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4 Lqwurgxfwlrq

Pxfk dwwhqwlrq kdv ehhq ghyrwhg wr wkh dqdo|vlv ri wkh frqvhtxhqfhv ri oderu pdunhw

 h{lelolw| gxulqj uhfhqw |hduv1 Mre surwhfwlrq lv nqrzq wr uhgxfh erwk mre ghvwuxfwlrq

dqg fuhdwlrq1 Lw lv srvvleoh wr glvwlqjxlvk wkuhh fodvvhv ri prghov wkdw duh xwlol}hg wr

dqdo|}h wkh frqvhtxhqfhv ri mre surwhfwlrq �vhh Omxqjtylvw +4<<;, iru d voljkwo| gl�huhqw

fodvvl�fdwlrq1 Wkh �uvw fodvv ri prghov uhsuhvhqwv wkh ehkdylru ri d �up/ vxemhfw wr

lglrv|qfudwlf surgxfwlylw| vkrfnv dqg dgmxvwphqw frvw ri oderu/ dqg idflqj dq h{rjhqrxv

zdjh�Ehqwrolod dqg Ehuwrod +4<<3,/ Ehuwrod +4<<3,/ Ehqwrolod dqg Vdlqw0Sdxo +4<<5,1 Wkh

vhfrqg fodvv ri prghov h{whqgv wkh dqdo|vlv ri wkh �up vxemhfw wr lglrv|qfudwlf vkrfnv wr

d jhqhudo htxloleulxp iudphzrun/ zkhuh d frqwlqxxp ri lghqwlfdo frqvxphuv fkrrvh wkhlu

oderu vxsso| dqg frqvxpswlrq �Krshqkd|q dqg Urjhuvrq +4<<6,1 Lq wklv prgho/ d ulvh lq

�ulqj frvwv/ zklfk duh uhglvwulexwhg wr wkh frqvxphuv lq wkh irup ri oxps0vxp wudqvihuv/

fruuhvsrqgv wr d glvwruwlrq wkdw ghfuhdvhv wkh uhwxuqv ri oderu/ jlylqj ulvh wr d ghfuhdvh lq

oderu vxsso|/ dqg hyhqwxdoo| wr d gurs ri hpsor|phqw1 Wkh odvw fodvv ri prghov frqvlghuv

lq pruh ghwdlo frvwv dvvrfldwhg wr wkh pdwfk irupdwlrq dqg wdnhv wkh mre �dqg qrw wkh

�up� dv wkh xqlw ri dqdo|vlv �Pruwhqvhq dqg Slvvdulghv +4<<7/ 4<<:,/ Jduledogl +4<<;,/

Fdeudohv dqg Krshqkd|q +4<<;,1 Rqfh fuhdwhg/ d mre jlyhv ulvh wr d uhqw zklfk lv vkduhg

ehwzhhq wkh zrunhu dqg wkh hpsor|hu/ dqg wkh surgxfwlylw| ri hdfk mre lv vxemhfw wr

lglrv|qfudwlf vkrfnv1 Wklv dssurdfk kdv wkh dgydqwdjh wr frqvlghu vhdufk frvwv/ zlwk

hqgrjhqrxv zdjhv dqg mre ghvwuxfwlrq lq d forvhg htxloleulxp prgho ri wkh oderu pdunhw1

Hyhu| fodvv ri prghov surylghv wkh vdph w|sh ri suhglfwlrq= D pruh vwulqjhqw hpsor|phqw

surwhfwlrq kdv dq dpeljxrxv lpsdfw rq wkh ohyho ri ryhudoo hpsor|phqw/ ehfdxvh lw uhgxfhv

erwk mre fuhdwlrq dqg ghvwuxfwlrq1

Wkh dlp ri rxu sdshu lv wr vkrz wkdw wdnlqj lqwr dffrxqw wkh lqwhudfwlrq ehwzhhq

zdjh vhwwlqj dqg mre surwhfwlrq srolflhv khosv xqghuvwdqglqj wkhlu frqvhtxhqfhv rq mre

 rzv dqg hpsor|phqw1 Lqghhg/ wkh frpsdulvrq ri mre  rzv lq frxqwulhv zlwk  h{leoh dqg

uljlg oderu pdunhw �Qruwk Dphulfd yhuvxv Frqwlqhqwdo Hxursh� lv txlwh glvwxuelqj/

vlqfh lw vkrzv mre  rzv zlwk wkh vdph rughu ri pdjqlwxgh1 Ehuwrod dqg Urjhuvrq +4<<:,

fodlp wkdw vxfk d vlplodulw| pljkw vwhp iurp rwkhu gl�huhqfhv lq oderu pdunhw lqvwlwxwlrqv

wkdq mre surwhfwlrq srolflhv1 Wkh| dujxh wkdw wkh zdjh frpsuhvvlrq gxh wr d pxfk pruh

fhqwudol}hg zdjh vhwwlqj lq Hxursh lqvsluhg e| wkh chtxdo sd| iru htxdo zrun* sulqflsoh
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pljkw eh dq lpsruwdqw hohphqw wkdw irvwhuv mre ghvwuxfwlrq dqg fuhdwlrq1 Wkh lghd wkdw

xqhpsor|phqw dqg mrev  rzv duh wkh surgxfw ri lqwhudfwlqj lqvwlwxwlrqdo ihdwxuhv ri wkh

oderu pdunhw lv idu iurp ehlqj qhz �vhh Frh dqg Vqrzhu +4<<:, iru d uhfhqw dffrxqw�/

exw lv dovr idu iurp ehlqj frpsohwho| h{soruhg1 Lq sduwlfxodu/ wr rxu nqrzohgjh/ lw dsshduv

wkdw wkh lqwhudfwlrq ehwzhhq mre surwhfwlrq dqg wkh plqlpxp zdjh/ dowkrxjk riwhq hyrnhg

�vhh h1j1 Eodqfkdug/ 4<<;/ Pruwhqvhq dqg Slvvdulghv +4<<:,� kdv qrw dwwudfwhg pxfk

dwwhqwlrq1 \hw/ wklv lv d sdudprxqw sureohp/ vlqfh dq lpsruwdqw sursruwlrq ri xqvnloohg

dqg |rxqj zrunhuv duh sdlg wkh plqlpxp zdjh lq Hxursh/ dqg lw lv iru wkrvh zrunhuv wkdw

wkh xqhpsor|phqw sureohp lv wkh prvw vwulqjhqw �Grodgr hw doll +4<<9, dqg Derzg/

Nudpdu} dqg Pdujrolv +4<<;,1

Pruh suhflvho|/ wkh dlp ri rxu sdshu lv wr dqdo|}h wkh lqwhudfwlrq ehwzhhq plql0

pxp zdjh dqg mre surwhfwlrq srolflhv lq d g|qdplf vhdufk dqg pdwfklqj iudphzrun

ã od Pruwhqvhq dqg Slvvdulghv +4<<7,1 Zh wklqn wkdw vhyhudo uhdvrqv mxvwli| wkdw lw lv

zruwk vwxg|lqj vxfk d sureohp1 Iluvw/ rq pdq| dvshfwv/ wkh Pruwhqvhq dqg Slvvdulghv

prgho lv zhoo dgdswhg wr dqdo|}h wkh frqvhtxhqfhv ri mre surwhfwlrq= Zdjhv/ mre fuhdwlrqv

dqg ghvwuxfwlrqv duh hqgrjhqrxv dqg wudqvdfwlrqv frvwv rq wkh oderu pdunhw duh wdnhq

lqwr dffrxqw lq d iudphzrun wkdw lv yhu| wudfwdeoh1 Exw zdjh  h{lelolw| sod|v d yhu| lp0

sruwdqw uroh zkhq Pruwhqvhq dqg Slvvdulghv +4<<:, �qg d qhjdwlyh uhodwlrqvkls ehwzhhq

�ulqj frvwv dqg xqhpsor|phqw1 Lq wkhlu prgho/ d ulvh lq �ulqj frvwv ohdgv wr d ghfuhdvh lq

zdjhv/ zklfk duh dvvxphg wr eh qhjrwldwhg/ doorzlqj wr vriwhq wkh lpsdfw rq sur�wv/ dqg

wkhq rq mre fuhdwlrq dqg ghvwuxfwlrq1 Dffruglqjo|/ rqh zrxog h{shfw mre surwhfwlrq wr

eh ohvv idyrudeoh wr hpsor|phqw zkhq d plqlpxp zdjh lv elqglqj1 Vhfrqg/ wkh dvvxps0

wlrq wkdw zdjhv duh dozd|v qhjrwldwhg zlwkrxw dq| lqvwlwxwlrqdo frqvwudlqw lpsolhv wkdw

uhgxqgdqf| sd|phqwv gr qrw lq xhqfh qhlwkhu xqhpsor|phqw qru mre  rzv1 Wkhuhiruh/

dowkrxjk wkh frqvhtxhqfhv ri �ulqj wd{hv dqg dgplqlvwudwlyh glvplvvdo uhvwulfwlrqv duh zhoo

grfxphqwhg �Jduledogl +4<<;,�/ lw lv xvxdo wr fodlp wkdw wkh vroh h�hfw ri uhgxqgdqf|

sd|phqwv lv wr orzhu wkh zdjhv �Od}hdu +4<<3, dqg Exugd +4<<5,1 Wklv lv d gudzedfn/

vlqfh pdq| zrunhuv frqfhuqhg e| mre surwhfwlrq jhw hlwkhu wkh plqlpxp zdjh ru d zdjh

forvh wr wkh plqlpxp zdjh1 Dq reylrxv dqg hdv| zd| wr ghdo zlwk vxfk d gudzedfn lv wr

dvvxph h{rjhqrxv zdjhv1 Exw/ wklv lv qrw frpsohwho| vdwlvi|lqj/ ehfdxvh mre surwhfwlrq

srolflhv fdq lq xhqfh zdjhv1 Wkxv/ lw lv ehwwhu wr lqwurgxfh d plqlpxp zdjh lq d iudph0
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zrun zkhuh zdjhv duh hqgrjhqrxv1 Wklv dssurdfk doorzv xv wr vkrz wkdw wkh lpsdfw ri

uhgxqgdqf| sd|phqwv rq xqhpsor|phqw dqg zhoiduh ghshqgv rq wkh plqlpxp zdjh ohyho

lq d qrq wulyldo zd|1 Lq sduwlfxodu/ uhgxqgdqf| sd|phqwv fdq kdyh yhu| gl�huhqw h�hfwv

zkhq d plqlpxp zdjh lv elqglqj= Wkh| fdq lpso| lqfuhdvhv lq hpsor|phqw dqg zhoiduh

lq vrph flufxpvwdqfhv dqg ghfuhdvhv lq rwkhuv1 Krzhyhu/ fdoleudwlrq h{huflvhv vxjjhvw

wkdw mre surwhfwlrq lv pxfk pruh xqidyrudeoh wr hpsor|phqw zkhq d kljk plqlpxp zdjh

lv elqglqj1

Dfwxdoo|/ lqwurgxflqj d plqlpxp zdjh lq d pdwfklqj prgho zkhuh zdjhv duh qhjrwl0

dwhg lv qrw vwudljkwiruzdug1 Lq wkh vwdqgdug pdwfklqj prgho ri wkh oderu pdunhw/ zdjhv

duh dvvxphg wr eh uhqhjrwldwhg dw doo wlphv1 Exw wklv dvvxpswlrq lv txhvwlrqdeoh1 Lw

lpsolhv d yhu|  h{leoh zdjh wkdw  xfwxdwhv dffruglqj wr wkh vkrfnv wkdw klw wkh mrev1

Pruhryhu/ wkh lqlwldo zdjh fdq eh qhjdwlyh �zklfk phdqv wkdw wkhuh lv d erqg ohiw e| wkh

zrunhu� li wkhuh duh �ulqj frvwv1 Pruwhqvhq dqg Slvvdulghv +4<<:, jhw ulg ri wklv sureohp

e| dvvxplqj wkdw wkh zdjhv duh qrw uhqhjrwldwhg xqwlo d vkrfn klwv wkh mrev1 Wdnlqj wklv

gluhfwlrq/ zh dvvxph wkdw oderu frqwudfwv vshfli| d �{hg zdjh wkdw fdq eh uhqhjrwldwhg

e| pxwxdo djuhhphqw rqo|1 Vxfk dq dvvxpswlrq lv zruwk dw ohdvw iru wzr uhdvrqv1 Iluvw/

lw dsshduv wr eh dq lpsruwdqw ihdwxuh ri oderu frqwudfwv lq Hqjodqg dqg lq Frqwlqhqwdo

Hxursh �Pdofrpvrq +4<<:,1 Vhfrqg lw fdq eh mxvwl�hg e| qrq0frrshudwlyh jdph wkhru|

lq dq hqylurqphqw zkhuh wkh lglrv|qfudwlf frpsrqhqwv ri d mre duh qrw yhul�deoh �vhh

Pdf Ohrg dqg Pdofrpvrq +4<<6, dqg Pdofrpvrq +4<<:,1 Lqghhg/ li wkh lqirupdwlrq lv

xqyhul�deoh/ pdq| frqwudfw surylvlrqv pd| eh xqhqirufhdeoh ehfdxvh d frxuw grhv qrw

kdyh wkh lqirupdwlrq qhfhvvdu| wr hqirufh wkhp1 Lq wklv frqwh{w/ d frqwudfw wkdw vshfl�hv

d �{hg zdjh rqo| lv hdv| wr hqirufh1 Pruhryhu/ qrq0frrshudwlyh jdph wkhru| vkrzv wkdw

wkh frqwudfw fdq eh uhqhjrwldwhg e| pxwxdo djuhhphqw rqo|1 Wkh uhdvrq iru wklv lv yhu|

lqwxlwlyh= Dq hpsor|hu vkrxog djuhh wr uhqhjrwldwh d �{hg0zdjh frqwudfw zkhq d zrunhu

fodlpv d zdjh lqfuhdvh rqo| li kh nqrzv wkdw wkh zrunhu suhihuv wr ohdyh wkdq jrlqj rq

wr zrun dw wkh fxuuhqw zdjh> lq dq| rwkhu flufxpvwdqfhv wkh hpsor|hu vkrxog uhixvh wkh

zrunhuv* fodlpv1 Wkh vdph dujxphqw dssolhv wr wkh vlwxdwlrq ri d zrunhu zkr idfhv d hp0

sor|hu zkr zdqwv d zdjh gurs1 Dffruglqjo|/ wkh �{hg0zdjh frqwudfw fdq eh uhqhjrwldwhg

e| pxwxdo djuhhphqw rqo|/ l1h1 li wkh hpsor|hu ru wkh zrunhu suhihuv wr txlw wkdq jrlqj

rq dw wkh fxuuhqw zdjh1
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Wkh dvvxpswlrq ri �{hg0zdjh frqwudfw uhqhjrwldwhg e| pxwxdo djuhhphqw rqo| kdv lp0

sruwdqw frqvhtxhqfhv1 Lw doorzv xv wr |lhog sodxvleoh zdjh sur�ohv dqg wkhq wr lqwurgxfh

wkh plqlpxp zdjh lq d frkhuhqw zd|1 Lw dovr lpsolhv wkdw mre surwhfwlrq srolflhv lq x0

hqfh zdjh sur�ohv= Dpruh vwulqjhqw mre surwhfwlrq glplqlvkhv wkh iuhtxhqf| ri grzqzdugv

zdjh uhqhjrwldwlrqv1 Pruhryhu/ rxu dvvxpswlrq derxw uhqhjrwldwlrqv |lhogv qhz suhglf0

wlrqv rq wkh lq xhqfh ri uhgxqgdqf| sd|phqwv rq hpsor|phqw hyhq zkhq d plqlpxp

zdjh lv qrw elqglqj= Lw zloo eh vkrzq wkdw orz uhgxqgdqf| sd|phqwv duh qhxwudo/ dv

lq wkh vwdqgdug vhdufk0pdwfklqj prgho/ exw wkdw d kljk ohyho ri uhgxqgdqf| sd|phqw

lq xhqfhv hpsor|phqw1

Wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq wzr lv ghyrwhg wr wkh suhvhqwdwlrq ri wkh

prgho1 Wkh hfrqrp| zlwk d  h{leoh zdjh lv dqdo|}hg lq vhfwlrq wkuhh dqg d plqlpxp

zdjh lv lqwurgxfhg lq vhfwlrq irxu1 Wkh frqvhtxhqfhv ri mre surwhfwlrq duh vwxglhg lq

vhfwlrq �yh1 Vhfwlrq vl{ surylghv vrph frqfoxglqj frpphqwv1

5 Wkh prgho

Zh frqvlghu d frqwlqxrxv wlph htxloleulxp vhdufk dqg pdwfklqj prgho ã od Pruwhqvhq

dqg Slvvdulghv +4<<7,1 Zh ehjlq wr suhvhqw wkh ihdwxuhv ri mrev dqg zrunhuv ehiruh sd|lqj

vrph dwwhqwlrq wr wkh gh�qlwlrq ri sur�wv dqg h{shfwhg xwlolwlhv1

514 Mrev/ xqhpsor|phqw dqg surgxfwlrq

Wkhuh duh wzr jrrgv= Oderu/ zklfk lv wkh vroh lqsxw/ dqg d qxpìudluh jrrg surgxfhg dqg

frqvxphg1 Wkhuh lv d frqwlqxxp ri lq�qlwh olyhg lqglylgxdov/ zklfk vl}h lv ghqrwhg e|

�1 Hdfk zrunhu vxssolhv rqh xqlw ri oderu dqg fdq eh hlwkhu hpsor|hg dqg surgxflqj ru

xqhpsor|hg dqg vhdufklqj iru d mre1 Iru wkh vdnh ri vlpsolflw|/ hyhu| xqhpsor|hg zrunhu

jhwv wkh vdph lqfrph shu xqlw ri wlph/ ghqrwhg e| 5� Dq hqgrjhqrxvo| vl}hg frqwlqxxp

ri frpshwlwlyh �upv surgxfh wkh qxpìudluh jrrg wkdqnv wr oderu1 Hdfk �up kdv rqh mre

wkdw fdq eh hlwkhu �oohg dqg surgxflqj ru ydfdqw dqg vhdufklqj1 Wkh frvw ri d ydfdqw mre

shu xqlw ri wlph lv ghqrwhg e| ��

Wudqvdfwlrq frvwv lpso| wkdw ydfdqw mrev dqg xqhpsor|hg zrunhuv duh pdwfkhg wr0

jhwkhu lq sdluv wkurxjk dq lpshuihfw pdwfklqj surfhvv1 Wkh udwh dw zklfk ydfdqw mrev

dqg xqhpsor|hg zrunhuv phhw lv ghwhuplqhg e| wkh pdwfklqj ixqfwlrq �E� � �c � � ��
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zkhuh � dqg � uhsuhvhqw wkh ydfdqf| dqg xqhpsor|phqw udwhv uhvshfwlyho|1 Wkh pdwfk0

lqj ixqfwlrq vdwlv�hv wkh vwdqgdug surshuwlhv= Lw lv lqfuhdvlqj/ frqwlqxrxvo| gl�huhqwldeoh/

krprjhqrxv ri ghjuhh rqh/ dqg |lhogv qr klulqj li wkh pdvv ri xqhpsor|hg zrunhuv ru

wkh pdvv ri ydfdqw mrev lv qlo1 Wkh olqhdu krprjhqhlw| ri wkh pdwfklqj ixqfwlrq doorzv

xv wr zulwh wkh wudqvlwlrq udwh iru ydfdqflhv dv �E� � �c � � ��*� � � ' �E�c �*�� � 6Ew�c

zkhuh w � �*� lv wkh oderu pdunhw wljkwqhvv1 Vlploduo|/ wkh mre �qglqj udwh lv jlyhq e|

w6Ew� � �E� � �c � � ��*� � �� Wkh surshuwlhv ri wkh pdwfklqj ixqfwlrq lpso| wkdw 6Ew� dqg

w6Ew� duh ghfuhdvlqj dqg lqfuhdvlqj uhvshfwlyho|1

Hdfk mre lv hqgrzhg zlwk dq luuhyhuvleoh whfkqrorj| uhtxlulqj rqh xqlw ri oderu wr

surgxfh 0 xqlwv ri rxwsxw/ zkhuh 0 lv d udqgrp/ mre0vshfl�f/ surgxfwlylw| sdudphwhu gudzq

iurp d glvwulexwlrq CE%� G l $ dfc �o � l lv d vxevhw ri U zlwk d �qlwh xsshu vxssruw 0�

dqg CE%� kdv qr pdvv srlqw1 Hyhu| qhz mre vwduwv zlwk wkh kljkhvw surgxfwlylw| 0�� Rq

hyhu| frqwlqxlqj mre/ surgxfwlylw| fkdqjhv dffruglqj wr d Srlvvrq surfhvv zlwk duulydo

udwh b� Zkhq wkhuh lv d fkdqjh/ wkh qhz ydoxh ri 0 lv d gudzlqj iurp wkh glvwulexwlrq

CE%�� Wkhuh lv dq hqgrjhqrxv wkuhvkrog ydoxh ri wkh surgxfwlylw|/ ghqrwhg e| 0_c ehorz

zklfk d mre lv ghvwur|hg1 Wkxv/ wkh mre ghvwuxfwlrq udwh iroorzv d Srlvvrq surfhvv zlwk

sdudphwhu bCE0_��

Dvvxplqj wkdw hqwudqwv rq wkh oderu pdunhw ehjlq wr vhdufk iru d mre/ wkh pdwfklqj

whfkqrorj| dqg wkh mre ghvwuxfwlrq surfhvv lpso| wkdw wkh odz ri prwlrq ri wkh xqhp0

sor|phqw udwh lv

�� ' }� n bCE0_�E�� ��� � dw6Ew� n }�o c +4,

zkhuh }� vwdqgv iru wkh udwh ri jurzwk ri wkh oderu irufh1 Lq d vwhdg| vwdwh/ zkhuh }�

lv frqvwdqw/ wkh xqhpsor|phqw udwh fdq eh zulwwhq dv

� '
bCE0_� n }�

w6Ew� n bCE0_� n }�
� +5,

Wkh pdwfklqj whfkqrorj| dqg wkh mre ghvwuxfwlrq surfhvv dovr lq xhqfh wkh ohyho ri

djjuhjdwh surgxfwlrq1 Wkh odz ri prwlrq ri wkh pdvv ri mrev wkdw kdyh ehhq klw e| d

vkrfn/ ghqrwhg e| ?rc lv gh�qhg e| wkh htxdwlrq �?r ' b d��CE0_�o?� � bCE0_�?rc zkhuh

8



?� vwdqgv iru wkh pdvv ri mrev wkdw kdyh qrw ehhq klw e| d vkrfn1 Iurp wklv htxdwlrq/ rqh

jhwv wkh sursruwlrq ri qhz mrev qrw klw e| d vkrfn lq d vwdwlrqdu| vwdwh/ zklfk lv htxdo wr=

?�*E?rn?�� ' CE0_��Wkxv/ wkh dyhudjh surgxfwlrq shu �oohg mre lv CE0_�0�n
U 0�

0_
%_CE%�/

dqg wkh djjuhjdwh lqfrph shu phpehu ri wkh oderu irufh/ zklfk lv htxdo wr wkh vxp ri wkh

surgxfwlrq ri �oohg mrev dqg wkh rxwfrph ri xqhpsor|hg zrunhuv ohvv wkh frvw ri ydfdqw

mrev/ dprxqwv wr

t '

�
0� n

] 0�

0_

E%� 0��_CE%�

�
E�� �� n � d5 � �wo � +6,

Lw lv zruwk qrwlqj wkdw djjuhjdwh rxwsxw lv d phdvxuh ri vrfldo zhoiduh/ vlqfh lw lv

dvvxphg wkdw lqglylgxdov duh ulvn0qhxwudo1

Wkh pdwfklqj prgho vkrzv wkdw wkh xqhpsor|phqw udwh dqg wkh ohyho ri surgxfwlrq

ghshqg rq wkh udwh ri mre ghvwuxfwlrq/ rq wkh oderu pdunhw wljkwqhvv dqg wkh jurzwk ri

wkh oderu irufh1 Wkh htxloleulxp ydoxhv ri wkhvh yduldeohv duh lq xhqfhg e| wkh h{shfwhg

lqfrphv wkdw hpsor|huv dqg zrunhuv jhw rq wkh oderu pdunhw1 Lw lv wkhq zruwk sd|lqj

vrph dwwhqwlrq wr wkh h{shfwhg sd|r�v rq wkh oderu pdunhw1

515 Mre ydoxh dqg h{shfwhg lqfrphv

D ydfdqw mre frvwv � shu xqlw ri wlph dqg lv �oohg dw udwh 6Ew�1 Wkh dvvhw ydoxh ri d

ydfdqf|/ ghqrwhg e| ��c vdwlv�hv

o�� ' ��n6Ew� d�E0�c �f�� ��o c +7,

zkhuh o lv wkh h{rjhqrxv lqwhuhvw udwh dqg �E0�c �f� wkh dvvhw ydoxh ri d mre zlwk

surgxfwlylw| 0� wkdw sd|v d zdjh �f1 Wkh iuhh0hqwu| frqglwlrq uhdgv dv=

�� ' f� +8,

Wkh h{shfwhg ydoxh ri wkh vwuhdp ri lqfrph ri dq xqhpsor|hg zrunhu vdwlv�hv=

oT� ' 5 n w6Ew� dT E�f�� T�o c +9,
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zkhuh 5 lv wkh h{rjhqrxv ydoxh ri xqhpsor|phqw lqfrph dqg T E�f� vwdqgv iru wkh

h{shfwhg ydoxh ri wkh vwuhdp ri lqfrph ri zrunhu sdlg d zdjh edujdlqhg rq qhz pdwfkhv/

ghqrwhg e| �f1

Wkh dvvhw ydoxh ri d mre zlwk fxuuhqw lglrv|qfudwlf frpsrqhqw 0 dqg r�hulqj d zdjh

�f/ ghqrwhg e| �E0c �f�c vdwlv�hv

o�E0c �f� ' 0� �f n b d�b � �E0c �f�o c +:,

zkhuh �b ghqrwhv wkh h{shfwhg glvfrxqwhg sur�w li d vkrfn rffxuv1

Wkh h{shfwhg suhvhqw ydoxh/ T E�f�c ri wkh vwuhdp ri lqfrphv ri d zrunhu sd|hg d zdjh

�f vdwlv�hv

oT E�f� ' �f n b dTbE�f�� T E�f�o c +;,

zkhuh TbE�f� ghqrwhv wkh h{shfwhg glvfrxqwhg vwuhdp ri lqfrphv ri d zrunhu sd|hg d

zdjh �f li d vkrfn rffxuv1

Li wkh plqlpxp zdjh lv qrw elqglqj/ wkh vwduwlqj zdjh lv qhjrwldwhg dffruglqj wr d

Qdvk vkdulqj uxoh zklfk surylghv d vkduh � 5 dfc �o ri wkh vxusoxv jhqhudwhg e| d qhz

pdwfk wr wkh zrunhu1 Hyhu| qhz pdwfk |lhogv d vxusoxv zklfk lv htxdo wr wkh vxp ri

wkh h{shfwhg suhvhqw ydoxh ri wkh zrunhuv* dqg wkh hpsor|huv* ixwxuh lqfrph rq wkh mre

ohvv wkh h{shfwhg suhvhqw ydoxh ri wkhlu lqfrph lq fdvh ri vhsdudwlrq1 Dq hpsor|hu zkr

dffhswv wr eh pdwfkhg zlwk d zrunhu jhwv �E0�c �f� dqg rewdlqv wkh dvvhw ydoxh ri d ydfdqw

mre/ ��c li kh uhixvhv1 D qhz pdwfkhg zrunhu jhwv dq h{shfwhg lqfrph T E�f�/ exw vwd|v

xqhpsor|hg rwkhuzlvh/ dqg jhwv dq h{shfwhg lqfrph T�� Dffruglqjo|/ wkh vxusoxv ydoxh ri

d qhz pdwfk lv

7f ' �E0�c �f�� �� n T E�f�� T�c +<,

dqg rq hyhu| qhz pdwfk wkh vkdulqj uxoh uhdgv dv=

T E�f�� T� ' �7fc �E0�c �f�� �� ' E�� ��7f� +43,

:



Vlqfh wkh vhplqdo frqwulexwlrqv ri Elqpruh/ Uxelqvwhlq dqg Zronlqvn| +4<;9, dqg

Rveruqh dqg Uxelqvwhlq +4<<3,/ lw kdv ehhq zhoo nqrzq wkdw wkh Qdvk vkdulqj uxoh fdq

eh ghulyhg iurp vwudwhjlf edujdlqlqj jdphv1 D vlpsoh jdph wkdw |lhogv wkh Qdvk vkdulqj

lq rxu sduwlfxodu iudphzrun lv suhvhqwhg lq dsshqgl{ 41

516 Zdjh uhqhjrwldwlrq

Gh�qlqj wkh uhqhjrwldwlrq surfhvv uhtxluhv wr jlyh vrph suhflvlrqv derxw zdjh vhwwlqj1

Lw lv dvvxphg wkdw zdjhv fdq eh qhjrwldwhg zlwklq hdfk �up1 Lq rughu wr jhw ulg ri wkh

xvxdo dvvxpswlrq wkdw zdjhv duh frqwlqxrxvo| uhqhjrwldwhg ru wkdw wkh| duh fkrvhq vr dv

wr vkduh dw doo wlphv wkh vxusoxv iurp d mre pdwfk/ zh dvvxph wkdw wkh hpsor|hu dqg wkh

hpsor|hh djuhh rq d �{hg zdjh zklfk fdq eh uhqhjrwldwhg e| pxwxdo djuhhphqw rqo|1 Wkh

uhqhjrwldwlrq fdq eh lqlwldwhg hlwkhu e| wkh hpsor|hu ru e| wkh hpsor|hh1 Lw lv dvvxphg

wkdw rqo| hpsor|hu0lqlwldwhg vhsdudwlrqv jlyh ulvh wr �ulqj frvwv �rq wklv srlqw/ vhh wkh

hqoljkwhqlqj sdshu ri Pf Odxjkolq +4<<4,� ghqrwhg e| sc zklfk kdyh wzr frpsrqhqwv1

Wkh �uvw rqh lv d sd|phqw wr wkh zrunhu/ ghqrwhg e| s�c dqg wkh vhfrqg rqh/ ghqrwhg

e| s}c lv d wd{ sd|hg wr wkh jryhuqphqw1 Wklv wd{ uhsuhvhqwv wkh vhw ri dgplqlvwudwlyh

uhvwulfwlrqv dqg surfhgxuhv wkdw wkh hpsor|hu kdv wr reh| li kh zdqwv wr �uh d zrunhu1

Khqfh/ rqh dozd|v kdv s ' s� n s}�

Lq dsshqgl{ 4/ zh surylgh d vwudwhjlf uhqhjrwldwlrq jdph zklfk rxwfrph lpsolhv wkdw

dq hpsor|hu0lqlwldwhg uhqhjrwldwlrq fdq rffxu li d surgxfwlylw| gurs ohdgv wr d sur�w gh0

fuhdvh vxfk wkdw wkh hpsor|hu suhihuv wr �uh wkh zrunhu wkdq jrlqj rq zlwk wkh fxuuhqw

zdjh1 Vlploduo|/ dq hpsor|hh0lqlwldwhg uhqhjrwldwlrq pd| rffxu li dq lpsuryhphqw ri wkh

rxwvlgh rswlrq ri wkh hpsor|hh lpsolhv wkdw kh suhihuv wr txlw wkdq delglqj e| wkh fxu0

uhqw frqwudfw1 Lq rxu prgho/ rqo| hpsor|hu0lqlwldwhg uhqhjrwldwlrqv fdq rffxu/ ehfdxvh

wkh rxwvlgh rswlrq ri wkh hpsor|hh lv vwdwlrqdu|/ htxdo wr T� lq fdvh ri txlw1 Vlqfh wkhuh

duh rqo| hpsor|hu0lqlwldwhg uhqhjrwldwlrqv zdjhv fdq eh uhqhjrwldwhg grzqzdugv rqo|/ d

surshuw| wkdw pd| vhhp txhvwlrqdeoh dw �uvw jodqfh/ vlqfh wkh odujhvw vkduh ri uhqhjrwld0

wlrqv uhvxow lq uhdo zdjh lqfuhdvhv �Pf Odxjkolq +4<<7,1 Krzhyhu/ lw vkrxog eh uhpdunhg

wkdw dvvxplqj d srvlwlyh jurzwk udwh ri surgxfwlylw| zrxog qhfhvvdulo| hqwdlo xszdugv

zdjh uhqhjrwldwlrqv rq wkh mrev zlwk vx!flhqw gxudwlrqv1 Zh dyrlg wdnlqj lqwr dffrxqw

surgxfwlylw| jurzwk/ ehfdxvh lw zrxog frpsolfdwh wkh suhvhqwdwlrq ri wkh prgho zlwkrxw

;



fkdqjlqj rxu uhvxowv derxw wkh frqvhtxhqfhv ri mre surwhfwlrq dqg plqlpxp zdjh1

Vlqfh uhqhjrwldwlrqv duh hpsor|hu0lqlwldwhg/ d glvdjuhhphqw gxulqj wkh qhjrwldwlrq

ohdglqj wr d mre ghvwuxfwlrq vkrxog eh lqwhusuhwhg dv dq hpsor|hu0lqlwldwhg vhsdudwlrq/

jlylqj ulvh wr �ulqj frvwv1 Reylrxvo|/ wkh zrunhu zloo dffhsw d uhqhjrwldwlrq ohdglqj wr d

zdjh ghfuhdvh rqo| li kh fdq jhw d kljkhu h{shfwhg lqfrph e| uhqhjrwldwlqj wkh frqwudfw

wkdq e| ehlqj �uhg dqg jhwwlqj wkh uhgxqgdqf| sd|phqw s��Vxfk d vlwxdwlrq fdq rffxu

rqo| li T E�f� : T�ns�c ehfdxvh wkh zrunhuv dozd|v suhihuv ehlqj �uhg wkdq uhqhjrwldwlqj

li T E�f� � T�n s�� Xvlqj wkh gh�qlwlrq ri wkh dvvhw ydoxh ri d ydfdqf| +7,/ wkh iuhh0hqwu|

frqglwlrq +8, dqg wkh vkdulqj uxoh +43,/ wklv frqglwlrq lpsolhv wkdw wkh vwduwlqj zdjh fdq

eh uhqhjrwldwhg rqo| li=

��

E�� ��6Ew�
: s�� +44,

Rqh vhhv wkdw d odujh uhgxqgdqf| sd|phqw wr wkh zrunhu pd| suhyhqw dq| uhqhjrwl0

dwlrq1 Li frqglwlrq +44, krogv/ wkh hpsor|hu pd| lqlwldwh d uhqhjrwldwlrq ri wkh vwduwlqj

zdjh rqo| li kh jhwv dq h{shfwhg sur�w �E0c �f� orzhu wkdq wkh �ulqj frvw/ ehfdxvh rwkhu0

zlvh mre ghvwuxfwlrq zrxog qrw eh d fuhgleoh wkuhdw/ dqg wkh zrunhu zrxog qhyhu dffhsw wr

uhqhjrwldwh wkh frqwudfw1 Frpsxwlqj �E0c �f� doorzv xv wr ghulyh wkh h{suhvvlrq iru wkh

wkuhvkrog ydoxh ri surgxfwlylw| ehorz zklfk wkh vwduwlqj zdjh pd| eh uhqhjrwldwhg1 Iurp

wkh gh�qlwlrq +:, ri wkh dvvhw ydoxh ri d mre r�hulqj d zdjh �f/ rqh jhwv/ e| frpsxwlqj

wkh gl�huhqfh ehwzhhq �E0c �f� dqg �E0�c �f�=

�E0c �f� '
0� 0�
o n b

n�E0�c �f�� +45,

Htxdwlrq +45, vkrzv wkdw �E0c�f� lqfuhdvhv zlwk 0� Wkhuhiruh/ wkh hpsor|hu pd| r�hu

wr uhqhjrwldwh wkh zdjh li wkh surgxfwlylw| lv orzhu wkdq d xqltxh wkuhvkrog ydoxh ri wkh

surgxfwlylw| ehorz zklfk wkh h{shfwhg sur�w lv vpdoohu wkdq wkh �ulqj frvw1 Wkh wkuhvkrog

ydoxh/ ghqrwhg e| 0oc pxvw vroyh �E0oc �f� ' �s 1 Wkh vxusoxv vkdulqj uxoh +43,/ wrjhwkhu

zlwk wkh iuhh0hqwu| frqglwlrq +8,/ lpsolhv wkdw +45, doorzv xv wr zulwh wkh wkuhvkrog ydoxh

ehorz zklfk wkh vwduwlqj zdjh pd| eh uhqhjrwldwhg dv=

<



0o ' 0� � Eo n b�

�
s n

�

6Ew�

�
� +46,

Wklv h{suhvvlrq iru wkh wkuhvkrog ydoxh vkrzv wkdw uhqhjrwldwlrq ri wkh vwduwlqj zdjh

duh ohvv iuhtxhqw zkhq �ulqj frvwv duh kljk/ ehfdxvh lq vxfk d fdvh wkh hpsor|hu fdq

wkuhdw wr �uh d zrunhu zkr zrxog glvdjuhh wr uhqhjrwldwh wkh vwduwlqj frqwudfw rqo| li wkh

surgxfwlylw| lv yhu| orz1

Li wkh vwduwlqj zdjh lv uhqhjrwldwhg/ uhqhjrwldwhg zdjhv pd| dovr eh uhqhjrwldwhg1

Hyhu| uhqhjrwldwlrq surylghv d vkduh � ri wkh vxusoxv ri d frqwlqxlqj mre wr wkh zrunhu1

D frqwlqxlqj mre |lhogv d vxusoxv zklfk lv htxdo wr wkh vxp ri wkh h{shfwhg suhvhqw ydoxh

ri wkh zrunhuv* dqg wkh hpsor|huv* ixwxuh lqfrph rq wkh mre ohvv wkh ydoxh ri wkhlu ixwxuh

lqfrph lq fdvh ri vhsdudwlrq1 Vlqfh dq| vhsdudwlrq lv qhfhvvdulo| lqlwldwhg e| hpsor|huv/

wkh suhvhqfh ri �ulqj frvwv lpsolhv wkdw wkh h{suhvvlrq ri wkh vxusoxv ri d qhz pdwfk

lv gl�huhqw iurp wkh h{suhvvlrq ri wkh vxusoxv ri d frqwlqxlqj mre/ ehfdxvh wkh frvw ri

vhsdudwlrq lqfoxghv �ulqj frvwv lq wkh odwwhu fdvh1 Rq hyhu| frqwlqxlqj mre zlwk fxuuhqw

surgxfwlylw| 0 dq hpsor|hu jhwv�E0c ��/ dqg rewdlqv���s lq fdvh ri vhsdudwlrq1 Olnhzlvh/

d zrunhu jhwv dq h{shfwhg ixwxuh lqfrph htxdo hlwkhu wr T E��/ dqg rewdlqv rqo| T�ns� li

kh lv vhsdudwhg dqg wkhq xqhpsor|hg1 Dffruglqjo|/ wkh ydoxh ri wkh vxusoxv ri d frqwlqxlqj

mre zlwk surgxfwlylw| 0 lv=

7E0� ' T E��� T� n�E0c ��� E�� � s}� � +47,

Lw lv zruwk qrwlqj wkdw wkh ydoxh ri wkh vxusoxv lv lqghshqghqw ri wkh zdjh vlqfh lw grhv

qrw klqjh rq wkh vkdulqj uxoh1 Pruhryhu/ wkhuh lv d vlpsoh uhodwlrq ehwzhhq wkh vxusoxv ri

d vwduwlqj mre dqg wkh vxusoxv ri d frqwlqxlqj mre1 Iurp +<, dqg +47,/ rqh jhwv

7f ' 7E0��� s}� +48,

Wklv uhodwlrq vkrzv wkdw wkh vxusoxv ri d vwduwlqj mre lv vpdoohu wkdq wkh vxusoxv ri d

frqwlqxlqj mre zlwk lglrv|qfudwlf frpsrqhqw 0� ehfdxvh wkhuh lv d �ulqj wd{ zklfk lpsolhv

wkdw wkh frvw ri vhsdudwlrq rq d frqwlqxlqj mre lv kljkhu wkdq rq d qhz pdwfk1 Xvlqj wkh

43



gh�qlwlrqv ri wkh vxusoxv rq d frqwlqxlqj mre/ ri wkh h{shfwhg lqfrph dqg sur�wv/ lw fdq

hdvlo| eh vkrzq �vhh dsshqgl{ 5� wkdw wkh ydoxh ri wkh vxusoxv ri d frqwlqxlqj mre zlwk

lglrv|qfudwlf frpsrqhqw 0 vdwlv�hv wkh iroorzlqj dvvhw sulflqj htxdwlrq=

Eo n b�7E0� ' 0� 5 �
��w

E�� ��
n os} n b

] 0�

0_

7E%�_CE%�c +49,

zkhuh 0_ vwdqgv iru wkh wkuhvkrog ydoxh ri surgxfwlylw| ehorz zklfk mrev duh ghvwur|hg1

Rqh vhhv wkdw wkh vxusoxv lv iruzdug orrnlqj= Lw grhv qrw ghshqg rq wkh zdjh suhylrxvo|

qhjrwldwhg1 Pruhryhu/ wkh vxusoxv lqfuhdvhv zlwk wkh lglrv|qfudwlf frpsrqhqw dqg zlwk

wkh �ulqj wd{/ zklfk h�hfw lv wr udlvh wkh frvw ri mre ghvwuxfwlrq1

Zkhq zdjhv duh uhqhjrwldwhg/ �ulqj frvwv duh dozd|v sd|hg e| wkh hpsor|hu lq fdvh

ri vhsdudwlrq1 Wkxv/ wkh vkdulqj uxoh rq dq| frqwlqxlqj mre zlwk surgxfwlylw| 0 gh�qhv d

zdjh �E0� wkdw vdwlv�hv

T d�E0�o� ET� n s�� ' �7E0�c �E0c 0�� E�� � s� ' E�� ��7E0�� +4:,

D zdjh �E+�c qhjrwldwhg zkhq wkh surgxfwlylw| zdv + cpd| eh uhqhjrwldwhg li wkh

hpsor|hu jhwv d orzhu glvfrxqwhg sur�w wkdq wkh �ulqj frvwv e| delglqj e| wkh frqwudfw

vwlsxodwlqj d zdjh �E+�1 Iurp htxdwlrq +:,/ wkh dvvhw ydoxh ri d mre zlwk d zdjh �E+�

dqg lglrv|qfudwlf frpsrqhqw 0 fdq eh zulwwhq dv

� d0c �E+�o '
0� +

o n b
n� d+c�E+�o � +4;,

Wklv dvvhw ydoxh lqfuhdvhv zlwk 0� Wkhuhiruh/ wkhuh h{lvwv d xqltxh wkuhvkrog ydoxh ri

wkh surgxfwlylw| rq d mre zlwk d zdjh �E+�c ehorz zklfk wkh dvvhw ydoxh lv vpdoohu wkdq

wkh �ulqj frvw1 Wklv wkuhvkrog ydoxh/ ghqrwhg e| 0oE+�c vdwlv�hv � d0oE+�c �E+�o ' �s�

Wkh sur�w � d+c �E+�o fdq eh frpsxwhg iurp wkh vkdulqj uxoh +4:,/ wkh gh�qlwlrq ri wkh

vxusoxvhv +49,/ +48, dqg wkh iuhh0hqwu| frqglwlrq +8,1 Vxevwlwxwlqj wkh ydoxh ri � d+c �E+�o

lq +4;, dqg xvlqj wkh gh�qlwlrq +46, ri 0o doorzv xv wr zulwh wkh wkuhvkrog ydoxh dv iroorzv=

0oE+� ' 0o � �E0� � +� n Eo n b�E�s} n s��� +4<,
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Wklv htxdwlrq vkrzv wkdw wkh zdjh lv uhqhjrwldwhg li wkh qhz ydoxh ri wkh surgxfwlylw|

lv orz zlwk uhvshfw wr wkh ydoxh ri wkh surgxfwlylw| iru zklfk wkh fxuuhqw zdjh kdv ehhq

qhjrwldwhg1 Rqh fdq fkhfn wkdw 0oE+� 	 0o li frqglwlrq +44, lv ixo�oohg1

Wkh gh�qlwlrq ri wkh sd|r�v rewdlqhg rq wkh oderu pdunhw doorzv xv wr dqdo|}h wkh

frqvhtxhqfhv ri mre surwhfwlrq rq xqhpsor|phqw dqg zhoiduh lq gl�huhqw lqvwlwxwlrqdo

hqylurqphqwv1 Zh zloo ehjlq wr orrn dw d vlwxdwlrq zlwk  h{leoh zdjhv ehiruh lqwurgxflqj

d plqlpxp zdjh1

6 Htxloleulxp zlwk  h{leoh zdjhv

Lq wklv vhfwlrq/ zh ghvfuleh wkh mre fuhdwlrq dqg ghvwuxfwlrq surfhvv wkdw |lhogv wkh htxl0

oleulxp ydoxh ri wkh oderu pdunhw wljkwqhvv dqg wkh mre ghvwuxfwlrq udwh lq wkh devhqfh ri

d plqlpxp zdjh1

614 Mre fuhdwlrq

Wkh mre fuhdwlrq htxdwlrq lv rewdlqhg iurp wkh iuhh0hqwu| frqglwlrq +8,/ wkh gh�qlwlrq ri

wkh dvvhw ydoxh ri d ydfdqw mre +7,/ dqg wkh gh�qlwlrqv ri wkh vxusoxv ri d frqwlqxlqj mre

+49, dqg d qhz mre +48,=
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+53,

Wklv htxdwlrq lqglfdwhv wkdw wkh h{shfwhg frvw ri d ydfdqw mre pxvw htxdol}h wkh h{0

shfwhg sur�w rq d vwduwlqj mre1 Lqghhg/ wkh ohiw0kdqg vlgh uhsuhvhqwv wkh h{shfwhg frvw

ri d ydfdqf|1 Wklv frvw lqfuhdvhv zlwk wkh oderu pdunhw wljkwqhvv ehfdxvh wkh eljjhu wkh

pdunhw wljkwqhvv wkh orqjhu wkh wlph wr �oo d ydfdqf|/ dqg wkh pruh frvwo| d ydfdqf| lv1

Wkh uljkw0kdqg vlgh uhsuhvhqwv wkh h{shfwhg sur�wv |lhoghg e| d vwduwlqj mre1 H{shfwhg

sur�wv duh ghfuhdvlqj zlwk uhvshfw wr wkh oderu pdunhw wljkwqhvv/ ehfdxvh d eljjhu oderu

pdunhw wljkwqhvv lqfuhdvhv wkh h{lw udwh iurp xqhpsor|phqw dqg wkh dvvhw ydoxh ri wkh

xqhpsor|hg zrunhuv/ zklfk/ dffruglqj wr wkh vkdulqj uxoh/ ghfuhdvhv wkh sur�w rq dq|

mre1 Wkh lq xhqfh ri wkh wkuhvkrog ohyho ri surgxfwlylw| ehorz zklfk mrev duh ghvwur|hg
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rq wkh ydoxh ri h{shfwhg sur�w lv qrw prqrwrqlf1 Lw fdq hdvlo| eh hvwdeolvkhg �e| gl�hu0

hqwldwlqj wkh uljkw0kdqg vlgh ri htxdwlrq +53,� wkdw wkh h{shfwhg sur�w ri d mre lqfuhdvhv

+ghfuhdvhv, zlwk wklv orzhu erxqg li wkh vxusoxv lv qhjdwlyh +srvlwlyh, iru wkh uhvhuydwlrq

surgxfwlylw|/ dqg kdv d pd{lpxp iru wkh wkuhvkrog ydoxh ri surgxfwlylw| xqghu zklfk mrev

duh ghvwur|hg wkdw |lhogv d }hur vxusoxv1 Wklv mre fuhdwlrq htxdwlrq lv gudzq rq Iljxuh 4/

zkhuh lw lv ghqrwhg e| a�1

615 Mre ghvwuxfwlrq

61514 Mre ghvwuxfwlrq lq wkh hfrqrp| zlwk uhqhjrwldwlrqv

Li frqwudfwv duh uhqhjrwldwhg/ �upv dqg hpsor|hhv ghflgh wr vhsdudwh rqo| li wkh ydoxh

ri wkh vxusoxv ehfrphv qhjdwlyh1 Vlqfh wkh htxdwlrq +49, lpsolhv wkdw wkh vxusoxv lv

lqfuhdvlqj zlwk uhvshfw wr wkh surgxfwlylw| sdudphwhu 0c wkhuh h{lvwv d xqltxh uhvhuydwlrq

surgxfwlylw|/ ghqrwhg e| 0rc ehorz zklfk wkh vxusoxv ehfrphv qhjdwlyh/ wkdw vroyhv 7E0r� '

f� Lw lv zruwk qrwlflqj wkdw wkh vkdulqj uxoh +4:, lpsolhv wkdw wklv frqglwlrq lv htxlydohqw

wr � d0rc �E0r�o ' �s dqg T d�E0r�o ' T� n s�c zklfk phdqv wkdw erwk wkh hpsor|hu dqg

wkh zrunhu djuhh wr ghvwur| wkh mre li 0 	 0r� Dffruglqjo|/ iurp +49,/ rqh jhwv=

0r ' 5 n
w��

�� �
� os} �

b

bn o

] 0�

0r

E%� 0r�_CE%�� +54,

Wkh uljkw0kdqg vlgh vkrzv wkdw wkh uhvhuydwlrq surgxfwlylw| ghshqgv rq wkh rssruwx0

qlw| frvw ri hpsor|phqw wr wkh zrunhu/ zklfk lv wkh vxp ri wkh xqhpsor|phqw ehqh�wv 5

dqg wkh h{shfwhg ydoxh ri vhdufk �wkh vhfrqg whup1 Wkh �ulqj wd{ lqgxfhv �upv wr orzhu

wkh uhvhuydwlrq surgxfwlylw|/ dqg wkhq wr ghvwur| ohvv mrev1 Wkh odvw whup rq wkh uljkw0

kdqg vlgh lv wkh rswlrq ydoxh ri uhwdlqlqj dq h{lvwlqj pdwfk1 Wkh mre ghvwuxfwlrq fxuyh

lv gudzq rq Iljxuh 4 lq wkh sodqh E0rc w�1 Rqh vhhv wkdw dq lqfuhdvh lq wkh oderu pdunhw

wljkwqhvv/ zklfk hqwdlov d kljkhu h{shfwhg uhwxuq iurp vhdufk/ glplqlvkhv wkh vxusoxv ri d

mre dqg wkhq ohdgv wr d kljkhu 0r1

61515 Mre ghvwuxfwlrq lq wkh hfrqrp| zlwkrxw uhqhjrwldwlrq

Zkhq wkhuh lv qr uhqhjrwldwlrq/ wkh �up ghflghv wr �uh wkh zrunhu li wkh dvvhw ydoxh ri d mre

zlwk d zdjh �f ehfrphv orzhu wkdq wkh �ulqj frvw1 Vlqfh wkh dvvhw ydoxh �E0c �f� lqfuhdvhv
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Iljxuh 4= Htxloleuld zlwk  h{leoh zdjhv

zlwk lglrv|qfudwlf frpsrqhqw 0c wkhuh h{lvwv d xqltxh wkuhvkrog ydoxh ri 0 c ghqrwhg e| 0fc

ehorz zklfk mrev duh ghvwur|hg/ wkdw vroyhv4 �E0fc �f� ' �s 1 Wkh gh�qlwlrq ri wkh dvvhw

ydoxh ri d frqwlqxlqj mre sd|lqj wkh vwduwlqj zdjh +:, lpsolhv wkdw wklv frqglwlrq uhdgv

dv=

0f ' �f � b�bE�f�� Eo n b�s� +55,

Xvlqj wkh iuhh0hqwu| frqglwlrq +8,/ wkh htxdwlrqv +9,/ +;, dqg wkh vkdulqj uxoh +43,/

rqh jhwv wkh iroorzlqj h{suhvvlrq iru wkh vwduwlqj zdjh=

�f ' 5 n
��

E�� ��6Ew�
do n bCE0f� n w6Ew�o� bCE0f�s�� +56,

Pruhryhu/ xvlqj wkh gh�qlwlrq ri wkh dvvhw ydoxh ri d frqwlqxlqj mre lpsolhv wkdw=

�b ' �s n

] 0�

0f

E%� 0f�

o n b
_CE%�� +57,

4
Ohw xv uhpdun wkdw %3 vroyhv �+%3> z3, @ �i zkhq wkhuh lv qr uhqhjrwldwlrq zkloh %u> gh�qhg htxdwlrq

+46,/ vroyhv �+%u> z3, @ �i zkhq wkhuh lv uhqhjrwldwlrq/ irupdoo|/ wkh h{suhvvvlrq iru �� +z3, irxqg lq
htxdwlrq +:, lv qrw wkh vdph lq erwk fdvhv �vhh htxdwlrqv +57, dqg +6<,1
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Vxevwlwxwlqj +56, dqg +57, lqwr +55, |lhogv=

0f ' 5 n
��

E�� ��6Ew�
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+58,

Lw fdq hdvlo| eh vkrzq/ e| gl�huhqwldwlqj wklv htxdwlrq/ wkdw 0f lqfuhdvhv zlwk wkh

oderu pdunhw wljkwqhvv1 Lw phdqv wkdw mre ghvwuxfwlrq lqfuhdvhv zlwk wkh oderu pdunhw

wljkwqhvv ehfdxvh wkh vwduwlqj zdjh lqfuhdvhv zlwk w� Pruhryhu/ rqh fdq hdvlo| fkhfn wkdw

0f � 0rc iru d jlyhq ydoxh ri wc li uhqhjrwldwlrqv duh lpsrvvleoh �l1h1 li frqglwlrq +44, lv

qrw ixo�oohg1 Lw phdqv wkdw hpsor|huv duh lqgxfhg wr ghvwur| ohvv mrev li zdjhv fdqqrw

eh uhqhjrwldwhg1 Wklv lv d yhu| lqwxlwlyh uhvxow= Wkh lpsrvvlelolw| wr uhqhjrwldwh zdjhv

grzqzdugv dulvhv li uhgxqgdqf| sd|phqwv duh kljk/ zklfk lpsolhv d orz vwduwlqj zdjh

dqg d kljk vhsdudwlrq frvw wr wkh hpsor|hu1 Wkxv/ kljk uhgxqgdqf| sd|phqwv orzhu wkh

frvw wr frqwlqxh d mre exw lqfuhdvh wkh frvw ri mre ghvwuxfwlrq1

616 Htxloleulxp

61614 Htxloleulxp zlwk uhqhjrwldwlrq

Wkh htxloleulxp ydoxhv ri wkh oderu pdunhw wljkwqhvv dqg wkh wkuhvkrog ydoxh ri surgxf0

wlylw| ehorz zklfk mrev duh ghvwur|hg/ EwWc 0Wr�c zkhq zdjhv duh uhqhjrwldwhg e| pxwxdo

djuhhphqw duh gh�qhg e| wkh mre fuhdwlrq htxdwlrq +53, dqg wkh mre ghvwuxfwlrq htxdwlrq

+54,/ zlwk 0_ ' 0r lq htxdwlrq +53, �vhh Iljxuh 41 Lw fdq eh fkhfnhg wkdw wkh htxloleulxp

lv xqltxh1 Lw lv zruwk qrwlqj wkdw wkh sdlu EwWc 0Wr� lv wkh vdph dv lq wkh Pruwhqvhq dqg

Slvvdulghv* +4<<7, prgho/ zkhuh zdjhv duh pruh c h{leoh* wkdq lq rxu iudphzrun/ vlqfh

Pruwhqvhq dqg Slvvdulghv dvvxph frqwlqxrxvo| uhqhjrwldwhg zdjhv1 Lq idfw/ wklv lv qrw

vxusulvlqj= Wkh mre ghvwuxfwlrq ghflvlrq lv h{dfwo| wkh vdph lq erwk iudphzrunv/ vlqfh d

mre lv ghvwur|hg li wkh vxusoxv wkdw lw jhqhudwhv ehfrphv qhjdwlyh lq erwk fdvhv/ dqg wkh

ydoxh ri wkh vxusoxv grhv qrw ghshqg rq wkh zd| lw lv vkduhg1 Wkh mre fuhdwlrq htxdwlrq

lv dovr wkh vdph/ vlqfh lw lv wkh edujdlqlqj dw wkh vwduw ri wkh pdwfk wkdw ghwhuplqhv wkh

vkduh ri wkh vxusoxv ehorqjlqj wr wkh hpsor|hu/ wkh vwduwlqj vxusoxv ehlqj dovr wkh vdph

lq erwk iudphzrunv1

Olnh lq wkh vwdqgdug vhdufk dqg pdwfklqj prgho/ uhgxqgdqf| sd|phqwv gr qrw lq x0

hqfh qhlwkhu wkh oderu pdunhw wljkwqhvv qru wkh mre ghvwuxfwlrq udwh1 Krzhyhu/ wkh zdjh
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glvwulexwlrq ghshqgv rq wkh uhgxqgdqf| sd|phqw1 Rqh fdq vkrz �vhh dsshqgl{ 6� wkdw

uhqhjrwldwhg zdjhv �E+� lqfuhdvh zlwk surgxfwlylw| +/ dqg wkdw wkh| duh vpdoohu wkdq

wkh htxloleulxp vwduwlqj zdjh �W

f
� Dffruglqjo|/ wkh zdjh sur�oh rq hdfk mre fruuhvsrqgv

wr d vhulhv ri gursslqj zdjhv wkdw duh vxffhvvlyho| uhqhjrwldwhg zkhq edg surgxfwlylw|

vkrfnv klw wkh mre/ wkrvh zdjhv ehorqjlqj wr wkh lqwhuydo d�E0Wr�c �
W

f
o � Dq lqfuhdvh lq wkh

uhgxqgdqf| sd|phqw s� qduurzv wkh vxssruw ri wkh zdjh glvwulexwlrq zklfk ghjhqhudwhv

wr d pdvv srlqw zkhq wkh uhgxqgdqf| sd|phqw lv vr kljk wkdw uhqhjrwldwlrqv ehfrph

lpsrvvleoh �vhh frqglwlrq +44,1

61615 Htxloleulxp zlwkrxw uhqhjrwldwlrq

Wkh htxloleulxp ydoxhv ri wkh oderu pdunhw wljkwqhvv dqg wkh wkuhvkrog ydoxh ri surgxf0

wlylw| ehorz zklfk mrev duh ghvwur|hg/ EwW
f
c 0W

f
�c zkhq zdjhv fdqqrw eh uhqhjrwldwhg duh

gh�qhg e| wkh mre fuhdwlrq htxdwlrq +53, dqg wkh mre ghvwuxfwlrq htxdwlrq +58,/ zlwk

0_ ' 0f lq +53, �vhh Iljxuh 41 Lw fdq eh fkhfnhg wkdw wkh htxloleulxp lv dovr xqltxh1

D vwulnlqj ihdwxuh ri wkh htxloleulxp zlwkrxw uhqhjrwldwlrq lv wkdw uhgxqgdqf| sd|0

phqwv lq xhqfh erwk mre ghvwuxfwlrq dqg mre fuhdwlrq1 Uhgxqgdqf| sd|phqwv ghfuhdvh

wkh mre ghvwuxfwlrq udwh iru d jlyhq ydoxh ri wkh oderu pdunhw wljkwqhvv1 Rqh vhhv/ lq Iljxuh

4/ wkdw wkh htxloleulxp ydoxh ri wkh mre ghvwuxfwlrq udwh lv orzhu wkdq lq wkh uhjlph zlwk

uhqhjrwldwhg zdjh/ zkhuh doo mrev wkdw jhqhudwh d qhjdwlyh vxusoxv duh ghvwur|hg1 Wkhuh0

iruh/ zkhq uhqhjrwldwlrq fdqqrw rffxu/ vrph mrev zlwk qhjdwlyh vxusoxv duh qrw ghvwur|hg/

dqg wkhq wkh dvvhw ydoxh ri wkh qhz mrev lv orzhu wkdq lq wkh uhjlph zlwk uhqhjrwldwlrq1

Wklv lpsolhv wkdw wkh htxloleulxp ydoxh ri wkh oderu pdunhw wljkwqhvv lv dovr orzhu zkhq

uhqhjrwldwlrq lv lpsrvvleoh/ dqg wkdw dq lqfuhdvh lq uhgxqgdqf| sd|phqwv ghfuhdvhv erwk

wkh mre ghvwuxfwlrq udwh dqg wkh oderu pdunhw wljkwqhvv1 Lw lv zruwk qrwlflqj wkdw wkh htxl0

oleulxp zdjh dovr ghfuhdvhv zkhq uhgxqgdqf| sd|phqwv duh lqfuhdvhg �vhh htxdwlrqv +56,

dqg +44,1

7 Mre fuhdwlrq dqg ghvwuxfwlrq zlwk d plqlpxpzdjh

Lq wklv vhfwlrq/ wkhuh lv d plqlpxp zdjh 7� kljkhu wkdq wkh erwwrp ri wkh zdjhv glvwul0

exwlrq1 Dffruglqj wr wkh uhvxowv rewdlqhg lq wkh suhylrxv vhfwlrq/ wzr fdvhv pd| dulvh=

Hlwkhu wkh plqlpxp zdjh lv qrw elqglqj rq wkh zkroh mrev/ ru wkh plqlpxp zdjh lv
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elqglqj rq hyhu| mre51 Wkh iruphu fdvh fdq dulvh rqo| lq wkh hfrqrp| zlwk uhqhjrwldwhg

zdjhv/ zkloh wkh odwwhu fdvh fdq rffxu zkhwkhu zdjhv duh uhqhjrwldwhg ru qrw uhqhjrwldwhg1

Ohw xv frqvlghu wkhvh wzr fdvhv vxffhvvlyho|1

714 D plqlpxp zdjh elqglqj rq vrph mrev rqo|

Li wkh plqlpxp zdjh lv qrw elqglqj rq wkh zkroh mrev/ wkh xsshu erxqg ri wkh zdjh

glvwulexwlrq lv vwloo d qhjrwldwhg zdjh1 Wkh uhvxowv rewdlqhg lq wkh suhylrxv vhfwlrq lpso|

wkdw wkh vwduwlqj zdjh lv vwloo qhjrwldwhg dffruglqj wr wkh vxusoxv vkdulqj uxoh +43,/ exw

wkhuh duh vrph ydoxhv ri wkh surgxfwlylw| iru zklfk wkh plqlpxp zdjh suhyhqwv wkh

hpsor|huv dqg wkh zrunhuv iurp edujdlqlqj zdjh gursv1 Jlyhq rxu fkdudfwhul}dwlrq ri

wkh zdjh sur�ohv/ d uhqhjrwldwlrq fdq qhyhu surylgh d zdjh lqfuhdvh1 Wkhuhiruh/ d zrunhu

sd|hg wkh plqlpxp zdjh zloo jhw wkh plqlpxp zdjh xqwlo wkh ghvwuxfwlrq ri klv mre1

Vxfk surshuwlhv ri wkh zdjh sur�ohv doorz xv wr ghwhuplqh wkh mre ghvwuxfwlrq surfhvv

zlwk d elqglqj plqlpxp zdjh yhu| hdvlo|1 Wkh dvvhw ydoxh ri d mre zlwk d plqlpxp zdjh

dqg surgxfwlylw| 0c ghqrwhg e| 7�E0�c vroyhv wkh iroorzlqj htxdwlrq=

o7�E0� ' 0� 7� n b

�] 0�

0_

7�E%�_CE%�� sCE0_�� 7�E0�

�
� +59,

Vlqfh/ Y 7�E0�*Y0 ' �*Eonb�c 7�E0� lqfuhdvhv zlwk 0c dqg wkhuh h{lvwv d xqltxh uhvhuyd0

wlrq surgxfwlylw|/ ghqrwhg e| 0Zc wkdw vroyhv 7�E0Z� ' �sc zklfk h{suhvvlrq fdq eh zulwwhq

dv=

0Z ' 7� �
b

o n b

] 0�

0Z

E%� 0Z�_CE%�� os� +5:,

Wklv htxdwlrq gh�qhv wkh htxloleulxp ydoxh ri wkh uhvhuydwlrq surgxfwlylw| zlwk d

elqglqj plqlpxp zdjh1 Rqh vhhv wkdw wzr whupv lpso| wkdw wkh uhvhuydwlrq surgxfwlylw|

lv orzhu wkdq wkh plqlpxp zdjh1 Wkh whup zlwk wkh lqwhjudo fruuhvsrqgv wr wkh rswlrq

ydoxh ri uhwdlqlqj dq h{lvwlqj mre zkhuhdv wkh whup os uh hfwv wkh lq xhqfh ri wkh �ulqj

frvw1 Lw fdq dovr eh fkhfnhg wkdw wkh uhvhuydwlrq surgxfwlylw| lv kljkhu zlwk d elqglqj

5Reylrxvo|/ wkh zdjh glvwulexwlrq lv lq xhqfhg e| wkh plqlpxp zdjh1 Dsshqgl{ 7 lv ghyrwhg wr wkh

suhvhqwdwlrq ri wkh zdjh sur�oh zkhq wkhuh lv d elqglqj plqlpxp zdjh rq vrph mrev rqo|1
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Iljxuh 5= Htxloleulxp zlwk d plqlpxp zdjh elqglqj rq vrph mrev rqo|

plqlpxp zdjh wkdq zlwk  h{leoh zdjhv/ vlqfh 0Z ' 0Wr iru �E0Wr� ' 7� dqg 0Z lqfuhdvhv

zlwk wkh plqlpxp zdjh1

Wkh htxloleulxp ydoxh ri wkh oderu pdunhw wljkwqhvv/ ghqrwhg e| 7wc lv vwloo gh�qhg e|

wkh mre fuhdwlrq htxdwlrq �htxdwlrq +53,�/ vlqfh wkh vwduwlqj zdjhv duh qhjrwldwhg1 Wkh

htxloleulxp lv gudzq rq Iljxuh 51 Rqh vhhv wkdw wkh hfrqrp| zlwk d elqglqj plqlpxp

zdjh kdv d orzhu ydoxh ri wkh oderu pdunhw wljkwqhvv dqg d kljkhu uhvhuydwlrq surgxfwlylw|

wkdq dq hfrqrp| zlwk  h{leoh zdjhv1

715 D plqlpxp zdjh elqglqj rq hyhu| mre

Qrz/ wkh plqlpxp zdjh lv vr kljk wkdw wkh vwduwlqj zdjh lv qrw qhjrwldwhg dq| pruh1

Irupdoo|/ zh duh lq d vlwxdwlrq zkhuh wkh zdjh lv h{rjhqrxv1 Lq wkdw fdvh/ wkh htxloleulxp

ydoxh ri wkh uhvhuydwlrq surgxfwlylw| lv vwloo gh�qhg e| htxdwlrq +5:,1 Wkh mre fuhdwlrq

htxdwlrq fdq eh rewdlqhg iurp wkh iuhh0hqwu| frqglwlrq +8,/ zklfk lpsolhv wkdw 7�E0�� '

�*6Ew�c dqg wkh gh�qlwlrq +59, ri 7�E0��=
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Iljxuh 6= Htxloleulxp zlwk d plqlpxp zdjh elqglqj rq wkh zkroh mrev1

�Eo n b�

6Ew�
' 0� � 7� n b

�] 0�

0_

7�E%�_CE%�� sCE0_�

�
� +5;,

Iljxuh 6 uhsuhvhqwv wkh htxloleulxp ydoxhv ri wkh oderu pdunhw wljkwqhvv/ ghqrwhg e| �w

zkhq wkh zdjh lv h{rjhqrxv1 Wkh mre fuhdwlrq htxdwlrq/ ghqrwhg e| a�/ gh�qhv d kxps0

vkdshg uhodwlrq ehwzhhq wkh uhvhuydwlrq surgxfwlylw| 0_ dqg wkh oderu pdunhw wljkwqhvv

w1 Wkh odwwhu wdnhv d pd{lpxp ydoxh iru 0_ ' 0Z� Lw fdq eh fkhfnhg wkdw wkh mre fuhdwlrq

fxuyh/ gh�qhg e| +5;,/ lv qhfhvvdulo| ehorz wkh mre fuhdwlrq fxuyh/ gh�qhg e| +53,/ lq wkh

fdvh zkhuh wkh vwduwlqj zdjh lv qhjrwldwhg1

Xs wr qrz/ gl�huhqw w|shv ri htxloleuld kdyh ehhq ghvfulehg1 Wkh iroorzlqj vhfwlrq lv

ghyrwhg wr wkh dqdo|vlv ri wkh surshuwlhv ri wkhvh htxloleuld/ zlwk d vshfldo irfxv rq wkh

frqvhtxhqfhv ri mre surwhfwlrq lq wkh suhvhqfh ri d plqlpxp zdjh1

8 Mre surwhfwlrq dqg wkh plqlpxp zdjh

Wkh frqvhtxhqfhv ri mre surwhfwlrq dqg wkh plqlpxp zdjh rq mrev dqg zrunhuv  rzv/ rq

xqhpsor|phqw dqg rq djjuhjdwh surgxfwlrq duh �uvw vwxglhg lq d txdolwdwlyh shuvshfwlyh
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Wdeoh 4= Frpsdudwlyh vwdwlf surshuwlhv ri wkh hfrqrp| zlwk  h{leoh uhqhjrwldwhg zdjhv
+fdvh D,/ zlwk  h{leoh exw qrw uhqhjrwldwhg zdjhv +fdvh D*,/ zlwk d plqlpxp zdjh dqg
d vwduwlqj qhjrwldwhg zdjh +fdvh E,/ dqg zlwk d plqlpxp zdjh dozd|v elqglqj +fdvh F,1

ehiruh sd|lqj vrph dwwhqwlrq wr vrph txdqwlwdwlyh suhglfwlrqv1

814 Txdolwdwlyh uhvxowv

81414 Mre  rzv dqg xqhpsor|phqw

Wkh txdolwdwlyh surshuwlhv ri wkh wkuhh w|shv ri htxloleuld duh vxppdul}hg lq wdeoh 4/ zklfk

lqglfdwhv wkh vljq ri yduldwlrq lq wkh oderu pdunhw wljkwqhvv/ wkh mre ghvwuxfwlrq udwh/ wkh

xqhpsor|phqw udwh dqg djjuhjdwh surgxfwlrq zkhq wkhuh lv dq lqfuhdvh lq wkh uhgxqgdqf|

sd|phqw/ wkh �ulqj wd{ dqg wkh plqlpxp zdjh1

Wkh uhvxowv rewdlqhg lq wkh hfrqrp| zlwk  h{leoh uhqhjrwldwhg zdjhv duh wkh vdph dv

wkrvh ri Pruwhqvhq dqg Slvvdulghv +4<<:,1 Lw lv zruwk qrwlqj wkdw uhgxqgdqf| sd|phqwv gr

qrw lq xhqfh dq| yduldeoh frqvlghuhg lq wkh wdeoh/ exw wkdw wkh| lq xhqfh wkh ohyho ri wkh

qhjrwldwhg zdjhv/ zklfk gursv zkhq uhgxqgdqf| sd|phqwv duh udlvhg �Exugd +4<<5,1

Krzhyhu/ lq wkh rwkhu fdvhv/ wklqjv duh gl�huhqw vlqfh uhgxqgdqf| sd|phqwv lq xhqfh

erwk oderu pdunhw wljkwqhvv dqg mre ghvwuxfwlrq1 Zh douhdg| h{sodlqhg wkh lq xhqfh ri

uhgxqgdqf| sd|phqwv lq wkh hfrqrp| zlwk  h{leoh/ exw qrw uhqhjrwldwhg zdjhv1 Qrz/ ohw

xv orrn dw wkh lpsdfw ri �ulqj frvwv zkhq wkh plqlpxp zdjh lv elqglqj1

Li wkh plqlpxp zdjh lv orzhu wkdq wkh vwduwlqj zdjh/ dq| lqfuhdvh lq wkh uhgxqgdqf|

sd|phqw ghfuhdvhv wkh udwh ri mre ghvwuxfwlrq dqg udlvhv oderu pdunhw wljkwqhvv1 Wklv fdq

eh hdvlo| xqghuvwrrg e| orrnlqj dw Iljxuh 5/ zkhuh dq lqfuhdvh lq uhgxqgdqf| sd|phqwv

uhgxfhv 0Zc zklfk lv qhfhvvdulo| eljjhu wkdq 0Wr1 Dffruglqjo|/ wkh htxloleulxp ydoxh ri wkh

oderu pdunhw wljkwqhvv pryhv dorqj wkh mre fuhdwlrq fxuyh/ zklfk lpsolhv dq lqfuhdvh lq

7w dqg d gurs lq wkh xqhpsor|phqw udwh1 Wkhuhiruh/ uhgxqgdqf| sd|phqwv udlvh erwk wkh

mre whqxuh dqg wkh h{lw udwh iurp xqhpsor|phqw1 Wkh frqvhtxhqfhv ri wkh �ulqj wd{ duh

53



gl�huhqw iurp wkrvh ri uhgxqgdqf| sd|phqwv1 Wkh �ulqj wd{ kdv d qhjdwlyh lpsdfw rq

wkh oderu pdunhw wljkwqhvv/ dqg wkhq dq dpeljxrxv h�hfw rq xqhpsor|phqw1

Reylrxvo|/ wkh hfrqrp| vwd|v lq wkh uhjlph zlwk d qhjrwldwhg vwduwlqj zdjh iru vx!0

flhqwo| orz ydoxhv ri uhgxqgdqf| sd|phqwv dqg �ulqj wd{hv1 Li �ulqj frvwv duh elj hqrxjk/

wkh suhydlolqj vlwxdwlrq lv qhfhvvdulo| d fdvh zkhuh wkh plqlpxp zdjh lv elqglqj rq hyhu|

mre1 Lq wkdw fdvh +fdvh F,/ wdeoh 4 vkrzv wkdw uhgxqgdqf| sd|phqwv kdyh txlwh gl�huhqw hi0

ihfwv wkdq lq wkh fdvh zkhuh wkh vwduwlqj zdjh lv qhjrwldwhg +fdvh E,1 Wkh| kdyh d qhjdwlyh

lpsdfw rq wkh oderu pdunhw wljkwqhvv/ ehfdxvh wkh vwduwlqj zdjh fdqqrw ghfuhdvh zkhq

uhgxqgdqf| sd|phqwv duh udlvhg/ frqwudulo| wr wkh fdvh zkhuh wkh vwduwlqj zdjh lv qhjr0

wldwhg1 Wkh dffhqwxdwlrq lq zdjh uljlglw| lpsolhv wkdw uhgxqgdqf| sd|phqwv duh hqwluho|

sdvvhg rq wr sur�wv/ dqg wkhq wkdw wkh qhjdwlyh h�hfw rq mre fuhdwlrq lv vwurqjhu wkdq

zkhq zdjhv duh pruh  h{leoh1 Dffruglqjo|/ uhgxqgdqf| sd|phqwv/ dv wkh �ulqj wd{/ duh

frqgxflyh wr d orzhu mre uhdoorfdwlrq/ dqg kdyh dq dpeljxrxv lpsdfw rq xqhpsor|phqw1

Lw lv dovr zruwk vwuhvvlqj wkdw wkh lqwurgxfwlrq ri wkh plqlpxp zdjh lq wkh pdwfklqj

prgho vkhgv vrph oljkw rq wkh vlplodulwlhv lq mre  rzv/ dqg wkh gl�huhqfhv lq zrunhuv

 rzv/ irxqg lq hfrqrplhv zlwk vwurqj glvplvvdo surwhfwlrqv dqg d kljk plqlpxp zdjh rq

wkh rqh kdqg/ dqg hfrqrplhv zlwk  h{leoh oderu pdunhwv dqg d orz plqlpxp zdjh rq wkh

rwkhu kdqg1 Lqghhg/ wkh plqlpxp zdjh frxqwhudfwv wkh h�hfw ri wkh �ulqjv frvwv rq mre

ghvwuxfwlrq1 Wkxv/ d vwulqjhqw mre surwhfwlrq zlwk d kljk plqlpxp zdjh fdq ohdg wr d

vlplodu udwh ri mre ghvwuxfwlrq wkdq qr mre surwhfwlrq dqg d orz plqlpxp zdjh1 Pruhryhu/

rqh vhhv wkdw wkh plqlpxp zdjh ghfuhdvhv wkh h{lw udwh iurp xqhpsor|phqw/ dv wkh �ulqj

frvwv +h{fhsw iru uhgxqgdqf| sd|phqwv lq fdvh E,1 Dffruglqjo|/ wkh xqhpsor|phqw vshoo

lv orqjhu lq wkh hfrqrplhv zlwk d vwulqjhqw mre surwhfwlrq dqg d kljk plqlpxp zdjh

dowkrxjk wkh udwh ri mre ghvwuxfwlrq fdq eh vlplodu lq erwk w|shv ri hfrqrplhv1

81415 Surgxfwlrq

Ryhudoo/ �ulqj wd{hv/ e| ghfuhdvlqj erwk mre ghvwuxfwlrq dqg oderu pdunhw wljkwqhvv/ kdyh

dq dpeljxrxv h�hfw rq djjuhjdwh surgxfwlrq/ zklfk lv d phdvxuh ri vrfldo zhoiduh/ vlqfh

lqglylgxdov duh ulvn0qhxwudo1 Qdpho|/ wkh h�hfw ghshqgv rq wkh ihdwxuhv ri wkh pdwfklqj

whfkqrorj| dqg wkh surgxfwlylw| vkrfnv1 Wkh vdph wklqj dulvhv iru uhgxqgdqf| sd|phqwv/

h{fhsw lq fdvh E/ zkhuh wkh plqlpxp zdjh lv qrw elqglqj iru wkh vwduwlqj mrev1 Lq wklv
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uhjlph/ uhgxqgdqf| sd|phqwv lqfuhdvh mre dqg xqhpsor|phqw vshoov/ dqg frxqwhudfw wkh

qhjdwlyh lpsdfw ri wkh plqlpxp zdjh rq hpsor|phqw dqg surgxfwlrq1 Pruh suhflvho|/

uhgxqgdqf| sd|phqwv doorz iru lpsurylqj zhoiduh zkhq wkh plqlpxp zdjh lv elqglqj rq

vrph mrev rqo|1

815 Txdqwlwdwlyh uhvxowv

Zh kdyh mxvw vhhq wkdw mre surwhfwlrq kdv dq dpeljxrxv wkhruhwlfdo lpsdfw rq xqhpsor|0

phqw lq prvw fdvhv1 Wkh rqo| vlwxdwlrq zkhuh mre surwhfwlrq kdv d yhu| fohdu wkhruhwlfdo

h�hfw lv wkh fdvh ri d yduldwlrq lq uhgxqgdqf| sd|phqwv zkhq wkh plqlpxp zdjh lv elqg0

lqj rq mrev zlwk orz surgxfwlylw|/ exw qrw rq wkh vwduwlqj mrev1 Lq wkdw fdvh/ dq lqfuhdvh

lq uhgxqgdqf| sd|phqwv ghfuhdvhv xqhpsor|phqw1

Krzhyhu/ frpsxwdwlrqdo h{huflvhv grqh e| Ploodug dqg Pruwhqvhq +4<<:,/ Pruwhqvhq

dqg Slvvdulghv +4<<:/ 4<<;, dqg Fdeudohv dqg Krshqkd|q +4<<;, vkhg vrph oljkw rq wkh

frqvhtxhqfhv ri mre surwhfwlrq rq hpsor|phqw1 Pruwhqvhq dqg Slvvdulghv vkrz wkdw lq0

fuhdvhv lq �ulqj wd{ udlvh hpsor|phqw zkhq wkh uhsodfhphqw udwlr lv orz/ exw kdyh dq

rssrvlwh h�hfw zkhq wkh uhsodfhphqw udwlr lv kljk/ ehfdxvh lq wkdw fdvh zdjhv duh grzq0

zdugv uljlg dqg mre fuhdwlrq ehfrphv yhu| vhqvlwlyh wr dq| oderu frvw lqfuhdvh1 Fdeudohv

dqg Krshqkd|q +4<<;, dujxh wkdw wkh vwrfkdvwlf surfhvv ri wkh vkrfnv wr wkh zrunhu0�up

pdwfk sod|v dq lpsruwdqw uroh1 Wkh| vkrz wkdw d vwrfkdvwlf surfhvv wkdw |lhogv pruh

shuvlvwhqw vkrfnv wkdq wkrvh frqvlghuhg e| Pruwhqvhq dqg Slvvdulghv lpsolhv wkdw �ulqj

wd{ lqfuhdvhv duh frqgxflyh wr yhu| lpsruwdqw hpsor|phqw gursv= Lqwurgxflqj d �ulqj wd{

ri derxw rqh prqwk ri phdq zdjhv ohdgv wr d 9( xqhpsor|phqw lqfuhdvh lq Fdeudohv dqg

Krshqkd|q h{huflvh1

Rxu frpsxwdwlrqdo h{huflvhv doorz xv wr vkrz wkdw mre surwhfwlrq srolflhv duh olnho|

wr eh yhu| xqidyrudeoh wr hpsor|phqw lq wkh suhvhqfh ri d plqlpxp zdjh/ hyhq lq wkh

fdvhv zkhuh wkh| duh idyrudeoh wr hpsor|phqw lq wkh devhqfh ri d plqlpxp zdjh1 Zh

wdnh sdudphwhu ydoxhv forvh wr wkrvh ri wkh edvh olqh ydoxhv fkrvhq e| Pruwhqvhq dqg

Slvvdulghv +4<<;, zklfk duh vxssrvhg wr uhsuhvhqw wkh pdlq ihdwxuhv ri d cuhsuhvhqwdwlyh*

Hxurshdq oderu pdunhw ryhu wkh sdvw wzhqw| |hduv rq txduwhuo| gdwd1 D pdwfklqj ixqfwlrq

ri wkh Free0Grxjodv irup lv dvvxphg/ vxfk wkdw *? d6Ew�o ' �

2
*?Ew��Wkh glvwulexwlrq ri

lglrv|qfudwlf vkrfnv lv dvvxphg wr eh xqlirup rq wkh vxssruw d�Dc �o � Wkh rwkhu sdudphwhu
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Wdeoh 5= Sdudphwhu Ydoxhv

ydoxhv xvhg lq wkh frpsxwdwlrqv duh uhsruwhg lq Wdeoh 51

Iljxuh 7 uhsuhvhqwv wkh h�hfw ri d �ulqj wd{ lqfuhdvh rq xqhpsor|phqw zkhq uhgxq0

gdqf| sd|phqwv dprxqw wr f�21 Wkh �ulqj wd{ ydulhv ehwzhhq }hur dqg rqh1 Wkh xsshu

erxqg ri wkh �ulqj wd{ dprxqwv wr wkh txduwhuo| surgxfwlrq ri wkh prvw surgxfwlyh mrev1

Wkh gdvkhg olqh fruuhvsrqgv wr wkh fdvh ri  h{leoh zdjhv1 Rqh �qgv wkh vdph h�hfw dv

Pruwhqvhq dqg Slvvdulghv zkhq wkh uhsodfhphqw udwlr lv vx!flhqwo| orz1 Edvlfdoo|/ rqh

vhhv wkdw d pruh vwulqjhqw mre surwhfwlrq ohdgv wr d zhdn ghfuhdvh lq wkh xqhpsor|phqw

udwh1 Wkh frqwlqxrxv olqh fruuhvsrqgv wr wkh fdvh zlwk d plqlpxp zdjh/ zklfk lv qrw

elqglqj rq wkh zkroh mrev iru s} ' f� Vlqfh zdjhv gurs zkhq wkh �ulqj wd{ lv lqfuhdvhg/

wkh plqlpxp zdjh lv dozd|v elqglqj dorqj wkh frqwlqxrxv olqh1 Iru orz ydoxhv ri wkh �ulqj

wd{/ wkh hfrqrp| lv lq uhjlph E/ zkhuh wkh plqlpxp zdjh lv qrw elqglqj rq wkh vwduwlqj

mrev/ exw lv elqglqj rq mrev zlwk vx!flhqwo| orz surgxfwlylw|1 Lq wklv uhjlph/ �ulqj frvwv

kdyh d yhu| zhdn qhjdwlyh lpsdfw rq wkh xqhpsor|phqw udwh1 Li wkh �ulqj wd{ lv deryh

d wkuhvkrog ydoxh/ zklfk lv derxw f��fc wkh plqlpxp zdjh lv elqglqj rq doo mrev/ zklfk

phdqv wkdw wkh hfrqrp| lv lq uhjlph F1 Lq wklv uhjlph/ wkhuh lv qr pruh grzqzdugv zdjh

 h{lelolw| wkdw fdq vriwhq wkh lpsdfw ri �ulqj wd{ lqfuhdvhv rq sur�wv1 Dffruglqjo|/ mre

surwhfwlrq kdv d vwurqj srvlwlyh lpsdfw rq wkh xqhpsor|phqw udwh/ ehfdxvh lw kdv h{dfwo|

wkh vdph h�hfw rq wkh udwh ri mre ghvwuxfwlrq dv lq uhjlph E/ exw d vwurqjhu qhjdwlyh h�hfw

rq oderu pdunhw wljkwqhvv1

Iljxuh 8 looxvwudwhv wkh frqvhtxhqfhv ri d �ulqj wd{ lqfuhdvh iru wkh vdph sdudphwhu

ydoxhv dv lq Iljxuh 7 h{fhsw wkdw uhgxqgdqf| sd|phqwv dprxqw wr f�D lqvwhdg ri f�2� Wkh

kljkhu ohyho ri uhgxqgdqf| sd|phqwv lpsolhv wkdw wkh plqlpxp zdjh lv elqglqj rq wkh

zkroh mrev dqg wkdw d �ulqj wd{ lqfuhdvh dv d gudpdwlf srvlwlyh lpsdfw rq xqhpsor|phqw/

hyhq iru yhu| orz ohyhov ri wkh �ulqj wd{1

Wkh frqvhtxhqfhv ri uhgxqgdqf| sd|phqwv fdq eh vhhq rq Iljxuh 91 Lq wkh devhqfh ri d

plqlpxp zdjh/ uhgxqgdqf| sd|phqwv ehorz d wkuhvkrog ydoxh/ zklfk dprxqwv wr derxw

f�DDc kdyh qr h�hfw rq xqhpsor|phqw1 Rqh dovr vhhv/ dv lqglfdwhg e| rxu wkhruhwlfdo
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Iljxuh 7= Wkh lpsdfw ri d �ulqj wd{ lqfuhdvh zlwk orz uhgxqgdqf| sd|phqwv
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Iljxuh 9= Wkh lpsdfw ri dq lqfuhdvh lq uhgxqgdqf| sd|phqwv

0 0 0 Ioh{leoh zdjhv>� Grzqzdugv uljlg zdjhv
s} ' f�2c 7� ' f�b�c iru s� ' fc rqh kdv= �W

f
' f�bSc �E0Wr� ' f�Hbc 7�f ' f�b2�

dqdo|vlv/ wkdw uhgxqgdqf| sd|phqwv eljjhu wkdq wklv wkuhvkrog ydoxh voljkwo| ghfuhdvh

xqhpsor|phqw1 Wklqjv duh gudpdwlfdoo| gl�huhqw zkhq wkhuh lv d plqlpxp zdjh1 Lq

Iljxuh 9 wkh plqlpxp zdjh lv qrw elqglqj rq wkh zkroh mrev zkhq s� ' f� Wkhuhiruh/

wkh hfrqrp| lv lq uhjlph E iru uhgxqgdqf| sd|phqwv orzhu wkdq derxw f��f� Lq uhjlph

E/ uhgxqgdqf| sd|phqw lqfuhdvhv kdyh d yhu| vpdoo qhjdwlyh lpsdfw rq xqhpsor|phqw1

Krzhyhu/ zkhq uhgxqgdqf| sd|phqwv duh eljjhu wkdq f��fc wkh hfrqrp| lv lq uhjlph F/

dqg uhgxqgdqf| sd|phqw lqfuhdvhv kdyh d yhu| vwurqj srvlwlyh lpsdfw rq xqhpsor|phqw1

Ryhudoo/ rxu txdqwlwdwlyh uhvxowv vxjjhvw wkdw mre surwhfwlrq pljkw ghfuhdvh/ lq fhuwdlq

flufxpvwdqfhv/ wkh xqhpsor|phqw udwh ri uhodwlyho| vnloohg zrunhuv/ zkrvh zdjhv duh kljkhu

wkdq wkh plqlpxp zdjh/ exw pljkw v|vwhpdwlfdoo| lqfuhdvh wkh xqhpsor|phqw udwh iru

wkh ohvv vnloohg zrunhuv1 Dq xqsohdvdqw uhvxow/ zkhq rqh nqrzv wkdw mre surwhfwlrq lv riwhq

xvhg wr �jkw djdlqvw xqhpsor|phqw ri wkh ohvv vnloohg zrunhuv1 Rxu uhvxow dovr vxjjhvw

wkdw mre surwhfwlrq lv olnho| wr lqfuhdvh xqhpsor|phqw lq frxqwulhv zlwk d kljk plqlpxp

zdjh/ vxfk dv Iudqfh/ iru lqvwdqfh/ exw wr ghfuhdvh xqhpsor|phqw lq frxqwulhv zlwk d orz

plqlpxp zdjh1
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9 Frqfoxvlrq

Rxu sdshu vxjjhvwv wkdw wkh lpsdfw ri mre surwhfwlrq srolflhv rq xqhpsor|phqw lv vwurqjo|

lq xhqfhg e| wkh zdjh vhwwlqj1 Iluvw/ lw dsshduv wkdw uhgxqgdqf| sd|phqwv pd| kdyh yhu|

gl�huhqw frqvhtxhqfhv ghshqglqj rq wkh plqlpxp zdjh ohyho= Wkh| lqfuhdvh hpsor|phqw

li wkh plqlpxp zdjh lv elqglqj dqg vx!flhqwo| orz/ exw wkh| kdyh dq rssrvlwh h�hfw li

wkh plqlpxp zdjh lv vx!flhqwo| kljk1 Vhfrqg/ uhgxqgdqf| sd|phqwv dqg dgplqlvwudwlyh

glvplvvdo uhvwulfwlrqv kdyh d gl�huhqw h�hfw rq xqhpsor|phqw/ h{fhsw zkhq d plqlpxp

zdjh lv elqglqj rq doo mrev1 Lw phdqv wkdw lw lv zruwk glvwlqjxlvklqj gl�huhqw frpsrqhqwv ri

glvplvvdo uhvwulfwlrqv zkhq rqh orrnv dw wkh frqvhtxhqfhv ri mre surwhfwlrq srolflhv/ vlqfh

wkhuh duh fdvhv zkhuh lqfuhdvhv lq uhgxqgdqf| sd|phqwv dqg lq dgplqlvwudwlyh glvplvvdo

uhvwulfwlrqv kdyh rssrvlwh h�hfwv rq xqhpsor|phqw1 Wklug/ sodxvleoh sdudphwhu ydoxhv

vxjjhvw wkdw lw lv olnho| wkdw mre surwhfwlrq srolflhv kdyh d yhu| vwurqj srvlwlyh lpsdfw rq

xqhpsor|phqw zkhq wkh plqlpxp zdjh lv kljk/ exw kdv dq dpeljxrxv lpsdfw rq xq0

hpsor|phqw zkhq zdjhv duh grzqzdugv  h{leoh1 Wklv uhvxow vxjjhvwv wkdw mre surwhfwlrq

srolflhv pd| kdyh d vwurqj srvlwlyh lpsdfw rq xqhpsor|phqw ri wkh ohvv vnloohg dqg wkh

|rxqj zrunhuv lq frqwlqhqwdo Hxurshdq frxqwulhv/ zkhuh wkh plqlpxp zdjh lv uhodwlyho|

kljk �Grodgr hw doll +4<<9,/ Derzg hw doll +4<<;,� exw pljkw kdyh d zhdn lpsdfw rq

xqhpsor|phqw lq rwkhu frxqwulhv/ vxfk dv wkh XN ru wkh Qruwk Dphulfdq frxqwulhv1

Uhihuhqfhv

Derzg/ M1/ I1 Nudpdu} dqg G1 Pdujrolv/ +4<<;,/ �Plqlpxp Zdjhv dqg Hpsor|phqw lq

Iudqfh dqg wkh Xqlwhg Vwdwhv�/ Zrunlqj Sdshu 4<<;045/ Odpld/ Xqlyhuvlwì Sdulv 41

Ehqwrolod/ V1 dqg J1 Ehuwrod +4<<3,/ �Ilulqj Frvwv dqg Oderxu Ghpdqg= Krz Edg lv

Hxurvfohurvlv�/ Uhylhz ri Hfrqrplf Vwxglhv/ 8:/ 6;407351

Ehqwrolod/ V1 dqg J1 Vdlqw0Sdxo +4<<5,/ �Wkh Pdfurhfrqrplf Lpsdfw ri Ioh{leoh Oderu

Frqwudfwv/ Zlwk Dq Dssolfdwlrq wr Vsdlq�/ Hxurshdq Hfrqrplf Uhylhz/ 69/ 43460861

Ehuwrod/ J1 +4<<3,/ �Mre Vhfxulw|/ Hpsor|phqw dqg Zdjhv�/ Hxurshdq Hfrqrplf Uhylhz/

67/ ;840;91

Ehuwrod/ J1 dqg U1 Urjhuvrq +4<<:,/ �Lqvwlwxwlrqv dqg oderu uhdoorfdwlrq�/ Hxurshdq Hfr0

qrplf Uhylhz/ 74/ 447:0:41

Elqpruh/ N/ D1 Uxelqvwhlq dqg D1 Zrolqvn| +4<;9,/ �Wkh Qdvk Vroxwlrq lq Hfrqrplf

Prghoolqj�/ Udqg Mrxuqdo ri Hfrqrplfv/ 4:/ 4:90;;1
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Eodqfkdug/ R1 +4<<;,/ �Iorzv/ Hpsor|phqw Surwhfwlrq/ dqg Xqhpsor|phqw�/ Pdqxvfulsw/

Kduydug Xqlyhuvlw|1

Eodqfkdug/ R1 dqg S1 Gldprqg +4<;<,/ �Wkh Ehyhulgjh Fxuyh�/ Eurrnlqjv Sdshuv rq

Hfrqrplf Dfwlylw|/ 4/ 40:91

Exugd/ P1 +4<<5,/ �D qrwh rq �ulqj frvwv dqg uhgxqgdqf| ehqh�wv lq htxloleulxp xqhp0

sor|phqw�/ Vfdqglqdyldq Mrxuqdo ri Hfrqrplfv/ <7/ 7:<0;<1

Fdeudohv/ D1 dqg K1 Krshqkd|q +4<<;,/ �Mre G|qdplfv/ Fruuhodwhg Vkrfnv dqg Zdjh

Sur�ohv�/ Zrunlqj Sdshu/ Xqlyhuvlwdw Srpshx Ideud1

Frh/ G1 dqg G1 Vqrzhu +4<<:,/ �Srolf| Frpsohphqwdulwlhv= Wkh Fdvh iru Irqgdphqwdo

Oderu Pdunhw Uhirup�/ LPI Vwd� Sdshuv/ 77+4,/ 40681

Grodgr/ M1/ Nudpdu}/ I1/ Pdfklq/ V1/ Pdqqlqj/ D1/ Pdujrolv/ G1 dqg Whxolqjv/ F1 +4<<9,/

�Wkh hfrqrplf lpsdfw ri plqlpxp zdjhv lq Hxursh�/ Hfrqrplf Srolf|/ 56/ 64:0:61

Jduledogl/ S1 +4<<;,/ �Mre  rzv g|qdplfv dqg �ulqj uhvwulfwlrqv�/ Hxurshdq Hfrqrplf

Uhylhz/ 75/ 5780:81

Krshqkd|q/ K1 dqg Urjhuvrq/ U1 +4<<6,/ �Mre Wxuqryhu dqg Srolf| Hydoxdwlrq= D Jhqhudo

Htxloleulxp Dqdo|vlv�/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ 434/ <48�6;1

Od}hdu/ H1 +4<<3,/ �Mre Vhfxulw| Surylvlrqv dqg Hpsor|phqw�/ Txduwhuo| Mrxuqdo ri Hfr0

qrplfv/ 438/ 9<<�:591

Omxqjtylvw/ O1 +4<<;,/ �Krz Gr Od|r� Frvwv D�hfw Hpsor|phqwB�/ Pdqxvfulsw/ Kdq0

ghovkùjvnrodq l Vwrfnkrop1

PdfOhrg/ Z1 dqg M1 Pdofrpvrq +4<<6,/ �Lqyhvwphqw/ Krogxs/ dqg wkh Irup ri Pdunhw

Frqwudfwv�/ Dphulfdq Hfrqrplf Uhylhz/ ;6/ ;4406:1

Pdofrpvrq/ M1 +4<<:,/ �Frqwudfwv/ Krog0Xs/ dqg Oderu Pdunhwv�/ Mrxuqdo ri Hfrqrplf

Olwhudwxuh/ 68/ 4<4908:1

PfOdxjkolq/ N1 +4<<4,/ �D Wkhru| ri Txlwv dqg Od|r�v zlwk H!flhqw Wxuqryhu�/ Mrxuqdo

ri Srolwlfdo Hfrqrp|/ <</ 405<1

PfOdxjkolq/ N1 +4<<4,/ �Uljlg ZdjhvB�/ Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 67/ 6;607471

Ploodug/ V1 dqg G1 Pruwhqvhq +4<<:,/ �Wkh xqhpsor|phqw dqg zhoiduh h�hfwv ri oderxu

pdunhw srolf|= d frpsdulvrq ri wkh XVD dqg wkh XN�/ lq Vqrzhu/ G1 dqg J1 gh od Ghkhvd/

Xqhpsor|phqw Srolf|/ Jryhuqhphqw Rswlrqv iru wkh Oderxu Pdunhw/ FHSU/ Fdpeulgjh

Xqlyhuvlw| Suhvv1
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Pruwhqvhq/ G1 +4<<7,/ �Wkh F|folfdo Ehkdylru ri Mre dqg Zrunhu Iorzv�/ Mrxuqdo ri

Hfrqrplf G|qdplf dqg Frqwuro/ 4;/ 4454044741

Pruwhqvhq/ G1 dqg F1 Slvvdulghv +4<<7,/ �Mre Fuhdwlrq dqg Mre Ghvwuxfwlrq lq wkh Wkhru|

ri Xqhpsor|phqw�/ Uhylhz ri Hfrqrplf Vwxglhv/ 94/ 6<:07481

Pruwhqvhq/ G1 dqg F1 Slvvdulghv +4<<:,/ �Xqhpsor|phqw Uhvsrqvhv wr cVnloo0Eldvhg* Whfk0

qrorjlfdo Vkrfnv�/ Pdqxvfulsw/ FHSU/ Orqgrq1

Pruwhqvhq/ G1 dqg F1 Slvvdulghv +4<<;,/ �Mre Uhdoorfdwlrq/ Hpsor|phqw Ioxfwxdwlrqv

dqg Xqhpsor|phqw�/ Pdqxvfulsw/ Qruwkzhvwhuq Xqlyhuvlw|1

RHFG +4<<7,/ Mrev Vwxg|/ Sdulv= RHFG1

RHFG +4<<9,/ Mrev Vwxg|= Lpsohphqwlqj wkh Vwudwhj|/ Sdulv= RHFG1

Rveruqh/ P1 dqg D1 Uxelqvwhlq +4<<3,/ Edujdlqlqj dqg Pdunhwv/ Vdq Glhjr= Dfdghplf

Suhvv1

Slvvdulghv/ F1 +4<<3,/ Htxloleulxp Xqhpsor|phqw Wkhru|/ R{irug= Edvlo Eodfnzhoo1

Vdlqw0Sdxo/ J1 +4<<9,/ Gxdo Oderu Pdunhwv/ Fdpeulgjh/ PD1= Wkh PLW Suhvv1

Udph|/ J1 dqg M1 Zdwvrq +4<<:,/ �Frqwudfwxdo Iudjlolw|/ Mre Ghvwuxfwlrq/ dqg Exvlqhvv

F|fohv�/ Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 445/ ;:5�<441
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Dsshqgl{ 4= Wkh vwudwhjlf qhjrwldwlrq jdph

Qhjrwldwlrq rq qhz pdwfkhv

Lq wklv dsshqgl{/ zh surylgh d yhu| vlpsoh qrq0frrshudwlyh qhjrwldwlrq jdph wkdw |lhogv wkh

vkdulqj uxoh jlyhq htxdwlrq +43,1 Iru d pruh jhqhudo wuhdwphqw/ vhh Rveruqh dqg Uxelqvwhlq

+4<<3, dqg PdfOhrg dqg Pdofrpvrq +4<<6,1 Wkh jdph surfhhgv lq wkh iroorzlqj zd|1

+l, Wkh hpsor|hu pdnhv d zdjh r�hu1

+ll, Wkh zrunhu hlwkhu djuhhv dqg vljqv wkh frqwudfw/ ru uhixvhv1

+lll, Lq fdvh ri glvdjuhhphqw lq vwhs +ll,/ wkh zrunhu +uhvs= wkh hpsor|hu, pdnhv d zdjh r�hu

zlwk suredelolw| � +uhvs= �� �,/ diwhu d yhu| vkruw ghod| ghqrwhg e| {1

+ly, Wkh sod|hu zkr kdv qrw pdgh wkh r�hu lq vwhs +lll, hlwkhu dffhswv dqg vljq wkh frqwudfw/

ru uhixvhv1

+y, Lq fdvh ri glvdjuhhphqw lq vwhs +ly,/ wkh mre lv ghvwur|hg1

Ohw xv uhpdun wkdw wkh dvvxpswlrq wkdw wkh hpsor|hu pdnhv wkh �uvw r�hu lv qrw hvvhqwldo

dqg kdv ehhq fkrvhq iru wkh vdnh ri vlpsolflw|1 Wkh vxejdph shuihfw htxloleuld ri wklv jdph fdq

eh irxqg e| edfnzdug lqgxfwlrq1 Lq wkh odvw vwhs/ wkh hpsor|hu dffhswv dq| r�hu wkdw |lhogv

�E0�c �f� � ��/ zklfk lpsolhv wkdw wkh zrunhu jhwv T� n 7f li kh pdnhv wkh zdjh r�hu lq vwhs

+lll,1 Vlploduo|/ wkh zrunhu jhwv T� li wkh hpsor|hu pdnhv wkh r�hu lq vwhs +lll,1 Wkhuhiruh/ lq

vwhs +ll,/ wkh h{shfwhg glvfrxqwhg lqfrph ri d zrunhu dprxwv wr e3o{ dT� n �7fo � Lq wkh �uvw

vwhs/ wkh hpsor|hu r�huv wkh orzhvw srvvleoh vkduh ri wkh vxusoxv wr wkh zrunhu/ zklfk lpsolhv

wkdw wkh zrunhu jhwv T E�f� ' e3o{ dT� n �7fo c zklfk lv wkh vkdulqj uxoh jlyhq htxdwlrq +43,

zkhq { $ f� Qrwlfh wkdw wkh h{lvwhqfh ri wkh ghod| lq wkh edujdlqlqj jdph lpsolhv wkdw wkhuh

lv d xqltxh vxejdph shuihfw htxloleulxp �vhh Rveruqh dqg Uxelqvwhlq +4<<3,1

Uhqhjrwldwlrq

Xqghu wkh uhqhjrwldwlrq e| pxwxdo djuhhphqw uxoh/ hdfk sduw| fdq rqo| irufh wkh rwkhu rqh

hlwkhu wr vhsdudwh ru wr frqwlqxh delglqj e| wkh fxuuhqw frqwudfw1 Rqh fdq vlpso| uhsuhvhqw wklv

vlwxdwlrq wkdqnv wr wkh iroorzlqj uhqhjrwldwlrq jdph1

d, Hlwkhu sduw| fdq lqlwldwh d uhqhjrwldwlrq1 Wkhuh lv qr surgxfwlrq gxulqj wkh uhqhjrwldwlrq

surfhvv1

e, Wkh rwkhu sduw| hlwkhu dffhswv ri uhixvhv1

f, Lq fdvh ri dffhswdqfh lq vwhs e/ wkh edujdlqlqj jdph ghvfulehg suhylrxvo| ehjlqv1 Lq fdvh

ri uhixvdo/ wkh sduw| zkr kdv lqlwldwhg wkh uhqhjrwldwlrq hlwkhu frqwlqxhv delglqj e| wkh fxuuhqw

frqwudfw ru vhsdudwh1 Rqo| hpsor|hu0lqlwldwhg vhsdudwlrqv jlyh ulvh wr uhgxqgdqf| sd|phqwv1

Ohw xv vkrz wkdw wkh vxejdph shuihfw htxloleulxp ri wkh uhqhjrwldwlrq jdph fruuhvsrqgv

wr wkh vkdulqj uxoh jlyhq htxdwlrq +4:, dqg wkdw uhqhjrwldwlrqv duh lqlwldwhg e| hpsor|huv rqo|1

Wkh surri lv jlyhq iru wkh uhqhjrwldwlrq ri wkh vwduwlqj zdjh rq d mre zlwk fxuuhqw surgxfwlylw|

0c exw lw fdq eh dssolhg vwudljkwiruzdugo| wr wkh uhqhjrwldwlrq ri d uhqhjrwldwhg zdjh1 Wkh

uhqhjrwldwlrq jdph kdv wr eh vroyhg e| edfnzdug lqgxfwlrq1 Ohw xv ehjlq e| vwhs f1

Vwhs f

0Lq fdvh ri uhixvdo lq vwhs e wkh hpsor|hu zkr lqlwldwhg d uhqhjrwldwlrq suhihuv wr vhsdudwh

wkdq jrlqj rq delglqj e| wkh suhylrxv frqwudfw li �E0c �f� 	 �s n ��� Vlploduo|/ wkh zrunhu
zkr lqlwldwhg d uhqhjrwldwlrq suhihuv wr vhsdudwh li T E�f� 	 T��

0Lq fdvh ri dffhswdqfh lq vwhs ec wkh zdjh lv edujdlqhg dffruglqj wr wkh vwudwhjlf edujdlqlqj

jdph ghvfulehg e| vwhsv +l,0+y,/ h{fhsw wkdw wkh hpsor|hu kdv wr sd| uhgxqgdqf| sd|phqwv li wkh
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mre lv ghvwur|hg zkhq kh lqlwldwhg wkh uhqhjrwldwlrq Ohw xv ehjlq wr vwxg| dq hpsor|hu0lqlwldwhg

uhqhjrwldwlrq1

0Li wkh uhqhjrwldwlrq lv lqlwldwhg e| wkh hpsor|hu/ lq vwhs +ly,/ wkh zrunhu dqg wkh hpsor|hu

dffhsw dq| sd|r� odujhu wkdq T� n s� dqg �� n s uhvshfwlyho|1 Wkxv/ lq vwhs +lll,/ wkh zrunhu

r�huv �zlwk suredelolw| �� d sur�w �� n s dqg jhwv 7E0� n T� n s�c zkhuhdv wkh hpsor|hu
r�huv T�n s� dqg jhwv 7E0�n��� s� Wkhuhiruh/ lq vwhs +ll,/ wkh h{shfwhg sd|r� wr wkh zrunhu

lv e3o{ iT� n �7E0� n s�j � Lq vwhs +l,/ wkh hpsor|hu r�huv wkh orzhvw zdjh wkdw surylghv dw

ohdvw e3o{ iT� n �7E0� n s�j wr wkh zrunhu1 Dffruglqjo|/ zkhq { $ fc wkh zrunhu jhwv wkh
sd|r� T d�E0�o dqg wkh hpsor|hu wkh h{shfwhg sur�w � d0c �E0�o gh�qhg e| wkh vkdulqj uxoh

+4:,1

0Li wkh uhqhjrwldwlrq lv lqlwldwhg e| wkh zrunhu/ lq vwhs +ly,/ wkh zrunhu dqg wkh hpsor|hu

dffhsw dq| sd|r� odujhu wkdq T� dqg �� uhvshfwlyho|1 Wkxv/ lq vwhs +lll,/ wkh zrunhu r�huv

�zlwk suredelolw| �� d sur�w �� dqg jhwv 7E0�nT�c zkhuhdv wkh hpsor|hu r�huv T� dqg jhwv

7E0� n ��� Wkhuhiruh/ lq vwhs +ll,/ wkh h{shfwhg sd|r� wr wkh zrunhu lv e3o{ iT� n �7E0�j1 Lq
vwhs +l,/ wkh hpsor|hu r�huv wkh orzhvw zdjh wkdw surylghv dw ohdvw e3o{ iT� n �7E0�j wr wkh

zrunhu1 Dffruglqjo|/ zkhq { $ fc wkh zrunhu jhwv d sd|r� T d��E0�o � T� n �7E0� dqg wkh

hpsor|hu dq h{shfwhg sur�w � d0c ��E0�o � ��nE����7E0�/ zkhuh ��E0� vwdqgv iru wkh zdjh
edujdlqhg ryhu zkhq surgxfwlylw| dprxqwv wr 0 li wkh uhqhjrwldwlrq lv zrunhu0lqlwldwhg1

Vwhs e

Vwhs f lpsolhv wkdw wkh zrunhu djuhhv wr uhqhjrwldwh wkh lqlwldo frqwudfw li dqg rqo| li

�
T d�E0�o : T E�f� li �E0c �f� � �s n��

T d�E0�o � T� n s� li �E0c �f� 	 �s n��

+5<,

Vlploduo|/ wkh hpsor|hu djuhhv wr uhqhjrwldwh wkh lqlwldo frqwudfw li dqg rqo| li � d0c ��E0�o :
�E0c�f�c d frqglwlrq zklfk lv dozd|v ixo�oohg/ vlqfh lw lv htxlydohqw wr 0� : 0�

Vwhs d

0Ohw xv ehjlq wr dvvxph wkdw wkh hpsor|hu ghflghv wr uhqhjrwldwh1

0Li �E0c �f� � �s n ��c vwhs f lpsolhv wkdw wkh hpsor|hu jhwv � d0c��E0�o ' E� �
��7E0� � s li wkh zrunhu dffhswv1 Exw vwhs e�vhh htxdwlrq +5<,� lpsolhv wkdw wkh zrunhu

dffhswv wr uhqhjrwldwh rqo| li T d�E0�o : T E�f� c zklfk lpsolhv wkdw � d0c��E0�o 	 �E0c�f��
Wkxv wkh hpsor|hu qhyhu lqlwldwhv d uhqhjrwldwlrq ri wkh lqlwldo frqwudfw li �E0c �f� � �s n���

0Li �E0c�f� 	 �s n ��c vwhs f lpsolhv wkdw wkh hpsor|hu jhwv � d0c ��E0�o ' E� �
��7E0�� s li wkh zrunhu dffhswv wr uhqhjrwldwh1 Wkh zrunhu dffhswv rqo| li T d�E0�o � T�n s�
zklfk lv htxlydohqw/ dffruglqj wr wkh vkdulqj uxoh +4:, ghulyhg lq vwhs f/ wr 7E0� � f� Vlploduo|/
� d0c ��E0�o lv eljjhu wkdq �s li dqg rqo| li 7E0� � f� Wkhuhiruh/ wkh hpsor|hu lqlwldwhv d

uhqhjrwldwlrq li �E0c�f� 	 �s n�� dqg 7E0� � f1
0Li wkh zrunhu lqlwldwhv d uhqhjrwldwlrq ri wkh lqlwldo frqwudfw/ vwhs e lpsolhv wkdw wkh hpsor|hu

dozd|v dffhswv/ dqg vwhs f wkdw wkh zrunhu jhwv T d��E0�o ' �7E0�nT� 	 T E�f� ' �7fnT�c
;0 9' 0�� Dffruglqjo|/ wkh zrunhu qhyhu lqlwldwhv d uhqhjrwldwlrq ri wkh lqlwldo frqwudfw1

Dsshqgl{ 5= Wkh vxusoxv

Iurp htxdwlrq +47, dqg wkh iuhh0hqwu| frqglwlrq/ wkh vxusoxv ri d frqwlqxlqj mre zlwk lg0

lrv|qfudwlf frpsrqhqw 0 dqg d zdjh uhqhjrwldwhg zkhq wkh lglrv|qfudwlf frpsrqhqw zdv + fdq

eh zulwwhq dv=
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7E0� ' T d�E+�o� T� n� d0c �E+�o n s}c +63,

zkhuh T d�E+�o lv gh�qhg lq htxdwlrq +;, zlwk=

Tb d�E+�o'

] 0_

3"

ds� n T�o _CE%�n

] 0oE+�

0_

T d�E%�o _CE%�n

] 0�

0oE+�

T d�E+�o _CE%�c +64,

0oE+� ehlqj wkh wkuhvkrog ydoxh ri surgxfwlylw| ehorz zklfk d zdjh wkdw kdv ehhq qhjrwldwhg

zkhq surgxfwlylw| zdv + lv uhqhjrwldwhg �vhh htxdwlrq +4<,1

Vlploduo|/ � d0c �E+�o lv gh�qhg lq htxdwlrq +:, zlwk

�b d�E+�o '

] 0_

3"

�s_CE%� n

] 0oE+�

0_

� d%c�E%�o _CE%� n

] 0�

0oE+�

� d%c�E+�o _CE%�� +65,

Wkh wzr odvw htxdwlrqv wrjhwkhu zlwk wkh gh�qlwlrq ri wkh vxusoxv +63, lpso|=

Tb d�E+�o n �b d�E+�o ' T� � s} n

] 0�

0_

7E%�_CE%��

Xvlqj wkh h{suhvvlrq iru T d�E+�o dqg� d0c�E+�o gh�qhg lq htxdwlrq +;, dqg +:, uhvshfwlyho|/
wrjhwkhu zlwk wklv odvw htxdwlrq dqg wkh gh�qlwlrq ri wkh vxusoxv +63, doorzv xv wr zulwh=

Eo n b�7E0� ' 0� oET� � s}� n b

] 0�

0_

7E%�_CE%�� +66,

Wkh gh�qlwlrq ri wkh glvfrxqwhg h{shfwhg lqfrph ri dq xqhpsor|hg zrunhu +9, wrjhwkhu zlwk

wkh vkdulqj uxoh +43, dqg wkh iuhh0hqwu| frqglwlrq +8, |lhogv=

oT� ' 5 n
��w

E�� ��
�

Vxevwlwxwlqj wklv h{suhvvlrq iru oT� lqwr +66, |lhogv +49,1

Dsshqgl{ 6= Wkh zdjh sur�oh lq wkh hfrqrp| zlwk  h{leoh zdjhv

Zh gh�qh wkh zdjh sur�oh lq wkh hfrqrp| zlwk uhqhjrwldwhg zdjhv1 Wkh orzhvw zdjh fdq

eh frpsxwhg iurp wkh gh�qlwlrq ri wkh dvvhw ydoxh ri d frqwlqxlqj mre �jlyhq htxdwlrq +:,�/

iru wkh orzhvw ohyho ri surgxfwlylw|/ qdpho|/ � d0Wrc �E0
W

r�o c zklfk lpsolhv=

�E0Wr� ' 0Wr n os n
b

o n b

] 0�

0W
r

E%� 0Wr�_CE%� +67,
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zkhuh 0Wr fdq eh zulwwhq dv/ iurp +53, dqg +54,=

0Wr ' 0� � Eo n b�

�
s} n

�

E�� ��6EwW�

�
� +68,

Qrwlflqj wkdw Eo n b� i� d0c �E0�o�� d0c�E+�oj ' �E+�� �E0�c htxdwlrq +4;, lpsolhv=

�E+� ' �E0Wr� n �E+ � 0Wr�c ;+ 5 d0Wrc 0
W

od +69,

Wklv htxdwlrq vkrzv wkdw wkh uhqhjrwldwhg zdjh lqfuhdvhv zlwk wkh ohyho ri surgxfwlylw|1

Wkh vwduwlqj zdjh fdq eh frpsxwhg iurp wkh dvvhw ydoxh ri d vwduwlqj mre/ zklfk lpsolhv=

�f ' 0� � Eo n b��E0�c �f� n b�bE�f� +6:,

zlwk/

�bE�f� '

] 0r

3"

�s_CE%� n

] 0o

0r

� d%c�E%�o _CE%� n

] 0�

0o

�E%c�f� _CE%� +6;,

ru/ diwhu vrph frpsxwdwlrqv=

�bE�f� ' �s n

] 0�

0r

E%� 0r�

Eo n b�
_CE%� n E�� �� d��CE0o�o
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