
Wudgh/ Pxowlqdwlrqdo Vdohv/ dqg IGL lq d
Wkuhh0Idfwruv Prgho

Shwhu Hjjhu dqg Plfkdho Sid�hupd|u

Dxvwuldq Lqvwlwxwh ri Hfrqrplf Uhvhdufk

Shwhu1HjjhuCzlir1df1dw dqg Plfkdho1Sid�hupd|uCzlir1df1dw

Devwudfw

Wkh ryhuzkhoplqj lpsruwdqfh ri pxowlqdwlrqdo dfwlylwlhv dv zhoo dv wkh frh{0

lvwhqfh ri h{sruwhuv dqg pxowlqdwlrqdov zlwklq wkh ghyhorshg frxqwulhv ghpdqg

iru wkhruhwlfdo prghov zklfk surylgh d frqylqflqj h{sodqdwlrq ri vlpxowdqh0

rxv wzr0zd| wudgh dqg krul}rqwdo pxowlqdwlrqdo dfwlylwlhv1 Zh suhvhqw d prgho

zlwk wkuhh idfwruv ri surgxfwlrq wr glvhqwdqjoh wkh wzrirog lpsruwdqfh ri khdg0

txduwhuv iru wkhlu d!oldwhv lqwr d nqrz0krz dqg d fdslwdo vhuylqj sduw +IGL,1

Pxowlqdwlrqdov wudgh0r� wkh lqfhqwlyhv iru d kljk sur{lplw| wr wkh pdunhw dqg

d frqfhqwudwlrq ri surgxfwlrq idflolwlhv1 Zh vlpxodwh wkh prgho wr ghulyh suh0

glfwlrqv derxw wkh lpsdfw ri wudgh frvwv/ sodqw vhw0xs frvwv/ uhodwlyh frxqwu|

vl}h dqg idfwru hqgrzphqwv rq wkh idfwru sulfhv ri oderu/ kxpdq dqg sk|vlfdo

fdslwdo rq wkh rqh kdqg dqg wkuhh pdlq rxwsxw yduldeohv/ h{sruwv/ pxowlqd0

wlrqdo vdohv dqg IGL/ rq wkh rwkhu1 Zh �qg wkdw wkh h�hfwv duh qrw xqlirup iru

pxowlqdwlrqdo vdohv dqg IGL1 Khqfh/ rqh vkrxog eh fduhixo zlwk lqwhusuhwlqj wkh

vlpxodwlrq uhvxowv ri suhylrxv zrun iru vdohv dv vlpso| kroglqj iru IGL dv zhoo1

MHO fodvvl�fdwlrq= I45> I56

Nh|zrugv= Pxowlqdwlrqdov> Qhz wudgh wkhru|> Hqgrjhqrxv orfdwlrq
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4 Lqwurgxfwlrq

Wkh qhz wudgh wkhru| lqlwldoo| kdv ehhq vxffhvvixo lq h{sodlqlqj wudgh ehwzhhq

frxqwulhv zlwk vlplodu uhodwlyh idfwru hqgrzphqwv1 Vlqfh wkhq qrw rqo| wkh

sdwwhuq ri lqwhu0lqgxvwu| dqg lqwud0lqgxvwu| wudgh/ exw dovr idfwru prelolw| dqg

hvshfldoo| pxowlqdwlrqdo dfwlylw| fdph lqwr wkh olpholjkw ri uhvhdufk1 Rqh vrxufh

ri wklv ghyhorsphqw kdv ehhq wkh vw|ol}hg idfw ri jurzlqj yroxphv ri wudgh dqg

wkh lqfuhdvlqj lpsruwdqfh ri iruhljq rzqhuvkls ri surgxfwlrq fdslwdo1 Dowkrxjk

vpdoo lq ohyhov/ lq pdq| frxqwulhv wkh fruuhvsrqglqj jurzwk udwhv ri wkh odwwhu

vxusdvvhg wkrvh ri wudgh yroxphv wr d odujh h{whqw1 Wdeoh 4 ghprqvwudwhv wkdw

+rxwzdug, vwrfnv ri iruhljq gluhfw lqyhvwphqw +IGL, dqg yroxphv ri wudgh dv

shufhqw ri JGS duh kljkhvw iru vpdoo ghyhorshg frxqwulhv zklfk duh uhodwlyho|

zhoo hqgrzhg zlwk fdslwdo1 Iru lqvwdqfh/ wkh vkduh ri lqwud0RHFG wudgh lq Zruog

wudgh dprxqwv wr 8: shufhqw41 Rq wkh rwkhu kdqg/ wkh vkduh ri vwrfnv ri IGL

krvwhg e| RHFG frxqwulhv dqg rzqhg e| rwkhu RHFG frxqwulhv lq 4<<8 zdv

derxw 89 shufhqw ri Zruog +rxwzdug, IGL5 1 Lq Wdeoh 4 wkh fruuhodwlrq frh!flhqw

ehwzhhq h{sruwv dqg vwrfnv ri rxwzdug IGL +erwk phdvxuhg dv shufhqw ri JGS,

lv 3187 +vljql�fdqw dw 43 shufhqw, dqg wkdw ehwzhhq lpsruwv dqg vwrfnv ri lqzdug

IGL dprxqwv wr 3169 +djdlq dv shufhqw ri JGS> vljql�fdqw dw 8 shufhqw,1 Khqfh/

zlwklq wkh RHFG wudgh dqg IGL duh erwk fkdudfwhul}hg pdlqo| e| d wzr0zd|

sdwwhuq1

A Wdeoh 4 derxw khuh ?

Lw zdv wkh phulw ri Khospdq +4<;7, wr lqfrusrudwh pxowlqdwlrqdo dfwlylwlhv

lqwr wkh qhz vwdqgdug prgho ri wudgh iru wkh �uvw wlph1 Lq frqwudvw wr wkh vw|ol}hg

idfwv iru wkh RHFG frxqwulhv/ Khospdq edvhg klv h{sodqdwlrq ri wkh rffxuuhqfh

ri pxowlqdwlrqdo hqwhusulvhv +PQHv, rqo| rq gl�huhqfhv lq uhodwlyh idfwru hqgrz0

phqwv zklfk zrxog uhqghu idfwru sulfh htxdol}dwlrq lpsrvvleoh zlwkrxw PQHv1

Wklv w|sh ri prgho kdv wkuhh pdmru olplwdwlrqv1 Iluvw/ wkh qxpehu ri pxowl0

qdwlrqdov lv lqghwhuplqdwh6 1 Vhfrqg/ +dv prvw wudgh prghov zlwk PQHv, wkh

PQHv gr qrw vhuyh wkh iruhljq frxqwu| zlwk fdslwdo exw rqo| zlwk �up0vshfl�f

dvvhwv +khdgtxduwhuv vhuylfhv,1 Wklv vhsdudwlrq ri lqqrydwlrq dqg wkh surgxf0

wlrq surfhvv ehwzhhq wzr frxqwulhv lpsolhv yhuwlfdoo| rujdql}hg PQHv zlwk wkh

surgxfwlrq frqfhqwudwhg lq wkh oderu dexqgdqw frxqwu|1 Wklug/ frxqwhuidfwx0

doo| wr wkh vw|ol}hg idfwv iru wkh ghyhorshg frxqwulhv/ wklv prgho rqo| h{sodlqv

rqh0zd| PQH dfwlylwlhv edvhg rq uhodwlyh idfwru hqgrzphqwv1

Lq pruh uhfhqw prghov wkh nh| ghwhuplqdqwv ri pxowlqdwlrqdo dfwlylwlhv vwhp

iurp d wudgh0r� ehwzhhq sur{lplw| wr wkh pdunhw dqg frqfhqwudwlrq ri surgxf0

wlrq idflolwlhv dqg duh edvhg rq wkh uhodwlrqvkls ehwzhhq wkh frvwv ri vhwwlqj xs

d qhz +vhfrqg, sodqw dqg h{sruwlqj +eduulhuv wr wudgh/ wudqvsruwdwlrq frvwv,1

H{dpsohv duh Eudlqdug +4<<6,/ dqg Pdunxvhq ) Yhqdeohv +4<<9 dqg 4<<;,1

4RHFG Prqwko| Vwdwlvwlfv ri Lqwhuqdwlrqdo Wudgh +Iheuxdu| 5333, dqg ZWR1
5RHFG Lqwhuqdwlrqdo Vwdwlvwlfv \hduerrn +4<<:,/ Zruog Lqyhvwphqw Uhsruw +4<<;, zlwk

lpsxwdwlrqv iru Mdsdq/ Lwdo| dqg Ghqpdun e| wkh xvh ri rxw rzv1
6Khospdq frqvlghuv htxloleuld zlwk wkh vpdoohvw srvvleoh qxpehu ri pxowlqdwlrqdo �upv1
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Wkhvh prghov duh sulqflsdoo| deoh wr h{sodlq +krul}rqwdo, wzr0zd| PQH dfwly0

lwlhv frpelqhg zlwk wzr0zd| wudgh1 Krzhyhu/ wkh frqvlghuhg pl{hg htxloleuld

zlwk frh{lvwlqj h{sruwhuv dqg PQHv duh hlwkhu lqghwhuplqdwh +Eudlqdug/ 4<<6,

ru nqlih0hgjh fdvhv +Pdunxvhq ) Yhqdeohv/ 4<<;,1 Pdunxvhq ) Yhqdeohv +4<<9,

lv dq h{fhswlrq |lhoglqj d pl{hg htxloleulxp iru wzr0zd| h{sruwv dqg +krph0

ohvv, PQHv iru d vpdoo duhd lq wkh idfwru er{ zkhuh frxqwu| vl}hv dqg2ru idfwru

hqgrzphqwv duh qrw wrr vlplodu1 Pdunxvhq hw do1 +4<<9, surylgh d xql�hg

wuhdwphqw ri krul}rqwdo dqg yhuwlfdo PQHv uhvxowlqj lq d grplqdqfh ri yhuwlfdo

PQHv iru frxqwulhv zlwk vx!flhqwo| gl�huhqw uhodwlyh idfwru hqgrzphqwv dqg ri

krul}rqwdo PQHv iru vlplodu frxqwulhv erwk lq whupv ri vl}h dqg uhodwlyh idfwru

hqgrzphqwv1

Zh suhvhqw d prgho zlwk krul}rqwdo PQHv vhuylqj wkhlu d!oldwhv deurdg

qrw rqo| zlwk fodvvlfdo khdgtxduwhuv vhuylfhv +�up0vshfl�f dvvhwv/ nqrzohgjh/

dqg surgxfwlrq nqrz0krz, exw dovr zlwk sk|vlfdo fdslwdo1 Lq frqwudvw wr erwk

wkh vr0fdoohg �yhuwlfdo� dqg wkh �nqrzohgjh fdslwdo� prgho/ wkh khdgtxduwhuv

lq rxu prgho duh wlhg wr +grphvwlf, sodqw dfwlylwlhv1 Rxu prgho lv exlow lq wkh

wudglwlrq ri Pdunxvhq ) Yhqdeohv +4<<9, dqg dffrxqwv iru wkh wkuhh pdlq deryh

phqwlrqhg vw|ol}hg idfwv iru wkh ghyhorshg frxqwulhv= Iluvw/ wkh grplqdqw uroh

ri krul}rqwdo PQHv7 1 Vhfrqg/ wkh wzrirog uroh ri khdgtxduwhuv lq vhuylqj wkhlu

+iruhljq, d!oldwhv zlwk erwk nqrzohgjh +lqqrydwlrqv, dqg sk|vlfdo fdslwdo/ zlwk

wkh odwwhu uh hfwhg dv d wudqvihu ri fdslwdo lq wkh edodqfh ri sd|phqwv dffrxqwv1

Wklug/ wkh vlpxowdqhrxv h{lvwhqfh ri h{sruwhuv dqg PQHv zlwk erwk wzr0zd|

wudgh dqg IGL1

Zh glvwlqjxlvk ehwzhhq sk|vlfdo dqg kxpdq fdslwdo zklfk hqdeohv xv wr glv0

hqwdqjoh khdgtxduwhuv vhuylfhv dqg wkh wudqvihu ri fdslwdo dfurvv erughuv +IGL,1

Dv lq Pdunxvhq ) Yhqdeohv +4<<;, zh uhwxuq wr wkh dvvxpswlrq wkdw PQHv

hvwdeolvk wkhlu khdgtxduwhuv lq d sduwlfxodu frxqwu| dqg wudqvihu khdgtxduwhuv

vhuylfhv dqg sk|vlfdo fdslwdo wr wkh krvw frxqwu|1

Lq frqwudvw wr suhylrxv zrun rxu prgho ghprqvwudwhv wkdw wkh uhodwlrqvkls

ehwzhhq PQH vdohv dqg IGL lv qrw wulyldo lq wkh vhqvh wkdw d fkdqjh lq wkh

h{rjhqrxv ghwhuplqdqwv pd| h{klelw d gl�huhqw lpsdfw rq wkh wzr ghshqglqj

rq uhodwlyh frxqwu| vl}h dqg gl�huhqfhv lq uhodwlyh idfwru hqgrzphqwv1 Wklv

qhfhvvldwhv d pruh fduhixo lqwhusuhwdwlrq ri suhylrxv wkhruhwlfdo prghov zklfk

zhuh pdlqo| frqfhuqhg zlwk PQH vdohv exw vrphwlphv zhuh dovr lqwhusuhwhg iru

IGL +vhh Pdunxvhq ) Pdvnxv/ 4<<<d/ s1 7,1

Lq rughu wr nhhs wkh prgho dv vlpsoh dv srvvleoh/ zh lqwurgxfh mxvw rqh +krul0

}rqwdoo|, gl�huhqwldwhg surgxfw1 Wklv frqfhqwudwlrq rq lqwud0lqgxvwu| wudgh grhv

qrw doorz wr dqdo|}h wudgh sdwwhuqv edvhg rq vshfldol}dwlrq lq wkh surgxfwlrq

ri jrrgv1 Wkh hpslulfdo hylghqfh lqglfdwhv/ wkdw iru ghyhorshg frxqwulhv lqwud0

lqgxvwu| wudgh irupv d pdmru sduw ri ryhudoo wudgh +<9 shufhqw shufhqw ri ryhudoo

lqwud0RHFG wudgh lq 4<<88,1 Rxu prgho/ wkxv/ fdswxuhv wkh pdmru vw|ol}hg idfwv

iru hfrqrplf uhodwlrqvklsv ehwzhhq ghyhorshg frxqwulhv dv wkh RHFG1

7Pdunxvhq ) Pdvnxv +4<<<e, vkrz wkdw wkh krul}rqwdo prgho lv dovr ehwwhu vxssruwhg iru

elodwhudo X1V1 gdwd wkdq wkh yhuwlfdo ru wkh �nqrzohgjh0fdslwdo� prghov1
8Rzq fdofxodwlrqv ri wkh Juxeho0Or|g0lqgh{ iru VLWF060gljlw wudgh gdwd +XQR gdwdedvh,1
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Wkh prgho xvhv wkh qrz vwdqgdug lqjuhglhqwv ri qhz prghov ri wudgh dqg

pxowlqdwlrqdov= D Khfnvfkhu0Rkolq vwuxfwxuh ghwhuplqhv wkh sdwwhuq ri �up

w|shv/ l1h1 h{sruwhuv +QHv, dqg PQHv1 Erwk QHv dqg PQHv idfh prqrsrolvwl0

fdoo| frpshwlwlyh surgxfw pdunhwv1 Ilupv fkrrvh ehwzhhq hqwhulqj wkh iruhljq

pdunhw yld h{sruwv ru IGL rq wkh edvlv ri wkh sur{lplw|0frqfhqwudwlrq sdudph0

whuv1 Wkh iruphu duh prghoohg e| �{hg frvwv ri vhwwlqj xs d vhfrqg sodqw deurdg

dqg wkh odwwhu duh lfhehuj wudqvsruwdwlrq frvwv1 Lq frqwudvw wr dqwhfhghqw uh0

vhdufk zh surylgh d wkuhh0idfwruv prgho +oderu/ sk|vlfdo dqg kxpdq fdslwdo,

zkhuh hdfk ri wkh idfwruv lv xvhg lq d vlqjoh surfhvv h{foxvlyho| wr nhhs wkh

prgho dv vlpsoh dv srvvleoh= Kxpdq fdslwdo vhuyhv lq wkh lqqrydwlrq surfhvv1

Sk|vlfdo fdslwdo lv wkh rqo| idfwru zklfk lv qhhghg iru vhwwlqj xs d sodqw +l1h1 wkh

surgxfwlrq idflolwlhv,1 Oderu lv xvhg lq wkh surgxfwlrq ri +gl�huhqwldwhg, jrrgv1

Wklv ulfk prgho vwuxfwxuh doorzv xv wr h{sodlq wkh zlgho| revhuyhg vlpxowdqhrxv

rffxuuhqfh ri wzr0zd| wudgh dqg IGL +furvv0kdxolqj, hyhq ehwzhhq devroxwho|

vlplodu frxqwulhv lq whupv ri erwk vl}h dqg uhodwlyh idfwru hqgrzphqwv1 Hpslulfdo

hylghqfh rq idfwru hqgrzphqwv vxssruwv rxu ylhz wkdw pxowlqdwlrqdo dfwlylwlhv

duh srvlwlyho| uhodwhg wr erwk hqgrzphqwv lq sk|vlfdo dqg kxpdq fdslwdo1 Pruh

suhflvho|/ lq wkh odujhvw srvvleoh lqwhuvhfwlrq ri wkh Shqq Zruog Wdeoh 819 dqg

wkh Eduur ) Ohh gdwdedvh zh �qg vljql�fdqw srvlwlyh fruuhodwlrqv +dw ohdvw dw

43 shufhqw, ehwzhhq wkh vwrfnv ri rxwzdug IGL +dv shufhqw ri JGS, dqg erwk

wkh sk|vlfdo0fdslwdo0wr0kxpdq0fdslwdo dqg wkh kxpdq0fdslwdo0wr0xqvnloohg0oderu

udwlrv lq d furvv0vhfwlrq ri frxqwulhv lq 4<<81

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

edvlf dvvxpswlrqv dqg wkh vhw0xs ri wkh prgho1 Vlqfh forvhg vroxwlrqv ri wkh

prgho fdqqrw eh ghulyhg/ vhfwlrq 6 zrunv rxw wkh lpsolfdwlrqv ri wkh jhqhudo

htxloleulxp lq whupv ri vlpxodwlrqv iru vhohfwhg sdudphwhu ydoxhv1 Hvshfldoo|/ wkh

h�hfwv ri fkdqjhv lq uhodwlyh vl}h/ uhodwlyh idfwru hqgrzphqwv/ wkh wudqvsruwdwlrq

frvw sdudphwhu/ dqg wkh �{hg frvw sdudphwhu iru vhwwlqj xs d iruhljq sodqw rq

wkh yroxph ri wudgh/ pxowlqdwlrqdo dfwlylwlhv/ dqg uhodwlyh zdjhv duh vwxglhg1

Vhfwlrq 7 vxppdul}hv wkh pdlq uhvxowv dqg frqfoxghv1

5 Wkh Prgho

514 Ghpdqg

Zh prgho ghpdqg e| d Gl{lw ) Vwljolw} +4<::, iudphzrun zlwk krul}rqwdoo|

gl�huhqwldwhg surgxfwv vlplodu wr Pdunxvhq ) Yhqdeohv +4<<9,1 Lq wkh iroorzlqj/

wkh �uvw vxevfulsw l> m @ 4> 5 ghqrwhv wkh qdwlrqdolw| +frxqwu| ri ruljlq, ri wkh

vxssolhu ri dq| ydulhw| dqg wkh vhfrqg rqh uhihuv wr wkh frxqwu| zkhuh wkh

ydulhw| lv frqvxphg1 { lv wkh txdqwlw| ri d ydulhw| li lw lv h{sruwhg/ | li lw

lv surgxfhg e| d PQH1 Lq wkh uhpdlqghu zh xvh wkh iroorzlqj frqyhqwlrq= li

+l 9@ m, d ydulhw| lv hlwkhu h{sruwhg ru surgxfhg e| d iruhljq d!oldwh1 Li +l @ m,

d ydulhw| lv surgxfhg dqg frqvxphg lq wkh vdph frxqwu|1 Dv phqwlrqhg deryh/

ghpdqg frpsulvhv rqo| d vlqjoh krul}rqwdoo| gl�huhqwldwhg surgxfw wr nhhs wkh

prgho wudfwdeoh1 Wklv uxohv rxw dq| frqvlghudwlrqv derxw wkh uhodwlrqv ehwzhhq
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lqwhu0lqgxvwu| dqg lqwud0lqgxvwu| wudgh91

Ghpdqg iru dq| ydulhw| surgxfhg lq frxqwu| l e| dq h{sruwlqj �up lv jlyhq

e|

{ll @ s
�%
ll v

%�4
l Hl > {lm @ s

�%
ll w

4�%
v
%�4
m Hm +4,

zkhuh

vl @ ^+ql .pl .pm,s
4�%
ll . qm+wsmm,

4�%
`
4@+4�%, +5,

lv wkh sulfh djjuhjdwru +Pdunxvhq ) Yhqdeohv/ 4<<9,1 Wkhuh duh ql grphvwlf

�upv +QHv, h{sruwlqj wr frxqwu| m/ dqgpl PQHv zlwk khdgtxduwhuv lq frxqwu|

l dqg sodqwv lq erwk frxqwulhv +dqg vlploduo| iru qm dqg pm,1 Wkh xqghuo|lqj

dvvxpswlrq lv wkdw hyhu| �up vhuylfhv erwk pdunhwv hlwkhu dv d PQH ru dv dq

h{sruwhu +QH,1 Wkhuh lv qr �up zklfk surgxfhv rqo| iru wkh krph pdunhw1 Vr/

lq frqwudvw wr Pdunxvhq ) Yhqdeohv +4<<9, PQHv surgxfh dqg vhoo ydulhwlhv

lq erwk frxqwulhv1 Uhlpsruwlqj d ydulhw| iurp wkh krvw frxqwu| edfn wr wkh

krph frxqwu| lv uxohg rxw e| frvwv ri wudqvsruwdwlrq1 smm ghqrwhv wkh frqvxphu

sulfh iru d ydulhw| surgxfhg dqg frqvxphg lq m1 Vlqfh dq| ydulhw| surgxfhg

dqg vxssolhg lq wkh vdph frxqwu| +hlwkhu e| PQHv ru e| QHv, idfhv wkh vdph

pdujlqdo frvwv/ lw kdv wkh vdph sulfh ehfdxvh ri wkh v|pphwu| lq pdunhw srzhu1

Wklv |lhogv lghqwlfdo txdqwlwlhv iru doo ydulhwlhv surgxfhg dqg frqvxphg dw wkh

vdph orfdwlrq= {ll @ |ll @ |ml dqg {mm @ |mm @ |lm 1

Li l 9@ m dqg wkh ydulhw| lv h{sruwhg/ wkhq QHv kdyh wr vkls dq dprxqw ri

w @ +4 . � , xqlwv wr vhoo rqh xqlw ri wkh rxwsxw lq wkh iruhljq pdunhw/ vhh +4,1

% A 4 lv wkh hodvwlflw| ri vxevwlwxwlrq ehwzhhq wkh ydulhwlhv zklfk htxdov wkh sulfh

hodvwlflw| ri ghpdqg1 Hl gh�qhv wkh ryhudoo idfwru lqfrph +JQS, ri frxqwu| l1

515 Idfwru Uhtxluhphqwv

Wr fdswxuh wkh pdlq lghd ri frh{lvwlqj QHv dqg PQHv lq erwk frxqwulhv/ wkh

vlpsohvw whfkqrorj| xvhv wkuhh idfwruv iru wkuhh dfwlylwlhv +surgxfwlrq/ sodqw

vhw0xs/ dqg �up vhw0xs, h{foxvlyho|1 Xqvnloohg oderu +Ol, lv rqo| hpsor|hg wr

surgxfh wkh ydulhw|/ vnloohg oderu +Kl, lv wkh rqo| idfwru qhfhvvdu| wr lqyhqw d

eoxhsulqw iru d qhz ydulhw| +uhvshfwlyho| wr vhw0xs d qhz �up,1 Ilqdoo|/ lqyhvw0

phqw lq qhz sodqwv qhfhvvldwhv rqo| fdslwdo +Nl,1 Lq frqwudvw wr Pdunxvhq )

Yhqdeohv +4<<9, dqg rwkhu vwxglhv/ vhwwlqj xs d sodqw lq wkh iruhljq frxqwu|

qrw rqo| ghpdqgv iru wkh wudqvihu ri �up0vshfl�f dvvhwv:/ exw dovr d wudqvihu ri

fdslwdo wr wkh krvw frxqwu|1 Zh prgho wkh odwwhu dv vklsphqw ri grphvwlf fds0

lwdo wr wkh iruhljq frxqwu| dqg fdoo wklv IGL dowkrxjk lw lv qrw dvvrfldwhg zlwk

dq| fkdqjh lq surshuw| uljkwv1 Khqfh/ fdslwdo lv wuhdwhg dv preloh lq wkh vhqvh

9Qrwh wkdw lw lv qhyhuwkhohvv srvvleoh wr vwxg| wkh uhodwlyh lpsruwdqfh ri lqwud0lqgxvwu|

+lqwhu0�up, dqg lqwud0�up wudgh +lq khdgtxduwhuv vhuylfhv,1
:D PQH fdq xvh wkh eoxhsulqwv lq wkh iruhljq sodqw zlwkrxw dgglwlrqdo frvwv1 Vr wkhuh duh

pxowl0sodqw hfrqrplhv ri vfdoh lq wkh vhqvh ri Khospdq +4<;7, dqg Pdunxvhq +4<;7,1
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wkdw lw fdq eh wudqvihuuhg e| d PQH exw qrw yld lqwhuqdwlrqdo fdslwdo pdunhwv1

Dv surshuw| uljkwv gr qrw fkdqjh/ wklv lv qrw dvvrfldwhg zlwk d ghew srvlwlrq

lq wkh fdslwdo dffrxqwv1 Lq vr idu/ rxu frqfhsw ri IGL voljkwo| gl�huv iurp wkh

dffrxqwlqj frqyhqlhqfh lq edodqfh ri sd|phqwv vwdwlvwlfv1 Zh zloo uhihu wr wklv

lq pruh ghwdlo zkhq glvfxvvlqj wkh edodqfh ri sd|phqwv frqvwudlqw1

Iru vlpsolflw|/ zh uhvfdoh wkh idfwru vxssolhv wr |lhog xqlwdu| lqsxw frh!0

flhqwv1 Eduulhuv wr lqyhvwphqw deurdg duh lqwurgxfhg dv d frh!flhqw +�,/ zklfk

pdnhv wkh lqyhvwphqw ri rqh xqlw ri fdslwdo deurdg pruh frvwo| wkdq wkh vdph

lqyhvwphqw dw krph;1 Lw pd| fdswxuh ohjdo ru rwkhu eduulhuv wr IGL1 Wdnlqj lqwr

dffrxqw wkdw {ll @ |ll @ |ml/ wkh idfwru pdunhw fohdulqj frqglwlrqv iru frxqwu| l

+dqg vlploduo| iru frxqwu| m, duh jlyhq e|

Ol @ +ql .pl .pm,{ll . ql{lm +6,

Kl @ ql .pl

Nl @ ql . +4 . �,pl

Wkh vroxwlrqv iru wkh qxpehu ri ydulhwlhv surylghg e| h{sruwhuv +ql, dqg

pxowlqdwlrqdo �upv +pl, duh wkhq hdvlo| ghulyhg dv

p
�

l @
Nl �Kl

�
> q

�

l @
Kl +4 . �,�Nl

�
+7,

Zh rqo| frqvlghu fdvhv zkhuh wkh glvwulexwlrq ri PQHv dqg QHv lv vroho|

ghwhuplqhg e| idfwru hqgrzphqwv dqg sodqw vhw0xs frvwv +�, dqg erwk QHv dqg

PQHv ri hdfk frxqwu| duh dfwlyh lq htxloleulxp1 Wkhuhiruh/ lq wkh uhpdlqghu

zh dvvxph Nl � Kl vr wkdw d qrqqhjdwlyh qxpehu ri khdgtxduwhuv ri PQHv

h{lvwv lq hdfk frxqwu|= p�

l � 3/ +l @ 4> 5,1 Li wklv frqglwlrq grhv qrw krog/

sduw ri d frxqwu|*v kxpdq fdslwdo hqgrzphqw zrxog eh lgoh gulylqj lwv idfwru

uhzdug wr }hur1 Wkh uhdvrq iru wklv surshuw| olhv lq wkh vwurqjo| vlpsol�hg

uhvrxufh frqvwudlqwv1 Rqfh K ru N zrxog eh lq xvh iru wkh surgxfwlrq surfhvv

dv zhoo/ dqg/ wkxv/ vkrz xs lq wkh yduldeoh frvw whupv/ wklv surshuw| zrxog

glvdsshdu1 Dgglwlrqdoo|/ Kl � Nl@ +4 . �, hqvxuhv wkdw q�l � 3/ +l @ 4>5, dqg

lq erwk frxqwulhv QHv sduwlflsdwh lq wkh lqqrydwlrq surfhvv1 Pruhryhu dqg ohvv

reylrxvo|/ zh qhhg wr uhvwulfw wkh +uhodwlyh, hqgrzphqwv zlwk xqvnloohg oderu lq

rughu wr jxdudqwhh srvlwlyh idfwru uhzdugv lq erwk frxqwulhv dqg iru doo idfwruv1

Dsshqgl{ 4 surylghv d vx!flhqw 0 krzhyhu qrw qhfhvvdu| 0 frqglwlrq iru wkdw1

Wkh jdlq ri wklv uhvwulfwlyh dssurdfk lv d fohdu dqg vlpsoh prgho vwuxfwxuh ghvslwh

wkuhh idfwruv ri surgxfwlrq lq xvh1

516 ]hur Sur�w Frqglwlrqv/ Hqwu| dqg Duelwudjh

Idfwru sulfhv duh ghqrwhg e| zOl/ zKl/ dqg zNl1 Pdujlqdo frvwv ri surgxfwlrq

lq frxqwu| l duh jlyhq e| zOl dqg zh qrupdol}h 0 dffruglqj wr Zdoudv* Odz 0

;Sulqflsdoo| � 	 � zrxog eh dvvrfldwhg zlwk dq lqyhvwphqw vxevlg|1 Dowkrxjk rxu irupx0

odwlrq zrxog doorz iru wklv/ zh gr qrw frqvlghu wklv fdvh lq zkdw iroorzv1
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zOm @ 41 Wkh �{hg sodqw vhw0xs frvwv duh zNl iru wkh krph sodqw dqg �zNl iru

d PQH*v sodqw deurdg1 Qrwh wkdw fdslwdo lv wudqvihuuhg wr wkh iruhljq frxqwu|

+m,/ exw lw lv olnhzlvh uhzdughg dw frxqwu| l*v uhqwdo udwh +zNl, shu xqlw1 Wr

jhqhudwh d eoxhsulqw iru d qhz ydulhw|/ khqfh/ vhwwlqj xs d qhz �up uhtxluhv

rxwod|v ri zKl iru rqh xqlw ri kxpdq fdslwdo1 Vxpplqj xs/ wkh sur�wv ri QHv

dqg PQHv/ uhvshfwlyho|/ duh jlyhq e|

�
{
l @ sll{ll . sll{lm � zOl{ll �zOl{lm �zKl �zNl +8,

�
p
l @ sll|ll . smm|lm � zOl|ll � zOm|lm � zKl � +4 . �,zNl

Vxshuvfulswv ghqrwh zkhwkhu d �up lv qdwlrqdo dqg h{sruwlqj +{, ru pxowl0

qdwlrqdo +p, dqg uxqqlqj 5 sodqwv1 Xvlqj +4, wkh �uvw rughu frqglwlrqv uhdg

sll @
zOl

�
> smm @

zOm

�
+9,

zlwk � ghqrwlqj wkh pdun0xs ryhu pdujlqdo frvwv1 Xqghu wkh vwdqgdug dv0

vxpswlrqv ri prqrsrolvwlf frpshwlwlrq lw uhodwhv wr wkh hodvwlflw| ri vxevwlwxwlrq

+%, yld % @ 4

4��
=

Hdfk �up fkrrvhv wr hqwhu wkh iruhljq pdunhw e| h{sruwv ru e| vhwwlqj xs d

sodqw deurdg orrnlqj dw wkh wudgh0r� ehwzhhq yduldeoh wudqvsruwdwlrq frvwv dqg

�{hg sodqw vhw0xs frvwv1 Iuhh hqwu| iru erwk h{sruwhuv dqg PQHv lq frxqwu| l

|lhogv=

�
{
l @

zOl+4� �,

�
^{ll . {lm `�zKl � zNl @ 3 +:,

�
p
l @

zOl+4� �,

�
|ll .

zOm+4� �,

�
|lm � zKl � +4 . �,zNl @ 3

lpso|lqj

{ll . {lm @
�

4� �

zKl . zNl

zOl
+;,

iru h{sruwlqj �upv dqg

|ll .
|lm

zOl
@

�

4� �

zKl . +4 . �,zNl

zOl
+<,

iru PQHv1 Wkh wzr }hur sur�w frqglwlrqv iru QHv dqg PQHv lq frxqwu| l

hqvxuh wkdw wkh gl�huhqfh ehwzhhq wkh wzr dovr lv }hur +�pl � �
{
l @ 3, dqg

|lm � zOl{lm @
�

4� �
�zNl +43,

:



Xvlqj wkh duelwudjh frqglwlrqv iru txdqwlwlhv +|lm @ {mm dqg {lm @ z
�%
Ol w

4�%
{mm,

zh duulyh dw

{mm^4� +zOlw,
4�%

` @
�

4� �
�zNl +44,

Frqglwlrq +44, looxvwudwhv wkh gl�huhqfh ehwzhhq rxu dssurdfk dqg wkdw ri

Pdunxvhq ) Yhqdeohv +4<<9, dqg rwkhuv wr prgho wkh wudgh0r� ehwzhhq QHv

dqg krul}rqwdo PQHv lq d KR0prgho zlwk prqrsrolvwlf frpshwlwlrq1 Dvvxph

d vlwxdwlrq zlwk wzr lghqwlfdo frxqwulhv1 Wklv |lhogv idfwru sulfh htxdol}dwlrq

dowkrxjk jrrgv wudqvsruw lv frvwo|/ dqg +44, uhgxfhv wr

{^4� w
4�%

` @
�

4� �
�zN +45,

Lq wklv fdvh/ wkh prgho ri Pdunxvhq ) Yhqdeohv +4<<9, rqo| lpsolhv d frh{0

lvwhqfh ri QHv dqg PQHv iru fhuwdlq sdudphwhu frpelqdwlrqv ri wudqvsruw frvwv

dqg �{hg frvwv iru sodqw vhw0xs dqg lqqrydwlrq1 Khuh/ wkh pl{hg htxloleulxp

lv jxdudqwhhg iru d odujh udqjh ri sdudphwhu ydoxhv e| wkh srvvlelolw| ri d vl0

pxowdqhrxv dgmxvwphqw ri wkh uhqwdo udwh +zN, dqg grphvwlf sodqw vl}h lq erwk

frxqwulhv +{ @ {ll @ {mm,
<1

517 Edodqfh ri Sd|phqwv

Zh kdyh wr glvwlqjxlvk ehwzhhq h{sruwv ri jrrgv +�qdo surgxfwv, dqg khdg0

txduwhuv vhuylfhv zklfk frxog eh lqwhusuhwhg dv lqwud0�up wudgh1 Lq frqwudvw wr

Khospdq +4<;7, ru Khospdq ) Nuxjpdq +4<;8, zkhuh PQHv duh uhlpsruwlqj

wkh ydulhwlhv iurp wkhlu iruhljq d!oldwhv wr wkh krph pdunhw/ lq wklv prgho lqwud0

�up wudgh rqo| frqvlvwv ri khdgtxduwhuv vhuylfhv1 Wkh odwwhu hvvhqwldoo| frpsulvh

wkh lqqrydwlrq ri d eoxhsulqw/ pdunhwlqj/ hwf1 dqg fdq eh frvwohvvo| vxssolhg wr

d vhfrqg sodqw +pxowl0sodqw hfrqrplhv ri vfdoh, zklfk jhqhudwhv d sxeolf0jrrg

qdwxuh1 Vlqfh wkh khdgtxduwhuv vhuylfhv h{klelw d sxeolf jrrgv qdwxuh zlwklq

wkh �up/ wkh| kdyh wr eh doorfdwhg lpsolflwo| wr krph dqg iruhljq surgxfwlrq1

Zh fdqqrw revhuyh wkh frqwulexwlrq ri wkh lqqrydwlyh dfwlylw| wr dq d!oldwh*v

sur�wv/ vr zh uhihu wr wkh dvvrfldwhg vkruw0uxq sur�wv1 Dffruglqj wr wkh }hur

sur�w frqglwlrqv wkhvh kdyh wr fryhu erwk wkh rxwod|v iru sk|vlfdo fdslwdo dqg 0

dv d uhvlgxdo 0 dovr wkh fruuhvsrqglqj frqwulexwlrq wr wkh PQH*v kxpdq fdslwdo

frvwv1

H{sruwv ri �qdo surgxfwv shu �up duh gh�qhg dv sll{lm dqg smm{ml/ uhvshf0

wlyho|1 Wkh fruuhvsrqglqj frxqwu| h{sruwv lq �qdo surgxfwv duh wkhuhiruh qlsll{lm
dqg qmsmm{ml1 Wkh frqglwlrq iru edodqfhg sd|phqwv/ l1h1 wkh fxuuhqw dffrxqw lq

rxu fdvh/ uhdgv

<
Wklv krogv wuxh dv orqj dv idfwru hqgrzphqwv dqg sdudphwhu ydoxhv +| dqg �, doorz iru

srvlwlyh uhqwdo udwhv +vhh Dsshqgl{ 4,1

;



qlsll{lm . +4� �,smm{mmpl @ qmsmm{ml . +4� �,sll{llpm= +46,

Qrwh wkdw lq wkh suhvhqw prgho lqwud0�up wudgh dovr lv wzr0zd|1 Ehfdxvh ri

wkh srvvlelolw| ri fdslwdo pryhphqwv dfurvv erughuv +IGL,/ jrrgv wudgh qhhgv qr

pruh eh edodqfhg1 Wudgh gh�flwv fdq eh dffrpprgdwhg e| lqfrph +uhsdwuldwhg

sur�wv, iurp IGL1 Lq frqwudvw wr wkh dffrxqwlqj frqyhqlhqfh IGL lv d sduw ri

d krph0frxqwu|*v fdslwdo vwrfn zklfk lv wudqvsruwhg dfurvv erughuv dqg xvhg

lq wkh surgxfwlrq surfhvv ri wkh krvw frxqwu|/ zklfk kdv wr sd| d ihh iru wklv

vhuylfh +l1h1 wkh idfwru uhzdug ri wkh krph frxqwu| iru rqh xqlw ri fdslwdo,

exw grhv qrw ex| wkh fdslwdo vwrfn lwvhoi1 Lw uhpdlqv lq wkh krph frxqwu|*v

surshuw|1 Khqfh/ eruurxjklqj dqg xvlqj surgxfwlrq idflolwlhv +�pl xqlwv ri

sk|vlfdo fdslwdo/ zklfk lv IGL lq uhdo xqlwv, dqg vkdulqj nqrz0krz +pl xqlwv ri

kxpdq fdslwdo, e| frxqwu| m lv uhpxqhudwhg e| ixoo| uhsdwuldwlqj sur�wv iurp

iruhljq d!oldwhv lq m wr wkhlu krph orfdwlrqv lq l1 Wklv vkrzv xs lq wkh lqfrph

frpsrqhqw ri wkh fxuuhqw dffrxqw1 Wkh vwdwlf iudphzrun grhv qrw frqvlghu wkh

fruuhvsrqglqj srvlwlrqv lq wkh fdslwdo dffrxqwv dqg wkhuhiruh wkh edodqfh ri

sd|phqwv frlqflghv zlwk wkh fxuuhqw dffrxqw lq wklv prgho431

6 Jhqhudo Htxloleulxp

Wkh prgho frqvlvwv ri 55 xqnqrzqv zklfk duh wkh qxpehuv ri QHv dqg PQHv

+ql/ qm / pl/ pm, dqg wkhlu vxssolhv +{ll/ {lm/ {mm/ {ml, dqg +|ll/ |lm/ |mm / |ml,/

9 idfwru sulfhv +zOl/ zOm / zNl/ zNm / zKl/ zKm,/ dqg 7 sulfhv ri ydulhwlhv +sll/

slm/ smm / sml,1 Xvlqj wkh 9 idfwru pdunhw fohdulqj frqglwlrqv/ wkh 7 }hur sur�w

frqglwlrqv/ 5 duelwudjh frqglwlrqv iru sulfhv iru wkh krph dqg wkh h{sruw pdunhw/

9 duelwudjh frqglwlrqv iru txdqwlwlhv/ 5 uhpdlqlqj �uvw rughu frqglwlrqv +IRFv,

iurp sur�w pd{lpl}dwlrq/ dqg wkh edodqfh ri sd|phqwv frqglwlrq zh kdyh 54

htxdwlrqv dw kdqg1 E| Zdoudv* odz lw lv wkhuhiruh srvvleoh wr vroyh wklv v|vwhp ri

htxdwlrqv dqg wr vwxg| wkh surshuwlhv ri wkh prgho zlwk uhvshfw wr lqwhuhvwlqj

sdudphwhu frqvwhoodwlrqv1 Gxh wr wkh qrqolqhdulwlhv zklfk duh lqgxfhg e| wkh

wudqvsruwdwlrq frvwv rqh lv qrw deoh wr vroyh wkh sureohp dqdo|wlfdoo|1 Lqvwhdg/

zh shuirup vlpxodwlrqv wr ghulyh wkh frpsdudwlyh vwdwlfv ri wkh v|vwhp iru sdu0

wlfxodu sdudphwhu ydoxhv +vhh Dsshqgl{ 5 iru pruh ghwdlov rq wkh vlpxodwlrq

vhw0xs,1 Lq rughu wr hqvxuh wkdw doo wkh dvvxpswlrqv duh ixo�oohg lq wkh frp0

sdudwlyh vwdwlf h{huflvhv/ zh rqo| zloo orrn dw vpdoo fkdqjhv lq wkh h{rjhqrxv

yduldeohv dqg sdudphwhuv1

614 V|pphwulf Htxloleuld

Zh lqlwldoo| irfxv rq vlwxdwlrqv zlwk lghqwlfdo frxqwulhv zklfk duh uhihuuhg wr

dv v|pphwulf htxloleuld dqg rqo| frqvlghu htxloleuld zlwk d srvlwlyh qxpehu ri

43 Lq d g|qdplf prgho IGL zrxog eh wuhdwhg dv lqyhvwphqw +lpso|lqj d fkdqjh lq surshuw|

uljkwv dqg d frxqwu|*v ghew srvlwlrq, dqg frxog vkrz xs dv d fruuhvsrqglqj srvlwlrq wr d wudgh

vxusoxv1

<



QHv dqg PQHv dqg srvlwlyh uhzdugv ri doo idfwruv lq erwk frxqwulhv1 Wklv rq

wkh rqh kdqg olplwv rxu dqdo|vlv dv 0 gxh wr rxu vlpsoli|lqj dvvxpswlrqv derxw

whfkqrorjlhv 0 zh fdqqrw dqdo|}h htxloleuld zkhuh mxvw rqh w|sh ri �upv lv dfwlyh1

Krzhyhu/ rqh vkrxog qrwh khuh wkdw rwkhu vwxglhv zrun rxw wkhvh fdvhv zklfk

zhuh ghprqvwudwhg wr eh ohvv vxlwhg iru wkh h{sodqdwlrq ri hfrqrplf uhodwlrqvklsv

ehwzhhq lqgxvwuldol}hg frxqwulhv1 Rq wkh rwkhu kdqg/ wklv doorzv wr irfxv rxu

lqwhuhvwv rq wkh uhodwlrqvkls ehwzhhq qdwlrqdo dqg pxowlqdwlrqdo dfwlylwlhv dqg

lwv ghshqghqfh rq frxqwu| vl}h/ wudqvsruwdwlrq frvwv/ dqg vhw0xs frvwv1 Dv lq

prvw prghov/ zh vhh wkdw lqfuhdvlqj frxqwu| vl}h +wkh wzr lghqwlfdo frxqwulhv duh

jurzlqj dw wkh vdph udwh, |lhogv erwk dq lqfuhdvlqj dprxqw ri IGL dqg h{sruwv

lq hlwkhu frxqwu|1 Wklv lv gxh wr lqfuhdvlqj qxpehuv ri erwk QHv dqg PQHv1

A Wdeoh 5 derxw khuh ?

Zh xvh wkh v|pphwulf fdvh pdlqo| wr glvfxvv wkh h�hfwv ri d uhgxfwlrq lq

hlwkhu wudgh ru lqyhvwphqw lpshglphqwv1 Zh kdyh prghoohg wkh fruuhvsrqglqj

eduulhuv lq d zd| wkdw wkh| gr qrw gluhfwo| d�hfw wkh frxqwu|0vshfl�f lqfrph sr0

vlwlrq1 Wkxv/ zh vkrxog qhlwkhu wklqn derxw wudqvsruw frvwv dv wdul�v qru derxw

�{hg frvwv iru rshudwlqj d vhfrqg sodqw lq d iruhljq frxqwu| dv d vshfldo nlqg

ri frusrudwh ru rwkhu wd{ udwh1 Lqvwhdg/ rqh vkrxog lqwhusuhw erwk dv whfkqlfdo/

ohjdo ru rwkhu nlqg ri eduulhuv zklfk duh idflqj doo �upv lqghshqghqw ri wkhlu

frxqwu| ri ruljlq1 Wkxv/ uhgxfwlrqv ri wkhvh eduulhuv lq rxu prgho duh dozd|v

v|pphwulfdo dqg/ iru h{dpsoh/ irufhg e| vrph nlqg ri vxsudqdwlrqdo djuhhphqwv1

Wdeoh 5 vxppdul}hv wkh h�hfwv ri d f1s1 fkdqjh lq frvwv ri wudqvsruwdwlrq ru

lq �{hg frvwv ri uxqqlqj d vhfrqg sodqw deurdg1 Vlplodu wr rwkhu prghov/ kljkhu

wudqvsruw frvwv +w, idyru pxowlqdwlrqdol}dwlrq ryhu h{sruwlqj1 Wkh rssrvlwh krogv

wuxh iru kljkhu sodqw vhw0xs frvwv iru iruhljq d!oldwhv +�zNl,1 Lq doo wkh fdvhv

QHv dqg PQHv gr frh{lvw lq hlwkhu frxqwu|1

Dq lqfuhdvh lq w prqrwrqrxvo| orzhuv wkh h{sruw uhyhqxhv ri wkh uhsruwlqj

frxqwu| erwk lq ryhudoo dv zhoo dv lq lqwud0�up h{sruwv1 Wkh odwwhu uhvxow lv

gulyhq e| +l, wkh duelwudjh frqglwlrq ehwzhhq d �up*v h{sruwv +{lm ru {ml, dqg

wkh iruhljq surgxfwlrq ri lwv ulydo PQH +|lm ru |ml, dqg +ll, e| wkh }hur sur�w

frqglwlrqv1 Rqh |lhogv wklv rxwfrph dv zhoo zkhq phdvxulqj h{sruwv ru lqwud0

�up h{sruwv dv shufhqw ri JQS1 Rq wkh rwkhu kdqg/ erwk d!oldwh vdohv dqg IGL

duh srvlwlyho| d�hfwhg e| wkh lqfuhdvh lq w1

Dq lqfuhdvh lq � lqgxfhv wkh rssrvlwh h�hfw rq h{sruwv/ d!oldwh vdohv dqg

IGL dv dq lqfuhdvh lq w1 Lqwud0�up wudgh/ krzhyhu/ qhjdwlyho| ghshqgv rq d

fkdqjh lq � dqg srvlwlyho| rq d fkdqjh lq w1 Wkh uhdvrq iru wkdw olhv lq wkh

uhgxfwlrq ri vkruw0uxq PQH sur�wv gxh wr kljkhu fdslwdo uhtxluhphqwv wr vhw0xs

d iruhljq sodqw1 Lq wkh v|pphwulf fdvh qhlwkhu d fkdqjh lq w qru rqh lq � h{huflvhv

dq lq xhqfh rq wkh wudgh ru lqfrph edodqfh vlqfh idfwru sulfh htxdol}dwlrq lv

qrw glvwruwhg e| +v|pphwulf, fkdqjhv lq w dqg �1 Dffruglqj wr wkh vlpsol�hg

whfkqrorj|/ rqo| d fkdqjh lq � ghwhuplqhv wkh uhodwlrqvkls ehwzhhq wkh qxpehu

ri PQHv dqg QHv iru jlyhq hqgrzphqwv1
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615 Dv|pphwulf Htxloleuld

Zh zloo frqvlghu wzr gl�huhqw w|shv ri dv|pphwulhv ehwzhhq frxqwulhv1 Iluvw/

frxqwulhv zlwk lghqwlfdo uhodwlyh idfwru hqgrzphqwv frxog gl�hu lq vl}h1 Vhfrqg/

zh orrn dw fdvhv zkhuh frxqwulhv ghyldwh lq wkh hqgrzphqw ri mxvw rqh idfwru exw

duh lghqwlfdo lq doo rwkhu uhvshfwv1 Wkh odwwhu uhihuv wr wkh dqdo|vlv ri fkdqjhv lq

gl�huhqw uhodwlyh idfwru hqgrzphqwv dqg wkhlu h�hfwv rq wkh lqwhuhvwlqj yduldeohv1

Djdlq/ zh rqo| frqvlghu vpdoo fkdqjhv durxqg wkh v|pphwulf fdvh1

61514 Uhodwlyh Vl}h dqg wkh Hfrqrp|

Wr dqdo|}h wkh frqvhtxhqfhv ri d yduldwlrq lq uhodwlyh vl}h zh suhpxowlso| frxqwu|

l*v vkduh lq zruog hqgrzphqwv e| d idfwru y zklfk lv uhihuuhg wr dv wkh uhodwlyh

vl}h sdudphwhu44 1 Vlqfh frxqwu| l*v vkduh zdv 83 shufhqw lq wkh v|pphwulf fdvh/

y whoov xv/ lq zklfk gluhfwlrq zh duh prylqj iurp wkh v|pphwulf fdvh dv d vwduwlqj

srlqw1 Wr vwxg| wkh h�hfwv ri erwk lqfuhdvlqj dqg ghfuhdvlqj vlplodulw| lq vl}h

zh dowhu y v|pphwulfdoo| durxqg 3181

A Iljxuh 4 derxw khuh ?

Iluvw/ zh frpsduh wkh uhvxowv iru wkh yroxph ri h{sruwv iurp frxqwu| l*v shu0

vshfwlyh zlwk wkh vwdqgdug +qhz, prgho ri wudgh1 Lq rxu/ dv lq wkh wudglwlrqdo

prgho zlwkrxw wudqvsruwdwlrq frvwv +Khospdq ) Nuxjpdq/ 4<;8, frxqwu| l*v

h{sruwv duh dq lqfuhdvlqj ixqfwlrq ri vlplodulw| lq vl}h ehwzhhq wkh 5 frxqwulhv1

Wklv dovr krogv wuxh iru iruhljq d!oldwh vdohv1 Lq qhlwkhu ri wkh frxqwulhv wkh

uhodwlrq ehwzhhq wkh qxpehu ri QHv dqg PQHv lv d�hfwhg e| d fkdqjh lq uhod0

wlyh vl}h1 Lq Iljxuh 4 frxqwu| l lqlwldoo| +wr wkh ohiw ri y @ 3=8, lv vpdoohu wkdq

frxqwu| m dqg lwv uhodwlyh vl}h wkhq lqfuhdvhv dorqj wkh devflvvd +dozd|v krog0

lqj zruog hqgrzphqwv frqvwdqw,1 Wklv ulvhv lwv fdslwdo dqg rwkhu hqgrzphqwv

sursruwlrqdoo| dqg dffruglqjo| erwk wkh qxpehu ri PQHv edvhg lq frxqwu| l dv

zhoo dv frxqwu| l*v fdslwdo  rzv +IGL, lq uhdo xqlwv wr frxqwu| m1 Li d frxqwu|

jhwv eljjhu/ lw vhuyhv wkh iruhljq pdunhw pruh dqg pruh e| PQHv +zlwk vpdoohu

dqg vpdoohu sodqwv, dqg qrw vr pxfk e| h{sruwv1 Krzhyhu/ IGL jurzv ohvv wkdq

sursruwlrqdoo| ehfdxvh ri wkh idoo lq wkh uhqwdo udwh lq frxqwu| l uhodwlyh wr m1

Wklv idoo uhvwv rq wkh suhvhqfh ri wudqvsruw frvwv zklfk jhqhudwhv d krph eldv

dqg ohdgv wr jurzlqj sodqw vl}hv lq wkh hqodujlqj frxqwu|1 Iruhljq d!oldwh vdohv

duh jurzlqj idvwhu wkdq h{sruwv zlwk frxqwu| l*v vl}h dv orqj dv frxqwu| l lv

vpdoohu wkdq frxqwu| m1 Wklv gl�huhqfh lq vkdsh lv gxh wr wkh zdjh gl�huhqwldo

ehwzhhq wkh wzr frxqwulhv1 Khqfh/ wkh uhodwlrq ehwzhhq frxqwu| l*v h{sruwv dqg

lwv iruhljq d!oldwh vdohv ghfuhdvhv zlwk lwv vl}h1 Wkh rxwzdug rulhqwdwlrq ri erwk

frxqwu| l*v PQHv dqg QHv ehfrphv vpdoohu dorqj wklv olqh1

PQH vdohv lq whupv ri JQS iru frxqwu| l duh vwulfwo| lqfuhdvlqj/ zkhuhdv

h{sruwv ri ydulhwlhv dqg lqylvleohv +lqwud0�up h{sruwv, duh vwulfwo| idoolqj zkhq

phdvxuhg lq whupv ri frxqwu| l*v JQS1 Dv lv zhoo0nqrzq iurp rwkhu prghov zlwk

wudqvsruw frvwv/ rshqqhvv lq whupv ri h{sruwv ghfuhdvhv zlwk frxqwu| vl}h dv wkh

44
Rqh vkrxog ehdu lq plqg wkdw wkh uhodwlyh vl}h sdudphwhu +�, phdvxuhv wkh vl}h ri frxqwu|

� dv wkh vkduh lq zruog JQS1 Uhodwlyh frxqwu| vl}h lv wkhq jlyhq e|
�

�3�
1
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krph pdunhw eldv jhwv pruh surqrxqfhg1 Wklv lv dovr wuxh iru IGL lq whupv ri

JQS exw qrw iru iruhljq d!oldwh vdohv1

Fdslwdo lv wkh rqo| preloh idfwru/ iru wklv uhdvrq wkh h�hfw rq lwv uhodwlyh

uhzdug +zNl@zNm, lv pruh surqrxqfhg dv frpsduhg wr uhodwlyh kxpdq fdslwdo

ru oderu uhzdugv1 Lqfuhdvhg vklsphqw ri sk|vlfdo fdslwdo iurp l wr m yld IGL jrhv

kdqg lq kdqg zlwk d ghfuhdvlqj uhodwlyh uhzdug rq wklv idfwru zkhq frxqwu| l jhwv

odujhu1 Wklv lv qrw wkh fdvh iru wkh uhodwlyh uhzdugv wr kxpdq fdslwdo +zKl@zKm,

ru oderu +zOl@zOm, zklfk erwk duh srvlwlyho| lq xhqfhg e| grphvwlf pdunhw vl}h

+lq wkh suhvhqfh ri wudqvsruwdwlrq frvwv,1

61515 Uhodwlyh Idfwru Hqgrzphqwv dqg wkh Hfrqrp|

Wr nhhs wklqjv vlpsoh zh uhvwulfw rxu dqdo|vlv wr wkuhh vshfldo nlqgv ri fkdqjhv

lq uhodwlyh idfwru hqgrzphqwv/ rqh iru hdfk idfwru= Lq dq| fdvh zh ohdyh zruog

hqgrzphqwv xqfkdqjhg dqg mxvw dowhu wkh hqgrzphqw lq d vlqjoh idfwru ri rqh

frxqwu| uhodwlyh wr wkh rwkhu1 Wklv vhhpv wr eh pruh vxlwhg wr frpsduh wkh

rxwfrph zlwk wkh v|pphwulf fdvh dv d uhihuhqfh vfhqdulr1 Zh lqwurgxfh d sd0

udphwhu y dv dq lqglfdwru ri wkh gl�huhqfh lq wkh uhodwlyh hqgrzphqw zlwk wkh

uhvshfwlyh idfwru451 Wkh rwkhu wzr idfwruv duh dvvxphg wr eh htxdoo| glvwulexwhg

ryhu erwk frxqwulhv1 Lqlwldoo| frxqwu| l lv ohvv hqgrzhg wkdq frxqwu| m +y ? 3=8,

lq whupv ri wkh hqgrzphqw zlwk rqh ri wkh idfwruv +oderu/ kxpdq/ ru sk|vlfdo

fdslwdo/ uhvshfwlyho|,1

A Wdeoh 6 derxw khuh ?

Lqfuhdvlqj wkh uhodwlyh oderu hqgrzphqw lq idyru ri frxqwu| l ulvhv wkh vl}hv

ri sodqwv orfdwhg lq wkdw frxqwu| iru erwk QHv dqg PQHv/ ehfdxvh ri vlqnlqj

uhodwlyh yduldeoh frvwv ri surgxfwlrq +zOl@zOm,1 Wkh uhodwlrqvkls ehwzhhq wkh

qxpehuv ri PQHv dqg QHv lv qrw d�hfwhg lq dq| ri wkh frxqwulhv/ exw wkh krph0

pdunhw rulhqwdwlrq ri QHv lv pruh vhqvlwlyh wkdq wkdw ri PQHv1 Wklv iroorzv

iurp wkh idfw wkdw wkh qxpehu ri QHv dqg PQHv lv xqfkdqjhg lq dq| ri wkh

frxqwulhv exw wkh qxpehu ri QHv h{fhhgv wkdw ri PQHv gxh wr rxu fkrlfh ri

idfwru hqgrzphqwv lq wkh vlpxodwlrqv1 H{sruwv ri ydulhwlhv dv zhoo dv ri khdg0

txduwhuv vhuylfhv +lqwud0�up wudgh, duh vwulfwo| ghfuhdvlqj ixqfwlrqv ri uhodwlyh

oderu hqgrzphqwv +dovr lq whupv ri frxqwu| l*v JQS,1 Khqfh/ wkh krph pdunhw

jurzwk h�hfw +l1h1 wkh lqfuhdvh lq frqvxpswlrq e| lqfuhdvlqj Ol, pruh wkdq

frpshqvdwhv wkh ghfuhdvh lq yduldeoh frvwv1 Zlwk d f1s1 lqfuhdvh lq Ol frxqwu| m

jdlqv d frpsdudwlyh dgydqwdjh lq lqqrydwlqj qhz ydulhwlhv zklfk duh surgxfhg

erwk e| lwv QHv dqg PQHv1 Frxqwu| l*v uhodwlyh lqfuhdvh lq oderu hqgrzphqw

lpsolhv 0 vlqfh sulfhv duh orzhu wkhuh dqg ghpdqg lv hodvwlf 0 wkdw vkruw0uxq suri0

lwv ri sodqwv lq frxqwu| l lqfuhdvh uhodwlyh wr wkrvh lq frxqwu| m1 Frxqwu| l qrz

dwwudfwv pruh IGL dv h{sruwlqj ehfrphv uhodwlyho| ohvv dwwudfwlyh lq frpsdulvrq

wr jrlqj pxowlqdwlrqdo iru frxqwu| m*v �upv1 Wkhuhiruh/ wkh uhodwlyh sulfh ri

fdslwdo +zNl@zNm, kdv wr ghfuhdvh1 Wklv phfkdqlvp jxdudqwhhv wkdw fkdqjhv

45
� phdvxuhv frxqwu| �*v vkduh ri wkh zruog hqgrzphqw ri wkh uhvshfwlyh idfwru1 Zh dowhu �

durxqg wkh v|pphwulf fdvh +D ' f�D, iru hdfk ri wkh wkuhh idfwruv1
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lq uhodwlyh oderu uhzdugv +zOl@zOm, dozd|v pryh lq wkh vdph gluhfwlrq dv wkh

uhodwlyh uhqwdo udwhv +zNl@zNm,1 Ehfdxvh ri d odfn lq lqwhuqdwlrqdo prelolw|

uhodwlyh uhzdugv ri kxpdq fdslwdo pryh lq wkh rssrvlwh gluhfwlrq1

Wr dqdo|}h uhodwlyh fkdqjhv ri K lq idyru ri frxqwu| l zh surfhhg vlpl0

oduo|1 Qrz/ wkh uhodwlrqvkls ehwzhhq wkh qxpehu ri PQHv dqg QHv lq dq| ri

wkh frxqwulhv lv d�hfwhg1 Dq lqfuhdvh lq Kl@Km phdqv wkdw frxqwu| l jdlqv d

frpsdudwlyh dgydqwdjh lq lqqrydwlqj qhz ydulhwlhv ryhu frxqwu| m1 Rqh |lhogv

lqfuhdvlqj h{sruwv iurp frxqwu| l wr frxqwu| m dorqj zlwk ghfuhdvlqj +frxqwu|

l khdgtxduwhuhg, PQH vdohv dqg lqwud0�up h{sruwv1 Wkh lqfuhdvlqj frpsdud0

wlyh dgydqwdjh lq wkh lqqrydwlrq surfhvv dorqj zlwk wkh lqfuhdvhg lqfhqwlyh wr

vhuyh wkh iruhljq pdunhw e| dq d!oldwh +uhfdoo wkh lqfuhdvhg zOl@zOm udwlr, dovr

jhqhudwhv uhodwlyho| pruh fdslwdo rxw rzv +IGL, wr frxqwu| m/ zklfk lv dffrp0

sdqlhg e| gudpdwlf lqfuhdvhv lq zNl@zNm1 Qrwh wkdw wkh dvvrfldwhg frqfdylw|

ri wkh IGL0wr0uhodwlyh0kxpdq0fdslwdo0hqgrzphqw orfxv ri frxqwu| l lv gxh wr rxu

dvvxpswlrq ri �{hg ryhudoo zruog hqgrzphqwv1 Krzhyhu/ lq whupv ri frxqwu|

l*v JQS erwk lwv IGL dqg h{sruwv duh lqfuhdvlqj/ zkloh pxowlqdwlrqdo vdohv dqg

lqwud0�up h{sruwv duh ghfuhdvlqj1

Dqdo|vlqj wkh h�hfwv ri lqfuhdvlqj uhodwlyh fdslwdo hqgrzphqwv +Nl@Nm, zh

vwduw iurp d srlqw zkhuh frxqwu| l h{klelwv d frpsdudwlyh glvdgydqwdjh lq vhwwlqj

xs d qhz +vhfrqg, sodqw1 Hqkdqflqj frxqwu| l*v fdslwdo hqgrzphqw uhodwlyh wr

frxqwu| m lqfuhdvhv pl uhodwlyh wr ql1 D f1s1 fkdqjh ri wkh glvwulexwlrq ri

N lq idyru ri frxqwu| l uhgxfhv ql wr wkh vdph dprxqw dv lw lqfuhdvhv pl1

Vwduwlqj iurp d srlqw zkhuh pl lv vpdoohu wkdq ql vkrzv wkdw wkh uhodwlrqvkls

ri pl@ql yhuvxv Nl@Nm lv frqyh{1 Wklv dovr uhvxowv lq d suhvvxuh rq wkh rwkhu

idfwru pdunhwv= Wr hpsor| doo wkh Ol/ zOl@zOm kdv wr idoo1 Rwkhuzlvh wrr pxfk

fdslwdo zrxog ohdyh frxqwu| l dqg2ru wrr ohvv IGL zrxog  rz lqwr wkh frxqwu|

iurp rxwvlgh +m, dv pm ghfuhdvhv1 Lq frqwudvw wr Ol/ lqqrydwlrqv surgxfhg zlwk

Kl duh dovr xvhg e| frxqwu| l*v iruhljq d!oldwhv zlwkrxw dgglwlrqdo frvwv +wkh

sxeolf jrrg fkdudfwhulvwlfv zlwklq wkh �up,1 Wkh uhvxowlqj suhvvxuh rq zOl@zOm
frqgxfwv kljkhu vkruw0uxq sur�wv1 Vlqfh fdslwdo lq frxqwu| l ehfrphv pruh

dexqgdqw/ zNl@zNm lv idoolqj1 Fruuhvsrqglqjo|/ wkh }hur sur�w frqglwlrqv lpso|

d ulvh lq zKl@zKm dqg d idoo lq wkh frpsdudwlyh dgydqwdjh ri frxqwu| l lq vhwwlqj

xs d qhz �up +l1 h1 lqqrydwlqj qhz ydulhwlhv,1

Lq frqwudvw wr wkh v|pphwulf fdvh/ xqhtxdo uhodwlyh idfwru hqgrzphqwv lq

rqh ri wkh idfwruv +Ol 9@ Om ru Kl 9@ Km ru Nl 9@ Nm, lpso| wkdw d fkdqjh lq w

ru � d�hfwv wkh wudgh ru lqfrph edodqfh dv zhoo dv wkh uhodwlyh idfwru uhzdugv1

Vlqfh w lq xhqfhv yduldeoh frvwv ri h{sruwv ri d QH exw � fkdqjhv �{hg frvwv ri

d PQH rqo|/ wkhlu lpsdfw rq zdjhv lv qrw xqlirup +vhh Wdeoh 7,1

Dq lqfuhdvh lq wudgh frvwv vkliwv wkh wudgh0r� ehwzhhq h{sruwv dqg PQH

vdohv lq idyru ri wkh odwwhu1 Lqghshqghqwo| ri zklfk idfwru lv uhodwlyho| vfdufh lq

frxqwu| l/ dq lqfuhdvh lq w jlyhv d uhodwlyh glvdgydqwdjh lq h{sruwlqj frpsduhg

wr jrlqj pxowlqdwlrqdo1 Dowkrxjk lw lqfuhdvhv wkh lqzdug rulhqwdwlrq ri QHv/ wkh

frxqwhudfwlqj lpsdfw ri fdslwdo prelolw| yld IGL pruh wkdq frpshqvdwhv wklv

dqg orzhuv +zOl@zOm,1

A Wdeoh 7 derxw khuh ?
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Li Ol ? Om frxqwu| l krogv d frpsdudwlyh dgydqwdjh lq erwk wkh lqqrydwlrq

surfhvv dqg vhwwlqj xs qhz sodqwv +l1h1 jrlqj pxowlqdwlrqdo,1 Dq lqfuhdvh lq w

uhgxfhv vkruw0uxq sur�wv ri erwk QHv dqg PQHv orfdwhg lq frxqwu| l1 Khqfh/

wkh uhodwlyh idfwru uhzdugv ri kxpdq +zKl@zKm, dqg sk|vlfdo fdslwdo +zNl@zNm,

zloo dovr ghfuhdvh1 Wkh lqfuhdvhg iruhljq d!oldwh vdohv duh qrw vx!flhqw wr

frpshqvdwh wklv ehfdxvh ri wkh kljkhu orvv lq wkh wudqvsruwdwlrq surfhvv1 Li

Ol A Om / wkh rssrvlwh krogv wuxh1

Lq d vlwxdwlrq zkhuh Kl ? Km erwk zKl@zKm dqg zNl@zNm lqfuhdvh zlwk w1

Lq frxqwu| l wkh suhvvxuh rq zdjhv ri oderu +zOl, lv kljkhu wkdq lq m dqg dv lq wkh

h{dpsoh ehiruh/ ehfdxvh wkhuh lv d vpdoohu qxpehu ri QHv dfwlyh lq frxqwu| l1

Wklv ulvhv wkh rwkhu wzr uhodwlyh idfwru uhzdugv/ dv frxqwu| l*v vkruw0uxq sur�wv

lqfuhdvh1

LiNl ? Nm dq lqfuhdvh lq wudgh frvwv uhvxowv lq vlplodu fkdqjhv ri wkh uhodwlyh

idfwru sulfhv dv lq wkh fdvh zkhuh oderu zdv uhodwlyho| vfdufh lq frxqwu| l1 Wkh

h�hfwv lq d vlwxdwlrq zlwk xqhtxdo sk|vlfdo fdslwdo hqgrzphqwv duh jhqhudoo|

gl�huhqw iurp rqh zlwk xqhtxdo kxpdq fdslwdo hqgrzphqwv1 Wkh fkdqjh lq

w lqgxfhv d odujhu h�hfw rq wkh oderu pdunhw ri wkdw frxqwu|/ zklfk krogv d

frpsdudwlyh dgydqwdjh lq lqqrydwlqj dqg surgxflqj dqg wkhuhiruh pruh khdylo|

uholhv rq h{sruwv +l1h1 frxqwu| l,1 Wklv gholyhuv dq lqfuhdvh lq wkh vkruw0uxq

sur�wv dv phqwlrqhg deryh zklfk lv frpshqvdwhg e| wkh frxqwhuydlolqj h�hfw ri

h{sruwlqj vlqfh fdslwdo lv lqwhuqdwlrqdoo| preloh dqg kxpdq fdslwdo h{klelwv wkh

surshuw| ri mrlqwqhvv lq lwv xvh dw krph dqg deurdg +zlwklq �upv,1

Dq lqfuhdvh lq � jhqhudoo| fkdqjhv wkh wudgh0r� ehwzhhq h{sruwlqj dqg jrlqj

pxowlqdwlrqdo lq idyru ri wkh iruphu +orzhulqj pl@ql,1 Uhphpehu wkdw d QH lq

frxqwu| l surgxfhv lwv rxwsxw zlwk Ol h{foxvlyho|/ zklfk lv qrw wkh fdvh iru d

PQH1 Wkhuhiruh/ iru jlyhq zdjhv/ wkh lqfuhdvh lq � |lhogv d srvlwlyh vkliw lq wkh

ghpdqg iru Ol dqg/ lq wxuq/ lqfuhdvhv zOl@zOm zkhqhyhu frxqwu| l lv uhodwlyho|

ohvv hqgrzhg zlwk d vlqjoh idfwru +y ? 3=8,1 Lq uhdo whupv/ wkh lqzdug rulhqwdwlrq

iru h{sruwhuv +{ll@{lm, ulvhv lq frqwudvw wr wkdw ri wkh PQHv +{ll@{mm,1

Wkh h�hfwv rq wkh rwkhu uhodwlyh idfwru sulfhv ghshqgv rq zklfk idfwru lv

uhodwlyho| pruh vfdufh lq frxqwu| l1 Li Ol ? Om/ wkh lqfuhdvh lq uhodwlyh zdjhv

lv dffrpsdqlhg e| d ulvh lq erwk zKl@zKm dqg zNl@zNm gxh wr wkh }hur sur�w

frqglwlrqv1

Zkhqhyhu Kl ? Km / frxqwu| l frqgxfwv ohvv IGL wr frxqwu| m/ exw wkh

fdslwdo vwrfn lv qrz xvhg e| wkh QHv zklfk idfh kljkhu vdohv dv frpsduhg wr

d PQH +pl,1 Wkhuhiruh/ wkh uhodwlyh uhzdug ri sk|vlfdo fdslwdo +zNl@zNm,

lqfuhdvhv1 Lq frqwudvw/ frxqwu| l wkhq kdv d frpsdudwlyh dgydqwdjh lq surgxflqj

d ydulhw| dqg h{sruwlqj +Ol@Kl A Om@Km,1Wkhuhiruh/ wkh rxwzdug rulhqwdwlrq ri

d w|slfdo frxqwu| l edvhg h{sruwhu jhwv kljkhu wkdq wkdw ri d w|slfdo PQH1 Wkh

lqwhuqdwlrqdo prelolw| ri fdslwdo zklfk ohg wr wkh ulvh lq zNl@zNm wrjhwkhu zlwk

wkh sxeolf jrrgv qdwxuh ri K |lhogv d ghfuhdvh lq zKl@zKm 1

Ilqdoo|/ lq d vlwxdwlrq zkhuh frxqwu| l lv ohvv hqgrzhg zlwk sk|vlfdo fdsl0

wdo wkdq frxqwu| m lw dovr kdv d frpsdudwlyh dgydqwdjh lq h{sruwlqj ylv0ã0ylv

khdgtxduwhulqj PQHv1 Dq lqfuhdvh lq � djdlq hqkdqfhv wkh frpsdudwlyh dg0

ydqwdjh ri frxqwu| l lq h{sruwlqj1 Lq jhqhudo/ wkh h�hfwv duh qrw gl�huhqw iurp

d vlwxdwlrq zkhuh frxqwu| l lv ohvv hqgrzhg zlwk kxpdq fdslwdo1
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Vxpplqj xs/ wkhuh duh 5 fohdu phvvdjhv= Zh lqwhusuhw d ghfuhdvh lq w dv d

wudgh olehudol}dwlrq uhjlph lq wkh vhqvh ri orzhulqj qrq0wdul� +h1j1 whfkqlfdo,

eduulhuv wr wudgh1 Rq wkh rwkhu kdqg/ wklqn derxw lqyhvwphqw olehudol}dwlrq dv

uhgxflqj hqwu| frvwv iru d PQH wr d iruhljq pdunhw +dv h1j1 lqwhqghg lq wkh

Pxowlodwhudo Djuhhphqw rq Lqyhvwphqw,1 Lq rxu prgho wudgh dqg lqyhvwphqw

lpshglphqwv h{huw rssrvlwh h�hfwv rq wkh uhodwlyh uhzdugv +frxqwu| l 2 frxqwu|

m, ri doo wkuhh idfwruv li wkh wzr frxqwulhv rqo| gl�hu lq oderu hqgrzphqwv1

Wkh lqyhvwphqw olehudol}lqj uhjlph wkhq uhgxfhv uhodwlyh idfwru uhzdugv ri doo

idfwruv dqg wkh wudgh olehudol}dwlrq grhv wkh rssrvlwh lq wkh frxqwu| zklfk lv ohvv

hqgrzhg zlwk oderu1 Rq wkh rwkhu kdqg/ lq vxfk d fdvh lqyhvwphqw olehudol}dwlrq

dozd|v uhgxfhv uhodwlyh zdjhv +zOl@zOm, lq wkdw frxqwu| zklfk lv ohvv hqgrzhg

zlwk rqh ri wkh uhvshfwlyh idfwruv +O/ K/ ru N,1 Djdlq/ wudgh olehudol}dwlrq dfwv

lq wkh rssrvlwh gluhfwlrq1

7 Vxppdu| dqg Frqfoxvlrqv

Wkh sxusrvh ri wklv sdshu lv wr suhvhqw dq hqgrzphqw0edvhg prgho ri wudgh

dqg krul}rqwdo pxowlqdwlrqdov zklfk doorzv iru d pruh frqylqflqj dqdo|vlv ri

wkh wzr zlwk uhjdug wr hpslulfdo pdwwhuv ri idfw1 Iluvw/ wkh fdslwdo vhuylqj

qdwxuh ri PQHv ehvlgh wkh khdgtxduwhuv vhuylfh frpsrqhqw lv xqghuslqqhg1

Wklv hvshfldoo| vkrxog eh dssursuldwh dv wkh hpslulfdo hylghqfh dqg wkh lqwhuhvwv

ri hfrqrplf srolf| duh prvwo| edvhg rq wkh prelolw| ri sk|vlfdo fdslwdo1 Zh

glvwlqjxlvk ehwzhhq wkh wzr frpsrqhqwv ri khdgtxduwhuv dfwlylwlhv/ nqrz0krz

dqg sk|vlfdo fdslwdo surylvlrq1 Vhfrqg/ wkh wzr zd| +furvv0kdxolqj, fkdudfwhu

ri erwk h{sruwv dqg IGL vlpxowdqhrxvo| lv d zhoo0nqrzq vw|ol}hg idfw dw ohdvw

iru uhodwlrqv ehwzhhq wkh lqgxvwuldol}hg frxqwulhv1 Doehlw wdnlqj lw lqwr dffrxqw/

iruphu uhvhdufk idlohg wr surylgh vdwlvi|lqj vroxwlrqv wr wklv sureohp zlwklq

hqgrzphqw0edvhg vwdwlf prgho vwuxfwxuhv lq wkh suhvhqfh ri d wudgh0r� ehwzhhq

sur{lplw| wr wkh pdunhw dqg +pxowl0sodqw, vfdoh hfrqrplhv1

D prgho zlwk wkuhh idfwruv lv deoh wr fdswxuh hdfk ri wkh phqwlrqhg dvshfwv1

Wkh prgho lv vlpxodwhg wr vwxg| wkh h�hfwv ri d fkdqjh lq frvwv ri wudqvsruwd0

wlrq ru vhwwlqj xs d +vhfrqg, sodqw deurdg rq wkh uhohydqw yduldeohv1 Pruhryhu/

wkh wkuhh0idfwruv iudphzrun surriv wr r�hu pruh dsshdolqj lqvljkwv lqwr wkh

hfrqrplf h�hfwv ri d fkdqjh lq uhodwlyh idfwru hqgrzphqwv lq wkh vhyhudo glphq0

vlrqv1

Zh �qg wkdw pxowlqdwlrqdo vdohv dqg IGL duh d�hfwhg lq gl�huhqw zd|v/

vxjjhvwlqj wkdw wkh wkhruhwlfdo lpsolfdwlrqv iru PQH vdohv gr qrw qhfhvvdulo|

fduu| ryhu wr IGL1 Iru lqvwdqfh/ lq wkh suhvhqw prgho wkh iruphu duh dq lqfuhdvlqj

ixqfwlrq ri vlplodulw| lq vl}h +olnh h{sruwv,/ zkhuhdv rxwzdug IGL lv lqfuhdvlqj

zlwk wkh vl}h ri wkh vhqglqj frxqwu|1

Wkh dv|pphwu| ri frxqwulhv zlwk uhvshfw wr wkhlu vl}h dqg2ru uhodwlyh idfwru

hqgrzphqwv ghprqvwudwhv wkdw lqfuhdvlqj vlplodulw| lq gl�huhqw idfwru glphq0

vlrqv d�hfwv uhodwlyh idfwru uhzdugv lq gl�huhqw zd|v1 Wkh| pryh lq wkh vdph

gluhfwlrq +vwduwlqj iurp wkh v|pphwulf fdvh,/ li zh uhglvwulexwh hlwkhu wkh oderu

ru sk|vlfdo fdslwdo hqgrzphqw exw lq wkh rssrvlwh iru kxpdq fdslwdo1 Wklv surs0
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huw| uhvxowv iurp wkh prelolw| ri sk|vlfdo fdslwdo dqg wkh sxeolf jrrgv qdwxuh

ri nqrzohgjh zlwklq �upv1

Wudgh dqg lqyhvwphqw olehudol}dwlrq lq rxu prgho lpso| wkh rssrvlwh lpsdfw

rq uhodwlyh idfwru uhzdugv li frxqwulhv gl�hu lq oderu hqgrzphqwv rqo|1 Lqwhu0

hvwlqjo|/ lqyhvwphqw olehudol}dwlrq wkhq ohdgv wr d ghfuhdvh lq doo idfwru sulfhv

ri wkh frxqwu| zkhuh oderu lv vfdufh uhodwlyh wr wkh rwkhu1 Wudgh olehudol}dwlrq

grhv wkh rssrvlwh/ vlqfh idoolqj wudgh frvwv uhpryh wkh krph pdunhw eldv1

8 Uhihuhqfhv

Eudlqdug/ Odho V1 +4<<6,/ D Vlpsoh Wkhru| ri Pxowlqdwlrqdo Frusrudwlrqv dqg

Wudgh zlwk d Wudgh0r� ehwzhhq Sur{lplw| dqg Frqfhqwudwlrq/ QEHU Zrunlqj

Sdshu Qr1 759<1

Gl{lw/ Dylqdvk N1 dqg Mrvhsk H1 Vwljolw} +4<::,/ Prqrsrolvwlf Frpshwlwlrq dqg

Rswlpxp Surgxfw Glyhuvlw|/ Dphulfdq Hfrqrplf Uhylhz 9:+6,/ 5<:063;1

Khospdq/ Hokdqdq +4<;7,/ D Vlpsoh Wkhru| ri Lqwhuqdwlrqdo Wudgh zlwk Pxowl0

qdwlrqdo Frusrudwlrqv/ Mrxuqdo ri Srolwlfdo Hfrqrp| <5/ 78407:51

Khospdq/ Hokdqdq dqg Sdxo U1 Nuxjpdq +4<;8,/ Pdunhw Vwuxfwxuh dqg Iru0

hljq Wudgh/ Fdpeulgjh/ Pdvv1

Pdunxvhq/ Mdphv U1 +4<;7,/ Pxowlqdwlrqdov/ Pxowl0Sodqw Hfrqrplhv/ dqg wkh

Jdlqv iurp Wudgh/ Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv 49+607,/ 53805571

Pdunxvhq/ Mdphv U1 dqg Nhlwk H1 Pdvnxv +4<<<d,/ Pxowlqdwlrqdo Ilupv= Uhf0

rqflolqj Wkhru| dqg Hylghqfh/ QEHU Zrunlqj Sdshu Qr1 :4961

Pdunxvhq/ Mdphv U1 dqg Nhlwk H1 Pdvnxv +4<<<e,/ Glvfulplqdwlqj Dprqj Do0

whuqdwlyh Wkhrulhv ri wkh Pxowlqdwlrqdo Hqwhusulvh/ QEHU Zrunlqj Sdshu Qr1

:4971

Pdunxvhq/ Mdphv U1 dqg Dqwkrq| M1 Yhqdeohv +4<<9,/ Wkh Wkhru| ri Hqgrz0

phqw/ Lqwud0Lqgxvwu|/ dqg Pxowlqdwlrqdo Wudgh/ QEHUZrunlqj Sdshu Qr1 885<1

Pdunxvhq/ Mdphv U1 dqg Dqwkrq| M1 Yhqdeohv +4<<;,/ Pxowlqdwlrqdo Ilupv dqg

wkh Qhz Wudgh Wkhru|/ Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv 79+5,/ 4;605361

Pdunxvhq/ Mdphv U1/ Dqwkrq| M1 Yhqdeohv/ Ghqlvh H1 Nrqdq dqg Nhylq K1

]kdqj +4<<9,/ D Xql�hg Wuhdwphqw ri Krul}rqwdo Gluhfw Lqyhvwphqw/ Yhuwlfdo

Gluhfw Lqyhvwphqw/ dqg wkh Sdwwhuq ri Wudgh lq Jrrgv dqg Vhuylfhv/ QEHU

Zrunlqj Sdshu Qr1 89<91
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D Dsshqgl{ 4= Wkh Uhjlrq ri Srvlwlyh Idfwru

Uhzdugv

Xvlqj wkh }hur sur�w frqglwlrqv iru QHv dqg PQHv dv zhoo dv wkh duelwudjh

frqglwlrqv iurp wkh ghpdqg htxdwlrqv |lhogv

|lm

zOl

� {lm @
��zNl

+4� �,zOl

� 3 @, |lm @ {mm � zOl{lm +D1414,

iru zOl A 3/ dqg vlploduo|

|ml @ {ll �
{ml

zOl

+D1415,

Lqvhuwlqj lq +6, jlyhv

Ol @ +ql .pl .pm,{ll . ql{lm � +ql .pl .pm,{ll . ql

{mm

zOl

+D1416,

Om @ +qm .pm .pm,{mm . qm{ml � +qm .pm .pm,{mm . qmzOl{ll +D1417,

Rq wkh rwkhu kdqg/ xvlqj +4, dqg wkh duelwudjh frqglwlrqv ehwzhhq {lm dqg

{mm +{ml dqg {ll, zh kdyh

Ol @ +ql .pl .pm,{ll . ql{lm � +ql .pl .pm,{ll . ql{mmz
�%
Ol
w
4�% +D1418,

Om @ +qm .pm .pm,{mm . qm{ml � +qm .pm .pm,{mm . qm{llz
%
Olw

4�%

+D1419,

Vxewudfwlqj +D1416, iurp +D1418, dqg +D1417, iurp +D1419, jlyhv

z
4�%
Ol w

4�%
� 4 +D141:,

z
%�4
Ol

w
4�%

� 4 +D141;,

Vr

4

w
� zOl � w +D141<,

4:



li +D1414, krogv1 +D141<,/ +46, dv zhoo dv wkh lqhtxdolwlhv deryh surylgh d

vx!flhqw krzhyhu qrw qhfhvvdu| frqglwlrq hqvxulqj srvlwlyh uhqwdo udwhv1 Wkxv/

srvlwlyh iruhljq surgxfwlrq iru erwk frxqwulhv lv jxdudqwhhg e|

Ol

�
+qm .pl .pm, w

%
� qlw

4.�
�

Om ^+ql .pl .pm,� qmw
4�%`

�

{ll

{mm
�

ql�.pl

qm�w
4�5� . w�4pm

+D14143,

Zh dvvxph wkdw wklv frqglwlrq lv ixo�oohg dqg frqfhqwudwh rq wklv fdvh1

E Dsshqgl{ 5= Vlpxodwlrq Uhvxowv

Zh dsso| wkh duelwudjh frqglwlrqv iru sulfhv dqg txdqwlwlhv zklfk duh phqwlrqhg

lq vhfwlrq 6 dqg duulyh dw wkh iroorzlqj : htxdwlrqv lq wkh vlpxodwlrqv wr rewdlq

qxphulfdo vroxwlrqv iru txdqwlwlhv dqg idfwru sulfhv

Ol � +ql .pl .pm,{ll � ql{mmz
�%
Ol
w
4�%

@ 3 +D1514,

Om � +qm .pl .pm,{mm � qm{llz
%
Olw

4�%
@ 3 +D1515,

{ll . {mmz
�%
Ol
w
4�%

� +%� 4, �
zKl . zNl

zOl

@ 3 +D1516,

{mm . {llz
%
Olw

4�%
� +%� 4, � +zKm . zNm, @ 3 +D1517,

{ll .
{mm

zOl

� +%� 4, �
zKl . +4 . �,zNl

zOl

@ 3 +D1518,

{mm . {llzOl � +%� 4, � +zKm . +4 . �,zNm, @ 3 +D1519,

{mm+qlz
4�%
Ol

w
4�%

.
pl

%
,� {ll+qmz

%
Olw

4�%
. zOl

pl

%
, @ 3 +D151:,

Iurp +7, zh nqrz wkdw ql/ qm/ pl/ dqg pm duh ixoo| ghwhuplqhg e| idfwru

hqgrzphqwv lq kxpdq dqg sk|vlfdo fdslwdo1 Wkh �uvw wzr htxdwlrqv/ +D1514,

dqg +D1515,/ duh edvhg rq wkh oderu pdunhw fohdulqj frqglwlrqv/ zkloh +D1516,0

+D1519, iroorz iurp wkh }hur sur�w frqglwlrqv iru erwk QHv dqg PQHv/ +;, dqg

4;



+<,1 Ilqdoo|/ +D151:, uhsuhvhqwv wkh edodqfh ri sd|phqwv frqglwlrq zklfk lv jlyhq

lq +46,1

Doo vlpxodwlrqv duh edvhg rq wkh iroorzlqj ydoxhv iru yduldeohv dqg sdudp0

hwhuv1 hO @ 433/ hK @ 433/ dqg hN @ 453/ zkhuh wkh iruphu uhihuv wr zruog

hqgrzphqw ri oderu/ dqg wkh odwwhu wzr duh zruog hqgrzphqwv ri kxpdq dqg

sk|vlfdo fdslwdo/ uhvshfwlyho|1 Wkh hodvwlflw| ri ghpdqg iru d vlqjoh ydulhw| lv

vhw dw % @ 51 Ydoxhv iru w dqg � duh uhsruwhg lq wkh wdeohv1 Zkhq frxqwu|

vl}h lv fkdqjhg/ vl}h ri frxqwu| l ydulhv ehwzhhq 77 shufhqw dqg 89 shufhqw ri

zruog vl}h1 Dffruglqj wr rxu dvvxpswlrqv wklv phdqv wkdw frxqwu| l krogv dq

htxlydohqw vkduh ri wkh zruog hqgrzphqw lq dq| idfwru1 Zkhq wkh lpsdfw ri

gl�huhqw uhodwlyh idfwru hqgrzphqwv lv dqdo|}hg/ wkh hqgrzphqw ri frxqwu| l lq

rqh fhuwdlq idfwru ydulhv ehwzhhq 77 shufhqw dqg 89 shufhqw ri zruog hqgrzphqw/

ohdylqj wkh frxqwulhv ixoo| lghqwlfdo lq dq| rwkhu uhvshfw1
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Table 1: Intra-OECD trade and FDI by country in 1995

FDI inflows FDI outflows Import Export

Australia 1.5 0.7 15.8 14.5
Belgium-Luxembourg 3.7 4.0 52.3 57.3
Denmark 2.3 1.7 23.5 26.4
Germany 0.5 1.6 18.9 21.3
Finland 0.8 1.2 23.0 31.4
France 1.5 1.0 18.1 18.2
Greece 3.7 - 22.4 9.5
United Kingdom 1.8 3.9 23.1 21.2
Ireland 0.6 - 51.3 69.4
Iceland 0.2 0.3 25.2 26.0
Italy 0.4 0.5 18.9 21.4
Japan 0.0 0.4 6.5 8.6
Canada 1.6 2.0 27.9 32.7
Mexico 3.3 - 30.3 30.2
New Zealand 4.5 2.9 23.6 23.3
Netherlands 2.9 4.9 35.2 40.0
Norway 1.7 2.1 22.4 28.4
Austria 0.3 0.4 27.8 24.3
Poland 3.1 0.0 24.4 19.2
Portugal 0.6 0.7 32.1 22.3
Sweden 6.2 4.8 26.7 33.5
Switzerland 0.7 4.0 26.0 26.5
Spain 1.1 0.6 20.5 16.4
South Korea 0.3 0.7 27.6 25.6
Czech Republic 5.0 0.1 41.2 33.7
Turkey 0.6 0.0 21.1 12.8
Hungary 10.1 0.1 34.9 29.1
USA 0.8 1.3 10.2 8.0

Source: OECD. - = Not available.

As percent of GDP



Table 2: Changes in t or γ  for symmetric countries

Increase in t Increase in γ
Dependent variable in absolute figures
  Exportsi - +

  Intra-firm exportsi - -

  FDIi + -

  Foreign affiliate salesi + -

  Trade balancei 0 0

  Capital balancei 0 0

  wLi/wLj 0 0

  wHi/wHj 0 0

  wKi/wKj 0 0

  Number of MNEs in relation to NEs (mi/ni) 0 -

Dependent variable as percent of GNP
  Exportsi - +

  Intra-firm exportsi - -

  FDIi + -

  Foreign affiliate salesi + -

Note: the parametrisation is given in Appendix 2. t varies between 1.01 and 1.25 
and γ between 1 and 1.24.



Li/Lj Hi/Hj Ki/Kj

Dependent variable in absolute figures
  Exportsi - + -

  Intra-firm exportsi - - +

  FDIi - + -

  Foreign affiliate salesi - - +

  Trade balancei + + -

  Capital balancei - - +

  wLi/wLj - + -

  wHi/wHj + - +

  wKi/wKj - + -

  Number of MNEs in relation to NEs (mi/ni) 0 - +

Dependent variable as percent of GNP
  Exportsi - + -

  Intra-firm exportsi - - +

  FDIi - + -

  Foreign affiliate salesi - - +

Note: t = 1.1 and γ = 1. The share of country i in the respective factor endowment (ν)  
varies between 0.44 and 0.56 percent in the world endowment.

Table 3: Changes in relative factor endowments
(Constant world endowments)

Increase in 



Table 4: The effects of changing t or γ  on relative wages
(Asymmetric relative factor endowments)

Dependent variable
  wLi/wLj  - (for Li<Lj) else +  - (for Hi<Hj) else +  - (for Ki<Kj) else +

  wHi/wHj  - (for Li<Lj) else +  + (for Hi<Hj) else -  - (for Ki<Kj) else +

  wKi/wKj  - (for Li<Lj) else +  + (for Hi<Hj) else -  - (for Ki<Kj) else +

Dependent variable
  wLi/wLj  + (for Li<Lj) else -  + (for Hi<Hj) else -  + (for Ki<Kj) else -

  wHi/wHj  + (for Li<Lj) else -  - (for Hi<Hj) else +  - (for Ki<Kj) else +

  wKi/wKj  + (for Li<Lj) else -  + (for Hi<Hj) else -  + (for Ki<Kj) else -

Note: the parametrisation is given in Appendix 2. t varies between 1.01 and 1.25 
and γ between 1 and 1.24.

Increase in t

Increase in γ



Figure 1: Relative country size and economic activity

Absolute output figures Absolute FDI figure

Exports, sales and FDI as percent of GNP Relative wage
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