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Abstract

Researchnd development (R& D) raisesnat only theowntechndogylevels, bu asothat in ather seadorsandabroad.
We examine the trade-related dffusion d R&D inthreesteps. First, using OECD and UNESCO datawe provide an
overviewof global R&D expenditures. Second, we estimate the relation between secoral R&D expenditures and
growth. Finally, these R&D linkages are incorporatew/orldScan: a dynamic applied general equilibrium modd
for theworld econamy. We simulatetrade li berali sation and analyse the df edson GDPin dff erent regions. Wefind
thatthe GDP eff eds of trade li berali sation are magnified considerably for someregions - - notably Japan and South-
EastAsia- - wherefor others - - for example Chinaand Sub-Saharan Africa- - the GDP effeds are not blown upat
all. Thesefindingscan betraced badk to changingspedali zation petternsandchangingimport patterns. A regioneither
specialisetn R& D-intensivesedorsor imports R& D-intensivegoods. Someregionsimport theknowledge-intensive
goodsfrom knowledge-poa regions Sucha ‘doulde unfortunate’ tradeand productionpattern explains the results
for Sub-Saharan Africa and China.

Keywords: R&D, spillovers, trade liberalisation, AGE models

" Suggestions by Hans Timmer considerably improved the paper. The authors acknowledge Henri
deGroot and Theo vande Klundert for stimulating discussons and comments on an ealier version.
Nico van Leeuwen is acknowledged for research assistance.
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1 Introduction

Are courtries with lower barriers to trade experiencing more e@namic progress? Trade eonamists
typically answer this question affirmative despite the fad that neo-classcd trade theory predicts that
lower barriers to trade will | ead to higher levels of welfare only (aslongas a @urtry is snall). The
Solow growth theory predicts no link between trade barriers and goowth whatsoever. Only in the
trarsition phase openessmight have a effed on growth. Modds of endogaousgrowth providethe
‘missinglink’ between opennessand gowth.! Opennesshas growth eff eas via knowledge spill overs
relatedto opennessthat affed the productivity of reseach o production, a reduce dudicationary
researcleff ort. Opennesscan also all ow to benefit from spedali sation(or scd €) oppatunitiesinreseach
or generate a market-size efféct.

Coeand Helpman (1995 have quantified dredly the relation between techndogicd change,
opennesandreseach expenditureswithinthe OECD. They haveshown that R& D isnot only beneficial
for the performing countries but also for their trade parthers.

This paper integrates the empiricd results and the theory in an Applied General Equili brium
(furtherAGE) model. We examinetheimportanceof R& D andR& D spill oversin quantifyingthe dfeds
of tradeliberali sation Wedoso intwo steps. First, we estimate an equationrelated to Coe and Hel pman
(1995).Theresultsare subsequently implemented in WorldScan, an AGE mode for theworld econamy
with considerable sectoral detail. Finally, the consequences of trade liberalisation are considered.

Closelyrelatedisthework by Bayoumi, Coe andHelpman (1999 further BCH) whoimplement
the estimated equation d Coe and Helpman (1995 in the dynamic multicourtry model of the IMF
(MULTIMOD). They show that atrade expaision bydeveloping courtries of 5% of their GDP raises
their output by 6.5%-points in 2075.

! That suchalink exists is partly based oncasual observations aboutthe effect of an isolationali st
policy ontechndogicd sophisticationand partly onempirica work, by,for example, SachsandWarner
(1995). The empirical relation is, however, controversial. See Rodriguez and Rodrik (1999).

2 Grossnan and Helpman (1997) discussthe effeds onresarch produdivity and the redudion o
duplicationaryreseach. See Romer and Rivera-Batiz (1991) for the scde dfed in reseach. The
market-size effect is discussed in Acemoglu (1998).

® How important trade partners are is gill open to debate. Lichtenberg and Pottelsberghe de la
Potterie (1998) argue that FDI flows matter.

* Numerical estimates in AGE modelling have shown consistently low wéliaesses by trade
liberalisation in case the models where of the static CRS type.

® There exist, to ou knowledge, few other studies tat perform smilar exercises. Exceptions are
VanMeéijl andVan Tongeren (1999, who pgropose an absorption-cgpadty based spill over measure and
testthe numericd consequences of that by bringing the spill over measureto the GTAP data axdmodel.
Rutherfordand Tarr (1998 develop an R&D based CGE model for the small-open econamy. Their
model, howvever, remains highly stylized and is only simulated. We ald to these cntributions by
estimatingthe relations present in the data andimplementing them in a cdi brated model that is ableto
generate transition dynamics.
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Theanaysisin this paper adds to BCH's paper in several respeds. First, given that we have
sectoraldetail in the model we can dstinguish intra-regional spill overs alongside inter-regional
spillovers. Seaond, we mlled and incorporate R&D data for nonOECD regions whereas BCH'’s
assumptiongmply that these regionsdo nd perform any R&D till 2075.Third, to highlight therolefor
tradeas avehiclefor R& D spill overswe perform adiff erent exercise aBCH. We aguethat arelevant
policy shock isto reduce existing trade farriers over time, whereas BCH increa® imports and eports
of manufadures by 5%-points. Thes differernces in the approactes immediatdy allow usto pin down
the points this paper makes.

First, we show that trade-related R& D spill overs not necessarily magnify the dfeds of trade
liberalisationThisisrelated to ou diff erent perspedive ontherelevant trade-li berali sationexperiment.
Weintroducetradeli berali sationstarting from thetradebarriersinthedata. Thisimpliesthat therelative
pricesof the regional varieties are dfeded by trade liberali sation. This may redired trade flows and
therebyaffed the‘imported’ knowledgeflows. Thisresults (for someregions) in very low benefitsfrom
internationabpill overs asthey import lessknowledge-intensive products. The BCH experiment veil ed
this as they increased the import intensity in a neutral way.

The second pant this paper makes is that it is crucial to dstinguish intra-national spill overs
alongsideinternational spill overs as it brings to the fore the trade-off between the two. This paoint is
easily uncerstood orce the trivial observation, that goods that are imported are not produced
domesticallyjsrecgnized. Note that alarge market induces more R& D. Hence, increased ‘imported’
internationabpill overs come & a st of domesticdly generated knowvledge (which might beimportant
for intra-national spill overs).® Hence, tradeli berali sationmight causeregionsto spedali zein sedorsthat
have low growth potential.

Therest of thispaper isorganized asfoll ows. In Sedion 2wediscussour empirica model. The
estimationresults for this model are presented in Sedion 3.Thissedionalso contains adiscusson o
thedata. Sedion 4 pesents WorldScan, the AGE model. Sedion 5 presents our main results. Sedion 6
concludes.

2 The empirical model

Thereis a substantial literature, bah theoreticd and empiricd, that relates R&D expenditures to
productivitygrowth. Theview that technd ogicd progresshenefitsnat only from R& D performedwithin
the sector but also from R&D performed ‘elsewhereilss well established (seeNadiri, 1993,for an
overview of the literature). More recently, inspired by endogenous growth theory, the link between

® For thispaint it is crucial that knowledge spill overs aretied toimports. As such, nahing predudes
spillovers related to exports (leaning by competition onthe international market); here we docse,
however, to follow the lines set out in the theory and empirical work discussed above.
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productivity and R&D performed in other courtries has been emphasised in empiricad work.” This
section sets out a model to re-examine these intra- and international spillovers.

We start withthe following reduced form equation between total fador productivity (denoted
asF) and R&D (industries are denotedibly € {1,...1}) and regions bk (k€ {1,...K}))

A

5D
F,, = c+y"°R,, (1)

[/

wherea onstant ¢ captures the unexplained exogenous growth trend. An error term is added. The Rs
denoteweighted knowledge stocks (that area fundion of R& D expenditures). The superscripts to the
Rs have the foll owing meaning: DD is Dired (same sedor) Domestic and ID Indired (other sedors)
Domestic.Thesuperscript F shoud beread as Foreign. A hat over avariabledenatesagrowth rate. Note
thatwe asume competiti ve markets and a production techndogies with constant returns to scde in
labour and capitél

The construction of otknowledge stocks, R°°, R, R, requires some discusson. We ned to
distinguishstatisticd aggregationfrom econamic integration; theformer isastatisticd fallacy whereas
thelatter isthe red phenomenonwe ae interested in. We follow Grosaman and Helpman (1991) in the
logic that research productivity andthus productivity growth depends onthe knowledge stock avail able
for R&D.° Therefore, knowledge stocks areweighted sums of other sedors andcourtries’ R& D-capital
stocks.

1
ID
R, = ZwﬁkRJ @)

wherew and n denaote the 1 O-coefficient and the sedoral bil ateral trade flow. Thus both changesin the
weightsand changes in the different R& D-capital stocks affed the knowledge-stock construct. This
preferredheoreticd spedficationsuffersfrom two problemswhen used in applied work. First, it suffers
from an aggregation bias. That is, this construct isvery sendtive to statisticad aggegation d courtries
(seelichtenberg and Pottel sberghe delaPotterie, 1998 andJacbset al., 1999.°Wesolvethisproblem

" See Grossman and Helpman (1991) for a thorough theoretical analysis of these issues.

8 Note, for later reference, that the assumption d a production function that is homogeneous of
degreeore implies that TFP is homogenouws of degree zeo, hence independent of the scde of the
economy.

° The asumptionisthat importing from aknowledge-rich courtry pasitively aff eds the knowledge
stock for R&D.

10 Assume aworld with three ©urtries, white domestic R& D capital stocks (R) for courtries 2 and
3:R,=10,R;=20.Then, if courtry 1 imports 10 from courtry 2 and 10 from courtry 3, itsforeign
R&D capital stock (R should be calculated as follows, assume the weights sum to unity:

R F:% 10+% 20-15. If we ssumethat courtries2 and 3mergeinto oresingle wurtry, theforeignR& D
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by all owingthe spill over coefficientsto dffer for diff erent spill over sources. Thelimit ations of the data
do, however, na alow to estimate the numerous different parameters. We use, as an identifying
assumptionthat spill overs arerelated to the sizeof the courtry. Hence thoughwe use the theory in the
AGE model, we estimate equation (3) as follows:

A DD A
R, =R, 1 )

whichisan approad that islargely insensitive to aggregation asit avoids weighting the growth rates of
large courtries or large delivering sedors heavily.™ The aljustment of the weights can thus be
interpretedasthat we dl ow the y, to be spedfic for every sedor andregion.* The second poblem isthat
we use asubset of courtries to oltain data for our regions containing more courtries. Therefore, we
chooseo approximate our R& D stocks by R& D intensities. R& D intensiti es are defined as the R& D
expenditures divided by value added.

Y, RD.

A DD

RC =k ik

* R, Y )

We write our estimating equation (equation (1)) as:

A RL

F. = c+BPP—
ikt ¢ +B Y (5)

i

The results we report on in the next section are based on this expression.
Threeintegration a scde dfedscan be distinguished. First, a dhangein the knowledge stocks
overtime, now approximated bythe R& D intensiti esthat vary over time. This effed we caturein (5).

capitalstock of courtry 1 becomes (with the same trade flows as before): r Fzg_gw:aowhich is wice

aslarge asthe foreign R& D capital stock estimated from two distinct courtries. That is, the foreign
capitalstock suffers from an aggregation bas. This example is taken dredly from Lichtenberg and
Pottelsberghe de la Potterie (1996).

' The theoretically correct approximation of the domestic and foreign spillover stock looks like:

n.., R A
— = R

I
~ID w., R, ik R
'k

K I
Ry = Z#Rjk Iéilf = EZ

J#i ! Ik j L
hX:_ i R > Xh: ik R
#1

m=#k

Here one clearly sees the weights that cause the aggregation bias.

2 This is exactly how we implement the estimated equation in the model.
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Seconda dhangein the weight matrix aff eas the spill over construct. Now thisisonly the caeif R&D
investmentsre positivewhereasin aspedficaionwith R& D stocks, integratiorntinduced changesinthe
weights would affect the R&D construct directiyRelated is that bysing R&D intensiti es (equation
(5)) instead of an equation based on poperly weighted level sintegratinga country with an average R& D
intensityin the global econamy has no effed onthe R& D construct. Third, weintroduce another effed
of global integrationthat iseasily clarified by dscussngtheweighting coefficients, w andn. We usethe
following definitions:

D
_Uia

(J.)ijkt G
Yige

"y (6)

whereU indicates intermediate-inpuse (superscripts D and M stand for domestic and imported) and
Y® denates gross production. Hence, integrating a formerly isolated courtry, with an average R&D
intensity, in the globadconomy will affed the knowledge spill over if the import quote, approximated
by the imported use over gross production, gaes up. This interpretation closely foll ows a returns to
variety production function (see DeGroot and Nahuis, 1998. Hence if the intermediate inputs of an
economy are useful, spillovers increase.

To summarise, the measure proposed hereislargely insensitiveto statisticd integration o two
countries but allows economic integration to affect the growth potential in several importarit ways.

3 Data and estimation

In this £dionwe present thedatathat are used in the estimation procedure andthe model. First, we have
constructedhe dependent variable, TFP. It is based onOECD data. Lejour and Nahuis (2000 discuss
the detail s. In this ®dion, we describe R&D intensities for OECD and norOECD regions and we
present estimation results for the specification discussed above.

R&D intensities
Thesize andimportance of R& D spill overs between courtries and industries depends to alarge extent
onthe knowledge stocksin the diff erent sedors and courtries. First, this ssdion describes the observed
R&D intensiti es. Seaond,we discussthe construction of the secdoral and egiond busnessenterprise
R&D intensities in WorldScan.

The ANBERD data base of the OECD (199%) provides the value of R&D expenditures for

3 In the estimations we do not have time-series variation in the weights.

“Theinsensitivity to statistica integrationisimportant asthe division o courtries over the regions
in our AGE model is not motivated by considerations of knowledge spillovers.
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businesenterprisesof 150ECD courtriesfrom 1973to 1997 at asedoral |evel acordingtothe ISIC2
classificationThedata ae highly disaggregated for the manufaduringseaorsbut not at all for services.
Moreover, for most courtries no data for Agriculture and Mining (Raw Materials) are included. The
ANBERD database mntainsarisidual (total, minus R& D in manufaduring and services) which hasto
be split up between Agriculture and Minifrg.

We combined the ANBERD datawith the | SDB data (OECD, 19991 to derive R& D intensities
persedor for thevariouscourtries. Thelatter database providesvalue alded data & asedoral level. This
enablesusto derive R& D intensiti es per sedor and courtry. Table 3.1 reportsthese for the four OECD
regionsin WorldScan. In order to derive the sedoral businessenterprise R& D intensitiesfor the OECD
regionsin WorldScan, we simply aggregate the ourtry data to WorldScan sedors and regions. We
assumehat theunderlyingcourtry data(seelLejour and Nahuis (2000 TableA.2) arerepresentativefor
the relevant WorldScan regioffs.

Table3.1 Sectoral R& D intensities in WorldScan for the OECD as ratio of sectoral value added
(1990)

sectoral R&D Agriculture Raw Consumer Energy -int. Capital Services average
intensities Materials Goods Goods Goods

Western Europe 0.62 0.96 0.59 4.49 9.39 0.23 1.81
United States 0.53 0.53 1.11 5.23 15.22 0.53 2.21
Japan 0.10 2.65 1.16 8.10 10.64 0.12 -2.25
PacificOECD_______0.18 __ __ 046 ____( 061 ______ 242 __ __ 707 ____041 ___1.00__
Average OECD 0.45 0.68 0.92 5.34 11.84 0.36 2.05

Source: OECD (1999a, 1999b) and own calculations.

In general, the R& D intensitiesin the seaors Raw Materialsand Agriculture ae higher thanin Services,
butlower thaninManufaduring.ThevariationwithinManufaduringisinteresting. TheR& D intensiti es
in Energy-intensive Goods and Capital Goods are very high,whilethey arerelatively low in Consumer
Goods. The latter consists afb sedors like Wood, Food and Tobaco, Textilesand Paper which are
R&D extensive sedors. The sedor Energy-intensive Goodsis R& D intensive becaise of the sub seaor
ChemicalsRubbersandPlasticsisincluded. The R& D intensity of other subsedorslike Stone andClay
andBasic Metalsislower. The sedor Capital Goods consists only of Fabricated Metal products, which
is very R&D intensive.

If we compare theregions, we seethat the United States and Japan carry out nost of the R&D

' For the US, Agriculture and Mining is included in Services. We assume ti&héntensity
is equal in these three sectors in the US. More details are provided in Appendix A.

18 With resped to the sedoral aggregation we aume that the sedors Services and Trade and
Transporhavethe sameR& D intensity whichisapproximated bythe R& D intensity of servicesinthe
OECDdata. For the manufadturing seaors we aygregate the seaors S3100,53200,S3300and S3900
to the sedor Consumer Goods. The sedor Capital Goodsis smply S3800,while the sedor Energy-
intensiveGoods consists of the other desaggregated manufaduring sedors, S3400to S3700and S3900.
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while Padfic OECD islagging behind. The United Statescarries out relaively much R&D in Capital
Goods,Consumer Goods and Services, while Japan is adive in Energy-intensive Goods and Raw
Materials. Western Europe carries out a lot of R&D in Agriculture.

UNESCO(1999 provides, for abou 100courtries, the expenditureson R& D asratio of Gross
NationalProduct for several yeasinthe80sand 9Gs. For theindustrial courtriesthese have sometimes
atime-seriesdimension; for most other courtriesdata aelimited to afew yeas. The mverage, hovever
is wide. The R&D intensiti es vary widely amongthe curtries. In general these intensities are much
lowerfor developingcourtriesthanfor theindustrial courtries. Table 3.2 presentstheresultsfor thenort
OECD WorldScan regions. R&D in the most developed region, South-East Asia, is the Hiighest.

Table3.2 R& D intensitiesfor the non-OECD regionsin 1995

R&D intensity total R&D? share BE BE R&D?
Eastern Europe 0.90 47.1 0.42
Former Soviet Union 0.73 67.1 0.49
Latin America 0.55 29.5 0.16
Middle East 0.76 41.6 0.32
Sub-Saharan Africa 0.61 52.7 0.32
China 0.61 31.9 0.19
South-East Asia 1.33 70.0 0.93
South Asia & Rest 0.69 26.5 0.18

Source: UNESCO (1998, 1999).
'BE = business-enterprise R&D (as a share of total R&D)
Z as ratio of GNP

For some regions the mverage is limited to afew courtries, such as Sub-Saharan Africa (only South
Africa) and Middle East (only Turkegnd Israd). The coverage for Former Soviet Union and Eastern
Europe,China, South Asia & Rest and South-East Asiais fairly good.The businessenterprise R&D
intensitiesvary more widely than those of total R& D. The numbers onthe share of businessenterprise
R&D reinforce the differences; see for example the effects on China and South-East Asia.

Empirical findings

This sedion presentsthe main empiricd findings. The model in equation (5) isestimated for all sedors
WorldScandistinguishes. Lejour and Nahuis (2000 present robustness analysis and results for the
manufacturing sectors only. The results presented in this section will beopeaaéonal in the AGE

" For our purposes we facetwo problems. First, the datainclude dl expendituresonR&D, nat only
businesgnterprise. Seoond,the datado nd include asedoral division. Thefirst problem is ©lved by
using Table 5.6 from UNESCO (1998. This datisticd yeabook povides information onthe R&D
expendituredy sedor of performance We interpret the productive sedor in this table & business
enterprisesThe seacond problem is solved by using the average OECD relative R& D intensities also
for the nonrOECD regions. These relative intensities are multiplied by the businessenterprise R&D
ratio in Table 3.2.
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model in the next section.

One remark should bmade beforehand. Our regresson aralysis has only two aims. First, we
want to establish thake relations, foundin the literature,'® can also be traced at the aggregation level
of WorldScan. Secondhe estimates shoud provide parameters for the AGE model we employ in the
next section.

Table3.3 OL Sestimation resultsfor equation (7). Dependent variableis ( TI*QP).'r

Variable (I Direct effect (I Direct + indirect effect  (I11) Domestic and Total

DD 216" 2057 167

[.069] [.069] [.074]

ID 2117 2.636

[.966] [1.041]

TF 0.618

[.457]

R (adjusted) 0.02 0.03 0.03
N 432 432 432

TSample period is 1973-1991, 6 sectors and 4 regions. All regressions include a constant. The explanatory variables are
lagged by one year. Standard errors are given in parentheses under the eStimaied.” denote statistical significance at
the 10% level, the 5% level, and the 1% level, respectively.

Table3.3presnts the regresson results based onequation (5). First, we include he own R&D stocks.
We find a significant rate of return for the own within-sedor R&D stock. Inclusion d the indired
domestidr& D stock incolumn (I1) suppatsthehypahesesthat within-regionR& D spill oversexist. The
estimatedcoefficient for the indired effed is relatively high, kecaise we use weighting matrices of
which the olumns do nd add upto urity. Inclusion d the foreign spillover variable in column (l11)
yieldsan estimate for our foreign R& D construct of 0.6. The estimateisnot very predse, howvever. The
inclusiondoes nat substantially aff ed the wefficientsfor the domestic variables. Thisregressonisour
major input for the modelling exercise in the next section.

4 WorldScan and R& D
WorldScanhas been developed to construct scenarios. WorldScan reli es onthe neoclasdcd theories of

growth and international trade.” The standard neoclassca theory of growth distinguishesthreefadors
to explain changes in production: physicd capital, labour, and techndogy. WorldScan augments the

'8 For that aim it is problematic that we reducethe variationin the data cnsiderably by aggregation
of thedatato our desired secoral andregional level. Therelationswe establish are confirmed bywork
of Coe and Helpman (1995), Park (1995), Keller (1997) and Verspagen (1997b).

¥ An Armington trade specification amends the neo-classical trade theory. This is to explain two-

waytrade andto alow for market power to determinetrade patternsin the medium run,while dlowing
for Heckscher-Ohlin mechanisms in the long run
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simple growth model in three ways. First, WorldScan allows overall techndogy to dffer acoss
countries. Seacond, the model distinguishes two types of labour: high-skill ed and low-skill ed labour.
Sectorsdiffer acording to the intensity with which they use high-skill ed and low-skill ed labour.
Countries can raigeer cgpita growth by schoding and training the labou force Third, in developing
countriespart of thelabour forceworksin alow-productivity, informal sedor. Inthis dor workersdo
nothave accasto cgpital andtechndogy.Redl ocaion o labou from thelow-prodictivity sedor tothe
high-productivity sectors enables countries to raise per capita growth as well.

Thesmulationsin Sedion 5are variations on the so-cal ed Globali sation scenario ° The idea
behindthe scenario is that when developing courtries grow fast or start to grow rapidly, the linkages
betweerthe OECD andthenon-OECD courtriesintensify. Fast devel opment outsidethe OECD area and
liberalisationof capital, goodsand servicemarkets produce doser econamicintegration d richand poa
countriesMore generally, the scenario extrapolates and probably exaggeratesthe arrent globali sation
tendenciesWe take it as point of departure because it stresses that linkages between developed and
developing regions can become stronger and spillovers between these regions can become larger.

TheGlobdlisation scenario isoptimistic ebout future e@namic progressin bah devel oped and
developingregions. In this £enario many poa courtries catch up,though no completely, with rich
countriesNon-OECD courtriesgrow at aper-capitarate of abou 4%. Only few courtrieshavebeenable
to maintain such a growth rate for two decales or more. In the scenario, trade liberalisation is not
confinedto trade blocs, bu applies globally. The OECD courtries open up their markets further.
Whereadarriersto trade in manufaduring good are drealy low, agricultureis gill heavily proteced
in the globalisation scenario.

modelling R&D

WorldScanhas beencdibrated onthe GTAP database, Version4 (McDougadl et al., 1998. From this
data set we nat only derive the cemand, producton and trade patterns, but also the labour and capital
intensityof thediff erent sedors. Theincorporation d R& D aff edsthe model andthedata. To start with
thelatter, our base-yea dataderived from the GTAP database do nd include expendituresonR&D. We
assumehat these ae implicitly incorporated in theintermedate deliveries on services. Therefore, we
subtractthe expenditures on R&D from the GTAP data on intermediate deliveries on services. As
describedefore the R& D data ae derived from the OECD (1999 and UNESCO (1998 data for the
baseyea 1995 We dso subtrad R& D expendituresfrom theval ue of production.Based onthemodified
GTAPdatawe cdi bratethe productionfunction. Then we construct anew producer price athe unit cost
priceplus a mark up which cowers the R& D expenditures. As aresult, the volume of production times
the new producer priceis equal to the production value in the original GTAP data. Total demand for
servicesiow consistsof intermediatedemand,investment demand,final consumption demandandR&D

20 CPB (1999 provides more detail s of the Globali sation scenario. This senario isakin to the High
Growthscenariowhich CPB and OECD have constructed for their coll aborative study on dobalisation
and the consequences for the OECD countries (OECD, 1997).
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demand. The total value of the demand for services is still the same as in GTAP.
TFP is a function of R&D stocks and the R&D-spillover stocks. DeRate TFP then

Fyy = Aikt(RigD) 7 (7

Arepresentsthe exogenous TFPlevel. y's arethe ajusted sedor and courtry coefficients estimated in
Section3. Thisadjustment isnecessary to translate the estimated equationin the egquationabove. Detail s
areprovidedin Appendix D. The constructsfor the own R& D stock, theindirea andforeign R& D stock
were already defined in equation (2).

Thesedoral R&D stocksin periodt equal thasein periodt-1 --correded for deprecdion -- plus
the R& D expenditures. The deprecdion rate, 4, is %t at 5% for the R&D stock in all sedors and
regions?* The R& D expenditures are by assimptiona onstant fradtion, RI, of sedoral value alded in
periodt-1, thus

R, = RIY, , + (1-3)R, , . ()

We also use this equation to construct the R& D stock for the base yea assuming that the ratio of the
R&D stock to value added is constant.

In the scenario period TFPgrows dueto an exogenousincreasein Aandan endogenousincrease
in the R& D stocks. Inthebaseli newithou R& D we haveimpased an exogenousincreasein sedoral and
regionalTFPinthe model suchthat themodel producesthe charaderisticsof the Globali sationscenario.
In the baseline simulations including R& D we hae asumed that the total increag in TFPwas smilar
asinthebaselinewithou R&D. Asaresult the exogenousincreasein Aismuch lower in the simulations
with R& D than withou R& D. We foll ow this methodto make the baseli nes comparable to ead ather.
The effects of trade liberalisation are then also compafable.

5. Simulation results

This sedion presents the dfeds of trade liberalisationin case R&D is introduced in WorldScan. We
distinguishthe dfeds of trade li berali sationin the presenceof own R&D efforts, of sedoral spill overs
and of international R&D spill overs. These dfeds are measured by comparing the results for two
simulations: a baseline simulation withou trade pdicy and a pdlicy variant consisting d trade

Zn the estimations, we assumed that R& D stocks did na depredate. Some senstivity anaysis of
oursimulationswith resped to the sssumed depredationrateispresented in Appendix D. Therewe set
0 equal to zero. The qualitative results are not altered.

22 |n the policy simulations we use the calculated increaséagexogenous.

[11]



liberalisation First, we present the results of introducing R& D on GDP growth for the various regions
in the baseli ne simulation. Second,we turn to the maaoemnamic &f eds of trade i berali sation and the
role of R&D (spillovers). Third, we discuss the sectoral effects for some regions.

Theincorporation d R&D and spill overs in ou baseline simulation hes a significant effed on GDP
growthin the model. Whil e thus far a substantial part of GDP growth was explained by TFP growth
(CPB, 1999, the contribution d exogenous TFP growth is dedined in favour of growth in R&D and
R&D spillovers. Table 5.1 shows the factors that contribute to GDP growth in the various regions.

CPB (1999 explains that a substantial part of GDP growth in the non-OECD regions can be
attributedto the growth in employment. This is caused by population gowth, schoding and labour
reallocationfrom the low-productivity sedors to the high-prodictivity sedors. On average caital
acaimulation cortributes for abou 40% to GDP growth. The rest can be attributed to R&D and TFP.
This is our main interest here.

Table5.1 Growth accounting
annual contributions of the productive factors

country Western United States Japan Pacific Eastern Former
Europe OECD Europe Soviet
Union
employment -0.1 04 -0.2 04 0.0 0.2
capital accumulation 0.8 1.0 1.1 1.0 1.3 2.1
own R&D 0.1 0.2 0.1 0.1 0.0 0.0
sectoral R&D spillovers 0.1 0.2 0.1 -0.1 0.1 0.1
international R&D 0.1 0.1 0.0 0.2 0.2 0.1
spillovers
[lotal factor productivity ___ 14 _ ______ 08 ______ 12 _______ 06 _______ 29 _______ 29 ___
gross domestic product 2.4 2.7 2.4 2.1 4.5 5.5
country Middle East Sub-Saharan Latin China South-East South Asia
& N. Africa Africa America Asia & Rest
employment 1.6 2.7 1.3 0.7 14 1.8
capital accumulation 3.1 2.0 2.5 4.2 3.1 2.6
own R&D 0.0 0.0 0.0 0.0 0.1 0.0
sectoral R&D spillovers 0.1 0.1 0.1 0.2 0.5 0.1
international R&D 0.1 0.1 0.1 0.2 0.2 0.1
spillovers
total factor productivity __ 0.8 _______ 02 ______ 10 . 19 . 12 . 13 ___
gross domestic product 5.7 5.1 4.9 7.2 6.4 5.9

Source: WorldScan simulations.

Accordingto Table5.1,R&D explainsa part of GDP growth which was attributed to TFPbefore. Own
R&D isonly relevant in the OECD and South-East Asia, the regions whiaafprm nealy al R&D in
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theworld. The relevance of the sedoral and international spill overs varies per region. Below we will
discusghisisaue @ greder length. Table 5.1 showsthat for most regionsthe spill overs contribute more
to GDP growth than own sedoral R&D efforts. This is not surprising. In particular, the sedora
spilloversare mainly driven bythosegoodswhich are relativdy importart asintermedate goods such
as Capital Goods and Energy-intensive Goods. These sectors are also relatively R&D intensive.

This implies that the contribution o sedora spill overs to GDP growth is larger than the
contributionof own R&D. The growth-acounting analysis leans that a part of TFP growth can be
explainedby R&D. R& D growth thus raises GDP growth. Thisresult isalso confirmed in ou analysis
of trade liberalisation. Withou R&D in the model, the dfeds of trade liberalisation onGDP are in
generamodest. We want to examinewhether thisisalsothe caeif R& D isincluded in WorldScan. We
carryou atrade-li berali sationexercisein four diff erent cases. These caesarediscriminated bythefad
thatTFPisnat affeded by R&D, TFPisonly affeced by own R&D expenditures, TFPis affeded by
own R&D and sedoral spill overs, and TFP is affeded by ovn R&D and sedoral and international
spillovers.

Thefirst simulation assumesnolink between R& D and TFP. We assumethat all regionsagreeto abali sh
all their tariffs and export subsidies between 2000and 2020. In the sedors Agriculture and Raw
Materialsthe import tariffs and export subsidies are reduced by orly 50%, because of the initial high
ratesof tariff protedion. Theresultsare similar tothosein Lejour and Tang (2000. The dfedson GDP
in the OECD are modest, bu the Asian regions gain substantially in 2020,the end d the simulation
period.Also the GDP gainsin Latin Americaare large.® Thefirst column in Table 5.2 presents these
results.

Thesecmndsimulation assumes that increases in the sedoral R& D stock raisethe TFPlevel in
that sedor. This smulation daes not take acourt of sedoral and international spill overs on TFP.
Column(2) showsthe extra GDP eff eds of tradeli berali sation onGDP dueto own R& D expenditures.
These extra effects ansodest, except for Western Europe, Japan and South-East Asia. These regions
specialiseén Capital Goods and Energy-intensive Goods. Tradeli berali sation stimulatesgrowthinthese
sectors and thereby the R&D efforts.

#Thesubstantial GDP effeds can partly be explained by ou assumptionthat consumer preferences
for a cetain variety (in the Armington demand functions) depend pgitively on the share in gobal
production of the region in which the variety is produced.
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Tableb.2 Cumulative GDP effects of trade liberalisation in 2020

region no R&D own R&D  sectoral R&D international | relative GDP
spillovers R&D spillover&iincrease due to
(1) 2) (3) (4 Re&D(5)

United States 15 0.0 0.3 04 i 532
Western Europe 17 0.5 2.3 0.1 169.3
Japan 2.3 1.0 7.4 02 i 3721
Pacific OECD 3.8 0.2 0.5 02 i 241
Eastern Europe 5.0 0.2 1.0 0.8 40.2
Former Soviet Union 1.6 0.1 0.2 0.2 36.2
Latin America 9.5 0.3 0.7 0.4 14.6
Middle East & N. Africa 4.8 03 0.4 21 i 588
Sub-Saharan Africa 5.0 0.1 -0.3 0.7 10.2
China 15.0 0.1 -0.5 09 | 34
South-East Asia 14.9 1.4 6.0 15 i 596
South Asia & Rest 15.9 0.2 0.4 06 i 70

Source: WorldScan simulations.

Column (3) shows the extra GDP effeds of trade liberalisation die to the sedora spill overs. These
effectsvary widely. In South-East Asia the saoral R&D spill overs increase the GDP eff eds of trade
liberalisationwith 6% points. In Sub-Saharan Africa and Chinahowever, the sedoral spill overshave a
small negative dfed on GDP. The results vary by region becaise of the regional differences in the
developmenof the R& D-intensive sedors. From Table 3.1weknow that the sedors Capital Goodsand
Energy-intensivesoods are R&D intensive. In regions which do nad spedalize in these sedors, the
R&D-intensivesedorsbemmerel atively lessimportant duringthe processof trade li berali sation. Then,
theaverage R& D content of theintermediate goods produced intheown region deaeases. Examplesare
Sub-SaharaAfricaand China In ather regions the R&D -intengve sedors expandrelativdy quickly.
As a mnsequence, the average R& D content of the intermediate goods increases. This explains the
sectoralspill overs in Western Europe Japan, and South-East Asia. Thus, the importance of sedoral
spilloversdepends on the spedalisation pettern. Regions can spedalise in R&D-intensive or R&D-
extensive sectors. We will discuss this issue in greater detail below.

Theinternational R& D spill oversfurther raisethe GDP eff eds of trade li berali sation,as can be
seenin column (4) of Table 5.2. Its importance differs per region. In general, international R&D
spilloversaremoreimportant for thenon-OECD regionsthan for the OECD regions. Non-OECD regions
importrelatively much from the OECD, whose products arerelatively R& D intensive, see éso Tables
3.1(and 3.2). An extreme exampleis the Middle East. Thisregion imports much more Capital Goods
andEnergy-intensive Goods from the OECD due to trade liberali sation. As a result the international
spillovers are high.

Column(5) showstheincreasein the GDP eff eds of trade liberali sationwith R&D relativeto
theGDPeffeasof tradeliberali sationwithou R& D. On averagethe GDPeff edsareraised significantly
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(due to R&D-based technology). China, Sub-Saharan Africa, and Seiagtbnd Rest are exceptions
however*

Abovewe have seenthat thelargevariety in GDP eff eds of tradeli berali sation dueto sedoral spill overs
dependwn the development of the R& D-intensive sedors. The sedors Energy-intensive Goods and
Capital Goods are very important in this resped for two reasons. First, these sedors are very R&D
intensive. Second, these goods are intensively used as intermediate goods.

WesternEurope, Japan, Eastern Europe and South-East Asia spedalise in R&D-intensive
sectors.These sedors are dso high-skill ed labou intensive, which largely explains gedalisation in
thesesedors by the former threeregions (which are high-skill ed abundant). In these regions the shag
of R&D-intensive sedors in value alded rises. This enhances the growth of the R& D stocks in these
sectors and has the same effect on regional R&D sthejaur and Nahuis (2000 show that changes
in the R& D stocks of the R& D-intensive sedors andthe regional R& D stock are highly correlated. So,
the sedoral spill overs are very high in regions which tend to spedalise in the production d R&D-
intensivegoods. TheUnited Statesand Padfic OECD spedalisein AgriculturewhichisR& D extensive.
As a consequence, their sectoral spillovers are very modest.

Thenegative sedoral spill oversin China and Sub-Saharan Africain Table5.2can be explained
in a similar way. These regions spedalise in Consumer Goods and Agriculture, respedively, at the
expenseof R& D-intensive goods. So their regional R& D stocks deaease if trade liberali sation takes
place. The sectoral spillovers for trade liberalisation are thus negative for these regions.

Thesizeof theinternational spill overscan analogowsly be explained bythe R& D content of theimports.
These spill overs depend onthe structure of the imports. It is very large for the Midde East, which
explainghelargeinternational spill oversonGDP, seeTable5.2.Thelargeincreasesinthe R& D content
of the importsin the United states and South Asia and Rest leals also to relatively high international
R&D spillovers.

Thechangesin the R& D content of theimports are dfeded bythe changesin the regional and
sectoraktructure of the imports. Regionstend to import lessfrom the OECD, which have the highest
R&D stocks. Thereasonisthat trade li berali sation aff eds the relative consumer prices. Relative prices
of products from nonOECD regionstendto become lower on average due to the dimination d import
tariffs. Only Japan, Midd e East and South-East Asiaimport relatively more from the OECD after trade
liberalisation. This has a positive effect on the R&D content of the imports for these regions.

#Table5.2 pesentsthe GDP eff eds of trade li berali sation. These df edsalsoincludeterms-of-trade
effects.Alternatively, we muld present the effeds on the volume of conaumption. The effeds in the
initial pdicy smulationwithou R&D inthe model are diff erent. The cnsumption gainsfor the Asian
regions are substantialy lower than the percentage gains in GDP in Table 5.2. The dfeds of
introducingR& D inthese simulationsisthe same s above, however. The sameregionshaverelatively
largesedoral or international spill overs. All conclusions thus hald whether the analysisis based on
GDP effects or consumption effects.
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The changes in sedora structure of these imports are very important. All regions import
relatively more R& D because they import relative more R& D-intensive goods, except for China (see
LejourandNahuis(2000). Tradeli berali sationstimulatesin perticular tradein manufaduring products.
Thereasonisthat thefall i n trade barriersin these sedorsislarger thanin Services and Raw Materials.
In particular the United States and the Middle East import more of these goods, which leads to a
considerable rise in the R&D content of theorts. So, althoughthe sedoral spill overs in the Unital
Statesare low, because it spedalises in Agriculture, the international spill overs are high die to the
increased imports of Energy-intensive and Capital Goods.

R&D magnifiesthe positive dfedson GDPif the R& D cortent of theintermediate goodsis high. This
canbe adieved intwo ways. Thefirst isthat regions carry out alot of R& D themselves. The seandis
that they import relatively much R&D-intensive goods. The analysis dhows a trade off between
spedalisingin R& D-intensivegoodsandimportingthesegoods. Western Europe, Japan, Eastern Europe,
Latin America and South-East Asiaproducerelatively much R& D-intensive goods. On the other hand,
their R&D import content is low. These regions have thus high sedoral spill overs compared to the
international R&D spillovers, see Table 5.2.

The United States, Midde East, Sub-Saharan Africa, China and South Asia & Rest import
relatively much R&D-intensive goods. The ontribution d R&D to the GDP effeds of trade
liberalisationare mainly throughinternational spill oversin these regions whereas they experiencelow
or even negative effects related to the sectoral spillovers.

We examine how sensiti ve the results are for the assumptionthat the R& D intensiti esin the nonOECD
remainas low asthey currently are. We do so by implementing a relaion between the R& D intensty
andGDP per capita. So far we have ssaumed that theratio of sedoral R& D expendituresto value alded
is constant in the simulation period. This sams to be reasonable for the developed regions in which
R&D expendituresdo nd vary substantially over time, but not for the developingregions. The analysis
of theR& D dataof the UNESCO (1998 showsthat R& D intensiti esincrease a courtriesbecmemore
wealthy,seeFigure 1. It showsthe wrrelation between the R& D expenditures/GDPratio andlog GNP
per capita (Worldbank, 1997) for about 85 countries in 1995.
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Figure 1. R& D intensity and income per capita

Fromthisfigure we see gpositive relationship between econamic development (measured by GNP per
capita)and expenditures on R&D. A simple OLS regresson shows clealy that if GNP per cgpita
doublesthe R& D-GDPratiosincreasesabsolutely by 0.38%6. So, if low-income courtriesdevelop,their
R&D-GDP ratio will increase substantially.

We analysethe GDP eff eds of the spill oversoncewe introducethisrelationin ou simulations.
In the benchmark simulations presented above some spill overswere negative because the R& D content
of theintermediate inpus deaeased in the presenceof trade li berali sation. At the moment that the R& D
intensitiesn the nonOECD regionsincrease, the R& D content of intermediate goodswill raise. Table
5.3 shows the results in deviation from those in Table 5.2.

Column(4) showsthat only the norntOECD regions are seriously aff eaded compared to the case
of constant R&D intensities in the non OECD. The effects on the OECD regions are negligible. In the
non-OECDregions the sectoral spill overs are much larger. The seaora spill overs are positive for all
regionsFor al regions, except China, thetotal sedora effed -- the sum of the mlumns(2) in Table 5.2
and 5.3 -- is paositive. And for China this negative dfed is much smaller now. The dfeds of the
international spillovers are ambiguous. However the changes are fairly small.
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Tableb.3 Deviationsin the cumulative GDP effects of trade liberalisation dueto
increasing R& D intensitiesin the non OECD

region own R&D sectoral R&D international total

) 2) R&D(3) | (4
United States 0.0 0.0 0.0 0.0
Western Europe -0.1 0.0 0.0 0.0
Japan 0.0 0.1 0.0 0.0
Pacific OECD -0.1 0.0 0.2 0.1
Eastern Europe 0.0 0.3 0.1 0.3
Former Soviet Union 0.0 0.1 0.0 0.1
Latin America 0.0 0.5 0.2 0.7
Middle East & N. Africa 0.0 0.4 -0.2 0.2
Sub-Saharan Africa 0.0 0.4 0.2 0.6
China 0.3 0.5 0.2 0.9
South-East Asia 0.0 1.2 -0.1 1.1
South Asia & Rest 0.5 0.6 0.1 1.2

Source: WorldScan simulations. All results are presented in deviation from Table 5.2

6. Conclusions

DoR&D andR& D spill overs provide alink between opennessand growth? The answer to that question
is affirmative acordingto ou analysis. The introduction of R&D in our AGE moddl alwaysincreases
theeffed of trade liberalisation. The size of the dfed depends heavily on spedalisation petterns and
change<f that pattern due to trade liberalisation. A more intense relation with ore sedor or regions
oftenimpliesalessintenserelation with ather sedorsor regions. A changein theinpu of intermediate
goodsor tradepattern orly raisesprodictivity if it isa changetowards R& D-intensive sedorsor regions.

Thisisoneof themain conclusionsof thispaper. AlthoughR& D enlargesthe benefitsfrom trade
liberalisation,the dfeds are region and sedor spedfic. Here the value added of our AGE model
WorldScarcomesin. It allowsfor regional andsedoral detail . Therefore, we can model inter- andintra-
regionalspill overs of R& D. Sedors and regions face arade-off with resped to these spill overs. R& D
spilloverscan beobtained by producing R& D-intensive and ill over-intensive goodsdomestically or
by importing them. In the former case the intra-regional (sedoral) spill overs are important. Regions
which arealy have a omparative alvantage in R& D-intensive sedors rely on this medanism. As
producing R&D-intensive goods turns out skill- aggital-intensive, the intra-regional spill overs are
importantfor Western Europe, Eastern Europe and Japan. Other regionswhich spedalizein Agriculture
or that are not skill - and capital-rich oltain the R& D spill overs by the international li nkages. For some
regionghegainsfrom tradeli berali sationare evenreduced by regativesedoral spill overs. Intheprocess
of tradeli berali sation, theseregions gedali sein R& D-extensive prodicts. Asa consequencethe R& D-
intensive sectors move away to other regions.
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Thisisnoreasonto hamper trade The gainsof trade liberali sation are till positive. A policy
optionis dimulating R&D. If regions incresse R&D expenditures the negative spill overs of trade
liberalisationreduce or even disappea. Our aralyses showed thatthe sectaa spill overs then bemme
moreimportant. A palicy which stimulatesR& D nat necessarily hasto bedireded tothe R& D-intensive
sectorslt makes enseto stimulate those sedors which are often used asintermediate goods. However,
asthose goods are often imported, it could make more sense to target R& D-stimulating pdicy those
sectors which are also often used domestically as intermediate goods such as services.
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