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Orzhu Zdjhv iru Ohvv Krxuv

D vlpxowdqhrxv zdjh0krxuv prgho iru Jhupdq|

Honh Zroi

]hqwuxp i u Hxursçlvfkh Zluwvfkdiwviruvfkxqj +]HZ,/ Pdqqkhlp

Devwudfw=

Lq wklv sdshu wkh lpsdfw ri zrunlqj krxuv rq wkh jurvv krxuo| zdjh udwh ri

Zhvw Jhupdq zrphq lv dqdo|}hg1 Zh xvh d vlpxowdqhrxv zdjh0krxuv prgho

zklfk dovr wdnhv lqwr dffrxqw wkh sduwlflsdwlrq ghflvlrq1 Ixuwkhupruh/ zh fkhfn

li wkh h�hfw ri zrunlqj krxuv rq zdjhv ghshqgv rq lqglylgxdo fkdudfwhulvwlfv/

vxfk dv kxpdq fdslwdo/ �up vl}h ru lqgxvwu| vhfwru1

Zh fdq frqfoxgh wkdw lq rxu suhihuuhg vshfl�fdwlrq/ wkh h{rjhqhlw| dvvxps0

wlrq ri zrunlqj krxuv lq wkh zdjh uhjuhvvlrq grhv qrw uhdoo| fdxvh d sureohp

iru wkh hvwlpdwlrq ri wkh zdjh gl�huhqwldov ehwzhhq sduw0wlphuv dqg ixoo0wlphuv1

Krzhyhu/ li lw lv dvvxphg wkdw wkh h�hfw ri zrunlqj krxuv rq wkh krxuo| zdjh udwh

lv wkh vdph iru doo lqglylgxdov/ wkh oderu vxsso| ghflvlrq vkrxog eh ixoo| wdnhq

lqwr dffrxqw1 Rxu hvwlpdwhv vkrz wkdw wkh krxuo| zdjh udwh lv vwurqjo| d�hfwhg

e| wkh zrunlqj krxuv1 Ixuwkhu zh ghwhfw gl�huhqw zdjh0krxuv sur�ohv iru vrph

vshfl�f jurxsv1 Ghshqglqj rq wkh vshfl�fdwlrq dqg wkh vhohfwhg jurxs/ wkh zdjh

udwh lqfuhdvhv zlwk ulvlqj zrunlqj krxuv xs wr d wkuhvkrog zklfk ydulhv ehwzhhq

54 dqg 67 krxuv d zhhn1 Wdnlqj lqwr dffrxqw wkh phdvxuhphqw huuru lq zrunlqj

krxuv prghudwhv wkh kljk zdjh uhgxfwlrqv iru orqj zrunlqj zhhnv1
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41 Lqwurgxfwlrq

Zkhwkhu sduw0wlph zrunhuv hduq orzhu zdjhv wkdq ixoo0wlphuv lv dq riwhq glv0

fxvvhg lvvxh e| zrunhuv/ hpsor|huv dqg srolf| pdnhuv1 Lq Jhupdq|/ wklv wrslf

grhv qrw rqo| frqfhuq shrsoh lq pdujlqdo mrev/ wkdw lv/ hpsor|hhv zkr zrun ehorz

wkh wkuhvkrog iru vrfldo vhfxulw| fryhudjh/ exw dovr wkrvh zrunlqj ohvv wkdq wkh

vwdqgdug zrunlqj krxuv zklfk duh �{hg e| froohfwlyh djuhhphqwv1 Wkh txhvwlrq

derxw wkh h{lvwhqfh dqg wkh vl}h ri wkh zdjh gl�huhqwldov dprqj mrev zlwk gl�hu0

hqw zrunlqj krxuv lv h{flwlqj lwvhoi/ exw lw ehfrphv hyhq pruh xujhqw vlqfh lw kdv

idu0uhdfklqj lpsolfdwlrqv iru wkh oderu vxsso| ghflvlrq ri lqglylgxdov1 Qhjdwlyh

zdjh suhplxpv iru sduw0wlph mrev/ iru h{dpsoh/ zrxog ghfuhdvh wkh oderu vxsso|

iru wkrvh mrev1 Lq wklv vhwwlqj/ shrsoh zrxog whqg wr zrun hlwkhu ixoo0wlph ru ohdyh

wkh oderu pdunhw1

Lq Jhupdq|/ wkh sduw0wlph udwh iru zrphq zdv derxw 661< shufhqw lq 4<<8/

wkrxjk wkhuh vwloo h{lvw vxevwdqwldo gl�huhqfhv ehwzhhq Hdvw dqg Zhvw Jhupdq|1

Lq Hdvw Jhupdq|/ rqo| 531; shufhqw ri wkh hpsor|hg zrphq zrunhg sduw0wlph/

lq Zhvw Jhupdq| wkh sduw0wlph udwh zdv 6:16 shufhqw1 Frpsduhg wr zrphq/

wkh sduw0wlph udwh ri phq lv pxfk orzhu dqg ydulhv ehwzhhq 51< shufhqw lq Hdvw

Jhupdq| dqg 615 shufhqw lq Zhvw Jhupdq|1 Jlyhq wkdw sduw0wlph zrun lv qrw

yhu| zlghvsuhdg lq Jhupdq|/ lw pd| eh dujxhg wkdw srvvleo| qhjdwlyh zdjh gli0

ihuhqwldov lqgxfh shrsoh wr zrun hlwkhu ixoo0wlph ru qrw wr zrun1 Wkh remhfw ri

wklv sdshu lv wr fkhfn zkhwkhu wkh Jhupdqv hduq orzhu zdjhv iru ohvv krxuv1 Zh

frq�qh rxuvhoyhv wr Zhvw0Jhupdq zrphq/ ehfdxvh wkh rwkhu jurxsv ri sduw0wlph

zrunhuv duh wrr vpdoo wr gudz frqylqflqj uhvxowv1

Lq wkh olwhudwxuh/ zh fdq �qg vhyhudo h{sodqdwlrqv iru d ghshqghqfh ri zdjhv rq

krxuv1 Rqh srlqw lv wkdw wkh oderu frvwv ri wkh �up gr qrw lqfuhdvh sursruwlrqdoo|

zlwk krxuv zrunhg/ ehfdxvh sduw0wlph mrev fdxvh uhodwlyho| kljkhu �{hg frvwv wr

wkh �up +h1j1 uhfuxlwlqj dqg wudlqlqj frvwv/ duudqjlqj d zrun0sodfh dqg frrugl0

qdwlrq frvwv,1 Wkhuhiruh/ Rl +4<95, gudzv wkh frqfoxvlrq wkdw orzhu zdjh udwhv

duh sdlg dw orz krxuv ri zrun wkdq dw kljk krxuv ri zrun1 Rq wkh rwkhu kdqg/ wkh
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dprxqw ri zrunlqj krxuv pd| dovr lq xhqfh surgxfwlylw|1 Edu}ho +4<:6, dujxhg

wkdw pdujlqdo surgxfwlylw| ghfolqhv dw vx!flhqwo| kljk zrunlqj krxuv/ uhvxowlqj

lq d orzhu pdujlqdo zdjh udwh iru ryhuwlph krxuv1 Klv prgho ixuwkhu vxjjhvwv

wkdw wkh surgxfwlylw| ri wkh odvw krxu ri d �qrupdo� zrunlqj gd| h{fhhgv wkh dy0

hudjh gdlo| surgxfwlylw|/ zklfk ohdgv wr orzhu zdjh udwhv iru sduw0wlph zrunhuv1

Frqwudu| wr wklv uhvxow/ Wxpphuv dqg Zrlwwlh} +4<<4, dujxh wkdw dovr uhgxfhg

zrunlqj krxuv pd| udlvh krxuo| surgxfwlylw| ehfdxvh wkh| dyrlg wkh qhjdwlyh

idwljxh h�hfw ri d orqj zrunlqj gd| ru wkh| pd| uhgxfh xqsurgxfwlyh wlph/ ru

�vodfn�1 Lq wklv fdvh/ jurvv sduw0wlph zdjhv 0 jlyhq wkh| duh edvhg rq oderu

surgxfwlylw| 0 vkrxog eh kljkhu1 Lq Jhupdq|/ wkh oxps vxp wd{dwlrq ri mrev

zlwkrxw vrfldo vhfxulw| fryhudjh/ wkh vr fdoohg pdujlqdo mrev/ surylghv dqrwkhu

uhdvrq iru d zdjh uhgxfwlrq iru wkhvh mrev1 Hpslulfdo uhvxowv ohdg rqh wr vxssrvh

wkdw hpsor|huv vkliw wkh hqwluh wd{ exughq +48 shufhqw ri wkh jurvv zdjh udwh

lq 4<<8, rq wr hpsor|hhv1 Dv d uhvxow ri wklv/ wkh krxuo| zdjh udwhv ri wkhvh

mrev duh derxw 48 shufhqw ehorz wkrvh iru frpsdudeoh ixoo0wlph mrev1 Dqrwkhu

h{sodqdwlrq iru zdjhv ghshqghqw rq krxuv lv edvhg rq wkh lghd ri frpshqvdwlqj

zdjh gl�huhqwldov ru d srwhqwldo odfn ri sduw0wlph mrev1 Lq vkruw/ wkhuh duh uhd0

vrqv iru vxssrvlqj wkdw wkhuh h{lvw vxevwdqwldo zdjh gl�huhqfhv ehwzhhq ixoo0wlph

dqg sduw0wlph mrev lq Jhupdq|/ dqg hvshfldoo| ehwzhhq mrev zlwk dqg zlwkrxw

vrfldo vhfxulw| fryhudjh1 Dffruglqj wr wkh lpsruwdqfh ri wkh gl�huhqw h�hfwv/ wkh

uhvxowlqj zdjh gl�huhqwldov frxog eh hlwkhu srvlwlyh ru qhjdwlyh1

Krzhyhu/ prvw hpslulfdo oderu pdunhw vwxglhv/ hvshfldoo| iru Jhupdq|/ ljqruh

wkdw zdjhv pljkw eh d�hfwhg e| wkh zhhno| zrunlqj krxuv1 Uhfhqw h{fhswlrqv

lqfoxgh Vfkzdu}h +4<<;, dqg Zroi +4<<;, iru Jhupdq|/ Wxpphuv dqg Zrlwwlh}

+4<<4, iru wkh Qhwkhuodqgv/ Eodqn +4<<3, dqg Dyhuhww2Krwfknlvv +4<<:, iru wkh

XV/ Pdlq +4<;;, dqg Huplvfk2Zuljkw +4<<6, iru Juhdw Eulwdlq dqg Lopdnxq0

qdv2Sxgqh| +4<<3, iru Ilqodqg1 Prvw dqdo|vhv vxjjhvw wkdw mrev zlwk ohvv krxuv

duh sdlg e| d orzhu krxuo| zdjh udwh1 Hyhq vr/ wkhuh h{lvw frqwudglfwlqj hylghqfh1

Wkh uhvxowv gl�hu vwurqjo| ehwzhhq frxqwulhv/ vh{ dqg wkh ydulrxv hfrqrphwulf

phwkrgv1 Lq dgglwlrq/ lw wxuqhg rxw wkdw lq rughu wr ixoo| phdvxuh wkh h�hfw ri
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zrunlqj krxuv rq zdjhv/ wkh oderu vxsso| ghflvlrq pxvw eh wdnhq lqwr dffrxqw1

Iru Jhupdq|/ d vwxg| zklfk frqvlghuv wkdw wkh zrunlqj krxuv duh qrw h{rjhqrxv/

exw uhvxow iurp wkh xwlolw| pd{lpl}dwlrq surfhvv ri wkh lqglylgxdov grhv qrw h{lvw

|hw1 Wkh dlp ri wklv sdshu lv wr forvh wklv jds lq wkh Jhupdq hpslulfdo olwhudwxuh1

Wkh sdshu lv rujdql}hg dv iroorzv1 Lq wkh qh{w vhfwlrq/ zh vkrz krz wkh

lpsdfw ri krxuv rq zdjhv fdq eh fdswxuhg hpslulfdoo| dqg lq vhfwlrq 6/ wkh gdwd

xqghuo|lqj wkh hpslulfdo sduw ri wkh sdshu duh ghvfulehg1 Vhfwlrq 7 suhvhqwv wkh

hfrqrphwulf prgho1 Wkh hvwlpdwlrq uhvxowv duh glvfxvvhg lq vhfwlrq 81 Wkh odvw

vhfwlrq vxppdul}hv wkh �qglqjv dqg frqfoxghv1

51 Krz wr fdswxuh wkh lpsdfw ri krxuv rq zdjhv
hpslulfdoo|

D vlpsoh zd| wr fdswxuh wkh h�hfw ri krxuv rq zdjhv zrxog eh wr lqfoxgh wkh

zhhno| zrunlqj krxuv dv h{rjhqrxv yduldeoh lq wkh vwdqgdug zdjh htxdwlrq1

Vfkzdu}h +4<<;,/ iru h{dpsoh/ xvhg gxpp| yduldeohv wr fdswxuh wkh h�hfw ri

pdujlqdo mrev dqg sduw0wlph zrun rq wkh krxuo| zdjh udwh1 Wkh frh!flhqwv

wxuqhg rxw wr eh vljql�fdqwo| qhjdwlyh/ wkdw lv/ shrsoh zlwk uhgxfhg zrunlqj

krxuv hduq orzhu zdjhv/ hyhq li kh frqwurov iru gl�huhqfhv lq kxpdq fdslwdo dqg

rwkhu zdjh ghwhuplqlqj yduldeohv1 Krzhyhu/ wkhvh uhvxowv frxog eh h{wuhpho|

eldvhg1 Dqdo|}lqj wkh lpsdfw ri zrunlqj krxuv rq zdjhv/ zh kdyh wr ghdo zlwk

wzr sureohpv1

Iluvw/ hfrqrplf wkhru| vxjjhvwv wkdw lqglylgxdov vkduh wkhlu wlph dprqj ohlvxuh

dqg zrunlqj krxuv � lq vxfk d zd| wkdw wkhlu xwlolw| ixqfwlrq LE�c t � lv pd{l0

pl}hg1 t ghvfulehv wkh fruuhvsrqglqj oderu hduqlqjv soxv wkh qrq0oderu lqfrph1

Hyhq li hpsor|hhv fdqqrw dozd|v iuhho| fkrrvh wkhlu zrunlqj krxuv/ wkh dvvxps0

wlrq ri h{rjhqrxv krxuv lv wrr uhvwulfwlyh1 Wkh oderu vxsso| ghflvlrq ghshqgv/

dprqj rwkhuv/ rq wkh rssruwxqlw| frvwv ri oderu/ wkdw lv/ wkh krxuo| zdjh udwh1

Wkxv/ zrunlqj krxuv wkhpvhoyhv ghshqg rq wkh srwhqwldo pdunhw zdjh udwh1 Lq

wklv vhwwlqj/ wkh wzr yduldeohv ri lqwhuhvw duh pxwxdoo| ghshqghqw1 Ljqrulqj wklv
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uhodwlrq pd| surgxfh plvohdglqj uhvxowv1

Vhfrqg/ surylghg wkdw zdjh gl�huhqwldov dprqj mrev zlwk gl�huhqw zrunlqj

krxuv gr h{lvw/ wkh| dovr ghwhuplqh wkh ghflvlrq wr hqwhu wkh oderu pdunhw1 Wkhvh

wzr frqvlghudwlrqv vxjjhvw wkdw wkh oderu vxsso| ghflvlrq pxvw eh ixoo| wdnhq lqwr

dffrxqw1 Wkxv/ wkh wudglwlrqdo vlqjoh0htxdwlrq zdjh ixqfwlrq lv qrw dq dssursul0

dwh dssurdfk1

Dv d uhvxow/ vrph hfrqrplvwv dwwhpsw wr wdfnoh wkh sureohpv ri wkh vwdqgdug

dssurdfk1 Wkh qhz prghov gl�hu lq wkdw wkh krxuv htxdwlrq lv vshfl�hg hlwkhu dv

d glvfuhwh fkrlfh prgho ru dv d frqwlqxrxv prgho dqg zkhwkhu vhohfwlrq rq wkh

oderu pdunhw lv h{solflwo| wdnhq lqwr dffrxqw1

Dq hdv| phwkrgrorj| wr dffrxqw iru wkh hqgrjhqhlw| ri krxuv lv wr jhqhudwh dq

lqvwuxphqwdo yduldeoh uhsuhvhqwlqj wkh h{shfwhg zrunlqj krxuv ri hdfk hpsor|hh1

Wklv lqvwuxphqw fdq eh fuhdwhg xvlqj d vhw ri yduldeohv wkdw duh fruuhodwhg zlwk

wkh zrunlqj krxuv exw qrw zlwk wkh krxuo| zdjh udwh1 Lq wkh frqwh{w ri zrunlqj

krxuv dqg zdjh udwhv lw lv h{wuhpho| gl!fxow wr �qg dssursuldwh lqvwuxphqwv

ehfdxvh krxuv dqg zdjhv duh pxwxdoo| ghshqghqw1 Krzhyhu/ li wkh lqvwuxphqw

lv rqo| zhdno| fruuhodwhg zlwk wkh krxuv/ wkh LY0dssurdfk fdq surgxfh eldvhg

hvwlpdwhv ri wkh frh!flhqwv lq wkh zdjh htxdwlrq +Vwdljhu2Vwrfn/ 4<<:,1 Elg0

goh dqg ]dunlq +4<;<, dssolhg wkh LY0dssurdfk wr hvwlpdwh d zdjh0krxuv prgho

iru Dphulfdq phq1 Wkhlu hpslulfdo uhvxowv vwurqjo| uhmhfw wkh qhrfodvvlfdo dv0

vxpswlrq wkdw zdjhv duh lqghshqghqw ri krxuv zrunhg1 Lqvwhdg/ wkhlu hvwlpdwhv

lpso| wkdw wkh zdjh0krxuv uhodwlrq lv grph vkdshg zlwk d shdn dw derxw 5833

dqqxdo krxuv1 Lq dgglwlrq wkh| �qg wkdw ROV hvwlpdwhv duh eldvhg1 Krzhyhu/

dsso|lqj wkh WVOV phwkrg/ wkh frpsrvlwlrqdo gl�huhqfhv ehwzhhq sduw0wlph dqg

ixoo0wlph zrunhuv duh ljqruhg1 Dqrwkhu gudzedfn ri wklv surfhgxuh lv wkdw wkh

uhvxowv duh rqo| edvhg rq revhuyhg zdjhv1 Ehfdxvh erwk revhuyhg zdjh udwhv dqg

zrunlqj krxuv duh frqglwlrqdo xsrq d shuvrq*v ghflvlrq wr zrun/ wkh sureohp ri

vhohfwlylw| eldv vkrxog eh wdnhq lqwr dffrxqw1 Khqfh d sduwlflsdwlrq htxdwlrq

pxvw eh vshfl�hg dqg wkh vwdqgdug huuruv lq wkh zdjh htxdwlrq kdyh wr eh fru0

uhfwhg lq d frpsolfdwhg zd|1 Dyhuhww dqg Krwfknlvv +4<<:, fulwlfl}h ixuwkhu wkdw
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wkh LY0dssurdfk idlov wr dffrxqw iru d glvfrqwlqxrxv exgjhw fxuyh li qhfhvvdu|1

Wkhuhiruh/ wkh| vxjjhvw wr hvwlpdwh d vhtxhqwldoo| rughuhg uhvsrqvh vhohfwlylw|

prgho1 E| wklv phdqv wkh| vzlwfk wr wkh glvfuhwh fkrlfh phwkrg iru wkh krxuv

hvwlpdwlrq dqg rewdlq vhohfwlylw|0fruuhfwhg ixoo0wlph dqg sduw0wlph zdjhv iru doo

revhuydwlrqv1

Dq dowhuqdwlyh dssurdfk lv d mrlqw zdjh0krxuv prgho1 Pr!w +4<;7, frpelqhv

d glvfuhwh oderu vxsso| prgho zlwk d zdjh0krxuv orfxv r�huhg e| wkh hpsor|hu1

Wkhvh wzr ixqfwlrqv duh hvwlpdwhg vlpxowdqhrxvo|1 Wkh uhvxowv frq�up Edu}ho*v

k|srwkhvlv ri dq V0vkdshg exgjhw frqvwudlqw1 Krxuo| zdjhv ri roghu zrphq lq

wkh XV ulvh zlwk krxuv dw d vorzlqj udwh dqg shdn dw derxw 67 krxuv shu zhhn1

Wkh gudzedfn ri wklv prgho lv wkdw wkh zrunlqj krxuv dqg wkh sduwlflsdwlrq

ghflvlrq duh ghwhuplqhg e| wkh vdph vhw ri yduldeohv1 Lq ylhz ri wkh �{hg frvwv ri

zrun dqg lqyroxqwdu| xqhpsor|phqw rqh zrxog h{shfw wkdw wkh zrunhu*v fkrlfh

ri krxuv lv vhsdudwho| ghwhuplqhg iurp wkh +sduwo| lqyroxqwdu|, ghflvlrq wr zrun

ru qrw wr zrun1 Wxpphuv dqg Zrlwwlh} +4<<4, wdfnoh wklv sureohp e| hvwlpdwlqj

d vlpxowdqhrxv zdjh dqg oderu vxsso| prgho zlwk krxuv uhvwulfwlrqv1 Wkh| vkrz

wkdw lq wkh Qhwkhuodqgv wkh ehiruh0wd{ krxuo| zdjh udwh lv kljkhvw iru zrphq

zrunlqj 5; krxuv d zhhn dqg vorshv grzqzdugv iru dgglwlrqdo krxuv1

D wzr vwdjh glvfuhwh fkrlfh dssurdfk zdv hvwlpdwhg e| Vlpsvrq +4<;9, dqg

Pdlq +4<;;,1 Wkh| dgrsw d prgho iru zdjh frpsdulvrq zlwk vhohfwlrq eldv zklfk

lv h{whqvlyho| xvhg iru xqlrq dqg qrq0xqlrq zdjh gl�huhqwldov +Ohh/ 4<:;,1 Vhsd0

udwh zdjh htxdwlrqv duh hvwlpdwhg iru ixoo0wlph dqg sduw0wlph zrunhuv 0 lqfoxglqj

dq lqyhuvh Ploov udwlr fdswxulqj wkh srwhqwldo vhohfwlrq eldv1 Wkh uhvxowv lqglfdwh

wkdw wkh zdjh gl�huhqwldo ehwzhhq sduw0wlph dqg ixoo0wlph zrunhuv lq Fdqdgd

ghfuhdvhv iurp 46 wr 43 shufhqw diwhu dgmxvwlqj iru wkh vhohfwlylw|1 Pdlq +4<;;,

frqfoxghv wkdw ixoo0wlph mrev ri Eulwlvk zrphq duh sdlg 48 shufhqw pruh wkdq

sduw0wlph mrev 0 kdoi ri wkh wrwdo gl�huhqwldo lv gxh wr wkh gl�huhqwldo zd| lq zklfk

sduw0wlph mrev sdlg ohvv iru wkh vdph fkdudfwhulvwlfv wkdq ixoo0wlph mrev1 D frp0

sdudeoh vwxg| iru Eulwlvk zrphq hvwdeolvkv vpdoohu gl�huhqwldov ehwzhhq ixoo0wlph

dqg sduw0wlph zrunhuv +Huplvfk2Zuljkw/ 4<<4,1 Hyhq vr/ wkh dqdo|vlv lqglfdwhv
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wkdw wkh gl�huhqfhv lq zrphq*v h{shfwhg zdjh r�huv duh d fuxfldo ghwhuplqdqw

ri zhwkhu wkh| zrun sduw0wlph ru ixoo0wlph1 Eodqn +4<<3, h{whqgv wklv glvfuhwh

fkrlfh dssurdfk wr d vlpxowdqhrxv prgho zklfk frqwdlqv wkuhh hqgrjhqrxv ydul0

deohv/ wkdw lv/ sduwlflsdwlrq/ sduw0wlph zrun dqg wkh zdjh udwh1 Dsduw iurp wkh

vzlwfklqj ixqfwlrq iru wkh gl�huhqw oderu vxsso| uhjlphv/ wkh ghflvlrq wr hqwhu

wkh oderu pdunhw lv vshfl�hg lq d vhsdudwh htxdwlrq1 Wklv hqdeohv khu wr phdvxuh

wkh h�hfw ri sduw0wlph zrun rq zdjhv lq vxfk d zd| wkdw wkh vhohfwlrq lqwr sduw0

wlph zrun lv ixoo| wdnhq lqwr dffrxqw1 Lq frqwudvw wr rwkhu vwxglhv/ wkhlu uhvxowv

lqglfdwh wkdw rqfh wkh fkrlfhv wr hqwhu wkh oderu pdunhw dqg wr zrun sduw0wlph

duh dffrxqwhg iru/ sduw0wlph ihpdoh zrunhuv lq wkh XV dsshdu wr hduq kljkhu

zdjhv dfurvv doo rffxsdwlrqv wkdq htxlydohqw ixoo0wlph zrunhuv1 Wkh idfw wkdw

dffrpprgdwlqj wkh vhohfwlrq lqwr sduw0wlph mrev uhyhuvhv wkh rxwfrph lpsolhv

wkdw wkrvh zrphq zkr zrun sduw0wlph zrxog dovr uhfhlyh orzhu zdjhv li wkh|

khog d ixoo0wlph mre1 Ixuwkhupruh/ wklv hqgrjhqrxv vzlwfklqj uhjuhvvlrq prgho ri

Eodqn +4<<3, surylghv gl�huhqw frh!flhqwv ri wkh zdjh htxdwlrq iru sduw0wlphuv

dqg ixoo0wlphuv1

Dv zh duh qrw rqo| lqwhuhvwhg lq wkh h�hfw ri sduw0wlph zrun rq zdjhv/ exw

udwkhu lq wkh ryhudoo uhodwlrq ehwzhhq zrunlqj krxuv dqg zdjhv/ zh jhqhudol}h

wkh prgho ri Eodqn +4<<3, zlwk uhvshfw wr wkh krxuv htxdwlrq1 Zh dvvxph wkdw

shrsoh fkrrvh dprqj doo srvvleoh qxpehu ri zrunlqj krxuv/ qrw rqo| dprqj

sduw0wlph dqg ixoo0wlph zrun14 Wklv doorzv iru frpsxwdwlrq ri dq| gl�huhqwldov

uhodwhg wr krxuv zrunhg1 Zh hvwlpdwh wkh h�hfw ri krxuv rq wkh zdjh udwh xvlqj d

vlpxowdqhrxv prgho ri zdjhv/ zrunlqj krxuv dqg wkh vhohfwlrq wr hqwhu wkh oderu

pdunhw1 Lq rughu wr hvwlpdwh wkh h�hfw ri zrunlqj krxuv rq zdjhv/ zh lqfoxgh

krxuv lq wkh zdjh htxdwlrq1 Ixuwkhu/ zh xvh lqwhudfwlrq whupv ehwzhhq zrunlqj

krxuv dqg rwkhu h{rjhqrxv yduldeohv wr doorz iru gl�huhqw h�hfwv ri zrunlqj krxuv

iru gl�huhqw hgxfdwlrq ohyhov/ h{shulhqfh jurxsv/ �up vl}hv ru lqgxvwulhv1 Wklv

� Wkxv/ zh dvvxph wkdw wkh olplwhg fkrlfh ri zrunlqj krxuv grhv qrw d�hfw wkh krxuo|
zdjh udwh1 Wklv grhv qrw phdq wkdw krxuv uhvwulfwlrqv gr qrw pdwwhu zlwk uhvshfw wr oderu
vxsso|1
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dssurdfk hqdeohv xv wr hvwlpdwh gl�huhqw zdjh ghwhuplqdwlrq surfhvvhv iru doo

oderu vxsso| uhjlphv/ wr dffrxqw iru wkh ghflvlrq wr hqwhu wkh oderu pdunhw dqg

wr doorz iru hqgrjhqrxv krxuv1

61 Wkh gdwd dqg vrph ghvfulswlyh �jxuhv derxw
zrunlqj krxuv dqg zdjhv lq Jhupdq|

Wkh hpslulfdo sduw ri wkh sdshu lv edvhg rq wkh Jhupdq Vrflr0hfrqrplf Sdqho

+JVRHS, iru wkh |hdu 4<<81 Wkh JVRHS lv d |hduo| krxvhkrog sdqho zklfk lv

frqgxfwhg vlqfh 4<;7 lq Zhvw Jhupdq|/ vlqfh 4<<3 dovr lq Hdvw Jhupdq|1 Wkh

�uvw zdyh frqwdlqv doprvw 9333 krxvhkrogv zkr olyhg lq Zhvw Jhupdq| lq 4<;71

Wkh Jhupdqv/ derxw 7833 ri wkh lqwhuylhzhg krxvhkrogv/ zhuh vdpsohg udqgrpo|1

Wkh rwkhu vxe0vdpsoh lv d vwudwl�hg vdpsoh ri lppljudqwv dqg jxhvw0zrunhuv

iurp Lwdo|/ Vsdlq/ Wxunh|/ \xjrvodyld dqg Juhhfh zkr olyhg lq Jhupdq| lq wkh

shulrg gxulqj zklfk lqirupdwlrq zdv froohfwhg1 Krxvhkrogv ri rwkhu qdwlrqdolwlhv

duh uhsuhvhqwhg lq wkh �uvw vdpsoh1 Lq wklv vwxg|/ zh ohiw rxw wkh vdpsoh ri

lppljudqwv dqg jxhvw0zrunhuv/ ehfdxvh ri wkh qrq0udqgrp vhohfwlrq1 Wkh Qrq0

Hxurshdq krxvhkrogv duh dovr h{foxghg/ ehfdxvh wkhlu oderu vxsso| ehkdylru dqg

wkh zdjh ghwhuplqdwlrq pd| eh vxevwdqwldoo| gl�huhqw iurp wkrvh ri Jhupdqv1

Dv zh duh lqwhuhvwhg lq wkh zdjh vwuxfwxuh ri wkh Jhupdq oderu pdunhw/ zh

gursshg doo vhoi0hpsor|hg zrphq dqg wkrvh zrunlqj lq wkh iduplqj vhfwru1 Rxu

vhohfwhg vdpsoh frqwdlqv rqo| zrphq djhg ehwzhhq 53 dqg 93 |hduv zkr duh

qrw lq dssuhqwlfhvkls1 Wkhuh uhpdlq derxw 5753 revhuydwlrqv ri Zhvw Jhupdq

zrphq/ zklfk surylgh doo qhfhvvdu| lqirupdwlrqv1

Iljxuh 4 surylghv d klvwrjudp ri dfwxdo zhhno| zrunlqj krxuv dqg wkh phdq

krxuo| zdjh udwhv lq wkh vdpsoh1 Zh jhqhudwhg qlqh fdwhjrulhv ri zrunlqj krxuv

iurp 4 wr 93 krxuv d zhhn5 dqg dqrwkhu jurxs iru doo shrsoh rxw ri zrun1 Zrphq

zkr gr qrw sduwlflsdwh dw wkh oderu pdunhw suhvhqw derxw doprvw 7; shufhqw ri

2 Vhyhudo zrphq fodlphg wkdw wkh| zrun pruh wkdw 93 krxuv d zhhn1 Lq ylhz ri wkh ohjdo
olplw ri 93 zrunlqj krxuv d zhhn/ zh fhqvruhg wkh zhhno| krxuv dw wkh ohjdo wkuhvkrog1

:



wkh vdpsoh1 Wkh glvwulexwlrq ri wkh zhhno| zrunlqj krxuv kdv d shdn dw 69073

krxuv/ zklfk pdlqo| uhsuhvhqwv vwdqgdug ixoo0wlph mrev1 Zrphq zlwk uhgxfhg

krxuv duh vsuhdg ryhu wkh udqjh ri 8 wr 68 krxuv/ exw prvw ri wkhp zrun ehwzhhq

49 dqg 53 krxuv d zhhn1 Lq ylhz ri wkh idfw wkdw djuhhg zrunlqj krxuv qhyhu

h{fhhg 73 krxuv d zhhn e| odz/ derxw 717 shufhqw ri doo zrphq lq wkh vdpsoh

zrun ryhuwlph1
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Iljxuh 4= Glvwulexwlrq ri zhhno| zrunlqj krxuv dqg krxuo| zdjh udwhv

Wkh krxuo| zdjh udwh ydulhv ehwzhhq 46 GP iru zrphq zrunlqj 83 ru pruh

krxuv dqg doprvw 56 GP iru wkh hpsor|hhv zlwk 59 wr 63 krxuv d zhhn1 Iljxuh

4 ixuwkhu vkrzv wkdw mrev zlwk ohvv krxuv duh sdlg e| orzhu zdjhv wkdq ixoo0wlph

mrev ru h{whqghg sduw0wlph mrev +63068 krxuv,1 Wkhvh uhvxowv vxssrvh wkdw wkhuh

h{lvw vxevwdqwldo zdjh gl�huhqwldov dprqj ixoo0wlphuv dqg hpsor|hhv zlwk yhu|

olwwoh krxuv1 Exw dovr zrphq zkr zrun pruh wkdq 43 ryhuwlph krxuv d zhhn

vx�hu kljk zdjh uhgxfwlrqv1 Ohw xv dvvxph wkdw lq sulqflsoh wkh ryhuwlph krxuv

duh frpshqvdwhg zlwk dq dgglwlrqdo zdjh suhplxp ru li qrw/ rffxu pdlqo| lq

pdqdjhuldo mrev/ zklfk duh douhdg| sdlg dw yhu| kljk zdjh udwhv1 Wkxv/ rqh zrxog

;



h{shfw wkdw wkh krxuo| zdjh udwh ri ryhuwlph krxuv h{fhhgv wkh hduqlqjv iurp wkh

vwdqgdug zrunlqj krxuv1 Rxu �qglqjv ohdg rqh wr vxjjhvw wkdw hlwkhu wkh ryhuwlph

suhplxpv duh dyrlghg ru wkdw wkh zdjh iru mrev zlwk �xqsdlg� ryhuwlph zrun

duh qrw dv kljk dv h{shfwhg1 Wklv slfwxuh pd| jlyh ulvh wr wkh vxssrvlwlrq wkdw

sduw0wlph mrev duh pruh riwhq fkrvhq e| ohvv txdol�hg dqg h{shulhqfhg zrphq/ vr

wkdw wkh zdjh gl�huhqwldov duh fdxvhg e| vhohfwlylw|1 Wkhuhiruh/ Iljxuh 5 suhvhqwv

wkh vkduh ri wkh hdfk txdol�fdwlrq ohyho lq irxu gl�huhqw oderu vxsso| uhjlphv1

Lq frqwudvw zlwk wkh qlqh fdwhjrulhv lq Iljxuh 4/ zh qrz fuhdwh odujhu jurxsv

ehfdxvh ri wkh vpdoo qxpehu ri revhuydwlrqv lq vrph fhoov1
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Iljxuh 5= Vkduh ri hgxfdwlrq ohyho e| zhhno| zrunlqj krxuv

Dsduw iurp wkh zrphq zrunlqj ryhuwlph krxuv/ wkh vnloohg zrphq duh wkh prvw

lpsruwdqw jurxs1 Wkh| uhsuhvhqw doprvw 83 shufhqw ri doo hpsor|hhv lq wkh �uvw

wkuhh oderu vxsso| fdwhjrulhv1 Lq frqwudvw/ wkh vkduhv ri wkh rwkhu txdol�fdwlrq

ohyhov ydu| pruh zlwk wkh qxpehu ri zhhno| zrunlqj krxuv1 5: shufhqw ri wkh

hpsor|hhv zlwk pdujlqdo mrev duh xqvnloohg/ exw rqo| 46 shufhqw ri wkrvh zrunlqj

ryhuwlph krxuv1 Wkxv/ wkh vkduh ri xqvnloohg ghfolqhv zlwk lqfuhdvlqj zrunlqj

krxuv1 Wkh rssrvlwh lv wuxh iru wkh judgxdwhg zrphq1 Wkh vkduh ri judgxdwhg

<



zrphq ulvhv iurp 919 shufhqw +	 48 krxuv, wr 43 shufhqw iru wkh vwdqgdug ixoo0

wlph mrev1 Dv d uhvxow/ wkh vlpsoh vhohfwlylw| k|srwkhvlv fdq qrw ixoo| h{sodlq

wkh zdjh vwuxfwxuh1 Wkh gl�huhqfhv zlwk uhvshfw wr wkh txdol�fdwlrq ohyho dsshdu

wr eh rqh srvvleoh h{sodqdwlrq iru wkh revhuyhg zdjh gl�huhqwldov ehwzhhq vpdoo

sduw0wlph mrev dqg ixoo0wlph mrev1 Krzhyhu/ wkh zdjh uhgxfwlrqv ri ryhu0wlph

mrev pxvw eh fdxvhg e| rwkhu idfwruv/ vxfk dv wkh hqgrjhqhlw| ri wkh zrunlqj

krxuv/ h{shulhqfh/ �up vl}h dqg lqgxvwu| vhfwru1 Khqfh zh zloo qrz wxuq wr wkh

hfrqrphwulf prgho zklfk hqdeohv xv wr ghwhfw wkh zdjh0krxuv sur�ohv iru gl�huhqw

jurxsv ri lqglylgxdov1

71 Wkh hfrqrphwulf prgho

714 Sduwlflsdwlrq

Wkh ghflvlrq wr hqwhu wkh oderu pdunhw lv prghohg e| d elqdu| fkrlfh dssurdfk1

Wkh htxdwlrq ri wkh frqwlqxrxv odwhqw yduldeoh lv jlyhq e|=

� � ' sE~c �� n �� +714,

Jlyhq lqyroxqwdu| xqhpsor|phqw/ wkh dfwxdo oderu pdunhw sduwlflsdwlrq fdq0

qrw eh lqwhusuhwhg vwulfwo| dv dq lqglylgxdo ghflvlrq1 Wkxv/ wkh pdwul{ ri h{rjh0

qrxv yduldeohv ] frqwdlqv erwk idfwruv zklfk ghwhuplqh wkh oderu vxsso|/ vxfk dv

txdol�fdwlrq dqg wkh qxpehu ri vpdoo fkloguhq/ dqg wkh oderu ghpdqg/ vxfk dv wkh

uhjlrqdo xqhpsor|phqw udwh1 S- lv xqrevhuydeoh exw uhodwhv wr wkh revhuydeoh

glfkrwrprxv yduldeoh S +sduwlflsdwlrq vwdwxv, dv=

� '

�
f li � � � f

� li � � : f

�

715 Zrunlqj Krxuv

Wkh vhfrqg htxdwlrq ghvfulehv wkh krxuv ghflvlrq1 Zh xvh d olqhdu vshfl�fdwlrq
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zlwk dfwxdo zhhno| zrunlqj krxuv dv ghshqghqw yduldeoh16

� ' sEtc q� n � +715,

zkhuh t lv d yhfwru ri h{sodqdwru| yduldeohv dqg q wkh sdudphwhuv wr eh hvwl0

pdwhg1 Zh vshfli| wkh uhgxfhg irup htxdwlrq ri krxuv zrunhg lq d yhu|  h{leoh

zd|/ vr wkdw lw lv frqvlvwhqw zlwk doprvw dq| vwuxfwxudo oderu vxsso| prgho/ ru lv

dw ohdvw d jrrg dssur{lpdwlrq1 Wkh yhfwru t dovr lqfoxghv yduldeohv ghvfulelqj

wkh krxvhkrog frqwh{w/ vxfk dv wkh qxpehu ri vpdoo fkloguhq/ wkh pdulwdo vwdwxv

dqg wkh rwkhu krxvhkrog lqfrph1 Wkhvh fryduldwhv fdswxuh erwk wkh rssruwxqlw|

frvwv ri zrunlqj dqg wkh h�hfw ri wd{dwlrq rq oderu vxsso|1 Wkxv/ wkh frh!flhqwv

ri wklv htxdwlrq vkrxog qrw eh lqwhusuhwhg lq d vwuxfwxudo zd|1

716 Zdjh udwhv

Zh hvwlpdwh d vlqjoh zdjh htxdwlrq iru doo hpsor|hhv/ luuhvshfwlyh ri zhwkhu wkh|

zrun ixoo0wlph/ sduw0wlph ru dq| rwkhu qxpehu ri krxuv=

*?� ' k4 �f n k5 � �n k6 � �5 n k7 �f � �n k8 �f � �5 n e +716,

Wkh ghshqghqw yduldeoh lv wkh orj jurvv krxuo| zdjh udwh ri wkh hpsor|hg

zrphq1 Lq rughu wr hvwlpdwh wkh h�hfw ri zrunlqj krxuv rq zdjhv/ zh dovr lqfoxgh

krxuv lq wkh zdjh htxdwlrq1 Prvw ri wkh suhylrxv vwxglhv vxjjhvw wkdw krxuv d�hfw

wkh zdjh txdgudwlfdoo| +Pr!w/ 4<;7> Wxpphuv2Zrlwwlh}/ 4<<4,1 Frqvhtxhqwo|/

zh dovr xvh wkh txdgudwlf vshfl�fdwlrq ri wkh zrunlqj krxuv/ zklfk dulvhv iurp

wkh �{hg frvwv ri zrun rq wkh rqh kdqg dqg wkh ghfolqlqj pdujlqdo surgxfwlylw|

dw kljk krxuv rq wkh rwkhu kdqg +Edu}ho/ 4<:6,1 Ixuwkhu/ zh xvh lqwhudfwlrq whupv

ehwzhhq wkh krxuv dqg wkh h{rjhqrxv yduldeohv
�
Ef � �� dqg Ef � �5�

�
wr doorz

iru gl�huhqw h�hfwv ri zrunlqj krxuv iru gl�huhqw hgxfdwlrq ohyhov/ h{shulhqfh

jurxsv ru �up vl}hv1 Li wkh frh!flhqwv k5c k6>k7 dqg k8 wxuq rxw wr eh }hur/ rxu

� Dowhuqdwlyho|/ wkh krxuv ghflvlrq frxog eh lqwhusuhwhg dv d olplwhg fkrlfh ehwzhhq d �qlwh
qxpehu ri fdwhjrulhv/ vxfk dv sduw0wlph dqg ixoo0wlph +vhh h1j1 Eodqn/ 4<<3,1 D gudzedfn
ri wklv surfhgxuh lv wkdw dvvxpswlrqv rq wkh iurqwlhuv ehwzhhq wkh gl�huhqw oderu vxsso|
uhjlphv duh uhtxluhg1
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zdjh ixqfwlrq lv frqvlvwhqw zlwk wkh vwdqgdug Plqfhu hduqlqjv ixqfwlrq/ wkdw lv/

zrunlqj krxuv gr qrw d�hfw wkh krxuo| zdjh udwh1

717 Surshuwlhv ri wkh huuru whupv

Wkh huuru whupv ri wkh wkuhh htxdwlrqv Eec �c �� duh dvvxphg wr eh wulyduldwh

qrupdoo| glvwulexwhg zlwk phdq }hur dqg fryduldqfh P1 Wkh yduldqfh ri �

EYduE�� ' P6>6� lv qrupdol}hg wr rqh1 Wkh wkuhh fryduldqfhv ehwzhhq wkh hu0

uru whupv duh lghqwl�hg e| wkh vlpxowdqhrxv pd{lpxp olnholkrrg hvwlpdwlrq1

718 Phdvxuhphqw huuru lq wkh krxuv

Rqh uhdvrq iru wkh kljk zdjh uhgxfwlrqv ri ryhuwlph krxuv +vhh �jxuh 4, frxog

eh wkdw wkh uhsruwhg zrunlqj krxuv gr qrw uhihu wr wkh hduqlqjv lq wkh suhylrxv

prqwk1 Ohw*v dvvxph wkdw d zrpdq xvxdoo| zrunv 8 sdlg ryhuwlph krxuv d zhhn1

Li wkh hpsor|hu sd|v iru wkh ryhuwlph krxuv hyhu| prqwk/ wkxv wkh ghfoduhg

hduqlqjv lqfoxgh wkh sd|phqwv iru wkh �yh dgglwlrqdo krxuv/ wkh krxuo| zdjh

udwh lv phdvxuhg h{dfwo|1 Krzhyhu/ wklv lv rqo| rqh srvvleoh djuhhphqw derxw

wkh wlplqj ri wkh ryhuwlph uhzdug1 Wkhuh pd| eh dovr �upv zklfk uhpxqhudwh

wkh ryhuwlph krxuv diwhu wkh| h{fhhg d fhuwdlq wkuhvkrog dv d uhvxow ri zklfk

wkh xvxdo zrunlqj krxuv gr qrw fruuhvsrqg wr wkh uhsruwhg hduqlqjv1 Wkh vdph

sureohp dulvhv li wkh dgglwlrqdo krxuv rffxu yhu| luuhjxoduo|/ wkdw lv/ gxulqj rqh

prqwk 43 zhhno| ryhuwlph krxuv duh zrunhg dqg }hur krxuv lq wkh rwkhu1 Vlqfh

zh gr qrw kdyh dq| lqirupdwlrq derxw zkhwkhu wkh uhsruwhg hduqlqjv dfwxdoo|

lqfoxgh ryhuwlph suhplxpv/ wkh pdwfk ehwzhhq wkh revhuyhg krxuv dqg zdjhv lv

qrw devroxwho| uholdeoh1

Lq rughu wr fkhfn zkhwkhu wkhvh phdvxuhphqw sureohpv uhlqirufh wkh vwurqj

ghfolqh lq krxuo| zdjh udwhv iru orqj zrunlqj krxuv/ zh voljkwo| prgli| wkh hfrqr0

phwulf prgho ghvfulehg deryh1 Lq frqwudvw wr wkh krxuv htxdwlrq 715 zh qrz

wdnh wkh zhhno| zrunlqj krxuv lq orjv17 Frqvhtxhqwo|/ ohw*v dvvxph wkdw wkh wuxh

e Vlqfh wkh glvwulexwlrq ri zhhno| zrunlqj krxuv lv wzr0kxpshg/ wkh qrupdolw| dvvxpswlrq
lv ylrodwhg lq hlwkhu fdvh1

45



krxuv8 �� uhodwh wr wkh revhuyhg krxuv � dv=

*L}E�� ' *L}E��� n 1 ( +717,

zkhuh 1 lv wkh phdvxuhphqw huuru1 Vlqfh lq rxu prgho wkh krxuo| zdjh udwh lv

d ixqfwlrq ri wkh zrunlqj krxuv/ wkh gh�qlwlrq ri wkh zdjh udwh frqyhuwv lqwr=

*L}E�� ' *L}E+�� *L}E�� ' *L}E+�� *L}E���� 1 ' *L}E���� 1 � +718,

Dsso|lqj wkhvh fkdqjhv wr wkh zdjh dqg krxuv htxdwlrq glvfxvvhg deryh uhvxowv

lq wkh iroorzlqj prgho=9

*L}E�� ' k4f n k5s d*L}E��o n e� k51 � 1 ' k4f n k5s d*L}E��o n 0 +719,

*L}E�� ' sEtc q� n �n 1 ' sEtc q� n v � +71:,

Zh fdq vhh wkdw wkh phdvxuhphqw huuru 1 dggv olqhduo| zlwk rssrvlwh vljqv

wr wkh wzr htxdwlrqv dqg hqwhuv wkh qhz huuru whupv 0 dqg v1 Dv d uhvxow/

wkh phdvxuhphqw huuru 1 fdxvhv d qhjdwlyh fruuhodwlrq ehwzhhq wkh zdjh dqg

wkh krxuv htxdwlrq1: Dvvxplqj wkdw wkh phdvxuhphqw huuru pdwwhuv/ rqh zrxog

h{shfw wkdw wkh fruuhodwlrq ehwzhhq wkh wzr htxdwlrqv lv qhjdwlyh/ ru dw ohdvw

vpdoohu frpsduhg wr wkh fruuhodwlrq 4hx1

D Wkdw lv/ wkh zrunlqj krxuv zklfk dfwxdoo| uhihu wr wkh revhuyhg hduqlqjv ri wkh suhylrxv
prqwk1
S Dv wkh sduwlflsdwlrq htxdwlrq lv qrw d�hfwhg e| wkhvh prgl�fdwlrqv/ zh uhiudlq iurp wkh
uhshdwhg suhvhqwdwlrq ri wkh frpsohwh prgho1 Iru vlpsolflw|/ zh vxppdul}h doo frh!flhqwv
fdswxulqj wkh lpsdfw ri zrunlqj krxuv rq zdjhv +k2 wr kD lq htxdwlrq 716� wr rqh frh!flhqw
k2�
. Wklv dovr krogv iru wkh suhylrxv prgho +vhh htxdwlrqv 715 xqg 716,1 Krzhyhu/ wkh huuru
whup e ri wkh zdjh htxdwlrq lv qrw d olqhdu ixqfwlrq ri wkh phdvxuhphqw huuru 1/ wkxv wkh
fruuhodwlrq ri wkh phdvxuhphqw huuruv lq wkh zdjh dqg krxuv htxdwlrq vkrxog eh vpdoohu1

46



81 Hvwlpdwlrq uhvxowv

Ehiruh glvfxvvlqj wkh hvwlpdwlrq uhvxowv/ zh zloo eulh | dgguhvv wkh lghqwl�fd0

wlrq sureohp1 Zh hvwlpdwh uhgxfhg0irup htxdwlrqv ri wkh sduwlflsdwlrq dqg wkh

krxuv htxdwlrq1 Wkh zdjh ixqfwlrq lv wkh rqo| vwuxfwxudo htxdwlrq1 Wkhuhiruh/

wkh txhvwlrq lv zkhwkhu wkh zdjh htxdwlrq fdq eh glvwlqjxlvkhg iurp d olqhdu

frpelqdwlrq ri doo rwkhu ixqfwlrqv lq wkh vlpxowdqhrxv prgho1 Lq sulqflsoh wkh

prgho lv lghqwl�hg e| wkh ixqfwlrqdo irup1 Lq dgglwlrq wr wkdw/ zh lqvhuw vhyhudo

h{foxvlrq uhvwulfwlrqv1 Iluvw/ zh h{foxgh doo idplo| fkdudfwhulvwlfv/ vxfk dv wkh

qxpehu ri fkloguhq/ iurp wkh zdjh htxdwlrq1 Wkxv/ lw lv dvvxphg wkdw fkloguhq

d�hfw wkh zdjh udwh rqo| wkurxjk wkh hpsor|phqw euhdn/ zklfk lv fdswxuhg e|

wkh h{shulhqfh yduldeoh1 Wkh lqirupdwlrq derxw wkh fkloguhq olylqj lq wkh krxvh0

krog hqwhuv wkh krxuv dqg wkh sduwlflsdwlrq htxdwlrq lq wzr gl�huhqw zd|v1 Iru

wkh vhohfwlrq ixqfwlrq/ zh xvh rqh yduldeoh lqglfdwlqj wkh djh ri wkh |rxqjhvw

fklog dqg dqrwkhu iru wkh qxpehu ri fkloguhq lq wkh krxvhkrog1 Wklv vshfl�fd0

wlrq vhuyhv dv d phdvxuh ri wkh wlph qhhg iru wkh fkloguhq/ zkhuhdv wkh qxpehu

ri fkloguhq e| djh jurxsv/ zklfk hqwhuv wkh krxuv htxdwlrq/ fdswxuhv wkh �vfdo

h�hfw ri wkh fkloguhq lq wkh krxvhkrog1 Vhfrqg/ wkh pdulwdo vwdwxv/ sduwlflsdwlrq

vwdwxv ri wkh sduwqhu; dqg wkh rwkhu krxvhkrog lqfrph lv h{foxghg iurp wkh zdjh

htxdwlrq1 Ixuwkhupruh/ d yduldeoh ghvfulelqj wkh �{hg frvwv ri zrunlqj hqwhuv wkh

sduwlflsdwlrq htxdwlrq1 Wkh suhvhqfh ri hqwudqfh frvwv lv phdvxuhg e| d gxpp|

yduldeoh/ lqglfdwlqj zkhwkhu dw ohdvw rqh phpehu ri wkh krxvhkrog lv lq qhhg ri

fduh < ru zkhwkhu wkh revhuyhg lqglylgxdo lv d orqh prwkhu zlwk d fklog |rxqjhu

wkdq 7 |hduv1 Lq rughu wr fdswxuh wkh oderu ghpdqg uhvwulfwlrqv/ zh lqfoxgh wkh

uhjlrqdo xqhpsor|phqw udwh lq wkh sduwlflsdwlrq htxdwlrq1

Lq d �uvw vwhs/ zh hvwlpdwh wkh vlpxowdqhrxv prgho edvhg rq wkh htxdwlrqv

H Ehuqdvfr +4<<7, srlqwv rxw wkdw wkh hpsor|phqw vwdwxv ri wkh kxvedqg d�hfwv wkh sduwlf0
lsdwlrq ri Gxwfk zlyhv1 Krzhyhu/ wkh ihpdoh rffxsdwlrqdo suhvwljh/ zklfk lv dprqj rwkhuv
d ixqfwlrq ri lqfrph/ grhv qrw ghshqg rq wkh sduwlflsdwlrq ri wkh phq1
b Shuvrqv zkr fduh iru wkhlu rog sduhqwv ru rwkhu uhodwlyhv idfh kljk hqwudqfh frvwv wr wkh
oderu pdunhw/ ehfdxvh wkh| zrxog kdyh wr sd| iru d jhuldwulf qxuvh ru dq rog shrsoh*v krph/
zklfk fdq eh h{wuhpho| h{shqvlyh dffruglqj wr wkh vwdwh ri khdowk1
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714 wr 7161 Zh suhvhqw irxu prghov zlwk gl�huhqw uhvwulfwlrqv frqfhuqlqj wkh

fruuhodwlrq ehwzhhq wkh huuru whupv ri wkh wkuhh htxdwlrqv dqg wkh vwuxfwxuh ri

wkh zdjh htxdwlrq1 Prgho 4 lv wkh prvw uhvwulfwlyh iudphzrun1 Lw lv dvvxphg wkdw

zrunlqj krxuv gr qrw d�hfw wkh zdjh udwh dqg wkdw sduwlflsdwlrq/ krxuv zrunhg

dqg zdjhv duh pxwxdoo| lqghshqghqw1 Prgho 5 gursv wkh odwhu uhvwulfwlrq1 Prgho

6 lqfoxghv krxuv dqg krxuv vtxduhg lq wkh zdjh htxdwlrq/ lpsrvlqj wkdw wkh

lpsdfw ri zrunlqj krxuv rq wkh zdjh udwh lv mxvw d vkliw h�hfw/ zklfk lv wkh

vdph iru doo lqglylgxdov1 Lw dovr doorzv iru fruuhodwlrq dprqj wkh huuru whupv

ec � dqg �� Ilqdoo|/ zh fkhfn zkhwkhu wkh zdjh vwuxfwxuh/ vxfk dv wkh uhwxuqv

wr hgxfdwlrq/ lv ghwhuplqhg e| wkh krxuv zrunhg1 Iru wklv uhdvrq/ zh lqfoxgh

vhyhudo lqwhudfwlrqv ehwzhhq wkh zrunlqj krxuv dqg rwkhu yduldeohv lq wkh zdjh

htxdwlrq +Prgho 7,1 Lqwhudfwlrqv zklfk wxuq rxw wr eh lqvljql�fdqw duh gursshg

rxw iru vlpsolflw| ri suhvhqwdwlrq1 Lq d vhfrqg vwhs/ zh uhsolfdwh Prgho 6 dqg 7

edvhg rq wkh phdvxuhphqw huuru prgho iurp vhfwlrq 7181

Suhvhqwlqj wkh hvwlpdwlrq uhvxowv/ zh jlyh prvw dwwhqwlrq wr wkh zdjh htxdwlrq/

ehfdxvh wkh dx{loldu| htxdwlrqv ri krxuv dqg hpsor|phqw vwdwxv duh uhgxfhg0irup

hvwlpdwhv1 Wkh hvwlpdwlrq uhvxowv ri htxdwlrq 714 dqg 715 duh jlyhq lq Wdeoh D5

lq wkh Dsshqgl{1

Wkh zdjh ixqfwlrq lv prghohg rq wkh edvlv ri dq h{whqghg kxpdq fdslwdo

dssurdfk1 Wkh hgxfdwlrq ohyho lv phdvxuhg e| wkuhh gxpp| yduldeohv1 Wkh dfwxdo

oderu pdunhw h{shulhqfh lv ghvfulehg e| wzr frqwlqxrxv yduldeohv/ wkh qxpehu

ri |hduv lq ixoo0wlph hpsor|phqw dqg wkh |hduv lq sduw0wlph zrun1 Krzhyhu/

wkh uhwxuqv wr sduw0wlph h{shulhqfh wxuqhg rxw wr eh lqvljql�fdqw lq doo zdjh

uhjuhvvlrqv dqg wkhuhiruh zh h{foxghg wkhp iurp wkh vhw ri h{sodqdwru| yduldeohv1

Lq dgglwlrq wr wkhvh kxpdq fdslwdo yduldeohv/ zh lqfoxgh gxpp| yduldeohv wr

frqwuro iru wkh �up vl}h dqg wkh lqgxvwu| vhfwru ri wkh hpsor|hg zrphq1 Wkh

hvwlpdwlrq uhvxowv ri wkh zdjh htxdwlrq ri wkh irxu prghov ghvfulehg deryh duh

suhvhqwhg lq Wdeoh 41
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Wdeoh 4= Hvwlpdwlrq uhvxowv ri wkh zdjh ixqfwlrqv +frqwlqxhg,

Prgho 4 Prgho 5 Prgho 6 Prgho 7
frh�1 w0ydoxh frh�1 w0ydoxh frh�1 w0ydoxh frh�1 w0ydoxh

frqvwdqw 51:78 :3177 51;45 97199 516<8 541:; 518:8 4;18:

krxuv 3136; ;1<4 3135; 6184

krxuv5 03139< 044145 031395 07196

xqvnloohg 031473 08183 03144< 07185 031443 07164 03144: 0719:

pdvwhu fudiwvpdq 3137: 41<8 31386 514< 31388 516< 31398 317;

judgxdwhg 31669 43156 3165; <1<5 31697 44166 3168< 44175

iw1 h{shulhqfh 31359 :19: 31354 81:< 31353 8157 031383 051<;

iw1 h{shulhqfh5 031379 07194 031369 0616< 031364 051<6 314<6 6183

530533 hpso1 31355 31;7 31355 31;8 31374 4194 31369 4177

53405333 hpso1 3149< 91:3 31496 917< 31485 9165 31477 9143

:5333 hpso1 31544 ;164 3153: ;153 314<9 ;143 314<; ;166

hqhuj|/ plqlqj 031364 0317; 03136: 0318; 03134; 03163 031344 0314;

phwdo lqgxvwu| 03135: 03184 031358 0317; 03136: 031:8 031375 031;9

rwkhu lqgxvwu| 031469 051;3 031469 051;6 03147: 06153 03147: 06157

wudgh/ vhuylfh 03154: 09138 031543 081;9 0314;: 08179 031448 04136

wudqvsruw 03136; 0319< 031367 03194 03137: 031<3 031378 031;9

edqnlqj 3138< 4159 31393 415< 3138< 4168 31394 4174

hgxfdwlrq/ khdowk 31373 4148 31377 415: 3137; 4176 31385 418;

sxeolf vhuylfh 03134; 03177 031349 0316; 031358 03196 031357 03196

rwkhu vhfwruv 0313:7 031;6 031394 0319; 031385 03194 031373 0317:

lqwhudfwlrqv=
pdvwhu � krxuv 31338 3187

pdvwhu � krxuv5 031349 031<<

h{s1� krxuv 31337 614;

h{s15 � krxuv 031345 06187

h{s1 � krxuv5 031337 05137

h{s15 � krxuv5 31346 518;

wudgh2vhuylfh � k1 031344 0417;

wudgh2vhuylfh � k5 31359 5135

45zdjh>krxuv 0 0 31398 41:9 3149; 41<3 313:; 31;8

45zdjh>sduw 0 0 03159: 06196 0315:9 05186 031544 041;:

45krxuv>sduw 0 0 0318:3 043185 031869 0<1<4 03185: 0<186
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frqwlqxhg iurp Wdeoh 4=
Prgho 4 Prgho 5 Prgho 6 Prgho 7

Orj Olnholkrrg 051863 051849 0517<4 0517;5
Olnholkrrg udwlr Whvw �5

6 ' SH�� �5
5 ' ��b�� �5

; ' ee��
Zdog0Whvw vwdwlvwlfv=
krxuv/ krxuv5 +�5

5 ' D�bb� 457193 63189
pdvwhu � krxuv +�5

5 ' D�bb� 8167
h{shulhqfh � k1 +�5

7 ' b�eb� 5:1<8
wudgh2vhuylfh � k1 +�5

5 ' D�bb� ;194

Uhpdun 4 Wkh uhihuhqfh jurxs duh vnloohg zrphq zkr zrun lq wkh fkhplfdo ru hohfwulfdo jrrgv lqgxvwu| ru
lq wkh hqjlqhhulqj vhfwru dqg duh hpsor|hg e| d �up zlwk ohvv wkdw 53 hpsor|hhv1 Wkh yduldeohv krxuv5 dqg
ixoo � wlph h{shulhqfh5 duh glylghg e| 4331 Wkh olnholkrrg udwlr whvw frpsduhv wkh dfwxdo zlwk wkh suhfhglqj
prgho1

Wkh zdjh ixqfwlrq ri Prgho 4 fruuhvsrqgv wr wkh vwdqgdug ROV zdjh uhjuhv0

vlrq zlwk wkh orj krxuo| zdjh udwh dv ghshqghqw yduldeoh1 Zdjhv lqfuhdvh zlwk

wkh hgxfdwlrq ohyho dqg wkh �up vl}h1 Dovr wkh h{shulhqfh yduldeohv jhqhudwh wkh

h{shfwhg grph vkdshg fxuyh/ wkdw lv/ zdjhv ulvh zlwk oderu pdunhw h{shulhqfh xs

wr 5; |hduv lq ixoo0wlph hpsor|phqw1 Dgglwlrqdo h{shulhqfh uhgxfhv wkh krxuo|

zdjh udwh ri Zhvw Jhupdq zrphq1 Frpsdulqj wkh �uvw wzr prghov looxvwudwhv

wkdw doorzlqj iru fruuhodwlrq ehwzhhq wkh huuru whupv ri wkh wkuhh htxdwlrqv lp0

suryhv wkh �w ri wkh prgho vljql�fdqwo|1 Krzhyhu/ wkh frh!flhqwv fkdqjh rqo|

voljkwo|1 Doehlw wkh fruuhodwlrq ehwzhhq zdjhv dqg krxuv lv srvlwlyh/ lw lv yhu|

vpdoo dqg lqvljql�fdqw1 Lq rwkhu zrugv/ xqrevhuyhg fkdudfwhulvwlfv zklfk ulvh

wkh jurvv zdjh udwh dovr whqg wr lqfuhdvh wkh zrunlqj krxuv/ exw wkh h�hfw lv qrw

yhu| lpsruwdqw1 Krzhyhu/ wkh qhjdwlyh fruuhodwlrq zlwk wkh huuru whupv ri wkh

sduwlflsdwlrq htxdwlrq lv vxusulvlqj1 Suhvxplqj wkdw wkh xqrevhuyhg yduldeohv

zklfk udlvh wkh suredelolw| wr zrun duh shuvrqdo fkdudfwhulvwlfv/ vxfk dv dpel0

wlrq/ prwlydwlrq ru wkh wkluvw iru dfwlrq/ rqh zrxog h{shfw wkdw wkh uhvlgxdov ri

wkh sduwlflsdwlrq htxdwlrq dqg wkh zdjh dqg krxuv htxdwlrqv/ uhvshfwlyho|/ duh

fruuhodwhg srvlwlyho|1 Lq rxu fdvh wkh rssrvlwh lv wuxh1 Zrphq zkr kdyh d kljk

xqh{sodlqhg suredelolw| wr zrun hduq fhwhulv sdulexv orzhu zdjhv dqg zrun ohvv

krxuv1 Rqh h{sodqdwlrq frxog eh wkdw zrphq lq suhfdulrxv hfrqrplf vlwxdwlrqv/

4:



iru zklfk zh fdqqrw suhflvho| frqwuro +iruB,/ dffhsw mrev zlwk orzhu zdjhv dqg

ohvv krxuv wkdq wkrvh zkr irxqg wkhpvhoyhv qrw lq d suhglfdphqw1 Hvshfldoo|

zrphq zkr uhfhlyh vrfldo zhoiduh pd| dyrlg wr hduq wrr pxfk dgglwlrqdo lqfrph

lq rughu wr vwd| hqwlwohg wr wkhlu ehqh�wv1 Dqrwkhu frqvlghudwlrq lv wkdw pduulhg

zrphq zlwk vpdoo fkloguhq/ zkrvh kxvedqgv hduq kljk lqfrphv dovr kdyh d orz

suhglfwhg suredelolw| ri zrunlqj1 Li wkhvh zrphq lqwhqg wr wdnh xs zrunlqj diwhu

wkh fklog euhdn/ lv vhhpv udwlrqdo wkdw wkh| whpsrudoo| dffhsw d mre zlwk ohvv

krxuv dqg d orzhu zdjh udwh lq rughu wr nhhs lq wrxfk zlwk wkh oderu pdunhw1

Wkxv/ wkh qhjdwlyh fruuhodwlrq zlwk wkh sduwlflsdwlrq htxdwlrq pd| eh gxh wr wkh

olih f|foh pd{lpl}dwlrq ri wkh lqglylgxdov1

Lq wkh qh{w vwhs zh uhod{ wkh dvvxpswlrq wkdw wkh dprxqw ri zrunlqj krxuv

grhv qrw d�hfw wkh krxuo| zdjh udwh +Prgho 6,1 Khqfh zh lqfoxgh krxuv dqg

krxuv vtxduhg lq wkh zdjh htxdwlrq/ zklfk duh kljko| vljql�fdqw dqg lpsuryh

wkh �w ri wkh prgho1 Dffruglqj wr suhylrxv vwxglhv rxu hvwlpdwhv ohdg wr d V0

vkdshg exgjhw fxuyh1 Wkh krxuo| zdjh udwh lqfuhdvhv xs wr wkh shdn ri 5: krxuv

d zhhn dqg vwduwv wr ghfuhdvh diwhuzdugv1 Wkxv/ rxu uhvxowv duh frqvlvwhqw zlwk

wkh �qglqjv lq rwkhu frxqwulhv/ hyhq li wkh pd{lpxp krxuo| zdjh udwh lv sdlg

wr zrphq zlwk ohvv krxuv +Pr!w/ 4<;7> Huplvfk2Zuljkw/ 4<<4,1 Dowkrxjk zh

frqwuro iru ydulrxv yduldeohv/ zh fdq vwloo �qg d vljql�fdqw ghfolqh ri zdjhv iru

zrphq zrunlqj ryhuwlph krxuv/ wkdw lv lq jhqhudo pruh wkdq 73 krxuv d zhhn1

Odwhu rq zh zloo dgguhvv wkh txhvwlrq/ wr zklfk h{whqg wklv uhvxow pd| eh gxh

wr phdvxuhphqw sureohpv ri wkh krxuo| zdjh udwh1 Li zh wdnh d orrn dw wkh

hvwlpdwhg fryduldqfh pdwul{/ zh uhdol}h wkdw wdnlqj wkh oderu vxsso| ghflvlrq

lqwr dffrxqw ehfrphv pruh lpsruwdqw1 Wkh srvlwlyh fruuhodwlrq ehwzhhq zdjhv

dqg krxuv lqfuhdvhv dqg lv doprvw vljql�fdqw1 Wr sxw lw gl�huhqwo|/ wkhuh duh vrph

xqrevhuyhg fkdudfwhulvwlfv zklfk lq xhqfh wkh zdjh udwh dqg wkh krxuv ghflvlrq

lq wkh vdph zd|1 Wklv lpsolhv wkdw ljqrulqj wkh hqgrjhqhlw| ri wkh zrunlqj

krxuv ohdgv wr orzhu hvwlpdwhg zdjh udwhv iru mrev zlwk uhgxfhg zrunlqj krxuv

+vhh Iljxuh 9 lq wkh Dsshqgl{,1 Dovr wkh qhjdwlyh fruuhodwlrq ehwzhhq wkh zdjh

ixqfwlrq dqg wkh sduwlflsdwlrq vwdwxv lv vwloo vljql�fdqw1
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Iljxuh 6= Zdjh0krxuv sur�ohv iru vhohfwhg jurxsv

Uhpdun 5 Li qrw gh�qhg rwkhuzlvh/ wkh fkdudfwhulvwlfv ri wkh uhihuhqfh jurxs duh ydolg1

Xs wr wklv srlqw lw kdv ehhq dvvxphg wkdw wkh lpsdfw ri wkh dprxqw ri zrunlqj

krxuv rq wkh zdjh udwh lv wkh vdph iru doo lqglylgxdov1 Hyhq li wkh zd| krz wkh

zrunlqj krxuv lq xhqfh wkh krxuo| zdjh udwh vkrxog eh lqghshqghqw ri txdol�fd0

wlrq ohyho/ h{shulhqfh/ �up0vl}h ru lqgxvwu|/ wkh lqwhqvlw| ri wkh h�hfw frxog ydu|

dprqj gl�huhqw jurxsv ri hpsor|hhv1 Zh udq d ydulhw| ri uhjuhvvlrqv lq rughu

wr lghqwli| gl�huhqw krxuv h�hfwv iru gl�huhqw zrunhuv1 Ilqdoo| zh hqghg xs lq

prgho 7 +vhh odvw froxpq ri Wdeoh 4,1 Wzr sulpdu| revhuydwlrqv vkrxog eh pdgh

derxw wkhvh uhvxowv1 Iluvw/ wkh dvvxpswlrq wkdw wkh lpsdfw ri zrunlqj krxuv rq

zdjhv lv wkh vdph iru doo lqglylgxdov pxvw eh vwurqjo| uhmhfwhg143 Vhfrqg/ wkh

fruuhodwlrq dprqj wkh htxdwlrqv ri wkh vlpxowdqhrxv prgho ghfuhdvh dqg wzr ri

wkuhh fruuhodwlrq frh!flhqwv ehfrph lqvljql�fdqw/ lpso|lqj wkdw wkh mrlqw hvwl0

pdwlrq kdv olwwoh h�hfw rq wkh zdjh htxdwlrq1 Sohdvh qrwh wkdw wklv uhvxow rqo|

�f Wkh olnholkrrg0udwlr whvw ehwzhhq prgho 6 dqg prgho 7 jhqhudwhv d whvw vwdwlvwlf ri 77141
Wkh fulwlfdo ydoxh ri E�2

H
� lv 48181
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krogv iru wklv odvw vshfl�fdwlrq ri wkh zdjh ixqfwlrq1

Iljxuh 6 suhvhqwv wkh zdjh0krxuv fxuyhv iru vrph vhohfwhg jurxsv ri lqglylgx0

dov1 Zh ghwhfw gl�huhqw zdjh0krxuv sur�ohv iru pdvwhu fudiwvphq dqg iru zrphq

zrunlqj lq wkh vhuylfh ru wudgh vhfwru1 Zdjhv ri zrphq zlwk pdvwhu fudiwvpdq

glsorpd ru frpsdudeoh txdol�fdwlrqv ulvh idvwhu wkdq wkrvh ri wkh rwkhu txdol0

�fdwlrq jurxsv1 Dw wkh shdn dw 63 krxuv d zhhn/ wkh ehiruh0wd{ krxuo| zdjh

udwh ri pdvwhuv zlwk 48 |hduv ixoo0wlph h{shulhqfh lv derxw 41;3 GP kljkhu wkdq

iru vnloohg zrphq zlwk wkh vdph h{shulhqfh1 Krzhyhu/ iru dgglwlrqdo krxuv wkh

zdjh ghfuhdvhv yhu| txlfno| dqg lw frphv forvhu wr wkh zdjh0krxuv sdwk ri vnloohg

zrphq iru kljkhu qxpehuv ri zrunlqj krxuv1 Lq frqwudvw wr wklv vwhhs fxuyh ri

wkh fudiwvphq/ zdjhv lq wkh vhuylfh vhfwru jurz yhu| prghudwho| zlwk dgglwlrqdo

zrunlqj krxuv1

Dovr wkh suhylrxv oderu pdunhw h{shulhqfh ghwhuplqhv wkh vkdsh ri wkh zdjh0

krxuv fxuyh1 Iru h{dpsoh/ vnloohg zrphq zlwk 8 ru 48 |hduv ri ixoo0wlph h{shulhqfh

hduq dssur{lpdwho| wkh vdph krxuo| zdjh udwh li wkh| kdyh d pdujlqdo mre/ wkdw

lv/ wkh| zrun ohvv wkdq 48 krxuv d zhhn1 Rqfh wkh| lqfuhdvh wkhlu oderu vxsso|/

wkh zdjhv ri zrphq zlwk pruh h{shulhqfh ulvh pxfk idvwhu1 Wkh kljkhvw krxuo|

zdjh udwh iru vnloohg zrphq zlwk 48 |hduv ri h{shulhqfh lv sdlg wr wkrvh zrunlqj

65 krxuv d zhhn1 Ohvv h{shulhqfhg zrphq uhdfk wkhlu pd{lpxp dw 5; krxuv1

Dw wklv srlqw/ wkh jurvv zdjh gl�huhqwldo ehwzhhq wkhvh wzr h{shulhqfh jurxsv/

nhhslqj doo rwkhu fkdudfwhulvwlfv frqvwdqw/ lv 6147 GP shu krxu/ wkdw lv 6:; GP

shu prqwk1 Zrphq zlwk 63 |hduv ri ixoo0wlph h{shulhqfh vwduw iurp d kljkhu zdjh

udwh wkdq ohvv h{shulhqfhg zrphq1 \hw/ wkh judglhqw ri wkhlu zdjh0krxuv orfxv lv

prghudwh frpsduhg wr zrphq zlwk 48 |hduv ri h{shulhqfh1 Hyhq vr/ dgglwlrqdo

h{shulhqfh udlvhv wkh krxuo| zdjh udwh dw dq| srlqw rq wkh oderu vxsso| fxuyh1

Ghvslwh wkh gl�huhqw vkdshv ri wkh zdjh0krxuv fxuyhv/ wkh| doo kdyh lq frp0

prq wkdw wkh krxuo| zdjh udwh iru ryhu0wlph krxuv idoov vxevwdqwldoo|1 Wr fkhfn

zkhwkhu wkh vkdsh ri wkh zdjh0krxuv fxuyh lv eldvhg gxh wr wkh phdvxuhphqw

huuru lq krxuv/ zh uhhvwlpdwh prgho 6 dqg 7 edvhg rq wkh prgl�hg htxdwlrqv 719

dqg 71:1 Wkh hvwlpdwlrq uhvxowv duh suhvhqwhg lq Wdeoh 51
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Wdeoh 5= Hvwlpdwlrq uhvxowv ri wkh prgho zlwk orj+krxuv,

Prgho 6d Prgho 7d
frh� w0ydoxh frh� w0ydoxh

frqvwdqw 031674 03199 031<;; 04147
orj+krxuv, 51375 :157 518;7 71;3
orj+krxuv,5 061567 0:1:; 0715;8 0813<
xqvnloohg 03143< 0714: 031457 071;6
pdvwhu fudiwvpdq 31384 5147 31376 41;;
judgxdwhg 31675 43188 3166; 4319<
ixoo0wlph h{shulhqfh 31355 8194 031567 041;3
ixoo0wlph h{shulhqfh5 031369 06163 31<54 5137
530533 hpso1 31359 4135 3134: 3198
53405333 hpso1 3148< 917< 31484 9159
:5333 hpso1 31535 ;155 31535 ;168
hqhuj|/ plqlqj 031357 0316< 03134; 03163
phwdo lqgxvwu| 03135: 03185 03135< 0318<
rwkhu lqgxvwu| 031478 06143 031477 06145
wudgh/ vhuylfh 0314<7 08189 61499 61<6
wudqvsruw 031383 031<5 031387 04135
edqnlqj 31396 4173 31399 4183
hgxfdwlrq/ khdowk 3137; 4174 31384 4185
sxeolf vhuylfh 031359 03198 03135< 031:7
rwkhu vhfwruv 031387 03195 03136< 03178
lqwhudfwlrqv
h{s1� orj+krxuv, 3144; 4174
h{s15 � orj+krxuv, 03179; 04199
h{s1 � orj+krxuv,5 031456 031<6
h{s15 � orj+krxuv,5 3186< 4157
wudgh2vhuylfh � orj+k, 0515:3 07166
wudgh2vhuylfh � orj+k,5 61:45 7175
45zdjh>krxuv 3144< 413: 031346 03145
45zdjh>sduw= 031595 05134 03145< 04134
45krxuv>sduw= 0319;; 0431<9 03199; 0<1;:
phdq orj olnholkrrg 031;35 031:<5

Uhpdun 6 Vhh Wdeoh 41
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Dsduw iurp wkh frh!flhqwv ri wkh frqvwdqw dqg wkh krxuv0yduldeohv/ wkh prgl0

�hg prgho grhv qrw gl�hu iurp wkh suhylrxv uhvxowv1 Wkh lqwhudfwlrqv 6@r|eo �
*L}E�J�or� dqg 6@r|eo � *L}E�J�or�5 duh h{foxghg iurp Prgho 7d/ ehfdxvh wkh|

zhuh lqvljql�fdqw1 Dv h{shfwhg/ wkh fruuhodwlrq ehwzhhq wkh krxuv dqg wkh zdjh

htxdwlrq j5
hx ghfuhdvhv1 Ixuwkhupruh/ wkh fruuhodwlrq frh!flhqw lv qr pruh vljqli0

lfdqw lq hlwkhu prgho1 Wklv vxjjhvwv wkdw wkh dfwxdo zrunlqj krxuv gr qrw dozd|v

�w wr wkh uhsruwhg hduqlqjv ri wkh suhylrxv prqwk/ wkdw lv/ wkh phdvxuhphqw huuru

lq wkh krxuv yduldeoh lv vxevwdqwldo1 Wr looxvwudwh wkh h�hfw rq wkh zdjh0krxuv

orfxv/ Iljxuh 7 suhvhqwv wkh uhvxowlqj sur�ohv1 Zh fdq vhh wkdw dw wkh ehjlq0

qlqj wkh krxuo| zdjhv ulvh idvwhu zlwk lqfuhdvlqj zrunlqj krxuv1 Vwulnlqj lv wkdw

wkh ghfolqh ri wkh zdjh udwh iru ixoo0wlph mrev dqg ryhuwlph zrun lv prghudwh1

Wklv ohdgv rqh wr vxssrvh wkdw iru kljk qxpehu ri zrunlqj krxuv/ wkh uhsruwhg

suh0prqwk hduqlqjv gr qrw lqfoxgh wkh uhzdugv iru wkhvh ryhuwlph krxuv1 Wkhuh

duh wzr srvvleoh h{sodqdwlrqv iru wklv phdvxuhphqw huuru1 Iluvw/ ryhuwlph krxuv

frph xs yhu| luuhjxoduo| dqg duh sdlg diwhuzdugv1 Vhfrqg/ hyhq li wkh hpsor|hh

shupdqhqwo| zrunv dgglwlrqdo krxuv/ wkh| pd| eh uhzdughg luuhjxoduo|/ iru h{0

dpsoh/ diwhu d fhuwdlq olplw lv dfklhyhg1 Dv d uhvxow/ wkh revhuyhg krxuo| zdjh

udwhv iru wkhvh mrev duh lq jhqhudo orzhu wkdq wkh wuxh zdjhv1 Iru h{dpsoh/ lq

wkh phdvxuhphqw huuru prgho vnloohg zrphq zkr frpsohwhg 48 |hduv ri ixoo0wlph

hpsor|phqw vwduw zlwk derxw : GP shu krxu iru d 80krxuv mre1 Frpsduhg wr

wkh suhylrxv uhvxowv/ wkh hvwlpdwhg hqwu| zdjh lv yhu| orz1 Exw wkh zdjh udwh

douhdg| grxeohg iru mrev zlwk 43 krxuv d zhhn1 Wkh kljkhvw krxuo| zdjh udwhv

+derxw 56 GP, duh sdlg iru sduw0wlph mrev zlwk derxw 5; zrunlqj krxuv1 Wkxv/

wkh pd{lpxp ri wkh zdjh0krxuv sur�oh li vkliw wr wkh ohiw1 Iljxuh 7 vkrzv wkdw

dffrxqwlqj iru phdvxuhphqw huuruv jhqhudwhv dq lqfuhdvlqj zdjh udwh ryhu wkh

zkroh udqjh ri zrunlqj krxuv iru zrphq zrunlqj lq wkh vhuylfh ru wudgh vhfwru1

Vlplodu wr wkh suhylrxv uhvxowv/ dgglwlrqdo |hduv lq ixoo0wlph hpsor|phqw vkliw wkh

zdjh0krxuv sur�oh xszdugv1

Dqrwkhu zd| wr orrn dw wkh uhodwlrq ehwzhhq h{shulhqfh dqg wkh krxuo| zdjh

udwh lv wr frpsduh wkh zdjh0h{shulhqfh sur�ohv ri gl�huhqw oderu vxsso| uhjlphv1
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Iljxuh 7= zdjh0krxuv fxuyhv ri wkh prgho zlwk orj+krxuv,

Shrsoh zkr mxvw hqwhuhg wkh oderu pdunhw duh qrw vxssrvhg wr srvvhvv dq| h{shul0

hqfh1 Gxulqj wkh |hduv lq hpsor|phqw wkh| dffxpxodwh jhqhudo dqg �up vshfl�f

kxpdq fdslwdo zklfk lv uhzdughg e| wkh �up1 Iljxuh BB vkrzv wkdw wkh uhwxuqv

wr ohduqlqj e| grlqj/ dssur{lpdwhg e| wkh |hduv lq ixoo0wlph hpsor|phqw/44 gh0

shqg rq wkh fxuuhqw dprxqw ri zrunlqj krxuv1 Zrphq zkr zrun iru h{dpsoh

63 krxuv d zhhn jhw kljkhu frpshqvdwlrqv iru wkhlu h{shulhqfh wkdq sduw0wlph

zrunhuv1 Wkh gl�huhqfh ehwzhhq ixoo0wlph dqg sduw0wlph zrphq lv kljkhvw iru

hpsor|hhv/ zkr douhdg| kdyh ehhq zrunlqj ixoo0wlph iru 4: |hduv1 Lq wklv fdvh/

wkh gl�huhqw uhwxuqv wr oderu pdunhw h{shulhqfh fdxvh d zdjh gl�huhqwldo dprqj

d 530krxu sduw0wlph mre dqg d vwdqgdug ixoo0wlph mre ri derxw 5163 GP shu krxu1

Rqfh 63 |hduv lq ixoo0wlph hpsor|phqw duh frpsohwhg/ zrunlqj krxuv gr qrw

pdwwhu dq| pruh iru wkh frpshqvdwlrq ri h{shulhqfh1
�� Zkhwkhu �up vshfl�f kxpdq fdslwdo fuhdwhv dgglwlrqdo zdjh jurzwk lv vwloo dq rshq txhv0
wlrq1 Plqfhu2Mrydqrylf +4<;4, dqg Wrsho +4<<4,/ dv wzr surplqhqw h{dpsohv/ frqfoxghg
wkdw wkhuh duh odujh uhwxuqv wr vhqlrulw|1 Lq frqwudvw wr wkhvhv uhvxowv/ uhfhqwv vwxglhv iru wkh
XV +Dowrqml2Zlooldpv/ 4<<:, dqg iru Jhupdq| +Gxvwpdqq2Phjklu/ 4<<;, gr qrw frq�up
wkdw whqxuh jhqhudwhv dgglwlrqdo zdjh jurzwk1
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Iljxuh 8= Uhwxuqv wr ixoo0wlph hpsor|phqw

91 Frqfoxvlrq

Gr sduw0wlph zrunhuv hduq orzhu krxuo| zdjh udwhv wkdq ixoo0wlphuvB Hfrqrplf

wkhru| surylghv pdq| uhdvrqv zk| dqg krz wkh jurvv krxuo| zdjh udwh frxog eh

ghwhuplqhg e| wkh zrunlqj krxuv1 Krzhyhu/ wkh vkdsh ri wkh zdjh0krxuv sur�oh

lv qrw fohduo| ghwhuplqhg e| wkh wkhruhwlfdo dujxphqwv1 Wkh vl}h ri wkh zdjh

gl�huhqwldov dprqj mrev zlwk gl�huhqw zrunlqj krxuv lv qrw rqo| lqwhuhvwlqj iru

srolf| pdnhuv/ hpsor|hhv dqg hpsor|huv/ exw kdv dovr idu0uhdfklqj lpsolfdwlrqv

iru wkh oderu vxsso| ghflvlrq ri lqglylgxdov1 Qhjdwlyh zdjh suhplxpv iru sduw0

wlph mrev/ iru h{dpsoh/ zrxog ghfuhdvh wkh oderu vxsso| iru wkrvh mrev1 Lq wklv

vhwwlqj/ shrsoh zrxog whqg wr zrun hlwkhu ixoo0wlph ru ohdyh wkh oderu pdunhw1

Hpslulfdo vwxglhv iru gl�huhqw frxqwulhv gr qrw surylgh fohdu hylghqfh derxw

wkh zdjh vwuxfwxuh1 Wkh gl�huhqw uhvxowv pd| eh sduwo| gxh wr wkh gl�huhqw

hfrqrphwulf phwkrgv1 Suhylrxv vwxglhv iru Jhupdq| vxjjhvw wkdw zrphq zlwk

pdujlqdo ru sduw0wlph mrev hduq orzhu zdjhv wkdq ixoo0wlph hpsor|hg zrphq hyhq

li wkh txdol�fdwlrq ohyho dqg rwkhu h{sodqdwru| yduldeohv duh frqwuroohg iru1 Wkh
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gudzedfn ri wkhvh vwxglhv lv/ krzhyhu/ wkdw wkh lqglylgxdo oderu vxsso| ghflvlrq

duh dvvxphg wr eh h{rjhqrxv/ zklfk frqwudglfwv hfrqrplf wkhru|1 Wkhuhiruh/ zh

xvh d vlpxowdqhrxv prgho zklfk doorzv iru hqgrjhqhlw| ri wkh zhhno| zrunlqj

krxuv dqg ixuwkhu wdnhv lqwr dffrxqw wkh sduwlflsdwlrq ghflvlrq1 Ixuwkhupruh/ zh

uhod{ wkh xvxdo dvvxpswlrq wkdw wkh h�hfw ri zrunlqj krxuv rq zdjhv lv wkh vdph

iru doo lqglylgxdov1

Wkuhh sulpdu| revhuydwlrqv vkrxog eh pdgh derxw rxu uhvxowv1 Iluvw/ iru Zhvw

Jhupdq zrphq/ wkh h{rjhqhlw| dvvxpswlrq ri zrunlqj krxuv lq wkh zdjh uhjuhv0

vlrq pxvw eh uhmhfwhg li wkh zdjh0krxuv orfxv lv dvvxphg wr eh wkh vdph iru doo

lqglylgxdov1 Dv d uhvxow ri wklv wkh zdjh udwh ri sduw0wlph hpsor|hhv lv xqghuhv0

wlpdwhg lq wkh vwdqgdug ROV hvwlpdwhv1 Krzhyhu/ li zh doorz iru frpsrvlwlrqdo

zdjh gl�huhqfhv ehwzhhq sduw0wlphuv dqg ixoo0wlphuv/ wkh ROV hvwlpdwhv duh qrw

eldvhg1 Wkdw lv/ lq rxu suhihuuhg vshfl�fdwlrq/ xqrevhuyhg fkdudfwhulvwlfv zklfk

pd| lq xhqfh wkh zdjh udwh dqg wkh dprxqw ri zrunlqj krxuv dw wkh vdph wlph/

fdq eh ljqruhg1 Wkhvh uhvxowv vkrz wkdw lq sulqflsoh wkh oderu vxsso| ghflvlrq

vkrxog eh ixoo| wdnhq lqwr dffrxqw/ ehfdxvh wkh xqrevhuyhg fkdudfwhulvwlfv pd|

eh fuxfldo lq wkh vshfl�f fdvh1

Vhfrqg/ rxu hvwlpdwhv vkrz wkdw wkh krxuo| zdjh udwh lv vwurqjo| d�hfwhg e|

wkh zrunlqj krxuv1 Ghshqglqj rq wkh vshfl�fdwlrq/ wkh zdjh udwh lqfuhdvhv zlwk

ulvlqj zrunlqj krxuv xs wr d wkuhvkrog zklfk ydulhv ehwzhhq 54 dqg 67 krxuv d

zhhn1 Iru h{dpsoh/ vnloohg zrphq zlwk 48 |hduv ri ixoo0wlph h{shulhqfh hduq wkh

kljkhvw krxuo| zdjh udwhv dw derxw 67 krxuv d zhhn1 Ixuwkhupruh/ zh ghwhfw

gl�huhqw zdjh0krxuv sur�ohv iru vrph vshfl�f jurxsv1 Zrphq zrunlqj lq wkh

wudgh ru vhuylfh vhfwru h{shulhqfh d  dwwhu zdjh0krxuv fxuyh wkdq wkrvh lq rwkhu

vhfwruv1 Zdjh udwhv ri zrphq zlwk d pdvwhu fudiwvpdq glsorpd ru frpsdudeoh

txdol�fdwlrqv ulvh idvwhu wkdq wkrvh ri rwkhu txdol�fdwlrq jurxsv1 Exw/ rqfh wkh|

zrun pruh wkdq 63 krxuv d zhhn wkh krxuo| zdjh ghfolqhv vwurqjo|1 Dovr wkh

suhylrxv oderu pdunhw h{shulhqfh ghwhuplqhv wkh vkdsh ri wkh zdjh0krxuv orfxv1

Shrsoh zkr zrun iru h{dpsoh 73 krxuv d zhhn jhw kljkhu frpshqvdwlrqv iru d

vshfl�f h{shulhqfh lq ixoo0wlph hpsor|phqw wkdq sduw0wlph zrunhuv1 Rqfh wkh

58



zrphq frpsohwhg 63 |hduv lq ixoo0wlph zrun/ wkh fxuuhqw zrunlqj krxuv gr qrw

pdwwhu dq| pruh iru wkh uhwxuqv wr wkhlu h{shulhqfh1

Ilqdoo|/ zh uhdol}hg wkdw wkh krxuv yduldeoh lq rxu gdwd lv phdvxuhg lpsuhflvho|1

Dv d uhvxow ri wkh phdvxuhphqw huuru lq krxuv/ wkh zdjh udwhv iru ryhu0wlph krxuv

duh xqghuhvwlpdwhg1 Wdnlqj lqwr dffrxqw wkh dgglwlrqdo huuru whup jhqhudwhv d

prghudwh ghfolqh ri zdjhv iru d orqj zrunlqj zhhn1 Hyhq vr/ wkh kljkhvw krxuo|

zdjh udwhv duh sd|hg iru mrev zlwk uhgxfhg zrunlqj krxuv1

Wkhvh uhvxowv vkrz/ wkdw wkh zdjh glvwulexwlrq grhv qrw vhhp wr eh wkh gulylqj

idfwru iru wkh pdujlqdo lpsruwdqfh ri sduw0wlph zrun iru Zhvw Jhupdq| zrphq1

Rq wkh frqwudu|/ wkh frpsdudeoh kljk krxuo| zdjh udwh iru mrev zlwk derxw 63

krxuv shu zhhn vkrxog eh d uhdvrq iru wkh oderu vxsso| lq wklv fdwhjru|1 Jlyhq

wkdw yhu| ihz zrphq dfwxdoo| fkrrvh wklv oderu vxsso| uhjlph ohdgv rqh wr vxjjhvw

wkdw wkhvh mrev pd| eh yhu| uduh1 Srvvleo|/ fuhdwlqj d 630krxu mre d�rugv pruh

rujdql}dwlrqdo h�ruw wkdq glylglqj d ixoo0wlph mre lq wzr 530krxu mrev1 Dqrwkhu

uhdvrq frxog eh wkdw d 630krxuv mre lv ohvv frpsdwleoh zlwk wkh dydlodeoh fklog

fduh idflolwlhv vr wkdw zrphq duh irufhg wr dffhsw hlwkhu d vwdqgdug sduw0wlph mre

ru wr ohdyh wkh oderu pdunhw1 Ixuwkhu uhvhdufk lv qhfhvvdu| wr ghflgh zkhwkhu

zrphq duh frqvwudlqw zlwk uhvshfw wr h{whqghg sduw0wlph mrev ru zkhwkhu rwkhu

idfwruv suhyhqw wkhp wr fkrrvh wkhvh kljk sdlg mrev1
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Mre Vhqlrulw|�/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ Yro1 <<+4,= 47804:91

^4;` Wxpphuv/ P1 S1 dqg L1 Zrlwwlh} +4<<4,/ �D VlpxowdqhrxvZdjh dqg Oderu Vxsso|

Prgho zlwk Krxuv Uhvwulfwlrqv�/ Wkh Mrxuqdo ri Kxpdq Uhvrxufhv/ Yro1 59+6,=

6<607561

^4<` Zroi/ H1 +4<<;,/ �Gr Krxuv Uhvwulfwlrqv PdwwhuB D Glvfuhwh Idplo| Oderu Vxs0

so| Prgho zlwk Hqgrjhqrxv Zdjhv dqg Krxuv Uhvwulfwlrqv�/ ]HZ0Glvfxvvlrq

Sdshu/ Qr1 <;077/ ]hqwuxp i u Hxursçlvfkh Zluwvfkdiwviruvfkxqj/ Pdqqkhlp1

5;



Dsshqgl{

D14 Olnholkrrg Frqwulexwlrqv

Lq rxu iudphzrun/ wkh pxowlyduldwh hfrqrphwulf sureohp lqyroyhv erwk frqwlqxrxv

+zdjhv dqg krxuv, dqg glvfuhwh yduldeohv +sduwlflsdwlrq,1 Wkhuhiruh/ wkh olnhol0

krrg ixqfwlrq lv pdgh xs e| whup wkdw duh suredelolw| ghqvlwlhv zlwk uhvshfw wr

wkh olplwhg ghshqghqw yduldeoh dqg lqwhjudwhg suredelolw| ixqfwlrqv zlwk uhvshfw

wr wkh frqwlqxrxv yduldeohv1 Wklv frpsrvlwlrq lv edvhg rq Ed|hv* wkhruhp1 Xqghu

qrupdolw| dvvxpswlrqv/ d mrlqw ghqvlw| ixqfwlrq fdq eh ghfrpsrvhg lq d sduwldo

ghqvlw| ixqfwlrq dqg d frqglwlrqdo ghqvlw| ixqfwlrq1

)Et 4c t 5(>4c >5cP� ' )Et 5(>5cP55�� ~} � �)Et 4(>�cP��� ~} �( +4,

s1g1i1 f1g1i

zkhuh t 4 dqg t 5 duh wkh glvfuhwh dqg frqwlqxrxv yduldeohv ri lqwhuhvw dqg >4

dqg >5 duh wkhlu h{shfwhg ydoxhv1 Wkh fruuhodwlrq pdwul{ P lv frpsrvhg ri

P44 ' SJ�Et 4�/ P55 ' SJ�Et 5� dqg P45 ' SJ�Et 4c t 5�1 Wkhq/ wkh glvwulexwlrq

ri t 4 frqglwlrqdo rq t 5 fdq eh zulwwhq dv t 4 m t 5 � �E>�cP��c zkhuh >� '

>4 nP45EP55��4Et 5 � >5� dqg P� ' P44 � P45EP55��4P54�

Wkh olnholkrrg ixqfwlrq ri rxu prgho fdq eh glylghg lqwr wkh olnholkrrg frqwul0

exwlrq ri wkh qrq0sduwlflsdqwv dqg wkh sduw ri wkh dfwlyh zrunhuv1

u ' SE� � 	 f� n sE�c *?�� � SE� � : f m �c *?�� +5,

Wkh �uvw sduw ghvfulehv wkh suredelolw| ri qrw zrunlqj lq wkh oderu pdunhw dqg wkh

vhfrqg whup ghvfulehv wkh mrlqw glvwulexwlrq ri wkh revhuyhg zdjh udwhv dqg wkh

fruuhvsrqglqj zrunlqj krxuv ri wkh hpsor|hg shrsoh1 Wkh olnholkrrg frqwulexwlrq

ri wkhvh lqglylgxdov lv suhvhqwhg dv d sduwldoo| lqwhjudwhg qrupdo ghqvlw|1 Lq whupv

ri wkh deryh vshfl�hg prgho +vhh htxdwlrq 714 wr 716, wkh olnholkrrg ixqfwlrq fdq

eh uhzulwwhq dv

5<



u ' SE� 	 �� � ~� n sE�c *?�� � SE� : �� � ~ m �c *?��
' xE�� � ~� n )E�c *?�(>cP� � x

�
>�

P�

�
c +6,

zkhuh >� dqg P� duh gh�qhg deryh1
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D15 Vdpsoh ghvfulswlrq

Wdeoh D4= Ghvfulswlyh vwdwlvwlfv ri wkh vdpsoh

phdq vwdqg1 ghy1 plqlpxp pd{lpxp
orj+zdjhv, 51<< 317 418 713
zrunlqj krxuv 64186 431< 913 9313
|hduv lq ixoo0wlph hpsor|phqw ;193 ;13 313 7613
rwkhu krxvhkrog lqfrph 615; 515 313 4<17
uhjlrqdo xqhpsor|phqw udwh <159 41; :13 4713
wdvwh iru zrun 04195 <1< 0791: 5313

iuht shufhqw
sduwlflsdwlrq 459; 8517
xqvnloohg 8;; 5716
vnloohg 43;8 771;
pdvwhu fudiwvpdq 879 5519
judgxdwhg 535 ;16
	 53 hpsor|hhv 794 6917
53 0 533 hpsor|hhv 558 4:1:
534 0 5333 hpsor|hhv 5:3 5416
: 5333 hpsor|hhv 645 5719
fkhplfdo2hohfwulfdo lqg1/ hqjhqhhulqj 44< <17
hqhuj| plqlqj 67 51:
phwdo lqgxvwu| 8: 718
rwkhu lqgxvwu| :5 81:
wudgh/ vhuylfh 5<4 5613
wudqvsruw 83 61<
edqnlqj ;7 919
hgxfdwlrq/ khdowk 73< 6516
sxeolf vhuylfh 46: 431;
rwkhu vhfwruv 48 415
nlgv lq wkh krxvhkrog +\2Q, 43;8 771;
orqh prwkhu/ uhodwlyh lq qhhg ri fduh ;; 619
pduulhg 4974 9:1;
sduwlflsdwlrq ri wkh vsrxvh 45<5 8617
& revhuydwlrqv 5754 433

64



D16 Hvwlpdwlrq uhvxowv

Wdeoh D5= Krxuv htxdwlrq dqg sduwlflsdwlrq suredelolw| +Prgho 7,

krxuv sduwlflsdwlrq
frh� w0ydoxh frh� w0ydoxh

frqvwdqw 741;5< 7515; frqvwdqw 419;6 614<
& nlgv 	 6 |hdu 07186; 041<5 nlgv 04187; 0431<9
& nlgv 709 |hdu 091933 0619: DJHNLG 31454 44195
& nlgv :049 |hduv 081349 051<8 NLGV49 03149< 04143
xqvnloohg 3167; 317: xqvnloohg 03154: 051:;
pdvwhu fudiwvpdq 4184: 515; pdvwhu fudiwvpdq 031338 0313:
judgxdwhg 41:<4 41:; judgxdwhg 31779 6164
h{shulhqfh 031737 06183 djh 031369 04157
h{shulhqfh5*�ff 31;88 51;< djh5*�ff 031395 041::
pduulhg 061953 08183 h{shulhqfh 31554 4617;
RLQF 0314:3 03194 h{shulhqfh5*�ff 031686 0<146
RLQF5*�fff 0314:7 031:6 pduulhg 03145: 04184
RLQF - NLGV49 0316<3 0516: RLQF 0314;8 08174
wdvwh iru zrun 313<7 615; RLQF5*�fff 3144; 61:6
NLGV49 - h{shulhqfh 31375 319; SDUWbVS 31595 61:3
NLGV49 - VFKRRO 31495 415: wdvwh iru zrun 3133< 51:;

NLGV49 - h{shulhqfh 03134: 051;8
NLGV49 - VFKRRO 31357 5143
uhjlrqdo xqhpso1 udwh 03135; 041:7
FDUH 031448 0415:

Uhpdun 7 Qrwh= RLQF= rwkhu qhw krxvhkrog lqfrph> NLGV49= qxpehu ri fkloghq xs wr wkh djh 49> VFKRRO>
|hduv ri hgxfdwlrq> DJHNLG= djh ri wkh wkh |rxqjhvw nlg lq wkh krxvhkrog> SDUWbVS= sduwlfldswlrq ri wkh
vsrxvh> FDUH= orqh prwkhuv zlwk fkloguhq xs wr 6 |hduv ru h{lvwhqfh ri shrsoh lq qhhg ri fduh lq wkh krxvhkrog>
wkh yduldeoh �wdvwh iru zrun� lv fuhdwhg e| d idfwru dqdo|vlv iurp wkh txhvwlrq �Krz lpsruwdqw duh wkh iroorz0
lqj wklqnv iru |rxu olih�1 Dprqj wkh wrslfv zklfk duh hydoxdwhg e| wkh lqglflgxdov duh +4, wr ixo�o rqhvhoi/ +5,
vxffhvv rq wkh mre/ +6, wr kdyh fkloguhq/ +7, wr eh kdsslo| pduulhg ru +8, wr eh deoh wr d�rug vrphwklqj1 Wkhvh
lwhpv duh xvhg wr fuhdwh d idfwru qdphg wdvwh iru zrun1
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Iljxuh 9= Zdjh0krxuv sur�oh zlwk h{rjhqrxv dqg hqgrjhqrxv krxv +Prgho 6,
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