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Devwudfw

Zh dqdo|}h wkh lpsdfw ri �qdqfldo joredol}dwlrq rq dvvhw sulfhv/ lqyhvwphqw dqg wkh srvvl0

elolw| ri fudvkhv gulyhq e| vhoi0ixo�oolqj h{shfwdwlrqv lq hphujlqj pdunhwv1 Lq d wzr0frxqwu|

prgho zlwk rqh hphujlqj pdunhw +lqwhuphgldwh lqfrph ohyho, dqg rqh lqgxvwuldol}hg frxq0

wu| +kljk lqfrph ohyho,/ zh vkrz wkdw olehudol}dwlrq ri fdslwdo  rzv lqfuhdvhv dvvhw sulfhv/

lqyhvwphqw dqg lqfrph lq wkh hphujlqj pdunhw1 Krzhyhu/ iru lqwhuphgldwh ohyhov ri lqwhuqd0

wlrqdo �qdqfldo wudqvdfwlrq frvwv/ zh �qg wkdw shvvlplvwlf h{shfwdwlrqv fdq eh vhoi0ixo�oolqj/

ohdglqj wr d �qdqfldo fudvk1 Wkh fudvk lv dffrpsdqlhg e| fdslwdo  ljkw/ d gurs lq lqfrph

dqg lqyhvwphqw ehorz wkh �qdqfldo dxwdun| ohyho dqg pruh pdunhw lqfrpsohwhqhvv1 Zh

vkrz wkdw hphujlqj pdunhwv duh pruh surqh wr �qdqfldo fudvkhv vlpso| ehfdxvh wkh| kdyh

d orzhu lqfrph ohyho dqg qrw ehfdxvh ri wkh h{lvwhqfh ri pdunhw idloxuhv +prudo kd}dug ru

fuhglw frqvwudlqwv,/ edg prqhwdu| srolflhv ru h{fkdqjh udwh uhjlphv1

�Lqwhuqdwlrqdo Uhvhdufk/ Ihghudo Uhvhuyh Edqn ri Qhz \run/ 66 Olehuw| Vwuhhw/ Q\/ Q\ 433781 Whohskrqh= +334, 545

:53 87 <:1 H0pdlo= sklolssh1pduwlqCq|1iue1ruj1
��Ghsduwphqw ri Hfrqrplfv dqg Zrrgurz Zlovrq Vfkrro/ Sulqfhwrq Xqlyhuvlw|/ Sulqfhwrq/ Q\ / XVD1 Whohskrqh= +334,

93< 58; 9:591 H0pdlo= kuh|Csulqfhwrq1hgx1

Wkh ylhzv h{suhvvhg khuh duh wkrvh ri wkh dxwkruv/ dqg gr qrw qhfhvvdulo| uh hfw wkh srvlwlrq ri wkh

Ihghudo Uhvhuyh Edqn ri Qhz \run/ wkh Ihghudo Uhvhuyh V|vwhp/ ru dq| rwkhu lqvwlwxwlrq zlwk zklfk wkh

dxwkruv duh d!oldwhg1 Zh wkdqn Gdqlho Frkhq/ Jhqh Jurvvpdq/ Hqultxh Phqgr}d dqg Ddurq Wruqhoo dv

zhoo dv sduwlflsdqwv dw pdq| vhplqduv iru khosixo frpphqwv1 Zh dovr wkdqn Judflhod Ndplqvn| dqg Vhujlr

Vfkpxnohu iru wkh vwrfn pdunhw gdwd1 Udfkho Srolphql surylghg h{fhoohqw uhvhdufk dvvlvwdqfh1 Wklv sdshu lv

sduw ri d uhvhdufk qhwzrun rq cWkh Dqdo|vlv ri Lqwhuqdwlrqdo Fdslwdo Pdunhwv= Xqghuvwdqglqj Hxursh*v Uroh lq

wkh Joredo Hfrqrp|*/ ixqghg e| wkh Hxurshdq Frpplvvlrq xqghu wkh Uhvhdufk Wudlqlqj Qhwzrun Surjudpph

+Frqwudfw Qr1 KSUQÚFWÚ4<<<Ú3339:,1
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Zkhq fdslwdo  rzv pruh hdvlo| lqwr dqg rxw ri hphujlqj pdunhwv/ gr wkhvh pdunhwv uhds wkh ehqh�wv

ri lqfuhdvhg lqyhvwphqw dqg d ehwwhu delolw| wr glyhuvlw| wkhlu ulvnB Ru gr wkh| idfh dq lqfuhdvhg

olnholkrrg ri �qdqfldo fudvkB Wkh hpslulfdo olwhudwxuh vhhpv wr srlqw wrzdugv wkh uhohydqfh ri erwk

wkhvh rxwfrphv1 Rq wkh rqh kdqg/ d qxpehu ri sdshuv lq wkh �qdqfh olwhudwxuh4 vkrz wkdw �qdqfldo

rshqlqj lq hphujlqj pdunhwv ohdgv wr d ghfuhdvh lq wkh frvw ri htxlw| fdslwdo dqg fdq kdyh d srvlwlyh

h�hfw rq grphvwlf lqyhvwphqw1 Wkh pdfurhfrqrplf olwhudwxuh5 / xvlqj furvv0frxqwu| gdwd/ �qgv pruh

whqxrxv hylghqfh wkdw �qdqfldo rshqlqj frqwulexwhv srvlwlyho| wr orqj0uxq jurzwk1 Rq wkh rwkhu kdqg/

d yroxplqrxv olwhudwxuh rq �qdqfldo fulvlv hpskdvl}hv wkh ulvnv ri olehudol}dwlrq dqg wkh iudjlolw| ri

hphujlqj pdunhwv �qdqfldo v|vwhpv wr fdslwdo prelolw|1 Z|sorv} +5334, �qgv wkdw h{whuqdo �qdqfldo

olehudol}dwlrq lv frqvlghudeo| pruh ghvwdelol}lqj lq ghyhorslqj frxqwulhv wkdq lq ghyhorshg frxqwulhv= lw

jhqhudwhv d errp0exvw f|foh1 Dqrwkhu vwudqg ri olwhudwxuh/ vxuyh|hg e| Dl}hqpdq +5335, 6 frqfoxghv

wkdw olehudol}dwlrq ri fdslwdo  rzv kdv frqwulexwhg wr erwk edqnlqj dqg fxuuhqf| fulvhv lq hphujlqj

pdunhwv1 Ndplqvnl dqg Vfkpxnohu +5334, vkrz wkdw vwrfn pdunhwv ehfrph pruh yrodwloh lq wkh wkuhh

|hduv iroorzlqj �qdqfldo olehudol}dwlrq1 Wkh| whqg krzhyhu wr eh pruh vwdeoh lq wkh orqj uxq1

Iljxuhv 4 dqg 5 dovr vxjjhvw wkdw �qdqfldo rshqqhvv dowhuv wkh uhodwlrq ehwzhhq wkh iuhtxhqf| ri

�qdqfldo fudvkhv dqg wkh ohyho ri lqfrph shu fdslwd1 D fudvk lv gh�qhg dv d prqwko| gurs lq wkh vwrfn

lqgh{ +lq grooduv, odujhu wkdq wzr vwdqgdug ghyldwlrqv ri wkh dyhudjh prqwko| fkdqjh1 Zh sorw rq wkh

yhuwlfdo d{lv wkh qxpehu ri vwrfn pdunhw fudvkhv shu |hdu1 Frxqwulhv duh udqnhg e| orj ri JGS shu

fdslwd rq wkh krul}rqwdo d{lv1 Zh glylghg wkh vdpsoh lq shulrgv iru zklfk frxqwulhv zhuh �qdqfldoo|

rshq dqg �qdqfldoo| forvhg1 Khqfh/ dprqj rxu 95 frxqwulhv +67 hphujlqj frxqwulhv, 64 dsshdu wzlfh

dv wkh| fkdqjhg vwdwxv gxulqj wkh vdpsoh |hduv1 Dsshqgl{ 4 surylghv pruh ghwdlov rq wkh gdwd dqg

wkh zd| zh gh�qh �qdqfldo rshqqhvv1

Iljxuh 4 pdnhv fohdu wkdw iru frxqwulhv zklfk kdyh qrw rshqhg wr fdslwdo pryhphqwv/ qr uhodwlrq

h{lvwv ehwzhhq wkh iuhtxhqf| ri fudvkhv dqg wkh orj ri JGS shu fdslwd/ zkhwkhu Dujhqwlqd/ dq reylrxv

rxwolhu/ lv lqfoxghg ru qrw1 Vwdwlvwlfdoo|/ d zhdno| qhjdwlyh exw qrw vljql�fdqw uhodwlrq h{lvwv1 Rq wkh

rwkhu kdqg/ �jxuh 5 looxvwudwhv wkdw iru frxqwulhv zklfk kdyh rshqhg wr fdslwdo pryhphqwv d qhjdwlyh

uhodwlrq ehwzhhq wkh iuhtxhqf| ri fudvkhv dqg lqfrph shu fdslwd h{lvwv1 Wklv uhodwlrq lv vwdwlvwlfdoo|

vljql�fdqw1 Zh kdyh fkhfnhg wkdw wklv qhjdwlyh uhodwlyh uhodwlrq +dqg wkh devhqfh ri vxfk uhodwlrq iru

forvhg hfrqrplhv, lv urexvw wr fkdqjhv ri wkh gh�qlwlrq ri �qdqfldo rshqqhvv1

4Vhh Ehndhuw dqg Kduyh| +5334,/ Ehndhuw/ Kduyh| dqg Oxqgeodg/ +5334,/ Khqu| +5333,/ Fkdul dqg Khqu| +5335, dqg

gh Mrqj dqg gh Urrq +5334,1
5Hgzdugv +5334, �qgv wkdw rshqlqj wkh fdslwdo dffrxqw srvlwlyho| d�hfwv jurzwk rqo| diwhu wkh frxqwu| kdv dfklhyhg d

fhuwdlq ghjuhh ri hfrqrplf ghyhorsphqw1 PfNhq}lh +5334, frqfoxghv wkdw uhvwulfwlrqv rq fxuuhqw dffrxqw sd|phqwv/ exw

qrw fdslwdo wudqvdfwlrqv/ d�hfw jurzwk qhjdwlyho|1 Duwhwd/ Hlfkhqjuhhq dqg Z|sorv} +5334, vkrz wkdw fdslwdo dffrxqw

olehudol}dwlrq kdv d vljql�fdqw srvlwlyh jurzwk h�hfw frqwlqjhqw rq wkh devhqfh ri pdfurhfrqrplf lpedodqfhv1
6Vhh iru h{dpsoh/ Hlfkhqjuhhq/ Urvh dqg Z|sorv} +4<<8,/ Urvvl +4<<<,/ Ghpljÿf0Nxqw dqg Ghwudjldfkh +4<<;,/

Ndplqvn| dqg Uhlqkduw +4<<<,1
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H{fhsw iru wkh fohdu h{fhswlrq ri Dujhqwlqd +zklfk kdv e| idu wkh kljkhvw qxpehu ri fudvkhv, dqg

wr d ohvvhu h{whqw Fkloh/ doo hphujlqj pdunhwv h{shulhqfh dq lqfuhdvh lq wkh iuhtxhqf| ri fudvkhv rqfh

wkh| olehudol}h1 Wkh wdeoh ehorz jlyhv wkh dyhudjh dqqxdo iuhtxhqf| ri fudvkhv iru ghyhorshg +gh�qhg

dv frxqwulhv zlwk JGS shu fdslwd deryh Vrxwk0Nruhd, dqg hphujlqj frxqwulhv1

Iuhtxhqf| ri fudvkhv ghyhorshg hphujlqj

forvhg frxqwulhv ;1;( 5814(

rshq frxqwulhv <1:( 9419(

Wkh wdeoh vwurqjo| vxjjhvwv wkdw rshqlqj wr fdslwdo pryhphqwv kdv d pxfk pruh gudpdwlf h�hfw rq

wkh iuhtxhqf| ri fudvkhv lq hphujlqj pdunhwv wkdq lq ghyhorshg rqhv/ d srlqw frqvlvwhqw zlwk wkh

olwhudwxuh flwhg deryh rq wkh h�hfw ri fdslwdo rshqlqj rq fulvhv lq hphujlqj pdunhwv1

Wklv sdshu suhvhqwv d jhqhudo iudphzrun lq zklfk wkh wzr h�hfwv ri �qdqfldo joredol}dwlrq rq

hphujlqj pdunhwv0 wkh ghfuhdvhg frvw ri fdslwdo dqg wkh lqfuhdvhg iuhtxhqf| ri fudvkhv 0 fdq eh

uhfrqflohg1 Zh dovr pdnh vhqvh ri wkh gl�huhqwldo lpsdfw ri �qdqfldo joredol}dwlrq lq hphujlqj pdunhwv

dqg ghyhorshg frxqwulhv1 Lq rxu prgho/ uhgxflqj dvvhw pdunhw vhjphqwdwlrq ehwzhhq hphujlqj pdunhwv

dqg ghyhorshg frxqwulhv lqfuhdvhv dvvhw sulfhv/ lqyhvwphqw dqg lqfrph lq wkh hphujlqj pdunhw1 Wkxv

�qdqfldo olehudol}dwlrq grhv shuirup lwv srvlwlyh uroh ri h{sdqglqj glyhuvl�fdwlrq rssruwxqlwlhv dqg

orzhulqj wkh frvw ri lqyhvwphqw lq hphujlqj pdunhwv1 Lq fhuwdlq flufxpvwdqfhv/ krzhyhu/ �qdqfldo

olehudol}dwlrq fdq idflolwdwh �qdqfldo fudvkhv1 Zh vkrz wkdw hphujlqj pdunhwv/ li vx!flhqwo| rshq

wr fdslwdo pryhphqwv/ duh pruh surqh wr �qdqfldo fudvkhv1 Wklv lv gxh wr wkh phuh idfw wkdw wkhlu

lqfrph lv orzhu wkdq ghyhorshg frxqwulhv dqg qrw qhfhvvdulo| ehfdxvh ri ixqgdphqwdo pdfur0hfrqrplf

lpedodqfhv/ d edg fkrlfh ri h{fkdqjh udwh uhjlph ru wkh h{lvwhqfh ri pdunhw idloxuhv vxfk dv �prudo

kd}dug�/ fuhglw frqvwudlqwv ru dq *ryhu0eruurzlqj v|qgurph*1 Wkh srlqw zh duh pdnlqj khuh lv wkhuhiruh

yhu| jhqhudo1 Lq rxu prgho/ wkh ghflvlrq wr lqyhvw e| rqh djhqw lq xhqfhv wkh frvw ri fdslwdo ri rwkhu

lqyhvwruv wkurxjk wkh lpsdfw ri wkdw ghflvlrq rq lqfrph dqg wkh sulfh ri dvvhwv1 Wkh w|sh ri pdunhw

idloxuh zh exlog xsrq fdq wkhuhiruh ehvw eh ghvfulehg dv d shfxqldu| h{whuqdolw|1

Zh suhvhqw d wzr0frxqwu| prgho ri wkh zruog hfrqrp| +rqh jhqhulf hphujlqj pdunhw dqg rqh

jhqhulf ghyhorshg pdunhw,1 Wkh hphujlqj pdunhw dqg wkh ghyhorshg hfrqrp| gl�hu rqo| lq wkh

surgxfwlylw| ohyhov ri wkhlu oderu1 Lq erwk frxqwulhv/ grphvwlf hqwuhsuhqhxuv ghflgh zkhwkhu ru qrw

wr lqyhvw lq ulvn| �{hg0vl}hg surmhfwv/ vhoo vkduhv ri wkhlu surmhfwv rq wkh vwrfn h{fkdqjh/ dqg dftxluh

vkduhv lq rwkhu ulvn| yhqwxuhv ghyhorshg dw krph ru deurdg1

Zkhq hqwuhsuhqhxuv h{shfw wkdw djjuhjdwh lqyhvwphqw lq wkhlu hfrqrp| lv odujh/ wkh| h{shfw dj0

juhjdwh lqfrph dqg ghpdqg iru htxlw| lqyhvwphqw wr eh kljk dv zhoo1 Ehfdxvh dvvhwv duh lpshuihfw

vxevwlwxwhv dqg wudqvdfwlrq frvwv rq lqwhuqdwlrqdo wudgh lq dvvhwv jlyh ulvh wr d krph eldv lq dvvhw

kroglqj/ wklv lq wxuq phdqv wkdw wkh h{shfwhg sulfh ri wkhlu vkduhv rq wkh vwrfn h{fkdqjh zloo eh kljk1

Wkh kljk survshfwlyh sulfhv jlyh wkhp dq lqfhqwlyh wr lqyhvw lq d odujh qxpehu ri ulvn| surmhfwv1 Lq
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vxfk d fdvh/ idflolwdwlqj fdslwdo  rzv lqfuhdvhv lqyhvwphqw lq wkh hphujlqj pdunhw/ ehfdxvh lw uhgxfhv

lwv glvdgydqwdjh ri kdylqj d orz lqfrph ohyho wkdw wudqvodwhv lqwr orz ghpdqg iru grphvwlf dvvhwv dqg

kljk frvw ri fdslwdo1 Wklv lv wkh ghpdqg h�hfw wkdw lv lghqwl�hg lq Pduwlq dqg Uh| +5334,1 Wklv sdshu

glvfxvvhv lq ghwdlo wkh hpslulfdo hylghqfh wkdw vxssruwv wkh h{lvwhqfh ri vxfk ghpdqg h�hfwv rq dvvhw

sulfhv1 Lq sduwlfxodu/ Vfkohlihu +4<;9, glvhqwdqjohv lqirupdwlrq h�hfwv iurp sxuh ghpdqg h�hfwv dqg

vkrzv wkdw dq h{rjhqrxv ghpdqg vkliw ohdgv wr vljql�fdqwo| kljkhu dvvhw sulfhv1

Wkh vdph orjlf pd| krzhyhu jr lq wkh rwkhu gluhfwlrq= li hqwuhsuhqhxuv h{shfw orz ohyhov ri dj0

juhjdwh lqyhvwphqw/ wkh| dovr frqwhpsodwh d orz ohyho ri djjuhjdwh lqfrph dqg gr qrw h{shfw wr eh

deoh wr udlvh fdslwdo dw d jrrg sulfh1 Wklv ghwhuv wkhp iurp ghyhorslqj ulvn| surmhfwv1 Lq vxfk d fdvh/

grphvwlf lqyhvwruv wxuq wr wkh ghyhorshg frxqwu| vwrfn h{fkdqjh wr ex| htxlw| vkduhv dqg wkhuh duh

fdslwdo rxw rzv iurp wkh hphujlqj pdunhw wr ghyhorshg frxqwulhv1 Wklv flufxodu fkdlq ri fdxvdolw|

fuhdwhv wkh srvvlelolw| ri pxowlsoh htxloleuld dv orqj dv lqyhvwlqj lq ulvn| surmhfwv uhtxluhv d �{hg frvw1

Wkh %jrrg htxloleulxp% lv fkdudfwhul}hg e| kljk dvvhw sulfhv/ lqfrph dqg lqyhvwphqw dqg lq wklv fdvh

�qdqfldo lqwhjudwlrq lv ehqh�fldo wr wkh hphujlqj pdunhw rq wkhvh wkuhh glphqvlrqv1 Zh fdoo d fudvk

wkh %edg htxloleulxp%/ fkdudfwhul}hg e| d frruglqdwlrq idloxuh uhvxowlqj lq orz dvvhw sulfhv/ lqfrph

dqg lqyhvwphqw1 Wkh olnholkrrg wkdw lw h{lvwv lv kljkhu dw dq lqwhuphgldwh ghjuhh ri �qdqfldo vhjphq0

wdwlrq1 Wkh uhdvrq zk| lqvwdelolw| dqg fudvkhv rffxu rqo| iru lqwhuphgldwh ghjuhhv ri fdslwdo dffrxqw

olehudol}dwlrqv lq rxu prgho fdq eh xqghuvwrrg dv iroorzv1 Li �qdqfldo pdunhwv duh shuihfwo| lqwhjudwhg/

lqwhuqdwlrqdo duelwudjh hqvxuhv wkdw dvvhw sulfhv duh wkh vdph lq wkh ghyhorshg frxqwu| dqg wkh hphuj0

lqj pdunhw1 Wklv uxohv rxw wkh srvvlelolw| ri pxowlsoh htxloleuld/ vlqfh wkh sulfh ri htxlw| vkduhv lq

wkh hphujlqj pdunhw lv slqqhg grzq e| wkh sulfh ri fdslwdo zruogzlgh dqg lqghshqghqw ri grphvwlf

h{shfwdwlrqv1 V|pphwulfdoo|/ li �qdqfldo dvvhw pdunhwv duh yhu| vhjphqwhg lqwhuqdwlrqdoo|/ hphujlqj

pdunhwv djhqwv kdyh qr fkrlfh exw wr lqyhvw dw krph vlqfh fdslwdo rxw rzv duh khdylo| uhvwulfwhg1 Wklv

uxohv rxw fdslwdo  ljkw dqg pxowlsoh htxloleuld exw ohdgv wr d vxerswlpdo zruog doorfdwlrq ri uhvrxufhv

zlwk orzhu htxlw| sulfhv +dqg wkhuhiruh d kljkhu frvw ri fdslwdo, lq wkh hphujlqj pdunhw frpsduhg wr

wkh ghyhorshg frxqwu|1 Lq wkh prgho/ orzhu lqfrph frxqwulhv duh pruh surqh wr �qdqfldo fudvkhv1 Wkh

uhdvrq lv wkdw shvvlplvwlf h{shfwdwlrqv dozd|v kdyh pruh gudpdwlf frqvhtxhqfhv rq wkh h{shfwhg dvvhw

sulfhv lq wkh orzhu lqfrph pdunhw1

Lq rxu prgho/ dvvhw sulfhv dqg htxlw| pdunhwv sod| d nh| uroh1 Wkh lpsruwdqfh ri vwrfn pdunhwv

lq hphujlqj hfrqrplhv kdv lqfuhdvhg vxevwdqwldoo| lq wkh sdvw ghfdgh/ dv grfxphqwhg e| Fodhvvhqv/

Nolqjhelho dqg Vfkpxnohu +5334,1 Krzhyhu/ zh eholhyh wkh phfkdqlvp lghqwl�hg lq wklv sdshu lv

qrw vshfl�f wr wkh fkdqqho wkurxjk zklfk �upv �qdqfh lqyhvwphqw1 Vxssrvh �upv zhuh wr �qdqfh

lqyhvwphqw surmhfwv wkurxjk edqn ordqv1 Dv orqj dv edqnv gr qrw frqvlghu wkhvh surmhfwv dqg wkh

dvvrfldwhg edqn ordqv wr eh shuihfw vxevwlwxwhv dqg wkdw wkhuh h{lvw wudqvdfwlrq frvwv zkhq edqnv

ohqg wr iruhljq �upv/ wkh uhdo lqwhuhvw udwh fkdujhg e| edqnv frxog eh gl�huhqw dfurvv frxqwulhv hyhq

iru surmhfwv zlwk lghqwlfdo ulvn1 Li kljkhu grphvwlf h{shfwhg lqyhvwphqw dqg wkhuhiruh lqfrph ohdgv
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wr d odujhu srro ri vdylqj/ zklfk ehfdxvh ri lpshuihfwo| lqwhjudwhg �qdqfldo pdunhwv/ ehqh�wv pruh

+wkurxjk d orzhu lqwhuhvw udwh, wkh grphvwlf �upv/ wkhq wkh nh| lqjuhglhqwv ehklqg wkh flufxodu fdxvdolw|

phfkdqlvp wkdw zh dqdo|}h lq wklv sdshu zrxog dovr eh suhvhqw1

D forvho| uhodwhg sdshu lv Pdwvx|dpd +5334,/ zkr vwxglhv wkh lpsdfw ri �qdqfldo joredol}dwlrq rq

lqhtxdolw| dfurvv frxqwulhv zkhq wkhuh lv d eruurzlqj frqvwudlqw lq grphvwlf fdslwdo pdunhwv1 Olnh

Pdwvx|dpd +5334,/ zh �qg wkdw lq vrph fdvhv/ �qdqfldo joredol}dwlrq ohdgv wr lqfuhdvhg lqhtxdolw|

dfurvv qdwlrqv1 Rqh dgydqwdjh ri rxu prgho lv wkdw zh duh deoh wr dqdo|}h doo wkh lqwhuphgldwh fdvhv

ri �qdqfldo joredol}dwlrq +kh frqwudvwv dxwdun| zlwk iuhh fdslwdo prelolw|,1 Dovr/ zh gr qrw uho| rq

dq| vshfl�f dvvxpswlrq uhjduglqj fuhglw frqvwudlqwv rq wkh grphvwlf fdslwdo pdunhw1 Lqvwhdg zh pdnh

wkh vlpsoh dqg uhdolvwlf dvvxpswlrq wkdw oderu lv pruh surgxfwlyh lq rqh frxqwu| wkdq lq wkh rwkhu1

Dfhprjox dqg ]lolerwwl +4<<:, dqdo|}h ghyhorsphqw sdwwhuqv lq dq hfrqrp| zlwk ulvn| lqglylvleoh

surmhfwv dqg vkrz wkdw iuhh fdslwdo prelolw| pd| �uvw ohdg wr glyhujhqfh zlwk fdslwdo  rzlqj wr wkh

ulfkhu frxqwu| dqg wkhq d uhyhuvdo ri fdslwdo  rzv zlwk frqyhujhqfh dw d idvwhu udwh wkdq li wkh wzr

hfrqrplhv zhuh forvhg1 Lq wkhlu sdshu/ dv lq Sdjdqr +4<<6,/ pxowlsoh htxloleuld pd| h{lvw ehfdxvh

dvvhwv duh frpsohphqwv= wkh kljkhu wkh qxpehu ri dvvhwv/ wkh pruh ydoxdeoh h{lvwlqj dvvhwv ehfrph1

Wklv lv qrw wkh phfkdqlvp dw zrun lq rxu prgho dv dvvhwv duh vxevwlwxwhv dqg pxowlsoh htxloleuld dulvh

wkurxjk dq lqfrph h�hfw1

Rxu sdshu lv dovr uhodwhg wr wkh qhz wudgh dqg qhz hfrqrplf jhrjudsk| olwhudwxuh/ lq sduwlfxodu

Nuxjpdq dqg Yhqdeohv +4<<8, ehfdxvh rxu prghoolqj ri dvvhw wudgh dqg ri wudqvdfwlrq frvwv kdv vrph

vlplodulwlhv zlwk wkh prghoolqj ri wudgh lq jrrgv lq wklv olwhudwxuh1 Wkh| vkrz wkdw %fdwdvwursklf%

djjorphudwlrq ri lqgxvwulhv wdnhv sodfh iru lqwhuphgldwh ohyhov ri wudgh frvwv ehfdxvh ri frvw dqg

ghpdqg olqndjhv1 Wkh phfkdqlvpv dqg uhvxowv zh ghvfuleh duh krzhyhu gl�huhqw lq sduwlfxodu ehfdxvh

ri wkh lqwhuwhpsrudo qdwxuh ri rxu prgho1 Lq qhz wudgh dqg qhz hfrqrplf jhrjudsk| prghov/ orzhu

wudqvdfwlrq frvwv vwuhqjwkhq wkh %krph pdunhw h�hfw% lq wkh vhqvh wkdw wkh ulfkhu frxqwu| vshfldol}hv

pruh lq wkh jrrgv surgxfhg zlwk lqfuhdvlqj uhwxuqv1 Lq rxu prgho/ orzhulqj wudqvdfwlrq frvwv rq dvvhw

wudgh kdv wkh rssrvlwh uhvxow lq wkh htxloleulxp zlwkrxw d fudvk= lw zhdnhqv wkh %krph pdunhw h�hfw%

lq wkh vhqvh wkdw lw lqfuhdvhv wkh dvvhw sulfh ri wkh srruhu frxqwu| dqg ohdgv wr pruh lqyhvwphqw lq

wkdw frxqwu|1 Wkh uhdvrq lv wkdw orzhu wudqvdfwlrq frvwv qrw rqo| lqgxfh pruh sruwirolr glyhuvl�fdwlrq

exw dovr pruh lqwhuwhpsrudo wudgh zklfk lpsolhv wkdw wkh ulfkhu frxqwu| ghpdqgv pruh dvvhwv iurp

wkh srruhu frxqwu|1

Pruh jhqhudoo|/ rxu zrun lv uhodwhg erwk wr wkh olwhudwxuh rq �qdqfldo lqwhjudwlrq +vhh Vwxo} 5334 iru

d vxuyh|, dqg wr wkh olwhudwxuh rq vhoi0ixo�oolqj �qdqfldo fulvhv lq hphujlqj pdunhwv1 Djklrq/ Edfkhwwd

dqg Edqhumhh +5333, �qg wkdw frxqwulhv zlwk lqwhuphgldwh ohyhov ri grphvwlf �qdqfldo ghyhorsphqw

dqg iuhh fdslwdo pryhphqwv duh pruh surqh wr pdfurhfrqrplf yrodwlolw|1 Lq frqwudvw wr wkhlu sdshu

dqg prvw ri wkh h{lvwlqj olwhudwxuh/ krzhyhu/ wkh yxoqhudelolw| ri hphujlqj pdunhwv wr �qdqfldo fulvhv

lq rxu prgho grhv qrw uhvxow iurp vwurqj dvvxpswlrqv glvwlqjxlvklqj hphujlqj pdunhwv iurp ghyhorshg
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frxqwulhv1 Lq sduwlfxodu/ zh gr qrw dvvxph wkh h{lvwhqfh ri fuhglw frqvwudlqwv rq fdslwdo pdunhwv dqg

wkhlu lpsolhg edodqfh vkhhwv h�hfwv +dv lq Gld}0Dohmdqgur/ 4<;8/ Fkdqj dqg Yhodvfr/ 4<<;/ Phqj dqg

Yhodvfr/ 4<<</ Nuxjpdq/ 4<<</ Djklrq/ Edfkhwwd/ dqg Edqhumhh/ 5333/ Fdedoohur dqg Nulvkqdupxuwk|/

4<<; dqg 5333/ Vfkqhlghu dqg Wruqhoo/ 5333/ Phqgr}d/ 5334/ Phqgr}d dqg Vplwk/ 5334, ru ri prudo

kd}dug +dv lq Exuqvlgh/ Hlfkhqedxp dqg Uhehoor/ 4<<;/ PfNlqqrq dqg Sloo/ 4<<< dqg Fruvhwwl/ Shvhqwl

dqg Urxelql/ 4<<<,1 Qrwh �qdoo| wkdw lq rxu prgho d �qdqfldo fudvk fdq rffxu luuhvshfwlyh ri wkh

h{fkdqjh udwh uhjlph dqg zlwkrxw dq| fxuuhqf| plvpdwfk1

Vhfwlrq 5 ri wkh sdshu suhvhqwv wkh prgho1 Vhfwlrq 6 ghvfulehv wkh surshuwlhv ri wkh htxloleulxp

zkhq wklqjv jr zhoo1 Vhfwlrq 7 lqyhvwljdwhv wkh frqglwlrqv qhfhvvdu| iru d �qdqfldo fudvk wr rffxu1 Vhf0

wlrq 8 dqg 9 dqdo|}h wkh lpsdfw ri dv|pphwulf h{whuqdo �qdqfldo olehudol}dwlrq dqg grphvwlf �qdqfldo

olehudol}dwlrq uhvshfwlyho|1 Vrph zhoiduh lvvxhv duh frqvlghuhg lq Vhfwlrq : dqg Vhfwlrq ; frqfoxghv1

� �
� �����

Wkhuh duh wzr frxqwulhv H +hphujlqj, dqg L +lqgxvwuldol}hg, dqg wzr shulrgv1 Lq wkh ehjlqqlqj ri

wkh �uvw shulrg/ O lghqwlfdo djhqwv hqgrzhg zlwk rqh xqlw ri oderu zrun1 Wkh| dovr ghflgh zkhwkhu dqg

krz pxfk wr lqyhvw lq ulvn| surmhfwv zklfk |lhog glylghqgv lq wkh vhfrqg shulrg1 Wkh jrrg surgxfhg

lq wkh �uvw shulrg kdv oderu dv lwv rqo| lqsxw dqg lv iuhho| wudgdeoh rq d frpshwlwlyh pdunhw1 Lw vhuyhv

dv wkh qxphudluh1 Wkh lqgxvwuldol}hg frxqwu| kdv d kljkhu pdujlqdo surgxfwlylw| ri oderu wkdq wkh

hphujlqj frxqwu|/ vr wkdw lwv zdjh udwh zL / htxdo wr pdujlqdo surgxfwlylw|/ lv kljkhu wkdq zH lq wkh

hphujlqj frxqwu|1 Wklv lv wkh rqo| dv|pphwu| ehwzhhq wkh wzr frxqwulhv wkdw zh dvvxph1

Wkh frvw iru dq lqglylgxdo ri hqjdjlqj lq lqyhvwphqw surmhfwv lv I .i+}H,/ zkhuh }H lv wkh qxpehu

ri surmhfwv xqghuwdnhq e| d w|slfdo djhqw lq wkh hphujlqj pdunhw1 Zh dvvxph wkdw wkhvh surmhfwv

duh ri �{hg xqlw vl}h1 Wkh frvw ixqfwlrq iru surmhfwv lv frqyh{ dqg kdv d txdgudwlf ixqfwlrqdo irup7 =

i+}H, @ 4
5
}5H 1 D vlplodu irup dssolhv wr wkh lqgxvwuldol}hg frxqwu|1 Lq erwk orfdwlrqv/ wkh pdujlqdo

frvw ri xqghuwdnlqj surmhfwv ulvhv dv dq djhqw ghflghv wr lqyhvw lq pruh surmhfwv1 Dv wkhvh surmhfwv

duh gl�huhqw iurp hdfk rwkhu +vhh ehorz iru wkhlu sd|r� vwuxfwxuh,/ wkh lghd lv wkdw dv lqyhvwruv gr

pruh surmhfwv wkh| orvh wkh dgydqwdjh ri vshfldol}dwlrq1 Lq dgglwlrq/ d �{hg frvw I kdv wr eh sdlg

wr vwduw lqyhvwlqj lq surmhfwv1 Zh dvvxph wkdw wklv �{hg frvw lv sdlg lqglylgxdoo| e| hdfk lqyhvwru wr

doo rwkhu djhqwv lq wkh hfrqrp| vr wkdw djjuhjdwh lqfrph lv qrw d�hfwhg e| wkh �{hg frvw8 1 Wklv fdq

eh lqwhusuhwhg iru h{dpsoh dv d �{hg frvw wr ehfrph dq hqwuhsuhqhxu vxfk dv d  dw ihh sdlg wr wkh

jryhuqphqw dqg uhglvwulexwhg dw wkh hqg ri wkh shulrg1

Wkh �uvw shulrg lv zlwkrxw xqfhuwdlqw|1 Lq wkh vhfrqg shulrg/ wkhuh duh Q h{rjhqrxv dqg htxdoo|

olnho| vwdwhv ri qdwxuh/ dqg wkh uhdol}dwlrq lv uhyhdohg dw wkh ehjlqqlqj ri wkdw shulrg1 Dv lq Dfhprjox

dqg ]loolerwl +4<<;, dqg Pduwlq dqg Uh| +5334,/ wkh ulvn| lqyhvwphqw surmhfwv duh vxfk wkdw hdfk

7Zh glvfxvv lq dsshqgl{ YL krz rxu uhvxowv zrxog eh d�hfwhg e| d pruh jhqhudo frqyh{ frvw ixqfwlrq1
8 Li wkh �{hg frvw kdv dq lpsdfw rq djjuhjdwh lqfrph/ wkh pdlq uhvxowv ri wkh prgho duh xqd�hfwhg1 Krzhyhu/ wkh

uhvxowv duh dqdo|wlfdoo| ohvv wudfwdeoh1
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surmhfw jlyhv glylghqgv lq rqo| rqh vwdwh ri qdwxuh1 Wkh sd|r� vwuxfwxuh lv vxfk wkdw surmhfw l |lhogv

g lq vwdwh l dqg 3 rwkhuzlvh1 Qrwh wkdw lqyhvwphqw surmhfwv lq wkh wzr frxqwulhv kdyh wkh h{dfw vdph

h{0dqwh h{shfwhg glylghqg/ g@Q 1 Doo surmhfwv duh wudghg rq wkh vwrfn pdunhw dw wkh hqg ri shulrg rqh/

vr wkdw hdfk surmhfw fruuhvsrqgv wr dq dvvhw1 Wklv lpsolhv wkdw ex|lqj d vkduh lq d vshfl�f surmhfw

lv htxlydohqw wr lqyhvwlqj lq d Duurz0Gheuhx vhfxulw| wkdw sd|v lq rqo| rqh vwdwh ri qdwxuh1 Wklv zloo

jlyh djhqwv lq erwk frxqwulhv d vwurqj lqfhqwlyh iru glyhuvl�fdwlrq wkdw zloo pdwhuldol}h lq wkh sxufkdvh

ri vkduhv ri erwk iruhljq dqg grphvwlf surmhfwv1 Qr gxsolfdwlrq rffxuv lq htxloleulxp vr wkdw hdfk

surmhfw2dvvhw lq wkh zruog lv xqltxh9 1 Wklv frxog reylrxvo| ohdg wr vrph h{huflvh ri prqrsrolvwlf

srzhu1 Zh krzhyhu dvvxph wkdw surmhfw ghyhorshuv gr qrw h{sorlw wklv srwhqwldo srzhu1 Wkh lvvxh ri

prqrsrolvwlf frpshwlwlrq lq wklv w|sh ri iudphzrun lv ghdow zlwk lq Pduwlq dqg Uh| +5334, zkr vkrz

wkdw lw fuhdwhv dqrwkhu vrxufh ri �qdqfldo krph eldv1

Zh dvvxph wkdw wkh qxpehu ri vwdwhv ri qdwxuh Q lv odujh hqrxjk vr wkdw Q A ]z zkhuh ]z @

O+}H . }L, lv wkh wrwdo qxpehu ri lqyhvwphqw surmhfwv2dvvhwv lvvxhg lq wkh zruog1 Q � ]z lv wkh

hqgrjhqrxv ghjuhh ri lqfrpsohwhqhvv ri �qdqfldo pdunhwv dv wkh qxpehu ri lqyhvwphqw surmhfwv2dvvhwv

lv lwvhoi hqgrjhqrxv1 Khqfh/ wkh pdwul{ ri sd|r�v ri surmhfwv kdv wkh iroorzlqj irup=

]z
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Dw wkh hqg ri wkh �uvw shulrg/ frqvxpswlrq wdnhv sodfh1 Vkduhv lq wkh surmhfwv duh vrog rq hdfk

ri wkh vwrfn pdunhwv1 Wkhvh vkduhv fdq eh wudghg lqwhuqdwlrqdoo| exw lqwhuqdwlrqdo wudgh lq dvvhwv

ehwzhhq wkh lqgxvwuldol}hg frxqwu| dqg wkh hphujlqj pdunhw hqwdlov d wudqvdfwlrq frvw1 Dq djhqw

lq hlwkhu frxqwu| zkr zdqwv wr ex| dvvhwv lq wkh rwkhu pdunhw pxvw sd| vxfk d frvw: / zklfk pd|

fdswxuh jryhuqphqw uhjxodwlrqv rq fdslwdo  rzv/ gl�huhqfhv lq uhjxodwlrqv lq dffrxqwlqj/ edqnlqj dqg

frpplvvlrq ihhv/ h{fkdqjh udwh wudqvdfwlrq ihhv dqg lqirupdwlrq frvwv1 Jrugrq dqg Eryhqehuj +4<<9,

xvh d vlplodu w|sh ri sursruwlrqdo wudqvdfwlrq frvwv rq fdslwdo  rzv dqg irfxv rq wkh frvw ri dftxlulqj

lqirupdwlrq derxw iruhljq frxqwulhv1 Zh zloo lqwhusuhw �qdqfldo joredol}dwlrq dv d surfhvv wkurxjk

zklfk wkhvh wudqvdfwlrq frvwv duh uhgxfhg exw qrw holplqdwhg1 Wkh vlwxdwlrq ri }hur wudqvdfwlrq

frvwv zloo eh lqwhuhvwlqj wkhruhwlfdoo| exw zh gr qrw vhh lw dv hpslulfdoo| uhohydqw1 Wkh suhvhqfh ri

9 Lw fdq eh fkhfnhg wkdw qr lqyhvwru kdv dq lqfhqwlyh wr gxsolfdwh dq h{lvwlqj surmhfw dv orqj dv wkh wrwdo qxpehu ri

surmhfwv2dvvhwv lv ohvv wkdq wkh qxpehu ri vwdwhv ri qdwxuh1 Zh dvvxph wkdw Q lv odujh hqrxjk vr wkdw wklv wkh fdvh1 Wkh

lqwxlwlrq lv wkdw dv orqj dv vrph vwdwhv ri qdwxuh kdyh qrw ehhq fryhuhg/ wkh sulfh ri dq dvvhw dvvrfldwhg wr wkhvh vwdwhv

zloo dozd|v eh kljkhu wkdq li wkh djhqw zdv wr uhsolfdwh dq h{lvwlqj surmhfw2dvvhw1
:Wkhvh frvwv duh eruqh e| wkh ex|hu1 Wkh uhvxowv zrxog eh lghqwlfdo li vhoohuv zhuh wr sd| wkhp1

:



wkhvh wudqvdfwlrq frvwv zloo wudqvodwh lqwr d krph eldv lq dvvhw kroglqjv1 Zh ghqrwh wkh wudqvdfwlrq

frvwv rq lq rzv � lq/ dqg dvvxph wkdw wkh| wdnh wkh irup ri dq lfhehuj frvw; 1 Wklv lpsolhv wkdw wkh

wudqvdfwlrq ihh lv sdlg lq vkduhv dqg wkh uhvrxufh frvw lv eruqh lv vhfrqg shulrg1 Djhqwv kdyh wr ex|

4 . � lq A 4 xqlwv ri vkduhv wr uhfhlyh rqh vkduh1 Wklv prghoolqj lpsolhv wkdw wkh wudqvdfwlrq lqyroyhg

e| lqwhuqdwlrqdo wudgh lq dvvhwv frqvxphv uhdo uhvrxufhv1 Vlploduo|/ dq djhqw lq wkh hphujlqj pdunhw

zkr ex|v vkduhv iurp wkh lqgxvwuldol}hg frxqwu| pxvw sd| d wudqvdfwlrq frvw 4 . �rxw A 4 rq wkhvh

rxw rzv1 Zh zloo dqdo|}h erwk wkh fdvh ri v|pphwulf olehudol}dwlrq 0 zkhuh wkhvh wudqvdfwlrq frvwv

duh orzhuhg vlpxowdqhrxvo| 0 dqg wkh fdvh ri dv|pphwulf olehudol}dwlrq1 Wudqvdfwlrq frvwv frxog dovr

eh ohylhg rq glylghqgv wkdw duh uhsdwuldwhg1 Wklv zrxog lqfuhdvh wkh krph eldv dv vkrzq lq Pduwlq

dqg Uh| +5334,1 Dovr/ dv lq Revwihog dqg Urjr� +5334,/ wkh �qdqfldo krph eldv frxog eh ghulyhg lq

rxu prgho iurp wkh h{lvwhqfh ri wudqvsruw frvwv rq jrrgv dv jrrgv qhhg hyhqwxdoo| wr eh vklsshg lq

wkh vhfrqg shulrg wr sd| wkh glylghqgv1

Zh dvvxph wkdw wkh xwlolw| ri dq djhqw lq hdfk frxqwu| lv jlyhq e| wkh qrq0h{shfwhg xwlolw| ixqfwlrq

lqwurgxfhg e| Hsvwhlq dqg ]lq +4<;<, dqg Zhlo +4<;</ 4<<3,1 Wklv doorzv wkh lqwhuwhpsrudo hodvwlflw|

ri vxevwlwxwlrq +zklfk zh dvvxph wr eh 4 iru vlpsolflw|, wr eh gl�huhqw iurp wkh frh!flhqw ri uhodwlyh

ulvn dyhuvlrq � 1
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Wkh �uvw0shulrg exgjhw frqvwudlqw ri dq djhqw lq H zkr xqghuwdnhv surmhfwv lv=
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zkhuh \H lv shu0fdslwd lqfrph lq �uvw shulrg ri wkh hphujlqj frxqwu|/ W lv wkh wudqvihu +zklfk lq

htxloleulxp lv htxdo wr I , dqg vHl dqg vHm duh ghpdqgv iru vkduhv ri ulvn| surmhfwv ghyhorshg lq

wkh hphujlqj pdunhw dqg lq wkh lqgxvwuldol}hg frxqwu| uhvshfwlyho|1 sHl dqg sLm duh wkh sulfhv ri wkh

gl�huhqw dvvhwv1 Wkh exgjhw frqvwudlqw lq wkh lqgxvwuldol}hg frxqwu| lv dqdorjrxv1 Lq wkh odvw shulrg/

lqfrph dqg frqvxpswlrq ghulyh rqo| iurp glylghqgv ri vkduhv sxufkdvhg lq wkh �uvw shulrg1 Khqfh/

wkh exgjhw frqvwudlqw iru dq djhqw lq H lv jlyhq e|=

f5H+q, @ gvHq> q 5 ^4> ]z` +6,

zkhuh zh douhdg| pdgh xvh ri wkh idfw wkdw rqo| d vxevhw ]z @ O+}H . }L, ri wkh Q vwdwhv ri qdwxuh

duh vsdqqhg e| wudghg dvvhwv1 Khqfh/ zh fdq uhzulwh wkh xwlolw| ri dq djhqw lq wkh hphujlqj pdunhw

dv=

;Wkhvh lfhehuj wudqvdfwlrq frvwv duh eruurzhg iurp wkh wudgh dqg jhrjudsk| olwhudwxuh1 Vhh Pduwlq dqg Uh| +5334,

iru d pruh suhflvh ghvfulswlrq1 Wklv prghol}dwlrq doorzv wkh hodvwlflw| ri vxevwlwxwlrq ehwzhhq dvvhwv wr eh wkh vdph iru

doo djhqwv dqg dovr grhv qrw uhtxluh wkh irupdo lqwurgxfwlrq ri d vhfwru wkdw shuirupv wkh wudqvdfwlrq1

;
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Qrwh wkdw lq vhfrqg shulrg/ wklv xwlolw| ixqfwlrq lv vlplodu wr wkh rqh lqwurgxfhg e| Gl{lw dqg Vwljolw}

wr uhsuhvhqw suhihuhqfhv iru gl�huhqwldwhg surgxfwv1 Ehfdxvh lq htxloleulxp pdunhwv duh lqfrpsohwh/

frqvxpswlrq lq vhfrqg shulrg lv }hur lq vrph vwdwhv ri qdwxuh< 1 Zh wkhuhiruh qhhg wr uhvwulfw � wr

eh ehwzhhq 3 dqg 41 Dv � lv wkh lqyhuvh ri wkh hodvwlflw| ri vxevwlwxwlrq ehwzhhq dvvhwv +vhh ehorz,/

wklv djdlq uhvhpeohv wkh dvvxpswlrq lq wkh gl�huhqwldwhg surgxfwv olwhudwxuh wkdw wkh hodvwlflw| ri

vxevwlwxwlrq ehwzhhq gl�huhqw ydulhwlhv lv juhdwhu wkdq 41 Wklv uhvwulfwlrq dovr lpsolhv wkdw dvvhwv duh

vxevwlwxwhv udwkhu wkdq frpsohphqwv dv lq Dfhprjox dqg ]lolerwwl +4<<:, vr wkdw d vrxufh ri pxowlsoh

htxloleuld wkdw wkh| dqdo|}h grhv qrw h{lvw khuh1
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Djhqwv lq erwk frxqwulhv fkrrvh frqvxpswlrq +fH4 dqg fL4, dqg lqyhvwphqw +wkh qxpehu ri surmhfwv

}H dqg }L, dw wkh ehjlqqlqj ri wkh �uvw shulrg1 Iru wklv/ wkh| qhhg wr irup h{shfwdwlrqv derxw wkh

qxpehu ri surmhfwv lq zklfk rwkhu djhqwv zloo hqjdjh/ ehfdxvh lw zloo kdyh dq lpsdfw rq wkh sulfh

ri wkh dvvhwv wkdw wkh| zloo vhoo dw wkh hqg ri wkh �uvw shulrg1 Zh zloo vhh lq wkh qh{w vhfwlrq wkdw

d frruglqdwlrq sureohp fdq dulvh vxfk wkdw lq vrph htxloleuld/ qr lqyhvwphqw lv shuiruphg1 Zh

�uvw vroyh wkh prgho iru wkh fdvh ri dq htxloleulxp lq zklfk erwk frxqwulhv lqyhvw lq ulvn| surmhfwv

+}H > }L A 3, vr wkdw qr %fudvk% rffxuv1 Djhqwv fkrrvh rswlpdoo| wkhlu sruwirolr ri dvvhwv +grphvwlf

dqg iruhljq,1 Iru qrwdwlrqdo vlpsolflw|/ zh qrwh wkdw dv surmhfwv2dvvhwv duh h{0dqwh v|pphwulf/ wkh

ghpdqg iru hdfk dvvhw lq d jlyhq frxqwu| zloo eh lghqwlfdo43 = zh fdoo vHH wkh ghpdqg iru vkduhv ri d

%w|slfdo% dvvhw lq wkh H pdunhw e| dq djhqw lq wkdw pdunhw1 vHL lv wkh ghpdqg iru dq dvvhw ri wkh L

pdunhw e| dq djhqw lq wkh H pdunhw1 Dovr/ ehfdxvh ri wkh v|pphwu| ri surmhfwv dqg djhqwv lq hdfk

frxqwu|/ doo dvvhwv lq d jlyhq frxqwu| kdyh wkh vdph sulfh zklfk zh ghqrwh e| sH dqg sL / uhvshfwlyho|1

Khqfh/ wkh htxloleulxp lv gh�qhg dv d vhw ri doorfdwlrqv ^fH4> fL4> }H > }L > fH5+q,> fL4+q,`/ sruwir0

olr vkduhv ^vHH > vHL > vLL > vLH ` dqg dvvhw sulfhv ^sH > sL ` vxfk wkdw= 4, ^fH4> }H > vHH > vHL > fH5+q,` pd{l0

pl}h XH vxemhfw wr H*v exgjhw frqvwudlqwv +htxdwlrqv +5, dqg +6,,> 5, ^fL4> }L > vLL > vLH > fL5+q,` pd{0

lpl}h XL vxemhfw wr L*v exgjhw frqvwudlqwv +wkh dqdorjrxv ri htxdwlrqv +5, dqg +6,,> 6, dvvhw pdu0

nhwv fohdu= OvHH . O+4 . � lq,vLH @ 4 dqg OvLL . O+4 . �rxw,vHL @ 4> 7, Jrrgv pdunhwv fohdu=

O ^fH4 . fL4 . i+}H, . i+}L,` @ O +zH . zL,1

<Zh glvfxvv lq vhfwlrq 7 krz wkh lqfoxvlrq ri ulvnohvv surmhfwv wkdw zrxog doorz frqvxpswlrq wr eh srvlwlyh lq doo

vwdwhv ri qdwxuh zrxog d�hfw rxu uhvxowv1
43 Lq d jlyhq frxqwu|/ djhqwv duh gl�huhqw lq wkh vhqvh wkdw wkh| fkrrvh gl�huhqw surmhfwv exw wkh| fkrrvh lghqwlfdo

sruwirolrv dqg frqvxpswlrq sdwwhuqv1
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Wkh �uvw rughu frqglwlrqv iru pd{lpl}dwlrq iru dq djhqw lq wkh hphujlqj pdunhw lpso| wkh iroorzlqj

+zkhuh h{shfwdwlrqv duh ghqrwhg e| d vxshuvfulsw h,=

}H @ shH +8,

fH4 @
\H

4 . �
+9,

vHH @

�
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�4@�
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v
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68�4@� +:,

Wkh htxdolw| ehwzhhq pdujlqdo frvw dqg wkh h{shfwhg sulfh ri wkh dvvhw lpsolhv wkdw wkh qxpehu ri

surmhfwv ghshqgv srvlwlyho| rq wkh h{shfwhg vkduh sulfh1 Qrwh dovr wkdw wkh hodvwlflw| ri vxevwlwxwlrq

ehwzhhq dvvhwv lv frqvwdqw dqg htxdo wr wkh lqyhuvh ri wkh frh!flhqw ri uhodwlyh ulvn dyhuvlrq/ �1

Dqdorjrxv frqglwlrqv krog lq wkh lqgxvwuldol}hg frxqwu|1

Iru doo djhqwv lq wkh hfrqrp| wr lqyhvw/ lw pxvw eh wkdw wkh h{shfwhg sur�wdelolw| ri vxfk surmhfwv

lv srvlwlyh/ ru shH}H�
4
5
}5H�I � 3= Wklv fdq eh uhzulwwhq dv 4

5
s5 hH � I 1 Li wkh �{hg frvw lv kljkhu wkdq

wklv/ zh qhhg wr dqdo|}h htxloleuld lq zklfk d iudfwlrq rqo| ri djhqwv lqyhvw1 Zh gr wklv lq dsshqgl{

LY1 Wkh dqdo|vlv dqg uhvxowv duh qrw txdolwdwlyho| gl�huhqw vr zh irfxv khuh rq wkh fdvh zkhuh doo

djhqwv lqyhvw1

Xvlqj wkh exgjhw frqvwudlqw dqg wkh �uvw0rughu frqglwlrqv deryh/ wkh w|slfdo ghpdqg e| djhqwv

lq wkh hphujlqj hfrqrp| iru vkduhv ri d grphvwlf surmhfw +vHH, dqg iru vkduhv ri dq lqgxvwuldol}hg

frxqwu| surmhfw +vHL, duh jlyhq e|=

vHH @
�\H

4 . �

4

OsH

k
}H . !rxw}L+sH@sL,

4@��4
l
�4
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dqg +<,

vHL @
�\H

4 . �

+4 . �rxw,
�4@�

OsL
+sH@sL,

4@��4
k
}H . !rxw}L+sH@sL,

4@��4
l
�4

zkhuh !rxw @ +4 . �rxw,
4�4@� lv d wudqvirupdwlrq ri wudqvdfwlrq frvwv rq sxufkdvhv ri dvvhwv ri wkh

lqgxvwuldol}hg frxqwu|1 Dv � ? 4/ zh lqwhusuhw dq lqfuhdvh lq !rxw dv d uhgxfwlrq lq wudqvdfwlrq frvwv

rq rxw rzv1 Qrwh wkdw 3 � !rxw � 4= Iurp d wkhruhwlfdo srlqw ri ylhz/ lw lv lqwhuhvwlqj wr qrwh wkdw

qrq0h{shfwhg xwlolw| frpelqhg zlwk dvvhwv zlwk olqhduo| lqghshqghqw sd|r�v jhqhudwhv d ghpdqg iru

vkduhv wkdw kdv wkh vdph irup dv wkrvh ghulyhg lq wudgh prghov zlwk wudqvsruwdwlrq frvwv dqg Gl{lw0

Vwljolw} w|sh suhihuhqfhv1 Qrwh dovr wkdw wkh ghpdqg iru lqglylgxdo vkduhv lqfuhdvhv zlwk lqfrph/ dqg

ghfuhdvhv zlwk wkh wrwdo qxpehu ri surmhfwv2dvvhwv1 Ilqdoo|/ ghpdqg iru iruhljq vkduhv ghfuhdvhv zlwk

wudqvdfwlrq frvwv rq lqwhuqdwlrqdo wudgh lq dvvhwv1 Hyhq iru lghqwlfdo dvvhw sulfhv/ d krph eldv zloo

hphujh lq dvvhw ghpdqgv1

Surmhfwv kdyh d �{hg xqlw vl}h dqg srsxodwlrq lv htxdo lq hdfk frxqwu|44 / vr wkdw wkh htxloleulxp

44Zh glvfxvv wkh frqvhtxhqfhv ri gl�huhqw srsxodwlrq vl}h lq dsshqgl{ YL1
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rq hdfk vwrfn pdunhw +lqfoxvlyh ri wkrvh vkduhv wkdw vhuyh wr sd| wkh wudqvdfwlrq frvwv, lpsolhv iru d

vshfl�f dvvhw2surmhfw=

4 @
4

sH

�

4 . �

�
\H

}H . }L!rxwt
4@��4

.
\L!lqt

4�4@�

}L . }H!lqt
4�4@�
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+43,
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sL
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}L . }H!lqt
4�4@�
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\H!rxwt
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}H . }L!rxwt
4@��4

�
zkhuh !lq @ +4 . � lq,

4�4@� ? 4 dqg t @ sH@sL lv wkh uhodwlyh sulfh ri dvvhwv ehwzhhq hphujlqj dqg

lqgxvwuldol}hg pdunhwv1 Wkhvh wzr htxdwlrqv jlyh wkh htxloleulxp frqglwlrqv rq wkh vwrfn pdunhw iru

d w|slfdo dvvhw lq wkh hphujlqj pdunhw dqg d w|slfdo dvvhw lq wkh lqgxvwuldol}hg pdunhw1 Wkhuh duh

O +}H . }L, vxfk htxloleulxp frqglwlrqv1 Lq wkh sduhqwkhvlv/ wkh �uvw whup uhsuhvhqwv wkh ghpdqg

frplqj iurp grphvwlf djhqwv dqg wkh vhfrqg whup wkh ghpdqg frplqj iurp iruhljqhuv +lqfoxvlyh ri

wkh wudqvdfwlrq frvwv,1 Qrwh wkdw wkhvh htxdwlrqv lpso| d �qdqfldo krph0pdunhw h�hfw/ lq wkh vhqvh

wkdw orfdo lqfrph zloo kdyh d pruh lpsruwdqw lpsdfw rq wkh orfdo dvvhw pdunhw wkdq iruhljq lqfrph/

dv orqj dv !rxw dqg !lq duh ohvv wkdq 4/ l1h1 dv orqj dv vrph wudqvdfwlrq frvwv h{lvw45 1

Wkh vwrfn pdunhw htxloleulxp lpsolhv wkdw wrwdo zruog lqfrph lq wkh �uvw shulrg lv �{hg1 Wr vhh

wklv/ qrwh iurp wkh vwrfn pdunhw htxloleulxp wkdw= sH}H . sL}L @
�

4.�
+\H . \L,= Xvlqj wkh rswlpdo

lqyhvwphqw uxoh dqg wkh gh�qlwlrq ri zruog lqfrph/ zh jhw wkdw O+\H.\L, @
5O+4.�,

5.�
+zH.zL,1 Wrwdo

frqvxpswlrq lq wkh zruog lv jlyhq e| wkh zruog uhvrxufh frqvwudlqw O +fH . fL, @
5O+zH.zL,

5.�
1

Lw lv xvhixo wr uhzulwh wkh sulfh ri dvvhwv lq whupv ri wkh uhodwlyh sulfh xvlqj wkh frqvwudlqw rq zruog

lqfrph dqg wkh dvvhw pdunhwv htxloleulxp1 Wkhvh ehfrph=

s5H @
5�+zH . zL,

+5 . �,+4 . t�5,
/ s5L @

5�+zH . zL,

+5 . �,+4 . t5,
+44,

Wklv lpsolhv wkdw dq lqfuhdvh lq wkh uhodwlyh sulfh ri dvvhwv fruuhvsrqgv wr dq lqfuhdvh lq lqyhvwphqw

lq wkh hphujlqj pdunhw dqg d ghfuhdvh ri lqyhvwphqw lq wkh lqgxvwuldol}hg rqh1 Wkh uhodwlrqvklsv zlwk

shu0fdslwd lqfrph duh dv iroorzv=

\H @ zH .
�+zH . zL,

+5 . �, ^4 . t�5`
/ \L @ zL .

�+zH . zL,

+5 . �, ^4 . t5`
+45,

Dq lqfuhdvh lq wkh uhodwlyh sulfh ri dvvhwv lq wkh hphujlqj pdunhw lv dvvrfldwhg zlwk dq lqfuhdvh lq

lqfrph lq wklv frxqwu|1
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Zh �uvw h{dplqh wkh fdvh ri v|pphwulf wudqvdfwlrq frvwv +!lq @ !rxw @ !,1 Zh eholhyh wkdw wklv lv

wkh prvw hpslulfdoo| uhohydqw fdvh dv hphujlqj hfrqrplhv wkdw olehudol}hg fdslwdo pryhphqwv/ zlwk

45 Lw lv hdv| wr fkhfn wkdw li wudqvdfwlrq frvwv zhuh ohylhg rq wkh glylghqgv lq wkh vhfrqg shulrg dw wkh ohyho �g/ wkhq

!rxw ' E
�n�

rxw

�3�g
�
�3�@� dqg !lq ' E

�n�
lq

�3�g
�
�3�@�vr wkdw wkh krph eldv zrxog eh hyhq odujhu1
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wkh remhfwlyh iru h{dpsoh ri dwwudfwlqj iruhljq fdslwdo/ olehudol}hg erwk rxw rzv dqg lq rzv1 Zh zloo

dqdo|}h lq Vhfwlrq 8 wkh fdvh zkhuh wklv olehudol}dwlrq lv qrw ixoo| v|pphwulf1

Dv zruog lqfrph lv �{hg/ lw suryhv frqyhqlhqw wr gh�qh v\ @ \H@+\H .\L, dv wkh vkduh ri lqfrph

lq wkh hphujlqj pdunhw1 Htxdwlrq +<, ri wkh vwrfn pdunhw htxloleulxp fdq eh uhzulwwhq dv=

t @
v\ }L+4� !5, . }H!t

4�4@� . }L!
5

}L!t4@��4 . }H � v\ }H+4� !5,
+46,

Qrwh wkdw li ! @ 4 +}hur wudqvdfwlrq frvwv, wkhq t @ 4/ zklfk lpsolhv wkdw zlwkrxw dq| �qdqfldo

vhjphqwdwlrq/ wkh sulfh ri dvvhwv lv lghqwlfdo lq wkh wzr frxqwulhv1

Wkhuh duh wkuhh htxloleulxp uhodwlrqv wkdw khos xv vroyh wkh prgho lq wkh fdvh zlwk srvlwlyh lqyhvw0

phqw lq erwk frxqwulhv1 Wkhvh duh wkh lqfrph htxdwlrq +5,/ wkh rswlpdo lqyhvwphqw htxdwlrq +8,/ dqg

wkh htxloleulxp rq wkh vwrfn pdunhwv +<,1 E| holplqdwlqj wkh rswlpdo lqyhvwphqw htxdwlrq/ zh fdq

uhgxfh wkh prgho wr wzr htxloleulxp uhodwlrqv ehwzhhq v\ dqg t/ wkh vkduh ri lqfrph dqg wkh uhodwlyh

dvvhw sulfh lq wkh hphujlqj pdunhw1 Iurp +44,/ zh jhw lpphgldwho| wkh htxloleulxp lqfrph uhodwlrq/

zklfk zh fdoo wkh \ \ vfkhgxoh=

v\ @
vz +5 . �,

5 +4 . �,
.

�

5+4 . �,+4 . t�5,
+47,

zkhuh vz @ zH@+zH.zL, ? 4@5/ lv wkh vkduh ri zdjh lqfrph lq wkh hphujlqj pdunhw1 Wkh htxloleulxp

\ \ uhodwlrq vd|v wkdw dq lqfuhdvh lq wkh uhodwlyh dvvhw sulfh t jhqhudwhv dq lqfuhdvh lq v\ / wkh lqfrph

vkduh ri wkh hphujlqj pdunhw1 Wkh uhdvrq lv wkdw surmhfwv duh vrog dw d kljkhu sulfh dqg pruh surmhfwv

duh vwduwhg1

Frpelqlqj wkh rswlpdo lqyhvwphqw htxdwlrq zlwk wkh htxloleulxp rq wkh vwrfn pdunhwv +45,/ zklfk

slqv grzq wkh htxloleulxp uhodwlyh dvvhw sulfh/ zh jhw d vhfrqg uhodwlrq ehwzhhq v\ dqg t/ zklfk zh

fdoo wkh tt vfkhgxoh=

v\ @

�
t5 . !t4@�

� �
4� !t�4@�

�
+4 . t5,

�
4� !5

� +48,

Wklv htxloleulxp uhodwlrqvkls uh hfwv wkdw d kljkhu vkduh ri lqfrph lq wkh hphujlqj pdunhw ohdgv wr

d kljkhu uhodwlyh dvvhw sulfh +zh vkrz lq dsshqgl{ LL wkdw Cv\ @Ct A 3,1 Dq lqfuhdvh lq lqfrph lq wkh

hphujlqj pdunhw ohdgv wr dq lqfuhdvh lq vdylqj zklfk/ dv orqj dv pdunhwv duh vhjphqwhg +! ? 4,/ idoov

glvsursruwlrqdwho| rq grphvwlf dvvhwv1 Wkh lqfuhdvh lq ghpdqg lq wxuq jhqhudwhv kljkhu dvvhw sulfhv

lq wkh hphujlqj pdunhw1 Wklv phfkdqlvp lv wkh �qdqfldo pdunhw vl}h h�hfw lghqwl�hg lq Pduwlq dqg

Uh| +5334,1

Rq �jxuh 6/ zh looxvwudwh wkh htxloleulxp dv wkh lqwhuvhfwlrq ri wkh \ \ dqg tt vfkhgxohv1 Wkh

lpsruwdqw uhvxow lv wkdw wkh uhodwlyh sulfh ri dvvhwv lq wkh hphujlqj pdunhw lv dozd|v ohvv wkdq 4 dv

orqj dv wkh wzr pdunhwv duh qrw shuihfwo| lqwhjudwhg +! 9@ 4, dqg vz ? 4@51 Lq dsshqgl{ LLL/ zh vkrz

wkdw wkh wzr fxuyhv rqo| furvv rqfh/ vr wkdw rqo| rqh %jrrg% htxloleulxp h{lvwv1
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Iljxuh 6= Dq lqfuhdvh lq surgxfwlylw| lq wkh hphujlqj pdunhw

Wkh dvvhw sulfh lq wkh hphujlqj pdunhw lv ohvv wkdq lq wkh lqgxvwuldol}hg frxqwu|/ wkh pruh vr/ wkh

odujhu wkh gl�huhqwldo lq surgxfwlylwlhv1 Qrwh wkdw wklv lpsolhv wkdw lqyhvwphqw lq wkh hphujlqj pdunhw

zloo eh ohvv wkdq lq wkh lqgxvwuldol}hg pdunhw hyhq wkrxjk surmhfwv kdyh/ h{0dqwh/ wkh vdph sd|r�v1

Wklv dovr lpsolhv wkdw dv orqj dv lqwhuqdwlrqdo �qdqfldo pdunhwv duh vhjphqwhg/ wkh gl�huhqwldo lq

surgxfwlylw| zloo eh pdjql�hg e| gl�huhqwldo lqyhvwphqw +v\ ? vz ? 4@5,1 Wr vhh wklv judsklfdoo|/

vxssrvh zH lqfuhdvhv1 Wklv vkliwv xs wkh \ \ fxuyh1 Wkh lqfuhdvh lq lqfrph lq wkh hphujlqj pdunhw

frphv lq wzr sduwv1 Wkh gluhfw h�hfw lqfuhdvhv wkh lqfrph vkduh iurp D wr E zkloh wkh lqfuhdvh lq wkh

dvvhw sulfh ri wkh hphujlqj pdunhw ixuwkhu lqfuhdvhv wkh lqfrph vkduh iurp E wr F1 Wkh pdjql�fdwlrq

h�hfw frphv iurp wkh lqfuhdvhg lqyhvwphqw dqg zhdowk h�hfw lqgxfhg e| wkh lqfuhdvh lq dvvhw sulfh1

Li �qdqfldo pdunhwv +! @ 4, zhuh shuihfwo| lqwhjudwhg/ wkh tt fxuyh zrxog eh yhuwlfdo dw t @ 41

Lq vxfk d fdvh/ dq lqfuhdvh lq wkh zdjh ohyho ri wkh hphujlqj pdunhw/ d vkliw ri wkh \ \ fxuyh kdv qr

h�hfw rq wkh uhodwlyh dvvhw sulfhv dqg wkhuhiruh zrxog kdyh qr dpsol�fdwlrq h�hfw rq uhodwlyh lqfrph1
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Zh qrz dqdo|}h wkh lpsdfw ri d ghfuhdvh lq wudqvdfwlrq frvwv rq lqwhuqdwlrqdo wudgh lq dvvhwv zklfk

fdxvhv ! wr ulvh1 Wkh h�hfw ri dq lqfuhdvh lq ! rq wkh tt fxuyh fdq eh vhhq e| h{dplqlqj krz v\ lv

d�hfwhg e| dq lqfuhdvh lq ! iru d jlyhq t=
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Wklv h{suhvvlrq lv qhjdwlyh dv orqj dv t ? 4 wkdw lv dv orqj dv vz ? 4@5= Wkh v|pphwulf ghfuhdvh lq

wudqvdfwlrq frvwv lv looxvwudwhg lq �jxuh 8 dqg lpsolhv d uljkwzdug vkliw ri wkh tt fxuyh1 Wkh \ \ fxuyh/

phdqzkloh/ lv xqd�hfwhg1
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Iljxuh 7= D v|pphwulf ghfuhdvh lq wudqvdfwlrq frvwv

Wkh idoo lq wudqvdfwlrq frvwv fdxvhv erwk wkh lqfrph vkduh lq wkh hphujlqj pdunhw dqg wkh uhodwlyh

sulfh ri dvvhwv wr lqfuhdvh1 Wkh lqwxlwlrq lv wkdw orzhu wudqvdfwlrq frvwv rq lqwhuqdwlrqdo wudgh lq dvvhwv

dwwudfw iruhljq lqyhvwphqw dv wkh sulfh ri d w|slfdo dvvhw lq wkh hphujlqj pdunhw lv orzhu wkdq rqh

rq wkh lqgxvwuldol}hg pdunhw/ hyhq wkrxjk wkh dvvhwv duh lghqwlfdo h{0dqwh1 Orzhu wudqvdfwlrq frvwv

rq wudgh lq dvvhwv dovr hqdeoh erwk frxqwulhv wr hqjdjh lq pruh lqwhu0whpsrudo wudgh46 = wkh ulfkhu

lqgxvwuldol}hg frxqwu| fdq ohqg pruh wr wkh hphujlqj pdunhw1 Wklv h{sodlqv zk| wkh uhodwlyh ghpdqg

iru wkh dvvhwv ri wkh hphujlqj pdunhw ulvhv1 Dv wkh dvvhw sulfh lq wkh hphujlqj pdunhw ehfrphv kljkhu/

wkh lqfhqwlyh wr lqyhvw lq wkdw frxqwu| lv vwuhqjwkhqhg/ vr wkdw lqfrph lqfuhdvhv ixuwkhu/ dv grhv wkh

grphvwlf ghpdqg iru dvvhwv lq wkh hphujlqj pdunhw1
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Lw lv lqwhuhvwlqj wr lqyhvwljdwh wkh lpsdfw ri �qdqfldo joredol}dwlrq rq wkh �uvw shulrg fxuuhqw dffrxqw

ri wkh hphujlqj pdunhw lq rxu vhwwlqj1 Wkh fxuuhqw dffrxqw lv wkh gl�huhqfh ehwzhhq wkh frxqwu|*v

surgxfwlrq dqg lwv lqyhvwphqw dqg frqvxpswlrq =

46Dv qrwhg lq wkh lqwurgxfwlrq/ wklv lv wkh uhdvrq iru wkh rssrvlwh h�hfw ri orzhu wudqvdfwlrq frvwv iurp wkh qhz wudgh

dqg jhrjudsk| prghov1
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Lw lv hdv| wr fkhfn iurp +46, dqg +47, wkdw li ! @ 3/ wkhq t5 @ zH@zL vr wkdw wkh fxuuhqw dffrxqw lv

edodqfhg1 Dv t5 lqfuhdvhv zlwk orzhu wudqvdfwlrq frvwv dqg lv dozd|v kljkhu wkdq zH@zL zkhq ! A 3/

wkh fxuuhqw dffrxqw ri wkh hphujlqj pdunhw lv lq gh�flw1 Wkh fxuuhqw dffrxqw gh�flw ri wkh hphujlqj

pdunhw lqfuhdvhv zlwk orzhu wudqvdfwlrq frvwv rq wudgh lq dvvhwv +kljkhu !,1 Wklv lv frqvlvwhqw zlwk wkh

suhylrxv vhfwlrq zkhuh zh vkrzhg wkdw olehudol}lqj fdslwdo pryhphqwv zrxog jhqhudwh kljkhu uhodwlyh

dvvhw sulfhv lq wkh hphujlqj pdunhw1 Wkh fdslwdo lq rzv jhqhudwhg e| vxfk olehudol}dwlrq duh mxvw wkh

pluuru lpdjh ri wkh dgmxvwphqw lq sulfhv1 Fdslwdo lq rzv duh odujhu wkdq rxw rzv dv djhqwv lq wkh

lqgxvwuldol}hg hfrqrp| wdnh dgydqwdjh ri wkh orzhu dvvhw sulfhv lq wkh hphujlqj pdunhw1 Wklv lv pdgh

hdvlhu dv wudqvdfwlrq frvwv ehwzhhq wkh wzr pdunhwv ghfuhdvh1
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Lq wkh %jrrg% htxloleulxp �qdqfldo joredol}dwlrq doohyldwhv pdunhw lqfrpsohwhqhvv/ wkxv uhgxfhv wkh

yrodwlolw| ri frqvxpswlrq lq wkh vhfrqg shulrg1 Wkh uhdvrq lv wkdw wkh wrwdo qxpehu ri dvvhwv lqfuhdvhv

dv wudqvdfwlrq frvwv ghfuhdvh1 Wkh wrwdo qxpehu ri dvvhwv lv ]z @ O+}H . }L, @ O+sH . sL,= Lw

fdq hdvlo| ehhq vkrzq wkdw wkh wrwdo qxpehu ri dvvhwv lv lqfuhdvlqj lq t vr wkdw C]z@C! A 31 Wklv

mxvw frphv iurp wkh frqyh{lw| ri wkh lqyhvwphqw frvw ixqfwlrq= dv wkh sulfh ri dvvhwv lqfuhdvhv lq wkh

hphujlqj pdunhw zlwk orzhu wudqvdfwlrq frvwv/ wkh qxpehu ri dvvhwv lq wkh hphujlqj pdunhw lqfuhdvhv

pruh wkdq lw ghfuhdvhv lq wkh lqgxvwuldol}hg frxqwu|1 Iurp wkdw srlqw ri ylhz/ �qdqfldo joredol}dwlrq lv

vwdelol}lqj1 Krzhyhu/ wklv lv zkhq %wklqjv jr zhoo% wkdw lv zkhq djhqwv duh rswlplvwlf derxw lqyhvwphqw

survshfwv lq wkh hphujlqj pdunhw1 Lq wkh qh{w Vhfwlrq/ zh dqdo|}h d fdvh zkhq %wklqjv jr zurqj%1

Lq wklv fdvh/ �qdqfldo joredol}dwlrq fdq ehfrph ghvwdelol}lqj1
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Xqwlo qrz/ zh kdyh irfxvhg rq htxloleuld lq zklfk erwk frxqwulhv lqyhvw lq d srvlwlyh qxpehu ri surmhfwv1

Krzhyhu/ wkh ghflvlrq wr lqyhvw dw wkh ehjlqqlqj ri wkh shulrg ghshqgv fuxfldoo| rq wkh h{shfwhg sulfh

ri dvvhwv dw wkh hqg ri wkh shulrg zkhq wkh vwrfn pdunhwv rshq dqg vkduhv lq wkh surmhfwv duh wudghg1

Wkh h{shfwhg dvvhw sulfh +zklfk fdq eh lqwhusuhwhg dv wkh lqyhuvh ri wkh frvw ri fdslwdo, ghwhuplqhv

zkhwkhu lqyhvwphqw lv sur�wdeoh1 Zh qrz lqyhvwljdwh xqghu zkdw frqglwlrq d fudvk gulyhq e| vhoi0

ixo�oolqj h{shfwdwlrqv fdq rffxu1 Lq sduwlfxodu/ zh duh lqwhuhvwhg lq wkh lpsdfw ri wudqvdfwlrq frvwv rq

wklv srvvlelolw|1 Zh dvn wkh iroorzlqj txhvwlrq= xqghu zklfk frqglwlrqv/ fdq d udwlrqdo h{shfwdwlrqv

htxloleulxp h{lvwv lq zklfk djhqwv lq wkh hphujlqj pdunhw gr qrw lqyhvwB Ru wr sxw lw dqrwkhu zd|/

zkhq lv wkh h{shfwhg sulfh orz hqrxjk wkdw d vlqjoh djhqw zloo �qg lw xqsur�wdeoh wr lqyhvwB Wkh

frqglwlrq iru wklv wr kdsshq lv wkdw �hH @ shHh}H � 4
5
h}5H � I � 3 zklfk lpsolhv wkdw wkh sur�wdelolw|
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frqglwlrq lv qrw ixo�oohg ru wkdw qr djhqw zloo ghyldwh iurp wkh }hur0lqyhvwphqw htxloleulxp1 h}H lq wklv

frqglwlrq lv wkh lqyhvwphqw wkdw zrxog eh grqh e| d vlqjoh �shvvlplvwlf� djhqw li vkh dqwlflsdwhv wkdw

qr rwkhu vlqjoh djhqw zloo lqyhvw +vr O}hH @ 3, 1 Wkh rswlpdo lqyhvwphqw uxoh h}H @ shH vwloo dssolhv khuh1

Wklv djhqw lv vpdoo +O lv odujh, vr wkdw khu ghflvlrq grhv qrw d�hfw djjuhjdwh lqfrph ru lqyhvwphqw1

Vxssrvh wkdw }hH @ 31 Djjuhjdwh lqfrph lq wkh hphujlqj pdunhw lv O\ h
H @ OzH dv h{shfwhg

zhdowk jrhv wr }hur1 Dv zruog lqfrph lv �{hg/ h{shfwhg lqfrph lq wkh lqgxvwuldol}hg frxqwu| lqfuhdvhv

e| wkh dprxqw lw idoov lq wkh hphujlqj pdunhw1 Wklv h{shfwhg fkdqjh lq wkh glvwulexwlrq ri zruog

lqfrph lv lpsruwdqw ehfdxvh lw ghwhuplqhv wkh h{shfwhg uhodwlyh ghpdqgv iru dvvhwv lq wkh hphujlqj

dqg lqgxvwuldol}hg hfrqrplhv1 Xvlqj wkh vwrfn pdunhw htxloleulxp +<, lq wklv fdvh/ lw fdq eh fkhfnhg

wkdw wkh h{shfwhg uhodwlyh dvvhw sulfh zkhq djhqwv lq wkh hphujlqj pdunhw duh shvvlplvwlf lv=

th @

;?=vz +5 . �,
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Qrwh wkdw wkh h{shfwhg uhodwlyh sulfh lq wklv fdvh ghfuhdvhv zlwk �qdqfldo joredol}dwlrq +kljkhu

!, dw orz ohyhov ri ! dqg wkhq lqfuhdvhv dw kljk ohyhov ri �qdqfldo joredol}dwlrq1 Wkh sur�wdelolw| ri

lqyhvwlqj lq surmhfwv lv=

�hH @
�

5 . �
+zH . zL,t

h 5
� I +4<,

Wkh frqglwlrq iru wkh }hur0lqyhvwphqw htxloleulxp wr h{lvw fdq eh uhzulwwhq xvlqj htxdwlrqv +4:,

dqg +4;,=

�hH @
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685� � I ? 3 +53,

Wkh sur�w ixqfwlrq lv X0vkdshg dv d ixqfwlrq ri ! dqg vr lqhtxdolw| +53, fdq eh vdwlv�hg iru lqwhuph0

gldwh ohyhov ri wudqvdfwlrq frvwv1

Iru pxowlsoh htxloleuld wr h{lvw/ lw pxvw eh wkdw iru d jlyhq vhw ri sdudphwhu ydoxhv/ d %jrrg%

htxloleulxp h{lvwv zkhq }hH A 3 dqg grhv qrw h{lvw zkhq }hH @ 31 Li I lv odujh hqrxjk/ wkhuh zloo

dozd|v eh d vhw ri lqwhuphgldwh wudqvdfwlrq frvwv iru zklfk wkh }hur0lqyhvwphqw htxloleulxp h{lvwv1

Iurp +53, lw fdq eh fkhfnhg wkdw wkh }hur0lqyhvwphqw htxloleulxp fdqqrw rffxu zlwkrxw fdslwdo  rzv

+! @ 3, ru zlwk shuihfw fdslwdo prelolw| +! @ 4,1 Wklv lv lqwxlwlyh1 Lq d vlwxdwlrq ri �qdqfldo dxwdun|/

djhqwv fdq rqo| vdyh e| ex|lqj grphvwlf dvvhwv1 Wklv sxwv d  rru rq wkh ghpdqg iru grphvwlf dvvhwv

dqg khqfh rq wkhlu h{shfwhg sulfh dv fdslwdo  ljkw lv lpsrvvleoh1 Lq d vlwxdwlrq ri shuihfw fdslwdo

prelolw|/ t @ 4/ vr duelwudjh lpsolhv wkdw djhqwv lq wkh lqgxvwuldol}hg frxqwu| zrxog uxvk wr ex| wkh

dvvhwv lq wkh hphujlqj pdunhw lq wkh hyhqw ri d fudvk1 Wklv uxohv rxw d fudvk rq dvvhw sulfhv lq wkh

hphujlqj pdunhw1 Lq wklv fdvh/ li lw lv sur�wdeoh wr lqyhvw lq wkh lqgxvwuldol}hg frxqwu| lw pxvw eh vr

dovr lq wkh hphujlqj pdunhw1 Dqrwkhu zd| wr vd| wklv lv wkdw d joredo �qdqfldo fudvk lv qrw srvvleoh1

Wklv lv wkh vdph uhdvrqlqj dv iru wkh lpsrvvlelolw| ri d fudvk lq dxwdun|1
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Wkh srvvlelolw| ri pxowlsoh htxloleuld dqg lwv ghshqghqfh rq wudqvdfwlrq frvwv lv looxvwudwhg lq �jxuh

81Wkh sur�w ixqfwlrqv duh ghslfwhg iru erwk frxqwulhv dqg erwk w|shv ri h{shfwdwlrqv/ shvvlplvwlf dqg

rswlplvwlf1 Wkh �hL+}
h
H A 3> }hL A 3, vfkhgxoh vkrzv wkh ghshqghqfh ri dvvhw sulfhv lq wkh lqgxvwuldol}hg

frxqwu| rq wudqvdfwlrq frvwv lq wkh jrrg +�rswlplvwlf�, htxloleulxp1 Lw ghfuhdvhv dv wudqvdfwlrq frvwv

duh orzhuhg dv dvvhw sulfhv lq wkh lqgxvwuldol}hg frxqwu| dqg lq wkh hphujlqj pdunhw frqyhujh1 Wkh

lqyhuvh kdsshqv zlwk wkh �hH+}
h
H A 3> }hL A 3, vfkhgxoh zklfk looxvwudwhv wkdw sur�wv lq wkh hphujlqj

pdunhw lqfuhdvh zlwk orzhu wudqvdfwlrq frvwv1 Wkh �hH+}
h
H @ 3, vfkhgxoh vkrzv wkh ghshqghqfh ri

sur�w lq wkh hphujlqj pdunhw rq wudqvdfwlrq frvwv lq wkh �shvvlplvwlf� fdvh1 Li zh fkrrvh wkh �{hg

frvw I vxfk wkdw lq wkh fdvh ri pxowlsoh htxloleuld/ wkh jrrg htxloleulxp lv fkdudfwhul}hg e| doo djhqwv

lqyhvwlqj wkhq wkh }hur sur�w iurqwlhu lv jlyhq e| wkh gdvkhg krul}rqwdo olqh1 Lq wklv fdvh/ pxowlsoh

htxloleuld dulvh iru wkh hphujlqj pdunhw ehwzhhq !4 dqg !51 Li wkh �{hg frvw lv kljkhu/ wkh %jrrg%

htxloleulxp lq wkh hphujlqj pdunhw lv rqh zkhuh rqo| d iudfwlrq ri djhqwv lqyhvw dqg pxowlsoh htxloleuld

dulvh iru d odujhu vhw ri wudqvdfwlrq frvwv +wkh }hur sur�w olqh lv vkliwhg xszdug,1 Li wkh �{hg frvw lv

orzhu/ wkh duhd ri pxowlsoh htxloleuld vkulqnv1
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Iljxuh 8= Pxowlsoh htxloleuld dqg wudqvdfwlrq frvwv

Dv lv xvxdo lq prghov zlwk pxowlsoh htxloleuld/ flufxodu fdxvdwlrq lv dw zrun khuh1 Li djhqwv eholhyh

wkdw rwkhu djhqwv zloo xqghuwdnh qr surmhfw/ wkh| wkhq h{shfw djjuhjdwh lqfrph lq wkh hphujlqj pdunhw

dw wkh hqg ri wkh shulrg wr eh orz1 Orzhu h{shfwhg lqfrph hqwdlov d orzhu ghpdqg iru dvvhwv1 Zkhq

�qdqfldo pdunhwv duh vhjphqwhg dqg dvvhwv duh lpshuihfw vxevwlwxwhv/ wkhq wklv idoo ri ghpdqg ri

4:



dvvhwv zloo idoo glvsursruwlrqdwho| rq orfdo dvvhwv1 Wklv lq wxuq jhqhudwhv d orz uhodwlyh dvvhw sulfh

lq wkh hphujlqj pdunhw1 Wklv lv d krph eldv h�hfw1 Ilqdoo|/ wkh rswlpdo lqyhvwphqw uxoh vd|v wkdw

lqyhvwphqw ghshqgv srvlwlyho| rq wkh h{shfwhg dvvhw sulfh zklfk zh fdq lqwhusuhw dv wkh lqyhuvh ri wkh

frvw ri fdslwdo1

Wkh flufxodu fdxvdolw| phfkdqlvp kdv frpprq ihdwxuhv zlwk wkh djjorphudwlrq skhqrphqd gh0

vfulehg lq wkh �qhz hfrqrplf jhrjudsk|� olwhudwxuh1 Khuh/ zh frxog wdon ri dq �djjorphudwlrq ri

h{shfwdwlrqv� zklfk surgxfhv d frruglqdwlrq idloxuh1 Krzhyhu/ wkh vwdelolw| surshuwlhv duh gl�huhqw=

lq rxu prgho/ wkh %jrrg% htxloleulxp lv dozd|v vwdeoh/ zkhuhdv lq wkh �qhz hfrqrplf jhrjudsk|�

olwhudwxuh/ d ixqgdphqwdo uhvxow lv wkdw wkh v|pphwulf htxloleulxp ehfrphv xqvwdeoh iru vx!flhqwo|

orz wudqvdfwlrq frvwv1

Lv wkh hphujlqj pdunhw pruh yxoqhudeoh wr d �qdqfldo fudvk wkdq wkh lqgxvwuldol}hg hfrqrp|B Wr

dqvzhu wklv txhvwlrq zh fdq frpsduh wkh sur�w ohyho ri d vlqjoh �shvvlplvwlf� lqyhvwru lq wkh hphujlqj

pdunhw +}hH @ 3, jlyhq lq htxdwlrq +4;, wr lwv dqdorj lq wkh lqgxvwuldol}hg frxqwu| +}hL @ 3,1 Lw fdq

eh fkhfnhg wkdw wkh �hL+}
h
L @ 3, ixqfwlrq lv wkh vdph dv lq htxdwlrq +4;, h{fhsw iru wkh whup lq vz

zklfk lv uhsodfhg e| 4 � vz1 Rqh fdq vhh uhdglo| wkdw �hL+}
h
L @ 3, A �hH+}

h
H @ 3, dv orqj dv ! ? 4>

vr wkdw wkh �shvvlplvw� sur�w ixqfwlrq ri wkh lqgxvwuldol}hg frxqwu| lv dozd|v kljkhu wkdq wkh rqh iru

hphujlqj pdunhw dv looxvwudwhg lq �jxuh 81 Pruhryhu/ iru wkh ohyho ri �{hg frvw vxfk wkdw pxowlsoh

htxloleuld ehfrph srvvleoh lq wkh hphujlqj pdunhw/ wkh lqgxvwuldol}hg frxqwu| fdqqrw kdyh d fudvk47 1

Wklv lv ehfdxvh lw lv srvvleoh wr vkrz wkdw �hL+}
h
L @ 3, A �hL+}

h
L A 3> }hH A 3, A �hH+}

h
L A 3> }hH A 3, iru

doo ohyhov ri wudqvdfwlrq frvwv= Lq wklv fdvh/ pxowlsoh htxloleuld lq d zruog ri frxqwulhv zlwk lghqwlfdo

surgxfwlylwlhv +vz @ 4@5, duh qrw srvvleoh hlwkhu1

Wkh uhdvrq iru wkh orzhu yxoqhudelolw| ri wkh lqgxvwuldol}hg hfrqrp| wr �qdqfldo fudvkhv/ lv wkdw wkh

ghpdqg iru dvvhwv lq wkdw pdunhw hyhq zkhq ghsuhvvhg e| shvvlplvwlf h{shfwdwlrqv lv dozd|v kljkhu

wkdq lq wkh hphujlqj pdunhw1 Wklv lq wxuq lpsolhv d kljkhu sulfh iru dvvhwv dqg kljkhu sur�wdelolw| rq

wkh lqgxvwuldol}hg frxqwu| dvvhw pdunhw hyhq zkhq edg wlphv duh h{shfwhg= wkh lqgxvwuldol}hg frxqwu|

fdq qhyhu eh dv shvvlplvwlf derxw lwv rzq lqfrph ohyho dqg wkhuhiruh lwv dvvhw sulfhv dv wkh hphujlqj

pdunhw1

Krz gr ixqgdphqwdov d�hfw wkh srvvlelolw| ri d �qdqfldo fudvkB Iru d jlyhq glvwulexwlrq ri zdjh

lqfrph +d jlyhq vz,/ htxdwlrq +53, vkrzv wkdw zkhq �zruog� surgxfwlylw| dqg zdjh ohyhov +zH .zL,

duh kljk/ wkh sur�w ixqfwlrq ri d vlqjoh �shvvlplvwlf� djhqw lv kljkhu dqg wkhuhiruh wkh vhw ri sdudphwhuv

iru zklfk d �qdqfldo fudvk lv srvvleoh lv vpdoohu1 Wkh uhdvrq lv wkdw juhdwhu zruog lqfrph jhqhudwhv

d kljkhu ghpdqg iru vkduhv/ luuhvshfwlyh ri h{shfwdwlrqv/ zklfk sduwldoo| zloo ehqh�w wkh hphujlqj

pdunhw1

Dovr/ ixqgdphqwdov lq wkh hphujlqj pdunhw duh lpsruwdqw1 Iru jlyhq zruog ixqgdphqwdov +zH.zL,/

47Wkh pd{lpxp qxpehu ri htxloleuld lv 5 lq wklv fdvh1 Wklv lv ehfdxvh li I $ I� '
�zH
2n�

/ wkh %jrrg% htxloleulxp lv

vxfk wkdw doo djhqwv lqyhvw lq wkh hphujlqj pdunhw dqg lw lv srvvleoh wr vkrz wkdw wkh \ \ dqg tt fxuyhv rqo| furvv rqfh1

Li I A I�/ wkhq wkh %jrrg %htxloleulxp lv vxfk wkdw qrw doo djhqwv lqyhvw1 Wklv htxloleulxp lv dovr xqltxh +vhh dsshqgl{

LY,1
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d kljkhu surgxfwlylw| dqg zdjh ohyho lq wkh hphujlqj pdunhw +d kljkhu vz, zloo lqfuhdvh wkh sur�w

ohyho ri d �shvvlplvwlf� djhqw dv zh nqrz ! ? 41 Wkh uhdvrq lv wkdw kljkhu orfdo lqfrph zloo jhqhudwh

kljkhu ghpdqg iru vkduhv/ zklfk ehfdxvh ri wudqvdfwlrq frvwv rq fdslwdo  rzv/ zloo glvsursruwlrqdwho|

idyru vkduhv ri wkh hphujlqj pdunhw1 Qrwh wkdw wklv qhjdwlyh uhodwlrq ehwzhhq lqfrph shu fdslwd dqg

wkh yxoqhudelolw| wr fudvkhv rqo| dsshduv zkhq frxqwulhv duh vx!flhqwo| rshq wr fdslwdo pryhphqwv/

d idfw wkdw dffrugv zlwk wkh wzr judskv zh suhvhqw lq lqwurgxfwlrq1

Wkh �qdqfldo fudvk lq wkh hphujlqj pdunhw lv fkdudfwhul}hg e| orz dvvhw sulfhv/ lqyhvwphqw/ lqfrph

dqg frqvxpswlrq +erwk lq �uvw shulrg dqg lq vhfrqg shulrg,1 Shu0fdslwd lqfrph lq wkh hphujlqj

pdunhw lv orzhu lq wkh fdvh ri d �qdqfldo fudvk +zH, wkdq lq dxwdun| +5+4 . �,zH@+5 . �,,1 Wklv

ohyho lv lwvhoi wkh orzhvw iru wkh hphujlqj pdunhw dprqj doo %jrrg% htxloleuld zlwk srvlwlyh lqyhvwphqw1

Dovr/ frqwudu| wr zkdw rffxuv lq wkh %jrrg% htxloleulxp/ lq wkh hyhqw ri d fudvk/ wkh hphujlqj frxqwu|

h{shulhqfhv d fxuuhqw dffrxqw vxusoxv/ edvlfdoo| ehfdxvh lw kdv qr dvvhwv wr vhoo1 Lq wklv fdvh/ zh fdq

dovr fkdudfwhul}h wkh �qdqfldo fudvk dv d vlwxdwlrq ri fdslwdo  ljkw vlqfh wkh rqo| dvvhwv wkdw djhqwv

fdq ex| wr vdyh dqg glyhuvli| ulvn duh iruhljq1

Wkhvh fkdudfwhulvwlfv ri wkh fudvk �w wkh vw|ol}hg idfwv ri wkh hphujlqj pdunhwv1 Lq sduwlfxodu/

lqyhvwphqw lq rxu prgho lv wkh frpsrqhqw zklfk lv klw wkh kdughvw/ frqvlvwhqw zlwk wkh �qglqjv ri

Wruqhoo dqg Zhvwhupdqq +5334,1 Wkh| dovr �qg wkdw wkh exvw lv iroorzhg e| d uhfhvvlrq1 Rwkhu dxwkruv

kdyh lqvlvwhg rq wkh idoo lq dvvhw sulfhv wkdw duh w|slfdoo| wkh vwduwlqj srlqw ri wkh fulvlv dqg wkh uhyhuvdo

lq wkh fxuuhqw dffrxqw vlwxdwlrq1

Zh kdyh vhhq wkdw %zkhq wklqjv jr zhoo%/ �qdqfldo joredol}dwlrq ghfuhdvhv wkh yrodwlolw| ri vhfrqg0

shulrg frqvxpswlrq dv lw ghfuhdvhv pdunhw lqfrpsohwhqhvv phdvxuhg e| +Q �O}H �O}L,= Reylrxvo|/

zkhq lqyhvwphqw fudvkhv lq wkh hphujlqj pdunhw wkh qxpehu ri dvvhwv idoov lq wkdw frxqwu|1 Wr vhh

krz wkh qxpehu ri dvvhwv dw wkh zruog ohyho lv d�hfwhg e| wkh fudvk/ zh frpsduh wkh h{whqw ri pdunhw

lqfrpsohwhqhvv lq wkh fdvh ri d �qdqfldo fudvk +}H @ 3, wr wkh phdvxuh ri pdunhw lqfrpsohwhqhvv lq

wkh qrq fudvk htxloleulxp lq �qdqfldo dxwdun| +! @ 3,/ zklfk zh nqrz lv wkh vlwxdwlrq zkhuh pdunhw

lqfrpsohwhqhvv lv dw lwv pd{lpxp iru wkh %jrrg% htxloleulxp1 Wkh wrwdo qxpehu ri dvvhwv lq wkh odwhu

vlwxdwlrq lv kljkhu wkdq lq d vlwxdwlrq ri �qdqfldo fudvk48 1 Khqfh/ pdunhw lqfrpsohwhqhvv lv kljkhu lq

wkh vlwxdwlrq ri wkh �qdqfldo fudvk wkdq lq wkh vlwxdwlrq ri �qdqfldo dxwdun|1 Wklv lpsolhv wkdw lq d

fudvk qrw rqo| lqfrph dqg frqvxpswlrq ohyhov duh orzhu exw yrodwlolw| ri vhfrqg0shulrg frqvxpswlrq

lv dovr kljkhu1

Wkh lqwurgxfwlrq ri ulvnohvv dqg orz uhwxuq surmhfwv zrxog pdnh d fudvk srvvleoh hyhq lq dxwdun|1 Lq

vxfk flufxpvwdqfhv/ li djhqwv h{shfw wkdw qr kljk uhwxuq ulvn| lqyhvwphqw surmhfwv zloo eh lpsohphqwhg

dqg wkdw djhqwv zloo vxevwlwxwh wr orz uhwxuq ulvnohvv surmhfwv/ wkh| h{shfw djjuhjdwh lqfrph/ ghpdqg

iru dvvhwv ri wkh ulvn| surmhfwv dqg wkhlu uhodwlyh sulfh wr eh orz1 Lq h�hfw/ wkh srvvlelolw| ri dq

dowhuqdwlyh irup ri grphvwlf lqyhvwphqw zlwk orz uhwxuq zrxog eh vlplodu wr wkh srvvlelolw| ri fdslwdo

48 Lq �qdqfldo dxwdun| wkh wrwdo qxpehu ri dvvhwv lv Od2�@E2 n ��o
�@2

Ez
�@2
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��o
�@2

EzH n zL �
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 ljkw lq rxu prgho1 Wklv zrxog uhvhpeoh wkh orjlf ri wkh prgho ri Pxusk|/ Vfkohlihu dqg Ylvkq|

+4<;<,1 Dv orqj dv wkh frvw ri ulvnohvv lqyhvwphqwv lv qrw wrr kljk/ d fudvk ri sulfhv ri ulvn| lqyhvwphqw

surmhfwv zrxog eh srvvleoh/ hyhq lq dxwdun|1 Krzhyhu/ idflolwdwlqj wkh sxufkdvh ri iruhljq dvvhwv zlwk

kljk uhwxuq zrxog vwloo lqfuhdvh wkh srvvlelolw| ri d �qdqfldo fudvk/ doehlw rqh ri d gl�huhqw qdwxuh=

djhqwv lq wkh hphujlqj pdunhw zrxog vxevwlwxwh lqwr ulvn| kljk0uhwxuq iruhljq dvvhwv lq sodfh ri ulvnohvv

orz0uhwxuq grphvwlf dvvhwv1 Wkh hphujlqj pdunhw zrxog vwloo eh pruh yxoqhudeoh wr wklv w|sh ri fudvk

wkdq wkh lqgxvwuldol}hg frxqwu|= lq wkh shvvlplvwlf fdvh/ lwv lqfrph dqg wkhuhiruh ghpdqg iru grphvwlf

dvvhwv zrxog vwloo idoo pruh wkdq wkrvh ri wkh lqgxvwuldol}hg frxqwu|1
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Rxu iudphzrun doorzv xv wr glvwlqjxlvk ehwzhhq wudqvdfwlrq frvwv rq �qdqfldo lq rzv dqg rxw rzv/

vr wkdw zh fdq dqdo|}h wkh lpsdfw ri dv|pphwulf olehudol}dwlrq srolflhv1 Lq wkh fdvh ri dv|pphwulf

wudqvdfwlrq frvwv/ wkh \ \ vfkhgxoh/ +htxdwlrq 46, vwloo dssolhv1 Wkh tt vfkhgxoh wkdw gh�qhv wkh vwrfn

pdunhw htxloleulxp lv krzhyhu dowhuhg lq wkh iroorzlqj zd|=

v\ @

�
t5 . !rxwt
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Iljxuh 9= D ghfuhdvh lq wudqvdfwlrq frvwv rq lq rzv

Wkh lpsdfw ri d ghfuhdvh lq wudqvdfwlrq frvwv rq lq rzv +dq lqfuhdvh lq !lq, lv vkrzq rq �jxuh

9 dv d uljkwzdug vkliw ri wkh prgl�hg tt fxuyh +vhh dsshqgl{ Y iru wkh surri,1 Wr frpsduh wkh

lpsdfw ri v|pphwulf dqg dv|pphwulf �qdqfldo joredol}dwlrq/ zh kdyh ghslfwhg erwk w|shv rq wkh
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vdph judsk1 Vwduwlqj iurp d vlwxdwlrq zlwk lghqwlfdo wudqvdfwlrq frvwv rq lq rzv dqg rxw rzv +srlqw

D,/ d v|pphwulf ghfuhdvh lq wudqvdfwlrq frvwv ohdgv wr srlqw E zklfk lpsolhv dq lqfuhdvh lq erwk t

dqg v\ / li zL A zH 1 D ghfuhdvh lq wudqvdfwlrq frvwv rq lq rzv/ zloo vkliw wkh htxloleulxp wr srlqw F/

lpso|lqj d odujhu lqfuhdvh lq erwk t dqg v\ wkdq lq wkh v|pphwulf fdvh49 1

Lw lv hdv| wr fkhfn wkdw d ghfuhdvh lq wudqvdfwlrq frvwv rq rxw rzv vkliwv wkh prgl�hg tt fxuyh

rq wkh ohiw dv vkrzq rq �jxuh :1 Erwk wkh dvvhw sulfh dqg wkh lqfrph ohyho ghfuhdvh ehfdxvh orzhu

wudqvdfwlrq frvwv rq rxw rzv lqgxfh grphvwlf djhqwv lq wkh hphujlqj pdunhw wr vzlwfk iurp grphvwlf

wr iruhljq dvvhwv1 Qrwh wkdw frqwudu| wr wkh fdvh ri v|pphwulf olehudol}dwlrq/ wkh vljq ri wkh lpsdfw ri

dv|pphwulf olehudol}dwlrq rq dvvhw sulfhv dqg lqfrph vkduh grhv qrw ghshqg rq wkh gl�huhqfh lq zdjh

udwhv1

q

1/2

1

qq

YY

sY

ρφ in

qq’

Iljxuh := D ghfuhdvh lq wudqvdfwlrq frvwv rq rxw rzv
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Zh fdq shuirup wkh vdph dqdo|vlv dv lq vhfwlrq 7 dqg dqdo|}h krz dv|pphwulf wudqvdfwlrq frvwv

d�hfw wkh srvvlelolw| ri d �qdqfldo fudvk gulyhq e| vhoi0ixo�oolqj h{shfwdwlrqv1 Wkh frqglwlrq iru wkh

}hur0lqyhvwphqw htxloleulxp wr h{lvw ehfrphv=

�+zH . zL,
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685� � I ? 3 +55,

Khqfh/ txlwh lqwxlwlyho|/ d frpelqdwlrq ri orz wudqvdfwlrq frvwv rq rxw rzv dqg kljk wudqvdfwlrq

frvwv rq lq rzv pdnhv lw hdvlhu wr kdyh d }hur0lqyhvwphqw htxloleulxp zkhuh d �shvvlplvwlf� djhqw

49Fodhvvhqv dqg Ukhh +4<<7, �qg hylghqfh ri d srvlwlyh uhodwlrq ehwzhhq d vwrfn*v S2H0udwlr dqg lwv dffhvvlelolw| e|

iruhljq lqyhvwruv iru prvw hphujlqj pdunhwv/ vxjjhvwlqj wkdw eduulhuv wr dffhvv e| iruhljqhuv kdyh d qhjdwlyh lpsdfw1
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grhv qrw h{shfw lw wr eh sur�wdeoh wr vwduw lqyhvwphqw surmhfwv1
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Zh fdq dovr xvh rxu prgho wr dqdo|}h krz wkh lqwhudfwlrq ri grphvwlf dqg lqwhuqdwlrqdo �qdqfldo

olehudol}dwlrq d�hfw dvvhw sulfhv dqg lqyhvwphqw1 Wr gr wklv/ zh lqwurgxfh d qhz w|sh ri wudqvdfwlrq

frvwv rq �qdqfldo pdunhwv ri wkh hphujlqj frxqwu|1 Rq wrs ri wkh wudqvdfwlrq frvwv rq lq rzv dqg

rxw rzv +zklfk duh djdlq lghqwlfdo,/ djhqwv lq wkh hphujlqj pdunhw/ zkhq wkh| ex| grphvwlf dvvhwv

sd| d grphvwlf wudqvdfwlrq frvw/ zklfk dovr wdnhv wkh irup ri dq lfhehuj frvw1 Wklv pd| eh wkrxjkw dv d

sur{| iru grphvwlf �qdqfldo xqghu0ghyhorsphqw1 Zh dvvxph wkdw qr vxfk wudqvdfwlrq frvw kdpshuv wkh

grphvwlf pdunhw lq wkh lqgxvwuldol}hg frxqwu| vr wkdw zh ghsduw iurp wkh uhvw ri wkh sdshu zkhuh wkh

rqo| gl�huhqfh ehwzhhq wkh wzr frxqwulhv zdv wkhlu surgxfwlylw| ohyho1 Zh fdoo !G/ wkh wudqvirupdwlrq

ri grphvwlf wudqvdfwlrq frvwv= !G @ +4 . �G,
4�4@�

/ zkhuh �G lv wkh grphvwlf wudqvdfwlrq frvw zklfk

zh dvvxph lv orzhu wkdq wkh lqwhuqdwlrqdo wudqvdfwlrq frvw vr wkdw !G A !1 Wkh prgho lv xqfkdqjhg

h{fhsw iru wkh vwrfn pdunhw htxloleulxp frqglwlrqv vr wkdw wkh tt vfkhgxoh qrz ehfrphv=

v\ @
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5 . !t4@�
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� +56,

Khqfh/ d ghfuhdvh lq grphvwlf �qdqfldo wudqvdfwlrq frvwv vkliwv wkh tt fxuyh wr wkh uljkw dqg lqgxfhv

dq lqfuhdvh lq dvvhw sulfhv/ lqyhvwphqw dqg lqfrph1 Wkh zrunlqj lv txdolwdwlyho| wkh lqyhuvh ri wkh rqh

vkrzq lq �jxuh :1 Wklv lv qrw vxusulvlqj dv dq lqfuhdvh lq wudqvdfwlrq frvwv rq rxw rzv dqg d ghfuhdvh

lq grphvwlf wudqvdfwlrq frvwv erwk ohdg wr dq lqfuhdvh ri ghpdqg ri dvvhwv e| grphvwlf djhqwv1
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Wkh lqwurgxfwlrq ri grphvwlf wudqvdfwlrq frvwv pdnhv lw hdvlhu wr jhw wkh }hur0lqyhvwphqw htxloleulxp1

Wkh uhdvrq lv wkdw e| ghfuhdvlqj ghpdqg iru grphvwlf dvvhwv lw ghfuhdvhv ixuwkhu wkh uhodwlyh h{shfwhg

dvvhw sulfh dqg wkhuhiruh h{shfwhg sur�wdelolw| ri lqyhvwphqw surmhfwv zkhq djhqwv duh shvvlplvwlf1 Wr

vhh wklv/ zh ghulyh wkh h{shfwhg sur�w zkhq djhqwv lq wkh hphujlqj pdunhw duh �shvvlplvwlf�=

�+zH . zL,
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Wkh h{shfwhg sur�w lv orzhu/ wkh kljkhu wkh grphvwlf wudqvdfwlrq frvwv +wkh orzhu !G,1 Khqfh/

orzhu wudqvdfwlrq frvwv rq grphvwlf pdunhwv lq wkh hphujlqj pdunhw zloo uhgxfh wkh sdudphwhu vhw iru

zklfk }hur0lqyhvwphqw htxloleulxp gulyhq e| vhoi0ixoolqj h{shfwdwlrqv lv srvvleoh1
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Wkh zhoiduh lpsolfdwlrqv ri wkh prgho duh qxphurxv dqg frpsoh{1 Lq wkh suhylrxv vhfwlrqv/ zh kdyh

vhhq wkdw orzhulqj wudqvdfwlrq frvwv rq dvvhw wudgh kdg frqvhtxhqfhv rq= uhdo uhvrxufhv orvw lq wkh

wudqvdfwlrq/ uhodwlyh dvvhw sulfhv/ lqyhvwphqw dqg lqfrph dqg wkhuhiruh frqvxpswlrq lq erwk �uvw dqg

vhfrqg shulrg/ wkh ghjuhh ri pdunhw lqfrpsohwhqhvv dqg wkhuhiruh wkh yrodwlolw| ri frqvxpswlrq lq

vhfrqg shulrg1 Orzhulqj wudqvdfwlrq frvwv rq wudgh lq dvvhwv frxog dovr pryh wkh hphujlqj pdunhw

lq d wrwdoo| gl�huhqw vlwxdwlrq fkdudfwhul}hg e| d �qdqfldo fudvk gulyhq e| vhoi0ixo�oolqj shvvlplvwlf

h{shfwdwlrqv1 Zh �uvw dqdo|}h wkh zhoiduh lpsdfw ri orzhu wudqvdfwlrq frvwv lq wkh %rswlplvwlf% fdvh

zlwk srvlwlyh lqyhvwphqw lq erwk frxqwulhv1 Wkh ohyho ri xwlolw| ri dq djhqw lq wkh hphujlqj pdunhw lv

jlyhq e| wkh iroorzlqj h{suhvvlrq=
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zkhuh F lv d frqvwdqw1 Wkhuh duh wkuhh glvwlqfw h�hfwv ri orzhulqj wudqvdfwlrq frvwv rq lqwhuqdwlrqdo

dvvhw wudgh wkdw fdq eh lghqwl�hg lq wkh wkuhh odvw whupv ri wkh deryh htxdwlrq= 4, dq lqfrph h�hfw=

Iru wkh hphujlqj pdunhw/ zh nqrz lw zloo eh d srvlwlyh h�hfw iru d v|pphwulf ghfuhdvh ri wudqvdfwlrq

frvwv rq lq rzv dqg rxw rzv dqg iru d ghfuhdvh ri wudqvdfwlrq frvwv rq lq rzv1 Lw zloo eh qhjdwlyh

rq lqfrph lq wkh fdvh ri d ghfuhdvh ri wudqvdfwlrq frvwv rq rxw rzv1 5, d sulfh h�hfw= wkh sulfh ri

dvvhwv ri wkh hphujlqj pdunhw zloo iroorz wkh vdph sdwwhuq dv lqfrph1 Krzhyhu/ wkh zhoiduh h�hfw pd|

eh gl�huhqw1 Rq wkh rqh kdqg/ iru d jlyhq lqfrph/ kljkhu sulfhv lq wkh hphujlqj pdunhw lpso| orzhu

ghpdqg iru wkrvh dvvhwv zklfk orzhuv zhoiduh1 Rq wkh rwkhu kdqg/ kljkhu dvvhw sulfhv lq wkh hphujlqj

pdunhw jhqhudwh kljkhu lqyhvwphqw dqg d kljkhu qxpehu ri dvvhwv dqg wkhuhiruh pruh glyhuvl�fdwlrq

srvvlelolwlhv1 Li � A 4@5/ vr wkdw djhqwv duh �yhu|� ulvn dyhuvh/ wkh lqfuhdvh lq glyhuvl�fdwlrq srvvlelolw|

zloo eh kljko| ydoxhg dqg dq lqfuhdvh lq sH zloo lqfuhdvh zhoiduh1 6, d gluhfw h�hfw= zlwk orzhu

wudqvdfwlrq frvwv rq rxw rzv +kljkhu !rxw, / lw ehfrphv ohvv frvwo| wr glyhuvli|1 Khqfh/ wklv h�hfw lv

dozd|v srvlwlyh1

Zh zloo qrw eh deoh wr dqdo|wlfdoo| ghulyh wkh zhoiduh lpsdfw ri ghfuhdvlqj wudqvdfwlrq frvwv rq wudgh

lq dvvhw iru doo ohyhov ri wudqvdfwlrq frvwv1 Krzhyhu/ zh fdq hydoxdwh zhoiduh lpsdfwv ri olehudol}dwlrq

ri fdslwdo  rzv durxqg wkh dxwdun| htxloleulxp dqg wkh shuihfw fdslwdo prelolw| htxloleulxp1 Iru

h{dpsoh/ dq dv|pphwulf ghfuhdvh ri wudqvdfwlrq frvwv durxqg wkh dxwdun| vlwxdwlrq kdv wkh iroorzlqj

lpsdfw rq xwlolw| lq wkh hphujlqj hfrqrp|=
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Dv zH ? zL / lw lpsolhv wkdw li � � 4@5/ wkhq wkh h{suhvvlrq deryh lv dozd|v srvlwlyh dqg xwlolw|

lqfuhdvhv zlwk olehudol}dwlrq ri fdslwdo rxw rzv4: 1 Wkh lqwxlwlrq lv wkdw lq wklv fdvh ri kljk ulvn

4:Qrwh wkdw li wkh wzr frxqwulhv kdyh htxdo zdjhv/ wkh xwlolw| dozd|v lqfuhdvhv zlwk olehudol}dwlrq ri fdslwdo  rzv1
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dyhuvlrq/ wkh srvvlelolw| wr glyhuvli| dw d orzhu frvw lv kljko| ydoxhg e| djhqwv ri wkh hphujlqj pdunhw1

Li � ? 4@5 dqg wkh zdjh gl�huhqfh lv vx!flhqwo| odujh/ wkhq wkh qhjdwlyh lqfrph h�hfw grplqdwhv dqg

wkh xwlolw| ri djhqwv lq wkh hphujlqj pdunhw zloo ghfuhdvh1 Hydoxdwhg lq wkh shuihfw fdslwdo prelolw|

htxloleulxp/ wkh lpsdfw ri lpsrvlqj uhvwulfwlrqv rq fdslwdo rxw rzv zrxog dozd|v eh qhjdwlyh iru

zhoiduh dv=
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Wkh lpsdfw ri d ghfuhdvh lq wudqvdfwlrq frvwv rq lq rzv rq zhoiduh hydoxdwhg dw dxwdun| lv jlyhq

e|=
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zklfk lv dozd|v srvlwlyh1 Wklv lv dovr wkh fdvh zkhq hydoxdwhg lq wkh shuihfw fdslwdo prelolw| fdvh1

Wkh lpsdfw ri d v|pphwulf ghfuhdvh lq wudqvdfwlrq frvwv rq lq rzv dqg rxw rzv rq zhoiduh hydo0

xdwhg dw dxwdun| lv jlyhq e|=
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zklfk lv dozd|v srvlwlyh4; 1 Wklv lv dovr wkh fdvh zkhq hydoxdwhg dw ! @ 41 Wklv lv qrw vxusulvlqj dv

zh nqrz wkdw doo h�hfwv ghvfulehg deryh duh srvlwlyh lq wklv fdvh iru wkh hphujlqj pdunhw1

Wkhvh uhvxowv rq zhoiduh duh ydolg rqo| iru wkh %jrrg% htxloleulxp dqg dv xvxdo lq prghov zlwk

srvvleoh pxowlsoh htxloleuld/ zh fdqqrw vd| dq|wklqj gh�qlwlyh derxw zhoiduh1 Lq fdvhv zkhuh wkh fulvlv

htxloleulxp lv d srvvleoh htxloleulxp zh fdq krzhyhu vkrz wkdw li wkh hphujlqj pdunhw idoov lq wkh fulvlv

htxloleulxp lwv zhoiduh lv dozd|v ohvv wkdq lq wkh %jrrg% htxloleulxp dw wkh vdph ohyho ri wudqvdfwlrq

frvw1 Wklv lv reylrxv dv wkh fulvlv htxloleulxp lpsolhv orzhu lqfrph dqg wkhuhiruh ohvv frqvxpswlrq +lq

erwk shulrgv, dqg pruh pdunhw lqfrpsohwhqhvv +dv phdvxuhg e| wkh gl�huhqfh ehwzhhq wkh qxpehu ri

vwdwhv dqg wkh qxpehu ri dvvhwv, dqg wkhuhiruh pruh vhfrqg0shulrg frqvxpswlrq yrodwlolw|1 Krzhyhu/

lw lv lpsrvvleoh wr jlyh d gh�qlwlyh dqvzhu wr wkh txhvwlrq= vkrxog hphujlqj hfrqrplhv olehudol}h

fdslwdo pryhphqwv/ vd| lq d v|pphwulf idvklrq +dq lqfuhdvh lq !,B1 Zh nqrz wkdw li wkh| frxog/ wkh|

vkrxog jr doo wkh zd| wr shuihfw fdslwdo prelolw| +! @ 4,/ ehfdxvh lq wklv fdvh lqfrph lq wkh hphujlqj

pdunhw lv pd{lpl}hg/ pdunhw lqfrpsohwhqhvv lv plqlpl}hg dqg �qdqfldo fudvk fdqqrw rffxu1 Krzhyhu/

rxu ylhz lv wkdw wudqvdfwlrq frvwv dozd|v klqghu lqwhuqdwlrqdo wudgh lq dvvhwv +gxh wr gl�huhqfh lq

uhjxodwlrqv/ frvw ri dftxlulqj lqirupdwlrq/ h{fkdqjh udwh pryhphqwv111, hyhq zlwkrxw jryhuqphqw

lpsrvhg wudqvdfwlrq frvwv1 Zh fdq dqvzhu d pruh olplwhg exw uhohydqw txhvwlrq= lv zhoiduh lq wkh

hphujlqj hfrqrp| kljkhu lq wkh dxwdun| htxloleulxp ru lq wkh fulvlv htxloleulxpB Wkh gl�huhqfh

ehwzhhq wkh wzr ohyhov ri zhoiduh lv jlyhq e|=

4; Lw fdq eh vkrzq wkdw/ ghvslwh lwv qhjdwlyh lpsdfw rq lwv lqfrph/ wklv lv dovr wuxh iru wkh lqgxvwuldol}hg frxqwu|1
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zkhuh sdudphwhuv +lq sduwlfxodu wkh ohyho ri wudqvdfwlrq frvwv, pxvw eh vxfk wkdw d fulvlv lv d srvvleoh

htxloleulxp1 Wkh �uvw whup ri wkh h{suhvvlrq lv srvlwlyh dqg uh hfwv wkh idfw wkdw lqfrph lv kljkhu lq

dxwdun| wkdq lq fulvlv zlwk fdslwdo pryhphqwv1 Wkh odvw whup lv qhjdwlyh dqg uh hfwv wkh zhoiduh jdlq

ri ehlqj deoh wr ehwwhu glyhuvli| e| sxufkdvlqj iruhljq dvvhwv hyhq lq d �qdqfldo fudvk1 Wkh vhfrqg

whup kdv dq dpeljxrxv vljq dqg uh hfwv wkh idfw wkdw lq d fulvlv htxloleulxp wkhuh duh pruh dvvhwv wr

ex| wkdq lq dxwdun| exw zklfk pxvw eh sxufkdvhg dw d kljkhu sulfh1 Li djhqwv duh vx!flhqwo| ulvn

dyhuvh +kljk �, wkh| zloo ydoxh wklv dqg wkhuhiruh wkh h{suhvvlrq lv qhjdwlyh1 Zkhq zh hydoxdwh wklv

h{suhvvlrq dw ohyhov ri ! iru zklfk d �qdqfldo fudvk lv srvvleoh/ zh �qg wkdw wkh vljq lv dpeljxrxv1

Lq sduwlfxodu/ li djhqwv duh qrw wrr ulvn dyhuvh +orz �, zhoiduh fdq eh kljkhu lq dxwdun| wkdq lq wkh

�qdqfldo fulvlv htxloleulxp1 Wklv lv ehfdxvh lq wklv fdvh wkh zhoiduh jdlq ri ehlqj deoh wr ex| iruhljq

dvvhwv lv qrw ydoxhg yhu| pxfk dqg wkh orvv ri lqfrph lq wkh �qdqfldo fudvk vlwxdwlrq lv zkdw pdwwhuv

prvw1 Iru wkh lqgxvwuldol}hg frxqwu|/ wkh zhoiduh lpsdfw ri d fudvk lq wkh hphujlqj pdunhw kdv dq

dpeljxrxv h�hfw rq zhoiduh1 Wkh uhdvrq lv wkdw hyhq wkrxjk lwv lqfrph ulvhv ehfdxvh ri wkh lq rzv

ri fdslwdo frplqj iurp wkh hphujlqj pdunhw/ lwv glyhuvl�fdwlrq rssruwxqlwlhv ghfuhdvh dv wkh wrwdo

qxpehu ri dvvhwv ghfuhdvhv1 Iru � @ 4@5/ iru h{dpsoh/ lw lv hdv| wr fkhfn wkdw wkh lqfrph h�hfw

grplqdwhv1 Iru kljk frh!flhqwv ri ulvn dyhuvlrq/ krzhyhu/ wkh orvv lq glyhuvl�fdwlrq rssruwxqlwlhv pd|

grplqdwh1

Djdlq/ rxu lpsolfdwlrqv iru zhoiduh vkrxog eh wdnhq zlwk fdxwlrq dv zh fdq qrw vd| zklfk htxl0

oleulxp zloo suhydlo1 Khqfh/ rxu prgho fdq rqo| srlqw wr wkh frqfoxvlrq wkdw �qdqfldo joredol}dwlrq

fduulhv ehqh�wv dqg ulvnv lq whupv ri zhoiduh iru hphujlqj pdunhwv1

. /��	���
��

Xqghu zklfk frqglwlrqv fdq �qdqfldo joredol}dwlrq eh khog uhvsrqvleoh iru wkh uhfhqw vhulhv ri �qdqfldo

fudvkhv lq hphujlqj pdunhwvB Lq dqvzhulqj wklv txhvwlrq/ wkh h{lvwlqj olwhudwxuh kdv lqvlvwhg rq wkh

idfw wkdw �qdqfldo joredol}dwlrq/ ehfdxvh lw pdnhv eruurzlqj rq zruog �qdqfldo pdunhwv hdvlhu dqg

ohvv frvwo|/ pd| vwuhqjwkhq wkh srwhqwldo gdqjhu ri pdunhw idloxuhv suhydohqw lq hphujlqj pdunhwv= lq

sduwlfxodu/ prudo kd}dug dqg fuhglw frqvwudlqwv kdyh ehhq vkrzq wr idflolwdwh wkh dgyhqw ri �qdqfldo

fulvlv gulyhq e| vhoi0ixo�oolqj h{shfwdwlrqv1 Lq wklv sdshu/ zh vkrz wkdw wkh h{lvwhqfh ri vxfk pdunhw

idloxuhv lv qrw d qhfhvvdu| frqglwlrq iru hphujlqj pdunhwv wr ehfrph yxoqhudeoh wr d �qdqfldo fudvk

zkhq fdslwdo  rzv duh olehudol}hg1 Erwk wkh srwhqwldo ehqh�w ri �qdqfldo joredol}dwlrq +lq whupv ri

frvw ri fdslwdo/ lqyhvwphqw dqg lqfrph, dqg wkh kljkhu yxoqhudelolw| ri hphujlqj pdunhwv wr d �qdqfldo

fudvk frph iurp wkh vdph dqg xqltxh idfwru wkdw gl�huhqwldwhv hphujlqj pdunhwv dqg lqgxvwuldol}hg

frxqwulhv lq rxu prgho= wkhlu surgxfwlylw| dqg lqfrph ohyho1 Wkh kljkhu yxoqhudelolw| lv qrw gxh wr edg
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ixqgdphqwdov/ edg lqvwlwxwlrqv/ edg �qdqfldo pdunhwv +fuhglw ru oltxlglw| frqvwudlqwv,/ edg lqfhqwlyhv

+edlorxwv, ru edg h{fkdqjh udwh uhjlphv1 Wklv lv qrw wr vd| ri frxuvh wkdw wkhvh sureohpv gr qrw h{lvw

ru gr qrw frqvwlwxwh lpsruwdqw fkdqqhov wkurxjk zklfk �qdqfldo joredol}dwlrq fdq pdnh hphujlqj

pdunhwv pruh yxoqhudeoh wr d �qdqfldo fulvlv4< 1 Exw lw vxjjhvwv wkdw wkh ulvnv ri olehudol}dwlrq ri

fdslwdo  rzv iru hphujlqj pdunhwv duh d yhu| jhqhudo ihdwxuh1

Wkdw �qdqfldo joredol}dwlrq fdq pdnh hphujlqj pdunhwv pruh yxoqhudeoh wr d �qdqfldo fudvk xqghu

wkh phuh frqglwlrq wkdw wkhvh frxqwulhv kdyh d orzhu lqfrph wkdq lqgxvwuldol}hg frxqwulhv kdv dovr

srwhqwldoo| lpsruwdqw srolf| lpsolfdwlrqv1 Wkh uhfhqw olwhudwxuh zklfk kdv hpskdvl}hg wkh nh| uroh ri

fuhglw frqvwudlqwv dqg prudo kd}dug wr h{sodlq fudvkhv lq hphujlqj pdunhwv kdv orjlfdoo| uhfrpphqghg

srolflhv zklfk dgguhvv wkh lqirupdwlrqdo dqg lqvwlwxwlrqdo iulfwlrqv zklfk duh dw wkh ruljlq ri wkhvh

fuhglw pdunhw lpshuihfwlrqv1 Dprqj vxfk srolflhv/ Phqgr}d +5334, iru h{dpsoh/ flwhv plfurhfrqrplf

srolflhv vxfk dv wkh ghyhorsphqw ri fuhglw exuhdxv lq Ph{lfr1 Pruh wudqvsduhqf|/ ehwwhu lqirupdwlrq/

ehwwhu edqnlqj uhjxodwlrq kdyh dovr ehhq uhfrpphqghg1 Vlploduo|/ fxuuhqf| plvpdwfkhv lq �{hg

h{fkdqjh udwh uhjlphv kdyh olvwhg dv sulph vxvshfwv lq wkh fulvhv ri wkhvh frxqwulhv zklfk kdv ohg

vhyhudo frxqwulhv wr vzlwfk wr  rdwlqj1 Rxu sdshu vkrzv wkdw wkhvh srolflhv dqg lqvwlwxwlrqdo fkdqjhv

pd| qrw eh vx!flhqw wr suhyhqw fulvhv lq lqwhuphgldwh lqfrph frxqwulhv dqg wkdw �qdqfldo fulvhv pd|

eh d pxfk pruh jhqhudo skhqrphqrq lq wkrvh frxqwulhv1

Rqh lpsolfdwlrq ri rxu prgho lv wkdw d fohdu lqfhqwlyh h{lvwv iru wkh jryhuqphqw ri wkh hphujlqj

pdunhw wr lqwhuyhqh gluhfwo| rq wkh vwrfn pdunhw zlwk d frpplwphqw wr ex| dvvhwv zkhq wkh sulfh idoov

ehorz d fhuwdlq ohyho1 Wkhvh srolflhv kdyh ehhq dgyrfdwhg dqg lpsohphqwhg gxulqj wkh Dvldq fulvlv1

Krzhyhu/ wkhvh jxdudqwhhv zrxog txlwh qdwxudoo| jhqhudwh prudo kd}dug sureohpv zklfk wkhpvhoyhv

fdq eh dw wkh ruljlq ri d �qdqfldo fulvlv +Fruvhwwl/ Shvhqwl dqg Urxelql/ 4<<<, 1 Khqfh/ dq lqwhuhvwlqj

srvvleoh h{whqvlrq ri rxu prgho zrxog eh wr irupdol}h wkh wudgh0r� ehwzhhq hqgrjhqrxv lqfhqwlyhv iru

jryhuqphqw jxdudqwhhv dqg prudo kd}dug frqvhtxhqfhv1

4<Wkh lqfoxvlrq ri fuhglw frqvwudlqwv rq lqyhvwphqw lq rxu prgho zrxog uhlqirufh wkh srvvlelolw| ri d fudvk dv wkh idoo

lq dvvhw sulfhv zrxog uhgxfh wkh ydoxh ri froodwhudo1

59



-������.

Dsshqgl{ L= Ghvfulswlrq ri wkh gdwd xvhg lq �jxuhv 4 dqg 5=

Fdofxodwlrqv duh pdgh xvlqj prqwko| XV Groodu edvhg vwrfn lqglfhv iurp Eorrpehuj dqg zlwk

Zruog Edqn gdwd lq XV Grooduv1 Erwk vhulhv duh FSL0dgmxvwhg1 D %Fudvk% lv gh�qhg dv d prqwk

lq zklfk wkh prqwko| shufhqw fkdqjh ri wkh lqgh{ lv dw ohdvw wzr vwdqgdug ghyldwlrqv +edvhg rq wkh

hqwluh vdpsoh, ehorz wkh dyhudjh fkdqjh lq lqgh{ iru doo frxqwulhv1 Wkh ohqjwk ri wkh gdwd ydulhv

dfurvv frxqwulhv1 Wkhuh duh qr frxqwulhv zlwk gdwd vkruwhu wkdq 57 prqwkv1 Wkh �qdqfldoo| forvhg0

rshq glvwlqfwlrq lv wdnhq iurp ydulrxv vrxufhv zlwk d irfxv rq wkh fdslwdo dffrxqw1 Dv qrwhg lq wkh

olwhudwxuh d 304 glvwlqfwlrq lv qrw vdwlvidfwru|/ exw zh eholhyh wkdw wkh jhqhudo phvvdjh ri �jxuh 4 dqg 5

zrxog qrw eh dowhuhg zlwk d pruh vxewoh txdqwl�fdwlrq1 Zh xvhg sulpdulo| wkh gdwhv iru olehudol}dwlrq

lqglfdwhg e| Ndplqvn| dqg Vfkpxnohu +5334,1 Iru frxqwulhv qrw lqfoxghg lq wkdw vwxg| zh xvhg

Ehndhuw/ Kduyh| dqg Oxqgeodg +5334,/ Hglvrq dqg Zduqrfn +5334, dqg lqirupdwlrq frqwdlqhg lq wkh

LPI H{fkdqjh Duudqjhphqwv dqg H{fkdqjh Uhvwulfwlrqv +ydulrxv |hduv,1 Iljxuh ; jlyhv wkh olvw ri

frxqwulhv/ wkh vwrfn gdwd dydlodelolw|/ wkh |hduv iru zklfk wkh frxqwu| lv frqvlghuhg forvhg dqg rshq

dqg wkh uhvshfwlyh qxpehuv ri fudvkhv1

Dsshqgl{ LL= Wkh fkdudfwhulvwlfv ri wkh \ \ dqg tt fxuyhv

Iru htxdwlrq +47,/ wkh vorsh lv=
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Dsshqgl{ LLL= Wkh h�hfw ri d v|pphwulf ghfuhdvh lq wudqvdfwlrq frvwv

Dq lqfuhdvh lq ! kdv dozd|v d srvlwlyh lpsdfw rq t dv orqj dv t ? 4/ wkdw lv dv orqj dv vZ ? 4@51

Wr vhh wklv/ xvh htxloleulxp htxdwlrqv +47, dqg +48, wr jhw Ct@C!=
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zklfk lv srvlwlyh li vZ ? 4@51 Frpelqlqj wklv zlwk wkh idfw wkdw Cv\
C!

? 3 rq wkh tt fxuyh dovr suryhv

wkdw wkh \ \ dqg tt fxuyhv furvv rqo| rqfh lq wkh uhohydqw udqjh +3 ? t ? 4, vr wkdw d xqltxh %jrrg%

h{lvwv1 Wklv lv ehfdxvh li wkh wzr fxuyhv zhuh wr furvv pruh wkdq rqfh lq wkh uhohydqw udqjh/ wkh|

zrxog kdyh wr furvv wkuhh wlphv +wkh \ \ fxuyh vwduwv ryhu wkh tt fxuyh dqg lq t @ 4 lv ehorz wkh tt

fxuyh li vZ ? 4@5,1 Lq wklv fdvh d grzqzdug vkliw ri wkh tt fxuyh +fdxvhg e| dq lqfuhdvh lq !, zrxog
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S to c k  D a ta  A v a ila b ility C lo s e d O p e n
C o u n try  (s o u rc e ) S ta r t D a te E n d  D a te C lo s e d  D a te s C ra s h e s O p e n  D a te s C ra s h e s
A rg e n t in a  (K S ) 1 2 /1 /7 5 5 /3 1 /9 9 1 9 6 6 -7 7 , 8 3 -8 8 1 5 1 9 7 8 -8 2 ,8 9 -0 1 1 2
A u s tra lia  (B B ) 5 /2 9 /9 2 9 /2 8 /0 1 1 9 6 6 -8 3  1 9 8 4 -0 1 0
A u s tr ia  (B B ) 1 /3 1 /9 2 9 /2 8 /0 1 1 9 6 6 -8 0  1 9 8 1 -0 1 0
B e lg iu m  (B B ) 1 0 /3 1 /8 8 9 /2 8 /0 1  1 9 6 6 -0 1 0
B ra z il (K S ) 1 2 /1 /7 5 5 /3 1 /9 9 1 9 6 6 -7 5 , 8 0 -8 6 6 1 9 7 6 -7 9 , 8 7 -0 1 1 9
C a n a d a  (B B ) 1 /2 9 /6 0 9 /2 8 /0 1  1 9 6 6 -0 1 3
C h ile  (K S ) 1 2 /1 /7 5 5 /3 1 /9 9 1 9 6 6 -9 1 3 1 9 9 2 -0 1 1
C h in a  (B B ) 1 /3 1 /9 5 9 /2 8 /0 1 1 9 6 6 -0 1 1  
C o lo m b ia  (K S ) 1 2 /1 /8 4 5 /3 1 /9 9 1 9 6 6 -9 0 0 1 9 9 1 -0 1 2
C z e c h  R e p . (B B ) 4 /2 9 /9 4 9 /2 8 /0 1 1 9 9 2 -9 7 0 1 9 9 8 -0 1 2
D e n m a rk  (K S ) 1 /1 /7 5 4 /3 0 /9 9 1 9 6 6 -8 7 0 1 9 8 8 -0 1 0
E c u a d o r (B B ) 1 /3 1 /9 4 9 /2 8 /0 1 1 9 9 3 -9 6 0 9 7 -0 1 6
E g yp t (B B ) 7 /3 1 /9 2 9 /2 8 /0 1 1 9 6 6 -0 1 0  
E s to n ia  (B B ) 6 /2 8 /9 6 9 /2 8 /0 1   1 9 9 4 -0 1 5
F in la n d  (K S ) 1 /1 /7 5 1 2 /3 1 /9 8 1 9 6 6 -9 0 0 1 9 9 1 -0 1 1
F ra n c e  (B B ) 1 /1 /7 5 1 2 /3 1 /9 8 1 9 6 8 -8 5 3 1 9 6 6 -6 7 , 8 5 -0 1 0
G e rm a n y (B B ) 1 /3 0 /7 0 9 /2 8 /0 1  1 9 6 6 -0 1 1
G h a n a  (B B ) 1 1 /3 0 /9 0 9 /2 8 /0 1 1 9 6 6 -0 1 0  
G re e c e  (B B ) 2 /2 8 /9 2 9 /2 8 /0 1 1 9 6 6 -9 4  1 9 9 5 -0 1 2
H o n g  K o n g  (B B ) 1 1 /2 8 /6 9 9 /2 8 /0 1  1 9 6 6 -0 1 1 3
H u n g a ry  (B B ) 1 /3 1 /9 1 9 /2 8 /0 1 1 9 8 1 -9 2 0 1 9 9 3 -0 1 3
Ic e la n d  (B B ) 1 2 /3 1 /9 2 9 /2 8 /0 1 1 9 6 6 -0 1 0  
In d ia  (B B ) 1 /3 1 /8 5 9 /2 8 /0 1 1 9 6 6 -0 1 2  
In d o n e s ia  (B B ) 4 /2 9 /8 3 9 /2 8 /0 1 1 9 6 6 -9 5 0 1 9 9 6 -0 1 9
Ire la n d  (K S ) 1 /1 /7 5 1 2 /3 1 /9 8 1 9 6 6 -9 1 1 1 9 9 2 -0 1 0
Is ra e l (B B ) 1 /3 1 /9 2 9 /2 8 /0 1 1 9 6 6 -0 1 1  
Ita ly  (K S ) 1 /1 /7 5 1 2 /3 1 /9 8 1 9 6 6 -8 2 , 8 6 -9 2 2 1 9 8 3 -8 5 , 9 3 -0 1 0
Iv o ry  C o a s t (B B ) 1 /2 9 /9 9 9 /2 8 /0 1 1 9 6 8 -0 1 0   
J a m a ic a  (B B ) 3 /3 1 /8 7 9 /2 8 /0 1 1 9 6 6 -0 1 3  
J a p a n  (B B ) 1 /3 1 /7 3 9 /2 8 /0 1 1 9 6 6 -7 8 0 1 9 7 9 -0 1 0
K o re a  (K S ) 1 2 /1 /7 5 5 /3 1 /9 9 1 9 6 6 -9 2 1 1 9 9 3 -0 1 5
K u w a it (B B ) 4 /3 0 /9 9 9 /2 8 /0 1  1 9 6 6 -0 1 0
L a tv ia  (B B ) 1 /3 0 /9 8 9 /2 8 /0 1   1 9 9 4 -0 1 3
L u x e m b o u rg  (B B ) 1 /2 9 /9 9 9 /2 8 /0 1  1 9 6 6 -0 1 1
M a la ys ia  (B B ) 1 /3 1 /7 7 9 /2 8 /0 1 9 9 -0 1 0 1 9 7 3 -9 8 9
M a lta  (B B ) 7 /3 1 /9 7 9 /2 8 /0 1 1 9 6 8 -0 1 0  
M e x ic o  (K S ) 1 /1 /7 5 5 /3 1 /9 9 1 9 8 3 -9 2 2 1 9 6 6 -8 2 , 9 3 -0 1 1 0
M o ro c c o  (B B ) 1 2 /3 1 /9 3 9 /2 8 /0 1 1 9 6 6 -0 1 0  
N a m ib ia  (B B ) 1 1 /2 8 /9 7 9 /2 8 /0 1 1 9 9 0 -0 1 3  
N e th e r la n d s  (B B ) 1 /3 1 /8 3 9 /2 8 /0 1   1 9 7 7 -0 1 1
N e w  Z e a la n d  (B B ) 1 /2 9 /6 0 9 /2 8 /0 1 1 9 6 6 -8 3 2 1 9 8 4 -0 1 3
N o rw a y (K S ) 1 /1 /7 5 5 /3 1 /9 9 1 9 6 6 -8 7 1 1 9 8 8 -0 1 1
P a k is ta n  (B B ) 1 /3 1 /8 9 9 /2 8 /0 1 1 9 6 6 -9 4 0 1 9 9 5 -0 1 4
P a n a m a  (B B ) 1 2 /3 1 /9 2 9 /2 8 /0 1   1 9 6 6 -0 1 0
P e ru  (B B ) 1 2 /3 1 /9 2 9 /2 8 /0 1   1 9 9 3 -0 1 3
P h ilip p in e s  (K S ) 1 2 /1 /8 4 5 /3 1 /9 9 1 9 6 9 -9 4 2 1 9 6 6 -6 8 , 9 5 -0 1 2
P o la n d  (B B ) 4 /3 0 /9 1 9 /2 8 /0 1 1 9 8 6 -9 7 3 1 9 9 8 -0 1 1
P o rtu g a l (K S ) 1 /1 /8 6 4 /3 0 /9 9 1 9 6 6 -9 2 3 1 9 9 3 -0 1 0
R u s s ia  (B B ) 6 /3 0 /9 4 9 /2 8 /0 1 1 9 9 2 -9 5 1 1 9 9 6 -0 1 7
S a u d i A ra b ia  (B B ) 1 /3 1 /9 4 9 /2 8 /0 1  1 9 6 6 -0 1 0
S in g a p o re  (B B ) 1 /3 1 /8 5 9 /2 8 /0 1 1 9 6 6 -7 7  1 9 7 8 -0 1 4
S o u th  A fr ic a  (B B ) 4 /2 9 /8 8 9 /2 8 /0 1 1 9 6 6 -0 1 2  
S p a in  (K S ) 1 /1 /7 5 1 2 /3 1 /9 8 1 9 6 6 -9 3 4 1 9 9 4 -0 1 0
S w e d e n  (K S ) 1 /1 /7 5 5 /3 1 /9 9 1 9 6 6 -9 2 2 1 9 9 3 -0 1 0
S w itz e r la n d  (B B ) 7 /3 1 /8 9 9 /2 8 /0 1  1 9 9 2 -0 1 0
T a iw a n  (B B ) 1 /3 1 /6 7 9 /2 8 /0 1 1 9 6 6 -8 6 3 1 9 8 7 -0 1 9
T h a ila n d  (K S ) 1 2 /1 /7 5 5 /3 1 /9 9 1 9 6 6 -9 1 2 1 9 9 2 -0 1 7
T u rk e y  (B B ) 2 /2 8 /9 2 9 /2 8 /0 1 1 9 6 6 -8 9 0 1 9 9 0 -0 1 8
U K  (K S ) 1 /1 /7 5 4 /3 0 /9 9 1 9 6 6 -7 8 0 1 9 7 9 -0 1 0
U S  (B B ) 1 /2 9 /6 0 9 /2 8 /0 1  1 9 6 6 -0 1 1
V e n e z u e la  (K S ) 1 2 /1 /8 4 5 /3 1 /9 9 1 9 8 4 -8 9 3 1 9 6 6 -8 3 , 9 0 -0 1 8
Z im b a b w e  (B B ) 9 /3 0 /9 6 9 /2 8 /0 1 1 9 8 0 -0 1 2  
T h e  s o u rc e  is  in d ic a te d  in  p a re n th e s is  (K S :K a m in s k y  a n d  S c h m u k le r , 2 0 0 1  o r  B B : B lo o m b e rg )

Iljxuh ;=
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kdyh wr lpso| wkdw iru vrph sdudphwhuv/ d ghfuhdvh lq t lv srvvleoh1 Dv Ct@C! A 3 dozd|v/ wklv lv qrw

srvvleoh1

Dsshqgl{ LY= Dv|pphwulf htxloleuld lq wkh hphujlqj pdunhw

Vxssrvh rqo| d sruwlrq oH ? 4 ri wkh O djhqwv lq wkh hphujlqj pdunhw lqyhvw1 Wkh vwrfn pdunhw

htxloleulxp uhodwlrq dv zhoo dv wkh lqfrph uhodwlrq fdq hdvlo| eh uhzulwwhq dffruglqjo| dqg lw fdq eh

fkhfnhg wkdw zruog lqfrph lv wkh vdph dv lq wkh wh{w1 Iru 3 ? oH ? 4/ wkh sur�w ri lqyhvwlqj pxvw

eh }hur/ ru xvlqj wkh wkh frqvwdqw zruog lqfrph htxdwlrq= oH . t�5 @
�+zH.zL,

I +5.�,
1 Wkh lqwxlwlrq lv

wkdw dq lqfuhdvh lq wkh uhodwlyh sulfh ri dvvhwv lq wkh hphujlqj pdunhw lqgxfhv hqwu| zklfk lq wklv fdvh

lpsolhv d ulvh lq wkh sursruwlrq ri djhqwv zkr lqyhvw1 Lw suryhv frqyhqlhqw wr uhzulwh wkh �{hg frvw

dv I @ �I4zlwk I4 @
�zH
5.�

1 Zh wkhq jhw oH . t�5 @ 4
�vz

1 D prgl�hg \ \ fxuyh lv ghulyhg iurp wkh

gh�qlwlrq ri djjuhjdwh lqfrph lq wkh hphujlqj hfrqrp|= O+zH. 4
5
oHs

5
H, dqg wkh }hur sur�w frqglwlrq1

Wklv gh�qhv v\ wkh vkduh ri djjuhjdwh lqfrph lq wkh hphujlqj pdunhw dv dq lqfuhdvlqj ixqfwlrq ri t=

v\ @
vz +5 . �,

5 +4 . �,
.

�

5+4 . �,
+4� �vzt

�5, +D7,

D prgl�hg tt fxuyh lv ghulyhg iurp wkh vwrfn pdunhw htxloleulxp=

v\ @

�
t5 � �vz . vz!t

4@�
� �

4� !t�4@�
�

+vz � �vz . t5,
�
4� !5

� +D8,

zlwk oH gh�qhg e| wkh }hur sur�w frqglwlrq1 Lw fdq eh vkrzq wkdw vxfk dq htxloleulxp iru zklfk 3

? oH ? 4 qhyhu h{lvwv li � ? 41 Wklv lpsolhv wkdw rqo| wkh htxloleulxp zlwk doo djhqwv lqyhvwlqj h{lvwv1

Dq h{dpsoh zkhuh dq dv|pphwulf htxloleulxp h{lvwv lv lq wkh dxwdun| vlwxdwlrq +! @ 3, li � A 41 Lq

wklv fdvh/ d v|pphwulf htxloleulxp zlwk oH @ 4 fdqqrw eh dq htxloleulxp dv lw zrxog lqyroyh qhjdwlyh

sur�wv1 Lw fdq eh vkrzq hdvlo| wkdw oH @ 4@� ? 41 Lq fdvhv zlwk ! A 3/ dv|pphwulf htxloleuld fdq

h{lvw li � lv vx!flhqwo| odujhu wkdq rqh1 Iurp +D7, dqg +D8,/ lw fdq eh fkhfnhg wkdw wkh prgl�hg \ \

dqg tt fxuyhv duh vlplodu wr wkrvh ghslfwhg lq �jxuh 8 dqg furvv rqo| rqfh1 Lq sduwlfxodu/ d ghfuhdvh

lq wudqvdfwlrq frvwv kdv d vlplodu lpsdfw zkhuhdv doo ru rqo| d sruwlrq ri djhqwv lqyhvw1 Wkh qhz tt

fxuyh vkliwv wr wkh uljkw dv lq �jxuh 8 vr wkdw erwk t dqg v\ ulvh1 Wkh lqwxlwlrq lv wkh vdph dv lq

wkh wh{w exw qrz d qhz yduldeoh dmxvwv= oH / wkh sruwlrq ri djhqwv zkr lqyhvw1 Dv wudqvdfwlrq frvwv

ghfuhdvh/ wklv sruwlrq lqfuhdvhv lq wkh hphujlqj pdunhw dqg wkh sulfh ri dvvhwv lq wkh lqgxvwuldol}hg

frxqwu| ghfuhdvh vr t lqfuhdvhv1 Zkhq wkh ohyho ri wudqvdfwlrq frvwv lv orz hqrxjk/ doo djhqwv lq wkh

hphujlqj pdunhw lqyhvw dqg zh duh edfn wr wkh fdvh dqdo|}hg lq wkh pdlq wh{w1 Khqfh/ wkh dv|pphwulf

htxloleuld duh qrw txdolwdwlyho| gl�huhqw iurp wkh v|pphwulf rqhv1

Dsshqgl{ Y= Dv|pphwulf wudqvdfwlrq frvwv

D lqfuhdvh lq !lq vkliwv wkh tt fxuyh wr wkh uljkw dv iurp htxdwlrq +54,/ zh jhw=

Cv\ @C!lq @

�
t5 . !rxwt

4@�
�
+!rxw � t�4@�,

+4� !lq!rxw, +4 . t5,
? 3 +D9,

Zh fdq vljq wklv h{suhvvlrq e| wkh uhvwulfwlrq wkdw v\ ? 41

5<



Dsshqgl{ YL= D pruh jhqhudo lqyhvwphqw frvw ixqfwlrq

Vxssrvh wkdw wkh frvw ixqfwlrq lv= i+}H, @ 4
p
}pH zlwk p A 4/ vr wkdw zh uhwdlq wkh frqyh{lw|

surshuw| ri wkh frvw ixqfwlrq1 Lq wklv fdvh/ wkh \ \ vfkhgxoh ehfrphv=

v\ @
vz +p. �,

p +4 . �,
.

�+p� 4,

p+4 . �,+4 . t�p@+p�4,,
+D:,

dqg wkh tt fxuyh=

v\ @

�
tp@+p�4, . !t4@�

� �
4� !t�4@�

��
4 . tp@+p�4,

� �
4� !5

� +D;,
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Iljxuh <= Orzhu wudqvdfwlrq frvwv= wkh fdvh ri zhdn frqyh{lw| dqg kljk wudqvdfwlrq frvw

Lw uhpdlqv wuxh wkdw t ? 4 lq htxloleulxp dv orqj dv zH ? zL 1 Wkh zrunlqj ri �jxuh 7 uhpdlqv

vlplodu1 Li p � 5@+5��,/ wkhq wkh txdolwdwlyh uhvxow ri �jxuh 7 lv xqfkdqjhg= d v|pphwulf ghfuhdvh ri

wudqvdfwlrq frvwv jhqhudwhv dq lqfuhdvh lq dvvhw sulfhv dqg lqfrph lq wkh hphujlqj pdunhw1 D vx!flhqw

frqglwlrq lv wkdw p � 51 Krzhyhu/ li p ? 5@+5� �, dqg wudqvdfwlrq frvwv duh kljk hqrxjk +! lv orz,/

wkhq d v|pphwulf ghfuhdvh lq wudqvdfwlrq frvwv fdq ohdg wr d ghfuhdvh lq dvvhw sulfh dqg lqfrph lq wkh

hphujlqj pdunhw1 Dw vrph srlqw krzhyhu wkh orzhu wudqvdfwlrq frvwv ohdg wr lqfuhdvh lq dvvhw sulfhv

dqg lqfrph1 Wkh uhdvrq iru wklv uhvxow lv wkdw wkh vorsh ri wkh tt lv dovr dowhuhg e| d fkdqjh lq !1

Wkh h�hfw ri dq lqfuhdvh lq ! rq wkh tt fxuyh fdq eh dqdo|}hg e| orrnlqj dw krz v\ lv d�hfwhg e| dq

lqfuhdvh lq ! iru d jlyhq t=

Cv\

C!
@

�
4 . !5

� �
t4@� � tp@+p�4,�4@�

�
� 5!+4� tp@+p�4,,�

4 . tp@+p�4,
� �

4� !5
�5 +D<,
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Wklv fdq eh srvlwlyh iru p ? 5@+5 � �,> odujh gl�huhqfhv lq surgxfwlylwlhv dqg kljk wudqvdfwlrq

frvwv1 Wklv fdvh lv vkrzq rq �jxuh <1

Wkh lqwxlwlrq lv wkdw lq wklv fdvh wkh glyhuvl�fdwlrq sxusrvh lv vwurqj uhodwlyh wr wkh duelwudjh rqh=

wklv lpsolhv wkdw djhqwv lq wkh lqgxvwuldol}hg frxqwu| zloo qrw h{sorlw pxfk wkh gl�huhqfh lq sulfh

ehwzhhq pdunhwv zkhq wudqvdfwlrq frvwv jr grzq +dw ohdvw iru kljk wudqvdfwlrq frvwv, exw djhqwv lq

wkh hphujlqj pdunhw zloo zdqw wr glyhuvli| dqg ex| dvvhwv lq wkh lqgxvwuldol}hg frxqwu|1

Wkh dqdo|vlv ri wkh srvvlelolw| ri d fudvk gulyhq e| vhoi0ixo�oolqj h{shfwdwlrqv lv pruh frpsoh{ exw

qrw ixqgdphqwdoo| dowhuhg lq wkh fdvh ri d pruh jhqhudo frvw ixqfwlrq dv orqj dv lw lv frqyh{1 Lw lpsolhv

�qglqj sdudphwhu ydoxhv iru zklfk wkh lqyhvwphqw lv }hur li djhqwv h{shfw }hur lqyhvwphqw dqg srvlwlyh

li wkh| h{shfw srvlwlyh lqyhvwphqw1

Dsshqgl{ YLL= Wkh lpsdfw ri gl�huhqw srsxodwlrq vl}h

Ehfdxvh zh zdqw wr irfxv rq wkh frqvhtxhqfhv ri orzhu surgxfwlylw| dqg zdjh lq hphujlqj pdunhwv

frpsduhg wr lqgxvwuldol}hg frxqwulhv/ zh kdyh qrw doorzhg iru gl�huhqw srsxodwlrq vl}h ehwzhhq wkh wzr

frxqwulhv1 Grlqj wklv kdv srwhqwldoo| lpsruwdqw frqvhtxhqfhv ehfdxvh ri wzr ihdwxuhv lq rxu prgho=

wkh pdunhw vl}h h�hfw dqg wkh idfw wkdw d odujhu srsxodwlrq lpsolhv d odujhu qxpehu ri surmhfwv2dvvhwv1

Khqfh erwk ghpdqg dqg vxsso| ri dvvhwv duh d�hfwhg1 Wr vhh wklv vxssrvh qrz wkdw zdjhv duh lghqwlfdo

lq wkh wzr frxqwulhv exw wkdw srsxodwlrqv duh OH dqg OL uhvshfwlyho|1 Wkh \ \ fxuyh ehfrphv=

v\ @
+5 . �,OH

5 +4 . �, +OH . OL,
.

�OH

5+4 . �,+OH . OLt�5,
+D43,

zkhuh v\ @ OH\H@+OH\H .OL\L, lv qrz wkh vkduh ri wkh H frxqwu| lq djjuhjdwh zruog lqfrph1 Wkh

tt fxuyh lv qrz=

v\ @

�
OHt

5 . OL!t
4@�
� �

4� !t�4@�
�

+OHt5 . OL,
�
4� !5

� +D44,

Wkh htxloleulxp lv judskhg rq �jxuh 43 zkhuh zh dvvxphg wkdw OH ? OL =

Lw fdq eh vkrzq wkdw wkh htxloleulxp uhodwlyh sulfh zkhq ! ? 4 lv ohvv wkdq 41 Khqfh/ lpshuihfw

lqwhjudwlrq ri �qdqfldo pdunhwv lpsolhv orzhu dvvhw sulfhv lq wkh vpdoo frxqwu|1 Iurp wklv srlqw ri

ylhz wkh h�hfw uhvhpeohv d orw wkh pdunhw vl}h h�hfw zkhq zdjhv gl�hu1 Dq lqfuhdvh lq srsxodwlrq

vl}h kdv krzhyhu dq dpeljxrxv h�hfw1 Dv vkrzq rq �jxuh 43 erwk wkh \ \ dqg tt fxuyhv duh d�hfwhg1

Wklv lv ehfdxvh erwk ghpdqg dqg vxsso| ri dvvhwv duh lqfuhdvhg1 Lw fdq eh vkrzq wkdw iru orz ohyhov

ri ! +kljk wudqvdfwlrq frvwv,/ wkh vxsso| h�hfw grplqdwhv vr wkdw dq lqfuhdvh lq OH lpsolhv d ghfuhdvh

lq t1 Iru kljk ohyhov ri ! +orz ohyhov ri wudqvdfwlrq frvwv,/ wkh ghpdqg h�hfw grplqdwhv vr wkdw dq

lqfuhdvh lq OH lpsolhv dq lqfuhdvh lq t1

Lw fdq eh vkrzq wkdw dw ! @ 3 dqg ! @ 4/ dvvhw sulfhv duh lghqwlfdo +t @ 4, lq wkh wzr frxqwulhv

+djdlq dv orqj dv zdjh udwhv duh lghqwlfdo, hyhq li srsxodwlrq gl�hu1 Dw ! @ 4/ shuihfw fdslwdo prelolw|/

wkh uhdvrq lv djdlq shuihfw duelwudjh1 Dw ! @ 3/ �qdqfldo dxwdun|/ wklv lv ehfdxvh wkh ghpdqg dqg

wkh vxsso| h�hfw ri srsxodwlrq vl}h fdqfho hdfk rwkhu1 D vpdoo srsxodwlrq lpsolhv d orzhu ghpdqg iru
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Iljxuh 43= Dq lqfuhdvh srsxodwlrq vl}h ri H= wkh fdvh zkhuh dvvhw sulfhv lq H ghfuhdvh

dvvhwv exw dovr lpsolhv d vpdoo qxpehu ri dvvhwv1 Jlyhq wklv/ lw fdq eh vkrzq wkdw wkh uhodwlyh sulfh ri

dvvhwv lv X0vkdshg dv d ixqfwlrq ri ! zkhq zdjhv duh htxdo dqg OH ?OL =

Lw fdq eh fkhfnhg wkdw lq wkh fdvh ri shvvlplvwlf h{shfwdwlrqv wkh h{shfwhg sur�w ixqfwlrq lq wkh

%shvvlplvwlf% frxqwu| lv X0vkdshg dv lq �jxuh 81 Htxdwlrq +4;, lq wkh wh{w lv vwloo ydolg exw zlwk

vz @ OHzH@+OHzH . OLzL,1 Lw fdq eh vkrzq wkdw wkh h{shfwhg %shvvlplvwlf% sur�w ixqfwlrq ri

wkh vpdoohu frxqwu| +lq whupv ri qrq fdslwdo djjuhjdwh lqfrph, lv dozd|v ehorz wkh rqh ri wkh odujhu

frxqwu|1 Wkh uhdvrq wkh dpeljxrxv h�hfw ri odujh srsxodwlrq rq dvvhw sulfhv wkdw dssolhv lq wkh

rswlplvwlf fdvh grhv qrw dsso| zkhq zh dqdo|}h wkh yxoqhudelolw| ri fudvkhv lv d sduwlfxodu dvvxpswlrq

lq rxu prgho1 Wr vlpsoli| wkh dqdo|vlv/ zh dvvxph wkdw wkh hfrqrp| lq wkh �uvw shulrg vwduwv zlwk

}hur surmhfwv1 Vxssrvh krzhyhu wkdw djhqwv duh hqgrzhg zlwk surmhfwv1 Li wkh djjuhjdwh hqgrzphqw

ri surmhfwv ghshqgv srvlwlyho| rq srsxodwlrq vl}h/ d uhdvrqdeoh dvvxpswlrq/ dqg dv surmhfwv2dvvhwv duh

vxevwlwxwhv/ odujhu srsxodwlrq vl}h zrxog lqfuhdvh wkh vxsso| ri dvvhwv dqg kdyh d qhjdwlyh lpsdfw rq

dvvhw sulfhv lq wkh fudvk htxloleulxp1 Wkh srvlwlyh ghpdqg h�hfw ri odujhu srsxodwlrq zrxog vwloo sod|

d uroh vr wkdw wkh h�hfw ri srsxodwlrq vl}h rq �qdqfldo yxoqhudelolw| zrxog eh dpeljxrxv dv lw lv rq

dvvhw sulfhv lq wkh rswlplvwlf htxloleulxp1
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^4` Dfhprjox/ G1 dqg I1 ]lolerwwl/ 4<<;/ � Zdv Surprwkhxv Xqerxqg e| FkdqfhB Ulvn/ Glyhuvl�fd0

wlrq dqg Jurzwk�/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ 438/ :3<0:841

^5` Djklrq/ S1/ Edfkhwwd/ S1 dqg D1 Edqhumhh/ 5333= *Fdslwdo Pdunhwv dqg wkh Lqvwdelolw| ri Rshq

Hfrqrplhv* FHSU GS 53;61

^6` Duwhwd/ F1/ E1 Hlfkhqjuhhq dqg F1 Z|sorv}/ 5334/ �Zkhq Grhv Fdslwdo Dffrxqw Olehudol}dwlrq

Khos Pruh wkdq lw KxuwvB� FHSU GS 5<431

^7` Ehndhuw/ J1 dqg F1 Kduyh|/4<<8/ �Wlph0Ydu|lqj Zruog Pdunhw Lqwhjudwlrq�/ Mrxuqdo ri Ilqdqfh/

83 +5,1

^8` Ehndhuw/ J1 dqg F1 Kduyh|/ 5333/ cIruhljq Vshfxodwruv dqg Hphujlqj Htxlw| Pdunhwv*/ Mrxuqdo

ri Ilqdqfh/ 88+5,/ ss1 89809461

^9` Ehndhuw/ J/ F1 Kduyh| dqg U1 Oxqgeodg/ 5334/ �Grhv Ilqdqfldo Olehudol}dwlrq Vsxu JurzwkB�/

QEHU zrunlqj sdshu 9:57/ 40961

^:` Exuqvlgh/ F1 P1 Hlfkhqedxp dqg V1 Uhehor/ 4<<;/ %Survshfwlyh Gh�flwv dqg wkh Dvldq Fxuuhqf|

Fulvlv%/ QEHU Zrunlqj Sdshu 9:8;1

^;` Fdedoohur/ U1 dqg D1 Nulvkqdupxuwk|/ 4<<;/ %Hphujlqj Pdunhw Fulvhv= Dq Dvvhw Pdunhwv Shu0

vshfwlyh/%/ QEHU ZS 9;761

^<` ��������������/ 5333/ %Lqwhuqdwlrqdo dqg Grphvwlf Froodwhudo Frqvwudlqwv lq d

Prgho ri Hphujlqj Pdunhw Fulvhv/% QEHU ZS :<:41

^43` Fdoyr J1 dqg H1 Phqgr}d/ 5333/ �Fdslwdo0Pdunhwv Fulvhv dqg Hfrqrplf Froosdvhv lq Hphuj0

lqj Pdunhwv= Dq Lqirupdwlrqdo0Iulfwlrqv Dssurdfk�/ Dphulfdq Hfrqrplf Uhylhz= Sdshuv dqg

Surfhhglqjv/ Pd|1

^44` Fkdqj/ U1 dqg D1 Yhodvfr/ 4<<;/ �Ilqdqfldo Fulvhv lq Hphujlqj Pdunhwv= d Fdqrqlfdo Prgho�/

QEHU Zrunlqj Sdshu 99391

^45` Fkdul/ D1 dqg S1 Khqu|/ 5335/ %Fdslwdo Dffrxqw Olehudol}dwlrq= Doorfdwlyh H!flhqf| ru Dqlpdo

VslulwvB%/ QEHU zrunlqj sdshu ;<3;1

^46` Fodhvvhqv/ V1 G1 Nolqjhelho dqg V1 Vfkpxnohu/ 5334/ %Wkh Ixwxuh ri Vwrfn Pdunhwv lq Hphujlqj

Hfrqrplhv= Hyroxwlrq dqg Survshfwv%/ sdshu suhvhqwhg dw wkh Iliwk Dqqxdo Eurrnlqjv0Zkduwrq

Frqihuhqfh rq Ilqdqfldo Vuylfhv/ Zdvklqjwrq GF/ 53351
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^47` Fruvhwwl/ J1/ S1 Shvhqwl dqg Q1 Urxelql/ 4<<</ �Ixqgdphqwdo Ghwhuplqdqwv ri wkh Dvldq Fulvlv=

Wkh Uroh ri Ilqdqfldo Iudjlolw| dqg H{whuqdo Lpedodqfhv�/ iruwkfrplqj lq W1 Lwr dqg D1 Nuxhjhu

+hgv1,/ Uhjlrqdo dqg Joredo Fdslwdo Iorzv= Pdfurhfrqrplf Fdxvhv dqg Frqvhtxhqfhv/ Fklfdjr/

LO= Xqlyhuvlw| ri Fklfdjr Suhvv1

^48` Ghpljÿf0Nxqw D1 dqg H1 Ghwudjldfkh +4<<;,/ �Ilqdqfldo Olehudol}dwlrq dqg Ilqdqfldo Iudjlolw|�/

LPI Zrunlqj Sdshu1

^49` Gh Mrqj I1 dqg I1D1 gh Urrq/ 5334/ �Wlph0ydu|lqj Pdunhw Lqwhjudwlrq dqg H{shfwhg Uhwxuqv

lq Hphujlqj Pdunhwv�/ FHSU GS 64351

^4:` Gld}0Dohmdqgur/ F1/ 4<;8/ �Jrrge|h Ilqdqfldo Uhsuhvvlrq/ Khoor Ilqdqfldo Uhsuhvvlrq�/ Mrxuqdo

ri Ghyhorsphqw Hfrqrplfv/ 4</ 40571

^4;` Hglvrq K1 dqg I1 Zduqrfn/ 5334/ %D Vlpsoh Phdvxuh ri wkh Lqwhqvlw| ri Fdslwdo Frqwurov%/

Lqwhuqdwlrqdo Ilqdqfh Glvfxvvlrq Sdshuv/ qxpehu :3;1

^4<` Hgzdugv/ V1/ 5333/ �Fdslwdo Prelolw| dqg Hfrqrplf Shuirupdqfh= Duh Hphujlqj Hfrqrplhv

Gl�huhqwB� XFOD zrunlqj sdshu1

^53` Hlfkhqjuhhq/ E1/ D1 Urvh dqg F1 Z|sorv}/4<<8/ �H{fkdqjh Udwh Pd|khp= Wkh Dqwhfhghqwv dqg

Diwhupdwkv ri Vshfxodwlyh Dwwdfnv�/ Hfrqrplf Srolf|/ 54 ss 57<05<91

^54` Hl}hqpdq/ M1/ 5335/ %Ilqdqfldo Rshqlqj= Hylghqfh dqg Srolf| Rswlrqv%/ QEHU ZS ;<331

^55` Jrugrq/ U1 dqg O1 Eryhqehuj/ 4<<9/ %Zk| Lv Fdslwdo vr Lppreloh Lqwhuqdwlrqdoo|B Srvvleoh

H{sodqdwlrqv dqg Lpsolfdwlrqv iru Fdslwdo Lqfrph Wd{dwlrq%/ Dphulfdq Hfrqrplf Uhylhz/ ;9/

8/ 438:0:81

^56` Khqu|/ S1 E1/ 5333/ cGr vwrfn pdunhw olehudol}dwlrqv fdxvh lqyhvwphqw errpvB*/ Mrxuqdo ri Ilqdq0

fldo Hfrqrplfv/ 8;+405,/ ss1 63406671

^57` LPI/ ydulrxv |hduv/ %Dqqxdo Uhsruw rq H{fkdqjh Duudqjhphqwv dqg H{fkdqjh Uhvwulfwlrqv%1

^58` Ndplqvn| J1 dqg F1 Uhlqkduw/ 4<<</ �Wkh Wzlq Fulvhv= Wkh Fdxvhv ri Edqnlqj dqg Edodqfh0ri0

Sd|phqwv Sureohpv�/ Dphulfdq Hfrqrplf Uhylhz/ ;< +6,/ s 7:608331

^59` Ndplqvn| J1 dqg V1 Vfkpxnohu/ +5334,/ %Rq Errpv dqg Fudvkhv= Ilqdqfldo Olehudol}dwlrq dqg

Vwrfn Pdunhw F|fohv%/ Plphr1

^5:` Nuxjpdq/ S1 +4<<<,/ �Edodqfh Vkhhwv/ wkh Wudqvihu Sureohp/ dqg Ilqdqfldo Fulvhv/� lq Lvdug/

Ud}lq dqg Urvh/ hgv1/ Lqwhuqdwlrqdo Ilqdqfh dqg Ilqdqfldo Fulvhv= Hvvd|v lq Krqru ri Urehuw

Iorrg/ 64089/ Ervwrq/ Noxzhu Dfdghplf Sxeolvkhuv1
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^5;` Nuxjpdq/ S1 dqg D1 Yhqdeohv/ %Joredol}dwlrq dqg wkh Lqhtxdolw| ri Qdwlrqv%/ Wkh Txduwhuo|

Mrxuqdo ri Hfrqrplfv/ Yro1 443/ Qr1 71 +Qry1/ 4<<8,/ ss1 ;8:0;;31

^5<` Pfnhq}lh/ G1 +5334,/ �Wkh lpsdfw ri fdslwdo frqwurov rq jurzwk frqyhujhqfh�/ Mrxuqdo ri Hfr0

qrplf Ghyhorsphqw/ 59+4,/ Mxqh1

^63` Pduwlq S1 dqg K1 Uh| +5334,/ �Ilqdqfldo Vxshupdunhwv= Vl}h Pdwwhuv iru Dvvhw Wudgh�/ QEHU

ZS ;7:9

^64` Pdwvx|dpd +5333,/ *Ilqdqfldo Pdunhw Joredol}dwlrq dqg Hqgrjhqrxv Lqhtxdolw| ri Qdwlrqv*/ GS

4633/ Wkh Fhqwhu Iru Pdwkhpdwlfdo Vwxglhv lq Hfrqrplfv dqg Pdqdjhphqw Vflhqfh/ Qruwkzhvw0

huq Xqlyhuvlw|1

^65` PfNlqqrq/ U1 dqg Kxz Sloo/4<<</ %H{fkdqjh0Udwh Uhjlphv iru Hphujlqj Pdunhwv= Prudo Kd}dug

dqg Lqwhuqdwlrqdo Ryhueruurzlqj%/ R{irug Uhylhz ri Hfrqrplf Srolf| 48+6,

^66` Phqgr}d/ H1 +5334,/ %Fuhglw/ Sulfhv dqg Fudvkhv= Exvlqhvv F|fohv zlwk d Vxgghq Vwrs%/ QEHU

zrunlqj sdshu ;66;1

^67` Phqgr}d/ H1 dqg N1 Vplwk +5334,/ �Pdujlq Fdoov/ Wudglqj Frvwv dqg Dvvhw Sulfhv lq Hphujlqj

Pdunhwv= Wkh Ilqdqfldo Phfkdqlfv ri wkh *Vxgghq Vwrsv* Skhqrphqrq�/ Plphr/ Gxnh Xqlyhuvlw|1

^68` Phqj T1 dqg D1 Yhodvfr +4<<<,/ �Fdq Fdslwdo Prelolw| eh Ghvwdelol}lqjB�/ QEHUZrunlqj Sdshu

:5961

^69` Pxusk|/ N1 D1 Vfkohlihu dqg U1 Ylvkq| +4<;<,/ %Lqgvxwuldol}dwlrq dqg wkh Elj Sxvk%/ Mrxuqdo ri

Srolwlfdo Hfrqrp|/ yroxph yroxph <:/ sdjh 4336043591

^6:` Revwihog/ P1 dqg N1 Urjr�/ 5334/ �Wkh Vl{ Pdmru Sx}}ohv ri Lqwhuqdwlrqdo Pdfurhfrqrplfv

Vroyhg�/ iruwkfrplqj QEHU Pdfur Dqqxdo1

^6;` Sdjdqr/ P1/ 4<<6/ %Wkh Iordwdwlrq ri Frpsdqlhv rq wkh Vwrfn Pdunhw= d Frruglqdwlrq Idloxuh

Prgho%/ Hxurshdq Hfrqrplf Uhylhz/ 6:/ 44340581

^6<` Urvvl/ P1 +4<<<,/ �Ilqdqfldo Iudjlolw| dqg Hfrqrplf Shuirupdqfh lq Ghyhorslqj Frxqwulhv= Gr

Fdslwdo Frqwurov/ Suxghqwldo Uhjxodwlrq dqg Vxshuylvlrq PdwwhuB�/ LPI Zrunlqj Sdshu <<2991

^73` Vfkqhlghu/ P1 dqg D1 Wruqhoo/ +5333,/ %Edodqfh Vkhhw H�hfwv/ Edlorxw Jxdudqwhhv dqg Ilqdqfldo

Fulvhv/% QEHU Zrunlqj Sdshu Qr1;3931

^74` Vkohlihu/ D1/ 4<;9/ �Gr Ghpdqg Fxuyhv iru Vwrfnv Vorsh GrzqB�/ Mrxuqdo ri Ilqdqfh 74/ 8:<08<31

^75` Vwxo}/ U1/ +4<<<,/ cJoredol}dwlrq ri Htxlw| Pdunhwv dqg wkh Frvwv ri Fdslwdo*/ QEHU zrunlqj

sdshu qr1 :3541
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^76` Wruqhoo/ D1 dqg I1 Zhvwhupdqq/ 5334/ %Errp0Exvw F|fohv= Idfwv dqg H{sodqdwlrq%/ plphr1

^77` Zhlo/ S1 +4<<3,/ �Qrqh{shfwhg Xwlolw| lq Pdfurhfrqrplfv�/ Txduwho| Mrxuqdo ri Hfrqrplfv/ yro0

xph 438/ lvvxh 4/ 5<0751

^78` Z|sorv} F1 +5334,/ �Krz Ulvn| lv Ilqdqfldo Olehudol}dwlrq lq wkh Ghyhorslqj FrxqwulhvB�/ FHSU

GS 5:571
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