghuo|lqj Udph| dqg Vkdslur*v hpslulfdo dqdo|vlv lv wr h{dplqh

wkh ehkdylru ri wkh X1V1 hfrqrp| diwhu wkh rqvhw ri wkhvh hslvrghv1

Lq rxu ylhz wkhuh duh dw ohdvw wkuhh uhdvrqv iru ehlqj vnhswlfdo ri YDU edvhg lqqrydwlrqv

wr uhdo ghihqvh sxufkdvh dv phdvxuhv ri h{rjhqrxv vkrfnv wr jryhuqphqw sxufkdvhv1 Iluvw/ wkh

hvwlpdwhg lqqrydwlrqv pd| uh hfw vkrfnv wr wkh sulydwh vhfwru wkdw fdxvh ghihqvh frqwudfwruv
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wr rswlpdoo| uhduudqjh gholyhu| vfkhgxohv/ vd| ehfdxvh ri vwulnhv ru rwkhu ghyhorsphqwv lq wkh

sulydwh vhfwru1 Lqghhg dffruglqj wr Udph| dqg Vkdslur +4<<:/ sdjh 73, �111 pdq| ri wkh

glvwxuedqfhv lq wkh YDU dssurdfk duh gxh vroho| wr wlplqj h�hfwv rq plolwdu| frqwudfwv dqg

gr qrw uhsuhvhqw xqdqwlflsdwhg fkdqjhv lq plolwdu| vshqglqj1� Vhfrqg/ sulydwh djhqwv dqg wkh

jryhuqphqw pd| nqrz derxw d sodqqhg lqfuhdvh lq ghihqvh sxufkdvhv zhoo ehiruh lw lv uhfrughg

lq wkh gdwd1 Iru h{dpsoh/ vxssrvh wkdw dw wlph | wkh �vfdo dxwkrulw| uhfhlyhv lqirupdwlrq wkdw

fdxvhv lw wr frpplw wr d vwuhdp ri ghihqvh sxufkdvhv lq wkh ixwxuh/ vd| ehfdxvh Qruwk Nruhd

dwwdfnv Vrxwk Nruhd1 Wkh vsdfh vsdqqhg e| wkh yduldeohv lq d vpdoo YDU pd| qrw frqwdlq

wklv lqirupdwlrq1 Xqghu wkhvh flufxpvwdqfhv dq hfrqrphwulfldq zloo xqfryhu/ dw ehvw/ d srooxwhg

phdvxuh ri h{rjhqrxv vkrfnv wr jryhuqphqw sxufkdvhv1 Ilqdoo|/ lqihuhqfh xvlqj lqqrydwlrq edvhg

phdvxuhv ri vkrfnv wr jryhuqphqw sxufkdvhv dsshduv wr eh txlwh iudjloh wr shuwxuedwlrqv lq wkh

vdpsoh shulrg xvhg dv zhoo dv wkh olvw ri yduldeohv lqfoxghg lq wkh YDU +vhh Fkulvwldqr +4<<3,,1

Iru wkhvh uhdvrqv/ zh dgrsw dq h{whqghg yhuvlrq ri wkh Udph|0Vkdslur dssurdfk lq rxu

hpslulfdo zrun1 Rxu pdlq �qglqjv duh wkdw lq uhvsrqvh wr dq h{sdqvlrqdu| vkrfn lq jryhuqphqw

sxufkdvhv=

� ghihqvh h{shqglwxuhv dv zhoo dv wrwdo jryhuqphqw sxufkdvhv ulvh/

� rxwsxw ulvhv/ erwk lq wkh djjuhjdwh dqg lq doo vhfwruv wkdw zh orrn dw/

� uhdo zdjhv idoo/

� qrquhvlghqwldo lqyhvwphqw ulvhv vkduso|/

� uhvlghqwldo lqyhvwphqw ghfolqhv vkduso|/

� diwhu d ghod|/ sxufkdvhv dqg surgxfwlrq ri frqvxphu gxudeohv dqg qrqgxudeohv idoo/

� uhdo lqwhuhvw udwhv lqlwldoo| idoo exw wkhq ulvh1

D qryho ihdwxuh ri rxu dqdo|vlv lv wkdw zh dwwhpsw wr frqiurqw xqfhuwdlqw| derxw wkh dfwxdo

gdwhv dw zklfk wkh Udph|0Vkdslur hslvrghv ehjdq1 Wkdw wkhuh lv xqfhuwdlqw| derxw wkh gdwhv

lv hylghqw rqfh zh uhfrjql}h wkdw wkh nh| lvvxh lv zkhq X1V1 hfrqrplf djhqwv xqghuvwrrg wkdw d
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plolwdu| exlogxs zdv jrlqj wr ehjlq1 Lw lv rqh wklqj wr nqrz zkhq wkh Qruwk Nruhdqv dwwdfnhg

Vrxwk Nruhd1 Krzhyhu/ dvfhuwdlqlqj zkhq hfrqrplf djhqwv nqhz wkdw wkh X1V1 zdv jrlqj wr

uhvsrqg lv d idu pruh vxewoh hpslulfdo lvvxh1 Wr ghdo zlwk wklv lvvxh/ zh surylgh hylghqfh wkdw

rxu uhvxowv duh urexvw wr gdwh xqfhuwdlqw|1 Dw wkh vdph wlph zh dovr grfxphqw wkdw wkh Udph|0

Vkdslur gdwhv duh xqxvxdo uhodwlyh wr rwkhu/ duelwudulo| vhohfwhg gdwhv lq wkh vdpsoh1 Wkhvh

�qglqjv vxssruw wkh lqwhusuhwdwlrq wkdw zh kdyh lvrodwhg wkh uhvsrqvh ri wkh X1V1 hfrqrp| wr

h{rjhqrxv lqfuhdvhv lq jryhuqphqw sxufkdvhv shu vh1

Wdnlqj wklv lqwhusuhwdwlrq dv jlyhq/ zh ghyhors d prgl�hg yhuvlrq ri wkh rqh vhfwru qhr0

fodvvlfdo jurzwk prgho wr lqwhusuhw rxu hvwlpdwhg uhvsrqvh ixqfwlrqv1 Rxu prgl�fdwlrqv duh

prwlydwhg e| wkh iroorzlqj lvvxhv1 Iluvw/ lq wkh vwdqgdug rqh vhfwru jurzwk prgho/ d kljko|

shuvlvwhqw vkrfn wr jryhuqphqw sxufkdvhv ohdgv wr d odujh idoo lq frqvxpswlrq1 Lq wkh gdwd/

krzhyhu/ wkhuh lv rqo| d vpdoo idoo lq sxufkdvhv ri frqvxphu qrqgxudeoh jrrgv dqg vhuylfhv diwhu

d Udph|0Vkdslur hslvrgh1 Vhfrqg/ wkh vwdqgdug rqh vhfwru prgho lv vlohqw rq wkh txhvwlrq ri

zk| uhvlghqwldo lqyhvwphqw idoov zkloh qrquhvlghqwldo lqyhvwphqw ulvhv diwhu d srvlwlyh vkrfn wr

jryhuqphqw sxufkdvhv1

Wr xqghuvwdqg rxu vwudwhj| iru dgguhvvlqj wkhvh lvvxhv/ uhfdoo wkdw lq wkh vwdqgdug qhrfodvvlfdo

jurzwk prgho/ d shuvlvwhqw ulvh lq jryhuqphqw sxufkdvhv udlvhv wkh suhvhqw ydoxh ri wkh uhsuhvhq0

wdwlyh krxvhkrog*v wd{ exughq1 Wkh uhvxowlqj qhjdwlyh zhdowk h�hfw lqfuhdvhv krxvhkrog*v oderu

vxsso| dqg orzhuv wkh ghpdqg iru sulydwh frqvxpswlrq1 Dv d frqvhtxhqfh/ htxloleulxp uhdo

zdjhv dqg sulydwh frqvxpswlrq idoo zkloh hpsor|phqw lqfuhdvhv1 Zlwk fdslwdo dqg oderu ehlqj

frpsohphqwv lq surgxfwlrq/ lqyhvwphqw ulvhv18

Zlwk wklv lq plqg/ zh prgli| wkh edvlf prgho wr glvwlqjxlvk ehwzhhq wzr w|shv ri fdslwdo1

Wkh �uvw w|sh lv xvhg wr surgxfh jrrgv1 Lqyhvwphqw lq qrquhvlghqwldo fdslwdo dxjphqwv wklv w|sh

ri fdslwdo1 Olnh dq| gxudeoh frqvxpswlrq jrrg/ wkh vhfrqg w|sh ri fdslwdo |lhogv frqvxpswlrq

vhuylfhv1 Lqyhvwphqw lq uhvlghqwldo vwuxfwxuhv/ l1h1 krxvlqj/ dxjphqwv wklv w|sh ri fdslwdo +iru wkh

vdnh ri vlpsolflw|/ zh gr qrw glvwlqjxlvk ehwzhhq gxudeoh frqvxpswlrq jrrgv dqg krxvlqj,1 Zlwk

wklv prgl�fdwlrq/ wkh qhjdwlyh lqfrph h�hfw dvvrfldwhg zlwk d shuvlvwhqw lqfuhdvh lq jryhuqphqw

8Li wkh ulvh lq jryhuqphqw sxufkdvhv lqgxfhg e| wkh vkrfn lv wudqvlwru|/ hpsor|phqw zloo ulvh zkloh lqyhvwphqw
idoov1 Vhh vhfwlrq 7 ehorz1
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sxufkdvhv/ ohdgv wr d ulvh lq qrquhvlghqwldo lqyhvwphqw/ dqg d vxevwdqwldo idoo lq frqvxpswlrq

vhuylfh  rzv1 Wkh odwwhu lv dfklhyhg/ lq sduw/ e| orzhulqj wkh vwrfn ri uhvlghqwldo fdslwdo dqg d

idoo lq uhvlghqwldo lqyhvwphqw1 Dv lq wkh vwdqgdug prgho/ wrwdo rxwsxw ulvhv dqg uhdo zdjhv idoo1

Zh frqfoxgh wkdw rxu prgho fdq dffrxqw iru wkh edvlf txdolwdwlyh uhvsrqvh ri wkh X1V1 hfrqrp|

wr d shuvlvwhqw vkrfn lq jryhuqphqw sxufkdvhv1

Zkloh rxu hpslulfdo uhvxowv duh frqvlvwhqw zlwk wklv vlpsoh yduldqw ri wkh qhrfodvvlfdo prgho/

wkh| srvh d vkdus fkdoohqjh wr prghov olnh wkdw ri Urwhpehuj dqg Zrrgirug +4<<5, dqg Ghy0

huhx{/ Khdg dqg Odskdp +4<<9, lq zklfk uhdo zdjhv ulvh diwhu d srvlwlyh vkrfn wr jryhuqphqw

sxufkdvhv1 Rqh ri wkh nh| hpslulfdo uhvxowv lq rxu sdshu lv wkdw uhdo zdjhv idoo diwhu vxfk d

vkrfn1 Wklv lv wuxh uhjdugohvv ri zkhwkhu zh dqdo|}h djjuhjdwh ru vhfwru vshfl�f uhdo zdjhv1 Lw lv

dovr wuxh uhjdugohvv ri zkhwkhu zh frqvlghu ehiruh ru diwhu wd{ uhdo zdjhv1 Ilqdoo|/ wklv uhvxow lv

urexvw dfurvv wkh gl�huhqw sulfh lqglfhv wkdw zh xvh wr frqvwuxfw dowhuqdwlyh phdvxuhv ri wkh uhdo

zdjh1 Edvhg rq wklv hylghqfh zh frqfoxgh wkdw prghov lq zklfk uhdo zdjhv ulvh diwhu d srvlwlyh

vkrfn wr jryhuqphqw sxufkdvhv duh lqfrqvlvwhqw zlwk wkh gdwd1

Wkh uhpdlqghu ri wklv sdshu lv rujdql}hg dv iroorzv1 Lq Vhfwlrq 5 zh glvfxvv rxu phwkrgrorj|

iru lghqwli|lqj wkh h�hfwv ri dq h{rjhqrxv lqfuhdvh lq jryhuqphqw sxufkdvhv1 Vhfwlrq 6 uhsruwv

wkh uhvxowv ri lpsohphqwlqj wklv phwkrgrorj| rq srvw Zruog Zdu LL X1V1 gdwd1 Vhfwlrq 7 suhvhqwv

rxu prgho dqg dvvhvvhv lwv delolw| wr dffrxqw iru wkh hpslulfdo �qglqjv ri Vhfwlrq 61 Ilqdoo|/

Vhfwlrq 8 glvfxvvhv vrph vkruwfrplqjv ri rxu prgho1

51 Lghqwli|lqj wkh H�hfwv ri Vkrfnv wr Jryhuqphqw Sxufkdvhv

Vlqfh dfwxdo jryhuqphqw sxufkdvhv duh kljko| uhdfwlyh wr wkh vwdwh ri wkh hfrqrp|/ zh qhhg wr

pdnh lghqwli|lqj dvvxpswlrqv wr lvrodwh h{rjhqrxv pryhphqwv lq jryhuqphqw sxufkdvhv/ C|1 Lq

sudfwlfh/ pdq| dqdo|vwv irfxv rq d sduwlfxodu frpsrqhqw ri C|= ghihqvh sxufkdvhv/ zkrvh wlph

| ydoxh zh ghqrwh e| }|� Dxwkruv vxfk dv Urwhpehuj dqg Zrrgirug +4<<5, lghqwli| d vkrfn wr

}| zlwk wkh uhvlgxdo lq d vlpsoh ruglqdu| ohdvw vtxduhv uhjuhvvlrq ri wkh irup/

}| ' sEl|� n 0|� +4,
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Khuh s lv d olqhdu ixqfwlrq/ l| vxppdul}hv wkh lqirupdwlrq vhw dydlodeoh wr wkh �vfdo dxwkrulw|

zkhq vhwwlqj lwv ghvluhg ydoxh iru }|/ dqg 0| lv d vhuldoo| xqfruuhodwhg vkrfn wkdw lv ruwkrjrqdo

wr wkh hohphqwv ri l|� Wklv ruwkrjrqdolw| dvvxpswlrq lpsolhv wkdw wkh �vfdo dxwkrulw| vhhv wkh

hohphqwv ri l| zkhq lw fkrrvhv }|/ dqg wkdw wkh hohphqwv ri l| gr qrw uhvsrqg frqwhpsrudqhrxvo|

wr 0|� Urwhpehuj dqg Zrrgirug dvvxph wkdw l| frqvlvwv ri sdvw revhuydwlrqv rq }|c dqg odjjhg

ydoxhv ri wkh qxpehu ri shrsoh hpsor|hg e| wkh plolwdu|19

Xqghu wkhvh lghqwli|lqj dvvxpswlrqv/ 0| fdq eh hvwlpdwhg e| wkh �wwhg uhvlgxdov iurp dq

ROV uhjuhvvlrq ri }| rq wkh hohphqwv ri l|� Wkh uhvsrqvh ri dq| sduwlfxodu yduldeoh/ vd| 5|c wr d

vkrfn lq }| fdq eh hvwlpdwhg e| wkh frh!flhqwv lq dq ROV uhjuhvvlrq ri 5| rq fxuuhqw dqg odjjhg

ydoxhv ri 0|�

Lq frqwudvw/ Udph| dqg Vkdslur +4<<:, sxuvxh d cqduudwlyh dssurdfk* wr lvrodwh wkuhh du0

jxdeo| h{rjhqrxv hyhqwv wkdw ohg wr odujh plolwdu| exlogxsv= wkh Nruhdq Zdu/ wkh Ylhwqdp

Zdu dqg wkh Fduwhu0Uhdjdq Exlogxs1 Edvhg rq wkhlu uhdglqj ri klvwru|/ wkh| gdwh wkhvh hyhqwv

dw wkh wklug txduwhu ri 4<83/ wkh �uvw txduwhu ri 4<98 dqg wkh �uvw txduwhu ri 4<;31: Ydulrxv

hfrqrphwulf surfhgxuhv fdq eh xvhg wr h{sorlw wkh lghqwli|lqj dvvxpswlrq wkdw h{rjhqrxv vkrfnv

wr jryhuqphqw sxufkdvhv rffxuuhg dw wkhvh gdwhv1 Iru h{dpsoh/ vxssrvh zh gh�qh wkh vhw ri

gxpp| yduldeohv (|/ zkhuh (| ' � li | ' i4<83=6/ 4<98=4/ 4<;3=4j dqg }hur rwkhuzlvh1 Vxssrvh

zh hvwlpdwh wkh sdudphwhuv ri �Eu� lq wkh uhjuhvvlrq htxdwlrq

5| ' �Eu�(| n 0|� +5,

Khuh �Eu� lv d �qlwh rughuhg sro|qrpldo lq qrqqhjdwlyh srzhuv ri wkh odj rshudwru u� Li wkh

Udph| dqg Vkdslur zdu gxpplhv duh wuxo| h{rjhqrxv/ d frqvlvwhqw hvwlpdwh ri wkh uhvsrqvh ri

5|n& wr dq h{rjhqrxv vkrfn lq }| lv jlyhq e| wkh hvwlpdwhg frh!flhqw rq u&c �&�

Udph| dqg Vkdslur xvh d prgl�hg yhuvlrq ri wklv dssurdfk lq zklfk wkh| hvwlpdwh wkh

uhjuhvvlrq

9Urwhpehuj dqg Zrrgirug dvvxph wkhuh lv d wlph wuhqg lq erwk jw dqg wkh qxpehu ri shrsoh hpsor|hg e|
wkh plolwdu|1

:Vhh Udph| dqg Vkdslur +4<<:, iru d ghwdlohg glvfxvvlrq ri krz wkhvh gdwhv zhuh fkrvhq1

9
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Wr ghulyh wkh g|qdplf uhvsrqvh ixqfwlrq ri 5| wr d zdu gxpp|/ wkh| vlpxodwh wkh hvwlpdwhg

yhuvlrq ri +6,1;

Dq dowhuqdwlyh surfhgxuh iru xvlqj Udph| dqg Vkdslur*v lghqwli|lqj dvvxpswlrqv lv wr lqfoxgh

(| dv dq h{sodqdwru| yduldeoh lq d YDU1 Vxssrvh wkdw 5| lv dq hohphqw ri wkh yhfwru vwrfkdvwlf

surfhvv f| zklfk kdv wkh uhsuhvhqwdwlrq=

f| ' �Eu�f|3� n�Eu�(| n �|� +7,

Khuh/ �Eu� dqg �Eu� duh �qlwh rughuhg yhfwru sro|qrpldov lq qrqqhjdwlyh srzhuv ri u zkrvh

frh!flhqwv fdq eh hvwlpdwhg xvlqj htxdwlrq0e|0htxdwlrq ohdvw vtxduhv1 D frqvlvwhqw hvwlpdwh ri

wkh uhvsrqvh ri 5|n& wr dq h{rjhqrxv vkrfn lq }| lv jlyhq e| dq hvwlpdwh ri wkh frh!flhqw rq u&

lq wkh h{sdqvlrq ri dU ��Eu�uo3��Eu��<

Lq rxu dqdo|vlv zh �qg lw frqyhqlhqw wr pds wkh �uvw wzr0vwhs surfhgxuh lqwr dq dv|ps0

wrwlfdoo| htxlydohqw YDU0edvhg surfhgxuh143 Wkhuh duh wzr uhdvrqv iru wklv1 Iluvw/ hvwlpdwlqj

g|qdplf uhvsrqvh ixqfwlrqv yld +5, uhtxluhv orvlqj d qxpehu ri lqlwldo gdwd srlqwv htxdo wr wkh

qxpehu ri g|qdplf uhvsrqvhv wkdw zh zlvk wr hvwlpdwh1 Zlwk wkh YDU surfhgxuh zh rqo| orvh

d qxpehu ri revhuydwlrqv htxdo wr wkh odj ohqjwk ri wkh YDU1 Vhfrqg/ wkh suhvhqfh ri rwkhu

yduldeohv lq wkh YDU doorzv xv wr dvvhvv wkh urexvwqhvv ri wkh dvvxpswlrq wkdw wkh Udph| dqg

Vkdslur gxpp| yduldeohv duh h{rjhqrxv1

;Li wkh Udph| dqg Vkdslur zdu gxpplhv duh wuxo| h{rjhqrxv/ wkh wzr dssurdfkhv mxvw glvfxvvhg |lhog dv|ps0
wrwlfdoo| htxlydohqw uhvxowv1

<Eodqfkdug dqg Shurwwl +4<<;, xvh d vlplodu vwudwhj| wr lqyhvwljdwh wkh h�hfw ri wkh 4<:8=5 wd{ fxw lq wkh X1V1
43Vhh Hlfkhqedxp +4<<:, iru d frpsdulvrq ri vrph uhvxowv rewdlqhg xvlqj wklv surfhgxuh dqg wkh rqh xvhg lq

Udph| dqg Vkdslur +4<<:,1 Wkhuh lw lv vkrzq wkdw wkh srlqw hvwlpdwhv hphujlqj iurp wkh wzr surfhgxuhv duh
yhu| vlplodu1

:



61 Hpslulfdo Uhvxowv

Wklv vhfwlrq uhsruwv rxu uhvxowv uhjduglqj wkh frqvhtxhqfhv wr wkh X1V1 hfrqrp| ri dq h{rjhqrxv

lqfuhdvh lq jryhuqphqw sxufkdvhv1 Vhfwlrq 614 glvsod|v uhvxowv rewdlqhg xvlqj wkh Udph| dqg

Vkdslur gxpp| yduldeohv1 Vhfwlrq 615 h{soruhv wkh vhqvlwlylw| ri rxu pdlq uhvxowv wr shuwxued0

wlrqv lq wkh wlplqj ri wkh Udph|0Vkdslur gdwhv1 Vhfwlrq 616 dvvhvvhv krz xqxvxdo wkrvh gdwhv

duh uhodwlyh wr udqgrpo| vhohfwhg dowhuqdwlyhv1

6141 Uhvxowv Xvlqj wkh Udph| dqg Vkdslur Zdu Gxpplhv

Wkh uhvxowv lq wklv vxevhfwlrq zhuh rewdlqhg e| lqfrusrudwlqj wkh Udph| dqg Vkdslur +4<<:,

gxpp| yduldeohv lqwr wkh YDU jlyhq e| +7,1 Xqohvv rwkhuzlvh qrwhg/ wkh yhfwru f| frqwdlqv

wkh orj ohyho ri wlph | uhdo C(� / wkh qhw wkuhh prqwk Wuhdvxu| eloo udwh/ wkh orj ri wkh surgxfhu

sulfh lqgh{ ri fuxgh ixho/ wkh orj ohyho ri Udph| dqg Vkdslur*v phdvxuh ri uhdo ghihqvh sxufkdvhv/

}|/ dqg wkh orj ohyho ri wkh yduldeoh 5| zkrvh uhvsrqvh ixqfwlrq zh duh lqwhuhvwhg lq1 H{fhsw iru

uhvxowv shuwdlqlqj wr diwhu wd{ uhdo zdjh udwhv/ doo hvwlpdwhv duh edvhg rq txduwhuo| gdwd iurp

4<7;=4 wr 4<<9=41 Gxh wr gdwd olplwdwlrqv/ wkh diwhu wd{ uhdo zdjh uhvxowv duh edvhg rq txduwhuo|

gdwd ryhu wkh vdpsoh shulrg 4<7;=4 wr 4<<6=71 Wkh dsshqgl{ frqwdlqv d ghvfulswlrq ri wkh gdwd

xvhg lq rxu dqdo|vlv1

Wklv vxevhfwlrq lv rujdql}hg lq wkuhh vhfwlrqv1 Vxevhfwlrq 61414 glvfxvvhv wkh uhvsrqvh ri

gl�huhqw w|shv ri h{shqglwxuhv/ rxwsxw dqg hpsor|phqw wr d Udph|0Vkdslur hslvrgh1 Vxevhfwlrq

61415 vxppdul}hv rxu �qglqjv uhjduglqj frpshqvdwlrq dqg uhdo zdjhv1 Ilqdoo|/ Vxevhfwlrq 616

eulh | glvfxvvhv wkh uhvsrqvh ri prqh|/ sulfhv dqg lqwhuhvw udwhv wr d Udph|0Vkdslur hslvrgh1

614141 Rxwsxw/ Hpsor|phqw/ Frqvxpswlrq dqg Lqyhvwphqw

Lq wklv vxevhfwlrq/ zh vxppdul}h rxu hylghqfh uhjduglqj wkh zd| gl�huhqw vhfwruv ri wkh hfrqrp|

uhvsrqg wr wkh rqvhw ri d Udph|0Vkdslur hslvrgh1 Rxu nh| uhvxowv fdq eh vxppdul}hg dv iroorzv1

Diwhu d srvlwlyh lqfuhdvh lq jryhuqphqw sxufkdvhv/ wkhuh lv d odujh/ kxps vkdshg lqfuhdvh lq uhdo

ghihqvh h{shqglwxuhv/ djjuhjdwh rxwsxw dqg hpsor|phqw1 Wkh ulvh lq rxwsxw lv dvvrfldwhg zlwk

d eurdg edvhg h{sdqvlrq ri qrquhvlghqwldo lqyhvwphqw dqg d ghod|hg idoo lq frqvxpswlrq1

;



Dv edfnjurxqg wr rxu dqdo|vlv/ wkh xsshu sdqho ri Iljxuh 4 uhsruwv wkh orj ri uhdo ghihqvh

h{shqglwxuhv zlwk wkh yhuwlfdo olqhv dw wkh Udph|0Vkdslur hslvrghv1 Wkh orzhu sdqho ri Iljxuh

4 uhsruwv wkh vkduh ri ghihqvh vshqglqj lq JGS1 Qrwh wkdw wkh wlph vhulhv rq uhdo ghihqvh

h{shqglwxuhv duh grplqdwhg e| wkuhh hyhqwv= wkh odujh lqfuhdvh lq uhdo ghihqvh h{shqglwxuhv

dvvrfldwhg zlwk wkh Nruhdq zdu/ wkh Ylhwqdp zdu dqg wkh Fduwhu0Uhdjdq ghihqvh exlogxs1 Wkh

Udph|0Vkdslur gxpp| yduldeohv hvvhqwldoo| pdun wkh ehjlqqlqj ri wkhvh hslvrghv1

Wkh irxu sdqhov ri Iljxuh 5 uhsruw wkh uhvsrqvhv ri uhdo ghihqvh vshqglqj/ uhdo jryhuqphqw

sxufkdvhv/ uhdo JGS dqg uhdo sulydwh JGS wr d Udph|0Vkdslur hslvrgh1 Khuh jryhuqphqw

sxufkdvhv uhihuv wr ghihqvh vshqglqj soxv orfdo/ vwdwh dqg ihghudo jryhuqphqw sxufkdvhv ri frq0

vxpswlrq jrrgv1 Lq Iljxuhv 5044 wkh vrolg olqhv glvsod| srlqw hvwlpdwhv ri wkh frh!flhqwv ri

wkh g|qdplf uhvsrqvh ixqfwlrqv144 Dovr/ wkh gdvkhg olqhv fruuhvsrqg wr vl{w|0hljkw shufhqw

frq�ghqfh lqwhuydo edqgv145

Frqvlvwhqw zlwk uhvxowv lq Udph| dqg Vkdslur +4<<:,/ wkh rqvhw ri d Udph|0Vkdslur hslvrgh

ohdgv wr d odujh/ shuvlvwhqw/ kxps vkdshg ulvh lq ghihqvh h{shqglwxuhv= }| lqlwldoo| ulvhv e|

derxw 4(/ zlwk d shdn uhvsrqvh ri 63( urxjko| vl{ txduwhuv diwhu wkh vkrfn1 Wkh uhvsrqvh ri

uhdo jryhuqphqw sxufkdvhv lv vlplodu wr wkdw ri uhdo ghihqvh sxufkdvhv1 Zkloh wkh uhvsrqvh lv

vpdoohu/ lw lv vwloo vxevwdqwldo= wrwdo jryhuqphqw sxufkdvhv ulvh lq d kxps vkdshg sdwwhuq zlwk

d shdn uhvsrqvh ri 47( urxjko| 9 txduwhuv diwhu wkh vkrfn1 Sdudooholqj wkh uhvsrqvh ri ghihqvh

h{shqglwxuhv/ wkhuh lv d ghod|hg/ kxps vkdshg uhvsrqvh lq uhdo JGS/ zlwk d shdn uhvsrqvh ri

derxw 618( irxu txduwhuv diwhu wkh vkrfn1 Wkh ulvh lq sulydwh uhdo JGS +JGS plqxv jryhuqphqw

sxufkdvhv, lv pxfk vpdoohu/ zlwk d shdn uhvsrqvh ri derxw 41;(�

44Zlwk rqh h{fhswlrq/ wkh lpsxovh uhvsrqvh ixqfwlrqv duh uhsruwhg lq xqlwv ri shufhqwdjh srlqw ghyldwlrqv iurp
d yduldeoh*v xqvkrfnhg sdwk1 Wkh h{fhswlrq lv wkdw lpsxovh uhvsrqvh ixqfwlrqv ri lqwhuhvw udwhv duh uhsruwhg lq
shufhqwdjh srlqwv +vhh vxevhfwlrq 61416,1

45Wkhvh zhuh frpsxwhg xvlqj d errwvwuds Prqwh Fduor surfhgxuh1 Vshfl�fdoo|/ zh frqvwuxfwhg 833 wlph vhulhv
rq wkh yhfwru ]w dv iroorzv1 Ohw iexwjWw@4 ghqrwh wkh yhfwru ri uhvlgxdov iurp wkh hvwlpdwhg YDU1 Zh frqvwuxfwhg
833 vhwv ri qhz wlph vhulhv ri uhvlgxdov/ iexw+m,jWw@4> m @ 4> ===> 833= Wkh wwk hohphqw ri iexw+m,jWw@4 zdv vhohfwhg
e| gudzlqj udqgrpo|/ zlwk uhsodfhphqw/ iurp wkh vhw ri �wwhg uhvlgxdo yhfwruv/ iexwjWw@41 Iru hdfk iexw+m,jWw@4>
zh frqvwuxfwhg d v|qwkhwlf wlph vhulhv ri ]w> ghqrwhg i]w+m,jWw@4> xvlqj wkh hvwlpdwhg YDU dqg wkh klvwrulfdo
lqlwldo frqglwlrqv rq ]w= Zh wkhq uh0hvwlpdwhg wkh YDU xvlqj i]w+m,jWw@4 dqg wkh klvwrulfdo lqlwldo frqglwlrqv/
dqg fdofxodwhg wkh lpsolhg lpsxovh uhvsrqvh ixqfwlrqv iru m @ 4> ===> 833= Iru hdfk �{hg odj/ zh fdofxodwhg wkh
;3wk orzhvw dqg 753wk kljkhvw ydoxhv ri wkh fruuhvsrqglqj lpsxovh uhvsrqvh frh!flhqwv dfurvv doo 833 v|qwkhwlf
lpsxovh uhvsrqvh ixqfwlrqv1 Wkh erxqgdulhv ri wkh frq�ghqfh lqwhuydov lq wkh �jxuhv fruuhvsrqg wr d judsk ri
wkhvh frh!flhqwv1

<



Iljxuh 6 glvsod|v wkh uhvsrqvhv ri ydulrxv phdvxuhv ri hpsor|phqw wr Udph|0Vkdslur hslvrgh1

Qrwlfh wkdw sulydwh hpsor|phqw ulvhv lq d kxps vkdshg sdwwhuq zklfk sdudoohov wkh kxps vkdshg

ulvh lq ghihqvh dqg jryhuqphqw sxufkdvhv1 Wkh uhvsrqvh ri hpsor|phqw lq wkh pdqxidfwxulqj

vhfwru lv txdolwdwlyho| vlplodu wr wkh uhvsrqvh ri wrwdo sulydwh hpsor|phqw/ exw lv odujhu zlwk d

shdn ulvh ri urxjko| 8(1 Hpsor|phqw lq wkh gxudeohv dqg qrqgxudeohv pdqxidfwxulqj vhfwruv

erwk ulvh/ zlwk wkh ulvh lq wkh �uvw vhfwru h{fhhglqj wkh ulvh lq wkh vhfrqg vhfwru1 Ilqdoo|/ Iljxuh 6

lqglfdwhv wkdw hpsor|phqw lq wkh frqvwuxfwlrq vhfwru dqg hpsor|phqw e| wkh ihghudo jryhuqphqw

ulvhv1

Iljxuh 7 glvsod|v wkh uhvsrqvh ri uhdo h{shqglwxuhv rq gl�huhqw fdwhjrulhv ri frqvxpswlrq

dqg lqyhvwphqw wr d Udph|0Vkdslur hslvrgh1 D qxpehu ri lpsruwdqw uhvxowv hphujh khuh1 Iluvw/

frqvxpswlrq h{shqglwxuhv rq qrqgxudeoh jrrgv dqg vhuylfhv idoo diwhu d eulhi ghod|1 Krzhyhu/

wkh uhvsrqvh dw doo krul}rqv lv txlwh vpdoo1 Vhfrqg/ wkhuh lv dq lqlwldo 9( ulvh lq frqvxpswlrq

h{shqglwxuhv rq gxudeoh jrrgv1 Krzhyhu/ wkhvh h{shqglwxuhv txlfno| idoo ehorz wkhlu suhvkrfn

ohyhov1 Diwhu 5 |hduv/ wkh| duh urxjko| 8( ehorz wkhlu suhvkrfn ohyho1 Wkh frpelqhg uhvsrqvh

ri wrwdo uhdo frqvxpswlrq h{shqglwxuhv rq qrqgxudeohv/ vhuylfhv dqg gxudeohv/ ghslfwhg lq wkh

sdqho odehoohg cWrwdo Frqvxpswlrq*/ lv vpdoo1

Wr ixoo| xqghuvwdqg wkh uhvsrqvh ri frqvxpswlrq/ zh qrz frqvlghu krz lqyhvwphqw uhvsrqgv

wr d Udph|0Vkdslur hslvrgh1 Iljxuh 7 vkrzv wkdw d srvlwlyh vkrfn wr jryhuqphqw sxufkdvhv

lv iroorzhg e| d vkdus ghfolqh lq uhvlghqwldo lqyhvwphqw1 Wkh shdn uhvsrqvh rffxuv urxjko| 9

txduwhuv diwhu wkh vkrfn/ dw zklfk srlqw uhvlghqwldo lqyhvwphqw lv 48( ehorz lwv suhvkrfn ohyho1

Vlqfh uhvlghqwldo lqyhvwphqw dqg gxudeoh frqvxpswlrq sxufkdvhv erwk uhsuhvhqw lqyhvwphqwv

lq vwrfnv ri fdslwdo zklfk |lhog frqvxpswlrq vhuylfhv/ lw lv qdwxudo wr frqvlghu wkh frpelqhg

uhvsrqvh ri wkhvh w|shv ri h{shqglwxuhv1 Iurp wkh sdqho odehohg cGxudeohv . Uhvlghqwldo*/ zh

vhh wkdw wklv frpelqdwlrq ri h{shqglwxuhv lqlwldoo| ulvhv exw zlwklq wzr txduwhuv idoov ehorz lwv

suhvkrfn ohyho1 Wkh shdn uhvsrqvh rffxuv urxjko| 5 |hduv diwhu wkh vkrfn/ zlwk h{shqglwxuhv

idoolqj urxjko| 9( uhodwlyh wr wkhlu suhvkrfn ohyho1 Hylghqwo|/ rqfh zh wuhdw lqyhvwphqw lq krxvlqj

v|pphwulfdoo| zlwk lqyhvwphqw lq rwkhu frqvxphu gxudeohv/ wkhuh lv vxevwdqwldo hylghqfh ri d

ghfolqh lq frqvxpswlrq uhodwhg h{shqglwxuhv1

Lq vkdus frqwudvw wr uhvlghqwldo lqyhvwphqw/ Iljxuh 7 vkrzv wkdw d Udph|0Vkdslur hslvrgh

43



ohdgv wr d shuvlvwhqw ulvh lq qrquhvlghqwldo lqyhvwphqw1 Wkh shdn uhvsrqvh rffxuv urxjko| 9 txdu0

whuv diwhu wkh vkrfn/ dw zklfk srlqw qrquhvlghqwldo lqyhvwphqw h{shqglwxuhv duh dssur{lpdwho|

;( deryh wkhlu suhvkrfn ohyho1 Jlyhq wkh vwdun gl�huhqfh lq wkh uhvsrqvh sdwkv ri uhvlghqwldo

dqg qrquhvlghqwldo lqyhvwphqw/ lw lv lpsruwdqw wr xqghuvwdqg zklfk frpsrqhqwv ri wkh odwwhu

ulvh1 Iljxuh 8 lqglfdwhv wkdw doo w|shv ri qrquhvlghqwldo lqyhvwphqw 0 lqirupdwlrq surfhvvlqj

htxlsphqw/ vwuxfwxuhv/ lqgxvwuldo htxlsphqw/ surgxfhu gxudeoh htxlsphqw dqg wudqvsruwdwlrq

htxlsphqw 0 ulvh lq uhvsrqvh wr d Udph|0Vkdslur hslvrgh146

Zh frqfoxgh iurp vwxg|lqj Iljxuhv 7 dqg 8 wkdw d srvlwlyh vkrfn wr jryhuqphqw sxufkdvhv

lqgxfhv d eurdg edvhg h{sdqvlrq lq qrquhvlghqwldo lqyhvwphqw dorqj zlwk d ghod|hg idoo lq frq0

vxpswlrq h{shqglwxuhv1 Wkh odwwhu rffxuv prvwo| yld d uhgxfwlrq lq gxudeoh frqvxphu jrrg

h{shqglwxuhv/ gh�qhg wr lqfoxgh lqyhvwphqw lq krxvlqj1 Iljxuh 9/ zklfk glvsod|v wkh uhvsrqvh

ri gl�huhqw phdvxuhv ri lqgxvwuldo surgxfwlrq +LS, wr d Udph|0Vkdslur hslvrgh/ surylghv fru0

urerudwlqj hylghqfh iru wklv ylhz1 Iluvw/ wkh vkrfn ohdgv wr d shuvlvwhqw ulvh lq pdqxidfwxulqj

LS1 Wkh ulvh lv frqfhqwudwhg lq gxudeoh pdqxidfwxulqj jrrgv zklfk lqfuhdvhv pruh vkduso| wkdq

rxwsxw ri qrqgxudeohv pdqxidfwxulqj jrrgv1 Frqvlvwhqw zlwk wkh h{shqglwxuh gdwd/ zh vhh dq

lqlwldo ulvh lq wkh rxwsxw ri erwk gxudeoh dqg qrqgxudeoh frqvxphu jrrgv1 Krzhyhu/ wkh lqfuhdvh

lv vpdoo dqg vkruw olyhg uhodwlyh wr wkh ulvh lq wrwdo pdqxidfwxulqj dqg gxudeoh jrrgv pdqxidf0

wxulqj rxwsxw1 Erwk gxudeoh dqg qrqgxudeoh frqvxphu jrrgv idoo diwhu derxw 6 txduwhuv/ zlwk

wkh shdn ghfolqh lq wkh iruphu h{fhhglqj wkdw ri wkh odwwhu1

614151 Frpshqvdwlrq dqg Uhdo Zdjhv

Lq wklv vxevhfwlrq zh vxppdul}h rxu hylghqfh uhjduglqj wkh uhvsrqvh ri frpshqvdwlrq dqg

uhdo zdjhv wr d Udph|0Vkdslur hslvrgh1 Dv glvfxvvhg lq wkh lqwurgxfwlrq/ wkhvh uhvxowv duh

sduwlfxoduo| xvhixo iru dvvhvvlqj wkh hpslulfdo sodxvlelolw| ri dowhuqdwlyh exvlqhvv f|foh prghov1

Wkh nh| uhvxow lq wklv vxevhfwlrq lv wkdw hyhu| phdvxuh ri frpshqvdwlrq dqg uhdo zdjhv wkdw zh

frqvlghu idoov lq uhvsrqvh wr d srvlwlyh vkrfn wr jryhuqphqw sxufkdvhv1 Wklv frqvwlwxwhv d vwurqj

fkdoohqjh wr fodlpv lq wkh olwhudwxuh wkdw uhdo zdjhv ulvh lq uhvsrqvh wr dq h{rjhqrxv lqfuhdvh

lq jryhuqphqw sxufkdvhv +vhh/ iru h{dpsoh/ Urwhpehuj dqg Zrrgirug +4<<5,,1 Lq frqwudvw/ wklv

46Diwhu urxjko| vl{ txduwhuv lqyhvwphqw lq wudqvsruwdwlrq htxlsphqw ehjlqv wr ghfolqh vljql�fdqwo|1
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uhvxow lv frqvlvwhqw zlwk qhrfodvvlfdo prghov zklfk suhglfw wkdw uhdo zdjhv vkrxog jr grzq diwhu

vxfk d vkrfn ehfdxvh ri wkh qhjdwlyh lqfrph h�hfwv dvvrfldwhg zlwk lqfuhdvhv lq jryhuqphqw

sxufkdvhv1

Iljxuh : uhsruwv wkh hvwlpdwhg uhvsrqvh ixqfwlrqv iru vl{ phdvxuhv ri uhdo frpshqvdwlrq=

frpshqvdwlrq shu krxu lq sulydwh exvlqhvv +gh dwhg e| wkh FSL/ d gh dwru iru sulydwh exvlqhvv

rxwsxw dqg wkh JGS gh dwru,/ dqg pdqxidfwxulqj +gh dwhg e| wkh FSL/ wkh SSL iru pdqxidf0

wxulqj dqg wkh JGS gh dwru,1 Qrwh wkdw doo vl{ phdvxuhv ri frpshqvdwlrq ghfolqh1 Lq doo fdvhv/

wkh idoo lq pdqxidfwxulqj frpshqvdwlrq h{fhhgv wkh fruuhvsrqglqj idoo lq sulydwh exvlqhvv vhfwru

frpshqvdwlrq1

Qh{w zh frqvlghu wkh uhvsrqvh ri uhdo zdjhv wr d Udph|0Vkdslur hslvrgh1 Zh gr vr xvlqj

erwk ehiruh wd{ dqg diwhu wd{ yhuvlrqv ri ydulrxv uhdo zdjh phdvxuhv1 Rxu gdwd rq dyhudjh

pdujlqdo wd{ udwhv duh edvhg rq wkh dqqxdo wd{ udwhv iru doo vrxufhv ri lqfrph uhsruwhg lq Idluolh

dqg Ph|hu +4<<9,1 Wkhvh duh glvsod|hg lq Iljxuh ;1 Lq xvlqj wklv gdwd/ zh dvvxph wkdw wd{

udwhv duh frqvwdqw zlwklq wkh |hdu dqg wkdw wkh| dsso| wr oderu lqfrph1 Qrwh wkdw wkh wd{ udwh

ulvhv durxqg hdfk ri wkh Udph|0Vkdslur hslvrghv1 Frqvhtxhqwo|/ zrunlqj zlwk ehiruh wd{ uhdo

zdjhv frxog lq sulqflsoh jlyh plvohdglqj uhvxowv uhjduglqj �upv* dqg krxvhkrogv* lqfhqwlyhv wr

ydu| hpsor|phqw lq wkh diwhupdwk ri d vkrfn wr jryhuqphqw sxufkdvhv1

Iljxuh < glvsod|v wkh uhvsrqvh ri hljkw phdvxuhv ri uhdo zdjhv wr d Udph|0Vkdslur hslvrgh=

ehiruh dqg diwhu wd{ uhdo zdjhv lq wkh gxudeohv jrrgv pdqxidfwxulqj/ qrqgxudeoh jrrgv pdq0

xidfwxulqj/ zkrohvdoh wudgh dqg frqvwuxfwlrq vhfwruv1 Qrplqdo zdjhv duh gh dwhg xvlqj wkh

FSL147 Wkh nh| uhvxow khuh lv wkdw hyhu| phdvxuh ri wkh uhdo zdjh idoov diwhu d srvlwlyh vkrfn wr

jryhuqphqw sxufkdvhv1 Dv h{shfwhg/ wkh idoo lq diwhu wd{ zdjhv lv odujhu wkdq wkh idoo lq ehiruh

wd{ zdjhv1

Iljxuh 43 glvsod|v dgglwlrqdo hylghqfh uhjduglqj wkh uhvsrqvh ri uhdo zdjhv wr d Udph|0

Vkdslur hslvrgh1 Khuh zh glvsod| wkh uhvsrqvh ixqfwlrqv ri ehiruh dqg diwhu wd{ uhdo zdjh udwhv

lq wkh pdqxidfwxulqj vhfwru/ fdofxodwhg xvlqj wkh FSL/ wkh SSL iru pdqxidfwxulqj dqg wkh JGS

gh dwru1 Frqvlvwhqw zlwk Iljxuh < hdfk phdvxuh ri wkh uhdo zdjh idoov diwhu d srvlwlyh vkrfn wr

47Rxu uhvxowv duh yhu| vlplodu li zh gh dwh xvlqj wkh JGS gh dwru1 Zh frxog qrw rewdlq vhsdudwh SSL gh dwruv
iru doo wkhvh lqgxvwulhv1
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jryhuqphqw sxufkdvhv1 Djdlq wkh idoo lv odujhu iru diwhu wd{ uhdo zdjhv1

Ylhzhg ryhudoo/ wkh hylghqfh suhvhqwhg lq wklv vxevhfwlrq vwurqjo| vxssruwv wkh ylhz wkdw

uhdo zdjhv idoo lq uhvsrqvh wr d srvlwlyh vkrfn wr jryhuqphqw sxufkdvhv1

614161 Sulfhv/ Prqh| dqg Lqwhuhvw Udwhv

Lq wklv vxevhfwlrq/ zh vxppdul}h rxu hylghqfh uhjduglqj wkh ehkdylru ri uhdo lqwhuhvw udwhv

iroorzlqj d Udph|0Vkdslur hslvrgh1 Dv edfnjurxqg iru rxu glvfxvvlrq/ froxpq 4 ri Iljxuh 44

suhvhqwv wkh uhvsrqvh ixqfwlrqv iru wkh JGS gh dwru/ wkh FSL dqg P41 Qrwh wkdw diwhu d srvlwlyh

vkrfn wr jryhuqphqw sxufkdvhv/ wkhuh lv d shuvlvwhqw lqfuhdvh lq doo wkuhh yduldeohv1 Wkh shdn

uhvsrqvh lq P4 rffxuv urxjko| d |hdu diwhu wkh lqlwldo vkrfn/ zkloh wkh shdn uhvsrqvhv lq wkh

JGS gh dwru dqg wkh FSL rffxu rqh ru wzr txduwhuv hduolhu1 Dgglwlrqdo edfnjurxqg lv surylghg

e| froxpq 5 ri Iljxuh 44/ zklfk glvsod|v wkh uhvsrqvhv ri wkuhh qrplqdo lqwhuhvw udwhv= wkh

|lhog rq wkuhh prqwk/ rqh |hdu dqg wzr |hdu Wuhdvxu| eloov1 Lq doo wkuhh fdvhv/ wkh lqwhuhvw udwh

lqlwldoo| idoov exw wkhq ulvhv148

Wr h{dplqh wkh ehkdylru ri wkh uhdo lqwhuhvw zh surfhhghg dv iroorzv1 Gh�qh wkh � shulrg

dkhdg uhdo lqwhuhvw udwh/ o|c�c dw wlph |c dv

o|c� ' -|c� � .|E�|n� � �|�� +8,

Khuh -|c� lv wkh orj ri wkh qrplqdo |lhog rq d � txduwhu erqg sxufkdvhg dw wlph |c �|n� lv wkh orj

ri wkh ��U dw wlph shulrg | n �c dqg .| ghqrwhv wkh wlph | frqglwlrqdo h{shfwdwlrq rshudwru/

zklfk zh frpsxwh xvlqj wkh hvwlpdwhg T �-�

Froxpq 6 ri Iljxuh 44 glvsod|v wkh g|qdplf uhvsrqvh ixqfwlrqv ri wklv phdvxuh ri wkh uhdo

lqwhuhvw udwh iru wkh 4 txduwhu udwh/ wkh rqh |hdu udwh E� ' e�c dqg wkh wzr |hdu udwh E� ' H��

Qrwh wkdw wkh uhdo 4 txduwhu udwh idoov vkduso| iru derxw rqh |hdu ehiruh ulvlqj deryh lwv suhvkrfn

ohyho1 Wkh uhdo rqh |hdu lqwhuhvw udwh*v uhvsrqvh lv vlplodu wr wkdw ri wkh 4 txduwhu udwh h{fhsw

iru d vpdoohu lqlwldo ghfolqh1 Wkh wzr |hdu udwh ulvhv pruh txlfno| wkdq wkh rqh |hdu udwh dqg

48Wkhvh uhvsrqvh ixqfwlrqv zhuh frpsxwhg vxevwlwxwlqj wkh uhohydqw lqwhuhvw udwh lqwr wkh YDU lq sodfh ri wkh
qhw wkuhh prqwk Wuhdvxu| eloo udwh xvhg lq wkh uhvw ri rxu dqdo|vlv1
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wkh ulvh lv odujhu1

Ylhzhg ryhudoo/ rxu uhvxowv surylgh pl{hg hylghqfh rq wkh uhvsrqvh ri wkh uhdo lqwhuhvw udwh

wr dq lqfuhdvh lq jryhuqphqw sxufkdvhv1 Zlwk derxw d rqh |hdu ghod|/ doo ri rxu uhdo lqwhuhvw

udwh phdvxuhv ulvh diwhu wkh rqvhw ri d Udph|0Vkdslur hslvrgh1 Krzhyhu/ vxevwdqwldo fduh pxvw

eh wdnhq lq lqwhusuhwlqj wklv uhvxow1 Wkh & shulrg dkhdg uhvsrqvh ri o|c� ghshqgv rq wkh h{shfwhg

udwh ri lq dwlrq iurp & shulrgv diwhu wkh vkrfn wr & n � shulrgv diwhu wkh vkrfn1 Lq frqvlghulqj

wkh uhvsrqvh ri wkh wzr |hdu lqwhuhvw udwh rqh |hdu diwhu wkh vkrfn/ lqihuhqfh ghshqgv fulwlfdoo|

rq wkh delolw| wr uholdeo| hvwlpdwh wkh fkdqjh lq wkh sulfh ohyho ehwzhhq rqh |hdu diwhu wkh vkrfn

dqg 6 |hduv diwhu wkh vkrfn1 Wr wkh h{whqw wkdw wkhuh lv eldv lq wkh YDU frh!flhqwv wkdw sxvk xv

dzd| iurp xqlwv urrwv lq wkh sulfh ohyho/ wklv zrxog vhulrxvo| d�hfw lqihuhqfhv derxw wkh uhvsrqvh

ri wkh sulfh ohyho pdq| shulrgv diwhu wkh vkrfn1 Lq oljkw ri wklv/ zh ylhz rxu lqwhuhvw udwh uhvxowv

dv vxjjhvwlyh/ exw kdugo| gh�qlwlyh1

6151 Dvvhvvlqj wkh Urexvwqhvv ri Rxu Uhvxowv

Lq wkh suhylrxv vxevhfwlrq zh glvsod|hg hvwlpdwhv ri wkh g|qdplf uhvsrqvh ri wkh X1V1 hfrqrp|

wr dq h{rjhqrxv fkdqjh lq jryhuqphqw sxufkdvhv1 Wkhuh duh dw ohdvw wzr vrxufhv ri xqfhuwdlqw|

uhjduglqj wkhvh uhvxowv1 Wkh �uvw lv gxh wr vdpsolqj xqfhuwdlqw| lq wkh hvwlpdwhg lpsxovh

uhvsrqvh ixqfwlrqv1 Wklv vrxufh ri xqfhuwdlqw| lv vxppdul}hg e| wkh frq�ghqfh lqwhuydo edqgv

glvsod|hg lq wkh �jxuhv glvfxvvhg deryh1 Wkh vhfrqg/ zklfk zh lqyhvwljdwh khuh/ lv gxh wr

xqfhuwdlqw| derxw wkh dfwxdo gdwhv dw zklfk wkh Udph|0Vkdslur hslvrghv ehjdq1

Wkh Prqwh Fduor phwkrgv wkdw zh xvhg wr txdqwli| wkh lpsruwdqfh ri vdpsolqj xqfhuwdlqw|

gr qrw frqyh| dq| lqirupdwlrq derxw cgdwh* xqfhuwdlqw|1 Wklv lv ehfdxvh wkh| wdnh dv jlyhq wkh

Udph| dqg Vkdslur gdwhv1 Rqh vlpsoh zd| wr dvvhvv wkh lpsruwdqfh ri gdwh xqfhuwdlqw| lv wr

uhgr rxu dqdo|vlv shuwxuelqj wkh Udph| dqg Vkdslur gdwhv1 Zh vd| wkdw gdwh xqfhuwdlqw| lv qrw

lpsruwdqw li txdolwdwlyh lqihuhqfh lv urexvw wr vpdoo shuwxuedwlrqv lq wkh Udph| dqg Vkdslur

gdwhv1 Dw wkh vdph wlph/ li zh rewdlqhg wkh vdph uhvxowv uhjdugohvv ri zklfk gdwhv zh xvh lq

wkh dqdo|vlv/ zh zrxog orvh frq�ghqfh lq rxu lqwhusuhwdwlrq ri wkh uhvxowv1 Diwhu doo/ li lw grhv

qrw pdwwhu zklfk gdwhv zh xvh/ wkhuh zrxog eh qr uhdvrq wr lqwhusuhw wkh hvwlpdwhg uhvsrqvh

ixqfwlrqv dv fdswxulqj wkh h�hfwv ri dq h{rjhqrxv lqfuhdvh lq jryhuqphqw sxufkdvhv shu vh1
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Wr dvvhvv wkh urexvwqhvv ri lqihuhqfh wr shuwxuedwlrqv lq wkh Udph| dqg Vkdslur gdwhv/

~4<83=6/ 4<98=4/ 4<;3=4�/ zh frqgxfwhg wkh iroorzlqj wkuhh h{shulphqwv1

� H{shulphqw 4= Krog wkh odvw wzr Udph| dqg Vkdslur gdwhv �{hg1 Wkhq uhgr wkh dqdo|0

vlv ri Vhfwlrq 614 dvvxplqj wkh dfwxdo gdwh ri wkh �uvw hslvrgh zdv 4<83=6 . �c � '

��c�2c��cn�cn2cn��

� H{shulphqw 5= Uhgr h{shulphqw 4 exw krog wkh �uvw dqg wklug Udph| dqg Vkdslur gdwhv

�{hg dqg shuwxue wkh vhfrqg gdwh1

� H{shulphqw 6= Uhgr h{shulphqw 4 exw krog wkh �uvw wzr gdwhv �{hg dqg shuwxue wkh wklug

gdwh1

Iljxuhv 45 dqg 46 uhsruw wkh uhvxowv ri h{shulphqw 4 iru d vxevhw ri wkh djjuhjdwhv glvfxvvhg

lq wkh suhylrxv vhfwlrq= uhdo JGS/ uhvlghqwldo lqyhvwphqw/ qrquhvlghqwldo lqyhvwphqw/ diwhu wd{

pdqxidfwxulqj zdjhv +fdofxodwhg xvlqj wkh FSL,/ qrqgxudeohv dqg vhuylfhv frqvxpswlrq/ dqg

wrwdo jryhuqphqw sxufkdvhv1 Dv fdq eh vhhq wkh h�hfw ri gdwh xqfhuwdlqw| uhjduglqj wkh �uvw

hslvrgh lv txlwh vpdoo1 Iljxuh 45 uhsruwv hvwlpdwhg lpsxovh uhvsrqvh ixqfwlrqv iru qrqqhjdwlyh

ydoxhv ri �� Wkh rqo| vhqvlwlylwlhv wkdw hphujh duh dv iroorzv1 Iluvw/ li zh dvvxph wkdw wkh Nruhdq

zdu hslvrgh dfwxdoo| ehjdq lq 4<84=5/ diwhu wd{ pdqxidfwxulqj uhdo zdjhv idoo/ exw zlwk d wkuhh

txduwhu odj1 Vhfrqg/ wkh ghod|hg vpdoo ghfolqh lq qrqgxudeohv dqg vhuylfhv wkdw rffxuv zkhq

� ' f ehfrphv d vpdoo ulvh iru wkh rwkhu ydoxhv ri �� Vwloo/ wkh edvlf uhvxow uhjduglqj qrqgxudeohv

dqg vhuylfhv lv urexvw= wkh hvwlpdwhg uhvsrqvh lv vpdoo/ uhjdugohvv ri zklfk ydoxh ri � lv xvhg1

Iljxuh 46 uhsruwv hvwlpdwhg lpsxovh uhvsrqvh ixqfwlrqv iru qrqsrvlwlyh ydoxhv ri �� Djdlq wzr

vhqvlwlylwlhv hphujh1 Iluvw/ li zh dvvxph wkdw wkh Nruhdq zdu hslvrgh dfwxdoo| ehjdq lq 4<7<=7/

uhvlghqwldo lqyhvwphqw ulvhv lq uhvsrqvh wr wkh plolwdu| exlogxs1 Vhfrqg/ zkhq � lv qrw htxdo wr

}hur/ wkhuh lv d vpdoo ulvh lq qrqgxudeohv dqg vhuylfhv diwhu wkh lqfuhdvh lq jryhuqphqw sxufkdvhv1

Edvhg rq wklv hylghqfh/ zh frqfoxgh wkdw txdolwdwlyh lqihuhqfh lv urexvw xs wr plvgdwlqj ri

wkh Nruhdq Zdu hslvrgh e| rqh kdoi |hdu lq hlwkhu gluhfwlrq ri wkh Udph| dqg Vkdslur gdwh1 Lq

wkh lqwhuhvwv ri vsdfh zh gr qrw uhsruw dqdorjv wr Iljxuhv 45 dqg 46 iru h{shulphqwv 5 dqg 61

Wklv lv ehfdxvh wkh hvwlpdwhg lpsxovh uhvsrqvh ixqfwlrqv zhuh h{wuhpho| urexvw wr yduldwlrqv lq

�� Lq sduw wklv uh hfwv wkh lpsruwdqfh ri wkh Nruhdq Zdu hslvrgh lq jhqhudwlqj rxu uhvxowv1
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6161 Duh wkh Udph| dqg Vkdslur Hslvrghv VshfldoB

Wklv vxevhfwlrq surylghv hylghqfh rq wkh uhvsrqvh ri wkh hfrqrp| wr Udph|0Vkdslur hslvrghv

uhodwlyh wr rwkhu/ duelwudulo| vhohfwhg/ wlph shulrgv149 Iru wkh vdnh ri frqfuhwhqhvv zh irfxv rq wkh

uhvsrqvh ri uhdo JGS/ uhvlghqwldo lqyhvwphqw/ qrquhvlghqwldo lqyhvwphqw/ diwhu wd{ pdqxidfwxulqj

zdjhv/ dqg uhvlghqwldo lqyhvwphqw soxv gxudeoh h{shqglwxuhv1 Zh frqvlghu wkh uhvsrqvhv ri

wkhvh yduldeohv uhodwlyh wr jryhuqphqw sxufkdvhv wr hpskdvl}h wkh frqglwlrqdo frpryhphqwv zlwk

jryhuqphqw sxufkdvhv wkdw duh lqgxfhg e| wkh rqvhw ri d Udph|0Vkdslur hslvrgh1 Lq dgglwlrq/

zh �qg lw ri lqwhuhvw wr frqvlghu wkh uhvsrqvh ri uhvlghqwldo plqxv qrquhvlghqwldo lqyhvwphqw1

Zh surfhhghg dv iroorzv1 Iluvw/ zh udqgrpo| fkrvh wkuhh gdwhv lq rxu vdpsoh shulrg/ zklfk

zh uhihu wr dv v|qwkhwlf hslvrgh gdwhv1 Vhfrqg/ zh hvwlpdwhg wkh g|qdplf uhvsrqvh ri wkh

yduldeoh lq txhvwlrq wr wkh rqvhw ri d v|qwkhwlf hslvrgh gdwh xvlqj wkh vdph phwkrgv wkdw zhuh

xvhg wr hvwlpdwh wkh uhvsrqvh wr d Udph|0Vkdslur hslvrgh +vhh Vhfwlrq 5,1 Zh uhshdwhg wklv

surfhgxuh Dff wlphv +vdpsolqj gdwhv zlwk uhsodfhphqw, dqg fdofxodwhg wkh 2D|� orzhvw dqg e.D|�

kljkhvw ydoxhv ri wkh fruuhvsrqglqj lpsxovh uhvsrqvh frh!flhqwv dfurvv wkh Dff lpsxovh uhvsrqvh

ixqfwlrqv1 Wkhvh duh uhsruwhg dv gdvkhg olqhv lq Iljxuh 47 dorqj zlwk rxu srlqw hvwlpdwh ri

wkh g|qdplf uhvsrqvh ixqfwlrq ri wkh uhohydqw yduldeoh rewdlqhg xvlqj wkh ruljlqdo Udph| dqg

Vkdslur gdwhv1 Li wkhuh zdv qrwklqj vshfldo derxw wkh sdwwhuq ri frpryhphqwv dvvrfldwhg zlwk

wkh Udph|0Vkdslur gdwhv/ wkhq wkh hvwlpdwhg lpsxovh uhvsrqvhv wr wkrvh gdwhv rxjkw wr olh

zlwklq wkh gdvkhg olqhv1

Qrwlfh wkdw iru hyhu| yduldeoh/ wkh hvwlpdwhg uhvsrqvh ixqfwlrq olhv rxwvlgh wkh frq�ghqfh

lqwhuydov iru d vxevhw ri wkh krul}rqv frqvlghuhg1 Ehfdxvh wklv uhvxow zdv pdujlqdo lq wkh fdvh

ri qrquhvlghqwldo lqyhvwphqw/ zh uhglg wkh dqdo|vlv irfxvlqj rq uhvlghqwldo plqxv qrquhvlghqwldo

lqyhvwphqw1 Dv fdq eh vhhq/ wkh hvwlpdwhg uhvsrqvh ixqfwlrq ri wklv yduldeoh olhv zhoo rxwvlgh

wkh frq�ghqfh lqwhuydov iru d eurdg vxevhw ri wkh krul}rqv frqvlghuhg1 Zh frqfoxgh wkdw wkh

ehkdylru ri uhvlghqwldo lqyhvwphqw uhodwlyh wr qrquhvlghqwldo lqyhvwphqw diwhu wkh rqvhw ri d

Udph|0Vkdslur hslvrgh lv xqxvxdo uhodwlyh wr rwkhu gdwhv lq wkh vdpsoh1

49Wkh Udph| dqg Vkdslur gdwhv hqwhu wkh YDU*v lq d vwdwlvwlfdoo| vljql�fdqw pdqqhu1 Lq sduwlfxodu wkh qxoo
k|srwkhvlv wkdw wkh frh!flhqw rq wkh gxpp| yduldeoh dvvrfldwhg zlwk wkhvh gdwhv lv }hur fdq eh uhmhfwhg dw
wkh 4( vljql�fdqfh ohyho1 Krzhyhu/ wklv uhvxow grhv qrw ehdu gluhfwo| rq zkhwkhu lpsxovh uhvsrqvh ixqfwlrqv
dvvrfldwhg zlwk wkh Udph| dqg Vkdslur gdwhv duh xqxvxdo uhodwlyh wr wkrvh dvvrfldwhg zlwk rwkhu gdwhv1
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Edvhg rq wklv hylghqfh zh uhmhfw wkh ylhz wkdw wkh hvwlpdwhg uhvsrqvh ixqfwlrqv glvfxvvhg

lq Vhfwlrq 614 frxog kdyh sodxvleo| dulvhq xvlqj duelwudulo| vhohfwhg gdwhv iru wkh wlph gxpp|

yduldeohv1 Wkhuh lv vrphwklqj vshfldo derxw wkh Udph| dqg Vkdslur gdwhv1 Lq rxu ylhz zkdw lv

vshfldo lv wkdw wkh| frlqflgh zlwk wkh rqvhw ri h{rjhqrxv lqfuhdvhv lq jryhuqphqw sxufkdvhv1

71 Dffrxqwlqj iru wkh Idfwv

Lq wkh suhylrxv vhfwlrq zh dwwhpswhg wr grfxphqw wkh uhvsrqvh ri wkh hfrqrp| wr dq h{rjhqrxv

lqfuhdvh lq jryhuqphqw sxufkdvhv1 Lq wklv vhfwlrq zh lqwhusuhw rxu �qglqjv xvlqj d vlpsoh

prgl�hg yhuvlrq ri wkh rqh vhfwru qhrfodvvlfdo jurzwk prgho1 Wkh vhfwlrq lv glylghg lqwr wkuhh

sduwv1 Wkh �uvw vxevhfwlrq ghvfulehv rxu wkhruhwlfdo iudphzrun/ wkh vhfrqg vxevhfwlrq ghvfulehv

wkh zd| zh fdoleudwhg wkh prgho*v sdudphwhuv dqg wkh wklug vxevhfwlrq glvfxvvhv wkh txdqwlwdwlyh

surshuwlhv ri rxu prgho1

7141 Wkhruhwlfdo Iudphzrun

Wkh prgho zklfk zh frqvlghu lv d yduldqw ri wkh qhrfodvvlfdo jurzwk prgho prgl�hg wr doorz iru

erwk qrqgxudeoh dqg gxudeoh frqvxpswlrq jrrgv1 D uhsuhvhqwdwlyh krxvhkrog udqnv dowhuqdwlyh

vwuhdpv ri frqvxpswlrq vhuylfhv dqg krxuv zrunhg dffruglqj wr

.f

"[
|'f

q| d*L}�W| n # *L} E�� ?|�o � +9,

Khuh .f lv wkh wlph f frqglwlrqdo h{shfwdwlrqv rshudwru/ q lv d vxemhfwlyh glvfrxqw idfwru ehwzhhq

3 dqg 4/ zkloh �W| dqg ?| ghqrwh wlph | frqvxpswlrq vhuylfhv dqg wkh iudfwlrq ri wkh krxvhkrog*v

wlph hqgrzphqw ghyrwhg wr zrun/ uhvshfwlyho|1

Frqvxpswlrq vhuylfhv duh surgxfhg dffruglqj wr wkh whfkqrorj|=

�W| '

;A?
A=

k
w��

| n E�� w�(�
|

l�*�
c � � �c � 9' f

�w
|(

�3w
| c � ' f

+:,

zkhuh f � w � �� Wkh yduldeoh �| ghqrwhv wlph | xqlwv ri wkh qrqgxudeoh frqvxpswlrq jrrg

dqg (| lv wkh vwrfn ri gxudeoh frqvxpswlrq jrrgv/ zklfk lqfoxghv wkh vwrfn ri krxvlqj1 Rxu
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ghflvlrq wr prgho krxvlqj wrjhwkhu zlwk rwkhu gxudeoh frqvxpswlrq jrrgv lv prwlydwhg e| wkuhh

frqvlghudwlrqv1 Iluvw/ krxvlqj lv d gxudeoh frqvxpswlrq jrrg1 Vhfrqg/ dv Iljxuh 7 vkrzv/

erwk uhvlghqwldo lqyhvwphqw dqg gxudeoh frqvxpswlrq jrrg h{shqglwxuhv idoo diwhu wkh rqvhw ri

d Udph|0Vkdslur hslvrgh/ dowkrxjk wkh odwwhu grhv vr zlwk d ghod|1 Ilqdoo|/ iru vlpsolflw| zh

wkrxjkw lw zruwkzkloh wr dvvxph wkdw wkh vhuylfh  rzv iurp gl�huhqw gxudeoh jrrgv duh shuihfw

vxevwlwxwhv lq frqvxpswlrq1

Wkh djjuhjdwh uhvrxufh frqvwudlqw iru wkh hfrqrp| lv jlyhq e|

�| n U(c| n Ugc| nC| � gk
| df|?|o

�3k c f 	 k 	 �� +;,

Khuh g| ghqrwhv wkh ehjlqqlqj ri wlph | vwrfn ri pdunhw fdslwdo/ C| ghqrwhv wlph | jryhuqphqw

sxufkdvhv/ Ugc| ghqrwhv wlph | lqyhvwphqw lq pdunhw fdslwdo/ U(c| ghqrwhv wlph | lqyhvwphqw lq

krxvhkrog gxudeoh jrrgv/ dqg f| uhsuhvhqwv wkh wlph | vwdwh ri whfkqrorj|1 Wkurxjkrxw zh

dvvxph wkdw jryhuqphqw sxufkdvhv duh �qdqfhg e| oxps vxp wd{hv1

Wkh vwrfnv ri pdunhw fdslwdo dqg gxudeoh frqvxpswlrq jrrgv hyroyh dffruglqj wr=

g|n� ' E�� Bg�g| n Ugc|c f 	 B( 	 �c +<,

(|n� ' E�� B(�(| n U(c|c f 	 Bg 	 ��

Uhodwlrq +;, dqg wkh vhfrqg htxdwlrq lq +<, hpehgv wkh dvvxpswlrq/ pdgh iru vlpsolflw|/ wkdw

wkh whfkqrorj| iru surgxflqj krxvlqj vwrfnv dqg rwkhu frqvxphu gxudeoh jrrgv duh lghqwlfdo1

Whfkqrorj| hyroyhv lq wkh iroorzlqj ghwhuplqlvwlf idvklrq/

f| ' �|c � � �c +43,

zkloh jryhuqphqw sxufkdvhv hyroyhv dffruglqj wr

C| ' f|}|� +44,

4;



Zh dvvxph wkdw orj+}|� kdv d �qlwh rughuhg �-��ERc ^� uhsuhvhqwdwlrq=

�Eu� *L}E}|� ' �Eu�"|c +45,

zkhuh �Eu� dqg �Eu� duh �qlwh rughuhg sro|qrpldov lq qrqqhjdwlyh srzhuv ri wkh odj rshudwru

u� Wkh urrwv ri �Eu� duh doo dvvxphg wr olh rxwvlgh wkh xqlw flufoh dqg 0| lv dq llg vkrfn wkdw lv

ruwkrjrqdo wr doo prgho yduldeohv gdwhg wlph |� � dqg hduolhu1

Lw lv frqyhqlhqw wr gh�qh=

S| '
�|

f|

c _| '
(|

f|

c &| '
g|

f|

c +46,

dv zhoo dv

�ES|c _|c �� ?|� ' *L}
k
wS�| n E�� w�_�|

l�*�
n # *L} E�� ?|� � +47,

Xqghu wkh dvvxpswlrq ri shuihfw frpshwlwlrq dqg frpsohwh pdunhwv/ wkh frpshwlwlyh htxl0

oleulxp doorfdwlrq iru rxu prgho hfrqrp| lv jlyhq e| wkh vroxwlrq wr wkh sodqqlqj sureohp=

Pd{lpl}h

.
f

"[
|'f

q|�ES|c _|c �� ?|� +48,

vxemhfw wr

S| n �_|n� � E�� B(�_| n �&|n� � E�� Bg�&| n }| ' &k| ?
�3k
| c +49,

+45, dqg +47,1 Wkh pd{lpl}dwlrq lv e| fkrlfh ri frqwlqjhqf| sodqv iru iS|c _|c &|n�c?|j ryhu wkh

hohphqwv ri wkh sodqqhu*v wlph | lqirupdwlrq vhw zklfk zh dvvxph lqfoxghv doo prgho yduldeohv

gdwhg wlph | dqg hduolhu� Jlyhq wkh vroxwlrq wr wklv sureohp/ zh fdq rewdlq wkh frpshwlwlyh

htxloleulxp doorfdwlrq iru �|c (|c dqg g| xvlqj +43, dqg +46,1

Zh vroyh wkh prgho xvlqj wkh orj olqhdu dssur{lpdwlrq glvfxvvhg lq Fkulvwldqr +4<<;,1 Jlyhq

wkh frpshwlwlyh htxloleulxp txdqwlw| doorfdwlrq/ wkh htxloleulxp uhdo zdjh udwh dqg rqh shulrg

dkhdg h{ srvw lqwhuhvw udwh duh jlyhq e|

�| ' E�� k�f| E&|*?|�
k c dqg +4:,
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o|c� ' k E?|n�*&|n��
�3k n E�� Bg�

uhvshfwlyho|1

7151 Prgho Fdoleudwlrq

Lq wklv vxevhfwlrq zh eulh | ghvfuleh wkh zd| zh fdoleudwhg wkh prgho*v sdudphwhuv1 Iroorzlqj

Ilvkhu +4<<:, zh vhw q ' ��f�3�*ec � ' ��ffec k ' f�2�.c Bg ' f�f2� dqg B( ' f�f22� Wkh

sdudphwhu # zdv vhw wr lpso| wkdw lq qrqvwrfkdvwlf vwhdg| vwdwh wkh uhsuhvhqwdwlyh frqvxphu

vshqgv �fI ri klv wlph hqgrzphqw zrunlqj1 Wklv |lhoghg d ydoxh ri # htxdo wr 2�.e� Wr dvvhvv

wkh urexvwqhvv ri rxu uhvxowv/ zh frqvlghuhg wkuhh ydoxhv ri wkh sdudphwhu �/ zklfk frqwurov wkh

ghjuhh ri vxevwlwxwdelolw| ehwzhhq �| dqg (| lq wkh surgxfwlrq ri �W| � Iru hdfk ydoxh ri �c zh

fkrvh w vr wkdw wkh qrqvwrfkdvwlf vwhdg| vwdwh ydoxh ri (*g htxdov f�.H� Wklv lv wkh vdpsoh

dyhudjh ri wkh fruuhvsrqglqj qxpehu lq wkh srvwzdu X1V1 gdwd +vhh Ilvkhu +4<<:,,14: Zh uhsruw

uhvxowv iru wkuhh ydoxhv ri � dqg fruuhvsrqglqj ydoxhv ri w G

� w

f f�.�

f�D f�Hb

���f f��S

Wkh xqfrqglwlrqdo phdq ri wkh surfhvv *L}E}|� zdv vhw wr f���.c zklfk lpsolhv d qrqvwrfkdvwlf

vwhdg| vwdwh ydoxh ri C*t htxdo wr f�2�� Wklv lv htxdo wr wkh dyhudjh ydoxh ri C*t ryhu rxu

vdpsoh shulrg/ zkhuh C lv gh�qhg dv wrwdo uhdo ghihqvh sxufkdvhv soxv wrwdo uhdo jryhuqphqw

+ihghudo/ vwdwh dqg orfdo, qrq ghihqvh frqvxpswlrq h{shqglwxuhv dqg t htxdov uhdo JGS1 Jlyhq

rxu sdudphwhu ydoxhv/ wkh qrqvwrfkdvwlf vwhdg| vwdwh ydoxhv ri wkh nh| vwdwlrqdu| prgho yduldeohv

duh

�*t Ug*t U(*t C*t ?

f�eS f��H f��D f�2� f��f

4:Wkh dqdorj qxpehu uhsruwhg lq Juhhqzrrg dqg Khufrzlw} +4<<4, lv 4=461 Wkh qxpehuv gl�hu ehfdxvh
Juhhqzrrg dqg Khufrzlw} +4<<4, ljqruh jryhuqphqw fdslwdo lq wkhlu dqdo|vlv1
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Wr dvvhvv wkh hpslulfdo sodxvlelolw| ri rxu prgho/ zh frpsduh lwv uhvsrqvh wr dq h{rjhqrxv

vkrfn lqC| wr wkh dqdorj uhvsrqvh ixqfwlrqv glvfxvvhg lq Vhfwlrq 61 Wr wklv hqg/ zh frqvlghu wkuhh

sdudphwhul}dwlrqv ri �Eu� dqg �Eu�c wkh �uvw wzr ri zklfk duh xvhixo sulpdulo| iru shgdjrjlfdo

sxusrvhv1

Sdudphwhul}dwlrq 4

Khuh *L}E}|� lv dvvxphg wr eh llg=

�Eu� ' �c �Eu� ' �� +4;,

Sdudphwhul}dwlrq 5

Khuh zh vxssrvh wkdw *L}E}|� lv dq DU+4, surfhvv=

�Eu� ' �� f�buc �Eu� ' �� +4<,

Sdudphwhul}dwlrq 6

Zkloh sdudphwhul}dwlrqv 4 dqg 5 duh xvhixo iru xqghuvwdqglqj wkh g|qdplf surshuwlhv ri

rxu prgho/ wkh| duh qrw xvhixo iru dvvhvvlqj lwv hpslulfdo sodxvlelolw|1 Wklv lv ehfdxvh wkh

dfwxdo uhvsrqvh sdwk ri C| lqgxfhg e| d vkrfn wr jryhuqphqw sxufkdvhv lv lqfrqvlvwhqw zlwk

wkh sdwkv lpsolhg e| +4;, dqg +4<,1 Rqh zd| wr hqvxuh vxfk frqvlvwhqf| lv wr dvvxph wkdw

*L}E}|� hyroyhv dffruglqj wr d xqlyduldwh prylqj dyhudjh uhsuhvhqwdwlrq zkrvh frh!flhqwv duh

jlyhq e| wkh hvwlpdwhg g|qdplf uhvsrqvh ixqfwlrq wr d Udph|0Vkdslur hslvrgh14; Qrwh wkdw wklv

uhsuhvhqwdwlrq lv ydolg rqo| iru dvvhvvlqj wkh delolw| ri wkh prgho wr dffrxqw iru wkh uhvsrqvh

ri wkh hfrqrp| wr dq h{rjhqrxv vkrfn wr jryhuqphqw sxufkdvhv1 Lq sduwlfxodu/ lw zrxog eh

lqdssursuldwh wr frpsduh wkh xqfrqglwlrqdo vhfrqg prphqw surshuwlhv ri wkh prgho xqghu wklv

uhsuhvhqwdwlrq iru *L}E}|� wr wkh xqfrqglwlrqdo vhfrqg prphqwv ri wkh gdwd1

4;Wklv fodlp fdq eh hvwdeolvkhg xvlqj dujxphqwv lghqwlfdo wr wkrvh pdgh lq Fkulvwldqr/ Hlfkhqedxp dqg Hydqv
+4<<;, zlwk uhihuhqfh wr prqhwdu| srolf| vkrfnv1
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Zlwk wkh suhylrxv frqvlghudwlrqv lq plqg zh dgrsw dv rxu wklug sdudphwhul}dwlrq

�Eu� ' �c +53,

�� G hvwlpdwhg uhvsrqvh ri uhdo jryhuqphqw sxufkdvhv

dw |n � wr wkh rqvhw ri d Udph|0Vkdslur hslvrgh dw wlph |�

Wkh �uvw 49 �� frh!flhqwv wkdw zh xvhg duh ghslfwhg lq wkh wrs urz ri wkh vhfrqg froxpq ri

Iljxuh 51 Lq vroylqj wkh prgho/ zh dfwxdoo| xvhg wkh �uvw 83 frh!flhqwv ri wkh hvwlpdwhg lpsxovh

uhvsrqvh ri uhdo jryhuqphqw sxufkdvhv wr wkh rqvhw ri d Udph|0Vkdslur hslvrgh1 Vxemhfw wr

wkh vshfl�fdwlrq huuru hqwdlohg lq dssur{lpdwlqj dq lq�qlwh rughuhg sro|qrpldo zlwk d �qlwh

qxpehu ri odjv/ wklv hqvxuhv wkdw wkh h{shulphqw ehlqj frqgxfwhg lq wkh prgho frlqflghv zlwk

wkh h{shulphqw zklfk zh fodlp wr kdyh lvrodwhg lq wkh gdwd1 Frqvhtxhqwo|/ li rxu prgho kdv

ehhq vshfl�hg fruuhfwo|/ wkh g|qdplf frqvhtxhqfhv ri d vkrfn wr jryhuqphqw sxufkdvhv vkrxog

eh wkh vdph +dvlgh iurp vdpsolqj xqfhuwdlqw|, lq rxu prgho dv lq wkh gdwd1

7161 Txdqwlwdwlyh Uhvxowv

Iljxuhv 48/ 49 dqg 4: vxppdul}h wkh g|qdplf uhvsrqvh ri rxu prgho hfrqrp| wr d vkrfn wr

jryhuqphqw sxufkdvhv zkhq�Eu� dqg�Eu� duh jlyhq e| +4;,0+53,/ uhvshfwlyho|14< Lq wkh �uvw wzr

fdvhv/ zh frqvlghu d vkrfn htxdo wr d rqh shufhqw srvlwlyh ghyldwlrq ri C| iurp lwv qrqvwrfkdvwlf

vwhdg| vwdwh jurzwk sdwk1 Iru wkh wklug fdvh/ wkh vkrfn lv htxdo wr xqlw|1 Lq hdfk fdvh zh

suhvhqw uhvxowv iru � ' Efc f�Dc���f�� Wr xqghuvwdqg wkhvh uhvxowv/ uhfdoo wkdw wkh nh| h�hfw/ lq

rxu prgho/ ri dq lqfuhdvh lq jryhuqphqw sxufkdvhv/ lv d ghfolqh lq wkh uhsuhvhqwdwlyh krxvhkrog*v

shupdqhqw lqfrph1

Lq wkh fdvh ri wkh llg vkrfn wr jryhuqphqw sxufkdvhv glvsod|hg lq Iljxuh 48/ wklv h�hfw lv

yhu| vpdoo1 Dv d frqvhtxhqfh/ wkh vkrfn kdv d yhu| vpdoo h�hfw rq krxuv zrunhg/ wkh uhdo zdjh

udwh dqg wkh lqwhuhvw udwh1 Wkh krxvhkrog zlvkhv wr vprrwk wkh  rz ri frqvxpswlrq vhuylfhv

wkdw lw hqmr|v ryhu wlph1 Frqvlvwhqw zlwk wkh uhvxowv glvsod|hg lq �jxuh 48/ wkh rswlpdo zd| wr

4<Qrwh wkdw wkh uhvsrqvh odehoohg cFrqvxpswlrq* fruuhvsrqgv wr sxufkdvhv ri qrqgxudeoh frqvxpswlrq jrrgv/
Fw/ qrw frqvxpswlrq vhuylfhv/ F�

w =
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gr wklv lq wkh idfh ri d vpdoo/ wudqvlwru| vkrfn lq lqfrph lv wr uhgxfh pdunhw lqyhvwphqw EUgc|�

dqg lqyhvwphqw lq krxvhkrog gxudeoh jrrgv EU(c|�1 E| grlqj wklv wkh krxvhkrog fdq iuhh xs

uhvrxufhv wr plqlpl}h wkh idoo lq qrqgxudeoh frqvxpswlrq sxufkdvhv1 Vlqfh wkh  rz ri vhuylfhv

iurp gxudeohv lv ghwhuplqhg e| wkh vwrfn ri gxudeohv/ lw wrr idoov e| d uhodwlyho| vpdoo dprxqw1

Lw iroorzv wkdw wrwdo frqvxpswlrq vhuylfhv +qrw glvsod|hg lq Iljxuh 48, idoov e| d uhodwlyho| vpdoo

dprxqw1 Wkh rswlpdo udwlr ri wkh ghfolqh lq qrqgxudeoh dqg gxudeoh frqvxpswlrq vhuylfhv lv

ghwhuplqhg e| wkh ydoxh ri �� Qhyhuwkhohvv/ wkh txdolwdwlyh ihdwxuhv ri wkh uhvsrqvh ixqfwlrqv duh

yhu| vlplodu dfurvv wkh wkuhh ydoxhv ri � zklfk zh frqvlghuhg1 Ilqdoo|/ lw lv zruwk hpskdvl}lqj

wkdw d nh| ihdwxuh ri wkhvh uhvsrqvh ixqfwlrqv lv wkdw/ lq wkh fdvh ri d vpdoo wudqvlwru| srvlwlyh

vkrfn wr jryhuqphqw sxufkdvhv/ erwk Ugc| dqg U(c| ghfolqh1

Frqvlghu qh{w Iljxuh 49/ zklfk fruuhvsrqgv wr wkh fdvh lq zklfk *L}E}|� lv dq DU+4, surfhvv

zlwk DU frh!flhqw htxdo wr f�b1 Khuh wkh lqlwldo srvlwlyh vkrfn wr }| lv dvvrfldwhg zlwk d qrq0

wulyldo ghfolqh lq wkh krxvhkrog*v shupdqhqw lqfrph1 Vlqfh ohlvxuh lv d qrupdo jrrg/ htxloleulxp

hpsor|phqw ulvhv1 Lq wkh lpsdfw shulrg ri wkh vkrfn/ wkh vwrfn ri pdunhw fdslwdo lv �{hg1 Zlwk

hpsor|phqw xs/ wkh pdujlqdo surgxfw ri oderu idoov dqg khqfh uhdo zdjhv gr dovr1 Frqvlvwhqw

zlwk uhvxowv lq Dl|djdul/ Fkulvwldqr dqg Hlfkhqedxp +4<<5,/ wkh krxvhkrog �qgv lw rswlpdo wr

uhgxfh frqvxpswlrq dqg lqfuhdvh pdunhw lqyhvwphqw1 Wkh hdvlhvw zd| wr vhh wkh uhdvrq iru wkh

odwwhu lv wr frqvlghu wkh fdvh ri d shupdqhqw ulvh lq jryhuqphqw sxufkdvhv1 Lq wklv fdvh wkh

vwhdg| vwdwh ydoxh ri krxuv zrunhg ulvhv1 Jlyhq rxu rwkhu dvvxpswlrqv/ wkh vwhdg| vwdwh ydoxh ri

E&*?� grhv qrw fkdqjh/ vr wkdw & pxvw ulvh1 Wr exlog xs wkh kljkhu vwhdg| vwdwh vwrfn ri &c dfwxdo

lqyhvwphqw pxvw lqlwldoo| h{fhhg lwv qhz/ kljkhu vwhdg| vwdwh ydoxh1 Wkh vdph edvlf irufhv dsso|

lq wkh idfh ri d shuvlvwhqw/ exw qrw shupdqhqw/ lqfuhdvh lq jryhuqphqw sxufkdvhv1 Wkh krxvhkrog

pxvw zrun kdughu iru d qxpehu ri wlph shulrgv wr sd| lwv odujhu wd{ eloo1 Vlqfh krxuv zrunhg

dqg pdunhw fdslwdo duh frpsohphqwv/ wkh krxvhkrog lqlwldoo| lqfuhdvhv Ugc| lq uhvsrqvh wr wkh

vkrfn1 Wr uhgxfh wkh  rz ri frqvxpswlrq vhuylfhv lw hqmr|v/ wkh krxvhkrog uhgxfhv frqvxpswlrq

ri qrqgxudeohv dqg wkh vhuylfh  rz iurp gxudeohv jrrgv1 Wr dffrpsolvk wkh odwwhu lw uhgxfhv

U(c|1 Vr/ lq uhvsrqvh wr d shuvlvwhqw lqfuhdvh lq jryhuqphqw sxufkdvhv/ Ugc| ulvhv zkloh U(c| idoov1

Uhfdoo wkdw wklv zdv d nh| ihdwxuh ri rxu hpslulfdo uhvxowv1

Lw lv lqwhuhvwlqj wr qrwh wkdw wkh vkrfn ohdgv wr d kxps vkdshg uhvsrqvh lq krxuv zrunhg dv
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zhoo dv rxwsxw1 Wklv uh hfwv wkh idfw wkdw pdunhw fdslwdo dqg krxuv zrunhg duh frpsohphqwv

lq surgxfwlrq1 Wkh pd{lpdo ulvh lq krxuv zrunhg rffxuv diwhu wkh h{wud fdslwdo lqgxfhg e|

wkh ulvh lq Ugc| ehfrphv dydlodeoh1 Wkh kxps vkdshg sdwwhuq lq krxuv zrunhg dqg pdunhw

fdslwdo jhqhudwhv d kxps vkdsh sdwwhuq lq rxwsxw1 Ilqdoo|/ frqvlvwhqw zlwk uhvxowv lq Dl|djdul/

Fkulvwldqr dqg Hlfkhqedxp +4<<5,/ wkh uhdo lqwhuhvw udwh ulvhv/ exw e| d yhu| vpdoo dprxqw1

Iljxuh 4: ghslfwv wkh uhvsrqvh ri wkh hfrqrp| wr d vkrfn wr jryhuqphqw sxufkdvhv jlyhq

e| rxu wklug sdudphwul}dwlrq ri �Eu� dqg �Eu�1 Qrwlfh wkdw Iljxuhv 49 dqg 4: kdyh yhu|

vlplodu txdolwdwlyh ihdwxuhv1 Wklv lv ehfdxvh/ lq rxu prgho/ zkdw lv lpsruwdqw derxw d vkrfn wr

}| lv lwv lpsdfw rq wkh suhvhqw ydoxh ri krxvhkrog*v wd{ exughq1 Wklv lpsdfw lv odujhu iru wkh

wklug sdudphwhul}dwlrq/ dqg lwv h�hfwv duh fruuhvsrqglqjo| odujhu1 Wkh txdolwdwlyh h�hfwv rq wkh

prgho hfrqrp| duh yhu| vlplodu krzhyhu1 Vr djdlq wkh prgho fdq dffrxqw iru wkh idfw wkdw/

lq uhvsrqvh wr d shuvlvwhqw vkrfn wr }|c frqvxpswlrq/ uhdo zdjhv/ dqg U(c| ghfolqh/ zkloh krxuv

zrunhg/ rxwsxw/ Ugc| dqg wkh uhdo lqwhuhvw udwh ulvh1

81 Frqfoxvlrq

Wklv sdshu dqdo|}hg wkh h�hfw ri d srvlwlyh vkrfn wr uhdo jryhuqphqw sxufkdvhv rq wkh X1V1

hfrqrp|1 Frqvlvwhqw zlwk uhvxowv lq Udph| dqg Vkdslur/ +4<<:, zh �qg wkdw lq uhvsrqvh wr

vxfk d vkrfn/ wrwdo jryhuqphqw sxufkdvhv/ hpsor|phqw/ rxwsxw dqg qrquhvlghqwldo lqyhvwphqw

ulvh/ zkloh uhdo zdjhv/ uhvlghqwldo lqyhvwphqw dqg/ diwhu d voljkw ghod|/ frqvxpswlrq h{shqglwxuhv

rq qrqgxudeoh jrrgv dqg vhuylfhv dqg gxudeoh jrrgv idoo1 Wkh qhjdwlyh uhvsrqvh ri uhdo zdjhv lv

sduwlfxoduo| xvhixo iru glvfulplqdwlqj ehwzhhq dowhuqdwlyh exvlqhvv f|foh prghov1 Prghov zklfk

vwuhvv wkh lpsruwdqfh ri lqfuhdvlqj uhwxuqv wr vfdoh dqg lpshuihfw frpshwlwlrq suhglfw wkdw d

srvlwlyh vkrfn wr jryhuqphqw sxufkdvhv gulyhv uhdo zdjhv xs1 Lq frqwudvw/ vlpsoh qhrfodvvlfdo

jurzwk prghov suhglfw wkdw uhdo zdjhv vkrxog idoo lq uhvsrqvh wr vxfk d vkrfn1 Rxu �qglqjv

fdvw grxew rq wkh hpslulfdo sodxvlelolw| ri wkh �uvw fodvv ri prghov dqg surylgh vxssruw iru wkh

vhfrqg fodvv ri prghov1

Zh dovr dujxhg wkdw d vlpsoh yduldqw ri wkh qhrfodvvlfdo jurzwk prgho fdq dffrxqw iru wkh

�qglqj wkdw uhvlghqwldo lqyhvwphqw idoov zkloh qrquhvlghqwldo lqyhvwphqw ulvhv lq uhvsrqvh wr dq
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lqfuhdvh lq jryhuqphqw sxufkdvhv1 Wkh nh| prgl�fdwlrq zdv wr prgho uhvlghqwldo lqyhvwphqw dv

d irup ri lqyhvwphqw lq wkh vwrfn ri gxudeoh frqvxpswlrq jrrgv1

Zkloh vxffhvvixo rq d ydulhw| ri glphqvlrqv/ rxu prgho vx�huv iurp lpsruwdqw vkruwfrplqjv1

Iluvw/ wkh prgho lqkhulwv wkh zhoo nqrzq lqdelolw| ri vlpsoh frpsohwh pdunhw uhsuhvhqwdwlyh frq0

vxphu prghov wr dffrxqw iru wkh revhuyhg wlph vhulhv ehkdylru ri dvvhw uhwxuqv1 Wkhvh idloxuhv

pdqlihvw wkhpvhoyhv khuh lq wkh uhvsrqvh ri wkh uhdo lqwhuhvw udwh wr d vkrfn wr jryhuqphqw sxu0

fkdvhv1 Urxjko| vshdnlqj/ wkh prgho suhglfwv wkdw wkh uhdo lqwhuhvw udwh lv xqd�hfwhg e| d vkrfn

wr jryhuqphqw sxufkdvhv1 Vhfrqg/ wkh prgho edvhg g|qdplf uhvsrqvh ixqfwlrqv ri uhvlghqwldo

dqg qrq uhvlghqwldo lqyhvwphqw gr qrw h{klelw wkh shuvlvwhqw/ kxps vkdshg sdwwhuqv wkdw fkdu0

dfwhul}h rxu hvwlpdwhg uhvsrqvh ixqfwlrqv1 Wkh vhfrqg vkruwfrplqj lv uhplqlvfhqw ri Juhhqzrrg

dqg Khufrzlw}*v +4<<4, �qglqj wkdw Uhdo Exvlqhvv F|foh prghov fdqqrw dffrxqw iru vrph nh|

ihdwxuhv ri wkh g|qdplf sdwkv ri krxvhkrog dqg exvlqhvv fdslwdo lq uhvsrqvh wr dq djjuhjdwh

whfkqrorj| vkrfn1 Lw zrxog eh lqwhuhvwlqj wr hqulfk rxu prgho e| doorzlqj iru gl�huhqwldo frvwv

ri dgmxvwlqj uhvlghqwldo dqg qrquhvlghqwldo lqyhvwphqw1 Lw lv srvvleoh/ exw idu iurp fhuwdlq/ wkdw

sodxvleoh dgmxvwphqw frvwv frxog uhphg| wklv dvshfw ri wkh prgho*v vkruwfrplqjv1

Zh frqfoxgh e| qrwlqj d srwhqwldoo| lpsruwdqw olplwdwlrq ri rxu dqdo|vlv1 Wkhuh lv fohdu

hylghqfh wkdw dyhudjh pdujlqdo wd{ udwhv rq lqfrph urvh diwhu wkh rqvhw ri wkh Udph|0Vkdslur

hslvrghv +vhh Iljxuh ;,1 Krzhyhu zh hydoxdwhg rxu prgho xqghu wkh dvvxpswlrq wkdw wd{hv duh

oxps vxp lq qdwxuh1 Doorzlqj iru d ulvh lq pdujlqdo wd{ udwhv frxog yhu| zhoo d�hfw wkh hpslulfdo

shuirupdqfh ri rxu prgho1 Wklv lv ehfdxvh kljkhu wd{ udwhv zrxog gdpshq wkh srvlwlyh uhvsrqvh

ri hpsor|phqw dqg rxwsxw dvvrfldwhg zlwk lqfuhdvhv lq jryhuqphqw sxufkdvhv +vhh iru h{dpsoh

Ed{whu dqg Nlqj +4<<6,,1 Dq lpsruwdqw vhw ri wdvnv wkdw zh ohdyh wr ixwxuh uhvhdufk duh +l,

�qglqj rxw zklfk wd{hv/ h1j1 oderu yhuvxv fdslwdo lqfrph wd{hv/ urvh diwhu wkh Udph|0Vkdslur

hslvrghv/ +ll, lqfrusrudwlqj wkhvh lqwr rxu prgho/ dqg +lll, dvvhvvlqj wkh qhw h�hfw ri dq lqfuhdvh

lq jryhuqphqw sxufkdvhv zkhq r�vhwwlqj wd{ fkdqjhv duh wdnhq lqwr dffrxqw1
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Gdwd Dsshqgl{

Rxu gdwd duh iurp irxu pdlq vrxufhv1 Ehorz zh olvw wkh vhulhv zklfk fruuhvsrqg wr hdfk

ri wkhvh vrxufhv1 Doo vhulhv duh vhdvrqdoo| dgmxvwhg h{fhsw iru lqwhuhvw udwhv1 Prvw ri wkhvh

vhulhv zhuh rewdlqhg e| xv iurp wkh Ihghudo Uhvhuyh Erdug*v pdfurhfrqrplf gdwdedvh1 Zkhuh

srvvleoh zh surylgh wkh pqhprqlf iru wkh vdph vhulhv iurp wkh frpphufldoo| dydlodeoh GUL

EDVLF Hfrqrplfv Gdwdedvh1

41 Exuhdx ri Hfrqrplf Dqdo|vlv1 JGS +JGST,/ Ghihqvh vshqglqj +JJIHT,/ Jryhuq0

phqw sxufkdvhv +Ghihqvh vshqglqj soxv Ihghudo/ Vwdwh dqg Orfdo frqvxpswlrq h{shq0

glwxuhv, +JJIHT.JJRFHT.JJVFST,/ Sulydwh JGS +JGS�Jryhuqphqw sxufkdvhv,/

Qrqgxudeoh jrrgv dqg vhuylfhv frqvxpswlrq h{shqglwxuhv +JFQT.JFVT,/ Gxudeoh jrrgv

frqvxpswlrq h{shqglwxuhv +JFGT,/ Wrwdo frqvxpswlrq +wkh vxp ri qrqgxudeohv/ vhuylfhv

dqg gxudeohv h{shqglwxuhv, +JFT,/ Uhvlghqwldo lqyhvwphqw +JLUT,/ Qrquhvlghqwldo lq0

yhvwphqw +JLUT,/ Qrquhvlghqwldo vwuxfwxuhv lqyhvwphqw/ Surgxfhu gxudeoh htxlsphqw lq0

yhvwphqw/ Lqirupdwlrq surfhvvlqj htxlsphqw lqyhvwphqw/ Lqgxvwuldo htxlsphqw lqyhvwphqw/

Wudqvsruwdwlrq htxlsphqw lqyhvwphqw/ JGS gh dwru +JGS2JGST,1 Wkh txdqwlw| vhulhv

duh doo lq xqlwv ri 4<<5 fkdlq0zhljkwhg grooduv zlwk wkh h{fhswlrq ri wkh frpsrqhqwv ri

qrquhvlghqwldo lqyhvwphqw zklfk duh wkh fkdlq0zhljkwhg txdqwlw| lqgh{hv1 Wkh odwwhu zhuh

grzqordghg gluhfwo| iurp zzz1vwdw0xvd1jry1

51 Exuhdx ri Oderu Vwdwlvwlfv +EOV,1

� Hpsor|phqw � Wrwdo sulydwh +OS,/ Pdqxidfwxulqj +OSHP,/ Frqvwuxfwlrq +OSFF,/

Gxudeoh pdqxidfwxulqj +OSHG,/ Qrqgxudeoh pdqxidfwxulqj +OSHQ,/ Ihghudo jry0

huqphqw +OSJRYI,

� Frpshqvdwlrq � Uhdo frpshqvdwlrq shu krxu lq exvlqhvv vhfwru +OEFS:,/ Uhdo frp0

shqvdwlrq shu krxu lq pdqxidfwxulqj vhfwru +OFSP:,1 Qrwh wkdw wkhvh frpshqvdwlrq

vhulhv duh wkh qrplqdo frpshqvdwlrq vhulhv gh dwhg e| wkh EOV xvlqj wkh frqvxphu

sulfh lqgh{ iru doo xuedq frqvxphuv1 Zh rewdlqhg wkh dowhuqdwlyh uhdo frpshqvdwlrq

vhulhv xvhg lq rxu dqdo|vlv e| lq dwlqj wkh EOV frpshqvdwlrq vhulhv e| wkh FSL dqg

wkhq gh dwlqj e| wkh lqglfdwhg sulfh vhulhv1
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� Zdjhv � Pdqxidfwxulqj +OHKP,/ Gxudeoh jrrgv pdqxidfwxulqj +OH9KPG/ vhdvrq0

doo| dgmxvwhg xvlqj wkh Fhqvxv [044 surfhgxuh,/ Qrqgxudeoh jrrgv pdqxidfwxulqj

+OH9KPQ/ vhdvrqdoo| dgmxvwhg xvlqj wkh Fhqvxv [044 surfhgxuh,/ Zkrohvdoh Wudgh

+OHKWZ,/ Frqvwuxfwlrq +OHKFF,

� Sulfhv � Frqvxphu sulfh lqgh{ iru doo xuedq frqvxphuv +SXQHZ,/ Surgxfhu sulfh

lqgh{ iru wkh pdqxidfwxulqj vhfwru +SZP,/ Sulydwh exvlqhvv gh dwru +OEJGS,/ Sur0

gxfhu sulfh lqgh{ iru fuxgh ixho lq pdqxidfwxulqj lqgxvwulhv +SZ4643,1

61 Erdug ri Jryhuqruv ri wkh Ihghudo Uhvhuyh V|vwhp1 Qhw 6 prqwk Wuhdvxu| Eloo vhf0

rqgdu| pdunhw lqwhuhvw udwh +I\JP6,/ P4 +IP4,/ Lqgxvwuldo Surgxfwlrq � Pdqxidfwxu0

lqj +LSPIJ,/ Frqvxphu Jrrgv +LSF,/ Gxudeoh Pdqxidfwxulqj +LSG,/ Gxudeoh Frqvxphu

Jrrgv +LSFG,/ Qrqgxudeoh Pdqxidfwxulqj +LSQ,/ Qrqgxudeoh Frqvxphu Jrrgv +LSFQ,1

71 Urehuw Eolvv/ Ihghudo Uhvhuyh Edqn ri Dwodqwd1 ]hur frxsrq |lhogv rq 6 prqwk/ 4 |hdu

dqg 5 |hdu wuhdvxu| vhfxulwlhv1
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Uhihuhqfhv

Dl|djdul/ U1/ Fkulvwldqr/ O1 dqg P1 Hlfkhqedxp/ �Wkh Rxwsxw/ Hpsor|phqw dqg Lqwhuhvw Udwh

H�hfwv ri Jryhuqphqw Frqvxpswlrq�/ Mrxuqdo ri Prqhwdu| Hfrqrplfv 63 +4<<5,/ :60;91

Ed{whu/ P1 dqg U1J1 Nlqj/ �Ilvfdo Srolf| lq Jhqhudo Htxloleulxp�/ Dphulfdq Hfrqrplf Uhylhz

;6 +4<<6,/ 64806671

Eodqfkdug/ R1 dqg U1 Shurwwl/ �Dq Hpslulfdo Fkdudfwhul}dwlrq ri wkh G|qdplf H�hfwv ri

Fkdqjhv lq Jryhuqphqw Vshqglqj dqg Wd{hv rq Rxwsxw�/ pdqxvfulsw/ PLW/ 4<<;1

Exuqvlgh/ F1 dqg P1 Hlfkhqedxp/ �Idfwru Krduglqj dqg wkh Sursdjdwlrq ri Exvlqhvv F|foh

Vkrfnv�/ Dphulfdq Hfrqrplf Uhylhz ;9 +4<<9,/ 4487044:71

Fkulvwldqr/ O1 M1/ Kdqgrxw iru Frpphqw rq �Roljrsrolvwlf Sulflqj dqg wkh H�hfwv ri Djjuhjdwh

Ghpdqg rq Hfrqrplf Dfwlylw|� e| M1 Urwhpehuj dqg P1 Zrrgirug/ QEHU Hfrqrplf

Ioxfwxdwlrqv Phhwlqjv/ Sdor Dowr/ Fdoliruqld/ 4<<31

Fkulvwldqr/ O1M1/ �Vroylqj G|qdplf Htxloleulxp Prghov e| d Phwkrg ri Xqghwhuplqhg Frh!0

flhqwv�/ QEHU Whfkqlfdo Zrunlqj Sdshu/ Qr1 558/ 4<<;

Fkulvwldqr/ O1M1 dqg P1 Hlfkhqedxp/ �Fxuuhqw Uhdo Exvlqhvv F|foh Wkhrulhv dqg Djjuhjdwh

Oderu Pdunhw Ioxfwxdwlrqv/� Dphulfdq Hfrqrplf Uhylhz ;5 +4<<5,/ 76307831

Fkulvwldqr/ O1M1/ Hlfkhqedxp/ P1 dqg F1 Hydqv/ �Prqhwdu| Srolf| Vkrfnv= Zkdw Kdyh Zh

Ohduqhg dqg wr Zkdw HqgB�/ iruwkfrplqj/ Kdqgerrn ri Prqhwdu| Hfrqrplfv/ Plfkdho

Zrrgirug dqg Mrkq Wd|oru hgv/ 4<<:1

Fkulvwldqr/ O1M1/ Hlfkhqedxp/ P1 dqg F1 Hydqv/ �Prghoolqj Prqh|�/ QEHU Zrunlqj Sdshu

Qr1 96:4/ 4<<;1

Ghyhuhx{/ P1E1/ Khdg/ D1F1 dqg P1 Odskdp/ �Prqrsrolvwlf Frpshwlwlrq/ Lqfuhdvlqj Uhwxuqv/

dqg wkh H�hfwv ri Jryhuqphqw Vshqglqj�/ Mrxuqdo ri Prqh|/ Fuhglw dqg Edqnlqj 5;

+4<<9,/ 566 0 5871
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Hlfkhqedxp/ P1/ �Frpphqw rq cFrvwo| Fdslwdo Uhdoorfdwlrq dqg wkh H�hfwv ri Jryhuqphqw

Vshqglqj* e| Ydohulh D1 Udph| dqgPdwwkhz G1 Vkdslur�/ iruwkfrplqj Fduqhjlh Urfkhvwhu

Frqihuhqfh rq Sxeolf Srolf|/ 4<<:1

Idluolh/ U1Z1/ dqg E1G1 Ph|hu/ �Wuhqgv lq Vhoi0Hpsor|phqw Dprqj Zklwh dqg Eodfn Phq=

4<4304<<3�/ pdqxvfulsw/ Qruwkzhvwhuq Xqlyhuvlw|/ 4<<91

Ilvkhu/ M1G1P1 �Uhodwlyh Sulfhv/ Frpsohphqwdulwlhv dqg Frpryhphqw Dprqj Frpsrqhqwv ri

Djjuhjdwh H{shqglwxuhv�/ Mrxuqdo ri Prqhwdu| Hfrqrplfv 6< +4<<:,/ 77<07:71

Juhhqzrrg/ M1 dqg ]1 Khufrzlw} / �Wkh Doorfdwlrq ri Fdslwdo dqg Wlph Ryhu wkh Exvlqhvv

F|foh�/ Mrxuqdo ri Srolwlfdo Hfrqrp| << +4<<4,/ 44;; 0 45471

Udph|/ Y1 dqg P1 Vkdslur/ �Frvwo| Fdslwdo Uhdoorfdwlrq dqg wkh H�hfwv ri Jryhuqphqw Vshqg0

lqj�/ iruwkfrplqj Fduqhjlh Urfkhvwhu Frqihuhqfh rq Sxeolf Srolf|/ 4<<:1

Skhodq/ F1 dqg D1 Wuhmrv/ �Wkh Djjuhjdwh H�hfwv ri Vhfwrudo Uhdoorfdwlrq�/ pdqxvfulsw/ Qruwk0

zhvwhuq Xqlyhuvlw|/ 4<<91

Urwhpehuj/ M1 dqg P1 Zrrgirug/ �Roljrsrolvwlf Sulflqj dqg wkh H�hfwv ri Djjuhjdwh Ghpdqg

rq Hfrqrplf Dfwlylw|�/ Mrxuqdo ri Srolwlfdo Hfrqrp| 433 +4<<5,/ 4486045<:1
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Iljxuh 4= Srvw Zruog Zdu LL X1V1 Ghihqvh Sxufkdvhv
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Iljxuh 5= Uhvsrqvhv ri Jryhuqphqw Sxufkdvhv dqg Rxwsxw
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Iljxuh 6= Uhvsrqvhv ri Hpsor|phqw
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Iljxuh 7= Uhvsrqvhv ri Frqvxpswlrq dqg Lqyhvwphqw

Nondurables + Services
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Iljxuh 8= Uhvsrqvhv ri Gl�huhqw W|shv ri Qrquhvlghqwldo Lqyhvwphqw
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Iljxuh 9= Vhfwrudo Rxwsxw Uhvsrqvhv

Manufacturing IP
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Iljxuh := Uhvsrqvhv ri Uhdo Oderu Frpshqvdwlrq

Compensation Private Business / CPI
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Iljxuh ;= Dyhudjh Pdujlqdo Wd{ Udwhv
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Iljxuh <= Uhvsrqvhv ri Uhdo Zdjhv

Before Tax
Durables Wages / CPI
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Iljxuh 43= Uhvsrqvhv ri Gl�huhqw Phdvxuhv ri Pdqxidfwxulqj Uhdo Zdjhv

Before Tax
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Iljxuh 44= Uhvsrqvhv ri Prqh|/ Sulfhv dqg Lqwhuhvw Udwhv
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Iljxuh 45= Vhqvlwlylw| wr Srvlwlyh Fkdqjhv lq Udph| dqg Vkdslur Gdwlqj ri wkh Nruhdq Zdu
Hslvrgh
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Iljxuh 46= Vhqvlwlylw| wr Qhjdwlyh Fkdqjhv lq Udph| dqg Vkdslur Gdwlqj ri wkh Nruhdq Zdu
Hslvrgh
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Iljxuh 47= Uhvsrqvhv wr Udqgrpo| Vhohfwhg Hslvrghv

Real GDP - Government
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Iljxuh 48= Prgho Edvhg Lpsxovh Uhvsrqvh Ixqfwlrqv= Jryhuqphqw Sxufkdvhv � LLG
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Iljxuh 49= Prgho Edvhg Lpsxovh Uhvsrqvh Ixqfwlrqv 0 Jryhuqphqw Sxufkdvhv DU+4,
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Iljxuh 4:= Prgho Edvhg Lpsxovh Uhvsrqvh Ixqfwlrqv= Jryhuqphqw Sxufkdvhv 0 Hvwlpdwhg Pry0
lqj Dyhudjh Uhsuhvhqwdwlrq
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