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Surgxfw Pdunhw Lqwhjudwlrq dqg Zdjhv lq

Xqlrql}hg Frxqwulhv

Mdnre Urodqg Pxqfk

Ghsduwphqw ri Hfrqrplfv

Xqlyhuvlw| ri Ddukxv/ Ghqpdun

Mdq Urvh Vûuhqvhq�

Ghsduwphqw ri Hfrqrplfv

Xqlyhuvlw| ri Ddukxv/ Ghqpdun

Iluvw gudiw= Mdqxdu|/ 4<<<

Wklv yhuvlrq= Mxqh/ 4<<<

Devwudfw

Wklv sdshu vwxglhv wkh h�hfwv ri surgxfw pdunhw lqwhjudwlrq rq zdjhv1 Zh

ghyhors d wzr0frxqwu| prgho ri lqwhuqdwlrqdo wudgh zlwk lpshuihfwo| frpshwl0

wlyh surgxfw pdunhwv dqg xqlrql}hg oderu pdunhwv1 Lqwhjudwlrq lv prghoohg dv

hlwkhu d idoo lq �{hg ru yduldeoh wudgh frvwv1 D uhgxfwlrq lq �{hg wudgh frvwv

ohdgv wr dq xqdpeljxrxv ghfuhdvh lq zdjhv/ zkhuhdv d uhgxfwlrq lq yduldeoh

wudgh frvwv kdv dq dpeljxrxv h�hfw rq zdjhv1

MHO Fodvvl�fdwlrq= I48/ M8/ O46

Nh|zrugv= Hfrqrplf lqwhjudwlrq/ Wudgh xqlrqv/ Lqwhuqdwlrqdo wudgh/ Surg0

xfw pdunhw frpshwlwlrq

�Fruuhvsrqglqj dgguhvv= Xqlyhuvlw| ri Ddukxv/ Ghsduwphqw ri Hfrqrplfv/ Exloglqj 683/

GN0;333 Ddukxv F/ Ghqpdun> Who1= .78 ;<75 4944> Id{= .78 ;946 9667> H0pdlo= mvr0

huhqvhqChfrq1dx1gn
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4 Lqwurgxfwlrq

Lw lv riwhq dujxhg wkdw Hxurshdq oderu pdunhwv duh vwurqjo| lq xhqfhg e| wudgh

xqlrqv dqg dv d frqvhtxhqfh zdjhv duh deryh wkh frpshwlwlyh ohyho1 Wklv kdv riwhq

ehhq phqwlrqhg dv dq lpsruwdqw uhdvrq iru Hxurshdq xqhpsor|phqw udwhv ehlqj

kljkhu dqg pruh shuvlvwhqw wkdq XV xqhpsor|phqw udwhv1 Lq Grzulfn +4<;<, lw

kdv ehhq vkrzq wkdw wkh delolw| ri wudgh xqlrqv wr dfklhyh kljk zdjhv ghshqgv rq

wkh ghjuhh ri frpshwlwlrq lq wkh surgxfw pdunhw1 Vshfl�fdoo|/ Grzulfn vkrzv wkdw

li wkhuh lv dq lqfuhdvh lq wkh ghjuhh ri frpshwlwlrq lq wkh jrrgv pdunhw/ wkhq lw

vsloov ryhu wr wkh oderu pdunhw/ dqg zdjhv duh uhgxfhg1 Lq sudfwlfh/ rqh zd| lq

zklfk wkh ghjuhh ri frpshwlwlrq lq jrrgv pdunhw pd| ulvh/ lv wkurxjk dq lqfuhdvh

lq lqwhuqdwlrqdo wudgh gxh wr surgxfw pdunhw lqwhjudwlrq1 Lq wkh olwhudwxuh/ lw kdv

dovr ehhq frq�uphg wkdw surgxfw pdunhw lqwhjudwlrq pd| jlyh ulvh wr orzhu zdjhv

+vhh h1j1 Kxl}lqjd +4<<6, dqg Vûuhqvhq +4<<6,,1 Krzhyhu/ uhfhqwo| Qd|oru +4<<;,

kdv txhvwlrqhg wkh �hvwdeolvkhg lqwxlwlrq� dqg kh vkrzv wkdw d pdujlqdo lqfuhdvh

lq surgxfw pdunhw lqwhjudwlrq/ prghoohg dv d ghfuhdvh lq d wudgh frvw/ jlyhv ulvh wr

kljkhu zdjhv lq xqlrql}hg oderu pdunhwv1 Wkh sxusrvh ri rxu sdshu lv wr foduli| krz

surgxfw pdunhw lqwhjudwlrq d�hfw zdjhv zkhq oderu pdunhwv duh xqlrql}hg dqg wr vhw

xs d prgho zklfk lv vx!flhqwo| jhqhudo wr h{sodlq wkh gl�huhqw uhvxowv ri Kxl}lqjd/

Vûuhqvhq dqg Qd|oru1

Wkh prghov ri Kxl}lqjd +4<<6,/ Vûuhqvhq +4<<6, dqg Qd|oru +4<<;, duh doo vlpsoh

roljrsro| prghov/ dqg wkh| duh txlwh vlplodu1 Kxl}lqjd dqg Vûuhqvhq vlpso| frpsduh

wkh h{wuhph fdvhv ri qr wudgh wr wkh fdvh ri ixoo wudgh zlwkrxw dq| wudgh frvwv1

Frqwudu| wr wkdw/ Qd|oru frqvlghuv wkh lpsolfdwlrqv ri d pdujlqdo uhgxfwlrq lq wudgh

frvwv1 Vlqfh uhdo zruog surgxfw pdunhw lqwhjudwlrq zloo hyroyh dv pdujlqdo uhgxfwlrqv

lq wudgh frvwv/ lw vhhpv dv li wkh hpslulfdo uhohydqw uhvxow lv wkh rqh irxqg e| Qd|oru1

Lq wklv sdshu krzhyhu/ zh vkrz wkdw wkh prgho ri Qd|oru lv dovr d vshfldo fdvh/

dqg lq d pruh jhqhudo prgho/ lw lv dpeljxrxv zkhwkhu zdjhv lqfuhdvh ru ghfuhdvh gxh

wr surgxfw pdunhw lqwhjudwlrq1 Wkh pdlq uhdvrq zk| Qd|oru �qgv dq xqdpeljxrxv

h�hfw rq zdjhv lv wkdw/ lq klv prgho/ surgxfw pdunhw lqwhjudwlrq grhv qrw d�hfw

wkh ghjuhh ri frpshwlwlrq lq wkh jrrgv pdunhw1 Rqh iruhljq dqg rqh grphvwlf �up

frpshwh dw wkh jrrgv pdunhw ehiruh dv zhoo dv diwhu wkh uhgxfwlrq lq wudgh frvwv1

Pruh jhqhudoo|/ d uhgxfwlrq lq wudgh frvwv pd| jlyh ulvh wr pdunhw hqwu| lq wkh vhqvh

wkdw lw pd| eh rswlpdo iru qhz �upv wr vwduw h{sruwlqj1 Li wklv lv wkh fdvh/ wkh

ghjuhh ri frpshwlwlrq lq wkh jrrgv pdunhw lqfuhdvhv/ dqg dorqj wkh olqhv suhglfwhg

e| Grzulfn +4<;<,/ zdjhv pd| ghfuhdvh1

5



Zh glylgh wudgh frvwv lqwr wzr w|shv= l, yduldeoh wudgh frvwv/ vxfk dv wudqvsruw

frvwv zklfk duh pruh ru ohvv sursruwlrqdo wr wkh ohyho ri h{sruw/ dqg ll, �{hg wudgh

frvwv wkdw duh lqghshqghqw ri wkh txdqwlw| h{sruwhg1 Wklv w|sh pd| iru lqvwdqfh

eh frvwv lqfxuuhg iurp jdwkhulqj lqirupdwlrq derxw iruhljq pdunhwv dqg surgxfw

dssurydo frvwv1 Zh vkrz wkdw uhgxfwlrqv lq wkhvh wzr w|shv ri frvwv pd| kdyh

yhu| gl�huhqw lpsolfdwlrqv iru zdjhv1 D uhgxfwlrq lq �{hg wudgh frvwv ohdgv wr dq

xqdpeljxrxv ghfuhdvh lq zdjhv/ zkhuhdv d uhgxfwlrq lq yduldeoh wudgh frvwv kdv dq

dpeljxrxv h�hfw rq zdjhv1

Wkh uhvw ri wkh sdshu lv rujdql}hg dv iroorzv1 Lq vhfwlrq 5 zh vhw xs wkh prgho/

dqg lw lv vroyhg lq vhfwlrq 61 Lq vhfwlrq 7 zh �qg vrph vwdwlf frpsdudwlyh uhvxowv/

dqg vhfwlrq 8 frqfoxghv1

5 Wkh prgho

Wkhuh duh wzr v|pphwulf frxqwulhv/ Krph dqg Iruhljq/ dqg wkhuh lv d frqwlqxxp

ri jrrgv surgxfhg xqghu Frxuqrw frpshwlwlrq41 Hdfk jrrg lv surgxfhg e| rqh

�up lq hdfk frxqwu|/ dqg wkh jrrgv duh lqgh{hg rq dq lqwhuydo/ dfc �o/ dqg udqnhg

zlwk ulvlqj �{hg frvwv ri h{sruwlqj +vhh ehorz,1 Qrw doo jrrgv duh h{sruwhg gxh wr

gl�huhqfhv lq wklv �{hg frvw/ dqg jrrgv surgxfhg lq Krph zlwk lqgh{ � 5 dfc bo duh

h{sruwhg/ zkhuhdv jrrgv zlwk � 5o� � bc �o duh rqo| vrog dw wkh grphvwlf pdunhw1

Vlploduo|/ jrrgv surgxfhg lq Iruhljq zlwk lqgh{ � 5 dfc bWo duh h{sruwhg zkloh jrrgv

� 5 o�� bWc �o duh rqo| vrog dw wkh pdunhw lq Iruhljq51 Lq dgglwlrq wr wkh �{hg frvw

ri wudgh wkhuh lv d frvw/ |/ shu xqlw ri wkh jrrg h{sruwhg1 Lq olqh zlwk Eudqghu dqg

Nuxjpdq +4<;6, lw lv dvvxphg wkdw hdfk �up frqvlghuv wkh pdunhwv vhsdudwho| +l1h1

jrrgv pdunhwv duh vhjphqwhg, dqg fkrrvhv d sur�w pd{lpl}lqj txdqwlw| iru hdfk

pdunhw1

514 Ghpdqg

Ghpdqg lq Krph iru d vshfl�f jrrg lv jlyhq e|

4Dv lq Kxl}lqjd +4<<6, dqg Qd|oru +4<<;, rxu prgho lv sduwldo htxloleulxp exw lw fdq hdvlo| eh

h{suhvvhg dv d jhqhudo htxloleulxp prgho zlwkrxw dq| txdolwdwlyh lpsolfdwlrqv iru wkh uhvxowv +vhh

h1j1 Vûuhqvhq +4<<6,,1
5Wkh frvw vwuxfwxuh ri jrrgv duh lghqwlfdo lq Krph dqg Iruhljq dv wkh frxqwulhv duh v|pphwulf1

Dffruglqjo|/ jrrgv duh udqnhg lq wkh vdph rughu vr wkdw jrrg l lq Krph lv lqghhg wkh vdph dv

jrrg l lq Iruhljq1
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^� ' @� KR�c +4,

dqg lq Iruhljq lw lv

^
W

�
' @� KRW

�
� +5,

Wkh sulfh dw wkh grphvwlf pdunhw iru d jrrg iru zklfk wkhuh lv frpshwlwlrq iurp

Iruhljq lv wkhq

R� '

@

K
�

�

K
E+� n %W

�
� +6,

' k � qE+� n %W
�
�c � � bWc

zkhuh wkh txdqwlw| +� ghqrwhv wkh dprxqw ri jrrg � surgxfhg lq Krph dqg vrog dw

wkh grphvwlf pdunhw1 %
W

�
lv wkh dprxqw ri jrrg � h{sruwhg iurp Iruhljq wr Krph1

Iru surgxfwv wkdw duh qrw vxemhfw wr Iruhljq frpshwlwlrq wkh sulfh ehfrphv

R� ' k� q+�c � : bW� +7,

Vlploduo|/ lq Iruhljq wkh sulfh ri jrrgv iru zklfk wkhuh lv lpsruw iurp Krph lv

jlyhq dv

R
W

�
' k � q E+W

�
n %�� c � � bc +8,

zkhuh +W
�
lv wkh dprxqw vrog e| d Iruhljq surgxfhu/ dqg %� lv wkh dprxqw vrog e| d

Krph surgxfhu dw wkh Iruhljq pdunhw1 Iru jrrgv wkdw gr qrw idfh frpshwlwlrq iurp

Krph �upv/ wkh sulfh lv

R
W

�
' k� q+W

�
c � : b� +9,

515 Ilupv

Hdfk �up fkrrvhv zkhwkhu wr hqjdjh lq h{sruw dqg rshudwh dw wkh iruhljq pdunhw

dv zhoo dv dw wkh grphvwlf pdunhw ru mxvw wr vhoo jrrgv dw wkh grphvwlf pdunhw1

Krzhyhu/ lq rughu wr h{sruw/ wkh �up kdv wr sd| d �{hg vhw xs frvw1 Wklv frvw pd|

eh gxh wr lqirupdwlrq jdwkhulqj frqfhuqlqj wkh iruhljq pdunhw/ ru lw pd| eh frvwv ri

surgxfw dssurydo lq wkh iruhljq frxqwu|1 Zh frxog hdvlo| lqwurgxfh �{hg vhw xs frvwv

wkdw pxvw eh sd|hg lq rughu wr rshudwh dw wkh grphvwlf pdunhw/ exw iru vlpsolflw|
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zh ljqruh wkhvh frvwv dqg lqvwhdg dvvxph wkdw wkhuh lv urrp iru rqh �up surgxflqj

hdfk jrrg lq hdfk frxqwu|1 Dv qrwhg hduolhu/ wkh �{hg vhw xs frvw ri h{sruwlqj gl�huv

dprqj �upv/ dqg wkh �upv duh udqnhg vr wkdw wkh frvw lv lqfuhdvlqj lq wkh lqgh{

qxpehu ri wkh �up1 Vshfl�fdoo|/ wkh �{hg vhw xs frvw iru Krph �upv lv jlyhq dv

�� ' � E�c ~� c
Y��

Y�
: fc � 5 dfc �o c +:,

zkhuh ~ lv d yhfwru ri yduldeohv/ iru lqvwdqfh joredol}dwlrq yduldeohv wkdw pdnh dffhvv

wr lqirupdwlrq derxw iruhljq pdunhwv hdvlhu61 Wkhuh lv d vlplodu frvw ixqfwlrq iru

�upv orfdwhg lq Iruhljq1

Wkh sur�w ri dq h{sruwlqj �up lq Krph surgxflqj jrrg � lv jlyhq dv

Z� ' R�+� n R
W

�
%� � �,� � |%� � ��c � � bc +;,

zkhuh ,� lv oderu lqsxw/ � lv wkh zdjh udwh lq Krph dqg | lv yduldeoh wudgh frvwv1

Wkh sur�w ri d qrq0h{sruwlqj �up lq Krph lv

Z� ' R�+� � �,�c � : bc +<,

dqg vlplodu sur�w h{suhvvlrqv krog iru wkh �upv lq Iruhljq1

Wkh oderu lqsxw lv vlpso| wdnhq wr eh htxdo wr surgxfwlrq/ l1h1

,� ' +� n %�c � � b +43,

,� ' +�c � : b +44,

dqg dqdorjrxv h{suhvvlrqv krog iru Iruhljq oderu lqsxw1

516 Zdjh dqg hpsor|phqw

Zh dvvxph wkdw lq hdfk frxqwu| wkhuh lv d vlqjoh wudgh xqlrq wkdw fryhuv doo vhfwruv

dqg khqfh vxssolhv zrunhuv wr doo �upv1 Wkh wudgh xqlrq vhhnv wr pd{lpl}h wkh wrwdo

lqfrph ri wudgh xqlrq phpehuv7 zklfk lv htxlydohqw wr pd{lpl}lqj

l ' E� � ��u� +45,

6
] lv wdnhq wr eh h{rjhqrxv dqg lghqwlfdo dfurvv frxqwulhv/ vr wkdw wkh udqnlqj ri jrrgv lq Krph

dqg Iruhljq lv qrw dowhuhg e| fkdqjhv lq ]=

7Iru d jlyhq qxpehu ri wudgh xqlrq phpehuv/ wklv lv htxlydohqw wr pd{lpl}lqj wkh h{shfwhg

lqfrph ri d uhsuhvhqwdwlyh wudgh xqlrq phpehu zkhuh wkh suredelolw| ri hpsor|phqw lv htxdo wr

hpsor|phqw glylghg e| wkh qxpehu ri wudgh xqlrq phpehuv1
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u '
U
�

f
,�_� lv wrwdo hpsor|phqw lq Krph/ dqg � lv wkh dowhuqdwlyh lqfrph ri wudgh

xqlrq phpehuv zklfk pd| eh ghwhuplqhg e| xqhpsor|phqw ehqh�wv/ wkh zdjh lq

dowhuqdwlyh hpsor|phqw ru glvxwlolw| ri zrun1 � lv lghqwlfdo dfurvv frxqwulhv/ dqg

wkh remhfwlyh ixqfwlrq ri wkh Iruhljq wudgh xqlrq wdnhv d vlplodu irup1

Iru vlpsolflw| zh dvvxph wkdw wkh Krph +Iruhljq, wudgh xqlrq xqlodwhudoo| vhwv

wkh zdjh lq Krph +Iruhljq,/ l1h1 zh dsso| wkh prqrsro| xqlrq prgho +vhh h1j1

Rvzdog +4<;8,,1

517 Jdph vwuxfwxuh

Wkh vwuxfwxuh ri dfwlrqv lq wkh prgho fdq prvw hdvlo| eh ghvfulehg dv d vhtxhqwldo

jdph hyroylqj ryhu wkuhh vwdjhv1 Lq vwdjh 4/ hdfk �up ghflghv zkhwkhu lw zdqwv wr

sd| wkh �{hg vhw xs frvw/ ��/ dqg ehfrph dq h{sruwlqj �up1 Lq vwdjh 5 wkh wudgh

xqlrq lq hdfk frxqwu| fkrrvhv wkh zdjh udwh1 Vlqfh wkh zdjhv lq wkh wzr frxqwulhv duh

lqwhughshqghqw/ zh wdnh wkh rxwfrph wr eh d Ehuwudqg0Qdvk htxloleulxp lq zdjhv1

Ilqdoo|/ lq vwdjh 6/ �upv ghwhuplqh rxwsxw/ dqg zkhq Iruhljq dqg Krph �upv vxsso|

wr wkh vdph pdunhw/ wkh| hqjdjh lq Frxuqrw frpshwlwlrq vr wkdw wkh rxwfrph lv d

Frxuqrw0Qdvk htxloleulxp1

6 Vroylqj wkh prgho

Lq vwdjh 6/ �upv kdyh ghflghg zkhwkhu ru qrw wr hqwhu wkh pdunhw deurdg dqg zdjhv

kdyh ehhq ghwhuplqhg1 Khqfh/ pd{lpl}lqj sur�wv iru wkh Krph dqg Iruhljq �up lq

vhfwru � +l1h1 +;,,/ dqg vroylqj iru wkh Frxuqrw0Qdvk htxloleulxp |lhogv wkh iroorzlqj

txdqwlw| surgxfhg e| d Krph �up dqg vrog dw wkh pdunhw lq Krph=

+� '

kn �
W

� 2� n |

�q
c � � bW� +46,

Wkh txdqwlw| vrog e| d Iruhljq �up lq Krph lv

%
W

�
'

kn � � 2�W

� 2|

�q
c � � bW� +47,

Vlploduo|/ wkh txdqwlw| vrog e| d Krph �up dw wkh pdunhw lq Iruhljq fdq eh irxqg

wr eh

%� '

k n �W

� 2� � 2|

�q
c � � b� +48,
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E| pd{lpl}lqj +<,/ surgxfwlrq lq Krph ri jrrgv iru zklfk wkhuh lv qr iruhljq

frpshwlwlrq dprxqwv wr

+� '

k ��

2q
c � : bW� +49,

Sulfhv dw pdunhwv lq Krph duh qrz hdvlo| irxqg wr eh

R� '

kn � n �W n |

�
c � � bWc +4:,

dqg

R� '

kn �

2
c � : bW� +4;,

Vlploduo|/ sulfhv lq Iruhljq duh

R
W

�
'

kn � n �W n |

�
c � � bc +4<,

dqg

RW
�
'

kn �W

2
c � : bW� +53,

Wrwdo oderu ghpdqg lq Krph wxuqv rxw wr eh

u ' b
W
kn �W

� 2� n |

�q
n E�� bW�

k� �

2q
n b

kn �W

� 2� � 2|

�q
� +54,

Lq vwdjh 5 wkh wudgh xqlrq lq Krph pd{lpl}hv +45, wdnlqj lqwr dffrxqw wkdw wrwdo

hpsor|phqw lv ghwhuplqhg dv lq +54,/ dqg wkh �uvw rughu frqglwlrq ehfrphv=

E2b�bWn��kn2Ebnb
W��W

�2Eebnb
Wn����2E2b�b

W�|nEebnb
Wn�� 7� ' f� +55,

Wkhuh lv d vlplodu �uvw rughu frqglwlrq iru wkh wudgh xqlrq lq Iruhljq/ exw ehiruh

vroylqj iru wkh htxloleulxp zdjh udwhv/ ohw xv wxuq wr vwdjh 41

Lq vwdjh 4 hdfk �up ghflghv zkhwkhu wr sd| wkh �{hg vhw xs frvw �� wkhuhe| ehlqj

deoh wr h{sruw lwv surgxfw1 Wkh yduldeoh sur�w ri d �up lq Krph iurp h{sruwlqj lv

jlyhq dv

Z
e%

�
' ERW

�
� � � |� %�c +56,

zkhuh RW
�
dqg %� lv ghwhuplqhg dv lq +4<, dqg +48, uhvshfwlyho|1 Wkhq li Ze%

�
� ��/ wkh

�up �qgv lw rswlpdo wr h{sruw/ zkhuhdv li Ze%

�
	 �� wkh �up fkrrvhv mxvw wr rshudwh

:



dw wkh orfdo pdunhw1 Qrz b fdq eh irxqg dv wkh lqgh{ ri wkh �up iru zklfk wkh

yduldeoh sur�w iurp h{sruwlqj h{dfwo| fryhuv wkh �{hg vhw xs frvw/ l1h1

Z
e%

b
' � Ebc~� c +57,

dqg zh zloo dvvxph wkdw wklv gh�qhv d xqltxh ydoxh ri b81

Wkh �upv lq Iruhljq idfh h{dfwo| wkh vdph sureohp/ dqg vlqfh wkh wzr frxqwulhv

duh v|pphwulf/ lw iroorzv wkdw bW ' b1 Zdjh udwhv pxvw eh lghqwlfdo dfurvv frxqwulhv

iru wkh vdph uhdvrq/ dqg xvlqj wkhvh idfwv lq +55,/ lpsolhv wkdw wkh zdjh udwh lq wkh

Ehuwudqg0Qdvk htxloleulxp ri vwdjh 5 ehfrphv

� ' �
W

'

E� n b�kn E� n Db�� � 2b|

SE� n b�
� +58,

E| vxevwlwxwlqj iru sulfh/ zdjh dqg txdqwlw| lq +56,/ lw iroorzv iurp +57, wkdw b lq

htxloleulxp lv ghwhuplqhg e| wkh iroorzlqj frqglwlrq=

�

bq

#
E� n Db� Ek� ��� �2|� �fb|

S E� n b�

$
2

' � Ebc~� � +59,

Wkh ohiw kdqg vlgh ri wklv h{suhvvlrq lv odehoohg �� dv lw lv wkh pdujlqdo ehqh�w ri

lqfuhdvlqj b lq wkh vhqvh wkdw lw lv wkh yduldeoh sur�w iurp h{sruwlqj ri wkh pdujlqdo

�up wkdw fkrrvhv wr ehfrph dq h{sruwlqj �up/ l1h1

�� '
�

bq

#
E� n Db� Ek ���� �2|� �fb|

S E� n b�

$
2

� +5:,

Vlploduo|/ � Ebc ~� fdq eh lqwhusuhwhg dv wkh pdujlqdo frvw ri lqfuhdvlqj b1 � Ebc~�

lv lqfuhdvlqj lq b e| frqvwuxfwlrq/ dqg iurp +5:,/ lw lv hdvlo| irxqg wkdw �� lv

dovr lqfuhdvlqj lq b1 Dv looxvwudwhg lq Iljxuh 4/ zh dvvxph wkdw Y��

Yb
	

Y�Ebc~�
Yb

dv wklv lv qhfhvvdu| lq rughu wr kdyh d vwdeoh htxloleulxp1 Li b lv orzhu wkdq wkh

htxloleulxp ydoxh/ be/ wkhq �� : � Ebc ~�/ dqg pruh �upv kdyh dq lqfhqwlyh wr

hqjdjh lq h{sruw lpso|lqj wkdw b lqfuhdvhv wrzdugv wkh htxloleulxp1 Frqyhuvho|/

zkhq �� 	 � Ebc~�/ b ghfuhdvhv1

7 Vwdwlf frpsdudwlyh dqdo|vlv

Lw lv yhu| hdv| wr uhsolfdwh wkh uhvxowv lq Kxl}lqjd +4<<6,/ Vûuhqvhq +4<<6, dqg Qd|oru

+4<<;,1 Qd|oru dvvxphv wkdw b ' �c zklfk lq rxu prgho lv wkh fdvh li �E�c ~� lv vr

8
Vlqfh zh kdyh qr uhvwulfwlrqv rq Fl h{fhsw wkdw lw lv lqfuhdvlqj lq l/ zh fdqqrw lq jhqhudo uxoh

rxw wkh srvvlelolw| iru pxowlsoh vroxwlrqv1

;



Iljxuh 4= Pdujlqdo ehqh�w dqg �{hg frvwv ri wudgh dv d ixqfwlrq ri b�

orz wkdw doo �upv �qg lw sur�wdeoh wr h{sruw wkhlu jrrgv1 Gl�huhqwldwlqj wkh zdjh

udwh lq +58, |lhogv

Y�

Y|

�
�
�
�
�
b'�

' �

�

S
� +5;,

Wklv lv h{dfwo| wkh Qd|oru uhvxow/ l1h1 surgxfw pdunhw lqwhjudwlrq lq wkh vhqvh wkdw

| ghfuhdvhv ohdgv wr kljkhu zdjhv1 Wkh lqwxlwlrq lv wkdw/ iru jlyhq zdjhv wkh �upv

idfh orzhu frvwv rq h{sruw jrrgv/ zklfk whqgv wr lqfuhdvh oderu ghpdqg1 Wkh wudgh

xqlrqv wkhq h{sorlw wkh kljkhu oderu ghpdqg wr rewdlq kljkhu zdjhv1

Lq Kxl}lqjd +4<<6, dqg Vûuhqvhq +4<<6, wkhuh duh qr yduldeoh h{sruw frvwv +l1h1

| ' f,1 Pruhryhu/ wkh| frpsduh wkh fdvh zkhuh b ' � wr wkh fdvh zkhuh b ' f/

zklfk lq rxu prgho fdq eh lqwhusuhwhg dv d frpsdulvrq ri wkh fdvh zkhuh �E�c ~� lv

vx!flhqwo| orz wr hqvxuh wkdw doo �upv h{sruw/ wr wkh fdvh zkhuh �E�c ~� lv vx!flhqwo|

kljk vr wkdw qr �upv h{sruw1 E| xvlqj +58,/ zh �qg wkdw

�m
|'fcb'�

� �m
|'fcb'f

' �

k� �

S
	 f� +5<,

Vlqfh k : �
9 lw iroorzv wkdw surgxfw pdunhw lqwhjudwlrq ohdgv wr d ghfuhdvh lq wkh

9Rwkhuzlvh wkhuh zrxog eh qr surgxfwlrq dv wkh pdujlqdo frvw ri surgxflqj rqh xqlw zrxog

<



zdjh udwh1 Wkh uhdvrq lv khuh wkdw �upv lq wkh wzr frxqwulhv vwduw wr frpshwh dw

d frpprq pdunhw/ dqg wklv lqfuhdvh lq wkh ghjuhh ri frpshwlwlrq vsloov ryhu wr wkh

oderu pdunhw1

Wkh uhvxow ri Kxl}lqjd dqg Vûuhqvhq fdq hdvlo| eh jhqhudol}hg1 Pruh vshfl�fdoo|/

dq| fkdqjh lq wkh ~ yduldeohv wkdw uhgxfhv wkh �{hg frvw ri wudgh/ �E�c ~�c whqgv wr

lqfuhdvh wkh vkduh ri jrrgv wkdw duh wudghg/ b1 Wklv lv dovr vhhq lq Iljxuh 4> wkhuh

zloo eh d grzqzdug vkliw lq wkh �E�c ~� ixqfwlrq lpso|lqj d kljkhu htxloleulxp ydoxh

ri b +xqohvv b ' � lq zklfk fdvh b zloo eh xqfkdqjhg,1 D kljkhu b lq wxuq/ d�hfwv

wkh htxloleulxp zdjh udwh/ +58,/ lq wkh iroorzlqj zd|=

Y�

Yb
' �

k � � n |

� E� n b�2
	 fc +63,

l1h1 wkh zdjh udwh pxvw idoo1 Dq lqfuhdvh lq b fruuhvsrqgv wr pruh jrrgv ehlqj

vxemhfw wr lqwhuqdwlrqdo frpshwlwlrq1 Wklv lv wdnhq lqwr dffrxqw e| wkh wudgh xqlrqv/

vr pruh frpshwlwlrq dw wkh surgxfw pdunhwv djdlq vsloov ryhu wr wkh oderu pdunhw1

Dv phqwlrqhg deryh/ Qd|oru dvvxphv wkdw b lv jlyhq dqg lqghshqghqw ri |/ exw

wklv lv lq rxu pruh jhqhudo vhw xs qrw wkh fdvh1 Iurp +5:, lw iroorzv wkdw �� ulvhv

li | idoov/ dqg zkhq wkh �� fxuyh vkliwv xszdugv/ lw lv hdvlo| vhhq iurp Iljxuh 4

wkdw b ulvhv +Yb
Y|
� f,1 L1h1 zkhq wkh yduldeoh frvw ri wudgh idoov/ wkhq pruh �upv �qg

wkdw wkh yduldeoh sur�w iurp h{sruwlqj lv vx!flhqw wr fryhu wkh �{hg frvw1 Qrz/ e|

wrwdoo| gl�huhqwldwlqj wkh htxloleulxp zdjh udwh/ +58,/ zh �qg wkdw

_�

_|
'

Y�

Y|
n
Y�

Yb

Yb

Y|
+64,

' �

�

S
�

k� � n |

� E� n b�2
Yb

Y|
�

D uhgxfwlrq lq yduldeoh wudgh frvwv/ |/ kdv wzr h�hfwv rq wkh zdjh udwh1 Iluvw/ wkhuh

lv wkh gluhfw Qd|oru h�hfw/ Y�

Y|
/ zklfk whqgv wr lqfuhdvh zdjhv1 Vhfrqg/ wkhuh lv wkh

lqgluhfw h�hfw/ Y�

Yb

Yb

Y|
/ zklfk kdv d qhjdwlyh lpsdfw rq zdjhv wkurxjk vsloo ryhu h�hfwv

wr wkh oderu pdunhw/ wkdw dulvh iurp wkh lqwurgxfwlrq ri lqwhuqdwlrqdo frpshwlwlrq

iru vrph jrrgv1 Khqfh/ wkh vljq ri _�

_|
lv dpeljxrxv dv lw iru lqvwdqfh ghshqgv rq

wkh pdjqlwxgh ri Yb

Y|
1 Li d fkdqjh lq | kdv d juhdw h�hfw rq b/ wkhq surgxfw pdunhw

lqwhjudwlrq/ prghoohg dv d ghfuhdvh lq |/ jlyhv ulvh wr orzhu zdjhv1 Frqwudu| wr wkdw/

li b lv qrw d�hfwhg yhu| pxfk e| d fkdqjh lq |/ wkhq zh kdyh wkh uhvxow ri Qd|oru/

wkdw d uhgxfwlrq lq | uhgxfhv zdjhv1

dozd|v eh kljkhu wkdq wkh sulfh1
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8 Frqfoxvlrq

Lq wklv sdshu/ zh kdyh ghyhorshg d yhu| jhqhudo iudphzrun lq zklfk wr dqdo|}h wkh

uhodwlrqvkls ehwzhhq zdjhv dqg surgxfw pdunhw lqwhjudwlrq lq xqlrql}hg frxqwulhv1

Rxu prgho hqfrpsdvvhv erwk wkh wudgh frvw prgho ri Qd|oru +4<<;, dqg wkh pdunhw

dffhvv prghov ri Kxl}lqjd +4<<6, dqg Vûuhqvhq +4<<6,1 Zh kdyh vkrzq wkdw surgxfw

pdunhw lqwhjudwlrq/ prghoohg dv d uhgxfwlrq lq wudgh frvwv/ kdv dq dpeljxrxv h�hfw

rq zdjhv ghwhuplqhg e| wudgh xqlrqv1 D uhgxfwlrq ri �{hg frvwv ri h{sruwlqj ohdgv

wr dq xqdpeljxrxv ghfuhdvh lq zdjhv/ zkloh d uhgxfwlrq lq yduldeoh wudgh frvwv kdv

dq dpeljxrxv h�hfw rq zdjhv1

E| irfxvlqj vroho| rq rqh lqgxvwu| lq zklfk uhflsurfdo lqwud0lqgxvwu| wudgh suh0

ydlov/ Qd|oru +4<<;, ryhuorrnv wkh idfw wkdw vrph lqgxvwulhv srwhqwldoo| �qg lw rswlpdo

wr vwduw hqjdjlqj lq wzr0zd| wudgh zkhq yduldeoh wudgh frvwv duh uhgxfhg1 Li d uh0

gxfwlrq lq yduldeoh wudgh frvw pdnhv lw sur�wdeoh iru pdq| �upv wr vwduw hqjdjlqj lq

lqwud lqgxvwu| wudgh wkhq zdjhv idoov1 Wkh uhdvrq lv dq lqfuhdvlqj ghjuhh ri frpsh0

wlwlrq dw wkh jrrgv pdunhwv zklfk lv wdnhq lqwr dffrxqw e| wkh wudgh xqlrqv wkhuhe|

fuhdwlqj d vsloo ryhu h�hfw wr wkh oderu pdunhw1 Rq wkh rwkhu kdqg/ li wkhuh lv rqo|

d ihz jrrgv iru zklfk wkhuh zloo eh hqwu| iurp deurdg/ wkhq zdjhv lqfuhdvh gxh wr

kljkhu ghpdqg iru oderu dv dovr vkrzq lq Qd|oru +4<<;,1

Uhihuhqfhv

Eudqghu/ M1/ dqg S1 Nuxjpdq +4<;6,= �D %Uhflsurfdo Gxpslqj% Prgho ri

Lqwhuqdwlrqdo Wudgh/� Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv/ 48/ 646�6541

Grzulfn/ V1 +4<;<,= �Xqlrq0Roljrsro| Edujdlqlqj/� Hfrqrplf Mrxuqdo/ <</ 4456�

44761

Kxl}lqjd/ K1 +4<<6,= �Lqwhuqdwlrqdo Pdunhw Lqwhjudwlrq dqg Xqlrq Zdjh Edujdlq0

lqj/� Vfdqglqdyldq Mrxuqdo ri Hfrqrplfv/ <8/ 57<�5881

Qd|oru/ U1 +4<<;,= �Lqwhuqdwlrqdo Wudgh dqg Hfrqrplf Lqwhjudwlrq zkhq Oderxu

Pdunhwv duh Jhqhudoo| Xqlrqlvhg/� Hxurshdq Hfrqrplf Uhylhz/ 75/ 4584�459:1

Rvzdog/ D1 M1 +4<;8,= �Wkh Hfrqrplf Wkhru| ri Wudgh Xqlrqv= Dq lqwurgxfwru|

Vxuyh|/� Vfdqglqdyldq Mrxuqdo ri Hfrqrplfv/ ;:/ 493�4<61

Vûuhqvhq/ M1 U1 +4<<6,= �Lqwhjudwlrq ri Surgxfw Pdunhwv zkhq Oderxu Pdunhwv

duh Xqlrql}hg/� Uhfkhufkhv Hfrqrpltxhv gh Orxydlq/ 8</ 7;8�8351

44



Working Paper

1999-2 Palle Schelde Andersen, Mark Klau, and Ebbe Yndgaard: Higher
Profits and Lower Capital Prices: Is Factor Allocation Optimal?

1999-3 Niels Haldrup and Michael Jansson: Spurious Regression, Coin-
tegration, and Near Cointegration: A Unifying Approach.

1999-4 Christian M. Dahl and Svend Hylleberg: Specifying Nonlinear
Econometric Models by Flexible Regression Models and Rela-
tive Forecast Performance.

1999-5 David L. Kelly and Jamsheed Shorish: Stability of Functional
Rational Expectations Equilibria.

1999-6 Torben M. Andersen and Eric Toulemonde: Adapting Prices or
Quantities in the Presence of Adjustment Costs?

1999-7 Torben M. Andersen and Eric Toulemonde: Imperfectively
Competitive Labour Markets and the Productivity Puzzle.

1999-8 Christian M. Dahl: An Investigation of Tests for Linearity and
the Accurracy of Flexible Nonlinear Inference.

1999-9 Peter Nannestad and Martin Paldam: The Cost of Ruling. A
Foundation Stone for Two Theories.

1999-10 Torben M. Andersen and Niels C. Beier: Propagation of Nominal
Shocks in Open Economies.

1999-11 Martin Paldam: The Big Pattern of Corruption. Economics,
Culture and the Seesaw Dynamics.

1999-12 Jakob Roland Munch: The Location of Firms in Unionized
Countries.

1999-13 Goran Peskir and Jamsheed Shorish: Market Forces and Dy-
namic Asset Pricing.

1999-14 Jakob Roland Munch and Jan Rose Sørensen: Product Market
Integration and Wages in Unionized Countries.


