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ABSTRACT

Does FDI Work as a Channel for R&D Spillovers?
Evidence Based on Swedish Data*

Multinational enterprises (MNEs) are important in transmitting technology
across national borders. Not only do they allow for transfer of technology
within the firm, but it is also believed that they are important channels for
international R&D spillovers as well. This Paper analyses empirically whether
inward and outward foreign direct investment (FDI) work as channels for
international R&D spillovers. We utilize firm-level as well as industry-level data
for Swedish manufacturing in the analysis. We find no evidence of FDI-related
R&D spillovers – neither at the firm-level nor at the industry-level in Swedish
manufacturing. The only variable that consistently affects total factor
productivity is own investment in R&D.
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NON-TECHNICAL SUMMARY

The hypothesis that international transactions, such as cross-border trade and
foreign direct investment (FDI), are important channels of international
technology diffusion has recently been subject to significant attention and
research. A number of studies have addressed the issue of whether trade
and/or FDI seem to facilitate international research and development (R&D)
spillovers. While several of these studies have suggested that trade and FDI
do in fact facilitate R&D spillovers, it has been pointed out that they are
associated with inherent problems with respect to methodology as well as
data coverage.

Studies that focus on FDI as a potential channel for spillovers face an
especially serious problem due to the lack of reliable data on multinational
firms. A drawback with all existing studies of FDI-related R&D spillovers is that
they use macroeconomic investment data on FDI to measure the extent of the
foreign operations of multinational enterprises (MNEs). Because these data
measure financial flows between countries, they are not necessarily good
measures of real activity levels of MNEs. For instance, investments financed
by locally borrowed funds will not be included in measures based on FDI data.
Moreover, the notion that outward FDI may work as a channel for R&D
spillovers rests on the idea that MNEs may learn foreign technology through
their foreign affiliates. In order to test this hypothesis properly, firm-level data
on productivity in the MNEs themselves are needed.

In this Paper, we investigate the existence of R&D spillovers transmitted
through inward and outward FDI in the case of Sweden. The choice of
Sweden is guided by the fact that it is one of the very few countries for which
firm-level data on multinational activity are available. We apply the analysis to
two different datasets. The first consists of a panel of Swedish MNEs and thus
constitutes a firm-level sample. The second is a panel of industry-distributed
data for the Swedish manufacturing sector as a whole. The fact that we use
two different datasets enables us to examine separately the effect of R&D
spillovers at the firm level and at the national industry level. Furthermore,
because the database on Swedish MNEs incorporates data on the affiliates’
activity levels, our measure of multinational activity is superior to measures
based on direct investment data.

Using firm or industry-level data, as opposed to the country-level data used in
several previous studies, also mitigates potential causality problems. At the
country-level, a positive association between productivity growth and FDI may
simply reflect that MNEs invest more heavily in fast-growing economies in
order to supply a growing market. The strong connection between productivity



growth and demand growth that we observe on the aggregate level is likely to
be much weaker on the industry-level and especially on the firm level.

Another advantage of our data is that they allow us to examine whether the
kind of activity undertaken by a foreign affiliate matters for the extent to which
spillovers are transmitted. It may be easier for an MNE to learn foreign
technological knowledge if its foreign affiliates have their own R&D
departments, as compared to the case where they only have assembly plants.
Earlier studies have indeed found evidence of R&D in foreign affiliates partly
being motivated by so-called technology sourcing, i.e. R&D is located abroad
in order to get access to knowledge in foreign ‘centres of excellence’. Hence,
we examine whether the extent of R&D activities conducted abroad facilitates
the transmission of international R&D spillovers.

Our main conclusion drawn from the study is that we do not find any evidence
of FDI-transmitted R&D spillovers. The only variables that consistently affect
the labour productivity of MNEs are their own R&D spending and capital-
labour ratio. For total factor productivity (TFP) in Swedish industries, the only
significant explanatory variables are time dummies, suggesting a positive
trend in TFP over time. This trend may be caused by improvements in overall
technology or increased average skills of the workforce.

To check the robustness of our results, we have used several different
specifications and weighting schemes for calculating FDI-transmitted foreign
R&D stocks. The main conclusions are however robust to the choice of
specification.

The lack of evidence of FDI-transmitted R&D spillovers is somewhat
surprising, given the force of argument that MNEs play a crucial role in
spreading technology. However, it should be noted that the fact that Sweden
as a country has very high R&D expenditures and can be considered to be a
technological leader in many of the sectors in which its MNEs operate may
make the scope for international R&D spillovers limited. Still, the lack of
evidence of FDI-related spillovers for one of the few countries for which proper
data on MNE activity are available is notable. It makes more persuasive
evidence of such spillovers for other countries desirable if we are to believe in
the argument that MNEs transmit R&D spillovers.



4 Lqwurgxfwlrq

Wkh k|srwkhvlv wkdw lqwhuqdwlrqdo wudqvdfwlrqv/ vxfk dv furvv0erughu wudgh

dqg iruhljq gluhfw lqyhvwphqw +IGL,/ duh lpsruwdqw fkdqqhov ri lqwhuqdwlrqdo

whfkqrorj| gl�xvlrq kdv uhfhqwo| ehhq vxemhfw wr vljql�fdqw dwwhqwlrq dqg uh0

vhdufk1 D qxpehu ri vwxglhv kdyh dgguhvvhg wkh lvvxh ri zkhwkhu wudgh dqg2ru

IGL vhhp wr idflolwdwh lqwhuqdwlrqdo U)G vslooryhuv +h1j1 Frh ) Khospdq/

4<<8> Olfkwhqehuj ) ydq Srwwhovehujkh gh od Srwwhulh/ 4<<9> Eudfrqlhu )

Vmùkrop/ 4<<;> Nhoohu/ 4<<;> Edogzlq hw do1/ 4<<<,1
4
Krzhyhu/ dv srlqwhg rxw

e| h1j1 Nhoohu +4<<;,/ wkhuh duh lqkhuhqw sureohpv zlwk uhvshfw wr phwkrg0

rorj| dqg gdwd fryhudjh dvvrfldwhg zlwk wkhvh vwxglhv1 Iru lqvwdqfh/ Nhoohu

+4<<;, vkrzv wkdw xvlqj wkh xqzhljkwhg iruhljq U)G vwrfnv udwkhu wkdq

wkh wudgh0zhljkwhg vwrfnv dfwxdoo| lpsuryhv wkh h{sodqdwru| ydoxh ri wkhvh

vwrfnv1 Ixuwkhupruh/ wkh hpslulfdo dqdo|vlv lq wkh diruhphqwlrqhg vwxglhv

lv shuiruphg dw wkh djjuhjdwhg frxqwu| ru lqgxvwu| ohyho/ zklfk phdqv wkdw

lpsruwdqw dvshfwv ri whfkqrorj| gl�xvlrq dw wkh �up ohyho uhpdlq xqh{soruhg1

Vwxglhv wkdw irfxv rq IGL dv d srwhqwldo fkdqqho iru vslooryhuv idfh d

vshfl�f sureohp gxh wr wkh odfn ri uholdeoh gdwd rq wkh iruhljq rshudwlrqv ri

pxowlqdwlrqdo �upv1 D gudzedfn zlwk doo h{lvwlqj vwxglhv ri IGL0uhodwhg U)G

vslooryhuv lv wkdw wkh| xvh pdfurhfrqrplf lqyhvwphqw gdwd rq IGL wr phdvxuh

wkh h{whqw ri wkh iruhljq rshudwlrqv ri pxowlqdwlrqdo hqwhusulvhv +PQHv,1

Ehfdxvh wkhvh IGL gdwd rqo| phdvxuh �qdqfldo  rzv ehwzhhq frxqwulhv/ wkh|

whqg wr eh udwkhu srru phdvxuhv ri dfwlylw| ohyhov ri PQHv1
5

Lq wklv sdshu/ zh lqyhvwljdwh wkh h{lvwhqfh ri U)G vslooryhuv wudqvplwwhg

wkurxjk lqzdug dqg rxwzdug IGL lq wkh fdvh ri Vzhghq1 Wkh fkrlfh ri

Vzhghq lv jxlghg e| wkh idfw wkdw lw lv rqh ri wkh yhu| ihz frxqwulhv iru

zklfk �up0ohyho gdwd rq pxowlqdwlrqdo dfwlylw| duh dydlodeoh1 Zh dsso| wkh

dqdo|vlv wr wzr gl�huhqw gdwd0vhwv1 Wkh �uvw frqvlvwv ri d sdqho ri Vzhglvk

PQHv dqg wkxv frqvwlwxwhv d �up0ohyho vdpsoh1 Wkh vhfrqg lv d sdqho ri

lqgxvwu|0glvwulexwhg gdwd iru wkh Vzhglvk pdqxidfwxulqj vhfwru dv d zkroh1

Wkh idfw wkdw zh xvh wzr gl�huhqw gdwd0vhwv hqdeohv xv wr h{dplqh vhsdudwho|

4
Wkhuh lv dovr dq h{whqvlyh olwhudwxuh irfxvlqj rq whfkqrorj| vslooryhuv ehwzhhq ghyho0

rshg dqg ghyhorslqj frxqwulhv/ ri zklfk Eorpvwuùp dqg Nrnnr +4<<;, surylgh d frpsuh0

khqvlyh ryhuylhz1
5
Iru lqvwdqfh/ lqyhvwphqwv �qdqfhg e| orfdoo| eruurzhg ixqgv zloo qrw eh lqfoxghg lq

phdvxuhv edvhg rq IGL gdwd1 Iru d glvfxvvlrq ri wkh gudzedfnv ri xvlqj IGL gdwd wr

phdvxuh iruhljq rshudwlrqv ri PQHv/ vhh Hnkrop +4<<8/ s1 83,1
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wkh h�hfw ri U)G vslooryhuv dw wkh �up ohyho/ dqg dw wkh qdwlrqdo lqgxvwu|

ohyho1 Ixuwkhupruh/ ehfdxvh wkh gdwd edvh rq Vzhglvk PQHv lqfrusrudwhv

gdwd rq wkh d!oldwhv* dfwlylw| ohyhov/ rxu phdvxuh ri pxowlqdwlrqdo dfwlylw| lv

vxshulru wr phdvxuhv edvhg rq gluhfw lqyhvwphqw gdwd1

Dqrwkhu dgydqwdjh ri rxu gdwd lv wkdw wkh| doorz xv wr h{dplqh zkhwkhu

wkh nlqg ri dfwlylw| xqghuwdnhq e| d iruhljq d!oldwh pdwwhuv iru wkh h{whqw

wr zklfk vslooryhuv duh wudqvplwwhg1 Dq PQH pljkw ehqh�w iurp d kljkhu

ghjuhh ri whfkqrorj| dftxlvlwlrq/ li lwv iruhljq d!oldwhv kdyh wkhlu rzq U)G

ghsduwphqwv/ dv frpsduhg wr wkh fdvh zkhuh wkh| rqo| kdyh dvvhpeo| sodqwv16

Khqfh/ zh h{dplqh zkhwkhu wkh h{whqw ri U)G dfwlylwlhv frqgxfwhg deurdg

idflolwdwhv wkh wudqvplvvlrq ri lqwhuqdwlrqdo U)G vslooryhuv1

Wkh uhvw ri wklv sdshu lv rujdql}hg dv iroorzv1 Lq vhfwlrq 5/ zh vxuyh| wkh

olwhudwxuh rq srwhqwldo fkdqqhov iru lqwhuqdwlrqdo U)G vslooryhuv1 Vhfwlrq 6

vshfl�hv wkh hpslulfdo prgho xvhg lq wkh dqdo|vlv dqg vhfwlrq 7 suhvhqwv wkh

hvwlpdwlrq uhvxowv1 Ilqdoo|/ lq vhfwlrq 8 zh r�hu vrph frqfoxglqj uhpdunv1

5 Lqwhuqdwlrqdo U)G vslooryhuv

514 Lqzdug IGL dqg U)G Vslooryhuv

Lw lv udwkhu vwudljkwiruzdug wr vhh wkdw lqzdug IGL pd| zrun dv d fkdqqho iru

U)G vslooryhuv dqg whfkqrorj| gl�xvlrq1 Wkh h{lvwhqfh ri PQHv lv xvxdoo|

wdnhq wr eh wkh frqvhtxhqfh ri +d, wkh �up*v srvvhvvlrq ri xqltxh dqg

vxshulru whfkqrorj|/ dqg +e, lqfhqwlyhv wr xwlol}h wklv whfkqrorj| deurdg lq

iruhljq d!oldwhv17 Wkxv/ wudqvihuulqj whfkqrorj| ehwzhhq gl�huhqw orfdwlrqv

lv dq lpsruwdqw wdvn ri PQHv1 Wkh ehqh�w ri whfkqrorj| wudqvihu wkurxjk

lqzdug IGL iru wkh krvw frxqwu| lv wzr0irog1 Iluvw/ wkh PQH pd| lqwurgxfh

qhz whfkqrorj| lq wkh krvw frxqwu|1 Vhfrqg/ wkurxjk wkh PQH*v xvh ri wklv

whfkqrorj| lq wkh krvw frxqwu|/ lw pd| ehfrph pruh dffhvvleoh wr grphvwlfdoo|

rzqhg �upv dv gl�xvlrq frvwv dvvrfldwhg zlwk jhrjudsklf glvwdqfh ghfolqh18

6Vwxglhv e| Fdqwzhoo dqg Krgvrq +4<<4, dqg Iruv +4<<;, �qg hylghqfh wkdw U)G lq
iruhljq d!oldwhv lv sduwo| prwlydwhg e| whfkqrorj| vrxuflqj/ l1h1 U)G lv orfdwhg deurdg
lq rughu wr jhw dffhvv wr nqrzohgjh lq iruhljq �fhqwuhv ri h{fhoohqfh�1

7Wklv lghd xqghuolhv wkh vr0fdoohg nqrzohgjh0fdslwdo prgho uhfhqwo| ghyhorshg e|
Pdunxvhq dqg Yhqdeohv +4<<;,> d prgho zklfk lv sduwldoo| d irupdol}dwlrq ri wkh ROL
iudphzrun dgydqfhg e| Mrkq Gxqqlqj +Gxqqlqj/ 4<::,1

8Lw vkrxog eh qrwhg wkdw wkh PQH kdv vwurqj lqfhqwlyhv wr wu| wr frqfhdo lwv whfkqrorj|

iurp frpshwlwruv dv lw pd| eh wkh udwlrqdoh iru wkhlu h{lvwhqfh1 Wkhvh h�ruwv zloo ri frxuvh
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Khqfh/ lqzdug IGL pd| d�hfw surgxfwlylw| jurzwk srvlwlyho| e| lqfuhdvlqj

lqwhuqdwlrqdo U)G vslooryhuv +Edogzlq hw do1 4<<<,19

Krzhyhu/ wkh h!flhqf| ri IGL dv d wudqvihuru ri whfkqrorj| dfurvv frxq0

wulhv ghshqgv rq d qxpehu ri idfwruv> �up0uhodwhg dv zhoo dv pdunhw0uhodwhg1

Wkh prvw ixqgdphqwdo �up0uhodwhg idfwru lv suredeo| wkh prgh ri hqwu| lqwr

wkh iruhljq pdunhw1 Li d �up hqwhuv wkurxjk d phujhu ru dftxlvlwlrq/ wkh

srwhqwldo iru vslooryhuv pd| eh uhodwlyho| vpdoo dv qhz whfkqrorj| zloo eh lq0

wurgxfhg lq wkh krvw frxqwu| rqo| judgxdoo|1 Exw li IGL wdnhv sodfh wkurxjk

juhhq�hog lqyhvwphqw/ wkh PQH lqwurgxfhv qhz whfkqrorj| lqvwdqwo|1 Frq0

vhtxhqwo|/ wkh srwhqwldo iru U)G vslooryhuv lv olnho| wr eh odujhu1:

Wkh vshfl�f w|sh ri whfkqrorj| wkdw wkh PQH fkrrvhv wr lqvwdoo lq d iru0

hljq d!oldwh pd| dovr d�hfw wkh srwhqwldo iru vslooryhuv iurp U)G1 Dv Whhfh

+4<::, vkrzv/ wudqvihu frvwv ghfuhdvh zlwk wkh djh ri wkh wudqvihuuhg whfk0

qrorj| dqg wkh h{shulhqfh ri wkh wudqvihuhh1 Vlploduo|/ Deudprylw} +4<;9,

dujxhv wkdw vrfldo fdsdelolwlhv duh lpsruwdqw iru devruelqj qhz whfkqrorjlhv1

Li wklv lv wkh fdvh/ wkhuh pd| eh d whqghqf| iru qhzhu ylqwdjhv ri whfkqro0

rj| wr eh lqvwdoohg lq pruh dgydqfhg frxqwulhv dqg wkxv iru IGL wr kdyh d

odujhu h�hfw rq surgxfwlylw| lq vxfk frxqwulhv1 Dw wkh vdph wlph/ krzhyhu/

pruh dgydqfhg frxqwulhv duh olnho| wr h{shulhqfh d vpdoohu whfkqrorj|0jds wr

wkh whfkqrorjlfdo ohdghu dqg pd| wkhuhiruh ehqh�w uhodwlyho| ohvv iurp IGL

wudqvplwwhg U)G vslooryhuv1 Vlploduo|/ ehfdxvh ri wkh sur0frpshwlwlyh qd0

wxuh ri lqwhuqdwlrqdo wudgh/ �upv lq frxqwulhv zlwk d klvwru| ri rshqqhvv wr

lqwhuqdwlrqdo wudgh duh olnho| wr kdyh d kljkhu dyhudjh surgxfwlylw|1; Djdlq/

wklv zrunv lq wkh gluhfwlrq ri uhgxflqj wkh srwhqwldo iru surgxfwlylw| h�hfwv

ri IGL wudqvplwwhg vslooryhuv1

Dqrwkhu lpsruwdqw idfwru ghwhuplqlqj wkh srwhqwldo iru IGL wudqvplwwhg

U)G vslooryhuv lv wkh ghjuhh wr zklfk wkh PQH lqwhudfwv zlwk rwkhu djhqwv

lq wkh krvw frxqwu|1 Li wkh d!oldwhv irup dq hqfodyh zlwklq wkh krvw frxqwu|

zlwk olwwoh frqwdfw zlwk grphvwlf �upv/ wkhuh zloo eh ihz vslooryhuv dqg wkh

whqg wr glplqlvk dq| vslooryhu h�hfwv1
9
Lw vkrxog/ krzhyhu/ eh qrwhg wkdw rxu delolw| wr phdvxuh surgxfwlylw| h�hfwv iurp

lqzdug IGL klqjhv rq wkh dvvxpswlrq wkdw sulflqj ghflvlrqv duh qrw d�hfwhg e| IGL1 Li

sulfhv gr fkdqjh/ iru h{dpsoh gxh wr pruh ru ohvv frpshwlwlrq lq wkh orfdo pdunhw/ wkhq

wkh phdvxuhg surgxfwlylw| h�hfwv ri IGL zloo eh d�hfwhg1
:
Eorqljhq ) Vodxjwkhu +4<<<, �qg wkdw Mdsdqhvh juhhq�hog lqyhvwphqw lv wkh rqo| w|sh

ri IGL lqwr wkh XV wkdw d�hfwv uhodwlyh idfwru ghpdqg1
;
Vhh Hgzdugv +4<<:, rq hylghqfh rq wkh olqndjh ehwzhhq rshqhvv dqg jurzwk dqg

surgxfwlylw|1
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lqfuhdvh lq surgxfwlylw| zloo pdlqo| dffuxh wr wkh PQH lwvhoi1 Frqvhtxhqwo|/

wkh pruh glyhuvl�hg wkh �upv duh lq wkh krvw frxqwu| dqg wkh pruh lqwhjudwhg

wkh iruhljq0rzqhg �upv duh lq wkh krvw hfrqrp|/ wkh odujhu wkh vslooryhuv duh

olnho| wr eh1 Lq sduwlfxodu/ wkh hvwdeolvkphqw ri qhwzrunv zlwk orfdo vxssolhuv

lq wkh krvw frxqwu| rq wkh sduw ri wkh PQH lv olnho| wr eh lpsruwdqw iru

lqfuhdvlqj whfkqrorj| gl�xvlrq +Odoo/ 4<;3,1 Dovr/ d kljk ghjuhh ri oderu

prelolw| ehwzhhq wkh iruhljq d!oldwhv ri wkh PQH dqg grphvwlf �upv lv

olnho| wr kdyh dq h�hfw lq wkh vdph gluhfwlrq/ dv wkh zrunhuv eulqj zlwk

wkhp wkh nqrzohgjh ri qhz whfkqltxhv zkhq wkh| pryh iurp rqh hpsor|hu

wr dqrwkhu +Irvixul hw do1/ 4<<<,1

Orrnlqj iru hylghqfh ri U)G vslooryhuv wudqvplwwhg e| lqzdug IGL/ lw lv

lpsruwdqw wr hvwdeolvk dw zkdw ohyho zh vkrxog h{shfw wr revhuyh dq| h�hfwv1

Iru d iruhljq d!oldwh/ U)G frqgxfwhg e| wkh sduhqw �up lv olnho| wr d�hfw

surgxfwlylw|1 Krzhyhu/ wklv lv/ shu gh�qlwlrq/ qrw d vslooryhu h�hfw1 Wkh qdw0

xudo xqlw ri revhuydwlrq lv udwkhu wkh lqgxvwu| lq wkh krvw frxqwu|/ h{foxglqj

wkh iruhljq d!oldwh/ ru lqglylgxdo orfdo �upv1 Krzhyhu/ lqgxvwu|0ohyho gdwd gr

qrw doorz vxfk d vhsdudwlrq1 Khqfh/ hpslulfdoo|/ vwxglhv xvlqj lqgxvwu|0ohyho

gdwd duh qrw deoh wr glvwlqjxlvk ehwzhhq wkh zlwklq0PQH surgxfwlylw| h�hfw

dqg wkh vslooryhu h�hfw1 E| h{dplqlqj �up0ohyho gdwd/ lw lv srvvleoh wr whvw

iru wkh lpsdfw ri lqzdug IGL rq wkh surgxfwlylw| ri grphvwlf �upv/ wkhuhe|

irfxvlqj gluhfwo| rq wkh vslooryhu h�hfw1 Wklv kdv ehhq grqh iru gl�huhqw

ghyhorslqj frxqwulhv/ vhh h1j1 Dlwnhq dqg Kduulvrq +4<<<,/ dqg Eorpvwuùp

dqg Nrnnr +4<<;, iru d vxuyh|1 Wkh hpslulfdo hylghqfh dsshduv wr eh pl{hg=

lqzdug IGL lv irxqg wr kdyh d vljql�fdqw srvlwlyh lpsdfw rq surgxfwlylw| lq

vrph frxqwulhv/ zkloh Dlwnhq dqg Kduulvrq +4<<<, �qg d qhjdwlyh lpsdfw ri

lqzdug IGL rq orfdo �upv* surgxfwlylw|1

515 Rxwzdug IGL dqg U)G Vslooryhuv

Wkh vwdqgdug wkhru| ri wkh PQH exlogv rq wkh lghd wkdw wkh �up srvvhvvhv

vrph xqltxh dvvhw zklfk pd| eh h{sorlwhg deurdg wkurxjk wkh hvwdeolvkphqw

ri iruhljq d!oldwhv1< Krzhyhu/ d ixuwkhu h{sodqdwlrq pd| eh wkh �up*v ghvluh

wr dftxluh qhz whfkqrorj| hlwkhu e| sxufkdvlqj iruhljq �upv ru hvwdeolvklqj

<Wkh �up*v lqfhqwlyhv wr surgxfh deurdg pd| vwhp iurp wkh h{lvwhqfh ri wudgh frvwv

zklfk pdnh h{sruwlqj d ohvv dgydqwdjhrxv vwudwhj| +vhh Pdunxvhq ) Yhqdeohv/ 4<<;,/ ru

iurp orz surgxfwlrq frvwv deurdg +vhh Khospdq 4<;7/ 4<;8/ Pdunxvhq hw do1/ 4<<;,1

8



U)G idflolwlhv lq vr0fdoohg *fhqwhuv ri h{fhoohqfh* deurdg143 Wkurxjk wklv nlqg

ri whfkqrorj| vrxuflqj/ wkh �up pd| jdlq dffhvv wr whfkqrorjlfdo nqrzohgjh

vwhpplqj iurp wkh krvw frxqwu|1 Wkxv/ wkhuh pd| eh uhyhuvhg whfkqrorj|

 rzv zkhuh whfkqrorj| lv wudqvihuuhg iurp d sduwlfxodu krvw frxqwu| wr xqlwv

lq wkh krph frxqwu|/ ru wr d!oldwhv lq rwkhu krvw frxqwulhv1 Frqvhtxhqwo|/ d

frxqwu| pd| hqmr| U)G vslooryhuv wkurxjk rxwzdug IGL1

Wkh h{whqw ri U)G vslooryhuv wudqvplwwhg wkurxjk rxwzdug IGL ghshqgv

rq d qxpehu ri idfwruv1 Iluvw/ wkhuh pxvw eh d srro ri nqrzohgjh lq wkh krvw

frxqwu| iurp zklfk wkh PQH fdq h{wudfw qhz whfkqrorjlhv1 Wkhuhiruh/ wkh

ohyho ri whfkqrorjlfdo sur�flhqf| ri grphvwlf �upv uhodwlyh wr wkh PQH lv

olnho| wr d�hfw wkh srwhqwldo iru U)G vslooryhuv +h1j1 Nrjxw ) Fkdqj/ 4<<4,1

Vhfrqg/ wkh ohyho ri lqwhudfwlrq ehwzhhq wkh PQH*v d!oldwhv dqg rwkhu djhqwv

lq wkh krvw hfrqrplhv lv d yhu| lpsruwdqw idfwru1 Hvshfldoo| wkh lqwhudfwlrq

ehwzhhq vflhqwlvwv dqg whfkqlfldqv hqjdjhg lq U)G lv olnho| wr surprwh wkh

vsuhdglqj ri whfkqrorjlfdo nqrzohgjh1 Khqfh/ lw vhhpv uhdvrqdeoh wr h{shfw

wkdw wkh h{whqw ri U)G xqghuwdnhq lq d!oldwhv lq d krvw frxqwu| zloo d�hfw

wkh PQH*v delolw| wr devrue qhz whfkqrorjlhv iurp wkdw frxqwu|1 Krzhyhu/

wkhuh duh fdvhv zkhuh iruhljq U)G rshudwlrqv pd| kdyh olwwoh wr gr zlwk

whfkqrorj| vrxuflqj> iru lqvwdqfh lq wkh fdvh zkhuh U)G lv xqghuwdnhq vroho|

lq rughu wr dgdsw wkh PQH*v whfkqrorj| wr orfdo frqglwlrqv1 Ilqdoo|/ mxvw dv

lq wkh fdvh ri lqzdug IGL/ wkh prgh ri hqwu|/ wkh ghjuhh ri oderu prelolw|/

dqg wkh h{whqw ri vxsso| olqndjhv duh olnho| wr eh lpsruwdqw iru wkh dprxqw

ri U)G vslooryhuv wkdw zloo eh wudqvplwwhg wkurxjk rxwzdug IGL1

Lq dqdo|}lqj U)G vslooryhuv wudqvplwwhg wkurxjk rxwzdug IGL/ lw lv lp0

sruwdqw wr pdnh d glvwlqfwlrq ehwzhhq surgxfwlylw| h�hfwv rq wkh PQH dv

d zkroh/ rq wkh krph sduwv ri wkh PQH/ dqg rq wkh krph hfrqrp| ri wkh

PQH1 Li U)G vslooryhuv duh wudqvplwwhg wkurxjk rxwzdug IGL/ zh vkrxog

sulpdulo| h{shfw surgxfwlylw| lqfuhdvhv dw wkh ohyho ri wkh zkroh PQH1 Wkh

�up devruev qhz whfkqrorjlhv/ dqg wklv vkrxog ohdg wr d kljkhu ohyho ri sur0

gxfwlylw| dw wkh ohyho ri wkh �up1 Iurp d srolf| shuvshfwlyh/ krzhyhu/ wkh

pruh uhohydqw lvvxh lv zkhwkhu wklv dovr ohdgv wr d surgxfwlylw| lqfuhdvh lq wkh

sduwv ri wkh �up wkdw duh orfdwhg lq wkh krph frxqwu| dqg lq sxuho| grphvwlf

�upv1 Reylrxvo|/ wklv grhv qrw kdyh wr eh wkh fdvh/ vlqfh dq| surgxfwlylw|

43Wkh lpsruwdqfh ri whfkqrorj| vrxuflqj dv prwlyh iru lqyhvwlqj deurdg lv xqghuvfruhg

e| wkh �qglqjv ri Nrjxw dqg Fkdqj +4<<4,/ dqg Qhyhq dqg Vlrwlv +4<<9,/ zkr uhsruw wkdw

U)G lqwhqvlw| lq wkh krvw frxqwu| kdv d srvlwlyh lpsdfw rq rxwzdug IGL1 Wklv zdv irxqg

wr dsso| iru Mdsdqhvh lqyhvwphqw lq wkh XV/ dv zhoo dv iru XV dqg Mdsdqhvh lqyhvwphqw lq

Hxursh1
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lqfuhdvh pd| eh frq�qhg wr iruhljq d!oldwhv1 Krzhyhu/ wkh wrwdo h�hfw rq wkh

krph hfrqrp| lv srwhqwldoo| odujhu wkdq wkh h�hfw rq wkh krph sduw ri wkh

PQH/ vlqfh wkh nqrzohgjh ri iruhljq whfkqrorjlhv pd| gl�xvh hyhq ixuwkhu

dv wkh PQH lqwhudfwv zlwk rwkhu djhqwv lq wkh krph hfrqrp|1

6 Wkh Hpslulfdo Prgho

Lq wklv vhfwlrq zh vshfli| wkh prgho xvhg lq wkh hpslulfdo dqdo|vlv1 Zh

dvvxph wkh iroorzlqj Free0Grxjodv vshfl�fdwlrq ri wkh surgxfwlrq ixqfwlrq

ri �up �=

t� ' ��u
k�

�
g

E�3k��
�

+4,

zkhuh t lv rxwsxw +ydoxh dgghg,/ � lv d whfkqrorj| sdudphwhu fdswxulqj
wrwdo idfwru surgxfwlylw| +WIS, dqg u dqg g duh oderu dqg fdslwdo lqsxwv/
uhvshfwlyho|1 Wkh whfkqrorj| lv dvvxphg wr eh frqvwdqw uhwxuqv wr vfdoh lq
fdslwdo dqg oderu1 Jlyhq wkh vshfl�fdwlrq ri wkh surgxfwlrq ixqfwlrq/ WIS
+��, fdq eh frpsxwhg dv=

�� '

t�

u
k�

�
g

E�3k��
�

+5,

zkhuh k lv oderu*v vkduh ri ydoxh0dgghg1 Iru �up0ohyho gdwd/ zh kdyh qr uhol0
deoh gdwd rq fdslwdo vwrfnv/ dqg duh wkhuhiruh uhoxfwdqw wr frqvwuxfw phdvxuhv
ri WIS1 Lqvwhdg/ zh phdvxuh surgxfwlylw| lq whupv ri oderu surgxfwlylw| + t�

u�

,1
Iurp +4, lw iroorzv wkdw

t�

u�

' ��

�
g�

u�

�
�3k�

+6,

Zh dvvxph wkdw WIS ghshqgv rq wkh �up*v rzq U)G fdslwdo dqg/ gxh
wr U)G vslooryhuv/ dovr rq U)G fdslwdo vwhpplqj iurp rwkhu �upv1 Pruh
vshfl�fdoo|/ zh dvvxph wkh iroorzlqj uhodwlrqvkls wr krog iru d �up � wkdw
ehorqjv wr lqgxvwu| &=

*?�� ' q
f�
n q

��
*?7� n q

2�
*?7(

&
n q

��
*?78

&
n q

e�
*?�8(U�

nq
D�
*? U8(U� +7,
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zkhuh 7� lv wkh �up*v rzq U)G fdslwdo vwrfn/ 7(

&
lv wkh wrwdo grphvwlf U)G

vwrfn lq vhfwru & dqg 78
&
lv wkh vwrfn ri iruhljq U)G lq vhfwru & dydlodeoh wr �

wkurxjk rwkhu fkdqqhov wkdq IGL1 Srvvleoh fkdqqhov iru U)G vslooryhuv fds0
wxuhg e| 78

&
duh lqwhuqdwlrqdo wudgh/ pljudwlrq/ lqgxvwuldo hvslrqdjh/ vflhqwl�f

zulwlqj hwf1 �8(U� dqg U8(U� phdvxuh U)G vslooryhuv wkurxjk rxwzdug
dqg lqzdug IGL1

Lq rughu wr prgho U)G vslooryhuv wkurxjk IGL zh kdyh wr gh�qh wkh sr0
whqwldo iru U)G vslooryhuv dqg prgho wkh phfkdqlvp ri wudqvplvvlrq1 Zh iro0
orz wkh suhylrxv olwhudwxuh lq gh�qlqj wkh srwhqwldo vrxufh ri U)G vslooryhuv
iurp d fhuwdlq frxqwu| dv wkh U)G vwrfn ri wkdw frxqwu|144 Krzhyhu/ zh

dvvxph wkdw wkh whfkqrorjlfdo nqrzohgjh zklfk lv srwhqwldoo| uhohydqw iru d

�up/ lv wkh rqh zklfk ehorqjv wr �upv wkdw duh *vlplodu* wr wkh �up dw kdqg1

Pruh vshfl�fdoo|/ lq rxu �up0ohyho dqdo|vlv/ zh gh�qh wkh srwhqwldo iru iru0

hljq U)G vslooryhuv dv wkh iruhljq frxqwu|*v U)G vwrfn lq wkh lqgxvwu| +&,

lq zklfk wkh PQH lv dfwlyh1 Khqfh/ zh uhvwulfw rxu dqdo|vlv wr lqwud0lqgxvwu|

vslooryhuv1 Wkh idfw wkdw zh xvh d idluo| kljk ohyho ri djjuhjdwlrq uhjdug0

lqj lqgxvwu| fodvvl�fdwlrq lqfuhdvhv wkh srwhqwldo iru lqwud0lqgxvwu| vslooryhuv

uhodwlyh wr lqwhu0lqgxvwu| vslooryhuv1 Pruhryhu/ ehfdxvh zh xvh �{hg h�hfw

hvwlpdwruv dqg wlph gxpplhv zh zloo frqwuro iru lqwhu0lqgxvwu| vslooryhuv dv

orqj dv wkh| duh vwdeoh dfurvv �upv dqg lqgxvwulhv ryhu wlph1

Lq rughu wr prgho wkh wudqvplvvlrq phfkdqlvp wkurxjk IGL/ zh zrxog

kdyh olnhg wr wdnh d qxpehu ri idfwruv lqwr dffrxqw/ vxfk dv wkh prgh ri

hqwu| dqg orfdo pdunhw frqglwlrqv1 Krzhyhu/ wkh odfn ri gdwd/ dv zhoo dv

wudfwdelolw|/ irufhv xv wr xvh d fuxghu dssurdfk1

Vwduwlqj zlwk rxwzdug IGL/ wkh �uvw txhvwlrq lv krz wr phdvxuh wkh �up*v

delolw| wr devrue iruhljq whfkqrorj|1 Zh gh�qh wkh wudqvplvvlrq srwhqwldo dv

wkh PQH*v vkduh ri wrwdo krvw frxqwu| dfwlylw| lq wkh lqgxvwu| wr zklfk

wkh PQH ehorqjv1 Wklv phdqv wkdw rxu phdvxuh ri U)G vslooryhuv iurp d

sduwlfxodu krvw frxqwu| lv wkh PQH*v vkduh ri dfwlylw| lq lqgxvwu| & pxowlsolhg

e| wkh krvw frxqwu|*v U)G vwrfn lq wkh vdph lqgxvwu|1 D vlplodu zhljkwlqj

vfkhph lv hpsor|hg e| Olfkwhqehuj dqg ydq Srwwhovehujkh gh od Srwwhulh

+4<<9,1

Pruh vshfl�fdoo|/ rxu sulpdu| phdvxuh ri U)G vslooryhuv wkurxjk rxw0

44Vhh h1j1 Frh ) Khospdq +4<<8, dqg Juloolfkhv +4<:</ 4<<7,1 Qrwh/ krzhyhu/ wkdw
lghdoo| zh zrxog kdyh olnhg wr phdvxuh wkh rxwsxw ri wkh U)G surfhvv +qhz whfkqrorjlhv,
udwkhu wkdq lqsxwv1 Vhh Juloolfkhv +4<:<, rq wkh uhodwlrqvkls ehwzhhhq lqsxw dqg rxwsxw
lq U)G dfwlylw|1

;



zdug IGL +�8(U, lv gh�qhg lq wkh iroorzlqj zd|=

�8(U� �

[

�

u��&

u&�

7&� +8,

zkhuh u��& lv d phdvxuh ri wkh dfwlylw| ohyho ri PQH � wkdw lv dfwlyh lq vhfwru
& lq frxqwu| �/ u&� lv d phdvxuh ri wkh dfwlylw| ohyho lq lqgxvwu| & lq frxqwu|
�/ dqg 7&� lv wkh U)G vwrfn lq lqgxvwu| & lq frxqwu| �145

Lq wkh hpslulfdo dqdo|vlv zh xvh hpsor|phqw dv rxu sulpdu| phdvxuh ri

dfwlylw| ohyhov1 Krzhyhu/ lq dq dwwhpsw wr wlh wkh dqdo|vlv forvhu wr wkh olwhud0

wxuh rq whfkqrorj| vrxuflqj/ zh dovr xvh U)G dfwlylwlhv lq iruhljq d!oldwhv lq

rughu wr gh�qh wkh wudqvplvvlrq srwhqwldo1 Lq wkh odwwhu fdvh/ U)G vslooryhuv

wkurxjk rxwzdug IGL duh gh�qhg dv wkh PQH*v vkduh ri wkh krvw frxqwu|*v

wrwdo U)G dfwlylwlhv lq lqgxvwu| & pxowlsolhg e| wkh krvw frxqwu|*v U)G

vwrfn lq & +vhh Dsshqgl{ D,1

Iru lqzdug IGL/ zh xvh lqgxvwu|0ohyho gdwd1 Zh gh�qh wkh wudqvplvvlrq

phfkdqlvp lq d vlplodu zd| dv iru U)G vslooryhuv wkurxjk rxwzdug IGL1

Wkxv/ wkh srwhqwldo iru U)G vslooryhuv wkurxjk lqzdug IGL lv phdvxuhg dv

wkh udwlr ehwzhhq Vzhglvk hpsor|phqw lq d!oldwhv ri PQHv ruljlqdwlqj lq

frxqwu| � dqg wrwdo hpsor|phqw lq lqgxvwu| & lq frxqwu| �/ pxowlsolhg e|

wkh krph frxqwu|*v U)G vwrfn lq lqgxvwu| &1 Pruh vshfl�fdoo|/ zh xvh wkh

iroorzlqj gh�qlwlrq=46

U8(U� �

[

�

u&7�

u&�

7&� +9,

zkhuh u&7� lv wkh qxpehu ri hpsor|hhv lq Vzhghq lq lqgxvwu| & wkdw zrun lq
d!oldwhv ri PQHv iurp frxqwu| �1

Wr fkhfn wkh urexvwqhvv ri rxu uhvxowv/ zh kdyh dovr gh�qhg d qxp0
ehu ri yduldeohv fdswxulqj IGL0uhodwhg U)G vslooryhuv xvlqj rwkhu zhljkwlqj
vfkhphv1 D frpsohwh olvw ri zhljkwlqj vfkhphv lv irxqg lq Dsshqgl{ D1 Dv
wkh uhvxowv ri wkh hpslulfdo dqdo|vlv wxuq rxw wr eh txdolwdwlyho| xqd�hfwhg
e| wkh fkrlfh ri zhljkwlqj vfkhph/ zh vkdoo rqo| suhvhqw uhvxowv edvhg rq +8,
dqg +9,1

45Lq wkh dqdo|vlv edvhg rq lqgxvwu|0ohyho gdwd/ wkh fruuhvsrqglqj yduldeoh lv gh�qhg dv=

RIGLn �
S

m

S
l Olmn

Onm
Vnm

46Wkh zhljkwlqj vfkhph xvhg lv djdlq dqdorjxrxv wr wkdw xvhg e| Olfkwhqehuj dqg ydq

Srwwhovehujkh gh od Srwwhulh +4<<9,1

<



Dv iru wkh yduldeoh 78

&
/ l1h1 wkh yduldeoh fdswxulqj U)G vslooryhuv wudqv0

plwwhg wkurxjk rwkhu fkdqqhov wkdq IGL/ wklv lv vlpso| phdvxuhg dv wkh vxp

ri iruhljq U)G vwrfnv lq lqgxvwu| &=

7
8

&
�

[

�

7&� +:,

7 Hpslulfdo Uhvxowv iru Vzhglvk Pdqxidfwxu0

lqj

Wkh hpslulfdo dqdo|vlv lv frqgxfwhg rq wzr gdwd vhwv= rqh frqvlvwlqj ri d
sdqho ri Vzhglvk pxowlqdwlrqdo �upv dqg rqh frqvlvwlqj ri lqgxvwu|0glvwulexwhg
gdwd iru Vzhghq1 Wkh �up0vshfl�f gdwd duh wdnhq iurp wkh Uhvhdufk Lqvwlwxwh
ri Lqgxvwuldo Hfrqrplfv +LXL, gdwdedvh rq Vzhglvk PQHv147 Wkhvh gdwd duh

froohfwhg hyhu| irxu |hduv vlqfh 4<:3/ zlwk wkh h{fhswlrq ri 4<;5/ dqg zh xvh

revhuydwlrqv iru 4<:;/ 4<;9/ 4<<3 dqg 4<<71 Gdwd rq ydoxh dgghg/ hpsor|0

phqw lq wkh Vzhglvk sduwv ri wkh PQHv dv zhoo dv lq d!oldwhv lq iruhljq frxq0

wulhv +rxwzdug IGL,/ errn ydoxh ri fdslwdo vwrfnv dqg U)G vshqglqj zlwklq

wkh �up duh iurp wklv gdwdedvh/ zkloh hpsor|phqw gdwd iru hdfk lqgxvwu| lq

hdfk frxqwu| duh iurp VWDQ +RHFG,1 Gdwd rq grphvwlf +Vzhglvk, lqgxvwu|0

ohyho U)G dqg iruhljq lqgxvwu|0ohyho U)G duh iurp wkh RHFG gdwdedvh

DQEHUG1 Gdwd rq iruhljq pxowlqdwlrqdo dfwlylw| lq Vzhghq +lqzdug IGL,

duh iurp Vwdwlvwlfv Vzhghq1 Doo yduldeohv kdyh ehhq frqyhuwhg lqwr 4<<3 XVG

e| xvlqj wkh Vzhglvk JGS gh dwru dqg wkh SSS h{fkdqjh udwhv iurp VWDQ

+RHFG,1 Dv iru wkh lqgxvwu|0ohyho dqdo|vlv/ wkh gdwd vrxufhv duh wkh vdph dv

lq wkh �up0ohyho dqdo|vlv/ h{fhsw iru gdwd rq hpsor|phqw dqg ydoxh dgghg

zklfk duh iurp VWDQ +RHFG, dqg fdslwdo vwrfnv iurp Vwdwlvwlfv Vzhghq148

714 Ilup0Ohyho Dqdo|vlv

Lq wkh hfrqrphwulf dqdo|vlv ri wkh �up0ohyho gdwd/ �upv duh rqo| lqfoxghg li

zh kdyh dw ohdvw wzr revhuydwlrqv gxulqj wkh shulrg 4<:; wr 4<<71 Dowrjhwkhu/

47Vhh Eudxqhukmhop ) Hnkrop +4<<;, iru d ghvfulswlrq ri wkh gdwdvhw1
48Lq wkh lqgxvwu|0ohyho dqdo|vlv/ rxu wlph vhulhv iru surgxfwlylw| ohyhov vwduw 4<;31 Zh

kdyh xvhg gdwd rq iruhljq rshudwlrqv e| Vzhglvk pxowlqdwlrqdov lq 4<:; wr frqvwuxfw rxu
phdvxuh ri U)G vslooryhuv wkurxjk rxwzdug IGL iru 4<;31

43



wklv ohdyhv xv zlwk dq xqedodqfhg vdpsoh ri ;7 �upv dqg 54: revhuydwlrqv149

Zh xvh wkh +orj ri, oderu surgxfwlylw|/ frpsxwhg dv ydoxh dgghg shu hpsor|hh

dw �up ohyho/ dv wkh ghshqghqw yduldeoh1 Krzhyhu/ wr h{dplqh zkhwkhu U)G

vslooryhuv ehqh�w wkh krph frxqwu| ri wkh PQHv/ zh kdyh dovr xvhg oderu

surgxfwlylw| ri wkh Vzhglvk sduw ri wkh �upv dv uhjuhvvdqg1

Lq rxu edvh vshfl�fdwlrq wkh +orj ri, oderu surgxfwlylw| lq �up l wdnhv

wkh irup=
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zkhuh -
�
lv wrwdo U)G vshqglqj ri �up � +dv d sur{| iru wkh �up*v U)G

vwrfn,/ 7
(

&
lv wkh Vzhglvk U)G vwrfn lq wkh lqgxvwu| lq zklfk �up � lv dfwlyh/

7
8

&
lv wkh xqzhljkwhg iruhljq U)G vwrfn/ �8(U� lv wkh phdvxuh ri U)G

vslooryhuv wkurxjk rxwzdug IGL dqg U8(U& wkh phdvxuh ri U)G vslooryhuv

wkurxjk lqzdug IGL1 Ilqdoo|/ +
g�

u�

� lv wkh fdslwdo lqwhqvlw| ri �up � zkloh

(+ uhsuhvhqwv d wlph gxpp| iru hdfk |hdu lqfoxghg lq wkh dqdo|vlv/ h{fhsw

4<<714:

Lq Wdeoh 4/ zh suhvhqw vrph suholplqdu| vwdwlvwlfv iru wkh irxu |hduv ri

revhuydwlrq1 Zh vhh wkdw oderu surgxfwlylw| dqg wkh fdslwdo0oderu udwlr kdyh

lqfuhdvhg ryhu wkh shulrg ri revhuydwlrq/ zlwk plog ghfuhdvhv ehwzhhq 4<;9

dqg 4<<3 dqg vkdus lqfuhdvhv wdnlqj sodfh ehwzhhq 4<<3 dqg 4<<71 Dyhudjh

uhdo U)G vshqglqj lq Vzhglvk PQHv pruh wkdq grxeohg gxulqj wkh shulrg1

8(UU� ghqrwhv ghjuhh ri shqhwudwlrq ri lqzdug IGL lq Vzhghq/ phdvxuhg

dv wkh vkduh ri Vzhglvk pdqxidfwxulqj hpsor|phqw wkdw fdq eh dwwulexwhg wr

iruhljq0rzqhg �upv1 Vlploduo|/ 8(U�LA lv ghjuhh ri shqhwudwlrq ri rxwzdug

IGL/ phdvxuhg dv wkh iruhljq vkduh ri wkh Vzhglvk PQHv* wrwdo hpsor|phqw1

Wdeoh 4 vkrzv wkdw wkh xqzhljkwhg dyhudjh ri 8(UU� kdv ulvhq iurp 9 wr 45

shufhqw/ zkloh wkh xqzhljkwhg dyhudjh ri 8(U�LA kdv lqfuhdvhg iurp 54 wr

5< shufhqw ehwzhhq 4<:; dqg 4<<71

~Wdeoh 4 derxw khuh�
Wdeoh 5 vkrzv wkh fruuhodwlrq ehwzhhq wkh gl�huhqw yduldeohv lqfoxghg lq

wkh hfrqrphwulf dqdo|vlv1 Wkh +orj ri, oderu surgxfwlylw| lv idluo| kljko|

49Wkhvh �upv fryhu vrphzkdw ohvv wkdq kdoi wkh wrwdo vdpsoh ri Vzhglvk pxowlqdwlrqdov1
4:Iru d ghwdlohg dffrxqw ri wkh frqvwuxfwlrq ri wkh yduldeohv lq +;,/ vhh dsshqgl{ D1

44



fruuhodwhg zlwk wkh �upv* rzq U)G vshqglqj/ U)G vshqglqj zlwklq wkh

lqgxvwu| lq Vzhghq dqg wkh fdslwdo0oderu udwlr/ zkloh wkh fruuhodwlrq zlwk doo

wkh rwkhu lqghshqghqw yduldeohv lv orz1

~Wdeoh 5 derxw khuh�
Wr ehjlq zlwk/ zh hvwlpdwh htxdwlrq +;, zlwk ROV/ d �{hg0h�hfwv +IH,

prgho dqg d udqgrp0h�hfwv +UH, prgho1 Wkh uhvxowv duh suhvhqwhg lq wkh

�uvw wkuhh froxpqv ri Wdeoh 61 Doo wkuhh phwkrgv |lhog vlplodu uhvxowv1 Uh0

jdugohvv ri hvwlpdwlrq whfkqltxh/ wkh fdslwdo0lqwhqvlw| dqg �up*v rzq U)G

vshqglqj kdyh srvlwlyh dqg vljql�fdqw h�hfwv rq oderu surgxfwlylw| dqg wkh

hvwlpdwhg frh!flhqwv duh yhu| vlplodu14; Krzhyhu/ wkhuh lv qr hylghqfh ri

U)G vslooryhuv wudqvplwwhg wkurxjk lqzdug ru rxwzdug IGL � uhjdugohvv ri

zkhwkhu zh dqdo|}h wrwdo yduldwlrq dfurvv �upv dqg ryhu wlph +ROV,/ ru

zkhwkhu zh irfxv rq wkh yduldwlrq zkhq wlph0lqyduldqw �up0vshfl�f h�hfwv

kdyh ehhq uhpryhg +IH,1

~Wdeoh 6 derxw khuh�
Iurp Wdeoh 5 zh vhh wkdw �8(U/ U8(U dqg 78 duh kljko| fruuhodwhg

zlwk hdfk rwkhu1 Wklv ohdgv xv wr eholhyh wkdw zh pd| kdyh d sureohp zlwk

pxowlfroolqhdulw| uhjduglqj wkhvh yduldeohv1 Lq froxpq 7 zh wkhuhiruh suhvhqw

wkh uhvxowv iurp dq IH hvwlpdwlrq zkhuh zh kdyh h{foxghg wkh xqzhljkwhg

iruhljq U)G vwrfn +78 ,1 Krzhyhu/ wklv lv qrw irxqg wr kdyh dq lpsdfw rq

wkh vljql�fdqfh ri wkh uhpdlqlqj yduldeohv1
4<

Wkh vdpsoh ri PQHv frqvwlwxwhv d yhu| sduwlfxodu vxe0vdpsoh ri �upv

zklfk lv qrw qhfhvvdulo| uhsuhvhqwdwlyh iru orfdo Vzhglvk �upv/ dqg srvvleo|

ohvv d�hfwhg e| lqzdug IGL wkdq wkh dyhudjh orfdo �up1 Khqfh/ lq froxpq 8

ri Wdeoh 6 zh uhsruw wkh uhvxowv iurp dq hvwlpdwlrq zkhuh erwk U8(U dqg 78

duh h{foxghg1 Wkh uhvxowv iru wkh rwkhu yduldeohv lqfoxghg lq wkh vshfl�fdwlrq/

vwloo gr qrw fkdqjh1

Dv dujxhg hduolhu/ U)G vshqglqj lq iruhljq d!oldwhv pd| eh d ehwwhu

lqglfdwru ri wkh PQH*v fdsdflw| wr devrue iruhljq U)G uhvxowv wkdq hp0

sor|phqw1 Frqvhtxhqwo|/ lq froxpq 9 ri Wdeoh 6 zh xvh wkh U)G0zhljkwhg

iruhljq U)G vwrfnv lqvwhdg ri wkh hpsor|phqw0zhljkwhg rqhv1 Frpsduhg

wr wkh hpsor|phqw gdwd wkhuh duh ihzhu revhuydwlrqv rq U)G frqgxfwhg lq

iruhljq d!oldwhv/ zklfk ohdyhv xv zlwk d sdqho ri rqo| 99 �upv1 Zh pd|

4;Wlph gxpplhv duh qrw uhsruwhg1
4<Lq wkh iroorzlqj zh rqo| xvh wkh IH prgho/ dv wkh k|srwkhvlv ri qr �{hg0h�hfwv lv

uhmhfwhg dqg lw vhhpv olnho| wkdw +xqrevhuyhg, ghwhuplqdqwv ri surgxfwlylw| gl�huhqfhv duh

ehwwhu fdswxuhg e| dq IH prgho wkdq dq UH prgho1 Wkh whvw vwdwlvwlf iru K3= Qr �{hg

h�hfwv lv I+6:/:7, @ 51<5-1
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dovr hqfrxqwhu vhohfwlrq0eldv sureohpv zkhq xvlqj U)G vshqglqj lqvwhdg ri

hpsor|phqw/ dv U)G gdwd duh pdlqo| plvvlqj iru wkh vpdoohu �upv lq wkh

vdpsoh153 Vwloo/ zlwk wkhvh fdyhdwv lq plqg/ zh frqfoxgh wkdw wkh uhvxowv

jlyh qr vxssruw iru wkh k|srwkhvlv wkdw U)G lq iruhljq d!oldwhv lqfuhdvh wkh

�upv* delolw| wr devrue iruhljq U)G uhvxowv154

Dv dujxhg lq vhfwlrq 5/ surgxfwlylw| lq wkh krph sduwv ri wkh PQH lv

wkh uhohydqw yduldeoh iru grphvwlf zhoiduh frqvlghudwlrqv1 Pruhryhu/ zkhq

hvwlpdwlqj wkh lpsdfw ri U)G vslooryhuv wudqvplwwhg wkurxjk lqzdug IGL

dw wkh �up ohyho/ lw lv suredeo| pruh uhohydqw wr frq�qh wkh dqdo|vlv wr wkh

surgxfwlylw| ri wkh Vzhglvk sduwv ri wkh �upv +ehdulqj lq plqg wkdw rxu

vdpsoh odfnv uhsuhvhqwdwlyhqhvv,1 Wkhuhiruh/ zh dovr suhvhqw wkh uhvxowv iurp

dq hvwlpdwlrq ri htxdwlrq +;, zkhuh wkh ghshqghqw yduldeoh lv wdnhq wr eh wkh

oderu surgxfwlylw| lq wkh Vzhglvk sduwv ri wkh �upv1 Vlqfh sk|vlfdo fdslwdo

lv d ulydo +orfdwlrq0vshfl�f, lqsxw zkhuhdv U)G lv d qrq0ulydo +�up0vshfl�f,

lqsxw/ zh xvh wkh fdslwdo lqwhqvlw| ri wkh Vzhglvk sduw ri wkh PQH/ zkloh

uhwdlqlqj wrwdo �up0ohyho U)G vshqglqj/ lq wklv hvwlpdwlrq1 Wkh uhvxowv iurp

wklv hvwlpdwlrq duh suhvhqwhg lq froxpq : ri Wdeoh 61 Dv fdq eh vhhq/ wkhuh

duh qr vljql�fdqw h�hfwv iurp U)G vslooryhuv wudqvplwwhg wkurxjk hlwkhu

rxwzdug ru lqzdug IGL1 Qru gr zh �qg dq| vljql�fdqw h�hfwv iurp wkh �upv*

rzq U)G vshqglqj lq wklv hvwlpdwlrq1 Wklv vxjjhvwv wkdw wkh �upv* U)G

lqyhvwphqwv/ zklfk duh pdlqo| xqghuwdnhq lq Vzhghq/ pd| gr pruh wr udlvh

surgxfwlylw| lq iruhljq d!oldwhv wkdq lq wkh sduhqw �upv lq Vzhghq1 Krzhyhu/

wklv uhvxow frxog dovr eh gxh wr wkh idfw wkdw prvw ri wkh frvwv ri frqgxfwlqj

U)G duh doorfdwhg wr wkh Vzhglvk sduwv ri wkh PQHv zkloh wkh ehqh�wv +lq

whupv ri kljkhu surgxfwlylw|, duh vkduhg dfurvv doo xqlwv1

Zh frqfoxgh wkdw qhlwkhu lqzdug qru rxwzdug IGL vhhpv wr eh hvvhqwldo

iru wkh wudqvplvvlrq ri U)G vslooryhuv d�hfwlqj oderu surgxfwlylw| lq Vzhglvk

PQHv1 Wkh rqo| yduldeohv wkdw frqvlvwhqwo| vhhp wr d�hfw oderu surgxfwlylw|

duh wkh �upv* rzq U)G vshqglqj dqg wkhlu fdslwdo0oderu udwlrv155

53D ixuwkhu sureohp lv wkdw iru d odujh qxpehu ri revhuydwlrqv/ uhsruwhg U)G vshqglqj

lq iruhljq orfdwlrqv lv }hur/ zklfk phdqv wkdw zh fdqqrw wdnh wkh orjv ri wkhvh revhuydwlrqv1

Zh wkhuhiruh vhw U)G vshqglqjv lq wkhvh fdvhv wr rqh1
54Lw vkrxog eh qrwhg wkdw/ txdolwdwlyho|/ wkh uhsruwhg uhvxowv dovr krog iru wkh lqfoxvlrq

ri wkh yduldeohv LIGL dqg V
I

dqg dq UH vshfl�fdwlrq ri wkh prgho1

55Zh dovr glylghg wkh vdpsoh lqwr kljk dqg orz0whfk lqgxvwulhv � dffruglqj wr U)G

lqwhqvlw| � wr vhh zkhwkhu wkh h�hfwv gl�huhg ehwzhhq wkh wzr vdpsohv1 Dv zh irxqg qr

vljql�fdqw h�hfwv iru RIGL dqg LIGL lq dq| ri wkh vdpsohv/ wkhvh uhjuhvvlrqv duh qrw

suhvhqwhg1
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Ilqdoo|/ lw pd| eh lqvwuxfwlyh wr vhh zkhwkhu lqzdug dqg rxwzdug IGL

shu vh d�hfw oderu surgxfwlylw| lq wkh Vzhglvk PQHv1 Lq wkh odvw froxpq

ri Wdeoh 6/ zh suhvhqw uhvxowv iurp hvwlpdwlrqv zkhuh zh kdyh uhsodfhg wkh

IGL0zhljkwhg U)G vwrfnv zlwk wkh wzr phdvxuhv ri wkh ghjuhh ri IGL shq0

hwudwlrq/ 8(UU� dqg 8(U�LA / phdvxuhg dw wkh lqgxvwu| dqg �up ohyho/

uhvshfwlyho|1 Wkh uhvxowv lqglfdwh wkdw qrqh ri wkh shqhwudwlrq yduldeohv d�hfw

oderu surgxfwlylw|1 Wkxv/ wkh h{whqw wr zklfk dq lqgxvwu| lv fkdudfwhul}hg

e| lqzdug IGL dfwlylw| grhv qrw dsshdu wr eh uhodwhg wr wkh surgxfwlylw|

lq Vzhglvk PQHv1 Qru grhv wkh PQHv* ghjuhh ri rxwzdug IGL vhhp wr eh

fruuhodwhg zlwk oderu surgxfwlylw| zlwklq wkh �up1

715 Lqgxvwu|0Ohyho Dqdo|vlv

Qh{w zh wxuq wr wkh dqdo|vlv ri vslooryhuv dw wkh lqgxvwu| ohyho1 Jlyhq wkdw

zh glg qrw �qg dq| vwurqj hylghqfh ri U)G vslooryhuv wudqvplwwhg wkurxjk

rxwzdug IGL dw wkh �up ohyho/ lw vhhpv xqolnho| wkdw zh vkrxog �qg hylghqfh

ri vxfk vslooryhuv dw wkh lqgxvwu| ohyho1 Krzhyhu/ srwhqwldo h�hfwv rq surgxf0

wlylw| vwhpplqj iurp lqzdug IGL duh pruh olnho| wr eh slfnhg xs zkhq zh

irfxv rq surgxfwlylw| lq djjuhjdwhv/ lqfoxglqj erwk wkh iruhljq0rzqhg �upv

wkhpvhoyhv dv zhoo dv sxuh grphvwlf �upv1

Iru wkh lqgxvwu| ohyho/ wkh iroorzlqj edvh htxdwlrq lv hvwlpdwhg=

*? A8�&| ' kf n k� *?7
(

&|
n k2 *?7

8

&|
n k� *? U8(U&| +<,

nke *?�8(U&| n

[

+'�bHfc�bHSc
�bbf

B+(+

zkhuh A8�&| lv dq lqgh{ phdvxulqj wrwdo idfwru surgxfwlylw| lq lqgxvwu| &

dqg (+ djdlq lv d wlph gxpp| frqwuroolqj iru �{hg wlph h�hfwv1

Wdeoh 7 vkrzv vxppdu| vwdwlvwlfv iru wkh yduldeohv lqfoxghg lq wkh lqgxvwu|0

ohyho dqdo|vlv1 Dv fdq eh vhhq/ wkh WIS lqgh{ lqfuhdvhv e| 9; shufhqw lq wkh

shulrg 4<;304<<71 D sduwlfxoduo| vkdus lqfuhdvh lq WIS lv irxqg ehwzhhq

4<<3 dqg 4<<71 Wklv lv suredeo| gxh wr wkh lqfuhdvh lq surgxfwlylw| wkdw

rffxuuhg diwhu Vzhghq zhqw lqwr d ghhs uhfhvvlrq lq wkh hduo| 4<<3*v1 Gxulqj

wkh �uvw |hduv ri wkh 4<<3*v/ wkhuh zdv d yhu| vkdus ghfolqh lq lqgxvwuldo df0

wlylw|/ dqg wkh forvxuh ri pdq| sodqwv lqfuhdvhg wkh dyhudjh surgxfwlylw| lq

Vzhglvk pdqxidfwxulqj1 Wkh dyhudjh grphvwlf U)G vwrfn kdv dovr lqfuhdvhg
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vxevwdqwldoo| gxulqj wkh wlph shulrg vwxglhg1 Lw pruh wkdq grxeohg ehwzhhq

4<;3 dqg 4<<71

~Wdeoh 7 derxw khuh�
Wdeoh 8 vkrzv wkh vlpsoh fruuhodwlrq pdwul{ iru wkh lqgh{ ri WIS dqg wkh

gl�huhqw lqghshqghqw yduldeohv1 WIS lv zhdno| fruuhodwhg zlwk doo srwhqwldo

uhjuhvvruv h{fhsw lqzdug IGL0shqhwudwlrq1 Wkh ghjuhh ri fruuhodwlrq ehwzhhq

wkh U)G yduldeohv lv qrz hyhq kljkhu wkdq lq wkh �up ohyho dqdo|vlv1

~Wdeoh 8 derxw khuh�
Wkh idfw wkdw wkh irxu U)G yduldeohv duh kljko| fruuhodwhg zlwk hdfk

rwkhu lqglfdwhv wkdw zh pd| kdyh d vhulrxv pxowlfroolqhdulw| sureohp1 Uh0

jdugohvv ri zkhwkhu zh zhljk wkh U)G vwrfnv e| lqzdug ru rxwzdug IGL/

ru zkhwkhu zh zhljk wkhp dw doo/ grphvwlf dqg iruhljq U)G vwrfnv vhhp wr

iroorz wkh vdph wuhqgv1 Wkxv/ fkdqjhv lq U)G vwrfnv dqg wkh pdjqlwxgh ri

vxfk fkdqjhv vhhp wr eh lqgxvwu| udwkhu wkdq frxqwu| vshfl�f1 Wr vhsdudwh

wkh h�hfwv ri iruhljq dqg grphvwlf U)G rq surgxfwlylw| iurp hdfk rwkhu/ dv

zhoo dv wr hvwdeolvk wkh lpsruwdqfh ri rxwzdug dqg lqzdug IGL dv fkdqqhov

ri whfkqrorj| gl�xvlrq pd| wkxv eh d gl!fxow wdvn1

Zh uhsruw wkh uhvxowv edvhg rq htxdwlrq +<, lq Wdeoh 91 Wkh �uvw wzr

froxpqv vkrz wkh udqgrp0h�hfw dqg wkh �{hg0h�hfw hvwlpdwruv iru wkh edvh

htxdwlrq156 Djdlq/ zh fdq uhmhfw wkh k|srwkhvlv ri qr �{hg0h�hfwv vr zh vkdoo

sulpdulo| irfxv rq wkh IH vshfl�fdwlrq1 Dv fdq eh vhhq iurp Wdeoh 9/ wkh

frh!flhqwv iru 78 dqg U8(U duh wkh rqo| rqhv wkdw duh vljql�fdqw dqg wkh|

kdyh dq xqh{shfwhg qhjdwlyh vljq1 Ixuwkhupruh/ wkh frh!flhqwv iru wkh wlph

gxpplhv duh doo qhjdwlyh dqg kljko| vljql�fdqw/ zklfk lqglfdwhv d srvlwlyh

wuhqg lq WIS dfurvv lqgxvwulhv1 Wklv srvlwlyh wuhqg pljkw eh h{sodlqhg e|

rwkhu vrxufhv ri lqfuhdvhg whfkqrorjlfdo nqrzohgjh/ vxfk dv lqwhu0lqgxvwu|

U)G vslooryhuv/ jryhuqphqw vshqglqj rq U)G/ ru e| dq lqfuhdvhg vnloo0ohyho

dprqj hpsor|hhv1 Wr fkhfn zkhwkhu wkh lqfoxvlrq ri doo U)G yduldeohv fuh0

dwhv d sureohp zlwk pxowlfroolqhdulw|/ zh kdyh h{foxghg 7
8
iurp wkh vshf0

l�fdwlrq suhvhqwhg lq froxpq 6 dqg 7
(
iurp wkh vshfl�fdwlrq suhvhqwhg lq

froxpq 71 Dv fdq eh vhhq/ wklv grhv qrw d�hfw wkh uhvxowv iru �8(U dqg

U8(U1 Krzhyhu/ wkh h{foxvlrq ri 7
(
pdnhv wkh hvwlpdwhg frh!flhqw ri 7

8

lqvljql�fdqw1 Wkxv/ lq frqwudvw wr h1j1 Juloolfkhv +4<<7,/ rxu uhvxowv jlyh qr

vxssruw iru wkh lghd wkdw wkhuh lv dq h{fhvv uhwxuq wr lqyhvwphqw lq U)G

56Qrwh wkdw dq ROV hvwlpdwlrq grhv qrw pdnh vhqvh zkhq WIS lv xvhg dv wkh ghshqghqw

yduldeoh vlqfh wkh fkrlfh ri xqlwv fdq d�hfw wkh ruglqdo udqnlqj ri lqgxvwulhv zlwk uhvshfw

wr wkh phdvxuh ri WIS1

48



zlwklq lqgxvwulhv1
57

~Wdeoh 9 derxw khuh�
Wr fkhfn zkhwkhu lqzdug ru rxwzdug IGL shu vh lv uhodwhg wr WIS/ zh

kdyh djdlq uxq uhjuhvvlrqv zlwk lqzdug dqg rxwzdug IGL shqhwudwlrq dv lqgh0

shqghqw yduldeohv lqvwhdg ri wkh zhljkwhg U)G vwrfnv1 Dv fdq eh vhhq iurp

froxpq 8 lq Wdeoh 9/ qrqh ri wkh shqhwudwlrq phdvxuhv kdyh dq| vljql�fdqw

lpsdfw rq WIS1 Zh wkhuhiruh frqfoxgh wkdw/ dw wkh lqgxvwu|0ohyho/ zh �qg qr

hylghqfh wkdw WIS lv d�hfwhg e| hlwkhu lqzdug ru rxwzdug IGL1 Lw lv hvsh0

fldoo| lpsruwdqw wr qrwh wkdw zh gr qrw �qg dq| hylghqfh ri U)G vslooryhuv

ehlqj wudqvplwwhg wkurxjk lqzdug IGL dw wkh lqgxvwu| ohyho1 Jlyhq wkdw khuh

zh vkrxog slfn xs dq| h�hfw ri d kljkhu surgxfwlylw| lq wkh iruhljq0rzqhg

�upv wkhpvhoyhv/ wklv lv shukdsv vrphzkdw vxusulvlqj1 Krzhyhu/ doprvw doo

Vzhglvk d!oldwhv ri iruhljq �upv kdyh frph derxw wkurxjk P)Dv> yhu| ihz

duh wkh uhvxowv ri juhhq�hog lqyhvwphqwv1 Khqfh/ wkh odfn ri h�hfw ri U8(U

rq WIS frxog eh d uh hfwlrq ri zhdn whfkqrorj| wudqvihuv dvvrfldwhg zlwk

P)Dv1

Doo lq doo/ rxu uhvxowv gr qrw ohqg dq| vxssruw wr wkh k|srwkhvlv wkdw

IGL lv dq lpsruwdqw fkdqqho iru lqwhuqdwlrqdo whfkqrorj| gl�xvlrq iru wkh

Vzhglvk pdqxidfwxulqj vhfwru1 Wklv lv sduwo| lq olqh zlwk Olfkwhqehuj dqg

ydq Srwwhovehujkh gh od Srwwhulh +4<<9,/ zkr gr qrw �qg dq| vxssruw iru

wkh k|srwkhvlv wkdw U)G vslooryhuv duh wudqvplwwhg dfurvv RHFG frxqwulhv

wkurxjk lqzdug IGL +dowkrxjk wkh| gr �qg vxssruw iru wkh lghd wkdw wkh|

duh wudqvplwwhg wkurxjk rxwzdug IGL,1 Wkh uhvxowv lq Eudfrqlhu dqg Vmùkrop

+4<<<, dqg Edogzlq hw do1 +4<<<, gl�hu iurp wkrvh ri Olfkwhqehuj dqg ydq

Srwwhovehujkh gh od Srwwhulh +4<<9, dv zhoo dv iurp rxuv/ lq wkdw erwk vwxglhv

uhsruw srvlwlyh �qglqjv ri lqwhuqdwlrqdo U)G vslooryhuv wudqvplwwhg wkurxjk

lqzdug IGL1

Rqh txhvwlrq wkdw vkrxog eh udlvhg khuh/ lv zkhwkhu Vzhghq frqvwlwxwhv d

vshfldo fdvh1 Sduwlfxodu ihdwxuhv ri wkh Vzhglvk hfrqrp| pd| pdnh iruhljq

U)G vslooryhuv uhodwlyho| ohvv lpsruwdqw1 Vzhglvk pdqxidfwxulqj lv grp0

lqdwhg e| d ihz yhu| odujh dqg kljko| lqwhuqdwlrqdol}hg frusrudwlrqv wkdw

xqghuwdnh prvw ri wkh sulydwh vhfwru*v U)G lqyhvwphqwv1 Wkhvh U)G lq0

yhvwphqwv duh yhu| kljk iurp dq lqwhuqdwlrqdo shuvshfwlyh dqg uh hfw wkh

idfw wkdw Vzhghq udqnv dprqj wkh wrs frxqwulhv zlwk uhvshfw wr vkduh ri

57Olnh lq wkh �up0ohyho dqdo|vlv/ zh dovr glylghg wkh vdpsoh lqwr kljk dqg orz0whfk

lqgxvwulhv1 Dv zh irxqg qr vljql�fdqw h�hfwv iru RIGL dqg LIGL lq dq| ri wkh vdpsohv/

wkhvh uhjuhvvlrqv duh qrw suhvhqwhg1
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U)G h{shqglwxuhv lq JGS158 Dv d frqvhtxhqfh/ lq wkrvh lqgxvwulhv zkhuh

IGL lv lpsruwdqw/ wkh whfkqrorj| ri wkh Vzhglvk �upv lv prvw suredeo| yhu|

forvh wr wkh whfkqrorjlfdo ohdghu dqg/ khqfh/ wkh vfrsh iru U)G vslooryhuv

vpdoo1 Zh kdyh frqgxfwhg d vlplodu lqgxvwu|0ohyho dqdo|vlv iru wkh rqo| rwkhu

frxqwu| iru zklfk zh kdyh dfwlylw| ohyho gdwd rq lqzdug dqg rxwzdug IGL/

zklfk lv wkh XV/ exw irxqg qr hylghqfh ri IGL0olqnhg U)G vslooryhuv dqg

qru glg zh �qg dq| fruuhodwlrq ehwzhhq rxwzdug dqg lqzdug IGL0shqhwudwlrq

dqg wkh ohyho ri WIS1 Krzhyhu/ wkh XV lv lq pdq| uhvshfwv vlplodu wr Vzhghq

uhjduglqj whfkqrorjlfdo sur�flhqf| dqg U)G vshqglqj1 Wkh uhvxowv iru wkh

XV duh qrw uhsruwhg lq wkh sdshu159 Rwkhu idfwruv wkdw pd| uhgxfh wkh vfrsh

iru U)G vslooryhuv duh wkh grplqdqfh ri P)Dv lq Vzhglvk lqzdug IGL/ dqg

wkh idfw wkdw wkh Vzhglvk hfrqrp| h{klelwv d uhodwlyho| orz ghjuhh ri oderu

prelolw|1

8 Frqfoxglqj uhpdunv

Lq wklv vwxg|/ zh kdyh xvhg �up0ohyho dqg lqgxvwu|0ohyho gdwd iru Vzhghq wr

vwxg| zkhwkhu lqzdug dqg rxwzdug IGL zrun dv fkdqqhov iru lqwhuqdwlrqdo

U)G vslooryhuv1 Zh dujxh wkdw lqgxvwu| gdwd dqg/ hyhq pruh vr/ �up ohyho

gdwd lqfuhdvh wkh suredelolw| ri revhuylqj sdwwhuqv ri dfwxdo vslooryhuv dv

rssrvhg wr vsxulrxv fruuhodwlrqv1 Hvshfldoo| lq wkh fdvh ri rxwzdug IGL/ li

zh duh wr wdnh frxqwu| ohyho uhvxowv vhulrxvo|/ vslooryhuv vkrxog dw ohdvw eh

revhuyhg dw wkh �up ohyho1 Lq wkh fdvh ri lqzdug IGL/ iru zklfk zh rqo| kdyh

lqgxvwu| ohyho gdwd/ rqh frxog dujxh wkdw sxuho| grphvwlf �upv vkrxog eh wkh

pdlq ehqh�fldulhv ri U)G vslooryhuv1 Khqfh/ h�hfwv ri lqzdug IGL vkrxog

sulpdulo| eh h{shfwhg wr dsshdu dw wkh lqgxvwu| ohyho1

D pdmru dgydqwdjh ri wklv vwxg| frpsduhg zlwk suhylrxv vwxglhv ri IGL0

wudqvplwwhg U)G vslooryhuv/ lv wkdw zh xvh dfwlylw| gdwd iru PQHv udwkhu

wkdq IGL vwrfnv wr phdvxuh wkh srwhqwldo iru U)G vslooryhuv1 Xqolnh suhylrxv

vwxglhv zklfk kdyh uholhg rq pdfurhfrqrplf lqyhvwphqw gdwd/ zh duh wkxv

deoh wr phdvxuh gluhfwo| wkh h{whqw ri wkh PQHv* iruhljq lqyroyhphqw1 Lq wkh

dqdo|vlv/ zh kdyh xvhg d!oldwh hpsor|phqw dv zhoo dv d!oldwh U)G vshqglqj

lq rxu phdvxuhv ri IGL0wudqvplwwhg U)G vslooryhuv1

D ixuwkhu dgydqwdjh ri xvlqj �up ru lqgxvwu|0ohyho gdwd/ dv rssrvhg wr

58Lq 4<<8/ wrwdo U)G h{shqglwxuhv dv d vkduh ri JGS zdv 618< shufhqw/ zkloh wkh dyhudjh

iru wkh RHFG frxqwulhv zhuh 5148 shufhqw1
59Wkh uhvxowv iru wkh XV duh dydlodeoh iurp wkh dxwkruv rq uhtxhvw1
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frxqwu|0ohyho gdwd/ lv wkdw fdxvdolw| sureohpv duh plwljdwhg1 Dw wkh frxqwu|0

ohyho/ d srvlwlyh dvvrfldwlrq ehwzhhq surgxfwlylw| jurzwk dqg IGLpd| vlpso|

uh hfw wkdw PQHv lqyhvw pruh khdylo| lq idvw0jurzlqj hfrqrplhv lq rughu wr

vxsso| d jurzlqj pdunhw1 Wkh vwurqj olqn ehwzhhq surgxfwlylw| jurzwk dqg

ghpdqg jurzwk wkdw zh fdq revhuyh dw wkh djjuhjdwh ohyho lv olnho| wr eh

pxfk zhdnhu rq wkh lqgxvwu|0ohyho/ dqg hvshfldoo| dw wkh �up0ohyho1

Wr fkhfn wkh urexvwqhvv ri rxu uhvxowv/ zh kdyh xvhg gl�huhqw vshfl�fd0

wlrqv dqg zhljkwlqj vfkhphv ri lqzdug dqg rxwzdug IGL1 Wkh pdlq frqfox0

vlrqv duh krzhyhu urexvw wr wkh fkrlfh ri vshfl�fdwlrq= Iru Vzhglvk PQHv/ zh

gr qrw �qg dq| hylghqfh ri IGL0wudqvplwwhg U)G vslooryhuv1 Zh �qg wkdw

wkh rqo| yduldeohv wkdw frqvlvwhqwo| d�hfw wkh oderu surgxfwlylw| ri wkhvh

�upv/ duh wkhlu rzq U)G vshqglqj dqg fdslwdo0oderu udwlr1

Wxuqlqj wr wkh lqgxvwu|0ohyho dqdo|vlv/ zh �qg qr hylghqfh ri lqzdug ru

rxwzdug IGL ehlqj lpsruwdqw iru surgxfwlylw| lq Vzhglvk pdqxidfwxulqj lq0

gxvwulhv1 Qhlwkhu lqzdug qru rxwzdug IGL dsshdu wr eh dq lpsruwdqw fkdqqho

iru lqwhuqdwlrqdo U)G vslooryhuv1 Pruhryhu/ qhlwkhu lqzdug qru rxwzdug IGL

shqhwudwlrq lv fruuhodwhg zlwk wrwdo idfwru surgxfwlylw|1 Wkh rqo| vljql�fdqw

h{sodqdwru| yduldeohv iru WIS duh wlph gxpplhv/ vxjjhvwlqj d srvlwlyh wuhqg

lq WIS ryhu wlph1 Wklv wuhqg pd| eh fdxvhg e| lpsuryhphqwv lq ryhudoo

whfkqrorj| ru lqfuhdvhg dyhudjh vnloov ri wkh zrunirufh1

Wkh odfn ri hylghqfh ri IGL wudqvplwwhg lqwhuqdwlrqdo vslooryhuv lv vrph0

zkdw vxusulvlqj/ dqg vxjjhvwv wkdw lqwhuqdwlrqdo whfkqrorjlfdo vslooryhuv duh

ohvv hqmr|hg e| frxqwulhv zlwk kljk U)G h{shqglwxuhv/ l1h1 whfkqrorjlfdo

ohdghuv1 Lw vkrxog ixuwkhu eh hpskdvl}hg/ wkdw wklv vwxg| frqfhqwudwhv rq

vslooryhuv iurp RHFG frxqwulhv/ zklfk doo kdyh yhu| vlplodu ohyhov ri whfk0

qrorj|1 Frqvhtxhqwo|/ lw pd| eh wkdw wkh vfrsh iru whfkqrorj| vslooryhuv lv

yhu| olplwhg iru wkhvh frxqwulhv1
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Frqihuhqfh +Vdq Glhjr,1

^9` Eudfrqlhu/ K dqg I1 Vmùkrop +4<<<,/ �Qdwlrqdo dqg Lqwhuqdwlrqdo

Vslooryhuv iurp U)G= Frpsdulqj d Qhrfodvvlfdo dqg dq Hqgrjhqrxv
Jurzwk Dssurdfk�/ Zhowzluwvfkdiwolfkhv Dufkly 4671

^:` Eudqfk/ E1 +4<:7,/ �Uhvhdufk dqg Ghyhorsphqw Dfwlylw| dqg Sur�wdelo0
lw|= D Glvwulexwhg Odj Dqdo|vlv�/ Mrxuqdo ri Srolwlfdo Hfrqrp| ;5=
<<<043441

^;` Eudxqhukmhop/ S1 dqg N1 Hnkrop +4<<;,/ Wkh Jhrjudsk| ri Pxowlqd0

wlrqdo Ilupv/ Ervwrq= Noxzhu Dfdghplf Sxeolvkhuv1
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Dsshqgl{

D IGL Zhljkwv

Lq wkh dqdo|vlv/ zh kdyh xvhg gl�huhqw zhljkwlqj vfkhphv iru wkh IGL0wudqvplwwhg

vslooryhu yduldeohv1 Iru rxwzdug IGL/ xvlqj hpsor|phqw gdwd iru iruhljq di0

�oldwhv/ wkh iroorzlqj wkuhh gl�huhqw yduldeohv kdyh ehhq xvhg=

�8(U��&| '
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7&�| +45,

zkhuh u lv hpsor|phqw dqg 7 lv wkh U)G vwrfn1 Wkh vxevfulsw � ghqrwhv
iruhljq d!oldwh/ � ghqrwhv �up +PQH,/ & ghqrwhv vhfwru dqg � ghqrwhv krvw
frxqwu| ri d!oldwhv1 Wkh vxevfulsw 7 ghqrwhv Vzhghq +h1j1 u�7 lv wkh hp0
sor|phqw lq wkh Vzhglvk sduw ri �up �,1 Fruuhvsrqglqj phdvxuhv kdyh ehhq
frqvwuxfwhg iru wkh lqgxvwu| vdpsoh/ zkhuh wkh PQHv kdyh ehhq glvwulexwhg
ryhu lqgxvwulhv edvhg rq wkh pdlq dfwlylw| ri wkh PQH1

Iru lqzdug IGL/ wkh iroorzlqj yduldeohv kdyh ehhq xvhg=

U8(U�&| '
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zkhuh u&7� ghqrwhv wkh hpsor|phqw lq Vzhghq lq vhfwru & wkdw fdq eh dw0
wulexwhg wr �upv ruljlqdwlqj lq frxqwu| �1

Wkh dowhuqdwlyh phdvxuhv iru rxwzdug IGL edvhg rq U)G gdwd kdyh ehhq
frqvwuxfwhg dv iroorzv=
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zkhuh - lv U)G h{shqglwxuhv dqg wkh lqgh{dwlrq lv dv ehiruh +l1h1/ -���&

lv U)G h{shqglwxuhv lq d!oldwh � wkdw ehorqjv wr �up � dqg lv orfdwhg lq
frxqwu| � zkloh -�& lv U)G h{shqglwxuhv lq lqgxvwu| & lq frxqwu| �,1

E Gdwd

Erwk rxu gdwd vhwv iru Vzhghq uhodwh wr wkh pdqxidfwxulqj vhfwru rqo| dqg

xvh wkh vdph glylvlrq ri lqgxvwulhv lqwr wkh iroorzlqj 49 vhfwruv= Irrg/ Ehy0

hudjhv ) Wredffr> Wh{wlohv/ Dssduho ) Ohdwkhu> Zrrg Surgxfwv ) Ixuql0

wxuh> Sdshu/ Sdshu Surgxfwv ) Sulqwlqj> Fkhplfdov> Shwurohxp Uh�qhulhv

) Surgxfwv> Uxeehu ) Sodvwlf Surgxfwv> Qrq0Phwdoolf Plqhudo Surgxfwv>

Lurq ) Vwhho> Qrq0Ihuurxv Phwdov> Phwdo Surgxfwv> Qrq0Hohfwulfdo Pdfklq0

hu|> Hohfwulfdo Pdfklqhu|> Wudqvsruw Htxlsphqw> Surihvvlrqdo Jrrgv> Rwkhu

Pdqxidfwxulqj1 Lq wkh hfrqrphwulf dqdo|vlv/ wkh lqgxvwulhv Shwurohxp Uh0

�qhulhv ) Surgxfwv dqg Rwkhu Pdqxidfwxulqj kdyh ehhq h{foxghg ehfdxvh ri

wkh gl!fxowlhv uhodwhg wr frqvwuxfwlrq ri dssursuldwh U)G vwrfnv iru wkhvh

lqgxvwulhv1
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E14 Surgxfwlylw| Jurzwk

WIS vhulhv kdyh ehhq frpsxwhg iurp gdwd iurp d qxpehu ri vrxufhv1 Ydoxh

dgghg/ hpsor|phqw dqg wrwdo oderu frvwv kdyh ehhq froohfwhg iurp VWDQ

+RHFG/ 4<<<, dqg kdyh ehhq h{suhvvhg lq 4<<3 sulfhv1 Wkh vkduhv ri od0

eru frvwv kdyh dovr ehhq frpsxwhg iurp VWDQ1 Fdslwdo vwrfnv/ rq wkh rwkhu

kdqg/ kdyh ehhq vxssolhg e| Vwdwlvwlfv Vzhghq iru wkh shulrg 4<;3 wr 4<<7

+dqg wkh| duh h{suhvvhg lq 4<<3 sulfhv,1 Wkh frvw vkduhv ri oderu dqg fds0

lwdo duh frqvwuxfwhg e| wdnlqj wkh dyhudjh iru wkh shulrg 4<;3 wr 4<<9 iru

hdfk lqgxvwu|1 Wkh uhdvrq iru wdnlqj dyhudjhv/ lv wkdw wkhuh lv d vljql�fdqw

yduldelolw| lq idfwru vkduhv ryhu wkh exvlqhvv f|foh gxh wr oderu krduglqj hwf1

Lq wkh �up0ohyho uhjuhvvlrqv/ zkhuh zh xvh ydoxh dgghg shu hpsor|hh dv

surgxfwlylw| phdvxuh zh frqwuro iru wkh fdslwdo0lqwhqvlw| ri wkh �up1 Wkh

fdslwdo0oderu udwlr ri �up � lv frpsxwhg dv wkh errn0ydoxh ri fdslwdo +lq 4<<3

XVG, shu hpsor|hh1

E15 U)G yduldeohv

Zh kdyh frqvwuxfwhg U)G vwrfnv iru hdfk lqgxvwu| lq Vzhghq +7(& ,/ dv zhoo
dv iru hdfk lqgxvwu| lq wkh rwkhu frxqwulhv lqfoxghg lq wkh vdpsoh +7&�,
dqg dovr xqzhljkwhg mrlqw vwrfnv iru hdfk lqgxvwu| lq wkh rwkhu frxqwulhv
+78& '

S
�
7&�,1 Wkh frxqwulhv duh wkh iroorzlqj= Dxvwudold/ Fdqdgd/ Ghq0

pdun/ Ilqodqg/ Iudqfh/ Jhupdq|/ Lwdo|/ Mdsdq/ Qhwkhuodqgv/ Qruzd|/ Vsdlq/
Vzhghq/ Xqlwhg Nlqjgrp dqg wkh X1V1 Gdwd rq U)G vshqglqj kdyh ehhq
froohfwhg iurp wkh RHFG gdwdedvh DQEHUG +4<<;,1 DQEHUG lqfoxghv
revhuydwlrqv rq U)G vshqglqj iurp 4<:6 iru doo wkh lqfoxghg frxqwulhv1

Wr frqvwuxfw U)G vwrfnv iru wkh lqlwldo |hdu +4<:6, zh iroorz Frh dqg
Khospdq +4<<8, dqg dvvxph wkdw 7f ' -f* E} n B�/ zkhuh wkh lqlwldo vwrfn

+lq 4<<3 XVG, lv d ixqfwlrq ri lqlwldo uhdo U)G vshqglqj/ jurzwk lq uhdo U)G
vshqglqj +4<:6 wr 4<<8, dqg wkh udwh ri ghsuhfldwlrq1 Zh kdyh vhw wkh udwh
ri ghsuhfldwlrq wr 8 shufhqw1 Idvw jurzlqj U)G vshqglqj frpelqhg zlwk wkh
idfw wkdw zh gr qrw lqfoxgh revhuydwlrqv sulru wr 4<:; lq wkh pdlq dqdo|vlv
zloo plwljdwh srwhqwldo phdvxuhphqw sureohpv gxh wr wklv surfhgxuh1

Iurp 4<:6 dqg rqzdugv U)G vwrfnv duh frpsxwhg zlwk wkh shushwxdo
lqyhqwru| phwkrg +7| ' E� � B�7|3�n-|3�,1 Gdwd rq uhdo U)G vshqglqj lq
XVG +4<<3 sulfhv, kdyh ehhq frqvwuxfwhg e| gh dwlqj qrplqdo U)G vshqglqj
zlwk wkh JGS gh dwru +iurp RHFG Hfrqrplf Rxworrn, wr 4<<3 sulfhv lq

qdwlrqdo fxuuhqflhv1 Wkh wudqvirupdwlrq lqwr XVG kdv ehhq fduulhg rxw zlwk
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SSS h{fkdqjh udwhv iurp VWDQ +RHFG,/ zlwk wkh h{fhswlrq ri Luhodqg iru

zklfk zh kdyh wdnhq SSS hvwlpdwhv iurp ELODW +RHFG,1

Lq wkh �up0ohyho uhjuhvvlrqv zh kdyh xvhg d sur{| iru U)G vwrfnv lq wkh

lqglylgxdo PQH1 Iurp wkh LXL gdwdedvh zh rqo| kdyh gdwd rq U)G vshqglqj

iru wkh vdpsolqj |hduv1 Wkh yduldwlrq lq U)G vshqglqj lv vxevwdqwldoo| kljkhu

dw wkh �up ohyho wkdq dw wkh lqgxvwu| ohyho dqg frpsohwh vhulhv rq U)G

vshqglqj duh rqo| dydlodeoh iru d ihz �upv1 Gxh wr wkhvh gdwd sureohpv/ zh

kdyh qrw wulhg wr frpsxwh vwrfnv ri U)G iru wkh lqglylgxdo �upv/ exw udwkhu

xvh uhdo U)G vshqglqj dv d sur{| iru wklv yduldeoh15: Wklv pd| eh d idluo|

jrrg sur{| li wkh +h{fhvv, sulydwh uhwxuq wr U)G ghfolqhv udslgo| ryhu wlph

dqg frqyhujhv wr wkh lqgxvwu|0zlgh +h{fhvv, uhwxuq wkdw lv fdswxuhg e| wkh

U)G vwrfn lq wkh lqgxvwu|15;

E16 Gdwd rq Pxowlqdwlrqdo Dfwlylwlhv

Gdwd rq iruhljq dfwlylwlhv e| Vzhglvk pxowlqdwlrqdo �upv kdyh ehhq froohfwhg

e| wkh Uhvhdufk Lqvwlwxwh ri Lqgxvwuldo Hfrqrplfv +LXL, wkurxjk frpsuhkhq0

vlyh vxuyh|v derxw hyhu| irxuwk |hdu vlqfh 4<:31 Zh kdyh xvhg gdwd iurp

wkh vxuyh|v pdgh lq 4<:;/ 4<;9/ 4<<3 dqg 4<<71 Wklv gdwd0edvh jlyhv xv wkh

qxpehu ri hpsor|hhv iru hdfk iruhljq d!oldwh ri wkh Vzhglvk pxowlqdwlrqdov

fryhuhg e| wkh vxuyh| +zklfk frqvwlwxwh durxqg ;80<8 shufhqw ri wkh wrwdo

qxpehu ri Vzhglvk pxowlqdwlrqdov,1 E| djjuhjdwlqj rq wkh edvlv ri lqgxvwu|

ri wkh sduhqw frpsdq| dqg krvw frxqwu|/ zh jhw wkh hpsor|phqw phdvxuh

xvhg wr frqvwuxfw rxu IGL0zhljkwhg U)G vwrfnv1

Wkh frxqwu|0 dqg lqgxvwu|0glvwulexwhg gdwd rq hpsor|phqw lq iruhljq0

rzqhg �upv lq Vzhghq xvhg wr frqvwuxfw zhljkwv iru lqzdug IGL kdyh ehhq

vxssolhg e| Vwdwlvwlfv Vzhghq1

5:Zh kdyh dovr wulhg wr xvh odjjhg uhdo U)G vshqglqj/ exw wkh fruuhodwlrq zlwk fxuuhqw

U)G vshqglqjv lv yhu| kljk +31<;,1
5;Eudqfk +4<:7, dqg Juloolfkhv +4<:<, vkrz hylghqfh ri vkruw odjv +5 wr 8 |hduv, ehwzhhq

U)G vshqglqj dqg surgxfwlylw| dqg sur�wdelolw| dw wkh �up ohyho1
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Table 1: Unweighted averages for firm-level data (standard deviations in
parenthesis) in 1990 US $ equivalents
Variable LP K/L R FDIIN FDIOUT IFDI OFDI
1978 (n=40) 29.3E+03

(4.89E+03)
23.6E+03
(17.6E+03)

22.6E+06
(39.4E+06)

0.06
(0.04)

0.21
(0.16)

1.78E+08
(2.26E+08)

8.12E+07
(2.19E+08)

1986 (n=59) 34.1E+03
(8.16E+03)

25.3E+03
(17.0E+03)

42.0E+06
(112E+06)

0.10
(0.07)

0.23
(0.16)

2.46E+08
(2.99E+08)

1.46E+08
(5.85E+08)

1990 (n=78) 31.9E+03
(9.17E+03)

25.0E+03
(19.5E+03)

31.5E+06
(112E+06)

0.11
(0.07)

0.28
(0.17)

2.87E+08
(3.81E+08)

1.45E+08
(7.58E+08)

1994 (n=55) 43.4E+03
(12.6E+03)

33.8E+03
(34.4E+03)

49.2E+06
(183E+06)

0.12
(0.09)

0.29
(0.17)

2.97E+08
(3.91E+08)

2.12E+08
(9.33E+08)

Table 2: Correlation matrix, firm-level data
n=99 ln(LP) ln(R) ln(SD) ln(SF) ln(K/L) ln(OFDI) ln(IFDI) ln(OUTFDI) ln(INFDI)
ln(LP) 1.00
ln(R) 0.22 1.00

ln( S D ) 0.21 0.32 1.00

ln( S F ) 0.12 0.36 0.83 1.00

ln( K L ) 0.54 0.24 0.06 -0.07 1.00

ln(OFDI) 0.09 0.79 0.51 0.62 0.11 1.00
ln(IFDI) 0.12 0.29 0.80 0.92 -0.03 0.56 1.00
ln(OUTFDI) -0.02 -0.02 0.07 0.05 -0.06 0.35 0.12 1.00
ln(INFDI) 0.16 0.04 0.43 0.58 0.01 0.30 0.78 0.25 1.00

Table 3: Determinants of Labor Productivity in Swedish Multinationals 1978-
1994 (Dependent variable: log of labor productivity)

Regression 1 2 3 4 5 6 7 8
Method OLS FE RE FE FE FE FE FE
ln(R) 0.041*

(0.01)
0.050*
(0.02)

0.045*
(0.01)

0.052*
(0.02)

0.052*
(0.02)

0.048*
(0.03)

0.048
(0.03)

0.054*
(0.02)

ln(SD) 0.017
(0.02)

0.093
(0.08)

0.023
(0.03)

0.044
(0.06)

0.058
(0.05)

0.034
(0.07)

0.061
(0.07)

0.034
(0.05)

ln(SF) 0.014
(0.03)

-0.079
(0.08)

0.005
(0.04)

ln(K/L) 0.186*
(0.02)

0.181*
(0.05)

0.183*
(0.03)

0.179*
(0.05)

0.183*
(0.05)

0.242*
(0.06)

0.172*
(0.04)

0.177*
(0.05)

ln(OFDI) -0.039
(0.01)

-0.021
(0.02)

-0.038
(0.01)

-0.031
(0.02)

-0.030
(0.02)

0.003
(0.00)

-0.041
(0.02)

ln(IFDI) 0.017
(0.02)

0.023
(0.03)

0.018
(0.02)

 0.011
(0.02)

0.012
(0.03)

ln(FDIOUT) 0.012
(0.03)

ln(FDIIN) 0.018
(0.03)

R2(overall) 0.48 0.48 0.50 0.48 0.47 0.45 0.43 0.40
R2(within) 0.57 0.57 0.57 0.57 0.64 0.55 0.58
No. Of obs. 217 217 217 217 217 152 205 224

Note: The asterisk (*) denotes significance at the 5 percent level.



Table 4: Unweighted averages for industry-level data (standard deviations in
parenthesis)
Variable TFP

(1980=1)
SD SF FDIIN FDIOUT IFDI OFDI

1980
(n=14)

1.00
(0.00)

1.09E+09
(1.12E+09)

1.19E+11
(1.56E+11)

0.05
(0.04)

0.12
(0.14)

1.26E+08
(2.03E+08)

2.44E+08
(5.04E+08)

1986
(n=14)

1.17
(0.15)

1.53E+09
(1.78E+09)

1.45E+11
(1.94E+11)

0.09
(0.07)

0.16
(0.26)

1.73E+08
(2.58E+08)

6.24E+08
(1.54E+09)

1990
(n=14)

1.27
(0.28)

1.89E+09
(2.32E+09)

1.68E+11
(2.26E+11)

0.11
(0.08)

0.21
(0.29)

2.33E+08
(3.31E+08)

9.44E+08
(2.13E+09)

1994
(n=14)

1.68
(0.80)

2.27E+09
(2.87E+09)

1.85E+11
(2.46E+11)

0.16
(0.13)

0.24
(0.34)

2.33E+08
(3.77E+08)

9.44E+08
(2.16E+09)

Table 5: Correlation matrix, industry-level data
n=52 ln(TFP) ln(SD) ln(SF) ln(OFDI) ln(IFDI) ln(FDIOUT) ln(FDIIN)
ln(TFP) 1.00
ln(SD) -0.05 1.00
ln(SF) 0.06 0.87 1.00
ln(OFDI) -0.03 0.89 0.85 1.00
ln(IFDI) 0.17 0.81 0.90 0.84 1.00
ln(FDIOUT) -0.05 0.63 0.55 0.87 0.63 1.00
ln(FDIIN) 0.40 0.18 0.32 0.31 0.62 0.39 1.00

Table 6: Determinants of Total Factor Productivity in Swedish Manufacturing
1980-1994 (Dependent variable: log of TFP)
Regression 1 2 3 4 5
Method FE RE FE FE FE
ln(SD) 0.251

(0.16)
-0.027
(0.10)

0.015
(0.12)

-0.073
(0.13)

ln(SF) -0.813*
(0.37)

0.136
(0.12)

-0.418
(0.28)

ln(OFDI) -0.035
(0.03)

-0.029
(0.03)

-0.044
(0.04)

-0.032
(0.03)

ln(IFDI) -0.091*
(0.04)

-0.066
(0.05)

-0.121*
(0.05)

-0.097*
(0.05)

ln(FDIOUT) -0.035
(0.04)

ln(FDIIN) -0.110
(0.06)

D78 -0.721*
(0.12)

-0.463*
(0.07)

-0.548*
(0.10)

-0.702*
(0.12)

-0.573*
(0.11)

D86 -0.427*
(0.09)

-0.281*
(0.07)

-0.320*
(0.08)

-0.412*
(0.09)

-0.352*
(0.08)

D90 -0.276*
(0.06)

-0.222*
(0.07)

-0.234*
(0.06)

-0.274*
(0.07)

-0.267*
(0.07)

R2(overall) 0.00 0.17 0.03 0.00 0.07
R2(within) 0.68 0.59 0.63 0.65 0.58
No. of obs. 53 53 53 53 53
Note: The asterisk (*) denotes significance at the 5 percent level.


