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NON-TECHNICAL SUMMARY

Empirical work on wage differentials across observationally equivalent
workers is pervasive, and there is now a broad set of empirical regularities
that appear to hold across countries and over time. Among such empirical
regularities, the ‘wage-size’ effect is perhaps the most robust result: large
firms or plants pay higher wages. The literature has established that even
when controlling for several factors, including workers’ quality, different
working conditions, different unionization risk, different monitoring
technologies, etc. the employer’s size remains significant in wage regressions.
More recent empirical evidence has also established a relationship between
‘wage dispersion and employment levels’. In the US manufacturing sector,
wage dispersion falls sharply with establishment size and such a negative
relationship is robust to several controls, such as establishment union density
and indicators of workers’ quality. Further, the intensity of job reallocation, or
gross job creation and destruction, is lower at larger firms.

The Paper explores the wage-structure implications of matching models of the
labour market, and shows that in this class of models the jointly endogenously
determined distribution of wages and employment is consistent with the
empirical relationships between employer size, the mean and variance of
employees’ wages and the character of gross job creation and destruction.

Matching models are arguably the most useful tool for studying labour markets
in which information frictions prevent the instantaneous formation of profitable
matches between unemployed job seekers and vacant jobs. The matching
function, a parsimonious stable relationship which describes the number of
successful matches formed in the market in relation to the number of traders,
is one of the most exploited tools by scholars of the labour market. Yet, most
of such models work with a constant-returns environment and focus their
attention on job level phenomena. In general, the association of high wages to
a specific firm’s circumstances is lost in a constant-returns environment and
thus most of the matching models appear ill-suited to a study of firm-level
phenomena, even though observable characteristics of real-life firms do
appear empirically relevant.

The class of models studied in the Paper offers an interpretation of the above
mentioned empirical regularities in terms of standard economic mechanisms.
We assume that hiring workers entails costs for employers and we let the
recruiting technology have decreasing returns to scale. Thus, optimal
employment growth is faster at firms where the employer’s forward-looking
surplus from new hiring is higher. We let wages be set by a process of
continuously renegotiated surplus-splitting at the individual job level, to imply
that relatively large values of the employer’s marginal surplus are also
associated with high wage rates. Hence, fast employment growth is
associated with high wage levels and the resulting models yield a positive



wage-size effect. Since productivity is not identical across firms, but driven by
exogenous firm-level stochastic processes, a given employment level is
associated with firms with very different dynamic outlook. Some of such firms
have just dissipated their rents through hiring, pay low wages and are close to
their long-run positions. Others firms are growing very fast, pay very high
wages and are very far from their long-run positions. As we move along the
firm size distribution, however, firms tend to become more homogeneous,
since only firms of very high productivity level are able to reach large
employment levels. Hence, our models feature also a negative relationship
between employment and wage dispersion.



4 Lqwurgxfwlrq

Zdjh gl�huhqwldov dfurvv revhuydwlrqdoo| htxlydohqw zrunhuv duh erwk vl}deoh dqg shuvlvwhqw

lq uhdolw|/ dqg hpslulfdo zrun kdv jlyhq vw|ol}hg0idfw vwdwxv wr vhyhudo uhodwlrqvklsv ehwzhhq

zrunhu zdjhv dqg hpsor|hu fkdudfwhulvwlfv1 Wkh hpsor|hu vl}h0zdjh h�hfw lv shukdsv wkh

vwurqjhvw vxfk vw|ol}hg idfw= odujhu �upv ru sodqwv sd| kljkhu zdjhv1 Wkh olwhudwxuh lqfoxghv

hvshfldoo| lq xhqwldo zrun e| Nuxhjhu dqg Vxpphuv +4<;;, dqg Eurzq dqg Phgr� +4<;<,/

dqg kdv ehhq uhfhqwo| vxuyh|hg e| Rl dqg Lgvrq +4<<<,1 Dq dssduhqw uhodwlrqvkls ehwzhhq

zdjhv dqg hpsor|hu vl}h pd| eh vsxulrxv lq udz gdwd/ uh hfwlqj iru h{dpsoh wkh idfw wkdw

odujhu hpsor|huv kluh kljkhu txdolw| zrunhuv/ ru r�hu lqihulru zrunlqj frqglwlrqv +Pdvwhuv/

4<9<,/ ru idfh kljkhu ulvn ri xqlrql}dwlrq +Srgjxuvn|/ 4<;9,/ ru vkduh kljk sur�wv zlwk zrunhuv

+Zhlvv/ 4<99> Phoorz/ 4<;5,/ ru qhhg wr r�vhw d orzhu dssolfdqw0wr0mre ydfdqf| udwlr +Zhlvv

dqg Odqgdx/ 4<;7,/ ru uhgxfh frvwo| prqlwrulqj +Rl/ 4<;6,1 Wkh olwhudwxuh/ krzhyhu/ kdv

hvwdeolvkhg wkdw wkh hpsor|hu*v vl}h uhpdlqv vljql�fdqw lq �{hg0h�hfw zdjh htxdwlrqv hyhq

zkhq doo yduldeohv uhohydqw wr vxfk dowhuqdwlyh h{sodqdwlrqv duh frqwuroohg iru1

Hpslulfdo hylghqfh lqglfdwhv wkdw zdjh glvshuvlrq dfurvv surgxfwlrq xqlwv lv dovr uhodwhg

wr hpsor|phqw ohyhov1 Gdylv dqg Kdowlzdqjhu*v +4<<9, zrun rq XV pdqxidfwxulqj vhfwru

gdwd/ iru h{dpsoh/ �qgv wkdw zdjh glvshuvlrq idoov vkduso| zlwk hvwdeolvkphqw vl}h iru qrq0

surgxfwlrq zrunhuv/ dqg plogo| iru surgxfwlrq zrunhuv1 Olnh wkh phdq h�hfwv/ wklv vhfrqg0

prphqw zdjh0vl}h h�hfw lv urexvw wr wkh lqfoxvlrq ri frqwuro yduldeohv/ vxfk dv hvwdeolvkphqw0

ohyho xqlrq ghqvlw| dqg lqglfdwruv ri zrunhu txdolw|1

Wklv sdshu h{soruhv wkh zdjh0vwuxfwxuh lpsolfdwlrqv ri pdwfklqj prghov ri wkh oderu

pdunhw/ zkhuh mre fuhdwlrq dqg ghvwuxfwlrq wdnh sodfh dw �upv ri hqgrjhqrxvo| khwhurjhqhrxv

vl}h/ dqg vkrzv wkdw wkh mrlqw glvwulexwlrq ri zdjhv dqg hpsor|phqw jhqhudwhg e| vxfkprghov

fdq eh frqvlvwhqw zlwk wkh hylghqfh rq erwk wkh �uvw dqg vhfrqg prphqw ri wkh zdjh0vl}h

glvwulexwlrq1 Zh duh fhuwdlqo| qrw wkh �uvw wr qrwh wkdw lpshuihfw pdwfklqj ru �vhdufk�

fdq udwlrqdol}h zdjh gl�huhqwldov dfurvv lghqwlfdo zrunhuv hpsor|hg e| gl�huhqw �upv1 Lq

wkh Exughww dqg Pruwhqvhq +4<<;, prgho/ rq0wkh0mre vhdufk gudzv zrunhuv iurp orz0sd| wr

kljk0sd| mrev dqg/ lq d �zdjh0srvwlqj� htxloleulxp zkhuh ydfdqflhv duh frvwo| dqg zdjhv

dwwdfkhg wr d jlyhq mre duh qhyhu uhqhjrwldwhg/ h{0dqwh lghqwlfdo hpsor|huv fdq hduq vlplodu

sur�wv wkurxjk gl�huhqw frpelqdwlrqv ri zdjh dqg hpsor|phqw ohyhov1 Frqvlvwhqwo| zlwk

hylghqfh ri zdjh0vl}h h�hfwv/ kljk0zdjh mrev duh pruh qxphurxv wkdq orzhu0zdjh mrev lq

vxfk dq htxloleulxp1 Lq wkdw prgho dqg lq uhfhqw h{whqvlrqv zkhuh rswlpdo dgmxvwphqw

ri pdwfk0ohyho fdslwdo |lhogv vlqjoh0shdnhg zdjh0r�hu glvwulexwlrqv +vhh Pruwhqvhq/ 4<<;,/
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krzhyhu/ mrev frxog eh vsuhdg lq wkh hfrqrp| dw odujh udwkhu wkdq exqgohg lq ��upv1� Lq

idfw/ vlqfh qr uhqhjrwldwlrq rffxuv lq d zdjh0srvwlqj vhwwlqj/ mrev sd|lqj gl�huhqw zdjhv

frxog frh{lvw zlwklq dq| ohjdo hqwlw| lq wkh devhqfh ri xqprghohg dgglwlrqdo frqvwudlqwv rq

zlwklq0�up zdjh glvshuvlrq1

Lq jhqhudo/ wkh dvvrfldwlrq ri kljk zdjhv wr d vshfl�f �up*v flufxpvwdqfhv lv orvw lq d

frqvwdqw0uhwxuqv hqylurqphqw1 Pdwfklqj prghov zlwk frqwlqxrxv uhqhjrwldwlrq ri zdjh udwhv

dovr w|slfdoo| irfxv rq mre0ohyho skhqrphqd/ dqg duh vlploduo| loo0vxlwhg wr d vwxg| ri �up0ohyho

skhqrphqd +vhh Pruwhqvhq dqg Slvvdulghv/ 4<<</ iru d vxuyh|,1 Revhuydeoh fkdudfwhulvwlfv ri

uhdo0olih �upv/ krzhyhu/ gr dsshdu hpslulfdoo| uhohydqw1 Glfnhqv dqg Ndw} +4<;:,/ Ndw} dqg

Vxpphuv +4<;<,/ dqg rwkhu uhihuhqfhv lq Eodqfk rzhu hw do1 +4<<9, �qg wkdw shuvlvwhqwo|

kljk zdjhv duh dvvrfldwhg qrw rqo| wr hpsor|phqw ohyhov dqg udwhv ri fkdqjh/ exw dovr wr

odujhu sur�wv dqg rwkhu lqglfdwruv ri hpsor|huv* �delolw| wr sd|1� Ixuwkhu/ Gdylv hw do1 +4<<9,

vkrz wkdw wkh lqwhqvlw| ri mre uhdoorfdwlrq/ ru jurvv mre fuhdwlrq dqg ghvwuxfwlrq/ lv orzhu dw

odujhu �upv1

Wkh fodvv ri prghov zh vwxg| lq wklv sdshu r�huv dq lqwhusuhwdwlrq ri vxfk hylghqfh lq

whupv ri vwdqgdug hfrqrplf phfkdqlvpv1 Zh dvvxph wkdw klulqj zrunhuv hqwdlov frvwv iru

hpsor|huv dqg/ iroorzlqj Ehuwrod dqg Fdedoohur +4<<7, dqg Pruwhqvhq +4<<<,/ zh ohw wkh

uhfuxlwlqj whfkqrorj| kdyh ghfuhdvlqj uhwxuq wr vfdoh1 Wkxv/ rswlpdo hpsor|phqw jurzwk lv

idvwhu dw �upv zkhuh wkh hpsor|hu*v iruzdug0orrnlqj vxusoxv iurp qhz klulqj lv kljkhu1 Zh

ohw zdjhv eh vhw e| d surfhvv ri frqwlqxrxvo| uhqhjrwldwhg vxusoxv0vsolwwlqj dw wkh lqglylgxdo

mre ohyho/ wr lpso| wkdw uhodwlyho| odujh ydoxhv ri wkh hpsor|hu*v pdujlqdo vxusoxv duh dovr

dvvrfldwhg zlwk kljk zdjh udwhv1 Khqfh/ idvw hpsor|phqw jurzwk lv dvvrfldwhg zlwk kljk

zdjh ohyhov/ dqg wkh uhvxowlqj prghov |lhog d srvlwlyh zdjh0vl}h h�hfw wkurxjk vwrfn0 rz

uhodwlrqvklsv vlplodu wr wkrvh ihdwxuhg e| wkh Exughww0Pruwhqvhq prgho ri zrunhu vhdufk1

Lq wkh prghov zh frqvlghu/ krzhyhu/ surgxfwlylw| lv qrw lghqwlfdo dfurvv �upv1 Udwkhu/

erwk surgxfwlylw| dqg zdjhv duh gulyhq e| h{rjhqrxv �up0ohyho vwrfkdvwlf surfhvvhv/ dqg

ghshqg rq hpsor|phqw ohyhov1 Sur�wv/ hpsor|phqw/ dqg zdjhv duh mrlqwo| hqgrjhqrxv dqg

lqwhuuhodwhg udqgrp yduldeohv lq gdwd jhqhudwhg e| prghov zlwk ghfuhdvlqj uhwxuqv wr uhfuxlw0

lqj h�ruw/ dqg wkh �pdwfklqj� vwuxfwxuh ri wkh oderu pdunhw uhdglo| udwlrqdol}hv d ydulhw|

ri hpslulfdo idfwv1 Rq wkh oderu0vxsso| vlgh/ duelwudjh dfurvv gl�huhqw mrev* zdjhv lv lpshu0

ihfw li prylqj iurp rqh mre wr dqrwkhu hqwdlov d vshoo ri xqhpsor|phqw> khqfh/ rwkhuzlvh

lghqwlfdo zrunhuv fdq dqg gr hduq gl�huhqw zdjhv/ hyhq wkrxjk wkh| lqwhudfw lq wkh vdph

pdunhw dqg kdyh lghqwlfdo rssruwxqlw| frvwv1 Rq wkh oderu0ghpdqg vlgh/ lqglylgxdo �upv*

fkdudfwhulvwlfv vxfk dv vl}h dqg sur�wv duh uhohydqw wr zdjh edujdlqv vwuxfn dw wkh lqglylgxdo
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mre ohyho/ hvshfldoo| li�dv lq Ehuwrod dqg Fdedoohur +4<<7,/ Vwroh dqg ]zlheho +4<<9,/ Fdkxf

dqg Zdvphu +5333,�wkh �up0ohyho surgxfhu vxusoxv ghshqgv qrqolqhduo| rq hpsor|phqw/

dv zrxog eh wkh fdvh zkhq wkh lqglylgxdo �up*v whfkqrorj| glvsod| ghfuhdvlqj uhwxuqv qrw

rqo| lq wkh uhfuxlwlqj/ exw dovr lq wkh surgxfwlrq whfkqrorj|1

5 Pdwfklqj dqg �upv

Wkh remhfw ri rxu vwxg| lv d vwdwlrqdu| oderu pdunhw/ lqkdelwhg e| d frqwlqxxp ri ulvn0

qhxwudo �upv ri �{hg wrwdo pdvv dqg e| dq dovr �{hg dqg frqwlqxrxvo| glylvleoh qxpehu ri

ulvn0qhxwudo zrunhuv1 Zh qrupdol}h wr xqlw| wkh phdvxuh ri erwk vhwv/ dqg lqgh{ �upv e|

s 5 dfc �o1 Vlqfh oderu lv dvvxphg krprjhqhrxv lq txdolw|/ lw zloo qrw eh qhfhvvdu| lq zkdw

iroorzv wr lqgh{ zrunhuv rwkhu wkdq dffruglqj wr wkh lghqwlw| ri wkhlu hpsor|hu1

Wkh pdujlqdo uhyhqxh surgxfw ri oderu dw hdfk �up lv d ixqfwlrq ZE,c #� ri lwv fxuuhqw

hpsor|phqw ohyho , dqg ri #/ d vkliwhu ri lwv oderu ghpdqg1 Wklv ixqfwlrq lv ghfuhdvlqj lq

lwv �uvw dujxphqw li hdfk �up kdv h{foxvlyh xvh lq surgxfwlrq ri vshfl�f qrq0wudghg idfwruv

+vxfk dv hqwuhsuhqhxuldo vnloo,/ ru hqmr|v prqrsro| srzhu lq wkh surgxfw pdunhw1 Lq vxfk

fdvhv/ wkh lghqwlw| ri ��upv� lv txlwh fohduo| dvvrfldwhg zlwk wkh fkdudfwhulvwlfv ri wkhlu frvw

dqg surgxfw ghpdqg ixqfwlrqv/ dqg ehduv gluhfwo| rq wkhlu hpsor|phqw ohyho= vlqfh uhwxuqv

wr hpsor|phqw duh ghfuhdvlqj/ wkh vlpsohvw vwdwlf prgho ri zdjh0wdnlqj oderu ghpdqg zrxog

slq grzq d xqltxh rswlpdo hpsor|phqw ohyho1 Zh ohw ZE,c #� eh lqfuhdvlqj lq lwv vhfrqg

dujxphqw/ vr wkdw odujhu ydoxhv ri # duh dvvrfldwhg zlwk vwurqjhu oderu ghpdqg dw dq| jlyhq

zdjh ohyho1

Zh vkdoo dovr frqvlghu fdvhv zkhuh ZE,c #� lv frqvwdqw zlwk uhvshfw wr ,/ l1h1/ whfkqrorjlfdo

dqg pdunhw frq�jxudwlrqv zkhuh uhwxuqv wr oderu duh frqvwdqw dqg wkh rswlpdo vfdoh ri

rshudwlrq ri wkh �up frxog qrw eh fkdudfwhul}hg e| vlpsoh vwdwlf prghov ri frpshwlwlyh oderu

ghpdqg1 Dv lq Fdkxf dqg Zdvphu +5333,/ frqvwdqw uhwxuqv wr oderu pd| eh frqvlvwhqw zlwk

xvh ri rwkhu idfwruv +vxfk dv fdslwdo, dv orqj dv wkhvh duh iuhho| dgmxvwdeoh dqg wkh surgxfwlrq

ixqfwlrq kdv frqvwdqw uhwxuqv wr vfdoh ryhudoo/ dqg wkh g|qdplfv ri wkh �up*v hpsor|phqw

pd| vwloo eh xqltxho| fkdudfwhul}hg li klulqj wdnhv wlph1

Wkh sdlu E,c #� lghqwl�hv ��upv� lq wkh frqwh{w ri wkh prgho1 Lw zloo eh frqyhqlhqw wr ohw

# mxps glvfuhwho| dqg lqiuhtxhqwo| ehwzhhq d �qlwh qxpehu ri ydoxhv1 Lq rughu wr dgguhvv

furvv0vhfwlrqdo hpslulfdo hylghqfh/ zh ylhz doo vxfk h{rjhqrxv xqfhuwdlqw| dv lglrv|qfudwlf/

zh dvvxph wkdw wkh h{rjhqrxv surfhvv iroorzhg e| # lv vwdwlrqdu|/ dqg zh vxssrvh wkdw

wkh iuhtxhqf| glvwulexwlrq ri wkh prgho*v hqgrjhqrxv yduldeohv lv zhoo dssur{lpdwhg e| wkh
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hujrglf glvwulexwlrq ri �up0vshfl�f vwrfkdvwlf surfhvvhv1

514 Oderu ghpdqg

Wkh hqgrjhqrxv g|qdplfv ri hpsor|phqw dw hdfk �up s duh ghwhuplqhg e| wkh hpsor|hu*v

klulqj dfwlylw| dqg �ulqj ghflvlrqv1 Erwk fdq eh uhdglo| fkdudfwhul}hg lq whupv ri wkh vkdgrz

ydoxh ri �up s *v hpsor|phqw/ gh�qhg dv wkh glvfrxqwhg h{shfwhg ydoxh ri wkh gl�huhqfh

ehwzhhq pdujlqdo surgxfwlylw| dqg zdjh udwhv1

Wr prgho wkh klulqj surfhvv/ zh ohw �up s srvw �s � f ydfdqflhv1 Srvlwlyh ydfdqflhv

vkrxog eh srvwhg zkhqhyhu wkhlu frvw lv +zhdno|, orzhu wkdq wkhlu h{shfwhg frqwulexwlrq

wr wkh �up*v suhvhqw glvfrxqwhg ydoxh/ qdpho| wkh vkdgrz ydoxh ri dq dgglwlrqdo zrunhu

wlphv wkh suredelolw| wkdw dq rshq ydfdqf| lv pdwfkhg wr dq xqhpsor|hg zrunhu1 Iroorzlqj

Ehuwrod dqg Fdedoohur +4<<7, dqg Pruwhqvhq +4<<<,/ zh vxssrvh wkdw ydfdqflhv fdq eh

fuhdwhg frvwohvvo|/ exw hqwdlo pruh wkdq sursruwlrqdwho| lqfuhdvlqj  rz frvwv +htxlydohqwo|/

wkh pdwfklqj surgxfwlylw| ri ydfdqflhv frxog eh prghohg dv d ghfuhdvlqj ixqfwlrq ri wkh

�up*v vhdufk h�ruw,1 Dw dq lqwhulru rswlpxp/ wkh frvw ri wkh pdujlqdo ydfdqf| srvwhg pxvw

eh htxdo wr lwv h{shfwhg frqwulexwlrq wr wkh �up*v ydoxh/ l1h1/ wkh ydoxh ri d pdujlqdo dgglwlrq

wr lwv oderu irufh wlphv wkh suredelolw| lqwhqvlw| ri pdwfklqj hyhqwv iru wkh pdujlqdo ydfdqf|1

Zh ghqrwh wkh odwwhu zlwk i dqg ylhz lw dv d jlyhq frqvwdqw wkurxjk prvw ri rxu dqdo|vlv +exw

Dsshqgl{ E r�huv d eulhi glvfxvvlrq ri lwv hqgrjhqrxv ghwhuplqdwlrq e| zd| ri d vwdqgdug

pdwfklqj ixqfwlrq vshfl�fdwlrq,1 Zh ohw wkh pdujlqdo frvw ri srvwlqj �s ydfdqflhv eh jlyhq

e| S�s / dqg zh uhfrjql}h wkdw wkh vkdgrz ydoxh ri oderu lv d ixqfwlrq �E,c #� ri wkh �up0

vshfl�f vwdwh yduldeohv li wkh lglrv|qfudwlf surfhvv i#j lv Pdunry lq ohyhov dqg zdjhv duh

frqwlqxrxvo| uhqhjrwldwhg1 Wkxv/ wkh rswlpdolw| frqglwlrq iru ydfdqf|0srvwlqj dfwlylwlhv lv

�s '
i

S
�E,s c #s � +4,

zkhqhyhu �E,s c #s� : f1

Wkh ydoxh ri dgglwlrqdo hpsor|phqw qhhg qrw eh vwulfwo| srvlwlyh iru doo ohyhov ri # dqg ,1

Zh ohw �upv �uh wkhlu zrunhuv lqvwdqwdqhrxvo| dqg frvwohvvo| zkhqhyhu lw lv rswlpdo iru wkhp

wr gr vr/ l1h1/ zkhqhyhu wkh pdujlqdo ydoxh ri hpsor|phqw zrxog rwkhuzlvh eh qhjdwlyh14

4Li �ulqj zhuh frvwo|/ yroxqwdu| txlwv zrxog doorz �upv wr rewdlq frvwohvv hpsor|phqw uhgxfwlrqv diwhu d
qhjdwlyh vkrfn dv lq Vdlqw0Sdxo +4<<8,> uhjxodwru| frqvwudlqwv pd| dovr ghod| od|r�v dv lq Jduledogl +4<<;,1

Ilulqj +ru klulqj, frvwv frxog pdnh lw rswlpdo qrw wr uhdfw ixoo| wr d vwdwh wudqvlwlrq dqg rsw lqvwhdg iru

�rswlpdo lqdfwlrq� srolflhv idploldu iurp/ h1j1/ Ehqwrolod dqg Ehuwrod +4<<3,1 Wkhvh dqg rwkhu uhdolvwlf
h{whqvlrqv zrxog juhdwo| frpsolfdwh wkh prgho exw zrxog qrw txdolwdwlyho| d�hfw wkh edvlf srlqw ri wklv

sdshu1
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Wkxv/ �up s srvwv wkh srvlwlyh ydfdqflhv ghwhuplqhg e| +4, zkhqhyhu �E,s c #s � : f1 Zkhq

�E,s c #s� ' f/ lw srvwv qr ydfdqflhv dqg/ li ,s lv srvlwlyh/ lv lqgl�huhqw wr �ulqj wkh pdujlqdo

zrunhu1

Lq jhqhudo/ ri frxuvh/ �E,s c #s � lv lwvhoi hqgrjhqrxvo| ghwhuplqhg e| wkh �up*v rswlpdo

oderu ghpdqg srolf|/ zklfk lv iruzdug orrnlqj dqg/ lq wxuq/ ghshqgv rq wkh vkdsh ri wkh

ZE�� pdujlqdo surgxfwlylw| ixqfwlrq/ rq wkh zdjh sdlg wr wkh �up*v hpsor|hhv/ dqg rq wkh

g|qdplfv ri zrunhu wxuqryhu1 E| lwv gh�qlwlrq dv wkh suhvhqw glvfrxqwhg ydoxh ri oderu*v

pdujlqdo frqwulexwlrq wr sur�wv/ wkh ixqfwlrq �E,s c #s� vdwlv�hv d vwdqgdug dvvhw0sulflqj

uhodwlrqvkls/

o�E�� '

�
ZE���

Y E�E��,�

Y,

�
� 4�E�� n

Y�E��

Y,
�, n.s d{�E��o c +5,

zkhuh zh ohw zrunhuv txlw lqwr xqhpsor|phqw dw dq h{rjhqrxv udwh 4 � f dqg/ wr vlpsoli|

qrwdwlrq/ zh rplw wkh dujxphqwv E,s|c #s|� ri wkh uhohydqw ixqfwlrqv dqg �up dqg wlph lqgh{hv1

Htxdwlrq +5, uxohv rxw duelwudjh rssruwxqlwlhv lpsrvlqj wkdw wkh surgxfw ri wkh dvvhw ydoxh

�E�� dqg wkh udwh ri uhwxuq rq wkh �up*v rshudwlrq/ ghqrwhg e| o � f/ htxdo fxuuhqw glylghqgv

soxv iruzdug0orrnlqj fdslwdo0jdlq h{shfwdwlrqv1 Wkh whup lq vtxduh eudfnhwv rq wkh uljkw0

kdqg vlgh uhsuhvhqwv wkh pdujlqdo zrunhu*v frqwulexwlrq wr wkh �up*v fxuuhqw fdvk  rz/ l1h1/

wkh gl�huhqfh ehwzhhq oderu*v pdujlqdo surgxfwlylw| dqg wkh pdujlqdo frvw ri hpsor|lqj dq

dgglwlrqdo zrunhu1 Wkh odwwhu lv zulwwhq dv wkh ghulydwlyh ri wkh zdjh eloo zlwk uhvshfw wr

hpsor|phqw/ zklfk grhv qrw frlqflgh zlwk wkh zdjh li/ dv lq wkh Vwroh dqg ]zlheho +4<<9,

prgho ri lqwud0�up edujdlqlqj dqg lq wkh htxloleulxp prgho ri Ehuwrod dqg Fdedoohur +4<<7,/

zdjhv ghshqg rq wkh vl}h ri wkh oderu srro dwwdfkhg wr wkh �up1

Wkh rwkhu whupv rq wkh uljkw0kdqg vlgh ri +5, uhsuhvhqw wkh fdslwdo jdlq frpsrqhqwv

ri wkh �up*v uhwxuq rq wkh pdujlqdo zrunhu hpsor|hg1 Wkh hpsor|hu h{shulhqfhv d  rz

4�E�� ri pdujlqdo fdslwdo orvvhv dv zrunhuv/ ydoxhg dw �E�� � f/ txlw dw udwh 4 � f1 Ixuwkhu

fdslwdo jdlqv ru orvvhv uhvxow iurp h{rjhqrxv vkrfnv dqg iurp wkh �up*v rzq klulqj dqg �ulqj

ghflvlrqv1 Lq wkh devhqfh ri vwdwh wudqvlwlrqv/ wkh vkdgrz ydoxh ri oderu hyroyhv frqwlqxrxvo|

li lw ghshqgv rq , dqg �, 9' f1 Vlqfh wkh �up*v hpsor|phqw lqfuhdvhv dw udwh i�s dv d uhvxow ri

wkh �up*v klulqj h�ruwv/ dqg ghfolqhv dw udwh 4, dv d frqvhtxhqfh ri qdwxudo wxuqryhu/

�,s ' i�s � 4,s '
i2

S
�E,s c #s�� 4,s +6,

lv qrw }hur lq jhqhudo/ dqg qhhgv wr eh wdnhq lqwr dffrxqw e| rxu fkdudfwhul}dwlrq ri fdvhv

zkhuh Y�E��*Y, 9' f1
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Wkh �qdo iruzdug0orrnlqj whup rq wkh uljkw0kdqg vlgh ri +5,/ .s d{�E��o/ uhsuhvhqwv wkh

vwdwh0ghshqghqw h{shfwhg udwh ri fdslwdo jdlq ru orvv shu xqlw wlph uhvxowlqj iurp vkrfnv wr #1

Vlqfh hpsor|huv pd| lqvwdqwdqhrxvo| uhdfw wr vkrfnv e| �ulqj vrph ru doo ri wkhlu hpsor|hhv/

prghov zkhuh �E�� ghshqgv rq ,s dv zhoo dv rq #s qhhg wr fkdudfwhul}h vxfk fdslwdo jdlqv lq

whupv ri hqgrjhqrxv oderu ghpdqg uhdfwlrqv dv zhoo dv ri h{rjhqrxv surgxfwlylw| vkrfnv1

515 Zrunhuv dqg zdjhv

Wxuqlqj qh{w wr zdjh ghwhuplqdwlrq/ ohw wkh remhfwlyh ixqfwlrq ri doo zrunhuv eh wkh ulvn0

qhxwudo glvfrxqwhg h{shfwdwlrq ri oderu lqfrph  rzv1 Lq wkh vwhdg|0vwdwh hfrqrp| xqghu

frqvlghudwlrq/ wkh zrunhuv* wkxvo| gh�qhg �kxpdq fdslwdo� ghshqgv rq zkhwkhu wkh| duh

hpsor|hg dqg/ li vr/ rq wkh fxuuhqw oderu ghpdqg vkliwhu # dqg hpsor|phqw , ri wkhlu hp0

sor|hu1 Ohw xqhpsor|hg zrunhuv h{huw frqvwdqw vhdufk h�ruw dqg hqmr| dq lqfrph0htxlydohqw

 rz 5 iurp ohlvxuh dqg ehqh�wv zkhq xqhpsor|hg1 Lq vwhdg| vwdwh/ wkhlu kxpdq fdslwdo kdv

frqvwdqw ydoxh/ ghqrwhg a� lq zkdw iroorzv dqg fkdudfwhul}hg ehorz1

Wkh zdjhv dqg kxpdq fdslwdo ri hpsor|hg zrunhuv duh ixqfwlrqv �E�� dqg aE�� ri wkh

hpsor|lqj �up*v oderu ghpdqg lqgh{ # dqg hpsor|phqw ohyho ,1 Wkh| vdwlvi| wkh dvvhw0

ydoxdwlrq uhodwlrqvkls

oaE�� ' �E�� n 4da� � aE��o n
YaE��

Y,
�, n.s d{a o c +7,

zklfk xvhv wkh vdph qrwdwlrqdo frqyhqwlrqv dv +5, dqg dovr dggv wr wkh fxuuhqw fdvk0 rz

wkuhh frqfhswxdoo| glvwlqfw fdslwdo0jdlq frpsrqhqw ri  rz uhwxuqv1 Lq +7,/ wkh zrunhu h{shfwv

wr h{shulhqfh h{rjhqrxv vhsdudwlrqv lqwr xqhpsor|phqw/ dw udwh 4> frqwlqxrxvo| hyroylqj

fdslwdo jdlqv ru orvvhv/ uh hfwlqj hpsor|phqw g|qdplfv iru xqfkdqjhg exvlqhvv frqglwlrqv>

dqg lqiuhtxhqw jdlqv ru orvvhv gxh wr oderu ghpdqg vkrfnv/ ghqrwhg .s d{a o1

Vlqfh iruplqj pdwfkhv lv frvwo|/ h{lvwlqj rqhv hqmr| hfrqrplf uhqwv1 Iroorzlqj Pruwhqvhq

dqg Slvvdulghv +4<<7, dqg rwkhu uhfhqw frqwulexwlrqv/ zh dvvxph wkdw wkh wrwdo h{shfwhg

glvfrxqwhg vxusoxv iurp hdfk pdwfk lv vsolw lq �{hg sursruwlrq dw doo wlphv1

Dw �upv zkhuh wkh pdujlqdo ydoxh ri hpsor|phqw lv }hur/ wkhuh lv qr vxusoxv wr eh vsolw1

Wkh zrunhuv +li dq|, zklfk wkh hpsor|hu �qgv lw rswlpdo wr uhwdlq pxvw eh lqgl�huhqw wr wkh

rxwvlgh rswlrq=

a� ' aE,s c #s� ; s v1w1 �E,s c #s� ' fc , : f� +8,

Vlqfh hdfk xqhpsor|hg zrunhu lv pdwfkhg wr d udqgrp rshq ydfdqf| zlwk suredelolw| lqwhq0
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vlw| iT*L / zh kdyh wkh vwdqgdug dvvhw0ydoxdwlrq htxdwlrq

oa� ' 5 n i
T

L
E.�da o� a��/ +9,

zkhuh .�da o lv wkh dyhudjh ydoxh ri mrev iru zklfk ydfdqflhv duh srvwhg1

Dw �upv zklfk duh srvwlqj ydfdqflhv/ frqyhuvho|/ wkh rswlrq ri frvwohvvo| rshqlqj d qhz

rqh lv dozd|v dydlodeoh wr wkh hpsor|hu/ zkloh iru wkhlu hpsor|hhv wkh rxwvlgh rswlrq lv d

yroxqwdu| txlw lqwr xqhpsor|phqw1 Ghqrwlqj zlwk q wkh hpsor|hh*v vxusoxv vkduh/ zh zulwh=

q�E,s c #s� ' E�� q�EaE,s c #s �� a�� ; s v1w1 �E,s c #s� : f� +:,

Wkh uhodwlrqvklsv +8, dqg +:, ehwzhhq wkh ohyhov ri zrunhuv* kxpdq fdslwdo ixqfwlrqv dqg

hpsor|huv* vkdgrz0ydoxh ixqfwlrqv krog lghqwlfdoo| lq wkh devhqfh ri vwdwh wudqvlwlrqv/ dqg

uhdglo| lpso| d olqhdu uhodwlrqvkls ehwzhhq wkh udwhv ri fkdqjh ri wkh wzr iruzdug0orrnlqj

ydoxh ixqfwlrqv1 Iru dq| jlyhq #/ dqg iru doo , frqvlvwhqw zlwk wkh �upv* g|qdplf oderu

ghpdqg srolflhv/ lw pxvw eh wkh fdvh wkdw E�� q� �aE,c #� ' q ��E,c #�/ ru wkdw

E�� q�
YaE,c #�

Y,
�, ' q

Y�E,c #�

Y,
�,� +;,

Wkh dvvxpswlrq wkdw wkh iruzdug orrnlqj pdwfk vxusoxv lv vsolw lq �{hg sursruwlrqv ehwzhhq

wkh sduwlhv ixuwkhu lpsolhv wkdw fdslwdo jdlqv ru orvvhv uhvxowlqj iurp h{rjhqrxv surgxfwlylw|

vkrfnv duh dovr vlploduo| vsolw/ dqg wkhuhiruh wkdw d olqhdu uhodwlrqvkls vlplodu wr wkrvh lq +;,

dovr krogv ehwzhhq wkh zrunhuv* dqg hpsor|huv* udwhv ri h{shfwhg fdslwdo jdlq ru orvvhv xsrq

oderu0ghpdqg wudqvlwlrqv=5

E�� q�.s d{aE��o ' q.s d{�E��o � +<,

5Wr vkrz wklv/ frqvlghu wkh lpsolfdwlrqv ri d wudqvlwlrq iurp vwdwh +�> o, wr vwdwh +�3> o3,/ zkhuh �3 � �
uhsuhvhqwv wkh h{rjhqrxv surgxfwlylw| vkrfn dqg o3 � o pd| eh qhjdwlyh li wkh hpsor|hu uhdfwv wr lw e|
�ulqj vrph hpsor|hhv1 Li D+�> o, A 3 dqg D+�3> o,/ wkh hpsor|hu grhv qrw �uh dqg wkh vxusoxv0vsolwwlqj uxoh

lpsolhv wkdw M+�> o,�M+�3> o, @ �
4��

^D+�> o,� D+�3> o,`1 Li �ulqj lv rswlpdo/ wkhq wkh hpsor|hu*v pdujlqdo ydoxh

ixqfwlrq mxpsv iurp D+�> o, A 3 wr D+�3> o3, @ 3/ dqg wkh hpsor|hhv* kxpdq fdslwdo iurp M+�> o, wr Mx= vlqfh

M+�> o, @ Mx . �
4��

D+�> o, e| htxdwlrq +:,/

M+�> o,� M+�3> o3, @ +Mx .
�

4� �
D+�> o,� Mx, @

�

4� �
+D+�> o,�D+�3> o3,, =

Khqfh/ doo srvvleoh wudqvlwlrqv lpso| wkdw kxpdq fdslwdo orvvhv hqwdlohg e| h{rjhqrxv glvdsshdudqfh ri pdwfk

vxusoxv duh d sursruwlrq �@+4� �, ri wkh hpsor|hu*v orvv ri pdujlqdo ydoxh1 Zhljkwlqj doo vxfk wudqvlwlrqv
e| wkhlu suredelolw| htxdwlrq +<, iroorzv1

:



Pxowlso|lqj htxdwlrq +5, e| q dqg htxdwlrq +7, e| �� q/ uhfrjql}lqj wkdw

Y E�E��,�

Y,
' �E���

Y�E��

Y,
,c

dqg vxewudfwlqj whup0e|0whup/ wkh uhodwlrqvklsv lq +:,/ +;,/ dqg +<, lpso| wkdw doo iruzdug0

orrnlqj whupv fdqfho rxw1 Khqfh/

�E,c #� ' q

�
ZE,c #��

Y�E,c #�

Y,
,

�
n E�� q� oa� +43,

dw dq| �up srvwlqj srvlwlyh ydfdqflhv/ lqghshqghqwo| ri wkh suredelolvwlf vwuxfwxuh ri wkh h{0

rjhqrxv Pdunry surfhvv gulylqj oderu ghpdqg dqg ri wkh surfhvv wkurxjk zklfk xqhpsor|hg

zrunhuv duh pdwfkhg wr ydfdqf|0srvwlqj �upv1 Zdjh udwhv duh vxfk dv wr vsolw wkh pdujlqdo

vxusoxv lq fxuuhqw  rz whupv ehwzhhq wkh hpsor|hu dqg hdfk ri wkh hpsor|hhv zkhqhyhu

pdwk0vshfl�f uhqwv duh srvlwlyh lq h{shfwhg suhvhqw ydoxh whupv1 Dv lq Ehuwrod dqg Fd0

edoohur +4<<7, dqg Vwroh dqg ]zlheho +4<<9,/ frqwlqxrxv uhqhjrwldwlrq ri zdjhv lpsolhv wkdw

wkh hpsor|hu +olnh dq| prqrsvrqlvw, vkrxog wdnh lqwr dffrxqw wkh lpsolfdwlrqv ri dgglwlrqdo

hpsor|phqw iru lqiudpdujlqdo zdjh sd|phqwv zkhq wkh zdjh sdlg e| d ydfdqf|0srvwlqj �up

grhv ghshqg rq wkh fxuuhqw hpsor|phqw ohyho1 Khqfh/ wkh whup dY�E��*Y,o , lv qhwwhg rxw ri

wkh hpsor|hu*v  rz vxusoxv vkduh lq +43,/ wr |lhog d qrq0krprjhqhrxv ruglqdu| gl�huhqwldo

htxdwlrq iru hdfk ydoxh ri #1

Lq fdqrqlfdo irup/ wkh htxdwlrq uhdgv

%�E,� n %E,�RE,� n ^E,� ' fc

zkhuh %E,� ' �E,c #� ghqrwhv wkh xqnqrzq hqgrjhqrxv zdjh ixqfwlrq> RE,� � �

q,
> dqg wkh

ixqfwlrq ^E,� � �EZE,c #�nE�� q� oa�*q�*, lv sdudphwulfdoo| jlyhq e| wkh prgho*v hfrqrplf

vwuxfwxuh1 E| wkh phwkrg ri yduldwlrq ri sdudphwhuv/ doo vroxwlrqv duh lq wkh irup6

%E,� '

�
S�

] ,

f

^E��

5E��
_�

�
5E,�c

iru S d frqvwdqw ri lqwhjudwlrq dqg 5E�� d vroxwlrq ri wkh krprjhqhrxv gl�huhqwldo htxdwlrq

_5E,�

_,
n RE,�5E,� ' f�

6Vhh/ h1j1/ Lqfh +4<89,/ s1541 Zh duh judwhixo wr d uhihuhh iru eulqjlqj wklv irupxod wr rxu dwwhqwlrq1 Zh
dovr ehqh�whg iurp uhdglqj Fdkxf dqg Zdvphu*v +5333, glvfxvvlrq lq wkh vhdufk0dqg0pdwfklqj frqwh{w ri

srlqwv pdgh e| Vwroh dqg ]zlheho +4<<9,1

;



Vlqfh RE,� � �

q,
/ krprjhqhrxv vroxwlrqv duh sursruwlrqdo wr 5E,� ' ,3�*qc dqg glyhujh wr

lq�qlw| dv , dssurdfkhv }hur1 Khqfh/ lw pxvw eh wkh fdvh wkdw S ' f/ iru rwkhuzlvh zdjh udwhv

zrxog ehfrph xqerxqghg zkhq vpdoo hpsor|phqw ohyhov duh frqvlghuhg1

Wkxv/ hpsor|phqw ohyhov dqg zdjhv duh uhodwhg dffruglqj wr

�E,c #� ' %E,� ' ,3�*q
] ,

f

�
�3q
q

�
ZE�c #� n

E�� q� oa�

q

�
_�

' ,3�*q
] ,

f

�
�3q

q ZE�c #�_�n E�� q� oa� +44,

dw doo �upv srvwlqj srvlwlyh ydfdqflhv1 +Li d �up srvwv qr ydfdqflhv/ wkh zdjh ri lwv

hpsor|hhv�li dq|�pxvw eh vxfk dv wr ohw wkhp eh lqgl�huhqw wr vhsdudwlrq lqwr xqhp0

sor|phqw/ dv lq htxdwlrq +8,1 Zh vkdoo hqfrxqwhu dqg glvfxvv vxfk oderu0krduglqj vlwxdwlrqv

lq Vhfwlrqv 615 dqg 616 ehorz1,

Wkh �uvw whup rq wkh uljkw0kdqg vlgh +44, dyhudjhv wkh pdujlqdo surgxfwlylwlhv ri lq0

iudpdujlqdo zrunhuv zlwk jhrphwulfdoo| lqfuhdvlqj +li q 	 �*2, ru ghfuhdvlqj zhljkwv1 Dv

Fdkxf dqg Zdvphu +5333, srlqw rxw/ wklv irupxod lv d jhqhudol}dwlrq wr wkh fdvh q 9' �*2

ri wkdw ghulyhg e| Vwroh dqg ]zlheho +4<<9, xqghu wkh dvvxpswlrq wkdw surgxfwlrq vxu0

soxv lv hyhqo| vsolw e| wkh hpsor|hu zlwk hdfk hpsor|hh/ dqg wkdw hpsor|hhv sduwlflsdwlqj

lq vxfk qhjrwldwlrqv kdyh dffhvv wr d uhvhuydwlrq zdjh dqg duh luuhsodfhdeoh1 Lq wkh g|0

qdplf vhdufk0dqg0pdwfklqj frqwh{w zh frqvlghu/ wkh frvwo| dqg wlph0frqvxplqj qdwxuh ri

wkh ydfdqf|0srvwlqj whfkqrorj| lqghhg suhyhqwv wkh �up iurp orfdwlqj uhsodfhphqw zrunhuv

dw wkh vdph +lqvwdqwdqhrxv, sdfh ri frqwlqxrxv uhqhjrwldwlrqv/ dqg wkh uhvhuydwlrq zdjh lv

wkh  rz htxlydohqw ri dq xqhpsor|hg zrunhu*v dvvhw ydoxh/ oa�/ zklfk ghshqgv hqgrjhqrxvo|

rq wkh vwuxfwxuh ri wkh oderu pdunhw1 Wkh vl}h ri wkh lqvlghu srro sduwlflsdwlqj lq vxfk qh0

jrwldwlrqv/ krzhyhu/ lv qrw h{rjhqrxvo| jlyhq= udwkhu/ lw lv ghwhuplqhg hqgrjhqrxvo| e| wkh

�up*v sdvw klvwru| ri iruzdug0orrnlqj ghflvlrqv wr srvw ydfdqflhv1

Wkh h{suhvvlrq +44, iru wkh zdjh qhjrwldwhg e| wkh �up zlwk hdfk ri lwv hpsor|hhv

lv lqghshqghqw ri , li ZE�� lv lghqwlfdoo| frqvwdqw zlwk uhvshfw wr lwv �uvw dujxphqw/ dqg

lw lv d ghfuhdvlqj ixqfwlrq ri , li pdujlqdo +khqfh/ dyhudjh, oderu surgxfwlylw| ghfolqhv dv

hpsor|phqw lqfuhdvhv1 Wklv pd| dw �uvw vljkw dsshdu wr eh dw rggv zlwk sohqwlixo hylghqfh ri

d srvlwlyh zdjh0vl}h h�hfw1 Lq zkdw iroorzv/ zh vwxg| vlpsoh sdudphwhul}dwlrqv ri wklv jhqhudo

prgholqj vwuxfwxuh/ dqg glvfxvv krz h{solflw frqvlghudwlrq ri hqgrjhqrxv oderu ghpdqg

srolflhv pd| vxssruw lwv uhdolvp1

<



6 Vshfldol}hg prghov

Wxuqlqj wr wkh prgho*v lpsolfdwlrqv iru wkh uhodwlrqvkls ehwzhhq �up vl}hv dqg zdjhv/ zh

qhhg wr uhfrjql}h wkdw �up0vshfl�f hpsor|phqw ohyhov duh wkhpvhoyhv hqgrjhqrxv1 Hyhq lq

fdvhv zkhuh iru hdfk ydoxh ri # wkh zdjh vfkhgxoh lq +44, lv dydlodeoh lq forvhg irup/ lq

idfw/ wkh revhuyhg mrlqw glvwulexwlrq ri hpsor|phqw dqg zdjh ohyhov lv d pl{wxuh ri vxfk

zdjh vfkhgxohv iru gl�huhqw oderu ghpdqg vkrfnv1 Wkh fkdudfwhu ri vxfk pl{lqj sod|v d

fuxfldo uroh lq jhqhudwlqj d srvlwlyh uhodwlrqvkls ehwzhhq hpsor|hu vl}hv dqg zdjh udwhv lq

wkh suhvhqfh ri frqvwdqw ru ghfuhdvlqj zdjh vfkhgxohv dw hdfk �up1

Uhfdoo wkdw gxulqj shulrgv zkhq qr vwdwh wudqvlwlrq rffxuv hdfk �up*v hpsor|phqw hyroyhv

dffruglqj wr +6, dv d uhvxow ri h{rjhqrxv txlwv lqwr xqhpsor|phqw dw udwh 4 dqg ri wkh

hpsor|hu*v klulqj dfwlylw|1 Wr frpsohwho| fkdudfwhul}h wkh prgho/ rqh zrxog lqvhuw +6, dqg

wkh zdjh h{suhvvlrq iurp +44, lq wkh dvvhw0ydoxdwlrq htxdwlrq +5,/ wr rewdlq d v|vwhp ri

gl�huhqwldo htxdwlrqv lq �E,s c #s �/ zlwk furvv0htxdwlrq olqndjhv lpsolhg e| wkh suredelolvwlf

vwuxfwxuh ri h{rjhqrxv Pdunry wudqvlwlrqv dfurvv oderu ghpdqg vwdwhv1 D vroxwlrq ri wklv

v|vwhp ri ixqfwlrqdo htxdwlrqv zrxog lq wxuq pdnh lw srvvleoh wr fkdudfwhul}h wkh lpsolfdwlrqv

ri rswlpdo oderu ghpdqg srolflhv iru wkh hqgrjhqrxv glvwulexwlrq ri hpsor|phqw ohyhov1 Zh

gr qrw dwwhpsw wr fkdudfwhul}h vroxwlrqv ri wkh fodvv ri prghov rxwolqhg deryh lq vxfk jhqhudo

whupv1 Udwkhu/ zh srvwsrqh d eulhi glvfxvvlrq ri qxphulfdo phwkrgv wr Vhfwlrq 616 ehorz/

dqg irfxv dwwhqwlrq rq vshfldo fdvhv zklfk/ zkloh dgplwwhgo| idu iurp uhdolvwlf/ gr r�hu vlpsoh

wkhruhwlfdo uhvxowv wr eh frqiurqwhg zlwk hpslulfdo hylghqfh rq wkh zdjh0vl}h glvwulexwlrq1

Wr vhh zklfk ihdwxuhv ri wkh jhqhudo prgholqj shuvshfwlyh pd| eh uhohydqw wr vxfk hy0

lghqfh/ lw lv xvhixo wr frqvlghu wkh orqj0uxq lpsolfdwlrqv ri wkh hpsor|phqw g|qdplfv lq

+6,1 Vhwwlqj �, ' f lq +6,/ iru hdfk ydoxh ri # hpsor|phqw jurzwk fhdvhv zkhq wkh �up*v

hpsor|phqw lv ,s ' 7, vxfk wkdw

i2�E7,c #� ' S47,� +45,

Rq wkh edvlv ri wklv vlpsoh uhodwlrqvkls/ lw lv hdv| wr lghqwli| sdudphwulf frq�jxudwlrqv zklfk

duh qrw frqgxflyh wr d zhoo0gh�qhg lghqwlw| iru wkh prgho*v �upv1 Li wkh pdujlqdo dvvhw ydoxh

�E7,c #� lv lqghshqghqw ri ,/ wkhq dq htxdwlrq lq wkh irup +45, fdq hqgrjhqrxvo| ghwhuplqh

wkh �up*v hpsor|phqw ohyho rqo| li 4 : f1 Frqyhuvho|/ li wkhuh lv qr h{rjhqrxv wxuqryhu

+4 ' f,/ wkhq wkh prgho fdq hqgrjhql}h hdfk �up*v hpsor|phqw rqo| li �E7,c #� grhv ghshqg

rq lwv �uvw dujxphqw1

Wkh wzr vxevhfwlrqv wkdw iroorz h{dplqh vlpsoh sdudphwhul}dwlrqv ri vxfk vshfldo fdvhv1

Zh ohw wkh lglrv|qfudwlf vkliwhu # wdnh ? srvvleoh ydoxhv i#�j/ zlwk #� : #2 : � � � : #?1

43



Ghqrwlqj zlwk B� wkh suredelolw| lqwhqvlw| ri d wudqvlwlrq rxw ri vwdwh �/ zh ohw wkh urz yhfwru

OR& ' dR&�o froohfw wkh suredelolwlhv ri uhdfklqj hdfk ri wkh rwkhu vwdwhv xsrq d wudqvlwlrq rxw

ri vwdwh & +zlwk
S?

�'� R&� � �/ dqg R&& � f,1 Lw zloo ehfrph dssduhqw lq Vhfwlrq 616 wkdw

d ixoo| jhqhudo vwuxfwxuh ri wudqvlwlrqv dfurvv surgxfwlylw| ohyhov zrxog juhdwo| frpsolfdwh

wkh dojheud/ hvshfldoo| dv uhjdugv wkh frpsxwdwlrq ri wkh prgho*v hqgrjhqrxv hpsor|hu0vl}h

glvwulexwlrq1 Wkxv/ zh lqlwldoo| uhvwulfw wkh OR& suredelolw| yhfwruv wr dwwdfk xqlw zhljkw wr

� ' ? +wkh vwdwh dvvrfldwhg zlwk wkh orzhvw srvvleoh ydoxh ri #, iru & : ?/ dqg doorz rqo| OR?

wr ihdwxuh qrq0}hur wudqvlwlrq suredelolwlhv wr doo wkh kljkhu oderu0ghpdqg vwdwhv= lq zrugv/

zh dvvxph wkdw doo qhjdwlyh lqqrydwlrqv wr wkh i#j surfhvv eulqj wkh �up*v oderu ghpdqg wr

lwv orzhvw ohyho/ zkloh srvlwlyh lqqrydwlrqv duh srvvleoh rqo| iurp wkh odwwhu1

614 Frqvwdqw uhwxuqv wr vfdoh lq surgxfwlrq

Wkh �uvw prgho zh frqvlghu dvvxphv frqvwdqw uhwxuqv wr oderu dw wkh �up*v ohyho1 Zlwkrxw

orvv ri jhqhudolw|/ ohw ZE,c #� ' #1 Zdjh udwhv dw �upv zlwk gl�huhqw surgxfwlylw| ohyhov duh

uhdglo| frpsxwhg iurp wkh uhohydqw vshfldol}dwlrq ri +44,/

�E,c #� ' q# n E�� q� oa�c +46,

dqg duh txlwh lqwxlwlyho| frqvwdqw zlwk uhvshfw wr hpsor|phqw1

Wkh dvvhw0ydoxdwlrq htxdwlrqv +5, iru wkh pdujlqdo ydoxh ri oderu/ zkhuh .s d�o qhhg rqo|

dffrxqw iru wkh srvvlelolw| ri d wudqvlwlrq wr wkh orzhvw srvvleoh oderu surgxfwlylw| lqglfdwru/

uhdg

Eo n 4n B���E,�c #�� ' E�� q� E# � oa�� n B��E,?c #?�c � ' �c ���c ?� �� +47,

Wudqvlwlrqv rxw ri vwdwh ? fdq wdnh wkh �up wr dq| rwkhu vwdwh �/ dqg wkh qr0duelwudjh

frqglwlrq iru d �up lq vwdwh ?

Eo n 4n B?��? ' 4@ 
q
E�� q� E#? � oa�� n B?OR? O�c f

r
c

uhfrjql}hv wkdw wkh pdujlqdo ydoxh ri hpsor|lqj dq| zrunhuv pd| eh qhjdwlyh dw wkh orzhvw0

surgxfwlylw| �upv/ wr lpso| wkdw hpsor|huv vkrxog rswlpdoo| �uh doo zrunhuv xsrq uhfhlylqj

d qhjdwlyh vkrfn1

Wkhvh uhodwlrqvklsv irup d vlpsoh v|vwhp ri htxdwlrqv lq wkh vwdwh0vshfl�f pdujlqdo dvvhw

ydoxhv O� ' i��c �2c ���c �?jc
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�� ' 4@ 

+
E�� q� E# � oa�� n B�OR� O�

o n 4n B�
c f

,
c +48,

zklfk ghshqg rqo| rq hdfk �up*v fxuuhqw surgxfwlylw| dqg/ lq sduwlfxodu/ duh lqghshqghqw

ri hpsor|phqw ohyhov1 Wkxv/ pdujlqdo surgxfhu vxusoxv lv xquhodwhg wr wkh hpsor|hu*v vl}h/

dqg mrev zlwk wkh vdph surgxfwlylw| pljkw dv zhoo eh vsuhdg lq wkh hfrqrp| dw odujh udwkhu

wkdq rujdql}hg lq lghqwl�deoh �upv1

Wkh �upv zh prgho/ krzhyhu/ xvh d ghfuhdvlqj0uhwxuqv ydfdqf|0srvwlqj whfkqrorj|1 Dv

orqj dv qdwxudo wxuqryhu rffxuv dw d vwulfwo| srvlwlyh udwh/ lqfuhdvlqj ydfdqf|0srvwlqj frvwv

lpso| wkdw d �up*v orqj vwdwlrqdu| hpsor|phqw ohyho/ dv gh�qhg e| +45,/ lv ohvv wkdq lqghi0

lqlwho| odujh iru hdfk jlyhq #= dw d �up zkrvh surgxfwlylw| lv #�/ hpsor|phqw lqfuhdvhv ru

ghfuhdvhv dffruglqj wr zkhwkhu lw lv vpdoohu ru odujhu wkdq 7,� ' i2��*S41

Li �? : f/ wkh orqj0uxq hpsor|phqw ohyho ri orz0surgxfwlylw| �upv lv srvlwlyh/ dqg qr

hpsor|hu0lqlwldwhg vhsdudwlrqv hyhu rffxu= frqwlqxdwlrq ri doo h{lvwlqj pdwfkhv lv h!flhqw/

vlqfh �? : f lpsolhv wkdw wkh hpsor|hu srvwv ydfdqflhv dqg zrunhuv uhfhlyh zdjhv lq h{fhvv

ri wkh  rz htxlydohqw oa� ri hqwhulqj xqhpsor|phqw +zklfk wkh| pd| rqo| gr dv d uhvxow ri

wkh pdwfk0vshfl�f hyhqwv prghohg e| h{rjhqrxv vhsdudwlrqv dw udwh 4,1 Hpsor|phqw lv rqo|

uhgxfhg lqdvpxfk dv wkh mre ghvwuxfwlrq lqgxfhg e| qdwxudo wxuqryhu h{fhhgv mre fuhdwlrq

lqgxfhg e| ydfdqf| srvwlqj1

Li lqvwhdg wkh orz surgxfwlylw| ohyho #? dqg2ru wkh suredelolw| lqwhqvlw| ri h{lw iurp wkdw

vwdwh duh vr orz dv wr lpso| wkdw �? ' f/ qr srvlwlyh hpsor|phqw ohyho fdq eh vwdwlrqdu| dw

�upv lq wkh orzhvw surgxfwlylw| vwdwh1 Lq wxuq/ wklv lpsolhv wkdw doo hpsor|hhv duh �uhg zkhq

d �up uhfhlyhv d qhjdwlyh vkrfn1 Lq wklv fdvh/ wkh vroxwlrq ri wkh v|vwhp +48, uhdgv

�? ' fc

�� ' E�� q�
# � oa�

o n 4n B�
c � ' �c ���c ?� �c +49,

dqg lw lv qrw gl!fxow wr frpsxwh wkh vwhdg|0vwdwh vl}h glvwulexwlrq ri hpsor|phqw ohyhov +vhh

Dsshqgl{ D,1

Zh surfhhg wr looxvwudwh wkh fkdudfwhu ri wkh vroxwlrq lq wkh frqwh{w ri d qxphulfdo h{0

huflvh/ sdudphwhul}hg dv lq Wdeoh 4/ dqg wr glvfxvv lwv jhqhudo lpsolfdwlrqv iru wkh mrlqw

glvwulexwlrq ri �up hpsor|phqw dqg zdjhv1 Iljxuh 4 sorwv wkh vl}h glvwulexwlrq ri �upv +gh0

ulyhg lq wkh Dsshqgl{, dfurvv srvlwlyh0hpsor|phqw �upv/ sduwlwlrqlqj wkh ghqvlw| dffruglqj

wr oderu0ghpdqg vwdwhv frqvlvwhqw zlwk hdfk hpsor|phqw ohyho1 Hdfk vxfk sduwlwlrq uhdfkhv
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}hur dw wkh srlqw zkhuh wkh ydfdqflhv srvwhg e| �upv lq wkh fruuhvsrqglqj vwdwh mxvw r�vhw

qdwxudo wxuqryhu1

Wr looxvwudwh wkh prgho*v lpsolfdwlrqv iru wkh zdjh0vl}h uhodwlrqvkls/ Iljxuh 5 glvsod|v

wkh wkhruhwlfdo zdjh ixqfwlrqv ri htxdwlrq +46, wrjhwkhu zlwk wkh h{dfw h{shfwdwlrq ri zdjhv

frqglwlrqdo rq hpsor|phqw/ zlwk d vfdwwhu ri Prqwh Fduor gdwd gudzq iurp wkh orqj0uxq

glvwulexwlrq ri hpsor|phqw dqg exvlqhvv frqglwlrqv/ dqg zlwk d olqhdu uhjuhvvlrq olqh hvwl0

pdwhg rq vxfk gdwd1 Wkh prgho reylrxvo| lpsolhv d srvlwlyh uhodwlrqvkls ehwzhhq zdjhv dqg

hpsor|phqw1 Frqglwlrqdo h{shfwdwlrqv duh qrq0olqhdu ehwzhhq wkh gl�huhqw vwdwhv* orqj0uxq

hpsor|phqw ohyhov/ exw wkh olqhdu uhjuhvvlrq dssur{lpdwhg zhoo wkh fkdudfwhu ri wkh zdjh0vl}h

uhodwlrqvkls lq wklv prgho1 Lqwxlwlyho|/ kljkhu ohyhov ri oderu surgxfwlylw| duh dvvrfldwhg zlwk

pruh lqwhqvh ydfdqf|0srvwlqj dfwlylw|/ khqfh idvwhu hpsor|phqw jurzwk wrzdugv �up0vshfl�f

vwdwlrqdu| hpsor|phqw ohyhov/

7,� '

�
E�� q�E#� � oa��

o n 4n B�

�
*4c

zklfk duh lqfuhdvlqj lq #� dqg/ wkhuhiruh/ srvlwlyho| uhodwhg wr zdjhv1 Dv lqfuhdvlqjo| odujh

hpsor|phqw ohyhov duh frqvlghuhg/ �upv sd|lqj lqfuhdvlqjo| kljk zdjhv duh vhohfwhg zlwklq

wkh vwhdg|0vwdwh glvwulexwlrq1 Ixuwkhu/ zdjh khwhurjhqhlw| ghfuhdvhv dv lqfuhdvlqjo| odujh

hpsor|phqw ohyhov duh frqvlghuhg dqg �upv zlwk orz #� ydoxhv duh vhohfwhg rxw ri wkh furvv0

vhfwlrqdo glvwulexwlrq1 Khqfh/ wklv vlpsoh prgho lpsolhv qrw rqo| wkdw phdq ri zdjhv vkrxog

lqfuhdvh/ exw dovr wkdw wkhlu yduldqfh vkrxog ghfuhdvh zlwk hpsor|hu vl}h1 Erwk lpsolfdwlrqv

duh frqvlvwhqw zlwk hpslulfdo hylghqfh1

Wkh prgho/ krzhyhu/ lv ohvv uhdolvwlf lq rwkhu uhvshfwv1 Lq sduwlfxodu/ zlwklq wkh oderu pdu0

nhw looxvwudwhg e| Iljxuh 5 hpsor|phqw lqfuhdvhv dw doo frqwlqxlqj �upv/ dqg doo glvplvvdov

duh wkh uhvxow ri sodqw forvxuhv1 Wudqvlwlrqv dfurvv srvlwlyh0ydoxh vwdwhv zrxog ri frxuvh eh

srvvleoh iru pruh jhqhudo suredelolvwlf vwuxfwxuhv/ exw hpsor|phqw zrxog qrw eh uhgxfhg e|

�ulqj ghflvlrqv= lq vxfk d frq�jxudwlrq ri wkh prgho/ hpsor|huv uhfhlylqj qhjdwlyh vkrfnv

zrxog dgmxvw wkhlu ydfdqf|0srvwlqj dfwlylw|/ dqg h{shulhqfh hpsor|phqw uhgxfwlrq rqo| lq0

vridu dv klulqj idoov vkruw ri qdwxudo wxuqryhu1 D srvlwlyh zdjh0vl}h dvvrfldwlrq frxog vwloo

eh h{shfwhg/ exw d qhjdwlyh uhodwlrqvkls ehwzhhq hpsor|hu vl}h dqg zdjh glvshuvlrq zrxog

qrw eh d qdwxudo lpsolfdwlrq ri wkh prgho1 Wkh prgho zh frqvlghu qh{w kdv txlwh gl�huhqw

lpsolfdwlrqv lq vxfk uhvshfwv/ dovr d�rugv d forvhg0irup vroxwlrq/ dqg surylghv d txdolwdwlyho|

uhdolvwlf fkdudfwhul}dwlrq ri hqgrjhqrxv uhodwlrqvklsv ehwzhhq hpsor|hu vl}h dqg zdjhv1
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615 Ghfuhdvlqj uhwxuqv wr oderu

Lq wkh vhfrqg vshfldo sdudphwhul}dwlrq ri wkh prgho/ zh uxoh rxw qdwxudo wxuqryhu e| vhwwlqj

4 ' f dqg/ wr hqvxuh wkh h{lvwhqfh ri zhoo0gh�qhg/ �qlwho| vl}hg �upv/ zh iroorz Ehuwrod

dqg Fdedoohur +4<<7, lq ohwwlqj oderu*v pdujlqdo uhyhqxh surgxfw eh d olqhduo| ghfuhdvlqj

ixqfwlrq ri hpsor|phqw/

ZE,c #� ' # � j,� +4:,

Wkh lqwhjudo lq htxdwlrq +44, fdq djdlq eh vroyhg h{solflwo| wr rewdlq d fkdudfwhul}dwlrq ri

zdjhv sdlg e| klulqj �upv lq whupv ri wkhlu hpsor|phqw ohyho , dqg fxuuhqw oderu ghpdqg

vwuhqjwk # G

�E,c #� ' ,3�*q
] ,

f

�
�3q

q E# � j�n E�� q� oa�*q�_�

' q# n E�� q� oa� �
q

� n q
j,� +4;,

Wklv zdjh vfkhgxoh/ dovr ghulyhg e| Ehuwrod dqg Fdedoohur +4<<7,/ lpsolhv wkdw wkh zdjh

sdlg e| d klulqj �up lv ghfolqlqj lq lwv vl}h1 Dv zdv wkh fdvh lq wkh frqwh{w ri wkh vlpsohu

prgho vwxglhg deryh/ krzhyhu/ wklv zdjh vfkhgxoh fdq eh frqvlvwhqw zlwk hpslulfdo hylghqfh

ri d srvlwlyh zdjh0vl}h h�hfw zkhq wkh mrlqwo| hqgrjhqrxv qdwxuh ri zdjh dqg hpsor|phqw

ohyhov lv surshuo| wdnhq lqwr dffrxqw1 Zdjhv qrw rqo| ghfuhdvh zlwk hpsor|phqw/ exw dovr

lqfuhdvh zlwk wkh lglrv|qfudwlf vkliwhu #�= dw dq| jlyhq hpsor|phqw ohyho/ �upv zlwk vwurqjhu

oderu ghpdqg sd| kljkhu zdjhv lq dq hqylurqphqw zkhuh pdwfklqj lv frvwo| dqg vxusoxv lv

vkduhg zlwk fxuuhqw hpsor|hhv1 Vlqfh kljkhu surgxfwlylw| lqgxfhv hpsor|huv wr srvw pruh

ydfdqflhv/ dqg vshhgv xs hpsor|phqw jurzwk/ kljk zdjhv fdq uhdglo| eh dvvrfldwhg zlwk

kljk hpsor|phqw ohyhov1

Wr vwxg| wklv phfkdqlvp irupdoo| lq wkh suhvhqw frqwh{w/ zh qhhg wr frpsxwh wkh hp0

sor|hu*v dvvhw ydoxhv1 Wklv lv d txlwh frpsoh{ wdvn lq jhqhudo/ exw lv uhodwlyho| vlpsoh xqghu

wkh dvvxpswlrqv ri wklv vhfwlrq1 Fuxfldoo|/ wkh olqhdu irup ri wkh pdujlqdo surgxfwlylw|

ixqfwlrq dqg ri wkh zdjh vfkhgxoh +4;, lpsolhv wkdw

ZE���
Y E�E��,�

Y,
' E�� q�

�
# � oa� �

j

� n q
,

�

lv dovr olqhdu lq ,1 Ixuwkhu/ lq wkh devhqfh ri h{rjhqrxv oderu wxuqryhu/ zh fdq uhsodfh �,

zlwk i2

S
�E�� lq +5,1 Ilqdoo|/ vlqfh doo wudqvlwlrqv iurp vwdwhv �c ���c ? � � eulqj �upv wr wkh
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orzhvw0surgxfwlylw| vwdwh lqgh{hg e| ?/ wkh h{suhvvlrq iru h{shfwhg vkrfn0lqgxfhg fdslwdo

jdlqv lv vlpsoh=

.s d{�E��o ' B� d4@ i�E,c #?�c fj ��E,c #��o c � ' �c ���c ?� ��

Lq zrugv/ �upv zklfk duh fxuuhqwo| lq vwdwh � pljkw lq sulqflsoh �qg lw rswlpdo wr uhwdlq

wkhlu fxuuhqw oderu irufh , xsrq uhfhlylqj d qhjdwlyh oderu ghpdqg vkrfn/ exw vkrxog �uh

dv qhhghg wr hqvxuh wkdw �E#?c ,� 9	 f1 Vlqfh vxfk wudqvlwlrqv duh wkh rqo| srvvleoh vrxufh

ri xqhpsor|phqw lq rzv lq wkh suhvhqw frqwh{w/ �upv uhfhlylqj qhjdwlyh oderu ghpdqg

vkrfnv pxvw lqghhg �uh lq wkh vwdwlrqdu| frq�jxudwlrq ri wkh oderu pdunhw/ wr lpso| wkdw

�E#?c ,� ' f1

Wkxv/ wkh dvvhw0ydoxdwlrq htxdwlrqv ri �upv lq vwdwhv � ' �c ���c ?� � uhdg

Eo n B���E,c #�� ' E�� q�

�
# � oa� �

j

� n q
,

�
n

i2

S
�E,c #��

Y��E,c #��

Y,
+4<,

dqg/ dv lq Ehuwrod dqg Fdedoohur +4<<7,/ kdyh vroxwlrqv lq wkh irup

�E�� ' @� n K�,c
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c +53,

li glyhujhqw krprjhqrxv whupv duh uxohg rxw1

Wkh vlpsoh olqhdu irup ri pdujlqdo ydoxh ixqfwlrqv dw ydfdqf|0srvwlqj �upv pdnhv lw hdv|

wr fkdudfwhul}h wkh uhodwlrqvkls ehwzhhq wkh zdjh dqg hpsor|phqw ohyho ri d �up zklfk lv

qrw klulqj/ dqg lv lqgl�huhqw wr �ulqj wkh pdujlqdo hpsor|hh1 Vlqfh �E#?c ,?� ' f/ fxuuhqw

pdujlqdo fdvk  rzv dqg h{shfwhg fdslwdo jdlqv rq wkh pdujlqdo hpsor|hh pxvw h{dfwo| r�vhw

hdfk rwkhu dw vxfk d �up1 Irupdoo|/

#? � j,? � �E,?c #?��
Y�E,?c #?�

Y,
,? n B?OR?�E,?cO#� ' fc +54,

zkhuh ,? lv wkh hpsor|phqw ohyho ri d �up wkdw lv srvwlqj qr ydfdqflhv> wkh froxpq yhfwru

�E,?cO#� froohfwv wkh pdujlqdo vkdgrz ydoxhv ri wkh �up*v fxuuhqw hpsor|phqw vwrfn xsrq

wudqvlwlrqv wr rwkhu +klulqj, vwdwhv/ zklfk rffxu zlwk suredelolw| lqwhqvlw| B?> dqg wkh urz

yhfwru OR? frqwdlqv wkh wudqvlwlrq suredelolwlhv iurp vwdwh ? wr wkh rwkhu vwdwhv1

Li �upv zkhuh �E,?c #?� ' f kdyh vwulfwo| srvlwlyh hpsor|phqw +,? : f,/ wkhq wkh sdu0

wlflsdwlrq frqvwudlqw +8, dssolhv dqg wkh zdjh �E,?c #?� vkrxog eh vxfk wkdw hpsor|hhv duh
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mxvw zhoo r� zkhq uhwdlqhg dv wkh| zrxog eh lq xqhpsor|phqw1 Lq wkh hyhqw ri srvlwlyh

oderu ghpdqg vkrfnv/ zklfk jhqhudwh hfrqrplf uhqwv iru h{lvwlqj pdwfkhv zkhq wkh pdwfk0

lqj surfhvv lv frvwo| dqg wlph0frqvxplqj/ fxuuhqw hpsor|hhv ri d �up wkdw lv srvwlqj qr

ydfdqflhv fdq qhjrwldwh d zdjh lqfuhdvh dqg vkduh lq wkhlu hpsor|hu*v jrrg oxfn1 Wkxv/ wkh

kxpdq fdslwdo ri krdughg zrunhuv lqfoxghv h{shfwhg fdslwdo jdlqv/ dprxqwlqj wr wkh xvxdo

sursruwlrq q*E��q� ri wkhlu hpsor|hu*v pdujlqdo jdlqv1 Lq  rz whupv/ wkh krdughg zrunhu*v

htxloleulxp uhtxluhphqw uhdgv

oa� ' �E,?c #?� n
q

�� q
B?OR?�E,?cO#�c +55,

zkhuh �E,?cO#� ' O@ n OK,? iru O@ ' d@�o dqg OK ' dK�o duh wkh froxpq yhfwruv froohfwlqj wkh

lqwhufhswv dqg vorshv ri wkh ydulrxv klulqj vwdwhv* pdujlqdo vkdgrz ydoxh ixqfwlrqv iurp

+53,1 Wkh ohiw0kdqg vlgh ri +55, lv frqvwdqw lq vwhdg| vwdwh/ dqg wrwdo gl�huhqwldwlrq |lhogv

Y�E,c #?�

Y,
' �

q

�� q
B?OR?

Y�E,cO#�

Y,
' �

q

�� q
B?OR?OK � &? : f� +56,

Wkxv/ zh fdq zulwh

�E,?c #?� ' �? n &?,? iru �? ' oa� �
q

�� q
B?OR?@EO#cOB�� +57,

Olnh +4;,/ wklv vlpsoh uhodwlrqvkls r�huv lqvljkwv ri vrph jhqhudolw|1 Vlqfh zdjhv sdlg e|

klulqj �upv duh qhjdwlyho| uhodwhg wr wkhlu hpsor|phqw ohyho/ zrunhuv krdughg e| d �ulqj

�up fdq orrn iruzdug wr odujhu fdslwdo jdlqv zkhq wkhlu hpsor|hu*v oderu irufh lv vpdoohu1

Khqfh/ d vpdoohu zdjh  rz vx!fhv wr nhhs ihzhu zrunhuv hpsor|hg e| d �ulqj �up/ dqg

zkhq fkdudfwhul}lqj wkh htxloleulxp lw lv qhfhvvdu| wr wdnh lqwr dffrxqw wkh idfw wkdw zdjhv

sdlg e| vxfk �upv duh d srvlwlyho| vorshg ixqfwlrq ri wkhlu hpsor|phqw ohyho17

Xvlqj +57, lq +54, dqg uhfdoolqj wkh gh�qlwlrq ri &? lq +56, |lhogv

,? '
#? � �? n B?OR? @EO#cOB�

j n �nq

q
&?

� +58,

Wklv frpsohwhv wkh forvhg0irup vroxwlrq ri wkh vshfldo fdvh zkhuh doo qhjdwlyh vkrfnv eulqj

d �up*v oderu ghpdqg wr lwv orzhvw srvvleoh ohyho/ dqg srvlwlyh vkrfnv fdq rqo| rffxu iurp

7Wklv lv qhjohfwhg e| Ehuwrod dqg Fdedoohur +4<<7,/ zkr wuhdw wkh zdjh udwh sdlg e| }hur0ydfdqf| �upv

dv d frqvwdqw lq wkhlu ghulydwlrqv1
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wkdw vdph vwdwh1 Iru wklv vlpsoh suredelolvwlf vwuxfwxuh/ lw lv dovr srvvleoh wr rewdlq forvhg0

irup vroxwlrqv iru wkh vwhdg|0vwdwh glvwulexwlrq ri hqgrjhqrxv hpsor|phqw dfurvv �upv +vhh

Dsshqgl{ D,1

Wr looxvwudwh wkh fkdudfwhu ri wkh vroxwlrq dqg glvfxvv lwv jhqhudo lpsolfdwlrqv/ zh djdlq

sursrvh d sdudphwhul}hg h{dpsoh +vhh Wdeoh 4,1 Vlqfh wkh dgydqwdjh ri wklv prgho ryhu

wkdw rxwolqhg lq Vhfwlrq 614 lv wkh delolw| wr jhqhudwh uhdolvwlf klulqj dqg �ulqj e| frqwlqxlqj

�upv/ zh ohw wkh suredelolvwlf vwuxfwxuh eh vxfk dv wr lpso| wkdw prvw �upv duh vpdoo dqg

vxemhfw wr iuhtxhqw exw qrw yhu| surqrxqfhg oderu ghpdqg  xfwxdwlrqv/ dqg wkdw vkrfnv duh

lqfuhdvlqjo| xqolnho| iru �upv zlwk kljkhu dqg kljkhu oderu ghpdqg ohyhov1 Khqfh/ odujh �upv

yhu| vhogrp h{shulhqfh vwdwh wudqvlwlrqv/ zklfk zrxog wdnh wkhp wr wkh orzhvw srvvleoh oderu

ghpdqg ohyho dqg fdxvh wkhlu hpsor|phqw ohyho wr froodsvh1 Wklv vwuxfwxuh ri +xqrevhuydeoh,

surgxfwlylw| vkrfnv suredelolwlhv suhyhqwv lqwhqvh wxuqryhu dw odujh �upv/ hqvxulqj wkdw wkh

prgho lv txdolwdwlyho| frqvlvwhqw zlwk dydlodeoh hylghqfh rq wkh uhodwlrqvkls ehwzhhq mre

 rzv dqg �up vl}h1

Wdeoh 4 dovr uhsruwv wkh htxloleulxp ydoxhv ri T*L dqg a�/ frpsxwhg rq wkh edvlv ri wkh

hujrglf glvwulexwlrq ri �up vl}hv dfurvv oderu ghpdqg ohyhov +wkh uhohydqw dojheud lv rxwolqhg

lq Dsshqgl{ E,1 D glvfuhwh pdvv ri oderu lv orfdwhg dw }hur0ydfdqf| �upv +zklfk hpsor|

derxw 63( ri wkh oderu irufh iru wkh sdudphwhuv olvwhg lq Wdeoh 4,/ dqg wkh uhpdlqghu ri

hpsor|phqw lv glvwulexwhg frqwlqxrxvo| dfurvv klulqj �upv1 Wdeoh 5 uhsruwv jurvv mre  rzv

iru ydulrxv �up vl}hv1 Wkhvh duh vwdwlvwlfv frpsxwhg rq Prqwh Fduor vdpsohv gudzq iurp

wkh dqdo|wlf orqj0uxq glvwulexwlrq frpsxwhg lq wkh Dsshqgl{/ dqg zkrvh frqwlqxrxv sruwlrq

lv looxvwudwhg lq Iljxuh 61 Wkh sdudphwhuv lq Wdeoh 4 lpso| d vwuxfwxuh ri mre  rzv frqvlv0

whqw zlwk wkh hpslulfdo hylghqfh rq mre  rzv dqg �up vl}h uhsruwhg lq RHFG +4<<7,1 Qhw

hpsor|phqw fkdqjhv +wkh gl�huhqfh ehwzhhq mre fuhdwlrq dqg ghvwuxfwlrq, duh qhjdwlyho|

uhodwhg wr �up vl}h/ vlqfh wkh vwhdg|0vwdwh vlwxdwlrq ri lqwhuhvw ihdwxuhv phdq0uhyhuwlqj hp0

sor|phqw g|qdplfv1 Wkh �up vl}h glvwulexwlrq jhqhudwhg e| rxu prgho dqg sdudphwhuv lv

urxjko| frqvlvwhqw zlwk wkh hylghqfh uhsruwhg lq wkh RHFG vwxg|= iru h{dpsoh/ wkh vpdoohvw

vl}h fdwhjru| dffrxqwv iru d wklug ri hpsor|phqw lq rxu wdeoh/ dqg wkh hpsor|phqw vkduh

ri �upv zlwk ohvv wkdq 53 hpsor|hhv udqjhv iurp 2.I lq Fdqdgd wr pruh wkdq efI lq Qhz

]hdodqg lq wkh RHFG wdeohv1 Pruh lqwhuhvwlqjo|/ zh vhh lq wkh Wdeoh wkdw mre uhdoorfdwlrq

+wkh vxp ri mre fuhdwlrq dqg ghvwuxfwlrq, ghfolqhv vkduso| dv d ixqfwlrq ri vl}h/ zklfk lv dovr

frqvlvwhqw zlwk dydlodeoh hylghqfh1 Rxu prgho dqg sdudphwhuv jhqhudwh hpsor|phqw vwdelo0

lw| iru odujh �upv lq wkh irup ri xquhdolvwlfdoo| odujh/ li xqolnho|/ mre ghvwuxfwlrq hyhqwv1 Rq

dyhudjh/ krzhyhu/ wkh prgho0jhqhudwhg mre  rzv duh txdolwdwlyho| frqvlvwhqw zlwk dydlodeoh
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hylghqfh1

Iljxuh 7 looxvwudwhv wkh prgho*v lpsolfdwlrqv iru wkh zdjh0vl}h uhodwlrqvkls/ sorwwlqj wkh

grzqzdug0vorslqj zdjh2hpsor|phqw vfkhgxohv iru wkh ydulrxv srvvleoh ohyhov ri oderu gh0

pdqg1 Vlqfh hdfk klulqj �up*v hpsor|phqw dqg zdjhv hyroyh dorqj d vwdqgdug grzqzdug0

vorslqj ghpdqg fxuyh/ d uhjuhvvlrq zkhuh wkh vwuhqjwk # ri oderu ghpdqg zhuh frqwuroohg iru

zrxog |lhog d qhjdwlyh uhodwlrqvkls ehwzhhq zdjhv dqg hpsor|phqw1 Li #� lv qrw revhuydeoh/

krzhyhu/ wkh prgho fdq jhqhudwh d srvlwlyh furvv0vhfwlrqdo uhodwlrqvkls ehwzhhq zdjhv dqg

hpsor|phqw1 Lq Iljxuh 7/ wkh vkdsh ri wkh h{dfw frqglwlrqdo h{shfwdwlrq lv udwkhu frpsoh{/

dqg qrq olqhdu +zh eulh | glvfxvv lq Vhfwlrq 7 wkh srvvleoh hpslulfdo uhdolvp ri lwv qrqolqhdu

vkdsh,1 Lq wkh �jxuh/ Prqwh Fduor gdwd gudzq iurp wkh orqj0uxq glvwulexwlrq ri hpsor|0

phqw dqg exvlqhvv frqglwlrqv ghulyhg lq wkh Dsshqgl{ duh vfdwwhuhg ryhu wkh wkhruhwlfdo

zdjh ixqfwlrqv ri htxdwlrq +4;,1 Foxvwhuv ri srlqwv dsshdu dw wkh orzhu olplw ri wkh zdjh dqg

hpsor|phqw glvwulexwlrqv/ dqg dorqj wkh grzqzdug0vorslqj zdjh orfl lghqwl�hg e| htxdwlrq

+4;, iru wkh ydulrxv ydoxhv ri # zklfk lqgxfh klulqj1 Wkh wklfn xszdug0vorslqj olqh lq wkh

�jxuh sorwv suhglfwhg ydoxhv iurp dq ROV uhjuhvvlrq ri zdjhv rq hpsor|hu vl}h1 Vlqfh rxu

prgho ihdwxuhv krprjhqhrxv oderu dqg xqlirup pdunhw srzhu/ wklv olqhdu uhjuhvvlrq fruuh0

vsrqgv wr zkdw d uhvhdufkhu pljkw �qg lq gdwd zkhuh doo zrunhu fkdudfwhulvwlfv duh frqwuroohg

iru/ exw zdjh gl�huhqwldov duh jhqhudwhg e| g|qdplf khwhurjhqhlw| dfurvv �upv xqghu glplq0

lvklqj uhwxuqv wr oderu1 Wkh glvshuvlrq ri zdjh udwhv lv dovr ghfuhdvlqj dv odujhu hpsor|phqw

ohyhov duh frqvlghuhg/ dqg zh uhwxuq ehorz wr d glvfxvvlrq ri wkh hpslulfdo uhohydqfh ri wklv

wkhruhwlfdo lpsolfdwlrq1

616 Qxphulfdo vroxwlrq

Lw lv fhuwdlqo| yhu| uhvwulfwlyh wr uxoh rxw gluhfw wudqvlwlrqv dfurvv surgxfwlylw| vwdwhv zkhuh

�upv duh klulqj1 Lq zkdw iroorzv/ zh rxwolqh d qxphulfdo vroxwlrq surfhgxuh iru d jhqhudo

vwuxfwxuh ri wudqvlwlrq suredelolwlhv1 Wkh surfhgxuh/ ghvfulehg lq pruh ghwdlo e| Jduledogl

+4<<9,/ ehfrphv xqzlhog| yhu| txlfno| dv wkh qxpehu ri srvvleoh surgxfwlylw| vwdwhv lq0

fuhdvhv1 Krzhyhu/ wkh dgglwlrqdo txdolwdwlyh lqvljkwv r�huhg e| wkh srvvlelolw| ri wudqvlwlrqv

dfurvv klulqj vwdwhv duh vdwlvidfwrulo| looxvwudwhg e| wkh fdvh zkhuh # pd| wdnh rqo| wkuhh

gl�huhqw ydoxhv/ #� : #2 : #�1

D �up zlwk #s ' #� lv qrw klulqj/ lv lqgl�huhqw wr �ulqj dw wkh pdujlq/ dqg hpsor|v

,? ' ,� xqlwv ri oderu1 Li #s ' #�/ frqyhuvho|/ zh fdq eh vxuh wkdw wkh �up lv klulqj/ doehlw dw

d vorzhu dqg vorzhu udwh/ dv lq wkh prgho ri wkh suhylrxv vhfwlrq1 Zkdw lv qhz lv wkdw �upv

lq wkh lqwhuphgldwh vwdwh/ zlwk #s ' #2/ pd| ru pd| qrw eh srvwlqj ydfdqflhv/ ghshqglqj
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rq wkh wlph dqg gluhfwlrq ri wkh odvw wudqvlwlrq wkh| h{shulhqfhg ru/ htxlydohqwo|/ rq wkhlu

hpsor|phqw ohyho1

Zkhq #s ' #2/ wkh �up vkrxog eh klulqj rqo| li lwv hpsor|phqw lv orzhu wkdq wkh 7,2 ohyho

gh�qhg lpsolflwo| e|

�E7,2c #2� ' f� +59,

Dq| vwdwh wudqvlwlrq iurp wkh kljkhvw surgxfwlylw| vwdwhv lqgxfhv wkh �up wr �uh dv orqj

dv , � 7,2/ dqg dqqlklodwhv wkh vkdgrz ydoxh ri oderu1 Lq wkh , � 7,2 uhjlrq/ dffruglqjo|/

wkh prgho ihdwxuhv wkh vdph gl�huhqwldo htxdwlrq dv wkdw hqfrxqwhuhg deryh/ zlwk vroxwlrq

�E,c #�� ' @�n K�, dv lq +53,/ dqg wkh zdjh vfkhgxoh �E,c #�� lv jlyhq e| +4;,1 Wkh qxphulfdo

vroxwlrq iru rwkhu uhjlrqv fdq wkhq surfhhg iurp kljkhu wr orzhu surgxfwlylw| vwdwhv dqg

iurp odujhu wr vpdoohu surgxfwlylw| ohyhov1 Zkhq hpsor|phqw lv ehorz wkh fulwlfdo 7,2 ohyho

gh�qhg e| +59,/ wkh �up lv klulqj +dw gl�huhqw udwhv, erwk zkhq # ' #2 dqg zkhq # ' #��

Li vwdwhv 4 dqg 5 frppxqlfdwh gluhfwo|/ wkh uhohydqw vkdgrz ydoxh ixqfwlrqv pxvw eh vroyhg

vlpxowdqhrxvo|/ |lhoglqj d v|vwhp ri wzr ixqfwlrqdo htxdwlrqv=

Eo n B���E,c #�� ' E�� q�

�
#� � oa� �

j

� n q
,

�
n

i2

S
�E,c #��

Y�E,c #��

Y,
n B�R�2�E,c #2�c

+5:,

Eo n B2��E,c #2� ' E�� q�

�
#2 � oa� �

j

� n q
,

�
n

i2

S
�E,c #2�

Y�E,c #2�

Y,
n B2R2��E,c #���

Iru ,� � 7,2/ �E,
�c #2� � fc dqg hydoxdwlqj wkh vhfrqg htxdwlrq lq +5:, dw 7,2 |lhogv

E�� q�

�
#2 � oa� �

j

� n q
7,2

�
n B2R2�

�
@� n K�7,2

�
' f�

Wr h{whqg wkh vroxwlrq qxphulfdoo| ehorz wkh 7,2 ohyho lghqwl�hg e| wklv htxdwlrq/ zh hydoxdwh

wkh htxdwlrqv lq +5:, dw wzr gl�huhqw ydoxhv , dqg ,�/ vxewudfw whup e| whup/ dqg zulwh

�E,c #�� � �E,�c #���
Y�E,c #��

Y,
{,c � ' �c 2c +5;,

zkhuh wkh dssur{lpdwlrq lv vdwlvidfwru| iru {, ' ,� � , vpdoo1 Jlyhq ydoxhv ri wkh ohyhov dqg

ghulydwlyhv ri wkh vkdgrz ydoxh ixqfwlrqv hydoxdwhg dw ,� ' ,n{,/ wkh htxdwlrqv lq +5:, pd|

eh uhzulwwhq xvlqj +5;, dqg uhduudqjhg wr rewdlq wzr htxdwlrqv lq [ ' Y�E,c #��*Y, dqg

4<



\ ' Y�E,c #2�*Y, G

i2

S
[ 2 �

�
Eo n B�� n

i2

S

�E,�c #��

{,

�
[ � Ej n 2&�� n R�2B�\ n

i2

S

�E,�c #��

{,

Y�E,�c #��

Y,
' fc

+5<,

i2

S
\2 �

�
Eo n B2� n

i2

S

�E,�c #2�

{,

�
\ � Ej n 2&2� n R2�B2[ n

i2

S

�E,�c #2�

{,

Y�E,�c #2�

Y,
' f�

Wklv txdgudwlf v|vwhp lv hdvlo| vroyhg qxphulfdoo|/ dqg pdnhv lw srvvleoh wr h{whqg wkh

vroxwlrq wr hpsor|phqw ohyhov ehorz 7,2= rqh hydoxdwhv +5<, iru ,
� ' 7,2> rewdlqv d vroxwlrq iru

wkh vkdgrz ydoxh ghulydwlyhv dw 7,�{, iurp +5<,> frpsxwhv dssur{lpdwh ydoxhv ri wkh vkdgrz

ydoxh ohyhov lq wkh vdph srlqw iurp +5;,> dqg surfhhgv uhfxuvlyho| edfnzdugv wr rewdlq vkdgrz

ydoxhv iru d vhtxhqfh ri hpsor|phqw ohyhov vhsdudwhg e| +duelwudulo| vpdoo, glvfuhwh gl�huhqfhv

{,1 Wkh orzhvw uhfxuulqj hpsor|phqw ohyho lv dssur{lpdwhg e| wkh qxphulfdo surfhgxuh dv

wkh whup lq wkdw vhtxhqfh zklfk dssur{lpdwho| vdwlv�hv d }hur0vkdgrz0ydoxh frqglwlrq zkhq

wkh �up lv lq wkh orzhvw srvvleoh oderu0ghpdqg srvlwlrq/ qdpho|/ wkh frqglwlrq htxlydohqw wr

+54, iru wkh pruh frpsoh{ prgho lqwurgxfhg khuh1

Wkh vwhdg|0vwdwh glvwulexwlrq ri zdjh dqg hpsor|phqw ohyhov fdqqrw eh fkdudfwhul}hg

dqdo|wlfdoo|/ exw Iljxuh 8 uhsruwv wkh uhvxowv ri Prqwh Fduor gudzv iurp wkh zdjh klvwru|

ri d vlqjoh �up1 Wkh qrqolqhdulw| lqwurgxfhg e| qrq0}hur suredelolwlhv ri wudqvlwlrqv dfurvv

klulqj vwdwhv d�hfwv erwk �upv* pdujlqdo ydoxdwlrqv ri oderu dqg hpsor|hhv* kxpdq fdslwdo

ixqfwlrqv/ exw qrw wkh zdjh ixqfwlrqv/ iru zklfk wkh olqhdu irup ri +4;, lv ydolg lq doo fdvhv1

Rqh ihdwxuh lv txdolwdwlyho| gl�huhqw iurp wkh vlpsohu fdvh ri Vhfwlrq 615= vlqfh odujh �upv

zlwk , : 7,2 rqo| �uh {, ' , � 7,2 zkhq wkhlu oderu ghpdqg gursv wr wkh lqwhuphgldwh vwdwh

5/ wkh Iljxuh ihdwxuhv pdvv srlqwv ri hpsor|phqw dw 7,2 dv zhoo dv dw 7,�1 Wkh glvwulexwlrq

lv rwkhuzlvh vlplodu wr wkdw ri Iljxuh 7/ dqg uhdolvwlfdoo| lpsolhv d srvlwlyh furvv0vhfwlrqdo

zdjh0vl}h uhodwlrqvkls1

Wkh prgho dovr kdv lpsolfdwlrqv iru wkh uhodwlrqvkls ehwzhhq zdjhv dqg hpsor|phqw ohyhov

dfurvv �upv zkhuh dgmxvwphqw uhqwv duh frpsohwho| glvvlsdwhg/ l1h1/ qr ydfdqflhv duh srvwhg1

Wkhvh lpsolfdwlrqv/ zklfk zh uhylhz qh{w/ duh dnlq wr wkh �frpshqvdwlqj gl�huhqwldov� qrwlrq

ri rwkhu hpslulfdo dssurdfkhv wr zdjh0vl}h uhodwlrqvklsv1 Vlqfh # lv phdq uhyhuwlqj/ lq idfw/ d

sduwlfxodu g|qdplf vruw ri frpshqvdwlqj gl�huhqwldov sod|v d uroh= wkh vwuxfwxuh ri wkh oderu

pdunhw r�huv gl�huhqw ixwxuh rxworrnv wr hpsor|hhv e| �upv dw gl�huhqw srlqwv lq wkh udqjh

ri surgxfwlylw| vwdwhv1 Wr vhh wklv/ frqvlghu wkdw/ e| +8,/ doo �upv zlwk hpsor|phqw 7,� vxfk

wkdw �E7,�c #�� ' f +l1h1/ �upv zklfk srvw qr ydfdqflhv, vkrxog r�hu wkhlu hpsor|hhv wkh vdph

kxpdq fdslwdo ohyho a�1 Wkh zdjh udwh/ krzhyhu/ lv jhqhudoo| gl�huhqw dfurvv vxfk �upv=
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zkloh wklqjv fdq rqo| jhw ehwwhu iru �upv zlwk wkh orzhvw srvvleoh oderu ghpdqg ohyho/ wkh

ixwxuh rxworrn lv julp iru wkh odujhvw �upv�wkrvh dssurdfklqj qr0ydfdqf| hpsor|phqw dw

wkh kljkhvw oderu ghpdqg ohyho1 Khqfh/ zkloh dw vpdoo }hur0ydfdqf| �upv oa� uhvxowv iurp

d frpelqdwlrq ri d orz zdjh �E,6�?c #?� dqg dq h{shfwdwlrq ri srvlwlyh fdslwdo jdlqv/ wkh

odujhvw �upv fdq r�hu qr fdslwdo jdlqv/ dqg wkh| sd| d kljkhu zdjh �E7,�c #�� ' oa�1 Irupdoo|/

�E7,�c #�� : �E,6�?c #?�c �E7,�c #�� � �E,�c #�� ;� : ?� +63,

Lq jhqhudo/ d srvlwlyh dvvrfldwlrq ehwzhhq zdjhv dqg oderu0ghpdqg vwuhqjwk +khqfh hpsor|0

phqw, fdq vwloo eh h{shfwhg zkhqhyhu d vwdwlrqdu| surfhvv glvwxuev lqglylgxdo hpsor|huv*

ghpdqg vfkhgxohv/ dqg prelolw| lv frvwo| iru zrunhuv18

7 Glvfxvvlrq

Wkh dqdo|wlf dqg vlpxodwlrq uhvxowv ri wkh prgho vshfl�fdwlrq ri Vhfwlrq 615 looxvwudwh wkh

pruh jhqhudo hpslulfdo lpsolfdwlrqv ri wkh prgholqj shuvshfwlyh zh sursrvh1 Zkloh wkh

prgho0jhqhudwhg gdwd ihdwxuh d vl}deoh zdjh0vl}h h�hfw/ d fdxvdo lqwhusuhwdwlrq ri wkh xszdug0

vorslqj uhjuhvvlrq olqh lv ri frxuvh xqzduudqwhg1 Zdjh0vl}h h�hfwv uh hfw wkh lqwhusod| ri

h{rjhqrxv vkrfnv wr oderu ghpdqg zlwk wkh oderu0vxsso| frqvwudlqwv lqwurgxfhg e| vorz

pdwfklqj1 Wdeoh 6 uhsruwv fruuhodwlrq pdwul{ lq wkh Prqwh0Fduor gdwd ri Iljxuh 7 iru irxu

revhuydeoh yduldeohv +zdjhv/ hpsor|hu vl}h/ mre fuhdwlrq dqg sur�w shu0fdslwd, dqg wkh xq0

revhuydeoh oderu ghpdqg lqgh{ #1 Zdjhv duh fruuhodwhg qrw rqo| zlwk hpsor|phqw/ exw

dovr zlwk dyhudjh zrunhu vxusoxv +shu0fdslwd sur�wv,19 Ixuwkhu/ zdjhv dqg mre fuhdwlrq duh

vwurqjo| srvlwlyho| fruuhodwhg lq wkh prgho1 Wklv uhodwlrqvkls kljkoljkwv wkh g|qdplf qdwxuh

ri wkh prgho/ zklfk dovr lpsolhv wkdw zdjhv vkrxog eh kljkhu iru idvwhu jurzlqj �upv1

8Jduledogl +4<<9, fkdudfwhul}hv pruh jhqhudoo| prghov zkhuh wudqvlwlrqv dfurvv srvlwlyh0ydfdqf| vwdwhv duh
srvvleoh/ dqg ghulyhv d vhw ri frqglwlrqv hqvxulqj d prqrwrqlf uhodwlrqvkls ehwzhhq zdjhv dqg wkh �orqj0uxq�

hpsor|phqw ohyhov frqvlvwhqw zlwk qr ydfdqf| srvwlqj1
9Shu0fdslwd sur�wv duh gh�qhg dv wkh h{fhvv ri uhyhqxh ryhu oderu0uhodwhg frvwv/ qrupdol}hg e| hpsor|phqw1

Lqwhjudwlqj wkh olqhdu pdujlqdo vxusoxv +4:, dqg uhfdoolqj wkdw klulqj frvwv duh dovr d txdgudwlf ixqfwlrq ri

ydfdqflhv srvwhg/ hdfk �up*v wkxvo| gh�qhg �shu0zrunhu rshudwlqj vxusoxv� uhdgv

�+o> �l, @ �l �
�

5
o � z+o> �l,�

fyl+w,5

5o
=
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714 Hpslulfdo uhdolvp

Wdeoh 7 uhsruwv wkh phdq dqg wkh frh!flhqw ri yduldwlrq zlwklq vxevhwv ri wkh vdph vlpxodwhg

gdwd vhw1 Wkh gdwd duh sduwlwlrqhg lq �yh vl}h fdwhjrulhv/ vfdohg e| wkh prgho*v plqlpxp

�up vl}h ,?1 Frqvlvwhqwo| zlwk wkh h{dfw frqglwlrqdo h{shfwdwlrq sorwwhg lq Iljxuh 7/ dyhudjh

zdjhv lqfuhdvh zlwk vpdoo hpsor|phqw ohyhov dqg ghfolqh voljkwo| dfurvv wkh odujhvw vl}h

fdwhjrulhv1 Wkh prgho lv dovr frqvlvwhqw zlwk wkh hylghqfh froohfwhg e| Gdylv dqg Kdowlzdqjhu

+4<<4/4<<9, rq wkh uhodwlrqvkls ehwzhhq zdjh glvshuvlrq dqg hpsor|hu vl}h1 Wdeoh 7 uhsruwv

wkh vwdqgdug ghyldwlrq ri zdjhv dfurvv prgho0jhqhudwhg sodqw revhuydwlrqv zlwklq hdfk vl}h

jurxs1 Lq wkh Gdylv dqg Kdowlzdqjhu +4<<9, gdwd/ wkh frh!flhqw ri zdjh yduldwlrq lv orzhu e|

53 shufhqwdjh srlqwv iru qrqsurgxfwlrq zrunhuv +dqg e| ; shufhqwdjh srlqwv iru surgxfwlrq

zrunhuv, dfurvv hvwdeolvkphqwv zlwk 4333 ru pruh hpsor|hhv wkdq dfurvv hvwdeolvkphqwv

zlwk ohvv wkdq 58 hpsor|hhv1 Wkh prgho uhdglo| udwlrqdol}hv vxfk sdwwhuqv ri zdjh glvshuvlrq1

Txlwh lqwxlwlyho|/ khwhurjhqhrxv oderu ghpdqg ohyhov dqgpdwfklqj iulfwlrqv lq wkh dgmxvwphqw

surfhvv lpso| wkdw �upv fdq eh lq yhu| gl�huhqw vwdwhv zkhq wkhlu hpsor|phqw lv orz= vrph

vpdoo �upv duh krduglqj oderu dqg sd| yhu| orz zdjhv/ zkloh rwkhuv kdyh uhfhqwo| ehhq klw

e| idyrudeoh exvlqhvv frqglwlrq vkrfnv/ duh sd|lqj yhu| kljk zdjhv/ dqg duh h{shfwhg wr jurz

odujhu lq wkh ixwxuh1 Khqfh/ zdjh glvshuvlrq lv kljkhu dprqj vpdoo �upv wkdq dprqj odujh

�upv1

Ndw} dqg Vxpphuv +4<;<,/ lq wkhlu vwxg| rq lqgxvwu| uhqwv iru wkh XV pdqxidfwxulqj

lqgxvwu|/ uhsruw hylghqfh ri d jurzwk h�hfw lq wkh dyhudjh zdjh gl�huhqwldov1 Lq wkhlu gdwd

vhw/ diwhu frqwuroolqj iru wkh dyhudjh zrunhu h{shulhqfh dqg iru wkh ohyho ri kxpdq fdslwdo/

zdjh suhpld duh kljkhu lq lqgxvwu| zlwk odujhu hvwdeolvkphqwv dqg idvwhu jurzwk udwhv1

Lqwhuhvwlqjo|/ dqg frqvlvwhqwo| zlwk rxu wkhruhwlfdo shuvshfwlyh/ lqgxvwu| jurzwk udwhv duh

txdqwlwdwlyho| pruh lpsruwdqw wkdq lqgxvwu| dyhudjh vl}hv lq ghwhuplqlqj wkh zdjh suhplxp1

Rxu dqdo|vlv vxjjhvwv wkdw hpslulfdo zdjh0vl}h h�hfwv frxog eh udwlrqdol}hg e| irfxvlqj

rq g|qdplf �up0ohyho idfwruv/ dqg wkdw wkh vdph g|qdplf skhqrphqd duh uhohydqw wr wkh

khwhurvnhgdvwlf sdwwhuqv ri zdjhv dfurvv hpsor|hu vl}hv1 Hpslulfdo vwxglhv wkdw hvwlpdwh

lqglylgxdo zdjh uhjuhvvlrqv/ frqyhuvho|/ duh xqolnho| wr uhgxfh wkh vljql�fdqfh ri zdjh0vl}h

h�hfwv e| frqwuroolqj iru revhuydeoh zrunhu fkdudfwhulvwlfv ru lqyrnlqj xqrevhuydeoh rqhv1 Lq

lqglylgxdo zdjh uhjuhvvlrqv/ lq idfw/ hpsor|hu vl}h vkrxog uhpdlq vljql�fdqw li�dv lq rxu

prgho�dw dq| jlyhq wlph lw lv srvlwlyho| fruuhodwhg zlwk wkh ohyho ri �up0vshfl�f oderu gh0

pdqg> vxfk zdjh0vl}h h�hfwv duh wkhruhwlfdoo| xquhodwhg wr lqglylgxdo whqxuh/ kxpdq fdslwdo/

dqg rwkhu zrunhu fkdudfwhulvwlfv1 Vlploduo|/ zdjh glvshuvlrq dprqj vpdoo �upv lv uhodwhg wr

�up0vshfl�f oderu ghpdqg idfwruv1
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Ixuwkhu dqdo|vlv ri vxfk lvvxhv pljkw ehqh�w iurp uhfhqwo| ghyhorshg gdwd vhwv zlwk

pdwfkhg lqirupdwlrq rq hpsor|hu dqg hpsor|hh fkdudfwhulvwlfv1 Derzg hw do1 +4<<<, �qg

lq vxfk d gdwd vhw wkdw zrunhu fkdudfwhulvwlfv dffrxqw iru d odujh sursruwlrq ri wkh udz

zdjh0vl}h h�hfw/ exw gr ohdyh xqh{sodlqhg derxw 58( ri lw1 Wkhlu hpslulfdo prgho doorzv iru

furvv0vhfwlrqdo khwhurjhqhlw| ri zdjh0vl}h h�hfwv1 Frqvlvwhqwo| zlwk rxu prgho*v lpsolfdwlrqv/

wkh hylghqfh lqglfdwhv wkdw wkh uhodwlrqvkls ehwzhhq sxuh �up h�hfwv dqg hpsor|hu vl}h lv

srvlwlyh rq dyhudjh/ exw qrw qhfhvvdulo| prqrwrqlf1 Xvlqj lqglylgxdo dqg �up ohyho gdwd/

Eho}lo +4<<:, lqyhvwljdwhv krz lqglylgxdo zdjhv ydu| zlwk �up0ohyho phdvxuhv ri mre fuhdwlrq

dqg zrunhu wxuqryhu1 Frqwuroolqj iru �up dqg zrunhu fkdudfwhulvwlfv/ Eho}lo �qgv wkdw pdoh

zdjhv duh kljkhu dw �upv zlwk frqwhpsrudqhrxvo| kljkhu mre fuhdwlrq udwhv1 Zkloh uhvxowv

ydu| dfurvv vdpsohv dqg hvwlpdwlrq phwkrgv/ wkh hvwlpdwhg h�hfwv duh yhu| odujh= 5( wr 7(

kljkhu zdjhv iru hdfk dgglwlrqdo shufhqwdjh srlqw ri dqqxdo qhw mre jurzwk1

D vwuxfwxudo lqwhusuhwdwlrq ri vljql�fdqw vl}h dqg jurzwk h�hfwv lq �up0ohyho zdjh htxd0

wlrqv lv gl!fxow/ krzhyhu1 Lq rughu wr �w d vwuxfwxudo zdjh htxdwlrq lq wkh irup +4;,/ lq

idfw/ rqh vkrxog wdnh lqwr dffrxqw wkdw �up0ohyho hpsor|phqw�wkh uhjuhvvru ri lqwhuhvw�lv

hqgrjhqrxv dqg fruuhodwhg wr oderu ghpdqg vkliwhuv/ ghqrwhg # deryh/ zklfk pd| eh xq0

revhuydeoh dqg wkhuhiruh rplwwhg lq w|slfdo hpslulfdo vshfl�fdwlrqv1 Revhuydeoh �up0ohyho

sur�wv/ zkloh dovr hqgrjhqrxv/ duh suhglfwhg wr eh vljql�fdqw lq zdjh htxdwlrqv e| rxu wkhr0

uhwlfdo shuvshfwlyh1 Wkh srlqw lv uhohydqw wr hylghqfh ri shuvlvwhqw fruuhodwlrq ehwzhhq zdjhv

dqg ydulrxv phdvxuhv ri dq hpsor|huv*v delolw| wr sd|1 Eodqfk rzhu hw do1 +4<<9, phujh gdwd

rq lqglylgxdo zdjhv zlwk lqgxvwuldo gdwd rq sur�wv/ dqg vkrz wkdw lq ydulrxv zdjh htxdwlrqv

lqgxvwuldo sur�wv duh shuvlvwhqwo| vljql�fdqw1 Suhylrxv hpslulfdo zrun vlploduo| irxqg zdjhv

wr eh srvlwlyho| fruuhodwhg zlwk ydulrxv phdvxuh ri hpsor|hu delolw| wr sd| +Glfnhqv dqg Ndw}

4<;:/ Ndw} dqg Vxpphuv 4<;<,1 Eodqfk rzhu hw do1 hpskdvl}h wkdw d ulvh lq vhfwru*v suri0

lwdelolw| ohdgv wr d orqj0uxq lqfuhdvh lq zdjhv/ dqg frqfoxgh wkdw sd| ghwhuplqdwlrq dsshduv

wr h{klelw hohphqwv ri uhqw0vkdulqj1 Uhqw0vkdulqj lv lpsolflw lq rxu wkhruhwlfdo dssurdfk*v

zdjh phfkdqlvp/ dqg iurp lwv srlqw ri ylhz lw lv idu iurp vxusulvlqj wkdw sur�wv vkrxog hqwhu

vljql�fdqwo| lq furvv0vhfwlrqdo uhjuhvvlrqv1

Ilqdoo|/ Ndw} dqg Vxpphuv +4<;<, �qg wkdw zkhq wkh fdslwdo0rxwsxw shu zrunhu lv lq0

foxghg lq lqgxvwu| zdjh uhjuhvvlrqv/ wkh vl}h0zdjh h�hfw lv vwloo vljql�fdqw/ exw txdqwlwdwlyho|

pxfk vpdoohu1 Zkloh rxu vlpsoh prgho grhv qrw dffrxqw h{solflwo| iru wkh uroh ri fdslwdo

lqyhvwphqw lq wkh dgmxvwphqw surfhvv/ wkh lpsolfdwlrqv ri vxfk dq h{whqvlrq zrxog eh frq0

vlvwhqw zlwk wkh hylghqfh li fdslwdo dovr idfhv dgmxvwphqw frvwv/ dqg lv frpsohphqwdu| wr

oderu lq wkh surgxfwlrq ixqfwlrq1 Lq wkh dssursuldwh h{whqvlrq ri rxu prgho/ fdslwdo lqwhq0
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vlw| zrxog eh dqrwkhu hqgrjhqrxv yduldeoh fruuhodwhg wr wkh xqrevhuydeoh ghpdqg vkliwhu #�1

Wkxv/ lwv hpslulfdo vljql�fdqfh lv qrw vxusulvlqj/ exw lw zrxog eh gl!fxow wr jlyh d vwuxfwxudo

lqwhusuhwdwlrq wr lwv hvwlpdwhg frh!flhqw1

715 Ixuwkhu uhvhdufk

Wkh whfkqlfdo phwkrgv dqg uhvxowv ri wklv sdshu pd| eh xvhixo lq ixuwkhu wkhruhwlfdo dqg

hpslulfdo zrun1 Zh vkrz wkdw wkhruhwlfdo pdwfklqj prghov zlwk ghfuhdvlqj uhwxuqv wr hp0

sor|huv* uhfuxlwlqj h�ruw fdq udwlrqdol}h hvwdeolvkhg hylghqfh rq wkh mrlqw glvwulexwlrq ri �up

vl}hv dqg zdjh ohyhov/ dqg dujxh wkdw ghfuhdvlqj uhwxuqv wr oderu lq surgxfwlrq ixuwkhu lq0

fuhdvh wkh uhdolvp ri vxfk prghov�dv wkh| pdnh lw srvvleoh iru mre ghvwuxfwlrq wr wdnh wkh

irup ri glvplvvdov e| frqwlqxlqj/ oderu0krduglqj �upv udwkhu wkdq ri sodqw0forvxuh hyhqwv ru

sduwldo uhsodfhphqw ri h{rjhqrxv txlwv1 Wkh prghov ri lqwhuhvw whqg wr eh txlwh frpsoh{1

Frpsohphqwlqj dqg h{whqglqj uhvhdufk uhsruwhg lq Ehuwrod dqg Fdedoohur +4<<7,/ Pruwhqvhq

+4<<<,/ dqg rwkhu uhfhqw sdshuv/ rxu zrun vwulyhv wr kljkoljkw jhqhudo wkhruhwlfdo lqvljkwv dqg

looxvwudwh wkhp e| dqdo|wlf vroxwlrq ri sdudphwulf h{dpsohv1 Zh dovr rxwolqh/ krzhyhu/ krz

pruh frpsoh{ dqg uhdolvwlf frq�jxudwlrqv ri wkh fodvv ri prghov sursrvhg pd| eh vroyhg

qxphulfdoo| lq ixuwkhu uhvhdufk1

Rxu wkhruhwlfdo h�ruwv duh prwlydwhg e| vlpsoh txdolwdwlyh hylghqfh rq wkh uhodwlrqvkls

ehwzhhq wkh phdq dqg yduldqfh ri zdjhv rq wkh rqh kdqg/ dqg wkh vl}h ri �upv ru hvwdeolvk0

phqwv rq wkh rwkhu1 Lq wxuq/ rxu wkhruhwlfdo shuvshfwlyh dqg uhvxowv vxjjhvw lqwhuhvwlqj yhqxhv

iru ixuwkhu hpslulfdo zrun/ sduwlfxoduo| dv uhjdugv wkh dqdo|vlv ri pdwfkhg hpsor|hu0hpsor|hh

gdwd vhwv1 Rxu suhihuuhg prgho suhglfwv wkdw zdjh glvshuvlrq dprqj revhuydwlrqdoo| htxly0

dohqw zrunhuv vkrxog ghfolqh prqrwrqlfdoo| dw lqfuhdvlqjo| odujh �upv/ dqg lqwhusuhwv wkh

skhqrphqrq lq whupv ri g|qdplf vhohfwlrq ri lqfuhdvlqjo| vwurqj oderu ghpdqg vfkhgxohv

zlwklq d glvwulexwlrq ri +xqrevhuydeoh, �up w|shv1 Wkh suhglfwlrq ghvhuyhv wr eh yhul�hg

rq rwkhu gdwd wkdq wkrvh vwxglhg e| Gdylv dqg Kdowlzdqjhu +4<<9,/ vxfk dv h1j1 wkrvh dqd0

o|}hg e| Derzg hw do1 +4<<<,/ dqg wkh lqwhusuhwdwlrq pd| eh whvwhg e| g|qdplf hfrqrphwulf

dqdo|vlv ri gdwd sdqhov zlwk vx!flhqwo| orqj wlph glphqvlrq1 Ixuwkhu/ rxu vwuxfwxudo shu0

vshfwlyh rq wkh mrlqw glvwulexwlrq ri zdjh dqg hpsor|phqw ohyhov vxjjhvwv wkdw zdjh0vl}h

h�hfwv/ zkloh srvlwlyh rq dyhudjh/ pd| eh qhjdwlyh dw odujh/ ghfuhdvlqj0uhwxuqv �upv1 Wkh

phwkrgv ri Derzg hw do1 +4<<<,/ zkr doorz iru khwhurjhqhlw| dqg qrqolqhdulwlhv lq hvwlpdwhg

zdjh0vl}h h�hfwv/ duh txlwh uhohydqw lq wklv uhvshfw1 Wkh| pd| eh h{whqghg dqg uh�qhg lq

oljkw ri rxu wkhruhwlfdo lqvljkwv/ dqg wkh hylghqfh pd| fdoo iru h{solflw wkhruhwlfdo wuhdwphqw

ri khwhurjhqhrxv fdslwdo dgmxvwphqw dfurvv �upv ri gl�huhqw vl}hv1
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Dgglwlrqdo surplvlqj gluhfwlrqv ri ixuwkhu uhvhdufk pd| h{sorlw wkh htxloleulxp qdwxuh

ri wkh prghov zh sursrvh1 Zkloh wklv sdshu grhv qrw hpskdvl}h wkh hqgrjhqrxv fkdudfwhu

ri pdunhw wljkwqhvv/ lw zrxog qrw eh gl!fxow wr h{soruh +qxphulfdoo|, wkh lpsolfdwlrqv ri

gl�huhqw pdwfklqj hqylurqphqwv dqg whfkqrorjlfdo vwuxfwxuhv1 Lq jhqhudo/ ohvv lpsruwdqw

pdwfklqj iulfwlrqv/ vpdoohu glvshuvlrq dqg2ru kljkhu vwdelolw| ri oderu ghpdqg vfkhgxohv

dfurvv �upv/ dqg vpdoohu vxusoxv vkduhv iru zrunhuv vkrxog doo whqg wr uhgxfh wkh uhohydqfh

ri wkh g|qdplf skhqrphqd zh irfxv rq1 Dq| hylghqfh rq vxfk ihdwxuhv pd| lq sulqflsoh eh

eurxjkw wr ehdu rq wkh fkdudfwhu ri zdjh dqg �up0vl}h glvwulexwlrqv dfurvv plfurhfrqrplf

xqlwv zlwklq uhdo0olih oderu pdunhwv1
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D Vwhdg|0vwdwh glvwulexwlrqv

Zkdw iroorzv fkdudfwhul}h vwhdg|0vwdwh �up vl}h glvwulexwlrqv lq wkh frqwh{w ri wkh prghov

sursrvhg dqg vroyhg lq Vhfwlrqv 614 dqg 6151

Lq vwhdg| vwdwh/ wkh suredelolw| pdvv ri �upv zklfk  rzv lqwr hdfk surgxfwlylw| vwdwh

pxvw edodqfh zlwk wkh suredelolw| pdvv ri �upv wkdw  rzv lqwr wkh rwkhu vwdwhv1 Li zh

lqglfdwh zlwk OZ wkh hujrglf glvwulexwlrq ryhu wkh surgxfwlyh vwdwhv/ e| yluwxh ri rxu vlpsoh

vwuxfwxuh ri surgxfwlylw| fkdqjhv/ wklv htxloleulxp uhtxluhphqwv uhdgv

B?R?�Z? ' B�Z� ; G � : ?c +64,

dqg

?3�[
�'�

B�Z� ' B?Z?c +65,

iru wkh orzhvw oderu ghpdqg vwdwh1 Wkh h{suhvvlrqv lq +64, dqg +65, irup d krprjhqhrxv/

udqn0gh�flhqw v|vwhp ri ? olqhdu htxdwlrqv zklfk/ wrjhwkhu zlwk wkh vxpplqj0xs frqglwlrqS
� Z� ' �/ hdvlo| |lhogv d vroxwlrq iru OZ1

Lq zkdw iroorzv zh vkdoo ohw sE,c #� eh wkh mrlqw ghqvlw| ri hpsor|phqw dqg exvlqhvv frqgl0

wlrqv zlwklq wkh vxevhw ri wkh prgho*v vwdwh vsdfh zkhuh hpsor|phqw lv srvlwlyh1 Wudqvlwlrqv

lqwr dqg rxw ri vwdwh E,c �� rffxu ehfdxvh ri klulqj dqg qdwxudo wxuqryhu zkhq # lv frqvwdqw/

dqg ehfdxvh ri �ulqj zkhq d qhjdwlyh oderu ghpdqg vkrfn lv uhdol}hg1

Lq wkh prgho ri Vhfwlrq 614/ wkh mrlqw glvwulexwlrq ri hpsor|phqw dqg oderu ghpdqg

lqgh{hv ihdwxuhv d pdvv Z? dw wkh +fc #?, srlqw1 Wkh vkdgrz ydoxh ri oderu kdv frqvwdqw

ydoxh �� zlwklq hdfk vwdwh � ' �c ���c ? � � zkhuh ydfdqf| srvwlqj +dw dq dovr frqvwdqw udwh,

lv rswlpdo1 Khqfh/ wkh ghqvlw| dfurvv hpsor|phqw ohyhov vroyhv wkh gl�huhqwldo htxdwlrq

YsE,c #�

Y,
E&� � 4,� ' �B�sE,c #�c

zkhuh &� ' i2��*S� Vroxwlrqv ri wklv htxdwlrq kdyh wkh irup

sE,c #�� ' b�E&� � 4,�
B�
4 c

zkhuh wkh frqvwdqw ri lqwhjudwlrq b� lv ghwhuplqhg e| wkh vxpplqj xs frqglwlrq

b�

] ,4@ 

�

f

E&� � 4,�
B�
4 _, ' Z��
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Lqwhjudwlqj/ b� ' Z�EB� n 4�&
E3�3

B�
4
�

� / dqg wkh ghqvlw| dqg fxpxodwlyh glvwulexwlrq ixqfwlrqv

duh erwk dydlodeoh lq forvhg irup1

Lq wkh prgho ri Vhfwlrq 615/ wkh mrlqw glvwulexwlrq ri hpsor|phqw dqg exvlqhvv frqgl0

wlrqv ihdwxuhv d pdvv ri phdvxuh Z? dw wkh +,?c #?, srlqw1 Wkh Nroprjrury iruzdug edodqfh

frqglwlrqv

YsE,c #��

Y,
�, n B�sE,c #�� ' fc +66,

zkhuh

�,� '
i2

S
�E,c #�� '

i2

S
E@� n K�,�c

kdyh vroxwlrqv lq wkh irup

sE,c #�� ' b�E@� n K�,�
3>�c iru >� '

B�S

i2K�
� +67,

Wkh frqvwdqw ri lqwhjudwlrq b� lv ghwhuplqhg lq forvhg irup e| wkh vxpplqj0xs frqglwlrq

b�

] 7,�

,6�?

E@� n K�,�
3>� _, ' Z�c +68,

zkhuh Z� lv rqh hohphqw ri wkh vroxwlrq wr +64, dqg +65, dqg 7,�/ dv gh�qhg lq +45,/ lv wkh

pd{lpxp vl}h dwwdlqdeoh e| d �up lq vwdwh �1

E Htxloleulxp

Zh vnhwfk lq wklv Dsshqgl{ krz wkh prghov zh vwxg| pd| eh forvhg/ dv lq Ehuwrod dqg

Fdedoohur +4<<7,/ e| d vwdqgdug vshfl�fdwlrq ri wkh surfhvv e| zklfk ydfdqflhv dqg xqhp0

sor|hg zrunhuv duh pdwfkhg1 Xqghu wkh frqyhqlhqw dqg idluo| uhdolvwlf dvvxpswlrq wkdw wkh

pdwfklqj whfkqrorj| kdv frqvwdqw uhwxuqv wr vfdoh dqg d Free0Grxjodv ixqfwlrqdo irup/ wkh

suredelolw| lqwhqvlw| ri pdwfklqj hyhqwv iru hdfk ydfdqf| lv i ' 1 ET*L�D shu xqlw wlph/

zkhuh �� 	 D 	 f dqg 1 : f1 Lq wkh vwhdg|0vwdwh htxloleulxp ri lqwhuhvw/ wkh udwh dw zklfk

hdfk ydfdqf| lv pdwfkhg zlwk dq xqhpsor|hg zrunhu lv frqvwdqw exw/ lq jhqhudo/ ghshqgv rq

wkh udwlr ri djjuhjdwh ydfdqflhv/ T �
U �

f
�s _sc wr djjuhjdwh xqhpsor|phqw/ L � ��

U �

f
,s _s�

Wr frpsxwh wkh hqgrjhqrxv txdqwlwlhv L dqg T / qrwh wkdw lq iru d frqvwdqw S dqg i/

hdfk �up*v ydfdqflhv duh olqhduo| uhodwhg wr lwv oderu*v pdujlqdo ydoxh �E,c #�/ zklfk lq wxuq lv

5:



olqhduo| uhodwhg wr hpsor|phqw lq wkh prghov zh fdq vroyh h{solflwo|1 Lq wkh prgho ri Vhfwlrq

615/

�E�� ' E@� n K�,�
i

S
c +69,

dqg d vlplodu h{suhvvlrq zlwk K� ' f krogv wuxh lq wkh prgho ri Vhfwlrq 6141 Djjuhjdwlqj/

T '
i

S

?3�[
�'�

] 7,�

,?

b�E@� n K�,�
3>�n� _,c +6:,

Djjuhjdwh hpsor|phqw fdq eh vlploduo| rewdlqhg e| �uvw lqwhjudwlqj wkh g|qdplfv ri hdfk

�up*v hpsor|phqw/ dqg wkhq frpsxwlqj phdq hpsor|phqw dfurvv doo klulqj dqg �ulqj �upv1

Lq wkh prgho ri Vhfwlrq 615/ wkh uhohydqw h{suhvvlrq lv

u '

?3�[
�'�

] 7,�

,?

�
E@� n K�,�

3>� b�,
�
_, n Z?,?� +6;,

Dq djjuhjdwh frqvlvwhqw htxloleulxp lv rewdlqhg zkhq wkh i xvhg wr frqvwuxfw lqglylgxdo

srolflhv lv frqvlvwhqw zlwk wkh djjuhjdwh rxwfrphv lq +6:, dqg +6;,1 Lq htxloleulxp1 lw pxvw

dovr eh wkh fdvh wkdw wkh hpsor|hhv +li dq|, ri �upv srvwlqj qr ydfdqflhv duh lqgl�huhqw wr

wkh rxwvlgh +xqhpsor|phqw, rswlrq/

oa� ' 5 n i
T

�� u
E.�da o� a��� +6<,

Zrunhuv duh lq idfw hpsor|hg e| �ulqj �upv lq wkh prgho ri Vhfwlrq 615 zkhuh/ e| +:, dqg

+69,/ wkh fdslwdo jdlq whup lq +6<, uhdgv

.�da o� a� '
i

S

T

L

q

�� q

�

�� Z?

?3�[
�'�

] 7,�

,?

b��E,c #�� E@� n K�,�
3��n� _,c +73,

Lq +73, � � Z? lv wkh suredelolw| wkdw dq xqhpsor|hg zrunhu phhwv d �up ri txdolw| �/

frqglwlrqdo rq �qglqj d ydfdqf| srvwlqj �up1 Wkurxjk wklv htxloleulxp uhodwlrqvkls/ wkh

hqgrjhqrxv g|qdplfv ri lqglylgxdo0�up hpsor|phqw ohyhov lqwhudfw zlwk hdfk rwkhu lq wkh

djjuhjdwh oderu pdunhw1 Dv lq Ehuwrod dqg Fdedoohur +4<<7,/ d vhdufk urxwlqh pd| eh xvhg

wr frpsxwh wkh prgho*v �{hg0srlqw htxloleulxp1
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Uhihuhqfhv

Derzg/ Mrkq P1/ Iudqflv Nudpdu}/ dqg Gdylg Q1 Pdujrolv/ Kljk Zdjh Zrunhuv dqg Kljk

Zdjh Ilupv/ Hfrqrphwulfd/ 9: +4<<<,/ 58406671

Eho}lo/ Fkulvwldq/ Mre Fuhdwlrq dqg Ghvwuxfwlrq/ Zrunhu Uhdoorfdwlrq dqg Zdjhv/ zrunlqj

sdshu +4<<:,/ Frqfrugld Xqlyhuvlw| Ghsduwphqw ri Hfrqrplfv1

Ehqwrolod/ Vdpxho/ dqg Jlxvhssh Ehuwrod/ Ilulqj Frvwv dqg Oderu Ghpdqg= Krz Edg lv

HxurvfohurvlvB/ Uhylhz ri Hfrqrplf Vwxglhv 8: +4<<3,/ 6;407351

Ehuwrod/ Jlxvhssh/ dqg Ulfdugr M1 Fdedoohur/ Furvv0Vhfwlrqdo H!flhqf| dqg Oderxu Krdug0

lqj lq d Pdwfklqj Prgho ri Xqhpsor|phqw/ Uhylhz ri Hfrqrplf Vwxglhv 94 +4<<7,/

768078:1

Eodqfk rzhu/ Gdylg J1/ Dqguhz M1 Rvzdog/ dqg Shwhu Vdqih|/ Zdjhv/ Sur�wv dqg Uhqw

Vkdulqj/ Txduwhuo| Mrxuqdo ri Hfrqrplfv 444 +4<<9,/ 55905841

Eurzq/ Fkduohv/ dqg Mdphv Phgr�/ Wkh Hpsor|hu Vl}h0Zdjh H�hfw/ Mrxuqdo ri Srolwlfdo

Hfrqrp| <: +4<;<,/ 435:0438:1

Exughww/ Nhqqhwk/ dqg Gdoh W1 Pruwhqvhq/ Zdjh Gl�huhqwldov/ Hpsor|hu Vl}h/ dqg Xqhp0

sor|phqw/ Lqwhuqdwlrqdo Hfrqrplf Uhylhz 6< +4<<;,/ 58:0:61

Fdkxf/ Slhuuh/ dqg Hwlhqqh Zdvphu/ Grhv Lqwud�up Edujdlqlqj Pdwwhu lq wkh Odujh Ilup*v

Pdwfklqj PrghoB/ Pdfurhfrqrplf G|qdplfv/ iruwkfrplqj/ +5333,1

Gdylv/ Vwhyh M1/ dqg Mrkq Kdowlzdqjhu Zdjh Glvshuvlrq ehwzhhq dqg zlwklq X1V1 Pdqxidf0

wxulqj Sodqwv/ 4<960;9/ Eurrnlqj Sdshuv= Plfurhfrqrplfv +4<<4,/ 44804;31

Gdylv/ Vwhyhq M1/ dqg Mrkq Kdowlzdqjhu/ Hpsor|hu Vl}h dqg wkh Zdjh Vwuxfwxuh lq X1V1

Pdqxidfwxulqj/ Dqqdohv g*Hfrqrplh hw gh Vwdwlvwltxh 74075 +4<<9, 65609:1

Gdylv/ Vwhyhq M1/ Mrkq Kdowlzdqjhu dqg Vfrww Vfkxk/ �Mre Fuhdwlrq dqg Ghvwuxfwlrq/� PLW

Suhvv/ Fdpeulgjh Pdvv/ 4<<91

Glfnhqv/ Zlooldp W1/ dqg Odzuhqfh I1 Ndw}/ Lqwhu0Lqgxvwu| Zdjh Gl�huhqfhv dqg Lqgxvwu|

Fkdudfwhulvwlfv/ lq �Xqhpsor|phqw dqg wkh Vwuxfwxuh ri wkh Oderu Pdunhwv� +N1Odqj

dqg M1Ohrqdug/ hgv1,/ Edvlo Eodfnzhoo/ R{irug/ 4<;:1
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Jduledogl/ Slhwur/ Mre Iorz G|qdplfv dqg Ilulqj Uhvwulfwlrqv/ Hxurshdq Hfrqrplf Uhylhz

75 +4<<;,/ 57805:81

bbbb �Mre Fuhdwlrq/ Mre Ghvwuxfwlrq dqg Hpsor|phqw Uhdoorfdwlrq1 Wkhru| dqg

Hylghqfh/� Fkdswhu 71 Xqsxeolvkhg Sk1G1 glvvhuwdwlrq/ Orqgrq Vfkrro ri Hfrqrplfv/

4<<91

Lqfh/ H1O1/ �Ruglqdu| Gl�huhqwldo Htxdwlrqv/� Gryhu/ Qhz \run/ 4<891

Ndw}/ Odzuhqfh I1/ dqg Odzuhqfh K1 Vxpphuv/ Lqgxvwu| Uhqwv= Hylghqfh dqg Lpsolfdwlrqv/

Eurrnlqjv Sdshuv rq Hfrqrplf Dfwlylw| +Plfurhfrqrplfv, 4 +4<;<,/ 53<05:81

Nuxhjhu/ Dodq E1/ dqg Odzuhqfh K1 Vxpphuv/ H!flhqf| Zdjhv dqg wkh Lqwhu0Lqgxvwu|

Zdjh Vwuxfwxuh/ Hfrqrphwulfd/ 89 +4<;;,/ 58<05<61

Pdvwhuv/ Vwdqoh| K1/ Dq Lqwhulqgxvwu| Dqdo|vlv ri Zdjhv dqg Sodqw Vl}h/ Uhylhz ri Hfr0

qrplfv dqg Vwdwlvwlfv 84 +4<9<,/ 7<808341

Phoorz/ Zhvoh|/ Hpsor|hu Vl}h dqg Zdjhv/ Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv 97 +4<;5,/

67406781

Pruwhqvhq/ Gdoh W1/ Htxloleulxp Xqhpsor|phqw zlwk Zdjh Srvwlqj= Exughww0Pruwhqvhq

phhw Slvvdulghv/ zrunlqj sdshu +4<<;,/ Qruwkzhvwhuq Xqlyhuvlw|1

Pruwhqvhq/ Gdoh W1/ Prgholqj Pdwfkhg Mre0Zrunhu Iorzv/ zrunlqj sdshu +4<<<,/ Qruwk0

zhvwhuq Xqlyhuvlw|1

Pruwhqvhq/ Gdoh W1/ dqg Fkulvwrskhu D1 Slvvdulghv +4<<7, �Mre Fuhdwlrq dqg Mre Ghvwuxf0

wlrq lq wkh Wkhru| ri Xqhpsor|phqw/ Uhylhz ri Hfrqrplf Vwxglhv 94/ 6<:07481

Pruwhqvhq/ Gdoh W1/ dqg Fkulvwrskhu D1 Slvvdulghv/ Uhfhqw Ghyhorsphqw lq Vhdufk Prghov

ri wkh Oderu Pdunhw/ lq �Kdqgerrn ri Oderu Hfrqrplfv Yro1 6� +R1 Dvkhqihowhu dqg

G1 Fdug hgv,/ 589:0595;/ Hovhylhu Vflhqfh/ Dpvwhugdp/ 4<<<1

RHFG/ Mre Jdlqv dqg Mre Orvvhv lq Ilupv/ lq Hpsor|phqw Rxworrn/ 4360499/ RHFG/

Sdulv/ 4<<71

Rl/ Zdowhu \1/ Wkh Il{hg Hpsor|phqw Frvwv ri Vshfldol}hg Oderu/ lq �Wkh Phdvxuhphqw

ri Oderu Frvw� +Mdfn H1 Wulsohww/ hg1, Xqlyhuvlw| ri Fklfdjr Suhvv/ Fklfdjr/ 4<;61
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Rl/ Zdowhu \1/ dqg Wrgg O1 Lgvrq/ Ilup Vl}h dqg Zdjhv/ lq �Kdqgerrn ri Oderu Hfrqrplfv

Yro1 6� +R1 Dvkhqihowhu dqg G1 Fdug hgv/ 549805547/ Hovhylhu Vflhqfh/ Dpvwhugdp/

4<<<1

Srgjxuvn|/ Plfkdho / Xqlrqv/ Hvwdeolvkphqw Vl}h/ dqg Lqwudlqgxvwu| Wkuhdw H�hfwv/ Lqgxv0

wuldo dqg Oderu Uhodwlrqv Uhylhz 6< +4<;9,/ 5::05;71

Vdlqw Sdxo/ Jloohv/ Wkh Kljk Xqhpsor|phqw Wuds/ Txduwhuo| Mrxuqdo ri Hfrqrplfv 443

+4<<8,/ 85:07<1

Vwroh/ Oduv D1/ dqg Mh�uh| ]zlheho/ Rujdql}dwlrqdo Ghvljq dqg Whfkqrorj| Fkdqjh xqghu

Lqwud�up Edujdlqlqj/ Dphulfdq Hfrqrplf Uhylhz ;9 +4<<9,/ 4<805551

Zhlvv/ Ohrqdug Z1/ Frqfhqwudwlrq dqg Oderu Hduqlqjv/ Dphulfdq Hfrqrplf Uhylhz 89

+4<99,/ <9044:1

Zhlvv/ Dqguhz dqg Khqu| M1 Odqgdx/ Zdjhv/ Klulqj Vwdqgdugv/ dqg Ilup Vl}h/ Mrxuqdo ri

Oderu Hfrqrplfv 5 +4<;7,/ 7:<07<<1
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Wdeoh 4= Sdudphwhu ydoxhv iru vdpsoh vroxwlrq dqg Iljxuhv

+ Frpprq sdudphwhuv= ,

Pdwfklqj ixqfwlrq hodvwlflw| D 031733

Pdwfklqj ixqfwlrq vfdoh 1 41333

Ydfdqf| frvw vorsh S 51893

Glvfrxqw udwh o 31393

Hpsor|hhv* edujdlqlqj vkduh q 31733

Lqfrph zkhq xqhpsor|hg 5 31;33

+ Prgho zlwk Frqvwdqw Uhwxuq wr Vfdoh=,

#
�@3189 #2@3186 #�@3184 #e@317; #D@3179

B�@3139 B2@313: B�@313; Be@313< BD@3164

tR?��D� 313<; 31497 315:9 31796

Oderu ghpdqg vorsh j 31663

Qdwxudo Wxuqryhu 4 31533

Pdunhw wljkwqhvv T*L 51654

+ Olqhdu Prgho zlwk Ghfuhdvlqj Uhwxuq wr Oderu> ,

+Qr wudqvlwlrq dfurvv klulqj vwdwhv=,

#
�@419: #2@417< #�@4166 #e@414< #D@4139 #S@31<8 #. '31:3

B�@3139 B2@313: B�@313< Be@3143 BD@3145 BS@3148 B. '315:

tR?��S� 31365 31386 313;< 31483 31585 31757

Oderu ghpdqg vorsh j 31663

Qdwxudo Wxuqryhu 4 31333

Pdunhw wljkwqhvv +htxloleulxp, ET*L� 51654

Xqhpsor|hg zhoiduh  rz +htxloleulxp, oaL 31;:7

+ Olqhdu Prgho zlwk Ghfuhdvlqj Uhwxuq wr Oderu> ,

+ Wudqvlwlrqv dfurvv klulqj vwdwhv doorzhg=,

#�@41<3 #2@419< #� '4179

B�@3148 B2@314; B� '315:

Wudqvlwlrq pdwul{=

f�ff f�Df f�Df

f�Df f�ff f�Df

f��S f�Se f�ff

Oderu ghpdqg vorsh j 31658

Qdwxudo Wxuqryhu 4 31333

Pdunhw wljkwqhvv T*L 51654
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Wdeoh 5= Mre Iorzv e| Ilup Vl}h

Ilup Vl}h Mre Mre Mre Qhw Hpsor|phqw Hpsor|phqw

Fuhdwlrq Ghvwuxfwlrq Uhdoorfdwlrq Fkdqjh Vkduh

3o? � 6o? 31498 31363 314<8 31468 315;3

6o? � 8o? 31564 313:7 31638 3148; 31477

8o? � :o? 31473 313:; 3154; 31396 31494

:o? � 45o? 31436 313:4 314:7 31366 31536

45o? �4 3136: 31395 313<< 031358 31545

Wdeoh 6= Fruuhodwlrq Pdwul{

Oderu g1 Zdjh Hpsor|p1 Mre fu1 Sur�wv

Oderu g1 4133 31<6 31:5 31;7 3164

Zdjh 31<6 4133 3173 31<5 3143

Hpsor|p1 31:5 3173 4133 3167 318;

Mre fu1 31;7 31<5 3167 4133 03138

Sur�wv 3164 3143 318; 03138 4133

Wdeoh 7= Zdjh Gl�huhqwldov dqg Zdjh Glvshuvlrq e| Ilup Vl}h

Ilup Vl}h Phdq Zdjh Ehwzhhq Sodqw

Gl�huhqwldo Frh!flhqw ri Yduldwlrq

3o? � 6o? 031367 31769

6o? � 8o? 3139< 31484

8o? � :o? 3139< 313;9

:o? � 45o? 313;6 31387

45o? �4 31377 3134;
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Iljxuh 4= Suredelolw| ghqvlw| ri hpsor|phqw dw klulqj �upv= frqvwdqw uhwxuqv lq surgxfwlrq
dqg srvlwlyh wxuqryhu1
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Iljxuh 5= Zdjh ixqfwlrqv= frqvwdqw uhwxuqv lq surgxfwlrq dqg srvlwlyh wxuqryhu1 Prqwh
Fduor vdpsoh ri 4333 revhuydwlrqv/ zlwk olqhdu uhjuhvvlrq1

68



Iljxuh 6= Suredelolw| ghqvlw| ri hpsor|phqw dw klulqj �upv= ghfuhdvlqj uhwxuqv lq surgxf0
wlrq/ qr wxuqryhu1

69



Iljxuh 7= Zdjh ixqfwlrqv= ghfuhdvlqj uhwxuqv lq surgxfwlrq/ qr wxuqryhu1 H{dfw frqglwlrqdo
h{shfwdwlrq dqg Prqwh Fduor vdpsoh ri 4333 revhuydwlrqv/ zlwk olqhdu uhjuhvvlrq1
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Iljxuh 8= Zdjh ixqfwlrqv= ghfuhdvlqj uhwxuqv lq surgxfwlrq/ qr wxuqryhu> srvlwlyh suredelolw|
ri wudqvlwlrq dfurvv srvlwlyh0ydfdqf| vwdwhv1 Prqwh Fduor vdpsoh ri 833 revhuydwlrqv/ zlwk
olqhdu uhjuhvvlrq

6;


