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Prqlwrulqj dqg Sd|


Pdjqxv Doojxolq� Wruh Hoolqjvhq��


VVH2HIL Zrunlqj Sdshu Vhulhv lq Hfrqrplfv dqg Ilqdqfh
Qr1 578


Qryhpehu/ 4<<<


Devwudfw


Wkh vklunlqj prgho ri h!flhqf| zdjhv kdv ehhq wkrxjkw wr lpso| wkdw


prqlwrulqj dqg sd| duh vxevwlwxwh lqvwuxphqwv iru prwlydwlqj zrunhuv1


Zh ghprqvwudwh wkdw wklv uhvxow klqjhv fulwlfdoo| rq uhvwulfwlyh dvvxps0


wlrqv uhjduglqj zrunhuv* fkrlfh ri h�ruw � iru h{dpsoh wkdw wkhuh duh


rqo| wzr srvvleoh h�ruw ohyhov1 Xqghu pruh uhdvrqdeoh dvvxpswlrqv/


prqlwrulqj dqg sd| duh frpsohphqwdu| lqvwuxphqwv1 Dqrwkhu uhvxow


lv wkdw wkhuh lv d qrq�prqrwrqlf uhodwlrqvkls ehwzhhq wkh zdjh ohyho


dqg wkh zrunhuv* uhqwv1 Ilqdoo|/ pxfk ri wkh hpslulfdo olwhudwxuh rq


wkh prqlwrulqj�sd| uhodwlrqvkls lv vkrzq wr eh vhulrxvo| plvjxlghg1


MHO fodvvlilfdwlrq= M64/ M741


Nh|zrugv= Prqlwrulqj/ h!flhqf| zdjhv/ lqfhqwlyh sd|1


�Dgguhvv= Ghsduwphqw ri Hfrqrplfv/ Vwrfnkrop Vfkrro ri Hfrqrplfv/ Er{ 9834/ V�


446 ;6 Vwrfnkrop/ Vzhghq1 Hpdlo= pdjqxv1doojxolqCkkv1vh1
��Dgguhvv= Ghsduwphqw ri Hfrqrplfv/ Vwrfnkrop Vfkrro ri Hfrqrplfv/ Er{ 9834/ V�


446 ;6 Vwrfnkrop/ Vzhghq1 Hpdlo= jwhCkkv1vh1


Zh duh judwhixo wr Jxlgr Iulheho/ Ehqjw Kropvwuùp/ Hyd Ph|huvrq/ Vwhq Q|ehuj/ Fdqlfh


Suhqghujdvw/ dq dqrq|prxv uhihuhh dqg vhplqdu sduwlflsdqwv dw Vwrfnkrop Vfkrro ri Hfr0


qrplfv dqg dw wkh frqihuhqfh �Zdjh Ohyhov dqg Zdjh Glvshuvlrq� lq Vljwxqd 4<<: iru


khosixo frpphqwv dqg glvfxvvlrq1 Ilqdqfldo vxssruw iurp wkh Vzhglvk Frxqflo iru Uh0


vhdufk lq wkh Kxpdqlwlhv dqg Vrfldo Vflhqfhv/ wkh Vwrfnkrop Vfkrro ri Hfrqrplfv dqg wkh


Ur|do Vzhglvk Dfdghp| ri Vflhqfhv lv judwhixoo| dfnqrzohgjhg1
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4 Lqwurgxfwlrq


Frqyhqwlrqdo zlvgrp vd|v wkdw prqlwrulqj dqg sd| duh vxevwlwxwh lqvwux0
phqwv iru prwlydwlqj zrunhuv= zrunhuv zkr duh srruo| prqlwruhg kdyh wr eh
zhoo sdlg lq rughu qrw wr vklun/ dqg frqyhuvho|/ zrunhuv zkr duh forvho| prq0
lwruhg gr qrw kdyh wr eh sduwlfxoduo| zhoo sdlg1 Wklv yhuvlrq ri wkh h!flhqf|
zdjh lghd kdv d orqj dqg glvwlqjxlvkhg klvwru|1 Lw lv dovr wkh fruqhuvwrqh ri
Exorz dqg Vxpphuv* +4<;9, wkhru| ri gxdo oderu pdunhwv1 Lq vkruw/ wkhlu
wkhru| vd|v wkdw wkhuh lv d sulpdu| vhfwru lq zklfk prqlwrulqj lv gl!fxow�
khqfh zrunlqj frqglwlrqv duh jrrg dqg sd| lv kljk> dqg wkhuh lv d vhfrqgdu|
vhfwru lq zklfk prqlwrulqj lv hdv|�khqfh zrunlqj frqglwlrqv duh srru dqg
sd| lv orz1


Lq wklv sdshu zh vkdoo dujxh wkdw wkh dffxudf| ri prqlwrulqj dqg wkh
ohyho ri sd| duh qhjdwlyho| uhodwhg rqo| xqghu yhu| uhvwulfwlyh dvvxpswlrqv1
Qrwdeo|/ wkh deryh dujxphqw lv fruuhfw zkhq zrunhuv rqo| kdyh d fkrlfh
ehwzhhq wzr h�ruw ohyhov +zrunlqj dqg vklunlqj,/ exw lqfruuhfw zkhq zrunhu
h�ruw fdq eh dgmxvwhg lq d frqwlqxrxv idvklrq1 Vlploduo|/ wkh dujxphqw lv
fruuhfw zkhq wkh ghvludeoh ohyho ri zrunhu h�ruw lv jlyhq h{rjhqrxvo|/ exw
lqfruuhfw zkhq wkh ghvludeoh ohyho ri zrunhu h�ruw hphujhv dv sduw ri wkh
vroxwlrq wr wkh �up*v sur�w pd{lpl}dwlrq sureohp1


Wkh srlqw lv wkdw prqlwrulqj frvwv d�hfw qrw rqo| wkh fkrlfh ehwzhhq
wkh fduurw +sd|, dqg wkh vwlfn +prqlwrulqj, lq lpsohphqwlqj d jlyhq ohyho
ri h�ruw/ exw dovr wkh ohyho ri h�ruw lwvhoi1 Lq jhqhudo/ wkhuh lv d vfdoh h�hfw
lq dgglwlrq wr wkh vxevwlwxwlrq h�hfw14 Iru h{dpsoh/ dv prqlwrulqj ehfrphv
pruh frvwo|/ wkhuh zloo eh d vkliw iurp prqlwrulqj wrzdug zdjh lqfhqwlyhv/
mxvw dv Exorz dqg Vxpphuv fodlp/ exw wkhuh zloo dovr eh d uhgxfwlrq lq wkh
ghvluhg h�ruw ohyho1 Zlwkrxw ixuwkhu dqdo|vlv/ wkh wrwdo h�hfw rq wkh zdjh lv
wkxv dpeljxrxv1 Krz idu fdq ixuwkhu dqdo|vlv wdnh xvB


Eulh | vwdwhg/ rxu pdlq frqwulexwlrq lv wr exlog d vlpsoh vklunlqj prgho
zlwk d frqwlqxxp ri h�ruw ohyhov dqg wr fkdudfwhul}h wkh sur�w pd{lpl}lqj
ohyhov ri prqlwrulqj dqg sd|1 Lqwhuhvwlqjo|/ frpsohphqwdulw| krogv uhjdugohvv
ri zklfk ri wkh prgho*v sdudphwhuv lv ydulhg1 Wkh pdlq �qglqj lv wkhuhiruh
wkdw/ xqghu zhdn dvvxpswlrqv/ prqlwrulqj dqg sd| duh frpsohphqwdu| lq0
vwuxphqwv1 D sdudphwhu fkdqjh zklfk fdxvhv dq lqfuhdvh lq wkh dffxudf| ri
prqlwrulqj dovr fdxvhv dq lqfuhdvh lq wkh ohyho ri sd| dqg ylfh yhuvd1 Rxu
prgho dovr ghprqvwudwhv wkdw wkh glvfuhwh vklunlqj prgho fdq qrw eh ylhzhg
dv d olplwlqj fdvh ri d frqwlqxrxv prgho1 Zh frqfoxgh wkdw wkh �vlpsoli|lqj%
dvvxpswlrq ri glvfuhwh h�ruw ohyhov lv qhlwkhu lqqrfhqw qru mxvwl�deoh1


4Wkh srvvlelolw| wkdw vfdoh h�hfwv frxog rxwzhljk vxevwlwxwlrq h�hfwv kdv ehhq phq0


wlrqhg hduolhu e| Uhelw}hu +4<<6/4<<8,1 Krzhyhu/ dv idu dv zh nqrz/ wkh lvvxh kdv qrw ehhq


dqdo|}hg lq dq| ghwdlo1
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Hduolhu wkhruhwlfdo olwhudwxuh kdv wdnhq lw iru judqwhg wkdw zrunhuv duh
ehwwhu r� lq �upv zkhuh lw lv gl!fxow wr prqlwru dqg lq �upv zklfk sd|
kljk zdjhv1 Qhlwkhu ri wkhvh sursrvlwlrqv lv wuxh khuh1 Zrunhuv duh ehvw r�
lq lqwhuphgldwh fdvhv1 Lq �upv zkhuh prqlwrulqj lv hlwkhu yhu| gl!fxow ru
yhu| hdv|/ zrunhuv duh sdlg forvh wr wkhlu uhvhuydwlrq zdjh1 Wkh gl�huhqfh
lv wkdw zkhq prqlwrulqj lv hdv|/ zrunhuv duh uhtxluhg wr zrun kdughu dqg
wkhuhiruh uhfhlyh d kljkhu zdjh1 Lqghhg/ wkh yhu| kljkhvw zdjhv zloo eh sdlg
e| �upv zklfk prqlwru yhu| dffxudwho|/ dqg khqfh gr qrw qhhg wr sd| d zdjh
suhplxp1


Wkh sdshu dovr lghqwl�hv wkuhh sureohpv dvvrfldwhg zlwk hpslulfdo lpsoh0
phqwdwlrq ri h!flhqf| zdjh wkhru|1 Iluvw/ wkh dffxudf| ri prqlwrulqj lv yhu|
kdug wr phdvxuh1 Prvw vwxglhv sur{| wkh dffxudf| ri prqlwrulqj e| wkh lq0
whqvlw| ri vxshuylvlrq/ dv phdvxuhg e| wkh qxpehu ri vxshuylvruv shu zrunhu
ru wkh iuhtxhqf| ri vxshuylvlrq15 Wklv lv loohjlwlpdwh1 Wkh qxpehu ri vxshu0
ylvruv pd| eh kljk suhflvho| ehfdxvh prqlwrulqj lv gl!fxow1 H{lvwlqj vwxglhv
kdyh hvvhqwldoo| lqyhvwljdwhg wkh uhodwlrqvkls ehwzhhq prqlwrulqj frvwv dqg
sd|1 Xqiruwxqdwho|/ wklv uhodwlrqvkls lv pruh frpsolfdwhg wkdq wkh uhodwlrq0
vkls ehwzhhq wkh prqlwrulqj ohyho dqg sd|1 Khuh lv d vhfrqg sureohp= li wkhuh
lv vx!flhqw yduldwlrq lq wkh xqghuo|lqj +xqphdvxuhg, sdudphwhuv/ wkhuh zloo
eh wzr srvvleoh zdjh ohyhov iru hdfk ohyho ri prqlwrulqj frvwv1 Wkxv/ xqohvv
wkh h�ruw ohyho lv surshuo| frqwuroohg iru/ wkh hpslulfdo olwhudwxuh*v uhjuhvvlrqv
ri zdjh suhplxpv rq prqlwrulqj frvwv duh xqmxvwl�hg1 Exw doo lv qrw orvw1 D
pruh frqvwuxfwlyh frqwulexwlrq ri rxu zrun lv wr vkrz wkdw lw lv vwloo ohjlw0
lpdwh wr uxq d uhjuhvvlrq ri prqlwrulqj frvwv rq zdjh suhplxpv1 Lq rwkhu
zrugv/ h{lvwlqj gdwd vhwv fdq vwloo eh ri ydoxh lq whvwlqj wkh wkhru| li rqo|
uhjuhvvlrqv duh uxq lq uhyhuvh$ D �qdo revwdfoh wr hpslulfdo whvwlqj lv wkdw
hqwu| frvwv fuhdwh d vdpsoh vhohfwlrq eldv1 Zlwk kljk hqwu| frvwv/ wkh xq0
revhuyhg sdudphwhuv ri wkh prgho whqg wr eh qhjdwlyho| fruuhodwhg/ ehfdxvh
�upv zlwk idyrudeoh ghpdqg fkdudfwhulvwlfv fdq vxuylyh hyhq zlwk srru frvw
fkdudfwhulvwlfv1


Rxu edvlf prgho fdq eh h{whqghg lq d qxpehu ri gluhfwlrqv1 Wkh h{whq0
vlrqv zh sxuvxh lqyroyh lpsrvlqj sodxvleoh uhvwulfwlrqv rq wkh ihdvleoh vhw ri
prqlwrulqj ohyhov1 Wkhvh h{whqvlrqv hqdeoh xv wr olqn wkh wkhruhwlfdo prgho
txlwh forvho| wr wkh hpslulfdo zrun ri Jurvkhq dqg Nuxhjhu +4<<3, rq vxshu0
ylvlrq dqg sd| lq krvslwdov dqg wr wkdw ri Nuxhjhu +4<<4, rq iudqfklvlqj1


Wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 vhwv xs wkh prgho dqg vwxglhv
krz yduldwlrqv lq prqlwrulqj frvwv d�hfw wkh ohyhov ri prqlwrulqj dqg sd|1
Khuh/ zh dovr lqyhvwljdwh wkh uhodwlrqvkls ehwzhhq wkh frqwlqxrxv prgho dqg
wkh glvfuhwh prgho1 Zhoiduh lpsolfdwlrqv duh glvfxvvhg lq Vhfwlrq 61 Lq Vhf0


5Vhh h1j1 Ohrqdug +4<;:,/ Jrugrq +4<<3/4<<7,/ Nuxvh +4<<5,/ Qhdo +4<<6,1
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wlrq 7/ zh doorz iru rwkhu vrxufhv ri yduldwlrq wkdq wkh frvw ri prqlwrulqj1
Vhfwlrq 8 glvfxvvhv wkh prgho*v lpsolfdwlrqv dqg krz wkh| vkrxog eh whvwhg1
Zh dovr glvfxvv dq lvvxh zklfk lv lpsruwdqw lq vrph dssolfdwlrqv/ qdpho|/
glvfuhwh prqlwrulqj whfkqrorjlhv +rujdql}dwlrqdo irupv,1 Vhfwlrq 9 frqfoxghv1


5 Prgho


Wkh vhw�xs lv d vlpsoh h!flhqf| zdjh prgho lq wkh vslulw ri Vkdslur dqg
Vwljolw} +4<;7,1 D ulvn qhxwudo sulqflsdo hpsor|v d vlqjoh ulvn qhxwudo djhqw1
Wkh djhqw fdq h{huw h�ruw e 5 Un zklfk d�hfwv wkh sulqflsdo*v ehqh�w/ q�Ee�/
dw vrph frvw wr wkh djhqw ��Ee�1 E| dvvxpswlrq/ wkh sdudphwhuv q dqg � duh
erwk srvlwlyh1 Wkh sulqflsdo prwlydwhv wkh djhqw wkurxjk d frpshqvdwlrq
frqwudfw �Ee�/ zkhuh � lv wkh zdjh wkdw wkh djhqw uhfhlyhv li wkh sulqflsdo
revhuyhv e1


Wkh sulqflsdo fdq revhuyh dqg yhuli| wkh djhqw*v h�ruw zlwk suredelolw| R1
Wklv suredelolw| lv d�hfwhg e| wkh sulqflsdo*v fkrlfh ri prqlwrulqj whfkqrorj|1
Lq rughu wr dwwdlq suredelolw| R ri revhuylqj wkh djhqw*v h�ruw/ wkh sulqflsdo
kdv wr sd| >�ER�/ zkhuh > : f�Zhpdnh wkh iroorzlqj dvvxpswlrq uhjduglqj
ixqfwlrqdo irupv1


Dvvxpswlrq 4 +l, ��Ee� : fc ���Ee� � fc +ll, �Ef� ' fc � �Ee� : fc � ��Ee� :
fc +lll, � �ER� : f1


Wkh h{ srvw xwlolw| ri wkh sulqflsdo fdq qrz eh zulwwhq


L ' q�Ee�� � � >�ER�c +4,


dqg wkh h{ srvw xwlolw| ri wkh djhqw lv


T ' � � ��Ee�� +5,


D nh| dvvxpswlrq ri wkh h!flhqf| zdjh prgho lv wkdw wkhuh lv d orzhu
olplw/ �f 5 U/ wr wkh sd|phqw1 Wkh olplw pd| eh gxh hlwkhu wr ohjdo uxohv ru
wr d zhdowk frqvwudlqw1


Vlqfh h�ruw lv qrw dozd|v revhuyhg/ wkh frpshqvdwlrq frqwudfw dovr qhhgv
wr vshfli| vrph sd|phqw 7� 5 U wkdw wkh djhqw lv wr uhfhlyh lq wklv fdvh1 Wkh
djhqw lv dvvxphg wr pd{lpl}h h{shfwhg xwlolw|/


,dT o ' R�Ee� n E�� R� 7� � ��Ee�� +6,
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514 Glvfuhwh h�ruw ohyhov


Iru d prphqw dvvxph wkdw wkh h�ruw ohyho lv uhvwulfwhg wr wdnh rqo| wkh ydoxhv
e ' f dqg e ' 7e1 Wklv lv wkh fdvh lq hduolhu yhuvlrqv ri wkh h!flhqf| zdjh
prgho1 Wkhq wkh iroorzlqj lqfhqwlyh frqvwudlqw pxvw eh vdwlv�hg


R�E7e� n E�� R� 7� � ��E7e� � R�Ef� n E�� R� 7��


Wkh sulqflsdo zloo rswlpdoo| sxqlvk wkh djhqw dv pxfk dv srvvleoh li kh lv
ghwhfwhg fkhdwlqj/ wkxv �Ef� ' �f1 Zh lpsrvh wkh vwdqgdug dvvxpswlrq wkdw
dq lqgl�huhqw djhqw wdnhv wkh dfwlrq wkdw wkh sulqflsdo idyruv1 Wkh sulqflsdo
fdq wkhq orzhu wkh zdjh grzq wr wkh ohyho zkhuh wkh lqfhqwlyh frpsdwlelolw|
frqvwudlqw ehfrphv dq htxdolw| dqg wkh lqfhqwlyh frqvwudlqw fdq eh vlpsol�hg
wr


RE� � �f� ' ��E7e�c +7,


zkhuh �E7e� lv ghqrwhg e| �1 Wklv frqvwudlqw whoov xv wkdw/ dv orqj dv wkh uljkw
kdqg vlgh lv frqvwdqw/ dq lqfuhdvh lq wkh htxloleulxp ydoxh ri prqlwrulqj pxvw
eh iroorzhg e| d ghfuhdvh lq wkh htxloleulxp ydoxh ri wkh zdjh dqg ylfh yhuvd1
Lq Iljxuh 4 zh kdyh sorwwhg wkh srlqwv ri � dqg R zklfk duh mxvw vx!flhqw
wr lpsohphqw wkh h�ruw ohyho 7e1 Diwhu d ghfuhdvh lq > wkh sulqflsdo zloo
pryh iurp wkh lqlwldo htxloleulxp D dorqj wkh lvr0h�ruw fxuyh wr srlqw E/
vxevwlwxwlqj zdjh iru prqlwrulqj dffxudf| lq rughu wr plqlpl}h frvwv1 Wkdw
lv/ prqlwrulqj dqg sd| duh vxevwlwxwh lqvwuxphqwv1


Substitution     effect


p


A


B


w


e e=


Iljxuh 4


8







515 Frqwlqxrxv h�ruw ohyhov


Dv zh vkdoo vhh/ wkh deryh uhvxow lv dq duwhidfw ri wkh yhu| vwurqj uhvwulfwlrq
wkdw wkh h�ruw ohyho fdq rqo| wdnh wzr srvvleoh ydoxhv1 Xqghu zhdn dvvxps0
wlrqv/ wkhuh lv d vfdoh h�hfw wkdw grplqdwhv wkh vxevwlwxwlrq h�hfw/ l1h1/ R dqg
� duh frpsohphqwdu| lqvwuxphqwv zlwk uhvshfw wr fkdqjhv lq >1 Iljxuh 5
looxvwudwhv wkh uhvxow1 Wkhuh/ zh kdyh sorwwhg wzr lvr0h�ruw fxuyhv iru gl�hu0
hqw ohyhov ri h�ruw1 Diwhu d ghfuhdvh lq >/ frvw plqlpl}dwlrq lpsolhv d pryh
iurp wkh lqlwldo htxloleulxp D/ dorqj wkh lvr0h�ruw fxuyh wr srlqw E1 Krz0
hyhu/ dw wklv srlqw wkh pdujlqdo uhyhqxh lv qrw htxdwhg wr wkh pdujlqdo frvw
ri h�ruw/ zklfk lv uhtxluhg iru sur�w pd{lpl}dwlrq1 Lq rughu wr pd{lpl}h
sur�wv/ wkh sulqflsdo kdv wr lqfuhdvh wkh h�ruw ohyho/ hqglqj xs dw srlqw F1
Wkh vxevwlwxwlrq ri sd| iru prqlwrulqj dffxudf| lv grplqdwhg e| wkh sulq0
flsdo*v frpsohphqwdu| xvh ri prqlwrulqj dffxudf| dqg sd| wr lqfuhdvh wkh
lpsohphqwhg ohyho ri h�ruw1


Scale effect


p


w


e


′e


C


A


B
Substitution effect


Iljxuh 5


Ohw xv qrz suryh wklv fodlp pruh irupdoo|1 Zkhq wkh sulqflsdo lv iuhh wr
lqgxfh wkh djhqw wr wdnh dq| ohyho ri h�ruw 	e 5 Un/ wkh iroorzlqj lqfhqwlyh
frpsdwlelolw| frqvwudlqw pxvw eh vdwlv�hg iru doo e=


R�E	e� n E�� R� 7� � ��E	e� � R�Ee� n E�� R� 7� � ��Ee��


Zh vhh wkdw dq| lqfhqwlyh frpsdwleoh frqwudfw wkdw lpsohphqwv 	e fdq/ zlwkrxw
orvv wr wkh sulqflsdo/ eh uhsolfdwhg e| d vwhs ixqfwlrq ri wkh irup �Ee� ' �f


iru e 	 	e dqg �Ee� ' � iru e � 	e� L1h1/ wkh sulqflsdo vhwv dq h�ruw wdujhw/
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	e1 Wkh djhqw jhwv � li kh phhwv ru h{fhhgv wkh wdujhw dqg wkh plqlpxp
sd|phqw �f rwkhuzlvh1


6 Wklv frqwudfw lv looxvwudwhg lq Iljxuh 61


�e


w e( )


e0


w0


w


Iljxuh 6


Jlyhq wklv zdjh frqwudfw/ li dq djhqw hyhu zdqwv wr ghyldwh/ kh zloo ghyldwh
wr e ' f1 Wkxv/ wkh lqfhqwlyh frpsdwlelolw| frqvwudlqw ehfrphv


RE� � �f� � ��E	e�� +8,


Ilqdoo|/ wkh dvvxpswlrq wkdw dq lqgl�huhqw djhqw wdnhv wkh dfwlrq idyruhg
e| wkh sulqflsdo hqdeohv wkh sulqflsdo wr orzhu wkh zdjh grzq wr wkh ohyho
zkhuh wkh lqfhqwlyh frpsdwlelolw| frqvwudlqw ehfrphv dq htxdolw|1 Lqyhuwlqj
wklv htxdolw|/ zh rewdlq dq h{suhvvlrq iru wkh dfwxdo h�ruw zklfk wkh djhqw
zloo h{huw/


eERc�� G' �3�EE� � �f�R*��� +9,


Qrwh wkdw 7�/ wkh zdjh lq wkh fdvh wkdw wkh h�ruw ohyho lv qrw revhuyhg/ lv
luuhohydqw iru wkh djhqw*v lqfhqwlyhv1 Lw lv frpprq wr dvvxph wkdw 7� ' �E	e�/
dqg zh iroorz wklv sudfwlfh1 Rqh uhdvrq zk| wkh dvvxpswlrq lv sodxvleoh lv
wkdw li 7� 	 �E	e�/ wkh sulqflsdo zrxog kdyh kdg dq lqfhqwlyh qrw wr prqlwru
+ru wr idovho| fodlp wkdw kh kdv qrw prqlwruhg,1


Ehiruh zh wxuq wr wkh ghwdlohg dqdo|vlv/ lw lv xvhixo wr gh�qh


oEe� G'
q��Ee�


�� �Ee�
c


6
Dv vkrzq e| Ghprxjlq dqg Ioxhw +4<<:,/ wkh rswlpdolw| ri h�ruw wdujhwv lv txlwh


jhqhudo1 Lw lv qrw dq duwhidfw ri wkh vlpsoh prqlwrulqj whfkqrorj|1


:







l1h1 wkh udwlr ri wkh pdujlqdo ehqh�w wr wkh pdujlqdo frvw1 Qhhgohvv wr vd|/
wklv udwlr zrxog eh htxdo wr rqh zlwk shuihfw prqlwrulqj1


Wkh sulqflsdo*v sureohp lv wr �qg d suredelolw| R dqg d zdjh � wr pd{l0
pl}h


LERc �� ' q�EeERc ���� � � >�ER� +:,


vxemhfw wr wkh frqvwudlqwv � � �f dqg R 5 dfc �o� Wklv lv d vwudljkwiruzdug
pd{lpl}dwlrq sureohp lq wzr yduldeohv1 Ohw d vroxwlrq wr wklv sureohp eh
ghqrwhg ERWc �W�c dqg ohw eW G' eERWc �W� ghqrwh wkh dvvrfldwhg h�ruw ohyho1
Wkh �uvw�rughu frqglwlrqv iru wkh vroxwlrq fdq wkhq eh zulwwhq


RWoEeW�� � � fc +;,


zlwk htxdolw| li �W : �f/ dqg


E�W � �f�oEe
W�� >� �ERW� � fc +<,


zlwk htxdolw| li RW 	 �1
Htxdwlrq +;, whoov xv wkdw wkh pdujlqdo ehqh�w iurp lqfuhdvhg h�ruw zloo


eh odujhu wkdq wkh pdujlqdo frvw zkhqhyhu wkh sulqflsdo fkrrvhv wr prqlwru
lpshuihfwo|1 Wkh uhdvrq iru wkh glvwruwlrq dzd| iurp wkh vrfldoo| rswlpdo
h�ruw ohyho lv wkdw wkh djhqw pxvw eh sdlg d uhqw lq rughu qrw wr vklun1 Dovr/
htxdwlrq +;, frq�upv wkdw wkhuh pxvw eh d srvlwlyh ohyho ri prqlwrulqj lq
rughu wr lqgxfh dq| h�ruw1 +Li RW ' fc wkhq �W ' �f�,


Ohw L�� ghqrwh wkh vhfrqg ghulydwlyh ri L dqg ohw LW


��
ghqrwh wkh vhfrqg


ghulydwlyh ri L hydoxdwhg dw d vroxwlrq ERWc �W�� Wkh vhfrqg�rughu frqglwlrqv
duh wkhq LW
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	 fc LW


RR
	 f dqg LW


RR
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�2 : f1 Wr vwdwh wkh frqglwlrqv


lq ixoo/ qrwh wkdw
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516 Yduldwlrq lq prqlwrulqj frvwv


Rxu pdlq remhfwlyh lv wr fkdudfwhul}h krz wkh zdjh ohyho dqg wkh dffxudf|
ri prqlwrulqj ydu| zlwk wkh sdudphwhu >� Jlyhq wkdw wkh vroxwlrq lv lqwhulru/
wklv lv d vwdqgdug frpsdudwlyh vwdwlf h{huflvh1


Wkh h�hfw ri d fkdqjh lq wkh frvw ri prqlwrulqj/ >/ lv irxqg e| gl�huhq0
wldwlqj wkh wzr �uvw�rughu frqglwlrqv +;, dqg +<, wr jhw wkh wzr htxdwlrqv
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Xvlqj Fudphu*v uxoh/ zh wkhq kdyh


_�W


_>
'


�LW


R�
� �ERW�


LW


��
LW


RR
� ELW


R�
�2


+46,


dqg
_RW


_>
'


LW


��
� �ERW�


LW


��
LW


RR
� ELW


R�
�2
� +47,


Dv rqh zrxog h{shfw/ dq lqfuhdvh lq > dozd|v orzhuv wkh ohyho ri prqlwrulqj1
Lq wkh rwkhu fdvh/ wkh vljq ri wkh furvv�ghulydwlyh LW


R�
sod|v d fuxfldo uroh1


Iroorzlqj frpprq xvdjh/ zh vd| wkdw prqlwrulqj dqg sd| duh Hgjhzruwk
frpsohphqwv +vxevwlwxwhv, li LW


R�
lv srvlwlyh +qhjdwlyh,1 Wkxv/ rxu �uvw uhvxow


fdq eh vwdwhg dv iroorzv1


Ohppd 4 Li LR� : f/ prqlwrulqj dqg sd| duh frpsohphqwdu| lqvwuxphqwv1


Zh duh ohiw zlwk wkh txhvwlrq= Krz uhdolvwlf lv lw wkdw prqlwrulqj dqg sd|
duh Hgjhzruwk frpsohphqwvB


Zh fodlp wkdw prqlwrulqj dqg sd| duh dozd|v Hgjhzruwk frpsohphqwv li
wkh sulqflsdo*v ehqh�w ixqfwlrq/ �Ee�/ dqg wkh djhqw*v frvw ri h�ruw ixqfwlrq/
�Ee�/ duh erwk uhsuhvhqwhg e| dq| nlqg ri srzhu ixqfwlrq vdwlvi|lqj rxu lqlwldo
dvvxpswlrqv1 Wr vhh wklv/ mxvw ohw �Ee� ' Kfe


K� dqg �Ee� ' Sfe
S�1 Qrz/ lw


iroorzv iurp +9, dqg +:, wkdw


L ' qKfdE� � �f�R*�Sfo
K�*S� � � � >�ER�c
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LR� '
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2
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S�
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zklfk lv fohduo| srvlwlyh li erwk Kf dqg Sf duh srvlwlyh1
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Lq wkh frpprqo| vwxglhg vshfldo fdvh wkdw wkh sulqflsdo*v ehqh�w ixqfwlrq
lv olqhdu/ d pruh jhqhudo vwdwhphqw fdq eh pdgh/ qdpho| wkdw prqlwrulqj dqg
sd| duh Hgjhzruwk frpsohphqwv/ dqg khqfh frpsohphqwdu| lqvwuxphqwv/ li
dqg rqo| li wkh uhodwlyh jurzwk ri frvw ri h�ruw lv ghfuhdvlqj lq wkh h�ruw ohyho1


Wr suryh wklv irupdoo|/ ohw �Ee� ' Kfe1 Lw iroorzv wkdw �
�Ee� ' Kf dqg wkdw


���Ee� ' f1 Qrz prqlwrulqj dqg sd| duh Hgjhzruwk frpsohphqwv li dqg rqo|
li +45, lv srvlwlyh lq htxloleulxp/ l1h1 li dqg rqo| li
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qKfR


WE�W � �f��
��EeW�


�2E� �EeW���
n


qKf
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: f�


Xvh wkh LF0frqvwudlqw/ +9,/ wr uhzulwh wkh deryh frqglwlrq wr


LW


R� '
q
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E� �EeW��2 � �EeW�� ��EeW�


E� �EeW���
: f� +48,


Wkdw lv/ LW


R� : f li dqg rqo| li


Y��EeW�


�EeW�


YeW
	 f� +49,


Wr vxp xs/ jlyhq wkdw wkh sdudphwhu > lv wkh vrxufh ri yduldwlrq/ zh kdyh
irxqg wzr gl�huhuhqw vx!fhqw frqglwlrqv iru prqlwrulqj dqg sd| wr eh frp0
sohphqwdu| lqvwuxphqwv1


Sursrvlwlrq 4 Vx!flhqw frqglwlrqv iru prqlwrulqj dqg sd| wr eh frpsoh0
phqwdu| lqvwuxphqwv duh +hdfk h�hfwlyh lqglylgxdoo|,=


4, Wkh sulqflsdo*v ehqh�w ixqfwlrq/ �Ee�/ dqg wkh djhqw*v frvw ri h�ruw
ixqfwlrq/ �Ee�/ fdq erwk eh uhsuhvhqwhg e| srzhu ixqfwlrqv1


5, Wkh sulqflsdo*v ehqh�w ixqfwlrq/ �Ee�/ lv olqhdu dqg wkh uhodwlyh
jurzwk ri frvw ri h�ruw lv ghfuhdvlqj lq wkh h�ruw ohyho1


Dv rqh zrxog h{shfw/ wkhvh frqglwlrqv duh vx!flhqw iru frpsohphqwdulw|
li wkh vrxufh ri yduldwlrq lv q ru � dv zhoo/ exw zh srvwsrqh d irupdo surri ri
wklv uhvxow xqwlo Vhfwlrq 71


Zh wklqn wkdw erwk wkh frqglwlrqv duh txlwh sodxvleoh1 Frqglwlrq 4, lv
shukdsv sduwlfxoduo| xvhixo ehfdxvh srzhu ixqfwlrqv duh frqyhqwlrqdoo| xvhg
lq sulqflsdo�djhqw prghov> h1j1/ wkh olqhdu�txdgudwlf prgho vdwlv�hv wklv dv0
vxpswlrq1 Frqglwlrq 5,/ zklfk dovr hqfrpsdvvhv wkh olqhdu�txdgudwlf prgho/
lv ri sduwlfxodu uhohydqfh li wkh sulqflsdo lv d sulfh wdnhu lq wkh rxwsxw pdunhw1
Li zh phdvxuh h�ruw lq whupv ri rxwsxw/ wkh ehqh�w ixqfwlrq lv reylrxvo| olq0
hdu1 Wkh uhtxluhphqw rq �E�� lv wkhq vdwlv�hg e| d odujh vhw ri ixqfwlrqv1 Iru


43







h{dpsoh/ lw lv vdwlv�hg e| dq| sro|qrpldo ixqfwlrq zlwk srvlwlyh frh!flhqwv1
Zh frqfoxgh wkdw prqlwrulqj dqg sd| duh frpsohphqwdu| lqvwuxphqwv xqghu
plog dvvxpswlrqv/ lq vwdun frqwudvw zlwk suhylrxv fodlpv wkdw duh edvhg rq
d prgho zlwk glvfuhwh h�ruw ohyhov1


D frpprq ghihqvh ri glvfuhwh prghov lv wkdw wkh| fdq eh wkrxjkw ri dv
d olplwlqj fdvh ri d frqwlqxrxv prgho1 Iru h{dpsoh/ li wkh ixqfwlrq �E�� lv
vwurqjo| frqyh{ ryhu vrph udqjh/ lw zrxog eh dv li rqo| wzr h�ruw ohyhov zhuh
uhohydqw1 Zh hqg wkh vhfwlrq e| ghprqvwudwlqj wkdw wklv dujxphqw vkrxog eh
xvhg fdxwlrxvo|1 Qrw doo glvfuhwh prghov fdq eh jlyhq wklv mxvwl�fdwlrq1 Lq
sduwlfxodu/ Vkdslur dqg Vwljolw}* prgho fdq qrw eh jlyhq wklv lqwhusuhwdwlrq1
Ohw wkh ehqh�w ixqfwlrq dqg wkh frvw ri h�ruw ixqfwlrq eh uhsuhvhqwhg e|
srzhu ixqfwlrqv dv deryh/ dqg ohw wkh sdudphwhu S� jr wr lq�qlw|1 Lw iroorzv
wkdw �Ee : �� ' 4c �Ee ' �� ' Sf dqg �Ee 	 �� ' f> wkxv wkh rqo| wzr
uhohydqw ohyhov ri h�ruw duh e ' � dqg e ' f� Wr �qg wkh vljq ri LR�/ mxvw
ohw S� $ 4 lq wkh h{suhvvlrq +48,/ zkhuhxsrq lw lv vhhq wkdw LR� $ fn/ l1h1
frqyhujhv wr }hur iurp deryh1 Dq h{wuhpho| frqyh{ �E�� sodlqo| lpsolhv wkdw
wkh frvw ri lpsohphqwlqj wkh kljk h�ruw ohyho lv dssur{lpdwho| wkh vdph dv
wkh frvw ri lpsohphqwlqj wkh orz h�ruw ohyho1 Lw iroorzv wkdw wkh hodvwlflw|
ri vxevwlwxwlrq ehwzhhq prqlwrulqj dqg sd| pxvw eh dssur{lpdwho| }hur1
Shukdsv wklv lv prvw hdvlo| vhhq zlwk uhihuhqfh wr rxu wuhdwphqw ri wkh glvfuhwh
fdvh lq Vhfwlrq 5141 Lq rughu wr lpsohphqw wkh kljk h�ruw 7e/ wkh h{shfwhg
dgghg sd|phqw wr zrunlqj/ RE� � �f� kdg wr eh dw ohdvw dv odujh dv wkh
frvw ri wkh dgghg h�ruw ��E7e�1 Zkhq wkh odwwhu whup jrhv wr }hur/ wkh
lvr�h�ruw fxuyh ghvfulehg e| htxdwlrq +7, lv vtxhh}hg wrzdugv wkh ruljlq ri
wkh ERc ���vsdfh1 Wkxv LR� uhpdlqv srvlwlyh/ dqg prqlwrulqj dqg sd| duh
frpsohphqwdu| lqvwuxphqwv1 Wkh glvfuhwh prghov ri Vkdslur dqg Vwljolw}
+4<;7, dqg Exorz dqg Vxpphuv +4<;9, pdlqwdlq wkh dvvxpswlrq wkdw wkh
frvw wr wkh sulqflsdo ri lpsohphqwlqj kljk h�ruw lv �vljql�fdqwo|� kljkhu
wkdq wkh frvw ri lpsohphqwlqj orz h�ruw1 Khqfh wkhvh prghov fdq qrw eh
lqwhusuhwhg dv dssur{lpdwlrqv ri d frqwlqxrxv prgho1


6 Zhoiduh lpsolfdwlrqv


Prvw zrun rq gxdo oderu pdunhwv kdv wdnhq iru judqwhg wkdw zrunhuv duh
ehwwhu r� lq mrev wkdw duh srruo| prqlwruhg1 Khuh/ wklv lv qrw wuxh dw doo1
Iurp +;, dqg +<,/ zh kdyh wkdw


�W ' �f n RW>� �ERW�c +4:,


dqg iurp +8, zh nqrz wkdw


��EeERWc �W�� ' RE�W � �f�� +4;,


44







Wkh djhqw*v xwlolw| fdq khqfh eh zulwwhq


T ' �W � ��EeERWc �W��


' �f n RWE�� RW�>� �ERW�� +4<,


Wkxv/ iru RW ' f dqg iru RW ' � wkh djhqw*v xwlolw| lv dw lwv plqlpxp ohyho/ �f�
Iru doo rwkhu ohyhov ri prqlwrulqj/ wkh djhqw hduqv uhqwv1 Wkh srlqw lv yhu|
vlpsoh= li wkh sulqflsdo fdqqrw prqlwru dw doo/ wkh djhqw zloo dozd|v vklun/
dqg wkhuh lv qr uhdvrq wr sd| dq h!flhqf| zdjh1 Frqyhuvho|/ li wkh sulqflsdo
fdq prqlwru shuihfwo|/ dq| h�ruw ohyho fdq eh lpsohphqwhg dv orqj dv wkh
djhqw lv sdlg wkh fruuhvsrqglqj uhvhuydwlrq zdjh1


E| lpsolfdwlrq/ wkh djhqw*v xwlolw| lv d qrq�prqrwrqlf ixqfwlrq ri �W� Wkh
zdjh lv lqfuhdvlqj lq wkh ohyho ri prqlwrulqj/ dqg khqfh xwlolw| lv dw lwv orzhvw
iru yhu| orz dqg yhu| kljk zdjhv1 Wkh ehvw sdlg zrunhuv duh uhtxluhg wr sxw
lq d orw ri h�ruw1 Khqfh/ wkh wuxh uhqwv duh odujhvw lq wkh lqwhuphgldwh zdjh
udqjh1


Li wkh prgho lv dq dssursuldwh ghvfulswlrq ri uhdolw|/ lw phdqv wkdw zrunhuv
qhhg qrw eh zruvh r� zkhq prqlwrulqj whfkqrorjlhv lpsuryh/ dw ohdvw dv orqj
dv prqlwrulqj uhpdlqv uhdvrqdeo| lpshuihfw1 Wklv pd| eh rqh uhdvrq zk| wkh
phfkdql}dwlrq ri surgxfwlrq/ frqwudu| wr wkh fodlpv ri Eudyhupdq +4<:7, dqg
rwkhu Pdu{ldq vfkroduv/ grhv qrw vhhp wr kdyh lpsolhg lqfuhdvhg h{sorlwdwlrq
ri zrunhuv17


7 Rwkhu vrxufhv ri yduldwlrq


Dqrwkhu revwdfoh wr hpslulfdo whvwlqj ri wkh prgho lv wkdw > lv qrw wkh rqo|
sdudphwhu ri wkh prgho1 Zkdw li � fkdqjhv lqvwhdgB Hyhq lq d prgho zlwk
rqo| wzr h�ruw ohyhov zh fdq vkrz wkdw prqlwrulqj dqg sd| duh frpsohphqwv
lq wklv fdvh1 Iljxuh 7 looxvwudwhv wkh rxwfrph1 Dq lqfuhdvh lq wkh frvw ri
h�ruw/ uhsuhvhqwhg e| d pryh iurp � wr ��/ phdqv wkdw wkh djhqw uhtxluhv d
vwurqjhu lqfhqwlyh wr pdlqwdlq wkh h�ruw ohyho 7e1 Wklv fdq eh dffrpsolvkhg e|
kljkhu zdjhv ru e| pruh prqlwrulqj1 Lw wxuqv rxw wkdw wkh sulqflsdo rswlpdoo|
xvhv d olwwoh ri erwk +vhh Dsshqgl{ 4,1 Lq wklv fdvh prqlwrulqj dqg sd| duh
frpsohphqwdu| lqvwuxphqwv dqg wkh qhz lqfhqwlyh frqwudfw lv uhsuhvhqwhg e|


7Ri frxuvh/ wklv grhv qrw lpso| wkdw wkh ohyho ri prqlwrulqj lv h!flhqw1 Dv Erzohv +4<;8,
kdv srlqwhg rxw/ lq wkh vklunlqj prgho d voljkw uhgxfwlrq lq prqlwrulqj dffrpsdqlhg e|
d voljkw lqfuhdvh lq wkh zdjh |lhogv d vhfrqg�rughu orvv wr wkh sulqflsdo dqg d �uvw�rughu
jdlq wr wkh djhqw1
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wkh frqwudfw E1


Complementarity effect


p


w


B


A


e p w( , ; )′γ


e p w( , ; )γ


Iljxuh 7


Li wkh vrxufh ri yduldwlrq lv q/ qrwklqj zloo kdsshq zlwk wkh htxloleulxp ydoxhv
ri R dqg � surylghg wkdw lw lv vwloo sur�wdeoh iru wkh sulqflsdo wr uhpdlq lq
exvlqhvv18 Frqvhtxhqwo|/ wkh glvfuhwh prgho |lhogv d gl�huhqw lpsolfdwlrq iru
dq| srvvleoh vrxufh ri yduldwlrq1


Ohw xv qrz lqyhvwljdwh krz wkh zdjh ohyho dqg wkh dffxudf| ri prqlwrulqj
ydu| zlwk wkh sdudphwhuv q dqg � lq wkh fdvh zlwk frqwlqxrxv h�ruw1 Wkh
h�hfw ri d fkdqjh lq wkh sulqflsdo*v ehqh�w iurp h�ruw/ q/ lv irxqg e| gl�hu0
hqwldwlqj wkh wzr �uvw�rughu frqglwlrqv +;, dqg +<, wr jhw wkh wzr htxdwlrqv
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8Vhh Dsshqgl{ 4 iru ghwdlov1
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Wkh vljq ri _RW*_q lv qrz hdvlo| ghwhuplqhg1 E| wkh vhfrqg�rughu frqglwlrq
dqg Dvvxpswlrq 4/ zh kdyh


t�}?
_RW


_q
' t�}?d�E�W � �f�L


W


��
n RWLW


R�
o ' t�}? oEeW� : f�


Wkh lqwxlwlrq lv txlwh fohdu1 Zkhq wkh sulqflsdo kdv pruh wr jdlq iurp
lqfuhdvhg h�ruw/ kh zloo �qg lw rswlpdo wr hqjdjh lq pruh prqlwrulqj � wklv
ehlqj rqh zd| ri pdnlqj vxuh wkdw wkh djhqw grhv qrw vklun1 D vlplodu
dujxphqw zrxog vhhp wr jxdudqwhh wkdw wkh zdjh lv lqfuhdvlqj lq q1 Krzhyhu/
wklv lv qrw wuxh zlwkrxw ixuwkhu dvvxpswlrqv1 Pruh suhflvho|/ zh kdyh iurp
+53, wkdw _�W*_q : f li dqg rqo| li


>RW� ��ERW� n E�W � �f�oEe
W� : f� +55,


Xvlqj htxdwlrq +<,/ dq dowhuqdwlyh vwdwhphqw ri wkh frqglwlrq lv


�RW
� ��ERW�


� �ERW�
	 ��


Wkxv/ d vx!flhqw/ exw qrw qhfhvvdu|/ frqglwlrq lv wkdw �ER� lv frqyh{1 Jhq0
hudoo|/ zh pd| doorz vrph lqfuhdvlqj uhwxuqv wr prqlwrulqj1 Rqo| zkhq wkh
uhwxuqv wr prqlwrulqj lqfuhdvh vx!flhqwo| idvw frxog lqfuhdvhg sur�wdelolw|
ri h�ruw ohdg wr d vzlwfk dzd| iurp prqhwdu| lqfhqwlyhv wrzdugv prqlwrulqj1
Qrwh wkdw li wkh sulqflsdo fdq frpplw wr udqgrp prqlwrulqj/ wkh uhohydqw
prqlwrulqj frvw ixqfwlrq grhv ehfrph frqyh{ hyhq li �ER� lv frqfdyh1


Ilqdoo|/ zh lqyhvwljdwh wkh lpsdfw ri d fkdqjh lq wkh frvw ri h�ruw1 Wkh
irupxodv lq wklv fdvh ehfrph
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Zh vhh gluhfwo| wkdw/ hyhq khuh/ prqlwrulqj dqg sd| duh frpsohphqwdu|
lqvwuxphqwv li dqg rqo| li frqglwlrq +55, lv ixo�oohg1 Wkh deryh uhvxowv fdq
eh vwdwhg dv iroorzv1


Sursrvlwlrq 5 Li wkh vrxufh ri yduldwlrq lv q ru �c prqlwrulqj dqg sd| duh
frpsohphqwdu| lqvwuxphqwv li dqg rqo| li
�RW� ��ERW�*� �ERW� 	 �1
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Vlqfh wklv lv d yhu| zhdn frqglwlrq/ zh fdq vdiho| frqfoxgh wkdw � dqg
R duh frpsohphqwdu| zlwk uhvshfw wr fkdqjhv lq q dqg �1 Lqghhg/ dv rqh
zrxog h{shfw/ wkh frqglwlrq lq Sursrvlwlrq 5 lv zhdnhu wkdq wkh frqglwlrq lq
Ohppd 4> frpsohphqwdulw| krogv hyhq pruh jhqhudoo| iru yduldwlrq lq q dqg
� wkdq iru yduldwlrq lq >� Wr vhh wklv/ frqvlghu wkh frqglwlrq


L��LRR � ELR��
2 : fc


zklfk pxvw krog dw ERWc �W� +wklv lv rqh ri wkh vhfrqg�rughu frqglwlrqv,1 D
ihz frpsxwdwlrqv uhyhdo wkdw wkh lqhtxdolw| fdq eh zulwwhq dv


>R� ��ER� n E� � �f�oEe� : oEe�


�
��2oEe�


qR�Ee�
� E� � �f�


�
�


Lw lv vwudljkwiruzdug wr fkhfn wkdw wkh uljkw kdqg vlgh ri wklv lqhtxdolw| lv
srvlwlyh li dqg rqo| li LR� : f1 Khqfh/ li LR� : f/ +55, lv lpsolhg e| wkh
vhfrqg�rughu frqglwlrq1 Wklv dovr frpsohwhv wkh surri wkdw Sursrvlwlrq 4
krogv uhjdugohvv ri wkh vrxufh ri yduldwlrq1


8 Hpslulfdo lpsolfdwlrqv


Suhqghujdvw +4<<<, dujxhv wkdw lw lv gl!fxow wr whvw iru wkh h{lvwhqfh ri hi0
�flhqf| zdjhv ehfdxvh zh gr qrw nqrz li zh zrxog h{shfw wr vhh zdjhv
dqg vxshuylvruv dv vxevwlwxwhv ru frpsohphqwv1 Kh zulwhv +sdjh 78,= �Wkh
sureohp lv wkdw hlwkhu pd| hdvlo| dulvh lq d zruog ri h!flhqf| zdjhv dqg
ghshqgv fulwlfdoo| rq wkh vrxufh ri yduldwlrq dfurvv �upv1 Rq wkh rqh kdqg/
li wkh vrxufh ri yduldwlrq dfurvv �upv lv wkh frvw ri vxshuylvruv/ wkhq wkh wzr
lqvwuxphqwv duh olnho| wr eh vxevwlwxwhv/ zkhuh �upv vxevwlwxwh dzd| iurp
kljk0frvw vxshuylvruv lqwr zdjhv1 Rq wkh rwkhu kdqg/ li wkh vrxufh ri yduld0
wlrq dfurvv �upv lv lq wkh uhwxuq wr h�ruw +vr vrph �upv ydoxh h�ruw h{huwlrq
pruh wkdq rwkhuv,/ wkrvh �upv wkdw zdqw pruh h�ruw zloo xvh pruh ri erwk
lqvwuxphqwv uhodwlyh wr wkrvh wkdw gr qrw ydoxh vxfk kljk h�ruw1�


Rxu dqdo|vlv vkrzv wkdw rqh ri Suhqghujdvw*v frqmhfwxuhv lv plvwdnhq1
Hyhq li wkh vrxufh ri yduldwlrq dfurvv �upv lv wkh frvw ri vxshuylvruv/ wkh wzr
lqvwuxphqwv duh olnho| wr eh frpsohphqwv1 Khqfh/ wkh wkhru| suhglfwv wkdw
prqlwrulqj dqg sd| pryh lq wkh vdph gluhfwlrq uhjdugohvv zklfk sdudphwhu
ydulhv/ r�hulqj vrph krsh iru hpslulfdo dqdo|vlv1 Krzhyhu/ wkhuh duh vhyhudo
lpsruwdqw txdol�fdwlrqv1


Lq wkhru|/ wkh rqo| dgglwlrqdo dvvxpswlrq zh qhhg lq rughu wr wdnh wkh
suhglfwlrq wr gdwd lv wkdw wkh sdudphwhuv Eqc�>c��� duh d!oldwhg udqgrp
yduldeohv � vhh Kropvwuùp dqg Plojurp +4<<7,1 L1h1/ wkhvh yduldeohv vkrxog eh
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hlwkhu lqghshqghqw ru srvlwlyho| fruuhodwhg19 Zkloh wkh d!oldwlrq dvvxpswlrq
pd| orrn zhdn dw �uvw vljkw +zh pdnh wkh dvvxpswlrq ri vwdwlvwlfdo lqghshq0
ghqfh txlwh urxwlqho|, lw lv xqiruwxqdwho| udwkhu vwurqj lq wkh suhvhqw frqwh{w1
Wr vhh wklv/ frqvlghu d vhw ri srwhqwldo �upv/ zkrvh dwwulexwhv duh gudzq lq0
ghshqghqwo|1 Vxssrvh wkdw rqo| �upv zklfk fdq fryhu d srvlwlyh hqwu| frvw
zloo hqwhu1 Wkhq/ wr wkh h{whqw wkdw �upv zlwk kljk frvwv hqwhu/ wkhvh �upv
pxvw dovr kdyh uhodwlyho| odujh ehqh�wv1 Lq rwkhu zrugv/ �upv zlwk kljk >
ru � duh pruh olnho| wr kdyh kljk q� Vlploduo|/ �upv zlwk kljk > duh olnho|
wr kdyh orz � dqg ylfh yhuvd= Wkh sdudphwhuv Eqc�>c��� duh qrw d!oldwhg
iru wkh �upv zklfk fkrrvh wr hqwhu/ zklfk phdqv wkdw wkhuh zloo eh d vdpsoh
vhohfwlrq sureohp/ dw ohdvw lq pdunhwv zlwk kljk hqwu| frvwv1


Xqiruwxqdwho|/ idloxuh wr dgguhvv wkh vdpsoh vhohfwlrq sureohp lv qrw wkh
rqo| zhdnqhvv ri h{lvwlqj hpslulfdo zrun1


814 Wkh phdvxuhphqw ri prqlwrulqj


Wkh pdmru gudzedfn ri prvw hpslulfdo zrun wr gdwh lv wkdw lw xvhv prqlwrulqj
lqwhqvlw| dv d phdvxuh ri prqlwrulqj dffxudf|/ R1 Prqlwrulqj lqwhqvlw| lv
sur{lhg e| wkh qxpehu ri vxshuylvruv shu hpsor|hh ru e| wkh iuhtxhqf| ri
vxshuylvlrq1 +Dprqj wkh vwxglhv vx�hulqj iurp wklv zhdnqhvv duh Ohrqdug
+4<;:,/ Jrugrq +4<<3/4<<7,/ Nuxvh +4<<5,/ Qhdo +4<<6, dqg Dudl +4<<7d/ e,1,
Exw d odujh R grhv qrw qhfhvvdulo| fruuhvsrqg wr d odujh qxpehu ri vxshuylvruv1
Zkloh d kljk R frxog eh dq h�hfw ri pdq| vxshuylvruv/ lw frxog dovr eh dq
h�hfw ri hdv| prqlwrulqj/ lq zklfk fdvh wkhuh pd| eh yhu| ihz vxshuylvruv1
Frqyhuvho|/ wkhuh frxog eh ihz vxshuylvruv hlwkhu ehfdxvh prqlwrulqj lv yhu|
hdv| ru ehfdxvh lw lv yhu| gl!fxow1:


Wr eh vshfl�f/ vxssrvh wkdw hdfk vxshuylvru krxu frvwv rqh groodu/ dqg
wkdw wkh uhtxluhg qxpehu ri vxshuylvru krxuv qhhghg wr dwwdlq dffxudf| R lv
>�ER�1 Lq rwkhu zrugv/ > lv d phdvxuh ri krz gl!fxow lw lv wr prqlwru1 Krz
grhv wkh rswlpdo qxpehu ri vxshuylvru krxuv uhodwh wr >B Gl�huhqwldwlqj dqg
hydoxdwlqj dw wkh srlqw RW zh kdyh


_>�ERW�


_>
' �ERW� n >� �ERW�


_RW


_>
� +58,


Zh nqrz iurp Vhfwlrq 516 wkdw _RW*_> 	 f1 Khqfh/ wkh vljq lv dpeljxrxv
lq jhqhudo1 Krzhyhu/ zh fdq vd| pruh1 Dv > whqgv wr }hur/ wkh vhfrqg whup


9Li wkhuh lv srvlwlyh fruuhodwlrq ehwzhhq wkh sdudphwhuv/ rqh reylrxvo| qhhgv wr eh fduh0
ixo lq pdnlqj vwdwhphqwv derxw wkh pdjqlwxgh ri frpsohphqwdulw| ehwzhhq lqvwuxphqwv1
Iru dq dqdo|vlv ri wklv lvvxh/ vhh Dwkh| dqg Vwhuq +4<<;,1


:sxwv lw/ wkh qxpehu ri vxshuylvruv fdswxuhv wkh txdqwlw| exw qrw doo dvshfwv ri wkh
txdolw| ri vxshuylvlrq1
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ydqlvkhv +dw ohdvw li � �ER� lv erxqghg deryh,/ vr lq wklv fdvh wkh qxpehu ri
vxshuylvru krxuv jrhv xs dv prqlwrulqj ehfrphv pruh gl!fxow1 Rq wkh rwkhu
kdqg/ dv > whqgv wr lq�qlw|/ RW whqgv wr }hur dqg wkh �uvw whup ydqlvkhv1
Lqghhg/ zkhq prqlwrulqj lv vx!flhqwo| frvwo|/ lw lv qrw zruwkzkloh grlqj dq|
prqlwrulqj dw doo1 Khqfh/ ryhu vrph lqwhuydo wkh qxpehu ri vxshuylvru krxuv
pxvw ghfuhdvh dv prqlwrulqj ehfrphv pruh gl!fxow1


Zh kdyh wkxv suryhg wkdw wkh qxpehu ri vxshuylvru krxuv lv d qrq�
prqrwrqlf ixqfwlrq ri >� Lw iroorzv wkdw wkhuh zloo dovr eh d qrq�prqrwrqlf
uhodwlrqvkls ehwzhhq wkh zdjh dqg wkh qxpehu ri vxshuylvru krxuv1 Yhu| orz
zdjhv dqg yhu| kljk zdjhv vkrxog erwk eh dvvrfldwhg zlwk ihz krxuv ri vx0
shuylvlrq1 Wkh kljkhvw zdjhv vkrxog eh sdlg zkhq prqlwrulqj lv vr dffxudwh
wkdw yhu| ihz vxshuylvru krxuv duh qhhghg> wkh orzhvw zdjhv vkrxog eh sdlg
zkhq vxshuylvlrq lv vr frvwo| wkdw wkh sulqflsdo fxwv edfn rq vxshuylvlrq iru
wklv uhdvrq1 Wkh elj gl�huhqfh ehwzhhq wkh wzr fdvhv lv wkdw lq wkh iruphu
mrev/ zrunhuv duh h{shfwhg wr zrun yhu| kdug/ dqg lq wkh odwwhu mrev wkh| duh
qrw h{shfwhg wr zrun pxfk dw doo1


Li zh wklqn ri sulpdu| vhfwru mrev dv mrev zlwk kljk zdjhv/ rxu wkhru|
vd|v wkdw prqlwrulqj lv hdvlhu lq wkh sulpdu| vhfwru wkdq lq wkh vhfrqgdu|
vhfwru1 Rq wkh frqwudu|/ wkh �whfkqlfdo� dvvxpswlrq wkdw wkhuh duh rqo| wzr
h�ruw ohyhov ohg Exorz dqg Vxpphuv +4<;9, wr pdnh h{dfwo| wkh rssrvlwh
suhglfwlrq1 Krzhyhu/ wkh ohdglqj h{dpsoh ri d sulpdu| vhfwru mre r�huhg e|
Exorz dqg Vxpphuv lv Khqu| Irug*v �yh groodu gd|/ wkh sd| srolf| lqwurgxfhg
e| wkh Irug Prwru Frpsdq| lq 4<47/ zklfk uhsuhvhqwhg doprvw wzlfh wkh
zdjh wkdw vlplodu zrunhuv frxog eh h{shfwhg wr hduq hovhzkhuh1 Uhsruwhgo|/
surgxfwlylw| lqfuhdvhg e| derxw �iw| shu fhqw/ d ihdwxuh zklfk vtxduhv zhoo
zlwk wkh prgho r�huhg khuh1 Wkh nh| txhvwlrq lv= glg wkh fkdqjh lq sd| srolf|
uhodwh wr fkdqjhv lq vxshuylvlrq whfkqrorj|/ dqg li vr krzB Wkh frpprq ylhz
lv wkdw phfkdql}dwlrq ri surgxfwlrq dqg vwdqgdugl}dwlrq ri wdvnv jhqhudoo|
pdgh lw hdvlhu wr ghwhu vklunlqj1 Dffruglqj wr rxu wkhru|/ wkhq/ wkh lqfuhdvh
lq sd| frxog eh gxh wr hdvlhu prqlwrulqj1


Jlyhq wkh deryh revhuydwlrqv/ zh vkrxog qrw eh vxusulvhg wkdw hduolhu
vwxglhv kdyh ehhq xqdeoh wr �qg d vwurqj uhodwlrqvkls ehwzhhq krxuv ri prq0
lwrulqj dqg wkh ohyho ri sd|1 Lq wkh whuplqrorj| ri rxu prgho/ prvw ri wkh
hpslulfdo zrun frqvlvwv ri uhjuhvvlrqv ri wkh zdjh ohyho � ru wkh zdjh suh0
plxp � � �f rq wkh prqlwrulqj frvw >�ER�1 Rxu dqdo|vlv vxjjhvwv wkdw
wkhuh zloo eh +dw ohdvw, wzr ydoxhv ri � iru hyhu| ydoxh ri >�ER�� Khqfh/ lw
lv lqydolg wr hvwlpdwh dq| ixqfwlrqdo uhodwlrqvkls zlwk � dv wkh ghshqghqw
yduldeoh1 Rq wkh rwkhu kdqg/ wkh prgho grhv qrw lq jhqhudo uxoh rxw wkh
srvvlelolw| ri hvwlpdwlqj >�ER� dv d ixqfwlrq ri ���f1 D qdwxudo gluhfwlrq
iru ixwxuh uhvhdufk lv wr uhh{dplqh h{lvwlqj gdwd zlwk wkh prqlwrulqj frvw
udwkhu wkdq wkh zdjh ohyho dv d ghshqghqw yduldeoh/ dqg doorzlqj iru wkh nlqg
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ri qrq�olqhdu uhodwlrqvkls suhglfwhg e| wkh wkhru|1


815 Plqlpxp prqlwrulqj uhvwulfwlrqv


Lq vrph surihvvlrqv/ hpsor|huv duh qrw iuhh wr ghflgh wkh udwlr ri vxshuylvruv
wr zrunhuv1 Iru h{dpsoh/ Nuxhjhu dqg Jurvkhq +4<<3, dujxh wkdw uhjxodwlrq
ri zrunlqj frqglwlrqv pdnhv wkh vxshuylvru2vwd� udwlr odujho| h{rjhqrxv lq
wkh fdvh ri krvslwdo qxuvhv lq wkh Xqlwhg Vwdwhv1; Wkhvh dxwkruv jr rq wr
vkrz wkdw wkhuh lv d qhjdwlyh hpslulfdo uhodwlrqvkls ehwzhhq vxshuylvlrq dqg
sd| iru krvslwdo qxuvhv1 Li h�ruw lv iuhho|  h{leoh/ wklv �qglqj frqwudglfwv rxu
prgho1


Sursrvlwlrq 6 Vxssrvh wkh ohyho ri prqlwrulqj/ R/ lv vxemhfw wr elqglqj
uhjxodwlrqv1 Wkhq wkh rswlpdo zdjh/ �W/ lv dq lqfuhdvlqj ixqfwlrq ri R
li dqg rqo| li LR�ERc�


W� : f�


Surri= Vxssrvh wkdw uhjxodwlrqv irufh R wr eh juhdwhu wkdq wkh sulqflsdo
zrxog kdyh zdqwhg1 Khqfh/ wkh sulqflsdo kdv rqo| rqh lqvwuxphqw= wkh zdjh1
Wkh vroxwlrq wr wkh sulqflsdo*v sureohp lv jlyhq e| wkh �uvw�rughu frqglwlrq
L�E�


Wc R� ' f� Gl�huhqwldwlqj wklv frqglwlrq jlyhv


_�


_R
' �


LR�ERc �
W�


L��ERc �W�
�


Vlqfh wkh ghqrplqdwru lv qhjdwlyh e| wkh sureohp*v vhfrqg�rughu frqglwlrq/
lw iroorzv wkdw wkh zdjh vkrxog lqfuhdvh zlwk prqlwrulqj li dqg rqo| li
LR� : f� �


Dv zh kdyh dujxhg deryh/ wkh furvv�ghulydwlyh lv lqghhg srvlwlyh iru uhd0
vrqdeoh vshfl�fdwlrqv1 Li prqlwrulqj lv lq idfw odujho| h{rjhqrxv dv wkh dx0
wkruv fodlp/ wkh gdwd xvhg e| Nuxhjhu dqg Jurvkhq lv lppxqh wr wkh fulwl0
flvpv udlvhg deryh/ ehfdxvh wkhuh zloo eh d prqrwrqlf uhodwlrqvkls ehwzhhq
zkdwhyhu lv uhjxodwhg dqg dfwxdo prqlwrulqj/ R1 Khqfh/ wkhlu hpslulfdo �qg0
lqj vhhpv wr uhmhfw wkh suhvhqw prgho1<


;
Qrwh wkdw Nuxhjhu dqg Jurvkhq duh sulpdulo| frqfhuqhg zlwk dq hqgrjhqhlw| sureohp


wkdw zh kdyh uxohg rxw khuh= wkh srvvleoh vxevwlwxwlrq ehwzhhq vxshuylvruv dqg zrunhuv lq


wkh surgxfwlrq ixqfwlrq1
<Lw lv zruwk qrwlqj wkdw Nuxhjhu dqg Jurvkhq dsshdu wr eh dzduh wkdw vfdoh h�hfwv


frxog srvvleo| ryhuwxuq wkh suhglfwlrq wkdw prqlwrulqj dqg sd| duh vxevwlwxwhv1 Wkh|


zulwh +sdjh 46;0V,= �Wkxv/ kroglqj zrunhuv* h�ruw ohyho frqvwdqw/ wkh h!flhqf| zdjh prgho


suhglfwv wkdw lqfuhdvhv lq prqlwrulqj zrxog eh dvvrfldwhg zlwk orzhu zdjhv1� Exw wkh|


wkhq surfhhg wr whvw wkh k|srwkhvlv zlwkrxw dq| frqwurov iru zrunhu h�ruw1
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Rqh remhfwlrq wr Nuxhjhu dqg Jurvkhq*v vwxg| lv wkdw wkh| ylhz zdjhv
dw d srlqw lq wlph udwkhu wkdq wkh h{shfwhg qhw suhvhqw ydoxh ri zdjhv1
Li uhjxodwlrq irufhv d krvslwdo wr kdyh pruh qxuvh vxshuylvruv/ hdfk qxuvh*v
suredelolw| ri dgydqflqj wr wkh udqn ri vxshuylvru lqfuhdvhv1 Khqfh/ dyhudjh
olihwlph sd| pd| eh kljkhu hyhq li sd| dw wkh orzhvw udqn lv orzhu1 Wkxv/
zh duh qrw frqylqfhg wkdw wkhuh lv uhdoo| d qhjdwlyh uhodwlrqvkls ehwzhhq
prqlwrulqj dqg sd| lq wklv fdvh1


816 Gluhfw phdvxuhv ri prqlwrulqj


Dqrwkhu sdshu zklfk fuhgleo| lghqwl�hv wkh txdolw| ri prqlwrulqj dqg qrw
mxvw wkh prqlwrulqj frvw lv Nuxhjhu*v +4<<4, vwxg| ri wkh idvw�irrg lqgxvwu|1
Nuxhjhu frpsduhv wkh ohyho ri sd| lq iudqfklvh rxwohwv zlwk wkh ohyho ri sd|
lq frpsdq|�rzqhg rxwohwv/ �qglqj wkdw sd| lv orzhu lq wkh iruphu1 Kh du0
jxhv wkdw wkhuh vkrxog eh pruh prqlwrulqj lq wkh iudqfklvh rxwohwv/ ehfdxvh
wkhuh wkh uhvlgxdo fodlpdqw fdq prqlwru zrunhuv gluhfwo|/ dqg wkdw wklv pljkw
h{sodlq wkh orzhu sd| iru qrq�vxshuylvru| vwd� lq wkh iudqfklvh rxwohwv1 Dv
vkrzq lq htxdwlrq +46,/43 wklv frqfoxvlrq lv lqfruuhfw zkhq wkh vfdoh h�hfw
lv wdnhq lqwr dffrxqw144 Khqfh Nuxhjhu*v �qglqj frqwudglfwv wkh vklunlqj
prgho/ udwkhu wkdq frq�uplqj lw145


43Nuxhjhu dovr dujxhv wkdw lw lv wkh gl�huhqw frqwudfwxdo duudqjhphqwv wkdw h{sodlq zk|


iudqfklvhhv h{shqg pruh h�ruw prqlwrulqj wkhlu zrunhuv wkdq gr pdqdjhuv ri frpsdq|0


rzqhg uhvwdxudqwv1 Kh zulwhv +sdjh :9,= �Dq rzqhu0pdqdjhu ri d iudqfklvh kdv d vwurqj


lqfhqwlyh wr h{shqg h�ruw vxshuylvlqj dqg prqlwrulqj klv zrunhuv ehfdxvh kh uhfhlyhv


wkh uhvlgxdo sur�w jhqhudwhg e| wkh hqwhusulvh> zkhuhdv d pdqdjhu ri d frpsdq|0rzqhg


hvwdeolvkphqw lv xvxdoo| qrw sdlg d vkduh ri wkh hvwdeolvkphqw*v sur�w/ dqg klv dfwlrqv duh


qrw shuihfwo| revhuyhg e| klv sulqflsdo/ wkh sduhqw frpsdq|1� Lq rxu prgho wklv pd| eh


pruh dssursuldwho| fdswxuhg e| gl�huhqw �v udwkhu wkdq gl�huhqw �v1 Khqfh/ iru wkrvh


eholhylqj lq wkh dujxphqw deryh/ wklv uhihuhqfh vkrxog eh wr htxdwlrq +53, lqvwhdg1
44Wkh idfw wkdw Nuxhjhu rqo| orrnv dw wzr ohyhov ri prqlwrulqj grhv qrw d�hfw wkh


txdolwdwlyh frqfoxvlrq1 Lw lv vwudljkwiruzdug wr vkrz wkdw rxu uhvxowv fduu| ryhu wr wkh fdvh


lq zklfk wkh ohyho ri prqlwrulqj lv fkrvhq iurp d �qlwh vhw S ri dowhuqdwlyhv= Zkhq wkh


sulqflsdo fkrrvhv wr mxps wr d kljkhu ohyho ri prqlwrulqj/ dw zklfk srlqw wkh glvfuhwhqhvv


ri S lpsolhv wkdw wkh qhz s lv �wrr kljk�/ kh zloo dovr fkrrvh wr udlvh wkh zdjh1 Wklv


iroorzv gluhfwo| iurp Sursrvlwlrq 51
45D srvvleoh frqyhqwlrqdo h{sodqdwlrq iru Nuxhjhu*v �qglqjv lv wkdw lw lv pruh sohdvdqw wr


zrun dw iudqfklvhg uhvwdxudqwv1 Zh vhh wzr srwhqwldo uhdvrqv zk| wklv pljkw eh vr1 Iluvw/


zrunhuv uhsruw wkdw wkh| �qg vxshuylvlrq wr eh pruh dghtxdwh dw iudqfklvhg uhvwdxudqwv>


shukdsv wklv dovr phdqv wkdw wkh zrunhuv duh rq ehwwhu whupv zlwk wkhlu vxshuylvruvB Vhf0


rqgo|/ iudqfklvhg uhvwdxudqwv whqg wr eh vrphzkdw odujhu dqg wr eh ohvv fhqwudoo| orfdwhg1


Erwk idfwruv pd| frqwulexwh wr d pruh hyhq zrun ordg wkurxjkrxw wkh gd|1
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9 Ilqdo uhpdunv


Zh kdyh vkrzq wkdw d yhu| qdwxudo jhqhudol}dwlrq ri wkh frqyhqwlrqdo vklun0
lqj prgho frpsohwho| ryhuwxuqv suhylrxv lqwxlwlrqv1 Pruhryhu/ prvw ri wkh
hpslulfdo olwhudwxuh idlov wr surshuo| dgguhvv wkh prgho*v lpsolfdwlrqv1 Lq
rxu ylhz/ rqo| wzr vwxglhv ri wkh uhodwlrqvkls ehwzhhq prqlwrulqj dqg sd|
duh dssursuldwho| ghvljqhg1 Uhelw}hu +4<<8, lvrodwhv wkh vxevwlwxwlrq h�hfw/
�qglqj wkdw prqlwrulqj dqg sd| duh vxevwlwxwh lqvwuxphqwv iru lpsohphqw0
lqj d jlyhq h�ruw ohyho1 Krzhyhu/ dv Suhqghujdvw +4<<</ s177, qrwhv/ wklv
suhglfwlrq lv qrw xqltxh wr h!flhqf| zdjh wkhru|1 Nuxhjhu +4<<4,/ rq wkh
rwkhu kdqg/ �qgv wkdw prqlwrulqj dqg sd| duh vxevwlwxwhv hyhq zkhq erwk
vxevwlwxwlrq dqg vfdoh h�hfwv duh suhvhqw1 Dv zh kdyh vkrzq/ wklv �qglqj
vkrxog eh frqvlghuhg d uhmhfwlrq ri udwkhu wkdq d frq�updwlrq ri h!flhqf|
zdjh wkhru|1


Wkh dssduhqw hpslulfdo idloxuh ri h!flhqf| zdjh wkhru| wr h{sodlq wkh
prqlwrulqj2sd| uhodwlrqvkls lq Nuxhjhu*v vwxg| ehjv wkh txhvwlrq zkhwkhu
rwkhu wkhrulhv shuirup dq| ehwwhu1 Vrphzkdw vxusulvlqjo|/ yhu| ihz dowhu0
qdwlyh wkhrulhv h{lvw1 Kropvwuùp dqg Plojurp +4<<7, vkrz wkdw prqlwrulqj
dqg sd|2shuirupdqfh vhqvlwlylw| duh frpsohphqwv lq wkhlu olqhdu lqfhqwlyh
prgho/ d srlqw zklfk lv dovr irxqg lq Plojurp dqg Urehuwv +4<<5/ s5590:,146


Krzhyhu/ wkh| gr qrw vwxg| wkh fryduldqfh ehwzhhq prqlwrulqj dqg dyhudjh
sd|/ zklfk lv wkh fhqwudo lvvxh lq wkh hpslulfdo olwhudwxuh wkdw zh dgguhvv
khuh1 Dq dowhuqdwlyh wkhru| ri wkh revhuyhg qhjdwlyh uhodwlrqvkls ehwzhhq
prqlwrulqj dqg dyhudjh sd|/ zklfk lv sxw iruzdug lqirupdoo| e| Jurvkhq
dqg Nuxhjhu +4<<3,/ lv wkdw wkh uhwxuq wr prqlwrulqj lv kljkhu zkhq zrunhuv
kdyh orz vnloov1 Li wklv wkhru| lv fruuhfw/ wkh qhjdwlyh uhodwlrqvkls vkrxog
glvdsshdu zlwk ehwwhu frqwurov iru zrunhu vnloov1


46Wklv prgho gl�huv iurp wkh h!flhqf| zdjh prgho lq d qxpehu ri uhvshfwv1 Lq wkh olqhdu


lqfhqwlyh prgho/ djhqwv duh dvvxphg wr eh ulvn dyhuvh/ exw wr kdyh xqolplwhg oldelolw|1 Wkxv/


wkh phfkdqlvp ehklqg wkh frpsohphqwdulw| ehwzhhq prqlwrulqj dqg lqfhqwlyh lqwhqvlw| lv


txlwh gl�huhqw> pruh prqlwrulqj uhgxfhv wkh lqfrph ulvn/ dqg wkhuhe| uhgxfhv wkh frvw ri


vwurqj lqfhqwlyhv1
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Uhihuhqfhv


Dudl/ Pdkprrg +4<<7d,= Dq Hpslulfdo Dqdo|vlv ri H!flhqf| Zdjhv dqg
Zdjh Glvshuvlrq/ Vfdqglqdyldq Mrxuqdo ri Hfrqrplfv <9/ 64�831


Dudl/ Pdkprrg +4<<7e,= Frpshqvdwlqj Zdjh Gl�huhqwldov yhuvxv H!0
flhqf| Zdjhv= Dq Hpslulfdo Vwxg| ri Mre Dxwrqrp| dqg Zdjhv/ Lq0
gxvwuldo Uhodwlrqv 66/ 57<�5951


Dwkh|/ Vxvdq dqg Vfrww Vwhuq +4<<;,= Dq Hpslulfdo Iudphzrun iru
Whvwlqj Wkhrulhv Derxw Frpsohphqwdulw| lq Rujdql}dwlrqdo Ghvljq/
QEHU Zrunlqj Sdshu qr 99331


Erzohv/ Vdpxho +4<;8,= Wkh Surgxfwlrq Surfhvv lq d Frpshwlwlyh Hfrq0
rp|= Zdoudvldq/ Qhr�Kreehvldq/ dqg Pdu{ldq Prghov/ Dphulfdq Hfr0
qrplf Uhylhz :8/ 49�681


Eudyhupdq/ Kduu| +4<:7,= Oderu dqg Prqrsro| Fdslwdo/ Qhz \run=
Prqwko| Uhylhz Suhvv1


Exorz/ Mhuhp| L1 dqg Odzuhqfh K1 Vxpphuv +4<;9,= D Wkhru| ri
Gxdo Oderu Pdunhwv zlwk Dssolfdwlrqv wr Lqgxvwuldo Srolf|/ Glvfulpl0
qdwlrq/ dqg Nh|qhvldq Xqhpsor|phqw/ Mrxuqdo ri Oderu Hfrqrplfv 7/
6:9�7471


Ghprxjlq/ Grplqltxh dqg Fodxgh Ioxhw +4<<:,= Prqlwrulqj yhuvxv
Lqfhqwlyhv= Vxevwlwxwhv ru FrpsohphqwvB Plphr1 Xqlyhuvlwì gx Txìehf
ã Prqwuìdo1


Jrugrq/ Gdylg +4<<3,= Zkr Ervvhv ZkrpB Wkh Lqwhqvlw| ri Vxshuylvlrq
dqg wkh Glvflsolqh ri Oderu/ Dphulfdq Hfrqrplf Uhylhz/ Sdshuv dqg
Surfhhglqjv ;3/ 5;�651


Jrugrq/ Gdylg +4<<7,= Ervvhv ri Gl�huhqw Vwulshv= D Furvv�Qdwlrqdo Shu0
vshfwlyh rq Prqlwrulqj dqg Vxshuylvlrq/ Dphulfdq Hfrqrplf Uhylhz/
Sdshuv dqg Surfhhglqjv ;7/ 6:8�6:<1


Jurvkhq/ Hulfd O1 dqg Dodq E1 Nuxhjhu +4<<3,= Wkh Vwuxfwxuh ri Vx0
shuylvlrq dqg Sd| lq Krvslwdov/ Lqgxvwuldo dqg Oderu Uhodwlrqv Uhylhz
76/ V4670V4791


Kropvwuùp/ Ehqjw dqg Sdxo Plojurp +4<<7,= Wkh Ilup dv dq Lqfhq0
wlyh V|vwhp/ Dphulfdq Hfrqrplf Uhylhz ;7/ <:5�<<41
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Nuxhjhu/ Dodq +4<<4,= Rzqhuvkls/ Djhqf|/ dqg Zdjhv/ Txduwhuo| Mrxuqdo
ri Hfrqrplfv 439/ :8�4341


Nuxvh/ Grxjodv +4<<5,= Vxshuylvlrq/ Zrunlqj�Frqglwlrqv/ dqg wkh Hp0
sor|hu Vl}h�Zdjh H�hfw/ Lqgxvwuldo Uhodwlrqv 64/ 55<�57<1


Ohrqdug/ Mrqdwkdq V1 +4<;:,= Fduurwv dqg Vwlfnv= Sd|/ Vxshuylvlrq/ dqg
Wxuqryhu/ Mrxuqdo ri Oderu Hfrqrplfv ;/ V468�V4851


Plojurp/ Sdxo dqg Mrkq Urehuwv +4<<5,= Hfrqrplfv/ Rujdql}dwlrq dqg
Pdqdjhphqw/ +Hqjohzrrg Fol�v/ QM= Suhqwlfh�Kdoo,1


Qhdo/ Ghuhn +4<<6,= Vxshuylvlrq dqg Zdjhv dfurvv Lqgxvwulhv/ Uhylhz ri
Hfrqrplfv dqg Vwdwlvwlfv :8/ 73<�74:1


Suhqghujdvw/ Fdqlfh +4<<<,= Wkh Surylvlrq ri Lqfhqwlyhv lq Ilupv/ Mrxu0
qdo ri Hfrqrplf Olwhudwxuh Yro1 [[[YLL/ :�961


Uhelw}hu/ Mdphv E1 +4<<6,= Udglfdo Srolwlfdo Hfrqrp| dqg wkh Hfrqrplfv
ri Oderu Pdunhwv/ Mrxuqdo ri Hfrqrplf Olwhudwxuh 64/ 46<7�47671


Uhelw}hu/ Mdphv E1 +4<<8,= Lv Wkhuh d Wudgh�R� ehwzhhq Vxshuylvlrq
dqg ZdjhvB Dq Hpslulfdo Whvw ri H!flhqf| Zdjh Wkhru|/ Mrxuqdo ri
Hfrqrplf Ehkdylru dqg Rujdql}dwlrq 5;/ 43:�45<1


Vkdslur/ Fduo dqg Mrvhsk H1 Vwljolw} +4<;7,= Lqyroxqwdu| Xqhpsor|0
phqw dv d Zrunhu Glvflsolqh Ghylfh/ Dphulfdq Hfrqrplf Uhylhz :7/
766�7771
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Dsshqgl{ 4
Vxssrvh wkh h�ruw ohyho lv uhvwulfwhg wr wdnh rqo| wkh ydoxhv e ' f dqg


e ' 7e1 Surylghg wkdw wkh sulqflsdo zdqwv wr lpsohphqw 7e/ klv pd{lpl}dwlrq
sureohp lv


�@%
Rc�


q�E7e�� � � >�ER�


vxemhfw wr wkh lqfhqwlyh frqvwudlqw


RE� � �f� ' ��E7e��


Xvlqj wkh frqvwudlqw wr vxevwlwxwh iru � uhgxfhv wkh pd{lpl}dwlrq sureohp
wr
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Dvvxplqj dq lqwhulru vroxwlrq/ wkh �uvw rughu frqglwlrq lv
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' f� +5:,


Wrwdo gl�huhqwldwlrq ri +59, dqg +5:, jlyhv xv wkh irupxodv
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Xvlqj +5;,/ lw lv hdvlo| vhhq wkdw wkh h�hfw ri d fkdqjh lq > rq wkh prql0
wrulqj dffxudf|/ R/ lv
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me'7e ' �


R� �ER�


> d2� �ER� n R� ��ER�o


dqg xvlqj +5<, zh jhw wkh dqdorjrxv h�hfw rq wkh zdjh/ �
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Wkxv/ wklv h�hfw lv dozd|v d vxevwlwxwlrq h�hfw1 Dqg xqghu wkh uhdvrqdeoh
dvvxpswlrq wkdw wkh ghqrplqdwru lv srvlwlyh lq wkhvh h{suhvvlrqv/ zh kdyh
wkh uhvxow wkdw d ghfuhdvh lq > zloo pdnh wkh sulqflsdo vxevwlwxwh zdjh iru
prqlwrulqj1


Iurp wkh vdph irupxodv/ +5;, dqg +5<,/ zh �qg wkdw wkh h�hfw ri d fkdqjh
lq wkh sdudphwhu � rq R dqg � lv


_R


_�
me'7e '


�E7e�


>R d2� �ER� n R� ��ER�o


dqg
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me'7e '


�E7e� d� �ER� n R� ��ER�o


R d2� �ER� n R� ��ER�o
' > d� �ER� n R� ��ER�o


_R


_�
�


Wkxv khuh/ jlyhq wkdw �R� ��ER�*� �ER� 	 � +lqhtxdolw| +55,,/ wkh h�hfw lv d
frpsohphqwdu| h�hfw1 Qrwlfh �qdoo| wkdw wkhuh lv qr h�hfw ri d fkdqjh lq wkh
sdudphwhu q rq wkh htxloleulxp ydoxhv ri R dqg �/ vlqfh q grhv qrw dsshdu
lq hlwkhu +59, ru +5:,1
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