
Cahuc, Pierre; Zylberberg, André

Working Paper

Redundancy Payments, Incomplete Labor Contracts,
Unemployment and Welfare

IZA Discussion Papers, No. 96

Provided in Cooperation with:
IZA – Institute of Labor Economics

Suggested Citation: Cahuc, Pierre; Zylberberg, André (1999) : Redundancy Payments, Incomplete
Labor Contracts, Unemployment and Welfare, IZA Discussion Papers, No. 96, Institute for the Study
of Labor (IZA), Bonn

This Version is available at:
https://hdl.handle.net/10419/20931

Standard-Nutzungsbedingungen:

Die Dokumente auf EconStor dürfen zu eigenen wissenschaftlichen
Zwecken und zum Privatgebrauch gespeichert und kopiert werden.

Sie dürfen die Dokumente nicht für öffentliche oder kommerzielle
Zwecke vervielfältigen, öffentlich ausstellen, öffentlich zugänglich
machen, vertreiben oder anderweitig nutzen.

Sofern die Verfasser die Dokumente unter Open-Content-Lizenzen
(insbesondere CC-Lizenzen) zur Verfügung gestellt haben sollten,
gelten abweichend von diesen Nutzungsbedingungen die in der dort
genannten Lizenz gewährten Nutzungsrechte.

Terms of use:

Documents in EconStor may be saved and copied for your personal
and scholarly purposes.

You are not to copy documents for public or commercial purposes, to
exhibit the documents publicly, to make them publicly available on the
internet, or to distribute or otherwise use the documents in public.

If the documents have been made available under an Open Content
Licence (especially Creative Commons Licences), you may exercise
further usage rights as specified in the indicated licence.

https://www.econstor.eu/
https://www.zbw.eu/
http://www.zbw.eu/
https://hdl.handle.net/10419/20931
https://www.econstor.eu/
https://www.leibniz-gemeinschaft.de/


IZA DP No. 96

Redundancy Payments, Incomplete Labor
Contracts, Unemployment and Welfare

Pierre Cahuc
André Zylberberg

D
I

S
C

U
S

S
I

O
N

 P
A

P
E

R
 S

E
R

I
E

S

Forschungsinstitut
zur Zukunft der Arbeit
Institute for the Study
of Labor

December 1999



 
 
 
 

����������	
�
���������	
��
�
����
������
�
���������
������



���


��
��������
���������
���
��
��
���

 
 

��
��������������
�����
������
�
���������	
��
�
���


 
 
 

Discussion Paper No. 96 
December 1999 

 
 

 
 

IZA 
 

P.O. Box 7240   
D-53072 Bonn   

Germany   
 

Tel.: +49-228-3894-0  
Fax: +49-228-3894-210   

Email: iza@iza.org  
 
 
 

This Discussion Paper is issued within the framework of IZA’s research area ���
��� 
��

��
��

��
!
"#�
�
�$���% Any opinions expressed here are those of the author(s) and not 
those of the institute. Research disseminated by IZA may include views on policy, but the 
institute itself takes no institutional policy positions. 
 
The Institute for the Study of Labor (IZA) in Bonn is a local and virtual international research 
center and a place of communication between science, politics and business. IZA is an 
independent, nonprofit limited liability company (Gesellschaft mit beschränkter Haftung) 
supported by the Deutsche Post AG. The center is associated with the University of Bonn 
and offers a stimulating research environment through its research networks, research 
support, and visitors and doctoral programs. IZA engages in (i) original and internationally 
competitive research in all fields of labor economics, (ii) development of policy concepts, and 
(iii) dissemination of research results and concepts to the interested public. The current 
research program deals with (1) mobility and flexibility of labor markets, (2) 
internationalization of labor markets and European integration, (3) the welfare state and 
labor markets, (4) labor markets in transition, (5) the future of work, (6) project evaluation 
and (7) general labor economics. 
 
IZA Discussion Papers often represent preliminary work and are circulated to encourage 
discussion. Citation of such a paper should account for its provisional character. 



IZA Discussion Paper No. 96 
December 1999 
 
 
 
 
 

���������
 

��
	�
��
��������������
��������������������
����
 ��������������
�!��"���#�

 
It is frequently argued that pure government-mandated severance transfers by the employer 
to the worker have neither employment nor welfare effect because they can be offset by 
private transfers from the worker to the employer. In this paper, using a dynamic search and 
matching model &
�
 Mortensen and Pissarides (1994), we show that it may be not any more  
the case if labor contracts are incomplete and can be renegotiated by mutual agreement 
only. Indeed, we show that increases in high severance payments are likely to decrease 
unemployment but systematically decrease welfare and raise inequality. Moreover, it can be 
understood that insiders try to get high severance payments through political channels, 
although they do not fight for such a type of advantage at the firm level. 
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4 Lqwurgxfwlrq

Rqo| yhu| olwwoh dwwhqwlrq kdv ehhq ghyrwhg wr wkh frqvhtxhqfhv ri sxuh jryhuqphqw0

pdqgdwhg vhyhudqfh wudqvihuv rq xqhpsor|phqw dqg zhoiduh1 Wkh edvlf uhvxow/ sxw iruzdug

e| Od}hdu +4<<3, dqg Exugd +4<<5,/ lv wkdw dq| frpsxovru| uhgxqgdqf| sd|phqw e| wkh

hpsor|hu wr wkh zrunhu fdq eh r�vhw e| d sulydwh wudqvihu iurp wkh zrunhu wr wkh hpsor|hu1

Wkhuhiruh/ li oderu frqwudfwv duh rswlpdo/ uhgxqgdqf| sd|phqwv kdyh qhlwkhu h�hfw rq

xqhpsor|phqw qru rq zhoiduh1 Wkh| rqo| fkdqjh zdjh sur�ohv/ vlqfh wkh sulydwh wudqvihu

qhhghg wr r�vhw wkh jryhuqphqw0pdqgdwhg uhgxqgdqf| sd|phqw pd| wdnh wkh irup ri

zdjh gursv1 Wkh yhu| lghd wkdw frpsxovru| uhgxqgdqf| sd|phqwv duh qhxwudo lv yhu|

riwhq fdoohg xsrq wr dyrlg frqvlghulqj wkhlu frqvhtxhqfhv dqg wr irfxv rq �ulqj wd{hv

ru dgplqlvwudwlyh glvplvvdo uhvwulfwlrqv �Ehuwrod +4<<3,/ Ploodug dqg Pruwhqvhq +4<<:,/

Pruwhqvhq dqg Slvvdulghv +4<<:/ 4<<;e,/ Jduledogl +4<<;,/ Udph| dqg Zdwvrq +4<<9,/

Krshqkd|q dqg Urjhuvrq +4<<6, dqg Omxqjtylvw +4<<;,1

Qhyhuwkhohvv/ lq pdq| RHFG frxqwulhv/ d odujh sduw ri �ulqj frvwv frqvlvwv ri jryhuq0

phqw pdqgdwhg uhgxqgdqf| sd|phqwv wkdw wdnh wkh irup ri d wudqvihu iurp hpsor|huv

wr zrunhuv�vhh RHFG +4<<7,1 Lv lw dw rgg zlwk wkh qhxwudolw| uhvxow wkdw kdv mxvw ehhq

phqwlrqhg B Pdq| hfrqrplvwv gr qrw wklqn vr �iru lqvwdqfh/ vhh Od}hdu +4<<3/ s1 :35,1

Lqghhg/ lw fdq eh hdvlo| xqghuvwrrg wkdw uhgxqgdqf| sd|phqw h�hfwv duh qrw qhxwudo lq

lqh!flhqw hqylurqphqwv1 Iru lqvwdqfh/ eruurzlqj dqg ohqglqj frqvwudlqwv pd| suhyhqw

wkh zrunhuv iurp zloolqj wr sd| wkh ihh dw wkh ehjlqqlqj ri wkh hpsor|phqw vshoo1 Wkh

lpsdfw ri vxfk frqvwudlqwv pd| eh dpsol�hg e| wkh suhvhqfh ri d plqlpxp zdjh wkdw

iruelg dq| zdjh gurs doorzlqj wr r�vhw wkh h�hfw ri uhgxqgdqf| sd|phqw rq oderu frvw

+Fdkxf dqg ]|oehuehuj/ 4<<</ Jduledogl dqg Ylrodqwh/ 4<<<,1

Lq wklv sdshu/ zh dujxh wkdw wkh lqfrpsohwhqhvv ri oderu frqwudfwv fdq eh dq lpsruwdqw

vrxufh ri qrq qhxwudolw| ri uhgxqgdqf| sd|phqwv lq dq hqylurqphqw zkhuh zdjhv duh

qhjrwldwhg ryhu dqg eruurzlqj dqg ohqglqj frqvwudlqwv gr qrw pdwwhu ehfdxvh lqglylgxdov

duh ulvn0qhxwudo1 Zh irfxv rq yhu| vlpsoh lqfrpsohwh frqwudfwv wkdw vwlsxodwh d �{hg zdjh

wkdw fdq eh uhqhjrwldwhg e| pxwxdo djuhhphqw rqo| �vrph mxvwl�fdwlrqv iru wklv irup

ri lqfrpsohwhqhvv duh surylghg e| PdfOhrg dqg Pdofrpvrq +4<<6, dqg e| Pdofrpvrq

+4<<:,1 Wkhq/ xvlqj d vwdqgdug vhdufk dqg pdwfklqj prgho zlwk hqgrjhqrxv mre fuhdwlrq

dqg ghvwuxfwlrq ã od Pruwhqvhq dqg Slvvdulghv +4<<7,/ zh vkrz wkdw kljk jryhuqphqw0
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pdqgdwhg uhgxqgdqf| sd|phqwv wrjhwkhu zlwk lqfrpsohwh oderu frqwudfwv ri wkh w|sh

uhihuuhg deryh ohdg wr lqh!flhqw vhsdudwlrqv/ dqg wkdw lqfuhdvhv lq uhgxqgdqf| sd|phqw

orzhu wkh mre ghvwuxfwlrq udwh1 Xvxdoo|/ lw lv dvvxphg wkdw oderu frqwudfwv duh hlwkhu

frpsohwh ru wkdw d uhqhjrwldwlrq v|vwhpdwlfdoo| rffxuv zkhq dq hpsor|hu0zrunhu sdlu lv

klw e| d vkrfn lq vwdqgdug vhdufk dqg pdwfklqj prghov �vhh Pruwhqvhq dqg Slvvdulghv

+4<<;e, iru d uhfhqw v|qwkhvlv1 Lq wklv frqwh{w/ doo vhsdudwlrqv duh h!flhqw ehfdxvh/ zkhq d

qhz hyhqw rffxuv/ wkhuh lv dozd|v �e| dvvxpswlrq� d qhz qhjrwldwlrq/ dqg zrunhuv dqg

hpsor|huv ghflgh wr vhsdudwh zkhq wkh vxusoxv ri wkhlu pdwfk ehfrphv qhjdwlyh1 Krzhyhu/

zkhq oderu frqwudfwv duh lqfrpsohwh dqg wkh ghflvlrq wr uhqhjrwldwh lv hqgrjhqrxv/ wklqjv

duh gl�huhqw1 Lq vrph vlwxdwlrqv/ rqh ri wkh sduw| pd| olnh wr uhqhjrwldwh/ exw wkh rwkhu

rqh pd| uhixvh li lw lv klv rzq lqwhuhvw wr frqwlqxh delglqj e| wkh suhylrxvo| vljqhg

frqwudfw1 Lq vxfk d frqwh{w/ frpsxovru| vhyhudqfh sd|phqwv pd| suhyhqw wkh sduwlhv iurp

uhqhjrwldwlqj dqg hqwdlo lqh!flhqw vhsdudwlrqv1

Lqghhg/ d kljk jryhuqphqw0pdqgdwhg uhgxqgdqf| sd|phqw doorzv wkh hpsor|hu wr

edujdlq d orz zdjh dw wkh ehjlqqlqj ri wkh xqhpsor|phqw vshoo/ ehfdxvh erwk sduwlhv dq0

wlflsdwh wkh wudqvihu pdgh e| wkh hpsor|hu lq fdvh ri vhsdudwlrq1 Exw/ dv wlph jrhv/ kljk

uhgxqgdqf| sd|phqwv/ e| lpsurylqj wkh sd|r� wr wkh zrunhu lq fdvh ri glvdjuhhphqw lq

d qhjrwldwlrq/ doorz klp wr jhw kljk zdjhv1 Wklv lpsolhv wkdw uhgxqgdqf| sd|phqwv pdnh

wkh hpsor|hu uhoxfwdqw wr uhqhjrwldwh zkhq wkh mre lv klw e| edg surgxfwlylw| vkrfnv/

ehfdxvh kh dqwlflsdwhv wkdw klv vkduh ri wkh vxusoxv zloo eh orz1 Reylrxvo|/ wkh zrunhu

pd| olnh wr uhqhjrwldwh wkh frqwudfw zkhq uhgxqgdqf| sd|phqwv duh kljk li kh jhwv wkh

vhyhudqfh wudqvihu zkhq kh lqlwldwhv d qhz qhjrwldwlrq zklfk jlyhv ulvh wr d vhsdudwlrq1

Exw wkdw lv jhqhudoo| qrw wkh fdvh= D glvdjuhhphqw lqgxflqj d vhsdudwlrq gxh wr d zrunhu0

lqlwldwhg uhqhjrwldwlrq lv xvxdoo| frqvlghuhg dv d txlw/ dqg qrw dv d �ulqj/ jlylqj ulvh

wr uhgxqgdqf| sd|phqwv �PfOdxjkolq +4<<4,1 Wkhuhiruh/ d zrunhu pd| eh xqdeoh wr

wdnh dgydqwdjh ri uhgxqgdqf| sd|phqwv wr lqlwldwh qhz qhjrwldwlrqv1 Dffruglqjo|/ d kljk

hqrxjk frpsxovru| uhgxqgdqf| sd|phqw pd| suhyhqw dq| uhqhjrwldwlrq ri wkh lqlwldo

frqwudfw/ ehfdxvh wkh hpsor|hu wu|lqj wr uhqhjrwldwh zrxog jhw d wrr orz vkduh ri wkh

vxusoxv dqg kljk vhyhudqfh sd|phqwv gr qrw doorz wkh zrunhu wr wuljjhu r� uhqhjrwld0

wlrqv1 Lq vxfk flufxpvwdqfhv/ zkhq d edg surgxfwlylw| vkrfn klwv wkh mre dqg hqwdlov d

qhjdwlyh vxusoxv/ wkh hpsor|hu pd| suhihu wr dyrlg ghvwur|lqj wkh mre lq rughu wr nhhs
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jrlqj rq zlwk wkh orz zdjh qhjrwldwhg dw wkh ehjlqqlqj ri wkh hpsor|phqw vshoo dqg

vdylqj wkh �ulqj frvw1 Wkhuhiruh/ wkh lqfrpsohwhqhvv ri oderu frqwudfw lpsolhv wkdw kljk

jryhuqhphqw0pdqgdwhg uhgxqgdqf| sd|phqwv jlyh ulvh wr mrev zlwk qhjdwlyh vxusoxv dqg

wkhq wr lqh!flhqw vhsdudwlrq ghflvlrqv1

Xvxdoo|/ jryhuqphqw0pdqgdwhg vhyhudqfh sd|phqwv duh lqwurgxfhg lq rughu wr �jkw

djdlqvw xqhpsor|phqw1 Lqghhg/ rxu iudphzrun surylghv vrph vxssruw wr wklv ylhz1 Zh

fdq vkrz wkdw uhgxqgdqf| sd|phqwv glplqlvk xqhpsor|phqw zkhq wkh| duh uhdvrqdeo|

kljk/ zkhuhdv yhu| odujh uhgxqgdqf| sd|phqwv kdyh dq dpeljxrxv lpsdfw rq xqhpsor|0

phqw1 Vrph fdoleudwlrq h{huflvhv doorz xv wr eh pruh suhflvh dqg wr vxjjhvw wkdw sodxvleoh

ohyhov ri uhgxqgdqf| sd|phqwv ghfuhdvh xqhpsor|phqw1

Qhyhuwkhohvv/ wkh dqdo|vlv ri zhoiduh dqg glvwulexwlrqdo h�hfwv doorzv xv wr vkrz wkdw

jryhuqphqw0pdqgdwhg uhgxqgdqf| sd|phqwv kdyh dovr xqghvludeoh frqvhtxhqfhv1 Vhy0

hudqfh sd|phqw lqfuhdvhv hqwdlo d ghfuhdvh lq djjuhjdwh zhoiduh/ phdvxuhg e| djjuhjdwh

rxwsxw �lqglylgxdov duh dvvxphg wr eh ulvn qhxwudo lq rxu iudphzrun1 Pruhryhu/ vhy0

hudqfh sd|phqwv jhqhudoo| ehqh�w wr lqvlghuv dw wkh h{shqvhv ri xqhpsor|hg zrunhuv1

Dffruglqjo|/ vhyhudqfh sd|phqwv udlvh lqhtxdolw|/ dqg d pdmrulw| ri zrunhuv/ qdpho| wkh

lqvlghuv/ vkrxog jlyh vrph srolwlfdo vxssruw wr kljk vhyhudqfh sd|phqwv lq rughu wr jhw d

orqj mre whqxuh dqg kljk wudqvihuv zkhq �uhg1 Lw lv zruwk qrwlflqj wkdw wkh lqfrpsohwhqhvv

ri oderu frqwudfw lpsolhv wkdw lqvlghuv pd| yrwh iru kljkhu vhyhudqfh sd|phqwv wkdq wkrvh

wkhlu zlvk wr edujdlq zlwk wkhlu hpsor|hu1 Lqghhg/ kljk vhyhudqfh sd|phqwv lpso|lqj wkh

h{lvwhqfh ri mrev zlwk qhjdwlyh vxusoxv fdqqrw eh edujdlqhg e| zrunhu0hpsor|hu sdluv/

ehfdxvh lw zrxog jlyh ulvh wr dq lqh!flhqw frqwudfw1 Exw frpsxovru| vhyhudqfh sd|phqwv

pd| udlvh wkh zhoiduh ri lqvlghuv/ jlyhq wkhlu fxuuhqw zdjh wkdw lv qrw qhfhvvdulo| uhqhjr0

wldwhg zkhq hfrqrplf hqylurqphqw fkdqjhv1 Khqfh/ lq wkh suhvhqfh ri lqfrpsohwh oderu

frqwudfw/ lw fdq eh xqghuvwrrg wkdw lqvlghuv wu| wr jhw kljk vhyhudqfh sd|phqwv wkurxjk

srolwlfdo fkdqqhov/ dowkrxjk wkh| gr qrw �jkw iru vxfk d w|sh ri dgydqwdjh dw wkh �up

ohyho1

Wkh sdshu lv rujdql}hg dv iroorzv1 Wkh vhdufk dqg pdwfklqj prgho lv lqwurgxfhg lq

vhfwlrq 51 Vhfwlrq 6 lv ghyrwhg wr wkh suhvhqwdwlrq ri zdjh qhjrwldwlrq dqg uhqhjrwldwlrq1
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Wkh oderu pdunhw htxloleulxp lv suhvhqwhg lq vhfwlrq 71 Wkh frqvhtxhqfhv ri uhgxqgdqf|

sd|phqwv rq xqhpsor|phqw/ zhoiduh dqg lqhtxdolw| duh dqdo|}hg lq vhfwlrq 81 Vhfwlrq 9

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 qrupdol}hg wr

rqh1 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 �� zkhuh �

dqg � uhsuhvhqw wkh ydfdqf| dqg xqhpsor|phqw udwhv uhvshfwlyho|1 Wkh pdwfklqj 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
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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_��

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

ri wkh xqhpsor|phqw udwh lv

�� ' bCE0_�E�� ��� �w6Ew�� +4,

Lq d vwhdg| vwdwh/ zkhuh � lv frqvwdqw/ wkh xqhpsor|phqw udwh fdq eh zulwwhq dv

� '
bCE0_�

w6Ew� n bCE0_�
� +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

?� vwdqgv iru wkh pdvv ri mrev wkdw kdyh qrw ehhq klw e| d vkrfn/ zklfk odz ri prwlrq

lv gh�qhg e| wkh htxdwlrq �?� ' w6Ew�� � b?�1 Iurp wkhvh wzr htxdwlrqv/ rqh jhwv wkh

odz ri prwlrq ri wkh jurvv pdunhw rxwsxw/ ' ' 0�?� n
?r

�3CE0_�

U
0�

0_
%_CE%�c zklfk fdq eh

zulwwhq dv=

�' ' 0�w6Ew��n b

�
E�� ��

]
0�

0_

%_CE%��'

�
� +6,

Djjuhjdwh rxwsxw/ tc lv htxdo wr wkh vxp ri wkh surgxfwlrq ri �oohg mrev dqg wkh

rxwfrph ri xqhpsor|hg zrunhuv ohvv wkh frvw ri ydfdqw mrev=

t ' 'n � d5 � �wo � +7,

8



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

dvvxphg wkdw lqglylgxdov duh ulvn0qhxwudo1 Dffruglqjo|/ d vrfldo sodqqhu vkrxog pd{lpl}h

djjuhjdwh rxwsxw vxemhfw wr wkh odz ri prwlrq ri wkh xqhpsor|phqw udwh dqg ri wkh jurvv

pdunhw rxwsxw/ lq rughu wr uhdfk wkh vrfldo rswlpxp1

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

ghshqg rq wkh udwh ri mre ghvwuxfwlrq dqg rq wkh oderu pdunhw wljkwqhvv1 Wkh htxlole0

ulxp ydoxhv ri wkhvh yduldeohv duh lq xhqfhg e| wkh h{shfwhg lqfrphv wkdw hpsor|huv dqg

zrunhuv jhw rq wkh oderu pdunhw wkdw duh jrlqj wr eh gh�qhg qrz1

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 +8,

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

zlwk lglrv|qfudwlf frpsrqhqw 0� dqg sd|lqj d zdjh �f� Wkh iuhh0hqwu| frqglwlrq uhdgv

dv=

�� ' f� +9,

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 +:,

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 d zrunhu zkr lv sdlg d zdjh �f1

Wkh dvvhw ydoxh ri d mre zlwk d fxuuhqw surgxfwlylw| 0 dqg d zdjh �/ ghqrwhg e|

�E0c��c vroyhv=

o�E0c �� ' 0� � n b d�bE��� �E0c ��o c +;,
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zkhuh �bE�� lv wkh h{shfwhg glvfrxqwhg sur�w li d surgxfwlylw| vkrfn rffxuv zkhq wkh

fxuuhqw zdjh lv ��

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

� vdwlv�hv

oT E�� ' � n b dTbE��� T E��o c +<,

TbE�� ehlqj wkh h{shfwhg glvfrxqwhg vwuhdp ri lqfrph li d surgxfwlylw| vkrfn rffxuv

zkhq wkh fxuuhqw zdjh lv ��

Lw lv dovr xvhixo wr gh�qh wkh vxusoxv |lhoghg e| d mre1 E| gh�qlwlrq/ d mre |lhogv d

vxusoxv 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 Rq

hyhu| mre zlwk fxuuhqw surgxfwlylw| 0 dq hpsor|hu jhwv �E0c �� dqg rewdlqv hlwkhu �� � s

ru �� lq fdvh ri vhsdudwlrq1 Olnhzlvh/ d zrunhu jhwv dq h{shfwhg ixwxuh lqfrph htxdo wr

T E�� dqg rewdlqv hlwkhu T�ns ru T� li kh lv vhsdudwhg dqg wkhq xqhpsor|hg1 Dffruglqjo|/

vlqfh s lv sd|hg e| wkh hpsor|hu wr wkh zrunhu/ wkh ydoxh ri wkh vxusoxv ri d frqwlqxlqj

mre zlwk surgxfwlylw| 0 lv=

7E0� ' T E��� T� n�E0c��� �� +43,

Xvlqj wkh gh�qlwlrqv ri wkh vxusoxv rq d frqwlqxlqj mre dqg ri wkh h{shfwhg lqfrphv

dqg sur�wv/ lw fdq hdvlo| eh vkrzq �vhh dsshqgl{ 4� 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 b

]
0�

0_

7E%�_CE%� +44,

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

Wkh qh{w vhfwlrq lv ghyrwhg wr d suhflvh dqdo|vlv ri wkh lq xhqfh ri uhgxqgdqf| sd|0

phqwv rq wkh rxwfrph ri zdjh qhjrwldwlrqv1

:



6 Zdjh qhjrwldwlrq

Wkurxjkrxw wkh sdshu/ lw lv dvvxphg wkdw oderu frqwudfwv duh qhjrwldwhg1 Exw wkh| duh

lqfrpsohwh= Wkh| vwlsxodwh d �{hg zdjh wkdw pd| eh uhqhjrwldwhg xqghu zhoo gh�qhg flu0

fxpvwdqfhv1 Ohw xv ehjlq wr suhvhqw wkh qhjrwldwlrq ri wkh vwduwlqj zdjh ehiruh ghvfulelqj

wkh uhqhjrwldwlrq surfhvv1

614 Qhjrwldwlrq ri wkh vwduwlqj frqwudfw

Zkhq d zrunhu dqg dq hpsor|hu kdyh mxvw ehhq pdwfkhg/ d frqwudfw/ vwlsxodwlqj d �{hg

zdjh/ lv edujdlqhg dffruglqj wr d jdph wkdw surfhhgv lq wkh iroorzlqj zd|=

+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|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 wkhuh lv qr �ulqj frvw lq fdvh ri glvdjuhhphqw rq d qhz pdwfk1

Wklv lv ehfdxvh qr frqwudfw kdv ehhq vljqhg |hw1 Lw fdq eh vkrzq �vhh dsshqgl{ 5� wkdw

wkh rxwfrph ri wklv vwudwhjlf edujdlqlqj jdph |lhogv d Qdvk vkdulqj uxoh zklfk surylghv d

vkduh � 5 dfc �o ri wkh vxusoxv jhqhudwhg e| d qhz pdwfk wr wkh zrunhu41 Lq rxu iudphzrun/

vxfk d vkdulqj uxoh uhdgv dv=

T E�f�� T� ' �7E0��c �E0�c �f�� �� ' E�� ��7E0��� +45,

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

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

ghulyhg iurp vwudwhjlf edujdlqlqj jdphv1 Khuh/ zh r�hu d yhu| vlpsoh jdph/ lqvsluhg

4Wzr wklqjv duh zruwk qrwlflqj1 Iluvw/ wkh vkdulqj uxoh +45, fruuhvsrqgv wr wkh vxejdph shuihfw
htxloleulxp sd|r�v ri wkh edujdlqlqj vwudwhjlf jdph zkhq wkh wlph ghod| lq vwhs +lll, jrhv wr }hur/ wklv
wlph ghod| ehlqj lqwurgxfhg lq rughu wr jxdudqwhh wkh xqlflw| ri wkh vxejdph shuihfw htxloleulxp ri wkh
edujdlqlqj jdph1 Vhfrqg/ lq wklv shfxoldu jdph/ rqh jhwv wkh vdph vroxwlrq li wkh zrunhu pdnhv wkh r�hu
lq vwhs +l, lqvwhdg ri wkh hpsor|hu1

;



e| Rveruqh dqg Uxelqvwhlq +4<<3, dqg PdfOhrg dqg Pdofrpvrq +4<<6, wkdw |lhogv wkh

vkdulqj uxoh zulwwhq htxdwlrq +45,1 Reylrxvo|/ wklv vlpsoh jdph lv yhu| shfxoldu dqg rqh

nqrzv wkdw pdq| rwkhu vwudwhjlf edujdlqlqj jdphv frxog surylgh wkh vdph vkdulqj uxoh1

Lqghhg/ wklv vlpsoh jdph kdv ehhq fkrvhq iru wkh vdnh ri vlpsolflw| dqg wr surylgh d xvhixo

wrro wr xqghuvwdqg wkh uhqhjrwldwlrq surfhvv1

615 Uhqhjrwldwlrq

Wkh lqlwldo frqwudfw pd| eh uhqhjrwldwhg e| erwk sduwlhv1 Wkh suhvhqfh ri uhgxqgdqf|

sd|phqwv xujhv xv wr glvwlqjxlvk fduhixoo| �ulqjv iurp txlwv zkhq wkh lvvxh ri uhqhjrwldwlrq

lv udlvhg1 Dfwxdoo|/ wkh gh�qlwlrq ri �ulqj klqjhv rq wkh oderu pdunhw lqvwlwxwlrqv/ dqg

pd| eh yhu| gl�huhqw dprqj frxqwulhv1 Lq Frqwlqhqwdo Hxursh/ dffruglqj wr wkh vr0fdoohg

uhqhjrwldwlrq e| pxwxdo djuhhphqw uxoh/ dq| dwwhpsw wr fkdqjh dq chvvhqwldo* hohphqw

ri wkh oderu frqwudfw zlwkrxw wkh djuhhphqw ri wkh zrunhu lv frqvlghuhg dv d frqwudfw

euhdfk e| wkh hpsor|hu/ wkdw jlyhv ulvh wr uhgxqgdqf| sd|phqwv li wkh zrunhu uhixvhv dqg

li d vhsdudwlrq rffxuv �Pdofrpvrq +4<<:,1 Vlqfh wkh zdjh lv xvxdoo| frqvlghuhg dv dq

hvvhqwldo hohphqw ri wkh oderu frqwudfw/ wkh uhqhjrwldwlrq e| pxwxdo djuhhphqw uxoh lpsolhv

wkdw wkh zrunhu fdq irufh wkh hpsor|hu wr delgh e| wkh fxuuhqw frqwudfw li kh nqrzv wkdw

d uhqhjrwldwlrq zrxog |lhog d orzhu zdjh dqg wkdw wkh hpsor|hu suhihuv wr frqwlqxh wkdq

ghvwur| wkh mre iru wkh fxuuhqw zdjh1 Dffruglqjo|/ 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

61514 Wkh uhqhjrwldwlrq jdph

Rqh fdq vlpso| uhsuhvhqw wkh vlwxdwlrq hphujlqj xqghu wkh uhqhjrwldwlrq e| pxwxdo djuhh0

phqw uxoh wkdqnv wr wkh iroorzlqj uhqhjrwldwlrq jdph=

d, Hlwkhu sduw| fdq sursrvh d uhqhjrwldwlrq1 Wkhuh lv qr surgxfwlrq gxulqj wkh uhqh0

jrwldwlrq surfhvv1

e, Wkh rwkhu sduw| hlwkhu dffhswv ru uhixvhv wr uhqhjrwldwh1

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

Hyhu| vhsdudwlrq hqwdlohg e| d uhixvdo lq vwhs +ly, ri wkh edujdlqlqj jdph jlyhv ulvh wr

<



uhgxqgdqf| sd|phqwv zkrhyhu lqlwldwhg wkh uhqhjrwldwlrq jdph51

Lq fdvh ri uhixvdo lq vwhs e/ wkh sduw| zkr kdv lqlwldwhg wkh uhqhjrwldwlrq hlwkhu frq0

wlqxhv delglqj e| wkh fxuuhqw frqwudfw ru vhsdudwhv1 Uhgxqgdqf| sd|phqwv duh sdlg rqo|

li wkh vhsdudwlrq lv hpsor|hu0lqlwldwhg1

Zh wklqn wkdw wklv jdph surylghv d uhohydqw uhsuhvhqwdwlrq ri wkh gl�huhqfh ehwzhhq

txlwv dqg od|r�v xqghu wkh uhqhjrwldwlrq e| pxwxdo djuhhphqw uxoh1 D vhsdudwlrq lv d

od|r� hlwkhu li wkh hpsor|hu ghvwur|v wkh mre ehfdxvh wkh zrunhu uhixvhv wr orzhu wkh zdjh/

ru li wkh uhqhjrwldwlrq/ rqfh dffhswhg e| erwk sduwlhv/ idlov1 Dffruglqjo|/ d vhsdudwlrq lv d

txlw rqo| li wkh zrunhu ghflghv wr ohdyh wkh pdwfk nqrzlqj wkdw wkh fxuuhqw frqwudfw pd|

frqwlqxh wr dsso|1 Wkh dvvxpswlrq wkdw uhgxqgdqf| sd|phqwv duh sdlg li wkh edujdlqlqj

surfhvv lq vwhs S idlov zkrhyhu lqlwldwhg uhqhjrwldwlrq pd| dsshdu txhvwlrqdeoh dw �uvw

jodqfh1 Iurp rxu ylhzsrlqw/ wklv looxvwudwhv wkh idfw wkdw dq hpsor|hu zkr dffhswv wr

uhqhjrwldwh d frqwudfw dqg zkr lv xqdeoh wr uhdfk dq djuhhphqw lv xvxdoo| frqvlghuhg dv

uhvsrqvleoh zkhq mre ghvwuxfwlrq rffxuv1 Li rqh lv qrw frqylqfhg e| wklv mxvwl�fdwlrq/

lw vkrxog eh qrwlfhg wkdw vxfk dq dvvxpswlrq lv qrw hvvhqwldo1 Lw kdv ehhq fkrvhq wr

oljkwhq wkh surriv/ dqg lw fdq eh hdvlo| fkhfnhg wkdw rxu uhvxowv krog li lw lv dvvxphg

wkdw uhgxqgdqf| sd|phqwv duh qrw sdlg zkhq d edujdlqlqj lqlwldwhg e| wkh zrunhu dqg

dffhswhg e| wkh hpsor|hu idlov lq vwhs S�

Lw lv srvvleoh wr ghulyh wkh vxusoxv vkdulqj uxoh iurp wkh uhqhjrwldwlrq surfhvv dqg

wkh ydoxhv ri surgxfwlylw| wkdw jlyh ulvh wr uhqhjrwldwlrqv1 Rqh fdq dovr vkrz wkdw wkhuh

duh rqo| hpsor|hu lqlwldwhg uhqhjrwldwlrqv �vhh dsshqgl{ 5�1 Lqghhg/ wklv uhvxow lv txlwh

lqwxlwlyh1 Vlqfh erwk wkh hpsor|hu dqg wkh hpsor|hh pxvw djuhh wr uhqhjrwldwh wkh fxuuhqw

frqwudfw/ dq hpsor|hu0lqlwldwhg uhqhjrwldwlrq fdq rffxu rqo| li d surgxfwlylw| gurs ohdgv

wr d sur�w ghfuhdvh vxfk wkdw wkh hpsor|hu suhihuv wr �uh wkh zrunhu dqg sd| uhgxqgdqf|

sd|phqwv wkdq jrlqj rq zlwk wkh fxuuhqw zdjh1 Vlploduo|/ d zrunhu0lqlwldwhg uhqhjrwldwlrq

pd| rffxu rqo| li dq lpsuryhphqw ri wkh rxwvlgh rswlrq ri wkh zrunhu lpsolhv wkdw wkh

zrunhu suhihuv wr txlw wkdq delglqj e| wkh fxuuhqw frqwudfw1 Lq rxu iudphzrun/ rqo|

hpsor|hu0lqlwldwhg uhqhjrwldwlrqv fdq rffxu/ ehfdxvh wkh rxwvlgh rswlrq ri wkh hpsor|hh

5Wkh dvvxpswlrq wkdw wkh hpsor|hu kdv wr sd| uhgxqgdqf| sd|phqwv zkhq wkh edujdlq idlov li erwk
sduwlhv djuhh wr uhqhjrwldwh lv pdgh iru frqylqlhqfh= Lw doorzv xv wr oljkwhq wkh surriv1 Lw fdq eh hdvlo|
vkrzq wkdw rqh rewdlqv h{dfwo| wkh vdph uhvxow li vhsdudwlrqv rffxulqj lq vwhs +ly, ri d zrunhu0lqlwldwhg
edujdlqlqj jdph gr qrw jlyh ulvh wr uhgxqgdqf| sd|phqwv1
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lv vwdwlrqdu|/ htxdo wr T� lq fdvh ri txlw1

61515 Uhqhjrwldwlrq ri wkh vwduwlqj zdjh

Ohw xv ghqrwh e| �E0� wkh zdjh rewdlqhg li wkhuh lv d uhqhjrwldwlrq zkhq surgxfwlylw|

dprxqwv wr 01 Wkh uhqhjrwldwlrq jdph lpsolhv wkdw wkh zdjh �E0� lv gh�qhg e| wkh

iroorzlqj vkdulqj uxoh �vhh dsshqgl{ 5=

T d�E0�o� dT� n s o ' �7E0�c � d0c �E0�o� d�� � s o ' E�� ��7E0� +46,

zklfk vkrzv wkdw wkh vkduh ri wkh vxusoxv rewdlqhg e| wkh hpsor|hu lv uhgxfhg e|

uhgxqgdqf| sd|phqwv1

Ehfdxvh wkhuh duh rqo| hpsor|hu0lqlwldwhg uhqhjrwldwlrqv lq rxu vlpsoh iudphzrun

zdjhv fdq eh uhqhjrwldwhg grzqzdugv rqo|1 Reylrxvo|/ wkh zrunhu zloo dffhsw d uhqh0

jrwldwlrq 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� n sc 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| +8,/ wkh iuhh0hqwu| frqglwlrq +9, dqg wkh vkdulqj uxoh +45,/ wklv frqglwlrq

lpsolhv wkdw wkh vwduwlqj zdjh fdq eh uhqhjrwldwhg rqo| li

��

E�� ��6Ew�
� s : s� +47,

Rqh vhhv wkdw odujh uhgxqgdqf| sd|phqwv pd| suhyhqw dq| uhqhjrwldwlrq1 Li lqhtxdolw|

+47, krogv/ wkh hpsor|hu pd| lqlwldwh d uhqhjrwldwlrq ri wkh lqlwldo frqwudfw zkhq jhwv dq

h{shfwhg sur�w �E0c�f� orzhu wkdq wkh �ulqj frvw1 Rwkhuzlvh/ mre ghvwuxfwlrq zrxog qrw

eh d fuhgleoh wkuhdw/ dqg wkh zrunhu zrxog qhyhu dffhsw wr uhqhjrwldwh wkh frqwudfw1 Frp0

sxwlqj �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| vxevwudfwlqj �E0c �f� wr �E0�c �f�=

�E0c �f� '
0� 0�
o n b

n�E0�c �f�� +48,
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Htxdwlrq +48, 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| 06c pxvw vroyh �E06c �f� ' �s n ��1 Wkh gh�qlwlrq +8, ri wkh dvvhw

ydoxh ri d ydfdqw mre/ wrjhwkhu zlwk wkh iuhh0hqwu| frqglwlrq +9,/ lpsolhv wkdw +48, doorzv

xv wr zulwh wkh wkuhvkrog ydoxh ehorz zklfk wkh vwduwlqj zdjh pd| eh uhqhjrwldwhg e|

pxwxdo djuhhphqw dv=

06 ' 0� � Eo n b�

�
s n

�

6Ew�

�
� +49,

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

surgxfwlylw| lv yhu| orz1

61516 Uhqhjrwldwlrq ri uhqhjrwldwhg zdjhv

Dzdjh �E+� qhjrwldwhg zkhq surgxfwlylw| zdv + pd| eh uhqhjrwldwhg li wkh hpsor|hu jhwv

d orzhu glvfrxqwhg sur�w wkdq wkh �ulqj frvwv e| delglqj e| wkh frqwudfw vwlsxodwlqj wkh

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 0c wkhuhiruh/ wkhuh h{lvwv d xqltxh wkuhvkrog ydoxh ri

wkh surgxfwlylw| rq d mre zlwk d zdjh �E+�c wkdw kdv ehhq qhjrwldwhg e| wkh hpsor|hu

zkhq wkh surgxfwlylw| zdv +c ehorz zklfk wkh dvvhw ydoxh lv vpdoohu wkdq wkh �ulqj frvw1

Wklv wkuhvkrog ydoxh/ ghqrwhg e| 06E+�c vdwlv�hv � d0c� d06E+�oo ' �s n ��� Wkh sur�w

� d+c �E+�o fdq eh frpsxwhg iurp wkh vkdulqj uxoh +46,/ wkh gh�qlwlrq ri wkh vxusoxv +44,

dqg wkh iuhh0hqwu| frqglwlrq +9,1 Vxevwlwxwlqj wkh ydoxh ri � d+c �E+�o lq +4:, dqg xvlqj

wkh gh�qlwlrq ri 06 jlyhq htxdwlrq +49, doorzv xv wr zulwh wkh wkuhvkrog ydoxh dv iroorzv=

06E+� ' 06 � �E0� � +� n Eo n b�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 06E+� 	 06 li frqglwlrq +47, lv ixo�oohg1

Lw kdv mxvw ehhq vkrzq wkdw kljk uhgxqgdqf| sd|phqwv pd| suhyhqw hpsor|huv iurp

uhqhjrwldwlqj oderu frqwudfwv zkhq edg surgxfwlylw| vkrfnv rffxu1 Qrz wkdw zh kdyh

ghvfulehg wkh lq xhqfh ri wkh uhgxqgdqf| sd|phqwv rq wkh qhjrwldwlrq surfhvv/ ohw xv

wxuq wr wkh dqdo|vlv ri wkh frqvhtxhqfhv ri uhgxqgdqf| sd|phqwv rq xqhpsor|phqw dqg

zhoiduh1

7 Oderu pdunhw htxloleulxp

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 udwh1

714 Mre fuhdwlrq

Wkh mre fuhdwlrq htxdwlrq lv rewdlqhg iurp wkh iuhh0hqwu| frqglwlrq +9,/ wkh gh�qlwlrq ri

wkh dvvhw ydoxh ri d ydfdqw mre +8,/ wkh gh�qlwlrq ri wkh vxusoxv +44, dqg wkh vkdulqj uxoh

+45,=

�

6Ew�
'

E�� ��

Eo n b�

�
0� � 5 n b

]
0�

0_

E%� 0��

o n b
_CE%� n

� ib d��CE0_�o� �w6Ew�j

E�� ��6Ew�

�
+4<,

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

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

ri d ydfdqf|1 Wklv frvw lqfuhdvhv zlwk 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 rq wkh

ydoxh ri h{shfwhg lv qrw prqrwrqlf1 Lw fdq hdvlo| eh hvwdeolvkhg �e| gl�huhqwldwlqj wkh
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uljkw0kdqg vlgh ri htxdwlrq +4<,� wkdw wkh h{shfwhg sur�w ri d mre uhdfkhv d pd{lpxp

iru wkh ydoxh ri 0_ wkdw |lhogv d }hur vxusoxv1 Wklv mre fuhdwlrq htxdwlrq lv gudzq rq

Iljxuh 4/ zkhuh lw lv ghqrwhg e| a�1

715 Mre ghvwuxfwlrq

Lq rughu wr dqdo|}h mre ghvwuxfwlrq ghflvlrqv/ zh ehjlq wr irfxv rq wkh fdvh zkhuh uhqhjr0

wldwlrqv h�hfwlyho| rffxu ehiruh wxuqlqj wr wkh vlwxdwlrq zkhuh wkh uhgxqgdqf| sd|phqwv

duh vr kljk wkdw uhqhjrwldwlrq lv lpsrvvleoh1

71514 Mre ghvwuxfwlrq zkhq uhqhjrwldwlrqv rffxu

Lw fdq eh hdvlo| xqghuvwrrg wkdw �upv dqg hpsor|hhv ghflgh wr vhsdudwh rqo| li wkh ydoxh ri

wkh vxusoxv ehfrphv qhjdwlyh zkhq uhqhjrwldwlrqv rffxu1 Wkh hpsor|hu ghflghv wr ghvwur|

wkh mre lqvwhdg ri frqwlqxlqj wkh mre zlwk d qhz frqwudfw li wkh fxuuhqw surgxfwlylw|/ 0/

vdwlv�hv � d0c�E0�o 	 �s n ��� Xvlqj wkh vkdulqj uxoh +46,/ rqh vhhv wkdw wklv frqglwlrq

dprxqwv wr 7E0� 	 f� Wkhuhiruh/ wkdqnv wr wkh gh�qlwlrq ri wkh vxusoxv +44,/ zklfk

lpsolhv wkdw wkh vxusoxv lqfuhdvhv zlwk surgxfwlylw|/ rqh fdq frpsxwh wkh uhvhuydwlrq

surgxfwlylw|/ ghqrwhg e| 0rc ehorz zklfk wkh vxusoxv ehfrphv qhjdwlyh1 Wklv wkuhvkrog

ydoxh vroyhv 7E0r� ' fc khqfh +44, lpsolhv wkdw=

0r ' 5 n
w��

�� �
�

b

bn o

]
0�

0r

E%� 0r�_CE%�� +53,

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 whup�/ exw grhv qrw ghshqg rq wkh uh0

gxqgdqf| sd|phqw1 Wkh odvw whup rq wkh uljkw0kdqg 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

71515 Mre ghvwuxfwlrq lq wkh hfrqrp| zlwkrxw uhqhjrwldwlrq

Reylrxvo|/ zkhq wkhuh lv qr uhqhjrwldwlrq �l1h1 li frqglwlrq +47, lv qrw ixo�oohg�/ mre

ghvwuxfwlrq ghflvlrqv gr qrw klqjh rq uhqhjrwldwlrq rssruwxqlwlhv1 Wkh �up ghflghv wr
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�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 zlwk lglrv|qfudwlf frpsrqhqw 0c wkhuh h{lvwv

d xqltxh wkuhvkrog ydoxh ri 0c ghqrwhg e| 0fc ehorz zklfk mrev duh ghvwur|hg/ wkdw vroyhv6

�E0fc �f� ' �s n��1 Wkh gh�qlwlrq +;, ri wkh dvvhw ydoxh ri d frqwlqxlqj mre sd|lqj wkh

vwduwlqj zdjh wrjhwkhu zlwk wkh iuhh0hqwu| frqglwlrq +9, lpsolhv wkdw wklv frqglwlrq uhdgv

dv=

0f ' �f � b�bE�f�� Eo n b�s +54,

Xvlqj wkh iuhh0hqwu| frqglwlrq +9,/ wkh htxdwlrqv +:,/ +<, dqg wkh vkdulqj uxoh +45,/

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

�f ' 5 n
��

E�� ��6Ew�
do n bCE0f� n w6Ew�o� bCE0f�s� +55,

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

�bE�f� ' �s n

]
0�

0f

%� 0f
o n b

_CE%� +56,

Vxevwlwxwlqj +55, dqg +56, lqwr +54, |lhogv=

0f ' 5 n
��

E�� ��6Ew�
do n bCE0f� n w6Ew�o� bCE0f�s �

b

o n b

]
0�

0f

E%� 0f�_CE%� +57,

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 +47, 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

6Ohw xv uhpdun wkdw %3 vroyhv �+%3> z3, @ �i .�y zkhq wkhuh lv qr uhqhjrwldwlrq zkloh %p> gh�qhg
htxdwlrq +49,/ vroyhv �+%p> z3, @ �i . �y zkhq wkhuh lv uhqhjrwldwlrq1 Irupdoo|/ wkh h{suhvvvlrq iru
��+z3, irxqg lq htxdwlrq +;, lv qrw wkh vdph lq erwk fdvhv1 Lw lv gh�qhg e| htxdwlrqv +56, zkhq wkhuh lv
qr uhqhjrwldwlrq dqg e| ��+z3, @

U %v
�4

�igJ+{,.
U %p
%v

� ^{>z+{,` gJ+{,.
U %x
%p

�+{>z3,gJ+{, rwkhuzlvh1

48



J C

θ *

θ

ε d
* ε d

ε s

Iljxuh 4= Oderu pdunhw htxloleulxp zlwk zdjh uhqhjrwldwlrq

716 Htxloleulxp

71614 Htxloleulxp zlwk uhqhjrwldwlrqv

Zkhq uhqhjrwldwlrqv rffxu/ wkh htxloleulxp ydoxhv ri wkh oderu pdunhw wljkwqhvv dqg wkh

uhvhuydwlrq surgxfwlylw| ehorz zklfk mrev duh ghvwur|hg/ EwWc 0W
r
�c duh gh�qhg e| wkh mre

fuhdwlrq htxdwlrq +4<, dqg wkh mre ghvwuxfwlrq htxdwlrq +53,/ zlwk 0_ ' 0r lq htxdwlrq

+4<, �vhh Iljxuh 41 Lw fdq eh fkhfnhg wkdw wkh htxloleulxp lv xqltxh1 Lw lv zruwk qrwlqj

wkdw wkh sdlu EwWc 0W
r
� 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 frqglwlrq xqghu zklfk mrev duh fuhdwhg 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

sur�ohv ghshqg rq uhgxqgdqf| sd|phqwv1 Lw fdq eh vkrzq wkdw uhqhjrwldwhg zdjhv �E+�/
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θ 0
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ε 0
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ε 0

Iljxuh 5= Oderu pdunhw htxloleulxp zlwkrxw uhqhjrwldwlrq

lqfuhdvh zlwk surgxfwlylw| +/ wkdw wkh| duh vpdoohu wkdq wkh htxloleulxp vwduwlqj zdjh �W

f
�

Dffruglqjo|/ zdjhv ehorqj wr wkh lqwhuydo d�E0Wr�c �
W

f
o c dqg 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 uhqhjrwldwlrq ehfrphv lpsrvvleoh

�vhh frqglwlrq +47,1

71615 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 +4<, dqg wkh mre ghvwuxfwlrq htxdwlrq +57,/ zlwk

0_ ' 0f lq +4<, �vhh Iljxuh 51 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/ e| frp0

sdulqj Iljxuhv 4 dqg 5/ wkdw wkh htxloleulxp ydoxh ri wkh mre ghvwuxfwlrq udwh lv orzhu wkdq

lq wkh uhjlph zlwk uhqhjrwldwhg zdjhv/ zkhuh doo mrev wkdw jhqhudwh d qhjdwlyh vxusoxv duh

ghvwur|hg1 Wkhuhiruh/ 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
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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 kdv ehhq vkrzq wkdw kljk frpsxovru| uhgxqgdqf| sd|phqwv pd| suhyhqw dq| uhqh0

jrwldwlrq dqg lq xhqfh mre fuhdwlrq dqg ghvwuxfwlrq1 Ohw xv qrz wxuq wr wkhlu frqvhtxhqfhv

lq whupv ri xqhpsor|phqw dqg zhoiduh1

8 Xqhpsor|phqw/ zhoiduh dqg glvwulexwlrqdo h�hfwv

ri uhgxqgdqf| sd|phqwv

Lq wklv vhfwlrq/ zh irfxv rq wkh txdolwdwlyh frqvhtxhqfhv ri jryhuqphqw pdqgdwru| uh0

gxqgdqf| sd|phqwv lq wkh htxloleulxp zlwkrxw uhqhjrwldwlrq1 Wkhq zh surylgh vrph

qxphulfdo h{huflvhv wkdw doorz xv wr vkrz wkdw uhdvrqdeoh ydoxhv ri uhgxqgdqf| sd|phqwv

pd| ohdg wr dq htxloleulxp zlwkrxw uhqhjrwldwlrq/ dqg wr hydoxdwh wkhlu lpsdfw rq xqhp0

sor|phqw dqg zhoiduh1

814 Xqhpsor|phqw

Vlqfh uhgxqgdqf| sd|phqwv kdyh d qhjdwlyh lpsdfw rq erwk mre fuhdwlrqv dqg ghvwuxf0

wlrqv/ wkhlu joredo h�hfw rq xqhpsor|phqw lv d sulrul dpeljxrxv1 Krzhyhu/ lw fdq eh hdvlo|

vkrzq wkdw lqfuhdvhv lq uhgxqgdqf| sd|phqwv glplqlvk xqhpsor|phqw lq wkh qhljkerulqj

ri 7s � ��*E� � ��6EwW�� Wklv uhvxow fdq eh xqghuvwrrg e| orrnlqj dw Iljxuh 51 Uhgxq0

gdqf| sd|phqw lqfuhdvhv/ zklfk hqwdlo vkliwv ri wkh 0f fxuyh wrzdugv wkh ohiw/ kdyh d yhu|

zhdn h�hfw rq wkh oderu pdunhw wljkwqhvv �wkh a� fxuyh ehlqj lqghshqghqw ri s dqg

krul}rqwdo lq wkh qhljkerulqj ri 7s� dqg d uhodwlyh vwurqj h�hfw rq mre ghvwuxfwlrq1

Dffruglqjo|/ wkhuh lv d udqjh ri sdudphwhu ydoxhv vxfk wkdw vhyhudqfh sd|phqw lqfuhdvhv

kdyh d qhjdwlyh lpsdfw rq xqhpsor|phqw1 Khqfh/ sxuh frpsxovru| vhyhudqfh wudqvihuv

kdyh gl�huhqw txdolwdwlyh h�hfwv wkdq dgplqlvwudwlyh glvplvvdo frvwv/ zklfk duh nqrzq wr

kdyh dq dpeljxrxv lpsdfw rq xqhpsor|phqw +Pruwhqvhq dqg Slvvdulghv/ 4<<:,1 Lq rxu

iudphzrun/ dgplqlvwudwlyh glvplvvdo frvw lqfuhdvhv zrxog vkliw wkh 0f fxuyh wrzdugv wkh

ohiw/ dqg wkh a� fxuyh wrzdugv wkh erwwrp1
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815 Zhoiduh dqg glvwulexwlrqdo h�hfwv

Zkhq uhqhjrwldwlrq lv lpsrvvleoh/ uhgxqgdqf| sd|phqw lqfuhdvhv kdyh d qhjdwlyh h�hfw

rq zhoiduh zkdwhyhu wkh ydoxh ri wkh vkduh sdudphwhu �� Rqh nqrzv �vhh Fdedoohur

dqg Kdpprxu +4<<9, dqg Pruwhqvhq dqg Slvvdulghv +4<<;e,� wkdw wkh ghfhqwudol}hg

htxloleulxp |lhogv d wrr orz mre ghvwuxfwlrq udwh li wkh vkduh sdudphwhu gl�huv iurp wkh

hodvwlflw| ri wkh pdwfklqj ixqfwlrq zlwk uhvshfw wr xqhpsor|phqw1 Rqh fdq dovr vkrz

wkdw uhgxqgdqf| sd|phqwv odujhu wkdq 7s / e| ghfuhdvlqj wkh mre ghvwuxfwlrq udwh ehorz

lwv h!flhqw ohyho/ fdq rqo| ghfuhdvh vwhdg| vwdwh zhoiduh1 Pruh suhflvho|/ uhvwulfwlqj wkh

dqdo|vlv wr vwhdg| vwdwh srolflf| uxohv/ lw lv vkrzq �vhh dsshqgl{ 6� wkdw d vrfldo sodqqhu

fkrrvlqj d vwdwlrqdu| mre ghvwuxfwlrq udwh/ exw ohdylqj oderu pdunhw wljkwqhvv ghwhuplqhg

e| wkh iuhh0hqwu| frqglwlrq fkrrvhv wkh vdph mre ghvwuxfwlrq udwh dv wkh rqh wkdw hphujhv

lq d ghfhqwudol}hg htxloleulxp zlwk uhqhjrwldwlrq1

Zhoiduh dqdo|vlv dovr vkrzv wkdw kljk uhgxqgdqf| sd|phqwv duh xqidyrudeoh wr wkh

xqhpsor|hg zrunhuv/ zkr duh wkh lqglylgxdov lq wkh prvw glvdgydqwdjhrxv vlwxdwlrq lq

rxu hfrqrp|1 Lqghhg/ dq| lqfuhdvh lq uhgxqgdqf| sd|phqwv wkdw ghfuhdvhv oderu pdunhw

wljkwqhvv lv dovr frqgxflyh wr d gurs ri wkh zhoiduh ri wkh xqhpsor|hg zrunhuv/ T�c zklfk

vdwlv�hv oT� ' 5 n d��w*E�� ��o � Dffruglqjo|/ dsso|lqj Udzov fulwhulrq grhv qrw doorz

iru uhfrpphqglqj wr lqwurgxfh kljk jryhuqphqw0pdqgdwhg vhyhudqfh sd|phqwv1 Lw lv dovr

reylrxv wkdw kljk frpsxovru| vhyhudqfh sd|phqwv kdyh d qhjdwlyh lpsdfw rq wkh zhoiduh

ri hqwudqwv �l1h1 zrunhuv zkr duh mxvw pdwfkhg dqg qhjrwldwh wkhlu vwduwlqj frqwudfw�/

zklfk dprxqwv wr T E�f� ' T�n d��*6Ew�E�� ��o �

Exw vrph lqglylgxdov pd| ehqh�w iurp kljk uhgxqgdqf| sd|phqwv1 Lqghhg/ wkh lqvlg0

huv/ zkrvh zdjhv duh �{hg e| suhylrxvo| qhjrwldwhg frqwudfwv/ fdq ehqh�w iurp uhgxqgdqf|

sd|phqwv odujhu wkdq 7sc li vxfk dq dgydqwdjh lv rewdlqhg zlwkrxw dq| frqwudfw uhqhjr0

wldwlrq/ iru lqvwdqfh wkdqnv wr d jryhuqphqw ghflvlrq1 Lq rughu wr xqghuvwdqg zk| wklv

pd| eh wkh fdvh/ ohw xv ehjlq wr uhpdun wkdw vlqfh yduldwlrqv lq s gr qrw lq xhqfh zhoiduh

dqg sur�wv rq qhz mrev li s � s / zrunhuv dqg hpsor|huv duh lqgl�huhqw wr edujdlq d frq0

wudfw vwlsxodwlqj d zdjh/ �/ rqo|/ ru d sdlu/ E�c s�/ dv orqj dv s � s�Wkh frxqwhusduw ri

kljkhu uhgxqgdqf| sd|phqwv ehlqj vlpso| d orzhu zdjh1 Krzhyhu/ lq rxu iudphzrun/ qrqh

hpsor|hu0zrunhu sdlu zloo qhjrwldwh d frqwudfw zlwk s : sc ehfdxvh lw zrxog eh lqh!flhqw1

Dffruglqjo|/ s : s fdqqrw dulvh iurp d ghfhqwudol}hg htxloleulxp/ hyhq li zrunhuv kdyh d

4<
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Wdeoh 4= Sdudphwhu Ydoxhv

yhu| odujh edujdlqlqj srzhu1 Krzhyhu/ lw fdq eh vkrzq �vhh dsshqgl{ 7� wkdw d ulvh lq

s lq wkh qhljkerulqj ri s ' s lqfuhdvhv wkh zhoiduh ri lqvlghuv jlyhq wkhlu fxuuhqw zdjhv/

suhylrxvo| qhjrwldwhg1 Dfwxdoo|/ wkhvh zdjhv vkrxog uhpdlq xqfkdqjhg/ vlqfh dq| lqfuhdvh

lq uhgxqgdqf| sd|phqwv ohdgv wr d gurs ri wkh zhoiduh ri xqhpsor|hg zrunhuv/ T�c zklfk

lpsolhv wkdw wkh lqvlghuv fdqqrw wdnh dgydqwdjh ri uhgxqgdqf| sd|phqwv wr uhqhjrwldwh

wkhlu zdjhv1 Wkhuhiruh/ wkh lqvlghuv vkrxog jlyh srolwlfdo vxssruw wr uhgxqgdqf| sd|phqwv

eljjhu wkdq s = Lw doorzv wkhp wr jhw orqjhu mre whqxuhv dqg kljkhu vhyhudqfh wudqvihuv

zlwkrxw dq| zdjh gurs1 Reylrxvo|/ kljk frpsxovru| uhgxqgdqf| sd|phqwv/ e| ghfuhdvlqj

wkh zhoiduh ri xqhpsor|hg zrunhuv/ kdyh dovr d qhjdwlyh lpsdfw rq wkh zhoiduh ri lqvlghuv1

Wklv qhjdwlyh h�hfw/ zklfk lv v|vwhpdwlfdoo| grplqdwhg lq wkh qhljkerulqj ri sc ehfrphv

vwurqjhu zkhq s lv yhu| odujh1

Vr idu/ rxu dqdo|vlv kdv vkrzq wkdw uhgxqgdqf| sd|phqwv pd| kdyh d srvlwlyh h�hfw rq

hpsor|phqw li wkh| duh odujh hqrxjk/ exw d qhjdwlyh h�hfw rq zhoiduh1 Pruhryhu/ wkh| udlvh

lqhtxdolw| dw wkh h{shqvhv ri wkh prvw glvdgydqwdjhrxv lqglylgxdov1 Ryhudoo/ jryhuqhphqw0

pdqgdwhg uhgxqgdqf| sd|phqwv kdyh erwk ghvludeoh dqg xqghvludeoh frqvhtxhqfhv1 Lw lv

zruwk surylglqj vrph txdqwlwdwlyh hydoxdwlrqv lq rughu wr jhw d pruh suhflvh lghd ri wkhlu

dgydqwdjhv dqg gudzedfnv1

816 Fdoleudwlrq

Zh wdnh sdudphwhu ydoxhv qrw wrr gl�huhqw iurp wkrvh ri wkh edvh olqh ydoxhv fkrvhq e|

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

d cuhsuhvhqwdwlyh* Hxurshdq oderu pdunhw ryhu wkh sdvw whq |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 dfc �o � Wkh

rwkhu sdudphwhu ydoxhv xvhg lq wkh frpsxwdwlrqv duh uhsruwhg lq Wdeoh 41

Iru wkhvh ehqfkpdun ydoxhv/ wkh xqhpsor|phqw udwh lv derxw SI zkhq wkhuh lv qr

uhgxqgdqf| sd|phqw1 Rqh fdq fkhfn wkdw wkh ydoxhv ri wkh mre ghvwuxfwlrq udwh dqg ri

wkh h{lw udwh iurp xqhpsor|phqw duh uhdvrqdeoh1 Wkh wkuhvkrog ydoxh/ 7sc ryhu zklfk
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Iljxuh 6= Wkh h�hfw ri uhgxqgdqf| sd|phqwv rq wkh mre ghvwuxfwlrq udwh/ wkh h{lw udwh
iurp xqhpsor|phqw/ wkh xqhpsor|phqw udwh dqg zhoiduh1

uhgxqgdqf| sd|phqwv kdyh h�hfwv rq xqhpsor|phqw dqg zhoiduh lv derxw f�2b/ zklfk lv

d elw ohvv wkdq rqh wklug ri wkh dyhudjh txduwhuo| surgxfwlrq ri d mre �zklfk dprxqwv

wr f�bb. zkhq uhgxqgdqf| sd|phqwv duh qlo1 Wkhuhiruh/ uhgxqgdqf| sd|phqwv pd| kdyh

qrq qhxwudo h�hfwv lq d uhdvrqdeoh udqjh ri ydoxhv1 Lqghhg/ wklv lv qrw vxusulvlqj1 Orrnlqj

dw wkh gh�qlwlrq +47, ri 7sc rqh vhhv wkdw lw lv htxdo wr wkh h{shfwhg frvw ri d ydfdqf| zkhq

� ' �*2c d ydoxh wkdw vkrxog eh orzhu wkdq frpsxovru| uhgxqgdqf| sd|phqwv irxqg lq

prvw frxqwulhv ri Hxurshdq Xqlrq1

Dq lqfuhdvh lq uhgxqgdqf| sd|phqwv hqwdlov dq lpsruwdqw ghfuhdvh lq wkh mre ghvwuxf0

wlrq udwh dqg wkh xqhpsor|phqw udwh lq wkh qhljkerulqj ri 7s 1 Zkhq uhgxqgdqf| sd|phqwv

ehfrph odujh hqrxjk/ wkhlu lpsdfw ehfrphv vpdoohu/ exw uhpdlqv vljql�fdqw1

Iljxuh 6 vkrzv wkdw lqwurgxflqj jryhuqphqw0pdqgdwhg uhgxqgdqf| sd|phqwv uhsuh0

vhqwlqj derxw wzr txduwhuv ri dyhudjh surgxfwlrq shu mre doorzv iru d uhgxfwlrq lq xqhp0

sor|phqw ri derxw ��2 srlqwv ri shufhqwdjh� Reylrxvo|/ wkhuh duh dovr frxqwhusduwv= Wkhuh
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lv d 2�HI ghfuhdvh lq djjuhjdwh surgxfwlrq dqg d gurs ri wkh h{lw udwh iurp xqhpsor|phqw1

9 Frqfoxvlrq

Wklv sdshu vkrzv wkdw jryhuqphqw0pdqgdwhg vhyhudqfh wudqvihuv e| wkh hpsor|hu wr wkh

zrunhu fdq kdyh hpsor|phqw dqg zhoiduh h�hfwv li oderu frqwudfwv duh lqfrpsohwh dqg

uhqhjrwldwhg e| pxwxdo djuhhphqw rqo|1 Zh eholhyh wkdw wkh w|sh ri oderu frqwudfw

lqfrpsohwhqhvv wkdw kdv ehhq frqvlghuhg fdq eh irxqg lq pdq| dfwxdo oderu pdunhwv/

dqg hvshfldoo| lq Frqwlqhqwdo Hxursh1 Wkhuhiruh/ rxu dqdo|vlv vxjjhvwv wkdw jryhuqphqw0

pdqgdwhg vhyhudqfh wudqvihuv/ zklfk ehqh�w wr wkh lqvlghuv/ gr dfw rq xqhpsor|phqw/

dqg pd| lqfuhdvh hpsor|phqw lq vrph flufxpvwdqfhv1 Krzhyhu/ zh dovr vwuhvvhg wkdw

vhyhudqfh wudqvihuv fdq ghfuhdvh djjuhjdwh surgxfwlrq/ wkh h{lw udwh iurp xqhpsor|phqw

dqg wkh zhoiduh ri wkh xqhpsor|hg/ zkr duh wkh lqglylgxdov lq wkh prvw glvdgydqwdjhrxv

vlwxdwlrq1

Wkh frqvhtxhqfhv ri jryhuqphqw0pdqgdwhg vhyhudqfh wudqvihuv kdyh ehhq vwxglhg lq

d yhu| vlpsoh hfrqrplf hqylurqphqw1 Lw lv zruwk vwuhvvlqj wkdw lqwurgxflqj prudo kd}dug

lqwr wkh hpsor|phqw uhodwlrqvkls/ ru eruurzlqj frqvwudlqwv/ zrxog hqulfk wkh dqdo|vlv

dqg pljkw uhyhuvh vrph ri rxu uhvxowv1 Lq sduwlfxodu/ rxu dqdo|vlv ri h!flhqf| dqg zhoiduh

zrxog eh yhu| gl�huhqw/ ehfdxvh wkh ghfhqwudol}hg mre ghvwuxfwlrq udwh zrxog qrw eh

qhfhvvdulo| h!flhqw lq d ulfkhu hqylurqphqw1 Pruh dqdo|vlv lv qhhghg lq wklv �hog wr ehjlq

wr kdyh d suhflvh lghd ri wkh frqvhtxhqfhv ri jryhuqphqw0pdqgdwhg vhyhudqfh wudqvihuv1

Uhihuhqfhv

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

67/ ;840;91

Elqpruh/ N1/ D1 Uxelqvwhlq dqg D1 Zrolqvn| +4<;9,/ �Wkh Qdvk Vroxwlrq lq Hfrqrplf

Prghoolqj�/ Udqg Mrxuqdo ri Hfrqrplfv/ 4:/ 4:90;;1

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

Fdkxf/ S1 dqg D1 ]|oehuehuj/ +4<<<,/ �Mre Surwhfwlrq/ Plqlpxp Zdjh dqg Xqhpsor|0

phqw�/ Zrunlqj Sdshu/ <<47/ Fhsuhpds1
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Jduledogl/ S1 +4<<;,/ �Mre  rzv g|qdplfv dqg �ulqj uhvwulfwlrqv�/ Hxurshdq Hfrqrplf

Uhylhz/ 75/ 5780:81

Jduledogl/ S1 dqg J1 Ylrodqwh/ +4<<<,/ �Rq wkh Qhxwudolw| ri Vhyhudqfh Sd|phqwv lq wkh

Wkhru| ri Vhdufk Xqhpsor|phqw�/ Plphr/ Xqlyhuvlw| Froohjh/ Orqgrq1

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

Hfrqrplfv/ 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

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

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<<;d,/ �Mre Uhdoorfdwlrq/ Hpsor|phqw Ioxfwxdwlrqv

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

Pruwhqvhq/ G1 dqg F1 Slvvdulghv +4<<;e,/ �Qhz Ghyhorsphqw lq Prghov ri Vhdufk lq wkh

Oderu Pdunhw�/ Pdqxvfulsw/ Qruwkzhvwhuq Xqlyhuvlw|1

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

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

Suhvv1
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Slvvdulghv/ F1 +4<<3,/ Htxloleulxp Xqhpsor|phqw Wkhru|/ R{irug= Edvlo Eodfnzhoo1

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 vxusoxv

Iurp htxdwlrq +43, 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=

7E0� ' T d�E+�o� T� n� d0c �E+�o c +58,

zkhuh T d�E+�o lv gh�qhg lq htxdwlrq +<, dqg � d0c �E+�o lv gh�qhg lq htxdwlrq +;,1 Ohw xv
gh�qh e| 0_ wkh wkuhvkrog ydoxh ri surgxfwlylw| ehorz zklfk mrev duh ghvwur|hg dqg e| 06E+�
wkh wkuhvkrog ydoxh ri surgxfwlylw| ehorz zklfk d zdjh �E+� lv uhqhjrwldwhg �06E+� lv ghulyhg
irupdoo| lq vhfwlrq 6151 Rqh fdq gh�qh wkh h{shfwhg lqfrph ri d zrunhu zkr lv sdlg d zdjh

�E+� zkhq wkh mre lv klw e| d vkrfn dv=

Tb d�E+�o '

] 0_

3"

ds n T�o _CE%� n

] 06E+�

0_

T d�E%�o _CE%� n

] 0�

06E+�

T d�E+�o _CE%�� +59,

Vlploduo|/ wkh h{shfwhg ydoxh ri d mre zklfk sd|v d zdjh �E+� dqg lv klw e| d vkrfn uhdgv

dv=

�b d�E+�o '

] 0_

3"

�s_CE%� n

] 06E+�

0_

� d%c�E%�o _CE%� n

] 0�

06E+�

� d%c�E+�o _CE%�� +5:,

Wkh wzr odvw htxdwlrqv wrjhwkhu zlwk wkh gh�qlwlrq ri wkh vxusoxv +58, 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 +58, doorzv xv wr zulwh=

Eo n b�7E0� ' 0� oET� � s� n b

] 0�

0_

7E%�_CE%�� +5;,

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

wkh vkdulqj uxoh +45, dqg wkh iuhh0hqwu| frqglwlrq +9, |lhogv=

oT� ' 5 n
��w

E�� ��
�

Vxevwlwxwlqj wklv h{suhvvlrq iru oT� lqwr +5;, |lhogv +44,1

Dsshqgl{ 5= Wkh vwudwhjlf qhjrwldwlrq jdph
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Qhjrwldwlrq rq qhz pdwfkhv
Wkh vxejdph shuihfw htxloleuld ri wkh vwudwhjlf edujdlqlqj jdph rq wkh qhz pdwfkhv 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 7E0�� 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 �7E0��o � 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 �7E0��o c zklfk lv wkh vkdulqj uxoh jlyhq htxdwlrq

+45, 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
Ohw xv vkrz wkdw wkh vxejdph shuihfw htxloleulxp ri wkh uhqhjrwldwlrq jdph fruuhvsrqgv wr

wkh vkdulqj uxoh jlyhq htxdwlrq +46,1 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 uhqhjr0

wldwlrq ri d uhqhjrwldwhg zdjh1 Wkh uhqhjrwldwlrq jdph kdv wr eh vroyhg e| edfnzdug lqgxfwlrq1

Dffruglqjo|/ 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 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 mre lv ghvwur|hg1 Ohw xv ehjlq wr dqdo|}h wklv qhjrwldwlrq surfhvv1 Lq vwhs +ly,/ wkh zrunhu

dqg wkh hpsor|hu dffhsw dq| sd|r� odujhu wkdq T� n s dqg �� � s uhvshfwlyho|1 Wkxv/ lq vwhs

+lll,/ wkh zrunhu r�huv �zlwk suredelolw| �� d sur�w �� � s dqg jhwv 7E0� n T� n sc zkhuhdv
wkh hpsor|hu r�huv T�ns dqg jhwv 7E0�n���s / zlwk suredelolw| ���� Wkhuhiruh/ lq vwhs +ll,/

wkh h{shfwhg sd|r� wr wkh zrunhu lv e3o{ iT� n �7E0� n sj Lq vwhs +l,/ wkh hpsor|hu r�huv wkh

orzhvw zdjh wkdw surylghv dw ohdvw e3o{ iT� n �7E0� n sj 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 +46,1

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 htxlydohqw wr

s 	 �
0� � 0

o n b
+63,

Vwhs d

59



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 +46, ghulyhg lq vwhs f/ wr 7E0� � f� Vlploduo|/

� d0c �E0�o lv eljjhu wkdq �s n�� 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

dffhswv li frqglwlrq +63, krogv/ dqg vwhs f wkdw wkh zrunhu jhwv T d�E0�o ' �7E0� n T�� Xvlqj
wkh gh�qlwlrq ri wkh vxusoxv +43, dqg wkh vkdulqj uxoh +45,/ rqh jhwv T d�E0�o : Tf / s :
� 0�30

onb
c zklfk lpsolhv/ wrjhwkhu zlwk frqglwlrq +63, wkdw wkh zrunhu fdqqrw lqfuhdvh klv sd|r�

e| wuljjhulqj r� d uhqhjrwldwlrq/ ehfdxvh wkh hpsor|hu uhixvhv wr uhqhjrwldwh zkhq T d�E0�o :
Tf�Dffruglqjo|/ wkh zrunhu qhyhu lqlwldwhv d uhqhjrwldwlrq ri wkh lqlwldo frqwudfw1

Dsshqgl{ 6= Zhoiduh

Zh duh orrnlqj iru wkh rswlpdo ghvwuxfwlrq udwh fkrvhq e| d vrfldo sodqqhu pd{lpl}lqj wkh

glvfrxqwhg djjuhjdwh surgxfw nqrzlqj wkdw wkh ghfhqwudol}hg mre fuhdwlrq frqglwlrq lv jlyhq e|

htxdwlrq +4<,1 Wklv htxdwlrq lpsolflwo| gh�qhv w dv d ixqfwlrq ri 0_� Ohw xv ghqrwh e| �E0_� ' w
wklv ixqfwlrq1 Wkhq/ wkh prgho suhvhqwhg lq vhfwlrq 5 lpsolhv wkdw wkh vrfldoo| rswlpxp vhtxhqfh

ri djjuhjdwh surgxfwlrq vroyhv wkh iroorzlqj surjudp=

�@%
t0_�

] "

f

i'n � d5 � ��E0_�oj e
3o|_| +64,

vxemhfw wr=

�� ' bCE0_�E�� ��� ��E0_�6 d�E0_�o / +65,

�' ' 0��E0_�6 d�E0_�o�n b

�
E�� ��

] 0�

0_

%_CE%��'

�
�

Ohw > dqg D ghqrwh wkh frvwdwh yduldeoh dvvrfldwhg zlwk xqhpsor|phqw dqg surgxfwlrq uh0

vshfwlyho|1 Wkh Kdplowrqldq uhdgv dv=

M ' i'n � d5 � ��E0_�oj e
3o| n > ibCE0_�E�� ��� ��E0_�6 d�E0_�oj +66,

nD

�
0��E0_�6 d�E0_�o�n b

�
E�� ��

] 0�

0_

%_CE%��'

��
c

dqg wkh wudqvyhuvdolw| frqglwlrqv duh=

Olp
|<"

e3o|> ' Olp
|<"

e3o|D ' f� +67,
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Wkh �uvw0rughu frqglwlrqv fdq eh zulwwhq dv=

YM

Y0_
' f / ���E0_�

�
�e3o| n6Ew��E� n #�E>� D0��

�
' bC�E0_�E>� 0_D�c +68,

YM

Y�
' � �> / E5 � �w�e3o| � > dbCE0_� n w6Ew�o n D

�
0�w6Ew�� b

] 0�

0_

%_CE%�

�
' � �>c

+69,

YM

Y'
' � �D / e3o| � bD ' � �D� +6:,

Xvlqj wkh wudqvyhuvdolw| frqglwlrqv +67,/ +69, dqg +6:, fdq eh uhzulwwhq dv=

eo|> '
E5 � �w�Eo n b� n 0�w6Ew�� b

U 0�

0_
%_CE%�

Eo n b� do n w6Ew� n bCE0_�o
c +6;,

eo|D '
�

o n b
� +6<,

Xvlqj wkhvh wzr odvw htxdwlrqv dqg wkh gh�qlwlrq ri �E0_� jlyhq e| +4<,/ rqh fdq vkrz wkdw=

>� 0_D ' f / ��E0_� ' f� +73,

+73, wrjhwkhu zlwk +68,/ +6;, dqg +6<, lpsolhv wkdw 0_ vxfk wkdw ��E0_� ' f vdwlv�hv wkh

�uvw0rughu frqglwlrqv ri wkh zhoiduh pd{lpl}dwlrq surjudp +64,� Rqh fdq dovr fkhfn wkdw wkh

wzr htxdwlrqv ��E0_� ' f dqg w ' �E0_� gh�qh wkh mre ghvwuxfwlrq udwh dqg wkh oderu pdunhw

wljkwqhvv E0Wrc w
W� rewdlqhg lq wkh ghfhqwudol}hg htxloleulxp �lw lv vwudljkwiruzdug e| orrnlqj dw

Iljxuh 4 zkhuh a� fruuhvsrqgv wr w ' �E0_� dqg wkh mre ghvwuxfwlrq fxuyh 0r fxwv a� dw lwv

pd{lpxp1

Dsshqgl{ 7= Glvwulexwlrqdo h�hfwv

Zh zdqw wr vkrz wkdw wkh zhoiduh ri lqvlghuv lqfuhdvhv zlwk uhvshfw wr s lq wkh qhljkerulqj

ri s� Iru wkh vdnh ri vlpsolflw|/ ohw xv dvvxph wkdw zh duh lq d vwhdg| vwdwh zlwk s ' s� Vxfk
d vlwxdwlrq pd| dulvh iurp d pdunhw htxloleulxp/ vlqfh zrunhuv dqg hpsor|huv duh lqgl�huhqw

wr edujdlq d frqwudfw vwlsxodwlqj d zdjh/ �/ rqo|/ ru d sdlu/ E�c s�/ iru dq| s � s� Lq vxfk

flufxpvwdqfhv/ wkh zkroh lqvlghuv jhw wkh vdph zdjh �fc vdwlvi|lqj T E�f� ' T� n sc zklfk
lv qrw uhqhjrwldwhg zkhq wkhuh lv dq lqfuhdvh lq s� Jlyhq wklv zdjh �f dqg wkh qhz ydoxh ri

vhyhudqfh sd|phqwv/ xvlqj wkh gh�qlwlrq +;, ri wkh dvvhw ydoxh ri d mre/ �E0c ��c rqh fdq gh�qh

wkh wkuhvkrog ydoxh ri surgxfwlylw|/ ghqrwhg e| 0Zc ehorz zklfk wkh mrev ri wkh lqvlghuv/ zkrvh

zdjhv kdyh ehhq qhjrwldwhg ehiruh wkh vkrfn rq s / duh ghvwur|hg=

5;



0Z' �f�os�
b

o n b

] 0�

0Z

E%� 0Z�_CE%�� +74,

Wkh zhoiduh ri lqvlghuv/ ghqrwhg e| T E�f�c fdq eh frpsxwhg iurp wkh gh�qlwlrqv +<, dqg

+59,/ ri T E�� dqg TbE��=

oT E�
f
� '

�fnbCE0Z�Es n T��

o n bCE0Z�
c +75,

Iurp wkh vkdsh ri wkh Mre Fuhdwlrq fxuyh/ suhvhqwhg Iljxuh 4/ rqh nqrzv wkdw Olp
s<s

_w
_s

' f�

Wkhuhiruh/ e| uhphpehulqj wkdw T E�f� ' s n T�c +75, lpsolhv wkdw=

_oT E�f�

_s

����
s's

'
bCE0Z�

o n bCE0Z�
: f�

5<


