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Devwudfw

Wklv vwxg| xvhv gdwd rq Vzhglvk pxowlqdwlrqdov wr hvwlpdwh furvv hodvwlflwlhv ri oderxu gh0

pdqg lq gl�huhqw orfdwlrqv1 Zlwk d yhuwlfdo ghfrpsrvlwlrq ri wkh �up*v dfwlylwlhv/ zkhwkhu wkhuh

lv vxevwlwxwlrq ru frpsohphqwdulw| ehwzhhq hpsor|phqw lq gl�huhqw sduwv ri wkh �up zloo ghshqg

rq zkhwkhu zdjh fkdqjhv ohdg wr d uhorfdwlrq ri dfwlylwlhv ru vlpso| wr fkdqjhv lq pdujlqdo frvwv

dqg2ru ghpdqg iru lqsxwv lq rwkhu sduwv ri wkh �upv1 Zh �qg wkdw wkhuh lv vrph hylghqfh ri d

vxevwlwxwlrqdu| uhodwlrqvkls ehwzhhq hpsor|phqw lq wkh Vzhglvk sduwv ri wkh �upv dqg hpsor|0

phqw lq rwkhu kljk0lqfrph orfdwlrqv/ exw zh gr qrw �qg dq| hylghqfh ri vxevwlwxwlrq vwhpplqj

iurp hpsor|phqw lq orz0lqfrph orfdwlrqv1 Zh �qg pdlqo| d uhodwlrqvkls ri frpsohphqwdulw|

ehwzhhq hpsor|phqw lq gl�huhqw d!oldwhv1

Nh|zrugv = oderxu ghpdqg/ pxowlqdwlrqdo �upv/ yhuwlfdoo| lqwhjudwhg �upv

MHO fodvvl�fdwlrq = I56/ M56

W
Zh duh judwhixo wr sduwlflsdqwv dw wkh JOP frqihuhqfh rq Wudgh dqg Oderxu Pdunhw Dgmxvwphqw

dqg wkh Ur|do Hfrqrplf Vrflhw|*v frqihuhqfh lq Qrwwlqjkdp lq Pdufk 4<<</ wr sduwlflsdqwv dw HUZLW lq

Ehujhq lq Mxqh 4<<< dqg wr vhplqdu sduwlflsdqwv dw wkh Orqgrq Vfkrro ri Hfrqrplfv iru xvhixo frpphqwv1

Zh zrxog dovr olnh wr wkdqn Nhlwk Khdg/ Huln Phoodqghu/ Pdvvlpr Prwwd dqg wzr dqrq|prxv uhihuhhv

iru frpphqwv rq dq hduolhu yhuvlrq ri wklv sdshu1 Khquln Eudfrqlhu wkdqnv wkh Mdq Zdoodqghu dqg Wrp

Khgholxv Irxqgdwlrq dqg wkh Edqn ri Vzhghq Whufhqwhqdu| Irxqgdwlrq/ zkloh Ndurolqd Hnkrop wkdqnv

wkh Pduldqqh dqg Pdufxv Zdoohqehuj Irxqgdwlrq dqg wkh Vzhglvk Frxqflo iru Zrun Olih Uhvhdufk iru

ixqglqj1 D vxevwdqwldo sduw ri Ndurolqd Hnkrop*v zrun rq wklv sdshu zdv fduulhg rxw zkloh ylvlwlqj wkh

Fhqwuh iru Hfrqrplf Shuirupdqfh/ Orqgrq Vfkrro ri Hfrqrplfv/ rq d WPU ihoorzvkls1

_
Wkh Uhvhdufk Lqvwlwxwh ri Lqgxvwuldo Hfrqrplfv +LXL,/ Vwrfnkrop

h
Wkh Uhvhdufk Lqvwlwxwh ri Lqgxvwuldo Hfrqrplfv +LXL,/ Vwrfnkrop/ dqg FHSU
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4 Lqwurgxfwlrq

Rqh pdmru frqfhuq uhjduglqj wkh iruhljq rshudwlrqv ri pxowlqdwlrqdo hqwhusulvhv +PQHv,

lv wkdw wkh| pd| uhgxfh hpsor|phqw dqg zdjhv lq wkh PQHv* krph frxqwulhv1 E| wkhvh

�upv* delolw| wr uhorfdwh dfwlylwlhv wr frxqwulhv zlwk orzhu zdjhv/ wkh krph frxqwulhv pd|

ehfrph pruh h{srvhg wr idfwru sulfh dgmxvwphqw lq whupv ri idoolqj uhodwlyh zdjhv1 Do0

wkrxjk d uhorfdwlrq ri dfwlylwlhv iurp wkh krph frxqwu| wr d!oldwhv deurdg pd| hqkdqfh

h!flhqf| lq surgxfwlrq lq wkh orqj0uxq/ wkhuh pd| eh vxevwdqwldo dgmxvwphqw frvwv dvvr0

fldwhg zlwk vxfk uhorfdwlrqv1 Frqvhtxhqwo|/ uhorfdwlrqv pd| kdyh d vljql�fdqw lpsdfw rq

wkh ryhudoo zhoiduh dqg lqfrph glvwulexwlrq ri wkh frxqwulhv lq zklfk wkh PQHv rshudwh1

Krzhyhu/ wkh uhodwlrqvkls ehwzhhq wkh PQHv* iruhljq hpsor|phqw dqg wkhlu grphvwlf

hpsor|phqw lq wkh krph frxqwu| lv qrw xqdpeljxrxvo| d vxevwlwxwlrqdu| rqh1 Zlwk kru0

l}rqwdo IGL/ phdqlqj iruhljq lqyhvwphqwv lq wkh vdph w|sh ri dfwlylwlhv dv duh frqgxfwhg

dw krph/ zh zrxog h{shfw pdlqo| d vxevwlwxwlrqdu| uhodwlrqvkls ehwzhhq wkh �up*v iru0

hljq dqg grphvwlf dfwlylwlhv dv orqj dv wkh surgxfhg jrrg lv d wudgdeoh14Hlwkhu wkh �up

surgxfhv wkh jrrg dw krph dqg h{sruwv lw/ ru lw surgxfhv wkh jrrg lq d iruhljq d!oldwh/

lq zklfk fdvh hpsor|phqw lq wkh grphvwlf sduw ri wkh �up kdv wr eh orzhu wkdq lq wkh

h{sruwlqj fdvh15Zlwk yhuwlfdo IGL/ krzhyhu/ phdqlqj iruhljq lqyhvwphqw lq dfwlylwlhv wkdw

duh hlwkhu xsvwuhdp ru grzqvwuhdp lq uhodwlrq wr wkh dfwlylwlhv xqghuwdnhq dw krph/ wkhuh

lv dq hohphqw ri frpsohphqwdulw| ehwzhhq wkh �up*v grphvwlf dqg iruhljq rshudwlrqv1

Erwk xsvwuhdp dqg grzqvwuhdp dfwlylwlhv duh xqghuwdnhq wr surgxfh d jrrg ghpdqghg

e| wkh �up*v fxvwrphuv1 Zkhq rqh ri wkhvh dfwlylwlhv h{sdqgv/ lw whqgv wr eulqj zlwk lw

dq h{sdqvlrq ri wkh rwkhu dfwlylwlhv dv zhoo16

Wr h{dplqh wkh h�hfw ri wkh PQHv* iruhljq dfwlylwlhv rq wkh grphvwlf hfrqrp| lv d

gl!fxow wdvn1 Wkhuh duh wzr vwudqgv lq wkh olwhudwxuh ghdolqj zlwk vxfk lvvxhv1 Iluvw/ wkhuh

lv d olwhudwxuh gdwlqj iurp wkh 4<:3*v/ zkhuh wkh uhodwlrqvkls ehwzhhq d!oldwh surgxfwlrq
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dqg h{sruwv iurp wkh krph frxqwu| lv dqdo|vhg +h1j1 Vzhghqeruj 4<:</ Olsvh| dqg Zhlvv

4<;4/ 4<;5/ Vyhqvvrq 4<<9,1 Wkh hduolhu vwxglhv vkrzhg wkdw wkhuh vhhphg wr eh d srvlwlyh

h�hfw ri rxwzdug IGL rq h{sruwv dqg wklv zdv wdnhq wr lqglfdwh wkdw IGL whqgv wr jhqhu0

dwh lqwud0�up wudgh ehfdxvh ri wkh yhuwlfdo qdwxuh ri wkh �upv* dfwlylwlhv1 Krzhyhu/ lw lv

qrw srvvleoh wr lqihu iurp wkhvh vwxglhv zkhwkhu dq h{sdqvlrq ri iruhljq dfwlylwlhv whqgv

wr uhgxfh ru h{sdqg grphvwlf hpsor|phqw1 Iru lqvwdqfh/ li d grzqvwuhdp dfwlylw| zhuh

uhorfdwhg iurp wkh krph frxqwu| wr deurdg/ wkhuh frxog yhu| zhoo eh d srvlwlyh h�hfw

rq krph frxqwu| h{sruwv hyhq wkrxjk krph frxqwu| hpsor|phqw zdv uhgxfhg1 Vlpl0

oduo|/ li h{sruwv zhuh wr ghfuhdvh dv d frqvhtxhqfh ri lqfuhdvhg ryhuvhdv dfwlylwlhv/ krph

frxqwu| hpsor|phqw frxog vwloo lqfuhdvh li wkhuh zhuh d pruh wkdq r�vhwwlqj h{sdqvlrq ri

surgxfwlrq iru wkh grphvwlf pdunhw17

Wkhuh lv dovr d pruh uhfhqw olwhudwxuh rq wkh uroh sod|hg e| rxwvrxuflqj e| PQHv lq

uhgxflqj ghpdqg iru xqvnloohg oderxu lq wkh krph frxqwu| +h1j1 Vodxjkwhu 4<<8/ Ihhq0

vwud dqg Kdqvrq 4<<9d/ 4<<9e,18Wkhvh vwxglhv duh edvhg rq d Khfnvfkhu0Rkolq w|sh ri

iudphzrun/ zkhuh rxwvrxuflqj lv wdnhq wr ohdg wr lqfuhdvhg lpsruwv ri xqvnloohg oderxu

lqwhqvlyh jrrgv1 Wkh xsvkrw ri wklv olwhudwxuh lv wkdw rxwvrxuflqj vhhpv wr sod| d olplwhg

uroh lq d�hfwlqj wkh uhodwlyh ghpdqg iru vnloohg dqg xqvnloohg oderu1 Krzhyhu/ wkhvh vwxg0

lhv duh frqgxfwhg rq lqgxvwu|0glvwulexwhg gdwd/ zklfk phdqv wkdw lpsruwdqw lqirupdwlrq

dw �up0ohyho lv orvw lq wkhvh vwxglhv1

Lq wzr uhfhqw zrunlqj sdshuv/ Eudlqdug dqg Ulnhu +4<<:d/ 4<<:e, kdyh xvhg �up0ohyho

gdwd iru wkh XV wr dqdo|vh wkh h�hfw ri d!oldwh hpsor|phqw rq wkh ghpdqg iru oderxu lq

rwkhu sduwv ri wkh �up1 Wkh| hvwlpdwh oderxu ghpdqg htxdwlrqv zlwklq PQHv/ |lhoglqj

hvwlpdwhv ri furvv0zdjh hodvwlflwlhv iru oderxu ghpdqg lq gl�huhqw sduwv ri wkh �up1 Wkh|

�qg wkdw iru XV PQHv/ d vxevwlwxwlrqdu| uhodwlrqvkls vhhpv wr h{lvw pdlqo| ehwzhhq

oderxu hpsor|hg lq d!oldwhv orfdwhg lq wkh vdph w|sh ri orfdwlrqv zlwk uhjdugv wr wkhlu

uhodwlyh idfwru hqgrzphqwv1 Ehwzhhq oderxu hpsor|hg lq d!oldwhv orfdwhg lq gl�huhqw
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w|shv ri orfdwlrqv/ l1h1 rqh orfdwhg lq d kljk0zdjh frxqwu| dqg wkh rwkhu orfdwhg lq d

orz0zdjh frxqwu|/ wkhuh vhhpv wr eh pdlqo| d uhodwlrqvkls ri frpsohphqwdulw|1

Wklv vwxg| hpsor|v d vlplodu phwkrg dv wkh rqh lq Eudlqdug dqg Ulnhu +4<<:d/ 4<<:e,

dqg dssolhv lw wr �up0ohyho gdwd rq Vzhglvk PQHv1 Zh wkxv hvwlpdwh furvv0zdjh hodv0

wlflwlhv/ zklfk hqdeoh xv wr dvvhvv wkh h�hfw ri zdjh fkdqjhv lq rqh w|sh ri orfdwlrqv rq

wkh ghpdqg iru oderxu lq dqrwkhu orfdwlrq dqg wkxv zkhwkhu wkhuh lv d uhodwlrqvkls ri

frpsohphqwdulw| ru vxevwlwxwlrq ehwzhhq wkh hpsor|phqw lq gl�huhqw sduwv ri wkh �up1

Lq wkh dqdo|vlv/ zh glvwlqjxlvk ehwzhhq d!oldwhv orfdwhg lq kljk0lqfrph dqg orz0

lqfrph frxqwulhv rq wkh dvvxpswlrq wkdw furvv0zdjh hodvwlflwlhv pd| ydu| ghshqglqj rq

wkh w|sh ri orfdwlrq1 Lq sduwlfxodu/ zh duh lqwhuhvwhg lq h{dplqlqj zkhwkhu hpsor|phqw lq

wkh Vzhglvk sduwv ri wkh �upv lv d�hfwhg gl�huhqwo| e| zdjh fkdqjhv lq orz0zdjh frxqwulhv

frpsduhg zlwk zdjh fkdqjhv lq rwkhu kljk0zdjh frxqwulhv1 Ixuwkhupruh/ zh dovr zdqw wr

vwxg| zkhwkhu wkhuh duh gl�huhqfhv lq wkh h�hfw rq d!oldwh hpsor|phqw ri zdjh fkdqjhv

lq orfdwlrqv wkdw duh hlwkhu ri wkh vdph ru gl�huhqw w|sh zlwk uhjdugv wr zkhwkhu lw lv d

kljk0zdjh ru orz0zdjh orfdwlrq1

Rxu vwxg| gl�huv iurp wkh vwxglhv e| Eudlqdug dqg Ulnhu +4<<:d/ 4<<:e, lq d qxpehu

ri uhvshfwv1 Wr ehjlq zlwk/ wkh w|sh ri pxowlqdwlrqdo dfwlylw| frqgxfwhg e| �upv iurp

d vpdoo frxqwu| vxfk dv Vzhghq lv olnho| wr gl�hu pdunhgo| iurp wkh dfwlylwlhv ri �upv

iurp d odujh frxqwu| vxfk dv wkh XV +fi1 Pdunxvhq hw do1/ 4<<9,1 Wkhuhiruh/ wkh sdwwhuq

ri lqwhudfwlrq ehwzhhq gl�huhqw sduwv ri wkh �up pd| gl�hu ehwzhhq Vzhglvk dqg XV

PQHv1 Ixuwkhupruh/ rxu hpslulfdo lpsohphqwdwlrq gl�huv vrphzkdw iurp wkh rqh fkrvhq

e| Eudlqdug dqg Ulnhu +4<<:d/ 4<<:e,1 Lq sduwlfxodu/ zh h{solflwo| dgguhvv/ dqg wu| wr

frqwuro iru/ srwhqwldo sureohpv ri hqgrjhqhlw| zlwk uhvshfw wr zdjhv dqg surgxfwlylw|

gl�huhqfhv dfurvv orfdwlrqv1

Zkdw zh �qg lv vrph hylghqfh ri d vxevwlwxwlrqdu| uhodwlrqvkls ehwzhhq hpsor|phqw

lq wkh Vzhglvk sduwv ri wkh �upv dqg hpsor|phqw lq rwkhu kljk0zdjh orfdwlrqv1 Krz0
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hyhu/ ehwzhhq hpsor|phqw lq wkh gl�huhqw iruhljq d!oldwhv/ wkhuh vhhpv wr eh pdlqo| d

uhodwlrqvkls ri frpsohphqwdulw|1

Wkh sdshu lv rujdqlvhg dv iroorzv= Lq vhfwlrq 5/ wkh wkhruhwlfdo iudphzrun lv suhvhqwhg1

Wkh gdwd xvhg lq wkh dqdo|vlv lv suhvhqwhg lq vhfwlrq 6 dqg wkh vshfl�fdwlrq ri wkh hfrqr0

phwulf prgho h{sodlqhg lq vhfwlrq 71 Vhfwlrq 8 suhvhqwv dqg glvfxvvhv wkh uhvxowv dqg/

�qdoo|/ vhfwlrq 9 jlyhv vrph frqfoxglqj uhpdunv1

5 Wkhruhwlfdo Iudphzrun

Lq rughu wr dqdo|vh wkh gl�huhqw w|shv ri uhodwlrqvklsv wkdw fdq suhydlo ehwzhhq wkh gl�hu0

hqw sduwv ri d pxowlqdwlrqdo �up/ zh frqvwuxfw d vlpsoh prgho ri d erwk krul}rqwdoo| dqg

yhuwlfdoo| lqwhjudwhg �up wkdw kdv surgxfwlrq sodqwv lq vhyhudo orfdwlrqv19Pruh vshfli0

lfdoo|/ zh dvvxph wkdw wzr glvwlqfw lqwhuphgldwh lqsxwv kdyh wr eh frpelqhg lq rughu

wr vxsso| wkh surgxfw lq d pdunhw dqg wkdw kljk wudgh frvwv pdnh rqh ri wkhvh lqsxwv

qrq0wudghg1 Zh dvvxph wkdw wkh �up kdv vrph prqrsro| srzhu/ zkloh lw lv d sulfh wdnhu

lq wkh oderxu pdunhw1 Pdunhwv duh dvvxphg wr eh vhjphqwhg vr wkdw wkh �up vhwv sulfh

lqghshqghqwo| lq wkh gl�huhqw orfdwlrqv1 Wkh wzr gl�huhqw lqwhuphgldwh lqsxwv duh odehohg

[ dqg \ / zkloh wkh �qdo surgxfw lv odehohg T1

Zh dvvxph wkh iroorzlqj surgxfwlrq ixqfwlrq iru wkh �up=

T @ plq+[>\ , [ @ �O \ @ �O +4,

zkhuh O ghqrwhv oderxu1 Li hlwkhu [ ru \ duh vklsshg dfurvv erughuv/ dq lfhehuj wudgh

frvw kdv wr eh lqfxuuhg1 Zh dvvxph wkdw zkhq rqh xqlw ri d jrrg lv vklsshg dfurvv d

erughu/ rqo| � ? 4 duulyhv dw wkh ghvwlqdwlrq1 Wkhvh wudgh frvwv gl�hu ehwzhhq jrrgv dqg

sdluv ri orfdwlrqv1

Wkh �up pd{lpl}hv wrwdo sur�wv �/ zklfk fdq eh gh�qhg dv qhw uhyhqxh ryhu doo lwv
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orfdwlrqv l=
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zkhuh SG
l

+Tl, lv wkh lqyhuvh ghpdqg ixqfwlrq/ [l @
S
m
[lm / \l @

S
m
\lm / wkh �uvw

vxevfulsw ehlqj wkh lqgh{ iru wkh orfdwlrq lq zklfk wkh lqwhuphgldwh lqsxw lv surgxfhg

dqg wkh vhfrqg rqh ehlqj wkh lqgh{ iru wkh orfdwlrq lq zklfk wkh lqwhuphgldwh lqsxw lv

xvhg wr surgxfh wkh �qdo jrrg> dqg z lv wkh zdjh udwh1

Ehfdxvh wkhuh duh wudgh frvwv dvvrfldwhg zlwk wudgh ehwzhhq orfdwlrqv/ furvv0kdxolqj

ri wkh lqsxwv [ dqg \ zloo qhyhu rffxu1 Iru hdfk orfdwlrq l/ wkh iroorzlqj uhodwlrqvkls

pxvw krog=

Tl @ [l . W[l @ \l . W\ l +6,

zkhuh

WJl @ �
[
m 9@l

Jlm li wkh d!oldwh h{sruwv jrrg J/ J @ [>\ +7,

WJl @
[
m 9@l

�JmlJml li wkh d!oldwh lpsruwv jrrg J/ J @ [>\ +8,

Li wudgh frvwv duh kljk/ surgxfwlrq zloo eh rujdqlvhg lq d vwulfwo| krul}rqwdo idvklrq1

Wklv phdqv wkdw WJl @ 3/ l1h1 wkhuh zloo eh qr lqwud0�up wudgh1 Lq vxfk d fdvh/ wkh

gl�huhqw surgxfwlrq xqlwv zloo rshudwh frpsohwho| lqghshqghqw ri hdfk rwkhu dqg zdjh

fkdqjhv lq rqh orfdwlrq zloo qrw d�hfw wkh ghpdqg iru oderxu lq dqrwkhu orfdwlrq1

Wr eulqj rxw wkh uhohydqw uhvxowv dv fohduo| dv srvvleoh/ ohw xv dvvxph wkdw wudgh

frvwv dvvrfldwhg zlwk furvv0erughu wudgh lq [ duh surklelwlyho| kljk1 Wkh prwlydwlrq

iru wklv dvvxpswlrq lv wkdw iru vrph dfwlylwlhv/ hvshfldoo| wkh vxsso| ri vhuylfhv vxfk dv

pdunhwlqj dqg vdohv vhuylfhv/ wkhuh duh yhu| vwurqj dgydqwdjhv zlwk ehlqj lq sur{lplw| wr

wkh frqvxphuv1 Zh dvvxph wkh iroorzlqj=
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�[lmzl ? zm ;l> m +9,

zklfk lpsolhv wkdw W[l @ 3>;l1 [ lv wkxv qrz h�hfwlyho| qrq0wudghg dqg rxwsxw ri [

zloo ghshqg gluhfwo| rq wkh vl}h ri orfdo ghpdqg=

Tl @ [l +:,

Wkh wrwdo ghpdqg iru oderxu lq orfdwlrq l wkhq ehfrphv=

Ol @
4

�
Tl+S

G

l
>z, .

4

�
\l +;,

zkhuh z lv wkh yhfwru ri zdjh udwhv lq wkh gl�huhqw orfdwlrqv1

H{suhvvlrq +;, uhyhdov wkdw dq|wklqj wkdw d�hfwv wkh dprxqw ri �qdo jrrgv vxssolhg

lq wkh grphvwlf pdunhw zloo dovr d�hfw wkh grphvwlf oderxu ghpdqg1 Tl zloo ghshqg rq

wkh grphvwlf frqvxphuv* ghpdqg iru wkh �qdo surgxfw dqg frvw idfwruv d�hfwlqj pdujlqdo

frvwv ri surgxflqj T/ zklfk pd| qrw rqo| lqfoxgh wkh grphvwlf zdjh udwhv/ exw wkh

zdjh udwhv lq iruhljq orfdwlrqv dv zhoo1 Oderxu ghpdqg zloo lqfuhdvh zlwk dq lqfuhdvh lq

grphvwlf ghpdqg dqg ghfuhdvh zlwk lqfuhdvhv lq grphvwlf zdjhv1 Oderxu ghpdqg zloo

dovr ghshqg ri wkh dprxqw ri \ wkdw lv surgxfhg1 Dsduw iurp wkh fdvh zkhuh wudgh frvwv

dvvrfldwhg zlwk \ duh vr kljk wkdw \ ehfrphv qrq0wudghg dv zhoo/ wkhuh duh wzr srvvleoh

fdvhv= wkh fdvh zkhuh \ lv surgxfhg dqg h{sruwhg wr rwkhu orfdwlrqv dqg wkh fdvh zkhuh

\ lv lpsruwhg iurp rwkhu orfdwlrqv1 Ohw xv dqdo|vh hdfk ri wkhvh wzr fdvhv lq wxuq1

514 Fdvh L= \ lv h{sruwhg

Li wkh surgxfwlrq sodqw lq orfdwlrq l h{sruwv \ wr rwkhu sduwv ri wkh �up/ wkh dprxqw

h{sruwhg zloo vwdqg lq gluhfw sursruwlrq wr wkh dprxqw ri wkh �qdo jrrg surgxfhg lq hdfk

orfdwlrq dqg wr wkh wudgh frvwv/ l1h1 \lm @ Tm

�\ lm

/ zkhuh �\ lm lv wkh wudgh frvw dvvrfldwhg

zlwk h{sruwlqj iurp l wr m1:Oderxu ghpdqg lv wkhq jlyhq e|=
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zkhuh H lv wkh vhw ri orfdwlrqv wkdw lpsruw \ iurp l +zklfk zloo eh wkh orfdwlrqv m iru

zklfk wkh lqhtxdolwlhv zl ? �\ lmzm dqg �\ lmzl ? �\ nmzn/ ;n> n 9@ l krogv,1 Vlqfh Tm

zloo ghshqg rq orfdo ghpdqg dqg zdjh udwhv lq orfdwlrq m/ lw iroorzv wkdw dq lqfuhdvh lq

surgxfw ghpdqg lq orfdwlrq m zloo lqfuhdvh wkh ghpdqg iru oderxu lq orfdwlrq l> zkloh

dq lqfuhdvh lq zdjh udwhv lq orfdwlrq m zloo ghfuhdvh wkh ghpdqg iru oderxu lq orfdwlrq l1

Wkdw lv/

gOl
gzm

? 3/ m 5 H +43,

Wklv lv wkh fdvh zkhuh wkh uhodwlrqvkls ehwzhhq oderxu ghpdqg lq gl�huhqw sduwv ri wkh

�up lv rqh ri frpsohphqwdulw|1 Krzhyhu/ lq wkh fdvh zkhuh wkh zdjh fkdqjh lv vx!flhqwo|

odujh wr surgxfh fkdqjhv lq wkh wudgh sdwwhuq zlwklq wkh �up/ wkhuh pd| eh d gl�huhqw

rxwfrph1 Vxssrvh wkdw wkhuh lv d ghfuhdvh lq wkh zdjh udwh lq orfdwlrq m wkdw lv vx!flhqwo|

odujh iru wkh iroorzlqj lqhtxdolw| wr krog=

zm ? �\ lmzl +44,

Surgxfwlrq ri \ pd| wkhq vkliw iurp orfdwlrq l wr orfdwlrq m/ vlqfh lw zloo eh fkhdshu

wr surgxfh \ lq m wkdq wr lpsruw lw iurp orfdwlrq l1 Dq rxwfrph zlwk uhorfdwlrq ri

surgxfwlrq zloo wkhuhiruh ohdg wr d vxevwlwxwlrqdu| uhodwlrqvkls ri oderu ghpdqg ehwzhhq

gl�huhqw sduwv ri wkh �up1

515 Fdvh LL1 \ lv lpsruwhg

Dvvxph qrz wkdw zm ? �\ lmzl/ <m/ zklfk lpsolhv wkdw \ zloo eh lpsruwhg wr orfdwlrq l1

Grphvwlf oderxu ghpdqg lq orfdwlrq l lv qrz jlyhq e|=

:



Ol @
4

�
Tl+S

G

l
> zl>

zp
�\ lp

, +45,

zkhuh zp lv wkh zdjh lq wkh orfdwlrq iurp zklfk \ lv lpsruwhg dqg �\ lp lv wkh wudgh

frvw dvvrfldwhg zlwk lpsruwv wr l iurp p1 Iru orfdwlrq p wkh iroorzlqj lqhtxdolwlhv krog=

zp ? �\ lpzl dqg �\ lmzp ? �\ lpzm / ;m1 Ehfdxvh zdjh lqfuhdvhv lq wkh orfdwlrqv iurp

zklfk \ lv lpsruwhg zloo lqfuhdvh wkh pdujlqdo frvw ri surgxflqj T lq orfdwlrq l/ Tl lv

ghfuhdvlqj lq wkh zdjh udwhv lq wkrvh orfdwlrqv1 Wkxv/ d pdujlqdo lqfuhdvh lq wkh zdjh

udwh lq orfdwlrq p/ zloo kdyh d qhjdwlyh h�hfw rq wkh grphvwlf oderxu ghpdqg lq orfdwlrq

l1

gOl
gzp

? 3 +46,

Krzhyhu/ lq wkh fdvh zkhuh wkh zdjh fkdqjh lv vx!flhqwo| odujh wr surgxfh fkdqjhv lq

wkh wudgh sdwwhuq zlwklq wkh �up/ wkhuh pd| eh d gl�huhqw rxwfrph1 Vxssrvh wkh lqfuhdvh

lq wkh zdjhv lq orfdwlrq p lv vx!flhqwo| odujh iru wkh iroorzlqj lqhtxdolw| wr krog=

zp A �\ lpzl +47,

Surgxfwlrq ri \ pd| wkhq vkliw iurp orfdwlrq p wr orfdwlrq l/ vlqfh lw zloo eh fkhdshu

wr surgxfh \ wkdq wr lpsruw lw iurp orfdwlrq p1 Krzhyhu/ wklv rxwfrph zrxog uhtxluh

wkdw zm A �\ lmzl/ ;m/ l1h1 wkdw lw lv fkhdshu wr surgxfh \ lq orfdwlrq l wkdq wr lpsruw lw

iurp dq| rwkhu orfdwlrq lq zklfk wkh �up kdv surgxfwlrq xqlwv1 Li wklv lv qrw wkh fdvh/ wkh

surgxfwlrq ri \ zrxog lqvwhdg vkliw wr dqrwkhu iruhljq orfdwlrq/ dqg wkh uhvxowlqj lqfuhdvh

lq wkh frvw ri surgxflqj \ zrxog ihhg lqwr dq lqfuhdvh lq pdujlqdo frvwv lq orfdwlrq l1

Wkxv/ hyhq lq wklv fdvh/ wkhuh zrxog eh d qhjdwlyh h�hfw rq wkh grphvwlf oderxu ghpdqg

lq orfdwlrq l1

Krzhyhu/ li wkh lqhtxdolw| zm A �\ lmzl/ ;m/ krogv diwhu wkh zdjh lqfuhdvh lq orfdwlrq

;



p/ surgxfwlrq ri \ zloo vkliw wr orfdwlrq l dqg wkhuh zloo eh d glvfuhwh lqfuhdvh lq wkh

grphvwlf ghpdqg iru oderxu1 Wkh vl}h ri wklv lqfuhdvh zloo ghshqg rq zkhwkhu orfdwlrq

l zloo rqo| surgxfh wkh dprxqw ri \ wkdw lv xvhg grphvwlfdoo|/ ru li lw zloo dovr surgxfh

\ iru h{sruwv wr rwkhu orfdwlrqv1 Wkxv/ lq wkh fdvh zkhuh wkh fkdqjh lq iruhljq zdjhv lv

vx!flhqwo| odujh wr fuhdwh d uhorfdwlrq ri surgxfwlrq dfwlylwlhv/ wkhuh pd| eh d uhodwlrqvkls

ri vxevwlwxwlrq ehwzhhq iruhljq dqg grphvwlf oderxu1 Krzhyhu/ iurp wkh srlqw ri ylhz

ri d sduwlfxodu orfdwlrq/ wklv lv qrw qhfhvvdulo| wkh fdvh/ ehfdxvh wkh uhorfdwlrq pd| vkliw

surgxfwlrq wr d frpsohwho| gl�huhqw sduw ri wkh �up1

Xqghu zkdw flufxpvwdqfhv lv lw olnho| wkdw d fkdqjh lq iruhljq zdjhv zloo uhvxow lq

d uhorfdwlrq ri dfwlylwlhvB H{fhsw iru wkh wulyldo revhuydwlrq wkdw wklv lv olnho| wr rffxu

iru yhu| odujh zdjh fkdqjhv/ zh pd| dovr qrwh wkdw d uhorfdwlrq lv pruh olnho| ehwzhhq

orfdwlrqv wkdw kdyh vlplodu zdjhv/ l1h1 vlplodu uhodwlyh idfwru hqgrzphqwv dqg whfkqrorjlhv/

dqg ehwzhhq orfdwlrqv iru zklfk wudgh frvwv duh orz1

Wr frqfoxgh/ ghpdqg iru oderxu lq orfdwlrq l zloo ghshqg rq grphvwlf dqg iruhljq

surgxfw ghpdqg wrjhwkhu zlwk grphvwlf dqg iruhljq zdjhv1 Lq uhgxfhg irup/ wkh htxdwlrq

iru oderxu ghpdqg lq orfdwlrq l fdq eh zulwwhq dv=

Ol @ i+zl>zH >zP
/�\ lH > �\ lP > SG

l
>SG

H
, +48,

zkhuh zH lv wkh yhfwru ri zdjhv lq wkh orfdwlrqv wr zklfk orfdwlrq l lv h{sruwlqj/ zP lv

wkh yhfwru ri zdjhv lq wkh orfdwlrqv iurp zklfk orfdwlrq l lv lpsruwlqj1 �\ lH dqg �\ lP

ghqrwh yhfwruv ri wudgh frvwv iru h{sruwv wr dqg lpsruwv iurp rwkhu orfdwlrqv/ zkloh SG
H

lv d yhfwru ri lqyhuvh ghpdqg iru wkh �qdo surgxfw lq wkh orfdwlrqv wr zklfk orfdwlrq

l lv h{sruwlqj1 Zkhwkhu fkdqjhv lq iruhljq zdjhv kdyh d srvlwlyh ru qhjdwlyh h�hfw rq

grphvwlf oderxu ghpdqg ghshqgv rq zkhwkhu wkh| ohdg wr d uhorfdwlrq ri dfwlylwlhv ru

vlpso| wr d fkdqjh lq pdujlqdo frvwv1

Lq wkh hpslulfdo dqdo|vlv/ zh vkdoo hvwlpdwh d orj0olqhdu yduldqw ri +48, zkhuh zh sxw

<



uhvwulfwlrqv rq wkh zd| zdjhv dqg phdvxuhv ri surgxfw ghpdqg lq gl�huhqw orfdwlrqv hqwhu

lqwr wkh htxdwlrq1 Dv zh kdyh qr gluhfw phdvxuhv ri wudgh frvwv/ wkhvh zloo eh fdswxuhg

e| �{hg0h�hfw gxpplhv1

6 Gdwd

Zh xvh �up0ohyho gdwd rq Vzhglvk PQHv zlwklq wkh pdqxidfwxulqj vhfwru1 Wkhvh gdwd

kdyh ehhq froohfwhg vlqfh wkh hduo| 4<:3*v derxw hyhu| irxuwk |hdu1 Lq rxu vdpsoh/ zh

kdyh gdwd iru vl{ |hduv= 4<:3/ 4<:7/ 4<:;/ 4<;9/ 4<<3 dqg 4<<7 dqg wkh ixoo vdpsoh ri

Vzhglvk PQHv fryhu vrph :33 revhuydwlrq dw wkh �up ohyho dqg vrph 6333 revhuydwlrq

dw wkh d!oldwh ohyho1;Rqo| surgxflqj d!oldwhv duh lqfoxghg lq wkh gdwdedvh1

Lq rxu dqdo|vlv/ zh kdyh holplqdwhg d!oldwhv wkdw duh rshudwlqj lq vxevwdqwldoo| gl�hu0

hqw lqgxvwulhv iurp wkh Vzhglvk sduhqw �up/ l1h1 frqjorphudwhv1 Wklv lv grqh lq rughu wr

hqvxuh wkdw wkh dfwlylwlhv lq wkh d!oldwhv duh vx!flhqwo| lqwhjudwhg zlwk hdfk rwkhu dqg wkh

rqhv xqghuwdnhq lq wkh krph sduw ri wkh �up iru wkhuh wr eh srwhqwldo lqwhudfwlyh h�hfwv

rq hpsor|phqw1 Zh kdyh qrw holplqdwhg dq| d!oldwhv ehorqjlqj wr wkh vdph wzr0gljlw

LVLF jurxs dv wkh sduhqw/ dv wkhvh fdq eh frqvlghuhg wr eh hlwkhu xsvwuhdp ru grzqvwuhdp

lq uhodwlrq wr wkh lqgxvwu| ri wkh sduhqw �up1 D!oldwhv ehorqjlqj wr d gl�huhqw wzr0gljlw

jurxs wkdq wkh sduhqw kdyh ehhq holplqdwhg rq d fdvh e| fdvh surfhgxuh1<

Pruhryhu/ zh kdyh holplqdwhg doo �upv wkdw dsshdu rqo| rqfh ru wzlfh lq wkh wlph vhulhv1

Kdylqj grqh wklv/ zh duh ohiw zlwk dq xqedodqfhg sdqho zlwk derxw 533 revhuydwlrqv dw

wkh �up ohyho dqg 4633 revhuydwlrqv dw wkh d!oldwh ohyho1 Wkhuh duh 77 �upv lqfoxghg lq

wkh sdqho dqg 8<7 d!oldwhv143

Zh glylgh wkh krvw frxqwulhv lqwr d kljk0lqfrph jurxs dqg d orz0lqfrph jurxs edvhg

rq wkh ohyho ri shu0fdslwd lqfrph1 Wkh jurxs ri kljk0lqfrph frxqwulhv frqvlvwv ri wkh

Zhvwhuq Hxurshdq frxqwulhv +h{fhsw Juhhfh/ Sruwxjdo dqg Vsdlq,/ wkh XV/ Fdqdgd/ Mdsdq/
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Dxvwudold dqg Qhz ]hdodqg/ zkloh wkh jurxs ri orz0lqfrph frxqwulhv frqvlvwv ri doo rwkhu

frxqwulhv1 Iru rxu sdqho ri PQHv/ wkh uhodwlyh lpsruwdqfh ri Vzhghq dv d surgxfwlrq

orfdwlrq kdv ghfuhdvhg ryhu wlph +vhh Eudfrqlhu dqg Hnkrop/ 4<<<,1 Lq wklv vhqvh wkhuh

lv hylghqfh ri d vxevwlwxwlrq ri iruhljq hpsor|phqw iru grphvwlf hpsor|phqw1 Krzhyhu/

lw lv pdlqo| kljk0lqfrph frxqwulhv wkdw kdyh jdlqhg hpsor|phqw lq uhodwlyh whupv1 Wkh

lqfuhdvh lq wkh vkduh ri hpsor|phqw lq orz0lqfrph orfdwlrqv lv yhu| prghvw> rqo| d ihz

shufhqwdjh srlqwv1

7 Hvwlpdwlrq

Lq rxu hfrqrphwulf dqdo|vlv zh hvwlpdwh wzr gl�huhqw w|shv ri oderxu ghpdqg htxdwlrqv>

rqh wkdw irfxvhv rq wkh uhodwlrqvkls ehwzhhq hpsor|phqw lq wkh sduhqw �upv lq Vzhghq

dqg wkh hpsor|phqw lq wkh iruhljq d!oldwhv dqg rqh wkdw irfxvhv rq wkh uhodwlrqvkls

ehwzhhq d!oldwh hpsor|phqw lq gl�huhqw w|shv ri orfdwlrqv1

Lq wkh �uvw w|sh ri htxdwlrq/ zh hvwlpdwh wkh h�hfw ri zdjh fkdqjhv lq kljk0 dqg

orz0lqfrph iruhljq orfdwlrqv/ uhvshfwlyho|/ rq wkh hpsor|phqw lq wkh Vzhglvk sduwv ri wkh

�upv1 Pruh vshfl�fdoo|/ zh hvwlpdwh wkh iroorzlqj htxdwlrq=

oqO3

lw
@ �. �l . �

w
. �

3
oqz3

lw
. �

4
oqzK

lw
. �

5
oqzO

lw
. �

6
oqG3

lw
+49,

.�
7
oqGH

lw
. %lw

zkhuh O3

lw
lv hpsor|phqw lq wkh krph sduw ri �up l/ z3

lw
lv wkh zdjh udwh lq wkh krph

frxqwu|/ zK
lw

wkh zdjh udwh lq kljk0lqfrph frxqwulhv dqg zO
lw
wkh zdjh udwh lq orz0zdjh

frxqwulhv1 Wkh zdjh yduldeohv zK
lw

dqg zO
lw
duh dyhudjhg ryhu doo kljk0 dqg orz0lqfrph

krvw0frxqwulhv/ uhvshfwlyho|/ lq zklfk �up l rshudwhv1 Wkh yduldeoh G3

l
lv d phdvxuh ri

grphvwlf �qdo ghpdqg dqg GH

l
d phdvxuh ri ghpdqg lq frxqwulhv wr zklfk wkh �upv

h{sruw1 Wkh vxevfulsw w ghqrwhv wlph1 Wkh sdudphwhu �l fdswxuhv d �{hg �up0vshfl�f
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h�hfw dqg �
w
d �{hg wlph0h�hfw1

Lq rughu wr uhgxfh srwhqwldo sureohpv ri hqgrjhqhlw|/ rxu phdvxuhv ri z3

lw
/ G3

l
dqg GH

l

duh edvhg rq lqgxvwu| gdwd iru Vzhghq1 Wkh zdjh lq Vzhghq/ z3

lw
/ lv phdvxuhg e| lqgxvwu|0

glvwulexwhg dyhudjh oderxu frvwv lq Vzhglvk pdqxidfwxulqj144Wkh yduldeoh G3

l
lv sur{lhg

e| lqgxvwu|0glvwulexwhg grphvwlf frqvxpswlrq dqg GH

l
e| lqgxvwu| h{sruwv145Lghdoo|/ zh

zrxog olnh wr kdyh h{rjhqrxv zdjh frvw gdwd iru doo wkh rwkhu frxqwulhv wrr/ exw �qglqj

vxfk gdwd lv gl!fxow1 Wkh yduldeohv zK
lw

dqg zO
lw
duh wkhuhiruh lqvwhdg fdofxodwhg lq wkh

iroorzlqj zd|= Iluvw zh frqvwuxfw d zdjh udwh iru hdfk orfdwlrq lq wkh vdpsoh e| wdnlqj

wkh dyhudjh ryhu doo d!oldwhv ri doo wkh �upv lq wkh vdpsoh wkdw duh orfdwhg lq wkdw

sduwlfxodu krvw frxqwu|1 Wkhq zh frqvwuxfw hpsor|phqw0edvhg dyhudjhv iru hdfk sduhqw

�up glvwlqjxlvklqj ehwzhhq kljk0 dqg orz0lqfrph orfdwlrqv146

Zh h{shfw �
3
/ wkh hodvwlflw| vkrzlqj wkh h�hfw ri fkdqjhv lq wkh grphvwlf zdjh rq

grphvwlf hpsor|phqw/ wr eh qhjdwlyh/ zkloh zh h{shfw �
6
dqg �

7
wr eh srvlwlyh1 Wkh vljq

ri �
4
dqg �

5
/ zklfk fdq eh lqwhusuhwhg dv furvv0hodvwlflwlhv vkrzlqj wkh h�hfw ri fkdqjhv

lq iruhljq zdjhv rq grphvwlf hpsor|phqw/ zloo ghshqg rq zkhwkhu d!oldwh hpsor|phqw

vxevwlwxwhv ru frpsohphqwv hpsor|phqw lq wkh krph sduw ri wkh �upv1

Lq wkh vhfrqg sduw ri wkh dqdo|vlv/ zh iroorz Eudlqdug dqg Ulnhu +4<<:e, lq shuirup0

lqj dq dqdo|vlv zkhuh zh xwlolvh wkh lqirupdwlrq rq wkh d!oldwhv lq wkh gdwd0vhw1 Pruh

vshfl�fdoo|/ zh hvwlpdwh wkh iroorzlqj htxdwlrq=

oqOmw @ �. �m . �
w
. �

3
oqz3

mw
. �

4
oqzK

mw
. �

5
oqzO

mw
. �

6
oqzV

mw

.�
7
oqG3

mw
. �

8
oqGV

mw
. �

9
oq\ 3

mw
. %mw +4:,

zkhuh Omw lv wkh hpsor|phqw lq d!oldwh m/ z3

mw
lv wkh zdjh udwh lq wkh krvw frxqwu|

ri d!oldwh m/ zK
mw

dqg zO
mw

duh wkh zdjh udwhv lq wkh kljk0 dqg orz0lqfrph orfdwlrqv/

uhvshfwlyho|/ wkdw rwkhu d!oldwhv ri d!oldwh m*v sduhqw �up duh orfdwhg lq/ dqg zV
mw
lv wkh
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zdjh udwh lq Vzhghq lq wkh lqgxvwu| lq zklfk wkh sduhqw �up rshudwhv1 Wkh zdjh yduldeoh

z3

mw
lv dq dyhudjh ryhu doo wkh d!oldwhv lq wkh vdpsoh wkdw surgxfh lq d!oldwh m*v krvw

frxqwu|/ vxewudfwlqj d!oldwh m1 Wkh zdjh yduldeohv zK
mw

dqg zO
mw

duh wkh hpsor|phqw0

edvhg dyhudjhv ri wkh zdjh udwhv lq rwkhu krvw frxqwulhv lq zklfk wkh sduhqw �up ri

d!oldwh m rshudwhv1

Wkh yduldeoh G3

mw
lv d phdvxuh ri orfdo ghpdqg dqg khuh zh iroorz Eudlqdug dqg Ulnhu

+4<<:e, lq sur{|lqj wklv zlwk djjuhjdwh frqvxpswlrq ri d!oldwh m*v krvw frxqwu|147Wkh

yduldeoh GV

mw
lv Vzhglvk frqvxpswlrq lq wkh lqgxvwu| lq zklfk d!oldwh m rshudwhv1 Lw lv

lqfoxghg dv d sur{| iru wkh ghpdqg iru h{sruwv wr wkh krph frxqwu|1 Ilqdoo|/ wkh yduldeoh

\ 3

mw
lv d sur{| iru ryhudoo oderxu surgxfwlylw| lq krvw frxqwu| m +phdvxuhg dv uhdo JGS shu

fdslwd,148Lw lv lqfoxghg lq rughu wr frqwuro iru wkh idfw wkdw li oderxu surgxfwlylw| gl�huv

dfurvv orfdwlrqv/ zdjh gl�huhqfhv pd| sduwldoo| uh hfw surgxfwlylw| gl�huhqfhv lqvwhdg ri

sxuh frvw gl�huhqfhv1

8 Uhvxowv

Wdeoh 4 suhvhqwv wkh uhvxowv iurp wkh uhjuhvvlrqv edvhg rq +49,1 Wkh �uvw wzr froxpqv

frqwdlq wkh uhvxowv iurp uhjuhvvlrqv rq wkh vxevhw ri �upv wkdw kdyh d!oldwhv lq erwk kljk0

dqg orz0lqfrph orfdwlrqv +lq wkh vhfrqg froxpq/ wkh zdjh udwh lq orz0lqfrph orfdwlrqv kdv

ehhq gursshg,/ zkhuhdv wkh wklug froxpq frqwdlqv uhvxowv iurp uhjuhvvlrqv rq wkh vdpsoh

ri �upv wkdw kdyh d!oldwhv lq kljk0lqfrph orfdwlrqv rqo|1 Dv h{shfwhg wkh hvwlpdwhv ri

�
6
dqg �

7
duh srvlwlyh/ exw wkh uhjuhvvlrqv shuirup edgo| lq rwkhu uhvshfwv1 Wkh suhflvlrq

ri wkh hvwlpdwhv lv idluo| orz/ dqg wkh srlqw hvwlpdwhv ri �
3
duh srvlwlyh1

Lq wkh uhjuhvvlrqv shuiruphg rq wkh vxe0vdpsoh ri �upv zlwk d!oldwhv lq erwk kljk0 dqg

orz0lqfrph orfdwlrqv/ wkh rqo| vljql�fdqw hvwlpdwhv duh wkh rqhv iru wkh furvv0hodvwlflw|

zlwk uhvshfw wr zdjhv lq kljk0lqfrph orfdwlrqv dqg iru wkh h{sruw ghpdqg yduldeoh1 Gurs0
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slqj wkh zdjh udwh iru orz0lqfrph orfdwlrqv kdv yhu| olwwoh h�hfw rq wkh srlqw hvwlpdwhv/

zklfk phdqv wkdw wkh| duh dw ohdvw urexvw wr wkh holplqdwlrq ri wklv yduldeoh1 Wkh hvwlpdwh

ri wkh furvv0hodvwlflw| zlwk uhvshfw wr zdjhv lq kljk0lqfrph orfdwlrqv kdv d srvlwlyh vljq/

lqglfdwlqj d uhodwlrqvkls ri vxevwlwxwlrq ehwzhhq sduhqw �up hpsor|phqw dqg d!oldwh

hpsor|phqw lq kljk0lqfrph orfdwlrqv1 Wkh hvwlpdwh lqglfdwhv wkdw d rqh shufhqw lqfuhdvh

lq zdjhv lq rwkhu kljk0lqfrph orfdwlrqv lq zklfk Vzhglvk PQHv rshudwh zrxog lqfuhdvh

hpsor|phqw lq wkh Vzhglvk sduwv ri wkh �upv zlwk 31; shufhqw1 Krzhyhu/ zh gr qrw �qg

dq| hylghqfh ri d vxevwlwxwlrqdu| uhodwlrqvkls ehwzhhq hpsor|phqw lq wkh Vzhglvk sduwv

ri wkh �upv dqg d!oldwh hpsor|phqw lq orz0lqfrph orfdwlrqv1

Lq wkh wklug froxpq zh uhsruw wkh uhvxowv iru wkh vdpsoh zlwk d!oldwhv lq rqo| kljk0

lqfrph orfdwlrqv1 Wklv hvwlpdwlrq dovr |lhogv srvlwlyh hvwlpdwhv iru wkh frh!flhqwv ri wkh

ghpdqg yduldeohv/ zkhuhdv wkh hvwlpdwh ri wkh rzq0zdjh hodvwlflw| qrz kdv wkh h{shfwhg

qhjdwlyh vljq +dowkrxjk lw lv vwloo lqvljql�fdqw,1 Wkh hvwlpdwh ri wkh furvv0hodvwlflw| �
4
/

krzhyhu/ vzlwfkhv vljq dqg ehfrphv lqvljql�fdqw1 Wkxv/ zkloh zh gr �qg vrph hylghqfh

ri d vxevwlwxwlrqdu| uhodwlrqvkls ehwzhhq hpsor|phqw lq Vzhghq dqg hpsor|phqw lq

d!oldwhv lq kljk0lqfrph orfdwlrqv iru �upv wkdw kdyh d!oldwhv lq erwk kljk0 dqg orz0

lqfrph orfdwlrqv/ zh gr qrw �qg dq| hylghqfh ri vxfk d uhodwlrqvkls iru wkh vdpsoh ri

�upv zlwk d!oldwhv lq rqo| kljk lqfrph orfdwlrqv149

Zh qrz wxuq wr wkh uhjuhvvlrqv edvhg rq htxdwlrq +4:,1 Lq Wdeoh 5/ uhvxowv iurp uh0

juhvvlrqv zlwk d!oldwh hpsor|phqw lq kljk0lqfrph dqg orz0lqfrph frxqwulhv/ uhvshfwlyho|/

duh uhsruwhg1 Lq wkh �uvw wzr froxpqv/ uhvxowv iru d!oldwh hpsor|phqw lq kljk0lqfrph

orfdwlrqv duh suhvhqwhg1 Wkh gl�huhqfh ehwzhhq wkh wzr uhjuhvvlrqv olhv lq wkh ohyho rq

zklfk wkh �{hg h�hfwv hqwhu lqwr wkh htxdwlrq1 Lq uhjuhvvlrq +4, wkh �{hg h�hfwv duh edvhg

rq wkh lghqwlw| ri wkh d!oldwh/ dv vshfl�hg lq +4:,1 Krzhyhu/ e| vshfli|lqj �{hg h�hfwv rq

wkh �up ohyho lq uhjuhvvlrq +5,/ zh duh deoh wr lqfuhdvh wkh qxpehu ri revhuydwlrqv uhohydqw

iru wkh zlwklq0yduldwlrq1 Vlqfh orfdwlrq fkdudfwhulvwlfv pd| eh lpsruwdqw/ zh frqwuro iru
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orfdwlrqv lq uhjuhvvlrq +5, e| dovr lqfoxglqj frxqwu| gxpplhv1

Dv fdq eh vhhq iurp Wdeoh 5/ wkh wzr gl�huhqw vshfl�fdwlrqv |lhog vlplodu uhvxowv1 Dv

h{shfwhg/ wkh hvwlpdwhv ri wkh hodvwlflw| iru wkh orfdo zdjh duh qhjdwlyh dqg wkh hvwlpdwhv

ri wkh frh!flhqw iru orfdo djjuhjdwh frqvxpswlrq duh srvlwlyh1 Wkh hvwlpdwhv ri wkh furvv

hodvwlflwlhv zlwk uhvshfw wr kljk0 dqg orz0lqfrph orfdwlrqv/ uhvshfwlyho|/ duh erwk qhjdwlyh/

lqglfdwlqj d uhodwlrqvkls ri frpsohphqwdulw| zlwk erwk w|shv ri orfdwlrqv1 Wkh srlqw

hvwlpdwhv duh vrphzkdw kljkhu lq uhjuhvvlrq +5, frpsduhg wr uhjuhvvlrq +4,1 Krzhyhu/

wkh suhflvlrq ri wkh hvwlpdwhv lq +4, lv kljkhu1 Wkh hvwlpdwhg furvv0hodvwlflw| zlwk uhvshfw

wr wkh Vzhglvk zdjh lv lqvljql�fdqw1

Wkh uhvxowv vxjjhvw wkdw wkhuh lv d vwurqjhu frpsohphqwdulw| ehwzhhq d!oldwhv orfdwhg

lq gl�huhqw kljk0lqfrph frxqwulhv wkdq ehwzhhq d!oldwhv wkdw duh orfdwhg lq gl�huhqw w|shv

ri orfdwlrqv1 Wklv uhvxow frqwudvwv vwduno| wr wkh �qglqjv ri Eudlqdug dqg Ulnhu +4<<:e, iru

XV �upv/ zkhuh wkhuh lv d uhodwlrqvkls ri frpsohphqwdulw| ehwzhhq d!oldwhv lq gl�huhqw

w|shv ri orfdwlrqv dqg d vxevwlwxwlrqdu| uhodwlrqvkls ehwzhhq d!oldwhv lq wkh vdph w|sh ri

orfdwlrqv1 Rqh lqwhusuhwdwlrq ri wklv uhvxow lv wkdw wudgh frvwv uhdoo| pdwwhu iru wkh nlqg ri

yhuwlfdo ghfrpsrvlwlrq ri surgxfwlrq vwdjhv wkdw zh eholhyh jlyhv ulvh wr d frpsohphqwdulw|

uhodwlrqvkls ehwzhhq hpsor|phqw lq gl�huhqw d!oldwhv1 Zkloh gl�huhqfhv lq surgxfwlrq

frvwv pd| eh odujhu ehwzhhq d!oldwhv orfdwhg lq kljk0 dqg orz0lqfrph frxqwulhv/ iurp

wkh shuvshfwlyh ri wkh d!oldwhv lq kljk0lqfrph frxqwulhv/ wklv gl�huhqfh pd| eh r�vhw e|

odujhu wudgh frvwv1 Wkhuhiruh/ wkh yhuwlfdo ghfrpsrvlwlrq ehwzhhq gl�huhqw d!oldwhv lq

kljk0lqfrph frxqwulhv pd| eh pruh h{whqvlyh wkdq ehwzhhq wkhvh d!oldwhv dqg d!oldwhv

orfdwhg lq orz0lqfrph frxqwulhv1

Lq froxpqv +6,0+8,/ zh suhvhqw uhvxowv iru d!oldwh hpsor|phqw lq orz0lqfrph frxqwulhv1

Khuh/ wkh sureohp zlwk rxu sdqho ehlqj xqedodqfhg ehfrphv fuxfldo1 Wr ehjlq zlwk/

ehfdxvh wkh iruhljq dfwlylwlhv ri Vzhglvk PQHv duh khdylo| eldvhg wrzdugv lqgxvwuldolvhg

frxqwulhv/ wkh qxpehu ri d!oldwhv orfdwhg lq orz0lqfrph frxqwulhv lv pxfk orzhu wkdq wkh
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qxpehu ri d!oldwhv orfdwhg lq kljk0lqfrph frxqwulhv1 Pruhryhu/ idluo| ihz ri wkh d!oldwhv

uhpdlq lq wkh vdpsoh iru pruh wkdq wkuhh srlqwv ri revhuydwlrq1 Wklv phdqv wkdw rxu

hvwlpdwlrq edvhg rq +4:, shuirupv yhu| edgo| lqghhg1 Krzhyhu/ lq uhjuhvvlrqv zlwk �up0

vshfl�f �{hg h�hfwv lqvwhdg ri d!oldwh0vshfl�f �{hg h�hfwv/ zh duh deoh wr lqfuhdvh wkh

suhflvlrq lq rxu hvwlpdwhv frqvlghudeo|1 Wkhuhiruh/ Wdeoh 5 suhvhqwv uhvxowv iurp wkh

uhjuhvvlrqv zlwk �up0vshfl�f �{hg h�hfwv +vhh Eudfrqlhu dqg Hnkrop +4<<<, iru uhvxowv

iurp uhjuhvvlrqv zlwk d!oldwh0vshfl�f �{hg h�hfwv,1

Froxpq +6, vkrzv wkdw wkh hvwlpdwhg rzq0zdjh hodvwlflw| lv djdlq qhjdwlyh/ zkloh wkh

hvwlpdwhg frh!flhqw ri orfdo djjuhjdwh ghpdqg lv srvlwlyh1 Wkh furvv0hodvwlflw| vkrzlqj

wkh h�hfw ri zdjhv lq kljk0lqfrph frxqwulhv lv srvlwlyh/ exw qrw vljql�fdqwo| gl�huhqw iurp

}hur1 Krzhyhu/ wkh furvv0hodvwlflw| iru zdjhv lq rwkhu orz0lqfrph orfdwlrqv lv vljql�fdqwo|

qhjdwlyh/ lqglfdwlqj d uhodwlrqvkls ri frpsohphqwdulw| ehwzhhq hpsor|phqw lq gl�huhqw

orz0lqfrph orfdwlrqv1 Wklv lv d voljkwo| rgg �qglqj/ dv lw zrxog vxjjhvw wkdw d!oldwhv

orfdwhg lq gl�huhqw orz0lqfrph orfdwlrqv duh pruh vwurqjo| olqnhg wr hdfk rwkhu wkurxjk

lqwud0�up wudgh lq lqsxwv wkdq d!oldwhv orfdwhg lq gl�huhqw w|shv ri orfdwlrqv zlwk uhvshfw

wr zkhwkhu wkh| duh orz0 ru kljk0lqfrph orfdwlrqv1

Krzhyhu/ li zh ghfrpsrvh wkh d!oldwhv orfdwhg lq orz0lqfrph orfdwlrqv dorqj jhr0

judsklfdo olqhv/ zh �qg wkdw wkh frpsohphqwdulw| h�hfw uhdoo| vwhpv iurp d!oldwhv orfdwhg

lq orz0lqfrph frxqwulhv lq Hxursh1 Froxpqv +7, dqg +8, vkrz wkh uhvxowv iurp uhjuhvvlrqv

iru d!oldwhv lq orz0lqfrph frxqwulhv lq Hxursh +wr zklfk zh kdyh lqfoxghg Wxunh|, dqg

iru d!oldwhv lq wkh uhvw ri wkh orz0lqfrph frxqwulhv/ uhvshfwlyho|1 Dv lw wxuqv rxw/ wkh

furvv0zdjh hodvwlflw| zlwk uhvshfw wr zdjhv lq orz0lqfrph frxqwulhv lv vwurqjo| qhjdwlyh

iru d!oldwhv lq wkh Hxurshdq orz0lqfrph frxqwulhv/ zkloh zh fdqqrw uhmhfw wkh k|srwkhvlv

wkdw wkh fruuhvsrqglqj hodvwlflw| iru wkh d!oldwhv lq rwkhu orz0lqfrph frxqwulhv lv }hur1

Khqfh/ wkhuh vhhpv wr eh yhuwlfdo olqndjhv ehwzhhq d!oldwhv lq orz0lqfrph orfdwlrqv dqg

d!oldwhv lq orz0lqfrph orfdwlrqv lq Hxursh/ zkloh zh gr qrw �qg dq| hylghqfh ri olqndjhv
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dw doo ehwzhhq d!oldwhv lq orz0lqfrph orfdwlrqv lq Dvld dqg Odwlq Dphulfd dqg rwkhu

d!oldwhv1

Zh pd| dovr qrwh wkdw lq wkhvh uhjuhvvlrqv/ rxu frqwuro yduldeoh iru gl�huhqfhv lq oderxu

surgxfwlylw| lv srvlwlyh dqg vljql�fdqw/ zkhuhdv lw zdv lqvljql�fdqw lq wkh uhjuhvvlrqv iru

d!oldwhv lq kljk0lqfrph orfdwlrqv1 Djdlq wkh hvwlpdwhg furvv0hodvwlflw| zlwk uhvshfw wr

wkh Vzhglvk zdjh lv lqvljql�fdqw1

Lq rughu wr ixuwkhu h{soruh zkhwkhu wkh khwhurjhqhlw| ri oderxu pd| eldv rxu uhvxowv/

zh dovr xvh SSS dgmxvwhg xqlw oderu frvw +XOF, gdwd wr fkhfn wkh urexvwqhvv ri rxu

suhylrxv uhvxowv14: Wkh XOF gdwd kdyh wkh dgglwlrqdo ehqh�w ri ehlqj h{rjhqrxv wr wkh

PQHv1 Krzhyhu/ d gudzedfn lv wkdw zh rqo| kdyh XOF gdwd iru kljk0lqfrph orfdwlrqv1

Ehfdxvh XOF gdwd lv rqo| dydlodeoh dw wkh frxqwu| ohyho/ zh gr qrw lqfoxgh frxqwu|0vshfl�f

gxpplhv lq wkh uhjuhvvlrq iru d!oldwh hpsor|phqw lq kljk0lqfrph orfdwlrqv14;XOF frp0

srvlwhv iru lqglylgxdo �upv duh frqvwuxfwhg lq wkh vdph zd| dv lq wkh suhylrxv dqdo|vlv

dqg doo wkh rwkhu gdwd duh wkh vdph1

Froxpq +9, ri Wdeoh 5 vkrzv wkh uhvxowv iru hpsor|phqw lq wkh sduhqw �up lq Vzhghq1

Wkh uhvxowv duh vlplodu wr wkrvh suhvhqwhg lq froxpq +5, ri Wdeoh 4/ zlwk wkh h{fhswlrqv

wkdw wkh hvwlpdwhg rzq zdjh hodvwlflw| lv qhjdwlyh +exw lqvljql�fdqw, zkloh wkh vxevwlwx0

wlrqdu| uhodwlrqvkls zlwk kljk0lqfrph orfdwlrqv lv qr orqjhu vljql�fdqw +exw wkh hvwlpdwhg

frh!flhqw lv vwloo srvlwlyh,1 H{sruwv lv wkh rqo| yduldeoh wkdw wxuqv rxw wr eh vljql�fdqw1

Froxpqv +:,0+;, vkrz wkh uhvxowv iru hpsor|phqw lq kljk0lqfrph d!oldwhv1 Wkh vljqv

ri doo wkh hvwlpdwhg frh!flhqwv duh wkh vdph dv lq froxpqv +4,0+5,/ dowkrxjk wkh suhflvlrq

ri wkh hvwlpdwhv lv jhqhudoo| vrphzkdw orzhu1 Wkh hvwlpdwhg furvv0hodvwlflw| zlwk uhvshfw

wr zdjhv lq rwkhu kljk0lqfrph orfdwlrqv lv qhjdwlyh +lqglfdwlqj frpsohphqwdulw|,/ zkloh

wkh hvwlpdwhg furvv0hodvwlflw| zlwk uhvshfw wr Vzhghq lv srvlwlyh +lqglfdwlqj vxevwlwxwlrq,/

exw lqvljql�fdqw1
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9 Frqfoxglqj Uhpdunv

Edvhg rq gdwd rq Vzhglvk PQHv/ zh �qg vrph hylghqfh ri d vxevwlwxwlrqdu| uhodwlrqvkls

ehwzhhq sduhqw �up hpsor|phqw lq Vzhghq dqg d!oldwh hpsor|phqw lq rwkhu kljk0lqfrph

orfdwlrqv1 Krzhyhu/ zh gr qrw �qg dq| hylghqfh ri d uhodwlrqvkls lq hlwkhu gluhfwlrq

ehwzhhq sduhqw �up hpsor|phqw dqg d!oldwh hpsor|phqw lq orz0lqfrph orfdwlrqv1 Zh

�qg pdlqo| d uhodwlrqvkls ri frpsohphqwdulw| ehwzhhq d!oldwh hpsor|phqw lq gl�huhqw

orfdwlrqv1 Rxu uhvxowv duh lq wklv uhvshfw gl�huhqw iurp zkdw kdv suhylrxvo| ehhq irxqg

iru wkh XV/ zkhuh frpsohphqwdulw| rqo| vhhpv wr suhydlo ehwzhhq d!oldwhv lq orfdwlrqv

zlwk gl�huhqw uhodwlyh hqgrzphqwv1 Rqh srvvleoh h{sodqdwlrq iru wklv gl�huhqfh lq uhvxowv

lv wkdw Vzhglvk PQHv duh yhuwlfdoo| lqwhjudwhg wr d odujhu h{whqw wkdq XV rqhv1 Wklv lv

frqvlvwhqw zlwk wkh uhvxowv irxqg lq uhfhqw prghov ri IGL +h1j1 Pdunxvhq hw do1/ 4<<9,/

zkhuh yhuwlfdoo| lqwhjudwhg PQHv whqg wr grplqdwh lq vpdoo dqg vnloohg0oderxu dexqgdqw

frxqwulhv1
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�
Vhh/ iru lqvwdqfh/ wkh vxuyh| e| Pdunxvhq +4<<8,1

2
Krzhyhu/ hyhq lq wkh fdvh zkhuh d �up orfdwhv surgxfwlrq deurdg lq rughu wr vxsso| d iruhljq pdunhw/

frpsohphqwdu| dfwlylwlhv vxfk dv khdgtxduwhu dfwlylwlhv duh olnho| wr eh xqghuwdnhq dw krph1

�
Krzhyhu/ li dq xsvwuhdp ru grzqvwuhdp dfwlylw| suhylrxvo| frqgxfwhg lq wkh krph frxqwu| ehfrphv

uhorfdwhg wr d iruhljq d!oldwh/ wkhuh zloo eh vxevwlwxwlrq dvvrfldwhg zlwk yhuwlfdo IGL dv zhoo1

e
Dq hduo| dwwhpsw wr irfxv gluhfwo| rq wkh h�hfw ri rxwzdug IGL rq krph frxqwu| hpsor|phqw lv

Nudylv dqg Olsvh| +4<;;, +vhh dovr Olsvh|/ 4<<7/ dqg Eorpvwuùp/ Iruv dqg Olsvh|/ 4<<:,1

D
Vhh dovr Odzuhqfh/ 4<<71

S
Wkh prgho lv lqvsluhg e| wkh wkhruhwlfdo iudphzrun xvhg lq Eudlqdug dqg Ulnhu +4<<:e,1

.
Zh dvvxph wkdw d xqltxh orfdwlrq kdv wkh orzhvw frvw +l1h1 pdujlqdo frvwv soxv wudgh frvwv, ri

vxsso|lqj t wr dqrwkhu orfdwlrq1

H
D ghvfulswlrq ri wkhvh gdwd fdq eh irxqg lq Eudxqhukmhop dqg Hnkrop +4<<;,

b
Lq wklv surfhvv/ zh kdyh holplqdwhg ohvv wkdq �yh shufhqw ri wkh d!oldwhv1

�f
Wkhvh PQHv hpsor| ehwzhhq :7 dqg ;9 shufhqw ri wkh wrwdo hpsor|phqw lq Vzhghq wkdw fdq eh

dwwulexwhg wr Vzhglvk PQHv1

��
Zdjh gdwd kdyh ehhq froohfwhg iurp Vwdwlvwlfv Vzhghq/ zkloh lqirupdwlrq derxw sd|uroo wd{hv kdyh

ehhq vxssolhg e| wkh Vzhglvk Hpsor|huv* Frqihghudwlrq1

�2
Gdwd rq lqgxvwu|0glvwulexwhg frqvxpswlrq duh iurp wkh VWDQ gdwdedvh +RHFG/ 4<<;, dqg rq

lqgxvwu|0glvwulexwhg h{sruwv iurp Vwdwlvwlfv Vzhghq1

��
Wkh yduldeohv duh gh�qhg dv �

}
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dqg orz0lqfrph krvw frxqwulhv/ uhvshfwlyho|/ dqg �

�&|

lv phdvxuhg dv dq dyhudjh ryhu doo d!oldwhv lq wkh

vdpsoh wkdw duh orfdwhg lq frxqwu| &1

�e
Gdwd kdyh ehhq froohfwhg iurp Zruog Ghyhorsphqw Lqglfdwru +Zruog Edqn/ 4<<;,1

�D
Wkh gdwd kdyh ehhq froohfwhg iurp Shqq Zruog Wdeohv 8191

�S
Ilupv zlwk d!oldwhv lq rqo| kljk0lqfrph orfdwlrqv duh orfdwhg lq qdwxudo0uhvrxufh lqwhqvlyh dqg

fdslwdo0lqwhqvlyh orz0whfk vhfwruv dv Sxos ) Sdshu/ Vwhho ) Lurq dqg Uxeehu surgxfwv1 Fkdqjhv lq

oderxu frvw gl�huhqfhv ehwzhhq orfdwlrqv pd| kdyh d zhdnhu h�hfw rq oderxu ghpdqg lq vxfk lqgxvwulhv1

�.
Rxu phdvxuh ri XOF lv gh�qhg dv Lu� '

�u

C(�f���
/ zkhuh � lv wkh fxuuhqw zdjh frvw/ u lv

hpsor|phqw lq wkh sulydwh exvlqhvv vhfwru/ C(� lv yroxph JGS/ dqg ��� wkh SSS h{fkdqjh udwh zlwk

uhvshfw wr XVG1 Doo gdwd duh froohfwhg iurp Hfrqrplf Rxworrn +RHFG/ 4<<;,1

�H
Erwk wkh rzq oderxu frvw dqg wkh orfdo ghpdqg rqo| ydu| dfurvv frxqwulhv1
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^46`Pdunxvhq/ M1 U +4<<8,/ �Wkh Erxqgdulhv ri Pxowlqdwlrqdo Hqwhusulvhv dqg wkh Wkhru|
ri Lqwhuqdwlrqdo Wudgh�/ Mrxuqdo ri Hfrqrplf Shuvshfwlyhv/ </ 49<04;<1

^47`Pdunxvhq/ M1 U1/ D1 M1 Yhqdeohv/ G1 H1 Nrqdq/ N1 K1 ]kdqj +4<<9,/ �D Xql�hg Wuhdw0
phqw ri Krul}rqwdo Gluhfw Lqyhvwphqw/ Yhuwlfdo Gluhfw Lqyhvwphqw/ dqg wkh Sdwwhuq ri
Wudgh lq Jrrgv dqg Vhuylfhv�/ QEHU Zrunlqj Sdshu Qr1 89<91

^48`Vodxjkwhu/ P1 +4<<8,/ �Pxowlqdwlrqdo Frusrudwlrqv/ Rxwvrxuflqj/ dqg Dphulfdq Zdjh
Glyhujhqfh�/ QEHU Zrunlqj Sdshu Qr1 85861

^49`Vyhqvvrq/ U1 +4<<9,/ �H�hfwv ri Ryhuvhdv Surgxfwlrq rq Krph Frxqwu| H{sruwv=
Hylghqfh edvhg rq Vzhglvk Pxowlqdwlrqdov�/ Zhowzluwvfkdiwolfkhv Dufkly/ 465/ 6370
65<1

^4:`Vzhghqeruj/ E1 +4<:<,/ Wkh Pxowlqdwlrqdo Rshudwlrqv ri Vzhglvk Ilupv= Dq Dqdo|vlv
ri Ghwhuplqdqwv dqg H�hfwv/ Vwrfnkrop= Doptylvw ) Zlfnvhoo1
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Table 1. Results from fixed-effects regression. Regressand: parent firm employment
Regressors: (1) (2) (3)

w0 0.17
(0.28)

0.16
(0.28)

-0.25
(0.46)

wH 0.77*
(0.35)

0.77*
(0.35)

-0.08
(0.20)

wL 0.06
(0.11)

-- --

D0 0.08
(0.13)

0.07
(0.13)

0.41
(0.48)

DE 0.35*
(0.09)

0.35*
(0.09)

0.24*
(0.11)

Constant -7.84
(6.34)

-7.10
(6.17)

-1.44
(12.1)

Number of observations 120 120 78
Obs. per group (min/avg/max) 2/4.0/6 2/4.0/6 2/4.0/6
R2 (within) 0.35 0.35 0.16
F-test:

Prob(firm dummies=0) 0.00 0.00 0.00
Note: Regressions (1) and (2) are performed on a sub-sample consisting of firms with
affiliates in both high- and low-income locations. Regression (3) is performed on the sub-
sample of firms with affiliates in high-income locations only. Standard errors are reported in
parentheses. The regressions also include time dummies, which are not reported. An asterisk
(*) indicates significance at the 5 percent level.



Table 2. Results from fixed-effects regressions. Regressand: employment
Regressors: High-income locations Low-income locations ULC data

(1) (2) (3) (4) (5) (6) (7) (8)
w0 -0.41*

(0.18)
-0.56*
(0.23)

-0.36*
(0.14)

-1.27
(0.89)

-0.29*
(0.16)

-1.35
(1.53)

-0.57
(0.42)

-0.69
(0.43)

wH -0.68*
(0.26)

-0.98
(0.56)

0.17
(0.68)

-0.22
(1.43)

0.02
(0.74)

0.77
(1.27)

-2.05*
(0.75)

-1.72
(1.38)

wL -0.11
(0.08)

-0.21
(0.13)

-0.81*
(0.19)

-1.65*
(0.63)

-0.29
(0.21)

-- -- --

wS 0.20
(0.17)

-0.07
(0.41)

-0.75
(0.39)

-0.64
(0.85)

-0.80
(0.42)

-- 1.98
(1.00)

2.01
(1.76)

D0 0.22
(0.14)

0.23*
(0.03)

0.28*
(0.06)

1.91
(1.01)

-0.00
(0.10)

-0.13
(0.16)

0.34*
(0.08)

0.20*
(0.03)

DS 0.07
(0.05)

0.04
(0.13)

-0.10
0.13)

0.28
(0.23)

-0.09
(0.1)

-- 0.08
(0.05)

0.06
(0.12)

DE -- -- -- -- -- 0.21*
(0.08)

-- --

Y0 -0.16
(0.50)

-0.39
(0.38)

0.44*
(0.17)

1.42
(1.71)

0.52*
(0.20)

-- -- --

Constant 9.51*
(4.58)

19.0*
(8.84)

16.6
(10.5)

-12.9
(30.5)

18.3
(11.3)

15.44*
(2.57)

2.90*
(1.22)

4.13
(2.44)

Number of observations 880 919 380 71 309 197 1048 1083
Obs. per group (min/avg/max) 2/3.0/6 4/30.6/157 4/21.1/49 2/6.5/11 2/17.2/40 2/4.5/6 2/3.0/6 3/24.6/157
R2 (within) 0.06 0.07 0.44 0.51 0.49 0.13 0.06 0.05
F-tests:

Prob(β1=β2) 0.03 0.18 0.17 0.31 0.69
Prob(affiliate dummies=0) 0.00 0.00
Prob(firm dummies=0) 0.00 0.00 0.00 0.00 0.00 0.00

Note: Standard errors are reported in parentheses. The regressions include time dummies and regressions (2)-(6) and (8) includes country
dummies, which are not reported. The results reported in columns (1) and (7) refer to a regression with affiliate-specific fixed effects, whereas
the other results reported refer to regressions with firm-specific fixed effects. An asterisk (*) indicates significance at the 5 percent level.


