
Wkh Wkhru| dqg Sudfwlfh ri Uhjxodwlrq

zlwk Pxowlqdwlrqdo Hqwhusulvhv�
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Rfwrehu 5333

Devwudfw

Wkh delolw| ri �upv wr rshudwh lq vhyhudo gl�huhqw pdunhwv dw wkh vdph wlph lv

fkdqjlqj uhjxodwruv* wdvnv1 Uhjxodwru| erglhv duh qrz kdylqj wr ghdo zlwk pxowlqdwlrqdo

�upv zklfk vsuhdg wkhlu exvlqhvv dfwlylwlhv doo ryhu wkh zruog1 Wklv sdshu dqdo|vhv wkh

wkhru| dqg sudfwlfh ri uhjxodwlrq lq whupv ri wkh pxowlqdwlrqdo glphqvlrqv ri uhjxodwhg

�upv1 Zh vkrz wkdw wkh shufhlyhg wkhru| ri uhjxodwlrq lv lqghhg d�hfwhg/ dqg wkdw qhz

lvvxhv dulvh erwk iurp d srvlwlyh dqg qrupdwlyh srlqw ri ylhz1

Nh|zrugv= Pxowlqdwlrqdo Hqwhusulvhv/ Uhjxodwlrq/ Frpprq Djhqf|/ Qhz Uhjxod0

wru| Hfrqrplfv1

M1H1O1 fodvvl�fdwlrq= O84/ I561

�L dp judwhixo wr F1 Fdpelql/ Q1 Prkdphg M1M1 Od�rqw/ D1 Shwuhwwr/ M1F1 Urfkhw/ S1 Whghvfkl dqg sduwlf0

xoduo| wr F1 Vfdusd iru khosixo frpphqwv dqg wzr dqrq|prxv uhihuhhv1 Wkh xvxdo glvfodlphu dssolhv1
|JUHPDT/ Xqlyhuvlwì ghv Vflhqfhv Vrfldohv gh Wrxorxvh dqg Xqlyhuvlw| ri Erorjqd/ Lwdo|1 H0pdlo=

fdo}roduCvser1xqler1lw
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4 Lqwurgxfwlrq

Wkh skhqrphqrq ri exvlqhvv lqwhuqdwlrqdol}dwlrq lv d pdlq dvshfw ri wrgd|*v hfrqrplf v|v0

whpv1 Ilupv pd| vhuyh iruhljq pdunhwv e| h{sruwlqj jrrgv ru e| wxuqlqj lqwr pxowlqdwlrqdo

hqwhusulvhv +PQHv khqfhiruwk,1 Lq wkh iruphu fdvh wkh| surgxfh lq rqh frxqwu| dqg h{sruw

deurdg/ zkloh PQHv rshq surgxfwlrq sodqwv lq gl�huhqw frxqwulhv dqg surylgh pdunhwv zlwk

orfdo surgxfwlrq1 Dq hpslulfdo frpsdulvrq ri wkhvh skhqrphqd vkrzv wkdw lq 4<;8/ zruog

vdohv ri doo PQHv* iruhljq d!oldwhv htxdoohg <<( ri wrwdo zruog h{sruwv> wkh vdph �jxuh urvh

wr 455( lq 4<<41 Wkxv/ iurp dw ohdvw 4<<4 rqzdugv lqwhuqdwlrqdo surgxfwlrq kdv vxusdvvhg

h{sruwv dv wkh sulqflsdo phdqv ri gholyhulqj jrrgv dqg vhuylfhv wr iruhljq pdunhwv/ dqg pruh

uhfhqw �jxuhv frq�up wklv wuhqg +X1Q1F1W1D1G1 +4<<9,,1 Wkxv wkh surfhvv ri lqwhuqdwlrqdo

h{sdqvlrq lv qrz pdlqo| wdnlqj sodfh wkurxjk wkh vhwwlqj0xs ri iruhljq vxevlgldulhv1

Lq wklv sdshu zh dqdo|vh wkh uhfhqw lqyroyhphqw ri sxeolf xwlolwlhv lq wklv surfhvv ri pxowlqd0

wlrqdolvdwlrq1 Wzr hyhqwv fdq eh frqvlghuhg wkh pdlq ruljlqdwlqj fdxvhv ri wklv skhqrphqrq/

ghuhjxodwlrq dqg sulydwlvdwlrq/ erwk ri zklfk kdyh idyrxuhg wkh hqwu| ri qhz/ riwhq iruhljq/

�upv1

HGI/ wkh iruphu Iuhqfk hohfwulflw| prqrsrolvw/ kdv uhfhqwo| dftxluhg Orqgrq Hohfwulflw|

0 dq lpsruwdqw hqhuj| glvwulexwru lq wkh X1N1 0 dqg lv sodqqlqj wr h{sdqg lqwr wkh Jhupdq

hohfwulflw| pdunhw1 Vlploduo|/ Xqlwhg Xwlolwlhv dqg Hdvwhuq Jurxs frqwuro pdq| ri wkh iruphu

UHFv +Uhjlrqdo Hohfwulflw| Frpsdqlhv, lq wkh XN1 Lq 4<<:/ HQGHVD/ wkh Vsdqlvk qdwlrqdo

hqhuj| jurxs/ dftxluhg d 5<15( pdmrulw| vwdnh lq wkh Fklohdq HQHUVLV Jurxs/ wkxv eh0

frplqj wkh odujhvw hohfwulflw| surylghu lq wkh uhjlrq1 Lq 4<<6 wkh jurxs Djxdv Dujhqwlqdv/

ohg e| wkh Iuhqfk pxowlqdwlrqdo Ylyhqgl/ uhfhlyhg d 630|hdu uhjxodwhg iudqfklvh wr surylgh

zdwhu dqg zdvwhzdwhu vhuylfhv wr < ploolrq lqkdelwdqwv ri phwursrolwdq Exhqrv Dluhv1 Dq
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dqdorjrxv vwru| frxog eh wrog uhjduglqj wkh whohfrppxqlfdwlrqv lqgxvwu|/ zkhuh wkh surfhvv

ri olehudolvdwlrq dqg sulydwlvdwlrq zklfk ehjdq lq wkh odwh Hljkwlhv surylghg d vwurqj lpsxovh

wr lqwhuqdwlrqdolvdwlrq dqg wr wkh h{sdqvlrq ri PQHv +vhh Erkolq dqg Judqvwudqg +4<<7,

dqg Dqwrqhool +4<<8,,14 Iru lqvwdqfh/ wkh XN �up Fdeoh ) Zluhohvv kdg d pdmrulw| vwdnh lq

Krqj Nrqj Whohfrp/ wkh pdlq orfdo whohfrp vhuylfhv surylghu xqwlo 4<<:/ dqg vwloo vxssolhv

uhjxodwhg vhuylfhv lq Dxvwudold/ Uxvvld/ wkh Fduleehdq dqg Vzhghq1

Pdq| rwkhu h{dpsohv fdq eh irxqg lq �qdqfldo vhfwruv1 Wkh Iuhqfk lqvxudqfh �up D[D

rzqv Htxlwdeoh Olih/ rqh ri Qruwk Dphulfd*v eljjhvw olih lqvxuhuv/ wrjhwkhu zlwk Fdqdgd*v

Eruìdo Dvvxudqfhv/ wkh frxqwu|*v irxuwk odujhvw olih lqvxuhu1 Dv iru wkh edqnlqj vhfwru/ wkh

iroorzlqj txrwdwlrq lv sduwlfxoduo| uhyhdolqj= �1111 Xqlwhg Edqn ri Vzlw}huodqg 111 rshudwh+v,

lq pruh wkdq 433 frxqwulhv1 Dv edqnv kdyh ehfrph pruh joredo/ krzhyhu/ wkhlu uhjxodwruv kdyh

uhpdlqhg qdwlrqdo1� +Wkh Hfrqrplvw 460Ghf0<:,1 +Iru wkh surolihudwlrq ri PQHv lq edqnlqj

vhh dovr Zlooldpv +4<<:,1,

Wkhvh idfwv vkrz wkdw wkh wkhru| dqg sudfwlfh ri uhjxodwlrq kdv wr eh uh0dqdo|vhg lq

ylhz ri wkh idfw wkdw uhjxodwhg �upv duh qrz ghhso| lqyroyhg lq wkh �joredolvdwlrq� surfhvv1

Ilupv* prelolw| dqg wkhlu delolw| wr rshudwh lq vhyhudo pdunhwv dw wkh vdph wlph duh fkdqjlqj

uhjxodwruv* wdvnv1 Uhjxodwru| erglhv duh qrz idfhg zlwk �upv wkdw vsuhdg wkhlu exvlqhvv

dfwlylwlhv doo ryhu wkh zruog/ dqg dv d frqvhtxhqfh wkh| vrphwlphv gluhfwo| uhjxodwh iruhljq0

rzqhg �upv1 Zh zloo vkrz wkdw lq wklv fdvh wkh wudglwlrqdo wkhru| ri uhjxodwlrq lv vxemhfw wr

fhuwdlq lpsruwdqw prgl�fdwlrqv/ dqg wkdw qhz lqwhuhvwlqj duhdv ri dqdo|vlv dulvh1

Ghvslwh wkh lpsruwdqfh ri wkhvh ghyhorsphqwv/ h{lvwlqj wkhruhwlfdo olwhudwxuh rq PQH

4Dw wkh vdph wlph wkhuh zdv d shulrg ri sduwldo gh0uhjxodwlrq lq wkh vhfwru1 Krzhyhu/ uhjxodwlrq lv vwloo

uhtxluhg iru d qxpehu ri uhdvrqv/ vxfk dv dffhvv sulflqj1
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uhjxodwlrq lv yhu| olplwhg1 Wkh dlp ri wklv sdshu lv wkuhhirog1 Iluvw/ zh uhylhz wkh ihz h{lvwlqj

sdshuv zulwwhq rq wklv wrslf1 Vhfrqgo|/ zh pdnh xvh ri vrph uhfhqw wkhruhwlfdo ghyhorsphqwv

lq frqwudfw wkhru| wr uhlqwhusuhw wkhp zlwklq wkh suhvhqw frqwh{w1 Ilqdoo|/ zh suhvhqw vrph

ixuwkhu duhdv ri uhvhdufk1

Erwk h{sruwv dqg lqwhuqdwlrqdo surgxfwlrq duh qhz vxemhfwv iru Uhjxodwlrq/ dqg dv vxfk

uhtxluh vshfl�f dqdo|vlv1 Eudlqdug dqg Pduwlpruw +4<<9, dqg Frpehv/ Fdloodxg dqg Mxoolhq

+4<<:, dqdo|vh uhjxodwlrq zlwk uhjdug wr h{sruwlqj �upv1 Zh zloo pdlqo| irfxv rq lqwhu0

qdwlrqdo surgxfwlrq iru dw ohdvw wkuhh uhdvrqv1 Iluvwo|/ hfrqrplf wkhru| dujxhv wkdw PQHv

whqg wr suhydlo ryhu sxuho| qdwlrqdo �upv zkhq surgxfwlrq uhtxluhv lqwhuphgldwh lqsxwv ri d

�sxeolf� qdwxuh iurp zlwklq wkh �up +h1j1 whfkqrorjlfdo nqrzohgjh dqg d �up*v uhsxwdwlrq,15

Lqwhuqdo wudqvihuv ri wkhvh doprvw0sxeolf jrrgv olh dw wkh edvlv ri PQHv* vxffhvv/ dqg zlwk0

rxw wkhp wkh dgglwlrqdo frvwv ri frpsoh{ pxowlqdwlrqdo rujdqlvdwlrqv zrxog ohdg wr PQHv

ehlqj grplqdwhg e| wudglwlrqdo grphvwlf �upv1 Lqwhuhvwlqjo| hqrxjk/ pdq| uhjxodwhg vhfwruv

duh riwhq fkdudfwhulvhg e| wkh surgxfwlrq dqg xvh ri wkhvh lqwhuphgldwh lqsxwv1 Vhfrqgo|/

lq wkh fdvh ri h{sruwlqj �upv/ wkh wzr suhylrxv sdshuv vkrz wkdw wkh olqn ehwzhhq qdwlrqdo

uhjxodwlrqv ruljlqdwhv iurp frpshwlwlrq lq lqwhuqdwlrqdo pdunhwv + dv lq Eudqghu dqg Vshqfhu

+4<;8,,1 Rq wkh rwkhu kdqg/ rxu dqdo|vlv vkrzv wkdw lq wkh fdvh ri PQHv wkh surgxfwlrq

surfhvv jhqhudwhv irupv ri lqwhudfwlrq ehwzhhq gl�huhqw qdwlrqdo uhjxodwlrqv1 Wklugo|/ rxwsxw

lq vhyhudo uhjxodwhg vhfwruv lv riwhq d qrq0wudghdeoh vhuylfh/ vr wkdw lqwhuqdwlrqdo surgxfwlrq

uhpdlqv wkh rqo| zd| ri vhuylqj iruhljq pdunhwv +Kluvfk +4<;<,,16

5Iru d frpsohwh vxuyh| vhh Fdyhv +4<<9,1
6Lw lv wuxh wkdw qhz lqirupdwlrq whfkqrorjlhv pd| pdnh vrph vhuylfhv wudghdeoh1 Krzhyhu/ prvw ri wkhp

uhpdlq qrq0wudghdeoh1 Iru h{dpsoh/ wkh pdlq Lqwhuqhw errn vhoohu/ d XV �up zklfk d sulrul vkrxog qrw qhhg

iruhljq orfdwlrq/ kdv uhfhqwo| ghflghg wr vhuyh Hxursh e| rshqlqj wzr vlwhv lq orfr wr vdyh rq wudqvsruwdwlrq
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Dffruglqj wr wkh pdlq vwuhdp ri rswlpdo uhjxodwlrq wkhru|/ zh pdlqwdlq wkdw �Wkh irfxv lv

wkh ghvljq ri uhjxodwru| srolflhv wkdw wdnh lqwr dffrxqw wkh rssruwxqlwlhv ri vwudwhjlf ehkdylru

surylghg e| lqfrpsohwh lqirupdwlrq dqg olplwhg revhuydelolw| rq wkh sduw ri wkh uhjxodwru1�

+Edurq +4<;<, +sdjh 467<,/ vhh dovr Od�rqw +4<<7, dqg Od�rqw dqg Wluroh +4<<6, sdjh 67,1

Wkh uhjxodwru| lvvxhv duh wkhq olqnhg wr dv|pphwulf lqirupdwlrq ehwzhhq wkh uhjxodwhg �up+v,

dqg wkh uhjxodwlqj dxwkrulw|/ odfn ri frpplwphqw e| wkh uhjxodwruv dqg lpshuihfw uhjxodwruv

ru uhjxodwru| fdswxuh1

Zh zloo frqfhqwudwh rq wkh fdvh ri prqrsro| uhjxodwlrq ri sulydwho| lqiruphg pxowlqdwlrq0

dov1 Wklv lv d vw|ol}hg iudphzrun zklfk reylrxvo| devwudfwv iurp qxphurxv lpsruwdqw ihdwxuhv

ri wkh deryh0phqwlrqhg lqgxvwulhv1 Pruhryhu/ wkh dqdo|vlv sursrvhg lq wklv sdshu frqfhuqv

wkh xwlolwlhv vhfwruv +hqhuj|/ whohfrppxqlfdwlrqv/ wudqvsruwdwlrq/ zdwhu pdqdjhphqw/ srvwdo

vhuylfhv hwf1, pruh wkdq lw grhv rwkhu vhfwruv +h1j1 edqnlqj dqg lqvxudqfh, dv wkh odwwhu qhhg

d pruh h{solflw wuhdwphqw ri frpshwlwlrq1 Ghuhjxodwlrq dqg sulydwlvdwlrq kdyh riwhq +exw qrw

dozd|v, uhgxfhg wkh prqrsro| srzhu ri wkh lqfxpehqw frpsdqlhv1 Krzhyhu/ rxu dqdo|vlv

hqdeohv xv wr vlqjoh rxw wkh pdlq qhz fkdudfwhulvwlfv ri wkh txhvwlrq lq kdqg dqg surylgh d

vlpsoh dffrxqw ri wkh suhvhqfh ri d frpshwlqj iulqjh1

Wzr gl�huhqw ylhzsrlqwv duh ri uhohydqfh wr rxu dqdo|vlv1 Iluvwo|/ zh duh lqwhuhvwhg lq

vwxg|lqj krz rswlpdo uhjxodwlrq vfkhphv fkdqjh zkhq wkh uhjxodwru| dxwkrulw| lv idfhg zlwk

iruhljq0rzqhg �upv1 Vhfrqgo|/ pxowlqdwlrqdo hqwhusulvhv 0 uhjxodwhg e| vhyhudo frxqwulhv dw

wkh vdph wlph 0 duh lq idfw frpprq djhqwv ri ydulrxv qdwlrqdo dxwkrulwlhv/ wkh sulqflsdov1

Wkhvh �upv duh iruphg e| vhyhudo xqlwv rshudwlqj lq gl�huhqw frxqwulhv/ dqg rqh frxqwu|*v

uhjxodwlrq pd| d�hfw wkh dfwlylwlhv ri xqlwv orfdwhg lq rwkhu frxqwulhv1 Wklv skhqrphqrq

frvwv1
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kljkoljkwv wkh suhvhqfh ri olqnv ehwzhhq wkh uhjxodwlrq ri gl�huhqw frxqwulhv17 Zh zloo vkrz

wkdw qdwlrqdo uhjxodwlrqv pd| d�hfw hdfk rwkhu qrw rqo| e| phdqv ri wkh +vwdqgdug, h{whuqdo

h�hfwv jhqhudwhg e| uhjxodwhg yduldeohv/ exw dovr wkurxjk frqwudfw h{whuqdolwlhv d�hfwlqj wkh

uhjxodwruv* delolw| wr frqwuro wkh �up1 Wkh lqfhqwlyh vfkhphv r�huhg wr d PQH e| qdwlrqdo

uhjxodwruv d�hfw hdfk rwkhu/ dqg pd| eh zhdnhqhg dv d frqvhtxhqfh ri wklv lqwhughshqghqfh1

Dprqj wkh rwkhu h�hfwv/ zh vkrz wkdw d �up pd| eh lqgxfhg lqwr furvv0vxevlglvlqj qdwlrqdo

dfwlylwlhv wr idflolwdwh frxqwulhv zklfk dwwdfk juhdwhu lpsruwdqfh wr wkh �up*v sur�w1

PQHv pd| dovr eh deoh wr �111 hvfdsh wkh uhjxodwru| uhdfkhv ri dq| qdwlrqdo jryhuqphqw�

+Fdyhv +4<<9, sdjh 58:,1 Zh vkrz wkdw wkhvh �upv duh lqghhg lq d srvlwlrq wr sod| qdwlrqdo

uhjxodwlrqv djdlqvw hdfk rwkhu dqg wdnh dgydqwdjh ri gl�huhqfhv lq wkh uhjxodwlrqv ri gl�huhqw

frxqwulhv1 Wklv delolw| zloo eh dq dgglwlrqdo frqvwudlqw rq wkh uhjxodwruv* sureohp/ d wklug

w|sh ri h{whuqdolw| ehwzhhq uhjxodwlrqv1

Wkh suhvhqfh ri h{whuqdolwlhv vkrxog lq sulqflsoh fdoo iru frrshudwlrq2frruglqdwlrq ehwzhhq

frxqwulhv1 Krzhyhu/ zh zloo vkrz wklv pd| qrw eh wkh fdvh iru d qxpehu ri uhdvrqv/ vxfk dv

wkh suhvhqfh ri qrq0ehqhyrohqw uhjxodwruv/ ru gxh wr fhuwdlq g|qdplf ihdwxuhv ru wr odfn ri

frpplwphqw1 Pruhryhu/ vkrxog frruglqdwlrq suryh suhihudeoh/ vrph lvvxhv zrxog vwloo uhpdlq

zlwk uhjdug wr wkh lpsohphqwdwlrq ri frruglqdwlrq1 Iru lqvwdqfh/ d vxsud0qdwlrqdo dxwkrulw|

pd| eh dvnhg wr uhjxodwh wkh PQH/ zkloh qdwlrqdo dxwkrulwlhv pd| eh dvvljqhg wkh wdvn

ri froohfwlqj lqirupdwlrq rq uhjxodwhg �upv1 Pruhryhu/ ghohjdwlqj doo qdwlrqdo srzhuv wr d

vxsud0qdwlrqdo uhjxodwru| erg| pd| eh xquhdolvwlf/ dqg dq dowhuqdwlyh zrxog eh wr ghvljq dq

lqwhuqdwlrqdoo| rswlpdo rzqhuvkls vwuxfwxuh zklfk shuplwwhg lqghshqghqw qdwlrqdo dxwkrulwlhv

7Wkh uhfhqw frpprq djhqf|/ ru pxowlsulqflsdo/ wkhru| dqdo|vhv prghov lq zklfk d sulydwho| lqiruphg

frpprq djhqw dfwv lq wkh lqwhuhvw ri vhyhudo xq0lqiruphg sulqflsdov1 Vhh Edurq +4<;8,/ Pduwlpruw +4<<5, dqg

Vwroh +4<<5,1
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wr uhjxodwh1 Ilqdoo|/ dqrwkhu rswlrq zh orrn dw lv wkdw frxqwulhv rswlpdoo| ghvljq wkh lqgxvwuldo

vwuxfwxuh ri uhjxodwhg vhfwruv zlwk wkh srvvlelolw| hlwkhu wr dffhsw ru edq wkh sduwlflsdwlrq ri

PQHv1

Wkh uhvw ri wkh sdshu lv rujdqlvhg dv iroorzv1 Lq vhfwlrq 5 zh ehjlq e| eulh | vxppdulvlqj

wkh pdlq ihdwxuhv ri d edvlf prgho lqvsluhg e| wkh wkhru| ri rswlpdo uhjxodwlrq/ dqg wkhq

vkrz krz zh fdq dffrxqw iru iruhljq0rzqhg �upv lq d vlpsoh zd|1 Lq vhfwlrq 6 zh h{whqg wklv

edvlf iudphzrun e| vwxg|lqj wkh h�hfwv ri pdq| h{dpsohv ri qdwlrqdo uhjxodwlrq ri PQHv*

ehkdylrxu1 Vhfwlrq 7 orrnv dw wkh qrupdwlyh lvvxhv/ zkloh vhfwlrq 8 frqfoxghv e| surylglqj

vxjjhvwlrqv iru ixuwkhu uhvhdufk1

5 D edvlf uhjxodwru| iudphzrun

Lqirupdwlrq lv d pdlq lqjuhglhqw lq wkh Sulqflsdo0Djhqw sdudgljp xvhg lq wkh qhz uhjxodwru|

hfrqrplfv1 Wkh uhjxodwhg �up +wkh Djhqw, kdv vrph sulydwh lqirupdwlrq derxw surgxfwlrq

frvwv dqg2ru pdunhw ghpdqg1 Idfhg zlwk wklv lqirupdwlrqdo glvdgydqwdjh/ wkh uhjxodwlqj

dxwkrulw| +wkh Sulqflsdo, kdv wr ghvljq lqfhqwlyh vfkhphv +ru frqwudfwv, lqgxflqj wkh �up

wr ehkdyh lq wkh dxwkrulw|*v lqwhuhvw1 Pruhryhu/ gxh wr glvwulexwlyh frqfhuqv/ wkh uhjxodwru

hydoxdwhv �up*v sur�w ohvv wkdq frqvxphu vxusoxv1 Dv d frqvhtxhqfh/ ohdylqj sur�wv wr wkh

�up lv frvwo|1 Wkh uhjxodwru wkhq kdv wr wudgh r� doorfdwlyh dqg glvwulexwlyh h!flhqflhv1

Wkh uhjxodwhg �up ixuqlvkhv rxwsxw +/ wkh surgxfwlrq ri zklfk uhtxluhv vrph lqwhuphgldwh/

lqwhuqdoo|0surgxfhg lqsxw ^ +h1j1 frvw0uhgxflqj h�ruw,/ dv zhoo dv dq h{whuqdoo|0dftxluhg lqsxw

u +h1j1 oderxu, dw sulfh �1 Wkh surgxfwlrq ixqfwlrq lv + ' sE^c u�� Wr surgxfh lqwhuphgldwh

lqsxw ^ wkh �up ehduv d frvw )E^c q� zlwk )^ : f +vxevfulswv lqglfdwh sduwldo ghulydwlyhv,

zkhuh q lv dq h!flhqf| sdudphwhu c wkh vpdoohu wkh q wkh pruh h!flhqw wkh �up= )q : fc

:



)q^ � f1 Lqyhuwlqj wkh surgxfwlrq ixqfwlrq/ rqh rewdlqv oderxu ghpdqg u ' u E^c +� +zlwk

u^ 	 f/ u+ : f�18 Ohw - E+� ghqrwh wkh �up*v uhyhqxh/ RE�� wkh lqyhuvh ghpdqg dqg | wkh

uhjxodwru| lqvwuxphqw +wd{ ru vxevlg|/ uhvshfwlyho|/ li | : f ru | 	 f,1 Wkh �up*v sur�w lv

wkxv

� ' RE+�+ � �Eqc ^c +� n |c +4,

zkhuh wrwdo frvw �Eqc ^c +� ' )Eqc ^� n �uE^c +� lv frpsrvhg ri wkh frvw ri rewdlqlqj wkh

lqwhuphgldwh lqsxw/ dqg wkh �qdo0vwdjh surgxfwlrq frvw1

Wkh uhjxodwru pd{lplvhv d xwlolwduldq remhfwlyh ixqfwlrq1 Vrfldo grphvwlf zhoiduh lv d

zhljkwhg vxp ri qhw frqvxphu vxusoxv/ wd{ uhflshv +ru wudqvihuv wr wkh uhjxodwhg �up, dqg

wrwdo �up sur�w1 Ohw T E+� ' d7E+� � RE+�+o dqg 7E+� uhvshfwlyho| ghqrwh wkh qhw dqg jurvv

frqvxphu vxusoxv1 Wkh sur�w pdgh e| wkh �up lv zhljkwhg zlwk k 	 �1 Ilqdoo|/ wkh remhfwlyh

ixqfwlrq pd{lplvhg e| wkh uhjxodwru lv

` ' T E+�� |n k�

zkhuh/ iru wkh vdnh ri vlpsolflw|/ zh dvvxphg d }hur frvw ri ulvlqj sxeolf ixqgv1

Wkh �up nqrzv wkh wuxh ydoxh ri q zkloh wkh uhjxodwru kdv rqo| vrph sulruv rq q dffruglqj

wr d fxpxodwlyh glvwulexwlrq ixqfwlrq 8 Eq� dqg d ghqvlw| sEq� : f ryhu dq lqwhuydo � '
k
qc 7q

l
1

Wkh dv|pphwulf lqirupdwlrq sdudphwhu q d�hfwv wkh lqwhuphgldwh lqsxw surgxfwlrq skdvh1

Prvw ri wkh olwhudwxuh rq PQHv vkrzv wkdw PQHv gl�hu iurp sxuho| qdwlrqdo �upv lq wkhlu

delolw| wr surgxfh lqwhuphgldwh lqsxwv zklfk duh xvhg dw orz ru }hur dgglwlrqdo frvwv e| doo

wkh �qdo vwdjh vxevlgldulhv1 Lqwhuqdo surgxfwlrq ri lqwhuphgldwh lqsxwv lv wkhq d nh| dvshfw ri

8O+t> |, lv rewdlqhg lqyhuwlqj | @ i+t> O, dqg vxevfulswv ghqrwh sduwldo ghulydwlyhv1 Vwdqgdug surgxfwlrq

ixqfwlrqv lpso| Ot| ? 3 zklfk vlpso| vwdwhv wkdw/ iru d jlyhq t/ wkh srvvlelolw| ri vxevwlwxwlqj O zlwk t

ghfuhdvhv dv | lqfuhdvhv1

;



PQHv* dfwlylwlhv dqg fdq eh uhdvrqdeo| frqvlghuhg d vrxufh ri sulydwh lqirupdwlrq iru PQHv1

Wkh uhjxodwru revhuyhv wkh wrwdo surgxfwlrq frvw �/ dv lq Od�rqw dqg Wluroh +4<<6,1

Revhuylqj � dqg +/ wkh uhjxodwru fdq lqihu ^ dqg wkhq rughu wkh �up wr surgxfh d fhuwdlq

dprxqw ri lqwhuphgldwh lqsxw dqg rxwsxw zlwk d uhjxodwru| frqwudfw ri wkh w|sh |E^c +��9

D ixoo| lqiruphg uhjxodwru zrxog eh deoh wr vhw uhjxodwlrq lq rughu wr htxdwh pdujlqdo

frvw dqg ehqh�w iru erwk lqsxw dqg rxwsxw/ uhvshfwlyho| )^Eqc ^� ' ��u^E^c +� dqg R ' �+

zkhuh ��u^ lv wkh +pdujlqdo, uhgxfwlrq lq wkh �qdo vwdjh surgxfwlrq frvw1 Zkhq/ rq wkh

frqwudu|/ wkh uhjxodwru grhv qrw nqrz krz h!flhqw wkh �upv lv/ kh kdv wr ghvljq d frqwudfw wr

pd{lplvh wkh h{shfwhg ydoxh ri vrfldo zhoiduh xqghu dq lqfhqwlyh frpsdwlelolw| frqvwudlqw +wr

dqwlflsdwh wkh �up*v surgxfwlrq ghflvlrqv, dqg d sduwlflsdwlrq frqvwudlqw zklfk lqgxfhv wkh

�up lqwr yroxqwdulo| dffhswlqj uhjxodwlrq1 D qhfhvvdu| frqglwlrq iru lqfhqwlyh frpsdwlelolw|

+vhh Edurq +4<;<, sdjh 469:, lv

�Eq� '
]

7q

q
)qE�c ^E���_�c +5,

zkhuh �Eq� lv wkh sur�w hduqhg e| d �up zlwk w|sh q dqg srvlwlyho| ghshqgv rq wkh dprxqw

ri ^� Wkh rswlpdolw| frqglwlrqv iru lqwhuphgldwh lqsxw dqg rxwsxw +ru sulfh, lq wklv fdvh duh

)^Eqc ^� n E�� k�
8 Eq�

sEq�
)q^Eqc ^� ' ��u^E^c +� +6,

R ' �+� +7,

H{suhvvlrq +6, vkrzv wkdw doorfdwlyh h!flhqf| lv qhjdwlyho| d�hfwhg e| dv|pphwulf lqiru0

pdwlrq/ dqg lqwhuphgldwh lqsxw lv grzqzdug glvwruwhg1 Li wkh uhjxodwru lqfuhdvhv ^c kh dovr

lqfuhdvhv wkh sur�w zklfk lv ohiw wr wkh �up +e| +5,,dqg wklv h{sodlqv wkh vhfrqg whup rq wkh

9Lq vrph fdvhv t pd| qrw eh revhuydeoh1 Dv vkrzq lq d suhylrxv yhuvlrq ri wklv sdshu/ dqg lq Fdo}rodul

+4<<<,/ rxu dqdo|vlv vwloo krogv lq wklv fdvh/ zklfk fruuhvsrqgv wr qrq0revhuydeoh frvw uhjxodwlrq1

<



ohiw kdqg vlgh ri +6, lqfuhdvlqj pdujlqdo lqsxw frvw1 Rq wkh frqwudu|/ rxwsxw grhv qrw d�hfw

lqirupdwlrqdo uhqw +vhh +5,, dqg lv ri qr xvh lq fruuhfwlqj lqfhqwlyh sureohpv1 Lw lv fkrvhq

dffruglqj wr d qrq0glvwruwhg pdujlqdo0frvw sulflqj uxoh/ dq dssolfdwlrq ri wkh lqfhqwlyh0sulflqj

glfkrwrp| uhvxow lq Od�rqw dqg Wluroh +4<<6/ sdjh 4:;,1 Pruhryhu/ lw fdq eh hdvlo| vkrzq

wkdw rswlpdo uhjxodwlrq ohdyhv wkh ohdvw h!flhqw �up zlwk }hur sur�wv1 Dqwlflsdwlqj vrph ri

wkh uhvxowv lq wkh qh{w vhfwlrq/ wklv pd| qr orqjhu eh wkh fdvh zkhq wkh uhjxodwhg �up kdv

uhdo rxwvlgh rssruwxqlwlhv1

D vlpsoh zd| ri dffrxqwlqj iru PQHv lv wkurxjk lqwhuqdwlrqdo rzqhuvkls1 Li wkh uhjxodwhg

�up lv d iruhljq PQH/ wkhq wkh rzqhuv duh xvxdoo| iruhljqhuv +d grphvwlf PQH wkdw dovr

vhuyhv iruhljq pdunhwv zloo eh frqvlghuhg odwhu rq,1 Ohw wkh grphvwlf rzqhuvkls vkduh eh w

vxfk wkdw ws ' �� w lv iruhljq rzqhuvkls1 Pruhryhu/ lw lv d zhoo0grfxphqwhg idfw wkdw PQHv

kdyh vwurqj edujdlqlqj srzhu ylv0ã0ylv krvw frxqwulhv dqg pd| hqjdjh lq frxqwu|0vshfl�f

oree|lqj dfwlylwlhv lq rughu wr lqfuhdvh jryhuqphqwv* lqwhuhvw lq PQHv* sur�wv +h1j1 eulelqj

qdwlrqdo uhjxodwruv ru hqjdjlqj lq frxqwu|0 vshfl�f dgyhuwlvlqj fdpsdljqv wr lqfuhdvh flwl}hqv*

jhqhudo lqwhuhvw lq wkh �up,1 Doehlw udwkhu dg krf/ wklv vlpsoh ghvfulswlrq ri oree|lqj hqdeohv

xv wr vwxg| wkh lpshuihfwlrqv lq wkh ghohjdwlrq ri uhjxodwru| dxwkrulw| wr uhjxodwruv zlwk

sulydwh djhqgdv1: Ohw j ghqrwh wkh lqfuhdvh lq wkh sur�w zhljkw gxh wr oree|lqj2edujdlqlqj

dvshfwv= wkh sur�w zhljkw fdq eh �qdoo| eurnhq grzq lqwr k ' w n j dqg zloo dozd|v shuwdlq

wr wkh uhvshfwlyh fdvh zlwk k 	 � iru dq| ydoxh ri w dqg j�; D vlpsoh lqvshfwlrq ri rswlpdolw|

frqglwlrqv vkrzv wkdw Y^

Yk
: f dqg Y+

Y^
: f� Wkh pruh grphvwlf flwl}hqv rzq wkh �up dqg2ru

:Jurvvpdq dqg Khospdq +4<<7,/ Ihhqvwud dqg Ohzlv +4<<4, dqg Pduwlpruw +4<<9, xvh suhflvho| wklv

lqwhusuhwdwlrq iru sur�w zhljkwlqj lq vrfldo zhoiduh ixqfwlrqv1 Vhh dovr Judkdp dqg Nuxjpdq +4<<4,1
;Iru � � 4 wkh zhoo0nqrzq Orhe0Pdjdw sdudgr{ zrxog dsso|1 � ? 4 fdq eh hdvlo| rewdlqhg lq d uhdolvwlf

prgho zlwk oree|lqj frvw Fo+�>�, vxfk wkdw olp
�$4

Fo+�>�, @ .4 iru dq| � A 31
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(a) (b)

MNE

R

MNE

Rn......R1

S1 Sn

Iljxuh 4=

wkh pruh wkh PQH oreelhv wkh uhjxodwru/ wkh odujhu lqsxw dqg rxwsxw duh jrlqj wr eh1

6 Uhjxodwlrq ri d pxowlqdwlrqdo e| vhyhudo qdwlrqdo dx0

wkrulwlhv= d srvlwlyh dssurdfk

Zh qrz orrn dw wkh h�hfwv ri pxowlsoh qdwlrqdo uhjxodwlrq rq wkh ehkdylrxu ri d uhjxodwhg

PQH1 Dq PQH zklfk lv uhjxodwhg e| vhyhudo frxqwulhv dw wkh vdph wlph/ ehfrphv d frpprq

djhqw ri wkh qdwlrqdo dxwkrulwlhv +wkh sulqflsdov,1 Wklv fkdqjh lq shuvshfwlyh zlwk uhvshfw wr

wkh suhylrxv vhfwlrq lv looxvwudwhg lq �jxuh 41

Fdvh +d, uhihuv wr wkh wudglwlrqdo uhjxodwru0�up +uhvshfwlyho| - dqg ��. lq wkh �jxuh,

vhwwlqj ri wkh suhylrxv vhfwlrq1 Fdvh +e,/ ghvfulehv wkh uhodwlrqvkls ehwzhhq vhyhudo qdwlrqdo

uhjxodwruv +-�, dqg dq PQH1 Wkh vxevlgldulhv +7�, ri dq PQH duh pdwhuldoo| orfdwhg lq

vhyhudo gl�huhqw frxqwulhv/ dqg duh xqghu wkh mxulvglfwlrq ri gl�huhqw uhjxodwru| djhqflhv1

Dv zh kdyh douhdg| srlqwhg rxw/ wkh dfwlylwlhv ri vxevlgldulhv duh jhqhudoo| qrw lqghshqghqw1

Frpprq surgxfwlrq ri lqwhuphgldwh lqsxwv dqg lqwhuqdo doorfdwlrq ri uhvrxufhv fuhdwh wkh

olqnv ehwzhhq vxevlgldulhv* surgxfwlrq dqg wkxv ehwzhhq qdwlrqdo uhjxodwlrqv1 Wklv jlyhv
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ulvh wr vhyhudo lqwhuhvwlqj lvvxhv zklfk zh duh qrz jrlqj wr olvw vr dv wr surylgh d uhdghu*v

jxlgh wr wkh dqdo|vlv lq wklv vhfwlrq1 +4, Olqnv +h{whuqdolwlhv, ehwzhhq qdwlrqdo uhjxodwlrqv>

+5, Frpprq frvw doorfdwlrq> +6, Frpshwlwlrq lq qdwlrqdo pdunhwv> +7, Gl�huhqwo| xqlqiruphg

qdwlrqdo uhjxodwruv> +8, Qrq0ehqhyrohqw uhjxodwruv dqg oree|lqj e| PQHv +wklv wkhph zloo eh

wuhdwhg wrjhwkhu zlwk wkh suhylrxv rqhv,1

614 Olqnv ehwzhhq gl�huhqw qdwlrqdo uhjxodwlrqv

Dw ohdvw wzr w|shv ri h{whuqdolwlhv ehwzhhq gl�huhqw qdwlrqdo uhjxodwlrqv pd| dulvh zkhq ghdo0

lqj zlwk dq PQH1 Iluvwo|/ wkh yduldeoh+v, uhjxodwhg lq rqh frxqwu| pd| gluhfwo| d�hfw wkh

zhoiduh ri rwkhu uhjxodwru| dxwkrulwlhv1 Dv dq h{dpsoh ri wklv vwdqgdug h{whuqdolw| frqvlghu

surgxfwlrq dqg2ru frqvxpswlrq lq frxqwu| � jhqhudwlqj srooxwlrq zklfk pljudwhv wr frxqwu|

�� Vhfrqgo|/ wkhuh lv dqrwkhu h{whuqdolw| zklfk lv forvho| olqnhg wr wkh suhvhqfh ri dv|pphw0

ulf lqirupdwlrq ehwzhhq wkh PQH dqg lwv uhjxodwruv1 Wklv frqwudfw h{whuqdolw| lv xowlpdwho|

uhodwhg wr wkh ghvljq ri rswlpdo uhjxodwru| frqwudfwv e| xqfrrshudwlyh uhjxodwruv zlwk dv|p0

phwulf lqirupdwlrq1 Hdfk xqlqiruphg uhjxodwru ghvljqv klv rswlpdo lqfhqwlyh uhjxodwlrq wr

pdnh wkh lqiruphg PQH ehkdyh lq klv rzq lqwhuhvwv/ zlwkrxw wdnlqj lqwr dffrxqw wkh idfw

wkdw kh lv dovr prgli|lqj wkh lqfhqwlyh uhodwlrqvklsv ehwzhhq wkh PQH dqg rwkhu uhjxodwruv1

Ehorz zh zloo pdlqo| irfxv rq wklv frqwudfwxdo h{whuqdolw|/ dqg frqvlghu vwdqgdug h{whuqdolwlhv

zkhq wkh| wxuq rxw wr eh ri sduwlfxodu lpsruwdqfh1

Uhjxodwru| djhqflhv duh olplwhg e| qdwlrqdo mxulvglfwlrq1 Lq doprvw doo fdvhv wkh| duh qrw

doorzhg wr gluhfwo| lqwhuihuh zlwk surgxfwlrq lq rwkhu frxqwulhv/ dqg duh olplwhg wr uhjxodwlqj

mxvw wkh orfdo surgxfwlrq skdvh�< Pruhryhu/ zkdw lv surgxfhg deurdg pd| zhoo eh xqrevhuy0

<Wklv phdqv wkdw mxulvglfwlrqdo erxqgdulhv jlyh ulvh wr lqfrpsohwh frqwudfwv1
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deoh dqg wkxv qrq0frqwudfwleoh1 Zh zloo wkhuhiruh dvvxph wkdw qdwlrqdo uhjxodwruv kdyh wkh

srvvlelolw| ri frqwuroolqj dqg uhjxodwlqj wkrvh jrrgv wkdw vxevlgldulhv surgxfh zlwklq vwulfwo|

grphvwlf erxqgdulhv1

Lq dffrugdqfh zlwk wkh prgho jlyhq lq wkh suhylrxv vhfwlrq/ ohw xv frqvlghu dq PQH sur0

gxflqj dq lqwhuphgldwh lqsxw ' ' ^( n ^8 +h1j1 vxevlgldu|0ghglfdwhg pdqdjhuldo h�ruw ru

sk|vlfdo lqwhuphgldwh surgxfwlrq idfwruv, zklfk lv doorfdwhg wr wkh rxwsxw0surgxflqj vxe0

vlgldulhv orfdwhg lq frxqwu| ( dqg 8 1 dqg ohw xv dvvxph wkdw wkhuh lv qr rssruwxqlw| ri

wudglqj �qdo rxwsxwv1 Wkh �qdo surgxfwlrq frvw ri vxevlgldu| � lv ��uE^�c +��� D prgl�fdwlrq

ri txdqwlw| ^� d�hfwv wkh pdujlqdo frvw ri surgxflqj ^� dqg wkxv dovr wkh ghflvlrq frqfhuq0

lqj +�� Zkhq lqsxw surgxfwlrq h{klelwv ghfuhdvlqj uhwxuqv wr vfdoh/ d ulvh lq ^� uhgxfhv ^�c

zkhuhdv zlwk lqfuhdvlqj uhwxuqv wr vfdoh lw lqfuhdvhv ^�1 Wkxv/ hyhq li �qdo surgxfwlrq vwdjhv

duh sk|vlfdoo| vhsdudwhg/ mrlqw surgxfwlrq dqg qrq frqvwdqw uhwxuqv wr vfdoh iru lqwhuphgldwh

lqsxwv fuhdwh olqnv ehwzhhq qdwlrqdo uhjxodwlrqv1 Pruhryhu/ rxwsxwv duh vxevwlwxwhv +frp0

sohphqwv, zkhq lqsxw whfkqrorj| h{klelwv ghfuhdvlqj uhwxuqv wr vfdoh +lqfuhdvlqj uhwxuqv wr

vfdoh,143 Hdfk dxwkrulw| uhjxodwhv grphvwlf surgxfwlrq/ pd{lplvlqj qdwlrqdo vrfldo zhoiduh/

`� ' T E+��� |�E^�c +�� n k�� dqg/ dv xvxdo/ doo hohphqwv ri wkh prgho duh frpprq nqrzohgjh

wr wkh PQH dqg wr wkh uhjxodwruv1 Qrwh wkdw wkh PQH lv uhjxodwhg rq d frqvrolgdwhg edvlv/

dqg wkh zd| lqsxw frvwv duh doorfdwhg dprqj vxevlgldulhv lv lppdwhuldo +vhh odwhu iru frvw

doorfdwlrq,1

Li qdwlrqdo dxwkrulwlhv fr0rshudwh lq uhjxodwlqj wkh PQH/ wkhq rswlpdo surgxfwlrq E^�c +���'(c8

43D fdvh ri shuihfw frpsohphqwdulw| rffxuv zkhq wkh PQH surgxfhv d sxeolf lqsxw t xvhg iru surgxfwlrq

lq doo wkh �qdo vwdjh vxevlgldulhv +h1j1 khdgtxduwhu pdqdjhuldo h�ruw ru U)G dv lq Khospdq dqg Nuxjpdq

+4<;8,,1
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vdwlv�hv

)^� n E�� k( � k8 �
8 Eq�

sEq�
)q^� ' ���u^�

dqg RE+�� ' �+� zklfk sdudooho wkh wzr frqglwlrqv +6 dqg 7, lq wkh edvlf vhw xs1

Fdo}rodul +4<<<, vkrzv wkdw zkhq uhjxodwruv gr qrw fr0rshudwh/ frqglwlrqv iru rswlpdo

surgxfwlrqv duh wkhq

)^� n E�� k��
8 Eq�

sq�

%
)q^� n

Y^�
Y^�

&
' ���u^� +8,

dqg RE+�� ' �+� 1
44

Wkhuh duh wzr pdlq gl�huhqfhv zlwk uhvshfw wr frrshudwlrq1 Iluvwo|/ sur�w zhljkwv duh

gl�huhqw1 Vhfrqgo|/ zkhq frxqwulhv gr qrw frrshudwh wkh| jhqhudwh frqwudfw h{whuqdolwlhv

lghqwl�hg e| wkh whup
Y^�
Y^�

� Uhjxodwru � nqrzv wkdw/ dq lqfuhdvh ri lqsxw ^� d�hfwv surgxfwlrq

lq frxqwu| �= ^� ghfuhdvhv li lqsxwv duh vxevwlwxwhv +ghfuhdvlqj uhwxuqv wr vfdoh,
Y^�
Y^�

	 fc ru

lqfuhdvhv li frpsohphqwv +ghfuhdvlqj uhwxuqv wr vfdoh, Y^�
Y^�

: f1 Exw wkhvh fkdqjhv lq wkh rwkhu

frxqwu|*v surgxfwlrq d�hfw wkh PQH*v sur�w e| +5,/ sur�w ghfuhdvhv zkhq lqsxwv duh vxevwl0

wxwhv dqg lqfuhdvhv zlwk frpsohphqwv1 Wkxv/ lq wkh fdvh ri vxevwlwxwhv hdfk uhjxodwru r�huv

d kljkhu srzhuhg lqfhqwlyh uhjxodwlrq wr wkh PQH dqg frpshwhv zlwk wkh rwkhu uhjxodwruv

lqfuhdvlqj grphvwlf surgxfwlrq +uhfdoo wkdw Y+�
Y^�

: f,1 Lq wkh fdvh ri frpsohphqwv/ rq wkh

frqwudu| hdfk uhjxodwru r�huv d orzhu srzhuhg lqfhqwlyh uhjxodwlrq wkxv uhgxflqj grphvwlf

surgxfwlrq1

D qxpehu ri lqwhuhvwlqj uhvxowv dulvh lq vxfk d vlwxdwlrq1

� Zlwk frpsohphqwdulw| dqg qrq0fr0rshudwyh uhjxodwruv/ surgxfwlrq lq erwk frxqwulhv lv

dozd|v vpdoohu wkdq zlwk fr0rshudwlyh uhjxodwruv1 Wkh rssrvlwh lv jhqhudoo| wuxh zkhq

44Fdo}rodul +4<<<, dovr dqdo|vhv wkh fdvh ri xqrevhuydeoh lqsxw +ru vxe0frvw,1
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yi(β)

    β    β

First best

AC

ANC

Complement outputs
(AC: asymmetric information and
cooperation; ANC: asymmetric
cooperation and no cooperation)

yi(β)

    β    β

First best

ANC1

AC

Substitute outputs
(ANC1 with small αi; ANC2 with
large αi)

ANC2

Iljxuh 5=

rxwsxwv duh vxevwlwxwhv1 Krzhyhu/ zkhq wkh prgho lv vx!flhqwo| dv|pphwulf +l1h1 zkhq

frxqwulhv* sur�w zhljkwv dqg2ru ohyhov ri ghpdqg hodvwlflw| duh vx!flhqwo| gl�huhqw,/

surgxfwlrq pd| eh vpdoohu lq rqh frxqwu|/ dqg odujhu lq wkh rwkhu/ frpsduhg zlwk

frrshudwlrq1 Lw fdq qhyhu eh vpdoohu lq erwk frxqwulhv +frpsduhg zlwk frrshudwlrq,

krzhyhu1

� Zkhq sur�w zhljkwv duh vx!flhqwo| gl�huhqw ehwzhhq rqh frxqwu| dqg dqrwkhu +h1j1

zlwk wkh PQH prvwo| oree|lqj/ dqg2ru ehlqj prvwo| rzqhg e|/ d vlqjoh frxqwu|, dqg

lq wkh suhvhqfh ri ghfuhdvlqj uhwxuqv wr vfdoh/ wkhq frqvxpswlrq hqgv xs ehlqj kljkhu

wkdq lq �uvw ehvw lq wkh frxqwu| zlwk wkh odujhvw sur�w zhljkw zkloh wkh rwkhu frxqwu|

xqghu0frqvxphv1 Rxwsxw +� dv d ixqfwlrq ri wkh lqh!flhqf| sdudphwhu q lv jlyhq lq

gldjudp 51

� Wklv xqxvxdo ryhu0frqvxpswlrq zlwk uhvshfw wr wkh �uvw ehvw fdq eh h{sodlqhg li zh

dfnqrzohgjh wkdw lq wkh fdvh ri vxevwlwxwhv/ wkh frqwudfw h{whuqdolw| Y^�
Y^�

pd| eh qhjdwlyh
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hqrxjk wr pdnh wkh zkroh pdujlqdo frvw ri surgxfw � vpdoohu wkdq lq wkh fdvh ri wkh

�uvw ehvw1

� Wkh juhdwhu wkh qxpehu ri uhjxodwruv +l1h1 wkh pruh wkh frxqwulhv lq zklfk wkh PQH

surgxfhv,/ wkh odujhu wkh frqwudfw h{whuqdolw|1 Li/ iru wkh vdnh ri vlpsolflw|/ zh frqvlghu

d v|pphwulf hqylurqphqw/ wkh sulflqj frqglwlrq ehfrphv

)^ n E�� k�
8 Eq�

sq�

%
)q^ n E?� ��

Y 	̂

Y^

&
' ��u^ +9,

zkhuh ? lv wkh qxpehu ri frxqwulhv dqg Y 	̂
Y^

lv wkh h{whuqdolw| jhqhudwhg e| lqsxw ^ ri

dq| rqh frxqwu| wr doo wkh rwkhu frxqwulhv* surgxfwlrq1 Wkh odujhu wkh ?/ wkh juhdwhu

wkh glvwruwlrqdu| whup lq devroxwh ydoxh1 Zkhq ? ' � wkhuh duh qr pruh frqwudfwxdo

h{whuqdolwlhv1

� Dvvxph wkdw frxqwu| ( rzqv d odujhu vkduh ri wkh PQH dqg2ru lv pruh lqwhqvlyho|

oreelhg e| wkh �up/ vr wkdw frxqwu| (*v sur�w zhljkw lv odujhu wkdq 8 *v1 Lq wklv fdvh/

rxwsxw lq frxqwu| ( lv odujhu +dqg wkh sulfh lv orzhu, wkdq lq frxqwu| 8 1 Wkxv/ k� : k�

lpsolhv R� 	 R� dqg wkh PQH vhoov wkh vdph rprjhqrxv jrrg dw gl�huhqw sulfhv lq

gl�huhqw pdunhwv +hyhq li ghpdqg lq wkh ydulrxv frxqwulhv lv wkh vdph,1 Wkh frpsdudwlyh

vwdwlfv zlwk uhvshfw wr sur�w zhljkwv lv looxvwudwhg lq gldjudp 6 +zkhuh k(lv lqfuhdvlqj

zlwk d �{hg k8 ,1 Qrwh wkdw iru vx!flhqwo| kljk k(+k
�
(lq �jxuh,/ rxwsxw lq frxqwu|

(grhv qrw ghshqg rq q/ dqg uhjxodwru (lv reoljhg wr r�hu d srrolqj frqwudfw1 Iru hyhq

odujhu k(crxwsxw lq frxqwu| (pd| dovr lqfuhdvh lq q�Wkh frqwudfw h{whuqdolw| lv vr kljk

wkdw wkh ohvv h!flhqw wkh PQH/ wkh odujhu surgxfwlrq lq frxqwu| (�45

45Wkhvh wzr uhvxowv duh xqxvxdo iurp wkh srlqw ri ylhz ri lqfhqwlyh wkhru|1 Frqwudu| wr vwdqgdug vfuhhqlqj

prghov/ zklfk uhtxluh ghfuhdvlqj rxwsxwv iru lpsohphqwdelolw|/ Fdo}rodul +4<<<, vkrzv wkdw lqsxw tG lv ihdvleoh

hyhq zkhq frqvwdqw ru lqfuhdvlqj1
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Iljxuh 6=

� Vlplodu uhvxowv duh jlyhq zkhq ghpdqg lq rqh frxqwu| lv sduwlfxoduo| hodvwlf1 Lq wklv

fdvh/ wkh frxqwu| zlwk wkh juhdwhvw hodvwlflw| ri ghpdqg pd| ryhu0frqvxph zlwk uhvshfw

wr wkh �uvw ehvw +wkh rwkhu pd| xqghu0frqvxph,1 D pl{hg h�hfw fdq eh rewdlqhg e|

dgglqj erwk sur�w zhljkw dqg ghpdqg dv|pphwulhv1

� Zkhqhyhu rxwsxw lq frxqwu| �lv juhdwhu wkdq lq wkh rwkhu rqh/ wkhq lqwhuphgldwh lqsxw

^�lv dovr odujhu wkdq ^�1 Wklv lpsolhv wkdw lq rughu wr surgxfh wkh vdph dprxqw ri

rxwsxw/ wkh vxevlgldu| lq frxqwu| �hpsor|v ohvv oderxu wkdq wkh rwkhu/ dqg dvvxplqj

wkdw zdjh udwhv duh lghqwlfdo/ ��u� 	 ��u�1 Wkh PQH furvv0vxevlglhv surgxfwlrq lq wkh

frxqwu| zlwk wkh odujhvw sur�w zhljkw/ dqg lqfuhdvhv frvwv lq wkh rwkhu frxqwu|1

� Zlwk lqfuhdvlqj uhwxuqv wr vfdoh +frpsohphqwv, qrq0frrshudwlrq ohdgv wr xqghu0surylvlrq

ri lqfhqwlyhv/ dqg wkxv rxwsxwv duh uhgxfhg1 Jlyhq wkdw sur�w ghshqgv rq rxwsxw/ wkh

PQH suhihuv wr eh uhjxodwhg e| fr0rshudwlqj frxqwulhv1 Wklv lv dovr wuxh zlwk ghfuhdv0

lqj uhwxuqv wr vfdoh +vxevwlwxwdelolw|, dqg sur�w zhljkwv hlwkhu vx!flhqwo| forvh wr rqh

ru vx!flhqwo| vlplodu1 Zlwk ghfuhdvlqj uhwxuqv wr vfdoh dqg sur�w zhljkwv vx!flhqwo|
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forvh wr }hur/ rq wkh frqwudu|/ wkh PQH lv deoh wr wdnh dgydqwdjh ri wkh qrq0frrshudwlyh

ehkdylrxu ri uhjxodwruv/ dqg jdlqv pruh wkdq lw zrxog lq d vlwxdwlrq ri frrshudwlrq1

� Doo wkh suhylrxv uhvxowv edvhg rq sur�w zhljkwv fdq eh dovr uhlqwhusuhwhg lq whupv ri wkh

PQH*v oree|lqj dfwlrqv1 Pruhryhu/ fhwhulv sdulexv/ zlwk lqfuhdvlqj uhwxuqv wr vfdoh wkh

PQH frqfhqwudwhv doo lwv oree|lqj uhvrxufhv lq rqh frxqwu| vr dv wr udlvh orfdo sur�w

zhljkw wr wkh pd{lpxp1 Rq wkh frqwudu|/ zlwk ghfuhdvlqj uhwxuqv wr vfdoh/ wkh �up

suhihuv wr vkduh oree|lqj uhvrxufhv rxw htxdoo| dprqj frxqwulhv1 Wkh wzr uhvxowv krog

ehfdxvh zlwk lqfuhdvlqj uhwxuqv wr vfdoh/ wkh PQH*v oree|lqj surjudp lv frqyh{/ zkloh

zlwk ghfuhdvlqj uhwxuqv wr vfdoh lw lv frqfdyh1

Qrwh wkdw qrqh ri wkh yduldeohv uhjxodwhg e| d jlyhq frxqwu| idoov gluhfwo| zlwklq lq wkh

remhfwlyh ixqfwlrq ri wkh rwkhu frxqwu|/ dqg wkxv vwdqgdug h{whuqdolwlhv duh devhqw1 Fdo}rodul

+4<<;, vwxglhv wkh h{dpsoh zkhuhe| frxqwulhv srvlwlyho| ylhz wkh dprxqw ri orfdo oderxu

hpsor|hg e| wkh PQH +h1j1 gxh wr xqhpsor|phqw,1 Ilqdoo|/ Erqg dqg Juhvln +4<<9, dqg

Fdo}rodul +4<<;, vwxg| d vlpsohu prgho ihdwxulqj d �plqlpdo� PQH/ zkhuh wkh �up rqo|

vhuyhv wkh iruhljq pdunhw/ frxqwu| ( uhjxodwhv wkh surgxfwlrq dqg h{sruw ri lqwhuphgldwh

lqsxw ^ iru pdunhw 8 / dqg frxqwu| 8 uhjxodwhv �qdo rxwsxw1

Frpshwlqj qdwlrqdo uhjxodwlrqv Zkhq �upv dftxluh lqwhuqdwlrqdo vwdwxv wkh| fdq

dfwxdoo| wkuhdwhq krvw uhjxodwruv wkdw wkh| zloo vkxw grzq surgxfwlrq dqg ohdyh wkh frxqwu|1

Vlploduo|/ li d �up kdv wr fkrrvh wkh frxqwu| lq zklfk wr lqvwdoo d qhz sodqw/ lw fdq pdnh

jhqhudwh frpshwlwlrq ehwzhhq uhjxodwlrqv lq gl�huhqw frxqwulhv1 Frpshwlwlrq lv hyhq vwurqjhu

zkhq d �up*v lqyhvwphqw lv lqglylvleoh/ vr lw kdv wr fkrrvh zklfk frxqwu| wr vhuyh1 Ri frxuvh

wkh delolw| wr jhw uhjxodwruv wr frpshwh dprqj wkhpvhoyhv lv qrw dq h{foxvlyh suhurjdwlyh ri
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PQHv1 Krzhyhu/ wkh idfw wkh| duh douhdg| dfwlyh lq rwkhu frxqwulhv pdnhv wkh PQH*v wkuhdw

wr � |�dzd| wkdw pxfk pruh fuhgleoh1 Zh duh qrz jrlqj wr h{dplqh krz wkh lqfhqwlyhv

surylghg wr dq lqiruphg �up duh prgl�hg e| wkh ghvluh wr dwwudfw wkdw �up wr wkh frxqwu|1

Zkhq PQHv fdq ghflgh wr surgxfh iru rqh/ erwk ru qhlwkhu frxqwu|/ wkhq wkh uhohydqw

sduwlflsdwlrq frqvwudlqw/ vd| iru frxqwu| (/ lv

�Eq� � �@%
�
�-c�@%

+8
d-8 E+8 �� �Efc +8 c q�� A8 E+8 �o

�

zkhuh �Eq� '�@%
+(c+8

d
S

�-�E+��� �E+(c +8 c q��
S

� A�E+��o dqg �- lv wkh uhvhuydwlrq sur�w wkh

�up fdq rewdlq e| ohdylqj wkh wzr frxqwulhv1 Lw pxvw eh pruh sur�wdeoh iru wkh PQH wr

surgxfh lq erwk frxqwulhv +wkh ohiw kdqg vlgh, wkdq lq mxvw rqh frxqwu| 8 ru lq qhlwkhu ri

wkhp1 Fdo}rodul +4<<<, vkrzv wkdw li uhjxodwruv fdq gl�huhqwldwh uhjxodwlrqv dffruglqj wr wkh

�up*v lqyroyhphqw lq rwkhu frxqwulhv +l1h1 lpsrvlqj frqwudfwv A� dqg A(
� uhvshfwlyho| zkhq wkh

�up grhv/ ru grhv qrw/ surgxfh deurdg ,/ wkhq surgxfwlrq dqg sur�w duh qrw d�hfwhg e| wkh

wkuhdw wr sxoo rxw1 Fdo}rodul dqg Vfdusd +4<<< d, vkrz wkdw zkhq rxwsxwv duh frpsohphqwdu|/

uhjxodwruv nqrz wkdw wkh �up suhihuv wr surgxfh iru erwk frxqwulhv +pdujlqdo frvwv duh vpdoohu

lq wklv fdvh,/ dqg wkxv wkh wkuhdw wr � |� dzd| lv kdugo| fuhgleoh1 Rq wkh frqwudu|/ lq wkh

fdvh ri vxevwlwxwdelolw|/ wkh �up suhihuv wr surgxfh iru mxvw rqh frxqwu| +frvwv duh orzhu,1 Wkh

wkuhdw lv qrz fuhgleoh/ dqg wkh PQH pd| jdlq h{wud0uhqwv1 Wkh ohdvw h!flhqw �up/ zklfk

xvxdoo| jhwv wkh uhvhuydwlrq sur�w/ khuh rewdlqv d sur�w wkdw lv odujhu wkdq �-1 Lqwhuhvwlqjo|/

wklv lqfuhdvh lq sur�w wr eh ohiw wr wkh PQH/ lq htxloleulxp/ pd| irufh rqh uhjxodwru wr vkxw

grzq wkh �up +h1j1 zkhq grphvwlf frqvxphu vxusoxv lv vpdoo,146

Uhvxowv duh gl�huhqw zkhq wkh �up*v lqyhvwphqw lv lqglylvleoh dqg rqo| frpshwlwlyh lqwhu0

46Wkh srvvlelolw| dq djhqw pd| jdlq h{wud sur�wv zlwk vxevwlwxwdelolw| kdv dovr ehhq vkrzq e| Lydogl dqg

Pduwlpruw +4<<7,1
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dfwlrq ehwzhhq qdwlrqdo uhjxodwlrqv lv srvvleoh1 Eljodlvhu dqg Ph}}hwwl +4<<6, dqdo|vh d fdvh

lq zklfk qdwlrqdo uhjxodwru| djhqflhv vlpxowdqhrxvo| frpplw wkhpvhoyhv wr dgrswlqj uhjxod0

wru| lqfhqwlyh phfkdqlvpv wr eh xvhg li wkh �up ghflghv wr rshudwh lq wkh frxqwu|1 Frxqwulhv

duh wkxv gl�huhqwldwhg= rqh rewdlqv juhdwhu ehqh�wv +zlwk uhvshfw wr wkh rwkhu, iurp �upv

surgxflqj orz txdqwlwlhv +l1h1 srruo| h!flhqw �upv,/ zkloh wkh rwkhu rewdlqv juhdwhu ehqh�wv

iurp �upv surgxflqj kljk txdqwlwlhv +l1h1 h!flhqw �upv,1 Lq wklv zd| wkh uhodwlyh srzhu wr

dwwudfw �upv lv vwurqjo| gl�huhqwldwhg/ ehwzhhq wkh ohdvw dqg wkh prvw h!flhqw �upv/ dqg

wkxv frpshwlwlrq iru wkhvh �upv lv orz1 Wkh frxqwu| rewdlqlqj wkh juhdwhu dgydqwdjh lv lq

d srvlwlrq wr r�hu pruh lqwhuhvwlqj frqwudfwv wr wkh �up prvw olnho| wr dffhsw1 Rq wkh frq0

wudu|/ �hufh frpshwlwlrq h{lvwv iru lqwhuphgldwh �upv/ ehfdxvh iurp wkh srlqw ri ylhz ri wkhvh

�upv wkh wzr frxqwulhv duh htxdoo| dv dwwudfwlyh1 Frxqwulhv fdqqrw vfuhhq xvlqj wkh h!flhqf|

sdudphwhu ri wkhvh lqwhuphgldwh �upv/ dqg srrolqj frqwudfwv duh r�huhg1 Ixuwkhupruh/ frp0

shwlwlrq ehwzhhq frxqwulhv pd| ehfrph vr vwurqj wkdw qdwlrqdo zhoiduhv jr wr }hur dqg wkh

wrwdo vxusoxv iurp frqvxpswlrq lv wudqvihuuhg wr �upv1 Lqwhuhvwlqjo| hqrxjk/ zkhq wkh srzhu

ri rqh frxqwu| wr dwwudfw �upv lv dozd|v juhdwhu wkdq wkh rwkhu frxqwu|*v/ wkh suhvhqfh ri d

srwhqwldoo| frpshwlqj frxqwu| lv d frqvwudlqw xsrq wkh +lqyduldeoh, ylfwru1 Xqxvxdoo| odujh

uhqwv duh ohiw wr �upv dqg srrolqj frqwudfwv duh xvhg iru vrph vxe0vhwv ri w|shv1

615 Frpprq frvw doorfdwlrq

Qrq0frqvwdqw uhwxuqv wr vfdoh lq lqsxw surgxfwlrq/ sxeolf lqwhuphgldwh lqsxwv/ dqg frpprq

�{hg frvwv lpso| wkh devhqfh ri dq| fohduo|0gh�qhg frvw doorfdwlrqv dprqj vxevlgldulhv1 Lq

vrph flufxpvwdqfhv wkh PQHv pd| jdlq vkliwlqj sur�wv iurp dprqj vxevlgldulhv +h1j1 zkhq

frxqwulhv hpsor| gl�huhqw frusrudwh wd{ udwhv, dqg qrq0doorfdwhg frvw pd| vhuyh wklv sxusrvh1
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Vxssrvh/ iru h{dpsoh/ wkdw qdwlrqdo uhjxodwruv uhjxodwh orfdo vxevlgldulhv rq wkh edvlv ri

wkh odwwhu*v frvw/ dqg idlo wr ehdu lq plqg wkh PQH*v delolw| wr doorfdwh mrlqw frvwv dprqj

vxevlgldulhv1 Ohw wkh frvw soxv uhjxodwru| wudqvihu eh |� ' @� n K��� zlwk K� � � lpso|lqj wkdw

uhjxodwlrq dw ohdvw uhlpexuvhv doo wkh vxevlgldu|*v frvw1 Wkh PQH zrxog wu| wr doorfdwh kljkhu

frvw vkduhv wr wkh vxevlgldu| orfdwhg lq wkh frxqwu| zlwk wkh kljkhvw K� +l1h1 zlwk wkh zhdnhvw

lqfhqwlyh vfkhph,/ wkxv jhqhudwlqj lqwhuqdwlrqdo furvv0vxevlglvdwlrq147

Wr frxqwhu wklv sudfwlfh/ jryhuqphqwv jhqhudoo| lpsrvh fhuwdlq uxohv rq sur�w fdofxodwlrq

+h1j1 rq PQHv* U)G h{shqvhv/ vhh Klqhv +4<<6,,1 Krzhyhu/ wkhvh vkdulqj uxohv pd| wkhp0

vhoyhv surgxfh h{whuqdolwlhv dprqj qdwlrqdo uhjxodwlrqv1 Frqvlghu/ iru h{dpsoh/ d vlpsoh PQH

zklfk surgxfhv d frpprq idflolw| dw frqvwdqw frvw q1 Dvvxph wkh frpprq �yroxph0edvhg�

frvw vkdulqj uxoh lv lq irufh/ vr wkdw wkh �{hg frvw pxvw eh vkduhg e| vxevlgldulhv lq sursruwlrq

wr wkhlu uhvshfwlyh yroxphv ri surgxfwlrq1 Vxevlgldu| �*v frvw ehfrphv q+�*E+_ n +s �� Lq wklv

vlpsoh vhwwlqj/ wkh PQH rqo| kdv wr sduwldoo| rzq rqh ri wkh wzr vxevlgldulhv lq rughu wkdw

wkhuh eh olqnv ehwzhhq gl�huhqw uhjxodwlrqv1 Lq idfw/ wkh sur�w +qhw ri uhjxodwru| wudqvihuv,

zrxog eh � ' �_ n E� � 4��s c zkhuh 4 lv wkh vkduh ri vxevlgldu| s rzqhg e| rwkhu �upv/

dqg �� ' -�E+��� q +�*E+_ n +s�� Zh wkhq kdyh Y2�
Y+_Y+s

' �q4
E+_3+s �

E+_n+s ��
zklfk gl�huv iurp }hur

dv orqj dv +_ 9' +s dqg 4 9' f� Surgxfwlrq lv d frpsohphqw +d vxevwlwxwh, zkhqhyhu grphvwlf

rxwsxw lv vpdoohu +odujhu, wkdq iruhljq rxwsxw1 Rq wkh frqwudu|/ zlwkrxw wkh frvw doorfdwlrq

uxoh surgxfwlrq zrxog eh lqghshqghqw1

Lq vrph flufxpvwdqfhv/ hyhq li lq wkhru| lw lv srvvleoh wr doorfdwh frvwv wr wkh PQH*v

vxevlgldulhv/ rqo| wkh PQH pd| nqrz wkh h{dfw frqwulexwlrq wr wrwdo frvw pdgh e| gl�huhqw

surgxfwlrqv1 Iru h{dpsoh/ lw pd| eh wkdw surgxfwlrq +� dffrxqwhg iru q� shufhqw ri xqlw frvw

47Lqwhuqdwlrqdo wudqvihu sulfh lv dovr riwhq xvhg e| PQHv iru sur�w vkliwlqj1 Vhh wkh vxuyh| e| Juhvln +4<<;,1
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dqg surgxfwlrq +� iru q� ' � � q� shufhqw1 Ph}}hwwl +4<<:, vwxglhv d pxowl0sulqflsdo prgho

zklfk fdq eh xvhg wr dqdo|vh wklv vlwxdwlrq1 Kh vkrzv wkdw wkh �up idfhv frxqwhuydlolqj

lqfhqwlyhv dv lw zrxog olnh wr xqghuvwdwh frvwv wr rqh frxqwu| dqg ryhuvwdwh wkhp wr wkh rwkhu1

Rqh uhvxow ri wklv lv wkdw �upv zkrvh surgxfwlrq pdnhv vlplodu frqwulexwlrqv wr wrwdo frvwv

+l1h1 vlplodu q� dqg q�� duh vxemhfwhg wr srrolqj uhjxodwlrqv= wkh| duh dvnhg wr surgxfh wkh

vdph txdqwlwlhv +uhjdugohvv ri wkh wuxh frvw vkduh, dqg idfh  dw uhjxodwru| wudqvihuv1

Ilqdoo|/ Fdo}rodul dqg Vfdusd +4<<< e, vwxg| d prgho lq zklfk wkh krph uhjxodwru gl�hu0

hqwo| hydoxdwhv grphvwlf dqg iruhljq hduqlqjv zklfk duh fdofxodwhg e| dwwulexwlqj vwdqg0dorqh

frvwv wr grphvwlf sur�wv dqg lqfuhphqwdo frvwv wr iruhljq sur�wv1

616 Uhjxodwhg PQHv dqg frpshwlwlrq

Wkh lqfuhdvlqj vsuhdg ri PQHv lv lq sduw gxh wr wkh surfhvvhv ri ghuhjxodwlrq dqg sulydwlvdwlrq

zklfk jhqhudoo| ohdg wr vwurqjhu frpshwlwlrq1 Wkhuh duh qrz vhyhudo grfxphqwhg fdvhv lq

wkh xwlolw| vhfwruv ri vhuylfhv surylghuv wkdw duh uhjxodwhg dw krph exw kdyh xquhjxodwhg

vxevlgldulhv lq iruhljq frxqwulhv1

Ohw xv dvvxph wkdw wkh PQH lv grphvwlfdoo| uhjxodwhg lq frxqwu| (1 Wkh rswlpdolw|

lqsxw frqglwlrq lq pdunhw ( lv dv lq +8,1 Uhjxodwru ( nqrzv wkdw/ gxh wr wkh lpsrvvlelolw| ri

vxeglylglqj wkh frvw ixqfwlrq/ d fkdqjh lq lqsxw ^( d�hfwv wkh PQH*v surgxfwlrq lq frxqwu| 8 /

wkxv prgli|lqj wkh �up*v sur�w1 Krzhyhu/ wkh PQH lv qrz iuhh wr ghflgh krz pxfk wr surgxfh

lq wkh iruhljq frxqwu|1 Lq wkh wzr h{wuhphv ri shuihfw frpshwlwlrq dqg xquhjxodwhg prqrsro|

lq wkh iruhljq pdunhw/ txdqwlw| +8 lv fkrvhq dffruglqj wr R8 ' �+8 dqg _-8*_+8 ' �+8

uhvshfwlyho|/ zkhuh -8 lv wkh uhyhqxh lq wkh iruhljq pdunhw1 Zkhq lpshuihfw frpshwlwlrq

krogv deurdg/ wkh grphvwlf uhjxodwru kdv wr iruhvhh qrw rqo| krz wkh PQH*v surgxfwlrq
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deurdg lv jrlqj wr eh d�hfwhg e| grphvwlf rxwsxw +Y+8*Y+(, exw dovr krz wkh rwkhu �upv*

rxwsxw lv jrlqj wr eh d�hfwhg +Y+W8*Y+(,1 Lq wkh fdvh ri d frpshwlwlyh iruhljq pdunhw/ lw

fdq eh vkrzq wkdw ryhu0surgxfwlrq zlwk uhjdug wr wkh �uvw ehvw uhvxowv lq wkh iruhljq frxqwu|

zkhq lqsxwv duh vxevwlwxwhv1 Vlploduo|/ zkhq wkh PQH lv dq xquhjxodwhg prqrsro|/ lw vhoov d

odujhu rxwsxw lq frxqwu| 8 wkdq lw zrxog vhoo li lw surgxfhg h{foxvlyho| iru wkdw pdunhw1

Zlwk lpshuihfw frpshwlwlrq deurdg/ Fdo}rodul dqg Vfdusd +4<<< e, vkrz krz d gl�huhqw

hydoxdwlrq ri grphvwlf dqg iruhljq sur�wv hyhqwxdoo| ohdgv wr furvv0vxevlglhv dprqj vxe0

vlgldulhv1 Pruhryhu/ li grphvwlf uhjxodwlrq wdnhv sodfh ehiruh iruhljq frpshwlwlrq/ wkhq wkh

krph uhjxodwru pd| glvwruw krph frqvxpswlrq wr lqfuhdvh wkh iruhljq frpshwlwlyhqhvv ri wkh

PQH +dq dujxphqw ã od Eudqghu dqg Vshqfhu +4<;8,,

617 Dv|pphwulfdoo| xqlqiruphg uhjxodwruv

Wkh grphvwlf dxwkrulw| lv jhqhudoo| ehwwhu lqiruphg wkdq wkh iruhljq rqh/ vlqfh lw lqwhudfwv

pruh riwhq zlwk wkh uhjxodwhg �up1 Ohw xv dvvxph/ iru wkh vdnh ri vlpsolflw|/ wkdw wkh

grphvwlf uhjxodwru| dxwkrulw| lv shuihfwo| zhoo lqiruphg derxw wkh PQH*v fkdudfwhulvwlfv/

zkloh wkh iruhljq rqh lv frpsohwho| xqlqiruphg1 Erwk lqiruphg sod|huv/ wkh PQH dqg wkh

grphvwlf uhjxodwru| dxwkrulw|/ suhihu wr frqfhdo wkhlu sulydwh lqirupdwlrq iurp wkh iruhljq

uhjxodwru1 Dv xvxdo/ lq uhsruwlqj dq xquhdolvwlfdoo| kljk frvw/ wkh iruphu lv ohiw zlwk kljkhu

sur�wv/ zkloh wkh odwwhu pd| eh deoh wr h{wudfw d odujhu vkduh ri wkh PQH*v sur�w1 Lqwhuhvwlqjo|

hqrxjk/ lqirupdwlrq pd| eh h{fkdqjhg dprqj uhjxodwruv1 Lq Erqg dqg Juhvln +4<<:, wkh

wzr uhjxodwruv dfw vlpxowdqhrxvo|/ dqg wkh dxwkruv vkrzwkdw zkhq wkh PQH uhsruwv wr wkh

iruhljq +xqlqiruphg, dxwkrulw|/ d srrolqj htxloleulxppd| ulvh/ lqglfdwlqj wkdw wkh xqlqiruphg

uhjxodwru kdv ohduqw qrwklqj1 Wklv kdsshqv ehfdxvh wkh lqiruphg grphvwlf dxwkrulw| pd| eh
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lq d srvlwlrq wr h{wudfw doo wkh sur�wv iurp wkh PQH dqg wkhq wkh iruhljq dxwkrulw| kdv qr

uhdvrqv wr glvwruw lqfhqwlyhv lq rughu wr uhgxfh sur�wv1 Pruhryhu/ hyhq li rqh uhjxodwru lv

frpsohwho| lqiruphg/ frpshwlqj lq whupv ri uhjxodwlrqv zlwk xqlqiruphg uhjxodwruv pd| ohdg

wr dq htxloleulxp srvlwlrq lq zklfk vrph PQHv vwloo pdnh lqirupdwlrqdo sur�wv1

Fdo}rodul/ Gldz dqg Srx|hw +4<<<, vkrz wkdw zkhq qdwlrqdo uhjxodwruv duh ehwwhu lqiruphg

wkdq iruhljq uhjxodwruv derxw wkh PQH*v dfwlylwlhv lq wkh grphvwlf pdunhw/ wkhq frpshwlwlrq

ehwzhhq uhjxodwruv +vhh wkh suhylrxv vxe0vhfwlrq, lv wrxjkhu1 Wklv pd| ohdg wr dv|pphw0

ulf htxloleuld/ zkhuhe| wkh �up surgxfhv rqo| iru rqh frxqwu|/ ehlqj pruh sodxvleoh wkdq

htxloleuld zlwk wkh �up vhuylqj erwk pdunhwv1

Ilqdoo|/ d wkhruhwlfdo sdshu rq vhtxhqwldo frpprq djhqf| e| Fdo}rodul dqg Sdydq +5333,

h{suhvvo| ghdov zlwk wkh lqirupdwlrqdo dgydqwdjh ri wkh grphvwlf uhjxodwru1 Wkh krph uhj0

xodwru jhqhudoo| lqwhudfwv �uvw zlwk wkh PQH/ ohduqv vrph lqirupdwlrq derxw wkh �up dqg

lv lq d srvlwlrq wr uhyhdo vrph ri wklv lqirupdwlrq wr wkh iruhljq uhjxodwru ehiruh wkh odwwhu

ghdov zlwk wkh vdph PQH1 Uhlqwhusuhwlqj vrph ri wkh uhvxowv jlyhq/ lw fdq eh vkrzq wkdw wkh

krph uhjxodwru dfwv dv d Vwdfnhoehuj ohdghu/ dqg zlwk frpsohphqwdu| rxwsxwv kh pd| �qg lw

dq dgydqwdjh wr sduwldoo| lqirup wkh iruhljq uhjxodwru1 Lqirupdwlrq0vkdulqj dprqj uhjxodwruv

lv wkhq suryhg wr eh zhoiduh0lpsurylqj iru erwk wkh uhjxodwruv/ dqg lq fhuwdlq flufxpvwdqfhv

dovr iru wkh PQH1 Wkh edvlf lghd ehklqg wklv uhvxow lv wkdw lqirupdwlrq wudqvplvvlrq uhgxfhv

wkh lqirupdwlrqdo glvwruwlrq lq erwk wkh uhjxodwru| surfhvvhv1
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7 Uhjxodwlrq olqnv zlwk pxowlqdwlrqdov= qrupdwlyh lv0

vxhv

H{whuqdolwlhv dprqj qdwlrqdo uhjxodwruv pd| uhtxluh mrlqw dfwlrq wrzdugv uhjxodwlqj PQHv1

Krzhyhu/ wkh uhjxodwru| surfhvv lv dq lpshuihfw rqh +gxh wr dv|pphwulf lqirupdwlrq/ uhj0

xodwru| fdswxuh dqg odfn ri frpplwphqw, dqg wkh yhu| mrlqw dfwlrq ri qdwlrqdo uhjxodwruv

pd| surgxfh xqghvludeoh h�hfwv1 Iljxuh 714 uhsuhvhqwv wzr srvvleoh irupv ri uhjxodwlrq lq d

frqwh{w olnh wkdw ri wkh Hxurshdq Xqlrq1

Lq +d, doo wkh uhjxodwru| srzhuv duh ghohjdwhg wr d vxsudqdwlrqdo +h1j1Hxurshdq, uhjxodwru

wkdw ehkdyhv lq wkh jhqhudo lqwhuhvwv ri wkh HX1 Lq +e, wkh HX ohdyhv doo uhjxodwru| srzhuv wr

qdwlrqdo dxwkrulwlhv/ dv lq wkh suhylrxv vhfwlrqv1 Zh gr qrw zlvk wr dqdo|vh wkh ydvw qxpehu

ri zulwlqjv rq fhqwudolvdwlrq dqg ghfhqwudolvdwlrq= rxu dlp lv udwkhu wr suhvhqw ydulrxv irupv

ri mrlqw dfwlrq wrzdugv lqwhuqdwlrqdo uhjxodwlrq/ dqg wkhq glvfxvv wkhlu uhvshfwlyh surv dqg

frqv1
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Uhjxodwru| fdswxuh Uhjxodwru| fdswxuh vxssolhv d vhfrqg w|sh ri frvw iru wkh vxsudqd0

wlrqdo uhjxodwru1 Uhjxodwruv/ dv djhqwv dfwlqj rxw ri vhoi0lqwhuhvw/ whqg wr pd{lplvh shuvrqdo

djhqgdv/ dqg wklv kdv wr eh wdnhq lqwr dffrxqw lq ghvljqlqj wkh rswlpdo uhjxodwru| fkduw

iru PQHv1 Dv wkh sulydwh lqirupdwlrq khog e| wkh PQH surylghv wkh �up zlwk dq lqiru0

pdwlrqdo uhqw/ wkh PQH pd| vkduh wklv uhqw zlwk klv uhjxodwru+v, lq h{fkdqjh iru d pruh

idyrxudeoh irup ri uhjxodwlrq1 Od�rqw dqg Pduwlpruw +4<<:, vwuhvv wkdw wkh vhsdudwlrq ri

uhjxodwru| srzhuv dfwv djdlqvw uhjxodwru| fdswxuh lq wkh iroorzlqj zd|1 Ohw xv gh�qh wkh

srzhu ri d uhjxodwru dv klv delolw| wr xvh +sulydwh, lqirupdwlrq/ wkxv ohdglqj wr glvfuhwlrq/

dqg ohw xv dvvxph wkdw dq PQH kdv wzr slhfhv ri xqfruuhodwhg sulydwh lqirupdwlrq/ rqh iru

hdfk ri wzr qdwlrqdo pdunhwv1 Dq dxglwlqj ghylfh surylghv d vljqdo/ rqh iru hdfk slhfh ri

lqirupdwlrq/ dqg vljqdov duh fruuhodwhg zlwk lqirupdwlrq1 Vhsdudwlqj wkh uhjxodwru| djhqflhv

uhgxfhv wkhlu sulydwh lqirupdwlrq +wkh| uhfhlyh rqo| rqh vljqdo,/ dv zhoo dv wkhlu srzhu dqg

glvfuhwlrq1 Uhjxodwruv +qdwlrqdo ru vxsud0qdwlrqdo, duh surylghg zlwk d uhzdug vfkhph iru

prqlwrulqj dfwlylw|/ dqg dovr wr dyrlg frooxvlrq zlwk wkh PQH1 Zlwk lqghshqghqw qdwlrqdo

uhjxodwruv/ dq| prqrsro| ryhu lqirupdwlrq dftxlvlwlrq lv holplqdwhg1 Qdwlrqdo uhjxodwruv gr

qrw fr0rshudwh lq frooxglqj zlwk wkh PQH/ dqg lq lfw h{whuqdolwlhv xsrq hdfk rwkhuv1 Wkh

+Ed|hv0Qdvk, ehkdylrxu ehwzhhq uhjxodwruv ohdgv wr lqh!flhqflhv lq wkh surfhvv ri frooxvlrq

zlwk wkh PQH1 Rq wkh frqwudu|/ zlwk wkh fhqwudolvdwlrq ri uhjxodwlrq/ d frdolwlrq ehwzhhq

wkh PQH dqg wkh vxsudqdwlrqdo uhjxodwru fdq ohdg wr d pruh h!flhqw frooxvlyh djuhhphqw/

zklfk zrxog eh frvwolhu wr suhyhqw1 Wkh frvw ri dyrlglqj frooxvlrq +lq whupv ri glvwruwlrqv

iurp wkh vhfrqg0ehvw uhjxodwru| frqwudfw zlwk dv|pphwulf lqirupdwlrq, pd| zhoo eh kljkhu

zkhq frxqwulhv frrshudwh dqg ghflgh wr uhjxodwh zlwk dq lqwhjudwhg dxwkrulw|1 Vxfk dq lqwh0

judwhg dxwkrulw| kdv wr eh sdlg kljkhu uhzdugv +uhqwv, wkdq wkh vxp ri wkh uhzdugv gxh wr
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lqghshqghqw qdwlrqdo uhjxodwruv148

Dqrwkhu sur lq idyrxu ri wkh vhsdudwlrq ri uhjxodwru| erglhv shuwdlqv wr wkh vxsso| vlgh ri

wkh frooxvlrq h{fkdqjh1 Li wkh PQH kdv wr euleh vhyhudo lqghshqghqw uhjxodwru| dxwkrulwlhv/

rqh iru hdfk frxqwu|/ wkhq wkh frvw ri wkhvh eulehv pd| eh juhdwhu wkdq wkdw ri eulelqj rqh

vlqjoh vxsudqdwlrqdo uhjxodwru149 Fdo}rodul+4<<<, vlploduo| vkrzv wkdw zkhq wkh PQH kdv

vx!flhqwo| vwurqj oree|lqj srzhu +j vx!flhqwo| juhdw lq wkh prgho ghvfulehg lq wkh suhylrxv

vhfwlrqv, wkhq wklv srzhu zrxog eh ehwwhu li lw zhuh *gloxwhg* dprqj glyhuvh qdwlrqdo uhjxodwruv1

Ohwwlqj wkh PQH frqfhqwudwh lqwhqvh oree|lqj lq wkh gluhfwlrq ri d vlqjoh uhjxodwru zrxog eh

kdupixo iurp wkh srlqw ri ylhz ri wkh vxp ri wkh ydulrxv frxqwulhv* vrfldo zhoiduh1

Odfn ri frpplwphqw Wkh uhvxowv ri wkh suhylrxv dqdo|vlv duh edvhg rq d vlpsoh exw

lpsruwdqw idfw= dgglqj glvwruwlrqv wr d vhfrqg0ehvw vlwxdwlrq pd| lpsuryh zhoiduh1 Wklv re0

vhuydwlrq xqghuolhv dqrwkhu sur lq idyrxu ri wkh vhsdudwlrq ri uhjxodwlrq/ zklfk uhihuv wr wkh

g|qdplfv ri uhjxodwlrq dqg wkh odfn ri frpplwphqw e| uhjxodwruv wr vwlsxodwh orqj0whup frq0

wudfwv +vhh Rovhq dqg Wruvyln +4<<8, dqg Pduwlpruw +4<<<,,1 Ohw xv vxssrvh wkdw uhjxodwlrq

wdnhv sodfh gxulqj wzr shulrgv |� dqg |2/ dqg wkdw uhjxodwruv odfn wkh frpplwphqw srzhu wr

zulwh pxowl0shulrg frqwudfwv1 Dvvxph/ iru vlpsolflw|*v vdnh/ wkdw wkh h!flhqf| sdudphwhu +wkh

PQH*v sulydwh lqirupdwlrq, fdq eh hlwkhu orz ru kljk1 Dv uhjxodwruv duh qrw deoh wr frpplw

wkhpvhoyhv ixoo| wr d orqj0whup frqwudfw/ wkh PQH uhdol}hv wkdw dq| lqirupdwlrq uhyhdohg lq |�

zloo eh h{sorlwhg e| wkh uhjxodwru| dxwkrulwlhv wrpruurz1 Iru wklv uhdvrq/ wkh iroorzlqj pd|

48Qrwh wkdw wkh Edvoh Wuhdw| rq lqwhuqdwlrqdo edqnlqj uhjxodwlrq uhtxluhv wkdw pxowlqdwlrqdo edqnv eh

uhjxodwhg rq d frqvrolgdwhg edvlv e| wkh krph frxqwu|1 Wklv surfhgxuh udlvhv lvvxhv ri frooxvlrq ehwzhhq wkh

pxowlqdwlrqdo edqnv dqg wkh qdwlrqdo uhjxodwru| dxwkrulw|1
49Wklv �lq xhqfh dfwlylwlhv� dujxphqw lq idyrxu ri ghfhqwudolvdwlrq kdv ehhq hpskdvlvhg e| wkh Sxeolf

Fkrlfh Vfkrro zkhq ghvljqlqj jhqhudo lqvwlwxwlrqdo vwuxfwxuhv +vhh iru h{dpsoh Frqjohwrq +4<;7,,1
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kdsshq= hlwkhu kljko| surgxfwlyh PQHv duh jlyhq odujh uhqwv lq |� +wr h{dfwo| r�vhw wkh uhqw

orvw wrpruurz li wkh wuxwk lv uhyhdohg wrgd|, ru/ li wkh| duh qrw jlyhq wkhvh odujh uhqwv/ wkh|

zloo suhihu wr plplf ohvv surgxfwlyh PQHv dqg ohdyh wkh uhjxodwlqj djhqflhv zlwk ohvv ydoxdeoh

lqirupdwlrq lq |�1 Zlwk lqghshqghqw uhjxodwruv wkhuh duh wkhq wzr glvwruwlrqv dw sod|= d �uvw

frqwudfwxdo glvwruwlrq gxh wr pxowlsoh0sulqflsdov +glvfxvvhg lq wkh suhylrxv vhfwlrqv,/ dqg d

vhfrqg glvwruwlrq gxh wr wkh odfn ri frpplwphqw1 Frpelqlqj wkh wzr/ lw pd| eh ehwwhu/ xqghu

fhuwdlq frqglwlrqv/ wr ohw hdfk frxqwu| lqghshqghqwo| uhjxodwh wkh PQH1 Lq idfw/ wkh PQH

pd| eh zruvh r� ehlqj uhjxodwhg e| vhyhudo qdwlrqdo uhjxodwruv +gxh wr frqwudfw h{whuqdolwlhv,/

dv wkh uhqwv wkh h!flhqw PQH fdq h{shfw lq |2 zrxog eh orzhu wkdq li lw zhuh uhjxodwhg e| d

vxsudqdwlrqdo uhjxodwru1 Dv d uhvxow/uhjxodwruv kdyh wr sd| ohvv lq rughu wr rewdlq wkh surshu

lqfhqwlyhv wrgd|1 Wkh wzr lqh!flhqflhv/ zklfk wdnhq lqghshqghqwo| erwk uhgxfh wkh zhoiduh

ri wkh frxqwulhv lqyroyhg/ zkhq wdnhq wrjhwkhu pd| wxuq rxw wr eh srwhqwldoo| ehqh�fldo zlwk

vhsdudwhg qdwlrqdo uhjxodwruv1

Lvvxhv frqfhuqlqj lqirupdwlrq dftxlvlwlrq Duurz +4<:7, dujxhv wkdw fhqwudolvdwlrq

ghfuhdvhv frppxqlfdwlrq frvwv dqg khosv frruglqdwlrq/ wkxv lqfuhdvlqj wrwdo vxusoxv1 Krzhyhu/

lq wkh oljkw ri uhfhqw ghyhorsphqwv lq |dugvwlfn frpshwlwlrq wkhru| +vhh Gdqd +4<<6,,/ lw fdq

qrz eh vkrzq wkdw lw pd| eh ehqh�fldo wr ohw qdwlrqdo dxwkrulwlhv vhsdudwho| uhjxodwh PQHv1

Qdwlrqdo uhjxodwruv lqghshqghqwo| dftxluh lqirupdwlrq derxw PQHv dqg duh sod|hg r� djdlqvw

hdfk rwkhu lq wklv surfhvv/ wkxv uhlqiruflqj lqirupdwlrq wudqvplvvlrq wrzdugv wkh wrs ri wkh

s|udplg1

Dqrwkhu dujxphqw djdlqvw fhqwudolvdwlrq edvhg rq lqirupdwlrq dftxlvlwlrq frqvlghuv wkh

g|qdplf lqwhudfwlrq ehwzhhq wkh uhjxodwhg PQH dqg wkh uhjxodwru+v,1 Frqvlghu d vlpsoh wzr0

shulrg vhwwlqj lq zklfk wkh PQH rshudwhv �uvwo| lq wkh grphvwlf pdunhw dqg wkhq vxevhtxhqwo|
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lq wkh iruhljq pdunhw1 Li wkh vroh vxsudqdwlrqdo uhjxodwru hpsor|hg wkh vwdwlf rqh0shulrg

uhjxodwru| frqwudfw/ dw wkh hqg ri wkh �uvw shulrg kh zrxog eh frpsohwho| lqiruphg derxw

wkh PQH*v h!flhqf|1 Dv zh kdyh douhdg| vkrzq/ wklv zrxog pdnh lw h{wuhpho| frvwo| wr

frqylqfh wkh �up wr uhyhdo sulydwh lqirupdwlrq lq wkh �uvw shulrg dqg zrxog srvvleo| suhyhqw

doo lqirupdwlrq ehlqj glvforvhg14: Rq wkh frqwudu|/ zlwk wzr lqghshqghqw qdwlrqdo uhjxodwruv

dfwlqj vhtxhqwldoo|/ wklv txhvwlrq pd| qrw dulvh hyhq li wkh vhfrqg uhjxodwru wr dfw revhuyhv

wkh frqwudfw +exw qrw wkh �up*v fkrlfh, sursrvhg e| wkh �uvw uhjxodwru1 Fdo}rodul dqg Sdydq

+5333, vkrz wkdw lq wklv fdvh uhjxodwruv pd| dovr kdyh wr vkduh vrph ri wkh lqirupdwlrq +qrw

doo/ rwkhuzlvh wkh udwfkhw h�hfw frphv edfn, lqlwldoo| dftxluhg e| wkh grphvwlf uhjxodwru +vhh

deryh,1

Sduwldo ghohjdwlrq Wkh suhylrxv dqdo|vlv irfxvhg rq wkh srvvlelolw| ri ghohjdwlqj doo

uhjxodwru| srzhuv wr d vxsudqdwlrqdo uhjxodwru1 Krzhyhu/ lq vrph flufxpvwdqfhv sduwldo gho0

hjdwlrq pd| eh suhihudeoh1 Wklv odwwhu rswlrq vwloo qhhgv wr eh ixoo| dqdo|vhg/ dowkrxjk dq

lqlwldo fdvh lv lqyhvwljdwhg lq Fdo}rodul +4<<<,1 Lq vhfwlrq 6 zh vkrzhg krz wkh lqwhuqdwlrqdo

rzqhuvkls vwuxfwxuh ri d uhjxodwhg PQH d�hfwv frqvxpswlrq lq doo frxqwulhv lqyroyhg/ dv zhoo

dv wkh sur�wv ri wkh PQH lwvhoi1 Ehiruh qdwlrqdo uhjxodwlrq wdnh sodfh/ dq rswlpdo rzqhuvkls

vwuxfwxuh fdq eh ghvljqhg wr pd{lplvh wkh vxp ri qdwlrqdo zhoiduh1 Lw wxuqv rxw wkdw lq wkh

prgho lq vhfwlrq 6/ wkh rswlpdo qdwlrqdo rzqhuvkls ri d frxqwu| lv wkh juhdwhu/ wkh pruh +ohvv,

hodvwlf lv iruhljq +grphvwlf, ghpdqg1 Rq wkh frqwudu|/ lq d frpsohwho| v|pphwulf zruog/ wkhuh

duh qr uhdvrqv iru gl�huhqwldwlqj qdwlrqdo rzqhuvkls/ dqg PQHv duh ehwwhu r� zkhq rzqhg

htxdoo| e| doo wkh uhjxodwlqj frxqwulhv1

4:Wklv txhvwlrq lqyroylqj g|qdplf Sulqflsdo0Djhqw prghov lv nqrzq dv wkh udwfkhw h�hfw1 Vhh Od�rqw dqg

Wluroh +4<<6, fkdswhu ;1
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Dqrwkhu lqwhuhvwlqj dssolfdwlrq ri sduwldo ghohjdwlrq lq wkh uhjxodwlrq ri PQHv uhodwhv wr

lqwhuqdwlrqdo wudqvihu sulflqj1 Zkhq dq PQH wudqvihuv dq revhuydeoh lqwhuphgldwh lqsxw wr

wkh rxwsxw surgxflqj vxevlgldulhv/ wkh lvvxh dulvhv ri wkh sulfh ri wkhvh h{fkdqjhv1 Qdwlrqdo

uhjxodwruv pd| zdqw wr ghohjdwh lqwhuqdwlrqdo wudqvihu sulflqj uhjxodwlrq wr d vxsudqdwlrqdo

uhjxodwru1 Lw zrxog wkhuhiruh eh lqwhuhvwlqj wr vwxg| li/ dqg zkhq/ wkh ghohjdwlrq ri wudqvihu

sulflqj uhjxodwlrq wr d vxsudqdwlrqdo uhjxodwru khosv qdwlrqdo uhjxodwlrqv jhw wkh PQH wr

ehkdyh/ dqg krz zhoiduh lpsuryhphqwv duh glvwulexwhg dprqj wkh ydulrxv frxqwulhv1 Vlpl0

oduo|/ lq wkh fdvh ri frvw revhuydelolw| +dv lq Od�rqw dqg Wluroh +4<<6,,/ rqh frxog ghohjdwh

wudqvihusulfh0�{lqj srzhuv wr d vxsudqdwlrqdo uhjxodwru/ dqg ohw qdwlrqdo uhjxodwruv gudz xs

frvw uhlpexuvhphqw frqwudfwv1

Vkrxog wkh wudqvsruwdwlrq ri rxwsxwv eh ihdvleoh/ frxqwulhv frxog frpsduh lqwhuqdwlrqdo

surgxfwlrq dqg zhoiduh zlwk PQHv dqg wudglwlrqdo �upv1 D �uvw suholplqdu| dqdo|vlv vkrzv

wkh h{lvwhqfh ri d wudgh0r�1 Zlwk lqfuhdvlqj +ghfuhdvlqj, uhwxuqv wr vfdoh/ wkh mrlqw surgxfwlrq

ri dq PQH frvwv ohvv +pruh, wkdq zlwk wzr vhsdudwh �upv1 Krzhyhu/ frqwudfw h{whuqdolwlhv

h{lvw lq wkh fdvh ri dq PQH/ exw ydqlvk zlwk wzr lqghshqghqw qdwlrqdoo|0uhjxodwhg �upv1

Lqwhuhvwlqjo| hqrxjk/ wklv wudgh0r� dovr d�hfwv wkh �up+v,* sd|r�v1 Fdo}rodul +4<<<, jlyhv dq

h{dpsoh vkrzlqj wkdw wkh sur�w ri dq PQH whqgv wr eh vpdoohu wkdq wkh vxp ri wkh sur�wv ri

vhsdudwh �upv zkhq wkhuh duh ghfuhdvlqj uhwxuqv wr vfdoh> wkh frqwudu| krogv zlwk lqfuhdvlqj

uhwxuqv wr vfdoh1 Zh vkrxog wkhq h{shfw wkdw PQHv suhydlo lq uhjxodwhg vhfwruv zlwk lqfuhdvlqj

uhwxuqv wr vfdoh/ dqg wkdw lqghshqghqw �upv zrxog eh hqfrxudjhg wr phujh lqwr d vlqjoh PQH

Rq wkh frqwudu|/ qdwlrqdo �upv vkrxog suhydlo lq d vlwxdwlrq ri ghfuhdvlqj uhwxuqv wr vfdoh/

zkloh PQHv zrxog vsolw xs lqwr lqghshqghqw qdwlrqdo �upv1 Zkhq rxwsxwv duh lqwhuqdwlrqdoo|

wudgdeoh/ uhjxodwruv dovr kdyh wkh fkdqfh wr doorz qdwlrqdo �upv wr surylgh iruhljq pdunhwv
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zlwk h{sruwv1 Zkhq qdwlrqdo �upv duh doorzhg wr wudgh/ d gl�huhqw h{whuqdolw| dulvhv dprqj

qdwlrqdo uhjxodwlrq surfhvvhv wdnlqj sodfh yld pdunhw frpshwlwlrq +vhh Frpehv/ Fdloodxg

dqg Mxoolhq +4<<:,,1 Wkxv/ rqh kdv wr frpsduh wkh wzr w|shv ri frqwudfwxdo h{whuqdolwlhv

+wkurxjk PQH*v surgxfwlrq dqg wkurxjk pdunhw frpshwlwlrq, dqg wkh h�hfwv ri vhsdudwlqj

ru frqfhqwudwlqj wkh surgxfwlrq surfhvv1 Wkh frpsdulvrq ri doo wkhvh ydulrxv h�hfwv uhpdlqv

d odujho| xqh{soruhg duhd ri uhvhdufk1

8 Frqfoxvlrqv

PQHv duh vsuhdglqj wkurxjkrxw wkh zruog/ dqg zh zloo doo ehqh�w iurp wkh juhdwhu frpshwlwlrq

dqg h!flhqf| surgxfhg e| wkhvh �upv1 Krzhyhu/ wkhvh ehqh�wv zloo eh orvw li zh idlo wr uhdolvh

wkdw wkh jdph sod|hg e| PQHv lv olnho| wr eh gl�huhqw iurp zkdw uhjxodwruv duh xvhg wr1

Lq wklv sdshu zh duh frqfhuqhg zlwk vwxg|lqj krz PQHv fkdqjh wkh wkhru| dqg sudfwlfh

ri uhjxodwlrq1 Qhz ihdwxuhv dqg lvvxhv dulvh erwk iurp d srvlwlyh dqg qrupdwlyh srlqw ri

ylhz1 Hpsor|lqj vrph uhfhqw ghyhorsphqwv lq wkhruhwlfdo zulwlqjv rq pxowl0sulqflsdov/ zh

kdyh vxuyh|hg wkh h{lvwlqj olwhudwxuh ghdolqj zlwk vrph ri wkhvh lvvxhv dqg lqyhvwljdwhg rwkhuv

zklfk vwloo dzdlw wkhruhwlfdo lqtxlu|1

PQHv jhqhudoo| hpsor| dq lqwhuqdwlrqdo surgxfwlrq surfhvv lqyroylqj wkh xvh ri lqwhu0

qdoo| surgxfhg lqsxwv1 Wklv lqwhuphgldwh vwdjh pdnhv �qdo surgxfwlrq lqwhughshqghqw/ hyhq

li |lhoghg lq gl�huhqw frxqwulhv1 Lqwhughshqghqw surgxfwlrq lv wkh vrxufh ri olqnv dprqj

qdwlrqdo uhjxodwlrqv1 Lq wklv sdshu zh kdyh vkrzq krz qdwlrqdo uhjxodwlrqv lqwhudfw zkhq

ghdolqj zlwk vxfk pxowlqdwlrqdo �upv1 Zh hpskdvlvhg wkh idfw wkdw dv|pphwulf lqirupdwlrq

sdvvlqj ehwzhhq d uhjxodwhg PQH dqg uhjxodwru| dxwkrulwlhv olhv dw wkh khduw ri olqnv ehwzhhq

qdwlrqdo uhjxodwlrqv1 Khqfh/ lqirupdwlrq ehfrphv dq hyhq pruh fuxfldo dvshfw ri uhjxodwlrq ri
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PQHv1 Li uhjxodwlqj frxqwulhv idlo wr fr0rshudwh/ wkh uhvxowlqj uhflsurfdo h{whuqdolwlhv ohdg wr

xqghu0 ru ryhu0frqvxpswlrq ri wkh uhjxodwhg jrrg +ghshqglqj rq wkh xqghuo|lqj surgxfwlrq

whfkqrorjlhv fkdudfwhulvlqj lqsxwv dqg rxwsxwv,1 PQHv duh vkrzq wr furvv0vxevlglvh surgxf0

wlrq lq frxqwulhv zklfk duh ri juhdwhu lqwhuhvw iurp wkh srlqw ri ylhz ri wkh PQHv* sur�wv1

Pruhryhu/ d �up*v delolw| wr sod| uhjxodwruv r� djdlqvw hdfk rwkhu uhgxfhv wkh uhjxodwru|

srzhu ri qdwlrqdo dxwkrulwlhv/ wkxv ohdglqj wr h{wud sur�wv iru wkh �up1

PQHv kdyh frqvlghudeoh duelwudwlrq srzhuv/ dqg wkxv iurp wkh qrupdwlyh srlqw ri ylhz/

uhjxodwruv vkrxog sodfh pruh lpsruwdqfh rq hpsor|lqj wudglwlrqdo uhjxodwru| phfkdqlvpv1 D

pdmru sureohp lv wkdw ri xqghuvwdqglqj zkhwkhu lqwhjudwlrq ru vhsdudwlrq ri qdwlrqdo uhjxod0

wlrqv lv wkh ehvw zd| ri wdfnolqj uhjxodwhg PQHv1 Zh dqdo|vhg wkh surv dqg frqv ri wkhvh wzr

dowhuqdwlyhv/ frqvlghulqj txhvwlrqv ri lqirupdwlrq dftxlvlwlrq/ qrq0ehqhyrohqw uhjxodwruv dqg

wkh odfn ri frpplwphqw wr uhjxodwru| vfkhphv1 Ilqdoo|/ zh lqyhvwljdwhg d wklug zd| frqvlvwlqj

lq wkh fhqwudolvdwlrq ri fhuwdlq ihdwxuhv ri uhjxodwlrq/ dqg lq wkh ghfhqwudolvdwlrq ri rwkhuv wr

qdwlrqdo dxwkrulwlhv1

Dorqj zlwk d vxuyh| ri wkh pdlqvwuhdp wkhru| ri rswlpdo uhjxodwlrq/ zh kdyh frqfhqwudwhg

rq wkh nlqg ri uhjxodwlrq sduwlfxoduo| vxlwhg wr wkh sxeolf xwlolwlhv vhfwru1 Krzhyhu/ wkh

suhvhqfh ri PQHv lv dovr uhohydqw wr rwkhu nlqgv ri sxeolf lqwhuyhqwlrq1 Iru h{dpsoh/ wkh

suhvhqfh ri PQHv lv ri lpsruwdqfh wr wkh lqwhudfwlrq ehwzhhq qdwlrqdo frpshwlwlrq srolflhv

+vhh wkh Nrgdn2Ixml fdvh/ lq Edurq +4<<:,,1 Lq vxfk fdvhv/ PQHv duh frpprq djhqwv ri

ydulrxv qdwlrqdo dqwlwuxvw dxwkrulwlhv1 D vlplodu wklqj rffxuv zlwk lqwhuqdwlrqdo wd{dwlrq

lvvxhv/ zkhuh wkh lqirupdwlrqdo dv|pphwulhv dprqj �upv dqg wd{ dxwkrulwlhv wxuq rxw wr eh

ri fuxfldo lpsruwdqfh1 Ilqdoo|/ wkhuh duh vrph uhjxodwhg vhfwruv/ vxfk dv edqnlqj/ zklfk qhhg/

dqg duh vwloo zdlwlqj iru/ d vhfwru0vshfl�f dqdo|vlv ri PQH uhjxodwlrq1
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