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Wkh Orfdwlrq ri Ilupv lq Xqlrql}hg Frxqwulhv�

Mdnre Urodqg Pxqfk|

Ghsduwphqw ri Hfrqrplfv

Xqlyhuvlw| ri Ddukxv

Iluvw gudiw= Mxqh/ 4<<;

Wklv yhuvlrq= Pd|/ 4<<<

Devwudfw

Wklv sdshu ghyhorsv d wzr0frxqwu| prgho ri lqwhuqdwlrqdo wudgh zlwk Frxu0

qrw frpshwlwlrq1 Wkh oderu pdunhwv duh xqlrql}hg vr wkdw d wudgh xqlrq

edujdlqv h!flhqwo| zlwk hdfk �up ryhu zdjh dqg hpsor|phqw1 Lw lv vkrzq wkdw

li wkh edujdlqlqj srzhu ri xqlrqv gl�huv dprqj frxqwulhv wkhq/ dv wudgh frvwv

duh uhgxfhg/ wkh frxqwu| zlwk uhodwlyho| zhdn xqlrqv judgxdoo| dftxluhv doo

�upv1 Krzhyhu/ iru d udqjh ri wudgh frvwv lw lv dovr d orfdoo| vwdeoh htxloleulxp

iru doo �upv wr orfdwh lq wkh frxqwu| zlwk vwurqj xqlrqv1

MHO Fodvvl�fdwlrq= I48/ M84/ U44

Nh|zrugv= Lqwhjudwlrq/ djjorphudwlrq/ wudgh xqlrqv1

�Wkdqnv wr Shwhu Vnrww dqg Mdq Urvh Vûuhqvhq iru khosixo glvfxvvlrq dqg wr Ulfkdug Edog0

zlq/ Pruwhq Kyllg/ Vwhskhq Uhgglqj/ Oduv Vûujddug dqg rwkhu vhplqdu sduwlflsdqwv dw Fhqwhu

iru Hfrqrplf Shuirupdqfh/ Orqgrq Vfkrro ri Hfrqrplfv/ Ghsduwphqw ri Hfrqrplfv/ Frshqkdjhq

Exvlqhvv Vfkrro dqg Wkh Qruglf Zrunvkrs lq Lqwhuqdwlrqdo Hfrqrplfv/ Ehujhq iru frpphqwv dqg

vxjjhvwlrqv1
|Fruuhvsrqglqj dgguhvv= Xqlyhuvlw| ri Ddukxv/ Ghsduwphqw ri Hfrqrplfv/ Exloglqj 683/ GN0

;333 Ddukxv F/ Ghqpdun> Who1= .78 ;<75 4948> Id{= .78 ;946 9667> H0pdlo= mpxqfkChfrq1dx1gn
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4 Lqwurgxfwlrq

Wkh h�hfw ri lqfuhdvhg lqwhjudwlrq rq wkh orfdwlrq ri hfrqrplf dfwlylw| kdv uhfhqwo|

ehhq dqdo|}hg zlwklq wkh iudphzrun ri wkh Gl{lw dqg Vwljolw} +4<::,0prgho ri pr0

qrsrolvwlf frpshwlwlrq dqg lqfuhdvlqj uhwxuqv wr vfdoh/ vhh h1j1 Nuxjpdq +4<<4,/

Nuxjpdq dqg Yhqdeohv +4<<8, dqg Sxjd +4<<<,1 Wklv olwhudwxuh vxjjhvwv wkdw dv

wudgh frvwv duh uhgxfhg/ surgxfwlrq zloo whqg wr djjorphudwh lq d ihz uhjlrqv ru

frxqwulhv1 Zkhq wudgh lv yhu| frvwo|/ lw lv lpsruwdqw iru �upv wr eh qhdu �qdo gh0

pdqg vxfk wkdw surgxfwlrq wdnhv sodfh lq prvw frxqwulhv/ exw dv wudgh eduulhuv duh

uhpryhg/ �upv kdyh lqfhqwlyhv wr h{sorlw vfdoh hfrqrplhv dqg frvw0 dqg ghpdqg

olqndjhv wkdw dulvh zkhq �upv foxvwhu lq rqh orfdwlrq1

Krzhyhu/ wklv dqdo|vlv kdv ljqruhg wkdw frxqwulhv kdyh gl�huhqw oderu pdunhw

vwuxfwxuhv1 Wkh pdqxidfwxulqj zdjh udwh ydulhv juhdwo| ehwzhhq Hxurshdq frxqwulhv

dqg hyhq li surgxfwlylw| ohyhov duh wdnhq lqwr dffrxqw/ wkhuh duh vwloo vljql�fdqw

gl�huhqfhv lq surgxfwlrq frvwv/ f1i1 Gxudqg/ Pdgdvfkl/ dqg Whuuleloh +4<<;,1 D

frqyhqwlrqdo srlqw ri ylhz lv wkdw wudgh olehudol}dwlrq lq vxfk d vfhqdulr zloo ohdg

wr djjorphudwlrq ri hfrqrplf dfwlylw| lq frxqwulhv zlwk wkh prvw frpshwlwlyh oderu

pdunhwv vlqfh �upv khuh lqfxu wkh orzhvw surgxfwlrq frvw/ exw wklv grhv qrw fohduo|

frqirup zlwk hpslulfdo hylghqfh iru frxqwulhv lq wkh Hxurshdq Xqlrq1 Vr idu/ wkh

frxqwulhv zlwk uhodwlyho| kljk xqlw oderu frvwv kdyh pdqdjhg wr vxssruw d vljql�fdqw

pdqxidfwxulqj edvh1

Wklv sdshu ghdov zlwk wkhvh lvvxhv1 Zh ghyhors d wzr0frxqwu| prgho ri lqwhuqd0

wlrqdo wudgh zlwk d shuihfwo| frpshwlwlyh vhfwru dqg dq lqgxvwu| lq zklfk roljrsrolvwlf

ulydou| dprqj �upv suhydlov1 Khqfh/ wkh zlgho| xvhg Gl{lw dqg Vwljolw} +4<::,0prgho

ri prqrsrolvwlf frpshwlwlrq dqg lqfuhdvlqj uhwxuqv wr vfdoh lv qrw dssolhg1 Rqh zd|

wr fdswxuh gl�huhqw oderu pdunhw vwuxfwxuhv lv wr lqfrusrudwh wudgh xqlrqv lqwr wkh

dqdo|vlv1 Zh dvvxph wkdw �up vshfl�f wudgh xqlrqv edujdlq h!flhqwo| zlwk hdfk

�up ryhu zdjh dqg hpsor|phqw/ dqg wkdw wkh edujdlqlqj srzhu ri xqlrqv lv doorzhg

wr ydu| dfurvv frxqwulhv1 Rswlpdo �up orfdwlrq lv dqdo|}hg dqg lw lv irxqg wkdw li wkh

edujdlqlqj srzhu ri xqlrqv gl�huv dfurvv frxqwulhv/ wkhq/ dv wudgh frvwv duh uhgxfhg/

�upv zloo pryh rqh e| rqh wr wkh frxqwu| zlwk uhodwlyho| zhdn xqlrqv1 Krzhyhu/

iru d udqjh ri wudgh frvwv lw lv dovr d vwdeoh htxloleulxp iru doo �upv wr orfdwh lq wkh

frxqwu| zlwk vwurqj xqlrqv1

Wkh phfkdqlvp wkdw jhqhudwhv djjorphudwlrq frqvlvwv rqo| ri d ghpdqg olqndjh/

lq wkh vhqvh wkdw zkhq �upv foxvwhu lq rqh orfdwlrq wkhq wkh| eulqj zdjh lqfrph/ vr

wkdw d uhodwlyho| odujh sduw ri ghpdqg frphv iurp wkh lqgxvwu| fhqwhu1 Wklv lpsolhv
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wkdw �upv dyrlg sd|lqj wudgh frvwv rq d odujh iudfwlrq ri ghpdqg1 Xvxdoo| prghov ri

hfrqrplf jhrjudsk| dovr lqfrusrudwh d frvw olqndjh wkurxjk d uhdo zdjh lqfuhdvh iru

zrunhuv wkdw pryh zlwk wkh �upv ru wkurxjk d orzhu sulfh ri lqwhuphgldwh lqsxwv1

Rxu prgho lv frqfhuqhg zlwk lqwhuqdwlrqdo uhodwlrqv vr wkhuh lv qr oderu prelolw|

ehwzhhq frxqwulhv/ dqg �upv gr qrw xvh lqwhuphgldwhv/ zklfk dffruglqj wr d uhfhqw

hpslulfdo vwxg| +vhh Kddodqg/ Nlqg/ dqg Plghoiduw0Nqduyln +4<<<,, vhhpv wr eh ri

plqru lpsruwdqfh iru �up orfdwlrq1

Dqrwkhu ihdwxuh ri rxu prgho lv wkdw zkhq wkh frxqwulhv duh v|pphwulf zlwk

uhvshfw wr vl}h/ suhihuhqfhv dqg xqlrq edujdlqlqj vwuhqjwk/ wkhq zh duh deoh wr ghulyh

uhvxowv frqfhuqlqj vwdelolw| ri htxloleuld zkhuh surgxfwlrq lv glylghg htxdoo| ehwzhhq

frxqwulhv dqg zkhuh doo �upv duh orfdwhg lq rqh frxqwu|1 Zh �qg wkdw li wudgh frvwv

duh uhgxfhg ehorz d fulwlfdo ohyho/ �upv judgxdoo| vwduw wr uhorfdwh lqwr rqh ri wkh

frxqwulhv dqg iru d vx!flhqwo| orz ohyho ri wudgh frvwv doo �upv fkrrvh wr orfdwh lq

wklv frxqwu|1 Wklv vwuxfwxuh ri htxloleuld gl�huv iurp zkdw lv xvxdoo| irxqg lq uhfhqw

hfrqrplf jhrjudsk| sdshuv1 Lq iru h{dpsoh Nuxjpdq dqg Yhqdeohv +4<<8, wkhuh lv

�fdwdvwursklf� fkdqjh lq wkh orfdwlrq ri �upv rqfh wkh ohyho ri wudgh frvw wkdw euhdnv

wkh v|pphwulf htxloleulxp lv uhdfkhg1 Zkhwkhu judgxdo ru �fdwdvwursklf� fkdqjh lv

wkh prvw dssursuldwh ghvfulswlrq ri uhdo zruog g|qdplfv lv dq rshq txhvwlrq/ exw iru

wkh HX Euxokduw dqg Wruvwhqvvrq +4<<9, r�hu vrph vxssruw iru wkhuh ehlqj judgxdo

fkdqjh1

Wkh uhvw ri wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 suhvhqwv wkh prgho1

Vhfwlrq 6 frqvlghuv wkh orfdwlrq ri �upv xqghu v|pphwulf dqg dv|pphwulf oderu

pdunhw vwuxfwxuhv1 Wkh odvw vhfwlrq lv d eulhi frqfoxvlrq1

5 Wkh prgho

Wklv vhfwlrq ghyhorsv d vlpsoh prgho ri lqwhuqdwlrqdo wudgh dqg lpshuihfw frpshwl0

wlrq1 Wkhuh duh wzr frxqwulhv/ Krph dqg Iruhljq/ dqg wzr vhfwruv/ rqh lv shuihfwo|

frpshwlwlyh zlwk frqvwdqw uhwxuqv wr vfdoh dqg wkh rwkhu lv fkdudfwhul}hg e| Frxuqrw

frpshwlwlrq dprqj �upv1 Wkh �upv lq wkh lpshuihfwo| frpshwlwlyh lqgxvwu| surgxfh

d krprjhqrxv jrrg 5/ dqg wkh pdunhwv iru 5 lq Krph dqg Iruhljq duh vhjphqwhg

e| wudgh frvwv/ vr wkdw hdfk �up wuhdwv wkh pdunhwv vhsdudwho| dqg fkrrvhv d sur�w

pd{lpl}lqj txdqwlw| iru hdfk frxqwu| dv lq Eudqghu dqg Nuxjpdq +4<;6,1 Wkh

jrrg surgxfhg lq wkh frpshwlwlyh vhfwru lv iuhho| wudgdeoh/ dqg lw lv wdnhq dv wkh

qxpìudluh/ vr gxh wr frqvwdqw uhwxuqv wr vfdoh/ wkh zdjh udwh lq wklv vhfwru lv dovr

rqh1 Zh qrz lq wxuq ghvfuleh ehkdylru ri �upv/ frqvxphuv dqg �qdoo| zdjh dqg
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hpsor|phqw ghwhuplqdwlrq1

514 Ilupv

Lq wkh lpshuihfwo| frpshwlwlyh lqgxvwu| wkhuh duh ? dqg ?
W lghqwlfdo �upv lq Krph

dqg Iruhljq uhvshfwlyho|1 Wkh qxpehu ri �upv/ ? dqg ?
W/ qhhg qrw eh htxdo/ dqg

wkh oderu pdunhw vwuxfwxuhv pd| eh gl�huhqw/ exw dsduw iurp wkdw/ wkh frxqwulhv duh

v|pphwulf lq doo uhvshfwv1 Ilup � lq Krph surgxfhv +� iru grphvwlf frqvxpswlrq

dqg %� iru h{sruwv/ dqg +
W

� dqg %W� duh wkh fruuhvsrqglqj txdqwlwlhv iru �up � lq

Iruhljq1

Ilupv ehkdyh vwudwhjlfdoo| dqg hqjdjh lq Frxuqrw frpshwlwlrq lq hdfk pdunhw/

exw lw lv qhyhuwkhohvv dvvxphg wkdw wkh| gr qrw wdnh lqwr dffrxqw wkhlu lq xhqfh

rq djjuhjdwh lqfrph dqg ghpdqg1 Krzhyhu/ wkh prgho fdq hdvlo| eh h{whqghg wr

lqfoxgh vhyhudo lqgxvwulhv vr wkdw wkh dfwlrqv ri d vlqjoh �up rqo| kdyh d vpdoo lpsdfw

rq lqfrph dqg wkxv duh qhjohfwhg41 Wklv h{whqvlrq grhv qrw dowhu dq| uhvxowv/ vr

wr vdyh qrwdwlrq zh nhhs wkh vlpsoh prgho zlwk rqo| rqh lpshuihfwo| frpshwlwlyh

lqgxvwu|1

Wkh rqo| idfwru ri surgxfwlrq lv oderu dqg iru d �up lq Krph wkh oderu lqsxw

uhtxluhg wr gholyhu +� xqlwv ri rxwsxw wr wkh Krph pdunhw lv ,+� ' +�/ zkhuhdv

gholyhu| ri %� xqlwv wr wkh Iruhljq pdunhw uhtxluhv ,%� ' �%� 1 Wudgh frvwv/ � � �/

duh ri wkh �lfhehuj� w|sh/ l1h1 � xqlwv ri wkh jrrg pxvw eh vklsshg lq rughu wr phhw

ghpdqg ri rqh xqlw1 Wkhvh frvwv fryhu erwk wkrvh lqfxuuhg iurp wudqvsruw dqg rwkhu

wudgh lpshglphqwv1 Wrwdo hpsor|phqw lq �up � lv ,� ' +� n �%� vr wkh frvw ixqfwlrq

lv jlyhq e| �� ' ��E+� n �%�� n s / zkhuh s lv d �{hg vhw0xs frvw dqg �� lv wkh zdjh

udwh lq �up �1 Wkh rshudwlqj sur�w ri �upv wkhuhiruh lv

Z� ' R+� n R
W

%� � ��E+� n �%��c � ' �c ��c ?c +4,

dqg lq htxloleulxp sur�wv duh }hur gxh wr iuhh hqwu| dqg h{lw ri �upv/ l1h1 Z� ' s 1

515 Frqvxphuv

Wkhuh lv d uhsuhvhqwdwlyh frqvxphu lq hdfk frxqwu| dqg wkh| hdfk vxsso| rqh xqlw

ri oderu1 Lw lv dvvxphg wkdw xwlolw| iru wkh uhsuhvhqwdwlyh frqvxphu lv ri wkh Free

Grxjodv w|sh=

4Wklv lv vkrzq lq wkh Dsshqgl{1
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L ' 5
>
5
�3>

f c +5,

zkhuh 5f lv frqvxpswlrq ri wkh jrrg surgxfhg lq wkh frpshwlwlyh vhfwru1 Ghpdqg

iru 5 lq Krph lv jlyhq e|

5 '

>t

R
c +6,

zkhuh t lv qdwlrqdo lqfrph/ vr htxloleulxp ehwzhhq vxsso| dqg ghpdqg dw wkh

Krph pdunhw uhtxluhv wkdw 5 '
S?

�'� +� n
S?W

�'� %
W

� / dqg vlploduo| iru Iruhljq/ 5W '
S?W

�'� +
W

� n
S?

�'� %�1

516 Zdjh dqg hpsor|phqw ghwhuplqdwlrq

Htxloleulxp ri wkh prgho lv ghwhuplqhg ryhu wzr vwdjhv1 Lq wkh �uvw vwdjh �upv hqwhu

wkh lpshuihfwo| frpshwlwlyh vhfwru xqwlo sur�wv duh gulyhq grzq wr }hur +dqwlflsdwlqj

wkh zdjh dqg hpsor|phqw rxwfrph ri wkh vhfrqg vwdjh,/ diwhu zklfk wkh vhw0xs frvw/

s / ri wkh �upv duh vxqn1 Oderu pdunhwv duh xqlrql}hg lq wkh lpshuihfwo| frpshwlwlyh

lqgxvwu| dqg/ lq wkh vhfrqg vwdjh/ zh dvvxph wkdw zdjh udwhv dqg hpsor|phqw lq hdfk

�up duh ghwhuplqhg vlpxowdqhrxvo| wkurxjk h!flhqw Qdvk edujdlqlqj ehwzhhq wkh

�up dqg d �up vshfl�f xqlrq51 Wkh edujdlqlqj surfhvv lv prghoohg lq iru h{dpsoh

PfGrqdog dqg Vrorz +4<;4, dqg dssolhg wr lqwhuqdwlrqdo wudgh lq Ph}}hwwl dqg

Glqrsrxorv +4<<4,1 Zrunhuv fdq dozd|v �qg hpsor|phqw lq wkh frpshwlwlyh vhfwru

dw wkh zdjh udwh �/ dqg lw lv dvvxphg wkdw wkh xqlrq*v remhfwlyh lv wr pd{lpl}h wkh

vxusoxv rq wrs ri wkh frpshwlwlyh zdjh udwh1 Khqfh/ xqlrq � lq Krph pd{lpl}hv

l� ' E�� � ��,�c � ' �c ��c ?c +7,

Xqlrq � dqg �up � qrz edujdlq frrshudwlyho| ryhu �� dqg ,� ' +� n �%� wdnlqj

rxwsxw ohyhov iurp doo rwkhu �upv dv jlyhq/ vr wkh| dlp wr pd{lpl}h

[�E��c ,�� ' Z�3k
� l

k
� c � ' �c ��c ?c +8,

5Dowhuqdwlyho| wkh qhjrwldwlrqv frxog eh ryhu wkh zdjh udwh rqo|/ ohdylqj wkh hpsor|phqw ghfl0

vlrq xqlodwhudoo| wr wkh �up/ l1h1 wkh *Uljkw0wr0Pdqdjh* dvvxpswlrq1 Wklv edujdlqlqj prgho lv xvhg

lq h1j1 Exjklq dqg Ydqqlql +4<<8,/ exw khuh h!flhqw edujdlqj lv dvvxphg iru wkh vdnh ri dqdo|wlfdo

vlpsolflw|1
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zkhuh k lv wkh edujdlqlqj srzhu ri wkh xqlrqv/ zklfk iru vlpsolflw| lv dvvxphg wr eh

htxdo iru doo xqlrqv61 Wkh edujdlqlqj srzhu ri Iruhljq xqlrqv/ kW/ pd| eh gl�huhqw1

Wkh rughu ri vwdjhv jlyhv ulvh wr vkruw uxq zdjh frqwudfwv1 Gul!oo dqg ydq ghu

Sorhj +4<<8, lqfrusrudwh prqrsro| xqlrqv lqwr wkh Gl{lw dqg Vwljolw} +4<::,0prgho

ri prqrsrolvwlf frpshwlwlrq/ dqg wkh| dqdo|}h h�hfwv ri hfrqrplf lqwhjudwlrq rq

wkh ehkdylru ri xqlrqv/ exw lq d prgho zlwkrxw lqfrph h�hfwv lq ghpdqg1 Lq wkhlu

iudphzrun wkh wzr vwdjhv pxvw eh uhyhuvhg/ vr wkdw wkh zdjh udwh lv ghwhuplqhg

ehiruh hqwu| ri �upv1 Khqfh/ lq wklv vhqvh wkh rxwfrph uhvxowv lq orqj whup zdjh

frqwudfwv zklfk pd| qrw eh uhdolvwlf1

Lw vkrxog eh qrwhg wkdw �upv lq wkh lpshuihfwo| frpshwlwlyh lqgxvwu| fdq dwwudfw

zrunhuv iurp wkh frpshwlwlyh vhfwru ehfdxvh ri wkh uhqw vkdulqj1 Lq gh�dqfh ri wkh

idfw wkdw doo zrunhuv duh dvvxphg lghqwlfdo/ wkh prgho lpsolhv wkdw rqo| zrunhuv

hpsor|hg lq wkh xqlrql}hg lqgxvwu| hduq oderu pdunhw uhqwv/ exw wklv lv dfwxdoo| lq

dffrugdqfh zlwk hpslulfdo uhvxowv1 Iru wkh XV hfrqrp| Ndw} dqg Vxpphuv +4<;<,

kdyh irxqg vljql�fdqw lqwhu lqgxvwu| zdjh gl�huhqfhv dqg wkdw wkhvh gl�huhqfhv

fdqqrw eh dffrxqwhg iru rq wkh edvlv ri oderu txdolw|1

Frqvlghu qrz vwdjh wzr ri wkh jdph1 Lw lv vhhq iurp +4, wkdw wkh �up fdq

wuhdw hdfk pdunhw lqghshqghqwo| vr e| vxevwlwxwlqj iru ,� ' +� n �%� lq +7, zh fdq

htxlydohqwo| pd{lpl}h +8, zlwk uhvshfw wr ��/ +� dqg %�1 Wklv |lhogv wkh iroorzlqj

�uvw rughu frqglwlrqv lq Krph=

Y[�

Y��

' [�

%
k

�� � �
�

E�� k�,�
Z�

&
' f +9,

Y[�

Y+�

' [�

%
k

,�
n
�� k

Z�

#
YR

Y+�
+� n R���

$&
' f +:,

Y[�

Y%�

' [�

%
k�

,�
n
�� k

Z�

#
YRW

Y%�

%� n RW � ���

$&
' fc +;,

zklfk jlyhv

�� ' E� � k� n k

#
R
+�

,�
n RW

%�

,�

$
+<,

� '
YR

Y+�
+� n R +43,

� '
YRW

Y%�

%� n RW +44,

6Wkh rshudwlqj sur�w lv xvhg lq �m/ ehfdxvh wkh hqwu| ghflvlrq kdv ehhq pdgh lq vwdjh rqh/ vr

wkh vhw0xs frvw/ i / lv vxqn dqg lv wkhuhiruh qrw uhohydqw lq wkh vhfrqg vwdjh ri wkh jdph1

9



Htxdwlrq +43, vd|v wkdw rxwsxw iru grphvwlf frqvxpswlrq lq �up � lv ghwhuplqhg

dv li wkh zdjh udwh htxdov wkh frpshwlwlyh zdjh1 Olnhzlvh/ htxdwlrq +44, vwdwhv

wkdw wkh pdujlqdo uhyhqxh ri h{sruwv pxvw htxdo wkh frpshwlwlyh zdjh soxv xqlw

frvwv lqfxuuhg iurp wudgh1 Wklv lv vr ehfdxvh wkh frqwudfw fxuyh lv yhuwlfdo dw wkh

frpshwlwlyh hpsor|phqw ohyho zklfk lv dovr uhyhdohg lq htxdwlrq +<,> wkh edujdlqhg

zdjh lv d zhljkwhg dyhudjh ri 4 dqg wkh dyhudjh sulfh ri wkh �up*v vdohv1 Wkh rxwfrph

rq wkh frqwudfw fxuyh lv wkhq ghwhuplqhg e| wkh edujdlqlqj srzhu ri wkh xqlrq1

Gxh wr v|pphwu| ri �upv zh qrz gurs vxevfulswv/ dqg dovr ehfdxvh ri v|pphwu|

ri frxqwulhv zh frqvlghu rqo| wkh Krph pdunhw1 Htxdwlrq +43, dqg wkh Iruhljq

htxlydohqw ri +44, ghwhuplqh txdqwlwlhv dw wkh Krph pdunhw dqg vroylqj wkhvh wzr

htxdwlrqv iru + dqg %W |lhogv wkh Frxuqrw0Qdvk htxloleulxp txdqwlwlhv=

+ '
� n E� � ��?W

?n �?
W

#
>t

R

$
c +45,

dqg

%W '
� � E� � ��?

?n �?
W

#
>t

R

$
c +46,

zkhuh wkh sulfh lv jlyhq e|

R '
?n �?

W

?n ?
W
� �

� +47,

Wkh zdjh udwh lq Krph lv irxqg iurp +<, exw wkhuh lv qr vlpsoh forvhg irup vroxwlrq

dydlodeoh1 Iurp +46, zh rewdlq d frqglwlrq iru %W ehlqj srvlwlyh/ ru iru �upv wr

hqjdjh lq uhflsurfdo gxpslqj1 Wkh frqglwlrq ehfrphv

� 	

?

?� �
c +48,

dqg lw lv ixo�oohg zkhq wudgh frvwv/ � / duh orz dqg wkh ghjuhh ri frpshwlwlrq lq wkh

frxqwu| wr zklfk wkh �up h{sruwv/ ?/ lv orz1

Zh nqrz iurp +9, wkdw kZ ' E� � k�E� � ��, vr wkh rshudwlqj sur�w ri d uhs0

uhvhqwdwlyh Krph �up/ +4,/ fdq eh uhzulwwhq e| lqvhuwlqj htxloleulxp sulfhv dqg

txdqwlwlhv=

Z ' >E� � k�

5
7
#
� n E� � ��?W

?n �?
W

$
2

t n

#
� � E� � ��?W

?
W n �?

$
2

t
W

6
8 � +49,

Wr frpsohwh wkh ghvfulswlrq ri wkh prgho zh vwdwh lqfrph lq Krph1 Wrwdo hpsor|0

phqw lq wkh lpshuihfwo| frpshwlwlyh lqgxvwu| lv u ' ?, vr t lv jlyhq dv

:



t ' �un E� � u�

'
k

�� k
?Z n � +4:,

Lq vwdjh rqh/ �upv hqwhu ru h{lw wkh pdunhw xqwlo wkh rshudwlqj sur�wv htxdo wkh

�{hg vhw0xs frvw/ l1h1 Z � s ' fc dqg vxfk dq doorfdwlrq fkdudfwhul}hv d +orqj uxq,

htxloleulxp ri wkh prgho1 Qrwh wkdw wkh lqwhjhu frqvwudlqw rq wkh qxpehu ri �upv

lv ljqruhg wkurxjkrxw wkh sdshu/ dqg vr ? lv wuhdwhg dv d frqwlqxrxv yduldeoh1

Li wkh v|pphwulf htxloleulxp lq zklfk lqwud lqgxvwu| wudgh h{lvwv lv eurnhq e| d

�up wkdw hqwhuv wkh Krph pdunhw/ wkhq wkhuh duh wzr pdlq h�hfwv rq wkh rshudwlqj

sur�w1 Iluvw/ wkh qhz �up fuhdwhv mrev zlwk d zdjh juhdwhu wkdq wkh zdjh udwh lq wkh

frpshwlwlyh vhfwru1 Wklv udlvhv lqfrph lq Krph +vhh +4:,, zklfk lq wxuq lqfuhdvhv

ghpdqg +vhh +6,, iurp Krph frqvxphuv uhodwlyh wr wkdw ri Iruhljq frqvxphuv/ vr

wkh �upv lq Krph qrz dyrlg wudgh frvwv rq d odujhu iudfwlrq ri wrwdo ghpdqg1 Wkxv

wkh sur�w ri Krph �upv zloo/ fhwhulv sdulexv/ ulvh1 Wklv fuhdwhv lqfhqwlyhv iru rwkhu

�upv wr hqwhu wkh Krph pdunhw/ dqg dffruglqjo| zh kdyh d ghpdqg olqndjh h�hfw

ru d irufh iru djjorphudwlrq1

Vhfrqg/ wkh qhz �up lq Krph lqfuhdvhv surgxfw pdunhw frpshwlwlrq/ zklfk

orzhuv wkh sulfh lq Krph +vhh +47,, dqg wkxv kdv dq dgyhuvh h�hfw rq sur�wv1 Wklv

frpshwlwlrq h�hfw frqvwlwxwhv d irufh iru glvshuvlrq zklfk zrunv djdlqvw wkh irufh iru

djjorphudwlrq1 Dw wkh fhqwhu ri rxu dqdo|vlv lv wkh lpsdfw ri hfrqrplf lqwhjudwlrq

rq wkh whqvlrq ehwzhhq wkhvh wzr rssrvlqj irufhv1

6 Wkh orfdwlrq ri �upv

Lq wklv vhfwlrq zh frqvlghu wkh hqwu| dqg h{lw ghflvlrqv ri wkh �upv lq wkh lpshuihfwo|

frpshwlwlyh lqgxvwu|1 Zh zdqw wr vkrz wkdw wkh djjorphudwlrq irufh fuhdwhg e|

ghpdqg olqndjhv lv/ xqghu fhuwdlq frqglwlrqv/ srzhuixo hqrxjk wr rxwzhljk wkh h�hfw

ri lqfuhdvhg surgxfw pdunhw frpshwlwlrq rq sur�wv/ dqg wkxv wkdw lw lqgxfhv �upv

wr frqfhqwudwh lq rqh frxqwu|1 Zh erwk frqvlghu wkh fdvh ri lghqwlfdo oderu pdunhw

vwuxfwxuhv dqg wkdw ri gl�huhqfhv rq wkh oderu pdunhwv1

614 V|pphwulf oderu pdunhw vwuxfwxuhv

Wkh orfdwlrq ri �upv lv lq wklv vhfwlrq dqdo|}hg xqghu wkh dvvxpswlrq wkdw wkh

edujdlqlqj srzhu/ k/ lv htxdo iru doo xqlrqv lq erwk frxqwulhv1 Iluvw vwdelolw| ri wkh

;
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Iljxuh 4= Krph sur�w dv d ixqfwlrq ri lqgxvwu| vkduhv1 k ' f�H/ > ' f�H/ s ' f�fD1

v|pphwulf htxloleulxp +zkhuh wkh qxpehu ri �upv lv htxdo lq wkh wzr frxqwulhv,

lv h{dplqhg/ wkhq vwdelolw| ri wkh fruh0shulskhu| htxloleulxp +zkhuh surgxfwlrq lv

frqfhqwudwhg lq rqh frxqwu|,1 Krzhyhu/ wr vhh krz wkh irufhv iru djjorphudwlrq dqg

glvshuvlrq lqwhudfw zh vwduw rxw e| suhvhqwlqj d qxphulfdo h{dpsoh1

Wkh irxu sdqhov ri Iljxuh 4 duh fdofxodwhg zlwk d sduwlfxodu ohyho ri wudgh frvwv

dqg doo rwkhu sdudphwhuv khog frqvwdqw/ dqg wkh| sorw wkh qhw sur�w ri d Krph �up/

Z � s / djdlqvw wkh vkduh ri lqgxvwu| lq Krph/ b ' ?*E? n ?W�/ jlyhq wkdw sur�wv

duh }hur lq Iruhljq +l1h1 wkh qxpehu ri �upv lv ghwhuplqhg iurp d jlyhq b dqg wkh

lpsrvhg }hur sur�w frqglwlrq lq Iruhljq,1 Lq wkh vxevhtxhqw dqdo|vlv d sduwlfxodu

orfdwlrq sdwwhuq/ i?c ?Wj lv dq htxloleulxp li qhw sur�wv duh }hur/ l1h1 Z�s ' f iru doo

�upv/ dqg wklv htxloleulxp lv orfdoo| vwdeoh li _Z

_b
	 f1 Iru kljk wudgh frvwv +wkh wrs

ohiw sdqho, lw lv vhhq wkdw wkh qhw sur�w lv }hur iru b ' f�D/ srvlwlyh zkhq ohvv wkdq

kdoi ri lqgxvwu| lv orfdwhg lq Krph dqg qhjdwlyh rwkhuzlvh1 Ilupv kdyh lqfhqwlyhv

wr hqwhu wkh pdunhw xqwlo qhw sur�wv duh holplqdwhg vr wkh v|pphwulf htxloleulxp lv

joredoo| vwdeoh +*V* iru vwdeoh,1

Iru lqwhuphgldwh ohyhov ri wudgh frvwv +wkh wrs uljkw dqg wkh erwwrp ohiw sdqho,

<



wkh v|pphwulf htxloleulxp lv qr orqjhu vwdeoh dqg lqvwhdg wkhuh duh orfdoo| vwdeoh

dv|pphwulf htxloleuld zkhuh surgxfwlrq hlwkhu pryhv wr Krph ru Iruhljq1 Lw lv

d glvwlqjxlvklqj ihdwxuh ri wkh prgho wkdw dv|pphwulf htxloleuld zlwkrxw doo �upv

orfdwlqj lq wkh vdph frxqwu| duh srvvleoh1 Lq dgglwlrq lw lv vhhq wkdw dv wudgh frvwv

duh uhgxfhg/ d odujhu vkduh ri surgxfwlrq frqfhqwudwhv lq wkh lqgxvwu| fhqwhu1 Ilqdoo|/

wkh erwwrp uljkw sdqho ri Iljxuh 4 lv fdofxodwhg iru d uhodwlyho| orz ohyho ri wudgh

frvwv/ dqg khuh doo �upv orfdwh lq rqh frxqwu|1

Khqfh/ lw lv revhuyhg wkdw wkh irufhv iru djjorphudwlrq dqg glvshuvlrq lqwhudfw lq

d zd| vxfk wkdw �upv judgxdoo| uhorfdwh wr wkh frxqwu| ri djjorphudwlrq dv wudgh

frvwv duh uhgxfhg1 Dw kljk ohyhov ri wudgh frvwv lw lv lpsruwdqw iru �upv wr eh

qhdu �qdo ghpdqg dqg wr plqlpl}h surgxfw pdunhw frpshwlwlrq/ exw dv wudgh lv

olehudol}hg wkh ghpdqg olqndjh h�hfw vorzo| frph wr grplqdwh vr wkdw wkh shulskhu|

judgxdoo| lv ghlqgxvwuldol}hg/ dqg zkhq wudgh frvwv duh uhgxfhg vx!flhqwo| doo �upv

fkrrvh wr orfdwh lq rqh frxqwu|1 Khqfh/ zh kdyh lghqwl�hg wzr ohyhov ri wudgh frvwv

dw zklfk wkh vwuxfwxuh ri wkh htxloleuld fkdqjhv fkdudfwhu1 Wkh ohyho ri wudgh frvwv

iru zklfk wkh v|pphwulf htxloleulxp ehfrphv xqvwdeoh lv ghqrwhg �7/ dqg dw ���

wkh fruh0shulskhu| htxloleulxp ehfrphv vwdeoh1

61414 Vwdelolw| ri wkh v|pphwulf htxloleulxp

Wkh frxqwulhv duh lghqwlfdo zlwk uhvshfw wr suhihuhqfhv dqg vl}h vr wkhuh lv dozd|v

d v|pphwulf htxloleulxp zkhuh wkh qxpehu ri �upv dqg lqfrphv duh lghqwlfdo/ l1h1

? ' ?
W dqg t ' t

W1 Wkh txhvwlrq lv zkhwkhu wklv htxloleulxp lv orfdoo| vwdeoh1

Zkhq wudgh frvwv surklelw wudgh +� � ?

?3�
,/ wkhq lw lv vwdeoh vlqfh qr �up kdv

lqfhqwlyh wr uhorfdwh wr wkh rwkhu frxqwu| dqg idfh d kljkhu ohyho ri frpshwlwlrq1

Zkhq wudgh frvwv dgplw lqwud lqgxvwu| wudgh/ frpshwlwlrq plqlpl}dwlrq pd| qr

orqjhu eh vx!flhqw wr hqvxuh vwdelolw| ehfdxvh ri wkh djjorphudwlrq irufh1 Vr wr

dqdo|}h vwdelolw| lq wklv fdvh/ zh frqvlghu wkh h�hfw rq sur�wv ri d �up wkdw euhdnv

wkh v|pphwulf htxloleulxp1

E| wrwdoo| gl�huhqwldwlqj wkh rshudwlqj sur�w lq +49, dqg xvlqj wkdw _? ' �_?W '

2?_b/ zh rewdlq

_Z

_b
'

2E� 2 � ��E2?� ��
k
E� n �� k

�3k
?s � 2E� � �� E?� �� t

l

E�n��?
�3k

�
E�n��2?

>
� E� n E� � ��?�

� � +4;,

Wkh �up jdlqv iurp euhdnlqj wkh v|pphwulf htxloleulxp li _Z

_b
: f lq zklfk fdvh

wkh htxloleulxp lv qr orqjhu orfdoo| vwdeoh1 E| xvh ri wkh idfw wkdw ? 	
�

�3�
/ wkh
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ghqrplqdwru lv vhhq wr eh srvlwlyh/ dqg vr wkh vljq ri wkh ghulydwlyh ghshqgv rq

wkh whup lq vtxduh eudfnhwv lq wkh qxphudwru1 Iru � ' � zh kdyh wkdw _Z

_b
' f

+l1h1 orfdwlrq grhv qrw pdwwhu,/ exw wkh whup lq vtxduh eudfnhwv lv srvlwlyh vr _Z

_b

pxvw dssurdfk }hur iurp deryh dv � whqgv wr rqh1 Dw wkh wudgh surklelwlyh ohyho/

� '
?

?3�
/ wkh whup lv qhjdwlyh zkhq wkh qxpehu ri �upv lv vx!flhqwo| odujh dqg zh

dvvxph wkdw wkh �{hg vhw0xs frvw lv orz hqrxjk wr hqvxuh wklv71 Wkxv/ wkhuh h{lvwv

d ohyho ri wudgh frvwv/ �7 5o�c

?

?3�
d/ deryh zklfk wkh v|pphwulf htxloleulxp zlwk

lqwud lqgxvwu| wudgh lv vwdeoh +_Z
_b

lv qhjdwlyh, dqg ehorz zklfk lw lv xqvwdeoh +_Z
_b

lv

srvlwlyh,1 Wkhuhiruh/ dv lv qrz d vwdqgdug uhvxow lq prghov ri hfrqrplf jhrjudsk|/

zh kdyh wkdw wkh ghpdqg olqndjhv grplqdwh wkh h�hfw ri lqfuhdvhg surgxfw pdunhw

frpshwlwlrq dqg wkh qhhg wr eh qhdu �qdo ghpdqg zkhq wudgh frvwv duh uhgxfhg

ehorz d fhuwdlq ohyho/ �71

61415 Dv|pphwulf htxloleuld

Lq wklv vhfwlrq zh lqyhvwljdwh xqghu zkdw frqglwlrqv wkh htxloleulxp zkhuh doo �upv

kdyh orfdwhg lq rqh ri wkh frxqwulhv lv vwdeoh lq wkh vhqvh wkdw qr �up kdv lqfhqwlyh

wr ghyldwh iurp wklv doorfdwlrq1 Wkh qxpehu ri �upv lq htxloleulxp lv ghwhuplqhg

iurp wkh }hur0sur�w frqglwlrq iru �upv lq wkh fhqwhu/ dqg orfdo vwdelolw| uhtxluhv

wkdw d �up lq wkh shulskhu| fdqqrw pdnh d srvlwlyh qhw sur�w1 Wkh rshudwlqj sur�w

ri d �up lq wkh fruh lv irxqg e| hydoxdwlqj +49, zlwk ?
W

' f dqg xvlqj wkdw lqfrph

lv jlyhq e| +4:,=

Z
�
'

>E�� k�

?
2

�
k

� � k

?s n 2

�
c +4<,

zkhuhdv wkh rewdlqdeoh rshudwlqj sur�w lq wkh shulskhu| lv irxqg e| hydoxdwlqj wkh

Iruhljq htxlydohqw ri +49, zlwk ?
W

' f=

Z
� '

>E�� k�

?
2

�
�
32E� n E� � ��?�2 n E� � E� � ��?�2

�
�n

k

� � k

?s

��
� +53,

Wkh }hur0sur�w frqglwlrq/ Z� ' s / lpsolhv wkdw ?s ' 2>E�� k�*E?�k>� vr wkh

fruh0shulskhu| htxloleulxp lv orfdoo| vwdeoh +Z� 	 s, li dqg rqo| li

7Wkh whup lq vtxduh eudfnhwv lq g�

g�
lv qhjdwlyh iru � @ q

q�4
li dqg rqo| li �� ? 5q+q�4,@+5q�4,/

zkhuh q lv wkh qxpehu ri �upv lq v|pphwu|1 Wklv lqhtxdolw| fruuhvsrqgv wr d vlplodu frqglwlrq

lq Ixmlwd/ Nuxjpdq/ dqg Yhqdeohv +4<<</ iruwkfrplqj, dqg Sxjd +4<<<,/ dqg lw lv iru lqvwdqfh

dozd|v vdwlv�hg iru q � 5 +l1h1 iru orz hqrxjk i,1 Zkhq wkh frqglwlrq lv qrw vdwlv�hg wkh irufh iru

djjorphudwlrq grplqdwhv wkh irufh iru glvshuvlrq wr vxfk dq h{whqw wkdw wkh v|pphwulf htxloleulxp

lv xqvwdeoh iru doo uhohydqw ydoxhv ri wudgh frvwv1
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Iljxuh 5= � dv d ixqfwlrq ri wudgh frvwv1 k ' f�H�/ kW

' f�H/ > ' f�H/ s ' f�fD1

�E� � ' �32E� n E� � ��?�2
?� k>

2?
n E� � E� � ��?�2

?n k>

2?
	 �� +54,

Lq rughu wr ghwhuplqh zkhwkhu wkh frqglwlrq lv vdwlv�hg zh pxvw fkdudfwhul}h �E� �1

Iluvw zh qrwh wkdw �E�� ' �/ dqg vhfrqg wkdw wkh qxpehu ri �upv grhv qrw ghshqg

rq wudgh frvwv1 Khqfh/ wkh �uvw rughu ghulydwlyh lv jlyhq e|=

��E�� ' �
32E� n E� � ��?�E?� k>�

��
3�
?E� n E� � ��?�2E?� k>�

�E� � E� � ��?�E?� ��E?n k>�c +55,

dqg vr lw lv vhhq wkdw ��E�� ' �2?E?� �� 	 f1 Qh{w/ li wkh irufh iru djjorphudwlrq

lv qrw h{wudruglqdulo| vwurqj uhodwlyh wr wkh irufh iru glvshuvlrq/ wkhq lw lv sur�wdeoh

iru d �up wr vhw0xs surgxfwlrq lq wkh shulskhu| mxvw dw wkh wudgh surklelwlyh ohyho ri

wudqvsruw frvwv/ l1h1 �E ?

?3�
� : �

8
1 Wkhuhiruh �E� � lv �uvw ghfuhdvlqj iurp �E�� ' �

dqg wkhq odwhu lqfuhdvlqj vxfk wkdw �E ?

?3�
� : � dv vkrzq lq Iljxuh 5 iru d vshfl�f

sdudphwhu frpelqdwlrq1

8Wklv frqglwlrq lv htxlydohqw wr �� ? 4�
5q

6

+5q�4,5
/ dqg lw lv djdlq vdwlv�hg zkhq wkh qxpehu ri

�upv lv vx!flhqwo| odujh/ zklfk lv hqvxuhg e| dvvxplqj d orz hqrxjk i=
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Iljxuh 6= Lqgxvwu| vkduhv dv d ixqfwlrq ri wudgh frvwv1 k ' k
W

' f�H/ > ' f�H/

s ' f�fD1

Zh qrz nqrz wkdw wkhuh h{lvwv d ohyho ri wudgh frvwv/ ��� / ehorz zklfk wkh

fruh0shulskhu| htxloleulxp lv vwdeoh dqg deryh zklfk lw lv xqvwdeoh1 Ixuwkhupruh/

Iljxuh 4 vxjjhvwv wkdw ��� 	 �7 +wklv lv qrw srvvleoh wr vkrz dqdo|wlfdoo|/ exw wkh

uhvxow fdq eh suryhg lq d yhuvlrq ri wkh prgho zlwk d �{hg qxpehu ri �upv,1 Wklv

phdqv wkdw wkhuh lv d udqjh ri wudgh frvwv ehwzhhq ��� dqg �7 zkhuh qhlwkhu wkh

v|pphwulf htxloleulxp qru wkh fruh0shulskhu| htxloleulxp lv vwdeoh dqg wkdw wkhuh

pxvw eh dv|pphwulf htxloleuld zlwkrxw frpsohwh ghlqgxvwuldol}dwlrq ri wkh shulskhu|

lq wklv udqjh ri wudgh frvwv1 Iljxuh 6 sorwv htxloleulxp vkduhv ri lqgxvwu| lq Krph

djdlqvw wudgh frvwv/ dqg rq wkh edvlv ri wklv h{dpsoh zh frqfoxgh wkdw lqwhjudwlrq

ohdgv wr d judgxdo pryhphqw ri surgxfwlrq iurp wkh shulskhu| wr wkh fruh1

Wdnhq wrjhwkhu rxu uhvxowv lpsolhv irxu glvwlqfw vwdjhv ri lqwhjudwlrq1 Wkh �uvw

vwdjh lv rqh ri kljk wudgh frvwv/ v|pphwu| dprqj frxqwulhv dqg qr furvv kdxolqj

ri jrrgv1 Vhfrqg/ uhgxflqj wudgh frvwv pdnhv lw sur�wdeoh iru �upv wr hqjdjh lq

uhflsurfdo gxpslqj/ exw wkh v|pphwulf htxloleulxp lv vwloo orfdoo| vwdeoh1 Lq wkh

wklug vwdjh �upv judgxdoo| vwduw wr uhorfdwh lqwr wkh lqgxvwu| fhqwhu +zklfk frxog eh

hlwkhu frxqwu|, li wudgh frvwv duh uhgxfhg ixuwkhu/ dqg �qdoo| lq wkh fdvh ri orz wudgh

frvwv wkh ghpdqg olqndjhv duh vr srzhuixo wkdw wkh fruh0shulskhu| htxloleulxp lv

orfdoo| vwdeoh dqg hfrqrplf dfwlylw| frpsohwho| frqfhqwudwhv lq rqh ri wkh frxqwulhv1
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Lw vkrxog eh qrwhg wkdw prghov edvhg rq wkh Gl{lw dqg Vwljolw} +4<::, prqrsr0

olvwlfdoo| frpshwlwlyh iudphzrun xvxdoo| jlyh ulvh wr d gl�huhqw vwuxfwxuh ri htxlole0

uld1 Nuxjpdq +4<<4, dqg Nuxjpdq dqg Yhqdeohv +4<<8, dprqj rwkhuv �qg �fdwdv0

wursklf� fkdqjh lq orfdwlrq rqfh wkh fulwlfdo ohyho ri wudgh frvwv wkdw euhdnv wkh

v|pphwulf htxloleulxp lv uhdfkhg91 Lq dgglwlrq/ pxowlsoh htxloleuld duh srvvleoh lq

wkh vhqvh wkdw erwk wkh v|pphwulf dqg fruh0shulskhu| htxloleuld fdq eh vwdeoh iru d

udqjh ri wudgh frvwv:1

Iru phpehu frxqwulhv ri wkh HX Euxokduw dqg Wruvwhqvvrq +4<<9, fdofxodwh or0

fdwlrqdo Jlql frh!flhqwv iru d qxpehu ri lqgxvwulhv lq 4<;3 dqg 4<<3 dqg wkh frhi0

�flhqwv vkrz d whqghqf| iru lqgxvwulhv wr eh frqfhqwudwhg rqo| vrphzkdw pruh lq

4<<3 wkdq lq 4<;31 Wklv frxog eh gxh wr vorz dgmxvwphqw wr rswlpdo htxloleuld ru

lqghhg ehfdxvh judgxdo fkdqjh lv rswlpdo1

615 Dv|pphwulf oderu pdunhw vwuxfwxuhv

Lq wklv vhfwlrq zh dqdo|}h htxloleuld zkhq xqlrqv lq Krph dqg Iruhljq kdyh gl�huhqw

edujdlqlqj vwuhqjwkv/ dqg lq sduwlfxodu zh ohw k : k
W

1 Ehiruh ghulylqj dqdo|wlfdo

uhvxowv wkh irufhv dw zrun duh djdlq looxvwudwhg e| d qxphulfdo h{dpsoh1 Lw lv vhhq

iurp wkh wrs ohiw sdqho ri Iljxuh 7 wkdw iru kljk ohyhov ri wudgh frvwv/ voljkwo| pruh

wkdq kdoi ri lqgxvwu| lv orfdwhg lq Iruhljq1 Wklv vkduh lqfuhdvhv judgxdoo| +b idoov, dv

� lv uhgxfhg xqwlo lw lv d orfdoo| vwdeoh htxloleulxp iru doo �upv wr orfdwh lq Iruhljq

dv vkrzq lq wkh wrs uljkw sdqho ri Iljxuh 71 Exw wklv sdqho kdv dqrwkhu orfdoo|

vwdeoh htxloleulxp zkhuh wkh pdmrulw| ri �upv lv orfdwhg lq Krph/ wkh frxqwu| zlwk

uhodwlyho| vwurqj oderu xqlrqv1 Zkhq � lv uhgxfhg ixuwkhu/ dv lq wkh erwwrp ohiw

sdqho/ zh kdyh wzr orfdoo| vwdeoh htxloleuld zkhuh doo �upv duh orfdwhg hlwkhu lq

Krph ru Iruhljq1 Ilqdoo| iru � forvh wr rqh wkh htxloleulxp lqyroylqj frqfhqwudwlrq

ri �upv lq Krph fhdvhv wr eh vwdeoh gxh wr wkh gl�huhqfh lq xqlrq edujdlqlqj srzhu

dv fdq eh vhhq iurp wkh erwwrp uljkw sdqho1

Wkh wrs uljkw dqg wkh erwwrp ohiw sdqho lq Iljxuh 7 uhyhdo wkdw orzhu wudgh frvwv

dfwxdoo| fdq ehqh�w Krph lq whupv ri dwwudfwlqj pruh �upv +wklv lv rqo| wuxh zkhq

k dqg k
W duh vx!flhqwo| forvh wr hdfk rwkhu dv lq Iljxuh 7,/ dqg wklv lv d uhvxow

9Lw vkrxog eh qrwhg wkdw rxu prgho h{klelwv �orfdoo| fdwdvwursklf� fkdqjh lq wkh vhqvh wkdw wkh

vorsh dw wkh elixufdwlrq srlqw lq Iljxuh 7/ �V / lv lq�qlwh1
:Ixmlwd/ Nuxjpdq/ dqg Yhqdeohv +4<<</ iruwkfrplqj, dqg Sxjd +4<<<, duh h{hswlrqv lq wkdw

wkh| fdq kdyh erwk �fdwdvwursklf� dqg judgxdo fkdqjh/ dqg qr lqwxlwlyh h{sodqdwlrq lv r�huhg dv

wr zk| judgxdo fkdqjh dsshduv1 Lq d gl�huhqw vhw0xs Edogzlq/ Pduwlq/ dqg Rwwdyldqr +4<<;, dovr

�qg judgxdo fkdqjh1
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Iljxuh 7= Krph sur�w dv d ixqfwlrq ri lqgxvwu| vkduhv1 k ' f�Hf2/ kW

' f�H/ > ' f�H/

s ' f�fD1

irxqg lq Pxqfk dqg Vûuhqvhq +4<<;, dv zhoo1 Lq wkdw sdshu d xqlrql}hg frxqwu|

jdlqv iurp lqwhjudwlrq ehfdxvh wkh oderu pdunhw glvwruwlrq lv uhgxfhg zklfk lq wxuq

dwwudfwv pruh �upv1

Iljxuh 8 sorwv wkh htxloleulxp vkduhv ri lqgxvwu| lq Krph/ b/ djdlqvw wudgh frvwv/

� / dqg lw lv vhhq wkdw wkhuh lv d udqjh ri lqwhuphgldwh ohyhov ri wudgh frvwv iru zklfk

lw lv dq htxloleulxp rxwfrph iru doo �upv wr orfdwh lq Krph1 Wkh ghpdqg olqndjhv

duh vwurqjhvw iru lqwhuphgldwh ohyhov ri wudgh frvwv vr khuh wkh djjorphudwlrq dgydq0

wdjhv iurp foxvwhulqj lq wkh frxqwu| zlwk vwurqj xqlrqv duh vx!flhqw wr rxwzhljk

wkh glvdgydqwdjh iurp sd|lqj kljkhu zdjhv1 Iljxuh 8 lpsolhv wkdw li wudgh frvwv vwhs

e| vwhs duh uhgxfhg iurp d kljk ohyho/ wkhq wkh frxqwu| zlwk uhodwlyho| zhdn xqlrqv

dw vrph srlqw hqgv xs zlwk doo �upv lq wkh lpshuihfwo| frpshwlwlyh lqgxvwulhv/ dqg

wklv vhhpv wr glvplvv wkh srvvlelolw| ri htxloleuld zlwk doo �upv lq Krph1 Krzhyhu/

d uhdolvwlf vfhqdulr lv wkdw wudgh xqlrqv gr qrw frph lqwr h{lvwhqfh xqwlo diwhu lq0

gxvwuldol}dwlrq kdv kdsshqhg/ dqg vr htxloleuld lqyroylqj frqfhqwudwlrq ri �upv lq

frxqwulhv zlwk uhodwlyho| vwurqj xqlrqv fdqqrw eh uxohg rxw rq wkdw dffrxqw1
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Iljxuh 8= Lqgxvwu| vkduhv dv d ixqfwlrq ri wudgh frvwv1 k ' f�H�/ kW

' f�H/ > ' f�H/

s ' f�fD1

Frpsduhg wr wkh sdqhov ri Iljxuh 4/ zkhuh xqlrqv duh lghqwlfdo lq wkh wzr frxq0

wulhv/ Iljxuh 7 lqglfdwhv wkdw wkh sur�w fxuyhv duh sxvkhg grzq gxh wr wkh vwurqjhu

xqlrqv lq Krph1 Wklv vxjjhvwv wkh h{lvwhqfh ri d olplw dv wr krz gl�huhqw wkh edu0

jdlqlqj srzhuv fdq eh lq rughu iru wkhuh wr eh vwdeoh htxloleuld zlwk �upv orfdwhg

lq Krph1

61514 Vwdelolw| ri wkh fruh0shulskhu| htxloleulxp lq Krph

Zh qrz zdqw wr vkrz wkdw xqghu fhuwdlq frqglwlrqv lw lv lqghhg d orfdoo| vwdeoh

htxloleulxp iru doo �upv wr frqfhqwudwh lq Krph/ l1h1 lq wkh frxqwu| zklfk jlyhv �upv

dq lqkhuhqw frpshwlwlyh glvdgydqwdjh gxh wr kljkhu edujdlqlqj srzhu ri xqlrqv1

Lq vhfwlrq 61415 lw zdv vkrzq wkdw wkh fruh0shulskhu| htxloleulxp lv vwdeoh iru �

vdwlvi|lqj �E� � 	 �1 Li lw lv wdnhq lqwr dffrxqw wkdw wkh edujdlqlqj srzhuv lq wkh

wzr frxqwulhv duh gl�huhqw/ wkhq lw lv hdvlo| irxqg wkdw wkh frqglwlrq qrz ehfrphv

�E� � 	
� � k

� � k
W

c +56,

zkhuh �3k

�3kW
5 dfc �o/ l1h1 wkh frqglwlrq lv qrz vwurqjhu1 Zh douhdg| nqrz wkdw

�E�� ' �/ �E� � kdv d qhjdwlyh vorsh iru orz ydoxhv ri � dqg wkdw �E� � lv srvlwlyh iru

kljk ydoxhv ri � 1 Wkxv zh fdq frqfoxgh wkdw li k lv vx!flhqwo| forvh wr kW + �3k

�3kW
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forvh wr 4,/ wkhq wkhuh pxvw eh d vxevhw ri wudgh frvwv lq wkh lqwhuydo d�c

?

?3�
o iru

zklfk lw lv d vwdeoh htxloleulxp iru doo �upv wr orfdwh lq wkh frxqwu| zlwk uhodwlyho|

vwurqj xqlrqv +vhh Iljxuh 5,;1

616 Frpsdudwlyh vwdwlf uhvxowv

Zh kdyh ehhq xqdeoh wr �qg frpsdudwlyh vwdwlf uhvxowv iru ��� / exw uhfdoo wkdw

vwdelolw| ri htxloleuld ghshqgv rq wkh uhodwlyh vwuhqjwk ri wkh irufh iru djjorphudwlrq

dqg wkh irufh iru glvshuvlrq1 Zh lghqwl�hg hduolhu wkh iruphu wr frqvlvw ri d ghpdqg

olqndjh h�hfw zklfk lv wljkwo| frqqhfwhg wr fkdqjhv lq lqfrph1 Wkh odwwhu lv wkh

frpshwlwlrq h�hfw zklfk lv lq xhqfhg e| fkdqjhv lq wkh qxpehu ri �upv1 Khqfh/

li zh fdq dvvhv krz wkh qxpehu ri �upv dqg lqfrph lq wkh fhqwhu lv d�hfwhg e|

fkdqjhv lq wkh sdudphwhuv/ wkhq lw lv srvvleoh wr suhglfw krz ��� fkdqjhv1

Lw lv hdvlo| irxqg iurp Z
�
' s wkdw wkh qxpehu ri �upv lq d }hur sur�w htxloleulxp

uhdfwv wr fkdqjhv lq sdudphwhuv lq wkh iroorzlqj zd|=

_?

_k
	 fc

_?

_>
: f� +57,

L1h1 kljkhu edujdlqlqj srzhu ri xqlrqv pdnhv lw ohvv sur�wdeoh iru �upv wr rshudwh

dqg vrph �upv pxvw h{lw wkh pdunhw/ zkhuhdv d kljkhu vkduh ri lqfrph vshqw rq

jrrgv surgxfhg lq lpshuihfwo| frpshwlwlyh lqgxvwulhv/ >/ lqfuhdvhv sur�wdelolw| dqg

wkxv ohdgv wr hqwu| ri �upv1

Diwhu dssolfdwlrq ri wkh }hur sur�w frqglwlrq +zklfk lpsolhv wkdw ?s ' 2>E� �

k�*E? � k>�,/ lqfrph lq wkh fhqwhu +vhh +4:,, fdq eh zulwwhq dv

t '
?n k>

?� k>
c +58,

dqg wkh vljq ri wkh ghulydwlyhv iru t lv

_t

_k
: fc

_t

_>
: f� +59,

Li wkh edujdlqlqj srzhu ri xqlrqv ulvhv/ wkhq wkhuh duh erwk d gluhfw dqg dq lqgluhfw

h�hfw rq lqfrph1 Vwurqjhu xqlrqv gluhfwo| d�hfw zdjhv lq d srvlwlyh gluhfwlrq/ exw dw

wkh vdph wlph wkh qxpehu ri �upv idoov +vhh +57,,/ dqg ehfdxvh ri lqfuhdvlqj uhwxuqv

wr vfdoh wklv lqgluhfwo| whqgv wr lqfuhdvh lqfrph dv zhoo1 D orzhu qxpehu ri �upv

;
Wkh idfw wkdw !+� , kdv qhjdwlyh vorsh iru orz ydoxhv ri wudgh frvwv hqvxuhv wkdw !+� , dw vrph

srlqw lv vpdoohu wkdq 4��

4���
+iru � forvh wr ��,/ dqg !+ q

q�4
, A 4 lpsolhv wkdw wkhuh h{lvwv +dw ohdvw,

rqh forvhg lqwhuydo ri wudgh frvwv zkhuh +56, lv vdwlv�hg +gxh wr frqwlqxlw| ri !+� ,,1
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dorqh lqfuhdvhv lqfrph +vhh +58,, ehfdxvh wkh ohyho ri frpshwlwlrq idoov dqg wkh sulfh

dqg txdqwlw| shu �up ulvh vr wkdw lq rughu iru wkhuh wr eh }hur sur�wv/ wkh edujdlqhg

zdjh udwh pxvw ulvh1

Zlwk uhvshfw wr fkdqjhv lq >/ wkh vljqv ri wkh gluhfw dqg wkh lqgluhfw h�hfwv duh

qr orqjhu wkh vdph1 Wkh gluhfw h�hfw ri d ulvh lq > lv srvlwlyh dqg wkh lqgluhfw h�hfw

lv qhjdwlyh vlqfh ? lqfuhdvhv/ exw wkh ryhudoo h�hfw uhpdlqv srvlwlyh +f1i1 +59,,1

Lq wkh fdvh zkhuh xqlrqv duh lghqwlfdo dfurvv frxqwulhv/ wkh irufh iru djjorp0

hudwlrq lv vwuhqjwkhqhg dqg wkh irufh iru glvshuvlrq lv zhdnhqhg li k ulvhv ehfdxvh

lqfrph lq wkh fhqwhu ulvhv dqg wkh ohyho ri frpshwlwlrq idoov1 Lw iroorzv wkdw wkh

fruh0shulskhu| htxloleulxp lv pruh olnho| wr eh vwdeoh iru kljkhu k*v/ dqg fohduo| lq

wkh olplw zh pxvw kdyh wkdw ��� $ � iru k $ f ehfdxvh khuh qr h{wud lqfrph lv

jhqhudwhg dqg vr wkhuh lv qr irufh iru djjorphudwlrq1 Vlpxodwlrqv lqghhg lqglfdwh

wkdw
_���

_k
: f1

Li/ rq wkh rwkhu kdqg/ d xqlodwhudo lqfuhdvh lq wkh edujdlqlqj srzhu lv revhuyhg

lq d frxqwu| zlwk djjorphudwlrq ri lqgxvwu|/ wkhq wkhuh duh wzr rssrvlqj h�hfwv1

Wkh irufhv iru djjorphudwlrq dqg glvshuvlrq erwk uhlqirufh frqfhqwudwlrq ri �upv lq

wkh fhqwhu +wkh irufh iru djjorphudwlrq lv vwuhqjwkhqhg dqg wkh irufh iru glvshuvlrq

lv zhdnhqhg,/ exw �upv kdyh lqfhqwlyhv wr pryh wr frxqwulhv zlwk zhdnhu xqlrqv/

dqg lq wklv fdvh vlpxodwlrqv vxjjhvw wkdw wkh odwwhu h�hfw grplqdwhv +l1h1 wkh udqjh

ri wudgh frvwv iru zklfk lw lv d vwdeoh htxloleulxp iru �upv wr orfdwh lq wkh fhqwhu

vkulqnv,1

Wkh h�hfw iurp fkdqjhv lq > lv ohvv vwudljkwiruzdug ehfdxvh lqfrph dqg wkh qxp0

ehu ri �upv fkdqjh lq wkh vdph gluhfwlrq/ vr wkdw erwk irufhv duh hlwkhu zhdnhqhg ru

vwuhqjwkhqhg1 Frqvlghu d ulvh lq >1 Wklv kdv d srvlwlyh h�hfw rq erwk wkh qxpehu

ri �upv dqg lqfrph/ exw vlpxodwlrqv vd| wkdw ��� idoov +l1h1 _���
_>

	 f,1 Wkhuhiruh d

kljkhu > lv vwuhqjwkhqlqj wkh irufh iru glvshuvlrq pruh wkdq wkh irufh iru djjorphu0

dwlrq vr wkdw djjorphudwlrq ri hfrqrplf dfwlylw| lq wkh fhqwhu lv ohvv olnho| wr eh d

vwdeoh htxloleulxp1

7 Frqfoxvlrq

Fohduo|/ wkhuh duh pdq| uhdvrqv iru gl�huhqw zdjh ohyhov dfurvv frxqwulhv dqg wkh

iudphzrun ri wklv sdshu kdv devwudfwhg iurp rwkhu uhdvrqv wkdq gl�huhqfhv lq wkh

edujdlqlqj vwuhqjwk ri wudgh xqlrqv1 W|slfdoo|/ djjorphudwlrq ri hfrqrplf dfwlylw|

e| lwvhoi zlghqv wkh zdjh jds ehwzhhq frxqwulhv gxh wr lqfuhdvhg ghpdqg iru oderu/

exw zh wdnh wkh dqdo|vlv d vwhs ixuwkhu dqg dvn zkhwkhu vxfk frqfhqwudwlrqv ri �upv
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fdq eh vxvwdlqhg hyhq li wkhuh duh lqkhuhqw frpshwlwlyh glvdgydqwdjhv e| orfdwlqj lq

wkh lqgxvwuldo fhqwhu1

Surylghg wkdw xqlrqv duh qrw wrr gl�huhqw zlwk uhvshfw wr edujdlqlqj vwuhqjwk

dfurvv frxqwulhv/ wkh prgho h{sodlqv krz lw lv dq htxloleulxp iru �upv wr frqfhqwudwh

lq d frxqwu| zlwk uhodwlyho| vwurqj oderu xqlrqv/ dqg wklv �wv wkh revhuydwlrqv iru

vhyhudo Hxurshdq frxqwulhv1 Lq dgglwlrq/ lw lv irxqg wkdw hfrqrplf lqwhjudwlrq pd|

ehqh�w kljk zdjh frxqwulhv lq whupv ri dwwudfwlqj pruh �upv/ exw dovr wkdw wkhuh lv

d olplw dv wr krz orz wudgh frvwv fdq ehfrph ehiruh �upv �qg lw rswlpdo wr pryh

wr d orz zdjh frxqwu|1

Wkh edvlf phfkdqlvp ehklqg wklv uhvxow lv wkdw frqfhqwudwlrq ri zdjh lqfrph

fuhdwhv h{whuqdolwlhv wkdw pruh wkdq rxwzhljk wkh glvdgydqwdjhv e| edujdlqlqj zlwk

uhodwlyho| vwurqj xqlrqv1 Ilupv gr qrw pryh wr wkh frxqwu| zlwk zhdn xqlrqv ehfdxvh

lq grlqj vr wkh| zrxog lqfxu kljkhu frvwv iurp wudqvsruwlqj wkhlu jrrgv wr wkh

frxqwu| zkhuh wkh pdmru sduw ri zruog lqfrph lv orfdwhg1

Uhihuhqfhv

Edogzlq/ U1 H1/ S1 Pduwlq/ dqg J1 L1 S1 Rwwdyldqr +4<<;,= �Joredo Lqfrph

Glyhujhqfh/ Wudgh dqg Lqgxvwuldol}dwlrq= Wkh Jhrjudsk| ri Jurzwk Wdnh0R�v/�

QEHU Zrunlqj Sdshu/ Qr1 978;1

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

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

Euxokduw/ P1/ dqg M1 Wruvwhqvvrq +4<<9,= �Uhjlrqdo Lqwhjudwlrq/ Vfdoh

Hfrqrplhv dqg Lqgxvwu| Orfdwlrq lq wkh Hxurshdq Xqlrq/� FHSU Zrunlqj Sd0

shu/ Qr1 47681

Exjklq/ M1/ dqg V1 Ydqqlql +4<<8,= �Vwudwhjlf Gluhfw Lqyhvwphqw xqghu Xqlrql}hg

Roljrsro|/� Lqwhuqdwlrqdo Mrxuqdo ri Lqgxvwuldo Rujdql}dwlrq/ 46/ 45:�4781

Gl{lw/ D1/ dqg M1 Vwljolw} +4<::,= �Prqrsrolvwlf Frpshwlwlrq dqg Rswlpxp

Surgxfw Glyhuvlw|/� Dphulfdq Hfrqrplf Uhylhz/ 9:/ 5<:�63;1

Guliiloo/ M1 H1/ dqg I1 ydq ghu Sorhj +4<<8,= �Wudgh Olehudol}dwlrq zlwk

Lpshuihfw Frpshwlwlrq lq Jrrgv dqg Oderxu Pdunhwv/� Vfdqglqdyldq Mrxuqdo ri

Hfrqrplfv/ <:/ 556�5761
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Gxudqg/ P1/ F1 Pdgdvfkl/ dqg I1 Whuuleloh +4<<;,= �Wuhqgv lq RHFG

Frxqwulhv* Lqwhuqdwlrqdo Frpshwlwlyhqhvv= Wkh Lq xhqfh ri Hphujlqj Pdunhw

Hfrqrplhv/� RHFG Hfrqrplfv Ghsduwphqw Zrunlqj Sdshu1

Ixmlwd/ P1/ S1 Nuxjpdq/ dqg D1 Yhqdeohv +4<<</ iruwkfrplqj,= Wkh Vsd0

wldo Hfrqrp|= Flwlhv/ Uhjlrqv dqg Lqwhuqdwlrqdo Wudgh1 PLW Suhvv/ Fdpeulgjh/

Pdvvdfkxvhwwv1
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