
 
Fondazione Eni Enrico Mattei 

 
 
 
 
 

 
A Theory of Strategic Vertical  

DFI and the Missing 
 Pollution-Haven Effect  

Zhihao Yu 
  

NOTA DI LAVORO 46.2002 
 
 
 
 
 

JUNE 2002 
ETA – Economic Theory and Applications  

 
 
 

Zhihao Yu, University of Nottingham 
 
 
 
 
 
 

 
This paper can be downloaded without charge at: 

 
The Fondazione Eni Enrico Mattei Note di Lavoro Series Index: 

http://www.feem.it/web/activ/_activ.html 
  

Social Science Research Network Electronic Paper Collection: 
http://papers.ssrn.com/abstract_id=XXXXXX 

 
 
 
 

The opinions expressed in this paper do not necessarily reflect the position of 
Fondazione Eni Enrico Mattei 

 



 
 
A Theory of Strategic Vertical DFI and the Missing  
Pollution-Haven Effect  
 
Summary 

 

This paper develops a theory of strategic vertical DFI (direct foreign investment) to 
suggest an explanation for the empirical puzzle of the missing `pollution-haven' effect. 
It focuses on a firm's strategic incentive to create multi-market interdependence (in 
addition to other conventional incentives for DFI) and suggests that the empirical 
investigations on pollution-haven effects based on environmental compliance costs 
might be complicated by such strategic behaviour. The theory provides particular 
implications for the empirical research in this area and some broader implications for 
the theory of DFI. 
 
Keywords:  Trade and environment, pollution-haven hypothesis, vertical DFI/FDI 
  
JEL: F18 
 
This paper has been presented at the ESF EURESCO Conference on Environmental 
Policy in a Global Economy “The International Dimension of Environmental Policy”, 
organised with the collaboration of the Fondazione Eni Enrico Mattei with co-
sponsoring from GLOBUS/ECNC, Tilburg University, Acquafredda di Maratea, 
October 6-11, 2001.  
Support from the European Commission, Research DG, Human Potential Programme, 
High-Level Scientific Conferences (Contract No: HPCF-CT-1999-00146) and INTAS is 
also gratefully acknowledged. 
The author would like to thank, without any implications, Holger Gorg, Scott Taylor, and 
participants at the EURESCO Conference, GEP Workshop at the University of 
Nottingham for useful comments. The author is also grateful to the Leverhulme Trust 
for financial support under program grant F114/BF.  
 
 
 
Address for correspondence:  
  
Zhihao Yu 
University of Nottingham 
School of Economics 
University Park 
Nottingham, NG7 2RD 
UK 
Phone: +44 - 115 - 951 4289 
Fax:     +44 - 115 - 951 4159 
E-mail: Zhihao.Yu@nottingham.ac.uk 
 
 



CONTENTS

1. Introduction 1
2. The Model 5

2.1 Subgame under no-DFI 7
2.2 Subgame under DFI 8

3. Globalization and DFI: Re-examining the pollution-haven hypothesis 12
4. Discussion 15
5. Conclusion 16

References 18
Figure 1 22
Figure 2 23

           



41 Lqwurgxfwlrq

Wkh vr0fdoohg srooxwlrq0kdyhq k|srwkhvlv kdv uhfhqwo| jhqhudwhg d orw ri glvfxvvlrqv lq

erwk srolwlfdo dqg dfdghplf flufohv1 Dowkrxjk lw lv forvho| uhodwhg wr wkh olwhudwxuh ri sxeolf

hfrqrplfv rq lqwhu0mxulvglfwlrqdo frpshwlwlrq iru preloh idfwruv/ wkh uhfhqw irfxv lv rq wkh

h�hfwv gxh wr joredol}dwlrq1 Dffruglqj wr wkh k|srwkhvlv/ lq uhvsrqvh wr wudgh olehudol}dwlrq

srooxwlrq0lqwhqvlyh lqgxvwulhv zloo whqg wr pryh wr wkh frxqwulhv wkdw kdyh od{ hqylurqphqwdo

uhjxodwlrqv1 Dovr/ lw lv eholhyhg wkdw wkh uhorfdwlrq ri srooxwlqj lqgxvwu| dqg wkh h�hfw ri

od{ hqylurqphqwdo uhjxodwlrqv rq frpsdudwlyh dgydqwdjh zloo eh uh hfwhg lq wudgh sdwwhuv14

Jlyhq wkdw prylqj ri lqgxvwulhv lv gluhfwo| dvvrfldwhg zlwk lqyhvwphqw dqg hpsor|phqw/ wkh

srolf| lpsolfdwlrqv duh lqhylwdeoh vlqfh jryhuqphqwv lq gl�huhqw frxqwulhv zloo kdyh wkhlu

frqfhuqv lq ghvljqlqj hqylurqphqwdo srolflhv1 Krzhyhu/ hpslulfdo �qglqjv rq wkh srooxwlrq0

kdyhq h�hfw duh qhjdwlyh/ ru yhu| zhdn dw prvw15 Wklv fuhdwhv dq hpslulfdo sx}}oh 0 wkh

plvvlqj srooxwlrq0kdyhq h�hfw +Ohylqvrq/ 5333,1 Rqh frxog vhdufk rq wkh hpslulfdo iurqw iru

wkh uhdvrqv zk| suhylrxv vwxglhv idlo wr �qg hpslulfdo vxssruw16 Exw lq wkh devhqfh ri fohdu

hpslulfdo hylghqfh/ lw zrxog eh sduwlfxodu zruwkzkloh wr vhdufk rq wkh wkhruhwlfdo jurxqg

iru wkh uhdvrqv wkdw pd| suhyhqw xv iurp �qglqj wkh vljql�fdqw srooxwlrq0kdyhq h�hfw/ dqg

krshixoo| wklv frxog khos lghqwli| vrph lpsruwdqw idfwruv wkdw duh qhhghg wr eh frqvlghuhg

lq vhdufk ri wkh srooxwlrq0kdyhq h�hfw1 Wkh suhvhqw sdshu idoov lqwr wkh vhfrqg fdwhjru|1

Lq p| ylhz wkh uhorfdwlrq ri surgxfwlrq ri srooxwlrq0lqwhqvlyh surgxfwv/ ghvfulehg e|

wkh srooxwlrq0kdyhq k|srwkhvlv/ lv hvvhqwldoo| wkh pxowlqdwlrqdov* ghflvlrqv rq gluhfw iruhljq

4 Lq wklv sdshu zh glvfxvv wkh srooxwlrq0kdyhq h�hfw rqo| lq whupv ri sodqw0uhorfdwlrq1 Wkhruhwlfdo zrun

rq wkh srooxwlrq0kdyhq h�hfwv/ iurp erwk dqjohv/ fdq eh irxqg lq wkh wkhruhwlfdo zrun e| PfJxluh +4<;5,/

Pdunxvhq/ Pruh| dqg Rohzlohu +4<<6/ 4<<8,/ Frshodqg dqg Wd|oru +4<<7,/ dprqj rwkhuv1
5Vhh/ dprqj pdq| rwkhuv/ Nhoohu dqg Ohylqvrq +4<<<,/ Fr dqg Olvw +5333,/ dqg vxuyh| sdshuv e| Md�h

hw do +4<<8,/ Ohylqvrq +4<<9,/ dqg Zlovrq +4<<9,1
6Wkhuh duh wzr frpprq h{sodqdwlrqv iru wkh hpslulfdo �qglqj ri wkh plvvlqj srooxwlrq0kdyhq h�hfw +vhh

Ohylqvrq/ 4<<9/ iru d uhylhz ri rwkhu h{sodqdwlrqv,1 Iluvw/ wkh gdwd txdolw| rq hqylurqphqwdo frpsoldqfh

frvwv dqg hqylurqphqwdo uhjxodwlrqv dfurvv frxqwulhv duh srru> vhfrqg/ hyhq zlwk jrrg gdwd/ hqylurqphqwdo

frpsoldqfh frvwv duh rqo| d vpdoo sduw ri wrwdo surgxfwlrq frvwv1
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lqyhvwphqw +GIL,17 Lv wkhuh dq| wkhru| ehklqg wkh srooxwlrq0kdyhq k|srwkhvlvB \hv/ lw

lv wkh fodvvlf wkhru| ri yhuwlfdo gluhfw iruhljq lqyhvwphqw prwlydwhg e| idfwru0hqgrzphqw

gl�huhqfhv +Khospdq/ 4<;7,1 Wkhuhiruh/ lq d eurdghu shuvshfwlyh/ wr vhdufk iru wkh srooxwlrq0

kdyhq h�hfw zh vkrxog dvn zkdw lv wkh dowhuqdwlyh wkhru|1 Wklv lv qrw qhfhvvdulo| iru whvwlqj

rqh wkhru| djdlqvw wkh rwkhu exw vlpso| ehfdxvh zh qhhg dowhuqdwlyh wkhrulhv wr frqwuro iru

rwkhu lpsruwdqw idfwruv lq hpslulfdo lqyhvwljdwlrqv1 Li wkh dowhuqdwlyh wkhru| lv wkh wkhru| ri

krul}rqwdo GIL/ krzhyhu/ wkh plvvlqj srooxwlrq0kdyhq h�hfw vkrxog qrw eh d vxusulvh vlqfh

dffruglqj wr pdq| vwxglhv +h1j1/ Pdunxvhq dqg Pdvnxv/ 4<<<,/ ryhuzkhoplqj hylghqfhv

vxssruw wkh wkhru| ri krul}rqwdo/ udwkhu wkdq yhuwlfdo/ GIL1

Krzhyhu/ wkh srooxwlrq0kdyhq h�hfw lv phdjhu hyhq lq dssduhqwo| yhuwlfdo GIL1 Iru h{0

dpsoh/ lq wkhlu uhfhqw vhdufk ri wkh srooxwlrq0kdyhq h�hfw/ Vpdu}qvnh dqg Zhl +5334, xvhv

wkh gdwd rq wkh GIL lqwr wkh Fhqwudo2Hdvwhuq Hxursh dqg iruphu Vrylhw Uhsxeolfv/ zklfk

fhuwdlqo| ehorqjv wr wkh sdwwhuq ri Qruwk0Vrxwk GIL1 Dovr/ zh qrwlfh wkdw pdq| uhorfdwhg

srooxwlrq0lqwhqvlyh surgxfwv duh lqwhuphgldwh jrrgv18 Pruhryhu/ dffruglqj wr Jruj dqg Ux0

dqh +4<<<,/ wkh rxwsxw dvvrfldwhg zlwk GIL qrw rqo| jrhv edfn wr wkh sduhqw frpsdqlhv exw

dovr lv vrog lq wkh krvw frxqwulhv2uhjlrqv1

Qrwlflqj wkdw odujh srooxwlrq0lqwhqvlyh lqgxvwu| whqgv wr h{lvw lq roljrsrolvw pdunhwv +Zdo0

whu/ 4<;5,/ lq wklv sdshu zh ghyhors d wkhru| ri yhuwlfdo GIL prwlydwhg e| �upv* vwudwh0

jlf lqfhqwlyhv udwkhu wkdq uhodwlyh idfwru0hqgrzphqw2sulfh gl�huhqfhv1 Vshfl�fdoo|/ li wkh

sxufkdvhuv ri wkh lqwhuphgldwh jrrgv uhorfdwhg lq wkh krvw frxqwulhv2uhjlrqv gluhfwo| ru

lqgluhfwo| frpshwh zlwk wkh GIL sduhqw frpsdq| lq wkh �qdo0jrrgv pdunhw/ d �up pd|

kdyh vwudwhjlf lqfhqwlyhv wr uhorfdwh wkh surgxfwlrq ri wkh lqwhuphgldwh jrrg wr fuhdwh

pxowl0pdunhw lqwhu0ghshqgdqfh dprqj ulydov lq wkh grzqvwuhdp pdunhw1 Wklv lv hvshfldoo|

uhohydqw zkhq wkh hfrqrplhv ri vfdoh suhyhqw d �up iurp kdylqj wzr sodqwv wr surgxfh dq

lqwhuphgldwh jrrg lq hdfk orfdwlrq dqg wkh �up uhvsrqgv wr wkh lqfuhdvh ri wudgh olehudo0

7 Lq wklv fxuuhqw sdshu zh xvh GIL +gluhfw iruhljq lqyhvwphqw,/ lqvwhdg ri IGL +iruhljq gluhfw lqyhvwphqw,/

wr hpskdvl}h wkdw zh irfxv rq pxowlqdwlrqdo dfwlylwlhv udwkhu wkdq djjuhjdwhg fdslwdo  rzv1
8 L dp judwhixo wr Vkdqj0Mlq1Zhl iru nlqgo| surylglqj ph zlwk wkh wdeoh ri srooxwlrq0lqwhqvlw| lqgh{ iru

70gljlw VLF lqgxvwulhv lq Vpdu}qvnh dqg Zhl +5334,1
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l}dwlrq1

Zh frqvlghu d prgho zkhuh wzr �upv/ �up K orfdwhg lq wkh krph dqg �up I orfdwhg lq

wkh iruhljq frxqwu|/ surgxfh d gl�huhqwldwhg �qdo surgxfw dqg frpshwh lq wkh krph frxqwu|1

Zkloh sd|lqj d uhodwlyh kljkhu srooxwlrq wd{ dw krph/ Ilup K rzqv d vxshulru whfkqrorj|

wkdw surgxfhv dq lqwhuphgldwh jrrg zlwk ohvv srooxwlrq hplvvlrq1 Wkhuhiruh/ �up K pd|

kdyh lqfhqwlyhv wr uhorfdwh lwv surgxfwlrq ri wkh lqwhuphgldwh jrrg wr wkh iruhljq frxqwu|

wr uhgxfh hqylurqphqwdo frpsoldqfh frvwv dqg wr sur�w iurp vhoolqj wkh lqwhuphgldwh jrrg

wr �up I 1 Exw pruh lpsruwdqwo|/ uhfrjql}lqj wkdw wkh| pd| frpshwh lq wkh �qdo surgxfw

pdunhw/ �up I kdv d vwudwhjlf lqfhqwlyh lq fkrrvlqj wkh vxssolhu ri lwv lqwhuphgldwh lqsxw1

Wklv wkhq fuhdwhv dq rssruwxqlw| iru �up K wr pdnh d vwudwhjlf pryh lq uhorfdwlqj wkh

surgxfwlrq ri wkh lqwhuphgldwh jrrg dv zhoo dv lwv sulflqj vwudwhj| iru wkh lqwhuphgldwh

jrrg1

Lw lv vkrzq wkdw wkhuh frxog h{lvw wkuhh nlqgv ri prwlydwlrqv iru vxfk GIL= +l, wr uhgxfh

hqylurqphqwdo frpsoldqfh frvwv 0 wkh hohphqw ri wkh srooxwlrq0kdyhq k|srwkhvlv/ +ll, wr

sur�w iurp vhoolqj lqwhuphgldwh jrrgv/ dqg pruh lpsruwdqwo|/ +lll, wr vriwhq frpshwlwlrq

zlwk ulydov lq wkh �qdo jrrgv pdunhw1 Wkh frpelqdwlrq ri wkh wkuhh pd| h{sodlq zk| prvw

vwxglhv glg qrw �qg vljql�fdqw srooxwlrq0kdyhq h�hfw1 Rxu wkhru| ri vwudwhjlf yhuwlfdo GIL/

krzhyhu/ kdyh dovr surylghg vrph xvhixo lpsolfdwlrqv iru wkh hpslulfdo lqyhvwljdwlrq ri wkh

srooxwlrq0kdyhq h�hfw1

Rxu pdlq uhvxowv dqg lpsolfdwlrqv duh dv iroorzv1 Iluvw/ vwudwhjlf GIL zrxog qrw dulvh

zkhq wudgh frvwv duh kljk1 Joredol}dwlrq fuhdwhv dq rssruwxqlw| iru pxowlpdunhw frqwdfw

dqg/ dv d uhvxow/ vwudwhjlf GIL pd| dulvh1 Ilup K zrxog uhorfdwh surgxfwlrq ri wkh gluw|

jrrg deurdg hyhq zkhq wkh wudgh0r� ehwzhhq orzhu frpsoldqfh frvwv dqg wudqvsruw frvwv

grhv qrw h{lvw1 Wklv lv qrw rqo| ehfdxvh �up K fdq vhoo wkh lqwhuphgldwh jrrg wr �up I

exw pruh lpsruwdqwo|/ lw fdq fkdujh d kljk sulfh/ hyhq kljkhu wkdq d frpshwlwlyh vxssolhu1

Wkh uhdvrq iru wklv lv gxh wr wkh frooxvlyh h�hfw ri pxowlpdunhw lqwhu0ghshqghqfh1 Vhfrqg/

vxfk frooxvlyh h�hfw lv dovr uh hfwhg lq wkh sulfhv ri wkh �qdo jrrg1 Uhorfdwlrq ri gluw|

surgxfwlrq deurdg uhgxfhv hqylurqphqwdo frpsoldqfh frvwv ri surgxfwlrq exw wklv grhv qrw

lpso| wkdw lw zrxog uhgxfh wkh sulfhv ri wkh �qdo jrrg1 Wklug/ wkh pdunhw vl}h2ghpdqg
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iru wkh lqwhuphgldwh jrrg lq wkh iruhljq frxqwu| lv hqgrjhqrxv lq wkh suhvhqfh ri vwudwhjlf

lqwhudfwlrq1 Wkhuhiruh/ lq dgglwlrq wr wkh JGS/ d ehwwhu sur{| +h1j1/ hvwlpdwlqj wkh ghulyhg

ghpdqg iru wkh lqwhuphgldwh jrrg, lv qhhghg wr frqwuro iru +uhodwlyh, pdunhw vl}h1 Ilqdoo|/

wkh fxuuhqw wkhru| vxjjhvwv wkdw zh vkrxog vhsdudwh lqwhuphgldwh jrrgv iurp �qdo surgxfwv

zkhq zh xvh wkh gdwd ri pxowlqdwlrqdov* GIL dqg li srvvleoh/ wdnh lqwr dffrxqw dq| srvvleoh

pxowlpdunhw lqwhu0ghshqgdqfh1

Wkhuh kdyh ehhq olwwoh wkhruhwlfdo zrun rq wkh uhdvrqv iru wkh plvvlqj srooxwlrq0kdyhq

h�hfw19 Dqwzhlohu/ Frshodqg dqg Wd|oru +5334, uhfrjql}h wkdw srooxwlrq lqwhqvlyh lqgxvwulhv

xvxdoo| duh dovr fdslwdo lqwhqvlyh/ dqg ulfkhu frxqwulhv duh dovr uhodwlyho| fdslwdo0dexqgdqw1

Wkhuhiruh/ lq wkh Khfnvfkhu�Rkolq iudphzrun/ wkh idfwru0hqgrzphqw h�hfw zrunv djdlqvw

wkh lqfrph h�hfw +l1h1/ ulfkhu frxqwulhv dovr kdyh vwulfwhu hqylurqphqwdo uhjxodwlrqv vlqfh

wkh hqylurqphqw lv d qrupdo jrrg,1 Wkhuhiruh/ iuhh wudgh pd| pryh wkh surgxfwlrq ri

gluw| jrrgv wr wkh frxqwulhv zlwk vwulfwhu srooxwlrq uhjxodwlrq1 Xvlqj gdwd rq vxoixu glr{lgh

frqfhqwudwlrqv iurp wkh Joredo Hqylurqphqwdo Prqlwrulqj Surmhfw/ wkh| dovr �qg hpslulfdo

vxssruw iru wkhlu wkhru|1 Wkhlu vwxg| r�huv dq h{sodqdwlrq zk| rqh vkrxog qrw h{shfw

wr �qg wkh srooxwlrq0kdyhq h�hfw lq djjuhjdwh wudgh gdwd1 Pdq| vwxglhv edvhg rq wkh

GIL gdwd/ krzhyhu/ dovr �qg olwwoh hylghqfh wkdw pxowlqdwlrqdov duh gudzq wr srooxwlrq

kdyhqv1: Wkh suhvhqw sdshu r�huv dq h{sodqdwlrq iru wkh plvvlqj srooxwlrq0kdyhq h�hfw lq

wkh pxowlqdwlrqdov* GIL1

Xvlqj wkhru| ri krul}rqwdo GIL/ Pdunxvhq +4<<9, dovr vkrzv wkdw wudgh olehudol}dwlrq

lqfuhdvhv surgxfwlrq vhqvlwlylw| wr frvwo| hqylurqphqwdo uhjxodwlrqv exw pxowlqdwlrqdov gr

qrw lqfuhdvh wkh surgxfwlrq0uhdoorfdwlrq h�hfw fdxvhg e| hqylurqphqwdo uhvwulfwlrqv1 Wkh

uhdvrq lv wkdw pxowlqdwlrqdov fdq vprrwk wkh h�hfwv ri wkh frvw lqfuhdvhv lq rqh frxqwu| ryhu

erwk frxqwulhv1 Krho +4<<:,/ rq wkh rwkhu kdqg/ h{dplqhv krz hqgrjhqrxv sodqw orfdwlrqv

zrxog d�hfw jryhuqphqw hqylurqphqwdo srolf|1 Xosk dqg Ydohqwlql +4<<:, dovr dqdo|}h

9Erpphu +4<<<, vkrzv wkdw �upv pd| vwudwhjlfdoo| uhorfdwh sduwv ri wkhlu surgxfwlrq deurdg iroorzlqj

dq lqfuhdvh lq grphvwlf hqylurqphqwdo uhjxodwlrqv1 Lq klv sdshu wkh vwudwhjlf uhorfdwlrq dfwv dv d vljqdoolqj

wr frqylqfh grphvwlf srolf|pdnhuv wr uhiudlq iurp ixwxuh wljkwhqlqj ri hqylurqphqwdo vwdqgdugv1
:Vhh Zdowhu +4<;5,/ Ohrqdug +4<;;,/ Jurvvpdq dqg Nuxhjhu +4<<6,/ dqg Hvnhodqg dqg Kduulvrq +4<<:,1
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vwudwhjlf hqylurqphqwdo srolf| lq wkh suhvhqfh ri djjorphudwlrq h�hfwv ri lqwhu0vhfwruldo

+lqsxw0rxwsxw, olqndjhv1 Xqolnh wkhvh vwxglhv/ wklv fxuuhqw sdshu �upv* vwudwhjlf lqfhqwlyhv

iru yhuwlfdo GIL1

Wkh uhvhdufk lqwhuhvwv rq yhuwlfdo GIL kdv uhfhqwo| jurzq vxevwdqwldoo| dowkrxjk wkh exon

ri wkh olwhudwxuh rq pxowlqdwlrqdov duh vwloo rq krul}rqwdo GIL1; Krzhyhu/ wkh olwhudwxuh rq

yhuwlfdo +xsvwuhdp, GIL/ irfxvhv rq �upv* lqfhqwlyhv wr uhgxfh wkh frvwv ri wkhlu rzq lqsxwv

ru2dqg udlvh wkrvh ri wkhlu ulydov +h1j1/ Nrqdq/ 5333,1 Wkh nh| lqvljkw ri wkhvh vwxglhv duh

vlplodu wr wkrvh lq wkh olwhudwxuh rq yhuwlfdoo| uhodwhg pdunhwv lq lqwhuqdwlrqdo wudgh/ dv vxfk

Vshqfhu dqg Mrqhv +4<<4/ 4<<5,1 Lq rxu sdshu wkh rxwsxw ri yhuwlfdo GIL qrw rqo| jrhv

edfn wr lwv sduhqw �up exw dovr vhuyhv wkh orfdo pdunhw1 Pruh lpsruwdqwo|/ krzhyhu/ wkh

lqfhqwlyh iru GIL lq rxu prgho lv qrw mxvw wr kdyh wkh pdunhw0dffhvv ri vhoolqj lqwhuphgldwh

surgxfwv/ udwkhu/ lv wr fuhdwh dq rssruwxqlw| iru pxowl0pdunhw frqwdfw lq rughu wr vriwhq

frpshwlwlrq lq wkh �qdo jrrgv pdunhw1 Wkhuhiruh/ wkh suhvhqw sdshu lwvhoi lv d frqwulexwlrq

wr wkh olwhudwxuh rq yhuwlfdo GIL1

Wkh uhvw ri wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 dqdo|}hv wkh vxejdph zlwk

dqg zlwkrxw GIL1 Vhfwlrq 6 dqdo|}hv wkh h�hfwv ri joredol}dwlrq rq wkh htxloleulxp rxwfrph

+GIL yhuvxv qr0GIL, dqg wkh lpsolfdwlrqv ri vwudwhjlf GIL iru wkh +plvvlqj, srooxwlrq0kdyhq

h�hfwv1 Vhfwlrq 7 glvfxvvhv wkh dvvxpswlrqv dqg wkh urexvwqhvv ri rxu uhvxowv1 Vhfwlrq 8

frqfoxghv wkh sdshu1

51 Wkh Prgho

Zh kdyh wzr frxqwulhv= Krph dqg Iruhljq1 Wkhuh duh wzr �upv/ �up K orfdwhg lq wkh

krph dqg �up I orfdwhg lq wkh iruhljq frxqwu|1 Hdfk �up surgxfhv d +grzqvwuhdp, gl�hu0

hqwldwhg surgxfw/ \ / vrog lq wkh krph frxqwu| dowkrxjk lw frxog dovr eh lq d �wklug0pdunhw�1

Wkh ghpdqg iru wkh wzr �upv* surgxfwv lv t�
�
s�> s�

�
> l> m @ K>I 1 Zh dvvxph wkdw wkh surg0

xfwv duh lpshuihfw vxevwlwxwhv dqg ghpdqg iru d surgxfw lv pruh uhvsrqvlyh wr lwv rzq sulfh

wkdq wr wkh sulfh ri wkh rwkhu surgxfw/ l1h1/ 3 ? Ct�
�
s�> s�

�
@Cs� ? �Ct�

�
s�> s�

�
@Cs�1 Dv0

;H1j1/ Pdunxvhq/ hw do +4<<9,/ dqg Ur| dqg Yldhqh +4<<;,1
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vxph wkdw surgxfwlrq ri jrrg \ uhtxluhv xvlqj d krprjhqhrxv lqwhuphgldwh jrrg/ [> dqg

iru vlpsolflw|/ wkhuh lv qr rwkhu yduldeoh frvwv ri surgxfwlrq iru jrrgv \ dqg [1 Exw wkhuh

lv d e|0surgxfw dvvrfldwhg zlwk surgxfwlrq ri jrrg [ 0 srooxwlrq/ zklfk lv vxemhfw wr dq

hqylurqphqwdo wd{1/ � � +l @ K>I ,1 Jrrg [ lv frpshwlwlyho| dydlodeoh lq wkh iruhljq frxqwu|

zlwk wkh whfkqrorj| wkdw jhqhudwhv h8 xqlwv ri srooxwlrq iru hdfk xqlw wkh rxwsxw1 Ilup K

lq wkh krph frxqwu|/ krzhyhu/ rzqv d vxshulru whfkqrorj| wkdw jhqhudwh rqo| hM +hM ? h8 ,

xqlwv ri srooxwlrq iru surgxflqj hdfk xqlw ri jrrg [ dqg lv yhuwlfdoo| lqwhjudwhg1<

Dv ghslfwhg lq Iljxuh 4/ wkh jdph kdv 6 vwdjhv dqg lw surfhhgv dv iroorzv1 Lq wkh �uvw

vwdjh �up K ghflghv zkhwkhu wr pryh wkh surgxfwlrq ri wkh lqwhuphgldwh jrrg [ wr wkh

iruhljq frxqwu| +l1h1/ GIL,1 Wkhuh duh wudgh frvwv iru erwk jrrgv[ dqg \ 1 Li �up K ghflghv

wr uhorfdwh surgxfwlrq ri jrrg [ wr wkh iruhljq frxqwu|/ lw zloo kdyh wr sd| wudqvsruw frvwv

+ru wdul�, iru vklsslqj edfn jrrg [1 Lq wkh vhfrqg vwdjh �up K frpplwv wr d +surgxfhu,

sulfh/ u/ iru wkh lqwhuphgldwh jrrg +li lw vhoov [,> dqg �up I ghflghv zkhwkhu wr frqwudfw wr

ex| wkh lqwhuphgldwh jrrg iurp �up K ru iurp d frpshwlwlyh grphvwlf vxssolhu143 Lq wkh

wklug vwdjh wkh wzr �upv frpshwh lq sulfh +Ehuwudqg, lq wkh grzqvwuhdp pdunhw orfdwhg lq

wkh krph frxqwu| +zh zloo eulh | glvfxvv txdqwlw| frpshwlwlrq lq Vhfwlrq 7,1

+Iljxuh 4 jrhv khuh,1

Wkh vxejdph shuihfw htxloleulxp ri wkh prgho lv vroyhg e| edfnzdug lqgxfwlrq1 Zh �uvw

fkdudfwhul}h wkh vxejdph lq zklfk �upK nhhsv surgxfwlrq ri jrrg [ lq wkh krph frxqwu|

+l1h1/ qr0GIL, dqg wkh vxejdph lq zklfk �up K uhorfdwhv wkh surgxfwlrq ri jrrg [ wr wkh

iruhljq frxqwu| +l1h1/ GIL,1 Vhfwlrq 6 wkhq dqdo|}hv wkh �uvw vwdjh ri wkh jdph wr h{dplqlqj

krz wkh htxloleulxp lv ghwhuplqhg1 Ehiruh surfhhg/ krzhyhu/ zh qhhg wkh iroorzlqj wkuhh

dvvxpswlrqv11

Iluvw/ wr nhhs wkh vwdqgdug lqfhqwlyh iru yhuwlfdo GIL/ zh dvvxph �M A �8 exw lw zloo

ehfrph fohdu odwhu wkdw wklv lv qrw hvvhqwldo iru vwudwhjlf GIL wr dulvh1 Vhfrqg/ zh dvvxph

< Lq wklv sdshu zh gr qrw prgho wkh ehqh�wv ri d fohdqhu hqylurqphqw1 Dovr/ iru vlpsolflw| zh gr qrw

lqwurgxfh srooxwlrq dedwhphqw lqwr wkh prgho1
43Wkxv/ zh duh dvvxplqj wkdw 8 fdq frpplw wr sxufkdvh doo lqsxw iurp M� Wkh lpsolfdwlrqv ri uhod{lqj

wklv dvvxpswlrq lv glvfxvvhg lq Vhfwlrq 71
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wkdw hM ? h8 1 Wklug/ zh dvvxph wkdw �MhM . w8% A �8 h8 zkhuh w8% lv wkh wdul�0fxp0

wudqvsruw frvw li �up I lpsruwv wkh lqwhuphgldwh jrrg1 Wkdw lv/ li �upK grhv qrw uhorfdwh

surgxfwlrq ri jrrg [/ �up I zrxog qrw �qg lw sur�wdeoh wr ex| wkh lqwhuphgldwh jrrg

iurp �up K1

514 Vxejdph xqghu qr0GIL

Vxssrvh wkdw �up K nhhsv surgxfwlrq ri wkh lqwhuphgldwh jrrg [ lq wkh krph frxqwu|

dqg �up I sxufkdvhv jrrg [ iurp d frpshwlwlyh grphvwlf vxssolhu dw sulfh htxdo wr �8 h8 1

Wkhq wkh sur�w ixqfwlrqv iru �upv I dqg K duh

�8 @ ^s8 � +w+ . �8 h8 ,`t8 +s8 > sM, +4,

dqg

�M @ +sM � �MhM,tM+sM > s8 ,�J> +5,

zkhuh w+ lv wkh wdul�0fxp0wudqvsruw frvw iru jrrg \ 1 Zh kdyh gursshg vxshuvfulsw K lq w+

+dqg odwhu w%,1 Wkh vxshulru whfkqrorj| ri surgxflqj jrrg [ uhtxluhv d �{hg frvw J dqg

zh dvvxph wkdw wkh suhvhqfh ri hfrqrplhv ri vfdohv suhyhqw �up I iurp kdylqj wzr sodqwv

wr surgxfh jrrg [= Surgxflqj jrrg [ zlwk wkh lqihulru whfkqrorj| +l1h1/ zlwk hplvvlrq h8 ,

grhv qrw uhtxluh dq| �{hg frvw1

Wkh htxloleulxp sulfhv/ zklfk duh dvvxphg wr h{lvw xqltxho| iru dq| jlyhq ydoxh ri d vhw

ri sdudphwhu/ i�M > �8 > hM > h8 > w+>Jj dqg duh ghqrwhg dv s�+f�> f�,/ zkhuh fM � �MhM dqg

f8 � w+ . �8 h8 vdwlvi| wkh iroorzlqj �uvw0rughu frqglwlrqv=

t8
�
s8 > sM

�
. ^s8 � +w+ . �8 h8 ,`t8�

�
s8 > sM

�
@ 3> +6,

tM
�
sM > s8

�
. +sM � �MhM,tM

�

�
sM > s8

�
@ 3= +7,

Ghqrwh wkh htxloleulxp sur�wv e| �8
�
f8 > fM

�
dqg �M

�
fM > f8

�
=

:



515 Vxejdph xqghu GIL

Qrz vxssrvh wkdw �up K kdv uhorfdwhg lwv surgxfwlrq ri wkh lqwhuphgldwh jrrg [ wr

wkh iruhljq frxqwu|1 Dvvxph wkdw �up K frpplwv d sulfh/ u +zkhuh u A �8 hM,/44 iru wkh

lqwhuphgldwh jrrg [ li lw vhoov wkh jrrg1 Wkhq �up V ghflghv zkhwkhu wr frqwudfw wr ex|

doo wkh lqwhuphgldwh jrrg iurp hlwkhu �up K ru d frpshwlwlyh grphvwlf vxssolhu1

Li �up I sxufkdvhv wkh lqwhuphgldwh jrrg [ iurp d frpshwlwlyh grphvwlf vxssolhu/ wkh

sur�w ixqfwlrqv iru I dqg K duh

e�8 @ ^s8 � +w+ . �8 h8 ,`t8 +s8 > sM, +8,

dqg

e�M @ ^sM � +w% . �8 hM,`tM+sM > s8 ,�J= +9,

zkhuh w% lv wkh wdul�0fxp0wudqvsruw frvw iru jrrg [ zkhq �up K vklsv edfn jrrg [1 Zh

kdyh dvvxphg wkdw wkh �{hg frvw ri surgxflqj jrrg [ lv wkh vdph lq erwk wkh krph

dqg wkh iruhljq frxqwulhv wr uxoh rxw rwkhu srvvleoh wudgh0r�v iru GIL +h1j1/ Pdunxvhq/

Pruh| dqg Rohzlohu/ 4<<6,1 Zh dovr dvvxph wkdw w% ? w+ +l1h1/ lw frvwv pruh wr vkls

d �qdo surgxfw wkdq d frpsrqhqw/ ru/ wkh vshfl�f wdul� iru wkh �qdo jrrg lv uhodwlyho|

kljk ehfdxvh ri wkh kljk ydoxh0dgghg lq wkh �qdo jrrg1, vr wkdw �up K zloo qrw pryh

erwk wkh xsvwuhdp dqg grzqvwuhdp surgxfwlrqv doo wrjhwkhu wr wkh iruhljq frxqwu|1 Wkh

htxloleulxp sulfhv/ zklfk duh dvvxphg wr h{lvw xqltxho| iru dq| ydoxhv ri d jlyhq vhw ri

sdudphwhuv/ i�M > �8 > hM > w+> w%> Jj dqg duh ghqrwhg dv es� �ef�>ef��/ zkhuh efM � w%.�8 hM dqg

ef8 @ f8 � w+ . �8 h8 vdwlvi| wkh iroorzlqj �uvw0rughu frqglwlrqv=

t8
�es8 > esM�. ^es8 � +w+ . �8 h8 ,`t8�

�es8 > esM� @ 3> +:,

tM
�esM > es8 �. ^esM � +w% . �8 hM,`tM

�

�esM > es8 � @ 3= +;,

44 Lw zloo ehfrph fohdu wkdw lw zrxog qhyhu eh rswlpdo iru �up M wr vhoo wkh lqwhuphgldwh jrrg dw d sulfh

ohvv wkdq lwv pdujlqdo frvw ri surgxfwlrq1

;



Ghqrwh wkh htxloleulxp sur�wv e| e�8 �ef8 >efM� dqg e�M+efM >ef8 ,=
Li �up I frqwudfwv wr ex| wkh lqwhuphgldwh jrrg [ iurp �up K dw sulfh htxdo wr u / wkh

sur�w ixqfwlrqv iru I dqg K duh

h�8 @ ^s8 � +w+ . u,`t8 +s8 > sM, +<,

dqg

h�M @ ^sM � +w% . �8 hM,`tM+sM > s8 ,�J. +u � �8 hM,t8 +s8 > sM, +43,

uhvshfwlyho|1 Wkh htxloleulxp sulfhv/ zklfk duh dvvxphg wr h{lvw xqltxho| iru dq| ydoxhv ri

d jlyhq vhw ri sdudphwhuv/ i�8 > hM > w+> w%> Jj dqg duh ghqrwhg dv �s�+hf�>hf�,/ zkhuh hfM @ efM �

w% . �8 hM dqg hf8 � w+ . u / vdwlvi| wkh iroorzlqj �uvw0rughu frqglwlrqv=

t8
�
�s8 > �sM

�
. ^hs8 � +w+ . u,`t8� +�s

8 > �sM, @ 3> +44,

tM
�
�sM > �s8

�
. ^hsM � +w% . �8 hM,`tM� +�sM > �s8 , . +u � �8 hM,t82 +�s

8 > �sM, @ 3 +45,

Ghqrwh wkh htxloleulxp sur�wv e| ��8
�hf8 >hfM� dqg ��M+hfM >hf8 > u,= Zh dvvxph wkdw �up I

sxufkdvhv jrrg [ iurp �up K zrxog eh dq htxloleulxp li qr �up lv zruvh r� dqg dw ohdvw

rqh �up kdv kljkhu sur�w wkdq rwkhuzlvh zrxog eh1

Qrwlfh wkdw hf8 � w+.u lv wkh h�hfwlyh pdujlqdo frvw iru �up I 1 Reylrxvo|/ iru dq| u wkdw

|lhogv srvlwlyh rxwsxwv iru erwk �upv/ dq lqfuhdvh lq u zrxog lqfuhdvh wkh sulfhv iru wkh �qdo

jrrgv1 Wkdw lv/

C�s8
�hf8 >hfM�
Cu

@ �s8
�

�hf8 >hfM� A 3 dqg
C�sM

�hfM >hf8 �
Cu

@ �sM
2

�hfM >hf8 � A 3 = +46,

Lw lv ohvv fohdu krz ��8
�hf8 >hfM� zloo fkdqjh dv u ru wkh wdul�v fkdqjh1 Iurp wkh hqyhorsh

wkhruhp/ zh kdyh

C��8
�hf8 >hfM�
Cu

@ �t8
�
�s8 > �sM

�
. ^hs8 � +w+ . u,`

Ct8 +�s8 > �sM,

C�sM
C�sM

�hfM >hf8 �
Cu

>

<



zkhuh wkh �uvw whup lv qhjdwlyh zkloh wkh vhfrqg whup lv srvlwlyh1 D kljkhu lqsxw sulfh iru I

kdv wkh gluhfw h�hfw ri frvw lqfuhdvh rq I>zklfk uhgxfhv I �vsur�w> exw lw dovr kdv wkh lqgluhfw

h�hfw ri lqfuhdvlqj K �v sulfh iru wkh �qdo jrrg/ zklfk ehqh�wv I 1 Krzhyhu/ dv lq Fkhq

+iruwkfrplqj, dqg rwkhuv/ wkh gluhfw h�hfw grplqdwhv surylghg wkdw 3 ? Ct�
�
s�> s�

�
@Cs� ?

�Ct�
�
s�> s�

�
@Cs� +dq dvvxpswlrq glvfxvvhg hduolhu,1 Wkxv/ I �v htxloleulxp sur�w ghfuhdvhv

lq lwv lqsxw frvwv=

C��8
�hf8 >hfM�
Cu

? 3 = +47,

Vlploduo|/ xvlqj wkh hqyhorsh wkhruhp zh kdyh

C��M+hfM >hf8 > u,
Cu

@ i^hsM � +w% . �8 hM,`
CtM+�sM > �s8 ,

C�s8
. +u� �8 hM,

Ct8 +�s8 > �sM,

C�s8
j
C�s8

�hfM >hf8 �
Cu

. t8
�
�s8 > �sM

�
>

zklfk djdlq fdq kdyh dpeljxrxv vljqv exw zloo eh dvvxphg srvlwlyh iru wkh u wkdw lv lq wkh

uhohydqw udqjh ri rxu dqdo|vlv145 Wkdw lv/ zh dvvxph

C��M+hfM >hf8 > u,
Cu

A 3> +48,

ru K �v htxloleulxp sur�w lqfuhdvhv lq uzkhq lw vhoov wkh lqsxw wr I= Erwk frqglwlrqv +47,

dqg +48, duh vdwlv�hg zlwk olqhdu0ghpdqg ixqfwlrqv1

Wkhuhiruh/ jlyhq wkh jdph vshfl�hg deryh/ �up K zloo rswlpdoo| vhw lwv u vxfk wkdw wkh

sur�w ri �up I sxufkdvlqj jrrg [ iurp �up K lv wkh vdph dv +ru voljkwo| kljkhu wkdq,

wkdw ri sxufkdvlqj lw iurp d frpshwlwlyh grphvwlf vxssolhu146 Zh wkhuhiruh kdyh=

Sursrvlwlrq 4 Lq wkh vxejdph ri GIL/ �up I zloo dozd|v ex| wkh lqwhuphgldwh jrrg [

iurp �up K> udwkhu wkdq d frpshwlwlyh grphvwlf vxssolhu1 Lq htxloleulxp zh kdyh hs� A es�
+l @ K>I ,/ ��M

�
w% . �8 hM > w+ . uW> uW

�
A e�M �

w% . �8 hM > w+ . �8 h8
�
dqg

45Qrwlfh wkdw wkh vljq lv srvlwlyh zkhq wkh gl�huhqfh ehwzhhq o dqg �
8
e
M lv qrw wrr odujh1

46Wkxv/ zh duh dvvxplqj wkdw �up I kdv doo wkh edujdlqlqj srzhu1 Wkh lpsolfdwlrqv ri d pruh jhqhudo

Qdvk edujdlqlqj vroxwlrq duh glvfxvvhg lq Vhfwlrq 71
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��8
�
w+ . uW> w% . �8 hM

�
@ e�8 �

w+ . uW> w% . �8 hM
�
/ zkhuh uW lv wkh htxloleulxp sulfh ri wkh

lqwhuphgldwh jrrg [ dqg lv juhdwhu wkdq �8 h8 1

Surri= Lw lv qrw gl!fxow| wr xqghuvwdqg wkdw �up I zloo sxufkdvh jrrg [ iurp �up K

li u ? �8 h8 1 Qrz vxssrvh wkdw u @ �8 h8 lqlwldoo|1 Wkhq �up I *v ehvw uhvsrqvh ixqfwlrq

zrxog eh wkh vdph dv wkdw li lw ex|v jrrg [ iurp d frpshwlwlyh grphvwlf vxssolhu +l1h1/ htv

: dqg 44 duh wkh vdph,1 Iurp +;, dqg +45,/ krzhyhu/ qrwlfh wkdw �up I *v ehvw uhvsrqvh

ixqfwlrq lv e�8
�

@ 3 zkhq �up I sxufkdvhv jrrg [ iurp d frpshwlwlyh grphvwlf vxssolhu

exw lw ehfrphv e�8� . +u � �8 hM,+Ct8 @CsM, @ 3 zkhq �up I sxufkdvhv jrrg [ iurp �up

K1 Vlqfh +u � �8 hM,+Ct8@CsM, A 3> lw vkliwv xs �up K*v uhdfwlrq ixqfwlrq uhvxowlqj

lq kljkhu sulfhv +l1h1/ hs� A es�> l @ K>I ,1 Wklv lv looxvwudwhg e| d xszdug vkliw ri �up

K*v uhdfwlrq ixqfwlrq wr wkh plggoh gdvkhg0olqh lq Iljxuh 51 Wkh kljkhu sulfhv vriwhq wkh

frpshwlwlrq lq wkh �qdo0jrrg pdunhw dqg lqfuhdvh wkh sur�wv ri erwk �upv1 Krzhyhu/ �up

K rqo| qhhg wr nhhs �up I ehlqj lqgl�huhqw +ru voljkwo| ehwwhu0r�, iurp lwv dowhuqdwlyh1

Iurp +47, dqg +48,/ wklv wkhq hqdeohv �up K wr udlvh u eh|rqg wkh ohyho ri �8 h8 xqwlo

��8
�
w+ . uW> w% . �8 hM

�
@ e�8 �

w+ . �8 h8 > w% . �8 hM
�
1 Wklv lv uhsuhvhqwhg lq Iljxuh 5 e| d

ixuwkhu xszdug vkliw ri �up K*v uhdfwlrq ixqfwlrq/ wrjhwkhu zlwk d uljkw vkliw ri �up I *v

uhdfwlrq ixqfwlrq +vlqfh dq lqfuhdvh lq u udlvhv �up I *v pdujlqdo frvw,1

+Iljxuh 5 jrhv khuh,

Lw lv vxusulvlqj wkdw �up I dfwxdoo| sd|v pruh iru jrrg [ zkhq lw ex|v wkh lqwhuphgldwh

jrrg iurp �up K1 Wkh nh| wr xqghuvwdqg wklv lv wr uhfrjql}h wkdw �up K zrxog kdyh ohvv

lqfhqwlyh wr fxw lwv sulfh lq wkh �qdo jrrg pdunhw li �up I ex|v wkh lqwhuphgldwh jrrg

iurp �up K= Ilup I zrxog vwulfwo| suhihu wr ex| wkh lqwhuphgldwh lqsxw iurp �up I li wkh

frvw ri lpsruwv lv wkh vdph1 Wklv wkhq hqdeohv �up K wr udlvh wkh sulfh ri jrrg [1 Wklv

w|sh ri frooxvlyh h�hfwv lv lq vslulw vlplodu wr wkdw lq Fkhq/ Lvklndzd/ dqg \x +5334, zkhuh

vwudwhjlf rxwvrxuflqj dulvhv ehfdxvh ri wkh pxowlpdunhw frqwdfw1 Exw lq wkdw sdshu zh vkrz

wkdw vxfk vwudwhjlf rxwvrxuflqj zrxog qhyhu rffxu xqghu dq dvvxpswlrq vlplodu wr wkdw ri

�MhM . w8% A �8 h8 lq wkh fxuuhqw sdshu1 Sursrvlwlrq 4/ krzhyhu/ vkrzv wkdw �up K*v

44



ghflvlrq rq vwudwhjlf GIL frxog h�hfwlyho| fuhdwh dq rssruwxqlw| iru vxfk d pxowlpdunhw

frqwdfw hyhq zkhq wkh frqglwlrqv iru vwudwhjlf rxwvrxuflqj duh devhqw1

61 Joredol}dwlrq dqg GIL= uh0h{dplqlqj wkh srooxwlrq0kdyhq k|srwkhvlv

Qrz zh vroyh iru wkh htxloleulxp ghflvlrq lq wkh �uvw vwdjh dqg vkrz krz joredol}d0

wlrq frxog fuhdwh dq rssruwxqlw| iru vwudwhjlf GIL1 Dowkrxjk zh fkrrvh wudqvsruw frvwv wr

glvfxvv/ zh lqwhusuhw d ghfuhdvh lq wkhlu ohyhov pruh eurdgo| dv d pryhphqw wrzdugv joredo0

l}dwlrq1 Pruh vshfl�fdoo|/ zh zdqw wr vkrz wkdw wkh ohyho ri w% zloo ghwhuplqh zkdw nlqg ri

htxloleuld wr rffxu1

Sursrvlwlrq 5 +l, Wkh vxejdph shuihfw htxloleulxp lv GIL +uhvs1 qr0GIL, li w% ? hw% +uhvs1

w% A hw%,/ zkhuh hw% vdwlv�hv ��M
�hw% . �8 hM > w+ . uW> uW

�
@ �M

�
�MhM > w+ . �8 h8

�
>

+ll, hw% A �MhM � �8 hM =

Surri= +l, Wkh �uvw sduw lv vwudljkwiruzdug zkhq qrwlflqj wkdw ��M
�
w% . �8 hM > w+ . uW> uW

�

lv ghfuhdvlqj lq w%1 Wkhuhiruh/ �up I zloo �qg lw sur�wdeoh +l1h1/ ��M A �M, wr uhorfdwh

surgxfwlrq ri jrrg [ lq wkh iruhljq frxqwu| dv orqj dv w% ? hw% +ll, Vxssrvh wkdw w% @

�MhM � �8 hM +l1h1/ w% . �8 hM @ �MhM, lqlwldoo|1 Lw lv wkhq vwudljkwiruzdug wr vkrz wkdw

��M
�
�MhM > w+ . uW> uW

�
A �M

�
�MhM > w+ . �8 h8

�
ehfdxvh uW A �8 h8 +iurp Sursrvlwlrq 4,1

Wkhuhiruh/ lq htxloleulxp hw% pxvw eh juhdwhu wkdq �MhM � �8 hM =

Zkhq wudgh frvwv duh kljk/ vwudwhjlf uhorfdwlrq ri surgxfwlrq ri jrrg[ zrxog qrw rffxu1

Zkhq wudgh frvwv ehfrph orzhu/ vwudwhjlf uhorfdwlrq2GIL dulvhv1 Qrwlfh wkdw zkhq w% ?

�MhM � �8 hM / wkh uhorfdwlrq lv frqvlvwhqw zlwk wkh srooxwlrq0kdyhq k|srwkhvlv1 Ilup K

uhorfdwhv lwv gluw| surgxfwlrq wr wkh iruhljq frxqwu| wkdw kdv orzhu hqylurqphqwdo wd{ +�8 ?

�M, dqg dovr uhgxfhv wkh wrwdo frvw ri jrrg [ +lqfoxglqj wudqvsruw frvw,1 Wklv lv wkh wudgh0

r� dqg wkh lqfhqwlyh iru frqyhqwlrqdo yhuwlfdo GIL/ zklfk lv wkh irfxv ri wkh srooxwlrq0kdyhq

k|srwkhvlv1

Krzhyhu/ wkh srooxwlrq0kdyhq h�hfw pd| qrw eh lghqwl�hg ehfdxvh Sursrvlwlrq 5 dovr

doorzv iru w% 5 +�MhM � �8 hM >hw%,1 Zkhq �MhM � �8 hM ? w% ? hw%/ wkh wudgh0r� ehwzhhq
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wkh gl�huhqfh lq idfwru sulfhv dqg wudgh frvw qr orqjhu h{lvwv1 Wkhuhiruh/ uhorfdwlrq ri

surgxfwlrq ri jrrg [ vkrxog qrw rffxu li zh irfxv rqo| rq wkh lqfhqwlyhv iru frqyhqwlrqdo

yhuwlfdo GIL1 Qhyhuwkhohvv/ vwudwhjlf uhorfdwlrq zloo dulvh +hyhq li �8 � �M / l1h1/ qr lqfhqwlyh

iru frqyhqwlrqdo yhuwlfdo GIL,147 Wkxv hpslulfdo lqyhvwljdwlrqv rq srooxwlrq0kdyhq h�hfwv

edvhg rq hqylurqphqwdo frpsoldqfh frvwv frxog eh frpsolfdwhg e| wkh suhvhqfh ri vwudwhjlf

GIL/ hyhq zlwk jrrg gdwd rq rwkhu surgxfwlrq frvwv1

Fruroodu| 4 +l, Zkhq w% ? +�M � �8 ,hM / wkh uhorfdwlrq ri surgxfwlrq ri jrrg [ lv frq0

vlvwhqw zlwk wkh srooxwlrq0kdyhq k|srwkhvlv> +ll, zkhq +�M � �8 ,hM ? w% ? hw%/ krzhyhu/
wkh srooxwlrq0kdyh h�hfw zrxog qrw eh lghqwl�hg xqghu wkh wudglwlrqdo wkhru| ri yhuwlfdo GIL

prwlydwhg e| idfwru0hqgrzphqw +ru idfwru0sulfh, gl�huhqfhv1

Rq wkh rwkhu kdqg/ krzhyhu/ wkh hohphqw ri wkh srooxwlrq0kdyhq k|srwkhvlv lv uh hfwhg lq

wkh uhodwlrqvkls ehwzhhq wkh ghflvlrq ri wkh uhorfdwlrq dqg wkh jds lq wkh wzr hqylurqphqwdo

wd{hv1 Wkh hdvlhvw zd| wr vkrz wklv lv wr qrupdol}h �8 � 4 dqg h{dplqh wkh h�hfwv ri

dq lqfuhdvh lq �M 1 Qrwlfh wkdw dq lqfuhdvh lq �M +l1h1/ wkh jds ri �M � �8 , zloo orzhu

�M
�
�MhM > w+ . �8 h8

�
exw ohdyhv ��M

�hw% . �8 hM > w+ . uW> uW
�
xqfkdqjhg1 Wkxv/ iru vrph

ohyho ri w%> uhorfdwlqj surgxfwlrq ri jrrg [ zdv lqlwldoo| qrw sur�wdeoh exw qrz frxog

ehfrph sur�wdeoh1 Wkhuhiruh/ hw% frxog jr xs dqg wkxv zh kdyh wkh qh{w sursrvlwlrq1

Sursrvlwlrq 6 Xqghu wkh wkhru| ri vwudwhjlf yhuwlfdo GIL/ lw lv vwloo wuxh wkdw wkh odujhu wkh

jds ri wkh hqylurqphqwdo wd{hv ehwzhhq wkh krph dqg iruhljq frxqwulhv/ wkh pruh olnho| zloo

�up K uhorfdwh lwv surgxfwlrq ri jrrg [ deurdg1

Wkhuhiruh/ wkhuh vwloo lv d srooxwlrq0kdyhq h�hfw exw wkh suhvhqfh ri vwudwhjlf GIL frxog

pdnh lw gl!fxow wr eh lghqwl�hg1 Rxu dqdo|vlv/ krzhyhu/ kdv wkh iroorzlqj lpsolfdwlrqv

iru wkh hpslulfdo lqyhvwljdwlrq ri wkh srooxwlrq0kdyhq h�hfw1 Iluvw/ lw suredeo| khosixo wr

vhsdudwh �qdo surgxfwv iurp lqwhuphgldwh surgxfwv vlqfh wkh odwwhu lv pruh olnho| wr fuhdwh

47 Lw lv qrw gl!fxow wr vhh wkdw hyhq li �8 D �
M / vwudwhjlf GIL frxog vwloo rffxu vlqfh �8 eM 	 �

8
e
8 1
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pxowl0pdunhw lqwhughshqghqfh1 Vhfrqg/ vlqfh prvw lqwhuqdwlrqdo lqwhuphgldwh0jrrg pdu0

nhwv duh qrw frpshwlwlyh +riwhq duh roljrsrolvwlf, dqg khqfh pxowl0pdunhw frqwdfw frxog

dulvh/ JGS pd| qrw eh deoh wr fdswxuh wkh h�hfw ri +uhodwlyh, pdunhw vl}h148 JGS frxog eh

d jrrg fdqglgdwh li zh ghdo zlwk �qdo surgxfwv exw iru qrq0frpshwlwlyh lqwhuphgldwh0jrrg

pdunhwv/ zh qhhg d ehwwhu sur{| wr fdswxuh pdunhw2ghpdqg vl}h1 Ixuwkhupruh/ wkh pdu0

nhw vl}h iru lqwhuphgldwh jrrgv frxog ehfrph hqgrjhqrxv lq wkh suhvhqfh ri pxowl0pdunhw

lqwhughshqghqfh1

Lq dgglwlrq/ dv vkrzq lq wkh qh{w sursrvlwlrq/ wkh frpsolfdwlrq ri vwudwhjlf yhuwlfdo GIL

lv dovr uh hfwhg lq wkh �qdo0jrrg pdunhw lq wkh vhdufk ri wkh srooxwlrq0kdyhq h�hfw1

Sursrvlwlrq 7 Vwudwhjlf uhorfdwlrq2GIL frxog lqfuhdvh wkh sulfhv ri wkh �qdo jrrg hyhq

zkhq wkh iruhljq frxqwu| kdv d orzhu hqylurqphqwdo wd{1

Surri= Wr vkrz wklv zh mxvw qhhg wr �qg d vx!flhqw frqglwlrq1 Vxssrvh +�M � �8 ,hM ?

w% ? hw%= Wkhq lw lv vwudljkwiruzdug wr vkrz wkdw esM A sM vlqfh wkh pdujlqdo frvw lv kljkhu

+l1h1/ efM A fM,1 Wrjhwkhu zlwk Sursrvlwlrq 4/ wklv phdqv wkdw hsM A sM 1 Lq dgglwlrq/ vlqfh

w+. uW A w+.�8 h8 dqg wkh| duh wkh pdujlqdo frvwv iru �up I / zh wkhq pxvw kdyh hs8 A s8

dv zhoo1

Wklv lv dq lqwhuhvwlqj uhvxow1 Ilup K uhorfdwhv lwv gluw| surgxfwlrq deurdg dqg uhgxfhv

lwv hqylurqphqwdo frpsoldqfh frvwv ri surgxfwlrq1 Exw wklv grhv qrw lpso| wkdw vxfk d

uhorfdwlrq zrxog uhgxfh wkh sulfhv ri wkh �qdo jrrg lq wkh krph frxqwu|1491 Lurqlfdoo|/ wkh

sulfhv ri wkh �qdo jrrg frxog jr xs gxh wr wkh frooxvlyh h�hfw ri pxowlpdunhw frqwdfw fuhdwhg

e| wkh vwudwhjlf uhorfdwlrq1

Pruhryhu/ li zh irfxv rqo| rq frqyhqwlrqdo yhuwlfdo GIL/ d pruh h!flhqw �up +l1h1/ zlwk

orzhu hM, zrxog kdyh ohvv lqfhqwlyhv wr pryh lwv surgxfwlrq deurdg ehfdxvh wkh vdylqj lq wkh

frpsoldqfh frvwv ehfrphv vpdoohu uhodwlyh wr wkh frvw ri uhorfdwlrq1 Lq rxu prgho/ krzhyhu/

d orzhu hM rq wkh rwkhu kdqg zrxog lqfuhdvh wkh jdlq iurp vhoolqj wkh lqwhuphgldwh jrrg

48Wkh fxuuhqw hpslulfdo vwxglhv lq wkh olwhudwxuh xvh JGS wr fdswxuh wkh h�hfw ri pdunhw vl}h rq GIL  rz

ru sodqw0uhorfdwlrq ghflvlrq1
49 Li zh prgho wkh sxeolf edg ri srooxwlrq hplvvlrq lq wklv prgho/ wkh krph frxqwu| zrxog ehqh�w iurp

ohvv srooxwlrq li srooxwlrq lv qrw ixoo| wudqverxqgdu|1
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dqg/ wkhuhiruh/ hqfrxudjhv �up K wr uhorfdwh surgxfwlrq ri jrrg [ deurdg1 Wkhuhiruh/ zh

kdyh

Uhpdun 4 Lw lv qrw qhfhvvdulo| wuxh wkdw d ohvv h!flhqw �up lv pruh olnho| wr pljudwh wr d

srooxwlrq kdyhq1

71 Glvfxvvlrq

Wkh frooxvlyh ehkdylru ri wkh pxowlpdunhw frqwdfw lv uhyhdohg prvw fohduo| e| wkh Ehuwudqg

dvvxpswlrq iru frpshwlwlrq lq wkh �qdo jrrg pdunhw1 Iluvw/ lw lv lpsruwdqw wr uhdol}h wkdw wkh

frooxvlyh h�hfw ri vwudwhjlf yhuwlfdo GIL lghqwl�hg lq wklv sdshu uholhv rq �upK wdnlqj lqwr

dffrxqw wkh sur�w iurp wkh lqwhuphgldwh0jrrg pdunhw1 Vshfl�fdoo|/ �up K uhdol}hv krz lwv

sulfh ri wkh �qdo jrrg zloo d�hfw wkh txdqwlw| vrog e| wkh rwkhu �up +dqg khqfh wkh txdqwlw|

ri wkh lqwhuphgldwh jrrg wkdw �up I zrxog sxufkdvh iurp �up K,1 Wkxv vxfk d frooxvlyh

h�hfw zrxog qrw dulvh lq Frxuqrw frpshwlwlrq +zlwk d krprjhqhrxv �qdo surgxfw,14: Zlwk

Frxuqrw dvvxpswlrq/ �up K wdnhv �up I �v rxwsxw dv jlyhq zkhq ghflglqj lwv rzq rxwsxw1

Wkhuhiruh/ dowkrxjk zh zrxog vwloo kdyh wkdw w%. �8 hM A �MhM +l1h1/ wkh wudgh0r� ehwzhhq

orzhu frpsoldqfh frvwv dqg wudqvsruw frvwv grhv qrw h{lvw, vlqfh �upK fdq pdnh sur�wv e|

vxsso|lqj jrrg [ wr �up I / wkh sulfh ri jrrg [ fdq qrw eh deryh wkh frpshwlwlyh sulfh14;

Pruh lpsruwdqwo|/ �up K zrxog wdnh wkh +h{whuqdo, ghpdqg iru jrrg [ dv h{rjhqrxv lq

pdnlqj lwv ghflvlrq xqghu Frxuqrw dvvxpswlrq exw hqgrjhqrxv xqghu Ehuwudqg frpshwlwlrq1

Wkhuhiruh/ rxu wkhru| ri vwudwhjlf yhuwlfdo GIL vxjjhvwv wkdw lq dgglwlrq wr wkh JGS zklfk

zdv xvhg wr frqwuro iru pdunhw vl}h lq doprvw doo wkh vwxglhv lq wkh olwhudwxuh/ d ehwwhu sur{|

4:Qhyhuwkhohvv/ lw lv qrw gl!fxow wr vhh wkdw wkh frooxvlyh ehkdylru frxog vwloo dulvh lq txdqwlw| frpshwlwlrq

li �up M lv d Vwdfnhoehuj ohdghu lq txdqwlw| lq wkh �qdo0jrrg pdunhw1 Dv d Vwdfnhoehuj ohdghu/ �up M

zrxog wkhq lqfrusrudwh wkh h�hfw ri lwv vwudwhjlf dfwlrq lq wkh �qdo0jrrg pdunhw rq lwv sur�w ri vhoolqj wkh

lqwhuphgldwh jrrg wr �up 8 1 Wkxv wkh frooxvlyh lqfhqwlyh ri vwudwhjlf yhuwlfdo GIL fdq djdlq dulvh1
4; Li rqh eholhyhv wkdw �up M zrxog uhdol}h wkdw lwv vwudwhjlf dfwlrq lq wkh �qdo surgxfw pdunhw frxog d�hfw

lwv sur�w iurp wkh lqwhuphgldwh jrrg pdunhw/ wkhq wkh Frxuqrw dvvxpswlrq zrxog vhhp lqdssursuldwh iru

rxu dqdo|vlv1
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+h1j1/ hvwlpdwlqj wkh ghulyhg ghpdqg iru wkh lqwhuphgldwh jrrg, lv qhhghg wr frqwuro iru

+uhodwlyh, pdunhw vl}h lq hpslulfdo lqyhvwljdwlrq ri wkh srooxwlrq0kdyhq h�hfw1

Lq wkh prgho/ �up K lv wkh rqo| lqwhjudwhg �up wkdw kdv orzhu pdujlqdo frvw wr surgxfh

wkh lqwhuphgldwh jrrg dqg khqfh zh kdyh dvvxphg wkdw �up K kdv doo wkh edujdlqlqj

srzhu lq wkh lqwhuphgldwh jrrg pdunhw1 Vxfk d vwurqj edujdlqlqj srzhu ^l1h1/ �up K

pdnhv d �wdnh0lw0ru0ohdyh0lw� r�hu dqg vhwv sulfh u vxfk wkdw ��8
�
w% . �8 hM > w+ . uW

�
@

e�8 �
w% . �8 hM > w+ . �8 h8

�
` zloo eh zhdnhqhg li wkhuh zhuh pruh wkdq rqh vxfk h!flhqw

�upv ru vxssolhuv ri wkh lqwhuphgldwh jrrg1 Wkh dvvxpswlrq xvhg lq wkh sdshu doorzv xv

wr ghulyh wkh uhvxowv lq d yhu| fohdu zd|1 Lw lv qrw gl!fxow wr vhh/ krzhyhu/ wkdw dv orqj dv

�up K*v edujdlqlqj srzhu lv vx!flhqwo| vwurqj/ wkh txdolwdwlyh qdwxuh ri rxu uhvxowv zloo

qrw fkdqjh lq d pruh jhqhudo edujdlqlqj iudphzrun1 Lw lv srvvleoh iru �up K wr kdyh d

vx!flhqwo| vwurqj edujdlqlqj2pdunhw srzhu lq wkh lqwhuphgldwh pdunhw li rwkhu �upv duh

pxfk ohvv h!flhqw1

81 Frqfoxvlrq

Lq wklv sdshu zh kdyh lghqwl�hg d vwudwhjlf lqfhqwlyh iru yhuwlfdo GIL/ zklfk dulvhv iurp

pxowl0pdunhw lqwhughshqghqfh dprqj �upv1 Lw lv vkrzq wkdw joredol}dwlrq pd| fuhdwh rs0

sruwxqlwlhv iru pxowl0pdunhw lqwhughshqghqfh dqg fdxvh vwudwhjlf yhuwlfdo GIL wr rffxu1

Irfxvlqj rq vwudwhjlf yhuwlfdo GIL lv uhohydqw dqg lpsruwdqw ehfdxvh prvw uhorfdwlrqv ri

srooxwlrq0lqwhqvlyh surgxfwlrq duh hvvhqwldoo| wkh gluhfw iruhljq lqyhvwphqw e| pxowlqdwlrqdov

dqg pdq| surgxfwv uhorfdwhg duh lqwhuphgldwh surgxfwv1

Rxu dqdo|vlv vxjjhvwv wkdw wkh hpslulfdo lqyhvwljdwlrqv rq srooxwlrq0kdyhq h�hfwv edvhg

rq hqylurqphqwdo frpsoldqfh frvwv frxog eh frpsolfdwhg e| wkh suhvhqfh ri vwudwhjlf yhuwlfdo

GIL1 Wzr lpsolfdwlrqv duh dv iroorzv1 Vlqfh wkh lqfhqwlyh iru vwudwhjlf yhuwlfdo GIL lv yhu|

gl�huhqw iurp wkdw iru krul}rqwdo GIL/ zh suredeo| vkrxog vhsdudwh �qdo surgxfwv iurp

lqwhuphgldwh surgxfwv lq vhdufk ri wkh srooxwlrq0kdyhq h�hfw1 Suhvxpdeo|/ wkh srooxwlrq0

kdyhq h�hfw lv ohvv gl!fxow wr lghqwli| zlwk gdwd rq �qdo surgxfwv1

Vhfrqg/ Zlwk lqwhuphgldwh surgxfwv dqg lq wkh suhvhqfh ri srvvleoh pxowl0pdunhw lqwhu0
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ghshqghqfhv/ JGS lv qr orqjhu d jrrg sur{| wr frqwuro iru pdunhw vl}h1 Lq dgglwlrq wr

wkh JGS/ d ehwwhu sur{| +h1j1/ hvwlpdwlqj wkh ghulyhg ghpdqg iru lqwhuphgldwh surgxfwv, lv

qhhghg wr frqwuro iru +uhodwlyh, pdunhw vl}hv lq hpslulfdo lqyhvwljdwlrq ri wkh srooxwlrq0kdyhq

h�hfw1

Ilqdoo|/ dv phqwlrqhg hduolhu/ lw lv qrw hvvhqwldo wr dvvxph wkdw �M A �8 iru wkh uhvxowv

lq wkh sdshu1 Zh xvh wklv dvvxpswlrq rqo| wr nhhs wkh vwdqgdug lqfhqwlyh iru yhuwlfdo GIL1

Wkhuhiruh/ uhfrjql}lqj �upv* lqfhqwlyhv wr fuhdwh pxowl0pdunhw frqwdfw/ udwkhu wkdq wr uh0

gxfh hqylurqphqwdo frpsoldqfh frvwv/ frxog vkhg oljkw rq wkh idfw wkdw �wr wkh h{whqw wkdw

wkh ghyhorshg frxqwulhv duh h{sruwlqj wkhlu gluw| lqgxvwulhv/ wkh| vhhp wr eh h{sruwlqj wkhp

wr hdfk rwkhu/ qrw wr wkh ohvv ghyhorshg hfrqrplhv1� +Uhshwwr/ 4<<8> txrwhg e| Qrugvwurp

dqg Ydxjkdq/ 4<<<,1 Pruh eurdgo|/ lw lv zhoo0nqrz wkdw  rzv ri gluhfw iruhljq lqyhvwphqw

vhhp gr qrw uhvsrqg wr wkh gl�huhqfh lq uhodwlyh idfwru hqgrzphqw2sulfh +h1j1/ Pdunxvhq/

4<<8,1 Wklv/ krzhyhu/ glg qrw fuhdwh dq �hpslulfdo sx}}oh� vlqfh prvw olwhudwxuh rq iru0

hljq gluhfw lqyhvwphqw irfxv rq krul}rqwdo GIL1 Wkh fxuuhqw sdshu vxjjhvwv dq dowhuqdwlyh

h{sodqdwlrq edvhg rq d wkhru| ri yhuwlfdo GIL14<

4<Vhh \x +5334, iru pruh derxw wklv1
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Firm H decides whether to move production
of good X to the foreign country (FDI)

Figure 1: The Game

Competition in
the downstream
market (Home)

Firm H sets r for good X

Competition in
the downstream
market (Home)

Competition in the
downstream market (Home)

No FDI FDI

Firm F buys good X
from H at r.

F buys good X
from a competitive
domestic supplier
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